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TYPAKTbI TOK KO3IH I'If\ﬂ,ﬂAﬂAHA OTbIPbIIN PROTEUS
OPTACBLIHOA KAPATTAUBIM CXEMA K¥PACTbIPY

byn maxanaoa 8.6 Ilpomeyc 6az0apramaceinoa xcobanap Kypy
Kapacmulpwliaosl. Oiekmpaik cynbaniap 3epmmenedi, masvida bdacna
niamawnvly mpaccuposkacvl cowe 3 JI mooenoey. Apwaiivl Ooamy
OpMACLIH KONOAHA OMbIPbIN, eHOipineeH icylienepdi bazoapiamanay
OOUBIHILA 3ePMXAHANBIK, cabaKkmapoa KoioaHyad apHaieaH Kapanauvim
bazoapnamanap 93ipieHyoe.

Ilpomeyc - cxemanvix moodenvoey cylienepiniy 0ipi. Ilpomeyc
KapanauviM aHal02mulK KYpbli2bliapobl eand emec, COHbIMEH Kamap
MUKPOKOHMPOITepiepoe xcacaieak Kypoeni sxcylienepoi 0e Kypacmulpyad
MYMKIHOIK 6epedi. DieKmpoHObl Kypbuli2bliapobl CUMYIAYUA HCACA2AH
Ke30e Oacka —CUMYIAMOPAApOaH  Hezizel — apmMublKUbLILIKIMAPbIHbIY
Oipi, 01 MUKDOKOHMPOLIep MeH MUKPONPOUeccopaaposi OipHeuleyin
ocvl bazoapramada Kypacmeipvin, 06a20apiamaceid sHcasyea 601aobl.
Maxanaoa 8.6 Ilpomeyc nakeminoezi cxemanvblk MoOenboey KHcyliecinoe
9leKkmp misbekmepin eHeizy Kapacmulpwliaosl. Mynoaii modenvoey
3epMXAHANBIK  CAOAK NEH  ebLIbIMU-IMEXHUKABIK CeMUHAp asACbIHOA
oleMeHmmiK — 6azaHvl  0ambimyoObly NEPCHeKmMuUBaIblK — 0a2elmmapol
OoubiHWa, ocipece  NEKMPOHUKA — OOUbIHWA — HcaHa — MiHOemmep
JHcazoaibinoa namioasl OoaaAobL.
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Proteus convimen kamap 21eKMpOHUKA HCOHE ABMOMAMMAHObIDY
canacviHoa Oinim bepyoe dicoHe 03iH-031 0Kblmyoa KoI0aHuLiaowl. OHblH
KoMeziMer CmyOeHmmep MeH SHMY3Uacmap 21eKmpoHObIK, cCXeManapobly
JHCYMBIC NPUHYUNMEPIH 3epmmell anaovl, Hcooanapovl Kypyod MHCOHe
JHCOHOEYOe MAUUBIKMAHA AlA0bL HCOHE O3 KYPbLIZbUIAPbIH JHCACA Alaobl.
Proteus xomnonenmmep men MUKPOKOHMPOLIEPIEp KiManxauaiapvlua
KOJL JicemKizyee MYyMKIHOIK Oepedi, Oyn OKy NpOYeciH UHMepaKmuemi
JICOHe NPAKMUKANbIK emeoi. Proteus-enepkocinmix scobanayoan 6acman
OKbLIMY MeH O3IH-031 OKbimyaa OelliH opmypii caianapoa KoIOaAHbLIAMbIH
ombeban Kypan Byn oamyovl sicedendemyee, sncobanapoviy muimoiniei
MeH Canacvlh apmmueipyed, 9JeKMpPOHUKA MeH aA8MOMAMMAaHObIPY
npuHYyunmepin mycinyoi sHceninoemyee MyMKiHOIK Oepeoi.

Kinmmi ce3zdep: Ilpomeyc, cyaba, bacna niamacwl, sjgemeHmmep,
PCB Layout, Schematic capture (Cxemomexnuxa), 3D visualizer.

Kipicne

Proteus Design Suite — 3JeKTPOH/IBIK cXeMaaap/Ibl aBTOMATTaHIbIPbUIFAH
oballayFra apHajFaH OaraapiaManap makeri.

8.6 maxerti Proteus Professional — Oyi1 2y1eKTpOHABI KOMITOHEHTTEPIH
MOJICIBICPIHE HETi3JCITeH CXEMaJblK MOJCIbICY KyHeci. 8.6 makeTTi
Proteus Professional makeTiHiH alpbIKIIa epeKIueniri - OaraapiamMaiaHaThIH
KYPBUIFBIIAPABIH KYMBICBIH MOJENBACY MYMKIHJIr: MHUKPOKOHTPOJLIEPIIED,
MEKpoTpoiieccopiap skone T.6. ConbiMeH Katap 8.6 makerti Proteus Professional
nakeTiHe Oacria miaTachlH xko0anay, TpacCUpoBKa, 3 J] Mojeney xKyienepi Kipei.
8.6 makerTti Proteus Professional keneci MUKpOKOHTPOJIEPIACPAIH KYMBICHIH
mozenpeit ananel: 8051, ARM, AVR, PIC, ARDUINO, Cortex. Komnonentrep
KiTanxaHachlH/Aa aHBIKTaMaNbIK MajiMeTTep Oap. 6000-HaH acTamM aHAIOTTHIK
KOHE CaHJBIK KYPBUIFBI MOjebaAepi. KenTereH KOMIUIsITOpIapMEH KIHE
KYPacThIPYIIBLUTAPMEH JKYMbIC iCTEH .

PROTEUS ©6ip yaxsiTra 6iprente MK, tinTi 14 6ip KypbuiFbLAa opTYypiIi
otbaceiap 60Iybl MyYMKIH ©T€ Kyp/ieii KYPbUIFbUIAP/IBI 6TC CEHIMIT MOJICIBICYTE
JKOHE KYHIH KeNTipyre MYMKIHAIK Oepesi. DIEeKTPOHABIK CXeMaHbl MOJICIIbICY
HAKThI KYPBUTFBIHBIH KYMBICBIH J10JT KalTanaMail ThIHBIH TYCiHY Kepek. COHBIMECH
karap, MK >KyMBICBIHBIH aJITOPUTMIH Ty3eTy yuriH Oy sxketkinikti. PROTEUS
KYpaMbIH/1a DIEKTPOH/IbI KOMITIOHEHTTEP/IiH YJIKEH KiTarmxaHacs 6ap. XKericrne#tin
MOJICNBJICPIl TOJBIKTBIpYFa Oosiazpl. Erep KOMIOHEHT OarmapiamaiaHOalThIH
OoJica, oHJIa eHAIpYIIiHIH BeO-caiiThiHma oHbIH SPICE Moemin sKyKTer, Koaiibl
KopmycKka Kocy kepek [1].
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Matepuangap MeH dicrepi

[Tporeyc Oy exi Herisri OaraapiaaMaHbl OIpIKTIPETIH aBTOMATTaH/IBIPbUIFaH
x)obanay xyiecineri OaraapiaaManap naketi: 1 HaKThl yaKbITTarbl 2JIEKTPOHIBIK
cxemalapbl a3ipiey KaHe KyHiH KeITipy KypaJibl )koHe 2 Oacria riataHsl a3ipiey,
3 ]I monenney kypaibl. Ocbl OarnapiamMaiblK MMaKeTKe yKcac OarmapiaMaiibIK
MaKeTTePACH allbIpMaIIbUIBIFBI, MbicaniFa, Electronics Workbench Multisim,
MicroCap >koHe T. 0. JaMbIFaH MOJICIBCY KYHECIHIE MUKPOKOHTPOJIICPICPIIH
optypii orbackuaps! yuin: 8051, PIC (Microchip), AVR (Atmel), ARDUINO,
Cortex »oHe T. 0. MuKpoIpoLieccopiap )KUBIHTBIFBL. [IpoTeycTa KoMIoHeHTTepiH
KeH KiTanmxaHanapbl 0ap, COHBIH ilIiHJE NMepu(epHsIbIK KYPBUIFbLIAP:
KAPBIKAUOATHI )KOHE HMHAMKATOPJIaphl, TEMIIEpaTypa JaTYUKTEPi, HAKTHI yaKbIT
caraTTapbl, HHTEPAKTUBTI CHII3Y-ILBIFAPY JIEMEHTTEPI: TyHMesep, KOCKBILITap,
BUPTYyaJIJIbl [TOPTTAP JKSHE BUPTYAJJBl OJIIICY Kypaiaapbsl, HTepakTHBTI
rpadukTep, onap opaaiibiM 0acka ykcac Oarmapiamanapaa 6oa oepmeii.

TypakTel TOK K©3iH mnaiiianaHa oTeIpbin Proteus opraceiHIa KapanaibiM
cxema KypacTelpy Kepek. Kupxrod 3aHmapblH 3KCIEPHMEHTAJIbl TEKCEpy
KYPrizy Kepek. AMIIepMeTpIIep i KOPCETKILITEPiH CabICTHIPBIPBUIBIIT, JKYMbICKA
JaBIHIBIK Ke3iH/1e albIHFaH (hopMyianap OoibIHIIa Oip/iei TOKTapb ecenTeyiep
KYPri3y Kepek.

8.6 TUIITI OarapiIamMabIK MakeT Ke3 KeJI'eH JIEKTPOHIbI KYPBhIIFbUIAP IbIH
cyinbanapsi Schematic capture (CXeMOTEXHHUKaA) 1€ KYPacTHIPBII, OHBIH
YKYMBICBIH CTUMYJISILMS jkacay Kepek. KapacThlppuiraH Makasia OKy KyHeciHje
KoJIIaHyFa 0oJiaibl.

Proteus OarnapiamaiblK jKacaKTaMachIHBIH €PEKIICTIKTepl TajlaaHaIbl.
EDA TeXHOJIOTHSCBHIH SKCIIEPUMEHTTIK OKBITYbIHA EHII3€TIH OKBITY pehopmMacsl
yeoiabnanel. Onga Proteus Oarnmapiiamanbik kacakTaMacklH Oip cyii0a
BUPTYaJIIbI 9KCIIEPUMEHT IIaT(OPMaChIH KypY YIIIH Kayai naianany KepekTiri
TaJIKbIIaHaAbl. Proteus makeri OarnapiamMachIHIarbl MOJEIB/CY JKOHE d3ipiiey
TaKTaChlHA HETi3/IereH xobanap/ sl )xodaliay jKoHe jkacay apKbUIbl CTYACHTTEP
HET13ri OUTiM MeH jxo0anay ofici MeHrepeni [2].

Proteus OarmapiiamaiblK MaKeTTE MUKPOKOHTPOJUICPIEPi A¢ TYpiHE
0aiiJIaHBICTHI YOJIJAaHYBIMBI3Fa 00J1a 1bl, ce0eOi 0i31iH eMipimMizre OApIIbIK Kepiae
XKyMbIc icTeiai. Onapabl ejiey, aKiapaTThl OHJeY XKaHe OacKkapy Maceenepin
LIEIIY /Tl KaXKET eTeTiH Ke3-KeJIreH TEXHUKAIBIK OHIMIIe Ke3ecTipyre 0omnazpl. by
JIEKTP KYPBUIFBUIAPHIL, OJIIIeY Kypalliapbl HeMece OaiiaHbIC Kypasiiapbl, COHAAM-
aK aBTOMOOMJIbJIEp HEMece YIIaKTap CHSIKTHI Kypaeil 0ackapy sieMeHTTepi
601ybl MYMKiIH. MHKpPOKOHTpOJUIEpJIep HICHIETIH TarchlpMaiap ayKbIMbl ©Te
KCH, JBIOBIC HEMECE JKaphIK Ja0bLIbIH KOCYAaH Oacrar, opTypii CeHcopiapaaH
KeJIeTIH aKnapaTThl KypJelli MaTeMaTHKaJIbIK OHJEYIe KoHe Tajjiayra JeHiH,
cojlaH KeliH Oackapy oObeKTiciHe OacKapy ocepiepiH KalbINTacThIpyFa JIeHiH.
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OHepKoCill TEXHUKATBIK CHIIaTTaMajapbl, OPTAIBIK Mpolieccop MonayriHiH
apXUTEKTypacsl, Oenrisi Oip nmeprueprusuIbIK KYPBUTFBIIApABIH 00Tyl OOHBIHIIA
epeKIIeNIeHeTIH MUKPOKOHTPOJUIEPIEPAiH KONTEreH TYPIAEPiH IIBIFapaIbl.
OmapablH OpTaK JKoHe KaHmai aifblpMaIIbUIBIFEl Oap eKeHiH TYCiHy OHail emec,
OUTKEeHI MUKPOKOHTPOIIIEPIICP/IiH KB KAOBIUIIaHFaH KaTaH KIaCcCH()UKAIHSCH
oK. Omapsl xkikTeyre 6omaTeiH Oipkatap Oenrinep 6ap [3].

Herizri 6emiM. TypakTsl TOK KO3i.

JKymeicTeH MakcaThl: TypakThl TOK Ke3iH maiimamaHa OTHIpHIT Proteus
OpTachIH/Ia KapamaibIM cXeMa KYpacThIpy Kepek. Proteus aBroMaTTaHIBIpbUTFaH
Kobarnay KyHeciHIe CXeMaHbl MOJICNBACY KepeK.

Teopusnsik 6emimMi

Kupxrod sy OipinmIi 3aHEI.

Tytinaeri TOKTapApIH areOpaIblK KOCHIHABICH HoIre TeH. TyHiHTe araThIH
TOKTap, OJaH IIBIFATHIH TOKTAp €CKepilei:

21 = 0. (I.D

12

I1

Mpicanra OHIa TYfIiHI[eFi TOKTapJbIH aJIr eraJ'H)IK KOCBIH/IBICHI:

5 14

I + I - Iz - 14 - [5s = 0 Gonanpr.

Kupxrod ey ekiHIIi 3aHbI.

KupxrodTeiH exiHm 3aHbl (KepHEY 3aHbl) Ti30€KTIH Ke3-KeJNreH TYHbIK
Ti30eTiHaeri KepHeyJIepIiH TYCYiHIH alreOpaiblK KOCBIHABICH COJ Ti30eK
OoiipiMeH apeket ereTiH DKK-HiH anreOpablk KOCBIH/BICHIHA TEH.

2IR = 2E. (1.2)

O3apa Toyerci3 TeH ey ep-0ipeyiH KocnaraHna, 0apibIK Ti30eK TYHiHIePiHIH
TOKTapbIHA apHAJIFaH TeH ey ep. Ke3-kenreH Ti30ek yIiiH KepHeyiep YIIIiH e3apa
TOYeJICi3 TEHACYJIEp aJIbIHAIBI, erep Ke3-KEeJTeH Ti30eK YIIiH TeHICYIl kKa3blil,
OH/IaFbI Oip TAPMAKTHI O¥fIIa Y3iN TacTaca, ajl Kejeci TeHJeyJiep, COHBIMEH KaTap
TapMaKThIH Y31TyiMeH, KajiFaH OyTiH Ti30eKTep YIIiH ojlap TayChUIFaHFa JIeHiH
xasbiica. ChIPTKbI KOHTYypAaH 0acka ’a3blK (Ka3bIKTHIK) Ti30€KTiH OapiIbIK
KOHTYPJIApbIHBIH-YSIIIBIKTAPBIHBIH KePHEYJIepiHe apHAIFaH TeHACYIep o3apa
Toyerci3 6omaner [4].
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1.1-cypeT — DnekTpiik Ti30CKTiH Cy10achl

Bacrankpl Ti30ekTeri TypakThl KepHey MeH kezepri ke3nepinin DKK manzepi
1.1 kecrere caiikec 6epineni. XKymbic 6apbicbinia E1 MoHiH Oaraapiamara coiikec
©3repTUIiN OThIpajIbI [S].

1. 1-xecte — bacTankbel MOHJED

No 0 1 2 3 4 5 6 7 8 9 | 10

E1B| 4 5 6 6 10 | 12 5 9 9 11 3

E2B| 9 | 12 | 11 6 4 8 10 | 12 | 14 | 5 7

R, 120 | 140 | 100 | 140 | 80 | 160 | 180 | 200 | 220 | 80 | 50

R, 60 | 100 | 80 | 30 | 40 | 50 | 60 | 80 | 100 | 20 | 120

R; 80 |200| 40 | 60 | 100 | 120 | 80 | 120 | 150 | 30 | 50
OmMm

JKyMBICTBIH OpBIHIATY TOPTiOL

1. Kupxrod 3aHnapbH SKCEpUMEHTANIBI TEKCEPY:
Toxipube 1. K1 xinrti sxorapseira, K2 xintri Temenre Tycipy, 1.1 cyperre
KOpCETINTeH IeH eTil KOto KepeK. AJTBIHFaH MaJliMeTTep i 1.2 KecTere jka3y Kepek.
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TaoxipuOe 2. K2 kinri sxorapsira, K1 xinti ToMeHre Tycipy Kepek. AJbIHFaH
ManmiMerTepai 1.2 kecrere a3y Kepek.

Taoxipuoe 3. K1 xinTTi KoFapbl KeTepy Kepek. AibIHFaH MaaiMertepal 1.2
KecTere xkasy Kepek.

1.2-kecTe — AJIBIHFaH HOTHIKEIICD

Awmmepmetp
OKK acraObIHIAFbI Ecenrey HoTmX)ENEPI
Toxipude KOPCETIJreH MOHAEP
E, E; I I I; | ZIR(1) | ZIR(2) | X=I
1 0 X
2 0 X
3 X

2. Y toxipubeneH anslHFaH MoHAepAl Kojiaubln, KupxropTer Y1 = 0
OipiHmn 3aHbl OoibIHIIA X] TaOBIN, X Jern OeNriIeHIn TypFaH jKepre jKa3blIajbl
(op Toxipube OOMBIHIIA).

Kupxrodreiy exinmi 3anpt ) IR =3 E 6oitpiama XIR(1) men XIR(2) MoHnepin
ecenTer, KecTere ka3buiajinl [6].

3. El=var, E2=const Tokrap 12, I3 ymiH >xoHe ©3apa KapbIM-KaTbIHAC
npuHnuni 11, 12 ToxTap yuIiH ChI3BIKTHIK KaTHIHAC TEOPEMACHIH TEKCEPY.

Toxipube 4. E1 DKK MoHIH e3repTy, 0 YLIIH Kypcopabl OChl KO3JiH
TaHOACBIHA OPHATBIHBI3 XKOHE TIHTYIPIIH COJI )KaK 0aThIPMACHIH eKi peT OacKaHHAH
keitin E1=E2. moHJ1 OopHaTHIHBI3. AcnanTa ajblHFaH ManimerTepai 1.3 kecrere
ka3y kepek. Ochl KecTere 2 jkoHe 3 ToxipuOeaeri MoHICepl KalTa xKa3y Kepek.

1.3-kecte — AcmanTa ajgbIHFaH MOTIMETTepi

Toxipube U; U, I I Eckepry
HOMEPI B B MA MA
4 TOYEIIITIK
ko3 durmenTrepi
3 13=a-12+6=a=0=
2

11
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4. ©3apa KapbIM-KaTbIHAC ITPUHIIMIIH TEKCEpY.

Taoxipuoe 5.

K2 xinTin TemeHri Kyiire aybsICThIpy Kepek. byt skarjaiina cxemasa »aHa
MoHi 6ap E1 OKK rana opeket eteqi. AcnantapbiH kepceTkimrepi 1.4, kecrere
enrizuieni. Ocel kecTere 2 - TOKIpUOEICH acianTapablH KOPCETKIIITEPIH OChIH/IA
KaliTa jxa3y Kepek. AMIIEpMETpJIep/liH KOPCETKIIITEPIH CANBICTHIPY Kepek.
JKymbIcKa TalbIHABIK Ke3iH 1 albiHFaH (hopMyJianap OolibiHIIa Oipaei TOKTapbl
ecernTey KepeK JKoHe HoTmkenep i 1.4 kectere Jie eHri3y kepek [7].

1.4-kecte — AMniepMeTpiiep/IiH KOPCETKIMITEPiH CANIBICTHIPY KEPEK

AcmarnTaH aJbIHFaH MAJIMETTEp Ecenrtey monaepi
T9>1<ip1/166 U1 U2 11 Iz I] Iz
B B MA MA MA MA
5
2

5.Cyn6anbl Proteus aBTOMaTTaHABIPBUTFAH XK00anay )KyHeCiH e KypacThIpy
(cyper 1.3)mone E |, E, OKKnen R , R, R, kenepri monnepin 1.1. kecrenen anpi,
e3repy kepek (1.3 cyperre 0 BapuaHT O0iibIHIIA ©3repTiNreH) [§].

k.
) —1

P DEVICES

BATTERY
DSWITCH
MINRES100K
SW-5PDT

- |SW-SPDT-MOM

3
iF

BT

n

1.2-cypeT — DIeKTpiIiK Ti30CKTiH CYI0aChIHIAFbI JICMCHTTED
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1.3-cypet — DnekTpiik Ti30ekTiH cyidacsH 8.6 Proteus
ABTOMATTaHIBIPBLUTFaH jk00aay xyieciHae KypacTeIpy

Koceimma manmimerTep. TaFbina 31€KTp KO3FAITKBIIITAPBIH Oackapy
Proteus OarmapiaMaibIKk makeT OOWBIHIIA KypacTeIpyFa Oomaznsr, cebeoi
TIPAKTHKAIIBIK KypC CTYAEHTTEP/IIH KONTETeH IEKTPOHHUKA )KOHE HIIEKTPOTEXHHUKA
MaMaHABIKTapbl OOMBIHINIA JAaFAbUIAPEIH KaJIBINTACTHIPYa ©6T€ MaHBI3[bI.
CoOHZBIKTAH, OIYFbII TAJIAI-AJIBICTAFBI QJICYMETTIK KE3€HIE OHJIAHH OKBITY YIIiH
KOIITETCH MIEKTP KO3FANTKBIIITAPEIH OacKapy ca0aKTapblH BUPTYalAaHIbIPY IbIH
memiMin Tabyra Oomaxpl. On Proteus GarmapiamaiblK TakeTiHE HETi3[eNTeH
3JEKTP KO3FAJNTKBIMITAPEIH 0acKapyIblH OHJIAWH-TIPAKTHKAIBIK KYPCTHIK
YKYMBICHIHBIH BIKTHMAJT IIEMTiMiH YChIHYFa Oomansl. Proteus 8.6 6armapiamMaibik
YKacaKTaMaCBIHBIH MaiIalbuIbIFeIH sine PWM mem atanaTelH HMITyTBCTIH CHIH
Oackapy 9[IiCiH KOJIaHa OTHIPHITI, 3 (a3alibl aCHHXPOH/IBI KO3FAITKBIIITEI 0acKapy
Ti30€riH eHTi3y apKpUIBl KOpCETyTe OOIabl.

Proteus GarmapiiamanbIK *KacaKTaMachlH OKBITY, CTYACHTTEP IIEKTP
KO3FaIITKBIIITAPBl TypaTbl TCOPHUSIIBIK OLTIMIEPiH KapacTHIPHIT KaHa KoHMaii,
COHBIMEH KaTap BHPTyalJaHIbIpbuIFaH Arduino KypbUIFBUIAPBIH MOJCIBACY
YKOHE KO3FAIITKBIIITHI HAKTHI YaKBIT pSKUMIiHIE OacKapy YIIiH 0ackapy OIOTBIMEH
Oackapy Ti30eTiH Kypy apKbUIBI TCOPHSIHBI Kajail KOJJaHyFa OOJAaTHIHIBIFEIH
6inemi. ConsiMeH Katap, Proteus maiinamanymrs! yimiH 0ackapy cXeMachiH OachII
mbIFapy el Aa Konpaiael. COHOBIKTaH Proteus GaiiylaHBICTBI MaMaHIBIKTAP
YIIiH TpaKTHKAIBIK MTOHASP/l OHIAWH OKBITY YIIIH KOJAHIBI MIeTIiM OOJIBII
TabbuIaAbR! [9].

Tarpima sxyMpICTa YII (ha3ainbl aCHHXPOHIB KOFAITKBIIITEH THIMIITITIH
apTTEIpyFa apHaiFaH OacKapy KyHeciH »olamay KapacTeIpyFa Oomanbl. by
KYHWEHIH apTHIKIIBUIBIFEI-0JI KyaT TYTBIHYABl a3aiTalbl )KOHE aCHHXPOHIBI

13
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KO3FAJITKBIITBIH THIMAUNIIH apTTeipaabl. BY¥JI xyliene SPWM TexHukacsl
cariaJibl JaMmy MaKcaThIH/a KOJJIaHbUIaAbl. ByJ1 MMITYJIbCTIH €H1 MOJLYJISLUSICHIHBIH
epeKIle TYPi, OH/Ia MMITYJILCTap/IbIH €Hi ©3repe/li dKHe HOTHIKECIH I aCHHXPOHIBI
KO3FaJITKBIIITBIH JKbIIIAMJIBIFBI e3repeai. JKapThl HUKIAETT UMITYJIbCTAp CaHbI
MHUKPOKOHTPOJIIEPIe Y31JIiC CUTHAJIBIH KOJIJIaHy apKbUIbI ©3repe;ii, OyJI a/IbIHFbIFa
KaparaH1a »xakchl HaTrke Oepeai. by 6ip dazanbl KOpeKTeHAIpY Al KOJIJaHAThIH
yur ¢asaiabl HHBEpTOpFa apHasFaH HUQPIbIK oiic. JKylie MUKPOKOHTpOJUIEpAi
KOJIJIaHy apKblIbl MKeMJli 0oJlaabl. ANNaparThlK Kypajaap/abl ©3repTriecTeH
HaKTHI yaKbIT PeKUMiH/IE OacKapy alropuTMAEpiH e3repryre 6omasl. by skaib
LIBIFBIHAAPABI a3aiiTanel. OHBIH yII (a3aiabl HHBEPTOPBI OackKapy Ti30eriHiH
arbIH exeMi 6ap. byt Mmozenbsaeyai Proteus kemerimeH sxysere acbipyra 00s1a ibl
YKOHE MOJIENb/ICY HOTHIKEJIEPIH TEKCepy YIIiH AKCIIEPUMEHTTIK KOHCTPYKIHsIa
MIPOTOTUITIK MOAEIb KypacThipyrasa 6omazst [10].

Hotmxenep xone Tankpuiay. COHBIMEH KaTap 3JEKTPOHHKA JKOHE
aBTOMATTaHABIPY cajlachlHga OiniM Oepyje KoHE ©31H-031 OKBITY/a OCHI
OarapiiaMaHbl KOJIIaHbII, cys10anap Kojnanyra 0onansl. Ockl OarnapiaMaHblH
KOMETIMEH 3JICKTPOHJIBIK CXEeMaJlap/IbIH KYMbIC IPUHIMIITEPIH 3ePTTeH anajpl,
)o0anap/pl Kypy/ia )KoHe )KOH/Iey 1e MalllbIKTaHa aJla ibl )KOHE 63 KYPbUIFbIIapbIH
JKacail anazpl.

KopbITbIHABI

byn makanana TypakThl TOK KO3iH Iaiganana oTeIpbIn Proteus oprackinaa
KapanaibIM cxema KypacThIpbulabsl. Kupxrod 3aHmapblH 9KCIIEpUMEHTAIbI
TEKCepy JKYprizinii. AMrnepMerpiepAiH KOPCEeTKIIITEPiH CaIbICTHIPHIPBUIBII,
YKYMBICKA TAaHbIHBIK Ke3iH e ajbiHFaH opMytanap OoibIHIIa OipJel TOKTap bl
ecenTeyJiep Kypriziiii.

8.6 TuIITI OarnapiIaMabIK aKeT Ke3 KeJITeH 3JIeKTPOH/IbI KYPBUIFbLIapIbIH
cysibanapsia Schematic capture (CxeMOTEXHHKa) 1€ KYPaCTBIPBII, OHBIH )KYMBICHIH
CTUMYJISIIMS JKacanibl. KapacThIpplUraHn Makajla OKy JKyHeciHae KoJaaHyra
Gonapl.
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CBOPKA ITPOCTOM CXEMBI B CPEJIE PROTEUS
C UCITIOJIB30BAHUEM UCTOYHHUKA MOCTOSSHHOT'O TOKA

B omou cmamve paccmampueaemcs coszoamue NpPoeKmos 8
npoepamme 8.6 Ilpomeyc. Hccredyemes snekmpuueckue cxemvl, d
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makodice mpaccuposka newamuou niamel u 3 [ moodenuposarue.
Buinoansiemes paspabomka npocmeiiuuil npoepamm s UCHONb308AHUSL
Ha 1a00paAMOPHbIX 3AHAMUAX NO  APOSPAMMUPOSAHUID  BCIPOCHHBIX
cucmem ¢ UCHONIb308AHUEM CREYUATbHOL CPedbl pa3padomKu.

Ilpomeyc sngnsiemcss O0O0HOU U3 CUCMEM — CXEMOMEXHUYECKO20
mooenuposanusi. Ilpomeyc nozeonsiem npouzgooums OmMIAOKY He
MONLKO NPOCMENUUX AHAT0208bIX YCMPOUCNG, HO U CLOJCHBIX CUCTEM,
CO30AHHBIX HA MUKPOKOHMPOLIEPaX. OCHOBHBIM NPEUMYUSeCIBOM HMO20
APOSPAMMHO0 RPOOYKMA Nepeod OPYeUMU CUMYISMOPAMU JJEKIMPOHHBLX
VCMPOUCME AGNACMCSL MO, YMO HUKAKOU OPY2oll CUMYJIAMOP He NO360JI51em
nPoOU3B00UMs  OMAAOKY MAKO20 KOIUYECEAd MUKPOKOHMPOLIEPOE
u Mukponpoyeccopos. B cmamwe paccmampugaemcs peanusayus
NEKMPUUECKUX CXEM 6 CUCTNEME CXEMOMEXHUUECKO20 MOOEIUPOBAHUS &
naxkeme 8.6 Ilpomeyc. [1o006HOe MmoOenuposanue 6ydem noOE3HbIM
U 8 KOHmeKcme 1a6OPAMOpPHO2O 3aHAMUS, U HAVYHO-MEXHUYECKO2O
CEMUHAPA NO NEPCNeKMUBHbLIM HANPAGICHUAM PA3GUMUsL DJICMEHIMHOLL
6aswvl, 0COOEHHO 8 YCIOBUAX HOBbIX 340U NO IICKMPOHUKE.

Proteus maxoce Haxooum npumeneHue 6 00pA308aHUU U
camoobyuenuu 6 obnacmu nekmponuxu u aemomamuszayuu. C e2o
NOMOWbIO CMYOEHMbL U IHMY3UACHBL MO2YH  U3VHAMb  APUHYUNDL
pabomvl dICKMPOHHBIX CXeM, NPAKMUKOBAMbCS 8 CO30AHUU U OMIAOKe
nPOEKMos, a maKdice papadbamvléaimsd ceou cOOCMBEEHHbIe YCMPOUCmEd.
Proteus npedocmasnsem oOocmyn Kk 6ubiuomexam KOMROHEHMOS
U MUKDOKOHMPOLIEPOS, umo oelaem npoyecc o0byueHusi 6ojee
UHMEPAKMUGHBIM U NPAKMUYHBIM.

Proteus sensiemcss  yHUGEPCANbHLIM UHCMPYMEHMOM, KOMOPbIilL
HAxo0um npuMeHeHue 6 PA3IUYHbIX 0OIACMAX, OM NPOMBIULICHHO2O
NPOCKMUPOBarUst 00 OOYYEeHUs U CcamooOyueHus. Omo no3eoisem
yekopums  paspabomiy, NoGulcUmb  IPHEKmueHoCms U Kauecmeo
nPOeKmos, a makice 0Oje2uums NOHUMAHUE NPUHYUNOG IJEKMPOHUKU U
asmomamuzayuu.

Knrouesvie cnoea: Ilpomeyc, cxema, nevamuas niama, 27eMeHmbl,
PCB Layout, Schematic capture (Cxemomexuuxa), 3D visualizer.
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ASSEMBLING A SIMPLE CIRCUIT IN A PROTEUS
ENVIRONMENT USING A DC POWER SUPPLY

This article discusses the creation of projects in the 8.6 Proteus
program. Electrical circuits are being investigated, as well as PCB tracing
and 3D modeling. The simplest programs are being developed for use in
laboratory classes on programming embedded systems using a special
development environment. Proteus is one of the circuit modeling systems.
Proteus allows debugging not only the simplest analog devices, but also
complex systems created on microcontrollers. The main advantage of this
software product over other simulators of electronic devices is that no other
simulator allows debugging such a large number of microcontrollers and
microprocessors. The article discusses the implementation of electrical
circuits in a circuit modeling system in the 8.6Proteus package. Such
modeling will be useful both in the context of a laboratory lesson and
a scientific and technical seminar on promising areas of element base
development, especially in the context of new electronics tasks.

Proteus also finds applications in education and self-study in the
field of electronics and automation. With its help, students and enthusiasts
can study the principles of electronic circuits, practice creating and
debugging projects, and develop their own devices.

Proteus  provides access to libraries of components and
microcontrollers, which makes the learning process more interactive and
practical.

Proteus is a versatile tool that finds application in various fields,
from industrial design to training and self-study. This allows you to speed
up development, increase the efficiency and quality of projects, and
facilitate understanding of the principles of electronics and automation.

Keywords: Proteus, Circuit, Printed circuit board, Elements, PCB
Layout, Schematic capture, 3D visualizer.
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OLEHKA HEOIPELQEJIEHHOCTN U3MEPEHUA
rno METo4y GUum C IPUMEHEHUWUEM LIN®POBOI O
BAPOMETPA MSB181

B cospemennoii memponozuu, 20e 00Cmo8epHOCHIL Pe3VibmManos
UBMePEeHUll Ha MeACOYHAPOOHOM YPOBHE USPAIOM BAICHYVIO POIlb, OYECHKA
HEONPeOeeCHHOCIU  SIBNAENICS 8ANCHLIM  (Pakmopom O obecnedenus
moynocmu u Hadedxcnocmu usmepenuti. Cmamos 0emanvHo oceewjaem
npoyecc OYeHKU HEONPeOeIeHHOCTL, HAYUHASL C ONPeOesieHUs UCTIOYHUKOS
HeoOnpeoeieHHoCcmy, — paciema — CMAHOAPMHOU U PACUUPEHHOU
HEONPeOeieHHOCIY, U 3AKAHYUBAs AHANUZOM GHEWHUX YCI06ULl U UX
GAUSHUECM HA UBMEPEHUSL.

Hugposoii 6apomemp MSBI8I1, evibpannbiii 0 uccie0osanus,
Onaeooapsi  ceoemy WUPOKOMY OUANA30HY UBMEPEHUll U  GblCOKOl
mouHocmu, — noouepkueaem  HaodedxcHocmv — memooa GUM  kax
uncmpymenma OJis OYeHKU HeONpeOeeHHOCIU 8 Memponocuu. Aemopul
pabomuvl  cOCPEOOMOYUNUCL HA  MAMEMAMUYECKOM  MOOEIUPOBAHUU
nokazamuti  bapomempa, — BbIAGICHUU — KIIOYEBbIX  UCMOYHUKOS
HEONPeOeieHHOCIU U OYeHKe UX GIUSAHUS HA Pe3yIbmambvl uUMepeHull.
Ocoboe euumanue yoeneHo auamuzy ceputi UMepeHuti O0Jsi OYeHKU
CVHAUHBIX U CUCMEMATMUYECKUX UCHOYHUKOS HEONPEeOeeHHOCIU, YImo
NO360AULO CHOPMUPOBAMb BCECMOPOHHEE NOHUMANHUE NPOYECCcd OYEHKU
HEONPeOeieHHOCIU U 6HECMU BKILAO 8 MEMOOOOSUIO GbINOTHEHUS IMOYHBIX
usmMepeHull.

Hccredosanue svisiguno, umo npumenernue memooa GUM, coemecmno
¢ ucnonvzosanuem yugposoeo bapomempa MSBIS81, cnocobcmeyem
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NOBbLIUMEHUIO  MOYHOCIMU — usMepenutl.  Pezynbmamer  noomeepounu
MUHUMATbHOE GIUSAHUE GHEUHUX YCIOBUL HA MOYHOCTb UZMEPEHUT, YO
demoncmpupyem 3¢gpexmusnocmes 6apomempa MSBI181 6 paznuunvix
VCIOBUSAX, 4 MAKJICE 3HAYUMOCbL KOMNJIEKCHO20 NOOX00d K OYEHKe
HeonpeoeieHHoCmuy 01l YIAY4UEeHUsl Ka4ecmed HAYYHbIX U MeXHUYECKUX
ucce006anull.

B saxmouenue, cmamvs nooduepkusaem 8aNCHOCMb Memood
GUM xax uncmpymenma Onsi OYeHKU HEONPeOeNeHHOCIU U3MepeHUll,
CcnocobcmeyIoue2o  OOCMUNCEHUIO  BbICOKOU  Cmenenu  006epus K
pe3yibmamam, 4mo SGNAeMcs BANCHbIM OJsl HAVUHBIX UCCICO0BAHUL,
NPOMBIULICHHOCTU, MEOUYUHBL U IKOJLO02UU HA 2I00ATHOM YPOBHE.

Kurouesvie cnosa: meonpedercnnocmo usmepenuti, memoo GUM,
OYeHKA — HeonpeOdeseHHOCmY, — Mempoao2us, — Yyu@dposoi  bapomemp,
PAacCUUpernas HeonpeodeeHHOCHb.

OreHKa HEeOoIpe/IeIeHHOCTH U3MEPEHUH SIBISIETCS OCHOBOIIOJIAraloNINM
(haKTOpPOM 1Tt TOCTHIKEHHSI BBICOKOH TOYHOCTH 1 JOCTOBEPHOCTH B METPOJIOTHH.
[Tonumanue u npaBuibHOe npumenenune Merona GUM (Guide to the Expression
of Uncertainty in Measurement) siBisieTcsl KITFOYEBBIM JUTsI yHU(PHUKAIMH TTPOLIEAYP
W yJIy4IIEHHs] KayecTBa Pe3yJIbTaTOB M3MEPEHUH Ha MEXIyHapOJHOM ypPOBHE.
Hecmortpst Ha oOmienpunsToe ucnoib3oBanue Metoa GUM B METPOIOTHYECKOM
coobmiecTBe, 0coboe BHUMaHHE TpeOyeTcsl Mpu padoTe ¢ BHICOKOTOUYHBIM
o0opyaoBaHUEM, Hampumep, ¢ upposiM Oapomerpom MSB181, koTopsIii
UCIIONIB3YETCS ISl N3MEPEHHsT aTMOC(HEPHOTO JaBJICHUS C BBICOKOH CTENEHBIO
TOYHOCTH.

B nanHOli crarbe paccMaTpHBaeTCs KOMIUIEKCHBIH MOAXOJ K OLIEHKE
HEOIpeJeIeHHOCTH U3MepeHnid, ucrnonbizys meroq GUM B couetanuu c
npuMeHeHreM udposoro 6apomerpa MSB181. Ocoboe BHHMaHME yrenseTcs
aHaJIM3y UCTOYHHUKOB HEOTIPEJICICHHOCTH ¥ ONTHMH3AINH NIpOoLiecca N3MEpeHU I
JUISL YITy4IICHHs] KauecTBa M HaJISKHOCTH MOJTyYaeMbIX JIaHHbIX.

OcHOBHasl 11eJIb JJAaHHOT'O MCCIIEJ0BaHUS 3aKJII0YAeTCsl B YIIIyOJICHHOM
W3Y4YEHUHU U NMPUMEHEHUU METOJa, PEKOMEHJOBAHHOTO B PYKOBOJICTBE IO
BBIpaXXCHHUIO HeompeaeraeHHocTr n3Mepennii (GUM). MccnenoBanue HaripaBieHO
Ha AeMOHCTpaLuio 3G PEKTHBHOCTH METO/Ia B PA3IMYHBIX yCIOBHIX U3MEPECHUH.

3ajaun MCCIeOBaHUs 3aKII0YaeTCsl B aHAJIM3€ PE3yJIbTaTOB OLIEHKH
HEOIPE/ICIEHHOCTH, BBISIBUTh OCHOBHBIE (DAKTOPBI, BIIHSIOIINE HA BEITUUYNHY
HEONPE/ICIIEHHOCTH, ¥ OLICHUTh d()(PEKTUBHOCTh MPUMEHEHHUST METO/A.

Marepuaibl 1 MeTOABI

MHoOTrHe CUNTAIOT, YTO TEPMHH «HEONPEJICICHHOCTHY TTOJIHOCTBIO 3aMEHUIT
TEPMHH IIOTPELIHOCTH», HO 3TO HE TaK. TePMHH ITOTPEITHOCTY MO-TTPEKHEMY
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LIMPOKO MCIIOJIB3YETCS M BKIIIOUEH B MEYKLyHAPOIHBII METPOJIOIHUECKUI CII0Baph
VIM [1].

B 1993 rony 6wt onybonukoBan gokymeHT ISO/IEC «Guide to the
Expression of Uncertainty in Measurement (GUM)», KOTOpBIii BBEJI KOHLIEIIINIO
«HEOMPENIETICHHOCTH U3MEPEHU» [2; 4].

B xozxe nccnenoBanust B laboparopuu Obl1 npuMeneH merox GUM s
aHalM3a W OLCHKU HEONPEJEJICHHOCTH M3MEPEHUH, YTO MpeJycMaTpUBAET
JETAIBHBIN 1OJX0/ K aHaJM3Y PEe3yJbTaTOB, MOJYYSHHBIX C HCIIOJIb30BAHUEM
uudposoro 6apomerpa MSB181 [5]. Dror npubop ObUT BEIOPAH BBUAY €rO
LIIMPOKOr0 JMana3oHa U3MEPEHHH M BBICOKOH TOYHOCTH, YTO JEJIaeT €ro
HEe3aMEHHMBIM HHCTPYMEHTOM JUIS Pa3HOOOPa3HbIX METEOPOJIOTHYECKHX 3a1ad
U UCCJICIOBAHHH.

Oran 1. OnpenencHie MaTeMaTHUCCKOM MOJICITH PUOopa

Maremaruueckasi MOJIENb JJIsl pacueTa rnoka3aHui nndpoBoro dapomerpa
MSB181 BbIpaxkaeTcsi ypaBHEHUEM:

Pn = Ps + 63 + 6xXpc + OmHOBT, )

rie Pn - nokasanust mpubopa ,rlla; P3 - stanonHoe pacuetnoe nasnenwue, rila.

Ortan 2. BeIsSBIEHUS HCTOUHUKOB HEONPEEICHHOCTH

Js indposoro 6apomerpa MSB181 ncrouyHrnky HEONpeAEIeHHOCTH MOTYT
BKJIIOYaTh, HO HE OIPaHMYMBAIOTCS CIICAYIOUMMHU (pakTopaMu:

03 - HeoNpeIeIeHHOCTH STAIOHHOTO 3HAYEHUsl PACUETHOTO AaBjieHus, rlla;

5XpC - 1Iar AUCKPETU3aluU eJMHUIIBI MIIAJIIIEro paspsia aucies, rila;

OMOBT - oreHka HEOIPE/ICIEHHOCTH B YCIOBUAX MOBTOpseMocTH, rlla.

Oran 3. OueHNBaHNE BXOIHBIX BEJIMUUH U UX HEOIPEIEIEHHOCTH

[TpoBeneHue msaTu cepuil N3MEPEHU B Pa3HBIX YCIOBUSX (IIPSIMOM U
00paTHOM XO0Ji¢) MO3BOJISICT OLEHUTH BIMSIHUE CIy4alHbIX (aKTOpOB Ha
pe3ynbTatel u3MepeHuil. CTaHgapTHas HEONPEAEICHHOCTh BBIUUCISACTCS Kak
CPEIHEKBaPAaTUYECKOE OTKIOHEHHE OT CepUM U3MEPEHUH, 4TO JAeT OLCHKY
CTEINEeHHU pa3dpoca pe3yJsIbTaTOB U3MEPEHUI OTHOCUTEIBHO CPEJHET0 3HAUCHHMSI.
[To Tumy A BBIYHCISIEM CTaHIAPTHYIO HEONPEICICHHOCTh, 00YCIOBICHHYIO
HCTOYHUKAMU HEONPEAEICHHOCTH, UMEIOIIMMU CITy4YaiHbIH XapakTep.

[Tpu nepBoii ceprn M3MEPEHUH OBUTH MOTYYEHBI CICAYIOIINE JaHHbIE: ITPU
psiMOM xojie 3aukcupoBaHo 3HaueHue nasnenus 599,87 rlla, a npu obpaTHOM
xoae — 599,86 rlla, Torna cpeaHee 3HAYGHHE Ui ATUX JIBYX MOKa3aHUU
paccUMTHIBACTCS KaK apU(pMETHYECKOE Cpe/IHEeE MOTyUYCHHBIX 3HAaUCHHH!

__599,87+599,86

1 ane
X, = ;ZQ;% Xy = . = 599,865 rlla. Q)
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B xoze BTOpO# cepum M3MEpPEHUI NMpH MPSIMOM XO0Je ObLIO MOIYYeHO
3HaueHnue aasienus 599,88 rlla, a mpu obpaTtHom xome — 599,86 rlla.
Brruncienue cpefHero U3 3TUX 3HAUYEHUH MO3BOJIAET YCTAHOBUTH, HACKOJIBKO
CTaOWIbHBI TTOKa3aHMUsl OapoMeTpa MpH MICHTHYHBIX YCIOBUSX. JTO CpeaHee
3Ha4YeHHE BHOCHUT BKJIAJ] B OLIEHKY HEONPEAEeICHHOCTH U3MEPEHUN U TIOMOTaeT
YTOYHUTH, KAK H3MEHEHHE YCIOBUI BIUSAET HA MTOBTOPSIEMOCTh PE3yIbTaTOB.

= Zklk_

TpetThst cepus MOKa3bIBaeT TAKUE K€ 3HAYCHMS IPU MPSIMOM XOJe, KaK H
Bropas — 599,88 rlla, n Hen3MeHHOE 3HaUeHHE Ipu oOpaTHOM X07e — 599,86 rlla.
DT nmocie1oBaTeIbHbIe H3MEPEHHS BaXKHBI JUTs IOATBEPKICHUS YCTOWYNBOCTH
H3MEPUTENBHON CHCTEMBI M JUIl YTOYHEHHs BKJaJa CIy4alHBIX (akTOpOB B
OOIIIyI0 HEOTIPEICTICHHOCTb.

599,88+599,86

> 599,870 rlla. 3)

599,88+599,86

- Zk Z k—% = 599,870 rlla. “4)

UerBepTas cepusi UMEET CXOXKECTb C MEPBOM Cepuu ¢ MOKa3aHUEM
599,87 rlla mpu mpsimoM x071€e, a ipu oOpaTHOM Xo1e — 599,86 rlla, [TocTosHCTBO
3HAYCHHS [IPU 0OPATHOM XO[I€ MMPOIOIDKACT MOJICPKUBATH MIPEABIITYIIHE BBIBOIHI.
ITocnenoBaTenbHOCTb JTaHHBIX YEPE3 CEPUU MOAUYEPKUBAET BAXKHOCTb aHAIU3a
MOBTOPSIEMOCTH KaK CPENCTBa ISl OLUEHKHU CIyYalHBIX U CHCTEeMaTHYECKHUX
OTKIJIOHECHUH B TTOKa3aHUAX MPHOOpa.

— 1 = 599,87+599,86
Ry = —YpZix = ———— = 599,865 rlla. (5)
n
[IaTas cepus mOATBEPKAACT JaHHBIC USTBEPTO cepuu ¢ mokazaHueM 599,87
rlla npu npsimom xoze u 599,86 rlla npu odparHoM xoxe. CoriacoBaHHOCTh
Pe3yJIbTaTOB MMEET 3HAYCHHE JUIl OKOHYATEIbHOH OLIEHKH HEOIPENeIeHHOCTH
U [Ulsl 00ecIeYeHuUs JOCTOBEPHOCTU U3MEPUTEIBHOTO IPOLECCa B LIEJIOM.

_1gn=2 _
X5 = ;Zk=1 Xk =

599,87+599,86

5 599,865 rlla. (6)

Ilocne npoBeaeHus 5 cepuil U3BMEPEHUMN NABJIEHUS C UCIOJB30BAHUEM
uudposoro bapomerpa MSB181, cieayrommm 3TanioM SBISETCS PacdeT CPeIHETOo
3HAYEHHS TOyUYCHHBIX JAHHBIX.

Jlia pacueTa CpelHEro 3HAYEHHUS  HCIOJIb30BAINCH JAHHBIE M3 BCEX
IIATH Cepuil M3MepeHnid, kKak mpenacraBieHo B Tabmume 1. CpenHee 3HaueHHE
paccuuThIBaeTCs 1Mo GpopmyIie:

22

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mmamemamura u KomnvromepHoie Hayku. Ne 1, 2025

X =
n=>5

9= 65+ 599,870 + 599,870 + 599,865 + 599.865

= z = 599,867 rlla.

Tabmuna | — Pe3ysnbraTsl cepuii U3MEpEeHUI TaBIeHUS
nudpossiM 6bapomerpom MSB181

3lb—*

()

HomunansHOe 3HaueHNE maBicHus, klla Touka
2 L .
X ; z Xk
k=1
Uzmepennoe 1 cepust | [psimoii 599,87 599,865
3HAUCHUE X0J
KamOpyemMoro O6patusiit | 599,86
MaHOMETpa X0J1
2 cepust | IIpsamoit 599,88 599,870
XOx
Oo6parnbiii | 599,86
XOx
3 cepust | [Ipsmoid 599,88 599,870
X0x
O6patHblit | 599,86
XOx
4 cepus | IIpsmoit 599,87 599,865
XO0x
Oopathbiit | 599,86
XOx
S cepus | [Ipsamoii 599,87 599,865
XOH
OO0patHbIit 59
XOJI 9,86
Cpennee 3HaueHue, rlla 599,867

CraHJapTHYO HEONPEIEIeHHOCTh 10 THITY A BBICUUTHIBAETCsI 110 (hopmyuie:

1 2
u(x;) = us(x;) = -1 Z:l(xik - ch) ) (®)
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u(x;) = uy(x;) =
(599,87-599,867)2+(599,86—599,867)2+..+(599,86—599,867)>2
20%(20-1)

= 0,0026 rlla.

ITo Tumy B BeIumCcIsieM cTaHgapTHBIE HEONPEAEICHHOCTH, 00YCIIOBICHHBIC
HNCTOYHWKAMHU HEOIPEEIICHHOCTH, NMEIOINMI CHCTEMAaTHIECKUH XapakTep.
3aKoH pacnpesieseHNs] BEIUYNH BHYTPH TPAHMI[ CIMNTAEM HOPMAJIbHBIM IS
9TaJOHA M PABHOMEPHBIM UIsl KaTMOpyeMoro nmpuoopa.

Tabsmna 2 — VICTOYHHKH HeONPEISTICHHOCTH

Bxonnas
VcTOYHUKH HEOPEACTICHHOCTH HMCIOIIHE Heomnp. o
. BEJIMYUHA,
CHUCTEMAaTHYCCKUH XapaKTep: a tuny B, rlla
CraHgapTHas HEOTPEAEICHHOCTh OT 09,
rlla, Ub = a/(\3) 0,005 0,0029
CraHgapTHast HEONPEIEIEHHOCTh OT dOXPC,
FTa, Ub = a/(2\3) 0,010 0,0029

Oran 4. HexoppempoBaHHbIE BBIXOAHBIC BETHIHHBI

Ha sTom sTane npeanonaraercs, 4ToO BCE BXOIHBIE BEIMUUHBI HE KOPPEIUPYIOT
JpyT ¢ 1pyroM. JlaHHOE NpenoiI0KeHHe YIPOIIAeT MPOLECC pacyeTa CyMMapHOH
HEOIIPE/ICICHHOCTH, TaK KaK B TAKOM CIIy4ae CyMMapHasi Heolpe IeJIeHHOCTb Oy et
paBHa KOPHIO U3 CYMMBI KBaJJpaTOB OT/JE/IbHBIX HEONPEIEICHHOCTEH.

Oran 5. CocraBieHue 010/KeTa HeONPeeICHHOCTH

CocraBieHne «0I0JKETa HEONpPEeICHHOCTHY MpPEACTaBIsIeT coO0H
MIPOIIECC yueTa BCEX COCTABIISIOIIMX HEONPEISICHHOCTH 1 MX BKJIAJIa B OOLIYIO
HEOIPEIeIEHHOCTh n3MepeHus. Kaxkaas BenuyrHa OLleHHBAETCs Ha IPEAMET ee
BKJIa/1a B OOIIIy10 HEOIIPEIeNICHHOCTbD, YYUTHIBAs THIT pacIipe/iesieH st (HOpMallbHOE
WY paBHOMEPHOE) ¥ KO3 QUIMEHT YyBCTBUTEIILHOCTH. B pesynbrare noiyyaercs
o0Imui «OI0KET», KOTOPBIH OTpaskaeT BIMSHHE KaKAOH COCTaBISIONIEH Ha
KOHEUHYIO HEOIPE/EIEHHOCTb.

B Tabnuue HuKe mpecTaBICHb OCHOBHBIE KOMIOHEHTHI OrOKEeTa
HEONPE/ICIIEHHOCTH, pacCUUTaHHbIe sl nudposoro 6apomerpa MSB181. Dta
TalbnMIa IEMOHCTPUPYET HE TOJBKO BEJIMUYNHY KaXKJOH HEONpeeIeHHOCTH, HO
1 MX B3aUMHOE BIIMSTHHE.
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Tabnuma 3 — BroJuKeT HeonpeAeICHHOCTH

Crannapt-
Bxosas 3Ha'{eH1/1ue OTKIOHCHHE Tun Bux s Koappuunent Bknang B
BXOJTHOM HEompeieNeH- YYBTCTBUTENb | HEOTpEses
BEJIMYHHA OLICHOK pacumpeHust | Heompenese
BCJIMYUHBI HOCTH HOCTH CHHOCTh
HHOCTh
Xi Xi + Uei G Uai*Ci
Uckox 599,867 - A HOpMallbHOE 0,0026 1 0,0026
dxpc 0,01 B PaBHOMEpHOE 0,0029 1 0,0029
3 0,005 B HOpMallbHOE 0,0029 1 0,0029

Oran 6. PacueT cymMMapHO# HEONIPENEIEHHOCTH

Jliist pacueTa CyMMapHOW CTaHAAPTHOW HEONPENEIICHHOCTH MPUMEHSCTCS
MIPUHINI CYNEPIIO3UIINH OTICIBHBIX HEompeaeseHHocTel. B atom ciryuae,
CyMMapHasi cTaHAapTHas HEONMpPEJeICHHOCTh ONMpeeisieTcsl Kak KOPEHb
KBaJIpaTHBIN M3 CyMMBbI KBaJpaTOB CTaHAAPTHBIX HEONPEAEICHHOCTEH Kax 101
COCTaBJISIONICH, BKIFOUEHHON B Oro/ker. C y4eToM TOTO, YTO BEIMYHMHBI
HEKOPPEINPOBAHBI, TO UCIOIB3YeM (HOPMYITy:

0 = \/z’:;luf(y) - \/z’:;lcfuZ(xi), o

u(y) = \/0,00262 + 0,00292 + 0,00292 = 0,004856 rlla. (10)

Oran 7. PacmupenHas HeONpeAeIeHHOCTh

Pacmpennast HeolpeaeIeHHOCTh MPEICTaBIsIET COO0 HEoNpeAeIeHHOCTh
C YYETOM 33/1aHHOTO YPOBHSI JJOBEpHsl, KOTOPBIi 00bIYHO cocTaBiseT 95 %. Ona
BBIUUCIIAETCS IMyTEM YMHOXKEHUSI CYMMapHOW CTaHIapTHON HEOMpPEAeIeHHOCTH
Ha KO UIMEHT oXxBaTa K KOTOPBIN 3aBUCHUT OT BHIOPAHHOTO YPOBHS JOBEPHSL.
B nannoM cityuae, koo hurpeHT oxBaTa paBeH 2, 4TO COOTBETCTBYET IPUMEPHO
95 % ypoBHIO JOoBepus AJIsI HOPMAIBHOIO pacupeaesneHus. PacmupenHas
HEONPEAEIEHHOCTh aeT MPEACTAaBICHHE O TOM, B KaKUX Ipeaesax MOXKET
HaXOJUThCSI UCTUHHOE 3HAYEHUE HU3MEPsSIEeMON BEJIMYMUHBI C 3aJaHHOU
BEPOSITHOCTHIO. J[aHHAs HEeonpeIeIeHHOCTh pacCYUThIBaeTCs 1Mo opmyie [6]:

Ul) =k-u.(y) (11)
U(y) = 2 % 0,004856 = 0,009712 =~ 0,01 rlla.
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Pe3yabTaTsl U 00cy:KI1€eHUE

B xone uccienoBanusi ObUIA MPOBEICHBI CEPUM M3MCEPCHUMN JABJICHUS C
HCII0JTb30BaHKeM udppoBoro 6apomerpa MSB181, 11e1br0 KOTOPBIX OBLIO OIICHUTH
HEOMNpeeIEHHOCTh U3MEPEHHM U BBISIBUTH OCHOBHBIE €€ UICTOUHUKU. Pe3ynbTarhl
MO/IBEPIUINCH THIATENILHOMY aHaIu3y ¢ npuMeHeHuem metona GUM yuist pacuera
CTaHJAapTHOM U pacCUIMPEHHOM HeonpeeieHHoCTH [7].

AHanu3 pe3yiabTaToOB U3MEPEHUil

Cepuu n3MepeHuil Janu ciaeayroiue cpeHue 3Ha4YeHUs JaBICHUS:

ITepBas cepus: 599,865 rlla;

Bropas cepust: 599,870 rlla;

Tpetbs cepusi: 599,870 rlla;

UetBepras cepus: 599,865 rlla;

[TsaTas cepus: 599,865 rlla.

Ob1ee cpenHee 3HaYeHUE cocTaBmio 599,867 rlla.

OLieHKa HEeONpeeIEHHOCTH

CrangapTHasi HEONPEAEICHHOCTh MO THIY A, BBIYMCIEHHAs Ha OCHOBE
MIPOBEEHHBIX cepuil n3mepenuit, cocrasuna 0,0026 rlla. lononHUTEeIbHBIN aHATN3
MTO3BOJIHJI MIICHTU(UITMPOBATH HCTOYHUKH CUCTEMATUICCKOM HEOIIPEICIICHHOCTH
(Tunt B), BKITIOYAsk HEONPEACICHHOCTh STAJIOHHOIO 3HAYCHUS JABJICHHUS, AT
JUCKpPETU3aLUN U MOBTOpsieMOCTh uaMmepenuil [8]. KommuekcHbll ananus
9THX (PAaKTOPOB CIIOCOOCTBOBAN (POPMHUPOBAHUIO BCECTOPOHHETO IMOHMMAHHUS
HEOIPEJICIEHHOCTH U3MEPEHUIl.

Bivsinue BHEIIHUX YCIOBHIA

B xoze uccnenoBanus Takke ObLIO PACCMOTPEHO MOTCHIIMATBHOC BIMSIHHUC
Pa3INYHBIX BHEIIHUX YCIOBUI HA U3MEPCHUSI, BKITIOUAS KOJICOAHHS TEMITEPATYPhI U
BIaxHOCTU. HecMoTps Ha 00HApYKEHUE OTIPEICIICHHOTO BIMSIHUS 3TUX (DaKTOPOB
Ha Pe3yJbTaThl U3MEPCHHI, KOMIICHCAIIMOHHBIC BO3MOXXHOCTH OapoMmeTpa
MSB181 1mo3BoJIMIN MUHUMH3UPOBATh UX BKJIAJ B OOIIYEO HEOMPEICICHHOCTb.

3aKII0YUTEIbHbIC 3aMEeUaHUs

Hamre uccnenoBanue noarsepixkaaet, 4ro nupposoi 6apomerp MSB181
SIBIISICTCSI HAJIC)KHBIM HHCTPYMEHTOM JIJISL U3MEPEHHsI aTMOC(EPHOTO JTaBIICHUS.
Meton GUM oxka3asicst 3 heKTUBHBIM [UTs OLICHKA HEOIIPEICICHHOCTH, YTO BAYXKHO
JUTSL TIOJTyYEHUS] TOUYHBIX U JIOCTOBEPHBIX pe3yjbTaToB [9]. DTO uccienoBaHue
BHOCHUT BKJIaJ] B IOHHUMaHHE TOT0, KaK Jy4Yllle BCEro MPOBOJUTH U3MEPEHUS U
OLICHKY HEOIPEACICHHOCTH, YTO MOXKET OBITh IIOJIC3HO IS YIIYUIICHUS METOIUK
B Oyayuiem.

BriBoabl

UccnenoBanue, ocHoBaHHOe Ha mpumeHeHuH metona GUM mns oueHku
HEOTIPE/ICJICHHOCTH M3MEPEHHI C UCIOJb30BaHneM LudpoBoro 6apomerpa
MSBI181, moaTBepuiio 3HAYUMOCTh 3TOTO MOJIX0Aa B 00CCIICUCHUH BBICOKOM
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TOYHOCTH. B mponecce uccinenoBanusi Oblia nmokazaHa 3 PpEeKTUBHOCTH
HCIOJIb30BAHUS COBPEMEHHBIX M3MEPHUTEIbHBIX HHCTPYMEHTOB B COUETAHUU C
MeTojoorudeckuMu npunimnaMu GUM, 4To npuBesto K NOBBIIICHHUIO KaueCTBa
HM3MEPEHUN U YBEPEHHOCTH B UX pe3yibTarax. [IpoBes KOMIUIEKCHBIN aHaIN3
U ONpEAETINB UCTOUHUKU HEOIPEIEJIEHHOCTH, a TaKKE BBINOJIHUB JETalIbHBbIH
pacyer CTaHAApPTHON M PAaCIIUPEHHOW HEONPE/ICIEHHOCTH, ObIJIO YCTAaHOBIICHO,
410 1HdpoBoii bapomerp MSB181 nemoHCTpUpyeT BBICOKYIO TOYHOCTH B
H3MEpEeHUH aTMOC(HEPHOTO IaBICHUS. DTH PE3yJIbTaThI I0{4EPKUBAIOT BAXKHOCTh
MPaBUJIBHOTO BHIOOpA M3MEPHUTEIILHOTO 000PYJOBaHHS M METOJIOB OLICHKH
HEOIPEIeIEHHOCTH.

Ha ocHoBe npoBeIeHHOT0 UCCIIeI0BaHMs B IA00PAaTOPUH MOYKHO 3aKIIIOUNTh,
YTO KOMIUIEKCHOEe npuMeHeHue Meroga GUM B coueTaHuM C UCNONIB30BaHHEM
BBICOKOTOYHOTO IIihpoBoro 6apomerpa MSB181 oTKpbIBaeT HOBBIE BO3MOYKHOCTH
JUISL METPOJIOTHH, CIIOCOOCTBYS TAJIbHEHIIIEMY Pa3BUTHIO TOUYHBIX M HaJEKHBIX
METOAUK olleHKH HeompenaeneHHocTH [10]. TlomydeHHble pe3ynbTaThl MOTYT
CTaTb OCHOBOM JJISi COBEPIICHCTBOBAHMS CYIIECTBYIOLIUX METPOJOTHYECKUX
CTaHJApTOB U MPAKTHK.
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MSB181 HUPPJIAIK BAPOMETPI KOJIIAHBIITYBIMEH GUM
9JIICI BOMBIHIIA OJINEMIEPIIH BEJTICI3IITTH BAFAJIAY

Kaszipei  3amanzbi  memponocusioa, — enuey — HOMUICEICPIHIH
XanvlKapanelK — OeHeelioe CeHiMOUliei  MAHbi30bl  POL  AMKAPANbIH
Ke3zde, bOencicizoikmi Oazanay omueynepOiy 0010iei MeH CeHIMOLLiiH
Kammamacols emyoiy Maywul30bl Gaxmopwvl 6oavin mabdwvliadsl. Makana
bencicizoikmi  Oazaniay Npoyecin e2dcel-mesocelili  Kapacmuipaobl,
benciciz0ik  Ke30epin  aumvlkmayoaw Oacman, CMAHOAPMMbL  HCOHE
KeHeumineen 6eneicizoikmi ecenmeyze O€llil, COHbIMEH Kamap CblpmKbl
2HCa20anapobl HCOHe OAAPObIH OIUEY HOMUICETEPIHE dCEPIH MATOAYMEH
asKmanaowl.

3epmmey  ywin manoanzan MSBI8] yudpavix  6apomempi
O3IHIY KeH enuiey Ouanazonvl MeH dcozapvl dondicimen GUM odicinin
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Memponozusdazvl Oenziciz0ikmi 6azanay2a apHai2aH CeHiMoi Kypau
pemindezi muimoinicin Kepcemedi. 3epmmey asmopiapvl dapomemp
KOpcemKiimepin MameMamuKkanivly mooenvoeyee, Heeizel OLI2ici30iK
KO30epiH aHbIKmayaa coHe Oapobly Oauley Homuicenepine ocepin
bazanayea nazap ayoapovl. Benciciz0ikmiy Ke30€UcoK HcoHe HCyUeniK
KO30epin Oazanay ywiHn onuey cepusiapvli mandayed epexuie Hazap
ayoapeiioin, Oy 6eneicizoikmi  6az2anay npoyeciHiy HCAH-IICAKMbL
MYCIHIZIH KAIbINMACmulpyea JdcoHe 081 oaueyiep odicmemecine yiec
Kocy2a MyMKIHOIK 6epOi.

3epmmey 6apviceinoa GUM odicin kondawny, MSBI181 yugpprvik
bapomempin  navoarany — apkbiibl  eauey  09NO0ICIHIH  APMKAHb
anvikmanowl. Homuoicenep onwey 0010icine ColpmKbl Hca20atiiapobly ex
a3 ocepin pacmaowel, byn MSB181 bapomempiniy apmypii scazoaiinapoa
muimoiniein  JcoHe OencicizOikmi  6azanayovly KeweHOl MOCIliHIH
SHUILIMU  JICOHE MEXHUKALIK 3epmmeyiep Candcblh HCaKcapmyodazvl
ManbL30bLIbIZbIH KOPCemeOi.

Kopvimoinovinaii kene, makara GUM odicinin emuey Oencicizoicin
bazanayea apuanean Mawbl30bl KYpal eKeHin, HOmuicenepoiy dco2apbl
CEHIMOLNIK QopedceciHe KO HcemKizyee blKnajl ememinin aman omeoi,
Oyl eblablMu 3epmmeysep, OHePKICIN, MEOUYUHA HCOHE IKONO2USL YULiH
2a1amovlK, Oeneelioe Manbi30bl.

Kinmmi co3z0ep: enwey bencicizoici, GUM odici, anvikcmol bazanay,
Memponozusi, Yudpavlk 6apomemp, KeHeumiieeH aHblKCbl30blK.

*B. K. Ermek’, Zh. N. Abilkaiyr’, G. A. Baimakhanov’, Zh. B. Omarova’
1.234Satbayev University, Republic of Kazakhstan, Almaty

Received 19.11.24.

Received in revised form 26.11.24.

Accepted for publication 27.01.25.

MEASUREMENT UNCERTAINTY EVALUATION USING THE
GUM METHOD WITH THE MSB181 DIGITAL BAROMETER

In modern metrology, where the reliability of measurement results at
the international level plays a crucial role, the evaluation of uncertainty
is an important factor in ensuring the accuracy and reliability of
measurements. This article provides a detailed overview of the process
of uncertainty evaluation, starting with the identification of uncertainty
sources, calculation of standard and expanded uncertainties, and
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concluding with an analysis of external conditions and their impact on
measurements.

The MSBI181 digital barometer, selected for this study due to its
wide measurement range and high accuracy, highlights the reliability of
the GUM method as a tool for uncertainty evaluation in metrology. The
authors focused on mathematical modeling of the barometer readings,
identifying key sources of uncertainty, and assessing their impact on
the measurement results. Special attention was given to the analysis of
measurement series to evaluate both random and systematic sources of
uncertainty, which allowed for a comprehensive understanding of the
uncertainty evaluation process and contributed to the methodology of
precise measurements.

The study revealed that applying the GUM method in combination
with the use of the MSB181 digital barometer improves the accuracy of
measurements. The results confirmed the minimal influence of external
conditions on measurement accuracy, demonstrating the effectiveness of
the MSB181 barometer in various conditions, as well as the significance
of a comprehensive approach to uncertainty evaluation in enhancing the
quality of scientific and technical research.

In conclusion, the article emphasizes the importance of the GUM
method as a tool for evaluating measurement uncertainty, contributing
to a high level of confidence in the results, which is crucial for scientific
research, industry, medicine, and environmental studies on a global scale.

Keywords: measurement uncertainty, GUM method, uncertainty
evaluation, metrology, digital barometer, expanded uncertainty.
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BLOCKCHAIN TEXHOJIOINUsiCbl
XOHE OHbIH KOJIQAHbINYbI

brokuenin  mexnonocusicel  dicakblnoa  nanda  60a0wi,  Oipax
Kayincizoix, ceHIMOLIIK JHCoHe auUbIKMbIK CUSKMbL APMbIKULLLILIKMAPObIH
apkacvlHoa mansiman 6010bl. biokueiin kebinece sxkoHomukada, aman
aumKanoa KpunmosamomaiapmMeHn JCyMvlc icmey Yulin KOLOaHbLIAObL
den cananaowvl. /lecenmen, mexHonoeus 9pmypii cailaiapod naroanvl
oonyer mymxin. Makaia O10KuelH MeXHONO2UACHIHG WOTY dcacayed,
OHbIH JICYMbIC ICMEYIHIY Hezi32l NPUHYUNMEPIH JICOHE MEXHOJIOSUSAHbL
opmypni - cananapoa  KONOAHY — JCONOAPbIH  3epmmeyee  apHAl2aH.
Maxkanaoa, Onokuelln MeXHONOSUSACHIHbIY —Nauda 6Oxy MaAPUxvlH
JIcoHe  opmypal  akmuemepoi ecenke anyed apHanean OyKin oremoe
mapamvliamoli  Kon  DYHKYUOHALObI  AKNAPAMMbIK,  dicylie  00bin
mabvLIamvlH mexHoi02us mycinicin Kapacmoipamwlz. CoHoau-ax Heeizel
ApMuLKWbLILIKMAp2a manoay Heypeizinoi, oniap MblHAIApObl KAMMUObL:
0endanoapoviy  OoIMayvl, eHeiziieen Oepekmepoiy e32epMeuminoiei,
COHOAU-AK,  OPMANBLIKCLI30AHOBIPY  JHCOHE  AKNAPATMbIY — AUbIKMbI2bL.
Apmulubliblkmapmen Kamap 6710K4Yelin MexHoN02UACIHA MOH OIpKamap
KeMWinikmep anblkmanovl. Aymvlc IKOHOMUKA MEH KAPIHCHI CEKMOPbIHOA
MEXHON02UANAPObl  NATOANANY  NEPCNEeKMUBANAPbIH  Kapacmulpaobl.
byxeanmepnix ecenme, ecen 0Oepyde, WOMmMAapobl CanLICMbIPYOA
JIcoHe KyH 0bvexminepimen onepayusnapod ONOKYelH MeXHONO0SUACHIH
Konoamyea 0Oa mokamanaovl. DKOHOMUKA2A KAMBICbL JHCOK OMIPOIH
OpMypai CanaiapulHOa mexHoI02usiapobl nauodaianyad epexiie Koil
boninedi. Homuoicecinde, Kazaxcmanoa oswcone wiemenoe mexHonio2usibl
0amblmyObly NePCneKmusanIblK 6azblmmapol AHbIKMALAObL.

Kinmmi  cesdep: axnapammulx — mexuonoeusiiap, — Ol0KYelln,
Kpunmosanoma, Oumkou, ethereum.
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Kipicne

bnokyelin TexHo0rUsACHIH Kosgany anram pet 2009 sxbiibl OaraapiaMarisl
Caromn HakamoToHbIH Bitcoin KpUNTOBAIIOTACBIHBIH JIaMybl apKachIHJIa
oenrini 6osapl. Kenreres skongapmen, Bitcoin Tadbicka 2008 KbUTFBI KAPIKBLIBIK
JaFapbiC bIKMAJ eTTi. XaJbIKThIH OaHKTIK )XOHE OaKblIaHATHIH KapiKbl
MHCTUTYTTapbIHA CEHIMIH >KOFaNTThl. BUTKOMH YKIMETTEH HeMece Ke3 KeJreH
0acka OpTaNBIKTaHABIPBUIFAH SCEPACH TAYEJICI3MIKTI yChIHIBL. byn Kacuer
OJIOKYEHH TeXHOJIOTHSCHIH KOJIaHy apKbUIbI KOJI KETKI3UI.

2015 sxpuibl CHIIMKOH aJKaOBIHBIH Y3aK YaKbIT BEHUYPJIBIK KalnUTaJIHCTI
Mapxk AHjyipeecceH OJIOKYEHHHIH TapaTbulFaH KOHCEHCYC Mojienin VHTepHeTTeH
KEUIHT1 €H MaHBI3JIbI OHEPTAOBIC JICT CHIIATTA B! [1].

TexHosiorust FpUIBIME 9ieOMETTEP/IE KO KOpCceTiaMereH. MakalaHblH
KOIIIJIr Kap>Kbl CEKTOpPbIHAA OJOKYEHH TEXHOJIOTHSCHIH IaialanyIbl
CHUITaTTalbl, COHBIMEH KaTap Ka3ipri yakpITTa KpUITOBAIIOTAJIap/AbIH Ka3ipri
JKaFrAaibIH KQHE OJIap/bIH XKaKblH OoJlallakTa JaMyblH Kepcereli. biokueitn
TEXHOJIOTHSCHIH ic XKYy3iHAe Konnany Typansl M.M.Kucenesrin «OKoHOMUKa1a
YoskLat rexHonoruscsH Kongany», C.Kopuarnunig «biokyeliH TeXHOIOTHSCHIH
JaMBITY/IBIH Ka3ipri TeHAeHUHsIapsl Typais, B.B./lopoxoBTeIH «bBIOKTHIK
TI30€KTI TEXHOJIOTHsIap: OoJalak KapiKbl KykHeci» eHOeKTepinae KentipiiareH [1].

BilokuyeiiH TeXHOJIOTHACHIHBIH MOHI OypBIHHAH JKa3bUIFaH ACpeKTep.i
TY3€eTyre MYMKIHJIK OEpMEUTIH OpTajJbIKTaHIbIpbUIMAFaH aKnapaTThl cakray
JKyHeci 00JbII TaObLIAbI.

ByJ1 TeXHONOTUSTHBIH HETI3T1 KaCHeTTepi KeJeciiei:

1. OpraybIKChI3IaHbIpy — MaiilallaHyIIbUIap TapanblHaH Xyiere CeHIMIH
KaMTaMmachl3 eTyre MyMKiHaik Oepeni. Ocpliaiiina, GapiblK TpaH3aKIHSIaP.IbI
Oakpliayra ajly YIIiH ma0ysUigaymibuiap OJOKYEHH KeliciHe KOCBUIFaH
KYPBUIFbUIApAbIH OHIMAIITHIH 51 % Oakpuiaysl kepek. Tuicinme, xKyieHiH
TaHBIMAJIbUIBIFBIHBIH aPTYbIHA KOHE OFaH KOCBUIFaH KYPBUIFbLIAP/IbIH CaHbIHA
OaiiJIaHBICThI JKYHEHIH JKaJIbl KyaThl apTajbl )KOHE HOTHMXKECIHIC KyaTThiH 51%
OakplIay KaymiMeH OHBIH CEHIMJIUIITI.

2. AxmapaTThiH OJOKYCHHTE a3bUIFAHHAH KCUIHT1 Kayimci3Airi MeH
©3repMEHTIHAITT TPaH3aKIMUIAPABIH KeJieci OJIOTHIH jKa3y KE3iHIE aJIbIHFbI
TpaH3aKIusuIap OJOTBIHBIH (OKUFaIap/IbIH) XOII1H IaiilajlaHy apKbLIbl KAMTaMachl3
erineni. Ochbl J)KOJIMEH CakTaJFaH aKMapaTIeH Ka3bUIFaH TPaH3aKIMsIapIarbl
e3repictep OapibIK Keseci 010K Ti30erinaeri esrepicrepre akenesi. Ic xysinae
OyJ1 Kylie arTecTarray, HOTapHar Kyleci KbI3METiH aTkapa anasl (1-cyper).
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1-cypeT — briox4eiiHHIH TPUHIIUITHAIIB AHATPaMMachl

CoHBIMEH 0CBI MaKanaa OJI0KYeHH TeXHOIOTHACHIHBIH Taiiaa 00Ty Tapuxbl
JKOHE OPTYPJIl aKTUBTEP/Ii €CETKe alyFa apHajFaH OYKiI oJeM/ie TapaThlIaThIH
Ken (pyHKIIMOHAJIIB! aKIMapaTTHIK KyHe OOJBI TaOBIIATHIH TEXHOJIOTHS TYCIHIT1
KapacThIPbLIaabl. MaKalaHbl )ka3yAaFbl HET13T1 MaKcaT OJIOKYEHH TEXHOIOTUSICBIH
JKOHE OPTYPJIi caslaiapra KOMETiH KapacThIpy OOJBIT TaObLIab.

HoTu:kesiep oHe TATKbLIAY

KonmaHputaTeiH JepekTepai cakTay 9/1iciHe OalIaHbICTHI KY€ alllbIK JKOHE
KyTHs 00TyBI MYMKiH. AIITBIKTBIK OJIOKYSHHIET] TPaH3aKIUsUIap MEH aKIapaTThIH
TYIMHYCKANBIFBIH TEKCEPY YIIiH OJOKUYCHHTe TYHIHAEPAiH IIEKCi3 CaHBIH KOCY
MYMKIHJIT1 apKbITBI KOJ JKeTKi3iie i. KymusuibIbIKKa TapaThlIFaH OIOKIeHHAe
KYITHS aKMapaTThiH 0oJIMaybslHA OalIaHBICTBI KON JKeTKizinmenmi. SIrHu, erep A
XKoHe B moTTaps! apachlHAArel TeJIeM ayAapbIMAAPbIH KapacThIpaThIH 0OJCaK,
OH/Ia OJIOKYEHH TeK A koHe B moTTaps! apachlH/a aKia ayapbliIFaHbl Typajbl
aKmapaTThl caKTalael. JlereHMeH, )Ky#e colKkec MIOTTAapJbIH HAKTHI KiMre
THECIII €KeHIIT1 Typaibl aKmapaTThl caKTaMaisl. baiimaHbICTHI TipKenTinep
ACHMMETPHUSUIBIK MU piay apKbUIEI OacKapblIa bl )KOHE TipKeNTire Kipy YImiH
TEK COJI TIPKENTITe apHAIFaH XKeKe KiNT KaxeT. Anaiina, KakeT OoyFaH skarnaiina,
MOMIJICHIH HETi3Tri OeJiriHe >koHe Coifkec OJIOKKA epiKTi aKMmapaTThl CHTi3yTe
6onazsl. Ocplnaiiimma TYHiHIEp apachlHIA TOJBIK ACPEKTEP PEIUIUKAIUSICHIH
ayra Oomaibl. Bys oftic eTe cupex yKoHe CHIPTKBI KayinTepAeH KOpFalFaH YHbIM
JKEIICIH/Ie )KYMBIC ICTeHTIH KeKe OJIOKYEHH KyHenepinie FaHa KOJIIaHbLIa b

Kasipri yakpeiTta 6J0KUeiH I Taiiianany IIH OipHeIe HeTi3ri Moaenbaepi
Gap:

1. opTasNBIKTaHIBIPbUIMAFaH aBTOHOM/IBI YHBIMIAP MEH KOChIMIIIAIap;

2. xeKe OIOKJeHH Kyienepi;

3. 6mokueitH Kpr3meTTepi [2].
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EH yJnikeH sxyHenep alblk XaTTaMaiap/a X)YMbIC 1CTeH/I1, oJlapFa Ke3 KeJIreH
aJiaM KOJI JKETKi3€ aja/ibl, sSIFHU Ke3 KeJIT'eH aJiaM MyH/1ail XaTTamMmaiap/ibIH oKIMIIiCl
6outa anajpl. Ochl OJIOKYEIH/II €HIi3yre HeTi3IereH KYHEeHIH apThIKIIBUIBIKTaphl
OHBIH CEHIMJIJIIrT MEH TYPAKTBUIBIFBIH KaMTHUABL. BIIOKYEHH »KYMBICBIHBIH
MIPUHIMOTEPIHIH Oipi JKeieri TpaH3aKIMs AYphIC AC CaHala/Ibl, erep OHBIH
JIYPBICTBIFBIH OapJIbIK JKelli TYHiHAEpiHiH XKapThIchHaH Ke0i pacraca.

CoHJbIKTaH OJIOKYEHHIe KaTe TPaH3aKIMSHBI CHI13y YIIIH M1a0ybUIIayibl
JKelli pecypcTapbiHbIH 51 % O0akpuIaybIHa He 00ybl Kepek. KoramIpik O10K4YCiH
Ky#enepine TYHIHAEP/IH CaHbl MEH XKeJIi KyaTbl )KOFapbl OOJIFaH IbIKTaH, MyH/1al
madysuiap JepIik MYMKiH eMec.

YHeMi )KyMBIC ICTEHTIH ke TYHIHepiHIH MaKCUMaJIIbl MYMKiH 00JIaThIH
CaHbIHa KOJI KETKI3y KOFaM/IbIK OJIOKYEIH KyHeNepiH a3ipieyijiep/IiH Myi1ecine
cail. Atan aiitkana, Bitcoin sxyliecinae Oyt Tanamn TYHIH apKbUIbI )KaHa OJIOKTHI
KYpY/Ibl Mapanartay apKbUIbl KaHaraTTaHbIpbuIa b1 TyHiHIep Ke3aeicoK MaHIep
KOCBUIFaH aralll X3IITeY alroOpUTMi apKbUIbI OJIOK XIIITEPiH jKacaiabl (2-Cyper).

Top Hash

hashl BT )

RN

Hash Hash
0 1
hash{ Tey  f hash( ol )
Hash Hash Hash Hash
0-0 0-1 1-0 1-1
rashiLl) haskiLl haar LIy BazmLdl
[ | Data
L1 L2 L3

L4 | Blocks

2-cypeT — AFall XdIIiH Kypy NpUHINIL

OpOip ONIOKKa TpaH3aK[Ws TYWIHHIH IMIOTBIHA KOCBUIFaH Oenrinmi Oip
MeJIIepAeri KPUITOBATIOTAMEH KOChUIabl — OJIOK Kypy YIIiH chliiakel. Erep
AIIBIHFaH X3 OeNTiIi Oip HeIep caHbIHAH OacTaica, OJIOK AYPhIC ETT eCenTeNeIi
xoHe Oacka ke TyHiHzmepiHe kiOepineni. backa Tyiinnep OHBIH imiHAeTi
TpaH3aKIUsUIap/IbIH AYPBICTHIFBIH TEKCEPEli )KOHE CATTI O0JIca, OHBI OJIOKYCHHHIHA
KemipMmecine Kocaapl. Ochliaiiiia, el KONTereH TYPaKThl )KYMbIC i1CTEHTIH
TYHIHAEPI aJ1a/1bl, al MaliAanaHyIIbuIap OJIOKTapIb! )KacaraHbl YIIIH KaHAal Ja
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0ip chiifaxp! anazpl. by Mexann3mi naiiaanana OTIPBII, KYHeIe KPUIITOBAIIOTa
Jla mbIFapbiaasl [3].

biiokuelinre xaHa OJOKTHI KOCY €peXeciHe apHajFaH OyJl aJrOpuTM
OJ0K4YelHre OJIOKTBI TYHiH apKbUIbI KOCY BIKTHMAIIIBIFBI OCBI TYHIHHIH KyaTbIHa
MIPONOPIIMOHAIIIBI, KAJIIBbIFa KOJDKETIMAI OJIOKUEHH Kyilenepi apachlHaa eH
KeH TapairaH. JlereHMeH, YHEeMI Ke3JeHCOK XAIITepi jkacay »KOFapbl SHEPTUs
LIBIFBIHIAPBIH TaJIAl eTei. Bitcoin skeicine TyHiHIepAiH OHIMIUTITiHIH TYPaKThI
ecyiHe OaiJIaHBICTBI, KaHa OJIOKTHI KOCY YIIIH TYWiH IIEIIETiH TarchpMaHbIH
KYPAEJUIIri YHeMi apThIn Kese . EKiHmI jkarbIHaH, JKYHele KpUITOBAIIOTAHbIH
SMHCCHSICHI IIEKTEYJI )koHe OipTe-OipTe Oastyaiiibl — TpaH3aKIUsUIAPAbIH Keleci
OJIOTBIH JKacay YLIIH chlifakbl a3asyibl. MyHBIH 09pi Kasipri yakeitta Bitcoin
XKelliciHae jkaHa OJOKTapJbl JKacaylaH ajblHFaH Naina TYWIHHIH KYMBICBIH
KaMTaMachI3 €Ty YIIiH 3JIEKTP SHEPTUsACHIHBIH KYHBIMEH CaJIbICTBIPHUIATHIHBIHA
oKeJIel.

JKexe Onokueiin xxyiienepi — Oyt yibIM 63 MocesiesIepiH ISy YIIiH S31pJIeHTIH
JKOHE KOJINaWThIH JKyienep. MyHnal sxyienep YHBIMHBIH cepBepliepiHje
OpHAJIACTBIPBUIFaH )KOHE TYHIHIEPAIH caHbl a3bipak. JKeke O1oKueiH xyienepi
KOFaMJIbIK JKYHeJIepMeH CallbICThIPFaH/1a KbUIaM/IBIKTa apPTHIKIIBUIBIKKA He. by,
€H aJIIbIMCH, TPaH3aKIMsUIapIbl KYpyFa JKoHE KYHEeHI Konayra OipHere ece a3
TYHIHJIEPAIH KaTbICybIHA OaiJIaHbICTHI.

CoinBase Hemece circle CHSKTBI OJIOKUCHH KbI3METTEP1 JKAIITBIFA KOJDKETIMITI
OJIOKYEHH/Ie KBI3METTEp/li YChIHAbI, OipaK KeiOip YJITTBHIK IOPHCIUKINALA
TIPKEJreH jK9HE )KEPrilikTi BaIroTa1a moTTapsl oap [4].

brok4eiiH TeXHOIOTUSICBIH KOJITaHATBIH Ka3ipri a3ipieMenep/IiH KOIIiir
(UHTEX KEHICTITiHAE OpBIH alyAa. byJl TONKa KpUITOBAIIOTAIAPABIH OPTYPIi
TypJiepi kipeai. Conpaii-ak Ka3ipri yakelTTa SpTYpJli eiaepleri opTypai
OGaHKTep.liH KIMEHTTEPI apachiH/IaFbl TPAH3aKIUUIAP bl MUHHUMAIIIBI KapKbIIBIK
LIBIFBIHIAPMEH MUHYTTap HEMeCE caraTTap illiHAe asKrayFa MyMKiH/IiK OepeTiH
OaHKapalbIK ©3apa OpeKETTEeCy IiH mporotuntepi Oap [5].

brok4eiiH TeXHOIOTUSICHIH KOJIIaHyMEH OailylaHbICTBI HEri3ri Macesenepre
TOKTaJICaK, OJIOKYEHH TEeXHOJIOTHSCHIH NPAKTHKAJIBIK KOJIIaHYAbIH Ka3ipri Ke3jie
GipHere npodaeManapsl 6ap:

1) eH Ken TaparaH )KYMBICTBI JQJIEJIey AIITOPUTMI XKeJll KeJIeMiHIH ecyiHe
Kapai YJIKeH SHEepTusl LIbIFbIHIapbIHA SKEJIe/l;

2) SKOHOMHUKAHBIH KapXbl CEKTOPBIHAH THIC OJIOKYEHH TEXHOJIOTHUSICHIH
MIPaKTHKAJIBIK KOJJIaHy Typajibl OLTIMHIH TOMEH JieHreli [6].

Aran erinreHaei, xaHa OJOKTapbl reHepanusiiayJjaH TyceTin Bitcoin
naiiacel TYHIHHIH JKYMBICBIH KaMTaMachl3 €Ty YIUiH 3JEKTP YHEPTUsCHIHBIH
KYHBIMEH CaJIBICTBIpbIIabl. Erep Oyi1 MoceneHi Oip YiBIMHBIH OaKbLIaybIHIaFbI
JKOHE TYHIHJIEPAIH CalbICTBIPMAIIBI TYPAE TYPaKThl KypaMbl 0ap jkeke OJIOKUeiH
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Kylenepi meHOepiHae KapacThIpaThlH 00JICAK, SHEPTUS LIBIFBIHAAPBIHBIH OCYi
MaoceJeci ©3eKTi OOJIbIN Ta0bUIAIbI.

Kasipri yakpITTa NaiijajnanynbIHbIH IIOTIHaFbl KpUITOBAIIOTa COMAachIHA
OaliiaHbICTBl OJIOKYEHHTE KaHa OJIOKTAap/bl KOCY KYKBIFBIHBIH TOYeJIiTiriHe
HeriznenreH proof-of-stake TyxbIpeIMIaMacs! 1a 6ap. byt Ty KbpIpbIMIaMa alFanr
per peercoin xyiiecinae Kouaanbulapl. JKyMBICTBI Iai1€11eyMEH CalbICThIPFaH 1,
JI9JIETI/ICY aNTOPUTMI AJIEKTP KyaThIH Tajlall eTIei Il )KaHe 3epTTey KHE OJaH api
JIAMBITY YLIIH MaHbI3JbIpaK [7].

KoramIbIK OsioK4eitH KyiiesnepiHeH alblpMallblUIBIFbl, KeKe OJOKUeHH
Kylenepinge OapIiblK TYWIHIEPIIH TYPaKThl )KYMBICHIH KOJIayFa OJIOK4YelHTe
OII0KTap/IbI KOCYIbIH Oenrini O6ip TOpTiOiH OpHATY apKbLIbI SKIMIIUTIK )KOJIMEH KOJI
KETKi3yre 0omazpl. SIFHU, KYpJIeil )KYMBICTBI IQJIeIIICY JKOHE JKaFIai Ibl 1asieniey
ITOPUTM/EPIH SHTI3Y/IiH KaXKeTl )KOK. byJ1 COHbIMEH KaTap cepBep )KyKTeMeciHe
OH acep eTe/ll, XAIITEP/IiH KOIl CAaHbIH I'eHepalHsIay KYHBIH JKOS/IbI )KOHE JKaJIIIbI
XKYie OHIMALTITIH )KaKcapTaIbl.

Erep OnokueliH KapiKbl CCKTOPBIHAA JaMbIica, OAHKTEP/iH eMipJeri peli
MEH KaTbhICybl TOMEHIEHA1 — OJOKUEHH maiijasaHymbuiapsl JesaigapibiH
KaTBICYBIHCHI3 ©3 apajapblH/a KapyKbUIBIK OTIepaLsiIap/ibl )KY3ere achlpa anajbl.
MyHpait Oox4eitH (yHKIMOHAIIBIFBIH €HI13Y YIIIH CMapT KeliciMIIapTTap sl
CHri3y KaxkeT 0oJ1a b, JKare! ajgFan/ia, cCMapT KeNiCIM-IIapT — OYJI HAKTHI dJIeM/IC
Hemece HUQPIIBIK Kyhenepae Oenriii Oip OKuFamapbl Tajall eTeTiH LapTTap
JKUBIHTBIFBIH CHIIATTAHTBIH JIEKTPOH/BIK aJlrOPUTM [8].

Axpuinbl kemicimmaprtrap uneschin 1994 xpuibl Huk Cabo yChIHFaH,
Oipak OyJ1 MIEsHBI iC XKY31HJE JKy3ere achlpy OJIOKUEHHI KOJIJIaHy apKbUIbI
raHa MyMKiH Oonzbl [9]. Ockutaiima, 2013 xbutel ctherium xo0achiHIa CMapT
KOHTPAKT TEXHOJIOTHSCHI KOJIaHBULIbI JKoHE Ka3ipri yakpITta ctherium xemicin
naiiaaHaThIH KONTETeH )00aap maiiia 6oiabl. baHkapalbik TeremMaepae cMapT
KeJiciMInapTTap sl naiaananyjan 0acka, OyJ1 TEXHOJIOTHSHBI KeJIeCi Kap KbUIbIK
olepanusuiapaa Kojiianyra 6oasl:

1) cakranapipy (erep cakTaHABIPY KOMHIAHHUSCHI KIMEHTIEH CMapT-
KeJiCIMIIapT jkacaca, OHJa CaKTaHJbIPY JKarJailbl OPBIH allFaH Ke3je mapT
ABTOMATTBI TYP/I€ OPBIH/IAJIA/IbI, ) CAKTaHYIIBI KiJipicci3 Hemece KeHeere Kenmei
©TEMAaKbI AJIAIbI);

2) canbIK caity (ci3 TesieM/Ii aybuIapAbIH 0ipi MEMIIEKET OOJIaThIHAM IapT
’kacail anacei3 skaHe, Mbicanbl, KKC aBToMaTThI TYpAE ayaapa anachi3);

3) Koyt KOWBUIFaH ayaapbiMaap (MoHI MIapTTa KOPCeTLIreH KOoJlap CaHblH
anMai, Oenrini Oip Tysrara Oenrini Oip KapakaTTbl Tikened aynapy OOJbII
TaOBIIATBIH [IAPT JKacacyIbIH MYMKIH €MECTIr');

4) adpInmyiapsl aBTOMaTTaHAbIpy (Oenrini Oip opekeTTepai OpbIHIaY
(opeIHAaMaraH) Ke3iHje aibInyiap/asl ecenteyai aBTomartanasipy [10].
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Br1oxueliH TeXHOJIOTUSIChI HOTAPHATTHIK JKYHEHIH (yHKIMOHAIBIFBIH TaMAIIIA
TYpZAE JKY3€ere achpaibl — OJIOKUESHH TEXHOJIOTUSICHI HET31He SpTYPIIi perucTpiepi
KypyFa Oomanel. MyHnai xydenaepai MEMIICKCTTIK JCHIeiIe maigaiany Ke3
KEJITeH SPEKEeTTEP/IiH, MbICAJIBL, KbIKBIMAHTBIH MYJIIKIIEH MOMUIEIEp, CATHIIT Ty~
cary (aKTiJIepiH pacTalThIH Kara3 KY)KaTTap.IblH MaHbI3/IbLIBIFBIH TOMEH/ICTE/I].
By ocbiHaal opeKkeTTepAiH alIbIKTBIFBIH apPTTHIPBIIN, Kara3 KYXKaTThl KOJIIaH
yKacayMeH OaiIaHbICThI ANIASKTHIK BIKTUMAJBIFBIH a3aiiTa (b1, Ocbliaiiia, [ pexus
MeH ['py3us yKiMeTTepi OIoK4YeHH 1 caKTayFa Heri3/1e/reH JKep KaacTphIH jKy3ere
aChIpPy MYMKIHJIITiHE KbI3BIFYIIBUIBIK TAHBITTHI.

Kexe Giokueiin unescsl ECM xylieniepid JaMbITy YIIiH ©Te KOJNaibl. ATar
alTKaHIa-)KyMBICTAp/Ibl XKYPri3y perjaMeHTTepi, TYpJii LapTrap, KeiiciMaep
MeH OyHpBIKTap CHAKTHI Ky)KaTTaMaHbl cakTay yiriH. COHbIMEH KaTtap, OJIOKUeiH
ApXUTEKTYpachl HET131H/IE KyXKaTTap/Ibl YIIECTIpy OJIOTBIH )KacayFa, opTypili JaybIC
Oepy TYpJIepiHiH IepEeKTEpiH CaKTay Ikl YibIMAACThIpyFa Oonaael. Mynmait ECM-
KYIe KyKaTThl KeJIICKeHHEH HEMece KeNiCcy HOTIKEIEPiHiH KYIIiH )KOWFaHHaH
KCHiH OFaH e3repicTep CHri3yJl KocmaraHma, Oenriii Oip maiijganaHylIbIHbIH
KY)XKaTTbhIH Oenrini Oip peaakiusiChIH KeNiCyiHIH TYMHYCKaJIbIFbIHA KEIIIIK
oepei.

KopbITbIHABI

XKenige cakramarblH akmapar Kesemi a3 OoiiFaH Ke3Je XKoHe xKyiene
caKTay/bl KQKET eTeTiH jkKaHa aKnapaT IIeH KaHa OKHMFaJlap/blH Haijga 6oy
KapKbIH/BUIBIFEL J1a a3 00Jica, CalbICTBIPMANbl TYPAE JICI3 KYpPBUIFBLIAP/IbI
TYHiHIEp peTinae naiaananyra 60J1aibl, MbICAJIbI, Al IaaHyIIbUIap/IbIH Aepoec
KOMIIbIoTepIiepi Hemece cmapTdonapsl. JXKidepiieTiH aknapar KeJeMiHiH
YJIFAIOBIMEH KQHE JKYHere TpaH3aKUHUsIapAbl KOCY/bIH KapKbIH/BLIBIFBIMEH
JKEJIHIH TYPaKTBUIBIFbIHA JKOHE KYHEHIH TYPaKTBUIBIFBIH KAMTaMachl3 €TeTiH
TYPAKThI )KYMBIC ICTEHTIH TYyHiHAEPiH O0JIybIHA TalanTap TYbIHAAN/IbL.

Aran eTkeHzeH, aropuTMHiH proof-of-work 60irybl KOFaM/IbIK OJIOKUEHH
KYHeNepiHiH KyMbIChl yIIiH KaxeT. JKeke OnokuelH xy#enepinae proof-
of-work anropuTmepiH €Hri3y COHIIAJBIKTHI MaHBI3Ibl €MeC, OUTKEHI OCHI
AJATOPUTMAEPMEH IIEIIISTIH TalchipMaiap/bl 9KIMIIUIIK KypajiJapMeH
OpbIHJAayFa HeMece TYWHiHJepre >KYKTEeMEH1 a3zaiiTyra »oHe coliKkeciHmie
TYWIHIEPAIH 2JIEKTP KyaThlH TYThIHYFa MYMKIHZIK O€pEeTiH jKaHa aJropuTMIep
acayra 00Jaibl.

Ocbl Makana aschlH/a OJOKYEHH apXUTEKTYPAChIHBIH HETi3ri KacHeTTepi-
OPTaJIBIKCBI3IAHIBIPY, aKIapaTThIH ©3repMeyil, allbIKTHIK KOHE KYMHSIBUIBIK
CHUIIATTAJIFaH, 9p TYPJIi OJIOKUYEHH >KyHenepiHiH allbIKTHIFbl OOMBIHINA JKaIITIbIFa
OpTaK, XeKe OJIOKYCIH JKyHenepiHe, COHIall — aK OJOKYCHH KbI3METTEpiHE
KIKTENTyl KeJITIPUIreH, KapXKbl callachlHia Jia, ap Typii caiajaa ja OJoK4eiH
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APXHUTEKTYPAChIH MPAaKTHKAIBIK KOJJaHYAbl AaMbITYAbIH HETri3ri OarbITTapbl
YCBHIHBIIFaH HOTAPHATTBIK XKYHeIep MeH KyKaT aifHaJIbIMBbI )KyHelJlepiHiH Oip Typi.

JKasnmbl, O10KueiHII €HTi3y KOITereH peTTeyIi Opranaapra, ay Juropiiapra
YKOHE CaKTaHABIPY KOMIAHUsJIApblHAa KXETTIIIKTI a3aiiTaasl. bomamakra
MeMJICKETTep OJOKYEHH apKbliIbl KydJIaHABIPBUIFAH JIEPEKTEpAl apTypii
MIPOIIECTEP/IC, COHBIH IIIIIH/IE COT THKIPHOCCIH/IC TOJIEN PETiH/IE Tali1aaHa ajlapl,
OUTKEeHI TEXHOJIOTHS eIIKaHjai Oypmaay bl KapacThIpMaiibl.
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TEXHOJIOTUSA BAOKYEWHA U EE IPUMEHEHUE

Texnonocuss Broxuetin nosisuiace HeOAsHO, HO CMANA NONYISPHOU
Onacooapsi maxKum npeumyujecmedm, Kaxk 06e30nacHoCmy, HAOEeHCHOCHb
u npospaunocms. Cuumaemcsi, umo bBroxuetin uacmo ucnouvbsyemcs
6 9KOHOMUKe, 0CcOOeHHO 0as pabomwl ¢ kpunmosamiomamu. OOHaxo
mexHoso2uu Mo2ym Ovime nojeshvl 6 pasiuunslx oonacmsx. Cmamos
nocesiyena  0030py  MEXHOA02UU  ONOKHEUH, UYHEHUIO OCHOGHLLX
NPUHYUNOS8  ee  (DYHKYUOHUPOBAHU U  CHOCODO8  NPUMEHEHUs.
MexHoNo2UU 8 PAasIuuHbLIX obnacmsx. B cmamve mbl paccmompum
UCMOPUI0  BO3HUKHOBEHUSL  MEXHOA02UU  OJIOKYCUH U KOHYEnyuro
MexXHONI02UU, KOMOPAs Npeocmasisiem coOoll MHO20QYHKYUOHAbHYIO
UHDOPMAYUOHHYIO CUCMEMY, PACAPOCMPAHACMYIO HO 6CeMy Mupy OJis
yuema pasiudHelx akmueos. Taxoice Obll npo6eOeH aHAIU3 OCHOBHLLX
npeumMyuecms, Komopule GKIIOUAIOM. OMCYMCMEUe NOCPEOHUKOS,
HEU3MEHHOCMb  BBCOCHHBIX OAHHLIX, ( MAKNCe OeYeHMpPAaIU3ayuro
u npospaunocme unpopmayuu. Hapsoy c npeumywecmeamu 6Ovli
BbIAGTCH  PSO0  HEOOCMAMKO8, NPUCYWUX MexHoro2uu Onoxyeln. B
pabome paccmampusaiomcs NepCneKmuesl UCNOIb308AHUSI MEXHOL02UIL
6 DKOHOMUKe U puHaHCO8OM cekmope. B 6yxeanmepckom yueme,
OMYEMHOCMU, CONOCMABICHUU CUENO8 U ONEPAYUSX CO CIMOUMOCHHbIMU
obvekmamu maxdxce npumensiemcs mexuonoeus onoxkuein. Ocoboe
BHUMAHUE YOCNSAeMC sl UCNONb308AHUIO MEXHOL02UIL 8 PAZIUYHbIX Chepax
JICU3HU, He CEA3AHHBIX C IKOHOMUKOU. B pezyromame 6yoym onpedeneHvl
nepcnekmueHvle HanpaesieHus pazeumust mexunoaocull 6 Kazaxcmane u 3a
pybesicom.

Kuouesvie cnosa: ungpopmayuonnvie mexronro2uu, ONOKYElH,
Kpunmosgantoma, Oumkoun, ethereum.
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BLOCKCHAIN TECHNOLOGY AND ITS APPLICATION

Blockchain technology appeared relatively recently, but has
gained popularity due to advantages such as security, reliability
and transparency. It is believed that blockchain is most often used in
the economy, in particular to work with cryptocurrencies. However,
technology can be useful in different areas. The article is devoted to an
overview of blockchain technology, the study of the basic principles of its
functioning and ways to use technology in various fields. In the article,
we will consider the history of the emergence of blockchain technology
and the concept of technology, which is a multifunctional information
system distributed around the world for accounting for various assets.
An analysis of the main advantages was also carried out, which include:
the absence of intermediaries, the immutability of the entered data,
as well as decentralization and transparency of information. Along
with the advantages, a number of shortcomings inherent in blockchain
technology were identified. The work considers the prospects for the use
of technologies in the economy and the financial sector. It will also focus
on the use of blockchain technology in accounting, reporting, account
reconciliation and transactions with value objects. Special attention is
paid to the use of technologies in various areas of life that are not related
to the economy. As a result, promising directions for the development of
technology in Kazakhstan and abroad will be identified.

Keywords: information technology, blockchain, cryptocurrency,
Bitcoin, ethereum.
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METO/L4bl OUEHKN Q®PEKTUBHOCTU ITPOEKTA

B smoii cmamve paccmompenvi nonsmus: nPOeKm, HCUSHEHHBLI YUK
NPOSPAMMHO20 NPOOYKMA, MEmMOOON02UU PA3PAOOMKU NPOSPAMMHOSO
obecneuenus u nood Kaxkue 3adayu Ousmeca OHU nooxooam. Kaoicooe
npoepammuoe obecneuenue ( I10) npoxooum onpedeienHbiii NOPSIOOK
9MANOG  JHCUSHEHHOZO YUKILA NPOSPAMMHO20 NPOOYKMA € MOMEHmA
co30anus 00 oKOHuaHus eHedperusi. CmaHOapmHull YUKI COCIMoum us3
n0020MOGUMENILHO20 IMANA, NPOCKMUPOBAHUL, PA3PAOOMKU (CO30anUsl)
1 no0OepacKu. Jlanvl Kpamkue Xapakmepucmuku U ONPeoeieHUst Kaico020
omana JHCusHeHHo2o yukia. Paccmompenvt ocnosuwvie memodonocuu
(modenu) paspabomku IT-npoekmos makue, kax kackaouas (Waterfall),
eubkue (Agile), RAD (Rapid Application Development, 6vicmpas
paspabomra npunoxcenuii), Lean Development (Jluneiinoe pazeumue),
DevOps (paspabomxa u sxcnayamayus), XP (Extreme Programming,
IKCmpemanvHoe — npozpammuposanue).  Onpeoesienvbl  XapakmepHvie
0Nl Kajicooll  Memooono2uyt  OCHOGHbIE NPUHYUNBL, OMANnbl U UX
OCHOGHbIE Xapakmepucmuxu. Bvloenenbl 00Ccmouncmea i HedoCmamxu,
AKYEHMUPOBAHO GHUMAHUE HA KII0YeGble NO3UYUU NPEOTONCEHHBIX
Memooos, 0baacmu NpuUMeHeHUs U UCNOIb306AHUSL  BbIUECKA3AHHBIX
memooonoeuu. Taxum obpazom, IT npoexmol s161510MCs1 HEOMbEMIEMOU
uacmvblo  COBPEMenH020 OusHeca U o0wecmea, Ccnocoocmsyiuue
nOGbIUEHUIO I PermusHoCcmu, 6Ge30NACHOCMU, KOHKYPEHMOCNOCOOHOCHU
U YO08IEMBOPEHUIO PACTYWYUX NOMPEOHOCHENL.

Kniouesvie cnosa: Ilpoepammmubiii npooyKm, Memooonoust, MoOeib,
arcusmennvitl yukn, 1T npoexm, npunyun, aoanmueHoe NIAHUPOSAHUE,
npoyecc.

Beenenune

B OIOXYy III/I(l)pOBI/I?)aHI/II/I " aBTOMaTu3aluu, OCHOBHOI AKICHT ACJIacTCsA Ha
BHCAPCHUEC IT peme}mﬁ, TMO3BOJIAIOICC aBTOMATU3UPOBATH PYTUHHBIC ITPOLECCHI,
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noBbImast 3GpGEeKTUBHOCTh M MPOU3BOJUTEIBHOCTE OHU3HECA, YTO SIBISETCS
0COOCHHO aKTyaJbHBIM B YCIIOBHSIX TJI00QIbHON KOHKYPEHIMH. AKTYaJbHOCTh
paszpabotku IT nmpoekToB MOKHO PaccCMOTPETh Yepe3 MPHU3MY HECKOJIbKHX
KIIIOYEBBIX ACIIEKTOB: DKOHOMHUYECKYIO 3((PEKTHBHOCTH, MOAPa3yMEBaIOIIYIO
ABTOMATH3ALMIO PYTHHHBIX U TPYI0EMKHX 3a]1au, 4TO IIPHUBOJIUT K COKPAILICHUIO
3aTpaT ¥ yBEIMYCHHIO IIPOM3BOAUTENBHOCTH; KOHKypeHTocrocoonocts (IT
MIPOEKTHI CIIOCOOCTBYIOT CO3/IaHUIO HOBBIX HPOAYKTOB M YCIYT, YJIy4YlIaioT
CYIIECTBYIOIINE IPOLIECCHI M ITO3BOJISIFOT KOMITAHUSIM OBICTpEe aJal THPOBATHCS K
M3MEHEHHSIM Ha PhIHKE); 0€30MacHOCTD (C yBEJIMYCHUEM KOJIMUYECTBA KHOEpYTrpo3
pa3paboTKu B 061acTH HHOOPMAIIMOHHON 0€30IIACHOCTH CTAHOBSITCS KPUTUUCCKHU
Ba)KHBIMH JIJIS1 3aLLMTHI IAHHBIX U CUCTEM, KOMITAaHUH 00SI3aHbI 3aIIUIIATh JJAHHBIC
CBOMX KJIMEHTOB M COTPYJHUKOB, YTO TPEOYET IOCTOSIHHOI'O OOHOBJICHUS U
yayqmenus [T cucrem); ynosierBopenue norpednocreit kimeHToB (IT npoekTs
IIOMOTaloT co3JaBaTh OoJiee yA0OHBIE, ObICTPBIC M NEPCOHAIN3UPOBAHHBIC
CEPBHCHI, YTO TOBBIIIACT yJOBJIETBOPEHHOCTh KJIMEHTOB, a TAaK)Ke MOOMIIbHBIC
TIPWIIOKEHHMS! ¥ OHJIAIH-TIaT(OPMBIL, pa3BUTHE KOTOPBIX TPeOYyeT CO3AaHMsI HOBBIX
MIPUIIOKEHNH 1 TIIaT(OpM AJIsl B3aUMOACHCTBUS C KIIMEHTaMH.

Marepuajibl 1 METOAbI

[Mox npoexToM HaJ0 TOHUMATh KOMILIEKC MEPOIIPUSATHI MK paboT, KOTOpbIE
pacnupe/esieHbl U ONpeaeiieHbl 110 BPEMEHH, PE3yJIbTaToM MPOEKTOM OyIeT
JOCTHIXKCHHE TIOCTaBJICHHOW 1enu. [IpuBeneM mpumepsl MPOEKTOB, UM MOTYT
OBITH CTPOUTENBCTBO KOMIUIEKCOB M 3[IaHUH, MPEANIPUSTHH, 3aIlyCK U BBITYCK
MPOAYKLIMU HOBOTO BHUJA, pa3paboOTKa IUIaHAa MOJCPHHU3ALMH IIPOU3BOJCTBA,
CO3JIaHKe MMPOrpaMMHOT0 obecrieyeHust U T.J. B Toxe Bpemsi nporpaMMHbII
MIPOJYKT 3TO — COBOKYITHOCTB IIPOTPaMM M COIPOBOJUTEIBEHON JOKYMEHTAIMN
10 UX YCTaHOBKE, HACTPOIKe, IPUMEHEHHUIO Ha ITPAKTHUKE U JI0PadOTKeE.

[Tox camum rporieccoM pa3paboTKH TPOrpaMMHOT0 o0ecriedeH st TOHUMaeM
COBOKYIHOCTh MEPONPUSTHH U NPOLECCOB, 00ECIeunBalONUX CO3/1aHue
U pa3BUTHE NMPOTPAMMHOrO NMpoaykTa. JKM3HEHHBIH IUKJ, 0] KOTOPBIH
110/Ipa3yMEBAIOTCS ATAIlbI, Yepe3 KOTOPbIe MPOXOIUT NpPOIEcC pa3paboTKu
MIPOrPaMMHOTO IIPO/IYKTa C Ha4aJla CO3/IaHMs 10 KOHIIA Pa3padOTKH U BHEAPCHUSL.
Orarnsl XU3HEHHOTO LMKJIA MporpaMMHOro npoaykra (Software Development
Life Cycle, SDLC) npezcrasistor co0o0ii mociea0BaTesIbHOCTh (a3 v MPOLECcCoB,
4yepe3 KOTOpbIE ITPOXOANT pa3padoTKa 1 OIEpIKKa TPOrpaMMHOT0 o0ecTieueHnst
[2]. B 3aBHCHMMOCTH OT METOI0JIOTHHU Pa3pabOTKU U crieln(PUKH IPOEKTA, STAIIbI
MOTYT BapbHPOBAThCSI, HO OOIME KIIOYEBBIC ATAIbl BKIIOYAIOT CIEAYIOLIee:
MJAHUPOBAHKME W aHaAJU3, MPOEKTHPOBaHUE, pa3paboTKa, TEeCTUPOBAaHUE,
BHEJIPEHHE U YCTAHOBKA, SKCIUTyaTalysl U nojajaepxkka [3].

[Tox aTanom mIaHUPOBaHKE U aHAJIM3 TIOHUMAEM OIpe/ielieHne TpeOOBaHUN
KJIMeHTa 1 On3Hec-11oTpeOHOCTeH, IITaHMPOBaHKe O10/KeTa, BpEMEHH U PECYPCOB,
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a Takoke aHaIM3 BO3MOXKHBIX PHCKOB U OIICHKA MX BIMSHHS Ha MPOCSKT. B Toxe
BpEMsi dTall MPOCKTUPOBAHUE BKIIOYACT B ceOsl CO3JaHUE apXUTEKTYPHBIX M
JIM3AHEPCKHUX KOHIICTIIHH, OTPe/IeTICHNUE CTPYKTYPbI IPOrPaMMbI U HHTEp(eiicoB
U NIPOEKTHpOBaHue 0a3 JaHHBIX 110 Mepe HeoOxoauMocTH. [Iponecc paspadboTka
MO/Ipa3yMeBaeT HaITMCaHUEe KO/Ia U CO3IaHUE POrPAMMHOTO ITPOIYKTa, KOTOPBIiH
COOTBETCTBYET yTBEPIKIICHHOMY AN3aliHy, TECTHPOBAHHE OTAEIHHBIX KOMIIOHEHTOB
n Monyned. TecTupoBaHue — 3TO ITal, BKIIOYAIONUI B ce0s BBHINOJIHEHNE
Pa3IMYHBIX BUJIOB TECTHPOBAHMS: MOJYJIbHOE, HHTETPAlMOHHOE, CUCTEMHOE H
MIPUEMOYHOE, TPOBEPKA COOTBETCTBHSI MPOTPAMMHOIO MPOAYKTa TpeOOBaHHUIM
1 O)KUJIAHUSIM KJTMEHTA, UCTIPABICHUE OMIMOOK 1 0paboTKa QyHKIIMOHATBHOCTH
mo mMepe HeobOxoanmoctu. [log sTarmom BHeApeHHE W YCTaHOBKA IMOHHMaeM
MOATOTOBKY K BBIMYCKY MPOrPAMMHOIO MPOIYKTa HAa PHIHOK WIIH BHYTPCHHEE
UCIIOJIb30BaHUE, YCTAHOBKY IPOrPAMMHOT0O 00ECTICUSHHSI Ha IIEeNIEBBIX I1aT(opMax
WM cepBepax, MOJIrOTOBKY MOJIb30BaTeNel K UCIIOIb30BaHUIO HOBOW CHCTEMBI.
U mocieaHuid 3aKTIOUATENbHBIA ATAll IKCIUTyaTalusl U MOAACPIKKA COICPIKHUT
B cede MoIep KKy U 00CITy)KMBaHHE ITPOTPAMMHOTO MTPOIYKTa B IIPOIIECCE €T
9KCIUTyaTallMd, NPEJIOCTABICHHE TEXHUYECKON MOAMCPKKH MOJIb30BATEIISIM,
BHECCHHME M3MCHEHHUH W YJIydllIeHUWi B MPOAYKT B OTBET Ha OOPaTHYIO CBS3b
T0JIb30BaTENEH U HOBBIE TPEOOBAHUSI.

Kaxp1it U3 THX ITaroB NpeJCcTaBisieT COO0H BakKHYIO 4acTh IIpolecca
pa3paboTKU MPOTPAaMMHOTO MPOAYKTa U TpeOyeT BHUMAHHS K JCTANSIM,
CHCTEMHOCTH IMOJIX0/Ia U y4eTa MOTPeOHOCTel KaK KJIMEHTOB, TAK U KOHCUHBIX
TI0JIb30BaTENEH MPOIYKTa.

Kaxwe 3Tarnsl )KU3HEHHOTO [IUKIIA TPOXO/IAT Ha OMPEICIICHHOM ITPOMEIKYTKE
BPEMEHH U KaKHe COOBITHS MPOUCXOMIAT Ha KaXKIOH M3 HUX BCE 3TO OMUCHIBACT
MO/IeIb pa3pabOTKU MPOrPaMMHOTO 00eCTICUeHHSI.

Monens poriecca pa3paboTKH IPOr paMMHOTO IPOIYKTa — (OPMATU30BaHHOE
MIpeCTaBIeHNE Ipoliecca pa3paboTKH MPOrpaMMHOTO NpoaykTa. YacTo mpu
OITMCaHUH TIPOIIECCOB BMECTO CJIOBA MOJIENb YIIOTPEOISIETCsl TEPMUH METOIOIIOT UL,
YTO TIPUBOJIMT K HEOMPABJAAHHOMY PACIIHPCHHUIO JaHHOTO MOHSTHS [2].

B monsitne MeTomonorus BXOJUT MHOKECTBO (COBOKYITHOCTH) METO/IOB
[0 YIPAaBJICHHUIO Pa3pabOTKOM, COCTOSIICE U3 MPABHJI, TEXHUKU U MPUHIIUIIOB,
nenaroniet e€ 6osee mpoTyKTHBHOM.

CymiecTByeT HECKOJIBKO OCHOBHBIX METOJIOJIOTHH pa3paboTku [ T-npoekTos,
B OCHOBE Ka)XK/I0# M3 KOTOPBIX JIGKHUT CBOW MOAXOJ K YIPABICHHUIO MPOCKTAMH,
OpraHm3aliu paboThl KOMaH/bl Pa3pabOTYMKOB M TOCTIIKCHUIO Iieiel. Bor
HEKOTOpbIe U3 HanboJiee pacpoCTPaHEHHBIX METO 10O Ui

Waterfall (Kackaanast Mmonens).

Jis maHHO#M MOJeNu aKTyaldbHO JHHEHHas MOCIeJ0BaTeIbHOCTD (as3.
Ha nepBom atame omnpezenseM TpeOOBaHUs, 3aTeM CTaIusl MPOSKTUPOBAHUS U
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pa3paboTKa, 3aTeM CTa Hsl TECTUPOBAHUSL, 3aBEPIIAIOIIAs] CTANs — 3TO BHE/IPEHHE.
OCHOBHOE YCIIOBHE — 3TO, YTO MpPEAbLAYyIIasl CTaJus 3aBeplIacTcs 10 Havasia
CIIEIyIOIIEH.

JlaHHast MOJIe)b UICaTbHBIN BAPUAHT JUIS TPOCKTOB, TIC YETKO OIPE/ICIICHBI
TpeOOBaHUS U CTAOWIILHBIC YCIOBUSI.

1 MNpoekTHpoBsaHWue

2 Owmzaiin

3 HogmpoeaHuve

4 TecTupoBaHue

5 MNopnepika

Pucynok 1 — Kackaanast Mmonens

Jlerde Bcero ympaBieHHE MPOCKTOM HPOUCXOIUT B moxenu Waterfall.
JleTkoCTh TIPOMCXOINT M3-3a €€ pa3OMBKH Ha CTaIWid (3TAmbl), U3-3a TOTO, YTO
JKECTKO pErJIaMEHTHPOBAHBI BPEMsI BHIIIOJIHEHUS M CEOECTOMMOCTD MPOEKTa B
LIEIIOM, OBICTPO IPOUCXOAUT pa3paboTKa, HO IIPH ITOM CYILECTBYIOT OIIpe/ICICHHbIC
MUHYCBI. OTJINYHBIA HTOTOBBIH Pe3yIbTaT B KACKaIHON MOIEIH MOITYyYHTCS IPH
BBIIIOJIHEHHU YCJIOBHH, KOTJa B IPOEKTAX YETKO ONpeneeHbl TpeOOBaHHS U
peanu3yrolye uX MeTobl. [1py HCIoNb30BaHNH TaHHOH MOJIENN HE CYILECTBYET
BO3MOXKHOCTH BEPHYTCS Ha IIar Haszal, IpoLecc TECTUPOBAHUS HAYMHACTCS
[P yCIIOBUH, KOTJa CO3/IaHNE MPOAYKTa 3aBEPIICHO WM Ha ()MHATIBHOM dTaIe.
Co3maHHBIC TIPH UCTIOIB30BAaHUH TAaHHOH MozenH 0e3 000CHOBaHHSA ee BBIOOpa,
IIPOrPaMMHBIE TPOIYKTHI MOT'YT HMETh HE{OYeThI (HET BO3SMOXKHOCTH BHECECHHS
KOPPEKTHPOBOK U JIOMIOTHEHUH B CIUCOK TpeOoBaHUil mpu HeobxoammocTn). O
HeJOoYeTaX U MHHYCaX CTAHOBUTCS M3BECTHO JIUIIb B KOHLE pa3pabOTKH MPOEKTa
13-32 TOTO, YTO B MOJIEIH NPHUMEHUMA CTPOTasi II0CIIEA0BATEIEHOCT ISHCTBHUH.
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CebecTonMOCTh N3MEHEHHI, BHECEHHBIX B ITPOEKT, CTAHET BHICOKOH M3-3a TOTO,
YTO JUIS €€ MHUIMATU3ALUH HAJI0 J0K/1aTh 3aBEPILCHHUS BCET0 ITPOEKTA, IPH ITOM,
(uKcHpoBaHHas c€0ECTOMMOCTD Yallle BCEro IMEepPEeBEIINBACT MUHYCHI T10/1X0/1a.
BHecenue ncnpaBieHuid U JONOJHEHNWH, OCO3HAHHBIX B IPOIECCE CO3AAHUS
HEJI0CTaTKOB BO3MOKHO, HO Ha 9TO MOTPEOYeTCs JOIOIHUTEIbHBIE COTIIAIICHUS
K KOHTPAKTy C NU3MEHEHHBIM TEXHUYECKUM 33/1aHHEM.

Caenyromunm paccmotpuM Agile (I'nOkue mMetomonorun).

Scrum:

Jlnst 3TOM METOZO0JIOTHH XapaKTEepHO: MPOCKTUPOBAHUE B UTEPALUAX
(cripuHTaX) OOBIYHO JUIMTEIBHOCTHIO | —4 HeJlernu; padoTa B MaJIbIX aBTOHOMHBIX
KOMaH/1aX; IIOCTOsIHHAst 0OpaTHasi CBS3b U THOKOCTh B M3MEHEHUH TPEOOBAaHUIA.

= § -
P % N N [
BewowcTpwsen | Paspabioma ] l l
\Tm‘/ I
!
,,,,,,,,,,,,,,,,

Pucynok 2 — 'nOKue METO0I0T 1N

Kanban:

TyT OCHOBHO# yIOp Je/IacTCs Ha YIIPaBJICHUE IIOTOKOM PaOOThI C aKIICHTOM
Ha BU3yaJHU3alluio Tpollecca U orpanuuenue padodero B mporecce (WIP);
aJIaNTUBHOE IJIAHUPOBAHUE U ONTHMHU3ALIKS TIpoIiecca.

W3 BBINIECKA3aHHOTO JCJIaeM BBIBOJ, YTO MPU MPUMCHECHHUH «THOKOW
METOJIOJIOTHH Pa3pabOTKH MPOCKTA KIMCHT MOXKET BHICTh PE3YJIBTAT MOCIE
KaXao0ro sramna u €CTb BO3MOXHOCTb BHOCUTb M3MCHCHHUS U JOIIOJIHCHUSA.
DTO OTHOCHUTCS K JIOCTOMHCTBAM M NPEUMYIIECTBAM T'MOKOW MOJEH, TOTAa
KaK K €¢ MHHYCaM MOYXEM OTHCCTH CJIOKHOCTh OI[CHHUBAHUS TPYI03aTpaTr U
ce0CCTOUMOCTH, KOTOPhIC TPEOYIOTCS Ha MPOCKTUPOBAHHUE, U3-32 TOTO, YTO
HET KOHKPETHBIX (POPMYIUPOBOK pe3ysbTaroB. OHa MpUMEHHMA ISl KPYITHBIX
WK JJIA TMIPOCKTOB, KOTOPHIC HALCJICHBI Ha [[HHTCHBHLIﬁ JKU3HEHHBIN IUKJI,
1 KOTOPLIC HAAO MOCTOSAHHO aJallTUPOBATh K PBIHOYHBIM YCJIOBUSAM. U3 s1o
CJIEIyeT, YTO B MPOIECCE PeaM3ally MPOUCXOIUT U3MCHCHUS TPCOOBAHMIA.
Bce 3T0 HamoOMHHAET KJACC TBOPYCCKUX JIOJCH, KOTOPBIM XapaKTEepHO
TCHCPUPOBAHUEC, BblJla4ya U OHpO6OBaHI/Ie HOBBIX UJACHU CKCHCACIBbHO UM NAaXKE

47



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMepPiK ulavimoap cepusicol. Ne 1, 2025

exeiHeBHO. [ MOKast pa3paboTka JIydlie BCero MoJX0UT ISl ATOTO MCUXOTHIIA
pykoBoauTesnel. XapakTepHO MOCTOSHHOE U3MEHEHHE TPeOOBaHNH KIIMEHTOB B
Tpolecce AMHAMHYECKOro OM3Heca; peasin3alis u3MeHeHus Ha Agile 3a MEHbIIyI0
CTOMMOCTh M3-32 YaCThIX MHKPEMEHTOB M OTIIMYUTEIbHBI MOMEHT OT MOJIEIN
BOJIOIA/1A, B TOM, YTO B TUOKOM MOJIEIIH [UIsl CTapTa MMPOEKTa JOCTATOYHO JIIIb
HEeOOJIBIIOTO MIAHUPOBAHHS.

Lean Development (JIuneitnoe pazsutue).

OcHoBaH Ha nmpuHnunax Lean manufacturing (CHMXKEHHE H3IEPKEK,
yCTpaHEeHHE MOTEPh); aKIEHT Ha JIOCTaBKY LIEHHOCTH VISl KIIMEHTAa KaK MOXKHO
ObIcTpee; yIpoIIeHHE IPOIECCOB M ycTpaHeHHe Hed((PEKTUBHBIX ATATIOB.

Jnst metononorun DevOps (Pa3zpaboTka u dKCITyaTanus) XapakTepHO
MHTErpanusi pa3padoTKH U OINEPAllMOHHBIX MPOLIECCOB, TAK)KE aBTOMATH3ALINS
TECTHUPOBAHUS, Pa3BEPTHIBAHUS ¥ MOHUTOPUHIA MPHJIOKEHUH COBMECTHO C
KYJIBTYpOil COTpyAHHMYECTBA MEXKIY IporpaMMHucTaMu (pa3paboTyMKaMu) U
T10JIb30BATENSIMH (KIIMEHTAMH).

Paccmorpum kpatko metonosnoruto RAD (Rapid Application Development,
BricTpas paspaboTka NpHIIOKEHHIT), KOTOPOH MPHUCYIIE YCKOPEHHOE CO3/1aHHe
MPOTOTHUIIOB W MTEPATHBHOE yTOYHEHHE TpeOoBaHMU. [leiaeTcsi akIEHT Ha
OBICTPOM TPOTOTHUIIMPOBAHUM M YCTAaHOBJICHHHM B3aUMOCBSI3U C KIMEHTAMH.
JlaHHasi METOJI0JIOTHSI MOYKHO IPUMEHHTB JUIsl pa3pabOTKH IPOEKTOB C BHICOKOW
CTEIEHBI0 HEONPEIETICHHOCTH WM TPEOOBaHMS1, KOTOPBIE IIOCTOSIHHO M3MEHSIOTCSL.
RAD-mozens — 3T0 pa3HOBUAHOCTb MHKPEMEHTHOW MOJENH, I KOTOPOH
TIOJIHbIe TPeOOBaHMs K CHCTEME JIeIISITCSl Ha pasninuHble coopku [4]. TepmuHbl
Yalie BCero MCIOJIB3YIOTCS ISl OMMCAHMsl OATAHOM COOPKH MPOrpaMMHOTO
npoxykra. B mporecce pa3paboTKH 1O TEXHOJIOTUH JaHHOH MOJEIN BCTPETHM
HECKOJIBKO IMKJIIOB Pa3pabOTKH, KOTOPbIE BMECTE MPECTABIAIOT )KU3HEHHBIN
LUKJI «MYJIBTH-BOJIOTIA/. [IpH ATOM LUK pa3zenseTcs Ha 6oJiee MEeJIKUE JIETKO
pa3pabaTbiBaeMble MOIYJIH (MUHUIIPOEKTHI). Kaskaplid MOyIIb BKIIIOUAET B ce0s
BCE MPOIECCHI pa3pab0TKH MPOrPaMMHOIO MTPOJIYKTa, TO €CTh (ha3bl ONpeIeICHUS
TpeOOBaHUl, IPOCKTUPOBAHNUS, KOJUPOBAHHUS, BHEIPEHHUS U TECTUPOBAHUS
[4]. Ha nepBoHavanbHOM 3Tare pa3pabOTKU 110 HMHKPEMEHTHOW MOJENH
TIpeJIoJIaraeT BBITYCK MPOAYKTa C OCHOBHBIMU (DYHKLIMSIMH U ITPE/IHa3HAYCHHUSMH,
a MOTOM IIOCJIe/IOBATENIBHO J00aBiisieM HOBble (YHKIMH, TaK Ha3bIBacMble
«MHKpeMeHTh». CaM Impouecc MpoJoKaeM JI0 TeX IOop, IMoKa He COo3JaluM
MOIHO(GYHKIMOHAIBHYTO Iporpammy. Hazi pa3paboTkoit KOMIOHEHT WK (DYHKLIHN
rapajuieJbHO paboTal0T HECKOJIBKO KOMaH]| BHICOKOKBAIH(DHUIIMPOBAHHBIX
CHEIMAINCTOB, pPa3padaThIBAIONMX KaK OyATO HECKOJBKO MHHH-IIPOEKTOB.
CymiecTBYIOT BpeMEHHBIE OTPaHUUYCHUS JUIsl pa3paboTKU OIHOTO LIUKIIA, TO €CTh
OHH JKECTKO OrpaHM4eHbl o BpeMeHH. [locne aTtoro paspaboTaHHbIE MOAYIIH
MIPOXO/ISIT MHTErpaluio B 0uH padounii nporotur. Kosmmabopauus (cuHeprus)
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MO3BOJISICT OYCHBb OBICTPO MPEIOCTABUTH KIIMCHTY IJIsi 0003peHUs pabdoumii
BapUaHT MPOCKTA C IO MOTYUCHHS OOPATHOW CBSI3M U BHECCHUS U3MCHCHHUI [2].

Hauanusos Bepcun N
NASHHPOBIHME
I . ‘ PazEepTuBaHHe
Pucynoxk 3
Bngrean i GpcTpoe
e R AR Lpsma By H“E)
EOTOTHAT R
MO X

Pucynox 4

W naxonen, meronosorust XP (Extreme Programming, DkcTpemanbHoe
MporpaMMHpPOBAHKE), OCHOBaHHAs Ha IPUHIMIIAX KOMaHAHOHN paboThl,
TTOCTOSTHHOTO YJTy4IICHHS KA4eCTBa KOJIa ¥ CTPEMJICHUS M30eTaHus! OT HEHY KHON
CJI0’)KHOCTH C BO3MOYKHOCTBIO CO BPEMEHEM MOJAEPKUBATh U PACHIUPSTH KOJ.
[IpakTUKKM BKIIOYAIOT MAapHOE MPOTrPaMMHUPOBAHME, TECTUPOBAHUE Ha MEPBOM
MECT€, HEMPEPBIBHYIO MHTETPALIAIO0 U KOPOTKUE UTEPALUH.
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Pe3yabTaTsl U 00cy:KI1€eHUE

Kaxxnas u3 3TUX METOJI0JIOTHI UMEET CBOM MIPEUMYIIECTBA U IOCTOMHCTBA
U MOYKHO HMPUMEHUTH JJIsl PELICHUs ONPEeIeICHHOr0 Kjacca MPOEKTOB WU
OpraHM3alMOHHBIX yci1oBHH. [IpeamnouTenue BEIOOpa oAX0/Is1Ie METOI0I0T U
onpejenaseTcss KOHKPETHOCThIO U ONMPEACIICHHOCThIO Ieleil mpoekrTa,
3aBHCHMOCTBIO OT TPeOOBaHMHU, MPEIBIBISIEMBIX KIHEHTOM, JOCTYIMHOCTBIO
pecypcoB 1 PEANIOYTEHHEM KOMaH/Ibl co3/1aTesIeld TPOrpaMMHOr0 00ecTIeYeH s

BriBoabl

B coBpemeHHOl mpakTHKe MOJIENN pa3pabOTKU MPOrpaMMHOTO MPOJIYKTa
MHOTroBapHaHTHBI [5]. He cylecTByeT eIMHCTBEHHO BEpPHON M MOAXOAAIIEH s
BCEX IIPOEKTOB, HAYAIILHBIX, 0230BBIX YCJIOBHHI M YCIIOBUH OIu1aThl. Jlaxke Hanbosee
pacrpocTpaHeHHas 1 BCEMH IpUMeHsieMast MeTo1oorust Agile He Bceria MOXKHO
MIPUMEHSATH IIOCTOSIHHO U3-3a YCIIOBUS, KOTJJa HE TOTOBBI HEKOTOPBIE KIIMEHTHI MIIH,
KOTJIa HET BO3MOKHOCTH 'HOKOro puHaHCHpOBaHMs. METO10JIOTMH OYEHb YacTO
NIepeceKaroTcs B BOIIPOCaX IPUMEHSIEMBIX CPEJICTB pa3pabOoTKU U B HEKOTOPOU
CTEINICHN CXOXHM MEXIy coboil. HekoTopble Apyrue KOHUENIUH MPUMEHSIINCH
JUISL TOTO, YTOOBI PEKIIAMHPOBATh COOCTBEHHBIE KOMITHIISITOPBI U HE TIPUBHOCHIIN
B [IPAKTUKY HUYETO HOBOTO.

Takum 06pazom, IT IpoeKTHI SIBISIOTCS HEOTHEMIIEMOH YaCThEO COBPEMEHHOTO
OuzHeca 1 0011IecTBa, CIIOCOOCTBYS MOBBIICHHIO AP (HEeKTHBHOCTH, OE30ITaCHOCTH,
KOHKYPEHTOCIIOCOOHOCTH M YJJOBJIETBOPEHHIO PACTYIIUX ITIOTPEOHOCTEHA.

bnaronaproctu

JlaHHOe uccienoBaHKe OBUIO MPOBENICHO 3a cueT rpanTa Komurera Haykn
MuHucTepcTBa HayKH M BbIciero oopasoBanusi Pecriy6onmku Kazaxcran (MPH
AP23489805 «MeToauKka HHTEIEKTYaIbHOTO aHAIN3A JAHHBIX JUIsI BBIABICHUS
(baKkTOpOB, BIMSIOMINX Ha IIPO(ECCHOHATEHOE PA3BUTHE CTYICHTOB B TEXHUUECKUX
CIIELUAIBHOCTSIX)).
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KOBAHBIH TUIMALJIITTH BAFAJIAY 9IICTEPI

byn maxanada myocvipsimoamanap Kapacmeipuliadsl: icoba,
baz0apnamanvik OHIMHIN OMIPAIK YUK, OA20apIaMalblK HCaAcaKmamaHbol
93iprey aodicmemeci JcoHe 0aap Kanoail OuzHec MIiHOemmepiHe CouKec
Kemwedi. Opbip  bazdapramanvi  dcacakmama — (6a20apraManvix,
Jlcacakmama)  Kypuliean —commen —bacman — eneizy  aakmaneamed
Oetlin  6az20apramanvlk OHIMHIH OMIPIIK YUK Ke3eHOepiHiy Oencini
oip mopmibinen emedi. Cmanoapmmel YUK OQUBIHObIK Ke3eHiHEH,
Jrcobanayoan, asipaeyoen (Kypyoar) JicoHe Koaoayoan mypaovl. Omipiik
YUKNOIY Op Ke3eHiHiY KblCKAUA CUNAmmamaiapbl MeH aHbIKmMamaiapol
oepineen. Kackaomer (Waterfall), uxemoi (Agile), RAD (Rapid Application
Development, kocotmwanapowr oicvinoam 93ipiey), Lean Development
(corsbikmolx oamy), DevOps (9siprey dicone naiioanany), XP (Extreme
Programming, skxempemanoer 6azoapramanay) cuskmol 1T-orcodbanapovt
93iprey0iy Heeizei odicmemenepi (Modenvoepi) Kapacmuipvliadvl. Op
Aoicmemeze moH Hezi3el NPUHYUNMED, Ke3eHOep JcoHe 0JapObly He2isel
CURAMMAMANAPbl AHLIKIMAN2AH. APMbIKIUBLILIKMAPbL MEH KEMULITIKMepi
06IHOL, YCbIHbLI2ZAH 90ICMePOiy He2i32l YCMAHBIMOAPbIHA, XHCO2apblod
amanean ooicmemenepOi KOIOAHY JCOHe KONOAHY CAlAlaApblHA HA3Ap

ayoapeinovl.  Ocvinatiwa, IT ocobanap muimoinikmi, Kayincizoikmi,
bocexeze KaOLIEMMINIKMI  apmmolpy2a JHCOHe OCIN Keje HCaAMKAaH
KasicemminikmepOi  KaHazammanoblpy2a bIKNAJL —ememin  3aMaHayu
OU3sHec nen Ko2amHwly axcolpamac 6enizi 601bin maodwuliaobl.

Kinmmi ce30ep: bazoapramanvix onim, s0icmeme, MoOeb, OMIPIIK
yuxni, [T-orco0ba, npunyun, beiimoi xrcocnapaay, npoyecc.
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METHODS FOR ASSESSING PROJECT EFFECTIVENESS

This article discusses the following concepts: project, software
product lifecycle, sofiware development methodologies and what business
tasks they are suitable for. Each sofiware goes through a certain order of
stages of the software product lifecycle from the moment of creation to
the end of implementation. The standard cycle consists of a preparatory
stage, design, development (creation) and support. Brief characteristics
and definitions of each stage of the life cycle are given. The main
methodologies (models) of IT project development such as Cascade
(Waterfall), flexible (Agile), RAD (Rapid Application Development, rapid
application development), Lean Development (Linear development),
DevOps (development and operation), XP (Extreme Programming,
extreme programming) are considered. The basic principles, stages
and their main characteristics characteristic of each methodology are
defined. The advantages and disadvantages are highlighted, attention is
focused on the key positions of the proposed methods, the scope and use
of the above-mentioned methodologies. Thus, IT projects are an integral
part of modern business and society, contributing to increased efficiency,
security, competitiveness and meeting growing needs.

Keywords: Software product, methodology, model, life cycle, IT
project, principle, adaptive planning, process.

53



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMepPiK ulavimoap cepusicol. Ne 1, 2025

MPHTHU 20.01.04
https://doi.org/10.48081/00XV1977

*C. C. lpokorneHko

WuHoBanuonHslil EBpasuiickuil yHuBepcUTET,
PecnybOnmka Kazaxcraw, . [1aBionap

ORCID: https://orcid.org/0009-0004-7031-2605

*e-mail:_prokopenkoserge@gmail.com

NMPUMEHEHUWE NCKYCCTBEHHOI'O UHTEJIJIEKTA KAK
TEXHOJIOMU KOHTPOJ151 3HAHUNA
B OBPA30BATEJIbHOU CPELE

B cmamve paccmampusaemcs npumenenue  UCKYCCMBEHHO20
unmennexma (MH) ons oyenxku yposHs 61a0eHUs. aHSIUNICKUM SA3bIKOM
6 obpazosamenvhom npoyecce. Llenvio ucciedosanus s61emecst AHaIU3
appexmusHocmu UCNOIb308aAHUSL OOILULUX SI3bIKOGLIX MOOECI 8 PO
IK3AMEHAMOPA. DKCNEPUMEHM BKIIOUAT MECMUPO8anue ¢ ydacmuem
PECNOHOEHMOS,  4bll  Pe3VIbmamvl  OYEHUBANUCL KAK — YeN0B8EKOM-
aKcnepmom, mak u s3vikogvimu mooeusimu GPT-4o, Claude 3.5 Sonnet
u Gemini. Hccredosanue (okycupyemcsi na oyeHke Hasblka NOHUMAHUSL
npouumannoeo, ucnonvzys kpumepuu CEFR. Memodonoeus exnouana
co30anue cneyuaibHo2o mekcma u eonpocog ¢ nomowwto ChatGPT,
nposepky Ha omcymcmeue 6 0a3ax OAHHBIX MAWUHHOZO 00yYeHus
u  paspabomky npomMnmos O OyeHKu omeemos. Pezyibmamul
NPOOEMOHCIPUPOBATU BLICOKYIO MOYHOCHb oyeHok MU, yacmo oau3kyio
K OYeHKam OKCNepma-ueiosexd, 4mo NoOmeepiucodenm nomeHyual
eHeOpenuss MU 6 obpazoeamenvhviii npoyecc. OOHAKO GblsGICHHLLE
Paziudus 8 OYeHKax YKa3wvl6arom Ha HeoOXOOUMOCMb OdlbHele20
COBEPUIEHCMBOBANUSL CUCIEMbL, GKIIOUASL OONOTHUMENbHOE O0OyueHue
MoOeell U UHMeZPAYUI0 MeXanusma 4eioseuecko2o Konmpons. Cmamosi
makdice 3ampazusaenm 6onpocvl A3vIKa 2ewepayuu omeemos MU u
npooieMy «2aumoyuHayuily Heupocemeil. Omo npusooum K 6vi800y
0 B03MOJCHOCIU AOEKBAMHOU OYEHKU VPOGHS GHAOCHUS AHIUUCKUM
SAZ6IKOM C NOMOWBIO NPEOO0OVUEHHBIX S3bIKOBbIX MOOeell Npu YCioeuu
npeodocmasiienus UM ROOPOOHbIX UHCMPYKYULL U OAHHBIX 051 0000VUEHUSL.

Kniouesvie cnosa: uckyccmeennviil uHmMeiekm, s3ulkosds MoOeib,
IKZAMEHAMOP, 0OPA306AMENbHBII NPOYECC, MEXAHUZM KOHMPOJIAL.
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Brenenne

Llenb cTaTbu — 000CHOBAaTH HEOOXOIMMOCTb UCIIOIB30BAHNUS HCKYCCTBEHHOTO
nnremekra (MW) st nposepkn npuodpeTeHHbIX 3HaHui. Ecin ucrionbs3oBanue
WU Oyner 000CHOBaHHO, TO JAHHYIO TEXHOJIOTMIO MOXXHO OyJIeT BHEAPHUTH B
00pa3oBaTelIbHbIN NPOLECC C [EIbIO MOBBIIICHNS KauecTBa OHJIaHH-00pa30BaHMs.

B kauecrtBe npenmeTHON 001acTH, B paMKax KOTOPOH OyJeT MpoBepsThCs
YPOBEHb IPUOOPETEHHBIX 3HAHNUH, OBUTO BEIOPAHO M3YyUCHUE aHTITMHCKOT O SI3bIKA.

J1J1st ToCTHIKEHHSI TOCTABJICHHOM 11eJ11 OB BBIJICTICHBI CIIEIYIOIIUE 3a1a4H:

— IToaroroBka TeCTOBOrO 3a/laHUsl U KPUTEPUEB OLIEHKH YPOBHS BJIAJICHUS
AHIIMICKNM SI3BIKOM;

— IlpoBeneHue TecTa Ha BBISIBIICHNE YPOBHS BIIaACHHS aHIIIMHCKHUM SI3IKOM
C y4acTueM 4 pecroH/IEHTOB;

— CpaBHUTENBHBIN aHAIN3 PE3YJIbTATOB TecTa U (GOPMHUPOBAHHE BHIBOJA
0 1enecoo0pa3HocTH pa3pabOTKH MOJYJIS JJIsi IPOBEPKU YPOBHS BJaJICHUS
AHIIMICKNM SI3BIKOM.

IIpenMeroM aHanu3a JAHHOM CTAaTbU SIBJISETCS MPOLECC OLEHKHU YPOBHS
BJIAJICHUS] aHIVIMHCKUM sI3bIKOM. OOBEKTOM aHaiu3a SIBISIOTCS PECIOH/ICHTBI,
TIPOLIEIIINE TECTOBOE 3aJIaHNE 10 BBISIBIICHHIO HABBIKOB BJIaICHUS aHIJIMHCKUM
SI3BIKOM.

B xoJ€ aKcriepuMenTa HCIOIb30BATMCH TAKUE OOJIBIIHUE SI3BIKOBBIE MOJICIN
(LLM) kak:

— GPT-4 Omni (B MapKeTHHIOBBIX MaTepHaIaX Ha3BaHUE YaCTO COKPAIACTCS
1o GPT-40) or xomnanuu OpenAl;

— Claude 3.5 Sonnet, pa3pabotanHast komnanueii Anthropic;

— Gemini, co3aanHas pa3padorunkamu kommnanuu Google.

Kaxnass LLM u3 cnucka o0jagaeT YHHUKaJbHBIM JHAJIOTOBBIM BeO-
nHTep(heiicoM, MOCPEICTBOM KOTOPOTO C HUMH MOXXHO B3aUMOJICHCTBOBAThH
HaNpsAMYIO.

Marepuajibl 1 METOAbI

CrpaBeMJInBO MPEIINOI0KUTh, YTO SI3bIKOBAs MOJEJb HE CIOCOOHA
CIIPAaBUTHCS C POJIBIO PK3aMEHATOPa U aJEKBaTHO OLCHUTh YPOBEHb BIIAJCHUS
AHIIMICKNM s13bIKOM. [10J1 a/JleKBaTHOM OIIEHKOW B JaHHOM ClIy4ae TIOHUMAeTCst
KpaTKasi XapaKTepHCTUKa BBIIOJIHEHHOIO PECTIOHIEHTOM TECTOBOIO 3aJlaHMs, B
COOTBETCTBHH C BEIOPAHHBIM KPUTEPHEM OLICHUBAHUSL.

OcHoBaHHEM JUIsl TOJJOOHBIX COMHEHHMH BhICTynmia mmyosiukamust Cepres
[MerpoBnua Enmanckoro Ha TeMmy sdpextuBHOCTH npumenenus MU B
obpazoBanuy [1]. C nenbio MpOBEpKH BBIIBUHYTOH I'MIIOTE3bI OBUT COCTABICH
TUIaH MTPOBEJICHNUS IKCIIEPHUMEHTA!

1. OnpenenuTth YpOBHH BJIaJCHUSI aHIVIMICKUM SI3bIKOM, B3SIB 33 OCHOBY
MIPUHSTHIE B MEX/YHAPOAHOM COOOIIECTBE KPUTEPUH OLICHKH;
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2. BoiOparh KOMIIETEHIMIO (HaBBIK) JUIsS IPOBEPKH B XOJIE TECTUPOBAHMS;

3. OmpenenuTh IIKalTy, COrJIACHO KOTOPOIl OyIyT OIEHUBATBHCSI OTBETHI
PECIIOH/IEHTOB;

4. Co3paTh TecTOBOE 3aJaHUE, KOTOPOE MOJAONUAET IJs MPOBEPKU
OTOOpPAHHBIX HaBBIKOB;

5. TIpoBecTu TeCTUPOBAHUE CPEIU PECTIOHICHTOB;

6. Ilpoananu3upoBaTh NOJYUYEHHBIE B XOJE TECTUPOBAHUS PE3yNIbTATHI,
HCHOJb3Ys IKCIIEPTHOE MHEHHE YeJIOBEKA U SK3EMILISIPa SI3bIKOBOM MOJIeNH;

7. CnenaTb BBIBOJ 110 IPOBEACHHOMY SKCIIEPUMEHTY.

[TepBsIit mar — BEIOOpP SA3BIKOBOTO HaBbIKAa. B JJaHHOM KOHTEKCTE, HaBBIKU
MOYKHO HO/IPa3/IeJIUTh Ha PELICNTHBHBIE (ayIMPOBAHUE U YTEHHE) U ITPOyKTHBHbIC
(yctHast 1 nucbMeHHas peub) [2]. OnTUManbHBIM BHIOOPOM CTaJl pelieNTHBHBIN
HaBBIK TIOHUMAaHUSI IPOYUTAHHOTO. BECOMBIM apryMeHTOM B I0JIb3Yy TaKoro
BHIOOpA cTajia 3aJI0)KEHHAasl B HEM MEXaHUKa, 2 UMEHHO JEKOJMPOBAHUE TEKCTa
C MOCJEIYIOIUM BBISIBICHUEM CYTH IMPOYUTAHHOTO. DTO — MHOTOYPOBHEBBIN
MIpOLECC B3aUMOJICHCTBUS MEXKY PECIIOHICHTOM, TEKCTOM U €ro COAepKaHHEM
[3], koTOpBIN Kak HeNb3s JIyullle NOAXOAUT sl MPOBEPKU BBIABUHYTON
THITOTE3bI, TAK KaK 3TO MTO3BOJIUT CPABHUTH PE3YJIbTaThl pabOThl €CTECTBEHHBIX
(4eIoBEYECKUX) U MCKYCCTBEHHBIX HEHPOHHBIX ceTeil [4].

[Mocne BbIOOpa HaBbIKA HEOOXOIUMO OLPEIEIUTHCA CO MIKAION, HAa OCHOBE
KOTOpOH OyJIeT BEIHECEHO OLICHOYHOE CY’KIE€HHE OTHOCHTENILHO BBITIOJIHEHHOTO
pecroHieHTaM1 3a/aHus. B kxauecTBe KpUTEpHsl OLEHKH KOMIIETCHIUH ObLI
ucnionszoBad crangapt CEFR (a06p. anrn. Common European Framework of
Reference for Languages). JlanHblii cTaHzapT ObUT BBIOpaH 1O JIBYM IPHYHHAM.

Bo-nepBeix, CEFR oTBeuaeT BBIABHHYTOMY B IJIaHE TPEOOBAHHIO OBITH
OOILETIPUHATHIM MEXK/TyHAPOIHBIM CTaH/IapPTOM OIIEHUBAHUS YPOBHS BJIaJCHUS
AHIIMICKUM SI3BIKOM.

Bropast nmpuunHa 3akiaidanack B TOM, YTO aBTOPHI, pa3paboTaBiune
JIECKPUITOPHI B paMKaxX YHOMSHYTOTO CTaHapTa, CTPEMUIMUCH C €r0 MOMOIIbIO
MOBBICUTHh Ka4eCTBO MHKIIIO3UBHOTO oOpaszoBaHus [5]. Dtor dakr sBisercs
HEMaJIOBa)XXHBIM IPEUMYIIECTBOM ISl COBPEMEHHOTO 00pa3oBaTeIbHOTO
mporecca.
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Tabmuna 1 — leckpunrops crangapra CEFR auist moHumanust npouynTaHHOTo

YpoBenb O0o3Hayenue | OnucaHue HABBIKA

Beginner Al [lonnmanue 3HAKOMBIX CIOB M OYCHb HPOCTBIX
¢bpa3, KacaloIIMXCS  KOHKPETHBIX  CHTyalui
(HampuMep, BBIBECKH, IUIAKATHI, KATAJIOTH)

Elementary A2 I[lonnmanne  KOPOTKHX, TPOCTBIX  TEKCTOB,
KacaloMmuXcsl ITIOBCEAHEBHBIX HYX] (Hampumep,
JIMYHBIC MUCHMA, IPOCTHIE MHCTPYKIIHHN)

Intermediate Bl ITonnmaHue TEKCTOB, HAIIMCAHHBIX HA CTAHAAPTHOM
SI3bIKE, KOTOpBbIE KacaloTCs 3HAKOMBIX TEM
(nanpumep, pabora, IIKOJIA, JOCYT)

U p p e 1rB2 IlonuMaHue CIIOXKHBIX TEKCTOB, BKIIFOYAs TCKCTHI
Intermediate aOCTPAaKTHOTO M TEXHHYECKOTO COJCpIKaHUS B
cBoei 00acTu
Advanced Cl IloHumaHue MIMPOKOrO CIEKTpa CIOXKHBIX U

JUIMHHBIX TEKCTOB, PACIO3HABAHHUE CKPBITOTO
3HAYCHHS
Proficiency C2 ITonnmaHue npaKTHYECKU BCEX BUIOB TUCbMEHHOTO

TEKCTa, BKIIOYas aOCTpaKkTHbIE, CTPYKTYpPHO
CIJIO)KHBIC WJIM JIMHTBUCTHYECKH CIIOKHBIC TEKCTHI,
TaKue KaK y4eOHNKH, CIICHaIH3UPOBAHHbIC CTAThH
U JINTEPATYPHbIC MPOU3BEACHHUSI

[Tpn paccmoTpenny TadbauIbl | MOXKHO IPUHTH K BBIBOJLY, YTO:

— Al u A2 oTHOCATCS K HAYaJIbHOMY YPOBHIO;

— B1 n B2 saBadroTcs mokasaTelsiMU CPEeAHET0 YPOBHS BIaJEHUS
HMHOCTPaHHBIM SI3BIKOM;

— Haseix nons3oBareneil npoasuHyTeix Cl u C2 ypoBHeH HaxoguTcs
MPAKTUYECKH HAPAaBHE C HOCUTEISIMU SI3bIKA.

[Mocne onpeneneHust OLEHOYHOM HIKAIbI MOYKHO EPEXOIUTh HEMOCPEICTBEHHO
K CO3/IaHUIO TECTOBOT'O 3a/laHMUsL.

Lenb TecToBOro 3ajaHus — MPOBEpKa MOHUMAHUS MPOYUTAHHOIO TEKCTA.
®dopma 3amaHus — OTKPBITOE TECTOBOE 3aJaHUE C PAa3BEPHYTHIM OTBETOM.
Pecnonnenty npejaraercss IpoYUTaTh TEKCT U OTBETUTh HA TPHU BOIPOCA IO
COJIEpP>KaHUI0 IPOYUTAHHOT 0. BhINMOTHEHNE 3a1aHKs HE OTPAHHUYEHO 110 BPEMEHH.

Jlis co3maHnsl TEKCTa M BOIIPOCOB 110 HEMY ObUI MCHOJIB30BAaH 4aT-00T
ChatGPT, ocnHoBanHbIit Ha reHepaTuBHOH Heiipocetnt GPT-40. Co3nanHblii TakKUM
00pa3oM KOHTEHT JJOJDKEH OTBEUaTh CIIeYIOIINM TpeOOBaHMSIM:

— BBITh HalTCaHHBIM Ha aHTIINICKOM si3bIKe. [[0CKOIBKY IpoBepAThCs OyaeT
YPOBEHD BJIaJI€HHUS AHTTTHUHCKUM SI3BIKOM;

— BbITh cBs3aHHBIM 110 cMBICTy. CyTh Kajk0ro BOIpoca J0JKHA OTPaXaTh
COJEpKAHNE TEKCTA U HE IPOTUBOPEUUTH €T0 CMBICITY;
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— OrcyTcTBOBaTH B 6a3€ JAaHHBIX, UCIIOIB3YEMOIT ISl MAILIMHHOTO O0YUEeHUSL.

[Mocnennuii MyHKT MpU3BaH 00€CIEYUTh 0OBEKTUBHOCTD TIPH IIPOBEICHUN
9KCIIEPUMEHTa, TaK KaKk B TECTHPOBAHUH, IIOMUMO JIIOJICH, Mpearoaraercs
ydacTue ABYX Mojelneil yaT-00ToB. Ecim jomycTuTh Ui TeCTUPOBAHUS TEKCT,
KOTOpBII ObLT pa3pelieH st 00y4eHusI HeHpoceTsiM, TO y 4aT-00TOB OyieT sIBHOE
MIPEUMYIIECTBO Tepe JoAbMU. J{JIsl IPOBEPKN HAJINYMSI CT€HEPHPOBAHHOI'O
TEeKcTa OyJeT MCIOoJIb30BaHbl pero3utopuii mopraina GitHub [6], a Takxke
xpanunuine UC Irvine Machine Learning Repository. Takoii Beibop 00ycioBicH
CIIEYIOUMMHA (haKTOPAMHU:

— OObeM u yactota 0OHOBJIEHUsI HAOOpa TaHHBIX. Kaskablid N3 yIIOMSHYThIX
HCTOYHMKOB 00J1a/1a€T BHYILUTEILHBIMU 00beMaMH JaHHBIX, KOTOPBIE PETyJISIPHO
TIOTIOJTHSIOTCSI HOBBIMH SK3EMILISIPAMU;

— Iomnepxka co ctoponsl coodmiecTBa. B cinydae ¢ GitHub penozutopuem
MO IePKAHUEM €ro aKTyaJlbHOCTH M paboTOCHOCOOHOCTH 3aHMMAIOTCS
SHTY3HacThl. YTO KacaeTcs BTOPOrO pecypca, TO B MOJIb3Y €r0 HaJeKHOCTH
TOBOPHT (haKT O TOM, YTO OH COTPYTHMYAET C aMepUKaHCKUM L{eHTpoM craTucTiKn
U TIPUIIOKEHHUH B 00J1aCTH CyIeOHBIX JJOKa3aTelnbCTB [7];

— Bpewms cymectBoBanust. GitHub penosuropuii cyiecTByeT Ha IPOTSDKEHUN
10 5ieT 1 akTHBHO OOHOBIISIETCSI HA MOMEHT HAIMCaHUs IaHHOM cTaThbu. Havao
UC Irvine 65110 1os10%k€HO B 1987 roj1y, a akTyaJIbHOCTh JJAHHBIX TaM JaTHPYETCs
2023 rozmoM.

[TockonbKy B3auMoO/IiiCTBUE ¢ 4aT-00TaMH IPOUCXOMUT TIOCPEICTBOM TaK
Ha3bIBAEMBIX IPOMITOB [8], TO JUIs MMOJIY4YEHHs CTeHEPUPOBAHHOTO TEKCTa ObLI
COCTaBJICH IPOMIIT CIIEIYIOIIEro cojepkanus: «Hamumm TexcT Ha aHrmicKoM
sI3bIKE Ha TeMy npuMeHeHus MM B MHKIIIO3MBHOM 00pa30BaHUM M COCTaBb TPH
BOIIPOCA T10 COJICPXKAHUIO ATOr0 TeKCTa». CreHepUPOBaHHBIA TEKCT YCHEIIHO
IIpOILEJ NMPOBEPKY Ha OTCYTCTBHE B 0a3ax JaHHBIX MALIMHHOIO OOyuYeHHS U
ObUI NIPUMEHEH JUIS NMPOBEJCHUSI aHOHUMHOTO TECTUPOBAHMSI HAa NOHUMaHUE
MIPOYUTAHHOTO C TIOCIIEYIONINM OIPE/ICIICHHEM YPOBHS BIIaJICHHs aHTIIMHCKUM
SI3BIKOM B cooTBeTcTBUU ¢ kputepusimu CEFR.

J1J1st SKCTIEPTHO OLIEHKH IOJyYEHHBIX B X0JI€ KCIIEPUMEHTA PE3yJIbTaTOB
OBUTH ITPUBJICYEHBI:

— LLM wmopenu (GPT-40, Claude 3.5 Sonnet u Gemini), npomreamme
npenoOyucnue [9];

— baxanasp cnenuansHocTn «IlepeBonueckoe 1en0», UMEIOMIUNA OIBIT
B craue tecta IELTS General Training, pe3ysnbraTsl KOTOPOro MOTYT OBITh
cooTHeceHs! ¢ Aeckpunropamu CEFR [10].

JIist MHAOMaIM3alK IPOBEPKH OTBETOB PECIOHJIEHTOB C romomnipio MU
OBbUT KCIOJIB30BaH ClIEAY O TpoMNT: «O3HAKOMBCS C TEKCTOM M BOIIPOCAMH
K HEMY M, MCXOJIsl U3 OTBETOB PECIIOHICHTA, OLIEHU €r0 YPOBEHb BIIAJCHHUS
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AHIIMACKUM s13BIKOM B cooTBeTcTBHH ¢ Kputepusivu CEFR B o0nactu noHnManus
MpOYUTaHHOTOY». Jlaee B MPOMIITE CJIeI0Bal TEKCT, BOMPOCHI IO COJEPKAHUIO
TEKCTa U OTBETHI HA HUX, JAHHBIE PECTIOHACHTOM. TaKkoi MPOMIT HCTIOIb30BAJICS
B KQueCTBC IIAOJIOHA I KAXKIOH MTEpaluu OLICHUBAHMS, U3MCHCHHUIO B HEM
MO/IBEPraJIiCh JIUIIb OTBETHI PECIIOHIEHTOB.

Ha ocHOBe moJIy4eHHBIX JaHHBIX ObLIa COCTaBJCHA CBOJHAs Ta0IHIla
pPe3ynbTaTOB TECTUPOBAHMUS:

Tabmuna 2 — Utoru TecTupoBaHust

Jkcneprt YposeHnb BiageHus anrjauiickum si3pikom (CEFR)
VYyacTtauk 1 VY4actHuk 2 VYyactauk 3 VYyactauk 4
GPT-40 B2 A2/B1 B2/C1 B1
Claude Sonnet | B2 A2 Cl1 A2
Gemini B2 A2/B1 C1 B2
Yenosek B2 A2 Cl A2/B1

Pe3ynbTaThl u 00CyKIeHHE

B OompimHCTBE ciiydaeB oneHku Helipocereit (GPT-4, Claude 3.5 Sonnet,
Gemini) OJIM3KH K OIICHKAM YeJIOBEKa-IKCIepTa. VICKITIOUeHHEM SIBIISIFOTCS OIICHKH,
MOJTyYeHHBIC pecroHAcHTaMu 2 U 4. B HEKOTOpBIX ciydasx (Hampumep, Jist
pectionieHToB 1 u 3) oneHku M MOTHOCTBIO COBMAAAIOT C MHCHHEM YCIIOBEKA,
YTO TOBOPUT O BBICOKOM IMOTCHIIMAJC TOYHOCTH. B ciiydasx pacxoxICHHUI HET
YETKOW TCHJICHIIMM K 3aBBIIICHUIO WM 3aHWKCHUIO OIICHOK IO CPABHCHHIO C
yenoBekoM. OICHKH 4aT-00TOB BaphUPYIOTCS KaK B CTOPOHY 00JIee HU3KHUX, TaK
u OoJiee BRICOKHX YPOBHEH (HarpuMep, JJis pECIOHICHTa 4).

HecmoTpst Ha TO, YTO B IIPOMIITE OTCYTCTBOBAJIO YKa3aHHE JaTh Pa3BEPHY THII
aHaJM3, KaKaas MOJeNb apryMEHTHPOBaia BBICTABICHHYIO OLIEHKY COTJIACHO
kputepusm CEFR. Moxenun GPT-4 u Gemini Takke BBIACIWIA TC MOMECHTBI
B OTBETAaX PECIIOHJICHTOB, KOTOPHIC HE MO3BOJIIN UM BBIHCCTH OJHO3HAYHOC
PEIICHHUE B MOJIb3Y KAKOTO-TO OJIHOTO YPOBHSIL.

B cnyuasix ¢ pecriongentamu 1 u 4 Gemini JOMOJHHUIA CBOM OIICHOYHBIC
CYXKJICHUSI PEKOMCHIAIMSIMHE 10 TIPOBEICHHUIO O0JIee TIIATESIBHOU MPOICTYPhI
npoBepku 3HaHWil. Hanbonee mHGOPMATUBHBIME OKa3alUCh CYXJICHUS
monenu GPT-4, koropasi mofBepriia aHaau3y KaXKIblii OTBET PECIIOHIICHTA IO
otaenbHocTH. YTo Kacaercst Claude 3.5 Sonnet, To 9Ta MOJENb CTpEMMUIACH K
YETKOW apryMCHTAIlUM BBICTABJICHHOM OIICHKHU, CTapanach n30erarh ciydacs,
KOTJIa OI[CHKA MOTJIa ObI OBITH BBICTABJICHA HA TPAHUIIC IBYX YPOBHEI.

CTOHUT OTMETHUTH SI3BIK, HAa KOTOpoM MU reHepupoBaia CBOU OIICHOYHBIC
CyxJieHus. B mpoMmnTe UCrosbp30BajCs PYCCKUH SI3bIK (HA HEM OBUTH U3JI0KEHBI
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UHCTPYKIMU) U AQHTJIMHACKUI (TEKCT, BOMPOCHI U OTBETHI PECIOHJEHTOB). B
WHCTPYKIMSAX HEe ObUIO yKa3aHWH, Ha KaKOM sI3bIKE 4aT-00T JIOJDKEH Halucarh
CBOI1 0TBeT. B OOJIBIIMHCTBE CiTy4yaeB 4yaT-00Thl FeHEPUPOBAIIN OTBETHI HA PYCCKOM
sI3bIKE, TIEPEeX0/i Ha aHTJIMMCKUNA TOJIBKO MPHU aHAIU3€ KOHKPETHBIX CJIOB WIIU
clioBocoueTaHui. VICKIroueHueM cTajii MOJCIIH:

— Gemini. Dta MOJieNb UCIIOJIB30BAJIA AHTJIMHCKUIT SI3BIK JUIST BCEX CBOMX
oTBeToB. OIHAKO TOJIBKO Y JAHHON MOJEIN BO3HUKIN IPOOJIEMBI ¢ TeHepaluen
OCMBICIICHHOT'0 aHa/IM3a. B TekcTe oTBeTa MpOoCIeKUBAIUCH CIIOBOCOUYETAHUS, HE
HMMEIOIIHE CMBICIA B KOHTEKCTE aHAJIN3a YPOBHS BJIaJICHUsI aHTJIMHCKUM S3bIKOM
y pecrionienTa. [1oj06HbIe OIIMOKY MMEHYIOTCS TAJUTIOIMHALIMSAME HefipoceTn
[11], a kOHKpeTHBIE TPUMEPBI OTMEUYEHBI KPACHBIMM JINHUSIMU Ha PUCYHKe | U
pucyHke 2.

O3HaKOMBCA C TEKCTOM W BONPOCAMM K HEMY M, NCXO[A U3 OTBETOR PECNOHASHTA,
OUEHW E70 YPOBEHS BNAAEHUA AHMMWACKHM A3BIKOM B COOTBETCTBHM C KPHUTEPHAMW
CEFR B 0GnacTi NOHMMaHKA NPOYMTAHHOM:

Show drafts v o)

Based on the respondent’s answers ( oteeTw [otvety]), their English language

proficiency can be assessed around B2 (Upper Intermediate) on the CEFR scale.

Here's the breakdown:
Strengths:

* Can understand the main ideas of complex text on both concrete and abstract
including technical disc ns in their field of specialization.
(Demonstrated in understanding the passage on Al in education).
Pucynok 1 — Ommbounoe nobaBiieHne epeBo/ia
U TPAHCKPUIILIUU HA PYCCKOM SI3bIKE
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Areas for Improvement:

May occasionally show hesitation or require clarification on unfamiliar topics,

especially very technical ones. (There might be some terminology related to Al
that the respondent is not fully comfortable with).

May use some errors of vocabulary or grammar, but these do not causeZ Ak (tai
da) difficulty in understanding. (A minor grammatical error like “student from other

countries” instead of "students from other countries” is present).

Overall, the respondent demonstrates a good understanding of the text and can

communicate their ideas effectively.

Pucynox 2 — IlpucyrcTue nepornmudon
Ha YNPOLIEHHOM KUTAHCKOM SI3bIKE C TPAHCKPUIILUEH

— Claude 3.5 Sonnet, koTOpas creHepupoBaia OTBETHI ISl PECTIOHICHTOB
1 1 2 Ha pyCcCKOM S3BIKE, HO MEPEKITIOUMIACh HAa AHTIMHCKAN TPU TeHEepaIiu
aQHAJIM30B OTBETOB PECTIOHIEHTOB 3 1 4.

TakuMm o6pazom, TIO pe3ynbTaTaM MPOBEACHHOTO SKCIIEPUMEHTa MOXKHO
yTBEpXKIaTh, 4TO MpenodydeHHas (pre-trained) si3pIKOBasi MOZeNb crocoOHa
AICKBATHO OLCHUTH YPOBCHBb BJIAACHUA AHTIIMUCKUM S3BIKOM npu yCIOBHUHU
MPEIOCTABIICHNS €l OIPOOHBIX MHCTPYKITHH 1 HaOopa JaHHBIX IS JOOOyUEeHHs
(fine-tuning).
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BIJIIM BEPY OPTACBIHAAYBI BIVIIM/JII BAKBIJIAY
TEXHOJIOTI'UACHI PETIHJAE 5)KACAHBbI
HUHTEJUIEKTTI KOJIOJAHY

Maxanaoa 6inim 6epy yoepicinde azvliuibii Milik Meyeepy OeHeelin
bazanay ywin scacanowl unmennexmmi (JKH) Konoany Kapacmuipsbiiaobi.
3epmmeydin makcamoi — yaken minoik mMooenboepoi eMmuxan aryulbl
peminoe KOLOAHYObIH MUiMOiNicin manoay. Kcnepumenm OapviCbliHOa
PecnonoeHmmepoiy  KamvlCybIMeH mecmmep JiCypeizinin, oaapovly
nomuoicenepi  adam-capanuvimen dcorwe GPT-4o, Claude 3.5 Sonnet
oicone  Gemini mindix mooenvoepimen 6azananovl. 3epmmey CEFR
Kpumepuuiepin  Koi0ana omuvlpuln, OKbleaHObl MYCiHY 0a20blLiapblii
bazanrayea 6asvimmanzan. Aodicnamaza ChatGPT apkbiiwl  apuaiiv
MOMIH MeH CYpaKkmap Kypy, OHbIH MAWUHAILIK OKbIMYy Oepekmep
0a3zacvlH0a JHCOKMbIZLIH MeKCepy JICoHe dcayanmapovl  bazanayea
apuanean npomnmmapowvl 93ipaey xipoi. Homuocenep KU bazanapvinwiy
Jrco2apel 0910I2iH Kopcemmi, KoOIHece adamM-Capaniubliibly 0A2aiapbind
Jlcakbin 601061, Oyn JKH-ui Oinim bepy yoepicine eHcizy oneyemin
pacmaiiovl. Anatioa, aunvikmaniean 0a2aniapoazvl  aubIPMAUbLIGIKMAD
Jicytieni 00amn opi dcemindipy Kadcemminiein kopcemeoi, COHblY TWiHOe
M00enb0epdi KOChIMUA OKbIMY JHCOHe a0aAMObIK OAKblIAY MeXaHusMiH
eneizy. Makanaoa comvimen xamap KU owcayanmapuvin ceHepayusanay
mini MeH HeUpOHOLIK JHCenieplily «2ANTIOYUHAYUSIAPLLY MOCeTeCE
Kapacmuipovliaovl. Kopvimvinoviiail Kefe, ezoiceli-meaicelli HycKayiap
MeH KOCbLMULa OKblmyaa apHaiean oepexmep depineen dicazoatiod, aidbii
ana oKbImulLI2aH MiNOIK MOOenboep AzblIublH MiliK MeHeepy OeHeeuin
bapabap dazanaii anaovl 0ezen KOPblmMbIHObL AHCACANADL.

Kinmmi co30ep. scacanovl unmeniekm, minoik MoOenb, emMmuxam
anywsl, 6inim bepy yoepici, 6aKbliay MexaHu3Mi.
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APPLICATION OF ARTIFICIAL INTELLIGENCE
AS A KNOWLEDGE CONTROL TECHNOLOGY
IN THE EDUCATIONAL ENVIRONMENT

The article examines the application of artificial intelligence (Al)
for assessing English language proficiency in the educational process.
The study aims to analyze the effectiveness of using large language
models as examiners. The experiment involved conducting tests with
respondents whose results were evaluated by both a human expert and
language models GPT-4o, Claude 3.5 Sonnet, and Gemini. The research
focuses on assessing reading comprehension skills using CEFR criteria.
The methodology included creating a specialized text and questions
using ChatGPT, verifying its absence in machine learning databases,
and developing prompts for answer evaluation. The results demonstrated
high accuracy of Al assessments, often close to those of the human expert,
confirming the potential for integrating Al into the educational process.
However, the identified differences in assessments indicate the need for
further system improvement, including additional model training and
integration of a human oversight mechanism. The article also addresses
issues of Al-generated response language and the problem of neural
network «hallucinationsy. In conclusion, it is suggested that pre-trained
language models can adequately assess English language proficiency,
provided they are given detailed instructions and data for fine-tuning.

Keywords: artificial intelligence, language model, examiner,
educational process, control mechanism.
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UN®PIJIbIK MAPKETUHI CAJIACBbIHOA ADOBE
ILLUSTRATOR BAFAPJIAMACbIHbIH BEKTOPIJIbIK
FPA®UKAJIBIK PEOQAKTOPBIH KOJIQAHY

I'paukanvix  ouszatin  oreminoe Adobe Illustrator eexmopnvix
epaghuxa apKpiibl WEKCI3 Wbl2apMAubLIbIKmbl KAMMAMACH3  emyoe
anoviyevl Kamapoa. Ocel myaculpblmoamansl natioaiana omeipuin, Adobe
1llustrator eexmopnapmen dcymvic icmey Ke3iHOe AUbLIAMbIH UEKCi3
MYMKIHOIKmMep olleMiHe Kipyee MyMKIHOIK 6epedi. Heeizdep meHn 03biK
moocipubenepdi auta Omvipvin, OKbIPMAH KOCIOU ULHOCMPAyUsiapobl,
Jnocomunmepoi, uHmepgelricmepoi dcoHe m.0. dicacayovly Oipezel
acnexminepive eHeol. Bexmopnapmen oicymvic  icmeyodiny  eedceli-
me2oiceliineH IKCNpeccusmi JicoHe Kypoeli KOMRO3UYUSap dcacayad
Oetiin  cepusidazbl  opbip  myoicvippimoama  Adobe  Illustrator
baz0apnamaceiodebl 6eKMOPIIbIK 2PADUKAHBIY MOIbIK deyemin aulyad
apuanean.

byn  makana okxvipmanoapea 6Oazoapiama  Kypaioapvl  MeH
MYMKIHOIKmepine moavlk wony ocacai omoipvin, Adobe Illustrator
baz0apnamaceinodazbl  GeKMOPIbIK 2papura MyMKIHOIKMEPIHIY —KeH
AYKbIMBIH KAMMUObL. Aman atmkanoa, 6eKmopivlk 00vekmiepoi Kypy
JHcoHe OHOey, MmycmepMeH, KapinmepmeH dHeoHe MOMIHMEH HCYMBIC HCACAY
maxwipvinmapuvl Kammolizan. CoHbiMen Kamap, mpancgopmayus sHcoHe
Macwmabmay odicmepi, coHOau-ax Oipezell BU3YAIObL HOMUdICENPSEe
KON dicemKizy yulin sgppexminepoi nanoanany manoanaovl. Maxanaoa,
COHbIMeH Kamap, Ou3ain MeH OHepOiy opmypii CalanlapblHodzbl
MAHBI30bLIbIZbIH KOPCENie OMbIPLIN, 6EKMOPIbIK 2PAPUKAHBL KOIOAHYObIH
Hezizel opmacel kepcemineen. Conapovly OIpi — Yupprvix Mapkemume.
Maxanaoa Adobe Illustrator mapxemunemix cmpamecusiHvl cy3ece
acvlpyovly Kail KezeHOepinoe Komekmecemini anvlkmanovl. L{ugpnoix
MApKemuHe CanacblHOd JCYMbIC icmezeHoe pedakmopobl Nauoaiany
HYCKAApbl YCOIHbLIObL.
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Kinmmi coezdep: eexmopnvik epagura, Adobe Illustrator, yugproix
MapKemune, 1020Mmun, peoaKmop.

Kipicne

Adobe Illustrator — cyperuriziepre, Au3aiiHepiepre )KoOHE ULTIOCTPATOPIIapFa
©3/IepiHiH IIBIFapMAIIBUTBIK UISSITAPBIH XKY3Ere achlpy YIIH KyaTThl KypaJlaap/ibl
YCBIHA OTBIPHIM, BEKTOPJIBIK IpadMKaHbIH JKETEKII OarnapiaMalblK Kypalibl
Goutbi TabbUTAABI. BEKTOPIBIK rpaduka pacTpIblK rpaduKasan epeKieneHel,
0JI KECKIHJI HYKTeJepAi, ChI3BIKTapAbl )KoHE KHCBIKTApJbl MaiigasaHbin
MaTeMaTUKaIBIK TYpJAe CHMaTTalbl, OYJ OHBI CalaHbl XOFaJITIail oHal
MacmTadTalaThIH KeCKIHep/i )KacayFa oTe bIHFaIbl eTe/i.

Adobe Illustrator — BeKTOPJIBIK IpaQUKaHBIH KbI3BIKTHI QJIEMIHE YOI AllIAThIH
KepemeT KyatTel Kypai. Adobe Illustrator cyperiisiep MmeH nu3saitHepiiepre o3
UIesUTapbIH JKY3€Tre achlpy YIIIH KONTereH Kypaujaap oepesi.

By 3epTTey canapblH/ia TaHFaXaWbII erKeH-TEerKeHIl )KoHe MOHEPIIl OHep
TYBIHBUIAPBIH KacayFa MyMKiHaik Oepetin Adobe Illustrator MyMKiHIIKTEpiH
3epTTeH OTBIPHII, BEKTOPJIBIK TpayMKaHbIH KbI3BIKTHI dJIEMiHE YHIUTYTe OOJIaibl.
IpirapMaIibuIbIK KYHBIHBIHA €HYT€ JKOHE BEKTODJIBIK TpaMKaHbIH JU3ailH
OHEpIH/IeT] IIEKCi3 MYMKIHIIKTEP/IiH KiTi eKeHiH Olryre JaibiH OOJBIHBI3.

O3exTiiri

Kepneki kaObuiiay ay/IMTOPUSHBIH Ha3apblH ayjaapyna jKoHe ycTayna
MaHBI3/Ibl POJI aTKapaThiH Ka3ipri u¢pibik Fackipia Adobe llustrator BeKTOpIIbIK
rpaduKaNbIK pelakTopbl HU(QPIBIK MapKETOJIOrTap YIIIH MaHbBI3AbI Kypajira
aifHasTy1a. OHBIH KOMETIMEH KCIIKOWIap JIOrOTHIITEPAl, 0aHHEpPIIeP/i, AEYMETTIK
Me/ina HIUTIOCTpaLusUIapbiH )kKoHe T.0. Koca, Hazap ayapbll KaHa KoiiMaii, OpeH
TypaJibl XabapJapibIKThl apTTHIPATBIH KO3Te TYCETIH JKOHE MOHEpJl KOpHEKi
Ma3MYH jkacail anaznpl. Kypanmap MeH BEKTOpFa HETi3JICITCH MYMKIHIIKTCPIIH
6aii xubIHTHIFBIMEH Adobe Illustrator nnpaslk MapKeTHHT CTpaTerusiapbiH
THIMJII KOJIAANTBIH, TYPJICHIIPY/Il apTTHIPAThIH )KSHE Mk JaaHy bl TOKIpUOeCiH
JKaKcapTaThIH )KOFaphl canalibl rpadMKaHbl )Kacayra MyMKIHIIK Oepeti.

Marepuannap MeH dgicrepi

Adobe Illustrator OargapnaMacbhlHAAFBl BEKTOPJBIK I'paduKaHbIH
MYMKIHIIIKTEPiH TaJlJay, 3¢pTTEY Ke3iHC dPTYPIIi aBTOPIAPAbIH OKY KYpaJaphl,
JepeK Ke3Jepl MaiJaiaHblIIbl, atan aiiTa kercek: Eprenus TyukeBud, Brian
Wood, Bon I'muuxo, Erop Ionsikos. barnapiamansl nudpiablk MapKeTHHT
cajlachlH/a Kanail naiinananyra 0onaTelHbl Typaisl 3eprrey Digital-MapkeTunr
KiTaOBbl apKpUTBI XKYpri3ini. [lalinanansuiran speduerTepii Kyiieaey MakcaTbIHAa
SWOT-ananu3 o3ipieni. JKuHakranraH HOTHXKE MaKaJlaHbIH MaKCaThl MCH
MIHJICTTEpiH allKbIH/AayFa OaFbITTAIIbL.
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Hotm:kenep koHe TaIKbLIAY

Adobe Illustrator — wTrOCTpaUsUIap MEH BEKTOPJIBIK Tpaduka xacayra
apHaJIFaH KociOu kKonnanOa. byn konpmanOa ymorotunrepai, Oenrimenepai,
Kanramanapasl, BeO-rpadukrepai xoHe T.0. acayra apHajraH KyaTTbl
KYpaJIaap/ibl YChIHAIBI.

Kasipri yakpITTa €H Kol KOJIIaHbUIAThIH BEKTOPJIBIK PEIaKTOpJIap/bIH Oipi
Adobe Illustrator 6osbirt TaObi1as! [1]. OHBIH KOMETIMEH KociOH rpadMKaiIbK
JIM3aiiH MEH OpHaJacyFra OaiJIaHbICThI Ke3-KEJII'eH MaceJIesiep il menryre 0oa bl:

— calTKa apHasIFaH OaHHepJIEPMEH SPTYPJIl MeJIILIEPe KYMBIC iCTey Ke3iHe
BIHFAIJIBUIBIKTBI KAMTaMAachI3 €TETiH OipHellle MOHTaX/ay aliMaKTapbIMEH KyMbIC
icrey;

— Oesriniesep MeH JOTOTUITEP/IIH HETI3r1 AJIeMEHTTEpi OOJIBIN TaObUIAThIH
TeOMEeTPHUSUIBIK (DPUrypasiapiblH KYp/eli KOHTYpIIapbiH KYPY JKOHE TYPIICHAIPY;

— JaibIH HIeTKaJIap/bl YIIIHIII Tapall pecypcTapbiHaH UMIIOPTTAY )KSHE 3
LIETKaIAPBIHBI3ABIH JKUBIHTBIFBIH JKacay, OyJI WILTIOCTpanusuiapra Oipereiiik
KOCyFa MYMKIHJIIK Oepei;

— KoJia 6ap KiTanxaHa/laH HbICaH/1ap MEH KOHTYPJIap/Ibl 9PTYPJIi TOIATHIPY b1
KOJIIaHy;

— JIOTOTHIITEP MEH jKa3yJiap/Aarbl SpiNTepiH MilliHIH KeHIPEeK oHJIey YIIiH
MOTIHAEP/Ii KHUCBIKTapFa TYpIICHAIPY;

— UIMIIOPTTAJIFaH PacTpJIbIK rpadrka 0OBEKTIIEPIH OHA Urepy;

— Ke3-KeJI'eH MiLIHET] WILTI0CTpalysuIapbl KaOaTTacThIpy XKoHE rPaJIMeHT,
KeJIGHKeJep, TeKcTypaiap, aedopmanus, KOHTYp, MITPUXTAP, ICKU3, COHJEY,
Oe3eHipy koHe OeifHe CUSKTHI (P QeKTiaep i Kolgany;

BH3HTKAJIAP/IbIH, OYKJICTTEPIiH, TUIAKaTTap/IbIH, OUI00paATaApABIH HEMece
e3re Jie noyuurpadusIblK OHIMIACPAIH MaKeTTepiH SKCIOPTTHIH TEHIIENIETIiH
rapamMeTpIepi apKbUIbI IaibIH/IaY, YITyJIap/ibl, 0aChI LIBIFAPY YIIIH TYC NPOQIIIH
peTTey, COHaii-aK OHIM/II OachII MIbIFapy GOpMAaThIH TaHAAY [2].

Adobe Illustrator — BekTOpJIbIK I'paduKaHbl kKacayra apHajfaH Kocion
OarnmapiamaibiK Kypai. barmapiama KOCiOMIIIK TOPEKECIH YCTail OTBIPHIIL,
AYKBIMJIbI MyMKIHIIKTEpIi YChIHAIBI. ONapabIH HETi3r (PYHKIUSIAPHI:

Macmra0ray: BEKTOPJIBIK KECKIHAEP/Il CallachbIH JKOFalTIIai MacradTayra
Gouaibl, ce0eOi oap ChI3BIKTAP MEH KUCBIKTAP/Ibl CUIIATTANThIH MaTEMaTHKAJIBIK
(opmMyanapra Heri3eynreH.

Onjiey: mimiHAepi, TYCTeP/Al )KOHE HbICAHAAPbIH Oacka mapaMmeTpiepiH
OHail eHzieyre Ooapl.

Kanam: Kypzeni Kucslkrap MeH IimiHAep/l xKacayFa MyMKIHIIK Oepeti.

Kpuikanam: 60C CBI3BIKTap/Ibl CATy YIIIiH KOJAaHBLUIAIbL.

[Mimiagep: Herisri reomeTpusuiblK GuUrypanapasl skacayra apHalFaH
KeITereH Kypajiaap.
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Tyc ynrinepi: RGB, CMYK, Lab aHe T.0. CHAKTBI TYpJIi TYCTI yJTijepui
KOJJaiibl.

I'paguenTTEep: TYCTEp apachlH/a Teric aybIcyJjiap kacayra MyYMKIHIIK Oap.

Mortinik Kypangap: MoTiHAl KOCY )KOHE OHJIey MYMKIHIIT.

Kapinrep: Bapuanusuiap MEH CTHIIbACPI KOJIIAY apKbUIBI 9P TYPJIi KapinTepi
OipiKTIpY.

KeseHkenep: HbICaHIapFa KOJICHKEIEP KOCY MYMKIHIIT1.

Peduexcus: 1larpuibIcKaH HbICAHAP/IbIH 9CEPIH JKacai ibl.

ChI3y JKOHE TOJNTBIPY: OPTYPJIl LITPUX KSHE TOJTHIPY MHEPJIEPI.

Top: HBICaHAapBI Typasiay YIIiH TOp/Ibl NaliaasaHabl.

Typanay: opTypJli napamerpiiepre Heri3JeJIreH HbICaHIap/bl aBTOMATThI
TYpZie Typajaipl.

Yarinep: jkobanay mpoleciH KbUIJaMaaTy YIIiH JalblH yiaTigepai
naiiananyra Oonazpl.

3D ueicanmapsl: 3D HbIcaHAAP/IbI XKacayFa JKOHE OHJICYTe OOJabL.

byn ¢ynknusuiap Adobe Illustrator GarnapiamMacklH KociOM BEKTOPIIBIK
rpaduKaibIK JU3aiiHFa apHaIFaH KyaTThl Kypall eTeji.

barnapiiamMaHblH atajnFaH epekiie MYMKIHAIKTEpl apTypili Ma3MyHIbI
BH3yaJM3alMsIay YIIiH OHBI THIMI Nalaananyra MyMKiHaik 6epeni (1-cyper).

OJIeTTe qU3aifHepsep JIOTOTUIITEPAl BEKTOPIBIK (GopmaTTa »Kacalisl.
Jlorotun OpeHATIH €H MaHBI3Jbl KypaMIacTapbiHbIH Oipi OOJBIN TaOblIaib.
KoMmaHHsHBIH JIOTOTHIT OHBIH BHU3yajl/ibl TAaHBUTYbIH KaMTaMachi3 erexi. by
KOPHOPATHBTIK COUKECTIKTIH OChI 2JIEMEHTIHIH HEri3r1 MaKkcaThbl.

Kypannapaslq KeH apceHalibl Ke3 KeJIreH CTHIIbE Oenrimenepi jkacayra
MYMKIHIIK Oepei. Mbicabl: KapanaibiM MilliHASPICH YIII OIIIeM/ i MITHICPII
HMUTaNUsUIayFa aeiin [3].

JKapHamMalbik HIUTIOCTpaLsuIap aKmapaTThl )KEeTKI3YAIH €H THIMIII Kypasibl
6oJ1a OTHIPBIN, OM3HECKE KYMBIC iICTeyTe, aKIapaTThl )KETKI3yTre )KoHE aaamaapbl
TapTyra apHairaH. KepHeKuIiKTep TYTHIHYIIBIHBI OJIaH 9pi KapbIM-KaThIHACKA
TapTa OTBIPHII, KAKETTI acep KaJAbIpaIbl )KOHE 9pTYPIIl IMOLMSIIAp bl Oepeii.

(w X o X - g
0060 B
! @:0 (i

a) norvmuntep 3) Beri 6) &) uHdorpaduka ) cTukepaep

I-cypet — OpTypii Ma3MyHIaFbl BU3yallisuIay
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Nudorpaduka ke3 KenreH AepexkTepjai BU3yalu3auusiay yIIiH
Kosganbuiaael [4]. OHBIH MakcaTTapbl aKnaparThl KapayFa KeTeTiH YaKbITThI
KBICKApTYy; OKBIPMaHFa opTYpJIl HIeHiMaep KaOblLiayFa KOMEKTeCY; JICyMETTIK
JKeJIyiep MeH 0acka KbI3MEeTTepi NaijainaHa OThIpBII, 0acKka OKbIpMaHIapMeH
aKmapaT ajgmacy MYMKIHJITi; BU3yaju3amnusi apKblUIbl aKnapaTThl OHai
KaOblIIaHa/ bl, COHABIKTAH, CaHJap MEH 0acka JIEpeKTep JKaJKa JKaKChIpak
cinemi [5].

barnapnamana aBTOpJIBIK CTHKEp MakeTiH xacay oHail. KeGiHece
KOMITaHMsUIap 03 KIIMEHTTEPiHE KoJIeChlil peTiHje Oepy HeMece oJlapMEeH Tayap.ibl
opay YILIIH CTHKepJep acaiapl. ©3 Ke3eriHje TYThIHYIIBI 0Jap/ibl KOJJIaHyFa
Te3 yipeHeal )KoHe acCOLMATHBTI JICHrei/1e a3ipJieyIi KOMIaHUSHbIH OHIMIHE
ocitimainik 6onanpl. CTUKEpICpPl Malanany OU3HECTIH TaHBIMAJIIbLUIBIFbIH
apTThIpyFa kemekrecei. CoHman-aK, pelakTop MOTIHI )Ka3yFa kKoHe )Kobanayra,
aHMManus yuiH rpaduka xacayra, OpHEKTEp CajyFa, JICYMETTIK JKeJiiepaeri
*a30anapapl Oe3eHIipyTe, OACKII MIBIFAPYFa apHAIIFAH MAaKeTTeP/Ii (BU3HUTKAJIAP,
rapaxianap, riakaTrap) skacayra bIHFaiibl [6].

Adobe Illustrator GarnapiiamMacbiHaa jkacairaH )KOO0aHBI 5 JKEPTiIIKTI
¢dbopmatra cakrayra 6omaner: Al, PDF, EPS, SVG xone SVG. XKobanars
0apiIbIK JIepeKTep TOJBIFBIMEH OChI (hopMaTTap/a cakranasl. bipak erep sxymbic
asIKTaJIbIHFaH 00JIca )KoHE OACHI IIbIFapy HEMece HHTEPHETKE XYKTEI caily YIIiH
JM3aiHIBI DKCTIOpTTay KaxkeT Ooisica, Adobe Illustrator keneci popmarrapast
yeemanasi: BMP, JPG, PNG, PSD, SVG, TIF, TGA, CSS, WMF, EMF, DWG, TXT,
DXF, PCT. barnapiamanbIH Tarbl 0ip MaHbI3/Ibl apTHIKIIBUIBIFBI — KOMIIBIOTEPIIIK
rpadukamen kyMbic icteyre apHairaH Adobe KochIMIIaiapblHBIH OapIibIK
JKMBIHTBIFBIH OpHATY XoHe (popMaT ColiKecCi3AiriHeH 3ap/ar MIeKIey MyMKIH/IIT.
OcpIHal epeKIIeNiKTepre Ha3ap ayapa OThIPbII, Ka3ipri TaHaa OaraapiaMaHbl
a3ipieymlIiiep yakbIT aFbIMbIHA 1J1€CIH, 63 OHIMJCPIHIH MYMKIHJIKTEpIH YHEMI
KCeHEHTIN oThIpasl [7,8].

I'paduxanbik qu3aitd OyriHje BU3yallibl HIbIHIBIKTBIH KYPJEIi, KOl AeHr e
MIOHIMEH KYMBIC JKacay1a dpTypJii KOCiOU MOHIEP/IIH MPHHITUITEPI MCH 9IICTEPIiH
OipiKTiIpeTiH cypaHbICKa M€ MaMaH IbIKKa aliHamyaa [9,10].

Kasipri yakpITThl OariapiaMa MapKETHHITIK CTpaTeTHsIap/bl XKy3ere
aceIpy KesiHje, OpeHATI xobanaya jKOHE KOMITAHUsFa KaXKET apHajap YIIiH
MapKeTHHITIK MaTepualjap/bl xacayjaa KoJaaHbliaabl. byn kenecigein
opeKeTTepre K0 allajbl:

— JKapHaMa;

— caTy/ibl BIHTAJAHABIPY;

— TiKeJel MapKeTHHT;

— JKeKe cary;

— Karrama;
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— IeMeyIITIK;

— CEPBHUCTIK KbI3MET KOPCETY.

Kenreren mapkerosjorrap MeH SKOHOMHUCTEp CaTy CTPAaTETUSICHIH jKacay
yiniH MacnoyablH KaKeTTUIIK MUpaMuIachiH OeICeHAl KoJiaHaabl. MbIcabl,
0J1 IepCoHaJIIbI OacKapy >KYHeciHae KbI3MEeTKepIIep/ii bIHTAIAH/IBIPY TOCIIIepiH
KypyZla, y3aK Mep3iMJii jKoclapiayaa opTypil Tayapiap MEH KbI3MeTTepre
O0onamiak KaXeTTUTIKTEp Typayibl 00JKaMm kacay YIIIH KOJIJAaHbIIaIbl
(2-cyper) [11].

Mapxketunrre Macioy nupaMuaachl HApBIKTHI Talgay JKOHE ayUTOPHSHBI
uepapxusi OOMBIHIIA CErMEHTTEY YIIiH KOJAaHbIIaAbl. bysnm MakcarTsl
ayZAMTOPUSHBIH KaHJall KKeTTUTIKTepl KYIITi ekeHiH Oiyre kemekreceai. Comxan
KeiiH aynuropus Oenriyi Oip KaKeTTUIIKTIH KaHaraTTaHybIH Kaslail KepeTiHiH
3epTrey Kepek. OChIHIal 3epTTey/ICH KeiiH oJIeyeTTi KIIMSHTTEP/IIH He 13ICHTIHIH
Oiyre, oylapra TYPhIC MICIIIM YChIHA allaThIHAAN Oarmap Oepyre 001a bl

PyxaHu

KameTTinikrep A Mexe acy. flamy. B1in-o3i rany.
B3inH-83i HepceTy
KameTTiniri ICTETHRANBIK,

KameTTinikrep A Mahab6ar. KyaHeiww.

Yitnecimainix. Spiminik.

Wbirapmawbinbi Wirapmatuinsis, Kypy.

kamerrinintep A Tansim. AwbikTeK,

KamerTinix. Manbiagsibi,

A Tauy. Gain-e3i Garanay.
Baiinamsic. Hazap ayRapy.

Y Kamyopnsik. Kongay.

A Kayincizgin. Cenimginir.
TypaktsiasiK, blnsainsuneik.

A Tamak. Cy. ¥iikpl.

2-cypeT — Macnoy nupamMuachbiHa MbICal

Adobe Illustrator 6arnapramackIHAaFbl BEKTOPIIBI TPA(QUKATBIK PEAAKTOPIbI
uuGpIabIK MAPKETHUHT CalaChIHA MalilaianyablH Oacka OaraapiaManap CeKiiii
apTHIKIIBUTBIKTAPBl MEH KeMUIUTIKTEpI, Maiackl MEH 3UsiHbI Oap eKeHi aHBIK.
Bynnl kenecigeit SWOT-ananu3 onicineH kepyre Oousamsl (1-kecte):
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1-xkecte — SWOT ananus

APTBIKWILLIBIKTAP

Kemuristikrep

—Kocion  mmzaiin wmwemimi:  Adobe
Illustrator — >xorapbl canaibl rpaduka MeH
KociOM Kypanjapbl YChIHATBIH JKETEKIL
BEKTOPJIBIK IpaUKaJIbIK PEAaKTOPIAPIbIH
oipi.

— Matepuansl OpeHATey KoHe Kxodanay:
[lustrator-npl ~ maiiganany  OpeHAMHT,
JIOTOTHIITEp, OaHHepiep JKkoHe Oacka
CaHJIBIK MapKETHHITIK MaTepuayijap YIIiH
Gipereit JKOHE LIBIFapMaIIbLIBIK
JJIEMEHTTEP] JKacayFa MYMKIHIIK Oepeni.
—Op Typni miardopmanapra apHalFaH
macmradray:  Illustrator-ma  sxacanran
rpaduKambik 2JIEMEHTTEP OHait
Maciitadranazasl, Oyl OJIapIblH OpTYpIl
caHJIBIK TUIaTdopManapra, COHBIH IIIiHIE
BeO-caliTTapra, QJEYMETTIK JKeliyiepre
JKOHE MOOUIBIL KOCBIMIIIaJIapra
OeitiMzenyiH KaMTaMachl3 CTe/.

— Busyanabl TapThIMIBI Ma3MYHIBI KYPY
myMKingikrepi: [llustrator MapkeTHHITIK
MaTepranIapIbIH THIMIITITIH
aifrapibIKTail JKaKCapTaThbIH
LIBIFAPMAIIBLIBIK KOHE BU3YaJIbl
rpaduKanbIK  OJEMEHTTepai  jkacayra
apHaJFaH KemTereH Kypasiaapst
YCBIHATBI.

— JKananan G6actayibuiap yIIiH KUBIHIBIK:
[lustrator ~ maiimamany  yakelT — IICH
TOXKIpUOCHI KaXeT eTeidl, al JKaHaJaH
Oacraymibuiapra OarapiaMaHblH OapIIbIK
MYMKIHIIKTepiH Oip/icH MEHrepy KHbIHFa
COFYBI MYMKIiH.

— DoTOpeaNnuCTIK KECKIHIEPMEH JKYMBIC
icTeyneri KUBIHIABIKTAp: (OTOPEATUCTIK
KECKIHIepMEH JKOHE Kypaeni
TEKCTypalapMEH JKYMBIC  iCTey  YIIiH
illustrator-garel BEKTOPJIBIK TPaHUKAIBIK
peaaKkTop PacTpIIbIK peaaKTopMeH
caJbICTBIPFAaHAa  BIHFAiIBI  OoJIMaybl
MYMKIiH.

ITaligacel

Kaymni

— Busyans Ma3MYHJIbI KYpyJaarsl
tuimainik:  Adobe Illustrator mbpibIk
MapKeTHHITIK ~ HAyKaHJApJABIH  KaJIIbI
KOPIHICIH JKaKCapTaTbIH JKOFapbl Canajbl
BU3YaJI/Ibl 3JIEMEHTTEPI1 XKbLIIaM jKacayFa
MYMKIH/IIK Oepei.

— Backa Adobe OHIMICPIMEH
yieciMaiTiK: backa Adobe
OarapiamanapbIMeH (MbICabL,

Photoshop xone InDesign) vyitnecimai
JKOHE THIMII KYMBIC MPOIIECiH
KaMTaMachI3 eTe/i.

— Bacekenecrik sxoHe Oamamanap: Oacka
BEKTOPJIBIK KOHE PacTpJIbIK
peIaKkTopiapMeH, COHJal-aK TpadHUKaHbI
KYPYIbIH Oanama KypaamapblH YCHIHATHIH
OHJalH T1uaTdopmamapmMeH OoceKenecTik
oap.

— JKorapbl  NHICH3WSUTBIK — [IBIFBIHIAP:
Adobe eHiMepiHe apHaIFaH JUICH3HUSIAP
KbIMOAT OOJIybl MYMKIiH, dcipece MIaFbIH
OuzHec meH Oacraylibl MapKeTOJIOrTap
YIIIiH.

JXacanran aHanusre Kapail OTBIPBII, OHJIAFbI KEMILIUTIKTEP MEH KayinTepi

KeJeciiei oiicTepMeH menryre 0osabl:
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Kemminikrep. ananan Oacraymsiiap yuria KusiHabslK: Adobe Illustrator
naiianany OOMBIHIIA OKBITY KypcTapbl MEH BOPKIIONTAp/bl OTKI3y JKaHalIaH
GacrayIbuiap YIiH KUBIHBIKTBI i TapiIbIKTall TOMEHIeTY1 MyMKiH. IHTepHeTTeri
pecypcTapra, OciiHe OKYJBIKTapFa JKOHE KyKaTTamara KOJ JKCTIMIITIKTI
KaMTamachl3 eTy INaijajaHylsliapra OargapiaMaHblH Heri3iepin yipenyre
KOMEKTECE/I].

doTopeanucTiK KECKIHJIEPMEH XYMBIC iCTeyJeri KUBIHJBIKTap:
(doropeanmcTik KeckinaepMmeH xyMbic ictey ymin Adobe Photoshop cusikTs
pacTpibIK peAaKkTopjIapMeH MHTErpalysiHbl yCbiHyFa Oorajsl. barnapiaamanap
apachlHia Oesicyi KEHIIETEeTIH KOJIay MEH IUIarHHIEep OChI IIeKTeyJepi
KEHYTe KOMEKTECE/I].

Kayinrep. bocekenecrik xoHe banamanap: Adobe Illustrator Garnapiamackiaa
YHEMI JKaHapTBII OTHIPY XOHE jKaHA MYMKIHIIKTEpJi KOCYy OHBIH Oacekere
KaOineTTuIiriH aprThipa anazasl. [laligananynsuiap KaybIMIacThIFbIHA OeIceH T
KaTbICy, Kepl OallIaHbICTBI THIHJAY XKOHE YKaHA TEXHOJIOTHsUIapbl CHI13y
TnaijananymbuIap/sl yCTamn TYpyFa KOMEeKTece .

JKoraps! JIMIEH3MSIIBIK MIBIFBIHAAP: UKEM/I1 jKa3blIBIM JKOCHapiapbl MEH
TEriH ChIHAK HYCKaJapblH YCHIHY JKaHa MaijalaHylIblIapsl TapTa anajsbl.
BarnapiaMaHbIH KOJI JKETIMJI HYCKaJIapbIH 33ipJiey HeMece IIarblH OM3HEecKe
KEHUIIIKTEp Oepy Kap>KbLIBIK KeJIepriHi TOMEHIETY1 MYMKIH.

OchIHal KeMIIUTIKTEPi, KaTeNiKTepi Oojia Typa Oarmaapiama e3 Ke3eriijie,
0acka ja TaHbIMal rpaduKaNIbIK OaFaapiiaMaiapMeH Oip KaTap/ia 63 OpHBIH allyia.
Ocpl perte Adobe Illustrator-p1 6acka OarnapiamMaiapMeH CalbICThIPa KETCEK:

Adobe Illustrator sxane Corel DRAW:

Adobe Illustrator: canaibIK cCTaHIapT )KOHE BEKTOPJIBIK I'pauKaMeH )KyMbIC
icTeyre apHajJraH Kypajjgap MEH MYMKIHAIKTEPAiH KEH ayKbIMbIH YCHIHAJbI.
Photoshop :xone InDesign cusiktsi 6acka Adobe eHiMIEpiMEH HHTETPAIHSICHI Oap.

CorelDRAW: Conpaii-ak BEKTOpJIBIK I'padUKaHbl )Kacayra apHalraH
TaHbIMa OarjapiaMa. OHBIH XKeKe Maiilananysl 6a3acel 6ap )KoHEe pacTpiIbIK
keckinai enaeyre apHanran Corel PHOTO-PAINT cuskrel Oanama Kypaimap
MeH (DYHKIUsUIap/Ibl YChIHA/IBL.

Adobe Illustrator >xone Inkscape:

Adobe Illustrator: 6ait kypannapsl MmeH Creative Cloud MakeTTepin Kogaysl
0ap KOMMEPIHMSUTBIK Oarnapiamaibik Kypail. backa Adobe eHimMIepiMeH KoFaphbl
OHIMJIUTIK [IeH UHTETPALMSIHBI YChIHA/IBI.

Inkscape: TeriH sxoHe albIK OacTaIKbl KObI BEKTOPIIBIK IpaduKara apHaIFaH
Oarmapnamaisik Kypai. Onbig [llustrator-ka kaparaHjaa MyMKIHIIKTEPi a3bIpak
Oosca na, Inkscape sxaHanan OacTaraHIap MCH TETiH KYpasiap.ibl YHATATHIHIAD
apachIH/Ia TaHbIMAJI.

Adobe Illustrator xaone Affinity Designer:
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Adobe Illustrator: Bait pyHkIHOHANABIFEI )oHE Oacka Adobe eHiMIepiMeH
6ipiKTipy MYMKIHZIri 0ap MEHIIIKTI OarapiamManbik Kypait. JKorapbl OHIMIUTIKTI
JKOHE OPTYPIIL pecypcTap MEH OKy MaTepUaiapblHa KOJDKETIMIIUTIKTI KAMTaMAaChI3
eTesl.

Affinity Designer: BexTopiblK rpaduka KeHICTITIHIET CalbICThIPMAaIbl
TYp/Ie JKaHa OMBIHIIBL, O1paK OHIM/IUIITT MEH KOJI )KeTiM/li OarachIHBIH apKachIH/a
Te3 TaHbIMall 00Jbl. BEeKTOpIBIK TpaduKaHbl KxacayFa apHajFaH KeOITEreH
Kypasiaap/isl yeeiHa bl skone [llustrator-ka ykcac nnrepdeiici 6ap.

JKanrsr, Adobe [llustrator skoHe 6acka BeKTOPIIBIK rpaduKaiIbik Oarapiaamaiap
apachIHAaFbl TaHJay KEKe NMalaJaHyIIbIHBIH KaKeTTIIIKTepiHe, oJlap/bly
OFOJKCTIHE JKOHE Kypasl TaHjaaynapbiHa OainaneicTel. Adobe Illustrator e3iniH
6aii pyHKIMOHAIBIFBI MEH KOCIOM KaybIMJACTBIKTap/IblH KEH KOJIJIAaybIHBIH
apKachIHJIa OChI caJla/larbl Kembacbuiap/ e 0ipi 001kl Kana Oepei.

KopbITbIHABI

Adobe Illustrator — OyJ1 BEKTOPIIBIK rpadKaMeH KYMBIC iCTEyTe bIHFAIIIbI
Kypai. PenakTop MasMyHJIbl BH3yalM3anusiiay YIIiH OapiblK KaeTTi
KypajiJgapabl YChIHA/IbI, BIHFAWIbI )KOHE KaparaibiM uHTepdelicke ue, HailblH
JKYMBICTBI KeTITereH opmarTap/ia cakrayra MyMKiHiK Oepeni. by pexakrop st
MEHI'€pI'eHHEH KeHiH OHbI Ke3-KeJIr'eH KaC10M Ma3MyH/IbI )Kacay YIIiH KMbIH/IBIKCHI3
naiiananyra Ooiazpl.

Busyannbel Typae MaHbBI3Ibl OOJBINT TaOBUIATHIH HU(PIBIK MapKETHHT
noyipinge Adobe Illustrator Tamama HoTHKeJIEpre KOJ JKETKI3YIH MaHBI3bI
KypaJibl O0JIbIN TaObLIa Ikl Byl BeKTOPIIBIK rpadrKalibiK pelakTop MapKeToIorTap
MEH JaM3aiiHepyiepre KpeaTHBTI HJAesUIapAbl TOJBIK KOPCETE allaThbIH KoHE
OJIap/IbIH MAKCATThI 2y M TOPUSICHIHBIH Ha3apbIH ay/1apa allaThlH KyaTThl Kypajiiap
JKUBIHTBIFBIH YCHIHA/IBI.

byn penakrop rpadukanblk Kypaa FaHa eMec, COHBIMEH KaTap HU(PIBIK
MapKETHHI CTPaTEerHsChIHBIH HEri3ri Kypampac Oediri OGouibin Tabbutanbl. by
OpeHuTepre ayJAMTOPUSIMEH SMOLMOHANABI Typle OaiyaHbICyFa KaOiineTTi
BHU3yaJlJpl OeliHesep jkacay apKblIbl KONTETeH Ma3MYHMEH epeKIIelieHyre
kemekrecei. Adobe [llustrator — BUpTyan bl MapKETHHT QJIEMIHJIE KEPEMET acep
KaJIJIbIPAThIH Callabl XXoHE KOCiON AN3aiiH bl KAMTaMachI3 €T€ OTBIPBII, TAOBICTHI
IUQPIIBIK OeJICeHAUTIKKE YMThUIATBIH/AP YILIIH CEHIM/Il CepiKkTec.
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UCIIOJb30BAHUE PEJAKTOPA BEKTOPHOM I'PA®UKHA
ADOBE ILLUSTRATOR B IU®POBOM MAPKETHUHI'E

B mupe epaguueckoco ouzauna Adobe Illustrator naxooumcs
Ha nepedHeM Kpae, Npe0OCmagnsisi 0Oe3ePAHUYHbIE 8O3MOICHOCHIU
onst meopuecmsa Onazooapsi 6ekmoprou epaguke. Hcnonvzys smy
rkonyenyuto, Adobe Illustrator nozeonsem oumu ¢ mup 6e3epaAHUYHBIX
603MOJICHOCEL, KOMOPble OMKPLIGAIOMCsL Npu pabome ¢ GeKMopamu.
OmKpwI8ast OCHOBbL U Nepedosble Memoobl, YUMAMelb NOSPY3UMCS 6
VHUKQIbHBIE ACNEKMbl  CO30AHUSL NPOPECCUOHATbHBIX  ULTIOCIMPAyul,
1020Munos, uHmeppeicos u mMHo2o2o opyeoeo. Om moHKux Oemarell
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pabomsl ¢ gekmopamu 00 CO30aQHUSL GbIPAZUMENbHBIX U  CIOICHBIX
KOMRO3UYULl — Kaxncoasi KOHYenyus cepuu Nnpu3éanda pacKkpbiis 6ech
nomenyuan eekmopHot epaguku ¢ Adobe Illlustrator.

B osmoti cmamve pacckasvieaemcs 0 WUPOKOM — CneKmpe
@ynryuti eexkmopuou epaguxu ¢ Adobe Illustrator, dasas wumamensim
noOpoGHbLL  0030p UHCIMPYMEHMO8 U  QYHKYuil npoepammvl. B
YACMHOCMU, PACCMAMPUBAIOMCS MeMbl CO30AHUS U PEeOAKMUPOSAHUSL
BEKMOPHBIX 00BEKMOS, pabomvl ¢ YSEMAamu, WPUGMamu u meKcmom.
Kpome moco, nodpobno ananuzupylomcsi memoosvl mpaHc@opmayuu
U mMacumabupoganus, A MaKdice UCNONb306aHue 3ppexmos s
O0CMUINICEHUSL YHUKATLHBIX GU3YATbHBIX pe3yibmamos. Taxoice ¢ cmambe
NOKA3AHA OCHOBHAsI CPedd UCHONb308AHUSL GEKMOPHOU  2papuKy,
NOKA3AHbI ee 3HAUUMOCTb 8 PAZIUYHBIX 00NACIAX OUZAUHA U UCKYCCME.
O0uH u3 Hux — yugposoii mapxemune. B cmamve onpeodenieno, Ha KaKux
omanax Adobe Illustrator nomocaem 6 peanuzayuu MapKemuH20801U
cmpameeuu. I[Ipedcmasienvl apuanmol UCNOIb308AHUSL PEOAKMOPA NPU
pabome 6 chepe yupposoeo mapkemunea.

Krouesvie cnosa: sexkmopnas epagura, Adobe Illustrator, yugposoti
Mapkemune, 1020Mmun, peoaKmop.
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USING ADOBE ILLUSTRATOR VECTOR
GRAPHICS EDITOR IN DIGITAL MARKETING

In the world of graphic design, Adobe Illustrator is at the forefront,
providing unlimited possibilities for creativity thanks to vector graphics.
Using this concept, Adobe Illustrator allows you to enter the world of
limitless possibilities that open up when working with vectors. Discovering
the basics and advanced methods, the reader will dive into the unique
aspects of creating professional illustrations, logos, interfaces and much
more. From the subtle details of working with vectors to the creation of
expressive and complex compositions — each concept series is designed
to reveal the full potential of vector graphics in Adobe lllustrator.

This article describes the wide range of functions of vector graphics
in Adobe Illustrator, giving readers a detailed overview of the tools and
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functions of the program. In particular, the topics of creation and editing MPHTH 50.41.29
of vector objects, work with colors, fonts and text are considered. In https://doi.org/10.4808 1/LKTD6416
addition, methods of transformation and scaling, as well as the use of
effects to achieve unique visual results, are analyzed in detail. The article *C. H. Tanunoe
also shows the main environment for using vector graphics, showing its TopaiireipoB yHuBepcutet, Pecniy6nuka Kasaxcran, r. [TaBnogap
importance in various fields of design and art. One of them is digital ORCID: https://orcid.org/0009-0004-2408-1543
marketing. In the article, it was determined at which stages Adobe *e-mail: talipovsn@gmail.com
Hllustrator helps in the implementation of the marketing strategy. Options
for using the editor when working in the field of digital marketing are PA3PABOTKA KPOCCIJIAT®OPMEHHbIX BU3YAJIbHbIX
presented. TTPOIrPAMM HA WXWIDGETS B CPEJJE LINUX

Keywords: vector graphics, Adobe Illustrator, digital marketing,
logo, editor.

C INMOA4AEPXKOU KPOCC-KOMIMUIALNN

B nacmoswee spems ece bonvuie pazpabomuurxos npocpamMmHo2o
obecneuenuss (I10) nepexodsm Ha omkpvlmvle — cucmemvl Ha Oase
Linux. Haubomee eocmpedosanuvim sizvikom paspabomru 110 0ns
NEPCOHANLHBIX KOMNbIOMEPO8 ocmaémcs ynusepcanvhulil a3eik C++
3a cuém HAMUBHOCMU, KOMNAKMHOCMU U CKOPOCMU CO30a8AeMO20
MawunHo20 K0oa npozpammol. Llenvio ucciedosanusi 6 0annou cmamove
SAGNSIEMCsl  U3YUeHUe UHMe2PUPOoBanHvlx cped paspabomku (IDE) ¢
Linux Ona coz0anusi 6u3yanbHuIX KpOCCHIAM@POPMEHHBIX NPUKIAOHBIX
npoepamm Ha szvike C++, a makdice 6bl60Op Cpeou HUX HAULVHUUX
no y0obcmey UCHONb308aHUS, NO00EPIAHCKE KPOCC-KOMAUIAYUU U
HAbopy (DYHKYUOHATbHBIX 803MOdICHOCmeEl. Kpocc-komnunayus Oaem
paspabomuuxam Ha Linux 603MOJCHOCMb  cOOUpamv  npocpamMmbl
ona Linux u Windows, uckmouas nompedHocmv 6 UCNONb30BAHUU
opyeux yYCmpoucme Uiy GUPMYAIbHbIX MAWwul. Omo He MOoAbKO
9KOHOMUM 8PeMsi U PeCypCbl, HO U peutaenm npooiemy, Ko2od N0OOOHbLX
603MOCHOCIEN nonpocmy Hem. Pe3yibmamul ucciedosanusi nokaaiu,
umo 05l pazpabomxu KpoccniameopmMenHvlX GU3YANbHbIX NPOSPAMM
na wxWidgets 6 cpede Linux ¢ noooepiickoil Kpocc-KOMRUumsyuu OJist
Windows naywwe ucnonvzosame IDE DialogBlocks u rkoncmpyxmop
¢dopm wxFormBuilder 6 cesske ¢ IDE NetBeans. CodeBlocks ¢ wxSmith
u CodeLite ¢ wxCrafter mpebyrom pyuHol KOppeKmuposKu Kooa OJis
npasuibHoeo omodpaxicerust cumeonos Unicode, nosmomy menee y0oOHbl
0151 CO30aHUSL KPOCCHAAMPOPMEHHBIX NPOSPAMM C KPOCC-KOMNULAYUELL.

Kuouesvie  cnosa:  wxWidgets, C++, Linux, Windows,
KPOCCKOMNUNIAYUSL, KPOCCIIAAMPOPMEHHOCHTb.
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Beenenne

B nacrosiiee Bpems Bce 0osbliie pazpaboTyMKOB IPOrpaMMHOT0 o0ecieueHUs
(ITO) nepexoasT Ha OTKPBITHIE cUCTEMBI Ha 6a3e Linux. D10 CBsI3aHO HE TOJIBKO C
nH(OpPMAIOHHOH 0€30I1aCHOCTBIO, HO ¥ C IMPOKUMH BO3MOYKHOCTSIMHU CO3/IaHUS
Ha eMHOM Tu1aThopMe MporpamMm 1o/ pa3Hble onepanronHbie cucremsl (Linux,
Windows u a.p.) [1]. OpuruHanbHbI UCXOIHBIN KOJ, CKOMITMJIMPOBAHHBIA U
CKOMITOHOBAHHBIH ¢ Ombimrorexkamu wxWidgets /it Kaxa1o0i onepanroHHOR
CHCTEMBI, CO3/1aCT HATUBHBIC IPOrPAMMBbI, HE U3MEHSISI HU OJIHOM CTPOKH KOJIa.

Hawubonee BoctpeboBaHHBIM s3bIKOM pa3padorku 1O st nepcoHalbHbIX
KOMIBIOTEPOB OCTAETCSA YHUBepCaNbHBIN s3bIKk C++ 3a CYET HATUBHOCTH,
KOMITAKTHOCTH M CKOPOCTH CO3]]aBaeMOI'0 MAIIMHHOI'O KOJa MPOrpamMMbl.
TonbKO Ha 3TOM SI3BIKE MOXHO CO371aTh Hauboee 3(pPeKTUBHBIC U OE30IIaACHBIC
MIPOrpaMMBI, T. K. IIPOrPAaMMHCT MMEET MOJIHBIA KOHTPOJIb U MIOHUMaHUE BCEX
JefcTBUll co3naBaeMoil mporpaMMsl [2].

OnHa u3 mpoOieM co3JaHusl YHUBEPCAIbHBIX KpOoccIiaT(GOpMEHHBIX
rporpamm Ha si3bike C++ JUIsl pa3HbIX ONEPAIIMOHHBIX CUCTEM - 9TO (PEHMBOPKH
(Oubnmorexu) 1y1s co3panust BU3yajibHOro nrepdeiica nporpamm. B HacTosiiee
BpeMsi TOJIBKO (peiiMBopk wxWidgets sSBISICTCS TMOTHOCTBIO OCCIUIATHBIM, C
OTKPBITHIM HCXOJHBIM KOJIOM, ¥ OH ITOJIXONT JUIsl JIF0OOT0 NPUMEHEHHS, BKJIIOYast
KOMMEpYECKHE U CIICIHaIbHbIC pa3padotku [3; 4; 5].

[Iporpammbl ¢ ucnonb3oBanneM wxWidgets TpuMeHSIOTCS TakkKe
U1l paboTKK rpa)uuecKoro MpPOrpaMMHOr0 oOecreueHus sl KPYIHBIX
sHeprocucreM [6], I aHaIM3a IPOOJIeM 3arpsisHeHUs aTMOCc(epHOro Bo3yxa
B NIPOMBIIIUIEHHBIX Topojax [7]. DTo moguepKkuBaeT BaXKHOCTh U aKTyalbHOCTb
HCIIOJIb30BaHMs JaHHOTO (hpeiimBopKa Jutst pazpadotku [10.

Llesbto nceeioBaHus B JAHHOM CTAThE SIBIISIETCS N3y4YEHNE MHTEI PUPOBAHHBIX
cpen pazpadotku (IDE) B Linux ay1st co3panmst BU3yanbHBIX KPOCCIUIAT(OPMEHHBIX
MIPUKJIAJHBIX IpOrpaMM Ha sizbike C++, a Takke BIOOp CPear HUX HAMITYYIIUX
1o ya00CTBY HCIOJIB30BAaHUS, MOJACPKKE KPOCC-KOMIWISIUN U HAaOopy
(DYHKIIMOHAJIBHBIX BO3MOXKHOCTEH.

Kpocc-xomnusinus gaet paspaborunkam Ha Linux BO3MOXXHOCTH cOOMpaTh
nporpammsbl it Linux 1 Windows, HCKITFOUast MOTPEOHOCTh B UCIIOJIb30BAHHH
JPYTHX YCTPOHCTB MM BUPTYJIBHBIX MAIIMH. JTO HE TOJIBKO 9KOHOMUT BpeMs U
pecypcbl, HO ¥ peliaeT npobiieMy, Koraa nogo0HbIX BO3MOYKHOCTEH HeT.

O030p nUTEPATYPBI OKA3a, YTO UCCIICOBAHHMN 10 TEME KPOCC-KOMITHIISILINA
MIPAaKTHYECKH HET, I0ITOMY OBUIO NMPHHSTO PELICHHE BOCIIOIHUTH 3TOT Mpole
ITyTeM MPOBEICHUS UCCIIE0BAaHMS U HAITMCAHUs JaHHOU cTathu [1; 3].
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Marepuajibl 1 MeTOABI

Jns pa3paboTku B Linux mporpamm ¢ moaaep) Ko rpadguyeckux
nnrepdeiicor wxWidgets ects cinenytomue nonyisipasie IDE: CodeBlocks [8],
CodeLite, DialogBlocks u NetBeans ¢ koncrpykropom wxFormBuilder [9].
PaccmoTpuM MX Bce B JaHHOM HcclieoBaHuu. B kadectBe Linux-ruratdopmsl
OyzneMm ucnonb3oBaTh nuctpuOytuB Debian ¢ kommuisitopom GCC u kpocc-
komnuiatopoM MinGW-w64 1uist co3anust mporpaMmm Juis OnepanuoHHON
cucrembl Windows. J[is TecTHpoBaHHs KpPOCC-KOMIHJISILKUK (T. €. BEPCUU
niporpammsbl uist Windows) Oyiem ucrosbp3oBath nojacucremy Wine B Debian.

[Tepen HavyanoM ObUTO0 HEOOXOIMMO YCTAaHOBHUTH Bee paccMmarpuBaemsie IDE,
MOJIrOTOBUTHh KOMIHJISITOP U KPOCC-KOMIIMJISITOP JUIsl CO3/IaHHMSI MOHOJIMTHBIX
64-0uTHBIX TpUIIOXKeHNH ¢ moajepxkkoi Unicode-ciMBosIOB. MOHOIUTHOCTH
TI03BOJISIET MMETh €/IMHBIN 3aIycKaeMblil (aiiia 6e3 UCIoiIb30BaHnsl CTOPOHHUX
6ubmoTek, a noyiepxka Unicode Hy»Ha JJIsi KOPPEKTHOH paboThl CO BCEMHU
SI3BIKAMU ¥ CUMBOJIAMHU.

Ha pucynkax 1-4 npuBeieHbl CKPUITBI COOPOK VISl JAHHOTO UCCIIEIOBAHMSI.

sudo apt install build-essential libgtk-3-dev gdb wget -y

rm -Rf wxWidgets-3.2.6

get https://github.com/wxWidgets/wxWidgets/releases/download/v3.2.6/
xWidgets-3.2.6.tar.bz2
ar xf wxWidgets-3.2.6.tar.bz2

d wxWidgets-3.2.6

../configure --with-gtk --disable-shared --enable-monolithic --enable
-unicode

make -j$(nproc --all)

sudo make install

sudo ldconfig

Pucynox 1 — Ckpunr c6opku 6ubnmmorex wx Widgets
JUTsL KOMIFJIALMA TTporpaMM Juist Linux

“wx-config --cxx --cxxflags™ -o main *.cpp “wx-config --libs”

Pucynox 2 — Cxpunr coopku oudnmorex wx Widgets
JUISL KPOCC-KOMITWIISALINH TiporpamM st Windows
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-w64-mingw32-g++ *.cpp $(/usr/x86_64-w6 v32/bin/wx-config --cxxflags --libs

--unicode) -o main.exe -static

Pucynok 3 — Ckpunt cOOpKH Iporpamm
JUIsl KOMIWJISIIUY TTporpamm utst Linux

sudo apt install mingw-wé4 -y

mkdir buildmingw

d buildmingw

. ./configure --prefix=/usr/x86_64-w64-mingw32/ --host=x86_64-w64-mingw32 --build=
K86_64-1inux --disable-shared --with-msw CFLAGS=-I/usr/x86_64-w64-mingw32/include

--enable-unicode
make -j$(nproc --all)
sudo make install
sudo ldconfig

Pucynox 4 — Ckpunt cOOpKH IIporpamMm
JUTS KPOCC-KOMITIIIAIINY TTporpamm it Windows

Pe3yabTaTsl u 00cy:KIeHHE

[epgoii Oputa necneqoana IDE CodeBlocks co BCTpOEHHBIM peakTOpOM
GUI wxSmith (pucyHok 5) Ha mpocTeiimeM mpuMepe pemieHus: KBaapaTHOTO
ypaBHEHUS.

- Quadratic_equation  equation build v oA x
Fle Edt View Seach Projec Buld Debug wiSmith Tools Toolss Plugins DoxyBlocks Settings Valgrind Help

RN ] ¥ ® 8> 8O 0 Releas VB> 9 ]

Quadratic_equation. ®
Projects | Fies | Resources | Symbols =
@ workspace
~ M Quadratic_equation wxwidgets
v B8 Sourc
Qua
‘Quadratic_equation wxwidgetsMain.cpp.

o
o %70
i_equation wiidgetsApp.cpp
=To

88 Headers

88 Resources

1% .

88 wsmith

Q

Standarg | Advanced Aui Contrib Dioogs KWIC Layout Led MathPlot Tools

2| = P || | v | | | [ | | B3

ch @] [/ cscope B| |/ cppcheck >

es ® /) Dosyslocks B {¥Debugger B (A Th

Pucynox 5 — IDE CodeBlocks co BctpoeHHBIM
penakropom GUI wxSmith

Janunas cpena pa3paboOTKU mokasana CBOK paboTOCmOCOOHOCThH B
CO3JIaHUU TIPOTPAMMBbI Kak Jiist LinuX, Tak M yCHEMIHYI0 KPOCC-KOMITUIISIIIUIO
st coopku ox Windows. J[i1st 3Toro ObU1o HEOOXOAMMO TIEPEHACTPAUBATH
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IISITh N1apaMeTPOB COOPKH MPOEKTa: JOTOJHUTEIILHBIHN apaMeTp KOMITWIATOPA,
JIONIOJTHUTENBHBIN MTapaMeTp KOMIIOHOBIIMKA, KOMIHIISTOp C++, KOMIOHOBIIUK
JUTSL TUHAMAYECKUX OMOJIMOTEK ¥ KOMITOHOBILMK JUIsl CTaTHYecKuX ondiunorex. Ho
0Ka3aJI0Ch, YTO MO YMOJIYaHUIO KOHCTPYKTOP WXSmith He co3/1aeT npaBUIIbLHOTO
WMHTEPHAIMOHAIBHOTO KOoJa JUIsi oaaep Kk cuMBoiioB Unicode, uto Tpedyer
PYYHOH KOPPEKTHPOBKH U 3TO HEYZAO0OHO M HENPaBUIBHO. be3 KOppeKTHpOBKH
no0ObIe OyKBBI, KPOME aHIIIMHCKHUX OYKB, OYIyT 0TOOpaXkaThcsl HEIIPABUIIBHO.
Haiee 6bu1a uccnenorana IDE CodeLite co BecrpoenubM penaktopom GUI
wxCrafter (pucyHOK 6) Ha npoCTeHIIeM TpUMepe JEICHUS IBYX YHCEIL.

aBaos

« CodeLite wxWidgets D2 demo-main/main.cop

~ @ CodeliteProjects
~ 5 CodeLite wxWidgets Div2 demo
> incude

win_resources.rc ue(). Tobouble(&a))
_error( )
) -ToDouble(8b))

controls.cpp
quicpp.
main.cpp.

& wcrafter

PN BOE» @D

qui_codelite_wwwidgets_div2_demo-mal

ing: : Format (

Build Search, Replace  References  Output Terminal  Tail

-j 12 -e -f Makefile
----- uilding proj
make[1]: Entering d
make(1]: Nothing to

make[1]: Leaving dir
=== build completed

tn1, colo

Pucynox 6 — IDE CodeLite co BctpoenusM pegakropom GUI wxCrafter

SPACES  LF cr )

Jannas cpena pa3paboTKH ITOKa3aia CBOIO pab0TOCIIOCOOHOCTD B CO3TIAHUN
IporpaMMbl Kak [yt Linux, Tak ¥ yCIeIHY0 KPOCC-KOMITMILILHUIO JUIsi COOPKH
o Windows. 17151 3TOr0 65110 HEOOXOFIMO TIEPEHACTPANBATE MSTH TAPAMETPOB
cOOpKHM MpoeKTa: mapameTpsl koMmmwratTopa C++, mapaMeTpsl KOMIIOHOBIIHKA,
napaMeTpbl KOMIIIATOpa pecypcoB, C++ KoMmmIaTop u KomMrnoHoBmmk. Ho
TaK)Ke O0Ka3aJoch, YTO MO YMOJYaHHIO KOHCTpykTop wxCrafter He cosznmaer
MPaBIJIGHOTO MHTEPHALMOHAIBEHOTO KOZA Ul oAAep KKK cuMBoiIoB Unicode,
9TO TpeOyeT py4HOI KOPPEKTUPOBKH U 3TO HEYLOOHO M TOXKE HETIPABHIBHO.

Hanee uccmenosanack kommepueckast IDE DialogBlocks (B HacTosmee
BpeMst OHa OecIuIaTHa Ul HEKOMMEPUYECKOT0 MCIOJIB30BaHUS) CO BCTPOCHHBIM
penakropoM GUI (pucyHok 7), Takke Ha IPOCTEHIIIEM IpUMEpe IEICHUS IBYX
YHCeTL.
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I Dislagalocks w dema - DialogBlocks 2012 - (Mainorm]

Fle Edit Hement Buld View Took Tasks Help

b2 @ = ™ D& B O P & ems v coseomg v
New open  swe oy an femernt buid serongs Decrve
Projects | demerts Mainform

D projects edior | h| cpp | wc| Variables  Eventhandiers.

~ & DialogBlocks_wx_demo
s | st | mutons | s | 7o | vange | ors | comtabers | soks | aragedtndons | Adareed | Toobar | merubar | utom| s

 DislogBlocks_w_demoApp -ODESheEEE=o
v oss@e nodo HEEE ¢+ e
iR STne Boeaure a:
ID_TEXTCTRL.A wxButton: ID_BUTTON
T  sanc
[ o 10 curron] Bocae b Bsegret: |2
T wostatcTex: waD._STATIC Resuk
EBwtencrt 10_TEXTCTRLD ; 4] nogensm Togenm.
EBwtenscrt 10 TEXTCTRL_< i ;
i E;‘: [— | HEER-ERY Pesynrar | 0500
1aname 1o 8urTON
1dvake 10001
Name
Mermber variabe name
Label Nogenure
Defaut O

Helptex:

Output [ rers | peugoer | b
gtk _core-3.2 -lu_baseu_xal 3.2 —Iws_baseu_net-3.2 -l _baseu3 2

Pucynoxk 7 — IDE DialogBlocks co BctpoenubsiM pepaktopom GUI

JlanHas cpena pa3pabOTKH IT0Ka3aa CBOIO pab0TOCIOCOOHOCTh B CO3IaHUH
IIpOrpaMMBbl Kak uis Linux, Tak ¥ yCIEIHY0 KPOCC-KOMIMIALHUIO Ul COOPKH
oy Windows. J{yist 3Toro 66110 HEOOX0IMMO ITepEeHACTPanBaTh ISITh TAPAMETPOB
COOPKH MMPOEKTA: MyTh K (haility KOMITUISATOPA, UCTIONHIEMbIH (il KoMImmisTopa
C-++, ucronHAeMBIi (hailsl KOMIIOHOBIIHUKA, JOTIOJHUTEBHBIC (1Tl KOMITHIIALIMA
u aar ams Gubnuorek coopku. JlanHas cpena pa3paboTKy OTIMYHO MOKasaia
ce0st B IIaHe moajepkKku cuMBosioB Unicode, a Taxke NepeHOCHMOCTHIO
(aiinoB NpoeKTa Ui JPYTHX ONEPALMOHHBIX CUCTEM. TakKe CTOMT OTMETHTh
pacuimpeHHbie npogeccuoHanbHbie BO3MOXHOCTH Y BcTpoeHHoro B IDE
koHCcTpykTOopa GUI.

[ToceHIM UCCIeI0BAINCH BO3MOKHOCTH KOHCTpYyKTOpa wx Widgets-hopm
wxFormBuilder Ha npocreiiniiem npumMepe jeneHus AByX unced (pucyHok 8). Tak
KaK JTaHHBII KOHCTPYKTOpP HE UMeeT cBoelt BcTpoenHoi IDE, To anms Hero Obina
BeiOpana IDE NetBeans, kak ojiHa 13 y100HBIX ¥ KPOCCIIIIATHOPMEHHBIX CPEJICTB
paspabotku Ha C++ (pucyHok 9).
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i oui - waFormBuider 421
File Edit Components View Tools Help

CEw 9 XHOX & B4 4 smoael Hb

&-[ g qui: Project olbar | B tayout | [JForms | EmRibbon

mmaEEED @ @ 0 @

mainsizer
WHVERTICAL

[Code Generated! CPP_WX_CROSS-PLATFOR... Name: mainSizer | Class: vaBoxSizer

Pucynoxk 8 — Coznarens wxWidgets-popm wxFormBuilder

NB_CPP_WX_CROSS-PLATFORM - Apache NetBeans IDE 23 VoA x
Fle Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help Q-
PEEY[ D e QO TH DB O oG
proats x[ries [servces [ cnocen ° RmEm ODE[E]
78 o cre o Cross o [ioune] vy | BB - B- RTSEL POT 52 80 Lal w
15 #include "main.h" =
2
3 ! #include <wx/msgdlg.h>
a -|
© 5 void MainFrame: :myClick (wxCommandEvent& event) {
60 try {
7 double a, b, c;
8 if (im_textCtrll->GetValue().ToDouble(&a))
9 throw std::logic_error("Oumbka: a");
10 if (im_textCtri2->Getvalue().ToDouble(&b)) ¥
1 throw std: :logic_error("Oumbka: b");
12 c=a/b;
3o if (isnan(c) || isinf(c)) {
e ammandtants vert wovwor x| @ 14 throw std::logic_error("Ouubka: 0/0 or x/0");
% myClickiwcCommandevents. svere) 8 MainFrame 1
16/ m_staticText2->SetLabel(wxString::Format("%.5f", c)};
17| 9 } catch (std::exception& e) {
18/ m_staticText2->SetLabel("?77");
19 wxHMessageBox (wxString: : FromUTF8(e.what()) + wxT("! Vcnpasete 1"}); ||
20 - ¥
21 -}
22
& 5 T MainFrame:myclick > x
Ut - No_CPP_W_CROSS PLATFORM (Cofars, Banammeme) x| @
E‘ EHIGIHENVE FINESHED: exit velue 0; resl tine: 14s; user: 110ns; system: 290ms i
@ an |ins| -

Pucynok 9 — IDE NetBeans

Jannbiii konctpykrop wxFormBuilder coBmecTHO co cpenoii pa3paboTku
NetBeans mokasai CBOr pab0TOCTIOCOOHOCTD B CO3aHUH MPOrPAMMBbI KaK st
Linux, Tak 1 yCICHIHYO KPOCC-KOMIMISLUIO st coopku mox Windows. s
3TOro OBLIO HEOOXOIUMO IEPEHACTPAUBATH IISITh MAPAMETPOB COOPKHU MTPOCKTA:
HHCTPYMEHT KoMruistopa C++, TOMOTHUTENbHBIC MapaMeTPhl KOMITHIISATOPA
C++, ucmonHseMblit ¢pails KOMIOHOBIINKA, TOMOJHHUTEIbHBIC TAPaMETPhI
KOMITOHOBII[KA U BBIKIFOUUTH ITyTh K M3MEHEHHIO TYTH K HHCTPYMEHTapHIO.
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Hannblit koncrpykrop wxFormBuilder, coBmectHo ¢ IDE NetBeans, otniuuno
rokasaiu cedsi B IutaHe mojajuep)ku cumBosioB Unicode M pacuimpeHHbIe
BO3MOXHOCTH KOHCTpyKTOopa GUI.

BriBoabl

PesynbpraThl ucciepgoOBaHHUS MNOKa3zalW, YTO IS
pa3paborku kKpoccmiaaTGOpPMEHHBIX BH3YalbHBIX NIpPOTpaMM
Ha wxWidgets B cpene Linux ¢ nognepxkoit kpocc-kommuisiimu st Windows
pexomeHnnayetcs: ucnonbzoBath IDE DialogBlocks u xoHnctpykTop dopm
wxFormBuilder B cBszke ¢ IDE NetBeans. CodeBlocks ¢ wxSmith u CodeLite
¢ wxCrafter TpeOyrOT py4HON KOPPEKTUPOBKH VISl IPABHILHOTO OTOOPaXKEHUS
cumBostoB Unicode, moaToMy MeHee y100HBI JUIs CO3/1aHUs] KPOCCIUIAaT(OPMEHHBIX
MIPOrPaMM € KPOCC-KOMITHIISILIUEH.

Pesynbrarhl uccieoBaHus Takke ObUIM MEPEernpoBEepeHbl HA peaibHOU
ornepanuonHoi cucreme Windows 11.

HcXonHblii KOJ TECTOBBIX NMPUMEPOB, UCIOJb30BAHHBIX B JIAHHOM
HCCIIEI0BAHNM, a TaKXe BCE HEOOXOJMMBIE CKPHUIITHI M HACTPOUKH LIS
KOMITWISATOPA, Kpocc-kommmiatopa U IDE BbuIo)KeHBI B CBOOOAHBIN J0OCTYII IO
MIT-nunen3un [10].
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MJIAT®OPMAJIBIK BU3YAJIIBI BAFIAPJTAMAJIAPIBI
93IPJIEY WXWIDGETS-TE KPOCC-KOMITAJISILIASTHBI
KOJITAWTBIH LINUX OPTACBIHJA

Kaszipei  yakwimma  xenmeeen — 6a20apiamanvly — Hcacakmama
arcacaywvliap (bazoapramansly gcacakmama) Linux neeizinoeei autvlk
arcytienepee kouyoe. [lepbec komnviomepiepee apranean 6a20apiamaiblx,
AHCACAKMAMAaHbL d3IPNeyOil eH CYPamblcKa ue mini-oyi 0az0apiamanbly
MAUUHATBIK, KOObIHBIY  JHCEPRINIKMi ,aKmam JHCOHe  ICbLIOAMObISbIHA
oatinanvicmel ombedan ¢ sazeik mini. Ocvl makanaoazel 3epmmeyoin
makcamol-C - A3vike  mininde  6U3yandbl  KpPOCC-NIAM@QOPMALbIK
Konoanbanvl 6azoapramanaposl Kypy yuiin Linux-me unmeepayusianaan
damy opmanapwin (IDE) 3epmmey, convimen Kamap oaapobiy apacbiHod
BIH2AUBLILIK,  KPOCC-KOMNUWISAYUAHBL  KOAOAY JHCOHE (DYHKYUOHALObIK
MYMKIHOIKmep dcublumulebl Ooublnwa ey dcakcvlculn manoay. Kpoce-
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komnunayus Linux osipreywinepine backa Kypwiigbliapovl Hemece
SUPMYANObl  MAWUHAIAPObL NAUOANAHY KAJICeMMINeIH  KOCNA2anod,
Linux owcone Windows ywin 6azoapramanapovl sfcunayea MyMKIiHOIK
bepedi. byn yakoim nen pecypcmapovl yHeMOen Kana KOUMatiobl, COHbLMEH
Kamap MyHOau MYMKIHOIKmep 60oamazan Ke30e MOceieHi uteutedi.
3epmmey nomuoicenepi Windows yuin Kpocc-kOMNUnAYUsHbL KOIOAUMbIH
Linux opmaceinoa wxWidgets-me kpocc-niamgopmansi  eu3yaiovi
bazoapramanapowr o3zipiey yuiin IDE DialogBlocks sicone wxformbuilder
¢opma gypacmeipywwicoin IDE NetBeans-nen oaiiianvlcmolpaan 0ypulc
exenin kopcemmi. WxSmith 6ap CodeBlocks owcone wxCrafter 6ap
CodeLite Unicode manbanapvin Oypvic Kopcemy yuiiH KOOmvl KOJMEH
mysemyoi Kadjcem emeoi, COHObIKMAH KPOCC-KOMRUIAYUSIAH2AH KPOCC-
naamgopmansix bazoapramanapobl Heacay biH2auibl emec.

Kinmmi  ce3z0ep: wxWidgets, C++, Linux, Windows, «pocc-
KOMNUAAYUSL, KPOCC-NAAM@POpMA.
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DEVELOPMENT OF CROSS-PLATFORM VISUAL PROGRAMS

ON WXWIDGETS IN A LINUX ENVIRONMENT WITH
CROSS-COMPILATION SUPPORT

Currently, more and more software developers are switching to
open systems based on Linux. The most popular language for developing
software for personal computers remains the universal C++ language
due to the nativity, compactness and speed of the created machine code
of the program. The purpose of the research in this article is to study
integrated development environments (IDEs) in Linux for creating visual
cross-platform applications in C++, as well as choosing the best ones
among them in terms of usability, cross-compilation support and a set
of functionality. Cross-compilation gives Linux developers the ability to
build programs for Linux and Windows, eliminating the need to use other
devices or virtual machines. This not only saves time and resources, but
also solves the problem when such opportunities simply do not exist. The
results of the study showed that to develop cross-platform visual programs
on wxWidgets in a Linux environment with cross-compilation support for
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Windows, it is better to use IDE DialogBlocks and the wxFormBuilder FTAMP 20.17.17
form builder in conjunction with the NetBeans IDE. CodeBlocks with https://doi.org/10.48081/BYQM9418
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QJIEKTPOH/bI BACBIJIbIMAAPAbIH
©3EKTI ACIEKTIJIEPI

Maxkanaoa kazax mininoeei 90ebu wbleapmaniapobl OAMbINY YUliH
MEKMPOHObL  OACLLILIMOAPOLIY — 63eKMi  ACNeKMiepl  aKnapammolx,
MEXHON02UANAPObIH Kasipei MeHOeHYUsIapol MypeblClHaH
Kapacmulpoliaobl. G0edu ubl2apmaiapObly MOOCHUSMIH JHCoHe OLIIMHIH
Maywi30bl acnekmici OOnbIN Kaia Oepemini, ounayovly opmypiinicite,
PyXaru o5iemoi Oaublmy2a JHcoHe a0am madusamolt mepey mycinyee biknai
ememini kopceminzen. Ocvieat opail AHCbLIOAM MEXHONOLUBIK, NPOSPECC
24ca20atblHOA IeKMPOHObIK, OACHLILIMOAPObIY 0amy NepCcnekmuéailapvl
mankvLianaowl. byn sepmmey Kaszipei aknapammuolk Ko2amvlHOa OLiMOL
CaKmay, o2am Ko JHCemKizy JCoHe OHbl mapamyobiyy MaKybl30bl Kypaibl
peminoe 31eKmpoHObl OACLLILIMOAP2a Mmepey KO3KAPac YCbIHAObL.

lepexmep  Kayincizoiei, MeXHOIO2UANBIK —©32epicmep  CUSKMbl
NEKMPOHObIK, — 6AChLIBIMOApOa  Ke30ecemin —Moceienep  MAai0aHbsin,
NEKMPOHObIK, OACHLILIMOAPObIY Me3 632ePemin YUDPIbIK KeHICMIKKe
bewimoeny mocenecin Kauau wewedi 0e2eH Cypax Kapacmulpulidobl.
Conviven kKamap, o0eOu wbl2apmanapobly YIKeH KojeMiHe Je30e
KON JICemKi3y, — 9JeKMPOHObIK — pecypcmapobl  Kauma  Nnatoaiany
MYMKIHOIKMEPT CUsKMbl aPMblKUbLILIKIMAp2a Manoay HeacaiblHaobL.
binim  bepy MymKiHOIKmMepiH JHcaKcapmyea HCoHe OKbIPMAHOAPObLH
MOMIHOEPMEH 03apa SpeKemmeCyiniy JHCana (opmMaiapvia epexue
Hazap ayoapuliaovl. Maxanrada 271ekmpoHObl  bacelibimoap — 80ebu
MYPAnbl CaKmay JHcome OaMulmyod Maubi30bl PO amKapamulibl, OHbIH
Key MmapanyblHa bIKNAL emyl JCoHe OKbIpMAHOAp MeH asmopiapobly
JACana OybIHbIH UAOLIMMAHOBIPAMBIHGL JHCAUIbL OIPKAMAp MaKblpbInmap
K032a1a0bL.
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Kinmmi coezdep: snexkmponobl 6acelivim, o0ebu mypa, oepekmep
Kayincizoiei, depexmepoi xauimey, OKblpmManoap bencendiniei, agmopiap
bencenoiniei.

Kipicne

LudpaslKk TeXHOJOTUsIIAD aZaMHBIH KYHJENIKTI OMipiHiH OapibiK
aCIeKTUIepiHe eHEeTiH Ka3ipri aKmapaTThIK KOFaMa, 9/1e01 HIbIFapMalIbUTBIKThIH
uuQpPIBIK pEeBOJIIONIMSIFA YIIBIPAUTHIHBI aiijaH aHblK. Ochl opaiija anebun
LIBIFapMasap YIIiH 3JeKTPOH/Ibl OachbUIbIMIap 3aMaHayHd Fachklpjia o9aeOueTTi
HacuXaTTayJblH HEri3ri KypaJiblHa alHaJIFaHJIBIKTaH, OJapJbl KYpPYJIbIH
MaHBI3IBLIBIFBI KOKCHKECTI MoceenepiH 0ipi Ooabl.

DNEKTPOHABIK KiTanTap MeH 9/1e0M KOCBhIMIIAIap CHUSKTHI AJIEKTPOHIbI
OacbUIBIMIAp ayANTOPUSHBI KEHEHTY KOJBIHIAFBl TEHIECI )KOK MYMKIHJIKTEp
ycoiHaab! [1]. MaceneH, opTypii Kara3 0OachUIBIMIApbIHAH aifbIPMAIIBUIBIFEl —
AJIEKTPOHABIK LIbIFapMaliapFa FalaMTOp apKachlH/A Ke3-KEJII'eH YaKbITTa JKoHE
Ke3-KeJreH JKepJie KOJI )KeTKi3y MYMKIHAIr. BylikaHa OKpIpMaH KaybIM/IbI TAPTHII
KaHa KOMMai, OHbIH YCTiHE 9/1e0M IIbIFapMaap/IblH SJIeMIIK KOJDKETIMALTIrHE
BIKITAJI €TETIHI KYMSH TY/IbIPMai/Ibl.

DJIEeKTPOHIIBIK OachlIbIMIAPFa EHTI31IreH TEXHOJIOTHSIIAp OKbIpMaHapra
LIBIFAPMaHbIH CIOKETIHE KaTBICYFa, KeHiNKepiep YIIH TaHJay jkacay Hemece
TINTI aJbTEPHATUBTI COHBIH a3y MYMKIHJITIH Tapty ereni [2]. byn, spune,
OeJICeHTIUTIKTIH JKaHa ICHI efiH Ty IbIpajbl, IIbIFapMara JIereH KbI3bIFYIIBIIBIKTHI
KepceTei.

Conyiaii-ak, 2JIeKTPOH/IbI 0aChUTBIMAP aBTOPIIAp YIIiH 9Ae0H IbIFapMaliap/ibl
YCBIHYJIBIH (hopMasapbl MEH CTHJIbJIEPIMEH TKIpHOe kacay HYCKACHIH icKe
ackIpa/ibl. MbICaITbl, BU3YaJI/Ibl )KOHE JIBIOBICTHIK DJIEMEHTTEP/IIH, aHUMAIHsIIap/IbIH
MYMKIHIIUTIKTEpi aBTOpJIapFa 3/IepiHiH HIbIFapMalIblIbIK JapalbIFbiH OUIipyre
JKaFaai skacaiabl [3].

Jlon conaii 371eKTpOH b1 0achUTBIMIAP KSH KOJI KETIMIIUTIKTI, THTEPAK THBTUTIKTI
YKOHE HIBIFApPMAIIbLIBIK EPKIH/IKTI KaMTaMachl3 €Te OTBIPBII, Ka3ipri aiemje
o/1e0M nIbIFapMaapbl 1aMbITYAbIH aXblpaMac KypallblHa aifHaJIbI KaTKaHbI
chIp emec [4].

Marepuannap MeH agicrepi

DNEeKTPOHABIK 0achUIBIMAAPABIH O11iM XoHE OKy OeliceHaisirine acepi
KaMIbl 3epTTEYJICPAl KYPrizy OapbIChIHIA MOCTYPJi OachbUIBIMIAp MCH
IEKTPOHABI 0achUIBIMAAP/BI CAJBICTBIPFAH JKaFaaiaa, oJlap/bl naijanany
Ke3iH/1e OKbIPMaHIap IbIH MiHE3-KYJIKBIH aHBIKTAHTBIH caparTaMa Ky priziji, o
QJIEKTPOHABI OaChIIIBIMHBIH KOJIJJaHFaHAaFbl MAHbI3/IbIIBIFBIH allajbl.

DJIeKTPOH/IBIK KiTalTap/ bl aiiajgany CTaTUCTUKACK APKBUIBI AJICKTPOHIBIK
KiTarTap »aHe 0J1ap/Ibl OKyFa apHasFaH raTdopManapablH TaHBIMAILIBLIBIFBIHBIH
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apTysl Typajbl JEpeKTep, JOCTYPJli JKOHE AIEKTPOHBI KiTalTapbl caTymabl
CaJIBICTBIPMaJIbl TajJlay TYpajbl MAJIIMETTEp, 63 IIbIFapMalapblH JIEKTPOHIbI
(opmarTa xapusuiaraH aBTOpJIap/IbIH MIbIFAPMaHbI IOCTY DIl XKOJIMEH JKapHsiIaraH
YKazylIblIApMEH CyX0aThl 3JIEKTPOH/IBIK OaChUIBIMIAp/IaFbl JKYMBICTapbIH TapaTyFa
JKOHE KaOBLIIayFa ocepi Typaibl MIKIpIIepi 3JCKTPOHIBIK OACHUIBIMHBIH YKaFBIMIbI
JKaKTapblH TYCIHYre KOMEKTECTI.

DIEeKTPOHIABIK OachlUIBIMIApAblH JaMyblHA BIKIAJ €TETiH jKaHa
TEXHOJIOTHsJIApFa 10JIy JKQHE 97e0n TaKipnOeHi OalbITy YIIIH BUPTYabl
LIBIH/IBIK HEMECE HHTEPAKTUBTI AJIEMEHTTEP CUSIKTHI TEXHOJIOTHSLIIAp Il KOJIaHy
MBbICa/Iapbl 0ACBUIBIM MHIYCTPHSCHIHAAFBI TEXHOJOTHSUIIBIK HHHOBAIMSIAPIbI
aIlTHIL.

DJIEeKTPOHIBIK (JOpPMATTAFbl 9/1e0 MIBIFapMaliapbl TalIay/ bIH apKachIH/a
o7e0u HIbIFapMajapablH 3JEKTPOHBIK (OpMaTKa COTTI KOUIYiHIH HaKThI
YKaFJaiyIapbIH 3epTTeyi MEH jkaHa (hopMarTapra OelimM/Iesy YIIH IbIFapMaap/ibig
KYPBUIBIMBI MEH Ma3MYHBIHJIaFbl ©3repicTep/i Oaranayra 60abl.

«Keke mIbIFapManIbUIBIKTEL JAMBITYFa apHaJIFaH JICKTPOHbI OaChIIBIM/IbI
93ipJiey YIIiH YChIHBICTAp» aTThl cayajHaMachl ASCTYPIIl 9/1e0 IIbIFapMaliapbl
OKBIFaH Ke3/eri naiiia 0oJaThIH KeJeprijiep/i aHbIKTay apKbUIbl AJICKTPOHIBI
0achUIBIMHBIH MaHBI3bIH MEH ©3EKTLIITiH anryra OarbiTtanisl. CayalHamara
60 amamzail KaThIChIN, ©3 MiKipaepiH Ounipal. byn cayannamanslH HoTHXKeC]
KaTBhICKaH PECHOHIEHTTEpAIH 86 %-bl Ke3eKTe TYpy, KajaraH KiTaObIHBIH
OGosMaybl, OarachlHBIH KbIMOAT OOJYBI, YHJACH albiC OpHAJACybl CHUSKTHI
Kezepriiepre KeszaeceTinid kepcerri (1-cyper).

KiTanxaHanapaa KeIneceTis Keqeprinepre 7an 6onieikbia 6a?(KeseKmep,
KanaraH KiTanTbis mok, Gonysl, KeiMEaT GaFanap, YALeH anc Mepge
OpHAnacyw)

50 oTpeTos

[ T}
L E

1-cypet — «Keke MIBIFApMAIIBUIBIKTBI JAMBITYFa apHAJIFAH JICKTPOH/IbI
0achUIBIM/IBI 931pJICY YIIIIH YCHIHBICTAPY ATThl CAyaTHAMAa aFbl
KeJIepriJiep/ii aHBIKTaUTBIH CYPaKThIH HOTHKECi

Joctypiti onebu mbFapManap/sl OKy *KoOHE 3JICKTPOHIBI 0achUIbIMIapFa
KaTBICTBl OKBIPMAaH/ap KaJayblH aHBIKTAy YIIiH PECHOHICHTTED apachlHna
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cayanmHama xypri3inai (2-cyper). CayanHamara KaTbICKaH aJaMIap/IbIH KOl
0eJ1iri 2JIeKTPOH/IbI 0ACBUIBIM OipHelle MYMKIHIIKTEpI, SIFHU y3aK Ke3eKTepi
0oJIMalTBIH, YI/ICH IIBIKIIAM Ka3aK TUTIHIETT TybIH/IbIFa KOJI JKETKI3y, COHJIai-aK
aBTOP PETiH/E TIPKEIIIll, Ke3 KeJITeH 9/Ie0H LIbIFapMaHbl TET1H TYPAE KaphsuIayabl
KaMTaMachl3 €TKeHIH MaKyJIIaiIbl.

¥3aK KeseKTepi 60/IMaiTbiH, YiieH WbIKNai KanaraH TybIHAbIHbI Ka3ak,
TiniHAe TeriH OKy MyMKiHAIriH 6epeTiH nnatdopma Ci3 yLWiH bIHFARNbINLIKTbI
TapTy eTe me?

51 otser

@i
@ o

3NeKTPOHAbI 6aCkINbIM NNATHOPMACh! TEK OKbIPMaH FaHa eMec, COHAaR-aK
aBTOp peTiHAe TIpKeNyAi KaMTaMacsl3 eTce, biHFaibl Ma?

50 o1seTo8

@ i, MeH e BipHelwe TysHZHMAN
KapUANAATLIH 2aiM

@ e VWiH aiisipMALIBINIK XOK
NNaTOPMaFa Tek OKsIpMaK Gonsin
Tipcenemix

2-cypet — «JKeke mbIFapMallblUIBIKTHL JAMBITYFa apHAJIFaH JICKTPOHIbI
0achUIBIMIBI 931pJIey YIIIH YCHIHBICTap aTThl CayajlHaMa CYpaKTapbIHbIH Oipi

DNEeKTPOHBIK 0aChIIBIMAAP YCHIHATBIH JEPEKTEPAIH KOPFalybl TYpajbl
OKBIPMaHJApAbIH MiKipiH 3epTTey 3-cypeTrTe cumartainraH. byn cypakrap
PECTIOHACHTTEP YILIiH JIEKTPOHABI OachUIBIMIAFEl AEPEKTEPAIH KOPFaJIFaHbl
MaHBbI3/Ibl CKeHIH KOPCETEe/].
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Depexrepain kopranyel Cia yLik MaKel3asl ma? @ Konuposars

52 omeera

Qi
@ xox

Mnatdopwma iwikaeri CiaaiK xeke AepekTepikizain KayincizgikTi KaMTamack3 @ Konuposare
€eTeTiH 3AiCNEH KopFanFaHslH Kanaicsis 6a?

52 oteerz

@i
@ xox

3-cypet — «Keke HIbIFapMaIbUIBIKThI TaMBITYFa apHaJIFaH 3JICKTPOHIBI
0achUTBIMIBI 931PJICY YIIIIH YCHIHBICTAPY aTThl CayaTHAMAaIarbl
JIEPEKTEP/IiH KayiNCi3MiriHiH MaHbI3IbLIBIFBI

HaTum:kenep koHe TATKbLIAY

Heri3inze 31eKTpoH IbIK 0aChUTBIMIAP JOCTYPITi (hopMaTTapIbIH IHICKapaTapbiH
KaiTa KypyMeH Oipre aBropyiap MEH OKbIpMaHap YIIiH Oipereid MyMKiHAIKTEp
Oepy apKbUIbI 9]1e0M OpTaHbl AaMBITY/ia IICIIYII POl aTKapaThIHbl CHIKIMIe
Kymust emec [S]. FamaMmapIK KOSDKeTIMALTIK, JIe3/ie TapaTy, NHTEPAaKTHBTLIIK XKOHE
HKOHOMHKAJIBIK THIMJIUTIK CBIHABI (haKTOpJiap 3JIEKTPOHIBIK 0aChUIBIMIAP/IbI
o/1eOMeTTi AeMOKPATHSIIAHIBIPY/ IbIH JKOHE OKBbIPMaH TKIPUOECIH OaibITyIbIH
HETI3r1 KypaJibiHa aifHaIIbIpaibl, OFaH TOMEH/IET] JKOJIIap JaJIen OoJia anajpl:

Kot sxeTiMALTIK JKoHe TapaTy.

FanambIk KoJ1 )KeTIMIUTIK: DIIEKTPOHJIBIK OaChUIBIMIAP SJIEMHIH Ke3 KeJIT'eH
JKEpiHJie MHTEPHET apKbUIbl OHAN KOJI KEeTIM/Ii, OyJI, 9puHE, ajbic aiMaKTaparsl
OKbIpMaHJapFa 91e0u IIbIFapMaiapMeH TaHbICyFa Tamalla MyMKIHIIK Oepeti.

Jlesne Tapatry: aNIEKTPOHABIK 9/1e0M HIbIFapMalap >KapusilaHFaHHAH KeHiH
OipZcH Tapayiabl, OV )KETKI3y MPOICCTEPiHIH KAKETTUIITTH KOS

VHTepaKTHBTLIIK.

OKbIpMaHAAp/IbIH Kepi OaiaHbIChl: OKbIPMaHAAp 63 KOMMEHTapHUHIEpiH
KaJIJIbIpa ajajibl, TINTi 91601 KOFaMIaCThIK Kypa OTBIPBIII, aBTOPJIapMEH KapbIM-
KaTbIHAC jkacai anajsl [6].
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MasMyHIBl 6albITy MYMKIHIIKTEpi: 2JIEKTPOHABIK OachbUIbIMAApa
MYJBTHMEAMSIIBIK JIEMEHTTEpP, KOChIMILIA MaTepHaiiap Ooiaybl MyMKiH, Oy
LIbIFapMaHbl KaObL11ay bl OalbITaThIHBI CO3CI3.

DKOHOMUKAJIBIK THIMILIIK.

IIbFpiHap bl a3alTy: 97€0M MIBIFapManapbl Kapusjiayra KeTeTiH
LIBIFBIHAAP/IbI TAJIAI eTIICHII.

O3 OeriHlIe XapHsiay: aBTOpiap ©3 TYbIHAbUIAPBIH 63 OeTiHIIe HIbIFapa
ananasl [7].

JlepexTep/IiH KOpFaybl.

DJIEeKTPOH/IBIK 0aChUTBIMIAFBI IEPEKTEP/IiH KayiICi3/iri aknapaTThlH YIKSH
KeJICMi FaJIaMTOP apKbLIbI CAKTANIBIHBII OCPUITeHAIKTCH Ka3ipri U(PIIBIK 10yip/e
LICUIYI POl aTKapaThIHbI CIIKIMJIE Jay KeATipMeni.

JlepexTep Kayimnci3airi opTypili CEKTOpJapblH TYPaKThUIBIFBIH, CEHIMIH
YKOHE TUIMIUTITH aHBIKTaWTHIH Ka31pri akiapaTThIK KOFaMAarbl MaHbI3 bl aCHIEKT
Goutbin TaObIIaabl. Jlepekrepi Kopray ajaM KbI3METIHIH SpTyp:i caiajgapbiH
KaMTHUTBIH KaKCTTUTIKKe aiiHanazpl. Jlepekrep KayilcCi3miriHiH MaHbI3IbUIBIFbI
aKIapaTThIH KYMMSUIbUIBIFBIH, TYTACTBIFBIH JKOHE KOJDKETIM/IUIINIH KaMTaMachl3
eTyze KepiHeni. JepexTepiH KyNusuIbLIBIFBI JKEeKe MAJTIMETTEp/i KOpFay YIIiH
Heri3 OoJbln TaOBUIATHIHBI pac. By opaiiga mepekTepial Xd3MTey KOoJIgaHy
THIMJI1. DJICKTPOHIBIK OaChUTBIMIAFbI ICPEKTEP/I XAIITSY HUDPIIBIK Ma3MYHHBIH
TYTaCTBIFbI MEH KayiICi3/iriH KaMTaMachl3 €Ty e MaHbI3/1bl pell aTkapasl. by
TYPFBIAA X3IITEY 1l SPTYPIIi MaKcaTTapa KojiaHyra 0omabl:

Hudpablk KosTanOaxap: X3MWTEp 3JIEKTPOHABIK KyXKaTTapIblH
ayTEHTU(QUKANHUACHI MEH TYTAaCTBIFBIH KaMTaMacbhl3 €TeTiH HHUPIBIK
KoJiTaHOAJIap/Abl JKacay YIIIH KoJijaHbuiaabl. by acipece 3JIEKTPOHABI
LIbIFapMaliapAbIH TYITHYCKAJIBIFBIH pacTay KaXkeT Oacria caJlachIH/1a 6T¢ MaHbI3/Ibl.

Kymust ceznepii cakray: erep 3J1eKTpOH/IBIK 0aChUTBIM MakJaaHy IbLIApAbIH
ABTOPU3AIMACHIH KQXKET eTce, XAIITep KYMHs co3/ep/l Kayilci3 cakray yIIiH
naiiiananeurysl MYMKiH. JlepekTep 0azachlHaa Kymnusi ce3ziepi e37epi emec,
OJIapJIbIH XAIITEPI CaKTaIybl MYMKIiH, OYJI KayiIlCi3/liK AeHIeiiH apTThIpabl.

[MnaruatneH Kypecy: XdWITEpJi opTYpii MOTIHAEPIAIH XOII MIHJIEPiH
CaJIBICTBIPY KQHE YKCACTBIKTAp/bl aHBIKTAY apKbUIbI IUIArHATThl AHBIKTAY YIIiH
naiiananyra Oonazpl.

DJIEeKTPOH/BIK OachUIbIMIAP TEK OKY OPTAachIH FaHA €MeC, COHBIMEH Kartap
OKBIPMaHIap MEH aBTOpJIap ©3apa 9peKeTTece ajaThlH, MIKIp alMacaThiH KoHE
onebueTTiH OoJamarbiH Oipiiecin KaJblITacThlpa aJlaThlH BUPTYaJJbl 910U
KaybIMJIaCTBIKTBI JKacaiibl. DJIEKTPOHIBIK (opMaTTapAblH MKEMAUIIri MEeH
OelimMIenTimTIiri Ka3ipri 3aMaHFbl TEXHOJIOTHSIIAp JyipiH/Ie 03eKTIIIriH caKTai
OTBIPBII, 9/1e0H MPOLIECTIH IBOIIOIMACHIH KAMTAMAChI3 €TeTiH1 IIBIH/IBIK.
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OchiHall KapKbIHMEH 97101 IIbIFapMaliapAbl JaMbITya 3JIEKTPOHIbI
0achUIBIMIBI KYPYJIbIH MaHBI3IbUIBIFBIH Oaranamayra Oosimac|8]. By mponecc
MOJICHH MYpaHbI OaibITBIN KaHa KOWMaii, aBTOpIIap MEH OKbIPMaH Iap IbIH OoJialak
YpIaKTaphl YIIiH HIEKCi3 IepCreKTHBAIAp allaThlH 9/1e01 IIbIFapMaIlbIIBIKTHIH
YKaHa JICHI'eHiH KaJIbIITacThIPabl Il HBIK CEHIMMEH alTyFa 0oJabl.

Kapxputanzislpy Typaisl akmnapaT

Makana KP FXKBM FK GenineriH x00aHbl TPAHTTHIK Kap>KbUIAHIBIPY
(NeAP14972847 rpant) meHOepiHAe )Ka3blIIbL.

KopbITbIHABI

TexXHOJIIOTHSIBIK e3repicTep ajaM eMipiHJeri OapiblK caiajiapblHa eHEeTiH
3aMaH/aa JIEKTPOH/bI OachUIBIMIAP 9A4e0HET IBOJIIOUMSICHIHBIH a)XXblpamMac
Oeutirine aifHaiFaHbl 09piHe MaliM. 3epTTey OapbIChIH/A 9/1e0 HIbIFapMaiapbl
JIAMBITY >KOJIBIHJIA DJIEKTPOHIbI 0ACBUIBIMIBI KYPY/IbIH MaHbI3/IbUIBIFBI TEK JKaHa
TEXHOJIOTHSUTBIK MYMKIH/IIKTEPMEH FaHa IIEKTEIMEH, OFaH Koca 9/1e0u eHepaiH
MOHIH KO3FalTBIHBIH J]a aHBIKTAJIJIBI.

DJeKTPOHBIK OachUIbIMIAP 91e0MeTTi KaObUIIAY, KYpY *KOHE TapaTy ToClIiHe
yJikeH e3repictep okeneai[9]. Onmap omebu MypaHbl MUJUTHOHIAFAH ajgaMaapra
KOJI )KETIMJII €Ty apKblIbl TeorpadusuIbIK KOHE YaKBbITTBIK KeJleprijep i >KOUbII
KaHa KOMMaii/1bl, COHBIMEH KaTap aBTopJiap MeH OKbIpPMaH 1ap apachlHarbl ©3apa
opekeTTecy YIIiH Oipereil MyMKIHIIKTEp JKacaiibl.

DJEKTPOHABIK (OpMATTAPABIH SKOHOMHUKAIBIK THIMIUIITT KONTETCH
TaJIAaHTTHI AaybICTApbl THIHJIAYFa, CO3 OHEPIHIET] OpTYPIIUIIKTI bIHTATaHABIPYFa
MyMmKiHzik 0epeni[ 10]. Hotmxkecinae 37eKTpOH B! OachkUTbIMIap 9eOUCTTIH KO
JKCTIMIIUTITTH ’KaKCapThIN KaHa KOMMaii, OFaH KOcaaBTOpJIap MEH OKbIpMaHIapra
LIBIFApPMAIIbUIBIK EPKIHAIK TaObICTalIbI.

Ocplnaiima, 3JeKTPOHABIK 0achUIBIMIBI KYPYIbIH MaHbI3AbUIBIFEI JKaHa
TEXHOJIOTHsUIapFa KapanaibIM aybICyMeH IieKTenmeii. by nudpabik pesomorms
JIoyipiHAe OKbIpMaH HeMmece aBTOp 00Jy HeHi OLINipeTiHIH KalTa Kapay.sl
ounnipeni. DIEKTPOHIBIK 0aChUIBIMIAP TEK CO3CPIi JKETKI3y KYpajbl FaHa
eMec, COHBIMEH KaTap albIT, 03apa OpeKeTTeCy JKOHE HIBIFAPMAIIbUIBIK KYPaJIbl
Goutbin TaOblIa bl O/1eON HIbIFapMaiapAbl AaMbITY KOJIBIHIAFBI AJICKTPOHIBI
OachUIBIMIAPAbIH MaHBI3IBIIBIFEl OJIAP/ABIH 9/1e0M OHEep/IiH kaHa, Oipereit
JaHIadTeIH Kypa OTHIPbII, OIPIKTIPY KaHE TYPJICHIIPY KaOUIeTiHAe )KaTKaHbI
aiifaH aHBIK.
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AKTYAJIBHBIE ACIIEKTBI JIEKTPOHHBIX U3JATEJIBCTB

B cmamve paccmampuearomes: akmyanvHsle ACReKmbl 3ieKMPOHHbIX
U30aHUll 0N Pa3gumus TUMepamypHolxX NPOU3EeOeHUll HA KA3aXCKOM
SA3BIKE C MOYKU 3PEHUSl COBPEMEHHbIX MEHOCHYUL UHPHOPMAYUOHHBIX
mexnonoeuti. bwiio nokasano, umo aumepamypuvle NPOU3IEEOEHUs.
0CMAIOMCs 8ANCHHIM ACNEKMOM KYIbMYpPbl U 06PA306aHUS, CHOCOOCMB) S
PA3HO0OPA3UI0 MbIULICHUS, 0002aWeHUI0 0YXOBHO20 MUPA U 2IYOOKOMY
NOHUMAHUIO 4eNI08eYecKol Npupoobl. B smou ceasu obcyacoaromes
nepCnekmuesl pazeumus IeKMpPOHHbIX U30AHUL 8 YCIOBUAX ObLCMPO2O
MEXHONO2UYEeCK020 — npoepeccd. Dmo  ucciedosanue  npediazaem
bosee 2nyboKuil 63271510 HA DJEKMPOHHLIE NYOIUKAYUU KAK HA BAJICHDIL
UHCMPYMEHM  COXPaHeHUsl, OOCMYNna u pacnpoCmpaHeHuss 3HAHUL 8
COBPEMEHHOM UHPOPMAYUOHHOM 0OWecmae.

Ipoananuzuposanvl npobiemvl, ¢ KOMOPLIMU CMATKUBAIOMCA
JNEKMPOHHBIE — UB0AHUS, — MaKue KAk  Oe30NAcHOCMb — OAHHbIX,
MEXHONOSUNECKUEe USMEHEHUs, U PACCMOMPEH 6ONPOC O MOM, KAk
9eKMPOHHble U30AHUs pewarom npodiemy adanmayuu K Owblcmpo
MeHsrowemycsyugposomy npocmparcmay. Kpome moeo, 6yoem nposeden
aHanu3 MaKkux npeuMywecms, Kax MeHOGEHHbLl 00CmYn K OGONbUOMY
00vbemMy IUMepamypHbiX NPOU3EEOCHULl, BO3MOICHOCMU HOGMOPHO2O
UCNONL308AHUS ITCKMPOHHBIX pecypcos. Ocoboe HUMAHUe YOersiemcs
VIVUULEHUIO  00PA308AMENbHBIX  BO3MOICHOCMEI U HOBLIM  (hopmam
83auUMOO0elicmauss yumamesiell ¢ mexkcmamu.B cmamove 3amponym pso
meMm, nouemy IeKMpOHHbIE U3OAHUS USPAION 8ANCHYIO POJLb 8 COXPAHCHUU
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CURRENT ASPECTS OF ELECTRONIC PUBLICATION MOCTYNAIOLME B BY3bl PK

The article examines the current aspects of electronic publications
for the development of literary works in the Kazakh language from the
point of view of modern trends in information technology. It was shown
that literary works remain an important aspect of culture and education,
contributing to a variety of thinking, enriching the spiritual world and
a deep understanding of human nature. In this regard, the prospects
for the development of electronic publications in the context of rapid
technological progress are discussed. This study offers a deeper look at
electronic publications as an important tool for the preservation, access
and dissemination of knowledge in the modern information society.

The problems faced by electronic publications, such as data security,
technological changes, will be analyzed, and the question of how electronic
publications solve the problem of adapting to a rapidly changing digital
space will be considered. In addition, an analysis of such advantages
as instant access to a large volume of literary works, the possibility of
reuse of electronic resources will be carried out. Special attention is paid
to improving educational opportunities and new forms of interaction
between readers and texts. The article touches on a number of topics why
electronic publications play an important role in the preservation and
development of literary heritage, contribute to its wide dissemination and
inspire a new generation of readers and authors.

Keywords: electronic publication, literary heritage, data security,
data hashing, reader activity, author activity.

B cmamve usyuaiomcs 6onpocwi, céazamnHble € KOIUUECHBOM
HOCMYRQIOWuUX 6 ebicliue YyueOHvle 3d6e0eHusi U  BblOCJeHHbIM
KOIUYECMBOM 2panmos. AHanuzupylomesi OauHvle 0 poicoaemocmu U
OaHHbLE 0 NOCIYNUBLUUX 6 8V3bl HA 2PAHMOos6oe oOyuenue ¢ Kazaxcmane s
NPOCHOZUPOBAHUSL BLIOETCHUS 2DAHMOE 6 Oy 0ywem. Pacuemuvl nposoosimcesi
UHMEPBATbHOIMU — NepUuooamu Ol BbIAGICHUS  3AKOHOMEPHOCMEll
MeAHcoy  democpauyueckumu  nOKazamenamMu U - 00paz0e8amenbHuiM
cnpocom. Jlannvie BKIIOYAIOM UHDOPMAYUIO O POAHCOAEMOCU 8 O8YX
nepuooax: ¢ 1998 no 2002 2o0vt u ¢ 2003 no 2007 200bi, u koruuecmee
6b10aHHbIX 2paHmog 3a nepuod c¢ 2015 no 2019 200vt u ¢ 2020 no
2024 20061 coomeemcmeenno. Ilpumensiomcsi cmamucmuyeckue u
Mamemamuyeckue Memoobl AHANU3A OJis UBVUEHUSL CEA3U MENCOY YUCTOM
POOUBIUXCS U YUCIOM NOCTIYRUBUIUX 6 BblcUiUue Y4eOHble 3a6e0eHUs.
Ocoboe  sHuManue YOeusemcs BbIAGICHUIO  3AGUCUMOCIIU  MEHCOY
omumu nokazamensimu. Onpeoenenvl 0CHOBHbIE (AKMOPLL U KIIOYesble
menOenyul 6 usmeHenuu cnpoca na epanmol. Cpastenue posicoaemocmu
U Koauuecmea NOCMynarouwux NOKA3bl8Aem HAIUYUe 3HAYUMOU CE53U
MedHcOy 0eMocpauuecKumMu USMEHEHUAMU U KOTUYECTNBOM GbLOETCHHbIX
epanmos. Ilpedsapumenvhvie pe3yibmamsl UCCICO0B8AHUSL HEOOXOOUMbL
071 NPOBEOCHUST YUCTEHHBIX PACYEMO8 NPOSHO3UPOBAHUST HEOOXOOUMO2O
Konuuecmea 2panmog ua npedcmosuuii nepuoo 2025-2030 2o00wi, a
makice OONOIHUMENLHOU AHATUMUKY U paA3pAOOmMKU NPOSPAMMHOZO
obecneuenus.
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Beenenue

Jlemorpaduueckie n3MEeHEHNs OKa3bIBaOT 3HAYUTEIILHOE BIIMSIHUE HA CUCTEMY
obpazosanus B Kazaxcrane, 0cOOEHHO B KOHTEKCTE TIOCTYIIJICHUS HA TPAHTOBBIE
MporpaMMbl B BBICIINE yueOHBIC 3aBeJeHHs. B yCIIOBHSIX HEpaBHOMEPHOCTH
pacnpeaeneHust HaCEJICHUS B PsJie PETHOHOB CTPaHbI, @ TAKXKE YBEIHUYCHHS
crpoca Ha BbICIIee 0Opa3oBaHME, BAKHOW 3ajadeil CTaHOBUTCS (P (PEKTHBHOE
TUTAHUPOBAHKE U PACIIpeJIeNICHHE TOCYIapCTBEHHBIX 00pa30BaTEIbHBIX IPAHTOB.
OTH NpoLIecChl HATPSMYIO 3aBHCST OT IeMOTpa(UuecKol CUTYalnH, TIOCKOIBKY
CHIYKEHUE PO’KAAEMOCTH IPUBOJIUT K YMEHBIIICHHUIO YKCIIa BBITYCKHUKOB IIIKOJ
U, CJIEI0BATENILHO, KOJIMYECTBa a0UTYypPHEHTOB, IPETEH IYIOIINX Ha MECTA B By3aX.

HVcrionp30BaHke TECTOBBIX TEXHOJIOTHI JUIsl OTIPE/ICIICHNS KaueCTBa 3HAHUN
CTysieHTOB uMmeeT Oosiee ueM 100-neTHIO HcTOpUio B Mupe, HO B Kazaxcrane
TaKue TEXHOJIOTHH Pa3BUBaOTCSA ¢ Hadana 90-x rogos mpouuioro Beka: B 1992
roay Obul co3nan PecrmyOiaMkaHCKH IIEHTP TECTUPOBAHUSI, OCHOBHOM 3amadeit
KOTOpOTro ObLIIO BHEAPEHHE TECTHPOBAHUS B CHUCTEMY OTOOpa CTYJECHTOB
By30B [1, c. 174]. Ka3axcraHckasi cucTemMa BbICIIET0 00Opa30BaHUSI BKIIOYAET
B ce0sl CIIOKHBIH MEXaHU3M pacIlpe/ieJIeHUs] IPAHTOB, KOTOPBIH €XEeTroaHO
KOPPEKTUPYETCS B 3aBUCUMOCTH OT MOTPEOHOCTEH IKOHOMHUKH M COLMAIIBHBIX
3arpocoB. [Ipu aToMm, Jus Gojiee TOUHOTO pachpeseseHns 00pa3oBaTeIbHBIX
PpecypcoB BaXKHO yUHTBIBATh eMOrpaduueckre JaHHbIe, TAKHE KaK POXKIaeMOCTh
Y MUTPALMOHHBIE MPOIECCH], YTOOBI 3apaHee MPOTHO3UPOBATH KOJUYECTBO
MOCTYIAIOUIMX B BY3bl. Tak Kak aHAJIOTHYHBIE TPOOJIEMbI UMEIOTCS M B JIPYTUX
crpanax CHI ¢ anaoruyHoii cucremoii 00pa3oBaHusl, MOITOMY /IS TPOBEICHUS
Ooyiee 00BEMHOTO HCCIIEIOBaHMs OyIyT paccMaTpUBATHCSI Hay4HbIE padOThI
sToro Hanpasienus Poccun, Kuprusnm, benopyccun. I'ocynapctBy HeoOxomumo
2 PEeKTHUBHO IepepactpeieisiTh PaHTHl MKy PETMOHAMH M CTICIHATEHOCTSIMH,
obecrieunBasi paBHBIN JIOCTYN K 00pa30BaHMIO JUIs BCeX I'paxkaaH. BakHocThb
Y 3HAYMMOCTh ITOJYYEHUsI BBICIIEI0 0Opa30BaHUS M €ro MpsSMOTO BIIUSHUS Ha
(opMHpOBaHUE Y MOJOAEKH XOPOUIMX TPaBHI U HOPM IOBEJCHHUS, a TaKKe
TIOBBIIICHUS KYJIbTYPHOH COCTaBJISIONICH JINYHOCTH, SIBIISIETCS 3a7adeil Bcex
CBETCKHX TOCYJIapcTB [2, ¢. 234].

[TporHozupoBanue n3MeHeHi B 0o0pazoBarenbHOl cucreme Kasaxcrawa,
OCHOBaHHOE Ha aHaju3e JeMorpauuecKux JaHHBIX, SIBISCTCS Ba’KHBIM
WHCTPYMEHTOM JUISl ONTHMHU3AIUK paclpe/ieIeHus TPaHTOB U JPYTUX
oOpazoBaTenbHBIX pecypcoB. He tombko juist Kasaxcrana ogHON M3 KITIOYEBBIX
3a71a4 00pa3oBaTENILHOM MOJIUTHKH SIBJISICTCSI pacIipeieieHIe ToCy IapCTBEHHBIX
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rpaHToB Ha oOyueHue. Ha ocHOBe pe3yJjbTaTOB HALMOHAIBHBIX HK3aMEHOB
OCYIIECTBIISIETCS paclpejielieHne O0KeTHBIX MECT B BbICIINE yueOHbIE
3aBeZieHHs. DTOT IMPOLIECC MUTPAET BAXKHYIO POJIb B 0OECIICUEHUU PABHOTO
JIOCTyIa K BBICIIEMY 00pa30BaHHIO, OCOOCHHO Ul CTYACHTOB, CTPEMSIINXCS
MOJy4YUTh 00pa3oBaHMe 3a CUYET rOCYJapCTBEHHOro (PMHAHCUPOBAHUS
[3, c. 9]. Ucnonb30BaHKe COBpEMEHHBIX METOJOB aHalu3a JIAHHBIX, BKIIIOUas
CTaTHCTHUYECKHE MOJEIHM U MallMHHOE 00ydYeHHe, T03BOJISIET MOIydaTh Oosee
TOYHBIE IIPOTHO3bI M CBOEBPEMEHHO aJIalITHPOBATh 00pa30BaTeIbHbBIE TPOTPaMMBbI
K MEHSIOIINMCS YCIIOBHSIM.

Ha ceropnsmHuii 1eHb AaHHBIE BONPOCH U3ydaroTcs B cTpaHax CHI,
UMEIoIKe aHAJIOTUYHYI0O cucTeMy oOpaszoBaHusi. Bo MHorux paborax
WCCIIEIOBAHMS TIOCBSIIICHBI aHAIN3Y JeMOrpadMuecKuX JaHHBIX U PacTyIIEeMy
MHTEpeCy K IPUMEHEHHUIO METO/I0B MAIIMHHOTO 00YUESHHSI JIJIsI TPOTHO3UPOBAHHMS
W3MEHEHH B 00pa3oBaTebHON cucTteMe. Tak, B KauecTBe TIaBHBIX (haKTOpOB,
BIMSIONIMX Ha 00pa3oBaTeNIbHBIM CHPOC OIpPEAEIeHbl IMHAMUKA YHCICHHOCTH
MOCTYMUBILUX U BO3pAacTHBIE CTPYKTYPHI [4, c. 948]. Takxke oTMeuaeTcsi BaXKHOCTb
MOHHUTOPHHTA JIeMOTpa(UUeCKUX AaHHBIX JUISl IPABUIIBHOTO IIPOrHO3HPOBAHHUS
Oynymux norpedHocTeld B 00pa3oBaTebHBIX pecypcax, 0COOEHHO B perHOHAX €
HU3KHUM YPOBHEM pPO’KAaeMocCTH [5, ¢. 2].

BaxHpIM JTOMOJHEHHEM K 3TUM HCCIEIOBAHUSIM SIBISETCS U3MEHEHHE B
CIIpoce Ha BhICIIIee 00Pa30BaHUE B 3aBUCHMOCTH OT SKOHOMHYECKHX U COLUATBHBIX
ycnoBuit. Hanpumep, poct sxonoMmuxu B 2008-2011 rogax compoBokaanics
yBEJIMYECHHEM 4YHciia a0UTYpHEHTOB, TOTI/la KaK MEpHOJbl YKOHOMHUYECKOU
HectabmibHOCcTH (2014 11 2015 TO/BI) 3TOT MOKA3aTEb CHUXKAJICS. DKOHOMHYECKHE
KPU3UCHI OKa3bIBAIOT 3HAUUTEJILHOE BIMSHHUE KaK Ha YHMCIIO MOCTYMAIOIIMX, TaK
U Ha BBIOOp crienuanbHOCTH [6, ¢. 535].

Takum 00pa3oM, Bce BBILICYKa3aHHBIE MCCICIOBAHUS MOKA3bIBAIOT, YTO
CoueTaHHe AeMOrpaUYecKruX, COMUATIBHBIX U DKOHOMHUYECKUX (aKTOPOB
OKa3bIBAaET CEPhE3HOE BIIMSIHUE HAa 00pazoBaTellbHyI0 crucTeMy. JJist mpoBeeHUs
OyyILIero UCCIeI0BaHMS C YUETOM CTAaTHYECKUX U JeMOrpaMuecKuX JaHHBIX
MOCTYMAIOUINX, MNIAHUPYETCsl UCIOIb30BaTh METO/bI CTATUYECKOTO aHaIM3a U
HEHPOHHBIC CETH, HO B JIAHHOW CTaThe I MOJIyYEHUS MEPBUYHOM KapTHUHBI
pacueTsl OynyT poBoauTcs B Microsoft Excel.

Marepuajibl 1 METOAbI

MeTo1010THsI UCCIIEI0BAaHUS OCHOBAaHA HA CTAaTUCTUYECKOM aHAIMU3Ee U
MOJICIUPOBAHUH, L[EJIbI0 KOTOPOTO SIBISIETCS BBISIBICHHE 3aBUCHUMOCTH MEXIY
JaeMorpadyeckiMy MoKa3aTelsiMi U 00pa3oBaTeIbHbIM cripocoM. B oGmactu
aHanu3a geMorpaduyeckux JaHHBIX W IMPOTHO3UPOBAHUS NOCTYIJICHHS
Ha o0pa3oBaTeiIbHbIE TPAHTHI MIHPOKO MPUMEHSIOTCS PAa3JIMYHbIE METOIbI
CTaTUCTUYECKOH 00pabOTKH, KOTOpBIE AEISTCS Ha IEPBUYHBIA M BTOPHUYHBIN
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aHanu3bl JaHHbIX. COINIACHO PEeKOMEHAALMSIM IO METOJaM CTaTUCTHYECKON
00paboTKN MEANIMHCKUX JTAaHHBIX, IEPBUYHBIN aHAJIM3 HAIIPABJICH HA N3yYCHUE
1 ONMCaHUE 3aKOHOMEPHOCTEH, KOTOpble M3HAYAJIBHO MPEANOoIaraluch
HCCIIeIOBATENIEM, U IIPOBEPKY 3apaHee c(hopMyTUPOBaHHBIX TUIOTE3 [7, €. 6]. DTOT
TUII aHAJIU3a NIPE/TIoaraeT IIaHUPOBAHUE UCCIIEI0BAHMS], @ TAKXKE UCCIICIOBAHUE
KOHKPETHBIX PU3HAKOB, KOTOPbIE ObUIM BKJIIOYEHBI B THIIOTE3y U3HAYAIIBHO.

BropuuHslif aHanu3, B CBOIO OYepe/lb, HCIOJB3YeTCs Ul MOMCKa HOBBIX
3aKOHOMEPHOCTEHN, KOTOPbIE MOT'YT BO3HUKHYTh B IPOLIECCE UCCIIENOBaHUSA, HO
He ObUIM 3aIUIaHMPOBAHBI 3apaHee. DTOT MOAXO]] TIOMOraeT MCCIeI0BaTEeNIsIM
00HapYXHUTh HOBbIE (HAaKTOPHI M T'MIIOTE3bI, OCHOBBIBASACH Ha YK€ COOPaHHBIX
naHHbIX. Kak oTMeuaeTcs B METOANYECKUX PEKOMEHIAIUIX, BTOPUUHBIN aHAIIN3
4acTO MCIIOJIB3YETCSl Ha JTane Pa3Be]KH JIAHHBIX, YTOOBI JIydlle MOHSATh UX
CTPYKTYpPY U BO3MOXHBIE NIEPCIIEKTUBBI UccienoBaHus [7, ¢. 6].

OCHOBHBIE ATaIlbl UCCIIEAOBAHUS:

AHanu3 BPEMEHHBIX PSAJOB: IS aHaIW3a AUHAMUKU MOCTYMAONUX
aOUTYpUEHTOB UCIIOJIB3YETCsl METOJI BDEMEHHBIX PsIOB. JlaHHBIN METO/T T03BOJISIET
OLICHUTh U3MEHEHHMS B KOJIMUECTBE A0UTYPUEHTOB 10 I'0/1aM, BBISIBUTH TPEHAbI U
LUKJINYHOCTb, & TAK)KE CIPOTHO3UPOBATH Oyayllee OBEICHHE.

KoppensanuoHHbIil aHaIn3: s BBISABICHUS 3aBUCUMOCTH MEXIY
POXJIAEMOCTBIO U KOJIMYECTBOM a0MTYPHEHTOB IPOBOJMUTCS KOPPEISLIMOHHBIH
aHanu3. DOTO MOMOXET MOHATh, CYHIECTBYET JIM CTAaTUCTUYECKH 3HaYuMas
CBSI3b MEXKJTy KOJMUYECTBOM POKJCHHBIX B ONPEIEICHHOM IOy U KOJIMYECTBOM
abutypuenros, caatommx EHT wepes 17 ner mocie ux poxiaeHus (¢ yueTom
BO3pacta abuTypreHToB B MoMeHT caaun EHT).

PerpeccronHOe MOIETUPOBaHKE: CTPOUTCS PErPECCUOHHAS MOJIENTb, KOTOpast
OyzleT ONUCHIBATH 3aBUCUMOCTb KOJIMYECTBA AONTYPUEHTOB OT JIeMOTpapUIecKUX
(axTopoB (B IIEPBYIO OYEpe/lb, OT YMCIIA POXKICHHBIX). PerpeccnoHHbIH aHami3
MIO3BOJIUT HE TOJIbKO BBISIBUTH CBfA3b, HO M KOJUYECTBEHHO OLIEHUTDH BIIUSHHE
PO’KAaEMOCTH Ha KOJIMYECTBO MOCTYMAIOIINX.

COOp MCXOIHBIX JaHHBIX MpEICTaBlieH B Tabiunax 1-3. B tabmune 1
MIPEICTABIICHBI 1BA OCHOBHBIX II0KA3aTeJIs: YUCIIO POXKJICHHBIX 3a OIPEeICICHHbIE
TOJbl U YHCIIO 00pa30BaTEIbHBIX I'PAHTOB, BBIJACICHHBIX FOCYAapCTBOM ISt
MOCTYIUICHUSI B By3bl. ['0J1, yKa3aHHBII B TabJMIE, COOTBETCTBYET IOy Clauu
EHT (Ennnoe HanmonansHoe TecTupoBaHue) — MOMEHTY HOCTYIIJICHUS B BY3bl
aOUTYPHUCHTOB.

Kaxnpiit ron cnaun EHT B Tabnuiie HanpsiMyr COOTBETCTBYET TOIY
POXKICHUS, HATpUMEp, abuTypueHTsI, poausiiuecs B 2000 rony, cnaBanu EHT B
2017 rony, a poxxnennsie B 2001 roxy — B 2018 roxy, u tak nanee. Takum oOpazom,
MIPOBEICHA MapalIesib MEX Ty KOJIMUECTBOM POXK/ICHHBIX B OIIPEICIICHHbIN IO/ U
KOJIMYECTBOM aOUTYypUEHTOB, caaBaBmux EHT B cOOTBETCTBYIOIIMI TOI.
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AHanu3upyemble JaHHbIE OBIIM B3SITHl M3 CIEAYIOINX MCTOYHUKOB!
nHdopmanus o 4ucie POXKICHUH NpejcTaBlieHa Ha OQHUIMAIbHOM calTe
Komutera no crarucruke PK, a nanubie o rpanTax Ha MH(GOPMAIIMOHHOM ITOpTae
«Tengrinews.kz» [8; 9]. s npoBeleHUsS] pacueTOB HCCIICAYIOTCS JaHHBIC IO
MATWICTHUM LHKJIaM JUIsl IOCTPOEHUS, TECTUPOBAHUSI U NPOTHO3UPOBAHUS
MOJIeJH:

[TepBblii nepro/1: NCTIOIB3YETCS AJIst TOCTPOCSHHS MOAIENH. BKitoyaeT naHHbIe
o rogax poxaenus 2003—2007 u coorsetcTBytomume roasl caaun EHT 2020-2024.
3TO OCHOBHO OTPE30K ISl IOCTPOCHUSI U O0Y4YEHHST MOECIIH.

Tabmuna 1 — [1epBblit nepro st TOCTPOCHHS MOJCIN

T'on poxnenus 2003 2004 2005 2006 2007
Ton cnaun EHT | 2020 2021 2022 2023 2024

Bropoii nepuoj: ucrnosib3yercs uis TECTUPOBaHHs MOJenu. Bkimouaer
JTaHHbIe 0 rojgax poxaeHus 1998-2002 u coorsercTByltomue roas! caauu EHT
2015-2019. 310 MOMOTraeT MPOTeCTUPOBATH U BEPUPUIIUPOBATH TOUHOCTH MOJICTIH
Ha paHee U3BECTHBIX JaHHbIX.

Tab6nuna 2 — Bropoii mepuoj 171st TECTUPOBAHUS MOJACTH
o poxnenus 1998 1999 2000 2001 2002
T'on cnaun EHT 2015 2016 2017 2018 2019

TpeTuii epuoa: UCIOIb3YeTCs ISl TPOTHO3UPOBAHUS OYAYIIMX JTaHHBIX.
Bxumowaet mannsie o rogax poxkaerus 2008—2012 u mpemonaraeMble TOABI CoaYH
EHT 2025-2033. ITeproa, 10 KOTOPOMY MBI CTPOMM IIPOTHO3BI Ha OyIyTIiee.

Tabnmma 3 — TpeTsH mepuoa AT MPOTHO3UPOBAHUS MOJICITH

l'ox poxxnenus 2008 2012
T'ox cnaun EHT 2025 2029

TakuM 00pa3oM, HCClIeIOBAHNE OXBATHIBACT TPU PA3IMYHBIX BPEMEHHBIX
OTpe3Ka, KOTOPhIE MO3BOJISIIOT IOCTPOUTH HAJIEKHYIO MOJIEIIb, IPOTECTUPOBATH
ee TOYHOCTh U CIeIaTh MpeIcKa3anus Ha OyyIiee.

PesynbraTel 1 00CyKneHNEe

Ha Texymem starne nccieoBaHus Juist 0OpadOTKH ¥ aHAIN3a JaHHBIX ObLIN
HCIIOJIb30BaHbI CTaHAApTHBIE HHCTPYMeHTHI Microsoft Excel, koTopble mo3Bommmm
cO371aTh TaONMIBI ¥ rpadrKy, a TAKXKE MPOBECTH 0A30BBIN aHAIN3 TPEHIO0B MEXITY
YHCIIOM PO’KAECHHBIX M KOJIIMYECTBOM 00pa3oBaTesbHBIX rpanToB. B Excel Obun
TIOCTPOEHBI JTMHEHHBIE IpaMKK JUIsl HATJBIHON BU3yaln3aliy 3aBUCHMOCTEH,
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a TaKoKe MPOBEJICH NEPBUYHBIN PacyeT CTaTHCTHYECKUX TI0Ka3aTeNei, TaKuX KaK
CpeltHee 3HaYCHUE U CTaHJapTHOE OTKJIOHEHHUE JUIsl YUCET POXKICHHBIX ¥ TPAHTOB.

JemMorpaduueckne nmpouecchl MOXHO ONHCBHIBATH C NMOMOIIBIO
MaTeMaTH4eCKHX MOJeJeH, KOTOpbIE IO3BOJISIIOT YYUTHIBATh JUHAMHUKY
YHCJICHHOCTH HacelleHus. Ecii paccMaTpuBaTh YMCICHHOCTh HACEJICHUS Kak
nepeMeHHyto N, KOTopasi 3aBUCHT OT BPEMEHH, TO M3MEHEHHUS B €€ BEJIMYMHE
MOYKHO OIHCBIBATh C MOMOUIBIO AU HepeHIINATIBHBIX YPAaBHEHHH.

B 6azoBoii Mozenu pocta YMCIEHHOCTH HACEJICHHS MOXKHO Y4eCTh TpHU
KITFOUEBBIX IEPEMEHHBIX:

N — obuiee uuncio sozel (HarnpuMep, KOJINYECTBO POANBIINXCS),

B — uncrio mojei, mocTynUBIIMX Ha TPaHTHI (OI0KETHBIE MECTa B By3aXx),

D — 4gucino irozpeid, KOTOpbIE MOCTYNUIM Ha IUIATHYIO OCHOBY HJIM HE
MOCTYIHIIM BOOOIIIE.

Torna nporiecc U3MEHEHUsI YUCIEHHOCTH HACEJICHUSI MOXKHO 3allucarh ¢
HCIIOJIb30BAaHNEM KJIACCHYECKOTo U GepeHINaIbHOT0 ypaBHEHH s Kak B (hopMyIie
1:

X_B-D 1)
dt

anN
3nech T — 3TO CKOPOCTb M3MEHEHUS YHCICHHOCTH HAaceJIeHUs (WU

KOJIMYECTBA ITOCTYIMBIINX Ha 00y4eHue), a B —3T1o nmpupocT (B BU/E HOCTYIHBIINX
HarpaHT), a D — yObuIh (TEX, KTO HE IOCTYITHII HA TPAHT WM Ha 00y4YeHHe BOOOIIIe).
dopmyna st ©I3MEHEHHST YHCICHHOCTH HACEJICHHs, NPECTaBICHHas B BHJIE
nuddepeHInaTbHOTO ypaBHEHUS! M pacCMaTpUBAaEeT MPOTHO3 POXKIAEMOCTH B
pamKax MOJEITUPOBaHMS POCTA YUCIEHHOCTH HaceseHus [ 10, c. 269].

bazoBoii MoiesbI0, ONIMCHIBAIOIIECH TUHAMUKY PacTpeesIeHUs] TPAHTOB 110
TO/IaM IOCTYIUICHHSI, MOKET CTaTh JIOTUCTUYECKAst MOJIEIIb, AHAJIOTUYHASI MOZEIH
pOCTa MOMyJISIIKU. DTa MOJETb IPE/IIoNIAaraeT, YT0 KOJINIECTBO MOCTYMIAIOMINX
Ha TpaHTHl B mponopioHanbHO yucay poauBIIMXCcst N, a Takke 3aBUCHT OT
OTpaHMUYEHHBIX PECYpCOB — JIOCTYIHBIX TpaHTOB. OMHUCAHUS 3TOW TUHAMUKHU
HaIMcaHo B popMyJie 2 JOTUCTHYECKOTO YPaBHEHUSI:

S=rN(1- ) @
dt K

rae:

N —uncno poauBmMXxcs,

B — uncno rpasTos,

K — npenenpHOE KOJIMYECTBO TPAHTOB,

r — k03¢ durmenT pocra.
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B Oyaymem, nis 6osee TOYHOrO MPOTHO3UPOBAHUS W BBISBICHUS
3aKOHOMEPHOCTEH, OyAyT NMPUMEHATHCS 00Jiee CIOXKHBIE CTATHCTHYECKUE
METO/Ibl, TAKUE KAaK PErpPEeCCHOHHBINA aHAIMU3 IS BBISBICHUS 3aBUCHUMOCTH
MEXIY pa3iuuHbBIMU (aKTOpaMu, a TAaK)KE€ METObl MAIIMHHOTO OOy4YeHUs JuIs
MIOCTPOCHMS ITPeCKa3aTeNbHbIX MoJIesIel. Takxke IaHupPyeTCs UCTIOJIb30BaHKe
METO/IOB aHalli3a BPEMEHHBIX PsIIOB, YTOOBI CIIPOrHO3UPOBATH JHHAMHUKY
KOJIMYECTBA I'PAHTOB B OY/yIllEeM, OCHOBBIBASICh HA JIEMOrpadMUECKUX JTaHHBIX.
OTH METO/1bl TOMOTYT 3HAUUTEIBHO OBBICUTH TOYHOCTh U Ha ISKHOCTh IIPOTHO30B
JUIsL IPUHATHS O0oJiee 00OCHOBAHHBIX PEIICHUH B oOiacTH 00pa3oBaHUs U
pacnpenenenus rpantoB. [lo mepe yBennuenust Habopa ¥ 0a3bl JJaHHBIX ATH
METO/IbI OyIyT PacHIMpPATHCS U aIallTUPOBATHCS 10 IPUMEHEHUSI HTHCTPYMEHTOB
HMHTEJUIEKTYyaJIbHOTO aHAJIM3a JaHHBIX U BBIUMCIIEHHH, YTO MO3BOJIUT IPOBECTU
OCHOBATEJIBbHOE UCCIIEA0BAHUE C yUETOM MHOTUX JAPYTHX TapaMETPOB U KPUTEPUEB
[11,c.3].

IlepBuuHbI aHANN3 UCCIICAOBAHUS

1. CpaBHurenbHbll AHanu3 3a nepuos 2020-2024 roabt

Pucynox | mimocTpupyeT 3aBUCUMOCTb MEXJYy YHMCIOM POXKJIEHHBIX U
KOJIMYECTBOM BBIJICJICHHBIX 00pa30BaTesIbHBIX I'paHToB B riepuoz ¢ 2020 mo 2024
roj. DTOT NEPHO/I UCTIONIB3YETCS TSt [IOCTPOCHUS M 00YUEHHSI MOJICITH, T0ITOMY
OH UTpaeT KJIIOUEBYIO POJb B HAIlIEM MCCIIEJOBAHUM.

Cpa BHEHWE YNC/a POXOEHHbIX N YCBOEHHDIX
rpaHtoB - Nepnog 1
350000 301756 321963
273028 2?8971/
300000 247946
250000 — t
200000 ..--""'"E 17028 2553 228756 246963
194082
150000
100000 53864 56000 67224 73000 75000
50000 o “
0
2020 2021 2022 2023 2024
g 1CN0 POXKAEHHBIYX ~— ==ge={1CN0 FPAHTOR  weeges [lefbTa

Pucynok 1 — CpaBHeHHe nciia posKIEHHBIX
1 YCBOGHHBIX TpaHToB 3a 2020-2024 rombt
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KiroueBbie pe3yibTaThl

Poct uncna poxxaeHHbIX: MBI HaOIr0JTaeM CTaOMIIBHBINA POCT YHCICHHOCTH
poxnennbix B Kazaxcrane. B 2020 roxy 66110 3adukcupoBano 247,946 yenosexk,
B TO BpeMs Kak B 2024 rogy 3To 4ucio yBeauuuiaocsk A0 321,963 venosek, 4To
CBHJICTEJILCTBYET O TPOJOIDKEHUH TO3UTHBHOHN JIeMOTpaUuecKOi TeHICHIIUH.

YBenuueHne unciia rpaHToB: B To ke BpeMsi KoJrm4yecTBO 00pa3oBaTesIbHBIX
IPAaHTOB TaKXe YBEIMYUBAETCS, YTO HAMPSIMYIO CBA3aHO C YBEIMUYEHHUEM YMCIA
abutypuenros. KomruectBo rpanToB Bepocio ¢ 53,864 B 2020 roxy 1o 75,000 B
2024 rony, 4TO OTpa)xaeT peakiinio TOCyIapcTBa Ha pacTyIUi CIIPOC Ha BHICIIIEE
oOpa3zoBaHueE.

Koppensamus Mexy poxkaaeMOCTbI0 U FPAaHTAMU: U3 JAHHBIX BUIHO, YTO
C YBEJIMUYEHUEM YHCJIa POKJEHHBIX B CTpAaHE PacTeT M YMUCIO TPAaHTOB. DTO
MOJKET yKa3bIBaTh Ha TO, YTO FOCYJapPCTBEHHbBIE OPTaHbl OTBEUAIOT HA PACTYILIHMH
neMorpaduyecknii cpoc, yBeIM4YHBas KOJIMYECTBO JIOCTYITHBIX IPAHTOB JUIsI
CTYICHTOB.

JlenbTa Mex Iy UUCIIOM POXK/ICHHBIX U UUCJIOM IPaHTOB: JleiabTa MOKa3bIBaeT
Pa3HUIy MEXAY YHUCIOM POKJAEHHBIX M KOJIUYECTBOM BBIJAHHBIX I'PAaHTOB.
Hampumep, B 2020 roay nenbra coctaBuna 194,082, B o Bpemst kak B 2024 roay
OHa yBeJIUumIach 10 246,963. 1o nof4epKuBaeT, 4To XOTs KOJIMYECTBO IPAHTOB
pacTeT, OHO BCE K€ 3HAUUTENIBHO OTCTAeT OT YHCJIa POXKJICHHBIX, YTO MOXKET
CBHJICTEIILCTBOBATH O TOM, UTO B Oy IyIlieM OTpeOyeTcst 00JIbIEe TPAHTOB, YTOOBI
KOMIIEHCHPOBATH JIeMOTpayMueCKHid IPUPOCT.

AHanu3 TpeH/I0B:

CTaOuNbHBIA POCT YUCEN POXKJACHHBIX M TPAHTOB B ITOM IEpUOJE
MOXET CBHUJETEIHCTBOBATH O XOPOIIEM MPOTHO3UPOBAHUU MOTPEOHOCTH B
o0pa3zoBaTeNbHBIX pecypcax. JTO MPeAroyaraeT, yTo B OyaylieM, ¢ y4eToM
JeMorpagpuyecKux U3MEHEHNH, MOXKET NOTpeOOBaThCs NabHEHIIIee YBEINUCHNE
IPaHTOB JJIsl 0OecTeYeH s JOCTYITHOCTH 00pa30BaHMsI.

2. Ananuz Broporo rpaduka (IaHHble Uit TeCTHpoBaHMs mozpenu: 2015-
2019 roxer)

Pucynox 2 nokassiBaeT naHHble 115 nepuosa ¢ 2015 no 2019 roa, koropslit
HCHOJIb3YETCs sl TECTUPOBAHUSA TOYHOCTH MOJIENHU, IIOCTPOCHHONW Ha OCHOBE
JIAHHBIX U3 1epBoro rpaduka. B naHHOM citydae Mbl BUANM 0oJiee M3MEHUUBYIO
KapTUHY, YeM Ha IpeabLayeM rpaduke.
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CpaBHeHuWe yncna poXkAeHHbIX M YCBOEHHbIX
rpaHToB - lMepuog 2
235400

250000 225000 222054 221487 227171
— el
200000 .
205732 196248 e TTe———
150000 170543 173386

100000
50944 53785

50000 29668 28752 32529

2015 2016 2017 2018 2019

g Y}1C/I0 POMAEHHBIX === YWCI0 TPEHTOE  weegem [lenbTa

Pucynok 2 — CpaBHeHHe Ynciia posKIEHHBIX
Y YCBOEHHBIX TpaHToB 3a 2015-2019 rozst

PesynbraThl HcceI0BaHKUs BTOPOTO TIEPHOJIA!

KonebGanusi yucna pokJeHHBIX: 32 pacCMaTpPUBAEMBbIN MEPUOJ YUCIIO
POKJIEHHBIX BapbupoBanoch ot 222,054 B 2017 roay mo 235,400 B 2015 rony,
YTO CBHJIETEJILCTBYET O HEOOBIINX KOJIEOaHUsX B leMOrpaduueckoil CuTyalun
B 9TH ToJbl. O/IHAKO B I[EJIOM TPEHJI 110 YUCITy POXKIACHHBIX UMEET HeOOJbIIoe
CHIYKEHHE B [TOCJICJHUE TOIbI, YTO MOXKET yKa3bIBaTh Ha BO3MOXKHOE 3aME JICHHE
pOCTa HacelIeHHMSI.

HecTaOuiapHOCTb YMCIIa TPAHTOB: YHMCJIO I'PAHTOB, BBIJCICHHBIX B 3TOT
MepHoJI, TaKKe M3MEHSJIOCh, IPUYEM CaMble 3HAYUTEJbHbIE KOJeOaHus
npoucxoaat B 2018 roamy, koraa 4uciio rpaHTOB 3HAYUTENIEHO Bo3pocio 110 50,944,
aB2015-2016 romax oHo ocraBanoch Ha ypoBHe 28,000-29,000. D10 MOXKET OBITH
CBSI3aHO C U3MEHEHHSMH B FOCYIAPCTBEHHOM MOJIUTHKE 110 BBIICICHHIO TPAHTOB
WIM C BHEIIHUMH 3KOHOMHUYECKHUMH (akTOpaMH, KOTOpPbIE CIOCOOCTBOBAIN
YBEIMUEHUIO yrciia TpaHToB B 2018 romy.

OcobeHHOCTH pacnpeaesieHust rpanTtoB: B 2019 roay 4ucio rpaHTOB
3HAYUTEIBHO BO3POCIIO 10 53,785, 94TO MOIJIO OBITH PE3YJIHTATOM MPEACTOSIIUX
W3MEHEHHI B ccTeMe 00pa3oBaHusl, a TAKXKe O0osiee BBICOKOTO CIIPOCa Ha IPaHThI
CO CTOPOHBI CTYJICHTOB, B CBSI3U C PAaCTYLIMMH TEMIIAMH OCTYIJICHHUS B BY3bI.

JlenbTa MEX/1y YMCIOM POXKICHHBIX M YHCJIOM TPAaHTOB: JIEJbTa TaK Ke
yKa3bIBaeT Ha PA3HUILY MEXy YHCIOM POXKICHHBIX U KOJMYECTBOM BBIAAHHBIX
IPaHTOB, MOKa3blBasi, HACKOJIBKO 3HAYUTEJIBHO Pa3IMUME MEXIY dTUMHU
nokazaTesiMu. Hanpumep, muist poxnenssix B 2003 roxy nensta coctaBuia 51,861,
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a 1yist poxksieHHbIX B 2007 roy oHa yBeIMumiiach 10 72,993. DTo CBUAETENbCTBYET
0 TOM, YTO XOTS YHCIIO TPAHTOB PACTET, OHO BCE el CyIIECTBEHHO OTCTAeT
OT YMCIIa POKICHHBIX, YTO MOXET HPHUBECTH K IOBBIIICHHOMY CHpPOCY Ha
00pa3zoBaTebHbIE PECYpPChl B OYAyILEM.

BbIsiBIICH citeyIomuii TpeH 1 HeCTaOMIIbHOCTD B YKCIIE IPAHTOB, OCOOEHHO
B 2018 roay, MOKeT yKa3bIBaTh Ha CIIOKHOCTH MPOTHO3UPOBAHUS BBIJICIICHUS
I'PaHTOB Ha OCHOBE JIAaHHBIX O POYKJAEMOCTH. DTOT CKauOK MOT OBITh BBI3BaH
KpaTKOCPOYHBIMH (DaKTOpaMHU, TAKUMHU KaK M3MEHEHUs B SKOHOMHKE HIIN
00pa3oBaTeIbHON NOJIUTHKE CTPAHBI.

[Tpumenenne MeTo/1a K aHAJIU3Y JaHHBIX

Jlis aHanmu3a pacrpeniesnieHusl TpPaHTOB ObUIa MPUMEHEHA JIOTUCTUYeCKast
MOJIeJIb, KOTOpasi MO3BOJISIET YUYNUTHIBATH OIPAaHUYEHHBIE Pecypchl (IPaHThI)
U AMHAMHKY MX pOCTa B 3aBUCHMOCTH OT OOIIEro 4uciia IpeTeHaAeHToB. s
KOPPEKTHON OLIEHKH MOJENM HUCIOJIb30BAIUCh AaHHbIE 3a nepuoa 2015-2024
rO/I0B, BKIIFOUAroIye Yucino poauBuxcs (N), YMCII0 MOCTYIMUBIINX HA TPAHTHI
(B) u pazuuiy (A) Mexay STUMHU 3HAYCHHUSIMU.

IToncranoBKa 3HAUCHUH

Jlns OolleHKM mapaMeTpoB JIOTUCTUYECKOW MOJEIN HMCIOJb3yeTcs
npeaenbHoe KoiaudecTBo rpanToB K. Ha ocHOBaHMM TEHICHIMN TTOCIIEIHHUX JIET
npeanonaraercs, 4to K=75000, uTo COOTBETCTBYET MaKCUMAIbHOMY YHCITY
rpanToB 3a 2024 rog.

Koppexk1ust 1orucTuaeckoi MoJiesn

JlorucTryeckast MoeNb Uil aHAIM3a OTPAaHMYCHHOTO pecypca (TPaHTOB)
BBIPAKACTCS TPETHUM YpaBHEHUEM:!

BB (1 — 5) 3)

re: dat K

B — uncno BEIIENCHHBIX TPAHTOB;

K — MakcumanbHOE KOJTMYECTBO TPAHTOB;

r — K03 PHUIMEHT pocTa.

Koaddumment pocta r — 370 KIF0UEBON MapaMeTp JIOTUCTUIESCKOI MOICIH,
KOTOPBIA XapakTepusyeT TEeMI M3MEHEHHs uucia rpaHTos (B) ¢ Teuenuem
BpeMeHH. OH HCHOIB3YyeTCs ISl IOCTPOSHHS W MPOTHO3MPOBAHUS AWHAMUKA
cucteMsl. Takxke AIs1 KOPPEKTHOTO MCIIOIB30BAaHMA MOAEIH TMapaMeTpsl K u r
pacCUUTHIBAIOTCS HAa OCHOBE JaHHBIX 3a Bech mepuon (2015-2024 roasr). D10
MO3BOJISIET YUECTh JUHAMUKY M3MEHEHHH, CBA3aHHYIO C JeMOTrpapuICCKUMU
0COOEHHOCTSIMH 1 H3MEHEHHEM 00pa30BaTeIbHON TIOTUTHKH.

KoadpumueHTt r mo3BosisieT ONEHUTH, HACKOIBKO OBICTPO CHCTEMa
00pa3oBaHMs pearupyeT Ha U3MEHEHUS! B YUCICHHOCTH POXKJICHHBIX:

BbIcokmii T MOKET yKa3blBaTh Ha THOKOCTh CHCTEMBI, KOTOpas CHOCOOHA
OBICTPO yBEIMYHMBATH YKCIIO TPAHTOB B OTBET HA POCT CIIPOCA.
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Hwuskuii r MOXKET CBUICTEIILCTBOBATH O HEJIOCTATOUHON CKOPOCTH Al TallUH,
YTO MOXKET IIPUBOJIUTH K HEXBATKE 00Pa30BaTCIbHBIX MECT.
Jst pacyera ko3¢ duiieHTa pocra r UCIoib3yeres popmyria 4:
AB

TR @

rae AB — npupocT Ymcia TpaHTOB MEXKIY JBYMS MOCICIOBATCIBHBIMU
TOJIAMHU.
Onenka koddduipenTa r
PacueTs 1711 HECKOJIBKHX MEPHOIOB YKa3aHbl B (hopmyiax 5, 6 u 7:
1.2015-2016 roasr:
AB 232016 - 82015 - 28752—29668 = - 916 (51)

=t s ~ - 0.045 52)
29668-(1—75000

®Dopmyna 5.1 moka3piBaeT u3MEeHeHUe BeuurHbI B 3a meproz ¢ 2015 mo 2016
ron. [TonmyuenHoe 3HaueHne AB=—916 oTpaxaet cHMxKeHHe mokazarens. Takxke
dbopmya muis 1 (5.2) BerurcisieT Ko3GGUIHSHT H3MEHEHHSI, KOTOPBIN TOKa3bIBACT
OTHOCHUTENIbHOE M3MEHEHUE BEIMYUHBI B ¢ ydeToMm e€ HaualnbHOTO 3HAYCHHS U
MaKCUMaJIbHO Bo3MOkHOT0 3HaueHuss K=75000. [Tonyuennoe 3nauenue r~—0.045

CBHUJIETEIILCTBYET O HEOOJIBIIIOM OTPHIIATEIbHOM U3MCHECHHUH.

2.2020-2021 rosr:
AB :B2021 _BZOZO = 56000—53864‘: 2136 (61)
2136

r= ~ 0.054
53864-(1-—200r) (6.2)

®Dopmyma 6.1 paccunTeiBacT M3MeHeHKE mokazatens B mexay 2020 u 2021
rogamu, e AB=2136, uTo yka3siBaeT Ha pocT 3HaueHUs. Popmyna s 1 (6.2)
orpezessieT Ko3QGUIMEHT U3MEHEHUsI, KOTOPbIH, B OTJIMYKE OT MPEAbIIYIIEero
Meproia, Teephb MOJOXKHUTEICeH U paBeH 1~0.054, 94To MoKa3bIBaeT yMEPEHHBIH
POCT B CPAaBHEHHH C TPEJIBIIYIIUM T'O/IOM.

3.2023-2024 ronsr:

AB 232024 - 32023 = 75000—730002 2000 (71)

2000
r= 75000- ~ 0.014 (7.2)
73000-(1-2 00

®Dopmyma s 7.1 BeUHCIAET M3MEHEHHE BeTMUnHBL B B meprox ¢ 2023 mo
2024 roxpl, Tae AB=2000, 9To TakKe CBHICTEIHCTBYET 0 pocTe. Popmyra s
1 (7.2) paccunteiBaeT KO3(PpPUINSHT H3MEHEHH IS ATOTO Nepro/a. 3HAUCHHE
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1=0.014 yxa3piBaeT Ha 00JIee HU3KMUI TEMIT pOCTa 110 CPABHEHUIO C IIPEIBIIY IIUMA
rOJIaMH, YTO OTPAKACT HEOOJIBIIOE YBEIIMICHUE B IEPHOIC.

Koaddurment pocra BappupyeTcsi OT OTPUIIATEIbHBIX 3HaYeHuU (2015-2016
rOJIbl, KOT'/1a KOJIMYECTBO IPAHTOB CHUYKAJIOCH) JIO MOJIOKUTENbHBIX (2020-2024
roJipl). Y MEHbILEHHE I B MOCJIETHUE I0JIbl YKa3bIBaET HA 3aMEJIEHUE POCTA YUCIIa
TPaHTOB TI0 Mepe MPUOIIKCHUS K IPEACIbHOMY 3HaYeHUI0 K.

Urorosas norucruyeckasi MoJeib

C UCIoJIb30BaHUEM CPEHUX 3HAYCHHH T, pACCUMTAHHBIX 32 BECh MEPUOI,
MO>KHO IOCTPOUTD JIOTHCTUUECKYIO MOJIEIb JUIs IPOTHO3UPOBAHUS YHCIIa PAHTOB
Ha Omwkaitimue roxsl. s 2024 rona, npu K=75000, Mozens onuchiBaeTcs
BOCBMBIM YPaBHEHHEM:

dB B
= =0.054-B(1-——) ®)
dt 75000

Dopmyra mpeaoCcTaBIsIeT CO00 TOTHUECKOE ypaBHEHHE, aTalTHPOBAaHHOE
JUTS aHaJIM3a POCTa YMCIIa TPaHTOB B ¢ y4eToM MX orpaHnYeHNsT MaKCHMATbHBIM
3HauenueM K=75000.

Takxum 00pa3om, JJIOTUCTHYECKAs MOJICITH TO3BOIISICT OOBSICHUTh M3MCHECHHUS
OUHAMUKH 9rcia TpaHToB. Huskuit ko3 duiumeHT pocra r u Hebompmoe B
otHocutenbHO K mpuBoasT k cHmkenuto B 2015-2016 rogax. B 2020-2021

roJlax yBEeIMUCHHE I' ¥ HAMYME 3HAYUTEIEHOTO pe3epBa (l—g) 00ecrneunBaOT
ycToiunBkIii pocT. B 2023-2024 romax 3aMeIIeHHE CBA3aHO C MPHOIMKCHUEM
Yyclia TPaHTOB K IpeAeTbHOMY 3Ha4eHHIo K.

BriBoabI

B xoze manHOTO HCcne0BaHUS OBLT IPOBEICH aHAIN3 BRIICICHIS TPAaHTOB
Ha TTOCTyTIJICHHE B BY3bI Kazaxcrana. Vcrmons3ys JaHHBIE O POKIACMOCTH 3a JIBa
meprona (1998-2002 u 2003—-2007 roapl) M KOIUIECTBE BHIICICHHBIX TPAHTOB
3a nepuof ¢ 2015 nmo 2024 roasl, yaanoch BBIBUTH KIIOUEBbIE TEHACHUUU
U 3aBUCUMOCTH. Pe3ynpTaThl aHanmW3a MOATBEPAMWIN HAIWYNE 3HAYUTEITHHON
KOPPEJIAIIH MESKIY IeMorpauuecKUMU W3MEHECHUSIMH U 00pa30oBaTeIbHBIM
CIIPOCOM, YTO YKa3bIBACT Ha BAYKHOCTh yUeTa JeMOTpapuuecKuX (HhaKTOPOB MPH
TUTAHUPOBAHWH U PACTIPEICTICHUN 00pa30BaTEIbHEIX PECYPCOB.

BrIsBIICHHBIE 3aKOHOMEPHOCTH JIEMOHCTPUPYIOT, UTO YBEIHUYCHHE UYHCIIA
POKICHHBIX TIPUBOUT K POCTY KOMYECTBA aOUTYPHEHTOB M, COOTBETCTBEHHO,
K YBEJIHUYCHHUIO BBIICIIEMBIX TPAHTOB. DTH JaHHBIE MOTYT CIYXKHTH OCHOBOM
JUTS CO3JJaHMsI TIPOTHO3HBIX MOJEINEeH, KOTOphIe TO3BOJAT Oonee 3PPEKTUBHO
alalTHPOBATH CUCTEMY TPAaHTOBOTO (WHAHCHPOBAHUSI K MCHSIIOMIUMCS
JEMOTPaPIUECKUM YCITOBHSM.

[IpakTryeckas 3HAYUMOCTh JAHHOTO HCCIICAOBAHUS 3aKIIOYACTCS B TOM,
YTO PE3yNbTAaThl MOTYT OBITh MCITOJIB30BAHBI JJISI ONTHMH3AIUU MIPOIIECCOB
pacIipeielieHrs TPaHTOB, YTO OOSCIICUUT PAaBHEIHN JOCTYTI K BEICIIIEMY 00pa30BaHUIO
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JUIsL BCEX I'paKJaH, HE3aBUCUMO OT PEeruoHa. B ycCIOBHSX OrpaHMYeHHBIX
pPECypCOB Ba)KHO, YTOOBI TOCY/IapPCTBO MOTJIO CBOEBPEMEHHO pearMpoBaTh Ha
JeMorpapuyecKre M3MEHEHUsI U aIaliTUPOBATh CBOM 00pa30BaTelIbHBIC CTPATEIHH.

[NepBonauanbHbIN aHaM3 IpoBoamIics B Excel 1 310 siBisieTcs HEOOXOANMBIM
YCIIOBHEM ISl JaJIbHEHIIeH MOATOTOBKM JIaHHBIX B KauecTBE 00ydYarolero
myJa Juist HeiipoHHoit cetn. dyHkwK 1 Bo3MoxkHocTH Excel Ha naHHOM JTare
HCCIIe0BAHMS SIBISIOTCS JAOCTATOYHBIMHU U IMOJHBIMU JUIsl QOPMHPOBAHUS
Oynymei mojenu. IlpenBapuTenabHble pacyeThl MOKA3bIBAIOT, YTO I'DAHTHI
MIOKPBIBAIOT NPUMEPHO 35% OT KOJIMUeCcTBa MOCTYIAONNX. B HEKOTOpBIE TO/IbI
Hejocaaya TPaHToOB JOCTUTAaeT KPUTHYECKOTO YPOBHS. JTO TOBOPHUT O TOM,
YTO TEKyIlas CUCTEMa paclpe/ieeHHs IPAaHTOB HE BCET/la YYUTBHIBACT PE3KHI
pocT umciia abUTypHEHTOB. AHAJIN3 CTaTUYECKUX JaHHBIX MOJYEPKUBAET,
YTO B TEKYyLIEH CHCTEME YHCIIO TPAHTOB OCTAETCS 3HAYUTEIBHO MEHBLIMM IO
CPaBHEHUIO C YHCIIOM POXKJCHHBIX, YTO MOXKET IPUBECTH K TOMY, YTO MHOTHE U3
HUX MOTYT HOHOJIHUTG Psiibl 0e3padoTHbIX. Jlanee Mosiesb OyAeT oroHeHa ere
U APYTUMH MaKPOIKOHOMUYECKUMH TIOKA3aTEISIMU, a TAK)KE TAKUM [1apaMETPOM,
KOTOPBI OTHOCHUTCSI K HEINPEJBHJICHHBIM CUTYallUsIM, TAKUM Kak, HarpuMep,
nangeMus. Bee aHHble, oTy4eHHbIC Ha CEerOHSIIHUM ICHb, UCTIONIB3YIOTCS IS
MIPEABAPUTEILHOTO 00Y4YEHHsI HEHPOHHOH CETKH.

Takum oOpa3om, pa3paboTka MOJENM JUISI IIPOTHO3UPOBAHUS U
TIPUJIAraloIerocst K Hel MporpaMMHOT0 00eCIIeYeHHsI MOYKET CTaTh HHCTPYMEHTOM
pEeLIeHUS] HEKOTOPBIX M3 YKa3aHHBIX MPOOJIEM.

CIIMCOK HUCIIOJIbB30OBAHHBIX UICTOYHHNKOB

1 IlpumoeroBa, I'. C., AGentaesa JI. K. BcrynurenbHble 3K3aMeHbl B
BhIcMe yueOHble 3aBenenus PK: npoGiiembl 1 iepcrieKTHBhI pa3Butus. [ Tekcer).
—-2013.-C. 173-176.

2 Kepumos, A. A. Poiib cucteMsr 00pa3oBanusi B GOPMUPOBAHUH TIPABOBOI
KyJIbTYPBI MOJIO/ICKH: eBporierickuii onbIT. M3Bectust Yp®Y. Cepust 1. [Ipodiemsr
oOpa3oBaHus, HaykKu u KyiabTypbl. — T. 28, Ne 4. ExarepunOypr, 2022. —
C. 227-235. — https://doi.org/10.15826/izv1.2022.28.4.080.

3 Baasaman U. A. O030p KJIIOYEBBIX OCOOCHHOCTCH HAIMOHAIBHBIX
sk3ameHoB B psje crpan CHI™ // KauectBo obpa3oBanust B EBpazun. — 2020. —
Ne 7. - C. 8-18.

4 ConoBbeB A. U., ConoBbes C. A. O 11o/1xo/1ax K aHaJIN3Y IeMOT papuieckux
JTAHHBIX C KCIOJIb30BaHUEeM MaliMHHOTo 00y4enust. [ Tekcr] // Scientific software in
education and science. M. —2018. — Ne 947. — C. 947-959. https://doi.org/10.25559/
SITITO.14.201804.947-959.

113



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMepPiK ulavimoap cepusicol. Ne 1, 2025

5 I'yceiin-3age P. I'. Biusinue nemorpaduueckux (pakTopoB Ha BbICIIEE
obpazoBanue B Poccun. [Tekct] — M. : denepaibHoe rocynapcTBeHHOE
OrOJKETHOE 00pa30BaTENIbHOC YUPESKICHHE BhICIIECro oOpazoBanus « MUPDA —
Poccuiickuil TexHonornueckuit ynusepcurer», 2024. — C. 1-5.

6 lopogeena T. I1. BzanmocBsi3b 5KOHOMHKO-1eMOrpaduueckux GpakTopos
U CIIPOCa Ha yCIIyrH Beiciiero oopasosanus. [Tekcr] // BectHuk Kemeposckoro
rocyaapctBeHHoro ynusepcurera. Cepust: [lonutiueckne, connoaornyeckue u
sxoHoMuueckue Hayku. 2020. Ne4 (18). — C. 534-542.

7 MeToabl CTATHCTUUYECKOH 00pabOTKM MEIMUHMHCKUX JAHHBIX:
Meroauueckre peKOMEHIAIMHY ISl OPJIMHATOPOB M aCIUPAHTOB MEANIIMHCKUX
yueOHBIX 3aBefeHHH, HayuHbIX paboTHUKOB. [Tekcrt]. / cocr.: A. I'. Koveros,
O. B. JIanr., B. I1. Macenko, 1. B. XKupos, C. H. Hakoneunukos, C. H. Tepemienko
— M.: PKHIIK, 2012. - 42 c.

8 Komwurer no crarucruke PecriyOnmkn Kazaxcran. JlaHHble 0 poXkIeHUT
nereit. — [DnexTpoHHbIH pecypc]. — https://stat.gov.kz/industries/social-statistics/
demography/ [nata obpamenust 15.10.2024].

9 Tengrinews. JlaHHbIC O IpaHTaX. — [DNEKTPOHHBIN pecype]. — https:/
tengrinews.kz/kazakhstan news [naTta oOpamenus 15.10.2024].

10 KupbsinoB . A. IIporuo3 poxxaaeMocTu mpu MOJEIUPOBAHUU POCTa
yucieHHocTH Hacenenust. Bectnuk [Tepmckoro ynusepcutera. Cepust bronorus,
2018, T. 3, C. 268-276. — https://press.psu.ru/index.php/bio/article/view/1819.

11 Parack S., Zahid Z. and Merchant F. Application of data mining
in educational databases for predicting academic trends and patterns. IEEE
International Conference on Technology Enhanced Education (ICTEE),
Amritapuri, India, 2012. — P. 1-4. — https://doi.org/10.1109/ICTEE.2012.6208617.

REFERENCES

1 Primbetova, G. S., Abentaeva D. K. Vstupitelnye ekzaminy v vysshie
uchebnye zavedeniya RK: problemy i perspektivy razvitiya [ Entrance examinations
to higher educational institutions of the Republic of Kazakhstan: problems and
development prospects] [Text]. — 2013. — P. 173-176.

2 Kerimov, A. A. Rol systemy obrazovania v formirovanii pravovoy kultury
molodeji: evropeiskiy opyt. Izvestiya UrFU. Series 1. Problems of education,
science and culture. — Vol. 28. — Ne 4. — Yekaterinburg, 2022. — P. 227-235.
— https://doi.org/10.15826/izv1.2022.28.4.080.

3 Val’dman, I. A. Obzor klyuchevykh osobennostey natsional’nykh
ekzamenov v ryade stran SNG [Review of key features of national examinations
in a number of CIS countries] [Text] // Kachestvo obrazovaniya v Evrazii. —2020.
—Ne7.—P. 8-18.

114

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mmamemamura u KomnvromepHoie Hayku. Ne 1, 2025

4 Solov’ev, A. L., Solov’ev, S. A. O podkhodakh k analizu demograficheskikh
dannykh s ispol’zovaniem mashinnogo obucheniya [On approaches to demographic
data analysis using machine learning] [Text] // Scientific software in education and
science. —2018.—Ne 947. —P. 947-959.—UDK 314.-P. 51-77,519.6, 004-89. —
https://doi.org/10.25559/SITITO.14.201804. P. 947-959. — Finansovyy universitet
pri Pravitel’stve Rossiyskoy Federatsii, g. Moskva, Rossiya.

5 Guseyn-Zade, R. G. Vliyanie demograficheskikh faktorov na vysshee
obrazovanie v Rossii [The Impact of Demographic Factors on Higher Education in
Russia] [Text]. — M. : Federal’noe gosudarstvennoe byudzhetnoe obrazovatel’noe
uchrezhdenie vysshego obrazovaniya «kMIREA — Rossiyskiy tekhnologicheskiy
universitet», 2024, — P. 1-5.

6 Kashirina, A. V., Rubtsov, I. A. Vzaimosvyaz’ ekonomiko-
demograficheskikh faktorov i sprosa na uslugi vysshego obrazovaniya [The
relationship between economic and demographic factors and demand for higher
education services] [Text] // Nauchnyy vestnik NGLU. —2017.—Ne 2. — P. 63-70.
https://doi.org/10.24411/2410-1118-2017-10003.

7 Metody statisticheskoy obrabotki meditsinskikh dannykh: Metodicheskie
rekomendatsii dlya ordinatorov i aspirantov meditsinskikh uchebnykh zavedeniy,
nauchnykh rabotnikov [Methods of statistical processing of medical data:
Methodological recommendations for residents and postgraduate students of
medical educational institutions, researchers] [Text] / comp. : A. G. Kochetov,
O. V. Lyang, V. P. Masenko, 1. V. Zhirov, S. N. Nakonechnikov, S. N.
Tereshchenko — M. : RKPNK, 2012. — 42 p.

8 Komitet po statistike Respubliki Kazakhstan. Dannye o rozhdenii detey
[Data on births of children] [Electronic resource] — Access mode: https://stat.gov.
kz/industries/social-statistics/demography/.

9 Tengrinews. Dannye o grantakh. [Grant data] [Electronic resource]. —
Access mode: https:/tengrinews.kz/kazakhstan_news.

10 Kir’yanov, D. A. Prognoz rozhdaemosti pri modelirovanii rosta
chislennosti naseleniya [Forecasting the birth rate when modeling population
growth] [Text] Vestnik Permskogo universiteta. Seriya Biologiya, (3).—2018.—P.
268-276. — https://press.psu.ru/index.php/bio/article/view/1819.

11 Parack S., Zahid Z. and Merchant F. Application of data mining
in educational databases for predicting academic trends and patterns. IEEE
International Conference on Technology Enhanced Education (ICTEE),
Amritapuri, India, 2012. — P. 1-4. — https://doi.org/10.1109/ICTEE.2012.6208617.

115



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMepPiK ulavimoap cepusicol. Ne 1, 2025

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mmamemamura u KomnvromepHoie Hayku. Ne 1, 2025

*3.

M. Ymaposa', I M. Baenosa’, A. A. Cenvkosckan’

1.23]1. H. T'ymuieB aTbiHgarsl Eypasust YITTEIK YHUBEPCUTETI,
Kazakcran Pecmy0ukachl, AcTaHa K.

TAJIAIIKEPJIEP CAHBIH BOJIZKAYABIH AJIIBIH AJIA TAJIJAYbI

116

KA3AKCTAH PECITIYBJIMKACBI )KOO-HA TYCETIH

Maxkanaoa #coeapsbl 0Ky OpbIHOAPLIHA MYCYUlizep CaHbl MeH
boniHeeH 2paHmmap CablHA KAMbICMbl Moceienep Kapacmvlpbliaobl.
FBonawaxma epanmmapoviy 6oninyin 60124cay yuin myy Kepcemxiumepi
men Kazaxcmamnoazwl dwcozapbl 0Ky OpblHOAPLIHA 2PAHMMbIK OKyed
KabovLioaneanoap mypaivl oOepekmep MmanioaHaovl. Jemoepagusnol
Kopcemxiwimep mer 6inim 6epy CypanviCol apacbiHOazbl 3aHObLILIKIMAPObL
aHbLIKmMay Ywin ecenmeynep apanvliKnen ocypeizinedi. epexmep exi
Kezenoeei myy mypaivt axnapammol Kammuowl: 1998 oicvinoan 2002
arcvinza Oeuin srcone 2003 ocornoan 2007 scvlnea Oeliin dHcone colikecitie
2015 osrcotnoan 2019 oacvinea Oetiin oscone 2020 scvinoan 2024 scvinea
Oeliin  Oepineen epawmmap camvl. Tyeanoap camvl MeH dHco2apvl
0Ky OpbIHOAPLIHOA  OKUMBIHOAD CAMbl  APACLIHOA2bl  OAUIAHBICTbL
3epmmey YUliH CMAmucCmMuKaIbiK-MamemMamukanisly manoay aodicmepi
Konoanvliaovl.  byn  kepcemkxiwmep  apacvinoasvl  OAUNIAHBICTNbL
aHviKmayea epexkuie KoHiN Oeninedi. Ipanmmapaa cypamvicmoiy
os2eepyiniy  Heeizel  (pakmopnapvl  MeH — He2izel  MEeHOeHYUSIApbl
anvikmanowvl. Tyy men oxyea Kabwlioay Kods@huyueHmmepin canplCmoipy
democpaghusnvlk, 632epicmep MeH MazaublHOAI2aH SPAHMMAD CAHbIHbIY
apacvinoazvbl Manywvizovl Oailianvicmsl Kopcemeoi. Anoasvr 2025-2030
HCOLLIOAP2A APHAN2AH 2PAHMMAPObLIY KAXCemmi CAHbIH O0NHCay YWl
CcanoviK ecenmeyiepoi Jicypeizy, COHOAU-AK KOCLLMUIA AHATUNUKA HCOHE
bazoapramanvix Kammamacwlz emyoi o3ipaey Yuin anlobli aia 3epmmey
Homudcenepi Kaxcem.

Kinmmi coe30ep: modenvoey, 6ondxcay, Oinim Oepy epanmmapel,
CMAMUCMUKAIbIK MOiMemmep, MameMamuKaislk manoay.

*Z. M. Umarova', G. M. Baenova®, A. A. Senkovskaya®
1231, N. Gumilyov Eurasian National University,
Republic of Kazakhstan, Astana

PRELIMINARY ANALYSIS OF FORECASTING
THE NUMBER OF APPLICANTS APPLYING
TO UNIVERSITIES OF THE REPUBLIC OF KAZAKHSTAN

The article studies issues related to the number of applicants to
higher education institutions and the allocated number of grants. The
article analyzes data on the birth rate and data on those admitted to
universities for grant education in Kazakhstan to predict the allocation
of grants in the future. Calculations are carried out in interval periods
to identify patterns between demographic indicators and educational
demand. The data include information on the birth rate in two periods:
from 1998 to 2002 and from 2003 to 2007, and the number of grants issued
for the period from 2015 to 2019 and from 2020 to 2024, respectively.
Statistical and mathematical methods of analysis are used to study the
relationship between the number of births and the number of applicants
to higher education institutions. Particular attention is paid to identifying
the dependence between these indicators. The main factors and key trends
in changing the demand for grants are identified. Comparison of the birth
rate and the number of applicants shows a significant relationship between
demographic changes and the number of allocated grants. Preliminary
results of the study are necessary for conducting numerical calculations
to forecast the required number of grants for the upcoming period 2025-
2030, as well as additional analytics and software development.

Keywords: modeling, forecasting, educational grants, statistical
data, mathematical analysis.
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UCIroJIb3OBAHUE METOL4OB KOHLEITYAJIbHOIO
MOLEJINPOBAHWA I1PU PABPABOTKE MOBUJIbBHOINO
MPUITOXXEHUS «AKTUBHbBIA TPAXKOAHWUH»

B oannoii cmamve paccmampueaemcs npoyecc npoeKmupo8anus
MOOUNILHO20 NPUTLOJICEHUSL K AKMUBHDBLIL 2PANCOAHUHY C UCHOTB308AHUEM
COBDEMEHHBIX MEMOO008 KOHYENMYAIbHO20 MOOCIUPOBAHUSL, HA OCHOBE
Npeonoumenull NoIb3068amelell, Komopule Obliu GbIAGIEHbL C NOMOULIO
Memooa ankemuposarusi. Llenvto pabomul cmano cozoanue MoOUILHO2O
NPUNOJICEHUS, MAKCUMALLHO COOMBEMCMEYIOWe20  (DYHKYUOHATLHBIM
nompebnocmsam — noavzosamened.  Ilpu — ananuze  pe3ynbmamos
ucce0osanus. OblIlL ONPEOeiecHbl WEeCb OCHOGHBIX (DYHKYUOHANbHBIX
BKIIAOOK, KOMOpble 6YOYm COCMABIAMb OCHO8Y CIPYKIY Dbl NPUTLONHCEHUSL:
«Hosocmuy, «lonocosanusny, «Meponpusmusy, «Ilpodremsry, «O
eopoode» u «llemuyuuy. Ilpeocmasienvl KoOHYenmyanvbhvle MoOenu
NPUNOJICENUs,, NOCMPOEHHble HA OCHOBE MNOJVYEHHbIX OAHHBIX, d
UMEHHO:  MOOelb  ApXUMEKMmypbl — NPULOJCEHUS,  ONUCHIBAIOU|US]
e3aumodeticmeue  noavzoeamens ¢ cepgepom  (Knuenm-Cepeep),
MOO€eNb OAHHBIX NPULOJCEHUS, NOCMPOEHHAs € NOMOWbIO HOMAYUU
IDEF1X, onucelearowas cywHocmu, ampubymol u Ces13u Mexcoy HUMU,
U Mooenb (DYHKYUOHANLHOCMU NPULOdCeHUsl (use case ouazpamma),
NOKA3bI8AIOWAs], KAKOU QYHKYUOHAT NPULONCEHUS. OOCMYNEH KANCOOU
epynne noavszosamenell. Takum obpazom, 6 pesyrbmame BblsA6ICHO,
YUMo  UCNONL30BAHUE MEMO008 KOHYENMYAIbHO20 MOOEIUPOSAHUS. 6
couemanuu ¢ MemoooM AHKEMUpOSaHus. CHOCOOCMBYIOM CO30aHUIO
6bICOKODYHKYUOHANBHBIX, YOOOHBIX NPUNLOICEHUL, A MAKICE NOMOSAIOM
cghopmuposame kKapmury 6y0yuieco MOOUILHO20 NPUNONHCEHUS HA PAHHUX
omanax paspabomxu. Kpome moco, ucnoavzosanue smux memooos
n0360/1sem npeosudens NOMEeHYUAIbHbIe OUUOKU.
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Kniouegvie crosa: mobunvnoe npunosicenue, akmuHulil 2pajicoaHun,
KOHYeNnmyanbhoe MOOeIUposanue, aHKemuposanue, apxumexmypad
npunodicenust, kKiuenm-cepsep, Homayust IDEF1X, use case ouazpamma.

Beenenne

B coBpemenHOM oOmiecTBe MHPOPMALMOHHBIE TEXHOJOTHH UTPAIOT
6outb1ryr0 postb. Kaxkaplil 1eHb MporcxoanT Beé OoJIbliee 1 OoJiblliee BHEAPEHNE
HU(pPOBU3AIMN BO BCE aCHEKThl KHU3HH, B TOM YHCIE M B TOCYAapCTBEHHBIE
CTPYKTYphL. L{udpoBble TEXHONIOTMH, HECOMHEHHO, YIPOLIAIOT HAIly >KHU3HB,
JIeTIaloT B3aMMOJICUCTBHE ¢ MUPOM Oosiee yI00HBIM 1 3(GeKTHBHBIM. B cBsizn
C 3TUM NPHOOpETAeT aKTyaJbHOCTh pa3paboTKka MOOMIBLHOTO TPUIIOKEHUS
«AKTHBHBIY TPpaXXJaHUHY», 1IeJb KOTOPOTO 3aKJII0YAETCsl B YBEIMUCHUU YPOBHS
BOBJICUCHHOCTH TPAXK/IaH B IPOLIECCHI, TPOTEKAIOIINE B KOHKpETHOM ropoze [1].
Hanpumep, kak HepaboTatonye cBeTOQOphl, HE3aKOHHBIE CBAJIKH HIIH IPOPHIBBI
TpyO | Tak naiee.

Pa3paboTka NpuIIOKEHUIT TAKOTO THUIA SIBJISIETCS IOBOJBHO KOMITJIEKCHOW
3a/ayecii, BKIIOYaronied B cedss MHOro acrnektoB [2]. [Tostomy mis co3nanus
3¢ peKkTUBHOTO M yAOOHOTO MPOJAYKTa HEOOXOJUMO CHayvajaa coOpaTh
TepBOHAYallbHbIC JIaHHBIE, Kacarolluecsi CTPYKTypbl HHTepdeiica, METO0M
AQHKETHPOBAHWUs, a 10CIe (POPMATIM30BATH U BU3YAITU3HPOBATH HX B BUJIC MOJIEIICH,
HCIIOJIB3Ysl METO/Ibl KOHIIENTYaIbHOTO MOACINPOBAHUSI.

Marepuaibl 1 MeTOABI

[IpuunHa, MO KOTOPOW B KadyecTBE THUMA Pa3pabOTKH OBIIO BBHIOpaHO
MOOWJIBHOE NPUIIOKEHHE, SBISICTCS JOCTYMHOCTh U y100cTBO. MoOUIBHBIC
YCTpOMCTBA BCeTJa I0J PYKOH M MO3BOJISIOT JIIOJSM JIETKO MOJI30BAThCS
TIPUIIOKEHNEM B JII000€ BpeMsi U B JIIOOOM MecTe.

Hasure ceHCOPOB 1 TEXHOJIOTHI y MOOMITBHBIX YCTPOHCTB, TaknX Kak GPS,
CCHCOPHBIE YKPaHbI, KaMEpBbI, TeJePOHHBIC 3BOHKH, TAKKE SIBJISIOTCS OOJIBIINM
TUTIOCOM JJISl Pa3pabOTKH TMPHIIOKEHUS, KOTOPbIE TaK)Ke MOMOTYT PacIIMpHUTh
ero (pyHKIMOHAJIbHbIE BO3MOXXHOCTH. Kpome TOro, MOOHMIIbHBIE MPHIIOKECHUS
XapaKTepU3yIOTCsl BBICOKUM OBICTPOACHCTBHEM, B OTIMYHE, HAIPUMED, OT BeO-
caiira [3].

Taxxe HaOJrogaeTcss TEHACHIUS POCTa MOMYJSIPHOCTH MOOHMIIBHBIX
TIPUJIOKEHHH KaK TakoBbIX. COrIaCHO MCCIIEIOBAaHUIO, IPOBEICHHOMY KOMITaHUEH
Statista, B 2023 rojay 4nciio 3arpy30k MOOWIJIBHBIX NPHIOXKEHHN TOCTHTIIO 257
MUILUTHApAoB [4], 1 9Ta mudpa ¢ KaxIbIM TOJIOM pacTeT Bce Oouible U 0oJble,
YTO CBHUJETEIBCTBYET O TOM, YTO JIIOJAM OTHAIOT MPEANOYTCHHE MOOMIBHBIM
TIPUIIOKEHUSIM.

Takum 06pazom, BBIOOP MOOMITLHOTO MPUIIOKEHHS JJIs pean3aliii MPOeKTa
«AKTHBHBIH I'PaXXJaHUH» 00YCIIOBJICH €r0 MHOTOYHCIICHHBIMH ITPEUMYIIECTBAMH.
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Just Toro 4ToOBl cenaTh NPUIIOKEHUE «AKTHBHBIA I'DXKIAAHUH» €Il
Gosiee y00HBIM 1 (DYHKIIMOHAIBHBIM, OBLIO PEIICHO MPOBECTH aHKETHPOBAHUE
cpenu nosb3oBaTesnei. Llenpio aHkeTnpoBaHus ObUIO BBISICHUTH, KAKUE BKJIA KU
Ha IJIAaBHOHM CTpaHMIE NMPUIOKEHHUS SBIISIOTCS Hanboliee BOCTPEOOBAaHHBIMH 1
MOJIC3HBIMH [5].

B mporecce moAroToBKM aHKETHI-OMpPoca ObUT COCTABIIEH PsiJi BOIIPOCOB,
Kacaronuxcs (PyHKIMOHAJIA TJIaBHOW CTpaHUIBI NpUIIoXKeHus. Borpocs! Ol
HaIlpaBJICHbl Ha BBISBICHUE IMPEANOYTCHUN I10JIb30BaTEICH OTHOCUTEIBHO
MH(OpPMAIIMU ¥ CEPBUCOB, KOTOPHIE OHU XOTEJIH ObI BUJIETh Cpa3y Mocje BXojaa
B IIPUJIOXKEHUE.

Aynuropusi orpoca BKIIIOYaa [oJIb30BaTesIel pa3InyHbIX HHTEPHET-TPYIII,
yaroB ropoja [TaBinonap, B KOTOPBIX MOXHO OXBaTHTh PAa3JIMYHbIE BO3PACTHBIC
KaTeropuu.

Janubsle OblIM coOpanbl yepe3 Gopmy onpocos «Google Formsy», uto
00eCIeYmIIo MPOCTOTY U YI0OCTBO y4acTus B orpoce [6]. AHAIH3 IMOJTyYCHHBIX
OTBETOB [T03BOJIMJI BBIACIUTH HanOoJIee 3HAYMMBbIE BKIIA/IKH.

B xoze onpoca 1nosib30BaTesnsiM ObUIN TPEJUIOKEHBI CIISAYIOIUE BOIIPOCHI:
«CKOJIBKO BaM JIeT?» C TAaKMMHU BapHaHTaMH OTBETOB!

1o 18 ner;
ot 18 no 24;
ot 25 5o 34;
ot 35 no 44;
ot 45 5o 55;
cBaliIe 56.

«Kakue BKJIaJKM Ha TJIABHOW CTpaHUIlE MOOWJIBHOTIO MPHUIIOKEHHUS BBI
xotenu Obl BuAeTh?» Cpely BapHaHTOB OTBETA OBUIM CJIEIYIOLIHE MYHKTHI C
BO3MOXKHOCTBIO BBIOOPA HECKOJIBKHX BapUAHTOB:

O ropozne
HosocTtu
l'onocoBanus
O npoexkre

Meponpustus

IIpo6Gnemsl

Kapta ropona

Jpyroe (c BO3MOXXHOCTBIO yKa3aTh CBOW BapHaHT)

MHOKeCTBEHHBIN BBIOOD J1aJ1 BO3MOXKHOCTH OIPE/ICIINTh HanOoJiee BayKHbIC
ACTICKTHI MPHUIIOKEHHS JIJISI LIEJICBOM ay TUTOPHH.

[Tony4eHHble pe3ysbTaThl BOHAYT B OCHOBY KOHIENTYalIbHBIX MOJEICH.
KonnenryanpHast Mojienb — 3TO abCTpakTHash MOJENb, ONpeaeIsiionas
CTPYKTYPY MOJICIMPYEMOH CHCTEMBI, CBOMCTBA €€ AJIEMEHTOB M NMPUYUHHO-
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CJIEJICTBEHHBIE CBA3M, MPUCYIIUE CUCTEME U CYIIECTBEHHbIC AJS AOCTHKCHUS
e MojenupoBanus [7].

OcHOBHasl 11eJ1b KOHLENITYalbHONH MOJIENH - TIepeaarh (yH/IaMeHTaJIbHbIC
TIPUHLMIIBI ¥ 0a30BYI0 (QYHKIIMOHAIBHOCTH CUCTEMBI, KOTOPYIO OHA IIPE/ICTaBIISIET.
Kpome Toro, koHUenTyaigbHasi MOJENb JOJDKHA OBITh pa3paboTaHa TakuM
00pa3oM, 4T0OBI 00ECTICUUTD JIETKO MMOHSATHYIO CHCTEMHYIO HHTEPITPETALINIO JJIs
M0JIb30BaTEIeH MOJIEIH.

W3ydenne Moeau apXUTEKTYPbl IPUIIOKEHUS SIBIICTCS KIIFOYEBBIM 3TAllOM
B pa3palboTKe MPHIIOKEHUsL. ITa MOJIEIb IPEJICTABISIECT COOOH BBICOKOYPOBHEBOE
ONUCaHUE CTPYKTYpPBl MPUJIOKEHUS, €ro KOMIOHEHTOB, B3aUMOCBsA3EH U
B3aMMOJEHCTBHS C APYTMMHU CUCTeMaMHU. Mojenb apXUTEKTyphl MPUIOKCHUS
M03BOJISIET pa3paboTUMKaM M 3aKa3dMKaM MOJIYyYUTh oOliee Ipe/ICTaBICHUE O
TOM, KaK OyJIeT yCTPOCHO NPHIIOKEHHE U KaK OHO OyzaeT GpyHKInOHUpoBaTh [8].

Merononorust IDEF1X, B cBot0 0uepeib, peicTaBisieT cO00i HOTALUEO JUIst
OITMCAHUsI CTPYKTYPBI JIAHHBIX B MH(POPMAIIMOHHBIX cucTeMax. OHa 1o3BOJISIET
CO3/1aBaTh KOHIIENTYJIbHBIE CXEMBI JIaHHBIX, KOTOPBIE MOTYT OBITh UCIIOJIb30BaHbI
B JVIbHEUIIIEM IPY NPOEKTHUPOBAHUU 0a3 JaHHBIX U pa3pabOTKe NPUIIOKECHUH.
IIpeumymectBoM ucnonb3zoBanus IDEF1X sBrisiercss BO3MOXKHOCTh CO3/1aHUS
YETKHX U IMOHATHBIX MOJIeJIeH ITaHHBIX, KOTOPBIE IIOMOT'aloT pa3paboTUMKaM JIydlie
TIOHSITh CTPYKTYPY MH(POPMAIIMOHHON cucTeMsl [9].

HakoHelnr, use case nuarpaMmma IpejacTaBisieT cO00H MHCTPYMEHT st
onucanus (QyHKIMOHAJIBLHOCTH CUCTEMBI C TOYKU 3PEHHS €€ MOJIb30BaTeNeH.
Ona nmomoraeTt HAeHTU(ULINPOBATH Pa3IMYHbIC CLEHAPUH HCIOJIb30BaHUS
TIPUIIOKEHUSI, €r0 OCHOBHBIE (DYHKIIMH 1 B3aUMOJICHCTBHE C «aKkTepamMn». Bmecto
«aKTepoB» OOBIYHO BBICTYIAIOT IOJIB30BATEIN MpUIOKeHHs. Vcrnonp3oBanne
9TOTO THIA MOJEIMPOBAHUS 00ecreyuT Iriy0oKoe MOHMMAaHHE INPOIIECCOB,
npoucxosauux B cucreme [10].

Pe3yabTaTsl U 00cy:KI1€HUE

B pesynbpraTe ucciaenoBaHus ynajnoch codopaTh pe3yiabtarsl 195-tn
pecnoHeHTOB. 1o BO3pacTHBIM KaTeropusiM, MOKa3aHHBIM Ha pUCYHKe 1,
HauboJIee PacpOCTPAHCHHBINM BO3PACT CPEIH OMPAIIMBAEMBIX — 3TO OT 25 10 34
(31,4 %) u ot 35 no 44 (37,1 %) ner.
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CKOMbKo Bam net? |0 konuposars

195 oTseTo8

@012
®18-24
25-34
®35-44
@45-55

“l ® coswe 56

Pucynok 1 — Bo3pact pecrionieHToB

Uto KacaeTcs BKIAJOK MOOWIBHOTO MPIIOKEHUS, TO JHAUPYIOMINE
MTO3UITUH 3aHUMArOT BKIaaku: «HoBoctuy - 173 rosoca (88,6 %), «I"omocoBaHus»
— 167 romocos (85,7 %), «Mepompusarus» — 156 romocos (80 %), «IIpodiembD»
— 178 romocoB (91,4 %), kak moka3aHO Ha pucyHke 2. Bxmagka «[leTummm»
Obl1a TpeyIokeHa 6-10 mosb3oBaresMu (2,9 %). Ilnannpyercs pazmenieHne
HA TJIABHOU CTpaHUIIE MAaKCUMYM 6 BKJIAQIIOK, IIOATOMY, UCXOIS U3 PEe3yIhTaTOB
ormpoca, pa3yMHO BEIOpaTh 5 BKIIAJOK, HAOPABIINX HAHOOJIBIIEE KOJIHMYECTBO
TOJIOCOB U OJHY BKJIAJKY, TOOABICHHYIO 0 HHUIIMATHBE TOIB30BaTeNeH. DTO
Biimanku: «HoBoctuy, «['omocoBanusay, «Mepompustusy, «IIpodaemsr», «O
ropoze» u «lleturmmy.

Bonpocs  Oreersi (D)  Hactpoiikn

195 oTBETOB YtauosuTs casas ¢ Tabmiaum
Npusmars orserr )

Caonxa Bonpoc Otnenshbiii nonbsosaTens

Kakue BK/TIaZAKM Ha IAaBHOM CTPaHMULE MOGMIBHOTO NPUAOKEHHA Bbl XOTeNu |0 konwposars
6bl BUAETH?

195 0Taeton

O ropoge 106 (54,3 %)

HosocTu 173 (88,6 %)
Tonocosauna 167 (85,7 %)
O npoexre 78 (40 %)
MeponpuATnA 156 (80 %)
MpoGnems! 178 (91,4 %)
Kapra roposa

ey

Pucynox 2 — Pe3ynbTatsl onpoca, Kacaroliecs BKIag10K
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KonnenrtyanbHasi MOJICJIb apXUTCKTYPhl MPUIOKCHUS MpEICTaBlICHA
B3aMMOJICHCTBHEM «KJIMEHT - CEPBEPY», B KOTOPBIN BXOST TPU OCHOBHBIX OJIOKA:

MoOWIEHOE TPUIIOKEHUE — KITUCHT;

Cepgep;

baza naHHBIX.

Kak mokazaHo Ha pUCyHKe 3, KOTJa I0JIb30BaTElIb B3aUMOJICUCTBYET C
MIPHUJIOKCHUEM, OH TEM CaMbIM OTIIPABIISET 3alpOCkl Ha cepBep. CaM ke cepBep
B3aMMOJICHCTBYCT HEITOCPEICTBECHHO C 0a301 JAHHBIX, TJIC XPAHSTCS BCC JAHHBIC
MOJIb30BATEIICH.

AIMHHHCTPATOP OCYHICCTRIIACT OOIINI KOHTPOJIb HaJl pA00TOCIIOCOOHOCTHIO
cepsepa.

—
MoGunsHoe npunoxexie (DpoHTeHg) Cepeep (E3xeng) Baza naxHsx
Monsz0saTens

AMMHMCTRETOD

Pucynoxk 3 — KonnenTyanbHas MOZIEJIb apXUTEKTYPBI TPUITOKCHUS
KonuenrtyanpHast MOAETb JaHHBIX, XpaHAMINXCA B 0a3e, MpEACTaBICHA B

nvortarun IDEF1X, kak moka3ano Ha pucyHke 4. OHa oTpakaeT BCe CYIIHOCTH H
CBSI3M MEXIY HHUMH, & TAKXKE UX aTPUOYTHI.
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Issue

IssuelD
Title
Description p—— — — — — — News
ReportedDate NewsID
Status User Tie
UserlD (FK) UserlD Content
______ —f Usemame PublishedDate
r Password
| Email
| Role
I n an il
PollVote | ‘
PollVotelD | ‘ PetitionSignature
it Event
SelectedOption | ‘ PetitionSignaturelD Ven
PolllD (FK) ‘ PattionlD (FK) EventlD
UserlD (FK) UserlD (FK) Tille
hi Poll “ W Description
| PolllD Polition \ EventDate
- ‘ Location
| Question PetitionlD
Options ‘
| StantDate g'"et \ |
- EndDate onten JEE—
Status CreatedDate —
UserlD {FK) Status
UserD (FK)

Pucynox 4 — IDEF1X Mo/enb JaHHBIX PUIIOKEHUS

OCHOBHOH CYITHOCTBIO SIBIISIETCS ITOJIb30BaTEb NpHiiokeHus — «Usery,
TaK Kak IMEHHO OH B3aUMOJIeHCTBYeT (DyHKIIMOHAJIOM IpuitokeHus. CyIHocTh
«Issue» (IIpobrema) cesizana ¢ «User», Tak Kak MpeAINoJiaraeTcs, 4To, KOoraa
JKUTEJIb OTIPABISIET 3alpoc O mpodiieMe, B 0a3e JaHHBIX JOJDKHA XPAHUTCS
3aIuch O MOJIb30BaTelNe, co3aaBiieM 3amnpoc. [1o Takoil ke JoTuKe CTposSTCS
cymuoctu Petition (Iletunus), Poll (I'omocoBanue), ogHAKO, MOJIB30BATEIIb
He MOXXeT onyOJIMKOBaTh MX cpasy: JUls Hadaja ero 3ampoc IOCTyNaeT Ha
MO/Iepaluio, I'JIe MOJIEPATOP MPHIIOKEHUsSI TPOBOAUT IPOBEPKY BCeX TpeOOBaHHUN
U pelaeT, olyOJMKOBaTh TOJIOCOBAHHUE WM TETHLIUIO Ha BKIAJKY PHII0KEHHS,
YTOOBI IPYTHe MOJIb30BATEN MOTJIH y4acTBOBaTh B HUX. COOTBETCTBEHHO, ISl
ydeTa TOJIOCOB M IMOAINUCEH co3maercs oTaeibHas cymHocTh («PollVote» u
«PetitionSignature») ¢ BHEITHUM KITFOYOM OCHOBHOH CYIIHOCTH 1 MOJIB30BATEIS.

Cymnoctu «News» u «Event» sSBISIOTCS HE3aBUCUMBIMU W HHUKaK He
B3aMMOJICHCTBYIOT C ITOJIb30BATENIEM HPHIIOKEHUS, OH MOXET MX TOJBKO
MIpOCMaTpHBaTh. 3a MyOIMKALMIO 3aITUCEH STHX CYIIHOCTEI OTBEYaeT MOJIepaTop
TIPUIIOKEHUSI.

[Tpu nocTpoeHnu use case quarpaMMbl HEOOXO/IMMO YUUTHIBATH aBTOPU3ALHIO
TI0JTE30BATEIIs, BEIb OT ATOT0 OY/yT 3aBUCETh JOCTYIHBIE eMy (yHKIUH. [loaTomy,
B KaueCTBE «aKTepoB» Oy/IyT BBICTYNATh J[Ba MOJIb30BATEIS: aBTOPH30BAHHBIN 1
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HeaBTOpHU30BaHHbIN. COrjlacHO pe3ysbTaTaM aHKETUPOBAHUS CO3/AI0TCS IIECTh
OCHOBHBIX (DyHKIIMOHAJILHBIX IpeneH1eHToB: «I[IpocMoTp HOBOCTEN, «YUacTue
B rosiocoBanusx», «IIpocmorp mepornpustuity, «CoobiieHue o mpobdiemey,
«IIpocmotp napopMmarmu o ropoze» u «IIpocmorp nerurmiiy. HeaBroprzoBaHHbII
10JIb30BaTelNlb OyAeT orpaHuyeH Tpemsi ¢pyHkuusmu: «IIpocMoTp HOBOCTENY,
«IIpocmoTp MeponpusiTiii» u «IIpocMoTp HHPOPMALIK O TOPOJIE», KaK ITOKa3aHO
Ha PUCYHKE 5.

ABTOPH30BAHHLIW
nonbL30BaTenk

| i '.___,__}

MpoCMOTP NETHLMA

Pucynok 5 — Use case quarpamma

HeaBTopHI0BaHHLIN
nonkLi0Barens

BriBoabI

Hcmonp30BaHme aHKETHPOBAHUSA JJIA cO0pa MHPOPMAIUU B METOIOB
KOHIICTITYaJIbHOTO MOJCIHPOBAHUSI, 3 UIMEHHO MOCTPOCHHUE apXUTEKTYPHI
MPHUIOKECHUS, MOJENell MaHHBIX W USe case MOICIH, 00CCIeUYHIH
CTPYKTYPUPOBAHHBIN MOIXOA K MPOSKTUPOBAHUIO MOOMIBHOTO MPUIIOKCHHS.
OTH METOBI IIOMOTJIH HE TOIBKO MOCTPOUTH (PYHKIIMOHAIBHYIO, HO i HHTYUTHBHO
MIOHATHYIO CTPYKTYPY, TI0 KOTOPOH MOYKHO PEIBUICTh IIOTCHIHAIBHEIC OITHOKH,
a Tak)Ke MOBBICUTH HAICKHOCTh M d(PPEKTUBHOCTh KOHCYHOTO MPOIYKTA.
Takum 00pazom, codeTaHHe dTHX METOAOB J0Ka3ajo CBOIO 3(PPEKTHBHOCTH B
MIPOEKTUPOBAHUN MOOMIIHHBIX TIPUIIOKCHUIA.
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3epmmey nomuoicenepin manoay Kesinoe KOCHIMULANAD KYPbLIbIMbIHbIY
He2I3IH Ky patmulH aimbl He2i3el iy HKYUOHANObI KOULIHOBLIAD AHBIKMAObL
«Kanyanvikmapy, «Jayvic oepy», «Oxueanapy», «Mocerenepy, «Kana
mypanvly  JicoHe  «Ominiwmepy. AnviHzan  Oepexmep  He2iziHOe
KYpacmulpvlieai KOHYenmyaiobl KOIOAHOAIbI MOOeIb0ep YCbIHbLI2AH,
aman  aumKanoa:  NAuOAIAHYUBIHbIY — CEPEEPMEH  IPEKemmecyin
cunammaiumuviin  Koadanbanel  apxumexmypa — mooeni  (Kiuenm-
Cepsep), Hbicanoapovl, ampudymmapobl HCOHe apacblHOAzbl KapblM-
KamviHacmapovl cunammaumoti IDEF1X beneineyiven Kypacmolpulizan
Konoanbanvl 0epexmep MoOei. oJap HeoHe 9poip natoaraHyuibl moovlHA
Kanoail Konoanoba (yHKYUOHALObIZbL KOJNCeMIMOI eKeHIH KepcememiH
yaei Konoanoa pyHKyuoHanobi2bl (Natoaiany Heazoaiibl OUazpammacsl).
Ocvuiatiwa, — Homudcecinoe — cayainama — d0iciven  yumacmulpa
KOHYenmyanobl MoOenboey 90icmepin KOIOAHY Hco2apvl YHKYUOHAObL,
bIH2ALLIbL KOCHIMULANAPObL dicacayed bIKNAl ememiHi, COHbIMEH Kamap
bonawar MOOUTLOI KOCLIMUAHBIY OElHeCiH epmepeK Kalblnmacmuolpyad
KOMeKkmecemini anblKmanovl. oamy xezenyoepi. Convimen xamap, Oy
90icmepoi natuoalany bIKmumas Kamenepoi 00xicayaa MymMKiHOIK bepedi.

Kinmmi  cesdep: mobunvoi  xocvimwia, OenceHdi — azamam,
KOHYenmyaiovl Mooenvoey, CayaiHamd, KoloaHOa apXumekmypacsl,
xkauenm-cepsep,  IDEFIX  bencitey,  nauidanrany  sHcazoaublHblH
ouazpammacsi.
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USE OF QUESTIONNAIRES AND MODERN METHODS OF
CONCEPTUAL MODELING IN THE DESIGN OF MOBILE
APPLICATION «ACTIVE CITIZEN»

This article discusses the process of designing a mobile application
«Active Citizen» using modern methods of conceptual modeling, based
on the preferences of users, which were identified through the method of
questioning. The purpose of the work was to create a mobile application
that maximally meets the functional needs of users. When analyzing the
results of the survey, six main functional tabs were identified, which will
form the basis of the application structure: «Newsy, «Votesy, «Eventsy,

«Problems», «About the City» and «Petitions». The conceptual models
of the application built on the basis of the obtained data are presented,
namely: the model of the application architecture describing the
interaction of the user with the server (Client-Server), the model of the
application data built with the help of IDEF1X notation describing the
entities, attributes and relations between them, and the model of the
application functionality (use case diagram) showing what functionality
of the application is available to each group of users. Thus, the result
reveals that the use of conceptual modeling methods in combination with
the questionnaire method contributes to the creation of highly functional,
user-friendly applications, and helps to form a picture of the future mobile
application at the early stages of development. In addition, the use of
these methods helps to anticipate potential errors.

Keywords: mobile application, active citizen, conceptual modeling,
survey, application architecture, client-server, IDEF I X notation, use case
diagram.
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SYSTEMS AND EFFECTIVE MANAGEMENT METHODS
IN THE CONDITIONS OF DIGITALIZATION

The digitalisation of all processes and management in all areas
of social and economic life is widespread. Therefore, the emerging
new human needs are also forming new modern requirements that are
constantly being updated. This will lead to transformation in all areas
and open the way to new paradigms. One of the areas of human activity
is the field of education, which is constantly undergoing transformations
to improve the quality of the educational process. Distance learning is a
modern form of education. This is due to the fact that distance education
makes it possible to study regardless of the distance at which the student
is located. Therefore, increasing the effectiveness of distance education by
using new technologies is a continuous process. This paper deals with the
system of distance education platform development. It is also planned to
consider the modern ways to implement distance education and conduct
education in an effective way. This will make it possible to determine the
specifics of distance education in the current situation, systematize the
accumulated knowledge and form a scientific opinion.

Keywords: digitalization, management systems, effective methods,
management, technology, digital solutions, innovation, digital
transformation.

Introduction

Currently, one of the most pressing issues in the preparation of future computer
science teachers in higher education is the need to teach online learning platforms
for distance education. The use and implementation of modern technologies in the
development of information and communication technologies is one of the main
tasks of general informatics teachers. In this context, a learning management system
(LMS) is an online platform that allows students to provide information in or out
of the classroom. The LMS allows teachers to provide personalized instruction to
students that is accessible anytime and anywhere without geographical limitations.
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Because of the unique learning and design capabilities, learning management
systems can be implemented for a wide range of students at different levels. Most
learning management systems have a standard set of tools that are used to facilitate
online communication.

Forms of education

Leaving aside the full-time students who are educated in the “classical” way,
all others can be described as distance, part-time, distance learning, studying on
the side of work or with a personal study plan. Although these terms are mostly
used to refer to students who ‘go to school on Saturdays’, their meanings are not
identical. The fact that different terms can have different content did not bother
us until other forms of education emerged.

The distance form of education can in principle be divided into 2 parts

Presentational (face-to-face), when the student is in the same place at the
same time as the lecturer.

Distance learning, where the student is not in the same place at the same time.

at the same time as the lecturer and using the communication achievements
of the present technology for communication.

On-line, they can communicate live.

Off-line, the student accesses the study materials at any time, without the
possibility of direct consultation with the lecturer.

E-learning has been part of the educational process for many years. E-learning
in the form in which it has spread was in fact identical to the LMS Moodle. We
personally do not share the enthusiasm for this learning management system. Of
course, Moodle can facilitate learning if students are properly prepared by the
teacher and if a lot of learning material is placed in it [1, 2].

Yet we would not call it teaching. It lacks the personality of the teacher,
the lecturer, the facilitator, who guides the student in the right direction, taking
into account the specificities of his personality. No LMS can do that. We often
hear people say that in a few years’ time teachers will no longer be needed
because learning will be provided by the LMS. We consider such statements to
be completely wrong, which can only be made by someone who has never taught
in his or her life and has no idea about the teaching process from the teacher’s
point of view.

The last 2 years have proven that LMS like Moodle can only help in teaching
on a support level, but are not suitable to do the whole teaching process.

Similar statements have also been made about traditional shops, that in a
few years’ time traditional shops will be a thing of the past because they will be
replaced by e-shops. Since then, a few years have passed and traditional shops
are still in business, although the number of e-shops has multiplied many times
over. Even traditional stores have their own web-shops, which they can still profit
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from. This is actually a nice analogy to the fact that teachers will increasingly use
e-technology, but there is no substitute for technology.

E-learning modes can be divided as follows:

e-learning
|

online olflline

interactive J—|:Jassi1ure interactive J—|:Jassi1ure

Figure 1. — E-learning learning models [1].

At present, «blended learning» is very often used, which is a loose
combination of traditional teaching and some form of e-learning, most often the
offline passive method.

Types of e-learning

The idea of using a computer for education was first conceived long before
the advent of affordable desktop computers, in the 1960s. Computer assisted
instruction - CAI was able to automate certain stages of learning, but it did not
lead to actual learning.

In the 1980s, with the advent of 8-bit desktop computers, the term Computer
Managed Learning - CML was coined. CML was mainly used in school
administration, where it stored data about the school’s students but was not
involved in direct teaching.

With the advent of the first PCs, the speed and memory capacity and storage
of the new devices increased quite radically, against which 8-bit computers stood
no chance. With improvements in graphics and fast storage media for the time,
the first tutorials began to appear and the phrase Computer assisted learning -
CAL - began to be used.

The massive growth of the Internet and especially web technologies in the
late 1990s opened the way for so-called Web Based Learning - WBL. WBL
represents a form of learning via the Internet, but most often in a passive off-line
mode. WBL can be considered as a starting point for conventional LMS systems.

3G mobile technologies such as WCDMA, UMTS, HSUPA, 4G LTE and
the current 5G technology were necessary to enable mobile devices to be used for
fast transfer of big data in addition to telephony. mLearning or mobile learning is
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currently the most widespread form of e-learning, enabling all modes of working.
The rise of tablets, smartphones, tablets testify to the fact that this technology has
its golden days still ahead of it [3, 4, 5].

Materials and Methods

Distance learning platforms have proved to be very useful tools in the covid
pandemic. The best way to organise off-line passive learning is to use a learning
management system such as Moodle. The organisation scheme for distance learning
is shown in Figure 1. It can be seen that there is no direct communication between
student and teacher, only indirect communication by e-mail, which can be very
slow and demotivating for the student.

Internel server

LA

System
adrinistraior
and teacher

Figure 2 — The scheme of organization of distance learning

After examining several LMSs, a teacher must conclude that most LMSs are
just a collection of learning materials. The main difference between them lay in
the amount and structure of information available. A very important element of
interactivity was missing in most of them. Although some interactivity options
have been added in some LMSs, still these systems are more suited for self-study
for students who can learn. Unfortunately, very many students do not know the
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methods of effective learning and therefore find self-study very difficult and usually
do not produce the expected result.

Our aim in this article was to highlight the possibilities of off-line teaching
that uses elements of interactivity, thus involving the student in the learning process
[6, 7]. The student ceases to be an external observer and becomes a participant in
the course who can manage the course according to his/her needs. An important
factor is that the student very quickly forgets that the teacher is not online and
therefore his attention is also kept at the necessary level.

£5 AND COLOR MODELS
aton about computer graphics.
icaton of modern computer graphics
e folowing ke areas

oraphics?

6. Computer animation
1. Wha s computer graphics?
2 Further

5. Advertsing
graphics

Colors and
model.

1.Colors
2 Vocels

The lesson is over!

Figure 3 — Off-line interactive learning management system
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When we realize the nature of the off-line interactive method, we can easily
see that the preparation of such a course is very difficult. However, the advantage
is that when the course is well prepared and the content is not changed it is usable
for a longer period of time. Figure 3 shows a diagram of one course. From the
direction of the arrows it can be seen that the student can go through the whole
process in different ways. Whichever path the student chooses, the teacher is
prepared for it by the corresponding video. Another benefit is the curiosity of the
students, who of course do not know this diagram and usually try multiple paths,
thus learning the course without realizing it.

To do this, we can use one of the diagramming tools, such as Visio, to create
a flowchart of the entire learning unit. Creating a flowchart (Figure 3) will be used
to create the scenario itself.

After the flowchart, we will create a presentation according to the flowchart
and write the script and text part of each film. Because the learning process can
take several lines, it is best to choose the number of each PowerPoint field for
each video text.

Slide Video text
Ne

1 Welcome to the course of lectures on Graphic types and color
models on the subject of web programming. You can conduct our lecture
effectively and choose which category is best for you. If you already have
experience in web programming, you can quickly read the lecture. If you
think your education is average, we should work with you longer. If you
consider yourself among the beginners, start only with this course if you
have a lot of time and you are not in a hurry. If you don’t have time now,
we can meet at another time. Select your option.

Oh I understand. Your skill level is already at the appropriate

7 professional level, so we would like to show you table of frequently used
technology
9 We came to the section» general information about computer

graphicsy. If you want to go directly to the models, click here and take a
look, but I would recommend taking a look at the distribution by functional
relationship, especially for those who do not consider themselves experts.
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11 After talking about computer graphics, you can see them for
yourself or choose them according to your preferences. For example:
types.

14 You were very good today, we have reached the end of the first

part. Do you want to go to the second part? Are you ready or want to take
a break? Choose your own path.

2 You have experience in this topic, so you consider yourself
intermediate. Very good. Now you just choose: should you view the
colors and models sections (for example, models, etc.) or go straight to
the standard? Choose.

3 I noticed that you consider yourself a beginner. Maybe you know
more than you think! You know that different colors are used on web
pages. But you may not know how to use colors. Web pages provide brief
information about the use of colors.

4 Review different types of computer graphics. On the next slide,
we can see their characteristics. If you are connected to the internet, you
can view individual terms by clicking on them. I’'m waiting for your
choice.

Probably the most difficult is the creation and editing of films, so that the
resulting product acts as a teacher communicates with students. If a studio and
technical support are available, it’s much easier, but if not, we can do with the
basic tools that Windows provides. There may be a problem with some video
formats that store .mov files that cannot be played without downloading codecs.
If this is our situation, then it makes sense to use any video converter and convert
it to wmv or flv. If we use Power Point, then our format is wmv, but if we want
to use flash, we prefer flv. We can use any of the common editing programs for
subsequent editing, but you can also do so via Windows Live Movie Maker. Again,
it is recommended to identify each sequence by a frame number. By placing the
sequence in the presentation and setting up the links in the presentation, we are
almost done.

Results and Discussion

Using the basic PowerPoint functions allows you to create presentations
with the necessary effects, as the example above demonstrates. Even without
sophisticated tools, impressive results can be achieved that will make the learning
material more visual and interesting for students.

If the presentation is created in Flash format, this provides additional
advantages. In particular, students do not need to download the file, as they can
play the presentation directly in the browser. This greatly simplifies access to
materials and makes the learning process more convenient, especially for distance
learning. The introduction of such technologies helps to increase the interactivity
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ofthe educational process and provides greater flexibility in the use of educational
materials.

Due to the availability of special modules, the integration of such presentations
into electronic educational systems such as Moodle is carried out without much
difficulty. These systems support a variety of multimedia formats, allowing teachers
to easily upload, edit, and manage content. The built-in Moodle tools provide the
ability to add animations, tests, hyperlinks and other interactive elements, which
contributes to the active involvement of students in the learning process.

One of the most effective methods of improving educational content is the
use of interactive video. The inclusion of video materials in e-courses makes
learning more dynamic and accessible. This is especially important for students
studying in distance and correspondence programs, since in such formats of the
educational process personal contact with the teacher is limited. The video helps
you learn complex topics better by providing visual examples and step-by-step
explanations that can be reviewed at any time.

Interactive video allows students to participate in learning more actively
[8, 9-10]. For example, you can include test questions, control tasks, or links to
additional resources in video materials. This approach helps to better memorize
information and develop critical thinking. In addition, students can independently
adjust the pace of learning by returning to complex topics or skipping materials
they have already studied. The use of digital technologies in the educational
process contributes to the development of new teaching methods. Teachers can
use a combined approach, combining traditional lectures with interactive elements.
This helps to adapt the learning process to students’ different learning styles and
increases their motivation to study the subject.

Thus, modern multimedia technologies such as PowerPoint, Flash and
interactive video significantly expand the possibilities of e-learning. They make
the educational process more accessible, flexible and efficient, especially for
students who cannot attend classes regularly. The integration of such tools into
educational platforms allows you to create user-friendly and informative courses
that meet the requirements of modern educational standards.

Conclusion

Interactive technologies are improving e-learning by making it more
accessible, flexible, and effective. They help students learn the material faster,
increase the level of involvement in the learning process and make learning more
adaptive to the individual needs of each student.
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Ilemep IImuom

BparucnaBanarsl DKOHOMHKAJIBIK YHUBEPCUTET, bparucnasa, CiioBakus
02.02.25 k. Oacnara TYCTI.

24.02.25 x. Ty3eTyJIepiMeH TYCTI.

05.03.25 . Oachln wbIFapyra KaObUIIaHbI.

HUA®PIAHIBIPY JKAFTANBIHIAFBI
BACKAPY ’KYHNEJEPI MEH THIM/II OICTEPI

OJleyMemmiK JHCoHe SKOHOMUKANLIK, OMIPOIH OapablK, CanlaniapbiHod
bapnvly  npoyecmep MmeH oOackapy yu@pianowvipsiiadvsl. Ocwliaiiua,
AOAMHBIY  JICAHA  KAdCemMmInikmepi yYHeMI JICAHAPbIN  OMbIPAMbIH
Jcana  3amaHayu  maianmapobl  Kaielnmacmelpaovl. byn  6apavik
cananapoa mpauchopmayusaa oKenedi JHCoHe ICAHA napaduemManiapead
orcon awadel. Adam Kvlsmeminiy Oip canacel-06inim 6epy npoyeciniy
Canaceli apmmulpy MaKCamvlHOA YHEMI 632epin omulpamin Oilim bepy
canacol. Kawwvikmoikman oxuimy-oxvimyoviy samanayu mypi. Cebebi
KAuWblKmulkman 0inim bepy cmyoenmmiy KaublKmbvleblHd Kapamacman
oKyea MyMKIHOIK 6epedi. Ocvliatima, Hcaya MmexHoI02UIAPObL
KOJLOAHY apKblibl KAWbIKIMIKMAH 0L1iM OepyOiy muiMOLniein apmmuipy
y30iKciz npoyecc 6oavin madwvliadel. Byn makanada KaulblKmulKmMaH
oinim 6epy niamgopmacein o3ipaey gucylieci Kapacmuipolizan. Conoaii-
aK, KauwblKmulKMaH OKblmyobl eHei3yOiH JicoHe OLlim Oepy npoyecin
Muimoi Jcypeizyoly 3aManayu mociioepin Kapacmolpy HcoCnapianyod.
byn kasipei oicazoaiioa Kawblkmelkman 0Oinim  6epyoin epexuienicin
aHbIKMayeda, ACUHAKMAan2aH OLMOL Jicylenieyee JCoHe 2bLIbIMU NIKIp
Kanblnmacmuipyaa MyMKIiHOIK 6epeoi.

Kinmmi ce30ep: yugpranowipy, backapy srcyiienepi, muimoi odicmep,
MEHEOIHCMEHM, MEXHOI0SUSNAD, YUPDPIbIK wiewinoep, UHHOBAYUSLAD,
yudpavik mpancgopmayusi.
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Ilemep HHImuom

DKOHOMUYECKHH yHUBEpcHUTET B bpaTtucnase, bparucnasa, CioBakwust
IToctynuio B penakmuio 02.02.25.

IToctynuio ¢ ucnpasneHusimu 24.02.25.

ITpunsTo B mevars 05.03.2025.
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CUCTEMbI 1 D®PEKTUBHBIE METO/IbI
YIIPABJIEHUS B YCJTOBUAX HUPPOBU3ALIUN

Toscemecmuo npoucxooum yugposuzayusi 6cex npPoyeccos u
VAPABTeHUsL 60 6CeX Chepax COYUANbHOU U IKOHOMUYECKOU IHCUSHUL.
Taxum  0bpasom, 603HUKAIOWUE HOBblE NOMPEOHOCMU  YeN08eKd
makdice DOpMUpPYIOm HOBble COBPEeMEHHble MPebosanus, KOmopbie
HOCMOSIHHO  00HOGNAIOMCs. Dmo  npusedem K mMpanc@hopmayuu 60
6cex obaacmax u omxpoem Nymv K HoeblM napaouemam. OOouou u3
cghep uenoseyeckol OesmenrbHOCMU AGIAEMCs chepa 00pazosanus,
KOmMopasi NOCMOSIHHO — npemepnesaen  npeobpazoeanus ¢  Yeavlo
NOBbIUUEHUST Kauecmed 06pazoeamenvho2o npoyecca. Jucmanyuonnoe
obyuenue - smo cospemennas opma obyuenus. Mo CesA3aHO ¢ mem,
umo  OUCMAHYUOHHOe 00pazoeanue O0aem 603MONICHOCHL YUUMbCS
HE3ABUCUMO OM PACCMOSIHUSL, HA KOMOPOM Haxooumcs cmyoenm. Taxum
0bpazom, nosvliuenue IPPeKmusHoCmu OUCMAHYUOHHO20 00PA308AHUSL
3a Cuem UCNONb308AHUSL HOBbIX MEXHOL02ULl SBNAENCsl HeNPePblGHbIM
npoyeccom. B 0annoii cmamuve paccmampueaemcst cucmema pazpabomxu
naamgopmvl  OUCmanyuonHo2o obpasosanusi. Takoice nianupyemcs
paccmompems  CO8PEMeHHble  CNOcoObl  6HEOPeHUst  OUCMAHYUOHHO2O0
o0byuenus u dhdexmusrnoco nposedenuss 0OPA30EAMENIbHO20 NPOYEccd.
Dmo nossonum onpeodenums cneyu@duky OUCMAHYUOHHO20 00PA308aAHUSL
6 meKywel cumyayuu, CUCmemMamusuposams HAKOWICHHble 3HAHUSL U
chopmuposamsv HayuHoe MHEHUE.

Kniouegvie  cnosa:  yugposusayus,  cucmemvl  YNpAGIeHUS,
appexmusnvle  Memoobl, MEHEOINCMEHM, MEXHOA02UY, YUPPOGbie
peuleHust, UHHO8AYUU, Yupposasi mpancoopmayusi.
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M¥3 TYPIHIH CbIPTKbl TAPAMETPJIEPAIH CEPIMAIITIK
KACUETTEPIHE SCEPIH 3EPTTEY 1h

Foueivu  maxanaoa anzaw  pem aemopaap mypeavizean P-t
KOOpOUHAmMacwvlHoaavl pazanviy ouazpammaoa opHanackam
noaukpucmann 1h myz mypiniy -40°C,-100°C,-120°C,-140°C,-170°C
memnepamypanapoazvl - U30MepManblK —HCaH-Hcakmol (ae)  Cvlebliy
KO3 uyuenminiy, KomemOix cepnimoinik (y) MoOOYiHIH KblcbiMed
JICOHE U300APANBIK JCHLIVABIK KOeMOIK yieaio (f) xoagguyuenminiy
memnepamypaza moyenodiniei anvlkmanowl. Todxcipubenix onueyiep meH
3epmmeynep JHCypeisy MaxkcamviHOa Oip-0ipiHe Kbi30bIpbLIbIN KyUiNeH
Kueizineen ywxkabammar mypamoit YUIUHOP-nopuleHb munmi a3ommoiy
OVbLMEH CYbIMbLIAMbIH KOHObIp2bl  HCUHACMBIPLLIObL.  ChIKKbILUMbIH
Manomempin — 2paoyupiey  My3 — MypiepiHiH memnepamypaod
H—=ILII—V,V—VI mypaeny nHykmenepi mer yi2iniy iuinoe OpHAIACKaH
xanauwl (Sn) ocone eanmui (Ga) omkizeiwmepiniy 21eKmp Keoepeiiepin
enuley apkwlivl icKe acblpwliobl. JKo2apvl KbicbIMOapoa MmemeHel
KO32AIMAUMbBIH  JCOHe  Jico2apblodebl KO32AlAMblH — HOPUEHbOepOil
depopmayusinapwl eckepindi. Kamepanviy paouanovi oepopmayuscol
wamanvl OoneanobIKman eckepiimeoi. Exki pem oucmuanayusianean
KeJeMi — Cy wnpuymiy KemeziMeHn Kamepauely Kabwvlp2acbl MeH
YACIHIY apacblHOazbl YUKenic Kyuwlin Kemimy #oHe OoHOd2bl KblCbIMObI
bipmexmice HcAKbIHOAMY YWIH CbIPMbL  2PADUIMNEH  HCANAMBLIZAH
Kabvlpaacvl  HCyKa 6MOPONIACMAH — HCACAN2AH — YUIUHOP — NIWIHOI
blObICKA KYUbliobl. Kamepadaevl my30uly iwinoe OpHAIACKAH MblC-
KOHCMAHMaH — MepModiCyObiHblY, — memMnepamypda  pemmeiumiy,
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KbI30bIp2bllmblly  KOMe2iMeH — opoip  Kadjcemmi — memnepamypanvl
Oonenodiniknen +1°C 6axviian omoipowvis. 400MIla Kvicoimoa mbic-
KOHCTNAHMAH MEPMONCYOblHa — meMnepamypada eH2iziemin mysemy
+2°C 6oneanovixman, memnepamypa memMeHOe2eH CatiblH OHbIH ULAMACHI
KemuminoikmeH, mysemysep eneizoedik. [lonuxpucmann 1h mys mypiniy
KOJeMiniy 032epici apHailbl CbI3bIKMbIK OPbIH  ayblCIblpyObl IJIeKmp
uMnyIbcmepite auHAI0LIPAMbBIH HCYMbLC icmey npuyuni pomoaghghexm
KyOwLbicblHa HeeizO0eneer, onutey ouanazonsl (0-10 mm) myprenoipeiwmnen
ONUEHOI.

Kinmmi cezdep: komemoik cepnimoinix mooyui, usomepma, uzobapa,
HCAH-DHCAKMbL CHIZLLILY KOIPDUuyuenmi, (hazanvik Ouazpamma.

Kipicne

CoHFBI )KbULIAPhI FAJIBIMIAP IUIAHETAMBI3IBIH CONTYCTIK moiitoci MeH KyH
XKyHeciHzeri raHeranap/a TYIbl CYAbIH, T'a3[blH, MYHAIBIH KaTThl Kyiiieri
YJIKEH KOpbI 0ap eKeHAiriH ganenaen otelp. OChiFaH KapaMacTaH TYIIbI Cy/IbIH
xorapsl (0-25) kbap kpiceiM MeH TomeHTi (-180-25°C ) temmneparypanarsl
P-t xoopaMHATACBIHAAFBI MY3 TYpPJEPiHIH (QU3MKAIBIK KaCHETTEpl YKaH-
JKAKThI TAJIKBUIAHBIN JKaKChl 3epTTesiMereH [1,60-61-600.], [2,40-0.]. Meicaisl,
IOHT, BIFBICY MOJyJBJEPIHIH, OJapJarbl CepIiMJIi TOJIKBIHAAP/BIH Tapaiy
YKBUIIAMBIKTapBIHBIH, )KbLTY CBIHBIMIBIIBIKTAPBIHEIH, J{e0aii TeMreparypachIHbIH,
(DOHOHJIBIK CIIEKTPIICPJIiH, KOJIEMJIIK >KbUIYJIBIK YIIFal0 K0d((OUIHEHTTepiHIH
TEPMOAMHAMUKAIBIK (DYHKIHSIAPIBIH TEMIIEpaTypa MEH KbICBIMFA TOYEIIIIIr
Typajbl aKmaparrap myJiaeM koK. CoOHbIMEH KaTap (asajiblK Juarpammaiarbl
YKOFapbl KbICBIM MEH TOMEHT 1 TEMITepaTypajlap/iaFbl My3 TypJiepi IIalaoTKi3rimrep.
CoOHZIBIKTaH JKOFapbl KbICBIM MEH TOMEHTI TeMIlepaTypaiap/a naijga 0oiaThiH
MOJIMKPUCTAIUT MY3 TYpPJIEPiHIH (U3NKAIBIK KaCUETTEPiH 3epTTEY KOINTETreH
TEOPHSUTBIK )KOHE MPAKTHKAIBIK MOCeIIeNIep i SNy e ePeKIle bIKITAIbIH TUT13e/].
Kazipri Tania Tek MYXHT K9HE TEHI3 CyJIapbIHBIH >KOFaphl KbICHIM MEH TOMEHT1
TeMIieparypaiap/a MeXaHUKaJbIK KacHeTTepiH 3epTreyre apHanraH [3;4;5:6]
Makasanap 6acrnajaH MIBIKKaH. ¥ ChIHBUIBIN OTHIPFaH FHUIBIMU €HOEKTE JKOFaphl
KBICBIM MEH TOMEHT1 TEMIIepaTypa/ia KaTThl ICHEIEp/IiH CePIIMALTIK KACHETTEePiH
3epPTTEHTIH IMIMHIP-TTOPIIEHb TUITI KAMEPaHbIH KYPBUIBICH, OH/Ia OpHAJIACKaH
YJITiHIH TEeMIepaTypackl MEH KbICHIMBIH KOHE KOJIEMIHIH ©3repiCTepiH ojuey
onmicrepi kepcetinren [7;8;9;10;11;12].

3epTTeseTiH YATIHIH CepIiMAUIIK KaCHeTTEepiH CHIATTay YIIH TYpPaKThl
Temneparypaja V(p), XoHe TYpakThl KpickiMaa V(1) TokipuOeIeH albiHFaH
TOYCJIIUTIK KUCBIKTAphIH nuddepeHnunaniay apKpUibl i137¢iHIN OTBIPFaH
¢usukansik mapamerpiepin [13,166-170-66.] makanama KelTipuireH dJicTi
KOJIJaHBIN TanThIK.JKoFapbl KBICKIM MEH TOMEHTI TeMIlepaTrypajia KaTThl
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JICHEJIep/IiH (PU3UKAIIBIK KACHETTEPiH 3ePTTEHTIH KOH/IBIPFBI )KaKChI 3ePTTENTeH
3aTTap/ibl KOJJIaHy apKbUIbl ChIHAKTapAaH OTKI3UIIN TeKCepiii.

Matepuangap MeH daicTepi

3epTTey KYMBICTAPBIH XKYPri3y MakcaThlHIa OaCTanKbl KeJeMi OCnriii exi
peT IMCTHIUIALMSUIaHFaH CyJbl Naijananaslk. KamepaHslH iOniHaeri yIriHig
TEeMIIepaTypachlH TeMIlepaTypa peTTeTill XyHeciHiH KeMeriMeH Oaxbliarl
OTBIPJIBIK.

1h my3 typinin xorapsr (0,15-12,50) k6ap xone tomenri (-40-170 °C)
TeMIlepaTypa apajibIFbIH/IAFbl CEPIIMALIIK KACHETTEPIH CUMATTay YIIiH TKipruoOe
Ky3iHae (aszanblK TypJeHyJiepre JediH alblHFaH TYPaKThl TeMIeparypana
KOJIEMHIH KBICHIMFA JKOHE TYpPaKThl KbICHIMJIa KOJEMHIH TeMIlepaTypara
TOYEJIUTIK KUCBIKTBIH OeikTepiH aud dhepeHipaiay apKpuibl MbIHA (PU3HKAIIBIK

1oV 1/0vV
napamerpiepai & = — (—) ) ,3 == (—) €CerTell TanThIK.
v \or/; v\at/p

1h my3 Typi kpucramigaHranaa maijaa 0osaThlH akKayjiapabl KO
MaKCaThIH/Ia OHbI CBHIKKBIIITHIH KoMeriMeH eki per 0,45 x0ap KbIchIMFa JeliH
CBIFBIT, KBICBIMJIBI aTMOC(EPAJIbIK KbICBIMFA TYCIpreH/e YJITiHIH 0acTarkbl
YKOHE COHFBI KOJIeMJIepiHiH Oipieii 00Iybl MOPIICHBHIH 1IrepiiMeti KO3FalbIChbIH
AIIEKTP UMITYJILCTEPiHE aHAIIBIPATHIH PEBEPCHUBTI TYPIACHAIPTIIITIH KOMETIMEH
6akbunanbl. KeicbiMabl chIKKBIITHIH (YHIP-2000) kemerimMen ynrigeri
TeMIlepaTypara 9cepiH TUrizdey yuiH ete Oasy apTThIpABIK. [lopiieHHIH
LIrepijMenti KO3FaIbIChIH AIIEKTP UMITYJIbCTEPIHE aifHALABIPATHIH TYPJICH IPTiIITI
KOJIUOpJICY MUKPOMETPJIIK OypaHaackl 0ap apHalbl KYPbUIFBIHBIH KOMETIMEH
JKy3ere achlpbliibl. MUKpOMETpIlik OypaHIaHbIH KaJaMbIHBIH XKYHell Typjae
xibeperin +5 X 1073 Mm Karenirinin cansicTeipmansl mamacsl 0,055%
TeH KaTenikTi eHrizeai. KamepanbiH nopiueHiniy 30 k0ap KbIChIMFa JeHiHTI
OipTexTi emec aedopManuschl Ke3iHjeri canbicTeipmaisl Kareniri 0,03%
Kypasbl. TepMUsUIbIK KOJIeMIIK YIFar0 KO3 QUIMESHTIHIH oJIeyepre eHri3eTin

.. . - 1
kareniri mapkacel P18 xypeim ymin +0,3 X 10 5~ Jjen angsbik.
rpag

byn V(P,t) mamacein enmerenje xyiem typae +3 X 10™2 MM xaremik
xibepyre oxeni. KypblmThlH TepMHUSIBIK KOOP(GUIUEHTIHIH KBICHIMFa
TOyeJALIIriH eckepmey, mamacs! +(0-0,02)% apasnbikTa xyiieni Typae xidepeTin
KarelnikTi Oepesi. JKorapbl KO3rajaThlH MOPIIEHHIH KaMepaHbIH KaObIPFachbIMEH
apachIHJaFbl YHKeJIC KYLIiHEeH TYbIHAAUTBIH KaTeIiKTi TYpaKThl TeMIlepaTypaa

7 (p) rpaduriHgeri HyKTeJIepIiH aybITKyJapblHaH aHBIKTaIeIK. On 1,2 %
Kypazpl. Kamepana opHaNackaH MOJIMKPHCTAILT MY3/IbIH IITH/ET1 KBICKIM CATBUTBI
typae ap6ip 0,30 x6ap,
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xoHe 1 kOap caliblH, aJl KOJICMIIK YIFar KO3 PHUIIMEHTI TYPAaKThI KbIChIM/IA
op6ip 10 °C temnepaTypanapia eJIIeH/Ii.

Hotmxenep koHe TaNKbLIAY

Toxipubenik enmeynep xoHe (U3MKAHBIH 3aHABIIBIKTapbl MEH
(opMyaiapblH KOJIJAHBII €CENTENIeH U30TePMAJIbIK YAEpiCTepAeri KoIeMIiK
CepHIMIUIIK MOJYJIHIH, aH->)KaKThl CBIFBLIY KOI(G(QHUIMEHTTEPIHIH KbIChIMFa,
M300apalibIK yIepiCTEPICri JKBUTYJBIK KOIEMIIK YIFal0 Kod(DOUIUCHTTEPIHIH

Temrieparypara tayenaitikrepi Ne 1, No 2 kecrenepye KenTipiires.

1-kecte — M30TepMaibIK yaepicTepaeri KoJeMaiK cepuiMIuIiK MOy IiHIH, JKaH-
JKAKTBI CBHIFBUTY KOO PHUIMEHTTEPiHIH KbICHIMFa TOYEJJIIIr

daza

t,°C

P, x6ap

®
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1 2 3 4 6
8,50 0,064 15,625
9,50 0,059 16,949
140 1,50 0,150 6,666
2,50 0,130 7,692
3,50 0,122 8,196
4,50 0,105 9,523
5,50 0,096 10,416
1h 6,50 0,085 11,764
7,50 0,075 13,333
8,50 0,060 16,666
9,50 0,058 17,241
-170 1,50 0,144 6,944
2,50 0,140 7,142

2-kecte — M3o0apanslKk yaepicTepaeri KBITYJIBIK KOJIEMIIK YIFaio

K02 PHUIIMEHTTEPiHIH TeMIIEpaTypara TOYeIIITIKTEPI

®daza P, x0ap t,°C _Bx 1075
rpag

-170 14,00

-160 13,50

-150 13,32

3,00 -140 12,90

-130 12,60

-120 12,50

-110 12,30

1h -100 12,15

-170 13,60

-160 13,30

5,00 -150 12,92

-140 12,73

-130 12,35

-120 12,25

05
x 1075 Kbap
Kb6ap
1 2 3 4 5

-40 0,15 0,421 2,375
0,45 0,382 2,617
0,75 0,340 2,941
1,05 0,296 3,378
1,35 0,264 3,787
1,65 0,232 4,310
1,95 0,200 5,000

1h

-100 0,15 0,300 3,333
0,45 0,270 3,703
0,75 0,250 4,000
1,05 0,240 4,166
1,35 0,231 4,329
1,65 0,205 4,878
1,95 0,185 5,405
2,25 0,172 5,813
2,55 0,150 6,666
2,85 0,140 7,142
3,05 0,131 7,633
3,65 0,120 8,333

-120 1,50 0,163 6,134
2,50 0,145 6,896
3,50 0,130 7,692
4,50 0,121 8,264
5,50 0,110 9,030
6,50 0,090 11,111
7,50 0,081 12,345

144

1h momukpucramt my3 typinig -40 °C,-100 °C,-120 °C,-140 °C,-170 °C
TeMIlepaTypaiapaa KeJIeMIiK CepmiMALUTIK MOIYJiHIH, KaH-)KaKThl CBHIFBLTY
K03 (h(PUIMEHTTIHIH KbICbIMFa 3K0ap, Sk0ap KbIChIMAAPIaFrbl JKbUTYJIBIK, KOIEM/IIK
wirao KooGUIMEHTTepiHIH TemrepaTypara Toyenainik rpadukrepi Nel, No2
CypeTTep/ie KOpCeTIreH.

145



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X. Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.

Dusuka, Mamemamura HaHe KOMNbIOMepPiK ulavimoap cepusicol. Ne 1, 2025 Cepus: Qu3suka, Mmamemamura u KomnvromepHoie Hayku. Ne 1, 2025
.10-6
2e-10-° ﬁ S 10 K6ap
4,0 1,70
1,60
1,50
3.5
1,40
1,30
3,0
1,20
1,10
2,5
1,00
0,90
2,2
0,80
o 15 45 75 105 135 165 195 P 10721(63}) 0’70
1-cyper — [lomukpucramut 1h My3 TypiHiH )KaH-KaKThI CHIFBLITY a0
k03¢ ¢punmentinin -40 °C Temreparypasia KbICHIMFa TOYeIIiiri
o 15 25 35 45 55 65 75 85 95 pP.- ‘l()_zrcﬁap
2e. 1061 o
o 3-cypet — [Momukpucrann 1h My3 TypiHiH KaH-)KaKThl CBIFBLLY
3,0 koo durmentiniyg ¢ -120°C , + -140°C temmeparypaja KbICbIMFa Ty
& 102
2,5 K6ap
1,40
2,0 1,30
1,20
1,5
1,10
10 0,90
o 15 75 135 195 255 305 365 P - 10 Zk6ap 0,70
2-cypet — [Tomukpucrann 1h My3 TypiHiH KaH-)KaKThI CBIFBLTY .50
koapunmenTiniy -100 °C TemnepaTypaga KpICBIMFa TOYEIILTIT1
o 15 35 a5 55 75 95 115 135 P - IO_ZKGap

4-cyper — [Tonmukpucramt 1h My3 TypiHiH *KaH-)KaKThl ChIFBLUTY
k03¢ ¢unnentiniy -170 °C Temneparypaja KbICbIMFa Ty

Kenripiiren kectenep MeH TYpFbI3bUIFaH rpadukTepieH 1h Mys TypiHiH xaH-
YKAKThI CBIFBLTY CepIIM/ILIIK MOJIYJIi TYPaKThl TEMIIepaTypaliap/ia KbIChIM apTKaH/1a
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CBI3BIKTHI TOYEJIIIKIICH OCETIHAIrH, aj TeMIeparypa yJFaiFaHaa ChI3bIKTHI
3aHJIBUIBIKIICH KeMHUTIHIIrH Kepemi3. JKaH-)KaKThl CBIFbUTY KO3 (OUIUEHTI
YKaH-)KaKThl KOJEM/IIK CHIFbUTYy MOJIYJIIHE Kepi I1aMa OOJIFaHJbIKTaH, KbIChIM
apTKaHJa KeMmil, TeMIepaTtypa yiraifranna apraisl. bipaeit kpichiMaapaa
TEeMIIepaTypa TOMEH/IET'€H CalblH YKaH-)KaKThl CHIFBUTY KOJIEMIIK CEepIiMIUTIK
Moy aprazbl. JKaH-KaKThl KOJEM/IK CHIFbITY MOJMYJI 3aTTap/blH CHIFbLIYFa
Kapcbulacy KaOlIeTTLIIriH cunaTTaiiibl, SFHU KaTThl JieHesepre OepijeTiHn
KBICBIM MEH KOJIEMHIH CaJbICTBIPMaJIbl ©3repiCiH OalIaHbICTHIPATHIH IIaMaHBbI
aHbIKTalbl. ToxipuOenik ejuieynep MEH ecenTeylep/iH HOTHXKEeCiHIe
JIBIHFaH (M3MKAIIBIK 3aH/IBUIBIKTAPIbl CHIIATTAHTHIH ITapaMeTpiiep/ie aHOMAaJIb/I1
KyObuIbIcTap OaiKaamaiabl. 3epTTeNill OTBIPFaH YJITIHIH JKBUTYJIBIK KOJIeMIIK
yirato KoopuuueHTiHiH mamacsl 3 k0ap jkoHe 5 kOap KbIChIMaapna Tepic
MOH IepIi KaObu1aai e, byt anomanbs i KyOsutsic 1h My3 Typi kpucTamganrania
KYPBUIBIMBIHA 00C KEHICTIKTEpAiH Maiiia 00ybIMEH TYCIHIIpiIeai.

Ne5 cyperre kentipinren rpadguKkTeH KbichiM Kemirenue f§ = ﬁ(t)p
KHCBIFBI TEMIIEpaTypa ociMeH namamet conra 10°C, ®KbUTyJIbIK KeJIEMIIK YIIFato

.. .. . 5 1
koo urmentinin ocinin 6oitbiven sxoraps1 0,2 X 1072 —— prrpicans:.
rpaj

B-10-5 1
rpas N

14,00

13,50 ¢

13,00 ¢

12,50 ¢

12,00 ¢

o -100 -110 -120 -130 -140 -150 -160 -170 ¢t ,C

5-cypet — [Momukpucramt 1 h My3 TYpiHiH )KBUTYITBIK KOJIEMIIK
Kod(QHUIMEHTIHIH TYpaKTHI * 3k0ap, + Sxbap
KBICBIMIAp/Ia TEMITEpaTypara ToyeIIiTiTi

P-T xooparHATaCBIHBIH YIIKEH aiiMaFbIH aJTBII )KaTKaH MOJTUKprcTamut 1 h my3
TYPIiHIH KBUTYJBIK KOJIEMIIK YIFaro KodpQHUIHEHTI Tepic MoHIep i KaObrmam,
aHOMAJIB/I1 KACHETIH CaKTall KalaJbl.
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KopbITbIHABI

1.Anram per noaukpucraiut 1h mys typinin -40°C,-100°C,-120°C,-140°C,-
170°C TtemmepaTypaiapaa U30TCPMAIIBIK KaH-)KAKThl CHIFBLIY MOMYJIHIH,
CBIFBUTY KO3(D(UIMEHTIHIH KbICBIMFA TOYEIJIUIIT, )KBUTYJIBIK KOJIEMIK YIIFaro
koadduumentiniyg 3x0ap, SkOap KbIChIMAApIArbl TeMIepaTypara ToyeJIiIiri
AHBIKTAJI/IBI.

2. V(p), V(t)]D TOYEIAUTIK rpadUKTEpiH MaiiIaaaHbIl H30TSPMANIBIK KaH-
YKAKTBI CHIFBITY KOHE N300apaIbIK JKbUTYJIBIK KOJIEMIIK YIIFato Ko duipeHTepin
ecenTey d/1ici KopceTii.
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HNCCIEJOBAHUE BJINSAHHNS BHEIIHUX TAPAMETPOB HA
YIOPYTUE CBOMCTBA JIbJIA THUIIA 1h

B oannoii cmamve onpedenenvi KosgGuyuenmol U30MepMULEcKo2o
6cecmoponnezo ()  cocamusi, — obvemHoUu  ynpyeocmu  (x)
ROAUKpUCMANIUYecKo2o avda 1h muna, pacnonogicennvle Ha Qazosoi
Juaepamme 6 P-t  koopounamax npu memnepamypax -40°C,-100°C,-
120°C,-140°C,-170°C  u onpedercna memnepamyphas 3Ad6UCUMOCHb
K03 uyuenma mennogoeo obvbemHo2o pacwuperue (3) npu nocmosiHHoU
oaseHuil.

Jnsi nposedenust IKCnepumMeHmanbHblx usmepenuti oviia cobpana
Kamepa munda nopuleHb-YUIUHOP, COCMOAWAsL U3 Mpex C10es, 8 HaAzPemom
cocmosnuu Hademulx Opye 6 opyea. Kanubposxamanomempakomnpeccopa
NpoBOOUNACL NYMEM UBMEPEHUsl  DIeKMPUUECKO20 — CONPOMUBIIeHUs
onossnnbix  (Sn) u eannuesvix (Ga) npoBOOHUKOS, PACNONONCCHHBIX
eHympu obpaszya, u mouex npespaujenusi 1woa I—II, [[I—V, V—VI
npu memnepamype - 25°C. Ilpu 6blcOKUX OaGNCHUAX YUUMBIEAIUCD
depopmayuu  HUIICHE20 HENOOBUIICHOZO U  BEPXHE20 NOOBUINCHO2O
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nopwren. Paduanshou depopmayueri kamepol npernedpecaiu, NOCKOIbKY
OHA ObLIA He3HAYUMETbHOU. J]68adHCObl OUCMULTUPOBAHHYIO 800) 00bEMOM
1,4cM? 3anusanu ¢ nomowplo wnpuya 6 YUIUHOPUUECKUL KOHMEIHep
U3 MOHKOCMEHHO20 BMOPONIACIA HAPYIHCHASL NOBEPXHOCTL NOKPLIMOT
epagumom, umobwl coenamv 0agieHue 8 Hem OIUKUM K OOHOPOOHOMY U
YMeHbums mpenue medxncoy kamepou u oopasyom. C nomoupio meob-
KOHCIAHMANbHOU — MePMONapel,  MepMOpecyisimopd, — Hazpesamelsl,
PACRONOJNCEHHO20 6HYMPU 160d 6 Kamepe, Mbl KOHMPOIUPOBAIU
Heobx00umyo memnepamypy ¢ mounocmoio +1°C. Ilockonvky nonpaska,
npuUMeHeHHas K MeOb-KoHcmanmonogou mepmonape npu 100°C u
oasnenuu 400 Mlla, cocmasnsina +2°C , nonpaska He 6800unacsy,
NOCKONbKY ee GeUUUHA YMEHbULACTNCS C NOHUICECHUEM MeMRepamypbl.

Hsmenenue obvema nonukpucmaniuyeckozo avoa 1h usmepsanocs
npeobpazoeameiem ¢ ouanazonom usmeperus (0-10 mm), ocHoeanHviM
Ha sereHuu pomospgexma, npuHyun pabomsl KOMOPo2o npeoopasyem
onpeoeienoe TUHENHOe CMeWEHUE 8 ITeKMPULECKUE UMNYTIbCHI.

Kniouesvie cnosa: o06vemmbili MOOYIb YRpY2OCMU, U30MEpPMA,
uz0bapa, KOMNJEKCHbLL Koapguyuenm  cocumaemocmu, Pazosas
ouazpamma.

T. Bizhigitov',*M. Kusherbaeva’, L. Bizhigitova’

12Taraz University named after M.H. Dulati, Republic of Kazakhstan, Taraz
3Kazakh National University of Water Management and Irrigation,
Republic of Kazakhstan, Taraz

Received 03.12.24.

Received in revised form 17.01.25.

Accepted for publication 24.01.25.

152

STUDY OF THE INFLUENCE OF EXTERNAL PARAMETERS
ON THE ELASTIC PROPERTIES OF ICE TYPE 1h

This article determines the coefficients of isothermal all-round
compression (), volumetric elasticity (y) of type I polycrystalline ice,
located on the phase diagram in P-t coordinates at temperatures -40°C,-
100°C,-120°C,-140°C,-170°C and the temperature dependence of
the coefficient on the isobaric thermal volumetric expansion () was
determined. To carry out experimental measurements and studies, a
cylinder-piston nitrogen-steam installation consisting of three layers
heated and pressed into each other was assembled. The compressor
pressure gauge was calibrated by measuring the electrical resistance of

tin (Sn) and gallium (Ga) conductors located inside the sample and the
transformation points I[I—I1I, I[II—V, V—VI at a temperature of -25°C
from type 1 ice. At high pressures, deformations of the lower fixed and
upper movable pistons were taken into account. The radial deformation
of the chamber was neglected because it was small. Double distilled water
with a volume of 1.4sm* was poured into a cylindrical container made of
thin-walled theoroplast using a syringe, in order to make the pressure in
it close to uniform, it was poured into a cylindrical vessel made of thin-
walled theoroplast coated with graphite. With the help of a copper constant
thermocouple, a temperature controller, a heater located inside the ice in
the chamber, we controlled each required temperature with an accuracy
of +1°C. Since the correction applied to the copper thermocouple at
100°C and a pressure of 400 MPa was +2°C, no correction was applied
because its value decreases with decreasing temperature.

The change in the volume of polycrystalline ice type I was measured
by a transducer with a measurement range (0-10 mm) based on the
photoelectric effect, the operating principle of which converts a certain
linear displacement into electrical pulses.

Keywords: bulk modulus of elasticity, isotherm, isobar, complex
compressibility coefficient, phase diagram

153



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMepPiK ulavimoap cepusicol. Ne 1, 2025

MPHTH 29.19.19
https://doi.org/10.48081/FPOJ1181

*Jl. E. lop6oe’, A. A. Tumoe? E. I'. lLIkeapuHa®
Wucturyt ¢pusuku meramioB umenn M. H. Muxeesa YpO PAH,
Poccwuiickas denepanus, r. ExarepunOypr

'ORCID: https://orcid.org/0009-0002-8353-0308

2ORCID: https://orcid.org/0000-0001-5643-1975

*ORCID: https://orcid.org/0000-0002-4693-0313

*e-mail: levgorbov@mail.ru

CUHTE3, ATTECTALUUNA U KPUCTAJIJIMHECKAS
CTPYKTYPA CUCTEMBbI (CU,SE)NTISE,

Hccredosanue  eemepocmpykmyp HA  OCHOBE — XAIbKO2CHUOO8
NepexooHblX  MEmainog npeocmasnsaen 3HAYUMENbHbLL  UHmepec
01a200apsi UX YHUKATbHOIM (DUBUKO-XUMUYECKUM CEOUCMBAM, KOMOpbLe
O0enarom ux NepCneKMuGHbIMU MAMmepualamu 01 NPUMEHEHUs 8
MEPMOITeKMpuUKe, Onmuke u JeKmponuke. B oanHoil pabome ocHogHoe
sHuManue yoeneno cunmesy u uzyuenuio mooyivhot gasel (Cu,Se), TiSe,,
Komopas 06radaem  CLOJNCHOU KPUCMALIUYECKOU CMPYKMypou  u
NOMEHYUATLHO UHMEPECHBIMU (DYHKYUOHATbHBLMU XAPAKMEPUCTUKAMU.
s docmudicenust nocmasieHHOU yeiu ObLI 8bLOPAH Memo0 meepOodazHbIX
peaxyuil, 06ecneuusaroull 8bICOKVIO CmMenelb KOHMpPOJis HA0 COCMAagoM
U CIMPYKMYpOU CUHMEIUPYEMBIX MAMEPUATOS.

Ha nepeom smane pabomvl 6bliu NOIYHEHbL NPEKYPCOPLL — CETCHUO
meou (Cu,Se) u Oucerenud mumana (TiSe,), cunmesupoeanmnvie 6
BAKYYMUPOBAHHBIX KBAPYEGIX AMNYIAX NPU GbICOKOU memnepamype.
Kpucmannuueckas — cmpykmypa — amux — coeOuHeHUll  UCCIe008aHA
MemoOOM PEeHMmMeeHOBCKOU Ouppaxyuy, noomeepicoeHa ux Qazosast
yucmoma u coomeemcmeue JIumepamypubiM OamnbiM. Ha ochose
nPEKypcopos Memooom meepooghasHoll peakyuu CUHMEUPOBAHA Yeleadst
pasa (Cu,Se),TiSe, obradarowas Kybuueckoli cuneonuel. Ananus
OUPParmoepamm NOKA3aNL HEIHAYUMETbHOE NPUCYMCIMEUE NPUMECHBIX
Qas.

Honyuennvle  pesyrbmamvl — OEMOHCMPUPYIOM  BO3MOICHOCY
KOHMPOIUPYEMO20 CUHME3A CNOICHBIX XANbKOSEHUOHBIX COCOUHEHULL C
3A0AHHBIMU CIMPYKMYPHBIMU napamempamu. Paboma enocum exnad 6

154

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mmamemamura u KomnvromepHoie Hayku. Ne 1, 2025

NOHUMAHUE NPOYECCO8 POPMUPOBAHUS MAKUX MAMEPUATOE U OMKPbLEAEH
nepcnexmusvl 0Jis OALbHEUULE20 UBVUEHUS UX (DYHKYUOHATLHBIX CEOUCM.

Knrouesvle crnosa: eemepocmpykmypul, XanbKO2eHUObL NEPEXOOHBIX
MEmannos, meepoopasHvlil Cunmes, KPUCMALIUYECKAS CMpPYKmypd,
¢asza (Cu,Se),TiSe,

Beenenne

['eTepocTpyKTypbl Ha OCHOBE XaJIbKOTEHHJIOB NMEPEXOTHBIX METAJIOB
MIPEJICTABISIIOT cO00H OAHO(a3HbIEe COCUHEHHS M3 HECKOJIBKMX OMHApHBIX
XaJIbKOTeHHUJIOB. B3aumopeiicTBue ciioéB reTepoCTpyKTyphl APYT C JIPYroM
MO3BOJISIET TMOJIy4aTh MaTrepualibl ¢ CYIIECTBEHHO OTIIMYHBIMU OT OJMHOYHBIX
XaJIbKOT€HH/IOB CBOMcTBaMU. Hanpumep, npu B3anMoAEHCTBUHU COCETHUX CIIOEB
Ipyr ¢ apyrom B nomynpoBoguukax TX2 (T = Mo, W; X =S, Se) npoucxoaur
Tepexo/l OT HempsIMOM K mpsiMoid (yHaaMeHTanbHOW menu [1; 2]. Haubonee
WHTEPECEH IPU U3YUYCHUH TeTEPOCTPYKTYpP pa3MepHbId 3(deKT, cBI3aHHbINH ¢
W3MEHEHHEM TOJIIMHBI COCTABIISTIONIMX TeTEPOCTPYKTYPY cloéB. Tak, mpoucxomur
CYIIECTBEHHOE M3MEHEHHE KPUCTAIUIMYECKOW CTPYKTYphI Ha TpaHUIE CIOEB, a
TaKKe H3MEHEHHE KWHETHYECKHX CBOHCTB reTepocTpyktyp [(SnSe), ;] TiSe, npu
YMEHbILIEHUH TOJIIUHEI cNIOEB [3]. B ToM ciyuae, Korzia 0THUM U3 COCTaBIISIOIINX
TE€TEPOCTPYKTYPHI ABISAETCA CYyNEpPUOHHBIN MpoBoaAHUK Cu,Se [4], BO3MOXHO
CYILECTBEHHOE YITyYIIIEHHE TEPMOIICKTPUIECKHX CBOHCTB UTOTOBOT'0 MaTepuala.
Tak, B rerepoctpyktype Cu,Se/0.05 wt.% SiC BenmuuuHa TepMOdJIEKTPHYECKOH
nobpotHoctu Bospocna 1o ZT = 2 npu 875 K [5]. Coenunenne Cu,TiSe,,
ABsionieecs 00bEMHBIM aHanorom rerepoctpyktypbl (Cu,Se) TiSe, (n = 2),
obnagaer Manoi temtonpoBogrocThio (0.3 — 0.47 Brxm'K™") u mupokoit
¢ynnamentanbHoi menbo (1.61 eB) [6]. Llenbio naHHON pabOTHI sIBIIsIETCS
cuntes rerepoctpyktyphl (Cu,Se) TiSe,, Bkimodaromieil B cedst CynepuoHHBbIH
nposoaunk Cu,Se u TiSe,, y3xomieneBoi MoynpoBoHKK, IEMOHCTPHPY IO
Mepexo/1 B COCTOSIHUE C BOJTHOM 3apsi/I0BOM TUIOTHOCTH Tpu Temnepatype 200 K
[7], BBIsSIBIICHME BIMSHHS PE)KUMa CHHTE3a HA CBOWCTBA IOy YECHHBIX COSTUHEHHUH.

Marepuajibl 1 MeTOABI

CuHTEe3 N3yJaeMbIX B padoTe MaTepHalioB BBIIIOIHEH METOIOM TBEPAO(a3HbIX
peaxuuil. Peakmun Ti + 2S¢ — TiSe, u 2Cu + Se — Cu,Se nposojarcs B
BaKyyMHpPOBaHHbIX 10 10~ TOpp. KBapIIeBbIX aMITyax. AMITyJIa ¢ KOMIOHECHTAMH,
B3SITBIMHU B CTEXHMOMETPUUECKHX ITPOITOPIHSX, TOMEIIAeTCs B MyelbHYIO I1e4b
npu temneparype 900 °C na 170 gacos. [lonyuennsie Takum criocobom Cu,Se
u TiSe, kpucramiusyioTcs B npoctpancTBeHHod rpynne R3m u P3ml,
COOTBETCTBEHHO. ATTECTalMsl KPHUCTAUINYECKOW CTPYKTYpBI MPOBOAMIACH Ha
nuppakromerpe Shimadzu XRD 7000 Maxima (u3ny4enue Cu K, rpadurosbiit
MoHoxpomarop, 20 = 10-90°) B LKII «Ypan-M» MHcTUTyTa METaITyprun
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VpO PAH. Jlanee U3 NONYyYEHHBIX U aTTECTOBAHHBIX MPeKypcopos Cu,Se u
TiSe, meronom TBeprodasnoii peaxiun 2Cu,Se + TiSe, — (Cu,Se),TiSe, npu
temnepatype 900 °C 6bina cunresuposana dasa (Cu,Se),TiSe,. Mopdonorus
MMOBEPXHOCTH M XMMHYECKHI COCTaB CHHTE3MPOBAHHOW (a3bl MUCCIEIOBAH
METO/IOM CKaHUPYIOLIEH 3J1eKTpOHHON Mukpockonuu (COM). Msmepenus
BBINOJIHEHBI Ha PacTpOBOM 3JIeKTpoHHOM Mukpockone «QUANTA 200»
¢ aHeproaucnepcuoHHsM ciekrpoMerpom EDAX B UOM YpO PAH.

Pe3yabTaTsl U 00cy:KI1€eHUE

Hudppakrorpammbl Cu,Se u TiSe, mpuBenensl Ha pucynkax 1 u 2,
cooTBeTCTBEHHO. I3 Puc. 1 MoxHO BuzieTs, uto Cu2Se 3arpsi3HEH He3HAUUTEIbHBIM
koaudecTBoM (He Oonee 5 Moi.%) okcuma menu CuO. [Iuk MakcHMaabHOM
unteHcuBHOCTH (pasbl CuO coortBeTcTBYET yriy audpakuuun 20 = 38.7°. TiSe,,
TIOJlyYSHHBIH TIPU TEeX XK€ YCIOBUSX, SBISETCS OAHO(pA3HBIM, YTO BHIHO IO
OTCYTCTBHIO ITOCTOPOHHMX NMHUKOB Ha audpaxrorpamme (Puc. 2). [lapamerpst
snemenTapHoii sueitku Cu2Se cocrapnsior a = 4.12(1) A, ¢ = 20.43(2) A, uro
XOPOLIO COIJIACYETCs C TUTepaTypHbIMU JaHHbIMU [ 8]. TTapaMeTpbl aJieMeHTapHOM
aueiiku TiSe, cocrapisror a = 3.54(1) A mc=5992) A, uro Takxe xoporo
COIJIaCyeTcCsl ¢ IMTepaTypHbIMU JaHHbIMH [9; 10].

i + obs
4000 A $ I Cu2Se
I CuO
+
o
3000 A +
+
2000 A
1000 -
0_
| moo [ nonn (I e 1 T TN T B N N T [
~1000 4 1 1 1 1 | I I I 1 I
10 20 30 40 50 60 70 80 90
20

Pucynok 1 — INopomkosas nuppakrorpamma Cu,Se. CHHHE TUTFOCHT
— DKCIIepHMEHTAJIbHBIC TaHHbIE, CHHIE PHCKU BHHU3Y 10 TUKAMH —
I paKkInOHHBIE MaKCHMYMBI (a3sl Cu2Se,
KpacHbIe prcku — MUKU ¢a3sr CuO.
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Pucynok 2 — INopomkosas nudpakrorpamma TiSe,.
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Pucynok 3 — ITopomkosas nuppakrorpamma (Cu,Se),TiSe,. Cuanmu
pHCKaMU OTMEYEHBI ITUKH TeTEPOCTPYKTYPHOH (ha3bl, KpaCHBIMU PHCKaMHU
OTMEYeHBI ITMKK Henpopearuposasmero TiSe,.

Hudpaxrorpamma nonukpuctammaeckoro oopasna (Cu,Se), TiSe, nokazana
Ha Puc. 3. Xopowo BHIHO, 4TO HEKOTOPOE KOJIMYECTBO NHCEJICHHIA THTAHA
He BCTymWiIo B peakuuio. [logoOHas cuTyalus peaan3oBajlach U y aBTOPOB
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pabotsl [6]. CuHTE3MpOBAaHHAA HAMH T€TEPOCTPYKTYpa KPUCTAJIU3YETCSA B
IPOCTPaHCTBEHHOM rpyne P4 31, napameTp s/IeMeHTapHO stuekiku a = 5.64(2)
A. Kpucranmueckas crpykrypa (Cu2Se)2TiSe2 npecrapiena Ha Puc. 4.

Jlis yTouHeHUs! OTKJIIOHEHHUSI XUMUYECKOI'0 COCTaBa CHHTE3UPOBAHHON
reTepOCTPYTKYPhl OT CTEXMOMETPHH HCIIOJIb30BaH METOJ| CKaHHpYIOLeH
9JeKTpOHHOM MuKpockonuu. Ha Puc. 5 nmokazano COM wnzobpaxenue
ob6pasua (Cu,Se),TiSe,. Xumudecknuil aHaniu3 METOJOM PEHTIEHOBCKOTO
9HEPTOUCIIEPCHOHHOIO aHaJIM3a BBHIMOJIHEH C POBHOM 00JacTH, OTMEYEHHOU
HA PHCYHKE KPACHBIM MPSIMOYTONbHUKOM. [10 JaHHBIM XHMHUYECKOIO aHAIH3a
BHJIHO, 4TO COOTHOIIEHHE IIPEKYPCOPOB B reTepocTpyKTypHO# (hase He 2Cu,Se +
TiSe,, xax nanuposanock Hamu, a Cu,Se + TiSe,. DTo cornacyercs U ¢ JaHHBIMH
PEHTIeHOBCKOH udpakimm, NOCKoIbKy yacTh TiSe, He BCTyIHIa B XUMUYECKYHO
peakuuro.

BriBoabl

MeTo0M BBICOKOTEMITIEpaTypPHOTO aMITYJIbHOT'O CHHTE3a BIIEPBBIC MOJTyYeHa
¢aza (Cu,Se) TiSe, ¢ kyOuueckol KpHcTalIM4ecKko# cTpyKTypoi. Takum
00pa3oM, BO3MOXKHO BapbUPOBaTh CTEXHOMETPHUIO N B CTPYKTYpax ¢ oOIieiH
(popmynoii (Cu,Se) TiSe,. Pemenuto Borpoca o ToM, KaK1e COYeTaH s BO3MOYKHBI,
a Kakue — HeT, OyJIeT MOCBSILCHO JallbHEHIIee NCCiIeJ0BaHNE.

Pabora BBINIONIHEHA B paMKax IroCyJapCTBEHHOTO 3ajaHusi MUHOOpHAYKH
Poccun nns UOM YpO PAH.
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(CU,SE) TISE, )KYHECIHIH KPUCTAJIJIBIK
KYPBLJIBIMBL, CHUHTE3I KOHE ATTECTATTAYBI

Omneni Memain XanvKoeeHuomepine Heeiz0eneen
2emepoKypbLILIMOapObl 3epmmey 0aapobly bipeeeil (u3UKa-XUMUSIbIK,
Kacuemmepine OQUIAHBICINbL YIKEH Kbl3bl2YUbLIbIK Myoulpadvl, 0y
01apObL MEPMOITEKMPUKAOA, ONMUKAOA IHCOHE DIEKMPOHUKAOA KOAOAH)
ywin nepcnexmusanvi mamepuanoap emeoi. Byn owcymvicma Kypoeiui
KPUCMANObIK KYPBIIbIMbL HCOHE bIKIMUMAN Kbl3bIKMbL (DYHKYUOHANObIK
cunammanmanapvr  6ap (Cu,Se) TiSe, mooynvoix cpasactin (Cu,Se)
cunmesoeyee dcoHe 3epmmeyee baca Hazap ayoapwiiadvl. Ocwl Makcamra
Jrcemy ywiin cunmesoenzen Mamepuaioapobiy Kypamvl MeH KYpbliblMbIH
0aKwiIayobly oco2apvl  0opexceciH KAMMAMAacsl3 ememin  Kammol
Gazanvix peakyus 90ici mayoanovl.

JKymvicmoly — Oipinwi  KeseHinOe — dico2apbl  memnepamypaod
8AKYYMOAN2AH K8APY AMAYAANAPLIHOA CUHME30eN2eH MbIC CeleHUOI
(Cu,Se) oicone muman Oucenenudi (TiSe,) npexypcoprapel anvinovl. byn
KOCBLIbICMAPObIY ~ KPUCMALOBIK  KYPbLIbIMbL  PEHMEHOIK  OUDpaKyus
o0icimen  3epmmendi, 0aapovly PA3anblK Ma3aiblebl HCoHe d0edu
Oepexmepee  colxecmiei pacmanovi. Kammul ¢hazanvi  peaxyus
ooicimen npexypcopnap nezisinoe mexue cunzonuscet 6ap (Cu,Se) TiSe,
maxcammol  pasacel  (Cu,Se)cunmesoendi.  Jugppaxmozpammanapov
manoay Kocna (hazanapblHvlly Wamaibl O0LYbIH KOPCEnmi.

Homuoicenep Gepineen Kypulavimovik napamemprepi oap xypoeni
XATbKO2EHUOMT KOCHLILICIMAPOblY OAKLLIAHAMbIH CUHIE30€ey MYMKIHOICIH
xopcemedi.  JKymvic — ocbiHOQUl  Mamepuanoapovly — KAIbINmacy
npoyecmepin mycinyee biKnan emeoi JHCoHe 0aAapOblH (QYHKYUOHALObIK
Kacuemmepin 00au opi 3epmmeyze nepCnekKmusanap auaobl.

Kinmmi  co30ep:  eemepoxypulibimoap, emneni  memaii
XanvkoeeHuomepi, Kammol (Dazanvlk CuHmes, KpUcmaioblk KypbllblM,
asza (Cu,Se) TiSe,

SYNTHESIS, CERTIFICATION AND CRYSTAL
STRUCTURE OF THE (CU,SE) TISE, SYSTEM

The study of transition metal chalcogenide-based heterostructures is
of considerable interest due to their unique physicochemical properties,
which make them promising materials for use in thermoelectrics, optics,
and electronics. This work focuses on the synthesis and study of the
modular phase (Cu,Se) ,TiSe,, which has a complex crystal structure and
potentially interesting functional characteristics. To achieve this goal, the
solid-phase reaction method was chosen, which provides a high degree of
control over the composition and structure of synthesized materials.

At the first stage of the work, precursors were obtained — copper
selenide (Cu,Se) and titanium diselenide (TiSe,), synthesized in evacuated
quartz ampoules at high temperature. The crystal structure of these
compounds has been studied by X-ray diffraction, and their phase purity
and compliance with literature data have been confirmed. On the basis
of precursors, the target phase (Cu,Se),TiSe,, with cubic syngony, was
synthesized by solid-phase reaction. Analysis of the diffractograms
showed a slight presence of impurity phases.

The results obtained demonstrate the possibility of controlled
synthesis of complex chalcogenide compounds with specified structural
parameters. The work contributes to the understanding of the processes
of formation of such materials and opens up prospects for further study of
their functional properties.

Keywords. heterostructures, transition metal chalcogenides, solid-
phase synthesis, crystal structure, (Cu,Se),TiSe, phase.
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KYMIC HAHOBOJIINEKTEPIHIH CUHTE3I
/KIOHE ®OU3NKA-XUMUAJIBIK KACUETTEPI

Maxkanaoa «xymic Hanobenwexmepin (Ag HBE) cunmesoey
o0icmepi, onapovly  QUIUKA-XUMUSTILIK ~ KACUCTIMEPL  JHCAH-)ICAKIMbL
sepmmeneen. Heeizei yw 90ic ycoimwviiean: Hampuil 60peuopudimen
MOMBIKCHI30AHObIPY, MYPAKMAHObIP2blUW PemIiHOe NOJUSUHUIL CIUPMI
(I1BC) men nonusununnupponudonovt (IIBI1) kordawny. Opoip odic yuin
peaxkyus Hcaz0ainapel, COHblY iWinoe peazeHmmepoiy KOHYEeHMpayusicyl,
memMnepamypa Jicone npoyecmiy y3aKmoiebl cunammanean. AnviHean
HanoOOUWeKmepOiy KImmi Cunammamanapsl, MviCalvbl, 6auemoepi,
MYpaAKmMulibiebl HcoHe CReKmpiix xKacuemmepi sepmmendi. Bopeudpuo
90icimenr anvihean Hanobeuexkmepoin ouamempi 10—14 um apanvievinoa
bonvin, mypakmolivi2bl 7 KyHee Oellin cakmaiamoliol ansikmanowvl. [1BC
arcone [IBI1 xondamy nomudicecinde mypakmulivlk Mep3imi dlcapmol
JACHLIZA  JHCOHE 00aH O0d KON YAKbIMKA Y3apmbli2dhbl KOpCeminoi.
Jloxanuzayusnanzanbemmikniazmonpezonancoinoty (JIBIIP) onmuxanvik
cuUnammamanapbl  CHeKmpophOmomMempusiiblk, — oaueyjep  ApKblibl
pacmanovl, an bemuexmepoiy omuemoix mapanyvl ZetasizerNano S90
Kypanviibiy komecimern sepmmenoi. ConviMeH Kamap, 31eKmpomKizeiumix
Kacuemmepi 3epmmeinin, 60peuopud 90iCiMeH alblH2aH OOIueKmepoin
aekmpoemkizeiwmiciniy ocozapvl  exeni (863 mCm/cm) anvikmanowl.
byn  kacuemmepi  HanobomMmeKmepOi  AEKMPOHUKAOA — KOJNOaHyed
bonamoinbin kopcemeoi. Cunmes 90iCMEPIHIH CanblCMbIPMALbL MAL0AY bl
IIBC ocone IIBII mypakmanovipebluumapulHbly  HaHOOOIUeKmepOin
azpezammulk, MypAKMblIbIZbIH  APMMBIPLIN,  01aAPObIY  Y3aK  YAKbIM
KOJLOAHBLLYbIHA ~MYMKIHOIK Oepeminin  Oonendedi. bByn sepmmeyoin
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Homudicenepi Hanobouekmepoi MeOUYUHAOA, OUOMEXHOL02UAOA HCOHE
NEKMPOHUKAOA KOJIOAHY2A HCAHA MYMKIHOIKMED autaobl.

Kinmmi coe3z0ep: kymic nanobomuexmepi, 6opeuopuo 90ici, noauon
90iCl,  ICKMPOMKIZCIUMIK,  CNEeKMPOPOMoOMempus,  azpecammolx,
MYpaKmuliblK, 6emmixk nia3moHObIK PE3HOHAHC.

Kipicne

CoHFBI €Ki OHXBUIJIBIKTa HaHOOHIPJAEri MaTepHaaap/blH epeKiie
KaCHUCTTEPiHIH apKachlHIa MaTepuanTtany [1], Ouomenunmua [2; 3], 6uosorus,
¢usuka [4; 5], xumus xKoHe Oacka Aa cananapia opacaH 30p IPOrPEcKe KOJ
xeTkizinni [6]. Kymic HaHoOe ek epi peTTeeTiH pU3NKabIK )KOHE XUMHSIIBIK
KacHeTTepre ue, COHABIKTAH OJIApJbIH KOJAAHBUTYBIH KaKcapTy YUIIH ojap
KeHiHeH 3eprrenai. Ag NPs MukpoOKka Kapchl KacueTTepi A9piliK 3aTTaplblH
(MbIcansl, ampoTepuiind B, HucraTuH, ¢urykoHas3o) OeJIceHIUIIrH apTThIpy1a
JKOHE OJIApABIH TOMCH YBITTBUIBIFBI MEH OMOYHICCIMAUTITIHE OalIaHBICTHI
OaKpUIaHATHIH ASPLTIK HIBFAPLIBIM )KOHE I9Pi-OpPMEKTIH MAaKCATThI )KETKI3LTyiHe
apHaJIFaH KOMIO3UIMSIIBIK TipeKTeple Kosmanbuiaasl. Coll CHSKTHI, ONap/ by
OeTKi TIa3MOHJIbI pe30HaHCTHIK KacueTi Ag NP-Ti ceHcopasl a3ipiey yuiiH
OipiHIII CHIHBINTBHI MaTepuaira aifHalabIpaabl. MbIcanbl, OMoMapKepiIep,
aypyJ1ap/ibl, JacTayIIbl 3aTTap/Ibl )KaHe (POTOXUMHMSIIBIK PEaKIUsIIap/IaFbl )KOFaphl
KaTaJIMTUKAIIBIK OCJICEH/IUTIKTI aHBIKTayFa apHaJIFaH, OeTTIK KyluenTiiaren Paman
CIICKTPOCKOIHUSCHI CUSKTBI CCHCOpIap bl d3ipiey cananapsl [6; 7]. CoOHbIMCH
Karap, )Korapbl oTKi3rimriri 6ap Ag NPs anekrpokapanorpadTap/sl )kacay YIIiH
KHUIETIH JKOHE MKEMJIi CeHcopiiapaa Kouganbsuiansl. Ag NPs naiieiHaay yiniH
(U3MKa-XUMUSIIBIK HeMece OMOJIOTHSUIBIK TOCIIEp KOJIAAHBUIAbI, Sp SJICTiH
OH ’KOHE TepiC kKaKTapsl Oap.

Bys1 ’KYMBICTBIH MaKcaThbl KYMiC HaHOO®JIIIIEKTePIH CHHTE3/ICY OICIHIH
OJIapJIbIH OJIIeMAepiHe XoHe OeTTIK IUIa3MOHHBIH PE30HAHC IIEH AJIEKTP
OTKI3TIIITII CUSKTHI (U3UKAIBIK CHIIATTaMaJapblHA 9CEpiH 3epTTey OOJbII
TaObLIaIBL.

Marepuannap MeH dgicrepi

Kypan-xxabasikrap: aHaauTUKaiIblK Tapa3bl AS 220.R2, MarHutTik
apasacteiprbiil C-MAG HS 7 control, ciekrpodryopumerp CM 2203, ienrpudyra
wabaprel CM-12, ynbTpa api0bicThIK MOHIIAcKl WFY-204BS, nenonusarop
«CIIEKTP-OCMOCY», HaHO- KoHE MUKPOOOJIIIEKTEP/IIH OIIIEMIEPIH OIIIerinn
ZetasizerNano S90, kongykromerp WTW Multi3420.

PeaxTuBTep: KyMic HUTPATHI, HATPHUI OOPTUIAPHI, TOTUBUHIIITHPPOIINIOH,
anetoH — SigmaAldrich KoMnaHWHSCBHIHBIH OHIMIEPi, MOJIUBUHUICIUPTI,
STHJICHTIIMKOJIb — X.T., ADCOJFOTTI 9TaHOJI, ACNOHHU3ALIMSIIAHFaH CY.

1. Kymic HaHoOeJeKTepin aiy aicrepi
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1.1 Bopruapun omici

15 M 0,002 M Hatpuii 60pruxpul epiTiHAiciHe My3Jbl BaHHaAa 5 M
0,001 M kymic HUTpAThI €PITIHIICIH TAMIIBUIATHIT KOCTBIK (TaMIIIbI YKbUTIAMIBIFbI
— 1 cexynnpiHa 1 Tamusr). Peakiys Kocrachl KaTThl apajiacThIPBUIBIIL, 2 MJI KYMIC
HUTPATHI KOChIIFAaHHAH KEeHIH epiTiHJI alllbIK capbl Tycke 0osuiabl. bykin mponecc
11aMaMeH 3 MUHYTKa CO3bUIJIBI, COJIaH KEHIH apaacThIpy TOKTATBUIbI.

1.2 TTosMBUHWI COIUPTIMEH TYPaKTaHABIPBUIFaH KyMiC HAHOOOJIIEKTEPiHIH
CHHTE31

25 M atuneHrnukouasaeri 0,1 r MONMBHUHUI CHUPTI epiTiHIICiHE
0,1 mmouts (0,170 1) kymic HuTpaTh! Kocsurasl. Epitinai 120 °C temneparypana
30 MHHYT OOWBI KBI3ABIPBLIBII, CApbI-KOHBIP TYcKe Oosuiabl. Jlaiibia epiTini
LeHTpU(YTalaHbIIl, alleTOH JKOHE TAHOJIMEH >KYBUIBII, COHBIH/A ATaHOJaFbl
CpITIH/II ATBIH]IBL.

1.3 [oNMMBUHUIANUPPOIUIOHMEH TYpPaKTaHIBIPBIJIFAaH KYMic
HaHOOOJIIIEKTEePiHIH CUHTE31

25 a1 sTuieHrMKoabAeri 0,5 T MOJIUBUHHINUPPOJUIOH epiTiHiciHe
0,1 mmonb (0,170 r) kymic HuTpaThl Kocbuiabl. Kocria 120 °C temmniepatypasa 30
MUHYT KbI3JIBIPbULIbL. HaTHKECIHAE KOHBIP TYCTI epPITIH/I albIHbI.

Hotm:kenep koHe TATKbLIAY

By xyMbicTa KyMic HAaHOOOJIIIEKTEPIH alyIbIH YII 9]ici 3epTTesal:
OOPrUAPHUITIK 9JIiC, MOIMBUHUI CIUPTIMEH JKOHE MOJMBHHIIITHPPOIUIOHMEH
oMot aici. byt apicTepaeri TypakTaHIbIPFBI PETIHAE HATPUH OOpruapuai,
IBC nemece [1BII coiikecintie 60bi TabbUTa B JKOFaphiaa aTaaraH diCTEpIiH
OpKaWCHICBIHBIH peareHTTep/AiH KYHbIHAa HeMece KyMic HaHOOeJIIeKTepiH
OKIIayJiay 9/icrepine 6aillaHbICTHI ©3 apTHIKIIBUIBIKTAPhl MEH KEMIIUTIKTEp 0ap.

TexHUKaHbIH EpeKIIeNIriH AdJieiey YIIiH KYMic HaHOO®JIIEeKTepiHiH
epITIHADIEPIHIH KYThUTy CIIeKTpiepi skaszpuiibl. Kasipri kesne ke »karmaiina
HAHOOOJIIEKTEP/IH CHHTE3/ISJINCHIH JKYThUTy MaKCHUMyM IIBIHAAPBl apKbLIbI
aHbIKTai16l. HanoOemmeKkTep 1iH )KyYThITy CHEKTPIIEPiHIH IIBIHBI, IIaMachl dKHE
MIMIHI HAHOOOJIEKTEeP/IiH MillliHI MCH ejieMiHe OainaHpIcThl [8]. 1-cyperTe
KYMiC HaHOOOJIIIEKTEPIHIH JKYThUIy MaKCUMyMbl MEH O6JIIeKTep.IiH MilliHi
apacsIHarbl Oaiianbic kepeerireH. Erep Ag Hb skyTbury MakcMyMbl OOHBIHITIA
390410 am-re teH, srnu HB nimini chepabik 60Iibin TadbuIa b
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1-cyper — Kymic HB xyThuty cniekTpinig

OeJIIeKTepAiH MilliHIHE TOYeILIIr

KyTeuty cnekTpi Kymic HaHOO®JIIEKTepAl alny (akTiCiH KepceTin KaHa
KOWMaii1bl, COHBIMEH KaTap OJIap/IbIH OpTallla JUaMeTPiH aHbIKTayFa MyMKIHIK
oepeni. Chepanblk KyMic HAaHOOOJIIIEKTEPIHIH OpTalla AUAMETPIHIH KYTHUTY
CIEKTPIHE TOYEJILIIr KeCTeIe KOPCETIITeH.

1-kecte — CdepaiblK KyMic HAHOOOIIIEKTEPIHIH OpTalla JUaMeTPiHiH )KYThLTY
CHeKTpiHe Toyesaiuiri [8].

TOJKBIH Y3BIHABIFBIHBIH YKapThuiail MIBIHHBIH €Hi, Bemnmiekriy opraiia
KYTHUTY MAKCUMYMBI, HM HM JUaMeTpi, HM
395-405 50-70 10-14
420 100-110 35-50
438 140-150 60-80

Kywmic HanoOesekTepin OOprigpu 1 TICUTIMEH CUHTE3/IeTeH Ke3/Ie TYPAKThI
capbl KOJUIOWJTHI KYMIC ajly YIIiH apaiacTblpy YaKbITBIH JKOHE peareHTTepIiH
CaJIBICTHIPMAJIbl MOJIIIEPiH KOCA AJIFaH/[a PEAKIIMs JKaFIaiIapbiH MyKHAT OaKpLiay
Kepek. bapiblk KyMic HUTpaThl KOCBUIFAHHAH KeWiH apallacThIpy Xkajraca oepce,
arperarys mpoiieci 0acTaaamsl: capbl TYCTI 3071 aJIIBIMEH KYHTIPTKE, COIaH KeHiH
KYJITIH YKOHE aKbIPBIH/IA CYP TYCKE aifHasa [bl, CO/IaH KeiliH KOJIOMTHI OOIIeKTep
TyHOara Tycemi. OCbIFaH YKcac arperaiist 0apiblk KyMIC TY3bI KOCBLIMA TYPBIII,
peakiusl Y3UIreH *ariaiaa a opbiH anybl MyMKiH. Hatpuit Gopruapunidia ke
MeJIIIepi COHFbI OHIM/IETT HOH/IBIK KYMICTIH KypaMbIH a3aiTy YIIIiH Je, albIHFaH
KyMic HaHOOOIIIEKTEPiH TYPAKTaHIBIPY YILIH JIe KaXKeT.

Anpiaraln Oenmextepniy auamerpi 10—15 HM auana3oHbIHAA OONIBI, all
CIIEKTpJie 2a CypeTTe KOPCETUITeH el KyMic HAaHOOOIIIEKTePiHiH IIbIHBIHA COIKeC
400 um xone 80 HM eHi Oap. Al 7 KYH ©TKEHHEH KeiliH IIBIHEI 395 HM KoHE
yKapThuIai WeHHBIH eHi 110 HM. by nereniMis Genmiektepain quameTpi 35-50
HM IlIaMachIHa JCHiH ©3rep/Ii.
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a) J)KaHa CUHTE3/IeNTeH 9) CHHTE3IICJITCHHEH 7 KYHHEH KeiiH
2-cypet — bopruapun omicimen ansiaran Ag HB criektpi

Kaparanp! KasacbiHiarsl BykeToB YHuBepcuTeTi 0aszachinaa ZetasizerNano
S90 HaHO- oHE MUKPOOOIIILIEKTEPAiH eIeMIepiH emerim kypanna Hb exmemi
AHBIKTAJIIbI.

3 cypeTTe KepceTiIreH e OOpruIpu I 9MiCiMeH ajlbIHFaH KaHa CHHTE3ICTCH
KYMiC HAaHOO®OJIIIIEKTEPiHIH OpTallia JHaMeTpiepi 9,83 HM-Te TCH CKCHIH
OaiikaliMbI3. AJl 7 KYHHEH KelliH KaliTaJjaH TyCipreH e KyMic HaHOOOIIEKTePiHiH
opTaia quamerpiepi 241,2 HM-re aeiiH YIFaiabl.

Record 40 A2 1

a) J)KaHa CUHTE3/CITeH

Sae Dwirbudon by Number

i
g 1% X -
S 10
i
§
: 1 w 1] ol

Sre (dam)

10080

9) CHHTE3IC/ITCHHEH 7 KYHHCH KCHiH
3-cyper — bopruapun onicimen anbiarad Ag Hb nuametpiepi
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VYakpIT 0T€ TYpaKThl 00JIATHIH 30JIb/ICP/l ATy YILIH OJIApAbIH CHHTE31 Ke3iHae
TYPaKTaHJIBIPFBIITHI €HTi3y Kepek. Onap BaH-iep-Baanbc KylrepimMeH, cyTeri
OailJlaHbICTapbIMEH KOHE AMIIOIBAIK ©3apa 9peKeTTeCyJep/IeH TybIHIaraH
¢dusuKanbKk ancopOuusHbIH apkackiaa Hb-repni onapibiH arperanusicblH
OOJIIBIPMANUTBIH KOPFAHBII KOJUIOM/ICH «EJICHTIH» MOJUBHHHUIIHMPPOINIOH
(ITIBIT) xp13meTiH aTKapa anajsr [9].

1.000 1.1014390.0400)

0.400|

0.200|

300.0000 350.0000 400.0000 450.0000 500.0000 550.0000

a) J)KaHa CUHTE3CITeH

0.320, 3291384, 0000)

0.
300.0000 350.0000 400.0000 450.0000 500.0000 550.0000 600.0000

9) CHHTE3[IeNTeHHEH 7 KYHHEH KeHiH
4-cypert — IIBII TypakTaHIBIPFBINIB apKBUTH anbiHFad kymic Hb

Ownsl Kongany apKbuUTs! anbiaFad Hb 390 HM TONKBIH Y3BIHIBFBIH/IA KYTHLTY
MakcUMyMBbI Oonanbl. 4 cyperte [IBII apKbUTEl aNbIHFaH jKaHAIaH JaibIHIAIFaH
epitiaaire apHanrad kymic Hb cnexrpohoToMeTpusiCEIHBIH rpaduri KOpCeTireH.
CypertTeH kepiHin Typranmaii, Oenmekrep iy enmemi mamamer 30—40 am. by
epiTiHAiHI 7 KYHHEH KeiiH Tanmay Ke3iHme OeNImeKTepAiH Tap Tapaiybl KoHE
OJIapIIBIH, KBIPTHIIAH IIBIHEI €HIHIH KYPT YWIFAIOBI OaiiKalIp! )KoHE TYCl CapbIIaH
KbI3bUTFa e3repi. Typakranasiprsi petinae [IBC cuakTs monuMepai Koaanyra
6omaze [ 10]. OHBIH TYpaKTaHIBIPFBILI ocepi MexaHm3Mi Ooitsrama [IBII-re ykcac.
OHBI KOFaphIla aTaJiFaH OMICTi KOJJIaHa OTBIPHII, 5 CypeTTe KOpCeTUITeHIeH
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395 HM TOJIKBIH Y3bIH/IBIFBIH/IA KYTHUTY MAKCHMYMBIMCH CUIIATTAJIATHIH, YAKBIT
OOMBIHIIIA TYPAKTHI OOJIATHIH KYMIC 30J1bJICPi JIBIHIBL.

2.90f ppsoYyoooy
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lf' A\
!
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9) CHHTE3/ICITCHHEH 7 KYHHEH KeHiH
5-cypet — [IBC TypakTaHIBIPFBINIBI apKBUIHI albiHFaH Kymic Hb

YKananman naifprHnanFan Kyiae 6emmexTtepain nuamerpi 18—20 M Oomamsr,
YaKBIT ©T€ Kelie OONIIeKTeP/IiH MOTUANCTICPCTIIIITT JKOFapbLUTAIb, OYIT OJapabIH
arperayschiHa OaiaHBICTEI O0OMYBI MYMKIH. AJBIHFAH JEPEKTEPACH KOPIHII
typranmaii, [IBC TIBII-MeH cambICTBIpFaHIa KaKChl TYPAKTaHABIPY KaOileTiH
KepceTei.

2-kecte — OpTYpIi oxmictepAin aneiaFad Hb emmemaepi

Kywmic Ty3bt Epitkim Kanmeina A, I biHHBIH AJnbIHFaH
Kenripriny/ W ' JKapThUiail | HAaHOOENIIEKTePIHIH
TyYpaKTaHIbIPFBIII eHi, HM oJIIIeMi, HM
AgNO, Cy NaBH, 395 50 10-14
AgNO OTUIEHITIMKONIb TIBII 390 100 30-40
AgNO OTHIICHITIHKONIb IIBC 395 60 18-20
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Merann HaHOOOJIIEKTEPIHIH CIEKTPIIK KaCHeTTepl JIOKaIU3alHsIaHFan
OeTTIK IJIa3MOHJIAPABIH PE30HaHC KYObUIbICHIMEH OaitmanbicThl. BITP sxomars
HaHOOOJIIEKTEepAiH OeTiHAer AJIEKTPOHAAPABIH YKBIMIBIK TepOeTicTepiHiy
HOTHKeC] OOJIBINT TaObLIAAbI KSHE OHBIH MiIIiHIHE, OJIIIeMiHe KoHEe KOpIIaraH
oprara OaiiianbICThI. Jlon ockl KacueTiHe OailllaHbICTBI KyMic HAaHOOOJIIIEKTepl
YKapKbIH TyCTEP/Ii KOPCETE/Il XKIHE OJ1ap bl )KOFaphl OTKI3y KadijeTi Oap ruieHKanap
HeMece TYCTI TUTMEHTTEP CHSKTHI ONITHKAIIBIK KoJIJaHOamap/ia Kojianyra 0osa L.

DJNeKTp OTKI3TIMITIK KYMiC HAaHOOOJIIEKTepl YIIiH MaHBI3Abl CHIIaTTaMa
6obInt TabbUTa B! [ 11]. DIeKTp OTKI3rITIK KOPCEeTKilli OOIIeKTep IiH oJIeMiHe,
epITKIIIKE OHE oJIap/IbIH KOHIEHTpaIMsChIHA OaiaHbICcThl. bemmekrepin
OJIIIIEMIH HEMeCe epPITKIIITIH TYTKBIPJBIFBIH apTTHIPY JIEKTP OTKI3riMITIriH
toMeHerei. COHJIBIKTaH KyMic HaHOOOJIIEKTepl Cy HEMece CIUPT CHSIKTHI
epITKIITepAe aNbIHAIbl. OPTYPIi SICTEPMEH aJlbIHFAaH HaHOOOIIIEKTePIiH
ANEKTPOTKI3TITIKTEPIH calbICThIpy 3-kectene Oepinren. Ocbl MaiiMerTepre
ColKeC eH aKChl OTKI3T1IITIKKEe OOPTUAPH 9/1iCIMEH aJIbIHFAH HAHOOOJIIIEKTEP
ne (OemnmeKTepAiH AuaMeTpi KilIKeHTal, TYTKbIp eMec epiTKill), €H TOMEHTI
etkizrimrikke [1BII 6ap HanoOenmekrep ne (TYTKBIp €piTKILI, YJIKEHIpEeK
OeJtmieKTep JuaMeTpi).

byn Hb nonuMepsepiiy 3JeKTpOTKI3TIMITIKTI XKOFapblUlaTy MakcaThIHA
iIIiHe HeMece CHIPTKBI JKarbIHA IUIEHKA PETIH/E KOJIaHyFa 00JIaThIHBIH KOpceTe I
[7; 11].

3-kecre — HanoOemekTepiiH 31eKTPOTKI3TiIITIr

Ty3nap Epitkimm Kanrmsina kenriprim/ DJIEeKTPOTKI3TilITIK,
TYpaKTaHbIPFBIII MCM /eMm

AgNO Cy NaBH, 863

AgNO, | DTUIECHIIUKOIb BC 621

AgNO, | DTUJIEHTIINKOIb I1BII 207

Kapxbutauzislpy Typajsl akmnapaT

byn 3eprrey Kazakcran PecnyGimkacel FuuaibiM jkoHe skoFapbl OiiM
MUHHCTPJITIHIH Kapxkbliaid KosunaysimeH AP19576361 xobachl asceiHIa
KYPriziii.

KopbITbIHABI

JKyMBICTBIH HaTHKENIEP] OOMBIHIIA KeJIECi KOPBIThIH/BLIAP XkKacayFra 00aibl:

— KyMic HaHOO®JIEeKTepiH OOPrUpAPUA SICIMEH CHHTE3/Ey THUIMAIpEK
6oxbin Tabbutanel. HanoOenmexkrepaiy enmemi 10—14 HM jKoHE JKYTBUTY
Makcumymbl 395 HM-re TeH. HaHoOeismiekTepain arperanusuianysl 10—15
MHUHYTTaH 7 KYHIe JeHiH;

— TIBII typakraugsipeuiran Hb emmemi 30-40 HM, KYThUTy MakCHMyMBbI
395 um. HanoOeuexTepiiH eMip cypy YakbIThl | aiiiaH »KapTThl )KbIIFa JeHiH;
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—INBC typakrauasipsuirad kymic Hb apkpuist ansiaran Hb emmemi 18-20
HM, JKYTBITy MakcUMyMbl 390 HM >KoHE capFbIll TYCIH e3reprheni. Sruu, Oy
HaHOOGJIILIEKTep i TYPaKThl ekeHiH Ounnipeni. Hanobenmexrepain emip cypy
YaKbITHI JKapThl )KbUIJAH acTaM;

— HanoOenmrexTepaiH imiHAe KyMic HaHOOOJIIEKTEpl JKOFapsbl
NEeKTpOTKI3rimTIriMen epekmeneneni (863 mCwm/cm). Byn kacuer oxapist
AJIEKTPOH/IBI KOJIIaHOAaIap/1a, COHBIH IMIIH]IC OTKI3TIIl MaTepHaiap, CCHCopIap
YKOHE MUKPODRJIEKTPOHMKA cajlalapblH/a Nal/anany YIIiH KOJalilbl eTel.
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CHUHTE3 HAHOYACTHUIL CEPEBPA U UX
®U3UKO-XUMHUYECKHUE CBOMCTBA

B cmamve nposedeno ececmoponmee ucciedoganue Memooos
cunmesa Hanouacmuy cepeopa (Ag HY), ux usuxo-xumuueckux u
asekmpudeckux ceoticms. Ilpedcmagienvl mpu OCHOBHBLIX NO0X00d K
cunmesy: 60ccmaHosienue OopeUOpUOOM HAMPUsl, UCHOIb30BAHUE
noausununogozo cnupma (IIBC) u noausunuinupporudona (I1BI1)
6 Kauecmee cmabunuzamopos. Jns Kaxcooeo memooa 0emaibHo
ONUCAHBL PeAKYUOHHbLE YCI06US, MAKUe KAK KOHYEHMPAYUlL peazenmoas,
memnepamypsvl U NPOOOIAHCUMENbHOCb — npoyeccos.  Oyenenvl
KI04esble CE0UCMBA HAHOYACMUY, BKII0YAs pA3mMepbl, CMAOUIbHOCb
u  cnekmpanvhvle  xapaxmepucmuxu.  Tax,  cummesuposanmvie
O0P2UOPUOHBIM MEMOOOM HAHOYACMUYBL OEMOHCIPUPYIOM CHepuyiecKyto
Gdopmy ¢ ouamempom om 10 0o 14 um u ycmoiiuueocmoto 00 7 OHell.
IIBC u IIBII ysenuuusarom cmadOuibHOCHb NOJYHEHHLIX KOJIOUOOS,
npooesdsl CPOK UX UCNONB308aHUS 00 noayeoda u boiee. Ilposedenvi
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cnekmpoghomomempuieckue uzmepenus, noomeepaicoarouue
JIOKANU308AHHDILL NOBEPXHOCMHBIL NAA3MOHHbII pe3oHanc (JIITIP), a
MAKACEUCCICO0BAHUAPACTIPEOCTEHUAPAZMEPOBUACMULY C UCTONb30BAHUEM
npubopa ZetasizerNano S90. Taxoice usyuenvt siekmpuieckue ceolucmed
Hawouacmuy, 20e  CUHME3UPOBAHHble  OOPSUOPUOHBIM — MEMOOOM
cepebpsnble  4ACmMuYbl  NOKA3AAU  MAKCUMAILHYIO  NPOBOOUMOCTb
(863 mCwm/cm), umo Oenaem ux nepcneKMueHvIMU OJisi NPUMEHEHUs 6
anekmponuxe. CpagHumenbHulll aHAIU3 MEMmo008 CUnme3d NOKA3as, 4mo
ucnoavzoeanue cmaburuzamopos, makux kax [I1BC u I[1BI1, cywecmeenno
GIUSACH HA ACPE2AMUBHYIO YCMOUYUBOCb HAHOYACIUY, NPeOOMEPaLas
UxX YKpynuenue u ocasicoenue. Imo OmKpbleaen 603MONCHOCMU Ol
oanvHeriue2o NPUMEHEHUs. HAHOYACMUY 8 PA3IUYHBIX 00JIACISX, BKIOYAS
MeOUYUHY, OUOMEXHONO2UU U ITEKMPOHUKY.

Kurouesvie crosa: nanouacmuysl cepebpa, 60peudpudnviii Memoo,
NOMUOTbHBIL  MEMOO,  JJeKMPONPOBOOHOCHIb,  CHEKMPOdomomepus,
azpe2amueHas cmaduIbHOCHb, HOBEPXHOCTIHBLU NIA3MOHHbIIL PE3OHAHC.
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SYNTHESIS OF SILVER NANOPARTICLES
AND THEIR PHYSICOCHEMICAL PROPERTIES

The article comprehensively studies methods for synthesizing
silver nanoparticles (Ag nanoparticles) and their physicochemical and
electrical properties. Three main approaches to synthesis are presented:
reduction with sodium borohydride, the use of polyvinyl alcohol (PVA)
and polyvinylpyrrolidone (PVP) as stabilizers. Reaction conditions
such as reagent concentrations, temperatures, and process duration are
described in detail for each method. The key properties of nanoparticles,
including size, stability, and spectral characteristics, are evaluated. Thus,
nanoparticles synthesized by the borohydride method exhibit a spherical
shape with a diameter of 10 to 14 nm and a stability of up to 7 days.
PVS and PVP increase the stability of the obtained colloids, extending
their use to six months or more. Spectrophotometric measurements
confirming localized surface plasmon resonance (LPPR) and studies of
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particle size distribution using the ZetasizerNano S90 instrument were
performed. The electrical properties of nanoparticles were also studied,
where silver particles synthesized by the borohydride method showed
maximum conductivity (863 mSm/cm), which makes them promising
for use in electronics. A comparative analysis of synthesis methods has
shown that using stabilizers such as PVA and PVP significantly affects
the aggregative stability of nanoparticles, preventing their enlargement
and precipitation. This opens up opportunities for further applications of
nanoparticles in various fields, including medicine, biotechnology, and
electronics.

Keywords: silver nanoparticles, borohydride method, polyol method,
electrical conductivity, spectrophotometry, aggregative stability, surface
plasmon resonance.
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SCREEN PRINTING TECHNOLOGICAL APPROACHES
OF MATERIALS FOR SOLID OXIDE FUEL CELLS
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This article focuses on the study of materials used in solid oxide
fuel cells (SOFCs) and analyzes their properties, advantages, and
disadvantages within key components, including electrolytes, anodes,
cathodes, and interconnects. Various manufacturing processes and design
solutions aimed at enhancing SOFC efficiency and reducing operating
temperatures are discussed. The development of new materials and
fabrication techniques is crucial to overcoming challenges associated with
high-temperature operation, material degradation, and cost reduction,
which remain key barriers to widespread commercialization. Particular
attention is given to the use of screen printing as a method for forming
porous electrode films, which offers high economic efficiency and flexible
process parameter control. Screen printing allows for precise deposition
of functional layers, ensuring optimal porosity and thickness, which are
critical for enhancing electrochemical performance. The study explores
the influence of printing parameters on electrode layer properties,
an aspect that remains insufficiently researched in the field of SOFCs.
A better understanding of these effects can lead to the development of
electrodes with improved catalytic activity, mechanical stability, and long-
term durability, thereby enhancing the overall performance of SOFCs.

Additionally, the study examines two types of starting electrolyte
powders: commercially available gadolinia-doped ceria (GDC) and
scandia-stabilized zirconia (ScSZ-n) synthesized via laser evaporation.
A particle size analysis using the Brunauer—Emmett-Teller (BET)
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method revealed significant size discrepancies, necessitating additional
processing. The findings contribute to improving the durability and
efficiency of SOFCs while facilitating their scalability for industrial
applications. By optimizing materials and fabrication techniques, this
study provides valuable insights into the advancement of SOF C technology,
paving the way for more reliable, cost-effective, and commercially viable
fuel cell systems.

Keywords: solid oxide fuel cells (SOFCs), screen printing, electrolyte
materials, electrode fabrication, sintering temperature.

Introduction

The energy needs of modern society are currently entirely defined by the
availability of non-renewable energy sources on the planet, including coal, oil,
and natural gas [1, p. 259-262]. The consequences of such dependence have a
detrimental impact on the environment and human health, while also leading to
the rapid depletion of these resources [2, p. 18997-18998; 3, p. 14108-14112].
In this regard, one of the pressing challenges of modern energy systems is the
search and development of new, alternative, and sustainable energy sources that
do not harm the environment.

The search and development of sustainable, clean energy carriers capable
of replacing non-renewable fossil fuels and directly converting the chemical
energy of fuel into electricity without intermediate combustion processes—thereby
eliminating various energy—wasting stages—represents a critical objective in
alternative energy research [4, p. 100923—100927; 5, p. 118718]. The application
of fuel cells (FCs) within the framework of this alternative energy development
could accelerate the creation of highly efficient and cost-effective electrochemical
generators based on this technology.

Furthermore, one of the key advantages of fuel cells (FCs) is their silent
operation and modular design, which allows for electricity generation both in
stationary settings and portably for transportation applications.

Currently, several types of FCs are classified based on their corresponding
electrolytes: alkaline fuel cells (AFC), phosphoric acid fuel cells (PAFC), molten
carbonate fuel cells (MCFC), polymer electrolyte or proton exchange membrane
fuel cells (PEMFC), and solid oxide fuel cells (SOFC) (Table 1).

As seen in Table 1, the electrolytes used in most FCs are characterized by high
cost and susceptibility to corrosion due to the aggressive nature of the electrolyte,
which imposes limitations on their application.

Among FCs, solid oxide fuel cells (SOFCs) stand out as the most promising
[6, p. 273-275; 7, p. 36]. SOFCs are distinguished by their high energy efficiency,
achieved through the direct conversion of the chemical energy of fuel into

175



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMepPiK ulavimoap cepusicol. Ne 1, 2025

electricity without intermediate combustion processes, thereby eliminating various
energy-wasting stages. SOFCs are not strictly limited by fuel composition and
can operate on a variety of hydrogen-containing gases. Additionally, they do
not require the use of expensive or scarce materials and minimize emissions of
harmful oxides [8, p. 37-40].

In SOFCs the chemical energy of hydrogen serving as the fuel and an oxidizer
(air or oxygen) is converted into electrical and thermal energy with the sole by
product of the reaction being water, achieving a high level of efficiency.

Table 1 — Characteristics of FCs with corresponding electrolytes,
electrodes, and types of fuel

Type | Electrolyte Fuel Electrodes Temperature ( °C)
An aqueous
solution of so- . .
AFC | dium hydroxide | H Carbon with a plati-| |5 5,
. 2 num electrocatalyst
or  potassium
hydroxide
Molten lithium
MCFC |and potassium | H,/CO Non-precious metals | 500-700
carbonate
PAFC | Phosphoric acid | H Carbon with a plati- 150-250
2 num electrocatalyst
Proton - . .
PEM |conducting|H Carbon with a plati- 70-110
2 num electrocatalyst
membrane
H,CO/ Solid ceramic
Solid ceramic Hydro- inorganic oxide
SOFC |. . . carbons 700-1000
inorganic oxide

These alternative energy sources such as SOFCs operate at very high
temperatures (800—1000 °C), which can lead to degradation of the energy source
components due to chemical interactions between the constituent materials
[9, p. 164-166; 10, p. 111180].

Therefore, one of the critical challenges today is reducing the operating
temperature of SOFCs to the range of 500-800 OC. This reduction aims to slow
down material degradation and enable the use of more cost-effective structural
materials. However, these new operational conditions necessitate significant
improvements in the electrochemical properties of new cathode materials to
maintain the efficiency of SOFCs [11, p. 2-7; 12, p. 7310-7325].
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Materials and methods

The conversion of chemical energy into electrical energy, the provision
of highly efficient electrochemical power generation, and the implementation
of environmentally friendly technology can be achieved through the use of
electrochemical devices such as FCs [13, p. 21-34].

The structure of a fuel cell (FC) typically consists of electrodes (anode and
cathode) and a dense solid electrolyte in close contact with the electrodes (Figure 1).

Current flow

Anode
Electrolyte

Cathode
e f— Air

Figure 1 — Structure of a Fuel Cell

To ensure proper operation, stability, and durability of FCs, minimize fuel
losses, and achieve high electrical performance, the electrolyte must possess
high mechanical strength, excellent ionic conductivity, and thermal stability
[14, p. 164-166].

In FCs the fuel gas and oxidizer flow along the surfaces of the anode and
cathode, respectively, and undergo electrochemical reactions at the three-phase
boundary located at the interface of gas, electrolyte, and electrode. Theoretically,
a FC can generate electrical energy as long as fuel and oxidizer are continuously
supplied to the electrodes. Various types of fuels can be used, such as hydrogen,
ethanol, methanol, or gaseous fossil fuels like natural gas. Solid or liquid fossil
fuels must first be gasified before they can be used as fuel. Oxygen or air can
serve as the oxidizer.

Modern SOFCs can also operate on hydrocarbons, enabled by the process
of internal reforming. The processes occurring in SOFCs can be described by the
following equations:
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%Oz +2e” > 0" (1)
H,+0" - H,0+2e" )

1

02+ H, — H,0 3)

In SOFCs oxygen reduction occurs at the cathode upon the intake of air
(equation 1), while fuel is supplied to the anode (equation 2). The anions formed
during oxygen reduction migrate to the anode through the electrolyte and react
with hydrogen at the anode, producing water (equation 3). The energy generated by
the SOFC is released as electrons, liberated at the anode, flow through an external
circuit. A schematic representation of SOFC operation is shown in Figure 2.

Fuelin ox _a Airin
¢ .
Anode Electrolyte | Cathode
Water, excess o= Depleted air
fuel and possible € out
by-products

Figure 2 — Structure of a SOFC

In SOFCs, a solid oxide is used as the electrolyte, which must serve as a barrier
to diffusion processes between the anode and cathode. The electrolyte should
possess properties such as high ionic conductivity, chemical stability, and minimal
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electronic conductivity. Yttria-stabilized zirconia (YSZ) and gadolinium-doped
ceria (GDC) are traditionally used as electrolytes. To enable mutual penetration,
that is, gas diffusion through the electrode-electrolyte interface, the electrodes
must be porous, chemically stable under both reducing and oxidizing conditions,
as well as at the operating temperatures of SOFCs, and chemically and physically
compatible with the electrolyte. To minimize the risk of mechanical stresses
between different components of SOFCs, the compatibility between the electrodes
and the electrolyte can be determined by the thermal expansion coefficient (TEC).

Currently, there are many types of FCs. Their types vary depending on the
reactants, intended applications, and ionic conductors. For example, in cells where
free circulation of the electrolyte occurs, multilayer electrodes are typically used.
Single-layer electrodes can be used in FC with matrix electrolytes. In FC with
solid electrolytes, electrodes can be deposited on electrolytes, or electrolytes
can be deposited on electrodes. Moreover, the functional significance, voltage,
power output of the FC, and technological capabilities for manufacturing
SOFC components can determine the dimensions of the FC electrodes. For the
implementation of a wide variety of designs for the final SOFC, the solid-state form
of all functional components of the SOFC is considered optimal. All SOFCs are
classified into cells with either a supporting electrolyte or a supporting electrode
(cathode or anode).

For proper operation of an SOFC, the structural configuration must provide
sufficient strength and rigidity. In configurations with a supporting electrolyte
(Figure 3a), the electrolyte should have a thickness of at least 100150 um.
However, in such a design, significant ohmic resistance to ionic current arises
due to the thickness of the electrolyte.

a) b) c)
Anode

Anode Anode
Solid electrolyte

Solid electrolyte Solid electrolyte

Cathode Cathode

Cathode

Figure 3 — Structural representation of SOFC: a) with a supporting
electrolyte; b) with a supporting anode; c) with a supporting cathode

The methodology for forming all SOFC components, including the supporting
structure, as well as the geometry of the structural elements, plays a crucial role
in ensuring the efficient operation of SOFCs. Furthermore, reducing the thickness
of the electrolyte becomes essential for improving SOFC performance. This is
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achieved by using electrode or metallic components through the deposition of a
thin film onto the electrodes.

In this regard, it becomes necessary to explore ways to reduce the electrolyte
thickness to 10 pm or less. However, such a reduction does not correspond the
technical requirements for using the electrolyte as a structural support. The solution
to this challenge lies in the potential use of the anode (Figure 3b) or the cathode
(Figure 3c) as the supporting components of the SOFC.

In this regard, it becomes necessary to identify ways to reduce the electrolyte
thickness to 10 um or less. However, such a reduction does not align with the
technical requirements for using the electrolyte as a structural support. The solution
to this problem lies in the potential use of the anode (Figure 3b) or the cathode
(Figure 3c) as the supporting components of the SOFC.

A metal substrate can also serve as a supporting structure, consisting of a
metallic plate made from chromium-containing stainless steels. This substrate
functions both as a current collector and as a supporting base onto which other
layers of the fuel cell are applied. However, the power output of such SOFCs has
been found to be lower compared to SOFCs based on electrolyte or electrode
supports.

For the effective operation of SOFCs, the method the SOFC constructing
design is of critical importance, as it depends on the individual structural elements,
the supporting framework, and the geometry of the structural components. A key
role in ensuring the operational mode of the SOFC is played by the process of
forming the electrolyte, which determines the characteristics of the entire fuel cell.

The methods currently known for producing fuel cell electrolyte films include
sol-gel technology, various types of spraying, casting, deposition, dipping, and
the screen-printing method, which is widely used for the fabrication of thick-film
electrochemical converters.

The screen-printing method is actively used for the fabrication of single
SOFCs and is one of the cost-effective processing methods for SOFC production.
A distinctive feature of this method is its ability to adjust the layer thickness
depending on the required experimental conditions. However, despite the wide
range of printing technologies employed in this method, the quality of the
printed films is influenced by numerous factors, such as thickness, adhesion, and
resolution. For example, the resolution of the pattern is significantly affected by
the number and material of the mesh, as the pattern on the film replicates the
structure of the mesh. The rheological properties of the ink also play a crucial
role in ensuring sharp edges without spreading beyond the pattern boundaries. By
selecting appropriate solvents and binders, it is possible to adjust the wettability
and surface tension of the printing inks, which directly influence the adhesion of
the printed films themselves.
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The screen-printing method is classified as a colloidal technique because
it involves the use of a paste containing composite material particles embedded
in an organic matrix, which is applied to a supporting substrate. In the initial
stage, the powders are mixed with a binder and a solvent using grinding media.
Homogenization of such pastes is carried out in planetary mixers, ensuring uniform
distribution of the powder throughout the volume during the mixing process. Figure
4 shows an example of a setup for screen printing.

&

. pressure manual vaccum valve
A level
adjustment

screen

printing bed

screen support

Figure 4 — Lab Screen Printer

181



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMepPiK ulavimoap cepusicol. Ne 1, 2025

The coordinated use of the squeegee, stencil mesh, ink, and mesh material
facilitates the screen-printing process. In a typical screen-printing procedure, the
stencil is first securely fixed onto the printing machine. Ink is then applied to one
side of the stencil’s print pattern and pressed onto the substrate using the force
applied by the squeegee. As a result, the desired pattern, replicating the structure
of the mesh, is formed (Figure 5). The thickness of the resulting layer is controlled
by the thread thickness, the number of threads, and the weave density.

screen frame

tmage+photo emulsion

substrate

vacuum table

squeegee

printed image

Figure 5 — Schematic process of screen printing

One of the key tools for implementing this method is the squeegee used in
screen printing. The squeegee applies the ink onto the fabric through the stencil
or mesh, ensuring its efficient distribution to create the desired pattern and print
on fabric and other surfaces.

182

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Duzuxa, mamemamura u KomnvtomepHule Hayku. Ne 1, 2025

An additional advantage of screen printing is its ability to implement various
SOFC configurations (single working electrode, arrays of working electrodes,
three-electrode configurations, etc.) with different electrode geometries and sizes.

One of the critical factors determining the selectivity and sensitivity of
detection is the composition of the ink, which can be modified by adding various
polymers, enzymes, and metals, thereby providing broad versatility to the screen-
printing method. The quality of the resulting layer in this method depends on the
rheological properties of the paste, where the solid component typically does not
exceed 50 vol. %. When the goal is to create porous layers (such as the cathode
or anode), the screen-printing method is the most suitable. However, if thin,
gas-tight layers are required, multiple coatings may be necessary to achieve the
desired properties.

For example, in the study by [15, p. 780-782], the authors aimed to obtain
dense of SDC (Sm0.2Ce0.801.9) films on an anode SDC—NiO substrate. The paste
required for forming a thin layer had a low solid-phase electrolyte content (40 wt.
% SDC) to achieve a gas-tight layer. In the study by [16, p. 1803-1805], 8YSZ
electrolyte layers were produced on a Ni/8YSZ anode using the screen-printing
method. The electrolyte was mixed with two different dispersants (Solsperse
3000 and polyvinylpyrrolidone) as well as two different organic polymer binders
(polyvinylbutyral, PVB): PVB B30H and PVB B20H. The authors found that the
choice of dispersant influenced the viscosity of the suspension. The addition of
Solsperse 3000 to the paste exhibited a dilatant behavior (an increase in suspension
viscosity with increasing shear rate) compared to the paste containing the other
dispersant, polyvinylpyrrolidone. Such dilatant behavior allows particles to move
freely within the suspension without disrupting the connections in the flexible
chain. Additionally, using PVB B30H as a binder facilitates faster elimination
of segregation defects in the layers compared to PVB B20H. Elimination of
mechanical defects in SOFC films can be achieved by using an appropriate solid
loading in the paste. For instance, in the study by [16, p. 1806-1808], it was found
that solid loadings of 45 vol. % and 50 vol. % were suitable for pastes containing
micro- and nanosized 8YSZ powders. In this case, PVB B30H was used as the
binder, resulting in fewer cracks and bends in the obtained films, which could have
been expected due to shrinkage between the anode and the electrolyte.

These screen-printing technologies subsequently involve stages such as the
preparation of starting powders, their mixtures or chemical compounds, shaping,
and sintering (synthesis). The sintering process itself consists of two stages: the
removal of the binder (burnout) and high-temperature sintering proper.
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Results and discussion

The study utilized two types of starting powders: commercial gadolinia
dopted ceria (GDC) electrolyte powder (Kceracell Co., Ltd.) and scandia-
stabilized zirconia (ScSZ-n) electrolyte powder synthesized via laser evaporation.
The characteristics of the powders are summarized in Table 2. According to
Brunauer—-Emmett-Teller analysis (BET analysis), the particle size of ScSZ-n
powder is nearly twice as small as that of the GDC powder. To reduce the size
discrepancy, the ScSZ-n powder was calcined at 600°C for 4 hours, followed by
grinding in an agate mortar. The resulting powder, designated as ScSZ-600, is
also characterized in Table 2.

The phase purity of ScSZ-600 showing no unwanted secondary phases. SEM
imaging revealed that the calcination process contributed to a more uniform and
less aggregated microstructure, which is beneficial for achieving dense and high-
performance electrolyte layers. These modifications are critical for optimizing
ionic conductivity, mechanical strength, and long-term operational stability in
solid oxide fuel cell applications.

Table 2 — Characteristics of FCs with corresponding electrolytes,
electrodes, and types of fuel

Designation ggzrgt)csiion Sppps MYg dg., nm &7&113)
GDC Ce,,Gd, O, 34,2 24 721
ScSZ-n Zr,.,5¢,,.0, e 81,5 13 5,67
SeSZ-600 | Zr, S, 1,0, uue 54,9 19 5,67

Figure 6 presents images of the initial nanopowders GDC and ScSZ-n,
obtained using scanning (LEO 982) and transmission (Jeol Jem 2100) electron
microscopes. It can be observed that the ScSZ-n powder is non-agglomerated,
with particles exhibiting a spherical shape. In contrast, the nanosized particles of
the GDC powder are assembled into agglomerates approximately 0.2 um in size.
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b)

Figure 6 — Micrographs of powders: (a) GDC and (b) ScSZ-n

Successful co-sintering of two dissimilar layers requires matched shrinkage
behavior during the sintering process of the materials comprising these layers.
The primary powder characteristics influencing sintering kinetics are their
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granulometric and chemical compositions. All powders used in this study are
nanosized. However, there are two key considerations: first, it is well-documented
that GDC exhibits poorer sinterability compared to ScSZ, requiring high
temperatures in the range of 1400—-1600°C to achieve a highly dense GDC layer.
Second, the commercial GDC powder used in this study is agglomerated, which
further complicates its sintering process.

The results of dilatometric studies of the initial powders are presented in
Figure 7. It is evident that the onset sintering temperature of GDC is approximately
100°C higher than that of the ScSZ powders. Furthermore, the sintering processes
of ScSZ-n and Sc¢SZ-600 proceed more rapidly, concluding at approximately
1150°C and 1200°C, respectively, whereas GDC sintering extends up to 1500°C.
This makes it unlikely to achieve successful co-sintering of bilayer samples formed
from the initial powders.

The sintering kinetics of the GDC solid electrolyte can be significantly altered
by introducing a second dopant (co-dopant). Therefore, theoretically, a suitable
co-dopant could be selected to align the sintering kinetics of GDC with those of
ScSZ, enabling successful co-sintering.

0,00 _
-0,05 _
-0,10 _
° T
3-015 ——GDC c—— ]
i — — ScSZ-n 1

-0,20 — - —ScSZ-600 .

-0,25 -
PR [ T R T R T R S

300 600 900 1200 1500
T,°C
Figure 7 — Linear shrinkage curves of the initial
electrolyte materials GDC and ScSZ

Co-dopants enhance the sinterability of GDC by forming a liquid phase
during sintering, which accelerates interparticle diffusion. Consequently, the
introduced dopant should segregate at grain boundaries rather than dissolve within
the grain bulk. A solubility assessment criterion for dopants in the host lattice has
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been proposed in [17, p. 1083-1085]. It is suggested that solubility is inversely
proportional to the square of the «Vegard’s Slope», which for CeO2 is expressed as:

X =0,00227, +0,00015z, (1

where ri is the difference between the ionic radii of the dopant and Ce4+
(with a coordination number of 8), and zi is the difference between the charges
of the dopant and Ce4+. Similar expressions have been reported in studies
[18, p. 1255-1256].

Thus, co-dopants that do not dissolve in the GDC lattice should be
characterized by X values significantly greater than zero. However, if the X value
is excessively large, a secondary phase may form in which GDC is insoluble,
preventing liquid-phase sintering. According to [18, p. 1257-1258], one of the
requirements for materials undergoing liquid-phase sintering is that the solid phase
must dissolve in the liquid phase to enable ion transport.

Furthermore, dopants with positive X values (i.e., large ionic radii and/
or electron-donating properties) reduce the concentration of oxygen vacancies
near grain boundaries, thereby increasing the sintering temperature. Conversely,
dopants with negative X values (i.e., small ionic radii and/or electron-accepting
properties) facilitate sintering.

Table 3 presents the Vegard’s Slope X values for various dopants. Based
on these data and literature analysis, the following elements were selected as co-
dopants for the study: Co, Cu, Mn, and Zn. These elements were chosen due to
their potential influence on lattice distortions, oxygen vacancy concentration, and
overall ionic conductivity enhancement in the electrolyte. Co-dopants with negative
Vegard’s slopes contribute to the stabilization of the crystal structure, modifying
the expansion coefficient and improving the electrochemical performance of the
electrolyte.

To investigate the effect of these dopants on conductivity, a bilayer electrolyte
system was designed. The first electrolyte layer was formed by pressing powder
into rectangular bars with dimensions of 3x2x30 mm, achieving a relative density
of 0.6. The powder mass and pressing pressure were carefully adjusted to ensure
reproducibility and consistency across all samples. The second electrolyte layer
was applied using a precise screen-printing technique, which allowed for controlled
thickness and uniformity of the functional layer.

The pressed samples underwent sintering in an air atmosphere, with sintering
temperatures determined from dilatometric data to optimize densification and phase
stability. Compositions containing Co and Mn were sintered at 1150°C, whereas
those with Zn and Cu required sintering at 1250°C and 1050°C, respectively. The
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dwell time for all samples was maintained at 4 hours to ensure complete diffusion
and structural homogenization.

Table 3 — Vegard’s Slope for Various Dopants

Element r* A X (x 100000)
Si** 0,5 -95
AP 0,69 =77
Ni* 0,83 -61
Ga’* 0,77 -59
Mn?* 0,78 -58
Fe** 0,78 -57
Cu* 0,92 -56
Lit 0,92 -56
Cu* 0,90 -48
Mg 0,89 -48
Co* 0,90 -45
Zn? 0,90 -45
Fe** 0,92 -41
Sci* 0,87 -37
Mn? 0,96 -32
Hf* 0,83 -31
Zr' 0,34 -29
In** 0,92 -26
Lu** 0,98 -13

After sintering, platinum wire probes with a diameter of 0.2 mm were
attached to the samples for conductivity measurements. These measurements were
conducted using the four-probe method under direct current conditions, which
minimizes contact resistance errors and provides accurate resistivity values. The
temperature-dependent conductivity was evaluated in the range of 600-900°C
using an automated data acquisition system based on the ADAM-5000 controller.

Additionally, microstructural characterization of the sintered samples was
carried out using scanning electron microscopy (SEM) to assess grain morphology,
porosity, and potential secondary phase formation.

The obtained data provide a comprehensive understanding of how different
dopants influence the structural, thermal, and electrochemical properties of the solid
electrolyte, ultimately guiding the development of more efficient and thermally
stable solid oxide fuel cells.

188

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mmamemamura u KomnvromepHoie Hayku. Ne 1, 2025

Financing information

This research was funded by the grant with reference number BR21882359,
provided by the Ministry of Science and Higher Education of Kazakhstan.

Conclusion

This study provides a comprehensive analysis of materials used in SOFCs,
focusing on their properties, advantages, and challenges within key components,
including electrolytes, anodes, cathodes, and interconnects. The research highlights
the importance of optimizing manufacturing processes and material selection to
enhance SOFC performance, particularly by reducing operating temperatures,
improving durability, and lowering production costs—factors crucial for
widespread commercialization.

A key aspect of this study is the exploration of screen printing as a fabrication
method for porous electrode films. The results emphasize its potential as a cost-
effective and scalable approach that enables precise control over film thickness
and porosity. Further investigations into the impact of printing parameters on
electrode properties reveal that a deeper understanding of these factors can lead
to significant improvements in catalytic activity, mechanical stability, and long-
term performance of SOFC electrodes.

Additionally, the study examines two types of electrolyte powders:
commercially available gadolinia-doped ceria (GDC) and scandia-stabilized
zirconia (ScSZ-n) synthesized via laser evaporation. The significant particle size
differences identified through BET analysis highlight the need for additional
processing to ensure uniformity and optimal sintering behavior. The findings
underscore the crucial role of material refinement in achieving enhanced ionic
conductivity and structural stability, both of which are essential for high-
performance SOFC operation.

Overall, this research contributes to advancing SOFC technology by
optimizing materials and fabrication techniques. The insights gained from this
study pave the way for more efficient, durable, and commercially viable SOFC
systems, ultimately supporting the broader transition toward sustainable and
high-efficiency energy solutions. Further research should focus on long-term
performance evaluation and the integration of advanced nanomaterials to further
improve SOFC efficiency and operational stability.
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oHIipic npoyecmepi MeH KOHCMPYKYUSLIbIK, WeuiMoep Kapacmulpblidobl.
JKoeapvl  memnepamypada  dcymvic  icmey,  Mamepuaroapobiy
dez2padayusicol  JiCoHe OHOIPIC KYHBIHbIY Jco2apbl  O0nybl — Oy
MEXHONIO2USIHbIH KeHIHEH KOMMEPYUSIAHYbIHA KeOepei KelmipemiHn He2izel
mocenenep. COHOBIKMAH JHCAya Mamepuanioap MeH 6HOIpic 9dicmepin
damoimy Oy KUBIHOBIKMApObl eHcepyoe eyl poil amrapaobl.
Ocipece, mpagapemmix bacvin wwi2apy 90ici apKblivl KeyeKmi 3JeKmpoo
Kabammapull Kanelnmacmolpyaa epexuie Hazap ayoapuliaosl. byn odic
JHC02apbl IKOHOMUKANBIK, MUIMOLLIKKE Ue 60bin, OHOIpIC napamempiepin
uxkemoi 6ackapyza MyMKIiHOIK 6epedi. Tpapapemmix 6Oacvin wwvizapy
@yHKYUOHANObL Kabammapowl 091 dcazyea Kemekmeceoi, Oyl oaapobiy
Keyekminiei MeH KanibiHObleblH OHMAIAHObIPbIN,  JJIEKMPOXUMUSLIBIK
OHIMOLIIKMI apmmulpy YWiH MaHul306l. 3epmmey 6apvicbinoa bacvin
wvleapy napamempepiniy 31eKkmpoo KabamvlHbly Kacuemmepine acepi
Kapacmulpoliaovl. byn gakmoprapobl mepenipek myciny Kamanuzoix
bencenoiniei  dHcoeapuvl, MEXAHUKATLIK, — MYPAKMbLIbISHL  MEH V34K
Mep3imOi bepixmiel JHcakcapmoliean 2JeKmpoomapobl 93ipieyee blKna
emeoi, ocvuiatima KOOD ocannvt onimoiniein apmmuoipadsi. CoHvIMeH
Kamap, sepmmey 0apwiCblHOA eKi mypai OAcmanivl 2AeKMpOoIummix
YHMaK  manoanobl: 2A00NUHULUMEH KOCHANAH2aH Yeputi  momuvlebl
(GDC) oicone nazepnix Oynany o0iciMeH Cunme30eneeH CKAHOULMEH
MYypakmanobipsliean yYupkoHuti momoizbl  (ScSZ-n).  Bpynayspa—
Ommema—Tennep (BET) o0ici apkwinet scypeizineen 6oiuexmep o1uleMin
manoay GDC ocone ScSZ-n yHmaxmapulHbly apacblHOd aumapivlKmatl
onuemM aublpMalblIbIKMapulubly 6ap ekenin Kopcemmi, Oy1 Kocolmud
oHOeyOI Kadcem emmi.

3epmmey nomuoicenepi KOOD-niy y3ax mepsimoi mypaxmolivlesl
MeH muimOLlieiH  dcakcapmyed, COHOAU-AK ONapObly  OHEPKOCINMIK
ayKuimMoa  OHOIpINYiH  Jicenindemyee viknan emeoi. Mamepuanoap
MeH 6HOIpic o0icmepin OHMAUIAHObIPY apkblivl 6y scymvic KOOD
MEeXHONI02USCbIH 00AH OpI JHceminoipyee Manbi30bl YjeC KOCAobl, CeHIMOI,
YHEMOI JICOHE KOMMEPYUSIBIK MYpP2blOaH MUIMOi OMmblH dJeMeHmmepi
JHCYUeCtH 93ipeyee HCOol auaobl.

Kinmmi cezdep: xkammul oxcuomi omoin memenmmepi (KOOD),
mpagapemmix  oacein  wwvleapy,  SIEKMPOIUMMIK — Mamepuanoap,
MeKMPoO 0atblHOAY, Kyuoipy memMnepamypacst.

K. A. Kymepoexoé', K. /K. Bexmvipza’, A. M. Kaovuues’,
*A. A. Bapamosa’, H. K. Audapoexos’
123.45Eppasuiickuii HalMOHANbHBIN yHUBepcuTeT umenn JI. H. I'ymuiesa,
Pecniy6nuka Kazaxcran, r. Acrana
IToctynuio B penakmuio 03.02.25.
IToctynuio ¢ ucnpasnerusivmu 10.02.25.
ITpunsTo B mevars 05.03.2025.

TEXHOJOI'MYECKHUE METO/JbI IPUMEHEHMUSA

TPA®APETHOM NEYATHU B CO3JIAHUU MATEPHUAJIOB JIJISA

TBEPAOOKCHJHBIX TOIIJIMBHBIX 2JIEMEHTOB

Hannas — cmamovs  nocesiuyena  UCCICOOBAHUIO — MAMEPUAIIOs,
UCNONL3YeMbIX 8 MBEPOOOKCUOHBIX MONAusHuIX dgemenmax (1T0T0),
C AHATU30M UX CBOUCMS, NPEeuMywecme u HeOOCMmAamKo8 8 COCmage
KAIOUeBbIX ~ KOMNOHEHMOG:  JJeKMPOIUMos, — aHo008, KAmoodog U
MediccoeOunenull.  Paccmompenvl  pasiuynble  MEXHONO2UYECKUE
npoyeccvl U KOHCMPYKYUOHHBLE PEULEHUS,, HANPABTIEHHbIE HA NOGbIULEHUE
sgppexmusnocmu TOTD u cHudicenue ux pabouei memnepamypol.
Paspabomra Hosblx mamepuanos u yCco8epuieHCMEOB8AHUE MeMmOo008
UX U320MOGICHUsL SBTAIOMCSL KIIOYEGbIMU (DAKMOPAMU 6 NPeodoIeHUU
COJICHOCMELL, CBA3AHHBIX C BbICOKOMEMNEPAMYPHOU IKCHIyamayuell,
Odeepadayueri Mamepuanos u 8bICOKOL CHOUMOCIbIO NPOU3BOOCNEA, YO
0CMaemcsi Cepbe3HbIM NPENIMCcmeuem 0Jist MACCOBOU KOMMEPYUATUZAYUU
mexHonozuy. QOcoboe 6HUMAHUE YOeNeHO NPUMEHEHUIO — Memood
mpaghapemnou newamu Oasl HOPMUPOSAHUS NOPUCTIBIX DJEKMPOOHLLX
nieHoK.  Omom  Memoo  OMAUHAemcs — 8bICOKOU  IKOHOMUUECKOU
IPhexmusHOCMBIO U BOZMONCHOCIBIO 2UOKOU HACMPOUKU NAPAMEMPOS
npoyecca. Tpapapemmnas neuamv nos3gojsem Mo4HO KOHMPOIUPOBANb
MOMYUHY U NOPUCIOCHb (DYHKYUOHATBHBIX CII0E6, YMO KPUMUYECKU
BAICHO OJIsl NOBLIUUEHUSL DTIEKMPOXUMULECKOU NPOU3800umenbHocmu. B
X00e UCCIe008ANUSI UVYEHO GIUSHUE NAPAMEMPO8 NeYamu Hd C80UCMEd
EKMPOOHBIX CNI0E68 — ACNEKM, KOMOPbIL OCMAEmcst HeOOCMAmMO4HO
usyuennoim 6 oonacmu TOTD. Inybokoe nonumanue s3mux 3¢Qpexnmos
noseoaum pazpadbamuiéams 2eKmpoobl C YIVYUEHHOU KAMAaiumuiecKkou
AKMUBHOCBIO,  BbICOKOU — MEXAHUYECKOU — CMAbUIbHOCMbIO U
00/1206EYHOCMbIO,  WMO 6 KOHEYHOM  UMOo2e MNOBbICUM  0OUYIO
agppexmusnocme TOTD. Kpome moeo, ucciedosanue oxeamvléaen 06a
MUNA UCXOOHBIX HOPOUKOE IJIEKMPOIUMA: KOMMEPYECKULl NOPOUOK
yepuii-eadonunuesozo aiekmpoiuma (GDC) u  cunmesuposanmwlil
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®OTOKATAJINTUHECKYIO AKTUBHOCTb
HAHOCTEP)XHEU TIO,

B Oannou cmamve paccmompeno  ausHue  OAUMENbHOCMU
INEKMPOXUMUYECKO20 — ocadcOeHusi  okcuda epagpena (rGO)  Ha
pomoxamarumuueckyio  axmusnocms  nanocmepacret  (HC)  TiO,,
Hccredosanue nanpasieno na ynyuwenue s¢pgexmusnocmu Ti0, 6
Kauecmee ¢homoxamanuzamopd, CnocoOH020 YCKOPAmMb XUMUUECKUEe
peakyuu  noo  B030€UCmeueM CONHeyHo20 ceema. AKmyanbHoCHb
pabomuvl 00YCI06ICHA NOMPEOHOCIBIO 6 YIVUUEHUU XAPAKMEPUCNUK
TiO, wupoko ucnonbsyemo2o 6 omoxamanusze Onsi O4UCHKU 600bL,
6030yXa U NPoOU3600CmMEa dKoI02UYecKy uyucmou snepeuu. OcnosHoe
GHUMAHUE YOCICHO NPOYeCccy OCadNCOeHUsi Cloed OKCuoa epagena
na nosepxnocmo HC TiO, ¢ yenvio noeviwenus s¢gexmusrnocmu
pazoenenust u neperoca 3aps0os. B xooe sxcnepumenmog ovliu nonyuensi
nrenxu us HC TiO, ¢ pasnuunoti monwunot cros rGO, u nposedena ux
oyenka Ha npeomem omoxamanumuyeckou axmuernocmu. Mopgonozus
UCCTIEOYEMBIX MAMEPUATIO8 USYUANACH C UCNOIb308AHUEM CKAHUPYIOUell
aekmponnor  mukpockonuu  (COM), a  gomoxamanumuueckast
AKMuHOCMs — No nAomMHocmu pomomoxa. Pesyremamul noxaswisarom,
Umo OnUMENbHOCMb OCANCOCHUS. CYWeCMBEHHO GNUsem HA CEOUCMEd
KOMNO3UMO8, U ONMUMU3AYUSL IMO20 NaApamempa no3eonsem 00Cmuib
6b1COKOU dhpexmusnocmu pomoxamanuza. Hccieoosanue omkpoleaem
nepcnekmuesbl  pazpadomk HO8bIX (DOMOKAMAIUZAMOPOE C BbLCOKOU
apexmusnocmvio 0 NPUMEHEHUS 8 DKOLO2ULECKU OPUEHMUPOBAHHBIX
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MEXHONO2UAX, GKIIOUAS 2CHEPAYUIO DHEPeULL U OUUCMKY OKPYicarouyell
cpeovl.

Knouesvle  crosa: — manocmepiicHu  Ouokcuoa  mumawd,
CUHME3, BOCCMAHOGNEHHbIIL  OKCUO  2papend,  IeKMpPOXUMUUECKOe
ocadcoenue, pomoxamanus.

BBenenne

B mocnenanue rojapl HAHOCTPYKTYPUPOBAHHBIC MaTEPHANbl, TAKUE KaK
TiO,, cranu npesMETOM aKTUBHOTO U3y4eHHs B 00JIACTH MaTepHAaNOBEICHUs 1
HAHOTCXHOJIOTHI 0JIaroapsi CBOMM YHHKAILHBIM ONTHUCCKUM, JICKTPUYCCKIM
1 XMMHYECKUM cBoiicTBaM. OnHol 3 kiroueBbix ocobennocrelt TiO, spasercs
€ro CIIOCOOHOCTH BBICTYIIATh B POJIM (POTOKATAIN3AaTOPA — BEIIECCTBA, CIIOCOOHOTO
YCKOPATh XMMUYECKHE PeaKiuy 1o Jeficteuem ceeta. TiO, HaxoauT mmpokoe
MIPUMCHCHHE B TIPOIIECCaX OYUCTKH BOJIBI M BO3MIyXa OT 3arpsi3HCHU, TCHEpaIHH
BOJIOPOJIa MyTeM (OTOJM3a BOJIBI, UTO JCIACT €ro MEPCICKTUBHBIM IS
HCIIOJIh30BAHUS B SKOJIOTUYECKU YUCTHIX YHEPTOCHCTEMAX.

HecmoTps Ha 3HauMTeNbHBIC MpeMMyIlecTBa, Mpumenenue TiO, kak
(hoTokaTamM3aTOpa UMEET CBOU OrpaHudcHus. OJHUM U3 IITaBHBIX HEJOCTATKOB
SIBJISICTCS. €r0 OOJbINasi MUPUHA 3aMPCEIICHHON 30HBI M BBICOKAs CKOPOCTh
PEKOMOMHAIIMY 3ICKTPOHHO-IBIPOUHBIX map. lllupuna 3ampenieHHO 30HBI
(3,2 3B s aHata3) MO3BOJISCT MOTJIONIATH CBET TOJNBKO B YIBTPa(UOICTOBOM
00JIaCTH CIEKTPa, YTO COCTABJISACT OKOJO 5 % OT COJHCYHOTO U3JIy4YCHUS,
OTrpaHHYMBas €r0 aKTUBHOCTh B BUJIMMOMN OOJIACTH CIICKTpa, KOTOpasi Oosee
BaXKHa JUISI MPAKTHYCCKUX MPUMCHCHHUI B COJHCYHBIX dHEPrOCHUCTEMAaX
[1,c.4;2,c.180;3,c.207-215;4,c.3]. [y peoI0TCHUS 3TOTO OTPAHUYCHUS ObLTH
HpeJUIoKEHbI Pa3InYHbIE MOAX0/bl K Moudukamnuu TiO,, koTopble HaNpaBJIEHbI
Ha yJy4IICHUE ero (POTOKATATUTUYICCKON aKTHBHOCTH B BHIUMOM JHAIa30HE
crekTpa. Cpefu 3TUX METOJOB MOYKHO BBIJIICIHUTH JOIMHPOBAHUE METAIAMH H
HEMETaJJIaMH, U3MEHEHHE MOP(HOJIOTHH YACTHIl, BBEJACHUE TCTCPOCTPYKTYP, a
TakKe MopuQuKanuio nopepxHoctu TiO,, 4TO MO3BOIMIO yUEHBIM T0OUTHCS
BBICOKHUX PE3YJIbTATOB [5,c.2;6,c.6204].

O/HaKO, CHUKCHUE CKOPOCTH PCKOMOMHAIIUH 3JICKTPOHHO-IBIPOYHBIX TIap
SIBIISICTCSI OOJICE CITOKHOM 3a1a4eii. Bo-niepBbIX, CII0KHOCTB 3aKJIFOYACTCS B BRIOOPE
HEOOXOIMMOI0 MaTepuaia, BO-BTOPBIX, B METOJIC ero BHeApeHus. [Ipudem, BTopoit
napaMeTp HEOOXOIUMO KOHTPOJIMPOBATh, TaK KaK MOBBIIICHUC WM CHIDKCHHE
KOHIICHTPAIUH TOTIPYEMOT'0 MaTepHaia MPUBOJIUAT K U3MCHCHHUIO CBOMCTB BCETO
Matepuaia. [103ToMy HeoOX0AMMO OIOUPATH €€ ONTHMATBHYEO KOHI[CHTPALIUIO.
Onnum u3 Hanbosiee TEPCHEKTHBHBIX CIIOCO00B yiydmenus cpoicts TiO,
siBisiercst HaHeceHue cioeB rGO. 'paden u ero nponsBosHble, Takue kak rGO,
00J1a1af0T YHUKAJIBHBIMH 3JICKTPOHHBIMU M CTPYKTYPHBIMU XapaKTCPUCTHKAMH.
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bnarogapst 1ByMepHO# CTpyKType rpadeHa ¢ BBICOKUM OTHOILICHHUEM ILIOIIAAN
HOBEPXHOCTH K 00BEMY, €ro MCIOJIb30BaHUE B COCTaBe KOMMO3uToB ¢ TiO,
MOJKET CYHIECTBEHHO IMOBBICUTH aKTHMBHOCTb M CTAOMJIBHOCTH TaKMX CHUCTEM
[7,c.404;8,c.65]. ABTOopamu paboOThI OBUIO MMOKa3aHo, 4To BHenpenue rGO B
CTPYKTYpy IUIEHKH M3 HaHouyacTHIl TiO, B 3HAYMTENLHON CTENEHH MO3BOJISAIOT
CHH3UTH CKOPOCTh PEKOMOMHAIINY, YKa3bIBasl HA ONITUMAJIbHYIO KOHIICHTPALIMIO B
5 % ot obmiero oobema TiO,. Takoi 1101X0/1 TTIO3BOJIMI CHU3UTH CONIPOTHBIICHHE
TUIEHKM CBA3aHHOTO ¢ pekoMOuHanuei u conporusnenue mienku TiO,. Kpome
Toro, Buepenne rGO B nuenky TiO, 1103B0JMI0 COKPATHTh 3G PEKTHBHOE BpeMsI
JKM3HHU DJICKTPOHA B IUICHKE, MO3BOJISISL y4acTBOBaThL MM B (poTompoceccax. B
pabotax [9,c.673;10,c.762-775] nokazano, uto rGO WrpaeT KIOYCBYIO POJb B
yIydIIeHuU poTokaTanuTuaeckux cBoHcTB Ti0,. D10 00yCcnOBIEHO ClleqyoIUMH
(daxTopamu:

— VYnyumieHue pasjeneHus U IepeHoca 3apsnos. Beenenue cnoes rGO
crocobcTByeT Ooisiee dp(HEKTUBHOMY pa3/IeIEHUIO AJIEKTPOHOB M JBIPOK,
00pa3yromuxcs B pe3yjbTaTe MOIJIOIICHUs CBETa, YTO MUHUMHU3UPYET
PEKOMOMHAIIMIO HOCUTEIIEH 3apsi/ia U YBEIIMYMBACT OOLIYI0 ()OTOKATATUTHYECKYTO
AKTHBHOCTb.

—Kom6unanus TiO, ¢ tGO nozgosisieT chopMUpOBaTh F€TEPOCTPYKTYPY, TIE
rpad)eHOBBIN CIION MOXKET CITY’KUTh TPOBOJHUKOM JUISI 3JIEKTPOHOB, CIIOCOOCTBY S
UX IIEPEHOCY Ha TIOBEPXHOCTh M TEM CaMbIM YBEINYUBas SPPEKTHBHOCTH KaTaJIN3a.

B Bbime nepeuncieHHsix padorax rGO BHeIpsIICS MPEUMYIIECTBEHHO B
TleHKH 13 HaHovacTul TiO, 06beMHBIM CIIOCOOOM, TO €CTh ITyTEM IepEMELIHBAHK
B IIpolecce nojydeHus camux yactui. OJHaKo, B OMyOJIMKOBaHHBIX paboTax
MPaKTHYECKU OTCYTCTBYeT MHpopmanus o Meroae HaHeceHus rGO Ha
nosepxnocth HC TiO,. ITosTomMy, HaMu TpejuiaraeTcsi HCHIOIb30BaTh METO/
5JIEKTPOXMMHYECKOTO ocax ieHus 11 Hanecenns rGO na nosepxnocts HC TiO,.
DTOT METOJ XapaKTepU3yeTcst BHICOKOH 3()(eKTUBHOCTHIO, SKOJIOIMYHOCTHIO U
BO3MOKHOCTBIO TOUHOT'O KOHTPOJISI Ha/1 TOJILIMHOM U INIOTHOCTBIO OCa’KaeMOTr0
CJIOS1, YTO MO3BOJIIET BApbUPOBAThH (POTOKATAINTHYECKUE CBOWCTBA MaTepHala.

Onekrpoxumuyeckoe ocaxaerne rGO Ha noBepxHocts HC TiO2 Bkirouaer
HECKOJIbKO KJIF0ueBbIX cTafuii [11,c.670-676]. Mcnonb3ys peskuM HUKIHUYECKON
BOJIbTAMIIEPOMETPHUH Ha MOAJIOXKKY, MOKPBITYI0O MaCCUBOM HAaHOCTEp>KHEH
TiO,, nanocurcs cioit tGO. B 3aBUCMMOCTH OT JUIMTENBHOCTH OCAXKICHHS
KOJIMYECTBA IIMKJIOB, MOXHO PEryJupoBaTh TONIUHY cios rGO, uTo B CBOIO
ouepelb BIUSAET Ha KOHEUHbIe CBOMCTBA KoMIIo3uTa. [IpogomKUTeIbHOCTD 3TOrO
rpoliecca onpeesiseT TONIUHY U 0JHOpoHOCTh ciost TGO Ha nosepxnoct HC
TiO,. Tonkuii croit tGO MOXKET OKa3aThCsA HEJOCTATOYHBIM JUI 0OeCcreueHH s
3¢ PEKTUBHOTO MOTIIONIEHNUS CBETA M IIEPEHOCa 3aps/I0B, B TO BPEMsI KaK TOJICThIC
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CJIOM MOTYT OJ10KHMpOBaTh oBepxHocTh TiO,, IPenATCTBYA JIOCTYIy peareHToB
K aKTHBHBIM IIEHTPaM.

Taxum 00pa3zom, B JaHHOH padOTe paccMaTPUBAIOTCS IKCIIEPUMEHTAIbHBIC
JIaHHbIE, KACAFOLIMECs BIMSHUS Pa3InYHOMN JTTUTEILHOCTH 3JIEKTPOXUMHUIECKOT0
ocaxaenus rGO na Qorokaranuruyeckue cpoiictsa Hanocrepxkued TiO,.
Wzyuenune 3THX napaMeTpoB MO3BOJIUT ONPENEIUTh ONTHMAIIBHBIE YCIOBUS JUIs
HoJTy4eHHs BhICOKO3()PEeKTUBHBIX oTOKaTanu3aTopos Ha ocHose TiO, u okcua
rpadeHa, KOTOpbIe HalyT IPUMEHEHUE B CHCTEMaX OYHMCTKH BOJBI M BO3JlyXa, a
TaKKe B HOBBIX TEXHOJIOTUSIX IeHEPAIL[H YUCTOH IHEPTHH.

Marepuajibl 1 METOAbI

ITnenka u3 HC TiO, 6bl1a M3roToBJIEHa C UCHOIB30BAHUEM TIPOCTOrO
THIPOTEPMAILHOTO METO/a, KOTOPBII BKJIIOYATI HECKOJIBKO MOCIIEI0BATEIBHBIX
cTagui. DTOT METOJ 3apeKOMeH I0Bal cebs Kak d()(EKTUBHBIH U JOCTYITHBIN
cnoco6 noyuenus HC TiO, ¢ koHTposMpyeMbIMU napameTpamu. Jljis 5Toro 6bit
HCIIOJIb30BaH aBTOKJIAB C TE()JIOHOBBIM MOKPBITHEM, YTO [TO3BOJISIIO IIPOBOIUTH
CHHTE3 B )KECTKHX TEMIIEPATYPHBIX YCIOBHSAX C BHICOKUM JaBICHUEM.

IIpouecc Havascs ¢ MOATOTOBKU PacTBOPA, COCTOSILET0 U3 CONITHOM KUCIOTHI
u npexypcopa 11 TiO,. B pactBop Ob110 100aBjieHo 15 Ml KOHIIEHTPHPOBAaHHOM
cosstnoi kucinotsl (HCI), 3atem k aToMy pactBopy npudasssiiu 0,25 mit Tetpa-H-
oyrokcun turana (C, H, O,Ti). [lng pazbasienus u yirydiieHus HepeMerniBaHus
cmecu 100aBisiian 15 MII IEMOHM3UPOBAHHON BOJIbI, © CMECh WHTEHCUBHO
TIepeMELINBAIN JUIsl OJIy4eHHUsl TOMOTeHHOro pacTBopa. [loxydeHHyto cMech
MIEPEHOCHIIN B TE()JIOHOBBINM aBTOKIaB 00beMoM 50 MJI, KOTOPBIH yCTOWYUB K
KHCJIOTHBIM CPEJIaM U BBICOKHM TeMIiepaTypaM. BHyTpb aBTOKI1aBa, Ha JiepKaTedib,
yCTaHABJIMBAJIM NPEIBAPUTEIBHO OYHMILEHHOE CTEKJIO C HAHECEHHOH TOHKOU
nenkoi Sn0O,, neruposannoit propom (FTO). FTO ncnosnb3osanock B kKadecTse
HOJJIOKKH ISt pocTa HaHocTepykHed TiO,, ToCkoIbKy 3TOT MaTepual obnajaeT
BBICOKOM MPOBOJIMMOCTBIO M YCTOHYHMBOCTBIO K XUMHUYECKHM BO3JICHCTBUSM.
ABTOKJIaB HarpeBayu 10 TemmnepaTtypsl 180 °C u BbIIepKUBaJIN B TEUEHHUE 6 UacoB.
B s1HX ycnoBusax mporcxoaun poct HaHocTepykHedr TiO, na noanoxke uz FTO.
CoJISTHOKHCITBIN pacTBOP B IPOLIECCE PEAKIMHU CITOCOOCTBOBAII KOHTPOJIUPYEMOMY
OCaKJICHUIO HaHOCTEpskHEH, obecrieunBas BepTUKanbHyio opuenTtanuio TiO,.
OTOT 3Tan NO3BONMI c(hOPMHUPOBATH PErYJISIPHBII MAacCHMB HAHOCTEPXKHEH Ha
TTOBEPXHOCTH TIO/IJI0KKH, UTO SIBJISIETCSI OCHOBOH JUIS ITOCIIEAYIOIIET0 HAHECCHHUST
cioes rGO.

Jlas mocnenyoolero HaHeceHus Ookcuja rpadeHa Ha MOBEPXHOCTH
nanoctepxneit TiO, ucnosbzosacs nopomok rGO. Iopomok rGO B konuyecTse
0,5 1/, nobasusu B pactBop (ocdara. ITOT PacTBOP CIYKUIT DIEKTPOIUTOM
JUISL TIOCJIEYIONIETO JIEKTPOXMMHYECKOro ocaxacHus. s Toro 4roOs!
MOOUTHCS paBHOMEPHOTO pacmpeneiienus yactuil rGO B pacTBope, cMECh
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TIOJIBEprajii yJIbTPa3ByKOBOH 00paboTke B TeueHHe 2 yacoB. DTa Ipoueaypa
obecrieunBaia gucrneprupoBanue nopomka rGO 10 Menbuaiiux GparMeHTos,
CIIOCOOCTBYSI TIOJIyYEHUIO OHOPOHOTO PAcTBOpPA. YJIbTpa3ByKoBas oOpaboTka
SIBIISIETCS] BAYKHBIM 9TaIloM, TaK Kak 00eCIeYnBaeT pa3pylieHHe arjioMepaToB 1
paBHOMepHOe pactnpenenenue rGO B pacTBope. DTO BaXKHO IUIsl 00CCIICUCHUS
kadectBeHHoro nokpeiTHsa HC TiO, B npoliecce 31eKTPOXUMHYECKOTO OCaXKICHHS.
DJIeKTPOXMMHYECKOE OcaXieHHe okcuaa rpadena Ha nosepxnocts HC TiO,
OCYIIECTBIISTIOCH C MCIIOJIb30BAaHMEM METO/1a IIMKIMYECKON BOJIBTAMIEPOMETPHH.
OTOT METO MO3BOJISIET KOHTPOJIUPOBATD IIPOLIECC OCAXKICHUS CIIOEB OKCHJIA
rpadeHa Ha TOJUIOKKY 33 CUET IPHUKJIAJbIBAHUS HANPSDKECHHUSI U U3MEHECHUS
€ro IMKIMYHOCTH. DJIEKTPOXUMHUUECKOE OCaXJICHHE MPOBOAMIOCH B PEKHUME
LUKIMYECKOW BOJIBTAMIIEPOMETPUHU C UCIIOJIIb30BAHUEM 3JICKTPOXUMHUYECKON
ycranoBkH CorrTest CS350. Hanpsixenue usmensiiocs B quanasose ot 0 1o -1,5 B,
C IMKJIMYCCKIM U3MECHCHUEM MMOTEHIIHAA CO CKOpocThio 50 MB/c. DTOT nuarmason
HATPsKCHUH ObLT BEIOPAH JIs1 TOT0, YTOOBI 00CCIICYUTh BOCCTAHOBJIICHUE OKCHJIA
rpa)eHa Ha MOBepXHOCTH HaHocTepxkHer TiO,, 4To NpUBOAUT K 0Opa3oBaHMIO
cnost rGO. DnekTpoxuMHUUeckas siueiika BKirodana paboumid 3JIeKTpoj, Ha
KOTOPOM HPOUCXOJIMIIO OCAXKCHUE, U TIPOTHBOAJICKTPO/L ISl 3aMBIKAHUS IICTIH.
J171st moncka onTUMabHOM KOHIIEHTPALMK OKCHa rpad)eHa 1 BpeMEHH OCAKIACHHS
ObUT IPOBEJICH Psi DKCIEPUMEHTOB C BapbHUPOBAHMEM KOJUYECTBA LHKIIOB
ocaxxieHus1. B0 HCIOIB30BaHO OT 1 10 5 IIUKIIOB OCaXICHUS, IPH 3TOM KK b1
K Juiiics 820 cexyH 1. BapbrpoBaHye Kon4ecTBa UKIIOB TO3BOJISIIO OLICHUTh
BJIMSTHHUE TOJIIIMHBI M TUIOTHOCTH cJ1051 TGO Ha (OTOKATAINTHIECKYIO aKTHBHOCTh
TIOJYYEHHBIX IJICHOK.
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Pucynok 1 — Cxema snekTpoxumuueckoro ocaxaeHus rGO

OCHOBHOH ILIENBI0 KCIIEPUMEHTa OBIJIO OTpeJeJIeHNEe ONTUMAIBHOTO
BPEMEHHU OCAXKAEHUSI U KOJIMYECTBA LUKJIOB JUIS MOJIyYEHUS] MaKCUMaIbHON
(dorokatamuTnueckoi akTuBHOCTH. OOpa3isl, o6o3HadeHHble kak TNR/rGO 1,
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TNR/rGO_2, TNR/tGO 3 u T.11., COOTBETCTBOBAIN PA3JIMYHBIM KOJIHUYCCTBAM
UKII0B ocaxaeHust (ot 1 1o 5). PoToKaTaIMTHUECKYIO0 aKTUBHOCTH 00pa3iioB
OLICHHMBAJIU 110 OTKJIMKY (pOTOTOKA.

MeTo 37AEeKTPOXUMHUYECKOTO OCaXKJCHUSI B PEKUME IUKINICCKON
BOJIbTAMIIEPOMETPHUH 1MO3BOJMI co31aTh mieHkn TNR/rGO ¢ pasznuunoi
TOJIIMHOM CJI0sI OKcHuJa rpadeHa, u4To Jajio BO3ZMOXKHOCTb MCCIIEOBATh MX
(oTokaTamMTHYECKHE CBOWCTBA M HAITH ONTHMAJIbHBIE MTApaMeTpPhl OCAXKICHUS
JUISl MAaKCUMaJTbHOU 3()(EeKTHBHOCTH.

Pe3yabTaThl U 00cyxKIeHUE

Mopdosoruio aHaIM3UPOBAIH C MOMOIIBIO CKAHUPYIOLIEH JIEKTPOHHOU
mukpockonuu (Mira 3MLU (Tescan)), u3smepeHue HOTJIOMEHUST U3YyYald C
MOMOIIBIO cieKTpodoToMeTpa yibTpaduoieToBo-BuanMon (Y d-Bugumoii)
obnactu (Solar CM 2203) B nuanazone myuH BosiH 200-800 HM.

Ha pucynke 2 npejcraBieHbl H300paXXeHHUsI, MTOJYyUYSHHBIE C TTOMOIILIO
CKaHUPYIOILIEH A1eKTpoHHON MuKpockoruu (COM) 1u1st 00pa3oB ¢ MapKUPOBKOH
TNR/rGO.

TNR/rGO 4 TNR/GO_3

Pucynox 2 — Caumku obpasios TNR/rGO,
MOJTy4YeHHbIE ¢ momoIipio COM

Ha m300pakeHn# BUIHBI CIIEAYIOMINE OCOOCHHOCTH:

1. Bepxunii psa n300pakeHN MPEaCTaBIsAeT pasauuHbie oopasisl (TNR/
rGO 1 no TNR/rGO _5) ¢ yBenmuenueM Ha ypoBHE | MKM. DTO HAHOCTPYKTYPHI,
MIPECTABIIIOMNE COO0H CTEPKHM I UTII000pa3HbIe OOBEKTHI.
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2. Huxuuit psin n300pakCHU TakkKe JCMOHCTPUPYET TE KE 00pasilbl,
HO ¢ yBenuueHueM Ha ypoBHe 500 HM, IokaspiBas Oosiee JIeTaln3upOBaHHYIO
CTPYKTYPY HaHOCTEPKHEH.

3. HuxHuil psi BKIIOYAET M300pakeHHsI KOTOPBIE, JEMOHCTPUPYIOT
MIOBEPXHOCTH 00pa3LoB ( pacnpeieneHle TOKPITHS).

Ananusz uszobpaxenuit COM mnoxkaseiBaeT, uto Mopdonorus rGO
MPOSIBISETCS B MOPIIMHUCTON U PACIIMPEHHOW CIOUCTOM CTPYKType, 4TO
apysieTcs ocodennocThio rGO. TiO, npejcTapiseT co00# BLICOKOYOPSI0UEHHY O
U BEPTUKAJIBHO OPUEHTUPOBAHHYIO CTPYKTYPy MacCHBa HaHOCTEPKHEH.
[Mocne snexrpoxumudeckoro ocaxaeHusi rGO MOKHO HaOI0aTh MHOXKECTBO
yelryH4aThIX MOKPBITUH, IPUKPEIUIeHHbIX K oBepxHOcTH TNR, B To Bpems kak
XapaKTepUCTUKU MaccuBa HanoctepyxkHel TiO, Bee eme coxpansiorcs. bonee
TOTO, 110 CPABHEHHIO C IIEPOXOBATON BEPXHEH YaCThI0 OTMHOUYHOTO HAHOCTEPIKHS,
Bepxnue kpas TiO, Takke MOKPHIBAIOTCSA TOHKOH IJIEHKOH M CTaHOBATCH
oTHocHuTeNnbHO Oosiee rimagkumu it TNR/rGO, 4yTo MOKeET OBITH CBS3aHO C
ocaxnaenueM rGO. Ilpu nocnenoBaTensHOM HaHeceHnu HaHodactull rGO mBer
TIO/UIOYKKH TIOCTEIIEHHO yriTyOIIsieTcst OT IMOJTYIIPO3payHOro OEJI0ro K TEeMHOMY, a
3aTeM K YepHOMY. Takum 00pa3om, 9TH sSIBJICHHS [TOJTBEPXKIAIOT, YTO HAHOJIHUCTHI
okcuza rpad)eHa mocie0BaTeNIbHO 3arpyxKatorcst Ha mosepxHocts TNR.

Pucynox 3 — 9/IC TNR ¢ paznnunsiMu nukiiamu ocaxxaenust rGO a) TNR/
rGO_1; 6) TNR/rGO_2; ¢) TNR/rGO _3; n) TNR/rGO_4; e¢) TNR/rGO_5

Ha pucynke 3 mokazaHo coJepkaHHE 3JIEMEHTOB (B NPOILEHTaX)
OTHOCHUTEIILHO BCEr0 CyMMapHOro crekrpa kapThl. C MOBEPXHOCTH KaKIOro
o0pasiia CHUMaoCh 110 ISITh CIIEKTPOB: B LIEHTPE U 1O yriiam. V3 moimydeHHbIX
JAHHBIX BUJIHO, YTO C yBEJIMUYCHHEM IHKia ocaxaeHus rGO yBeanuuBaercs
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KOHIIEHTpaLusl BoccTaHOBIEeHHbIX HaHouacTUl C Ha noBepxHocTy TNR. Ilpu 1
nuKie 1ot HanoyacTul] C OTHOCUTEIBHO BCETO CyMMAapHOTO CIIEKTPa COCTaBUIIA
5,9 %, nns 2, 3,4 u 5 uukinos — 9,2; 23,8; 25,5 u 51, 3 % cOOTBETCTBEHHO.

DOTOKATATUTHYECKYIO aKTUBHOCTh 00pa3llOB OLEHUBAIHM 110 OTKIUKY
¢ororoka. ITnoTHOCTE POTOTOKA HE3HAUMTEIbHA MPH OTCYTCTBHM CBETa U
MI'HOBEHHO BO3pacTaeT IpH OOJY4YEeHHH ITOBEPXHOCTH IUIEHOK. MakcumaibHas
moTHocTh pororoka TNR/rGO, monydenHnas npu 1 nukie cocTaBisieT
2762 mMxA/cm?, uto mouTH B 1,2 pasa mpeBblmaeT mIoTHOCTh yucToro TNR
(2296 MrA/cm?). @ototok TNR/rGO 2, TNR/rGO 3, TNR/rGO 4 u TNR/
rGO_5 cocrasmstor 639 mxA/cm?, 491 mxA/em?, 927 mxA/cm? u 1005 MxA/cm?
cooTBeTcTBeHHO. Ha pucyHke 4 nmokaszansl (hOTOTOKO-BPEMEHHBIE XapaKTePUCTHKU
mieHok TNR, TNR/rGO.
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Pucynok 4 — ImotHocTh ororoka mieHok TNR u TNR/rGO
OueBHIHO, YTO BCE€ (POTOAHOABI 00Jaqal0T OBICTPBIM U XOPOIIHM
¢dorootkirkoM. I1oTHOCTE POTOTOKA MPAKTHYECKN HE3HAUUTEIbHA B TEMHOTE,

rAe KaK MJIOTHOCTh TOKa OBICTPO YBEIWYMBACTCS IOCITE BKIIOYCHHS CBETA.
PesynbraT mokasbiBaeT, 4To (HOTOreHEpUPOBAHHbBIE AIIEKTPOHBI AIPPEKTHBHO
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oTnessitoTest oT AbIpok B miieHke TNR/rGO, 4To NMpuUBOAMT K yJIydIICHUIO
KaTaJIUTUYECKOM aKTUBHOCTH.

BriBoabl

[IpoBeneHHOE HccIEAOBAHUE AEMOHCTPUPYET, YTO HAHOKOMIIO3UTHI Ha
ocnose HC TiO, n rGO 06na/1ar0T 3Ha9MTEIbHBIM MOTEHIMAIIOM [1J1 IPUMEHEHHU S
B (porokaranuse. bbuo ycTaHOBIIEHO, YTO JUTUTEIBHOCTD JIEKTPOXUMUYECKOTO
ocaxaenust rGO oka3bIBaeT 3HAYMTEIHHOE BIUSHUE Ha (POTOKATAIUTHUECKYIO
AKTHBHOCTB I0JIy4aeMbIX KOMIIO3UTOB. Pe3yIbTaTsl NPOBEAECHHBIX UCCIIEIOBAHUIM
TI03BOJISTIOT MTPEATOII0KUT, YTO (P PEKTUBHBIM BPEMEHEM 3JIEKTPOXHUMHUYECKOT0
ocaxxaenust rGO Ha noBepxHocTh TNR siisiercst 1 muki (820 cex), TOCKONBKY
TUICHKA TeHEPUPYET BHICOKYIO INIOTHOCTH CBOOO/IHBIX 3JIEKTPOHOB. OnTUMHU3anus
BPEMEHH OCaK/ICHHsI O3BOJIHIIA JOOUTHCSI MAKCUMAaJIbHOW INIOTHOCTH (POTOTOKA,
YTO CBUJICTEIBCTBYET O MOBBIIICHHOH 3()()EeKTUBHOCTH pa3/ielIeHHs SJICKTPOHOB
u 1pipok B cucteme TiO,/rGO. DTu pesysbTaThl OTKPBHIBAIOT HEPCTIEKTUBEI JIIs
pa3paboTku BEICOKOA(D(EKTHUBHBIX (POTOKATAIM3ATOPOB, KOTOPbIE MOTYT HAWTH
MIPUMEHEHHE B MpPOIleccaX OUYUCTKU BOJBI U BO3/yXa, a TAKXKe B TEXHOJIOTHSX
reHepalny YUCTOH SHEPrUH.
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I'PA®EH KOCTOTbBIFBIHBIH 3JIEKTPOXUMMUAJBIK
TYHABIPY ¥3AKTbIFbIHBIH TIO, HAHOO3EKIIEJIEPIHIH
DOOTOKATAJIUTUKAJIBIK BEJCEHAIJIITTHE 9CEPI

bynmaxanaoa kannvina xenmipineen epagpen kocmomwievinviy (rGO)
AEKMPOXUMUSLIGIK, MYHOBIPY Y3AKMbISbIHBIY MUMAH KOCHOMbLZbIHbIY
(Ti0,) nanoesexwenepininy (HO) omoxamanumuranvix dencenoinicine
acepi KapacmuipulLiaobl. 3epmmey KyH Coyieci dcep emKeHoe XUMUSLIbIK
Peaxkyusinapobl dcedendemyee Kadiemmi Gomokamaiuzamop peminoe
TiO, muimoiniein apmmeipyea bazvimmanean. Kymvicmoly o3exkminiei
TiO, cyowl, ayanwvt masapmyoa JHcoHe IKONOUANBIK MA3A IHEP2Us
OHOIpYyOe KeliHeH KOLOAHLLIYbIHA OAUIAHbICIbL OHLIY Kacuemmepin
Jlcakcapmy — KadcemminiciMen — aukbiHOanaovl.  3epmmeyoiy  Heeizel
Hazapvl 3apaomapovl 66Ny MeH MAcbiManday MmuiMOilicin apmmolpy
makcamvinoa Ti0O, HO bemine rGO xabammapein mynoveipy npoyecine
ayoapuinean. Dxcnepumenm oapuvicvinoa rGO KabamviHblY KAIbHObI2bL
opmypai TiO, HO yneinepi anvinvin, onapoviy omoxamaiumuxaibly
bencendiniei bazananow. Mamepuanoapoviy Mopghonozusicel
cxamepaeywi daekmponovl muxpockonusi (COM) odicimen 3epmmendi,
an pomoxamanumukanvlk 6eacenoiniK Gomomox molebiz0blebl APKbLIbL
anvikmanovl.  Homuowcerep  mynOblpy — yavlmvl — KomMnosummepoiy
Kacuemmepine QUMAapiIviKmai ocep ememinin JcoHe Oy napamempoi
OHMAUNAHObIPY PomMoKamanu3oiy Heo2apvl MUIMOLLIZIHE KOJl JHCEMKIZy2e
MymKinOix  bepeminin kopcemmi. 3epmmey TiO, wezisinoezi ocana,
JHco2apvl MUimMoi (pomokamanuzamopiapobl Hcacay nepcnekmubaiapbii
auiaodvl JHcoHe 01apobl IHEP2UsL OHOIPY MeH Kopulaean OpmaHsl mazapmyead
ApHAN2aH IKONOSUSIBIK MEXHOIOSUSNAPOd KOIOAHY MYMKIHOIKMEPIH
Kopcemeoi.

Kinmmi coe30ep: muman KoCmomuvi2blibly HAHOO3eKuleaepl, CUHMES,
Kaima KamnwlHa Kelmipiieen 2pagen Kocmomuviabl, dJIeKMpOXUMUSLIbIK
myHOwBIpY, homorxamanus.
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EFFECT OF DURATION OF ELECTROCHEMICAL
DEPOSITION OF GRAPHENE OXIDE
ON PHOTOCATALYTIC ACTIVITY OF TIO, NANORODS

This article examines the effect of the duration of electrochemical
deposition of reduced graphene oxide (rGO) on the photocatalytic activity
of titanium dioxide (TiO,) nanorods (NRs). The study aims to improve the
efficiency of TiO, as a photocatalyst capable of accelerating chemical
reactions under the influence of sunlight. The relevance of the work is
driven by the need to enhance the properties of TiO ,, which is widely used in
photocatalysis for water and air purification, as well as for the production
of environmentally friendly energy. The main focus is on the process of
depositing graphene oxide layers onto the surface of TiO, NRs to improve
the efficiency of charge separation and transfer. During the experiments,
TiO, NR films with varying rGO layer thicknesses were obtained, and
their photocatalytic activity was evaluated. The morphology of the studied
materials was analyzed using scanning electron microscopy (SEM), and
their photocatalytic activity was assessed based on photocurrent density.
The results demonstrate that the deposition duration significantly affects
the properties of the composites, and optimizing this parameter enables
achieving high photocatalytic efficiency.The research opens up prospects
for the development of new highly efficient photocatalysts for use in
environmentally oriented technologies, including energy generation and
environmental purification.

Keywords: titanium dioxide nanorods, synthesis, reduced graphene
oxide, electrochemical deposition, photocatalysis.
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XAPbIK AFbIHbIHbIH TAPAMETPJIEPI APKbIJ1bl
MJTIASMA TEMITEPATYPACbIH BAFAJTIAYFA
APHAIJIfAH K¥YPbIJIFbIHbI 93IPJIEY

byn maxanaoa xapanativim mepmosioponsli peakxmop mypin Jcacay
JHCOTIbL HCOHE OHBIH KOMESIMEH ANbIHAMBIH CANKbIH NIA3MA (MmemMnepamypa
OipHeute 3JeKMPOHBOILI PEemiMeH) Mmabdu2amvii 3epmmey HCOA0aApbl
Kapacmolpoliaovl.  «lliazmadazel  Qusukanvls  KyowbLislcmapobl
3epmmeyy ammol KOHObIP2bICHL DOIAUAKMA MEKMEN JHCOHe IHCO2apabl
OKYy OpPbIHOAPbIHOA amoMObIK Qu3UKa Kypewl, 0d1ipeKk  aumraHod
«lInasma  ocapuvievinvly — mapanyvy, «lliasma  memnepamypacoin
bazanayy, « TepmosoponvlK npoyecc Ke3iHoe2i 2JeKmpoHOap MeH UOHOap
KOHYEHMPAYUsICLIH  AHBIKMAY»  KYObLIbICMapuli — 3epmmen,  01apobl
OKbIMY MAKCamvlHOa 93ipeHOI.

Pearyust kapkinowr scypyi ywin keprey 220B-man  25kB-ka Oeilin
oseepmindi. Kozapvl kepHeyOi any ywin mypreHOipeiw npubopiap
(«Mooyne  UIIl», «XKoeapvr repreyni  mypiendipeiw  Paspso-1»)
Kondauwlowl. Ilpoyecc eakyym iwiinoe OpvlH AlAMbIHOLIKIMAH ULbIHBL
iwinoeei aya -100xlla ayacopaviuinen mapmoliivln,. aGpMbIHULA ULLIHBL
blobIcKa Oypanoa komeeimen Oetimeputl (2H) moamvipuvlivin, Kauma
saxyym oicacanowl. Ilpoyecc 3-4 pem xaumananowvl (dcymvicma ayvip
Cyobl KOOAHY MAKbi30bl emec).
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Bakyymoa opuanackan 6onvghpam dicome Mbic 9MeKMpoOmapbiHa
mypakmol (DC) kepuey 6epy apkviivl CAIKbIH, MOILIKKAHObI eMeC
MEPMOAOPONbIK, NPOYecc apKblivl Niasma anvinovl. Homuoicecinoe,
SHepeUsl ALy MAKCAMbIHOARbL eMec, MeK OKbIMY MAKCAMbIHOA KOIOAHY2d
OONAMbIH PeaKmop KOHObIPSbICHL HCACATBIHbIN, OHOA2bl KYObLIbICMAapObl
3epmmey HYCKAYIbIKMapsl Heasvliobl. 3epmmey KOHObIP2bICbl KAVIncis
9pl ©32¢ AHANOZMAPLIHA KAPAzanod on0eKkauod Kouxicemimoi 60avin
maobwvLIaobL.

Kinmmi cesdep: Tepmosoponvik peakmop, niazma, amomobik
Qusuka, s0ponviK Qusuxa.

Kipicne

Kasipri tania skaHa SHEpTrHs KO3IepiH Ta0y ©3¢KTi MOCEIIeTe aifHANIBIIT OTHIP.
JKachut sHeprust aimy sKoJIaphiH KapacThIpap 00JIcaK OHBIH OapIIbIFbI aya-paiibIHaH,
TypJi popc-MaxkopaH Toyel i eKeHiH 0alikaliMbi3. FamsiMaapabie 6ackim Oertiri
OoJylaiakTa jkaHa opi Kayilci3 SHeprusi Ke3i peTiHJe TePMOSAPOIBIK PeakTop
TYpJIEpiH KapacThIPBII OTHIP.

ByriHri kyHi OakpUIaHATHIH HEeMece 0aCKapbUIAThIH YHEPTUsl KO3IHE KETY
YKOJIBIH/IA JTa00PATOPHSUIBIK XKaFaiia 6acKapbulaThIH TEPMOSIPOIIBIK CHHTE3TES
KOJI JKETKI3y YILIIH XalbIKapaJbIK JICHIeH/e ayKbIMIbl )KYMBICTap XKYprisinye.
Byt yiiiH KonjjanyFa KeJeTiH p-p peakuusichl ThiM Oasty 60ibIn oThIp. Oian Genek
%H JICUTPOH YIIIH 9K30TEPMHUSUIBIK PEaKLUsIIAPbl CEKLI KYIOH/BIK TOCKAYbII
NPOTOHABIKIMEH OipJieii, OHBIH YCTIHE ACHTEPHUIi/Ii TEPMOSIPOIIBIK PEAKTOP YILiH
KOJIAMJIBbI OTHIH PETiH/Ie KOJIJJAHbICKA YChbIHYFa Oonanbl. Jleirepuii TeHi3 cybIHIa
Ker Meuepze keszneceni. OHbl ap3aH KyHMeH Oeuin any onicrepin b.Maptun
©31HiH eHOerinze xasraH [1].

byt Macenenep o3 LieniMiH Tarnkanra JeiiH peakTop/iaH KaHaFaTTaH IbIpapIibIK
MeJIIIEpe PHEPTUsl ATy MYMKIH eMeC eKEeH/IIT'T aHBIKTaJI/Ibl, COHZBIKTAH i JIe OChI
OarbITTa J)KaHa 3epPTTEY KYMBICTAPBIH XKOHE 3epTTEYI MaMaHap/ibl JaibIHaaY
©3€KTi OOJIBIT OTHIP.

backapbuiaThiH TEPMOSIPOIIBIK CHHTE31I KYpY OipHelIe Herisri cedenrepre,
SFHU DHEPTCTUKAJBIK PECYPCTAPbIH KayilCi3iri, 3KOJIOTHUSIIBIK Ta3albIK,
SHEPreTUKAIIBIK THIMJILTIK, TEXHOJIOTHSUTBIK IIPOTPECC, KahaHIbIK bIHTHIMAKTACTHIK
JKOHE Y3aK MEp3iMIi TIePCIICKTHBaFa OaillaHBICTHI.

Ocplran opaid, OYTiHII TaHaa eiMi3jie /e aTalFaH Macelere aca Haszap
aynapbutyga. bi3 e3 TapambIMbI3[laH 3epTXaHAIBIK XKaFaaia niua3MaHblg
TaOUFAThIH 3epTTEY OapbIChIH/A IIa3Ma JKapbIFBIHBIH TapajyblH, I1a3Ma
TEeMIIepaTypachlH Oarajay, TEPMOSAPOIIBIK MPOIECC KEe3iHICTT ICKTPOHIAP
MEH HMOHAAp KOHIIEHTPAIMSCHIH aHBIKTAyFa HETI3JeNTeH 3ePTTey JKYMBICTAPhI
xyprizingi. CoHbIMEH KaTap, 3epTTEYAIH HEri3ri MakcaTTapblHbIH 0ipi, OKY
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OpBIH/IapbIHA apHaIl JKaHa JEMOHCTPALMSIIBIK KYPBUIFBIHBI JaiiblHAay OOJIbII
TaObLIa bl

Kenemekre ocbl 3epTTey KYMBICTAPBIH OlJIiM Oepy YHbIMIIapbIHIAFbI
aTOMJBIK KOHE SPOJIBIK (U3MKa KypChlHA €HTi3iI, Oojamak MamMaHIap/blH
Ha3apblH, KbI3BIFYIIBUIBIFBIH OChI Macesiere OarbITTay Ke3aely/ie.

Matepuangap MeH daicrep

JKyMBICTBIH €H aJiFallKbl MakKcaTTapblHbIH Oipi KOJIiaH jKacajlfaH
KOHJIBIPFBI KOMEriMeH Iia3mMa ajily efi. Opi Kapall KOHJBIPFBIHBI 3€pTTEY
YKyMBICTapbIHa OeHiM/IeN JKacarl, COFaH COKeC 3ePTXaHAIBIK KYMBICTAP/IbI OKBITY
MaTepHaJIapbIH 3ipiey Ooubin TaObuIaabl. AJIFa KOMBUIFAaH OCBI MakcarTap
APKBUIBI OLTIM aTyIIBUIAP IBIH ATOMIBIK JKOHE SIIPOITBIK (PU3UKa 06I1iMi OOHBIHIIIA
QJIBIHBIN OTHIPFAH ’KaHa 3aMaH Taja0blHa call TaKbIPbINTap/a OJAp/bIH MOHIIK
YKOHE 3epPTTEYIILTIK KY3bIPETTITIKTEPiH KAJIBIITACTHIPY MEH KaTap OHbI JaMBITYFa
KOJI KETKi3y KYMBICTHIH HOTH)KECIH/IC KYTUICII.

AMepukaHJbIK FainbiM @pancuc UsHHIH KIACCHUKAIBIK OKYJIBIFBIHBIH
YKaHAPTBUIFaH HYCKACBIH A 0J1 0aCKapbUIaThIH TEPMOSAPOJIBIK CHHTE3]1e MATHUTTIK
OKIlIayJiay MEH IIa3MaHbl TYpaKTaHABIPY icTepi kepceTiareH [2].

CoHbIMEH, €H aiFall KOHIBIPFBI OOJITiH JaibIHIay/ja KOFapbl-BOJIBTTHI
TYpJIEHAIprim npubopiapasl nainanany Kaxer Oonasl. JKymbic 6apbichiHAA
25kB-THIK maliblH TYpJeHIIpril Kojaaneuiabl. HeriziHeH Teopust OoiibiHIIA
eTKi3rinrepre OEpuIreH TOK KYIIi MEH BaKyyM KYIIIi THIFbI3 OaiitanbIcThI. [Ia3zma
any yurie 10xB keprey »xone S0kIla Bakyym sxeTkinikTi [3].

erabl inriHAe opHallaCKaH OTKI3TIII ChIMIAPABIH Oipi Boib(hpamisl
KBI3/IBIPY apKbUIbI chepa TEeKTeC MilIiHAe jKacall, all eKiHIl eTKi3rii coi cdepa
CBIPTBIHAH CITUPaJIb TOPi3/eC MillliH/Ie IIaMaMeH | CM KallIBIKThIKTa OpaJiFaH JKoHe
oJIapFa OTKI3Till ChIMJAap apKbUIbI TYPAKThl KepHey Oepineni. [Tnazma kepiHeTin
KOHJIBIPFBIHBIH 06eJ1iri ToMenze (1-cyperrTe) KopceTireH.
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1-cypet — Bakyymna mia3ma any ojici

Bakyywm mnean cakrany YIIIH KOHJBIPFBIHBIH opOip jKepi a’porenbMeH
6itenni. Onan OeieK BaKyyM/IbIK COPFBILI KypaJIbIH TAaHAAY/IbIH 031 KeJleci Macele
Goutbin TaOBUIABL. BacTarkpla KOJIaHBUIFAH COPFBIMI KYII KOIl OOJIFaH/IbIKTaH
IUIa3Ma TYPAKChI3 KYWAE OTKI3TilTep/iH alHalachlHa ©3re MIIiHae O0JIbL.
CoHaH COH BaKyyM LIIaMachlH TOMEH/ICTKEH COH OyJ1 po0JiemMa e3 HISIIiMiH TalThl.
BakyymubIk coprbli OeitHeci ToMenie (2-cypeTTe) KopCceTiIreH.
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2-cypet — Bakyymapik copreir 115N (51n/mun)

ArarraH Mocesernep 63 Ke3eriHje MeIiMICPiH Tay b, BAKYYM aJbIHFAaHCOH,
»K00aHbIH O1piHII OOJIIMIHIH JKYMBICHI asKTaIIbI (2-cypeT). JKyMbIC HOTHKECIHE
QJIBIHFaH I1J1a3Ma KYJriH Tycte Kopini. COHbIMEH, aJiFalll albIHFaH [1a3Ma CaJIKbIH
T1a3Ma TYpiHe KaTaTbIH/BIFbI aHBIKTAJ/IbL. 3€PTTEY )KYMBICTAPBIH A OHBIH TYPJIi
(U3MKaJIBIK [IaMaNapbIH  OJIIICYAC TYPJi dAiCTep KOJIAHBUIIBL. MEBICaiFa, ¢H
IJBIMEH JIFOKCMETP apKbUIbI IJIa3MaHbIH KapBIKTBUIBIFBI OJIICHII, KeHIHHEH
OHBIH MHTEHCUBTLIIT TOMEH IeT1 popMyJia apKbLIbl KOPBITBUIBIN MIbIFabL. Erepre,
JIFOKCMETp OeTi KapbIKKa MEpIeHIUKYIISp OpHaIacca, OH/Ia KapbIKThUIBIK [4]:

I
E=T'_2

MyHa¥bl — MHTEHCHUBTUIIK, I — KapbIK IICH KYPaJl apachIHAAFbl KAIIBIKTHIK,
an E —xapbIKThuIbIK. b. Maiiki e3iHiH ¢poToMeTpus )xaHe paaroMeTpus Heriznepi
aTThl eHOETIH/E KapbIK KapKbIH/ABUIBIFBIH aHBIKTay/1a (POTOMETPHS Heri3aepi
apKBUIBI ©31H/IIK 9/1iciMeH KapacThIpraH [5].
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3—cypeT - >K¥MI)ICTI>IH ajiranl HQTI/DKeCiHL[e aJIbIHFaH CaJIKbIH IlJIa3Ma

OcpbIran OaistanbIcThl OpbIc FasbiMbl C. 1. MOIIKYHOB KepHEY jKoHE TOK
KYIII TYpJICHAIPTIIITEPiH KOJNAHY asChH, OJap/blH THIMAUIITIH apTThIpPy MEH
LIBIFBIHIAP/IbI MEHITIHILIE apTTHIPY S/ICTEPIH KenTipreH [6].

OneduerTepaeri popmynazap MEH KYpbUIFBIHBI jKacay Ke3iHJeri THiMIi
YKOJIAAP/IbI TAHJIAY HOTHIKECIH]IE, )KOFaphl KepHEY Oepy apKbLIbl BAKYYyM/IE I1a3Ma
QJIBIHBIM, JKapbIK aFbIHBIHBIH TapaMeTpliepi apKbUIbl TUIa3Ma TeMIIepaTypachiH
Oarasyayra HETi3JIeJIreH 3epPTTeY KYMBICHI JKYPTi3ii.

MpeIcanra, ma3ma napamerpiepi peTinjie HoHIap MEH AJIEKTPOH/1ap CaHbIHA
KATBICTBI YKOHE IJIa3Ma/iaH IIBIKKAH JKapblK aF bIHBIHBIH MHTEHCHBTUIINT apKbUIBI
OHBIH TEMIIEPaTypachlH aHbIKTAyFa apHaJIFaH TEHJIIKTEP KapacThIPBUIBII, KIHE
«OKappIK arbIHBIHBIH TApaMeTpIIepi apKbLIbl IUIa3Ma TeMITepaTypachlH Oaraiay»
aTThI 3€PTXAHAJIBIK JKYMBIC KYPBUILIBL.

Actpodusnkana KyiabI3JapAblH TEMIEpaTypachlH CIEKTPJIK aHaIu3
o/ticiHeH OeJIeK JKapbIK aFbIHBIH 3ePTTEY S/1iCi apKbUIbI aHBIKTAYFa 00JIabl, SFHU
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013 a3ipJyiereH KOHJIBIPFBI apKbUIbI IJ1a3MaHbIH TEMIIEPATYPaChIH aHBIKTalMBbI3.
JKapBIKTBUIBIKTBI JIIOKCMETP apKbUIbI eIenmis, [7].

MyHz1a KapbIKTBUIBIK Oenriii 0ip OeTke TYCKEH KapbIK MeJIepi apKbLUIbI
AHBIKTAJIAIbI, SIFHU 3€PTTEY/IC )KaPbIK aFbIHBIHBIH JIIOKCMETPre TYCY OYpPBILIbIH
a = (0°1en anambI3 aa, )KapbIKTBIH KaPKBIH/BUIBIFbIH (MHTCHCHUBTINITIH)
aHBIKTaMBI3.

AraiibiHasl Pon xone Kapn JIeHK jkapbIK KapKbIHABIIBIFBIH aHBIKTAY
OapbIChIH/A KAPBIKTHIH OCTKE TYCY OYpBIIIBIHBIH MaHbBI3AbUIBIFEI MEH KaTeci3
eJIILIEM/IEPIH ATy IbIH JKOJIJapbIH KapacTbIpraH [8]:

I = Er?

My#uparst [ — untercuBTinik [Br/mM?], E — ®KapbIKThUIBIK, T — JIIOKCMETP/ICH
IJIa3Mara JeHiHT1 KaIlbIKTHIK [M], 3epTTey OaphICHIHIA JIFOKCMETP IIBIHBIFa
OexitiuireHaikTed r=10cM JeI anambi3.

Ocpuiaiinia aneiarad MoHII CtedaH-bobpiiMan TeHIeyiHe KOWBII, OaH api
TEMIIepaTypaHbIH MOHIH aHbIKTayFa Oonasl [9]:

| =oT*
ApBI Kapail 0Chl TCH/ICYICH TEMIIEPATyPAaHbIH MOHI aHBIKTAIA/IBI:
Er? = oT*

Erz\'/*
T =(—
g

bynan 6enex Credan bonbiman 3anapuibirbia B. B. @ununmos e3iHiH oKy
KYpaJIbIHA TeMIIepaTypaHbl CIIEKTPIIIK 9J1ici apKBUIBI 3€PTTETI, CAYJICIICHYIiH op
TYpJIi TOJIKBIH Y3BIH/IBIKTapbIHA COWKEC TeMIepaTypa MoHAEpiH anblKTaraH [10].

Hotnxenep men Tangaynap

OpHHE, KOHJBIPFBI KOJ/IaH XKUHAIFAH/BIKTaH KaTeliKTep MeH OipkaTtap
Macesenep TiziMi Oonasl. Bi3fin 3epTTeyniH HEri3ri MiHAETTEepl €H ajjbIMeH
JIEMOHCTPALMSIIBIK KYPBUIFBI KYPACTHIPBIN, OHBI KCHIHHEH 3epTXaHaga OKBITY
KYPBUIFBICBIHA OeHimey.

Kasipri Tagna OuniM amymislnapra apHaJFaH 3aMaHayd mpobiemanapra
OarbITTalIFaH ATOMJIBIK (PM3MKATaH OPBIHAANTHIH 3€PTTEYIILTIK )KYMbICTap CAHbI
kem emec. KypacThIpbiiFan KOHJBIPFBI MEH OFaH Ka3bUIFaH OKY MaTepHalgaphl
O1TiM ATy IIBUTAPABIH 3€PTTEYIIUIIK KY3bIPETTUIIKTEPIH apTThIpyFa KeIl CeNTiriH
turizeni. Oxgan 0eek OTaHBIK OHIM PETIH/IE KapacThIPHIN OTHIPFaH KYPHUIFBIMBI3
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apKbUIBI KOCBIMIIIA 3€pPTTEYyJIepMEH aliHaJIbICAThIH OLiM alrymbuiap sxobanay
OarbITBIHA ©3 JIaFAbUIapbIH apTThIpabl. KypbUlFbl apKbUIbl aTOMABIK (u3nka
OeiMiHCH 06JICK aCTPOHOMUSIAH J1a KOCBIMIIIA 3ePTTEYJICp KYpPrizyre 00Jabl.

Ochpinaiima 6iniM anymblIapAblH Kalnbel QU3KMKa MoHIHE JereH
KbI3bIFYLIBUIBIKTAPBIH apTThIPa OTHIPHII, OJIAP/IbIH 3ePTTEYIIUIK KY3bIPETTUTIKTEPIH
KaJIBIITACThIPYFa 90/1€H MYMKIH.

Kap:xbL1anasIpy Typajbl MaJIiMeT

Kob6a Kazakcran PecryOnmkacbiHbIH MoieHHET JKoHE aKIapaT MUHUCTPIIIT]
TaraibIHaFraH FbUTBIM OarbIThIHIAFE « Toyesci3aik ypnakrapsl - 2023 rpaHTsl
asICBIHJIA XKYPri3ULi.

KopbITbIHABI

KopbIThIHABLIAH KeTle, 3epTTeyre KOMbUIFaH MIHJIETTEeP MEH MaKCcaTKa Caiikec
OipkaTap 3epTTey >KYMbICTaphl OPBIHAAJIBII, 63 HOTH)KECIH OHBIHAH KOPCETTI.
HakreIpak aliTcak, TypakThl KepHey Typinae 25kB BakyyMmJa opHajacKaH
eTKi3rimTepre 6episin, CaaKpH TYpET] I1a3Ma aibIH/bl. bi3 MyHBI )KaH-)KaKThl
3epTTeil Kele, JIOKCMETP JKOHE CIIEKTPOMETP KOMeTiMeH (DU3HUKAJIBIK OJIIIeyiep
XKYPrizyre MyMKIHIIUTIKTIH 0ap eKeHiH OaiiKa IbIK.

3eprTey OapbIChIHAA TYBIHIAFaH OipKaTap KMbIHIBIKTAp MEH Maceselep o3
Ke3eriHJie MenTMiH Taybl, allkpIH a1l KosgaH sxacanraH 3epTTey KYpbUIFbICHI
TEK KaHa JIEMOHCTpalusiay/ia FaHa eMec, FhIIBIMU-3EPTTEY JKYMBICTAPBIHIAFbI
eJIIeyJep/e Ae KojlaHyFa MyMKIHIITIK OepeTiHi JIaseNaeH 1.
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IIJIABMbBI HEPE3 ITAPAMETPBI CBETOBOT O IIOTOKA

B oannoii cmamwve paccmampugaromes cnocoowvl co30anusi nPpoCcmozo
muna mepmosiOepHoco peakmopa u Uccied08aHusi npupoobl Xoa00HOU
niazmvl (¢ memnepamypoil NopsoKa HECKOIbKUX 2JeKMPOHBOIbM).
Yemanoska noo mazeanuem «HMccredosanue usuveckux senenuil 8
naasme» pazpabomana ¢ yeuvio OaIbHelule20 UCHOIb308AHUS 6 UKOIAX U
BbLCULUX YYEOHBIX 3a6€0eHUsIX I KYPCO8 AMOMHOU PU3UKLU, 8 YACTNHOCIU
07151 U3VMEHUst MAaKuX seneHull, Kax « Pacnpocmpanenue ceema 6 niasmey,
«Oyenka memnepamypvl  niazmoly, «Onpedenenue KOHYeHmMpayuu
EKMPOHOB U UOHOB 8 NPOYECCe MEPMOSLOEPHOLL PEAKYUILY.

s ummencueno20  NpomeKanus  peakyuu  HAnpsdlicenue
usmensiiocy om 220 B 0o 25 kB. /[na nonyuenus 8b1coK020 HANPSA#CEHUs
UCNONBL308ANUCL  npeobpazosamenvHvle npubopwvl  («Mooyre Uy,
«Buvicoxkosonvmuwiii npeobpazosamensv Paspso-1»). Tax kax npoyecc
NPOUCXOOUM 8 BAKYYME, B030VX U3 CMEKISHHO20 COCYyOd Dbl OMKAYAH C
noMowbI0 BaxKyymHo2o Hacoca 00 oasnenus -100 klla, nocre yeeo cocyo
OvL1 3anoanen oerimepuem (2H) ¢ nomowwbio enmuis, u CHO8A CO30A8ANCS
sakyym. Ilpoyecc nosmopsncs 3-4 pasa (8 pabome ucnoivbsosaue
MsICENON 800bL He UMeem 3HAYEHUL).

Xonoowasi  nnasma nomyuanace nymem nooayu HOCMOSHHO20
nanpsiicenuss  (DC)  ma  onbghpamosvie u MeOHvle  IIeKMPOOb,
HAX00AWUecst 8 8aKyyme, 8 Xo0e HeNnoIHO20 MEPMOIOEPHO20 npoyecca.
B pesynomame 6vina coz0ana ycmanoska peaxmopa, npeoHasHaveHnas
He O NOJNYYeHUs dHepeuu, a UCKIIOUUMETbHO OJisl Y4eOHbIX yenell, U
HAnUCamvl UHCMPYKYUU ONA UCCTIe008AHUA ABNCHUL, NPOUCXOOAUUX 8
peakmope.
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Hannas uccre0oeamenvckas yCcmanogka 6Ge30nacHa U s611emcs
20paz00 bosee OOCMYNHOU NO CPAGHEHUIO C OPY2UMU AHALO2AMU.

Knrouesvie cnosa: TepmosiOepHulii peakmop, niazma, amoMHAs
Qusuka, soepHas usuka.
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DEVELOPMENT OF A DEVICE FOR EVALUATING PLASMA
TEMPERATURE THROUGH LIGHT FLUX PARAMETERS

This article discusses the creation of a simple type of thermonuclear
reactor and the study of the nature of cold plasma (with a temperature
of several electronvolts), obtained using this reactor. The device, called
«Study of Physical Phenomena in Plasma,» is designed for future use in
schools and universities for atomic physics courses. More specifically, it
is aimed at studying phenomena such as «Light Propagation in Plasma,»
«Plasma Temperature Evaluation,» and «Determining Electron and Ion
Concentration in a Thermonuclear Process.»

To intensify the reaction, the voltage was varied from 220V to
25kV. To achieve high voltage, converter devices («IP Module,» «High-
Voltage Converter Discharge-1») were used. Since the process occurs in a
vacuum, the air inside a glass vessel was evacuated using a vacuum pump
to a pressure of -100kPa. Then, the vessel was filled with deuterium (2H)
through a valve, and the vacuum was restored. This process was repeated
3-4 times (the use of heavy water in this work is not essential).

Cold, nonequilibrium plasma was obtained by applying DC voltage
to tungsten and copper electrodes located in the vacuum, through an
incomplete thermonuclear process. As a result, a reactor installation
was created for educational purposes, not for energy production, and
instructions were written for studying the phenomena occurring within the
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reactor. The research setup is safe and much more accessible compared
to other analogs.

Keywords: Thermonuclear reactor, plasma, atomic physics, nuclear
physics.
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INVESTIGATION OF THERMOPHYSICAL FACTORS

AFFECTING WIND POWER PLANT BLADE EFFICIENCY

This article discusses the problems of ensuring stable and efficient
operation of wind power plants under various thermal conditions.
The characteristic design features of a combined blade consisting of a
rotating cylinder and a fixed blade are analyzed. The necessity of studying
thermophysical parameters (such as temperature, density and viscosity of
air) has been identified and justified, since they significantly affect the
structure of the airflow and the aerodynamic forces acting on the blade.
The developed design effectively reduces turbulence while maximizing lift,
thereby increasing the aerodynamic efficiency of the system. It is shown
that an increase in the speed of rotation of the cylinder in combination with
an increase in air temperature increases the pressure gradient around the
cylinder, which leads to increased productivity. The experimental data
obtained make it possible to formulate recommendations for optimizing
both the geometry and operating modes of installations with combined
blades, which makes it possible to obtain economical energy in various
climatic conditions. Thus, the results of this study can contribute to
improving operational reliability and wider adoption of wind energy
technologies.
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Keywords: wind power plant, combined blade, rotating cylinder,
lifting force, pressure distribution, air flow temperature, aerodynamic

efficiency.

Introduction

According to recent reports from the Global Wind Energy Council (GWEC),
the total installed capacity of wind power plants (wind turbines) in the world
reached about 837 GW in 2022, and further growth of more than 50% is expected
by 2030 [1]. In Kazakhstan, which has significant wind potential, onshore wind
power plants are playing an increasingly important role in the structure of
renewable energy sources.

Modern wind turbines are divided into two main types: with a horizontal
axis (HAWT) [2, p. 17-20] and with a vertical axis (VAWT) [3, p. 113855].
Installations with a horizontal axis are considered the most promising for the wind
regime in Kazakhstan [4, p. 145-149]. At the same time, a number of difficulties
arise during operation, among which is the choice of the optimal rotation mode
for maximum use of wind energy while reducing fatigue loads on the structure
[5, p. 98]. Horizontal-axial turbines can operate efficiently even at moderate wind
speeds [6, p. 159—-162], however, they require careful selection of blade materials,
taking into account environmental influences [7, p.3].

One of the key external factors affecting the operation of wind power
plants is meteorological conditions, in particular air temperature. A decrease
in temperature leads to a change in the density and viscosity of the air, which
affects the distribution of pressures and forces acting on the blades. In conditions
of negative temperatures, ice may form on the surface of the blades, leading to
a deterioration in acrodynamic characteristics, an increase in noise levels, and a
reduction in the service life of equipment [8, p.44; 9, p. 129299; 10, p. 119135;
11, p. 119051]. In addition, when the temperature rises, the air density decreases,
which can negatively affect the wind utilization rate. Therefore, the study of
thermophysical parameters such as temperature, density, pressure, and humidity
of the air flow plays an important role in optimizing the operation of wind power
plants and predicting their performance [12, p. 4054].

Based on this, the study of the influence of thermodynamic flow characteristics
on the aerodynamic parameters of wind turbines and the subsequent improvement
of'the blade design to increase the overall efficiency of turbines becomes relevant.

The aim of the work is to study the effect of the air flow temperature and the
speed of rotation of the cylinder on the acrodynamic characteristics of the combined
blade, as well as to determine the optimal operating conditions of the wind power
plant, providing maximum lifting force and minimal energy loss.
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Materials and methods

The object of this study is a combined blade consisting of a rotating cylinder
and a fixed blade. The rotating cylinder is designed to generate lift — mainly due
to the Magnus effect — while the stationary blade reduces turbulence caused by
the high speed of rotation of the cylinder relative to the incoming airflow. When
the cylinder rotates around its axis, air circulation occurs, forming a pressure
difference and, consequently, a lifting force. Based on preliminary calculations
and experimental data, the angle of inclination of the fixed blade is determined,
ensuring maximum aerodynamic efficiency at optimal rotational speed.

The principle of operation is based on creating a pressure drop around the
blade: a rotating cylinder creates a lower pressure on one side and a higher pressure
on the opposite side, creating a total lifting force. Due to its lightweight design (Fig.
1), the device has minimal aerodynamic drag and a higher wind utilization factor,
starting at a wind speed of about 3-5 m/s and reaching maximum performance
at about 8-12 m/s.

//iz .>/1
e N

Figure 1- Layout of the combined blade: 1 — fixed blade;
2 — cylinder; 3 — electric motor; 4 — blade base; 5 — tripod; 6 — base

In the assembled experimental stand, the electric motor (3) transmits rotation
through the clutch to the cylinder (2) mounted on bearings. The fixed blade (1) is
supported by a tripod (5), while the engine mount (4) and other components are
mounted on a common base (6). This installation allows precise adjustment of
the cylinder speed and airflow parameters, which allows detailed measurements
of pressure and other aerodynamic parameters.

The main geometric parameters of the combined blade are shown in Table 1.
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Table 1— Geometric parameters of the combined blade

Name Sizes
Rotatingcylinder:
Diameter 50mm
Length 200mm
Blade:
Length 200 mm
Width 25mm
Thickness 3 mm

All experiments were conducted at Karaganda University (Department
of Engineering Thermophysics) in the laboratory “Jet Stream Research”. The
temperature-controlled air flow was supplied through a thermally insulated duct
(diameter 125 mm, wall thickness 10 mm) to maintain stable environmental
conditions around the model (Fig. 2).

Figure 2—Experimental setup («Flat free non-isothermal jet»)
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The insulation, made of closed-cell foamed polyethylene, helps ensure that
the air flow temperature remains virtually constant when reaching the test site.

Results and discussion

A digital differential pressure gauge connected to a Pitot tube was used to
assess the pressure distribution in the vicinity of the cylinder. The measurements
were performed when the Pitot tube was positioned at distances from 1 mm to 7
mm above the cylinder and from 1 mm to 7 mm below the cylinder. As a result,
the dependences of the pressure distribution on the speed of rotation of the cylinder
for each layer of air were obtained (Fig. 3 and 4).

0,55 4
0,5 -
045 1 —=—637 rpm
S: 0,4 - —e—775 rpm
al ——915
0,35 pm
—A— 1057 rpm
03 - —0—1217 rpm
0,25 -
02 H, mm up

Figure 3 — Pressure distribution above
the cylinder surface at different rotational speeds

Figure 3 shows the pressure change above the cylinder as the distance (H)
from its upper surface increases. At the minimum rotation speed (N = 637 rpm),
the pressure at a point at a distance of 1 mm is about 0.22 Pa, increasing to 0.44 Pa
at a distance of 7 mm. In general, the higher the rotation speed, the more the
pressure level equalizes and increases as you move away from the cylinder. The
decrease in pressure in the near zone is due to the fact that the rotating cylinder
forms a zone of reduced pressure (mainly due to the flow velocity and the resulting
pressure gradient).
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Figure 4 — Pressure distribution under the cylinder
surface at different rotational speeds

Figure 4 shows the pressure distribution under the cylinder. Near the surface
of the cylinder (at a distance of 1 mm), the maximum pressure is observed, which
gradually decreases with distance (up to 7 mm). This pattern is associated with
the formation of large vortex structures behind the cylinder as the rotational speed
increases. The vortices separate from the surface, which leads to a local decrease
in pressure along the cylinder, however, the pressure is higher directly under the
cylinder due to the aecrodynamic «back-up».

Table 2 shows the experimentally obtained differential pressure values (DP) at
different rotational speeds (N, rpm) for two temperature conditions: 0 °C and 20 °C.

Table 2— Differential pressure values at different rotational speeds

N, rpm AP at 0 °C, Pa AP at 20 °C, Pa
600 0,10 0,32
700 0,13 0,36
800 0,17 0,38
900 0,20 0,40
1000 0,22 0,42
1100 0,25 0,44
1200 0,27 0,45

The pressure drops increases with increasing rotational speed, reflecting
an increase in dynamic forces in the flow and, consequently, an increase in
hydrodynamic resistance. At the same time, for a higher temperature (20 °C),
a greater pressure drop is observed in the entire studied range than at 0 °C.
This phenomenon can be explained by the influence of changes in the physical
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properties of the working medium (for example, density and viscosity) with
increasing temperature. With increasing temperature, the density of the medium
often decreases, which can lead to an increase in its mobility and intensity of
interaction with the flow walls, as well as to a change in the laminar-turbulent
transition. Together, these factors contribute to an increase in pressure drop at
higher temperatures.

Thus, the conducted studies have shown that an increase in the temperature of
the air flow (from 0 °C to 20 °C) in combination with an increase in the cylinder
rotation speed (from 600 to 1200 rpm) leads to an increase in pressure drop (up
to 0.45 Pa), which contributes to an increase in lifting force. Based on the data
obtained, it is recommended to operate the unit in the rotation frequency range
of 900-1200 rpm at temperatures close to 20 °C in order to achieve maximum
acrodynamic efficiency. The results obtained can be taken into account in the
design and modernization of wind power plants, especially in regions with variable
climatic conditions.

Financing information

This research was funded by a grant from Science Committee of the Ministry
of Science and Higher Education of the Republic of Kazakhstan (AP23483857
«Development and creation of a new design prototype wind power plant with a
complex geometric shape of the bladesy).

Conclusions

In the course of the experiments, it was confirmed that the dynamics of
the pressure distribution in the near zone to the rotating cylinder significantly
depends on the frequency of its rotation and the air temperature. As the rotation
speed increases, a more pronounced pressure difference is formed above and
below the cylinder, which leads to an increase in lifting force. An increase in the
temperature of the airflow also contributes to an increase in the pressure drop,
probably due to changes in density, viscosity, and turbulent flow characteristics.
The results obtained indicate the importance of taking thermodynamic parameters
into account when optimizing the blade design and selecting the operating modes
of wind power plants, especially in a variable climate.

225



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMepPiK ulavimoap cepusicol. Ne 1, 2025

REFERENCES

1Global Wind Energy Council (GWEC) [Text]. — [Electronic resource]. —
https://gwec.net/ (21.01.2025 ).

2 Suresh, A., Rajakumar, S. Design of small horizontal axis wind turbine
for low wind speed rural applications [Text]. In Materials Today: Proceedings. —
2020.—Vol. 23, Part 1. — P. 16-22.

3Azadani, L. N. Vertical axis wind turbines in cluster configurations [ Text].
In Ocean Engineering. — 2023. — Vol. 272. — P. 113855.

4 Tleubergenova, A. Zh., Dyusembayeva, A. N., Tanasheva, N. K.,
Kyzdarbekova, Sh. S., Mukhamedrakhim, A. R. Analysis of acrodynamic
characteristics of a two-bladed wind power plant containing combined power
elements [Text]. In Bulletin of the Karaganda University. Physics series. — 2023.
—Vol. 3, Ne 111. —P. 143-150.

5 Jian, Y., Lingqi, F., Dongran, S., Mei, S., Xuebing, Y., Lingxiang, H.,
Young, H. J. Review of control strategy of large horizontal-axis wind turbines
yaw system [Text]. In Wind Energy. — 2020. — Vol. 24. — P. 97-115.

6 Dandun, M. P., Aditya, R. P., Aldias, B., Syamsul, H. Analytical Review
of Material Criteria as Supporting Factors in Horizontal Axis Wind Turbines:
Effect to Structural Responses [Text]. In 6th International Conference on Industrial,
Mechanical, Electrical and Chemical Engineering (ICIMECE 2020). Procedia
Structural Integrity. — 2020. — Vol. 27. — P. 155-162.

7 Okokpujie, I. P., Okonkwo, U. C., Bolu, C. A., Ohunakin, O. S.,
Agboola, M. G., Atayero, A. A. Implementation of multi-criteria decision method
for selection of suitable material for development of horizontal wind turbine blade
for sustainable energy generation [Text]. In Heliyon. — 2020. — Vol. 6. — P. 1-10.

8 Faycal, L., Guy, F., Robert, B., Jean, P., Christian, M. Atmospheric
icing impact on wind turbine production [Text]. In Cold Regions Science and
Technology. —2014. — Vol. 100. — P. 36-49.

9 Zhiyuan, L., Fang, F., Yan, L., Yong, S., Kotaro, T. A corncob biochar-
based superhydrophobic photothermal coating with micro-nano-porous rough-
structure for ice-phobic properties [Text]. In Surface and Coatings Technology.
—2023. - Vol. 457. - P. 129299.

10 Zhi, X., Ting, Zh., Xiaojuan, L., Yan, L. Effects of ambient temperature
and wind speed on icing characteristics and anti-icing energy demand of a blade
airfoil for wind turbine [Text]. In Renewable Energy. — 2023. — Vol. 217. —
P. 119135.

11 Dae-Young, K., Yeon-Hee, K., Bum-Suk, K. Changes in wind turbine
power characteristics and annual energy production due to atmospheric stability,

226

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mmamemamura u KomnvromepHoie Hayku. Ne 1, 2025

turbulence intensity, and wind shear [Text]. In Energy. — 2021. — Vol. 214. —
P. 119051.

12 Dyusembaeva, A., Tanasheva, N., Tussypbayeva, A., Bakhtybekova,
A., Kutumova, Z., Kyzdarbekova, S., Mukhamedrakhim, A. Numerical
Simulation to Investigate the Effect of Adding a Fixed Blade to a Magnus Wind
Turbine [Text]. In Energies. —2024. — Vol. 17, Ne 16. — P. 4054.

Received 22.01.25.
Received in revised form 31.01.25.
Accepted for publication 08.02.25.

K. M. llaiumepoenosa’, A. K. Theyoepzenosa?,

*H. K. Tanaweesd’, JI. JI. Munxoé’, H. T. A6ouposa’

1235 Akanemuk E. A. BeketoB atbinmarsl KaparaHsl YHUBEPCUTETI,
Kazakcran Pecry0mnukacer, KaparaHbr K.

23« ANBTEPHATUBTI YHEPTETUKA» FHUIBIMU-3€PTTEY OPTAJIBIFbI,
Kazakcran PecryOmnukacer, KaparaHbr K.

*¥rTeIK 3epTTey TOMCK MEMJIEKETTIK YHUBEPCHUTETI,

Peceit ®enepanuscel, ToMck K.

22.01.25 x. bacmara TYCTI.

31.01.25 . Ty3eryiepimMeH TycTi.

08.02.25 . Oachln wbIFapyra KaObUIIaH bl

KEJ SQHEPTETUKAJIBIK KOHABIPFBICBIHBIH
KAJTAKINAJTAPBIHBIH TUIMALJIITTHE 9CEP ETETIH
TEPMO®U3UNKAJIBIK ®PAKTOPJIAPIABI 3BEPTTEY

byn makanaoa scen sHepeemukanvl KOHObIPSbLIAPLIHBIY OPMYpPi
JHCLUTYPUSUKATIBIK, pedcumoepoe mypaKmol JHCoHe MUIMOL JHCYyMbIC icmey
Mocenenepi Kapacmulpbliadsl. AUHAIMATBL YUIUHOD MEH KO32AAMAMbIH
KanaKuwaoan mypamoit, Kypamaibl KAIAKWAHBIY KOHCMPYKYUACHIHbIY
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Kasicemminiel aHblKMaivin, HeeizoenceH, cebebi onap aya a2blHbIHbIH
KYPULILIMbIHA  JICOHe  KanaKuwiaza ocep ememin  aspoOUHaAMUKAIbIK,
Kywimepee aumapivlKmai blKnai emeoi. J[aiblHOai2an KOHCMPYKYUsL
Kemepy KywiH MAaKcumaiobl apmmolpy Ke3inoe mypOyieHmminiikmi
asaumoln, — OCLUIANWA  JICYUCHIY — A3POOUHAMUKAILIK — MUIMOLLICIH
orcakcapmaowl.  L{ununopoiy  ainany Hcoli0amoblebl  apmmoulpy aya
MeMNEepamypacbiHbly Jco2apbliaybiMen Oipee YuiuHop auHAIACbIHOA2bl
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eHeizyee JHCoHe OAapobly CeHIMOLLICIH apmmblpy2a KaOiemmeHoipyi Poccuiickas @enepanus, r. Tomck
MYMKIH.
Kinmmi  ce30ep: oicen sHepeemukanvlk KOHObIPEbl, KYPAMATbL HNCCIEJOBAHUE TEPMO®U3NYECKUX ®PAKTOPOB,
Kanakuia, auHaimanisl YuiuHop, Komepy Kyull, KblCbIM Mapanybl, ayd BJIHUAIOIINX HA DOPPEKTUBHOCTb
A2bIHbIHbIY MEMNEPAmypachl, adpOOUHAMUKATILIK MUIMOLLIK. JOMACTEM BETPSIHOM YCTAHOBKHA

B oannoti cmamve paccmampusaromes npobiemvl obecneyens
CcmMabuIbHOU U 3P GeKMuHOU padbomol 6EMPOIHEP2EMULECKUX YCINAHOBOK
npU  pA3IUYHLIX  MENIopusuecKux — pexcumax.  Anaruzupyiomecs
XapaxkmepHule 0COOEHHOCIU KOHCMPYKYUU KOMOUHUPOBAHHOL TONACTU,
cocmosiyell U3 8pawjarecocs YUiuHopa U HenoOBUICHOU JONACTIU.
Buiasnenau 06ocnosana 1eo 6xo0umocnms uccie008anus meniopu3uiecKux
napamempos (Makux Kak memMnepamypa, HiOMmHOCMb U GA3KOCb
6030yXa), NOCKONbKY OHU CYWECMBEHHO GIUSION HA  CMPYKMypy
8030YUWHO20 NOMOKA U A3POOUHAMUYECKUE CUNbL, Oelcmeyloujue Ha
aonacme.  Paspabomannas  koncmpyxyusi  dphexmueno  crudicaem
MYypOVICHMHOCMb NPU MAKCUMATLHOM VEETUYEHUU NOObEMHOU CUTbL,
mem camvlM NoSwbludsl a3pOOUHAMUYECKYIO dPhEKMUeHOCmb cucmemoi.
Toxkazano, umo ygenuuenue CKOpOCMuU 6PAULEHUsL YUTUHOPA 8 COUEMAHUU
€ NOBbIUEHUEM MEMNEPAMYPbl 6030YXA YCUIUBAEN 2PAOUECHN OA6IeHUs
BOKPY2 YUNUHOPA, YMO NPUBOOUN K NOBIUEHUIO NPOU3E00UMETbHOCTIL.
Tonyuennvle sxcnepumenmanbHble Oankble NO380I0M CHOPMYIUPOSAMb
PEKOMEHOayUU no ONMUMUZAYUL KAK 2eOMempull, Max U peircumos
pabomul yCmManoB0K ¢ KOMOUHUPOBAHHLIMU IONACMSIMU, YMO NO3605€N
nOMYMAmb  IKOHOMUYHYIO DHEPSUIO 6  PA3IUYHBIX — KAUMAMUYECKUX
venogusix. Takum o06pazom, pe3yibmanmvl 9mMo20 UCCIeO08AHUL MOSYIMN
€cnocobCcmeosams NOBLIUIEHUIO HAOEHCHOCIU pabombl U OoJiee UWUPOKOMY
6HEOPEHUIO MEXHONIO2ULL UCROTIb308AHUSL IHEPSUU 6eMPA.

Kniouegvie cnosa: 8EMPOIHEP2EMUYECKASL YCmanoeKa,
KOMOUHUPOBAHHASL  JIONACMb,  BPAWAIOWUNCA YUTUHOD, HOObEMHASL
cuna, pacnpeoeienue O0AGIeHUs, MeMNepamypd G030VUIHO20 NOMOKA,
aspoouHamuiecKkas IP@HexmusHoCcmes.
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rNOBAAbI MOPPY TUNTEC KEHICTIKTEPLET!
XWUbIHOAPLObIH ®YHKUNSTIAPLbIH OPTA MOHLEPI
TEPMUWHIHAE KOMMAKTbINbIFbI
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byn  ocymvicma  enobandvt  Moppu munmec xenicmixmepoeei
HCUBIHMBIKMAPObLIY — DYHKYUALAPOLIY, — Opma  MoHOepi  mepMuHinoe
KOMNAKMulablabl  YUWIH  JHCemKIIiKmi  wapmmap  YcblHula2an. byn
KenicmikmepOiH KypblibIMObIK KACUemmepiH 3epmmey2e #CoHe 01apoazbl
@yHrYyuANapObly opexkemin manoayaa bacmul Ha3ap ayoapuvliadsl. Aman
aﬁmmnd% w(r)=r"" camax gynkyuscern mandazanda, mynoa
0 < A < —,, myacvipvimoanzan meopema Moppu xenicmizci [1, 160-6]

p
ywin 6Oenzini nomuoiceni 6indipemini Odonenoenodi. A =0 ocazoaiioa
Oornieni0eHzer meopema PYHKYUOHANObIK MAN0Ay MeopUsCbIHbIY ipee MAacbhl
bonvin madwviiamein Kiaccukanvlx @Ppeuwe-Koamoeopos meopemacuvina
Oetlin memenoeliol.

JKymvicmoly  He2izei Makcamelna #cemy YWLiH HCAINbLIAH2AH
Moppu renicmicinOezi @pyHKyuALapObly opmawa MoHOepin bazanayed
Kamoicmovl OipHewe KoMeKwi JeMmanap aiovii aia o0oienoeneen. by
JeMMAnap Hezizei meopemansi 097en0ey0iy Manbl30bl Kypaibl 2aHa emec,
COHbIMEH KAMap maoyeicis Kbi3bl2yUblIblK myoblpaobl, OUmMKeHi 01apobl
manoayowly backa mocesesepite e Koaroanyaa 60aaobvl.

Convimen Kamap, aublH2aH WaApmMmapobly Kaxcemminiei MeH
JHCemKinikminiei, CcoHOau-ax onapobly QYHKYUOHANObIK KeHicmikmep
MeopusICLIHbIY  Oenini  Homudicesepimer  OAuIaHblCbl MATKbLIAHAObL.
Anvinean Homudicenepoi  onepamopaapobly  HCUHAKBLILIZLIH — HCOHE
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oughgepenyuandvis  menoeyiep MeopusiCblH  3epmmeyee  KoAOaHYObl
MAIKplIAy2a epexuie Ha3ap ayoapbliaodbl.

Ocvlnatiwa, orcymvic  Homudicenepi enodoander Moppu munmec
KeHicmi2iHiH Kacuemmepi mypaivl OYypulHHAH bap udesnapovl Keyemeoi
JHCOHe  0aapobl  MANOAy MeH ONepamop  MeOpPUsCLIHbIY — OPMypii
CcananapviHOa Koi0aHyObll Heaya MyMKIHOIKMEPIH auaobl.

Kinmmi cezoep: Moppu kenicmiei, npe-xomnakmminix, DPpeuie-
Koamozopos meopemacwi, monvik uekmenzendix, 2enobanowt Moppu
Kenicmiel, PyHKYusIapowbiy opma monoepi, Jlebee kenicmiel.

Kipicne

Byn makanana GM ;Vg) (R™) rmo6anas Moppu tuntec keuicrikrepaeri
[2, 158-0] »ubIHAAPABIH KOMIAKTBUIBIFBI YIIIH (YHKIHUSIIAPIbIH albIPBIMBI
TepMHHIHJE XETKIJIIKTI maprrap ajlbiHajbl. JlonmengeHren treopemanat,
0 = o0 xarnaiina M ;V(')mannmnaﬁfaﬂ KCHICTIK [3; 4] YIIiH HOTH)KE IIBIFAJIBI,

n
— A — n
HKOHE W(T’) =r ., 0= @, 0<A< R M; R") Moppu KeHicTiri

yurin Genrini HoTmKe mbFaasl [5; 6] an A = 0 Oyn xkarmaiina Genrini ®perue-
Kommoroposa teopemacsr [7, 839-6].

A¥HBIMAITBI KOpceTKINTI MOppH KEHICTIrH/IeT] )KUBIHIAP IbIH KOMITAKThUTBIFbI
[8; 9] zeprrenren. lapasr banax GpyHKIUOHAIIBIK KEHICTIKTEPIHIETI
KOMMYTaTOPJIap KUbIH/IAPBIHBIH XKOHE CUIIATTAMANIAPbIHBIH KOMIAKTHLIBIFGI [ 10,
650-0] anbiaran. Orlicz KeHICTIKTEPiHACT] KUBIHTBHIKTAP/IBIH KOMITAKTHLIBIFBI
[11, 78-0], cummeTpusiibl keHicTikrepae [12, 128-0], kepcertinren. Jlokanubl
Moppu TUIITEC KeHICTIKTePIH/IeT] )KUBIHIAAP/IBIH )KOHE KelOip KOMMYTaTOpIapAblH
KOMOAKThUIBIFRI [13, 112-0; 14, 3-6; 15, 96-6] 3epTrenreH.

Marepuagaaap MeH daicTepi

T e o p e M a 1 . A # T a 1 B K ,
I<p<o, 0<f<Lo, WEQpe, ocone S GM ,,,  6onchn.
Erep keneci mraprrap opsiHaaica

Sflg) ||f||GMp9’W(.) <, )
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lim sup|fx =0, 2
r—>0* fes BO.R) 2
M 1,(-)

lim sup |4,/ — f ”LP(B(O,RZ)\B(O,Rl)) =0

50T feS
JKOHE
lim sup|/x =0, &)
Ry=—>0 feg CB(O,Rz)
GM
pO,w()
onna S xusinsl GM 2O KEHICTITIH/I€ KOMIIAKTEI OOJIaIbl.
C anxnxgap bl ln. AﬁTannmx,
I<p<ow, 0<f<o0, 0<A<—if@<w u 0<A<—Iif
p
6 = o xone S G’M;e 6oncers. Erep
sup|(f1[ ... <oo,
L, .
lim sup|fx =0, (6)

+
R1—>0 fes B(O,Rl) ot
po

lim supl[4,/ = /1, (po.R)\BORYTO O

50" feS

KoHE

lim _sup X =0 (8)

R
o) fes cB(O)Rz) ot
po
Oosca, onna S xubabl (G /10 KEHICTIT1H/Ie KOMITAKTbI OOJIabl.
P

Cangapsl 2. Aiiransik, 1 < p <o, 0 < @ < 00 60NChIH.
Erepw € Q2 pgKoHe (2.2.9) mwapTe1 opbIHIaJICa, OHA Ke3 KeNreH (§ > () KaHe

f € GMPG,W(,) YIIiH

232

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.
Cepus: Qu3suka, Mmamemamura u KomnvromepHoie Hayku. Ne 1, 2025

45 s ., Sl N, - ©)

Jonenney. (2.2.10) TeHci3mikTi oHEe 2.2.2 TeopeMachlH MalIaIaHybl
JKETKITIKTI.
Canpapsi 3.ITapamerpnep 1 < p <00, 0 < @ < 00 onzia Ke3 KenreH ymin

n n
0<A<—skomef<w0<A<—, 9=oo6oncac3>06ap,erepTeK
p P

. . . A
KaHa 71, p, 6 JKOHC /1 TIYCJIAl, KE3 KCJITCHI YIIIH 5 > 0 f (S GMpg

||A5f||GM;0 S c3||f||GM;0'

S

P A

Honenpey. ro0c Qpe < Q, Tenciznix (2.2.9) xoHe ¢; = —
—=A
p

OpBIHAaNanbl, erep @ < oo ¢ = 1 erep @ = oo Horca.
Jlemma 1.ITapamerpiep 1 < p < oo Ouza ke3 kenren yuiin R > 0, 0>0

JKOHE f € Lp(B(O,R + 5))
1451, (50,00 /1. (B0.R+6)
JNonenzey. Keskenren ymrin X € B(0,R) (Agf)(-x) = AngB(O R+8) (x),,
MaKCHMaJIbl OTIePATOP/IbIH KaCHETTEPiHE CIliKec
145/ HLP(B(O,R))_H 4 fZB(o,ma) ||LP(B(R"))
I o I, (BRI, (B(0,R40))
Jlemma 2.I1apametpnep | < p <00 Conan keifin ke3 Kelren ymin

0<O0<R <R, <OO>K9Hef€Lp(B(O,R2 +0)\B(0,R, -0))

470, 8o,y BORY N (BO,R+8)BOR-6) " (10)
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Honenney. Coman 6epi

oo f,xeB(0,R, +5)\B(0,R — &)
0,x ¢ B(0,R, +6)\ B(O,R, - &)
OHOa

1471, (0 R )3O.RY T4 (B0 R)BO.R)

AL, Ry, @71, Ry, (B0.R,16) BO.R-6)

Jlemma 3. Ajitansik 1 < p <00, 0 < @ < 00 GoscsH xoHe Ke3 Kenreni 7 > 0

i | w ||L (r OO)> 0 Goncen, onna ke3 kenren 0 > 0 xone [ € GM 5.
YImiH AN

[lGar

| 4sf ||L (B(O,R))S c(R)|| fx

B(0,R+5) pOw()
mynzarsl C(R) = ||W||L_61(R,OO) .

Honenney. Jlemma 1 GotibiHia

451 ||LP(B(0,R)) <|f ||Lp(B(0,R+5))

Mmool sorasy PO, G020, g5

[

|LH (R+5,0) ||W||L€(R+5 ,00)

(B(0,R+5))

W)

L, (B0.))

Pl (R+5.00)

Ly(R+0,0)

w(r)||fx

B(0,R+5)

<
[, (R+500) £ (BON], 0,0

< c(R)w(r)| fx

B(O,R)

= C(R)Hfz

B(0O,R+5)
M b6, w()

L, (B(0,r)) 1,(0,00)
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Jlemma 3 gonengeni.
Ectepinisre cana kereifik, ke3 kenren | < p < oo ke3 keniren R > () yurin

lim 45/~ 11, (8(0,r)) =

Jlemma 4.Ajitansix 0 < D, 0<w S, WE ng 6onceid. OHaa KaHgaid na
6ip dynxumsutap ymin {0 € GM p0n()» TEK Kara P xane @ royeni C > 0
Ta0BUIBII, Kelleci Oaranay OpBIHI[aJ'IaI[E:I

- <
170l =1 o + 19 ) o "

Ay f = N low .0, + 104~ A0z H
8.2, \B(O,R,) e 8.8, \B(O,R))

GMpH,w(-)

+1 (450 - ) x sor \BO.R) ||GMp6,YW(‘) +1| fZL-B(RZ,OO) HGMpgyw(A) +1| wch(Rz 0) HGMpg'wM ]

1 1
Honenney. AP'ITaJIBIKG:(——lJ -I-(——IJ OOJICBHIH.
p ), \0

OHpa THiCTI KOCHIHABUIAPIBI KOCHII, aJIBIN )KOHE MHHKOBCKHI TEHCI3MIKTI
konmansi, d € R, a L= max{a,O} . YIIiH aJIaTBIHBIMBI3

<37 - - —
{(f ¢)zB(OTR1) GMpﬁ,w(.) " (f qp)l B(O,Rz)\B(O,Rl) GM () ) (f (p)ZCB(RZ,OO) LMI’HM(-)J
<N =02 ) (=A%
Mg i) B0.8,)\B(0,R)) Mgty
+(Asf = As0) x \B(O.R
B(O,Rz) ( P 1) Mg i)
+ (A0 - )y +H(f =922 pp
B0.8,)\B(0,R,) oM i (R,,) GM 0 ()
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glg{

+ (PZCB(RZ’OO)

oz

B(O,R, ) B(O,R, ) 0)
! GMpH,w(-) ! GMpH,w(-) 2 GMp@,w(~)

(A4S =

M ()

B0.8,)\B(O,R)) My i
pO.w(:

+|(4;0 -0 x

+|(As f = A;0) 2
80.8,)\B(O,R,)

2, )\B(0,R

B(0 R2) ( 1) M ) GMpH,W(~)
Jlemma 4 momennmenm.

Jemma 5. Airaneic, 1 < p <o0,0< 0 < oo, WE L2 Goncs. Onna xes

KesreH 0 <R, <R, < o0 xone Ke3 Kenren f.peGM 20w(y DYHKIISIAPBT
IIiH Keyeci Oaranay OpbIHIaIaIbl

A f 4, < (R4S — 4,59, :
UL =ADX bRy | sup|wl, (R o)l 4:f = 4:6l, (B(x.R))
Honenney.
(Agf_A5¢)Z =
3.2, )\B(0,R)) My

= sup|w(r)|(As.f = Asp) x

xeR BORNBOR), (B(x,r) (R )
<supw(r)|(4,f = 4,0)|, (B(xmin{r.R,})) H

1,(R,,0)
< SXEIPH(AJf — AggD)HLp (B(x,R,)) HWHLQ(R] ,00) _

5 nemMma JI9MeNaACH I,

HoTur:kesep skoHe TATKbBLIAY

Teopemansl gonengey. Artansik, § C GMpa,w(-) maptrap (1)- (4)
OpbIH/IAJICA.

l-kaniam. Kes kenren 0 < § < R, < R, <ooYI111HS {A§f feS}
JKUBIHBI [, ( B(0,R,)\B(0,R,)) KeHlCTlKTe KOMITAKThI 60ﬂazu,1
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> () Gonazpl, ke3 kenred ¢ > () yurin
(omait 6onmaran xarmaiina, (1) é’gpﬁ(eg W dyuknus (0,00) xupiabEga 0-re
SKBUBJICHTTI 0OJIa/IbI. )

Kerneci TeHCI3AIKTI ecKepeifik

||f|LMpH)W(.)2W(”)”f”,_ (B(0,r)) (R

. 2w, (R, o0) Il HLP(B(O,RZ)\B(O,RI))‘
CoHBIKTaH

171, (B0.R)\BO.R)) < WO, Ry 1 F e, - )

Oman opi (9), (10) TencizaikTep sxoHe (2) mapThl OOHBIHIIA
-1
<L, (R 00) 99145 o,
suplgl, (B(0,r,)\B(0,R)) ~swP|4:/1, (B(0,R)\BO.R))
€ S €

-1
< R ey 0Bl s, <

pO,w(-)
Bynan 6acka, (12) reHciznik xone (3) mapTel OolibIHIIA

lim sup||4.g - g|, (B(O,R)\B(O,R)))

0" geS;

Asf =411, (BO.R)\BO.R))

10" feS
= Tliron supllA A =D, (BO.R)BO.R))
< lim sup L (B(O,R,+5)\B(0,R ~5))

Ocpinan kenin, @peme-KoaMoropos teopemacsiHaH, S KU BIHBI

L,(B(0,R,))\B(0,R,)) xenicrixte ammp aa KOMIAKTBLUIBI 6onam>1 HEMECE,
SKBHBATEHTTi TYP/I€ TOJBIK IIEHENTEH.

2-kagaMm. §' JKHUBIHBI TOJIBIK IICHEITeH, COHIABIKTaH GM ()KeHiCTiFiHHe
aJJIbIH ajJa KOMITAKTBUILI O0Iabl.

(12) TeHci3miriHeH koHe Keneci TeHCI3MIKTeH
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= sup|\w(r)|Fy

xeR

B(0,R,)\B(0,R,)

Fy
s08,)\B(O,R))

M po.w()

1, (B(x,r))||,

O(R; ,00
< ||W1|L9(RPOO) |# ||LP (B(O,R,)\B(0,R)))"
ConppikTaH ke3 kenred f, ¢ € S ymin

— <
1S =le,,, <c:Csupligz,  llo

pO.w()

+2sup (4,8 -g)x [V
ges B(O,Rz)\B(O,RI) e

+2supll 8. g ooy low M OO)HA"‘f —4,0], (B(0.R)\B(O.R)))

(R},
Atiransik, & > 0 6oschiH. (2) WaApTTH MaladaHbil Keiaeci TeHCI3MiKTI
KaHaFaTTaHbIPATHIH AN

8
2cs Sup”gl ) HGM <.

ges po.w() 4
R, = R, (&) map paauychis TaHIaI alaMbi3.
(10) mmapt GoiipIHIA, KENTeci MapTTHl KaHAFaTTaHABIPATHIH

< —
205 S;;lsp H gZ‘B(RZ,OO) HGMPG,W(') 4 .

mapasie R, = R, (&) paauychin Tangayra 60mar.
(4) mapTThI MaiAagaHbIl KeJIeCl TeHCI3AIKTI KaHaraTTaHIbIpaThIH 1A

2c,supll (4,8 - )z o, <=
B(0,R,)\B(0,R)) v 4

O0=0 (g) CaHBIH TaHIayFa O00NaIbl.

COH/IBIKTaH Ke3 KeJIreH f NORS S yurin

3e
1f = @lla, ., <5+ sl : [ 4,1 = 4:9l, (B(0.R)\B(O.R))"

O(R; ,0
I-xanamra cofikec S KubIHbI L (B(O )\B(0,R,)) xenicrininne
TOJIBIK IIIEHEJTEH 60J‘IFaHI{BIKTaH me N 1 f 29000 I m € D Tabpuibin (Ere

FaHa Toyel i) ke3 kenren f € § yurin
-1

o05,20)
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CoHIBIKTaH Ke3 KeIreH f eSS (GYHKUHSCHI YIIIIH

mm ||f Sl

1,2, PO, ()
byn L (B(0,R )\B(O R 1)) KHBIHHBIH GM , kenicTirinae TobIK

HIeHEITCHIH 61J1)11pe;u nemece, S xusin GM KeHiCTiriHue b aa
KOMITAKTBUIBI 0O0JIa/IbI.

By S sxubiel (GM ", KeHiCTIriHAE TONBIK MIEHEITeHIITIH KOPCETeIi HeMece
KOMITaKTBUIBIFBIH Oltipeni. Teopema 1 monenaeHui.

KopbITbIHABI

CoHFbI OHXKBULABIKTap/Ia (OYHKIMSIIAP I JIOKAJIbI SpeKeTIMEH OaiiIaHbICThI
Moppu THITI KSHICTIKTEPIH dpTYpIIi KacHeTTepi OCJICEeH Il TYpae 3epTTeiy/Ie.
OyHKUMOHANBIK Tanaay TeopusichiHAa MoppH THUITI KEHICTIKTEp XoHE
oJIapbIH Kajmnbliaynapsl (Moppy THUNTI KEHICTIKTEp Tl aTajaaThiH) MaHbI3Ibl
pex arkapartbinbl Oenrini. Kimaccukanblk Moppu KEHICTIKTEpi JKoHE OJlapiblH
JKanmbuiaynapsel nuddepeHuanpiK TCHACYICp TCOPUAChIHIAFI Oenriai Oip
cypakrapra OaiiianbIcThl naiaa 6omnpl. Keitinnen Moppu keHicTiri oneparopiiap
TEOPUSIChIHAA KEH KOJIJIaHBIC TanThl. MOppHU KEHICTIriHE )KoHE OJapblH
KOCBIMIIIaJIapbIHA apHAJIFAaH KONITEI'eH KiTalTap MeH 1I0JIy Makaiaiapbl 0ap. by
MOHOTpadusi )kaHa HOTHIKENIEPl YChIHA/IBI:

MoppH THITTI JKaJIbl KEHICTIKTEpIeT] )KUbIH AP IbIH aJIJIbIH aJla bIKIIaMIaTy
HmIapTTapsl ajdblHAbL. J{onenieHreH TeopeManbl naigananbin Moppu THUNTI
KEHICTIKTep/ieri Prcc moTeHIMaIbIHBIH KOMMYTaTOPJIapbIHbIH )oHe KanbaepoH-
3UrMyH/ CHHTYJISPJIBIK WHTEIPAJIbIHBIH KOMaKThUIBIFBIHBIH LIAPTTAPhI alyFa
Oonafpl.

pO.w()
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KOMHINAKTHOCTb MHO>XECTB B INTOBAJIBHBIX
INPOCTPAHCTBAX THITA MOPPH
B TEPMUHAX CPEJJHUX ®YHKIIUIA

Komnaxmnocmo mHodcecms 8 2100anbHblX NPOCMpPAHCMEAx munda
Moppu  mooicho  oxapaxmepuzosams, AHATUUPYS PAZHUYY (DYHKYULL
GHYMpPU  MHOJNCECMBA. Dmom nooxo0 obecneuusaem ocHO8y Ol
NOHUMAHUSL KOMINAKMHOCMU 8 MEPMUHAX NOBEOCHUsL (YYHKYULL U CEOLICME,
MAKuX KaxK 3amyxauue u 21aokocms, 6 npocmpancmeax muna Moppu.
OcHogHOe 6HUMAHUE YOETICHO UCCICO0BAHUIO CIPYKIMYPHBIX CEOUCME IMUX
NPOCMPAHCMBUAHATUZYNOBEOCHUAQYHKYUIEHUX. BuacmHuocmu, 00Ka3aHo,

o _ n
umo npu evibope eecosoti pynxkyuu wW(r)=r Yo20e 0< A<=
p

, U3 COpMYIUPOBAHHOU MeopemMbl GblmeKaem U3BeCmHbIL pe3Vibmam

ons npocmpancmeéa Moppu. B ciywae A =0 ookazannas meopema
ceooumcea K Kiaccuueckol meopeme Ppeuwe-Kormocoposa, komopas
ABNACNCA KPAEY2ONbHbIM KAMHEM meopuu ()yHKYUOHANbHO20 AHAU3A.

I oocmudicenuss OCHOBHOU yeau padomvl Nped8apumenbHo
00KA3aHbl HECKOJILKO B8CNOMO2AMENbHBIX JeMM, KACAIOWUXCA OYeHKU
CPeOHUX 3HaueHuti QYHKYull 2n00anbHbIX NPOCMPAHCEAX —Muna
Moppu. Omu remmbl He MOALKO AGNAIOMCA 8ANCHLIMU UHCHPYMEHMAMU
0N 0oKazamenbCcmed OCHOBHOU meopemMbl, HO U NpeodCcmasiaiom
camocmosmenvHulil UHmMepec, max KaK Mo2ym 0bims npuMeHeHbl 8 Opyeux
3a0auax aHanu3d.

Kpome moeo, obcyscoaemes HeobX00uMocmos U 00CMAmou4HOCHb
NOTYUEHHBIX YC0BUL, A TAKHCE UX C8A3b C UZBECIHBIMU Pe3VIbmamamu
meopuu  yHKyuonarvhvix npocmpancms. Ocoboe eHuMaHue yoemeHo
00CYIAHCOEHUI0 NPUNONCEHULL NOTYUEHHBIX PE3VAbMAMO8 K UCCAe008AHUI0
KOMNAKMHOCMU ONepamopos u meopuu OUphepeHyuaibHbix ypasHeHull.

Taxum obpasom, pe3ynomamol pabomul pacuupaom cyuecmeayioujue
npeocmasieHus 0 c8OUCMEaAX 2100aNbHbIX npocmpancmeax muna Moppu
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U OMKPLIBAIOM HOBbIE BOZMONCHOCIU OISl UX NPUMEHCHUS 8 PA3TUYHBIX
0b1aCmAX AHANU3A U MEOPUL ONepamopos.

Kniouesvie crosa: npocmpancmeax Moppu, nped-komnaxmuocmo,
meopema @peure-Koimozoposa, 6nonne oepanuyeHnocms, 2100aibHbie

npocmpancmea Moppu, cpednue 3HaueHus QYHKYUl, RPOCMPAHCIMEO
Jlebeza.
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COMPACTNESS OF SETS IN GLOBAL MORREY-TYPE
SPACES IN TERMS OF AVEREGING FUNCTIONS

The compactness of sets in global Morrey-type spaces can be
characterized by analyzing the difference of functions within the set.
This approach provides a framework to understand compactness
in terms of function behavior and properties, such as decay and
smoothness, within the Morrey-type spaces. The main attention is paid
to the study of the structural properties of these spaces and the analysis
of the behavior of functions in them. In particular, it is proved that for

the choice of the weight function w(r)= r*, where 0< A< n

p
the formulated theorem implies a well-known result for the Morrey space.
In case J =(Q, the proven theorem reduces to the classical Frechet-
Kolmogorov theorem, which is the cornerstone of the theory of functional
analysis.

To achieve the main goal of the paper, several auxiliary lemmas are
preliminarily proved concerning the estimation of the mean values of
functions in the global Morrey-type spaces. These lemmas are not only
important tools for proving the main theorem, but are also of independent
interest, since they can be applied to other problems of analysis.

In addition, the necessity and sufficiency of the obtained conditions
are discussed, as well as their connection with the known results of the
theory of functional spaces. Particular attention is paid to the discussion
of applications of the obtained results to the study of compactness of

operators and the theory of differential equations. Thus, the results of the
work expand the existing ideas about the properties of global Morrey-
type spaces and open up new possibilities for their application in various
areas of analysis and operator theory.

Keywords: Morrey spaces, pre-compactness, Frechet-Kolmogorov
theorem, completely boundedness, global Morrey space, average values
of the functions, Lebesgue space.
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OPrAHN3ALNS CAMOCTOSITE/IbHOUA PABOTbI
LUKOJIbBHUKOB B OBYYEHUUN TEOMETPUUN

Cospemennasi  obpazosamenvhas, — KOHYenyuss  Ha — Nepeoe
Mecmo  @vlogueaem  (QopmMuposanue  «AKMUBHO2O — VUEHUKA,
CnOCcobHO20 00YHaAMbCsL HA NPOMSdICEHUU 6cell dcusnu. B cesisu ¢
OMUM  AKMYAIU3UPYemcsi  npodjiema  OOHOGICHUsL U OP2AHU3AYUL
CamMoCmosmenbHol pabomsl UWKOILHUKOE 8 npoyecce 0dyyeHus 1obomy
npeomemy, 8 mom uucie ceomempuu. I[Ipoeedénnoe anxemuposanue
NOKA34N0, YUMo OO0NbWAs Yacmb ydumenel MAmeMamuKky OpeanHusyem
CaMOCmMOosImenvuyl0 0esimenbHOCMb HA YPOKAX 2COMEMPUU mMoabKo npu
peutenuu 3a0ay 8 hopme mpaouyUOHHbIX NPOBEPOUHBIX PAOOM.

B cmamwe onucvleaemesi 00U u3 603MONCHBIX 8APUAHIOB8 MEMOOUKU
Opeanu3ayul  CamoCmosmenvHoOlu — NO3HAGAMENbHOU  OesimelbHOCMU
WKOIbHUKO8 6  00yuenuu eeomempuu. Teopemuueckol  0CHOBOU
Op2anU3AYUL  CAMOCIOSIMENbHOU PAOOMbl SAGISIOMCS, 6 HACHMHOCU,
KOHYeNYuu NOIHOL OCO3HAHHOU CaMOPe2YIsLYUlU, 8 MOM YUCTe, 8 00yYeHUU
2eomempuu. Aemopamu paspabomarvl u IKCHEPUMEHMATLHO NPOBEPEHbl
npoSpamMmvl  YNpasienus. CamoCmosmenbHol  Y4eOHO-NO3HABAMENbHOU
0esAmMenbHOCbIO  UKOILHUKOG NPU  OOVUEHUU 2eoMempuu, OCHOBOU
KOMOPbIX 6NN sl CMPYKMYpa pe2yisimopHozo npoyecca. Pezynomamol
NpoBe0éHHO20  UCCIe008aHUA  ObLIU — ANpPOOUPOBAHbL  HA  KYpCax
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nepenodzomogku crywiamenei Ha 6asze Mockoeckozo nedazo2uueckoeo
20CY0apCcmeenHo20 yHugepcumemd.

Cmamoess umeem 6adCHOe NPAKMUYECKOS 3HAYEHUe, MAaK KaK
UCNONL308aAHUE  PAPAOOMAHHBIX ABMOPAMU  MAMEPUALO8 NO360IUN
VHUMENI0 MAMEeMamuKu, HANOJHSA UX 2eOMEMPUUECKUM COOEPHCAHUEM
yuebHuKa, Op2aHU306aMb  CAMOCIMOSIMENbHYIO  0esIMelbHOCIb
WUKOLHUKOG NPU OCGOCHULU 2COMEMPULECKUX NOHAMULL, MEOPeM U NOUCKE
pelenus 3a0au.

Knrouesvle cnosa: eubkue HAGbIKU, CAMOCMOAMENbHAS Y4eOHAs
0essmenbHOCb,  CAMOPeYNAYlUsl, — 2eOMEempus,  YueOHble — 3a0au,
npoSpPAMMa ynpagieHus, CMAaHOGICHIe YMEHUIL.

Beenenne

[Ipobnema opraHu3any CaMOCTOSTEIBbHONH y4eOHO-II03HABATEIBHON
JNESITEIBHOCTH MIKOJBHUKOB TPAJUIMOHHO SIBJISICTCS OJHOW W3 Hambolee
BaKHBIX, PEUICHHE KOTOPOIl Jajieko OT 3aBepiicHus. B HacTosiiee BpeMs, B
BEK YCTBEPTON MPOMBINLICHHONW PEBOJIIONNHU, aKTyaJIbHOCTh 3TOH MPOOJIEMBI
HEIPEPBIBHO BO3PACTACT B CBSI3M C BOCTPEOOBAHHOCTHIO HOBOW HMHTEIPATBHOM
o0pa3oBaTeIbHOW MapaaurMbel oOpa3zoBanus. OCHOBOU 3TO¥l mapagurMbl
SIBIISICTCS MJIesl OOYUYCHUST B TCUCHHUC BCEU KHM3HM, JJIs 4ero HYKHbI «HaBbIKH
XXI Beka» — «soft skillsy (ruOkue HaBbikn ). OHU BBITOTHSOT BAXKHYIO (O YHKITHIO
B MPO(ECCHOHATLHOM CTAHOBJICHUU JMYHOCTU HAPSITY C JaBHO W3BCCTHBIMU
«kéctkumuy» HaBbikami («hard skillsy»), CBI3aHHBIME C KOHKPETHOM Ipodeccueii.
ABTOpBI KOHIeNIHH «HaBBIKOB OYIyIIEro» CUUTAIOT, UTO B OTiaHuue oT «hard
skills», KoTopble UMEIOT TEHACHIMIO K ycTapeBaHuto, «soft skillsy sBistrorcs
YHUBEPCAJIBHBIMH, OBJIAJCB KOTOPBIMH, UEIOBEK CMOXKET CaMOCTOSITEIHHO
OCBOUTH HOBBIC 3HAHUS B HOBOU mpodeccuoHanbHoit cdepe [1; 2]. TlorTomy
y4aluMcsl BCeX BO3PacTOB HEOOXOJUMO pa3BUBATH B ceOe CIIOCOOHOCTH: K
caMO00yUCHHIO, K TOCTAHOBKE 1LIEJICH 1 MX JIOCTHKEHHUIO, K camopeduiekcrH [3;
4]. YcnenrHoe pa3BUTHE Y IIKOJLHUKOB YKa3aHHBIX CIIOCOOHOCTEH HEBO3MOKHO
0e3 opraHu3alry CaMOCTOSTENILHOM paboThI B IIporiecce 00y4eHus, 4To TpedyeT
TIEPEOCMBICIICHUS HE TOJBKO € 3HAa4eHHsl, HO W Mpoliecca OpraHu3aniu. JDToT
BBIBO/I ITOJITBEPIKIACTCS pe3yJIbTaTaMH aHAJIN3a: HAOJI0/ICHUH 32 X0/IOM y4eOHOTO
MpoIlecca; aHKCTUPOBAHUS YUAIUXCS U YUUTENCH; MoKa3aTeJaeii UTOrOBOM
aTTecTaiuu (MaremMatuka). J{jis ycrenHon opraHusaiy CaMOCTOSITEbHOM pabOThI
[IKOJIbHUKOB CJICYCT BBISIBUTH €€ TCOPETUYCCKUE OCHOBBI HA TIEIarOrMYCCKOM,
MICUXOJIOTO-TIETarOTHYCCKOM, TICUXOJIOTHYCCKOM ¥ METOJUYCCKOM YPOBHSX,
HATIOJHUB, 3aTEM KOHKPETHBIM COJICPKAHHEM B KOHTCKCTE Y4eOHOTO TpeMeTa.

Martepuaibl 1 METOIbI
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B uccnenoBaHuu MCNONB30BAINCH CIEAYIONIME METOBI: CPAaBHUTEIbHBIN
aHaJM3 U 0000IIeHNe HAayYHOU JIMTEparypbl, HAOJIIOICHHE, aHKETUPOBaHHE,
sKcriepuMeHT. [legarornyeckuii ypoBeHb OpraHu3aliii CaMOCTOSITENIbHON yueOHO-
MO3HABATEJILHON IEATEIbHOCTH OTpak€H B kilaccuueckux Tpyaax b. I1. Ecunosa
u I1. W. Ilunkacucroro. [Tox camocTosiTenbHOM pabOTOH B INIaKTHKE TOHUMAIOT
Ppa3HO00pa3HbIe BU/IbI MHIMBULYyJIbHON M KOJUIEKTUBHOM JIESATEIIbHOCTH yUaIlluXCsl
Ha KJTaCCHBIX M BHEKJIACCHBIX 3aHTHUSIX WU JJOMa 0€3 HEeMOCPE/ICTBEHHOT'0 y4acThsl
yuuTeNs, HO 1o ero 3aganusm [S]. Pazsurtue uneii b. I1. EcunoBa npeacrasineHo
B padotax I1. U. [Iugkacucroro, B TpaKTOBKE KOTOPOTO CaMOCTOsITeNIbHAs paboTa
—DTO MO03HABATENbHAsS JICATEIILHOCTD, BKIIIOUAtoIast: 1) BeljeJIeHUE yUeOHOH HiTH
MO3HABAaTEIbHOW 337]a4l — YMEHHE B CTPYKTYpe yueOHOW CHTyaluu BHIOpaTh
1elb, YBUJETH 3aJiady; 2) 1moadop, onpe/esieHne U MPUMEHEHUE aJIeKBaTHBIX
CIOCO0OB JEWCTBHH, BEAYIIMX K PELICHHUIO 33a7a4M; 3) BHINOJHEHUE KOHTPOJISL
HaJl IPOLIECCOM PELIeHHUs IOCTABJICHHOH M03HaBaTeIbHOI 3a/1auy HaliICHHBIMU
crocobamMu - yMCHUE NMPUMEHUTh YCBOCHHBIC 3HaHUA [6]. O4eBUIHO, YTO
BBITIOJTHEHHE BTOPOTO IlIara 3TOi JesATeIbHOCTH — HanboJiee CIoKHas yueOHas
3aj1a4a JyIsl IKOJIbHUKA. J[J1s1 TOro 4TOOBI y4€HHK MOT CaMOCTOSITEIILHO I00BIBATh
3HAHUS, €ro HaJ0 TOMY Y4YHTh, IOTOMY UYTO, HaJI0 3HaTh, YTO KOHCTPYUPOBATh
(moHsITHE, 3aKOH, ITPABWJIO U JIP.) U KaK KOHCTPYHPOBATh (CIIOCOOBI BBHITTOJIHEHUS
JICHCTBUH — JIOTHYECKUE cpeicTBa oObiBanHus 3HaHuil) [6]. 1. U. [Tunkacucterii
MPE/TIOKIII TUIIBI: CAMOCTOSITENILHBIX padoT: 1Mo 00pasily, PeKOHCTPYKTUBHEIE,
BapHaTUBHBIC U TBOpUecKue [6]. OHM yUUTHIBAIOT COJICPIKAHUE YICOHOI 3a1auH,
MOJyIeXKAIEH BBIMOJIHEHUIO U OCOOCHHOCTH ITO3HABATEIBHOU JESTEILHOCTH
y4allUXCsl, HalpaBJIEHHON Ha e€ pelleHHUE.

C ncHuxo0J0TO-NeIarornuyeckoil TOUKU 3pEHUs] pa3IndyHble TPAKTOBKU
CaMOCTOSTENILHOM paboThl 00yUaroIuXxcs npoananuzuposansl 1. A. 3umHeid, B
pe3yJbTare 4ero ObUI C/IeJIaH BBIBOJI: CAMOCTOSITEIIbHYIO PaboTy CIIeyeT CUUTATh
«BBICHINM cTielU(PUUECKUM BHIOM, (POPMOiT yueOHOH e TeNbHOCTH YUaIuXCs»,
KOTOpasi OCYIIECTBISIETCS B yCIOBUSX HEJOCTaTka MHpopMauuu. Y4EHbIN
OIpe/ieInia CaMOCTOSTENIbHYIO paboTy, KaK «IeJIeHApaBICHHYI0, BHYTPECHHE
MOTHBHPOBAHHYIO, CTPYKTYPUPOBAaHHYIO CAMUM CYOBEKTOM B COBOKYITHOCTH
BBINOJIHAEMBIX UM JICHCTBUI ¥ KOPPUTUPYEMYIO UM IO IIPOLIECCY U pe3yIIbTaty,
y4eOHyI0 nesaTenbHOCThY [7, ¢. 151]. CamocTosTenbHas padoTa, Kak CPEICTBO
OpraHu3anuy y4eOHOro MJIM HayYHOT'O MO3HAHMUs LIKOJbHHKA, BHICTYIIACT B
JIBYE/IMHOM KauyecTBe. Bo-niepBbIX, 37T0 — 00BEKT JEATEIILHOCTH 00y4aroIerocs
- yueOHOe 3aj1aHue, KOTOpOe OH JIOJDKEH BBIIOJIHUTE. Bo-BTOpHBIX, 3TO — hopma
MPOSIBICHUS YUSHUKOM OIPEEIEHHOT0 CrI0co0a e TeIbHOCTH 110 BHITIOJIHEHUIO
COOTBETCTBYIOIIET0 YUeOHOT0 3aJIaHUs B LIEJISIX NOIyUSHHs] HOBOTO 3HAHHS WITH
yriIyOJIeHus, YHOPSIOYMBAHUS YXKE HMEIOIUXCsl 3HaHui. Bo Bropom ciyvae
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caMocCTosITeNIbHAsl paboTa OTOKAECTBISIETCSI C CAMOCTOSTEIBHON YUeOHOM Wi
yueOHO-1103HaBaTeNbHON AesiTenbHocThIo (YII/T).

BaxHo, uTo camocTosTenbHas paboTa 00s3aTENBHO JIOJDKHA SIBISATHCS
CJICZICTBUEM YIPABJICHHS YUHUTEJIEM YYeOHOH JesATeNbHOCTBIO IIKOJIbHUKA Ha
ypoke [6]. 3BecTHO, UTO ymnpaBiieHUE MPOSBISIETCS CHayala Kak BHEIIHEE
B3aUMOJIEHiCTBHE CYOBEKTOB 00pa30BaTEIBHOTO IpoLecca, KOTOPOe 3aTeM
MEePEeXOAUT B yIpaBlIeHUE 00ydarlierocs coOCTBEHHOH aKTUBHOCTBIO
(B. A. SIxynun) [8]. B aTom ciryuae ywamuiicst «pucBanBaeT» MporpamMmmy
yIpaBlieHUsI COOCTBEHHOM CaMOCTOSTEIILHON JIESITEIbHOCTHIO MO OBJIAJCHUIO
y4eOHbIM mpenMeroM. Clie[oBaTeNbHO, YYUTEI0 HEOOXOJUMO «HE TOJIBKO
YeTKOe OCO3HAHME CBOETO IJIaHa y4eOHBIX JCHCTBUIl, HO M OCO3HAHHOE €ro
(dbopMHUpOBaHUE y y4alIMXCsl KaK HEKOTOPOW CXEMbl OCBOCHUSI y4eOHOTO
IIpeAMeTa B X0/I€ PEIICHHUS HOBBIX yueOHBIX 3a1au» [7, c. 151]. Dto BaxkHeiiee
I0JI0)KEHHE HEOOXOMMO YUUTHIBATh HA METOAMYECKOM YpPOBHE OpraHM3allu
camocrositenbHOM Y11 oOy4arommxcsi.

C no3uLKii KOTHUTHBHOH IICUXOJIOTHU CAMOCTOSITENIBHOCTD (II03HaBATEIIbHAS)
- IMYHOCTHAS XapaKTePUCTUKA, BEIPAXKAIOIIAsICA B OTBETCTBEHHOCTH 3a IIpoLece
o0yueHMsl, TPAKTyeTCsl B CBSI3U C IMOHSTHEM caMoperysisiiuu. B wactHocTH,
OTMEYaeTcs, YTO BBICIIUM MOJYCOM AaKTHBHOCTH U CaMOCTOATEIbHOCTHU
YeJI0BeKa SIBJISICTCS CAMOPEryJsalus, KOTopas OCYIIECTBISIETCS B Ipolecce
niepepaboTKH nHGopManuu (TIOUCK, BOCIIPUSITHE, TpeoOpa3oBaHue, IPUMEHEHNE)
[8;9;10]. IlpuoOpeTeHrEe YICHUKOM CaMOCTOSTCIILHOCTH B OCBOCHUHW 3HAHUHN —
CYILIHOCTb caMoperyJsiuu. I109ToMy NCHXO0I0THUECKOH OCHOBON OpraHu3aIiu
CaMOCTOSITENIBHOM AEATEeIbHOCTH, SBIAETCS KOHLEMNIUS MOJHOW OCO3HaAHHON
caMOperyIuy, noJ KOTOPO MOHMMAETCsl «OpraHu3alus CaMUM YeJOBEKOM
CBOEHM aKTUBHOCTH U YNpPaBJIEHUE €10 C IEIbI0 AOCTHXKEHUS PEe3yJbTaTa
(0. A. Kononkun) [10, c. 243]. [Ipouecc 0CO3HAHHOW CaMOPEryJsAIUU
MIO3BOJISICT YUEHUKY IIPU OCBOSHUH IIPEIMETA OCYIECTBISATh CAMOCTOSATENIBHYIO
HMHTEJUIEKTYQIbHYIO MPOLEAYPY B CUCTEME €ro Y4YEHHUS MpPU YCIOBHH, YTO OH
BJIaJIC€T COOTBETCTBYIOIUMHU 3HAHUSIMU O CIIOCO0AX BBIMOIHEHUsSI 9TOI paboThI
U MHTEJUIEKTYaJIbHBIMH YyMEHUSAMH — C)OPMHUPOBAHHBIMU YMCTBEHHBIMHU
JefcTBUAMU.

Knaccukamu poccHiCKON TNCHXOJIOTMU pa3pabOTaHbl pa3iIMYHbIC TEOPHU
(dbopMHUpOBaHHS YMEHHH yUUThCS — NMPUEMOB yMcTBeHHbIX neiicrBuid (IT. 5.
Tanenepun, H. A. Menuunckas, H. ®@. Taneizuna u 1p.) [11;12;13]. B kontekcre
OpraHU3al1 CaMOCTOSTEILHOM PadOThI POCIICKMBACTCS JIBA OCHOBHBIX ITOX0/1a
K (GopMUpOBaHUIO YMEHUH y4HUThCS: 1) uepe3 BBeAECHUE B YUEOHBIH Iporecc
CIELMANBHBIX MIPEMETOB, COAEPIKAaHIE KOTOPBIX BKIKOYAET COOTBETCTBYIOIINE
METa3HaHHUS U METayMeHHs; 2) oOydyeHHe CaMOCTOSTEIbHON yueOHO-
TI03HABATEIbHON JICSTEIBHOCTH B PAMKaX OCBAaHBAEMbIX yYEOHBIX HPEIMETOB.
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B Hacrosiee Bpemst poccuiickue CtaHaapTbl 001ero 00pa3oBaHusl BKIIOYAIOT
3aja4y (POPMUPOBAHUS YHHBEPCAIBHBIX yUeOHBIX ACHCTBUI (ITO3HABATEIBHBIX,
KOMMYHUKATHBHBIX, PETYJISITUBHBIX) B KOHTEKCTE BTOPOTro rojaxona [14].

AHanu3 TeOpeTHUYEeCKUX OCHOB OpraHM3aluu camocTosTenbHo YIIJI,
3HAYMMBIX JUISl Ipolecca 00ydYeHHsl, MO3BOJSET PACCMOTPETh CIEAYIONINe
METOIMYECKHE OCHOBBI 3TOH JIEITEILHOCTH, BKJIOYAIOIIIE TPH B3aUMOCBSI3aHHBIC
YacTH.

I. CTpykTypa caMoCTOSTEIbHON y4eOHO-1103HABATEIILHON JESITEIbHOCTH
yyaluxcsi B 00y4eHHH TpeIMETy B KOHTEKCTE CaMOperyJisiuu: 1) mocraHoBKa
yueOHOI 33/1a4H B POLIECCE CAMOCTOSITENILHOIO OCBOCHHS y4eOHOI HH(pOpMALIIH;
2) BbIsIBJIEHHE 00BbEKTHBHON yueOHOI nH(popManuu, He0OX0IMMOMH IS pEIIeHUs
y4eOHOW 3asauu; 3) COOTHECEHHE BBISBICHHOW yueOHON MHpOpManuu c
COOCTBEHHBIMH 3HAHUSIMH ¥ YMEHHSIMU; IPUHATHE PEIICHHsI 00 HCIIOIb30BaHUHT
MOMOIIH, BBIOOpP CpPEACTB MOMOILIH; 4) onpejaelieHne Mocie0BaTeIbHOCTH
UCIIOJIHEHHS y4eOHBIX ACHCTBUM B ITpoliecce BHIIIOJIHEHUS 3a/IaHNs], COCTaBIICHUE
IUIaHa JISATENIFHOCTH;, 5) peanu3anus IuiaHa; 6) KOHTpoJb (B3aMMOKOHTPOJIb
U CaMOKOHTPOJIb 110 00pa3iy), KOPPEeKUHUss U OLEHUBAHHE PE3yIbTATOB
JICSITeIbHOCTH, HAMIPABIICHHBIX Ha pelicHue yueOHoM 3a1aun [15].

II. IIporpamma ynpaBieHus camoctosTtenbHoll YIIJ[ yuamuxcs,
YUHUTBIBAIOIAst €€ CTPYKTYPY B KOHTEKCTE CAMOPETYJISILIMH, COJIEPIKaHne KOTOPOH
orpezessiercs crenuduKoi npeamera.

III. YMmenus yuurens, HeoOXOAUMBIE JUIS YIPABICHUSI CAMOCTOSTEILHOM
VIIJ] oOyuaromuxcs: 1) popMyIupoBaTh eI CAMOCTOSTEIBHOM NEATCIBHOCTH;
2) cozaaBaTh MHPOPMALMOHHYIO OCHOBY 00yU€HHS — yueOHbIE MOJIEIIH, CPEJICTBA
MOMOIIIY, KOHTPOJISL U T.IL; 3) MPOrHO3UPOBATh, KOHTPOJIMPOBATH U OLICHUBATH
pe3yiabTarsl camocTtostenbHoi YT yuyamuxcs.

Pe3yabTaTthl U 00cyxKIeHUE

Teopernyeckne 1 METOANYECKUE OCHOBBI OPraHM3aI[MK CaMOCTOSITEIILHOM
VYI1/] yuamuxcst KOHKPETU3UPOBAHbI B KOHTEKCTE COJICPIKaHuU IIKOJIBHOTO Kypca
reomerpu. OCHOBHBIMH €JMHUIIAMH y4eOHOU MH(OPMALIMH MIKOJIFHOTO Kypca
TEOMETPUH SIBJISIOTCSI TEOMETPUUYECKHE MTOHSATHS ¥ UX ONPE/ICIICHHS; TEOPEMBI U
UX JI0Ka3aTeJbCTBA; TEOMETPUUCCKHE U MPAKTHKO-OPUEHTUPOBAHHBIC 3a/1a4H.
[TosTOMY IpOrpaMMmBbl yIpaBiieHUs] CAMOCTOSITEIILHOM eI TEIbHOCTBIO YUaIINXCs
COCTaBJICHBI JIJIsl OCBOCHUSI IMEHHO 3THX €MHUIL yueOHOI nHpopMarmu (Tads. 1-
3). 3aMeTuM, UYTO OCBOCHHE — TaKO€ M3ydeHHEe MH(OpPMaLUH, IIPH KOTOPOM
oOyuarolue co3JalT 00pa3oBaTeIbHbIE MPOJYKTHI: CXEMBbl, TaOJIUIBI U T.II.
[16]. Takum 0Opa3oM, MOTYYEHBI TPU CIOXKHBIX YUeOHBIX 3aJauu: U3YUYHUTh
reomerpudeckoe nousitue (Nel, Tadm. 1); u3yunrs reopemy (Ne2, Tadur. 2); pemutsb
reoMeTpudecKyro 3anauy (Ne3, tadm. 3).
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Tabnuma 1 — [Iporpamma ynpasieHus: camocrostenbroi YI1J] yuammxcs npu
HU3YYEHUH F€OMETPUUECKHUX OHATUN

1. Vuebnas 3adaua Nel: icnosib3ys yue6HUK, U3yUYUTh FeOMETPUYECKOE MTOHSATHE

2. Obvexmusnas yuebnas ungopmayus: 3HATh IPU3HAKK 1I0- | 3. Bradeio nu s
HSITHSI, BUJ] CBSI3U [IPU3HAKOB, CTPYKTYPY CXEMBI ONpe/ieleHNst | 0 6 b€ KTU BH O 1
MOHSATHS, YMETh COCTABIISITh CXEMY, BKIIFOYATh HOBOE MMOHATHE | y4e6HOH  MHOOp-
B CBSI3U C M3BECTHBIMU OHSTUSIMU; BBIIIOJIHATh CDAaBHEHUE; | MaLuei?

HOABOAHUTh 06 BEKTHI MO/, TOHSITHE

4. IlnaH aeATeJbHOCTH

a) paccMOTpeTh JAaHHbIA HA60p 06BEKTOB; 6) UCMOJIB3Ys ONpeseseHre TOHITUS
B y4eOGHMKE U IaHHbIF Habop 00'bEKTOB, COCTABUTD CXEMY ONpe/ie/IeHUs TOHSITHS
U CBEPUTH C 3TAJIOHOM; B) I10/IBECTH JAHHbIE 00'BEKTHI 10/, U3y4aeMOe MIOHSTHE;
BbI/IEJINTh B HA60Pe Te 06'bEKThI, KOTOPbIE ECTh B y4eGHUKE; T') cGOPMYJIUPOBATH
NpaBUJIbHOE Ollpe/iesIeHNe, UCT0/b3ysl COCTABJIEHHYIO CXeMY; 1) COCTABUTh CXEMy
B3aMMOCBSI3H «OTKPBITOTO» TIOHSTHUS C paHee U3yUSHHBIMH ITOHSITHAMHE (TI0 BO3MOXKHO-
CTH)

5. Pesynmemam peanusayuu niana: CXema OINpe/ieJIeHUsl TOHSATHS, 3alMCaHHas B
TeTpajy; n306pakeHHe 06'bEKTA U €ro YaCTHBIX c/y4yaeB (MIpHU HEOGXOAUMOCTH);
cxeMa B3aMMOCBSI3U HOBOTO MOHATHSA C U3YYeHHBIMHU

6. Konmpons (83aumoKoHmponb 4 CAMOKOHMPOIb NO 00pa3yy), KOppekyls u oyeHusd-
HUe U3y4eHHO20 NOHAMUS NO U36ECMHbIM KPUMEPUAM

Tabmuna 2 — IIporpamma ympaBineHus camoctositenbHol YITJ yuammxcs npu
H3y4E€HUH TEOPEM

1. Vuebnas 3adaua Ne2: ucnosib3ys yue6GHUK, U3yUYUTh TEOPEMY

2. Obwexmusnas yueOnas ungopmayus: 3Hatb | 3. Braodeio nu s o6vexmuenou
CTPYKTYpy (OPMYJIMPOBKH M JI0Ka3aTeJbCTBa | Y4eOHOl unpopmayueri?
TEOpEMbI; YMETb BBINOJHATh AHAIM3 WU CHUHTE3
TEKCTa, CTPOUTb OTPULAHHE  YTBEPXKAEHUIA,
PAacKpbITh TEPMUH NOHATHSA (YKA3aTh €r0 IPU3HAKH,
BXOJsILIKE B ONPe/ie/IEHNE)

4. IThan oesmenvrocmu

Ba3oBhbIil ypoBeHb Yray618HHBINA yPOBEHD
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a) HUCIOoJb3ysl y4eOHHUK, BBINOJHUTH paboTy C | e) chopMyJUpOBaTh HUJEI0
bOpMyIMPOBKON TeopeMbl, BbIJEJUB YCJIOBUE, | 0KA3aTENbCTBA;

3aKkJiloyeHue; 6) BCHOMHUTb (GOPMYJHUPOBKHU | XK) cbopMyMpoBaTh
TEOpeM, YKa3aHHble B CTOJIOLEe «OOOCHOBAHMS» | BCe BHUJAbl  YTBEPXKAEHUH,
JaHHOM TabJIUIbI; YCTAHOBHUTb UX UCTUHHOCTb;

B) TINpPOYECTb  /I0KA3aTeJbCTBO  TEOPEMBI | 3) HAWTU IPyrue CrocoObl U
B y4eOHMKe, pa3bUTb ero Ha MLIarM U | METOJBI JOKA3aTEIILCTRA;
3aMO0JIHUTh OCTaJIbHble CTOJIGLbI TaGJHULbL; T)
cbopMysIMpOBaTb OOpATHOE YTBEPXKAEHUE; )
MIOCTPOHUTH OTPUIIAHHE YCIIOBHS U 3aKIIOYEHHS TEO-
peMBl

5. Pesynemam peanusayuu niana: opOpMHUTb TeopeMmy: «/laHO», «/[oKa3aTb,
pUCYHOK, «/[oKa3aTe/bCTBO» (MOLIAroBasl €ro 3alKcCh: YCIOBHUE, BbIBOJ,
060CHOBaHHeE)

6. Konmpons (863aumMoKOHmMponb U CAMOKOHMPOIb NO 00paA3yy), KOPPeKyus u OyeHusd-
HUe u3y4eHHol meopembvl (N0 U38eCMHbIM KpUmepusim)

Tabmuna 3 — IIporpamma ynpasienus camoctositeabHol YITJ yuammxcs npu
pelIeHNH FeOMETPHUECKUX 3aa4

1. Yuebnas 3a0aua Ne3: pemuTh TEOMETPUIECKYIO 3a1ady

2. Obvexmusnas yuebHas uH@opmayus: yMeThb BBIBO- | 3. Bradero au s obvekmusHoul
JMTH CJEICTBHS W3 YCIOBHS 33/1a4d; BBIBOAUTH CICH- | yueOHOU uH@opmayuen?

CTBUSI M3 TPeOOBAaHMS 3a1a4M; COCTABIATH CXEMY IIO-
HCKa PEILCHHUsI 3a1a9K; MPABUIBHO 3alliChIBATh pellie-
HHE 3aauil - TI0LIaroBas 3anuchb (ycJ0BHe, BbIBOJ,
060CHOBaHUE)

4. Ilnan desmenvrocmu

BazoBblit ypoBeHb [ToBbIIIEHHBIH Bbicokuii ypoBeHb

ypOBeHb
J1s1 337124 BbIGPAHHOI'0 YPOBHS CJIOXKHOCTH

1) 3amucaTh yCIIOBHE 3a/1a9H, IPOHYMEPOBaB JJaHHbBIE, H TPeOOBaHUE 3a/1a4H;

2) OCYIIECTBHUTH MOUCK PEIICHUS 3a1a4H, UCIIONB3Ys, IPH HEOOXOAUMOCTH, TIOMOIIIb;

3) cOCTaBUTE IIJIaH PEIICHHs 3aaIH (YCTHO);

4) peann3oBaTh IIaH

5) Pesynomam peanuzayuu niana: oOopMHUTH 3azady: «[laHo», «HalTu» win
«/loka3aTb», pUCYHOK, «PemeHue» (molaroBasi ero 3amHCh: YCJIOBHE, BbIBOZ,
060CHOBaHUE)

6. Konmpons (63aumoKoHmMpoNs U CAMOKOHMPONs NO 00paA3YY), KOPPEKYUs U OYeHUBA-
Hue peutenust 3a0a4u (no U36eCMHbIM KPUMepusm)
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Kaxxnast n3 ykazaHHBIX y4eOHBIX 3a]ay BKJIOYAET PsiJ YMCTBEHHBIX
JICUCTBHUH, KOTOPBIE JIOJDKHBI OBITH CHOPMUPOBAHBI y YUAIINXCSl, TOJILKO TOT/A
OHH Ha Bompoc: «Brnazero iu s 00beKTHBHOHN yueOHo! HH(OopMaIen?», OTBETSIT:
«Jla» 1 OyayT cIOCOOHBI CaMOCTOSITEIIBHO M3ydaTh reoMeTpuio. [Ipomecc
CTAHOBJICHHS] YMCTBEHHBIX JISHCTBHH, BXOLIIIUX B y4eOHbIC 3a/1a4H, OPraHU3yeTCs
B HEpa3pbIBHOW CBS3M C OCBOCHHEM y4eOHOI MH(OpMAIMHU MIKOJIBHOTO Kypca
T€OMETPHUH B COOTBETCTBHH C ATAIIAMH: IT0JIrOTOBUTEIBHBIM, 03HAKOMHTEIILHBIM,
(OpMHPYIOIIUM, COBEPLICHCTBYIOIUM, Pe(IIeKCHBHO-OIICHOYHBIM, KOTOPBIE
peanu3yrTcs B 00y4CHUU TeoMeTpuu (Tadi. 4).

Tabmuia 4 — Cxema CTaHOBJICHHS YMCHHUI pemiaTh Y4cOHBIC 3a7add Ha
OCHOBE HCIT0J1b30BaHus porpammel yrpasiicHust CYTIIY B 00y4eHHH TeOMETPUH

Omanvl cmanoenenus Jesmenvrocmo yuumens na Tun Memoowl/
yMeHuil, 6X00SUX 6 amanax popmuposanusi ymenuil | CAMOCmMosme | chopmei
yuebHvie 3aoauu Nel, Ne2, pewamp yuebnvie 3a0adu avrou VIIT | oyuenus
Ne 3 yuawuxcs
1. Ioozomoeumensnwiii | 1lon6op — u  mpexpssiaenne | Camoctoste |PempomykT
yman: aKTyanu3amus | yJamuMCst nHpopmarm  ® | mpHAs  YI1/] |uBHBIH,
COJICpIKAHNS, Habopa 3aIaHHi i | o o0pasiy, |(poHTaIbH
HEOOXOUMOTO st | bopMupoBaHus YMEHHH, | peKOHCTPYK- |asd,
pelenus BXO/MIINX B  OOBEKTHBHYIO | THBHAs pabora
COOTBETCTBYIOLICH y4eOHyo VHHfl’OPMaHm?
| yueGHoii 3a/1aum COOTBETCTBYIOIIEH yueOHOI
s 3a1a4un
S| Il Osnaxomumensnoiii | Coznanume  uHGOpMAIHOHHOH | PexoHCTpyKT |mpobiem-
5| aman: BBEJICHHUE | OCHOBBI o0yueHHs JUISL | MBHAst HO€ U3JI0-
; MpOrpaMMbl  yIIPaBJICHUS | COOTBETCTBYIOLICH yueOHOIl | camocTosATen |KeHue /
glu wunocTpanus — e€ | 3a1auu; opranmzanms | pbHas ~ YIIJI |bponTansu
2| MCTOmB30BaHHs JUISL | CAaMOCTOSITEIILHOM YUaIuxcs as,
| perueHus y4eOHOI | esITeIbHOCTH TIPH BBITOJTHEHHN pabora
| 3anaun OTJE/bHBIX 3TAlOB IIPOrPAMMBI
g| 1L Dopmupyrowgui | IlocranoBka npobisiemsl, | PekoHcTpy- DBpUCTHY
Z| oman: CTAHOBJICHUE | CO3[JaHUE  CPEJICTB  IOMOIIM, | KTUBHO-Ba- eckuii /
£| ymenns pemath yueOHyIO | KOHTPOJIS; OpraHM3alysl | pUaTHBHAS rpyrnmosa
=| 3amauy c SIBHBIM | B3aMMOIIOMOILH, CaMOCTOSITEN | s, mapHas,
L::( HCIIOJTb30BAHUEM B3aUMOKOHTPOJIS, pHast YT1/] HHIUBHILY
MPOrpaMMBbl YIIPABJICHUS B3aMMOOLICHUBAHUS anbHAS
CaMOCTOSITEIIbHOM YA
yUaIxcs
V. ITocranoBka npobnemsl, | Bapunatusao-
CoBepuIeHCTBYOLIHIi opraHusanus YUYEHHUYECKOI0 | TBOpYECKas
ITaI; MIPUMEHEHUE CaMOKOHTpPOJIA, CaMoCTO-
YMEHUS pelaTh yqe6Hy10 CaMOLICHUBAHUA, ATCIbHAA
3aa4y B «YMCTBEHHOM | CAMOKOPPEKINH YIIA
[UTaHEY CaMOCTOSITEIILHOM VI
yuaumxcs
V. PeduiexcnpHo-oneHoU- Opranmsamyisi KOHTposs, oreHkH, |Bce tumsr CP | MuauBug
HBIM HTaI: WJUTIOCTpALys KOpPEKIH Cq)Ole/lpOBaHHle C y'—léTOM YyajibHas
TIOJTyYeHHBIX 3HAHIH YMEHHIl 11 CaMOCTOSITENIBHOH | 00y4eHHOCTH
VI yyalmxcs
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[ToAroTOBUTENBHBIN ¥ COBEPUICHCTBYIOUIMH 3TaIlbl BBIJICICHB HAMHU B
CBSI3U CO criel(PUKOIl caMOCTOSITEIbHON paboThl B 00YYEHUH T'€OMETpHH, a
TaKKe B CBSI3M C coiepkaHueM (hOpMHPYEMbIX YMEHUIl; 03HAKOMHTEIIbHBIA 1
(dopMupyronMii Moy4eHsl Ha 0a3ze 0ObEAMHEHUsS! ITAIlOB, PACCMAaTPUBAEMBIX B
teopuu I1.51. anpniepuna [11].

OueBUIHO, YTO JICSATEIBHOCTD YUHUTENSl Ha TOJITOTOBUTEIILHOM JTare (TadJr.
4) sBisieTcst caMOW CIIOKHOW. AHajM3 COJEp)KaHUs IIKOJIBHBIX Y4eOHHKOB
TeOMETPHUH, IIPOBEIEHHBIN C IEIbI0 YCTAHOBIICHNS HAIMYUS B HUX YIIPKHEHUN
JUIsl o0ecIieueH s JIesITebHOCTH YYallluXcsl Ha dTarnax CTaHOBJICHHS yMEHUH,
BXOJSIIMX B y4eOHBIE 3aJauH, MOKa3all, YTO 3a/1aHHs /IS OATOTOBUTEIBHOTO
JTana oTcyTCTBYIOT. IloaTOMYy mpuBenéM KOMMEHTApUM B KOHTEKCTE KaxJOH
y4eOHOH 3a/auM, BXOJSILICH B COOTBETCTBYIOUIYIO NMPOTPAMMY YIIpaBJICHUS
camocTosTensHoi YIIJI ydamuxcst Ha HOATOTOBUTENBHOM JdTarle.

Kommenrapuit 1. YueOnas 3agaua (Y3 Nel): ucnonb3ysi yueOHUK, H3yUUTh
reomerpudeckoe nousTue. O0bekTHBHAsS y4ueOHas WH(pOpMAIKs, BXOASIIAL
B [IPOrpaMMy YIPaBJICHHUS CaMOCTOSTEIILHON AEATENLHOCTBIO YYaIlUXCs MpH
peleHny 3Tol y4eOHOH 3a1auu, TpeOyeT OT yYuTeNs 3HAHHS TEOPEeTHYECKUX
OCHOB OOyueHHsI MaTeMaTH4eCKuM MoHATUsAM [17]. [loaroroBUTENBHBIN dTAIl
HAYMHAETCSI Ha MIEPBOM ypPOKE I'€OMETPHH JI0 BBEICHHS OINPEJIeNICHUH HOBBIX
reOMeTPUYECKUX MOHATHH. J[ns akTyanuzanuu copepxaHus 00bEKTHBHOU
y4eOHOH mHpopManuu nporpammsl 3toid Y3 (Tadu.l), ydnTenb, UCIOIb3YS
OIpe/ieNICHHs MMOHATHUH, YK€ M3BECTHBIX yYallUMCs, IPEABSBISIET UM CXEMbI
onpeneneuuii (puc. 1). IIporecc odcyxaeHuss U 0000IICHUS HAIPABICH Ha
3HaKOMCTBO C TEPMHHOJIOTHEH, COAeprKalleicst B 00Ieil cxeme OomnpeieHus
noHsATUs (pHc. 2). YdyamumMmcs npeaiaraeTcs Mo aHaJloOTHH COCTaBHTh CXEMBI
W3BECTHBIX OINPECICHUI NOHATUI PYTUX BUIOB TPEYTOJIbHUKOB.

PaBHOGeIpEeHHBII TPEYTOJILHUK:
1) Tpeyronsauk U

2) IBe CTOPOHBI PaBHBI

OCTpOYToAbHbII TPEYTONbHUK: N
1) rpeyronsauk U
2) BCe yIIIBI OCTpPhIE

M K

Ooo3nauenue: AMNK Ooo3nauenue: AKMN

Pucynox 1 — CxeMsl onpeeneHnii KOHKPETHBIX MOHATHH
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Tepmun (ums nousmus).
1) 6mmkaiinee pogoBoe MoHATHE — 1-if cymiecTBeHHbIii npusHak U,
2) mepBO€ BUJIOBOE OTIIMYHE — 2-i CyIIeCTBEHHBIH npu3Hak U,
3) BTOpOE BUJI0BOE OTIMYHE — 3-ii CyllleCTBEHHbIH npusHak U,

H3zo0pasicenue

n) noceHee BUAOBOE OTIMYHME — /1-i CYLIECTBEHHBIN PU3HAK
Obosnauenue:

Pucynox 2 — Obm1ast cxema ornpeaeieHusI TOHATHS

Ha ocTtanmpHBIX 3Tamax CTaHOBJICHUA yMEHHH, BXomsammux B Y3 Ne 1:
«CaMOCTOATEIBHO M3YUYHUTh T€OMETPUUECKOE MOHSATHE» HCIOJIB3YIOTCS
HOBBIC TIOHSTHS, BXOJSIINE B COAEpKaHHE yueOHMKA. JleTampHas MeTonnka
3TOTO TPOIlecca B KOHTEKCTE CTAHOBIEHHUS CAMOPETYJISIUH IIPU OCBOCHHHU
TEOMETPUIECKHX MTOHATHH, BXOSIINX B COoAepx anue yueOnuka «I eomerpuu 7-9»
JI. C. AranacsiHa u zip., TIpe/icTaBieHa B mocoouu [18].

Kommenrapuii 2. Yuebnas 3amaga (V3 Ne2): ucmonb3ys ya4eOHUK, H3YIHTh
Teopemy. OO0bekTUBHAA yueOHAss WHPOPMAIHsA, BXOIAMAsl B IIPOTPaMMy
YIPaBICHUS! CaMOCTOSITENBHON JIESTEIBHOCTBIO yUAIUXCS TPH PELICHUHN 3TOH
y4eOHO#t 3amaun, TpeOyeT OT YUHUTENsI 3HAHUS TEOPETUICCKAX OCHOB 00yUCHUS
teopemam [17]. IloArOTOBUTENBHBIN dTAall HAYMHACTCS TPU OOyUEHUH CaMbIM
TIEPBBIM, JIOCTATOYHO MPOCTHIM TeopeMaM «CBOWCTBO BEPTHKAIBHBIX YTJIOBY,
«CBOCTBO CMEKHBIX YIJIOB», YTO MO3BOJIICT BBECTH OCHOBHBIC METAa3HAHMS,
CBsI3aHHBIE ¢ Teopemamu [18].

Jns 03HaKOMJIEHUSI CO CTPYKTYPOH TEOpPEMBI, CO CTPYKTYpPOH 3amucu
e JOoKa3aTenbCTBa IEJIECO00PA3HO MCIOIB30BaTh COJACPKAHUE TAOIHIEI 5.
Iocne eé 3amomHEHUs N aHAIN3a, YYCHUKH JOJDKHBI MOHATb, YTO, BO-NIEPBBIX,
00OCHOBaHMSMH MOTYT OBITH ONPECICHNS U CBOHCTBA M3YUCHHBIX MOHATHH,
M3BECTHBIE TEOPEMbI M aKCHOMBI. BO-BTOPBIX, UTO MPOMEKYTOUHBIH BBIBOJ,
TIOTYYEHHBIH Ha ONPEAeNEHHOM IIare, BXOAUT B MPOMEXYTOUHOE YCIOBHE Ha
OJTHOM U3 CIIETYIOIINX IIaroB.

Jlns BBeneHUs BCeX BUAOB YTBEPKAECHUM, CBA3AHHBIX C TEOPEMOM, AJIA
TIOHUMAaHUSI UX CTPYKTYPBI, CIIOCOOOB MOCTPOEHHUS, B3aUMOCBA3H UCTHHHBIX U
JIO)KHBIX yYTBEPKICHUH yUUTENb OpraHu3yeT paboTy ¢ tadmureii 6. Cremyer
JIOBECTH JI0 TIOHUMAaHHS 00YJaIONIIXCS TOT (PaKT, YTO YCIOBHE JFO00H TEOPEMBI
BKJIIOUAET TJIABHOE YCJIOBHME M PA3bACHUTENBHYIO YacTh (CTPOKA BBIJEICHA
CEepBIM IIBETOM), KOTOpPast OCTAaETCs HEM3MEHHOM ISl BCEX BUIOB YTBEPKICHUH,
CBSI3aHHBIX C TeOpeMoi (Tab. 6).
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Tabnwmma 5 — 3a1anust MOATOTOBUTEIIFHOTO dTala ISl CTAHOBJICHHS yMeHHH Y3 Ne2

Banumute «JlaHoy,

«/lokazare» nans teopembl «CBOWCTBO

>

CME)XHBIX YIJIOBY. A
PaccMmoTpHTe HIKEHPHUBEAEHHYIO 3allUCh J0KA3aTeNIbCTBA 3TOMH D B
TeopeMbl. YTO BXOAHUT B 3Ty 3a1UcCh?
3amoHUTE IPOITYCKH B CTPOKAX TaOIHIIbI c

VYcnoBue (poMexyTouHOe 3akoueHue (IIPOMEKYTOUHOE O60CHOBAHITE

ycioBue) 3aKJIIOYCHHE WITH BBIBOJT)

1. Tx. ZABD nu /ZDBC - |10 nayuu BA wu BC - | onpenencuue
CMEXHBIE, YIJI0B
2. 1x. myam BA u BC —| 10 ZABC — | ompezeneHue

Pa3BEPHYTOTO yria

3. .. ZABC — pa3BEpHYTHIiA,

To ZABC = 180°

HU3MEPEHUE Pa3BEPHYTOTO
yria

nemut ZABC =180°

4. T.K. y4

yrma ZABD u ZDBC,

BD | to ZABC =
Ha 7Ba | = 180° —u.T.1.

ZABD + ZDBC | CBOICTBO BEJIMUUH YIJIOB

Tabnmma 6 — Bumpl yTBEpKICHUH TS BBITOTHCHUS
V3 Ne2 Ha MOATOTOBUTEIILHOM JTaIle

Ipsimas meopema Obpoenas IIpomusononodicroe Ob6pamnas
ymeepaicoenue ymeepaicoenue NPOMUBONONONCHOT
meopema

JaHo (ycjoBue)

JlaHo (ycjioBHE)

JlaHo (ycsioBHe)

JaHo (ycjioBue)

ZABD, ZDBC - 2

ZABD, ZDBC - 2

ZABD, /DBC - 2

ZABD, ZDBC - 2

(He Teopema)

yria yria yria yria
ZABD u /DBC - | ZABD + «ZDBC = | ZABD u 4DBC — ue | ZABD + ZDBC i
CMEXKHBIC =180° CMEKHBIE 1 180°
Joka3zatp Joka3ath Jloxa3zath Joka3zatp

(3aKJII0veHue) (3akJII0YeHue) (3aKJII0vYeHue) (3aKJII0uYeHue)
ZABD + /DBC = | ZABD u /DBC - | ZABD + ZDBC i | ZABD u ZDBC — ne
=180° CMEXKHbIC 1 180° CMEXHBIC
Hctunnoe Jloxnoe JloxHoe yrBepxeHue | McTtuHHOE
YTBEPKIACHUE YTBEPKIACHUE (He Teopema) YTBEPKACHUE

10T (baKT, KaK IoOKa3aJii Halllh HUCCJICAOBAHUS, BbI3bIBACT YAUBJIICHUC Yy

MHOTHX YYaCTHHKOB Ipoliecca 00yueHUs] TeOMeTpUH (YUnuTeled U yJanxcs).
OpraHu3aryst CaMOCTOSITENTLHOTO MOKMCKA JI0Ka3aTelIbCTBA TEOPEM OCYIIECTBIISIETCS
10 Mepe HaKOIUIEHHSI TeOMETPHUYECKUX (DAKTOB C HCITOJIL30BAHUEM OIIBITA IIOMCKa
y4daluMucs pemeHus 3aaa4 [18].

KommMmenTapwuii 3. YueOHas 3amgada (Y3 Ne3): pemuTh reOMETPHUCCKYIO
3agauy (tabm. 3). O0bexTHBHAs yuyeOHas HH(OOPMAILHS, BXOAIIAst B TIPOrPaMMy
YIIPaBJICHUS] CAMOCTOSITEJILHON JIESITEeIbHOCTBIO YUAIIMXCsl TIPH PELICHUH 3TOU
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y4eOHOIt 3a1a4n, TPEOYET OT YUUTEIIsl 3HAHUS TCOPECTHUCCKUX OCHOB OOYUCHHS
pewennto 3aga4 [17]. [ToAroTOBUTENBHBIN 3Tall HAYMHAETCS] HA CaMbIX MEPBBIX
ypOKax reOMEeTpHHU, HAIPUMEp MpH 00ydeHHH TeMe «l3MepeHHe OTPEe3KOB W
YIJIOBY, YUAIIUMCS [IPEAIaraeTcs Cielyroliee 3alaHue.

3ananue. BeiBeuTe ciiecTBHS U3 JaHHBIX YCIIOBHH (pHC. 3).

Jano: Hano: 1) Zo.= 2P £ZU00V=80° Y/ y
a, b, ¢, d - ompesxu D La=~Ly \%
1) a=b, ?
2) c=d
?
z 0
a) 6) 3)

Pucynok 3 — 3aganus NoaroTOBUTEIHHOIO 3Tana
JI71s1 cTaHOBJIeHUsI ymMmeHu# Y3 Ne 3

[Tocie BBIMOJNIHEHMST ATOTO 33IaHUsI, YUUTEIb COOOINACT YYaIlIuMCsl, YTO
[I03HABATEJIBHOE JIOTMUECKOE AcHCTBUE «BhIBeneHUE CIEACTBUN U3 YCIOBHS
3a1aumy (CHHTE3) 3aKII0YACTCA: B PACKPBITUH TEPMHUHOB BCEX MOHATHI, KOTOPbIE
BXOJST B yCJIOBHE 33/1a4H; B HCIOJIb30BAHUH TEOPEM-CBOMCTB 0 TEX MOp, MOKa
He OyJeT BBIBEJCHO TpeOoBaHME 3a/aud. JTO JIOTHYECKOE NEHCTBUE MOMHO
UCIIOJb30BaTh U MPHU MOMCKE J0Ka3aTelbCTBA TEOPEM, UYTO IIEeIeCO00pa3HO
MPOMUTIOCTPUPOBATH JUTS YK€ TOKa3aHHBIX TEOPEM.

Ilo3naBarenbHOE J1OTUUYECKOE AelcTBUE «BbIBeleHUE CIENCTBUN U3
TpeOoBaHus 3a/1aun» (aHAIN3) 3aKII0YACTCS: B PACKPBITUU TEPMUHOB TTOHATHH,
CoJIep KaIUXCsl B TpeOOBaHNUH 3a7a4H; B HCIIOIB30BAHUH TEOPEM-TIPU3HAKOB UIIH
OIpe/ICICHUH MOHATHI IO TeX MOp, MOKa He OyJIeT BBHIBEJICHO YCIOBHE 331a4H.
VYyammmMces cienyeT NpoJeMOHCTPUPOBATE MPOIECC PACCYKACHUHM MPU MOUCKE
JI0Ka3aTeNIbCTBA HECI0KHBIX M3BECTHBIX TEOPEM, HCIOIb3Ys 3TO JOTMYECKOEe
JNeHCTBHE, U MPOJOIKUTE TaKyIO IESITENbHOCTh MPHU pelleHuu 3agad. Jng
OCYIIECTBIICHUS IIeJICHANPABICHHOT O TIOMCKA PEIIeHH 33124 ITOJIE3HO COCTaBIIATh
TaK Ha3biBaeMble «[loMCKOBBIE 00JIACTH MOHSATHH, CBSI3aHHBIX OTHOILICHHEMY:
JUIS paBEHCTBA JIBYX OTPE3KOB, PABEHCTBA JBYX YIJIOB, MapajlICIbHOCTU WM
HEepHEHINKYIAPHOCTU ABYX MPSMBIX [ 17]. Pe3ynbTaT moaroToBUTEIHHOTO Tana
—1epexo/1 00bEKTUBHO# yueOHo! nH(opManny B CyObEKTUBHYIO: YUEHHK T'OTOB
BBINOJIHATH JESATEIBHOCTD Ha CIIEAYIOIIEM dTarle.

Ha o3nakoMHTENbHOM 3Tame MPOUCXOAUT MEPBUYHOE O3HAKOMIICHHE C
IPOrpaMMOl yNpaBieHHUs] CAaMOCTOSITEIBHON AEATEIbHOCTBIO YUAIIUXCS MPU
PCIICHUN KOHKPETHOH y4eOHOW 3a/jaui B COOTBETCTBUHU C IUIAHOM JCHCTBHUH,
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yKa3aHHOM B Ka)KJoi mporpammMe. Peannsanus minaHa HalejeHa Ha MOJTyueHHe
pe3yibTara TakXe yKa3aHHOTO B KaxJoi mporpamme (tabun. 1, 2, 3). Ha
(dopmupyoLEeM 3Tane u3ydaeTcs HOBas yuyeOHass MHPOpMALHUs 110 TOMY Ke
IUIaHy ASUCTBUH U IJIaHUPYEMBIH pe3yJIbTaT peaau3alluy MlaHa CBA3aH C 3TOU
HOBOI MH(popMmaruen. Peanzanus raHa CONPOBOXKAACTCS «IPOMKON» PEUbI0
(BCIyX) U «BHYTPECHHEH» peubko («Ipo cebs») [11]. CTerneHb caMoCTOATEIEHOCTH
YUaIUXCsl yBEIMYUBACTCS, MEHSIOTCS (DOPMBI OPraHHU3alMK CaMOCTOSTEIbHON
JeITeNIbHOCTH ydanmxcs (Tadi. 4, Tpetuil crosnben). Y4urenb OCyNIeCTBISET
PYKOBOJCTBO AEATEIBHOCTBIO YUAIMXCsl, OKa3bIBasi UM, IIPH HEOOXOIMMOCTH,
MIOMOIIlb, OPraHU3ys KOHTPOJIb, KAK UTOT M3y4EHHUS KOHKPETHOM eJUHUIIBI
yueOHo#l mHpopmanuu. [locTeneHHO ynpaBieHUE MOJHOCTBIO mepenaéres
y4aIIuMCsl, 9YTO 03HAYaeT Hayajo CJEIYyIOIIEro dTamna — COBEPIICHCTBYOIETO.
Ha sTtoMm sTamne n3yueHune TeopeTHUECKOd MH(pOPMAIUU OCYIIECTBIISIETCS
0e3 HMCIOJIb30BAHMS MTOMOIIM, N3YYeHHAas MHPOpMaLUs MPUMEHIETCS IS
pelIeHusl pa3INYHbIX FeoMeTpuueckux 3ajnad. [{ukia craHOBIeHUS yMeHUI
pemats y4eOHbIC 33Jja4ll HA OCHOBE MCIOJIB30BAHUS IIPOIPAMMBI YIIPABICHHS
camocrostensbHol YIIJ[ ywamuxcs B 00yuyeHUH T€OMETPUM HAuWHAETCS Ha
MIOJIrOTOBUTEIILHOM JTarle, a 3aKaH4YnBaeTcsi Ha (GopMHpPYIOIEM JTarie, Jaiblie
yMeHHUs coBepiieHCTBYIOTCs. He Bce yuamuecs JOCTUTalOT pa3IMYHBIX
STaNoB OJHOBPEMEHHO, HEKOTOpas UX 4acThb MOMKET HCIOJIb30BaTh IOMOIIb
Ha MPOTSKEHUU BCEr0 BPEMEHU H3YUEHUs T'€OMETPHUU, HO OTACIbHBIC YMEHUS
y HUX OynyT chopmupoBaHbl. PediekcuBHO-o1eHOUHBIH dTan obecreynBaeT
y4€HHKaM UTOTOBYIO CAaMOPETYJISILIMIO BBINOJIIHEHHOT 0 IukiIa YII/] 1o ocBoeHuIo
orpeaeaEHHON eMHUIIbI YueOHON MH(OPMALUK IIKOIBHOTO Kypca Te€OMETPHH.
OtMmeTnm, 9To pepIIeKCHBHO-0IIEHOYHAS JICSITEIbHOCTD OCYIIIECTBIISIETCS] HA BCEX
9Tamnax, Jyisi 3TOro UCIOJIb3YIOTCS pa3paboTaHHbIe HAMH THITOBBIE 3aa4n [19].

Wrak, paccMOTpPEHBI JIBE COCTABIISIIOIINE YacTh (M3 TPEX) METOIUYECKUX
OCHOB opranusanuu camocrostenpbHoll YIIJ| yuamuxcsa. OHH OTpa’keHBI B
pa3paboTaHHBIX HAMH:

1) mporpammax ympasieHusi camocTtostenbHor YIIJI yuamuxcs npu
H3y4EHUH TOHATUH, TEOPEM, PELICHUN FeOMETPHUECKUX 3a/1ad B COOTBETCTBUU
CO CTPYKTYpoii camoperyssuuu (tadi. 1-3);

2) cxeMe CTaHOBJIGHHsI YMEHHUH pemiaTh yueOHbIE 3aJaul HAa OCHOBE
HCIOJIb30BAHUS NPOrpaMMbl yIpaBieHus: camoctositenbHoil YIIJ] ydamuxcs B
00y4eHnn reomeTpuu (Tadm. 4):

3) B Marepuanax /i CTAHOBJIEHUS] YMEHHUI Ha MOJrOTOBUTENILHOM 3Tale.

TpeTbst 4acTb METOJJMYECKUX OCHOB — ATO YMEHHSI yUHUTEJIsl, HEOOXOJMBbIE
eMy JUIsl yrpaiieHus: camocTositenbHOM Y11/ oOyudarommxcsi. Y4nuTento BaKHO
OBJIaJIETh MPOTPAMMOM yIpaBlieHUs camocTosTeNbHOU YIIJI MIKOIBHUKOB U
COOTBETCTBYIOIIMMH YMEHUSIMU. PazpaboTaHHblie MaTepralibl ObUTH alipoOHPOBAHBI
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npu 0OyYCHHH CIyIIaTelIeH Kypca MpopeCcCHOHATBHON MEePeroArOTOBKH 0
nporpamme «MeTojrka 00ydeHusl MaTemaTtukey Ha 6aze MIITY.

B Hauasne uccieoBanus, ¢ LIEbIO BBISIBICHHS MECTA U POJIM CAMOCTOSITEIIbHON
paboTHI B 00yUYCHUH T€OMETPHH, OBLIO OPraHU30BAHO AHKETHPOBAHHUE IIIKOJILHIKOB
CTapIIMX KJIACCOB, yUUTeNIel MaTeMaTUKH U CIIyIIaTeNel Kypca epernoAroToOBKY.
Brio ycranoBieHo cienyolee:

1) Gosbliast 4acTh yYUTENICH CBSI3BIBACT CAMOCTOSATEIILHYIO JICSITEIIBHOCTD HA
YPOKax reOMETPUH TOJBKO C PEIIEHUEM IIKOJIbHUKAMU 3a]1a4.

2) moJaBJIsIroIee OOJIBIIMHCTBO YYANIMXCSl OTMEUAIOT, YTO HAUOOJBIIYIO
TPEBOKHOCTD BBI3BIBAIOT y HHUX TPAJUIUOHHBIC CAMOCTOSTCIBHBIC PAOOTHI 110
FeOMETPHUH, T.K. OHU HE NTOHUMAIOT, C YEro HayaTh PACCY>KICHHUs, €CIIM 3aauya
«HE pelaeTcs.

3) mporiecc 00yUCHUsI TOHATHIM U TEOPEMaM, KaK IMPABHIIO, BBITIOIHSICTCS
YUUTEIIEM MTOCPEICTBOM MPEIbSIBICHHS TOTOBOM Y4eOHOH MH(GOPMAIIAH B IISIISX
SKOHOMHH BPEMEHHU.

4) OOJBIIUHCTBO ONPOINICHHBIX YYUTEICH U CIyIIaTeNIeH Kypca, OTMETHIIH,
YTO HE MOHUMAIOT, KaK OPraHU30BaTh CAMOCTOSTEIbHOE U3yUeHHE IIKOJIbHUKAMHU
TEOPETUYECKON MH(pOpPMAIMK TaKUM 00pa3oM, YTOOBI 3TO CIOCOOCTBOBAIIO
(hOopMHPOBAHHUIO MIPEAMETHBIX PE3yJIbTATOB HA YPOBHE yUCOHOMH TEMBI U PA3BUTHIO
HUX CAMOCTOSATEIHHOCTH.

OTMETHM, YTO COTJIACHO HE3aBHCHUMBIM HCCIICIOBAHUSAM 00JICC TOJIOBUHBI
YUUTEJICH MATEMATUKHU HE CBS3BIBAIOT CBOU MPEIMET C HCOOXOJMMOCThIO HAYUUTh
LIKOJIbHHUKA PadOTaTh C MHPOPMALIUEH, B TO BPeMs KaK 3TO - BAKHCHIIINIT HAaBBIK
XXI Beka [2].

Arnpobanus pa3pabOTaHHBIX MaTEPHAJIOB UCCIICIOBAHUS OCYIECTBISIIACH
pu 00yueHUU AUCHUILTHHE «[ICUXOIOT S U IeIaroruka 00y4eHUsI MaTeMaTHKE)
ciaymareliei Kypca nepenoarotToBku (46 denosex). [Ipomecc oOyueHus
opraHu3anuu camMocTosaTeNbHONH YIIJ] MKOIPHUKOB MPU OCBOCHUHU y4eOHOM
uH(popManuu ObLI BEICTPOCH B COOTBETCTBHU C IIPOTPAMMOM YIIpaBiIcHuUs (TalJI.
1-3) U B COOTBETCTBHH C 3TallaMU CTAHOBJICHUS COOTBETCTBYIOIIMX YMCHHIA
(Tabu. 4). Ha moaroToBUTEIbHOM M O3HAKOMUTEIIEHOM dTarax ObLIH 00pa30BaHbI
MUHHU-TPYIIIBI CIyIIATSNICH W OPraHu30BaH BBIOOp yucOHOU MH(OPMAIIUH IS
CaMOCTOSITCIIEHOM pabOoThl (T€OMETPUYCCKUE TOHSATHUS, TCOPEMBI, 3aauu) U3
pasIuuHBIX pa3nenoB yueOHuka «['eomerpust 7-9», «['eomerpust 10-11» [20].
Jlanee Ha JEKIIMOHHBIX 3aHATHUSAX CIYIIATEIH U3ydYalld JIOTHKO-IUIaKTHYCCKHIMA
aHAJIU3 OIPEICIICHUI MMOHSITUH, TEOPEM, ITAlbl OOYUYCHUS PCIICHUIO 3a7aYll U
METO/IbI TOUCKA perieHs 3a1a4u. [1ocie 3Toro ObLIO MPOBEICHO HHIUBHUIYAJTbHOC
TECTUPOBAHUE C MOCICIYIONIMM O00CYXKICHUEM JOMYIICHHBIX OIMIMOOK U UX
KOPPEKTUPOBKOM.
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Ha cienyromem, ¢popmupyronemM yMeHHE dTare, CIyllaTeld BbIOUpanu
YPOBEHb CAMOCTOSITEIILHON JESITEILHOCTH MPU U3yYEHHH MOHITHH, TEOPEM,
3aj1a4 1 pa3zpabaThIBasI COOCTBEHHBIE 00pa3oBaTeIbHbIe MPOLYKThl. KOHTpOIIb,
KOPPEKLUs ¥ OLICHWBAHKE (CaMOOIIEHHBAaHNE, B3aNMOOLICHUBAHHE) PE3yJIbTaTOB
JesTeIbHOCTH Ha (OPMHUPYIOIIEM 3Tale OCYLIECTBISIICS HOCPEICTBOM
MIPe3eHTaIi TPYIIIOBBIX Pa3paboTOK € MOCIEIYIOMINM 00CYKICHUEM.

Ha pediekcMBHO-OIEHOYHOM 3Tare CTaHOBJICHUS YMEHHUS C IEIbI0
BBISIBJICHUSI C(POPMUPOBAHHOCTH YMEHHUH, HEOOXOUMBIX AJIsi OpraHu3alnuu
CaMOCTOSITENILHOM JIEITEIbHOCTH IIKOJILHUKOB ITPH 00Y4YEHHH I'€OMETpHH ObLIa
MIPOBE/IeHa KOHTPOJIbHAst paboTa. OHa BKIIOUaa CIeyIOIIne 3a1aHusl.

1) Co3nare MH(GOPMALMOHHYIO OCHOBY OOy4YeHHsI, HCIIOJB3Ysl yUCOHUKU
«I"eometpus 7-9», «['eomerpust 10-11» [20]:

a) COCTaBUTh CXEMY OIpEeJeJIeHHs MOHITUS U HabOp 0OBEKTOB s
TIOJIBEJICHUS 110 TOHSTHE;

0) COCTaBUTH CHCTEMATH3AI[IOHHYIO CXEMY B3aMMOCBSI3U ITOHSATHI;

B) 3aIIMCaTh MTOLIAr0BOE JI0Ka3aTeIbCTBO TEOPEMBbI;

I') COCTaBUTb CXEMY ITOUCKE PELICHUS 3a1a4H.

2) CocTaBUTh IIaH CAMOCTOSITEIBHON JNEATEIbHOCTH ydalerocs s
W3Y4YEHUS! TOHSATHIH, TEOPEM, ITONCKA PELICHUsS 3a1a4H.

3) Paspaborarhk cpejpcTBa MOMOLIM AJIsl YUAIIUXCS C HU3KUM YPOBHEM
00Y4EeHHOCTH IPH OCBOCHHUH Y4eOHOM HH(OopMaLuy.

Pe3ynbraThl BHIMOJTHEHHUS KOHTPOJIBHOM pabOTHl cilyliaTeiasiMu Kypca
MIPUBE/ICHBI Ha PHCYHKE 4: IpeiCcTaBIeHO KOJMYECTBO Ciryliareseil Kypcea,
TIOJTHOCTBIO CHIPABUBILIKXCS C BBINOJHEHUEM 3a/1aHMSI.

PesynbraThel mpoBeEHHOTO 3KCNEPUMEHTAaIbHOTO OOYYEHUS
CBUJIETEJILCTBYIOT O JIOCTYITHOCTH pa3pabO0TaHHOW METOJUKH M FOTOBHOCTH
cilymarejleldl K OpraHM3aluy CaMOCTOSITEIbHONH y4eOHO-TI03HaBaTEIbHON
YUaIIXCSL.

50 -
45 +
40 -
35 4
30 -
25 +
20 ~
15
10 -

O3aganue 1
— | O3amxanme 2

O3aganue 3

1
u3yuyeHue H3yuyeHHe peleHue 3a1a4u
MOHSATHS TeopeMbl

PucyHoxk 4 — Pe3ysibTarhl BHIIOIHEHHUS 3a/laHUH KOHTPOJILHON paboTh
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BriBoabl

W3ydeHune nenarornueckoil, cuxoyioro-rneaarorndyeckom, ICuxXoaorndeckon
JIUTEPATYPHI MO MpobiieMaM OpraHU3alUU CaMOCTOSITCIBHON pabOThl H
(GhopMHUpPOBaHUS YMEHHM YUUTHCS, MO3BOJUIO YCTAHOBUTH HEOOXOIUMOCTh
OOHOBJICHHS MOJIXO/IOB K PEIICHUIO ATHUX MPOOJIEM B COBPEMEHHBIX COIUATBHO-
SKOHOMHUUYECKHX ycloBUsAX. Ha ocHOBe aHaliM3a TEOPETHYECKUX OCHOB
opranmzanuu caMmoctositesibHoi Y11/ B pamkax KOHIIETIIUY OTHOW OCO3HAHHOM
CaMOPETYJISIIIUU B O0YYCHUU T€OMETPHH, BBISIBICHBI TPH COCTABJISIONINE YACTH
METOIMUECKON OCHOBBI ATOH JIEATETLHOCTH. Pe3yIbTaThl 0npoca M aHKETUPOBAHHUS
MTOJITBEPIIIN TTO3UIIMI0 aBTOPOB O HEOOXOIMMOCTH Pa3pabOTKH ISl YUUTEIIS
CIIELIMANIBHBIX MPOTPAMM yHpaBieHus camocTosTenbHo Y1/ mKkoapHUKOB
[IPU OCBOCHHH MOHSATHI, TCOPEM, PEIICHUH 3a]1a4, CIIOCOOCTBYIOIIUX Pa3BUTHIO
«HaBpikoB XXI Bekay.

[IpoBeAEHHBIN IKCICPUMCHT MOKAa3aJl PE3yJIbTaATUBHOCTh Pa3pabOTaHHBIX
NporpaMM yIpaBjeHUs caMocTosTeabHON YIIJ| nesTenbHOCThIO yUallluXCs.
HamonHenue mporpaMMm COJEpPKaHHEM MIKOJIBHOTO YUYCOHHKA TC€OMETpPHH,
M03BOJIUT YYUTEISIM MAaTEMATUKH OPraHU30BaTh CAMOCTOSITENIbHYIO IEATEIbHOCTh
LIKOJIbHUKOB I[P OCBOCHUH TCOPETUYCCKOIN HH(POPMAIIHH, 8 TAKIKE MPHU ITOUCKE
petieHus 3a1a4. Takxke B X0/I¢ SKCIICPUMEHTA ObLIO BBISIBJICHO, YTO MPOAYMaHHAS
opranuzanus camocTtostesbHoN YIIJ mKOJIBHUKOB Ha YpOKax reoMeTpuu
OyZeT CrocOoOCTBOBATh COBCPIICHCTBOBAHUIO YMCHHI yUUTENS 110 pa3paboTKe
PA3JIMYHBIX CPEICTB O0yUCHHUS.

Takum 00pa3om, pa3paboTaHHasI METOIUKA OPTaHU3AIMN CAMOCTOSTCIBHOM
JIeATEeIbHOCTH y4YalluXcsl TP OCBOCHHUM TOHSTHM, TEOpeM, 3a/lad Ha ypoKax
reOMEeTpHH, SIBJIASICH MOHATHOW M NOCTYNHOM ISl yUHTENsl MaTeMaTUKU,
OyZeT crocoOCTBOBAaTh HE TOJHKO OCBOCHHIO I'COMETPUH INKOJIBHUKAMU, HO H
(dhopmupoBanuto y Hux «HaseikoB XXI Bekay.
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IF'EOMETPUSAHBI OKBITYJA OKYIIBIJIAPIBIH
O3/IIK ’KYMBICTAPBIH ¥ BIMJIACTBIPY

Kasipei samanael Oinim bepy konyenyusicol omip O0iibl 0OKy2a Kabiiemi
bap «benceHol OKYubIHbLY Kalblnmacmulpyobl OIpiHWI OpblHed KOsiObL.
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*L.

Ocviean batinanvicmul Ke3 Keieen NoHOI, COMbIY [UIHOe 2eoMempusiibl
OKbIMY npoyecinoe OKYWbLIAPObIY O3IHOIK JHCYMICIAPBIH HCAHAPIY
JICOHe YUbIMOAcmblpy moceeci e3exkmi 6onaowl. Kypeizineen cayarnama
HOMuUMICeCi MAMeMamuKa My2aiimMoepiniy o6acvlm 6eniei eeomempust
cabakmapolHOa 63iHOIK HCYMbLCHbL 09CMYPll OAKBLIAY HCYMbICIAPbIH
wewy apKblibl 2aHa YbLMOACMbIPAMbIHObIZbIH KOPCEemnii.

Maxkanaoa eeomempusitibl 0OKbimy npoyecinoe OKyubliapobly 63iHOIK
MAHBIMObIK, SPEKEMIH YULIMOACMbIPYObIH MYMKIH OO1ambin 90icmemeci
cunammanaovl. Tonvlk cananvl 03in-03i pemmey KOHYenyusiapuvl, COHbIY
iwinoe 2eomempusiHbl OKbIMyoa O3IHOIK HCYMbLCIbL YUBIMOACMbIPYObIH
meopusiniblK  He2izi  Oonvin  mabwLiadel. Aemopaap  eeomempusiiivl
OKbIMY Ke3iHOe HeeiziHe pemmeyuti npoyecmiy KypoblIbIMbl CAlbIH2AH
OKYWbLIAPObY — O3IHOIK  OKY-MAHbIMObIK — Ic-opekemin  6ackapy
bazoapramanapel 93ipien, OHbl IKCHEPUMEHM JiCYy3IHOe MEKCepPeeH.
JKypeizineen sepmmey nomuoicenepi Mockey nedazoeukanvlk MemaeKenmmix
VHUBEpCcUmemiHiy — 0a3acelHoa  MulHOAYWbLIapobl  Kauma 0aapiay
KypcmapulHoa anpobayusoan emrizinoi.

Maxkana manvi306l npakmuKaibik, monee ue, cebedi OKyubLIapObIY
2COMEMPUSTIBIK — YebIMOApObl, — MeopemManapobl — MeHeepy — ICOHe
mancelpmanapobl  wewy Ke3iHoe oaapobly — O3IHOIK  IC-9peKemiH
YUbLIMOACmMbIpYOa  MAMEMAmuKka — My2aiimine  asmopiap — 93ipieceH
Mamepuanoapobl OKYIbIKMblH 2COMEMPULIbIK MAZMYHLIMEH MOIbIKMbIDA
ombIpbIN KOIOAHY2a MYMKIHOIK 6epeoi.

Kinmmi ce30ep. sicymcar dazoviiap, 630iKk oKy ic-opexemi, 63iH-031
pemmey, 2eomempusi, OKy ecenmepi, backapy bazoapiramacsl, OLlikmepoiy
KA6INMAcybi.

1. Bozhenkovd', E. V. Sokolova®

"Mordovian State Pedagogical University, Russia, Saransk
*Moscow State Pedagogical University, Russia, Moscow
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ORGANIZATION OF INDEPENDENT WORK
OF SCHOOL CHILDREN IN TEACHING GEOMETRY

The modern educational concept puts first the formation of an
“active student” capable of learning throughout life. In this regard, the
problem of updating and organizing independent work of schoolchildren
in the process of learning any subject, including geometry, is becoming
more relevant. The conducted survey showed that most mathematics

teachers organize independent activities in geometry lessons only when
solving problems in the form of traditional tests.

The article describes one of the possible options for the methodology
for organizing independent cognitive activity of schoolchildren in
teaching geometry. The theoretical basis for organizing independent
work is the concept of complete conscious self-regulation, including in
teaching geometry. The authors have developed and experimentally tested
programs for managing independent educational and cognitive activity of
schoolchildren in teaching geometry, the basis of which is the structure of
the process of complete conscious self-regulation of activity. The results
of the study were tested in retraining courses for students at the Moscow
State Pedagogical University.

The article has important practical significance, since the use of
materials developed by the authors will allow the mathematics teacher,
filling them with geometric content in the context of the textbook
paragraph, to organize independent activities of schoolchildren in
mastering geometric concepts, theorems and finding solutions to
problems.

Keywords: soft skills, independent learning activities, self-regulation,
geometry, learning tasks, management program, development of skills.

265



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMepPiK ulavimoap cepusicol. Ne 1, 2025

FTAMP 14.25.09
https://doi.org/10.48081/DNZ16482

*A. b. Uckakoea', M. T. KyaHbiwbaesa*

'TopaiirsipoB yHuBepcuteti, Kasakcran Pecriybnukace, [laBnoaap K.
2A0aii aTeiHmarbl Kazak yITTBIK Te1arOrHKalbIK YHUBEPCUTETI,
Kazakcran PecmyOmnukachl, AJMaThI K.

'ORCID: https://orcid.org/0000-0003-2142-8949

20ORCID: https://orcid.org/0009-0000-7260-1321

*e-mail: anar_is@mail.ru

OPTA MEKTEINTE «MOJIEKYTIANIbIK-KUHETUKATBIK
TEOPUSI HETI34EPI» TAPAYbIH OKbITYOA BUPTYANAbI
3EPTXAHAJIAPObI KONIQAHY/bIH

8[ICTEMENIK HEMI3AEPI

Maxanaoa opma mexmenme «MoaeKyIanNbIK-KUHEMUKANBIK MEOPUs]
He2izoepiy — mapayvli  OKbImyod — aKnapammulk-KOMMYHUKAYUSIBIK
MEeXHON02UANAPbIH  KOJLOAHYObIH — d0ICmeMeliK — epekuiesikmepi  MeH
muimoiniei Kapacmoipwiiadvl. Mexmenme u3uxkanvl 0Kbimy npoyecinoe
aKnapammaolk-KOMMYHUKAYUSTIBIK, MEXHON02UANAPObL KONOAHy
Mmocenenepiniy mandayel keamipineoi. CouviMen Kamap, aknapammolk-
KOMMYHUKQUUAIBIK, — MEXHONOUANApObl — Jco2apbl  CbIHLINMapod
«MonexynanvlK-KuHemuKkaivlk, meopusi He2izoepiy» mapayvlh OKblmyod
KONOAHY OKYWbLIAPOblY NOHee O0e2eH MAHbIMObIK Kbl3bl2YUlbLIbI2bIH
apmmulpy MAaKcamolHOA KApacmulpuliadvl. 3epmmey  HCYMblCbIHbIY
makcamol — mekmenme « MoaeKy1anblK-KUHeMUKALbLK, meopusi He2izoepiy
mapayvln  OKblmyoa — SUpmyaiobl — 3epmXaHanapobl  KOJLOAHYObIH
a0icmemenik He2iz0epin auKkbiHOay. 3epmmey MaKcamviia CoUKec Keect
MinOemmep Kouwliovl: 1) 3epmmey mocenecine OAUIAHbICMbI 2bLIbLMU-
ooicmemenik mamepuanoapea, Kazaxcman Pecnybnuxacvinviy asapmy
MuHUCmpimen Oeximineen olcainvl opma Oilim Oepyee KAmvlCmol
HOPMAMUSMIK-KyKblKIMblK, KYjcammapaa mauioay sxcacay, 2) mexmenme
«MonexynanvlK-KuHemuKkaivlk, meopusi He2izoepi» mapayvlh OKblmyod
8UPMYAObl 3ePMXAHANAPObL KOJLOAHYObIH 90iCmeMeCcit a3ipJey.

Mexmenme MOIEKYIANbIK, PUUKANBL OKBITNY OAPLLCLIHOA NOHAPAIBIK,
JHCOHe  MOMIWMINIK  OaUIaHbLICIApObl  Jicy3eze  acvipyad OauiaHbICmbl
MOCeNIeHl aUKbIHOAY YWIH 2blIbIMU-90icmeMeniKk 3epmmeyiepee mauoay
JHCYP2IZY HCOHE ONAPObL HCAINBLIAY HESIZIHOE 2bLILIMU MOCEICHI AHLIKMAY
a0icHamacwl KOLOAHBLIOBL.
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3epmmey  6apvicvinoa: 1) PhET Interactive  Simulations
niam@opmacvlHbly Heeizel  epeKwenikmepi  aukblHOa1obl;, 2) opma
mexkmenme «MoeKy1anbiK-KUHEMUKATbIK, Meopust Heeiz0epiy mapaybit
oxwimyoa PhET Interactive Simulations niamgopmaceinoa bepineen
BUPMYALObl 36PMXAHAHBL KOLOAHYObIH 90ICIeMeCE YCbIHbLIObL. 3epmmey
bapvicvlnOa  Oepineen  o0icmemeniK — YCbIHbICMAD — Ne0a20eUKANbIK
npaKmukaza KyHobl yiec Kocaobl.

Kinmmi  ce30ep:  usuxa,  axnapammolk-KOMMYHUKAYUSTBIK
MEeXHON02USLIAD, BUPMYALObL 3ePMXAHANAD, KOLOAHOAbL 6a20apramanap,
MYTBIMUMEOUATBIK, OKbINTY 6a20apIaMACHL.

Kipicne

3amaHayu 0iniM Oepy yJepiciHIe aKmapaTThIK-KOMMYHUKAIIUSIIBIK
TEXHOJIOTHsUIap MaHBI3/bl POJI aTKapajbl. AKIapaTThIK-KOMMYHHKAIHSUIIBIK
TEXHOJIOTUSIJIAp OKBITY CanachlH apTTHIPHIIN, OKYIIBUIAPbIH MOHTE JIETeH
KBI3BIFYIIBUIBIFBIH OSTHII, OKY MaT€pUaJIbIH TEPEH TYCIHy1HE MYMKIHIIK Oepe/i.
®duznka noHiHIH KypAeni TapayaapbiHbIH 0ipi — « MoneKyIanbIK-KHHETHKAIBIK
Teopus Heriznepi» TakbIpblObIH OKbITynA na AKT Konmany MaHbBI3ZBI OpBIH
anaJibl. byJt TaKbIpBI OKYIIBLIAp/IaH MOJIEKYJIAJIap/IbIH KO3FaJIbIChI, KWHETHKAIIBIK,
9HEPTHS, KBUIYJIBIK MPOLECTEp CUSKTHI a0CTPaKTiJAl YFBIMIAPIbl TYCIHY I
TaJIal eTell, COHJIBIKTaH OHBI OKBITYJIa KOPHEKI KypalapJblH, KOMIIBIOTEPIIIK
MOJICJIBJICY/IIH JKOHE MHTEPAKTHBTI OKBITY 9JIICTEpiHIH MaHBI3bI 30p. (U3MKa
KypcbIH okbITyna AKT-HBI KOJ11aHy 9/1iCTEMECiH )KY3€ere achIpy JKaJllbl opTa OitiMm
Oepy/liH HeTi3ri MIHACTTEePl PETIHIC KOPCETUITCH (IIOHAPAJIBIK YKOHE TTOHIIIITIK
GaitaHpIcTap HETI3iH/E OKY IMOHJepi Ma3MYHBIHBIH KIPIKTIPUTYIH KYIIEHTY»
JKY3ere achIpy JKoJIapbIHbIH Oipi OosbIn TaObLTazb! [1].

AKT-HbI maiijanany apKbUIbl MOJICKYJIAIbIK-KHHETHKAJIBIK TEOPUSHBIH
HETi3ri YFBIMIApbIH XKEHUI opl TYCIHIKTI Typae skeTki3yre Oonaibl. Mblcasl,
aHUMalHKsJIap MCH CUMYJISIUSIAD MOJICKYJallapAblH ©3apa SpeKeTTeCcyiH
KOPHEKI eTill KOpCeTe i, ajl BUPTYaJI/ibl 3epTXaHaiap OKyIIbUIAP/IbIH TEOPHSIIBIK
OiiMepiH ToKipuOe apKbUIbl OEKITyiHE KOMEKTECE/I].

Marepuannap MeH dgicrepi

MekrenTte MoJeKyIaibIK (pU3NKaHBI OKBITY OapbICHIH/A MTOHAPAJIBIK JKOHE
TIOHILIUTIK OalIaHbICTap bl JKY3€re achlpyFa OailIaHbICTBI MACENEH] aifKbpIHIay
YIIIH FBUIBIMH-OAICTEMEIIK 3epTTeyJiepre Taljgay XYprizy »oHe oJapJbl
KaJITbLIAY HETi31H/e FHUIBIMH MOCEJICH] aHBIKTAY SiCHAMachl KOJIJaHbIIJIBI.
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Hotm:kenep koHe TaIKbLIAY

Mexkrenreri 0i1iM Oepyai KETUIIIPY, aKIapaTThIK JKOHE KOMMYHHKAIHSIIBIK
TEXHOJOTHSJIApAbl MOJIEKYJAJIbIK-KHHETUKAIBIK TEOPHSHBI OKBITYFa
HHTErpanusuiay Typiepi:

1) uHTEepaKTHBTI MOAENbACY. bennekrepaiH KO3FaIbIChIH, COKTHIFBICYBIH
JKOHE SHEPTHSIHBIH OepillyiH Ke30eH OCHHEICHTIH MOJICKYIaIbIK THHAMHUKAIIBIK
MoJIebIeY Al Koiany. MIHTepakTHBTI OarnapiaMalbiK skacakTama OKylIbulapra
aliHBIMaJbLIApbl OacKapyFra >KOHE HOTHIXKEJEpJli HAKThl YaKbIT PEKUMIHJE
Oakplilayra MYMKIHAIK Oepexi, Oyin aOcTpakTiji TYXKbIpbIMJamMalapMeH
MPAaKTUKAJIBIK TOKIprOe Oeperi [6];

2) Bupryanasl 3eprxaHanap. OKylblIap UMHTalUMsIJIaHFaH opTajna
9KCIIEPUMEHTTEP JKYPri3e aJlaThIH BUPTYaJIIbl 3epTXaHajiap bl eHrizy. by Oenrini
0ip IKCIEPUMEHTTEPIe KATHICTHI KAYIICI3IIK MOCEIICTICPIH MICIIIIIT KaHa KoUMW Ipl,
COHBIMCH KaTap OKyIIbUIAPFa JOCTYPIIi cabaKTap/ia KaTaiay KUbIH O0JTybl MyMKIH
CIICHApHITICpIl 3epTTeyre MyMKIiHIiK Oepei [5; 7];

3) oHJIalH pecypcTap KoHe MyJIbTHMe A, Heri3ri yFeIMaapapl KymeHTeTiH
OeifHenep, aHMMaNMsIAp J)KOHE OKY OMBIHAAphl CHSKTHI OHJAIH pecypcrap
JKMHAFbIH Kajaranay. MyJIbTHMEINSUIBIK SJIEMEHTTEp SpPTYpPIIi OKY CTHIIbJEpiHE
CoMKec Kelyl MYMKiH, KYPJEi TCOPHsIIap bl KOJ KETIM/Ii )KOHE KBI3BIKTHI €Te/Ii
[8];

4) GipneckeH xyMbIc miatdopmanapsl. TonTeIK )obanap MeH TaJKblIayiap
yurin ruatdopmanapast 6ipikripy. Google Classroom Hemece Oacka 6istim 6epy
(opymIapsl CUSIKTHI IIaTGopMaap OKyIIbIIap apachlHAaFbl KAPHIM-KAaThIHACTHI
KEHUIAETE/ 1, oJlapFa HesuiapMeH Oelticyre, cypakrap KOIOFa )KHE MOJICKYJIaIbIK
KMHETHKAJIBIK TEOpHs Typalibl TYCIHIKTEpIiH Oipjecin TepeHaeTyre MyMKiHIIK
oepeni [9].

«MonexynanablK KHHETHKAJIBIK TCOPUSHBIH HEri3/1epi» TapayblH OKbITyFa
AKNapaTThIK-KOMMYHHUKAIUSUIBIK TEXHOJIOT USUIap/IbIH OL1iM Oepyre MHTerparusIChl
KONTEreH MYMKIHIIKTepre o amajsl. OKylmbuiap adCTpakTiii YFbIMAAP/IbI
TepeH MEHrepin KaHa KoliMaii, COHBIMEH KaTap Ka3ipri aJiemJ1e KaKeTTi I (PIIbIK
cayaTThUIBIK JaF/IblIapblH KaJIbIITaCThIPAIbI.

Bupryanus 3eprxananap 6ipryrac 6arjapiaMalbiK-aKnapaTThIK opTa OoJIbII
tabputaapl. O KbICKalla TIpeK KOHCIEKTiCiHeH, Oenrimi Oip KypblUIbIMFa He
0oJIaTBIH MHTEPAKTHUBTI TallChIpMalIap TYpiHJe apHaiibl 931pJICHICH aKnapaTThiy
KOMeET1 apKbUIbl OKy MaTepHajiblH UTepyre jKoHe OeKiTyre OarbITTalFraH OKy ic-
OpEKeTIH XYy3ere achlpyFa MYMKIHJIK OepeTiH KOMIBIOTEpIiK Oarjapiiamainap
xKyHecinen Typaasl [7, 6. 3]. OcelHIal xKyHenepaeH TypaTblH BUPTYaJIbl
3epTXxaHajiap Karapbl eTe Kerl, cCoHbIH iminne «PhET» O6arnapnamaceis atan etyre
6osanbl. «PhET» OarmapiaMacsl OKyIIbLIapFa BUPTYaJAbl SKCIEPUMEHTTEPI1
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KYPrizyre *oHe aJfaH HOTIIKEJEPIH Tajjayra MYMKIHAIK OepeTiH TYCIHIKTI
nHTepdeiicTeH Typaabl.

1-cyperte O6epinred https://phet.colorado.edu/ miatdpopmackiHia YCHIHBUTFAH
(b3HKaIBIK TOKIpUOEep MeH NPOoLeCTep/i BU3yalliayFa apHajFaH CUMYJISIIUsIIap
KaTapbl OepinreH. MyraiiM e3iHe KoJJJaHyFa bIHFaiIIbl 00J1aThIH CUMYJISILMSIIAP 1B
JKYKTEI, 3epTXaHaJIbIK XKYMbICTap bl YiibIMIacThIpa anajsl [2-4; 10].

L] SIMULATIONS  TEACHING RESEARCH INIIATIVES [DONATE| O @

for Science and Math

—~——
Interactive Simulations g

Over 1.5 billion simulations delivered

MATHE
PHYSICS Gl CHEMISTRY EARTH & SPACE. BIOLOGY.

A o | ¢

1-cypet — Phet Interactive Simulations caliTeIHBIH OacTanKbel OeTi

PhET Interactive Simulations mmardopmacsinna «®uznka» moHi OolbIHIIA
62 cUMyJISIIMSUTBIK TpeHaxepiap 6ap (2-cypet), COHbIH imiHae Keaeci bemiMaep
OoibIHIIA:

1) xo3ramnbIcTap — 18;

2) ABIOBIC TICH TOJIKbIHIAP — 4;

3) 5KYMBIC JKoHE dHeprus — 7;

4) xbl1y — 9;

5) KBaHTTBIK KYObUIBICTAp — 3;

6) JKapbIK JKOHE coyJiesieHy — 9;

7) a7meKTp, MarHUTTEpP MEH Tiz0ekTep — 12.

@ SMULATONS  TEACHNG FESEARGH  NTIATIES a

Browse  Filter

SUBJECT (1) +

63 results

m=x

9 Light & Radiaion
ety Vagnets &
9 Gicuts

ru1aT(opMachlHAa YCHIHBUIFAH TAKbIPHIITAp
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«/Inddy3usp TakpIpbIObIHA OaliJIaHBICTBI MOJIEITB/ICY OKYIIBUIAPFA €Ki Fa3/bIH
apaJiacy IpOLECiH 3epTTeyre MyMKiHIiK Oepe/i. OKynIbuiap KOHIEHTPaUsHbIH,
TeMIlepaTypaHbIH, OJIIIEKTePAiH Maccachl MEH PaJnyCTapbIHbIH TU(QY3USHBIH
KBUITAMIBIFBIHA Kajail ocep eTeTiHIiriHe O0alaaHbICThI 3KCICPUMCHT
kyprize ananel. Conpaii-ak, KaHgall Maccaja oHE O6JIICKTep/IiH KaHmai
KBULAAMIBIFBIH/IA JKYHE TeTe-TeH K KYHTe e O0JIaThIHABIFbIH 3ePTTEH aJla/Ibl.

MplIcan periHzie Kejieci BUPTYa/bIK 3epTXaHaIbIK )KYMBICTBI KapacThIpyFa
OoJIabI.

3eprxaHaibIK )KyMbIC 1. JIuddy3us xKpuLaaMIbIFbl MEH MOJIEKYJIAJIBIK Macca
apachIHarbl OAJIaHBICTHI AHBIKTAY .

JKyMmbIcTBl OpbIHIAaYy OapbICBIH/A KeJiecl TYKBIPBIMAAP/bIH KalChICHI
JIYpbIC €KSHAIrH aHbIKTay Kepek: 1) anddy3nsHbIH KbIIaM/IbIFbI MOJICKYJIAIbIK
Maccara Typa/kepi rpornopuronait; 2) 1uddy3usHbIH KbIIaMIBIFbI MOJICKYJIAIIBIK
MaccaHbIH KBajapaT TyOipiHe Typa/kepi mponopuuoHai; 3) nuddy3usHbg
XKBLIAMJIBIFBI MOJICKYJIAJIBIK MAaCCaHbIH KBaJIpaThlHA Typa/Kepl MPOIOpPIHOHAI.
Ou y1iH oKyIIsUIap Keneci KaJiam/Isl opbiHaay kepek: https:/phet.colorado.edu/
atgopmackiH icke kocy — Physics — SUBJECT — Physics — Heat & Thermo —
Diffusion. Ockl KagaMaapapl OpbIHIaFaH COH 3-CYpeTTe KEeNTIPUITeH BUPTYaIIbI
3€pPTXaHAIIBIK )KYMBIC alllbUIaIbl.

Number of Particles

Reset Divider

(O Center of Mass
(& Particle Flow Rate
& Scale

& Stopwatch

© Normal
o ° @ Slow

1nm

3-cyper — Auddysus

I. AnrbutraH O€TTIH OH JKaFbIH/AFbI YAIIBIKTapFa OaFapiianap sl TOMEH He
JKOFapbl 6aca OTHIPHIN, KeJIeci MoOHJIep KOHbLIAIbL:
1) GemmexTepin canbl: Kok — 100, Kp13pu1 — 100;
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2) GesnIeKTep/iH MOJIEKYJIANIBIK Maccaapbl: KoK — 16 I/MOJIb, KbI3bLT — 4
I/MOJIb;

3) GenmexrepiH paauycrapsl: KoK — S50 1M, Kbi3bul — 50 mv;

4) Gemmextep/in 6acTankel Temneparypacsl: kok — 300 K, kp13ut — 300 K.

Hotmkecinme 3KpaHHBIH COJ JKAFBIHIAFBI TEPE3CIC MOIIMETTEpre COMKec
KeJIeC1 HOTIIKEIICP eCeNTeIHEe i

1) ke OemmexTiH AUGBY3H KbUIIaMABIFS: U] = 52-48=4;

2) KpI3b11 GONMIEKTIH AUB(Y3us KBUIIAMABIFEL: U, = 53—-47 = 6

AJbIHFaH MaNiMeTTepre OaillaHbICThI:

1) KBI3BII/KOK OOJIMIEKTEePiHIH KBIJIIaMIBIKTAPBIHBIH KaThIHACHI

v,
AHBIKTATBIHALG: —= = — = | 5
U1
2) KOK/KBI3bUT OOJIIEKTEPiHIH MOJIEKYJIAIBIK MaccalapbIHBIH KaTBIHACHI
u, 16
AHBIKTAJIBIHA/IBI: = =4 ;
u, 4

3) KOK/KBI3BII OOINMIeKTePiHiH MOJICKXJIaHBIK MaccallapbIHBIH KBaapat

K

Cypak: MoJjeKyjaanxapIAblH MOJAPIABIK Maccanapbl AU Gy3UsIHBIH
JKBUIIAMIBIFbIHA ocep eTeni me? Erep acep etce, Kanaii?

II. Bererti Ko¥ibIl, KalTa alblll TacTaraH Ke3je OipJeH CeKyHIoMep/i
KOCY KEpEK. BOFeTTiH OH JKarbl MEH COJI XXaFbIHAa KOK MOJICKYJIaJIapAblH CaHbI
Oipaeit OosiraH Ke3Je CEKyHIOMEpAl TOKTaTy kepek (cyper 4). Onan keifiH
MOJICKYJIaJIapIblH CaHbIH OIPTIHIEH ©Cipe OTBIPHII, eKi )KaKTa Jja MOJICKyJaaap
CaHbI TCHECETIH yaKbITTap/bl 1-KecTere TOJIThIPY KepeK.

TYOIpJIepiHiH KaThIHACHI AHBIKTAIBIHA B
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= pata Number of Particles

e 50 ® 50 N 100 4
. a7 e 53
Tavg =304 K Tag =297 K

Mass (AMU)

. 1
Radius (pm)

e [E o B
Initial Temperature (K)

& Center of Mass.
 Particle Flow Rate
& Scale

& Stopwatch

© Normal
° o @ Slow
4-cypet — bereTTiH €Ki karbIHa KOK OeIeKTep
CaHBIHBIH Oip7ieit OONFaH JKaFIalbl

1-xecte — bereTTiH OH aFbl MEH COJI )KaFbIHJIAFbl MOJIEKYJIajap
CaHBIHBIH TEHECY YaKbIThI

Ne OH XaKTarbl MOJICKyJIajap CaHbl Teme-TeHaiK OpHAY YaKbITHI
1 50

2 100

3 150

4 200

Cypax: audy3us KpUTIaMIbIFbIHA MOJIEKYTaIapAbIH CaHbI acep eTeai Me?
Erep acep erce, kanait?

III. Kex monekynanapeid canbl ysambiFbiHa 100 opHaTtaMbi3. bactanks
temneparypansl 100 K mem KoHbII, Tere-TeHAiKTiH OpHaFaH YaKbIThIH aHBIKTAY
KEpeK. 2-KecTe TONTHIPBUIA/IBL.

2-KecTe — BGFSTTiH OH JXatrbl MCH COJI ’)KarbIH/Iat bl MOJICKYJIaJIap CaAHbIHBIH TCHECY
YaKbIThbI

Ne bacaranks! Temneparypa, K Tene-TeH1ik OpHAYy yaKbIThI
1 100

2 200

3 300

4 400
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Cypak: auddysus KpulgaMablFbiHa TeMIeparypa acep ereni me? Erep acep
erce, Kajlai?

IV. DkcnepuMeHTTI MOJIEKYJIaHBIH PaJUyChIH ©3TepTy apKblIbl
YKaJIFACTBIPBIHBI3.

Cypax: auddy3ust KbULaMIbIFbIHa MOJICKYJIaHBIH PaJANYChI acep eTell Me?
Erep ocep etce, kanaii?

KopbITbIHABI

Opra mMekrenTte «MoJeKynanblK-KHHETUKAIIBIK TEOPHs HeTi3/1epi» TapayblH
OKBITY/Ia aKNapaTThIK-KOMMYHHKAIMUIBIK TEXHOJOTHSUIAp/bl KOJIAaHY OKY
yzepicin enayip Trimai erenti. AKT Kypanaapsl oKyIbuiapra Kypieli abcTpakTii
YFBIMIAPABI BU3YAIIBI TYPJE KOPCETYTe, MOJIEKYJIaIap/IbIH KO3FalIbICHl MEH 03apa
opeKeTTecyi CHSKTBI KYObUIbICTap/Abl HAKTBIPAK TYCIHIIpyre MyMKIHIIK Oepei.
Buptyanapl 3eprxaHanap MEH KOMITBIOTEPIIK CHMYJISIIHSIIAP OKYLIBUIAPIBIH
O1TIMIH TepeHIeTII, oap/bIH cabaKKa JIereH KbI3bIFyIIbUIBIFBIH apTTHIPaJIb, ajl
WHTECPAKTUBTI Kypaigap apKbUIbl ©31HIIK 137ICHIC IEH OCJICEHAUTIKTI TaMbITyFa
KOJI JKE€TKI3lIei.

Makanana kapacteipeiran AKT xonpany anictemernepi OKyIIbUIAP.IbIH
MoHA1 KaObuIIayblH JKEHIIJETIN KaHa KoiMal, COHBIMEH KaTap oJapiabl
TOXIPUOEIIK JKoHE 3epTTey JarabliapbiHa Oaynuasl. MyHnail Taciiaep gpusnka
MIOHIH OKBITY CamachlH XKaKCapThlll, OKYIIBUIAPABIH IOHTE JIET€H BIHTACBhIH
apTTHIPBII, OJIAP/IbIH FRIIBIMU OMJIay KaOIJIeTTEepiH AaMbITyFa CeNTIriH THTi3e/Il.
AKT-HbI THIM/TI KOJIZJAHY apKBUTBI MEKTEIT OKYIITBUTAPBIHBIH (DU3UKA [TOHIH TEPCH
TYCiHyl KaMTamachI3 eTijiel, Oy 3 Ke3erinze oyapblH 0oJaniakTa FoUIbIM MEH
TEXHHKa CajlaChlHa KbI3BIFYIBUIBIFBIH KaJIBIITACTHIPYFa BIKIAJ €TEI.

AUJIAJTAHBUIFAH ©JIEBUETTEP TI3IMI

1 XKanmbr opta OLTIM OepyTIiH MEMIICKETTIK JKaJIbIFa MIHACTTI CTaHIaPThI
[Marin] // Kazakcran PecriyOnukacsl OKy-arapTy MUHUCTpPiHIH 2022 5KbUTFBI 3
TambI31arbl Ne 348 OyipbIFsl [ 1eKTpoHIBIK pecypce]. — https://adilet.zan.kz/kaz/
docs/V220002903 1#2530.

2 Boaoros, C. A., IpakonoB C. B. [IpumeHeHre UHTEPAKTUBHOTO
MOJICJIUPOBAHUS 11 00yUYeHHs pabOTe CO CIIOMKHBIM ITPOrPAMMHBIM 00ECTIEUeHUEM
[Mortin] // UHHOBanmoHHas Hayka. — 2020. — Ne 4. — C. 11-13.

3 Zaikin, A. D., Suhanov, L. I. The Physics Laboratory Works — Individualized
Computer Simulations [Morin]. — M.: UJI, 1961. - 173 c.

4 Meroau4yeckue peKOMEHJANUH 1O HCIOJIb30BAHUIO BUPTYaJIbHBIX
1a00paTOPHBIX paboT B U3ydcHuu Qu3uku [MoriH]. — Acrana: HanmonansHast
akaziemusi oopasoBanus umenu U. Anteicapuna, 2023. — 160 c.

273



Topatievipos ynusepcumeminiy Xabapuwicot, ISSN 2959-068X.
Dusuka, Mamemamura HaHe KOMNbIOMepPiK ulavimoap cepusicol. Ne 1, 2025

5 I'epacumosa, T. 10., Jleonosa, B. I1. DiexTpoHHbIIT 00pa3oBaTeNbHbIN
pecyp Kak cpeactBo ooydenus ¢pusuke [Morin] / Kponoc. — 2020. — Ne 7. — C.
34-38.

6 CanBakacoBa, A. K., PaxmeroB, M. E. binim Gepyneri Konmganyra
apHaJraH oHJaiH matdopmanap [Motin] / AObutaii XaH aThIHIAFbl Kazak
XaJIbIKapaJIbIK KaThIHACTAP )KOHE dJIeM TUIIepl YHUBEpcHTeTi Xabapibichl. —2022.
— Ne 1(64). — b. 86-100.

7 Wieman, C. E., Adams, W. K., Perkins, K. K. PhET: Simulations That
Enhance Learning [MariHn] // Science. — 2009. — Vol. 322. — P. 682—683.

8 Adams, W. K. Student engagement and learning with PhET interactive
simulations [Matin] // IL NUOVO CIMENTO. —2010. - P. 1-12.

9 Meadows, M. Using PhET Simulations in the Mathematics Classroom
[Marin] // Mathematics Teacher Learning and Teaching PK-12. — 2019. — Ne
5(112). — P. 386-397.

10 Muauncknii, A. FO. MeTtonuka UCnoiab30BaHUsl BUPTYalIbHOTO
(y3nUecKoro NpakTUKyma Ha ipumepe Kypca «Marnetnsm» [Marin] // ITpodiaembt
COBPEMEHHOT0 IeJJaroruueckoro oopaszoanus. —2023. — Ne 79-1. — C. 221-223.

REFERENCES

1 Zhalpy orta bilim berudin memlekettik zhalpyra mindetti standarty
[State compulsory standard of general secondary education] [Text]. Order of the
Minister of Education and Science of the Republic of Kazakhstan. — No 348. —
dated August 3, 2022. — [Electronic resource]. — https://adilet.zan.kz/kaz/docs/
V220002903 1#2530.

2 Bolotov, S. A., Diakonov, S. V. Primenenie interaktivnhogo modelirovaniya
dlya obucheniya rabote so slozhnym programmnym obespecheniem [The use of
Interactive Modeling for Teaching how to Work with Complex Software] [Text].
In Innovative science. — 2020. — Ne 4. — P. 11-13.

3 Zaikin, A. D., Suhanov, L. I. The Physics Laboratory Works — Individualized
Computer Simulations [Text]. Moscow: IIL, 1961. — 173 p.

4 Metodicheskie rekomendacii po ispol’zovaniyu virtual’nyh laboratornyh
rabot v izuchenii fiziki [Methodological Recommendations for the use of Virtual
Laboratory Works in the Study of Physics] [Text]. Astana: Nacional’'naya
akademiya obrazovaniya imeni [. Altynsarina, 2023. — 160 p.

5 Gerasimova, T. Yu., Leonova, V. P. Elektronnyj obrazovatel’nyj resur
kak sredstvo obucheniya fizike [Electronic Educational Resource as a Tool for
Teaching Physics] [Text]. In Kronos. — 2020. — Ne 7. — P. 34-38.

6 Sadvakassova, A. K., Rakhmetov, M. E. Bilim berudegi koldanuga
arnalgan onlajn platformalar [Online Platforms for use in Education] [Text]. In

274

Becmuux Topatievipos yrusepcumema, ISSN 2959-068X.

Cepus: Qu3suka, Mmamemamura u KomnvromepHoie Hayku. Ne 1, 2025

Bulletin of Kazakh Ablaikhan University of International Relations and World
Languages. — 2022. — Ne 1(64). — P. 86—-100.

7 Wieman, C. E., Adams, W. K., Perkins, K. K. PhET: Simulations That
Enhance Learning [Text]. In Science. — 2009. — Vol. 322. — P. 682—683.

8 Adams, W. K. Student engagement and learning with PhET interactive
simulations [Text]. In IL NUOVO CIMENTO. —2010. - P. 1-12.

9 Meadows, M. Using PhET Simulations in the Mathematics Classroom
[Text]. In Mathematics Teacher Learning and Teaching PK-12. — 2019. — Ne
5(112). — P. 386-397.

10 Milinsky, A. Yu. Metodika ispol’zovaniya virtual’nogo fizicheskogo
praktikuma na primere kursa «Magnetizm» [The Methodology of Using Virtual
Physics Labs on the Example of the “Magnetism” Course] [Text]. In Problems of
Modern Pedagogical Education. —2023. — Ne 79-1. — P. 221-223.

26.11.24 x. bacnara TYCTI.
28.11.24 . Ty3eTyJepiMeH TYCTI.
24.01.25 . OachlI HmbIFapyFa KaObULAaH/IbI.

*A. B. Hckakosa', M. T. Kyanviuobaesa’

'TopaiirsipoB yHuBepcuTeT, Pecnyonuka Kasaxcras, r. [TaBnogap

’KazaxCKuil HallMOHANBHBIH TEIarOTHYCCKUN YHUBEPCUTET UMECHH Abas,
Pecny6iinka Kazaxcras, r. AjMaThbl

[Moctynuno B pegaxuuto 26.11.24.

IToctynuno ¢ ucnpasienusmu 28.11.24.

[Ipunsaro B neuats 24.01.25.

METOJAUYECKHUE OCHOBBI HCITIOJIb30BAHUSI
BUPTYAJIBHBIX JIABOPATOPUM ITPU U3YUYEHUU PA3JIEJIA
«OCHOBBI MOJIEKYJISIPHO-KUHETUUYECKOM TEOPUM»
B CPEJTHEM IIKOJIE

B cmamve paccmampusaromes  memoouueckue 0coOEeHHOCMU,
I hexmusnocms UCTIONLIOBAHUSL UHDOPMAYUOHHO-KOMMYHUKAYUOHHBIX
mexuono2uti  npu  uzyuenuu  paszoena  «OCHOBbL  MOJEKYIAPHO-
KUHeMUYeCcKoll meopuu» 6 cpeoneli wikoJe. Ananuzupyemcs Ucnoib308anue
UHPOPMAYUOHHO-KOMYHUKAYUOHHBIX MexHONI02Ull 8 npoyecce
obyuenusn Qusuxe 6 wikoie. B cmamve paccmompeno ucnonvzosanue
UHPOPMAYUOHHO-KOMMYHUKAYUOHHBIX MEXHONO2ULl HA YPOKAX (DU3UKU
6 cmapwiux Kiaccax npu uzydenuu pazoenda «Ocnogbl MOMEKYIAPHO-
KUHeMmu4ecKou meopuu» ¢ UYeablo NOBbIUEHUs NO3HABAMENbHO20
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unmepeca ydawuxcs k npeomemy. Llenv uccredosanus — onpedeiums
MemoOudecKue OCHOBbL UCNOAb30SAHUS SUPMYAIbHLIX 1A00pAmMopuil
npu uzyenuu pasoeina «OCHO8bL MOJCKYIAPHO-KUHCIUYECKOU MeOPULLY
6 wKose. B coomeememeuu ¢ yenvio uccieoosanus Obliyu noCmMAaeieHbl
creoyiowue  3adaqu: 1) npoeecmu aHAIU3  HAYYHO-MEMOOUHYECKUX
MAMeEpPUaIos no meme Uccie008anust, d MaKkH#ce HOPMAMUSHO-NPABOBHIX
dokymenmos, ymeepoicoennvix Munucmpom npoceewjenus Pecnyonuxu
Kazaxcman, xacarowuxcs obwe2o  cpeonezo  obpasosanus,  2)
paspabomams MEmMoOUKy UCHONb306AHUSL GUPMYATbHBIX J1AO0PAmMopull
npu usyuenuu pazoeina « OCHO8bL MOJCKYIAPHO-KUHEIUYECKOL MeOpUuuy» 6
WKoJe.

s onpederenus  npobiemvl,  C8A3AHHOU ¢ peanuzayuen
MENHCIPEOMEMHBIX U GHYMPUNPEOMEMHbIX — C83€ll  NPU  U3VHEHUU
MOJCKYIAPHOU  (PU3UKU 8 WIKOJe, UCTONb308AH MEMOO0N0UYECKUTLL
n0O0X00, OCHOBAHHbIU HA AHAIU3E U 0OOOWEHUU HAVYHO-MEMOOUYECKUX
uccne0o8anuil.

B xo00e uccredosanusi: 1) 6viiu visienenvt ocobeHHocmu niamgopmol
PhET Interactive Simulations, 2) npednosicena memoouxa ucnoib308anus
supmyanvHoll 1abopamopuy, npeocmasiennou na niamgpopme PhET
Interactive Simulations, npu uzyuenuu pazoena « OCHO8bL MOJEKYIAPHO-
KUHemuyeckotl meopuuy 6 cpeonell wkoie. Memoouueckue pekomenoayuil,
npeocmasgieHuvie 8 Xo0e UCCIeO08AHUsL, MOZYN GHECMU YEHHbIU GKIA0 8
nedazo2utecKylo NPAKmuKy.

Kniouesvie cnosa: ¢usuxa, uHhopmMayuoHHO-KOMMYHUKAYUOHHDLE
MEeXHON02UY, SUPMYATbHLLE AOOPAMOPUL, APUKIAOHbIE NPO2PAMMB,
MYToMUMEOULIHAS 00VUAOUAS NPOSPAMMAL.
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METHODOLOGICAL FOUNDATIONS OF USING
VIRTUAL LABORATORIES IN TEACHING THE SECTION
«FUNDAMENTALS OF MOLECULAR-KINETIC THEORY»

IN SECONDARY SCHOOL

The article discusses the methodological features and effectiveness
of using information and communication technologies (ICT) in teaching
the section «Fundamentals of Molecular-Kinetic Theoryy in secondary
schools. The use of information and communication technologies in the
process of teaching physics in schools is being analyzed. The article
examines the use of information and communication technologies in
physics lessons for senior grades when studying the section « Fundamentals
of Molecular-kinetic Theory» with the aim of increasing students’
cognitive interest in the subject. The aim of the research is to determine
the methodological foundations for using virtual laboratories in teaching
the “Fundamentals of Molecular-Kinetic Theory” in schools. In line with
the aim of the research, the following objectives were set: 1) to analyze
scientific and methodological materials on the research topic, as well as
normative and legal documents approved by the Minister of Education
and Science of the Republic of Kazakhstan, related to general secondary
education; 2) to develop a methodology for using virtual laboratories in
teaching the “Fundamentals of Molecular-Kinetic Theory” in schools.

To address the issue of implementing interdisciplinary and
intradisciplinary connections in the study of molecular physics in schools,
a methodological approach based on the analysis and generalization of
scientific and methodological research was applied.

During the research: 1) the features of the PhET Interactive
Simulations platform were identified; 2) a methodology for using
the virtual laboratory provided on the PhET Interactive Simulations
platform in teaching the “Fundamentals of Molecular-Kinetic Theory” in
secondary schools was proposed. The methodological recommendations
presented during the research can make a valuable contribution to
pedagogical practice.

Keywords: physics, information and communication technologies,
virtual laboratories, applied programs, multimedia educational program.
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FROM THE EXPERIENCE OF DEVELOPING
HISTORICAL-METHODOLOGICAL
DIDACTIC CONTENT ON THEORY OF RELATIVITY

The relevance of this research is determined by the fact that the
quality of training specialists in physics for science and education depends
not only on their level of specialized knowledge but also on their cognitive
thinking and metacognitive skills. In the digital era, the development
of educational content for specialized courses aligned with modern
constructivist didactic systems remains a pressing challenge. These
systems aim to enhance the learning process through the integration of
historical and methodological material. However, in the current practice
of scientific and professional education, the application of metacognitive
learning technologies is rare due to the lack of systematized historical-
methodological content based on primary sources and methodological
literature. The study aims to develop historical-methodological didactic
content for a specialized course section on “Einstein’s Theory of
Relativity.” The theoretical basis of the research involves the analysis
of primary sources on the topic using a cognitive approach. Research
Results: 1) based on a review and analysis of events from the first half
of the 20th century, which saw a revolutionary leap in the development
of physics content and methodology, historical facts concerning the
emergence, development, and formulation of the fundamental principles
of Einstein’s theory of relativity were selected and methodologically
analyzed. 2) a methodological analysis of these facts was conducted to
create metacognitive didactic content for student education.

Keywords: didactic content, special theory of relativity, cognitive
approach, methodological analysis, historical-methodological content,
constructivist didactics.
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Introduction

Relevance.The primary trend in modern education is its metacognitive
orientation. Quality of life and individual success are directly dependent on
cognitive thinking and conscious creative perception of the world, which are
enhanced by the development of emotional intelligence. The level of emotional
intelligence, in turn, is influenced by cognitive thinking and skills. Human
resources are a system-forming component compared to other state resources,
such as capital and technological development. Therefore, it is essential to foster
the cognitive potential of students.

This study provides a scientific and methodological rationale for the relevance
of dissertation research on creating effective didactic content and teaching
technologies for the course section “Einstein’s Theory of Relativity” within a
minor for undergraduate physics students. The research emphasizes the importance
of studying this specialized course, which provides an additional educational
trajectory for future bachelor’s students majoring in Physics (6B05301).

The research addresses the necessity of a historical-methodological approach
to teaching the “Einstein’s Theory of Relativity” section, highlighting its
significant didactic and metacognitive potential. This article analyzes historical
events in physics, particularly examining the problem of heuristic interactions
between philosophy and physics based on a review of the content of the following
sources: D.-D. E. Ochirov’s Methodological Physics [1, p. 346] and Max Born’s
Einstein’s Theory of Relativity [2, p. 369]. Born was a renowned physicist and a
direct participant in the scientific events of the first half of the 20th century, who
documented the discovery and development of Einstein’s special and general
theories of relativity as factual material. Ochirov’s textbook serves as the source for
the methodological review in this research. The object of the study is the modern
content of the “Einstein’s Theory of Relativity” section in physics, while the subject
is historical-methodological content as a constructivist didactic component for the
minor on the theory of relativity. The aim of the study is to develop historical-
methodological didactic content for the specialized minor on “Einstein’s Theory
of Relativity.” The objectives of the study include: 1) reviewing and analyzing
events of the first half of the 20th century, a period marked by a revolutionary
leap in the development of physics content and methodology; 2) selecting and
conducting a methodological analysis of historical facts concerning the emergence,
development, and formulation of the fundamental principles of Einstein’s theory
of relativity; and 3) conducting a methodological analysis and synthesis of these
facts to create didactic content for metacognitive student learning. To solve the
research problem and achieve the objectives, we formulated the following research
hypothesis: “Studying, analyzing, and developing historical-methodological
content for a selected section of physics can significantly enhance the effectiveness
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and quality of the educational process for the specialized course, with effectiveness
ensured by the research-oriented and constructivist focus of the didactic content.”

Materials and methods

The historical-methodological approach focuses on the formation of
students’ methodological knowledge during the study of various sections of the
physics course, fostering cognitive research thinking and metacognitive skills.
Einstein’s theory of relativity has significant didactic potential for fostering a
deeper understanding of physical concepts based on methodological approaches.
We adhere to the definition of «methodology» provided by the Oxford English
Dictionary: «Methodology is the scientific study of methods and rules used within
a particular field of knowledge». In contrast, the Great Soviet Encyclopedia defines
methodology primarily as «...the study of methods of knowledge acquisition...»
[3].

This interpretation allows us to equate “research” with “cognition”,
supporting our hypothesis that familiarizing students with the methodology
of the subject allows instructors to apply research methods for analyzing,
synthesizing, structuring, comparing, drawing analogies, and generalizing
information. In Nurumzhanova’s article [4, p. 129], the following criteria for
structuring educational content were proposed: 1) the student’s mentality; 2)
element-by-element analysis of educational material; and 3) the fundamentals
of the methodology of the scientific discipline. In this article, we focus on the
third criterion — the study of the methodology of physics. It is well known that
the “Einstein’s Theory of Relativity” section possesses substantial potential for
historical and methodological inquiry.

In selecting research methods, we found it appropriate to conduct a literature
review based on Max Born’s Einstein’s Theory of Relativity [2, p. 369], which
offers factual insights into the development of Einstein’s special and general
theories of relativity. Ochirov’s textbook [1, p. 346] served as a source for the
methodological review. This article analyzes facts and events in the history of
physics, particularly examining the problem of heuristic interactions between
philosophy and physics based on a review of two sources.

The historical-methodological approach focuses on forming students’
methodological knowledge necessary for developing research thinking and
metacognitive skills when studying the minor «Einstein’s Theory of Relativity».

Philosophical and methodological analysis, regardless of whether it is oriented
toward natural sciences or social and humanities fields, inherently belongs to the
realm of socio-historical cognition. Even when philosophers and methodologists
deal with specialized natural science texts, their research subject is not physical
fields, elementary particles, or biological processes but rather scientific knowledge,
its dynamics, and research methods in their historical development.
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Indeed, it is no secret that educational disciplines today represent categories
of science with well-developed logical structures, including experimental and
natural facts, phenomena, processes, characteristics and properties of the real
world, developmental patterns, theoretical principles, and natural science theories.
These educational subjects, which form the basis of fundamental sciences with a
philosophically grounded methodology for scientific and cognitive inquiry, can and
should be used as content for professional education. An important prerequisite
here is that the educational process relies on natural science methodology and
the psychological principles of the cognitive process of knowledge acquisition.
Therefore, physics as an academic discipline remains the most powerful tool for
cognitive development. In modern school and university education, the emphasis
has shifted from mere knowledge accumulation to the development of the student’s
personality as an open system capable of self-development. It is well known that
the goal of studying physics is to develop students’ physical thinking. Long-term
professional experience in education shows that the best approach to developing
physical thinking involves studying historical and methodological materials on
the history of physics [5, p. 12; 6, pp. 482—490; 7, pp. 263-269; 8, pp. 289-294].

In developing the content of the specialized minor based on the historical-
methodological approach, we used educational materials from traditional general
physics textbooks, where the content of the section is presented according to the
authors’ conceptual frameworks and aligned with the requirements of the Standard
Program or official educational standards.

For studying the state of content development on the selected topic, we
designed an assignment requiring students to analyze texts on the selected topic in
the textbook and assess their alignment with 1) the cognitive scheme for studying
this category of knowledge, 2) the descriptors of student’ learning outcomes for
this topic, and 3) synthesize information to achieve learning outcomes.

The research results are presented in Table 1, “Texts on ‘Einstein’s Special
Theory of Relativity’ in Popular University Physics Textbooks” [9, p. 560; 10,
p. 784; 11, p. 384].
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Table 1 — «Texts on ‘Einstein’s Special Theory of Relativity’ in Popular University

Physics Textbooks»
T. L. Trofimova D. V. Sivuhin I.V.Savel'ev
The Special Theory of The Theory of Relativity is The
Relativity (STR) is a modern | a fundamental physical theory | Principle of

physical theory of space and | that encompasses all of physics. | Relativity and the
time, in which, as in classical | It emerged at the beginning of | Principle of the
Newtonian mechanics, it is | the 20th century as a result of | Constancy of the

assumed that time is | overcoming the principal | Speed of Light

homogeneous, and space is | difficulties  encountered by | form the basis of

homogeneous and isotropic. | electrodynamics and  optics | the Special

STR is often also called the | concerning moving bodies. The | Theory of

relativistic theory, and the | Theory of Relativity abandoned | Relativity, which

specific phenomena | the use of the ether hypothesis. It | essentially

described by this theory are | is based not on hypotheses but | represents a

referred to as relativistic | on principles or postulates firmly | physical theory of

effects. established through experiments. | space and time.
The Special Theory of | Newton's equations of

Relativity required | mechanics, which define changes

abandoning the familiar | in the motion states of

concepts of space and time | mechanical systems, are

adopted in classical | invariant under Galilean

mechanics, as they | transformations. This is known

contradicted the principle of | as the Galilean principle of
the constancy of the speed of | relativity. The principle can also
light. Not only did absolute | be formulated as follows: “The
space lose its meaning, but | laws of nature governing the
absolute time as well. | changes in the motion states of
Einstein's postulates and the | mechanical systems do not
theory based on them | depend on whether they are
established a new worldview | related to one of two inertial
and new space-time concepts, | reference frames moving
such as the relativity of | rectilinearly and  uniformly
lengths and time intervals, | relative to each other.” Pre-
and the relativity of the | relativistic physics considered
simultaneity of events. These | these formulations identical, as it
and other consequences of | did not allow for any
Einstein's theory find reliable | transformation of r and t other
experimental  confirmation, | than Galilean transformations
thereby substantiating | when dealing with uniform
Einstein's postulates and the | translational motion of inertial
Special Theory of Relativity. | reference frames relative to each
The analysis of phenomena | other. In fact, the second
in inertial reference frames | formulation is more general than
conducted by A. Einstein, | the previous one since it does not
based on the postulates he | specify the type of coordinate
formulated, showed that | and time transformation for
classical Galilean | which the mechanics equations
transformations are | are invariant. The principle of
incompatible with them and, | relativity does not claim that the
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therefore, must be replaced | same physical phenomenon
by  transformations  that | looks identical in different
satisfy the postulates of the | inertial reference frames. The
theory of relativity. reason is that  differential
equations of mechanics alone do
not determine the motion of a
system. Initial conditions, such
as the coordinates and velocities
of all interacting particles at a
specific moment in time, must
also be included. These initial
conditions change when
transitioning from one reference
frame to another. Due to
differences in initial conditions,
the motion of an object falling
off a shelf in a uniformly moving
carriage occurs in a straight line
relative to the carriage, while the
same motion relative to the
railway track occurs along a
parabola. That is why the
principle of relativity
formulation refers not to the
sameness of phenomena but to
the sameness of laws governing
changes in the motion states of

mechanical systems.

But two approaches are possible in the formation of didactic or specific
educational content for the developed minor with historical and methodological
content: (1) the cognitive-constructivist approach; and (2) the design (creative)
approach, taking into account the direction of the student’s intellect according to
Gardner [12, p. 512]. Taking into account the objectives of the master’s research,
we chose cognitive-constructivist technologies for the development of didactic
content. The technology for developing common content was presented by us in
our article [13, pp. 36—43]. Our previous studies revealed shortcomings in the
development of students’ cognitive functions, manifested in an insufficient level
of text comprehension. This indicates the poor development of students’ basic
mental operations, such as analysis, synthesis, comparison, generalization, and the
establishment of cause-and-effect relationships. Cognitive psychology asserts that
thinking skills are developed through research-based approaches involving creative
and investigative tasks, including analysis, comparison, and the generalization of
knowledge to foster students’ intellectual potential.
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Given the methodological nature of the section under study (Einstein’s Theory
of Relativity), the development of tasks should rely as much as possible on fostering
students’ ability to navigate scientific information. This should be achieved by
encouraging students to reference primary sources, analyze the works of theory
founders, and examine factual material from these primary sources. Our study
highlights the importance and possibility of teaching students how to construct
conceptual understandings from historical and methodological didactic content.

This research presents materials on analyzing only the historical and
methodological problems of the course on Einstein’s Theory of Relativity. We
examined factual material from the book by M. Born, extracting methodological
content of a generalizing nature to help develop students’ modern physical thinking.
This approach aims to provide students with a deep and accurate understanding
of the educational material and foster their metacognitive skills. The historical
and methodological context of the “Einstein’s Theory of Relativity” section, as
discussed earlier, possesses significant didactic potential.

In the 20th and early 21st centuries, physics has remained a leading field
in the development of natural sciences and the only fundamental science. In the
evolution of physics, experimental results often serve as a catalyst for revising
existing theories and discovering new facts, knowledge, and patterns that challenge
current theories. Subsequently, adjustments are made to these theories based on
the principles of complementarity and correspondence. As noted in the analyzed
textbook, «A. Einstein observed that physicists are compelled to do so due to
internal difficulties in the development of their science» [1, p. 3].

Results and discussion

In the process of studying and analyzing M. Born’s book “Einstein’s Theory
of Relativity” as one of the primary sources, we identified more than forty historical
facts about the formation and development of the theory of relativity, which the
author himself witnessed.

We selected facts that, in our opinion, illustrate the intellectual search and
struggle between scientists, including the proposal of various hypotheses, some of
which were erroneous. For instance, as M. Born writes, I. Newton held an incorrect
view regarding the existence of absolute space, attributing it to the emergence of
inertial forces in accelerated systems [2, p. 81]. Newton himself acknowledged
that his theory had limits to its applicability. As M. Born notes, R. Descartes was
the first to propose the idea of the ether as a medium for light propagation, thereby
becoming the precursor of the wave theory [2, p. 88]. According to M. Born, in
Lorentz’s new theory, an observer detects the same phenomena in their frame
of reference, regardless of whether it is at rest in the ether or moves through it
uniformly and in a straight line [2, p. 217]. Thus, as M. Born explains, Einstein
demonstrated that there are no means to determine absolute time or distinguish it
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from an infinite number of equivalent local times in different reference systems that
are in relative motion. Therefore, absolute time has no real physical significance
[2, p. 244].

To facilitate a more comprehensive study and understanding of the historical
and scientific environment surrounding the development of the theory of relativity
and modern quantum concepts, we have included unchanged excerpts from Max
Born’s book:

ITepBoHauanbHO Mpeanosarajoch CymecTBOBaHHe He OJHOTO 3¢Hpa,
a Henoro psfa: ONTHUECKOFO, TEPMHUYECKOro, 3/JEKTPHUECKOrO H
MarguTHOrO 3(UpOB, a BO3MOXKHO, H HeCKOJbKHX emie. [nsa Rax-
IOr0 SIBJEHUS, NPOHCXOJSLIEr0 B NPOCTPAHCTBE, H300peTalcs B Ka-
yecTBE HOCHTENsl clelHaJbHbIH 3¢up. CHauana Bce 3TH 3DHPH He
uMeJH MexXay coGoii Huuero obuiero H CyuecTBOBAaNH PAAOM APYT
C APYrOM cOBeplIeHHO HE3aBHCHMO B OJHOM H TOM XKe MpPOCTPaH-
cTBe. DTO M0JOKEeHHe Bellell, pasyMeeTcs, He MOIJIO NPOAOMKATHLCA
noaro. Bckope OBIM yCTAHOBJEHB COOTHOLIEHHS MeXIy sBJe-
HUSIMH, OTHOCSIIHMHCA K PasiHuHbIM 0o6GJacTsM (H3HKH, paHee HH-
KaK He CBA3aHHBIM.

Figure 1 — Original text from [2 P. 142]

«Initially, it was assumed that not just one ether existed, but a whole series:
optical, thermal, electrical, and magnetic ethers, and possibly several more. For
each phenomenon occurring in space, a specific ether was invented as its carrier.
At first, these ethers had nothing in common and existed independently of each
other within the same space. This state of affairs, of course, could not persist for
long. Soon, relationships were established between phenomena from different
areas of physics that had previously been unrelated». [2 P. 142]. The concept of
ether was intended to describe light waves, drawing an analogy to sound waves.
This was done by introducing an additional substance besides the vacuum, which
was ether. However, such ether was responsible for a specific class of phenomena,
namely mechanical ones. Light contained optical, thermal, electrical, and magnetic
properties. Therefore, the assumption of a whole class of ethers for each of these
properties was advanced. However, they were not related and had nothing to do
with each other.
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Opmako, KOorga ONBIT GBI OCYLIECTBJIEH, BBIACHHJIOCH, YTO He-
BO3MOXHO OGHAPYKHUTH @K€ HHUTOKHOTO clega OXKHAaeMOoro cMe-
LEHHs, a TIOCJAeAyIolHe TOBTOPEHHS 3TOTO OMbITa C MOMOLLbI0 6O-
Jiee TOHKHX CpeflcTB HabuawofeHuss He manu Huuero Hoporo. Otciona
MBI JIOUKHBI 3aKJIOUHTh, UTO 3upHbIfi BeTep xe cywecrsyer. Cro-
POCTH CBETA He UCNLITbIBAeT BAUAHUA OBudcenus 3Jemau Oaxce 80
aTopom nopsadke no P.

Figure 2 — Original text from [2 P. 213]

«...However, when the experiment was conducted, it turned out to be
impossible to detect even the slightest trace of the expected shift, and subsequent
repetitions of this experiment using more refined observation methods yielded no
new results. Hence, we must conclude that the ether wind does not exist. The speed
of light is not affected by the Earth’s motion even in the second order by *beta*».
[2 P. 213]. The accumulation of theoretical and experimental data by the end of
the nineteenth century required logical attempts to detect the ether. Attempts to
detect the manifestation of the ether wind were carried out by A. Michelson and
H. Morley in 1887 with the help of Michelson’s improved interferometer. The
experiments were conducted for several months, from April to July. However, no
trace of the ether wind was found.

Hrak, Mbl BHpuM, yTo ombiT MalikenbcoHa u Mopau mocTaBua
reopuio JlopeHna B upe3BbliyaiiHo TpyAHOe mnosoxeHue. [locrymar
cranHoHapHoro s¢upa, mo-suauMoMy, Tpebyer, uroGhl Ha 3eMmie
CYILECTBOBAJ 3(HPHBEIA BeTep, H, CleL0BaTe]bHO, IIPOTHBOPEUHT pe-
3yabraty oneita Malikesbcona u- Mopau. Tor ¢dakr, 4yTo OHa He
cpa3y yCTYNHJa HAlopy 3TOrO OIbiTa, CBHAETENLCTBYET O €€ BHYT-
peHHeH cusie — CHJe, KOTOpas 4YepliaeTcs BO BHYTPeHHe#d corsaco-
BAHHOCTH H NOJHOTe (u3HyecKoH KapTHHBI MHpa, npeljaraeMoil
teopueil. Hakonen, ona mpeojosena B U3BECTHOH Mepe W 3Ty TPYA-
HOCTb, XOTSl IJsi 3TOro norpeGoBajiach AOBOJMBHO CTpaHHAs THIO-
Te3a, BuaBunyTas Puukepanngom (1892 r.) u cpasy nopgepxas-
Hasi H pasButas JlopeHuoM.

Figure 3— Original text from [2 P. 214]

«...For the correct interpretation of the results of the Michelson-Morley
experiment in agreement with the ether, a «strange hypothesis» was required (the
contraction hypothesis: the measure of length in moving systems is different from
the measure of length in the ether), put forward by G. Fitzgerald and immediately
supported and developed by H. Lorentz» [2 P. 214]. According to M. Born, the
experience of Michelson and Morley put Lorenz’s theory in an extremely difficult
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position. The results of the experiment contradicted the postulate of the stationary
ether. For their correct interpretation, the contraction hypothesis was used.

Takum o6pa3oM, KH-
HemaTHka OHHWTeHHa Oblaa Obl BO3MOXKHBIM crnoco60om oOmpenese-
HHS, HO B IaHHOM CJyuae ee HeJb3f Obl10 Obl CUHTATbH Jaxe MNoJes-
woil, OOblulibie NpHEMH OGpalleHHsl ¢ JHHeHKaMH H yacamu Oblau
Obl, BHe BCAKOrO COMHEHHs, TOPa3j0 NpeAnouTHTeabHee.

Bor mo 3TOH-TO MpHYHHe elXBa JH BOOGIIE BO3MOXKHO NPOHJIIO-
CTPHPOBATH KHHEMATHKY DiHLITEHHA ¢ MOMOLLILIO MPOCTHIX MOpeJeil.
Takue Mojgend, Ge3ycJOBHO, MAOT COOTHOMIEHHS MEXKAY AJIHHAMH
K BpeMEHAMH B pa3/jHYHbIX cHCTeMax OTCYeTa NpPaBHJIbHO, HO OHH
HEeCOBMECTHBI € NPUHIHNIOM HUEHTHYHOCTH eAHHHI H3MepeHHd; B Ta-
KHX MOZEeJsX HeT HHKaKOTrO HHOTO BBIXOJAa, KpOME Kak BbIOpaTb pas-
JUUHble WKAJAbl JJIHH B ABYX cHcreMax S u 8’, gBHKymHXCcH OnHA
OTHOCHTEJBHO APYroOH.

Figure 4 Original text from [2 P. 245]

«...Einstein’s kinematics can hardly be illustrated at all with simple
models, since they are incompatible with the principle of the identity of units of
measurement» [2 P. 245].

TakuM o6pa3oMm, coKpallleHHe Npe/ACTaBJsieT COGOH JHILb
CJIeJICTBHE Hallero crnocoGa paccMaTpHBaTh MaTtepHaJbHBE 00BEKTH,
2 He KaKOe-TO H3MeHeHHe (uaHueckol HeficTBHTeabHocTH, Cienosa-
Te/NbHO, OHO He HMeeT OTHOIIEHHS K ctepe NeHCTBHA MOHATHA NpH-
YUHBL H CJAE[CTBHA.

Figure 5 — Original text from [2 P. 248]
«...The reduction is only a consequence of our way of looking at material

objects, not some change in physical reality. Consequently, it does not belong to
the sphere of action of the concepts of cause and effect» [2 P. 248].
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Hrak, cKopocTb cBeTa KHHEMaTHYeCKH eCTb MpelejbHasi CKO-
pPOCTb, KOTOPYIO HEBO3MOIKHO IIPEBLICHTE.

Ml 3HaeM, YTO B-JVYH PaAMOAKTHBHBLIX BelleCTB NMpeACcTaBJASIOT
coGo#l 2/1IeKTPOHHI, ABHIKYILHECS CO CKOPOCTSAMH, GJHIKMMH K CKO-
pocti cBera. ITouemMy Ke HEBO3MOXHC YCKOPHTb HMX Tak, 4TOObI
OHH JIBHTAJIHCh CO CKOPOCTAMH 0Oablie CKOPOCTH cBeTa?

Teopust DitHTelika, 0JHAKO, YTBepKAaeT, YTO 9TO HEBO3MOMKHO
B NPHHIHIE, [OCKOJLKY MHEDIHAJLHOEe CONpPOTHBJIEHHE, HJIH Macca
TeJa, BO3PACTaeT IO Mepe TOro, KaK €ro CKOpocTb NpHOJHKaeTcs
K CKOpOCTH CBeTa.

Figure 6 — Original text from [2 P. 260]

“...The speed of light in modern kinematics is the limiting speed that cannot
be exceeded. According to special relativity, the inertial property of bodies, which
consists in the tendency to preserve the state, or the mass of a body, increases as
its speed approaches the speed of light” [2 P. 260].

Vpasuenue Jitnwreiina (83)
E =mc?,

VTBepKaaliee, UTO 3Hepeus nponopyuUOHAAbHA UHePTHOU macce,
'H 4acTO Ha3biBaEMOe 3AKOHOM UHeplyuu 3Hepeuu, MpeacTaBiasieT Co-
60/, BO3MOXKHO, CaMBIi Ba)KHBI pe3yJbTaT TEOPHH OTHOCHTEJbHO-
CTH.

Figure 7 — Original text from [2 P. 276]

«...Einstein’s equation, which states that energy is proportional to inertial
mass, represents perhaps the most important result of the theory of relativity»
[2 P. 276].

SToT BaxHBIH WAar 6HA caenad diHmTedHoM. OH 3aMeTHJ, 4TO
A5 IPeOfOJIeHusl TPYAHOCTeH, ¢ KOTOPBIMH CTANKHBAKOTCA DensiTH-
BUCTCKHE PaCcCyKIeHHs, HeOGXOAUMO BEPHYTHCA K HCXOAHBIM MOHSA-
THSIM MPOCTPAHCTBA M BpeMeHH. DHHMTeliH oOHApyKuI, uTo 0bIye-
NpHHATbIE TOHSATHA HEABHO 0a3uPYIOTCA Ha NpPENOJONKeHHSX, He
OCHOBAaHHBIX Ha (aKTax, H VCIELIHO MePecTPOHI TEOPHIO, HCKJIIOYHB
9TH HeOBOCHOBAHHbIE TOHSTHS,

Figure 8 — Original text from [2 P. 219]
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«...Einstein observed that in order to overcome the difficulties encountered
by relativistic reasoning, it was necessary to return to the original concepts of
space and timey» [2 P. 219].

From the analysis of facts and reasoning in the book by D.-D. E. Ochirov,
it follows that «... the construction of a new fundamental scientific theory (for
example, Einstein’s special or general theory of relativity) is impossible without
the use of philosophical or mathematical concepts and principles as selective
criteria for the selection of conceptual provisions of the future theory. ... While
much has been said about the heuristic influence of the natural sciences on the
development of philosophical ideas and principles, because such influence is
obvious (Descartes, Kant, Engels, and others), much less is said about the inverse
influence of philosophy on the natural sciences» [5, p. 3].

Conclusions

In the course of the study, the relevance of the problem of metacognitive
orientation in the development of modern general and vocational education
worldwide was confirmed. The metacognitive orientation of technologies and the
didactic content of the studied section of the general physics course is especially
important in professional education. The study also confirmed the hypothesis: «...
The analysis and development of the historical and methodological content of the
selected section of the physics course can make a significant contribution to the
effectiveness and quality of educational outcomes, and the research constructivist
orientation of the teaching will be ensured».

In the scientific works of the classics of didactic psychology, such as L. S.
Vygotsky, S. L. Rubinstein, A. V. Brushlinsky, and A. N. Leontiev, the main
principles of metacognitive cognition are defined: awareness, methodological
purposefulness, ontodidactic objectivity, and manufacturability. By synthesizing
information from the analyzed sources and comparing it with the traditional
structure of modern physical knowledge, we conclude that understanding and
systematically applying the historical and methodological content of physical
science enables students to increase cognitive interest and develop metacognitive
skills that support self-regulation of learning. This allows them to deepen their
understanding of the history of scientific knowledge as «... the natural process
of formation, functioning, and transformation of fundamental scientific theories»
a conclusion confirmed during the study [1, p. 5].

The historical and methodological approach guides students’ training toward
acquiring methodological knowledge and developing cognitive research thinking
and metacognitive skills. Einstein’s theory of relativity is a section of the physics
course with significant ontodidactic potential in this direction. Indeed, historical
scientific information and facts enhance motivation for studying physics and
stimulate cognitive interest. The history of physical science serves as a bridge
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between the natural sciences and the humanities. Through studying the history
of science, students develop general cultural awareness, cognitive thinking, and
a scientific worldview.

To achieve this, educational and didactic materials should reflect ontodidactic
content [14, pp. 2-5]: 1) the history of the development of scientific ideas; 2) the
foundations of fundamental ideas, laws, and theories in physics; 3) a focus on
the most significant ideas from a worldview perspective, even those that proved
to be dead ends in the historical development of science; 4) cognitive logic and
psychological laws of the cognition process; 5) primary sources and works of
classical scientists, the creators of fundamental physical theories; 6) the scientific
biographies of prominent scientists; 7) the investigation and establishment of
connections between physics and everyday life.

A critical criterion for the readiness of future physicists for professional
activity should be cognitive-constructivist research skills, which form the
foundation of methodological culture: 1) the ability to identify problems; 2) the
ability to propose hypotheses; 3) skills to correlate facts with hypotheses; 4)
the ability to classify and generalize based on analysis; 5) the ability to conduct
experiments and draw conclusions from the results.

Additionally, it is essential to develop intellectual skills for critical thinking: 1)
the ability to search for information; 2) the ability to comprehend new information
in comparison with previously acquired knowledge; 3) the ability to analyze
information and apply the findings to solve problems; 4) the ability to generalize
data and draw conclusions; 5) the ability to evaluate acquired knowledge and
find supporting facts in the environment. This is the essence of the culture of
metacognitive learning. In the future, it is planned to conduct a pedagogical
experiment to create the content of the course on Einstein’s theory of relativity
based on cognitive-constructivist technology.
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CAJIBICTBIPMAJIBLIIBIK TEOPUSICHI BOMBIHIIIA
TAPUXU-9AICTEMEJIIK IUJAKTUKAJIBIK
MA3MYH/bI 93IPJIEY TOXKIPUBECIHEH

3epmmeyoin e3exminiei 2blibim MeH OLIIM YULH PUUK—MAMAHOAPObI
dasipaay canacel mek apuaiivl OLNiM Oeneellie 2aHd emec, COHbIMEH
Kamap cmyoenmmepoiy, KOSHUMUSmMi ouiay oOeneeline dIcoHe mema-
MAHBIMObIK,  0a20bLIAPLIHA  OAUIAHBICIbL  eKeHOIZIMEH ~ KAMMAaMAChl3
eminedi. Lugpavik mexnonozusnap 0oyipinoe apHauvl Kypcmapobiy
OKY Npoyecin Kywieimyee apHaleaH mapuxu-o0icmemMeniK Mamepuaiobl
KONOAHAMBIH 3AMAHAYU KOHCMPYKMUGUCMIK OUOAKMUKAILIK Jicylienepee
MAMAHOAHObIPLLI2ZAH OLiM Oepy MazMyHbiH 93ipaey moceneci bap.Bipak
2bLIbIMU-KOCINmiK Oiiim Oepydiy Hakmvl modcipubecinde bacmankl
KO30€pOeH JicoHe OOICHAMANBIK 90ebuemmepoeH Jcyteni mapuxu-
o0icmemeniK Ma3MyHHbIY OOIMAYbIHA OAUIAHBICIMbL MEMA-KOSHUMUGNI
OKbIMY MEXHONOSUANAPLL CUPEK KOIOAHbLIAObL. 3epmmeydiy MaKcamol
— «Duinwmennniy  CarblCmulpMAnbLIblK, Meopuscoly 0onimi 6OolbiHwa
apHativl  KypCcmoly mMapuxu-o0icmemenix OuOaKmuKaiblK Ma3MyHblH
93ipey moscipudecin Kypy. 3epmmeyoi meopusiivlK He2i3i KOSHUMUGMI
mocinee HeeizOelieen 3epmmey  MAKbIPwbiObl  OOULIHUWA — OACANKDL
Odepekke30epdi manoay 6onvin madwiiadvl. 3epmmey Homudcenepi: 1) 20
2acblpObly OIPIHWT HCAPMBICLIHOA2bL OKU2ANAP2d WIOTLY JCOHE MAI0Ay
He2i3iHOe, PU3UKAOAMAZMYH MEH OICHAMAHBIH OAMYbIHOA PeBONIOYUSLIbIK,
cepninic bonzan kezoe, JUHUMEUHHIH CATbICIbIPMATBLIBIK MEOPUACHIHbIY
Hezizel epedicesepin Kanbinmacmoipy, 0amMblimy HCOHe MyAHCbIpbIMOAYOblH
mapuxu axminepine ipikmey dicoHe 90icmemeniK manoay xHcypeizinoi;
2) cmyoenmmepOi OKbImMY Yuwiih MemaKOSHUMuemi OUOAKMUKAIbIK
MA3MyHObL Kypy YWiH (akmiiepee s0icmemenik manioay sHcypeizinoi.
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W3 ONBITA PA3PABOTKH HUCTOPUKO-
METOJOJOTMYECKOTO JUJAKTUYECKOIO
KOHTEHTA 110 TEOPUM OTHOCHUTEJbLHOCTH

AxmyanvHocms  ucciedosanusi  obecnedena  00YCI08ICHHOCIbIO
Mo2o, Ymo Kauecmeo no020Mmo6KU CHeYUAIUCmos — QuU3uKos 0Jisi HayKu
U 006paz06anUs 3a6UCUM HE MONLKO OM YPOBHS CHEYUANIbHbIX 3HAHUIL,
HO U Om YPOGHS KOZHUMUGBHO2O MbIUIEHUS U Memd KOZHUMUGHbIX
HABLIKOB Ccmyoenmos. B snoxy yughpoevix mexnonozuti cyuecmsyem
npobrema paspabomKu KOHMeHma CReyuaru3uposaHno2o0 oopaz0eans
K COBDEMEHHbIM KOHCMPYKIMUBUCHCKUM OUOAKIMUYECKUM CUCTEMAM,
UCHONL3VIOWUX UCTNOPUKO-MEMOOO0N0UYECKUTE MAMEPUAT, NPUBAHHDBIL
unmencuguyuposams yuebnvlii npoyecc cneyxypcos. Ho 6 peanvhoil
NPpaKmuKe HaAy4HHo-NPOPeccuoHarbHO20 00pA3068anUsl U3-3a OMCYMCMBUS
CUCMEMAMUSUPOBAHHO20 — UCMOPUKO-MEMOOONIOSULECKO20  KOHMEHmA
U3 NEPBOUCHOUHUKOE U MEMOO0TO0SUYECKOU TUMEePAMYpPbl, MEXHOL02UU
Mema  KOZHUMUBHO20 — 00yuenusi npumensiomcsi  peoxo.  ILlenvio
UCCIe006ANUSL  SIGTAEMCSL  CO30AnUe ONbIMA PaA3pabOmMKU  UCTMOPUKO-
MEMOO0I02UYECKO20 OUOAKMUYECKO20 KOHMEHMA CHeYUAIbHO20 Kypcd
no pasoeny «Teopusi omnocumenvrnocmu Dunwmeninay. Teopemuueckoi
OCHOBOU UCCICO0BANHUSL SGISACNCS AHANU3 NEPEOUCHOUHUKOS NO MmeMe
Uccie006anusi Ha  OCHOGe KOZHUMUGHO20 nooxoda. Pezyismamul
uccredosanus: 1) na ocHose 0030pa u amanuza coOviMuil Nepeol
nonosunvl 20 6exa, Koz20a 6 ¢huzuke npouzowen pesosIoYUOHHbLI
CKAYOK 8 PA3GUMUU COOEPAHCAHUL U MemOoO0I02Ul, NPosedeH omoop u
MEMOOUHeCKULl aHaIU3 UCIOPULECKUX PAKMO8 CMAHOGICHUS, PA3GUMUSL
U hopmynupoBanus OCHOBHBIX NOLOHCEHUL MEOPUU OMHOCUMETbHOCIU
Dunwmertna,; 2) nposeder MemoouiecKul anaiu3a paxkmos OJist CO30AHUS.

294

MEMAaKOZHUMUBHO20 — OUOAKMUYUECKO20 — KOHMeHma Ol 0OyueHus.
CMyOeHmos.

Kniouesvie cnosa: oudaxmuyeckuii KOHmMenm, CneyudaibHas meopust
OMHOCUMENbHOCIU, KOSHUMUGHBIIL NOOX00, MeMOO0J02UYECKULL AHAIU3,
UCMOPUKO-MEMOO0L02ULECKULL KOHmenm, KOHCMPYKMUBUCTICK AL
ouoakmuxa.
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Maxkanaoa 6encenodi odicmepee dcamamvin NPOOIEMANbIK  9O0IC,
Jrcobanap  90ici  JHcoHe MYJIbIMUMEOUSIBIK  OKbImY 0az0apiamaiapvl
mypinoezi unmepakmuemi d0icmiy KoJI0AHY MyMKIHOIKmepi, 63eKminiel
Kapacmulpolidadvl. ¥ ColHblabln omulpean 6eaceHoi oKbimy 90icmepiniy
iwinoe OKybLIApObIY 630I2IHEH JHCYMbIC HCACAYBIHA MYMKIHOIK Oepemin
aoicmepee Koy OoiHeOi. 3epmmey MaKcamol — MeKmen OKYUlbLIapbIHA
Qusukanvl  okpimyoa  OeinceHOi  OKblmy — 90iCmepiH  KOJLOAHYObIH
goicmemenik He2iz0epin aHblkmay. 3epmmey MAKCAMbIHA —COUKeC
Keneci MinOemmep Koubliovl: 1) 3epmmey maxvipblObiHA KAMblCHbl
eblIbIMU-90icmemenik  mMamepuanoapovl,  cowoau-ax — Kasaxcman
Pecnybnuxacvinviy Oxy-azapmy munucmpiiei OeKimken dicainvl opma
OinimMee Kamvlcmvl HOPMAMUBMIK-KYKbIKIbLK KYHCAmmapowbl manoay, 2)
MeKmen OKYUbLIAPbIHA QUUKAHbL OKbIMYOa 6ellceHOT OKbImY 90icmepiH
KONOAHY MYMKIHOIKIMEPIH AHbIKMAY.

Mexmen okywwiiapvina Qu3uKanvl 0Kbimyoa OelceHOl OKblmy
90icmepin KoNOanyaa KamvlCmbl MOCENCHI AHbIKMAY YWIH 2bLIbLMU-
aoicmemenik  3epmmeyiepoi  Manday JHCOHe JICUHAKMAY Hell3iHOezl
O0ICHAMANBIK, MOCIL KOLOAHBLLOBL.

3epmmey bapvicvinoa: 1) npobremanvik odic, dcobarap 0ici,
MYTbMUMEOUSLIBIK  OKbIMY — 6a20apiamanapvl  MeH  2JeKMPOHObIK
OKyILIKMap mypinoezi UHmMepakmuemi 90ic Cuskmol OeiceHOi OKblmy
o0icmepiniy epekuwienikmepi amblKmaniovl, 2) mexkmenmik 6inim 6epy
Jicytlecinoe bencendi oKbimy o0IiCmepiH KOJNOaHy OOUbIHULA 2bLIbIMU-
goicmemenik Mamepuanoap mai0anvln, JICUHAKMALbIn, Oip Jicyleze
Keamipinoi. 3epmmey OapvicolHOa Oepineen 90icmemeniK YCblHbICmap
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MY2aNiMHIY [C-OpeKemiHoe KONOAHBLLYbL MYMKIH JHCOHE Neda2oeuKaiblk
npaKmukaza KyHobl yJiec Kocaobl.

Kinmmi  ce30ep: ¢usuka, 6encendi oxkeimy oodicmepi, 0Ky
npoyeci, oxbimy oodicmepi, Jcobanap o0ici, MYIbMUMEOUSIILIK OKbLIY
bazoapnamanacol.

Kipicne

XXI Facwlp — aknmapaTThIK TEXHOJOTHAJIap MEH MHHOBALUSIIAP FACBIPHI.
By xe3enne Oitim Oepy kyiieci e y3aikci3 e3repicrepre ymbipayaa. Joctypii
OKBITY 9JIiCTEpi JKaHa, THIMII 9/icTepMeH aimMachinn oTelp. Kaszipri yakeiTTa
KOJIZIAHBIC TalKaH OEJICEHl OKBITY SAicTepl OKYIIBUIAP/IBIH KbI3bIFYIBIIBIFBIH
apTTHIpyFa, OLTIM ayIIbUIap/AbIH MYFaIiIMMEH JKaKChl, THIFbI3 KapbIM-KaThIHAC
OpHaTa aybl, OKyIIbUIApAbIH 01p-0ipiMEeH KapbIM-KaThIHACHIHBIH KaKCcapybl, 03
OWBIH JTYpbIC, TUSTHAKTHI TYP/E JKETKi3e alybiHa KoMekTece . OKbITy/1a aTaiFaH
OMIICTI KOJJJaHy MYFaJIIMHEH €H THUIMJI TOCLIJIi KOJIiaHa OTBIPBII, €HOCKTeHY1H,
COHJali-aK OKYyLIBUIApABIH Ja JKayalmKepIIUNKTI ce3inyiH tanan ereni. OKy
Tipolecine OenceH 1l OKBITY 9/IICIH THIM/II KOJIJIaHy KeHiHT1 yaKbITTa alTapibIKTan
OH HOTHXE Oepye.

YKana OitiM Oepy oIicTepiH TepeH 3ePTTEIL, TCOPHSLIIAPIBI iC KY31HIC KOJIIAHY
HOTHIKEJIEPIH, epeKIIeNiKTepiH capanka cajga OTHIPbIN, OiliM Oepy kyiHecinae
MyFalliMJIepMeH Oipre OKYyIIBUIAPJIBIH Ja 0oceKkere KaOiIeTTIIIriH apTThIpy
Ka@XXETTUITIHIH TYbIHAI OTBIPFAaH/IBIFBIH OaliKayFa 0oJaibl.

Marepuannap MeH dgicrepi

Heri3ri mekTenTte pU3nKaHbl OKBITY/1a OCJICEH Il OKBITY SJICTEPIH KOJIIaHy
MOCEIICCIH aliKbIH/IAY YIIiH FRUTBIMU-JIICTEMEITIK 3ePTTEYJICPre Ty KYpri3y
YKOHE OJIap/Ibl KAJIbUIAY HEri3iH/e FHUIBIMH MOCEJICHI aHBIKTay 9J[iCHAMAaChl
KosaanbuIasl. Herisri MektenTe (M3MKaHbl OKBITY/Ia OEICEH I OKBITY 9JIICTEPiH
KOJAaHy JICHTeHiH aHBIKTay MakcaTblHIa (PU3MKa MyFajiMJepi apachlHza
cayaJHama >Kypri3iiii.

Hotm:kenep koHe TATKbLIAY

JKana Oinim Oepy sxyiiecinne OenceHti OKBITY 9/iCi TYJIFaHBIH AaMybIHa
KenTereH yiec Koca ibl. OKbITYbIH OCJICEeH 1l 9/1icTepi — OKBITY MaTepralliapbIHbIH
UTepy JKOJIBIH/IA OKYIIBUIAPIbI OeJICeH/ 11 otar, OeNICeH/l )KYMBIC JKacall amybIHa
JKOHE TPAKTUKAIBIK SPEKETKEe MTepMEJIeUTIH aaicTep. bencenni okpiTy Kasipri
OiiM Oepy JKyHeciHaeri i3JeHiCTep il Heri3ri OarbITTapbIHBIH Oipi OOIBII
taObi1apl. CoHali-aK, OeJICeH Il OKBITY 9/1ici — OyJ1 cabak GapbIChIHAA MyFaliM
MCH OKyIIbUIap 0ip-0ipiMEH 63apa KapbIM-KaThIHAC Xkacay (hopMachl xKoHE OiTiM
QTYIIBIHBIH 1C-9pEKeTi MIBIFapMaIlbLIBIK [IEH 131ey CHIAThIHA O0JIATHIH OKY
omicrepi.
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ArtanraH oz1icTi 611iM Oepy/ie KOJIaHyIbIH MHI IIeJIaror NeH OKYIbUIApIbIH
©3apa iC-KMMBUIBIHBIH CHITATHIHBIH 03repyinae. Myraiim aii e 6acThbl, KaliFbi3
aKmapar Ke3l jKoHE caparibl 0okl Kasa Oepeni, OipaK OKyIIbUIap MacCHUBTI
TBIHJAYLIBUIAP PETIHIE KapacThlpbuiMaiabl. EH anjapiMeH, OeJceH i OKbITY
MyFaJliMHIH AaiblH OUTIMII OasiHIaybIH eMec, OKYIIbUIap/AbIH coJl OUTiMII ecTe
cakTay MEH KaiiTa >KaHFBIPTYbIHA, OeliCeH/l OWJayblHa >KOHE MPaKTHKAJIBIK
ic-opekerTe KakeT 0oJjaThiH OUIIM MEH ICKEepJIiKTi ©3 OeTiHIIe MeHrepyiHe
OarbITTalIFaH 9/1ICTEP/iH KYHeCciH KoJaHyabl Ke3zeiini. OcbiHaal oKy ic-opexeTi
0apbICHIH/IA OKYIIbLIAP CYPaKTap KOMBII, KAXKETTI epexesIep i TYCIHIpe aJlajibl, 63
LIemiMJIepiH YChIHa ana ibl. by skarnaiia oKy-TapOHe MpoIeciH OKBITYIIBI TOJIBIK
aJIIbIH-as1a IaiibIH1aMaiiibl, ce0ebi cabaKThIH KaTaH KYpPBUIBIMBI 5KOK, TAJIKbIIAY
YILIIH KOCBIMIIIA TaKbIPhINTap 00ybl MyMKiH. TaKbIpbinTap MeH npodiemManap sl
KaJIbINTacThIpy OipJecKeH TaJKbplIay OapbIChIH/A Jia OpbIH anajsl [1].

Bencenni okpITy onicTepi 03 XKIKTeMeCIHAE KapThulail KaciOM ic-opeKeTTi
XKOCIapJIalThIH, iCKepiliK, OiyimM, OlJMiK, JarJbUIapblH KalbIITACTBIPYFa
OarpITTaNabl. MekTenTe OCJICEH/II OKBITY OQMICTEPIH KOJIaHY CPEKIICIiKTEepi:
1) OimiMal MeHrepyJeri caHaibl Oiyiay iC-OpeKeTiH, TAIEIAUIIK JA9PEeKEHIH
KOPCETUIYiH, TAHBIM MPOICCIHIH HOTHXKECI PETIHJEr Ce3IM MCH aKbLI-OWIbI
Oepeni; 2) TaHBIM TpOLEC] asChIHAA KETEKIIUTK eTyJie ICKepIIiKTi AaMBITy¥Fa,
LIBIFApMAaIIbUIBIKTBIH JKOFaphl ICHIeHiHEe KOTEPLTyiHe 9peKeT eTeli.

OKy MpOIECIH KaHTAHIBIPY YIIIH Ka3ipri 3aMaHFbl OKBITY 9/IiCTEMEIICPiH
Taijanana OThIPHII, MPAKTHKAJIBIK cabaKTapibl OTKI3y CIIEHapHIIepiH a3ipiey
kKakeT. OChl TycTa OKBITY/bIH O€JICeH[l oaicTepiH eHridy yuiH Oenrini Oip
KHBIHJIBIKTAp Oap:

1) xemnrTereH plaiap OOMBI KaJbIITACKAH OKBITY djicTeMelepiHeH Oac
TapTKBICHI KEIIMEY;

2) »xaHa OiiM Oepy TEXHOJOTHSUIAPBIH €HIi3y YIIiH MaTepualbIK-
TEXHUKAJBIK JKaFbIHAH CYHEMEIICYIiH KETKITIKCI3IIr;

3) OKBITYJbIH MHHOBAIUSJIBIK 9JIiCTEpIH €HTi3yMEH aifHaliblcaThlH
OKBITYIIBUIAP MOTUBAIUSICHIHBIH JKETKUTIKCI3/Iir;

4) OenceHAl peXHUMJIE XKYMBIC iCTE€y YIIIH OKYHIBIIApIbIH OKY
MOTHUBALMSCHIHBIH XKETKUTIKCI3IT (BIHTANAHABIPY OalapbIHBIH ILIKAJIACHI )KOK);

5) oKymbUIAP/BI aJFAIIKBl JEPEKTEPMEH 3epTTey JKacay ic-opeKeTTepiHe,
©31HJIIK KYMBICTApFa TaAPTY/IbIH JKETKITIKCI3/iri;

6) OKyIIbUIAP/IbIH cabaKTapaa OacTaMallbUIBIK TAHBITIIAYBI.

OKBITY 9/IiCTEpiH KOJIZIaHy/1a TYbIH/IaFaH KUBIH/IBIKTAP/IbI )KEHY YIIIH JKoHE
cabax OapbICBIH/IA KETICTIKKE KETY YIIIH Kelleci YChIHBICTap Oepineni:

— OKBITY 9JICIH TaHJaraH Ke3[e MyFaJiM OepiireH TakbIpbIlKa OeiHEeTiH
caraTThl, COH/Iali-aK OKYLIbUIApAbIH 9pi Kapail OpBIHIANTBIH OKY ic-opeKeTTepi
YILIIH OepisieTiH 0Ky MaTepuabIHbIH MaHbI3/IbIIBIFBIH €CKEPY KEPEK;
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— Olnim Oepy mpoleciHe HOTHKEIepre KOJI JKETKi3y YIIIH OKBITYJIbIH
OeJiceH 1l JKoHe JKYHEIiK 9/1iICTepiH KOJ/IaHy Kepek;

— TBISIHAKTBI, )KaKChl OMJIACTBIPBUIBII 931PJICHIEH OKBITYJIBIH THUITEPI MEH
ozticTepi KETICTIKKE KeTyAiH OipaeH-0ip oIkl 00BN TaObLIa bl

— OKYIIBUIAPMEH TONTHIK JKOHE Y)KBIMJIBIK JKYMBICTApPbIH YHBIMIACTHIPY
dbopmananapblH TaHaay Ke3iHJEe OKY TOOBI MEH op OKYUIBIHBIH JKEKe
epPeKIIeNIKTEPiH eCKepy KaXKeT;

— JKaJIIbl )KOHE KOCiOM KY3BIPETTUIIKTEp/i KaJBINTACTBIPy YIIIH OKY
MaTepHuajabl Ma3MYHBIHBIH €pEKIIeNiriH, OKy MaKcaTTapblH, yaKbITTHI,
OKYIIBUIAP/IbIH €PEKIICIITH, OKY KYPaJIIapbIHbIH KETKUIKTUIITH €CKepy KaXeT;

— OKYIIBLIAP/IBI OJIAPIBIH JKETICTIKTEPi, cabakKa KOCKaH YJIecTepiHe Kapai
BIHTAJIAHBIPBII OTHIPY;

— OKBITY, TOpOHE )KOHE AaMBITY HOTHIKEIIEPIH FaHa MaHBI3/1bI €TIICH, COHBIMEH
Kartap cabakTarbl SMOLMOHAIIBIK XKaF/Ia bl 1a eCKepy KaxkeT.

OKBITYIbIH OeNiceHAl dAiCTepiHiH OapiblFbl OKYLIBUIAPMEH TUIIAECY/I,
oHrimernecyai Tanar ereai. OKbITYIbIH OCJICEH/Il SICTEPIH KOJIaHy HOTHKECIH e
TYPJIi KUBIH/BIKTAp Maiia 00ybl MyMKIH, CONAp/bIH 1IIiH/IE €H MaHbI3IbICHI —
aJIJIbIH-aJ1a KaObUILIaHFaH iC-9peKeTTep Il JKETKITIKTI TypJe THIMAI Kosany [2].

OKBITYIBIH OCJICEH 1 o/icTepi JCN OKYIIbUIAPIbIH OOibIHIAa 63 OeTiMeH
oliiay/ipl, aji/iblHa KOWBUIFaH CTaHAAPTTHI €MeC KociOu ecenTepal THIMII 1ere
Oiyai amMbITyFa OarbITTalIFaH OKBITY (hopMachIH aidTa (bl. OcbklFaH OaiIaHbICThI
OKBITY MakcaTbl ©3repeTiH 0oJiaJbl, IFHH OKYIIbLIAJAbIH OONBIHIA YITIITIK
KociOu ecenrepai ey OuUTiMIepiH, OUTIKTEpI MEH AarAbUIAPBIH JaMbBITHIIT
FaHa KoiimMai, oaii Oy, Tanman Oy, ©3 ic-OpeKeTiHe erKel-Ter keI Kapaii
Oimy, Oap akmapaTKa ChIHM Ke30eH Kapail Ouly JarpuiapbiH Ja JaMbITy KaKer.
Oxynibuiap OumiMaepl CTaHJapTThl iC-OpeKeTTepAl OpBbIHAAY YIIIH HrepMeyre
eMec, IIBIFAPMaIIbUIBIK OiJIay 1C-OpeKeTiHIH MOJICHUETIHE YHPEHY Kepek, ce0edi
MIPAaKTHKAJarbl 1C-OPEKETTErl HaKThl MaceJieliep, KaFaaiiap yakblT eTe Kelle
airapibIKTail e3repyi MyMkiH [3].

Herisri MmektenTte (QU3MKaHBl OKBITY 9AICTEpiH TaHIay KOMBLIFaH
JMIaKTHKAIBIK MaKcaTTapra OainanbicTbl. OKBITY 9/IiCTEpiH TaHIayFa KOWbUIAThIH
Tasnanrap 6ap, COHbIH ilIiHAe OeJICEeH 11 OKBITY 9/IICIH OKY IPOIIECiHE eHT3Y YIIiH
KeJIecl TananTap/pl eCKepy Kaxer:

— OKY Ipolieci OapbIChIH/IA KOJIAMIbl OKY OPTAChIH JKacay;

— OKYIIBUIAPABI TOyeKeliepAi KaObU1aayFa, bIHTBIMAKTACThIKKA JKOHE SPTYpIIi
iKipJaepai KYpMeTTeyre MaKbIpy;

— TEXHOJIOTHSIHBI €HT'13y: MHTEPAKTHBTI TaKTaJlap, OHJIAHH TECTTEP CHUSKTHI
Kypasap/abl KOJJIaHbIHBI3, OCJICEH/I OKBITY/bI jKaKcapTy YIIiH OipjecKeH
OarapamMalbIK J)KacaKTama;
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— HaKTHl HYCKayJlap MEH OKYyIIbLIapFa KOoJJlay KOpCeTy: OKYyIIbUIAPJbIH
MakcarTap/ibl TYCIHETIHIHE KO3 JKETKi3y jKoHe OeJICeH/I OKY iC-9pEKeTiH KYTY;

— OKYIIBUIAP/IBIH JKETICTIKTEpiH yHeMi Oaraiarm OTBIPY YKOHE OJIapibl
©3JIepiHIH OKY TOXIpHOeci Typalibl OilayFa bIHTATaHABIPY [4].

Bencenni OKpITY 911iCTEpiHIH KIKTEMeECi:

1) ickepItik JaFAbIHBI KAJIBIITACTBIPYFa OaFbITTaFaH TICUIIEP: TPOOIeMalTBbIK
Cypakrap, iCKepJIiK OMbIHIAp, HOCTEp KOpFay, 1e0aT OMbIHbI, TPDEHUHT;

2) OLTIMALTIK AarabUIapabl KajdblITaCTBIpyFa OarbpITTallFaH TACIIIEp:
KaFasTTap, «IOHIEJIeK YCTeI, IBPUCTUKAIIBIK OHIIME, «MHFa Ia0ybLI», OKY
TKipTaJlachl, MAJIIMET )KUHAKTaIl OHBI KOpFay, nocrep Kopray, «INSERT» anici,
JIxurco ofici, «Keic-cTaam», e31HIIK )KYMBIC [5;6;7];

3) sxobaap omici [8; 9];

4) OHMBIH TYpIHE JKATIAWTBIH OEJICEHAl OKBITY diCTepl: MYJIbTUMEIHAIBIK
OKBITY Oar/apiaMalapsl, 3JIeKTPOH/BIK OKyIbIKTap [10; 11].

Toxipube KepceTil OThIpFaHIa, xko0anap IbIH 0aChIM OOJIITiH TEXHUKAIBIK
KYpBUIFBUIAp, acnanTtapblH MOJeNbaAepl MEH MakeTTepl TYPIHJAETI MaHBI3IbI
0oJIaThIH jKaHa OHIMJIEp/Ii aTlyMEH HEMece CoJIap/ibl KYpPacThIpy TEXHOJIOTHSCHIH
(amic, Taclin) a3ipieyMeH HeMece HaKThl Oip HaKThI iC-9pEKETTEp/li OPbIHAAYMEH
Gaity1aHBICTBI OOJIATHIH OIPIHIII J)KOHE eKIHII TUITEr )obanap Kypaiiasl. bipiHmri
THIITI )K00anap/bIH atayyiapsl Kejeci Typae Oepinyi MyMkiH «KapaHFbl TyckeH e
Kellle IIaMbIH aBTOMATThI TYpAE KOCATBIH TEXHHUKAJIBIK KYPBUIFBIHBI 93ipiey»
[12]. Yminmi tunreri s)xo0anap: «AyblUl HIapyanibulbIFbIHBIH KayilTi 3USTHKEC] —
013TYMCBIKTBIH TEMIIEPATyPAChIH OJIIIEY TICUIIH jKkacay»; « Y il akBapuyMbIHIAAFbl
Cy/IbIH OyJIaHybIH TOMEHJIETY 9JIiCiH oiuiarn Taby» xaHe T.0. OcbIHIal sx00anappt
opbIHzay daicTemerepi [ 13] Heri3iHae OKyIIbUIAP/IbI dKOOANBIK, 3ePTTEYIILTIK ic-
OpeKeTKe Jasipiaay MYMKIHJII apTa Tycei.

Kaszipri tanna oKpITy1bIH OapIIbIK Ke3eHIePiH/Ie OKYIIBUIAP IbIH OC/ICEH IUTITH
apTTHIPY ©3€KTI TaKbIpbIITap/bIH Oipi 0o caHananpl. OU3NKAHBI OKBITYIbI
3aMaHayd TEeXHOJIOTHsIAp/Abl KOJJaHy JAMJAaKTHKaJarbl HHHOBALUSUIAP/IbIH
HETi3rl KOpCeTKIlll PeTiH/e KapacThIPbLIa/bl, SFHU OCBIHal TEXHOJIOTHsLIIap Ibl
KOJIJAaHATBIH MEKTENTEp JKeprulikTi Hemece jkahaHAbIK JACHTrel1e aHarypJibIM
Oacekere KabierTi 6onapl. COHBIMEH KaTap, MyFaliMACPAIH KY3bIPETTUIIKTEI /1e
apra tyceni. OcbiraH OaaHbICThI OKY nporecine MUKpoDEM MeH KOMITBIOTEpIIiK
9KCIIEPUMEHTTEP/II €H/IPY MaHbI3/Ibl MJaKTHKAIIBIK MAaKCAaTTapFa KOJI JKETKI3yre
MYMKiHaiK 6epeni [14]:

— (pu3MKaNBIK YFBIMIAPIBI XKaKChl TYCIHYTE;

— MaJiMeTTep i rpaduKaibIK Typae Oepy MEH MaTeMaTHKaHbIH OaiIaHbIChl
A&KoHe T.0.

binim amymisutapabiH O0MbIHIA Kenecl JaFabuiap/bl AaMbITy HEri3ri opra
6itimM OepyaiH MiHaeTTepine karaabl [15]:
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— @31iriHeH OUIIM aJy JKoHE TYJIFaNIbIK 031H-031 JaMBITY JaFIbUIapbIH;

— OKY, Ko0aJay, 3epTTeyIILIIK iC-OpEeKETTEPiH KY3ere acblpy AaFbUIapbIH;

— CBIH TYPFBICBIHAH )KOHE LIBIFApPMAalIbUIBIK OWIIAy JAaFbUIaphl.

Koiiburran MiHAETTEpre KOJI )KETKI3y MaKCaThIH/A HEeTi3r1 MeKTenTe Gpusnka
TIOHIH OKBITY 9JIiICTEMECIH MHTEPaKTHBTI TEXHOJIOTHsIApJIaH TYpaThIH OeJIceH I
OKBITY OJIICTEPiH KOJIIaHy apKbUIbI KETUIHIpY KakeT. OcblFaH OalIaHBICTHI
Heri3ri MexTente (pHU3MKaHBl OKBITY/a BUPTYaJJbl 3epTXaHajgap/bl KOJIJIaHy
olicTeMeciH ychlHaMbl3. Bupryannsl 3eprxaHaiap KarapblHa >KaTaTblH,
OKYIIBLIApFa BUPTYaJJbl SKCIIEPUMEHTTEP/Il O3/IrHEH JXYPri3yre >KoHE ajiFaH
HOTIIKEJNIEPIH TalljjayFa MYMKIHJIIK OepeTiH TYCiHIKTI MHTep(deicTeH Typabl
«PhET» Garmapinamacs! YCHIHBUIA/IBL.

https://phet.colorado.edu/ pecmu cailiteinga Oepinren niardopmana
YCHIHBUTFaH (PU3MKANBIK TOKIpHOEIep MEH MpolecTep/ii BU3yanjayra apHajiraH
CUMYJISILIUSUIAp KapacThIPbUIFaH. biliM amysl MeH MyFalliM KOJIIaHyFa bIHFaHIIbI
0O0JIaThIH CUMYJISIIMSIAPABI XKYKTEI, BUPTYaJIbl 3epTXaHallap/bl KapacTbipa
aJIaJIblL.

I-cyperre munardopmacsiHaarbl « TypakThl TOK 3JEKTp Ti30eri» aTThl
BUPTYaJ/Ibl 3epTXaHaHbIH )KYMbIC TAKTAChl OeplIIreH.
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1-cypet — «TypaKThl TOK MIEKTp Ti30€Ti» BUPTYaIIbl 3¢PTXaHACH

Bepinren 6eTrTte OimiM amymrsl Ti30eKTe OTETIH op TYPi MpoIecTepiH
CHUMYJIAIIMACHIH ©3/IITiHEH ajia ajajbl.

Herisri opra 6inim O6epy AeHreiiniH 7-9-chIHBIITapEIHA apHATFaH « DU3MKaY
OKY ToH1 OOMBIHINIA YITUITIK OKY OaFaapiaMachIHa KeJIeci 3epTXaHaIBIK JKYMBICTAp
6epinren [16]:
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- Ne 3-3epTxaHabIK )KyMbIC: HJIEKTP Ti30ETiH KYpacThIPY )KOHE OHBIH SpTYPJIi
OeJtikTepiHJIeri TOK KYIIiH OJIIey;

- Ne 4-3zeprxaHalblK JKYMBIC: Ti30€K O6JIiri yuIiH TOK KYILIiHIH KepHeyre
TOYEJLAIIIITIH 3epTTey;

- No 5-3epTXaHaibIK )KYMBIC: OTKI3riIITep/l TI30EKTeH KOCY/IbI 3epeiey;

- No 6-3epTXaHaIbIK JKYMBIC: OTKI3TIIITEP/I apajliesib KOCYAbI 3ep/eiey;

- No 7-3epTXaHaIIBIK )KYMBIC: 3JIEKTP TOTBIHBIH KYMBICHI MEH KyaThIH aHBIKTAY.

AranraH 3epTXaHajbIK KymbicTapbl okymsl «PhET» muatdopmackinya,
SIFHU |-CypeTTe KeNTiplIreH TakTaa 3/iriHeH OpbIHIal anabl.

Mpican peTiHae Keyeci BUPTYaJJIbIK 36pTXaHAIbBIK KYMBICTBI OpPBIHIAY
o/icTeMeci YChIHBLIAIBI.

Ne 5-3epTxaHaibIK )KyMbIC. OTKI3rimrep/i Ti30eKkTeil Kocy bl 3epeey.

CabakThIH MaKCaThI: OTKI3TIIITEeP i TI30CKTEH KaJFay IbIH 3aHIBUILIKTAPBIH
9KCIIEPUMEHT apKbUIbI ally.

1-Taniceipma. Temeneri 2-cyperre OepiireH Tiz0eKTe KUHaIl, aMIepMeTpiiep
MEH BOJIBTMETPJIEP/IH KOPCETYJIEPiH XKoHE NaljajlaHbUIFaH Pe3uCTOpIIapIblH
KeJIepriJIepiH jKa3blll aIbIHbI3/ap.

AN

(V)
N\

2-cypet — DiekTp Tizoeri

Oxyuibutap 1-tarceipmana Oepiiren 2-cyperreri anektp Tiz0erin «PhET»
rtatgopmackiHa (cyper 3 sxoHe 4) )KUHANIBI.
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;c,‘t'.{g,zz:z: SAEL
=
Switch
~ Voltage
(=] =] 450V
Ql &) Tap circuit element to edit. ‘\)

Circuit Construction Kit: DC - Virtual Lab

3-cypet — «PhET» mnardopmaceismga 6eplireH BUPTyaabl
3epTXaHaja JKUHAJFaH JICKTP Ti30eri

el & Show Current
@ Electrons -]
O Conventional —»
Wire  Labels
O Values
|
Battery ZE\
) =B
| otmeer et
5 =
. 3 Advanced
2| Light Bulb £ Advance
[
=
Reslslc_r
=
Switch
v
(=]\=H
Ql )| Tap circuit element to edit. "\)

Circuit Construction Kit: DC - Virtual Lab

4-cyper — «PhET» nnmardopmaceinna depinren
BUPTYaJI/Ibl 3epTXaHa/1a )KUHAIFaH dJIEKTp Ti30eri

2-TarcelpMa. OTKI3rimTepi Ti30eKTen KoCyJaFbl KeJIeci 3aH/IbUIBIKTapIbIH
JYPBICTBIFBIH TEKCEPIHi3IeP: I1 = 12 =const; Ul + U2 =U.

R=1

3-ranceipma. Tiz0ek OeiriHiH JKajlIbl KeIepriciH I OM 3aHBI
OoiipiHIIa ecenteHizaep. OM 3aHbl OOiibIHINA TaObLIFAH KEAEPTriHiH Ti30eKTeri
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. R +R,=R
€Ki Pe3UCTOPMABIH KOCHIHIBICHIHA TeH OOJaTHIHBIHA KO3
JKETKI3IHI3AEp.

4-tanceipMa. Toxipube MeH ecenTey HOTHXKENEPIH TOMEHJe OepiiareH

1-xecTere ska3bIHBI3AAP.

Kecre 1 — Hotmxkenepai TONTBIPY KecTecl

I.A |La U.s U,B R,ou R, 0u R, on RO

S-tariceipma. BupTyaiisl 3epTxana ia OpbIHAAFaH 3epTTEYAIH KOPBITHIH/IBICBIH
TYHIHJICTT ’Ka3bIHbI3Iap.

Herisri MexTenTe (hpU3MKaHbI OKBITY/1a OCJICEH/II OKBITY 9/IICTEPIH KOJIaHy
JICHTeHiH aHBIKTAay MakcaTblHJa (U3MKa MyFaJimMjepi apachlHJa cayajlHaMa
Kyprizinai. «OKbITyAbIH OesiceHal SAiCTepiHiH Kall TYpiH OKY mpouecinie
KOJIIaHaChI3?» cayallHaMa HATHXKeci S-cyperTe OepiireH auarpammaja
KEJTIpiIreH.

BUPTYyaJIJIbl 3ePTXaHA
oNMMITHAA

Kefic

JKaF JAHIIBI €CeNTepi ety

JKapbic

icKepH OffbIH

OWBIH TYPiHJer1 ic-opekeT

9JIEKTPOHIBIK PECYPCTAPMEH O3/riHEeH XKYMBIC JKacay
3epTTEeYLIUIK ic-OpeKeT

JKOOANBIK iC-OpeKeT

9/1e0HeTIIeH O3/1iriHEeH JKyMbIC

po0OJIeMalIbIK CHIIATTAFbI IC-OpeKeT

5-cyper — MekTen myraiimMaepi apacbiHia
XKYPri3ilireH cayanHama HoTHxXecl, %

«OKBITYIbIH OCJICCH/I1 9IICTEPiHIH Kaii TYPIH OKY ITPOIIECIH/IC KOJIIaHACKI3?)
aTThl cayaJHaMara AJMaThl Kayiachkl, AnMartbl o0ibichl, [laBinogap Kamacel
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MeH [laBionmap oOJbICH MEKTENTEpi MyfFaiximzaepi apackliHaH Oapibirbl 70
PECIIOHIEHT KaThICThI. JKypri3uiren cayainHamara COHKEC PEeCHOHICHTTEPAIH
6ackiM Oeuriri (61,3 %) oKy nporieciHae «IpodIeMaIbIK CHITATTAFbI 1C-OPEKETTI»
KOJIIaHATHIHABIFBIH KopceTTi. COHBIMEH KaTap, cayajHaMmara KaThICKaH
MyFramimaepaiy 36,4% OKy MPOIECIHIE <«OKOOAIBIK 1C-OPEKETT» KOJIaHAIbI.
Jlemexk, xorapbl/ia KeNTipiireHaei, OKybuIapIpiH OOHbIH 1A ©31irHeH OUTiM aty
JKOHE TYJIFAIIBIK ©31H-031 JJaMBITY, OKY, XK00aay, 3epTTeYLIIIK iC-9peKeTTepiH
JKY3€re achIpy, ChIH TYPFBICHIHAH JKOHE IIbIFapMAIlbLIBIK OWIAy JaFAbUIapbIH
JIAMBITYFa KaThICTBI 9[IICTEMEJIK XKYMBICTAP/IbIH )KYPIi3UIill )KaTKaH bIFbIHA KO3
XKETKizyre 0osajpl.

Jlerenmenie, MekTenTe (PU3MKaHbI OKBITY 1A TYPJIl Iu1aTdopMaliap YChIHAThIH
BHUPTYaJIJbl 3epTXaHAIapAbl KOJIJAHYyFa KaTBICTBl 9ICTEMEIIK KYMBICTap/Ibl
oMl JIe KETUIMIPYIi KaKeT eTeTIHIri Oaikanansl. byran myramiMIaep/iH TEK
6,2 % wmexrenrte QU3NKaHBI OKBITYJAa OEJCEHAl 9AIC peTiHAe «BUPTYaJabl
3epTXaHaHbl» TaHlayblHaH Oalikayra 0oaapl. ATajraH Mocese Keil MeKTenrTepae
MHQPAKYPBUIBIMHBIH JKETKITIKCI3IrIHEH 00Jybl MYMKiH, ce0e0i BUPTya bl
3epTXaHaja 3epTXaHaJbIK )KYMBICTAPAbl OPbIHAAY Op OKYUIBI YIIiH JKEKe
KOMITBIOTEP/1i KOXKET eTe/l.

KopbITbIHABI

3epTrey OapbIChIHAA albIHFAH MAIIMETTEpPre COWKec MeKTernTe OesceH
OKBITY 9JIICIH KOJIIaHY OKYIIBLIAp/bIH aKHapaTThIK Ky3bIPETTUIIrIH 1aMbITyFa
MYMKIiHJIK OepeTiH OarpITTapiblH Oipi Ooubin TaObuIaAbl. beiacenni oKbITY
OMICTepiHIH HOTUKECIHIC OKYIIBIHBIH 3CHiHI JKOHE IIBIFAPMAIIBLIBIKKA JICTCH
KaOliIeTi 1aMbITBUIATBIH 00JIaIbl.

OKBITYIbIH OeiceHi amicTepi — Oyl opTa oCcepiMEH JKOHE KachlHA
OaiiylaHbICTBl Ofylay TpolecTepiHae OOJIBINT jKaTKaH calajblK JKOHE CaHJIbIK
e3repicTep/i TyIbIpaTbhIH TOCUIIEPIIH, COHal-aK apHailbl YHBIMIaCThIPbUIFaH
TOpOUE MEH OKBITY MPOIIECTEPI KOHE OaTIaHbIH ©31HIIK TOKIPHOCCIHIH JKUBIHTIFBI.
MyfFaJtim YIIIiH CHIHBINTaH 06JIeK KYMBICTapFa 0apJiIbIK OKYIIbLIAPIbI TAPTY OacThl
MIHJIET €MeC, COH/IBIKTaH (PU3HMKa MOHIHE JEreH KbI3bIFYIIBUIBIKTEI TAHBITATHIH
OKYLIBLIAPJIBI CHIPTTaH OaKbliam, OJIapJIbIH JKEKe-jJapa epeKIIeTiKTepiH
KaHaraTTaH/bIPATHIH CHIHBIITAH ThHIC KYMBICKAa KaThICThIpyFa Oosabl. Keiibip
OKywmbLIapasl GakylbTaTUBTEpTe XoHE (HU3MKA MOHIHEH YilipMmenepre,
eKIHIIUIEPIH TEXHUKAJIBIK IIbIFapMallIbUIBIK )KYMBICTapbIHA KATBICTBIPYFa 0018151,
KallFaH OKyIIbLIapAbl (pr3uka OOMBIHIIA JEPeKTi KiTanTap HeMece FhIIBIMU
Makasia oKyra Oarapiayra 0osaasl. MekrenTe OeCeH i OKBITY bl TOJIBIKKAHIbI
JKYy3ere achlpy OUTIM ayIIbUIapblH KaHa OUTIMII IBICBIKTay MCH OHBI Camlalibl
MEHIepyiHe bIKIaJ eTe/li, COHBIMEH KaTap OKY, IIOH/IIK KaHE apHalbl JaF[bUIapbIH
KaJIBIIITACThIPAIbl. ¥ CHIHBUIFAH OCIICEHII OKBITY 9/IiCTePi OKYIIbLIAPABI KOCIOH
TYpFbIAA Oaraapiiayra MyMKiHIiK Oepesni [17].
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METOAUYECKHUE OCHOBBI IPUMEHEHUSA
AKTHUBHBIX METOJOB OBYUYEHMUS ITPU OBYYEHUU
®U3UKE B OCHOBHOM IIKOJIE

B cmamve paccmampusaiomes akmyanbHOCMb, B03MONCHOCHIU
MAKUX aKMUBHLIX Memo008 00yueHuUsl, KAK NPoOJeMHbLI Memoo, Memoo
NPOEKMO8, @ MAKHCe O3MOICHOCHU UHMEPAKIMUBHO20 MEMood 6 GUde
MYTMUMEOUTIHBIX 00YUaowux npoepamm. B npeonooicennvix memooax
AKMUBHO20 O0OYUeHUsi YOeNsemcs: GHUMAHUe Memoodam, KOmopble
NO36ONAIOM YUAWUMCS pabomamy camocmosmenso. Llens ucciedosanus
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— onpeodenunv MemoOUecKue 0CHOGbl NPUMEHEHUS. AKIMUGHBIX Memod08
00yueHus npu 06yueHe Gu3zuKe WKOIbHUKOS. B coomeéememeuu ¢ yenvio
uccae008anus ObLIU NOCMABICHBL Cleoyiowue 3a0adu: 1) npogecmu ananusz
HAYYHO-MEeMOOUUECKUX MaAmepuaios no meme uccie008anus, a makice
HOPMAMUEHO-NPABOBHIX OOKYMEHMO8, YmeepicoeHHbix Munucmepcmeom
npoceewernus Pecnybnuku Kazaxcman, xacaiowuxcs o6ujeco cpeonezo
006pazoeanus; 2) 6blAGUMb GO3MONCHOCIU — NPUMEHEHUS AKMUBHBIX
Memo0os 0byuerust npu 0byueHue Gu3uKe WKOIbHUKOS.

s evisignenusi npobiemvl, CEA3AHHOU C NPUMEHEHUS. AKMUGHBIX
Memo0os 0OyueHusi npu odyueHue QusuKe WKOJIbHUKOS, UCNOJb308AH
Memooon0cUHecKull no0xo0, OCHOBAHHLIL HA anaiuze u 0000ueHul
HAYUHO-MeMOOUHeCKUX UCCIe008AHUIL.

B xo00e uccreoosanus: 1) 6vinu 6vls6eHbL 0COOCHHOCMU AKMUGHBLX
Memo0o8 00YUeHUs: MAKUX, KAK NPOOJeMHbIL Memoo, Memoo npoeKmos,
UHMEPAKMUBHBILL  Memo0 6 6Ude  MYIbMUMEOUUHbIX — 00VYAIOUUX
npocpaMM U IMeKMPOHHbIX — VUEOHUKO8; 2)  NpPOAHAIUZUPOBAH,
0606wen u cucmemMamusuposaH HAYUHO-Memoouueckul
mamepuan no UCNOJb306AHUIO  AKMUBHBIX MEmo008 00YueHUs 8
cucmeme WKONbHO20 00pasosanus. Memooduueckue pexomenoayuu,
NpeoCcmasieHtble 8 X00e UCCICO08AHUs, MO2YM OblMb UCHOIb308AHbL 6
0essmenbHOCIU YUUmes.

Kuouesvie crosa: gusuxa, akmugnvie memoovl 00yueHus, yieOHbill
npoyecc, memoovl 00VYeHUsl, Memoo NPOeKmMos, MYIbmMuUMeOUliHasl
obyuarwas npocpamma.
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METHODOLOGICAL FOUNDATIONS OF APPLYING
ACTIVE TEACHING METHODS IN TEACHING
PHYSICS IN PRIMARY SCHOOL

The article examines the possibilities of active teaching methods
such as the problem-based method, project method, and the interactive
method through multimedia educational programs. The proposed
active teaching methods focus on those that allow students to work

independently. The aim of the study is to determine the methodological
foundations for the application of active teaching methods in teaching
physics to schoolchildren. In line with the research aim, the following
tasks were set: 1) to analyze scientific and methodological materials on
the topic of the study, as well as regulatory documents approved by the
Ministry of Education of the Republic of Kazakhstan regarding general
secondary education; 2) to identify the possibilities of applying active
teaching methods in teaching physics to schoolchildren.

To identify the issue related to the application of active teaching
methods in teaching physics to schoolchildren, a methodological approach
based on the analysis and generalization of scientific and methodological
research was used.

During the study: 1) the features of active teaching methods, such as
the problem-based method, project method, and the interactive method
through multimedia educational programs and electronic textbooks,
were identified; 2) scientific and methodological material on the use of
active teaching methods in the school education system was analyzed,
generalized, and systematized. The methodological recommendations
presented in the course of the study can be used in the teacher’s
professional activities.

Keywords: physics, active learning methods, educational process,
teaching methods, project-based method, multimedia educational
program.
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NMPABWUJIA [J151 ABTOPOB B HAYYHOM >XKYPHAJIE
«BECTHUK TOPAUIbIPOB YHUBEPCUTETA.
CEPUA: DUSUKA, MATEMATUKA U
KOMIBbKOTEPHbIE HAYKW»

PenaknuoHHas KOJIErus IpOCUT aBTOPOB PYKOBOJICTBOBATHCSI CIIEYIOIIIUMHA
MIPaBUJIaMHU TIPH MOATOTOBKE CTAThEH JUIsl OMyOJIMKOBAHHUS B KypPHAJIE.

HayuHnble cTaThu, mpeacTaBiIsieMble B PEIAKLIHIO KypHalTa JTOJKHBI
OBITH OQOPMIEHBI COTIAcHO 0a30BBIM HM3JAaTEIBCKAM CTaHIApTaM IIO
odopmuernro crateid B cootBeTcTBUU ¢ ['OCT 7.5-98 «XKypnansl, cOopHUKH,
nHpOpPMaIIMOHHBIE H3MaHuA. M3naTenbckoe odopmieHne myOInKyeMbIX
MaTepHAJIOBY, MPUCTATEHHBIX ONOMMOTpa)UIECKUX CIICKOB B COOTBETCTBHH C
I'OCT 7.1-2003 «bubnmorpaduyeckast 3anuch. bubiamorpadraeckoe onmcanue.
OO6mue TpeOOBaHUS U MIPABUIIA COCTABICHUS.

* B HOMep ommyckaeTcs He 0oJiee OJJHOH PYKOIHCH OT OJJHOTO aBTOpa JIH00
TOTO K€ aBTOPA B COCTaBE KOJUIEKTHBA COABTOPOB.

* KomMaecTBO COaBTOPOB OJTHOU CTAaThH HE Ooiree 5.

* CTeneHb OPUTHHANBHOCTH CTAaThU JOJDKHA COCTABIATH He MeHee 60 %
(cornacHO pemeHno pelakKIInOHHONW KOJIIETHH).

* HampaBmisieMble CTaThU HE JOJDKHBI OBITH paHee OMyOIMKOBAaHEI, HE
JIOITYCKAETCs TTOCIIEyIOMIee OMyOIMKOBAaHNE B APYTUX XKypHalaX, B TOM 4HCIIE
MIEPEBOABI HAa JPYTHE SI3BIKU.

* Perrenue 0 IPUHATHH PYKOIHCH K OITyOJIMKOBAHUIO IPUHUMAETCS 1TOCTIE
MIPOBEICHUS ITPOLEAYPHI PELICH3NPOBAHUSL.

* JIBoitHOe pereH3upoBaHUE (CIIENoe) MPOBOAUTCA KOH(PHUACHIHAILHO,
aBTOPY HE COOOIIAETCSl MMS PEIIEH3EHTA, & PELIEH3CHTY — UM aBTOpa CTAaThH.

* Ksutanuust o0 orurate mpemgoCTaBIsETCs MOCHE NMPUHATHS CTaTeH K
myonukanuu. CTOMMOCTh MyOJMKanuy B KypHase 3a ctpanuiy 1000 (omHa
THICSIYA) TCHTE.

* noktopantaM HAO «TopalTIpoB YHIBEPCUTET» U MHOCTPAHHBIM aBTOPaM
(6e3 Ka3axCTaHCKUX COABTOPOB) IyOJIMKAIHA B )KypHaJIe OeCIUIaTHO.

*Ecam cTaThsl OTKJIOHEHA AaHTUIIJIATMATOM HIIM PELEH3EHTOM CTaThs
BO3BpAIlaeTCs aBTOPY Ha JOPAOOTKY. ABTOp MOKET TOBTOPHO OTHPABHUTh CTATHIO
Ha aHTHUILIAruaT Wi pelieH3eH3npoBanne 1 pa3. OTBETCTBEHHOCTb 3a COAEPKAHNE
CTaThH HECET aBTOP.

Penaxmust He 3aHUMAaeTCs JTUTEPATYPHOH M CTHIIMCTHYECKOW 00paboTKOM
CTaThH.

CraTbu, oopMiIeHHBbIE ¢ HAPYLIeHHEeM Tpe0oBaHU i, K My0TuKALUM He
NPUHUMAIOTCS M BO3BPAILAIOTCS aBTOPaM.
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JlaToii nmocTymiIeHNsT CTaThbU CUMTAETCs JaTa MOJIyueHUs pelakiuei ee
OKOHYATEJILHOTO BapHaHTA.

Crarby IyOJIMKYIOTCS 110 Mepe NocTyIuIeH s . XKy pHai popMHUpyeTcs HCX0/1s
U3 KoymdectBa He Oosee 30 craTeil B 0JJHOM HOMEpeE.

IepuoanyHOCTL U3IAHUS KYPHAJIOB — 4 pa3a B roj (esxeKBapTaJbHO).

Cpoku nojgaym craTbu:

- nepBbIi kBapTan g0 10 dgespais;

- BTOpo# kBapTain 1o 10 mas;

- Tpetuil kBapran 10 10 aBrycra;

- 4eTBepThIi kBapTai 10 10 HOSOpsI.

Hayunsiit )xypHan «Bectuuk Topaiirsipos yHuBepcurera», «Hayka
n texHuka Kazaxcrana» BbIIycKaeTCsl ¢ NMEPHOJUYHOCTBHIO 4 pa3a B Ioj B
ceTeBOM (3JIEKTPOHHOM) (hopMaTe B ClIETyOIIHE yCTaHOBICHHbBIE CPOKH BBIX0/1a
HOMEPOB XypHaJa:

- IepBbII HOMep BbIMycKaeTcst 10 30 MapTa TeKyIIero roja;

- BTOpOoi HOMep — 710 30 uIoHS;

- TpeTuil HoMep — 10 30 ceHTsIOps;

- 4eTBepTHIi HOMep — 110 30 1eKadpsi.

CraTpio (JIEKTPOHHYIO BEPCHIO W KBUTAHIMU 00 oIuIaTe) cienyer
HAaIpaBJIsTh HA CaliTax:

- https://vestnik.tou.edu.kz/

- https://vestnik-pm.tou.edu.kz/

Jlist moraun cTaThM Ha MyOJMKAIMI0O HEOOXOAMMO MPOWUTH PETHCTPALMIO
Ha caiiTe.

ABTOp, KOTOPBIH BHEC HANOOJBIINI HHTEIUIEKTYJIbHBIN BKJIAJL B IIOJITOTOBKY
pykorucH (IIpH ABYX U 00Jiee COaBTOPaX ), SIBJISICTCS] aBTOPOM-KOPPECTIOHICHTOM
n o6o3HaYaeTcs «*».

ABTOpBI U3 pa3HbIX YYCOHBIX 3aBEACHHHN yKa3bIBalOTCs Ludpamu >

Jlisl ocyIiecTBICHUST TIPOLIEAYPhI JBOWHOTO PELEH3UPOBaHUsI (CIIENOTr0),
aBTOpaM HE0OXOJIMMO OTIIPABIISTH JIBA BApUAHTa CTAThU: NIEPBBIN — C YKa3aHHEM
JIMYHBIX JIAHHBIX, BTOPOH — 0e3 yKa3aHuWs JIMYHBIX JaHHBIX. [Ipn HapyeHun
MIPUHIIMIIA CJICTIOT0 PELICH3UPOBAHMUS CTaThsl HE PACCMaTPHBACTCS.

Cmambvu 00191cHbL Ob1Mb OPOPMAEHBL 6 CHIPOZOM COOMBEMCHEUL
CO CNLEOYIOUWUMU NPAGUIAMU:

— B sKypHaJIbl IPUHUMAIOTCS CTAThU 10 BCEM HAYYHBIM HAIPABJICHUSM,
B 3JICKTPOHHOM BapHaHTE CO BCEMU MaTepuajaMH B TEKCTOBOM PEIAaKTOpPE
«Microsoft Office Word (97, 2000, 2007, 2010) mnst Windows» (B dpopmarax
.doc, .docx, .rtf).
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— OOuwmit 00beM cTaThH, BKIOYAs aHHOTALMH, JIUTEPATYPY, TaOJIHIIbI,
PUCYHKH M MaTeMaTH4yeckue (GpopMyJibl JIOJDKEH COCTaBISITH He MeHee 7 M He
0oJiee 12 cTpaHul me4aTHOro Tekcra. [lonsa cmpanuy — 30 Mm co cex cmoponu
aucma; Texcm cmamou: xeenv — 14 nynkmos, eapuumypa — Times New Roman
(01151 pyccroeo, anenuticko2o u Hemeykoeo s3viko8), KZ Times New Roman (0ns
KA3aXCKO20 A3bIKA).

CTpyKTypa Hay4yHOH CTaTbu BKJIIOYAET HA3BaHHE, AaHHOTALIUS, KIIFOUEBbIC
CJIOBA, OCHOBHBIE TTOJIOJKEHNS1, BBEJICHHUE, MATEPHAJIbl U METO/IbI, PE3yJIbTaThl U
o0CyXkJIeHHe, 3aKIIOYeHNE, BBIBOJIBI, HH(OpMaIMI0 0 (pUHAHCUPOBAaHUU (TIpU
HaJHM4YUH), CHUCOK MCIOJIb30BAHHBIX MCTOYHUKOB (JIMTEPATYphl) K KaxJ0H
cTaThe, BKIIOYasi POMAaHU3UPOBAHHBIN (TPAHCIMTEPUPOBAHHBIA JIATHHCKUM
a(aBUTOM) BapHaHT HAIIMCAHHUs UCTOYHUKOB Ha KHPHWJUIUIIE (HAa Ka3aXCKOM U
pycckoMm si3bikax) cm. L OCT 7.79-2000 (UCO 9-95) Ilpasuna mpanciumepayuu
KUPUIOBCKO20 NUCbMA JIAMUHCKUM ANDABUMOM.

Cmambsa 007121cHa cooepicanp:

I.MPHTHU (MexrocynapcTBeHHbIH pyOpHKaTOp Hay4YHOW TEXHUYECKOU
nHpOpMaNNH);

2.DOI — nocne MPHTHU B BepxHeM mpaBoM yriy (IpuCBauBaeTcs U
3aI0JIHSETCS pelakIiel KypHala);

3. Anummanel (MMs1, oTyectBo) DaMuiinst aBTopa (-0B) — Ha Ka3axCKOM,
PYCCKOM M aHTJIMMCKOM SI3bIKaX (KUPHBIM MIPH(TOM, 110 LEHTPY);

ABTOp, KOTOPBIH BHEC HANOOJBIINI MHTEIUIEKTYJIbHBINA BKJIAJL B IIOJITOTOBKY
pykorucH (IIpH ABYX U 00Jiee COaBTOPaX ), SIBJISIETCS] aBTOPOM-KOPPECTIOHICHTOM
n o6o3HavaeTcs «*».

ABTOpBI U3 pa3HbIX YIeOHBIX 3aBEACHHH yKa3bIBAIOTCS Ludpamu 2.

4. Appummamus (opranusanus (MecTo padoThl (y4eOsl)), cTpaHa, TOpOJ) —
Ha Ka3aXxCKOM, PyCCKOM M aHIIMHCKOM si3bkax. [lomHble qanuble 00 addummanm
ABTOPOB MPEJICTABISIIOTCS B KOHIIE JKYPHAIa;

5.Ha3BaHnue CTaThH JIOJDKHO OTPaXKaTh COJEpKAHUE CTAThH, TEMAaTHUKY
W pe3yJbTaThl IPOBEJCHHOI0 HAyYHOr'O HCCieloBaHMs. B Ha3zBaHWe craThu
HEOOXO0AMMO BIOXXKUTH HHPOPMATUBHOCTb, IPUBIICKATEIbHOCTh U YHUKAJILHOCTh
(ue Oosiee 12 ci1oB, MPONUCHBIMU OYKBaMH, )KUPHBIM IIPUGTOM, 1O LEHTpPY, Ha
TPEeX sI3bIKAX: PYCCKUH, Ka3aXCKU, aHITTMACKUHN JTHOO HEMEITKUH);

6. AHHOTAIUSI — KPaTKas XapaKTepHCTHKA Ha3HAYCHUS, COJIEPIKaHMsI, BUJIA,
(opMBI 1 Ipyrux ocoOeHHOCTEH cTaThu. JloJKHA OTpaskaTh OCHOBHEIC U LICHHBIE,
110 MHEHUIO aBTOPA, JTallbl, OOBEKTHI, NX NPU3HAKH U BBIBOABI ITPOBEICHHOTIO
uccienoBanus. Jlaercs Ha Ka3aXCKOM, PYCCKOM M aHIJIMHCKOM JIN0O HEMEI[KOM
sI3bIKaX (PEKOMEH1yeMblii 00beM aHHOTAIMHU Ha SI3bIKE ITyOJIMKAIMY — HE MEeHee
150, ve Goxee 300 ciioB, KypcuB, HEKUPHBIM MIPU(TOM, Kerib — 12 MyHKTOB,
a03allHbIil OTCTYII CJicBa | cripaBa 1 cM, cM. oOpasen);
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7.KiiodeBble cia0Ba — HaOOp CJIOB, OTPAKAIOLIUX COJIEPKAHHE TEKCTa B
TepMHHaX 00BbEKTa, HAYYHOI OTPACIM M METOJIOB Uccie1oBaHus (0hOpMIISIOTCS
Ha TpeX S3bIKaX: PYCCKHUH, Ka3aXCKUU, aHTJIMUCKUNA OO0 HEMCIKUH; Kerllb —
12 myHKTOB, KypCHB, OTCTYII clieBa-ciipaBa — 1 cM.). PekomeHyemMoe KoimuecTBo
KIIFOUEBBIX CJIOB — 5-8, KOJIMYECTBO CIIOB BHYTPH KIIIOYEBO# (pa3sl — He OoJee 3.
3aat0Tcs B MOPSIJIKE UX 3HAYUMOCTH, T.€. CAMOE BaXKHOE KIIFOUEBOE CIIOBO CTAThU
JIOJDKHO OBITH MEPBBIM B CITUCKE (CM. 00paselr);

8. OCHOBHOM TEKCT CTATBHH U3JIAaraeTCs B ONPEACIICHHON M0CIIe10BATENIbHOCTH
€ro 4acTel, BKIIIoUaeT B ce0s:

- BBenenue (a03ar 1 cM 110 JIeBOMY Kparo, )KUPHBIMH OYKBaMH, KeIjib —
14 mynkroB). OOG0ocHOBaHME BEIOOPA TEMBI; aKTYaJIbHOCTH TEMBI HIIH TIPOOJIEMBI.
AKTYaJIbHOCTb TE€MBI OIPEEIISIETCsl OOIMM HHTEPECOM K HU3YYEHHOCTH JJAHHOTO
00beKTa, HO OTCYTCTBUEM MCUEPIBIBAIOIINX OTBETOB HA MMEIOIIHECS] BOIPOCHI,
OHa JIOKa3bIBACTCSl TEOPETUUECKON MIIM IPAKTUYECKON 3HAYMMOCTBIO TEMBI.

- MaTepuajsl 1 MeTOABI (a63ay 1 cm no negomy Kpaio, HCupHulMu OYK8amu,
Keanb — 14 nynkmos). JI0JKHBI COCTOSITH M3 OIMCAaHHsI MaTEPUAJIOB U X0J1a padOThI,
a TaKKe IOJIHOT'O OIMCAHUS UCIIOJIb30BAHHBIX METOIOB.

- PesyabTatsl u odcy:xkaenune (aosay 1 cm no neeomy Kpaio, dHCupHuiMu
oykeamu, keenv — 14 nynkmos). IIpuBoquTCs aHaN3 U 00CYKICHUE TOTyYCHHBIX
BaMHM pe3yJIbTaToOB McciIeaoBaHus. [I[pHBosTCS BEIBOBI 110 TIOJIyYEHHBIM B X0/1€
HCCIIE0BaHUsI pe3yJIbTaTaM, PaCKpbIBaeTCsl OCHOBHAS CyTh. M 3TO OJIMH U3 caMbIX
Ba)KHBIX Pa3JeyioB CTaThbu. B HEM HE0OXOIMMO MPOBECTH aHAIN3 PE3yJIbTATOB
CBOEi paboThl M 00CYKJEHHE COOTBETCTBYIOLIMX PE3YJILTATOB B CPAaBHEHUH C
MIPEABLIYIIMMEI Pa00TaMH, aHAJIU3aMH U BHIBOJAAMH.

- Undopmanuio o punancupoBanny (pu Hamunm) (ad3atr 1 ¢M 1o ieBomy
Kparo, )KUPHBIMH OYKBaMH, KeTJib — 14 IyHKTOB).

- BeIBoAbI (ab3ay 1 cm no negomy Kpai, JHCUpHoiMU OYKEaMU, Kealb —
14 nynkmos).

BriBosibl — 000011IeHE M TIOBEJCHNE UTOrOB pabOThl HAa JaHHOM JTare;
MO/ATBEPIKICHNE MCTUHHOCTH BBIJIBUTAEMOI'0 YTBEP)KJCHUS, BHICKa3aHHOTO
aBTOPOM, M 3aKJIIOYCHHE aBTOpa 00 U3MEHEHHWH HAYYHOr'O 3HAHHUS C y4eTOM
TIOJIyYEHHBIX PE3yJIbTaTOB. BBIBO/IBI HE JOJDKHBI OBITH A0CTPAKTHBIMH, OHU
JIOJDKHBI OBITH HCIIOJIB30BAHBI J1s1 0000IIEHUsI pe3yIIbTaTOB UCCIIEI0BAHUS B TOW
WM MHOW Hay4yHOH 00JIacTH, C ONHMCAHHUEM IPEAJIOKEHUH WM BO3MOXKHOCTEH
JajbHEeHIIeH paboThl.

- CiucoK MCMoJb30BAHHBIX HCTOYHHKOB ()KHUPHBIMH OYKBaMH, KETJb —
14 myHKTOB, B LIEHTPE) BKIIIOYACT B CEOsL:

Cratbsi ¥ CIIUCOK UCTIOJIb30BAHHBIX HICTOYHUKOB JTOJDKHBI OBITH O()OPMIICHBI
B cootBercTBUM ¢ ['OCT 7.5-98; TOCT 7.1-2003 (cMm. obpaserr).
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OuepeIHOCTh CTOYHMKOB ONPENEIISIeTCsl CIEIYIOINM 00pa3oM: cHavyasa
MI0CJIEIOBATENIbHBIC CCBUIKH, T.€. ICTOYHUKH HAa KOTOPBIC BBl CChHIJIAETECH 110
04epe/THOCTH B CAaMOH CTaThe. 3aTeM JOTOTHUTEIbHbIE HCTOYHUKH, HA KOTOPBIX HET
CCBUIOK, T.€. ICTOYHHKH, KOTOPHIE HE MMEII MECTO B CTaThe, HO PEKOMEHI0BaHbI
BaM{ YUTATENsIM JUIsl O3HAKOMJICHUS, KaK CMEXHbIE pabOThI, MPOBOJAMMBIE
napasenbHo. Oovem ne menee 10, ne bonee yem 20 naumenosanuil (CCHUIKA U
NPUMEYaHUs B CTaTbe 0003HAUAIOTCS CKBO3HOM HyMepalueil M 3aKiIro4aloTcs B
KBaJIpaTHBIC CKOOKM), IIPEUMYIIECTBEHHO 3a nocieauue 1015 ner.

B ciiydyae Hamuuusi B CIHCKE MCIOJIb30BAaHHBIX UCTOYHUKOB paboT Ha
KHpWIIIUIE (Ha Ka3aXCKOM M PYCCKOM SI3bIKaX), HEOOXOJMMO IPEICTaBUTh
CIIMCOK JIMTEpaTyphl B ABYX BapuaHTax: 1) B opuruHaie (yKa3blBalTCs
UCTOYHHMKH Ha PYCCKOM, Ka3aXCKOM M aHTJIMHCKOM JINOO HEMEIKOM S3bIKaX);
2) pOMaHHU3MPOBAHHBIH BapHaHT HAIMCAHMs MCTOYHHWKOB Ha KUpWLIHIE (Ha
Ka3aXCKOM M PYCCKOM SI3bIKaXx ), TO €CTh TPAHCIUTEPALUsl JATHHCKUM a(haBUTOM.
em. TOCT 7.79-2000 (UCO 9-95) [Ipasuna mpanciumepayuu KUpUIo8CKO20
NUCLMA TAMUHCKUM ALPaAGUMOM.

Onanaiin cepsuc Tpancaumepayus no I'OCTy — https://transliteration-
online.ru/

Ilpasuna mpanciumepayuu Kupuinio6cKkozo nucbma
JAMUHCKUM angdagumom.

Pomanusuposannuiit cnucok aumepamypol 00J1HCEH 6bl21A0eNb
caeoyromum oopazom: aBTop(-bl) (TpaHCIUTEpAUs JIMOO aHTIIOSA3BIYHBIN
BapUaHT IpU €ro HaJM4YMHM) — Ha3BaHUE CTaTbH B TPAHCIUTEPUPOBAHHOM
BapuaHTe — [[epeBOJ Ha3BaHMsS CTAThbH HA AHIVIMMCKUH SI3bIK B KBAaJPATHBIX
CKOOKax| — Ha3BaHHME Ka3axOs3BIYHOTO JIMOO PYCCKOSI3BIYHOTO MCTOYHHMKA
(TpaHcIUTEpays, TM00 aHTIMHCKOE Ha3BaHHE ITPU €r0 HAIMYNH) — BBIXOJHbIC
JIaHHBIE ¢ 0003HAYCHUSIMH Ha QHTJIMIICKOM SI3bIKE.

* UnnocTpannu, nepevyeHb PHCYHKOB U MOAPHUCYHOUHBIC HAIIIHCH
K HUM TIPEJICTABIISIIOT 110 TEKCTY CTaThbH. B 2JIEKTPOHHOM BEpCHU PUCYHKH M
wroctpanuu npezacrasisitorest B popmare TIF mwim JPG ¢ paspenienuem He
menee 300 dpi.

* MartemaTudeckue (popmyJabl J0DKHBI ObITh HaOpaHbsl B Microsoft
Equation Editor (kaxast popmyiia — oiuH 0OBEKT).
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Ha omoenvnoii cmpanuye (nocie cmamui)

B aniekTpoHHOM BapHaHTe IPUBOJISTCS MOJIHBIE NOYTOBbIE apeca, HoMepa
CJIY:KeQOHOro ¥ iomManiHero TejaedoHoB, e-mail (Homepa TeneoHOB TSl CBSI3U

pPEeMaKINK ¢ aBTOpaMH, He ITyOJIUKYIOTCS);

Ceéedenusn 06 asmopax

Ha xa3axckom si3bike Ha pycckowm si3bike | Ha aHrmiickoM si3bIke
®amunus Ums OrtuectBO
(TIOJTHOCTHIO)

JlonKHOCTh, yueHasi CTENeHb,
3BaHUE

Opranuzauus

T'opon

Nunexc

Crpana

E-mail

Tenedon
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C. K. AHmukeeea*, C. K. Kcembaeea
TopaiireipoB yauBepcutet, Peciyonmka Kazaxcran, r. [laBmomap

TEOPETUYECKASI MOAEJIb ®OPMUPOBAHUA
KOMIETEHLUWN COLUUNATIbHbIX PABOTHUKOB
YEPE3 KYPCbI NOBbILUEHUA KBAJIUOUKALIUN

Boannoii cmamve npedcmasnena meopemuieckas mooens popmMuposanus
JUHHOCTHBIX U NPOGHECCUOHATLHBIX KOMREMEHYUL COYUATbHBIX PAOONHUKO8
yepe3 Kypcvl NOGbIUEHUSA K8ATUDUKAYUY, KOMOPAs paspabomana &
pamkax dokmopckoul ouccepmayuu «Popmuposanue TUIHOCHMHBIX U
npOhecCUOHATHBIX KOMNEeMeHYUll COYUATbHBIX PAOOMHUKOS Yepe3 KypCbl
nogviuleHus Kearupuxayuuy. B cmamve npusoosmes nedacocuueckue
ACneKmyvl camoeo npoyecca MoOeaupo8aHus, nepeyucienbl Jmansl
neoazoeuyecko2o mooenuposanus. Ilpedcmagnenvl memooonocuyeckull,
npoyeccyanbHblil (MexHON02UYeCKULl) U UHCIMPYMEHMATbHBII YPOSHU MOOeU,
ee yeib, MOHUMOPUHE CHOPMUPOSAHHOCTU UCKOMBIX KOMNEMeHYull, d
maxoice pesyrvmam. B mooenu nokasanvl KOMREmMeHmHOCIHbIIL, TUYHOCHIHO-
OPUEHMUPOBAHHBII U NPAKMUKO-OPUCHIMUPOBAHHDII Nedazo2uyecKue
100X00b1, 3AKOHOMEPHOCTNU, NPUHYUNBL, YCTIOBUS HOPMUPOBAHUS BLIOPAHHBIX
KOMNemenyuil; ORUCAHbL IMANbL PEanu3ayuil npoyecca (PopmMuposaniis, yposHil
ChopMUPOBAHHOCIU TUYHOCHIHBIX U NPOPECCUOHATLHBIX KOMNEMEHYUIL.
B pasoene npakxmuuecxou noocomoexu npeonazaemcs UHmMepaKmueHas
paboma 6 cucmeme CIyuamenb-npenooasamenb-2pynna, HOOpasymesaruas
JUYHOE YHaAcmue Kaxcoo2o Cneyuarucmd, a makxice omxpulmue nepeoeo
6 Hauwell cmpane Pecnybiukanckozo obuecmeeHno2o 06veoutenus
«Hayuonanvhwiii anvsauc npogheccuoHaTbHbIX COYUATLHBIX PAOOMHUKOS).
Jlannas mooens noopasymesaent noo coooti OabHelliee CO8ePUICHCNBOBAHIE
U camocmosmenvHoe pazeumue JUUHOCIMHBIX U NPOPecCUoHanbHBIX
KOMREemeHyuti COyuanbHulx pabomnuKkos. Imo no360.15em yeuoems 6 Mooenu
apgpexmusHocmb peanuzayuu Kypcos nosviuteHus Keanuguxayuu, popmoi,
Memoobl U cpedcmaa pabomal.

Kawouesvie crosa: meopemuueckas mooenb, KoMnemeHyuu,
nogvlule e K8ATUGUKAyUL, CoyuanbHvie pabomHuKi.
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Beenenne

CounaipHasi paboTa — OTHOCUTEIBHO HOBAs /ISl HAlllel CTpaHbl TPOQeccHsl.
[TosToMy oOydeHHE CONMaNbHBIX PAaOOTHUKOB HAa COBPEMEHHOH CTaauu HE
XapaKTepu3yeTcs HATUYHEeM JOCTAaTOYHO Pa3pabOTaHHBIX 00pa30BaTENIbHBIX
CTaHJIaPTOB, KOTOPbIE HAXO/IHJIN ObI BEIPAXKEHHE B (POPMYIHPOBKE I1E1arOr HUeCKUX
Lenel, B coiepyKaHuy, TEXHOJIOTHAX yUeOHOTO MpoIiecca.

IIpodonxcenue mexcma nyonuKyemozo mamepuana

MaTtepuanabl U MeTOABI

Teopernyeckuil aHaIU3 HAYYHOM MCUXOJOTO-NMEAATOTHUECKONU U
CTIEIHATbHON IUTEPATYPHI IO PoOIeMe UCCIICIOBAHNS; aHATIN3 3aKOHOIAaTEIbHBIX
U HOPMATHBHBIX JIOKYMEHTOB IO OTKPBITHIO OOIIECTBEHHBIX O0bEIUHEHU;
aHaJIN3 COAEPKAaHM TPOrPaMM KypCOB IOBBIICHUS KBATH(UKAIIUN COTHATTEHBIX
PabOTHHUKOB; MOJICIMPOBAHUE; aHATIU3 U 0000IICHUE TIeJarorndeckoro OnbITa;
OTIPOCHBIE METOIBI (Oecena, aHKETHPOBAHNE, UHTEPBLIOUPOBAHNE); HAOIOICHHUE;
aHalN3 MPOAYKTOB ACATEIHHOCTH CIEIHATUCTOB; dKCIEPUMEHT, METOIBI
MaTeMaTH4eCKON CTAaTUCTUKH 10 00pabOTKe IKCIIEPUMEHTAIbHBIX JTAHHBIX.

IIpodonxcenue mexcma nyonuKyemozo mamepuana

Pe3yabTaTsl 1 00cy:KIeHHE

UtoOBI HOHATH 00BEKTHBHBIE 3aKOHOMEPHOCTH, JISKAIIlHe B OCHOBE Ipoliecca
(bopMHUPOBaHUS U PA3BUTHSL JINYHOCTHBIX U MPOPECCHOHAIBHBIX KOMIETECHIINI
COITMATIBHBIX PAOOTHUKOB Yepe3 KyPChl MOBBIIEHHS KBaTH(DUKAIIH, HEOOX0IUMO
YEeTKO TPEACTaBIATh ce0e UX MOJECTb.

IIpoodonxcenue mexcma nyoauKyemoz2o mamepuana

BeiBoab!

TaxkuM o0pa3zoM, Ha OCHOBAHHH BBINIEH3TI0KEHHOT'O MOXHO CAENaTh
BBIBOJI O TOM, YTO TeOpeTHYecKas MOJelIb (GOPMHPOBAHHSA JTUYHOCTHBIX H
npodeccroHaNbHBIX KOMIIETEHIIUH COIMAIbHBIX PA0OTHUKOB 4Yepe3 KypChl
TMOBBIIICHUS KBATHU(DUKAIIMU COJIEPIKUT TPU YPOBHS €€ Peallu3allru.

IIpodonxcenue mexcma nyonuKyemozo mamepuana

CnucoK MCIoJIb30BAHHBIX HCTOYHUKOB

1 TaxuH, A. H. ITegarornueckoe MOICITUPOBAHHE : CYIIHOCTD, 3 (HEKTUBHOCTh
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BUIIKTUIIKTI APTTBIPY KYPCTAPBI APKBI/IbI OJIEYMETTIK
KBISMETKEPJIEP/{IH KY3IPETTUIIKTEPIH KAJIBIIITACTBIPY/IbIH
TEOPHAIBIK MOJEJTI

byn maxanadoa «Oneymemmix KvizsmemrxepiepOiy OILNIKMINIciH
apmmuipy KypCmapbl apKulibl MYILANbIK JHCIHE KICIOU KY3ipemminikmepin
Kanslnmacmolpyy OOKMOPIbIK ouccepmayusi uteHoepinoe 23ipileHeeH
OLIIKMINIKMI apMmeIpy Kypcmapwl apKblibl d/1eyMemmiK Kbl3MemKepaepoin
IMYAANBIK JHCIHE KICIOU KY3bIpemminiein Kaablnmacmuipyoull Meopusiibk,
MmoOdeni ycvlnvLiean. Makanada moodenvoey npoyeciniy nedaco2uxkanbik
acnekminepi, nedazocuKkaiblk Mooeiboeyoiy Kezeyoepi KelmipileeH.
Mooenvdiy a0icnamanvik, npoyeccyanrovlk (MexHoL0SUSIbIK) JHCIHE
acnanmulk Oeneeunepi, OHblY MAKCAMbL, KANCeMmi Ky3vlpemmepoiy
KAIuInmacy MOHUMopUuHel, conoau-ax Hamuoiceci ycoinvlizan. Mooenvoe
KY3bIpemminiKKe, mynzaza 6azblmmangan Jcane npakmukaza Oazelmmanean
nedazocuKaIblK, maciioep, mayoaian Kysvipemmepoi Kaiblnmacmoipy
3aHOBLILIKMAPSL, KARUOAMMAPbL, WAPMMApbl KOPCEmiieeHn, Kaablnmacy
npoyecin icke acvlpy Ke3eyoepi, JceKe JcaHe Kaciou KysvipemmepOoiH
Kanvinmacy oeweetiiepi cunammanzan. Ilpaxmukanelk 0aublHObLK
OOIMIHOE MBIHOAYUWUbI-OKbIINYULbI-ION JHCYUECIHOE UHMEPAKMUBL HCYMBLC
YCOIHLLIAObL, Ol 9P MAMAHHBIY JCeKe KAMbICYbIH, COHOAU-AK eniMiz0e
ANEAUIKbl «KICIOU dN1eyMemmiK KblsMemKepaepoiy Yammuolk aibsHCbLY
PecnyonuKaIblK KO2AMObIK OIpJieCmi2iHiK aubliyblH 6L10ipedi. Byn modens
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aneymMemmik KblzMemKepaepoiH JHeeKe JHeane Kaciou Kyzvipemmepin 00aH
api dicemindipyoi dicone mayeiciz 0amvimyowl 0indipedi. byn modenvoe
OLIKMINIKMI apmmulpy KypCmapblt iCKe acblpyObll MUIMOLIIZIH, HCYMbIC
HbICAHOApbl, 20icmepi MeH KYParioapblH Kopyee MYMKIHOIK 6epeoi.

Kinmmi cezdep: meopusiibik MoOenb, KY3olpemminik, Oinikminiikmi
apmmuipy, aneymMemmik KbizmemrepJep.

S. K. Antikeyeva®, S. K. Ksembaeva
Toraighyrov University, Republic of Kazakhstan, Pavlodar

THEORETICAL MODEL OF FORMATION COMPETENCIES
OF SOCIAL WORKERS THROUGH PROFESSIONAL DEVELOPMENT
COURSES

340

This article presents a theoretical model for the formation of personal
and professional competencies of social workers through advanced
training courses, which was developed in the framework of the doctoral
dissertation «Formation of personal and professional competencies of
social workers through advanced training courses». The article presents
the pedagogical aspects of the modeling process itself, and lists the stages
of pedagogical modeling. The methodological, procedural (technological)
and instrumental levels of the model, its purpose, monitoring the formation
of the required competencies, as well as the result are presented. The model
shows competence-based, personality-oriented and practice-oriented
pedagogical approaches, patterns, principles, conditions for the formation
of selected competencies, describes the stages of the formation process,
the levels of formation of personal and professional competencies. The
practical training section offers interactive work in the listener-teacher-
group system, which implies the personal participation of each specialist,
as well as the opening of the first Republican public Association in our
country, the national Alliance of professional social workers. This model
implies further improvement and independent development of personal
and professional competencies of social workers. This allows you to see
in the model the effectiveness of the implementation of advanced training
courses, forms, methods and means of work.

Keywords: theoretical model, competencies, professional development,
social workers.
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NyBJIINKALJUOHHAST 3TUKA
B HAYYHOM XXYPHAIJIE
«BECTHUK TOPAUIbIPOB YHUBEPCUTETA.
CEPUA: ®DUSUKA, MATEMATUKA U
KOMIBbOTEPHbIE HAYKW»

Penakumonnas xonierus HaydHBIX xypHamoB HAO «TopaiTsipoB
yHuBepcuter» «BectHuk TopaiirelpoB yHuBepcutera», «Hayka u TexHuKa
Kaszaxcrana» u HayuHO-nomnyJisipHoro xypHaina «KpaeBeneHue» B cBoei
podecCHOHANBHON AEATENBPHOCTH MPUAEPKUBAIOTCS NMPUHIUIIOB U HOPM
[TyOmuKamoHHOM STUKN HaydHBIX )KypHAIOB HAO «TopaliThIpOB yHUBEPCHUTETY.
[TybnukannoHHas 3THKa pa3paboTaHa B COOTBETCTBHM C MEXKIyHapOIHOU
My OTMKAIIMOHHON 3THYeckoi HopMoit KomuTeTa mo myOmMKaIMOHHON 3THKE
(COPE), sTrueckuMu IpyHIMIIAME TyOnukanuu xKypHaiaoB Scopus (Elsevier),
Komexkca akagemnaeckoit uectnoctn HAO «TopalTBIpOB YHUBEPCUTETY.

[TyOnukanuoHHas 3THKa ONPEAEIsieT HOPMbI, IPUHIUIBI U CTaHAAPTHI
9THYECKOTO MOBEJIECHHS PEJAaKTOPOB, PELEH3CHTOB M aBTOPOB, MEPHI 110
BBIBIICHUIO KOH()DJIMKTOB MHTEPECOB, HEITUIHOTO MOBEACHUS, HHCTPYKLIUH TI0
N3BATUIO (PETPAKINN), UCIIPABICHHIO U OTIPOBEPKEHUIO CTATHH.

Bce ywyacTHnKEN nporiecca myOIMKauy, COOM0AAI0T IPUHIHUIEI, HOPMBI 1
CTaH/APTHI Ty OINKAIIOHHON 3THKH.

KauecTBo Hay4HOTO jKypHana 00ecrednBaeTCsl NCIOIHEHNEM MPUHIUIIOB
Y4aCTHUKOB IpoIecca MyOJuKanuu: paBeHCTBA BCEX aBTOPOB, MPUHIUII
KOH(HUIEHIINaTbHOCTH, OJHOKpPATHBIE MyOIMKAallNK, aBTOPCTBA PYKOIHUCH,
MIPUHIMAIT OPUTMHAIBHOCTH, TIPUHIUI TTOITBEP)KICHUSI HCTOYHUKOB, MPUHIINAI
00BEKTHBHOCTH 1 CBOEBPEMEHHOCTH PELIEH3UPOBAHNS.

IIpaBa u 0053aHHOCTH YJICHOB PEAAKIIMOHHBIX KOJUIETHH Hay4HBIX
xypuaioB HAO «TopaiirsipoB yHuBepcuteT» «BecTHuk Topailreipos
yHuBepcutera», «Hayka n texnmnka Kazaxcrana» m Hay4HO-HOIYJISIPHOTO
xyprana «Kpaesenenne» onpenenens: CO CMK 8.12.3-20 Ynpasnenue HayqHO-
N3JaTeNbCKON AEATEIbHOCTHIO.

IIpaBa 1 0013aHHOCTH pPeLleH3EHTOB

PenieH3eHThl HayuHBIX )KypHaI0B «BecTHUK TOpalrelpoB yHUBEPCUTETA,
«Hayxka u rexauka Kazaxcranay, HayqHO-IIOIYJIIpHOr 0 )KypHana «KpaeseaeHuey,
00s13aHBI PyKOBOJICTBOBATHCS MIPUHIIUIIOM OOBEKTHBHOCTH.

[TepconanpHast KPUTHKA B aJpec aBTOpa(-0B) PYKOIHCH HEIOMYCTHMA.
PerieH3eHT OMKEH apryMEHTHPOBAaTh CBOM 3aMEUYaHUsI 1 0OOCHOBBIBATH CBOE
pELIeHNE O MPUHITUHN PYKOITUCH HIIH O €€ OTKJIOHEHUH.
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HaruoHaapHOCTE, pETUTHO3HAS IPUHAIC)KHOCT, ITOTUTUYCCKUE FITH HHBIC
B3TJISIIBI aBTOPA(-0B) HE JOJDKHBI IPUHUMATHCS BO BHUIMAHKUE U YUUTHIBATHCS B
TIPOLIECCe PELCH3NPOBAHUS PYKOIIUCH PELICH3EHTOM(-aMH).

DKcnepTHas OLIEHKa, COCTaBJICHHAs PELICH3EHTOM JIOJDKHA CITIOCOOCTBOBATh
MPUHATUIO PCIICHUS PEAaKIMEH O MyOIMKAIUU U MOMOTaTh aBTOPY YIIYYIIUTh
PYKOITUCH.

PerieHre 0 MPUHSITHY PYKOIIHCH K [Ty OJTUKAIINH, BO3BPAIICHHE paOOTHI aBTOPY
Ha U3MCHCHHUE WK JOPabOTKY, MO0 pelieHne 00 OTKIOHCHUH OT ITyOJIUKAIHH
MIPUHUMACTCS PEIKOJUICTHEH OMUPAsSCh Ha PE3yJIbTaThl PEIICH3UPOBAHUSI.

IIpuHOMN cBOeBPeMEHHOCTH peneH3MpoBaHus. PereHzeHT 00s3aH
MIPEAOCTAaBUTh PELICH3HIO B CPOK, OIPE/ICIICHHBIN pelakineii, HO He 1mo3iHee 2-4
HeJIesIb C MOMEHTA TTOJTyYeHHSI PYKOIIMCH Ha perieH3upoBanue. Ecim paccMoTpenme
CTaThH U ITOJIrOTOBKA PELICH3UN B HA3HAUCHHBIE CPOKU HEBO3MOJKHBI, TO PELICH3EHT
JIOJDKEH He3aMeJUIMTEIbHO YBEJOMHUTH 00 9TOM Hay4HOT'O pelakTopa.

PerieH3eHT, KOTOPBIN CUNTAET, YTO €T0 KBAIU(HKAINS HE COOTBETCTBYET JILOO
HEJIOCTATOYHA JJIsl IPUHSTHUS PCUICHUS TIPU PELICH3UPOBAHHUH ITPEIOCTABICHHOM
PYKOIIHMCH JIOJDKEH HE3aMe/TMTENILHO COOOLIUTH 00 3TOM HAyYHOMY PEIaKToOpy
1 OTKa3aThCsl OT PELCH3UPOBAHUS PYKOIUCH.

IpnHoMn KOHQHUIECHIHMAILHOCTH CO CTOPOHBI peleH3eHTa. Pykonucs,
MIPEOCTaBICHHAsl PELICH3CHTY Ha PEleH3UPOBAHUE JIOJDKHA paccMaTpHBaThCs
KaK KOH(UICHIMAIbHBII MaTeprall. PEIICH3CHT HMEET IPaBo IEMOHCTPUPOBATH
e¢ 1/Wii 00CYKIaTh ¢ IPYTUMHU JIMIIAMH TOJILKO TOCJIC MOTYYCHHUS TUCBMEHHOTO
pa3peleHnst Co CTOPOHbBI HAYYHOT'O PelaKTOpa KypHaa |/Win aBTopa(-oB).

Wudopmarus 1 uen HaydHOH padOThI, OTYUICHHBIC B XOJIC PCIICH3UPOBAHMUS
n obecrieueHns MyOJIMKAIMOHHOTO TPOLIecca, He JOJDKHBI OBITh NCIIOJIb30BAHBI
peleH3eHTOM(-aMu) JUIs TIOJYYCHUS JINYHOM BBITOJIBI.

[puHIUN MOATBEP:KIEHNS HCTOYHHKOB. PCIICH3CHT JOJDKCH yKa3aTh
Hay4HbIe pa0OTHI, KOTOPBIE OKa3ajiu Obl BIUSHUE HA HCCIEJI0BATEIbCKUE
pe3yJbTaThl pacCMaTPUBAEMON PYKOIUCH, HO HE ObUIA MPUBEICHBI aBTOPOM(-
amn). Taxoke pereH3eHT 00s3aH 00paTUTh BHUMaHUE HAYYHOTO PelaKkTopa Ha
3HAYUTEIBHOE CXOJICTBO MJIH COBIIAZIEHUE MEX/TY PACCMAaTPUBAEMOM PyKOIHCHIO
U paHee OMyOJMKOBAHHOW PabOTOM, O KOTOPOM €My U3BECTHO.

Ecnn y peneH3eHTa MMEIOTCS JIOCTaTOYHBIE OCHOBAHMS I10J1araTh, 4TO
B PYKOITUCHU COJICPIKHUTCS IUIaruaT, HCKOPPCKTHBIC 3aMMCTBOBAHUS, JIOKHBIC
U cpaOpUKOBAHHBIC MaTEpPUAIbl HIIA PE3yJbTAThl UCCICIOBAHUSA, TO OH HE
JIOJDKEH JIOMYCTUTh PYKOIKCH K IyOJIHKAIIMK U TPOHMH(DOPMUPOBATh HAYYHOTO
pelaKTopa )KypHaja O BEISIBICHHBIX HAPYILICHUSX IPUHIIAIIOB, CTAHIAPTOB M HOPM
Ty OJIMKAIIMOHHOMN 1 Hay4YHOH STHKH.
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IIpaBa 1 06s13aHHOCTH aBTOPOB

[TyGnukannoHHas 3TuKa 0a3upyeTcsi Ha COOJIIOICHUH MTPUHIIUIIOB!

OIHOKPATHOCTH My OJIMKAITUK. ABTOP(-bI) TAPAHTUPYIOT UTO MPECTABICHHAS
B PENaKIHUIO0 PYKOIHCh CTaThU He Obla MpeACTaBIeHa ISl PACCMOTPEHUS B
npyrue uzfaanus. [IpencraBieHne pyKoOmUCH €IMHOBPEMEHHO B HECKOJIBKUX
YKypHAIaX/U3IaHUSIX HETPUEMIIEMO U SIBIISIETCS TPyOBbIM HapyILIEHUEM IIPUHIIUTIOB,
CTaH/IapPTOB ¥ HOPM IyOJIMKAIMOHHOM ATHKH.

ABTOpCTBO pykomucH. Jlumo, KkoTopoe BHeCJI0 HAUOONbIIUNI
MHTEIUIeKTYalIbHBIN BKJIA] B TIOJrOTOBKY PYKOITUCH (TIpH ABYX U O0Jiee CoaBTOpax),
SIBJISIETCSI ABTOPOM-KOPPECTIOHICHTOM U YKa3bIBA€TCsI IEPBBIM B CIIUCKE aBTOPOB.

J1uist ka1 CTaThy JOJKEH ObITh Ha3HAUEH aBTOP U1l KOPPECIIOH ICHIINH,
KOTOPBIH OTBEYAET 3a IIOATOTOBKY (DUHAIbHON BEPCHHU CTAThU, KOMMYHHKAIHIO C
peKoIIerueit, 10JkeH 00eCTIeunTh BKIIIOYEHHE BCEX YUaCTHUKOB HCCIISIOBAHMUS
(Tipu KOJIMYEeCTBE aBTOPOB O0JIee OJTHOTO), BHECIITUX B HETO IOCTATOYHBIHN BKJIA, B
CIIMCOK aBTOPOB, & TAKIKE MOIYYHUTh 0JI00PEHIE OKOHYATEIHLHOM BEPCHU PYKOITHCH
OT BCEX aBTOPOB JIJIsI TIPEJICTABIICHHS B PEIAKIIMIO 1Sl Ty OnnKkanuu. Bee aBTopsl,
yKa3aHHbIE B PyKOIIMCH/CTAaThe, HECYT OTBETCTBEHHOCTD 32 COJICpIKaHHUe PaOOTBHI.

IpuHIMI OPUTHHATBHOCTH. ABTOP(-bI) TAPAHTUPYET, YTO PE3YIHTATHI
HCCIIeIOBAHMSI, N3JI0)KEHHBIE B PYKOIHCH, TIPEJICTABIISIOT COO0I OPUTHHAIBHYIO
CaMOCTOSITENIbHYI0 paboTy, U He CO/Iep)KaT HEKOPPEKTHBIX 3aMMCTBOBAHHUN U
IIaruaTa, KOTopble MOTyT OBbITh BBISIBIICHBI B TIpOLIECCE.

ABTOpBI HECYT OTBETCTBEHHOCTH 3a IYOJHMKAIIMIO CTaTeil ¢ MpU3HAKaMHU
HEITUYHOTO TMOBEJACHHUs, IJarnara, camoluiariara, CaMOIUTHPOBAHHUS,
¢banbcudukaiuu, GpadpuKanum, UCKaKCHUS JTaHHBIX, JIOKHOTO aBTOPCTBA,
IyOmupoBaHus, KOH(PINKTa HHTEPECOB U OOMaHa.

IpuHUIUN NOATBEP:KIAEHUS UCTOYHUKOB. ABTOP(bI) 0053yeTCsI IPAaBUIHHO
yKa3bIBaTh HAyYHbIC M WHBIE UCTOYHUKH, KOTOpBIE OH(M) MCIOJIB30Ba(1) B
X0JIe UCCJIeJIOBaHUsA. B cilydyae MCIIOJIb30BaHUsI KAaKUX-THO0 YacTell 4ymHux
padoOT W/WiIM 3aMMCTBOBAHHS YTBEPXKICHHI IPYroro aBTopa(-0B) B PYKOIUCH
JIOJDKHBI OBITH YKa3aHbI OHOIHOrpaHUECKUE CChUIKU C YKa3aHUEeM aBTOpa(-0B)
nepBoucrouHuka. Mudopmanusi, moaydyeHHas n3 COMHUTEILHBIX HCTOYHUKOB HE
JIOJDKHA MCIIOJIb30BATHCS MPU O(OPMIICHUH PYKOITHCH.

B ciyuae, ecin y pelieH3eHTOB, HAyYHOTO peIaKTopa, WieHa(-0B) PeIKOIIICT UK
JKypHaJla BOSHUKAIOT COMHEHHS TIOJJIMHHOCTH U JIOCTOBEPHOCTH PE3YJIbTAaTOB
HCCIe0BaHus, aBTOP(-bl) IOJDKHBI MPEAOCTABUTH JIOMIOJIHUTENbHBIE MaTePUaIIbI
JUTISL TOJITBEPIKICHUSI PE3yJIbTATOB WM (DAKTOB, IPUBOJAUMBIX B PYKOIIHCH.

Hcnpasienue ommbOOK B mporecce nyonukanuu. B ciydae BbISIBICHUS
OLIMOOK ¥ HETOUHOCTEH B paboTe Ha JI000# cTauu My OJIMKAIMOHHOTO TIpoIiecca
ABTOPBI 00SI3YIOTCSI B CPOUHOM TIOPSIIKE COOOIIUTH 00 3TOM HAYYHOMY PEIaKTOpy
1 0Ka3aTh MIOMOIIb B YCTPAHEHHH WJIM UCIIPABJICHUH OIIUOKHU sl ITyONrKaIum
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Ha caiiTe )KypHaia cooTBercTByronei koppekunu (Erratum uimu Corrigendum) ¢
KOMMeHTapusiMu. B cirydae oOHapy»keHus rpyObIX OIIHOO0K, KOTOPbIE HEBO3MOKHO
UCIIPaBUTh, aBTOP(-bI) JOJDKEH(-HbI) OTO3BAaTh PYKOIIHCH/CTATHIO.

HpuHnnn co6.iroaeHns MyOJNKANMOHHON dITHKU. ABTOPBI 0053aHbBI
coOJII0JaTh STUYECKUE HOPMBI, CBSI3aHHBIE C KPUTHKOW WIJIM 3aMEYaHUSIMH B
OTHOILICHUY MCCIIEIOBAHNH, @ TAK)KE B OTHOIICHUH B3aMMOCHCTBUSI C PeAaKIiei
110 MOBOJIy peLieH3upoBaHMs U nyOnukanuu. HecoOurogeHne 3THUYECKUX
TIPUHLIUITOB aBTOPAMH PaCLEHUBACTCS KaK Ipy00e HApYILICHUE STUKH [Ty OJTMKALIIA
Y JIa€T OCHOBAHME ISl CHATHSI PYKOIIMCH C PEIEH3UPOBAHMS M/WIIN Iy OJIMKALIUH.

Konguukr unrepecon

Kondaukr uaTepecos, no omnpexaenenuo Komurera no myOnukaioHHON
stuke (COPE), 5T0 KOH(IMKTHBIE CUTYallMH, B KOTOPBIX aBTOPBI, PELIEH3EHTHI
WIN YWICHBI PEJIKOJUICTUH UMEIOT HESBHBIE HHTEPECHI, CIIOCOOHBIC MOBJIMATH Ha
WX CY)XJEHHs KacaTellbHO IyOnukyemoro marepuaina. KoHGUMKT nHTEpecoB
TIOSIBIISIETCS, KOT/Ia UMEIOTCSl (PMHAHCOBBIC, JINYHBIE WIH MPOEecCHOHAIBHBIC
YCJIOBUSI, KOTOPBIE MOT'YT IOBJIHMAThH Ha HAYYHOE CY)KJICHUE PEIICH3EHTa 1 WICHOB
PEAKOJUIETHH, U, KaK pe3ylibTaT, Ha PEIICHUE PEIKOJUIEIHH OTHOCHTEIBHO
Iy OJIMKAIMU PYKOIIUCH.

I'naBHBIN peakTop, YWICH PEAKOIIIETHN U PEIIEH3CHTHI J0JIKHBI OTIOBECTHTH
0 TIOTEHIMATBHOM KOH(JIUKTE HHTEPECOB, KOTOPHIH MOXKET KaK-TO ITOBJIHATH Ha
peleHne peJakiMOHHON Koiieruu. YIeHs! peIkoJUIerHu JIOJDKHBI OTKa3aThCs
OT PacCMOTpPEHHsI PYKOIIMCH, €CIIM OHU COCTOST B KaKHX-TNOO KOHKYPEHTHBIX
OTHOIIICHHMSIX, CBSI3aHHBIX C PE3yJIbTaTaMH HCCIIC0BaHUS aBTOPA(-0B) PYKOITUCH,
1100 eCIM CYIIECTBYET HHOW KOH(IINKT HHTEPECOB.

[Tpn noave pyKonucu Ha pacCMOTPEHHUE B XKypHaJI, aBTOP(-bl) 3asBISIET O
TOM, 4TO B COJICP)KaHUH PYKOIHMCH yKa3aHbl BCE MCTOYHUKH (DUHAHCHPOBAHMUS
HCCIIE0BAaHUST; TAKKE YKa3bIBAIOT, KAKUE HMEIOTCS KOMMepUecKHe, PUHaHCOBEIE,
JIMYHBIE WK TTPOdecCHOHabHbIE (AKTOPBI, KOTOPHIE MOTIIN ObI CO3/1aTh KOH(JIUKT
WHTEPECOB B OTHOIICHHUH IOJJAHHON Ha PacCMOTpEHHE pyKomnucu. ABTop(bl), B
MTUCbME IIPU HAIMYUK KOH(IIMKTa HHTEPECOB, MOTYT YKa3aTh YYEHBIX, KOTOPbIE,
10 X MHEHHIO, HE CMOT'YT OOBEKTUBHO OIIEHUTDH MX PYKOIUCH.

PerieH3eHT He 10JKEH paccMaTpHUBaTh PYKOITHCH, KOTOPBIE MOTYT IOCITYKHTh
MPUYUHAMH KOH(JINKTAa MHTEPECOB, MPOUCTEKAIONEr0 U3 KOHKYPEHIUH,
COTPYJHHYECTBA WJIN JAPYTUX OTHOUICHHH C KeM-JINOO M3 aBTOPOB, HMEIOLIHX
OTHOIIECHHE K PYKOIIHCH.

B ciyyae Hanuuusi KOHQIMKTa MHTEPECOB C COJEP)KAaHHEM PYKOIIHCH,
OTBETCTBEHHBINH CEKpeTaphb JOJDKEH M3BECTUTh 00 3TOM TJIABHOTO pPENaKTOpa,
T10CJIE YEero PYyKOIHUCh TIepejaeTcs APYroMy PeLeH3CHTY.

CymiecTBOBaHHE KOH(IMKTa MHTEPECOB MEXly YYaCTHUKAMH B Ipolecce
pPacCMOTPEHHMS M PELIEH3UPOBAHUS HE 3HAYNT, YTO PYKOIHCH OyJIeT OTKIIOHEHA.
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Bcem 3amHTEpeCOBaHHBIM JIUIIAM HEOOXOIHMMO, MO MEPEe BO3MOXKHOCTH
n30eraTh BO3HUKHOBCHHSI KOH(JIMKTa WHTECPECOB B JIIOOBIX BapHUAIUAX Ha
BCEX ATamnax myonukanuu. B cilyuac BOSHUKHOBEHHUS KAKOTO-JIH00 KOHMIMKTA
HUHTEPECOB TOT, KTO OOHAPYKUJI ITOT KOH(MIUKT, JOKEH HE3aMEIIUTEIbHO
ONOBECTUTH 00 3TOM penakiui. To ke caMoe Kacaercs JIFOOBIX APYTHX
HApYIICHUH MPUHITUIIOB, CTAHAPTOB ¥ HOPM ITyOJIMKAIMOHHOM 1 HAYYHOU ITUKH.

HesTnuHoe moBenenue

HesTuuyHbIM mOBEJIeHHEM CUMTAIOTCS JEUCTBUS aBTOPOB, PEIAKTOPOB
WM U3JaTelisl, B Clydae CaMOCTOSITEIbHOIO MPEAOCTaBICHUs PELIEH3UHU Ha
COOCTBCHHBIC CTaThH, B Cllydae JOTOBOPHOTO M JIOKHOTO PCIICH3MPOBAHUS, B
YCJIOBUSX OOpAIICHHUS K areHTCKUM YCIIyram JUis MyOJIMKallMH Pe3yIbTaTOB
HAay4YHOTO KCCJICJIOBAHUs, JDKEABTOPCTBA, Qanbcudukanuu u Gadpukanuu
pPe3yIbTaTOB HCCICIOBAHU, MyOIMKAIUs HEJOCTOBEPHBIX ICEBI0-HAYYHBIX
TEKCTOB, IIEPEIaYr PYKOIUCH CTaTCH B IPyTUC U3IaHus O€3 pa3pelieHIs aBTOPOB,
nepegayy MaTepuajgoB aBTOPOB TPETHUM JIMIAM, YCIOBHUSI KOTJla HApYIUICHBI

ABTOPCKUE MPaBa U MPHUHIUITEI KOHPHICHIINATBHOCTH PEIAKIIHOHHBIX IPOIECCOB, Tepyre 05.03.2025 x. xibepingi. bacyra 28.03.2025 . K01 KOUBLIIBI.
B CJIy4ae MaHUIYJISIUUN C IUTUPOBAHUEM, IIATHATOM. OnexTpoHABIK Oacma
7,50 Mb RAM

[HaprTs 6acna Tadars! 10,01. Tapansivmer 300 nana. barackr kexiciM OoibIHIIA.
Kommerorepae 6erreren: E. E. Kanuxan
Koppekrop: A. P. Omaposa, JI. A. Koxac
Tanceipsic Ne 4343

Cnano B Habop 05.03.2025 r. [loanucano B neyats 28.03.2025 .
DIEeKTPOHHOE U3AaHUE
7,50 Mb RAM
VYen.meu.t. 10,01. Tupax 300 sx3. Llena gorosopHasi.
Kommnerorepnas Beperka E. E. Kanuxan
Koppekrop: A. P. Omaposa, JI. A. Koxac
3aka3 Ne 4343
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