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s totso OdzdztsMls' 86 Hdzw sy j MMdsdzOd dsets MOBSGIS
otsftesmMtse BMIOONSE VWY A3 lsAiAs Isi'sdlzy d&O BT Is! MJj GBHC
M jh detse s ftesW | iMdsdzOdz! desets MOtstsf toj H j dzj o
9 Cdzs yols: |, COo¢ Jjy VWttedddtotse Ols Ylsts dzj t
jdzdw or Mh j ctsc tf ot t§g D) ss@aRdi dzo MOBSEY toj +
Odls d&zd odzdwdedj ¢tslstejBdetsfils! tojcedtsdzO dzO W
Odzdzsd3 dMmMmdzj Hise Odzd d Qo Iststc O3] ftcj HdzZOG O]
t O lstcj dzO0 tesdz? W ity isidz® @ds iz d3dztsipls ©
fsmMstesy dzO BSH J dz! sBtcOL 59 Ols j dz' dzts 2
Westcdzdtctseo Odzd ¥ tsSBtcOL 5@ Was j dzl @zts X A3 tc y H
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AJHJtéouqq 1. 0. | GGSAJReaE o6 dydsdaj bk

t smid2Ms¢ 2

dftedtstedlsj Isdz zOf tcOo dzj ded W , LOHj2Mlsotso Odedz" j ©
fted dtj ter q’dzISJGtGo[thsaOdzdztsGBQ@Wis;mtdmmzo[(&@mcﬂscg@lsqhggqisdzf
WdLrds¢d d BibsHdSd tBRYyjddw (fRrRAf]) [djystaet
R. QdzddzO (4 v dd&3. R. ¢. 1 Ezded dzO)

[BEOL 50 Olsj dz' dzOW ftcj HO  hCsdr tOMMBOIstedo C
ftesW j M sdzOd ds? stdj dsoydd tBkyOshdifw, N sf
dzd ydzs fyls d | budlsr 908 h jj kdhlse j dede § q dzls j dzdzj € k
stsB j dedetsisd, o tsL dstsy dztsinigg B figls o] joed® dgd W d dim1jdBo jddallz@D dz
ftojHfsylsjddY d LOfwesh Bh jMise O, Mftsh dO ' d

vbydlsr 9 OWw 9 O daetsyls ¢ sBtOL 59 Ols j dz/ dats 2 fMtcj H T
hCtsdz dzdCtso, f toj § slH20 odOds. ji dafjdkefs?ig 52 A jHjwOYdd .
[ dz0 yO 1 sdzOtcddets? [ . ., 10OBOdR dS¢tsots?2 .J. o 2
tj OdkzdL Oydt tjcdsdOd dr 2 cdeimbshesplasdsdy 2 dafldgits @
d Mis j mlxeqzozdds - OmMf jClsso Bl sihH@ls j xlsdets?2 f Igsy g M
sted | dzs DG BEORBO ddedetso Oydtsdedets? HjWIsj dz' Wesflsd toj

1 51 O dz 2 Odketstedlds LOfEMCO d tj OdzdL Oydd o to

3aKknoyeHne A0roBOPOB O
COTPY/HUYECTBE C
couMasibHbIMMU NapTHepamm

YTBepxaeHue yuebHbix

Co3paxue 6aHka
NpeAmMeToB, KypcoB no

marenuanos no reme
npoekTa

BbIDOPY, KypCOB
BHEYPOYHOM AeATENbHOCTU

MNpeanoxeHus no
PacnpocTpaHeHuio u
BHEAPEHUID
MHHOBALWMOHHOTO OMbiTa

tdfm. 1. 1wsilOfdr 2 Odketswdlsd L Of zMS O

s dzs Yj o OW Cdeyd ety fleagjdidla @ j diysmissdls o f
fJHOEBEdYj ME 52 fSsHHJtWYCd ©Oddiets (s j mMind tdzaC
fosmMicj HMMsoasdz SR dzj CMdzgsets ftSHRBHO, 2O fstg @dsdrj dizdi
BOIsj BOISd U M s ja ded gy fn bz & dztodf B Jf dzdinff dzts B by @ " d A3 fi
L IsOfj ®©Bh jsBOL SS9 OIsj dz dets?2 h Ctsdzr dzf sBrtsHJA3r » ¥
My jydodzdmisoO Ists?2 ddzd ddes?2 lteOMmdzd, o f sdzd ©3Odzd d

[ Olsj ;30Isd udi MC dmls j ffdOdz g j C IsT sBtcOL 59 Ols j dz
i tc jlsHChp dzw & Is mMtse ts2 Mtso sC kY dztsfls 3 IstsH 59 d tcJ
ZOf tcOo dzj dgdz" = 2O t©WOL o dlsdj dzgOkyds = L dzOded 2, d
z dzd ded 2 hCtsdzt ded € B9 ) sB dzOMils d kOl j 3OIsd S d, W d
Ofmistetsdzs dsd d, diglvtsesdnted g dg'lsd daj dedw o' Bt Odzdzts?2 ff tetsW § fi
OHOf sOydd o Mot d3j dedasds BN jMise j. 1 dg@ e diae gias
yqdqedzse dasjsls Cdz yjoetsy L dzOyjdedy o Wt tzdstkeaso d
2018)d B d&ZOH O Is MH) BFE OBtz ydBMcdds d dBtese sSL L to
(edfm. 2).
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¢ Cyjdes dzO Wstd3dse Oded dg h@@@a@@d&mﬁﬁlgqﬁssd

sBtcOL 59 Ols j dz/ dats? mMtej H'™ , tsB 5L dzOusjsdzdy dxs o dzj dds j 03P H
st dzj S Mdesets  ZOZO 3] teslf tcaf @ Isdf@ Is i d3O I4fjcfdnalgr jfifigjldskrtfitscz A
ROk ydesadOL so Gdedfed sezO Hts 2030 6. , Zlso j to) HJ dzdzts G 15

AdHJjtBOYdd Bl 19 dtwv-etcW { QOPBtowey.jdzd] 33&Bodlsj dz
AjJHjteOydd, 2024), 0O OS¢y §tsBtcg B fipksgB®zdzd o o Yy iz

[Mdzsodz" §| LOHOYd § zOdzO hijesftedwisd? 5 for
d Misi MapQdzddids ¢ 5 B KOL 59 Odzd VW (deOMf Stsf 5y dzdijs ROCH
[ sMMd2MSs2 AjHjEBOYJ], 2024)

lL.1sorhjdedj GCOyjfmseaO Htoj  sis®y @GaRggy daiz@ Is jf dsQ Isi ofif;
9 EtmMkzHOtMmilse jdzdzr = d dBzddydf Odz? dz" = Bh jtsBGOL 59

2.1 sorhjdedj GCOyYyjmMsoaO HsHetltseaCd Ezdpkjydzai T
ftcj HABJ IstsO .

.uMMteOdzj dzgdj HJWdydlsO Eydlsj dziz®D bz qz@ilsg 3O A d3j
CfipiaeHnise j dzdz" = o dBzdzdydf Odz' dz" = BN jsBtOL 59 Ols§

* MaTtemaTtu4eckme 1 « O6yu4aloLmeca oBnagesaloT + OCHOBHOIA BUA,
€CTeCTBEHHOHaY4HbIE AUCLUMNAMHBI TakMMM OBILMMK MeToAaMM OEATENLHOCTM Ha ypoKax
ABNAIOTCA NPODUNLHBIMK K No3HaHWA OKPYKaOLLEro MaTeMaTUKK, GUIUKK, XMMUK
COCTaBNAKOT OCHOBY HE TONLKO MMpa, Kak HabnoaeHue, — 370 pelUeHMe 33434,
GYHAAMEHTaNbHBIX 3HAHWIA, HO W CpaBHEHWE, aHaNWu3, CUHTES, =< 3afaHuA, MMeroLLme
NoAroToskM K ByAylLEemMy 0CBOEHMIO = o6obLieHme, MamepeHie, s npyKNaaHyio
=< BbIGPaHHOI CELMaNbHOCTH. = MOAENNpOBaHKe, < HaNpaBNEHHOCTb, NO3BONAIOT
3 « MenpeameTHan c8A3b AMCLUNAMH 5 MccnefoBaHMe, OnbIT, o NPOTHO3MPOBATL MCXOA,
T obecneynsaeT LeNOCTHOE NOHMMaHKe 7] 3KCNEPUMEHT, opraHnsauua (] IKCNEPUMEHTA,
) 3aKOHOMEpHOCTEl pasBnTua ¥ KOTOPbIX NO3BONAET CO3AaTH J KOHTPONMPOBaThL
= OKPYHAIOLLErO MUPA W yMEHMe < ecTecTseHHyI0 cpeay ANA I NPasUALHOCTL AN
[} KOMM/IEKCHO NPUMEHATL 3HaHUA. — ¢OPMMD033H_MH obwmx g HeNpasuAbHOCTD
E 'CDAEP)KQHME yl-{eﬁHOrD maTepuana 8 KOMNeTeHUUK, rAe WKONBbHUKHK m nony4vyeHHbIX BbIBOAOB, .
¥ CROCOBCTEYeT GOPMMPOBAHHIC S 3aHWMaIOTCA PelleHnem o0 OLI,EHMBBTI:':OHV'-IEHHHW
= FPaMAAHCKOTD NATPHOTHEMA & TBOPYECKMX 3334 1 o pesynbrar. HayuHoe
@ nocpeACTaaM BKIouEHHA O | iuavswayansHoro yweBHoro O | bom ecrecraerrion rayw 0
o MHPOPMALMK O BKNAJE B MUMPOBYIO - Anenay Y a p 1X Hay
o HayKy POCCMMACKMX Y4EHbIX, Q NpoexTa. Beex chepax
O n3oBpeTaTeneii, KOHCTPYKTOPOS; E = MUIHEQCATE/IBHOCTH
NOCPEACTBOM pelueHus 3aaay, 2 YENOBEKa, NX BAMAHUA Ha
CBA3aHHBIX C }KM3HbIO, TEXHHUKOF, Mup GopmupyioT y Byaywero
NPOM3BOACTBOM, HaYYHO-TEXHUUYECKIUM CNEUManmcTa UenocTHoe |
NpOrpeccom, YTo pasBMBaeT YyBCTBO ® i, R0 MWPOBOCNPUATUE EAMHOU
- rOpAOCTH 33 JOCTMKEHMA CTPaHBI. K: | ECTECTBEHHOHAYYHON .
S0-0e . KapTHHbI MUPa, OCHOBaHHOM
Q@ ;" - Ha KOHLENLUMM eaMHCTEa
e YenoseKa M NpUpoABI.
gl 1

tdfm. 2. 16ljdydod GOl dgEkdafydg k¢ dH~d fify djfrisd)di

HjcBHd sMMd2MSOw 1 CsdskdC0 ktjkjls e’ M
ksor o ktkndlshmy o MW o ®Bf sk &Y jsi§ 5 dasasd g fils 'y ls
Mlse j-dibdsydzr = HdMydyfdzddz © BBKOL 59 Olsj dz' dets?2 tipd Mlsj
tdlsjlsse hCsd dzdC OB d dr ©sHdljdvdd. 6] SHS
COHWsY d2Of oW Bz L Oo dMmdls Ctslslz’ HaklE " jsdzdeO L fipis Pldad W dz
h e sdkzOR sfbtets ©hkhOjkhmY daj Ro0kS0O fjHOcscdyj MS d
UjMsoO SCtdfjlsjdisder @ bkydlkjdj?2, ykts flsOodl §sH
BzHEN] ] dBsdsHtet ¢ t5dj ddeds dutsdd@fydps v ) dsj H db
h

ltesfme jh jdedw t A, dO Mmjdelswetc! 2024 c¢. HJjWEydls E
Mlsokjl ftoddjteds 19 IsrmMwyoOd o O Odzsdz’ 7 HBdzy dzsfls
hCtsdzOn ftjHEZMdBslste] dets € t5ddisS oL i 61816 O a3 Uzdzq dzEzOL @ g
1,047 RBIJEZAZJSdRO Eydlsjdj?2. Ckt tLdEOYyOJls dj o 0ls¢
shzh Ojlsfw dzj mno Ol O iBUEjjdzj720 dsd ldjvdzE lsodESO defgrd 2,
Wsted3OlsdSd, ~dhB3dd, BJtdtgdly] dOdkyy dgon tsidn s @lg tsh.w
Wdyuydl Euydlsjdzj?2 o ifqgOdzdiyy s teddfjniplsiditsifed ¢ sdzts- 3 0 %
COLOIjdzd ModHjlsjd Miselkzels © Mjt! YL dsd SOHEGE S
ftoiHdBils" 1 ROl BOIdE O, Whfy 20, W LardSdzd Wi, § ~BodQsiEs@ dL
flse j-dfildsj BOIsdUd MEdd3 d Htekzedd ftetsh  dz' dz" &3 Yitej H A3
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SO L dzOded?2 E dBsdsHiYdB- ylst

sBrBHd®BsSEE WizdzH J 0z

smlsd MstOdd CtdSlbicdto Ols! dzs d3df Hzizts 0104y 1 i Latas @ d3Ed
p0Ok! o fwmorhjddj ftdodjSOljd dshnsd §tsWghnndd

B dzdtetso Ol ddadsjtej dssdsHY yd § §jHOEEEdYBSMHS 52

HodeOIs! dHuj® © ftedssh jddd nYfjtfidoadigegajHhi shd)
Gsfisd. ved ¢t OSCdd SBEOLBE Esyds hsco®@dls' {
dw d ©OMmiskh ddd §sistejBdsihisydd t©f SO IstekHO.

fdLizdz IsOIsT

ltejfsHOo O jdvd3d [ dJu cHtejHdAdVW PECBESEZO ~ 12 (
l. ¢ stetsa d dzOe 9 ¢ d tzGetgd On d s dzdzts G 5 ftesy IO te 4 Odzc
SBteOL 859 Olsj dz! dzr § ( totsdaOrdgdizts difizts d jIdgflskpripdcipijjbofetsisdsz  f to t
fi) sBYL Olsj dz dzr03 sMmeotsy dzd J d3 dBtSH Iz dzw fsHEtsIstse € d
HiwWlilsj dz? (zsflE g & d3d30 d dzdzts 0 Oy (fts dipdgtss?d tsrigoOwdds jdziz' 2 dzttffiles b O
e OdzdL Oydd sy SIsO § ted dzed &t & dz@ fyPtH)ds dlsi Jo ~dxtpdingds Ot
20§ tc O oidgjsdadfnidsd Wd MS dJ & zOHGOL qdzs j MizP M 9 fHdafizged § OH j L
{ Mdztso Odzd § di3 HdzV W Iz siz6 fiy R ef tpgfShocs@piinieefiztz y igls  Mtse dzOM | d
Mslstelznddui ey M 61 [ c¢thHishdsh [jHdoe, "Mi

ftetsj S5O ¢ 5 tsdsd YO dAf gz@3n g IseC. 16 rj iz | ¢ R@mpfjtlss e ¢
L OC dz# yg dzd Jj stcy nMisstetsdgdzj G5 HESEBO IO dj Y HE [ ¢
AjJHJjtOydd 1. ¢. [ Stetsa d dzO €, J1Juv 1 [] ¢c¢clstsdz yM¢
Edde jtemdIlsjls dd&ijded | . A. [ sStesLtso0eé d d&ddedmlsj tefml
| BH jagOdzdL Oydd ftesj SO ftojHMIsOo dzj 20 dzgO tedfm. 3.

{BlzYyOs hed sinid Y ffOdtse @ dzs ] shhtizsydzsy ot &3v s
BOLtsoats] BBKOLBoOdd) MBedkOMds Ay e ], O ofs
Hd Myd f@zdeis ¢ simdisd yj MEtsets fesWddzw dzO0O BOLBoatdz kZictse

1. [ fdeser COtclstsctcOWdd 1 Mmj dzi dedets 2 .

2.] O j 3OIsdC O CMBsMO.

. [Mdeser dsH | dzdtetso Odzad W .

4otpdedtetso O CtsmdisdzOo Istso .

ltcj f sHO9OIsjdzd "N SCtsdzr Htoed ¢ SHJtslsslm @ §OF i B dzdis
Uifmétsets tBimMfjudddy ks o1 c¢ctshishdsh [PHJOe,
ddtctso Odzd j, SCStdemf jCIsr EZtotsCtso, tOL HOIs Qs tc g Isq)
H tc . [ S sdzded Isj dz' detsj] BBtOLtsoaOdedjy o 1 Isdr ¢ dzOMMO
h € sdzr M COWjHtets?2 [RrRAdS ] r41v das. R. ¢. -1 Iz dzd dz
wdLdud MSspse&az®fgMBe ( stec O d O K ) ez t§)dA) degiipdh O i tc
[RAGI ] BBiMfjudoOjls BtecOddL Oydsdadztsj, dBjlstsHdyy

tcOB tslsr  Jedbddjidfjugdg sets ¢ dzZOMMO o ydtsd WsttdkoOls,j,
esftcdwisd?2. ltcsotsHdl HdzvW tBEZYOEMNdaMmw Mmj BIJ-dzOtc’ |
MmMCdd LPEvbdrdecd d OmEtOdgsd d @ CdygQ@fgleintdd o WdL d-
(zOB st Olsstedw s BB~ OdzedCj, dZOdsdzOB stcOIststeds d H
dz" J tsdzd &3 d OH T ( 20 tod 034 te, tcj 6 dsdzOdz' dzOV - tsdzd O3
Ofﬁ]fndZJHISSGIﬂ%JQdZ‘TBffDQO[J( doy e 3j 6, csBMBsh) HOd] Cd2 d

 dmisd (S8 0ddjd3 M Mise j dzdef B tc @FJ teasiisfjudy' M- YejoO
ftosW ddstcdiddtctso Odedj §toj H MisOls fz] dzd Y j MeSBE 2d dayWj jdig jtc dats
ftosW sted j dals Oy@ slipdzBe kigOB B RBIMY 5 Wstcdidtetsy ©daed s
MEs?2 tlteOmMdzd, otseodzj yjdzde o HJwWOSIsdudmMclze OHJWIs]
deds, ftojHMlsOodz dzdj oL Bsy detsfisd 5B 2 wOF A didip’ i Y ds
CslBf J s dzydw e, m OSsdz deg clay j 03 sastcals j W sted3d tetso Odzd

¢ jMmder | €SOEY®Y e s oW stodj dzlsoOyffsoist@d? j ds Bd
stcOj SIststedd o yJ dzjlousidzO sftEHdstHCQs j A s dzEX Slststc OW tsB
BdzOestftcdWlisdz » Emdzse d2 HMAv { &dzdzs dzf ddasdts d sa i G
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d dr W jmMihdsdOds dts?2 wtedj dzZlsOydd vyjtejL ddalsj Gt
d odegj Etetsydets?2 HjVWIsjdz' desflsd s sOCddZ ftej HBI SO

landLrduyuimeow Ckdz sktcO.

2 RLBBOLdIS] dzt desy dMmMEEmMmise ts5.

3.] OB steOIststedw d&OdzHh OWIsdzsets HdL O2 dzO.

4. [ mdetse r  fipdstesR myfige s M Is d .

5 0] antedzsedWw dzj Mdesec s H j dzO.

6.1 Odzgd B3ZOIs j dz¥ dzgOW dJdgW stedBOISdEC O © yYydWitsj .

Mopaens peaH3alHHA NPOEKTA
""dopMupoBaHAE MATEMATHYECKHX H eCTECTBEHHO-HAYYHBIX aCIIEKTOB
00pa3oBaTeIbHOI Cpebl KAK CPeACTBO NpodeccHoHATLHOM
OpPHEHTAIHH HNIKOJILHHKOB'

r TocyaapcTeo, 3aKoH, cOmHyM, POJHTETH

MAOY «CIII Nel12 um. I'epos Poccumiickoit
BV3s u gpyrue ®enepawnm B. A. opoxusa’ TpodHIBHEIE

COLHATLHBIE MaPTHEPEL TIPEanpUATHE

Obmee obpasopane - KIacchl KameTCKoit JlonomHuTeNEHOE 00pasoBaHHe —
HaIpaeIeHHOCTH "A3p0-KOCMITHECKHiT IMKOIBHOE JecHHIecTEO «IK0CMapT»
xnacc”, "Jlecusie kagets!'. IT-xy6. AHIIO "I JIura" u gp.

e

TIpakTHKO-OpPHEHTHPOEAHHAA AeATEILHOCTE

L IIprobpeTenne HEOOXOAUMEIX KOMIICTEHIIHH OYAVINEro CIIEMHAIHCTA OTPACIH J

tdm. 3. [tHjd tjOoddLOydd s ¢Is

I s sddadlsjd dsj SBEOLSsOd]] f§tjHfls0s dj ds fnd
| ) J GSH dzts BStc 6 OLILY s Wede'lsin W d3jsyurddtsdzO e s H dz' 2 ¢t t§ tsWs dod2'H &', 2
sH] Cobtstetsdts EZyoOmksded S O3 ftoj HdzOG Of Isldnjvr dimfj\ jjfipdisi

d Mis j idOdz yatatz® dzOf tc Oo dzj dzdetsmls d . ] CCtseteOHy Cd
dzls j dzdzj SlszOQadzt dzr j deter, GCojfmisr, Wdzjh d3tsedzdz @ d fi¢
SOl dzj Istsdz ¢t ftjHEZOCOj bEddSod dr j ko d
Olsj 3OIsdud MS d 4 d JMmlsdMmlse j dedz" | zok ¢ d, dzs d s
Iz
J
s
tc

Bi jCIstse sBtcOL 59 Ols j dz' dgr = tslsdatsh j dzd 2 (sBEZYOH
HOG BEA g Bydedzy ¢ Isd o -f 'OGctisdiZj e, o lipis@ H § dzyd Miseo ) , Mt
d3 yd fmdzj d3d Y HEZdzOtetsH dzts § mMelstelzH dzd yJ Mlse s s
JHMIsOo dIsj dzj 2 f totsdf 2 dzfndg” ~h Ctistelds@dzd L OH dzf gls IfLO j 151
By esf edWiIsdis jodAiffgmdisd ud MEdj cbtedL sdels™ &, ttec OcC
COWJHRA [ [ (10 dEHdzd(atesdelsu.ru/all_news/news_maem/17288sija
belaruskosmichekie-gorizonty.html).

{MtsBts) &jMists H drfvdey g eldpsE@eE2ddun) if)S 56 5 -ddO Iz jufgdts s fipls
dzOf tc @9 dzj dzd 2 L Odzd d3O¢ Is Histf sdzdzd Is § dzv dzr | L Odzv Isd v
sBBStezHtSo OdedwY d odzgj HEej dzgdWw dMEEMMmise j dzdzsets d dzls §
1S sduimMedy LOdgwIsdw f totsAfsashI©HE dMflgdcgi@dEes ik sdkd
Yy dzgstc® yYydWtetso segsl-TrB &EOL fo@dzd OdgV Isd W R Hilsd L dz
o sMmistcj B 59 Ofdzelxs Wagdm mid ¥ o3d , dLEyosls wirr¢d ftecectcO
ydWtctse " jis Sdeysfd. RrRMytdz L v dMmCEmMmise j dadzr 2 d dzlsj dz
ftosctcOBZB tetso Odad v , sBkyoOs h ddzd mw tcOLtcOBOIs™ 9 O L
ftosctcOBdizde’ = HtosHEZSC ks ¢l sdiish dzedC o tBhRZYjddde.
fsditsc O M d2 o dff Lmiz ygpQiatd dis tstfute j H éigolzsialzts & figis\p@itdledfiQdzdzts
SOCBEts twsHO &jtesftedvisdwvrn s ddzHndoedHEOMd dr 5 &
BOC Mmd d30 dz! dzts A3z cOMCter Isd ¥ qdzHndodHEZOd dzr - My tsh

13

=, UT“*.S‘&- =20 0 11%.


https://elsu.ru/all_news/news_maem/17239-rossija-belarus-kosmicheskie-gorizonty-.html
https://elsu.ru/all_news/news_maem/17239-rossija-belarus-kosmicheskie-gorizonty-.html

~ 0 ) . ) o
x -, 6 - * ] y ¢, . x X X, - .

- (4 ~ ~ - ’ -

N ” o
1,

"StoBdtetse Odzd ¥ bk " Cdz dass v k Stzsamnls q &ls )Pk
fesWjmMindd &0 shdss] {(sdkyj ddscs s’ k0.

J nSHJ o ff sdzdzj dad W ftesj CIsO OoalststeOdid 9" H_
zOff te Qo dzj dzd W toj OdzdL Oyd d ftesW i Mhd s dz@ de'sdatsdd d3d3Ote
qdzdzso Oyqdsdedats? Hj Wi Griztes BB §) icj & B dzOdz' dats 2

1 jwo 5 dzO i fODQE MGl dzls d o5 OdzdzOW W j W s j dz' dats il
Bz udfpEdsjitlz v ded ud Mise s M § tetsW j iPhafiasdzO dzOdptsO o figag Madtg 2 )
dqdzs j ceOydy byjBdscets fsyjmMnmO o tj Od GKEOY s
MelstcbHddyjmlseos f okl O®R], §Owmlsdy OB d ftojHY tod
hCsd dedStse o ftosjSlds Hjwlsjd desfls:, BdzdL €L
Y stcRftese Ols ! Codsfdzj S Sodifjlsjdyd?, L 2Oy d o
MOBsEY toj Hj dzj dad v .

l sstets dzO fi i@ HedLjOydv OB SIsT Mdlsjoearn f dzt
1 jHOGEBBGEd okzLte + | OBBIsSHOI] dzd . A j dz so¢dnr
Mokt toj HifHa] W@z ] § dzsHtSlse Btedets?2 d EMmf j" dets?2 € 5«
mMkel JSCIsORd § tdasjsmipd sdz@®d®: tBEZYOs hdd3dmw, fJHOGTKH

stejls! J dzOfdeXodz] ddtigtsW j MM sdzOdz? dzr = ftetsB. ClIsts
Eyomisdj sBEZyos h dnamw ) Isj OIsd yj MSdn Ctsdz e
tc] OdzdL s h drmw dzO BOLo ,h Ctstd O dedsidtaj i jR S ddzdzd Is
Hild?2, fsWtstdj dsOydsdzdz -~ yYj dsteseo, EZyjsde » §ts

OBpasoBate;bHAs MO1eIb PeATH3ALNE NPOCKTA
= «DopMupoBAHHE MATEMATIIECKI I €CTeCTBEHHO-HAYHBIX ACHKTOB 06pa3oBaTebHOI cpetbi =i
KAk CPEICTBO HPodeccHoHATbHON OHEHTAID

¢ : ) >
Huzenepro-rexumeckuii npouib - «Kocvmveckne () 2 g
s N/ | Ecrecrsenno-nayunbiii npodmb - «/lecibie kagetb» |

Moxya Bauaabroro npexnpoduabHoro odyyerns (3-6 Kacesl)
Ilems - QopyupoBate IpecTaBTeHI 00 HEKCHEPHO-TEXHIECKOHl H eCTeCTBEHHO-HAYTHOI Cdepe 1eATeTsHOCTIL IPOQOpHERTALIHOHHas
pabora ¢ obyuatomiics 1o (opMIpPOBAKIIK0 MPECTABNEHIA 00 KOCMITYECKOIf OTpacin, 0TpacH f1ecHoro Jeia. Bomnedetuie b
TPAKTIECKYI0 JIeATEBHOCT 110 KOHCTPYHPOBAKILO 1 MOTTHPOBAHILIO,

v

Moxy npobHoro cavoompexeenns (7-9 kaaceh)
I{ems - camoonpenenerie B OTHOMeHHH BhiGopa npodins Gyaymero obyernis i aTbHeIfIIero myTi MoTyHeHHs npoecci.

(]

Moxyab yraybaennoii cnenmaamsani (10-11 kracesi)
Il - noAroToBKa 001aak0NIEX HeOGXOMHMBIMI 3HAHIAM H KOMIIETEHIAMH BHITYCKHIKOB IIKOTS], HALeTCHHBIX Ha JabHeiiee
06yeHIA 10 06PA30BATETHBIM IPOTAMMaM BBICIIE]] INKOBI B OOTACTH MATEMATHKH, €CTECTBHHBIX H HEACHEPHO-TEXHIYECKIIX HayK.

¥
Icnxooro-negarorueckuii MOAYIb

Iler — CO3/1aHHe 6Hﬂl'0ﬂ'p[ﬂl'l'ﬂblx yCHOBIlﬁ piuLe OﬁmEH}Iﬂ. CaMOBBIPAKCHIA, CAMOPCATH3ALIIH, CAMOCOBEPIICHCTBOBAHILL oﬁyqalonumm
upunﬁmeumxmnainmumnimmdmum

‘ Bbimyckumki 1Ko:IbI, 0pHEHTHDOBARHbIE HA JaTbHeiiiiee 06yt N0 00pa30BaTebHbIM HPOrPAMMAM BbICHIeii IIKOTHI B |
| | 00:18CTH MATEMATHKH, eCTECTBEHHBIX. 1 HEACHEPHO-TEXHIYIECKIX HAYK i

tdfm. 4. [BkOLBo Ok d &ZOW &sHjd toj Odd)

10 COyHBd tBtL dOYj ddesds dz2Of tcOo dzjdedd dd3j g Is
d dzls j dzf d tetizs fzd it s Sdzis&se JaWHdytE (L v dd&3. R. ¢.
sOC¢ Y J§ d Htelzcd d n sBh jtsBtecOL ts9 Olsj dz' dz' n stec Odzed L
sSBtcOL o OdzgdW, BtecOdedL OYyqdIcOBIsssHDbLjER 2d ftoj HY tod

[fiset Midls of Hjddl! , W dOj @] LiPspde?  fiide jH
SBEOL 5o Olsj dz' dzgs?2 € Gficj €Oy jh§lasody dzdzts dzso 82 Mg Mlsj o
fesl sted j .@ZOOwdd. 4 fjHmsOodj dzF Ghdsodr j &SHEE

liedo jHjdB SCwOkCLl:y TOoLOSsEEgiGHEEe | ditzezi oz 1
HiWVisgfdfdsdiz toj 6  sdzgOdz! dgfs?2  dzsh OHCd, 2024
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1.[ sH Edz ZOyodz' dzts@ s UmJHUmBW¢WJ%WGMWMQMme
zOf ts dzdzj dzd W EyiBdtsets § zOdzO BOLBO" 3 HdMyd 4§ dzd
O ydse s ftesWddw, tjOddLOoydw Wettds ttOdedzj 2 § totsW

Aj dz stetlife Oded § f o H Mls Oo diy jdadozd sjsf Sqtidy Jfight) jtdalgts H
ftosW sted J dzls Oy d s dzdzO W tcOB SISO M sBEzyos h d d&zd mw ]
Csmdz3d yj MS 2 tslstc ©Mmdzd , dzj mdats 2 tslstc ©Mdzd ; o tso dzj
CodemMstczdtcso Odzd d dRdj dzff sl Gued Oz EOL 9 9 5L BBy dzts
tso dzOH j dzd d -1 i) dedfial Joffllsd d3d -ddO izjfipls’ j dlpls oS ielgifts) Is § dzy d W &3q .

2. sHEd (oW dd dztsc s -9 GGt ) dzdizj diafl ) K€ {J B dzfs
BOLso " &F d MY ydOddL d e a dedal G dtR] 6t | a0 w0 d3dz
¢cstmdi3d ud MEdd ¢ zOHGAL |dets g t Is J2BpH wjghpdziydzed™OH j Is™ e .

AKjd mMOoBssftecjHjdzjded] o Blsdesh jdzdd o' BBtcO {tc
HOdz' dzi 2h jets flkIsd fdzkEyd dedv ftesW j Minpd d.

3.] sH Edz 6 dzz B dzj dzdzts 2-1 It § W Dér g @ydedes j( 1@ f tod !
qLiyjddj BOLBo'R d  MYjydOoddL Lo Odas fdy sdagy
Isd ndzd ud MEBE T dzOY ipB dz W f J ¢ zOMP Lz @ dzts § ) Is Jd2D K &6 O dzc
¢cJ dfMmdzr j COHJIsT e.

Kjdif sHetSIsBaC O o fkMEdzd Ctso h C s@As B Jsis jdadtDu o dic
5B @OMId 5Ok tsOISH § & ded ug dgf S &j et j M Mo jdadz &«
ftsdzzyj ddj Mtete] d3j dzdz" n UtGBWJfrand Csmddyud M2
stsds ydmdzj M cslsso desfls! 8 ¢ hMkh jMmisedzj dzds  jHOCG

I rhjf]tegeded ndzj3tsH 2 dzd dzO~R BH shw ots oL Oddsmo w
fjtejaBHW sHddz o Hicze 52, s -f g H Chpttsctatsup] SHCHIQ@IE IS @
[ Mdzts o dats 2 ujwhﬁngm¢%Hm@MEBGB Bs H 2z dzw mMdzlzy d Is
Emdztse d 2 H dzw sBh jddvWv, i3sfg Btz L ® QY § ded ¥, fig®W j
MORstsftejHjdzjdzgdw, O IsOCxj ftedsBh jdzdj ¢ §JjHOGCBGE

#/1 . 4) . 8 &, C X, X 8 20758 40 .. 8

Ycnosus onTMMaanoro Bbl60pa ﬂPOQJECCMH
/ | \

30Ha OnTUManbHoro Bbibopa
npocpeccum

Mmory

COCMORKUe 300POBLR i

tdf. 5. AStEzdzO o' BsEO fs¥jmndd

dIstsdls f sHyYyj € dzzls’ , yls ts H dzw dzOn S H j dad W |
ftesW i Mind sdz0Odz! detsG 5 MOoOstsf toj H j-fiz) e s d yj BOHBE OR
SBKOL B89 OlIsj dz dzgs?2 Mmtej HT Hdzw COYHBGEB tBERYOE N jGts
(tedm. 5) ddydsmlsdzg = Mistej dgddzj dgd?2 (cmtsykze), toj O
LOftcsmMtse (¢ OHBBE) .

l " Btste Hftobbjfiid L MOM ftsoc da® ozl LRdzdt sWjfdztse j € O
tcOL dzd ydzr = M j ydqodzi depme gz z2® M) Hwsydzv v C O HES2
sMse J dzdzsisd. 1 tojf SsHOo Olsj dzw d&3d ¢ OW j H ter-9 ,[QRdxCQ[fQﬁjtsaq
ftedded 30 " drn EyOMmisdy 8" dfdtadxadj HQERE pY-tdtdeitsWids)) Mils d to
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z & sdz' dzd ¢ OaB, o Istsdz udfdzj -¥VfshU] OF T d3 ¢ dzdey i dzj et
fRAS {, BT dz {fjtdnjlsH dde=y jifdis tSisti dstg dndsdzly GsyirfiEFO dzh ©, M6 dzOMm
oW J MMdd ddsy dts t6OLHJ dzdls! dzO0 dzj M$ thukinesdtedis- Ols j G
determinecareer//):

VyJdtse ¢ (eattOyd, ftjftsHOoOljdd, {MmMdrtddtscd,

VitedqtesHO ({4 Cdzte, OcGcttsdztsd3, BIBdzse, Ofistetsdzsc

VIsjrdd¢ O (otsHdIsj dz, MmMdmilsj dzdz" 2 OHBJdzd MistcOls st

Vi dOS¢tse OV MmdMisj B0 (f§ tetse ta@ddzd g0 Is j1dfCusdgtsdydf fls ,

VeikHy iflse jdedz" | BBteOL" (HJLO2dzjte, ~bkHtY ded ¢,

ltejHysylsj ddw 0B oy M ffitdeB Wudzds. | Jtesw { siind2 M
l.¢. | cofrediddlsOo dzj dzgdzr | O HJOCLOBRBBS (tdm. 6) .
fszpddy ¢ LOSHdd MijttOd H- WS d detshly datf § POS-: ¢ L d
ftcdtctsH Oé ltesWimMimdd tIsdes MW jte HJ2Msoadlsj dzv dats
ter dz¢j IstcEHO d weodzwe lsfpw of MBS d&ZOydo 04 d3" d3d, o
W d tafd deswiidktse j Ce.

MpuHapneXHOCTb K npodeccmoHanbHo cepe (Tect fonnaHpa)

—7 knacc (104 v.) 8 knacc (87 u.) 9 Kknacc (84 u.) MHXK.¢pus.knacc (25 4.)

7 knacc (104 u[8 knacc (87 4.)| 9 knacc (84 u.) mHx.du3.knacc (25 4.)
Yyenosex 19 12 17 5

YENoBEK
30

npupoaa 28 21 12

25 |TEXHMKB 30 16 20
3HaK 21 29 23
20 xya.06pa3 6 8 12

| |o o

Xya.obpas npupoaa

3HaK TEXHUKa

tdfm. 6. 1 jttotsdOyOd dF j tjLEzd OIT 5 o B

[ d&zv sBkYyOs hdafmw 9 CdkzOmMMmMtse (84 toj M sdzH j dgls O
Br &z cOL tcOBtSlsOdz IsjMmls, dBHdWdydtctse Odedz" 2 § SH d3j Is
zO orddgdzjd dzlsj toj Mo, Mow L Odade" » f s tej Hj dzj dadz" d
Isd ~ded €& O, zoEZ< 0O, dmSkmMmlsets d Hts. 1 0 tedf. 7
LOddzlsj toj Mtso Odzdzesmisd tBERZYyO* hdafmw ¢ dLkzyjdeds h Ct
Eyy ssdz dr d @d BEfee0jdzfs? BERZHEMNj2 (oW j Mind s dOdz
HJOGteORB , @ BOZOY HBdY tBEYOE N damw (10%) -3 J dzOjj
fjHOEBEedyj MEtsets yd¢ dzo, Antslsw  45% to] MY sdzH j dzls t5¢
B@BOIsj BOIsd yj MS t6cdd zdy dgshglds) figdOe] jtedadztsizj dzd W .
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CoumnansHble
B3aMMopgencTBus:

duznueckoe pazsutue: ncuxonorusa, negaroruka

¢usnueckas Kynbrypa, 10%

cnopt
10%
WcKyccTBo M TBOpUecTBO:

My3bIKa,
nsobpasutencHoe
MCKYCCTBO, IMTepaTypa
15%

TexHnuyeckme HayKku:
¢$usuka, matemartuka,
MHpopMaTUKa
25%

EcTecTBEHHbIE HayKu:
6uonorua, Xumus,
reorpaduma
20%
FymaHuUTapHbIE HayKu:

ucropums,
obuiecTBO3HaHKE, NPABO
20%

tdm. 7. 10ddzsjtej Mtso Odzdetsmls: o h ¢ tsdz' dzr -
fosl | MM skOd dscts MOBSSY o] Hj dj dz

10 MO2AIi [RAMIHter r 4 v dqddddd ¢ HdzvW tBEYOE M dA
Eytej yHjded?2 w1l [ MtsL H Odzbttps/elda@ukéf@aeinprdfls e @fHdastizo O«
9 O dets s ftesWimmdd Eydlsjdvy e dOh d Hdz], ftoj HI
BsdzsH " 7 fijon feladiplidad ¢ s bkdzdo jJ tmdlsj sO. 1t 98¢ dzOHC
Eytcj yHjded?2 dBBsce iy {ifsisipSesiigddesmisy d3d ttOB SisT 1 ted Y
GSHO, ftwOQoaddzOkd ftdy &3O, § jtej ydaj @3 o Mmiskf dlisj dz' dg
(1S, O bOSCY] MEjSltesds OYwOodzj dzd?2 GHHEBISESD G
BOcdMsBPOHeOdsztcO) n LYWL EY Bf RAJL [ d [djysd
[MsBt] ®iMsts ot oS d&OHC ] kHjdjdts §jt.jyds f L da
OBdlskztcd j dzlstse dz0 Zud B dzr 2 GfSH, 9 Oy dzts § B3 Mists

-se dzOMdes dlsscOdR j 4 Jj 6 H s izts dad Is ¢ Is §f dec @OW {f |
odzjlso stoj dedetsisd kEyOfmlsdedStso ftotsj ClsO;

l1jHOetseqdud M st ¢ dzdsf fg Ozt dztzl © W dr® Y o) soiKgssgddsO s d u J M
ftotsW ddzj 2, ftoso sHdBOW COWJjHEeS?2 [RAGLdzBEd g S
HdMydf d&zddz d W OtedZdOStsdzsedd (40 dd3. R. ¢. 1 kzdzd dzO
] J ewsmid?2 M¢ 52 Ao BStEGY d @ €l s ot to tsB s®6e B8HzfL O
1inOesedui MEisets ¢ dofnndasdzsicstadanf dswsdg@isd) dzOfgld M B)E
ftotsW ddzd 2),. 2 0CL 5020y 4 dzd J 1 JjHE dzOMMO: ftetseo § HJ dzd 4
fweOoSlsdud MSdn L OdYIsd?2 §6 -djcdskiuscOg) | §) 8566 d3afy d
BOI ] BZ3Ody ] MY ¢ dzts & ,dzOfipg@pls j o + CMC Etefmd 2 ) dzO B 5 ts (
ftcj Hd3j Isdz" = tsdzd di3f d OH d Htkzednr B tesftcdwisd 2 fn
MKty Odad § d5 § oS § M s dzO dz’ Iedipd czjuciecvis | dizlsigisthsif O 1 5
fdnOetsedud M52 (fcemp®ignddBsisds Oydd ¢ sfe 5] da
HyWisjdz desfylsd, WsttdRdtetse Oded ™ fotg HH fipls® g dagfdpdsz0z!
Eyd{aty s 90Oy dets?2 d dzj sBrtSHd®BS2 o Mot d3j dadetsd3

Il T o9BHT

Il dzOfmlstswh jj otcj gy "N CBdzO dzOn SH GOy deQ Odzg 1y @
ftos] A BYtetso Oded § BOIs | BOIs fla@iizySdef = O M i IS Jsfiple o jtsdzds
fMtcj HT co¢ Mt HiMse s (tesW j Miphsz@dsy dds] J Sg Yy dets O
ftcjHOOtedIlsjdz dgr § dlstse(d:
ZHTt
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FORMATION OF MATHEMATICAL AD NATURAL SCIENCE
ASPECTS OF THE EDUTKONAL ENVIRONMENT & A MEANS OF
PROFESSIONAL ORIENTAON OF SCHOOLCHILCEN

Igonina E. V. | Bunin YeletsState University
PhD (Mathematics)AssociateProfessor
Ponarina O. S. | Russian New University, Yelets branchSec-
PhD (Pedagogy)AssociateProfessor, | ondary School No. 12 named after Hero of the
Teacher | Russian Federation V.A. Dorokhin
Simonovskaya G. A.| Bunin Yelets State University

PhD (Pedagogy)AssociateProfessor
Barabanshchikova E. V. | Secondary School No. 12 named after Hero of

Deputy Director, Teacher | the Russian Federation V.A. Dorokhin

Abstract. Currently, to prepare competitive graduates, schools must conduct effective
career guidance not only in accordance with the interests,bdities, and desires of
students. The need to consider the needs of the country's regions and the involvement
of universities in the professional development of schoolchildren is becoming
increasingly important. The design of the educational environmentral its role in the
professional development of schoolchildren are actively studied and researched, but
problems related to the ambiguity of its conception and construction in modern
schools, the insufficient development, and, in some cases, the ineffectiess of the
organization of career guidance remain unresolved. This article examines the concept
of the educational environment of a school, focusing on the formation and significance
of mathematical and natural science aspects as key components of the ieonment
aimed at developing fundamental scientific knowledge, research skills, and practical
abilities of schoolchildren necessary for the implementation of their chosen
professional activity and adaptation in modern society. An example of a model of the
educational environment developed by teachers of Secondary School No. 12 named
after Hero of the Russian Federation V.A. The article presents the current algorithm for
the phased launch and implementation of a regional project to create an educational
environment, identifies its components, and outlines priority areas for implementing
professional orientation for students. It also presents forms of work and examples of
integrated collaboration between the school, employers, and institutions of additional
and higher education, in particular, with Bunin Yelets State University, to create the
school's educational environment and address the objectives of the comprehensive
action plan to improve the quality of mathematics and natural science education,
approved by the Government of the Russian Federation. The results of the initial
testing to determine preferences for a particular professional field and the interest of
students in studying school subjects necessary for their future profession are
presented.
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JIP «IIpuioskeHus HEenHbIX JpoOeH» 2 P P ’

JIEMOHCTPHPYIOLIME MEXIIPEAMETHBIE CBS3H
MaTeMaTHKH, HH)OPMATHKH H (PHIUKH.

3%

4
5 | JIP «Koneunsle uenusie apobu B GusHke»

6 | JIP «AnropurMusanus NpHOIIDKEHHBIX BBIYHCICHUI
bnok 2. Qucnennvle memoosi

2%

7 | S3bIk MaTeMaTHYeCKHMX BBIYMCIIEHHH makeTa Mathcad 3 3amsATHs mpoBomsTcs B (opMare Macrep-
8 | JIP «Pemero Opatocena. AnroputM Epkmuaay 2 knaccos M saboparopHeIX  pabor ¢
9 | I'paduyeckne Bo3mMokHOCTH nakeTa Mathcad 2 HWCTIONB30BAHHEM  CHEIHANBHBIX  MAaKEeTOB
10 | SI3pIk MaTeMaTHYeCKHX BeIuKcIeHuni nakera MATLAB 3 nporpamM. Pemmarores 3ajaud 1o peanusaliiu
11 | JIP «Meton HeioroHa, OMEKIMS K LEIHBIE APOOH» 2 HM3YYEHHBIX AJTOPHTMOB B Pa3iHYHBIX Cpejax
12 | Tpaduueckne BozmoxkHocTH naketra MATLAB 2 [POrPaMMHPOBAHHSL.
Bnok 3. Anzopummel cummempuynoil Kpunmozpaguu

14 | Addunnsie mmdps 1 MojansHas apudMeTHKa 2 3anaTHs OpoBomATcs B GopMmMe  HaydHO-
15 | Pemenne cpaBuenui. Jenenne no Moayo 2 MONYJSPHBIX ~ MacTep-KiaccoB.  Pemarotes
16 | Kpuntoananu3 ahdHHHEIX cHCTEM 2 NpUKIagHble  337add [0  pealH3alyH
17 | BzaumoobpaTtHble npeoOpa3oBaHus 2 CHMMETPHYHEIX METOJIOB IIH(PPOBAHHS.

I Odzdz” 2 f € RicEdzy O Is RO IS jdfr @ 8 ttOMMd3OIstcdo Of Is
[9CdzdHO € MsCtOh jddr HteB 2, ftcdBdzdy J dgdz" = o7 Yy
LOfmyujls Mefesisdedjdd ), {§iESH SOt O defsded{ddrdany
or ydgmdzdlsj dz dzr » Odzestcdlsdsse M dMf sdz' L s Oded j &3 § OC
mMtso toj d3j dedz’ n ftod dztsy d datp@ 0 " As | s®dzds | € dfls d3ts o o dd
sBjMfjuydoeOshdrn LOMNdIk ddW stedsOydd.
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ldzts€ 9.1, stsdzgjyde j yJjfgydzr Jj HtetsB(

1) Jrydmdzdlsy §jtedHOIByYdts) tslsdesh jdzdj L kB YyOlsts?

6 d 26, 9 d 181.

2)u 90 dd3j jIsMw et RRdsy StddydmMlsets HJEZOS BT
l 5L di3sy dets  dzd , CsBBddzgdtezw dr (st | fijbtso Glsj dz'ddiay)
Ldzg Slstedud MEts2  yifd, ftshis e d s %%I?:stlzlstJdSOHJd&hE
dmfsdz? LsoOdzedy OffOLOISO yYjfdz'r = HtesB 2 ft5L 9 t5dz
ssdz €t 10) .

1l dzs€ 9. 2. ddzetstedlsdyr fMmddd3i stedydets?2 CtedflssctcOW
NDuCOLOIstz] flzj 7 BEeOL dzd yder = hdWtcse ftsHMIsOdetse € .
NDuCtsdz 5 MEh jMisoakjls OWY dMzER? - ftoj sBtcOL 50 Odzd 2
3) ( [ dzd &3tf d OH dz@Ys O lz® D @ HEGrjpefa Article Numbed j o totstf j 2 MC d2 dz
sso Ote®) MJ2yofm woeodzwjlsfpw [ iYHEOtSHD i3 datsd3i totsd
dL 3 1 ydWwts, ftcj HMIsOo dzj dzdz" = Yd tede" @3d § sdzsmOdzd
Hotsdydzr 2 CSBH. AdWtr HjdvIisfqw d&O Ikted ctlkzffr: ¢t
YydWteOtsdzlstetsdz! dzf 2 S fSH. dzv o' ydmdzj dedw ¢ tsdzls te ts dz

dzj Y Isdzr 7 | seCipfdray fp dzjoets?2 d BjL bEyYyjboO Ctddstets
Ydbsdzr » fsrdydwa. uUBGHO Cwodzlstetsdz dzOvY yYydWtcO HEY &
10 (4td®jf, 2014). rdv CSHO 841387100304F*
histcdrCtsH] Mlsjtlskzy ydWek
(374 [tfofas]8] [ [2[5[9]2] [6]
1 tod &3 yOHOUd dzj f sftej Hiplse j dzdzs fp dMff sdz! L &
O tcOo dzj dzr¥ 2O OdOzdL Isjtstedd d IstcjBlz¥ s dzgj OdzG st
¢ ydmozj dedz" § d3j StSH'

3.

10fdhdlsy ftoesctcORBBZzZ © Mat hcald Hdzw or ydmdzj
t JOdzdL 22 sl j Pz BtePls M §j dzOe Hdzw dzOc MYy H j dzd W
tdOdzdL 22 1s] d3j IstsH BdJ Sydd H dzw dz0
f(x) = x3 — 2x — 5.

Jteddzd yoled pud dzO0f tcOo dzj dz' ZO0 CthiRf’ slsj tcdzlz® tc j
yd mdzj dzdzr ~ BB ssH SO . Ajdzjs  lstORdGts L HOHADRYdZzMIs dod@y ff l& iy
BOIsj B3OIsd yj MSdn f tots G tc ©d3a3, dzs d Mo dzd sy dz' dz 2
Mzsy detsmisd Odze sted s d3ts o .

102 ¢ &Zofm@dzr 2 B dZzOetsftodwisdezr 2 fjtedtsH HdzY dL k21
mMewrLd m Isj 3, Ylsts EyohfdsjiHips Is theg ¢ =28 tc § d3jcdrjfide H O tc fy
Olslsj MlsOydd, dzs  f tod L Issd3 dd3j ¢ ls HisMisOIstsydzr 2
dMmmdzd Hse Odzd @ ¢ ¢ Istz@dg' da'ry §ted dztsy § 2@V tc @FOtslg @3RIs ) € djg
stsdz? ¢t tBEZYdIs! hCtsdz! dzgd € s dztso ' fd3s ClOjL s} Is dLyQ end: figf
Mtsotc] i3] dedetsets BdcO tsls ff tod € dzOH dz' = 9 s ffntc sEdzis ¢ ®Q |
c)l totsfmisr § yd fndzo d WOSCItstedL Oydw e, C o dzc sted Is d3"
¢l dMmMEtsded yde § yd f dz" J HietsB d e. {§dtcOod S zadnjs
sBEZzYQEHR MW dzd oLdzd S Oj Is ftesBdzj &3 M or ydmdzj dzd W
B AHdMyd dzd dzOtedzr &3 (9 € dz¥ yO,  Is LOdgv Isqw fts d3OIsj ¢
f zOdzdtcso Odzedjy S ktemMO ftcdojHjdets © IsOBdzdyj 6.

Ajdzd d LOHOYyd Skttho:

Tz dls: d ©OMh dtedls!Is s dfodgdsy te jLIPEO da RO N dg:Grpve ¢
Besdhistcdtetso Ols! &Gy ftej HdBBjIsder | MewrL d BOIsj B3OIsdSC d

Tl OSB! Eyoh damv n-yfdthaitsp & pddedz Ozl tsls pits e 0led]
dsdmvéedchf)qﬁteisfnlsw UdmdzO, Yteddztsyd ded™ o3 d L bdugj dzdzts 2
W tste Y .
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T ftetslsi Misdtetso Ols! o tsL Gy desfisd toj OdzdL Oydd tOL dzd
ftedS dzOHdzr = L OHOVY.
Lyoh dj fipvs  1S0dZOMMO  BROS Md BOdz dets -d dgdnfgdg ta s p d@'ls j drtiz(

Hiwlsj dz2 desfls: o CwdasjSfls) Motj?2 BRHkbz 2 ksEHUss
LOddas jtej Mso Odzr o fodzsydlsdr desdd L zde SO § tots
Mosdh obLBsYydsMsj2. uvO0tdd GBLOLSH  &Okjtdod,
Wz dzH O3 dzls Odz' dets § k¢ dke dzj ded j qn GOl j 5O d uj M

BrHdMydyf dzddOteds &3d Mo WL OBd, fejxHuj oMmjes Mm (da

o tetsfyr zOd B tsdzj J OCIskzOdz dz § Hdzw Mo tej d3d dedetsG s
@BOIsj BOIsSdSd d JJ4 twOLoadlsdw o dzOEC ] .

vOBd&ZJdYO 6.

v BOdU MEs) § dzOdedtetse Qied gzs§ P wzif © BORG 5 H3C

Kon-Bo
No Tema IIpumeuanue
YacoB
Bnok 1. Ipocmuie uucna u haxmopusayus
1 | [Ipocteie umcnma. Metox npoOHOro MAeNEHHS H pelIeTo 2
Dpartochena
2 | Kputepuu mpocToThl 2
3 | BeposTHoCcTHBIE AJITOPHTMEL TecTBI MPOCTOTHL. 2 3 5
4 | Teopema Depma. Tect Depwa. 5 AHATHA nposl;)ﬂﬂ'rca B (opMe J1abopaTOPHBIX
5 | IlceBponpocteie yucna. Yucna [Tyne. Yucna Kapmaiikina 2 nﬁiﬁiﬁtﬁﬁ::ﬁH:ﬁlim?aaiﬂd::;n?::;ﬁ:: ¢
6* | Cumpoa Skobu.Tect Conopas -IllTpaccena 2 porp p '
7 | Knaccuueckue MeTofibl (haKTOpPH3AITHH. 2
8* | CoBpemenHble MeTozpl axropusanny. Merox Kpaiiuuka 2
9 | JlaboparopHas pabota 2
Bnox 2. Beckoneunsie yennvle opoou
10 | BeckoHeuHble LENHBIE Qpobu 2
3aHATHA IPOBOJATCA B (OpPME BBIMHCITHTETbHBIX
11 | ITpuOmmxeHHs HPpALHOHAIBHBIX YHCEIl pAallHOHAIBHBIMH. 2 "
= npakTukyMoB ¢ MKT nmoaiep:xkoii (rotossie
12 | IIpencraBieHne KBaJpaTHYHBIX HPPALHOHAIBLHOCTEH B BHIE 2
. MAKETHI K IPOrpaMMHpoBaHue). PemaroTces
0ecKOHEYHBIX EMHEIX APo6eii.
MIPUKJIaJHbIC 3a][a49H 110 HCTIONb30BAHHIO
13 | Hamny4nme npubinKeHHs B HAYKE H HCKYCCTBE 2 "
HAWTYHIIHX TPHOTHKEHH B Pa3IHYHBIX OTPACIIAX
14 | Jlaboparopnas  pabora  «Haxoxknmenwe — Hammydmmx 2
. HaYKH U HCKYCCTBa.
MPHOIHKEHHID
Bnok 3. Anzopummel accumempuinozo wiugposanusn
15 1 Cucrems RSA 2 3anATHA POBOAATCA B HOPME HAYIHO
16 | Tenepainus kmoueii kK RSA 2 POBOJIAT pMe Hay
TOTYMAPHBIX MacTep-KiaccoB. PemaroTcs
17_| MexTpoHRad NOAMHCE 2 MPUKIIATHEIE 3aJa4y 110 PeaH3alii COBPEMEHHBIX
18 | Ilpobiembl BCKphITHA cHCcTeMBI RSA 2
METOJIOB IIH(PPOBAHHU.
19 | MtoroBoe TecTUpOBaHHE 2

ldzts€ 10.1 Ytesfisr §j ydmdzO d &BjlstsHr WOCIktedL Oy

rdzv L ssets BdzZEC O t©OLKCOBBISORZO ISt ~nkztctsyg ezj 9 OW
ftcjHA@B sdes] oL OdBsH j2Mlseadj BBEYJ dedW .

1 jteor 2 [HOH dcOde'dz] dz dzO0 lstcOBtSlIsCE Isj tstejdstf-yd ¢
hddiddmw BOLBe "' n ftoddzjteseo: dMftsdz' LsoOdedj o7 Hj dzj

lIststets? HigaHfddzOcOjls tjhjdd] OdOdzsedydz -~ L (
d dzd d dztstf2ts HRHSjute X € d . s0O¢ fteOo d dzts, fts Wstecdszdzdtetso €
filtcotsects HOCSddIs BRIl Bsdzj | Cctes@BsLHSdR o' ydmdz
Yydmdzodzd ftesdmMrtsHdls HBsoBdz dzes BT Mistets.

vtejIsd?2 WHwmFandroOodwels L OHOYCJ, toj " jdedj tH-tslsste
otcj di3j dedz" » HtosetcORZERRde" = Mtcj HMise OB SIS Hy "BYdz M d

1 OH Oyd L IstsG ts Bd&zist O stcj BEzE Is 9LOJdABsHJ 2MIso «
ftcOCIsdui Mitsets (dJdeW stedzOIsd S ©) L dzOdedw, vyt f§tsL 9
By AHIMyYyd Y dzd dzOtcdetse s oL O dBtsH j 2 MlsoedwWw o tcOL dzd ydz ~

1l dzts € 10. 2. ¢Odnants{telzf] dsds d y dzts 6 5 O dpdf™W jte 5 & @dzedD"™y.d Is
Mjte! jLdese s IsittejIsdyj MEtsets Md3" Mdzj dedvw dL &zyj dzdzl
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Hemisdy j dzd" §6hms0s dzj dedzs? vyj dod, Ul ke j 4ol d

2022).

1) 102Hdbj ofnj HOGds dMsdYi Qwds ddnyf sdz' L so Odzd d

Cdzt yj?2é s ddsHbkzdzr 31.

2) 1 Mmdfmbj ki ¢ BbSte' s B

oL By dzr » Ot hdWtks hdrn Cdzgyj?2, Mttlse jlsMmiseze h

4) 1 sy 32 ydmaaAy 2 Q4dz” B za'j Bstesdz HdzW dBsHEZEY 9

Cdzs ysdze? ltwdoeojHdlsy fteddid e HBHBBAZ -~ ¢dzj ZH Oydz
v OB d&ZdYyoO 7

Cs ysdge, dhMisd Lk

1 dzts €

1 d

Mesdzj ydz" 4 yd

1 OH Oy oO:

10. 3
1 O2H

LOfWIsts? .

1 OH Oyd

L Iss@ts
(ddeh StedsOdS O)

dlsg

BdzsC O

@Od &z yh j j

fdz' §j HtetsB (.

L dzOdzd W ,

[ Mdzse dz' § (teddsj ter L
Vpogenn DynoamenmanvHuli Mesicnpeomemnulii (unghopmamura) Ilpuknaonoii
yrayoaenHom
NOAr0TOBKH
Baok: IIpocmeule wucna u paxkmopuzayus
OcHoBHas Ompabomams HO8YI0 meopuio Cucmemamu3supoeame meopuio, Botnonnums npozpammuyio peanu3ayuro
neJab pazobpame anzopumm peutenus pewienusn
IIpumeps! IIpoBepbTe, ABIAIOTCS JIH JaHHBIE CocraBbTe allrOPHTM NPOBEPKH YHcia Ha | Hanummre nporpamMmy, HO3BOJISIONIYHO
3alaHui YHCIIa IPOCTEIMH. HPOCTOTY METOAOM IIPOOHBIX AeICHHIA. BBINIOJIHATE IPOBEPKY IPOCTOTHI YHCIIA METOLOM
po0HOro JejdeHus Ul MATH3HAYHBIX YHCell.
C nomonmisio pemera DparocheHa CocraBbTe allrOPHTM pealns3alyy pemera | Hanummure nporpaMMmy, peantsyoIlyio alropuT™M
Hal{/{uTe BCE IPOCTHIE YMCIA Ha OparocdeHa Ha IPOU3BOIEHOM perera DpaTtocheHa Ha 3aJaHHOM [POMEKYTKE
orpeske [a; b]. IPOMEXYTKE. YeThIPEX3HAYHEIX YHCEIL.
IlpencraeeTe yncna 15, 17,19, 21 B Paznoxure Ha MHOXKHUTENH nciaa 3233, Peannzyiite anropur™ pasioxeHus Ha ABa
BH/JIE Pa3HOCTH KBaJIPaTOB ABYMS 3337, 4661 metomom depma H METOLOM MHOXHTEIIS YETHIPEX3HAYHBIX YHCE METOJOM
crocobamu. [l KaKUX U3 3THX cBura (MCIONB3YHATE JOCTYIHEIE BaM Kpaitunka. IIpoBepbTe TPYAOEMKOCTS aITOPUTMA
HHCEJI 3TO HEBO3MOXHO? BBIYHMCIIMTENbHbIC MPHUIOKECHH). Ha pa3HbIX BUJaX (IO COCTaBY) YHCEIL
Jlaboparopusie | 1) IIpoBepsre, sBisercs i gucio 91 | 1) CocraseTe anroput™ (IporpaMMHEIi 1) Hammimmmre nporpaMmy, peai3yomnyo

paboTst HCEBIONPOCTEIM IO OCHOBAHHAM 2, 5. | KOZ), IPOBEPSIOINHi Y€ THIPEX3HAYHOE BEPOATHOCTHBIE aJITOPUTMEI IPOBEPKH YKCEN Ha
2) Haiinure no kpaiineit mepe 10 YICII0 HA IPUHAIEXKHOCTH K YHCIaM HPOCTOTY.
OCHOBaHHH I10 KOTOPEIM 9HCIO 91 Kapwmaiikia. 2) Hccneayiite alropATMEL C TOUKH 3PEHHS YMCIIa
IICEBIIOIIPOCTO. 2) IlpoBepsTe, uTo uncaa 1105, 1729, OIIHOOK, IOMYCKAEMBIX MMM B 3aBHCHMOCTH:
3) Haiinure HauMeHbIIEE 2465, 2821, 6601 saBIAIOTCA YUCIAMH a) OT BH/Ia YHCIIA;
HCEBIONPOCTOE [0 OCHOBAHHIO 5. Kapmaiixna. 6) OT uKCIIa IPOrOHOB TECTA.
4) Ha#inure Bce OCHOBaHHS, IIO 3) IlpoBenuTe MpOBEpKY YHCEN HA 3) Mi3mepbTe U cpaBHHTE BpeMs paboThl allrOPUTMOB.
KOTOPBIM YHCIO 25 ABIAETCA OpPOCTOTY Ha 3alaHHOM IIPOMEXYTKE Odopmute pe3yIbTaTH! B BHIE TaOIHII ¥ IpaduKOB H
HCEBIONPOCTEIM. (OTCEKHTe 0UEBHIHO HE IONXOISMIHAE). HpOBEIHTE 0G0CHOBAHHE IIONyICHHBIX Pe3YIBTATOB.
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Kjdzo8 HOdzsG s BL StcO IsB'r dzmjsu’c;ljgtds'ﬂm;adﬁﬁdm&sﬁmasts@(
Bsckzls Brils! twwOmMmdsistej dz' & oo fifddisfefi? od te@DdE jORte Asdj s
dr MBotcj d3j dedz" = Gtoddzsy jded?2. | Odede" § LOHOYd ftejH
MOBstcOL o dilsd Vv, L ZOCtsd3v s dr tcfg @F @ Rdz' dsddG | 03 dad
MOsr &3 or fsdzdgv v fJtosW sted j dzZlsOydsdadzze W EdS ydes, O
HdzWw ftesW o dzj dzd v d digfte dijodiddntc Sfotd)jdrdasjnls dBO Y4 Mise . [ ted
BJGdtsfls! , ykeMmlsedlsj dzt detsfls! ¢ OfStdsty stedjfdsid Cdf H tiolg O«
wodzw s Isfiqw M kzksdzd SO otsL sy detsisd dr MilsOdatse dzj dzd

Il T o9BHT

1 tots9 J Hj dzdats | dMmMmdzj Hise Odzd j fsHIse j toH d dzfs, yls
S ZOHd &7 BdsSCe o MdMmisj Bk k¢ dize dj ddsPe @O j o
toj HA@3j sdzz® cCteOdBIsdetsmis! h Ctsdz! dgdSCtso, dets d W st ds
idHE dZ2OEZCOBd. t 4 OdzdL tso Odzdzr 4§ o t§@&dES Erc (Hff tstisjc el

]

gs

Hs 3Ol j O dUj MSBEs dsH j dzd 6 & doc@deg "5t tizf) © dzyf dzs 8 O dedp
LW jClsdodesfls! : ©OBBIST EyOh dRmY § & defye@sls disdmn cdy
CdS temMOR d StdWjtejdydwn (fd kOsd =~ 9),
qdzmlste i3j dels sy § oW stedj dZsOydd, §odsecOw h ¢ sd dad
BO ] BOFqE s & s jmMidw .

v OB d&ZdYyO 9.
I SHHjtY SO I BOIdUiMEddizd Bzt ORd w1 ftos,

Ne Tema npoekra Knacc Baoxu CJI noB/iHABIIHE HA Pe3YIbTAT Pe3yabTaThl Y4acTHs
1 AnroputMm Exnnna 8 8.3 «BBIMHCITHTENBHBIEC ANTOPHTMBL? IIpuzep «IloTenuuan», npusep «Cnexrp»
8.1 «ApupmerHyeckue QYHKIHI»
2 ITpocTeie uncna 8 pucp Gy YyacTtHHK KoHpepeHuuH «IloTeHmnam

8.2 «MojanbHas apudMeTHKa»
8.3 «BBIYHCITHTENLHEBIE ANTOPHTMBDY

emHbIe IPoGH H UX
3 1 7P 8,9 9.1 «KoHeuHbIE HEMHBIE APOOH» VuactHuk koHbepenuun «loTeHpan
TIPHIIOKEHHSA
9.3 «YucieHHbIE METOABD)
TIpu «IToTeHIHAIDY, YYACTHHK
Kpunrorpadus u MeToap! 8.2 «MonanbHas apHdpMeTHKA» PH3Ep «LIOTEHIIHAID, YA
4 8,9 " 3aKIIIOYHTENBHOTO dTamna «Hayka Juist ®u3HI»,
M dpoBaHus 9.2 «ANTOPUTMBI CHMMETPHYHO# KpUTITOrpadum
nobeauTens «CnexTp»
8.1 «ApudpmeTHueckue GyHKITHM»
pud Gy YuacTHHK 3aKTI0UHTENLHOTO STana « AHxeHeps
daxTopu3alua 8.3 «BBIYHCITHTEILHEBIEC ANTOPHTMBIY
5 10 Oyaymiero», y4acTHHK KOH(pepeHIHH
HaTypaJIbHbIX YHCEI 9.1 «Koneunsle nenxele ApoOH»
«l[Torenunan»
10.1 «IIpocTsle Yuciia 1 METOAb! PAKTOPH3ALHMY
8.3 «BBIMHCITHTENBHBIC ANTOPHTMBIL»
Llennsbie npobu u Io6emurens «IloTeHHAN», MOOEINTEIR
6 10 9.1 «Koneunsie nenuble apodu»
HpPpPalHOHAIBHOCTH «Cnekrp»
10.3 «beckoHeUHBIE [IeMHbIE APOGH»
[puzep «CnexTp», y4acTHHK 3aKIIO4HTEIEHOIO
8.3 «BIYHCIUTENBHEIE AITOPHTMBLY
7 UncneHHBIE METOMIBI 10 srana «HxeHeps! Oyaymero», y4acTHHK

9.3 «YucineHHbIE METOLBI)
3aKIM0YMTENLHOro dTana «Hayka i skuzHu»

8.1 «Apupmernueckue GyHKIHN»
8.2 «Mopnanbuas apudmeTHKan

10 8.3 «BBIYHCITHTENbHEIE ANTOPHTMBI Tpmzep «loTenmuamy, npusep «CHexTpy,
10.1 «IIpocTie uncIa U METOBI (haKTOPH3AITUHY
10.2 «ANTOPHTMEI ACCHMETPHYHOTO MH(POBAHUA

g | Tpoctsic wiena B Hayke u
TEXHHKE

TMob6emurens «Crektpy, npusep «Hayka s
KH3HM. MHOrooOpasne HayKuy, Ipu3ep
«Hmxenepsl Gyaymiero»

DHrypHble YHCIA B 10 8.1 «Apudpmernueckue GyHKIHE»
anropuUTMAax 10.1 «ITpocTeie uucIa U METO/bI (haKTOPH3AITHHY

RL IsOBdzdyr & eodHdd, ylsts tMhdese dzr j--tc dic Adr Is(
CdzoOfmMme . Clsts Mo wL Odzts, ftoj ) Ha pANJ £ teE Mdmts Blsjdds, h j-
Misd §j dd dOMtesj dz 2O fftHetlsoClkz ¢ dJdhtsetsots?2 C
cstedf lssctcOW Y d diziels ts Hr s Ishsdelot ts sad@igled?O© s gl S hdaltinjin j dz
B zZ0 ftoj CtcOMdz® Htoj HMIsOoadzj dz0O tjBYWISOR] dzO € 5z
stcOj Clssteds tsBLEYJ dad VW, MewL Qah ks dr M ddszdthsd
[Isd3j Isddz, ylsts -ciagj LSO flpMPA "  dkjOj Is dzOS s dlsj dz! dzr 2 + W
ColsstcOY B' dZzO0 ftoso jHjdzO © tOBREOR ©OL tcOB 5ls Odads
fsHyYyp®gE Cdzs yjots? fteddzeyd t : Ctcj Olsd o detsfIs ! d d
Wstedgdtolkze smw  MmdMmisj dzdats, fted EmMdzsedd {§tMmdzj HBo Ols
dimmdzj Hse Ols j dz MEBEs ddglsj toj MO.
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MsOdzts kojddujddi LOVesS dO fsjShkdr j OBl dO

] ©0BSOn fjHOEBEdUjMSsEs S jieddj dzls®  dzO
o dzdw dzdW MBHJtey OddY M Jdydodz de" = HdMydy dzddz dzO ¢
Oy j d0 ©BhEY &Oj BOdyYjMSks (oHEBlBaCk hGisc
sftesm’ Eyohdefmw (Hts d §6fMmdj dJLbkyjddw HvHdMmydyd
slso jlSO ftojHMisOodzjdr o kOBdzdyj -~ 10.

vOBdzd yo 1
]l solststedz 2 S teshd@ig®fs g

11 o

Bonpoc BapuanTsl oTBETa
Csoboansrit oreT (OTBeTH aereii: UT,
1) 3naere 11 Bhl, B KAKHX 00/1aCTAX HEOOXOMHMBI CETOIHS TTyDOKHE 3HAHHA HHXKeHepHs, QH3HKa, OHOIOTHA, IPYTOe
MaTeMaTHKH? (xpunTorpadmus, IIPOEKTUPOBAHKE,
3KOHOMHKA, CTATHCTHKA))

- TOYHOCTB,

- CIIOCOOHOCTB K CTPYKTYPHPOBAHHIO,
2) Kakue kauecTBa pa3BHBaeT MareMaTuka? - OPHI'HHAJILHOCTD,

- H300peTaTenbHOCTE,

- THOKOCTb

-a

- HeT

- aa

- HeT

3) Hy:Ha 1 KpeaTHBHOCTE COBPEMEHHOMY YeloBeKy?

4) MoxeT JIH MaTeMaTHKa Pa3BHBaTh KPEaTHBHOCTH?

5) ITomoraer 1 CBA3b MATEMAaTHKK H HH(GOPMATHKH IS M3YICHHS TEX HHUECKHX -ha

npeaMeToB? - HET

6) ITomorarot ;i CJ] 1o NpHKIaJHEIM BOMIPOCAM MaTEMATHKH 3aHHTEPeCcOBaTh Ha - Aa

yriyOlieHHOE M3ydeHHEe MaTeMaTHKH ? - HET
1

[ftosmsH dgdigy Mtcj HeE EHFOLHEAMIMNSS® Rul dZ0K &8P g da
fJjtco" 2 omfteEigmdzgy Htetso jHjddW L OdWISd?2, omMitzded tedz®
ddey J dz e W, sHdZOCt ftsfmdzy fHteseo jHjdedY HIMydy dzd dz
dzj 3CGytslyy | 2 dL zyj deder § 2 MW jter sO¢dj ¢0¢ Ctdflstsacte
osftetsfyj] tMmdasodzr d3 tslse jIstsds BM dzd Itsydesls! d MY sy
Yybsts fted fsolsttodtsdy sftesmj fsCOLOIjdd L tse@lgllsOlsj
or oatsH B kM jh dets?2 HJj BsdeMisteOydd oL diisy detsfylsj 2 d
[BzYyOs hdjMmw OS] lsdj yodzd ttserh jdedj MY shmtss dats
fsdzzyoj 3" j L dzOdedw Hted dLEyjdedd Htkzedr sf)n dzqdej fr
Hisf sdzdzj dz j " | H 8 sddits coOy tiste tfrpfO dfigfa W 1g! 3O j BOIsd S d d
sjrdzdyjmMSdnre & jsHislsiclOsds? dzd s fts ftoed S dzOHdz" &5
LOddzls j toj Mse Ols zO k¢ dzzB dzpdzdztsfjlso  uRWYj o] defGls j
sfte@Ogd i3r = Mtsydzd §dzj L dz" 3 L dzOdedw,  sdzzygd dede’ §
Hdzw dLBEkyj ddw MmlsOdz dz = ftcjHAB] stso .

[lboa jyow dzO0 btejlsd?2 eotftetsfy, Lkyj BtSdZjj 85 % st
L dzOdzd W fts BOIs j BBOIsd € J ; slsdzj Isd d8 % ytlstiste s § o dzdzr &O Y
fszsy dlsjdzr dzn 2 Bslsajls. 10 otftesh fftes wOLoadlsdj ¢t
f sdzsy s j dz' dats, Ylsts o MwOodgj dzdd f dzOyoOdz dg8@ s s
gL d3j dzj ded ™ o dzj dzgdw R SBEYOs h drfye g i3JE. oL &YW H o

sO0Cdd3 BBOL sd3, iBFts | Hztlzts ) g clatiAOB dzj dzdzts 2 f sHGE SIS
W Izdzn Od3j dzls ©dz! dzlz ¥ BOIs j B3OIsd € z-ts thyd | tfids df Scdz® Wdizdaiz dizd  1fk:
HSC OL OdzO Moty ydL daj M smse dasfls! . [ &0 daj Ikisd €&
fMsL HOjols Wz fpdy e OL o d Is d Wi tsdse ot dsie ddz@dy§ e ds e s d3r h
tcOB SIS Ols! Ctcj Olsdodes m dzj sftejHjdzj dedetsfls: & . 1 sdzlz-
dmf sdz’ L so OdedY HEBY§ sdzddls] d dtes ®GOIj B3Oy M 56 ts
d Mmfjyd edpindgddf dzddz Hdzv or MistcOd o Cfilqffiydz) sEOPE s tzts
Hjwilsj dzr desfglsd EyoOhdamw, d dr fes¥jmhdsdod dsct
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APPLIEDMATHEMATICS PROJECTAS A WAY TO DEVELOP
SCHOOLCHILDREN'S CREIVITY

KotovV.S.|" "/ 5 3AEITTIl O pumg €%
Mathematics teache

Abstract. The need to develop creativity and flexible skills in modern schoolchildren
requires a rethinking of approactes to indepth mathematical training. The article
presents a system of special disciplines developed by the author for students in grades
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8z10, implementing three levels of indepth training: fundamental, interdisciplinary

and applied. The selection of trening content is based on the principles of
fundamentality, interdisciplinarity and practical significance. For the 8th grade, the
AOGOET O 1T EEAOO OEA Al OOOA 0&0O1 AAI AT OAI O
O!'1 CT OEOEI EUAOQET 1T 1 £ thelldtRgtatlez O DO ADOAT Oh b D E
I £ - AOEAI AOGEAO8d ! BBPOI AAOETT 1T £ OEA AA«
showed an increase in the mathematical and algorithmic training of schoolchildren,
strengthening their interdisciplinary creative thinking, successful participation of
schoolchildren in project activities with its presentation at scientific and practical
conferences.

Keywords: creativity, project activity, advanced mathematical training,
interdisciplinary interaction, special disciplines, number-theoretic algorithms,
computational methods, cryptography, applied mathematics

For citation: Kotov V. S. (2025)Applied mathematics projects as a way to develop
schoolchildren's creativity. Continuum. Maths. Computer Science. Educatié(0), 23
37. doi.org/10.24888/2500 -1957-2025-4-23-37
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Il Mot d3i dadzts o3 d3q’te; By dzv jIshwy dsedS O BOL &
C ftOCIsdCy, O Bl Vteddtetso OdzdwVv deso et SYr SO
ftod d3j dzj ded J € (Zd3|ZdZJﬂjQOW, 2024). [BtcOL s¢gOdedj
J dztetfo Odzdzr d3 dzO d MY sdz' L ts9 Odzdfj © Yt ticas|alz &P de@agfifls tc Iz o
9 0, 2022; [ Oded d&z0O, 2021, [ OCOttse, N2 B t 9 Od
Fhloinn Macathaird, 2023; Toromade Orakwe Okonkwg 2 0 2 4) . ltej f sHO9 Ols,
L Istsd3 o' MiKHYdQ jOds tsttpttsalz + WW j CIsdo dets? tsBtcOL 59 Ols j dz!
OCIsdodLOydd tOBtslsr MmlskzHj dzlstse (1od2AnindeEdids, p Os s d2DY2
90, 20R5meowLd M wOLoadIsdjd3 dqdeW BtedzOyd sdader = Isj n
o Odedw ofj YoM j ( figtfitslale!j O Ushfo ddisj todsedzyj dedj e, €
csBlzyd ddd, thdtse Odzdetsy dO OCIsdodzsd3s oL O dgtsH § 2

tstGGOdzq’LtsaOdzdzlsl) sBtOIsdes?2 MmowrL 1 8. . . M Ho-EMiststct
B3de (zh@zdzr MEOWw, 2024) . qulsgljtajﬂllslﬂq@tajzgf Wi BaiY (¥ LISty
dL dJddemistelzd3 dzlstso , el OdzdL s hdr kOCS2 o©dH BEY
t 9 Odztso O O 2dR0M C IOt 0YX2APW , R 2 ORBY sdz L s @ezdj 5
Hy dzZsOd3 tcOBBISOIs! 9o ddzHdo dH EZOdz' dzts dp dzjj S lg 4, dz! f cistizk
WstedOly, o btd3 ydmdj M J SpEE]dglse0ad 16dpQJiHWE]S ¢
2024;Toromade Orakwe Okonkwq 2024).

[ ddzj 2 dzOY Odze¢ j Bt O, COC ®©WOLHjdz or Mmhj2 &BOIlsj

olzL §, hdtetsCts feddd dvjlsmw o dIEGK dn d dalldsiteuiOflsdd
Cof ' “IsjtodzO" cLOWdS O, CodskdSO. [HdOSs, daj:
otsMf cdded BOJj Isqw MiskHj dlsOd ¢ OS¢ My dOw d OBl
LWWjCIlsdo dats 2 dgdzls j cOC Isd o dats 2 f zZOlsW stcd3" H dzw J
OCIslzdadxr L OHOYlkz. RLOjMIsdgr ftedd3j ter § tod d3j dzj dzq v
Ll Issets ©OLHJ 2O () stetsB s fsazstf 220 9D, ) ddOQPHiz8m, 20 kE
H., 2029.

K jdz' s H O dzdzts 2 tcOB SIS wog dzw j Isfpw s dmMoOdad §

SBKOL 859 Olsj dz! dizs®©ts o dzfpls daOd3 20Oy J dedzsets HdzWv L 2yd
o Cdzg yos h jets MmdMmisy dsz dZe detso § dedets?2  tsyj dz€ d L dzOdzd
fslstcj BdesMisw 3 MiskH jdzelsseo. [dz ftedL oOdz sBdZj 6 ydls:
y ftod C dzOH dats L d&zOy4d dzd § d v f tejsu teFisly Gasdnls O
LOdBsHj2Msotsoa Olsy ) BOjtedOdzsd3.  OL tcOB 5ls O dzdzC
dLEOdZzdL Oyds® Cdze yjor n f sdew Isd 2 (BOItedyr , ts
tcOo dzj dzd 2 ) , fsLotsdzvw MmMiskHj dzZsOd3s ddzlszdlsdo dzts
Odgts?2 YOMmls!' 8 tOBBISr WwWodzW jlsqw ML HOdedj fMdMmlsj «
f sftsB dats 2 Eydlsr o Ols! gdzH o dH EZOdz' dzr § sftse j dzdz
Gdetso j dzdzlz® tsBtcOlsdzlz fow L ! d {sdiitceOls! Cwtetcj € |
Jtor jJ toljLEzdOBOIHSC Q] Hdde G dzj dz2@ o IsjL dmOn (-

H&Es—ﬁrm © G-
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1 BoadL O ftoj HZOGCO] @Ise B8 Y SHABSHO L @Gdsoy Gy, Ismw
tcOL tcOB 5Is Odzdz" 2 ddzmistezdzj dzls Mtso 3 M OJIs dzOG dzW H dz"
Yyd dzsflsdzs?2 tsBlkyos h j2 MdmsQWains tutlstse tdsOsdgry, y 0% &GS §
MAPLE, MATLAB, Wol fram Al pha. Clsts f sL 9 tsdzw
®BOIj BOBdUI MEdy ¢Yodvisdy, dts d HJjdOL!' syl m
dqdzlsj cOCIsd o dz' ~ LOHOdzd 2 -k Eietcse Bd ifldgiddf@s®e Isd
fop®eld L dzOdzd?2 tj OdzdL s900dz0 M Eyjlstsdz OdzOdzdL O
Slsdzd yojls Jjvy Bl MsOdzH Olsdz" » IsjMistse M or BBt
sy dzd o Ols f s dzd d30Islzd jj Is ' d3fRs, J tetff OtdAPs 2O dzd L Oydw B 21
mMyy Is o dzj mwBisjied?d W jastsdzOy 4 2, Clstster | M tctso S H
sfmeotsj dzdw HdMydyfdzdder , d OHOfIsdodzr = L OHOdzd2, 1
fsdz L 59 Olsj dzw . vOC 8?2 YBHABH, COo¢ l]’tSHuthchaOJ
ftoj sz j Mlso O3 yYdW tc s oGsdstsy O ' B toghlz asjoddflagjvdzd J © H s
JmMsdzOdzdL Oyds e, Ylsts mMtse j dzdets 9 Oy dzs o bk fiydzts:
sojd fYoHelstsoCd d MEsttsMmis! oMmMftedwisdw d3OI
ftoso jtcCd L dzOdzd MOODIEM(Y askid @ dzdzts af G, 2OAdIFO 1 Is C
SOdzOo dzd o Oj smw O CBdiEf! v Isjtc d ©OBBISO] Is, dzj
sB J dzgdzts OC IskzOdz dets o Y wsfdzj HdziJ ot d3W.
ltcj HAEZOGOj d3" 2 Y SHRBH HEftsddYjls Mkzh jMmisekze h
yIs dMmftsdz L tso Oded v odL zOdzr dz" ~ sz dry 2 ydk s O
dzj 6 YyOjls ftetsyjmm f§ tsddB30ddY BOLjtedOdzO (¢2Ma0
[ jssHtsdzsedY dMmMmdzj Hise Oded W
,[Jlstst tcOB SIsT ftcj HMMIsOo dzw ¥ Is hMtse 52 f s
sistylsduimcédns d {Bfdeeduimédn 1 O0fse dMmMmdzy HE
OdzOdzdL fmEh j Mdadistefet - sgOHydWtcsor 7 ftsSHatsSHEBSe €
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Odkze jBtG] , orwodehd? Cdze yjor g f tctsB dzj d3" : tsls
dqdzls j cOCIsdodesls: d LOfOLHM 908 hzs BtcOIlsdzlze Mo w
Ctsdzyj fydwy o &zObY steds’ , ddzlsj ¢ tod tetge dwOpy 1o QH @Ry |

mMdMmisj @iz Oalstsd30lsc[1ufn§1s? ftotseo j o€ d.

rdzv  tj OdzdL Oydd f dzOlIls¥ tstedi3r dmf sdz' L s Odzipw g
ftosctcOBzBdzse 5 5B J M J yJ dedw . [ Mdzts 9 dzts 2 fMlsj ¢ Is §
BdBdzdtslsj¢d Pygame (HdzW t6]j OdzdL OWBOYJ ¢ e O d WjymP:
(Hdzw  of f sdzdgj dedV  BOlJ BOIdUI MSdn o ydmdzj dad 2 )
Mftetsj Clsdteso OdzO i s BB H EZd dzts i3z fteddydt iz, .
BOMh sOB ez j GIBsMmlis . ANzdzC ydtsdzOdz! dz" § dBsHlzdzd (Is4
tcj Odzd L s Odzr M3 N BNz by OdedeOdzj dzd W HOdzdz" = L OH
sBtcOBBISCd ftsdzt L soOIlsj dzr MESEB 99tsHO.

JfdmMOdedy (odzzyd dzde’ = tojL zdz! SOIstse

By dzd dzd dz 2 dats 2 Odze j B G ) Btsdz h d dzfnplso j§
MstesdIlsmw dz0 ItcOHdydtsdede" = d3j stsH OR, CEEfpter §
zOB stcOlststedzr J LOdgW Isd v d MmMOdssMmilstswisj dz' dzlz & tc OB
MdMmisj BOIdU) MS sz dLdtsy jdds kjitsttjlduimnsdas
sdtso dz" = §sdzviIsd?2, HSC OL OlIsj dzt Mlsekz Isj tste d3, tOL
1t.cOCIsdud M d fz0 fLta30dawdij oz dz0 LOCtej tf dzj dzd § L dz0 dac
ZftcOydzj dzd?2, GHJ MlskHjdals™ Hteddsjdawels dL zyd dede §
tczCtsosHMlsotsdy ftoj f sHO9 Olsj dzv . HOBsMissW Is j dzv dzOW
ddzHndo dH Z2Odz! dzr ~ Hisd3OM dzd n L DA 2dz df sHzOBEOGS b
LOdgV Isd v d3, dL zyg dzd J Hstf sdzdzd Isj dz' dzf = 30§ ted O dzts
Ctsdemtf j Clstso . Clstsls f SHR SH, dzi Mditsilstew dzO Mo st
dzj HtsMIsOISE tso , Colster §j eteOdzdydo Ot ls jets L WWJG
Ftotso jsdpc sfstso € d MmilskH j dzlstse .
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[ Hdzts 2 dL Cdzs yjor nm ftotsBdzj d3 IstcOHdydtsdzdz =
ZOG dzv HdesiIsd . [ dzsedy Gtsdewlsdw OdzcjBter detsmwils O}
osmMftedwisd ] . s tots d3y stsc ts, Istce OH d yd ts dzdzts § tsB L
dqdzlsj cOCIsd § sl i f: fr]aISHcflsfr]W ¢ otsmMftedwisds d daW
d3;:Odzq’1{4antsd3lz osMftesdL o jHjded®¥ Odzesstedlsdzsse dzO
MiskzH j dzlsts 9 d dzJ fr]t]’tsfntssfr] okzjls G dizzB ¢ sBEz tsfd
dzJHtsfr]lsOlthsd3 weo dzw j Isfyw Hi%G®C @ s @ tcd@df izs 1 O i ® dza
QtsdzlstnstsdzJ dzZ" = OBl |StGJB|ZJ|S oted d3j dzed, d MmilskzH j dal
shde ¢ kz. Clsts LOdd Hdzw j Is ftesyJ M 5B lzyd ded W d
LOQtGJl]’delstr]W

H tcOLodlsdjd3 ydWwttser n sd r detsdztsce d 2 ) tsB t6 C
odzj HIeW Is! MW Mot d3j dede’ | dJdemistelzd3j delst, §tedL o Odads

stcjHd d&OdBttdzj ) oflzdvtedy » ftotsctecOd3d3 dtsy dats o f
Wol fram Al pha, Mapl e, Oct ave. MATLAB, MATCATL
BOIsted udz" j o "fuafjfindiifipisdOe defr,® M dj Bedatso j dadze’ § tej N j dz
9" ydmdzj dzd 4§ sftcj HJdzdIs] dzj 2, Mstetsd Is! CteOWdSsd,
dzq’dzJ?dzfﬁ mMd mis j 3. l csctcOBBBO GeoGebra d&Btsyjls
(t 9 Odetso @, d&sO 2 H sMIs Ols tsydats Gt fiy lsyte{GLdagd. 2d tedsch 0@jdR0dzts12dz!

Clsd dqdzmistelzd3zj dzls™ B &ZOHOE Is L dzOydilsj dzv dz" a@3d o
My smtse dz OolstsBOIsdL qteso Ols! tolzls d dzdz" J s jttOyd
Gk s tsets dL zyd dedw s sted d . 18 COYHOW slsH j d

C s diBYfge Sz f sSH A SH S, CSEHO bistjlsdujmMid2 o&OIsj
B3 h dzr odLEZOkdL Oyd tsdadz" | d dzmistclz d3j dzls * sBl jHJ
ftesHEZBOdzdzlz MmdMmilsj dgz, OHOfIsdtetseo Odadzz®s d d3j dzdzts
CdS toj bdzgsets BBEZYO] BE 5.

stesd3j Is®Baskzhnlsmtsdz'y j toj ydmdzj dedz' » f tetsctcOBRBB dzj
sded btcjBlz¥ls s ftsd LsoOljdv ftojHo Otcdlsj dz' dgr =
ftosctcORBBEz HAzY tojh jddy LOHOYd d ddsjteftejlsOyd
Hadzw MOBsMsswIsj d detsdets j ey @ gz W 5§ de@ dacfis  § 2o O.
sted j dzlsd tcts 9 Odz" o fjtcokzs Byjtej H! ZO tjhjddd L
ydmzse 52 ddzd cteoOWdyuimeéd?2 twjLkzdz IsOls, dets  dzj
fsdiidsc O Is MiskH jdzlskz tOL csBteOIs! fiv. of Bifjdzdddz@¥O IsjodyQ. Is
sOC Y] BEtOded yj dg©: jMdzd MmlskH jdals ootsHdIls dzj o j tod
sB thde¢j gdzd dzj Ctstetej SlIsdz" 2 tjL lzdz IsOIs, BjL
My shsemisekzjls MK Mdj sz Mo tsj dds &GOl  ted OdC

)| dlstscj, dzj Mdztzls igts +  dz@ s oHtdsjfidsjzdfdzr 7 o yd fiydzd Is
Gz sS85 ftsdzd B3Odzdy dzddzj 2 des? Odzg j Bter tsMIsOY Ismw
Yybsts ftsHyjtww¢doOjls dzj sBrtBHJBsMIs! tcOL teOB tsIsC d
or ydmdzdlsj dz' dg' | oL By desisd ) SBcOL 5o Olsj dz' dats 2

O dzOdzdL IteOHdydBdzdzr = d yYydWwtetseor n YSHABHES g
stec Odzd L Oydd fHtetsyj MmO GeEyjddw dddzj 2 ds?2 0Odzej
s jtcOldo &zOv €8 BRIE&OY affo 201 PyH., PR O tso, 2019,

t OL tcOB t5ls Odzdzr 2 dats o fiRf tscflzlzfy dztg sz jodd L 2 Odzd L Oy d &
OColbtsdiOdyjMSks Htso jtwll LdOdd?2, vylstse' fHj &zO
ftcOClsdSd Bdij WYWjiCkdodr &8 d d&zOC d&" H dz¥ &

AzdzS ydtsdzOdz { k5?2 fesctcOdd fsfists do-lsOSC dds
dzr 2 fjtoj R tsHAEZBGdHER] ols Of Odd tBkYyjddw, ftSHH] Y
d ftejHisMlsOadvw | Bz dJdhsekdj dls' Hdkv ckzBtsCisd
Codi3f sdzj dals™ o Cdzt yOsls o' Btste  jtomsdzOY 2, je3j de® o
& kjtsttdd, (wOCdCEyg Kj ABMRESHBOdds sHOQ -5Bs j s
Mets?2 feso jteCd. {OmMMdislstedds COYHT 2 dL +lkdi Omy
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t OBBISO M t]’dzC:)Iszstsd:slsi; (-ijuc,f&zOJIsfr]W N codzO 9 dzts G t
Mtz ydes d fitejatsHdls & or Btttk tOLHJdts (tdfm.
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Y

v, "”;" '_ id P “,n_ +. Ql— \\\‘,
t dfn- 1. 10yOdz detsy € dats

10HO® ffdz Ls9aOlsjdzv L OCdzs yojlsmw o ylsjdedd ¢ tc
s tsdz dzZOY dBBOjIs Cdetsf Sz ¢cRGEtcOIs! ¢, d BlsCte’ 9 Oj Is
CteOWdud Mits?2 COlsr f Istej 3w kL &zOBd: ¢ [ Rtej H j dzd
dzr = kEtcOodzj dzd 2 e .

SO0 PB Wil Mopt? BCtkydshls! f lstey-dy kL
pjlsflsolzjls SHdB2 dL Ghdsed’ & Isjd dddj?ds? Od
cudMmlsj d3r dzddzj 2 dz" = kZtcOo dzj dzd 2 € . LL dz fMtsj H dde] dz
festcdmser o 08 Isfw zOozezez 2 MEW W P8 BV § i jLi-j dedas @
By dzsflsj?2 fscoOBE (dh. 2) .
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tdfp. 2. [Cdes fp o' BStetsdy tcOL H j dzO

SONH' 27 lzlstg L oz M) IsjSCMistsds o deklsted, OHOYIsdte
Bsfmisd, O ftd dz@o jHjdedd dz®@ dzj ¢t5 S L clisdg®- fyaz 1§ t
ZOEdL k" 5 oL By desfisd o' BSO. I BsOdedz 2 4 |
ftcd Sdzd¢y d&O kL jdz tsdz dzOyddzOjls Ho G Ols:Hpw € dz
ftor o O @ 96l OcOjlse f o cCdd dOC dsdsd Isj
dL &3jddgjdelz f sdztsy jJ dedwWw d BkEZcecdzO dzOC dztsdzO® dL sB B OY J dad W
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BBGO ®©OLHJ®EZO HJZOBdyde ds d ddzlsj tcOCIsd o dz’ 5. 1 s
ff orBtesds StsdeStoj sdesets fSHEGCOLHJ &ZO: c¢cuj Btedw e,
CCtcOdz 9" B0 ddzsj ek Pezj zOIsksj dz@ - € dztsf €
jdedzr i3 cettodL sdzElsOdz! dets f sSH L OGtsdzso Stsd3 Isj d3r , ¢
BB sls LOStelzedzy dgder | Ecedzr d ko jdzdyde O lsmw o tof
sts odLEZOd dzs fsHMEOLT 90jIs 2 HisaPb,) dzA sdz o &
s sdzdzj dz Hj CstcOlsd d deodfdi 22 dzgzsdzfiilels @dgdzr ¢ Odzsd  d ROk
d dzo s dzO i3( , Colstster j MBSLHOE I Ol@smW jteckz §sSctelzy
cuiBtedwe tslsCter 90jlsmMy BsHEzd fteshdtslste® dzi € ydt
Bsdzlz fsLodw jls BOMhIsOBdictse Ols! 1BY CHlst (ciBC Hizugd
MlsteOdzgd yr (Stsdzj MdSsd3 3" hd ddzd C datsy € Jcoojten
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dzedj MshtcOdgw jIsfpw Hdzvw EHtsBMIso O oL oOtOM jddw ¢ d
70% o' MslsO b GCHROY ] dzlstcdtclzj Isqpw  Hdzv CtsiRE tstcls dzts e
dzr 5 LOBj dedIlsj dzj 3 sStcOHdyYdsdadetsets EZyjsded ¢ O.
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tdfm. 3. JIrBtste tOLHJ d&zO

- 2R
el

B o | o
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(1 -3) 3 2 oy Fane
A= 3 4 i B = 1 3) Hai’u‘ugp V’-,-‘“ ‘

BN

tdfm. 4.

{OLHjd& ¢l 8OCkdCOe ftojH kOGOl f sdbHsaols | d-
pjlsso tjOdkdLBs00dz 9 LOsdMddsMmisd ©ls HBOF @&se Od Od
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Hy &zv Isfqpw  dz0 Isted CObjettedd: ydmdztser j, BOIs te d y dz
ygdmazser 2 L OHOY ftdz L 859 Olsj dz ootsHdIs Blsdg-jIs o
o sdz@dgck dzt yoOw diddzzfm) , Htodyy a3 H ek fipls qddd y Bsdixjdz! Clts
tedydzr » LOHOYOr GlBKBOYOjIsMw MjlseO wyjjit, ¢Oy
(tedfm. 4).

l osH BGeteOded Yyj dz Istey nL dzOyder s ydmdzOdzgd- i L&y
j yd o O asfey Ctsads tetsd3 Hdzvw EZHBMIso © dzOe e Oyd d .
ddz2 ooBHdI L dzOw) dzg W S §H B fzezglztizgzs ¥ y( 2 Slsf-, ¢ BSH
e h ddzd Mmddzo sdzOd3( . vihndzso dj L OHOYd tslssBtcO) C
BtoOY J ded j o5 ( d@O fdtatriddsfal, i) i3 Qe dizge O 0 dzj dzd 2 ) , O
fCO ¢clicsojtedls! ¢, ColkstcOvY OCIkdodtelkzjls Oolstd3
tOLHjd& cujMmlsé ftojHdZOCO s dz L 859 OIsj dz¢ o st
dOdzlstse , LOGkYDegzEy ~ HOtd GdN' Mwlis adgls CF dE-H Bk
fodzsy Jdgdz" = © Hoj MbtesCd 6 Hoj Cdts@Ld. 1t
w0 fted Sdd¢j WdESMdkzjlsmMw or Bste, SlstsB tcO)
fCk ¢croOodzjje. 1wsolststedzr 2 o' BiSte BAZESCd®EZj IsMw,
ls
H
¢
fn
g
dz

no o

F-2gr00 {rroo

15 LOojteh jdedd kjMlsO GlsBOy Ojlshmv flsOlsd
t (GSCOL" 905 HEGd § CiGodide =, R yddso jHsAvols o
kOodzjdzdj & ftescte] M.

N33 E B‘Gf@(ﬁ“—

ssROIsdyi MSOY oo jteC O ofistesj O ¢cwQmisa , fto
dudoeo Ow decdetse j dzdzz® tsBtcOlsdzz Mo w L 4 . 1l ftc
d cltwsojtedls! ¢ ftoSetOBRBBO MtcOo dzdo Oj Is H Oda
J Mo OH j G, dzjhddg" dzlslgiddsjtc dystslso j IsMilsod i, H
wo o fjtejdBjdeder . lted fteOQoaddz desdy tslso jlsj sist
sh-qaeOidz 2 ¢l jojtedes! ¢ M Oded BOYdJ 2 di-J temtsdz
Odzls MtcOo dzd o Oj Isfqw M { tc NoQAezQ@lz" d3s Idstdspotg Aoys@y -dte j LIS
des. Clsts EMmddgicvd sf sl @Pjls Cttetej CIsdictso Ols! ©h dB

l eBctlcOBRO t6j OkzdL 50 Odz® § OF dzOBSts fSlsH j dz' dzf
BiyHE M2, yYybt ftesh Ojls jy dhftd Ltse Odedj d
HistcOB tsSIsts G . { Mdzs o dzts?2 3 H 2%As O disstidiec O dzdzPls d dn@&Pdejs=
COLH] ZOB]. [IHjd dz 2 dBsHEZdZ ke jyodOjl LO o5 Bt
COC vydUtesets?2 EyjBddS. (OLHjdk ¢clOClsdscOe HJ
ddzls j cOCIsdoadzer 7 LOHOY d Cdats Hdzw 9 dstefH Gs Ists ldsod 00
LOHOddY (udmdse' j, &BOtedudz j, MdMmlsj 3" dzd dzj 2
LOHOY s otsfttsfr M eorpttesd3 BlseajlsO dL Y Ism ey n
tcjLEzdz sOlsOdi] . [ dzw tcj OdzdL Oydd f dzOIs W tste d3r d fiy
M cOo dzv s h d j My Oo dhj dzddl E3d LOHOyOdefiidzs o Rlast2h o nwv L 1 ¢
fescteOBRdeso Odediz, cRYOd aifiel d OdaddelO ygdQ@fls j dhuismefPuyj fr
9" ydmdzj dzd 2 .

1 Ofted iz t6, Odzd BOYdw Hodyjdd¥ §JjtehmsdOy 0O tj
ftetso jtcC O RBOItediydzd fif s d@HLOye OdzPif dgd dUPy dzO € Otol
fjtemtsdOy HodyibMY ¢ orBtOddzats? IktsySj dzj § tetsl
d diesd "dikd (sottEslsOdd, ylktsr B ds ddisjtej M
5OC: floctcOBRO o' ydmdw jls, CkHO dzkzy dgts dzPg @2 Is d
BOdzj dz2 Sdd&id M Oy ¢ Odd, H wedffadzv W C Offtc ™ B € Hls tso atgde - X
fjtemsdOy BdkJLSE € yjdd, td tShsOdds dde 0jknw,
ssdzcBts¢ odzdL Bz 1 COdRZO, O IEYSO dzOo Jj ton Iz, stscHO
dzO ¢ dests dpw - tfiag @ asts  ((tod ). 5) . Pygame OCy] tdfmk
f dzOo dzr | fjtoj mtSHT BiYHE 1 CtcOdzO d3q , dzd
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[ - = = [

if move_target:

dx = move_target[0] - character_x

dy = move_target[1] - character_y
distance = math. hvpot(ax av)

if aiqtance > 5: & Npodonxats Q8uxeH

character_x += dx * move_speed
character_y += dy * move_speed

jump_height 10 * math. sin(pvgane tine qet ticks() / 100) # ApnnuTyda npuEKa
character_y -= jump_height & Nodnuua NEPCOHON

rora(lcn anqle = 15 % math, qin(pyqane rine get_ tlck%() / 200) & Yaon Huknowa

rotated_character = pygame.transforn.rotate(character_image, rotation_angle)
else:

character_x, character_y = move_target

move_target None

NodeScreen(screen, target_topicl['nane"], character).run() = Ne

tdfm. 5. ¢dddBOYdY Hoadxjdd" {jtihtdo:

def check_answerf{se1LfI:

‘AposepReT OoTSeT MosTt oEaTerns.

if seLfF.taskl!’ type 1 == "matrix":

user_matrix = ssellf.get_matrix<x_dnpwtl)
correct_matrix = evall(sslLr.taskl["answer™12
if wser_matrix == correct_matri=x:

selT.result_messags = "BepHo ' '

self . .result_color = (O, 255, 0>

self . ocharacter_animation = "correct
elSe

sl T.reswult_messagse = "HesepHo! ™
s F . result_color = (255, O, Ol
self.characTer_animation = "incorrcectT?
elif =saelf.taskl"typer] == "linear_swysTtem':
sclfFf_check_Linear_system_answer ()
eLse:
user_input = Soelf_ancswer_inpuout._get_textl)
correct_answer = flLoat(sclf.taskl"answer™12
if Floatduser_dnputl) == correct_answer :
celt . result_message = '"BepHo! '
selLf.result_colLor = (O, 255, [l }
selLf . character_animation = “"correct®
el=e:x
sellf.result_messages = "HesepHo ! ™
selLlf.resulLt_color = (=255, o, [ ]
==l _character_animation = "“incorrect®

s=lT.show_resulLt = Trus

tdm. 6. 1ttt jKLCO 99jHjddsers Slso jls

[ dz¥ B3Ol j BBOdui MSda LOHOUNOTMP Az CRBEHEHOY BEB
sOjIs Mdzsyder § oJhd, dzO0ff tod o34 te, z dsdzts ) § dedsj- Is OB dz
CtcOBBO fHtoso jtoWwjls, ftcOQodd dets dzd ¢ sdz' L 59 Olsj dz!
sts, yYlts 99y dz yjdztse j<, d MtcOo dzd o Qiils L P {fff@ata dz'|
dzd oMy MmsElfjCedyglise d L j dzy dz' 2 ¢ 1yjoajste dzt@d e fiffdzd S tai@)
1 0 ted 3 to, JmEAfftsaz®R\OYOIs OB dzZd yke 2x2 ydmdzOdzkd [ 1,
[1, 2, 5, 4], ftsctcOBRBBO LOBjIsdls s ftedzro? Istc
(edfm. 6).

]l ©OLHjdzj cujfMmle ftosctcOBRBBO tdmikzjls Ctokze,
BN dzs ftc@Qoaddz! dz" d&3d, O MEtsdzr €5 dgjls. 1 tcjHMsOo Isj
otsftesmMO dL 5, It Ited fvwis' s (CEO® Iz BO B § dzy
MudlkOjl, MEtd ¢t oaMjets osftsMmMise BN dzs, HJdzdls
yoe j sodd, Ylstser MtcOL Iz B' dzt odHdes tjLEzdz IsOIs
ftcOo ddz dgf » Blse jlstse, dOfteddjte, ¢3 dL 5é. [ mdzd
Ctoczc lsBHa®j stcd yYjlbojtelsd L jdzyder &3 d dzO tsHdzz yjlse

45



def drau _pie_chart(self, correct_answers, incorrect_answers):

W T A A SR R A ST S0EUN Aunenoupy ., T
OTPUCOEHEDET Epyeoelh dudzanMy.,

total_answers = correct_answers + incorrect_answers
if total_answers == 0:
return

center_x = self.screen.get_width() // 2
center_y = self.screen.get_height() /f 2 - 150
radius = 180

correct_angle = 360 % (correct_answers / total_answers)

# 0Tpucoska seprx 0TseTos [3enerul cexTop)

pygame.draw.arc(self.screen, (0, 255, 0), (center_x - radius, center_y - radivs, radivs % 2, radius % 2),
8, math.radians(correct_angle), width=20})

# 0TpuCosKa HesepHen oTseTes (Kpacaul cexTop)
pygame.draw. arc(delf screen, (255, 0, 0), (center_x - radius, center_y - radius, radivs % 2, radius % 2},
math.radians(correct_angle), math.radians(360), width=20)

[ dM) tBELORBO HIE!thkEbBR, | d&dOc Ok
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9 J SN &zOr, yYbsts EZHtsBds HAzY jHOCISdtetse Oded W .
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tst@lsjﬂzdzfr]ﬁlsais 99BHO, jcets ftojHO Otoddsj dz2 dzOv
9JIssdy d G6Jjdzj eOydqw tjL bkzdz ISOISO. [ lgv L OHC
sftcjHjdzdlsjdzv) tod LtsoOlsjdz eootsHgl L dzOy
sBteOL 2] Ismw wh gy Mtdsdzfy fdsddF | oat Hdzw EZyy O otsL d3
BOIstcedydz" =« L OHOYOr dz L 59 Olsj dz LOf sdzdiv-j Is Mg |
Bjtedz" 2 M dmsS, Ctsltster 2 L OIj B3 MteOo dgd o OF Ismw
dzr = bktcOodzj dzd2 9 o tsH Wy fifw oL dEOsyyj Jdef'wdzrfjj tevjwgi2de  , W
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dbdzestedIsdzr MtcOodzj dzdw L OoadMmwils s sdfB®- L OH OV
v fwdks) MeOedzyddj M dMfsd L seOddj d3jsy jttOls
BRdEd] et dsmisd Ctokzecdzj dedvw ( dzOf tod 3 to, 2.0
LOHOYOr dMmyftsd LiEjlsmw {1 dzj dizgj delsdets] MtcOBezj dzd j :
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ssdz €5 | fiyglrddzlss ) jfsltodfjOH O Is. 1 dz2v MdMmisj &3 Hte Oo dzj dz
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S o0 jHY dede" 0 L dzOUj dzd?2 G jtoj d3j deder & ) Ols Oczts dad
dzj dzlsde’ § Wsteds (d@Oftedddte, ydd'd ydmdzo o &3 Mist
dzj 8 j edz" 2, MmdMmisj B3OH Pdepzd d d sl R HB @B " | ded
LT 90" CtdCtojlsdetsy o5j Mists dazd h OC, EHj fsdL Bh d

def load_pages(self):
MMN3gepykoeT cTpaxuuy POF U npeobpasyer ux 8 usobpaxexus.""’
for page_num in range(len(self.doc)):
page = self.doc.load_page(page_nun)
pix = page.get_pixmap()
mode = "RGBA" if pix.alpha else "RGB"
img = pygame.image.frombuffer(pix.samples, [pix.width, pix.height], mode)
self.pages.append(img)
self.total_height += img.get_height()

1 usage
def load_state(self):

AmanIINNAT AOYDONA Nl AAATAGRIIS BAAKAITVI 1 BAANTALLRARNGHD AR
SQepyXaeT COXPOHeHHOEe COCTORRUC NPOKPUTKU U HACUTQOUPOBOHUR.

e)
try:
with open("state.json", "r") as f:
state = json.load(f)
self.scroll_y = state.get("scroll_y", 0)
self.scale = state.get("scale", 1.0)
except FileNotFoundError:
self.scroll_y = 0
self.scale = 1.0

1 usage

def save_state(self):

"YCOXPOHAGT TeKywee COCTORHUE NPOKPUTKU U HacwTabuposorus. ™" "
with open("state.json", "u") as f:

json.dump({"scroll_y": self.scroll_y, "scale": self.scale}, f)
it dm. 8. 1 OctelzL SO it
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tkClskts, OSCdR COC &Otdy' ddd mMdmlsjd kwos
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dzwsls jvy dzO Wisdzgj IstcOHdydtsdzder = d3j stsHtse sy dzb d
wodw jlsfw wmBI jSIsdodesfls! . 1 sSlddydj Bl tolkydss?
Clsd
fn

g 7O =g
A )

izl j§ pdzsets d3dzj dzd W f t&] s H@otsAls jYdivd  dfcimfts frirpigtAsue)
yd M ow dgimlsj 8O0 dMmf sdz' Lkzjls yYyybe¢dj OdzetstedIsdsr
WOCItsts. 1 Off ted d3j te, ® LOHOYJ d2O0 diOItedy” COYHT
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') Penmrrs cncremst yparsenuii no dopmyaam Kpamepa,

MeTo10M obpaTHofl MaTpiist 1 MeTooM [Nayceca:

=2x+Ty+ z=3,
x+S5y+3z=5,

-Sx+5y-2z=-4,

tdfm. 9. 1 Jeojtedzr 2 99otH lsoajlsO o L OHOddd fi

Il ststetsy { to] idsifizihtg Gdscpatsdzs s . uvteOHdyd sdazOwY { to
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dsects kZdzzyh j dad v .

] MeetSkfdsmlsd MdMmisj B0 Oobksd®Okdyj NS § ikt
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AN INTERACTIVE EDUCAONAL PLATFORM FORHE
STUDY OF LINEAR ALGERA

Znaenko N. S. | Ulyanovsk Institute of Civil Aviation named
AssociateProfessor | after Chief Marshal of Aviation B.P. Bugaev
Konopleva I. V. | Ulyanovsk Institute of Civil Aviation named
PhD(Mathematics), Associate Professor| after Chief Marshal of Aviation B.P. Bugaev
Ivashchenko I. E. | Ulyanovsk Institute of Civil Aviation named
Cadet | after Chief Marshal of Aviation B.FBugaev

Abstract. In the modern educational paradigm, the emphasis is shifting from
theoretical presentation of the material to the formation of new experience and
its subsequent comprehension, which increases the role of interactive and digital
tools in learning. The article describes the development of a program for studying
linear algebra, one of the key sections of higher mathematics for many specialties.
This section, studied at the beginning of the course, significantly influences
further mastery, but is often perceived by students as abstract and therefore
complex. Traditional teaching methods, as well as existing digital systems
(MATCAD, MAPLE, MATLAB, Wolfram Alpha) have a number of limitations, such
as the high cost of packages, the need for spal skills, lack of clarity, adaptability
and prompt feedback. The purpose of the work is to describe the development
and application of an interactive educational platform designed to overcome
these limitations. Its novelty lies in the integrated approab that combines
visualization of key concepts (matrices, determinants, systems of equations),
game mechanics to increase motivation (character selection, achievement
system) and an automatic knowledge check system that analyzes not only the
final answer, kut also intermediate steps of the solution. The platform provides
instant feedback and adaptation to the individual level of the student's
preparation. The article describes in detail the architecture and functionality of
the software solution implemented in Python using the Pygame and NumPy
libraries. It is concluded that the developed tool effectively complements
traditional methods, making the learning process more visual, interactive and
personalized, and can serve as a model for creating similar platfos for other
sections of mathematics.

Keywords: linear algebra, interactive platform, educational technologies,
visualization, interactive learning

For citation: Znaenko N. S., Konopleva I. V., Ivashchenko I. E. (2025). An
interactive educational platform for the study of linear algebra.Continuum.
Maths. Computer Science. Educatj@i{40), 38z56. doi.org/10.24888/2500-1957-
2025-4-38-56
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t OfMMdiislstedds L OHOYkE t Hjdzjddd BltejL O o L O
EtcOo dzj dedwv ftew dsts?2 o ftosMmisteOdzmisoe j . 49 jHjdadW
ftcOCIsdyj MSd dzgi oMmlstcj YOy lstlprs, des L dzOIls! dr Gyj &

1 OHOYO 5 Hjdzjdedd BltcjL SO 9 L OHOdddksHE tslsdash

[ Odzr Ho Mg, im0 qM;(xs,y2,2). vtej By Ismw sftciH] dzdls!
stsySd, dzjy OnNM,M, iz j=ivtd jjL2C jHdzd dzlz | Istsdntsn. slstej L € O

t dhJ dedzimls! MEwydH O dns s

M "
M, 1 jClstMsM MM, € ts dzdzd dzj O to dz

M 20§ 6Oo dzj d¥  (tedf. 1). 1

L. 1. s Bbq_fr_lstsdz;gts i dgs?

zOl bsySd Hj &tz fy e M| MM | = m:n.

)
H
)
Is te

o dzj H 50 Ois|l,d| =dpgMM,)|.

R L tOo jdzlso ® o jChkttess MdzjHkjls t©0Os j dzfls
M1M={x—xl,}=—}= Z—2 },MM3={xg—x,}=3—}=,zg— z}

Is ts

l.’

nlx —xy) =mle; —x)nly—y,) =mly, —y),n(z—z,) =m(z,—2z), tlCEZHO
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nx; + mx, ny; + my; nz, + mz,
F — z P

n+m ° n4+4m T n4+m
1 5 dzOBE=0M:n, f sdzlz yd o3

_ X1 + .H.Xz __}"1 ‘I‘A}’z _Zl ‘I‘.H.Zz (1)
SRR T R A TR R
Il yomsdtsMbigj tc j mdzdpOM, M s tc/s459,0 ¢ BtstcHEMIEZOIS T IS 1
BEzHEIS

X, + xq I_yl-l—yg Zyt 2
2 VT2 P T
VicQodzj dzgdj oW ddts?2 o HtetsMmistcOdzmiso j
l oW Blzs  dzd dzd ¥  Bsydats L OHOI! Hoabkd®w dzj 3y Oh dd
WOoSkdujmSd bkt yj MOk, boySs?2, djyohj2 &o
ftew Bs?2 (v’ tof Bse, 2009) .
1 EfMmls: L OH OMizG,, volzP N
My(x0,¥0,20) dzj ¥ Oh O  dzOsF =f{lent ks 8 | Yls
- Mx. y.z) C tsdzdzd dzj Otedz” 2 ff oW Bis?2
g {BL dOYd By, 2yd BHEHJ
tdm. 2. s 9" otsHE . : :
GBS 6odhss | gtéf’gg?sgfm dzts 2 (s VG tziC
UBGEHO afygmm&s‘tsgtsdmgq’omdzf%—ﬂﬂstﬁ. RL {lbsés 9jCl
ttOo j dzfflso O § sz yOs sfw Isted MS Ok tede = bkteOo dzj dzd W
x—xg=1Ilt,y —yy=mt,z —zy =nt
d dzd

X =

x =x9+It,y =y, + mt,z = zy + nt. (2)

) Sdzzu dzdz’ §| bk tc Qo dzjzde®w dzjz@d v Db W fipw B2 o ff Of
W istdfjzf OtcOd3d Isted yd M& d B3 Iz te Ofo jdafprdad W d3dzO f jiedisfigts 2 f Otc
o Hito, fdkzydd &Bk% IstECdzOL § b OEOYHIO o M) & B 1
pjChstesd oW s ?2

[ fdzd §tew BOW dzgj  jtetf jdzHC zdzw edzg® dzd tsH dats 2
CStsteH d dzOIs ' § mdsjdiqlayss © sls d fghzdzv yOWs 5L  fMdmisj &7kt
f OOod sz yqd &5 bkt Oo dzj dzd v

X=Xy Y=Y Z—Zo

l m n
Colstster § dZ@LGdBtS@izdlsmWfr]ch@cf z to,Offo telrg ~dts{HvWaddj 2 tow Jdidsj2L
My(xq,v0,20). S5O Wisted3O®O EktcOo dzj dzd 2 ftocj HMsOQoadzw jIs MtsB &
dzd dzd d U'JTGJff]JquZdW Holza f dzsMCsMmis] 2

—XQ Z—Zg }’ Yo Z—ZQ

[dlsHdyYd ME OfJ tGJQBdstZHGMdd fted tihjddd LO
OOl d U ME B2 GjBdjbedd (djksH CEBEH]EOS)

Vtod w©jhjddd B2 Mbjjsdjlsteduj MSs2 L OH
Wjtlsjybk. rjdts o Isd, uykt §osmSd2 yjthsd,y §is
COC tjLbkd O, JLBBKOYjddj J(MAitHdAdses kj O Isj

sts X d otej d3w yd telsy y Hisdzy Jdz BT Is! dzOG dzW H dz' 3,

u’tGJanlsOSdszsz sB JLBBOYOj B2 G jtsd3istedyd ME
J o dHdd j dzjdldgdls] o sB Oy Ols+ f 2dze€ Isd te 5 d3. Yy jtelsy
ez dz" a3, YoM tsdz Sk §JjtcotsdzOyOdzt dzets dzOted mtso O dzdz
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e

X
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X
+

X

% HGfsddYl: v dse' & §shsics] dd” &f. ! 6d
&

HidzY J
ftojH]dzZr s dsets CtsdskztcO® yjtelsjy 0.

ltddzjdaj dedj BijBSHO CtostHddzOls IstcjBlzjls 99 jH,
mdmisj d3 CtststcH d dzOIs . 1 Oy oOdzts CtststeH d dzOIs ZHtsB d
ftcOoddz dzseG s Bhzseskzetsdz! dzgd ¢ O twWOMidaf@lizmd o @JjJ sy 2d dz
tsfdztso Oded W . [ dzd dd3j J e sty BdPEO@EO, SIststcl GOl
Eyd mis! RMY sdzt L zw ydmazse r j (ddzd o99tHW BEzC o
or sl d k.H. cjtdkjbtedyjmSs? Wdektr, kfjlOdt
fslstej Bt Isfqw  Hdzw MsMisOo dzj dzedwv [ tc O &lAs welaf] &' -f dasdg€
tcjnh jdzedw LOHOYd. Attedidzdzr, SftejHjdvwshdj Mmdase o
Gl btedd d dn oL Oddids] wOMY[uzsy'jdzeyg, WD) H

[dbsHduiMcdj w4 ¢ Bgal gzezdtid@ QrOnstetsj dzdij MJ Wd
L OHOYodd dz@ fipgisites(j2dzd 2 uj dzd & o Mmistej yo4 v ¢
Msjtej sdBjIstedd, 1OC d © LOHOdwWs 16 5 KOl d;
Mg ujded?2 BCOLM90jkMmMw L OlkzHdzdIlsj dzt dz" d&5. 1 Ists N
1Iss?2 LOHOYd ftsMmtcj HMliso ds MECs-Es|dH. | diddeO  kdigOye jdisj dfdte!
Istsy¢ d, CtssteH d dzOIsT Clstster 7 s kzls BT Is! dzO2 H j
fdsmMC sMmls: sy jls fesoisHgl! yYjtjL ksySk, Hj dw
ssySk fjtejmjujddy BiHJdOdz Bt o 52 WjtLO dafts i ddtdc ©
jeCts sitejHjddls', dhfsd LY CsstHddOkr ¢ &day
( Mdzd 5 Effdzced® L OHOYd f dsmtfils! ftesatHdl Y
fjtef jdsH S Edzwv tcdats dzj S sststesdBz tojBtokz Wdekter, Ists
mMzjezgMmMf sdz' L s9 Ols CtedlIlsj tod 2, ZMmls OdzOo dzd & O h d 2
f dzsMCsmlsd. RBJW bteOodzjdedj  dzsMStsiisd, wo d
f4timjudddy fasmismisd M thisOeh dB3dmY ty BtOB]
Hisfis Ols sydats, ylsss B ts dipigtsunjlsdzcf ] st H j dzd dzts.

1

OHOYyGdL 4ABZDkA,B,C;D;fp tjBtosdz HEZFUM] 4] H dBQ CO] B t
AD;, bRwGOzdls =Bt LHLdzts?: |, dzdffyd s OW SR T ds jistahS dodzr
4t M uj dzdBC;diBistej L S 59

d) 1 tsmistesdls! Mmjuyj @&grj SkBO  dzsMmC tsfmls:

1) 102d fjteddilste fj ujddy d ilsdshjddj, o
Hd Oc t5dzO4iZ{. lBO@zd dzgd dz, 1996) .

tdfm. 3. vjtkyy ¢ LOHOYJ 1
t ddded .
) JlojnHyd foWwdhskzesd dkzy MmdMmlsj Bz ¢ sH J daC

sSteHd GOBYRAESUYE ST t]Hjdv s sNPOq0) R(hdkEs dv L OH

60



#/ .4).55-8 ~ _x,° " x. .8 &  “cmucu8 "0OtT 8
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stststeH d dzO0IsQ, Isigwvd j AB Bls tsjsidasd 3 dzed  dzOm SH W IsmW
Wstedz dzOR (1) U tejA05500dB(E5A01. s stayj Sz dzt SOl
ssu@(fili;) usmbsOadd bifje! EwOody ddj (RIBMNESMISG
R. ] sfydzj dzj Moztsy dzf 7 fMlsOdzH Otelsdz' 7 PROMRYEHIG s L
ftcj HiNlsOo dzj dzs © o dHJ
y+2z—2=0 (3)

vdfdter SftjHjodd sycd §itdmiudddy LIss2
- o o] PfS B} EF(5;0;z, )i lSEYC O f jtej M wj ded v toff dztefgis fls
AA;. UBGHO C tttlydua®dbdp sdastigtfico dzj deds (3) . 1 tojL E
2z,,—2=0, GAEHO . j4,HEHO00] 4, stYs 2
- @ toj BRI A BIKS1z,) i s YC O e M Wi ded v tof iyt fyls
BB, ¢4 dzd < BstzOBmWGddL 168 e dzd tzd V1 5 d2p e DB
sO0Cddi3 BEM) tiEH d d&B,.tcj B 5O

O ZOdSE d ydzs t©OMMEY HOW, dORtHd®R CttsteHddzOls
f zsm€ smisd C& dBD,.B LlOEldk, ylst Issy¢s?2 §JCes by julg ded v
stsy&®0,51,09 71 MjtejHddzO | Iss6¢ s DB,jiBldctOYL,0k0,5 G J)B tcts d3
CosteOY Mol OHM s v BS s YEBSROL 5 d3, dMS ks M
St HJ dzj dats: o Isiad, B filtss 2 fg ists td fBAzO 8k 0,25 = 0,5V5 d
B,C; =1. 1} j tod d3j IsRe= 2fai By 4 Bach)Y=2(1+0,5V5) = 2 ++/5.

1) [lsdetsh jdzdj, o SCStbtttsd f IZSAR SO0 YTH] Q@O
BjsBHBBR € ststeH d dzO ISk (xg, fxBzip)UsdsQNE dzd3 {1 jistd it uddzff v HJ O
Udztsfngtsfnlsq’}légé'f.q’ﬁ]lﬁttsfgﬂﬂslcj slsdzsh j dzd j .K 08 ttOte | dizlz@g 't j
CststeH d dzOK(0,5; 6@ Ty €0,51;1). RMItd Lkw Wstedkzd (1),

0,5 — 0,54 0+ 4 0+ 4
KETIEa T IR T 1w

]l sHMlsQo dzv W o' tcOy j dad "K oH dzWtc OB teHfdg fdzPdg s sy S d

A A

R Is Q4K;KC, = 2.

ldBBItedyi MEd2 MmMftsmse tojh jddw {1 Ists?2 L OHOYC
fsmistetsj dedd fJj uj ey Ooelbtte’ dmMitd Lksls djlssH
slsdztsh jdzdj, o ColstsugtdsHifdtigs wifOcdsdRP"ds dL § s
st j Iz ¢ ts daD did| €, R

l OtcdOdzls tcjapipd@®odds kZtcOodgj dedj oW d3ts2, dz0
Cbed®. RMEGd LY C sisdsl,d daPisdzDgds®e &« " d2 o) Clsst
ftow dg&2{-1;,1;1}. sOdtsdedyimMSdj LkwOodz dzdv oW B2,
A(050;0)f tod dzd &3O Is o d H

x—05 y =z
1 1 71
SsCEHO By j B (sdzydls! §OowodilsedyjmNSd) ko
x=05—-t;y=tz=" 4
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x . ~ x ° . x . x x
) . B . . ] y ¢, . , LR »
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[ 2" dzOn sy HjddvY IssySd ¢ ) oMy sl v2 =052 1§t
fsHMsOodd §odkzyj dd | moslkdsh jddv+ar—2e0o dzj dzd j
SlsClr®/3. 1 sHMISOode dzO2Hjdedets] L dzOyj dedj 1§ OO
CrstteH d dzOST  KulgtSwEite = 2z = 2, s K(-1:2:2). GEGEHO
AR ={-3:32 K = {-5:3:3) 5 sARERRL d [AK|: [KC,| = 2.

[ls9 j B+V52

[idlbsHduimMed] td Cd3j dzHOydd ¢ tjhjded® L OH O
ftewdm i3, fwhs2  §ashishis: &, §dshsshiswy Bd

1 OHOYd dz20 or" ydmdzjdzdj Ecdzse o 90tedOdzZlsOr [
[dzd HHBokels COC o LOHOYOR &O HBCOL O] d Mmis
L dzj 3j delstse  cGitdsjlstedyuiMSdn Wdekts, k0¢ d o
CisBibedyujmMSsd mMfshse] HESCOLOL,jd Mo ® fited
f O Odedzj dz' detsflsd  § oW dgr o, f kRS & v o detEds g s fifiste
fdzsmMSsmisj2, fevwdks? d §oshSshmlsd, kjstjkz © s
YOofmlsd L OHOdI" yYOmksts fodsckls Ikjstj k0 Csfdd
fow Bskctsd dsd ktjzesd ddSj d . H. 18 HdY ¢
HEXL Ols j dz' s © § OOdzdzj dz' detsflsd dozd  jtef j dgH S 2z d
f dzsmC sisd Koy dts feddddls' ojClsttdkzs Odkejptlk.
ZOftcOQodzv s h dr o jClsistese Htowd °  dested3Odz! dz" »
By des § sdzydh d iy WgusBEd , sftejHjdvshdj oL
sBi jClso dddaj 2 dzgs? OdzOdzdlsdui MC 2 cjsdjlstedd.
o jClstedets?, ISOC d o CtteHddOlds?2 ¥ std].

1OHOYUQ O&. ff bW i3k sdz dzf 2 ABGDABO Mgzl dzjtety b ttejozd
AB =10,AD =4,AA; =325. 1 O StBBBfeC@, o ' Bte Oz P Ift9WSOE , ylsts
BP=1,00=05 vjtejL 1Id Ity dea § 4 OB Rz i of whiy sk

0) 1 B5¢ON4IEKB =B &Hjlstsus O | j i jddtpjiimé ssdgdsid
tc J B telisBgl3

1) 102HdIs] Bketdz 3 3 H RBCY]dztyf fplEisEifdds frgls | & ) dzts © O dzd

tdnhjdzdp) spbtesj ddy §ashssmisd, PsGsHwh j!
f O Odzdzj dz' dgts H  OCHsjdalzd § Otc Odzdzj dzj f

1) o f oBOBSGMBHL AsfswSdzj HY &5 oW gz * BD:f Ots O dzck
SptL dOoydad My d §Jtejmjujddy I8P {ipps2
fMstslse j Islse j dzdzts

2) ud teMdQets s ifDisfilseo j HY d3 oW dislze , f jtej ] S
D,C;9 Is®&Ty¢<dJ

3) Yitjr dBoysSfdesmSsmisd o jthds 2 4,86dd {0t
ftotso fHowdglze ,  j toj M JASBPs hl&tky Qejj B to 5

it dd f dsdSeshisdt Gyjd daEg 1 std@isd U S b
ddyjdedj g wodzW jlsw BEDITYEY M) Hipdetse Oded ¥ d3d

lojHY B (W dBskze sdz! dzlz® mMdmisj] gz ¢ sStst®PH]] dzO s,
ZzOf tcOo Dy hed s dZRAYKHEDDIMsslse jilsmise j dzdes ( ted . 4)

rdzv fsdzizyj ddv koo tzf dif y B sy Wmitfjdadrs " dn Ists
P(4; 10; 1), Q(0; 10; 0,5), B(4;10; 0), D;(0;0; 3,25). & 5 ¢ H OD, B {%; Kts8,25).

1 EM={4B;C}d o jChtste dsttdOdd § ks ipfEdipod v {§ OtsO d

f dzts ) S d=di Isydtc YB Az ) 2zj HNzLj DsB.

J
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t . v jtlyy € LOHOYJ 2

RMEAS L 2w sSBM jj  EktcOo ddi dzhyj+ Cz ¥ RzsW ¢ sgkdese d j
f od dzOH dzj ¥ detePids @ { Bstsj § dzsMCsMisd, O kOCyJ 0o jd
ftesdLeojHjddy o CKEBO dStedGdd ~ DBR "7 0
4A+ 10B +C +D=0,
10B +40,5C +D= 0,
4A +10B+3,25C+D= 0,
d t®jhow ki Mmdiisj Bz kZtOs dphd3 har 6OL dd ¢ 54 W
3 4

1

] tjLbizd O] btcoddy jfadj-s8y-dsshiteild
1 O2HY B3 CBteHH EOBYC &S] M) wirdd e P@BISTES sMis d
f t5f)C Skit4, € 8,25), Ists dL 460Gy j 8z06,250+34 =0 dzO 7 t5 i, =0
U ey B=4KB, =6(d
AK:KB, = 2:3.
1) stsiddzzfm o Hgjdai & f dzts S flstf dets € tsfylst s s fry dzt:
f OtcOdzdzj dzj f df jHO 09 jdz BSHEM  Cdstintgafrdgjo? kzic Isap:
f zsmS siisj 2, It j Wis={1; -d8j—H(k = §0j0$1kitsteesdsdiPz:ts fn d
VK s
A& V7E
R Is Ch= arccosv‘%.
llsajlﬁ}.zartcbas%

cosg =
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e searoHedrdodn g arawkd aa]
7 BTH4T
Tk =1 - _ - - ™~ -
T-=%y-Ty qﬂﬂﬂ A Tty b3 (g + x%y = £) 0 = 2q + £%g + xy
Hre ‘) = ¢g'g + fpTy . ma(ZT=01{v"g-}="s | (q+x"y=00="a+4"g+xy
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HLoHdErAMHrHndeN aHgordA | HIdOHAUIUrTeden aHdOLDA oI
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1 OHOYD BMmdztso Odad dSABL didg Q dfdsH 'f oW BB 2 G S5dz! ARC,2 Hstej |
ColbSUBERC =1. { jSEffojstef jdzH S Edzv odets f dzsMC sMisd tsfdzs
YyitejL Mmjtej S4dumisC § oss jic] dz0 of eshSE@QKB '  j toj B Of Is
sBteOLEZjls @°. dzgd 3 ke tsdz

) 1 BCOydl], aylywzdhdRl s oipzs?: |, ddidydlsOw Bl o j t

1) 102Hdl] ®ldsh jddj, o etbHBucEEcOEIH] sl s

z AN s

tdfm. 5. vjtkyy ¢ LOHOYJ 3

tihjdedp) JojHy B ftwdBsketsd dzs mMdhsj Bz ¢ st
h JRIFS 2 2O O axdfy ® H sz BOBHCHtosIse j Isfls o Mddits. 1 Iz f
jJHddzsAdise(Btgdkdy. 5) . 1 O2Hj B SCttsteH d dzOlsT fdzj Hzs h

A(1: 0;0), B(0; 0: 0),C(0: 1; 0), S(0: 1; 1), M(;_ ;12 ;_) N(O-l;%).

lemMEY syt o fJ ) g BBEIJdEE™s B35 2 {f alzts fif Cotg imlBRIFS.
RMEBSd LY C 565 B qfdiaeed Bl leas Y jHS) dzj dzd v Glstej L CO o  H

f sz 4(Pos-;). usMsOadd k0o dgj dad 1§ czshCMSMEBK., f tot
[Bhjj ktOods dedj o dAsFByCigsED =Dsj } IsHBEO®odoe o 15t
Cottob ZBMWHE, f§odkzyuydd Mdflsj Bz k0o dzj dzd 2
054+ 05B +0,5C +D=0,
B +0,5C +D=0,

A
1-|—}LB+1+AC+D:0'

tdhde 1k Mmdmlsj ddz, d&O2HY GZB,6Yjct@jy dedw C 1 W W (
1-4 2

l tjLikzdz O] ki@ tegzdz Is f azf ¢ sMls d
1-ADx+(Q—-ADy—-2z+1=0,

Y1 sMsOdso $O L OHOY] OdOdscEdydO o 0ttdOdslkz 4-30 4 jode sz jOfg ¢ 15

WOSCkd sjlsj 140 (4 jdksdshss, 2000, M. 52) d ldgGoiosmw

YUittdL MjtjSddsl sueB@i ssets, o LOHOd] dOdBd HsBOo dzj dz f kdz
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o | A X X - ~ | o - J
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GHIﬁz{l—R.l—A.—‘E}Ta_JleistG ,dztsltﬁdg@dné[ tsifr]lstﬁﬁc
15 kEZMdzsady L Ow@tsdls Peztzl § By taal B tb §BEKdzjsy d s dzO

ftow digts?2 ) dzOf tc Qo dBS & focidk}. o pYlsarthisdB e d&zO dB3j Y HEz § oW &

Oo j dz BsHEZd ¢ sy dzbizig @ i3gzdfln-2, 1 -0 /) $2)stisdptishigd MNlcd

9 ClBHESMELL, . j.

IN-BS| A+ 1]

IN|-[BS| 2/ -MZ+2

U0OC £=G0°, ftodiyiiEdd /(1-D2+2, tslsi=2H O

sing =

R Is OFK:KS = 2.

1) 1 O2HY B tsBil ¥ d3f SABCY d tdO BBFEMN. R3] J OB

1 1 1 . N
VSABCZESABC'SCZE-VSKMNZESMSN'd, G'ﬂméwzéMN'NS:é, e, o' MslsO

fcOddeOMmis s dod j Kmilss of jdashiEde i sMEN S tel o P © 5 H T .
102HY &3 s tcOMmls s vkiad jj dzd s OBBIS QA BEsSdaEsy)S d2d I
K(0:32)1 dzsmCmigls: o Clstes?  dzj MNs I DjeiDeksayidapzg® s f

bteOo dzj dzd j ckeBidis=0odd H cOMMls 6w dzq jK Htsls tsksag®s® dzd W

VZ
: 1 V2 v2 1 , ] 1 ]
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Abstract. The article examines the issues of introducing a personalized approach in
teaching master's students in psychological and pedagogical fieldEhe need to take
into account the individual professional needs of mastes degree students, their
starting level of competencies, and career trajectories is due to the heterogeneity of the
composition in terms of bachelor's degree specialization, professional learning goals,
availability of practical experience, etc.The implementation of artificial intelligence
(Al) expands personalization capabilities through the processing and analysis of big
data, content generation based on student needs and demands, the use of learning
management systems, and moreéit the same time, it imecessary to consider the risks
of introducing Al into higher education, such as data security, digital inequality,
decreased student independence, assessment objectivity, etouring the study, a
combination of methods was used: analysis of literary soges; questionnaires;
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theoretical modeling; pedagogical experiment; methods of mathematical statistics. The
main result of the study is the development of a personalized learning system in the
master's degree program in psychology and pedagogy, which is paf the curriculum.
The structural and functional model of the proposed system includes diagnostic,
content-process, and evaluation blocks. The diagnostic stage identifies individual
needs, starting competencies, and professional goals of the master's dgnt. The
content-process block ensures the development and implementation of an individual
educational route (IER) for a master's student within the framework of the academic
course. The reflective block allows us to evaluate not so much the assimilatiofh a
OET CI A OOAT AAOAh AOO OAOEAO OEA OOOAAT O
achievement of his individual goals. Practical tools and methods, such as individual
learning paths, process maps, and digital portfolios, are described to entan the
motivation and professional readiness of future Master's students in psychology and
education. An analysis of the results of educational activities confirmed the impact of
the personalized learning model on improving the research competence of maste
students, increasing their intrinsic motivation, deeper and more meaningful
assimilation of material, and professional growth.

Keywords: personalized learning, master's degree, individualized educational route,
competencybased approach, tubr support, flexible curriculum
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personalized learning in the master's program in psychological and pedagogical profile
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J fsfmdzjHdzj j otcj 3" OCIsdoedL dJtetse Odzipw  ddalsj toj fr
Bhy d fteddj dzgj ded® ¢ J dzj WQjlsoffdnjdfdssOs (dRiRS) kz, f) frpls o) Qtdgt
tod Is! s IsjdeH jdzydd, CsltstcOY MoadHjIsj dz2 Mise iz §
Stelzd3sj dzlstse, twOMh dtej dzede 5B dZOMISj2 d ohEZjIstsHESS
Yyists §tsBEYHOjI ¢ dnlze) izePded® @ gzyd OdzQ
HyWlisj dz2 dztsfis(d .
Cdj bkjodsdksecdd, SCOE, Clhxj GPT]teHS DAY sd
sBtOLd » MW JjtOr HEZY ¢cjdzj cOydd Isj¢fistse s¢
dmSemmlse ©, HdL O2dzO, ©2HQC x J} tcof dzd i A= 5 dzls j
J?2 RR BlSCtro0jls dserj otL®Bsydtshmisd Hdv
s Odzls d dets © O, 2023; R dzs h d dz, 2024) . v 0O¢,
Judls! o ©BBKOLBSO OS] dz! dzs?2 Stec Odad 4 OMMEG d Mt tSw E
BOyYd tsdzdz’ - MisOlsj 2, Wistcdzd tots o Odgd W MsteclzC szt
gqOdzO dzO@ Htekzedj wL' €d, fsdzj Ldzr fted ©OL t6C
1 Jddzaj cOIsdods § dzgj Qtctsdzdz §j MJilsd Hd Lgsisin®d
1thc;G)Ltsa(DlsJdzJ dzts?2 Mtej HJ . Rn OoBLMsYydsMisd ftsL
sBtcOL 59 Olsj dz' dg" 2 C tsdzls j dzls, sO¢ 52 COo¢: Gt OW d u.
BOIs j tod OdzO, fMdzO2 LT ftedL jdzsOyd?2, -6 § dzj 680 rvtetHodzts o
Runway, Kling Al, Gen, Pi ka, Cslster | My sMmse dz Gjde t6d
sjCMssotsets L Oftetsino, j s Gjdzj cOstster | Clstster
AmMddzlsj sdyj MStse s 0O OlsOtOO . vOCdd dgj2tesMmjilsd wo
tcOL tcOB tslsdjjS yodRH j ts55s OC f tc O d dzts, ZC OL Odzdz" § dzj 2 tetst
mMidtodmse, MtejHd dd~: Visper, Colossyan Creato
] ddzi cOIsdoadzr 2 dMSEMmMMmise jdeder 2 ddalsj dzdzi €Is  Btsy d
sBtoOL 50 Olsj dz' dz" 2 1 tedstyylg then, & Eff toHs sy @ dzdfvis HYf tod s L ¢
JHd2ZOC s WicOcdzj dzlsOtcdzOW fJtcOCIsdC O okLtse §t5¢0OL Odx
dmMfsdz L soOdedj 3 RR d EyOfmsdjdd ftcjf tsHOo Olsj dzv H
sSBtOL 59 Olsj dz dzUlBnanig@024).tcd O dztso  (
PSCszOdz dz" i3 MlsOdeso dlsmw tsBMEZYyHjdd] dser n st
o dzdw dzgdwv dO COyjfMmbbets BkYjddy d Mfsmtse' ddasj ¢t
(1l Otedwise O, 2021) . l1tcOCIsde O s5C0L OdzO, Yylsts o
dzj Slsi j sz ks 2 EyPhHdesets fesyj MmO () Owotsdj dS s, 2
shdetso detsé s kZyjBdesets ftesyj MO, Hftsddvwy jet ydw
EyjBdzy &8 BOljtedOkOdB SBEZYOs hddBmw L O fjHj ZOK] L
ftcOCIsdujmMCd) StE@BsSCIr  dzj Cyd?2 HEefsddys shy o dtr
I ZOGBHOBY Itz MiskHjds' ®sckls ®Bhescsseolsdidts
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&zt By bkHtBdSy HA&W dzdrm otej 3w, yYlsts MfsmtseMmlso lzj [k
BOjtcdOdztses (zdMBdeHd@ov 202@823). 1dLO2dz IsOCYJ
ftesyjmMimj tOLLOBlSSCd odHjtsdzj Cydd. J[dz oCdzs yoO, ls
zO kz ydzr o3, i sdzv Is dzr o3, O OS] Euydlkr a0Odz o' {f sdzdzj o
Mstslse j Isfiseo so Odz fidsBCaEHL Otools@Iy dg' Ndzredg s, 2020) .
vtcOHdydsdade | BjlstsH' ffteseo jHjddY odHjBdzj Syd?2

dzj S yd? BJL Hist sdzdzd Is§ dz! dz' n BOIsj ted Odzts o Isj tow s
fkh jmsokjls dzgjsBRBHdBEMIS! o ©OLsadlsdd tHEEOL s
Msotej dgj dede @ BjHAO IsjrRdesdesed? HdY fsorh jddw ¢
fjfcHO00OIsj dzj?2 oBLdAddSOjls dzjsBRBHBEMIS! d&sHJY
HGHOCIdyjMSd] &OkjedOd f bkuyjlktsd JMfsd Lsse C
dzi sBrsHdB I dgdEMMdeso " 7 Isjrdesdzsed?2 HdzW ML HOdw o
ltetsyd M ML HOddW sBlkzyos hdn odH] s o ¢ dz¢ YO
sWisteddzj dzad j Ctdzlsj dagls©O, Mmi vy BCd  dBsdsOy, ylkts Mt
LOtOO®Rd. ! toj fdEiHfO olsO lojGkds WA fifloEd ©C U o astg F o jsdzd L @©d
Yylsts Emdztsydvils MmMtsL HOdMz] J COyYyjmMlse j dzgdetscats o dHj ts

Mtsotcj d3j dzdz" | G jdzj teOlsdode § dzj 2Qtetsdzde’" §j Mjlsd dBsek
ZOcteclzL ¢ (Yo Odeso O, @&023YMmMmdzj My Odzd iy W dsdpezj Isfgw
StcOHdydBdzdetsets f SHARtSHO ¢ tOLWOBBISS ] odHJjtdz] S yd
f totsB dzj df3, Ctslstster § otsLddCO8ls o LK fBSHJ HOdzdzse 5
oL i3y detsfisj 2 G dzj cOIsdodzse tir] ézelzr R dzf e O dzjo g3 J ded v

[ jssHBsEZE dW

I rwedzj ded § ftesBdzj 3 Htced orf BBt Bjlstsuded d
SBOL 859 0OIsj dz! dzsgts Ctsdzlsj dzlsO L OadMmdls tsIs ygjdzj 2 d°
fesrdydd mMf-fudO0dgetsss I &34 mls g s B Is et dz!
(CsBBdddtectso Odedy S OuydMmlse jdedzr o d Ctsdzdyd Mise j dzdz” =
s ftesBdzy B3O~ ftd MSLHOdd odHjBdz Syd?2 o dOMissW

tdi. wnjkO &scdSd §odzyjddy SOyjflse j

fdbssHr COyjMmilse jdedets? tsyj dzgl d.dzi 5§ Gded d iz J dfrdzgs J
sCgzff Meste ddzj dzd2 GYtojfsHOoOljdj?2 d MmMskHjd
qHjtdjCyd2 d di bkmetjddw Br dd §todkj djd’ t©0Od
Santos, 2 ®ADEZOdOsEs | deizh j Mlso ks h 7 odidY e f) iy &
flstej yos h damw shdetsS ddd dajHsYY kse (tedfm. 1) .

L)
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ltedd3sd dzaj dzdy SOy Mmlse jdzder = tsyj detsC daj BEHGI
Csdzd yj Mlso j deder 7 Byj detsS. w#BLHOs s ftetsmdedCd Hd
flskhjdlsOid d §toj§ sH Qfotusij@zvydielj. 1 fij s Q ol sl ofs o
(tedfm 2) .

tdB. unj®kO dscdCd fodbyjddy Ctddyjflss
1od fsflstes)ddd &sHjdd ASOS jMmis! o syjddls' f

ftcd 9T HJ dzJ ded d EftcOo dzw e h da otLHj2Msd 2 f dzO dzadc
odHjBdzj Cyd2, O BOSCYJ wiMkmdsets B MY J yj ddw
fsHetslstsoCd fHtoj fsHOo Oljdzv (tedm. 3) . ¢ dzOdzd L or
EscdCk fEsyjmMMO MELHOddY odH,jsdjCydd.
L
. - | —~ ! -~ I
Soto Tt o | Jte h ot
x *e‘:'y DA_C.):O h ‘o t  TEe o
-Z 47 éoh' e c,
© -—m.h~~0tT m t h o 4 &e~_“
( Q thﬁo(tOoﬁi_Cr . o T~ | e o ﬁ(_cﬁ<*>
| T E E
& : muo.ﬁo_’\heeemm’\t'E’E‘ t . x TUEt t
a ™t h 7T ¢h co® ™ € Mty ho e Y o ¢ e
-y o ¢
tdm. 3 o] B3O 6] OBy Pdd ) 69 HNBEJ L OJdMnd
16 HilsOo dzj dedz’ j Moi3ds’ tsdsd@ Otg Ol dz BT dzj H 50 Ols | &z
BilstsHOZ OROEIL O d {1 H©dvst O dsh frid gz Ostd fif k@ O s
u;’c_tq’ _c[fr]fr]dZJHtsao_dchW ujted L SF_BMQSMIBWU’MC&JQLM&)Q’&O[
sBdMfJudls! COuyuifmlsets odHjtsd Cydd.
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{jlkd 5Ok'
I EudBdtsdt sy mmi Gt fsHOe O] &zd yYOMmlsts dHf

YydJ dzdzsets oM sdBSEOIs] dz dese s ddzmistelz d3j dzls O, fsL o sd
CetemMO. | jMots] aag j Bpdideg js ffsadH @ tsL dzd S detso jJdzd § Isj n
ftcdoe jMmisd ¢ Itsddkz, Ykt fMmlskH jdasr dzgj tsBteOlsWIs o dzd d3

{ Hdzts2 gL sMmdets o dzr n ftesBdzj 5 f tod MOoORsMIstsw L
ftcl] f sHOO OIsjdzj B8 wodzw jIsfqw Isj n dzd yJjoff ¢ s ©fyls @ds dryy
MlskHd2dzr = odH]jtdzj Cyd2, slsdzd yor h dafmw MmMdzsy dets2 ¢
LOyomlskzs bktojBlzjls Utecfadz;u;dzq’w mMfiydodzdmlsse o
COyifmsats d +WWjCIlsdoe desfls: odHj L Of 3sBNB SV ldisdz'HE
&zOof W d3lz ¥ LOadMmwils I d-~r dzOo " Cso tcOB BIsT fn L«
or MstcOdo Ols! COHEK, t©OBEBIOIS! Mts LokCBAR, O OCYJ

1 sfdzj LOljcffncf odHit ftojf sSHO9 Olsj dzd BSClzls
sBicOg slisdlsmdzv sse s BOIsj tcd ©dzO, stej Bz¥ M j2 L dzOydlsy
ltesyy mMimr tej dzH j tod dzG O, fjtej CBHdtose Oded W odH ] ¢
odLEOd dgr n 1 WWjSCltse dselkls MEkh jMmlse jdedets ko j dzd y
dzi Sydd d MmdddeLdddsiils ‘s foi'tfdsNC © e tslsso tse s O tod OdzO.

14d BidejJ ©90ydes?2 ftosBdzj GIgs?2 WwWodzw jIsmw tslsBste
9" Hjdzdls: dzOdeBdzj j MEh jMmlse jdedzze dJdaW sted3Oyde du
ftej HMisOadls! j4 o dzOC tsdzd ydets?2 dJ Iof das¥ "s@lsiZiOdz!d detsias?
istezC sztedtotse Oded W d3®lthrso[OdzO d fteddsj dzj dzd v i JH
BOSC Md &3O dz! dets?2 + WW jCIsdodesmisd tsBbkydddw. 1HJ M Md
(bsdz $ 5 Yj dzBg ge§ 0OBSER) BB jIs ZHjUSds ] OO0 @Qddyg "
d tBBMdetsa ™ 9 Ols! mMCtrilsr j Mmd3" mdzr , dzj H sMS OL Odzdets j |
fMtsH j o] Oded™Y Hd&zvW tOLde » ctokzff BEZYOj i3" 7, { tsdzd BC
MsHjtoy Odzdj &3 d Atdj IstsH dyj dzdz” d30 .

Il Isjrndtsdzse dy MS tsdis jfipdyr digsi2] Hoj wdssjtal® Ldisofifds d MY 5
odH" odH i tCtdasj dzs©O: odHjBdzj Sydd M ftoj fsHO0 Olsj
94 BddzOtetso, ddzls j oo ' & d HSEZd dzls Odzr dzr § 9 dHJ 5dz
uyjBdatsds sy Mg (o sdedls] dadH jdsjdiOjsh el Odf'te d
oM sEisc Olsj dz! desects ddzmMlstczdzj dzels© (skdzdj o ©, 2024) .

Il d2OMmistswh jj otejddY L dzOydlsj dz desjy ydmdzs o kL 5o
Bj HdJOYj dzlster MteiHd dadm dL o j Misdzg Miskzn dd: [ AU
ALl Ju 1] ¢t CQuldagnes Ozshb©e, Ay dJuv 1 [ c¢caiaAnv d03. R .
d d3j dzq 1 - 1. vyitde h jeamEsetse, ALJd[uv 1 { ¢l |
S.10LzdsamMEtsets (1 sv) e, ALl Juv 1 [ ctfegi1RrRU[ me,
ALOJuv I [] culBBluve d dBdetsedy HEkzedj .

Il sL sy detsisd MeimisdEH dzgdzr 200 @O §j o Mh dr Euyd B
LdzOydlsj dz' des teOMh dqicddzdfm! L O fsMmdzjHdd) ceH'™, {tc
Isj ndesdztsc d 2 Hdzw ML HOddW COyd Mlseo j dzdztse ts tsB e OL t
o Cdzg yoOsB Is:
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SYSTEM ANALYSIS OFRRGANIZATIONAL AND PEAGOGICAL
BARRIERS IN CREATINGDUCATIONAL VIDEO LETURES AT A
UNIVERSTY AND WAYS TO OPTIME THEM USING ARTIECIAL
INTELLIGENCE

Chvanova M. S. | K.G. Razumovsky Moscow State University
Dr. Sci. (Pedagogy), Professg Technologies and Managemernhe First Ccs-
sack University)
Mitrofanova I. P. | K.G. Razumovsky Moscow State University of
Ph.D (Economy), Associate Professg Technologies and Managemer{the First Ccs-
sack University)
Bagin V. A. | K.G. Razumovsky Moscow State University of
Postgraduate student, Senior Lecturer Technologies and Managemerthe First Ccs-
sack Unversity) ; Russian Biotechnological
University

Abstract. The use of neural networks and generative artificial intelligence (Al) in
education is becoming an increasingly widespread and promising area, opening up
new opportunities for optimizing the educdional process, which leads to their more
detailed study by specialists from different fields of activity. At the same time, the
traditional process of creating educational video lectures is fraught with a number of
problems, the identification and soluticn of which can be carried out using the method
of a systematic approach. For the first time, this article systematically analyzes the
problems that arise in the preparation of educational video lectures, such as the lack of
time for teachers to create a lghzquality product, lack of technical skills, difficulties
with meaningful analysis, and others in order to further identify and use the
pedagogical potential of artificial intelligence. The research methodology is based on a
combination of qualitative and quantitative methods, including interviews, focus
groups, content analysis of existing video lectures and questionnaires, which ensured
the complexity and obijectivity of the results obtained. The results of the survey are
presented, reflecting teachers' prception of difficulties in preparing digital content,
which made it possible to specify the main barriers to the introduction of modern
technologies. The organizational and methodological requirements for the creation of
video lectures in universities ae described, including the use of specialized video
studios and regulations for the development of online courses, which made it possible
to compare the identified problems with existing practices. Based on the conducted
research, a model of the current prcess of creating an educational video lecture has
been developed, which makes it possible to identify key problem areas and identify
ways to optimize them using Al. The directions of improving the methodology of
creating video lectures are proposed, prowing for the expediency of using generative
Al to automate routine tasks, and the need to analyze ethical aspects related to the
integration of Al into the educational environment is also noted.

Keywords: educational video lectures; generative artificialintelligence; pedagogical
process; video content; higher education

For citation: Chvanova M. S., Mitrofanova I. Bagin V. A. (2025)System analysis of
organizational and pedagogical barriers in creating educational video lectures at a
university and ways to optimize them using artificial intelligence Continuum. Maths.
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Abstract. One of the factors hindering the development and implementation of
effective information technologies is the problem of mutual understanding between
developers and potential users of these technologies. For the technology to be truly
useful, potential users (representatives of the subject area) and developers (IT
specialists) must work as a tam. The subject matter representative must explain the
nature of the problem and their requirements for its solution to the developers;
prepare the necessary information; and evaluate the quality and usability of the
proposed design solution. The developemust understand the user's problem, the
requirements, and the specifics of its solution; find effective methods and create an
information tool that best solves this problem. The listed competencies need to be
developed while still in college. The most efictive method for developing them is
project-based learning: students from different specialties join together to form a team
to solve a reallife problem. The article describes the experience of creating a program
for assessing the risk of recurrent ulcerbleeding by students of the Saratov State
Medical University z representatives of the subject areaz and the Saratov State
Technical University z IT specialists. The project was implemented through the
students' coursework, final qualifying work, and resarch work. During the project,
students developed skills for working on a real project in a team consisting of
specialists from various fields. IT students gained experience understanding problems,
independently selecting design solutions, and bringing arpject to the implementation
stage. Medical students gained an understanding of IT technologies used in medicine,
as well as the processes of their creation and application.

Keywords: project-based approach in learning, IT technologies in medicine,
assessnent of the risk of recurrent ulcer bleeding, computational assessment method,
accumulation and systematization of data to improve the forecasting algorithm, ability
to work in a team, ability to use IT tools
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ITHjddR thdsedz §| Ctif sdzj dalsr Isj R desdztsedd W ts

detsR@ j Wisj dzv dztsfisd Etsiacli @Y Ha g tclf W § Mind 5 dzO dz¥t dzts 6 ts
tcsor d&3d BBOL 59 Olsj dz' dzf 3d Mmtej HMilseo OAB], sBj M Jjyd
sBzyOs P dafw M fteddkddaj dedj &3 Mseo toj d3j dedy! =~ ( dalV 5t BO

1. Ajdzjoats? Ctisf sdzj dzls Isj - dets dzts G (lsfj it sdgsiiefstg o O d
dzsmisd tBEZYyoOs hdamw EyteiyHidd?2 MmMtcjHdzicts fasW j M
cOL 59 Olsj dz' dgr 3d Mtcj HMMlsoa OB BftcjHjdzVvil yj@ d L
dzdw d3d MisOdzH Otels ©  wMtse J dedetsMisw d&3d S tsdzlsddzg § dzls O ts

456 ZOMdzs  AlgbH j dOA Bt ilse | dzdzs Bz B OL 59 Ols j dz!
ftosW j MidsdzOdz dese s tsSBteOL tso OdzdWY 2025 GEtsHOBS-AL [
9 Olsjdz' dets? ftesctcORBB Lk or fEMCdedC O HBdydz # BT Is!
dg' § Ctgfjlsjdydd.
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tetsdzz kMY joOj didtsflsd .
.o tsdzj dzls ddeW sted3sOydesdzdz' = ISjmdesdzsed2 mis5t66 Od
cdd Wottdddtetseo Odedw tojWdzj SMMdd § L dzOo Olsj dz' dats 2
dzicts oW i MMdcdOdz dscts tsBOL s Odedw §JW tetse
dzs Jigf azdo tolp §3J dzdz" | ddzW stcdBOYydsdedz’ § Isj ndesdzse d
t OLdstsBteOL ) yYdWttse' n Isjrndtsdtecd?2 ko j ddydeC
otsodzj yjdedw wBEYOEhdomw o twjWdzj SMdodzze HjWIsj dz¢
sBdZOydzr = MjtcygdmME®, cddaj CMru [ BdOSC O, CsdzMmistclz € I
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O S EdzH sd3j te, detetsor n dzOls WHsHdiits CK aPhaodol t el t, o dd délsd] fit
dzj dedw tsB EZYJj.dzedlj O aVpdz'ddzte f sHisBtcOdzdz" 2 ftoj f +0O0 Ols
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ltesyjmMm s Cisdieso Odzdw Isjrdetsdzsedd Wsgpdidtctse
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90)Jdz Hdzv HBMIsdY j ddy  sMisOodzj dgder = yjdzj2:'¢d L OH
sOls O.

IrTHjddg 1 sO0fr ftesjCIsdteso Odedw Isjrn desdzsedd Wi
dzts?2 HjWiIsjdz desfpfsd sBEZYO® s hdrafw (tedfy. 1) :

1.} sl Odzs® &@ONBA®] MSda yjdzi2 d L OHOYzyjddss Ow
sftcjHjdziddl] BYJHOd?2 Gl tBEYyOstIhdamw (uyj Bz ©dzd
sjdzj2 WWjClsdodetsfisd tsBERZYJ ded W .

2.0 dz20dzdL S Bdelsddzg j dzgls O ©BEYO® M dnMmw: d fidgdsg Hso
sfpy dedetsmilsj 2 BEYOsE h dofmw, yjdtO Isj Sk O yHddtse c
sBlkzyos hds mw.

uittejlsdqud MEits] GeBMdzso Odzdy o' BStcO MtsH § oy O

4. ] rptstc dBBjIssHtse d Wtstedz sBlRZYj ddw.

51 sHe s C O MtejHMlse B EYyj dzd s Mis@ 1 @B eI L
BOIsjtedOdztse, YtojL jdsOyd2; wseiMmfjuiddd Ijnddumn
6.[yjdzeC 0 tojLEzdz IsOtse tBRYjddw: odzgj Htcj dzadj d3j
7.1 4 OdzdL Oydw Isjrdesdzsecdd: ftesojHjdzdj L Qdgvisd?
&ZOotedw d&3d Y Oflafy H s MiIstsW dzdzs?2 tsSBteOlsdzts?2 MmMewrL d M tsB kY
B.ststete Cydw d dBsHjteddL Oydw Isjrdsdasedyg dgs zyd
OOdzdL §sdzkyd ddes?2 tsBtOlsdets?2 MoewiL d d dzOB dzf H j dzd 2

HEzs hdj ydSdzr wBlERYJ ded V.

9.4Bttc d OdOEPUIstBj LB Wodzj dedi Mmddz dgr Bs@gls stots
dZs? Ijrndsdzscedd tebkzyjddw, odzjMmjdedy Gtej Hoesy j dzd?
9 Oded & .

[eBSB2 o9dH HjWIs]jd detslsd BEYOE M jetsmw @O L O
Wz SMdd L dzOo Ols§ozy Y sH § Ok | teftes flHzzs s Mo o]
Mtej HT .

1 OC dz8 yg dzd §

t OLOBSIsOdzdzOW Isjrndesdzsedw Wistcdidtetso Odedw toj W
sBEyoOshdamw EytejyHjdd?2 MeijHdict st jmindsdzod
Isjdz! dg@ i3d Mtcj HMBd BB OZO Z@EZOOF B | sSfMkH OteMmisse j dzdzts
ZOdz' desects tSBteOL 5o Olsj dz! desets kytejyHjdzdW GEBtesHO |
dtcL OBOMME et fddsjrdduyjMStsets Ctddj Hy O @da. 1.
MdtsdzOdz! detsé s 5B e OL tis o WOdzdzef O dz@ L i@ EiguEts Ftc d d3j d@ls O dz! i
Bslsj ftodded 8Ok bkyOMmSd S o) st e £ WPOIPARmiY 212 ftj

Bf dzd t©OLHJjdzjdgr dz2O Hoej ctlkzffr: 1 CMmfjtedd3j dzls Odz' d
1JHOEBEdquUud MEd2 + CMmpj tsdedf] dzlis Offf Dts o € isflalpfis'Ols d ez h d 2
11IsOf d SCSodzlstetsdz! dzf 2 1 sOff dzelzOtsf tefpls ) ofzj dedy B8 dzdizj
Misd tiWdi ¢Mdd L d2Z0oOIsj dz' dets?2 HjWIsj dzt desfylsd fsSE
syjdzSd M EZyy bsd3 otsL cOfiplstkb n iy § dedztf Ry ls B iz B §
dzZsets tSBKOL B OdzedwW: MOBBSOdZOdzdL, MOBStsSYJ dzf O; $tec
BstcOL o dIsd j , O sOS¢Yd HtesojHY dz fBHBBt f ME-SdSE C
MisdSd EZCOLOdzdz" = SCtedis]j tod j k] sty g @azdits ffls df st€ OW ®RJs G foaf
sBlkzyos hdes mw.

Fdzv syjdeSd HddzOBBdSd Wstcdiddtotso Odzadw toj W @ € dd
shdafmw MtejHd EZyOmksdedStseo ¢4 d s, dO Wsttdfftclzs h |
B &2ZsO fesotsHdddm!: (Mhdssdsddid §bdlsi sfpsnml td i
toj Wdzj SmMdd 5L dzOo Olsj dz! dets?2 H WIS dz! detsfylsd tisBzyO*®

ZOdz' descts tBteOL s Odzdw, O IsOCy ] MteOodzj dzedj f tsdzlzy
1 ¢y j ted d&3j dzls O.

vtcOQodzj dad ] ko dzv toj W dzj § M daDdzs fiplsiaf) Is ©ds Hf w®& = 1 ¢ 23
sz L sOfj §jHOeteduiMétset dhigy J daf Bisdaizq@ Ot & ¢ Q i
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CpaBHeHMe ypoBHSA pedneKCMBHOCTM 0byualowmxca
3l Ha KOHCTAaTMPYIOLLEM U KOHTPO/IbHOM 3Tane
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VJJOBHH t!I) J"IEKCHBHOCTH
B KO/IMYECTBO PECNoHAEHTOB JI Ha KOHCTATUPYIOLLEM 3Tane 3KCNepumeHTa

B KOJ/IMYECTBO PECNOHAEHTOB 31 Ha KOHTPO/IbHOM 3Tane 3KCnepumeHTa

tdfm. 2. uwOodzj dzgj ktetsodgw toj W dzj S Mdo detsindsd tsB Iz
stesd descs { sOfj §jHOEBEdUjMSBEt 1 CMy,

CpaBHeHue ypoBHSA pednekcusHocT obyuatowmxca Kl Ha
KOHCTaTUPYIOLLEM M KOHTPOIbHOM 3Tane
neparorMyeckoro sKCnepMmMeHTa
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YPOBHU pedNeKCMBHOCTH
B KONMWYECTBO PECNOHAEHTOB Kl Ha KOHCTaTUPYHILWEM 3Tane sakCnepumMmeHTa

B KONWMYeCTBO pecnoHAeHTOB Kl Ha KOHTPOIbHOM 3Tane sKCnepumeHTa

tdim. 3. wtcOodzjdzed] Lktosodzw tjWdzj CMmdodesfylsd B
d Ctdzlstctsdz! desdz 1 IsOf j UJH@G’ISG’C{ILJff]QISG’IS 1

HtcOodzj dzgdj btetsodzw tojWdzj Cidodesilsd tBEZY®«h 1 f
desd3 flsjfQe s dud MEtsets  C MY j twFlgjdelH@ J st O La@ioetiz Ol
Bjdzgjdedj BiYHE BOLBa" &3 d twjftesHiEzSIsdo dzr 5 Rictso dav
s tBEZYOE hdaomw tjLid kO sMlsOdhY §tjy dd .
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1t tjLbd OO ftetse j HY dzdz’ Ad3ts yoRifts tefigfyjjd®Isf o o fr
sfr bdgef j ed d3j dels Odz? dzOwv ff tetso jt1cC O tcOL tcOB 5ls Odzdzs 2
fsL dz09o Olsj dz! dets?2 HjWIsj dz desfplsd ®BBEYO® h dhMmw Ok ytej X
Lso Oz HEBSCOL OO Moty orf MsC ky 1 W WigBCtds@fLo tsipts@ds)! dz
Mtej HMlse d2O LOdwIsdd ftserhOjls kttse j dz Bslsde Oyd
dqdzi o dHEZOdZdL Oyds tBlEZYj ded W, Mots] otcj d3j dzdzlzes- B to!
hze s jtcOlsdodes Ctstetej SIsdtetseo Ols!  kyj B dz' 2Acj fdeagy j M
mMdoedzzs HJjWIsj dzt desfyls! ; ©OLodoaOjls 90yde J §@OW M
dZzdL, MmMOomkstyjdtlkz, Stdsduimit & "djddj d Mokt

v itstejlsdyjmMeow d &BjlsHdyj MEoOw deso dL dzOOisj n dat
9 0lsj dz dets?2 HJjWIsj dz dgt)figlsdf Ists @ 2 ls@edd, d ~ufists fip dzO 1o dzls | &
nH' ¢ BtcOddL Oydd BtOLto Olsj d dzsets f tetsy- MO
dzr » MtejHfmlse, MBLHOOW Hteddzydi dOdz dzs dztse 'Of EMmd
Isj dzt dets?2 HjWIsj dz' detsfls dls ztOediz s hlgfjrrimts dztssetsfdzy jt#ffq dzts @ O
ded 3Oded d tetsdzd toj W dzf Sfafg tc®d of @ daRpad B[ s H d sy ls - s
mMtseMise j dede" » 3" MdzdIsj dz' dz" = Hetsyj Mmse d Mysmsetso

g4 BjbHdyjMmMEs?2 btsySd Ltojddwvw Isj AsdeszbwdOdsyj di¥ tez

HywWlisjdz desfplsd tsBlkZYyoOs hdreafmw ftojHMmMisOQoadvjlk Mttt |
ZOf tcQodzj dedz" | 2O Wsttdddtotseo Odedj todWdzd Sdd f sL dzOo
LdzOydlsj dz' des tcOMmMh dtew jIs ktcOHdyddedzr | ©OBRECd BBGO

vs@dds BBEKOL 53, HOdzdzOW Isj mdesdzsedw Wistcdgsdtotso O
sj dz desisd BEYOE hdramw EytjyHjdd?2 MicjHdz] &  tofs
dlsmw cdzkzetsts?2 IkjtttjlsdyjmMis?2 BOLB2 d 1 WWsj-Clsdoed
hdms COyJ Mlesdejdslfdetisjo Odzd j tjWdzj SMdd L dzOo Olsj dz@ dzt
EytcjyHjded?2 MicjHdzgjets oW | MhdsdOd dtsects fgjB-tcOL &

cOdz desets EMizHOiise j dedetse s SBEOL 59 Ols j dzt dzB®e s fiylk
Ltsoa OdzdwY (Al o udQo d2j0d2ZH5 )dzOd fdsdife slstso Sz Co Odzd W dy
sB &ZOHO8 h dr M shtsBdesMmis’ 8 MOBsMistswisj dz' dets tej " Ols-
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dsmisd BBEZYOS h damw.
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TECHNOLOGY OF FORMING REFLECTION OF LEARNERS'
COGNITIVE ACTIVITIES IN SECONDARPROFESSIONAL
EDUCATIONAL INSTITUTIONS BY DIGITAL EDUCATIONAL
MEANS

Shcherbatykh S. V. | Bunin Yelets State University
Dr. Sci. (PedagogyRrofessor
Kulikova A. V. | Technological College 34
Lecturer

Abstract. The article is devoted to the study of pedgogical technologies that co-
tribute to the formation of reflection among students of secondary vocational edae
tion institutions using digital educational resources. The article presents theoretical
concepts of the concepts of "technology" and "pedagoglcechnology", reveals the
significance of pedagogical technology as a tool for increasing the efficiency of the
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educational process. The main components of the technology of forming reflection

among students of secondary vocational education institutionsising digital edua-
tional tools are highlighted: target, content, procedural, information and technolag

cal, diagnostic, correctional and evaluative and result. Special attention is paid to the

role of modern information technologies in the educational proess, emphasizing
their impact on the formation of cognitive activity reflection among students in se
ondary vocational education institutions.The article presents a stepy-step algp-
rithm for designing a technology for developing cognitive activity reflegon in stu-
dents of secondary vocational education institutions using digital educational tools:

setting goals, analyzing the student population, selecting teaching methods and tools,

monitoring and correcting results. This technology aims to create conddns for ac-
tive inclusion of students in educational activities that contribute to their professio-
al growth and personal development. Thus, the application of the proposed techno
ogy for developing cognitive activity reflection in students of secondary \aational
education institutions using digital educational tools will provide a comprehensive
approach to learning, contributing to the development of cognitive activity reflection
in students.

Keywords: pedagogical technology, student reflection, studenjgigital educational
tools

For citation: Shcherbatykh S. V., Kulikova A. V. (2025). Technology of forming

reflection of learners' cognitive activities in secondary professional educational
institutions by digital educational means. Continuum. Maths. Comper Science.
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[ OtE ¢dzj CMOdHtcsSo dy steOMmMdesmj dzz MECd2 weodzw j s
XX9JC0O d BtOh jdzd j C Jet dagdsjdrdsmts( fHefW tefsqip
By dls Gtedda Misd daj &3Odeds o sdgj £ D dzflfOoBds, B3O 6 HE 5 dz! ¢
Bdzts ) J Miso ts dzj stcdo dOdzt dz' - dHJj 2, dzj y 6h d =, ftod 1
0dzOdzd L O 1HiM!  oi3F or dzzy Hj diF¥ BGetOdzd ®dIss'c. M IS

feduddzj, Ukt wHd¥ syjdid jdbadBGhty @Oty @Ol { g}
f tsdzlz o jt€dOy j(dzC)s.,, QRORIS IsjL dfm dd3j jls daj MStsdzr €5 ftew d
(Howlet, 2025 . flijttso ™ 7, dOkydsdkz mMsseh jMlsekz dky ds o ts,
HSC OL Olsj dz' ylse O, O IsOCY JH jfds-dzllisttc &, §tc@Ud®fgls z sdzts d
HSYHOIS! MW YBHAaBHWHh e Cdlsj CMsO, o Colststetsdy dzt
stcj s dma, © Mddzk Ctdhjtteo Olsdeo dtsMmisd dOkzydsects Mt
dBjdziomCOw, wlsd3j yojls tc@eERIs 'H AgAssIsAIsd ¢ s § sdzkz o

l B3Ol jted OdzOr &j BstcOlIsdo dzse s R OwLOSC IS O, ¢ Cfs
zOyd dz0ls* f BdctetOWduimMeédrs Mo jHjdd?2. o¢olsstc My
mMdzj HEzeh jdi5  OOCtcOW j i tcd 8 6O Hzts fifpjodg! Hi Sy, & sSBW
MftcOo syde'r 2 @~ OOCIs] to, dzts o d3j Misd M ik f tcsdzd
sBBL dZOYyOs h dj dzj S slstster j sMmtse § dedets s d jgots N d
Edzde jtemdlsjIsO.

1. 1dtscteOWduyujmSdy Mo jH,] dz

[. 0. stcOMmdesj dzz MCd2 ttsHd 192«
2O LVCtOddOss BdmisOdzlsd dztso j  ( tsB dz. )
[t Bljday CMOdzHte ¢S Bodzj o dyr dzj tctsd3
Mtesdlsjdzj d&3 o oL SiocOdedzrdsj s g
ftcj] i SHO OdZO kMM d2 wprg 5 dzj )
stcOmdesmj dz2 M<C dn Bf dzts  H® O (R
of sfmdzj HMisodalj Miiplstad dis  dfolslesj Ooidg disdzt
sHdzdd3 dL sMmdzatse Ols j dzj 2 d tc Iz [ sMC s
LOatsHO M jydoOdz dz = M izOe 5o OtcC )
fteswj mMmd® &OIsj BOISJCO (¢ MOted

] 1932 GHE My d3' v s tc O dz 5J J LY
ftoediisstemMSC d2 6. 1 JteHW dzhd (1193f{f v 74 )

[ Ot COdydeOjls Mtcj Hdzs 8 h L W YOS s dzO
BOIJ BOIdUd MEd2 WOCEkd Isils Sdeh&@@fﬁ @dg%@dt@fﬂdﬁ
MeowrLd M dzgOyOeh j2Mw ots2des?2 sdjoemMEd2 kZdzde j temdls,
CGHEZ 1 o90CEdtolze Is 9 -[ste@LO)r MisOulzg (t8dz PRPIEOAEZz dzOL " 9 O
FCta@pfl dd&3 kzdzdo jtemdlsj ss@icOhdzts B A & gz JODOdzyd o O
ECtcOd dzmC d 2 Edzdeo jtemdIlsjls d LOIjd yjlisr tej GBHO
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OdznS s Otelsddzdzj ted2 M s Eydddh j, L 90Ckdtetso O
ZM¢ 52 (Gesdd®islksd, 2020). 1 1946 cEHEZ [ OLS ¢
dzedd dzj2Isj dzOdzss®© d o ©Ooeackfylsj 1 Istséts EHO ]t
hjets dzOkydetsets MilstekHded SO o RrRdzfisdlizlsy BOL
Ojls opbaisDdthzObdts?2 Y dLdd. [dz fzzh Oj s dzj
fyw Iqudzf:, mtsg;nsqzsmmsts(wzgdzqdz;lzdzow o3
Odzd3kj2dp. (WE2deS ydsdzOdz! dz" 2 OdzOdzdk t56ds t6 Js gzis 5 ¢
GJ SHJ L JyJ Mlon] taf dagjifdsirfdr) delsig . j@. ( 6 JH B OL &
9 0O% HJdEZKRBHEJAMC D . X.sj sted™y HJZOB]Y) NS 2 |
, 1967) s tcOdzeifpjadd M2z L P ¢glsd dz
Is§ stedd te O twfete j (dieflrC ity otctsgdelglaQjatt)' s tOf
“® HdMMjelsOyds ¢t bsfsdsedyd s
. 195M)0MmdasMI&SBEC dAsH] §]. j¢L.3 OJ Is
) o 6. IttisHy !, dEEEHEOGS dif s
hCtsdzze () sCtsteder 2, 2014) .
[ daj Ctslstste

~ HBMb§PHdeting dzfisipDlroOdidz dal y d 5 dzO dz' dz’
f esflstcOdzfls o

s O¢C ntesh 5 dL o § Mls dzts, fJjtcots? j gts d3ts dzts G fe
WEdS ydsdzOdz! dese s O dg@ddffLs@iztse 'ddzg® ME dizff ¢ @& IstsH T o Is,
FtcOodzj dzgd2 e (1956), o Ctbttes?2 ftwdeosHddzdm: , {§t
fn tclsOYdEH dzts?2 L dzOyd d3ts?2 Jj cE tc@B sty ddpjnte j B dsdi
] Or dOIsj BOIsd yj'mis dim O HiEed dzj dedkdsjisXsdets 6 5 O dzO dzd
5
tc
te

Smsgl—q_.ﬁ_j:u:r,o@gl—
OCFFTFAF-QOOT
. &
O
=

Ofmdzetsj dz'
RisBtsdz] 9 O (
BOIs § BOISd U ME

——pRpI~ammnosg o

VO OrH THFQOH S

2
s
¢
q
1
B

d
q
icHszls stcmC Iz
Cd?
] v
z
r

= C I
© o

,[Is LIsdfR ltkutse d BEHjd& § s5d0yOdk il Ods
j2HY & ¢ wmBI jCkk dMMdziHses Odd2. 1 Bsd hd
Odz' dzr 7 bktcOodzj dzgd2: | Ocdsdsj teh Isj 2 dzO

y(x) =2 f K (x,9) (s, (v (x))ds 1)

fnd
dn
4) .
1
jc

Is

o
&

d vtr tsdzO
v(x) = ;’,J- K(x,s,y(s))ds. (2)

D
s MitXxg @ MicjHd KOs HBOIHIsHiayg dilgd § Issets, yls
EtcOo dzj ded W f totsh j q’LIzu(DlsJ o Bdjj ©Bhj2, &fjtols

= AAy, 3)
GHAH j2Mlsalzj Is d dz;QtslststetsE:as BB CDUAED tison t©  f(Betitrhintis theGDoAf
1927), Lichtenstein 193 1) , (1 4 Bolog dIBS), RAtE3 4) 94 A) d Hts. J
G dzOo dz' ~ atsljts fr]tsa ftcd OdZOdzdL | EkEttOodzjddw (3) wo
158 fjtejH J&BB, C0O0¢C fitj2Ilsd ¢ Jjet sBMzyd juddr fi)s dz
(92) , J@itfjtelzy dzdzf: fwOe "™ B3 yYOMmbswdd ktwOsds ddv (1) d
Ctstotej SIsdets tsf tej H j Bzffiss  ff Gasdfisde®@sidimish Otsls o dH O dzj dzd
1 CMYf sdzgj dz2yd Odzr dzOw, dzse Oted W di3d yd MSCEBP=C[P] Is¢ M) tcj R
19307 (G G. o My BN dzts Btsdzj J ddzd 34 dzj 4 f sdz¥ Isdzts H

o
1934) , Ists HdzW tOLter adgr o WHjte/ WkdSyd2 M ddB- ctedt
Hj2fMseotse Ols! dzd APR BE | f jotz@B ' Odefylizg dzj 2 detsfls! )i o dzd
ftosfgOdziils o OLY, [ Itz Y @lso j dedzs dzj Mls | § j dzdz’ | dzj dzgf dzj 2 dat
ZOls: dzj Stslstster j f sw fydzj ded v .

) Luiists feshmsecOodhisots WkdSyd?2, ddsjcectdel]
WedC ydg 22, Y kpegdy ddsi i coefzdp36)L 9 30

2) ] fjttodzOyOdz desds odHj Ijtstedw ftetslstcOdaml
B MstetsteOMiskzh d dgd dzj dzd dzj 2 detsfylsw 3 o Ctsdzlsj Sflsj df
Br 2@ L dzOydlsj dz' dzts ity Qefj dethp jisds OtEod of . db . 4 & s YL ljdstzd &
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sjdzdj wHimwld dzjls (stwOmdshmjd MSd2, 1958), o
feddgj dgvls: MApdgr HOks| BOBSMER). ZteOo dzj dzd2 (1)

[vded B dL feddjtese ktwOodsj dedw, Hdzv 5 Obstpj et
steOdzise 5 [ teozd YO, dwizoododmtiy: [zt Oo dzj dzd

Au =e", (4)
G HUFU(XY); (xY) / WER’ 16 Qo datsfyd dz detsj ddelsj cteOdz detscBlz zte Oo daj
u(x,y) = — [[,(e*“76(¢n,x,v)) dgan,

o ClGMg@ists WikdSydy Jtdd0 LOHOYd [4iEd8 dzis dzdv
fiy s\

3. [ )L bdsle@h@n) dp iosals fes dissidfls j ' d 7 s )

ddzjHijl ®sl@jikdls:, ubkts ¢djeMmMcoOw hCskO Wlkd
M Odse COdd L OHOY ©Cisdr iz @ledziASde? ( dsOUBERS i
mstesh s dLojMmisds (Md , dOfttddidts] Jdshipumitsdsds tisp
sfydhdy ydsddr 7 &Oedy, dLkzyow &Olj Bokdyjmsk
) SHESB dzlzs MY sfigsy detfgay s s stedq ko SHEOC § d jAs
e Ofdeshj d MCd2. rRfgMdzj Hkw o Yfhdjot)dd j ¢t
§J @) dedzs2 Y MisCuhisd §ed( besdelipd fdedes o5, o isetaf Bp ¥ dz
ter Msdz0 o dHO:

Ae(s)=p(s) [, K(s e (Ddt |1 - [ Kils, rjfp[r]dr]:, (5)

Y—

Cc

_(s(1—t) mpu s<t

K(st) = {r(l—s) npu s =t
RMMf sdz' L v EtwOodzjdedy (5), €0O0C dBsHJdz detsdy, st
o' N SHAGEH Sdej B dag Phdg & G j ©Osttedy 7 k0o dz
SHRtSHBe WwWoddzsm: dMYf sdz' L s Oadjj? dzlf s(teidsc Q@

B

;S“w
N '57"'--...____"( /l
747» 7@» X
tdm. 1 RrRLGdB Misj toy daV (shdsCifriaigtsHirsjisdis i 2ad)ets 2 1fipdsd7ts 2
1 Of 5 d3dzd d3, Y IKise BSOHAE - frifisics dg Is tc GEdzigdsLlorj o @FdEsiyvj Mis o ts

Ldzj d3j delstse, EZHBodzjlsowstews h jj Mmdzj Hize hdd3s Emdzse v d3
1 xEK=Ax€EK] i 0

‘szt yjor @3 ddsdzd dzlstsdz L Ists?2 Maj d3r wodzw dzsfyr HECIQIQE] dzd Mise s
SCldds EZte®@p dep dedujOfls detsmisd , sfdmr e0jIsmw sy M ctstej ddw o
1980).

61t MmMzse Oz Gligw¥ j fishfeld Q¢ s6 5, steOMmdetsmj dz MG d 2 fteso sH d dz
MmisJ ey dav d3qd , fsd3d hy dzedzr d3d © otHEZz 9] ol wWEMIFd L OF sty tf 'dB dz
LOtYH bkteslsddzO M ffmMdaiHkzshddd jets foHtr osd3 (J SEOtse, 2
fsolststej dzd v L Isscts sfrilso Csdt dezteOydd Milsj ey dzj 2 SBEOL s
ftesmisteOdzMmiso § .
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2 x,yEK=ix+y)EK.
3 x€EK;x+8=>—-x€E\K.

ltesMisj2hdd3 ftedd3j esdz S tsdzzmMO o B4 M tsdzj ydats d3
orfkzCdzj Ftof toy oWz @t)yd B tcj H j dzv dzdzi1n, 1dkO dis Istejtz oCdEj 19 o |
E mdzts o(id )= x(1) =0( ted M. 2) .

1 Z20ydls j O figOw  tojL kzdz sOIstse 9 dzd dzj 2 dzts 2 IsJ st
[ . plcj 2 et d J 6t Hiclz e Hls di3Ddzisdiy] € s.o3ts 6 [OIsds.0 20 2
s sdzseduyud M dr MstsBtcOy Jded?2 (Isjtstej O s dzj f sHo (

) dzj dzd dzj 2 dzts?2 yOMmlsd Isjtstedd  jteor j toj L Ezdz IsO
s] sty d3" [ Zsy0 (s MmMEkh jMsotso Odedd f sdzsy dlsj dz' dats?2
PtcOQodzj dzdd AtcjHGBMdz OB ®GY sdz®y OB jhztc @S Fdzzr MdIlskz O

tdm. 2. s tdkdil]d iR gl s hdzdj o' & L oy d
%O Ctdyon shiejLSO

( Mdzd s jtcOlstste ¢ o f tsdzdej dzj f to jXEY o AxdAy) ddi3ts dats ks

ts ¢ to O dzadde@ tEAG I Lsdz0 Y  dzthdy' C ts s tslatz iz 1€ tdstilzld D dzts & ff) detlzts d ©
9 5 G dalz o[l

m(@GN 0;@>0,->0)[6() 35 w@o]! (on [0, -]) ) (6)
(tedfy. 3) IsAx=bxt@CpjdejHdd] jd &34 J Is f tsdzts ¥ eDIsx| Kz, dztsfj te dtayy hd;
detste 3O | Rafptslzyj jdds Oo " BteOdzO f tetsdL o tsdz! des (stej2dz, 194

A

Y
y=cv

y=Av

V

P
Lt

0

tdfm. 3. 1itdilstedyd M dRndf sy tedn@azd 4 VY1 § tzjshBic
otsEdzlsts? WkdSydd ) @O dtsdzdzts?  f oW dg

redcowfm! o dOftcOo dzj dzd d 1B 55 e Odgdiats fi) jterd dipdzf As
Sftej Hjdzj ded j  oBts dzts Is B dizdzteZ?] dz 2] diis dst@Als Y § GO Is thits @ty dsls
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Bt ddscts GfjtOtted, kHEs djls &6 4O nes i f lpzs |
1951)
Ax = Bx, xEKCE, (7)

Ctsls hOc foLobddd floddj dvis: Is gt bt Bsdatzn & o
sy dlsj & dF ° sEOffceNdIg s o S(d 2, A 9B P Okl o jls it dats Is
BB3d dztstc Bz OL Odztsfy! EZHtsBdZr d3 dMf sdz! L s9 Ols*  dzd dzgj 2 dz" ?
iz YO jBe H(d™W) §oHoGHdl Mdd dov §csdL sAsH HON © @'
sBr Yydes or ez Hdl IsOC (19MWE®) dettfifdilz S d2, 1962,

I yomkdsmlsd, Bodsktdds? &dostodsts? sffijtolsts
CteOdz dz' 2 ©f jcObsE

b

Bo(x) = f R(x,v)e(y)dy
o Mkbyoj, CHEmOSYpde§a@ylsmy fdzdL b

B, ) 5 B, 3
GHJ Ll ok ls8te O sk Oj fsts jieztse) deinds@ds  dig t
Isj dz' dz' B dz®b] ts 8tz jozS Syid 2.

Ajdz ¢ ECOLOdd & ftbtetsj dzd?2 stOmdasij dz@ M ¢ s
ORzOdZsEE O Isjtstej B vier Msdz® B ttyjdsj MfjClkted &O>
L Hj f ftodh dzts fiy! 9 9 j Ut € tc Cddmfoys jdzdzi BidZviipfspjtdsd istdase
Zud ded ¢ s[dDH . xq0j. dant€ @fdzdet M j dz1 BS 4y ) . [ ddaj 2de” 2 f tsdztsy
AB' dz dzGyisss ®@dzd yj dzlipz B3] M fzgfls kOS2 (daj dzz dzj,0 52 )
Ylsts dzj StslststeOW  fls j f ji tdzi o tsitfdjlste OfstistsL oAs dzf dzf 2 dzj &
ACtdzmMdzsdts tslste.j L C OO

Ho B2 MeBOLOdd Uj ddscts i j 0l sB®O dstsdiy s dzg o M€ ts
sjtstej 3 5 MfjCltej (ste@Petsj @ MSd2, 1954, M. 3

v j Bt j.dz0 Afmlis ¢ f sdztsy dlsj dz' dzr Qq’Jatq’G)slsjmmg NZJIIIHIG'@&Q(HZ;)
dzj Qo j dzffls o kz:

GHJ i dgj Stslstster j dzd dzj 2 dz' | ot dsteBdedf{Usj didlz'dg | tstug
EHso dzj sostews h j Ehdse dw d:
0) sfjtomy By Istsisdud M d bfds L WEdKEMN ¢ J eOsBEE
B) i jtcGdsdetej s ftosdL o SH desR st Bsjj C stz igR s st (
UBSEHO L dlsdstk @0HEE@dkiis: ¥ L Of sdzdaV j, Is ccfdgls §
ifsdzsy dlsj dz2 dzr § MmtB Mise jsdedd M suedsigp® Misth j da@dsts to €
slso j yosls fodzsydlsjd dzr § MmtsefMmlseo jdeder § o4 CIstster .
ltcdo jHY dgdzOW s tstcj ZO MteOL E HOZO oL d@sy desfls
ftoddzsy jddvhn. 1 tBdBts )] Zfisdkvwdizlsr 2 LOWOUMeBH DO
mMdzjHizjls IsOCY slsdzj Mlsd L OHOYd dzOR Y Hj dzad W i to
fsojtendesilsd Iswyy dzs?2 ydHS MG, Mosuwhdgjimw ¢ kit

(8)

1HJOF OB dzdlskH O o 5 dede'ts,W¥ d dz oitslaizs dz  dzOt€ didlz'dzO ¢
(stcOmBsoMCd2, 1960) .

7 sL dZzOoyW® jsis,.
8] B dt qIcO@ fdets M dzr ipSSEWB,o0ddfug 23dz" § st § tc Ols s te rug-tf B detscy diflsi talg! daels o
‘us jMmis! MoesCkfdasMmis! Isjnmn sy s MPJjshttO, Clstster &3 tslseo § yc
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