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NMPUMEHEHWE MALUNHHOIO Q-OBYYEHWA OJ1A
PA3PABOTKNU AQAINTUBHOIO UTPOBOIO nn

B cmamve ananusupyemcs npumenenue mawunno2o Q-o6yuenus oas paspabomku
adanmusHo2o uepogoco uckyccmeenno2o unmennekma (MH) na npumepe knaccuueckoi
uepvl «Kpecmuxu-nonuxuy. Q-obyuenue, Kax 0OUH U3 OCHOBHbIX MEMOO08 MAUUHHOZO
00yuenus ¢ NOOKpenieHueM, no360JAem a2eHmy YUUumvbcsa Ha OCHOGe 83aUMO0elicmeutl ¢
OKpysrcaroujell cpedoll (uepou 8 KpeCcmuKu- HOMUKU 8 OAHHOM Clyyae) U NOaYV4amb
onmumansHsle cmpame2uu 0151 docmudicenust yenell (nobeovi/Huuvetl).

B pamkax sxcnepumenmos ovin cozoan azenm 6 uepogom ogudicke Unity, komopwlil
ucnonvzyem Q-o6yuenue 0151 8b100pa HAULYYUIUX X0O008. [{115 NOGbIUIEH U A0ANNUBHOCU
azenma Obvl1 68e0eH dNIeMEeHm CAYHAUHOCMU 6 Oelicmeus NPOMUSHUKA (K1ACCUYecKo20
3apanee 3anpozpammuposannozo MH), umo no3eonuno azenmy uzyuams paznooopasHoie
cyenapuu uepol u uzbecams 3ayuu8anusi OOHOMUNHBIX X0008.

B cmamve noopobno onucanvt memoowi peanuzayuu Q-oOyuenusi, napamempol
HACMPOTIKU U npoyecc 00yuenusl, BKIIOYAs. IMANbL UHUYUAIU3AYUL, cO0pa OaHHbIX, 8blO0PA
Oeticmeutl u 0onoseHuss Q-mabauywl.

Obcysicoaromes  npeumyujecmea u  ozpanudenus npumenenus Q-obyyenus 6
UepoBoll  UHOYCMpUU, a MAKdICe NPeONa2alomcs, HANPAGIeHus Oas  OalbHeluux
UCCNIEO068AHULL U YILYYULEHUL, BKTIOUAS NPUMEHEHUe D0J1ee CIOIICHBIX AN20PUMMOB0OYYeHUs. U
UCNONIB308AHUE MHO2OMEPHBIX COCMOSIHUIL.

Hannoe ucciedosanue OemoHcmpupyem ROMEHYUAl UCNONIb308ANHUS Memo008
Mawunnoeo 06yuenus 015 co30aHusi Ippexmusnblx u adanmugnvlx ucposwvix MM,
CNOCOOHBIX 00YHAMbCsL U YIYHULAMBCSL C MEHEeHUEeM 6PEeMEHI.

Kurouesvie cnosa: Q-obyuenue, ueposou MU, mawunnoe obyuenue, oOyuenue c
nookpenienuem, adanmugnviii IU, Unity.

Beenenne
HUckycctennbiii natemmiekt [1]. (M) urpaet KIro9eByto posib B COBPEMEHHOM
WUTPOBOM WHAYCTPUM, TPEAOCTABISST WIpoKaM Oosiee yBIEKATENbHBIH U
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JMHAMHUYHBIA onbIT. OgHUM M3 HanOosee 3(PpQEKTHUBHBIX METOJOB CO3JaHUS
urpooro MW sBiseTcs WCIOIb30BaHME MAIIMHHOTO OOYyYEHHs, KOTOpOe
no3Bosisier MM apantupoBaTbCss M YYUTHbCST Ha OCHOBE B3aUMOJACHCTBUS C
UTPOKaMHM ¥ UTPOBOH cpezioil. B cBoro ouepens, 0jHOM U3 Hanbosee N3y4aeMbIX
M IPUMEHSIEMBIX TEXHUK MAITHHHOTO 00y4eHus siBisietcss Q-o0yuenwue [2], MmeTon
00y9eHUs ¢ MOJKPEINICHNEM, KOTOPBIA TO3BOJISIET areHTY NIPUHUMATD PEIICHHS,
OCHOBBIBASICh HA MIOJTY4YEHHBIX Harpajax U HaKa3aHUsX.

Urpa «KpecTHKH-HOMUKNY TIPEACTABISCT COOOW KITACCHUECKUI mpumep
3aJ1a4H ¢ MOJHOW MH(OpMaLneH, TJie BCe BO3MOXKHBIE COCTOSTHHSI HT'PbI N3BECTHBI
1 JIETKO MOJICIAPYIOTCS. DTO enaeT «KpecTHKu-HOIMKID HIeaJIbHOM IO IKOH
JUTS FICCIIeIOBAaHUH U dKcIepuMeHTOB B obOnacti M n MammmHEOTO 00yYeHHS.
HecMotps Ha kaKyliyrocs pocToTy, pazpadotka MU nnst aToii urpel TpeGyeT
ydeTa MHOXKECTBa BO3MOJKHBIX CIIGHApUEB M CTPATEruid, 4TO JelaeT 3ajady
MHTEPECHOHN U 3HAYUMOM ISl HCCIIeI0BaTENIEH.

B nanHo# paboTe MbI HcciieayeM mpuMeHeHne Q-00yUueHuUs T CO3aHus
azantuBHoro urposoro MU, koTopslii MOXKET He TOJIBKO d((HEKTUBHO UTPATh
B «KpecTHKHU-HONMMKM», HO M aJaNTHPOBAThCA K Pa3NUYHBIM CTpPaTETUsIM
npoTHBHUKA. Q-00yueHHE TO3BOJISIET areHTY YUUTHCS HA OCHOBE B3aNMOICHCTBHI
C WI'POBOM CpPeNOM, MOCTETIEHHO YITydIllasi CBOU CTPATETHH ITyTeM OOHOBIICHUS
Q-Tabuuilbl, coepKaieii ONCHKH MEHCTBUN B PAa3JIUYHBIX COCTOSHUSIX HUTPHI.
B ommune 0T TpaAWMIMOHHBIX aNTOpuTMOB, (-00yueHme He Tpedyer
TIPEe/IBAPUTEIHHOTO 3HAHMS BCEX BO3MOKHBIX CTPATEIMif, UTO JIETAET €0 MOIIHBIM
HHCTPYMEHTOM JUTA pa3paboTku MM B TMHAMHUYECKHX M CIIOKHBIX Cpeiax.

Jnst peanuzanuy JQHHOTO TpPOEKTa ObUI pa3pabdoTaH areHT B HUTPOBOH
mwiatgopme Unity [3], kotopsiii wucnonb3yer Q-o0yueHwe it OOydeHHs
ONTHUMAJIBHBIM CTpaTernsiM Urpbl. UToOBI areHT MOr M3y4aTh pa3HOOOpa3HbIe
crieHapuHM M u30erarb 3ay4MBaHMs OJHOTHITHBIX XOJIOB, B NPOTHBHHUKA OBLI
BBEJICH JIEMEHT CIIy4aifHOCTH, YTO MO3BOJIMIIO CO3/1aBaTh Oojiee pa3HOoOpa3HbIe
1 HETpecKa3yeMble HTPOBBIE CUTYAI[H. DTO HCCIIeI0OBaHNE TaK)Ke HAIIPABICHO
Ha U3yYEHHE BIMSHAS PA3IMIHBIX TapamMeTpoB Q-00yueHns, TAKUX Kak CKOPOCTb
o0y4eHust, JUCKOHTHUPYIOMMH (aKTop W BEPOATHOCTh HCCIIEJOBaHMS, Ha
3¢ peKTHBHOCTD M alaTUBHOCTH UrpoBoro M.

MaTtepuaabl U METO/ABI

Coszmanue UrpoBOTO TMOJIA.

Jlist co3manus mosb3oBaTenbekoro uarepdeiica [4] (UI) urper «Kpectuku-
Hoymku» B Unity, Mbl HACTPOWIJIM UTPOBOE TIOJIE U DJIEMEHTHI JIJIsl OTOOpaKESHHUS
CTaTUCTHKH.
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Urposoe mose coctouT u3 9 KHOMOK, OPraHN30BaHHBIX B CETKY 3X3, KaXkaasn3
KOTOPBIX IPEACTABISET COOOH sUElKy, B KOTOPYIO HIPOKH MOTYT HEJNaTh CBOM
XOJIbI. DTH KHOTIKY ObUTH 0GaBieHbl B Canvas [5] u HacTpOEHSBI C HCIOB30BAHIEM
Grid Layout Group [6], uToOBI 0OecHeYnTh PABHOMEPHOE pachpenecHue
U BBIPAaBHHBaHUE KHOMOK. [IJI1 KaKHOW KHOIKM ObLT J00aBiIeH KOMIIOHEHT
TextMeshProUGUI [7], kotopsrit oTo6paxkaet «X» i «O» B 3aBUCHMOCTH OT
xona urpoka wiu M.

Taxxe ObUIH 700ABIICHBI 1BAa TEKCTOBLIX diieMenTa TextMeshProUGUI mis
0TOOpakeHMsI YMCNa CHITPAaHHBIX MapTuil u uncna modex MU, D1u smeMeHTH
OBLIM pa3MelIeHbI B BepXHel 4YacTh dKpaHa Ut y1o0CTBa M0Ib30BaTeNs U JIErKO
yuraeMoro nHrepgeiica. TekcToBbIe JIEMEHTH aBTOMATHYECKH OOHOBJISIOTCS
B XOJI€ MI'PbI, OKa3bIBasi TEKYLIYIO CTATHCTHKY B PealbHOM BpeMeHH. ['oToBOE
UTPOBOE I10JIC TIOKAa3aHO Ha PUCYHKE 1.

New Text

New Text

Pucynox 1 — Urposoe nose

GameController u Al. B GameController peami3oBansl KIHOUYEBbIE METOJIBI,
YOPABIISIOIIKE JOrUKOM urpbl «KpecTuku-Honukmy. Huke OmucaHbl HEKOTOPHIE 3

HanboJiee BasKHBIX HUHTEPECHBIX METOHNOB!

Kopyruna [8] oTBewaer 3a aBTOMaTH4YecKoe mepe3amyck urpsl Kaxnuasie 0.1

CCKYH/bI, YTO ITO3BOJIACT 06y‘{aIOIlICMYC${ nun 6I>ICTp0 HaKallJIuBaTh OIIBIT.

Meroa AlPlay() orseuaer 3a xo 3anporpammupoBanHoro M. OH ucnob3yeT
meron GetBestMove(), uToObl HaWTH ONTHMAalbHBI XOJ, C BeposSTHOCTHIO 20%
BBIOHpast ciiydaiiHbii xo. Tlociie BIMOJHEHHs XO0Jla METOATIPOBEPSIET, BHIUTPAI JIX

WU nnu HacTynuiaa HUYbSL.
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Aunroput™ Minimax UCHOJIB3YETCs ISl HAXOKACHHS HAMITY4IIero X0aa JUist
NN. OH omeHHWBaeT BCE BO3MOXKHBIE XOABI M BBIOMpAeT TOT, KOTOPBIHA
MHUHAMH3HPYET MaKCHMAJIbHBIE TOTEPH (MM MaKCHMU3UPYEeT MHHHUMAJbHBIC
BBITO/IbI).

Ecau B Bkparme, To Minimax pab6oTaeT myTeM pPEKYpCHBHOTO
uccaenoBanus [9] Bcex BO3ZMOKHBIX XOJIOB 10 KOHIIA UIPBI, YTOOBI ONPE/IeNIUTh
HaMJIy4IIMH BO3MOXHBIN X0J1. B Urpe ¢ 1ByMst HTpOKaM¥ OJIMH UTPOK IBITACTCS
MaKCHMH3UPOBATh CBOi1 BeUrphii (Max), a Apyroi - MUHUMI3HPOBATh BBIATPBIIL
nepsoro urpoka (Min). Yacts kosa mpenocTaBlicHa Ha PUCYHKE 2.

JlaHHBIN peKypCUBHBIII MPOIECC 3aKII0YACTCS B:

- Minimax orieHuBaeT KaXIbIif BO3MOKHBIH XOJT TEKYIIETO HIPOKA.

- JUTsl KaXKI0T0 X012 AITOPUTM PEKYPCHBHO BBI3BIBACT CEOs1 711 pACCMOTPEHUS
BO3MOJXKHBIX X0JIOB IPOTHBHHUKA.

- DTOT MpoIIecC MPOJIOIIKACTCS IO TeX 0P, TOKa HE JOCTUTHET KOHEYHOTO
COCTOSIHUS UTpPHI (1To0en1a, MopaKeHNUe UIN HUYbS).

WHBIMHU CITOBaMU, KOT/Ia IOCTHUTAETCsl KOHEYHOE COCTOsTHUE Urpbl, Minimax
MIPUCBANBACT €My OLICHKY:

- Ecim urpok Max Bburpai, mpucBauBaeTCs MOJIOKHUTEIBHOE 3HAYCHHE
(mampumep, +10).

- Ecmu urpok Min Beiurpan, nprucBanBacTCst OTPUIIATEIFHOE 3HAYCHHE
(nanpumep, -10).

- Ecmm HaCTyHI{IHa HUYbSA, TPUCBANBACTCSA 3Ha‘IeHI/IQ O

int Minimax(Button[] newBoard, int depth, bool isMaximizing)
{ if (CheckWin(aiSide))

3 return 10 - depth;

if (Checkwin(playerSide))

{ return depth - 10;

}
if (IsBoardFull())
{

return 0;

}

if (isMaximizing)
{

int bestScore = int.
for (int i = 0; i <

{

if (newBoard[i].

newBoard[i].
int score =
newBoard[i].
bestScore =
}
}

veaturn hactSrnra:

MinValue;
newBoard.Length; i++)

GetComponentInChildren<TextMeshProUGUI>().text == "")

GetComponentInChildren<TextMeshProUGUI>().text
Minimax(newBoard, depth + 1, false);
GetComponentInChildren<TextMeshProUGUI>().text

Mathf.Max(score, bestScore);

aiSide;

.
i

Pucynok 2 — Metox Minimax
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IMocne OUEHKH KOHEYHOro coctosiHms, Minimax Bo3BpamiaeT 3Ty OLCHKY Ha
ypoBeHb BbIe. Ecnm xox nemanm urpok Max, oH BBIOMpaeT Xon ¢ MaKCHMaJIbHOI
OIICHKOM M3 BCEX BO3MOXKHBIX X0110B. Eci X011 neman urpok Min, oH BEIGHpaeT X0/ ¢
MUHUMAaJbHON OLIEHKOH.

CTOouT TakXke y4ecTb, YTO Ha KaKIOM YPOBHE PEKYpCUH aJllOPUTM COXpaHSET
Jy4Imud Xoa (¢ MaKCHMAJbHOW WM MHHHMAJIbHON OILICHKOW B 3aBHCUMOCTH OT
TEKyIIETO Wrpoka). B KOHEYHOM uTOre, Ha CaMOM BEpXHEM YpPOBHE PEKypPCHH
(ucxomHoe coctosiHKe UTPbI), Minimax BeiOnpaeT onTUMabHbIH X0 s urpoka Max.
QlearningAgent.

s pazpabotku anantuBHOT0 MU OB cOo3man ckpunt QlearningAgent, KOTOPBIT
nucnonb3yer Q-o0ydeHne [UIsI TMPUHATHS pEmIeHHHA. ATeHT o0ydaeTcss Ha OCHOBE
B3aMMOJICHCTBHI C MTPOBOU Cpeloif, OOHOBIAA CBOIO Q-TaliHIly B 3aBHCUMOCTH OT
MOJyYSHHBIX HArpaj v Haka3aHui. Ha pucyHke 3 MOKHO BUIETHKO/I OCHOBHOT'O METO/Ia
CKpHIITA.

public void MakeMove()
{
string state = GetState();
if (!qTable.ContainsKey(state))
{
qTable[state] = new float[gameController.buttons.Length];
}

int action;
if (Random.Range(0f, 1f) < explorationRate)
{

// CnyuvaiiHbiii xon (uccnepoeaHue)

action = GetRandomMove();

}

else

{
// Nyuuwmin xop (akcnnyataums)
action = GetBestMove(state);

}

gameController.AgentMove(action);
UpdateQTable(state, action);
explorationRate *= explorationDecay;

Pucynox 3 — Merox MakeMove

B QlearningAgent peann3oBaHBI METOABI JJIs cOOpa JaHHBIX O TEKYIIEM
COCTOSTHHM UTPBI, BEIOOpa JIeiicTBHI HAa 0cHOBE Q-TaOJHIIBI 1 CITydalHBIX XOJIOB,
a Taroke 0OHOBJIEeHUs Q-TabIMIIBI ITOCTIe KXK/I0T0 X0/a!

—  Start(). HWuunmumammsupyer Q-tabnuily W BBI3BIBAET  METOJ
9
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ResetBoard() BGameController s moarotoBku k Hadany 0OydeHHUsL.

- MakeMove(). OmpenensieT TeKylnee COCTOSHHE WTPHI U BBHIOMpAcT
JeHCTBHE: THOO CiTydaifHoe (MCCIe0BaHNe ), THO0 ONTHMANBHOE (IKCILTyaTalus),
OCHOBBIBasICh Ha 3HaUCHHUsIX Q-Tabnuiibl. 3aTeM Boi3biBacT Metoq AgentMove() B
GameController st BBITONHEHHMST BEIOPAHHOTO JACHCTBHS 1 0OGHOBIIIET Q-TabHITy
Ha OCHOBE TTOJTy"IeHHOM Harpazpl.

—  GetRandomMove(). BreiOupaer ciydaiiHplii JOCTYNHBIH XOX U3
TEKYIIMXBO3MOXHBIX X0/I0B HA HTPOBOM TI0JIE.

GetBestMove(string state). BeiOupaer Hamimydmmi Xon Ui TEKYIIETO
COCTOSTHHSI MT'PbI, OCHOBBIBAsICh Ha 3HaYeHUsIX Q-Tabmuibl. Bo3Bpamiaer nnuexc
HaMJIy4lIero Xo/a.

UpdateQTable(string state, int action). O6uoBusier Q-Tabmuiy st
TEKYIIETO COCTOSHUSA U JICUCTBUSI, NCTIONB3Ys hopMyiny Q-o0ydeHus. YUuThIBacT
MOJTYYEHHYIO Harpaay v MakcuMaiibHoe Q-3HaueHue 1Sl CIIE/TYIOIIETr0 COCTOSTHHSI.

GetState(). Bo3Bpamaer TekyIiee COCTOSHAE UIPOBOTO MO KaK CTPOKY,
TJie KayK/1as sideiika npeicTaBlIeHa CUMBOJIOM «X», «O» WK IyCThIM 3HAYCHUEM.

Pe3yabTaThl M 00Cy:KAeHUE

B xone sxcniepumentoB ¢ Q-o0yuennem st MU B urpe «KpecTHku-HOIUKI»
OBIJIO TPOBEACHO HECKOJIBKO KITIOUEBBIX HAOMIOICHNH, CBSI3aHHBIX C HAJIMINEM HITH
OTCYTCTBHEM 3JIEMEHTA CIIy4aifHOCTH B ISUCTBUSX 3arporpammuposanaoro M.
PaccMoTpuM aBa OCHOBHBIX clieHapHst: o0yueHue MM 6e3 aneMeHTa ciy4aifHOCTH
u ooyuenue U c anemenTom ciyvaitnoctu [10].

Cuenapuii 1: oOyueHue 6e3 37eMeHTa CITy4aitHOCTH

B aToMm crierapun 3anporpammupoBanHbiii M Beeria BEIOHpaT HarTy I
X071, UCTIONB3Ys anroput™M Minimax. B pe3ynbTare HaOIIOJAINCH CIICIYHOIIUE
ATarbl 00y4eHUS:

Hauanbhas ¢asa: B Hayane o0y4eHus! areHT, UCrolib3yromuii Q-o0yueHue,
BCETa TPOUTPHIBAJT, TaK KAK OH HE HMMEJ JIOCTATOYHOTO OIbITa U HE MOT
KOHKYpPHPOBATh C ONTHMAaJIbHBIMU XOJaMH 3ariporpaMmmupoBanHoro NMH.

Cpennsisi ¢aza: cmyctst okono 60 Wrp, areHT Hayal aJanTHPOBATHCA U
MIOCTETICHHO YJIy4IIaTh CBOW CTPATETHH, NCIIOJIb3YsI HAKOTICHHBIN OTIBIT.

[Mo3nuss ¢aza: mpuMepHO IOcCie cTa UIp areHT JOCTUT COCTOSIHUS, TPH
KOTOPOM OOJIBITUHCTBO UTP 3aKAHUMBAJIOCh HUYbEH. DTO OOBICHIETCS TEM, 9TO
areHT Hay4uics u3derath OMIMOOK W UIPaTh ONTHMAIBHO, YTO HE MO3BOJISIIO
3anporpammupoanHoMy UN BeiurpsiBaTth. MTor BusieH Ha pucyHke 4.
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Games: 99

Wins: 32/0

Pucynok 4 — CrutonrHple HUYbH

Takum oOpa3om, oOydyeHue 0e3 IeMEeHTa CIly4alHOCTH HPHUBEJIO K TOMY,
YTO areHT Hay4yuJicsi n30eraTh MOpakKeHNi, HO He CMOT Pa3BUTh CTPATETUH JUIS
mo0e/Ibl, B BUTY HEBO3MOXHOCTH OHOIA.

Cuenapuii 2: 00ydeHHE C 3JIEMEHTOM CIy4aiHOCTH
Bo BTOpOM clieHapuu ObUT BBEACH DJIEMEHT CIYYaliHOCTH, TIPU KOTOPOM
3anporpammupoBanHbiii MU ¢ BepostHocThio 20% BbIOMpan cirydaiHbId X0
BMECTO ONITHMAIILHOTO. Pe3yIbTaThl 00yUeHHS B 3TOM CITydae OBbLIN CIICTYFOIIAMU:

HavanpHas (aza: Ha Ha4ambHBIX dTamax OOyYEHWs arcHT MOYTH BCeria
MPOUTPBIBAJL, TAK KAK AJIEMEHT CIIy4allHOCTH YCJIOAKHSI ITpeicKa3aHue qeUCTBUM
MIPOTUBHHKA U YBEJINYNBAJ KOJIMYECTBO HEOXKUIAAHHBIX CLIEHAPHEB.

Cpennsisi ¢a3a: co BpeMEHEM areHT Havajl aJalTHpPOBaThCs K Ooiee
Ppa3HO00pa3HBIM CIIEHAPHSAM UTPHI M YIYUIIATh CBOH CTPATETHH. DTO IIO3BOIIUIO
€My MOCTENEHHO YBEJIMYHBATh CBOIO KOHKYPEHTOCIOCOOHOCTD.

[o3mHss dasa: mociae 3HAYUTEIFHOTO KoJmuecTBa Urp (okoio 150) areHT
CTaJ JIGMOHCTPUPOBATH YNydYIlIeHHbIE pe3yibTaThl. OH HE TOJBKO HAYUHIICS
n30erarh MOpakeHuit, HO ¥ Ha4aJl BBIUTPBIBATH T€ UI'PbI, T/Ie JJIEMEHT CIy4aiftHOCTH
MIPOTUBHMKA JIaBaJl My IIPEUMYIIeCTBa. MITOr BUieH Ha pUCYHKE 5.

11



Topaiizeipos yrusepcumeminiy Xabapuvicet, ISSN 2959-068X.
DuszuKa, MamemMamuKa JcaHe KOMNbIOMepix evlavimoap cepuscol. Ne 3, 2024

Games: 199

Wins: 55/32

Pucynox 5 — Uepena moben

Takum o6pa3om, BBEIEHHE 3JIEMEHTA CIIyJalHOCTH MO3BOJIIO areHTty Q-
oOy4eHust pa3BUTh Oosiee CIOXHBbIE M A(P(EKTUBHBIE CTpPAaTETHH, a TaKXKe
MOJYYUTh BO3MOKHOCTh M3Y4UTh BBIUTPHIIIHBIE KOMOHHAIIHH.

BriBoabI

[To uTory nccienoBaHusie MOXKHO C YBEPEHHOCTBIO CKazaTh, 4To Q-00yueHue
SIBJISIETCSI MOIIIHBIM HHCTPYMEHTOM JUIsl pa3paboTKu aanTHBHOro urposoroly,
CHOCOOHOTO 00y4aThCsl M YJy4IIAThCs C TEYCHHEM BPEMEHH. JTOT METOJ
MI03BOJISIET areHTY AN THPOBATHCS K PA3IMYHBIM CLHEHAPUSAM W YIIydIlaTh CBOM
CTpaTernd Ha OCHOBE OIbITA, YTO HMEET 3HAYMUTEJbHbIC MEPCIEKTHBBI JUIs
JTbHEHIIEeT0 Pa3BUTHSI M IPUMEHEHHS B UTPOBON MHAYCTPHUH U IPYTUX 00J1acTsIX,
TpeOYIOINX HHTEIUICKTYaIbHBIX W aJIalITUBHBIX PEIICHUI.

Taroke CTOUT OTMETHTB, YTO B X0/JI€ PAOOTHI ObLIIH BBISIBJICHBI KaK CHIIbHBIE,
TaK ¥ ciabbie ctopoHbl Q-00yuenus. Cpeay NepBbIX CTOUT OTMETHTh:

— AnantuBHOCTB: Q-00yueHHE TI03BOJISIET areHTy aJalTHPOBaThCS K
Pa3JIMYHBIM UTPOBBIM YCIIOBHSIM M YITy4dIIaTh CBOM CTPATETUH HA OCHOBE OITBITA.

— IpocroTa peanu3anuu: METOJ| OTHOCHTENBHO MPOCT B PEAIU3AINU U HE
TpeOyeT IpeBapUTEILHOI0 3HAHUSI BCEX BO3MOXKHBIX CTPATEruil.

— O6o6maemocTs: Q-o0yueHne MOXeT OBITh NMPUMEHEHO K Pa3IHIHBIM
UTPOBBIM CLIEHAPUSIM U 33][a4aM, 4TO JIeJIaeT €ro yHUBEPCAIbHBIM HHCTPYMEHTOM
1t pazpabotku M.

[Tocnennue e cocTosT n3:

— HeoOxoxaumocti OONBIIOTO KONMWYECTBA HTEPALUN I JAOCTHKCHHS

12
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XOPOLIMX PE3yJIbTATOB areHTy MOKET I0TPeOOBATHCS 3HAYUTEIBHOE KOJINYECTBO
UTP, YTO MOXKET OBITH BHIYMCIUTEIBEHO 3aTPaTHBIM.

—3aBHCUMOCTH OT NapaMeTPOB 00yUYEHUsI, I/Ie TPOU3BOIUTEIILHOCTh areHTa
CHJIBHO 3aBHCHT OT NPABHJIBHO HACTPOCHHBIX APaMETPOB O0YUYCHUS, TAKHX KaK
CKOpPOCTh O0YYCHHUS M TUCKOHTUPYIOIIUH (hakTop.

B nmanpHeiinieM pa3BUTHH TEMBI PEKOMEHIYETCs POBECTH HCCIEIOBAHME
JPYTUX METO0B 00YUEHHMS C TTOJIKPEIUICHHEM, TAKHUX KakK riryookoe Q-o0yueHne
(Deep Q-Learning), 9T0 MOXKET YIyYIIHTh CIIOCOOHOCTH arcHTa M YCKOPUTh
mporiecc 00ydeHHsI W MPIMEHEHUTh 00a Mmoaxona K 0ojiee CIOXKHBIM HrpaM U
3aj1a4aM, YTOOBI OLICHUTH YHHBEPCAILHOCTD M aJallTUBHOCTH 00ydeHHoro VU.

CIINCOK UCTIOJIb3OBAHHBIX HCTOUYHUKOB

1 WMuranus pazyma: Kak yCTPOEH HMCKYCCTBEHHBIM HHTEIIEKT
B urpax. [DnexTpoHHblit pecypc]. — https://habr.com/ru/companies/

netologyru/articles/598489/

2 Q-oOyucHue. [DnexTponHbIii pecypc]. -
https://ru.wikipedia.org/wiki/Q- o6yuenue

3 Paspa6otka urp Ha Unity: mouemy 3TOT IBHIKOK Tak MOMYJISPEH
[Dnextponubiii  pecypc]. —  https://netology.ru/blog/01- 2022-unity-
development

4 Uro Takoe MOJb30BATENLCKUI MHTEp(Ec M KaK MPOUCXOIAMUT
paspaboTka Ul. [DnexTpoHHBIit pecypc]. -
https://www.purrweb.com/ru/blog/chto-takoe- polzovatelskij-interfejs-i-kak-
proiskhodit-razrabotka-ui/

5 Xoucr (Canvas). [DnexkTpoHHBIHI pecypc]. -
https://docs.unity3d.com/ ru/2021.1/Manual/class-Canvas.html
6 Co3maHue mMmaHenmn yMEHHWH. 9acTh 1. paboTa ¢ unity ui.

[Dnexrponnsiii pecypc]. — https://itvdn.com/ru/blog/article/create-skill-bar-
partl

7 Text Mesh Pro UGUI. [Daekrponnsiii  pecypc].
https://hatchjs.com/ text-mesh-pro-ugui/

8 PaGora ¢ Kopyrunamu B Unity. [DnektpoHHbIii pecypc].
https://habr.com/ru/articles/216185/

9 Kak paGoraetr pekypcus. [DnekTpoHHBIH pecypc]. —
https://habr.com/ ru/articles/337030/

10 CoyuaiiHBIi  3JIEMEHT. [OnexTponHBIil  pecypc]. -
https://ru.wikipedia.org/wiki/Ciy4aiiHpiii_d1eMeHT

13


http://www.purrweb.com/ru/blog/chto-takoe-

Topaiizeipos yrusepcumeminiy Xabapuvicet, ISSN 2959-068X.
Dusura, Mamemamura JHcone KOMILIOMePaiK eulivimoap cepuscul. No 3, 2024

REFERENCES

1 How artificial intelligence works in games. — [Electronic resource]. https://
habr.com/ru/companies/netologyru/articles/598489/

2 Q-training.[Electronic  resource]. — https://ru.wikipedia.org/wiki/Q-
obOyuenme

3 Game development on Unity: why this engine is so popular. [Electronic
resource]. — https://netology.ru/blog/01-2022-unity-development

4 What is the Ul. [Electronic resource]. — https://www.purrweb.com/ru/
blog/chto-takoe-polzovatelskij-interfejs-i-kak-proiskhodit-razrabotka-ui/

5 Canvas. [Electronic resource]. — https://docs.unity3d.com/ru/2021.1/
Manual/class-Canvas.html

6 Creating a skill panel. part 1. working with unity ui. [Electronic resource].
— https://itvdn.com/ru/blog/article/create-skill-bar-part1

7 Text Mesh Pro UGUI. [Electronic resource]. — https://hatchjs.com/text-
mesh-pro-ugui/

8 Working with Coroutines in Unity. — [Electronic resource]. https://habr.
com/ru/articles/216185/

9 How recursion works. [Electronic resource]. — https://habr.com/ru/
articles/337030/

10 Random element. [Electronic resource]. — https://ru.wikipedia.org/wiki/
Random_element

[octynuno B penakuuio 21.06.24.
IMoctynuno ¢ ucnpasnenusmu 21.06.24.
IIpunsro B nevats 03.09.2024

*P. P. Axmemuwiun, M. b. Tneoaes, K. K. Tacocypexosa
M. X. lynatu atbinnarsl Tapas eHipiik yHUBEPCUTETI,
Kasakcran Pecniy6nukacel, Tapas k.

21.06.24 x. 6acmara TYCTI.

21.06.24 x. Ty3eTynepiMeH TycTi.

03.09.24 x. 6aceIn meFapyra KaObUIIaHIBI.

OUBIHFA APHAJIFAH AJTATITUBTI KA-/II 93IPJIEY
YIITH MAIIWHAJIBIK Q YWUPEHY I KOJIJIAHY

Byn makanada xaaccuxanvlx «KpecmuKu-nonuxuy oubiHbIH Mblcaied dnd
omulpvin, A0AnmMuemi OUbIHEA APHANEAH JHcacanovl unmennexmini (JKH)
a3ipney yuwin Q-mawunanvix yupenyoi kondawy sepmmenedi. Q-yupeny,
KyweiumineeH OKblmy 20ici peminde, aceHmKe KOpPULA2aH OPMAMeH 63apd
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apexemmecy He2iziHOe YUpeHy2e HcaHe MAKCAMMmMapea Heemy Yulin OHmaiivl
cmpame2uanapovl Any2a MyMKIHOIK 6epeoi.

Oxcnepumenmmep Oapvicvinoa Unity oOublH  KO32AIMKbIUBIHOA e
arcakewl  Kadamoapoel mawnoay ywin Q-yupenyoi KoroanamvlH azenm
arcacanovl. Aeenmmiy beuimoenciuimicin apmmuolpy YuliH KapcolidCmblH
apexemmepine  (Kiaccuxkanvlk —andvlH ana  6bagoapiamananean  JKH)
Ke30elUCOKMblK — dlleMeHmi  eHei3indi, Oyn azeHmKe IpmMypai  OlUbIH
CYEHAapUlLIepin 3epmmeyee JHCIHe KAUMAIAHamvlh Kadamoapobl YUpeHyOeH
aynax 601y2a MyMKIHOIK 6epoi.

Maxkanaoa Q-yipenyoi icke aceipy a0icmepi, napamempiepoi OpHAmMy
JICoHE OKY npoyeci, COHbIH [uiHOe UHUYUAIU3aYUs Kezeyoepi, depekmepoi
Jrcunay, apexemmepoi manoay dcane Q-Kecmeni Jcanapmy mypaivl e2iiceli-
mezocellni 6aaHOaN2aH.

Olivin UHOYCMPUACLIHOA Q-yupenyoi KOOaHYObly
APMBIKULLILIKMAPLL MeH uileKmeyiepi maikbliaHbin, boniauiaksepmmeynep
MeH dcemindipyiep 6ablmmapul, COHbIH UIHOe HeRYPIbIM KYpPOeri OKbImYy
aneopummoepin  KOJNOAHy JcaHe Kenemwemoi Kyurepli  nauodaiauy
YCBIHbLIAODL.

Byn sepmmey yaxeim eme kene yiipenyee sicone scakcapmyaa Kabiiemmi
muimoi ocone Oeuimoenciw ouvin KU dicacay ywin MauuHATLIK YupeHy
20icmepin KOI0aHyOblH aneyemin Kopcemeoi.

Kinmmi  ce30ep: Q-yupeny, ouwin KU, mawunanels yupeny,
Kywetimineen oxbimy, beiimoencive KU, Unity.
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APPLICATION OF MACHINE Q-LEARNINGFOR
DEVELOPING ADAPTIVE GAME Al

This article explores the application of machine Q-learning for
developing adaptive game artificial intelligence (Al) using the classic game
“Tic-Tac-Toe” as an example. Q-learning, as a reinforcement learning
method, allows the agent to learn based on interactions with theenvironment
and derive optimal strategies to achieve goals.

In the experiments, an agent was created in the Unity game engine that
uses Q-learning to select the best moves. To enhance the adaptabilityof the
agent, an element of randomness was introduced into the actions ofthe
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opponent (a classic pre-programmed Al), allowing the agent to studyvarious
game scenarios and avoid learning repetitive moves.

The article details the methods of implementing Q-learning, setting
parameters, and the training process, including initialization stages, data
collection, action selection, and Q-table updates.

The advantages and limitations of applying Q-learning in the gaming
industry are discussed, along with directions for future research and
improvements, including the use of more complex learning algorithms and
multidimensional states.

This study demonstrates the potential of using machine learning
methods to create effective and adaptive game Als capable of learning and
improving over time.

Keywords: Q-learning, game Al, machine learning, reinforcement
learning, adaptive Al, Unity.
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CAHAbIK BEVHEHI BACKAPY XYAENEPIHAET
HEWPOHLbIK XENINEP: JEPEKTEPLI XXUHAY,
HAKTbI YAKbIT

Maxkana netiponowix  owceninepee  Heeizoencen  Yu@dpavlk Kol
JlcemimOinixmi OaKvliay sicyuenepin oamvimyea woay scacaiovi. On
depexmepoi HcuHayoan 6acman HaKmol YaKblmmagol maioayea Oetinei
ocbl npoyecmin Hezisei Ke3eHOepiH e2acell-mezxcelli Kapacmulpaosl. On
HeUPOHOBIK JHCei apXUmeKmypaiapbii mayoayea Jcane OHmaiianovipyad,
conoau-ax betine aknapammvl maiday yYullH HEUpOoHObIK Hceliiepoin
apmypai mypaepin Koioaunyea 0aelmmangaH.

Aemopnap cyiieniy muimOi  Hcymuic  icmeyi  YwiH - Kadjcemmi
Oepexmepoi dcunay a0icmepin, COHbIY TWIHOe HbICAHOAp MeH Kbl3Mem
mypepine calikec Keremin depexmepoi JHcemrizyoi Jdcane ayblmiy1apobl
eckepe  OMBIPbIN,  JHCAH-JHCAKMbL  KAMMYObl — KAMMAMACHI3  emyoi
mankvliauovl. Opi Kapau, ecenmey muimoiniei men 0andicin eckepe
oOmuIpbin,  CaUKeC HEUPOHOLIK Jiceni  apXumexkmypacvli — manoay
Kapacmulpuliaobl.

Hetiponowvix oiceni moodenvoepin, coHvly wiHOe mMacelmanoayosl
Yupemy dicoHe Oepekmepoi Ya2aumy 20iCmepiH  OKbIMy2d JHCIHe
OHMAULIAHOBIPY2A epeKule HA3ap ayoapwliadvl. Opi Kapail, asmopiap
HAaKmol  YaKelmmasgel mauoay MeH KubepKkayincizoik wapaiapsin
MAnKbLIAUobL.

Maxkanaoa counvimen Kamap HeUpoOHObIK Jiceninepoiy apmypai
mypiepine, o1apobly ApMbIKUbLILIKMAPbL MeH KeMUWLIIKmepiHe uiony
Jrcacanadsl, Oeline aknapammvl Maiday YuliH KoIOAHyea epexuie
oetiimoinix oap. AKII-mviy Oprando Kaiacwinoa aiblmoap Jicypeizeet
9KCNnepuMeHmmep YCbIHbUIRAH JHCYUEHTY MUIMOLTiciH pacmatiovl, acipece
KO32AIMAJIbL KaMepanapobl naudaiany Ke3ixoe.

Kinmmi  ce3dep:. Oetine  Oaxvliay, HEUPOHOBIK  Jiceninep,
KUOEpKayincizoix, IKCnepumMennt, apXumexmypd, OKbiny.
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Kipicne

Canpplk OciiHEOaKpUIay KOJI JKETKI3y JKyHenepi Kayilci3miK callachlH/a,
ocipece KOFaMJBIK OpbIHAAp MEH HBICAHAAPABIH KayiIllCi3IiriH KaMTaMackl3 eTy
KOHTEKCTIHAEC MaHbB3ABI Ooja Tycynme. Amalma, MyHAall >KyWelepaiH THiIMIi
YKYMBIC iCTeyl YIIIH TeK 03bIK TEXHOJIOTHsUIApbl KOJIaHy FaHa eMec, COHBIMEH
KaTap oJiap/ibl 93ipiiey MeH KoH(uUrypanusiiayra cayarTbl Ke3Kapac Kaxer. by
Makaimaga Oi3 OeifHe akmapaTThl Tanfay YOIH HEHPOHABIK SKeTiIepi
naiijaanyra Hasap ayjapa OTBIPBIN, OCBIHJIAM JKYHEHI JaMBITYAbIH HEri3ri
Ke3eHJIepiH KapacThipambl3. HelMpoHIbIK JKeminepaiy apTypili TypIiepi, oJlapablH
apTHIKIIBUIBIKTAPEl  MEGH KEMIIUTIKTEpi, COHMAH-aK YCBIHBUIFAH TOCUIIIH
THIMIITITIH pacTalThIH SKCIIEPUMEHTTIK HATIKEIEp YebiHbUTans! [9; 10].

Marepuangap men aicrep

HeifipoHIpIK jKemizepre HeTi3eNTeH CaHABIK OeiiHeOaKpIIay KYHECiH Kacay
Ke3iHJIe Kelleci KaJaMaapIsl OpbIHIaY KaKeT:

JlepekTepai KuHAY HEHPOHIBIK JKEJIIEpre Heri3[eireH OcitHeOakplIay
JKYHECiH yKacay Ke3iH e eH KaKeTTi 061k 00J1bI TadbiIa b1, JKaH-KaKThl KAMTYIbI
KaMTaMachl3 €T€ OTBIPBIN, MYIJCTI OOBCKTLIECPre, KbI3MET TYpJICpiHE KOHE
ayBITKYyJIapFa COMKeC KeJIETiH IepeKTepMEH KaMTaMachl3 €Ty KaMTaMachl3 eTiie .

HelipoHablk skesli apXHTEKTypachlH TaHJay-OeiiHeHI eHaey YIIiH
KOHBOJIOIMSIIBIK HeHpouabIK xkeriep (CNN) sxkone mepextepai aoiexTiTanaay
yuria kadrtananateld HeWpouaslk skenmiep (RNN) cusikrer Oeiine Ttangay
TaTIChIpMaapbIHA COMKeC KEeJIeTIH OpTYPIIi HeHPOHIBIK JKelli apXUTEKTypaIapbIHbIH

CaNBICTRIPMAITBI OAFACHIH JKacay eTe MaHbI3AbI. KakeTTi Tamanrapra coiikec
KeJICTiH apXUTEKTypaHbl TAHIAYy THIMIII €CENTey MCH IOIIK apachlHIaFkl Tele-
TEHJIIKTI KaMmTamackl3 ereji [2; 3].

Tinmik MOIENB/Ii OKBITY JKOHE OHTAMIAHIBIPY — MOJCIBIIH OHIMILTIriMEH
JKAJIMbLIAY MYMKIHIIKTEpIH jKakcapTy YIIIH JepeKTepii TachIMajjay IMKOHE
YIFAITY CUSIKTBI OHTAIAHIBIPY YILTH TAHAAJIFaH HEMPOH/IBIK JKeJi YIITICIH OKBITY.

HaxkTsl yakpITTaFBI TANIAy KOHE MICHIM KaObUIIay-00bEKTiIepAl aHBIKTAY
YKOHE XKIKTEY, KYHEHIH )KYMBICBIHIAFbI ayBITKYJIAP.IbI aHBIKTAY YIIIIH OPEKETTeP/Ii
TaHy YLIIH HEHPOH/IBIK JKeNiJIepaiH MYMKIHIIKTEPIH MaiiiaaHa OThIPBII, HAKTHI
yaKbITTarbl OCifHEH] Tanaay MeXaHn3MIEPiH CHri3Yy.

Kubepkayincizik Imapanapbl-ke3 KeJreH JKYHeHI a3ipyiey Ke3iHJe OofaH
KubepKayirnci3aik xyieci Oip per skymbIc icTeyi KaxeT. CeHiMal kKnoepKayinci3aik
mapaiapbiH KOJAaHy )KYHEHI bIKTUMaN KayinTep/IeH, COHBIH IITiHAe TePEKTePIiH
Oy3bUTYBIHAH, PYKCATCHI3 KipyJIeH jKoHe OypMaiiaHy1aH Kopray yiriH kaxer [8; 9].
HelpoHIbIK JKeiyiepAiH KeH JKUBIHTBIFBI 0ap, OJapblH OpKaHCHICHl ©3iHIH
epeKIle cunaTTamMajapblHa e aHe Oenrimi Oip casbkaimapisl HIEHly YIIiH
KoJIgaHbuIagsl. TeMeHe onapasly Keibipeynepi 6epinrex:
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[epuentpon ([lepuentpoH): 6y 6ip KabaTTaH TypaThiH HEHPOHIBIK KETiHIH
KapamaiibiM Typi. O gepeKkTepai eKi CHIHBITKA JKIKTeY YIIiH OKBITHUIAIb.

Kem kabarter mepuentpon (Multilayer Perceptron, MLP): skeminin Gy
Typinze Oip Hemece OipHere skachIpblH KabaTtap 6ap. MLP nepexrepui 6ipHere
CBIHBITTKA XKIKTEY YIIiH KonaaHbuast [7; 8].

KouBomrorusuislk HelporasIK ke (convolutional Neural Network, CNN):
omerte KeckiHmi eHzey yumiH xonganeuiagsl. CNN  ngepexrepain Giptypii
KYPBUIBIMBIH TaJIAy YIIiH )KUHAKTAy ONEPALMACHIH aiilalaHa bl

Kaiitananatein Heiipouasik xeni (recurrent Neural Network, RNN): RNN
AIIBIHFBI Ke3EHIEPET] aKImapaTThl €CKepe OTBIPHIM, TOHEKTi IepeKTepai OHIAeH i
Oumnap MOTIH MEH YakbIT KaTapJiapblH TajJiay YIIiH KeHIHeH KOJIaHbLIa bl

¥3aKk Mep3imai Kbicka Mep3iMai kan kemici (Long Short-Term Memory,
LSTM): Gyt y3ak Mep3imai mepekrepre ToyenaitikTi yiipenyre kabimerti RNN
Typi [3; 4].

Tpanchopmaropiap (Tparnchopmaropiap): HEUPOH/IBIK JKENIHIH Oy Typi
Ti30eKTep/i OHACY YIIIiH 3eiiH MeXaHU3MIH naiinanananel. TpanchopmaTopiap
GPT-3 cusAKTHI KONITeTeH 3aMaHayH TUTIIK MOJICTIbICPAiH HeTi31 O0JIBIT TaObIIa bl

Bys1 HEHpOHIBIK JKENIEp/iH KONTEreH TypJepiHe MIarblH IOy FaHa.
OmapaelH OpKaiChICH 63 apTHIKIIBUIBIKTAphl MEH KEMIILUTIKTEpiH Oepemi, ai
Oenriii Oip Typai TaHIay TarchlpMara OaiIaHBICTHI.

Beiine aknaparThl Tanaay YIiiH KOHBOJIOUHUSUIBIK HelpoHIbIK seminep (CN)
JKoHe KalTagaHaThiH HeHpoHIbIK skeiinep (RN) sxui Kommanbuiaas [4; 5].

CNN cypertrepai eHaeyre koHe op OcitHe KaapaaH CHITaTTaMalapabl anyFa
JKAKChI COUKeC KeJe/l.

RN, consin imiame LST (Long Short-Term Memory) memece GRU (Gated
Recurrent Unit), coman KkeiiiH [oiiekTi Kajpiap apachlHIaFbl YaKbIT
TOYENUIIKTEPIH Tajlay YIIiH KOJIJaHbLIa bl.

Y esnmemai KOHBOJIONUSIBIK Helpouabik keminep (3D Cnc) e
KOJIIaHBLIAMbI, OJap KEHICTIKTIK-YaKbITTBIK ASPEKTEPIi, COHBIH iIIiHIe OMIKTIriH,
lupw sxoHe TepeHairia (yakpIThiH) eckepeni [3; 7].

ConbIMeH, TpaHcopMmaTopiap/ibl OeiiHe aepeKTepre e KoJIaHyra 00asl,
OYJ1 IepeKTepl Ke3eCcOoK TOPTIINEeH oHAeyre MyMKIHIIK Oepesi, Oy acipece
KaJIp/IbIH 9pTYPIIi O6JIiKTepi apacklHIaFrbl HEMece pTYPIIi KaapJiap apachlHAArbl
KaThIHACTAP/IbI TAJJIAY YIIIH Maii1alsbl.

HetipoHapIk sxeniHiH Oenrini Oip TypiH TaHay TanchipMara >KOHE JOJIIK
TIeH OHJICY JKbIJIIaM/IbIFbIHA KOWBUIATHIH TallanTapra OaillaHbICTHI.

Hatuskenep xoHe TAIKBLIAY

byn skcnepumentti Opnangonarsl (AKII) Ane6epro Amato, BunieHo
Ju Jlecce xone Bunnienno [Inypust FamsiMaaps! sKypri3mi.
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Ycrputras xyite 360 rpamgycka skoHe aybICTIABI OYPBIIITHIK KBUTIAMIBIKIICH
aliHanmyra KaOlneTTi KO3FalMalThIH KaMepalapMEeH J>KOHE KO3FajIMallbl
KaMepaJapMeH CHT131I1 )KOHE ChIHAIIIBI.

By makaaza 613 KO3ranaThIH KaMepajlapMeH HeFYPITbIM KYP/IeITi JKaF TaiIbIH
HOTIDKEIIEPiH KeITipeMmis.

JKaTThIFy KHBIHTBIFBIH TONTHIPY YIIIH CaxHA >KAPBIFBIHBIH KYHII3ri
©3TepiCTepiH ecemKe axy VIIiH TOYNIKTIH opTYPJi yaKbITTaphIiHa OipHemIe xKa3y
ceaHcTapbl oTKi3inmi. YKom KonTaHOAChl KapBIKTHIH ©3TrepyiHe alTapibIKTai
Te3iMIi: 1-cyperTe Kaapnaarbl JKapbIKTBUIBIKTBIH 40% e3repyi caibICThIpMalbl
JKOJI KONTaHOACHIHBIH TeK 7% e3repyiHe ColKec KeNeTIHIri kepceTiireH. by
cHUTIaTTaMa eTe MaHbI3IbI, OUTKEHI OeliHeOaKpUIay KYHenepi oeTTe Toyiirine 24
caraT OeifHe TycipeIi: »KaphIKTBUTBIKTEIH KYHICIIKTI 03repyi KOpIIaFraH OpTaHbIH
e3repyiHe 9KeliN COKThIpCa Jia, Aa0bUI/Ibl TEK OCHI Ce0ENTi FaHa KOTEpMEYy Kepek
[1; 2].
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Cyper 1 — Oyn cyperTe Kaap »KapbIKTHIFBIHBIH 40 %
©3repyicabICTBIPMAaIIBI KOJT KONTaHOAaChIHBIH 7%
e3repyiHe COMKeC KeJICTIH/IT KOPCETIIreH.
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Cyper 2.1 — byn cyperTe HEHPOH/IBIK KITaCCU(UKATOPIBIH ILIBIFBICHI
kepcerinred. 2000 kaapapIH afHANACKIHAA Ta0BIT KOpiHEe Il

Cyper 2.2 — bana pykcar eTiireH aiiMakTa cepyeH e/
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Cyper 2.3 — bana TBII{BIM calTBIHFaH aiiMaKTa cepyeHAeH i

2.1-cypeTTe SKCIIEpUMEHTTIH HoTHKenepi kepcerinren (5860 kampman
Typassl), oHJa Oana ThIBIM callblHFaH aiiMakra cepyenaeiai (2000 nemipi 6ap
KaJp/IbIH JKaHBIHAA). J1aObIIbl aHBIKTAY YIIIH HEHPOHIBIK KEIiHI TAHBIMANTEIH
Oipiami kaap-2021 HeMipi.

Jlon oceiHail porerypa apTypii xaraainapaa (Mblcalbl, aBTOTYpaKTap/a,
3epTXaHalapia, ayAuTOpHUsIap/a *KoHe YIIep ie) )Ka3bpuiFal 0acka JKUbIpMadec
OeifHere KaTbICTBI OoyAbl. by SKCHEpUMEHTTEp YCBIHBUIFAH —TOCUIIIH
MYMKIH/IIKTEpl MEH CarachlH pacTaJibl.

3-cyperTe HaOBUINBI aHBIKTAY BIKTHMAJIBIFBIHBIH OOBEKTIHIH OJIIeMiHe
TOYEJIIIT CypeTTe alblHFaH ay/laHHbIH MaibI3bIMEH KOPCETIITeH.
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Cyper 3 — bys1 cyperTe anbiHFaH KeCKiHHIH MTalbI3bIMEH KOPCETUITeH
00BEKT OJIIIeMIMEH CaBICTRIPFAHIA Ta0bUI/Ibl AHBIKTAY

BIKTUMAJIABIFBIHBIH JTUHAMHKaChI KBpCGTiHFeH
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KopbITbIHABI

HefipoHapIK JKeJmire HETI3AeNTeH CaHABIK KOJ JKEeTIMAUTIKTI Oakpuiay
KYHeCiH TaMbITy-0yJ1 KOIKBULABIK MPOIIECC, 0J1 MYKHUSIT TalIay/Ibl, dK0o0atay bl
JKOHE TECTIICYAI KaKeT ereidi. bysn Makamaga 0i3 OChl MPOIECTIH HETi3ri
KE3CHICPIH KapacThIPABIK, ICPCKTEP Il )KUHAYIAH KOHE COUKEC HEHPOHIBIK el
apXUTEeKTypachlH TaHJAayJaH OacTal, HAKThl YaKbITTarbl —Taljayra JKOHE
KHOepKayilci3mik —MIapamapblH  eHrizyre geiin. FameiMmap xyprisren
SKCTIEPUMEHTTEP YCHIHBUIFaH XYHEHIH THIMALTITH PacTabl, acipece KO3FaaIMallbl
KaMepajapIpl TaiganaHy skarjaibiaga. Ocbl calaiarbl OJaH opi JaMy
AITOPUTMACP MEH TEXHOJOTHSUIApIBl KAKCAPTYAbI, COHMAii-aK Kayilci3mikTi
KaMTaMachl3 €Ty JKOHE KOJI XKETKi3y/l OaKpLIay YIIiH yKcac KyHenepi KoJIaany
CIICKTPIH KCHEUTY /i Ko3aei .
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HEHPOCETH B IIU®POBBIX CUCTEMAX YITPABJEHUS
BUJAEO: CBOP JAHHBIX, PEAJIBHOE BPEMS

Cmamovs npedocmagisiem 0030pHbINL 832180 HA paA3paAOOMKYYUPDPOBbIX CUCHEM
BUOCOKOHMPOJISL ~ OOCMYNA,  OCHOBAHHBVIX Ha  Hetipocemsix. Ona  noopo6HO
paccmampusaem Kuouegble dMAanbl 2Mo20 Npoyeccd, HAYuHas ¢ coopa OaHHbIX U
3aKAHYUBAS AHATIUZOM 6 Pedcume peanbho2o epemenu. OcHogHoe eHUMaHue yoensemcs
8b100pY U ONMUMUZAYUU APXUNEKNYD
HEUPOHHbIX cemell, a MAKdiCe NPUMEHEHUIO PA3IUYHBIX MUNOE HEUPOHHbIX Cemell Oilsl
AHAU3A BUOCOUHPOPMAYUL.

Aemopel  obcyxcoarom — memoOvl  coopa  OAHHBIX,  Heobxooumvie O
aghgpexmusHoll pabomul cucmemvl, GKIHOUASL CHADICEHUE OAHHBIX, COOMBEMCMBYIOUUX
00beKmam u 8UOAM 0esimebHOCU, d MAaKdlice 0Decneyenue 6CeCnopOHHe20 0X8amd ¢
yuemom anomanuil. [lanee paccmampusaemcsi 6bl60p nOOX00AUeil apXumeKmypol
HePOHHOL cemu, c Y4emom 3¢)PekmueHOCmu GbIYUCTEHUT U MOYHOCTU.

Ocoboe enumanue yoensiemcsi 00yueHuI0 u ONMUMU3AyUY Mooeeli HetupOoHHbIX
cemeltl, GKIIOUAsL MEMOObl 0OVUeHUsl NePeHOCy U YyeeauyeHus obvema OanHvlx. /lanee
asmopuvl  0b6CydCOalom  AHAIU3 8 pPedCUMe  PealbHO20  6peMEeHU U Mepbl
Kubepbezonachocmu.

B cmamve maxoice npedcmagien 0630p paziudnblX MUno8 HeUPOHHbIX Cemell, ux
npeumyuecme u HeOOCMAmKo8, ¢ 0COOEHHbIM YKIOHOM 6 NpUMEHeHUe Ol AHAIU3A
sudeounpopmayuu. IKcnepumenmol, nposedennvle yuenvimu 6 Opnando, CILIA,
noomeepaicoaiom  3PHeKkmueHocmy  NPeONONCEHHOU — CUCIEeMbl, 0CODEHHO Nnpu
UCNONb30BANHUU OBUICYIYUXCS KAMED.

Kniouegvle  cnosa:  eudeokonmponav,  Heupocemu,  KubepOe30nacHocmb,
IKCHEPUMEHM, APXUMEKMYPbl, 0OVUeHUe.
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named after Gumarbek Daukeyev, Republic of Kazakhstan, Almaty

NEURAL NETWORKS IN DIGITAL VIDEO MANAGEMENT
SYSTEMS: DATA COLLECTION, REAL TIME

The article presents an overview of the development of digital video
access control systems based on neural networks. She examines in detailthe
key stages of this process, starting with data collection and ending withreal-
time analysis. The main focus is on the selection and optimization ofneural
network architectures, as well as the use of various types of neuralnetworks
for video information analysis.

The authors discuss the data collection methods necessary for the
effective operation of the system, including the provision of data relevantto
facilities and activities, as well as ensuring comprehensive coverage taking
into account anomalies. Next, we consider the choice of a suitableneural
network architecture, taking into account computational efficiency and
accuracy.

Special attention is paid to the training and optimization of neural
network models, including methods for learning how to transfer and increase
the volume of data. Next, the authors discuss real-time analysis and
cybersecurity measures.

The article also provides an overview of various types of neural
networks, their advantages and disadvantages, with a special focus on
application for video information analysis. Experiments conducted by
scientists in Orlando, USA, confirm the effectiveness of the proposed system,
especially when using moving cameras.

Keywords: video monitoring, neural networks, cybersecurity,
experiment, architecture, training.
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PROBLEMATIC ASPECTS OF DEVELOPING
APPLICATIONS FOR GENERATING AND
STORING USER PASSWORDS

In today’s digital world, the security of personal data is becoming an
increasingly pressing issue. Apps for storing user passwords arean
important tool in ensuring the security of online accounts, but their
development is not without problematic aspects. This article discusses the
key challenges developers face when building these applications.
Particular attention is paid to storage security, authentication
mechanisms, as well as usability and integration with other services.
By analyzing these issues, you can identify the main challenges and find
ways to solve them, contributing to the creation of more reliable and user-
friendly applications for storing user passwords. This article provides an
overview of the challenges that arise when developing applications to
store user passwords and provides recommendations for solving them. The
article discusses such important aspects as data protection, prevention of
cyberattacks, compliance with security standards, and usability for the
end user. Understanding these challenges and being able to solve them
plays a key role in creating trustworthy and effective applications that can
provide a high level of security and convenience for users in their everyday
online experience. The article describes the practical development of an
application for generating complex passwords, as well as their further
secure storage in an encrypted database with subsequent integration with
third-party applications for more secure storage. The article is of great
practical significance.

Keywords: generating passwords, storing passwords, cryptography,
safety, encryption.
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Introduction
In today’s digital world, personal data is an object of increased attention for

cybercriminals. In this regard, the development of applications for the secure storage of
user passwords is becoming one of the most urgent and difficult tasks for developers.
The challenges associated with this process range from the technical complexities of
implementing strong encryption algorithms to access control and social engineering
protection. This article discusses the key challenges that developers face when creating
applications for generating complex passwords and storing them securely. Based on the
results of the problem area analysis, the purpose of the study is to identify effective
strategies and develop a solution to minimize risks and ensure a high level of security
for user credentials.

One of the main challenges is to ensure that passwords are reliably protected from
unauthorized access. Each case of leakage or hacking can entail a threat to the privacy
of users, as well as negatively affect the reputation of developers and service providers.
An important aspect is the use of modern encryption methods and secure hashing
algorithms to prevent access to passwords in clear text.

The authors Yildirim, M., Mackie, 1. believe that security issues in text password
authentication are rarely caused by technical issues, but rather by limitations of human
memory and human perception along with their subsequent reactions. In the study, the
authors present a new convenient approach to creating passwords, including persuasive
messages that motivate and influence users to choose more secure and memorable text
passwords without overloading their memory. Based on a broad understanding of the
security challenges caused by human error, the writing team offers a robust solution by
encouraging users to create their own password formulas. The results of a study
conducted by the researchers to evaluate the effectiveness of the proposed password
recommendations indicate that password creation methods have become a prerequisite
for the creation of cryptographically strong and memorable passwords [1].

Another challenge is managing the lifecycle of passwords, including creating,
modifying, and restoring. Effective implementation of these features requires a balance
between user usability and security. The ability to manage access to accounts, recover
forgotten passwords, and many other aspects must be implemented in a way that
minimizes security risks.

In this context, it also becomes critical to protect against attacks such as password
guessing, phishing, and social engineering. Developers should pay special attention to
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creating effective mechanisms to detect and prevent such attacks to ensure that users’
privacy is protected at all times.

Entering a combination of login and password is a widely used identification and
authentication procedure in computer systems. However, this method is notoriously
weak as passwords accepted by many users are easy to crack. In an attempt to increase
security, proactive password verification can be used, in which passwords must meet
several criteria to be more resistant to hacking. In two experiments, we examined the
impact of proactive password constraints on the time it takes to generate a valid password
and then use it to log in. The required lengthwas at least five characters in Experiment
1 and eight characters in Experiment

In both experiments, one condition had only a length limit, and the other had
additional ones. The additional restrictions have significantly increased the timeit takes
to generate a password, but have only marginally affected the time it takesto later use it to
log in. For five-character passwords, 75 % were cracked when no other restrictions were
imposed, and this figure was reduced to 33 % with additional restrictions. For eight-
digit passwords, 17 % were cracked without any other restrictions, and 12.5 % were
cracked with restrictions. The results of the study by Proctor, R.W., Lien, MC., Vu,
KP.L. et al. show that increasing theminimum character length reduces tampering and
increases security, regardless of whether additional restrictions are imposed [2].

Even though password managers are commonly recommended by security experts,
they are still not used by many users. Understanding why some choose touse password
managers and others don’t is important for a general understandingof why some users do
what they do, and accordingly for developing motivationaltools, such as video tutorials,
to help motivate more people to use password managers. To examine the difference
between those who use and those who don’t use a password manager, a team of researchers
from Fagan, M., Albayram, Y., Khan, M.M.H. et al. conducted an online survey among
247 users, of whom 111people had never used the tool, and collected information about
their opinions and experiences with password managers. The results of the survey
showed that“users” of password managers cited convenience and usefulness rather than
security benefits as the main reasons for using the tool, highlighting the fact thateven
the majority of the tool’s users do not consider security as the main benefitwhen making

a decision. On the other hand, “non-users” cited security concernsas the main reason for
not using a password manager, highlighting the prevalenceof suspicions arising from a
lack of understanding of the technology itself [3].
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The analysis of literature sources showed the relevance of the research topic and
made it possible to identify important aspects of the development of applications for
storing user passwords. A large number of scientific papers are devoted to the topic of
password security research. The authors of the articles Luby,M., Rackoff, C. [4], Lenstra,
A., Verheul, E. [5], Muganiji, J., Bainomugisha, E. have published the results of studies
on password security research. Kim, G., Lim, J. & Kim, J. [7], Smiatacz, M.,
Wiszniewski, B. [8] discuss the issues of storing confidential data using mobile devices
and protecting electronic documents from unauthorized access. The relevance of the topic
of developing secure applications for storing user passwords can hardly be overestimated
in the context of today’s digital society. With the constant increase in the amount of
personal data transmitted and stored in electronic form, the interest of cybercriminals in
this valuable information is also growing. Regular incidents of data breaches, hacks,
and identity theft underscore the urgent need for a high level of security, especially
when it comes to user passwords. App users expect their data to be properly protected,
and password leaks can cause serious damage. With the constant evolution of
technologies and attack methods, developers are faced withthe challenge of constantly
updating and improving security systems in order to provide reliable tools for storing
passwords and protecting user privacy. Thus, the topic of password security remains at
the peak of relevance in the field of information technology.

Cyberattack stories are becoming routine in which cybercriminals show a newlevel of
intent by carrying out sophisticated attacks on networks. Unfortunately, cybercriminals
have come up with lucrative business models and enjoy anonymityonline. A serious
situation that needs improvement for network defenders. Thus, a paradigm shift is
essential to the effectiveness of existing methods and practices.Since the majority of
cyber incidents are human-driven, this shift necessitates more research into little-
understood areas, such as the behavioral aspects of cybersecurity. To improve the
current situation, it is more important to focus onsocial and behavioral problems. The
paper by Maalem Lahcen, R.A., Caulkins, B., Mohapatra, R. et al. provides an overview
of relevant theories and principles. In this paper, the authors provide insight into an
interdisciplinary framework thatcombines behavioral cybersecurity, human factors, and
modeling and simulation[9].

Identity management is a fairly general concept that encompasses technologies,
policies, and procedures for recognizing and authenticating objectsin ICT environments.
Existing identity management solutions often lack usabilityand scalability, or don’t
provide proper authentication. Jesang, A., Rosenberger,C., Miralabé, L. et al. describe
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user-centric on-premises identity management asan approach to providing scalable,
secure, and convenient identity management. This approach is based on hosting identity
management technology on the user side, rather than on the server side or in the cloud.
This approach improves authentication, improves usability, minimizes trust
requirements, and has the advantage that trusted online interactions can be maintained
even in the presenceof malware on client platforms. The approach developed by the
authors of the study is based on the use of OffPAD (Standalone Personal Authentication
Device) as a trusted device to support various forms of authentication required for trusted
communication. The OffPAD prototype was implemented and tested in user
experiments [10].

As such, the development of user password storage applications requires careful
consideration of a number of problematic aspects related to security, access control, and
attack protection in order to ensure that personal informationis reliably protected and
user trust is maintained.

Materials and methods
At the initial stage of developing a password storage application, you need to

conduct a domain analysis. Nowadays, there are many applications that offer convenient
and secure storage of user passwords, but many of them have their drawbacks, such as
vulnerability to hacking, weak encryption mechanisms, inconvenient use, lack of
functionality to organize and manage passwords. The analysis showed that when
creating a unique application for storing passwords, it is necessary to comply with
development principles such as security, usability,scalability, and integration. Strong
data encryption, two-factor authentication, and other security measures should be taken
into account when developing an app. The user interface should be intuitive and user-
friendly for all categories ofusers, providing easy access to the stored data. Your
application must scale to manage a large volume of accounts and passwords, providing
reliable storage andeasy management even as the amount of data grows. Implementing
the ability tointegrate with other services and platforms can significantly improve the
usability and functionality of the application.

Based on the analysis of existing solutions and the key principles of creatinga
unique application, the following algorithm was implemented:

Market and audience research. Understanding the needs of users and the specifics
of the market will help determine the key functions and features of theapplication being
developed.
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Security design. Developing strong encryption and authentication mechanismsshould
be a priority at all stages of development.

Testing and feedback. Regular testing of the application and collecting feedback
from users will help identify problems and improve the functionality and usability of
the product under development.

Continuous improvement. Developing a password storage app is an ongoingprocess
that requires constant attention to security changes and user needs.

In addition to this algorithm, the following methods were considered that can be used
in the development of a password storage application.

One of the main methods of data protection in a password storage app is encryption.
Password and account data should be encrypted using strong encryption algorithms such as
AES (Advanced Encryption Standard) to prevent unauthorizedaccess to it.

The introduction of two-factor authentication increases the level of securityof the
application. This method requires the user to provide not only a passwordbut also an
additional authentication factor, such as a one-time code received viaSMS or an
authenticator app.

To prevent password leaks in your application, you need to use secure storage
methods. Hashing passwords using well-known hash functions such as SHA-256helps
protect user passwords even if the database is compromised.

Keeping your application up to date and auditing its security helps identifyand fix
vulnerabilities, which is important for maintaining the reliability and protection of user
data.

Implementing biometric authentication, such as a fingerprint scan or facial
recognition, can add an extra layer of security and convenience to users.

To prevent brute-force attacks, you should use mechanisms to limit the number of
password attempts and introduce time delays between attempts.

An effective combination of these methods allows you to develop a password storage
application that provides a high level of security and usability for users.

Results and discussion

As part of the study, a computer program for storing passwords was developed.
Not only does the password generator create random passwords, but italso implements a
high level of complexity. The word-to-password feature doesn’tjust change letters, but it
also adds special characters and numbers to make yourpassword even stronger.

Example: The seed word “ilovecyber” is converted into the password

«!'IoVECyB3R».
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It’s not just random password generation, it’s also a creative process that makes
each password unique and difficult to crack. The results of the generator operation are
shown in Figure 1.

Baw cryyailHuid naponb: doge3m NzWI7

Cnoeo ILoveMyDog bbiio npeobpazoeaHHo B napons: !LOVEMYdBG

Figure 1 — Generator Operation Results

At the next stage, it was possible to record authentication data, for example,such as
the name of the site on which registration takes place, login and passwordin encrypted
form in a database for storage.

Python was used as the main programming language. The system for storing
passwords in the database was implemented in encrypted form, providing an additional
layer of security.

The password generator works as follows. The generator creates flags that are
responsible for the presence of uppercase and lowercase letters, special characters and
numbers in the password. Then, a cycle of random character generation starts, generating
aunique password. A snippet of the password generator code is shownin Figure 2.

RandomPassword() :

FlagSimbol =
FlagUp -
FlagNumber =

1 random. randint(8, 20)):
passu alph[random.randint (8, len(alph)-1)]

EditNum = random.randint(, 6)

= password[i].upper()
umbers [random. randint(@, len(numbers)-1)]

password[i] = simbols[random.randint(@, len(simbols)-1
passwordString = *'.join(password)
Flagumber FlagSimbol FlagUpper
passwordString

RandomPassword()

Figure 2 — Password generator code snippet
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The process of converting a word to a password is similar to the method described
above. Each letter is randomly modified, adding complexity anduniqueness to the
password. A fragment of the word-to-password code is shownin Figure 3.

f wordToPass( )=

= -lower()

FlagUpper =
FlagSimbol =
password = []

password += [i]
EditNum = random.randint(0, 2)
EditNum == @:
FlagUpper = >
password[i] = password[i].upper()
EditNum == 1: :

dictionary.get(password[i]):
FlagSimbol =
password[i] = dictionary.get(password[i])

passwordString = ''.join(password)

f FlagSimbol FlagUpper:
passwordString

wordToPass (

Figure 3 — Word-to-password code shippet
After the successful implementation of password generation and data encryption

algorithms, a practical and efficient windowing application using PyQt5 was created.
Figure 4 shows a screenshot of the interface of the developed application.
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A Xpanwnvie naponei — O X

| 3anucate napoib MNonyunTs napons

BeeguTe Web-agpec |VI{ |

Login: |854854950284 |

Mapone AOMKEeH COASPMKETE CTPOUHEIE, 3arNaBHkIe 6YKBI:I, LI,HqJFIbI W CMMBONEL.

Password: |!IOV30;t|Er | ChyyaiHeli Napose | MCNpaenTs Napob!

3anucate napone

Figure 4 — App Interface

The app’s interface contains buttons related to the main functions: generatingand
correcting passwords that do not meet security requirements. The focus is onchecking
for uppercase and lowercase letters, as well as special characters and numbers. There is
also a check of filling in all input fields, such as web address,login and password. Figure
5 shows a screenshot of the password generation andcorrection application window.

» XpaHunuule naponein — O X

3anucaTe Napoib Mony4YuTE Napois

BeeauTe CaiT uTobbl NoNyuynTe BQll NEaponke W NOTKH

BeegnTe Web-agpec VK |

[ MonyunTs CEOW AaHHBLIE YOanHTb AaHHbIE

Login: 854854950284 |

Password: |!IOV3Cthr |

Figure 5 — Password Generation and CorrectionApplication Window Interface
The application now has the ability to retrieve your data from the web addressentered

when adding it to the database. There is also an option to remove data fromthe database,
making the application more flexible and manageable (Figure 6).
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A Yenex X b
Beeaute C
Bawwm AaHHble yCNewHo yaaneHHol
Beeawte V¥

ne [ ok |8
| Login: |_ |

Password: | |

Figure 6 — Database Data Removal Interface

In this way, the app provides the user with the ability to effectively managetheir
passwords and guarantee their strength. It is focused on practicality and functionality.

The security of the application is based on the use of encryption to protect logins
and passwords, as well as the names of sites stored in the database. Figure7 shows a
screenshot that shows what the data looks like when encrypted and decrypted.

(yHoBan 6a3a AaHHbLIX 2 OTKPLITL a3y AaHHLNX {

3anucars i A Xpanmnuwe naponeii — O X
CrpykTypa B4 DanHbie Mparmel SQL
3anucatk napons NonyuuTs napons

Tabauua: || passwords v 8 B 2 B & B -
- < BBequTe CaifT uToBH NONYUMTL BaL NAPOAL H NOTUH

web login &1 password BeeguTe Web-agpec |VK |

|{I"’ﬂ=‘7:J |iIZ‘,’I'|:FJ |{I‘/ﬂ=‘7:J ‘ MONYUHTL CBON AaHHEIE i YAAMMTE JBHHLIE ‘
1 17]Qkm 9::<=>7@AB
2 [P 8797850=780  &QS5{jgzwiiw)

Login: [32423048234 |

Password: |1LDvehur’gEr$ |

Figure 7 — Display encrypted and decrypted data

As you can see from the example above, all sensitive data has been convertedinto
incomprehensible sequences of characters. In order to ensure the privacy and security
of the developed application, the code describing the encryption anddecryption process
is not provided in this article. However, it is important to notethat the encryption
algorithms used in the development are designed to ensure maximum data security.
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Thus, an important aspect of the functionality of the developed application is the
level of protection that encrypts the data in the database. Passwords, logins,and websites
remain secure, providing the user with confidence in the safety of sensitive data.

In order to protect the data, additional security measures have been implemented
in the application to prevent possible information leakage in case of loss of access to the
application.

When a user opens the database for the first time, they need to enter a unique
password and log in. After that, in subsequent logins to the application, you needto re-
enter the password. However, if the password is entered incorrectly 10 timesin a row, the
database will be automatically cleared. This measure aims to preventunauthorized access
attempts and provides an additional layer of protection.

In the future, in order to develop the application, the possibility of introducing two-
factor authentication through services such as Google will be considered toprovide an
even greater level of security. Also, the functionality of creating regularbackups will be
provided to exclude data loss in case of unforeseen situations.

Conclusions

In today’s digital world, where data security plays a key role, building a unique
password storage app becomes a necessity. However, the success of such an appdepends
on several factors, including security, usability, and innovative features.

To develop a password storage app, you need to have a deep understandingof user
needs and the market, as well as adhere to the basic principles of securityand usability.
It’s important not only to create an app that reliably protects user data, but also to ensure
ease of use and effective password management.

Strong encryption, multi-factor authentication, regular updates, andcontinuous
improvement of the app’s functionality are just a few of the key aspects that need to be
considered when developing a unique password storage app.

In conclusion, the authors conclude that creating a unique application for storing
passwords is not just a technical task, it is an opportunity to help users protect their
personal data and provide them with confidence in security in the digital world.
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21.09.24 . GachIn mbIFapyFa KaObUIIaHIBL.

MAVJIAJTAHYIIBI KYITAS CO3JIEPTH KYPYFA )KOHE
CAKTAYFA APHAJIFAH KOCBIMIIAJIAPAbBI 93IPJIEY AIH
IMPOBJIEMAJIBIK ACIIEKTIJIEPI

Kasipei yughprvix anemoe scexe oepexmepoiy Kayincizoiei oapaan

cativin o3exmi maceneze aninanyoa. Ilatioanranyuvl Kynus ce30epin

CaKmayea apHani2an KOCoIMUANAp OHIatuH-Uommapovly Kayincizoicin
Kammamacwlz emyoiy Manvl30bl KYpaivl 60asin maowiiaowl, 6ipax oaapovl
azipney npobiemanviy acnexminepoer 6oc emec. byn maxaniada azipaeyuinep
OCbIHOAU  KOCOIMULANAapObl KYpy KesiHoe Ke3decemin Heeizel macenenep
Kapacmulpeiiadel. Cakmay Kayincizoiel, aymeHmugpuxkayus mexanusmoepi,
natioanany bIHAWILLILIZL  JHCIHEe OACKA  Kbl3MemmepMeH UHmezpayus
Macenenepine epekuie Hazap ayoapeiiadsi. Ocel macenenepdimanoay Heeisei
KOHbIPAYIapObl AHLIKMAY2A JHCoOHEe O0AapOobl WieuryOiy JHCon0apblH mabyea
MYMKIHOIK 6epedi, 0¥ sceKke naponvoepoi Cakmay2aapranzan CeHimoi HeaHe
BIHRAULIbL KOCIMULANapobl KYpyea wiknai emeoi. bByn makana naioananyuivl
KYnus ce30epiH cakmayada apHai2an KOoCoIMulanapovl a3ipiaey Ke3inoe
MYbLIHOQUMBIH Macenesepee WOy AHCAcauovl Hcane 01apobl weuy OOUbIHUA
yevinvicmap bepedi. Makanada oepexmepdi Kopaay, Kubeputabdyviioapouvly
anovin  any, Kayincizoik —cmanoapmmapuiH — caKkmay — H#coHe — COHebl
nanoaniaHyuvled — blHeauavl 00Ky  CUAKMbl  MAHLI30bl  ACheKminep
Kapacmuipwiiaovl. Ocvl Macenenepdi myciny oicone oaapovl wiewe 0Oiny
RANOAIAHYUbLIAPEA KYHOCLIKMI OHAAUH MadiCIpubecinoe dco2apbl Kayincizoik
NeH bIHEAUILLIBIKMbL KAMIMAMACHI3 eme  Aiamvii CeHIMOL Jicane Mmuimoi
Konoanbanapovl Kypyoa wiewlywi pen amxapaosl. Maxanada Kypoeni
napoaboepoi KYpyea apHani2an KOCbIMUIAHbBIY NPAKMUKALLIK OAMYbl, COHOAQ-
ax 01apovl Kayinciz cakmay MakcamvlHOA YuiHwi mapan KOCbLMUAIAPbIMeH
Oipixmipe omuipoin, wugpranean marimemmep 6a3acvinoa 00an api Kayincis
cakmay cunammaneat. Maxananvly npakmuKaiblk Maybi3sl 30p.

Kinmmi  ce30ep: naponvdepdi Kypy, Kynus ce30epoi cakmay,
Kpunmoepaghus, Kayincizoix, wugpray.
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MMPOBJEMHBIE ACIIEKTBI PA3PABOTKHA NPUJIOKEHUAM JJI5
TEHEPAIIMM U XPAHEHUS MOJIb30OBATEJIBbCKUX MAPOJIEM

B cospemennom yupposom mupe 6e3onacHocmb AUUHBIX OAHHBIX
cmanosumcs  6ce  Oonee akmyanvHou npobremou. Ilpunodcenus ons
XpaneHusi NOLb308AMENbCKUX NAPOLEl ABNAIOMCS 8ANCHLIM UHCTPYMEHMOM
8 obecneyenuu 6e30NACHOCU OMIAUH-AKKAYHIMOG, OOHAKO UX pa3pabomra
He Juwena npooIeMHbIX ACneKmos. B dannol cmamve paccmampusarmes
KIo4eable npobemMbl, ¢ KOMOpPbIMU

MATKUBAIOMCSL  pa3pabomyuky npu CO30AHUU MAKUX NPUTLONCEHUL.
Ocoboe  eHUManue YOelsiemcst GONpocam — Oe30nACHOCMU — XPAHEHUs,
MEXAHUBMAM  aymeHmuukayuu, a maxce y0obCmey UCNOAb308AHUS U
unmezpayuu ¢ Opyeumu cepeucamu. Auwanuz smux npobnem no3eoisem
8bIAGUMDb OCHOBHbIE GbI308bl U HAUMU NYMU UX PeuleHus, Cnocoocmeys
Co30anuio  6onee HAOEHCHBIX U YOOOHLIX NPULONCEHUL 0N XPAHeHUsl
NOIb308AMENbCKUX NApoael. Jlannas cmambs npediazaem ob630p npobiem,
BO3HUKAIOWUX — NpU  paspabomke — NPUNONCEHUN — OAsL  XPAHEHUs.
NONb308AMENLCKUX NAPOIEU, U NpeOCmasisem peKoOMeHOayuu no ux
pewenulo. B cmamve paccmompensl maxue 8adiCHble ACNeKmbl, KaK 3auuma
OanublX, npedomsepawyeHue Kubepamax, CcOOIOOeHUe  CMAHOAPMO8
bezonacnocmu U cobCMEEHHO YO0OCMBO UCNOIB308AHUSL O]l KOHEYHO20
nonvzogamenst. Tlonumanue smux npobiem u ymeHnue ux peuams ueparom
KAIOYEBYIO POJIb 8 CO30AHUU O08EPUMENbHBIX U IPPEKMUBHBIX NPUTONCEHULL,
KOmMopble CHOCOOHbI 0DeCneyums 6blCOKULL YPO6eHb 0e30NACHOCHU U
y00bcmea 015 noab308ameinell 8 UX NOBCeOHeBHOM OHAAUH-onbime. B cmamve
ONUCAHA NPAKMUYECKAsi pazpadomKa RPULONCEHUS OISl 2EHEPAYUU CLOINCHBIX
naponel, a maxdxce Ux OdanbHeuuieco 06e30NACHO20  XpAHeHUus 8
squiugposannoll  6aze OanubIX ¢ nociedyloweu ummezpayuel  co
CMOPOHHUMU  NPUNIONCEHUSIMU C  Yenblo 6onee 6e30nacHo20 XpAaHeHus..
Cmamus umeem 60IbUIOE NPAKMUYECKOE 3HAYEHUE.

Knouesvie  cnoea:  cemepayus — naponreu, Xpawenue — napoieil,
Kpunmoepadghus, bezonacnocms, wu@dposanue.
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WHTEPAKTUBTI S4ICTEPAI KOJIJAHA OTbIPbIN,
OJIEKTPOH/bIK OKbITY KYPAJIJAPbIH 93IPJIEY

Kasipei kosamnviy «borawakka 6inim 6epy» YCMAaHbLIMbIHICY3e2e
acelpy2a 6a2blmman2ansvl ewKimoe 0ay kexmipmenoi. byn mepmunoi okoimy
MeH mapbueneyOiy HaKmul Hea2o0aublHOA Kazipel 3amanael Oinim bepy npoyeci
peminde, aman aumyanod, OiLiM OepymexHos02UusiCbl KOHMEKCMIHOe OLliM
bepy npoyecin dcyseze acvlpy peminoe mycinoipyee 6onaovi. binim 6epy
npoyecin mexHoI02UAAAHObIPY IPMYPIT UHHOBAYUSIBIK HCOOANAPObL, COHOAU-
ax 20icmepoi, macinoep meH Kypanoapobvl eHei3y JcaHe KOJNOaHy peminoe
Kapacmoulpyza 6o0naodvl. Jacmypni owcone UHHOBAWUAILIK Oinim  Oepy
JHcytienepiniy apacelHOaebl AUbIPMAUBLILIKINGD, el AN0bIMeH, Jpmypi Oinim
bepy mexHoN0UANAPBLAPKBLIbL JHCY3e2e ACbIPLLIAMbIH MAKCAMMbl OPHAmMyod
arcamulp. JKozapwvioeneelioei 0atiblHObIKIMAH OMKeH MaAMAHObL 60camvln KaHd
KOUMA1l, OHbLOKBINY CAMbLCLIHAH OACMAN JCARA MEeXHOL02UANAPObl d3Ipiieyee
Kocy dicane beneini Oip onoipicmix opmaHvly Jca0ativina detimoey Kaicem.

Yuueepcumem  Oailbinoazan MamaHOap KOAMHLIH 2P  MYpIi
CANANAPLIHGIY COHRbI MANANMAPLIHA Call 00BN KAHA KOUMALl, COHbIMEH
Kamap ocvl cananapoviy 0apiavigblHOa Npocpecc Hcacayad Oauvlih 60.1)bl
Kepex.

Axnapammolx,  MexHON02UANAPOLIY  YHEMI O0amybl 01ApObl  OCbl
MAKanaoa Kapacmulpulizam oKy npoyecinoe Koa0anyoviy 0acKa HYCKaIapult
yevinaovl. Humepaxmusmi  dcammul2ynaposi, MOOUIbOL KYPblLISbLIapobl,
UHMEPAKMUemi  OHAQUH-MAKMAIapovl, aKblLI-0l KAPMAaiapvlH Kypyad
apHanean Kvlzmemmepoi, MUKPOOLOSUHeMI, MONbIKMbIPLIZAH UBIHOBIKKA
Hezciz0eleeH  KOCLIMWANapobl  KOJLOAHY OKYy HpOYeciHe UHHOBAYUSIBIK
macindepoi Jcyszeze acvipyea MymMKiHOIZiHmapmy emeodi. byn makanaoa ocol
MYMKIHOIKmMepOI Jicy3ece acvlpyed MYMKIHOIK Oepemin KoCblMulaiaped
manoay stcacanadsvit, o1apovt Oinim bepy npoyecinoe Koioamy 6agblmmapbl
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KApAcmulpuliyblMen Kamap, OKYWbLIApObly MAHbLIMObIK Oelcenoinici MeH
KbI3bI&YULLLIbIZbIH, COHOAU-AK HCATNbL OKY NPOYECIHIN MUIMOLLICIH apmmubipy
MAaKcamvlHOa 01apovl 0Ky npoyecinoe Koa0aHy OoubiHwa a0icmemenik
Hyckaynap bepinedi.

Kinmmi ce30ep: a1ekmponobIK OKyabIKmap, UHHOBAYUATLIK MACiIOep,
Oxvimy Kypanoapwt, 6inim bepy npoyeci, 6inim 6epyoi mexHoI02UANAHObIDY .

Kipicne

OKBITY/IBIH KaHa MHHOBALMSUIBIK TEXHOJIOTHSUJIAPBIHBIH TMaiiia 00IybIMEH
Oimim Oepy TocimaepiHiH esrepyi Oaiikamazpl. MHHOBaIMANBIK OmicTep MEH
ANEKTPOHABI OKBITY KypajIapblH MaiiiataHy OKy NpOIECIiHIH THIMIUTITIH
apTTHIPY/bIH HETi3Ti 3JeMenHTiHe aitnananst [1;2].

DNEeKTPOHABIK OKBITY Kypaigapbl OimiMre KoJ JXKETKI3yIiH >XKaHa
MepPCIIEKTUBAIAPBIH AIIbII, OJIAP/bl )KEKEICHIPUITeH, HKEM/Ii 9pi HHTePaKTHUBTI
ereni [3, 66. 17-19]. «MHHOBaUUSIIBIK TOCIIACP» YFBIMBIH aJalTUBTI OKBITY,
BUPTYaJIbl JKOHE KCHEHTIIreH IUBIHABIKTBI Naiinanany, reiiMudukanus [4,
66. 17-19] xoHe MalIMHANBIK OKBITY JeM TyciHyre Oonasibl, SFHH IOCTYpIi
OKBITY S/IiICTEpiHIH ©3repyi 0J1ap bl TAPTHIMABI XKOHE THIMI eTe.

MaHpI3IBI aCTIEKT — JKeKe OiTiM Oepy TpaeKTOPHsIIapbIH KYpyFa MYMKIHIIK
OepeTiH OKYIIBUIAPIBIH KEKe KaKCTTUTIKTEepiHe OediMaeny MyMKiHmiri. by
MaTepualibl THIMIIPEK WUrepy »KOHE OKyFa JIEreH bIHTaHbI apTThIPYFa BIKIAJ
ereni [5, 66. 129-136].

Ocplnaiilia, MTHHOBALMSUIBIK TOCUIIEpre HEri3/IeNreH 3JIeKTPOH/IBIK OKbITY
KypaJiiapbit a3ipiey Oiim Oepy i ®akcapTyAbIH )KaHa MYMKIHIKTEPIH alllyMeH
Karap, OumiM Oepy TpoIeciHAe 3aMaHAyH TEXHOJOTHSUIAPAbI OHTAMIIBI
naiganany bl KAMTaMachl3 €Ty YIIiH Y3IIKCi3 3epTTey MEH JaMbITy/bl KaXeT
eTei .

Marepuasaap MeH daicrep

MyraniMaep MeH OKBITYIIBUIAPABIH JKYMBIC TOKIPHOSCIHEH 9NIETTE OKY
MIPOLIECIHE KOJIJaHBUIATHIH aKIIapaTThIK TEXHOJIOTHSUIAPABIH HET'13ri Kypaniaapbl
[6;71:

— ke0iHece TEOPHSUIBIK MaTepualibl 3ePTTEYMEH JKOHE OHbI 0acTamKbl
OexiTyMeH 6ipre *KypeTiH MyJIbTUMEIUIIBIK IPE3CHTAIHIIAD;

—KipicTipinreH 6efiHe pparMeHTTepi, TECT CypaKTapsl )KOHE 031H-031 OaKpIIay
CYpaKTapsl 0ap IEKTPOHBIK OKYJIBIKTAP;

— Oenrini Oip MOHAI OKBITY IPOIECiHIE KOJIAAHBUIATBHIH Oariapiamarnap,
Mblcansl, workbench, Matlab xoue T. 6.;

— CBIHAK OpTaJIaphl.

Byt Ti3imM aknmapaTThIK TEXHOJIOTHsUIAp/IbIH KaPKbIHBI JaMyblHa OaliIaHbICThI
YHEMI )KaHaPTBIIBIIT OTHIPa/Ibl. OpOip MyFasiM MEH OKBITYIIIBI ©3 Ca0arbIH KbI3BIKTHI
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eTyre THIPBICKAH/IBIKTaH MHHOBALMSIJIBIK TACUIIEP HETi31H/1e JICKTPOHIBIK OKBITY
KypainapbiH O0iniM O6epyzae Konganyra gaifsiH [8; 9].

MakagaHslH MaKcaTbhl HMHHOBAIMSUIBIK TEXHOJOTHSUIAPABI ICKE achIpy
nreHOepiH/ie aKnapaTThIK TEXHOJIOTHSIIAP/ABIH 3aMaHayd KypalliapblH Tallaay
0oJtbIN TaOBLIA b

Ozerre OiiM Oepy KbI3METiHACTrT MHHOBALMSIHBIH Kelleci Typuiepi OesiHe i
[10, 66. 116-120]:

— aKmapaTThl YCBIHYJBIH THIEPMITIHAIK TEXHOJOTHUSIAPbI, AFHU
JIEKTPOHABIK OKYJIBIKTAPbI KOJIaHY;

— MHTEPAKTUBTI a0 IBIKTHI (JIEKTPOH/IBIK TaKTaJIap/Ibl)IailaaHy;

— TIpe3eHTALsUIap bl Al 1anany;

— KaIIBIKTBIKTaH O11iM Oepy, OeiHeKOH(pepeHII-0aiiIaHbIC TEXHOIOT USIIAPBIH
KOJIIaHy;

— MHTEPAKTUBTI Oi1iM Oepy KemeHAePiH JaMBITY.

— MHTEPHET JKENICIHIH OpTYpil OHIaWH-CePBUCTEPiH, OPTYPIL TYpIeri
aKnaparThl OIpiKTipy MyMKiHAIri Gap Ounrim Oepy miaThopMasiapbiH KoHE T. 0.
naiiianany.

binim Oepyne MHHOBaUUsJIApABl KOJNJaHY Op OKYIIBIHBIH aKblI-0H
OeJiceH/ILTIriHE KeMUIiK OepyMeH KaTap, KalIbIKTHIKTaH O11iM alyFa MyMKIHAITH
TapTy eTei.

CoHbIMEH KaTap, 3aMaHayH HHHOBAIMSUIBIK TEXHOIOTHSIAP/IbI KOJIIAHYAbIH
apKachIHIA CTyACHTTep e Oenrini Oip OUTiM MEH TOHIIIK JaFapuIap Kykeci FaHa
eMec, COHbIMEH Karap Kazipri omemue kKaxer AKT kysweiperrtiikrepi
KaJIbINITACATHIHBI TYPAaJjbl aTall OTKeH JKOH.

Ocbl Mbicana «KalbIKThIKTaH Ol1iM Oepy TeXHOJIOTHsIapbD) MToHI OOMbIHIIA
ANIEKTPOHBIK OKYJIBIK 93ipieHai. Jlopic koHE NpaKTHKAJIBIK MaTepHajgapbl
JIEKTPOH/IBI OKYJIBIK TYPiH/E YChIHbIIFaH. OHJIa MHTEPAKTHUBTI )KaTThIFYJIAp MEH
TaTnChIpMaTapAblH KOITEereH TYpIiepi 0ap. OpOip KaTTHIFyFa apHAIFaH OapIbIK
o3ipJieHreH  OMBIHAAp KalTalaHOAWTBHIH/ABIKTAH, MaiJalaHylIbl  OpKallaH
TarchIpManap/bl KbI3bIFYIIBUIBIKIIEH OPbIHIal bl bapibik TarceipManap Gesnrini
MHTEJJIEKTYaJIbl OWBIH/AAD HETi31H/€ IaFbIH OMBIHAP TYPiH/E YChIHBUIFaH. by
TamnceIpManapAbiH  OapisiFel  learning apps OarmapiaMachlHIa OPBIHAAIIBI
(https://learningapps.org/create App.php) semece Wordwall-na (https://wordwall.
net/) sxone Kahoot (https://kahoot.com/).

MpIcanbl, YCBIHBIIFAH TarcbIpMansl (1-cyper) agaM moctapbIMeH Oipre He
OosMaca KOMIIBIOTEP apKbUIBI JKYTIPY JKapbIChl peTiHze oiHai anmaasl. OibIH
mapTel OOWBIHIIA CYpaKTapra JYphIC ayan OepeTiH NaijalaHylibl Mopere
OipiHIIi KeTeTi.
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KoMnbtoTepHbIX Nporpammbl, ¢
NOMOLLBIO KOTOPbIX MOXHO
co3faBaTh MpeseHTaLun:

Miro, Chimpchamp, Kahoot Eddpuzzle, Socrative

Cyper 1 — At xapsbichl

2-CcypeTTe TanChIpMaHbl OPBIHAAY YIIIH Kagamaap Ti30€riH CHri3y OHbIHBI
KOPCETUITCH.

- - - -
Y_V_V \
: L b |
r \ \ v
i \ ) \
: : '
Haunvn’evc UeH- \ [LofassTe BeTEM =
TpanksHoi uaeu, AnA noapoGHoro \
3agdaqv unu [LodassTe nepseie axanuza 1

KOHUenuuun BEeTBU. 3
ale aln BB Jssssss s
et Nem—— 00 |

Cyper 2 — Kanampaap tizoeri

KenrereH oHyIaifH KbI3METTEpPAiH KOMETIMEH KeJleCi CHITaTTaFbl HHTePaKTHBTI
TarchlpMasapAbIH OYKLJI XXMHAFBIH jKacayFa 00J1a/ibl: HHTEPAKTHUBTI 19pICTi OKBIII,
KOWBUIFaH CYpaKTapra xkayal Oepy; TecT, BAKTOPHHA CypaKTapblHa )Kayall Oepy
(6ip HeMece KeNTereH AYPhIC KayalnTapMeH); yaKbIT JEHTAChIH KYpPY )KOHE Tarbl
Oackanapsl.

Mbeicasibl, 3-cyperte pedycThl Hienny kepek. Erep onap aypeic xyprisiice,
OJ1ap OH >KaFBIH/A )KachUI TYCIICH ’Ka3bUIajibl. 4-CypeTTe MEeHTANIBIBIK KapTaJlap bl
CambICTBIPY KePEeK, SIFHU 9P CO3/1i OHBIH aHBIKTAMAaChIHA CYHpEIl anapy Kepek. 5-
CypeTTe KapThUlail FakalbINTap OMBIHBI KOPCETLITeH, OH/A JYPBIC SpiNnTi GackaH
Ke3J1e J)KyMOaK Ce3/eri opill amiblIabl.
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CNoXHbIE HaeH U

KOMNNEKCHBIE NPOEKTHI

3. PASBMBAET

nupopmauus, nsobpaxaeman B rpapuueckom
suge Ha Gonbwom nncre Gymarn

obyueHmns HaBbIKaM
MP3roBoW WTYpM, N

| Benomorarensusie BH3yanbHbie NPHEMBI,
BKMIOYan BbIGOP UBETOR W HUIYp

Menkue anemenTsl, UEeHTpanbHan naes+
HECKONBKO MaBHbIX TEM, UBETa M Mﬂax!ﬂnﬂ

ralcneumponuue, NNaHb COUMHEHNI

rpadMuecKoe BbipaXKeHne NPoUecca PagnaHTHOIo
MBILWICHNA N NO3TOMY ABNACTCA ECTECTBEHHDbIM
4 NPOAYKTOM AEATEALHOCTH YeN0BeHecKoro mosra

Cypet 4 — MeHTanbABIK KapTalapFa apHaJIFaH TalchlpMa
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3AeKMpPOHHasA Kapma, paboma-
jow,a B peXXUME gBYXCMOPOH-
HEe20 gUAAO20B0O20 B3auMogel-

CmMBUA YEAOBEKQ (NOAL3OBAMEAS)

U KOMNbIOMEPA U NPEgCMABAS-
low,0n co60oU BU3YQAbHYIO UH-
$OPMAUUOHHYIO cUCMEMY.

Cyper 6 — «Faxaiipinrap epici» TarcbpMacsl

Conpaii-ak, )KyMbICTa TECTUICY, OLTIMJII TEKCepy KapacThIpbuUIFaH. by 6-
CypeTTe KOpCeTiIreH.

MNoTpaueHHoe BpeMaA: 8 cek

OTKpbITbI} 06pa3oBaresibHbii pecypc (OOP)
MOXKET BKJ/II0OYaTb CEAYIIOUHNE 2/1EMEHTbI?

Ha4yaTte c caMoro Ha4ana

Cyper 7 — Tecriney

Marepuannsl 0epyniH Oyin ¢opmarsl OKYLIBLIAPABIH MaTepHUAI b
KaHIIATBIKTHI )KaKCHl MEHIePTeHiH OipeH OaKpuIayFa KoHe OHBI OeKiTy OoiibIHIIa
0/1aH 9pi JKYMBICTHI TY3€Tyre MYMKIHAIK Oepesi.

Bimimai Tekcepy YIIiH TecT TamchIpMaiapsl HEMece Iasjl, BUKTOpHUHAIAp
JKoHe T. 0. Koanyra 001abl.
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HoTuxenep xoHe TaNKbLIAY

WHTepakTHBTI TancChpMalapAblH op Typii Qopmanapsl OKyLIbUIAPIBIH
aKpLI-OM OpeKeTiH OelCceHIipyre JKOHE OJNIapABIH Ha3zapblH OKBIJIATHIH
MaTepualiFa ayaapyra, COHIai-ak OLTIM alylnIbUIapAbIH JKEKe epeKILIeTiKTepi
MeH KaKeTTUIIKTepiHe COolKeC OKy NpOIeCiH IapaliayFa, OKY iC-OpeKeTiHIH
OPTYpJl TocilepiH ecKepe OTHIPBIN, OKY MaTepHajblH YHBIMIACTBIPYFa; OKY
MaTepHAIBIH KOpHEKi KaObUIAayIpl KYIISHTyTe jKOHEe UTepYyai JKeHIIAeTyre; OimiM
ATYIIBUIAP/BIH TaHBIMIBIK iC-OpPEKETiH JKaHAaHBIPYFa MYMKIHIIK OepeTiHi co3ci3.
Ocputaiimia, WHHOBALMSJIBIK TEXHOJOTHsJIApABl  KOJIJAHA  OTBIPHII,
AJIEKTPOHABIK OKBITY KYPAJIbIH 93ipJiey OKBITY MPOLECIHIE HHTEPAKTHBTI PEKUM/II
OapbIHIIA THIMII KaMTaMachI3 eTeli, dPTYPIl OKy-TaHBIMIBIK 3ePTTEY MiHACTTEpiH
HIeNIe/Ii; KOPHEKI TYpAe akmapar Oepelii; TarnchpMaiapibl OPbIHAAY HOTHKEICPiH
0aKpLUIay JKOHE TallAay JKYPri3yre MyMKiHIIK Oepeni, oJaH 0eJeK OKY KapKbIHEI
MEH TallChIpMaliap/ibl OpBIHIAYAbI AepOec peTTey MYMKIH/AITIH ChIHIaliabL.

KopbIThIHABLIAP

Binim Oepy/e HHHOBAMSIIBIK TOCUTACP/I KOJIAaHy MaTepHUaIIbl TEPECHIPEK
Urepyre OJKkoHe OUTIM alylbLIapAblH BIHTACBIH apTTBIpYFa BIKHAT eTell,
CTYICHTTEPIIH KEKe KaXCTTUTIKTePiH ecKepe OTBIPHII, IepOecTeHIipinreH OitiM
Oepy TpaeKTOpHsUIApbIH KypyFa MYMKIHAIK Oepeni, OutiM Oepy MYMKIHIIKTEpiH
KeHeHTei, NpOoLecTi MHTePAaKTHBTI KoHe KbI3BIKTBI erexi. Tyracraid anraHna,
WHHOBALMSUIBIK TCLIIIEPre HeTi3ereH 2JISKTPOH/IBIK OKBITY KypasllapbIH 93ipiiey
OKBITY CaIllachlH JKaKcapThIl KaHa Koiimail, OimiM Oepy MpOIEciH OHTAWIBI
naiiianany yiriH KOCBhIMIIIA 3€PTTeYJIep MEH d3ipaeMenepaiKakeT eTeTiH KyaTThl
Kypan Oonbin TabsuIansl. byr — OuriM OepyziH OoJamraFbiH KadbIITaCTHIPATHIH,
OHBI 0APJIBIK OKYIIBUIAP YIMIH KOJ JKETIMJII, THIM/II KOHE KEKEJICHAIPETiH HEeTi3T1
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PA3PABOTKA 2JIEKTPOHHBIX CPEJACTB OBYYEHMUS
C IPUMEHEHHUEM UHTEPAKTHUBHBIX METOJ1O0B

Cospemennoe 06wecmeo HayeneHo Ha ocyujecmeienue «00pa3o6aHus.
Oyoywjecoy. Dmom mepmun Mvl MOACEM MPAKMOBAMb KAK COBPEMEHHbILL
006paz06amebHbIIL NPOYECC 8 PEANbHO CYUWeCMEYIOUWUXYCIOBUAX 00yYeHus U
BOCHUMANUSL, 4 UMEHHO, KAK OCYWecmeaneHie oopazoeamenbHo20 npoyeccd 8
KOHmeKcme MEeXHON02U3AYUU 006pazosanusL. Texnonozuzayuio
00pA308aMENLHO2O NPOYECCA, 8 CEOI0 OUEPEOb, MOICHO PACCMAMPUBANb U
KaK 6Heopenue, U KaK NPUMEHeHUe Pa3IuYHbIX UHHOBAUUOHHBIX NPOEKMO8, d
makoice Memooos, Memooux, nooxo0os u cpedcms. Pazniuuus mexncoy
MPAOUYUOHHOU U UHHOBAYUOHHOU CUCEMAMU 00PA306aHUsL 3AKTIOYAIONCS,
npesicoe 6ce20,8 Yeieoll YCMAaHogKe, KOMopds peaiu3yemcs nocpeocmeom
pasuvblx  0bpazosamenvublx  mexuwoaoeul. Heobxooumo He  monvko
BbINYCIMUNMb CHEYUATUCTA, NOTYYUBULE20 HOOLOMOBKY BbICOKO20 YPOBHSL, HO U
yoice Ha cmaouu o6yueHus NOOKMOUUMb €20 K paspabomire HOBbIX
mexuo02ull, adanmupo8ams K YCi08UAM KOHKPEMHOU NPOU3800CMEEHHOU
cpeowl, coenams e20 NPOBOOHUKOM HOBbIX PeUleHULL.

Cneyuanucmol, KOMOPHIX 20MOGUN  8Y3, OOIINCHbL HE MOJbKO
COOMBEMCMB06ANMb  CAMbIM NOCLEOHUM MPeOOGAHUIM PAZIUYHbIX Cchep
OesimenbHOCmU  00ulecmeda, HO U Oblmb 20MOBLIMU K OCYWECBICHUIO
npozpecca 80 6cex 3Mux 0OIACHSIX.

Tocmosinnoe pazeumue uHGOPMAYUOHHBIX MEXHONI02ULL npediiacaemu
opyeue  8apuanmel  UX  UCHOAb308AHUS 6  yueOHOM  mpoyecce,
paccmampusaemvle 8 OamHou cmamve. [lpumenenue uUHMEPAKMUBHBIX
YNPadsicHeHutl, MOOUILHBIX YCMPOUCME, UHMEPAKMUBHBIX OMIAlH- OOCOK,
CepeuUCco8 Olisl CO30AHUSL MEHMANLHBIX KAPM, MUKPOOLO2UHEA, NPUTLOICEHUU
Ha ~ Oaze  OONOJNHEHHOU  PealbHOCMU  NO3GOJIOM  DPeanu308amb
UHHOBAYUOHHBIE TNO0X00bL K npoyeccy obOyuenus. B oaunnoti cmamove
nPeOCmagien Anaiu3 NPULONCeHUIl, NO380ISIOUUX OCYUeCMEUmb OaHHbLE
B03MOJICHOCU, — PACCMOMPEHbL  HANPAGNEHUs. — UX — NPUMEHEHUs
006pazosamenvHoM npoyecce U OaHbl MEMOOUHecKue YKA3aHus No Ux
UCNONBL308AHUIO 8 NpoYyecce 0OYUeHUs C YeNbIONOBbIUUEHUS NO3HABAMETbHOU
AKMUGHOCTU U UHMEPECa YUauuxcs, a makice sghpexmusnocmu npoyecca
00yuenus 6 Yyeiom.

Kntouesvle c106a: a1eKkmponuble Y4eOHUKY, UHHOBAYUOHHBLENOOX0Ob,
cpeocmea  oOyuenus,  0OpPA30BAMENbHLIL — NPOYECC, MeEXHOI0SU3AYUSL
00pazosanusl.
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DEVELOPMENT OF ELECTRONIC LEARNING
TOOLS USING INTERACTIVE METHODS

Modern society is aimedatimplementingthe «education of the future.
We can interpret this term as a modern educational process in the actual
conditions of education and upbringing, namely, as the implementation of
the educational process in the context of the technologization ofeducation.
The technologization of the educational process, in turn, can be
considered both as the introduction and as the application of various
innovative projects, as well as methods, techniques, approaches and tools.
The differences between traditional and innovative education systems are
primarily in the target setting, which is implemented through different
educational technologies. It is necessary not only to release a specialist
who has received high-level training, but also at the training stage to
connect him to the development of new technologies, adapt him to the
conditions of a specific production environment, make him a conductor of
new solutions.

The specialists who are trained by the university must not only meet
the latest requirements of various fields of activity of the society, but also
be ready to make progress in all these areas.

The constant development of information technologies offers other
options for their use in the educational process, which are discussed in
this article. The use of interactive exercises, mobile devices, interactive
online whiteboards, services for creating mental maps, microblogging,
and augmented reality-based applications make it possible to implement
innovative approaches to the learning process. This article presents an
analysis of applications that allow these opportunities to be realized,
examines the directions of their application in the educational process
and provides methodological guidelines for their use in the learning
process in order to increase the cognitive activity and interest of students,
as well as the effectiveness of the learning process as a whole.

Keywords: electronic textbooks, innovative approaches, learning
tools, educational process, technologization of education.
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MOLE/INPOBAHUE OLIEHKU TEMOANHAMWYECKOM
3HAYUMOCTHUN TAHOEMHbBIX CTEHO30B
B BUPYPKALUSIX KOPOHAPHbLIX COCY[OB

s bonee  KOMNIEKCHO20 — AHAU3A  JIOKAIbHOU — 2eMOOUHAMUKU
KOPOHAPHBIX COCYO08 6 PAMKAX NPeOCMmABIeHHO20 UCCAed08anus, ObLIO
APEONOCEHO UCNONb308AHUE NPOSPAMMHBIX cpedcms, maxux kak Comsol
Multiphysics, Blender, u creyuarusuposannozo I10 ons 3D-nevamu,
nanpumep, Slicer. Comsol Multiphysics nozeonsiem npoeecmu uucnenmwlii
amanuz u cumynayuu Ha ochose ypasuenuti Hasve-Cmoxca u ypasHenus
HenpepvieHOCMU Ol MOOEIUPOBAHUSL KPOBOMOKA 6 CHEHO3UPOBAHHbIX
cocydax. Omo npocpammnoe obecneuenue npedoCmasisien 03MONCHOCMU
011 0emanbHO20 AHANU3A MEeYeHUU JHCUOKOCel U UX 63aUMOOelCMBUsC
PAZTUYHBIMU  OUONOSUMECKUMU CIMPYKMYPAMU, YMO OCOOEHHO BANCHONDU
UCCe008AHUU  2eMOOUHAMUKU 8 YCIOBUSIX CMEHO0308 PA3IUYHO20 MUN.
Blender 611 ucnonvzosan onsn cozoanus 3D-modeneii koponapuvixapmepuil,
Komopwle 3amem moz2ym 6Ovims umnopmuposanst ¢ ComsolMultiphysics
07151 NPOBEOCHUS GbIUUCTUMENbHBIX dKCnepumenmos. Blendernpedocmaensem
WUPOKUTL  HABOP UHCIMPYMEHMO8 OJi MOOCIUPOSAHUSL U SU3YANUZAYUU
CHLOJICHBIX  OUON02UYECKUX CMPYKIMYp, 4YmMo Nno380jsem 6oiee MO4YHO U
HA2IAOHO NPeOCmasums 2eoOMempuio UCCie0yembixcocyoos.

Slicer — omo npoepammnoe obecneuenue, Komopoe no3eonsem
cozoaeamv 3D-neuammuvie MmoOdenru Ha OCHOBe OAHHBIX MEOUYUHCKUX
usobpascenuii, makux xax KT u MPT. Ono 6bL10 uUcnonw3o8ano O0is
NnO020MOBKU QU3UYECKOU MOOeNU UCCIe0YeMOll COCYOUCTOU CUCIEMbL, YO
Modicem  ObiMb  NOAE3HO 045 OdlbHelwel BaIuoayuy  pesyabmamos

YUCTIEHHBIX IKCHEPUMEHMOB8 U 05l NPOBEOEHUS XUPYPSUUECKUX CUMYIAYUIL.
56


mailto:osbereg@yandex.ru
mailto:osbereg@yandex.ru

Becmuux Topaiievipos ynusepcumema, 1SSN 2959-068X.
Cepus: Quszura, mamemamura u komnvlomepnuie nayxku. Ne 3, 2024

CoemecmHoe UCNOIb308AHUE IMUX NPOSPAMMHBIX NPOOYKMO8 NO0380J1em

npo6oouUms  NEPCOHUPUYUPOBAHHBIT AHATU3 2eMOOUHAMUYECKOU
SHAYUMOCMU  CMEH0308 8 OUDYPKAyUsAxX KOPOHAPHBIX — apmepuii U
MOJcem  noMOYb 8 NPUHAMUU ONMUMAILHLIX 6PAYEOHBIX peuleHUll npu
NIGHUPOBAHUU — JledeHus  NAYUeHmOo8  C  AmepoCKIepoOmuyecKumu
noOpadsceHUsMU.

Knrouesvie crosa: 6s3xocmv Kpogu, KOPOHAPHBLIL KPOGOMOK, (U3UKO-
MAmemMamuieckoe MoOeIuposanue, JIOKAIbHASL 2eMOOUHAMUKA, CIMEHO3bl
KkopoHnapruvix apmepuil, 3D-modenv 10kanbHOU 2eMOOUHAMUKU.

BBenenue
Nmemnueckas Oomne3np cepama (MBC) — saBusercs Hambomee
pacIpocTpaHeHHBIM KapAHOJOrHYeCKUM 3a00IeBaHIEeM U OCHOBHOM NMPUYUHOM
cMepTHOCTH B Mupe [1]. B HacTosIee BpeMst ypOBEHb JIETAIbHOCTH, MACIIITA0bI
WHBAIAAM3AIANA W BpPEeMEHHOH HeTpynmocmocobHoctn mipu WBC B menom, u
3a00JIeBaHUSX KOPOHAPHBIX apTepuil B YaCTHOCTH, IPEJCTABISIOT HE TOJBKO
BAOXHYI0 MEIULMHCKYIO, HO M CEPbE3HYI0 COIHaIbHO-3KOHOMHYECKYIO
npoOieMy, Tak Kak, B TIEPBYIO Ouepesib, pedb HIET O Haubojee MOJOJIOH,
BBICOKOKBANM(UIIMPOBAHHON W TBOPUYECKH aKTHBHOW 4actu HaceneHus. UBC
oOyciioBlieHa — aTepockiiepo3oM  KopoHapHbeix —aptepuit  (KA), kotopslit
OTPaHMYMBACT KPOBOTOK K CEP/ICYHON MBIIIIE U MOXET MPHUBECTH K TKEIBIM
TIOCJIE/ICTBHSIM, B YACTHOCTH K OCTPOMY HH(APKTY MHOKap/ia K OCTPOH cepaedHON
HeJoCTaToOYHOCTH. ['eMoanHaMuueckre (akTopbl, TakUe Kak paszesieHHe
U PeNUpPKYJIIIINS TOTOKA, HU3K0E U KoJieOaTeIbHOE HATIPSKEHNE CBHUTa CTCHKH,
UTPAIOT BKHYIO POJIb B JIOKAIM3aLUH U TIPOTPECCHH aTEPOCKIIEpO3a ¢ MOMEHTa
MOSIBJICHUST TIOP@KEHHWST W JO pas3pbhlBa ATEPOCKICPOTHUECKOH  OJsIIKH
aTepoCKIepoTHUeCKUX OnsAmek. B kopoHapHOIl aHrmomnactuke Haubosee
CJIO’KHBIMU M YAaCTBIMH CITy4assMH SBJISIOTCS TOPAKCHNST KOPOHAPHBIX apTepHid B
obnactu Oudypkaruii. JledeHne 3Toro mopaxeHus CBI3aHO C HU3KOH ITPOLeypHOH
3 (HEeKTUBHOCTHIO, BBICOKOI YaCTOTOM OCIOKHEHHUIT U pecTeH030B [2; 3].
OfHUM W3 COBPEMEHHBIX METOMOB OICHKH HIIEMHH MHOKapHa SBISCTCS
orpejiefieHue  (hpakIMOHHOTO KopoHapHoro pesepa (PPK) mno npanHBIM
KOMIBIOTEPHO-TOMOrpaduueckoil kopoHapHoit anruorpaduu (KTKAT) [4].
JlaHHBIA METOA NEeMOHCTPHUPYET BBICOKYIO WH(POPMATHBHOCTH W IO3BOJISET C
BBICOKOH TOYHOCTBIO HIACHTH(DHUIIIPOBATH TEMOIUHAMUYECKH 3HAYMMBIE CTEHO3HI
[4; 5]. K coxanenuto, B KIMHUYECKOW MPAKTUKE JTAHHBIA METOJI UCIOIb3yeTCs
HEJOCTaTOYHO IITHUPOKO B CBSI3U C BBICOKOH CTOMMOCTBIO M TeM (DaKTOM, YTO
takoit ananu3 KTKAI' mpoBoaut tosipko ¢upma HeartFlow Inc [6]. B casu
¢ 9THM pa3palboTKa albTepHATHBHBIX pemeHnil aust oueHkn OPK, koropsie
TIPUTOJTHBI JUISl ITMPOKOTO MCIIOIb30BaHNUS B IEIISIX CBOEBPEMEHHOTO BBISIBIICHHS
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3HAUYUMBIX CTE€HO30B KOpOHapHbIX aprepuil mo naHHeiM KTKAI, sBisercs
aKTyaJbHOW 3amaueil. Bo3MOXKHOCTH MpPSIMBIX M3MEpEHUH MOP(OIOTHIECKUX
U TeMOJAMHAMHMYECKUX IapaMeTpOB COCYJOB OrpaHUYEHBI, B TO BpeMs Kak
MaTeMAaTUYECKOE MOJIETMPOBAaHIE KOPOHAPHOTO KPOBOTOKA HA OCHOBE JOCTYIIHBIX
9KCTIEPUMEHTAJIBHBIX JAHHBIX TIO3BOJISIET 00ECHIEUNTh JIETANIbHYI0 HHPOPMALIUIO O
COCTOSTHUHU COCYJIOB. Y CII€X YUCICHHOTO SKCIIEPUMEHTA 3aBUCHUT OT COOTBETCTBUS
MaTeMaTH4YECKON M BBIYMCIUTEIBHON MOJENH pEaNbHBIM (PU3UUECKUM
mporeccam, MPOTEKAIOIINM B CHCTEME KPOBOOOpaIIeHNS denoBeka. YuciaeHHoe
MOJIEIMPOBAHNE KPOBOTOKA B HOPMAJIbHBIX (DU3HOJIOTMYECKHIX YCIOBUSX SIBISIETCS
Ype3BbIYANHO TPYAHOH 3a1a4€il BBUAY CII0’KHOM aHATOMUU KOPOHAPHBIX COCYIOB,
TMOKOCTH apTepHalbHOM CTEHKH, MYJIbCHPYIOMIEro IOTOKA, IEPEMEHHOTO
COCYMCTOTO COMIPOTHUBIICHHUS U HEHBIOTOHOBCKUX CBOMCTB KpoBU. B 001miem ciaydae
reMOAMHAMUYECKHE TIPOLIECCHI OMMCHIBAIOTCS TPEXMEPHBIMH HECTAIMOHAPHBIMHU
ypaBHeHHsIMU HaBbe-CTOKCa COBMECTHO C YPAaBHEHUAMHU TUHAMUKH HIIACTUIHBIX
000JI09€K COCY/IOB C YUETOM IIPOCTPAHCTBEHHOM T€OMETPHH COCYI0B, (PU3NUECKUX
CBOMCTB KPOBH U BapHalllK cepJeuHol Harpy3ku [7; 8; 9; 10]. Pemenue takux
MHOTOIIApaMETPUYECKNX 3a7ad CBA3aHO C OTrPOMHBIMH BBIUHCIUTEIbLHBIMU
3aTpaTaMy, YTO TPeOyeT MPUMEHEHHs BBICOKOIIPOM3BOAUTEIBHBIX CHUCTEM U
peleHust pooJIeM, CBSI3aHHBIX ¢ MUHUMH3aUeH OIMOOK METO/Ia BBIYUCIICHHUS
[11; 12]. TloaTomy Hammy4iiee B HNPAaKTHUYECKOM OTHOILICHHH KAayeCTBO HIH
3¢ PEKTUBHOCTD TI000I MOJENN AOCTUTaeTCsl KaK ONTHMaJIbHBI KOMIIPOMICC
MEXIY TOXKIECTBEHHOCTHIO MOJEIH K OPUTHHAITY U IPOCTOTOH, 00eCTIeYnBaroIIeit
HEOOXOIMMYI0O TOYHOCTh W BO3MOXKHOCTH €€ HCIOJB30BAHUS IO TNPSIMOMY
HA3HAYEHUIO.

Takoro poja ymnpouleHHbIE MOJAEIM TMO3BOJIIOT IOJy4YaTh JOCTATOYHO
Ka4eCTBEHHBIC XapaKTEPUCTUKU KPOBOTOKA B apPTEPHATIBHOM CHCTEME U ABIISAIOTCS
BaXXHBIM MHCTPYMEHTOM HCCJICIOBAHUS U JTHATHOCTHUKHU CEPAECYHO-COCYTUCTOM
cucteMbl denoBeka [13; 14]. AKTyampHOCTh TaKOTO PoAa MOJENeH 0coOeHHO
MPOSIBIISIETCS] IPY HAJIMYUU MTOTPAHUYHBIX TAHAEMHBIX CTEHO30B KOPOHAPHBIX
apTepuii, Korjaa HeoOXOUMO MPHUHATH pemieHne 00 peBackyisipusanuu [15]. B
ITHX CIy4asX MOJEIUPOBAHHE KOPOHAPHOIO KPOBOTOKA HA CTEHO3UPOBAHHBIX
ydJacTKax KOPOHAPHOTO COCyAa sABJIsIeTcs 3(PPEKTHBHBIM METOJIOM HEMHBA3UBHOM
9KCIpPECcC-AUMAarHOCTUKH. YaCTBIMH CIydasMHU aTePOCKIEPOTHIECKUX TTOPAXKECHUI
KOPOHAPHBIX COCYHOB SBISIIOTCS CTEHO3BI OM(YpPKAIIMOHHON JOKaJIH3aINH,
HanboJee MOABEPKEHHbIE T'eMOJAMHAMHUYECKOi Harpyske [16; 17; 18]. B
OndypKaMOHHBIX 00JACTAX KOPOHAPHOTO COCyJa BO3HHMKAET HapyIICHUE
JAMHHApPHOTO KPOBOTOKA, B pE3yJbTaTe YEro BO3HHMKAET CYIIECTBCHHOE
n3MeHeHue nprcreHouHoro HanpspkeHus casura (ITHC). Huzkoe [THC o6braHO
BO3HMKAeT HAa BHYTPEHHHMX OOJACTSIX HW3rMOOB M NPOKCHMaJbHEE CY)KEHHH
aprepuii konebarenpHoe [THC xapakTepusyercst 3HaUUTETbHBIMA U3MEHEHUSIMHU

KaK HallpaBJICHUA, TaK U cpenHeﬁ BCJIMYMHBI B TCYCHUC CEPACYHOTO MHKJIA.
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Komnebarensnoe ITHC ormedaeTrcs, B OCHOBHOM, NHCTaJbHEE CY)KCHHH M Ha
natepajbHbIX CTCHKaX BeTBeH B Oudypkanun [17].

Oco0ple 3aTpyJHEHHUS B OLEHKE T'€MOAMHAMHYECKON 3HAYMMOCTH
On(ypKalMOHHBIX HAPYIICHUI BHOCHT HaJM4YHME B ITOI 00NACTH TaHIEMHBIX
cTeHo30B. Ilog TaHAEMHBIM CTEHO30M MOHMMACETCSI HAJMYHUE ABYX MOPAKECHUH,
Ppa3/eeHHbBIX MEKIY COO0H yIaCTKOM HEHCKaXCHHOU apTepru. B Takux ciydasx
npu pacuere OPK HeoOX0IUMO YYHTHIBATH BIMSHHE COCEIHEr0 CTEHO3a Ha
KOpOHapHbI kpoBoTOK [15; 16].

B pabote [18] HamMu mpeasio’keH METOJ JIOKaTbHOH Te€MOJWHAMHKH IS
9KCTIPECC-OIEHKN KOPOHApHOTO KPOBOTOKA HAa CTEHO3MPOBAHHBIX JIMHEHHBIX
ydJacTKax apTepHd C YYeTOM BIMSHHS BSI3KOCTH KpOBM Ha ocHoBe 2D-
TeOMETPUUECKON MOJIETN COCYIUCTOTO pyciia. B HacTostmeit paboTe npencraBieHo
IIPUMEHEHNE JTaHHOTO METOJa JUIsl BBIUMCICHUS KOPOHAPHOTO KPOBOTOKA H
orpezieIeHus TeMOANHAMUUYECKOM 3HAaYMMOCTH TaHAEMHBIX U OM(pYpPKAIMOHHBIX
CTEHO30B.

MarepuaJjbl 1 MeTOABI

Ommcanne MaTeMaTHYECKOH MOJIEIH JIOKAaIbHON TeMOINHAMHKH.

Ha puc. 1 npencrasiena cxema KOpOHapPHOTO COCY/Ia C aTEPOCKIEPOTHIECKIM
opa’keHUeM B On(ypKaImoHHON 00IacTH.

CTEHO3

©
= =
8— P“:10()Topp Pl/ . MUKpOLMPKYNATOpHOe 1 P" 0 T()pp
<< R pycno J— BEHbI
KOPOHapHbIe apTepumn
> ==
P

Pucynok 1 — Cxema KOpOHapHOTO KPOBOTOKA B OM(YPKALMOHHON 001acTH
B MIPE/ICTABICHUH COCPEIOTOUCHHBIX apameTpoB: (1) — marucTpasbHbIit
cocyn; (2) — 6okopas BeTBb; P, — cpennee nasnenue B aopre, P,— nasnenue 3a
CTEHO30M, P — maBJeHue IpH Mepexo/ie MUKPOIMPKYIATOPHOTO PyCia B BEHEI.

JUis IpoBefieHUsT pacueTOB KOPOHAPHOTO KPOBOTOKA U IKCHPECC-OLEHKU
®PK wucnonb3oBanack TpexmepHas (3D) -Mojenb JTOKaIbHON TeMOIMHAMUKH C
COCPEIOTOYCHHBIMH NTapaMeTPaMH, B OCHOBY KOTOPOii, anamoru4Ho pabdore [18],
TIOJI0>KEHBI CIIEAYIONINE YIPOIIAIOIINE TTOJIOKEHUS:

paccMaTpUBaeTCs CXeMa KOPOHApHOIO KPOBOTOKAa HA PA3HBIX YPOBHSX
COCYAUCTOH CeTH: apTepHus — MUKPOIUPKYISATOPHOE PYCIIO, BEHa — B BUAC
COCPEIOTOUYEHHBIX  JJIEMEHTOB.  ODJIACTUYHOCTH  CTEHOK  apTepuu U
THIPOJMHAMUYECKOTO CONPOTUBIICHNSI MUKPOIIMPKYJIITOPHOTO PyCIia, MoJOOHO
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3JIEKTPUUYECKON LIEIH;

Y4eT TE€OMETPHU COCyAa — BBIOPAHHOW OONAacTH apTEepHUH CO CTEHO30M,
orpe/eneHHoi Ha ocHoBaHuK gaHHbIX MCKT-koponaporpaduu;

3amaHne (U3NUECKUX CBOWCTB KPOBH KaK HM30TPOIHOW, HECKMMAEMOU H
OJHOPOJHON HBIOTOHOBCKOM KHJIKOCTH C MOCTOSHHOM MJIOTHOCTBIO p = 1056
KM > 1 ko3 duumentom Baszkoctu n = 4.5 mlla-c;

paccMOTpEHHE CTalMOHAPHOTO JIAMUHAPHOTO KPOBOTOKA B apTEpPHU C
HelleOPMUPYEMBIMH CTEHKaMH, 3aBUCSIIET0 OT Pa3HOCTH CPEHUX JABICHHH,
OTIPEJICTICHHBIX BO BPEMsI CHCTOJIBI U THACTOJIBI.

Maremartnyeckas MOJeNb KOPOHAPHOTO ITOTOKA OCHOBAHA HAa YPaBHEHUH
HaBbe — Crokca 1 ypaBHEHUH HENPEPHIBHOCTU B CTALIMOHAPHOM MPUOIMIKEHUH,
MIPEACTABILIIONIMMHU c000# cuctemy muddepeHnnanbHbpIX ypaBHEHHH BTOPOTO
TIOPsIIKA B YACTHBIX IIPOM3BO/IHBIX JUTS BSI3KOH HECKMMAEMOH JKHIKOCTH, KOTOPBIE
B ICKAPTOBOM CHCTEME KOOPANHAT UMEIOT BH [16]

rue V' _ kunematuueckas BA3KOCTS.
cu it cu cur, I cP
A_\'“..‘_'”,\_I ﬁ—\:———ILAH (1)
of ox sy e £ ox
¢ u, & ", it Cu | ¢
— U, —tu, — -ty ——=———+vAu, (2)
ot ox v cz Py
i Cti_ Cur cir I cP
—tu ———tu, = ———+VvAu 3
ol ox oy ooz p oz
divii =0 (@)
Vpasuenust (1)-(4) uCmonbp30BaIKUCh TSI MOACTHPOBAHHUS CKOPOCTH
KpOBOTOKA MPHU Pa3IMYHON FT€OMETPUHN KOPOHAPHBIX COCY/IOB.
I'paHMUHBIMU YCTIOBUSIMH Ha CTEHKAX cocy/:[a SIBJISIFOTCSL: YCJIIOBUE
NPUIANIAHUS KUJKOCTU K CTEHKaM cocyza u< = () u ycloBHE HE POTEKAHUS

gp 0, rae L- TMOBEPXHOCTH KOpOHapHOI/I apTepHH n HOpMaJIb K CTCHKE COCya
n

(rparnunskie yenosus upuxie u Hetimana [19]). CkopocTh KPOBOTOKA HA JIEBO#
TpaHHIe COCYy/Ia OTPEIEISITACH M3 BETMYHHBI JABJICHHS HAa BBIXOJIE N3 a0pThl. Ha
NPaBOi rPaHMIIE COCYa CKOPOCTh KPOBOTOKA OMpeeIsiiach 0I00pOM BETUYHHBI
THAPOJIUHAMUYECKOTO CONPOTUBIICHHUS MUKPOLUPKYJIATOPHOTO pycia.

JUi1st 3aiaHust IPaBO# TPaHMIBI, ¢ YYETOM HATMYHS MUKPOLUPKYIISITOPHOTO
pycia, HCIOJIb30BaJI0Ch H3MEPEHHOE 3HAYCHHE CKOPOCTH KPOBOTOKA Ha BBIXOZE

W3 aOpThl B HHUCXOJMIICH JieBod Koponapuoit aprtepuu 0,4 wm/c [15]. Tlpu
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nm3Mepennn FFR nHBa3uBHBIM METOIOM (TATYNK JaBICHHUS), H3MEHSIIOT CKOPOCTh
KPOBOTOKA, UCIIOJIb3Ysl COCYIOPACIINPSIONINE MPENapaThl, yBEINYHBAIOIIUE €¢
3HAYCHHUE B MPUMEPHO YeThipe pasa [16]. [ToaTomy st onpeieieHHO# pa3HOCTH
JIaBJICHUH Ha JIEBOW M MpaBOW I'paHULAX THAPOJAMHAMUYECKOE CONPOTUBIICHUE
MHUKPOLMPKYJSTOPHOTO  pyciia NOAOMpaloch TakUM — 00pa3oMm, 4TOOBI
CMOJICJINPOBATH YCIOBHS MaKCHUMaJIbHOW T'MIIEpEMHH (CKOPOCTh KPOBOTOKA
Ha JIeBOH rpanure Oputa paBHa 1.6 m/c.). [l anpoOarm MeTosa JOKaIbHOIM
TeMOAWHAMUKH  TIPOBOIWJIOCH  MOJICNHMPOBAHHE  HECKOINBKHUX  CITydacB
Oou(ypKaIOHHOTO TAHJIEMHOTO CTeHO3a chepuueckoii popmbl. COriaacHo cxeme,
Ha puCyHKe 1, cpetHee TaBieHne Ha BRIXO/E M3 a0pThI mpuHIMaioch 3a 100 Topp,
a Co CTOpPOHBI KanwusipHoi cucteMsl — 0 Topp.

Pe3yabTarTel U 00CyxkIeHHE

YucneHHOE MOJEIMPOBAHHE KPOBOTOKA B KOPOHApHBIX apTEePHsIX
MIPOBOANITIOCH METOJJOM KOHECUYHBIX 3JICMCHTOB. Pacuertn! MPOBOANINCH JIA JIEBOM
KOPOHAPHOH apTephy, TeOMETpHs KOTOpOoi Obla IMONydeHa Ha OCHOBAaHUHU
CHHUMKOB MYJIbTUCIICKTPAJIBLHON KOMIIBIOTEpHO# ToMmorpaduu. Ha pucynke 2
MIPE/ICTABIICHO PAaCCUUTAHHOE PACIpe/Ie/ICHNE JaBICHHS U CKOPOCTH KPOBOTOKA
B pyclie JIeBOW KOPOHApHOM apTepuy B OTCYTCTBHU CTeHO3a. Ha »TOM sTame
MOJICITMPOBAHIS, TIPH 33aJaHHBIX TaBIICHISIX HA TPAaHUIIAX, TPOBOIIICS OI00D
THPOJMHAMHUYECKOTO COMPOTHBICHUSI MHUKPOLUPKYJSITOPHOTO pycia, Juis
COIJIaCOBaHMS 33 JaHHOI CKOPOCTH KPOBOTOKA Ha BBIXOZIE M3 a0PThI IIPU YCIOBUH
MaKCHUMAaITbHON THTICPEMHUH.

[asnenue, Topp CkopocTb, M/c

100

4
a) 06NacTs MoAeMpoBaHHA
cTeHo3a

80

60

40

20

AopTa AopTa 0

Pucynok 2 — PacnipesienieHue naBieHus (a) 1 CKOPOCTH KPOBOTOKA
(6) B pycie 1eBoi KOPOHAPHOH apTepun 0e3 CTeHO3a

Jlns aHanm3a B3aMMHOTO BIFSIHHS CTeHO30B U pacdera OPK (oTtHomeHme

JIABJICHUSI TOCJIE CTEHO3a K [MAaBJICHUIO O CTEHO3a) HAaMH MOJAEIHPOBAJCA
OJJHOCTOPOHHUH CTEHO3 JBYX BUJOB cdepuueckoidl (OopMbl, COriIacHO

kiaccudukarnn Medina [20]. st aToro cdepa 3a1aHHOTO JHaMeTpa MOrpyKaiach
61



Topaiizeipos yrusepcumeminiy Xabapuvicet, ISSN 2959-068X.
Dusura, MamemMamura JHcone KOMIbIOMePAIiK evlivimoap cepuscwl. Ne 3, 2024

Ha TIyOMHY ee paauyca B KOPOHAPHYIO apTepuio M 00JacTh MX B3aHMHOTO
HepeceyeHus NCKIF0YaIach U3 YHCICHHBIX pacyéToB. CTEHO3bI pa3MEILaINCh B
Oou(ypKkannoHHON 00TaCTH HA JaTEPaTbHBIX CTEHKAX apTePHH, TIe CYIIECTBYET
TIOBBILIEHHAs] BEPOSTHOCTh MX BO3HUKHOBEHHSI.

Ha pucyHnke 3 mpeacTaBiIeHO pacCUUTAHHOE paclpe/ielicHUue TaBICHUs Ha
CTEHO3MPOBAHHOM Y4aCcTKe KOPOHAPHOI apTepyH st IBYX CTCHO30B Pa3IHIHON
reMOIMHAMHUYECKOl 3HaUYMMOCTH. B cirydae (a) mpocBeT KOpOHapHOW apTepuu
B MeCTe CTeHO03a Ooublie ueM ciydae (0), mostomy ®PK B cirydae (a) Gosnblie,
gyeM B ciaydae (0). Hammume Omdypkamum Ha JaHHOM y9acTKE NPHBOIHUT K
nepepacnpeieNieHHIo NOToka KpoBU. CKOPOCTh KPOBOTOKA HA OCH OOKOBOI BETBU
yBenuuuBaeTcs ot 2.3 m/c (a), 1o 3Hauenus 2.4 m/c (0).

Naenetxue, Topp
100

Naenexue, Topp
100 6)

Gokosas Betsh_

a)
OPK=0.42

Bokopas BeTBE,
N

N
80 99.7 Topp 80
\

60 423 '/I'opp

D=4 mm ,w/
/
40

\ " :
PN / ocuomiide pycio 2
R=4.1 Mm H R=3.5 mm

_ 0 0

PucyHok 3 — Pacnipeznenenune 1aBieHHs HA CTEHO3UPOBAHHOM
OndypKalMOHHOM y4yacTKe JIEBOil KOpOHAPHOI apTepuH:
R — paguyc chepbl, MOIEIUPYIOICH TEOMETPHIO CTCHO3a,
D — auameTp KOpOHAPHOI apTepun B MECTE CTEHO3a

Ha pucynke 4 mnpejacTaBieHbl pe3yibTaThl pacdera paclpelelieHus
JIaBJICHUSI HA yYacTKE pyciia KOPOHAPHOW apTepHy B CIy4ae MHOXKECTBEHHOTO
MTOCTIEIOBATEBHOTO (a) M mapauienbHOro (0) CTCHO30B i JBYX 3HAYCHHA
Bsi3kocTH kpoBu: 4 mlla'c u 10 mIla'c. B cnyyae mapamienbHOro cTeHO3a st
pacuera @PK tpebyercs mpoBOANTH BBIYMCICHUE TMHAMHYECKUX XapAKTEPUCTHK
KPOBOTOKa OOKOBBIX BETBEH.

3uavenus aasienust s Bsiskoctu 10 mIla'c Ha 3TOM pUCYHKE MOKa3aHbI
B KPYTJBIX CKOOKax. PacueTsl mokaspIBaioT, uTto coBOKymHBIH PPK B ciydae
TI0CJIE/IOBATENILHOTO CTEHO3a BCEI/a MEHBIIIE, YeM B OTJIEIbHBIX CIydasx, IpHIeM
@®PKI1 nepsoro ot kapuHbI cTeHo3a Bo3pacrtaet ot 0.7 (puc. 3a) 1o 0.83 (puc. 4a).
®PK2 BTOpOTO MOCIIE KApUHBI CTeHO3a Ha pUcyHKe 4a Bo3pactaet ot 0.42 (puc.
36) no 0.46 (puc. 46). B ciayuae puc. 4(6) ®PK2 B ocHOBHOM pyciie Bo3pacTaer
ot 0.7 (puc. 3a) no 0.71 (puc. 40) 3a cuer yMEHBIICHHS CpPEIHEH CKOPOCTH
KPOBOTOKA B OTBETBIICHUU. Kak BHIHO 13 puC. 4, IPH yBEINUSHUH BSI3KOCTH KPOBU
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ot 4 mIla-c mo 10 mITa'c, ®PK npu mocnenoBarensaoM creHo3e 1 PK1, ®PK2
IIPU MAPaICIbHOM CTCHO3¢ — 3HAYUTEIBHO YObIBatOT. CpaBHCHHE PE3YIIbTATOB
pacueTa ¢ JKCICPUMCHTAIBHBIMH JaHHBIMU U PE3yJIbTaTaMu 0O0JICe CIIOKHBIX
mozeneit [19; 20] mokaseiBaeT, MPEACTABICHHBIM HAMH METOX JIOKATBHOMN
reMOJIMHAMHUKH JIA€T XOPOIIIEE COTIaCUe C PE3yJIbTaTaMU JAPYTHX PadoT.

[aenenwue, Topp [aeneHwue, Topp

a) 6)
100 100

Goxopas neras )
Goxosas peTs

80 80

83.3 38.7-
(71) Topp (0.5)TOPP 60 60

ocHonmde pyco
40

SPK2 D=4 mm

R=3.5 mm

e
Omm ®PK1
1 mm OPK

OCHOBHOE\pyCII0
20 Py

20

Pucynok 4 — Pacnipeenenue naBieHus Ha y4acTKe pycia KOPOHAPHOI
apTepUH B CJIydyac MHOKECTBEHHOTO TIOCIICIOBATEIILHOTO (2) U MapauieIbHOTO
(6) creHo30B st ABYX Bszkocteit kpou: 0.004 ITa*c u 0.01 ITa*c

(3HauCHMSI yKa3aHbl B CKOOKaX)

BriBoabI

i ompeaeneHusl KOPOHAPHOTO KPOBOTOKA B OOJiacTH Oudyprarmii
ucronp3oBaHa 3D-reomerpudeckast Mozenb aprepuu. MCXOAHBIME JTaHHBIMA
JUISL TIPUMEHEHMs JAHHOM MOJENN SIBIISIIOTCS: TE€OMETPUYECKHE MapaMeTphl
ydacTka aprtepuu, ompenensiemble n3 KT CHHUMKOB, M3MEpEHHBIE 3HAUCHUS
CKOPOCTH KPOBOTOKAa M MAABJICHHWA HA TPAHMUIE MHUKPOIMPKYISIPHOTO pycia.
[IpoBenenne pacyeToB JaHHBIM METOJIOM He TpeOyeT CIelHaIn3UpOBaHHOTO
MIPOTPaMMHOTO 00eCHeUeHHs, a OCYIIECTBIISIETCS C MOMOINBIO CTaHIAPTHBIX
MaTeMaTHYECKUX MAaKeTOB Ha OOBIYHOM IEPCOHATILHOM KOMIIBIOTEPE B TCUCHHE
10 wmwmnuyT. IIpoBeneHHBIH BBIYUCIUTENBHBI HKCIIEPUMEHT IMOKa3al, 4YTO
pe3ynbsTatel pacdetoB ®PK, ocHOBaHHBIC Ha JTOKAIBHOH (DH3HKO-MATEMaTHICCKOM
MOJIeTH KPOBOTOKa B KOPOHAPHBIX apTEPUSIX XOPOIIO COTIACYIOTCS C
9KCTIEPUMEHTAILHBIMU PE3yJIbTaTaMU Pe3yIbTaTaMHu 00Jiee CII0KHBIX MOJIEIICH.
[IpencrasieHHsIi B tanHON padoTe Metox pacuera @PK no3possier oneparnBHO
MIPOBECTH MEPCOHN(UITIPOBAHHYIO OIICHKY 3HAYMMOCTH CTEHO3a IS IPUHATHS
BpaueOHOTO PEeIICHHS.
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KOPOHAPJIBIK TAMBIPJIAPJBIH BU®YPKAIIUSICBIH/IAFBI
TAHJAEMJIK CTEHO3/IAPJBIH TEMOJINHAMHUKAJIBIK
MAHBI3JbLIBIFBIH BAFAJIAYIbl MOJEJIBJAEY

Yevinvinzan — 3epmmey  ascblHOa  KOPOHAPILIK — MAMbBIPAAPObIH
JHcepeinikmi - 2eMOOUHAMUKACHIH  dcan-dcakmel  manoay  ywin Comsol
Multiphysics, Blender cusxmor 6azoapramansix scacakmamansl sxcane Slicer
cuskmor 3D bacvin  weleapyea  apHaiean  MAMAHOAHOLIPBLIEAH
bazoapramanvix srcacakmamanst Koioany ycoinusiiobl. Comsol Multiphysics
CMEH030ANI2aH MAMbBIPAAPOAzbl KAH a2blMblH Modeavoey yulih Hasve-Cmoxc
menoeyaepi MeH y30iKciz0ix menoeyaepinenezizoeneern camoblk manoay MeH
MoOenvoeyee  MYMKIHOIK — Oepedi. bByn 0Oa2dapiamanvix dlcacakmama
CYUbIKMBIK — A8LIHOAPLIH — JiCoHe  ONapObly — dPMYpPAi  OUOLOSUSLIBIK
KYPOUILIMOAPMEH — 03apa  apeKemmecyin — eedceli-me2icelni  manoayad
MYMKIHOIK Oepedi, OYn ap mypii cmeHo3 iHca0auviHOa 2emMOOUHAMUKAHDL

sepmmey Kkesinde ome manwizovl. Blender xoponapneix apmepusinapowviy 3D
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MoOenbOepin dcacay yulih nauoalanuliobl, cOOaH KeliH 01apovl ecenmey

axcnepumenmmepin sxcypeizy ywin Comsol Multiphysics-ke umnopmmayza
bonaovl. Blender kypdeni 6uonocusnvix KypulibiMOapobl MOOenib0ey HCIHe
BUBYATUIAYUANAY KYPATOAPIHBIY — KEH — JHCUbIHMbIbIH — YCbIHAObL, Oy
3epmmesnemin mamvipaapoblly 2eOMEMpPUsICbIH OINIPEK JHCIHE KOPHEKT mypoe
kepcemyeemymkindik bepedi. Slicer-KT owcone MPT cuaxmol MeOuyuHanvlx
Keckin Oepexmepi neecizinde 3D 6acein wwlzapviizan yaeinepoi dcacayea
MYMKIHOIK Oepemin 6az0apramanvi Kypair. On 3epmmenemin mamoip
JHCyUeciniy Pu3UKanbIK MOOeniH OatblHOay YuiH NauodlaHuliobl, Oy
CanobIK DKCNepumenmmepoiy Hamuodiceiepin 00an api meKcepy JicaHe
XUPYPUSLTILIK MOO@TbOeY YUliH Natloaibl 60Tyl MYMKIH.

Ocvl 6agoapramansvi OHIMOEpOi opmar RAuOaALIaAHy KOPOHAPJILIK
apmepusi  OUPYPKRAYUACHIHOAZLL  CMEHO30apObly, — 2eMOOUHAMUKATIBIK
MAaHBI30bLILIZBIH  JiceKe  Manoayed — MYMKIHOIK — Oepedi  dcane
amepoCKIepOMUKAIbIE — 3aKbIMOAHYIApbl  6ap  HAyKacmapovl — emoeyoi
Jrcocnapaay KesiHoe OHMAUIbl MeOUYUHANLIK wewinoep Kabwvlioayzd
KeMmeKkmeceoi.

Kinmmi co30ep: kannvly mymgwipiaviesl, Koponapivlk Kan azeimol,
QuUKA-MAMeEMaAMUKATLIK, — MOOENbOeY,  JHCepellikmi  2eMOOUHAMUKA,
KOPOHAPIIK, apmepus CMeHo30apbl, Jicepeiiikmi cemoounamuxanviy 3D
Mooderi.
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MODELING THE ASSESSMENT OF THE HEMODYNAMIC
SIGNIFICANCE OF TANDEM STENOSES
IN BIFURCATIONS OF CORONARY VESSELS

For a more comprehensive analysis of the local hemodynamics of
coronary vessels within the framework of the presented study, it was proposed
to use software tools such as Comsol Multiphysics, Blender, and specialized
3D printing software, for example, Slicer. Comsol Multiphysics allows
numerical analysis and simulations based on the Navier-Stokes equations and
the continuity equation to simulate blood flow in stenosed vessels. This
software provides opportunities for detailedanalysis of fluid flows and their
interaction with various biologicalstructures, which is especially important
in the study of hemodynamicsin conditions of various types of stenosis.
Blender was used to create 3Dmodels of coronary arteries, which can then be
imported into Comsol Multiphysics for computational experiments. Blender
provides a wide range of tools for modeling and visualizing complex biological
structures,which allows you to more accurately and visually represent the
geometryof the vessels under study. Slicer is a software that allows you to
create 3D printed models based on medical image data such as CT and MRI.
It was used to prepare a physical model of the vascular system under study,
which can be useful for further validation of the results of numerical
experiments and for conducting surgical simulations.

The combined use of these software products allows for a personalized
analysis of the hemodynamic significance of stenoses in coronary artery
bifurcations and can help in making optimal medical decisions when planning
treatment of patients with atherosclerotic lesions.

Keywords: blood viscosity, coronary blood flow, physical and
mathematical modeling, local hemodynamics, coronary artery stenosis, 3D
model of local hemodynamics.
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COBPEMEHHbIE METO/bl OLUEHKN
rNnPON3BOAUNTEIIbHOCTU BEB-CTPAHUL]

Lugposas mpancopmayus pazruunvix cgep obwjecmea, makux
KAK npasumenscmeo, POSHUUHAS MOP206s, NYymMewecmeus, QUHAHCD
u 6anKo6CcKoe 0eno, npugena K Momy, 4mo KAk KIUeHmCKue, max u
SHYmMpeHHue YCyeu npedoCmagisAioncs ¢ UCNOIb3068AHUEM 8€0-CIMPaHUY U
O00CIYNHBL HA PASTUYHBIX YCHMPOUCIEAX, OM HACMOILHLIX KOMNbLIOMEPO8
00 MmobunvHvIx  ycmpoticms.  IIpouzsooumenvHocms — 8e6-cmpanuy
AGNACTNCA 8ANCHBIM (PAKIMOPOM, NOCKOABKY AGIACHCA OCHOGHOU MOYKOU
e3aumodelicmeusi  Oisl  NOJb308ameiell, NONb3VIOWUXC YUPPOSbIMU
yeayeamu. Hekomopbie uccredosanus cesa3u18aion npou3sooumenbHOCy
6€06-CMPAHUY ¢ NOTL3I0BAMENLCKUM ONBIMOM, KOMOPLLL, 8 C80I0 0Uepedb,
oKasvigaem nNpAMOe GIUAHUE HA KOHEPCUIO, NPUubblib U YeHHOCMb
bpenoa opeanusayuu. Pezynomamvl oyenxku npou3eo0umenbHOCmu
UCNOTBL3VIOMCS O ONMUMUZAYUU 6€6-CIMPAHUY, YIMO HANPAMYIO GIUAE
Ha y008IemBOPEHHOCHb NOIb306amenell U 00cmudiceHue busHec-yenei. B
omauyue om mpaouyuoHHbIX Memooos, KOmopule mpedyiom 3a6epuleHusl
paspabomku Oid OYeHKU NPOU3EOOUMENbHOCHU, 6HeOPeHUe Memooos
MAWUHHO20 00YYeHUsi 8 Npoyecc paspabomku canmos modicem Ovlnb
UCNOTBL308aHA 0Nl NPOSHOZUPOBAHUA  NPOUIBOOUMENLHOCU — 6€0-
CMpaHuy HA HAYATBHBIX dManax peanusayuu npoexma. B cmamve
npeonacaemcs UCNOIb3068aHUE PA3HOOOPAZHBIX MEmo008 MAUWUHHO2O
00yueHUs, OCHOBAHHBIX HA CMPYKMYPHBIX NOKA3AMENAX Cmpanuybl, 0Jis
VUema 603MONMCHLIX BHEUHUX (PAKIMOPO8 NPU NPOSHOIUPOBAHUYU BPEMEHU
saepysku. Taxum obpazom Ovicmpo u KawecmeenHo pabomaroujas 6e0-
CMpaHUYa Ha Ce200HAWHUL OeHb, A6NAemcs OOHUM U3 noKasameneil
yenexa mozo unu uHo2o OpeHod, a npoyecc OYeHKU NnPoU3B00UMeTbHOCIU
8e0-CMpanuy ¢ UCNOTLIOBAHUEM COBPEMEHHBIX Memoo08 MAUUHHO2O0
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ODylleHuﬂ MooHcem cmameb OOHUM U3 OCHOBONOIALAOUWUX 60nNpocoe6 ux

paspabomxu.

Kniouesvie  cnosa:  npouzeooumenvHocmv, — 6ebO-cmpaHuybl,
MawunHoe obyueHue, NpoSHO3UPOBAHUE, BDEMS 3A2PY3KU.

BBenenue
B HacTosmiee Bpemsi OpraHH3aliH ITOCTOSHHO M3MEPSIOT d(P(PEKTUBHOCTD
KPUTHYCCKH BaKHBIX JIJII OWM3HECAa TOJB30BATCILCKUAX IIMKIIOB, HCIOJB3Ys
COYCTAaHUE CHHTCTUYCCKHX M PEATbHBIX MOJX00B K MOHUTOPHHTY MTOJI30BaTEICH.
CuHTEeTHYeCKUHT MOHHUTOPWHT 3aITyCKaeT 3alHCaHHBIC CIEHApHUH B Opaysepe
4yepe3 3aJaHHbIC MHTEPBAJbl BPEMEHH, YTOOBI UMHTHPOBATH B3aMMOJICHCTBHE
TI0JIb30BATEIS C MPWIOKEHHEM. MOHUTOPHHT ONbITA PEATbHBIX MOJIb30BaTENCH
WA KOHEYHBIX TOJIb30BaTeNeii n3MepseT 3(h(HeKTHBHOCTh MPOCMOTPA CTPAHHMIL
myTeM cOopa JaHHBIX, CBA3aHHBIX C PEATbHBIMU ICHCTBUSIMH ITOJIb30BATEIICH, C
nomorikio JavaScript (JS), BHeqpeHHOTO B BEO-CTPAHHUIIBI BO BPEMsI BBITIOTHEHUS
WM BPYYHYIO pa3zpaboTyrkoM. J{ist BeO-NpHII0KEeHHH BpeMst 3arpy3KH CTPAHHILIBI
SIBIISICTCSA TOJIC3HBIM ITOKA3aTelleM €€ IPOHM3BOAUTEIBHOCTH, KOTOPBIH MOYKHO
MIPOTHO3UPOBATh HA PaHHMX dTallaX, MOCKOJIbKY OHO YYHMTBIBAET BCE COOBITHS,
MIPOMCXOJAIIUE B IPOILIECCE 3arpy3ku. Bpemsi 3arpy3ku CTpaHHIBI ITUPOKO
U3y4yanoch B uccheqoBaHusAX [1-4], U3MEpPEeHHBIX U 3apPErHCTPUPOBAHHBIX
C TOMOINBI0 PA3TMYHBIX WHCTPYMEHTOB MOHHTOPHUHTAa M JOCTYIHBIX B
00I1eJ0CTYITHBIX Ha0opax AaHHbIX [5—7]. DT0 BpeMsi, HEOOXOAUMOE JIs 3arpy3Ku
1 00pabOTKH BCeX PeCypcoB CTpaHUIBL, Takux kKak HTML, JS, kackagHbIe TaOIuITb
cruneit (CSS) u u3o0paxkenuit. Ha Bpemst 3arpy3ku BIHSIOT KaK BHEIIHUE, TaK
1 BHyTpeHHHUE (BakTopbl. BHemHue haKkTOphl — 3TO XapaKTEPUCTUKU, KOTOPHIC
HE HaxOJsTCs 10J] KOHTPOJIEM pa3paboTuuka (HanpuMmep, 3a/iepkKKa, poIyCcKHast
crocoOHOCTh, MOIIHOCTE cepBepa). Hampotus, BHyTpeHHHE (HAaKTOPHI — 3TO
XapaKTePUCTHKH, KOTOPHIE HAXOIATCS ITOJT KOHTPOJIEM pa3padoTYnKa U OOJIbIIe
CBsi3aHbI ¢ GOPMOU M CTPYKTYPOH CTpaHHUIbl (HAIpUMep, pa3Mep, KOJINYeCTBO
peCypcoB, CTOPOHHUH KOHTEHT). MccienoBanne MamuHEOro o0ydenus: Google
BEIIBIJIO CHJIBHYIO KOPPEIANHUI0 MEKIY BPEMEHEM 3arpy3Kd CTPaHUIBI |
mokaszaresieM 0Tka3oB. Ha mporsmkenun MHorux jet Google ncrmomb3oBai psij
HWHCTPYMEHTOB JUJIS ©3MEPEHHS X COCTABJICHUSI OTYETOB O IPOU3BOAUTEIBHOCTH.
Marepuajbl 1 MeTOBI
HccnenoBatenn M HPaKTHKU CXOISTCS BO MHEHHH, YTO OOJBIIMHCTBO
po0JieM ¢ MPOU3BOJAMTEILHOCTBIO MPOrPAMMHBIX CHCTEM BO3HHMKAIOT H3-32
APXHUTEKTYPHOTO BBIOOPA, CICIIAHHOTO HA PAHHHUX CTAJUSAX KU3HEHHOIO IIMKIIA
paszpabotku. CooOpaskeHUs] POU3BOAUTEIHLHOCTA W UCTIOIB30BAaHUE MOJeNei
MIPOTHO3UPOBAHUS JIOJDKHBI OBITh HEOTHEMJIEMOW YaCThIO JKH3HEHHOTO IMKJIA
pa3paboTKu MPOrpaMMHOTO oOecreueHus, OCOOCHHO Ha pPaHHUX JTamax.
[IpakTHKK TPUHUMAIOT IPOCKTHBIC WITH APXUTEKTYPHBIC PEIICHUS, OCHOBBIBASICH
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Ha HWHTYUIIUH, OIBITC U OrPaHUYCHHBIX HCXOAHBIX JaHHBIX. KOMMCp‘IeCKI/IC

MPOEKTHl IPOrPaMMHOTO 00ECIIEUEHHS PEIKO UMEIOT BPEeMsI MIIH PECypChl A
UCIIOJNB30BAaHMS METOJOB MOJICIUPOBAHMS IIPOU3BOAMUTENBEHOCTH. B smoxy
uudpoBoil TpaHchopManuu Bce OOJbIIEE YUCIO OpraHU3aluil BHEAPSIOT
TrHOKHE METOJBI pa3padoTKU MporpaMMHOTO obecrieueHns. [ mOkas pa3zpaboTka
TIPOTPaMMHOTO 00ECIICUCHHS CTIOCOOCTBYET HETIPEPBIBHOM UTEPAITHH pPa3padOTKH
U TECTHPOBAHUS HA MPOTSDKEHWH BCEro JKM3HEHHOTO LWKIA pa3paboTKu
nporpaMmMHoro obecniedeHus. Agile Bkirouaet B ce0st KOPOTKHE [UKJIIBI BBITYCKa
NPOIYKTOB, KOTOpBIE IOANCPKUBAIOTCS ABTOMATH3UPOBAaHHBIMU COOpKaMU
KOJa, TECTHPOBAaHWEM M TPOJBIKCHHUEM B pA3IMYHBIX CpelaX, TaKHX Kak
MIPOMEXKYTOYHAsI MJIM MPOMU3BOJCTBEHHAsI cpefa (HenmpepbhIBHAs MHTETpalds U
HenpepbiBHOE pa3BepThiBanue win CI/CD).

V3mepeHne Mpou3BOJUTEIBHOCTH BEO-CTPAHHI OCYIIECTBIISIOT BO BPEMs
[IPOBEJICHUS. HArpPy304HOIO TECTUPOBAHMS U TEXHUYECKOIO ayJuTa CauTOB.
JlanHble JEHCTBHS aHAIM3UPYIOT PabdOTOCIIOCOOHOCTh BEO-PECypCcOB, MOTYT
UMUTHPOBaTh HAarpy3ky B «OOEBBIX» YCIOBHUSX, CO3aBacMbIX peabHBIMU
NOJIB30BATEIISIMH, [TOMOTAIOT NPEJOTBPATHTh OMMOKH ¥ PACCYMTATH 3amac
npoyHocTd cepBepa. OmMOKH, BBISBISEMbIE I[PU TEXHUYECKOM ayauTe,
OTPHULIATEIBFHO BIMSAIOT HA WHICKCAIMIO B IOMCKOBBIX CHCTEMaX, YTO JENacT
NpOBEJCHUE NAHHBIX MEPONPUATHII 00f3aTENbHBIMH IPH CO3TaHUU H
COIMPOBOXKIACHNUU I/IH(i)OpMaI_[I/IOHHLIX CHUCTEM.

XoTst paboThl, MOAYEPKUBAIOIIIE HEOOXOIMMOCTh PAHHETO TPOTHO3UPOBAHHS
NPOU3BOAUTENFHOCTH Ha OCHOBE MOJENei, OoJblIe COCPEJOTOYCHBI Ha
apXUTEKType CHCTEM, a He Ha BeO-CTpaHHIAX, 3Ta HIes B PaBHOH CTEHECHH
aKkTyalbHa W Ui BeO-cTpaHUIl. B rubkoM clieHapum ompesesieHHe BPeMEHHU
3arpy3KH CTPaHUIIBI B TPOrPAMMHBIX CHCTEMaX KOPIIOPATHBHOTO YPOBHS TOJIBKO
nyTeM (akTHYECKUX H3MEPEHHIl co3laeT HecKoybko mpobsieM. CHavana uis
MOJIYJBHOTO  TECTHPOBAHUS  pa3pabdOTUYMKKM  pa3BepTHIBAIOT  COOpPKY,
COJIEpIKAIIYIO CTPAHHMILY, B JIOKAILHOM KOHTelHepe (Hanpumep, Tomcat). Bpems
3arpy3KH CTPaHHIbI, U3MEPEHHOE MPU TaKHX HACTPOHKaX, MOXKET ObITh
HEPEATUCTHYHBIM, TaK KaK OOBIYHO TECTOBOE OKPYXKECHHE 3HAYUTEIHBHO
ommyaetcs oT pabouero (production). B ycmoBusix coBpeMeHHOTO OH3HECA
HE TIPEJCTABISETCS BO3MOXKHBIM HPOBOJUTH TECTHI NPOM3BOAMUTEIHHOCTH B
paboveM OKpY)KeHNH, TaK KaK BO3ZHUKAET PUCK TIOJIHOTO 0TKAa3a B 00CITyKMBAHUH
KJIMEHTOB cepBepoM. [103TOMy, YTOOBI MOJTYUUTh PEATMCTUIHOE BPEMsI 3arpy3KH,
cOOpKy HEOOXOJMMO pa3BepHYTh B CpeJe C BHIUMCIUTEIBLHBIMH PECYPCAMH,
M10JIOOHBIMH TIPON3BOJICTBEHHBIM, C MOCIIEIYIOIIUM MOAYJIBHBIM TECTHPOBAHUEM
WiIn TECTUPOBAHUEM IIPOU3BOJIUTCIBHOCTH. B p€ajlbHOM MHUPE TAKHE CPEIbI
OOBIYHO SABJSIOTCS YMEHBIICHHBIMHM B MacIiTabe W HE MPEACTaBIIOT co00i
ApXUTEKTYpPHO PENPE3CHTATUBHYIO BEPCHIO LIEJIEBOM CUCTEMBI M3 COOOpaKEeHUH
CTOMMOCTH; TECTUPOBAHUE B TAKOW CpeJie MOXKET BCE €I1Ie He BBISIBUTD ITPOOJIEMBI ¢
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[pOM3BOIUTCIHHOCTHIO. BO-BTOPEIX, HOATOTOBKA CPCBI ¥ 3allyCK TECTOB TPCOYIOT
3HAQUUTEIBHOTO BPEMEHH M YCHIHH, YTO JENAeT HEBO3MOXHBIM BBITIOIHCHHE
Kaxmoi coopku. B pesymnpraTe nehekThl MPOU3BOIUTEIHEHOCTH 00HAPYKUBAIOTCS
OYEHb [TO3/THO B )KU3HEHHOM LIMKJIE Pa3pabOTKH, M ISt UX UCTIPABIICHUS TPeOyIOTCS
3HAUUTEJbHBIC YCHIIUS U 3aTPaThl. B TaKuX CHTyaIMsIX MCHONIb30BaHUE MOJICITH
JUISL TIPOTHO3MPOBAHUSI BPEMEHM 3arpy3Kd C pasyMHOH TOYHOCTBIO MOXKET
IIOMOYb COKOHOMHTB BPEMsI, YCHIIMS M 3aTpaThbl, HEOOXOIUMBIE JJIsl [TPOBEICHUS
(aKTH4YecKOro TecTUpOBaHUS. MoJelnb MOXET IOMOYb apXHUTEKTOpaM |
MIPOCKTUPOBIINKAM Ha 3Tanax apXUTEKTYpPhl X MPOCKTUPOBAHUS JUIsl CHIKCHUS
PHUCKOB NMPOU3BOJUTEILHOCTH ITyTEM OLEHKH allbTEPHATUB JU3aiiHa, BIUSHUS
W3MEHEHHH W TPUHATHS JIOTMYECKMX pelleHui. Pa3pabordynkam He HYKHO
OTKJIaJbIBATh PEIICHHE MPOOJIEMBI MIPOU3BOANUTEIBHOCTH JI0 TE€X IOp, MOKA MX
CTpaHHUIla He Oy/eT pa3BepHyTa U 3alyIleHa.

Pe3yabTaThl M 00Cy:KAeHUE

ITockonbKy BEO-CTpAHHIIBI CTAHOBSATCS BCE 0O0JEE CIIOKHBIMH, MEXKIY
MOKa3aTeJsIMA MOTYT CYILIECTBOBATh CKPBIThIE B3aUMOCBSI3H, KOTOPbIE IKCIIEPT
B JIAHHOM 00JIaCTH TaKke HE CMOKET BU3YaJIM3UPOBaTh. METPHUKH, CBSI3aHHBIC
C BHEIIHUMH (DaKTOpaMH, HE HAXOJSTCS MOJ] KOHTPOJIEM Pa3pabOTUYUKOB, U UX
TPYIHO OINpPEICIUTh Ha PaHHHUX dTanax. MHCTpYMEHThl U3MEpPEHHUs TOJIE3HBI
TOJIBKO Ha 00JIee MO3HNX CTANAX pa3pabOTKH, TOCKOIBKY OHU TPEOYIOT, YTOOBI
CTpaHUIBl OBUTH TIOJNHOCTBIO pa3paboraHbl M (GyHKIHOHMpoBaH. IIpocThie
CTaTUYeCcKHe CallThl HE TPEOYIOT 3HAYUTENILHBIX BBIYUCIHUTENBHBIX PECYPCOB U
3arpyaroTcsi OUYeHb OBICTPO, OJJHAKO B HAIW JHH aKTHBHO pa3pabaThIBArOTCs
BeO mpunoxkerus B Bune SPA (aHri. single page application — ogHOCTpaHUYHOE
NPUIIOKEHHNE), B KOTOPBIX KJIMEHTCKAsl YaCTh 3aIpalllMBal0T MHOXKECTBO PECYPCOB
C CepBEPHOI YaCTH MPHIIOKEHHSI, YTO MOYKET CTATh Y3KUM MECTOM B OT3bIBUYNBOCTH
caiita.

Ha »Tame nmpoexTupoBaHus ObUI0 0OHAPYKEHO, YTO peajbHas JOMAIIHAS
CTpaHUIIA CIIyYaifHO BBIOPAHHOT'O BEO-TIPHUIIOKEHUS MMeeT o0muil pasmep 471
931 Gaiit u cocTout U3 Hectu dainos JS, nByx daiioB CSS u 43 uzobpakeHnit
pa3mepom 59 139 Gaiit, 4634 Gaiit u 382 989 GaiiT cooTBeTCTBEHHO. BeO-cTpanuia
pa3BepThIBACTCS B OJHOM JOMEHE M HE HCIOJIb3YeT CeTh JOCTaBKM KOHTEHTA.
B SLO gnst momamrHe#t ctpaHUIBl ykazaHo, yto 90 % mpocMOTpOB CTpaHUIL
3arpyaroTcs B Opaysepe MeHee 4eM 3a 5 ceKyH/I. Bpems 3arpy3ku 4aiie BCero
N3MepSIETCs C TIOMOIIBIO CHHTETHYECKOT0 MHHCTPYMEHTa MOHUTOPHHTA, KOTOPBIH
BOCITPOM3BOJIUT 3apaHee 3alTMCAHHBIN CIIEHApUi OTKPBITHS JIOMAITHEH CTpaHHIIbI
¢ moMonIpl0 BeO-Opaysepa. MHCTpYMEHT MOXET BOCIPOU3BOJUTH CIIEHAPHUI
OIIpe/IesIeHHOE KOJIMYECTBO Pa3 B 4ac Mo KaHAILy CO CKOPOCTbI0 5 MOUT/C ¢ ITycThIM
Ko1em Opaysepa. [Togo0Has olieHKa MPOU3BOIUTEIILHOCTH CATOB NPEJICTABIICHA
Ha HTTP Archive — 6a3s1 manHbIX ¢ nHOpMAaIHei 0 BeO-TPOM3BOIUTEIHHOCTH,
[IMPOKO MCIOJIBb3YEMO JIJIs IPOBEAEHUS UcceqoBanuii [6].
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HTTP Archive — mpoekr, sBustommiics cBOCOOpPa3HBIM «apXHBOM

HMHTEPHETa», 0OJTHAKO COJCPKUT HHPOPMAIIHNIO HE O KOHTEHTE, & CTATHCTHYECKHE
JTAHHBIE 110 TEXHUUECKOM CTOpOHE caiToB. J{/1 aHaIM3a TaHHBIX B paMKaxX MIPOEKTa
ckaHupyroTcss Muwuinonsl URL Bo Bcell BCEMUpPHOHM INayTHHE, HCIONb3YETCs
pa3IUYHbIe METPUKU IPOU3BOUTEIBHOCTH:

- FCP (anrn. First Contentful Paint) — Bpems oT mepBoro mepexona Ha
CTPaHUILy 10 MOMEHTa OTPHCOBKHU IIEPBOTO AIIEMEHTA COAEPKUMOTO CTPAHHIIBL;
- TTI (anrn. Time To Interactive) — TpeOyemoe BpeMsi HHTEPAaKTHBHOCTH

CTpaHUIIbI;

- DOMContentLoaded — co6biTHe, HacTymaromiee mocie anammnsa HTML,
3arpy3KHM M BBIMOJHEHUS] CKPHIITOB, MPEIIIECTBYET 3arPy3Ke M300paKEHUM H

ACHHXPOHHBIX CKPUIITOB;
—onLoad — BpeMst OKOHYaHHS 3arpY3KH PECYPCOB H IIOJPECYPCOB.
[IpenocraBnsieMble CAaWTOM JaHHBIC:

KommaectBo CCKyHJA € MOMCHTA Hadajla HaBUTr'allMd OO HOSABJICHHUS OCHOBHOI'O

COJICPKMMOTO CTPAHUIIBI HA YKPAHE.

MEZUAHHSN MOSUNSHSMA
3,0 cekyHab!

A34%

ontentful Paint =

Zoom 1m 3m Bm YD 1y 3y Al 1Jsn2023 — 1Nov2023

First Contentful Paint (seconds)

Jsni'23 Feb23 Msr'23 Apr23 Msy 23 Jun'23 Jul'23 Aug 23 Sep 22 Oct'23 Nov'22

KonnuecTBo cekyH1 ¢ MOMEHTa Hayajla HaBUTalluK JJO MOMEHTa, KOT1a
LI Haxoauiicsi B COCTOSIHUM ITOKOSI HE MEHEe 5 CeKYH/
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8, Jit 14,70 yHAObI

Deskiop  — Mobile

KosnuecTBO CEeKyH/1 ¢ MOMEHTA Havala HaBUTaI[MK 10 TIOJHOM 3arpy3Ku U
ananmmu3a ucxogaoro HTML-gokymenTa

A MO

abl 5,9 cekyHabl
A18,0%

(Contentloaded

Zoom tm 3m 6m YD 1y I A

H

KommaectBo CCKYH/J C MOMCHTA Ha4aJla HaBUT'AlITUU 10 3aBEPLICHUA
3arpy3ku JOKYMEHTA U BCEX €0 3aBUCUMBIX PECYPCOB

UroOBl OCYIIECTBUTH MOJI0O0HYIO OLICHKY C YUYETOM OOJIBIIOrO KOJIMYECTBA
B3aMMOCBSI3aHHBIX JJAHHBIX, HY’Ha JOCTaTOYHO CJI0XKHAsi Mojenb. CienoBaHue
TPAIUIIMOHHOMY TIOAXOMY TOTpeOyeT OT apXHTEKTOpa MOXKAaThCs HSTama
TECTUPOBAHUSI, YTOOBI OLEHWUTH BpeMsl 3arpy3ku cTpaHuipl. Ecimm mocrymHa
peanucTuyHas MOJENb JJIs [IPOTHO3UMPOBAHUS BPEMEHM 3arpy3KH, €€ MOXKHO
HCII0JIb30BaTh, HE I0’KUASACh Havyalla atamna rectupoBanus. Kpome toro, Mmoaens
HE JOJDKHA TpeOOBaTh 3HAYMTENBHBIX YCHIMH M BpPeMEHH HH i1 cOopa
HEOoOXO/IMMBIX JJaHHBIX, HU ISl CTIOJIb30BaHMs Mojeiu. [IpuBeneHHbIi mpumep
YCTaHABIMBAET HEOOXOAMMOCTh HANIWYHMA MOJENEH MPOTHO3MPOBAHUS IS
HCII0JIb30BAaHUsl HA PAHHUX dTanax.
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1073 ceKyHﬁu
A108%

Top 1,000: Timeseries of onl.oad

Pucynoxk 1

MamuuHoe oOydenue (MO) kKak IUCHHUININHA CYIIECTBYET B
HCCIIEI0BATEIbCKOM COOOIIECTBE YK€ MHOTO JIeT. B mociemnee Bpems ero
aKTyaJbHOCTh CpEIW TPAKTUKOB HHIYCTPUH IPOTPAMMHOIO OOCCHEUCHUS
BO3pOCIIa M3-332 PACTYILCH CIIOCOOHOCTH COOUpaTh OOJBIINE 00BEMBI JaHHBIX
U CHIDKCHHSI 3aTpaT Ha 00paboTKy 3THX AaHHBIX. MO MOXeT 0OHapyKHBaTh
CKPBITBIC WJIM HESIBHBIC B3aMOCBSI3H B JAHHBIX, KOTOPBIC HE MOXKET OOHAPYKUTh
9KCIEPT B MPEJAMETHON 00JAaCTH, M, TAKUM 00pa30M, OTKPBIBAET BO3MOXHOCTh
JUId pa3pabOTKM TOYHBIX MOJeNedl MporHo3upoBaHusA. byTkeBmu u 1p.
HCTIONIB30BAJIN PErPECCHIO JUIsl MPOTHO3UPOBAHMS BPEMEHH 3arpy3K1 CTPAHUIIBI
[8], Tornma kak Apyrue aBTOPBI HCIOIB30BATM MOJCITH KJIACCH(DUKALUH, YTOObI
KJIacCU(UITMPOBATh YPOBEHb NMPONU3BOAUTEIFHOCTH CTPAHUIIB! KaK OTIUYHBIN,
XOPOILWA, yIOBICTBOPUTENBHBII U Henpuemiemslid [9]. P. Calvanouccnenyer,
KaKk  pa3Id4Hble  II0Ka3aTeNnud  TMPOU3BOJMTEILHOCTH  KOPPEIUPYIOT C
xapaktepuctukamu crpanuisl [10]. B 1enom, wnccnemoBaH OrpaHHYCHHBIH
00BeM paboOT B 00JIACTH OICHKH MPUTOAHOCTH METOIOB MAIIUHHOTO O0yUYCHHS
JUISL TIPOTHO3HMPOBAHUSI BPEMEHH 3arpy3KH C HCIIOJIb30BAaHHMEM IIOKa3aTelleH,
CBSI3aHHBIX C (POPMOH, CTPYKTYPOI M pa3BEpTHIBAHNEM BEO-CTPAHMIIHI (HAITPHMED,
pa3Mep CTpaHHUIIBI, KOJIMYECTBO 3aIPOCOB, KOHTEHT). THUIBI, PACIIPOCTPAHEHNE
3alpOCOB M THIIOB KOHTEHTA 110 PA3JIMYHBIM cepBepaM). UToObl yCTpaHUTh 3TO
OTPAHUYEHUE, HCIOJB3YIOT PA3IUYHBbIE MOJEIHM MPOTHO3UPOBAHMS BPEMEHH
3arpys3ku, pa3paboTaHHBIE C HWCHOJIB30BAHMEM KOHTPOIMPYEMBIX METOI0B
MAaIIMHHOTO 00YYeHNUs, 2 UMEHHO:

— MHOTOMEpHasi JINHEHHasl perpeccus,
— mIpocTas JMHelHas perpeccus,
— perpeccus HAMMEHBIINX MEJINAHHBIX KBapaToB,
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perpecchs TeMiia,

— M30TOHUYECKAs PErpeccHsl,
METO;I OTIOPHBIX BekTopoB min SVM (aurit. Support Vector Machines),

— MHOTOCJIONHBII IEPCENTPOH,

— panmanbHas 6a3ucHAS QYHKIHNS,

— JIEPEBO PELIEHMI,

— nepeBo cokpamierns ommbok REPT wmm (amrm. Reduced Error Pruning
Tree),

— METOJI CIIy4aiHOro Jieca,

— M5.

B Mojemnsix UCrosb3yITCs TOJIBKO T€ MOKA3aTesH, KOTOPbIE OTHOCATCS K
(bopMe U CTPYKType CTpaHHIIbI, HOCKOJIBbKY TaKHE [TOKa3aTeIH JIETKO ONPEACIHTh
Ha paHHUX dTanax ¢ MUHUMaJIbHBIMU YCUJIUAMU. MO[[CJ'II/I MAalIuHHOI'O o6yqu1/151
HE TOJIKO SIBHO BKJTIOYAIOT CTPYKTYPHBIC XapAKTEPUCTHKU CTPAHHUIIBL, OHU TAKKE
HESIBHO BKITFOYAIOT BHEIIHHE (DAKTOPBI 3aJCPIKKH, KOTOPbIE HAXOMASATCS BHE
KOHTpOJIS pa3paboTuKa, TAKUE KaK Harpy3KH Ha CEPBEP U CETh, ITyTEM 00yUeHHSI.

BriBoabl

B cratpe 00ocHOBaHO, YTO OBICTPO W KAa4EeCTBECHHO paboTaromas BeO-
CTpaHHUIIA Ha CETOHSIIHUIN JICHb, SBJISETCS OJHUM M3 MOKa3aTesel ycrexa Toro
WIN WHOTO OpeHaa. A MIpolecc OLECHKU MPOM3BOAUTEIBHOCTH BEO-CTpaHHI] C
HCIOJIb30BAHUEM COBPEMEHHBLIX MCTOJOB MAIIMHHOI'O 06y11eH1/151 OOUH U3
OCHOBOIIOJIATAIOIIMX BOMPOCOB UX pa3paboTku. ClaenaHbl BHIBOJbI, YTO aHAIIU3
MIPOM3BOIUTEILHOCTH BEO-CTPAHUIL JUIS TPOTHO3MPOBAHUS BPEMEHH 3arpy3Ku
C HCIIOJIb30BAaHMEM MOJIeNiell MalIMHHOTO OOydeHHs sBisieTcsi Haubosee
MEPCIEKTUBHBIM. TPaJUIIOHHBIE METOJbI OIEHKH TpPEOYIOT 3aBepIleHHUs
pa3paboTKu Uil OIIEHKU MPOU3BOJUTEIBHOCTH, B TO BpeMsi Kak mozeinun MO
TIO3BOJIAIOT JCJIaTh NPOrHO3bI HAa PAaHHUX JOTalax. Takue MOJ€CJIN YYUTBIBAIOT,
KaK CTPYKTYPHBIE XapaKTePUCTHKH CTPaHUI], TaK W BHEIIHHE (aKTOpbl, HE
TO/IJIAFOIIHECS] KOHTPOITIO pa3paboTunKa, 0OHAPYKHMBAsI CKPHIThIE B3aUMOCBSI3U
B JIaHHBIX JUIst 00Jiee TOYHOTO MPOrHO3upoBaHus. [Ipeiaraercs UCIOIB30BaATh
pa3HooOpa3Hble METObl MAIIMHHOTO 00Y4YeHUsI, OCHOBaHHBIE Ha CTPYKTYPHBIX
MOKAa3aTessIX CTPaHUIBI, sl IPOTHO3HPOBAHUS BPEMEHH 3arpy3KH, YIHUTHIBas
BO3MO)KHBIE BHEIITHHE (DAKTOPBI.
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BEB-BETTEP/IH OHIMJILIITTH
BAFAJIAY/IbIH 3AMAHAYH 9JICTEPI

Yrimem, 6omuex cayoa, casxam, Kapoicvl dcone OAuK ici cusikmuol
KORAMHBIH ~ PMYPAL  CANANAPLIHGIY — YUDPALIK  MPAHCHOPMAYUACH
KAUSHMMIK JiCoHe [WKi Kbizmemmepol eb-bemmep apKblibl YCbIHY2d
JICOHE JICYMBIC YCMENIHeH MOOUNbOI KYPbUIZbLIAPEa OeUin apmypii
KYpoLIguliapoa Ko sceminoi emyee akenoi. Beb-bemmepdiy eHimoinie
Mauviz06l  pakmop  6orvin  mMabwlIadbl, OUMKEeHI 01  YudpaviK
Kblzmemmepoi naoaianamoli NAUOAIAHYWbLIAD YWiH Heei3el e3apa
apexemmecy uykmeci 0Oonvin mabwiiadel. Keuibip 3epmmeynep 6e6-
bemmepoiy OHIMOLNICTH natoanaHywsl maoicipudecimen
batianvicmeipadsl, — Oyn 03  KezeeiHOe  YUbIMHbIY — OpPEeHOIHIH
KOHBEPCUSACHING, NAUOACLIHA JHCIHE KYHOBLIbIZIHA MmiKeell acep emeoi.
Onimoinikmi 6asanay Hamudicenepi eed-bemmepoi OHMAIAHOIPY YULIH
natoanaHeliadsl, OY1 NAuOalIaHYWbIIAPObIY KAHAKAMMAHYbIHA JCIHE
Ou3Hec MaKcammapulHaKol JdcemKizyee mixenell acep emeoi. OHimOinikmi
bazanay yuiin a3ipaeydiaskmayovl Kaxcem ememin 02cmypii a20icmepoeH
AUBIPMAWBIILIZEL,  Cammyl  d3ipaey NpoyeciHe MAUulUHAIbIK, OKblMY
a0icmepin eneizy a#obanvl icke acvlpyobly bacmanksl Kezeyoepinoe geo-
bemmepodiy  ouimOinicin  Ooadcay  yulin  NAUOAIAHLLLYLL  MYMKIH.
Maxkanaoa oicykmey yaxvimoin 00ndcay KesiHOe MYMKIH 001ambiH
colpmibl  (hakmopaapovl  eckepy ywiin Oemmiy  KYpPbLIbIMObIK
Kopcemxiwimepine  He2iz0eNceH  MAUUHAILIK OKbImMYOblY — apmypii
a0icmepin Kondany ycuinsliadsl. Ocvliaiiuiad, Oy2inei KyHI HColi0am HcaHe
cananvl JHCymvic icmelmin 6eO-bem beneini 6ip 6peHOmMiy MabviCbIHbIH
Kopcemxiwmepiniy Oipi 60abin MadviIAbl HCIHE 3AMAHAYU MAUUHATIK
oKbimy 20icmepin KoI0aHa OmuIpbin, 6e6- Oemmepoiy OHIMOLNICIH
bazanay npoyeci onapobl 0ambimyovlH Heeizel Macenenepitiy 0ipi 60ybl
MYMKIH.

Kinmmi ce3dep: eHimOiniK, 6eb-bemmep, MAWUHALLIK OKbINLY,
bondicay, HcyKkmey YaKblmol.
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MODERN METHODS FOR EVALUATING
THE PERFORMANCE OF WEB PAGES

The digital transformation of various spheres of society, such as
government, retail, travel, finance and banking, has led to the fact that
both client and internal services are provided using web pages and
are available on various devices, from desktop computers to mobile
devices. The performance of web pages is an important factor because
it is the main point of interaction for users using digital services. Some
studies have linked web page performance to user experience, which
in turn has a direct impact on the conversion, profit, and brand value
of an organization. The results of the performance assessment are used to
optimize web pages, which directly affects user satisfaction and the
achievement of business goals. Unlike traditional methods that require
completion of development to evaluate performance, the introduction of
machine learning methods into the website development process can be
used to predict the performance of web pages at the initial stages of the
project. The article proposes the use of various machine learning methods
based on the structural indicators of the page to take into accountpossible
external factors when predicting loading time. Thus, a fast and high-
quality web page today is one of the indicators of the success of a
particular brand, and the process of evaluating the performance of web
pages using modern machine learning methods can become one of the
fundamental issues of their development.

Keywords: performance, web pages, machine learning, forecasting,
loading time.
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O TPEXMEPHOM TEH3OPE YIIPYIrOCTU
B AHU3OTPOIIHbIX CPEOAX

Dopmyna saxkona I yka 05t OMHOCUMENLHBIX BETUUUH BLIPANHCACTCS
kak o=Ee. B maxou ¢hopme on cnpasednus ons nobbIX MATbIX
00vémos  mamepuana. B obnacmu knaccuueckoi JIUHEUHOU
YIpyeocmu ¢ MEH30POM  HANPAICEHUL O U MEH30POM 0eopmMayuu
obobwennas popma saxona Iyka sadaemcsxax oij=C,,., 20e mensop
uemeepmozo nopaoxa C=(C,,) useecmen kakmensop ynpyzocmu. Imom
MEH30p CYWeCMEEHHO pAcuiupsaen NoHAmue KOHCHAHMbL JHCeCmKOCmu
npyaicursl K, npumensis e2o k 60.1ee ClOACHbIM, MHO2OMEPHBIM CUCTEMAM,
4mMo no36oJIsem mouHee ONUCLLEANb MEXAHUYECKUEe COUCMEA PA3TIULHBIX
mamepuanos. B mo epems KAK NPYICUHHAS KOHCIAHMA ONUCHIBAEN
nogedenue NPOCMOLL NPYACUHBL MEH30P YAPY2OCU CROCOOEH 0X6aAMUMb
3HAUUMENbHO b0JIee CONACHbIE U MHOZOKOMNOHEHMHbIE 83AUMOOECBUs
6  mamepuanax.  HMueapuanmel dmux — mMeH30pO8  YHpyeocmu
UHKANCyIupylom Kuouegble Mexanuueckue C80UCmed Mamepuaios,
appexmusno 0606wan U OONOAHAL NOHAMUE (AHCECHMKOCIU NPYIHCUHBLY
6 CNOJCHbIX KOHmeKcmax. B pamxax osmoii cmamvu mul npumensem
o0bobuennoe npedcmasnenue Kenvsuna onsinapamempusayuu meH3opa
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Hanp}zoiceHmZ, umo 3HavumenlbHo ynpouwaemu oenaem Oonee Ha2IAOHbIM

npoyecc onpeoenenus Oeicmeuss Ha MeH3op ynpyeocmu. Jmo, 8 ¢80
oyepedb, cnocobcmeyem 0Oonee 21yYOOKOMY NOHUMAHUIO MeXAHUYECKUX
Xapakmepucmux Mamepuaios u ux peaxyuu Ha 6HeuHue 8030eUcmeaus.

Knwouesvie cnosa: saxon Iyka, KonuuecmeenHas cummempus,
meopusi npedcmagienuil, AaHU30MpPOnUs, AUHEUHAs YNPyeoCmb.

BBenenue

Tenzop ynpyroctu, TEH30p YETBEPTOTO PaHTd, XaPAKTEPU3YET CBSI3b MEKITY
HapsUKEHUEM U JeopMarneii B muHeHO-ypyrom matepuaie [1;2]. Cormacuo
000011eHHOMY 3aKoHY ['yKa JuIsi OTHOPOTHOTO aHU30TPOITHOTO Tella, 3Ta CBS3b
oTpesieIsieTcst Kak IMHEHHAst KOPPEILIIIST MKy TEH30pOM HarpsuKEHHI BTOPOTO
paHra Gij ¥ TeH30pOM Ie(POpPMALIUH & Kl

Oij = Cijszkz 1)

Komnonentst C 0OBIYHO HM3MEHSIOTCS MpH 0a3MCHOM MPeoOpa3OBaHHU.
OnmHako HEKOTOpble NpPeoOpa3oBaHMS JAIOT KOMOWHAIMK KOMIIOHCHTOB,
Ha3bIBaEMBIX HHBAPHAHTaAMH, KOTOPBIE OCTAIOTCS IOCTOSHHBIMU. DTH HMHBAPHAHTHI
OIIPE/ICIISIFOTCS Ha OCHOBE ONPE/IeIICHHOr0 Habopa NpeoOpa3oBaHuii, Ha3bIBAEMBIX
rpynmnoBod onepauuei. Hanpumep, mHBapuaHT Aisl Ipynnbl cOOCTBEHHBIX
OpPTOrOHANBHBIX TpeoOpa3oBanuii, obo3Hauaembrii kak SO(3), coxpawser
MOCTOSTHHOE 3HAYCHHUE MPH JIF0OOM TPEXMEPHOM BPALICHHH.

ABrtopbl pabotsl [3] mccnenoBanM JaHHYI MpoGIieMy, MMEPBOHAYATIBHO
HCIIOJIb30BAB JUISl ONPEEJICHUs] HE3aBUCUMbIX MHBAPUAHTOB B IBYMEPHOM U B
TPEXMEPHOM CITy4dasix.

B monorpaduu [4] monyueHbl HHBApHAHTHBIE COOTHOIICHHUSI, OTPAXKAFOIIIHE
BHYTPEHHIOIO CHMMETPHIO Pa3iIMYHBIX aHU30TPOIHBIX Cpel. ABTOPOM JJOKa3aHo,
YTO WHBapUAHTHBIE COOTHOIICHUS MMEIOT MECTO JUIl YpaBHEHHWH YNpYTux,
AJIEKTPOMAarHUTHBIX BOJIH B Pa3IMYHBIX KPUCTAIUIAX, & TAKKE OTPAXKAIOT 00IIUe
CBOICTBA pELICHUN YpaBHEHUN JABU)KECHUS.

Ormpejesienrie HHBapHAHTOB UMEET MEPBOCTEIIEHHOE 3HAUCHNE B MEXaHHUKE,
0COOEHHO KOT/Ia peub UJIET O PEKOHCTPYKIIMU FEOMETPUUECKIX U MEXaHUYECKUX
CBOWCTB MaTepuana. DTH MHBapUAHTHI MO3BOJISIOT ONHCBIBATH BHYTPEHHIOKO
CTPYKTYpY Marepuajla U €ro OTKJIMK Ha pPa3IM4Hble BHEIIHWE BO3JICHCTBUS,
YTO OCOOEHHO BaKHO JUIsSi MaTEpUalioB C AHU30TPONHBIMH HIJIM CJIOKHBIMH
cBoricTBamu. Psin riccnenoBareneit [5;6;7;8;9;10;11;12;13] npeanoKuimm MeTO b1
JUTSL OTIpe IeIIeHHs] THBAPHAHTOB TEH30pa YIIPYTOCTH B TPEXMEPHOM IIPOCTPAHCTBE.
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B pamkax 5Toil cTaThu MBI NpHMEHseM OOOOIECHHOE IpECTaBICHHE
KenpBuHA 11 TapaMeTpH3alié TEH30pa HANpsDKEHHH. OTO  IMO3BOJSIET
CYIIECTBEHHO YIPOCTUTH MpOIleCC aHalIMW3a, a TakXke CcAenarb ero Ooiee
HAarJISHBIM, YTO OCOOCHHO ITOJIE3HO /ISl ONPE/ICIICHHs] BO3ACHCTBUS HA TEH30D
ynpyroctu. Takoif MoIXoa faeT BO3MOXKHOCTD TITy0)Ke H3yUNUTh MEXaHIMUCCKHUE
CBOMCTBA PAa3NUYHBIX MATEPHAJIOB M MX MOBEJCHHE NMPH BHEIIHUX Harpys3Kax,
BKJIIOYasi HampspkeHust u aedopmanuu. [loHMMaHue WHBapHaHTOB TEH30pa
YIPYTrOCTH MOMOTaeT yJIy4IIUTh MPOTHO3UPOBAHHE NOBEJCHUS MaTEpUaliOB B
CJIO’KHBIX YCJIOBHSIX DKCIDTyaTallld, YTO MMEET MPHUKIIAJIHOE 3HAUCHHE B TaAKUX
o0nacTsiX, Kak HWHXCHEpHUs, MaTepUaliOBEACHHE W IPOCKTHPOBAHUE HOBBIX
MaTepHaJoB € 3aJaHHBIMU CBOMCTBAMU.

MarepuaJjbl 1 MeTOABI

311ech OMHCHIBACTCS TIOAXO, UCTIONIB3yEMBIH 1T OTIpe/ICIICHISI HHBApUAHTOB
nyteM Bo3jeiicTus 3aeMenta SO(3) Ha TEH30p YIPYroCTH.

3akon ['yka u npeacrasinenue Kenbpuna

OpOuThl pocTpaHcTBa TeHsopa ynpyroctu S2S?R® nox neiicreuem SO(3)
na R® onuceiBarores E, koraa aj1s AMHEHHOTO IpeacTaBIeHHUs:

C'=pC
rae

E= {CI € E(3)

Ir € S0(3), ¢ = p(r)C}

B ximaccuueckoif tnHeHOM ynpyroctu 3akoH ['yka rmacut, uto 6=Ce. OT0T
3aKOH MOXET OBITh mpexacTaBieH mnpencraBieHneM @oiirra n KenbsuHa.
O6o3navenne Poiirra He CyIECTBEHHO JUIsl 6a30BOT0 MCCIEAOBAHMS CHUMMETPHH.
CrenoBarenbHO, MBI IPUMEHNM TpezcTaBienne Kenssuna [10; 11], B koTopom
BeIpakeHue i C uMeeT CleayroImuil BI:

[ C1111 C1122 C1133 \/§C1123 \/§C1113 \/EC1112—
61122 62222 62233 \/EC2223 \/EC2213 \/562212
C1133 C3322 C3333 \/§C3323 \/§C3313 \/EC3312

\/EC2311 \/EC2322 \/EC2333 2C.2323 2C'2313 2C2312

\/EC1311 \/561322 \/261333 2C1323 2C1313 2C1312

-\/ECIZII \/EC1222 \/ZC1233 2C'1223 2C.1213 2C1212 -

()

Hcnone3ys npeacraBieHne B TepMuHax KenbBrHA 1 3aMeHsisi 0003HaYCHHE
TEH30pa HANPSUKCHUI G Ha S, MOXKEM IMOTYYHTh CIEAYOIIYI0 YHUBEPCATBHYIO
dopmy:
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Sip=ojianni =123, o d
s y = \-"‘EUJ-J aas i = 1,23, .., d, withi <j (3)

[‘:)‘vdurf:uﬂ,HJ.]}

Tax s d=3 MBI UMeeM:
Sy = 0115852 = Oa9; 83 = T33; Sy = V20,3

Se = 2013;56: 20’12

Pe3yabTaTsl u 00cyxKICHHE

[MapameTpu3aliys TEH30pa HATIPSHKCHHUI

IToBopoT Ha yroi 0 HPUMEHSETCSI K TEH30pY HaIpsDKEHHi BIONIb OCH Z B
TpéxMepHoM npoctpanctse. CornacHo Moutererta [15] u Ditnepy [16], maTpuiia
TIOBOPOTA I, IMEET CIIeTyIOIHil BUL:

cosf  sinf 0
. (—gin() cost O) (4)
0 0 1

’

t
Jlanee numieM g’ — T 0T 5 MBI MOXKEM HAIMCATH d =Roc:

cos?0 sin?0 0 0 0 2sinfcosf
sin?0 cos’0 0 0 0 —2sinfBcos6
0 0 1 0 0 0 )
0 0 0 cosf —sind 0
0 0 0 sinf cos6 0
—sinfcos® sinfcosd 0 0 0 cos%6 — sin%6

PaccmarpuBas cootHomeHue (2) TakuM ke 00pa3oM, HMeeM:

N A B e e S e e
S1 = 011,52 = 032,53 = 033, 53 = 023;
[ [ A
Sg = Oy3; S¢ = Op3

J71eMEeHTBI S’ UMEIOT BH/I;
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s, = 01, = 5,c05%60 + V25,c0505inf + s,5in*6
S, = 04y = 515in%0 — V2s4c050sinb + s,c05%0
S3 = 033 = S3
sy =205, = s,cos6 — s5sinf (6)
st =\20{, = s,sinf + s;cosé
s6 = V20,
st = —\2(s4 — 55)c0s0sinf + s,(cos?0 — sin’6)

kak GyHKust oT. Yto mpuBoauT K (7), T/e 37eMEHTHI S’ SIBISIOTCS (QYHKIHEH
0 u 20:

51+5 51—8 - S, . v
sy =124 21200520 + £ 5in20
2 2 NE
51+5 54—58 s .
sy = ——=2—=2—200s20 ——=5sin26
2 2 VZ

\’, — -
S3 = 53 (7
Sy = 5,080 — 5:5ind
St = 5,5inf + sccoso
-1 .
Sg = E(sl — §,)8in20 + 5,c0526

Crexyronym 1aroM sBJseTCS UCTIOIb30BaHUE CIEAYIOIUX TapaMeTPOB B
CTapoii U MPeoOpPa30BaHHON OPTOrOHAIBHBIX CHCTEMaX KOOPIUHAT:

_ S1+Sp Ik = S1—S3
P= " "" T

r— $1+S3 L 5153
P77

JlemaeM HEKOTOpBIE IIEPECTAHOBKH M IIEPEXONUM K S(S,, S,, S SG) B

ssx(pp, kk, ss, ss, ss, Ss), BHOBO chopMupoBaHHOI 0a3e (ee ,ee ,ee ee ee ee ):
6 4 5 3 1 2 6 4 5 3

®)

s* =Ps 9)

!
*

*
B HOBOI 6a3e paeMeHThl 8° 3aJa0TcI Kak § = RS , roe R:
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1 0 0 0 0 0

0 cos20 sin26 0 0 0
r=10 —sinZf  cosZ6 0 0 0 (10)

0 0 0 cos@ —sinf 0

\O 0 0 sin@ cosf 0

0 0 0 0 0 1

Bonb ocu e Mbl umMeeM oauH unBapuant (p), (S3) Baosb ocu €6, (g1)?

c)OpMHpPOBaHO KaK €2 U €3 U (02)? chOpMHUPOBAO KaK €4 U €s. [lepBbie 1Ba
MPEJICTABISIOT COOOM MPSMBIE, TOT/Ia KAK MOCIIEIHNE JBa OMTHCHIBAIOT OKPYKHOCTH
Mopa ¢ pagnycom q, u (({ A 2)(|, COOTBETCTBEHHO.

MpeI Takke mposepsieM, uto R siBiasercs marpuieii Bpamenus: det(R) = 1
uR'=R.

VIMeHHO 3Ty MaTpHIly BpamieHus R MbI Oy/ieM HCIIOIB30BATh B IIOCIIEIYIOLIEM.

Moaudukanuu u pasnoxkeHne TeH30pa yIpyrocTH

[lo awanmormu ¢ npencrasieHneM Kemssuna monoxum Cpp = Cijy -
VYuuTHIBas IEPECTAaHOBKH, BBINOIHEHHEIE B (7), mepenunieM C COrIacHO 3aKOHY
I'yka:

s=Ce

rie S — TeH3op HampsbkeHui, C — ympyrocts, € — TeH30p nedopmanmii. 13
ypaBHeHUsI (8) BBIBEZIEM CIEIyIOIIEE:

c =pP'cp (11)

rac:

(=R RN o
[l ] o
(= e i ] o
== =] o
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HonyqaeM HOBBIHA TeH3op YIOPYrocTd, KoTopslii Mbl 3amucanu C*. Ilycte
CeI/IlIacC C*% ¢ C = C . B nanpHelmem 6y/:[eT HCITOJIE30BAThCS YIIPOIIICHHAS
L
(dopma TeH30pa ynpyrocm, npeacrasjsseMast 31€Ch.

HeictBre R Ham C
Heiicteue R Hag C gaet:
C =R'CR (12)

SammeM R B cnepyromeit cokpamieHHOH hopme:

_(Ra 03
0, 7,
t
R = Ry Oj
0, 7,
3 ¢, G,
=1,
¢, ¢,

Orta cokpareHHast (popMma moMoraeT HaM YIPOCTUTB PACUeT, U MBI TIOTyJaeM:
t t
&= RypCiRzg  R3pCimy (13)
-\ rfyCLR ‘c
20210820 ?"3 3Te

' t

Ob6o3Haunm Cl —R C R 20 CZ T Cszo C Rm(.l?”glxl C
T, C Ty MBI MOKEM nepem/IcaTLBBI/me

¢ = ' (14)

’ ’ ’

Mebi BuauM, uTo CAENUTCS HAa TPU TPYNIBI, CBA3aHHbIE 1 C2

Hp€06pa30BaHI/IC Ka)KZ[Oﬁ T'pyIMiIibl HE CBA3aHO C JPYTUMHU.
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Buro, uto tersop C nenmest Ha miects rpyrm o Tuary [8]. [Ipoananm3upoBas
JlaHHble, OH OOHApYXWJ, YTO WHBAapUAHTHl HEKOTOPBIX TPYIIl COCTOST U3
KOMIIOHEHTOB, CBA3aHHEIX ¢ pasnuunbiMu rpynnamu C, s k=1,2,3,...,6. BaxHo
OTMETHUTb, YTO JPYTHE HCCIIEA0BATENN UCTIOIB30BAIIN TO )KE CaMOe pas3ioKeHHe,
410 U THHT, HO BBIpaXkaJid MpeoOpa3oBaHus SIBHO, & HE B MATPUYHOM BHJIE.

B crnenyromieii ctatbe MBI IONBITAEMCS ONPEICIUTD HHBAPHAHTBI KasKI0TO
peobpa3zoBaHus Mo OTAeIbHOCTH. [ Kaxa0ro kommnonenTta (' y Hac ecTh
IIECTh HE3aBUCHMBIX HHBAPHAHTOB.

BriBoabI

Takum oOpazom, Mbl onpenennian Bpamienue SO(3), KOTOpoe MO3BOINIO
BbISIBUTH BOCEMHAAUATHL HE3aBHUCUMBIX HWHBAPUAHTOB B )leKapTOBOﬁ CUCTCMC
KOOPAMHAT, TIOATBEP K/asi UX CYIIECTBOBAHNE KAK IMIOOAIBHBIX MHBApHAHTOB. [1pn
pPacCMOTPEHHUH THIIOB MaTEPHAJIOB, COOTBETCTBYIOUINX Ka)KAOMY HMHBApHaHTY,
MBI COCPEJOTOYMWJIUCH HA HM30TPOIHOM Clly4ae, 4YTO IPOJAEMOHCTPUPOBAJIO
MOTEHIMAJ 3TUX WHBAPHAHTOB JJISI KJIacCH(UKAINU MaTepuaioB. IHTepecHbIM
HaIpaBJICHUEM JAIIbHEHIINX MCCIIEA0BaHUH Oy/IET MPEOCTABICHIE MEXaHIIECKOH
MHTEPIIPETAllMk W 3aBepllIeHHe KiacCH(UKAIMM Ha OCHOBE OOHAPYKEHHBIX
HMHBApHAHTOB.
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Canvicmuipmanst wamanap ywin vk 3ayvinvly gopmynacel c=Ee
mypinde epHekmenedi. Byn niwinoe on Ke3 KejeeH widevblH Keaemoezi
mamepuan ywin capamosl. Kepuey mensopul ¢ dcone Oeghopmayus
MeH30pbl € OONAMBIH KAACCUKANBIK CI3IKMbIK CePniMOiIiK 0bblcblHOA
Iyr sawvineiy ocannviranean mypi oij=C, , mypinde bepincen, mynoa
mepmiHwii pemmi MeH30p C:(Cijkl) cepnimoiniKk meH30pbl peminoe
bencini. Byn menszop cepinneni mypaxmoel K yevimoin atmapivikmail
KeHetimeoi, OHbl KypoenipeK, Kon enuiemoi dxcyilenepee KoI0aHaovl, OYi
ApMypai  mMamepuanrodapovlly —MEXaHuKaelk —Kacuemmepin — 0diipex
cunammayea MyMKiHOIK Oepedi. Cepinne mypakmuicvl Kapanauvim
cepinneniy apeKemin cCUnammacd, cepnimoi meH30p Mamepuaidapoazsl
andekaiioa Kypoeii dcoHe KOn KOMNOHeHmmi o3apa apekemmecynepoi
mycipyee Kabinemmi. Byn cepnimoi meH30paapovly UHEAPUAHMMADYL
KypoOeni Kowmexkcmmepoe «cepinneni KammbliblKy MYCiHIZIH mMuimoi
mypoe JHCannbliaumbli JHCIHe Keneumemin mamepuandapobvly nezizei
Mexanukanwlk Kacuemmepin xammuowl. byn maxanada 6i3 kepuey
MeH30pbll  napamempaey  ywiin ocainviiama Kenveun — Kepimicin
KONOAHaAMbl3, OY1l UKeMOINIK MeH30pbIHOazbl dpeKemmi AHbIKMAY
npoyecin aumapavlkmail sHceninoemedi dicane aukbiHbIpax emeodi. byn
03 Kese2inoe Mamepuandapobiy MeXaHuKaublK CUNAMmMAamaiapsii JHcaHe
011apOblY CHIPMKBL dCepaepe PeaKyuscbih mepenipex mycinyee biknai
emeoi.

Kinmmi ce30ep: I'vk 3anbl, canObIK cummempuis, OKLIO0IK Meopusicl,

AHUBOMPONUS, CHI3LIKIMBIK CEPNIMOLIIK.
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ABOUT THE THREE-DIMENSIONAL ELASTICITY
TENSOR IN ANISOTROPIC MEDIA
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The formula of Hooke’s law for relative quantities is expressed as
o=Ee. In this form, it is valid for any small volumes of material. In the
realm of classical linear elasticity, with the stress tensor ¢ and the strain
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tensor ¢, the generalized form of Hooke's Law is given by ij=C,, where
the fourth-order tensor C=(C,,) is known as the elasticity tensor. This
tensor significantly extends the concept of the spring constant k by
applying it to more complex, multidimensional systems, which allows
for a more accurate description of the mechanical properties of various
materials. While the spring constant describes the behavior of a simple
spring, the elasticity tensor is able to capture much more complex and
multi-component interactions in materials. Invariants of these elasticity
tensors encapsulate key mechanical properties of materials, effectively
generalizing and complementing the concept of «spring stiffnessy in
complex contexts. In this paper, we apply the generalized Kelvin
representation to parameterize the stress tensor, which significantly
simplifies and makes more intuitive the process of defining the action
on the elasticity tensor. This, in turn, facilitates a deeper understanding
of the mechanical properties of materials and their response to external
influences.

Keywords: Hooke’s Law, quantifying symmetry, representation
theory, anisotropy, linear elasticity.
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LUMINESCENCE CHARACTERISTICS OF
CASO.:Th,M (M=Na,K,Rb) PHOSPHORS

In the present study, the investigation of complex luminescence
terbium centres as well as the analysis of technological features of the
synthesis of small-grained wide-gap CaSQ4:Th** anhydrite phosphors
containing 1% of Th3* and some amount of additional impurity ions (Na*,
K*, Rb*) have been continued using the methods of optical and
thermoactivation spectroscopy. Of particular interest was a contribution
of calcium ions into formation of complex luminescence centres. Ca
causes efficient dynamic hybridization of electronic states and influence
on the formation of terbium and near-terbium electronic excitations.

The excitation spectra of Th%-centre emission havebeen
measured in the VUV spectral range at 77 or 300 K. The excitation band
related to the lowest f-d transition of Th®* ionsat=5.9 eV in CaSO4
undergoes broadening toward the long- wavelength side, when the radius
of a charge compensator increases (K*—Rb*). The band at 7.5-9
eV ascribed to theexcitation of oxyanions has a different shape in
CaS04:Th,K and CaSO4:Th,Rb. Thermally stimulated luminescence(80—
700 K) have been analyzed for a set of anhydrite phosphors previously
irradiated by X-rays at 80 and 300 K.

Keywords: CaSO,, Th*", photoluminescence, thermoluminescence,
vacuum ultraviolet spectroscopy.

Introduction

Wide-bandgap materials doped with rare-earth ions are currently of great
interest as new vacuum ultraviolet (VUV) phosphors for lighting and displays.
CaSO, has a wide bandgap with a weak crystal field. An ionic-covalent CaSO.
compound (anhydrite) has the orthorhombic (dipyramidal) crystal structure, a unit
cell contains many atoms and has parameters a=6.993, b=6.995 and ¢=6.245 A [1].
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The energy gap experimentally determined for CaSO, at a low temperature Eg=9.8
eV (see, for example, [2—-6]) coincides with the results of the recent theoretical
calculation of the electronic structure of the anhydrite [6], according to which the
lowest conduction s subband (Egs~9.6 eV) is followed by the conduction d subband
starting at Egd=11.2 eV. The energy is measured from the top of the upper valence
oxygen subband with a width of =1 eV, which is separated by an energy gap from
the wider and more complex oxygen—sulfur subband. The minimum photon energy
for the generation of a p hole and an s electron is approximately equal to 9.8 eV,
whereas the generation of a pair consisting of a p hole and a d conduction electron
requires a photon energy hv>11.2 eV. The broad excitation band of many impurity
emissions (Mn?*, Gd**, Tb*, Dy*) in the range from 7.5 to 9 eV, where there is no
excitation of recombination luminescence of the aforementioned impurity ions, was
interpreted as the excitation of the SO * oxyanion in CaSO, [2, 7, 8]. Unfortunately,
there is still no rigorous theoretical calculation of excited (excitonic) states of the
SO,z oxyanion. The Th*" ion is the first ion in the second group of seven RE** ions
with eight 4f electrons. The emission and absorption spectra of Th** ions in liquid
and solid solutions were experimentally investigated in the spectral range up to
6.2 eV by Zeidel’ [9], who determined the ground state as 'F, from the difference
between the frequencies in the quasi-linear spectra. In this and other studies (see,
for example, [7, 8, 10, 11]), it was shown that the emission spectra of trivalent
terbium in CaSO ,each contain two series of transitions °D .—'F ;and °D ,—'F | (the
blue and green series, respectively) with the sequence of the values J=6, 5, 4, 3,
2,1, and 0. This paper presents new experimental results on the detailed structure
of complex terbium luminescence centers in CaSO;Th** with a sufficiently high
concentration of impurity Tb®* ions. For the formation of stable and neutral (relative
to the lattice) luminescence centers in the synthesis of phosphors, in addition to
terbium compounds we also used the monovalent positively charged ions Na*, K*,
Rb* occupying calcium positions. The ionic radii of these ions are 1.16, 1.52, 1.66 A,
respectively, and the ionic radii of Ca?" and Th®" are 1.14 and 1.06 A, with a
coordination number of 6. Impurity potassium and rubidium ions, unlike sodium
ions, will be space deficient, replacing calcium ions. This may manifest itself in
the deformation of the crystal lattice.

In this work, the luminescence excitation (efficiency) spectra of complex
terbium centers in the anhydrite CaSO4 were thoroughly investigated in the region
of hv=5-12 eV with respect to the standard sodium salicylate characterized by
the quantum yield, which is almost constant in a wide range of excitation photon
energies. The obtained information allows one to evaluate the prospects for the use
of CaSO‘:lTb3+ phosphors in mercury-free light sources as spectral transformers of
VUV radiation of a monomer or dimer inert-gas discharge into the visible light.
Particular attention was paid to the spectral range covering a discharge in a xenon
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monomer (147 nm, 8.44 eV) and dimers of xenon (172 nm, 7.2 eV), krypton (146
nm, 8.5 eV), and argon (127 nm, 9.76 eV). This study is the logical development
of the investigations started by our research group.

The aim of this work was to investigate the possibility of the short-wave
shift of the near-impurity excitations of Th®* centres in the case of codoping by
NaCl, KCI or RbCl.

Methods and materials

Samples preparation. In our work, the fine-grained CaSO,:Th** phosphors
were synthesized by the solid-state reaction method taking into account the
specific features of the matrix [12, 13] at the Institute of Physics of the University
of Tartu (Estonia). CaSO, (99.993), (NH,),SO, (99.999), Tbh,0, (99.998), MeCl
(Me*=K*,Na*,Rb") (ultra-pure) were used as starting materials. The concentration
of Th®* ions and MeCl in our phosphors was 1% with respect to Ca®* ions, which

substituted for with impurity ions. The size of the synthesized particles was =5 pm.

A fine-grained mixture of the components of the raw material was thoroughly
triturated in an agate bowl. Then, the mixture in a platinum boat was placed in a
special reactor, i.e., in a super-high-purity quartz vessel with an atmosphere of dry
air, a part of which, together with volatile components of the solid-state reactions
in the mixture, escaped from the reactor. The mixture was slowly heated to 750°C,
and after the two-hour calcination at 750°C, the phosphor in the platinum boat was
removed from the reactor and rapidly cooled to room temperature.

The synthesized powder taken from the reactor was washed three times with
double-distilled water through a vacuum glass filter for the removal of insoluble
impurities and then was dried in a thermostat at 160°C.

Experimental methods. The luminescence spectra were recorded either
through the monochromator MDR-4 or using a nitrogen-cooled CCD detector. In
some cases, impurity emissions were detected through special combinations of
optical filters that separated regions of green luminescence (°D 4—>7FJ, 1.94-2.55

eV or 639-486 nm) and blue luminescence (°D —F , 2.55-3.35 eV or 486 370
3 J

nm). The excitation spectra of these emissions were measured on a laboratory
setup. Under irradiation of the sample by photons with diferent energies (5-12
eV, T = 80-295 K), which were separated by a VMR-2 vacuum monochromator
from the hydrogen discharge spectrum in a flow capillary tube. In this case, the
constant number of different-energy excitation photons incident on the object was
achieved by varying the slit width of the vacuum monochromator and using the
constant signal from sodium salicylate for the normalization. The samples were
irradiated with X-ray (tungsten anticathode, 50 keV) at 80 and 295 K and the
irradiation times were 60 and 20 seconds. Thermally stimulated luminescence
(TSL) curves from low temperature were measured at a heating rate of g = 0.17
K/s, and from room temperature = 2 K/s.
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Results and discussion
Figure 1 shows the excitation spectra for blue and green luminescence of
terbium ions with different charge compensator ions at room temperature.

Intensity (b itSice)

Cas0,:Th*™",Rb"

6 7 8 9 10 11
Photon energy (eV)

Figure 1 — Excitation spectra measured for green (5D —>7F , green line)

1 e et

or blue (5D —>7F blue line) emission of Th®* ions in CaSO Tb3’+ Na* (a),
"CasO Th** K (b), CaSO :Th* Rb* (c) at 300 K.
4 4

At liquid nitrogen temperature, the spectra have the same appearance, but
for the sake of practicality, we present the measurements at room temperature.
At direct intracentre excitation with photons =5.9 eV (the first f-d transition in
terbium ions), the green luminescence intensity of the three samples is almost
identical. The energy transfer from the excited oxyanion 8042' (7.5-9 eV) to
complex terbium centres decreases in the cation substitution series from sodium
to rubidium by a factor of 4. Blue luminescence is practically not observed when
potassium and rubidium ions are introduced. In these cases, the maximum of
green luminescence shifts to the red region and is located at = 5.6 eV in the case
of the presence of Rb* ions.

Figure 2 shows the emission spectra of the samples at three significant
excitation energies: at direct excitation of the terbium centre (5.9 eV), at the
oxyanion excitation band maximum (8.2 eV) and at the creation of separated
electrons and holes (11.2 eV).
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Figure 2 — Emission spectra of Th®" ions at the photoexcitation 5.9
eV (a), 8.2 eV (b), 11.2 eV (c) in CasO :Tb* Na* (1), CaSO :Tb* K* (2),
CaSO,:Th**,Rb* (3) at 300 K.

The data obtained are in good agreement with the curves in Figure 1. Blue
luminescence is well recorded for all samples when irradiated with photons of
energies above 10 eV. The green luminescence is dominated by the 545 nm band.

Figure 3 shows the fine structure of the 545 nm line corresponding to the
°D,—'F, transition in terbium ions in different samples. The narrowest band is
observed in the CaSO,; Th**;Na* sample.

CaSO,Tb™ Rb'
Cas0,:Th” K’
CaSO,:Tb” Na'

Intensity (arb. units)

. . . h
535 540 545 550 555 560
Wavelength (nm)

Figure 3 — Fine structure of the 5D,—Fs transition for Th®* ions of CaSO,:Th%"Na*,
CaS0,:Th* K* CaS0,:Th%,Rb* at in the photoexcitation
5.8 eV at 300 K. Curves are normalized.

The ionic radius of sodium is almost the same as that of calcium (sodium
ion is 1.8 % larger). The ionic radii of potassium and rubidium are much larger
(by 33 and 46 %) and they cause a strong deformation of the crystal lattice, which
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leads to broadening of this band.

The complex TSL curves of the irradiated samples with X-rays at 80 K are
shown in Figure 4. Our experiments show that this luminescence is related to
the excitation of terbium ions. By analysing these curves, it appears that the size
of the cationic impurity (Na*, K*, Rb*) affects the number and depth of traps for
electrons and holes. Intense luminescence is recorded for CaSO4:Tb3+,Na+ where
a complex peak dominates in the 200-300 K region and less intense in the 300-
450 K region. 300 K seems to be the boundary where above this temperature
deeply traps for irradiation-generated electrons and holes, enhanced by larger
sized cations, predominate.

CaSO,:Th™" Na’

k=0.1
CaSO, Tb™" K

Intensity (arb.units)

aS0,:Th*" Rb’
sl b b b b s b aaa Iy

100 150 200 250 300 350 400 450
Temperature (K)

Figure 4 — Spectrally integrated (3.7-1.7 eV) TSL curves measured for
CaSO, Tb*,Na*, CaSO, . Tb*,K* and CaSO,:Th**,Rb* phosphors previously
irradiated by the equal dose of X-rays at 80 K. =0.17 K s7%.

A similar situation is observed (Figure 5) when the samples are X-ray
irradiated at room temperature and high-temperature TSL is measured up to 650
K. In this case, the conventional boundary is 420 K, above which the number
of deep traps increases with the introduction of large-sized rubidium ions. At the
same time the number of shallow traps decreases. At such concentrationsof
terbium ions the blue luminescence by 2-3 times prevails over the green in
thermoluminescence spectra.
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Figure 5 — Spectrally integrated (3.7-1.7 eV) TSL curves measured for
CaSO :Th*,Na*, CaSO ; Th*,K* and CaSO :Th**,Rb* phosphors previously
irradiated by the equal dose of X-rays at 300 K. =2 K's 1,

Conclusions
Substance (NH,),SO, has to— be added during the synthesis of CaSO4:RE**

for qualitative synthesis. The intensity of green luminescence upon excitation by
photons in the first f-d transition in Th* ions is the same for different impurity ions
Na*,K*Rb*. Upon X-ray irradiation of CaSO :Tb**,Rb* sample, the occupancy of
deep traps by electrons and holes increases, which is manifested in intense high-
temperature TSL peaks.
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CaSOs: Th,M (M=Na,K,Rb) ®OC®OPJIAPHIHBIH
JIOMUHECHEHIMSIIBIK CHITATTAMAJIAPBI

byn alcymvicma Kypoeri JHOMUHECYEeHmmi mepoutiix
opmanvikmapovl 3epmmey, counoaii-ax Kypamwvimoa 1% Tb3 ocone
Keiibip xocoimuwa Kocna uonoaper (Na*, K*, Rb*) 6ap CaSO4 :Th** ycax
Myuipwixmi Key auMaxKmolx aHeUOpUmmi JHOMUHODOPAAPLICUHMESIHIH
MEXHONIO2UANBIK, — ePeKULeNIKMEPIH — mauoay  JHCYpeiziiol.  HCYMbIC
ONMUKAIBIK,  JICIHE MEPMOAKMUBAYUSIILIK  CHEKMPOCKONUS 20icmepin
KONOAHy — apKblavl — dcarzacmol.  Kambyuii  uonoapwinely — Kypoeni
JIOMUHECYEHYUSI  OPMATLIKMAPbIHGIY  Natiod OO0IYbIHA KOCKAH  yaeci
epexuie Kbl3bl2yublivlk myovipovl. Ca 21ekmpoHobl Kyiaepoiy muimoi
OUHAMUKATBIK, 0YOAHOACMBIPLLIYBIH MYObIpaAObl AHCIHE MmepOuym MeH
nepuomepoOUyMHbIY INEKMPOHObL KO3YbIHbIH NAidd 60IybiHa acep emeo.
Th¥*-yenmpnix  coynenenyoiy xosy cnexmpaepi VUV  cnexmpnix
ouanazonvinoa 17 nemece 300 K-oe onuenoi. CaSOs-me ~5,9 3B kesinoe
Th3* uondapvinwiy ey as f-d ayvicyvimen baiinanvicmol Ko3y sconagwl 3apso
rxomnencamopwinviy paouycel (KY=Rb*) ynzaiizan xesde ysvin moakvin
VY3bIHOBIZbIHbIY  KeHeloiHe  yulblpatiovl. OKCUAHUOHOAPObIH  KO3VbIMEH
oatnanvicmel 7,5-9 5B ouanazonvt CaSOs-me apmypai niwinee ue:Th,K
arcone CaSOa: Th,Rb. 80 scone 300 K penmeen caynenepimen anovik aid
cayneneneer aHeuOpUmmi JIOMUHODOPIAP HCUbIHIMBIZbL YULIH MEPMUSLIbIK
vinmananovipuliean momunecyenyust (80-700 K) manoanow.

Kinmmi cozoep: CaS0,,Th*, Gpomomomunecyenyus,
MEPMOTIOMUHECYEHYUS!, BAKYYMOBIK YIbMPAKYALIH CHEKMPOCKONUSL.

*U. Kyopasuesa, A. Kpacnukoe, E. Illabnonun

Wucturyt ¢usuku, Tapty yHUBepcuTeT, DcToHUS, T. Tapry,
[Moctynuno B penakiuto 11.09.24.

IToctynuno ¢ ucnpasnenusmu 14.09.24.

IIpunsro B nevyats 21.09.2024.

XAPAKTEPUCTHKH JIOMUHECLIEHIINT
®OCPOPOB CaS0::Th,M (M=Na,K,Rb)

B macmosuyeii  pabome nposedeno ucciedosaHue - CIONCHHIX
JTIOMUHECYEHMHBIX — MepOuesbix — YeHmpos, a  MakKdice — AHAIU3

mexHojlocud4ecKux ocobennocmeil cuHmesa MEJIKO3EPHUCbLX
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WUPOKO30HHBIX aneudpummuwlx tomunogopos CaSOy4 1T, codepacawux
1% Tb3* u nexomopoe konuuecmeo donONHUMENLHBIX NPUMECHBIX UOHOE
(Na*, K*, Rb*). paboma 6vira npodonsicena ¢ ucnonvzosanuem memooos
ONMUYECKol U MEePMOAKMUBAYUOHHOU  cnekmpockonuu. — Ocobvlil
unmepec npedcmasisiil 6K1a0 UOHOB KAbYUsl 8 POPMUPOBAHUE CONCHBIX
yenmpos momunecyenyuu. Ca svizvigaem 3(Poekmuenyo OUHAMUYECKYIO
2UOPUOU3AYUIO INEKMPOHHBIX COCMOSHULL U QUM HA (opMUposanue
mepouesvix U OKOJIOMEPOUEBLIX INEKMPOHHBIX 8030YHCOEHUIL.

Cnexmpul 6036yoicoenus usayyenus T -yenmpa 6viiu uzsmepenvl 6
cnexkmpanviom ouanazore VUV npu 77 unu 300 K. I1onoca 6036yacoenus,
ceszannas ¢ naumenvuwum f-d nepexodom uomoe Th** npu ~5,9 5B 6
CaS0., npemepnesaem ywiuperue 6 OIUHHOBOIHOBYH) CMOPOHY NpU
yeenuuenuu paouyca komnencamopa sapsoa (K*=Rb*). Iloroca npu 7,5-
9 9B, ceazannas ¢ 6030yJCOeHUEM OKCUAHUOHOS, UMEen PA3IUYHYIO
¢opmy 6 CaS04:Th,K u CaSO4:Th,Rb. /[ns nabopa aneudpumoswix
JHOMUHODOPOS, NPed8apUMENbHO 00NV HEHHbIX PEHM2EHOBCKUMU TVUAMU
npu 80 u 300 K, Ovina npoananuzuposana mepmuiecku CImuMyIupoSanHast
momunecyenyus (80-700 K).

Kniouesvie  crosa:  CaSQs,  Th3*, gdomontomunecyenyus,
MEPMONIOMUHECYEHYUS, BAKYYMHASL YIbIMPAQUOTIEMOBAsL CHEKMPOCKONUSL.
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MOANOUKALIMN MOBEPXHOCTHU XPOMHUKEIIEBOU
CTAJIN METOLOM 3JIEKTPOJINTHO-IJIASMEHHOIO
A30TUPOBAHUA

Dnekmpoarumno-niasmenHoe az0muposanue - 3mo NPUGIEKamenbHoe
peutenue 0as XUMUKO-MEPMUHECKol 00pabomxu, ucnoiviyemoe O0is
VAYHWeHUsL CBOUCME NOBEPXHOCMU CMAAU NYMeM OCYUWeCmBIeHs.
Hacvlyenue asomom. Imom Memoo WUpPOKo NPUMEHemcs O CIalu
U Cnuagogé Ha OCHOGe Jicenesa, padomalouux 6 pasiuyHblX YCIO0GUAX
akenayamayuu. B Oannou pabome ¢ ucnonvzosanuem mexHoao2uu
HCUOKOPDAZHO2O — NIAAZMEHHO20 — A30MUpo8anusi  Obll  NOJYYeH
asomupoeanuwvlii ciou na nosepxuocmu cmaiu 40XH 6 anexmponume.
B kauecmese obvexma ucciedo8anus 0viia 8blOpaHa KOHCMPYKYUOHHAS
necuposannas cmanv 40XH. Jlna nposedenus OIIA Ovin evibpan
NEKMPOIUM HA OCHOGe KapOoHama Hampusi u kapoamuoda. Beibop
Kapbamuoa céa3an ¢ mem, 4mo 0aHHOE Gewecmao AGNACMCs UCMOYHUKOM
azoma u yenepooda, a maxdxice XapaKxmepuzyemcs OewesusHou u
aKoa02uYeckoll bezonacnocmoio. Mukpocmpykmypy u ¢hazosbviii cocmag
aA30MUPOBAHHO20 CNOSL UCCIE006ANU U AHATUZUPOBATU C UCNOIb30BAHUEM
ckanupyroweli snekmponnoti mukpockonuu (SEM) u pemmeenosckoti
ouppaxyuu (XRD). Hccredosanue noxkazano, 4mo nocie 3NeKmpoiumno-
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oughgysuonnvie crou. B nosepxnocmuom cioe obpasyemcsa oKCUOHO-
HUMpPUOHAs 30Ha Moawurol 25—30 mrm, codepaircaias HUMpUO dxcenesd
Fe,N u oxcuo acenesa Fe,O,. 1100 smoti 30101l pacnonoxcer HUmMmpUoOHo-

MapmeHcumnwlll nOOCIou. Jlanee ciedyem mpemvs 30HA 6HYMPEHHE2O
azomupoBaHusl.
Kutouesvie cnosa: snexmponrumuo-niasmenHoe a3omuposatue,
cmanie, CMpyKmypa, 21eKmpoJium, Kapoamuo.

BBenenue

B Hacrosiee Bpemst Uil U3rOTOBJICHUS JIeTajell MalluH, paboTaroINX B
YCIIOBHSX BBICOKMX MEXaHHYECKHUX M TEIJIOBBIX BO3JICHCTBHIN, COMPOBOKTAIOIIUXCS
yIapHBIMH Harpy3KaMH, BBIOUPAIOTCs JIETUPOBAHHBIC U CrielManbHble ctamy [1].
OnHaKo 3a4acTyl ITOBEPXHOCTHBIC CIIOM HYKAAIOTCS B JOMOJHUTEIEHOM
ynpo4yHeHuH. B HacTosmee BpeMs yke UMeeTCsl MaCCUB Hay4YHbIX HCCIIE0BaHUN
MO0 Pa3IMYHBIM TEXHOJOTHYECKHM CII0CO0aM IOBEPXHOCTHOIO YIPOYHEHHMS
METaJUIMYECKUX CIUIAaBOB /IS MOBBIMICHUS (YHKIHOHAJIBHBIX CBOHCTB
MOBEPXHOCTHBIX CJIOEB, TAKUM KaK TepMuueckas oOpabotka [2], B ToM ymcie
C MHCIOJB30BAHMEM KOHIICHTPUPOBAHHBIX IOTOKOB JHEPTUU  Pa3NUIHOI
npupossl [3], xumuko-tepmudeckas oopaborka [4;5]. OqHako MOTEHIIUAT UX
sdpdexTnBHOCTH wucUepmaH. [loaToMy B moOCIeqHEEe BpeMsl BEIyTCS
MHOTOYHCJICHHBIE HCCIEJOBAaHUS TI0 CO3/AaHUIO AYIUIEKCHBIX TEXHOJOTHH,
COUETAOIINX U3BECTHBIE TpoIiecchl [6]. Ho sMmupudeckuii Moaxo 1 U CBsI3aHHbIC
C ATUM 3aTpaThl Ha MHOTOYHCIIEHHbIE SKCIIEPUMEHTHI C LIEJIbI0 yCTAHOBIICHUS
3aKOHOMEPHOCTEH MEXAy TEeXHOJIOTHYECKUMH IapaMeTpaMu U MOIydaeMbIMU
CTPYKTYpOIl U CBOICTBaMH, HE ITO3BOJISIOT YIPABISTh CTPYKTYPOOOpa30oBaHHEM
M JIENIal0T UX HeKOHKYPEHTHBIMH JUTS IPON3BOJICTBA.

Taxoke B TEXHOJIOTHH MallTHHOCTPOCHUSI TIPH MOTH(DUKAIINH TTOBEPXHOCTHBIX
CJIOEB CTajIel U CTIaBOB MOYKHO d()(EKTHBHO MCIIOIB30BATh MHOTOKOMITOHEHTHYO
XHUMHKO-TePMHYECKYI0 00paboTKy (XTO), 3aKITI09alonIyIocs B OJHOBPEMEHHOM
WITH TIOCJIE0BATEIFHOM (D (HDY3HOHHOM HACBIIIEHUH TIOBEPXHOCTH HECKOIBKUMHU
XUMHUYIECKUMHU dieMeHTamu  [7]. Takwe KkoMmruiekcHble Metoabl XTO Kak
A30THUPOBaHNE, KAPOOHUTPHPOBAHUE TIO3BOJIIIOT B 3HAUYUTEIIFHON Mepe yBEIUINUTh
COIIPOTHUBIIEHHE U3HOCY, A TAK)K€ MOBBICUTh KOPPO3UOHHYIO CTOMKOCTb M Psif
JIpYIMX CBOMCTB IOBEPXHOCTHBIX CJIOEB JeTajeid MmamuH. Tem He MeHee,Ha
CeTOAHANIHMM JeHb 3ajada 1O pa3paboTke Teopuu (OPMHUPOBAHUS
A30TUPOBAHHOTO M KapOOHUTPHPOBAHHOTO CJIOS, OOJIAJAIOMINM KOMIIJIEKCOM
LEHHBIX CBOMCTB — BBICOKMMHU U3HOCO- U KOPPO3HOHHOM CTOMKOCTBIO, OCTAETCS
JI0 KOHIa He pemenHoi [8]. TpaguioHHass XUMHKO-TepMHUIecKas 00paboTka
B Ta30BOM cpeje (a30THpOBaHHWE) W TBEPIAOM KapOropusarope (IleMEeHTaIus)
MMEeEeT HEeJOCTAaTKH B CIOKHOCTH NMpUMEHEHUs U] y3HOHHO-aKTHBHOW Cpebl
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U CIIO)KHOTO HECTaHIAapTHOTO JIOPOrOro OOOpYAOBaHHWS, a TAaKKe HPU XHUMHKO-
TEPMHYECKOM YIPOYHEHHH Hallle TpeOyeTcs MOBTOpHas TepMHUYecKast o0paboTka Juis
OKOHYATEIBHOTO ()OPMHUPOBAHUS CBOICTB M3/EIHSL.

IlepcieKTUBHBIM METOZIOM MOBBIIICHUSI PECYPCHBIX M OIKCILTyaTAl[HOHHBIX
CBOWCTB  CTaJbHBIX JeTalieil CUMTaeTcs XHMMHUKO-TEpMHUUYEcKas o00pabdoTKa
ANEKTPONUTHO-TUNIa3MEHHBIM ~ Bo3feicTBueM  (aud(dy3moHHOE  HACKHIIICHHE),
IIPUMEHSIEMas /I HACBIIICHHUS IOBEPXHOCTH MATEPHATOB JIETKHMH 3IIEMEHTAMHU
(azoToMm 1 yrieposaom) [9]. JlanHast TexHOJIOTHS 00JIa1aET PSIOM IIPEUMYIIECTBIIEPE]
JPYTUMH METOJIaMU TIOBEPXHOCTHOH MOM(HKAIIMN CTAIBHBIX JeTaleil, OCHOBHBIMHU
13 KOTOPBIX SBIISIIOTCS BBICOKAsh CKOPOCTh OOpaOOTKH, HHM3Kasg CeOECTOMMOCTb,
BO3MOXKHOCTb IOJY4EHHS NIEPCIEKTUBHBIX CTPYKTYp U COBMEILEHUS AU(dy3nOHHOTO
HACBIIICHUSI C 3aKAJIKOI B 0JTHOM TEXHOJIOTHYECKOM ITpoIiecce.

[Ipn TEXHOJOTMH 3NEKTPOIUTHO-TIA3MEHHOTO a30THPOBAHUS  3arOTOBKA
TIOMEIIAeTCsl B 3JIEKTPOIUT U 00padaThiBaeTCs AyTOBBIM JIEKTPUIECKAM Pa3psiioM, 4TO
MO3BOJIIET 332 HECKOJIBKO MHHYT C(OPMHpOBATH CIOH C BBICOKOW TBEPIOCTHIO,
KOPPO3MOHHOM M H3HOCOCTONKOCThI0. OCHOBHBIE IapaMeTphl, ONpPEAEeIAIONIe
MIPOM3BOUTENBHOCTh MpOIEcca, BKIIOYAIOT HAIpsHKEHHE, BpeMs 00paldoTKwy,
IUIOTHOCTb TOKA, YaCTOTY M COCTAB AICKTPoauTa. [IpenMymiecTBa 3Toro Metoanepe,
JPYTUMH CYLIECTBYIOUIMMH METOJaMH XMMHKO-TEPMUYECKONH 00pabOTKUBKIIOYAIOT
BBICOKYIO CKOpOCTh HarpeBa 3aroToBku (10 250 °C/c) W BBICOKYIO CKOPOCTH
muddy3nonHoro HaceimeHus (mo 20 mxm/MuH) [10]. Kpome Toro, mcnonp3oBaHme
AJIEKTPOJINTHO-TINIA3MEHHOTO HAarpeBa IO03BOJIsIET CHOPMHUPOBATH HA IOBEPXHOCTH
3aIIUTHBIA OKCHAHBIM CJIOH, KOTOPBIA JOTOJHHUTEIBHO ITOBBINIACT KOPPO3HOHHYIO
cToiikocTb. TeM He MeHee, TPUOOJIOTMUYECKHE XapaKTEPUCTHUKH 3TOTO IIpolecca
OCTAlOTCSl HEIOCTAaTOYHO H3ydeHHBIMH. K a3zoTocomep:kammM  3IeKTPOJIUTaM
OTHOCSTCS BOJHBIE PACTBOPHI a30THBIX yI00PEHHH, IPEKIE BCETro CyabdaT U XIOPUT
ammonusi [11] u kapbamuyg (moueBuna) [12]. Conu aMMOHMS, aHHOHBI KOTOPBIX
NposIBIISIET OoJiee PE3KO BBIPAKEHHBIE OKHCIHMTEIbHBIE CBOWCTBA, pacHaJaroTcs
HEOOpaTHUMO: MPOTEKAET OKUCINUTEIbHOC-BOCCTAHOBUTEIbHAS pEaKIus, B XOJE
KOTOPO HOH @aMMOHWUSI OKUCIISIETCSI, @ aHUOH BOCCTAHABIIMBACTCSI.

MarepuaJjbl 1 MeTOABI

B cooTBeTCTBIH € TOCTABICHHOM LIENTBIO B KAYECTBE 00BEKTA HCCIICAOBAHNS OblIa
BBIOpaHa KOHCTPYKIOHHAs JjerupoBanHas cranb 40XH. Bwibop warepunana
HCcCIe/IOBaHUsT 000CHOBAH TEM, YTO CTallb LIMPOKO MPHUMEHSETCS JUISl N3TOTOBJICHUS
OTBETCTBEHHBIX HArpy»KEHHBIX JIeTallei, IOJBEpPraroIiuxcsi BHOPAI[MOHHBIM U
JIMHAMUYECKHM Harpy3kam, K KOTOPBIM IPEIbSBISIOTCS TPEOOBAHHS IOBBILIICHHOM
NIPOYHOCTH M BsI3KOCTH. llepes mpoOBEJIEHHEM  3JIEKTPOJUTHO-IUIA3MEHHOTO
a30THPOBaHMA MOBEPXHOCTh 00pasnoB cramu 40XH pasmepom 2x2x1 cm® Gbina
oTnuMdoBaHa Ha NITHU(POBATBHON Oymare ¢ 3epHHEcTOCTHIO 0T P100 10 P2000 1
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OTIOJIMPOBaHA ajMa3HbIMH Mactamu pazmepom 0,25-0,5 MKM, 3aTeM o4MIEHa
CIIUPTOM.

OnexkTponuTHO-TUTa3MeHHOe  azoTmpoBaHue (DIIA) o0pas3moB cramm
MIPOBOJIMJIM HAa YCTaHOBKE, KOTOpas COCTOUT M3 MUCTOYHMKA MMUTaHHs, KaMepbl
9JEKTPOJIUTHO-TUIA3MEHHONH 00pabOoTKM MaTepualioB M IEePCOHAIBHOIO
kommbioTepa. Cxema mposenenns OIIA o0pa3moB mokasaHa Ha pHCyHKe 1.
Xumuaeckuii coctas ucciemyemoit cramm 40XH: C: 0.36 - 0.44%; Si: 0.17 - 0.37%;
Mn: 0.5 - 0.8%; Ni: 1.0 - 1.4%; Cr: 0,45 - 0,75%; Cu: 1o 0,3%; S: 1o 0.035%; P:
10 0.035% (TOCT 4543 - 71).

Hnsa mpoenenust DITA Obi1 BBIOpaH 3JEKTPOIUT HAa OCHOBE KapOoHATa
HaTpus U Kapbamuaa. Berbop kapbamuna cBS3aH C TeM, YTO JaHHOE BEUIECTBO
SIBJSIETCSI HICTOYHHKOM a30Ta M YIJIEpO/ia, a TAKXKE XapaKTepH3yeTCsl ACICBU3HOM
U DKOJIOTHUYECKOM Oe3omacHOCThi0. Takum o0pa3om, DITA ObUIO MPOBEACHO B
9NIEKTPOJIMTAX, COCTAB KOTOPBIX IpecTaBieH B Tadiuie 1.

Tabmuna 1 — CocraB a1eKTposuTa

Ob6pazerr | CocTaB aneKTpoanTa Pexumbr
40XH-2 | 10% xanmpuuaEpoBanHas conxa (Na,CO,) 320B-7¢
20% xap6amuz ((NH,),CO) 220B — 7 MuHYT
70% nuctwutnposanHas Bojaa (H20)

DJIEKTPOJIUTHO-TIJIA3MEHHOE  a30THPOBAHUE IPOBOJMIOCH  CJIEAYIOIINM
obOpazom: BaHHa (4) HAMOJHsUIACH HJIEKTPOJIMTOM, C HOMOIIBI0 Hacoca (6)
UIEKTPOJIHUT MOCTYIACT B AIIEKTPOIUTHUYECKYIO sSUeiKy (2), 3aTeM depe3 Kpai
cnuBaercsi oOpaTHO B BaHHY. TakuM 00pa3oM, ODIEKTPOJIUT HAXOJUTCS B
LUPKYJSIIMOHHOM peskuMe. CKOpOCTh T10JIaud  3JIEKTPOJIUTA PEryJUpyeTcs.
OOpabarsiBaeMbIii 00pa3er] KpermuTesi ¢ TMOMOIIBIO CHEHaIbHOTO yCTpoiicTBa
1t KpetuteHus (3). DIeKTpoauTHIecKas sideiika COCTOUT M3 KOHYCO0Opa3HOTO
COIUIA U IIEPErOopoJKH U3 HEP>KaBEIOLLEH cTaju, sBJstouleiics aHogoM. Yepes
OTBEpCTHE KOHYCOOOPa3HOTro COoIuIa Ha 00padaThIBaEMyIO 30HY ITO/IAETCS CTPYS
IEKTPOJINUTA. AHOJ TOJAKIIOYACTCS K IOJOXKHUTEIHLHOMY MOJIOCY HCTOYHHUKA
nUTaHus, a 00padarpiBaeMoe u3Jenue (KaToj) K ero OTPUIATEIbHOMY TOJIFOCY.
Js nomyuenns 3¢ pexTa a30THPOBAHMS B 3JIEKTPOJIUTHON IIa3Me HE0OXOIUMBIM
YCJIOBHEM SIBJISICTCS CYIIECTBOBAHHE YCTOMUMBOI ITapora3oBoi 000JI0UKH BOKPYT
obOpabaTpIBaeMOT0 MaTepuaia, B KOTOPOH HMEIOTCS HOHBI a30Ta, KOTOpHIC
BHEZIPSSACH BITyOb TIOBEPXHOCTH MaTepHaja 00pa3yroT a30THPOBaHHbIE ciou. J{ist
TIOJTyYeHHsI CTAOMIIBHOTO pa3psiia ObLI UCIIOJIB30BaH CHOCO0 JBYXCTYIEHYATOrO
JIEKTPOJIUTHO-TUIA3MEHHOTO HArpeBa, KOTOPBIH NpENCTaBisieT co00i Harpes
obpabareiBaemoro m3nenus (karoga) a0 400-500 °C aHOManbHBIM pa3psaoOM
npu Hanpspkennu 320 B ¢ mocnenyommm nepexoioM Ha peXUM IIICHOYHOTO
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KHTICHUS PE3KUM CHIDKeHHeM Hanpspkerns 1o 220 B. IlonoxurensHbIe HOHBI 30T
1 METaJUIOB CO3JAI0T CJIOW, MPWIETaloINi K HArPeTOW MOBEPXHOCTH U3JICIIHS —
KaToJia. DIEKTPUUYECKHE pa3psiibl IPOXOJIAT Yepe3 ATOT CIIOH M HHTEHCU(DUIUPYIOT
MIPOLIECCHI MacconepeHoca. BBOJ B 3JIEKTPOIUT COOTBETCTBYIOILEH paCTBOPUMOMN
B BOJIC COJIM OOECTIEUNBACT JIETHPOBAHNE TTOBEPXHOCTH M3JCTHS 3JICMEHTAMHU,
KOTOpBIE 00pa3yroT MOJIOKUTEIEHBIE HOHBI.

| | i
1 — UCTOYHUK NHUTAHUS, 2 — STCKTPOIUTHICCKAs STIeHKa, 3 — yCTPOHCTBO IS

KperuieHust o0pasiia, 4 — BaHHA, 5 — peryssiTop Moaadyu 3JICKTPOIUTa, 6 — HacocC

Pucynoxk 1 — Cxema npoBeieHus DIIEKTPOIUTHO-TIIA3MEHHOTO a30 TUPOBAHUSL.
a) o01iast cxema yCTaHOBKH, D) cxeMa 3JIeKTpOIMTHUECKOH TUEHKH,
€) IPOLIECC DIIEKTPOIMTHO-ILIA3MEHHOT'O A30TUPOBAHUSE

PeHTreHOCTPYKTYpHBIIl aHalu3 NPOBOJUICS HAa PEHTTEHOBCKOM
mudpakxromerpe X>PertPro (Philips, Hunepnanmsr) B MOHOXpOMaTH3HPOBAHHOM
CuKo-m3nyyenun npu Hanpsbkenun 40 kB u anognom Ttoke 30 MA. Cremku
OCYIIECTBIISIIN B HEIPEPBIBHOM pexume co ckopocthio 0,05 rpan/c. s
pacuiupoBkd  ($Ha3oBOro CocraBa HCHOJIb30Baau kaptoteky PDF-2. Ilpu
00paboTKe AaHHBIX PEHTTCHOCTPYKTYPHOTO aHAIN3a UCTIOJIB30BAIN NPOTPaMMy
aBTOMATH3MPOBAHHOTO  TporpaMMHoro  kommiekca  PowderCell  2.4.
MHUKpOCTPYKTYpY OOpasloB BBISBUIN XUMHUYECKUM CIIOCOOOM TPaBICHUS C
npuMmeHeHreM 4%-Horo pactBopa azotHoi kuciotsl (HNOs) B aTHIIOBOM crimpTe.
HccnenoBanust CTPYKTYpbl 0OpasloB HPOBOJMIN PACTPOBOM 3IICKTPOHHOM
mukpockorie TESCAN MIRAS3 ¢ niprcTaBkoi Jiisl MUKPOPEHTTEHOCTIEKTPAIbHOTO
aHaJm3a.
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Pe3yabrarsl u 00cyxKIeHNE

Ha mudpakrorpaMmMe MOBEpXHOCTH MCXOAHOTO oOpasma m3 ctamu 40XH
BHIHA KPUCTAJUIMYECKas CTPYKTYpa, XapakTepHas Tombko i o-Fe (OLK,
¢depput). pyrue peduiekcbl He OOHapyKUBAIOTCS, JMOO MX HHTCHCHBHOCTH
Haxo/uTcs Ha ypoBHE (poHOBOTO «irymMay. [lapameTp KpuCTaIIIN4ecKoi peméTKy,
W3MEPCHHbIH B HAIIPaBICHUH HOPMAJIHU K HCCIEAYyEMOH IIOBEPXHOCTH COCTABIISACT
a=2.8690A. ITo naHHBIM PEHTTEHOBCKOTO aHANN3a TIOBEPXHOCTHEIH CIOH mocie
azotupoBanusi craaun 40XH B aMMHMauyHO-XJOPWUAHOM U KapabaMHIHBIX
ANIEKTPOJINTAX BKIIOYaeT HUTpHUIB! FeaN n okcunbl FesOs, MapTeHcuT u eppur
UCXOIHOH CTPYKTYpHl. BEBIABIEHO, 4TO NpH KapabaMUIHBIX 3JIEKTPOIUTAX
pacTeT HHTEHCUBHOCTh MUKOB Fe2N, 4To CBHIETENBLCTBYET 00 MHTCHCU(UKALIUH
mudysun azor. I[lpeamonaraercst obOpazoBanue daz Fe 3O4 B pe3ylbTaTe
BBICOKOTEMIICPATyPHOTO OKHCIICHUS CTaJIM, HUTPHIOB Keie3a FeaN B pesysbrare
I dy3un a30Ta 1 MAPTEHCUT B PE3yIbTATE 3aKAJIKH.
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Pucynox 2 — Jludparorpammsl a) ncxoanoro craim 40XH u b)
azotupoBanHoro ciost 40XH-2 nocne [19A
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Tabnuia 2 — JlaHHbIE pEHTIEHOCTPYKTYPHOT'O aHAIIN3a

Obpaszen OO6Hapy>xeHHBIE (a3l Conepskanne | Ilapamerpsl pemeTku, A
a3z, mas. %
40XH wuc- Fe 229 OIK 100 a=2.8690
XOIHBIN
40XH-2 Fe2N_164_trigonal 30 a=2.6650
¢ =4.3369
Fe2N_60_orthorombic 50 a=4.3200
b =5.5793
c=4.6916
Fe304_166_rhombohedral 20 a=>5.8514
¢ =14.5110

Ha o6pasie 40XH-2 nocie a3oTupoBaHusi B pe3yibrate nud¢y3HOHHOTO
HACBILICHUSI a30TOM (OPMHUPYIOTCSI MHOTroCHOiHble au((dy3HOHHBIE CllON
(pucyHok 3). B mOBepXHOCTHOM ciioe 0Opa3yeTcsi OKCHIHO-HHUTPHUIHAS 30HA
tommuHOW 25-30 MKM, cojepiKamias, COTJIACHO IaHHBIM PEHTTEHOBCKOTO
ananusa, HUTpuA kenesa Fe N m okcun sxenesa Fe,O,. Ilox sToit 30HOI
pacIioyoKeH HUTPUIHO-MAapPTEHCUTHBIA MOZCIOH, 4acTO Ha3bIBAEMBIH OeJbIM
cioeM. /[lanmee ciemyer TpeThst 30Ha BHYTPEHHETO a30THPOBaHMA. DTa 30HA
MIpeCTaBIIeT cO00H rerepodasHyro 00IacTh Ha OCHOBE BBICOKOA30THCTOTO 0-
TBEPIOTO pacTBOpa C HM3OBITOUYHBIMH BBIACICHUAMH HHUTPHIOB 7Y'-(ha3pl wmim

CIICHUAJIbHBIX HUTPUIOB.

; s .
| — oxcHHO-HUTPUHEIH cioi; I — Hapy»Hast yacTh HUTPUIHO-
MapTeHcuTHOTOo cnos; |1l — BHyTpeHHas 9acTh HUTPUIHO-MaPTEHCUTHOTO CIIOS

Pucynok 3 — MuKpocTpyKTypa mornepedHoro ceueHust oopasia 40XH-2

B nanHOM ciiydae oOpa3oBaHHE MapTEHCHTA IPOUCXOAUT TOJBKO B 00JIACTH
MIPOHUKHOBEHHMSI a30Ta, YTO CHIKAET TeMIlepaTypy 3akaikd. Hamuuue ocTato4HOro
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ayCTCHHTa CBUICICIBCIBYCT O HCHONHOM MapICHCUTHOM IpeBpalleHnd. Ilocie
CILIOIIHOTO MapTEHCUTHOTO MOJCIIOS ¢ AUCTICpCHBIME HUTpHaamu Fe2N Habmonatotcst
3epHa MapTEHCHTa M IepJIUTA, YTO MOATBEP)KIAET HEMOJHYI0 3akaiky.CoriacHo
JaHHBIM PEHTTCHOBCKOTO HSHEPrOMUMCIEPCHOHHOTO aHaIM3a KOHLEHTpaLus a30Ta
MaKCHMaJIbHa HENOCPEICTBEHHO II0Jl OKCHIHBIM CJIOEM ¥ Jajiee CHIDKACTCS BIIIyOb
obpasma (pucyHOK 4), 9TO MOJHOCTBIO OTPAKAET YepeaoBaHue (a3 B MOBEPXHOCTHOM
CJIOE TOCIIe a30THPOBAHHUSL.

T <oum
S0um

Pucynok 4 — EDS ananu3 o6paszma 40XH-2

BriBoabl

Takum 00pazom, Ha OCHOBE METAIIOrPahUYECKOTr0 U PEHTT€HOCTPYKTYPHOTO
AHAJM30B OMPEICICHO, YTO TOCNE ANEKTPOIUTHO-TUIA3MEHHOTO a30THPOBAHUS
(dbopmupyroTCs MHOTOCIOIHBIE MU (dy3HOHHBIE CIIOW. B MOBEpXHOCTHOM ciioe
00pa3yeTcst OKCHIHO-HUTpUAHAS 30HA TommuHOW 25-30 MKM, cojepikarias
nutpun xenesa Fe,N u oxcun xenesa F6304. ITox 5T0#1 30HOM pacnoyokeH
HUTPUJHO-MAPTEHCUTHBINA MOJCION. Jlanee crneayeT TpeThbsi 30Ha BHYTPEHHETO
A30THPOBAHHUS.
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SJIEKTPOJUTTI-IIJIABMAJIBIK A3OTTAY 9ICIMEH
XPOMOHUKEJIBAI BOJIAT BETIH MOJU®UKALIUATIAY

Dnexmponummik-niasmanely, azommay - Oyn 6onam 6eminiy
KACUemmepIH JCaKcapmy Yuin a30mnen KaHblKmulpyoa KOJLOAHbLIAMbIH
XUMUATBIK-MePMUALLIK, 6HOey Ymulmobl wewimi. Byn adic apmypni
OKCHIYMAYUSIBIE  HCALOAUOA  JHCYMbIC Icmelmin 0oiam new memip
Hezizindezi Kopulmnaiapovbl onoey YuliH KeyiHeH KOon0aHuliaowl. byn
JHCYMBICIA  CYUBIK  (Pa3anbl  NAAZMATBIK  A30MMAYy  MeXHOIOUSCbIH
Konoana omuipuin, onekmpoaummei 40XH 6oramvinwviy 6Oemine
asommanean Kabam anviHovl. 3epmmey Hovicanvl peminde A40XH
KYPOLILIMObIK NlecupiieHeer 6onamuvl manoanovl. D116 cypeisy yuiin
Hampuil KapOOHAMbL MeH Kapoamuo He2i3iHoe2l 31IeKmpoaum mayoaniobl.
Kapbamuomi manyoay cebebi on azom nen komipmexminy neeizei Ko3i 00avin
maobwLIaObl, COHBIMEH KAMApP ap3ah JHCIHE IKOLOSUSLIbIK KAVINCI30iKneH
cunammanaovl. Azommanzan  KaOammoly — MUKPOKYPOLIbIMbL — MEH
azanvik Kypamvl ckanepaeywi 31exmponobt mukpockonus (SEM) sicane
penmeendik ougpaxyus (XRD) komezimen sepmmendi scane maidauouwl.
3epmmey KopcemkeHOeU, INeKMPOIUMMIK-NAAZMAIbIK  A30MMAay0aH
Kellin ken Kabammol oud@ysuanvik kabammap naiida donadvl. Bemki
kabamma Fe,N memip numpuomepi men Fe,0, memip oxcudi bap
Kanviyovizel 25-30 mrm  oxcuOmi-numpuomi aimarx mysineoi. By
auMaKmoly AcmvlHOA HUMpuUO-mapmencum xabamol opuanackan. Ooan
KeUiH [WKi azommayosly YuiHui aumazel 00abln madwliaobl.

Kinmmi  ce3dep: anexmpoaum-niazmansl —asommay, 6onam,
KYPbLIbIM, dAEeKMPOIUM, Kapoamuo.
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SURFACE MODIFICATION OF CHROMIUM-NICKEL STEEL BY
ELECTROLYTE-PLASMA NITRIDING METHOD

Electrolyte-plasma nitriding is an attractive solution for chemical
heat treatment, used to improve the surface properties of steel by
implementing nitrogen saturation. This method is widely used for steel
and iron-based alloys operating under various operating conditions. In
this work, using liquid phase plasma nitriding technology, a nitrided layer
was obtained on the surface of 40XN steel in electrolyte. Structural alloy
steel 40XH was chosen as the object of the study. An electrolyte based
on sodium carbonate and urea was selected for EPA. The choice of urea
is associated with the fact that this substance is a source of nitrogen and
carbon, as well as characterised by cheapness and environmental safety.
The microstructure and phase composition of the nitrided layer were
investigated and analysed using scanning electron microscopy (SEM) and
X-ray diffraction (XRD). The study showed that after electrolyte- plasma
nitriding multilayer diffusion layers are formed. In the surface layer an
oxide-nitride zone with a thickness of 25-30 microns containingiron
nitride Fe2N and iron oxide FesO. is formed. Under this zone is located
nitride-martensitic sublayer. This is followed by a third zone of internal
nitriding.

Keywords: electrolyte-plasma nitriding, steel, structure, electrolyte,
urea.
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JTIATOH OEHEJIEPI

Maxanaoa Ilnamon Oenenepiniy cumMmempusiapsl Mon meopusicul
MYPELICLIHAN  Kapacmulpuliadsl. Tempasropuix  cummempusi moowvina
epexwe Hazap ayoapeiiadel. 12 snemenmmen mypameiH MORMbIH
KYPOLILLMbIHA MALOAY HCACANObL HCIHE MONMbIY OAPIbIK HCYNMADLIHBIH
kebetimy Homudcenepin kopcememin Kanu kecmeci Kypuoliosl. 3epmmey
uzura dcane Xumusi CUSKIMblL LIIMHBIY apmyp.ai cararapuinoa [lnamon
OeHeNlepiHiy  CUMMempus MeopUsCbIHbIY  KOJLOAHBLIYbIH ~KOpcemeoi.
Cummempusanapoviy ocvl JHcylenepoiyy QUIUKATBIK HCIHE XUMUSALbIK
Kacuemmepin — Oondcayea  Kaiau — KOMEKMeCemiHiH — Kepcememin
MONEKYLanap MeH KpUcmaioblk KYpoliblMOAPObIH CUMMEMPUSIADbIHbIH
Mblcandapel Kapacmuipoliadwl. KYmelic cuMMempus, meopusicolH myciHyoi
JicaHe OMblY EbLILIM MeH OiLnim bepyode2i Kypoeni macenenepoi weuyoeei
MaybI30bLIbIRLIH Mepenoenyze biknal emeodi. Anvinzan nomudicenep mem
Kypacmuipviizan Kdiinu xecmenepin mon meopuscel MeH CUMMempUsl
KypCcmapbuii 00an api 3epmmey MeH 0Kblmyoa Ko10any2a 601aobl.

3epmmey maxcamol — [lnamorn Oenenepiniy cumMmempusiapvlH mon
MeopusACsl MYpeviCblHaH 3epmmey dHcane cunammay. Maxanaoa Ilnamon
OeHenepiniy Hecizel Kacuemmepi — mempa’op Kapacmvlpblidobl.
Maxkananviy  Heecizei minOemmepine muiHanap orcamaovl: Iliamon
OCHeNepIHiH  CUMMEMPUSIAPLIHbIY,  MEeOPUSIbIK  He2i30epiH  3epmmey.
Tempasopnix cummempuss moObIHbIY KYPbLILIMbIH MAL0d) HCIHE OCbl
mon ywin Kanu rxecmecin xypy. Quszuxa MeH XUMUSAOA CUMMEMPUsL
MEeOPUACHIHbIY — KOJOAHBLIVbIH — 3epmmey.  Opmypiai  Jcylienepoin
QusuUKaANBIK dHcoHEe XUMUANLIK Kacuemmepin O0ndHcay YuiH cummempusl
MeopUsICHIHbIY ~ MAHLI3OLLILIRLIH — Kopcemy. Cmyoenmmepdiy — mon
MeopusACsl MeH CUMMempus mypaivl OilimMOepin mepeHdemy YuiiH Oiim
Oepy makcamvinoa Koi0anyea 6o1amuii mamepuanovt oatvinoay. Cauvin
Kenzende, maxana Ilnamou Oenenepimiy cummempusi meopusACHbIH
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MyCIHYOL JicaHe 01apObl bLILIMOA KOJLOAHYObl mepeHdemyee, api Kapat
3epmmey MeH OKbImY YUl Natioaivl pecypcmapmer KamMmamacsls emyee
baspimmanzan. 3epmmey Hamudicenepi: mon meopusiColi KOJIOAHAMbIH
IInamon Oenenepiniy cummempusniapsl 0Cvl KYpoliblMOapOblH bLIbIMOASbL
MaubI30bLIbIELL MeH NallodblibieblH Kepcemedi. Kanudiy canvinean
Kecmenepi Jicone CUMMEmpUsi MONMapulibly KYPbLIbIMbIH Maiday api
Kapaiu 3epmmey MeH OKblmyOblH MAHbI30bl KYpaivl O0IbIn mabuliadvl.
Homuoicenep ¢usuxa men xumusoagol 0inimoepdi mepenoemyee dHcaHe
cumMMempuaAnaposl Mycinyee blKnai emeoi, Oya1 apmypii ocylienepoin
Kacuemmepi MeH MIHe3—KYIKbIH O0HCaAy0a NPAKMUKALLIK MAKbI3bL OAp.

Kinmmi co30ep: [Inamonovix Oenenep; mon meopusicol; CUMMEmMpPUst,
cummempusi moowi; mempas’op; Konu xecmeci.

Kipicne

[TnaToHIBIK NeHeNep 03/IepiHiH epeKIe CHMMETPUSIIAPhl MEH 3CTETHKAIIBIK
CYJIYJIBIFBIHBIH apKachblHa T€OMETPHS MEH TOI TECOPHSACHIHAA EPEKIIEe OPBIH
amagpl. Omapael GUIOCOPHACH asCBIHAA 3EPTTETeH €XenTi Tpek (procodsr
[InaToHHBIH eciMiMeH aranraH OyJl JIeHeNep TYpaKThl KerOypbliTap OOJbII
TaObUIAJIbI, OJIAPJBIH Op OCTi TYPaKThl KOMOYPHIII, aa OapiblK IIbIHIAPHI,
mretTTepi MeH OyprimTapsl 6ip—0Oipine TeH. TaOuraTTa JKoHE FRUTBIM/IA TUIATOH/IBIK
JICHEJIep MOJIEKyJAJIapAblH KYPBUIBIMBIHAH KPHCTAIABIK (opManapra JIeHiHTi
OpTYpIIi KOHTEKCTTEpAE Ke3aecei. [aToHabIK JeHenepre 6ec MoanudIp sKaTaibl:
Tetpasmp: 4 Oeti Oap, omapaslH OpKaWUCHICHI TeH Oyiipmi ymoypsim. Tekme
(Tekcasap): 6 Oeti Oap, onapabIH SpKauchichl mapmibl. OkTadap: 8 Oeri Oap,
OJIap/IBIH dpPKaiChIChl TeH Oyiipii yuroypsir. Jomekasap: 12 Geti 6ap, onapapiy
OpKaWCBICHI TYpaKThl OecOypbir. Mkocasap: 20 Oeti 6ap, oappiH OpKAWCHICHI
TeH Oy#Hipii ymoypsir. Byt neHenepiid opKaichIChIHIA ICHE MilTiHIH CAKTATHIH
0apibIK MYMKIH aifHaJyJiap MEH LIaFbUIBICTAPbl KAMTUTBHIH CUMMETPHS TOOBI
6ap. Ocbkl CUMMETpPHSI TOITAPBIH 3ePTTEY MareMaTHKa, (U3UKa KOHE XUMHUSHBIH
OpTYPIIi cajanapbiHIa KYHABI TYciHikTep Oepemi. Mbicainsl, [1naToH nenenepinig
CUMMETPHSIIAPBI TOIl TEOPHACHIH/AA, KPHCTAUIOrpadusaa KoHE MOJIEKYJIaIbIK
XMMHMsI/IA HISNYII pest aTkapaibl. by MakaiaHbiH MaKcaThl—I LIIaToH ieHenepiniy
CUMMETPHSIJIAPBIH TOIl TEOPHUSIChI TYPFBICBIHAH 3€PTTEY, COHJAli—aK OJiapibIH
OPTYpJl FBUIBIMH KOHTEKCTTEpJIe KOJJIAaHBUTYBIH KepceTy. backa mmaToHIbIK
JEHEJIePIH KYpJeT CHUMMETPUSIIAPBIHBIH YATICI PETiHJe KhI3MET ETeTiH
TETPadIPIIiK CHMMETPHSIAP TOOBIHA epeKIIIe Ha3ap ayAapbliasl.0i3 TeTpadapIrik
CUMMETpHsIIap TOOBIHBIH KYPBUIBIMBIH KapacTelpambI3, Kaiinu kectecin Kypamsbi3
KoHe OHbI TayiaiiMbI3. COHbIMEH Kartap, 013 TeopHsiIbIK HoTKenepai [lnaron
JICHETICPIHIH CHUMMETPHUACHIHA He JKYHenepAiH (DU3MKAIBIK JKOHE XUMISUIBIK
KacHeTTEepiH TYCiHy YIIIH Kajlail KojaHyra 0oJaTelHBIH KepceTeMi3. Ochlnaiiina,
Oyn 3eprrey IlmaroH J[eHeNepiHIH MaTeMaTHKAIBIK JXQHE TI'€OMETPHSIIBIK
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ACTICKTUICPIH TYCIHYA1 TCPCHACTIIT KaHa KOMMaWAbl, COHbBIMCH KaTap OJiapJblH

FBUIBIM MEH TEXHUKaJaFbl TPAKTUKAJIBIK €CENTEP i MICIIy 1T MaHbI3AbUIBIFbIH
KepceTet.

Matepuanaap MeH dicTepi

[TnaTonnslk aeHenep: by 3eprTey Keneci MIaTOHABIK JICHENep I Talaa bl
TETpa’Ip, TEKIIE, OKTAdP, JOACKAIP KIHE HKOCcadIp. by TypakThl mommsapiep
Oipereif cMMMeETpUsIFA M€ XKOHE TON TEOPHACHI TYPFBICBIHAH KBI3BIFYIIBIIBIK
Tyabipaabl. CuMMeTpusi TonTtapbl: Op0ip IUIATOHABIK JICHE YIIIH CHUMMETPHS
TONTAphl Keleciield aHpIKTamansl: Terpasap: mamamed 4 ambTepHATHUBTI TOII
A4 Texkme xoHE OKTadAp: 4 peTTi CUMMETPWIBIK Tom Ss Jlomekasap skoHe
MKOCa’p: IMamMaMeH 5 ambTepHaTHBTI Ton As. MaremaTHKalibIK Kypaiaap:
TonTap TeopusICHIHBIH HEri3ri yrbiMaapbl CuMMeTpusiIap/pl Tanjay xone Kamm
KecTenepin Kypy yurin komaausuiisl. MATLAB sxone GAP (Groups, Algorithms,
Programming) cusikThl GaFapiaMaibik jKacaKTaMa eCenTey KOHE BU3yaln3allust
YIIiH KOJAAHBUIABL. FBUIBIMH 91eOMETTEp MEH OKY Kypajjapbl: 3epTTeyIiH
TEOPUSUTBIK HeTisi ymriH Jlko3ed ['aymmaHHBIH «3aMaHayd Iepekci3 amreOpay
CHSIKTBI OKYJIBIKTap, coHmaii—ak Kpucramtorpadus KoHe MOJIEKYJIaIbIK XUMHUS
OoiibIHIIIa MaKaIagap KOJJaHbLI/IbI.

Onicrepi CumMMmeTpusuiappl Tangay: OpOip MIATOHIBIK ICHEHIH OapIibIK
CUMMETPHSJIAPBIH aHBIKTAY OJIAP/ABIH TE€OMETPHSIBIK KACHETTEPiH KOJJaHa
OTBIpHINT Kypri3inmi. CuMMeTpusutap Typiiepre, COHBIH IIIiHAE aifHamy,
LIAFBUIBICY JKOHE apajac TypJieHaipysepre skikrenai. CHMMETpUs TOMTaPbIH
Kypy: ©Op0ip IIIaTOH/BIK ACHE YIIIH CHMMETPHs TOOBI Kypbl1abl. CHUMMeTpusiIap
TOII BJIEMEHTTEP] PeTiH/E Ka3bUIIbl JKOHE OJIap/bIH e3apa apekerrecyi Koaimm
KecTelepl apKpUIbl CHITATTasIbl. TeTpasdapinik cuMMeTpusi TOObIHA apHasiFaH Kaiu
KECTeCiHIH MbIcalibl A4 MaMaHIaH IbIPBUIFaH 9/Ie0ueTTep MeH gap Oariapiamatbik
*KacakTamacblHaH TaOyra Oomamgsl. Tonm TeopwsichlH Kosmany: CuMmerpus
TONTAPBIHBIH KYPBUIBIMBI TONTAP TEOPHSCHI apKbUIbl TajiaHasl. Kimi tonTap,
oJIap/IbIH KaCUeTTepi MeH MiHe3/iepi aHbIKTan bl byt Teopusiibik oicrep [Tnaton
JICHEJIEPiHIH CUMMETPYSUIAPBIHBIH HETI3T1 epeKIIeTiKTepiH aHbIKTayFa MYMKIHIIK
6epni. Ecenrrey amictepi: Kamu kectenepin Kypy *oHe Talaay YIIiH gap CUIKTHI
ecenrey OaraapiiaManapbl KOJIaHbL1Ibl. Ecentey i aBTOMaTTaHAbIPY CUMMETPHS
TONTAPBIHAAFBl OTEpAIUSUIAPIABl TEKCEPY Ke3iHAe MoK TEeH THIMIUTKTI
KamTamachl3 eTTi. FeutbiMaa Kosany: I1natoH peHenepiHiH CHMMETPHSIIApbIH
3epTTeY MOJICKYJIAIBIK KYPBUIBIM/AD MEH KPUCTAIBIK TOPJIApAbl TalIay YIIiH
KOJIIaHbUIbI. [1aTOHABIK JeHe epIiH CUMMETPUSIChIHA He MOJIEKyJiaiap MeH
KpHCTa1ap onap/bH (PU3UKAIBIK JKOHE XUMHUSUIBIK KacHeTTepiH OoJpKay YIIiH
TaJIAAH/IBL.

Terpasapiik cuMMeTpust TOObIHA CHIIATTaMa JKOHE 3epTTey.
Terpasap — Gipereit cummerpusira ue 6ec [Inaton neneciniy 6ipi. Terpasap
CUMMeETpHsi TOObI TON TEOPHSCHIHIA MAaHbBI3/Jbl POJI  aTKapaibl IKOHE
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MaTeMaTHKaMEeH FBUIBIMHBIH OPTYpJl cajajapblHAa KOCBIMIIATIaphl Oap. by

Makajxazga TeTpadAp CHMMETPHs TOOBIHBIH KaCHETTepPi, OHBIH KYPBUIBIMEL, OacKa
TONTAPMEH HM30MOP(U3M JKOHE KOJZAaHy MBICAIAAPhl  erKei—erKeii
KapacThIpbLIabI.
TeTpasapiH HEeri3ri KacHeTTepi
Terpasap keseci HETi3ri reOMEeTPHSIIBIK KAaCHETTepre ue:

— Berrep: 4 Typakrsl YOypbIm.

— Tebeci: 4 Tebeci.

— KaosIpranap: 6 kaObIpra.
— CumMmerpusi: TeTpadAp/iH MilIHIH CAKTaWTHIH aifHATY KOHE IIaFbUIBICY.
Terpasnpaik cummerpust ToObl TeTpasapiaik cumMMeTpusiiap TOOBI
Ay nent OenrisieHe i JKOHE OHBIH MINIIHIH CaKTAaWTBIH OapijblK MYMKIiH
TETpadApJiK  aiHamymappaH  Typaael.  Terpas’ap  CHMMETPHSIAPHI
IIaFBUTBICYbl  KAMTBHIMAWTHIHBIH, TEK aiHalyJbl KAMTHTBIHBIH €CKEpy
MaHb3AbI [1].
A4 TOOBIHBIH KYPBUTBIMBI

1 Ton »osnemeHtrepi: As TOOBIHIA OHBIH OArbITBIH CaKTAHTHIH
TETPadAp/AiH TOPT IUBIHBIHBIH OapibIK MYMKIH OOJaThIH aybICTHIPYJIAPbIH
6inmiperin 12 snemeHT Gap.

2 Tom peti: A4 TOOBIHBIH peTi 12-re TeH, 6yt 12 Typai CUMMETPUSIHBIH
6oysIH OlnmipeTi.

3 backa tomrapmen W3zomopdusm: As TOOBI TINTiI TOPT SIEMEHTTIH
nepMyTanusi ToObIHA U30MOP()TH (A4 ambTepHATHBTI TOOBI), OHBIH
Kypambiaaa 12 snement Gap [2].

Tor aeMeHTTepiH YChIHY

A4 TOOBIHBIH AJIEMEHTTEPIH KapamMa—Kapchl METTeP/iH MIbIHIAPbl MEH
LEHTpJIEePl apKbUIbl OTETIH OPTYpPJl OChTEpAiH aiHallaChIHIAarbl aiHay
KOMOMHAIMACH PETiH/E YChIHYFa O00Ja bl ATan alTKaHa, 0JIap MbIHAIAPIbI
KaMTHIbL:

— TpuBunanbbl aifHay: aiiHay IlH OonMaysl(0ipei TypIeHAIpY).

— Kapama—kapcel OeTTiH IIBIHBI MEH OpTachlHAH OTETIH OCHTEpPIiH
aitHanaceinga 120° sxone 240° aitnany. MyHnpaii aitHanynap 8.

— Kapama—kapchl KaOblpranapblH OpTacblHAH O©TETIH OChTEPAiH
aiiHanaceinja 180° aitnany. My#nnail aiinamynap 3 [3].

Ay T0OBIH KoniaHy. KoMOMHATOpHKA 5KOHE TOIITap TEOPHSCHI.

A4 TOOBI KOMOMHATOPHKA MEH TOI TEOPHUSCHIH/A, dCipece CHMMETPHs
MEH IepMyTalMsIHbI 3ePTTEY/Ie MaHbI3/Ibl poJ aTkapazbl. O CUMMETPHSIIbI
OOBEKTIIEpAl JKOHE ONIApIBIH KAaCHeTTEePiH Tanjgay YLIH KOJJaHBUIAIbL.
Meicanbl, Az TOOBI TETpadApiiK CHMMETpUsFa He OOIybl MYMKiH
MOJIEKyJIJIap MEH KPUCTAIap /IbIH CUMMETPHSIAPBIH TYCIHY YIIITH MaHbI3 bl
[4:5].
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Dr3NKa KSHC XM
@dusznka MEH XUMHAAA TETPad]p CHUMMETPHUs TOOBI MOJICKYJIAJBIK JKOHE
KPHUCTANBIK KYPBUIBIMIApAbl CHIATTay YIIIH KOJIAAaHbUIAABI. MbIcaibl, METaH
Monekynacel CHs TeTpasapiik cCHMMETpHsSFa Me JKOHE OHBIH KAaCHETTEpiH Ay
TOOBIMEH TanzayFa 0omasl. TeTpasp CHMMETPHACH KPHCTAIABIK KYPBUTBIMIAP/IbI
XKIKTEY YIIIH KpucTamiorpadusiia 1a Koiganbuiaast [6;7].
KBaHTTBIK MEXaHUKA
KBaHTTBIK MeXaHMKa/a TETPa3p CUMMETpPUsIIAphl KBAaHTTHIK JKYHEIepaiH
KYHJIepiH cunaTTay yiiH KoJaHbiaasl. A4 TOObI XKyHesepaiH MyMKiH KyHiaepi
KIKTEYTe JKOHE IKCIIEPUMEHT HOTWIKEJIepiH OoJnkayra KeMeKTecei. MpIcalsbl,
TeTpasAp CHUMMETPHATIAPBIH aTOMIap MEH MOJIEKYNaJapblH —CIEKTPIIK
KAacHETTEpiH Talay YIIiH Naigananyra 6omassr [8].
A4 TOOBIHBIH KOpiHicTepi
A TOOBIHBIH KOPIHICTEPIH 3ePTTEY OHBIH KYPBUIBIMBI MEH KaCUETTEPIH JKaKChl
TYCiHyTre MyMKiHIiK O6epesi. TONTEIH KOPiHICi—OHBIH JIEMEHTTEPIH BEKTOPIIBIK
KEHICTIKTepre acep eTeTiH MaTpUIaiap HEMECE ChI3BIKTBIK OIepaTopiiap peTiHie
cunatray Tociyi. A4 TOOBIHIA CUMMETPHSIIAP/IbI KOHE OJIApbIH KOJIJaHBLTYbIH
Tasiay yIiH KoJijiaHyra 00J1aThIH OipHeIIe KbICKapThIIMalThIH KepiHicTep 0ap [9].
AnreOpaiblk KacHeTTepi
A4 TOOBI KapamaibiM TOIT OOJIBIN TaObLIAIbI, SFHA OHBIH TPUBUAJIBIBI )KOHE
o3iHeH Oacka KaJbINThI Killli TONTAPHI )KOK. byl OHBI TONTap by anreOpaibik
TEOPHSCHIHJIAFBl MaHBI3JIBI 3epTTEy OOBEKTICiHE aiHaiabIpasbl. A4 TOOBIHBIH
anreOpabIK KaCHETTePiHIH MBICAIIApbIHA OHBIH Killli TONITapbl, OPTAJIBIFEI )KOHE
KOMMYTaTOp Kili ToObI kaTajisl [10].
Exinik kebe#ry:

’1234”123 Vo2 34

a, -d = - = =da

Pl 23 4l 2 34 (12 3 4)
(123 4y (12 3 4y (123 4)

al'(’fl\l 2 3 4“1 34 2)701 3 4 2,‘_”*‘
I’l 2 3 4 |f”1 2 3 4} ‘-’1 2 3 4

a, - da, = . = =d,

Pl 2 3 4]0 4 2 3) 1142 3]
‘-"l 23 4‘ (123 4\‘ (1 2 3 4)

a, ~d, = . = =d

a2 3 gy 21 5Tl 2 3J 4
|234\.(|234\(|234\|

a, -, — - = =
Tl 23 gl 24 Tl 2 4 )

o a, = 2 3 : 4 3 J—( 4 3 =4
el 4J |2 1)1z 1)
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a -a =|.{] 23 4\“ 123 4.\=’I 23 4\‘—0
U2 3 a)la 3 2) e a2
(M2 34y (1 23 4) (1 23 4
a'.”‘:\_l 5 2 4}“(3 s 4}=l\3 5 4}—(13
b (T2 3 A 23 4‘|:(1 2 3 4]_”
Pl 203 4]'\3 301 04) 1231 4) 7
12 3 4071 2 3 4) (1 23 4
“ “‘(1 23 4)13 41 2,‘:-\3 41 zjl_“"‘
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VATl 203 4H\4 21 3) L4 21 3"
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HoTu:xesep :koHe TANKbLIAY

Terpasap cuMMeTpHsIIapbIH aHbIKTaY: TeTpasp IaTOHIBIK JCHEIEPIiH Oipi
petinze ap Typai aitHamyIsl KaMTUTBIH 12 cuMMmeTpusra ue. by cummerpusinap
4 peTTi aNbTepHATUBTI TONTHI Kypaiiabl As, oFaH 12 snement kipexi. Terpasmpiix
cummeTpust ToObl: Tom A4 OJ1 Kelleci 3eMEeHTTEPACH TYpabl: 1 OipJiik 37IeMEHT
(colikecTik), 8 yII peT aifHaIy 3JEMEHTI )KOHE 3 eKi peT aifHaiy 31eMeHTi. by
JIEMEHTTEp 4—pEeTTi aNbTepPHATHBTI TOIKA TOH KYPBUIBIMABI Kypanabl. Tomka
apranral Kaitmn kecreci As © Tetpasapiik cuMMeTpust ToObIHA apHainFaH Kovimm
KecTecl TOII 3JIEMEHTTEPI apachIH/IaFbl ©3apa OPEKETTECY Il BU3yalIU3aLHsIIay YIIiH
canpiHFaH. KecTe TONTHIH OKIIaymaHyblH, ONepanysuIapslH acCOMATHBTUIINH
JKOHE 9P DJIEMEHT VIIiH WHBEPCHSUTApIbIH OONyBIH Kepceredi. TomThIH Kirmi
tontapbl A4 Kiwi rontapra 3—peTTi yiI HMKIIK Tom Kipeni. by ki Tonrapaa
TONTHIH KYPBUIBIMBIH PACTAUTBIH YIII PET aifHaiy sseMenTTepi 6ap As. Terpasap
CUMMETPHSIAPBIH KoJimaHy: Terpasp CHMMETPHSACH MOJICKYJIAIbIK XUMHAIA
MeraH CHs CHSIKTBI MOJICKYJIaJdap/blH CHMMETPHSUIAPBIH CHUNIATTAay YIIH
KOJIIaHbUIaAbl. byl cUMMeTpHss MOJEKyJalap/blH  pPEakTUBTUIr  MEH
TYPaKTBUIBIFBIHA 3Cep €TeTIH (HU3MKAJBIK JKOHE XUMMSIBIK KacHeTTepiH
aHBIKTANIbI.

KypbuteiMasik Tanpay: Terpasap cummerpust To06I A4 CHMMETpPHSHBIH
JKOFapbI TOPEKECiH KopceTei, OyJ1 OHBIH anreOparblK KYPbUTBIMBIMEH PacTanabl.
TonTeiH 31eMeHTTEp] koHE oiapiablH Koiinmm kecreciHje KepceTuireH e3apa
OpeKeTTeCyi TEOpHSIIBIK YMITTEpPTe COMKeC Keleai KOHE OIeparusiapIbiH
OKIIAayJTaHybl MEH aCCOIHATHUBTUIITIH pacTaiasl. TeopHusanaslK MaHb3EI: TOMTHI
Tanaay As TONTap TEOPHUSCHIH JKOHE OHBIH KOJIAHBUTYBIH TYCIHY I TEpPEHIETE/].
Tomn A4 OyJ1 TOTI TEOPUSICHIHAAFBI MaHBI3/IbI MBICAI, OKIIAYJIaHY, HHBEPCHsLIIAp MCH
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KiIri TomrrapAbIH O0TyBI CHAKTH KacHeTTep i kopcerei. [IpakTHKaNbIK KoTaaHy:
Terpasap cHUMMETpPHUSACH MOJICKYJIAJbIK XUMHS MEH Kpucramiorpadusjia ere
MaHBbI3/bl. TeTpasap cuMMeTpursUIapbIH TYCIHY JKaHa MaTepuasiap MeH XUMHUSUIBIK
KOCBUIBICTAPBl JKacay YIIIH Maijaasl MOJEKyJanap MeH KpUCTalapablH
KacHeTTepiH OoimkayFa >KoHE TYCiHIIpyre MyMKiHmiKk Oepemi. Bimim OGepy
acriexTinepi: 3eprrey HoTWKesepi OuTiM Oepy MakcaThblHIA NaliJanaHbUTybl
MYMKiH. TeTpasap oHE TON CHMMETPHSUIAPBIH 3epTTey A4 CTYACHTTEPre TOII
TEOPHSCHIHBIH IEPEKCi3 TYKBIPBIMIAMANIApIH KOHE OJIAP/BIH FHUIBIMAA HAKTHI
KOJIZIaHBUTYBIH JKaKChl TyCiHyre kemekreceni. boxamiak 3eprreynep: bonamak
3epTTeyliep Kypesl HoNudIpiepre )aHe 0J1ap IblH CHMMETPHsIapbIHA, COHAaH—
aK OChbl CHMMETPHSUIAPABI OPTYPJi FBUIBIMH JKOHE TEXHHUKAJBIK cajaiapna
MIPaKTHKAJIBIK KOJIJJaHyFa Ha3ap aynapa anajpl.

KopbITbIHABI

Terpasap cumMmerpusiiapsl: TeTpasapae TONTbl KypalThiH 12 cuMMeTpust
06ap As. Byn cummerpusitapra aifHaiynap MEH IIarbUIBICTApFa COWKEC KEeJETIH
Oipzeii TypIeHAIpY jKoHE op TYPIIi IIBIHAAP/BI YBICTBIPY Kipei.

CumMeTpust TOOBIHBIH KypbUIBIMBL: Kol KecTeciMeH cumaTTairaH
TETPadAPIIiK CUMMETPHsI TOOBI OapIIbIK MYMKIH CHUMMETPHUSI KOMOMHAIMSUIAPBIH
kepcereni. Koilimm kecteci keOelTy Ke3iHIE TON JJIEMEHTTEpPiHIH ©3apa
OpeKeTTeCyiH HaKThl KOpCEeTe .

Kpucrammorpaguss MeH MOJNEKyIamblK XuMHAOa KosmaHy: Terpasmp
CUMMETPHSIIAPHI TETPAIAPIIIK CHMMETpUsFa e MeTaH MoJiekynachkl CHy cHAKTBI
MOJICKYJIAJIBIK KYPBUIBIMAP/IbI CHIIATTayAa MaHbI3Abl. bys Monekynanap MeH
KpHUCTAITAPABIH (PU3UKAIBIK XKOHE XUMIUTBIK KACHETTEePiH O0IDKayFa MYMKIH/IIK
Oepei.

Teopusutblk  MaHbI3bl:  TeTpas’ap CHUMMETPHUSUIAPBIH  3€pPTTEY TOINTHIK
KYPBUIBIMIAp MEH OJIap/IbIH KaCHETTEPiH 3ePTTEeyre MbICAJAAP KENTIpe OTHIPHIT,
TOII TEOPHSACHIH TEPEH TYCiHyTe bIKNai eTesi. Tom KapanaiibiM, Oipak TPHBHAIIB/IBI
€MeC TOIITBIH MbICAJIbI PETiH/IE KbI3MET eTe/li, OyJ1 OHBI OLTiM Oepy MakcaThIH/Ia
MaHBbI3/Ibl eTeIi.

[IpakTHKaIbIK MaHBI3BL: 3EpTTey HOTWXKENEpi OKy KypCTapblHIa TOII
TEOPUSICHl MEH CHMMETPHSIHBI OKbITY/ 12 TTaliaaibl. OJap COHbIMEH KaTap (hu3uKa,
XUMUsI KOHE MaTepHaITaHy CHUSIKTBI SPTYPIIi FBUIBIME cajiajiap/ia CHMMETPHUSHbI
TayAaya KOJAaHy/ bl Tababl.

Backa nmnaToHABIK qeHenepMeH Oaitanbic: TeTpadapiik CUMMETPHS TOOBIH
3epTTey 0acKka IUIATOHMIBIK JEHENep/AiH CUMMETPHSIAPhIH JKaKChIpaK TYCiHyTe
MYMKIHJIIK Oepeii, OUTKeHI TeTpadapii TaJaay YIIiH KOJIIaHBUIATHIH 9/IiCTep MEH
ToCiIepai KyOKa, OKTasapre, T0AeKadApTe )KOHE HKOCAdIpre KONIaHyFa 00Ta bl
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Byt Ty KBIpBIMAAP TETPadAPAiH FHUTBIMHBIH TCOPHSIIBIK JKOHE MPAKTUKAIBIK
aCTIeKTiJIepiH/Ieri MaHBI3ABUIBIFEIH KOPCETEdl, OHBIH CHMMETPHS MCH OHBIH
KOJIJaHBUTYBIH 3epTTEY/ICT] ISy POJIiH KepceTe i
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TEJIA IINIATOHA

B cmamve paccmampuearomes  cummempuu  men Ilnamona
¢ mouku 3penust meopuu epynn. Ocoboe sHUManue yoeisiemcs epynne
mempasopuyeckoi cummempuu . bvin  npoananuzuposan cocmag
epynnol uz 12 anemenmos u cocmaenena mabauya Kanu, noxasviearouas
pesyibmamyvl  YMHOJICEeHUs — 6cex nap  epynnul.  Hccnedosanue
OeMoHCcmpupyem npuMeHenue meopuu cummempuu men Ilnamona @
PA3IUYHBIX  00ACMAX — HAYKU, MAKUX Kak —QusuKka U  XUMUS.
Paccmampusaiomes npumepsl cummempuy MOJIEKY U KPUCIATLIULECKUX
CmMpYKmyp, KOmopule NOKA3bl8AlON, KAK CUMMEMPUU MO2ynm nomMoub
npeockazame  usuveckue u XUMUYeckue CeolUcmea SMmux CuUcmem.
Paboma cnocobcmeyem yenybnenuro NOHUMAHUS Meopuu CUMMempuu u
ee BadICHOCMU OISl PEeUEeHUsl CILOJICHBIX NPODIeM 6 HAYKe U 00PA306aHUU.
Ionyuennvie pesyivmamvl u cocmagienuvle mabauyvl Keiliu mocym
ObIMb UCNOTBL30BAHBL NPU OATbHEIUIEM U3YYEHUU U NPENOOABAHUU KYPCO8
meopuu epynn u cumMmempuu.

Lenvro uccnedosanus aenaemcausyyerue UonUCAHueCUMMempuu mei
Ilnamona ¢ mouxu 3penus meopuu epynn. B cmamoe paccmampusaiomes
ocHosHble ceoticmea [lnamoHnosvix mear—mempasop. K ochoenvim 3ad0auam
CMamvu OMHOCAMCA: U3YYeHUe MeoPemuieckKux 0CHO8 CUMMempUul mei
Inamona. Ananuz cmpykmypol 2pynnol mempasopuieckoll CUMMempuu u
nocmpoenue mabauysvt Kanu ons smou epynnul. HM3yuenue npumeHnenus
meopuu cummempuu ¢ ¢uzuxe u xumuu. Ilokazams 6ax3CHOCMb meopuu
cumMmempuu 015k RPOSHOZUPOBAHUS PUIUUECKUX U XUMUUECKUX CE0LCME
paziuunvix  cucmem. Iloocomoska mamepuana, KOMOPbIL MOANCHO
UCNONBL308aMb 6 00PA308AMENbHBIX Yelsx Ol yeayOneHus 3HAHUL
CMYOEHMOo8 0 Mmeopuu Spynn u cumMmempuu. B koneunom cueme, cmamus
Hanpasenena Ha yenyoneHue NOHUMAHUA Meopuu CuMMempuu mei
[Inamona u ux npumeneHus 8 HayKe, NPedOCMAssis NOJe3Hble PecypCbl
0711 OAIbHETIUX UCCIe008aHUll U 00yuenus. Pezyromamuol ucciedoganusi:
cummempuu  men  Iliamona, ucnonv3yiowue mMeopuro  epynnol,
NOOUEPKUBAIOM BAJICHOCHb U NOJE3HOCTb IMUX CIMPYKMYP 8 HayKe.
Tocmpoennvie mabauyvt Kanu u ananuz cmpykmypuvl epynn cuMmempuil

AGTAIOMCA 8AINCHBIMU UHCMPYMeERmamu o1 OanbHelue20 U3y4eHusl u
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obyuenus. Pesynemamuel cnocobcmeyom yanyonenuio 3Hanutl 8 gusuxe
U XUMUU U NOHUMAHUIO CUMMEmPUl, KOMopvle UMelom npaKmuiecKkoe
3nayenue Onsl NPOSHOZUPOBANUS CBOUCME U NOBEOEHUs PA3IUUHBIX
cucmenm.
Knouesvie cnosa: Ilnamonogvl mena; meopus epynn, cUMMEmpus;
epynna cummempuil; mempasop, mabauya Kanu.
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PLATO’S BODIES

The article examines the symmetries of Plato ’s bodies from the point of
view of group theory. Special attention is paid to the tetrahedral symmetry
group . The composition of the group of 12 elements was analyzed and
a Cayley table was compiled showing the results of multiplication of all
pairs of the group. The study demonstrates the application of Plato’s
theory of symmetry of bodies in various fields of science, such as physics
and chemistry. Examples of symmetry of molecules and crystal structures
are considered, which show how symmetries can help predict the physical
and chemical properties of these systems. The work contributes to a deeper
understanding of the theory of symmetry and its importance for solving
complex problems in science and education. The results obtained and the
compiled Cayley tables can be used in the further study and teaching of
group theory and symmetry courses.

The aim of the study is to study and describe the symmetry of Plato’s
bodies from the point of view of group theory. The article discusses the
main properties of Platonic bodies—tetrahedrons. The main objectives of
the article include: the study of the theoretical foundations of the symmetry
of Plato’s bodies. Analysis of the structure of the tetrahedral symmetry
group and construction of the Kali table for this group. The study of
the application of the theory of symmetry in physics and chemistry. To
show the importance of symmetry theory for predicting the physical and
chemical properties of various systems. Preparation of material that can
be used for educational purposes to deepen students’ knowledge of group
theory and symmetry. Ultimately, the article aims to deepen understanding
of Plato’s theory of symmetry of bodies and their application in science,

providing useful resources for further research and education. The results
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of the study: the symmetries of Plato’s bodies using the theory of the group
emphasize the importance and usefulness of these structures in science.
The constructed Kali tables and the analysis of the structure of symmetry
groups are important tools for further study and learning. The results
contribute to the deepening of knowledge in physics and chemistryand the
understanding of symmetries, which are of practical importance for
predicting the properties and behavior of various systems.

Keywords: Platonic solids; group theory; symmetry; symmetry
group; tetrahedron; Cayley table.
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KBATEPHUOHLOAP AJIFEBPACHI.
KBATEPHUOHHbIH MEHLUIKTI MOHQEPI
MEH MEHLUIKTI BEKTOPJIAPbI

Maxanaoa keamepHuoH caHOap MeopuACsl  ieMeHmMmMepPIiHiH
apacvinoa 6oy amansl OIpMIHOI AHBIKMANEAH ACCOyUamuemi anieeopa
MYPEbICHIHAH — Kapacmuipbiiaovl.  Keamepuuonoap — aneebpacvinviy
Oazucmik Oipnix dnemeHmmepiniy Kebelmy Kecmeci aHbLIKMALObL.
Kommymamuemix 3aHObLIBIK  OPLIHOAIMAUMBIH  K8AMEPHUOHOAPObIH
Kebeumy  epejiceci  mazauvlHOanOvl.  Keamepnuonoap — yuiin
oucmpubymusmix JHcone accoyuamuemix 3aHObLILIKMAapPObll
opviHOanamoinbl aumeliovl. Kebetimy epeoiceciniy komecimen Jiliep
mene-menoiel Oanendendi. Keamepruonnvly aneebpanvly, 6eKmopivlk
JHCOHe  MPUSOHOMEMPUANLIK  mypoe2i  x#a30anapvl  Kapacmulpuliobl.
Keamepnuonoap ywin Myaep gopmyraceinvly ananoevr Kepceminoi.
Keamepruonoapowiy kebeiimy epediceciner KEAMEPHUOH MeH OHbIH
mMampuyaceinely — apaceinoa  Oipmonoi - catikecmix  (uzomopghuszm)
opuamvliamuinul - kKopcemindi. Comoa KeamepHUuoHOApOuly CalKec
Mampuyanapsl  apKulivbl  OYpbiHHAH Oencini  KenmezeH amandapobvl
Kapacmulpy2a ~MYMKIHOIK — myamulHel — aumeliovl. KeamepHuoHHbIH
Xapaxmepucmuxaiblix Mampuyacsi KYPblaobl. Keamepnuon
Mampuyaceliblly MEHWIKIMI MaHOepi MeH MEeHWIKMI 6eKMOopaAapbii maody
YUiH XapakmepucmukaislK meyoeyi Kypuliosl. byn menoey — mepminuii
Oapediceni  aneebopanvl menoey. Xapaxmepucmuxanivlx menoeyoiy

Kod(pPuyuenmmepi  anauikbl pem — ecenmeyee  bIHEAUILl  Mypoe
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K6AMEPHUOHHbIY  9NeMEeHMmMepl  apKblibl  opHekmendi.  Aneebpanviy
Hezi32i meopemacul OOUbIHUIA XAPAKIMEPUCTIUKATBIK MEHOeYOiH KOMNIEKC
CaHoap JHCUbIHBIHOQ moepm my6ipi MadbLIAMbIHbL  AUMBLIObL JICIHE
K8AMEPHUOH MAMPUYACLIHBIY CReKmpi aneebpanvlk ecenici exice mew
e3apa myuiHdec KOMNIEKC canoap 6oaamuitbl 02.1e10eH0i. Opi Kapatl Oy
myoOipaepliy KOMKepyuli MUHOp 20ICIMEH 2eOMEeMPUSIbIK — eceil
mabwinovl. Byn pemme my6ipaepdiy aneebpanvik eceiikmepi MeH
2e0MempusLIbIK, ecenikmepi o3apa mer 60o1amvlibl anblkmaiovl. Keneci
Kaoamoa Oipmexkmi aneeOpanvik menoeyiep JCYueciH uleuie Omolpbin
MEHWIKMI MaHOEPOiH CIUKeC MEHUIKMI 6eKMOopaapvl maodwlLiob.

Kinmmi  ce30ep: KeamepHuoH, KEAMEPHUOH MAMPUYACHIHbIH
cnekmpi, menwixmi eexmopaap, Myasp ¢opmynacel, Dinep mene-
menaoiei.

Kipicne

Byriari TaHma oJeM[i JKOHE OHIAFbl 3aHABUIBIKTAP/AbI CHIIATTAy TOCUIACPiH
KCHUIICTCTIH OpTYpil MareMaTukajiblK Teopusuiap Oap. ComapaeiH Oipi —
kBaTepHHOHIap anredpacel [1-5]. KBaTepHnoHmap HaKThl caHaap eOpiciHae TepT
OIMIIeMIi BEKTOPJBIK KCHICTIKTI KYpaHTBHIH TUIEPKOMIUICKCTI CaHOap >XyHeciH
ounmipeni. Kasipri yakpITTa KBaTCpHHOHAAP TCOPHSUIBIK MEXaHUKA MCHKOJIAHOAIBI
MaTeMaTHKAHBIH OPTYPJIi cananapblHaa KeH KOJIaaHy TanTsl [6-12].

[TpakTHKaIbIK KOCHIMIIANAPAAFbl KBATEPHUOHIBIK alreOpaHbl 3epTTey TeK
MaTeMaTUKaJIBIK ~allaparThl FaHa €MeC, COHBIMEH Karap KBaTePHUOHIBIK
ecenTeyiepre HeTi3[eIreH KBaTEPHHUOHJBIK MOCEJeNep/aiH NICHIIMACPIH Taybll,
KBaTEPHUOHJIBIK aNreOpaHbIH OYKiJ OAaFBITHIH JaMBITY OOJIBIT TaOBIIa IbL.

Amnpu Ilyankape KBaTepHHOHAAp Typayisl ObUTail men ka3zasl: «OnapaplHIaiaa
Ooysl anreOpaHbIH JaMyblHA KYIITI cepriH Oep[i; oxapaaH FhUTBIMCAH YFBIMBIH
XKAJIMBIIAY KOJIBIMEH JKYpPE OTBIPBHINT MAaTPHIA MEH ChI3BIKTHIKONEPATOPALIH Ka3ipri
MareMaTHKa/a KapacThIPbUIATBIH TYXKBIPBIMJAPbIHA Keli». MaTeMaTuKaHbIH
IpreTachiHia 3epTTEJICTIH HBICAHHBIH Oy Oip 3TaJOHFa KATBICTHI CAH[IBIK JKAFbIH
cUTaTTayFa MYMKIHAIK OEpeTiH CaH YFBIMBI JKaThIp.

KBatepHuoHaap anredpach >koHe OHBIH KOJIZIAHBICHI OCBIHAN Moceenep/izepTreyre
KOMETIH THTI3el.

KBarepHHOHIap — HAKTHI CaHAAP OPICIHAE TOPTONIEM I BEKTOPIBIKKCHICTIKTI
KYPaiTBIH THUIIEPKOMILIEKCT] caHap xyieci.

KBarepHnoH yreIMBIH MaTeMmatukara Y. P. ['aMWIbTOH eHTi3reH. AJIFamIKel

anreOpaibIK xKymbictapabiH imineH A. Kamu, B. K. Kimmddopn,

b. ITupc xone I'. ®pobeHnyc CUAKTHI FaIBIMAAP/BIH €HOCKTEPiH aran oTyre0oa bl
Ouap/pIH KYMBICTApbIHAA KBaTEPHUOHAAP MEH OJIAPABIH COMKeC MaTpHLAJIapbIHBIH
apachlHIa ©3apa OIPMOHIUTIK COWKECTIK OPHATBULABI JKOHE OPTYPIi alureOpasbIk

JKy#ienepieri KBaTepHUOH 1P IbIH OpHbI aHbIKTas b [11,12].
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[TpaKkTUKAIbIK KOJNAAHBICTA KOMIUICKC aiHBIMaibl (YHKLHSIAD TCOPHUICHIOTE
kui  Kommaubuianel. COHIBIKTAaH KBAaTCPHHOH aifHBIMAJbl KBATCPHHOH MOH[I
GbyHKIMIAp MIHEH KOMIUICKC aiHbIMAbl peryssp (QyHKIMsUIapFa yKcac apHaifbl
perynsap QyHKIUsIIap KIackIH 06Tl KapacThIpy KaKETTUIIT TysIHAanb. by OarpiTTa
P. ®rotep MeH OHBIH opinTecTepiHiH [7,8] KyMBICTaphH aTtanm eTyre 6omansl. B.K.
Kmuddopn e3iniH eHOekTepiHIEe KOMIUIEKC caHAap OpiCiHAErl KBaTEepHHOHIAP
(OMKBaTepHUOHIAP) TEOPUSICHIH JAMBITTHL.

MaTtepuaaaap MeH dicTep

KsarepHuonaap anreGpachl aen {1, L], k} 0a3uCTiK GipJiK IeMEHTTEPIHIH

KebeiiTy kecteci
i2=-1 j2=-1 k> =1,
ioj=k, jok=i, koi=j:
joi=—k, ko j=—i, iok=—]

TYpIH/E AaHBIKTAJIATHIH H HAKThl CaHIAp OpICIHACTI TePTeNIIeM Il aarcOpaHbl

i)

aliTaMbpI3, MyHZIa “o” TaHOAchl KBaTCPHHOHABIK KeOeifrymi Oimmipemi. MyHnpaii

anre6paHHH BHGMGHTTCpi KBAaTCpHUOHAAp JACI aTaJaAbl. Ke3 xenren q S H

KBaTEpPHHUOHBI YLIIH
q:qo+q1i+q2j+q3k 1)
TEHAIr OpbIHAANATHIHAAM qo,ql, qz,q3 ell HaKTBl CAaHJAPbl TaObLIa b
(1) TeHuiK KBaTepHUOHHBIH anreOpajblK TYPAC KA3bUTYBl ACH aTajabl qo

CaHbl KBATEPHUOHHBIH CKaJLSIp OOJIIT JeT aTanajpl. qll + q2 J + q3k KOCBIHJIBICHI (]

KBaTePHUOHBIHBIH BEKTOPJBIK Oeiiri mem aTamambl. CKalsapiblK Oejiri Hedre TeH
KBaTepHUOHIAP/bl BeKTOpyap jen araiiMbl3. COHbIMEH KBATEPHUOHHBIH BEKTOPIIBIK
(dopmacer

q=0,+0, ©)

MyHJa q = q1| + qzj + q3k TYpiHIE Ka3blIa/bl.

(2) BexTOpNBIK (OopMa KBaTEpPHHOHJAPABIH KBaTEPHUOHJBIK KeOeHTiHmiciH
aIlIBII JKa3y/a eTe naiaansl. Mblcasbl ( )koHE ) KBATEpPHUOHIapBIHBIH KOOEHTIHAICIH

gop=(0y+G)o(p,+ B)=0Py— (6, P)+ Peli + P +[ 0, P]
(3)
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TEHJITi apKbUIBI aHBIKTaHMbBI3. MyHnma (', ) CKaJIAPIBIK, Al [', ] BEKTOPJIBIK
KeOeUTIHIIHI Olmipe.

AHBIKTaMa. q = qo + q1| + qZJ + q3k eH JJIeMEeHTiHe TyHiHgec
JJIEMEHT q = qo - qll - qZJ - q3k TEHJIT1 apKbLIbI aHBIKTAJIAIBI.

AHBIKTaMa. OpOip q eH YUIiH OHBIH HqH =(o°Q= qg + q12 + Q§

HOpMachl aHbIKTaNFaH. Erep HqH =1 G6onca, onma MyH/all KBaTepHHOH
opToHOpMaaHraH (0ipIiK) KBaTepHUOH JeT aTajlafbl. (| KBATEPHUOHBIHBIH MOIYJI JeTI

|Q| = \/H =,/Q o wamachH aiiTapl.

Jiinep Teme-TeHairi
Teopema. Eki KBaTepHHOHHBIH KOOEHTIHAICIHIH MOAyJi KeOeUTKiTep
MOJYJIbAEPiHIH KOOEHTIHAICIHE TEH.

Jonenpeyi. p = po + D KOHE q = qo + CT KBaTEPHUOHAAphl OepiiciH

neitik. bymapabiH KBaTepHUOHIBIK KOOSHTIHIICIH aIlIbIT XKa3aHbIK;

Pe(g= poqo_(ﬁvq)+ poq+qoﬁ+[ﬁ’q]:

:( poQo - plql - szz - paqs) +( plqO + qul - pst + p2q3)i +
4)

+(P,Go + Pl + Poll, = Pya) § + (D3 — Po0 + P, + Polla ) K.
ExiHmi »aFbIHaH HOPMaHBIH aHBIKTaMAachl OOMBIHIIA
[peall=(pea)e(pea)=(pea)e(a=p)=[p| Jaf

HEMECE

(po+pf+po+p3)(ae+of +af +07 )=

2 2
=(Polo — PiGh — P,0, — P30l )” +( PGy + Pol, — Ps, + P,0s) +
(5) 2 2
+(P,Gy + P3O + P, — PGs)” +( P50 — P,G, + .0, + Poll;)

TypiHzae Oenrini Diinep Tere-TeHIIr albIHIbL.
Erep xBarepHHOHABI OaraH-BEKTOp TYpiHIAE KapacThIpAaThIH OO0JICaK, OHaa
KBaTepHUOHIAPBIH (4) KoOeUTy onepanusiChiH
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Po =P =P —Ps)|[ W Po%o — P10y — P20, — Ps0s

poq= Py Po  —Ps P, G _ Py + Polh — P3U, + Po0;
P, Ps Po  —P | 0 P20y + P3G + Pod, — P10s

P; =P, P, Po s PsGo — P20y + P, + Pols

(6)

TEHJIIT apKbLIbI MATPHUIIAJIBIK TYPJIC JKa3yFa 00 b,

(6)  TeHmikTeH q = qo + q1| + qzj + q3k eH KBAaTE€PHUOHHBIH
G & -4 -G
b %

O
MaTpULIAIBIK KOPCETLIIMIH Q = TYpiHIE ’Ka3a

qz q3 qo _Q1
qs _qz q1 qo

aJlaMBbI3.
KBaTepHHOH TPUTOHOMETPHSIIBIK TYpAE JAe KepceTuryi MyMmkiH. On yuiiH
KBaTEPHHOH/IbI

QO+q A_nT H "
=X+ = | mymma =0, +0, ] + 0K
o o)

TYpIiH/IE 5Ka3blIIl AJIaMbI3 113, (| BEKTOpBIHA KoIuHeap € GipIiik BEKTOPHIH OCHI TEHIIKTIH

a=ld dy R R
JO+a2+a2+02 ol +07 +f +f
Jo

JOE +02 +0Z +2

q=|q

KypaMmbiHa eHrizemi3. Conma

Onan opi COSp =

sing—_NE TG E

JO 02 + 02+

TPUTOHOMETPUSAJIBIK KA3bLITYbIH

JKOHC

OenrineynepiH eHri3e OTBHIPHIN, ( KBAaTEPHHOHBIH
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q=|g|(cosp+Esing) 0

TYpiHJe TabaMBbI3.
(7) bopmynaHbIH KOMETIMEH KOMILIEKC CaH/1ap TEOPHUSCHIH/IA KapaCThIPhIIaThIH
MyaBp GpopMyIachIHBIH aHAJIOTbIH

(cosp +Esing)’ =cosng+Esinng

TYpiHZE Ka3aMBbI3.

KBaTepHHOH MAaTPULACHIHBIH CIIEKTPI
JKanmel Type eMeHTTepi HaKThI caHaap OOJBII KeneTiH enmiemi (4x4)

A, &, a; a,
a21 a22 a23 a24

a31 a'32 a33 a'34
a'41 a'42 a‘43 a44

KBaJpaT MaTpuracel Oepincin neifik. Ockl MaTPUIIAHBIH A aHBIMANBICBIHA KATBICTHI
XapaKTEePUCTUKAIIBIK TCHACYIH KYpPabIK:

‘5‘11_/1 a, A, Ay
a a,—A a a
det(A-AE)=|A-AE|=| * % = =0
a3 Az aes_l ay,
a41 a42 a44_/1 a44

XapakTepuCTHKaNBIK TEHJASY/l allblll Ka3aTelH Ooiicak, oHAa 0i3 Oenriciz A
napamMeTpiHe KaThICThI

A=

AY=SpA- 2% +(MZ + M+ Mif + M2+ M+ M3 ) A% -
~(My+M,, + My, +M,,)A+detA=0

(8)
TypiHAETi  TepTiHINI  Jopexkenmi  ainredpaiblk — TeHAEYy  ajambl3.  MyHzaa
SpA = aﬂ + a22 + a33 + a44 epHeri A MaTPULIACBIHBIH 13i;

Mll' M22, M33, M44 coiikeciHIIe all’ a22, a33, 3.44 JJIEMEHTEPiHIH
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12 . e S
MHHOPJIapBI; M 12 ©PHeri A MaTpPULACBIHBIH OIpiHLI, eKIHLII KO bl MCH OipiHLLi,

eKIHII1 OaraHIapbIH CHI3BIN TaCTAJIFAHHAH KAJIFaH MaTPUIIAHBIH MUHOPBI.
AnreOpaHbBIH HETi3ri Teopemachl OoibiHINA (13) TEHACYAIH KOMIUICKC CaHIap
KHUBIHBIH/IA MIHACTTI TYpJe TOPT TYOipi TaObLIaBI.

Eugi A wMaTpumacel  yImid Q:[qO’ql’qZ’q3] KBATEPHUOHBIHBIH

MATPHIATBIK KOPCETimiMi GOMaThIH
G —& -4 —O
& G O O
Q; O Q O
& -4 4 G

MaTPHUIACKIH KapacThIpaibiK. OChl MaTPHUIAHBIH XapaKTCPUCTHKAIBIK TeHICYIH (8)
(dbopMyrIaHbl KOJIIaHa OTHIPHII AllIbIM jka3abiK. O yuriH anaeiMer (8) Teraeymin Q
MaTpHUIaChIHA KATHICTHI KOA(QUIIMEHTTEPIH aHBIKTalMBI3:

SpQ=4q,, M;; =q5 +a;, M5 =05 +0;. Mj; =g + 03,
MZ =0 +0;, M3 =q5+a;, My =5+,
M11:M22:M33:M44:CI0(Q§+Q12+q22+q32)‘

Conna Q MaTpHIIaCHIHBIH XapaKTEPUCTHKAIBIK TCHICYi

Q=

A% —4g,2° +(60; + 207 +20; +203 ) A -
9 ©)
4, (05 +07 +05 +02 ) A+ (05 +f +0 +q2 ) =0

TYpAE *a3bLIafbl, MyHIa qg + q12 + q22 ~+ q; = ||Q|| - Q = [qO’ql’ q2’q3]

KBaTepHHUOHBIHBIH HOpMackl. Onaii 6osca (14) Terneyni

At~ 40,4° + (405 +2]Q[) A* - 4q, | Q) 2 + IQI =0 10)

TypZe Xa3yra 0oiasl.

(10) Tenney A mapameTrpiHe KaTBICTBI TOPTIHII JOPEXkeli aareOpasiblK TeHACY.
JleMek OHBIH KOMIUIEKC CaHIap )KHUbIHBIHA TOPT TYOipi Tabbutambl. On TyOipiepai Tady
YIIiH
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A=k+q, (12)
aIMAaCTBIPYBIH jkacaiiMbI3, COHZIA
A2 =k*+2kq, +q2,
A° =k> +3k*q, +3ka + 0,
A% =k* +4qg,k® +60°k* + 493K +q.

Byn anmacteipynapast (10) Tenaeyre KoWbII, ykcac MyLIelepiH OipikTipemis.
Hotwxecinne K altHBIMAITBICBIHA KATHICTHI

K+ (=20 +2JQ)K* +og 20 [Q+[Qf =0 o
TYpiHZAETi OMKBaapaT TEHACY albIHAIBI, MYH/Ia B

Q=0 +0. d=0q,i +0,j+qk,

|l = +a7 +af +a = +[a"

COHFBI TEHIIKTEH qg = ”Q” — |q |2 TabaMbI3. Opi Kapaii (12) TeHneyaiH KypaMbIHa

I 2
KipeTiH qO IIaMacelH TaOBUTFaH epHEKNeH anMacTeipaMbis. Conma  (12)

XapaKTCPUCTUKAJIBIK TCHACY

(i ") =0 wevese k* +]af" =0

o o — =2
TYpJ€ Ka3buiaasl. Byan ==I1|(]|. demex =0, £ 1|q|, mysma | = -1
2 2 0

. ConpiMeH QQ MaTpHUIIACHIHBIH OpKAHCHICBIHBIH aNTeOpabIK ecelliri eKire TeH
/11 =q0+||q| HKOHE ﬁ? =q0—||q|
. . o 2 2 2
TyOipnepi TaObIIABI, MYHIA |q| =4 / g, +q; +0d; -
Opnan opi ﬂ‘l JKOHE ﬂz TYOipiepiHiH TeOMETPHSIIBIK €CelliriH Taly YIIiH

(Q - A:LE) JKOHC (Q - ﬁ? E) MaTpuliaJIapblHbIH, PAHTbUIAPbIH ecenTenmis.

Kemkepymii MHHOp oniciMeH OyJ1 XapaKTepHUCTHKAJIBIK MaTpUIAIapIblH paHTBIIapHI
eKire TeH OOJATHIHBIHA KO3 JKETKI3y KUBIHABIK TYFhI30aiibl:

rang(Q—-AE)=rang(Q-4E)=2.

Hdemex Oyn TyOipiiepAiH T€OMETPHUSUIBIK EeCeKTepl Jie eKire TeH, eHTKeHi
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Sk =N-— rk = 2 byn perre TyOipnepmiH anreOpamblk — €CEMKTEpi MEH

TeOMETPHUSIIBIK ecelikTepi e3apa TeH. COHIBIKTaH OJapiblH 9pOip MEHIIIKTI MOHTe

~ =\ gt
KOCAThbIH yJIecTepi (Clhl + C2 h2 ) € rypimze Ka3bUTaTEIH €Ki CHI3BIKTHI TOYEINCi3

MEHIIIKTI BEKTOPJIapbl TaObLIa bl
Keneci kamamaa ocel  MeEHIIIKTI  Bekropyapabl Tabaitbik. On  yImiH

—

(Q—AE)F&Z@ KOHE (Q—AZE)F];:ﬁ Kyitenepinen ﬁl xome N,

ao b0

. - | & - | b
MEHIIIKTI BEKTOpJIApbIH TabaMbI3, MyHAa hl = JKOHE h2 = JeHiK.

a2 b2

aS b3

Bipirui womst (Q — 4, E )Ny =0 scyitecin awsin xasaiibrx, conna
-] -o, -0, -0, )(a) (0

g -ild -0, 9, |a

q, q3 —i |q| —0, a,

g -4, ¢ -ildla

(i |q|ao — 0,3, — G,8, — 038, =0,

G138, — —i |q|a1 — 0,3, + 0,38, = 0,
0,8 + 08 —i |q|az — 03, =0,
0s3 — 0,8, + 0y, —i |q|a3 =0

TypiHAeri anreOpanblK TEHAEyNlep >KyHeci aiblHaabl. AJBIHFAH >KYHEZe Toyelcis
TEeHIEYyJep/iH caHbl ekire TeH. COHJIBIKTaH aJFalliKhl €Ki TeHJEYiH ajambI3 (IIbIH
MOHICIHJIE Ke3 KeTeH eKi TeHACYl amyFa 00mab):

—i |q|ao -0 — 0,8, —Q;3; = 0,
Q.,a, — i |q|a1 — 03, +Q,8; = 0.

(13)
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(13) Tenneynep xytecinme aO’ al Oenricis, an a2’ a3 epKiH TYpaKThLIap

nen Kaowpuinaibik. JKyiteni memy ymin Kpamep epexecin naiiianaHaMbiz:

el -
G —i |q|

_ O, +0:8;, —0 _

a 0:8, — 0,8, _i|q| -

_ —i|ﬁ| 0.8, + 0sa; _
0 0:8, — 0,3,

Kpamep popmynanaps! Ooitprama aO’ 31 Oenriciznepin
A
) ila &
aO =—=| q , a1 =
A ‘ ‘ A
TEHJIIKTEpi apKbUTbl TabambI3. Jlemek ﬂ‘l = qO + | |q| MEHIIIKTI MOHIHE THECLII hl
e
O

MEHIIIKTi BEKTOPHI hl = TYpiHZE TaOBUIIBL.
2

U

Ochl anroputMai /12 = qO —||q| MEHIINKTI MOHIHE KOJJaHATBIH OO0JICak,

A —0; — 03

A —i[d|( a3 +a3);

A

&

(0 +03)-

=Qq,

—

— Pl T
OHJIa OFaH THECLITi h2 MEHIIIKTi BEKTOPHI h2 =[—I|Q| ql q2 q3:| TypiHze

TaOBLIAABI, OUTKEHI 22 = 21

TaObutran hl JKOHC h2 MCHIIIKT1 BEKTOPJIApAbIH AYPbICTbIFbIH Q ° hl KOHC

Q . h2 MaTpHIIaJapbIHBIH KOOCHTIHICIH ecenTey jKoHe

th :(qo +'|q|)hl; Q'hz :(qo _||q|)h2
TEHIIKTEPiH TIKENeW TeKcepy apKbUIbl K63 JKeTKizyre Oonampl. Mpicanbl, OipiHIi
TEHIIKTiH AYPBICTHIFBIH JOJICTACHIK:
134



Becmuux Topaiievipos ynusepcumema, 1SSN 2959-068X.
Cepus: Quszura, mamemamura u komnvlomepnuie nayxku. Ne 3, 2024

Qo —% -0, —0;|fi |(_1| o |€I| - |q|2
% G O O | & | | ig|d|+a,0,
% 9 d G| d i0, |d|+ 0,0,
G -9 o O N d) [ig|d]+a.,

N

N

HoTmkenep MeH TalKbLIayJIap

Maxkana OapbICEIHIA KBAaTCPHHOH MATPHUIIACBIHBIH CHEKTpi, SFHA MCEHIIIKTI
MOH/Iepi MEH MEHIIIIKTi BEKTOPJIaPhl TAOBUIIBI )KOHE KACHETTEPl aHBIKTAJbL:
1) MeHmmmikTi MoHmepAi Taly YmIiH 0acka >KYMBICTapAa KapacThIpbUIMaraH
aBTOPIIBIK (8) XapaKTePUCTUKANBIK TCHACY KYPBUIIBL;
2) MCHIIIKTI MoH/Iep OOMbIHINA TaOBUTFaH MEHIIIKTI BEKTOPJIAPIBIH CHI3BIKTHIK
ToyeJICi3 0OJIaThIHBI KOPCETU .
TaxpIpBINTHIH ©3EKTUIT jKaHa TEHOJIOTHSJIAPAbIH JaMyblHa BIKIAN €Til Kele
JKaTKaH MaTeMaTHKAHbIH KOJIAHBICHIH KCHEUTY KOHE )KOFaphl MEKTEIT CTYICHTTEPIiHIH
FBUIBIMH ILIBIFAPMAIIBLIBIK KaOUIeTiH apTThipy Oounbin TaObutaabl. COHABIKTAH Oyl
KYMBIC KBaTEPHUOH ajiredpachl MEH KBaTCPHUOH allHbIMabl (DYHKIMSIAP/IbI 3€PTTEY
OapBICBIHAA OTICTEMEIIIK Kypasr O0NaIbl IeTeH OWIaMbI3.
KopbIThIHABI
KBatepHuonaap anredpachbl oHe KBaTCPHHOH allHbIMAaJIbl KBATEPHHOH MOHI
GyHKIMSIAD TEOPHSICHI TEXHUKAIIBIK YHUBEPCUTETTEp/Ie OKblIMaiibl. Kasipri tania
KBaTEPHUOHJAP TEOPHSACHI POOOTEXHHMKA MEH VINKBIIICHI3 YIIy ammapaTTapbiHa,
acipece oap by iMIiHIe KBaIpOKONTepIepre Konanbuia 0acta sl Kebinece MmyHaii
MOCEJIEIEPMEH TEXHUKAIBIK YHHBEPCHUTETTE OKHUTBIH CTYJICHTTEp alHaJbICabl.
CoHIBIKTaH OJapAbl aJJbIMEH KBaTCPHHUOHAAP alreOpachIMeH TaHBICTBHIPYABI JKOH
Kopaik. MakanmaHblH ©3eri KBaTepHHUOH MATPHUIIACKIHBIH XapaKTePUCTHKAIBIK
TEHJICYiHIH e3Telle Typ/ie KYPbUTYbl dKOHEOHBIH CIIEKTPiH TaOy O0bIT Ta0bUIa b

Keifinipek cnexTp OOWBIHIIA KBAaTEpHUOH ailHBIMAJbl DJJIEMEHTap
KBAaTEPHUOHBIK (DYHKIMATIAPBIH KECTECIH KypyFa O0masl.
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AJIFEBPA KBATEPHUOHOB. COBCTBEHHbIE 3HAYEHUA
KBATEPHNOHOB U COBCTBEHHbIE BEKTOPbI

B cmamve onepayusi Oenenusi medcoy sinemenmamu meopuu
K6AMEPHUOHHBIX — YUCEL — PACCMAMPUBAEMCsi ¢ MOYKU — 3PEHUs.
00HO3HAUHO ONPEeOeNeHHOU accoyuamusHou aneeopvi. Onpedenena
Mabauya YMHONCEHUsL OCHOBHBIX INEMEHMO8 AceOpbl KEAMEPHUOHOS.
Yemanosneno npaguno ymnoodicenus 0Jist KeAMEPHUOHO8, He 001A0aAI0WUX
CBOUCMBOM KOMMYMAamusHocmu. bBvlno ckazano, ymo 0.5t KBAMEPHUOHOS8
BLINONIHAIOMCSL  QUCMPUOYMUBHbIE U ACCOYUAMUBHBIE — 3AKOHD.
C nomowvio npasuia yMHodCeHUst 00KA3aHo pasHosecue Diiepa.
Paccmompenvt  aneebpauveckas, GeKmMoOpHAs U MPUSOHOMEMPUYECKASL
sanucu keamepuuona. Ilokazan ananoe ¢popmyawt  Myaspa Ons
KeamepHuonos. Ha ocnose npasuna ymMHodCeHUs KEAMEPHUOHOE ObLIO
NOKA3AHO, YMO MENCOY KEAMEPHUOHOM U €20 MAMPUYETL Y CIAHAGTUBAEMCSL
00HO3HAUHOe coomeemcmeue (uzomopdusm). Toeda bvino ckazano, umo
MHO2UE U3GECHHblE paHee ONepayul MOJNCHO DACCMAMPUBAMb Yepe3
coomeememeayrouue Mampuybl K6AmMepHUOHOE.

bBvina cozdana xapaxmepucmuueckas mampuya Keamepruona. /s
HAXOXCOCHUsL  COOCMBEHHbIX 3HAYEHULl U COOCMEEHHbIX BEKMOPOs
MaAmpuybl K6AMEPHUOHOE NONYYEHO XAPAKMEPUCMUYECKOe VPAGHEHUE.
Omo ypasuenue npedcmagisem cobol aneedpauveckoe ypagHeHue
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yemeepmotl cmenenu. Bnepgvie 011 yoobcmea pacuema kod¢h@uyuenmot
XAPaKmepucmuyecko2o0 — ypaeHeHus  6bpadcenbl  uepe3  dNeMeHNlbl
keamepnuona. CoenacHo OCHOGHOU meopeme aneedpvl 6 MHOdICeCmae
KOMNAEKCHBIX YUCEeN XAPAKMEPUCUYecKoe YpasHeHue umeemn uemvipe
Kopus. [lokasano, umo cnexmp mMampuybl K6AmMePHUOHO8 NPpedcmasiaen
co00ll  83AUMHO-CONPAICEHHbIE KOMNIEKCHble HuUCaa, aneedpauiecKas
KpamHocms Komopwlx pasna 08ym. [anee memooom OKauMIAOue2o
MUHOPA HATIOEHA 2eOMEMPUYECKAsi KPAMHOCMYb IMUX KOPHell.

Ilpuy smom Oviro  ycmanosneno, umo  aneebpauveckue U
2eomempuieckue Kpamubvle KOpHell pashvl mexcoy coboil. Ha cnedyrowem
amane nymem peuwleHus CUCmemvl OOHOPOOHBIX — aneebpautecKux
VpasHeHull ObLIU HATIOEHbl COOMEEMCMEYIoWUe COOCMBEHHbLE BEKNMOPb
COOCMEEHHBIX 3HAYEHU.

Knouesvie crosa: xeamepHuuown, cnekmp mampuybl K6amepHuoud,

cobcmeennbvie gekmopbl, hopmyna Myaspa, Dilnieposo moxcoecmeo.

B. Zh. Sagindykov!, Zh. Bimurat?

ISatbayev University, Republic of Kazakhstan, Almaty
2Mining Institute named after D. A. Kunayev
Republic of Kazakhstan, Almaty
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Accepted for publication 09.09.24.

QUATERNION ALGEBRA. QUATERNION
EIGENVALUES AND EIGENVECTORS

This article explores the division operation among elements of
quaternion number theory from the perspective of a uniquely defined
associative algebra. The multiplication table of the fundamental elements
of quaternion algebra is defined. A multiplication rule for quaternions,
not possessing commutativity, is established. It is stated that quaternions
adhere to distributive and associative laws. Euler’s equilibrium is proven
using the multiplication rule. Algebraic, vector, and trigonometric
representations of quaternions are discussed. An analogue of the De
Moivre’s formulafor quaternions isdemonstrated. Based on the quaternion
multiplication rule, a one-to-one correspondence (isomorphism) between
a quaternion and its matrix is established. It is then asserted that many
previously known operations can be considered through corresponding
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quaternion matrix representations.

A characteristic matrix for a quaternion is introduced. The
characteristic equation for finding eigenvalues and eigenvectors of
quaternion matrices is derived. This equation takes the form of a fourth-
degree algebraic equation. For computational convenience, the
coefficients of the characteristic equation are expressed in terms of
quaternion elements. According to the fundamental theorem of algebra,
the characteristic equation in the set of complex numbers has four roots. It
is proven that the spectrum of the quaternion matrix consists of mutually
conjugate complex numbers, each having an algebraic multiplicity of two.
The geometric multiplicity of these roots is then determined using the
method of the adjugate minor. Importantly, it is established that algebraic
and geometric multiplicities of the roots are equal.

In the subsequent stage, the corresponding eigenvectors of the
eigenvalues are found by solving a system of homogeneous algebraic
equations.

Keywords: quaternion, spectrum of quaternion matrix, eigenvectors,
De Moivre’s formula, Euler equilibrium.
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NPABUIJIA [jJ151 ABTOPOB B HAYYHOM XXYPHAJIE
«BECTHUK TOPAUIMbIPOB YHUBEPCUTETA.
CEPUA: ®PUNKA, MATEMATUKA U
KOMIMbKOTEPHBIE HAYKW»

PenaxkunoHHast KOJUIETHS IPOCUT aBTOPOB PYKOBOICTBOBATHCS CIIETYIOIIMMHI
MIpaBUJIaMH TIPH OATOTOBKE CTaTheH ISl OIyOIMKOBaHUS B )KypHaJe.

Hayunble cTaThy, NMpeAcTaBiIseMble B PENAKIMIO XKypHaja JOJDKHBIOBITH
odopMIIeHBl cOrjacHo 0a30BBIM H3JaTEIbCKUM CTaHJIApTaMm IO
odpopmiernto crateit B coorBercTBun ¢ [OCT 7.5-98 «KypHansl, cOopHUKH,
nHopmanmonHele u3gaHUA. M3garenbckoe o(OpMIICHHE ITyONMKyeMBIX
MaTepualloBy, MPUCTATEHHBIX OMOIUOrpadUIECKrX CIHCKOB B COOTBETCTBUU C
I'OCT 7.1-2003 «bubnuorpaduueckas 3anuck. budbnuorpaduueckoe onucanue.
OOmue TpeOOBaHUs 1 MPABNIIA COCTABICHHS».

* B HOMep noryckaeTcst He 0oJiee OAHON PYKOTIMCH OT OJJHOTO aBTOpa Moo
TOTO K€ aBTOpa B COCTABE KOJUICKTHBA COABTOPOB.

* KonngecTBo cOaBTOPOB OAHOM CTaThu HE Oonee 5.

* CTeneHb OPUTHHAIBHOCTH CTAaThH JOJKHA COCTaBIATH HEe MeHee 60 %
(cormacHO peleHNIo PeJaKIIMOHHON KOJUICTHH).

* HampasisieMble CcTaThbH HE JOJDKHBI OBITH paHee ONMyOJIMKOBaHBI, HE
JIOITyCKaeTCsl TMoce/yIoliee OMyOIMKOBaHNE B APYTHUX KypHAIAX, B TOM YHCIIe
MIepeBOBI Ha APYTHE SI3BIKH.

* PemieHne o MPUHATHN PYKOIIMCH K OITyOJIMKOBAHHIO IPUHUMAETCS 110CIIe
MIPOBEACHUS MPOLETYPHI PELIEH3UPOBAHHUS.

* JIBOifHOE peleH3UpoBaHME (CJernoe) MPOBOAMUTCS KOH(HICHIHAIBHO,
aBTOPY HE COOOIIaeTCs UM PEIICH3eHTA, a PELIEH3EHTY — UMl aBTOpa CTaThH.

* Kutaninust 00 omaTe MPeNOCTaBISCTCS TOCIE NPHUHATHUS CTaTed K
myOnmukanuu. CTOMMOCTB ITyOJIMKAIIMK B J)KypHAIIE ¢ TpeThero Homepa 2024 rona
coctapur 20 000 rtenre gns  HanpaeineHuss  «Teopermueckas U
SKCIEepUMEHTANbHAs (PHU3HMKa», a JIs OCTaJIbHBIX HampasieHuid 3600 Ttenre,
BKJIIOYasi CTaThH MAaruCTPAHTOB W JIOKTOPAHTOB B COABTOPCTBE C JIMIAMH C
YUEHOH CTENEHBIO.

* noxropantaM HAO «TopaliTbIpOB YHHBEPCUTET)» U HHOCTPAHHBIM aBTOPaM
(Oe3 Ka3axcTaHCKNX COABTOPOB) ITyOJIMKAIMS B XKypHaJle OeCIUIaTHO.

*Ecnau cTaThsi OTKJIOHEHA AHTHUILIATMATOM WM PELEH3EHTOM CTaThs
BO3BPAIIAETCS ABTOPY HA JOPAOOTKY. ABTOP MOKET OBTOPHO OTIIPABUTH CTATHIO
Ha aHTHUITIATHAT WK pereH3eH3npoBanre 1 pa3. OTBETCTBEHHOCTH 32 CO/IEpKAHNE
CTaThH HECET aBTOP.
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Penakims He 3aHWMaeTcs JHTEPATYpHOH MW CTHIMCTHYECKOH 00paboTKoit
CTaTbU.

Crartbn, opopMIIEHHBIE ¢ HApYIIEHHeM TPeOOBAHHUIA, K My0INKALUY He
NPUHIMAKOTCS U BO3BPALIAIOTCS ABTOPaM.

JlaToli mocTyIUIeHHs CTaThH CUNTACTCS JlaTa MOJTyUSHHs pelakiiei ee
OKOHYATEeJILHOTO BapHaHTa.

Crateu myOIUKYyIOTCS TI0 Mepe ocTyIuIeHus. JKypHai popmupyercs ncxoas
13 Konmu4decTBa He Oosiee 30 cTareil B OJTHOM HOMEpE.

IepuoanyHoOCTH U3AAHHUS JKYPHAJIOB — 4 pa3a B roj (e;KeKBapTajabHO).

Cpoxu nogayu cTaTbu:

- mepBbIi kBapTai 1o 10 despans;

- BTOpO# kBaprau 1o 10 mas;

- Tpetuil kBaptan 1o 10 aBrycra;

- yeTBepTHIi kBapTain 10 10 HOsAOpsI.

Hayunbiii xypHan «Bectnuk TopaiirelpoB yHusepcurera», «Hayka
n texuuka KazaxcTana» BBIIMYCKaeTcs C TEPUOJMYHOCTBIO 4 pasa B Tox B
CeTeBOM (3JIEKTPOHHOM) (popMarte B CIIETYIOMINE YCTAHOBICHHBIE CPOKH BBIX0/1A
HOMEPOB JKypHaJa:

- IepBBIi HOMep BbIMyckaercs 10 30 MapTa TeKyIero rosa;

- BTOpOif HOMep — 10 30 uroHs;

- Tpetuit Homep — 10 30 ceHTsa0ps;

- yeTBepTHIi HOMep — 110 30 jexadpsi.

Crarpio (9JIEKTPOHHYIO BEpCHIO M KBUTAHIMM 00 OIulaTe) ClieayeT
HaIIPaBJIATh HA caiiTax:

- https://vestnik.tou.edu.kz/

- https://vestnik-pm.tou.edu.kz/

Jluist o1aum CTaThy Ha My OJIMKAIMIO HEOOXO0ANMO IIPOUTH PErUCTPALIUIO Ha
caire.

ABTOp, KOTOPBII BHEC HANOOJIBIINN HHTEIIEKTYaIbHBIH BKJIA]] B TOATOTOBKY
pykorucH (Ipu ABYX 1 OoJiee coaBTOpax), IBISIETCS aBTOPOM-KOPPECTIOHJCHTOM
1 0003Ha4aeTCs «*».

ABTOpBI M3 Pa3HBIX y4eOHBIX 3aBEJICHUH yKa3bIBAIOTCS LUppaMu 12

Jnst ocyIiecTBiIeHHs MPOLEAYPHI JIBOMHOTO pEleH3UpOBaHMs (CIENoro),
aBTOpaM He0OXOMMO OTIPABIISITH /1B BAPHAHTA CTaThH: IEPBBII — C yKa3aHUEM
JIMYHBIX JIAHHBIX, BTOPOH — 0€3 yka3zaHMs JUYHBIX AaHHbIX. [Ipy HapylieHUH
MIPUHIIMIIA CJIETIOTO PELEH3NPOBAHUS CTaThsl HE pacCMaTPHUBACTCSI.
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Cmamou 0onsicrol 661mo 0¢0pMﬂeHbl 6 Cmpo2om coomeemcmeuu
co Cﬂedylowu.uu npaesuiamu:

— B xypHanel IPUHUMAIOTCSI CTaThbH 110 BCEM HAy4YHBIM HAIPaBJICHHSIM,B
JJIEKTPOHHOM BapHaHTe CO BCEMH MaTepHajaMd B TEKCTOBOM peIaKTope

«Microsoft Office Word (97, 2000, 2007, 2010) mus Windows»

(B dopmarax .doc, .docx, .rtf).— O6mmuit 06beM cTaThH, BKITIOUAs aHHOTAIHH,
JIUTepaTypy, TaOJMIBI, PUCYHKM W MaTeMaThueckue (OpMyNbl J0JDKEH
COCTaBJIATH He MeHee 7 W He GoJsiee 20 cTpaHuMI] MeYaTHOTrO TeKkcTa. [lois
cmpanuy — 30 mm co eécex cmopounucma, Texem cmamou. keenv — 14 nynkmos,
capnumypa — Times New Roman (0ns pycckoeo, amenuiicko2o u Hemeykoz2o
sa3viko8), KZ Times New Roman (0151 Ka3axcko2o si3blKa).

CtpyKTypa HayqHOHM CTaThM BKIIOYAET HAa3BaHUE, AHHOTALMS, KIIOUCBBHIC
CJIOBA, OCHOBHBIE MOJIOKEHHMSI, BBEICHHE, MaTepUalibl U METOJIbI, PE3yJIbTaThl U
o0CyXJeHue, 3aKII0OYCHUE, BBIBOJBI, MHPOPMAIHI0 0 (PMHAHCHPOBAHUU (IPU
HaJIMYMM), CHHCOK HCIIOJIB30BAHHBIX HMCTOYHUKOB (JIMTEPaTyphl) K KaxIOH
CTaThe, BKIIOYAas POMAHU3MPOBAHHBIA (TPAHCIUTEPUPOBAHHBIN JIATHHCKAM
ayi(haBUTOM) BapUAHT HAIMCAHUSI UCTOYHMKOB HA KMPHJUTUIIE (HA Ka3aXCKOM H
pycckoMm si3bikax) em. [OCT 7.79-2000 (HCO 9-95) Ilpasuna mpanciumepayuu
KUPUTIOBCKO20 RUCOMA JIAMUHCKUM ANIGHABUMOM.

Cmamua 00121cHa cooepircams:

1. MPHTHU (MexrocymapCTBEHHBIH pyOpUKAaTOp HAYYHOW TEXHHUYECKOM
nHpopmanum);

2.DOI — mocaie MPHTU B BepxHEM npaBoM yTiy (IpHUCBaMBaETCS U
3aI0JIHSETCS pellakIel KypHala);

3. Muummanst (1Ms1, otuectBo) MamMuiiusi aBTopa (-0B) — Ha Ka3axCKOM,
PYCCKOM M aHTJIMHCKOM SI3bIKaX (KUPHBIM IIPU(PTOM, TIO IIEHTPY);

ABTOp, KOTOPBIH BHEC HANOOJIBIINNA HHTENJIEKTYaJIbHBIN BKJIA B ITOJJTOTOBKY
pykorucH (IpH ABYX 1 6oJiee coaBTOpax), ABISIETCS aBTOPOM-KOPPECTIOHJCHTOM
1 0003Ha4aeTCs «*».

ABTOpBI M3 Pa3sHBIX y4eOHBIX 3aBeJICHUH yKasbiBaroTCA udpamu 12,

4. Appunmanus (opranusanms (Mecto paboTsl (yueOsrl)), CTpaHa, TOPOJ) —
Ha Ka3aXCKOM, PYCCKOM U aHTJIMICKOM s3bIKax. [losHble JanHbie 00 addummaim
aBTOPOB MpeJCTaBiIsItoTCsl B KoHIe xypHana; ORCID;

5.Ha3BaHue CTaTBH JOJDKHO OTpaKaTh COJEP)KaHUE CTaTbU, TEMAaTHUKY
W pe3ysbTaThl MPOBEICHHOI0 HAYYHOTrO HCCIEOBaHWs. B Ha3zBaHHMe CTaThu
HEOOXO0/IMMO BJIOKUTH HH()OPMATHBHOCTb, IIPUBIICKATEILHOCTh U YHUKAJIBHOCTh
(ue Gosee 12 cioB, MPONMUCHBIMU OYKBaMH, )KUPHBIM IIPUDTOM, 110 LIEHTPY, HA
TpeX s3bIKAX: PYCCKUH, Ka3aXCKU, aHTJIMHCKUI 1100 HEMELKHIA);

6. AHHOTalUs — KpaTKasg XapaKTepUCTUKA Ha3HAUEHUS, COCPKAHN,
BU1a, PopMBI U IPYrHX 0cOOEHHOCTEH cTaThH. JIoIDKHA OTpa)kaTh OCHOBHBIE U
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LICHHBIE, I0 MHEHHWIO aBTOpA, O3Tambl, OOBEKTHI, WX IPU3HAKH W BBIBOJBI
MIPOBEJICHHOTO McclieoBanus. JlaeTcsi Ha Ka3axCKOM, PyCCKOM M aHIJIMHCKOM
00 HEMEIKOM s3bIKaX (PEeKOMEHJyeMblii 00BbeM aHHOTAlMM Ha SI3BbIKE
myOnukanuu — He MeHee 150, He 6omee 300 c10B, KypCcHB, HEKUPHBIM HIPUPTOM,
Kerib — 12 myHKTOB, ab3alHbIN OTCTYII cjieBa U crpasa | cM, cM. oOpasen);

7.KimodeBble ca0Ba — HabOp CIIOB, OTPAXKAIOIINX COAEP)KAHUE TEKCTa B
TEpMHUHAX 00BEKTa, HAYYHOU OTpaciy U METOI0B HccienoBaHus (opopMistoTest
Ha TpeX S3bIKaX: PYCCKWH, Ka3aXCKUH, aHTIUHCKUHA TNOO0 HEMEIKHA; KeTih —
12 nyHKTOB, KypCHUB, OTCTYII ciieBa-cipasa — 1 cM.). PekomeHnryemoe KonniecTBo
KJIFOYEBBIX CJIOB — 5-8, KOJIMUECTBO CJIOB BHYTPH KIIFOUEBOH (hpasbl — He Oostee 3.
3aar0TCs B MOPSIIKE UX 3HAYMMOCTH, T.€. CAMOE BayKHOE KJIFOUEBOE CIIOBO CTAThU
JOJDKHO OBITH MIEPBEIM B CIIEICKE (CM. 00pasen);

8. OCHOBHO¥ TEKCT CTATHHU M3JIAraeTCst B ONpeIeIICHHOM 0CIIe10BATEILHOCTH
€ro JacTel, BKIIOYaceT B ceOs:

- BBenenue (ab3am 1 cM 10 JeBOMY Kparo, JKUPHBIMH OyKBaMH, KETTb —
14 nynxroB). O60CHOBaHUE BBIOOPA TEMbI; aKTYaJIIbHOCTh TEMBbI HJIH TIPOOJIEMBL.
AXTYaJIbHOCTB TEMBI ONpeJIeNsieTCsl O0IIMM HHTEPECOM K U3YYEHHOCTH JJAHHOTO
00BeKTa, HO OTCYTCTBHEM MCUEPITBIBAIONINX OTBETOB HA MMEIOIINECS BOIIPOCHI,
OHa JIOKA3bIBACTCS TEOPETUUECKON MIIM MPAKTUIECKON 3HAUMMOCTHIO TEMBI.

- MarepuaJjibl U MeTOABI (ab3ay 1 cym no 1egomy Kpaio, JHcupHulymu OYKeamu,
keanb — 14 nynkmos). JI0IKHBI COCTOSTH N3 ONMCAHUS MATEPUAJIOB M X0/1a padOTEI,
a TaKOKe MOJHOTO ONUCAHUSI HCII0JIb30BAHHBIX METOOB.

- Pesyabratel u odcyxaenue (adzay I cm no negomy Kpaio, HCUpHbLMU
oyxeamu, xeenvb — 14 nynkmos). IIpuBoAUTCS aHATM3 U OOCYKICHUE MOTYUEHHBIX
BaMH pe3yJIbTaToB HcciienoBaHust. [IpUBOASTCS BBIBOJIBI 110 MOJIYYEHHBIM B X0J1€
WCCIIEI0BAHMS PE3yJIbTaTaM, PACKPHIBACTCS OCHOBHAS CYTh. M 3TO O/IMH M3 caMbIX
Ba)XXHBIX Pa3/eJioB cTaTbu. B HEM HEOOXOIMMO MPOBECTH aHAJIHU3 PE3YJIbTATOB
cBoel pabOTHI M 00CYK/IEHHE COOTBETCTBYIOIINX PE3yIbTaTOB B CPAaBHEHUHU C
TIPEABITYIIIME PAadOTaMH, aHATU3aMH 1 BHIBOJAAMHU.

- Uadopmanuio o punancupoBannu (pu Haxmaun) (ab3arr 1 cm o neBomy
Kparo, )KUPHBIMU OyKBaMH, KerJb — 14 IyHKTOB).

- BeiBoawl (absay 1 cm no nesomy xpaio, scupnvimu OyKeamu, Keeib —
14 nynxmos).

BriBoapl — 00001IeHIE W MTOABEICHNE UTOTOB PabOTHl HA JAHHOM JTarie;
TIOJTBEPIK/ICHHE HWCTUHHOCTH BBIIBUTAEMOTO YTBEPIXK/ICHHS, BBICKA3aHHOTO
aBTOPOM, M 3aKJIIOYEHHE aBTOpa 00 M3MEHEHHM HAayYHOTO 3HAHUS C y4eTOM
MOJYYEHHBIX PE3YJIbTaTOB. BBIBOJBI HE [IOJUKHBI ObITH aOCTPaKTHBIMH, OHHU
JIOJKHBI OBITh MCTIOJIB30BAHBI JIUIsE 0000IIIEHHs pe3YJIbTATOB HCCIIE0BAHUS B TON
WIN MHOW Hay4dHOH 00NacTH, ¢ ONMCAHUEM NPEJUIOKEHUI MM BO3MOXKHOCTEH
JaTbHEHIIEeH padoTHL.

- CnHMCOoK HCNOJIb30BAHHBIX UCTOYHHUKOB (KHPHBIMU OyKBaMH, KETJlb —
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14 myHKTOB, B IIEHTPE) BKIIOYALT B CeO:

CTaThs ¥ CICOK UCTIONF30BAHHBIX HCTOYHUKOB JTOJKHBI OBITH 0(pOPMIICHBI
B cootBercTBuM ¢ [[OCT 7.5-98; TOCT 7.1-2003 (cM. oOpa3zerr).

OdepeTHOCTh NCTOYHUKOB OTPEACIIIETCS CIEAYIOMMM 00pa3oM: cHadaia
MOCJIEZIOBATENbHbIE CCHUIKH, T.€. UCTOYHMKH Ha KOTOPbIE BBl CChLJIAETECH IO
OYEPETHOCTH B CAMOH CTaThe. 3aTeM JIOTIOTHUTEIIHBIC ICTOYHUKH, Ha KOTOPBIX HET
CCBUIOK, T.€. ICTOYHUKH, KOTOPBIE HE UMEITH MECTO B CTaThe, HO PEKOMEHJOBAHBI
BaMHU YHTATCISIM JUI O3HAKOMIICHHS, KaK CMEXKHBIC PabOThI, MPOBOIMMEIC
napasienbHo. O6vem ne menee 10, ne bonee uem 20 Haumenosanuti (CCHUIKH U
MIPUMEYaHUs B CTaThe 0003HAYAIOTCS CKBO3HON HyMeparueil 1 3aKIf0JaroTcs B
KBaJpaTHBIC CKOOKM), MpenMyIiecTBeHHO 3a mocieaane 1015 mer.

B cnydae HanmM4ms B CIHCKE WCIIOJNB30BAHHBIX HCTOYHHKOB paboT Ha
KUpWUIHALE (Ha Ka3aXCKOM M PYCCKOM S3bIKaX), HEOOXOAMMO IPEICTaBHUThH
COMCOK JINTEPAaTypbl B JBYX BapuaHtax: 1) B opuruHajige (yKa3blBarOTCS
HUCTOYHHUKH HA PYCCKOM, Ka3aXCKOM W aHTIHHCKOM JINOO HEMEIKOM S3bIKaX);

2) pOMaHM3UPOBAHHBIN BAPUAHT HAITUCAHKS UCTOYHHKOB Ha KUPHILTUIIE (Ha
Ka3aXCKOM U PYCCKOM SI3BIKaX ), TO €CTh TPAHCIUTEPAIUS JJATHHCKAM aI(DaBUTOM.
cem. TOCT 7.79-2000 (MCO 9-95) Ilpasura mpanciumepayuu KUPUIIO8CKO20
RUCLMA TAMUHCKUM AAPagUmom.

Onaaiin cepeuc Tpancnumepayus no I'OCTy — https://transliteration-

online.ru/

Ilpasuna mpanciumepayuu KupuinoecKkozo nucbma
JAamuncKum angagumonm.
Pomanuszupogannuslit CRUCOK NUmMEPamypvl 001MCEH Gbl2IAOEH b

cnedyromum oopaszom: aBTOp(-bl) (TpaHCHHUTEpAIUS JIMOO AHTIOS3BIYHBIN
BapUaHT MPH €ro HaJIMYMH) — Ha3BaHUE CTaThH B TPAHCIUTEPUPOBAHHOM
BapuaHTe — [[epeBOji HA3BaHMs CTaThU HA AHTJIMHCKHH S3bIK B KBaJpaTHBIX
cKOOKax] — Ha3BaHHE Ka3aXOSA3bIYHOTO JIMOO PYCCKOS3BIYHOTO HMCTOYHHKA
(TpanciuTepanys, MO0 aHIIIMICKOE Ha3BAHUE MIPU €r0 HAJIMUUK) — BBIXOJIHbBIE
JIaHHbIE ¢ 0003HAYCHUSIMU Ha aHTJIUICKOM SI3bIKE.

e MiumocTpanuu, mepedyeHb PHCYHKOB W TOAPHCYHOYHbBIE HAINUCH
K HUM TPEJCTABISIIOT 10 TEKCTY CTaThh. B 3JIEKTPOHHOI BepCHM PHCYHKH H
niuoctpanuu npencrasisitoress B Gopmare TIF wmm JPG ¢ paspemiennem He
menee 300 dpi.

* Marematudeckue ¢GopmMyJabl IODKHBI ObITh HaOpanel B Microsoft
Equation Editor (kaxxaast opmyna — oauH 00BEKT).
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TEOPETUYECKAs1 MOEITb ®OPMWPOBAHMUA
KOMIIETEHLUWN COLUNATIbHbIX PABOTHUKOB
YEPE3 KYPCbI NOBbILWEHWSA KBAJTIMOUKALIMN

B oannoui cmamwve npedcmasnena meopemuyieckasmooensb popmMupo8aHust
JUYHOCHHBIX U BPODECCUOHATTLHBIX KOMNEMEHYUL COYUATTbHBIX PAOOMHUKOS
yepe3 Kypcvl NOGbIUEHUS KEAIUGUKayuY, KOmopdas paspabomana 6
pamkax O0okmopckou ouccepmayuu « Popmuposanue AULHOCHHbIX U
NPOGeCcCUOHANbHBIX KOMNEMEHYUL COYUATLHBIX PAOOMHUKOS Yepe3 KYpPCbl
nosvluenust Kkeanupurkayuuy. B cmamve npusoosmces nedazozuveckue
ACNeKmbl  CAMO20 NpoYecca MOOeIUPOSAHUsl, NEPEYUCTeHbL IMANbL
neoazoeuueckoeo modenupogarus. Ilpeocmasnenvr memoodonozuyeckutl,
npoyeccyaibHblll (MexHOI0SUYECKULL) U UHCTPYMEHMATTbHII YPOSHU MOOEU,
ee yeib, MOHUMOPUHE CHOPMUPOBAHHOCTIU UCKOMbIX KOMNEmeHyull, d
maxoice pe3yibman. B mooenu nokazani KoMnemeHmHoCmublil, IUYHOCHIHO-
OPUEHMUPOBAHHBITL U  NPAKMUKO-OPUECHIMUPOBAHHBII  Ne0d202UYecKue
NOOX00bL, 3aKOHOMEPHOCHIU, NPUHYUNDBL, YCIOBUSL (DOPMUPOBANUSL 8bIOPAHHBIX
KOMNemeHYULL, ONUCAHbL IMANbL PEATU3AUUL NPOYECCa (hOPMUPOBAHLSL, YDOGHU
ChOpMUPOBAHHOCIIU TUYHOCTHBIX U NPOYECCUOHATIbHBIX KOMNENEeHYUIL.
B pazoene npaxmuueckoii no02omosKu npeoasaemcs uHmepaKxmueHas
paboma 6 cucmeme Cyuameib-npenooasamelib-2pynna, noOpa3ymMesaioudst
JIUYHOE yuacmue Kanic0020 CReYUAIUCmd, d maKice Omxpblmue nepeoo
6 Hawell cmpane Pecnybiukanckoeo odwecmeennoco 00veouneHus
«HayuonanbHwlil anbsine npogheccuonaibHbIX COYUAIbHBIX PAOOTMHUKOBY.
Jannas modens nodpasymesaen noo coootl OansHeliuee Co8epUuleHCmMe08aHUe
U CAMOCMOAMENbHOEe PA36UMUe JUYHOCHHBIX U NPOYEeCcCUOHATbHBIX
KOMNemeHyuti COYUanbHuIX padomHuKos. Imo no360saem yeuoems 8 Mooeu
aghexmusnocms peanuzayuu Kypcos nosbluleHus Keanupurayuu, opmol,
Memoovl U cpedcmsa pabomoi.
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BBenenne

CormanpHasi paboTa — OTHOCUTEIIBHO HOBasl [UIsl HAIICH CTpaHbI Mpod)eccusl.
[TosToMy oOydeHHE COUMANBHBIX PAOOTHHKOB HAa COBPEMEHHOH CTaIuul He
XapaKTepU3yeTcss HaMYHUeM [IOCTATOYHO pa3pabOTaHHBIX 00pa30BaTEIBHBIX
CTaHJIAPTOB, KOTOPBIC HAXO X ObI BRIPAKCHUE B (DOPMYITUPOBKE MEIArOTMICCKIX
LieJIeH, B COJICPKAHUU, TEXHOJOTHIX y4eOHOI0O Tpoiiecca.

Tpooonscenue mexcma nyoauKyemo2o mamepuana

MarepuaJjbl 1 MeTOAbI

Teoperuueckuid aHalaW3 HAyYHOM IMCUXOJOTO-NEAArOTMYECKON u
CICLUATIBHOMN JINTEPATYPHI IO TPOOIIEME UCCIICTOBAHNS; aHATINA3 3aKOHOIATCIbHBIX
U HOPMATHUBHBIX JOKYMEHTOB IO OTKPBITHIO OOIIECTBEHHBIX OOBEIMHEHHIA;
aHaJN3 COACP KaHMs IIPOTPAMM KypPCOB ITOBBIIICHIS KBATH(HKAIINN COINAIBHBIX
PabOTHUKOB; MOJICJMPOBAHUE; aHAIN3 U 00OOIICHUE TTEJArOTHYECKOTO OIIBITa;
OTIPOCHBIE METOIBI (Oecenna, aHKeTHPOBAHIE, MHTEPBHIOMPOBAHNE); HAOOICHNE,
aQHAJIN3 NPOAYKTOB JEATEIBHOCTH CHELHUAINUCTOB; HKCIEPUMEHT, METOJbI
MAaTeMAaTHYCCKOM CTATUCTHKH [0 00pabOTKE IKCIIEPUMEHTAIBHBIX JaHHBIX.

Tpooonscenue mexcma nybauxkyemoeo mamepuana

Pe3yabTaThl M 00Cy:KAeHUE

UtoObI MOHATH OObEKTUBHBIE 3aKOHOMEPHOCTH, JIeXKAII[UEe B OCHOBE Mpoliecca
(hOpMHUPOBAHUS M PA3BUTHUS JIMYHOCTHBIX U MPO(PECCHOHATBHBIX KOMITCTCHIIUN
COLIMATIPHBIX PA0OOTHUKOB Yepe3 KypChI MOBHINICHUS KBaTH()UKAINN, HEOOXOIIMO
YEeTKO MPEJICTABIATH Ce0C X MOJICIb.

TIpoooadcenue mexcma nyoauKkyemo2o mamepuana

BriBoabl

Takum 00pa3om, Ha OCHOBAHHUH BBIIICH3TIOKECHHOTO MOXKHO CHEaTh BHIBO
0 TOM, 4YTO TeopeTWdyecKas Mojaeldb (OPMHUPOBAHUS JHUYHOCTHBIX U
po(eCCHOHATBHBIX KOMIICTCHIIMI COLMAIBHBIX PAOOTHHUKOB Yepe3 KypPChI
MOBBIIICHUS KBATU(UKAIIMUA COJCPKUT TPU YPOBHS €€ Pean3aiii.

Tpooonscenue mexcma nyoauxkyemoeo mamepuana

CnucOK HCII0JIb30BAHHBIX HCTOYHHKOB

1 Jaxwmn, A. H. Ilemarormyeckoe MOICTHPOBAHWE : CYIIHOCTb,
s¢dexTuBHOCTEN HeonpeaeiaenHocTs [Tekcr] // Tlenaroruka. — 2003, — Ne 4,
-C.22.

2 Ky3nenoBa, A. I'. Pa3Butue MeTo0J0THHA CUCTEMHOTO TIOAX0/Ia B
oTedecTBEHHOMN nenaroruke . MoHorpadus [Tekcr]. — Xabaposck : M3x-Bo
XKMUIIIIK TIK, 2001. — 152 c.
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C. K. Aumuxeesa®, C. K. Kcembaesa
TopaiirsipoB yauBepcureT, Kazakcran Pecryonmkacer, [TaBmomap k.

BUIIKTUIIKTI APTTBIPY KYPCTAPBI APKBI/IbI OJIEYMETTIK
KBISMETKEPJIEP/IIH KY3IPETTUIIKTEPIH KAJIBIIITACTBIPY/]bIH
TEOPUAJIBIK MOJAEII

byn  maxanaoa «Oneymemmik — Kbizmemxepaepoiy — Oinikminicin - apmmuipy
Kypcmapul apKblibl MYNEANbIK HCOHEe KaCiOu Ky3ipemminikmepin Kauiblnmacmauipyy»
00KmMOpavIK ouccepmayus uienbepinoe azipaeHeen OLIKMIIKmMi apmmuipy Kypcmapbl
apKLLILL  2NEYMEMMIK  Kbl3MemKepaepoiyy Mya2aivlk JicoHe Kaciou Ky3vlpemminicin
Kanblnmacmulpyobly meopusiiblk Mooeni yevinviigan. Maxanaoa modenvoey npoyeciniy
neoazo2uKaIblK, Acnekminepi, nedazocukaibly Mo0enboeyoiy Kezenoepi KeamipiieeH.
Mooenvoiy  adicnamanvig, npoyeccyanovl (MEXHOIOSUAIbIK) JHCIHE ACHANMbIK
Oeneellnepi, OHbIH MaKcamvl, Kadcemmi KYy3vipemmepOoiy KalblNmacy MOHUMOPUHSL,
COHOQU-aK Hamudiceci YcolHbLIaH. ModenvoeKy3vipemminikke, myneaza 6azelmmanean
JICOHE NPAKMUKAEA OASLIMMANRAH Ne0a202UKAILIK MACLIOep, MAKOANIEAH KY3blpemmepoi
KAIbINMAcmulpy — 3aHOBLILIKMAPLL,  KAUOAMMApsl, — Wapmmapsl — KOPCEeMmIiieeH,
Kaneinmacy npoyecin icke acvlpy KezeHoepi, dicexe dicone Kaciou Kysvipemmepoin
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Kaneinmacy — Oeneeunepi cunammanean. Ilpakmukanvlk — 0aublHObIK — OONIMIHOe

MbIHOAYULLI-OKLINYULI-ION JHCYUECIHOe UHMEPAKMUBINT JHCYMbIC YCbIHbIIAObL, Ol P
MAMAHHbIY JICeKe KAMBICYbIH, COHOAU-AK eNiMizoe an2auikbl «Kaciou aneymemmik
Kbl3MemKepaepoiyy  YAmmoulK —ANbAHCbLY — PeCnyOIUKAIbIK  KOAMObIK OipaecmiciHiy
awblnyviy 0i10ipedi. Byn modens aneymemmik Kvizmemrepiepoiy sHceKe HcaHe Kaciou
KY3bipemmepin 00aH api oceminoipyoi dHcone mayeiciz 0amvimyowvl 0indipedi. byn
MoOdenvOe OLNIKMIIKMi apmmulpy KVPCMAPbIH iCKe AcbipyOblH MUIMOLNICIH, HCYMbIC
HbICAHOApbl, 20icmepi MeH KYpaioapbli Kopyee MyMKIHOIK bepeoi.
Kinmmi cezdep: meopusiiviy Mooenb, KYy3vlpemminik, OLiikminikmi
apmmuipy, a1eymMemmix KblzmemxepJep.

S. K. Antikeyeva*, S. K. Ksembaeva
Toraighyrov University, Republic of Kazakhstan, Pavlodar

THEORETICAL MODEL OF FORMATION COMPETENCIES
OF SOCIAL WORKERS THROUGH PROFESSIONAL DEVELOPMENT
COURSES

This article presents a theoretical model for the formation of personal
and professional competencies of social workers through advanced
training courses, which was developed in the framework of the doctoral
dissertation «Formation of personal and professional competencies of
social workers through advanced training coursesy. The article presents
the pedagogical aspects of the modeling process itself, and lists the stages
of pedagogical modeling. The methodological, procedural (technological)
and instrumental levels of the model, its purpose, monitoring the formation
of the required competencies, as well as the result are presented. The model
shows competence-based, personality-oriented and practice-oriented
pedagogical approaches, patterns, principles, conditions for the formation
of selected competencies; describes the stages of the formation process,
the levels of formation of personal and professional competencies. The
practical training section offers interactive work in the listener-teacher-
group system, which implies the personal participation of each specialist,
as well as the opening of the first Republican public Association in our
country, the national Alliance of professional social workers. This model
implies further improvement and independent development of personal
and professional competencies of social workers. This allows you to see
in the model the effectiveness of the implementation of advanced training
courses, forms, methods and means of work.

Keywords: theoretical model, competencies, professional development,
social workers.
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NyBIIMKALINOHHAST 3TUKA
B HAYYHOM XXYPHAJIE
«BECTHUK TOPAUIMbIPOB YHUBEPCUTETA.
CEPUA: ®PUNKA, MATEMATUKA U
KOMIMbKOTEPHBIE HAYKU»

PenakumonHast xoimerus HaydHBIX JkypHamoB HAO «Topa#reipos
yHuBepcurer» «BectHuk TopailirelpoB yHuBepcurera», «Hayka u TexHuka
Kazaxctana» u HaydHO-momyJsipHOTO XypHana «KpaeBeneHue» B cBoeil
PO eCCHOHANBHON  IEATEIBHOCTH IPUACPKUBAIOTCS TMPHHIMIIOB U HOPM
[Ty6mkannoHHOH ATHKN HaydHBIX )KypHaI0B HAO «TopaliTeIpoB YHHBEPCHTETY.
[ly6nukannoHHas 3THKa pa3paboTaHa B COOTBETCTBUH C MEXKJIyHapOIHOI
MyOIMKAMOHHOW STHYeCKOW HopMmou KomwureTa mo myOJUKAIMOHHON 3THKE
(COPE), sTruecknmu npuHOHUIAMHU myoaukanuu xypHanoB Scopus (Elsevier),
Konekca akagemuueckoit uectHoct HAO «TopalirblpoB YHUBEPCUTET.

[Ty6nukannoHHass 3THKA ONpPEAEIsIeT HOPMBI, NPHHIUIBI W CTaHAAPTHI
STHYECKOTO TIOBEICHHUS PEJaKTOPOB, PELEH3CHTOB U aBTOPOB, MEPHI IO
BBISIBJICHUIO KOH()JIMKTOB MHTEPECOB, HEATUYHOTO MOBEACHHS, HHCTPYKIHHU I10
N3BTHIO (PETPAKINH), HCIIPABICHHIO M OTIPOBEP)KCHUIO CTaThU.

Bce yuacTHHKH mpoliecca myOrKamuy, COO0IaI0T MPUHIIUAIBI, HOPMBI U
CTaHAAPTHI ITyOJIMKAIOHHOW YTHKH.

KauecTBO HayyHOTO XypHana 00eCIeYnBAETCs] UCIIOTHEHUEM MPUHIIUIIOB
YYaCTHHKOB TIpoIiecca ITyONMKaluu: paBeHCTBA BCEX AaBTOPOB, IPHHIIHII
KOH(MACHIIMAILHOCTH, OIHOKpATHbIE MYOIMKAllMK, aBTOPCTBA PYKOIHUCH,
MIPUHIUI OPUTHHAIBHOCTH, MPUHIMI MOATBEPIKJICHUSI UCTOYHUKOB, MPUHITHII
00BEKTUBHOCTH M CBOEBPEMEHHOCTH PELICH3UPOBAHNSI.

[lpaBa ® OOS3aHHOCTH WIECHOB PENAKIMOHHBIX KOJUIETHH HayYHBIX
xypHanoB HAO «TopaiirsipoB yHuBepcutet» «BecTHuk Topaiirsipos
yHuBepcuretay», «Hayka m Texnuka KaszaxcTana» W Hay4qHO-NOMYJISPHOTO
xyprana «Kpaesenenue» onpeneneasl CO CMK 8.12.3-20 YpaBneHne HayqIHO-
M3JaTeIbCKOMN IeATETFHOCTHIO.

IIpaBa u 00132aHHOCTH PeLICH3¢HTOB

PenensenTsl HayuHBIX *KypHaNoB «BecTHuk TopalirblpoB YHUBEPCUTETA,
«Hayxka u Texauka Kazaxcranay, HaydHO-TIOITyJISIpHOTO »kypHana «KpaeseneHuey,
00s13aHbI PYKOBOJICTBOBATHCS MPUHIIMIIOM OOBEKTHBHOCTH.

ITepcoHanbHasi KpUTHKA B ajpec aBTOpa(-OB) PYKOMHUCH HEIOMYyCTHMA.
PCHGHSQHT JOJDKEH apryMEHTHPOBATHL CBOW 3aMCYaHUA U 000CHOBBIBAaTHL CBOE
pelleHe 0 NPUHATHH PYKOIHUCU WU O €€ OTKIIOHEHHH.
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HanmonansHOCTh, peTUIHO3HAs IPUHAUICKHOCTD, TIOTUTHIECKUE FITH HHBIE
B3MUISABI aBTOPA(-0B) HE JOJDKHBI IPUHUMATHCSI BO BHUMAHKE M YUUTHIBATHCS B
TIpoLIecce PEleH3UPOBAHMS PYKOIIHCH PELIEH3EHTOM(-aMHt).

DKcrepTHast OLIEHKA, COCTABICHHAS PELIEH3EHTOM J0JIKHA CIIOCOOCTBOBATh
MIPUHSTHIO PEIICHUS PelaKIiel 0 MyOJNKauN ¥ IOMOTaTh aBTOPY YIydIINTh
PYKOIIHUCB.

PenteHne o MpUHATHN PYKOITICH K ITyOJIMKAINH, BO3BPAICHIE paOOTHI aBTOPY
Ha W3MEHEHHE WIN JopadoTKy, THO0 perieHrne 00 OTKIOHEHUH OT ITyOINKaIiuu
MIPUHUMAETCS PEJIKOJIETHEN ONMPasCh HA Pe3yJIbTaThl PELEH3UPOBAHMSI.

[IpuHUMD cBOeBPeMEHHOCTH peneH3HpoBaHus. PeneHzeHT 00s13aH
MIPEOCTaBUTh PELIEH3HIO B CPOK, ONIPEAEICHHbIN pefakIieil, HO He ro3aHee 2-4
HeJIeIb C MOMEHTA TTOJTydeHHsI PYKOTIMCH Ha perieH3nposanue. Eciin paccMoTpenne
CTaTb1 U MOATOTOBKA PCICH3MH B HA3HAUYCHHBIC CPOKU HEBO3MOXKHbBI, TO pELHCH3CHT
JIOJDKEH He3aMEUTUTEIEHO YBEAOMUTH 00 3TOM HAyYHOTO PEIakTopa.

PenenseHT, KOTOPBIi CIUTACT, YTO €0 KBAIN(HUKAINS HE COOTBETCTBYET JTMO0
HEOOCTAaTOYHA AJI NPUHATHA PCUICHUA TP PELICH3UPOBAHUU Hpe[[OCTaBHeHHOfI
PYKOIINCH JIOJDKEH HE3aMEIUTENIHLHO COOOIINUTH 00 3TOM HAyYHOMY PEIaKToOpy
1 OTKa3aThCs OT PEIEH3UPOBAHUS PYKOIIHCH.

Hpunuun koHGUAEHINATBHOCTH €CO CTOPOHbI peleH3eHTa. Pykonuce,
MIPEIOCTaBIICHHAS PEICH3EHTY Ha PELCH3UPOBAHHUE OJDKHA PACCMaTPUBATHCS
Kak KOH(UICHINAIBHBIH MaTepual. PerieH3eHT uMeeT npaBo IEMOHCTPUPOBATh
e¢ W/Wii 00CY)KIaTh ¢ IPYTUMHE JIMIIAMHU TOJILKO TOCIIE TTOJTyYCHHSI TUCbMEHHOTO
pa3peeHns co CTOPOHbBI HAYYHOTO pe/lakTopa JKypHaJla H/Wi aBTOpa(-0B).

Wudopmanust 1 1en HayqaHO# padoThl, MOJTyYEHHbIE B X0/Ie PELIEH3UPOBAHUS
1 obecrieueHusl MyOJUKAIIMOHHOTO MPOIIEcca, HE TOJIKHBI OBITh MCIIOJIb30BAHBI
peLeH3eHTOM(-aM1) JUISl IOy YEHUsI INYHON BBITOJIBI.

IpuHUMN MOATBepP:KIeHHUS] MCTOYHHMKOB. PEIEH3CHT NOJDKeH yKa3aTh
HaydHble PAOOTBHI, KOTOpPBIE OKa3alnW Obl BIMSHHWE HA MHCCIIEI0BATEIIHCKHE
pe3yJbTaThl PacCMaTPUBAEMON PYKOIMCH, HO He OBbLIM MPUBEICHBI aBTOPOM(-
amn). Taroke pereH3eHT 00s3aH 00paTHTh BHUMaHHE HAyYHOTO pellaKkTopa Ha
3HAYUTEIBHOE CXOJICTBO WJIM COBIAICHNE MEXK/Ty PACCMaTPUBAEMOI PyKOIHCHIO
U paHee oIyOJIMKOBaHHOI paboTOH, 0 KOTOPOM €My M3BECTHO.

Ecnu y pelieH3eHTa MMEIOTCSl JIOCTAaTOYHBIE OCHOBAHUSI I10JIaraTh, YTO
B PYKOIIMCHU COACPXKUTCA ILIaruar, HCKOPPEKTHBIC 3aMMCTBOBAHUA, JIOKHBICH
caOprKoBaHHbIE MaTepHAIIbI WIIN PE3YJIBTAThl HCCIICOBAHUS, TO OH HE JIOJDKEH
JIOITYCTUTH PYKOITUCH K ITyONHUKAIIUN ¥ IPOMH(OPMHUPOBATH HAYIHOTO pelaKTopa
KypHajla O BbBIABJIICHHBIX HAPYHICHUAX IMPUHOWUIIOB, CTaHAAPTOB W HOPM
TyOJIMKAIMOHHOM M HAYYHOM ATHKH.

186



Becmuux Topaiievipos ynusepcumema, 1SSN 2959-068X.
Cepus: Quszura, mamemamura u komnvlomepnuie nayxku. Ne 3, 2024

IIpaBa u 00513aHHOCTH ABTOPOB

[Ty6nukannoHHas 3THKa 0a3upyeTcs Ha COOIIOJCHUH PUHIIUIIOB:

OnmHOKPATHOCTH MyOIHKAIH. ABTOP(-bI) TAPAHTUPYIOT YTO MPEACTABICHHASL
B PEIAKLHUIO PYKOIHCHh CTaThu HE ObLIa IMPEACTAaBICHA JUIsI PACCMOTPEHUS B
apyrue m3gaHus. IlpencTaBieHHEe PyKONMHMCH E€IMHOBPEMEHHO B HECKOJBKHX
KypHaJIaX/M3AaHNASAX HEIPHEMIIEMO U SIBIISICTCSI TPYObIM HapyIIEHHEM IPUHIIUTIOB,
CTaH/JapTOB U HOPM MYOJHMKAIMOHHOM ATHKH.

ABTOpPCTBO pykomucH. JInmo, KoTopoe BHECIO HAMOOIBIIUH
MHTEIUICKTYaIbHBIH BKJIa/l B IOATOTOBKY PYKOIIHCH (TIpHU IBYX M O0JIee COaBTOpax),
SBJISIETCS ABTOPOM-KOPPECTIOHACHTOM M YKa3bIBAETCs IIEPBBIM B CITUCKE aBTOPOB.

Jnst KaXk1ol cTaThy IOJDKEH OBITH HA3HAUEH aBTOP AJISI KOPPECTIOHICHINH,

KOTOPBII OTBEYAET 32 TOATOTOBKY (PMHAIBLHOM BEPCHH CTAThU, KOMMYHHUKAIIUIO C
PEIKOIIIErueld, oJKeH 00eCTeunTh BKITIOYEHHE BCEX YUaCTHHKOB MCCIISIOBAHMUS
(TIpu KOJIMUECTBE aBTOPOB OOJIEE OJJHOTO), BHECIIIMX B HET'O JIOCTATOYHBIN BKJIAJI, B
CIIMCOK aBTOPOB, @ TAKXKE ITOJIYINTh 000pEHNE OKOHYATEIHHON BEPCHUH PYKOTINCH
OT BCEX aBTOPOB JUIS IIPEICTABICHHS B PEAAKIINIO [UIsl IyOnmmKkanuu. Bee aBTopsl,
yKa3aHHbIE B PYKOITHCH/CTAaThe, HECYT OTBETCTBEHHOCTD 3a COJIepKaHHE PaObOThI.
IIpuHUMT OPUTHHATBHOCTH. ABTOP(-bI) TAPAHTUPYET, YTO PE3YJITATHI
HCCIIEIOBaHMUS, M3JI0KECHHBIE B PYKOIIMCH, TIPECTABIIIOT COO0HM OpUTHHATIBHYIO
CaMOCTOSATENILHYIO PaboTy, M HE COJepKaT HEKOPPEKTHBIX 3aMMCTBOBAHUI U
Ijiaruata, KOToOpbl€ MOTYT 6I)ITI) BBISIBJICHBI B IIPOIIECCE.

ABTOpBI HECYT OTBETCTBEHHOCTh 3a IyOJIMKAIIMIO CTAaTe ¢ MpU3HAKaMU
HEITHYHOTO TIOBEJCHUS, IUIaruaTa, caMmoIliaruara, CaMOIIMTHPOBAaHUSA,
¢danscnpukanny, (adpuKauy, HCKAXKEHUS TaHHBIX, JIOKHOTO aBTOPCTBA,
TyOIupoBaHUsl, KOH(DINKTAa HUHTEPECOB M OOMaHa.

I puHIMN NoATBEPKAEHN HCTOYHUKOB. ABTOP(BI) 005I3yeTCs IPaBUITEHO
yKa3bIBaTh HAay4YHbIE W WHbIE MCTOYHWKH, KOTOpHIE OH(M) HMCHOJIB30Bal(HM) B
X0/ie McciefoBaHus. B ciydae MCHONB30BaHUS KAKMX-TMOO 4YacTed 4yKHX
paboT W/MiKM 3aMMCTBOBAaHUS yTBEPXKJCHUH APYroro aBTopa(-0B) B PYKOITHUCH
JIOJDKHBI OBITh YKa3aHbI OMOIHnorpaduIeckrue CChUIKH ¢ YKa3aHHUEeM aBTOpa(-0B)
TIEPBONUCTOYHUKA. I/IH(I)OpMaHI/IH, MOoJIyd€HHasd U3 COMHUTECJIIbHBIX UICTOYHUKOB HE
JIOJDKHA MCIIOJIb30BATHCS PU O(OPMIICHHN PYKOIIHCH.

B ciyuae, ecin y perieH3eHTOB, HayYHOT'O PEIaKTopa, WieHa(-0B) PeIKOJUICTHH
)KypHaJla BOHUKAIOT COMHEHHMS IOJUIMHHOCTH M JIOCTOBEPHOCTH PE3YJIbTaToB
HUCCJIICAOBAHNA, aBTOp(-BI) JOJIKHBI IPEIOCTABUTH JOITOJIHUTEIbHBIE MaTCPHUAJIbL
JUISL IOATBEPIKJICHUS PE3YJIbTATOB MIIH (PAKTOB, TPUBOJIUMBIX B PYKOITUCH.

Hcnpasnenne ommbOOK B mporecce MyOiaMKanuu. B ciaydae BbIsBICHUS
OomMOOK U HETOYHOCTEH B paboTe Ha JII000# cTaIuu MyOIMKAIIMOHHOTO MpoIiecca
aBTOPBI 00SI3YIOTCS] B CPOYHOM MOPSIIKE COOOMINTH 00 TOM HAyYHOMY PEAAKTOPY
1 OKa3aTh MOMOIIb B YCTPAHEHUH WIIM UCTIPABJICHUH OLIMOKY JUTSl MyOIHKALIK
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Ha caiiTe )ypHaa cooTBeTcTBYyIomeH koppekmuu (Erratum wmm Corrigendum) c
KOMMeHTapusMu. B cirydae oOHapy>keHuUsI TpyObIX OIIHOOK, KOTOPBIE HEBO3MOKHO
UCIIPAaBUTbh, aBTOP(-bI) JOIDKEH(-HBI) 0TO3BAaTh PYKOIINCH/CTATHIO.

Hpunoun codmaionenns MyOIMKANUOHHON JTHKH. ABTOPBHI O0OS3aHBI
coOJII01aTh STHYECKHE HOPMBI, CBS3aHHBIC C KPUTHUKON MM 3aMEUAHHSMH B
OTHOIICHHUH HCCIIC/IOBAaHNH, @ TAK)KE B OTHOLICHUH B3aUMOJICHCTBHS C pelakIueit
10 TIOBOAY pEIEH3UpOBaHUS M myOnukamuu. HecoOmroneHne 3THUECKHX
MIPUHIUIIOB aBTOPAMH PACILICHUBACTCSI KAK IPy00€ HapyIICHNE 3THKH ITyOInKanit
U IaCT OCHOBAHUE JUISI CHATHS PYKOITUCHU C PELICH3UPOBAHUS W/WJIH 1Ty OJIMKALINH.

Konguukr nurepecon

Kongnukr uHTepecos, mo omnpeneneHuo Komurera no my0aukanmoHHOM
stuke (COPE), 3T0 KOH()INKTHBIE CUTYaIllH, B KOTOPBIX aBTOPHI, PELICH3EHTHI
WJIN WICHBI PEIKOJUICTUN UMEIOT HESBHBIC MHTEPECHI, CIIOCOOHBIEC TTIOBJIUSTH Ha
UX CYXKJEHHs KacaTeJbHO MyOimkyemoro marepuana. KoHQUIUMKT MHTepecoB
MOSIBIIACTCS, KOT/la MMEIOTCsl (DMHAHCOBBIE, JINYHBIC MM MPO(ECCHOHANBHBIC
YCIIOBHSI, KOTOPBIE MOTYT MOBJIHATH HA HAYYHOE CY>KACHHE PEIICH3CHTA 1 WICHOB
PEAKONIeTHH, M, KaK pe3ylbTaT, Ha pEIICHHE PEIKOJUIETMH OTHOCHTEIbHO
yOJIMKALUK PYKOITHCH.

I'maBHBIN pegakTop, WICH PEAKOIUICTHH M PEIICH3CHTHI IOJDKHBI ONTOBECTUTh
0 MOTEHIIMATBHOM KOH(IINKTE HHTEPECOB, KOTOPBIN MOKET KaK-TO MOBIHMATH HA
pelleHne peaakliMOHHON KoJulernu. UieHbl peKoUIerui T0KHbl 0TKa3aThCsA
OT PAacCCMOTPEHUsI PYKOIIUCH, €CIIH OHH COCTOSIT B KaKUX-TMOO KOHKYPEHTHBIX
OTHOIIICHHSX, CBA3AHHBIX C PE3yJIbTaTaAMH HCCIIEJOBaHMUS aBTOPa(-0B) PyKOIIHCH,
00 eciM CyIIECTBYET MHON KOH(IUKT HHTEPECOB.

I[Mpu mogave pyKOMUCH Ha PACCMOTPEHHE B JKypHAI, aBTOP(-bI) 3asABISIET O
TOM, YTO B COJICPIKaHUHM PYKOITUCH YKa3aHbl BCE MCTOUHUKH (DPMHAHCHPOBAHUS
HCCIIEI0OBAHMS; TAKXKE YKa3bIBAIOT, KAKHE UMEIOTCSI KOMMeEpUecKue, (PUHAHCOBBIC,
JIMYHBIE W TTpodeccHoHalIbHBIE (PaKTOPbI, KOTOPbIE MOTIIN ObI CO3/1aTh KOH(IIUKT
HMHTEPECOB B OTHOIICHUH TMOJAAHHONW Ha PacCMOTPEHHE pyKomucu. ABTOp(bI), B
IICbME NIPU HAUINYUHM KOH(MIMKTA HHTEPECOB, MOTYT YKa3aTh yUeHBIX, KOTOpbIE,
10 MX MHEHUIO, HE CMOT'YT OOBEKTHBHO OLIEHUTH UX PYKOITHCh.

PereH3eHT He TOJDKEH pacCMaTPUBATh PYKOIIHCH, KOTOPBIE MOTYT MOCITY>KUTh
MPUYUHAMU  KOH(IJIMKTa HMHTEPECOB, IPOMCTEKAIONIET0 W3 KOHKYPEHIIUH,
COTPYJIHHYECTBA MJIM JPYrHMX OTHOLICHUI ¢ KeM-JIMOO M3 aBTOPOB, MMEIONINX
OTHOUIEHHE K PYKOIIHCH.

B ciyqae nammuusi KOH(JIMKTA MHTEPECOB C COAEPIKAHUEM PYKOITUCH,
OTBETCTBEHHBIH CEKPETapb JOJDKEH HM3BECTUTH 00 TOM IJIABHOIO PENaKTOpa,
II0CTIe YeT0 PYKOTHCH TIePelaeTCs IPYroOMYy PEIICH3EHTY.

CymecTBoBaHNEe KOH(IMKTA HHTEPECOB MEXy YYaCTHUKAMH B ITpoOIiecce
paccMOTpEHHS U PEIICH3UPOBAHUS HE 3HAUNT, YTO PYKOIUCH OyJeT OTKJIOHEHA.
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Bcem 3amHTEpecoBaHHBIM JIMIIAM HEOOXOJMMO, TO MEpe BO3MOXKHOCTH
n30eraTh BO3SHUKHOBEHHS KOH(IUKTa HHTEPECOB B JIOOBIX BapHalMAX Ha BCEX
sTamax myOnukanuu. B ciaydae BO3HUKHOBEHHS KaKOTO-IHOO KOH(MIMKTA
HUHTEPECOB TOT, KTO OOHApYKWJI TOT KOH(IMKT, TOJDKEH He3aMeIIUTEILHO
OTIOBECTUTh 00 3TOM pemakmmio. To jke caMmoe KacaeTcs IHOOBIX IPYTux
HapyIICHUH IPUHIIAIIOB, CTAHIAPTOB ¥ HOPM ITyOTMKAIITHOHHON 1 HAYIHOM STHKH.

HesruyHoe noseaeHue

HesTH4YHbIM TOBEICHUEM CUUTAIOTCS JCHCTBUSL aBTOPOB, PEAAKTOPOB MM
u3gartens, B Cllydyae CaMOCTOSATEIBHOTO IIPEAOCTaBICHHMS pELEH3UH Ha
COOCTBEHHBIE CTAaThH, B CIIy4ae JOTOBOPHOTO M JIOKHOTO PELEH3MPOBAHUS, B
YCIOBUSIX OOpaIleHHs K areHTCKUM ycIyraMm Uil IMyOJMKanuu pe3yibTaToB
HAYYHOTO HCCIICIOBAHUs, JDKEaBTOPCTBA, (anbcupurkanuu u Gpadpukanuu
pE3y/IbTaTOB HCCIEIOBAHMSA, MyONMKalMs HEJOCTOBEPHBIX IICEB/IO-HAYUHBIX
TEKCTOB, TIepeiadyl PyKOITUCH CTaTeH B ApyrHe n3iaHus 0e3 pa3perieHns aBTOPOB,
nepefayyd MaTepuajioB aBTOPOB TPETHUM JIMIAM, YCJIOBHUSA KOIJa HapYIICHBI
ABTOPCKUE IpaBa U NMPHUHIUIILI KOH(i)I/I)IeHHI/IaJ'HJHOCTI/I PECAAKIIMOHHBIX IMTPOIECCOB,
B CIIy4ae MaHHITYJISIINAHU C IUTHPOBAHHUEM, TIIaTHATOM.
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