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MPUMEHUMOCTbH BBICOKO3®®EKTUBHON TOHKOCJOMHOM
XPOMATOI'PA®UU B KOHTPOJIE KAYECTBA KOMBUHHUPOBAHHBIX
JIEKAPCTBEHHbBIX ®OPM

K.C. Bakyaun', B.B. Cenn', M.A. Oraii’
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Tocyoapcmeennozo meduyunckozo ynusepcumema, Iamuzopck, Poccus

PazpaboTka KOMOMHUPOBAaHHBIX JIEKAPCTBEHHBIX (POPM TpeOyeT HaJeKHOTO aHATUTHYe-
CKOT'0 CONPOBOKICHUS, OCOOCHHO B ClIy4yasx, KOTAa JeHCTBYIOIINE BELIECTBA PAa3IMYarOTCs
M0 XpoMaTorpapuuecKoMy TMOBEICHHIO M YCIOBHSAM AETEKTHPOBaHUs. B 3THUX ycloBusix
BBICOKO?((EKTHBHAsI TOHKOCIOWHAs XpoMaTorpadus NpelrcTaBsieT MHTEpeC KaKk METOI,
IPUMEHHUMBIN IJI1 PyTUHHOTO KOHTPOJIS KadecTBa M MO3BOJLIIOIIUI pelaTh 3a1adyd UACH-
TU(UKAIUU ¥ KOJTUYECTBEHHON OLIEHKM KOMIIOHEHTOB B paMKaxX €JMHON aHATUTHYECKOM
cxeMbl. Ha mpumepe nekapcTBeHHOH (opMbl, coiepkamieii MeTHOpMHHA THAPOXJIOPUA
U TaypHH, IOKa3aHO, YTO METOJ OOeclednBaeT pa3[elicHUE aHAJIUTOB U XapaKTEpU3yeTcs
MpUEeMJIEMBIMH aHAMTHYECKUMHU MapaMerpaMu. [lomydeHHBIE pe3yabTaThl MOATBEPKAAIOT
MPaKTHYECKYI0 MIPUMEHUMOCTh TIOAXO0/a ISl aHaJIu3a MHOTOKOMIIOHEHTHBIX CHCTEM 0e3 ero
YHHUBEpCAIU3ALUH U1 BCEX 00BEKTOB (hapMalleBTHUECKOr0 aHAJIH3a.

BBenenue. AKTyanbHOCTh pPa3pabOTKH M HCCIEIOBAaHUS KOMOMHHPOBAHHBIX JIEKap-
CTBEHHBIX (hOPM JUIsI KOPPEKIMH HAPYIICHUH YIIeBOAHOTO OOMEHa OIpEeneNnsieTcs: BEICOKOH
PacIpoCTPaHEHHOCThIO CaxapHOIo Auadera 2 TUMAa U HEOOXOIUMOCTBIO COBEPIIEHCTBOBA-
HUS Kak (apMaKoTepanuy, Tak ¥ aHATUTHICCKOTO COMPOBOXKACHUS TaKUX mperaparos [1].
[ KOMOMHHMPOBAHHBIX CHCTEM, COJEp)KalllMX BEUIECTBA C Pa3IMYalOUIMMUCH (PHU3HKO-
XUMUAYECKUMH U CIIEKTPaJIbHBIMU CBOMCTBAMH, CYIIECTBEHHOE 3HAUCHHE MMEET BHIOOp Me-
TOJIa, TO3BOJISIOIIETO MPOBOANTE WACHTH(UKAIIMIO U KOJMYECTBEHHOE OIpe/elieHHe KOM-
MIOHEHTOB B paMKaxX €IMHOW aHaJTUTHUYECKOW CXEMBI B COOTBETCTBUU C COBPEMEHHBIMU Tpe-
0OBaHMAMHU K aHAJIUTUYECKUM mpouexypam [2]. JlomosHUTENbHBIE TPYJHOCTH BO3HHKAIOT
B TEX CJIy4asiX, KOrAa KOMIIOHEHThl KOMOMHUPOBAHHOM JIEKAPCTBEHHOH (POPMBI pa3inyaroT-
Csl HE TOJIBKO T10 TIOJISIPHOCTH U XpoMatorpaduyeckoil moJBUKHOCTH, HO U 110 BO3MOXHO-
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CTSIM MHCTPYMEHTAJILHOTO AETEKTHPOBaHUA. B mogoOHBIX cucTeMax NMpHUMEHEHHE SIMHOW
AHATUTUYECKON CXEMBI HEPEAKO OCIIOXKHSIETCS HEOOXOAMMOCTBIO COYETaTh YCIOBHUS pasfe-
JICHUA, I/IZ[eHTI/Iq)I/IKa]_II/II/I M KOJTWYECTBEHHOM OLICHKN BCHICCTB C PAa3/IMYHBIMU aHAJIUTHUYC-
CKUMH CBOHMcCTBaMH. [103TOMY MpPaKkTHUECKUH MHTEPEC MPEACTABISAIOT MOIXOMBI, MO3BOJIS-
IOIME alanTHPOBaTh MPOIENYpPy aHaln3a K OCOOSHHOCTSIM KOHKPETHOTO 00BheKkTa 0e3 m3-
OBITOYHOTO YCIOXHEHHS METOANKHU. B 3TOM oTHOIMEHNN BBICOK03()(PEKTHBHAS TOHKOCIOH-
Hasi XxpoMaTtorpadus MOMKET pacCMaTPUBAThCS KaK OIMH W3 MPUMEHUMBIX HHCTPYMEHTOB
(hapMaIeBTUYEeCKOTO aHaju3a B TeX CIydasx, KOTJa Ba)KHbl HATJISATHOCTH Pa3eNeHus, BO3-
MO>XHOCTh TIapaJICIFHOTO UCCISAOBAHMS 00pa3IoB M THOKOCTH MOI00pa YCIOBUH XpoMa-
torpadupoBanus [3].

Heas. Llenpto paboThl sSBUIACH OLIEHKA MPUMEHUMOCTH BBICOKOA((QEKTHBHOW TOHKO-
CJIOWHOM XpomaTorpaduu B KOHTPOJIC KauecTBa KOMOMHHPOBAHHOM JICKapCTBEHHOU (POPMBI
MIPOJIOHTUPOBAHHOTO NIEHCTBUSA, CoepKaiieid MeThopMIHa THIAPOXIIOPHU U TAYpPHUH.

Matepuanst 4 MeToabl. OOBEKTOM HCCIIEAOBAHMS CIIYKMIa KOMOWHHUpOBAaHHAS JIeKap-
cTBeHHast popma ¢ MeTpopMHHA THAPOXIOPUAOM U TaypuHOM. [Ipu MocTaHOBKE aHAINTH-
YECKOW 3aJa4X YYUTHIBAIH PAa3IHMYUs CBOWCTB HCCIEIyeMBIX KOMIIOHEHTOB, BIHSIOIINE Ha
UX Xpomarorpaduieckoe MOBEICHHE U YCIOBUS JeTeKTHpoBaHus. B pabore ncnonp3oBanu
MOJIX0J, OCHOBaHHBIN Ha XpoMaTorpaduyeckoM pa3elieHHd KOMIIOHEHTOB Ha IIaCTHHAX
BBICOKO3()(EeKTUBHOW TOHKOCJIIOHHOW XpoMarorpaduu ¢ MOCIETYIONeH TeHCHTOMETpHYe-
CKOIl OIIeHKOHM 30H aHanuToB. J{ns BemiecTBa, 00JaJalOMIEr0 OTPaHMYEHHBIMH BO3MOXKHO-
CTSIMU TIPSMOTO CHEKTPO(POTOMETPHUYECKOTO ACTEKTHPOBAHMS, MPUMEHSIN CTAAUI0 MOCT-
XpomaTorpauieckoil nepuBaTh3anud. B Xojae Banmmanuy OIEHWBAIU CIEUU(DUIHOCTD,
JMHEHHOCTh, TOYHOCTD, MPEIU3UOHHOCTD, MPEeT KOJTUIYECTBEHHOTO ONpeesieH s, poOacT-
HOCTb U CTa0MJILHOCTD PacTBOPOB.

Pe3yabTaThl u 00Cy:KAeHHe. Y CTaHOBICHO, YTO MOI0OOpPaHHbIE YCIOBUS 00€CIeYnBalOT
pasmeneHue MeThOpMHUHA THAPOXIOpHIa U TaypuHa co 3HadeHusMu Rf 0,34 u 0,24 coort-
BETCTBEHHO. JTO ITO3BOJIHIIO MIpOBOJAUTHL HE TOJIBKO I/IIICHTI/Iq)I/IKaHI/IIO KOMIIOHCHTOB, HO H
UX MOCIEIYIONIYI0 KOJMYECTBEHHYIO OLIEHKY B COCTaBe KOMOMHUPOBAHHOW JIEKApCTBEHHON
dbopmbl. Metoanka ObuTa BamuaupoBaHa B auamazone 0,03125-0,5 mr/mur; ipenen Koinde-
cTBeHHOro ompeneienus cocrtaswi 0,03125 mr/mn. KoaduiueHt koppenisiud COCTaBUII
0,992 nns merpopmuna u 0,896 ans taypuna. OTkpeiBaeMOCTb cocTaBuia 97,8—105,2% s
Mmetrdopmuna u 86,4-110,5% nnsg taypuHa; mpoMeKyTOUHas NPELM3HMOHHOCTh HE NPEBbI-
maia 5,9% mpu 0,0625 mr/ma u 12,9% mpu 0,03125 mr/min. [lomydeHHbIC 3HAYESHUS aHAIHN-
TUYECKUX XapaKTePUCTUK MO3BOJISIOT pacCMaTpUBaTh MPEIOKEHHBIN MOAX0] KaK MPUTO/-
HBIA I TPAKTUYECKOTO NMPUMEHEHHs MPH aHan3e KOMOMHHPOBAaHHBIX CHCTEM JTAHHOTO
THma. BaXXHBIM NpencTaBisieTcs TO, YTO CHENU(PUIHOCTD M AOCTHUTHYTOE pa3fieiieHHe 30H
CO3JIAIOT OCHOBY JUIsl KOPPEKTHOH WACHTH(HKAIMK KOMIIOHEHTOB, TOT/Ia KaK ITOKa3aTein
JMHEHHOCTH, TOYHOCTU U MPELU3MOHHOCTH MOATBEP)KIAI0T BO3MOXKHOCTh X KOJIMYECTBEH-
HO¥ oreHKH. OIleHKa Tpeea KOJIMIeCTBEHHOTO OIpeaeieH s, poOaCTHOCTH M CTAaOMIIBHO-
CTH PacTBOPOB JOTIOJHUTENFHO XapaKTEpU3yeT METO/] C MO3HIUU €ro BOCIIPOU3BOIUMOCTH
Y YCTOHYMBOCTH MPH BHIMONIHEHUN aHATTUTUIECKOM MpoLeaypsl. B cOBOKyIHOCTH 3TO MOKa-
3BIBAET, YTO BHICOKO3(PPEKTHBHASI TOHKOCIOWHAS XpoMaTorpadus MOXKET HUCIOIb30BaThCS
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HE TOJIBKO KaK WIUIFOCTPAaTUBHBIN croco0 pa3ielieHus, HO U Kak pabouuii HHCTPYMEHT py-
TUHHOTO (hapMaleBTUUECKOTO aHAIN3a IS PELICHUs OTACNIBHBIX 3a/1a4 KOHTPOJIS KauecTBa
KOMOMHHPOBAaHHBIX JIEKAPCTBEHHBIX (HOPM.

COBOKYNHOCTh MOJYYEHHBIX NaHHBIX CBHIETEIbCTBYET O MPHEMIIEMOCTH aHaIUTHYe-
CKUX XapaKTEPUCTHK METOJa Ul PeIICHUS 3a/1a4 KOHTPOJISI KauyecTBa UCCIIEAyeMOil cucTe-
Mbl. [IpakTHdeckuii HHTEpeC NOAX0a ONPENEeNAeTCsI BO3SMOKHOCTBIO OObEAMHEHHS 3TAIIOB
paszeneHus, HACHTU(PHUKALUN 1 KOTUUYECTBEHHON OLIEHKH B PAMKaX €JUHON aHATUTHIECKON
JIOTHKH NIPH paboTe ¢ KOMIIOHEHTaMH, Pa3IMYaOIUMHUCS 110 aHAJTUTHIECKOMY MOBEACHHUIO.
BmMmecte ¢ TeM mosryueHHbIE pe3yJIbTaThl CISAyeT pacCMaTpUBaTh KaKk 0OOCHOBaHUE IIpUMe-
HUMOCTH METOJIa JIJIsl OTIPENIEIEHHOTO KpyTa 3a/1a4, a He KaK OCHOBaHUE PEKOMEHJIOBATh €TO
B KauecTBE YHHBEPCAJIBHOTO PEUICHHUS Ul KOHTPOJS KayecTBa MHOTOKOMIIOHEHTHBIX Jie-
KapCcTBEHHbIX IpenapatoB. Ha paspaboTaHHy0 METOIUKY I10/IaHA 3asBKa Ha BblAAdy IaTEH-
Tta No 2025134300 ot 04.12.2025; pa3BepHyTOE OMUCAHUE METOAWKH, €€ BATHUIAITMOHHBIX
XapaKTePUCTUK U SKCTIEPUMEHTAIbHBIX JaHHBIX TOATOTOBICHO K ITyOJIHKALINH.

3akirouenune. BricokosdeKTHBHAS TOHKOCIOWHAsE XpoMaTorpadgus MOXeT OBbITh HC-
M0JIb30BaHa KaK MPUMEHHUMBIH METOJ KOHTPOJIS KadecTBa KOMOMHUPOBAHHBIX JIEKAPCTBEH-
HBIX (OPM, COEPIKAIIUX KOMIIOHEHTHI C Pa3IMYAIOIIUMUCS aHATUTHYECKIMU CBOMCTBaMH.
Ha npumepe cuctemsl ¢ MeTOpMUHA THIPOXIOPUAOM M TaypHHOM IIOKa3aHO, YTO METOA
o0ecrieunBaeT NpUEeMIIEMble MOKA3aTeNN CIeUUGUIHOCTH, TUHEHHOCTH, TOYHOCTH, MPELH-
3MOHHOCTH, TIpe/ieia KOJIMYECTBEHHOTO OIpeesieHus], poOACTHOCTH U CTaOMIILHOCTH pac-
TBOpOB. [IpakTHyeckas 3HaUMMOCTb MOJXO0Ja COCTOUT B BO3MOYKHOCTH €r0 HCIOJIb30BaHUS
IIPY PELICHUH OTAENbHBIX 3a/1a4 CTAaHJAPTH3aLUU H KOHTPOJIS KauecTBa KOMOMHUPOBAaHHBIX
JIeKapCTBEHHBIX (POpM B pyTHHHOM (apManeBTHUECKOM aHainu3e 0e3 MpeTeH3u Ha YHUBEp-
CaJIbHOCTb.
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APPLICABILITY OF HIGH-PERFORMANCE THIN-LAYER
CHROMATOGRAPHY IN THE QUALITY CONTROL
OF COMBINED DOSAGE FORMS

K.S. Bakulin, V.V. Sepp, M.A. Ogai

Pirogov Russian National Research Medical University, Ministry of Health
of the Russian Federation (Pirogov University), Moscow, Russia, bakulinks@yandex.ru

The development of combined dosage forms requires reliable analytical support, espe-
cially when the active substances differ in chromatographic behavior and detection condi-
tions. In such cases, high-performance thin-layer chromatography (HPTLC) is of interest as
a method applicable to routine quality control and allowing identification and quantitative
assessment of components within a single analytical scheme.

Aim. The aim of the study was to assess the applicability of HPTLC in the quality con-
trol of a prolonged-release combined dosage form containing metformin hydrochloride and
taurine.

Materials and Methods. The study focused on a combined dosage form containing
metformin hydrochloride and taurine. In developing the analytical approach, differences in
the properties of the studied components affecting their chromatographic behavior and de-
tection conditions were taken into account. The method was based on chromatographic sep-
aration on HPTLC plates followed by densitometric evaluation of analyte zones. For the
component with limited possibilities for direct spectrophotometric detection, post-
chromatographic derivatization was applied. Specificity, linearity, accuracy, precision, limit
of quantitation, robustness, and solution stability were evaluated.

Results and Discussion. The selected conditions provided separation of metformin hy-
drochloride and taurine with Rf values of 0.34 and 0.24, respectively. This made it possible
to perform both identification and subsequent quantitative determination of the components
in the combined dosage form. The method was validated in the range of 0.03125-
0.5 mg/mL; the limit of quantitation was 0.03125 mg/mL. The correlation coefficients were
0.992 for metformin and 0.896 for taurine. Recovery was 97.8-105.2% for metformin and
86.4-110.5% for taurine, while intermediate precision did not exceed 5.9% at 0.0625 mg/mL
and 12.9% at 0.03125 mg/mL.

The obtained data indicate acceptable analytical characteristics of the method for quality
control of the studied system. The practical relevance of the approach is associated with
combining separation, identification, and quantitative assessment within a single analytical
logic when working with components that differ in analytical behavior. At the same time,
the results should be regarded as evidence of the applicability of HPTLC for a specific range
of tasks rather than as grounds for recommending it as a universal solution for quality con-
trol of multicomponent dosage forms. A patent application for the developed method
(No. 2025134300, dated 04.12.2025) has been filed. An extended description of the method,
its validation characteristics, and experimental data has been prepared for publication.
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Conclusion. HPTLC may be used as an applicable method for quality control of com-
bined dosage forms containing components with different analytical properties. Using a sys-
tem containing metformin hydrochloride and taurine as an example, the method was shown
to provide acceptable specificity, linearity, accuracy, precision, limit of quantitation, robust-
ness, and solution stability. The practical significance of the approach lies in its use for se-
lected tasks of standardization and quality control of combined dosage forms in routine
pharmaceutical analysis without any claim of universality.
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XAPAKTEPUCTHKA BAKTEPHAJIBHOT'O PASHOOBPA3US COOBLIECTB
BOJHOMU TOJIIIA U JOHHBIX OCAAKOB ABAYUNHCKOMU BYXTbI

E.A. Borarsipenko, A.B. Kum, T.W. Aynkaii

Janvnesocmounstii pedepanvuutii ynueepcumem, Brnaousocmok, Poccus,
rectorat@dvfu.ru

Bnepsrie OblTa gaHa XapakTEpHUCTHKA OaKTepHUaILHOTO pa3HOOOpas3us cOOOIMEeCTB BO-
HOW TOJITIIM U JIOHHBIX 0CaIKOB ABAaYMHCKOUN OYXTHI.

Muxkpoopranu3mMbl — HEOTHEMJIEMBIM KOMIIOHEHT MOPCKHX BSKOCHUCTEM, HIPAOIIMI
KIIIOUEBYIO POJh B OHMOTCOXMMUYECKUX IUKIAX, ACCTPYKIUHA OPTaHUYECKOTO BEIIECTBA
u camoouuiieHny Boja. COCTaB U CTPYKTYpa MUKPOOHBIX COOOIIECTB OMPEEISIFOT YCTOWYH-
BOCTH aKBaTOPHUH K IPUPOTHBIM M aHTPOIIOTEHHBIM BO3ICHCTBHUM.

IIpubpexxHbiec aKBATOPWUHU, B TOM uHcie ABaduMHCKas OyXTa, UCIBITHIBAIOT 3HAYUTEIH-
HYI0 aHTPOIIOTEHHYI) HArpy3Ky, YTO MPUBOJUT K M3MECHEHHUIO CTPYKTYpPhl MHKPOOHBIX CO-
00IIeCTB, MOSBICHUIO HETUITHYHBIX TAKCOHOB M POCTY YHUCIEHHOCTH MHUKPOOPTaHU3MOB —
WHAWKATOPOB 3arpsS3HEHUS.

MukpoOHBIe COO0IIECTBA BOBI U JOHHBIX OTJIOKECHUN OTJIMYAIOTCS IO CBOEMY COCTaBy,
CTPYKType U (yHKIIMOHAIBHON POJHM U aHAJN3 MUKPOOHOTO pa3HOOOpa3us 3THX Cpel Mo3-
BOJIACT TIIyO’Ke MOHSTH 9KOJOTHYECKOEe COCTOSIHIE aKBATOPHH M BBISIBUTH BO3MOJKHBIC TIPH-
3HAKW HapyuieHus e€ GpyHKronupoBanus [1].

B cBsi3u ¢ uem, 1enpr0 NaHHOW PabOTHI SIBJISACTCS XapaKTEPUCTHKA OaKTEPHATBHBIX CO-
00II1ecTB BOAHOH TOJIIHU U JJOHHBIX OTJIOXKEHUH ABaYMHCKOH OyXTHI.
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Marepuanom it paboThl MOCTYXWIH TPOOBI BOABI U JOHHBIX OCAaJKOB ABauWHCKON
OyxThI, coOpaHHBIC B X0/¢ dKcrenuiuit “TuxookeaHCKuil mIaBy4dnii yauBepcuter” WHCTH-
tyta MupoBoro okeana (Illkomsr) JlambHeBocTOUHOTO (hemepansbHOIO YHHUBEPCHUTETa Ha
HUC “IIpodeccop MynbranoBckuii” B 2024 romy.

Cymmapnyto JIHK Beigensmu ¢ momoinbio kommepaeckoro Habopa «HK copOent Base»
(JIutrex, Poccus) cormacuo nmpoTtokony. Ammmdukaruto JJHK matpumer n3 06pasmnos mpo-
BonwIM ¢ ucnonb3oBaHueM npaiimepoB 341F (5'- CCTAYGGGRBGCASCAG-3) u 806R
(5'-GGACTACNVGGGTWTCTAAT-3’), cogepkammx agantTepHble MOCIeI0BATEIEHOCTH
(Illumina) cnetuduanabx a1 odmactu V3-V4 rera 16S pPHK. CexBennpoBanmie IpoBoOIu-
nu Ha cekBeHaTope HiSeq «Illumina» (CLLA).

PesynbTarhl mokaszanu, 4TO Ha BCEX PACCMOTPEHHBIX TAKCOHOMHYECKHUX YPOBHSIX OakTte-
puanbHOE pa3zHooOpaszwe OBLIO BBHINIC B JOHHBIX OTIIOKCHHUAX, YeM B oOpasiax BOIbL
B BogHO# TONIIE OCHOBY CcOOOIIECTBAa COCTaBIsIM (uiIyMbl Actinomycetota
un Pseudomonadota, knaccel Actinobacteria u Alphaproteobacteria. B moHHBIX ocankax
momuHupoBaidu QrmryMel Actinomycetota, Pseudomonadota, Thermodesulfobacteriota
n Campylobacterota, wmacce Acidimicrobiia, Gammaproteobacteria, Bacili mu
Campylobacteria.

BrimonmHeHHOE HCCIIeI0BaHUE TTO3BOJWIO OXapaKTePU30BaTh TAKCOHOMHUYECKOE Pa3HO-
obpasue OaxTepuii ABaUMHCKON OyXTHl. B mepcrieKTHBE TOTyYeHHBIE JaHHBIE MOTYT OBITh
WCIIOJIb30BAHBI JUTS OIICHKH BIHMSIHUSI aDMOTHYECKUX U aHTPONIOTCHHBIX (JAKTOPOB Ha CTPYK-
TypY MHKPOOHBIX COOOLIECTB.

Pabora BEIMONHEHA TIpH TOAAEp)KKe MUHUCTEpCTBAa HAyKH M BBICIIETO OOpa3OBaHHS
Poccuiickoit ®enepannu, npoekT Ne FZNS-2024-0037 «KoMIiekCHBIH SKOTOTUISCKUN MO-
HUTOPWHT NPUOPEKHBIX MOPCKUX M HA3€MHBIX 3KocucTeM KamuaTkny.
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BUOI'PAD®USA

A, Kum Anexkcannpa BsuecnaBoBHa pa®otaio B 0071aCTH MUKPOOHOJIOTHH, SKOJOTHU
Y MOJICKYJISIPHOW T€HETHKH, CHEHUAIN3UPYIOCh HA N3yYE€HUH MHKPOOPTaHMU3MOB B pa3jiny-
HBIX JKOJOTMYECKHX cuUcTeMax. PaboTaro moreHToM B [lambHEBOCTOYHOM (QelepatbHOM
yHUBepcutete, I. BraguBocrok. CnenuanucT Mo HanpaBiIeHHUIO MOATOTOBKHM buomoruue-
ckue Hayku (Mukpobuonorust u Okosnorus). O0macT MOMX HAyYHBIX HHTEPECOB BKIIOYAET
CHCTEMAaTUKy, (GU3UOIOTHIO, LUTOJIIOTHUI0 U KOJIOTHI0 MUKPOOPTaHM3MOB, MOJEKYJIIPHYIO
TeHETHKY, OMOTEXHOJIOTHIO, a TaKkKe paboTa co CTyIeHTaMH U a0UTYpHEHTAMHU.
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CHARACTERISTICS OF BACTERIAL DIVERSITY OF COMMUNITIES
IN THE WATER COLUMN AND BOTTOM SEDIMENTS OF AVACHI BAY

E.A. Bogatyrenko, A.V. Kim, T.I. Dunkai

Far Eastern Federal University, Vladivostok, Russia, rectorat@dvfu.ru

For the first time, a characterization of the bacterial diversity of the water column and
bottom sediment communities of Avacha Bay was performed.

Coastal waters, including Avacha Bay, experience significant anthropogenic pressure,
which leads to changes in the structure of microbial communities, the appearance of atypical
taxa, and an increase in the abundance of microorganisms — indicators of pollution. Micro-
bial communities of water and bottom sediments differ in their composition, structure, and
functional role, and analysis of the microbial diversity of these environments allows a deep-
er understanding of the ecological state of the water body and the identification of possible
signs of its dysfunction [1].

Therefore, the aim of this work is to characterize the bacterial communities of the water
column and bottom sediments of Avacha Bay.

The material for the work consisted of water and bottom sediment samples from Avacha
Bay collected during the expeditions of the "Pacific Floating University" of the Institute of
the World Ocean (School) of the Far Eastern Federal University aboard the research vessel
"Professor Multanovsky" in 2024. Total DNA was extracted using the commercial kit "NK
sorbent Base" (Litekh, Russia) according to the protocol. DNA amplification from the sam-
ples was performed using primers 341F and 806R containing adapter sequences (Illumina)
specific to the V3-V4 region of the 16S rRNA gene. Sequencing was carried out on an Illu-
mina HiSeq sequencer (USA).

The results showed that at all taxonomic levels considered, bacterial diversity was high-
er in bottom sediments than in water samples.

This study has allowed us to characterize the taxonomic diversity of bacteria in Avacha
Bay. In the future, these data can be used to assess the influence of abiotic and anthropogen-
ic factors on the structure of microbial communities.

This work was supported by the Ministry of Science and Higher Education of the Rus-
sian Federation, project No FZNS-2024-0037 "Integrated ecological monitoring of coastal
marine and terrestrial ecosystems of Kamchatka."
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HA®TOXHUHOHbBI U UX JEPUBATHBI B IIOA3EMHBIX 1 HAJASEMHBIX
OPI'AHAX ECHIUM VULGARE (L.)

A.B. Boraauos, /I.C. Kpyriaos, B.B. Beainuko, H.E. Kum, H.O. Kum

DI'bOY BO Hoseocubupckuii 20cyoapcmeenblil MeOUUUHCKUIL YHUGEPCUMEm
Munucmepcmea 30pasooxpanenus P®, Hosocubupck, Poccus, Natalykim@mail.ru

UccnenoBanbl kopHu U TpaBa Echium vulgare (L.) Ha copepkaHue IHUKOHUHA U UX -
puBaroB. s M3ydyeHHs] KOMIIOHEHTHOTO M KOJIMYECTBEHHOTO COCTaBa CHIPbS METOAOM
CHEKTPO(OTOMETPUHU HCIOIH30BATM CyMMapHBIE W3BJICYEHHUS. YCTaHOBWIH, YTO HAA3EM-
HBIE OpraHbl MOTYT PacCMaTpPUBATHCS KaK UCTOUHHUK (PapMaKOJIOTHYECKH aKTUBHBIX OHOTe-
HETUYECKUX MPEILICCTBEHHUKOB IINKOHNHA, a M0I3¢MHbIE — KaK HCTOYHHMK HIMKOHHHA.

AKTyaJbHOCTh. HaTOXMHOHBI MPEJACTaBIAIOT COO00W OOIIUPHYIO T'PYIITY MPUPOJI-
HBIX (DEHOJIBHBIX COCIMHEHUH, CONEPIKANIUX XUHOUTHOE SAPO CPedu KOTOPHIX BBIICIIS-
eTCS IIMKOHWH, SBISIIONIHACIHCS XEMOMapKepoOM pacTeHUU ceMmelicTBa OypadyHUKOBBIX
(Boraginaceae). OTu coelMHEHUs] B PACTHTEIILHOM OPTaHU3ME JIOKAIU3YIOTCS MPEHMYIIE-
CTBEHHO B MEPHUICPME KOPHEH 1 y4aCTBYIOT B aHTUMHUKPOOHOH U aJIJIeNIONMAaTHYECKON 3allu-
te [1]. ukonun (5,8-muruapokcu-2-[(1R)-1-ruapokcu-4-mernnment-3-eann|-1,4-Hadro-
XMHOH) OTHOCHUTCS K HPOM3BOJIHBIM 1,4-HATOXMHOHA M CYIIECTBYET B BHUJC SHAHTHOMEP-
HOW Maphl ¢ ATKAHUHOM. DTH COCIMHEHUS 00JIaJal0T NIMPOKUM CIIEKTPOM (hapMaKOJIOrHye-
CKOH aKTHBHOCTH, BKJIFOYasi MPOTHBOBOCHAINTENBHOE, aHTHOAKTepHaIbHOE, IPOTHBOTPHO-
KOBOE, ITATOTOKCUYIECKOE B aHTUTIpoNnepaTUBHOE nericTre [2].

brocuHTe3 IMMKOHMHA OOBEIUHSICT IMMKUMATHBINA ((EHOJIMPOIAHOUIHBIN) U MEBaJIO-
HAHTHBIN (OJMH M3 JIBYX M3OMPEHOUAHBIX) MyTH MeTabonusma. [IpenniecTBeHHUKaMu MO-
JIEKYJBI CITy>KaT n-THAPOKCUOCH30iHAS KUCIIOTa, 0Opasyromascs u3 GeHmIaJaHnHa | Tepa-
nunaudocdara (GPP), cunTesmpyemblii mo MeBasioHaTHOMY IyTH. KimroueBoW cramgueit
CUMTAETCS PEaKIUs NPCHWIUPOBAHUS A-THIPOKCUOCH30MHOW KHUCIOTHI ¢ 00pa3oBaHHEM
M-TE€PaHWUI-N-TUAPOKCUOEH30MHON KHUCIOTHI C JANbHEHIIIeH IUKIN3aueil 1 THIPOKCHUITHPO-
BaHMEM TPUBOIAINIMMH K OOpa30BaHWIO IETHAPOIIMKOHWHA W 3aTeM IMUKOHWHa [3].
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s pactenuii cemeiictBa Boraginaceae xapakTepHa BbIpaK€HHAsI TKAHEBask CHICLUATN3ALIHS
OmocuHTE3a MIMKOHWHA. PaHHWE cragum IyTH, BKIIO4Yas oOpa3oBaHHE apOMaTHYECKHX
MPEIIIeCTBEHHUKOB U MPEHMINPOBAHHBIX HHTEPMEINATOB, MOTYT IIPOTEKaTh B Ha/I3€MHBIX
¢dorocuHTe3upytomux opranax. OQHaKO B JHUCThIX OMOCHMHTE3 OOBIYHO OTpPaHUYMBACTCS
o0pa3oBaHHEM NETHIIPO- WIH JEOKCUIIMKOHUHOBBIX MPOMEXKYTOYHBIX COSAMHEHWH, 00ia-
JTAFOIIUX CYIECTBEHHO MEHBINECH OKPAacKOW M MEHEE BRIPAKCHHOW OMOJOTHYECCKOW aKTHB-
HOCThl0. DUHANBHBIE CTaAMM MPEBPAIICHUS B IOJHOCTBIO OKHUCJIEHHbBIE NPOU3BOJHBIC
IIMKOHWHA PEAM3YIOTCS MPEUMYIIIECTBEHHO B KOPHSX, TJIE SKCIIPECCUPYIOTCS crienudude-
CKH€ OKCHIIOPEAyKTa3bl M THAPOKCHIIA3HI, OTCYTCTBYIOIINE JIMOO CI1ado TMpeacTaBICHHBIC
B TUCTHAX [3]. BeposiTHO, MPOCTpAaHCTBEHHOE pa3jielieHue CTaauil OMOCHHTE3a BBIMOIHICT
3alIUTHYIO (PYHKLHUIO, OTPAHUYMBAsI HAKOIUICHHE BBICOKOPEAKIIMOHHOCIIOCOOHBIX IIUTOTOK-
CHUYHBIX HA(TOXHHOHOB B ()OTOCHHTE3UPYIOIINX TKAHAX M 00ecIeYrnBas NX ACTIOHHPOBAHHE
MPEUMYILECTBEHHO B TIEpUAepMe KOpHEH.

B otoii cBa3u E. vulgare (L.) mpeacraBiseT MWUPOKO paclpoCTpaHEHHBIN Ha TEPPUTO-
pun Poccuu nBynetHuit Buj cemelictBa Boraginaceae, mepcrieKTHBHOCTh U3yUeHUS KOTOPO-
ro, KaKk BO3MOXXHOTO JICKapCTBEHHOTO pacTeHMs, OblIa mokazana panee [4]. HecmoTps Ha
HIMPOKOE PACIPOCTPAHEHUE U HAIWYHE CBEJCHUH O COAEpKaHNH (ECHOIBHBIX COeITUHCHUH,
MUPPOIU3UANHOBBIX — alKaJIOWAOB K MHKPOIJIEMEHTOB, HA(PTOXHMHOHOBBEIM KOMILIEKC
HAJI3eMHBIX OPTaHOB CHHIKAa OOBIKHOBEHHOT'O M3y4eH HenocTtarodHo. [Ipw 3TOM mHKOHUH,
BBISIBJICHHBI B KOPHSIX CHHSKA OOBIKHOBEHHOTO [5], MO3BOJSET MpenojiaraTh HaTUJHCE
y E. vulgare (L.) aHalOTHYHBIX MEXaHU3MOB OMOCHHTE3a IIMKOHWHA B LIEJIOM M TEpCIeK-
TUBHOCTh BCEX OPraHOB JaHHOTO PAacTEHHUS KaK MOTCHIIMAIBHOTO MCTOYHHKA HA(PTOXHHO-
HOBBIX COEJIMHEHUM.

Heanb padoTsel. Vccienoanre MMKOHNHA U €70 I€PUBATOB B HAJ3EMHBIX U MOA3EMHBIX
opranax E. vulgare (L.)

Matepuajbl U MeToabl. B KauecTBe 00BEKTOB HCCIENOBAaHMS OBUIM HCIIOIB30BaHBI
KopHU U TpaBa E. vulgare (L.), 3arotoBnenusie setoMm 2025 r. Ha Teppuropun HoBocubup-
ckoii obnactu (54°77" c.mr., 83°23' B.a.). [locne 3aroToBKM MPOBOIMIM NMEPBUYHYIO 00pa-
OOTKY CBHIpBS: HaJ3€MHBIE OPTaHBl OYHUINAIH OT IOBPEKICHHBIX YacTei, a KOpHHU OBICTPO
MIPOMBIBAJIM B MPOTOYHOM BoJIe, OOCYIIMBANN U pa3pe3aiy Ha KyCKH JJIMHOU 2-3 cM (yacTu
KopHeit 6onee 1 cM B Auamerpe paspes3aiu Baouib). Celpbe TOBOAMIH 10 BO3IYIIHO-CYXOTO
COCTOSIHHSI ITPH KOMHATHOW TeMIIepaType B TOMEIICHHH.

g uccrenoBaHus MOTyYallyd U3BJIEUEHHUS C UCMOIB30BAaHUEM B KadeCTBE dKCTpareHTa
70% sTanon. B konOy moMemany HaBecKy ChIpbS U JOOABISUITM 3KCTPAreHT B COOTHOILICHUN
1:50, mociie yero kosi0y, CHaO)KEHHYIO O0paTHBIM XOJOIMIEHUKOM, BbiAepkuBaiu 30 Mu-
HYT Ha KHTIAIed BogsHou O6ane. [locne oxmaxkaeHns n3siedenns GpuabTpoBau U GUiIbTpa-
THI criekTpodoTOMeTprpoBaiy. i U3yueHUs] KOMIIOHEHTHOTO U KOJIMYECTBEHHOTO COCTaBa
CBIPbS. METOJIOM CIIEKTPO(QOTOMETPHH HCIIOJIB30BATH CYyMMapHble H3BiedeHHUs. CHEeKTphI
TIOTJIONICHUST OTpenesuid Ha cruekrpodoromerpe CD-56 B amamazone BoiaH oT 350 mo
600 HM (XapaKTEpHBIN AMAMA30H ONTHYECKOW aKTUBHOCTH ITWKOHWHA U €T0 TPOU3BOIHBIX
1 OMOTCHETHYECKHX MPEIIICCTBEHHUKOB).

PesyabTaTthl. 3aduKcHpOBaHHbIE CIIEKTPHI IPUBEICHBI HA puC 1.
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Puc. 1. CrieKTphI IOTIIOMIEHNS U3BIICUCHUS U3 TPABHI (3€JICHAs JINHI) U KOPHE (KpacHasl JIIHIS)

Crnektp B auanaszoHe 350-600 HM moka3an HaJaM4Me MaKCUMyMOB IOTJIOIIEHUS JUIS U3-
BIIeUCHHS 13 TPaBwl B o0actu 420-430 HM u 460 HM, a 11 U3BICUCHUS U3 KOpHS 485-495
u 520 uM. IlooOHBIE CTIEKTPBI XapaKTepHB! Il MKUKOHUHA (495 u 520 M [6]) 1 repanui-
ruapoxuHona 420460 um [7]. Takum o0pa3oM, B TpaBe BEPOSATHEE BCETO COJIEPIKATCS OHO-
TeHEeTHUYECKHE MPEIIIeCTBCHHUKH MUKOHUHA. [lpu 3TOM B HaA3eMHBIX OpraHax HpeuMy-
IIECTBEHHO HAKaIUIMBAIOTCS MEHEE OKHCICHHbBIE IPOM3BOAHbIC HAQTOXMHOHOBOTO psila,
BKJIIOYasl IETHAPO- U JCOKCUIIPOU3BOAHBIE, 00JaIal0Ile CYIIECTBEHHO MEHbLICH peaKiu-
OHHOW CIIOCOOHOCTBIO M LUTOTOKCHMYHOCTBIO. Ilo3mHue cragum OMOCHHTE3a, CBSI3aHHBIC
C TUAPOKCUIMPOBAHHEM U 00pa30BaHMEM HIMKOHWHA JIOKAIN30BaHbl B TKaHIX KOPHS, Ie
IKCIIPECCUPYIOTCS crieruduueckue okcuaopenykrassl 1 CYP450-3aBucumbie GepMeHTHI,
obecnieunBaronre GopMHUpOBaHHE OKOHYATEIbHON HAPTOXUHOHOBOM CTPYKTYpHI [3].

3akawuenne. Takum oOpazom, Echium vulgare L. xapakTepusyercs BbIpaXxeHHOH Op-
raHocenn(pUIHOCTHI0 XMMUYECKOTO cocTaBa. Hai3eMHbIe opranbsl MOTYT pacCcMaTpHUBAThCS
KaKk MCTOYHHMK (apMakoJOTMYeCKH aKTUBHBIX OWOTCHETHUYECKHX MPeIIECTBEHHHKOB
IIMKOHHHA, 8 TIOA3EMHBIC — KaK HICTOUYHHMK IITUKOHUHA.
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BUOTI'PAD®USA

S Kum Haranesa EM-EpoBHa, kanaugat xumudeckux Hayk ¢ 1996 roga, uMmero yueHoe
3BaHHUE — JOIICHT, paboTaro JA0IEeHTOM Ha Kadeape dapmaneBTuaeckoir xumuu OI'EOY BO
HoBocuOupcKkoro rocy1apcTBEHHOTO MEIUIIMHCKOTO yHHBepcuTeTa Mun3apasa PO. Pabo-
Tal0 B O0JIACTH XMMHH, MPETOJIa0 OOy U HEOPraHUYECKYIO0 XUMUIO, OPTaHUYECKYIO XU-
Muto. O0IacTh HAyYHBIX HHTEPECOB — U3yUEHUE JIEKAPCTBEHHBIX TPaB, pa3paboTKa aHAIH-
THUYECKUX METOJUK.

NAPHTHOQUINONES AND THEIR DERIVATIVES IN UNDERGROUND
AND ABOVEGROUND ORGANS OF ECHIUM VULGARE (L.)

A.V. Bogdanov, D.S. Kruglov, V.V. Velichko, N.E. Kim, N.O. Kim
FSBEI HE NSMU MOH, Novosibirsk, Russia, natalykim@mail.ru

We investigated the roots and herb of Echium vulgare (L.) to determine the content of
shikonin and its derivatives. The study utilized total extracts to analyze the component and
quantitative composition of the raw materials via spectrophotometry. The results show that
aboveground organs serve as a source of pharmacologically active biogenetic precursors of
shikonin, while underground organs provide shikonin itself.
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Relevance. Naphthoquinones are phenolic Boraginaceae chemomarkers, mainly shikon-
in and its enantiomer alkannin. Localized in the root periderm, they drive antimicrobial and
allelopathic defense, showing strong anti-inflammatory, cytotoxic, and antiproliferative ef-
fects. Shikonin biosynthesis combines shikimate and mevalonate pathways via p-
hydroxybenzoic acid and GPP precursors. Key prenylation, cyclization, and hydroxylation
yield dehydroshikonin and shikonin. Boraginaceae exhibit strict tissue specialization:
aboveground organs produce less active dehydro- or deoxyshikonin intermediates, while
roots drive final conversion via specific oxidoreductases and hydroxylases. This spatial sep-
aration protects photosynthetic tissues from cytotoxic naphthoquinones. E. vulgare (L.) is a
widespread Russian biennial with proven medicinal potential. While data exists on its phe-
nolics and alkaloids, researchers have neglected its aboveground naphthoquinone complex.
However, shikonin presence in E. vulgare roots suggests typical biosynthesis and highlights
all organs as prospective naphthoquinone sources.

Aim of the study. Shikonin and Its Derivatives in Aboveground and Underground Or-
gans of E. vulgare (L.) investigation

Material and methods. We used the roots and herb of E. vulgare (L.), collected during
the summer of 2025 in the Novosibirsk region (54°77' N, 83°23" E). We determined the
component and quantitative composition of the raw materials by spectrophotometry using
the total extracts obtained with 70 % ethanol. We recorded the absorption spectra on an SF-
56 spectrophotometer in the wavelength range from 350 to 600 nm (the characteristic range
of optical activity for shikonin, its derivatives, and biogenetic precursors).

Results of the study. The spectrum in the 350-600 nm range showed absorption maxi-
ma for the herb extract at 420-430 nm and 460 nm, and for the root extract at 485-495 nm
and 520 nm. Shikonin (495 and 520 nm) and geranylhydroquinone (420—460 nm) typically
exhibit such spectra. Thus, the herb most likely contains biogenetic precursors of shikonin.
At the same time, the aboveground organs predominantly accumulate less oxidized deriva-
tives of the naphthoquinone series, including dehydro- and deoxy-derivatives, which possess
significantly lower reactivity and cytotoxicity. The root tissues localize the late stages of
biosynthesis associated with hydroxylation and shikonin formation; here, specific oxidore-
ductases and CYP450-dependent enzymes express themselves to ensure the formation of the
final naphthoquinone structure.

Conclusions. Thus, Echium vulgare L. features a distinct organ-specificity of its chemi-
cal composition. Aboveground organs serve as a source of pharmacologically active bioge-
netic precursors of shikonin, while underground organs provide shikonin itself.
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JIEYEHUE JETCKOI'O PAKA CEI'OJHS: IPOTOKOJIbBHASA TEPAIINS,
MOJIEKYJIAPHBIE TEXHOJIOI'MA U HOBBIE METO/IbI IEHEHUS

B.I'. Kum

DI'BY «HMHUI] demckoit zemamonozuu, ONKOI0ZUU U UMMYHOI0ZUU
um. /Imumpusn Pozaueea» Munzopasa Poccuu, Mockea, Poccus,
valeriya.kim@dgoi.ru

CoBpeMeHHOE JIeUeHHE OHKOJIOTMYECKUX 3a00JIeBaHMH OCHOBAaHO Ha IIPOTOKOJAX,
c(hOpMHUPOBAaHHBIX B MEXIYHAPOIHBIX PAHIOMU3HPOBAHHBIX KIIMHUYECKUX HCCIIEIOBAHUAX.
Ha npumepe caMbIX pacipoCTpaHEHHBIX OHK03a00JI€BaHUH y neTeii: octporo auMpoonacT-
HOT'O JIeliK03a, HeHpoOIacToMbl U MeLyJUI00IacTOMBI IIOKAa3aHO Pa3BUTHE IOAXOIOB K Jie-
YEHHUIO OT XUMHOTEPAIUU, XUPYPTUU U JTy4eBOW TepamuH K MOJIEKYJISIPHOW JHarHOCTHKE,
TapreTHBIM NpenapaTtaM U UMMYHOTEPAIUH.

BBenelme. I[eTCKaH OHKOJIOTHA 3a IMOCIICAHUE NECATHUIICTHA ITpoLLia IIYTh OT OMIIMPHU-
YECKOIo MpPUMCHCHHSA OTACIBbHBIX ITPOTHBOOITYXOJIEBBIX IIpE€MapaTOB K IIPOTOKOJIBHOMY,
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PHUCK-aAaNTHPOBAaHHOMY M OMOJIOrHYeCKH OOOCHOBaHHOMY JieueHuto. COBpEeMEHHOE Jieue-
HUE peOeHKa C OMYXOJBbI0 CTPOUTCS HE TOJIBKO Ha MOP(OIOTHIECKOM IHarHo3e, HO W Ha
cTaguu 3a00JeBaHus, TPYIIe PUCKA, MOJEKYJISAPHBIX XapaKTePUCTHKAX OITyXOJIH, OTBETE Ha
TEpaInuIo U BEPOSITHOCTH MO3HUX OCIIOKHEHUI. BakHelIIyto poiib B 3TOM MpOrpecce ChIr-
paJii KOOTIEpaTUBHBIE W PaHIOMH3UPOBAHHBIE KIMHUYECKHE WCCIEOBaHUs. MIMEHHO OHH
MO3BOJIMIIA OTIPEJIENINTh, Kakhe KOMOWHAIIMU TPEnaparoB, IO3bI, JTAlbl U IIUTENHHOCTD
JICYEHUS NEHCTBUTEIBHO YIyYIIAIOT BBDKMBaeMOCThb. [103TOMy coBpeMeHHas neTckas OH-
KOJIOTHS — 3TO HE TOJBKO KIMHHYECKAs CIEIMATbHOCTh, HO M BHICOKOTEXHOJIOTUYHAS HAYY-
Has 00JacTh, TECHO CBSI3aHHAS C MOJICKYJIIPHOH OHOJIOTHEH, TeHETHKOW, MMMYHOJIOTHEH,
KJICTOUYHBIMH TEXHOJIOTHSIMH U OnomH(popMmarukoii. Llenpio paboThl sBiIsieTcsl OKa3aTh Ha
npumepe octporo JauMdoobracTHoro setikoza (OJIJI), HelipobmacToMbl U MeAyII00IaCcTO-
MBI, KaK pPa3BUBAETCsl COBPEMEHHOE JIeUeHHe IETCKOTO paKa.

Metoabl U matepuaibl. [IpoBeaeH 0030p HaydHBIX MyOJUKAIMK, MOCBSAIICHHBIX CO-
BpeMeHHOMY Jedenuto OJIJI, HeHpoOIacTOMBI BBICOKOTO PUCKA, MOJIEKYJSIPHOW AMAarHo-
CTHKE ¥ MPEIM3UOHHON MEIUIIMHE B IETCKOW OHKOJIOTHH.

Octpsiit muMpoOmacTHEIH Jeiko3 (OJLJ]) sBiseTcs OqHUM W3 TIABHBIX IPUMEPOB yCIIe-
xa geTckoii onkojoruu. B 1960-e roasl BepkuBaeMocTh aeteii ¢ OJIJI Oonuta menee 10%,
TOrAa Kak cerogHs oHa mpubmmwkaerca Kk 90% [1]. DToT mporpecc ObUT TOCTUTHYT HE 3a
CYeT OJHOTO Tpemnapara, a Oiarogaps AECATHICTUSIM KIMHUYECKHX HCCIeI0BaHHUHA, B KOTO-
PBIX IIOCIEA0BATENIEHO COBEPIICHCTBOBAIUCH CXEMBI IMOIMXUMHOTEPANUH, MOAAePKUBAIO-
1Iee JieueHNe U CTpaTU(QHUKALIUS PUCKA.

Cospemennoe nedenne OJIJI BKIrO9aeT HECKOIBKO ATAOB: HHAYKIIHIO PEMUCCUH, KOH-
COJIMIAINIO, HHTEHCU(DUKALNIO, TPOQUITaKTHKY HEeHWposieiiKo3a U UIUTENBHYIO MOIePKU-
BaloIyl0 Tepanuio. Ha pasHBIX 3Tamax NMpPUMEHSAIOTCA TIIOKOKOPTUKOCTEPOHbI, BUHKPH-
CTHH, acmaparvHasa, aHTPaluKINHBI, METOTPEKCAT, MEPKANTOMYPUH U JpyTHe Mperaparhl.
BaxxHo momgdepkHyTh, uTO0 XmMmuoTepanus npu OJIJI ceromHs — 3TO HE MPOCTO «CTApPHIi»
METOJI JIEYeHHUs], & pe3yIbTaT MHOTOJIETHEH Hay4dHOH onTUMH3auy. [IpoTOKOIBI MO3BOIUIN
OTIPENIeNINTh, KOMY HEOOXOIUMO yCUIICHUE TEPAIUH, a y KaKUX MalMeHTOB MOYKHO CHHKATb
o3y mpenaparoB 0e3 morepu ddhdextuBHOCTH. Kpome Toro, neuenne OJIJI Bce Oomnpire 3a-
BUCHT OT MOJICKYJISIPHBIX XapaKTepUCTHUK JIelikeMuueckux KieTok. Hampumep, npu Ph-like
OJUI monexkyJnspHBIA aHAIM3 MOET BBISBISITH HAPYLICHHS, aKTUBUPYIOIIUEC KUHA3HBIC
CUTHAJIbHBIE ITyTH, YTO OTKPBIBAE€T BO3MOXKHOCTh TIOJ00pa TapreTHOH Tepamuu [1].

IIpu penmmuBupyromem u pedpakrepaom B-nmuneiinom OJIJI mosBuirch HOBBIE HMMY-
HOJIOTHMYECKHE TOAXO0/bI, BKItouas oucneunduueckue anturena u CAR-T-kinerounyio Te-
panuro. CAR-T-Tepamnusi 0cOOEHHO XOpOIIO IEMOHCTPHPYET BBHICOKOTEXHOJIOTUYHOCTH CO-
BPEMEHHOM JETCKOW OHKOJIOTHH. DTO HE KIACCHICCKUH JICKapCTBEHHBIN Ipermapar, a WHIHU-
BUAYIBHBIN KIETOYHBIH MPOJYKT: Yy MalHeHTa Moiay4aroT T-TUMQOLUTHI, TeHEeTUYECKH
MOIU(QHULIUPYIOT UX, PA3MHOXKAIOT B JJA0OPAaTOPHBIX YCIOBHAX, M 3aT€M BO3BPALIAIOT MaIH-
enTy. Takas Tepamus TpeOyeT KIETOYHOTO MPOU3BOJCTBA, MOJEKYIIPHOTO KOHTPOJIS, KITH-
HHUYE€CKOT0 MOHHUTOPHHTAa HMMYHOJIOTHYECKUX OCJIOKHEHMH M KOMaHAHOH paboThI crierua-
JIMCTOB Pa3HbIX NpoduiIeH.

24



BIOLOGY AND MEDICINE

HeiipoGnacToma nokassiBaeT Apyroi myTh pa3BUTHS IETCKOH OHKOJIOTHH — ITyThb MYJIb-
TUMOZAJIBHOTO JICYCHUS COJUAHON OIMyXoyd. DTO OJHA U3 HauOoJee YacThIX SKCTPAaKpaHU-
aIbHBIX COJMMAHBIX OMyXOJel y AeTell paHHEero Bo3pacTa. 3aboieBaHHE OTIMYAETCS BBIpa-
JKEHHOW OMOJIOTHYeCKOH HEOTHOPOAHOCTHIO: Y YACTH MAIMEHTOB MIPOTHO3 OJIaronpusTHHIH,
TOT/a KaK HelipoOiacToMa BEICOKOI'O PHCKa OCTaeTCsl arpecCUBHON omyxounbio. Puck ompe-
JensieTcs He TOJIBKO CTaiuel, HO U BO3PacTOM, FMCTOJIOTHEN, MOJIEKYISIPHBIMU XapaKTepu-
CTUKaMHM ommyxouu [2].

CoBpeMeHHOE JieueHHE HEHpOOIacCTOMBI BBICOKOTO PUCKA BKIIIOYAET MHIYKIHOHHYIO
HNOJIMXUMUOTEPAINI0, XUPYPTUIECKOE YAAJICHUE IIEPBUYHOMN OIYyXOJH, BBICOKOJO3HYIO XU-
MHOTEpANNi0 C ayTOJOTWUYHON TpaHCIIAHTAIMEH T'€MOIOSTHYECKUX CTBOJIOBBIX KIIETOK
(TCCK), nyueByto Tepanuio, antu-GD2-umMmyHOTepanuio u u3oTpeTHHonH [2]. Ha sTame
MHIYKIUN TIPUMEHSIOTCS MHTCHCUBHBIC CXEMBbl XMMUOTEPAINH, BKJIIOYAOIINE MPenapaTsl
TUTATUHBI, ATKWIMPYIOIIME areHThl, HHTHOUTOPHI TOMTOU30Mepa3bl, aHTPALUKINHBI U BUHKA-
aJKaJIOHIbI.

Xupyprudeckoe jJedeHne 0ObIYHO MPOBOAUTCS MOCIE HECKOIBKUX LUKIOB XUMHOTEPaA-
UM, KOT/la OIyXOJIb YMEHBIIWIACh U €€ yJaJleHue cTaHoBuTcs Oe3omnacHee. Ilocne onepa-
MU TIPOBOAMTCS KOHCONMIAIMS: BBICOKOAO3Has xumuorepanus ¢ ayto-TT'CK u mydeBas
Tepanusi Ha 00JacTh MEPBUYHON OIYXOJIN M OCTaTOYHBIE OYary.

OmanM U3 HanOoJiee BaKHBIX JOCTIDKEHUH B JICUCHWH HEUPOOJIACTOMBI CTAJIO BHEApE-
Hue aHTu-GD2-ummyHoTepanuu. GD2 — aHTUTEH, SKCIIpeccupyeMBblil Ha MOBEPXHOCTH KJle-
TOK HelpobiacToMbl. AHTH-GD2-aHTHTENa MO3BOMNSIOT HAIPaBUTh UMMYHHBIH OTBET IMpPO-
TUB OIYXOJIEBBIX KJIETOK U CETOJHS BXOIST B MOCTKOHCOJIHIAIIMOHHBIA 3Tall JICUCHUS! BbI-
COKOTO pHucCKa [2]. 3To mpuMep TOro, Kak IMMYHOTEpAI¥sl CTala 9acThi0 CTAHAAPTHOTO Jie-
YEeHHs COJUAHOM OIyXOJHU Yy AeTeH.

Kpome Toro, mpu HeiipobnacToMe pa3BUBaOTCA paanodapManeBTHIECKUE U TapreT-
Hble monxxoxpl. Hampumep, [-131-MIBG-tepanmuss uCHosib3yeT CHOCOOHOCTH KIIETOK
HelipoOIacToMBbl 3aXBaThIBaTh aHajor HopaapeHannHa MIBG, cBsi3aHHBIN C painOaKTHB-
HeIM HomoM-131. Ilpu ALK-n3menenusix usyyatorcst ALK-uarnouropsl. Takum obpazom,
HelipoOnacToMa IEMOHCTPUPYET COYETaHHE KJIACCHYECKOH XMMHOTEpaluH, XUPYpPruu,
Jy4eBOMN Tepamnuu, TPaHCIIaHTAIIMOHHBIX TEXHOJOTUH, IMMYHOTEpANIUU U MOJIEKYJIAPHOM
cTpatuuKanuu [2].

MenynnobiaacToMa SBISIETCS IPUMEPOM TOTO, KaK MOJIEKYJIIpHAs JUArHOCTHKA H3Me-
HUJIa TIOHUMAaHKE OIyXOJiIed EeHTPaIbHOW HEPBHOM CUCTEMBI y AeTeil. Mctopuuecku yede-
HUE MeIyJuI001acTOMBI CTPOMJIOCH Ha MaKCHMalbHOM O€30MacHOM YAaJCeHUH OITyXOJIH,
KPaHUOCIIMHAJILHOM OOJTY4YeHHUH W XUMHOTepanuu. Takod MOAXOX MO3BOJMI YIyULIUTbH
BBDKHMBAEMOCTh, HO COIPOBOXIAJICSH CEPhE3HBIMH IIO3JHUMH OCJIOKHEHHSMH, OCOOECHHO
y MaJleHbKUX JIeTei: HapyUIeHHAMHU KOTHUTHUBHOTO Pa3BUTHUS, SHIOKPUHHBIMU DPAaCCTPOii-
CTBaMH, CHU)KEHUEM CITyXa, HApYLIEHUEM POCTa U PUCKOM BTOPHUYHBIX OITyXOJIEH.

Ceromnsi MeqyIo0IacTOMa pacCMaTpUBAETCs HE KaK OHO 3a00JIeBaHME, a KaK TPyIIa
OHMOJIOTHYECKH PA3NUYHBIX OMyXOJjei. BhIIenstoT OCHOBHBIE MOJEKYJSpHBIE MOATPYIIIBL:
WNT, SHH, Group 3 u Group 4. OTu NOATPYIIBEl pa3nUyaroTcsl MPOTHO30M, BO3PACTHBIM
pacripeneneHieM, TeHEeTHYECKUMH HApYIICHUSIMA M TOTCHUUAIbHON YyBCTBUTEIBHOCTHIO
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K Tepanuu [3]. DTO U3MEHUIIO caMy TAaKTHUKY JIEYEHHS: HallMeHThl C OAMHAKOBBIM THCTOJIO-
THYECKHM JUAarHO30M MOTYT HYXKAAThCSA B Pa3HBIX TEPaNEBTHYECKHUX MOAXoAax. Pazeutue
CEeKBEHHpOBaHUs HOBOro nokojeHus (NGS) mMmeeT MpUHLUMIHAIBHOE 3HAYEHHUE ISl TaKOH
crpatudukanuu. NGS 1mo3BoJseT BHISABIATh MyTallUH, IEPECTPOHKH, U3MEHEHUSI CUTHAIb-
HBIX IyTeH W MOJEKYJSIpHbIE MOATUIEL omyxoiei [4]. [Ipu WNT-menynmobiacrome, nme-
ouIel OJaronpusATHBIN MIPOTHO3, U3YUYarOTCs HOAXObl K CHUKEHUIO MHTEHCUBHOCTH Tepa-
UM JUIS YMEHbIIeHUs mo3faHel TokcmuHoctu. [Ipm SHH-akTuBHpOBanHOW MemymoOina-
CTOME paccMaTpHUBAIOTCA Ipemnapathl, Bo3aelcTByomue Ha SHH-curnaneHbiili myts [4].
Jliist 6onee arpecCUBHBIX MOATPYIII HEOOXOIUMBI HOBBIE CTPATETUH JICUCHHUS.

Pa3BuTre npeuu3nOHHON MEAULIMHBI B J€TCKOM OHKOJOTHHU MOKa3bIBAa€T, YTO MOJIE-
KyJSpHOE NPOPUINPOBAHUE CTAHOBHUTCSA LEHTPAJIbHBIM 3JIEMEHTOM JUAarHOCTHUKU U BBI-
6opa Tepanuu. IIpu 3TOM omyxosn y AeTed MMEIOT CBOM OCOOCHHOCTH: OHHM YacTO CO-
Jiep>KaT MEHbIIIE TOYSUHBIX MYTAllMi, YeM OMYXOJH B3POCIBIX, HO JUISl HUX Ba)KHBI XpO-
MOCOMHBIE MEPECTPONKN, U3MEHEHHS SNMUT€HETUUECKON PEeryasluu U HapyLIeHUs CHUT-
HanpHBIX myTel [3]. [loaToMy AeTckasi mpenn3noHHAs OHKOJIOTUS TpeOyeT He MPOCTOTO
HCIIOJIb30BAHMS IPOTOKOJIOB JJISl B3POCIBIX, 3 COOCTBEHHBIX KIMHMYECKHX HCCIEIOoBa-
HUW, MEeAMaTPUYECKUX MPOTOKOJOB M CIEIHATU3MPOBAHHOW J1abopaTopHOi uH(ppa-
CTPYKTYPHI.

Ha npumepe Tpex 3a0oieBaHmiA BUIHO, YTO COBPEMEHHOE JICUCHHE JCTCKON OHKOJIOTHH
pa3BHBaeTCsl B HECKOJBKUX HampaBleHHsX onHoBpeMeHHO. OJIJI mokaspiBaeT 3HauYeHHE
MIPOTOKOJBHOM XUMHOTepanuu, TapreTHoil Tepanuu U CAR-T-KIETOYHBIX TEXHOJOTHI.
HeiipobnacToma AEMOHCTPUPYET 3HAYCHHUE MYJIbTHMOIAIBHOTO JICUCHHMS, BKIIOYAIOLIETO
XHUMHOTEpAIHio, olepannio, JyueByto Tepamnuio, ayto-TT'CK, antu-GD2-uMMyHOTEpamnuio
u paaunodapmmpenapatsl. MenymiodiaacToMa MOKa3bIBaeT MEPEXo OT AWarHos3a, OCHOBAH-
HOT'O MIPEUMYIIECTBEHHO Ha MOPQOJIOTrUH, K MOJIEKYJISIPHOH KiIacCHU(PUKALUK 1 EePCOHAIH-
3allUU JICYCHHUS.

CoBpeMeHHas JIeTCKasi OHKOJIOTHUS SBIIIETCS OJHOM M3 HanOoJiee HayYHO-WHTEHCHBHBIX
M BBICOKOTEXHOJIOTUYHBIX OOJIACTEH MEIUIMHBL. YIy4yllleHHe BBDKMBAEMOCTU CTajO BO3-
MOXHBIM Ojarofapsi KOONEpaTUBHBIM U PAHIOMHU3UPOBAHHBIM KIMHUYECKUM HCCIIEIOBAHU-
SIM, Pa3BUTHIO PHUCK-aJalTHPOBAHHBIX MPOTOKOJIOB XWMHOTEPANHH, COBEPIICHCTBOBAHUIO
XUPYPTUH U JIy4EeBOH TEparnuy, BHEAPEHUIO MOJIEKYIIpHON TuarHocTuku, NGS, TapreTHbIx
MpenapaToB ¥ IMMYHOTEpPAITNH.
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PEDIATRIC CANCER TREATMENT TODAY: PROTOCOL-BASED THERAPY,
MOLECULAR TECHNOLOGIES, AND NEW TREATMENT MODALITIES

V.G. Kim

Dmitry Rogachev National Medical Research Center of Pediatric Hematology,
Oncology and Immunology, Moscow, Russia,
valeriya.kim@dgoi.ru

This report discusses how pediatric cancer treatment has evolved from empirical therapy
to protocol-based, risk-adapted, and biologically guided approaches. Modern treatment is no
longer based only on tumor morphology. It increasingly depends on clinical trials, molecular
tumor characteristics, response to therapy, and individual risk.

Using acute lymphoblastic leukemia, neuroblastoma, and medulloblastoma as exam-
ples, the report shows the role of chemotherapy protocols, surgery, radiation therapy, mo-
lecular technologies, targeted therapy, and immunotherapy. Acute lymphoblastic leukemia
illustrates the success of clinical trials and optimized chemotherapy protocols [1].
Neuroblastoma demonstrates multimodal treatment, including chemotherapy, surgery,
autologous stem cell transplantation, radiation therapy, anti-GD2 immunotherapy, and
targeted approaches [2]. Medulloblastoma shows how molecular classification and next-
generation sequencing have changed the understanding and treatment of pediatric CNS
tumors [3, 4].

The main idea is that modern pediatric oncology is a highly scientific and technological-
ly advanced field. Its future lies in curing more children while reducing treatment toxicity
and preserving long-term quality of life.
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HpeI[CTaBJIeHBI JaHHBIC O He6HaFOHpHHTHOﬁ HpOFHOCTH‘-ICCKOﬁ 3HAYUMOCTH KaJIbITUHO-
3a apTepuil MOJIOYHOH KeJle3bl B Pa3BUTHU MHCYJIBTA Y KEHINWH, YTO MOATBEPKIACT HEOO-
XOIUMOCTh JATbHEHIINX HCCICAOBAHUA B 00JIACTH TPOPUIAKTHICCKON KapIHOHEBPOIIO-
THH.

HecmoTpsi Ha ycToW4MBYIO TEHACHLMIO K CHIDKCHHMIO IOKa3aTesedl 3a00JeBaeMOCTH
U CMEPTHOCTH OT MHCYJbTa, MIO0ATBHOE OpeMs TOi OOJIe3HH €KETOTHO YBEITUIHBACTCS.
WNHcynbT ocraercs BTOPOM MO 3HAYMMOCTH NPUYMHOM CMEPTH B MHUPE U 3a IOCIEAHHE
20 neT 3TOT mokaszarenb yBeaunumics Ha 47%, 4To MPUBOAUT K KpaiHe HeOIaronpHsITHBIM
JOATOCPOYHBIM MEIUIMHCKUM U COLMAIbHBIM HociencTsusM [1]. B mocnennue necsaruie-
THS KEHIIUHBI CTAIKUBAIOTCS C HEMPOIOPIHOHAIBFHO BBICOKOW CMEPTHOCTHIO M WHBAIHI-
HOCTBIO OT MHCYJbTA. [10 JaHHBIM AMEpHUKaHCKOH acCOMaliU CepAlLla, HHCYNIbT SBISIETCS
TpeTheH MO 3HAYMMOCTH NMPUYMHON CMEPTH Y JKEHIIHUH 10 CPAaBHEHHIO C IISITBIM MECTOM y
MyxuHH [1]. XapakTepHO, 4TO pacpOCTPaHEHHOCTh MHCYJbTA BBIIIE CPEIU MYKUWH, B TO
BpeMs KaK CMEPTHOCTh BapbUpyeTCs B 3aBUCUMOCTH OT Bo3pacra. [loka3aHo, yTo B MoJIO-
JIOM BO3pacTe CMEPTHOCTh OT MHCYJIbTA OAMHAKOBA, B Bo3pacTe oT 40 10 74 neT cMepTHOCTD
BBIIIIE Y MYXYHWH, a Ha IPOTSHKEHUU BCEeH B3POCIION XKM3HM, HauuHas ¢ 70 JIeT — )KeHIIUHBI
Jaiie yMHUpPalT OT HHCYJIbTa, YTO OOYCJOBIEHO Ooyiee BBICOKOW MPOJOIDKHUTEIHHOCTHIO
JKU3HH U 00Jiee BRICOKON MPEICTaBICHHOCTHIO B IPYMIax CTapllero sospacra [2].

VYka3zaHHas 3aKOHOMEPHOCTh OTPa)aeT CYLIECTBYIOLIME Pa3jiMuus BO BKIAJE B Pa3BU-
THE WHCYJIbTa PA3JINYHBIX apaMETPOB MCXOAHOTO COCTOSHUS OpraHU3Ma M TPaTUIIMOHHBIX
(aKTOpOB pHCKa MHCYIBTA, B 3aBUCUMOCTH OT moja. [lokazaHo, YTO y KEHIIHH B CpeJHEeM
HaOmronaercss Oosee HU3KOE (PYHKIMOHAJIBHOE COCTOSHUE IO CPABHEHMIO C MY>KUHMHAMH.
Tak, Ha MOMEHT BO3HMKHOBECHHMS IIEPBOI'O MHCYJIbTA >KEHIIMHBI OKA3bIBAIOTCS CTaplle Ha
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5 net, uMeroT OoJiee BBICOKME MOKA3aTelH TaK Ha3bIBAEMOM MPEeJUHCYIbTHON MHBAIUIAHO-
CTH, Yalle XUBYT OJHH WM OKa3bIBAalOTCSA BJOBAMH W MMEIOT Oonee HM3KWH moxon. Ilo-
CKOJIBKY Y JKEHIIUH OOJIbIlIee MPEUMYIIECTBO B MPOJOJIKUTEILHOCTH KU3HU, UHCYIIBT BO3-
HHUKaeT B 0OoJjee MO3JHEM BO3pacTe, KOTAa 370POBbE M CIOCOOHOCTH K CAMOCTOSITEIBHOM
JKU3HU YK€ ITOI0PBAHBI, YTO YCYTyOISEeT MOCTUHCYIFTHBIN TIEPHOJT M HHBAJIHUIHOCTb.

KitoueBpiMu OnosorndeckuMu (pakTopamMul pUCKa MHCYIIBTA, KOTOPBIE TaKKe CHUIIbHEE
CBSI3aHBl C BO3HMKHOBEHHEM HWHCYJIBTA y KCHIIMH SIBIAIOTCS: apTepHalbHas THUIEPTOHUS,
MOBBIIIICHHBIN MHIIEKC MAcChl Tella U a0JOMHHAIBHOE OXXHpeHHe, PHOPHIUIAIHS Tpeacep-
Iuil, MUTpeHb. BBIAEnsoT Taxke psn (akTOpOB PUCKAa MHCYJBTA, CIEMU(GUIHBIX TOJIBKO
JUTSL KSHIIUH: TTpreM KOMOWHUPOBAHHBIX OpPANbHBIX KOHTPAIEITUBOB, MEPOPATHLHON MEHO-
nay3aJbHOW TOpMOHAJIBHON TEpaIuy, penpoayKTUBHBIN nepuoa MeHee 30 seT, poxaeHue 5
u Oosiee KUBBIX JeTei. B pe3ynbrare ykazaHHBIX 0COOCHHOCTEH, IPUMEHEHHE TPaIuIIOH-
HBIX WHCTPYMEHTOB OIIGHKH PHUCKA Y JKEHIIHWH NMPUBOIUT K HEJOOIEHKE PHCKa CepIeydHo-
COCYIUCTBHIX OCJIOKHEHUH U MO3IHEMY Hadaly MpoQHIaKTHYECKHX MEpONpHUITHi. B cBs3n
C 3TUM, TIOUCK HOBBIX OMOMapKepOoB, CIIEIU(PUIHBIX IS )KSHIIHH, SBISICTCS MPHOPUTETOM
KEHCKOTO 3JJ0POBBSL.

OpauM u3 Hauboee MePCHIeKTHBHBIX ABJSAETCA KaNbLIMHO3 apTepUil MOJOYHON JKeJe3bl
(KAMIX), nerko BBISABISIEMBId MPU MaMMOTpauH M aCCOUMUPYIOUINICS C BBEICOKOH cep-
JIEIHO-COCYTUCTON 3a00JIeBaEMOCTRIO M CMepTHOCTBhIO. OH TpeAcTaBiIsseT coboi dhopmy
MEAMAJIBHOTO COCYANCTOrO KajJbIIMHO3a, B apTEPHsIX MAJIOTO U CPEJHEro Kaaudpa U MMeeT
BUJ apaJuIeIbHBIX JHHUN («tram tracksy»). KAMIK nerko BbIsIBIIIETCS HA IUPPOBOH MaM-
MOTpaMMe B TIpoIlecce CKPUHIHTA paka MOJIOYHOM jKeJe3bl xKeHIuH crapiie 40 neT.

K nacTosimemMy BpeMeHH 3a py0OexoM MpOBEIEHO 3HAYUTENBHOE YUCIIO HCCIeIOBaHHM
cesizu KAMIXK ¢ uHCYnapTOM, BKIIOYAIOHIUX KPYMHBIE KOTOPTHI KEHIIWH, MPOILIEIITUX
CKpUHUHTOBYI0 MaMMorpadur. B OONbIIMHCTBE HCCIeA0BaHNM, HHCYIBT paccMaTpUBa-
Cs B Ka4eCTBE OJHOTO M3 KOMIOHEHTOB MEPBUYHONH KOMOMHHPOBAHHON KOHEYHOH TOUYKH
(HarmpumMep, umIeMudeckas 00Je3Hb CepAla+WHCYIbT), TUOO KaKk BTOpPHYHAS KOHEYHAas
TOYKa.

Hawuboiee kpyHOE HCCleIOBaHUE, B KOTOPOM M3ydeHa cBsi3b KAMIK ¢ HHCYITBTOM Kak
MEePBUYHON KOHEUHOU TOoukoHU, BKIoUano 12761 xenmmny 40-79 ner. UHCYynbT moaTBep-
JKZIAJICs BHITMCKaMU U3 CTallMOHApa M CBHICTENBbCTBAMH O CMEPTH C YKa3aHHEM Koja 3a00-
neBaHwusl. [nmurenpHOCTh HaOmMOMeHUs coctaBmia 24,8 rona. [lo qaHHBIM MHOTO(aKTOPHOTO
aHanm3a y skeHmuH ¢ KAMIK maHc nuImeMu4ecKkoro WHCYIbTa yBenwmuuBaics B 1,4 pasa,
TaKXke Yy JIMI C KaJbIMHO30M HAOJIOAANIOCh YBEIMUYEHHUE YaCTOTHI TEMOPParuuyeckoro HH-
cynbTa B 1,54 pa3a u TpaH3UTOPHOU HIleMHUYECKON aTaku B 1,42 pa3a, HO OHO HE TOCTHUIJIO
craTuctTuaeckoi 3uaunmoctH [3]. B uccnenoBannn Ahn KJ u coaBT. moiry4eHs! yoenuTeh-
HbIe JokazaTenabcTBa cBs3u KAMIK ¢ m3MeHeHMsSMH BellecTBa I'OJOBHOTO MO3ra, 00bEK-
TUBHO TOATBEPXIECHHBIMH C MOMOIIBI0 MarHUTHO-pE30HAHCHOW ToMmorpaduu. Ompenens-
JIOCh HaJM4YHe MHUKPOCOCYIUCTHIX HIIEMHUYECKHX W3MEHEHHWH B BH/E YYaCTKOB ITOBBIIICH-
HOU MHTEHCHUBHOCTH B OEJIOM BEIECTBE M TIEPUBCHTPUKYIISIPHON 30HE, SBISIFOIIUXCS MPE/-
nrecTBeHHMKaMu MHCYNIbTa. O muist ygacTkoB Genoro BemecTBa cocTaBisuio 6,86, s me-
PUBEHTPUKYISAPHBIX obOnacteir — 9,04 [4]. bomee cBexkee mcciemoBaHWe TaKKe IMOKA3allo,
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yro Hannune KAMX yBennuunBaio manc uHCynbTa B 5 pa3 npu 10-1eTHEM MPOCHIEKTUBHOM
HaOmoneanu [5]. Takum o0Opa3oM, TOMydYEHHBIC NAaHHBIC CBHACTCILCTBYIOT O TOM, UTO
KAMX nmeeT HECOMHEHHYIO CBS3b C YBETMUEHUEM YacTOThI Pa3BUTHUS HHCYJIBTA.

[Moxazano, uto KAMX cBsizan ¢ MeauanbHON KamblHQHUKAIMEld APYTUX COCYAUCTBIX
oOracTelf, KOTOPBII NPUBOAMUT K TOBBIILICHUIO apTEPUaIbHON KECTKOCTH, a TaKKe Oorpa-
HUYKBas CIIOCOOHOCTH MOBPEXACHHOTO COCyJa K PACHIMPEHHIO, PUBOIUT K YCKOPEHHUIO
MPOLIECCOB aTEPOCKIEPOTHUECKOTO CTEHO3UPOBaHMs, B YACTHOCTH COHHBIX apTepuil. Mc-
CIE€OBAaHUS MO U3YUYEHUIO CBA3U aTepOCKiIepo3a coHHbIX apTepuil ¢ KAMX nemHorouuc-
neHHbl. Hanbonee u3BecTHH 2 paboTHI, TAe 00CIe0BaHbl KEHITMHEI 0e3 epedpoBacKy-
JSpHBIX 3a0osieBaHuil B anamHese. B uccnemoBanuu Sedighi N u coaBT., BKIOYaOIieM
204 >xeHIIMHBI, 0TMEUYEHO, 4TO y keHIIH ¢ KAMIK BepoATHOCTh KapOTHAHOTO aTepoma-
To3a OblIa B 3 pasza BHINIE, YeM Y JKCHIMWH 0e3 MaHHOW marojorud [6]. AHajorndHbIE
JTaHHBIE TIOJyYEHbl B MEHBIIIEH 0 YHCIEHHOCTHU Tpyme, rae y xeHmuH ¢ KAMX atepo-
CKJIEpOTHYECKHE OJSAIIKHU OBLIM BBIABICHBI B 22,9 pa3 yamie, 4eM IpU OTCYTCTBUU Kajlb-
nuHo3a [7].

JlymiekcHOe CKaHMPOBAaHHWE COHHBIX apTepUil — HamOoJiee MHUPOKO M3BECTHBIA M XO-
pOILIO 3apeKOMEHA0BABIINKA ceOsi HEMHBAa3UBHBIA METOJ OIICHKH OECCHUMITOMHOTO aTepo-
CKJIEpO03a, SIBJISIIOILErocsl MPEIUKTOPOM HIIEMHYECKOT0 HHCYNbTa. BaXHBIM acHeKToOM
HCCJICZIOBAHUS TOKIMHUYECKOI'O aT€pPOCKIIeP03a COHHBIX apTepuil ¢ MOMOLIbIO TYIIJIEKC-
HOTO CKaHHPOBAHUS SIBISIETCS OINpeEJelIeHHe MapaMeTpoB aTepOCKIEPOTUYECKOl Harpy-
JKEHHOCTH, MPOJEMOHCTPHUPOBABIINX BBICOKYIO MPOTHOCTHYECKYIO 3HA4MMOCThb. Hambo-
jee 3HAYUMBIMU B NPAKTUUYECKOM OTHOLICHMH HPEICTABISAIOTCS TAaKHE YJIBTPa3BYKOBBIE
MapKephl, KaK KOJHUYECTBO aTEPOCKIEPOTUUYECKUX OJSAIIeK, MAaKCUMAaNbHBIA CTEHO3 U
CpEIIHUI CTEHO3.

B ®I'BY «HMWUIL] tepannu u npodunakTudeckoil MequnuHb Mun3npaBa Poccun
pa3paboTaH AMArHOCTUYECKUI KOMIUIEKC Ha OCHOBE YJIBTPa3BYKOBBIX MapKepoOB aTepo-
CKJIEpOTHYECKOM HarpyXeHHOCTH, U oleHeHa ero cBa3b ¢ KAMX [8]. B uccnemosanue
«CITy4all-KOHTpONb» BKIo4eHO 198 xenumuH 40-74 5eT, BBINOIHMBIIMX CKPUHMHIOBYIO
WM TpoQUIaKTHYECKYI0 MUPPOBYI0 Mammorpaduio. [IpenBapuTensHBI aHAN3 pa3iIdd-
HBIX MOJeNIell MaTeMaTH4eCKON perpeccuy, BKIIOYAIOMINX MapaMeTphbl aTepoCKIepoTHYe-
CKOM Harpy»XeHHOCTH, MO3BOJIMJI BEIOpaTh 3 mepeMeHHbIe, 00Jaarolue Hannydmel cTaTu-
CTHYECKOH 3HAYMMOCTBIO B Pa3IMYMAX IO IPYyMIaM: «KOJHMYECTBO aTEPOCKICPOTHUECKUX
OJAIIex» ¢ OTPe3HOM TOYKOM > 2, «MaKCHMAaNbHBIM CTEHO3» C OTpe3HOH Toukod 45%,
«CpPEHUN CTEHO3» C OTpe3HOM Toukoi 25%. Ha oCHOBe ynbTpa3ByKOBBIX MapKepoB cdop-
MHUPOBaH AMAarHOCTUYECKUI KOMIUIEKC C NMPHCBOCHUEM UIA KaXA0M KoMOuHamuu Oania.
IIpy cpaBHEHMM BEIMYMHBI CPEAHETO 3HAUYEHHS IUArHOCTHYECKOI'0 KOMILIEKCa IMOJy4YeHO,
YTO CTETNEeHb aTepPOCKIEPOTHUECKON HArpyKEeHHOCTH OblJIa 3HAYMMO BBIIIE Y JIUI] C KaJIbIIH-
HO30M. OHO(AKTOPHBIA aHAIN3 C BKIIOYEHHEM H3yYCHHBIX MapKepoB, (aKTOpOB pHCKa
CepACYHO-COCYAUCTHIX 3a00J€BaHUII M COIYTCTBYIOIIMX 3a00J€BaHMI IIOKa3aj, YTO IpPHU
BEJMUMHE JUArHOCTUYECKOro KOMILIeKca >2 OamnoB BeposTHOCTh Hammuuss KAMXK y
JKEHIIUH yBenuuuBaeTcs B 4 paza [8].
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3akmouenue. IlpomeMoHCTpUpOBaHHAsT B HCCIEIOBAHUSIX TOJOXKUTEIbHAS CBSA3b
KAMX ¢ HanwuueM U CTEIEHBIO TSDKECTH OCCCHMIITOMHOTO aTepOCKIIepO3a COHHBIX apTe-
puil — IPU3HAHHOTO MapKepa BBICOKOTO CEPACYHO-COCYAVCTOTO PHUCKA — IMOATBEPIKIACT
HEOOXOAMMOCTh JNaTbHEHUIINX HKCCIICOBAHUN HEOJAronpUsTHOW MPOTrHOCTHYECKOH pon
3TOH (OPMBI COCYIUCTOTO KanblnHO3a. [IpHMMas BO BHUMaHHE yBEIWYCHHE PHUCKA WH-
CyJIbTa, a TakKe HauOOobIIyIo TIpencTaBieHHOCTh KAMIK y JKeHIITIH B TpyImax CpeIaHero
U CTapIlero Bo3pacTa, MOKHO Imoiararh, uto omnpeaenenue KAMIK B mporecce oHkomMam-
MOCKPHUHHWHTA TI03BOJIMT JOTIOJHHUTEIHHO BBISBUTH JKEHIIHWH, HYXXIAIOMIMXCS B TPOQUIaK-
THUKE WHCYTIbTA.
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PO IITAKTHKY XPOHHUYECKUX HEMH(PEKIIMOHHBIX 3200 IeBaHMA.
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CARDIONEUROLOGICAL DISORDERS IN WOMEN WITH BREAST ARTERIAL
CALCIFICATION IDENTIFIED BY SCREENING MAMMOGRAPHY

LV. Kim, E.V. Bochkareva, E.K. Butina, O.V. Molchanova, O.M. Drapkina

Federal State Institution National Medical Research Center for Therapy
and Preventive Medicine, Moscow, Russia, ikim@gnicpm.ru

Despite a steady decline in stroke incidence and mortality rates, the global burden of this
disease increases annually. In recent decades, women face disproportionately high mortality
and disability from stroke. Key biological stroke risk factors, which are also more strongly
associated with stroke in women, include hypertension, increased body mass index and ab-
dominal obesity, atrial fibrillation, and migraine. A number of risk factors specific to wom-
en have also been identified: use of combined oral contraceptives, oral menopausal hormone
therapy, being in the reproductive stage before age 30, and having five or more live births.
As a result of these characteristics, the use of traditional risk assessment tools in women
leads to underestimation of the risk of cardiovascular outcomes and delayed initiation of
preventive measures. Therefore, the search for new biomarkers specific to women is a prior-
ity for women's health.

One of the most promising is breast artery calcification (BAC), easily detected by
mammography and associated with high cardiovascular morbidity and mortality. A signifi-
cant number of studies demonstrated that women with BAC had a significantly higher risk
of stroke compared with those without BAC [1-3].

The Federal State Budgetary Institution “National Medical Research Center for Therapy
and Preventive Medicine” of the Russian Ministry of Health has developed a diagnostic
complex based on ultrasound markers, to assess the degree of atherosclerotic burden of the
carotid arteries [4]. Differences in diagnostic complex parameters were revealed between
groups of women with and without BAC: diagnostic complex>2 points increases the chance
of having BAC. The demonstrated connection between BAC and asymptomatic atheroscle-
rosis of the carotid arteries indicates the prospects for using this form of vascular calcifica-
tion as a gender-specific marker of cardiovascular diseases in women.
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Annoranus. Coxepxanue Kpbic Brucrap Ha BeicokokupoBoit muete (BXX/I) B Teuenme
4 u 7 HeneNnb MPUBOAWIO K U3MEHEHHIO CTPYKTYPBI BHEKIETOUHOTO Marpukca (BKM) neue-
HU ¢ pa3BuTHEeM (PrOpo3a. OTHOBpEMEHHOE cojiepkaHne KUBOTHBIX Ha BXK/] ¢ no6aBneHu-
eM (pUTOKOMITO3WITMH BBI3BAIO M3MEHEHHWs B oOMeHe komrnoHeHToB BKM, cHmkeHue BHI-
paxeHHOCTH (HUOPO3a U TKAHEBOU T'UIIOKCHH.

Beenenue. Hapacraromas B mocieiHue rofsl SIUAEMHS OKUPEHUsI, 0COOEHHO ab1oMu-
HanbHas GopMa, CTAHOBHUTCS TSDKENIBIM (DMHAHCOBBIM OpeMEeHeM He TOJIBLKO BCel MHUPOBOM
CHCTEMBI 3APaBOOXPAaHEHMS, HO U KaKIOro MalieHTa B 4acTHOCTU. OXHUpeHHE SIBISETCS
(akTOpOM pHCKa Pa3BUTHS MHOTMX XPOHMYECKHX 3a00JE€BaHHUIl, B TOM YHCJE CaxapHOTO
nradeTa 2 TUMA, CEPIEIHO-COCYIUCTRIX 3aboneBanuii [1], merabommdeckoro cuaapoma [2],
HEaJIKOTOJIbHOU KUPOBOH 00Je3HU TIeueHu [3].

U3BecTHO, 4yTO NeueHb 00IaJaeT yIUBUTEIBHON CIOCOOHOCTBIO K pereHepalyy, OJHAKO
XPOHMUYECKUE U TSKEJbIC MOBPEKACHUS MPUBOIAT K HAPYLIEHUIO CTPYKTYpPhl M (YHKLIUHU
nedyeHu, AucbanaHcy B CHCTEME Peryisnuud oOMeHa BHeKIeTouHoro Marpukca (BKM), pas-
BUTHIO M TIporpeccupoBaHuio ¢pubposa oprana [4]. CrexctBueM Gpudpo3a neueHH sIBIASETCS
LUPPO3, KOTOPHIM 3aHuMaeT 11 MecTo Kak OpUYMHA CMEPTU BO BCeM MHUpE [5], 4TO yKazbl-
BaeT Ha HEOOXOJUMOCTD TIIyOOKOT0 MU3yUYCHUs MaTOreHe3a U BO3MOXKHBIX MYTEH CHHXKSHHUS
¢ubposza, pa3paboTku 3h(eKTUBHBIX aHTU(UOPOTHUECKUX TpernaparoB. Vcmomb3oBaHue
W3BECTHBIX aHTU(UOPOTHUYECKUX CPEACTB HEOE30IacHO, MOCKOJIBKY OHH HMEIOT CTPOTHE
MTOKa3aHMs W MHOKECTBO CEPBhE3HBIX MOOOUHBIX 3P ekToB. Peur umer o aAByX aHTHGHOPO-
TUYECKHX IpernapaTtax (HUHTeOaHuO, mup(eHn0H), KOTOpble peHa3HauEHbI JII JICUSHHS
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UAMONATHYECKOr0 (uOpo3a NErKMX, 00NaAI0T XapaKTEPHBIMHU MMOOOYHBIMU JICHCTBUSIMU.
Peus mmeT o nByx aHTH(UOPOTHUIESCKUX MpernapaTax (HHHTEeTAHUO, MUp()EHUIOH) peaHa-
3HAYEHHBIX JUIS JICUCHHS] WAMOMATHUECKOro (Hhrudpo3a NErkuxX U 00IaJarolX MOOOYHBIMH
JIEUCTBUSAMM.

B nureparype coobmaetcs, uto ¢$uOpo3 meueHH MOKHO 3aMEIITUTh C TIOMOIIBIO JIeKap-
CTBEHHBIX PACTEeHUH, WX OMOJOTHYECKH aKTHBHBIX KOMIIOHEHTOB WM IKCTPAKTOB, KOTOPHIC
MOJIABJISIOT AKTUBAIUIO TENaTOIUTOB M yMEHbIIAaT otioxeHne BKM, BosneiicTBys Ha
MaTpUKCHBIe MeTaimonpoTenHassl (MMII) u cBs3aHHBIE ¢ HUMH MEXaHU3MEI [6].

IIpn oxupeHnr W30BITOYHOE HAKOIUIEHWE JXHUPHBIX KHCIIOT CHOCOOCTBYET pPa3BHTHIO
cTeaTo3a W BOCHAJICHHS TeueHH [7], KOTOpbIE B CBOIO OdYEpelb BBI3BIBAIOT H3MEHEHHE
CTPYKTYpBI, COCTaBa U KOJIMYeCTBa KOMIIOHEHTOB BKM (koynareHoB, riIMKO3aMHUHOTIIMKA-
HOB (['AI’), TIIMKOTIPOTEWHOB M JIOKANBHBIX peryisaTopoB (MMII/TkaHeBble HHTHOUTOPHI
METaJUIONpoTenHas)), ¢ popMupoBaHneM GuOpo3a U MUPPO3a, HApyIIeHueM (QYHKIUH Op-
raHa, IpOSsBJISIONINECS CHIDKEHUEM KauecTBa KU3HHU.

duToXuMHUYEeCKHe BEIIEeCTBA MPU3HAHBI BO BCEM MHPE KaK IMEePCIIeKTHBHBIE COSIMHEHUS
JUISL ICYCHMSI ITUPOKOTO CIEKTpa 3aboieBaHmii, B TOM 4uciie puOpo3a nmedeHn. Pe3ynpraTel
IKCTIEPUMEHTAIILHBIX HCCICIOBAHHM, MMONyYSHHBIE TP MOJCITUPOBAHUU (HPUOPOTUIECKOTO
mporiecca, AEMOHCTPUPYIOT BO3MOXKHOCTE H IIeTIecO00pa3HOCTh MPUMEHEHHsS PACTHTEIBHBIX
cpenctB s jedeHus ¢uoposa. IlomaBnenue Guodpo3a HAOTIOAAIM TPH HCIOJIHE30BAHUH
(UTOXUMHUYECKIX COCIMHEHHH, IMONYyYeHHBIX W3 OapOaprica B MOJIETH JOKCOPYOHIIMH-
WHAYIUPOBAHHOTO TMOBPEXKICHUS MHOKapaa [8], Maku MepyaHCKOH B MOJENH JICTOYHOTO
¢ubpo3za [9], 6bepramora u AuOCcKOopeu mpu GUOpO3e TMEUSHH, BBI3BAHHOM YETHIPEXXJIOPH-
CTBIM yriieposioM [S]. B nuteparype He mpencTaBieHbl JaHHbIE 00 MCIOJIb30BAHUU PACTH-
TEJIBHBIX CPEICTB MpH (GUOpPO3€, CBA3aHHOM C OXHPEHHEM, a Takke — 3()(HEKTUBHOCTh UX
npuMeHeHus B Bune ¢putokommnozumn (OK).

Heab padoThl 3akimtouaeTcss B uzydeHuu BiusiHuA OK U3 pacTUTENBHBIX 3KCTPAKTOB
(6epramora, muockopen, 6apbapuca U Maku TIepyaHCKOH) Ha OOMEH OCHOBHBIX KOMITOHEH-
ToB BKM 1nieueHu KphIC, MOTyYaBIINX BRICOKOKUPOBYIO IUETY.

MeTtoasl 1 MaTepuaJbl. VccienoBanre BRITIONHEHO Ha Kpbicax Bucrap (n = 81, macca
240-280 r), momyuennbix u3 ononuroManka OO0 «CMK Crezap» (Bragumup). I[locie He-
JISNIBHOTO TEpHoja ajanTaluu pa3feawid Ha 4 rpynnsl: 1-1 — KOHTPOJIbHBIC KUBOTHEIC,
MoJTydJaBIve cTaHnapTHyto auety BuBapus (Ct/l, n = 18); 2-1 — KpBICHI, coiep kaBIIueCs Ha
Cr/l n monygasmue ®K (CtA+®PK, n=18); 3-s1 — KPBICHI, MMOTyUIaBIIHE BEICOKOKHUPOBYIO
muety (BX]I), B koTopoii skup cocTaBisit 36% KaJIOPHIHOCTHU 3a CUET JOOABJICHUS B paIy-
oH TtomeHoro cBuHoro caia (BXI, n=21), 4-1 — xpsicel, monydaBmme BXK]/ u ®OK
(BXKO+DK, n =24).

Ha 4 u 7 Henene kpbIC BRIBOAWIN U3 SKCTIEPUMEHTA, U3BJIEKAIN Ne4YeHb, roToBMIN 10%
TOMOTCHATHI, aUKBOTHI Xpanuwinu rpu —70°C. Onpeaensnu conepkaHue Cylb(haTUpOBaH-
HeIX [AI" (cI’AT') [10], dpakmmit tunpokcunponuaa (I'OIT) — cBobomuoro ['OIT (cBI'OII)
u 6enkoBo-cBsazanHoro 'Ol (6enl"OII) [11]. O perymsmuu metabomuzma ['Al" cyammum no
aKTUBHOCTH T'ManypoHuzas [12].
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Hnst cratucTideckoi 00padOTKH MONyUYSHHBIX Pe3yJbTaTOB MCHOJIb30BANM MaKeT Mpu-
KIIamHBIX Tporpamm Statistica v. 10,0 («StatSoft Inc.», CIIIA). Pe3ynapTaTsl Hcciaen0BaHUS
OBLIM TIPOBEPEHBI HA HOPMAJILHOCTD PACIIpENIeNIeHNs] C UCII0JIb30BaHueM kputepusa Konmo-
ropoBa—CMupHOBa. B ciiydae OTCYTCTBHSI HOPMaJIBHOTO pACIpENETIeHUs HCII0JIb30BaIN
H-xpurepuit Kpackena-¥Yomnuca. 111 nonpaBKi Ha MHOXECTBEHHOCTb CPaBHEHUH HCIOJIb-
30Bany momnpaBky bordepponn. MccrnemoBanue cBsA3ed MexAy MpH3HAKAMH OCYIIIECTBIIS-
JIOCh C MOMOIIIBIO pacuéTa paHroBoil koppemnsanuu CrnrpMmeHa. Pe3ynpTaTsl pencTaBisiig B
Buje Menuansl (Me), HrkHero U BepxHero kBapTmiei (Q1; Q3). YpoBeHs craTHCTHYECKON
3HAYMMOCTH IIPUHUMAIIA COOTBETCTBYIOIUM p < (,05.

PesyabTatel. Y kpeic rpymmsl Ct/]+®K 6but0 noBeimeno conepxanue 6enl OIl uepes
7 HeAeNb 3KCIIEPUMEHTA OTHOCUTEIBHO TPYTIIIBI KOHTPOJIS.

V xpoic rpynnsl BJKJ[ uepe3 7 Hesenb SKCIIEpUMEHTa BBISBJIICHO YBEIMYEHUE COJIepkKa-
Hust cB['OIl u Oonee 3Haunmoe yeenudenue O0enl OIl OTHOCHTENBHO TPYIIIBI KOHTPOJISL.
UYepe3 4 Henmenu ObUIO TOBBILICHO cojaepkanue clI'Al’ OTHOCHTENBHO HAHHBIX TPYIITBI
Ct/l+®K. Yeenuuenue coaepxanust cI’Al" uepe3 4 Henenu u CHUKEHHAS! AKTUBHOCTh TUa-
JIypOHWIa3, 3HaUNMas depe3 7 HeleNb, MpeanoiaraeT HakoIIeHHe THaJdypoHaHa — MapKepa
¢ubposza. Yeenuuenue Gpaxnuii ['OI1 uepe3 7 Henenb CBUIETENLCTBYET 00 aKTHBAIUH 00-
MeHa KOJIJIareHoB, MpHU 3ToM 6-kpaTHoe yBenmueHue Oenl Oll m 2-kpaTHoe yBenndeHHe
cBl'OIl otpaxkaer mpeBamupoBanme (ubOporeHeza Han ¢GuOponmm3oM. KoppersmunoHHBIH
aHaJIM3 BBIABUJ MONOXHUTENbHYIO cBs3b 0enl’OIl ¢ comepxkanuem cl’Al' m akTUBHOCTBIO
THATypOHMJIa3 yepe3 4 Heaemnu.

VY kpeic rpymmsl BXKJ[+®K uepes 7 nenens nabmronanu yeennuenue cBl' OIl oTHOCH-
TEIbHO TPYMIIBI KOHTPOJs, CHUXeHue conepkanus 6enl’OIl B 2,7 pa3a OTHOCHTENBHO
rpynmnsl BXK/I. B 3T0ii rpymime ;XMBOTHBIX uepe3 7 Heelnb aKTUBHOCTh THATypOHUAA3 Oblia
BEIIIIE OTHOCUTENBHO NMaHHBIX rpynmnbl BXJ, u He oTnmuamack OT JaHHBIX TPYIIBl KOH-
TPOJIs, 9TO O3HAYAET CHITHE WHTHOWPOBAaHUS aKTHBHOCTH (PepMEHTOB, BBI3BaHHBIX BXK/I.
KoppenaunonHslil aHaTu3 MPOJEMOHCTPHUPOBAT MOJOKHUTEIBHYIO CBSI3b aKTHUBHOCTH THAITY-
ponunas ¢ 6enl’OIl uepes 4 Henenu u co cBI'OIl yepe3 7 Henens.

3axmouenue. Y kpoic, monydaBmux BIXKJI, aktuBupyercs oomen koMmroHeHTOB BKM
¢ npeobnaganueM ¢udporeHesa Haa GuOponu3oM. YcuieHHe 0OMEHa KOJUIAar€HOB MPOUC-
XoAuiI0 Ha (oHe WHrHOMPOBaHMS aKTUBHOCTH THalypoHuna3. Beemenne ®K He Bhusiio
Ha aKTUBHOCTh THamypoHuaa3. Y Kkpeic, momydaBmux BXK/+®K, cHm3mimce 3Q¢eKxTs
BX] u nposasuiocs Bnugaaue OK Ha pemonenupoBanue BKM Ha ypoBHe peakiuii cuHTe3a
U IeTpajalliy €ro KOMIIOHEHTOB.
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BUOTI'PAD®USA

4, Jlena bopucosna Kum, paborato riaBHBIM HAyYHBIM COTPYAHUKOM, PYKOBOJIUTEIEM
Ipynibl OMOXUMHN COEIUHHUTENbHONW TKaHUW B DeneparibHOM HCCIENOBATENbCKOM LEHTPE
¢byHIaMeHTaIbHOM W TpaHcsinnoHHo MenuiuHbl (OULL ®TM, HoBocubupck). SBnsroch
JOKTOpoM MemuuuHCKuX Hayk ¢ 2000 roga. Cneumanu3upyioch B 00JIacTd (U3HOIOTHH,
naTo(U3HOIOTUH, TIMKOOHOIOT UM, KIMHIYECKONH OMOXUMHH, SKOJIOTHH denoBeka. O0macTb
MOHUX HAay4YHBIX MHTEPECOB COCTABIISIET N3yUYE€HHE MEXaHU3MOB Pa3BUTHS COLIMAIBHO 3HAUU-
MBIX (TyOepKyJie3, O)KHPEHUE, caXapHbIid quadeT 2 THUNa) U BO3pacT-CBS3aHHBIX 3a00JieBa-
Hull. MHTepec mpencTaBiseT TakkKe HCCIel0BaHME NMPOLIECCOB aJalTallid U MpexaeBpe-
MEHHOT'O CTapCHUS YEI0BEKa B APKTHUKE.
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THE EFFECT OF PHYTOCOMPOSITION ON THE COMPONENTS
OF THE EXTRACELLULAR MATRIX OF THE LIVER OF RATS FED
A HIGH-FAT DIET

L.B. Kim, A.N. Putyatina, G.S. Russian

Federal Research Center for Fundamental and Translational Medicine (FRC FTM),
Novosibirsk, Russia, Ibkim@ficftm.ru

Many systems and organs are affected by obesity. This is evidenced by the frequent
combination of obesity with cardiovascular, endocrine diseases, and disorders of the muscu-
loskeletal system. The liver, which is directly involved in the regulation of fat metabolism,
is characterized by the early development of steatosis, steatohepatitis, as a stage of non-
alcoholic fatty liver disease (NAFLD). At all stages of NAFLD development, disorders of
the extracellular matrix (ECM) structure and liver function occur, an imbalance in the ECM
metabolism regulation system, and the development and progression of organ fibrosis.

It is reported in the literature that liver fibrosis can be slowed down with the help of me-
dicinal plants, their biologically active components and extracts that inhibit the activation of
hepatocytes and reduce the deposition of ECM. However, these data were obtained in exper-
imental models, usually obtained by administration of doxorubicin and carbon tetrachloride
to animals, and there is no data on the use of herbal remedies for obesity-related fibrosis, as
well as the effectiveness of their use in the form of phytocomposition (PhC).

In this regard, the purpose of the work is to study the effect of a PhC of plant extracts on
the metabolism of the main components of liver ECM in rats fed a high-fat diet (HFD).

In the work, PhC was used, consisting of extracts of bergamot, dioscorea, barberry and
Peruvian maca. The main components of ECM were evaluated in rat liver homogenates:
hydroxyproline fractions (HOP), hyaluronidase activity, and sulfated glycosaminoglycans
(sGAG). After 7 weeks of the experiment, the rats treated with HFD showed signs of fibro-
sis in terms of the ratio of HOP fractions and a decrease in the activity of hyaluronidases.
The addition of PhC to HFD was manifested by increased degradation of collagens and a
decrease in their synthesis.

Thus, in rats treated with HFD, the exchange of ECM components is activated with the
predominance of fibrogenesis over fibrolysis. Increased collagen metabolism occurred
against the background of inhibition of hyaluronidase activity. In rats treated with HFD+
PhC, the effects of HFD decreased and the influence of PhC on the processes of ECM re-
modeling at the level of synthesis reactions and degradation of its components was mani-
fested.
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COBPEMEHHBIE OTKPBITBIE HABOPBI JAHHBIX PEHTTEHOI'PAMM
OPI'AHOB I'PYJHOMU KJIETKHU JIAA I'EHEPALIUA
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[IpencraBieH cpaBHUTENBHBIM aHAN3 KPYMMHEHIINX OTKPHITHIX HAOOPOB AAHHBIX PEHT-
TEHOIpaMM TPYIHON KJICTKH JUIS OOy4YCHHS MOJEJCH aBTOMATHUYCCKOW TeHepaluu Meu-
UMHCKHUX 3aKkiroueHuil. [IpoaHanu3upoBaHbl XapaKTEPUCTUKU KOPITYCOB, CHCTEMHBIE CMe-
IICHNS B JAHHBIX U 0apbhephl KPOCC-S3bIKOBON aIallTAIlIH K PYCCKOS3BITHOM ITPaKTHKE.

BBenenue. 3a mocieaHrue TObl ANTOPUTMBI TITyOOKOTO0 00y4YeHHs JOKa3ajld CBOIO BBI-
COKYIO pe3yJbTaTHBHOCTb B c(epe aHanmM3a MEJUIMHCKUX H300pakeHuid. McTopudecku
(oxyc BHUMaHUs HCCIIE0BaTeNeH ObUI CMEIIEH B CTOPOHY 3a7ay ACTEKIUH U Kiaccupuka-
1uy (Kak OMHAPHOMU, Tak U MHOTOKJIaccoBoii) [1]. Tem He MeHee, pyTHHHBIN TUAarHOCTUYEC-
CKHUl TIpOIIeCC YCTPOEH CIIOKHEE: UTOTOM HMHTEPIIPETallMd CHUMKA BPauOM-PEHTTEHOJIOTOM
CIIy’)KUT HE JUCKPETHBIH HA0Op METOK, a MOJIHOLEHHBI TEKCTOBBIM MPOTOKOJ, B KOTOPOM
NOAPOOHO OIHUCHIBAIOTCS XapaKTEp BBIABICHHBIX W3MEHEHUH, UX aHATOMHUYECKOE PAacIIoo-
JKeHHe M 00Inas KInHu4eckas kapTtuHa. Passutue apxurextyp tuna CNN-Transformer (rae
CNN - cBeprouHas HEHpOHHas CeTh) M MYJIBTUMOJANBHBIX Mozeneil (Vision-Language
Models) cmenano BO3MOXHBIM aBTOMAaTH4YeCKOe (OPMHPOBAHHWE TAaKMX TEKCTOB (3amada
Image-to-Text) [2]. KmtoueBsIM orpaHndeHueM aisi pa3pabOTKHM TOYHBIX HEHpOCEeTeBBIX
MoJenei B 3Toi 00JacTu ABJSETCS JOCTYITHOCTh M Ka4yecTBO 00ydaromux BeIOOpoK. CTpo-
THe MpaBUiIa 3alUThl MEPCOHATBHBIX JAHHBIX IALMEHTOB JENAIOT CO3JaHHE MacIITaOHBIX
KopmycoB (popmata «M300paskeHre — 3aKITIOUeHNEe) KpPaifHe CII0KHOHM 3a1aveid.

OOyueHne U OlEHKAa TaKUX MOJENe CHIIBHO 3aBUCAT OT JOCTYNHBIX HAOOpOB JaHHBIX
(mataceroB). Jlo cux mop OOJBIIMHCTBO METOIOB OOYUYAIOTCS HA OTPaHUYCHHOM YHUCIIE IMy0-
TUIHBIX KoJueknui, Takux kak MIMIC-CXR, IU X-Ray, CheXpert. 3t HabOpHI JaHHBIX
OTPaKarOT OIpeNeNeHHbIE IeMorpaguueckine W KIMHUYECKHE OCOOCHHOCTH, W MOJIEIH,
0o0y4YeHHbIE Ha HHUX, YACTO MMOKa3bIBAIOT CNa0yr0 MEePeHOCUMOCTh Ha «HECTaHJapTHHIC» JaH-
Hble (pa3jaudHble OONBHUIIEI, TPYNIBI MAIMEHTOB, BHOBI mpoeknuit). Hampumep, Salhi
n Akhloufi yka3pIBaloT, 4T0 COBpEMEHHBIE MOJEIH TUIOXO PACMO3HAIOT PEIKHE MAaTOJIOTHH
U C TPyZIOM paboTaroT ¢ OOKOBBIMH PEHTI€HOTPaMMaMH, MMOCKOJIBKY JaTaceThl MPeHMYyIIe-
CTBEHHO COJEp)KaT MpsIMble CHUMKH PacHpOCTpaHeHHBIX cocTostHuil [2]. [lonnmanue xa-
PaKTEPUCTHK CYIIECTBYIOMMX HA0OPOB JaHHBIX HEOOXOIUMO JUTS BEIOOpA ToIxomsmei Oa-
361 U GOPMUPOBAHHS PEKOMEHIALWH 10 X 00BETUHEHUIO HIIH ITpeaoOpaboTKe.

Lenbto qanHON pabOTHI SBISETCS CUCTEMATH3aLUs U CPABHUTEIILHBIN aHAIN3 OCHOBHBIX
OTKPBITHIX HA0OPOB TaHHBIX PEHTTEHOIpaMM I'pyIHOH KineTku. OCHOBHOE BHUMAHUE YAETIs-
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eTcs CICAYIONIMM acleKTaM: pa3Mepy NaHHBIX (YHCITy CHUMKOB, MAIIMEHTOB, HCCIIEIOBa-
HUil), hopMaTy H300paKEHHUIA, A3BIKY U CTPYKTYpE 3aKITIOUYCHUH, TUIY M KauyeCTBY aHHOTa-
Uil (pyyHas pa3MeTKa MJIM aBTOMAaTHYECKHU H3BJIEYEHHbIE METKH), COaJaHCHUPOBAHHOCTHU
KJIACCOB MATOJIOTUH, a TaK)Ke YCIIOBUSM JIMIICH3UPOBAaHHA U TpeOOBaHUAM K mpeaodpaboTke
IaHHBIX. Ha ocHOBE 3THX KpHuTepHeB GOpMyIHPYIOTCS 0000IIatomTie BHIBOABI O TOM, KaKue
OCOOCHHOCTH JaTaceTOB CHOCOOCTBYIOT Oojice 3((hEeKTUBHOM I'eHepali KOPPEKTHBIX 3a-
KITIOYCHHH, a KaKue — 3aTPYAHAIOT TIEPEHOC MOJIeTIe MeX /1y pa3HbIMH Ha0OpaMH JaHHBIX.

Marepuansl 1 MeToabl. B pamMkax naHHO# paboThI ObUTM cOOpaHBI JaHHBIE U3 OQUIIHU-
IBHBIX UCTOYHHKOB M KIIIOUEBBIX MyOJIMKALMK JUIsl KayKAOTO paccMarpuBaeMoro Habopa [2,
3,4, 5, 6]. XapakTepHUCTHKH AaTaCETOB M3BJICUCHBI U3 X OMHUITHAIEHBIX ONMCAHUN U CTaTCH:
pazmep, dopmar (Digital Imaging and Communications in Medicine — DICOM/PNG/JPEG),
BUBI poeKiuii (3aaHenepentss — PA, nepennesannss — AP, 6okoBas — LAT u ap.), si3bIK
3aKITIOYEHUH, HAJIMIUe CTPYKTYPUPOBAHHBIX METOK U METOJI VX TTOJTyUeHHS.

IU X-Ray (Open-I) — ucropuuecku BaskHbIH Ha0Op AaHHBIX M3 VHIMAaHCKOTO YHHBEPCHTE-
ta. OH comepkut 7 470 CHUMKOB (TIPSMBIX B OOKOBBIX) H 3 955 nenaeHTUUIINPOBAHHBIX Bpa-
4eOHBIX 3aKTIOUCHI HA aHTIIMACKOM [2]. 3aKITIOYEeHUS YeTKO CTPYKTYPHUPOBAHKI 110 Pa3IeiiaM:
«Ilokazanus» (Indication), «CpaBrenue» (Comparison), «Haxongkm» (Findings) u «3axmoue-
aue» (Impression); n anHOTHpOBaHKI Komamu Medical Subject Headings (MeSH) / RadLex.
HaGop oTHOCHTENIBHO Mall IO pa3Mepy, HO LICHEH TeM, YTO MPEIOCTABIISIET OPUTHHAIIBHBIC TEK-
CTOBBIE 3aKITFOYEHHS, YAOOHBIE U MPOBEPKH KavyecTBa TeHeparun. YacTo UCIob3yeTcs Kak
TECTOBBII JaTaceT JyIsl MPOBEPKU 000O0IIArOIIeH CrIOCOOHOCTH (TeHepau3alyu) Moenei. Jlan-
HBIE OCTYIHBI OTKPBITO Yepe3 Openl NLM (myOmmanas munenzus CLLA).

MIMIC-CXR (PhysioNet) — KpyITHBIIT aMEepHUKaHCKHIA JaTaceT pEHTICHOTpaMM OpPTaHOB
rpynHoit kneTku. Bepcust v2.0 Bkmowaer 377 110 mzoOpaxenuit B ¢opmare DICOM
u 227 835 uccnenoBanwuii, coopanHsx B 6onbHUIE Beth Israel Deaconess (2011-2016) [3].
Kaxmoe uccienoBanue CONEPKUT CHUMKH M aHIJIOSN3BIYHOE 3aKIfoUeHue. TeKcThl Hammca-
HBI pa3HBIMU BpadyaMHd B CBOOOJHOM CTHIIE, YTO CO3aeT BBICOKYIO BapHATUBHOCTH TEPMHU-
Hoyoruu. [/laHHbIe MenAeHTH(UITUPOBAHBI, HO COJEpPIKAT CIeTKa pa3InyarolIiecs: XapaKTe-
pucTUKH (TIpsMbIe/OOKOBBIE TpoeKIuu). Ha CHUMKax 4acTo MPUCYTCTBYIOT apTe(axThl:
TpyOKH amnmapaToB HCKycCTBeHHON BeHTmsiiuu Jserkux (MBJI), kapawmocTuMymisITOpsl,
anektponl dMekrpokapauorpaduu (OKI). MIMIC-CXR dacto MCmonb3yercsi Kak CTaH-
JApTHBIM HAO0OP U1 00ydeHHs MOoJIeNied TeHepaluy 3aKIIoYeHu Onaroaapst oo0beMy U pea-
JUCTUIHOCTH KIMHHYECKOTO KOHTEeHTA. JInmeH3ws: cBoOOmHBEIN moctym depe3 PhysioNet
(reobxoauMma peructpanus u coryacue ¢ ycaopusmu HIPAA).

CheXpert (Stanford AIMI) — xkpymHbIi Habop U3 CtaHbOpACKOH OoMbHUIBL. COnepKUT
224 316 pentreHorpamm (PA/6GokoBeie poeknuu) ot 65 240 mauuenros (2002-2017) [4].
3aKITI04YeHHUs PEHTTEHOJIOTOB MPENOCTABIISIOTCS, OIHAKO OCHOBHAsA pa3MeTka — 3To 14 kare-
ropuii 3a0oyieBaHuil (BKIouas «be3 maronoruiiy), W3BJICUCHHBIX aBTOMAaTHYECKH C TIOMO-
mipto nipaBui (labeler CheXpert) u3 Tekcra 3axmodenus. Takum obpazom, CheXpert npen-
CTaBII€T COOOW CTPYKTYpHUpOBaHHBIN natacer (M3o0pakeHUs + OWHApHBIE METKH), TJIe
METKH UMEIOT BO3MOXKHOCTh «HEOIPENEICHHOCTHY». BannaannoHHble 1 TECTOBBIE TIOJMHO-
JKECTBA MPOMAapKUPOBAHbI BPYUYHYIO PeHTreHojoramu. Jloctym: OecriaTHO Uil HCClIeaoBa-
Teneit (Tpedyercs peructparus Ha caiite Stanford AIMI).
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PadChest — kpynHeimuii HeaHrmoA3bpIYHBIA Kopryc u3 Mcnmanuu. Bxmouaer 160 868
CHHUMKOB TPYyIHOH KiieTku oT 67 625 marmmenTos (Hospital San Juan, 2009-2017) [5]. U306-
paxenus npenctasierasl B DICOM (BkiTrouass HECKOJIBKO BHIOB Ipoekmmn). Kaxmnoe wc-
CIIEIOBAaHHUE COIPOBOXKAAETCAS CBOOOTHBIM TEKCTOM Bpaya Ha MCIAHCKOM W MHOTOYpOBHe-
BOI crcTeMoit MeToK: 174 peHTreHomorn4ecknx HaxoAkH, 19 nuddepeHnnanbHbIX THarHo-
30B U 104 noxammzaruu, comoctaBieHHble cranmapty Unified Medical Language System
(UMLS). Okono 27% 3akioyeHnii aHHOTHPOBAHO BPYYHYIO BpadyaMH, OCTalIbHOE — aBTO-
MaTHYECKHU C MIOMOIIBIO PeKYpPpeHTHBIX HelpoHHBIX ceTeit (RNN) ¢ mocneaytromeit Banma-
rmeit (0.93 Micro-F1). JlocTym OTKPBIT A1 HAYIHBIX HCCIICIOBAHIH.

VinDr-CXR (Vingroup Big Data Institute) — meranu3upoBaHHbIN HaOOp TaHHBIX W3
Brernama. Cogmepxxut 18 000 pentreHorpamm rpyaHoi kietku B ¢popmate DICOM, co-
OpaHHBIX B ABYX KPYIHBIX TocmuTamsx XaHos B mepuoxa ¢ 2018 mo 2020 rox [6]. Opuru-
HaJbHbIE CBOOOHBIE TEKCThI 3aKIIOUEHUI HE MPEI0CTaBIAIOTCS, OHAKO HaOOp BhIJIEISIETCS
OecrperieIeHTHOM 10 KayecTBY MPOCTPAaHCTBEHHOM pa3MeTKoil: 22 JOKanbHbIE PEHTTEHONO-
THYECKUe HaXOJKU (CTPOrO aHHOTHPOBAHKI MPSIMOYTOILHBIMU paMkaMu — bounding boxes)
1 6 TnobanbHBIX nrudQepeHnnanbHBIX UAarHO30B Ha ypoBHE Bcero cHuMKa. VinDr-CXR
MPEJICTaB/IAeT CO0OM BBHICOKOKAUECTBCHHBIN HAOOp MaHHBIX W WUICAIBHBIA I OO0y4YCHHS
MEXaHU3MOB Bu3yaibHOro BHUMaHus (Visual Attention).

B T1abn. 1 npuBeneHa cBoAKa KIIIOUEBBIX XapaKTEPUCTHK PAacCMATPUBAEMBIX HAOOPOB
JAHHBIX, OTpaKalolIasi CpaBHEHHE 10 pa3Mepy, A3bIKY, TUITy aHHOTAIUI U TIp.

Tabmnumna 1
CpaBHHTEIbHBIN aHAIN3 N0 ATPHOYTaM
Habop manneix | MIMIC-CXR IU X-Ray CheXpert PadChest VinDr-CXR
H300p. 377 110 7470 224316 160 868 18 000
(x0m-BO)
Uccnenosannii | 227 835 3955 65 240 67 625 —
(k071-BO)
S3bIk aHTIL. aHTIL. aHTIL. HCIL aHTI.
3aKITFOYCHIS
MopnasbHocTH / | ipsiMble + TIpsiMbIe + TIpsiMbIe + 6 BunoB (PA, npsmeie (PA)
BU/IBI OOKOBBIE OOKOBBIE OOKOBBIE AP, LAT u ap.)
MPOEKUUI
Tun CeobOonubiii | CBobomubiii | Ctpykrypupo- | CBOOOAHbIIH Merku + bbox
AHHOTAIIUH TEKCT TEKCT BaHHbBIC METKH | TEKCT + MHOTO- | (6 AMarHo3oB +
(14 obs) YPOBH. METKU |22 JIOKaM3a1|K)

Kon-Bo metok | — (NLP- MeSH/RadLex | 14 (B T.u. «be3 | 193 (174 naxon- |22

METKH) KOIMPOBAHUE | TTATOJIOTHIN) ku + 19 mudd.)
JInnensus / CpoOonupiii | CBOOOIHBII CB00OOIHBIN CBoOoaHbII CB0oOOIHBIIN
Hoctyn (peructparms | (Public (peructparms Ha | (110 3as1BKe) (perucTparys

Ha PhysioNet) | domain) Stanford AIMI) Ha PhysioNet)
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Pe3yapTraThl. KadecTBO TEKCTOBBIX 3aKIFOUEHUI HANPSAMYIO ONpeAeIsieT BEpXHUH Tpe-
nen tounoctd Moaenu. B MIMIC-CXR TekcThl ecTeCTBEHHBI, OJJHAKO OHU COAEpKAT OIle-
YaTKy, WHIWBUIYaJbHBIC COKpalleHus Bpaued [3] ¥ HepelaeBaHTHYI HH(OpMAIUIO
(HampuMep, «CHAMOK cIejlaH B TOCTeNn»). HampoTwB, METKH 00pabOTKH €CTECTBEHHOTO
s3pika (NLP) B CheXpert nMeroT ypoBeHb ONINOKH, 3aJI0’)KEHHBIH CaMHUM allTOPHUTMOM H3-
BrieueHus (10 10-15% ju1st CIIOXKHBIX HaX00K) [4].

KnaccoBslii aucbananc fpko BbIpaXeH BO Bcex Habopax. HopmanbHble CHUMKH
(«No Findingy) niam pyTHHHBIE HAXOIKH (HAIPUMEP, KapIHOMETAIIN) COCTABIIOT OT 50 110
70% BBIOOpKH. Penxue 3aboneBanus (THEBMOTOPAKC, TPBDKU) BCTpeUyaroTca HedacTo. B pe-
3yJabTaTe HEHPOCETh MPHU T'E€HEPalUHU TEKCTa CKJIOHHA UTHOPUPOBATH PEIKHUE MATOJIOTHUH,
BBIIaBast Oe30MacHbIi MAa0JIOHHBIN TEKCT «I1aTOJIOrHii HE BEIABICHOY.

Homennoe cmemenne (Domain Shift) — cepresnas npobiema. Jlanusie n3 CIIA (MIMIC)
OTpaXXaloT MECTHYIO JeMOrpaduio M TpPOTOKONBI CKaHWpOBaHUA. Mojenn, oOydeHHbIe Ha
cHnMKax nanueHToB peanumaiu (MIMIC), nmpu TecTupoBaHWM Ha aMOYJIATOPHBIX JNAHHBIX
(IU X-Ray) nmoxasbIBaroT pe3koe najaeHue kadectna (aerpaaams metpuk BLEU 1 ROUGE).

I'maBHBIM OapbepOM TSI POCCUHCKUX HICCIEIOBATENEH SBISETCA OTCYTCTBHE OTKPBITOTO
OTEUYECTBEHHOTO KOPITyca PEHTTEHOTPaMM C TOJHOTEKCTOBBIMHU 3aKIFOYSHHSIMH COIOCTa-
BuMoro Mmacmraba (ananora MIMIC-CXR). [Inst co3naHusi pyCCKOS3bIYHBIX CUCTEM I'eHe-
panyy B HaCTOSIIEe BpeMs IPUMEHUMBI TPH CTPATETHH:

Mamunnbiii nepeBoj aataceToB. IlepeBon TekctoBbix 3akmoueHuit MIMIC-CXR nHa
pycckuii si3bik. [IpoOnema 3aKiro4aeTcsi B UCKQKCHUN y3KOCTICIIUAIM3UPOBAHHON MEIUITH-
CKOU TEPMHUHOJIOTHUHU IIPH aBTOMAaTUIECKOM TIEPEBO/IE.

MynbpTHA3bI9HBIE OONBITHE s13bIKOBBIE Mozenu (LLM). Mcmomb3oBanue mpemoOydeH-
HBIX Moxenei (Hamp., mT5, ruTS5, mBART), kotopsie "BUASAT" aHTIIOSM3BIYHBIE CKAaHBI, HO
TEHEPUPYIOT OTBET HA PYCCKOM SI3BIKE.

Transfer Learning. OOyueHne 6a30B0¥ MOAENH Ha aHTIIMHCKOM/HUCIIAHCKOM KOPITycax C
mocyeytonuM moo0ydeHneM (fine-tuning) Ha HEOONBIION, BPYUHYIO COOpPAaHHOU JIOKAJh-
HOM 0a3e pyCCKOS3BIYHBIX 3aKITFOUSHHM.

3akawuenne. HanGonee moaxoasiiiuM HHCTPYMEHTOM JUIS 3a/1a4y TeHEpaIud PeHTIe-
HOJIOTHYECKHX 3akitoueHui ceroqus sapsiercs MIMIC-CXR Gnaronaps Maciitady v Haju-
YHUIO MTOJIHOTEKCTOBBIX. TeM He MeHee, sI3BIKOBbIe Oaphephl, KIaCCOBBIN MucOaIaHC TMaToo-
THA ¥ OIyM B pa3MeTKe TpeOyIOT OT MCCllefoBaTeNel MPUMEHEHHS CIIOKHBIX METOJIOB TIpe-
JI0OpabOTKY, B3BEIIMBAHUS KIIACCOB M APXUTEKTYPHBIX YXHIPESHUH.

Co3iaHrue TOYHBIX, YCTOWYMBBIX K CMEUICHUSM U KIMHUYECKH JOCTOBEPHBIX MOICICH
TeHepaIiy TeKCTa I POCCUHCKON MeAUIMHBI TOoTpeOyeT 00 KOMITHIISIINHA COOCTBEHHO-
ro mMacmTabHOro KopIiyca, 1u00 pa3pa00TKU MHHOBAIIMOHHBIX METOJOB KPOCC-SI3BIKOBOTO
TpaHcdepHOro 00yueHus (cross-lingual transfer learning).
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BUOI'PA®USA

S, ITam Anatonuii 3ayapaoBud, paboTaro B 00JJACTH HAYKH O JAHHBIX, a TAKXKE aHAJH-
THKE W CHEIHATU3UPYIOCh Ha HEHpOCceTeBOM MOJETUPOBAaHUHU. SIBISIOCH MarucTpoM
¢ 2024 rona. B nanneiii MoMeHT oOy4atock B actiupantype HU TIT'Y, (r. Tomck) mo crenu-
agpHOCTH 2.3.5 MareMaTHdecKoe U MporpaMMHoOe 00ecIiedeHNEe BEIYUCITHTEIBLHBIX CHCTEM,
KOMIUIEKCOB M KOMITBIOTEPHBIX ceTeid. OO0rmacTb MOMX HAay4HBIX HHTEPECOB BKIIOYAET
HelpoceTeBoe 00yueHHe, OOJbIINE I3bIKOBBIE MOJCIH.
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Deep learning in medical imaging is shifting from discrete pathology classification [1]
to the automated generation of comprehensive free-text reports using Vision-Language
Models [2]. However, training such models requires massive "Image-Report" datasets, the
creation of which is hindered by strict medical privacy regulations.

This study systematically analyzes major open chest X-ray datasets, evaluates their suit-
ability for training report generation models, and identifies barriers to adapting these sys-
tems for Russian clinical practice.

Key datasets (MIMIC-CXR, IU X-Ray, CheXpert, PadChest, VinDr-CXR) were evaluat-
ed based on their volume, report language, annotation format, class balance, and accessibility.
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The analysis shows that MIMIC-CXR (377k images, 227k English reports) is currently
the gold standard due to its scale and realistic clinical narratives [3]. IU X-Ray offers highly
structured but limited text data [2]. CheXpert [4] provides a massive image collection but
only NLP-extracted labels without raw text. PadChest [5] is a vast Spanish corpus, while
VinDr-CXR [6] excels in spatial annotations (expert bounding boxes) but lacks text reports.

Key challenges include severe class imbalance (up to 70% "No Finding" cases) and do-
main shift, where models trained on specific demographics (e.g., ICU patients) struggle with
"non-standard" outpatient scans [2]. For Russian researchers, the primary barrier is the com-
plete lack of a comparable domestic dataset. Potential solutions involve machine translation
of English data, the use of multilingual LLMSs, and cross-lingual transfer learning.

While MIMIC-CXR remains optimal for training, language barriers and data biases ne-
cessitate complex preprocessing. Creating accurate text generation models for Russian
healthcare will heavily rely on advancing cross-lingual transfer learning techniques.
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IIpoBeneHa oleHka GakTOPOB MATOICHHOCTH U aHTUOMOTHUKOPE3UCTEHTHOCTH IIITAMMOB
YTIIEBOIOPONOKHUCIIAIONNX OakTepuid. VcciemyeMpie mrTamMMbl 0€30MacHBl U MOTYT OBITH
MCTIOJIh30BaHbI B OMOTEXHOJIOTHH.

IIpu co3nanuu He TOIBKO 3()HEKTUBHOrO, HO M OE30MACHOTO I OKPYIKAIOIICH Cpelibl
OmormpemnapaTa, B OCHOBE KOTOPOTO JIGKUT MHUKPOOHBEIN KOMIIOHEHT, HEOOXOIUMO IPOBO-
JIUTh BCECTOPOHHEE HCCIEOBAaHUE OaKTEepHUl Iepe]] BHECEHHEM B MPUPOAHYIO cperny. On-
HUM U3 OCHOBHBIX (PMIBTPOB MO OTOOPY MHUKPOOPTaHM3MOB SIBIISICTCS OHoNornuecKas 0es-
OTMIAaCHOCTh IITAaMMOB JIJIsI YEJIOBEKa, )KUBOTHBIX M OKpyxarorieil cpenst [1]. [Toatomy oco-
OeHHOE BHUMAaHHE 3acily’)KHBaeT MpoBepka (PaKTOPOB MATOTEHHOCTH W BHUPYJIEHTHOCTH.
[IpucyTcTBHE TATOTEHHBIX MHUKPOOPTAaHW3MOB W/WIIM MPOAYKTOB MX METa0OIM3Ma MOXKET
NPUBECTH K HapyILIEHHIO €CTECTBEHHOTO MHKpPOOHOTO COOOIIECTBa MM BTOPUYHOMY 3a-
TPSA3HEHUIO TEPPUTOPHUH, YTO HAHECET IKOJIOTMIECKUN U SKOHOMHUUECKHA yiepO. Baecenne
HENPOBEPEHHBIX MUKPOOPTaHN3MOB, HAIIPUMED, B COCTABE OPTaHWIECKOTO YA0OpEHMS, CITO-
COOCTBYET JIOKAIBHOIN KOHIICHTPAIIMH MOOWIBHBIX TEHETHYECKUX DIIEMEHTOB, a TAKXKE yBe-
JIMYMBAET YaCTOTy TOPU30HTAIBHOTO IIEPEHOCa TEHOB B 3KOcUCTeMeE [2].

BcenenctBre BbIIETIEPEYUCIEHHOTO, BO3HUKAET HEOOXOIUMOCTH OIICHKH Pa3INIHBIX
CBOMCTB MMKpPOOPTaHM3MOB MeEpe]] MX BHECEHHEM B MpPHUpOIHYIO cpeay. Llemp paboTbr —
MPOBEPUTH OMOJIOTHYECKYIO0 O€30IaCHOCTh IITAMMOB YTJIEBOJAOPOJOKHCISIIOIINX OaKTepHil.

B paborte ucmonp30Baiy mMTaMMbl YTII€BOAOPOJOKHUCISIONNX OAKTEPUil M3 KOJUICKIHH
Hay4no-uccnemnoBaTenbckoit madopaTopun MOpPCKoi MuKpoOuomornn MuacTHTYTa MUpPOBO-
ro oxeana (Illkoms1) JlampHeBOCTOUHOTO (QenepanpHOro yHUBepcutrera (IBDY):
Rhodococcus sp. 1A, Rhodococcus sp. 3B, Pseudomonas sp. 25. Jlns oneHku 6uonorude-
CKOM 0€30TTacCHOCTH OAKTEpHA UCCIICIOBAIN CIICAYIOIIee: aAre3MBHBE CBOWCTBA 110 METOIH-
ke B. U. bpunnuc; nnazmoxoarymnasHasi, GUOpHHOIUTHYECKAs U JeIUTHHA3HAs aKTUBHOCTH
B cooTBeTcTBUM ¢ ['ocymapcTBeHHOi papmakoneeit XIII n3panus; aHTHOMOTHKOPE3UCTEHT-
HOCTB OTIpeNeIsIi TUCKO-TU(D()y3MOHHBIM METOIOM.

B pesynbTare OIeHKH aire3UBHBIX CBOMCTB OakTepuii o meroauke B. 1. Bpummuc [3] Obl-
JIO0 BBIABJIEHO, uTo mramMbl Rhodococcus sp. 1A, Rhodococcus sp. 3B, Pseudomonas sp. 25
SIBJSIFOTCSL HEare3MBHBIMU: PACCUUTAHHBIC 3HAYCHUs] MHJEKCA aqre3MBHOCTH MHKPOOPTaHM3-
MOB coctaBstmi 1,21; 2,09 u 1,18 coorBerctBenHo. [pn onpenencany Apyrux GakTopoB 1maTo-
TEHHOCTH OBLJIO OOHAPYIKEHO, YTO UCCIICAYyEMbIC IITAMMBI HE 00JIaIAIOT IIa3MOKOAryJa3HOH,
(UOPUHONMUTHYECKOW U JIEUTHHA3HONW aKTUBHOCTHIO. [ OBOPSI O TEMOJIMTHYECKOH aKTUBHOCTH,
CllelyeT OTMETUTh, uTo mramMm Rhodococcus sp. 1A mokasan mooXUTENTbHYI0 PEAKIHIO: TIPH
ydere pe3ysbTaToB OTMEYald 00pa3oBaHHE MPO3PavyHON 30HBI TE€MOJHM3a BOKPYT KOJOHHIA.
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Nmerotes cBenenust, uto 6aktepuu poaa Rhodococcus sBisitoTest mpoayeHTaMu Tperaioinniy-
TIOB — OMOCYP(aKTaHTOB, ITPOSIBIIONINX TEMOJIUTHICCKYIO aKTHBHOCTH [4].

Hns onpeneneHuss aHTUOMOTHUKOPE3UCTEHTHOCTH HCCIEAYEMbIX INTAMMOB IPUMEHSUIIN
micko-nudysnonnsiit meron (M) [5]. B padote ucnonp3oBanuck 14 BHIOB aHTHOHOTH-
KOB Pa3JIMYHBIX KJIACCOB: aMHKAIMH, TeHTAaMUIIMH, IMHUIICHEM, IUMPOQIOKCAIMH, HOPQIIOK-
CalliH, BAHKOMUIINH, 3pUTPOMHUIIMH, aMOKCUIIMIUINH, aMITAIMLUIHH, pUGaMIUIIH, cyTbhame-
TOKCa30J1, TETPALMKINH, KAHAMULMH, JIeBOMUIETHH. [Ipy nccnenqoBaHnM aHTHOMOTHKOPE3HU-
CTEHTHOCTH OBbUIO OOHapyxeHo, yTo mramMm Rhodococcus sp. 1A oka3zaincst ycTtoiuuB K 7
n3 14 B3ATHIX B paboTy anTHOMOTHKOB. [1ITammer Rhodococcus sp. 3B u Pseudomonas sp. 25
NPOSABISUIA PE3UCTEHTHOCTH K 3 U3 14 aHTHOMOTHKOB, a TakKe OBUIM YMEPEHHO YCTOWYMBBI
K JCHCTBUSAM pH(aMIHIIHA, TETPAUUKINHA U KaHAMHIIUHA COOTBETCTBEHHO. YCTaHOBIICHO,
YTO TCHBI, CBSI3aHHBIE ¢ OMOCHMHTE30M M YCTOWYMBOCTBIO K AHTHOMOTHKAM, yKa3bIBAaIOT HA
aJlaNTHBHBIC NMPEHMYIIIECTBA B 3arpsA3HEHHBIX cpefax. | eHHbIe KilacTepbl MOTYT CIOCOOCTBO-
BaTh YCTOMYHMBOCTH K CTPECCY, MEXBHIOBBIM B3aUMOJCHCTBHS M JOJTOBPEMEHHON BBIKHBA-
€MOCTH B OKpykatotei cpezie [6]. [Tomumo 3TOr0, JaHHBIE Pe3yNbTaThl MOTYT OBITH UCIIOJNb-
30BaHbI B OyyIIeM Ul PeTYISINAN YHCICHHOCTH OaKTepHid, HECYIHX TeHBl YCTOWYMBOCTH K
AQHTHOMOTHKAM, M MX PACIIPOCTPAHEHUS 32 CUET TOPU3OHTAIBHOTO TIEPEHOCa.

Takum 00pa3oM, MOMYYEHHBIE PE3yJbTaThl OTPAKAIOT OMOJIOTMYEecKylo 0e30macHOCTb
MTaMMOB YTJICBOAOPOJOKUCIAIOUINX 63KTepHI>'I u MOTyT 6[)ITB ITOJIC3HBI B 6y,[1yHII/IX HUCCJIC-
JIOBaHUSX.
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BUOTI'PA®UA

A, Teraii Banepus BuxropoBHa, paboTaro B 001aCTH MUKPOOHOJIOTHH U CIICLHATH3H-
PYIOCh Ha M3YyYCHHH META0OJIMYECKOTO MOTEHLHANA YIIEBOIOPOJOKUCISIONNX OaKTepHil.
SIBNAIOCH COTPYAHUKOM H CTYI€HTOM 2 Kypca MarucTpaTyphl IO HaNPaBIECHUIO TOATOTOBKH
«buonorus» (npodune «Mopckas MUKpoOHoIOoTHs») B JadbHEBOCTOUHOM (enepatbHOM
yHuBepcuTeTe, T. BmagumBoctok. bakamaBp ¢ 2023 roma B 00JaCTH SKOJOTHH W IIPHPOIO-
I0JI30BaHMUS.
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EVALUATION OF BIOLOGICAL SAFETY OF STRAINS
OF HYDROCARBON-OXIDIZING BACTERIA

V.V. Tegai, E.A. Bogatyrenko
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tegai.vv@dvfu.ru, bogatyrenko.ea@dvfu.ru

We studied the pathogenicity and antibiotic resistance factors of strains of hydrocarbon-
oxidizing bacteria. It was shown that strains are safe and can be used in biotechnology.

The study assessed the biological safety of strains of hydrocarbon-oxidizing bacteria.
We conducted the following tests: adhesive properties, plasma coagulase activity, fibrinolyt-
ic activity, lecithinase activity, hemolytic activity and antibiotic resistance. The results
showed that Rhodococcus sp. 3B and Pseudomonas sp. 25 strains lacked the aforementioned
properties. Rhodococcus sp. 1A strain exhibited hemolytic activity and was resistant to 7 out
of 14 antibiotics.

The obtained results reflect the biological safety of hydrocarbon-oxidizing bacteria
strains and may be useful in future studies.
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BJIMSTHUE BKJIIOYEHUA 3AIIUAIIEHHBIX )KUPOB B PAIITMOH KOPOB
MOJIOYHOM NPOJAYKTUBHOCTHU

K.K. Hoii

000 «3koHusa-AIIK Xonounzy, p.n. Macnanuno, Poccus,
kseniya__tsoy@mail.ru

B noknane paccMOoTpeHBl 0COOEHHOCTH MCTOJIB30BaHMA 3AIIUIIEHHBIX KUPOB B KOPM-
JICHUW BBICOKONIPOAYKTHBHBIX MOJIOYHBIX KOPOB, UX BIMSHHE Ha TPOLECCH PyOLIOBOTO IMH-
IIeBapeHusi, JHEPreTHIeCKU 0OMEH W MOJIOYHYIO MPOAYKTUBHOCTH. [IpencraBieHsr 0CHOB-
HBbI€ MEXaHH3MBbI JIEHCTBUS 3AIIMUIEHHBIX XKHUPOB, UX POJIb B MOBBIIIEHUH YHEPreTUYECKON
00€eCTIeYeHHOCTH PallMOHOB U MPO(UITAKTHKE METa00INYEeCKUX HApYLICHUH Y >KUBOTHBIX.

BBenenue. CoBpeMeHHOE MOJIOYHOE CKOTOBOJICTBO XapaKTEPH3yeTCsl TIOCTOSHHBIM PO-
CTOM T€HETHYECKOr0 IMOTEHIIHAIa MOJIOYHOM MPOIyKTUBHOCTH KOPOB, UTO COMPOBOXKIAAETCS
MOBBIIICHUEM TPEeOOBaHMK OpraHW3Ma XKMBOTHBIX K YPOBHIO SHEPTEeTHYECKOrO MUTAHUS.
Oco0eHHO BBIpaKeH IeUINT 3HEPTUU Y BBHICOKOIPOAYKTHBHBIX KOPOB B TEPHOJ pa3zios
Y TIUKA JIAKTallud, KOTJa 3aTpaThl MATATEIHHBIX BEIIECTB HA CHHTE3 MOJIOKA 3HAYUTEIHHO
MIPEBHIIIAIOT YPOBEHb MTOCTYIUIEHUS SHEPTUU € KopMoM [ 1, 2].

OnauM n3 Hanboee 3(h(HEeKTUBHBIX CIIOCOOOB TOBHIIIEHUS! YHEPTETHYECKON TNTIOTHOCTH
PAIFIOHOB SBIISIETCS MCIIOJIb30BAaHUE 3AIMUIIIEHHBIX )KUPOB. 3alTUIIEHHBIC KHUPHI MTPEICTaB-
JISTIOT COOO0H JKUPOBBIC JT00ABKH, YCTOHUMBEIC K BO3ACHCTBUIO MUKPOQIIOpHI pyOlia U mepe-
BapHBarOIIMECs MPEUMYIIIECTBEHHO B TOHKOM KuIleuHuke [3]. Takas TeXHONOIrus Mo3BOIs-
€T JIOCTaBJIATh KUPHBIE KUCIOTHI HETIOCPEJCTBEHHO B KHIIIEYHUK, MUHYS aKTHBHOE pyOI10-
BOE pacIleIIeHue.

Hcnonb3oBaHne OOBIYHBIX KHPOB B BHICOKHX KOHIEHTPALMAX MOKET OKa3bIBaTh OTPH-
[aTeNbHOE BIMSHUE Ha MpoIecchl pyOIoBoro numieBapeHus. CBOOOIHBIE KUPHBIE KUCIIO-
ThI, 0COOEHHO HEHACHIIIEHHBIe, HHTHOMPYIOT AEATEIHHOCTH IEIUTFOIO30IUTHIECKUX MUKPO-
OpPraHU3MOB, CHIDKAIOT MEPEeBAPUMOCTh KJIETYATKH W YXyAIIaloT (hepMEHTAIMOHHBIE MPO-
neccel B pyoOue [4]. 3amuméHnble KUpbl TO3BOJISIIOT M30€KaTh AaHHBIX HETATUBHBIX (-
(eKTOB W OJTHOBPEMEHHO IMOBHICUTH YPOBEHL OOMEHHOM SHEPTHH B parnoHe 0e3 yBemude-
HUSI KOJINYeCTBa OBICTPO(QEPMEHTHPYEMBIX YTIIEBOJIOB.

[IpuMeHeHne 3aMUIIEHHBIX KUPOB CIIOCOOCTBYET MOBBIMICHUIO MOJIOYHOW MPOILYKTHB-
HOCTH, YIIYYIIECHUIO XUPHOCTA MOJIOKA, CHIDKEHHIO BBIPAKEHHOCTH OTPHUIATEIHHOTO DHEp-
TETHIECKOTo OajaHca ¥ YMEHBIIICHUIO PUCKa METa0OIMIECKIX HapyIIeHUH y KOpoB [5].

OcHoBHasi 4acTh. BBICOKONPOMYKTHBHBIE KOPOBHI B Hayaje JAKTaLUH HCIBITHIBAIOT
3HAYUTENHHYIO (PU3HOIIOTUYECKYI0 HArpy3Ky, CBI3aHHYIO C HHTEHCHBHBIM CHHTE30M MOJIO-
ka. B aT0oT meprnox moTpeGHOCTh OpraHu3Ma B SHEPTHH PE3KO BO3pacTaeT, OJHAKO MOTpeo-
JICHHE CyXOTO BeIlecTBa OCTaéTcsl OrpaHMYeHHBIM. B pesynbrate dopmupyercs oTpuia-
TEJIHBIA SHEPreTHUECKUil OanaHc, MpH KOTOPOM JKMBOTHOE BBIHYXKIEHO HCIIOIB30BATh pe-
3epBBI COOCTBEHHOTO OpraHu3Ma [2].
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HenocraTok sHepruu NMpuUBOAUT K MOOWJIHM3AIMH JKUPOBOW TKAHU, MOBBIIICHUIO KOH-
LEHTPAIUN HEITEpU(DUIIMPOBAHHBIX KUPHBIX KUCIIOT M KETOHOBBIX TEJ B KPOBH, YTO yBE-
JTUYUBACT PUCK PA3BUTH KETO3a U )KHPOBOH AUCTPOGUH MEeUCHU. B CBSA3M C ATUM IMOBBIIIE-
HUE DJHEPreTHYecKOM 00eCreueHHOCTH palldoHa SBISIETCS OJHOW W3 KIIIOUEBBIX 3ajad
KOPMJICHHSI MOJIOYHBIX KOPOB.

Hawnbonee KOHIIEHTPUPOBAaHHBIM UCTOYHUKOM DHEPTHH B KOPMIICHHH >KUBOTHBIX SIBIIS-
toTcs xuphl. [Ipu okucIeHnn KUPOB BhIIEISIETCS B 2—2,5 pa3a OoJble S3HEPTHUH 10 CpaBHe-
HUIO ¢ yriaeBogamu. OHAKO MPUMEHEHUE OOBIYHBIX KOPMOBBIX KHPOB B OOJBIINX KOJIAYEC-
CTBaX OTPAaHUYCHO OCOOCHHOCTSMHU PYOIIOBOTO MUIICBAPEHUS KBAYHBIX KUBOTHBIX.

B py6ue numuasl moaBepraioTca TUAPOINW3Y M OHOTHAPOTEHU3AIUHM MO IeHCTBHEM
MUKPOOPraHU3MOB. M30bITOYHOE CofiepKaHNe CBOOOTHBIX )KUPHBIX KUCIOT HApyIIAeT JKH3-
HEJEATEIBHOCTh PyOIIOBOM MHKPOQIIOPHI, 0COOCHHO OaKTepuii, pacHICIUIAIONMNX KiIeTdaT-
Ky. DTO TIPUBOAWT K CHHKCHHIO TEPEBAPHMOCTH HEUTPaIbHO-IETEPIeHTHOW KIETYATKH,
YXYAIIEHUIO CHHTE3a MUKPOOHOTO OeJKa ¥ CHUYKEHHUIO MOTpebaeHust kopma [4].

g mpenoTBpalieHus OTPULIATENBHOTO BIMSHMA JKHPOB Ha pyOIlOBOE MHUIIEBApEHHE
ObUIH pa3paboTaHbl TEXHOJIOTUU MPOU3BOJICTBA 3AIMUIIEHHBIX KHUPOB. OCHOBHOHN MPUHIIHIT
WX M3TOTOBJICHHS 3aKJIFOYAETCS B CO3/aHWUU (U3NYECKOW MM XUMHUYECKOH 3aIlUThI JIUIH-
JIOB OT BO3JAEHCTBHS pyOroBoi Mukpodmopel. Hambonee pacnpocrpanéHHbIME (BopMaMu
SIBJIIIOTCS KAJIBIIMEBBIC COJIU JKUPHBIX KUCIIOT, THIPOTCHU3UPOBAHHBIC XXUPHI U (PPAKIIHOHH-
POBaHHBIC MAJBMOBBIC KHUPHI.

KaspiueBble cony sKUPHBIX KUACIOT 00Pa3yrOTCs MPH B3aUMOJACHCTBUH KHUPHBIX KHCJIOT C
KaJbIleM, B pe3yJIbTaTe 4ero (JOpMUPYIOTCS COSTUHEHHSI, YCTONYMBEIE B YCIOBUSX HEUTPAITh-
Horo pH py0ma. B cerayre, rie cpena CTAaHOBUTCS KHCIIOH, TaHHBIC COSAMHEHHS PacIiaaroTcs,
TIOCJIE YeTO JKUPHBIE KUCIIOTHI IEPEBAPUBAIOTCS M BCACHIBAIOTCS B TOHKOM KHUILIEUHHKE [6].

lunporeHU3MPOBAHHBIC KUPHI TONYYAOT MyTEM HACBIIICHUS HEHACHIIICHHBIX JKUPHBIX
KHCJIOT BOJIOPOJIOM. DTO IMOBBIIIACT TEMIECPATYPy IUIABICHHS XKUPa U CHUKACT €r0 aKTHB-
HOCTb B pyOrie. @pakiimOHUPOBAaHHBIE MMAJTHMOBEIE JKUPBI MTPOU3BOISIT METOIOM pa3/IeIeHHUs
MAJTBMOBOTO Macia Ha OTAEITbHBIE (PAKINH C PA3TUIHON TeMIIepaTypo IIaBICHHUS.

OcHOBHO# (u3nonorndeckuit 3pPeKT 3aMIEHHBIX )KUPOB CBSI3aH C YBEJIUUCHUEM I10-
CTYIUICHHUS OOMEHHOU dHEpruu 0e3 JOMOTHUTEIbHON Harpy3ku Ha pyoOer. llepeBapuBanue
JKUPOB MPOUCXOJNUT MPSHUMYIIIECCTBEHHO B TOHKOM KHIIICUHUKE, TJIC JUITH/IBI PACIICIUISIFOTCS
(hepMeHTaMH O KETYA0YHOH JKene3bl U BCACHIBAIOTCS Yepe3 KUIIEYHYIO CTCHKY.

Hcnonp3oBaHue 3alUIIEHHBIX KUPOB B PAllMOHE CIIOCOOCTBYET MOBBIIIEHUIO MOJIOY-
HOM NMPOIYKTUBHOCTH KOPOB. Jl0MONHUTENbHOE TOCTYIUIEHHE SHEPTUH oOecrieunBaeT bonee
WHTEHCHBHBIM CHHTE3 MOJIOKA M TO3BOJISIET CHU3UTh BBIPAXKEHHOCTh OTPUIATEILHOIO SHEP-
reTryeckoro 6ananca. Kpome Toro, 3aniuiménHble )KUPhI TOJI0XKHUTEIBHO BIUSAIOT HA COJEP-
JKaHHE MOJIOYHOTO JKHPa, IIOCKOJIbKY KHPHBIC KHCIOTHI HCIIONB3YIOTCS B KAUECTBE MPE/IIe-
CTBEHHHKOB JIJISI CHHTE3a KOMITOHEHTOB MOJIOKa [5].

Haubonee BeipaxkeHHBIH 3(Q(eKkT npuMeHeHHs 3allMIEHHBIX KUPOB HabIromaeTcst y
BBICOKOIIPOAYKTHBHBIX JKMBOTHBIX B MEPHOJ Pa3fos U MUKa JIaKTallud. B 3TOT mepuon
OpraHu3M OCOOCHHO HYXIAeTCS B JOTIOJHUTEIHPHOM UCTOYHUKE SHEPTHH. Takke mpHuMe-
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HEHHE 3aIUIIEHHBIX JKHPOB CIIOCOOCTBYET YIYUIICHUIO BOCIPOU3BOAUTEIHHBIX TOKAa3a-
Tenel, CHIKCHHUIO YacTOThI KE€T03a W MOJICPKAHUI0 (PU3NOIIOTUYECKOTO COCTOSIHUS KH-
BOTHBIX [7].

OmHaKO KCIOJIB30BAHUE JKUPOB TPEOYET CTPOroro CoOIto/icHUs] HOpM BBona. OOrmid
YPOBEHB JXKHPa B CYXOM BEIIECTBE paIliOHA HE JOJDKEH MPEBHIIATh (PU3HOTOTHICCKH JOITY-
CTUMBIC 3HAYCHHUS, ITOCKOJIbKY M30BITOK JUMUIOB MOXKET IMPUBOJUTH K CHIDKEHHUIO TTOTPEO-
JIEHUS CyXOTO BEIIECTBA M HAPYIICHUIO IHIeBapeHus [1].

B ycnoBusix coBpeMEHHOTO MTPOMBIIIUIEHHOTO MOJIOYHOTO CKOTOBOZICTBA UCIIOB30BaHUE
JKUPOBBIX T00ABOK CTall0 HEOTHEMJIEMOI YacThIO PAI[IOHOB BBHICOKOIPOAYKTUBHBIX KOPOB.
Bricokuil ypoBeHb MOJOYHON MPOAYKTUBHOCTH COMPOBOXKAACTCS 3HAYUTEIBHBIMU HHEpre-
THUYECKUMH 3aTpaTaMH OpTraHu3Ma, KOTOpPHIC HEBO3MOXHO IOJHOCTHIO KOMIICHCHPOBATH
TOJIBKO 32 CU€T TPATUITMOHHBIX KOPMOBBIX KOMIIOHCHTOB. B CBSI3UM ¢ 3THM BKJIIOUCHHE K-
POB B PaIlMOHEI SBISAETCS 0053aTEIHHBIM IIEMEHTOM CHCTEMbI KOPMIICHHUS Ha OONBITHHCTBE
COBPEMEHHBIX KUBOTHOBOJYECKHX KOMIUIEKCOB [1, 5]. IlpuMeHeHue >KUPOBBIX T00aBOK
MO3BOJISIET TIOBBICUTH SHEPTETHUYECKYIO TUIOTHOCTh PAIMOHOB, TOIEPKUBATh CTAOMIBHYIO
MOJIOYHYIO NMPOAYKTUBHOCTh, YIyUIIaTh KOMIIOHEHTHBIM COCTaB MOJIOKAa M CHUXAaTh PUCK
MeTaboJInYecKNX HapyIIeHUH y )KUBOTHBIX B TIEPHOJ MHTEHCHUBHOM nakTanmu [4, 7].

BbiBoabI:

1. Bammménnble XUPHI ABIAIOTCA 3()(HEKTUBHBIM NCTOYHUKOM JOMIOIHUTENFHOW SHEp-
TUU JJI BEICOKOTIPOAYKTUBHBIX MOJIOUHBIX KOPOB.

2. Mcrionb30BaHue 3alIUIIEHHBIX KUPOB MO3BOJSET MOBBICUTH YHEPTETUUYECKYIO TIOT-
HOCTBH paiiroHa 0e3 OTPHUIaTeILHOTO BIUSHUS Ha MPOIECCH PyOIIOBOTO MHUIICBAPCHUS.

3. OCHOBHOE MPEUMYIIECTBO 3AIUIIEHHBIX )KHUPOB 3aKJIIOYACTCS B UX YCTOMUYUBOCTH K
BO3/IEHCTBHIO MUKPOQIIOPHI pyOIla U MoCIeAyIOIeM TiepeBapiBaHIH B TOHKOM KHIIIEYHHUKE.

4. IlpuMeHeHre 3alIUIIEHHBIX KUPOB CIIOCOOCTBYET MOBBIMICHUI0 MOJOYHON MPOIYK-
TUBHOCTH, YBEIIMYCHUIO COJICPIKAHUS KHPA B MOJIOKE U CHIDKEHHUIO BBHIPAYKEHHOCTH OTpHIIa-
TEIHHOT0 SHEPTeTHUECKOTo OaaHca.

5. Mcnonp30BaHue 3alIUIIEHHBIX )KUPOB SIBISIETCS] BaYKHBIM AJIEMEHTOM KOPMJICHUS BBI-
COKOTIPOYKTHBHBIX KOPOB B TIEPHOJT Pa3/0sl M MTUKA JIAKTAIINH.
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BUOT'PA®UA

41, Hoit Kcennst KorcranTrHOBHA, paboTaro B 00JIaCTH CEIBCKOTO XO3SHCTBA U CIICIIHAIIH-
3UPYIOCh HA KOPMJIEHHH KOPOB TOJIITHHCKON TOPOJIBI MOJIOYHOH MPOXYKTUBHOCTH. Paboraro
BHYTPEHHUM TpeHepoM ydueOHoro TieHTpa JKusotHoBOACTBO OO0 «OKk0HMBa-AIIK XomauHry,
B paboueM nocenke Macnsuuno, HoBocuOupckoii oonactu. Kananaar cenbCKkoX0o3siHCTBEHHBIX
Hayk ¢ 2021 roga. O6nactTs MOMX Hay4YHBIX HHTEPECOB BKIIFOUAET CENTBCKOE XO3SHCTBO, 300TEX-
HUsI, OMOJIOTHSI, a TaKXKe OOYUEHHE CIIEIMATICTOB KOMITAHUH U CTY/IEHTOB-TIPAKTUKAHTOB.

EFFECT OF INCLUDING PROTECTED FATS IN THE DIET OF DAIRY COWS

K.K. Tsoy
LLC “EkoNiva-APK Holding”, Maslyanino settlement, Russia, kseniya__tsoy@mail.ru

The report considers the use of protected fats in feeding highly productive dairy cows
and their role in improving energy metabolism, rumen function, and milk productivity.

Modem dairy cattle production is characterized by a continuous increase in the genetic
potential of milk yield, which leads to higher energy requirements of cows, especially during
early and peak lactation. At this stage, energy intake from feed is often insufficient to meet the
demands of intensive milk synthesis, resulting in a negative energy balance and metabolic stress.

Fats represent the most concentrated source of dietary energy in ruminant nutrition;
however, their direct inclusion in diets is limited due to negative effects on rumen microbial
activity. In particular, free fatty acids can inhibit cellulolytic bacteria, reduce fiber
digestibility, and disrupt normal rumen fermentation processes. As a result, excessive use of
unprotected fats may impair feed utilization efficiency and animal performance.

Protected fats are designed to overcome these limitations. They are fat supplements that
are resistant to rumen degradation and are primarily digested in the small intestine. This
allows fatty acids to bypass rumen fermentation and be absorbed more efficiently, providing
a direct and concentrated source of metabolizable energy.

The use of protected fats increases the energy density of the ration without increasing
rapidly fermentable carbohydrates, thereby reducing the risk of ruminal acidosis and
maintaining stable rumen function. Common forms include calcium salts of fatty acids,
hydrogenated fats, and fractionated palm fats, each differing in production method and
degree of rumen protection.

Physiologically, inclusion of protected fats supports energy balance in dairy cows,
reduces mobilization of body fat reserves, and helps prevent metabolic disorders such as
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ketosis and fatty liver syndrome. In addition, improved energy supply contributes to
increased milk yield and positively influences milk fat synthesis.

The use of protected fats is particularly important for high-yielding cows during the
transition period and peak lactation, when metabolic demands are highest. Their inclusion in
the diet is therefore an effective nutritional strategy to maintain productivity and metabolic
health under intensive dairy production systems.
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CKAHEP MATHUTOUHYKLIIMOHHOT'O TOMOT'PA®A
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YIB®DY, > 000 «IlIYJIbCAPy», * 000 «I[TOCEH/TOH», Bnaousocmok, Poccus,
yung.bn@dvfu.ru, pulsar vi@bk.ru, lip@ya.ru

[IpencraBinena KOHCTPYKIMS CKaHepa JJIsi MarHUTOMHAYKIUOHHOTO ToMorpada (MUT)
¢ cocrtaBHbIM C-00pa3HbIM MarHUTOPOBOJIOM, COJIEPKAIINM THOKHE U KECTKHE CETMEHTHI.
CkaHep 00ecneurMBaeT BBICOKYIO IMOMEXO3AIMUIIEHHOCTh M BBICOKOE IMPOCTPAHCTBEHHOE
paspelieHye Ipu perucTpalui MarHUTOMHAYKIIMOHHBIX curHanoB. [IpeanoxenHoe ycTpou-
CTBO MOXET HCITOJIb30BATHCS KaK KIIOYEBON M3MEPUTETHHBIM MOMYIh MAarHUTOUH Ty KIINOH-
HOro Tomorpada Ui 3aJady MEIUIMHCKOW BH3yallM3allid, HEepa3pyIIarollero KOHTPOJIS
Y OKCTIEPUMEHTATFHON (DU3HKH.

BBenenune. MarautonnaykuuoHaas tomorpadus (MUT) sBisercs OECKOHTaKTHBIM Me-
TOJIOM BU3yaJIU3aI[UH pacpeesieH s JIEKTPONPOBOIHOCTH 00bheKTa. [IepBHUHbIC KATYIIKH
CO3/Ial0T NMEPEMEHHOE MarHUTHOE TOJIE, KOTOPOE UHAYIIMPYET B MPOBOJIAIIEM 00BEKTE BUX-
pEeBbIE TOKH; BTOPUYHOE TOJIE 3TUX TOKOB PETHUCTPUPYETCS MPUEMHBIMU JaTYUKAMHU U HUC-
MOJIB3YETCS [IJIS1 PEKOHCTPYKITNHU n300paxkeHus [1]. Pazsutre MUT cBsi3aHO ¢ MOBHIICHUEM
YyBCTBUTEJIBHOCTH, IPOCTPAHCTBEHHOTO pa3pelieH s U MOMEXO03aIUIIEHHOCTH [2].

Omanm 13 HanpasieHuid pa3Butust MUT sBiseTcs n3mepenne Ga3oBOTO CIBUTA MEKIY
CUTHAaJaMH WCTOYHWKOB M MPUEMHUKOB C IOCIEAYIONIEH PEKOHCTPYKIMEH pacIpeneeHus
MPOBOAUMOCTH. Takol MOIXOJ CHUXKAET BIHMSHHUE TUIEKTPUYECKOW W MarHUTHOW TIPOHH-
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aeMocTeil 00beKTa, OJHAKO MPEABSIBIACT BBICOKHE TpeOOBaHUs K (a30METpUH, XapakKTe-
pu3yeTcs BBICOKOH ammapaTHOM CIOXHOCTBIO M HEIOCTaTOUYHOW MOMEXO3alUIIEHHOCTHIO
M3MEPHUTETHHOTO TPAKTA.

MarauTonHIYKIIMOHHBIE MHTPOCKOMIBI JJISI HEPa3pyIIAIOmEro KOHTPOJST HCHOIB3YIOT
MaTpUIBl TPUEMHBIX KaTyIIeK U CIeNHaIbHbIE aITOPUTMBI BOCCTAHOBICHNUS H300paKEHH.
OpnHako UX MPUMEHEHHE COCPEIOTOYECHO NMPEHMYIIECTBEHHO Ha METAITMYEeCKUX 00BbeKTax,
a BO3MOYKHOCTH ISl METUIIMHCKUX TPUIOKEHUH OTpaHUYEHBI.

Panee aBTopamu mpemnoxkeH croco6 MUT, B KOoTOpoM u3MepeHHE BUXPEBHIX TOKOB
MIPOBOJIAT BJIOJH OCH THOKOTO MarHutomnpoBoza [3]. OmHako Takas KOHCTPYKIHS OTpaHH-
YHBAET peaTU3aIlMi0 CTPOKOBOTO CKaHHPOBAHUS C BBICOKHM NPOCTPAHCTBEHHBIM pas3perie-
HUeM. VICTOYHMK MarHUTHOTO TOJIS M U3MEPHUTENbHBIA TPAaKT KOHCTPYKTHBHO CBSI3aHBI de-
pe3 ouH TMOKUI MarHUTOIPOBOA, YTO HE 00ECIEUnBACT MPOU3BOJILHBIN BRIHOC BO30YXIa-
IOIIeH KaTyIIKu u3 pabodeit 30HbI. Kpome Toro, He mpeaycMoTpeHa pa3Butas JudQepeHiu-
abHAs CUCTEMA C OTAEIFHBIMU N3MEPUTENBHBIMI U KOMIICHCAIIMOHHBIMH KaTyIIKaAMH.

Hean padotbl. Pa3paborka ckanepa MUT, obecreunBaromero BBICOKYIO MTOMEX03a-
MIMIIEHHOCTh U MPOCTPAHCTBEHHOE pa3pellieHHe AJs WCIOJIb30BaHMS B KauecTBE M3MEpH-
TEIBHOTO MOAYNS B 3aJadax METUIIMHCKON BH3YyaJH3alllM, HEpa3pyLIaroIero KOHTPOJ
1 3KCTIEPUMEHTAITBFHON (DU3HKH.

Metoasl n matepuadisl. [Ipemnaraemsrii ckanep MUT conepxut coctaBHO# C-00pa3Hblii
MarHUTOIIPOBO/, OOPAa30BAHHBIIN MOCIEAOBATENIFHO COSAMHEHHBIMHU IEMEHTAMHU: KOHUYECKUM
KOHIIEBUKOM (1), IepBbIM THOKHM CeTMEHTOM (2), ®KECTKUM CETMEHTOM C BO30Y’KAaromen Ka-
Tymko# (3), :KECTKUM U3MEPUTEITHHBIM CETMEHTOM (4), BTOPBIM THOKHM CErMEeHTOM (5) U Tof-
KOBOOOpa3HBIM KOHIIEBUKOM (6). OOl BU KOHCTPYKIIMK NIPEICTAaBIIEH Ha puC. 1.

[

/ :
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Puc. 1. KoHcrpykuus ckaHepa ¢ coctaBHbIM C-00pa3HbIM MarHUTOIIPOBOJIOM
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Konnueckuii konneBuk (1) 1 moakoBooOpa3HbIid KOHIIEBUK (6) 00pa3yroT pabouuii 3a-
30p AJs pa3MelleHns: o0bekTa u3MepeHus. Bo3Oyxnaromas karymka (7) pacnojoxeHa Ha
JKECTKOM cermMeHTe (3), BRBIHECEHHOM M3 pabodeil 30HbI TOCPEICTBOM MEPBOTO THOKOTO Cer-
MeHTa (2), 9TO 00eCreUnBacT MPOCTPAHCTBEHHOE pa3/IeiICHIE 30H BO30YKICHUSI U U3MEpe-
HUS [IPU COXPAHEHUH HENPEPhIBHOCTH MArHUTHOM LIEIIH.

B xécTkOoM M3MEpUTEITHLHOM cerMeHTe (4) pa3MemeHbl N3MEPUTEIbHBIC KaTyIKH (8) U
KOMIICHCALlMOHHBIC KaTymku (9), Kaxznas U3 KOTOPBIX MOJKIIOYEHA K WHAWBUAYAIEHOMY
yeunurento (10) ¢ uaeHTHYHBIM KodQuuneHTom nepeaayn. [lonepeunoe ceuenue kECTKo-
IO U3MEPUTEIHHOTO cerMeHTa (4) B IIIocKocTH A—A TIpeCTaBIeHO Ha puc. 2.

Puc. 2. TlonepeuHoe ceueHHe KECTKOTO U3MEPHUTEIBHOTO CETMEHTa
(rmockocTs A—A)

OmmnTudeckas (opMa CeUCHUs MO3BOJSET Pa3MECTHTh BIOIbL OOJIBIIION OCH MaTPUILY
M3 HECKOJBKHUX H3MEPHUTEIBHBIX U KOMIICHCAITMOHHBIX KarymieKk (1o 20 B OJHOHM IIOCKO-
CTH), YTO oOecIeunBaeT OJJHOBPEMEHHOE MOTyYeHHE CTPOKH M3MEPEHUH 0€3 MEeXaHMYEeCKO-
ro mepemMenienns ycrpoiictBa. CocTaBHON MarHUTONPOBOJ MOKPHIT SKPAHOM, ITOAKIIOUEH-
HBIM K IIIMHE 3a3€MJICHUS; TIEPEXOAbl MEeXAY KECTKUMHU U THOKUMHU CETMEHTaMH BBITIONTHE-
HBI TUTABHBIMU TSI CHUKSHHUS TIOTEPh Ha BUXPEBBIC TOKH.

KoHcTpyKTUBHBIE pellleHNs, 3aJI0KCHHBIE B TIpe/jlaraeMblii CKaHep, HallpaBJICHbI Ha JI0-
CTHKECHHUE CIEIYIOMIMNX XapaKTePUCTHUK:

Homexozamuménnocms: JuddepeHnnanbias cxeMa ¢ CAMMETPUYHO PACIIONOKESHHBI-
MU U3MEpUTENFHBIME (8) U KOMITEHCAITMOHHBIME (9) KaTymkamMu oOecriednBaeT MoJaBlIeHe
cuH(]A3HBIX TOMEX OT BHEUIHHX TOJIEH U Tapa3UTHBIX EMKOCTHBIX CBs3el. PacuérHas onenka
YPOBHS TIOAaBJeHns1 coctaBiaeT He MeHee 40 nb npu ycnoBuu naeHTHIHOCTH K03 duUIIeH-
ToB nepenaun ycuimrened (10). JlomonmauTensHOE TOAaBIeHNE HABOJOK OT MHIYKTOpa JO-
CTHUTaeTCs 32 CUET MPOCTPAHCTBEHHOTO Pa3/IeICHUS 30H BO30YKICHUS U H3MEPCHUS.

IlIpocmpancmeennoe paspeuwienue: DNIUNTHYECKOE CEUCHHE JKECTKOTO H3MEPUTENb-
HOTO cermMeHTa (4) TeoMeTpPHYECKH MAOIMYCKAaeT pa3MEIIeHHE OOJBIIEro YHCiIa KaTyIIeK
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BJIOJIb OOJIBIION OCH 1O CPaBHEHHIO C KPYTJIBIM CEYEHHEM TOTO K€ MOMEePEeYHOro pasmepa.
[pu mare pacmonoXeHus KaTyliek, paBHOM 3(pPeKTUBHOMY AUAMETPy SAUHUYHOTO AaTYH-
Ka, TEOPETHUECKOE MPOCTPAHCTBEHHOE pa3pelleHne CTPOYHOTO CKaHUPOBAHUS ONpeaesieT-
Csl YUCIIOM JIaTYMKOB B MaTPHIIC.

Yyecmeumenvrnocmp: KoHndeckwii KOHIEBHK (1) TMOBBIMIACT JIOKATHHYIO ILIOTHOCTD
MarHUTHOTO TIOTOKA B 30HE OOBEKTa, YTO YBEIMYMBAECT aMIUIUTYy IOJE3HOTO CHTHajla OT
BUXPEBBIX TOKOB B HccieyeMoM o0bekTe. [[puMeHeHrne KorepeHTHOTO HAKOIUICHHs CHTHAJIa
(lock-in meTekTUpoBaHKE) MO3BOJISET HOMOJHUTEIBHO YIIyUIIUTh OTHOIICHHE CUTHAJ/IITYM.

3akawuenne. Pazpadoran ckanep MUT ¢ coctaBHbiM C-00pa3HbIM MarHUTOIPOBOIOM,
obecrieunBaONIMi MPOCTPAHCTBEHHOE pa3/ielieHue 30H BO30YXKICHUS M M3MEPEHHUs, TU]-
(epeHInaNbHYI0 KOMIICHCAIMIO CHH(A3HBIX TIOMEX M CTPOYHOE CKAaHHpOBaHHE. Y CTPOii-
CTBO JIOMOJIHSET cyuiecTByromue pemenuss no MUT u co3ga€t ocHOBY AJisi MOCTPOCHUS
MarHATOMHIYKIIMOHHBIX TOMOTpadoB HOoBOTO ToKoJeHus. JlanpHeiimas padoTa HanmpaBiIeHa
Ha YHUCIEHHOE MOJEITUPOBAHHUE PACIPEeICHUs] MAarHUTHOTO TOJISl U 3KCIIEPUMEHTAIBHYIO
BEePU(PHUKAIVIO PACUETHBIX XapPAKTCPUCTHK.

Paboma evinonnena npu noodepacke epanma Donoa cooeticmsuss UHHOBAYUAM (NPOEKM
Ne 54471C1/111992 om 13.12.2025).
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MOBBINEHUE YCTOMYNUBOCTH BU3YAJIBHOM JIOKAJIU3ALIANA
BECIIWJIOTHBIX JIETATEJIBHBIX AIIITAPATOB
C IOMOIIBIO KAPTBI JOCTOBEPHOCTH

C. JIn, K. Baxpomeesa, /I. Kupeesa, H. MykoBo3oBa

HHUY BII3, MUOM um. A.H. Tuxonoea, Mockea, Poccus, nugejus@mail.ru

B pabote npemnaraercsi moaxoi, B KOTOPOM yCTOWYMBOCTD JIOKAIN3ALMH MOBBILIACTCS
HE 3a CuéT MOAM(HUKAIINY aJTOPUTMA JIOKATU3aIlUHY, a 3a CUET MEePIICITHBHON mpenoopadboT-
KM BHUJICOTIOTOKA: JUISI KQXKJIOTO Kajipa CTPOUTCS MOMMKCEIbHas KapTa JOCTOBEPHOCTH, arpe-
THPYIOLIas CEMAaHTUYECKHE, KHHEMAaTHUECKUE U CTPYKTYPHBIC IPU3HAKY CLIEHBI M HOHIKA-
IolIas BKJIAJ HeHaAEKHBIX 00JacTeil B oLeHKy nonoxenus. Kapra nonaéres Ha BXxox HeMo-
TUQHUIMPOBAHHOMY BU3yallbHOMY Jiokanu3aropy ORB-SLAM3, BeicTynaromeMy OmopHBIM
MetoaoM. [IpuBozsiTcss MeToq0I0THs POPMUPOBAHUS KapThl U MPEABAPUTEIBLHBIE SKCIIEPH-
MEHTAJIbHBIE Pe3yJIbTaThl BEIOOpa 0a30BBIX MOAENeH Il €€ KOMIIOHEHTOB.

AptoHoMHas Hasuramus BIIJIA B cpemax ¢ OrpaHHYeHHBIM JOCTYIOM K CHUTHajaM
I'HCC - pagnosnekTpoHHOE TOJABJICHHE, IUIOTHAs 3acTpOiKa, CKJIAIKH pelbeda,
cny(uHr — ocTaércsi OTKpBITOH npobnemol. MHeprmanbHble METOAB! IPU OTCYTCTBHH
BHEIIHEH KOPPEKLUMH HAaKaIUIMBAIOT Apeid, HEAOMyCTUMBIN YK€ Ha KOPOTKHX MHTEpBallaX
ABTOHOMHOIO MoJéra. BusyanbHas OfHOBpeMEHHas JIOKalU3alMs U KapTorpadupoBaHHe
(Visual SLAM) naét oreHKy IMOJIOXKEHUS 10 ITOCIIEeI0BATEIHFHOCTH KaapoB 0OPTOBOIT kKaMme-
pBI 6€3 OMOophl HAa BHEIIHWE PAJMOCUTHANBI M ITOTOMY paccMaTpHUBAETCsl KaK €CTECTBEHHOE
JIOTIOJIHEHUE UJTH aJIbTepHATHBA.

B ocHOBe kiaccH4ecKkux METOIOB BU3YaJbHOM JIOKATU3AMHU JISKUT AOIYIIEHHE O Ipe-
MMYIIECTBEHHO CTATUYECKOM U KECTKOM CLEHE: COOTBETCTBHSI MEKIY KaJpaMH I1OJIArarTCs
MOPOXIEHHBIMA COOCTBEHHBIM ABHXKEHHEM KaMepbl. PeanbHbIC CIIEHBI MONETa 3TO JOMY-
[IEHUE CUCTEMAaTHYEeCKH HapylaroT. [BmKymiuecss 0ObeKThl (TPaHCIIOPT, JIOAH), 3€pKallb-
Hbl€ OJIMKH, OJHOPOIHBIE MAJIOTEKCTYPHBIE TIOBEPXHOCTH IOPOXKIAIOT IPU3HAKY, HE COIJIa-
COBaHHbIE C JBIKeHHEeM HaOmromarens. Takue MmpusHakud oOpa3ylOT BBHIOPOCHI B 3ajaue
OLIGHKH TOJIOKEHUS, eCTa0MIM3UPYIOT OMOPHBIE TOYKH KapThl U NPUBOIAT K CMELICHUIO
TPaeKTOPHH.

TpaguMOHHO HapylIeHHE CTaTUYHOCTH KOMIIEHCHUPYETCsl PEaKTHBHO, Ha CTOpPOHE
OLICHINIMKA TIOJI0KEHUSI, METOJaMU PoOacTHOM cTaTHCTUKH (0TOpakoBKa BeIOpocoB). Hacro-
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qmas pabota UCCIeAyeT MPOAKTHBHYIO CTPATETHi0: (JOPMHUPOBATH MEPIENTUBHBINA MPHOP
HaJAEKHOCTHU JIO dTana OICHKY IMOJIOKEHHUS, OMUPAsICh HA CEMaHTUYECKOE U JUHAMUYCCKOS
cojJiep)KaHUe CLEHBI, ¥ COOOIIATh €ro JOKAIU3aTOPy B BHJC NMOIMHKCEIBHOW KapThl HOCTO-
BepHOCTH. KifoueBoi MpUHINIT — pa3feNieHre OTBETCTBEHHOCTH: aJTOPUTM JIOKAIHA3AIHAN
ocTaéTrcsi HEeM3MEHHBIM, a BCS CEMaHTHUYeCKasi 00paboTKa BEIHOCUTCS B OTIIENBHBIN TepIien-
TUBHBIA MOAYJb MPeA00pa0doTKU. DTO JAeiaeT mpeajaraeMblii MPUOP B MPUHIUIC HE3aBU-
CHUMBIM OT KOHKPETHOH pean3aluy JOKaIn3aTopa.

B xauectBe omopHoro jokanm3aTtopa ucmoibiyercs ORB-SLAM3 — 3pemas cucrema
BU3YAIIbHON W BU3yallbHO-WHEPIIUAIBHON JOKaTU3aIiK, 00ECIeunBaIoNiasi BEICOKYIO0 TOY-
HOCTBH Ha IUPOKOM Kilacce ciieH [1]. Meron npumensiercs 0e3 BMEIIATENbCTBA B €r0 BHYT-
peHHee yCTpoWcTBO; OmHapHbIe Aeckpuntopsl ORB, BCTpoeHHBIE B JIOKamM3aTop, odecrie-
YUBAIOT OBICTPOE M MHBAPHUAHTHOE K MIOBOPOTY COMOCTABJICHHUE PHU3HAKOB.

[IpobnemMa nUHAMUYECKHX CIIEH B BU3YAJILHOW JIOKATH3AIMH TPAIUIIMOHHO PEIIaeTCs
ceMaHTHYeCKUMH MeTtofamu SLAM, UCKITFOUAIONIMMU IPU3HAKKA Ha 00BEKTaX MOTCHIIHAIb-
HO TTOJIBMXKHBIX KJIaccoB. Takoil moaxo ] cMEMIMBaeT KJIacC 0OBEKTa H ero (pakTHYeCKoe Ku-
HEMATHYECKOE COCTOSHHE: NMPUIAPKOBAHHBINH aBTOMOOWIIb CTATHYEH, HO OTHOCHUTCS K «IIO-
JIBUKHOMY» Kiaccy. JlJs pasmeneHuss 3THX MOHATHH PacCMaTpUBAlOTCS METOJIBI, OIHPAr0-
IIMecs Ha BPEMEHHYIO acCOIMAINIO0 HAOIOCHH (COMIPOBOXKIEHUE 00BEKTOB) [2, 3], mo3-
BOJIAOIINE CYTUTh O PEaTbHOM JIBIKEHHH 10 MCTOPHH ITOJIOKEHHUH, a HE 110 BHEITHEMY BH-
nIy. JI7s ceMaHTHYeCKOTO OMMCAHUS IOJACTHIIAIONIEH MOBEPXHOCTH MPHUBIEKAIOTCS JIETKHE
APXUTEKTYPBI CETMEHTAIIUY, MIPUTOIHBIC JUIT OOPTOBBIX BBIYHCIUTEINCH, 1 HAOOPHI TaHHBIX
JMUCTAHIIMOHHOTO 30HIUPOBAHUS BBICOKOTO paspemeHus [4, 5].

[Ipennaraemasi cucremMa BBITONHSET TMEPIENITUBHYIO MPEAoOpabdOTKy KaKIOro Kaapa
1 (opMHpYeT MOMHUKCENBHYI0 KapTy JOCTOBEPHOCTH, KOTOpasi Mepema&Tcss Ha BXOJ OTOp-
HOMY JIOKanu3aropy. JlokamuzaTop, B CBOIO 0Yepe/Ib, BEIIAET UTOTOBYIO OLICHKY ITOJIOKCHUS
W OpHEHTAalWU (BEKTOp TPAHCISIIWMU M KBaTepHUOH). O0mas cxema o0pabOTKH MpHBECHA
Ha puc. 1.

O0paboTka pa3duTa Ha IBE CTAIHH.

Cmaodun npedodpadomku N3BIEKaET U3 Kaapa TPU B3aUMOIOTIOIHAIONUX MTPU3HAKA:

® CceMaHmMUuuecKkylo (KaHOHU4ecKyr) MAcKy — TOMUKCENbHYIO KiIacCu(UKAINIO TIOICTH-
JaromIel MOBEPXHOCTH, 3a/IAI0NIYI0 CTPYKTYPHYIO OCHOBY CIICHBI ¥ allpHOPHYIO CKIIOHHOCTH
obOnacteli K CTaTUYHOCTH (pesibed), PaCTUTEIBHOCTH) WM TOIABUXKHOCTH (PYKOTBOPHBIC
00BEKTHI);

® NPUOP OUHAMUYECKUX 00bEeKMO8 — JIOKAIN3aI0 00NacTei, 3aHAThIX (PU3UUECKH IBU-
KYIIUMHUCH O6’beKTaMI/I, C pa3acJICHUEM IIOABUIKHOI'O KJIacCa 1 q)aKTI/I‘IeCKOFO JBHXKCHHU,

® Kapmy epanuy — BBIJEIIEHUE KOHTYPOB M CTPYKTYPHBIX THHUH CIIEHBI.

Cmaodusn KoppeKkyuu HadécHocmu OOLEAMHSCT 3TH IPU3HAKY B €IUHOE TIOMTUKCEIBHOS
nosie gocroBepHocTH. ConepxkarenbHo 00beJUHEHUE BBIMOIHAETCS B JIBA JIOTHUYECKHUX IIa-
ra: cHadajga permoHAIbHBIA MPHOP AMHAMHUYHOCTH (OPMHPYETCS COBMENIEHHEM CEMaHTH-
YecKOW MacKd C MPUOPOM IHMHAMHUYECKHUX OOBEKTOB; 3aTe€M 3TOT HPHUOP MOIYIUpPYETCS
CTPYKTypHOU (TpaHWYHOW) MH(OpPMAIIMEH, YTO MEePEBOIUT PErHOHAILHBIC OIICHKH Ha ypO-
BCHb OTACJIBHBIX MMUKCEJEH. PeSyanaT — KapTa JOCTOBEPHOCTH CO 3HAYCHUAMU B Aualla-
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30He [0, 1], moHmKaromas BKiIag HeHaAEXHbIX oOnacTeld. Kapra nmepenaéres nokanuzaTopy,
KOTOPBIN UCTONB3YET €€ KaK BECOBOM MPHOP MPH OLEHKE MOI0KEHHUS.

DunsTpauus MpenckasaHue 06HapyeHue
rpaHmy, KaHOHMYECKOI Macku | [AWHaMuy. 06bekTos

A

KoppeKuua TonorpagMueckoi Haa&XHOCTH

CozpaHue KapTbl
AOCTOBEPHOCTH

y,
J/ Mepepaya Ha Bxof
e B

t ORB-SLAM J

l anJZLCKElSEHIAE WTOroBOro BEKTOpa

WTOroBbIi BEKTOP Mo3bi

T

ey ryEnEn(Ey

Puc. 1. Cxema obpaboTku: npenoOpadoTka Kaapa Mo TpEM HEpLEHTHBHBIM
BETBSIM, KOPPEKIHUS HaA&KHOCTH, GOPMUPOBAHUE KAPTHI JOCTOBEPHOCTH
U repesiaya e€ OOpHOMY JIOKaJIH3aTopy

ApXI/ITCKTypa IOCTPOCHA Ha NPUHIUIIE B3aNUMO3aMCHACMBIX MOILYJ'IGI\;II Kaxaas nepuer-
TUBHasg BE€TBb CKpbBITAa 3a €AWHBIM HHTCp(beﬁCOM M MOXKET OBITh 3aMCHEHA HE3aBHCHUMO OT
OCTAJIBHBIX, YTO IMO3BOJIACT HapaliuBaTb CUCTEMY HHKPEMCHTAJILHO W COIIOCTABJIATH allb-
TCPHATUBHBIC pCaIU3allun 0e3 U3MEHEHUS OCTATLHOIO KOHBGﬁCpa.
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CemanTuueckasi Macka Ja€T CTPYKTYPHBIM KapKac CIEHBI U TpyOBId alpuop CTaTHYHO-
CTM IO KJaccaM IMOACTHJIAroIell moBepxHOCTH. TpeGoBaHME OOPTOBOTO HCIIOJIHEHHUS
HaKJa/bIBaeT OrpaHUYECHHE Ha BBIYMCIUTEIBHYIO CI0XHOCTH, IIOATOMY PacCMaTpHBaIOTCS
NETKUE apXUTEKTYPhl CETMEHTAIMH ¢ 0alnaHCOM TOYHOCTU U cKopocTu. McxonaHslii Habop
KJIACCOB 3E€MJICTIOKPOBA CBOAMTCS K HEOOJBIIOMY YHCIYy KaHOHMYECKHX KaTeropuil (¢ow,
00HaXEHHAST TIOPOMa/0CaZoK, PacTUTEIHHOCTh, PYKOTBOPHBIE OOBEKTHI, BOAA), IOCTATOY-
HBIX JUIS 331241 IPUOPHUTE3AHH HaIEKHOCTH.

YroObl OTHENUTH (GaKTHYECKOE ABWKECHUE OT MPHHAAJICKHOCTH K MOJBIKHOMY KIaccy,
oOHapy>KeHHe OOBEKTOB JIOMOJIHIETCS UX BPEMEHHBIM CONPOBOXKAeHUEM. [lokanpoBslii ne-
TEKTOP JIOKATU3yeT 00BEKTHI, a acCOIMANUs HAOIIoIeHHH MEXy KaJpaMi BOCCTaHABIIMBA-
€T TPaeKTOPUH U MO3BOJISIET KIACCH(PUIUPOBATH KAXKIBIH OOBEKT KaK CTaTHUECKHUH, AUHA-
MHUYECKHHA WIH HEONPEAESIEHHBINA M0 CMEIEHUIO €r0 MOJOXKEHHS 34 CKOJIb3sIee OKHO. Ta-
KO# moaxoJ He TpeOyeT pa3METKH JABHKCHHUS U OTPEeNIsieT pealbHOe KHHEMAaTHIEeCKOe CO-
CTOSIHHE, OHAKO MpeaIoiaraeT KOMICHCANIO COOCTBEHHOTO ABHKCHUS KaMephl.

CTpyKTypHBIE KOHTYpPHI CTATUYECKUX OOBEKTOB MPOCLHUPYIOTCS B CTAOMJIBHBIE BO Bpe-
MEHH TpaHUIbl (TP KOMIICHCHPOBAHHOM COOCTBEHHOM [IBM)KEHHH), TOTAA KaK I'DaHMIIBI
JUHAMUYECKUX OOBEKTOB M IIyMOBBIE KOHTYpPHI HecTaOWIBbHBL. BpemeHHas coriacoBaH-
HOCTb TPAHUI] CIIy>KUT, TAaKUM 00pa3oM, IONOJHUTEIbHBIM NPU3HAKOM CTaTUYHOCTH, HE
TpeOyromMM O00y4YeHHUsI U AAIOLIUM IUIOTHYIO MHTEPIPETUPYEMYIO OLIEHKY HA YPOBHE IHK-
CeJIeH.

Ha Tekymem sTane peann3oBaH CKBO3HOM KOHBeiep 0O0pabOTKM W HpOBeleHa cepusi
9KCTIIEPHUMEHTOB 110 BEIOOPY 0a30BbIX MOAENEH AJIsl KOMIOHEHTOB KapThl JOCTOBEPHOCTH.

Ha nabope maHHBIX TUCTAHIIMOHHOTO 30HIMPOBAHHUS BBICOKOTO paspemieHus [5] (wc-
XOJHBIE KJAacChl CBEACHBI K MATH KaHOHWYECKUM, oOydeHHe Ha M300pakeHHAx 512x512)
COIIOCTABJICHBI JIETKHE apXUTEKTYphl cerMeHTauuu. Jlydmmii 0anaHc TOYHOCTH M CKOPOCTH
mokazaia moxens PP-LiteSeg [4] (=2,2 muH mapamerpoB, mloU = 0,56), BaBoe Ooiee Jér-
Kasi 1 ObICTpas IO CPABHEHUIO ¢ OJIDKAWIINM KOHKYPEHTOM IPH COMOCTABHMOM KadecTBe.
HawubGonpmiee yucno ommOOK NPUXOAUTCS Ha KIAcChl «BoJa» U «0OHaKEHHAS MOPOJa», YTO
OIIpEIeNICHO KaK HallpaBJIeHUuE J0pabOTKH.

ITo pe3ynbTaTam cpaBHEHHS ceMelcTBa AETEKTOpoB BeIOpaHa Monxenb Y OLOVSs [2] kak
obecrieunBaroIas Ty4IInii KOMIIPOMEICC CKOPOCTH U ToyHOCTH (=71 kaap/c, mAP50 = 62).
Jna xnmaccuukanuym CTaTUYHOCTH TPHUBIEYEH MeTof compoBoxkiaeHus ByteTrack [3]
(cermre 100 xampoBs/c), ONpEeneAIONTHN ABIKCHHIE 110 HCTOPHH MOI0XKeHUH. CIIpOeKTHPO-
BaHa JIByXdTaIlHasi cCXeMa: [oKaJIpoBoe 0OHapyKeHHE ¢ KiIaccupHKanuei mo kiaccam M I1o-
CIIEAYIOIIee YTOYHEHHE COCTOSHUS [0 yCTOWYMBBIM TPAEKTOPHUAM COIPOBOXKICHHS.

Ha naGope xazpoB a3poChEMKH COMOCTABJIEHBI TPU METOAA BEpU(UKAIIMM MAcKU CTa-
TUYHOCTH IO TpaHuIaM. MeToJ BpeMEHHOW COIJIACOBAaHHOCTH TPaHUI] MPEB3OIIEN OJHO-
kagposele anbTepHaTuBbl (IoU = 0,74; F1 =~ 0,85), uTo moaTBep:kIaeT 1enecoobpa3HoCTh
UCIIOJIb30BaHUS BPEMEHHOW HMH(OpMAalWy; OXHO-KaAPOBbIE METOIBl OKa3ajuCh 4YyBCTBU-
TEJILHBI K IIyMY JaHHBIX a9POCHEMKH.

[lonmyyeHHble pe3ysbTaThl MOATBEPKIAIOT PEaTN3yeMOCTh OTAENBHBIX MEPUENTHBHBIX
BETBeH U 000CHOBAaHHOCTH BbIOOpa 0a30BbIX Moaeneil. JlanpHelmas paboTa BKIIOYAET: pea-
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JM3aLHUI0 ONIEPaTOPOB 0ObEAMHEHHS MPU3HAKOB B AMHYIO KapTy TOCTOBEPHOCTH; O0YUCHHE
MOJIeNIed Ha IENEBBIX JaHHBIX; DKCIEPUMEHTAIBHYIO MPOBEPKY LIEHTPAIbHON THIOTE3BI —
YTO HCIOJIb30BAaHUE KapThl JJOCTOBEPHOCTH CHMYKAET OIIMOKY TPAeKTOPHUH OIOPHOTO JIOKa-
nu3aropa (OIMOKH TPAaHCISUUH U OPUEHTALUHU 10 aOCOJIOTHOM W OTHOCHUTEIHHON MeTpu-
kam, APE/RPE) no cpaBHeHuto ¢ 6a30Boi KOH(UTYpannel; 1 CKBO3HYIO TIPOBEPKY CBSI3KU
«mpemodpaboTka — JIOKATU3aTOP» B CpeIe MOIETUPOBaHUS TT0JETA. OTKPHITEIM BOTIPOCOM
ocTaéTcsi KOMIEHCAIMA COOCTBEHHOTO ABHMKCHHUSI KaMmepbl, OT KayecTBa KOTOPOH 3aBUCHT
Kak 0OHapy>KeHHE JBIKCHHS 110 COINPOBOXKICHUIO, TAK M BPEMEHHAs COrTIaCOBAaHHOCTD I'pa-
HUII.

[IpennoxeHa KOHLIEMIUSA KapThl JOCTOBEPHOCTH KaK BHEIIHETO MEPLIENTUBHOIO MPHOpa
JUIsl yCTOMYMBOM BU3yanbHOH Jokanu3auuu BITJIA B ycnoBHAX HEJOCTYMHOCTH CIyTHHUKO-
BOI HaBuranuu. I1onxox BEIHOCUT CEMaHTHYECKYH0 00pabOTKY CLIEHBI B OTAENbHBINA MOAYb
penoOpabOTKH, COXpaHAs OMOPHBIN JIOKAIN3aTOp HEM3MEHHBIM, U TEM CaMbIM OCTaéTcs
HE3aBUCUMBIM OT €ro peanus3anuu. Peann3oBaH CKBO3HOH KOHBeWep M IKCHEPUMEHTAIBHO
000CcHOBaH BBIOOP 0a30BBIX MOAENEH 11t TPEX MEpLUENTUBHEIX BeTBeil. JlanpHeimas pabora
HalpaBlieHa Ha 0ObeMHEHHE NPU3HAKOB, 00yUYeHHEe MOAETICH U 3KCIIEPUMEHTAIbHYIO IIPO-
BEPKY BKJIaJ]a KapThl JOCTOBEPHOCTH B TOYHOCTh JIOKAJTU3AIUH.
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CASS: TOWARDS CONFIDENCE-AWARE SEMANTIC SLAM

S. Lee, K. Vakhromeeva, D. Kireeva, N. Mukovozova

HSE University, MIEM (Tikhonov), Moscow, Russia, nugejus@mail.ru

Visual localization is a natural alternative to satellite navigation for unmanned aerial ve-
hicles (UAVs) operating where global navigation satellite system (GNSS) signals are de-
nied, jammed, or spoofed. Its accuracy, however, is bounded by the assumption of a static,
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rigid scene, which is violated by moving objects and low-reliability image regions that inject
outlier correspondences and bias the estimated trajectory. We propose to improve robustness
not by modifying the localization algorithm but through perceptual pre-processing of the
video stream: for each frame we construct a per-pixel reliability map that aggregates seman-
tic, kinematic, and structural cues of the scene and down-weights unreliable regions in the
pose estimate. The map is supplied to an unmodified ORB-SLAM3 front-end, used as the
baseline, preserving independence between the perceptual prior and the localizer. The map
is formed in two stages: a preprocessing stage extracts a canonical land-cover mask, a dy-
namic-object prior, and an edge map; a reliability-correction stage fuses region-level dy-
namics priors with pixel-level edge evidence into a confidence field. A modular design lets
each perceptual branch be replaced independently. Preliminary experiments justify the base-
line models per branch: PP-LiteSeg for lightweight land-cover segmentation, YOLOVS8s
combined with ByteTrack for motion-aware object classification, and temporal edge con-
sistency for structural verification, with dynamic leakage identified as the safety-critical ob-
jective. Future work covers cue fusion, model training, and quantitative validation of the
central hypothesis that the reliability map improves front-end trajectory accuracy.

ABTOJJIEKTPOHHASA OMUCCHUS N3 JIUXAJIIBKOTI'EHUJI0OB
HEPEXO/IHBIX METAJIJIOB

T. JIum

Mockoeckuii 2ocyoapcmeennstii ynugeepcumem umenu M. B. /lomonocosa, Mockea, Poccus,
msuphyslim@gmail.com

ABTO3JIEKTPOHHAs AMUCCHS (TIOJIEBAsi SMUCCHS) — OTO HCITYCKaHHUE BJIEKTPOHOB TBEP-
IIBIM TEJIOM TOJ JACHCTBHEM CHIJIBHOTO BJIEKTPUUYECKOTO IOJIs, 00YCIOBICHHOE TyHHEIH-
pOBaHHEM Yepe3 HWCKaKCHHBIH TOTEHIHMANbHBIA Oapbep. SIBIeHHE TOJEBOW 3MHUCCHUH,
BIepBEIe OOHapyxeHHOe B 1897 romy V. Bynom, monyduiao SKCIepUMEHTaIbHOE 00BbsIC-
HEHHWE Ha OCHOBe TyHHeNbHOTO 3¢ dexra B 1928-1929 rr. B paborax P. daynepa u
JI. Hopaxeiima [1]. st JOCTHXKEHUST BBICOKUX JIOKATBHBIX TIOJICH UCIIOIB3YIOTCS OCTPHii-
HBIC KaTOABl C HAHOMETPOBLIM PaINyCOM KPUBU3HEL. JIByMEpHBIC TUXANbKOTCHUIBI IIepe-
xonHbIX MetaiuioB (JIIIM), Takue kak WS, u MoS,, npeacTaBisiror naTepec Omaromaps
CBOMM TOJIYIIPOBOJHUKOBBIM U ONTO3JIEKTPOHHBIM CBOMCTBaM, OJJHAKO MEXAHU3MBI I0JIe-
BOUM IMHUCCHUU M3 ITUX MaTepUajioB, 0COOCHHO YyBCTBHTEIHHOCTh K BHEIIHUM BO3ICH-
CTBUSIM, U3YUYCHBI HEJJOCTATOYHO [2].

Ilenmsro pabOTHI OBUTIO WICCIICOBAHUE aBTOIJICKTPOHHON IMHCCHH W3 HAaHOCTEHOK WS,
1 MoS;, CHHTE3UPOBaHHBIX METOJIOM XUMHUYECKOI'0 OCKICHUS M3 ra3oBoi (as3wl, U H3yde-
HUE BIIMSHUS JIA3ePHOTO 00YUYCHUS HA SMUCCHOHHBIC XapaKTESPUCTHKH.
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CuHTE3 HAaHOCTEHOK OCYILECTBIISUICS METOJOM Ta3o(pasHOro OCca)IeHHs C UCIOJIb30Ba-
HUEM HarpeThIX BOJL(PaMOBBIX/MOIHMOICHOBRIX HUTEH B TOTOKE cepoBomopona (H.S) [3].
Mopdornorus ucciaenoBanack METOIOM PAacTPOBOI AIMEKTPOHHON MUKpOocKonuu. V3MepeHust
THOJICBOM SYMUCCHH MTPOBOJMIINCH B BaKyyMHO# kamepe (~107¢ Topp) npu paccTOsSIHUH Mek-
Iy exkrponamu 1-5 mm. st uccnenoBanust poTodyBCTBUTENIBHOCTH UCIIONIB30BAJICS JIa3ep
¢ ATMHOM BOJHBI 532 HM M MoIIHOCTHIO 10 60 MBT (puc. 1).

Quartz tube

y

-
— — 7
—
— éﬁ«‘u
W filaments :-“:vy' e Ho ..,"

Quartz
substrate T—1

Si heater

Puc. 1. Cxema skciepuMeHTa

POM-u300pakeHusi MoOKa3ajid, YTO CHHTE3WPOBAHHbIC IUIEHKH MPEICTABISIOT COOOH
BEPTUKAIBHO OPHEHTHUPOBAHHBIE HAaHOCTEHKH pa3mepoM ~100 HM — 1 MKM, paBHOMEpPHO
MOKPBIBAIOIINE NTOBEPXHOCTh KaTona. BoibT-aMmepHble XapaKTEPUCTHKH AEMOHCTPUPYIOT
TUIIAYHOE JUISI TTOJIEBOM 3MUCCHU IKCIIOHEHIIMATLHOE TOBEJICHHE C TIOPOTOBBIM HANPSKCHH-
eM 300-350 B npu MexdIeKTpOAHOM PACCTOSHUU 5 MM, UYTO CBHUAETEIHCTBYET O BHICOKOM
ko3¢ uireHTe ycuaeHus mos.

KitoueBbIM pe3yibTaToOM SIBISETCS OOHAapy)KEHHE 3HAYUTEIBHOTO YBEJIMYEHUS TOKa
SMHCCUH TPH Jla3epHOM 00MyueHnn obpasna. [Ipn GukcupoBaHHOM HANpsDKEHUU BKIIOYE-
HHE Ja3epa NPUBOANIO K PE3KOMY POCTY SMHUCCHOHHOTO TOKa 0€3 N3MEHEHHUS IPUIIOKEHHO-
IO 3JIEKTPUUECKOTO TOJA.

Habnromaembiii 3dpdekr oOBsICHAETCS (QOTONPOBOAMMOCTHIO MaTepHaia SMUTTEpA.
ITon neficTBUEM Ja3epHOTO M3JIyUYeHHS B HOIYIPOBOAHUKOBBIX HAHOCTEHKAX T'€HEPUPYIOTCS
JIONIOJIHUTEJIbHBIE HOCUTEIM 3apsia, yBEIHMUYUBAIOIIUE 3JIEKTPOIPOBOIHOCTh. CHIKEHHE
nasieHus HalPpsDKEHUsT B 00bEME SMUTTEpa MPUBOAUT K Bo3pacTaHuIo 3()(HEeKTUBHON Harpsi-
JKEHHOCTH TIOJISl Ha €T0 KpasiX, YTO 1 00yCIOBIMBAET POCT SMHUCCHOHHOTO TOKA.

CunTte3upoBaHbl HAHOCTEHKH WS2 1 MoS: ¢ 3¢ dextuBHO# monesoit smuccueit. Takxe
OBUIO MPOJEMOHCTPUPOBAHO CYLIECTBEHHOE BIMSIHUE JIA3EPHOrO OOIY4YEHHUsS] Ha TOK dMUC-
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CHMH M3 HaHOCTCHOK I[HM, CBs3aHHOEC C q)OTOHpOBOZ[I/IMOCTLIO. Pe3ynBTaTBI OTKPBIBAKOT
TMEPCIIEKTUBEI CO3JaHUA OIITORJICKTPOHHBIX HpI/I60pOB " yIIPaBJIA€MBIX OMHUCCHOHHBIX KaToO-
J0B Ha OCHOBEC JIBYMCPHLIX MOJIYIIPOBOJAHHKOB.
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BUOTI'PA®UA

51, Jlum TaBy, ponuncs 7 ssaBapsa 2003 roxa B Kopee. B 2007 roxy nepeexan B Poccuro
¢ ceMbéit, yumicsa B Kopeiickoil mkone B MockBe u B poccuiickux mkonax. Ceifuac s Ha
5 kypce ¢usndeckoro dakynpreTa MI'Y (crienuanuTeT), OKOJIO 5 JIeT u3ydaro o0y ¢u-
3MKy. 3aHMMAalOCh MCCIIEOBAaHUSAMU B J1a00OPaTOpUH YITIEPOIHBIX MaTepHaIoB Kadeapsl mo-
JIUMEPOB M KPUCTAIIIOB, U3Y4al0 aBTOAIEKTPOHHYIO aMuccuto JIIM, noayyeHHbIX METOIOM
OCaXIICHHS U3 Ta30BOH (asbl.

FIELD EMISSION FROM TRANSITION METAL DICHALCOGENIDES

Lim Taewoo

Lomonosov Moscow State University, Moscow, Russia,
msuphyslim@gmail.com

Field electron emission (field emission) is the emission of electrons from a solid under
the action of a strong electric field, governed by quantum tunneling through a distorted po-
tential barrier. The phenomenon of field emission, first observed in 1897 by W. Wood, re-
ceived its experimental interpretation in terms of the tunneling effect in 1928—1929 in the
works of R. Fowler and L. Nordheim [1]. To achieve high local electric fields, sharp cath-
odes with nanometer-scale radii of curvature are typically employed. Two-dimensional tran-
sition metal dichalcogenides (TMDs) such as WS, and MoS, are of particular interest due to
their semiconducting and optoelectronic properties; however, the mechanisms of field emis-
sion from these materials, especially their sensitivity to external stimuli, remain insufficient-
ly explored [2].

The aim of this work was to investigate field electron emission from WS; and MoS;
nanowalls synthesized by chemical vapor deposition (CVD) and to study the influence of
laser irradiation on their emission characteristics.
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The nanowalls were grown by a gas-phase process using heated tungsten/molybdenum
wires in a hydrogen sulfide (H.S) flow. The morphology was examined by scanning elec-
tron microscopy. Field emission measurements were carried out in a vacuum chamber
(~107% Torr) with an anode—cathode spacing of 1-5 mm. To probe the photoresponse, a la-
ser with a wavelength of 532 nm and power up to 60 mW was used.

SEM images revealed that the synthesized films consist of vertically aligned nanowalls
with lateral dimensions of approximately 100 nm to 1 um, uniformly covering the cathode
surface. The current—voltage characteristics exhibit the typical exponential behavior ex-
pected for field emission, with a turn-on voltage of 300-350 V at an interelectrode distance
of 5 mm, indicating a high field enhancement factor.

A key result is the observation of a pronounced increase in emission current under laser
illumination. At a fixed applied voltage, switching on the laser leads to an abrupt rise in the
emission current without any change in the externally applied electric field.

This effect is attributed to the photoconductivity of the semiconductor emitter. Under la-
ser irradiation, additional charge carriers are generated in the WS, and MoS, nanowalls,
which enhances their electrical conductivity. The resulting reduction of the voltage drop
within the emitter volume increases the effective electric field at the nanowall edges, there-
by leading to an enhanced emission current.

WS: and MoS: nanowalls with efficient field emission have thus been synthesized. Fur-
thermore, a substantial effect of laser irradiation on the emission current from TMD nan-
owalls associated with photoconductivity has been demonstrated. These results open up pro-
spects for the development of optoelectronic devices and externally controllable emission
cathodes based on two-dimensional semiconductors.
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PaccmoTpena pa3paboTka cucTeMbl aBTOMAaTHYECKOH OIEHKH aKyCTHYEeCKOTO COCTOSTHUS
MoMeIleHni Ha 6a3e HeIOpOroro U3MEPUTEIBHOro cTeHa. [loMrMo onpeaeneHus: BpeMeH!
peBepOepalui cuCcTeMa aHAIM3UPYET YacTOTHBIA OallaHc OTpakeHHH U (HOpMHUpYeET peKo-
MEHJAIMU [0 TUIY WU TOJIIMHE aKyCTHYECKHUX MaHeNed ¢ y4ETOM CTOMMOCTH 00pabOTKH,
YTO M03BOJISIET HOBBICUTH €€ Ka4eCTBO M OJJHOBPEMEHHO CHU3UTH 3aTPATHI.

Breaenune. OTcyTcTBUE HEOOXOAMMOM aKyCTUYECKONW 00paOOTKH MOMEIICHHS TPOSIBIIS-
€TCS B BHJIC OTPAKCHUS 3BYKOBBIX BOJIH OT CTCH, I10JIA U MOTOJKA, YTO BBI3BIBAET TAKUE HE-
JKenarenbHble 3()(eKTl, KaK Ty, BEIMATAHHE WM YCUICHUE OTACIBHBIX YaCTOT, TOSBIICHIE
PE30HAHCOB, MEIIAFOIINX MPOCTYITHBAHHIO.

IIpu 3TOM pasHbIe MOMEIICHHS MIPEABSIBILIIOT pa3Hble TPEOOBaHM K 00paboTKe: Xapak-
TEp OTPaKEHUH 3aBHUCHUT OT MaTepHaja U Fr€OMETPUH CTCH, 00bEMa MOMEIICHUS U HATUYIHS
3BYKOIOTJIONIAIONIUX TMOBEPXHOCTeH. D(P(PEKTHBHOCTh aKyCTHYECKOH 00pabOTKU Cylie-
CTBEHHO 3aBHCHT W OT YAaCTOTHOTO JTMAIa30Ha: JUIS MOTJIOUICHUS HU3KUX YacTOT TPeOYITCs
MacCCHBHBIE M JIOPOTOCTOSINNE KOHCTPYKIIHU, TOT/Ia KaK BEICOKHE YaCTOTHI TacsATCS TOHKH-
MU U HEIOPOTUMHU MaTepranaMmu. Kak cienctsue, CTOMMOCTh 00pabOTKH BO MHOTOM OIIpe-
JeNsieTCs TeM, B KAKOM MMEHHO JIMana30He YacTOT COCPEAOTOUCHBI IPOOIeMbl KOHKPETHOTO
MTOMETICHUSI.

Ha mpaktuke 00paboTKy HepeaKo MPOSKTHUPYIOT C 3allacoM, He UMesl JJaHHBIX O peallb-
HOM YaCTOTHOM Tpoduiie MOMEIICHHS, YTO TPUBOAUT K HEOIpaBIaHHBIM 3aTparaM. JTO
ompeAenseT NOTPeOHOCTh B MHCTPYMEHTE, KOTOPHI HE TOJIBKO W3MEpPSIET aKyCTHYeCKHe
XapaKTEPUCTUKHU, HO U MOJICKa3bIBACT, KaKasi 00paboTKa JACHCTBUTEIBHO TPeOyeTCsl.

Heasb. Llenbto naHHOM paboOTHI ABISETCS pa3paboOTKa YCTPOWCTBA ISl UCIOIH30BAHHS
MIPH TMPOCKTHPOBAHUU ITOMEIIEHUH, TPEOYIONMX ONMpeNeIEHHBIX aKyCTHYeCKHX YCIOBHIA:
KOHIIEPTHBIX U TeaTPaIbHBIX 3aJI0B, CTYAUN 3BYKO3alKMCH. B OTIIMYHE OT IPOCTOTO U3Mepe-
HUSl BpeMeHH peBepOepariiy, npeuiaraeMas CiucTeMa TO0JDKHA aBTOMAaTHIECKH OTPEIeTsTh,
KaKO# THIT aKyCTHYeCKOi 00pabOTKH U B KakoM 00bEMe He00X0AuM, C Y4ETOM CTOMMOCTH.
DTO MO3BOJIAET OJHOBPEMEHHO MOBBICHTH Ka4eCTBO 00PaO0OTKU M CHU3HTH 3aTPaThl 32 CUET
0TKa3a OT U30BITOYHBIX PEIICHUI.

Metoansl u maTepuaiabl. OCHOBHBIMH KOMIIOHEHTAMH H3MEPUTEIBHOTO CTEHNIA SIBIIS-
FOTCSl MHUKPOKOHTPOJUIEP, TUHAMHUK W MHUKPOGhOoH. [ OIEeHKH aKyCTHYEeCKHX XapaKTepH-
CTHUK TUHAMHMK BOCIIPOHM3BOJUT CBHUII-CHTHAJI — 3BYK C IUIABHBIM HM3MEHCHHEM YacTOTHI OT
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HU3KUX K BBICOKHM, YTO O0CCIICUMBACT MOIYICHUE OTPAKCHUN U PE30HAHCOB BO BCEM THa-
na3oHe. MUKPO(QOH pEerucTpupyeT Kak BOCHPOM3BEACHHBIN CUTHAN, TaK U MHOTOKPATHBIC
OTpaXEeHHUsS, TO €CTh OTKJIMK TOMEIICHHS. 3alyCaHHBIA CHUTHAN TepenaéTcss Ha MHUKPO-
KOHTPOJILIEp, T/Ie BBHIMTOMHAETCS I poBas 00paboTKa 1 U3BJIEKAETCS UMITYIbCHAS XapaKTe-
pUCTHKA — QYHKIIMS, ONMCHIBAIOIIAS PEAKIIMIO TOMEIICHHS Ha 3BYK.

Jlyis oTeneHys BAUSHUS MIOMEIIEHUS OT UCXOJHOTO CHTHaJla JMHAMHUKa 3aruch oopaba-
THIBACTCS METOJIOM OOpaTHOrO cBUN-curHaina [1]. UMmynscHasi XapakTepuUCTHKa BBIYHCIIS-
eTCs KaK CBEPTKA 3allMCaHHOTO CUTHAJIA C OOPaTHBIM CBHUII-CUTHAJIOM:

h(t) = y() = s7\(2), (1)

rae y(f) — 3anncaHHBI MUKPOGOHOM CHTHAT, S ' (f) — OOpaTHBIA CBHII-CHUTHAN (MHBEPCHHIIl
¢uneTp), A(f) — NCKOMAs UMITYJIbCHASI XapaKTEPUCTHKA, a CHMBOJ * 0003HaYaeT ONepanuio
CBEPTKH.

KittoueBpIM OTIIHYMEM TIpEAIaraeMoi CUCTEMBI SBJISICTCSA YaCTOTHBIM aHaM3. MmMmymb-
CHas XapaKTepUCTHKa pa30OMBaeTcs Ha OKTaBHbIe monockl (125, 250, 500, 1000, 2000,
4000 I'mm), m BpeMs peBepOepanuy OICHUBACTCS OTACIBHO IS Ka)KIOHM ITOJIOCHI 1O CTaH-
JIapTHOW MeTonmuke [2]. DTO MO3BOJSET BBIABHTH, B KAKOM MMEHHO JHMAIIa30HE OTPaKEHIS
HU30BITOYHBI.

Jlns mepexona OT M3MEPEHUH K PEKOMEHJAIUSAM HCIIOJIB3YIOTCS JIBA COOTHOIICHUS.
HeoOxomumass cymMapHas BelWYWHA 3BYKOTIOTJIONICHHS OIleHHMBaeTcs 1o (opmyle
Co0uHa [3]:

T=0,161-V/A, )

rae 1T — BpeMs peBepOepartu, ¢; V' — 00béM momenienusi, M>; 4 — CyMMapHOE 3ByKOIIOTJIO-
menne, M2, 3Has TeKyIllee W [eJIeBOe BpeMs peBepOepaliui B KaXKI0i 1mojaoce, MOKHO pac-
CUYMTATh HEJIOCTAIONIYIO IIOIAb TOTJIOIIAOIIET0 MaTepHara.

OddexTrBHAS TOMKWHA MOPUCTOTO MOTIIOTUTENS CBSI3aHa C JTMHOMN BOJIHBI MOTJIOIIAe-
MOTO 3ByKa: Marepuwal pabdotaer 3¢h(EKTHBHO TMPH TONIIWHE TOPSAIKA YETBEPTH JITUHBI
BOJTHBI:

d=)\/4=c/4f), 3)

rze d — TOJNIIMHA TTAHeH, M; A — JJIMHA BOJIHBI, M; ¢ = 343 M/C — CKOPOCTh 3ByKa B BO3AYXE;
f— uacrora, ['1. I3 cOOTHOIIEHUS BHIHO, YTO JJI1 HU3KUX YaCTOT TPEOYETCS 3HAYUTEIHHO
0oJbIIast TONIIWHA ITAHEH, YeM JJIs1 BHICOKUX.

Ha ocHoBanmu mosioc ¢ M30BITOYHON peBepOepanueld W MPUBEAEHHBIX COOTHOIICHHMA
cuctemMa (OPMHUPYET PEKOMCHIAIMIO: THII MaTepuaia, OPHUCHTUPOBOYHYIO TOJIIUHY
u miomans odpaborku. Jns pacuéra mo dopmyne Ci0nHA MOIB30BATEN0 HEOOXOIUMO
BBECTHU ra0apUTHBIC pa3Mephl TOMEIICHHMS.
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OxnaemMble pe3yabTaThl. Tak Kak SKCICPUMEHTAJIbHAS 4YacTh Pa0OThI HAXOIMTCS
B CTaJIMU peaM3alliy, HIKE MPUBEACHBI OXHIaeMble pe3ynbTaThl. [lpeamnonaraercs moiy-
YCHUE UMITYJIbCHBIX XapaKTEPUCTHK U TPAQUKOB 3aTyXaHUs peBepOepalvy sl HECKOIbKUX
nmoMmenieHnid. O)KMmaeTcs, 4TO 3HAYEHUS OYAyT pasindaThCs B 3aBHCHMOCTH OT 00BEMa
KOMHAaThI, HAJINYHA MATKHUX HOBerHOCTeﬁ 1 YPOBHS 3BYKO- U BI/I6pOHOFJIOHIeHI/IH.

B oTnnumne oT u3MEpeHus TOJIBKO BPEeMEHHU peBepOepalivu, pe3yIbTaToM padoThl CTAHET
aBTOMAaTHYecKasl peKoMeHaanus mo oopaborke. Hampumep, Asis momenieHus ¢ U30bITOYHOM
peBepOepanueil B 00J1IaCTH HU3KUX YaCTOT CHCTeMa TOJDKHA PEKOMEHOBATh TOJICTHIE TO-
TJIOMIAIONTNE KOHCTPYKIMH (0acOBBIC JTOBYIIIKH), & 711 TOMEIICHHUS, T/Ie W30BITOUYHBI TOJIHKO
BBICOKHE 4YaCTOTbI, — TOHKUC W HEAOPOTHEC ITAHCIIN. TeMm camMbIM cHCTEMa JACMOHCTPUPYET
pazinyue peKOMEHJAUi U COOTBETCTBYIOUIMX 3aTpaT I PAa3HbIX INOMEIIECHUMN, 4TO U CO-
CTaBJISCT NPAKTUYCCKYIO IICHHOCTh Pa0OTHI.

3akmouenne. I[IpeayoxkeHHas CHCTEMa MOXKET MPHUMEHSTHCSA ISl MPEIBAPUTEIBHOM
aKyCTUYECKOW JUATHOCTHKU KOMHAT, JNOMAIHUX CTyIWi, y4eOHBIX J1abopaTopuii M He-
0osbimux 3ag0B. OHA TO3BOJISCT MOJIyYaTh CBEACHUSA 00 aKyCTHUYSCKUX XapaKTePUCTHKAX
MoMeIeHnst 6e3 UCIIONB30BaHUS JOPOTOCTOSIIETO 000PYIOBAHHS M CIIEIUATU3UPOBAHHOTO
MPOrpaMMHOI0 O0ECIIeUCHUs, a Takke (HOPMUPOBAThH PEKOMEHJAHuu 1Mo o0paboTke, Jo-
CTYIHBIC JIS MOJIb30BaTeNsl 0e3 CHelHalbHON MOATOTOBKH. 3a CYET MPHUBSI3KU PECKOMEH 1A~
U K 4aCTOTHOMY TIPOQUITIO MOMEIIECHHSI JOCTUTACTCS] CHIKCHUE 3aTPaT MPH COXPAHCHUH
KauecTBa 00pabOTKH.

B ZIaJ]bHeﬁHIeM IJIAHUPYECTCA PAa3BUTHEC CUCTCMblI B HaAIlpPaBJICHHHU JIOKAJIW3alUK IIPO-
0JIEMHBIX OBEPXHOCTEH — OMpeAeNCHHs, KaKas U3 CTEH BHOCUT HAWOOJBIINN BKIAJ B OT-
paKEHHS, — C UCIONb30BaHHEM MHKPO(OHHON PEIéTKH WM M3MEPEHUN M3 HECKONBKHX
TOYEK.
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JUTEXHUYECKOr0 YHUBEPCHUTETA, 00ydaroCh 10 HalpasieHUIo «MexaTpoHuKa u podoToTeX-
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Insufficient acoustic treatment of a room manifests itself as reflections of sound waves
from the walls, floor and ceiling, causing undesirable effects such as booming, cancellation
or amplification of individual frequencies, and resonances that interfere with listening. Dif-
ferent rooms require different treatment depending on the material and geometry of the
walls, the room volume and the presence of sound-absorbing surfaces. Moreover, the effi-
ciency of acoustic treatment strongly depends on the frequency range: absorbing low fre-
quencies requires thick and expensive structures, whereas high frequencies are damped by
thin and inexpensive materials. Consequently, the cost of treatment is largely determined by
the frequency range in which the problems of a particular room are concentrated.

This work presents a low-cost measuring stand consisting of a microcontroller, a loud-
speaker and a microphone. The loudspeaker reproduces a swept-sine signal, and the micro-
phone records the room response. The impulse response is obtained by processing the re-
cording with the inverse swept-sine technique [1] as the convolution of the recorded signal
¥(t) with the inverse sweep s '(¢): h(f) = y(f) * s '(¢). The impulse response is split into oc-
tave bands, and the reverberation time is estimated for each band [2]. Using the Sabine
equation [3] and the quarter-wavelength rule for porous absorbers, the system determines
the required type, thickness and area of acoustic panels; the user only needs to enter the
room dimensions.

As a result, the system provides not only the reverberation time but also an automatic
treatment recommendation. For a room with excessive low-frequency reverberation it rec-
ommends thick bass-trap absorbers, whereas for high-frequency problems thin and inexpen-
sive panels are sufficient. This makes it possible to improve the quality of treatment while
reducing cost by avoiding redundant solutions. The proposed system can be used for prelim-
inary acoustic diagnostics of rooms, home studios, educational laboratories and small halls
without expensive equipment or specialized software.
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PaccMoTpeHb! aBTOMAaTHYECKUE 3alUThl 000PYIOBAHUS U COOPY)KEHHH, IIPUMEHAEMbIE
Ha 00BEKTax MarucTpanbHOro TpyOompoBogHoro tpancnopra Hedru. [Ipencrasiena xiac-
cHU(HKaLUs 3allUT Ha MPOMEXKYTOUHBIX He(TelnepeKaunBalomNX CTAHIUAX WM JIMHEHHOW
yacti HerenpoBoxa. Ha mpumepax BHeApPEHHUS! CEHCMOIAaTYMKOB Ha HE(TEPOBOAaX, MPO-
XOAAIINX B CEHCMOAKTUBHBIX 30HAX, CUCTEMbI BHOPAIIHOHHOTO KOHTPOJISI MarucTpaibHBIX
arperaToB M IEpPeXoAa OT peNevHONM aBTOMAaTUKM K MHKPOIIPOLIECCOPHOM ITOKA3aHO, YTO
pPa3BUTHE CHCTEM ABTOMATHMYECKHX 3AIIUT MO3BOJMIO CYIIECTBEHHO CHHU3UTh YUCIIO aBa-
PHUIHBIX OCTAHOBOK, MMHUMH3HPOBATh IKOJIOTMUYECKYIO0 U SKOHOMHUYECKYIO 0€301acHOCTh U
MOBBICUTH HAAEKHOCTh TPAHCIIOPTUPOBKH HEPTH IO MarUCTPAIbHBIM HEPTEIPOBOAAM.

ABTOMAaTHYECKOE YIpaBJICHHUE, LIETb BBIIOIHEHHS KOTOPOTO COCTOUT B TOM, UYTOOBI
NpeAOoTBpaIlaTh MEePeXo] TEXHOJIOTUYECKOr0 OOBEKTa YIPaBICHUS (TEXHOJIOTHYECKOTO
MpoIecca) B COCTOSIHHUE, XapaKTeprU3yeMoe MOBBIIIIEHHBIM PUCKOM OTIACHOCTH, WJIM CHI)KATh
MOTEepPH OT mepexoja B Takoe cocTtosHue. OCHOBHAs 3afada CBOJAUTCS K HEMPEPHIBHOMY
KOHTPOJIIO NPENCNIbHBIX U aBapUHHBIX OTKIOHEHUI B TEXHOIOTMYECKUX Ipoleccax, odec-
[IEYeHHE COXPAHHOCTH 000pYyAOBaHMA U 0€30MacHBIX YCIOBHH TpyJa. ABTOMAaTHUECKHE 3a-
IIUTHl OCYIIECTBIISIOT HENPEPHIBHBIM KOHTPOJIb 32 paboTOl 00BEKTa U NP aBapUHHBIX OT-
KJIIOHEHUSX B TEXHOJOTMYECKHUX IIPOLIECCAX WU IIPU BO3HUKHOBEHUM OIACHOCTU IIOBpE-
JKACHUsI 000PYAOBaHMS WIM OMACHOCTH JUIsl 0OCTYKHMBAIOLIETO MEPCOHANA BBI3BIBAIOT €T0
9KCTPEHHOE OTKJIIOUEHUE UM OCTAHOBKY.

Hedterasopas orpacib OTHOCHTCS K KaTeropuyd OOBEKTOB IMOBBIIICHHOM ONACHOCTH:
TPAHCTIOPTUPYEMBIH TPOAYKT SIBISETCA TOXapO- M B3PBIBOOMACHBIM, pabOYMe JaBICHHUS
B MarucTpajibHBIX He(TenpoBoAax AocTuraioT 6,3—7,5 MIla, a npoTsKEHHOCTh JIMHEHHON
YaCTH OTHENBHBIX CHCTEM IPEBBIMIAET HECKOJIBKO THICSY KHIOMETPOB U NMPOXOIUT YeEpe3
HaceJl€HHBIE TYHKTBI, BOJHBIE MIPETpaasl U ceCMOaKTUBHBIE 30HbI. JIf00as HemTaTHas CH-
Tyauusi — pasrepMeTH3anus TpyOompoBona, OTKa3 MarMcTpaJbHOrO HACOCHOTO arperara,
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noxap Ha Hedrenepexaunsaromeii craniuu (HIIC) — cnocoOHa mpuBeCTH K YeIOBEYECKHM
KepTBaM, 3HAUUTEITFHOMY SKOJIOTHYECKOMY YIIepOy W KPYITHBIM SKOHOMHYECKAM TTOTEPSIM.
IMo sroii mpuumne HopmartuBHast 6aza (CHwull, CII, TOCT, otpacieBble periaMeHTHI)
NpeabsBIsieT K 00beKTaM TPYyOONpPOBOAHOTO TpPAHCIOpPTa MOBHILICHHBIE TPeOOBaHMS MO
MIPOMBIIIUIEHHOW 0E30IIaCHOCTH, a caM MpoIlecc NepeKayKu CTPOUTCS Ha TMPUHITUIIE MHOTO-
YPOBHEBOM aBTOMATUYECKOM 3alllMThI, MPU KOTOPOU JEHUCTBUS oleparopa pe3epBUPYIOTCS
paboToii aBToMaTHKH [1].

Lens paboThl — MOBBICUTH HAAEKHOCTh U OE30MACHOCTH TpOIecca TPAHCIOpPTa HEPTH
M0 MarucTpalbHBIM He()TEempoBOIaM 3a CUET aHANM3a JEHCTBYIOIMX CHCTEM aBTOMAaTHYe-
CKUX 3aIllUT, paccCMOTpeHUsl e€ Kiaccuukanuu u 0O0OUICHHUS OTbITa BHEAPCHUS OTIEIb-
HBIX TEXHHMYECKHUX PELICHUH Ha HedTenmepeKauynBarOINX CTAaHIUAX U JIMHEWHOW 4acTH Tpy-
OompoBoa.

ABTOMaTHUYECKHE 3aIUTHI 00BEKTOB MaruCTPAILHOTO HEPTENPOBOIA MIPUHSTO JIEITUTh IO
MecTy YCTaHOBKM M npuHImIy aeiictus. Ha HIIC npuMeHsIOTCS 3alMThl JBYX YpPOBHEH —
oOrIecTaHIIMOHHBIE U arperatHbie [2]. Ha nuHelHO# yacTu ycTaHaBIMBAIOTCS 3aIIUTHI, KOH-
TPOJNMPYIOIIAE COCTOSTHHE CaMOT0 TPYOOIIPOBO/Ia U COMYTCTBYIOIIETO 000PYIOBAHHS.

K ob6mecrannuonusM 3ammram HIIC oTHOCSTCS: MPOTUBOMOXKApHAS 3alllUTa, aBapuii-
Hasl 3ara30BaHHOCTD, 3aTOIJICHUE HACOCHOT'O 3alla, KOHTPOJb COCTOSHUS 3aBUKEK U JIaBJie-
Hus Ha BXozae u Bbixoae HIIC, MakcnManbHBIN mepenan AaBeHUS Ha PEryIHPYIOINX 3a-
CIIOHKaxX CHCTEeMbI aBTOMarmueckoro peryinupoBanusi (CAP) naBneHus, aBapus cUCTEM
MacloCcHa0XEHUs, OTKauKH yTeueK HeTH, MOJNOPHON BEHTHIISILIUHU JIEKTPO3aja U KopIyca
ANEKTPOIBUTATENS, OE3MPOMBAIbHONH BEHTWIALNWH, OOOPOTHOTO BOJIOCHA0KEHHUS, OTCYT-
CTBHUE CBS3M C IUIOMAAOYHBIMH YCTPOMCTBAMU M OCTAaHOBKAa OCHOBHOTO U PE3EpPBHOTO IEH-
TpaJbHBIX KOHTPOJJIEPOB MUKpomnpoueccopHoil cuctemsl aBroMaTuku (MIICA). Ilpu cpa-
OaTpIBaHUH JTFO00W M3 3TUX 3aIIUT (HOPMHUPYETCS CHUTHAIN3ALMUS U MIPOU3BOAUTCS aBTOMa-
taeckast ocranoBka HIIC.

K arperarHpIM 3ammuTaM OTHOCSATCSA: KOHTPOJIb BHOpAIllMM MOIIIMITHUKOBBIX Y3JIOB
U OCEBOE CMEIIEHHE MarucTpaJbHOro HacocHoro arperata (MHA), xoHTponp naBieHus
Bxoz€e U Beixoae MHA, KOHTponb TeMIiepaTyphl MOALINWIIHUKOB U KOPIyca Hacoca, TeMIle-
paTypbl 3JEKTPOJBUTraTeNs, KOHTPOJb JIaBJIeHHUS B Kamepe OecpOMBAIbHOW BEHTHIISAIUH,
KOHTPOJIb COCTOSIHMA 3a1Brkek MHA, KOHTposb AaBineHUs Macia K MOAIINIHUKOBBIM Y3-
J1laM, KOHTPOJIb YPOBHS yTE€UEK C TOPLEBbIX YINIOTHEHUM HAcOCa, COCTOSHHUE BBICOKOBOJIBT-
HOTO BBIKJIIOYATENS, KOHTPOJIb BEJIWYUHBI TOKA 3JIEKTPOJBUTATEINsl, HEBBIIOJHEHUE MPO-
rpaMMbl aBTomMatndeckoro mycka MHA. Tlpu noctukeHuH MpeaenbHbIX KOHTPOIUPYEMBIX
MapaMeTpoB BBIIAETCA NPEeAyNpeaUTENbHBIA 3BYKOBOM M CBETOBOM CHUIHAJ, MPUBIEKAs
BHUMaHHE oneparopa. IIpu AOCTHKEHUU aBapUHBIX 3HAUCHHM aBTOMAaTHKa BBIJACT aBa-
pUITHYIO 3BYKOBYIO M CBETOBYIO CHTHAJIM3AILIMIO, OTKIIOUaeT ocHOBHOW MHA u BxiouaeT
pesepBHbIi. HIIC He ocTanaBnmBaeTcs, 4To 00ecneynBaeT HEMPEPHIBHOCTD MEPEKAUKH.

Ha nuneitHOM yacTy HeTempoBoaa HAa KOHTPOIUPYEMBIX IMyHKTaX MPUMEHSIOTCS 3a-
IIUTBHI: KOHTPOJIb AABJIEHUS, KOHTPOJIb COCTOSHUS JTUHEWHBIX 3aJBUKEK, KOHTPOJIb TepMe-
TUYHOCTH TIOJBOJHBIX MEPEXOJ0B, NATYMKH MPOXOKACHHUS OYMCTHBIX M JAUArHOCTHUECKUX
ycTpoiicTB. Ha ceificMOaKTHBHBIX ydacTKax MaruCTpajibHBIN TPyOOIPOBOI OCHAIAETCS Cell-
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CMOJAaTYMKaMH, TIPU CpabaThIBAHIH KOTOPBIX OTKIIIOYAETCs MPOLECcC MepeKayku HedTenpo-
IyKTa.

Hedrenposon «Bocrounas Cubups — Tuxuit okean» (BCTO) npoxoauT mo TeppuTo-
PUH C BBICOKOH CEiCMUYECKOH aKTUBHOCTBIO — OT MpKyTckol o0macTu A0 moOepexbs
Tuxoro okeana uepe3 ropHbie paiionsl Bocrounoit Cubupu u JlanpHero Bocroxa, rme
pacuéTHass CeHCMUYIHOCTh OTIEIBHBIX YIacTKOB Aocturaetr 8—9 GamroB. Camu TpyOoIpo-
BOJHBIE KOHCTPYKLIIMH M OMOPBI MPOEKTHUPOBAIHUCH C 3allacoM NPOYHOCTH Ha celcMude-
cKoe BozaeiicTBue 10 9 0anioB, 0OJHAKO ATOr0 HEAOCTATOYHO AJs obecredeHus Oe3omnac-
HOCTHU IIPH CHJIBHOM 3€MJIETPSICEHUU: TpeOyeTcsi aBTOMAaTHYecKas OCTAaHOBKA MEPEKAuKU
M OTCEYEHHUE aBapHUHHOTO y4yacTKa J0 TOro, Kak Mpou3oiner paspymenue Tpyosl. C aToi
1eJIbI0 Ha ceiicMoonacHbIX yuyacTkax BCTO BHenpeHa cucteMa aBTOMaTHYECKOU ceficMu-
YECKOH 3allUTHI.

Ha nuneiiHoli yacTu B pailoHax C MOBBIIIEHHON CEMCMUYHOCTBIO YCTaHOBJIEHBI aKcee-
POMETPHUECKUE CEHCMOAaTINKHU, PETUCTPUPYIOIIUE YCKOPEHUE KoeOaHuid TpyHTa IO TPEM
ocsaM. JlaTunku oObeIMHEHBI B CETh U MEPENaloT AaHHBIE B CUCTEMY JHMHEHHON Tenemexa-
HUKY ¥ Jajiee Ha PAOHHBIN JUCTICTYCPCKUN ITYHKT. Y CTaBKU cpadaThIBaHUs HACTPAWBAIOT-
csl 0 OaJUIBHOCTH 3eMJICTPSICEHUSI: TPH TMPEBBIIICHAN MOPOTOBOTO 3HAYEHUS YCKOPCHHS
(hopMupyeTCs aBapUHBIN CUTHAIL.

[Ipu cpabatbiBaHuy celicMOJaTYNKa aBTOMAaTHYECKH BBIIIOJIHSETCSI OCTAHOBKA IIEepeKay-
KW He()TH, 3aKPHIBAIOTCS JINHEHHBIE 33/IBHYKKU COOTBETCTBYIOIIETO YUacTKa U (OPMHPYETCS
aBapMiiHas CUTHAJIM3alMs Ha JUCHETUYEPCKHH MyHKT. DTO MO3BOJIAET JOKAJINU30BaTh BO3-
MOJKHBIE MOCIEACTBHS 3EMIICTPSICEHUS, OTPAHWYUTh OOBEM MOTEHUHUAIBHOTO pa3jIMBa
He()TH 1 00ecreunTh 0€30MaCHOCTh MEPCOHANA U OKPYIKAIOIICH CPEIIbI.

MaructpanbHblii HACOCHBIA arperaT — OCHOBHOE TEXHOJIOTHYECKOoe 000pyAOBaHHE
HIIC. U3HOC MOMIIMITHUKOBBIX y3J10B, HapyIIeHNE HEHTPOBKU POTOpA, KAaBUTALMS, a TAKKe
NomajaHue B MPOTOYHYIO YacTh HAcOCa MOCTOPOHHHX MPEAMETOB (TPsi3u, PparMeHTOB CBa-
POYHOTO LIJIaKa U Ip.) IPUBOIAT K PE3KOMY POCTY BHOpallMK KOpIIyca Hacoca U B Cllydyae
HECBOEBPEMEHHOI0 OOHApY)XEHHsI — K paspylIeHHIo arperara. Jlo BHEOpEHHs IUTaTHOTO
BUOPAIMOHHOTO KOHTpOJIA BuOponuarHocTuky MHA mpoBoanian mepuoAnYecKd MpH BbI-
MIOJIHEHUE IUIAHOBOTO PEMOHTa OOOPYAOBAHMS WM MO €ro cocrosiHuto. Hammume Hempe-
PBIBHOI'O aBTOMAaTHYECKOI'0 BUOPALIMOHHOTO KOHTPOJISI UCKIIIOUMIIO PHCK aBapHHHOTO OTKa-
3a MHA u nocnenyromniero 10porocTosiero peMoHTa.

Ha xaxnom maructpansHoMm arperate Bcex HIIC ycranoBnena cucrema BHOpaLnoOH-
HOTO KOHTpOJIA. /IaTYMKH yCTaHABIUBAIOTCA HAa MOAIIUIIHUKOBBIX ONOpPax M HEIPEPBIBHO
U3MEPSIIOT BUOPOCKOPOCTh U OCEBOE CMeIeHHE. B cOOTBETCTBUM € KapTOW yCTaBOK 3aja-
eTCsl mpeayNpeInTEeNbHBI U aBapuiHBIA MapaMeTpsl BUOpauuu [3] — mpH NpeBBILICHUN
MpeaynpeIuTeILHOTO BbIIaeTCA 3BYKOBOM U CBETOBOW CHTHAJbI, a MPHU MPEBBIINICHUN aBa-
puitHOrO — (hopMUpPYyETCS KOMaHa Ha OTKJIIOUCHHE arperata ¥ aBTOMaTH4YECKUI BBOJ pe-
3epBHOro MHA.

Buenpenue cucTeMsl MO3BOIMIO O0OHAPYKUBATH PA3BUBAIONTUECS Ne()DEKTHI MO ITUITHH-
KOBBIX Y3JI0B U MONaJaHHe MHOPOAHBIX NPEIMETOB HAa paHHEW CTaauM, IO pa3pylIeHHUs
Hacoca. JTO CYIIECTBEHHO COKPATHIIO YHCIIO aBAPUIHBIX OCTAHOBOK MAarucCTpajbHBIX arpe-
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raToB M 3aTpaT Ha MX MOCJICaBAPUIHBIN PEMOHT, & TaK)Ke MOBBICHIO KOA(PDUIIUCHT TEXHU-
geckoi roToBHOCTH 000opymoBanus HIIC.

o xonna 1990-x ronoB cuctems! aBromatuku HIIC cTpounuck Ha peneitHO# 31eMeHT-
HOW 0a3e: CXeMbl YNPaBJICHUS W 3alIUT HAOUPATUCh U3 DIIEKTPOMATHUTHBIX TIPOMEKYTOY-
HBIX peJie W pelie BpeMeHH (IIPeUMYIIEeCTBEHHO MOJBCKOTO W SMOHCKOTO MPOM3BOJICTBA).
Peneiinas aBToMaTHKa peann3yeT KECTKYIO JIOTHKY paboThl Ha PU3NIECKUX KOHTAKTaX W HE
UMEET mporpaMMupyeMoit dactu. K KOHIy cpoka ciy:KObl OHa MOPaIbHO M (PU3MUECKU
yCTapeBaya: y9acTHIIMCh OTKa3bl KOHTAKTHBIX TPYII, HAOIIOJAHCH JIOKHBIE Cpa0daThIBaHHS
3aIIT, CYMIECTBEHHO YCIOXHHUIINCH AUarHOCTHKA U MTOMCK HEUCTIpaBHOCTEH. B oTimune ot
Heé, MUKpomporeccopHas cucrema apromatuku (MIICA) mocTpoeHa Ha mporpaMMupye-
MbIX Jorudeckux koutposuiepax (IJIK), peanusyer moruky mporpaMMHO, UMEET BCTPOCH-
HYIO CaMOJIMarHOCTHUKY 000pymoBaHus U cpeAacTB aBToMmarm3arnuu HIIC, pacmmpsier QyHK-
[IMOHAIBHBIE BO3MOKHOCTH CHCTEMBI aBTOMATH3AIUH.

Metoanbl u matepuadbl. C korna 1990 ronos na HIIC Hauanu npou3BOAUTEH 3aMEHY
peNeifHOlH aBTOMAaTHKH Ha MHUKPOIIPOIIECCOPHBIE MPOTrpaMMHUpPYEMBbIe JIOTHUYECKHE KOH-
Tposutepsl npousBoacTBa Siemens, Schneider Electric, «IIpoCodt», «3JIECWy. IIpouns-
BeJIcHA MEePETPACCUPOBKA CHIIOBBIX, KOHTPOJIbHBIX KaOeIbHBIX JTUHHUI CBS3H, epepaboTa-
Hbl CXEMBI 3allUT W OJIOKUPOBOK W BhIMoiHeHa uHTerpamus MIICA co craHmnoHHOU
n muaeitHoi ACY TIL.

Pe3yabTaTtbl. 3ameHa peneiHbx cucteM aBToMaTuku Ha MIICA mo3Bosniia MOBBICUTh
HaAEKHOCTh cucTeMbl aBToMaTHku HIIC, cOKpaTUTh YHMCIIO JIOKHBIX CpadaThIBAaHUA 3allUT
U CYIIECTBEHHO YIMPOCTUTh IHArHOCTUKY OTKa30B. [losBMIIach BO3MOXHOCTh THOKOU
HAaCTPOUKH YCTAaBOK O3 MepeMOHTaXKa IeTel, a TaKXKe peaau3allii CIOKHBIX aJTOpPUTMOB
3alUT U OJIOKUPOBOK, HEJOCTYITHBIX TIPU PEJICHHON pean3anuu.

3akirouenne. [leficTBytomas Ha 00bEKTaX MarucTPajIbHOTO TPaHCIOPTa HEPTH CH-
CcTeMa aBTOMAaTHYECKHX 3allUT MOCTPOCHA I0 MHOTOYPOBHEBOMY NMPUHIUITY W OXBATHIBAET
KaK He(TelepeKaunBaroIINe CTAaHI[UU (OOIIECTAaHI[MOHHBIC U arperaTHbIe 3all[UThl), TaK U
JUHEHHYI0 4acTh HeTenpoBoaa. PaccMOTpeHHBIE TPUMEPHI — BHEIPEHUE CelicMoIaTyu-
koB Ha Hedrenporoae BCTO, mraTHONW CHCTEMBI BUOPAIIMOHHOTO KOHTPOJISI MarucTpaib-
HBIX arperaToB M IEPEXOo] OT peJIEHHONW aBTOMATUKU K MHUKponpoueccopHeiM IIJIK — mo-
Ka3bIBAIOT, YTO PA3BUTHE CPEJCTB aBTOMATHYCCKOM 3al[UTHI MMO3BOJIUIO MUHUMU3UPOBATH
9KOJIOTHYECKHE U SKOHOMHYECKHUE MTOCIIEICTBUS aBapyUii ¥ BHEIITHUX BO3JICUCTBHMA (3eMile-
TPSICEHWH), BBIABIATH Je(eKThl 00OpyAOBaHHWA Ha pPaHHEW CTaguU M MOBBICHUTH OTKa30-
YCTOWYMBOCTh CaMOM CHUCTEMBI YIpaBJICHHsS. B COBOKYMHOCTH 3TH MeEpbl 00€CIeUnIH
CHUKEHHE YWCIIa aBapPUIHBIX OCTAHOBOK, POCT KO3 HUIIMEHTAa TEXHUUECKON TOTOBHOCTH
000pyIOBaHUS U MOBBIIICHUE HAEKHOCTH M 0€30MMaCHOCTH IpoIlecca TpaHcHopTa HedTH
B LIETIOM.

CIIMCOK JIMTEPATYPBI

1. Kopmak A.A., IIlammazoB A.M. OchoBbl He(rerazoBoro mena. Yda: Juzaiiullommrpad
Cepsuc.
2.3emenkoB F0./1. u np. Dkcrutyarauust MarucTpanbHbIX HedTenpoBoaoB. Tromens: TroM[ HI'Y.
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3. P/1-35.240.50-KTH-0109-23 MTTHuH. Apromaru3anus ¥ TeleMeXaHU3alUs TEXHOJOTHYE-
CKOTO 000pYyIOBaHMS IUIOMIAIOYHBIX U JUHEWHBIX OOBEKTOB MAarMCTPAIbHBIX HE(PTEIPOBOIOB
1 He(TEPOLyKTONPOBOI0B. OCHOBHBIE TOJIOKEHUSY.

BUOT'PA®USA

4, Mun BsyecnaB HukonaeBuu, crieiuaiucT B 0OJACTH aBTOMATHU3AlMU TEXHOJIOTHYC-
CKHUX IPOIIECCOB MaruCTPaabHOIO TPAHCIIOPTAa HEPTH C OOIIUM CTa)xxeM pabOThl B OTPACIIU
39 net. C centsa6ps 2007 roxa mo utoHb 2020 roga 3aHUMAN TOJDKHOCTH 3aMECTHTEIIS TIIaB-
Horo umxeHepa B cucteme AO «TpancuedTs (T.Tomck 1 r.OMck). O0acTh HAYIHBIX WHTE-
PECOB BKITIOYAET MPOMBIIIICHHYIO aBTOMATH3AIUIO0, HAJEKHOCTh CHCTEM YIpaBIeHUs, 0e3-
OITaCHOCTH 00BEKTOB TPYOOIIPOBOIHOTO TPAHCIIOPTA.

K BOITPOCY OBPABOTKHU 3KCIIEPUMEHTAJIBHBIX TAHHBIX
JJISA PACHETOB ITPOYHOCTHU I'OPHBIX ITIOPOJ]

ILA. Loii

®DI'bYH Hucmumym zopnozo oena um. H.A. Yunaxana CO PAH, Hosocuoupck, Poccus,
paveltsoy@mail.ru

Paccmotpena mporeaypa 00pabOTKH SKCIEPUMEHTAIBHBIX NAHHBIX ISl OTPEICIICHUS
MPOYHOCTHBIX XapaKTEPUCTUK TOPHBIX TopoJ. C HCIOIB30BaHUEM MPOTPaMMHOTO WHCTPY-
MEHTapHsl pean30BaHa aBTOMATH3AIMs PYTHHHON O0OpPaOOTKH «CBHIPBIX» MAHHBIX C IIEIBI0
MOCTPOEHUS TTACTIOPTa IPOYHOCTH.

Jnst ompeneneHus MPOYHOCTHBIX XapaKTEPUCTUK TOPHBIX MOPOA TpeOyeTcs He TONBKO
MPOBECTH MEXaHUYECKUE WCIBITATENIbHBIE TECTHI, HO M CAENaTh KOPPEKTHYIO, SKOHOMUY-
HYIO 110 BpeMs 3aTparaM 00pabOoTKy MOJIY4YeHHBIX IKCIEPUMEHTATbHBIX NaHHBIX. Kak mpa-
BHJIO, KOHEYHAS IIe7h 00pabOTKH — MACTIOPT MPOYHOCTH MPOOHI (MM COBOKYITHOCTH TIP00),
MOCTPOCHHBIN 1O MPOYHOCTHBIM JIAHHBIM W3 TECTOB Ha OJIHOOCHOE ckaTue [1] u pactsike-
Hue [2]. B 3aBucuMOCTH OT crieliM(UKH PETHCTPAIMH U BBIBOJIA «CBHIPBIX» JAHHBIX C TOTO
WIM WHOTO HCTBITATENILHOIO O00OPYAOBaHUSA HEOOXOAMMA MpeaBapuTeNbHas 00paboTka u
(hopMaTHpPOBAHHUE TAKUX JAHHBIX.

B pabote paccmaTpuBaercsi mpoueaypa oopaboTKH SKCIEpUMEHTANBHBIX JaHHBIX, HO-
JyYeHHBIX C HCIbITaTeNbHOro mpecca Instron 8802. C mpuBnedeHrneM cpeabl pa3paboTKH
Visual Studio Code u s3pika Python mpuBenensl: mepBmuHas oOpaboTka daitmoB Excel;
pacyeThl Mpe/esioB MPOYHOCTH Ha CKAaTHE W PACTSIKCHHUE, pacueT U MOCTPOCHHUE MaciopTa
MPOYHOCTH.
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B yactHOCTH, TIpY BBIYUCIICHUH MPOYHOCTHBIX XapaKTEPUCTUK UCIOIH30BAIUCH CIICTY-
e GOPMYJIBI:

IIe O, — IPEIen IPOYHOCTH Ha OJHOOCHOE cxkarue, Mlla; P — cuma, mpu KOTOpPOH pas-

pymaerca obpazen;, kH; S — momaap momnepedyHoro ceueHust oopasia, CM2; K, — 6e3pas-
MEpHBIA KO3 UITEHT BBICOTHI 00pa3a, ONPEeAeIIeMbIi B COOTBETCTBUH C 3aBUCHMOCTBIO:

A% % h h
K, =0,0766| = | —0,4367| 2| +0,9759 L +0,1823, ~=0,7+2,0,
d d d d

r7e 4 — BeICOTa 00pasia, MM; d — TUaMeTp MOTIEPEUHOTO CEUCHHUS 00pasiia, MM.
10-P
0p =0,64 ——
S
rje Op — Ipejiell NPOYHOCTH Ha pacTskenne, MIla; P — paspymatomas cunia, KH; S — to-

2
Iajb pa3peiBa 00pasua, cM”.
Ha ocHOBe MOMy4CHHBIX BETHYNH Oy M Gp, ONPEICISUIACH XapaKTePHCTHKH T1acIopTa

MIPOYHOCTH:
koaddurment cremeHus C, MIla

C=O,51/|0C)K|"Gp ;

YTOJI BHYTPCHHET'O TPCHUA @, TpAd:

|GC>K| _‘Gp‘

= arct,
Pmarce ¢

[IpencraBneHHsbIi cr1OcO0 00paOOTKH AKCIEPUMEHTAIBHBIX JaHHBIX 00ecrednBaeT (-
(dexTuBHOE MpeoOpa3oBaHME MCXOIHBIX 3aIceil MCTBITaHWi B ()OpMaT, IPUTOIHBINA JUTSA
JATBHEWIINX PacyéToB. ABTOMATH3alMsl BBIYHUCICHUH CHIKACT BIMSIHUE YEJIOBEYECKOTO
(axTOpa U yCKOpSAET MOIy4YeHHE KIIIOYEBBIX MPOYHOCTHBIX XapaKTepUCTUK Mopoj (Tpene-
JIOB IPOYHOCTH HA CXKaTHE M PACTSDKCHHUE, CHETUICHHS, yTila BHYyTPEHHETo TpeHus). Pe3yib-
TaThl MOTYT OBITh HCIIOJIB30BAHBI JJIS IIOCTPOSHHS MACTIOPTA MMPOYHOCTH TOPHBIX MTOPO/] TIPH
WH)XEHEPHO-TEOJOIMYECKUX M3BICKaHUSIX M MPOEKTHPOBAHUM TOPHBIX BhIpaboToK. PaboTa
BhINONTHEHa Ha obopynoBanuu LIKII reomexanmueckux, reopu3MIecKuX M TeoqHHAMUYC-
ckux mamepenuit CO PAH B pamkax mpoekta HUP HOMep rocymapcTBeHHONW pEeTHCTPAIAH
Ne 126021217133-3.
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CIIMCOK JIMTEPATYPbI
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BUOI'PA®USA

41, Lot [TaBen AnexcanapoBuy, padoTaro B 00JaCTH FOPHOTO JIeia U CICHUATH3UPYIOCh
Ha JKCICPUMEHTAILHOW MEXaHHUKE TOPHBIX 1Mopoa. PaboTraro crapimuM HayYHBIM COTPY/THU-
koM UI'JI CO PAH, a takxe nmo coBmectutenbctBy 3asenyromum LIKII I'TTU CO PAH
r. HoBocubupck. Kanmunar ¢usnko-matematnaeckux Hayk ¢ 2010 roga. O6Gmacth MoUX
HAYYHBIX MHTEPECOB BKJIOYAET JIA0OpATOPHOE HCCICIOBAHHE MEXaHHYECKOTO TMOBEIACHUS
TOPHBIX MOPOJA ¥ 3KBUBAICHTHBIX T'€OMAaTEPHAJIOB B YCIOBHIX Pa3IMYHBIX HArpy304HBIX
BO3IEHCTBHHN (C)KaTHe, pacTsDKEHHE, CABUT | JIp. ).

ON THE ISSUE OF EXPERIMENTAL DATA PROCESSING
FOR ROCK STRENGTH CALCULATIONS

P.A. Tsoi

Chinakal Institute of Mining of the SB RAS, Novosibirsk, Russia,
paveltsoy@mail.ru

The procedure of processing experimental data to determine the strength characteristics
of rocks is considered. Using software tools, the routine processing of "raw" data is auto-
mated to construct a strength envelope.

Determining the strength characteristics of rocks requires not only conducting mechani-
cal tests but also performing correct and time-efficient processing of the obtained experi-
mental data. As a rule, the ultimate goal of processing is a strength envelope of a sample (or
a set of samples), constructed from strength data obtained from uniaxial compression [1]
and tension [2] tests. Depending on the specific methods of recording and outputting "raw"
data from a given testing machine, preliminary processing and formatting of such data are
necessary.

This work examines the experimental data processing procedure for data obtained from
an Instron 8802 testing press. Using the Visual Studio Code development environment and
the Python language, the following are presented: primary processing of Excel files; calcula-
tion of compressive G, and tensile G, strength limits; calculation and construction of the

strength envelope.
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Based on the obtained values of o, and op the strength envelope characteristics are

determined:
cohesion C, MPa:

b

C=0,5 |0m|-‘0p

angle of internal friction ¢, degrees:

O] _‘Gp‘

=arct
¢ 8 4C

The presented method for processing experimental data ensures efficient conversion of
raw test records into a format suitable for further calculations. Automation of calculations
reduces the influence of the human factor and accelerates the determination of key rock
strength characteristics (compressive and tensile strength limits, cohesion, angle of internal
friction). The results can be used to construct a rock strength envelope for engineering geo-
logical surveys and mine design. The work was carried out using the equipment of the
Shared-Use Center for Geomechanical, Geophysical, and Geodynamic Measurements of the
SB RAS as part of a research project with state registration No. 126021217133-3.
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MATEMATUKA U UTHOOPMAIMOHHBIE TEXHOJIOI'MU
MATH AND IT

FASTHIRAG: YCKOPEHHAS NEPAPXUYECKASA 'PA®OBAS UHIEKCALIUS
JJIs1 RAG-CUCTEM

C. Ixxun

Hauyuonansuwiit uccnedosamensckuil ynugepcumem «Boicuias wikona sxonomuku», Mockea,
Poccus, sedzhin@hse.ru

B pabore paccmarpusaercs FastHiIRAG — yckopeHHBII BapraHT nepapxuieckoro graph
RAG, opueHTHpPOBaHHBII Ha CHMXXEHHE CTOMMOCTH MHICKCALUHM IPU COXPAHEHUHU CTPYK-
TYPHBIX IPEUMYIIECTB MHOTOLIATOBOT0 MOMCKa. [loaxo ucronbs3yeT nepapxuuecKyro Kia-
cTepu3anuio SMoeanuHros, Heuetkuii Formal Concept Analysis u pemérky KOHIIETITOB JUIst
opraHu3anyy HaBUranuu no kopmycy. ITo cpaBHenuto ¢ HIRAG takas apxutekTypa mo3Bo-
JSIET pe3KO COKPATHUTh 3aTpaThl HA MHACKCALUIO U MIEPEHHACKCALNIO, YTO OCOOCHHO BaXKHO
IUISL 9aCTO OOHOBJIIEMBIX KOJUIEKLIUI TOKYMEHTOB.

Beenenune. Cuctemsl retrieval-augmented generation (RAG) Bce yariie BEIXOIAT 3a pam-
KA OOBIYHOI'O BEKTOPHOTI'O IIOMCKAa M MCIOJB3YIOT Ipad)oBble CTPYKTYPHI, MO3BOJISAIOLINE
00BETUHATE CBEJICHHS U3 HECKOIBKHX TOKYMEHTOB H JIyYIIE MOJIIEPKUBATh MHOTOIIATOBOE
paccyxkaenue. OQHAKO MOCTPOEHHUE TaKUX rpadoB 0OBIYHO TpeOyeT OONBIIOTO YUCIia BBI30-
BOB OOJIBIIMX SI3BIKOBBIX MOJEJEH IS M3BJICUEHUS! CYLIHOCTEH, OTHOLICHUH M IPOMEXY-
TOYHBIX MPEJCTABICHUI. DTO NeNaeT MHACKCAIUIO JOPOTOH, a TakkKe YCIIOKHIET MOBTOP-
HOE TIOCTPOEHHE UHJIEKCa TPU OOHOBJIEHUH KOpITyca.

Ha »tom ¢done FastHiRAG moxxHO paccMaTpuBaTh KaKk MPaKTHYECKYIO aIbTePHATHBY
TsokEMBIM graph RAG-maiimmaiinam. B ocHOBe MeToMa JISKUT Hes MTOCTPOCHHS HEepapXu-
yecko TpadoBoil CcTpyKTypel He uepe3 LLM-3KcTpakiuio, a depe3 TeOMETPHIO
embedding space u dopmansHBIe anreOpanyeckue orneparud. Takoi Mmoaxoa MO3BOJSET
coxpaHuTh bridge- m summary-pyHKIUN rpada, HO peaaTn30BaTh WX C TOPa3a0 MEHBIICH
CTOUMOCTEIO.

Heap padorsl. Lienbio naHHON paboOTHI SABISAETCS KpPAaTKOE MPEACTaBICHUE apXUTEKTY-
pot FastHiRAG kak sddextuBHOTO permenus s retrieval-augmented generation B ycio-
BUSIX OTPaHHUYEHHOTO Oro/pKeTa Ha uHIeKkcanuio. Ocoboe BHUMaHHE YJIENIeTCsl TOMY, Ka-
KUM 00pa3oM HepapXxuyecKas KiIacTepu3auus M HedeTKas pelIéTka KOHIENTOB 3aMEHSIOT
Oonee moporocrosinie MexaHn3mbl noctpoerus knowledge graph B HiRAG-mogo0OHBIX
CHUCTEMaXx.
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Metoapl 1 MaTepuaJibl. Ha epBoM 3Tamne JOKyMEHTHI pa30MBalOTCs HA YaHKH U Iepe-
BOJATCS B TUIOTHBIE BEKTOPHBIC MPEICTABIIEHUS C MOMOIIBI0 Momenu eS-large-v2. 3atem
k embeddings nmpumensiercss Residual-Quantization K-Means, GopMupyromnuii MHOIOypoB-
HEBYIO KJIACTEPHYIO CTPYKTypy. [loydeHHbIe KiacTepHbIC MPUHAIUICHKHOCTH UHTECPIPETH-
PYIOTCS Kak aTpuOyThl HEYETKOTO (JOPMAILHOTO KOHTEKCTa, HA OCHOBE KOTOPOTO CTPOUTCS
fuzzy concept lattice.

KitoueBoii ocobeHHOCTBIO MeToAa siBisieTcs: ucnoib3oBanue Formal Concept Analysis
B HEUYETKOH mocTtaHoBKe. B Takoii cxeme bridge-y3mbl 1 summary-y3iabsl He HU3BIIEKAIOTCS
HaIpPAMYIO SI3BIKOBOW MOJIEJBIO, a BOSHHKAIOT KaK pe3yJbTaT Omeparyil join u meet B pe-
méTKke KOHIenToB. brmaromapst sTtomy rpadoBas CTpykTypa cTpoutcs Oojiee ¢dopMaabHO
Y MEHee 3aBucuMa oT kauectBa LLM-akcTpakuuu.

Ha »rame retrieval ncmonb3yercss TMHOPUIHBIN CKOPUHT, 00beauHSIOMIH BM25, cosine
similarity u fuzzy routing mo pemérke. Jlanee npuMeHsoTCs epeGopMyIMpOBaHUE 3aMPO-
ca, reranking v TeHepanus orBera. B pe3ysbraTe OCHOBHAS CEMaHTHUYECKas HArpy3Ka cMe-
IIaeTCs C MHSKCAIMH Ha 3Tal 00pabOTKH MOJIE30BATENIHCKOTO 3aIpoca.

OcHoBHui npuHUKUn ContextRAG (petrieval-augmentein reHepation)

HeuéTkan peluéTka KOHL,EeNToB

*  (FCA + noruka Jlykaweswnya)

Y3nbl-pestomMe
(meet)

[OoKyMeHTbI

TMBpUAHbIA
OmbeaanHru I:ﬁggf:::::::: NoucK OteeT
e5-large-v2 (RQ-KMeans) (BM25 + kocuHyc LLM
+ FUZZY)

Ipadosas cTpyKTYpa
6es LLM Ha sTane
MHAEKCaLMUn

Puc. 1. Ilpuaunn padots! FastHiIRAG: nepapxuueckas KiacTepu3awisi, HedeTkas penéTka
KOHLIENITOB ¥ THOPUAHBIN TTOUCK

Pesyabrarpl. CornacHo ONMyONMKOBaHHBIM OJKCIIEPUMEHTaM Ha MOJMHOXKECTBE
UltraDomain, FastHiRAG nemoHCTpupyeT 3HAYMTENBHOE CHIKEHHE CTOMMOCTH WHACKCH-
poBanus o cpaBHeHuto ¢ HIRAG npu ucnosnp30BaHUN COMOCTaBUMOTO MOAEIBHOTO CTEKA.
Haubonee 3aMeTHBIN BBIMTPHINI JOCTUTAETCS B TOKEHAX WHICKCAIIMH, BPEMEHH ITOCTPOCHUS
WHJIEKCa U pa3Mepe XpaHUMOHU CTPYKTYpHI (Tadm. 1).

IlpuBenénnsic maHHbIe MOKa3bBaioT, 4T0 FastHiRAG pe3ko yMeHBIIAaeT CTOMMOCTH
NpeABAPUTENBHON TOATOTOBKH KOPITyca, HO IPU 3TOM Heckojbko ycrynaer HIRAG mo ka-
YeCTBY OTBETOB Ha CIOXXHBIX multi-hop 3amavax. B To ke BpeMs BKiIa] pem€TKH KOHIIETITOB
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oCcTaércs MPAKTUYCCKH 3HAYMMbBIM: IIPpU aKTUBALlUU lattice—y3ﬂ0}3 B retrieval xauecTBO cTa-
HOBUTCA BBILIE, UEM B ClIydadX, I'I€ UCIIOJIB3YyCTCA TOJBKO CTaHHapTHBIﬁ IIOUCK II0 TEKCTY U

SMOeINHTaM.

Tabmuma 1
Iokaszarenu FastHiRAG u HiRAG
[Tokazarens HiRAG-Gemma FastHiRAG

ToxeHbl HHACKCAIIUHI 23017 780 22073

Bpewms nnpekcaruu, ¢ 237 938 563

Pazmep unnexca, Mb 641.6 22.6

F1 na multi-hop 3amauax 42.8% 36.8%
LLM-BBI30BHI Ha 3aMPOC 2 5

Oocy:xxnenune. C npaktnueckoir Touku 3perns FastHiRAG ocoGeHHO wHTEpeceH s
CLICHapHeB, 1€ KOPIyC HJOKYMEHTOB OOHOBIISETCS PETYJISIPHO, a MEPEeHHIEKCalHs JOJDKHA
BBITIOJTHATBCSL OBICTPO W HEAOPOTO. B TakuX ycIOBUSIX apXHUTEKTYpbI, TPEOYIOIIUE THICSIY
LLM-BbI30BOB Ha dTarne MOCTPOSHHS MHIECKCA, OKa3bIBAIOTCS MEHEE YAOOHBIMHU Ul peallb-
Horo npumeHenus. FastHiRAG, HanpoTuB, nepeHOCUT 3HAYUTEIBHYIO YaCTh MHTEIICKTY-
anpHOW 00paboTKM Ha query-time, 4To JenaeT OOHOBICHHE MHICKCA 3HAYUTEIBHO Oojee
JCIIEBBIM.

C mccienoBaTeNnbCKOW TOUKH 3pEHUS JaHHBIA MOAXO0J MHTEPECEH TeM, UTO MpeularaeT
He TpocTo obneruénnyio peanmusanuio HiRAG, a wHyio TpakToBKy graph-based retrieval.
Bwmecro siBHOTO H3BIedeHus knowledge graph 3nechk ucnonssyercst opmaibHas CTPYKTYpa,
BBIBEJICHHAS U3 paclpelesieHuss SMOCIAMHIOB U HEYETKUX OTHOIICHHH MPHHAIICKHOCTH.
D10 nmenaeT MeTon OJIM3KMM OJHOBPEMEHHO W K COBPEMCHHBIM retrieval-cucremam, M K
kiaccuueckuM uaesm Formal Concept Analysis.

3akmiouenne. FastHiRAG nemoHcTpupyerT, uTo nepapxudeckasi rpadoBasi HHACKCALHS
i retrieval-augmented generation MOkeT OBITH MOCTPOEHA CYIIECTBEHHO JelieBie 0Oe3
MTOJIHOTO OTKa3a OT CTPYKTYPHBIX TNpeumymiectB graph RAG. HecmoTps Ha ymepeHHoe
CHIDKEHHE KadecTBa Ha multi-hop 3amadax, MeTOJ TMOKA3bIBa€T 3aMETHBIM BBIMTPBILI MO
CTOMMOCTH MHJICKCALMU U MPEACTABISET NPAKTHUCCKUH HHTEPEC Ul NPUKIAJHBIX CHCTEM
C IMHAMUYECKU OOHOBIIIEMBIMH JaHHBIMU. B Oonee mmpoxkom cMeicie paboTa MOATBEp-
JKIaeT MEPCIEKTUBHOCTL KCIIOIB30BaHUS concept lattice ¥ HEYETKOM JIOTUKU KaK OCHOBBI
JUTsL TOCTpOeHUsI (P PEKTUBHBIX retrieval-apXuTeKTyp.

CIIMCOK JIMTEPATYPBI
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BUOT'PA®UA

Seungmin Jin paboTtaeT B 00JaCTH MCKYCCTBEHHOTO MHTEIUICKTA W CICIHAIA3HPYETCS
Ha explainable Al, ananuse mpezncraBnenHuit u retrieval-augmented generation. PabGoraer
JoueHToM B Jlemapramente Ou3Hec-MHGOPMATUKU U CTAapUIMM HAYYHBIM COTPYIHHKOM
B HSE University, Mocksa. Hayunsie nnTepecsl BkiaouatoT explainable Al, deep learning,
visual analytics, embedding space geometry u WHTEIUTEKTyaIbHBIC retrieval-cucreMel.

FASTHIRAG: FAST HIERARCHICAL GRAPH INDEXING
FOR RETRIEVAL-AUGMENTED GENERATION

Seungmin Jin

HSE University, Moscow, Russia, sedzhin@hse.ru

FastHiRAG is presented as an efficient hierarchical graph retrieval approach designed to
reduce indexing cost while preserving the structural benefits of multi-hop retrieval.
The method combines hierarchical clustering of embeddings, fuzzy Formal Concept Analy-
sis, and concept-lattice-based navigation over document chunks. In comparison with
HiRAG-style architectures, this design substantially lowers indexing and re-indexing cost,
which is especially important for frequently updated corpora.

Modern retrieval-augmented generation systems increasingly rely on graph structures to
improve reasoning across multiple documents. However, these graph pipelines are often
expensive because they require repeated large-language-model calls for entity extraction,
relation construction, and intermediate summarization. FastHiRAG addresses this issue by
deriving graph structure from embedding geometry and formal operations rather than from
heavy indexing-time extraction.

The pipeline begins with document chunking and dense embedding generation using
e5-large-v2, followed by Residual-Quantization K-Means for hierarchical clustering. Cluster
memberships are then interpreted as attributes of a fuzzy formal context, from which a fuzzy
concept lattice is constructed. In this framework, bridge nodes and summary nodes emerge
naturally through join and meet operations. Retrieval combines BM25, cosine similarity,
and fuzzy routing, followed by query reformulation, reranking, and answer generation.

Reported results on the UltraDomain subset indicate that FastHiRAG dramatically re-
duces indexing cost relative to HIRAG with a comparable model stack, although with some
loss in F1 on multi-hop tasks. The method is therefore particularly suitable for practical en-
vironments where the corpus changes frequently and rapid re-indexing is important. More
broadly, FastHiRAG suggests that concept-lattice-based graph construction can serve as an
effective and efficient alternative within modern RAG systems.
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IDPPEKT 3AIIA3JIBIBAHUA B DKOHOMUYECKHUX ITPOLECCAX
N MOJAEJIAX
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kim_av@urgau.ru
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bocharov@inm.ras.ru

PaccmarpuBaeTcs BIMsHUE 3ama3jblBaHus Ha JUHAMHUKY Matemarmdeckoit mojnenu Co-
s0y (Solow), OnUCHIBAIOIICH TUHAMKMKY KaIllUTala.

Bo Bcex mporieccax u SBICHUSIX, B KOTOPBIX TPOUCXOJIUT:

® [epeavya CUTHANIOB,

® [iepeMelICHUE BELIeCTRa,
BO3HHKAET, TaK Ha3bIBACMBIii, 3 (eKT 3ama3ipIBaHusl, BEI3BAHHBIA TEM, UTO:

® Tmiepesiava CUrHaja OT MepeaTunuKa K MPHEMHUKY,

® TiepeMEIICHUE BEIIECTBA M3 HAYAIBHOW TOYKH B KOHEYHYIO TOUKY,
MPOUCXOAAT HE MTHOBCHHO, a B TEYCHHUE HEKOTOPOTO MPOMEKYTKA BPEMEHH JUIUHBI T, KO-
TOPBIN M HA3BIBACTCS 3aIa3/IbIBAHUCM.

W3BecTHBI IpUMeEpHI, KOT/Ia YCTOWYMBAsi TEXHUYECKasi CUCTeMa Mepexoiuiia B HeyCTOM-
YHBOE COCTOSIHUE M3-32 BO3HUKHOBEHUS B €€ CTPYKTYpe 3P QeKTa 3ara3abIBaHusl.

Tak kak BO BCeX MPUPOMHBIX SBICHHUSIX M TEXHUYECKUX CHCTEMax MPOMCXOAUT Tepe-
Jlaya CUTHAJIOB M TIepEeMEIIeHUE BelecTBa, TO 3P (EKT 3ama3apiBaHus MPUCYTCTBYET BE3/E,
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1, TaK KaK ero MOsBJICHUE MOXKET OKa3aTh HErATUBHOE BIMSHUE HA MPOLECC, TO aHAIU3 3TO-
TO SIBJICHHSI TpeOyeT 0CO00T0 BHUMAHUS

Tak xak nmosiBneHue dp¢deKkra 3ana3AbIBaHUsI MOXKET MPUBECTH K HEYCTOWYHBOCTH CH-
CTEMBI, TO, BO3MOYXHO, IPUYMHON MEPHOANYECKH BO3ZHUKAIOIINX 3KOHOMHYECKUX KPH3HCOB
SBIISICTCS 3ama3fblBaHUE B TOM WJIM WHOM SKOHOMHUYECKOM 3BEHE W CBOCBPEMEHHAs «KOM-
MIEHCAIMS» COOTBETCTBYIOIICTO 3ala3bIBaHUS MOXKET CTaOMIU3UPOBATH SKOHOMHYECKHH
TpoIecc.

B noxmane paccmatpuBaetcs BiusHuE d(deKTa 3anma3apBaHus Ha KIACCHYECKYIO KO-
HoMHUuecKyto Moneib Conoy [1, 2] B ABYX ciiydasix:

® TIOSIBICHHE OJHOTO 3aIla3bIBaHUA,

® TIOSIBJICHUE JBYX 3ama3bIBaHUM.

1. Mopenb ¢ 0gHUM 3ama3JbIBaHHEM.

Ota Mozenp JJaeT onucaHue TuHaAMHUKH Mozeiau Conoy ¢ OZHHUM 3ama3fblBaHUEM, B KO-
TOpPOW MPOM3BOACTBEHHAS TEXHOJIOTHS MMEET MMOCTOSHHBIA KOHEUHBIH mepuon T > 0, cBs-
3aHHBIA CO BpeMEHEeM, HeOOXOAUMBIM JUIsl Co37aHus KamuTana. [Ipeamonaraercs, 4To 4uc-
JIEHHOCTh HacelleHHs MOCTOSHHA M MPHUBEIeHa K elnHuIle. B mpomecce mpon3BOACTBa OIS
OCHOBHOTO KaIuTajaa 00eCIleHUBAETCS B TEUEHHE OJJHOTO H TOTO K€ MepHoJa T.

2. Mojenb ¢ IBYM 3amna3jibIBaHUSIMU.

Ota Monens sBusercsa obobmeHueM moaenu CoJoy, yYUTHIBAIOIIEH JBE BpeMEHHbBIC
3aIepKKHU:

® BpeMs, 3aTpadyrBaeMoe Ha TO, YTOOBI KAITUTAII UCTIOIH30BAJICS JIJISl TIPOU3BOJICTBA,

e BpeMmsi, HeoOX0JUMOoe JIs aMOPTHU3aLMK KaruTana.

B 37011 MOzEM MOJIOKUTENBHOE paBHOBECHE ACUMIITOTHYECKH YCTOMYHUBO B OTCYTCTBHE
3ama3aelBaHAA. B ciydae paBeHCTBa 000MX 3ama3fbIBaHUI 3Ta MOJIENb CBOTUTCS K MOJENN
Comnoy ¢ ogHuM 3ama3apiBaHueM. [ 0000IIeHHOM MOIEH U3BECTHBI:

® JJOCTaTOYHBIE YCIOBHUS ISl aCHMITOTHYECKOH YCTOWYHMBOCTH CTAI[MOHAPHOTO COCTO-
STHUSA,

e cymiecTBoBaHue Oudypkanuu Xomda.

Hcmone3yst Teopuio HOpMaidbHON (DOPMBI M apryMEHT LEHTPaIbHOTO MHOTO0O0OpPa3ws,
MOJTy4YeHBI SIBHBIE ()OPMYJIBI, KOTOPHIE OIPENENSIFOT YCTONYNBOCTD, HAPABICHNE W TIEPUO.T
OMQypKaIUK MEPHOANIECKUX PEIICHHUI.

[IpoBeneHO KOMIBIOTEPHOE MOJIETUPOBAHNE.
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BUOTI'PA®USA

A, Kum Apkanuit Bnagumuposud, paboTaro B 001aCTH MaTEeMAaTUKH U CHEIHATU3APY-
I0Ch Ha HCCIIEI0OBAHUH NPOLIECCOB ¢ 3amas3abiBaHueM. PaboTaro mpodeccopoM YpanbcKoro
I'ocynmapctBenHoro ArpapHoro YHuBepcurtera, ExarepunOypr. JlokTop ¢usuko-marema-
tuaeckux Hayk ¢ 2001 roma. O6nacTe MOMX HAyYHBIX WHTEPECOB BKIIOUACT MAaTEMaTUKY
U IPUKJIAHYI0 MAaTEMAaTHKY.

DELAY EFFECT IN ECONOMICAL PROCESSES AND MODELS

A.V. Kim', G.A. Bocharov?

! Ural State Agrarian University, Ekaterinburg, Russia,
kim_av@urgau.ru
2 Marchuk institute of numerical mathematics of RAS, Moscow, Russia,
bocharov@inm.ras.ru

The report examines the impact of the delay effect on the classical Solow economic
model [1, 2].

1. One delay model.

This model describes the dynamics of the Solow model with one lag and in which the
production technology has a constant finite period =01 associated with the time required to
create capital.

2. Two delays model.

This model is a generalization of the Solow model that takes into account two time
delays:

e the first delay is the time it takes for capital to be used for production,

¢ the second delay is the time it takes for capital to be depreciated.

For the generalized model it is known:

¢ sufficient conditions for the asymptotic stability of the stationary state,

o the existence of a Hopf bifurcation.

Using the normal form theory and the central manifold argument, explicit formulas are
obtained that determine the stability, direction and period of bifurcation of periodic solu-
tions.

Computer simulations have been conducted.
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AHAJIN3 YA3BUMOCTEN NPOTOKOJIA PRECISION TIME PROTOCOL
N 3AIIUTA OT BHYTPEHHUX ATAK B U30JIMPOBAHHBIX CETAX

P.B. Kum, A.A. HoBukoB

MockoecKkuii aguayuoHHBLiE UHCIUMYm (HAWUOHATLHBLI UCC1e008AMENbCKUL
ynueepcumem), Mockea, Poccus, kimrv@mai.ru, novikovaa2@mai.ru

B cratbe paccmarpuBaroTCsl OCHOBHBIE ySI3BUMOCTH NpoTokosa cta”napra IEEE 1588
(Precision Time Protocol, PTP), mpoBoauTcst cucreMaTu3amis BO3MOKHBIX BEKTOPOB aTak,
BKJIOYasi KoMmrpomeTaruio airoputMa BMCA BHyTpeHHHUM HapymmTteiaeM. OOocHOBaHA
HEOOXOAMMOCTh Pa3padOTKH PACHPEEIEHHOr0 KOHCEHCYCHOTO MEXaHH3Ma BBIOOpa UCTOY-
HUKa BPEeMEHH, He TPeOYIOIIEro 0OpalieHns K BHSITHAM dTaJIOHaM.

CucremMa TOYHOUW BPEMEHHON CHHXPOHU3AIUU SIBJISICTCSI OCHOBOH (hOpMHpOBAHUS MPO-
mpinieHHbIX Internet of Things (IoT) cereil, uHTeUIEKTyadbHBIX SHeprocucteM (Smart
Grid) m cucrem BbIcOKOoYacTOTHON ToproBmu [l1]. Ilporokon crammapra IEEE 1588
(Precision Time Protocol, PTP) cran ¢akTuyeckuM CTaHIapTOM B MOJOOHBIX CHCTEMaX,
o0ecrieunBasi TOYHOCTh A0 MHKPOCEKYH] B CETSX, T KOPPEKTHOCTh YIPaBICHUS M KOOP-
JUHALMM TIPOLIECCOB 3aBUCUT HANpPSMYI0 OT COINIACOBAHHOCTH BPEMEHHBIX METOK Ha pac-
MIPEJIENICHHBIX Y3JIaX CETH.

OpnHaxko, HECMOTPS Ha BBICOKYIO TOYHOCTH, apXHUTEKTypa JAHHOTO MPOTOKOJIA H3HA-
YJalkHO MPOEKTHPOBaNiach 0e3 yu€Tra TpeboBaHUI MHpOpMaMoOHHON Oe3omacHocTH [1, 4].
DTO O0YCIIOBJICHO TE€M, UTO CTAaHAAPT pa3padaThIBAJICSA IJIs SKCIUTyaTaIllid B M30JIMPOBAH-
HBIX JIOKAJIbHO-BBIYMCIUTENBHBIX CETAX M 0a3MpoBaics Ha JABYX KPUTHUYECKHX JOMYIICHH-
SX: CUMMETPHUYHOCTH CETEBBIX 33JEpKEK M TOJIHOM JOBEPHM K HCTOYHHKAM BpPEMEHH U
TPaH3UTHBIM KOMMYTaTopaM. B peabHBIX YCIIOBHAX 3KCIUTyaTalldH 3TH IOMyLIeHHs (Hop-
MHUPYIOT TOTEHIal BO3MOXKHBIX aTaK, KOTOPYI0 MOXHO cucTemaruzupoBath [3]. Cxema
TUINOBOM CHHXpOHU3aIuu 1o npoTtokony PTP npencrasnena Ha puc. 1. Ha puc. 1 mpeacras-
JICHBI YUCIIEHHBIEC 3HaUYEHUsA 1-4, KOTOpBIE OMUCBIBAIOT MECTO, KOTOPBIM MO>KET BOCIHOJIB30-
BaThCS 310yMBIIIJICHHHUK.

1. Ataka Ha MacTepa CHHXPOHHU3AIIUU

3710yMBIIUIEHHUK MOYET CKOMIPOMETHPOBATh HCTOYHUK BPEMEHHM MacTepa (ciyHuHTr
curtHaia Global Positioning System, GPS) uinm MaHUITy THpOBaTh TeHEpAMEH BPEMEHHBIX
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METOK Ha ypOBHE y31a. B pe3ynpraTe Bce MOAUMHEHHBIE Yachl MONTYYal0T UCKaKEHHBIE Bpe-
MEHHBIE JaHHbIE, YTO IPUBOAUT K KACKaJHON PaCCHHXPOHHU3ALUH CETH.

P

BeoMble 4achl KOHEYHOTO y3na
i -
[}
LS

BeoMble 4achl KOHEYHOTO y3na

@]-

BeoMble 4achl KOHEYHOTO y3na

\
A

GPS npueMHuK Macrep «[Ipo3paynbie yachb»
KOMMYTaTop 2

Puc. 1. IloBepxHocTs ataku cetu PTP

2. ATaka Ha KaHaJ CBS3H.

TTockonbKy pacy€T cMelenus: yacoB B PTP onupaercst Ha npenoaoKeHue 0 paBeHCTBE
3aJiep)KeK B 000MX HAIpPABJICHUSIX, aTAKYIOIIUH, CIIOCOOHBIH BHOCUTh AaCUMMETPHUHBIC 3a-
JICPXKKU B Mepeiady MakeTOB CHHXPOHU3aIUu (Sync), MOXKET MPOU3BOJIBHO CMEIATh BPEeMsI
Ha neneBbIX y3iax [1, 3]. [logoOHbBIe aTaku BIHMAIOT HA BCE KOHEUHBIC Y3JIbI, TIOMYYaloIIne
CHHXPOHHU3ALMIO Yepe3 CKOMIIPOMETHPOBAHHBIN KaHai. PopMallbHO, CMEIICHHE YacoB
(offset) BeruncsieTcst Ha KOHEYHOM Y3JI€ KaK:

(T2-T1)-(T4-T3)
2

offset =

b

a cpeltHee BpeMs 3a/ICPIKKHU Kak:

(T2-T1)+(T4-T3)
2

meanPathDelay = ,
rae 1; — Bpems oTHpaBKM Sync mactepoMm, I, — BpeMs npuéma Sync BeJIOMBIMH YaCaMH,
T; — Bpems otnpaBku Delay Req BenombiMu yacamu, T, — Bpems npuéma Delay Req ma-

CTCPOM. HpI/I aTaKC Ha KaHaJl 3JIOYMBIINUICHHHUK BHOCHUT JOIIOJHHUTCIBHYIO 3aJCPKKYy WU
B nepcaady IakeTa Sync, 4YTO HOPUBOAUT K HCKAKCHUIO BpeMCHHOﬁ MCTKHU Tzl =T2 +U.
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(T2-T1)~(T4+n-T3)
2

Takum obpazom offset’ = = offset —%. AcumMMeTpuyHas 3a7epiKka U

HaNpsIMyI0 TPaHCIUPYETCs B OLIMOKY CHHXPOHHM3ALUH BETUYMHON T

=

3. ATaka Ha «IIpO3pavHbIC YacChD)

[Ipo3paynble uacel U3MEPAIOT BpeMs MpeObIBaHHUSA IIAKETOB U OOHOBIIAIOT I10JIE
correctionField. [Ipu koMnpoMeTanuu «IpO3pavyHBIX YaCOBY 3MOYMBIIIIIEHHUK MOKET MOJ-
MEHSTh 3TH 3HaYECHHUs1, BHOCS CUCTEMAaTUYECKYIO OIMOKY B pacu€T 3aepiKKH, KOTopas pac-
MPOCTPaHsETCS Ha BCE MOAKIIOYEHHBIE Y3IIbI.

4. Ataka Ha BeJOMbIC Yachl KOHETHOTO y3JIa

B oTnuumne oT npeabIynyX ClieHapueB, KOMIPOMETANKs OTAeIBbHOTO BEIOMOTO KOHEY-
HOTI'O y3ja BJIMSIET TOJIBKO Ha JIOKAIBHOE TNPHJIOXKEHUE, HCIIONB3YIOLIee €ro BPEMEHHBIE
METKH, U HE HapyllaeT CUHXPOHM3ALUIO OCTaJbHOH ceTu. Tem He MeHee, B KPUTHUECKUX
cUCcTeMax Jayke JIOKaJbHasi pACCHHXPOHH3AIINS MOKET HMETh CephE3Hble mocnencTsust. O-
HaKO, 3TO MOJKET IMOBJHUATH HA CUCTEMY CHHXPOHHM3ALUHU B LIEIOM, HapaBisisi MOAUDUIH-
POBaHHbIE [TAKETHI JUI1 0OMaHa CUCTEMbI BBIOOpA NCTOYHHKA BPEMEHH.

CytiecTBeHHO 00Jiee HETUITUYHON U OMTACHOM YTPO30# SIBISIETCS KOMIPOMETAIIHS CaMOit
CHCTEMBl TOYHOT'O BPEMEHH HM3HYTPH JIOKAIBHOW CETH, KOT/a 3JIOYMBIIUICHHUK I10JIyYaeT
YaCTUYHBIN KOHTPOJb HaJ MH(PACTPYKTYpOH B pe3ysbTaTe LUMKIOB TapreTHPOBAHHOM aTa-
ku (Advanced persistent threat, APT). B ornudme oT cTaHZapTHBIX CETEBBIX aTak, MOI00-
HBIH clieHapHuil 0OXOJUT BHEIIHHE KpUNTOrpad)uuecKue CpeacTBa 3allUThl, TOCKOIBKY aTa-
KYIOIIUI JeMCTBYET OT UMEHHU JIETUTUMHOTO yYacTHHUKA, BIIAJCIOIEr0 JAaHHBIMU U KIIIOYa-
mu [2,4]. TlomyunB AOCTYN JHIIb K YaCTH NEPUMETPA JIOKATHLHOW CETH, 3JIOYMBIITUICHHUK
UMeeT BO3MOXKHOCTh BOCHONB30BaThcsi MexaHnm3MoMm Best Master Clock Algorithm
(BMCA), xoTopslii 00ecrieunBaeT yCTORINBOCTh CAMOW CUCTEMbl CHHXPOHHU3AIMH M U3Me-
HHUTb HUEPAPXUIO0 CKOMIIPOMETHPOBAHHBIM y3J0M. lociencTBiue mogoObHOro Bo3aecTBUS Ha
CHCTEMY MOTYT BBI3BAaTh MOJHYIO PACCHHXPOHHU3AIIHMIO, YTO TOBJIEYET 32 COOOH HE TOJBKO
MPOMU3BOJCTBEHHBIE MMOTEPH, HO U MOTYT CO3JaTh PUCK Uil YEJIOBEUYECKOW KHU3HU. Y SI3BH-
Mocth BMCA 3akiogaercst B TOM, YTO ajJrOpUTM He BepupHuupyeT (PpU3ndecKylo AOCTO-
BEPHOCTH 3asIBJIICHHBIX XaPaKTEPUCTUK 4acoB. CKOMIIPOMETHPOBAHHBIN y3esl MOXeT cop-
mupoBath noaneibHoe coodmeHrne ANNOUNCE, B KOTOpOM UCKYCCTBEHHO 3aBBICHT CBOM
napameTp NPUOPUTETa, YKaKeT KJjacc TOYHOCTH aTOMHBIX 4acoB. Ilocie 3axBara poim
Master, 3JI0yMBIIIJICHHUK I0JIy4aeT BO3MOXHOCTb IIPOU3BOJIBHO CMEIATh CUCTEMHOE Bpe-
Ml BceX MOTYMHEHHBIX Y3JI0B, MOANGUIHPYs ToJie timestamp B coobmmenusx SYNC.

C ¢opmanbHOi TOYKHM 3pEHUs, OMMCAHHAs CUTyalMs MPEICTaBIseT cOOOM YacTHBIH
cilydail 3a1auy BU3AHTHHCKUX F€HEPAIOB, MPOOJIeMbl JOCTHKEHHUSI KOHCEHCYCa B pacipese-
JNEHHBIX CUCTEMaXx MNP HAJIMYHMU IIPOU3BOJIBHO BEAyIIUX ce0s (BU3AHTUICKUX) Y4aCTHUKOB.
CornacHo anroput™my Jlhmmopra—Ilocraka—[lu3a, aas rapaHTUPOBAHHOTO OCTHXKEHHS
corylacys IpU HAIMYMHU f BHU3AHTHICKHX y3JI0B TpeOyeTcs Kak MUHUMYM 3f + 1 nerutum-
HBIX YYaCTHMKOB. YIIOMUHAaeMbId B cTaTbe [4] MEXaHW3M AJIS PEIIeHHUs NAaHHOHM 3a1aqyu
paboraer Ha OCHOBE HM30BITOYHOCTH, MOITYYaeMON C TOMOIIBIO HECKOJIBKUX HMCTOYHUKOB
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BpeMeHH. OHAKO, IPH BHEAPECHUU MOJOOHOTO PEIEHHS B 3aKPHITHI KOHTYP 00BEKTa KpH-
THYecKoi mHpopMannoHHoW nHPpacTpykTypsl (KMHN), oepatop KN MokeT CTOTKHYTh-
Csl C HEBO3MOKHOCTBIO TIPUMEHEHHS JIAHHOTO METO/Ia, TaK KaK OH TpeOyeT JOCTYI K cepBe-
pam cuHxpoHHu3auuu no nportokomy Network Time Protocol (NTP), uto B cBoto ouepenn
HapylIaeT MPUHIIHAI U30JISAIIUU CETMEHTOB CETH B MOJOOHBIX HHPPACTPYKTYpax, KpoMe TO-
ro, TouHocTs NTP HecoBMecTnMa ¢ TpeOOBaHUSMH TOYHOCTH CHHXPOHH3AITUH TIPOMBIIII-
JICHHBIX CHUCTEM.

B 3akimtouenne ciemyer moauepKHyTh, 9TO pa3paboTKa HOBBIX 0€30MaCHBIX ajJTrOpUTMOB
CHHXPOHHU3AIMU U TIyO0OKast MOAM(HUKAINS CYIIECTBYIOIINX SBIISIETCS BAXHONW M aKTyalb-
Hol 3agaueil. CranaapTHbIe cpeacTBa Kpunrorpaduyeckoit 3amuTel (Annex K) He crioco6-
HBI IPOTUBOCTOSITh BHYTPEHHUM HAPYIIUTEISIM, aTakaM Ha YPOBEHb 3aJIePKEK M KOMIPO-
Metarun BMCA. Jlns pemenus mogo0HON 3a1aqu B paMKaxX MPOTOKOJa HEOOXoauma pas-
paboTka MOJIeNr pacrpeieIieHHOTO KOHCEHCYCHOTO MeXaHU3Ma MPUHATHUS PEUICHUH O JIyd-
1IeM UCTOYHHKE BPEMEHU Ha OCHOBE CTATHCTHUYECKOT'O aHaJIM3a KOT€PEHTHOCTH BPEMEHHBIX
M3MEpPEeHHH U KOHCEHCYyca. DTO TO3BOJUT CHOPMUPOBATH MOAEIH JOBepUs 0e3 (PUHAHCOBO
3aTpaTHOTO OOpaIIeHrsT K HECKOJbKMM JTalIOHAM BPEMEHH WM HeOE30IMacHBIX BHEITHHX
WCTOYHUKOB U3 ceTH MHTepHeT.
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51, Kum Poman BanepreBrd, 3aHUMar0 JOJHKHOCTH 3aBEAyIOIIero kademapoit. «Brrauc-
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ANALYSIS OF PTP VULNERABILITIES AND DEFENSE AGAINST INTERNAL
ATTACKS IN ISOLATED NETWORKS

R.V. Kim, A.A. Novikov

Moscow Aviation Institute (National Research University), Moscow, Russia
kimrv@mai.ru, novikovaa2@mai.ru

This paper analyzes the vulnerabilities of the IEEE 1588 Precision Time Protocol (PTP)
and systematizes attack vectors, including the compromise of the BMCA by an insider.
The necessity of developing a distributed consensus mechanism for time source selection
that operates without external references is substantiated.

Precision time synchronization is foundational for Industrial IoT, Smart Grids, and high-
frequency trading [1]. The IEEE 1588 Precision Time Protocol (PTP) provides microsecond
to nanosecond accuracy in deterministic networks. However, PTP was originally designed
without security mechanisms, relying on critical assumptions: symmetric network delays
and absolute trust in time sources and transparent switches. These assumptions create a sig-
nificant attack surface in real-world deployments.

The typical PTP synchronization attack surface (fig. 1) can be systematized into four
main vectors [3].

GPS satellite
=D 4
-

The end node's slave clock
?
—— =
LN

The end node's sl lock
GPS receiver Master "Transparent Clock" ¢ end node's slave cloc

commutator
>
'D 4
[

The end node's slave clock

Fig. 1. The attack surface of the PTP network

1. Master Clock Attack: GPS spoofing or local timestamp manipulation, causing
cascading desynchronization.
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2. Communication Link Attack: Injecting asymmetric delays into Sync packets, directly
translating into offset errors.

3. Transparent Clock (TC) Attack: Manipulating the correctionField residence times,
introducing systematic errors for all downstream nodes.

4. Slave Clock Attack: Localized compromise, which can also be used to inject modified
packets to deceive the master selection system.

A critical and atypical threat is an Advanced Persistent Threat (APT) from within the lo-
cal network [2]. Unlike external attacks, an insider with valid credentials bypasses standard
cryptographic protections (e.g., IEEE 1588 Annex K) [2, 4]. The attacker exploits the Best
Master Clock Algorithm (BMCA) by broadcasting a forged ANNOUNCE message with
artificially inflated priority (Priority Inversion) [4]. Upon seizing the Master role, the attack-
er arbitrarily shifts the system time of all slave nodes, which can lead to catastrophic failures
in safety-critical systems.

Formally, this represents a Byzantine Generals Problem [4]. According to the Lamport-
Shostak-Pease algorithm, mitigating f Byzantine nodes requires at least » = 3f+ 1 legiti-
mate participants. Existing solutions, such as Multi-Source PTP (MS-PTP), rely on time
crowdsourcing and redundancy [4]. However, deploying MS-PTP in isolated Critical Infor-
mation Infrastructure (CII) is unfeasible. In cases of local server shortages, MS-PTP
requires fallback to external NTP servers [4], which violates the strict air-gap isolation of
CII, introduces external attack vectors, and provides millisecond-level accuracy incompati-
ble with industrial nanosecond requirements [1].

In conclusion, standard cryptographic tools (Annex K) cannot defend against insider de-
lay attacks and BMCA hijacking. There is a critical need to develop novel, lightweight dis-
tributed consensus algorithms based on the statistical coherence of time measurements. Such
mechanisms must operate exclusively within isolated local networks, ensuring Byzantine
fault tolerance without relying on costly external time references or unsecured Internet con-
nections.
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JEKJIAPATUBHAS IVIAT®OPMA ABTOMATU3UPOBAHHOI'O
PA3BEPTBIBAHUS MUKPOCEPBUCOB B KJIACTEPE KUBERNETES
HA OCHOBE IIIABJIOHU3AIIMM HELM U CEPBUCHOM CETKH ISTIO

B.M. Kiumesnu

Hauyuonansustit uccneoosamensckuit mexnonozuueckuii ynugsepcumem MUCuC, Mockea,
Poccus, funya7654@gmail.com

Paccmotpena mpobiiema TpyI0EMKOCTH U HEOJHOPOIHOCTH Pa3BEPTHIBAHUS MUKpPOCEP-
BucoB B kiactepe Kubernetes. [Ipennoxxena nexinaparuBHas miatdopma, Ipu KOTOpOU pas-
paboTumKy [yisi pa3BEPTHIBAHMS CEPBUCA JOCTATOYHO ONMUCATh OAMH MaHU(ECT C OCHOBHBI-
MU TlapaMeTpamu, a MOJHbIH Habop MHQPACTPYKTYPHBIX 00BEKTOB (OPMHUPYETCS aBTOMa-
TH4ecku cpeactBamMu Helm-mabnonuzanmu. Ha mpumMepe cTpyKTypbl 4apTOB, MEXaHU3Ma
ITHAMAYECKON TeHepalui KOH(PHUTypanuii ¥ MHTETPANK ¢ CEPBUCHON ceTkoi Istio moka-
3aHO, YTO MPEAJIOKEHHBIN MOIX0 CHIKAET IMMOPOT BXO/a, COKpAIIAeT YMCIO KOH(PHUTYypaIlH-
OHHBIX OIIHUOOK U BpeMs pa3BEPTHIBAHMUSL.

CoBpeMEHHBIC TPOrPaMMHBIE CHCTEMBI BCE YaIlle CTPOSTCS [0 MUKPOCEPBUCHOW apXu-
TEKType, MpU KOTOPO# MpHIIoKEeHNE pa3OMBaeTCsi HA MHOXKECTBO CJIA0OCBSI3aHHBIX CEpPBU-
COB, pa3BOPAaYMBACMbIX U MAaCIITA0UPyEeMbIX He3aBUCUMO. CTaHIApTHOW CPEIOi UCIOJIHE-
HUS 175 Takux cucteM ctan Kubernetes - cucrema opkecTpalnyy KOHTEHHEPOB, 0Oeciedn-
BafoOIIasi aBTOMAaTHYECKOE pa3MeEIIeHre, MacIITa0MpPOBaHWE W TIepe3amyck Harpy3ok [1].
OnHaKo C POCTOM YHCIIa CEPBUCOB PACTET U 0OBEM COMPOBOXKIAIOIINX MX KOH(UTYparHii:
JUTSL KaXKJIOTO MUKpocepBHca TpedyeTcs onucarb Habop o0bekToB Kubernetes - Deployment
(koHTpOIIIEp pa3BépThIBaHMs), Service (00BEKT CETEBOrO JOCTYIIA), & IPU UCIIOIB30BAHUN
cepBUCHON ceTkn — Tarke VirtualService (VS, mpaBuia MapmpyTuszanuu Tpadpuka)
u Gateway (GW, Touka Bxo/a Tpaduka B KJIacTep).
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Ha nmpaxTuke 3T MaHu(ecTbl B 3HAUUTEIILHOW Mepe OJHOTHUIIHBI U OTJIMYAIOTCS JIUIIb
HEOOJIBIINM YHUCIOM NapaMeTPOB, OJHAKO OMMCHIBAIOTCS BPYUHYIO JUIS Ka)KIOTO CEpBHCA.
OTO MPHUBOAUT K AyOIUPOBAHUIO KOH(UTYpallUil, HEOJHOPOIHOCTH OQOPMIICHHS MEXKIY
KOMaHJaMH, POCTY YHCIa KOH(QHUIYpPaLMOHHBIX OIMOOK M BBICOKOMY IOPOTY BXOJa IS
pa3paboTumnKa, He SBISIOMIETOCs WHKEHEpOM HHPPAcTpyKTyphl. B pesynbraTte mpocroe mo
CYTH JeicTBHE — Pa3BEPTHIBAHME OYEPEJHOTO MHKPOCEpBHCA — TpeOyeT 3HAYNTEIbHBIX
TpyAO3aTpaT U CleHaIbHBIX 3HAHUH.

Llens paGoOTBl — CHU3UTH TPYAOEMKOCTh M KOJMYECTBO OIMIMOOK NMPU Pa3BEPTHIBAHUH
MHKpPOCEPBHUCOB B Kiactepe Kubernetes 3a cuér pa3paboTKu AeKIapaTHBHOMN IIAT(HOPMEI,
B KOTOPOH MOJHBIN HA0Op MHPPACTPYKTYPHBIX 0OBEKTOB (DOPMHUPYETCS aBTOMATUYECKH U3
eanHoro MaHudecra cpefcTBaMu MeHekepa nmaketoB Helm, a cereBas cBa3HOCTH obOecre-
YUBAETCS MPEAYCTAHOBICHHON CEPBUCHOM ceTKOH Istio.

B ocHOBy miaTopMbl MOJI0XKEH MPHUHIUI ACKIAPATUBHOIO CaMOOOCITy)KUBaHUS: pa3-
pabOTUYHMK OMMCHIBAET KEJIAEMOE COCTOSIHHE CEpPBHCa B OJHOM MaHH{QecTe, a BCS HU3KO-
ypOBHeBasi KOH(QUrypamus renepupyercs miardopmoii aBromarnuecku. [Inarpopma peanm-
30BaHa Ha 0asze MeHemkepa makeToB Helm, KOTOpPBIH TMO3BOJISIET ONUCHIBATE OOBEKTHI
Kubernetes B BuIle mapamMeTpU30BaHHBIX NIA0JIOHOB W TIOACTABJIATh B HUX 3HAYCHHUS U3
KOH(UTYPallMOHHEIX (haitnoB [2].

Snpom mmaTdopmel sBisieTcss 6a3oBbIii Helm-uapT, comepskamuii mabioHBI YETHIPEX
kiroueBbix 00bekToB: Deployment, Service, VirtualService u Gateway. 11laGnonsr Hanmca-
HBI TaKUM 00pa3oM, YTO UTOTOBBII HAOOp MaHK(ecTOB HOPMHUPYETCSI TUHAMUYECKU B 3aBH-
CHMOCTH OT IapaMeTpoB, 3aJ@HHBIX IOJIb30BaTedeM. KoHQHrypanuu opraHH30BaHbBl B
HEePapXUUYECKYI0 CTPYKTYpPY KaTaJOroB: Ha BEPXHEM YPOBHE Paclojaraercsi KaTajlor CepBH-
ca (marmpumep, backend), BHyTpHu Hero — paszueneHue o okpyxenusim (prod u dev), a yxe
BHYTPH OKPY>KEHHUSI — MaHU(ECThI OTIEIbHBIX MUKpocepBHCOB. Takas cTpykrypa obecrie-
YHMBAeT M30JIALHIO OKPYKEHHH U eIMHO00pa3ne KOHPUTYpaInii TpH UX HACIEOBaHUH.

CereBoii cioii mnaThopMbl TIOCTPOEH Ha CEPBUCHOW ceTKe Istio, mpeaBapuTenbHO
ycTaHOBJIeHHOU B kiactepe [3]. Istio Gepér Ha cebs mapmpyTuzaumoo Tpaduka, OanaHcu-
POBKY Harpy3KH M yIpaBlIeHHE BXOAAIIMMHU COCTUHEHUSIMH, YTO ITO3BOJISET BBIHECTH Ce-
TEBYIO JIOTUKY W3 TPUKIQJHOTO KOJa W ONHCHIBATH €€ NEKIapaTUBHO 4Yepe3 OOBEKTHI
VirtualService u Gateway.

Jnst pa3BEPTHIBAHUS MHKpOCEpPBHCA Pa3pabOTUMKY JOCTATOYHO OMHMCATh MaHHdecT
C OrpaHMYeHHBIM HabopoM mapameTpoB. K o0s3aTenbHBIM TapaMeTpaM OTHOCSTCS: BBIYHC-
JIUTENbHBIE PECYPCHI (resources — 3ampochkl M JIMMHUTBI 1O MPOLECCOPY U MaMsITH), YUCIIO
peruuk (replicas) m Touka BXoma KOHTeWHepa (entrypoint), KoTopas mpu HEOOXOIUMOCTH
MOXKET OBITH IepeonpeiesieHa MOIb30BaTeIbCKUM 3HaueHneM. K onmnoHanbHBIM Iapamer-
pam oTHOcHUTCs moaKioueHue oobekra ConfigMap (xpaHumuie KOHQHUTYpPallMOHHBIX AaH-
HBIX), YKa3blBaeMoe 110 JKeNaHuio. BKIlloYeHne u OTKIIOUEHHE OTAETbHBIX OJOKOB KOH(H-
Typalii — TaKuX Kak ToJb30BaTelIbCckui entrypoint nim ConfigMap — ympassieTcst Habo-
pOM Jormdyeckux (IaroB: IpU BHIKIIOYCHHOM (piiare cOOTBETCTBYIOIIMI (parMEeHT MaHH-
¢ecra He reHepupyercs. Ha ocHoBanum 3aganHeix napamerpos Helm ¢opmupyer momnsrit
Habop oO6wekToB Kubernetes, moscrasiisas 3HadeHns B 11a0I0HBI 0a30BOTO YapTa.
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PazBEprhiBaHMEe MHKpOCEpPBHCA CBEJICHO K OIMUCAHUIO OJTHOTO KOMITAKTHOTO MaHHU(pecTa
C HECKOJIbKFMH OCHOBHBIMH MapaMeTPaMH BMECTO PYYHOTO COCTaBIICHHS YETHIPEX U Ooee
00bekToB Kubernetes. ITo cyiecTBeHHO CHU3WIIO MOPOT BXO/a JJIs pa3padoTIYMKOB, COKpa-
THJIO BpeMs pa3BEPTHIBAHUS M KOJIMYECTBO KOH(MUTYPALMOHHBIX OIMIMOOK, 00YCIOBICHHBIX
PYYHBIM KOTIIPOBAaHHUEM M PEAAKTHPOBAHHEM MaHHU(ECTOB.

Kondurypanum MUKPOCEPBHCOB pa3leiieHbl Mo OKpykeHHsM prod m dev B pamkax
€JIMHOM CTPYKTYpbl KaTanoroB. OOmue ajs OKpYKCHHI 3HAYCHUsS 3aJal0TCsA Ha yPOBHE
cepBuca, a crenu(UYHBIE — TEePEONPENeNIIOTCS Ha YPOBHE KOHKPETHOTO OKPY)KCHHS.
Tako¥ moaxoj peanu3yeT HAClIeIOBaHWE 3HAYCHHWH W HCKIIIOYaeT JTyOIupoBaHUE OOIIMX
napaMeTpoB.

JocturayTo eaumHooOpa3ne KOH(MUTypamuii MEXIy OKPYKEHUSMH M KOMAaHIaMH IPH
COXpaHEHUHU BO3MOXKHOCTH THOKOM HACTPOHKH KaXKIOTO OKpYKeHus. M3omsamus prod u dev
CHMKACT PUCK HENIPEAHAMCPCHHOI'O BJIMAHUA W3MEHEHHII B TECTOBOM OKpY>XCHHUU Ha IIpPO-
MBIIUICHHOE.

O0nbekTh VirtualService n Gateway, OTBeUaroye 3a MapIuIpyTU3aUIO U TPUEM BHEIII-
Hero Tpaduka, TeHePUPYIOTCS aBTOMAaTHYECKH Ha OCHOBE IapamMeTpoB MaHH(pecTa cpen-
CTBaMH TOTO e 0a30Boro yapra. Pazpaborunky He TpeOyeTcsl BpyYHYIO OIHMCHIBAThH TIPaBH-
Jla MapIIpyTHU3allii WM HACTPaWBaTh TOYKY BXOJ/a B KiacTep.

CereBasi CBSI3HOCTh MUKPOCEPBHCA 00ECIICINBACTCS O€3 PYUYHON HACTPONKHU CETH: TIOCITe
pa3BEPTHIBAHUS CEPBUC aBTOMATHYECKHU JOCTYIICH Yepe3 CEPBUCHYIO CETKY. DTO yCTpaHsET
KJIACC ONIMOOK, CBSI3aHHBIX C PYYHBIM KOH(DHUIYpHUPOBAaHHEM MapIIPYyTHU3AIUK, U JIOTIOTHU-
TEJIBHO COKpAIlaeT BpeMs BBIBOJIA CEPBUCA B AKCILTYaTAIIHIO.

[MpeanoxenHass nekiapaTWBHasl IUIaTGopMa aBTOMATH3MPOBAHHOTO pa3BEPTHIBAHMUS
MHUKPOCEPBHUCOB PEAIM3yET MPUHITUIT CAMOOOCITY)KMBaHUS, TIPU KOTOPOM Pa3pabOTIUKY IS
pa3BEPTHIBAHUS CepBHCA JOCTATOYHO OMHCATh €AWHBIN MaHU(ECT ¢ OCHOBHBIMHU IMapaMeT-
pamu, a MoJHBINM Habop mHGpacTpyKTypHBIX 00BekTOB Kubernetes hopmupyercss aBTroma-
THYECKH cpeacTBamu mrabnonnsanuu Helm. Hepapxuueckas cTpykTypa KoH(UTYpaluii
oOecrieunBaeT M30JAIUI0 OKPY)KCHUH M eIMHOOOpa3ue HACTPOSK, a MHTErpalus C Tpei-
YCTAaHOBJICHHON CEPBUCHOM CEeTKOU Istio - TOTOBYIO CETEBYIO CBA3HOCTH 0€3 PyYHOTO KOH-
¢urypupoBanusi. B COBOKYNHOCTH 3TH PEUICHUS] CHU3WIM TPYJOEMKOCTh M TIOPOT BXO/a
npu pa3BEPTHIBAHUM, COKPATHIIM BPEMS BBIBOJIA CEPBUCOB B AKCIUIYaTAIMIO U YMEHBIITUIN
YHCII0 KOH(UTYPAIMOHHBIX OMIMOOK, TIOBBICHB TEM CaMbIM HaI&XHOCTh M BOCIIPOU3BOIH-
MOCTB TIpoIiecca Pa3BEPTHIBAHUS MUKPOCEPBUCOB B IEJIOM.
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BUOTI'PA®USA

S, Kinuesnu bopuc Muxaiinosuy, cryaeHt 4 kypca HannonanbHOro uccieaoBaresib-
ckoro TexHosnorudeckoro yauBepcurera MUCuC. Cnenmanusupyiock B obmactu DevOps
1 MHQPACTPYKTYPHOUN WHKEHEPUH: UMEIO MpaKTHYeCcKuii ombIT padoTel ¢ Kubernetes, Helm,
CEpBUCHBIMH CETKaMHM, CPEACTBAMH HENpepbIBHON MHTerpaunu 1 nocraBku (CI/CD), MmoHU-
TOpUHTa U MHGPACTPYKTYpHl KaKk Koja. Pa3BuBal0 KOMIIETEHLMM B HAIIPABICHUU HHXXEHE-
puu HanéxkHocTH (Site Reliability Engineering, SRE) — obecnieuenns 0TKa30yCTOHUUBOCTH
pactipenenéHnbix cucteM. O01acTh HaydHBIX MHTEPECOB BKIIOYAET aBTOMATHU3ALMIO pas-
BEPTHIBAHUS, IUIATPOPMEHHYIO HHXEHEPHUI0O M WH(POPMALMOHHYIO 0€30MacHOCTh Mpo-
TPaMMHOT'O 00eCIIeUeHUSI.

A DECLARATIVE PLATFORM FOR AUTOMATED MICROSERVICE
DEPLOYMENT IN A KUBERNETES CLUSTER BASED ON HELM
TEMPLATING AND THE ISTIO SERVICE MESH

B.M. Klishevich

National University of Science and Technology MISIS, Moscow, Russia,
Sfunya7654@gmail.com

As modern software systems increasingly adopt microservice architectures, applications
are split into many loosely coupled services deployed and scaled independently. Kubernetes
has become the standard runtime for such systems, providing automated scheduling, scaling,
and self-healing of workloads. However, as the number of services grows, so does the vol-
ume of accompanying configuration: each microservice requires a set of Kubernetes objects
to be described - a Deployment, a Service, and, when a service mesh is used, also a Virtu-
alService and a Gateway. In practice these manifests are largely uniform and differ only in a
small number of parameters, yet they are written manually for every service, leading to con-
figuration duplication, inconsistency across teams, a higher number of errors, and a steep
entry barrier for developers who are not infrastructure engineers.

The purpose of this work is to reduce the labor intensity and the number of errors in mi-
croservice deployment within a Kubernetes cluster by developing a declarative platform in
which the full set of infrastructure objects is generated automatically from a single manifest
using the Helm package manager, while network connectivity is provided by a preinstalled
Istio service mesh.

The platform is built on the principle of declarative self-service: a developer describes
the desired state of a service in a single manifest, and all low-level configuration is generat-
ed automatically. Its core is a base Helm chart containing templates for four key objects -
Deployment, Service, VirtualService, and Gateway — from which the final set of manifests
is rendered dynamically according to user-supplied parameters.
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To deploy a microservice, the developer specifies only a limited set of parameters: man-
datory ones such as compute resources (CPU and memory requests and limits), the number
of replicas, and the container entrypoint (which may be overridden with a custom value),
and optional ones such as a ConfigMap. The inclusion or exclusion of individual configura-
tion blocks is controlled by logical flags. Configurations are organized into a hierarchical
directory structure — service, environment (prod and dev), and individual microservices —
which provides environment isolation and configuration uniformity through value inher-
itance.

Network connectivity is handled by the Istio service mesh: the VirtualService and
Gateway objects responsible for traffic routing and external ingress are generated automati-
cally by the same base chart, so the service becomes reachable after deployment without any
manual network configuration.

As aresult, deploying a microservice is reduced to writing one compact manifest instead
of manually composing four or more Kubernetes objects. This significantly lowers the entry
barrier for developers, shortens deployment time, reduces the number of configuration er-
rors, and improves the reliability and reproducibility of the microservice deployment pro-
cess as a whole.

Keywords: Kubernetes, Helm, Istio, service mesh, microservices, declarative deploy-
ment, infrastructure as code, automation, DevOps, platform engineering.
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K MOJEJMPOBAHUIO BUOJOTMYECKON CUCTEMBI

C.0. 10!, O.M. Iloii?

1000 «HUPIL», Xabaposck, Poccus, lanayu@list.ru
2 Hezasucumstit uccnedosamens, Xabapoeck, Poccus, tsoi-olg@yandex.ru

[IpencraBieH alropuT™M MOCTPOCHUS MEPHOTUYECCKOTO CUTHAIA, CHHTE3UPOBAHHBIA U3
TapMOHHMYECKUX KOJeOaHU, /Ui BO3ACHCTBUS Ha OMOJIOTHYECKYIO CUCTEMY.

Co BpemMeHeM, COCTOSTHHE KOMIIOHEHT B OMOJIOTHYECKOH CHCTeMe HYKIaeTCsl B KOPPEeK-
THPOBKE, B IPOTHBHOM CIIy4ae €€ MOXKET IIPUBECTU K pa3pylieHuto. OTHUM U3 BO3MOMXKHBIX
MEXaHHU3MOB BO3JICHCTBHS SIBIAIOTCS WH(PA3BYKOBBIC BOJHBI C Pa3IUYHBIMH YacCTOTaMH,
HECMOTpS Ha IyOJIMKAITMN O HETaTUBHOM WX BIMSHHUH [1]. DTH BONHBI MOTYT IPOHUKATH
OecrpernsITCTBEHHO B TTyOOKHE TKaHM W IPH 3TOM OKa3bIBas T€ WJIM MHBIC BO3JECHCTBUSL.
B wacTHOCTH, O TO3UTHBHOM BJIMSIHUM MOKHO O3HAKOMMTLCS B paboTax [2 u ap.].

B xavecTBe curHaja BO3IEHCTBUS, Ha dTale dKCIEPUMEHTAIBHBIX padOT, pPaCCMOTPHM
CJIOKHBIN MEPUOANYECKUI CUTHAJ, CHHTE3UPOBAHHBIN U3 TapMOHHYECKUX KoyeGaHMil ¢ Ja-
cToTaMu MH(Pa3BYKOBOrO auama3oHa 1+16 ', a aMIummMTyabl KOTOPBIX YOBIBAIOT MPH UX
BO3pacTaHuu [3].

IToctanorka 3amaun. @opmyna Oypre A1 CHHTE3UPOBAHHOTO cuTHANA Y(t), S(t):

16
y(0)=s@)+n(0) =Y 4;sin(27( f; / 60)1 +¢; ) + ().
i=1

Hns i-oit rapmonuku: f;, I'l — vacrora, 4; — ammnTyzaa, @;, pajx — HadajibHas ¢asa;
1 — YUCII0 TAPMOHHUK, 1)(t) — clay4aiiHas KOMIIOHEHTA, MPEACTABIAIONIas OO0 HEepuo -
4ecKyro QYHKIHMIO (ToMeXa), TPHU MoJeIupoBaHuu npumeM n(t) =0 u @; = 0.

Paccmorpum 4 Bapmanta. B Tabm. 1-4 mpuBeneHB! WCXOMHBIE NAaHHBIE IUIS pacdeTa
CJIOKHBIX NEPUOANYCCKUX CUTHAJIIOB, CUHTC3NUPOBAHHBIX U3 TAPMOHHNYCCKUX KOHCGaHHfI.

Tabmnumna 1
Hcxonnble nanHbie K BapuaHty 1
f T A nb Jlun f T A nb JIuun f T A nb JIun
1 16 7 10 13 4
2 15 8 9 14 3
3 14 9 8 15 2
4 13 10 7 16 1
5 12 11 6
6 11 12 5
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MNpaduk pyHkLMM y(t)

100,0
80,0 A
60,0 1
40,0 A

20,0 A

0,0 4

0 02 03 05 0,7 30 1,2 1,3 1,5 1,7 20 2,2 2,3 25 2,

-20,0 1

-40,0 -

-60,0 A

-80,0 A

-100,0

Puc. 1. I'padux y(f) c paBHOMEPHBIM paclipeielIeHHeM aMIUIUTY A, yactoramu 1, 2, ..., 15, 16 T'n;
unTepBai ammuntya — [1, 16] ab Jlun; ¢ € [0; 3] cex

Max y(?)| = 90,2 b Jlun.

CnekTporpamma ¢yHKUUM y(1)

2000
1800 A
1600
1400
1200
1000
800
600
400

200

ol

T T T
= W — W
-

0

T
w
(=]

101
106
111 1
116 1
121 1
126

T T T T T T T T T T
O ~ W A W o W o O
= v N W W ~ M~ 00 0 O

41

T T
— W
N m

26 1

T
i
~

Puc. 2. ®parment Oypre-cnextpa no gaHHbM )(7), ¢ € [0; 3] cex. [EXCEL, Metox @ypse]
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Tabmuma 2
HcxonHble 1aHHbIE K BAPHAHTY 2
f T A nb Jlun fTn A nb Jlun fTu A nb Jlun
1 20 7 10 13 4
2 18 8 9 14 3
3 16 9 8 15 2
4 14 10 7 16 1
5 12 11 6 - -
6 11 12 5 - -

Max |y(?)] = 94,2 nb Jlun. HepaBHOMepHOE pacrpeseiicHHe aMIUTUTY] B UHTEpBaje —
[1, 20] ab JIun.

Tabauma 3
Hcxoanble JaHHBIE K BADHAHTY 3
f T A nb JInn fTI'n A nb JInn f T A nb JIun
1 31 7 19 13 7
2 29 8 17 14 5
3 27 9 15 15 3
4 25 10 13 16 1
5 23 11 11 — -
6 21 12 9 - -
Mpadpuk pyHKLMM y(t)

j0 02 03 05 07 UM 012 13 15 17

022 23 25 27

Max |y(¢)] = 171 nb Jlun. HepaBHOMEpHOE pacipeneieHue aMIUIATya B WHTEpBaJIC —
[1; 31] nb JIun.
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Tabimna 4
Hcxonnble 1aHHbIE K BapuaHTy 4
f T A nb JInn f T A nb JInu f T A nb JIuu
1 11 7 6,5 13 2,5
2 10 8 6 14 2
3 9 9 5,5 15 1,5
4 8 10 5 16 0,5
5 7,5 11 - -
6 7 12 3 - -

Max |y(?)| = 58,75 nb Jlun. HepaBHOMepHOE paclipefesieHle aMIUTUTY]] B HHTEpBaJle —
[1; 11] nb JIun.

3axioyeHue. B TexHWYeCKOM OTHOLIECHMU MONY4UTh J(f) Win (s(¢f)) HE MpencTaBiser
mpo0JeM, 0OHAKO BOIPOC MPUMEHUMOCTH OCTaeTcs OTKPHITHIM. Ha HayampHOM 3Tame sKkcre-
PUMEHTAIBHBIX paboT, MO-BUANMOMY, CIIEAyeT PyKOBOJICTBOBAThCA THIIOTE30M HEpapXUH Xa-
PaKTEPUCTUK KoJeOaHUH KOMIIOHEHT CI0KHOW CHCTEMBI [3] 1 HOpMAaTUBHBIMU JaHHBIMU [4].
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pa3paboTKe IPOrHOCTUUECKUX MOAEIEeH IIPUPOIHBIX [IPOLIECCOB.
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ON THE MODELING OF BIOLOGICAL SYSTEMS
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An algorithm for constructing a periodic signal synthesized from harmonic vibrations
for influencing a biological system is presented.

Over time, the condition of the components in the biological system needs to be adjust-
ed, otherwise, it may lead to its destruction. One of the possible impact mechanisms is infra-
sound waves with different frequencies, despite the publications about their negative effect
[1]. These waves can penetrate unhindered into deep tissues and at the same time have cer-
tain effects. In particular, the positive effect can be found in the publications of Zelikman M.
Kh., Sidorenko E.I. [2], and other researchers.

At the modeling stage, a complex periodic signal synthesized from harmonic vibrations
with frequencies of the infrasound range 1+16 Hz, and whose amplitudes decrease as they
increase, is considered as an impact signal.

Task definition.

The Fourier formula for the synthesized signal y(¢), s(?):

() = s(t) + (1) =IZ6:Ai sin(27( f; / 60)t +@; ) +n(0).
i=1

For the I -th harmonic: fi Hz is the frequency, Ai is the amplitude, ¢i rad is the initial
phase; n is the number of harmonics, and n(¢) is a random component representing a non-
periodic function (interference). When modeling, we assume 1(¢) = 0.

4 variants were considered, and Tables 1-4 provide data for calculating complex perio-
dic signals synthesized from harmonic vibrations.
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XUMUSA 1 HOBBIE MATEPHUAJIBI
CHEMISTRY AND NEW MATERIALS

SMART-ITIOKPBITHUA HOBOI'O ITOKOJIEHUS J1JISA KOHTPOJISA
MHNPOLHECCA KOPPO3UHN ®YHKIHNOHAJIBHBIX MATEPUAJIOB

A.C. I'negenkosn, B.C. Mapuenko, A./l. Homeposckuii, {1.1. Kononenxo,
C.JI. Cuneopioxos, C.B. I'nenenkon

Dedepanvrnoe zocyoapcmeentoe 0100xcemnoe yupexcoenue nayku Hnemumym xumuu
Janbnesocmounozo omoenenusn Poccuiickoit akademuu nayk, Bnaoueocmok, Poccus,
asgnedenkov@mail.ru

B pabote npenctaBieH cTparernyeckuii METOJ] peann3aliuyl HampaBleHHOW MoauduKa-
UM TTOBEPXHOCTU MarHUEBBHIX CIUIABOB, 3aKJIIOYAIOLUIMKCS B (JOPMUPOBAHUM IIA3MEHHBIM
IEKTPOTUTUYECKUM OKCHUANPOBAHUEM I'€TEPOOKCUAHBIX CIOEB 3aJaHHON CTPYKTYpPBI U CO-
CTaBa, C MOCJENYIOIUM BHEAPEHHEM B MOKPHITHE WHIMOUTOPOB KOPPO3MUH, a TaKKe MOJH-
MEpOB.

Maruuii ¥ ero CIuiaBbl, Oyarojaps KOMIUIEKCY (DYHKIIMOHAIBHBIX CBOWMCTB, SIBJISIOTCS
MEPCIEKTUBHBIMU MaTepuallaMH Uil MCIOJIB30BaHUS B PA3IMYHBIX cepax MPOMBIIUICH-
HOCTH. XOpOIIKe IPOYHOCTHBIE CBOWCTBA U CIIOCOOHOCTD K OMOAErpasaliy AeJat0T MarHu-
€BbI€ CIUIaBbl IPUTOAHBIMU AJIS1 U3TOTOBJICHUS MEAULIMHCKUX MMIIJIAHTAIIMOHHBIX M CTEHTO-
BBIX YCTpOMCTB. B TO ke BpeMs HM3Kas KOPPO3HMOHHAas CTOMKOCTh M, KaK CJIEJCTBUE, JIO-
KaJbHOE MOALIECTaYMBAHNE W BBIACNICHHE BOAOPOJA CHJIBHO OTPaHUYMBAIOT NPHUMEHEHHE
3TUX MaTepHuajioB B MeauiuHe. [103ToMy BemyTcs IOCTOSHHbIE UCCIIENOBAHUS O YIIydIle-
HUIO UX KOPPO3MOHHOM cToiikocTH. PazpaboTaHbl pa3nudHble METOMBI, TaKHe KaK JIETHPO-
BaHMe, TepMHYecKas 00padOTKa, NOHHAS MMIUTaHTauus, GOPMUPOBAHNE TOKPBITHH (B TOM
YHCIIe C UCIOIb30BaHUEM MHIHOUTOPOB Koppo3un) [1].

[Inazmennoe anexTponutudeckoe okcuauposanue (I190) — 310 MeTo1 MOBEPXHOCTHOM
00pabOTKH, BKIIOYAIOMIMK 3JEKTPOXMMHUYECKOE OKHCICHHE BEHTHJIBHOTO MeTalia WIH
CIUlaBa NPH BBICOKOM 3HAYCHHWM HANpPSDKEHHS, BBI3BIBAIOIIEM IPOTEKAHHE IUIa3MEHHBIX
MHKpOpaspsoB. B pesynpraTe manHOro mpomecca (GpopMupyercs: 3alurTHas KepaMUKOIIO-
JIoOHas OKCHIHAS IJIEHKa Ha METAJUIMYECKOW MOBEPXHOCTH, MOBBIIIAIONIAS YCTONYNBOCTD
MaTepHuaiga K KOPpPO3uH M M3HOCY U YBEIMUYMBAIOILAS TEM CaMBIM CPOK CIIY>KOBI W3IEHsL.
Crenyer oTMeTHTh, 4TO copmupoBaHHEIN [1D0-cinoif He obecrieunBaeT IMTEILHON 3a-
IIUTHI MaTepuajga OT KOPPO3UU B arpecCHBHON cpene U3-3a HATMYHMS MUKPOIIOP W TPEIIUH
Ha ero NoBepxHOCTH. TeM He MeHee, mopuctas cTpykrypa I1D0-cioeB mo3BoiseT ObITh
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OCHOBOH (pe3epByapoM C JIOCTAaTOYHOW BMECTUMOCTBIO ISl XpaHEHHS XUMHUYECKUX Be-
IIECTB) /IS CO3JaHUs THOPUIHBIX MOKPBHITUH C Pa3IMYHBIMU (DYHKIMAMH, HAIIPUMED CBOIi-
CTBOM CaMO3JICYNBaHUsI IPH BBEJICHUU B COCTAB 3AIUTHOTO CJIOSi MHTUOUTOPOB KOPPO3HH.
Bonee Toro, B HacTosiiiee BpeMsi BedyTcsi paboThl 10 (OPMHUPOBAHHIO MOKPHITHH Ha 0ase
I130-cn0s, obnagaromux (yHKLIHEH CaMOBOCCTAHOBICHHS M BKIIOYAIOLUIUX B ceOs CreLu-
aJIbHO OJ00paHHbIE HAHOKOHTEHHEPHI ¢ ”HTUOUTOPOM KOPPO3HHU.

B nanHoM mccienoBannu ObIIM pa3pabOTaHbl CIOCOOBI CO3aHUs MOKPBITHH ¢ QyHKIH-
eil camo3anednBaHys IPY UCTIOIB30BaHUN PA3IMUHBIX HAHOKOHTEHHEPOB U1l HHTHOUTOPOB
Koppo3un. VccnenoBanbl cCriocoObI MOAM(DUKAIINNA TTOBEPXHOCTH OHOPE30pONpyeMOro Mar-
HUEBOTo crjiaBa (Ha nmpuMmepe MAS8 — cucrema Mg—Mn), a Takke maraus ATMg, nonmy4eH-
HOTO MO AAJUTHBHOW TEXHOJOTHH, MyTeM (POpMHUpPOBAaHUS TMOPUIHBIX MOKPBITUH, COAEp-
KaIMUX OpraHWYecKhe OWOCOBMECTHMBIC HHTHOMTOPHI KOPPO3UU U OHOpPE30pOHpPYEMBIii
MOJIMMEPHBI MaTepHall C LEJIb0 CHUKEHUSI CKOPOCTH JIeTpafalliy CIjiaBa 3a cyeT (DyHK-
UM AaKTUBHOM 3alIUTHI OT KOPPO3UH MIPOJIOHTHPOBAHHOTO AEHCTBUSI.

Meronom I190 Ha moBepxHOCTH MaTeprasia cHOPMUPOBAHO MOPUCTOE KEPAMUKOIIOL00-
Hoe HoKpbiTue. OnpeneneHsl Oe3BpeAHbIe A YelIOBeKa HHIMOMPYIOIIUE BELIECTBA, IPUTO/-
HBIE ISl 3alIUTBl OT KOPPO3WH MEPCIEKTHBHBIX B OMOMEIMIIIHE MATrHHEBBIX CIUIABOB.
Ha mpumepe 6enzotpuazona (BTA) u omeara marpus (NaOl) momoOpaH ¥ oNTUMU3UPOBaH
crioco6 HambOonee 3 dexTrBHOrO MMIperaupoBanws mop [190-caos nHrHOUTOPaMu KOPpPO-
3WH, & TaK)KE CHWIKEHHS CKOPOCTH €ro BBIXOJIa U3 T'eTEPOOKCHIHOW MaTpHIbl (yAepKaHHs
MHTHOMTOPOB B MOPaX MOKPBITHS) MyTeM 00PaOOTKH MOTYYEHHBIX KOMIO3UIIMOHHBIX MOKPHI-
THi GMOPe30pONPYEMBIM TOIUMEPHBIM MaTepHanioM — ronukanpoiaakroHom (ITKJT) [1].

[IpoBeneHa oleHKa MEKTPOXUMHUIECKOTO TIOBEACHUS THOPUIHBIX TIOKPBITHIA Ha CIUIABE
MAS8 ¢ [190-cnoem, 00paboTaHHBIM MOCTEIOBATENIFHO HHTUOUTOPOM M MOJUKANPOIAKTO-
HOM, TP IOJTOBPEMEHHON BBIIEP)KKE B PACTBOPE, UMUTUPYIOILEM IIJIa3My KPOBH YeJIOBEKa
(pactBOop X9HKca). Onear- 1 OEH30TPHA30JICOIESPKAIINE TTIOBEPXHOCTHBIE CJION XapaKTepH-
3YIOTCS CTa0MIBHOCTBIO KOPPO3MOHHOTO TIOBEICHUS B TeUeHHWE 7 CYT BBIACPKKUA B ITOM
pactBope. YCTaHOBIEHO, YTO 3anedarsiBaHue nop [190-moKpeITHS MOTMMEPHBIM MaTepua-
JIOM CIIOCOOCTBYET CYIIESCTBEHHOMY CHIDKCHUIO KOJMYECTBA MHTHOMTOpA, UGG YHAUPYIO-
HIer0 B KOPPO3HOHHO-aKTUBHBIN PacTBOp. DTO BaXKHO JUIsl TPOJIOHTUPOBaHHS dPQeKTa aK-
TUBHOM AHTHKOPPO3WOHHOW 3amuThl (OPMHUPYEMBIX THOPHIHBIX cioeB. Pesymprar mon-
TBepkKAaeT 3 (PEKTUBHOCTD MPEIJIOKEHHOTO crocobda Moau(pHUKaMK OBEPXHOCTH OHope-
30pOHUpyEMBIX MarHUEBbIX CIIJIABOB.

Pazpaboran cnoco® HampaBieHHOW MoaupUKauuK CHOPMUPOBAHHOTO B CHUIMKATHO-
¢bropunHOM snekTponute [120-ci105, BRICTYNAIOIEr0 B POJIM HOPUCTOW MAaTPHLBL I JaJlb-
Helmel (QyHKIMOHAIN3AIMU C IOMOIIBI0 CHHTE3UPOBAHHBIX HA €r0 MOBEPXHOCTH CIOMCTHIX
nBoiHbIx ruapokcunos (CAIN), mmnperaupoBannsix BTA [2]. B pesynbrare nannHoii obpa-
OOTKH MOBEPXHOCTH MAarHUEBBIX CIUIABOB MIPOMCXOIUT CHIKEHUE CKOPOCTH KOPPO3HUHU 00pa3-
1o Ha 30 %, B cpaBHEHNH O 3HaYeHHEM Tt oOpasia ¢ 6a30BeiM [[20-noKphITHEM.

Pazpaboran crioco6 GpopMupoBaHHs THOPUAHOTO TOKPBITHS ¢ QYHKIMEH aKTHBHOW 3a-
IIUTBl OT KOPPO3WM TPH HMCIOJIB30BAHHHM B KaueCTBE HAHOKOHTEHHEPOB I MHTHOUTOpPA
rayuryasutHeix HaHoTpyOok ('HT) [3]. Ompenenen ontuManbHBINA cIOCOO MUMITPETHUPOBA-
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Hust [HT mHrnOutopomM Koppo3un OEH30TPHA30JI0M U MX BBEAEHHS B MaTpHUIy OHOpe30p-
OupyeMoro moJIMMEPHOr0 MaTepuaa — MojJuKanpojaakToHa. OuneHeHa JIOKaJlbHasl JIEKTPO-
XMMHUYECKasi aKTUBHOCTH OOpa3loB ¢ THOPUIHBIM MOKpbiTHEM, conepxamumM [HT c Oen-
30TpHA30JIOM, in Vitro B pacTBOpe X3HKca. Y CTaHOBJIEHO, UYTO B Ipolecce 24 4 BBIAEPKKU
TaKuX OOpa3LOB C MPeIBapUTENbHO CO3JAHHBIM B MOKPHITUH MTOBEPXHOCTHBIM JE(PEKTOM
HaOII0IaeTCsl MOJaBJIEHHE Mpoliecca KOPPO3UU HAa MUKPOYPOBHE, MOATBEPXKIAIOIIEe Mpo-
apneHue 3 dexra camo3aieynBaHusl.

YCTaHOBIIEH MEXaHU3M Jerpafaliy oOpas3loB ¢ THOpUAHBIMH OEH30TPHA30JICOAEpKa-
IIMMHU CJIOSIMH U ONPENENICHO Yy4acTue HHIMOUTOpa KOPPO3UH B MPOLIECCE CaMO3aJICUNBAHUSL.
B pesynpTare akTHBaMK KOPPO3HOHHOTO MPOLIECCa U KOHTPOIUPYEMOTO BBIXOAa MHIHOHUTO-
pa u3 nop I120-nokpeitust, CAI' unu 'HT nporcxonuT cHIKeHHE KOPPO3MOHHON aKTUBHO-
CTH Marepuaia 3a cder aacoporun BTA Ha mOBepXHOCTH MarHus M €ro CIUIaBOB B O0JIACTH
nedekra 1 00pa3oBaHUs MATIOPACTBOPUMOTro KOMILIeKca. Takoil macCHBUPYIOMIME CIION Tpe-
MSTCTBYET NMPOHUKHOBEHMIO arpecCHBHBIX XJOPHI-MOHOB M obecreunBaeT (HOpMHUPOBAHHUE
KPHUCTAJUTMYECKUX TPOAYKTOB KOPPO3HUH, 3aLIMIIAIOIINX MaTepHal OT NeTPaJaliiy.

Ha ocHoBe pe3ynbpTaToOB KOMIUICKCHOTO aHajIu3a YCTaHOBJCHA 3((EKTUBHOCTb U IEp-
CIEKTUBHOCTh MTPUMEHEHUS] THOPUIHBIX MMOKPBITUH, COAECPKAIINX Pa3IHuHble HAHOKOHTEH-
Hepel (mopsl [120-cnos, cnoucTeie NBOWHBIE THIPOKCHIBI, TajulyasUTHBIE HAHOTPYOKH),
3arpy’keHHbIE OMOCOBMECTUMBIM HHTHOHUTOPOM KOPPO3WH, M OHOPEe30pOHpyeMBIi TOJH-
MEpPHBII MaTepHall MOJIMKANPOJIAKTOH JUIsl KOHTPOJS HaJ MPOIECCOM Pe30pOLnu H3Jenuit
OMOMEIMIMHCKOTO Ha3HAUCHHS U3 MarHus 1 ero cmiaBoB. CHopMUpOBaHHOE Ha MIOBEPXHO-
CTM MarHuMeBOTrO CIUIaBa M MAarHus, MOJYYEHHOro IO aIJWTHBHOM TEXHOJOIMHM, smart-
MOKPBITHE MOXKET PACIIUPUTH 00JACTh MPAaKTHYECKOTO MPUMEHEHUS (YHKIHOHAIBHOTO
Y KOHCTPYKIMOHHOTO MaTepHana.

dopMupoBaHre smart-moKPbITUH M HM3y4YEHHE KOPPO3MOHHOIO IOBEIECHHS 00pa3LoB
BBITIOJTHEHO TIpU (PUHAHCOBOW mojiepke rpanta Poccuiickoro HaydyHoro ¢oHma (IIpOeKT
Ne 24-73-10008). HccrnegoBaHue XHMHUYECKOTO COCTaBa 3alllUTHBIX CIIOEB IIPOBEACHO
B paMKax roCyJapCTBEHHOTo 3agaHuss MUHHCTEpCTBAa HayKH U BhIciiero oopasoBanus Poc-
cutickoit @eneparun (mpoekt Ne FWFN-2024-0001).
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4, l'aenenxoB AHgpeii CepreeBud, padoTaro B 00JIACTH XUMHH U HAYKH O MaTephaliax
U CHEeLUAIN3UPYIOCh HA U3YUEHUN KOPPO3UOHHOM JETpafalii KOHCTPYKIMOHHBIX U (DyHK-
[IMOHAJBHBIX MaTE€PHUaJIOB IS HAIIPABJIEHHOTO (POPMUPOBAHMUS 3AIIUTHBIX SMart-MOKPBITHI.
PabGoTaro rmaBHBIM Hay4YHBIM COTPYIHHKOM, 3aBenyrommM snadopatopueii ®I'BYH Uucru-
TYT XUMUHU J[aIbHEBOCTOYHOrO OT/AeNeHus1 Poccuiickoil akajeMuu Hayk, I. BiaauBocTok.
Jokrop xummuecknx Hayk ¢ 2021 roxma. IIpodeccop PAH ¢ 2022 roma. O6nacte MoHX
HAYYHBIX HMHTEPECOB BKIIOYAET 3allUTHBIC, THOPUAHBIC MOKPBITHS; METAJUIBI U CIUIABBI;
Onozerpananyst; MMILIAaHTALMOHHBIN MaTepHal; IEPCOHATN3UPOBAHHAS MEIUIIMHA.

SMART-COATINGS OF NEW-GENERATION FOR CONTROLLING
THE CORROSION PROCESS OF FUNCTIONAL MATERIALS

A.S. Gnedenkov, V.S. Marchenko, A.D. Nomerovskii, Ya.l. Kononenko,
S.L. Sinebryukhov, S.V. Gnedenkov

Institute of Chemistry, Far Eastern Branch of the Russian Academy of Sciences, Viadivostok,
Russia, asgnedenkov@mail.ru

The paper presents a strategic method for implementing targeted modification of the sur-
face of magnesium alloys, which consists of the formation of heterooxide layers of a given
structure and composition by plasma electrolytic oxidation, followed by the introduction of
corrosion inhibitors and polymers into the coating.

Magnesium and its alloys due to their comprehensive functional properties are promis-
ing materials for use in various industrial applications. Their good strength properties and
biodegradability make magnesium alloys suitable for the manufacture of medical implant
and stent devices. However, low corrosion resistance and, consequently, localized alkaliza-
tion with hydrogen evolution significantly limit the use of these materials in medicine.
Therefore, ongoing research is underway to improve their corrosion resistance [1].

In this study the methods of self-healing coating formation for corrosion protection of
magnesium alloys were developed. Based on the results of a comprehensive analysis, the
effectiveness and potential of hybrid coatings containing various nanocontainers (pores of
the coating, layered double hydroxides, halloysite nanotubes) loaded with a biocompatible
corrosion inhibitor and the bioresorbable polymer polycaprolactone were established for
controlling the resorption process of biomedical products made of magnesium and its alloys.
The smart-coating formed on the surface of a magnesium alloy and magnesium produced
using additive manufacturing can expand the practical application range of this functional
and structural material [2-3].

The formation of smart-coatings and the study of the corrosion behavior of the samples
were supported by a grant of Russian Science Foundation (Project No. 24-73-10008).
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The study of the chemical composition of the protective layers was conducted as part of
a state assignment from the Ministry of Science and Higher Education of the Russian Feder-
ation (Project No. FWFN-2024-0001).
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BJUSHUE COJEPKAHUA MOC HA ®A30BBI COCTAB
U PACHPEJAEJIEHUME 2JIEMEHTOB B NI-AL CIIJIABAX

E.J. Kum!, U.E. Makapenko', 2.X. Pu', K.b. Kum?

! Tuxookeanckuii zocyoapcmeennbniii ynueepcumem, Xabaposeck
2 Boponesicckuil 20cy0apcmeennblii yHugepcumen UHiyICeHepHulx mexnonozuii, Boponeoc

HccnemoBaHbl MUKPOCTPYKTYpa, (ha30BbIi COCTaB U MUKPOTBEPAOCTh ISTH KOMITO3UTOB
cuctembl NiAl-MoC c conepxanuem Mo ot 9,7 no 26,9 mac.%. YcTaHOBIEHO, YTO CTPYK-
Typa KOMIIO3UTOB TpecTaBieHa MaTpuleit NiAl, B KoTopoii pacpeaeneHsl yIpOUHSIONIIe
¢dazer — xkapoux MoC, B-(Ni,Mo)Al u, Haunnas ¢ coctaBa 2MoC, Alz(Mo,Ni),. C poctom
KoHIleHTparu Mo oO0nremHas gonst kapouga MoC HEeMOHOTOHHO u3MeHsercs oT 4,4 1o
17,8 %, a mons B-(Ni,Mo)Al Bozpactaer mo 50,1 %. MuKpOTBEpAOCTH KOMIIO3UTOB YBEIIH-
guBaercs ot 543 no 823 HV, uTo xoppeaupyeT ¢ poCTOM CyMMapHOH ITOJIA YIIPOUHSIOIIHX

¢as.
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WuaTtepmerannua NiAl nmpuBiiekaeT BHUMaHKUE Oyiarojapsi BRICOKOH TeMIIepaType IjiaB-
nerus (1638 °C), mm3koit motHoctH (5,86 T/cM?), BeIcOKOMY Moxayiio FOura (240 I'Tla),
XOpOIIIeH TEIUIOMPOBOTHOCTH U KOPPO3HOHHOW cToiKOoCTH [1]. OmHako HU3Kas IUIaCTHY-
HOCTh M yJapHas BS3KOCTh IPU KOMHATHOH TeMIIepaType B COYCTaHWUU C HEJOCTATOYHOU
JKapOTPOYHOCTHI0 OTPAaHWYHMBAIOT €ro NMpUMeHeHue. [ MpeooNeHns ITUX HEAOCTaTKOB
aKTUBHO WCCIEAYIOTCS Pa3lWYHbIE YIPOYHSIOMNE CTPATETHH, CPEeau KOTOPBIX OCOOEHHO
3¢ (EeKTUBHBIM 0Ka3aJ0Ch BBEJCHUE KEPAMHUYECKUX YacTull [2].

OpnnodazHble KepaMUiecKre YacThIlbl, Takue Kak Al,O3, ZrO,, TiC, HfC, TiB; u ZrB,,
3HAYMTEIHHO YIydInaroT cBoiicTBa NiAl Omarogaps mpodHoit Mex(da3HOU CBSI3W U TEPMHU-
yeckou crabmibHOCTH [3].

B nacrosmeli pabore usydyeno BinusHue coaepxkanus MoC Ha (a3oBblii COCTaB, MHKPO-
CTPYKTYpY X MHUKPOTBEPI0CTh KoMo3uToB NiAl-MoC.

[TsaTh 00pa3noB koMo3uToB (ycinoBHO o0o3HaueHHbIX 1MoC ... SMoC) nomyyanu me-
tonoMm CBC cmeceti mopomkoB NiO, Al u MoQO3;, C. ®dakTuyeckuii XUMUYECKHIA COCTaB 00-
pasioB orpenenéH peHTreHO(IyopeceHTHRIM aHamm3oM (Tabm. 1). MUKpOCTpyKTypy uC-
CJIEIOBAST Ha PACTPOBOM AJIEKTPOHHOM MHKPOCKOIIE C YHEPTOAUCIIEPCHOHHON PHUCTABKOM.
O0béMHBIC 107U (ha3 OLICHUBAIHM C MOMOIILIO IIPOrpaMMHOro komiuiekca Image-Pro Plus.
MukpoTBepIoCTh U3MepsUT Ha MUKpoTBepaoMepe Shimadzu HMV-G21DT npu Harpyske
20-50r.

Tabmuma 1
DuieMeHTHBIH cocTaB KoMNo3uTOB NiAl-MoC
CopeprxaHue IIEMEHTOB B CIUIaBe, Mac. %
CmuiaB -
C Al Ni Mo

IMoC 5,72 28,93 55,67 9,68
2MoC 4,38 30,25 50,60 14,76
3MoC 3,71 29,00 44,99 22,30
4MoC 5,44 32,96 39,60 22,00
5MoC 4,05 35,86 33,16 26,93

AHaM3 MUKPOCTPYKTYPBI MOKa3all, 4TO BCe 00Pa3ilbl UMEIOT KOMITIO3UIIMOHHOE CTPOE-
HUE: B aFOMUHHUIHON MaTpHIIE pactpeneieHbl BKIIOUCHHS pa3IndHON GopMbl. PeHTreHo-
CHEKTpaIbHBI MUKpOAHAIN3 MO3BOIMI UACHTU(QHULIMUPOBATH CIEAYIOIINE CTPYKTYPHBIE CO-
CTaBIISIOIIHNE:

— NiAl-marpuna — cogepxxut 33-37 mac.% Al, 60—63 mac.% Ni; MmonubeH mpakTHye-
CKH OTCYTCTBYCT.

— Kap6un MoC — xapakTtepusyercst BBICOKHM cofep:kanueM Mo (70-90 mac.%) u yrie-
pona (6—10 mac.%), a Takke pacTBopEHHBIME Ni 1 Al.

— B-(Ni,Mo)Al — da3a mepemenHoro cocrtaBa c¢ coxaepxkanueM Al 30-38 mac.%, Ni
16-35 mac.%, Mo 13-35 mac.%.
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— Alx(Mo,Ni). — nosiBiIseTCs B cIiaBax, HaunHast ¢ 2MoC, 1 OTINYaeTCs MOBBIIIEHHBIM
conepxkannem Al (33—-39 mac.%) npu ymepenrom xonmaectse Mo (19-47 mac.%).

O0béMHOE cooTHOIIEHHE (a3 M 3HAUYCHUS MHUKPOTBEPIOCTA KOMIIO3UTOB IPUBEICHBI
B Ta0mI. 2.

Tabmuma 2
O0BbéMHBIE 1011 (pa3 1 MUKPOTBEPAOCTh KOMIIO3UTOB
CTpyKTypHBIE COCTABIISIOLIHE

Cruas Kan6ma MoC B-(NLMo)Al MUuUKpOTBEPIOCTb,

apoux MoC, -(N1,Mo)Al, ; 0 HV

06.% 06.% NiAl, 06.%

IMoC 4,4 15,1 80,6 543
2MoC 5,6 15,4 70,9 698
3MoC 14,3 20,9 64,8 763
4MoC 17,8 37,6 44,5 810
5MoC 5,4 50,1 44,4 823

YCcTaHOBIIEHO, YTO C YBEIMYEHUEM KOHIEHTPALUN MOJIMOCHA B CIUIaBE CyMMapHas 10-
ns ynpounstonux a3 (MoC + B-(Ni,Mo)Al + Alx(Mo,Ni).) mocrnenoBaTeIbHO BO3paCTaeT,
OJTHAKO OTHOCHUTEJBbHOE colepxanue kapouna MoC n3MeHseTcsi HOMOHOTOHHO: JTOCTHUTaeT
Mmakcumyma B cmiaBe 4MoC (17,8 00.%), a 3arem camxaercs. [Ipu stom B crutaBe SMoC
pe3ko BozpactaeT nois B-daszer — go 50,1 06.%. MuKpOoTBEpAOCTH KOMIIO3UTOB MOHOTOHHO
yBenmnuuBaetrcs oT 543 HV y 1MoC no 823 HV y 5MoC. Takoil xapakrep M3MEHEHHS
CBOICTB yKa3bIBaeT Ha TO, YTO OCHOBHOH BKJIaJ B YIPOYHEHUE IPHU BBHICOKOM COAEPIKAHUH
Mo BHOCHT HE CTOJBKO KapOua, ckonbko uHTepMeTtaumaase B-(Ni,Mo)Al u Als(Mo,Ni).
¢assbl.

Takum oOpaszom, perynupoBanue coxepxkanus MoC B komnosutax NiAl-MoC mno3Bo-
JSIET MOJTyyaTh MaTepuall ¢ Pa3iIWYHbIM COOTHOLIEHHWEM YIPOUHSIOMmUX (a3 u, Kak ciel-
CTBHE, C 3aJaHHBIM YPOBHEM MHKpoTBeprocTH. Hanbonpuryio TBEPAOCTh AEMOHCTPUPYET
koMno3uT SMoC, coaepxamuii okomno 50 00.% B-(Ni,Mo0)Al, 4To OTKphIBaeT NEPCIEKTUBBI
€ro UCIOJIb30BaHMS B KAUECTBE N3HOCOCTOMKOTO >KapOIPOYHOro MaTepHania.
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A, Kum Eprennii JlaBunoBud, pabortato B 0051acTH MaTepHaIoOBEICHUS U JIMTEHHOTO MPo-
W3BOJICTBA U CHEHUATU3UPYIOCHh HA MOyYEHHUH JIETUPYIOIIUX CIIIIABOB U3 MUHEPAIBHOTO ChI-
pbsi. Paborato morenrom BII TTPU B ®BI'OY BO «TuxookeaHnckuil rocyaapcTBEHHBIN yHU-
BepcuTeT» T. XabapoBck. 3akoHumi1 Maructparypy JAB®Y B 2016 romxy, B 2020 romy 3akoH-
yujg aclupaHTypy Ha Kadeape «JIuTeliHOe NPOM3BOACTBO M TEXHOJIOTHS METaJUIOB»
B O®BI'OY BO «TuxookeaHckuil rocyJapcTBEHHBIA YHHBEpCUTET» T. Xabaposck. B 2021 mo-
JIy4WJI CTENEeHb KaHAWAaTa TeXHUIeCKUX HayK. O0nIacTb MOMX HayYHBIX HHTEPECOB BKIIOYACT
MUHEpaJbHbIE KOHIIEHTPATHI, METAJIOTEPMUUECKUI CHHTE3, MOTy4YeHHEe KOMITJIEKCHBIX JIUTra-
TYyp, COBpEMEHHBIE pecypcocOeperaromme TEXHOJIOTHU TPOM3BOACTBA CIIJIaBOB.

INFLUENCE OF MOC CONTENT ON PHASE COMPOSITION
AND ELEMENT DISTRIBUTION IN NI-AL ALLOYS

E.D. Kim', LLE. Makarenko', E.Kh. Ri', K.B. Kim?

! Pacific National University, Khabarovsk, Russia
2 Voronezh State University of Engineering Technologies, Voronezh, Russia

NiAl intermetallic compounds are attractive for high-temperature applications owing to
their high melting point (1638 °C), low density (5.86 g/cm?®) and excellent oxidation re-
sistance [1]. However, low ductility and insufficient strength at elevated temperatures re-
strict their practical use. Ceramic particle reinforcement is an effective way to overcome
these drawbacks [2]. In the present work, the influence of MoC content on the phase com-
position, microstructure and microhardness of NiAl-MoC composites was studied.

Five composites (designated 1MoC ... 5SMoC) were fabricated by self-propagating
high-temperature synthesis (SHS) using mixtures of NiO, Al, MoOs; and C powders. The ac-
tual chemical composition was determined by X-ray fluorescence (Table 1). The microstruc-
ture was examined by scanning electron microscopy equipped with an energy-dispersive spec-
trometer. The volume fractions of the phases were evaluated by the Image-Pro Plus software.
Microhardness was measured with a Shimadzu HMV-G21DT tester under a load of 20-50 g.

Table 1
Elemental composition of the NiAl-MoC composites
Alloy Elemental composition of the NiAl-MoC, mas. %
C Al Ni Mo

1MoC 5,72 28,93 55,67 9,68
2MoC 4,38 30,25 50,60 14,76
3MoC 3,71 29,00 44,99 22,30
4MoC 5,44 32,96 39,60 22,00
5MoC 4,05 35,86 33,16 26,93
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Microstructural analysis revealed that all samples possess a composite structure consist-
ing of a NiAl matrix with embedded inclusions of various shapes. Four structural constitu-
ents were identified:

NiAl matrix — contains 33—-37 wt.% Al, 60—63 wt.% Ni; molybdenum is almost absent.

MoC carbide — characterised by a high Mo content (70-90 wt.%) and carbon content
(6-10 wt.%), with dissolved Ni and Al.

B-(Ni,Mo)AI — a phase of variable composition containing 30-38 wt.% Al, 16-35 wt.%
Ni and 13-35 wt.% Mo.

Al3(Mo,Ni), — appears starting from the 2MoC alloy; it is enriched in Al (33-39 wt.%)
and contains a moderate amount of Mo (19—47 wt.%).

With increasing molybdenum content, the total volume fraction of reinforcing phases
(MoC + B-(Ni,Mo)Al + Al3(Mo,Ni),) increases continuously. However, the proportion of
MoC carbide changes non-monotonically: it reaches a maximum in the 4MoC alloy
(17.8 vol.%) and then decreases. In the SMoC alloy, the volume fraction of the PB-phase
dramatically rises to 50.1 vol.%. The microhardness of the composites increases monoton-
ically from 543 HV for 1MoC to 823 HV for SMoC. This behaviour indicates that at high
Mo content the main contribution to strengthening comes not so much from the carbide as
from the intermetallic B-(Ni,Mo)Al and Alz(Mo,Ni), phases.

Thus, by varying the MoC content in NiAl-MoC composites, it is possible to obtain a
material with a tailored ratio of reinforcing phases and, consequently, a desired level of mi-
crohardness. The 5SMoC composite, containing about 50 vol.% of B-(Ni,Mo)Al, exhibits the
highest hardness and is a promising candidate for wear-resistant high-temperature applica-
tions.
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AKTYAJIbHBIE AHAJIMTUYECKHUE METO/1bI OIPEJIEJIEHUA
TAKEJBIX METAJIJIOB B OBFBEKTAX OKPYKAIOLIIEN CPE/IbI
M BUOCPEJIAX: KPATKHIA OB30P

H.O. Kum, H.E. Kum

dI'bOY BO HI'MY Mun3zopaea Poccuu, Hoeocubupck,
kim_nadia@mail.ru

[IpoBenu CpaBHUTEIBHBIM aHAJIN3 COBPEMEHHBIX METOJIOB Kau€CTBEHHOI'O U KOJIM4Ye-
CTBEHHOTO OTIpe/eIeHUs TsoKeNbix MeTaiioB (TM) B Bozie, o4Be U OHOIOTHYECKUX 00pas-
1ax. PaccMOTpeHBl CHEKTPOMETPUYECKHE U 3JIEKTPOXMMHUYECKHE METOMbBI, OIpEeNeHBbI
KJIIOUEBbIC IPEUMYILECTBA, OTPAaHUYCHUS U AHATTUTUYECKUE TUAMa30Hbl KaKIO0TO METOA.

AKTyaJIbHOCTh. VIHTEHCHBHOE pa3BUTHE MPOMBIIUIEHHOTO MPOHM3BOJACTBA, ypOaHU3a-
1usl, MaciuTabHOE UCIIOJIb30BAaHNE XUMHUKATOB B CEJILCKOM XO3SHCTBE M HEKOHTPOJIUpYeMast
YTHUIIM3alUsl TEXHOTEHHBIX OTXOJOB TPUBEIH K PE3KOMY YCHICHHIO aHTPOIIOT€HHOM
Harpy3ku Ha onocdepy. Cpeau OrpOMHOTO CIIEKTPa 3arps3HAIONINX BEMIECTB 0C000E MECTO
3aHUMAIOT TSDKEJIbIe METauIbl 1 METAJUIOMIIBI, K YHCITy KOTOphIX oTHocsTcs cBuHel (Pb),
kagmuit (Cd), pryts (Hg) 1 Mbmbsk (As). B otnudne oT opraHnYecKuX SKOTOKCHKAHTOB,
CIOCOOHBIX K TEPMUYECKOMY WIIH OWOJIOTHYECKOMY pa3lioskeHuio, TM He pa3pyIiaiTcs BO
BPEMEHH, a JIUIIb MEPEXOAIT U3 OJHUX XMMUYESCKUX (OPM B IPyrHe, HEMPEPHIBHO MUTPH-
Py 10 TPOYUUECKUM LIETISIM.

Hens uccinenoBanns. CucreMaTusaius U COIMOCTaBIeHHE HanOoJee BOCTPEOOBAHHBIX
Y MHHOBAITMOHHBIX METOAOB ompeneieHns TM ¢ TOYKH 3peHHsS WX YyBCTBHTEIHHOCTH, Ce-
JIEKTUBHOCTH U 3KCTIPECCHOCTH.

Marepuanabsl U MeTOABI HCCJIeN0BaHUsA. B Xozie wcciaenoBaHus MpOaHATH3UPOBAHBI
Hay4HbIe myonmkanun, ctagaaptel (ISO, T'OCT) u Mmetoandeckue ykazaaus. COOp TaHHBIX
c(hOKyCHpOBaH Ha TPEX I'CHEPaJbHBIX IPYIIaX METOMOB: CIEKTPOMETPHUYECKHX, DIIEKTPO-
XMMHYECKUX U SKCIPEcCc-CUCTeMax MOHUTOPHHTA.

PesyabTaThl U ux o6cy:xknenne. COBpeMEHHBINH apceHal HHCTPYMEHTAIBHBIX METOJ0B
ompeneneHus Tsokenbix MetawioB (TM) mporien 3BOMIONUIO OT KJIACCHYECKHX MOHOJJIE-
MEHTHBIX MOJIXOJIOB K MHOTO3JIEMEHTHBIM THOPUIHBIM I1aT(GopMam.

Merton aromHO-abcopO1ronHON cniekTpoMeTpu (AAC) ocHOBaH Ha PE30HAHCHOM I10-
TJIONEHUH CBeTa CBOOOMHOI (hopMOl aTOMOB aHaiWTa B Ta3oBoi (a3e. MIHTEHCHBHOCTH
MOTJIONICHUS MPSIMO TIPONOPIIMOHAIEHA KOHIICHTPAIIMY JIEMEHTa COTJIaCHO 3aKoHy Byrepa—
Jlambepra—bepa. B 3aBucumocTu oT ciocoba aToMu3alui MpoObI B TIPAKTUKE SKOJIOTHYE-
CKOTO MOHUTOPHHTA BBIZEISAIOT Ba OCHOBHBIX TOJXO0/A.
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IInamennas atomuzanus (FAAS): B kauecTBe aToMH3aTopa UCIONB3YETCS TIaMsi CMECH
ra3oB (aleTHIEH—BO3TyX WM alleTHIeH—3aKICh a30Ta). MeToa XapaKTepu3yeTcsl BBICOKOM
BOCTIPOM3BOJIMMOCTBIO M 3KCIIPECCHOCTHIO, OJHAKO €r0 YyBCTBUTEIBHOCTH OTPaHHUYECHA
nuana3oHoM 0,1-10 ppm. Oto nenaer FAAS nprMeHUMBIM B OCHOBHOM JUIsl aHAJIN3a CUJIb-
HO3arpsi3HEHHBIX CTOYHBIX BOJ WJIM TEXHOJIOTHYECKUX PACTBOPOB.

DnekTpoTepMudecKas aTomm3aius B rpaduroBoii meun (GFAAS): Atommzarus mpowc-
XOAUT B TpaUTOBOM KIOBETE 32 CUET KOHTPOJIUPYEMOT0 HMITYJIbCHOTO HAarpeBa JIeKTpHUe-
CKHUM TOKOM 710 Temnepatyp nopsiaka 2000-3000°C. brarogaps ynep:kaHuro o0raka aToMOB
B 30HE M3MEpEHHS W TMOJHOMY HCIIAPEHHIO MPOOBI, TpeAeN OOHApYyKEHHUS CHIKAeTCS 0
yposaeii 0,1-10 ppb. Meron GFAAS npusHan apOUTpaXHBIM CTaHIAPTOM IS ONpeiesie-
Hust Pb u Cd B nutheBo# Bone. I MaBHBI HEZOCTaTOK — MOHORJIEMEHTHBIH XapakTep: IS
oTpeieTIeHHs KaXX/I0TO HOBOTO MeTasia TpeOyeTcs 3aMeHa MCTOYHMKA M3ITyUIEeHHUS JIAMITBI C
MOJIBIM KaTtogom[1].

Macc-criekTpoMeTpus ¢ HHAYKTHBHO cBsi3anHOM ma3moit (MCII-MC) Ha ceroaHsuHuiA
JIEHb SBIISETCS «30J0THIM CTAaHAAPTOMY» B YIBTPACIEI0BOM aHanu3e. OU3nYecKuil MpUHIUI
3aKII0YaeTcs B PACIBUICHWH JKUIKOW MPOOBI M e€ mojade B BHICOKOTEMIIEPATYPHYIO apro-
HOBYyI0 azmy (6000-8000 K), rae mpoucxoasT moaHas AeCTPYKIUS MAaTPHUIILI, AaTOMU3AIIHS
Y MOHM3aIUs >JeMeHTOB. [lonyueHHble OJHO3apSAAHBIE MOJIOKUTEIbHBIE HOHBI HaIpaBJis-
F0TCS B MacC-(PruTbTp, KOTOPHIN pa3fesieT UX MO COOTHOIICHUIO MAacChl K 3apsmy (m/z).

KittoueBsle aHaMTHYECKHE MapKephl METOa:

MHoro3neMeHTHOCTh: BO3MOXXHOCTH OJTHOBPEMEHHOI'0 KOJIMYECTBEHHOTO ONpPEAETICHHUS
1o 70 »IIeMEHTOB 3a OJIMH aHATTUTHYECKUH IUKIT (MEHee 3 MUHYT).

CBepxBBICOKass YyBCTBUTENHLHOCTH: Ilpenensl oOHapykeHHst aisi OonbmuHCTBA TM
(Hg, As) nocturarot yporeit <0,001 ppb [2].

Pentrenoduyopecuentasiii ananmu3 (POA) oTHocUTCS K METOJaM 3MHCCHOHHOM CIIEeK-
tpoMeTpuu. [lox Bo3aelcTBHEM MEPBUYHOTO PEHTTEHOBCKOTO M3ITyYEHUS TPYOKH 3JIEKTPO-
HBI BHYTPEHHUX 000JI0YE€K aTOMOB MUIIIEHH BBHIOMBarOTCA. [lepexo/1 2IeKTpOHOB ¢ BHEIIHUX
000J7109eK Ha BaKaHTHBIE MECTa COIMPOBOXAAETCS HCIYCKAHUEM BTOPUYHOTO (PEHTICHO-
(ITyOpecCIIeHTHOT0) U3ITyYeHUs], SJHEPTUsl KOTOPOTO CTPOTO XapaKTEPUCTHUYHA UIA KaXKIOTO
aneMeHTa. [ maBHOE mpeumytecTBo PDA — 3KCIPECCHOCTh W HEPa3pyIIAIOIINA XapakTep.
[opratuBnele (pyuHble) PDA-criekTpoMeTpbl MO3BONAIOT MPOBOIUTH HPSMOW CKPUHHUHT
MOYB, JOHHBIX OTJIOXEHHUI U TBEPJABIX OTXOJIOB HETIOCPEICTBEHHO B ITOJIEBBIX YCIOBHUAX 0€3
MIPEIBAPUTEIHLHOTO pacTBOpPeHHS MpoObl. Jlnama3on obHapykeHmsi coctaBiseT 1-10 ppm,
YTO UCKIIIOYAeT METOJ U3 KOHTYpa yJIbTPAciIe0BOTO aHaJIN3a BOAHBIX CPel, HO JIENaeT ero
HE3aMEHUMBIM JJIs1 ONIEPATUBHOTO KaPTUPOBAHUS TEXHOT'CHHBIX 30H [3].

WNuBepcuonnas BoiabTammnepoMerpus (MBA)mpencraBiser co00il BEICOKOUYBCTBUTEh-
HBIH DIEKTPOXUMUYIECKUN METOJ, BKIIFOYAIOIIHI Be cTanuu. Ha mepBoil ctaguu (dJIeKTpo-
XMMHMYECKOE KOHIIEHTPUPOBAaHKE) IIeJIeBble MOHBI METAJJIOB U3 pacTBOpa BOCCTAHABIMBA-
I0TCSL HA paboyeM 3JIeKTPoje MpH KOHTPOIHpyeMoM moTeHnuaie. Ha Bropoit craanm (uH-
BEPCHOHHON) MPOBOJAT aHOAHYIO Pa3BepTKy MOTEHIMAjA; MPH JOCTHKEHHH IOTEHIIHANa
OKHCJICHUSI KOHKPETHOTO MeTaJlIa MPOUCXOJUT €r0 PacTBOPEHUE, PUKCHPYEMOe B BUAE ITH-
Ka TOKa Ha BOJbpTammeporpamme. BricoTa muka mpomnopluoHagbHa KOHUEHTpauuu. Meroa
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obecrieunBaeT npenensl oOHapyxkeHus Ha ypoHe 0,01-1 ppb, uro comoctaBuMO ¢ AOpOTO-
crosmuM MetogoM GFAAS. IIpu 3ToM CTOMMOCTE BOJBETaMITEPOMETPHICCKOTO KOMILIEKCa
B 15-20 net Hmxe cniekrpomerpuyeckoro. Onnako UBA kpaiiHe yyBCTBUTEIbHA K «OTpaB-
JICHUIO» TIOBEPXHOCTH 3JIEKTPOAa MOBEPXHOCTHO-AKTUBHBIMU OPraHUYECKUMH BEIECTBAMU
(rymuHOBBIE KUCHOTHL, [IAB), 94TO TpeOyeT KeCTKOM OKUCIUTENBHOHN MPOOOIIOATOTOBKH [4].

B xone cucremarnzanuu AaHHBIX OBLIM BBIAEJICHBI TPU JOMUHHUPYIOIIKE IPYIIIBI METO-
JIOB: aTOMHO-CIEKTpaJbHbIE, PEHTTCHOBCKUE U 3JIEKTpoXuMmMudeckue. VX cpaBHUTENbHbIE
XapaKTePUCTUKH MPeNCTaBIeHbI B Ta0MI. 1.

Tabmuma 1
CpaBHHUTEIbHBII AHAJIU3 METOI0B OMpeNeIeHUs TAKeIbIX METAIOB
IIpenen
Merop pen [IpenmymiecTBa Henocratku
oOHapyXeHHs
HCTI-MC <0,001 ppb OnHOBpEeMEHHOE Bricokast cTomMocTh
(Macc-cnexkmpomempus OTIpeieIeHNE JIECSITKOB mpubopa 1 ra3oB;
€ UHOYKIMUBHO C8A3AHHOU JJIEMEHTOB; OIIPEeNIEHIE | KECTKHE TPEeOOBAHUS
naasmot) H30TOTOB K YMCTOTE KOMHAT
AAC 0,1-10 ppb OTtHocutenbHast MoOHO3I€MEHTHBII
(Amomno-abcopbyuonnas LIEHOBas OCTYITHOCTh; | aHanu3 (OAWH MeTail
cnekmpomempus) BBICOKAsl CEJIEKTUBHOCTh | 3a OZIHO U3MEPEHHE)
POA (Penmeen- 1-10 ppm Hepaspymaromuii Mmeto; Bricokuit mpenen
dnyopecyenmnoiii ananu3z) BO3MOJKHOCTh aHAJIHN3a oOHapyKEeHUs
TBEPABIX MPOO (He moaxoauT
0e3 pacTBOpEeHHsI JUTA yIBTPACIICIOB)
UBA (Husepcuonnas 0,01-1 ppb Jemesu3Ha YyBCTBUTEIBHOCTD
601bMAMNEPOMEMPUSL) obopynoBaHus; K YHCTOTE 3JIEKTPOJIOB
KOMITAaKTHOCTE; U TIPUCYTCTBHIO
BO3MOKHOCTH pabOTHI OpTaHHUKH
B TIOJIEBBIX YCIIOBHSX

IIpoBeneHHBIN aHAIU3 MTO3BOJISET KOHCTATUPOBATh, UTO B COBPEMEHHON aHAUTUYECKOU
NPaKTUKE OMpeNeNIeHHs TSDKENIBIX METAJUIOB HE CYLIECTBYET YHHBEPCAIBHOIO METO/a, CIIO-
CcOOHOTO OTHOBPEMEHHO 3aKpPHITh BCE aHAIMTHYECKHE 3afadd. BBIOOp KOHKPETHOTO WH-
CTPYMEHTAJILHOTO TOAX0/a MPEACTABISET CO00H KOMITPOMHCC MEXIY TPEeMsl KIFOYEBBIMH
(aKTOpaMu: UyBCTBHTEJIHLHOCTBIO (TIpEelesioM OOHApy)KEeHUs), SKOHOMHYECKOH JOCTYIHO-
CThIO0 M1 MOOHMIIBHOCTBIO.

3akiouenue. B Xoje IpoBeIeHHOTO aHATUTHYECKOTO 0030pa OBUTH CHCTEMAaTH3UPOBa-
HbI X1 COIIOCTABJICHBI KJIIOYCBBIC MHCTPYMCEHTAJIBHBIC IMOAXOABI K OIPCACICHHUIO TAXEIIBIX
METAIJIOB Pa3IMYHBIMH METOJaMH, KaXKABIH M3 KOTOPBIX 00JIaflaeT YHUKAIBHBIM aHAIUTH-
YECKUM TPENMYIIIECTBOM:

e VICII-MC sBnisseTcs aOCOJIOTHBIM JTAJIOHOM I10 YYBCTBHUTEIBHOCTH (10 YPOBHS
0,001 ppb u mo3BoNSIET OJTHOBPEMEHHO OINPEACIIATh JECITKH 3JICMEHTOB 3a OMH IIUKJL.
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e AAC obecrnieunBaeT HaWIyqIIHi OalaHC CENEKTUBHOCTH W HAJCKHOCTH NPU PyTHH-
HOM KOJIMYECTBEHHOM AHAJIM3€E LIETEBBIX 3KOTOKCUKAHTOB.

e POA obOnamaer mNpeMMYILECTBOM HEPa3pyLIAIOLIETO 3KCIPECcC-aHalU3a, O3B0
MI'HOBEHHO OLICHMBATh COJEPKAHUE METAJUIOB B TBEPIBIX MPo0Oax MPsIMO B MOJEBBIX YCIIO-
BHUSX.

e VBA mpennaraer yHuKaJbHOE COYETaHHE HU3KOH CTOMMOCTH 000OpYyIOBaHMS U BBICO-
KOHM 4yBCTBUTEIBHOCTH, BBICTYIIAs! JOCTYITHON aJIbTEPHATUBOM CIO0MKHBIM CIIEKTPOMETPaM.

CIIMCOK JIMTEPATYPBI

1. [TynbimeB A.A. AToMHO-a0COPOIMOHHBIN crieKTpasibHbli ananu3 / A.A. Ilynbimes. — MockBsa:
Texunocdepa, 2018. — 416 c. — ISBN 978-5-94836-523-7.

2. bapanosckas M.A. Macc-criekTpoMeTpus ¢ HWHIYKTUBHO CBS3aHHOW IIa3MOW B aHAIM3e
00BeKTOB OKpykaromien cpeabl / U.A. Bapanosckas, A.M. Canpeikun // KypHan aHaaIUTHYECKON
xumun. —2021. —T. 76, Ne 5. — C. 387-401.

3. Tyson J.F. Heavy Metals in the Environment: Handheld X-ray Fluorescence Spectrometry as
a Screening Tool / J.F. Tyson // Microchemical Journal. —2022. — Vol. 175. — Art. 107120.

4. bynuukos I''K. MHBepcHOHHAs BOJIbTAMICPOMETPHS B MOHHTOPHHIC TSDKEJBIX METaIOB
B Onocdepe / I'.K. bynaukos // CopocoBckuii obpazoBarensHblil xypHain. — 2000. — T. 6, Ne 8. —
C. 45-51. (Kmaccnyeckuii TeopeTHIECKUH 0a3uc).

BUOT'PA®UA

S, Kum Hanmexnma OmeroBHa, paboraro AOMEHTOM Kadeaphl MEIWITMHCKOW XHMHH
B ®I'bOY BO HI'MY Munzapasa Poccun, ropox HoBocubupck. Kanaunar ¢papmanenTu-
yecknx Hayk ¢ 2021. ObnacTb MOMX Hay4HBIX HHTEPECOB: QapManus, papManeBTHUECKas
XUMHUSL, HapMaKOrHO3Hs, OpraHudecKasi XUMUsL, aHATUTHUYECKast XUMHS U OMOTEXHOJIOTHSI.

CURRENT ANALYTICAL METHODS FOR DETERMINING HEAVY METALS
IN ENVIRONMENTAL AND BIOLOGICAL SAMPLES: A BRIEF REVIEW

N.O. Kim, N.E. Kim
FSBEI HE NSMU MOH Russia, kim_nadia@mail.ru

We compared current methods for the qualitative and quantitative determination of
heavy metals (HMs) in water, soil, and biological samples. The study evaluates spectromet-
ric and electrochemical methods, defining the key advantages, limitations, and analytical
ranges of each technique.

Relevance. Intensive industrial development, urbanization, large-scale agricultural
chemical use, and uncontrolled technogenic waste disposal sharply increase the anthropo-
genic load on the biosphere. Among a huge spectrum of pollutants, heavy metals and metal-
loids — including lead (Pb), cadmium (Cd), mercury (Hg), and arsenic (As) — occupy a spe-
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cial place. Unlike organic ecotoxicants capable of thermal or biological degradation, HMs
do not degrade over time; they only change their chemical forms while continuously migrat-
ing through trophic chains.

Aim of the study. Systematization and comparison of the most popular and innovative
methods for HM determination in terms of their sensitivity, selectivity, and rapidity.

Materials and methods. Our study analyzes scientific publications, standards (ISO,
GOST), and methodological guidelines. We focus data collection on three main method
groups: spectrometric, electrochemical, and express monitoring systems.

Results of the study. Our data systematization highlights three dominant method
groups: atomic spectral, X-ray, and electrochemical.

The analysis demonstrates that current analytical practice for heavy metal determination
lacks a universal method capable of addressing all analytical tasks simultaneously. Selecting
a specific instrumental approach represents a compromise among three key factors: sensitiv-
ity (detection limit), economic affordability, and mobility.

Conclusions. Our analytical review systematizes and compares key instrumental ap-
proaches to heavy metal determination. Each technique offers unique analytical advantages:

e [CP-MS: Serves as the gold standard for sensitivity, reaching the 0.001 ppb level, and
simultaneously determines dozens of elements in a single cycle.

e AAS: Delivers the best balance of selectivity and reliability for routine quantitative
analysis of target ecotoxicants.

e XRF: Provides non-destructive express analysis, instantly evaluating metal content in
solid samples directly in the field.

e SVA: Offers a unique combination of low equipment cost and high sensitivity, serv-
ing as an affordable alternative to complex spectrometers.
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ONTUMU3BAILIAA CBOMCTB MOJIEKYJI IOCPEJICTBOM
PEJAKTUPOBAHMUSA B JIATEHTHOM ITPOCTPAHCTBE:
CPABHUTEJIbHbIA AHAJIN3 APXUTEKTYP U AJITOPUTMOB

I1.B. Kum
AO BHOKAJ

B nanHO# paboTe npeicTaBiieH CHCTEMATHYeCKUH aHall3 METOJ0B T'eHEPaTUBHOTO MO-
JEeTUPOBaHusl A 3a7ad BBIYMCIMTEILHOW XMMHHM M KOMIBIOTEPHOTO AW3aiiHa JIEKapCTB
(drug discovery). Hccrnenyercs 3¢h(heKTHBHOCTh HaBUTAIMU B HEMPEPHIBHOM JATEHTHOM
IPOCTPAHCTBE C LENbI0 ONTHMH3AINHN LENIEBBIX CBOMCTB MOJIEKYJ (Ha mpuMmepe Kodhdumu-
€HTa pacrpeeieHus OKTaHo/Boa, logP).

CoBpeMeHHas! BEIYUCIUTENbHAS XUMUSI CTAIKUBAETCS C (PyHAaMEHTANbHON MPOoOIeMOoii:
JMUCKpETHAasl MPUPOAa XUMHYECKOTO MPOCTpaHCTBa (mpenacTtaBieHHoro ctpokamu SMILES
WIH MOJEKYJSIpHBIME TpadamMu) KpaifHe 3aTpyIHSET MPUMEHEHHEe METOJOB HEeTpPEPHIBHON
MareMaTryeckoli ontumusanun. [Ipoekt LatentCraft npeanaraer pemenne 3Toi mpoOiIeMbl
Yyepe3 MOCTPOCHUE W IEJICHANPABICHHYI0 HaBUTAI[MIO B HEMPEPHIBHOM JIATEHTHOM MpO-
ctpanctge (latent space).

JlaTreHTHOE TPOCTPAHCTBO TPEACTABISAET COOOM CKAaToe, HEMPEPHIBHOE BEKTOPHOE
MIpeICTaBIIcHHe OOBEKTOB, COXPAHSAIONIEE KITIOUEBYI0 WHMOpPMAIMIO 00 HX IMPOSBICHHUIX
1 cBolicTBax. biaromapst cBOWCTBY IitamkocTd (smoothness) Takoro mpocTpaHCTBa, HAIIPaB-
JICHHOC MCPEMEIICHUC B HEM MTPUBOAUT K NPEACKA3YEMbIM U3MCHCHUAM CBOWCTB ACKOOUPO-
BaHHBIX 00BEKTOB.

Lensp uccrmemoBaHus: MPOBENEHUE CPABHUTEILHOTO aHAM3a apXUTEKTYp HEHPOHHBIX
ceTell M aNrOPUTMOB ONTUMH3AINH JJISl TeHEPAIli HOBBIX MOJIEKYJI C 3aJaHHBIMH IIeJIEBbI-
MU CBOWCTBAaMH ITOCPECTBOM NIEpEMENIECHNS B JIATEHTHOM IIPOCTPAHCTBE.

Pabouast runioresa nccienoBanus 6a3upyeTcs Ha YETHIPEXITATHON KOHIICTIIIUH:

1. Cxkatue: [locTpoeHne HEMPEPHIBHOTO JIATEHTHOT'O MPOCTPAHCTBA, 3PPEKTHUBHO KOM-
MPECCUPYIOUIETO TUCKPETHBIE XUMHUYECKUE CTPYKTYPBHI.

2. Uanmuanm3amnust: Berbop mcxoaHon monekyinsl (seed molecule) m ee otoOpakeHne
(encoding) B TaTEHTHBIA BEKTOP.

3. HaBuranus: LlenenanpaBnenHoe nepeMelieHue JaTeHTHOTO BEKTOpa B 00JacTH Mpo-
CTpaHCTBA, COOTBETCTBYIOLINE YIYULICHHBIM 1I€JIEBHIM CBOMCTBAM.

4. Kontponb HeonpeneneHHOCTH: [IprMeHeHne MeXaHU3MOB PETYJISIpU3alud s YAep-
KaHWUS TPACKTOPHH ONTHMH3ALWHU B TIpEeNax BAIUIHBIX (XMMHUYECKH KOPPEKTHHIX) 001a-
cTei.

Pe3y.]'II)TaTOM OaHHOI'0 IIpolecca ABJIACTCA I'CHEpalusa HOBBIX, XMMHUYCCKU BaJIUAHBIX
MOJIEKYJ, 00JaAaloMKuX ONTUMH3HUPOBAaHHBIMH CBOWCTBAMU M CTPYKTYpHO OJHM3KHX K HC-
XOJTHOW MOJIEKYJIe-3aTpaBKe.
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B pamxkax uccnenoBaHusi MPOBOJAMTCS] CPABHUTEIBHBIA aHAN3 OBYX (YHIAMEHTAIbHBIX
APXUTEKTYP TeHEPATUBHBIX MOJCIICH:

e Chemical VAE [1]: Monens koaupyeT Monekyisipabie cTpokun SMILES (¢ ncnons3o-
BaHHeM one-hot encoding) B HEMpepHIBHBINA JTAaTCHTHBIN BeKTOpP. KirtoueBoi 0COOCHHOCTHIO
SBIIIETCS COBMECTHOe oOyueHHe (joint training) aBTO’HKOIEpa C MPEIUKTOPAMH CBOMCTB
1Tt JOPMHUPOBAHHSA JTATEHTHOTO MPOCTPAHCTBA.

e JT-VAE [2]: ApxuTexTypa, HUCIOJB3YIOIIas ABOHHOE JATEHTHOE IMpeACTaBICHHE.
CHauana reHepupyeTcs IpeBOBUAHBIN kKapkac (scaffold) 3 xumMudeckux MmoacTpyKTyp, KO-
TOPBIN 3aTeM COOMPAETCS B MTOJHBIN MOJICKYJISIPHBIN Tpad ¢ MOMOIIBIO CEeTeH mepeaadn co-
obmennii (Message Passing Networks).

st HaBUTaMU B JTATEHTHOM MPOCTPaHCTBE OBLIM BBHIOPAaHBI TPU MOAXO0JA, Pa3inyaro-
Iuxcs o MaTeMaTuueckoi nmpupoze [3]:

1. Gradient Ascent (I'paguenTtHblii ToabeMm): KoaupoBaHue WMCXOJHON MOJEKYIIbI
W CMEIICHHUE JIATEHTHOT'O BEKTOpa 110 TPAIMeHTY MPEeNBaAPUTENFHO 00yUSeHHOTO MPETUKTOpa
CBOMCTB. XapaKTepPU3yeTCad BbICOKOH CKOPOCTHIO, HO CKJIOHHOCTBIO K BBIXOJY 3a IMpeJeibl
BaJIMIHBIX 00JIacTe.

2. Bayesian Optimization (bafiecoBckast onrtumuzanus): I[locTpoeHne BeposSTHOCTHOU
CyppOTaTHOW MOJENH JaTeHTHOro mpocTpaHcTBa. ObecrneynBaeT OajgaHC MEXIY HCCIENO-
BaHUEM HOBBIX obOnacrteli (exploration) ¥ MCIOIB30BAaHHEM M3BECTHBIX MEPCIIEKTUBHBIX 00-
nacrtel (exploitation).

3. CMA-ES (Covariance Matrix Adaptation Evolution Strategy): OBonronmonHas crparte-
THs, aJalTUpPYIOIas MapaMeTphl MHOTOMEPHOTO TayCCOBCKOTO pacIpefesieHHs Herocpe]l-
CTBEHHO B JIATEHTHOM TPOCTPAHCTBE /ISl CMEIIEHHSI TTOVCKA B MIEPCIIEKTHBHBIE OOIACTH.

JI71s TIOBBITIIEHNST HA/IEKHOCTH T€HEPAIlliU B SKCIIEPHUMEHTAIBHYIO YacTh ObUIN BHEApE-
HBI TIEpEIOBBIE METOBL:

e OpeiimBopk SELFIES: Mcnons3oBan kak anbrepHaruBa SMILES. SELFIES npen-
CTaBIIAeT COOON CTPOKOBOE IpENCTaBIeHHE, KOTopoe Maremarndecku rapantupyer 100%
XUMHYECKYI0 BaIUJHOCTh NEKOAMPOBAHHBIX CTPYKTYpP, YCTpaHsS TJIAaBHBIH HEIOCTATOK
SMILES-Mopeneit (reHepannio HeBaIHIHBIX CTPOK).

e Pacmmmpennoe koauposanue (Advanced Encoding): Jlns yBenuuenus nHOpMaIMOH-
HOU TUIOTHOCTH JIATEHTHOTO TIPOCTPAHCTBA MPUMEHSIIACh KOHKATCHAIHS JIATEHTHOTO BEKTO-
pa ¢ IOTOTHUTEBHBIMU TIPU3HAKaAMH TIepen neKkoaepoM: GuHTreprpuHTaME Moprana (0u-
TOBBIE BEKTOPHI MOACTPYKTYp paamyca 2-3, QUKCHUPYIOIIHE JOKAIFHOE aTOMHOE OKpYKe-
HUE) U GU3NKO-XUMUIecKuUMHU aeckpuntopamu RDKit.

OOyuenne npoBoawiochk B TeueHne 120 smox ¢ panHeil octaHoBkoil (early stopping),
ontumuzatopoM Adam u QpyHKIHMEH TOTEPD

L=p-KL+Reconstruction+A-MSE(logP)

L=B-KL+Reconstruction+A-MSE(logP) c ctparerueii annealing (curmonaanbHas QpyHK-
nmst). CpaBuenune 6a3oBoit Mmoaenu (2018 1.) u peammzanuu LatentCraft mokazano oxumae-
MBI Kommpomrce (trade-off):

e Tounocts pexoHcTpyKIMHU (Reconstruction accuracy) cansmiace ¢ 0.44 mo 0.20.
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e MAE npenukropa logP yBenmnuninace ¢ 0.15 mo 0.32.

e R?npeaukropa logP HesHauntensHo cHE3MIack ¢ 0.97 0o 0.92.

Mogens KepTBYeT TOYHOCTBIO BOCCTAHOBJICHHSI HCXOIHBIX AaHHBIX PaAH CIIOCOOHOCTH
TEHEPHUPOBATH 0OJice Pa3HOOOPA3HBIE H ONTUMHU3HPOBAHHBIE CTPYKTYpHIL. [Ipn sTom CMA-
ES nmpoxemoHCcTpupoBan HawiIydmine pe3ybTaThl MO BEJIHMYMWHE CPEIHETO MPUPOCTa Lieje-
BBIX CBOHCTB (mean improvement of logP). Jlocturayra 100% HoBHM3HA (novelty) Bcex cre-
HEPUPOBAHHBIX MOJIEKYJl BO BCEX METOAAX, KpoMe rpagueHTHoil ontuMuzanuu (GA). Me-
toa GA mokasaj 3aMeTHO 0oJiee BRICOKOE CTPYKTYPHOE CXOCTBO (10 MeTpuke Tanimoto) ¢
POIUTENBCKON MOJIEKYIION.

CMA-ES Take nokaszan Hauly4lllhe pe3yJbTaThl IO YJIy4IIEHUIO0 CBOUCTB. JIOCTUTHY-
ta 100% HOBM3HA MOJEKYJ Ul BceX moaxomoB. OMHAKO CTPYKTYPHOE CXOJICTBO C MCXO-
HOU MOJIEKYJION OKa3aJloch AOBOJBHO HHM3KHM IJIsi BCEX METOJOB ONTUMH3ALUU. JDTO 00Y-
CIIOBJIEHO apxHUTeKTypHOH crnenudukoil JT-VAE, koTopas omepupyeT mepecTpoikoi ape-
BOBHJHBIX KapKacoB, YTO MPUBOIUT K OoJiee PaJuKaIbHBIM CTPYKTYPHBIM U3MEHEHUSIM IO
CPaBHEHHIO C IJIaBHBIM cMeleHneM Bektopa B Chemical VAE.

Ha ocHoBaHWUM TIpOBEZEHHOTO aHAM3a CHOPMYITHPOBAHEI CIEAYIONIUE KIFOYEBHIE BbI-
BOJIBL:

1. ApxurektypHsiii komnpomucc: JT-VAE rapantupyer 100% BanumHOCTb BBIXOAHBIX
JMaHHBIX 3a CUeT JEeKOIUPOBaHMSA Ha ypoBHe rpado, omHako Chemical VAE cmocoben
obecrieunTs OONBIINN MPUPOCT TeNieBBIX cBOHCTB (logP), mas Ha xommpomucce ¢ 6a30BOM
BaIIMJHOCTBIO (KOTOpast, OJJHAKO, YCIIEIIHO HUBEIUPYETCs MPU HCIIOIb30BaHUM (HpeliMBOp-
ka SELFIES).

2. 3 PeKTUBHOCTL CcTpaTernii ONTUMHU3ANMH: DBOIIONMOHHas cTparerus CMA-ES sB-
nsiercst HanboJiee TPEANOYTHTENLHBIM METOAOM, O0ecrieunBasi HAMIYUIIUi CpeaHui Tpu-
POCT CBOWCTB M BBICOKYIO CTa0MJILHOCTD IMOMCKA. | paAleHTHBIH MOABEM, HECMOTpPS Ha BbI-
YUCITUTENHHYI0 3PPEKTUBHOCTD, CKJIOHEH K OBICTPON TUBEPTEHIIMH B HEBAIUIHBIE 00IacTH
JATEHTHOTO MTPOCTPAHCTBA.

3. Kputudeckass posib MOJIEKYJISIpHOTO TpejacTaBieHus: llepexon Ha mpencTaBieHHe
SELFIES paaukaneHO pemaer mpoOieMy TeHepaluyd HEBaUIHBIX MOJEKYJI, TIOBEIIIAs Ba-
JTUAHOCTH 10 Makcumywma. [l Mmoneneit Ha 6aze SMILES konkareHanus ¢ GUHTEpIpUHTA-
MU MopraHa u QU3NKO-XUMUYECKUMH JIECKPUNITOPAMHU CYIIECTBEHHO MOBBIIIAET HHQOpMa-
LMOHHYIO IJIOTHOCTh JIATEHTHOTO MPOCTPAHCTBA, YTO HANPAMYIO YJIy4IIaeT KadyecTBO OIl-
TUMU3AIUH.

3akmouenue: [Ipoext LatentCraft ycnemHo aeMOHCTpUpYET, UTO LieNEHANpaBlIeHHOE
pelaKTHpOBaHUE B HENPEPHIBHOM JIATEHTHOM IPOCTPAHCTBE SIBISIETCS MOIUHBIM HHCTPY-
MeHTOM i1 de novo au3aifHa Moiiekysl. ONTHMaIbHBIN TalIuUTaliiH BKITFOYAET MCITOh30Ba-
e Chemical VAE (unm JT-VAE nipu npuopureTe cTporoi TONOJIOTHYECKOH BaTMJHOCTH),
ontummzanuio MmeronoM CMA-ES u oGszatensHoe npumenenne npeactasienns SELFIES
WIN TUOPUITHOTO KOJUPOBAHUSL.
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BUOTI'PA®USA

A, Kuwm IlaBen BsiuecnaBoBuu, pabortaio B 061acTé OMOMHPOPMATHK U CIIEHUATU3UPY-
I0Ch Ha IPUMEHEHWH MCKYCCTBEHHOTO HHTEIIEKTa Uil Pa3pabOTKHU JIEKapCTBEHHBIX
cpencts. PaGoratro ML-umxkenepom B AO BUOKAJI, Caukt-IlerepOypr. bakamaBp xumu-
yeckux Hayk ¢ 2022 roga, maructp (pusnko-mMateMaTHueckux Hayk ¢ 2025 roma. O6nactb
MOHUX HAay4YHBIX HHTEPECOB BKIIIOYAET UCKYCCTBEHHBIN MHTEIJIEKT, HEHPOHHBIE CETH, CTPYK-
TYPHYIO OHOJIOTHIO U HIMMYHOJIOTHIO.

OPTIMIZATION OF MOLECULAR PROPERTIES THROUGH
LATENT SPACE EDITING: A COMPARATIVE ANALYSIS
OF ARCHITECTURES AND ALGORITHMS

P.V. Kim
JSC BIOCAD

The discrete nature of chemical representations (e.g., SMILES) poses a fundamental
challenge for continuous mathematical optimization. This study evaluates the efficacy of
navigating continuous latent spaces to generate novel, chemically valid molecules with op-
timized target properties (e.g., logP), while maintaining structural proximity to a seed mole-
cule.

Key Results:

e Chemical VAE Performance: The model demonstrated a strategic trade-off. Recon-
struction accuracy decreased (0.44 to 0.20) and logP predictor MAE increased (0.15 to
0.32), sacrificing exact reconstruction to enable greater structural diversity and property op-
timization. CMA-ES yielded the highest mean improvement in logP. GA maintained higher
Tanimoto similarity to the parent molecule but carried a higher risk of invalidity.

e JT-VAE Performance: Guaranteed 100% structural validity via graph-level decoding.
However, all optimization approaches resulted in low structural similarity to the seed mole-
cule due to radical scaffold restructuring.
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e Novelty: 100% novelty was achieved across all methods and architectures, except for
GA in the Chemical VAE.

Latent space navigation is a highly effective tool for de novo molecular design. The op-
timal pipeline depends on the primary objective:

1. For maximum property gain, use Chemical VAE optimized via CMA-ES.

2. For strict topological validity, use JT-VAE optimized via CMA-ES. In both scenarios,
integrating the SELFIES representation or advanced feature concatenation is strictly
recommended to ensure 100% chemical validity and maximize the informational richness
of the latent space.
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AJTIOMOMATPHUYHBIE KOMIIO3UTHI, HOJTYYEHHBIE METOAOM
HNCKPOBOI'O IIVIASMEHHOI'O CIIEKAHUA

FO.B. JIu, S1.A. Hlyrouuos, C.C. badaeBa

Hauuonansnutii uccnedosamenscrkuii Tomckuii nonumexnuyeckuii ynugepcumem, Tomck,
Poccus, yuvli@tpu.ru

BBenenune. B manHoit paboTte mpencTaBiIeHBI pe3yIbTaThl SKCIIEPUMEHTOB B 00JIaCTH
MOJTyYEHUS] METAJUIOMATPUYHBIX KoMo3uToB (MMK) ¢ ncnons3oBaHHEeM B Ka4eCTBE MaT-
PULBI ATIOMUHUEBOTO cIlaBa AMI6, B KaU€CTBE HAMOJIHUTEN — IPEIBAPUTEIbHO CUHTE3U-
poBaHHbIA ZrB;. I KOHCONMMAAIMU TMOPOUIKOBBIX KOMIIO3UTOB MPUMEHSETCS METOH HC-
KpOBOro IuasMeHHoro crekanus (SPS), xotopeiii obecnieunBaeT Moidy4eHHE MaTepHaioB
C HU3KOU HOPUCTOCTBbIO M OTrpaHUMYeHHBIM pocToM 3€peH [1]. Lleablo qaHHO padoThI
SBJISIETCSI OIIEHKa BIUSHUA cojepkanus ZrB: (0,0; 2,5; 5,0; 7,5; 10,0; 15,0; 20,0 %)
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Ha (ha30BBIil COCTaB, MUKPOCTPYKTYPY, INIOTHOCTh U TBEPAOCTh UCCIEILYyEMbIX KOMIIO3UTOB
Awmro6.

AnroMoMaTpuyHble KOMIIO3MIIMOHHBIE MaTepHalbl, YNPOYHEHHBIE KEPAMUYECKUMHU
YaCcTHLAMH, TPEACTABISIOT 3HAUUTENbHBIN MHTEPEC KaK KJIAacC JErKMX KOHCTPYKLMOHHBIX
MaTepUaIOB C TOBBIIMICHHON TBEPIOCTHIO, M3HOCOCTOMKOCTHI0O M TEPMHUYECKON CTaOWIb-
HOCTBIO [2, 3].

WnaTepec x qubopuny mupkonus (ZrB;) kak kepammdeckoil ymnpouHsromend ¢ase o0y-
CIIOBJIEH COYETaHHEM BBICOKOW TBEPAOCTH, BHICOKOW TEMIIEPaTyphl IUIABICHUS, XUMHYE-
CKOU CTOHKOCTH W CTPYKTYypHOH cTtabmibpHOCTH [2, 3]. B amoMuHamneBoi matpuite ZrB, pac-
cMaTpuBaeTcs Kak (aza, criocoOHas MOBBIIIATE COMPOTUBIICHHUE JIOKABHOW IJIACTUYECKON
neopManyy, TOPMO3UTh ABWKECHUE AMCIOKAMKA, OTPaHUYUBATD POCT 3E€PEH U yIydllaTh
TpUOOJOTHYECKUE XapaKTePUCTUKH MaTepuana [2, 3]. BmecTe ¢ Tem nuTepaTypHbIC TaHHEBIE
MOKA3bIBAIOT, YTO TOJOXKHUTENHHBIN 3(h(heKT 3aBUCUT HE TOIBKO OT caMoro (pakTta BBEAECHHUS
ZrB,, HO M OT €ro KOJIMYecTBa, pa3Mepa JacTHII, XapaKTepa paclpelneneHns B 00bEMe MaT-
PHUIBI U TEXHOJIOTHUHU MOTy4YeHUs KoMio3uta [3].

MaTtepuaJjnbl 1 MeTOABI. B KauecTBe MaTpHIIbl UCTIOIH30BAIN MOPOIIOK cItaBa AMro,
a B KadecTBe ympouHstomei (ha3pl — mopomok ZrBz. st mociemyromero criekanus ObUTH
MOATOTOBIIEHBI TOPOILKOBBIE CMeCU Ha 0cHOBE AMr6 ¢ MaccoBbIM coaepxanuem ZrB:: 0,0;
2,5;5,0; 7,5;10,0;15,0; 20,0 %.

Hcxonanple TOPOMIKKM CMEIIMBAIN M TMOABEPrajii MEXaHWYecKOW TOMOTEHHU3allud Ha
ma”HeTapHoit mapoBoit MenpHHIE Retsch PM 100 (400 o6/mMuH, 30 MHH) B pa3MOJIBHBIX
CTakaHax U3 KapOuja BoJb(ppaMa C COOTBETCTBYIOIIUMU MIAPAMHU.

g momyyeHust 00bEMHBIX METANIOMAaTPHYHBIX KOMITO3UTOB Ha OocHOBe AMro6 u ZrB:
WCIIOJIb30BAJIaCh yCTAaHOBKA MCKpoBoro miasmeHHoro crnekanust SPS 10-4 (GT Advanced
Technologies, CIIIA). Cnekanne o0pa3moB mpoBoawiIock npu temieparype T = 500 °C,
nasnenun P = 50 MIla, Bpemenu Boimepkku At = 5 muH, ckopoctu HarpeBa AT/At =
= 100 °C/MHH U4 eCTECTBEHHOM OXJIAXKIECHUH.

MuKpOCTPYKTYpPY HNOPOLIKOBBIX CMeceil M Clle4éHHBIX 00pa3noB M3y4YaJH C MOMO-
b0 CKAHMPYIOLIET0 3J1eKTPoHHOro Mukpockona Hitachi TM3000 (SInoxus).

Pentrenoda3zoBelii ananu3 nmpoBoaiiau Ha gudpaktomerpe Shimadzu XRD-7000 (Smo-
uus) B CuKo-msnyuennn (A = 1,5406 A) B quanasone yrinos 20 = 10-90°. Unentuduxanuio
(ha3 BBITTOJTHSUTH C TTIOMOIIIBIO TIporpamMMmHoro obecriedenus Crystallographica Search-Match
u PowderCell ¢ ucrionp3zoBanuem 6a3bl naHHbIX PDF-4+.

PesyabTatpl. Pentrenodasossiii ananus (POA) cneu€HHbIXx kKoMmo3uToB AMr6—ZrB.
MOKa3ajJl BO BCEX HCCIENOBaHHBIX cocTaBax (2,5-20,0 mac.% ZrB:) pednexcol amomunune-
BOH MaTpHIIBEI U TuOopHa IupKoHwmst (puc. 1).

OTcyTcTBUE TMKOB HOBBIX (ha3 CBUAETENBCTBYET 00 OTCYTCTBHM XMMHUYECKOTO B3aHUMO-
JeHCTBUSL MEXJTy KOMIIOHEHTaMHM B TIPOILECCE HMCKPOBOTO IUIa3MEHHOTO CIEKaHUsS IpU
500 °C, uTo TOATBEpPXKAACT TEPMOIMHAMHUSCKYIO CTaOMIBHOCTH ZrB: B alOMHHHEBOM
MaTpHIie B JaHHBIX YCIOBUAX. 3aKOHOMEPHOE YBEINYCHUE HHTCHCUBHOCTH pediekcoB ZrB:
C pOCTOM €ro COAEp:KaHHS TOATBEPKAAET PaBHOMEPHOE paclpeiesieHHe YNpOUHsIomen
(ha3bl B KOMITO3UTE.
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Puc. 1. POA KOMIIO3UTHBIX MaTepuaioB AMr6 — ZrB,

Paccunrannas TCOPETHUYCCKAs IMIIOTHOCTh B CPABHCHHUU C IIJIOTHOCTAMH IOJTYYCHHBIMU
TUAPOCTATUYCCKUM U I'€OMETPUIYCCKUM METOAaMU ITPEACTABJICHA B Tabm. 1.

Tabuuna 1

CpaBHeHHe TeOpeTH4eCKOii IVIOTHOCTH € IUIOTHOCTSIMH MOJTYyY€HHbBIMH I'HAPOCTATHYECKUM
H reoMeTPpUYEeCKUM MeToaMu odpa3ios ¢ 2,5, 5,0, 10,0, 15,0 u 20,0 % ZrB:

% ZI‘Bz
[TapameTpsbl

2,5 5 10 15,0 20,0
Preows T/CM? 2,550 2,685 2,753 2,763 2,793
CpaBHEHHUE Doy € Preops 70 100 100 92,2 85,0 83,9
Pruzp T/CM? 2,661 2,697 2,780 2,795 2,806
CpaBHEHUE Py € Preops 70 100 100 93,82 88,56 84,32
Preops r/em? 2,628 2,68 2,963 3,156 3,328

123




XMUYA U HOBBIE MATEPHAJIbI

[MnoTHOCTH (B T/CM®) M3MEpEeHHAs THIPOCTAaTHYECKHMM M T€OMETPUYECKUM METOJaMHU
BO3pAcTaeT ¢ yBEJIMYEHHEM A0IH ZrB,, oTHOcUTEeNnbHAs IIIOTHOCTh CHUXKAETCH.

MeTtonoM CKaHMpPYIOLIEH 3JIEKTPOHHOH MHKPOCKOIUHM NPOBEACH aHAIU3 MUKPOCTPYK-
Typbl KOMIO3UINOHHOTO MaTepuana AmMr6—10% ZrB,. YcranoBieHo, 4To CTpyKTypa MaTe-
puana sBIseTCs OJHOPOIHON M IJIOTHOHM, 0€3 BUIUMBIX MaKpoJe(eKTOB, TPEIIUH MU pac-
cnoenuit (puc. 2). Yactuupl ynpounstomei ¢asel (ZrB;) paBHOMEpHO pacmpeieneHbl
B 00beMe aTIOMUHUI-MarHUeBOH MaTPUIIBL.

Puc. 2. MuKpocTpyKTypa KOHCOTHINPOBAHHOTO KoMo3uta AMr6
¢ conepxxanunem 10% ZrB,

Mukpoteéprocts KoMno3ura AMr6 6e3 mobaBok cocrasmwia 100 HV. C yBennuennem
conepxanus ZrB; no 20 mac.% TBEpAOCTH MOHOTOHHO Bo3pactaet g0 150 HV.

3akawouenne. MeTo0M HCKPOBOTO TUIA3MEHHOTO CIIEKAHUS IIOJyY€HBI KOMITO3UTHI
AMr6-ZrB: ¢ conepxxanuem ympounsromeil ¢gassr g0 20 mac.%. POA moareepani coxpa-
HeHHe (Da30BOTO COCTaBa W OTCYTCTBHE B3aWMOJECHCTBHS MEXIYy KOMIIOHEHTAMH IIOCIEe
cnekanus mpu 500°C. HecmoTpst Ha pocT aGCONIOTHO TIOTHOCTH 32 CUET BBEJAEHHsS Ooee
TOKENOHN (a3el ZrB:2, oTHOCHTENbHAS TIIOTHOCTh CHUYKAETCS, YTO YKa3bIBaeT Ha YXYALICHUE
CIIEKaeMOCTH KOMITO3UTOB IIPH COAEP KaHNU YIIpoUHsitomiei ¢a3sl Beimre 10 mac. %.

Pabota BeImoMHEHA TP PHHAHCOBOM MOACPKKE MUHICTEPCTBA HAYKH M BBICIIIETO 00-
pasoBanus Poccutickoit @eneparuu (mpoekt Ne FSWW-2026-0047).
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BUOTI'PA®UA

A, JIn FOmus BnagumupoBHa, paboTaro B 00JIACTH MaTepHaIOBEACHUS M CIICIHATH3H-
pYIOCh Ha M3yYEHHUH Ipoliecca HEOAHOPOAHOCTH IIACTUYECKOTO0 TEUEHHUS MEeTaJIIMYeCKUX
MaTepUaIOB U TOMYUYEHHH KepaMHUYECKUX MaTepHalIOB C HCIIOJIE30BaHUEM 0e3BaKyyMHOTO
ANEKTPOAyroBoro Merona. Kanaunar gusnko-matematudeckux Hayk ¢ 2024 roma. O6macthb
MOUX HAYYHBIX WHTEPECOB BKIIOYAET IUIACTHUYECKYIO Ne(dOpMaLuio METaJuIOB U CIUIABOB,
a TaKke CHHTE3 KePaMUIEeCKHX MaTepHAIIOB M U3YYECHHE X CBOWCTB.

ALUMINUM MATRIX COMPOSITES PRODUCED
BY SPARK PLASMA SINTERING

Yu.V. Li, Ya.A. Shugontsov, S.S. Babaeva

National Research Tomsk Polytechnic University, Tomsk, Russia,
ywvli@tpu.ru

This paper presents the experimental results on the fabrication of metal matrix compo-
sites (MMCs) using an aluminum alloy Amg6 as the matrix and pre-synthesized ZrB, as the
filler. The spark plasma sintering (SPS) method was employed for the consolidation of
powder composites, which enables the production of materials with low porosity and limited
grain growth [1]. The aim of this work is to evaluate the effect of ZrB, content (0.0, 2.5, 5.0,
7.5, 10.0, 15.0, and 20.0 wt.%) on the phase composition, microstructure, density, and hard-
ness of the studied Amgo6-based composites.

X-ray diffraction (XRD) analysis of the sintered Amg6—ZrB, composites revealed
reflections of the aluminum matrix and zirconium diboride in all studied compositions
(2.5-20.0 wt.% ZrB>).

The density (in g/cm®) measured by hydrostatic and geometric methods increases with
increasing ZrB, content, while the relative density decreases. Scanning electron microscopy
was used to analyze the microstructure of the Amg6-10 wt.% ZrB, composite material.
The structure was found to be homogeneous and dense, with no visible macrodefects,
cracks, or delaminations (fig. 1). The particles of the reinforcing phase (ZrB;) are uniformly
distributed throughout the volume of the aluminum-magnesium matrix.

The increase in absolute density caused by the addition of the heavier ZrB, phase is ac-
companied by a decrease in relative density, indicating poorer sinterability of the compo-
sites at reinforcing phase contents above 10 wt.%.
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Fig. 1. Microstructure of the consolidated Amg6 composite
containing 10 wt.% ZrB,
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BIOGRAPHY

Yu.V. Li — PhD in Physics and Mathematics (2024), research interests: plastic flow het-
erogeneity in metals and alloys, vacuum-free electric arc synthesis of ceramic materials.

BJIMSAHUE NBMEHEHUS TEMIIEPATYPbBI IIPU CIIEKAHUHN
HA TBEPJOCTb 'EKCABOPUJA JIAHTAHA

A.B. Cnoguna, A.A. CBunyxoBa, A.J. Ilak

Tomckuii Ilonumexnuueckuii ynugeepcumem, Tomck, Poccus,
avs363@tpu.ru

B paGote wucciaenoBaHO BIMSHUE TEMIEpaTyphl HCKPOBOTO IIA3MEHHOTO CIIEKaHMS
(1750-1850 °C) Ha MUKPOCTPYKTYpY ¥ MEXaHHMUYECKUE CBOWCTBA KEPAMHUKH Ha OCHOBE T'€KC-
abopua JaHTaHa. Y CTaHOBIEHO, YTO TOBHIIIEHUE TEMIEPATyPhl CIEKaHHS CIOCOOCTBYET
CHIDKEHHUIO TOPUCTOCTH M 3aKOHOMEPHOMY YBEIHUYEHHI0 MUKpPOTBEPAOCTH 1O Bukkepcy
¢ 9,10 no 15,45 I'Tla.

I'excabopun nanrana (LaBs) sBnsieTcs MEpCEKTUBHBIM TYTOIIABKAM COEIWHEHHUEM,
00a1alonM yHUKAIBHBIM KOMIUIEKCOM (PH3UKO-XMMHYECKUX CBOWCTB: BBICOKOH TeMIIe-
patypoit masienus (2500 °C), Huzkoil pabOTOi BBIXOJa 3JEKTPOHOB, BBICOKOW TBEpHO-
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CTBIO M XMMMUEcKOH croikocThio [1]. brmaromaps atum xapaxrtepuctuxkam LaBs Haxomut
IIMPOKOE NPUMEHEHNE B BBICOKOTEXHOJOTMUYHBIX OTPACiIX: B KadyeCTBE MaTephana Tep-
MO3MHCCHOHHBIX KaTOJIOB, B BBICOKOOHEPTeTHUECKUX ONTHYECKHX CHUCTEMax, B KauecTBE
M3HOCOCTOMKMX MOKPBITUH 1 KOMITIOHEHTOB KOHCTPYKIMOHHBIX MaTepuaios [2, 3].

OpHako MPaKTUYECKOEe NMPUMEHEHHE rekcabopria JaHTaHa BO MHOTOM OINPENENseTCs
€ro 9KCIUIyaTallMOHHBIMHM XapaKTEPUCTHKaMH, CPEIU KOTOPBIX 0CO00E MECTO 3aHHMAeT
TBEpAOCThb. JlaHHBI MapaMeTp KPUTHYECKH BaXKeH JUIA OO0ECHeueHHs IOJTOBEYHOCTH
Y HaJEXHOCTH U3IeNuii, pabOTaIOIMX B YCIOBUAX BHICOKMX MEXaHHMUYECKHX M TEPMUYECKUX
Harpys3oK.

TBepaoCTh CIEYEeHHBIX MaTepualioB Ha ocHOBe LaBs cyliecTBEeHHO 3aBUCHT OT TEXHO-
JIOTUM UX TMOJyY€HUs, B YaCTHOCTH, OT NapaMeTpoB ClieKaHus. TeMmneparypa CleKaHus sB-
JSIETCS. OTHUM M3 KJIIOUYEBBIX (PAKTOPOB, BIMSIOIINX HA INIOTHOCTh, MUKPOCTPYKTYPY H, KaKk
CJIEICTBUE, HA MEXaHUYECKHE CBOMCTBA MaTtepuana. [Ipu HenqocTaTtouHoli TeMieparype cue-
KaHUs MaTepual OCTaeTcsl HEJOCTaTOYHO YIUIOTHEHHBIM, YTO CHUXAeT €ro TBEPAOCTb.
C npyroil CTOpoHBI, Ype3MEPHO BBICOKHE TEMIIEPATYpbl MOTYT INPUBOAHUTE K POCTY 3€PEH
Y YXYJILIEHUIO CBONCTB.

B nanHoil paboTe mpeacTaBieHBI pPe3yJbTaThl HWCCIENOBAHUS BIMSHUS TEMIIEPATYPHI
HCKPOBOI'0O IUIa3MeHHoro cnekanusi (SPS) Ha MHUKpPOCTPYKTYpY, IJIOTHOCTb M1 MHUKPOTBEp-
JOCTh KEpaMHMYECKMX OOpa3ll0OB HAa OCHOBE TIekcadopuia JaHTaHAa, CHHTE3MPOBAHHOTO
0e3BaKyyMHBIM 3JIEKTPOILYTOBBIM METOJIOM [4].

JKcnepuMeHTANbHAA YaCTh

CuHTe3 nopolka rekcabopuia JaHTaHa OCYIIECTBISUIM O€3BaKyyMHBIM 3JIEKTPOIYTO-
BBIM METOJIOM B aTMocdepe Bo3ayxa. B kaduecTBe UCXOJHBIX pearcHTOB WCTOIB30BANIHN T10-
pomku okcuaa nmanTana (La:0s, unctota > 99,9%, pasmep yactun < 1 MKM) 1 aMOPQHOTO
6opa (B, uucrora > 99,9%, pasmep uyactun o 10 mxm). IloAroToBKy MIMXTHI IPOBOAWIH
CMEILIMBAHNEM KOMIIOHEHTOB B 3KBHMOJIIPHOM COOTHOILEHHH B BUOPAIIMOHHOM MEJbHUIIE
Retsch PM 100 B teuenue 30 munyT npu gactore 400 06/MuH.

ONEeKTPOAYroBOM CHHTE3 MpPOBOIWIM MpHU cuiie Toka 150 A M IIUTETBHOCTH TOpPEHHS
myroBoro paspsma 60 c. Temrepatypa B 30He peaknuu gocturana ~2050°C, aro obecreua-
JIO IPOTeKaHUe peakiuu oopaszoBanust LaBe.

KoHconupaiuioo CHHTE3UPOBAHHOIO MOPOIIKA OCYLIECTBISIM METOAOM HCKPOBOTO
mwra3merHoro crekanus (SPS) ma ycranoBke SPS 10-4 (GT Advanced Technologies,
CHIA). Cnekanne npoBoawnu npu Temmeparypax 1750°C u 1850°C, maBmenun 50 Mlla
u BpemeHH Beiaepkku 10 munyT. CropocTh HarpeBa coctaBisiia 100°C/mMun. OxnaxneHue
00pa3LoB MPOUCXOIUIIO B €CTECTBEHHBIX ycioBHAX. [lodydanu munuHapuyeckue oOpasisl
nraMeTpoM 12,7 MM M TOIIIUHOMK 10 4 MM.

MUKpPOCTPYKTYPY ¥ MOPQOJIOTHIO TOBEPXHOCTH M3YYalH C MOMOINBIO CKaHUPYIOMICH
3IIEKTPOHHOM MHUKpockonmuu Ha Mukpockomne Tescan Vega 3 SBU c mpucraBkoit Oxford
XMax-50. IT10THOCTD ONpenessan TUAPOCTaTUUECKUM B3BEIIMBaHUEM. MUKpPOTBEPIOCTh
u3Mepsiii Ha npubope Pruftechnik KB-30S ¢ ucnons3oBanuem nHaeHTopa Bukkepca mpu
Harpyske 1 HV.
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Puc. 1. Cxema 5kCHIeprMEHTA 10 MOTYYEHHUIO KePaMHIECKUX
00pasioB rekcabopuia JJaHTaHa

,

Puc. 2. Pe3ynbraTsl pacTpoBoii 2JIeKTPOHHOI MUKpockonuu. A) OOpaser, Noy4eHHBIN IPH TEMITe-
parype cnekanust 1750°C; B) O6pasern, nosrydeHHbli pu Temneparype crekanus 1850°C
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Pe3yabTatnl

MukpocTpyKkTypa obpasma A) XapakTepHu3yeTcsl BRICOKOW CTENEHBI0 HEOJTHOPOTHOCTH
pacrpeneneHus YacTHIl TI0 pa3MepaM I10 CPaBHEHHUIO ¢ 00pa3IoM, CIIEYeHHBIM Mpu Oojee
BBICOKHX TeMmIeparypax. HabnromaloTcs OTAenbHbIC YacTHIBI pa3MepHOCThEO 10—30 MKM.
OTMedaeTcs OBBIIIEHHOE COJIepKaHUe IIOPOBOTO MPOCTPAHCTBA M MEHEE IUIOTHAS YIIAKOB-
ka gacTtui. CoxpaHseTcss UCXOaHas MOP(OIOTHA YacTHIl B BUAEC KyOWYECKHX H30METPUY-
HBIX KPHUCTAUIOB. JIOKAJIBHO MPOCIE)KUBACTCS MHUKPOIOPUCTOCTh, YTO CBHJIETEILCTBYET
0 HEJIOCTATOYHOM CTETICHHU YIUIOTHEHHS MaTepuaa Py JaHHON TeMIlepaType CIIeKaHMsL.

MukpocTpykrypa obpas3ia b) xapakTepuzyeTrcs OTHOCHTEIHHO BBICOKOW CTENEHBIO
onHoponHocTd. CpemHHil pa3Mep MEXIOPOBOrO IMPOCTPAHCTBA COCTaBIsAeT 5—15 MKM.
CornacHO AaHHBIM SHEPTrOJUCIIEPCHOHHOTO CHEKTPOMETPHUUECKOTO aHalIn3a, OCHOBHas (a-
3a COOTBETCTBYeT 4HCTOMYy rekcabopumay mnantaHa (LaBs). IlpucyTcTByIOT emuHHYHBIE
BKJIFOUCHMsSI MeXaHu4eckux npumeceit (coequnenus Ni, Fe, Cr) pasmepom 1-5 MkMm, oOriiee
cojep)kaHUe KOTOpBIX He mpeBbimaeT 1 00.%. Pasmep mop BapeupyeTcs B OuanazoHe
5-70 MKMm; cpemHuit pa3mep mop coctaBisieT 15-25 mxm. Ilo cpaBHeHHIO ¢ 00pasmom, crie-
geHHBIM 1ipu 1750°C, HabronaeTcs yiryqieHne OMHOPOTHOCTH MUKPOCTPYKTYPHIL.

3akarouenne. B paboTe nccnenoBaHo BIUSHUE TEMIIEPaTypbl HCKPOBOTO MIa3MEHHOTO
cnekanus (SPS) Ha MUKPOCTPYKTYpY M TBEpAOCTh KEPAMUKH Ha OCHOBE rekcabopu/ia JiaH-
taHa. [lopomok LaBs, momydeHHbIH 6€3BaKyyMHBIM 3JIEKTPOIYTOBBIM METOAOM, OBLT KOH-
comuaupoBad npu Temneparypax 1750-1850 °C (maBnenue 50 Mlla, Beinepxka 10 Mun).

YCTaHOBICHO, YTO TOBBIIICHUE TEMIIEPATYpPhl CICKAHUS MPUBOJIUT K 3aKOHOMEPHOMY
pocty mukpoTBEéprocta o Buxkepcy: ¢ 9,10 I'TIa (1750 °C) mo 15,45 I'Tla (1850 °C). VBe-
JTMYeHHE TBEPAOCTU TPAKTHYECKH B 2 pa3a O0O0YCIOBJIEHO CHHXKEHHEM IOPUCTOCTH (POCT
OTHOCUTENBHOM MmIoTHOCTH ¢ 81,5 % 1o 88,4 %), yMEHbIIIEHHEM CpeIHEro pazMepa 3€peH
U yIydlIeHneM YIIOTHeHHUs Mmarepraia. ONTHMaNbHEIM pexxuMoM SPS-crniekanus uist 110-
CTHKEHHS MaKCHUMAaJIbHOM TBEpIOCTH siBiIsieTcs TeMiepatypa 1850 °C.

bnaromapHocTu: B paboTe npumensiock odopynoranue LIKIT HOUL] HMHT TITY.

OdunancupoBanue: VMccenoBanue BBIMOIHEHO 32 CYET rpaHTa Poccuiickoro HayyHOro
donrma Ne 25-29-00222, https://rscf.ru/project/25-29-00222/.
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51, Cnomnna AHacracusi BsiaecnaBoBHa, paboTaro B 001aCTH (U3UKN KOHICHCHPOBAHHOTO
COCTOSIHHS ¥ CTICIHAIM3HPYIOCh Ha O€3BaKyyMHOM 3JIEKTPOAYTOBOM cuHTe3e. Paboraro crap-
M s1abopantom B HU TITVY 1. Tomck. CrynenT GakanaBpuara ¢ 2024 roma. O6mactb MOHX
Hay4YHbIX MHTEPECOB BKIIIOYAET PEHTIeHO()A30BbII aHAITN3, SIEKTPOHHYIO0 MUKPOCKOIIHIO.

INFLUENCE OF SINTERING TEMPERATURE ON HARDNESS
OF LANTHANUM HEXABORIDE

A.V. Spodina, A.A. Svinukhova, A.Ya. Pak
Tomsk Polytechnic University, Tomsk, Russia, avs363@tpu.ru

Lanthanum hexaboride (LaBg) is a promising refractory material with high melting
point (2500 °C), low work function, and high hardness [1]. It is widely used in thermionic
cathodes and high-temperature applications [2]. Hardness is critical for durability under me-
chanical and thermal loads. This work studies the influence of SPS temperature on LaBg
hardness.

Experimental and results

LaBg powder was synthesized from La,O3; and B powders (>99.9%) by vacuum-free elec-
tric arc method (150 A, 60 s, ~2050 °C). Consolidation was performed by SPS (SPS 10-4, GT
Advanced Technologies) at 1750 °C and 1850 °C, 50 MPa, 10 min, heating rate 100 °C/min.
Microstructure was studied by SEM (Tescan Vega 3 SBU).

o N B 3 ) : . .,l-i
Fig. 1. Scanning electron microscopy results. A) Sample obtained at a sintering temperature
of 1750 °C; B) Sample obtained at a sintering temperature of 1850 °C
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Figure 1 shows that the sample sintered at 1750 °C exhibits inhomogeneous particle dis-
tribution (10-30 pwm) and microporosity. The sample sintered at 1850 °C demonstrates im-
proved homogeneity, reduced porosity (average pore size: 15-25 um), and finer grains.
Vickers microhardness increased from 9.10 GPa (1750 °C) to 15.45 GPa (1850 °C), corre-
lating with density increase from 81.5% to 88.4%.
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AnHoTanus. PaccMoTpeHa 0ocOOEHHOCTh CTPYKTYpPBI U COPOLIMOHHO-OOMEHHBIE CBOHCTBA
rmaykonurta Kapunckoro mecropoxxnenns KyHamrakckoro paiona UenssOMHCKOM 00IACTH.

BBenenne. brnaromaps cBouM criennuaecKuM CBOHCTBAM (HATHMYHUIO KPACSIITHUX OKCH-
JIOB, aKTUBHBIX KaTHOHOB KaJIWsl, CIIONCTOH CTPYKType, HATMYMIO B TIPUPOJIE B BUE HEHAOY-
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XaIIUX B BOJE U APYTUX KUAKUX CpeAax MEXaHUYECKH MPOUYHBIX OKPYIVIBIX 3€peH) Iyay-
KOHHUTBI TNIPEICTABIAIOT COOOH LIEHHOE IPOMBIIUIEHHOE CHIPhE Pa3IUYHOTO Ha3HAYEHUS.
B manHO# pabote uccnenoBanuch mpoosl rnaykonnta Kapunckoro mecropoxxaenus Kyna-
IIaKCKOTO paiioHa YensOnHCKoW 001acTH.

[Ipu nmoaroroBke mpod MPOBOAWIN OTMYUHBAHHUE U ABYXCTAIUMHYIO JIEKTPOMAarHUTHYIO Ce-
TIAPAITHIO TIOPO/IBL, YTO TTO3BOJIHIIO TIOTYYIHTh KOHIIEHTPAT € coaepaneM mrHepaia 90-95%.

Llenvio pabomwr sBIsieTCST W3ydeHHE OCOOEHHOCTEH CTPYKTYpbl M COPOIIMOHHO-
0OMEHHBIX CBOMCTB riaykoHnTa KaprHCKOro MecTopokaeHus..

AKTyaJIbHOCTBH HcciaenoBanus. [lonck HOHOOOMEHHHUKOB, 00JIaaloNTuX BHICOKOH eM-
KOCTBIO, CEIEKTUBHOCTHIO, & TAaK)K€ HM3KOM CTOMMOCTBIO, MIMEET OONbIIOE 3HAUYEHHUE, IO-
CKOJIbKY MOHHBI OOMEH 3aHSUT BaKHOE MECTO CPEAM OCHOBHBIX METO0OB OYMCTKHU BOJ, pas-
HOOOPA3HBIX 110 POUCXOKACHUIO.

IIpu ncciaenoBanuu IIayKOHUTOBOTO KOHIIEHTpATa (Janee mpocTo "raykoHuT'") ObLT HC-
MOJIb30BaH KOMIUIEKC METOJOB: XMMHUYECKUH, PEHTI€HOCTPYKTYPHBIM aHain3bl. PeHTreHo-
CTPYKTYPHBII aHalN3 MCXOAHBIX MPoO BhIMONHEH Ha audpakromerpe dpon 0,5 mo cran-
MApTHOU I TIMH MeToauke [1].

OmnpeneneHne OOMEHHBIX KaTHOHOB KalWs, HATPUS, MarHusl M KajbLKs BBIIIOJIHEHO IO
I'OCTy 3594.3-77 u TOCTy 3594.2-77. V3y4yenne copOUMN KaTHOHOB U3 XJIOPUAHBIX WA
Cynb(haTHBIX PacTBOPOB INPOBOAWINA METOIOM HU30MOJISIPHBIX CEPUI IPHU MOCTOSHHOU M Iie-
peMeHHO# noHHOH cute [2].

Ikcnepumenmanvuaa yacme. ]I SKCIIEPUMEHTOB HCIOIB30BAIM HE M3MEIBYCHHBIN
MHUHEpaJll, IepeBeJeHHbI npeasapureiabHo B K-, Na-dopmy (B 3aBUCHMOCTH OT 3KCIEpH-
MeHTa) OByXKparHoil 06paboTkoit 1 M pactBopom KCl (NaCl). Ilogo6Has npenBapuressb-
Has oOpaboTKa IVIayKOHWTa BBIOpaHa KakK OOLIETNPHHATAS AJIS UCCIEIOBaHMS TIHHHUCTBIX
MHUHEpaoB, MOCKoIbKy K- (Na) — HOHBI JIETKO BBITECHSIIOTCS ¢ OOMEHHBIX MO3ULMN JpyTH-
Mu katuoHamu [1-3]. CopOIuio KaTHOHOB MPOBOAMIIA W3 XJIOPHUIHBIX, HUTPATHBIX, CYihb-
(aTHBIX PacCTBOPOB METAJUIOB B CTAaTUYECKHUX YCIOBHUSX IpH cooTHomeHun T: XK = 1:25;
2:25; 1:50 (r: mm). B psine skcriepMEHTOB MOHHYIO CHITy pacTBOpa MOAJEP>KUBAIN MOCTO-
STHHOH, JIL TOTO K PAcTBOPY COJIM MeTaJlla T00aBIsUIA COOTBETCTBEHHO pacTBop NaCl mimmn
NayS04. Jlns karuonos Ca®*, Mg®*, Mn*" uzorepmbl copOUMU CHATHI GIU3KOH K HEHTpab-
Hott obnmactu pH (5,5-7,5). [Ipu uzyuenun copbuun karnoHa meau pH pactBopa nmonaepxu-
Banu Ha ypoBHe 4,0 Uil IPENOTBPALICHUS OCAXICHNUS THAPOKCUAHBIX ocankoB. CopOumio
Fe** mposommmm npu pH = 2,5, ycraHoBneHHOe noGapienueM pacteopa HCI. PacTBopsl
C copOeHTOM MepeMelnBali 2 yaca Ha BCTpsAXHBareie, mpuueM olliee BpeMsl KOHTaKTa
coctaBisiio 1 cytku. CopOLHIO OLIEHUBAJIM IO U3MEHEHHUIO COAEPKaHNs METallla B pacTBO-
pe. Conepxanne katnono Ca?’, Mg®', Zn**, Cu*' ompenensnm TPHIOHOMETPHUECKH MO
cTaHzapTHeIM MeToaukam [2]. Jlns onpenenenus Fe’™ u Mn®* ucnonssosanu gpotomeTpude-
ckue meronbl [2]. ComepkaHMe aMMOHMIHOTO a30Ta ompeneisuii (OTOMETPUYECKH MO
CTaHIapTHON METOAMKE ¢ MMOMOIIEI0 peaktuBa Heccmepa [1].

Pe3yabTarhl 1 UX 00CyKIEeHUE

H3yuenue pazoeozo cocmasa u cmpyKkmypol

[IpoOsI 1o BETOBOI raMMe pas3HbIe: OT CBETIIO-3€JIEHBIX O TEMHO-3EIEHBIX.
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Pasmeps 3epen Bapeupytot ot 0,02 1o 2,0 mm. @opma 3epeH IIayKOHUTa pa3HooOpasHa:
NOJIyOKaTaHHasl, OKaTaHHasA, CJIerKa yIJIMHEHHas, HEIpaBWIbHAs, NMPeoOnafaioT MOIyoKa-
TaHHBIE 3€pHA.

Pa3Huia B KaTHOHHO-OOMEHHBIX CBOWCTBAaX MCCIEAOBAHHBIX MPOO HE3HAYHMTENbHA, CO-
JiepKaHre OOMEHHBIX KaTHOHOB B Mr-3kB Ha 100 r muHepana cregytomee: Ca 7-8; Mg 5-8;
K 1,6-2,6; Na 0,5-0,8.

H3yuenue copbyuonno-ooMeHHbIX C60IICME

Ceoiicmea munepana Kax punompyroueii 3az2py3Ku

ITo cranmapTHEIM MeTOAMKaM Jutsl Tiaykonuta (dpakius 0,1-0,4 mm) ObutH omperere-
HBI: TWIOTHOCTE (p = 1,795 r/cM®), MakcuManbHas U MUHMMAIbHAS MOPHCTOCTb (Emin =
= 0,129, Eyax = 0,247) [1]. 11 rpaHyIMpOBaHHOTO MUHEpPaja MPOBOJMINCH UCTIBITAHUS Ha
MEXaHUYECKYIO IIPOYHOCTh, XUMHUECKYIO CTOMKOCTb.

HN3yyenue copOLIUOHHO-00MEHHBIX CBOMCTB

Cop0uns KaTHOHOB MeTAJLVIOB

I'maykonut, obnamast BbIpaXKEHHOH KaTHOHOOOMEHHOH €MKOCTBIO COPOHpPYET HOHBI
(Ca®", Mg, Zn*, Cu**, Fe*", Mn**, NHy") [1-4]. JIng n3ydeHns cOpOIMOHHBIX CBOMCTB ObI-
1 BBHIOPAHB! KATHOHBI METAIIOB, ONpENeAIONINX KEeCTKOCTh NpupoaHbix Boj (Fe**, Mn*',
Ca?*, Mg®") u npucyTcTByItomue B cTouHbIX Boaax (Zn’+, Cu’+). CopOiuio u3ydanu B cTa-
THYECKUX YCIIOBUSX, B HHTepBaje KoHneHrparuii 0-0,15 moms/m.

U3zoTepmbl copOIHM KaTHOHOB METAJNIOB MMEIOT B OOJIBIIMHCTBE ciy4aeB JISHrMIOpOB-
CKMii XapakTep, 3a MCKmoueHHeM u3oTepM ans Cu’+. CopOILHOHHAS €MKOCTh COCTABJIAET
0,10-0,16 mmous/r. Jlns xatnona mexu (Cu’+) o6HApYKMBaeTCs TMHEHHEIH XapaKTep H30-
TEPMBI COPOIIUH.

Copouus uonoe amMmoHus

OnHUM U3 COOPY>KEHHI OMOJIOTHYECKON OYMCTKU SBIAETCS adpoTeHK. OH NpeAcTaBiseT
c000¥ OTKPHITHIN MPOTOYHBIN OaccelH, HACEICHHBI aKTHBHBIM HJIOM M DHEPTUIHO adpHpPy-
eMbIi IPUHYIUTEIBHONW ToJjaueil Kuciopoaa Bo3ayxa. OCHOBHBIM OYHCTHTENBHBIM (aKkTo-
POM B a3pOTEHKE CIY>KUT aKTHUBHBIM W, CHJILHOHACHIICHHBIH MHUKpOOaMH — MUHEpan3a-
TOpamu, 00JIaTarOIIHA OOJIBIION ancOPOIMOHHON CITIOCOOHOCTRIO U CAaMOIIPOW3BOIBHON pe-
reHepanuen.

CopOuuio MOHOB aMMOHHMS H3ydYald B HMHTEpBale KOHIEHTpaluid, Haubojee 4acTo
BCTpEUaronIeMcsi B OBITOBBIX CTOYHBIX BoAax 0-2,5 MMOJIB/T, TP MOCTOSSHHOW MOHHOM CHITE.

Copouyus opzanuueckux eeuiecme

OneHka criocoOHOCTH TTIayKOHHTA aAcOpOMPOBaTh OPraHMYECKHE BEIIeCTBA MIPOBEACHA
JIBYMS CIIOCOOaMU:

1) ni1st BOZBI C MOBBIIEHHBIM COJEPKAaHUEM OPTaHMUYECKHUX BELIECTB BIUSHHE 100aBOK
rJIayKOHHTA oleHuBan 1o n3MeneHuto XIIK Boxpl mocne 1 cyTOK BBIAEPKKH HE M3METhb-
YEeHHOTO MUHEpaja B BBITSKKE C pa3nuuHbIMU HcXoaHbIMU 3HaueHusMHU XIIK. CoorHomre-
mme T: K =3: 50.;

2) nyst BOJA C MOHMYKEHHBIM COJICPYKAHUEM OPraHUYeCKUX BEIIECTB COPOLIMOHHYIO CIIO-
COOHOCTP TJIAyKOHUTOBOTO KOHIIEHTpATa OLIEHUBAJIH 10 H3MEHEHHUIO IIBETHOCTH BOJIBI TIOCIIE
KOHTaKTa ¢ MuHepanoM. M3menbueHHbii 10 ¢pakunu 0,1 MM MuHepasn H00aBsUTH K IPH-
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poaHOI Bole 3agaHHOI 1BeTHOCTH. [lepeMernBany B TeueHHe 3 4yacoB. 3aTeM CYCIEH3HIO
pasnensu Ha neHTpudyre npu 8 Thic. 00/MuH. 1[BeTHOCTE (Ilkon) ¥ MYTHOCTE (Myon) T1€H-
Tpudyrara onpenensui Ha criektpoporomerpe Hach (CIIA) npu A =450 am u A = 810 HM,
COOTBETCTBEHHO.

Jlo6GaBKky TTIayKOHWTA CHIKAIOT IIBETHOCTH BOJIBI, OJTHAKO IEHTpH(YyrupoBaHUe AaKe Ha
OOJBIINX CKOPOCTSX HE TMO3BOJIAET MOJHOCTHIO yNAIWTh B3BEIICHHBIE BEIIECTBA, MPHUCYT-
CTBYIOLIME B UCXOJHOH BOJE W AMCHEPIHPOBAHHYIO B3BECh MUHEpAa, IIO3TOMY 3HAUCHHMS
IBETHOCTH HEIb3S CYMTATh UCTUHHBIMU.

Copoyus Y**, La**, Gd**

M3BectHo, uTo P35 MoryT OBITH MOAENHHBEIMH MOHAMH aKTHHOHWAOB. VcciemoBanws,
MPOBE/ICHHBIC HAMU JUIsl KATHOHOB UTTPUS, TaJI0JIMHUS, JJAHTAHA, MIOKA3ali, YTO OOMEHHAS
E€MKOCTh TJIayKOHHTA 110 oTHOIIeHHIo K P33 cocrasmser 0,22 ... 0,25 MMOIIB/T B HHTEpBAIC
koHueHTpanui 0 ... 0,1 Monb/m.

Hamu npeioskeHa MeTouka MOIUGBUKAIIMN MUHEpala, KOTOpas YBEIHMYUBACT COPOU-
pyeMocth mpumepHO B 5-10 pa3. Moaudukamnms oOpa3ioB riiaykOHWTa COCTOSIA U3 He-
CKOJIBKHIX IIUKJIOB. KaXkKIbIid ITUKIT BKITFOUAET PSJ] MTOCIIE0BATENBHBIX OTIEPAIIHiA:

— HachIICHUE (B3aMMoJieiicTBUE ¢ pacTBopoM cond P3D), oTMmbIBKa OT n30bITKa P30,
BEICYIIIMBaHNUE 00PA3I0B MOCIE COPOIMH IO BO3AYITHO-CYXOT'O COCTOSIHUS;

— obpabotka 0,1 M KOH;

— OTMBIBKA TMIAYKOHHTA 10 HEUTpaabHOTO pH, BRICYIIMBAaHUE 10 BO3ILYIIHO-CYXOTO CO-
CTOSTHHAL.

IIpu mocnenoBaTeIbHOM BBHIMOJHEHWH OIEpalUid, OTMEYAeTCs aiJWTHUBHBIA XapakTep
cop6ruu P30.

U3oTepmbl copOLIMU UMEIOT MEpUOINYECKUi XapakTep [1-4].

Copouus *°Sr, 37Cs

B cBs13u ¢ paznuaHO# pHpoaoH paaroOHYKIUAOB 1e3usi-137 u cTponiua-90 u momo-
HUTEIBHBIMU CIIOKHOCTSIMH HMX COBMECTHOTO ONpEIETICHHUS, HCCIEAOBAaHHUS MO COPOIMH
3THX HM30TOINOB NPOBOAWIM pa3fenbHo. M3MepeHue akTHBHOCTH 1ie3us-137 B pacTBopax
npoBovIH Ha aHanuzarope AMA-O3®. O6beM MpoOkI pacTBOpa MPHU U3MEPEHUIX Opau
10 M. M3mepenne akTUBHOCTH CTPOHIHA-90 B mipobax MPOBOIUIHN CIECTYIOMNINM 00pa3oM.
IMpoby pactBopa obvemom 0,1 mMi oTOMpany NHUMETKOW, HAHOCWIM HAa MHILIEHb, CYLIWIN
Y BBIIEP)KUBAIM B TEUCHHE JBYX HEAENb JJIS YCTAHOBICHHS PaAHOAKTUBHOTO PaBHOBECHS
Mexay ctpoHmueM-90 um urtpueMm-90, mocie 4ero MpOBOAMIIA H3MEPEHHS OCTaTOYHOU aK-
TUBHOCTH Ha ycTaHOBKe [1—4].

Hccnenopanus no Moanudukanun copoeHTa

Monnpukannio TIayKOHWTa OCYIIECTBISUIM ITyTeM (OPMHPOBAHUS OKCHUTHIIPATHON
TUIEHKU Ha MOBEPXHOCTH MHHEpaia. Pa3nn4aioT Tpu OCHOBHBIX METOJIa MOJTyueHHsT COpOeH-
TOB HA HOCHUTEIISIX.

OcaxeHne copOIIMOHHOTO MaTepraia Ha TOBEPXHOCTH MaTepraia-HOCUTEINS B BOJHBIX
WJIU BOJHO-OPraHUYECKUX pacTBOpax.

BsaumoneiicTBue peareHTa C MOBEPXHOCTHIO MaTepHalla-HOCUTENS ¢ 00pa3oBaHHEM
COpOIIMOHHOTO MaTepHaa.
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AncopOuus mapoB XMMHUYECKOTO COCIMHEHMS Ha MOBEPXHOCTH Marephalia HOCHUTEIS
C TIOCIEIYIOIINM TIEPEBOIOM €ro B (opMy COpOIMOHHOTO Marepualia, HallpuMep — TUAPO-
JIH30M.

Hamu Obuia ncmosib30BaHa BTOpAasi METOIMKA, KOTOPAsk MIO3BOJISIET YBEITUYUTEL COPOUPY-
€MOCTb B 2,5 pasza.

3akJ/ouenue

1. He rpaHynmpoBaHHBI MUHEpall HE 00JIalaeT TOCTATOYHBIMU MEXaHMYECKUMU (TIPOY-
HOCTHBIMH ) XapaKTEPUCTHKAMH JIJIsl UCTIOIE30BaHUS €T0 B Ka4eCTBe (DMIIBTPYIOIIEH 3arpy3Ku.

2. IlokazaHa y1OBIE€TBOPUTENbHASI COPOLINS MOHOB TSDKENIBIX METAIIJIOB.

3. OTMEUYeHO BBICOKOE CPOJICTBO INIAYKOHUTA MO OTHOIICHHWIO K MOHAM aMMOHHS, JIaH-
TaHOWJaM (paccMaTPUBAIOTCS KaK MOJEIHM TPaHCYpPaHOBBIX 31eMeHTOB). llpu copOruu
MOHOB aMMOHHS TJIAyKOHHUT UTPAET POJIb CAMOPETEHEPHUPYIOMIETOCS COPOLIMOHHOTO HOCHTE-
751 JUIst canpoUTHON MUKPOQIIOPHIL.

4. ViccnenoBana copbuust paguoHykauaos °Sr, 3’Cs, koropas no3sonser pekomeH10-
BaTh MUHEPAJI, KaK COPOCHT PaHOaKTUBHOTO 3arps3HEHMUS.

5. Pa3zpaborana Meroanka MoauuKanuu (TPaHyJSAIIAN) COpOSHTa MapTraHIIeBON TICH-
KOH, KOTOpasi yIpOYHsIET CTPYKTYPY COPOCHTA, U YBEIIMYUBAET COPOUPYEMOCTb.

6. [IpoBeneHHbBIE UCCTIETOBAHUS TI0 U3YYCHUIO CBOWCTB TJIAYKOHUTOB Y PabCKOTO MECTO-
POXIEHUS, TTO3BOJIIIOT PEKOMEHAOBAaTh MOHOOOMEHHHK B KA4eCTBE IEPCIIEKTHBHOTO MpH-
POIHOTO MHOTO(YHKIIMOHAILHOTO COPOEHTA B MPOIIECCax OXPaHbl OKPYKAIOLIeH cpebl.
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BUOT'PA®UA

4, Cyxapes HOpuii iBaHOBHY, paboTaro B 00JaCTH HAHOTEXHOJIOTHH M CIIEIUAIU3HPY-
10ch B obOnactu ¢m3mueckorl xumuu. JlomkHOCTh: mpodeccop, A.X.H., Kadenpa “Xumum
TBepaoro Tena u Ha”omporeccoB”. ['OY BIIO «YensOuHCKuUil TOCYIapCTBEHHBINH YHHUBEP-
cutety», YensOuuck, Poccus. JJoxTop xumudeckux Hayk ¢ 1998 r. O0GmacTs HayYHBIX WHTE-
pecoB — MexaHu3M (HOpMOOOPA30BAHUS OKCHUTHAPATOB TSKENBIX METAIOB; aHTHOAKTEpH-
albHasg aKTUBHOCTh HAHOKJIACTEPOB OKCUTUIPATHBIX CHCTEM.
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A, Txaii Banepuit IMutpueBuy, paboTtatro B obiactu dapMauu U CIeHUaTN3UPYIOCh
B oOnacTtu xumuH. JlomkHOCTE: ipodeccop kadenpsr dhapmarmu. PI'BOY BO "Ypansckmii
rOCyJapCTBeHHBI MenuIMHCKUN yHuBepcuTer" MunzapaBa Poccum, r. ExarepunOypr,
Poccus. loxtop xumuuecknx Hayk ¢ 1998 r. OOmacTp Hay4HBIX WHTEPECOB — MEXAHU3M
(opMOOOpa30BaHUsl OKCUTHAPATOB TSDKENBIX METAJUIOB; aHTHOAKTEpUalbHAs aKTHBHOCTD
HAHOKJIACTEPOB OKCHUTHIPATHBIX CHCTEM.

4, AnammkoBa Wuua IOpreBHa, paboTato B 00JacTH HAHOTEXHOJOTHHI U CIHEIHAIU3HU-
pyiock B obiactu ¢usmdeckor xumud. JlomxHocTh: ipodeccop. PI'KBOY BIIO dumman
Boennoro yuebHO-Hay4HOTO IIeHTpa BoeHHO-BO3AyHmIHBIX cuil «BoeHHO-BO3mylIHasl aka-
nemus»» B T. Yenssouncke. Poceust. JoueHt ¢ 2006 r. O6nacTh Hay4YHBIX HHTEPECOB — MeXa-
HU3M (OopMOOOpPa30BaHUs OKCUTHAPATOB TSDKENBIX METAJUIOB; aHTUOAKTEPHUANbHAsI aKTHB-
HOCTh HAHOKJIACTEPOB OKCUTHUIPATHBIX CHCTEM.

S, AnmanukoB Buranuii OneroBud, paboTaro B 00JaCTH HAaHOTEXHOJIOTHHA W CIICI[HAIIU-
3upyIoch B obnactu ¢uszndeckoit xumuu. @I'BOY BIIO «lOYpl'Y» (HUY) ®enepansHoe
roCyIapCTBEHHOE OFO/IKETHOE 00pa30BaTEIIbHOE YUPEKICHUE BHICIIETO MPOPECCHOHABHO-
ro obpazoBaHusi «HO»HO-YpanbCKUil TOCYNapCTBEHHBI YHHBEPCHUTET» (HAIMOHAIBHBINA
HccienoBaTeIbCKuil  yauBepcuTet), Yenmsaounck, Poccus. Umxkenep, IOYpI'Y. O6mactsb
HAY4YHBIX WHTEPECOB — MEXaHU3M (hOpPMOOOPA30BaHUS OKCUTHIPATOB TSHKEIBIX METAIIIOB;
aHTHOAKTEepHabHAs AKTHBHOCTh HAHOKJIACTEPOB OKCUTHIPATHBIX CUCTEM.

NATURAL MINERAL GLAUCONITE AND POSSIBILITIES
OF ITS APPLICATION

Yu.l. Sucharev!, Valery Thay?, Inna Apalikova®, Vitaly Apalikov*

! Chelyabinsk State University, Chelyabinsk, Russia, yuri_sucharev@mail.ru
2 Urals State Medical University of the Ministry of Health of the Russian Federation,
Ekaterinburg, Russia, vthay@mail.ru
3 Branch of the Air Forces Military Academic Center «Air Force Academy», Chelyabinsk,
Russia,apal-inna@yandex.ru
4 South Ural State University, Chelyabinsk, Russia, apalikov74ru@yandex.ru

Abstract. The article discusses the structure and sorption-exchange properties of glau-
conite from the Karinskoye deposit in the Kunashaksky district of the Chelyabinsk region.
Introduction. Due to their specific properties (the presence of coloring oxides, active potas-
sium cations, a layered structure, and the presence of non-swelling, mechanically durable,
rounded grains in nature), glaucites are a valuable industrial raw material for various pur-
poses. In this study, samples of glaucite from the Karinskoye deposit in the Kunashak dis-
trict of the Chelyabinsk region were examined.
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The aim of the work is to study the structure features and sorption-exchange properties
of the Karinsk deposit glauconite. Research relevance. The search for ion exchangers with
high capacity, selectivity, and low cost is of great importance, since ion exchange has taken
an important place among the main methods of water purification, diverse in origin.

Conclusion

1. The non-granular mineral does not have sufficient mechanical (strength) characteris-
tics to be used as a filter loading.

2. Satisfactory sorption of heavy metal ions has been shown.

3. The high affinity of glauconite towards ammonium ions, lanthanides (considered as
models of transuranic elements) has been noted. When ammonium ions are sorbed, glauco-
nite plays the role of a self-regenerating, sorption carrier for saprophytic microflora.

4. The sorption of radionuclides 90Sr, 137Cs has been studied, which allows the mineral
to be recommended as a sorbent for radioactive contamination.

5. A method has been developed for modifying (granulating) the sorbent with a manga-
nese film, which strengthens the sorbent structure and increases its sorbability.

The studies conducted on the properties of glaucites from the Ural deposit allow us to
recommend the ion exchanger as a promising natural multifunctional sorbent in environ-
mental protection processes.
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JJABEPHO-UHAYHUPOBAHHASA '’EHEPALIUA HAHOCTPYKTYP
N3 TOHKUX IIVIEHOK 30JI0TA

H.J. Xam, A.A. T'opuikoBa, A.M. Tpyounusbin

HUY HTMO, Cankm-Ilemepoype, kham.nikolayy@gmail.com
HUY UHTMO, Cankm-Ilemepoype, lofi.pn@mail.com
HUY UTMO, Canxkm-Ilemepoype, pockurarity@gmail.com

HaHocTpyKTypbl, MONy4YeHHBIE W3 OJIATOPOJHBIX METAJUIOB, IUPOKO MPHUMEHSIOTCS B
KayeCcTBE YYBCTBUTEIHLHOTO DIIEMEHTA JIJISl ONITUYECKUX M3MEPEHU B OMOMETUIIMHCKON 00-
nmactu. Tem He MeHee, CO3aHMSA JATYMKOB HAa 0a3e HaHO(POTOHHBIX IIIEMEHTOB OCTAETCS
CJIO’KHOM, MHOTO3TaITHOM U JOPOTOCTOSIIEN NTpoueaypoi. g npeosoieHus JaHHbIX TPy -
HOCTEH MpeasiaraeTcsi KCIIOJNIb30BaHUE JIA3ePHOr0 MeToaa (adpuKaluu HaHO(POTOHHBIX
AJIEMEHTOB OJMHOYHBIMH (PEMTOCEKYHIHBIMHA HUMITyJIbcaMu. Hacrosimas paboTa mocssiieHa
pa3paboTKe U TECTUPOBAHMIO IKCIIEPUMEHTAILHON YCTaHOBKH, TTO3BOJISIOIICH B MOyaBTO-
MaTHYECKOM PEXHME CO3[aBaTh MacCHBBI HAHOCTPYKTYp C BBICOKOM CTENEHBIO BOCIPOM3-
BOJUMOCTH.

Kntoueswle cnosa: nazep, HAHOCTYKTYpPHI, (haOpuKalus HAHOCTPYKTYp, HAHO(OTOHHBIE
JJIEMEHTHI.

B kauecTBe HCTOYHMKA JIA3€PHOTO W3IYyYEHUS B SKCIEPUMEHTAJIbHOM YCTaHOBKE HC-
TTOJTB30BANICS UTTEPOUEBEIN (DEeMTOCEKYHIHBIA TBEPAOTEIBHEIN Ja3ep Antaus MPOU3BOIACTBA
Avesta. llenTpanpHasi IJMHA BOJIHBI JIA3€PHOTO M3Iy4deHHs coctaBisia 1030 vM, a mamu-
TEJILHOCTh UMIyJbca Obuta 6onee 270 ¢c. st mpoBeaeHNs SKCIIEPUMEHTOB Ja3ep MpHuMe-
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HSUJICSI COBMECTHO C T€HEPaTOPOM BTOPOW FApMOHHMKH, YTO TIO3BOJISIIO TOTY4YaTh U3ITYUCHUC
B HEOOXOIMMOM CHEKTPaJIBHOM JaHama3oHe. VICmoiib30BaHWE BTOPOW TapMOHUKH OBLIO
MPUHIUITHAIEHO Ba)KHBIM, TIOCKOJIBKY B MPEIOKEHHOW KOH(GUTYpAIllMU YCTaHOBKH TPeOo-
BaJIMCh JUIMHBI BOJIH B Mara3oHe npuoau3uTensHo oT 500 1o 525 am.

Br16op manHOTO AManazoHa OBLT CBsI3aH ¢ OCOOCHHOCTSIMH MCIIOJIB3yEeMOHN ONMTHYECKOM
CcXeMBbl. B ycTaHOBKe MpUMeEHsIach (pa3oBas IUIACTHHKA, TO3BOJIAIONIAsT (hOPMHPOBATH TO-
pOUIAIEHOE paclpe/ie]iCHHe WHTCHCUBHOCTU B JIa3epHOM Tyuke. Takoe pacrpejeiicHHe
OTIIMYAETCs OT OOBIYHOTO TayccoBa ITydKa T€M, YTO MAaKCHMYM HHTEHCHBHOCTH PAacCITOJIO-
JKEH He B IICHTpE, a M0 KOJBIIEBOMY KOHTYpY. biaromaps ’ToMy CTaHOBUTCS BO3MOXXHBIM
JIOKQJIbHOE BO3JICHCTBUE HA TOHKYH) METAJUIMYECKYIO TUICHKY MMEHHO B O0JIaCTH KOJIbIIA.
[Tpu mornoneHnK JTa3epPHOTO U3TYUYCHHS IJICHKA HArPEBACTCs, B PE3yJIbTATe YEro MPOUCXO-
IIAT €€ JIOKAJTHHOE pa3pyIIeHHe IO KOHTYPY OKPYKHOCTH € ITOCIIECTYIONTUM (OPMHUPOBAHHUEM
HAHOCTPYKTYPBI.

OKCIepUMeHTalbHast YCTaHOBKA (puc. 1) BKiIO4ana B ceOst HE TOJNBKO Ja3ePHBIN UCTOY-
HUK ¥ T€HepaTop BTOPOI TapMOHHKH, HO U P JOTIOJHUTENFHBIX ONTHYECKUX 3JIEMEHTOB,
HEOOXOMUMBIX U YIIpaBiICHHS TapamMeTpaMH Tydka. B cxeMy BXOIWIH TOJTyBOJHOBBIC
¥ YeTBEPTHBOJIHOBEBIE IUIACTUHKU, poTatop Papanes, nmpusma [mana, mabop 3epkan, He-
CKOJIBKO nuadyparM, MOIYJISATOP JUIA T€HEpallid BTOPOH TapMOHUWKHU, pa3feluTeNh ydya,
vortex retarder, beam block, kamepa u BHEIIHAN HCTOYHHUK CBeTa. Kax bl U3 3THX 3JIeMEH-
TOB BBIMOJIHSJI OTACIBHYI0 (DYHKIIUIO B MIPOIECCE MOATOTOBKH, CTAOMIN3AIUH M KOHTPOJIS
JIA3EPHOTO U3JTYUYCHUSL.
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Puc. 1. Cxema 3KCTIepIMEHTATBHON YCTAaHOBKU

[ToryBOTHOBBIE ¥ YETBEPTHBOIHOBBIC TUTACTUHKU UCIIONB30BAIUCH JJIsI U3MEHEHHS CO-
CTOSIHUSA TIOJIAPU3AINH JIA3epHOTO Ty4Ka. JTO HEOOXOIWMO ISl TOYHOW HACTPOWKH B3au-
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MOJEHCTBUS M3IyUYeHUs C TMOCIEAYIOMUMH ONTHYECKHUMH JIeMEeHTaMu U oOpasuoM. Pora-
top Dapazmes MpUMEHSIICA AU 3AIIUTHI Ja3epPHOTO MCTOYHHKA OT OOpAaTHBIX OTpaskeHHil,
KOTOpbIE MOTYT BO3HHKaTh NPH IMPOXOKACHUH HU3ITYYCHHUS] Yepe3 ONTHUYECKYIO CHCTEMY.
[Ipu3ma I'mana mo3Bossina BBIAENATh HM3IYUYEHHE C 3aJaHHOM JMHEWHOW MOJiApU3aluen
U TeM caMbIM OOecrieurBaia JIOTOJHUTENBHBI KOHTPOJb HaJ MOIIHOCTHIO M KauyeCTBOM
mydka. J{nadparMel HCTIOIB30BAMCE AJIST IPOCTPAHCTBEHHON (DMIBTPAIH U OTPaHUICHUS
Mapa3uTHBIX YacTel MydKa, a 3epKaja - IJIsl HampaBieHHus U3Ty4YeHUs 10 TpeOyeMoi Tpaek-
TOPUHU BHYTPH YCTaHOBKHU.

BaxxHbpIM 371eMEHTOM CXEMBI SBISUICS vortex retarder, ¢ MOMOIIBIO KOTOpOro (GopMUpPO-
BaJOCh TpeOyeMoe MPOCTPAHCTBEHHOE paclpesiesieHie HHTEHCUBHOCTH. VIMEHHO 3TOT 3J1e-
MEHT TO03BOJISUT MOJYyYaTh MYyYOK C KOJBLEBOH CTPYKTYpOH, HEOOXOAUMOW sl CO3MAHMS
HaHOCTPYKTYp 3amanHoi (opmbl. Beam block mcmons3oBancs ms 6€30macHOTO MOTIIoIIe-
HUS JIMITHETO WM OTPaKEHHOTO M3IYUYCHHs, He yUacTBYIOIIETO B dKcriepuMmente. Kamepa
W MCTOYHHK CBETa ObUIM HEOOXOAWMBI AJSl BU3YaJIbHOTO KOHTPOJS MOJIOKEHHs o0pasua,
(hOKYCHPOBKH ITy4Ka U HaOIIOACHNUS 3a TIpolrieccoM (QadpHKaIlvH.

Coznanne CTPyKTyp MPOU3BOAMIOCH C ITOMOIIBI0 KOH(POKATFHONW YCTaHOBKH, BKIFOYA-
IOILEH BCTPOEHHBIN CIIELMAIBHO CKOHCTPYUPOBAHHBIN MHUKPOCKOIL. {11 BU3yalIbHOM OLEH-
KH Tiporiecca (haOpWKalliu HCIIONB30BAIMCh CMeHHbIE 00bekTuBHI Mitutoyo Plan Apo
Infinity ¢ pasmTUYHBIMHA yBETWUYECHUSIMH W YHCIOBBIMH ameptypamu: X10 NA = 0.28,
X50 NA = 0.55 u X100 HR NA = 0.9. Hanmnune HeCKONBKUX 00BEKTHBOB TIO3BOJISUIO MO~
Ouparh ONTHUMAaJIBHBIA PEeXUM HaOMIOEHHUs B 3aBUCHMOCTH OT 3Tana dKkcrnepuMeHTa. O0b-
€KTHUB C MEHBIIIMM yBEIIMYCHUEM HCIOIB30BAIICS IS TPyOOil HABHTAIMH 110 TTOBEPXHOCTH
o0pa3sia, Toraa kak 0ObeKTHUBBI C OOJBIINM YBETHUEHHEM MO3BOJISIIM TOYHEE KOHTPOIHPO-
BaTh 0071acTh 00pabOTKU M MOJOXKEHUE POKATBHON TNTOCKOCTH.

Jla co3nanus MacCUBOB HAHOCTPYKTYP B TIPEUIOKEHHOW CXeMe MPUMEHSITUCh MOTOPH-
30BaHHBIE OECIIETOYHBIE CTOMMKH Standa ¢ MHKpOMETPOBON TOYHOCTHIO TO3UITHOHHPOBA-
Hus. OHHM obecrieyuBany nepeMenieHre oopasia 1o TpeM ocsiM B Ipoliecce padoTHI Jlazepa.
Hcnonb3oBanue TpexoceBoil cxembl ObUI0 HEOOXOIUMO HE TOJIBKO AJIS TMepeMelieHus 00-
pasiia mo 3aJaHHOH TPAaeKTOPUH B IIOCKOCTH, HO W JUISI TOYHOTO KOHTPOJIS TTOJOKEHHS T10-
BEPXHOCTH TUIEHKH OTHOCHTENBHO (DOKAILHOW TIOCKOCTH C(POKYCHPOBAHHOTO JIA3€PHOTO
My4yKa. IT0 0COOEHHO BaXKHO MpHU padoTe ¢ TOHKMMU IJICHKAMH, TOCKOJIBKY Jayke HeOOoIb-
oe OTKIOHEHHE OT (hOKyca MOMKET 3aMETHO WU3MEHHUTh paclpeielieHre SHEPrHH Ha I0-
BEPXHOCTH M, KaK CIIEJCTBHE, IOBIHATH HA (OPMY U KA4eCTBO MOIyIaeMbIX HAHOCTPYKTYP.

ABTOMaTH3aLuUs MepeMeneHns oopasia M03BOJIWIA MEPEHTH OT CO3JaHHS OTAEIBHBIX
CTPYKTYp K (DOPMHUPOBAHHUIO PETryJSIPHBIX MacCHBOB. [[s 3Toro ObuTO pazpaboTaHo Mpo-
rpaMMHOe oOecriedeHre Ha s3bike Python. OHO MCIIONB30BaAIOCH TSI 3aaHUs IIA0JIOHOB,
TeHepali WHCTPYKIUA ABMKCHUS CTOJMKOB M CHHXPOHHM3ALUHM OTIEIBHBIX 3JIEMEHTOB
ycraHoBkH. [Ipu pa3paboTke NpUMEHSIHCH cTaHIapTHble OuOmmorexu Python, Brmrouas
NumPy, SciPy, time u npyrue. OHE MO3BOJSIIN 00padaThIBaTh MACCHBBI KOOPIWHAT, 3a/1a-
BaTh TPAEKTOPHH ABHMIKCHHUS, PACCUMTHIBATH IIOCIEIOBATEILHOCTH KOMAaHJ M YIIPaBISThH
BPEMEHHBIMH 33J€P>)KKaMU MEXIy OTIETbHBIMH STallaMH SKCIIEPHUMEHTA.

140



CHEMISTRY AND NEW MATERIALS

OtnenbHas 3a7a9a 3aKIF09aIach B CHHXPOHHU3AIMH Pa0OTHI JIazepa U MOTOPHU30BAHHBIX
CTONMHKOB. I10CKONBKY HCIONIb3yeMBIE YCTPOHCTBA HE UMENH OOIEro KaHana CBsi3u, Tpebo-
BaJIOCh pa3paboTaTh MPOTpaMMHBIN MEXaHW3M, ITO3BOJISIONIMN COTIIACOBBIBATH MX PabOTy
Ha YPOBHE YTIPABIAIONMIEr0 KOMIbIoTepa. [t nHUIanu3anuy mapaMeTpoB CHHXPOHU3AIHA
OBUIM HaNMMCaHBI TIPOTPAMMHBIE 00OJIOYKHU JUTSI CYIIECTBYIONIMX OMOIUOTEK MPOU3BOIUTE-
Jieid, 9acTh U3 KOTOPHIX OblIa peann3oBaHa Ha sizbike C#. Takol moaxo mo3Bosini oobenu-
HUTH YTIPaBIE€HUE PA3NIUYHBIMH yCTPOWCTBAMHU B €IUHYIO DKCIEPUMEHTAIbHYIO CHCTEMY
1 pacHIMpUTh (PYHKINOHATHFHOCTH TI0 CPABHEHHUIO CO CTAHAAPTHBIM 3aBOJICKUM IIPOTPaMM-
HBIM OOecrieueHHeM.

B kauectBe 00pa3LoB B 9KCIEPUMEHTAX MCIONB30BAIMCH TOHKHE TUIEHKH 30J10Ta TOJI-
mmHOM 140 1 90 HM, HaHECEHHBIC HA CTEKJISHHBIC MOJIOKKH. BbIOOp 30710Ta 00yCIOBICH
€ro ONTHYECKUMH U TUIa3MOHHBIMH CBOMCTBAaMH, a TaKKe€ IMEPCIIEKTHBHOCTHIO MPUMEHEHUS
30JI0THIX HAHOCTPYKTYP B CEHCOpHKE. TOHKHE METAIUTMYECKUE TUICHKH SIBISAIOTCS yIOOHOM
OCHOBOH Ui J1a3epHO-MHAYLHMPOBAHHOTO (POPMHUPOBAHUS MHKPO- M HAHOCTPYKTYp, IO-
CKOJIbKY UX JIOKQJIbHBIA HarpeB MOKET MPUBOJAUTH K KOHTPOJIUpyeMoi Moau(pUKanuu Ma-
tepuana. [Ipu mpaBuIBbHO OOOPAHHBIX MapaMeTpax Ja3epHOTO BO3IAEHCTBHS yaaeTcs Io-
Jy4aTh CTPYKTYPBI, TEOMETPHS KOTOPHIX ONpEelsIeTCs MPOCTPAHCTBEHHBIM pacipeie/ieH -
€M MHTCHCUBHOCTH B IIyYKE U PEKUMOM IepeMelieHus oopasua.

B mporecce axcneprMenTa J1azepHoe u3NydeHne GOoKyCHpOBaIOCh Ha TIOBEPXHOCTD 30-
JIOTOM TUIEHKH. 3a CYET KOJIBLIEBOTO paclpe/e]ieHnss MHTEHCUBHOCTH HArpeB MPOUCXOINT
MIPEUMYIIECTBEHHO MO KOHTYPY OKPY>KHOCTH. DTO MPUBOAMIO K JIOKATBHOMY H3MEHEHHUIO
COCTOSIHMSI TUICHKH, €€ Pa3pyIICHUIO WM IepepacipeelIeHHI0 BEIeCcTBa B 30HE BO3/EH-
cTBuUs. B pesynprare hopMupoBanrch HAHOCTPYKTYPHI, (hOpMa KOTOPBIX 3aBHCEa OT mapa-
METPOB JIA3epHOTO UMITYJIhCA, TONIIIMHEI TUIEHKH, TTOJI0XEeHUs (POKyca, a TAaK)Ke OT TOYHOCTH
MO3ULIMOHUPOBAHUS 00pa3na.

s mpoBepku pabOTOCIIOCOOHOCTH TMPEATIOKEHHOTO METOAAa W aHallM3a MOMyYeHHBIX
CTPYKTyp OBUIM BBINIOJIHEHB! CHUMKH C MTOMOIIBIO CKAaHUPYIOIIEH 3JEeKTPOHHONH MHKPOCKO-
nmun. MccnenoBanue npoBoauinock Ha mukpockorne Inspect SEM FEI mpousBoactsa Thermo
Fisher Scientific. cnomp3oBarre COM MO3BOIMIIO OIIEHUTH MOPQOIIOTHIO CHOPMUPOBaH-
HBIX HaHOCTPYKTYp, UX pa3Mepbl, OHOPOJHOCTh M KauyeCTBO BOCIIPOM3BEJIEHHUS B MacCHBE.
[Mony4yeHnHble W300pakeHHs MOATBEPANIA BO3MOKHOCTh ()OPMHUPOBAHHS HAHOCTPYKTYp Ha
MMOBEPXHOCTH TOHKUX 30JIOTHIX IJICHOK ITPH MOMOIIH TIPEI0KEHHOM Ta3epHOI METO K.

ITomyuennsie Ha Halell YCTaHOBKE HAHOCTPYKTYPHI MPEACTABISIOT co00i chiral nano-
jets ¢ xapakTepHOH mMpHHON mopsaka | MkMm. HacTpouB mapameTps! ycTaHOBKH, Mbl Hada-
JU CTaOWJIBHO IOJTyYaTh MACCUBBI TAKMX HAHOCTPYKTYp. [Ipu 3TOM OTHEIhHBIE HAHOHKETHI
MOTJIH OTJIMYaThca 1Mo ¢GopMe M pa3Mepy, UTO CBSI3aHO C UyBCTBUTEIHHOCTBIO IpoOIecca
K QHEPTUH UMITYJIbca, GOKYCHUPOBKE U JIOKATLHBIM HEOTHOPOJAHOCTSIM TJIACTHHKH 30JI0Ta.

Pazpaborannas ycraHOBKa codeTaeT B cebe HECKOIBKO BaXKHBIX MPerMyILecTB. Bo-mep-
BBIX, OHA TI03BOJISIET YIIPABIISATH MPOCTPAHCTBEHHON (DOPMOIL 1a3epHOro MydKa U UCIOIb30-
BaTh TOPOUJAIIBHOE paclpezesieHHe HHTEHCUBHOCTH JJIs JIOKAJIBHOTO BO3ACHCTBUS Ha Ma-
Tepuas. Bo-BTOpBIX, MpUMEHEHNE MOTOPHU30BAHHBIX TPEXOCEBBIX CTOJIMKOB 00OECIIEUMBAET
TOYHOE TMO3UIMOHUPOBAaHME 00pa3lla M BO3MOXXHOCTh CO3JaHHS MAacCCHBOB CTPYKTYP.

141



XMUYA U HOBBIE MATEPHAJIbI

B-TpeTpux, HampcaHHOE NPOrpaMMHOE OOecleYeHHE IO3BOJSIET aBTOMATH3UPOBATH MPO-
necc (Gabpukanyu M CHUHXPOHU3UPOBATH YCTPOMCTBA, M3HAYAIBHO HE INpelHa3HAYCHHBIE
JUISI COBMECTHOM paboThl B ennMHON cucteme. Bce 3To fenaeT mpeanoKeHHyI0 METOTUKY
yA0OHOM TSI MEIKOCEPUIHOTO N3rOTOBJIEHUS HAHOCTPYKTYPUPOBAHHBIX MIOBEPXHOCTEH.
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LASER-INDUCES GENERATION OF GOLD NANOSTRUCTURES
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The fabrication of sensors based on nanophotonic elements remains a complex, multi-
stage, and costly procedure. To overcome these difficulties, the use of a laser-based method
for fabricating nanophotonic elements with single femtosecond pulses is proposed. This
work is devoted to the development and testing of an experimental setup that enables the
semi-automatic fabrication of nanostructure arrays with a high degree of reproducibility.

Keywords: laser, nanostructures, nanostructure fabrication, nanophotonic elements.

An ytterbium femtosecond solid-state Antaus laser manufactured by Avesta was used as
the source of laser radiation. The use of the phase plate enabled local exposure of the film.
As a result of heating, the film was destroyed along a circular contour, followed by the
growth of a nanostructure. The structures were fabricated using a confocal setup that includ-
ed a built-in custom-designed microscope with interchangeable Mitutoyo Plan Apo Infinity
objectives: X10 NA = (.28, X50 NA = 0.55, and X100 HR NA = 0.9. These objectives were
used for visual monitoring of the fabrication process.
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To create arrays of nanostructures, the proposed setup used motorized brushless Standa
stages with micrometer positioning accuracy, allowing the sample to be moved along three
axes during laser operation. The use of a three-axis configuration made it possible not only
to move the sample along a specified trajectory in the plane, but also to control the align-
ment between the focal plane of the beam focused by the objective and the surface of the
film.

Thin gold films with thicknesses of 140 and 90 nm deposited on glass were used as
samples. To verify the performance of the proposed method, images of the resulting
nanostructures were obtained using scanning electron microscopy on an Inspect SEM FEI
microscope manufactured by Thermo Fisher Scientific.
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MCHOJIb30BAHUE POJIEBOM UT'PHI ITPU OBYYEHUUA
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AHaMM3UpyeTcss BO3MOXXHOCTH TOBBIIICHUS 3(PPEKTHBHOCTH OOyUeHHS KOPEHCKOMY
SI3BIKY 32 CUET O3HAaKOMJIEHHS CTYJEHTOB C KyJIbTYPHBIM KOHTEKCTOM €r0 CYILIECTBOBAHUS.
B kauecTBe cpelncTBa MPEOJONEHUS OTHOBPEMEHHO KYJIbTYPHOTO M SI3BIKOBOTO Oapbepa
B 00Y4EHUH NIpeyIaraeTcs pojieBas urpa.

B By30BCKOI MpakTUKE CTYIEHTHI, HECMOTPSI Ha 3HAHME TPAMMATHUKH U JOCTAaTOYHBIM
CJIOBapHEIH 3amac, HEPEeIKO UCIBITHIBAIOT TPYIHOCTH B MPEOIONICHUH SI3BIKOBOTO Oaphepa 1
CcBOOOHOM BBIPKEHUH MBICTIEH HA HHOCTpAaHHOM si3bike. [Ipu 3TOM TpeboBaHus K MOATO-
TOBKE CIIEIUATUCTOB MIPEAINONAraloT BJIaJeHUEe HHOCTPAHHBIM SI3BIKOM KaK CPEACTBOM IIPO-
(eccronanbHOTO O0MIeHNs . OAHAKO OTpaHHMYEHHOE KOJMYECTBO ayJWTOPHBIX YacOB M He-
JIOCTaTOYHOE TPHMEHEHHE COBPEMEHHBIX METOAMK OOY4YeHHsS CHMXKAT 3(()EeKTHBHOCTH
SI3LIKOBOM MTOATOTOBKY M MOTHUBAIIHIO CTYICHTOB.

B ycnoBusix cokpaieHuss yueOHOTO BpeMeHU 0co0yr0 3HAYMMOCTh MPUOOpETaeT opra-
HU3aIUsl KOJUIEKTHBHON palOOoThI, MO3BOIISIONIEH pa3BUBAaTh HABBIKM JKUBOTO OOIIEHWS.
OnuuM 13 HauOonee Y3PPEKTUBHBIX MHTEPAKTHBHBIX METOJIOB SBIICTCS pOJieBas Urpa, Co-
3/1a101as YCIOBUA ISl MOJEIUPOBAHUS PEAIbHBIX KOMMYHUKATUBHBIX CUTYALIUM.

PoneBas urpa mpencraBisier co0oi Takoe YIpakHEHHE 10 Pa3BUTHIO MEKKYJIBTYPHOM
KOMMYHHKAIIAH, B KOTOPOM OOYYaroIIUNCs, UCIIOIHSSA MOTIEPEMEHHO Pa3IMIHbIE COIHAIh-
HbIE ¥ MEKJIMYHOCTHEIE POJIH, B X0OJI¢ OOIIEHUSI OCBaWBaeT MHOCTPAHHYIO KyIbTypy [1]. Po-
JieBasi UTpa, O3B0 YUUTHIBATH WHANBHyAIbHBIE OCOOCHHOCTH O0YUaIOIINXCs, NX WHTe-
PECHI pacIMpsieT WX KyJbTypHOE MPOCTPAHCTBO, BBICTYNAeT B KadecTBe A((EeKTHBHOTO
CPEICTBA CHATUS PAa3IMYHBIX MCUXOJOTHMUECKUX O0aphepoB B OOICHUH, KaKk BepOabHBIMH,
Tak U HE BEepOATbHBIMU CPEACTBAMH; CHOCOOCTBYET peau3alliyl JEATSIHLHOTO IMOAX0Ja
B 00y4YeHNHN WHOCTPAHHOMY S3BIKY, KOT/Ia B IIEHTPE BHUMAHHUA HaXOJIUTCS CTYNIEHT CO CBO-
WMU HHTEPECAMH U MIOTPEOHOCTIMIL.

OO0OyueHre MHOCTPAHHOMY SI3bIKY HEBO3MOXHO 0€3 OCBOCHUS KYJILTYPBI U HOPM 0OOIIIe-
HUSl HOCHUTENeW s3bIKa. DPQPEeKTUBHAS KOMMYHHUKAIUS 3aBUCHT HE TOIBKO OT SI3BIKOBBIX
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3HAaHUH, HO U OT MMOHUMAaHHUs PEUEBOrO 3TUKETA, OCOOCHHOCTEH HEeBEpOaIbHOTO TOBEACHUS
U KyJIbTypHOTO KOHTeKcTa [2]. PoneBas urpa cmocoO6cTByeT (POpMUPOBAHUIO JAHHBIX HABBI-
KOB, MOCKOJIbKY MO3BOJISIET CO3/1aTh UMUTAIMIO €CTECTBEHHOM SI3bIKOBOU CpEbl, B KOTOPOU
oOyuaronyecs MOTYT peaji30BaTh U Pa3BUBaTh CBOM KOMMYHHKAaTUBHBIE CIIOCOOHOCTH.

B yueOHoO# ayauTopun HEOOXOAMMO CO3[AaTh YHHKAJIbHYIO KYJIBTYPHYIO Cpenly, TOe U
MPernoaBaTeNb, ¥ 00YJaIOIIHecs MOTPYyKal0TCS B HHOM SI3BIKOBON M KYJIBTYPHBIA MUp, TIepe-
HHUMasl ero MpaBuiia OOLIEHHs], MBIIIIEHHUs U BhIpaxkeHus. O0yueHrne cBOOOTHOMY YCTHOMY H
MMCBMEHHOMY CO3/IaHHMI0 MHOCTPaHHOW PedYM — CIIOXKHAs 33java, MOCKOJIbKY 3(PQEKTHBHOE
oOrIeHre BBIXOANT 32 PaMKH TPOCTOTO BiafeHus s36IkoM. OHO TpebyeT riryOoKoro MmoHnMa-
HUS KyJBTYpHBIX YCIIOBUH, 3THKETa, HEBepOANbHBIX (HOPM (MUMHKH, JKECTOB) U (POHOBBIX
3HaHUK. J{J11 MPOYHOTrO yCBOEGHHS HEAOCTATOYHO JIMIIb TEOPETHYECKUX CBEACHHI; HEOOXO-
JTIMMO aKTHBHOE TIPUMEHEHHE U 0TpaboTKa ITHX 3HAHWI B PEATbHBIX PEUEBHIX CHUTYaIHsX.

B xauectBe HarnsgHOTO MpUMepa ObLIM pa3paboTaHbl M BHEAPEHBI B yUeOHBIN Mpoliecc
(puc. 1) aganTpoBaHHBIE CLEHAPUU POJIEBBIX WP, OXBATHIBAIOIIUE THIIMYHBIE COLIMOKYJIIb-
TypHBIE CUTYallH U3 [TOBCEAHEBHON *u3HU B Kopee. D1u crieHapru ObUTH TIIATENBHO MPO-
IyMaHbl C yY€TOM JIEKCHYECKOTO M IpaMMaTHYEeCKOTO0 MHUHHMyMa Ha4dallbHOTO 3Tama, HO
NpY 3TOM TPEOOBAIM aKTHBAMH (DOHOBBIX KYJIBTYPHBIX 3HAHHH M COONIOJICHHS CIelU(H-
YECKOI'0 KOPEHCKOro 3THKETA.

a) IlepBas BcTpeda, 3HAKOMCTBO: CTYJEHTHI Pa3bITPHIBAIOT CUTYAIHIO 3HAKOMCTBA C HO-
BBIM YeJIOBEKOM (OJHOTPYIITHUKOM, KOJUIETOi, HOBEIM Jpyrom). Llens — orpaborath mpa-
BUJa MpeAcTaBieHus] ce0s W ApYrux, UCIOJIb30BaHWE NPUBETCTBUH, BEKIUBHIX (OpM,
a TaKk)Ke yMEHHUE 3a[aBaTh IPOCTHIE BOIIPOCHI O BO3pAcTe, pOje 3aHATUH U HHTEpecax.

Puc. 1. CO «llkona ans Oyaymux HOKOJEHHH» MPOEKT

«Ilemarornueckue Kpy>KKU: KOpEHCKHH S3BIK», PYKOBOANUTEID

JleBanckas Ilonmna Uropesna; Crynentst [IBOY Bo Bpems
3aHATHH KPYXKKa OTHITPBIBAIOT POJIEBBIC CLIEHAPUH
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0) [loxox B Mara3wH WM PECTOpaH: MPOUTPHIBAHHE CUTYAIlMU MOKYIKUA TOBAPOB WU
3akaza enbl. OTpaboTka oOpameHrus K paOOTHHKY 3aBEICHHS WJIM MaraswHa, MOHUMaHHUE
IICH, BhIPAXXCHUE MPOChO M OJaroJapHOCTH, a TakXKe HeBepOaJbHbIC aceKThl, HAIPUMED,
TaKWe Kak repeaayva ACHeT IByMs pyKaMH. ..

B) [Ipurnamenue denoBeka B TOCTH WJIM Ha MEPONPUSATHE: UMHUTAIUS MPUTIIANICHUS
JpyTa Ha Y>KUH WA BEUEPUHKY, OTBETHI Ha TPUTJIANICHUE B BUJE COTJIACHS WM OTKa3a.
®dokyc Ha BEKIUBBIX (HOPMYJIUPOBKAX MPUTIIANICHUS W OTKa3a, a TAKKE HAa MOHUMAaHWUU
0COOEHHOCTEW KOPEHCKOTO rOCTEPUIMCTBRA.

r) Curyarus W3BHHEHHS WIH MPOCHOBI: pa3bIrphIBaHUE CIICHAPHEB, TA¢ HEOOXOIUMO
BEXJIMBO M3BUHHUTHCS 3a OINO3JaHHME WJIM 00paTUThCS ¢ HeOousbiiol mpock0oit. Ocoboe
BHUMAaHHE YICISIIOCh (hOpMaM U3BHHEHUS B KOPEWCKOM S3bIKE U CHOCO0aM BBIPAKCHUS
MPOCKOBI, KOTOPBIE MOTYT OTIIMYATHCS OT eBPONeHCKuX [3].

Kaxxnas poneBas urpa ctpousiach Ha OCHOBe Tpex(dazHoil MoJenu:

[MoaroroBUTENBHBIN 3Tal, BO BpeMsi KOTOPOTO IMPETNoAaBaTelh 3HAKOMHI CTYJIEHTOB C
JIEKCUKO-TPaMMaTHIECKAM MaTepHUaioM, HEOOXOAUMBIM IIJISl UTPBI, OOBSICHSIT KyJIbTYpHEIE
0COOEHHOCTH CHTYAITUH, paCIIpeIelIsil POJIH U JaBajl HHCTPYKTaxX (puc. 2).

Puc. 2. CO «lllkona nnsg OyAaymHX ITOKOJIEHUI» NPOEKT

«Ilenaroruueckue Kpy>XKHU: KOPEHCKUH S3bIK», PyKOBOAUTEIb

JleBanckas Ilonuna Uropesna; Ctynentsl [IBDY Bo Bpems

3aHATUHN KPYXKKA M3Yy4aroT HOBYIO JIEKCHKY Iepe]] OThIIPbIBa-
HUEM POJIEBBIE CLIEHAPUU
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UrpoBoii sTam: cTyJeHTH B Mapax WIH MalbIX TPYNIax pa3birpbIBajk CLEHAPHH, CBO-
00THO UMIIPOBU3HPYS B paMKax 3aJaHHBIX posiel (puc. 3).

AHaNMTHYECKUI JTar, TIe TOCcle WIPhl MPOBOAWIOCH KOJUIEKTHBHOE OOCYKIEHHE pe-
¢nexcust. CTyIeHTBI ATWINCH CBOMMH BIICUATICHUSIMHU aHAIN3UPOBAIN CBOM JEUCTBHUS, yKa-
3bIBAJTM HA SI3IKOBBIE M KYJIBTYPHBIE OIIMOKH APYT JApYyTa, a MperoaaBaTellb 1aBail KOPPEKTH-
PYIOIIYIO 0OpaTHYIO CBS3b M pa3bsCHEHU. J{JIs OIIEHKH MCIIOIb30BAINCH YEK-JIHCTHI, (PUKCH-
pYIOIIME KOPPEKTHOCTh PeUH, aAeKBaTHOCTh KYJIBTYPHOTO MOBEAEHHS (IIOKJIOHBI, KECTBI, HC-
TIOJIb30BaHUE BEXITUBBIX (HOpM), a Tarke 00Ty 3P GEKTHBHOCTh KOMMYHUKAITUH.

Puc. 3. CO «lllkona s OyAylmHX ITOKOJIEHUI» MPOEKT

«Ileparoruueckue KpyKKu: KOPEUCKUIl SI3bIK», PYKOBOJUTEIb

JleBanckas Ilommua Uropesna; Ctynents: IB®Y Bo Bpems
3aHATHH KPY>KKa OTHITPHIBAIOT POJIEBBIE CLIEHAPUU

Brenpenne poneBbIx Urp B mporecc 00ydeHHs] KOPEHCKOMY SI3bIKYy Ha Ha4allbHOM dTare
MOKAa3aJI0 3HAYUTENbHBIC MOJOKHUTEILHBIE PE3YNbTaThl B HYOPMUPOBAHUHN MEKKYIBTYPHOU
KOMITETEHIIUU CTYAEeHTOB. CTyNEHTHI, PEryJsIPHO yUaCTBYIOILIUE B POJEBBIX UTPaX, TEMOH-
CTPUPOBaJM 3HAYUTEIHHO MEHBIIYI0 CKOBAHHOCTh M CTPax Iepe] TOBOPEHWEM Ha KOopeii-
cKoM si3bIke. MrpoBast cuTyanus mo3BoJisijla MM 9yBCTBOBAThH cedst Ooiee packoBaHHO, CO-
BEpIaTh OIMMOKU 0e3 OOS3HU OCYXKIEHHS, YTO B UTOTE MPHUBOIMIO K OoJiee CBOOOAHOMY
U CIIOHTaHHOMY oOmeHni0. [loTpeOHOCT, B MMHTALMK pealbHOTO OOIIeHUs MOOYyKIana
CTYJIEHTOB CTPEMHTHCA K 00Jiee ayTEeHTHIHOMY MPOU3HOMIEHUIO U HHTOHAIINH, YTO SIBIISET-
CA KPUTUYCCKU BAKHBIM IJId ITOHUMAHUSA HOCUTCIIAMU A3bIKA. PoneBrie UIrpbl CTUMYJIHNPO-
Balli CTYACHTOB K aKTUBHOMY IOHCKY M HCIIOJB30BAHUIO HOBOW JIGKCUKU M TpaMMaTuye-
CKHX KOHCTPYKIIHH, HEOOXOAMMBIX JUIS YCHEIIHON peanw3aluu poyid. Marepuan 3armomMu-
HaJICA HC KaK M30JIMPOBAHHBLIC €IWHHIEBI, a KaK q)YHKHI/IOHaJII)HI)Ie OJICMCHTBI p€YU B KOH-
KPETHOM KOHTEKCTE. A TaKke MTPOBOH (opmar cjenan mpoiecc o0ydeHus: 00iee KUBbIM
Y MHTEPECHBIM, CITOCOOCTBYS pOCTY BHYTPEHHEH MOTHBAIIH CTYICHTOB K 00Jiee TIIy0OKOMY
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W3YYCHHUIO HE TOJIKO S3bIKAa, HO M KYyJbTYypHBIX ocoOeHHoctell Kopew. OHU mposBisIz
OOJBIINI MHTEPEC K MOMCKY MOTIOHATENBHON HHPOPMAIUK 0 KOPEHCKHUX O0BIYasX, TpaIu-
IUAX 1 HOpMax MOBCIACHU.

Haubonee 3¢ pekTHBHBIME OKa3aJIiCh UTPbI, KOTOPBIE HE MPOCTO BOCIPOU3BOIMIM JUAJIO-
TH, a TIpe/yIarajid HEKOTOPYIO MPoOIeMy WX LeNlb, KOTOPYIO HYXHO ObUIO TOCTUTHYTH B IIPO-
1ecce B3aMOJISHCTBHS, HAIIPUMED, «YTOBOPHUTH JIpyTa MONTH Ha KOHIIEPT» MM «YCIIEIIHO KY-
MUTh CIIOXKHBIM TOBap». OTW 3ajaHus TpeOoBaaM Oojiee TMOKOTO NPUMEHEHHS S3BIKOBBIX
Y KYJIBTYPHBIX HaBBIKOB. PeIIeKCHBHBIN 3TaIl IOCIIE KaXKIOW UTPhI OKa3aJicsd KPUTHUECKN BaK-
HBIM JUTSL OCO3HAHUSI ¥ 3aKPETUIEHHS KYJIbTYPHBIX 3HAHWH, a TaKKe IJIs1 KOPPEKIHH OIIHOOK.

TakuM 00pa3oM, MbI MOKEM OTCJIEIUTh, YTO KYJBTYPHBIH KOMIIOHEHT B COJEpKaHUH
00y4eHUs UHOCTPAHHOMY SI3BIKY UTPACT CYIICCTBEHHYIO POJIb B PA3BUTHUU JIMYHOCTH 00Y-
YaIOMIETOCA, TaK KaK aeT BO3MOXKHOCTh HE TOJIBKO O3HAKOMHTHCS C HACIEANEM KYJIbTYpPbI
CTpaHbI U3Yy4a€MOT'0 A3bIKa, HO U CPABHUTH €TI0 C KYJIbTYPHBIMU LICHHOCTAMU cBOEH CTpaHkbl,
4TO CIOCOOCTBYET (POPMHUPOBAHHIO OOIICH KYJIbTYPBHI CTYJICHTA, a pOJICBask UTPa BHICTyHACT
KaK 3(h(peKTHUBHOE CPENCTBO TOCTHKEHHS STOTO YPOBHSI.

KynbTypHEI Togxoa B 00y4YeHUH TPU3BaH PACIIMPUTH OOIIHHA, COMMMATBHBIN, KYIbTYp-
HBIH KPYyro3op o0y4aroIMXcsi, CTUMYJIHPOBATh UX IMMO3HABaTeJIbHbIE U MHTEIEKTyalbHbIC
MIPOIIECCHI, & C MTOMOIIBIO POJIEBON UTPHl O0YUEHHE MHOCTPAHHOMY SI3BIKY KaK YacTH KYJb-
TYpbI MPOXOJUT B MAKCUMAIBHO MPUOIMKEHHOM K €CTECTBEHHOMY OOIIEHHIO pPaMKax.

3HaHus 0 KYJIBTYPE CTPaHbl U3y4acMOI'0 A3bIKa IIOMOTarl0T aAallTUPOBATHCA K MHOA3BIY-
HOI cpezie, cielysl KAaHOHaM BEXKJIMBOCTH B MHOKYJIBTYP-HOU cpejie, a poJieBas urpa moMo-
raeT «IPOUTPATh» BCE ATH HABHIKU B ayauTopuu. Cleayer mpu 3TOM OTMETHTbh, YTO TJIaB-
HBIM SABJIA€TCA HC BOCIIUTAHUC C IO3UIIUKU HOPM U HGHHOCTeﬁ CTpaHbl U3Yy4a€MOr'o sA3bIKa U
He BhI3yOpuBaHUE (haKTOB, a YMCHHE CPABHUBATH KYJIBTYPHBINM OMBIT HAPOJA, TOBOPSIIETO
Ha U3y4aeMOM SI3bIKE, C COOCTBEHHBIM OITBITOM.

Jis makcumanbHOM 3¢ (EeKTHBHOCTH METOANCTAaM M TIPENONaBaTelIM PEKOMEHAYETCs
THIATEIHHO pa3padaThIBaTh CLIEHAPUU POJIEBBIX WP, HHTETPUPYSA MX B OOIIYIO MPOTpaMMy
Kypca, U yAensaTh oco0oe BHUMaHHE 3Tanmy pedUieKCHH, KOTOPBIA IMO3BOJIACT CTYJCHTAM
OCMBICIIUTH TPHOOPETeHHBINA OMBIT. JlampHelmue uceaenoBaHusl MOTIIN ObI OBITH COCpeno-
TOYEHBI Ha JOJNTOCPOYHBIX () (eKTax MPUMEHEHHUS POJIEBBIX UIpP, a TAaKXKe Ha pa3paboTke
0oJee CIIOKHBIX MHOTOATAIHBIX CIICHAPUCB JUIsl MPOABHUHYTBHIX YPOBHEH OOYYEHHUs, 4YTO
TTO3BOJIUT €1Ie TITy0Ke MHTETPUPOBATh KyJIbTYpHBI KOMIIOHEHT B SI3BIKOBOE 00pa3oBaHHe.
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BUOTI'PAD®USA

A, Au Tartpsna BuktopoBHa, cTyneHT 3 Kypca JJansHeBOCTOUHOTO (eiepantbHOro YHU-
BepcuTeTa HanpasieHus «llenaroruueckoe oOpazoBaHue ¢ IByMs MPOGHISIMH MOATOTOBKH:
AHTIIMICKUI M KOpeHcKuil A3bIKn». SBIsgIOCH pyKoBoAuTEdeM Kopeickoro CTyaeHYecKoro

148



HISTORY AND INTERDISCIPLINARY SCIENCES

o0beuHeHUsT «XaHOENb», KOTOPOE 3aHUMACTCS PAa3BUTHEM, MPOJBIKEHHUEM M TIOITYJISPH-
3a1uen KOpeMcKon KyJbTYphl U KyJIbTYpbl STHUUECKUX KOPEHIIEB, B TOM YUCJIE B YHUBEPCH-
terckoi cpene. Cepa MHTEPECOB BKIIIOYAET MEKKYJIBTYPHYIO KOMMYHHUKAIIUIO, MTPETo/a-
BaHUE WHOCTPAHHBIX SI3BIKOB U KYJITYPHBIA OOMEH.

THE USE OF ROLE-PLAYING IN TEACHING INTERCULTURAL
COMMUNICATION IN KOREAN AT THE BEGINNER LEVEL
IN HIGHER EDUCATION

T.V. An

Far Eastern Federal University, Vladivostok, Russia,
an_yoonho@mail.ru

This paper analyzes the possibilities of increasing the effectiveness of Korean language
teaching by familiarizing students with its cultural context. Role-playing is proposed as a
means to overcome both cultural and linguistic barriers in learning.

Despite having sufficient grammar knowledge and vocabulary, university students often
struggle to overcome the language barrier and communicate freely in a foreign language.
At the same time, modern professional training requires foreign language proficiency as a
tool for intercultural and professional communication. However, limited classroom hours
and insufficient use of interactive teaching methods reduce both the effectiveness of lan-
guage instruction and student motivation.

In these conditions, collaborative learning becomes especially important, as it helps stu-
dents develop practical communication skills. One of the most effective interactive methods
is role-playing, which recreates real-life communicative situations and supports intercultural
competence development.

Role-playing enables students to perform different social and interpersonal roles while
interacting in a foreign language environment. This method promotes cultural awareness,
reduces psychological barriers, and encourages active participation in communication. Ef-
fective foreign language learning depends not only on linguistic knowledge, but also on un-
derstanding speech etiquette, nonverbal behavior, and cultural norms.

To create an authentic cultural environment, adapted role-play scenarios based on eve-
ryday situations in Korea were introduced into Korean language classes for beginners
(fig. 1). The scenarios reflected typical social interactions and required students to apply
both linguistic and cultural knowledge. Examples included:

introducing oneself and meeting new people;

shopping or ordering food in a restaurant;

inviting someone to an event and responding politely;

apologizing or making requests in culturally appropriate ways.
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Fig. 1. Student Association "School for future Generations"

project "Pedagogical circles: the Korean language", head

Polina Levadskaya; FEFU students play out role-playing
scenarios during the lessons of the circle

Each role-play activity followed a three-stage structure:

1. Preparation stage — students learned necessary vocabulary, grammar, and cultural
background information (fig. 2);

2. Performance stage — students acted out scenarios in pairs or groups with elements of
improvisation;

3. Reflection stage — participants discussed mistakes, analyzed communication strategies,
and received feedback from the teacher.

The implementation of role-playing in beginner Korean classes demonstrated significant
positive results. Students became more confident in speaking, showed less fear of making
mistakes, and communicated more spontaneously. The need to imitate real communication
encouraged more authentic pronunciation and intonation. In addition, students actively ex-
panded their vocabulary and grammar usage because language was learned in a meaningful
context rather than as isolated units.

The game-based format also increased motivation and interest in Korean culture, tradi-
tions, and social norms. The most effective activities were those involving a communicative
goal or problem-solving task, such as persuading a friend to attend a concert or successfully
purchasing a complex product. Reflection after each activity proved essential for consolidat-
ing both linguistic and cultural knowledge.

Thus, the cultural component of foreign language education plays a major role in students’
personal and communicative development. Role-playing serves as an effective tool for integrat-
ing language and culture in conditions close to real communication. It not only familiarizes stu-
dents with the target culture but also encourages comparison with their own cultural experience,
contributing to broader intercultural awareness and more effective language acquisition.
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Fig. 2. Student Association "School for future Generations"

project "Pedagogical circles: the Korean language", head

Polina Levadskaya; FEFU students play out role-playing
scenarios during the lessons of the circle
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KHJIP 1 A®PUKA B I'OJIbI XOJIOJHOM BOMHBI: UCTOKH CBJINKEHUS

M.M. I'aBpusioB

Bonzozcpaockuii zocyoapcmeennulii coyuanbHo-nedazozuuecKkuil ynueepcumem, Bonzozpao,
Poccus, montgoomeri@mail.ru

B crarpe anammsupyrorcs uctoku commkenus KHJIP co ctpanamu Adpuku B mepruon
XOJIONHOW BOWHBI. BBIIENSIOTCS YeThipe KIFOYEBBIX (hakTopa: JUIioMarhdeckas 0opbda c
HOxHoit Kopeeit, uneonorus ayuxe, nuunsie cBsizn Kum Mp Cena u mparmaTtudeckue cooo-
pakeHus! BBDKUBAHUS PEXAMA.

[IpuurHbI 1 IPENNOCHIIKN «oOpaeHus» [IxeHbsiHa K ahpUKaHCKOMY MaTepUKy KpaiHe
oOmuMpHEL U pa3HooOpa3Hel. Cpear HUX MOXKHO BBIACTHTH KakK MparMaTudecKue, BIIOJHE
BITMCHIBAIOIIHECS B KOHIEHITHIO «realpolitik», Tak ¥ yCIIOBHO HUACOTOTHICCKHES, KOPEHSIITH-
ecsl B IIPHUPOJIE CEBEPOKOPENCKOr0 TOCYJapCTBa, TOCHOJICTBYIONIEH TaM CHCTEMBI MHPOBO3-
3peHHs U AaKe TUYHOCTU €r0 OCHOBATeNsA. AHAJIN3 TOCTYIHBIX HCTOYHUKOB MTO3BOJISET BbI-
JeTUTh HECKOJbKO B3aMMOCBS3aHHBIX TPYNI NPHYUH, EHCTBOBABLIMX OIHOBPEMEHHO
¥ YCWJINBABIIHX APYyT apyra [1].

Hossie ucrounuku jgerutuMHocTu. [lo pesynapratam Kopelckoil BOMHBI MEXIyHApOI-
Hoe nonoxenue KH/IP onpenensiocs HaauureM 10KHOTO cocella, IPETEHAYIOIEro Ha cTa-
TyC €IMHCTBEHHOTO 3aKOHHOI'O IPaBUTENbCTBA Ha noiyoctpose. O6e Kopeu He nmenu mo-
crostaHoro WwieHcTBa B OOH. CoBeTcKo-KUTalCKUI pacKoil M COOBITHS «aBI'YCTOBCKOTO WH-
muneHTa» 1956 roma nocraBuim [IXeHBbsIH B CI0KHOE MOJIOKEHHE: HE00X0AUMO OBUIO Ja-
BUpoBaTh Mexay MockBoil u IlekunoMm. Kak ormeuaer Xémun YOHT, «COBETCKO-KUTAUCKHIA
packou moaToNKHy [IXeHbSH K HaJaKUBAHUIO cBs3el ¢ TpeThM MHPOM, BKiIroudas Adpu-
Ky, JuBepcu(UIpys NapTHEPOB 3a MpelesiaMi COLUAIMCTUYECKOTOo Oioka» [2, p. 246].
HoBble HezaBUCHMBIE rocyaapcTBa A(QPHUKH, YUCIO KOTOPHIX CTPEMUTENBHO POCIIO, Mpel-
CTaBJLSUIM COO0M 3HAYMTENbHBIN 010K TojocoB B OOH. /lumioMartnueckoe MPU3HAHHUE CO
CTOPOHBI ApPUKAHCKUX CTPaH CTAHOBHJIOCH BAYKHEHIIUM MHCTPYMEHTOM B OophOe 3a neru-
TUMHOCTh. Pe3ynbTaTel roiocoBaHui Mo Kopelickomy Bompocy B OOH B 1975 romy
HaIIIHO JNeMOHCTpUpYHoT ycmex lIxenpsna: m3 30 adpuxaHCKMX TrOCyIapcTB, MOIAEP-
YKABITUX PE30JIONUI0 KOMMyHHUCTHYeCcKoro 61oka, 30 mporonocoBanmu 3a moszunmio KHJIP
u tonbko 10 — 3a mozunuio FOxuoit Kopeu [2, p. 250]. Ha nuxe cBoero Bmustaus KHJIP
uMena qumiaoMaTndeckue otHomeHus ¢ 40 crpanamu Adpuku roxxHee Caxapsbl.

CymecTBoBany M UACHHBIE OCHOBAHUS AN MMOJNOOHBIX OTHOLIeHui. Vaeomormueckas
cocrapistomas BHemHer nmonutuku KH/P Oblia He mMpOCTO PUTOPUYECKUM IPUKPHITHEM,
a CTPOWHOW CHUCTEMOH B3IIANOB, TITYOOKO YKOpeHEHHOH B (minocodum dyuxe. YdeHHE
Yy4xe ¢ €ro TpeMs MPUHIHUIAMHI — IOJIUTHYECKasi CAMOCTOSTENbHOCTh, SKOHOMUYECKasl ca-
MOJIOCTaTOYHOCTh M BOEHHAs caMOO0OpOHa — Mpeayarajo pa3BUBAIOIIMMCA CTpaHaM Iie-
JIOCTHYIO MHUPOBO33PEHYECKYIO albTEPHATUBY KakK 3amaJHOMY KamuTaau3My, Tak U OpToO-
JIoKcaapbHOMY coBeTckoMy cormanm3My. Kum Wp Cen momuépkuBan: «Ecmu Adpuka He
cB0o0OO/Ha, TO A3us u JlaTuHCKas AMepuka Takke He MOTYT ObITh cBOOOIHBI» [1]. Uyuxe

152



HISTORY AND INTERDISCIPLINARY SCIENCES

BBICTyIIaJIa HE KaK rOTOBasi MOJEJNb JUId KOIMPOBAaHUS, a KaK MCTOYHUK BIOXHOBEHUS IS
MECTHBIX ITPOEKTOB PA3BUTHSI.

Hapsiny ¢ mparmMaTHYeCKUMHU M HIEOJOTHUYECKUMH COOOpaKEHHSIMH Ba)KHYIO POJIb
ceirpanu nuyHble cBsi3u Kum Hp Cena ¢ appuxaHckuMH peBOOLMOHepaMU. benmxaMun
SIHT BBIAENSET TPU IMOIMOHAIBHBIX KOMIIOHEHTA: BOCXHUIIIEHHE CEBEPOKOPEUCKONU Moje-
JBI0 PA3BUTHS, CTpax Iepe]l BHYTPeHHeW HecTaOWIbHOCThI0 U noBepue k Kum Up Ceny
KaK «JIpyry BO€HHOro BpeMeHn» [3]. LleHTpaabHBIM 3J€MEHTOM JHMYHON IUIIIOMAaTHUU
CTal¥ BU3UTHl appukaHckux juaepoB B IIxenssH — KBame Hxpymbr, Axmena Ceky Type,
Kennera Kaynner, Po6epra Myra6e. [locime Bu3ura B 1980 romy Myrabe, 1o CBUACTEh-
CTBY OYEBUJLEB, «BEPHYJICSA MOUYTH JIPYTUM UEIOBEKOM», BIIEUATIEHHBIN €IUHOBIACTHEM
U LIEHTpaIn3alueil ceBepokopeiickoit cuctemsl. Hanboiee npamaTHUHbII IpUMep — UCTO-
pUs CeMbH CBEPTHYTOTO IMpe3uacHTa OkBaTopuanbHOW ['BuHem ®panHcucko Macuaca
Hrewmsr: ero Tpoe neteit Obuin BociuTaHbl B [IXeHbsiHE, W OJTHA M3 HHUX I103)KE BCIIOMHUHA-
na: «Ecnu BeI cipocute MeHa o Kum HUp Cene-monurtuke, s IpOTUB HEro, HO €CJIU BBHI
crpocute o Kum Up Cene-otiie, s Bcerna Oyny OmaromapHa eMy 3a TO, YTO OH 3allyIal,
KOPMHJI ¥ y9rIT MeHs» [1].

Bnpouewm, cymiecTBoBaiy U WHBIE IparMaTudeckue coodpaxkenus. Ecmu B 1960-1970-e
TOJIBI CEBEpOKOpPEHCKas MONUTHKA B ApuUKe onpenesiach Mpexke BCEro HAeoI0TnIecKu-
MU U AWMJIOMaTHY€CKMMH MOTHBAMH, TO K KOHIIY XOJIOAHOM BOWHBI Ha NEPBBIN IUIaH BbI-
IIUTA TIparMaTHIeckKue cooOpakeHns BeDKUBaHMA pexkuMma. Pacrmram CCCP u mpekparieHue
COBETCKOW TIOMOIIM TOCTaBWJIM CEBEPOKOPEHCKYI0 IKOHOMHKY Ha TpaHb KaTacTpo(HI.
AdpukaHcKoe HampaBlIeHHE MPEBPATUIIOCH B OJWH M3 HEMHOTHX JOCTYMHBIX KaHAIOB TO-
Jy4YeHUs BATIOTHBIX nocTyruieHui. Toprosist Mexny Adpukoit u KHIP nocturna o6péMoB
100 MUJUIMOHOB JOJIJIAPOB, @ 3KCIOPT MOHYMEHTAIBHBIX COOPYKEHHH uepe3 KOMITaHUIO
Mansudae Overseas MPHHOCHI JONOTHATEIbHBIE TOXOMAHI [1].

Taxum o6pazom, uctoku commkenns KH/IP ¢ Adpuxoii nexxat B c10)XKHOM meperiere-
HUU TE€ONOJUTUYECKOT0 pacdyéra, UACOJOTUYECKON CONMIAPHOCTH, JMYHBIX CBSI3€d U B3a-
MMHOW MOTPeOHOCTH B BRDKMBaHUH. IMEHHO codeTaHue 3THX (PAKTOPOB 3AT0XKHUIIO OCHOBY
JUIl yOUBUTENBHO YCTOMYHMBBIX CEBEPOKOPEHCKO-apUKAHCKHX OTHOIIEHHI, KOTOpBIE CO-
XPaHWIUCh JaXe M0CJI€ OKOHYAHUS XOJIO0AHON BOMHBI.
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4, TaBpunoB Muxann MuxaiinoBud, pabotaio B 00JacTH MEXAYHAPOTHBIX OTHOIICHHH
U CHeuranu3upyloch Ha ucropun BHemHer nmonutukn KH/IP B Adpuke. SBasitoch cTyneH-
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TOM OakanaBpuara MHCTUTYTa UCTOPUYECKOIO U MTPABOBOTO 00pa3oBanus Bosrorpanckoro
TOCYapCTBEHHOTO COLHAIBHO-TIEJarOTHYecKoro yHuBepcuTeTa. OONMacTh MOWX HAyYHBIX
HMHTEPECOB BKJIIOUACT UCTOPHUIO XOJIOAHOHN BOWHBI, KOpPEEBEACHUE U aQPUKAHUCTHUKY.

NORTH KOREA AND AFRICA DURING THE COLD WAR
THE ORIGINS OF RAPPROCHEMENT

M.M. Gavrilov

Volgograd State Socio-Pedagogical University, Volgograd, Russia,
montgoomeri@mail.ru

The diplomatic context and the struggle for legitimacy.After the Korean War and the Si-
no-Soviet split, the DPRK found itself in diplomatic isolation. Africa, where the number of
newly independent states was rapidly growing, became a source of international recognition
and voices in the United Nations for Pyongyang. By 1980, North Korea had established dip-
lomatic relations with 40 countries on the continent, surpassing South Korea.

The ideological appeal of Juche. The state ideology of the DPRK, Juche, emphasized
independence, anti—imperialism and self-reliance. These ideas proved to be in tune with
African leaders who sought to distance themselves from both Western and Soviet influence.
Juche was perceived not as someone else's doctrine, but as a methodology for developing its
own development model.

Personal and pragmatic factors. Kim Il Sung, who went through a guerrilla struggle
against Japanese colonialism, built personal trusting relationships with African revolutionar-
ies (Nkrumah, Sekou Toure, Mugabe). Later, with the onset of the economic crisis in the
DPRK, Africa became an important source of foreign exchange earnings through the arms
trade and the export of monumental structures. The combination of ideological solidarity,
personal ties, and mutual benefit has ensured the sustainability of the North Korean-African
partnership for decades.
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MPOBJIEMA PEITAPAIIAI KOPEHCKUM «KEHIIUHAM JIJISI YTEIIEHWS»
B KOHTEKCTE COBPEMEHHBIX JEJ O CEKCYAJIBHOM HACUJIUU !

A.I'. lanueasiH

Bonzozpaockuii zocyoapcmeennulii coyuanbHo - nedazozuieckuil ynugepcumem, Bonzozpao,
Poccus, danielan.alina876(@gmail.com

B crathe aHanu3upyercs mpobiieMa penapaiuii KOpEeHCKUM <«OKCHIUHAM [Tl yTelle-
Hus». [loka3aHo, 4TO BCe MUINIOMATHYECKUE COTJIANICHHS WTHOPUPOBAIM WHTEPECHI I10-
CTpaNaBIINX, W JIUIIH Tepexo OophOBI B HamHOHANBbHBIE cyabsl FOxHoi Kopew mpuBén
K TPOPBIBY IMPHHIMIA TOCYIApCTBEHHOTO MMMYyHHUTeTa. OJHAKO OTCYTCTBHE KOHCEHCYcCa
B OOH 1o onpeaeneHno CEKCyaabHOTO HACHIUS B KOH(IIMKTAX | 10 OaJaHCy MEKIY CyBe-
PCHUTETOM U MEXKIYHAPOIHBIMH MEXaHM3MaMH MPEMATCTBYET OKOHYATEIHHOMY BOCCTa-
HOBJICHUIO CIIPABEJIMBOCTH.

CekcyanpHOE HACWJIME B BOSHHBIX KOH(IWUKTAX JIOJITOE BPEMsI OCTaBAIOCh «HEBUIH-
MBIM» TIPECTYTIUICHHEM TSI MEKAYHApPOAHOTO TpaBocyaus. 1log BeIpakeHUEM <OKEHIIUHBI
JUTSL YTEIIEHUsD CKPBIBAETCSI CHCTEMa MAcCOBOI CEKCyalIbHOM dKCIUTyaTalluy JKEeHIIUH, Op-
ranusoBaHHas MmnepaTtopckoi apmueit Snonnn B 1930-1940-x rogax. IlepBrie «cTaHImu
YTEILIEHUs» MOSBUIUCH 0Koslo 1932 roga, a cam TepmuH 3akpenuics K 1939 roay. Co3na-
HUE BOEHHBIX Oopesneil mpecieoBago NpakTHYecKHe eI CHU3UTh KOJUIEeCTBO BEeHEPH-
YeCKHUX 3a00JI€BaHUI Cpeay CONAaT M MPEAOTBPATHTh CTUXMHHBIE M3HACUIIOBAHUS TPaX-
nMaHckoro HaceneHUs. OHAKO Ha MPAKTUKE TH YUPEKACHUS MPEBPATUIINCH B HHCTPYMEHT
CHCTEMAaTHIECKOTO CEKCyaTbHOTO padcTBa. JKeHIIUH BepOOBaIM ¢ TIOMOIIBIO 0OOMaHa, 3aIry-
TMBaHUS, MaHUMYJSAIUN ¥ npsMmbix moxumieHuid [1]. [ocneanee oOCTOSATENHCTBO UMETO
pelaroliee IOpUANYECKOE 3HAUEHHE: HACHIIBCTBEHHOE IEpPEMEIICHHE KEPTB BBIBOAMIO
MPECTYIUIEHHUS] 32 PaMKH OTIENbHBIX COJIJATCKUX 3KCIIECCOB W TMPHAABAJIO MM TOCYyIap-
CTBEHHBIN MacITal, 4To, 0JTHAKO, OCIAPHUBAIOCH TOKHO HA TPOTSHKECHUH JECATHIICTHIA.

HecmoTpst Ha mMacmTaObl — 10 pa3HBIM OLIEHKAM, Yepe3 «CTAHIMU YTEICHHSD MPOILLIO
1o 200 000 >xeHmuH, mpuaéM oxono 80 % U3 HUX OBUTH STHHYECKUMHU KOpesHKaMu — Mex-
IyHapoOHBIA BoeHHBIH TpuOyHan (Tokwiickuii mpomece, 1946—1948) npakTHdecKy MOTHO-
CTBIO IPOUTHOPHUPOBAII ATY KAaTErOpHUIO NpecTymiaeHnid. CucTeMaTnyeckue M3HaCHIIOBaHMUs,

! PaGora BemonHeHa mox pykoBoacteoM M.K. Kuma, kanaumara MCTOPHYIECKUX HAyK, JOIEHTA
Kadeapsl BceoOIeld NCTOPUU U METOUKH TIPeTiojaBaHusl HCTOpUH U obmmectBoBeneHuss @PI'6OY BO
«BI'CITY», e-mail: kokes@mail.ru

155



HNCTOPUSA 1 OBIIECTBEHHBIE HAYKUN

CeKCyanbHOe PaOCTBO M NPUHYIHWTENbHAs MPOCTUTYLHA HE ObUIM BKIIOYEHBI B OOBHHU-
TEThHOE 3aKII0YeHHE KaK OTIENIbHBIE BOSHHBIC MPECTYIUICHHUS WM MPECTYIUICHHUS TPOTHB
gyenoBeyHocTH [1]. DTOT mpaBoBOi BakyyM, BO3HUKIIMM B caMOM Hauaje IOCIEBOESHHOTO
YperyJMpoBaHus, MPeIoNpeaeul MHOTOJIETHIOI O0ph0y BBDKMBIIMX 3a MPU3HAHHE U pe-
napanuy.

IlepBas ropuamdeckas mperpaaa Ha IMyTH K permapaiiasM ctai JJoroop 1965 roma mex-
ny Snonweii u Pecybnukoit Kopesi, KOTOpbIi 00BSABHI BCe MPETEH3MH MEXKAY rocynap-
CTBAaMH ¥ WX TPaXXIaHAMH, BBHITEKAIONINE U3 KOJOHHUAIHHOTO MPOILIOTO, CYUTAThH «IIOJHO-
CTBIO M OKOHYATEIIFHO YPEerylnpOBaHHBIMINY. DaKTHUECKH, JaHHBIN JOTOBOP aHHYIHMPOBAI
BCE€ WHIMBHUAyaJIbHBIE MPETEH3MH CO CTOPOHBI KOpEHIEeB, YTO O3HA4yallo, YTO OBIBIINE
(CKSHILMHBI JJIsl YTeIIeHNsD Ha AECATHICTHS JIMILAIUCH KaKOKH-T00 MpaBOBOI BO3MOXKHO-
CTH TpeboBaTh KOMIIEHCANX Yepe3 cysl [1]. SmoHcKkoe mpaBUTENECTBO BIOCIEICTBUH CH-
CcTeMaTH4YecKH OyJeT CChUIAThCS Ha JaHHBIA TOTOBOP M HUCIOJIB30BaTh KaK LIUT MIPOTHB 00-
BUHEHUH B CEKCYalbHOM PadCTBe.

BaxkHO OTMETHTH, YTO TPAIWUIIMOHHBIE IEHHOCTH KOPEHCKOTO OOIIECTBA IOJTOE BpeMs
MIPETSATCTBOBAIA TOMY, YTOOBI caM (haKT MOJO0HOM TPpaBMBI OB OCBEMIEH U MpopaboTaH B
MyOJIMYHOM MPOCTPAHCTBE. BRUKUBIINE KEHIIMHBI TOABEPTATUCH TUCKPUMHUHALINN U OCYXK-
JICHUIO BHYTPH CBOEW CTPaHbI, MHOTHE HE MOTJIM BBIUTH 3aMy’K MJIM CTAHOBWJINCH BTOPBIMH
)E€HaMH, JacTh KOHYANA >KH3HL camoyomiicTBoM. Jlo 1980-x romoB 3Ta Tema ocTaBaiach
3anperieHHoN. [lepBrie MyONUYHBIE CBUAETENHCTBA MOSBIINCH JIUIIL B KOoHIE 1980-x —
Havazne 1990-x romos: B 1991 rogy xopesnka Kum Xak CyH BBICTyNWIa ¢ UCTOPHEH U ITO-
Jlayia B Cy/I Ha SMTOHCKOE MPABUTENHCTBO, YTO MOJIOXKUIIO HAYAJIO «3Pe CBUAETEIhCKIX MOKa-
3aHui». OAHAKO MpeaHnue TIACHOCTH UCTOPHUI «OKEHIINH Ul yTEUIeHUS» CTajo IS F0XK-
HOKOPEHCKOTo 00IIECTBa KyIbTYpHOH TPaBMOii, TaKk KaKk OHO OBIJIO HE TOTOBO YCJBILIATH 00
5TOM. JKEeHIIMHAM MPUIIIOCh OTCTanBaTh CBOE MPaBO OBITH YCIBIIIIAHHBIMH, M MTOCTEIIEHHO
nx O60oppba MpeBpaTWiIachk B BAXKHYIO 4acTh HAIIMOHANBHOW wmiaeHTHYHOocTH Kopew, a camu
JKEHIIIMHBI — B CHMBOJI KOJIOHUATLHOTO TPOILIOTO [2].

B 1996 rony 6bu1 cozman AsuaTckuii skeHCKHi (ona. Mexanusm (oHIa mpeanosaran
cOOp YacCTHBIX MOXEPTBOBAHHH OT TpakIaH SIMOHWM W IMOCIEIYIONIyI0 BHIIIIATY «B Kade-
CTBE JKECTa MCKPEHHETO pacKasHUs» OBIBIINM <OKEHIIMHAM It yTemeHus». OHako ¢ ca-
MOTO Hayaja 3Ta CXeMa BbI3Balla OCTPYIO KPHUTUKY. BbIIaTel KBann(UIMPOBAIUCh KaK
«TyMaHHTapHas MIOMOIIbY, a He Kak penapamnuu [2]. HpiMu cnoBamu, yuacTtre B hoHIE HE
03HAYaJ0 MPSMOTO MPU3HAHKS IOPUINIECKOH OTBETCTBEHHOCTH SMOHCKOTO MTPABUTEIHCTBRA.
Tako# 1oAXo0J BOCHPUHHUMACS XEPTBAMHU M FO’KHOKOPEHCKON OOIECTBEHHOCTBIO KaK II0-
MBITKA «OTKYIMUTHCS» 0€3 MOKasHMUS.

OO0mIeil gepToi BcexX MPEABIAYINX MEXaHH3MOB — OT JoroBopa 1965 roma mo Asmart-
CKOT'0 KEHCKOTO (oHAa — ObUI0 UTHOPHPOBAaHME MHEHHUS CaMUX TOCTPAIABIIMX. DTa XKe
JIOTHKA TOCYNAPCTBEHHOTO MaTepHATN3MA, KOTIa «B3POCIbIE» TUILIOMATHl PELIAlOT CyIbObI
«HEYHOOHBIX» JKEPTB, JIETJIa B OCHOBY U CJIEIYIOIIEH MOMBITKA — IBYCTOPOHHETO COTJIaIle-
Hus Mmexay Snonueit u FOxuoi Kopeeit ot 28 nexadps 2015 roaa. Tokuo B odepenHoii pa3
BBIpa3WJl COXKaJleHHE W 00s3aics MpedoCTaBUTh | MWIMapA WeH (Ha TeKyLIMH MOMEHT
0K0JI0 6,3 MHJUTHOHA JIOJUTAPOB) B CIieUANbHEIN DOH[ MPUMHUpPEHUs U ucleneHus. B cos-
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MECTHOM 3asIBJICHUU OBLIO MPSIMO YKa3aHO, YTO «3TOT BOMPOC PEHIEH OKOHYATEIBHO U Oec-
MTOBOPOTHO», & CTOPOHBI 00S3aJTUCh BO3JIEPIKUBATHCS OT B3aUMHBIX OOBHHEHUI 1O TaHHOU
TeMe Ha MEeXIyHapoaHoi apeHe. OIHAKO COTJIAIICHIE BHOBE OBLIO 3aKII0YEHO 0€3 yJacTHs
CaMUX KEPTB, a BHIILIATH BHOBb HOCHJIM XapakTep TYMaHUTApHOU MOMOIIH, a HE I0pUanYe-
CKHX KOMITeHcalwii [2]. BeIBIINE «OKEHIIWH IS YTEHICHUs» TPeOOBaIN HE JEHEXHBIX I10-
JladeK, a MPSMOTO MPHU3HAHKS TOCYAapCTBEHHON OTBETCTBEHHOCTH, O(HITHABHBIX U3BHHE-
HUN Ha ypOBHE MapjaMEHTa W BKJIFOYCHHUS IMPaBABl O CEKCYyaJlbHOM paOCTBE B IIKOJHHBIC
yueOHUKH. B utore cornmamenue 2015 roga He MOCTaBUIIO TOYKY B CHOPE, a JHUIIb 000CTPH-
JI0 MEXKYJIBTYPHBIE IIPOTUBOPEHUHISL.

HNMeHHO 3Ta HECMOCOOHOCTH MOJIUTHYECCKHMX MEXaHU3MOB JaTh YIOBIETBOPECHHE IIO-
CTpajJaBIIUM U MPHUBEIIA K TOMY, 4YTO OOph0a 3a penapaiuu nepeMecTiiIach Ha TEPPUTOPHUIO
HAI[MOHAIBHBIX CYZOB. 3a MOCTeIHNE TOIbI I0)KHOKOPEHCKHE CyIbl COBEPIIHIIN HACTOSIIIHN
MEePEBOPOT B MPUHIIUIIE TOCYIAPCTBEHHOTO WMMYHUTETa, MHOTOKPATHO BBIHOCS PEIICHUS,
o0s3pIBatole SIMOHUIO BBHIMIATHTH KOMIICHCAIIUU JKEPTBAM CEKCyallbHOTO pabcTBa. B sH-
Bape 2021 roma CeynbCKui LEHTpPaJbHBIM palOHHBIA CyHd BIIEPBBIE YIOBIETBOPHI HCK
12 OBIBIINX «OKEHIIWH JJI YTEIICHHUI», 0053aB SIMOHNI0 BRIIIATUTE Kakmou mo 100 mumH
BOH, OJIHAKO B ampelie TOrO >K€ rojia IPYrol CoCcTaB CyJa OTKIOHWJ aHAJIOTHYHBIA HCK
20 >kepTB, COCNABIINCH Ha CyBepeHHBbIH nMMyHuTeT Amonnn. B Hos0pe 2023 roma Ceyib-
CKUI BEPXOBHBIN CyJl OTMEHWJI 3TO PEIICHUE U MOCTAaHOBWI BHIIIATUTH 200 MIIH BOH KaX-
noit u3 16 uctui; Tokuo, 3aBUB, YTO pellIeHHe «KpaiiHe MPUCKOPOHO U aOCONIOTHO HETpH-
eMJIEMO», OTKa3aJiCcsl OT ameJULSIUU, HO BBIILIATH He mpoussen [3]. B ampene 2025 roma
Oxkpy>xHO# cyZ UXOH)KY BHOBB MTPH3HAI MMPABUTEIHCTBO SIMOHWN OTBETCTBEHHBIM, 0053aB
ero BeITUIATHTH 110 200 MITH BOH HACIICTHUIIE TTOTHOIICH KEPTBHIL.

[IpoGiema penapaiuii KOPEHCKUM <OKCHIIIMHAM JUJIsl YTEIICHUS» HANPSMYIO CBs3aHa
¢ (yHIaMeHTabHBIMU MTPOTHUBOPEYHAMH, KOTOpBIe TocynapcrBa-aiersl OOH nemMoHCTpH-
PYIOT Tpu OOCYXIEHHH CEKCYalIbHOTO HACHIIHMS B YCIOBHUSX BOOPYXEHHOTO KOH(IMKTA.
OTCyTCTBHE €IUHOTO OMPEICICHHSI dTOTO SIBICHUS (OT «OpPYAHsSI BOMHBDY NI0 «BOCHHOIO
MPECTYIJICHUS) WU CIEICTBUS TEHACPHOTO HEPABEHCTBA) MPUBOIUT K PACXOXKICHUIO
B BBIOOpE MHCTPYMEHTOB NPOTHBOJEHCTBHA. B cilydae ¢ «OKeHIIWHAME ISl YTEIICHHSD
SITIOHCKAsi CTOPOHA HACTaWBaeT Ha TPAaKTOBKE, CBOSIICH MpobieMy K «OOIIEyTOJIOBHBEIM
MPECTYIUICHUSIM» M CChIIAeTCs Ha JABYCTOpOoHHME cornarieHus (1965 u 2015 roxos), Torna
KaK I0HOKOpEWCKHEe CyJbl U TMPaBO3alIMTHUKHA KBanmuduuoupyrot neiicteus Mmmepatop-
CKOH apMH{ KaK BOEHHBIE MIPECTYIUICHUS U MPECTYIUICHUS TPOTUB YEIIOBEYHOCTH, YTO Tpe-
OyeT IpsAMBIX penapanuii 1 oUIMATFHOTO MPU3HAHKUS OTBETCTBEHHOCTH [4].

KitoueBsIM ocTaeTcst BOpOC 0 TOM, Ha KaKOM YPOBHE JTOJKHBI PEeaTH30BBIBATHCS MEPHI
MPOTUBOJICHCTBYSI - HAIIMOHAILHOM WJIH TJI00adhbHOM. bonmbmmHCTBO cTpaH, BKiIrodas Poc-
cuto u Kutall, HacTauBaroT Ha BeAyIIEH poJM rocylapcTBa B UCKOPEHEHUHU CEKCYaTbHOIO
HaCWJINS W YKPEIUICHHH COOCTBEHHOTO 3aKOHONATEIhCTBA, TOTMA Kak Apyras rpymma (I'ep-
manus, Kanana, Upnanaws, bensrus u ap.) BeICTynaer 3a yCuiieHHE MEXTyHapOIHBIX Me-
XaHU3MOB, BKJIIOYAsl CAHKI[MOHHBIC CIHCKU M pacIIMpeHHe monHoMounit CreunnpencraBu-
tenst OOH [4]. [IpuMEeHUTENBHO K «OKSHIMHAM [JIS YTEUICHUS» STO BBUIUBACTCS B KOH-
(GIUKT MEXAy MPUHIUIIOM TOCYAapCTBEHHOTO MMMYHHUTETa, Ha KOTOPOM HacTamBaeT Smo-
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HUSI, 1 MHAMBHUIYAJIbHBIM IPAaBOM Ha CIPaBEIUIMBOE BO3MELICHHE, KOTOPOE IOKHOKOpEii-
CKHe CyZbl BCE yalle Npu3HaroT npruoputeTHeM (permenus 2021, 2023 u 2025 rogos). Cre-
JloBaTeIbHO, O0pb0a KOPEHCKUX JKEHIIMH 3a pernapanvdyd oOHakaeT TIyOHMHHBINH KpHU3HC
BHYTpu OOH: mmoka rocynapcTBa He yCTPaHST 3TU KOHLENTYaJIbHbIE PACXOXKICHUS, TH00bIe
JUIJIOMaTHYECKHUE COTJIalleHHs1 OyAyT TPaBMHUPOBATH JKEPTB, & HE BOCCTAHABIUBATH CIpa-
BEJIMBOCTb.

OmnbIT KOpeP'ICKI/IX (OKCHIIHWH JJId YTCIICHUA» ACMOHCTPUPYECT, UYTO MHOTOJICTHAA U30JIA-
sl TPOOJIEMBI CEKCYaJIBHOTO HACUIIMS B MEXIyHApOAHOM IOBECTKE HANPSIMYIO CBS3aHA HE
TOJIBKO C TMPABOBBIMU NPOOETaMHu, HO U C KyJbTYPHBIM HENPHUITHEM T'OBOPHUTH O TPaBME,
a TaKKe C MPUOPHUTETOM TOCYAapCTBEHHBIX WHTEPECOB HaJ MpaBaMHU KOHKPETHBIX JIOJEH.
Bce MMPpEANPUHUMABIIUCCA JUITIIOMAaTUYCCKUE Iaru HCU3MEHHO OKa3bIBAJINCh HeB(b(i)eKTI/IB-
HBIMH MIMEHHO HU3-3a OTCYTCTBUS I'0JIOCA CAMUX XXEPTB B IIeperoBopHoM mnpouecce. [loBopor
K HaIlMOHAJIbHBIM CyAE€OHBIM WHCTAHIMAM, XOTS U Aajl CHMBOJHYECKUE U IOPHINYECKHUE T10-
Oenpl, OOHAXKMI Mpeebl HAMOHAIBHOTO TPaBOCY Ul B OTHOLICHUSX MEXAY CYBEpEHHBI-
MU rocyjapcrsamu. VICTUHHOE yperyiaupoBaHUE BO3MOKHO JIMIIB TOIZA, KOIAa MEXIyHa-
pPOIHOE COOOIIECTBO BHIPAOOTAET €AMHBIC CTAHIAPTH KBATH(HUKAIINNA CEKCYaThLHOTO HACH-
TS KaK BOGHHOT'O MPECTYIJICHUS, a TOCYyAapcTBa MEPECTaHyT UCIOIb30BaTh NPUHLUI UM-
MYHHUTETa U1 YXOAa OT OTBETCTBEHHOCTH. [loKka e UCTOpHS (OKEHIIUH AJS YTELICHUS»
0OCTa€TcA HE TOJIbKO HEe3aKUBAIOIIENH paHON KOPEUCKO-STTOHCKUX OTHOLIEHUH, HO U TPEBOX-
HBIM MHAWKAaTOPOM CHCTEMHOTO OecCHIIMs TI00aJbHBIX WHCTUTYTOB IEpE] JIMIOM Macco-
BBIX CEKCyaJIbHBIX MPECTYIUICHUH.

CIIMCOK JIMTEPATYPbI

1. Auronsin K.I'., Camxuesa A.B. TIpoGiemMa 10KHOKOPEHCKHUX OKEHIIMH ISl yTEUICHUsD KaK
MapKep MEeKKYIbTYPHBIX TpoTHBOpeunii // JKypHan HHTErpaTuBHBIX MCCIEI0BaHUH KyIbTyphl. 2025.
Ne 1. — URL: https://cyberleninka.ru/article/n/problema-yuzhnokoreyskih-zhenschin-dlya-utesheniya-
kak-marker-mezhkulturnyh-protivorechiy

2.Uctomuna A.JI. CoxmepkaHue, aHalW3 WU POJIb FOKHOKOPEHCKO-SITOHCKOTO COTJIAIECHUS O
«okeHumHax aist yreuenusi» 2015 roga // Kopeeenenue B Poccuu: HanpasieHue u pazsutue. 2023.
Ne 2. — URL: https://cyberleninka.ru/article/n/soderzhanie-analiz-i-rol-yuzhnokoreysko-yaponskogo-
soglasheniya-o-zhenschinah-dlya-utesheniya-2015-goda

3. Anemnsiumonnblil cyn FOxxnodt Kopen momnepkan mperensuto k Slnonum // Poccuiickas
BecHa. — 2023. — 23 Hos0ps. — URL: https://rossaprimavera.ru/news/af6df287

4. MycunoBa 1.A., I'pakoBa 10.B. Ponp HenpaBUTENbCTBEHHBIX OpraHM3alUil B PEIIEHUH IIPO-
6nembl «CTaHIMI yTEeHNIEHUs)» Ha MpUMeEpe KOPEHCKOro coBeTa IO JAeaM >KEHIHMH, NPHUBICYEHHBIX
SnoHnen K cekcyarpbHOMY paOcTBY B BoeHHOE BpeMs // Modern oriental studies. 2020. Ne 1. — URL:
https://cyberleninka.ru/article/n/rol-nepravitelstvennyh-organizatsiy-v-reshenii-problemy-stantsiy-
utesheniya-na-primere-koreyskogo-soveta-po-delam-zhenschin

BUOTI'PAD®USA

S, Nanumenssa AnunHa ["aiikoBHa, paboTaro B 001acTH OOIIECTBEHHBIX HAYK W CIICIIHAIIH-
3UPYIOCh Ha UCTOPUH, apXEOJIOTUU U KopeeBeaeHuu. SIBistock cryneaToM (MHCTHTYT HCTO-
pHUECKOTO W TPaBOBOro oOpas3oBaHMsi) B BosrorpalckoM rocyJapcTBEHHOM COLUANBHO-
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nenarornueckoM ynusepcurere (r. Bosrorpan). bakamasp (oOydarock Mo HarpaBieHHIO
«[legarornyeckoe oOpa3zoBaHue ¢ AByMs NMpodMIsIMU MOATOTOBKH «McTopusy, «IIpaBo»»)
¢ 2022 roma. OOnacTh MOMX HAy4YHBIX HHTEPECOB BKIIOYAET: HCTOPHUSA, apXEOJIOTHS
(ocobenno apxeonorust Kopen u HoBble TexHonoruu - LIDAR, 3D-ckaanpoBanue), Kopee-
BEZCHHE.

THE PROBLEM OF REPARATIONS TO KOREAN «COMFORT WOMEN»
IN THE CONTEXT OF CONTEMPORARY SEXUAL VIOLENCE CASES

A.G. Danielyan

Volgograd State Social and Pedagogical University, Volgograd, Russia,
danielan.alina876@gmail.com

This article analyzes the issue of reparations to Korean «comfort women». It demon-
strates that diplomatic agreements ignored the interests of the victims, and only the transi-
tion of the case to the national courts of South Korea led to a breakthrough in the principle
of state immunity. However, the lack of consensus within the UN on the definition of sexual
violence in conflicts and the balance between sovereignty and international mechanisms
hinders the final restoration of justice.

Sexual violence in military conflicts has long remained an «invisible» crime. The term
«comfort women» conceals a system of mass sexual exploitation organized by the Imperial
Japanese Army in the 1930s and 1940s. Women were recruited through deception and ab-
duction. Up to 200,000 women passed through the «comfort stationsy», approximately 80%
of them ethnic Koreans. The International Military Tribunal (Tokyo Trials, 1946—1948)
almost completely ignored these crimes.

The first legal obstacle was the 1965 Treaty between Japan and the Republic of Korea,
which declared all claims «completely and finally settled», thus nullifying the individual
claims of the victims. The topic remained taboo until the 1980s; in 1991, Kim Hak-soon
spoke publicly for the first time and filed a lawsuit against the Japanese government.
In 1996, the Asian Women's Fund was established, but payments were classified as "huma-
nitarian aid" rather than reparations.

The December 28, 2015, agreement between Japan and South Korea was again conclud-
ed without the participation of the victims. Tokyo expressed regret and allocated 1 billion
yen to the Reconciliation Fund, but the payments were again in the nature of assistance ra-
ther than legal compensation. The victims demanded direct recognition of state responsibil-
ity and an official apology.

The failure of political mechanisms led to the struggle shifting to national courts.
In January 2021, the Seoul Central District Court ordered Japan to pay compensation for the
first time, but a different panel rejected the claim, citing sovereign immunity. In November
2023, the Seoul Supreme Court overturned this decision and ordered 200 million won to
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each of the 16 plaintiffs; Tokyo dropped its appeal but made no payments. In April 2025,
the Cheongju District Court again found Japan liable.

The issue of reparations is linked to disagreements within the UN: there is no uniform
definition of sexual violence in conflict. Japan insists on defining the crime as «ordinary
crimes» and cites bilateral agreements, while South Korean courts classify the actions of the
Imperial Army as war crimes and crimes against humanity. Most countries insist on the
leading role of the state in countering it, while others advocate for stronger international
mechanisms. The «comfort women» struggle exposes the crisis of the UN: until states re-
solve conceptual differences, diplomatic agreements will continue to traumatize victims.

The experience of Korean women demonstrates that the long-standing isolation of the
issue is due to a cultural aversion to discussing trauma and the prioritization of state inter-
ests over human rights. The shift to national courts has yielded symbolic victories, but has
exposed the limits of national justice. A true resolution is only possible with the develop-
ment of uniform standards for classifying sexual violence as a war crime and states refrain-
ing from using immunity to evade responsibility.

REFERENCE

1. Antonyan K.G., Sanzhieva A.V. The Problem of South Korean "Comfort Women" as a Marker
of Intercultural Contradictions // Journal of Integrative Cultural Studies. 2025. No. 1. — URL:
https://cyberleninka.ru/article/n/problema-yuzhnokoreyskih-zhenschin-dlya-utesheniya-kak-marker-
mezhkulturnyh-protivorechiy

2. Istomina A.L. Content, Analysis, and Role of the 2015 South Korean-Japanese Agreement on
"Comfort Women" // Korean Studies in Russia: Direction and Development. 2023. No. 2. — URL:
https://cyberleninka.ru/article/n/soderzhanie-analiz-i-rol-yuzhnokoreysko-yaponskogo-soglasheniya-
o-zhenschinah-dlya-utesheniya-2015-goda

3. South Korean Appeals Court Upholds Claim against Japan // Rossiyskaya Vesna. — 2023. —
November 23. — URL: https://rossaprimavera.ru/news/af6df287

4. Musinova [.A., Grakova Yu.V. “The Role of Non-Governmental Organizations in Resolving
the Problem of “Comfort Stations”: The Case of the Korean Council for Women Forced into Wartime
Sexual Slavery by Japan” // Modern Oriental Studies. 2020. No. 1. — URL: https://cyberleninka.ru/
article/n/rol-nepravitelstvennyh-organizatsiy-v-reshenii-problemy-stantsiy-utesheniya-na-primere-
koreyskogo-soveta-po-delam-zhenschin

BIOGRAPHY

I, Alina Gaykovna Danielyan, work in the social sciences and specialize in history,
archeology, and Korean studies. I am a student (Institute of Historical and Legal Education)
at the Volgograd State Social and Pedagogical University (Volgograd). I have a bachelor's
degree (studying in "Pedagogical Education with two training programs: History and Law")
since 2022. My research interests include history, archeology (especially Korean archeology
and new technologies — LIDAR, 3D scanning), and Korean studies.

160



HISTORY AND INTERDISCIPLINARY SCIENCES

BJIMSIHUE COIIAAJIBHO-KYJIbTYPHBIX ®JIYKTYAIIMI HA U3SMEHEHUE
JEMOI'PA®UU U 9THUYECKOI'O CAMOCO3HAHUSA KOPEULIEB
KA3AXCTAHA U POCCHUH

Kum En Cyn

K.9.H, He3agucumolii ucciedosamens, Fcno-Caxanunck,
kim.sofja2011@yandex.ru

[IpoBeneHO nccnenoBaHrE PE3yNbTAaTOB BIMSHUS COLMOKYJIBTYPHBIX (IIyKTyaluid Ha
COLMANIbHBIN ¥ STHUYECKUN MHTErpaTU3Mbl, ONPEAEIUBIINE B JaJbHEHIIEM OTHOLICHUE IT-
HU4eckux kopeineB Poccun u Kazaxcrana k mepcrekTuBaM caMOpa3BUTHUS Yepe3 AeMorpa-
(U0 ¥ OTHOIICHUIO K POJHOMY SI3BIKY.

Beenenne. Kopeiinsl Kazaxcrana u Poccun, panee xuBlivMe B €JUHOM MOJIUTHYECKOM
Y SKOHOMHUYECKOM IMPOCTpaHCTBe, MMeHyeMbIM CoBeTckuM COI030M W BIUTABIIHE B ceOs
YCTaHOBKH MEXHAIIMOHAIFHBIX KOMMYHHUKAIUI C OJHON CTOPOHBI HHTEPHALIMOHAIN3MA, a C
JIPYrof — HaIlMOHAJIBHON HEepapXuH, CEroaHs yKe (GOPMHUPYIOT CBOM YCTAHOBKH IO3HIIAO-
HUPOBAHUS U Pa3BUTHs, OTIIMYHBIE JPYT OT JAPYyTa U MPOSBISIONINECS B KYJIbType, BUICHUU
Oymyiero, conpanbHONW akTUBHOCTU. Kopelickue oOIMHBI IBYX CTpaH MPOILUIN Yepe3 Io-
YTH OJIMHAKOBBIE MTEPHOABI KPU3UCOB, HO B OTIUYAIONIUXCS, OCOOEHHO B TIOCJEIHEE BPEMS,
YCJIOBUSIX HAIIMOHAIBHBIX TOMUTHK. VIMess MOUTHBIN IICHTP MPUTSDKEHUS B BUJIC UCTOPHYEC-
ckoit ponuubl PecrryOnmku Kopesi, yxke cerogHs OHH CMOTIIM BBICTPOUTH CBOKO CHCTEMY
WUACHTUIHOCTH, B OPOUTY KOTOPOW BOHMPAIOTCS MHOKECTBO MCTOPHYECKHX M KYJIBTYPHBIX
MOMEHTOB. [laHHOE MccienoBaHne HAMIPABICHO Ha MOJyYeHHE OTBETa Ha BOMPOC: «Y KOTo
13 HUX €CTh OOJIBIIIE MEPCIIEKTUB CO3/1aTh CBOK IMBUIN3AI[MOHHYI0 KOMIIOHCHTY 7)»

TeopeTnueckue 0CHOBBI HCcaen0BaHusA. VcciienoBanuss OCHOBaHBI Ha YTBEPIKICHUN
C. Xarrunarrona, @.DykysMbl O BISTHUAM MACIITAOHBIX TMOJUTHYECKHUX, COIHATBHBIX
CIIBUTOB Ha POCT MHTEpPEca OTACIbHBIX 3THOCOB K CBOEH MACHTUYHOCTH, MEXaHU3MaM Iie-
penadd Tpaiauiii U BBICTpaWBaHHE CONMANBHBIX CBsi3el. VX TpakTOBaHWS CTAHOBSATCS
0oJiee TMOHSTHBI, €CTH OOPATHTHCSA K 3aKOHY conHMaibHOro mpoctpancta I1. CopokuHa.
OH yTBepxkaan, 4yTo 3PQPeKTs COMUANBLHOTO OeICTBUS HE WACHTUYHEI, 00Jee TOTo, 4acTo
IPOTUBOIOJIOKHBI JUTS PA3INYHBIX HHIMBUIOB U Tpymi obuiectsa [1]% TIpuause! npoTu-
BOTIONOXHOTO 3(deKxTa 060CHOBAN Uepe3 KauecTBO MHTerpathsmMa B.A. Durensrapar [2]°.
UccnenoBanusi STHOTEHE3WCa, CTAHOBIICHUS W MajeHus nupmim3anuii A. ToitHOu ompene-
JISTFOT TIEPCIICKTUBBI IUBUIIM30BAHHOTO OYyIYIET0 3THOCA M0 UHTEHCHBHOCTH U BEKTOPHOCTH

2 Mangone E. Pitirim Sorokin’s Ground-breaking Research in Peaceful Life Order and Revival of
Humanity // Chelovek. Kul'tura. Obrazovanie = Human. Culture. Education. 2022; 2:10-31
(In Russ.). https://doi.org/ 10.34130/2233- 1277-2022-2-10.

3 Durensrapar B.A. MHTerparusm — myTh OT IIPOCTOTO K CIIOKHOMY B MO3HAHUM ABJIEHHH 13-
uu // Borpocsr ¢punocopun. — 1970. — Ne 11. — C. 115.
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unrerpatusma [3]*. H. Jlanun pacmmpser TpaktoBanue A.TOHHOM 3HAHMAMH BHEIIHHX
(bakTOpoB BO3JCHCTBUS B BUAE COLMOKYJIbTYPHBIX KPU3UCOB Ha JeMorpaduueckoe mose-
JIEHUE U pecypchl caMOpa3BUTHE 3THOCA Yepe3 XapaKTep MHTETpaTu3Ma U MHIWBHyaln3-
Ma B HepHOJl KPU3UCOB, pa3jess X Ha NaTOJOTMYECKHE M eCTeCTBEHHbIE [4]°.

MarepuaJjbl 4 MeTOAbI MccenoBaHusl. Vctounnkamu uHGOpMaLnHU SABIAIOTCS My0-
JMKaLUKU HcciaenoBaTeneil mo GopMUpOBaHUIO STHUYECKON UIEHTUIHOCTH, CTATUCTUUECKUE
JAHHBIE TIEPETMCH U AKTUBHOCTU OOILIECTBEHHBIX HHCTHTYTOB, PE3yJbTAaThl OMPOCOB, KOTO-
prie poBoamiuchk B Poccuiickoit @enepanun u Pecnyonuku Kazaxcran cpenn STHUYECKHAX
KopeiieB. MeToibl NCCIEN0BaHUS BKIIIOYAIOT BBIOOPKY KIIIOUEBBIX (PAaKTOPOB COLMAIBHO-
KYJIETYPHOH (PIYKTyanuu, BBICICHUE KITIOYEBBIX MApaMETPOB COCTOSIHUSI AITHUYECKOW ca-
MOUJCHTHU(QHUKALNY, aHATU3 AWHAMUKHA AeMorpaduuecKux MNpoueccoB 3THoca B Poccum
n Kazaxcrane Ha (oHE cyBepeHM3alUU MOJIUTUYECKUX M OOIIECTBEHHBIX HHCTUTYTOB
crpad. [ToaToMy uccnemoBanust oxBateiBaroT repuoa 1991-2025 rr.

Pe3yabTaThl MccienoBaHusl U X o0cyxaenue. [lo MHEHHIO OONBLIIMHCTBA HCCIENO-
BaTeJiel 9KOHOMHKO-COLIMOJIOTHYECKUX Aedopmanuii B UccIeyeMbIid IEPHOA MOXKHO pa3-
NEJUTH Ha CIACAYIONMNE HHTEPBAIBI TUKOBBIX (DIIyKTyanwid. (Tabi. 1).

Tabmuua 1

XapaKTepuCTHKH NePHOAOB CONMOKYIbTYPHBIX GUuIyKTyanuii

No XapakTepuUCTUKH

i [Tepuoast 0

Pecniy6iinka Kazaxcran

1 [1991-1999 rr. | Pacmag CCCP. Bo3HHMKHOBEHHE CYBEPCHHBIX MOCTCOBETCKHX PECITyOJIHK.
CraHOBJICHHE TIOJIMTUYECKUAX U COIMANIBHBIX MHCTUTYTOB. [IpH3HaHue oIu-
00K HAIMOHANBHBIX NOMUTUK. OTKpbITHE TpaHui. Jlemokparusamws. [Ipwo-

pUTH3aIMs MHCTUTYTa YacTHOH cooctBenHocTH. Co3nanne OJIKB.

2 | 2000-2008 rr. | IlpucoenyiHeHHe CYBEpEHHBIX PECIYOJMK K MEXIYHApOIHBIX KOHBEHIHSIM
MO0 3alUTe TPAKAAHCKUX W MOJUTHYecKHX mpaB. Co3naHue TamMo)X€HHOTO
coro3a. OTKpbITHE TpaHHL. AKTUBHOCTh OOIECTBEHHBIX IBIKEHHUI M Opra-
HH3alMi. Y CHIICHHEe COLMATIBHOTO M STHUYECKOTO HHTErpaTu3Ma. JKOHOMH-

yeckuit kpusuc 2007-2008 rr.

3 12013-2020 rr.

Annekcust Kpemma. Cavknuu. Ilo-
CIIEZICTBHSA SKOHOMUYECKOTO KPH3UCa
2007-2008 rr. Odopmnenne EADC.
YcuiieHne TNOJMUTHUKU €Bpa3UicKOn
HHTETPALUH.

[IpomomkeHne MONATHKA SKOHOMHU-
4ecKoi uHTerpanuu B pamMmkax EADC
u IIOC. bankorckas pedopma. Yua-
CTHE K NMPOEKTE KUTANUCKOW MHUIMA-
TuBbl «OJIMH MOsAC-0IUH-TIYTh». [loa-
JIep)KKa TPOEKTOB 3€JeHOW 3Hepre-
THKW, MHOTOBEKTOPHO# KOOTIEpaluu

4 Toinbu A. ViccnenoBanue ucTopud. Bo3HUKHOBEHHE, POCT U pacnaz muBwinsanmii / A. Toii-

uOwm; nep. ¢ anra. K. Koxypura. — M.: ACT; ACT MOCKBA, 2009. — 670 c.

cun. —2000. — Ne 3. — 45 c.
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Oxonuanue Tadi. 1

n/n

[leproasr

XapaKkTepuCTUKHU

PO

Pecniy6iinka Kazaxcran

C MOCTCOBETCKMMHU PECIyOJIMKaMHU U
KPYIHBIMA HWHOCTPAaHHBIMU KOMIIa-
HusMmu. IlomuTHnka HUBCIIMPOBaHUA
MEKHALMOHATILHBIX KOH(IIMKTOB U
COLIMAJIbHOTO HEPaBEHCTBA.

2020-2025 rr.

Manpemus. INomutmyeckue pedop-
Mbl. CBO. Pacmupenue 30HBI BIHsI-
HUsl caHKUMH. Poct MexnyHapoaHou

[Manpemus. Iloswimenue pomu Ka-
3axXCTaHa KaK TPAHCIIOPTHOTO Xaba,
MEXIYHAPOJAHOTO TPOJABIA HE(PTH,

W30JIIINIT ypana. IlpogomkeHne  TOJUTHKA
MEKIYHApPOIHOTO SKOHOMHYECKOTO
COTPYIHWYECTBA,  HHUBEIMPOBAHUS

MC)KHallMOHAJIBHBIX KOHCI)J'II/IKTOB n
IMOAACPKKH 3€JICHOIO Ie€peExoaa.

ITo pe3ymnpratamM MHTEPBBHIOMPOBAHMS [S5] ¥ aHAMM3y IMyOMUKAIMKA Ka3axCTaHCKUX KOJI-
jer [6], a Tak)ke JaHHBIX AaHKETHPOBAHUSA aBTOPA U OOIIECTBEHHBIX OpPTaHU3alLUi depes Io-
Ka3aTeny WHJICKCAa WHIUBUAyaIH3Ma, aJNalTUBHOCTH, MYCKYJIWHHOCTH M BHJCHUS Tep-
CIIEKTUB OBUTH OTpEJeNIeHbl TUHAMHUKH COIHAIEHOW M STHUYECKOH MHTErpaTU3MOB IO Tie-
pHOIaM COITMATBHO-KYIBTYPHBIX (IIyKTyanui. (Tadmi. 2).

Tabmnuma 2

CocTosiHHEe COLMATBLHOTO H ATHUYECKOI0 HHTerpaTu3mMoB Kopeiines Poccun u Kasaxcrana
110 ePUOAAM COLMOKYIBTYPHBIX (uIyKTYauui

No XapakTepucTHUKU

i [Tepuoas 0

Pecny6iimka Kazaxcran

1 1991-1999 rr. PocT conmaibHOTO ¥ 3THUHYECKOTO HHTErPAaTU3MOB

2 2000-2008 . 3amemieHHe poCTa COIMAIIBHOTO WHTETpaTH3Ma M COXpaHEHUE aKTHB-

HOCTHU DTHUYCCKOI'O UHTEIpaTu3Ma

3 2013-2025 rr. Crabuinu3anysi COLMAIBHOIO WH-
TerpaTu3Ma U dTHHYECKOTO HHTE-

rpaTusma

CHmxeHne COLIMAJIBHOI'O W OTHH-
YECKOI'o HUTCTpaTu3mMa

Hdemorpadudeckast 1 KyJIbTypHasi peQIeKCHH, CONPOBOXKIAIOIINE U3MEHEHHUS COLUAITb-
HOT'O U 3THUYECKOT0 MHTETPaTU3Ma, ABJSIOTCA OOBEKTHBHBIMU XapaKkTePHUCTUKAMH H3MEHe-
HUH, KOTOpBIE IPOUCXOIAT B Kopekckux obmmHax Poccnn u Kazaxcrana (puc. 1, puc. 2).

163




NCTOPUS U OBIIECTBEHHBIE HAYKI

E=== PoccnA E=== KazaxcTaH

NHelHas (Poccuma ) NuHelHan (KasaxcraH)
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Mepuoakl

Puc. 1. Yucnennocts kopeiines Poccun u Kazaxcrana no gannsiM nepenuceit 3a 1999-2020 rr.
U pacueTHBIX MOKa3aTesed M0 JaHHBIM CTATUCTUKUA MEXAYHApOAHbIX MUrpauui. [7, 8, 9, 10]

YpeneHsblii sec, %

1999-2000 2010 2020

MepHoabl Nnepenmceid
e POCCHA ==l K333XCTaH

Puc. 2. Y nenpHBIH BeC ONMPOIIEHHBIX M0 JAHHBIM HEpEeNHCel, TPU3HAIOIIX
Kopeckuii s36IK pogabM B Poccnn nt Kazaxcrane. [7, 9, 10]
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BriBobI:

1. ConnoKyneTypHBIE (PIYKTYallu SBISIOTCS MPOSBICHUSAMH TOJTHTHYECKHX W OKOHO-
MUYECKUX KPHU3UCOB U BIUSIOT HA TUHAMUKY M COCTOSHHE 3THHUYECKON MIICHTUIHOCTH, UTO
noarsepxkaaeT BeIBOAbI C. XarTunrtona u @. OykysMmel.

2.3MeHeHHsI aKTUBHOCTH COLIMAIIBHOIO M 3THUYECKOIO HMHTETPATU3MOB POCCUUCKHX
Y Ka3aXCTaHCKUX KOPEHIEeB, KaKk pPe3yJIbTaT 3BOJIIOLMHM CAMOPA3BUTHUSL ATHOCA, KOTOPHBIH
HauboJIee APKO MPOSBISICTCS MIPU PA3BOPOTE BEKTOPOB MOJUTUYECKOTO M SKOHOMUYECKOTO
Pa3BUTHS CTPaH.

3. Koppemnsmus memorpadudeckoil 1 KyIbTypHOH pedIeKCHr ¢ N3MEHEHUSIMH COTIHAITb-
HOTO ¥ dTHUYECKOTO MHTETPATU3MOB JTOKA3hIBAET MPaBOTY BBIKIAMOK H.JlammHa 1 BHOCHUT
OnpeIeICHHbIE KOPPEKTUBEI B BO3MOKHOCTD 3BOJIOLUY UICHTUYHOCTU POCCUICKUX KOPE-
LIEB B CETMEHT POCCUNCKON IIMBUITU3AINH.
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I'OCIIUTAJIb ITIOJIBCKOI'O KPACHOI'O KPECTA B KOPEE

H.K. Kum

Bonzozcpaockuii zocyoapcmeennulii coyuanbHo-nedazozuueckuil ynueepcumem, Bonzozpao,
Poccus, kokes@mail.ru

Cratps ¢ onopoii Ha HeolryOIMKOBaHHbIE JOKYMeHTHI I 'ocynapctBenHOro Apxua MIJ|
[Monbckoit PecyOnuku mpencTaBisieT mpouece co3gaHus M Hadana (QyHKIHOHWPOBAHHS
B 1953 rony rocnurans Ilonsckoro Kpacnoro Kpecra, mpenHa3sHaueHHOro AJis OKa3aHUS
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MEIUIIMHCKON MOMOIIM BOCHHBIM M TPAXKAAHCKOMY HACEJIECHHUIO, KOTOPBIE MOCTpaaaiud B
Kopeiickoii BoiiHe.

Kopeiickas BoitHa 1950—1953 ronoB — 0uH M3 KpyNHEHIINX BOOPYKEHHBIX KOHQINK-
TOB BTOpOM moyioBUHBI XX Beka. B mepBblii MaHEBPEHHBIN O]l BOMHBI BOCHHBIE JACHCTBUS
JBaXKIbl IPOKATWINCH IO TeppUTOpuM Beell Kopew, nmpuHecs: orpoMHBIE JIIOICKUE IOTEPH
KaK Cpeld BOEHHBIX, TaK M I'Pa)/JaHCKOTO HACEJIEHHUs, OBEAS IKOHOMHUKY JO COCTOSIHHA
paspyxu [cM. moxpobHee 1, 2]. Cpean HampaBieHui momoru Kopee co cTOpoHBI cOIMau-
CTHYECKHX CTPaH CTaJI0 CO3JaHUE TOCIUTAJIEH, KOTOpble 00CITy)XKUBAJIN KaK BOCHHBIX, TaK
U TpaxaaHckoe Hacenenne. OmHuM U3 HUX crai rocrnurtaib [lombckoro Kpacnoro Kpecra
(IIKK). IlpocnemuTh HCTOPHIO €r0 CO3JaHMA M Hadalo (YHKUIMOHUPOBAHUS JIETOM
1953 rona 1mo3BOJISIIOT JOKYMEHTHI TIOJIBCKUX JUIUIOMATOB (OTYETHI, 3aIIMCKH, JEIENIH), KO-
Topeie xpaHsaTcs B ['ocynapcteennom Apxuse MU/ Tlonwsckoit Pecy6muku [3]. OHu ume-
10T IPU() «COBEPILICHHO CEKPETHOY», «CEKPETHOY» MIIH «JUISA CITy>KEOHOTO MOJIB30BAHUS.

C nauana Kopeiickoil BoiiHbl Ilonplia B paMKax I'yMaHUTapHOW MOMOIIM OKa3blBalla
pa3sHOOOpa3HyI0 MOMOIIb B TOM YHUCIIE JIEKAPCTBAMM, O 4€M COOOLIAIOCh B AOKYMEHTAxX
MOJIBCKUX AUMIOMaToB. B HUX ¢ 1952 roxa mosBISAIOTCS CBEAEHUS O TOCIMTAISAX, KOTOpBIE
opranuzoBbiBai B Kopee apyxectBeHHble ctpanbl. [locon [THP B Ilexkune C. Kupsuitok
nmetoM 1952 roma mocie cBoeit moe3nku B Kopero coodman B MUJL o rocnuTaisix, co3maH-
HBIX cTpaHamu BocrtouHoii EBpomsl 1 obOecnieunBaeMbIX UMH IE€PCOHANOM, JIEKapCTBAMHU
u obopynoBanueM. B 1951 rony nHauanu paboty rocnutaiu oT Pymbeiaun (25 Menukos, mis
3 ThIc. O0NBbHBIX) U Benrpuu (Ha 1 THIC. KOEK), B 1952 rony — ot bonrapuu (46 MmeaukoB, Ha
3 ThIC. KOeK) U YexocnoBakuu (56 MenuKoB, a Takxke 10 rpy30BUKOB, MOTOLMKIIBI, BEJIOCH-
nensl). [locaoMm BhICKa3bIBanoCch OcTOpoxHOe 3ameuaHue: «Ha ocHoBanumm Takoil addek-
TUBHOM TOMOLIM CTpaH HAPOJHOHN IEMOKpAaTUH JOBOJBHO CKPOMHO IPEACTaBIISIETCS MO-
Mollb, npenoctapisgemas [lonpiiei. BoIbIIMHCTBO HALIMX TPAHCTIOPTOB — 3TO JIEKAPCTBEH-
HBIE€ CPEJCTBa, CenU(UKaUY U CAHUTApHBIE CPEACTBa». «B co3HaHMM Jedarmmxcs Jroae
ocraéres (hakT, 4TO MX HKMU3HB cracaeT Bpad OONTrapcKuid, BEHIEPCKUN WIIM PYMBIHCKHM, ec-
JIM JTaXKe JIeYaTCsl JIEKapCTBAaMU ITOJLCKUMHM, TO 3TO HE JOXOAMT A0 MX CO3HaHMi. ...B Kopee
s CJIBIIIAJ OT HACEJIeHNUS U BUET CBOMMHU TJla3aMH MOMYJISIPHOCTH MTOMOIIM CTPaH HapOIHOM
JIEMOKpATHH, K COXaJIEHHIO, O Halleld MOMOIIM 3HAeT TOJBKO PYKOBOJACTBO» [3, om. 23,
I. 428, 1. 34-35], — 3akiro4dal mocoJl.

Taxas uHpOpMaIs aKTUBU3UPOBAJA NESATEIBHOCTh IOJIBCKUX BIACTEH IO CO3MaHHIO
cobctBeHHoro rocrnutais B Kopee. B paMkax MOIrOTOBUTENBHBI MEPONPHUIATHH B 3TOM
HaIlpaBJICHUM MOBepeHHBIN B Aenax noconbcTBa [THP B IIxenpsne D. ['ypa BeisicHUI y co-
BeTCKOro mnocia PasyBaeBa noapoOHOCTH copepkanus rocuutais. OH y3Hal, 9TO 3TO JEJ0
«o4veHb oporocTose. ... Kpome o0ycTpoicTBa, KOTOPOE JOKHO TIOCTOSHHO ITOTIONHSTh-
csl, coJepKaHusl BpaueOHBIX OpUTraj, 3aMeHbl YHHYTOKEHHBIX MaTEpUaIOB BO BpeMsl Halé-
TOB U T. J. OJHH TOJIBKO JICKApCTBA IS TOCHUTANS HA OIHY THICSIYY MECT CTOSIT €KErOJHO
4 mutH pyOneit 3010ToM» [3, om. 23, 1. 428, 1. 26].

B nepBoii monoBune 1953 roma npoBoaniIack OpraHU3alMOHHAS paboTa MO CO3AAHUIO
B Kopee rocnurtans IIKK. B nokymeHTax MOJBCKOM IUIIOMATHU €r0 pPa3BEPTHIBAHUIO
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1 Havany (QYHKIIMOHUPOBAHUS K CEPEIUHE JIeTa 3TOT0 T0/Ia yACIIOCh OCHOBHOE BHUMAHUE
nipu onucanuu nomoinu [onemm mst KHJIP.

O mepBBIX OPraHM3ALMOHHBIX AEHCTBUAX MO CO3JAaHHIO TOCHHUTANSA COOOIIAIOCh B Je-
nemre O. ['ypet 8 MUJT TTHP B mapte 1953 roga. Jluruiomar cuutalr HEOOXOUMBIM CPOYHO
MpHUOBITh HA MECTO PYKOBOJCTBY OYIyIIEro TOCHHUTANsS, KOTOPOE OJHKHO OBLJIO COCTOATH
«¥3 TIaBHOTO Bpada, MOJUTHYECKOTO PabOTHHKA, PYKOBOIUTENS aJIMHHUCTPAINH U JIBYX
MTOMOIIIHUKOBY, JUIS MTOATOTOBKY TOMEIICHUH U npuéMku rociutais. [Ipuémka Obina HykHa
MOCKOJIBKY 32 MCKITIOYEHHEM KUTAWCKUX U COBETCKOTO HU OJIUH W3 TOCIUTANEH IPYKECKUX
CTpaH HE MPEACTABISIET COOOH CaMOCTOATENFHON €IWHUIIBI, BCE pabOTar0T Ha 0aze Kopei-
CKHX. «DbOJIBIION THIJIOBOW IOCHMUTANL B KOPEUCKUX YCIOBHMSIX MOXHO C TPYJOM JIMIIb Ya-
CTHUYHO 3aMacKUpPOBaTh, IEMACKUPOBKA HACTYIAET OOBIYHO aBUApa3BEJKOW U JUBEpCaHTA-
MU, OIIPEICIISIONTNX TOYHBIE KOOpAUHATED [3, om. 35, m. 431, . 8], — moOaBISLIOCE O TPYI-
HOCTSIX CO3JaHHsI TOCITUTAJIS.

IMosepennsiii B nenax [THP B [Ixenbsne O. LlepekBuiku coobman ampene 1953 roxaa:
«B manHbI MOMeEHT nepechuika rocnuTans [lonsckoro Kpacuoro Kpecra B Kopeto Bctynu-
7a B ctaanio peannzanuu. Kopelickas cTOpoHa corilacmiiach Ha TIOCTaBJICHHBIE HAIINM TIpa-
BUTENBCTBOM YCIIOBUS M MPHHSTA B IEJIOM IPEJIOKEHHOE COTJalleHue... ... 24 ampens
T[exymero] r[oxa] mpubsuio B Kopero pykoBOACTBO HaIlleid MEAUIWHCKON Tpyms...» Ko-
peiickas cTOpoHA He coTrjacuiach Ha HEMEJIEHHBIN e€ BbIe3/I Ha MECTO, TJe JOJDKEH OBITH
TOCIIUTANb, TpeJIaras moexarh Ty/1a JMIIb B Hayajie Masi, IIOCKOJIbKY, TaM paboTaeT Kopeil-
CKUU TOCIIUTAJb, KOTOPBIN «B OO0 MOMEHT MOXHO NPUHATHY [3, om. 23, 1. 445, 1. 30].

C urons 1953 rona B oruérax moconbctBa [THP B [IxenpsiHe nHpOpManus o rocruTaie
INKK BbIiensiiack B OTACIBHBIN pa3zel, MoaApoOHO, OyKBaJIbHO MO JHSIM OCBEIas MpoIece
€ro pa3BEPThIBAHMS U HAYaJl0 (PYHKIIMOHUPOBaHHS. B 0T4éTe 32 MIOHB COOOIIANOCh: «3 Mast
1953 r. HampaBHUIach K MeCTy, MPEAHA3HAYSHHOMY JUIS HAIIETO TOCIUTAIISA, TIepBas MeIu-
[UHCKas KoMaHaa». Ha Mecte BBISICHHIIOCH, YTO «IIOATOTOBKA K MPUEMY JaJIeKO TPOJIBUHY-
JIaCh... KOPEHCKHE TOBAPHUIU CAeNanu BcE, 4TOOBI 00€CIeUUTh T'PYIIE BO3MOXHBIE JO-
CTOWHBIC YCIIOBHSI TPyJa W pa3MElICHHs». TpaHCIOPT ¢ 000pyIOBaHUEM I TOCIHTA,
OBLT MPUHAT HAa KOPEHCKO-KUTAWCKOW TpaHUIE W II0 XKEJIE3HOW JOopore, 3aTeM aBTOTPAaHC-
MOPTOM TEpeBe3€H 10 MecTa Ha3zHaueHus: «Bech TpaHcnopT moOpaics no XbiiiuxoHa 0e3
noBpekJIeHud. BrIrpy3ka U mepeBo3Ka aBTOTPAHCIOPTOM Mpoxoawia Houblo». [lepBas
rpynna nepconana rocnutans IIKK nepecekna kutaiicko-kopelickyro rpanuny 13 mas, BTo-
pas 18 mas. «Kak mepBasi, Tak 1 BTOpas TPyIIa yCIENTHO A0eXalli 0 MecTa, — yKa3bIBa-
JIOCh B OTYETE — ...BCS MEAWIMHCKAs TPYyIIa cCaMOOTBEP:KEHHO paboTana HaJ pa3MelleHu-
eM obopynoBaHHsS U 00yCTPOUCTBOM rocruTanss». OCHOBHON TpoOIeMOl B CO3/IaHUU TOC-
AT HAa3BIBAJICS YCTAPEBIINN 1O OOJBINEH YacTH aBTOMAPK, KOTOPHIN HE MTO3BOJISIT TIep-
COHaJIy MepeMeniaTbcs MEeKAY OT/EICHUSIMHU TOCIUTANS U MECTOM MPOXKUBAHUS, 3aTPYIHSI
KOHTaKTBhl TOCIIUTAJSI C IMOCOJBCTBOM (PacCcTOSIHWE MEXIY HHMH ObUIO OKoJo 200 KM).
Hmennch HEAOCTATKH B KOMITJIEKTAIIMHA MPHUCIAHHOTO O0OPYIOBaHHS W OTCYTCTBHE 3aITda-
CTeH A TpaHCIIOPTa, a TAKXKE MMENIa MECTO 3aJiepXKa B KOPPECTIOHAECHIIUN MEXTy TIepco-
HayioM rocriuTains u [lonbined. HakoHel, coxpaHsuiach HEICHOCTh B (DMHAHCUPOBAHHH TOC-
MUTAals, KOTOPOMY yikKe BhITuTaueHO 230 ThIC. BOH U3 CYMMBI, ITOJTy9aeMOW ITOCOIBCTBOM Ha
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coOCTBeHHBIE HYKABI. [[03TOMY MOCOIBCTBO MPOCHIIO PA3bICHEHUI OTHOCUTEIIEHO MOPSIIKA
¢dbuHaHCHpOoBaHM rocuuTaiA [3, om. 23, 1. 445, 1. 85-87].

B otuére moconscTBa 3a mionab 1953 roma xoHcTaTHpoBanioch: «B OTYETHBIN mepHon
rocrutasib [IKK B Kopee Havan B mpuHIUMIIE HOPMAIBHYIO pa0OTy U CICIYET YTBEPKIATh,
4TO B 3TON paboTe yke UMEET HEKOTOphIEe JOCTIKEHUsD». [Ipr 3TOM 00HApyKWIHCh U TPY-
HOCTH B €r0 (yHKITMOHHpOoBaHUH. [lepBoil mpoOaeMoil Ha3BIBAIOCh «OTCYTCTBHE JICKAPCTB,
KOTOPBIMHU OH He OBbIT AOCTaTOYHO oOecIieueH NpH BBIE3/IE U3 CTPAHBL ... ...C CAMOro Haya-
Jla Hamla MEAWIWHCKAas TPyNma IOJDKHA OOCTY)KUBaTh NMPUBE3EHHBIM KOJMYECTBOM Jie-
KapCTB TOJHBII cOCTaB OOJIBHBIX, KOTOPBIA JOCTUTAN Ooiee THICAYH YenoBek». Kpome Toro,
«4acTh JIEKApPCTB IOJBEPIVIACH YHWUYTOXKEHUIO BCIEACTBHE BJIAXKHOCTH M MOCIEIHErO
HABOJIHEHUS», TAKKe ObLIa «CHECEHA BOJOW TEXHHYECKas MMajlaTKa U TMOBEPIIIaCh YHUYTO-
KEHUIO YacTh TOCHHUTAIBHOTO obopymoBaHus». Ilo-mipexxHeMy mpobieMoit OBUIO OTCYyT-
CTBHE aBTOTPAHCIIOPTa, OCOOEHHO BHEOPOXHHUKOB, U HEIOCTaTOK O€H3WHA. 3aTpyaHSIIO
paboTy oTmanéHHOE pAacHoJOKEeHHE OIHOTO OTAEJCHHUS, MepPCoHall KOTOporo pabortai
«c OONBIION OTHauelt U CaMOOTBEPIKEHHOCThIO». B WacTHOCTH, BO BpeMsi HABOJHEHUS Tep-
COHAJI 3TOTO OTHENEeHHS «ObUT OTpPe3aH OT MEHTPa M paboTall BCE BpeMs B OYEHB TDKEIBIX
YCIIOBUSIX, 0€3 AOCTaTOYHOTO KOJIMYECTBA MPOAOBOJIBCTBUL». OTIAENBPHO YKa3bIBAIOCH Ha
«HEKOTOpBIE TPYJHOCTH B BEIEHUH HOPMAIBHOHN IOJMTHYECKON pabOTHI, MPUYWHONW Yero
SBIISIETCS] OTCYTCTBUE MPECCH M M3aHUN M3 CTPAHBI, KOTOPBIMH CIIEAOBAIO OBl TOCIIATANb
KaK MOYKHO ckopee obecrieunTh». KpoMe Toro, rocrnraneM Obljia B3STa MO ONEKY OJHA U3
HAYaJbHBIX IIKOJI, B PETHOHE, B CBSI3U C UeM ObLiIa BBICKa3aHa MPOCh0a «B TPAHCIIOPTE IS
TOCIIUTAJIS TIPUCIIATh HEKOTOPOE KOJIMYECTBO MPOIYKTOB M OJIEK/IbI, KOTOPHIE MOXHO OBLIO
OBI IIepeaaTh JETSAM MOIONICYHON MIKOIE [3, om. 23, 1. 445, 1. 111-112].

[ocon ITHP B Ilekune C. Kupbuiok co cBoeil ctoponsl nHpopmuposan MU [THP
0 pe3ylbTaTax paboTHl IO CO37aHMi0 rocruTansd. B genemne ot 24 utons 1953 roma mocon
pamoproBan: «['ocrutans opraHu3oBaH. Bce paboTaroT, 3mopoBhl. Pabora BpadeOHas
¢ koHIa Mas. 110 GompHBIX, OOMBIIMHCTBO XUPYPTUUECKHUX. 3 OTJENEHUS XUPYPIUUECKUE,
1 TepaneBTHdeckoe. PaboTa Ha Tpu onepanmoHHbIX croyia. 150 omepanwmii B Mecsil, 4 nepe-
BS30YHBIX 3ayiay. CIOKHOCTAMHU B pab0OTe TOCTIMTANS OBIIM TPAHCIIOPT, MPHUIIEAIINE B He-
TOJTHOCTh YaCTh SAIIUKOB C JIEKAPCTBAMH U YACTh MEIUITMHCKOTO 000pYIOBaHUS, CTCPUIIH-
3alus, MPOTEKaHUE KPBIII BO BCeX 3eMiisiHKax. [lombckoe moconbeTBO B Ilekune juis uc-
MpaBIIeHUs TOJIOKEHUS 3aKynuio B Kurae nmexapcrBa, OONBIION IMOJIEBOM aBTOKIIAB, KO-
BEJILHBIN BOWJIOK, TAK)KE IMPOCHIIO MIPHUCIATh CAMOJIETOM HEOOXOAMMOE MEIUIIMHCKOe 000-
pyIlOBaHME U JICKAPCTBA. 3alpalliBalioCh pa3pelicHie Ha BBIJCIECHUE CPEICTB MOCOIbCTBA
B [leknHe Ha peMOHT aBTOMOOMIIEH, KyIbTYPHO-IIPOCBETUTENbCKIE U apyTre Ienu. K mo-
cieqHUM OBUTM OTHECEHBI MPEMUW I KOPEWCKHX pPaOOTHUKOB TOCHIHTAN, ONeKa Hal
MECTHOW IIKOJIOW JUIsi 4Yero BBICKa3bIBalach Mpochda MpPU3HATH B OIOKETE MOCOJBCTBA
«200 MUILTHOHOB FOaHEH KakK MpelCTaBUTeILCKUH oIy [3, om. 35, 0. 431, n. 54].

ITocoi ITHP B Ilexune C. Kupbutiok B MepHOJT 3aKIIOUCHHS TTEPEMUPHS B BOiTHE, Ode-
pennoit pa3 noceruBiuii Kopeto jgerom 1953 roma coobrnan: « MHOrOYHCIEHHAs KOMaHa
KOJUICKTUBA PaOOTHHUKOB CIY>KOBI 3/IpaBOOXpAHCHHUS, 3HAYUTEIbHAS B KOJUYECTBEHHOM
Mpo(heCCHOHABPHOM CMBICIIE CO37alla OYeHb IOJIOKHUTEIHHOE BIIEUATIIEHUE» Y KOPEHCKUX
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Biacteil. Xupypruuecku-tepaneBruueckuii npodumis rocnutans [IKK BakeH, MOCKONBKY
«pOCT BHYTPEHHUX OoIle3HeH, 0COOEHHO BOCHANEHUS JETKUX, KOTOPOE MO JTaHHBIM MUHH-
CTEepCTBa 3IpaBOOXpaHECHUsST 0XBATHIIO oKoJlo 30% HaceneHus, TpeOyeT cephE3HON OMOIITH
CIICIMAITUCTOB 10 BHYTPeHHUM OoJie3HsaM». «[loyoskeHne rocnuTans, HaXoAsIerocst B rop-
HOW KOTJIOBHHE, OYEHb XOpOIllee C TOYKH 3peHUsI 0€30IaCHOCTH U YCIIOBUI TpyAa», HO He-
JIOCTATKOM SIBIIIETCSI TO, YTO «PACCTOSHUE, OTHAEIIONIeEe PYKOBOJCTBO W XHPYPTUUYECKHE
OTJICJICHUS OT TEPAICBTUYCCKUX OTICIICHUN U MPUEMHOI0 TIOKOsI COCTABJISACT TPU M JCCATh
KUJIOMETPOBY [3, om. 23, 1. 445, n. 52-53].

Coznmanne [lonmpmeli cBoero rocmuTaiss Ha Tepputopun Kopew, okazaHwe IOTbCKUMU
MEIHUKaMH IIOMOIIH, CHa0KeHHE TOCITUTAIIS HCO6XOZ[I/IMLIMI/I crienuainucramMu, JICKapCTBaMu,
0o0opyIoBaHHEM BHECJIO BKJIJA B MpeoposieHne nocieactsuii Kopelickoilt BOMHBI Ui Hace-
nenust Kopen.

CIIMCOK JIMTEPATYPbI

1. Kum UK. I'paxxnanckoe Hacenenue CesepHoit Kopeu B mepBslii rog Kopeiickoit BoHHEBI (110
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poxHoii Hay4Ho# koH(epenumn (Kpacuonap, 21-23 oxtabpst 2016 r.). KpacHoxap: Kybanckuii yHu-
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3. T'ocynapcTBenHsIi apxuB MuHHCTEpCTBa HHOCTpaHHBIX e [lonbckoit Pecry6muku. @onp 11.

BUOI'PA®USA

A, Kum Urops KoncrantnHoBrd, paboTaio B 00JIACTH BBICIIETO 00pa30BaHUS H CIICIH-
ANM3UPYIOCh Ha MPenolaBaHuu UCTOpUH. PaboTaro moneHToM Kadeapsl BceoOmei necropun
Bonrorpaackoro rocyapcTBEHHOTO COLMAIBHO-NIEAATOTHYECKOro yHHBepcuTeTa. Kanou-
JaT ucropuuecknx Hayk ¢ 1988 roma. O6macTs MOUX HayYHBIX WHTEPECOB BKIIFOYAET MCTO-
puto Kopeu, ucropuro Kopé-capaM NOCTCOBETCKOIO MPOCTPAHCTBA, HOBEHIIYI) HCTOPHIO
[Tonpmmu.

POLISH RED CROSS HOSPITAL IN KOREA

I.LK. Kim

Volgograd State Social and Pedagogical University, Volgograd, Russia,
kokes@mail.ru

The Korean War of 1950-1953 was one of the largest armed conflicts of the second half
of the 20th century. During the war's first year of maneuver, military action swept across
Korea twice, causing enormous casualties among both military and civilian populations and
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bringing the economy to ruin. Among the areas of aid provided to Korea by socialist coun-
tries was the establishment of hospitals that served both the military and civilian population.
One of these was the Polish Red Cross (PRC) hospital designed to provide medical care to
military personnel and civilians who suffered in the Korean War. The history of its creation
and beginning of operations in the summer of 1953 can be traced through unpublished doc-
uments of Polish diplomats (reports, notes, dispatches), which are stored in the State Ar-
chives of the Ministry of Foreign Affairs of the Republic of Poland. They are classified as
"top secret," "secret," or "for official use only."

Since the beginning of the Korean War, Poland has provided various types of humani-
tarian aid, including medicines, as reported in documents from Polish diplomats.

In 1951-1952, Polish diplomats reported that hospitals had been established by countries
friendly to the DPRK—Romania, Hungary, Bulgaria, and Czechoslovakia. This contributed
to the Polish authorities' decision to establish their own hospital and provide it with medical
personnel, medicine, and equipment. Preparatory work included determining the cost of es-
tablishing the hospital, and negotiating its terms with the Korean authorities. In the first half
of 1953, the hospital's management, followed by medical teams, arrived in Korea, along
with medicine and equipment. In mid-1953, the hospital, comprising medical and surgical
departments, began operations. The opening of the hospital was met with gratitude and ap-
proval from the Korean authorities and the population.

The establishment of Poland's own hospital in Korea, the provision of Polish medical
personnel, and the provision of necessary specialists, medicine, and equipment contributed
to overcoming the consequences of the Korean War for the Korean population.

HUCTOPUYECKAA ITMHAMUKA COLITUAJIBHO-9KOHOMUYECKHUX
MPOIIECCOB CPEJIA POCCUMCKHAX KOPEMUIIEB (II0 MATEPUAJIAM
HNEPEIUACEN HACEJEHUSA U COLIMOJIOT MUECKHUM JAHHBIM)

H.A. Kum

He3agucumutit uccneoosamens, Bonzozpao, Poccus, ilgiza@mail.ru

Conuonornueckre UCCIIe0BaHUs U aHAIIN3 TaHHBIX Tepenuceil Hacenenus PO otHocH-
TETHbHO HEKOTOPHIX AaCIEKTOB COIHAIHHO-DKOHOMHYECKHX M MHTPALMOHHBIX IPOIECCOB
Cpeu POCCHICKUX KOPEWIIEB MOKA3bIBAIOT BBHICOKYIO aJalTHBHOCTH MOCIEAHUX K HUCTOPH-
YECKUM M3MEHEHUSM KaK B CTAOWJIBHOM, TaK U KPU3UCHOU Ccpejie.

BBenenue. llenpio uccienoBaHus SBISETCS aHAIW3 HAa OCHOBE NAHHBIX IEepemnucen
HaceneHuss PO 1979-2020 rr. u conunonornueckux uccnegosanuit 20002014 rr. ucropu-
YEeCKOM AWHAMHUKH CTPYKTYPbl MCTOUYHHKOB CPEICTB K CYILECTBOBAHMIO, YPOBHS NOXOZa
Y U3MEHECHWH YMCIICHHOCTH KOPEWCKOT0 HaceJeHUs, mpokuBaromiero B Poccun. OCHOBHOM
METOJ] HCCIIeI0OBaHMsI — CTATUCTUYECKUH U COLIMOJIOTUYECKUH aHaIn3.
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JluHaMuKa 4UCICHHOCTH Kopeickoro Hacenenus P® mo ¢enepansubiM okpyram (DO).
B kauecTBe TEppUTOPHATBEHON €IWHUIIB! JJISI CPABHUTEIHFHOTO aHAJIN3a UCTIOIB3YETCs 00b-
e/IMHeHHE PErHoHOB B (emepanbHble Okpyra P®, s coBeTcKoro mepuojia YCIOBHOE.
B 1979 r. nHa Tepputopun PCOCP mpoxusanu 97649, B 1989 r. 107051 uen. xopeiickon
HAI[MOHAIBHOCTH. UWCIEHHOCTh KOpPEHCKOTO HaceneHus B P® 3HaunMTeNnbHO BHIPOCHTA B
mocTcoBeTckuit meproa. B 2002 1. mpowm3omen 3HAYUTENbHBIN TpupocT a0 148556 den.
(mpupoct +38%). Makcumym konmuectBa KopeiieB B PO 153156 uen. 3adukcupoBan me-
penuckio 2010 r.

JanHble Bcepoccuiickoil mnepenucu HaceneHuss 2020 1. moKazaau CyILIECTBEHHOE
YMEHbBIIIEHUE YUCICHHOCTU. B cpemHem monis yobuin cocraBuia -44,5%, MakCUMalbHBIN
ortok 0-50,7% u3 peruonoB Cubupckoro @O, Haumenbmuii -37,7% U3 10KHBIX PETHOHOB
(cymmapuo FOPO u CK®DO, pacuetsr 6e3 Kprima). K coxkamenunto, ¢ TeX mop NEPENuCH
HaceneHus: P® He mpoBoAMINCH, U MPOUCHIEIINE COOBITHSI HABEPHIKA TOJKOPPEKTHPOBA-
1 Upel B CTOPOHY yMeHbIeHus (tabmn. 1). [Toaromy mocienyronmii aHau3 TaHHBIX Tie-
penrcell HaceJIeHNs 10 HCTOYHUKAM CPEJICTB K CYIIECTBOBAHHUIO HE BBIIBUT YETKOW KapTH-
HBL, TeM OoJiee PoccTar oT mepenucu K mepenvicn MEeHsIeT YIUThIBAeMbIe TapaMeTphI.

Tabmuma 1

JluHaMHKa YHCJIEHHOCTH KOpelcKkoro Hacejgenus P@

I[I/IHaMI/IKa YUCJICHHOCTH Kopeﬁcxoro HaceneHus PO mo NCPEINCIM HACCJICHUS, YCJIOBCK

[pupoct Yobus B 2020 1.
1989 rox | 2002 rox | mo cpaBr. | 2010 rom | 2020 rox 10 CpaBH.

c 1989r. ¢2010r., %
HanpHeBoctounslii O | 56321 61946 +9% 56973 29419 —48,4%
Cubupckuit @O 7136 10797 +34% 11193 5520 —-50,7%
VYpansckuit @O 2065 4071 +49,3% 3805 2112 —44,5%
[pusomxkckuit @O 3261 9088 +64,1% 12215 7455 -39%
O0xue1it PO (c CKDO) | 25662 39031 +32% 40191 25060 —37,7%
Henrtpanbueiiit @O 7586 16720 +54,6% 21779 12230 —43,8%
Cegepo-3anagusiii O 5020 6903 +7,3% 7000 4052 —42.1%
Uroro, yenoBek 107051 148556 +38% 153156 87819 —44.,5%

Paccuum. no ogpuy. mamepuanam Bcepoccuiickux nepenucetl Hacenernus 2002, 2010, 2020 ee.

CoumoJIorTMYecKHii aHAJIN3 COUHUATBbHO-IKOHOMMYECKHX acneKkToB. [IpoBeneHHbIe
HaMHu B peruonax FOra Poccnu conmonormveckue uccieaoBanus cpeau kope capam (2001,
2006, 2014 rr.) mokaszaiu, 4TO JUIi UIMMHUIPaHTOB TepBoil BoaHb (1990-2004 rr.) Xapak-
TepHa OOoJbIIas TPYJ0Bass U SKOHOMUYECKAs YCTOWYMBOCTh, B CPAaBHEHUH C O0Jiee MO3THU-
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MU UMMHIPAaHTaMH, CPEIN KOTOPBIX 3a(UKCHPOBAHO MHOTO 0e3pa0O0THBIX U BPEMEHHO (ce-
30HHO) 3aHATHIX, a TAKKE 3aMETHOE YHCIIO TIeHCHOHEepoB. B 2006 r. ommeHWIN CBOM YPOBEHD
OyrarococTostHUS Kak «cpeaauit» 33%, «Bbllie cpeaHero» ypoBHA 3% («HECKOJBKO BBILIE»
1,4%, «3HauutensHO BHIME» 1,2%); «3HAYUTENBHO HIXKE» CpelaHero ypoBHs 28%, «He-
CcKoJIbKO Hmke» 27%. OnHako B CTPYKType TPYIOBOW 3aHATOCTH POCCHICKHX KOpEWLEB
MPOSBUJIOCH AJallTHBHOE CTPEMIIEHHE K THOKMM (popmMaM XO3SHCTBEHHO-IKOHOMHYECKON
JIeATEILHOCTH M ONTUMH3AIMs UCTOUHUKOB noxona. B 2014 r. caMoolieHKH YpOBHS MaTe-
pHAIEHOTO OJIATOCOCTOSIHUS 3aMETHO TOBBICHIINCH: «CPEIHHUI» ypOBeHb A0xoaa 52%, «He-
CKOJIBKO HIKe» cpemrero 30%, «3HauuTeNIbHO HIDKe» cpemaHero 13% ompomeHHBIX Kopeii-
ues. [Togpocna 1o 5% oreHka ypoBHS 10X0/1a KaK «HECKOJIBKO BBIIIE) CPETHETO.

Takum 00pa3oM, pa3BUTHE MEJIKOTO W CPEIHEr0 MECTHOTO TMpPEeANPUHUMATEIhCTBA,
CeJIbCKOXO03SMCTBEHHAs AESITEIbHOCTh IOMOTTIM CHU3UTh CPEAN POCCUNCKUX KOPEHIEB ypo-
BEeHb 0EHOCTH W BBIMTH Ha Ooyiee BBHICOKHE COLMAIbHO-DKOHOMHUYECKHE MO3UINU B YCIIO-
BUSX COIMAIIbHO-)KOHOMHUYECKON HeyCTOMYMBOCTH. Hamo OTMETHTH BBICOKYIO SMUTpAIlH-
OHHYIO TOTOBHOCTb Kopeiiues: B 2006 r. 0 keJaHUU AabHEUIINX NEPEeMELIECHUN 3asBUIN
17% omnpomeHHbIX (M3 HUX 7% 3arpanuny), B 2014 1. 28% (u3 Hux 37% 3arpanuny). K co-
JKaNeHHI0, O0Jiee MO3IHUX COIHOIOTHIECKUX 3aMEPOB HE MPOBOJIUIIOCE.

Jdannbie nepenuceii HacejdeHuss P® no McroyHukam cpeacTB K CylIeCTBOBAHUIO.
Hannsie neperncu 2002 r. OTHOCHTEIHHO POCCUUCKUX KOPEHIIEB OMyOINKOBAHBI B CYKATOM
BUJI€ M OTHOCSITCS TOJBKO K ISTH PETMOHAM ¢ HAMOONBLIMM KOJMYECTBOM MPOKUBAIOIIUX:
r. Mocksa, PoctoBckas o6macts, [Ipumopckuii kpait, XabapoBckas obnacts, CaxannHckas
o6macte. Cymmupys mudpbl U3 JaHHBIX PETHOHOB, MOXKEM IONYYHTh OTHOCHTENBHBIC Xa-
PaKTEPUCTUKHU JIJISl BCEH POCCHICKON KOpeHCKOW ATHHUYECKOo# oOmiHocTH (¢ 15 Jer u crap-
mre). bonpmmHCTBO yuacTHUKOB mepenucu (81%) nMenu oAuH HUCTOYHUK CPEACTB K CyIIe-
CTBOBaHUIO, ABa U 6ombmie 19%. Cpenu ropokaH oauH MCTOYHHK goxoma umenn 70,6%,
nBa u Oonbie 29,4% cpenu skureneii cexa oguH uctouHUK 50,5%, nBa u Oonbine 49,5%.
Ha noxops! OT Tpy0BO#i AesTenbHOCTH (3apaboTHas 1uiata) ykasanu 51,2%, Ha T0XOABI OT
MIPOM3BOJICTBA TOBAPOB U ce0d M HeKuil OM3HeC, B TOM 4YMCIe, OT (TIpojaxu?) MpoayKTOB
C JUYHOTO MTOACO0HOTO X03sicTBa 8,6%. CTHteHauio monydanu 2,5%, pa3IndHbIe ITOCOOHS
0T rocynapcTsa (BKJIIOYasi IEHCHIO M0 BO3pacTy, MHBANUAHOCTH), uMenu 32,7%. Ha mwxnu-
BeHHH cocTosuin 43,1%, 1 3Ta H0BONIBHO Oonblias Hudpa, BEPOSITHO, CBSI3aHa HE TOJNBKO C
BBICOKHM YPOBHEM JI€THOCTH, HO M C T€M, YTO HE BCE NMMUIPUPOBABIINE B MpEABIAYIINE
TOJTBI KOPEHIIBI CMOTIIN CTaTh Ha MIEHCHOHHBIN yueT. Coepexennst umenu Bcero 0,6%, uHble
WCTOYHHKH cpenacTs 3,6% (Tabi. 2).

Mo ganueiM mepenucu 2010 r. oOmiee COOTHOIIEHHE KOIUYECTBA BHUAOB MCTOYHHUKOB
CPEICTB K CYIIECTBOBAHUIO HE W3MEHWJIOCHh: MMENHM OIUH UCTOYHUK 81%, aBa U OoJibIie
19%. OnHako HaYaIOCh MApUTETHOE CONMMKEHWE: OJMH NCTOYHHUK MMeNH 82% KopeuieB B
roponax u 74% B cenbCkoM MecTHOCTH. OCHOBHBIMU HCTOUYHHMKAMU CPENCTB CYILECTBOBA-
HUSl ABJSIOTCS TPYJOBask ACATEIBHOCTH ¢ 3apaboTHoi 1uiatoit (59,6%), neHcuu 1 mocoous
(30,1%), nuuHOE MOCOOHOE XO3SMCTBO M 10X0J OT Hero (8,7%), ctunenauu (1,8%), coe-
pexenus (1,2%), mxauBenne u momomts apyrux jur (18,1%), uabie uctounuku (1%)
(Tabm. 2).
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[epenucy nHacenenus 2010 r. mokazana, 4To H0Js1 3apabOTHOM IUIaThl OT TPYAOBOH Aesi-
TETHHOCTH KaK MCTOYHHKA CPEACTB CHU3MIACh 10 46,4%, 3aTO MOBBICHIACH JOJS TIPUOBLIH
OT TPOM3BOACTBA JUISI COOCTBEHHBIX HYXJI, BKJIIOUYasl JIMYHbBIE MMOJICOOHBIE XO3IHCTBA U 00-
pabatbiBaeMble 3eMenbHBIE YuacTkH, 10 10,1%. Taxke BbIpocia 10Jsl IEHCHOHHOTO obec-
MIEYeHNs, BKIItoYas Bessdeckue nocodust, 1o 39,3%. Jlons wKIuBeHHS ¥ TIOMOIIU OT APYTUX
yur cHm3miack A0 12,3%. KonmmuecTBO BHIOB MCTOYHWUKOB CPEICTB COKPATHIIOCH: OIHMH
UCTOYHUK HUMeno abcomoTHoe OonbmuHCTBO 90%, nBa u Gombiie 10% (tabn. 2). Takum
00pa3oM, BMeCTe C yMEHBIIIEHHEM YHCIIEHHOCTH KOPEHCKOTO HACEIIEHUS MPOSBUIINCH H3Me-
HEHHUSI B CTPYKTypE€ CpPEICTB K CYIIECTBOBAHWIO W CHM)KEHHE KOJIHYECTBA HCTOYHHUKOB
CPEICTB K CYLIECTBOBAaHHUIO. Y BEIMYEHHE 0N MIEHCUOHHBIX BBIIUIAT U YMEHBIIEHUE KOJIH-
YecTBa MCTOYHHKOB MOTYT OBITH CBSI3aHBI C SMHUIPALMOHHBIM OTTOKOM TPYAOCIOCOOHOM
4acTHU KOPEMCKOTo HACEIeHUSI.

Tabmnuia 2
HcTouyHnKH CPeACTB K CylIeCTBOBAHMIO N0 JAHHBIM Nepennceil Hacenenus P® 2002 r., 2010 r.,
2020 r.
VcTOuHMKY CPEACTB K CYIIECTBOBAHHMIO I10 JAHHBIM Tiepercell HaceneHus: PO
3aprara JInunoe
B% ——— noacvo6ﬂoe Crunien- | Ilencum u | Coepe- | Moxmu- Wibte | O HBau
XO3SHCTBO, st mocoOus | JKEHHs | BEHHE 0oJIbIIIE
JEATEIILHOCTh SusHec
2002 . 51,2 8,6 2,5 32,7 0,6 43,1 3,6 | 81 19
2010T. 59,6 8,7 1,8 30,1 1,2 18,1 1 81 19
2020 . 46,4 10,1 1,8 39,3 L1 12,3 0,5 | 90 10

Paccyum. no ogpuyuanvrvim mamepuanam Beepoccutickux nepenuceti nacenernus 2002, 2010, 2020 ee.;
oA Kopetickoeo Hacenenus 15 u cmapuie nem

BeiBoa. B mepBhle MOCTCOBETCKHME TOMBI KOJIHMUYECTBEHHO YBEIMYHMBINASCS KOpeHcKas
JMacTiopa pa3BUBaIa W PacHIHpsiIa COOCTBEHHYIO XO3SMCTBEHHYIO M SKOHOMHUYECKYIO Jesi-
TEIBHOCTH, 00Pa30BaB BIOJHE YCTOMYMBYIO 3THOCOLUANBHYIO OOIIHOCTH POCCHHCKUX KO-
peiiieB. OgHaKko NOCIEAYIONIME MUPOBBIE U BHYTPUPOCCUMCKUE COLIMATIBHBIE U MOJIUTHYE-
CKH€ COOBITHS I3MEHIITN SKOHOMHYECKYIO CPEAY M YKPETIHIN SMUTPAIIIOHHBIA TTOTEHITHA.
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BUOTI'PAD®USA

A, Kum Uneruza AHBapoBHA, paboTaio B O0JaCTH KOpeeBENEHUS KaK ATHOCOITHOJIOT
U UCTOpUK. bynydn Ha meHcun, paboTaro Kak He3aBUCHMBIN HccienoBareb. Bemymmuii co-
aBTOp JIByX Hay4YHBIX MOHOTpaduii 0 qeMorpauIecKux U UCTOPUKO-COIMATBHBIX MPOIIEC-
cax Cpelu POCCHICKHX KopeHies, BeimeAamux B Pecmybmuke Kazaxcran m Pecmy6muke
Kopest, aBTop MHOTOYHCIIEHHBIX CTaTed. YYAaCTHUK HECKOJBKUX IPOIIEAIINX MPOEKTOB
Axanemun kopeepenenus PK. Kanaunat conponornyeckux HayK.

HISTORICAL DYNAMICS OF SOCIOECONOMIC PROCESSES AMONG
RUSSIAN KOREANS (BASED ON CENSUS DATA AND SOCIOLOGICAL DATA)

LA. Kim

Independent researcher, Volgograd, Russia,
ilgiza@mail.ru

Sociological research and analysis of Russian census data on certain aspects of socioec-
onomic and migration processes among Russian Koreans demonstrate the latter's high
adaptability to historical changes in both stable and crisis environments

Introduction. The aim of the study is to analyze the historical dynamics of the structure
of livelihood sources, income levels, and changes in the size of the Korean population living
in Russia, based on data from the 1979-2020 Russian censuses and sociological studies from
2000-2014. The primary research method is statistical and sociological analysis.

Dynamics of the Korean population of the Russian Federation by federal districts
(FD). The territorial unit for comparative analysis is the unification of regions into federal
districts of the Russian Federation, which is conditional for the Soviet period. In 1979,
97,649 people of Korean nationality lived in the RSFSR, and in 1989, 107,051. The size of
the Korean population in the Russian Federation has grown significantly in the post-Soviet
period. In 2002, there was a significant increase to 148,556 people (an increase of +38%).
The maximum number of Koreans in the Russian Federation was 153,156 people. Recorded
in the 2010 census.

Data from the 2020 All-Russian Population Census showed a significant population de-
cline. On average, the rate of decline was -44.5%, with the highest outflow of 0-50.7% from
the regions of the Siberian Federal District and the lowest -37.7% from the southern regions
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(combined Southern and North Caucasian Federal Districts, excluding Crimea). Unfortu-
nately, no censuses have been conducted in Russia since then, and recent events have likely
adjusted the figures downward (Table 1). Therefore, subsequent analysis of census data by
sources of livelihood will not reveal a clear picture, especially since Rosstat changes the
parameters it takes into account from census to census.

Sociological analysis of socio-economic aspects. Sociological studies conducted by us
in the regions of the South of Russia among the Koryo Saram (2001, 2006, 2014) showed
that the first wave of immigrants (1990-2004) are characterized by greater labor and eco-
nomic stability, in comparison with later immigrants, among whom there are many unem-
ployed and temporarily (seasonally) employed, as well as a significant number of pension-
ers. In 2006, 33% rated their level of well-being as "average", 3% "above average" ("some-
what above" 1.4%, "significantly above" 1.2%); "significantly below" the average level
28%, "somewhat below" 27%. However, the structure of employment of Russian Koreans
revealed an adaptive desire for flexible forms of economic activity and optimization of in-
come sources. In 2014, self-assessments of material well-being increased significantly: 52%
of Koreans surveyed reported an "average" income level, 30% reported "slightly below"
average, and 13% reported "significantly below" average. The assessment of income as
"slightly above" average also increased to 5%.

Thus, the development of small and medium-sized local businesses and agricultural ac-
tivities helped reduce poverty among Russian Koreans and achieve higher socioeconomic
status in a context of socioeconomic instability. It is worth noting the high willingness of
Koreans to emigrate: in 2006, 17% of respondents expressed a desire to migrate further (in-
cluding 7% abroad), while in 2014, the figure was 28% (including 37% abroad). Unfortu-
nately, no more recent sociological surveys have been conducted.

Russian Census Data on Livelihood Sources. The 2002 census data on Russian Kore-
ans are published in a condensed form and refer only to the five regions with the largest
populations: Moscow, Rostov Oblast, Primorsky Krai, Khabarovsk Oblast, and Sakhalin
Oblast. By summing up the figures from these regions, we can obtain relative characteristics
for the entire Russian Korean ethnic community (aged 15 and older). The majority of census
participants (81%) had one source of income, while 19% had two or more. Among city resi-
dents, 70.6% had one source of income, 29.4% had two or more, while rural residents had
one source of income for 50.5% and two or more for 49.5%. Income from labor activity
(wages) was reported by 51.2%, while income from producing goods for themselves and
some kind of business, including from (selling?) products from personal subsidiary plots,
was reported by 8.6%. 2.5% received stipends, while 32.7% received various government
benefits (including old-age and disability pensions). 43.1% were dependents, a relatively
high figure likely due not only to the high childbearing rate but also to the fact that not all
Koreans who immigrated in previous years were able to register for pensions. Only 0.6%
had savings, and 3.6% had other sources of income (Table 2).

According to the 2010 census, the overall ratio of sources of income remained un-
changed: 81% had one source, while 19% had two or more. However, parity has begun to
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converge: 82% of Koreans in urban areas and 74% in rural areas had one source. The main
sources of income are wages and salaries (59.6%), pensions and benefits (30.1%), private
farming and income from it (8.7%), scholarships (1.8%), savings (1.2%), dependency and
assistance from others (18.1%), and other sources (1%) (Table 2).

The 2010 census showed that the share of wages from labor as a source of income de-
creased to 46.4%, while the share of profits from production for personal needs, including
private farming and cultivated land, increased to 10.1%. The share of pension provision,
including various benefits, also increased to 39.3%. The share of dependency and assistance
from others decreased to 12.3%. The number of types of sources of income decreased: one
source accounted for an absolute majority of 90%, while two or more sources accounted for
10% (Table 2). Thus, along with the decline in the Korean population, there have been
changes in the structure of livelihoods and a decline in the number of sources of income.
The increase in the share of pension payments and the decline in the number of sources may
be related to the emigration of the working-age Korean population.

Conclusion. In the early post-Soviet years, the growing Korean diaspora developed and
expanded its own economic and business activities, forming a fairly stable ethnosocial
community of Russian Koreans. However, subsequent global and domestic social and polit-
ical events changed the economic environment and strengthened the potential for emigra-
tion.
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TPAAULIMOHHBIE CBAJIEBHBIE IIOBEPbHS B KOPEE:
CHUMBOJIN3M U KYJBbTYPHBIE CMbICJIbI

M.H. Kum

Ilepmckuii 2ocyoapcmeennulii HAYUOHATLHBLIL UCCIE006AMENbCKUIL YHUGEPCUMEN
Ilepmb, Poccus, uralmun@naver.com

B cratpe paccMaTpuBarOTCS JIMHTBOKYJIBTYPHBIE OCOOSHHOCTH KOPEMCKHX CBaJIeOHBIX
moBepui, TyOOKO TPOHHM3AHHBIX CTPEMIIEHHEM OOECHeYnTh MOJIOI0KEHAM TapMOHHIO,
JTONITOJIETHE U ONAromnojy4He, a TAKKe UX pean3alliio, BOILIONIEHHYO B CTPOTOM CJIeI0Ba-
HUY pUTyajaM, IpeCKa3aHusIM U 3arpeTam

B xopeiickoil Tpaaunuu cuuTanock 4 BaXKHBIX 0Opsia B JKM3HU YEJIOBEKA, MOCBAIICH-
HBIX COBEPIIEHHOJIETHIO, CBaJh0€e, TTOXOPOHAM M €KETOJHBIM IMOMHHKAM NpeakoB. M3 Hux
cBazp0a sBIseTCS PyHIAMEHTATBHBIM M HanOoJiee 3HAaYMMbIM TaK Kak ¢ MOMEHTA 3aKITfode-
Hus Opaka (opMupyeTcsi He TOJIBKO HOBasl OOUIMHA MEXIy MY>KUYMHON W KESHIUHOH, HO U
conragbHOE U MOpaJbHOE O0hETUHEHHE MEXTY IByMsI cCeMbsIMHU. [[03TOMY XOTsI 4eTIOBEK HE
MPOXOIWII OOpsI COBEPILIEHHOJIETHSA, HO 4epe3 Opak OH CMOT MPUOOPECTH CTaTyC MOJIHO-
LIEHHOTO COLIMAJIbHOTO B3pPOCIIOrO YelloBeKa M ujieHa oOuiecTBa. B BakHbIE MOBOPOTHBIE
MOMEHTEHI )KH3HHU 4Yepe3 Opak CYIIECTBYET MHOXKECTBO MEPEMEHHBIX, HEIOABIACTHBIX YeNO0-
BeYECKOMY KOHTpoI0. ClieoBaTeIbHO, BOSHUKIIN Pa3IMYHbIE MTOBEPh: cyeBepus [1], mpu-
3BaHHBIC OOJIETYUTH TPEBOTY WM IIOMOJIUTHCSA O OJaromoiryqnu; mpuMeTs [1], hopMupoBaH-
HBIE Yepe3 MHOTOJIETHee HapoaHoe HabmiogeHne o cBaapOe; Taby [1], cTporuii 3amper BO
BpeMsI CBab0BI /IS 3AIIUTHI HOBOW CEMBH OT O€JI, CTiia3a M HeCYacTHil.

Ienpro maHHO# paOOTHI OCHOBHIBACTCS HA BBISBICHHU CIIOCOOOB M CPEIICTB PEIPE3cH-
Taluy CBaJcOHBIX TTOBEPU B KOPEHCKON TpaauIui. MaTepuaaoM MOCITYKIIA TapeMUOJIO-
THYECKUE CIUHUIBI (TIOCTIOBHUIIBI, MOTOBOPKH), (hpa3eosioru3Mbl, MPELEACHTHBIC TEKCTHI,
JIEKCUYECKHEe €UHHIIBI, CBSI3aHHBIE CO CBaIEOHBIMHU OOpsIIaMH, a TAK)Ke JAaHHBIE TOJKOBBIX,
STUMOJIOTHYECKUX W JIMHTBOKYJIBTYPOIIOTUIECKIX CIIOBapel Kopeickoro s3bika. [Ipumene-
HBI METOZbI: KOMITOHEHTHBIN aHaJIH3, OMMMCATENBHBIA METO U JTMHTBOKYJIHETYPOJIOTHIECKHUN
aHaIn3 CBaJIeOHBIX TIOBEPHIA.

B TpaguumoHHOM KopeickoMm oOmiecTBe Ui OIpeneNieHHus OpakocodyeTaHus ObLIO
HEOOXO0IMMO MPOBEPHTh 5/ 6paunyio cosmecmumocms. OHAKO 06X0AUIOCH O€3 Hee B
omHOM ciyuae: 4 & Rfoli= &g = ¢F # U} Pasnuya 6 eospacme 6 4 200a dasce ne pac-
CMAMPUBAEMCsL ¢ MOYKU 3PEHUSL COBMECHMUMOCIU. MO HAPOOHOe NoGepbe, YMo, CO2AACHO
Kumatickomy 300uaky, pasHuya 6 eospacme 8 4 2oda coomseemcmgyem «Camxanyy
(Tpu Kombunayuu), mo ecmv HAumyuwum 00pA30M COUEMArOMcs ITUYHOCU U meMnepa-
MeHMmbl.

Bbpaunast coBMecTUMOCTb MPOBEPSTIACH HA OCHOBE JTHS M BPEMEHHU POXKICHUS >KEHUXA
U HEBeCThl. JIOKyMEHT, (DMKCUPYIOUIHMIA JaTy U BPeMs POXKICHUS KEHHXA, OTIIPABICHHBIN
B JIOM HEBECTBI HasbiBaeTcsi AF 7~ H2} Cadocydandca. DTo nepsblit 0OQUIHATLHBIN JOKY-

177



HNCTOPUSA 1 OBIIECTBEHHBIE HAYKUN

MEHT, pa3pellaroniuii Opak, OTHPAaBIsAEMbId CeMbell >KCHHMXa CeMbe HeBeCThl. [lomyuus
AT HR] Caoacyoanooicy, ceMbs HeBECThbl CUMTANA €€ CBALICHHOM M XpaHMIA ee ITyOoKo
B [NIABHOM KOMHaTe WK B mkagy. CUMTANoOCh, 4YTO, €CIIHM 3TOT JIOKYMEHT OYJeT MOBPEKICH
WM CheJICH KpbIcaMu, Opak pacrajieTcsi WM dKeHUXa IOCTHTHET OO0JIbIIOe HecUacThe.

Jlo cBazp0bI ObLI cTporuii 3anpetr: &= SFFi7 B} ¢1°] F AL 7}=] vl He no-
cewjatime uysicue moprcecmea Ui mpaypHvie Meponpusimus 00 c6a0bObi. ITO BO3HUKIIO U3
yOexIeHHsI, 4TO «OpayHble OJaroCIIOBEHHUs, KOTOPhIe YEeTOBEK JOJDKEH MONYyYUTh, MOTYT
OBITH paccesHbl B JPYTOM MECTE, WM YTO TeYallbHas PHEpPrus IPYTHX JIIoJed (HampuMep,
MOXOPOHBI) OK&KET HETaTUBHOE BIMSIHUE HA €T0 COOCTBEHHOE TOPIKECTBO.

Taly, xacaromuecsi BpeMEHHU M J1aT TPOBENCHUS CBAABOBI, PEICTABIECHBI CIEIyIOIINM
obpazom.

l. 9 d=lH 27 75 9] 7] X Bpax 6 eucoxocuwiii mecsy paspywaem cy-
HPYACECKYIO 2apMOHUIO. BUCOKOCHBI MeCSI] CUYUTAJICS «MECALEM, B KOTOPOM AyXH HE Xpa-
HAT HEYHCTOTY», TIOITOMY, XOTSI OH CUMTAJICS OJarompusTHBIM JUIsl TIepee3/ia UM U3rOTOB-
JICHUs1 TOTPeOabHBIX CaBaHOB, OH CUHMTAJCS 3JIOBEIIUM JUIsi CBajeO, MOCKOJBKY IMPETIsiT-
CTBOBAJI TIOJYUYCHHIO OJIATOCIOBEHUS TPEIKOB.

2. ofF 7o) FIF (A ) 7FH A B £ 1420 Ecu écmynuwb 6 6pak 6 «npoxis-
mue 0essamozo 200ay, byoeutb NaIaKamo mpu pasd, evixoos uz ooma. Bospact 9, 19, 29 ner
U T. Jl. CYMTAJICS TIEPUOIOM HEOJNArONpPUATHOM CYILOBI U pe3KkuXx nepemMer. CUUTanock, 4To
Opax B 9TO BpeMsi PUBEJIET K Pa3BOAY WIIHM TPYAHOCTSIM, IOTOMY JIFOJH n30eranu Opaka.

3. 9 A= Ho) =] X2 i1 X}A)ES S0 IIposedenue c6advbbl 6 besiyniyio
HOUb NPUBOOUM K POHCOeHUIO cleno2o pebenka. CauTanock Tady, uTo Opak B TEMHBIN JCHB,
KOTJla JJyHa COBCEM HE BOCXOJHT, HAI[pUMEp, B MEPBBIN JICHb IyHHOTO MecsIa, IPHHECET
ThMY (HEC4acThe) B JOM M IPUIHHUT Bpell MOTOMKaM. [2]

CylecTBYIOT IPUMETHI U CyeBEpPHSsl, KACAIOIINECS TTOTOY BO BPEMs CBaJIbOBI.

1. Zrelo] Hofof ZF X} Moxpwie momvieu eedym k npoysemanuio / = ¥ =0/
@1 Z3}0} Cuez 6 denv c6advbvi — brnazonpusmubiii 3uax. B arpapHOM 06IIecTBe CHET
cuMTascs OJaronpUATHBIM 3HAKOM, CUMBOJIH3UPYIOIINM OOMIBHBIN yposkail. Taxke cunTa-
JIOCh, YTO €CJIM BBIMIAJIET JOCTATOYHO CHEra WM JIOXKJS, YTOObl HAMOYHThH «KOTIBITA JIOIIA-
I (CIIENBI) M YBIAKHUTD 3€MJIIO, TO B CIIEAYIOIIEM TOy ypokail OyJeT XxopomuM, oorat-
CTBO OyJIET HAKAITUBATHCSI, U MOXHO OYJIET MUTh MPOIBETAIONICH KHU3HbIO.

2,29 Y Bl 9H FHolE $=0 Jloocdw 6 denv c6advbovl 6edem Kk podcdenuio nep-
6enya. TpaIuIMOHHO JOX/Ib CUMTAJICS J)KUBOM BOJOH, maiaromieii ¢ Heba, u sHepruei 1Hb.
HanpotuB, My>x4rHbI cuMBoau3upytotT SH. [losToMy cBaan0a B JeHb, HAIOJIHEHHBIA SHEP-
rueid Hb (moxaem), oblieryaeT 3a4aTue mepBeHIia, 001aaroniero sHepruei SH.

3. 29 Y v 9 ZFECEEcnu 6 denb c8adbbbl udem 00aiucob, 3a HUM credyem 3acyxd.
B nmanHOM ciydae mokIb He paccMaTpuBaeTcsi 0€3yCIIOBHO MOJIOXKHUTEIHHO, 2 HHTEPIPETH-
pyercs Kak HapyIIeHHe €CTECTBEHHOTO TOPSIIKA BEIIeH.
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Jlasiee npecTaBiIeHBI IPUMETHI U CyeBEpUs, KaCalOIIHeCs MMOBEJACHUS HEBECTHI B JICHb
CBaIbOBbI:

1.20" ARl "= S&Ct [lykanbe HEBECTHI B JI€Hb CBaIbOBI CUMTAETCS
«CYACTIIMBBIM». DTO CyeBEpHE, KOTOPOE BEIHMKOIYIIHO 3aKPhIBAET IJ1a3a Ha OMIMOKH HEPB-
HUYAOIIEH HEBECThl. B HEM MPUCYTCTBYET FOMOP MPEAKOB, KOTOPhIE CTPEMIIIUCH UCTOJIKO-
BaTh CUTYAIUIO TIO3UTUBHO, KaK 3HAK TPAAYIICH yaadyu, a HE KaK MOBOJ HCIIOPTUTH aTMO-
ctepy cBaseOHOTO TOPIKECTBA.

- o = o

2.2 MEJEE2 S2|H AKX ZBHE Ecnu HeBecta MPOJILET CJIE3BI B JCHB
cBaJIbOBI, €€ )KU3Hb He OyzeT OnaromnonydHoi. Cie3sl HEBECThI BO BPeMsl CBabObI BOCIIPH-
HAMAJIOCh KaK 3HaK HecyacThs. (M Ha000pOT, CYMIECTBYIOT Tak)Ke PETHOHATLHBIC CYyECBEPHUS

C MPSIMO MPOTHUBOIOJIOKHBIM 3HAYEHHEM, HAIIPUMED, «IPOJIMTHE CJIE€3 MPEIOTBPAILAET 3a-
CYXy» HIIH «CIIOCOOCTBYET MPOLBETAHUION).

3.200g METHEH| S0{7HH AT L|Of| Al ZFCHISHEL Ecnin mesecta BxOaUT
Ha KyXHIO B JICHb CBaHB6BI, OHa HpepeKaeTCH (¢]0) CBCKpOBBIO. B HpO]HHOM 6]31.]'[0 HpHHHTO,
qTO6I)I HEBECTA HC 3aX0AuJia Ha KyXHIO B TCUCHUC, KaK HpaBI/IHO, TpeX ,[[Heﬁ I10CJIC Hepee?),Z[a
B IOM My)Ka. B 3TOT HepI/IOI[ CBerOBB 3HAKOMMUJIA HOBy}O HeBeCTKy C pOI[CTBeHHI/IKaMI/I,
nu eﬁ paSpeHlaJIOCI) 3aX0JUTh Ha KyXHIO 1 HAYWHATH BECTU JOMAIITHEEC XO3$H7[CTBO TOJBKO Ha
YETBEPTHIN JIeHb. JTO OTPaXKaeT KyJIbTYypPHbIH KOHTEKCT, B KOTOPOM BXOJ Ha KYXHIO B II€p-
BBIi JIEHb, HAPYIIEHHE YTOM TPAJAUIMU, CYMTAIICS 3JIOBEIIUM 3HAKOM O OyIyleM KOHQIUK-
TC Me)KZ[y CBerOBBIO n HeBeCTKOﬁ.

<) o o
4. 204 MBI 20M A HZ =Lt Eciu nesecta YIBIOAETCS. B ICHDb CBAIIbOBI,
OHa POJAMT MEPBYIO A0Yb. B mpomuioM, Korjaa npearnodyTeHue OTAaBaloCh MalburKaMm, IIu-

poKkasi yneIOKa HEBECTHI MHOT/Ia MCIIONF30BANach B HETAaTHBHOM CMBICIE, KaKk TpeOoBaHUE
CKPOMHOCTH, TIOJJpa3yMeBasi, 4TO OHA «HE CMOKET POJIUTH IIEPBEHIIAY.

5. MAMAIZF 2X[8S B2 ™ Z0| LIZEC} Ecnu nepecta nepectynut nopor, yaada
MOKUHET JI0M. JTO THUIIMYHOE MOBCEAHEBHOE Ta0y (CyeBepue), MPOUCXOAIIEe U3 TPATULIH-

OHHOM KOpPEHCKOH apXWUTEKTYphl, U B TPAIAULHUOHHBIX BEPOBAHUAX IIOPOT CUUTAICS TPaHU-
LeH, pazaensiolell BHyTpeHHee IPOCTPAHCTBO AoMa (MHp JKUBBIX) OT BHEIIHETO (3arpo0-
Hast KM3Hb), & Takxke MecToM obutanus «i=21 4 Mynmxoncun» n (‘dF 4! Conmxycun),
Oyxa-xpaHuTens poma. HacTynuTh Ha HEro cuuTagoch OCKOpOJICHHEM M THEBOM nyxa [3].
Taxoke B maHHOM TaOy €CTh M IpaKkTHUYECKas INpUYMHA IJIA [IpeJoXpaHeHus nedopmanuu
ropora u rnpo6yieMa 6€30MacHOCTH U3-3a BEICOKOT'O TIOPOTa B KOPEHCKON apXUTEKTYype.

Habmronatorcs u Taly, kacarommuyecs IpeaMeTOB U PUTYaIOB

1. 7 7F 7faf B wf Blo] ol B o 2 EFO] Hegecma 6ydem npoxiama, eciu
€€ Ho2U KOCHYMCSL 3eMIU 80 8peMs noe30KU 8 naiankuxe. YToObl peoTBPaTUTH NIPHUBIIEYE-
HUe 37bIX AyXoB 3emin (|2 JI3ucun) k HeBecTe BO BpeMsi MyTeNIECTBUS U3 10MA €& PO/IU-
TeNel B JOM CEMBH MYk, €l CTPOrO 3alpelaioch CTynaTh Ha 3€MIIIO C MOMEHTA MOCAIKH
B MAJIAaHKHUH 10 MOMEHTA BBICA/IKH.
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2. 8} X ofH]7} HE FEofHH Fo] Yol Voaua omemynaem, eciu Xamooicu-
Habu oensiovieaemcs Hazad. Cuwranoch, 4to eciam oF X OFH]  Xammkunabwu, HECYIIHA
«& Xam» (cBameOHBIN CyHIyK) colepKalluii IpUIaHOe, OTNISHETCS Hasal, BXOIA B JOM
HEBECTHI, TO MPHUXOJAIIAS yIa4a OTCTYNUT U YHAET. [loaTOMY ero 3acTaBisiiv WATH, TISIIS
TOJIBKO BHEPEL.

3. {)Bro] £E o] H A A XH “2380] M A =0} Ecau ceéeua 6 6paunom nokoe no-
2acHem nepeoll, mo dma CMopoHa ympém nepeou. ITo ObUIO ykacHoe Taly, TJacHBIIEE,
4TO €CITU U3 JIBYX CBEUCH, 3a%OKCHHBIX B OpauHOM IMTOKOE B MIEPBYIO HOYB, CBEYA CO CTOPOHBI
JKEHMXa WM CO CTOPOHBI HEBECTHI ITOTACHET MEPBOMA, TO BIIAJIEINEI] 3TON CBEYH YMPET MPEexK-
JIEBPEMEHHO

Cy11ecTBYyIOT U CyeBepHs, KACAIOIUECS €bI U €€ TOIauH:

1. &9 FR]of ZFE& Hro] 3t R AlZo] Ze] T Cruwkom mnozo paspesanus
HOJCOM HA C8A0EOHOM NUPY pa3pbléaem CynpyicecKyio 110606b. TpaauLMOHHO OCTpBIE WH-
CTPYMEHTHI, TaKHe KaK HOXH WM HOXXHUIIBI, CHMBOIIM3UPYIOT «Pa3phiB» U «pa3beluHe-
Hue». CUUTaoch 3J0BEIIMM JIelaTh CIUIIKOM MHOTO HaJIpe30B MpHU MPUTOTOBICHUU €IIbI
U1 cBazeOHOTO THpa (HalpuMep, HAYMHKA I OaHKETHOM JIAIIIIN FITA MsICa), TIOCKOIBKY
0JIarajoch, 4TO JIE3BUE PA30PBET CBA3b, JTFOOOBH U yAauy MOJIOJI0KEHOB.

2.3 HE dol ¥] o A" 28T} w5 S Eciu 6 denw, ko2da edsm nan-
wy, uoem 0024c0Ob, HCEHUX U Hegecma NpoauUsaiom ciesvl. PaHplie, KOTAa MUPIIECTBA MPO-
BOJIMJIMICh HA OTKPBITOM BO3JTyX€, TOKIb MOPTHI OaHKETHBIN CTOJI, HAKPHITHIN BO JBOPE,

W 3aTPyAHSI mpueM rocteil. Kpome Toro, 310 cyeBepme BO3HHKIO W3 OMACEHUS, YTO
KaILIu JIOK[Is, Talatole ¢ Heba, Yo Mo0IsS0TCS clie3aM KEHMXa U HEBECTHI, MpeJroiarasi,
YTO OHU OYAYT HCIBITHIBATH 3MOIIMOHAIBHOE MOTPSCEHUE WK MPOJBIOT MHOTO Clie3 M3-32a
MeYaTbHBIX COOBITHIA B CBOCH CEMEHHON JKU3HU.

B 3akmouennn npeacBaieOHbIH IpoIece BKIIOYAeT B ce0s paccMaTpuBaHHE COBMECTH-
MOCTB COYeTaeT B cebe OYIMIICKYIO TEOpHIO KapMbl M KOH(DYIIHAHCKYIO0 Teopuio Mup u SH
u [Tatu DnemenToB. BriOOp maT U BpeMEHHU MPOBEJACHHS CBaIhObI TECHO CBSA3aH C MPEIO-
XpaHCHHEM HEU3BECTHBIX OymyImux Oej Takue Kak pa3BoJl, pa3HOrJIacHe CYNPYroB, TOpe
U poXxJieHue AeTel-nHBaIuA0B. [loBepbe 0 oroe Bo BpeMs CBah0bl OTPAKAIOT BAXKHOCTh
JIOKISl I CHETa B arpOHOMHUH KOpehckoro obmectBa. OTHAKO CyeBepHe O TOXK/E BhIpaKaeT-
Cs aMOMBAJICHTHO, YTO €TI0 IPHUCYTCTBUE TapaHTUPYET OOMIBHBIN YpoKail, a ¢ IpyTroit cTo-
poHBI, 3acyxy. HaOmonaeTcs aHApOLIEHTPUYHBIN YKIIad B CBaJACOHBIX MOBEPUSX, OMHCHIBA-
FOLIUX TIPUMETHI U Taly, 10 aJpeCcy HEBECTHI.

CIIMCOK JIMTEPATYPBI

1. Oxeros C.U. n lIsenosa H.1O. TonkoBeIi croBaps pycckoro si3sika: 72500 citoB n 7500 dpa-
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¢oun kynpTypel. — M.: A3b, 1993. 960 c.
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3.48AL et=REMUAARE - TREAUY H: TRUAYel oY, oHE §)
https://folkency.nfm.go.kr/topic/%EA%B0%80%EC%A0%95%EC%8B%A0%EC%95%99

BUOTI'PA®UA

A, Kum Mu Horr, paGotaro B 06/1aCTH JTMHTBUCTHKH M KYJIbTYPBI, U CIIEIHATH3HPYIOCH
Ha KOPEICKOM s3bIKE, KYJbType U auTeparype. B 2013 roxy nonayuuia JIULEH3UIO Mpenoaa-
BaTelsl KOPEHCKOTO sA3BbIKa KaK HHOCTPAHHOTO s13bIKa. B 2023 oy 3akoHYMIA acIUpaHTypy
B IlepMckoM rocygapcTBEHHOM HAlMOHAJBLHOM HCCIIEZOBAaTENbCKOM YyHUBepcurere. O0-
JacTh MOMX HAayYHBIX MHTEPECOB BKJIIOYAEeT B ce0s METOAMKA MPEMOAaBaHUS KOPEHCKOTO
A3bIKa KaK MHOCTPAHHOTO S3bIKa, COTMIOCTABUTEIIbHBIM aHAIN3 PYCCKUX M KOPEHCKUX mape-
MU, UCCIIEAOBAaHNUE PENPE3CHTALIMN Pa3HBIX KOHLENTOB U MeTaop B BHIICYKa3aHHBIX Ma-
peMHUsIX.

TRADITIONAL WEDDING BELIEFS IN KOREA:
SYMBOLISM AND CULTURAL MEANINGS

M.Y. Kim

Perm National Research University, Perm, Russia, uralmun@naver.com

This article examines the linguacultural characteristics of Korean wedding beliefs and
their implementation, embodied in strict adherence to rituals, predictions, and taboos.

The purpose of this study is to identify the ways and means of representing wedding be-
liefs in Korean tradition. The material includes proverbs, phraseological units, precedent
texts, lexical units related to wedding rites, as well as data from explanatory, etymological,
and linguacultural dictionaries of the Korean language. The methods used include compo-
nent analysis, descriptive method, and linguacultural analysis of wedding beliefs.

During a wedding, numerous variables exist beyond human control. Consequently, vari-
ous beliefs have arisen: superstitions intended to alleviate anxiety and pray for prosperity;
omens formed through long-standing folk observations about weddings; taboos, strict prohi-
bitions during a wedding to protect the new family from misfortune, the evil eye, and mis-
fortune.

In traditional Korean society, a four-year age difference isn't even considered for com-
patibility in marriage, as according to the Chinese zodiac, a four-year age difference is con-
sidered the best match for personalities and temperaments. There was a strict prohibition
against attending other people's celebrations or mourning events before the wedding, lest the
"marriage blessings" be dissipated elsewhere, or that the sad energy of others negatively
impact one's own celebration.

Leap months were considered inauspicious for weddings, as they prevented the recep-
tion of ancestral blessings. Ages 9, 19, 29, and so on were considered periods of unfavorable
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fortune and abrupt changes. Marriage on a dark day when the moon doesn't rise at all, such
as the first day of the lunar month, would bring darkness (misfortune) to the home and harm
descendants. In an agrarian society, rain and snow during a wedding were considered auspi-
cious, symbolizing a bountiful harvest. Traditionally, rain was considered living water fall-
ing from the sky and yin energy. Therefore, a wedding on a day filled with yin energy (rain)
facilitates the conception of a firstborn child, who possesses yang energy.

There are superstitions and taboos associated with the bride's behavior. A bride farting
on her wedding day is considered "lucky." If a bride sheds tears on her wedding day, her life
will not be prosperous. In the past, it was customary for a bride not to enter the kitchen for,
as a rule, three days after moving into her husband's house. Therefore, tradition warns that if
a bride enters the kitchen on her wedding day, she will argue with her mother-in-law. The
bride is forbidden to smile during the wedding, lest she give birth to a daughter, and to step
on the threshold, lest the blessing leave the house.

Finally, the pre-wedding process includes checking the dates and times of birth of the
bride and groom, which incorporates the Buddhist theory of karma and the Confucian theory
of Yin and Yang and the Five Elements. The choice of wedding dates and times is closely
linked to the prevention of unknown future misfortunes. Wedding weather beliefs reflect the
importance of rain and snow in Korean agronomy. However, the superstition about rain is
expressed ambivalently: its presence guarantees a bountiful harvest, while its presence also
promises drought. An androcentric bias is evident in wedding beliefs describing omens and
taboos regarding the bride.
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3EPKAJIO KAK AITIOTPOIIEM: TUTIOJIOTUSI U CEMAHTHKA
BPOH3O0BBIX 3EPKAJI B IIOI'PEBAJIBHBIX KOMIIVIEKCAX
KOPEHUCKOI'O MOJYOCTPOBA U TIPUMOPCKOI'O KPASI®

B.M. Jly3zan

Bonzozpaockuii zocyoapcmeennutii couuanbno-nedazozudeckuil ynusepcumem, Bonzozpao,
Poccus, luzan.victoria@yandex.ru

B crathe paccMaTpuBaeTCs IBOJIONUSA U PUTYATBHO-AMOTPONENYECKOEe PYHKIIMOHUPO-
BaHHE OpPOH30BBIX 3epKajl, 00HAPYKEHHBIX B MorpebambHBIX KoMIuiekcax Kopeiickoro mo-
nmyocTtpoBa u [TpuMopckoro kpasi. ABTOp BBIJIEISET TPU THIIA 3€PKAT U OINPENENsIeT UX ce-
MaHTHYECKYH0 COCTABJISIONIYI0 B PAMKaX CXATOJOTMYECKON CHCTeMBbI. J[enaroTcsi BHIBOIBI
0 BIIMSIHUH PACIIONIONKEHNUS 3epKajia B IOrpeOCHUH Ha OnpeliesieHue ero (QyHKIIHNM.

BpoH3oBbIe 3epKana NpeAcTaBIA0T COO0H OANH U3 Hanboee penpe3eHTaTUBHBIX BUI0B
apXEoJIOTUYECKUX MCTOYHUKOB B MaTEpPHAIbHOM KyJlbType IPEBHUX U CPEIHEBEKOBBIX 00-
mectB JlansHero Boctoka. Obnanas BEICOKOM XPOHOJIOTMYECKOW YyBCTBUTENIBHOCTBIO, 3TH
apTedakThl BHICTYNAIOT HE TOJIBKO MapKepaMy Pa3BUTHs METAJUTyPTUU U 3THOKYJIBTYPHBIX
KOHTAKTOB, HO M BaXHEHIIMMHU MCTOYHUKAMH JUII PEKOHCTPYKLMH MEHTAJIbHOCTU M PEIH-
THMO3HO-MarM4ecKux MpakTHK JPEBHEro HaceleHus. B KoHTekcTe nmorpeOanbHbIX MaMITHU-
KOB YTHJIUTapHasl (YHKLHUS 3epKaja ycTymana MeCTO CakpajbHOM: OHO MpHOOpeTaso cTaTyc
MoIHOTo anotpores. ['eorpaduueckuii pokyc uccnemoBanus oxarbiBaeT Kopeickuii mo-
IyocTpoB U IIpuMopckuil Kpail — 30HBI HEMPEPHIBHOTO CHHTE3a ABTOXTOHHBIX TPaTUIIAN
Y MOUTHBIX UMITYJIECOB U3 KUTAHCKOTO IIMBUIN3AI[MOHHOTO OYara.

AHanm3 Hax0JO0K MO3BOJISIET Pa3ieiUTh MacCHB apTe(akTOB Ha TPU BHUIA.

1. JIpeBHekopeiickuii Tuil. Xapaktepusyercs (HOpPMHUPOBAHUEM JIOKATBHON Tpauiud
MeTammoobpaboTkn Ha KopeiickoMm MmomyocTpoBe B 30Xy OpOH3BI M PaHHETO Keje3a, CBs-
3aH C 3BOJIIOIMEN MHOTONETJIUCTHIX 3epKall.

W3HavanbpHO THI NpEACTaBIIEH 3epKajlaMu C «IPyObIM» FeOMETPHUYECKUM y30POM U 3€p-
KaJlaM{d C TOHKHM JUTEHHBIM y30poM. C pybexa 3p, B CBSI3HU C DKCITAHCHEH XaHhCKOTO Ku-
Tasg U co3gaHueM Okpyra JlojmaH, Ha MOJyOCTPOB HAYMHAET MOCTYNAaTh MAaCCOBBIA UMIOPT
KIITACCHUYECKUX KHTANCKUX THIIOB: 3€pKaja C COJSPHBIMH 3Hakamu, Tuna TLV (ry#duzro-
I3WH) ¥ 3epkana smoxu lllecTrn muHACTHIT ¢ M300paKEHUAMU TOTYMHUPHUICCKUX 3BEPE
(udHBIOY-113UH). ['eorpadust 3THX HaX0JOK MPUBA3aHA K ANIUTApHBIM morpedenusm (I1xe-
HbsH, Kéumxy) [1].

2. PanHecpenneBexoBoIll (Ooxatickuit) Tumn. B smoxy rocynapcta boxaii (698-926 1r.)
TUIIOJIOTUYECKUI CIIEKTpP 3epKasl TPAaHC(HOPMHUPYETCS IO BIUSHUEM 3TATOHHBIX 00pa3LOB
TaHCKOM 3moxu. [IMOTHOCTP HAXOAOK JEMOHCTPUPYET PE3KYI0 aCUMMETPHIO MEXIY LEH-

¢ PaGora Brmonnena non pykosoacteom WM.K. KnMa, kanaumaTa HCTOPHYECKHMX HAyK, TOLEHTA
Kadeapsl BceoOIeld NCTOPUU U METOUKH TIPeTiojaBaHusl HCTOpUH U obmmectBoBeneHuss @PI'6OY BO
«BI'CITY», e-mail: kokes@mail.ru
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TpaJbHBIMU paiioHamu rocynapcTBa (MaHBWKYpHS) U €ro CeBEpO-BOCTOYHON OKpPamHOMN
(ITpumopsne).

B Ilpumopckom kpae, M3-32 OTCYTCTBUS BBIPQXKEHHBIX HAJIMOIMIIBHBIX COOPYKCHMM
W Ppa3pyLIMTENBHBIX aJUTIOBHANBHBIX MPOLEccoB, (uKcanus MNorpedeHuil 3aTpyaHeHa.
Haxonxu nensix 3epkai 00XaficKOro BpeMEHH 3/1eCh €IWHUYHBI. YHUKAIBHBIM IIpELEeiCH-
TOM SIBJISIETCS] KBaIpaTHOE 3epKaio M3 OKpecTHOCTel KpackuHckoro ropoamma [2].

3. [o3nnecpenneBexoBblid Tuil (3noxu 1[3une, K0ans 1 Mun). Xapakrepusyercs ciy-
YJaifHBIMH HaXxOJKaMU B OacceliHax pek PazmonbpHas, ApceHneBka U Yccypu. Crnenyer oTMe-
TUTbh, 0OJIBIIOE KOJIMYECTBO M300paKEHNH Ha 3epKajax AaHHOIO THUMa. Tak, BCTPEdaroTCs
3epKajia ¢ CI0)KETOM «JiBa Kapacs» (mapHbie peiObl). bapensedHoe nzoOpaxenue AByX psio,
TUIBIBYIIMX IO KPYTY, CHMBOJU3UPOBAJIO YaJOPOAME M CYNPYKECKOE cyacThe. DTOT THII
OBLT TIOTTyJIsIpeH B uMIiepuu 113uHp 1 MaccoBo mponukan B [Ipumopne [3]. Eme ogamm mo-
MyJISPHBIM CIOJKETOM SIBJISIIOTCSL IPakoHBI B oOjakax: 3epkaja ¢ TakUM H300paxeHHeM
NPEACTaBIAIOT COOOH KpPYTJble JUCKH C BBICOKMM OOPTOM, TJ€ OPaKOH IMpecieayeT mblia-
foryto sxkemuyxuny (Illaliruackoe n AHanbeBckoe ropoauma). Kpome toro, mozgHecpen-
HEBEKOBBIE 3€pKaja CIy’KaT XOPOLIMM MapKepoM TOproeelx myteil. Hampumep, xywko-
yCKHE 3epKaja (Xy@wKOoy-I3UH) ONpPEeestoT TOproBeie myTu »moxu F0ans u MuHn. [Ipomyk-
LUsI MACTEPCKUX ropoa XywKoy OTIMYaIach OTCYTCTBUEM IBIIIHOTO JEKOPa U 00s3aTeNb-
HBIM HaJIMYHAEM KJeliMa ¢ UIMEeHEeM Mactepa (HalpuMmep, « XywWKOy WKao 1135 m30») [3]. 3Ha-
YUTEIbHAS YaCTh 3THUX TO3IHECPETHEBEKOBBIX HAX0JOK JIOKATM30BaHA B CAaKpPaAIbHBIX 30HaX
nanqmadTa (y MOTHOXKHSA CKall, B YCThAX PYYbEB), YTO YKa3blBaeT HAa HMX HHTETPALHIO
B IIAMAHCKHE KYJIbThl KOPEHHBIX HAPOJOB MOCIIE MaJCHUS KPYIHBIX TOCYAaPCTB.

B paMkax 3cxaTonoOrnyecKux CHCTEM 3epKajio (YyHKIIMOHHPOBAIO OAHOBPEMEHHO KaK
MOJIeNTb MUPO3JaHus1, TPOBOJHUK YN U allOTPOIEH.

B nanHOM acnekrte kpyrias ¢popMa IUCKOB OJHMLETBOPsAiIa HE0O, a peAKHe KBaJpaTHbIE
3epkasia — 3eMiIio [3]. BaskHeHmmiM KadecTBOM 3epKaja Obljia CITOCOOHOCTH OTPakaTh CBET.
B npeBHEKOpEMCKON TpaJiMLIMKA COJIIPHBIM KyJbT 3aHUMaJl LEHTPAIbLHOE MecTo. B mpo-
CTpaHCTBE MOTHJIBI 3TO COJISIPHOE KauyecTBO MPOECUUPOBAIIOCH HA MMOA3EMHBIA MHUP: 3€pKajio
JOJDKHO OBLIIO paccenBaTh XTOHUYECKYIO ThMY 3arpoOHOIO MPOCTPAaHCTBA, OCBELIAs IIyTh
nyme [1].

[orpe6anpHbI KOMITJIEKC MBICIMICS KaK YMEHbIIeHHas Konus BceenenHoH, 3ammmieH-
Has OT Xaoca BHEIIHEro Mupa. TpaauIMOHHOE CO3HAHME JKECTKO pasfeisio oOuTaeMoe
MIPOCTPAHCTBO HA BEPTUKAILHBIC 30HBI: BEPXHIOIO (YHUCTHIC TyXH, HE0O), KUIYIO CPEIHIO0
(Mup yenoBeka) M HIKHIOI (XTOHWYEeCKUH mMup). [Ipn KOHCTPYHMpPOBaHUH MOTHIIBI ITPOHC-
XOIWJIa UHBEPCHUS: HIKHUN MHpP NMOTrpeOeHUsl JOJDKEH ObUI IPEBPATUTHCS B «UHCTYIO 3€M-
JIFO» VIS yMEpILEero. 3epKajo B 3TOH CUCTEME BBIIIOJIHSIIO POJIb IOTPAaHUYHOTO CTpaXka. 3a-
IIUTHAs Marus 3epkajia 6a3upoBaach Ha BU3YaJbHOM IIOKe. B ManbHEBOCTOYHOMN JEMOHO-
JIOTHU CYHMTAJIOCH, YTO BPEJOHOCHBIE AyXU 001anaroT 6e300pa3HbiM 00arKkoM. BeTpeuas Ha
CBOEM IIyTH 3€pPKAIbHYI0 IJafb, JEMOH BHJAEIT CBO€ HCTHHHOE OTPaKCHHE, NPUXOAUI
B y’Kac ¥ Tepsut cuiry [4].

BricmiM mposiBieHHeM cakpaiu3audd OpOH30BOTO 3epKaia SBIUICS OOpsa ero Hame-
PEeHHOrO paspylieHus win aepopmanu. YToObl mpeaMeT MOT BBIIONHATH CBOM 3aILUTHBIE
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(GYHKIIMH B 3arpoOHOM MHpE, €ro COOCTBEHHAs «3€MHAas YXU3HbY» JOJDKHA ObLIa MpeKpa-
THThCA depe3 mpouenypy aememuanuu [3]. C TOYKM 3pEeHHs] apXamdeCKOTO MBIIIICHUS,
CIIOMaHHOE B MHpE JIIOJIei CTAHOBUTCS 1IeTbIM U (DYHKIIMOHUPYIOIIMM B MHPE JTyXOB. AHa-
U3 HaxoJoK u3 [IpuMOpbsS TO3BOJSET BBIACIUTH HECKOJIBKO YCTOHYMBEIX CTEPEOTHUIIOB
HAHECEHUs PUTYAIIbHBIX TIOBPEXKICHHIA:

1. ComBaHre wiu NMpoOWUTHE MEHTPANTBHOTO yITka. HaHneceHne TOYewHOTO yrapa TshKe-
JBIM OpPYAHMEM HEMOCPEICTBEHHO B OOJIACTH METIH (KOCMOJIOTHYECKOTO LEHTpa 3epKalia)
MIPUBOVIIO K €€ CKaJbIBAaHWIO WJIM CKBO3HOMY MPOOHTHIO JVICKA, JIUINAS BEIIb BO3ZMOXKHO-
CTH YTHJINTAPHOTO TTOABETINBAHUSI.

2. llpennamepenubiii u3moM. OTPOMHBIN TIACT TO3THECPETHEBEKOBBIX 3€pKaN TMPE-
CTaBJICH B BUJIC POBHBIX IMOJIOBHH, YETBEPTEH MIIH MEIKUX OCKOJKOB. 3epKaia YKIaJAbIBAIH
Ha TBEPAYIO BBHITYKIYIO OMOPY M HAHOCWJIM CHIIBHBIA yaap B LEHTp. B psaae cirydaeB B Mo-
THJTy MOMENIanach JHIIb OJHA MOJIOBUHA, a BTOPAs OCTABAJIACh Y JKHBBIX POJCTBEHHHKOB
B KaYeCTBE 3aJI0Ta CBS3U C YIICIIAM IPEIKOM.

3. PuryanbHsiii 3aru6 (nedopMarus MIOCKOCTH). BpoH30BBIN AMCK CTHOAICS TMOMONIaM
moa yriaoM 10 90° WM CKpyYHMBAJICS B BOJHOOOPA3HYIO IDIACTHHY. Takoi croco0 JmIan
3epKaJio €r0 INIABHOTO (PM3MYECKOTO CBOMCTBA — POBHOM OTPa)KaroIed MOBEPXHOCTH, ITIpe-
Bpalnas ero B YuCTO CUMBOJIMYECKUN 00BEKT [3].

B apxeonmormdeckoM Marepuaie perHOHa MPOCIS)KMBAETCS UYETKOE pa3iIuyhe MEXIy
npeoOiagaHueM M[eiblX W (parMeHTHPOBAHHBIX 3epKan. JlaHHOe pa3luuue SBISIIOCH,
B IIEPBYIO 0Yepelb, MAPKEPOM COLIMATIBHOTO CTaTyca MOorpeOeHHOT0, YTO OTPaXkeHO B TalmI. 1.

Tabmnumna 1
CocTosinue 00bEKTOB

ConmanbHO-pUTyaIbHAS

CocrosHue apredakra ApXeonorniaeckuii KOHTEKCT
GbyHKIUA

Henpre 3epkana Onurapaseie TpoOHUNE boxas (Kurait), | Mapkep BBICIIEro apHCTOKpa-
KpacknHckoe ropoauiie, KOpoJIeBCKUE | THYECKOTO M IAaMaHCKOTO CTa-
kypransl Cruna u np. [1] Tyca.

OparmeHnTipoBaHHble/ | PsiioBble  TpyHTOBbIE  MOTWIBHHMKM | TpagullMOHHBIH 00ps AeMenu-

nedopMupoBaHHbIE (manpumep, YepHATHHO-5), clydaifHbIe | allili B paMKaX pOJOBBIX Ia-
HaxoJKu B pycnax pek [Ipumopss [3] MaHCKHX TPaKTHK.

CoxpaHeHHE IIEJIOCTHOCTH 3epKaja B DIIMTAPHBIX TPOOHUIIAX OOBICHIETCS TEM, UTO B
BBICOKOOPT'aHU30BaHHBIX CTPATU(HUIMPOBAHHBIX OOIIECTBAX OHO BOCIPHHUMAJIOCH Kak
obeper, KOTOPBI OMKEeH OBbLI MPOI0IKATh (DYHKIIMOHUPOBATH B TIOJHYIO CHIIY M T€M ca-
MBIM OJIUIIETBOPSITH MOIIb TpaButens [4]. B puryanpHO# NpakTHKe pAIOBOTO HACEICHUS
IIpuMOpBs, TECHO CBSI3aHHOTO ¢ ABTOXTOHHBIMU MOX3CKUMU TPaJAMLMSIMU, aKT pa3pylICHHUS
BEIIM OCTABAJICS TOMUHHUPYIOIIUM B BOCIIPUSTAN XTOHHYECKOTO MHUPA.

WHTepec mpencTaBiseT W MPOCTPAHCTBEHHOE PACIIONIOKEHHE 3epKalla OTHOCHUTEIHHO
Tea morpebeHHOTO. B KOpeHCcKHWX 3axXOpOHEHUSIX JMOXHM paHHETO Jkeie3a m Tpex
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TOCYapCTB MPOCMATPUBAETCS 3aKOHOMEPHOCTh: Pa3MEICHHE 3epKajia Y TOJIOBhI ObLIO MPH-
3BaHO 3alIUTHTH CO3HAHHE MTOKOMHOTO OT 0e3yMus 3arpoOHOTO MHUpa, TOT/Ia KaK HarpyIHOe
MOJIOKEHHE TIPEBPAIAIo €T0 B 3aIUTHEIN «jaocnex» [1]. B manHOM acmekre cieayer oTMme-
TUTh YHUKAJIbHOE KBaJpaTHoe 3epkano KpackumHCKOTro roponuina, yJI0KEHHOE OTpaxkaro-
el CTOPOHON BBEPX W BEHIMOJHSBIIETO POJb Oaphepa, oTcekaromero HrkHuit Mup u ne-
MOHHYECKHE CHJIBI OT OOUTAEMOTO TIPOCTPAHCTBA KHUBBIX.

Takum 00pa3om, MOBOIST UTOT, MOKHO CAETIaTh HECKOJIEKO BHIBOJIOB. Bo-TiepBhIX, pa3Bu-
THE NaJTbHEBOCTOYHON JUTEUHOW TPAAUIMKU IUIO OT aBTOXTOHHBIX KOPEHCKMX MHOTOINETIIH-
CTBHIX (hOpM 3epKall SMOXH OPOH3HI (COMYHWKIHB-TEH) K ITOCTEIICHHOW YHU(DUKAITAH TIO]T BITU-
ssuueM Kuras. B anmoxy boxast ”UMIOpTHBIE TaHCKHUE 3€pKalla 3aKPEINUINCh B KYJIbTYPE 3JIUTHI,
a B MO3JHEM CPEIHEBEKOBbE CMEHUJINCh MACCOBOM YTHIIMTAPHOM I[3MHBCKO-FOAHBCKOHM IMpO-
Iykuue. Bo-BTOPBIX, 3€pKalio CIy>KHJIO aloTpONeeM U «3aMKOM» Ha rpaHuile Mupos. Ilo-
MEIasCh B KPUTHUYECKHX TOYKAX MOTPEOCHUs (M3rOJIOBBE, TPY/b, BXOA), OHO HU30JHUPOBAJIO
HwxHuit Mup U (GUKCHPOBAIO TPAHUIBI CAKPATBHOTO («YHUCTOTO)») MPOCTPAHCTBA YCHIIAIb-
HUIIBI, YTO COOTHOCHUTCS C OOIIMMH MPUHIMIIAMUA BEPTHKAILHOTO 30HUPOBAHUS TPATUIIHOH-
HOTO XUIuIa. B-TpeTpux, B oOpamenny ¢ apredakTaMy BBIIEISIOTCS ABa clieHapHs. B amu-
TapHBIX TpoOHMIAX boxas m Kopew 3epkaia OCTaBIsI, B PSIIOBOH OOPSAHOCTH MOX3CKO-
PKYPDKIHBCKOTO KPyTa JOMHHHAPOBAIT aKT PUTYaJIBHOTO «YOUHCTBa» (IeMeIaIiH BEII ).
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BUOI'PA®USA

4, Jly3an Bukropus MuxaiinoBHa, paboTaio B 00JacTH 0OIECTBEHHBIX HAyK U CIIeLHa-
JIU3UPYIOCh Ha UCTOPUH, apxeosorud u kopeesenenuu. C mapra 2023 paboTaro 3KCKypco-
BOoJIoM B Mys3ee-3anoBenunke «CtanuHrpajackas outsay». SBmstocs ctyaentom (MuctutyT
HCTOPHYECKOTO U MPaBOBOr0 00pa3oBaHusi) Bonrorpajckoro rocygapcTBEHHOTO COIMANb-
HO-TIEIaroTHIeCcKOro yHUBepcuTeTa (T. Bonrorpan). bakamaBp (o0y9arochk 1o HampaBIeHUIO
«Ilegarornueckoe obpazoBanue ¢ AByMs NpouiIsiMu MOAroToBKU «McTopusay», «IIpaBo»»)
¢ 2022 roga. O6nacTb MOWX HAYYHBIX WHTEPECOB BKIIOYAET B c€0s1 HCTOPHUIO, apXEOIOTHIO
Kopeu u bocnopckoro napcTsa, KopeeBeieHIE, MEAULIUHY.
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THE MIRROR AS AN APOTROPOEIA: TYPOLOGY AND SEMANTICS
OF BRONZE MIRRORS IN THE FUNERAL COMPLEXES
OF THE KOREAN PENINSULA AND PRIMORSKY KRAI

V.M. Luzan

Volgograd State Social and Pedagogical University, Volgograd, Russia,
luzan.victoria@yandex.ru

This article examines the evolution and ritual-apotropaic function of bronze mirrors dis-
covered in burial complexes on the Korean Peninsula and Primorsky Krai. The author iden-
tifies three types of mirrors and defines their semantic components within an eschatological
framework. Conclusions are drawn regarding the influence of a mirror's location within a
burial on its function.

Bronze mirrors serve as a vital source for reconstructing the mentality of ancient popula-
tions, where the utilitarian function gave way to the sacred. Analysis allows us to distinguish
three types of mirrors. 1. The ancient Korean type was formed in the Bronze and Early Iron
Ages and is represented by mirrors with geometric patterns, followed by classical Chinese
types (with solar signs, TLV, with images of semi-mythical animals); the geography of
these finds is tied to elite burials (Pyongyang, Gyeongju) [1]. 2. The early medieval (Bohai)
type was transformed under the influence of Tang samples; in Primorye, intact mirrors of
this period are rare, for example, a square mirror from the vicinity of the Kraskinsky settle-
ment [2]. 3. The late medieval type (Jin, Yuan and Ming eras) includes mirrors with the
"two crucian carp" theme, mirrors with dragons in the clouds, products of the Huzhou city
workshops [3]; These finds are often located in sacred zones of the landscape, indicating
their integration into shamanic cults.

In the Korean worldview, the mirror functioned as a model of the universe, a guide for
the soul, and an apotropaic symbol. The round shape represented heaven, the square, the
earth [3]. In ancient Korean tradition, solar worship occupied a central place: the mirror was
supposed to dispel the chthonic darkness of the afterlife, illuminating the path of the soul [1].
The funerary complex was conceived as a miniature replica of the universe, and the mirror
served as a boundary guard [4]. The highest manifestation of sacralization was the rite of
intentional destruction or deformation (demediation), so that the object would become
whole and functional in the spirit world [3]. Persistent patterns of ritual damage are noted:
knocking off the central tab, breaking, and bending [3]. In the archaeological material, a
clear distinction can be made between whole and fragmented mirrors: whole mirrors are
found in the elite tombs of Bohai (China), the Kraskin settlement, and the royal burial
mounds of Silla [1; 4]; whereas fragmented and deformed mirrors are characteristic of ordi-
nary ground burial grounds in Primorye (for example, Chernyatino-5) and random finds in
river beds [3], which is associated with the autochthonous Mohe traditions. The spatial ar-
rangement of the mirror is also interesting: at the head, it protected the consciousness of the
deceased from the madness of the afterlife, while on the chest it turned into protective
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"armor" [1]; the unique square mirror of the Kraskin settlement, laid with the reflective side
up, served as a barrier cutting off the underworld from the inhabited space of the living [2].

Thus, the development of the Far Eastern casting tradition went from autochthonous Ko-
rean forms to unification under the influence of China; The mirror acted as an apotropaic and
"castle" on the border of worlds; while in elite tombs, mirrors were left intact, in the ordinary
rituals of the Mohe-Jurchen circle, the act of ritual "killing" of an object dominated.
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B crathe comocTaBISAOTCS JABa UMIMYMEHTA mpe3uneHToB Pecnyomuku Kopes — IMak
Ko Xe B 2016-2017 romax u FOu Cok Ens B 2024-2025 romax. PaccmarpuBaercs, Ha Ka-
KHMX TPABOBBIX OCHOBAaHUSIX OHU ObUIM HA4yaThl, B KAKOU MOJMTUYECCKON aTMOchepe Mpoxo-
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JIWIM, KaK Ha HUX PearnpoBasio OOIIECTBO M K KaKMM KOHCTUTYIIHOHHBIM ITOCJICICTBUSIM
OHM TIpHBENH. B mTOTE Aemaercs BHIBOA: XOTS CaMH MPOIEAYPhl BHEITHE MTOXO0H, BO BTO-
POM Cily4ae KpU3UC IroCyIapCTBEHHBIX MHCTUTYTOB OKa3aJiCsi HAMHOTO cepbe3Hee, a 00ie-
CTBO — rOpa3/l0 CHWJIbHEE PACKOIOTHIM. DTO 3aCTaBISICT COMHEBATHCSA B YCTOMYUBOCTH KO-
pEeNCKO IPEe3UACHTCKON MOJEIIH.

[Monutnueckas cuctema KOxuoit Kopen He pa3 gokasbiBana, YTO CIIOCOOHA YCTPaHSTh
coOCTBeHHBIE cOOM C MOMOULIBI0 MMIIMYMEHTA IJ1aBbl rocyaapcrBa. OZHAKO UMIUYMEHT
IMax Keie Xe B 2017 roay u nmmmument FOH Cok Ens B 2025 roay pasnuuannck He TOJb-
KO TI0 IOpUIUYECKUM OCHOBaHMM. [lo-pa3zHoMy BBITIISAENT U caM KOHCTUTYLIHOHHBIA KpH-
3MC, KOTOPHI OHU BBI3BaJU. B mepBoM ciydae cuTyauusi Obula OTHOCHTENBHO OBICTPO
paspeleHa U 3aBepIIniach COrJacHeM IMOJUTHYECKUX 31IuT. Bo BTOpOM MMOHYMEHT 00-
HaXWI TIIyOOKHI pa3jioM MeXAy BETBIMH BIACTH, a TaKKe MEX]y rocyJapCTBEHHBIMU
WHCTHTYTaMHd U oOmecTBoM. Llens 3Toil paboThl — MoKa3aTh OCOOCHHOCTH KaKIOTO U3
9THX KPU3HCOB U OLICHUTH, KAKHE AONTOCPOUYHBIE PUCKH OHU CO3JAIOT AJIsi KOPEHCKOH ne-
MOKpAaTHUH.

Koncmumyyuonnsie ocnosanus umnuumenma ¢ Pecnyonuxe Kopes. CornacHo cra-
The 65 KoHctutymu PecrryOnmuku Kopesi, mpe3uieHT MOXeT OBITh OTCTPaHEH OT JIOJKHO-
CTH, €CIM HapyllaeT 3aKOH, IIPEBBIIIAET CBOU IIOJHOMOYMS MM COBEpIIAeT ICHCTBUS,
HECOBMECTUMBIE CO CBOMM crarycoM. [Iponieaypa HaunHaercst B HanmonansHOM coOpaHuy,
T/I€ 32 Hee JTOJIKHBI POroJIoCOBAaTh HE MEHee TPEeTH AenyTaToB [1].

HUmnuumenm Ilak Kein Xe ¢ 2016-2017 200ax. K uMnuuMeHTy OpUBEN T'POMKUI
KOPPYNIHMOHHBIN cKaHaam, cBsi3aHHbIN ¢ UxBe CyH Cunb — OIM3KON MOAPYTroN Mpe3nIeHTa,
y KOTOpOH He ObUIO O(UIHATBHON JOKHOCTH, HO MIPU 3TOM OHA 3aMETHO BIIMsIA HA pellle-
Hust Bnactu. [lak Ko Xe 0OBHHAIM B TOM, UTO OHA NepeaaBana €ii CeKpeTHbIE JOKYMEHTBI,
OKa3blBaJIa JABJICHWE Ha KPYIHbIE KOPIIOpaluu, TpeOys MOXKEPTBOBAHUIL, B TOM 4HUCIIE HA
Samsung, u meITanack Bo3zaeiicTBoBaTh Ha CMU. DTO BBI3BAIO CHIIBHOE HEIOBOJIBCTBO B
00IIecTBEe W MPHUBEJO K MACCOBBIM «CBEUHBIM MpOTECTaM» (UXOTOYIb WKHIIXBE), KOTOpPHIE
Hadaauch B OKTsA0pe 2016 roma u codpaim MAJUTHOHBI YIacTHUKOB. 9 nekadbps 2016 roma
HanmonanbHoe cobpaHue nojaepKaio HMIIMYMEHT: 3a Hero Beickazanuch 234 u3 300 ne-
myTaToB. 10 mapta 2017 roga KoHCTUTYIIMOHHBIN CyJ] €IMHOTIIACHO MOATBEPIUI 3TO pe-
ImeHue. 3aTeM, Mocjie HOBBIX BBIOOpOB, modeny oxepxan MyH Uxs UH. B pesynprare
oTUTHYEeCKasi 00CTAaHOBKA B CTpaHE CTajla CIIOKoiHee, a mo3xke [lak Kera Xe Obura momu-
nmoBaHa [2].

Hmnuumenm IOn Cox Ensa (2024-2025 zz.). IloBogoM 11 UMIMYMEHTA CTalia I0-
mBITKa TipesuaenTa 3 mekadbps 2024 roma BBECTH BOCHHOE IOJIOKEHHE, YTOOBI 3a1aBUTH
onmnosuiuio. Opurmansuo O Cokx Enb ropopui o 60psbe ¢ «ceBepoKopeiickuMy IImHo-
HaM#», HO Ha Jeje oH 3abiokupoBan padbory HanmoHansHOro cobpaHusi, B3suUl MO KOH-
tpoiab CMU u npukasan 3anepkaTh KIHOYEBBIX OINIO3MLIMOHHBIX NOJUTUKOB. B oTBeT
HanmonanbHoe cobpaHue B CPOYHOM MOPSAKE MPOTOJIOCOBAIO 33 OTMEHY BOEHHOTO IO-
noxenud. Ilocine sToro craproBana mpouenypa UMIMYMEHTA, KOTOPYIO HHHUIIMHpOBaia
KOAJMLMSI ONITO3ULIMOHHBIX MapTuii — JlemokpaTtnueckas maptust u IlapTusi cipaBeanmmBoCTH.
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14 nexabps 2024 rona 3a UMIUYMEHT Mporojocosanu 204 pemytara mpu HEOOXOIUMOM
muHumyme B 200. Ho, B otninuue ot aena [Tak Kein Xe, yacth cyaeid KOHCTUTYHIHOHHOTO
cyna 6bu1a HasHaueHa camuM FOu Cok Enem, u3-3a uero pasropencs crop o 3aKOHHOCTH
nponecca. MtoroBoe pemenue cya o0bsBUa TOJNbKO B ampene 2025 roaa, U pa3pbiB OKa-
3aJIcs COBCEM HEOOIBIINM — 5 TOJ0COB NPOTHB 4. Bece 3TO Bpems cTpaHa *Kulla B PEXKHME
JIBOEBJIACTHS: TIPE3UEHT OBLT OTCTPAHEH OT 00SI3aHHOCTEH, HO OKOHYATEIHHO TOJDKHOCTH
HE JIMIINJICS.

Ecmu cMoTpeTs Ha mpoueaypy, 00a UMIIMYMEHTa YKIAABIBAIOTCS B paMku KoHCTHTY-
uunu. Ho mo cBoeMy coaepaHUIO OHH 3aMeTHO oTinyarorcs. [Ipexne Bcero, paznnyaics
cam noBox ans ooBuHeHui. [lak KeiH Xe HHKpUMUHHPOBATU KOPPYIIUIO — AT FO)KHOKO-
peiicKoif TIOMMTHKK 3TO, MO CyTH, IOBOJLHO TUMMYHOE HapymieHue. FOn Cok Ens, HaoGo-
POT, OOBHHSIIN B TOM, YTO OH TOIIBITAJICSI COCPEIOTOUYHTD BIIACTh B CBOMX pyKax uepe3 BBe-
JIeHEe BOCHHOTO MOJIO0KEHHU. A TaKOTO B CTpaHe He mpoucxoauio ¢ 1987 rona.

3areM mo-pazHOMYy Benu ceOs W monutmuyeckue 3muThl. B 2016-2017 romax 4vacthb
TorpamHeil npapsmed naptuun «Conypu» nonaaepskaiga umnuument. B 2024-2025 romax
«Cwuta Hapoa» 3aHsUIa KyJa 060ee JKeCTKYIO MO3UIIHIO TIPOTHB, CPhIBaJIa 3aceJaHusI U CTa-
BUJIa [10JT COMHEHHUE 3aKOHHOCTH TOJIOCOBAHMS.

[To-paznomy otpearupoBanio u obmiectBo. CormacHo ompocam Korea Research 3a sH-
Baph 2025 roma, mmmmament llak Ken Xe mogaepsxuBanu okono 77% rpaxnad. B ciydae
10n Cok Ens muenus noutu pasjaemunuck nornonam: 51% BeicTynanu 3a, 44% — IpOTHB.

IIpu 3TOM CTOPOHHHMKHM IPE3UJEHTA MPOBOAMIN OTIACIbHbIE MUTUHTH, UCIOJB3YS IOXK-
HOKOPEHCKU (prar u JI03yHT «3aIlUTHM TEMOKPATHIO.

W, nakoHen, pa3auyanuch MHCTUTYyIHMOHaNbHBIe mociencTBus. Mmmuument [lak Kein
Xe, 10 CyTH, YKpEIuI J0BEpUE K CUCTEME ClepKeK U PoTHBOBecoB. A neno FOu Cok Es,
HA00O0pOT, MOKa3ano, YTO0 KOHCTUTYIMOHHBIA CyJ MOXET CTaTh apeHOW MOJUTHYECKOTO
KOH(IIMKTA: TTOCIie OOBSBIICHUS PEIICHNS IBOE Cylel MOoJalu B OTCTaBKY, 3asBHB O Tpe-
B3SITOCTH CBOMX KOJIJIET.

Kpome Toro, peakums MeXAyHapOAHOTO COOOIIECTBA TOXE ObLIa COBCEM Ppa3HOM.
B 2017 rony riaBable coro3amnku IOxkuon Kopen — CILA u SImonus — cowtn oTcTaBky [lak
Ko Xe BHyTpeHHHM nenom ctpanbl. A B 2025 rony Bnactu CIIA yxe roBopuiin 0 «cepb-
€3HOl 00eCTIOKOCHHOCTH MOJIMTHUYECKOW HECTaOMIBHOCTBIO», Toraa kak Kurait u Poccus,
HA00OpOT, WCIIONB30BAJM CUTYalHi0, YTOOBI PE3KO BBICKA3aThCS MPOTHB «aMEpPUKaHO-
KOPEHCKOIro BOEHHOTO ajbsiHCay. M3-3a 3TOr0 TpeXCTOPOHHUE MIEPETOBOPHI 10 JEHYKJI€apU-
3alMM Ha KaKOE-TO BPEeMsI OCTaHOBUIHUCH [3].

Hepcnexmuewt kopeiickoii demoxpamuu. imuument FOu Cox Enst ctan TpeBoxHBIM
curHaioM. I'maBa rocynapcTsa, 4bsi BIACTh onupanack Ha KOHCTUTYyLHIO, TOTEPsT IOCT U3-
3a 1IaroB, KOTOPbIE caM CUYWTall 3aKOHHBIMHU. B cratbe 77 AEHCTBUTENIBHO CKa3aHO, YTO
BOCHHOE I0JIOKEHHE MOYKHO BBOAMTH NPHU HAIWYMM BOEHHOHM Yrpo3bl. HacTh FOPUCTOB IO-
maraeT, 9ro KOHCTHUTYIMOHHBIA Cyl (PaKTHUECKH IMEPECMOTpPEN IMOIUTHYECKOE pelleHhe
MPE3UCHTA, a 3TO OCJIAOISEeT MPUHLUN pa3jelieHus Buacteil. J[pyrue, HampoTHB, CYUTAIOT,
YTO CyJ 3alIUTHI JEMOKPATHIO U HE MO3BOJIMI CTPaHE CKaTUTHCA K aBTOPUTAPHOMY PEXKH-
My. Kak Obl TO HU OBLIO, FO)KHOKOPEHCKOMY OOIIECTBY €lle MPEICTOUT J0ITO 00CYKIaTh,
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T/ie TPOXOJUT TPaHMLA TPE3UAECHTCKUX MOMHOMOYMM. OJHIUM U3 BapUAHTOB BBIX0JIA MOKET
CTaTh KOHCTUTYLMOHHAs pedopMa, KOTOpas Cy3WUT IPaBO NPE3UJCHTA OOBABISTH BOCHHOE
MOJIO’KEHUE U YCUIIUT poiib HannonansHOro coOpaHus B 3TOM BOIIPOCE.

3akmiouenue. Ecnu cpaBuuth umnuuMeHTsl [Tak Kein Xe u FOun Coxk Ens, BugHo, uTO
KOHCTUTYIHOHHBIN kpusuc B IOxuoi Kopee MeHsercsa o cBoeMy xapakrtepy. CHavana oH
OBUI CBSI3aH MPEKAE BCETO ¢ KOPPYILHKEH, a 3aTeM CMECTHIICS. B CTOPOHY KOH(IIMKTA MEXIY
BeTBAMU BiacTH. B ciyuae ITak Kbin Xe kopeiickas neMokpaTus mokasana, u4To yKe crana
JI0CTAaTOYHO 3peioif. A BoT uctopus ¢ FOH Cok EneM BbIsBHIIa HOBBIE TPYIHOCTH: YCHJIMB-
LIMIACS pacKoJ B O0IIECTBE, CHU)KEHHUE JIOBEPHS K Cyly M OIIACHOCTh TOT0, YTO BOEHHOE I10-
JIO’)KEHHE MOTYT MPEBPATUTh B HHCTPYMEHT MOJIUTHYECKOM O0pbObI. [lanbHelmuii myTh Ko-
PeiiCcKOro KOHCTUTYLMOHAIN3MA OyIeT 3aBHCETh OT TOTO, CMOTYT JIM TOJIUTHYECKUE CHIIBI
HaXOJIUTh OOIIMH SI3bIK U TOTOBBI JIM IPAXJaHE 3aIUIIATh AEMOKPATHIECKUE HHCTUTYTHI HE
TOJIBKO Ha MacCOBBIX aKIIUAX CO CBEUYaMH, HO U Yepe3 peajibHble TIepeMEHBI.
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BUOI'PA®USA

S, Angpeit MyH, paboTaio B 00JIacCTH KOpEeBEAECHHUS U MPEenofaBaHUs OOIIECTBEHHO-
nonutuyeckux auciuiimH. B 2022 romy 3akoHumn [lepMckuii rymaHuTapHO-Tena-
TOrMYEeCKUH YHHUBEPCUTET Mo M crenuanbHocTu «lcropus u obmectBozHanue». C oceHH
2022 roma paboTtaro mperromaBarenieM B [IepMCKOM TOpPTOBO-TEXHOJOTHYECKOM KOJUISIKE.
O0nacTh MOMX HayYHBIX WHTEPECOB BKIIOYAET B ce0S CPaBHHUTEIBHYIO ITOJUTOJOTHIO, KOH-
ctutynnonHoe mpaBo PecnyOomuku Kopes, Meronumky mnpenofaBaHusi KOPEHCKOTO S3bIKA,
a TaKk)Ke KOPEHCKYI0 SKOHOMHUKY U KYJIbTYPHBIE TIPOIIECCH B KOHTEKCTE TII00ATN3aIIHH.

FEATURES OF THE CONSTITUTIONAL CRISIS: A COMPARATIVE ANALYSIS
OF THE IMPEACHMENTS OF PARK GEUN-HYE AND YOON SUK-YEOL
IN THE REPUBLIC OF KOREA

A. Mun
Perm Trade and Technology College, Perm, Russia, munandreykal 02@gmail.com

This article compares two presidential impeachments in South Korea: Park Geun-hye
(2016-2017) and Yoon Suk-yeol (2024-2025). It examines their legal grounds, political
contexts, public reactions, and constitutional consequences. The conclusion is that while the
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procedures appear similar externally, the second case involved a much more severe crisis of
state institutions and a far more divided society, casting doubt on the resilience of the Kore-
an presidential model.

Constitutional basis of impeachment (Article 65): The president can be impeached for
violating the law, abusing power, or acting incompatibly with their office. At least one-third
of National Assembly members must vote to initiate the process.

Park Geun-hye (2016-2017): A corruption scandal involving Choi Soon-sil, a
confidante without official position who influenced state decisions. Park was accused of
leaking secret documents, pressuring corporations (including Samsung) for donations, and
manipulating media. This triggered massive “candlelight protests” involving millions. On
December 9, 2016, the National Assembly voted 234-300 for impeachment. On March 10,
2017, the Constitutional Court unanimously confirmed it. After new elections, Moon Jae-in
won. Political stability returned, and Park was later pardoned.

Yoon Suk-yeol (2024—2025): On December 3, 2024, President Yoon declared martial
law ostensibly to combat “North Korean spies,” but in fact blocked the National
Assembly, seized media control, and ordered arrests of key opposition figures.
The Assembly immediately voted to lift martial law. An opposition coalition (Democratic
Party + Justice Party) initiated impeachment. On December 14, 2024, the Assembly voted
204-300 (exceeding the 200-vote minimum). Unlike Park’s case, some Constitutional
Court justices were appointed by Yoon himself, sparking disputes over legitimacy.
The Court confirmed the impeachment only in April 2025 by a narrow 5—-4 margin.
During this period, the country experienced dual power: the president was suspended but
not finally removed.

Key differences:

Charge: Park — corruption (typical violation). Yoon — attempted power concentration
via martial law (unprecedented since 1987).

Elite behavior: In 20162017, part of the ruling Saenuri Party supported impeachment.
In 2024-2025, the ruling People Power Party uniformly opposed it, disrupted sessions, and
questioned the vote’s legitimacy.

Public opinion (Korea Research, Jan 2025): Park — ~77% supported. Yoon — nearly
split: 51% for, 44% against. Supporters held separate rallies with national flags and the slo-
gan “Defend democracy.”

Institutional consequences: Park’s case strengthened trust in checks and balances.
Yoon’s case turned the Constitutional Court into a political battleground; after the ruling,
two justices resigned alleging bias.

International reaction: In 2017, the US and Japan viewed Park’s removal as an internal
affair. In 2025, the US expressed serious concern over instability, while China and Russia
used the situation to criticize the US-Korea military alliance, temporarily halting trilateral
denuclearization talks.
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Prospects for Korean democracy: Yoon’s impeachment is a troubling signal. The
president lost office for actions he considered lawful under Article 77 (martial law allowed
in case of military threat). Some lawyers argue the Court overstepped by reviewing
a presidential political decision, weakening separation of powers. Others say the Court
defended democracy from backsliding. Korean society will need to debate the boundaries of
presidential authority. A constitutional reform narrowing the president’s power to declare
martial law and strengthening the Assembly’s role may be one solution.

Conclusion. Comparing the two impeachments shows a shift in constitutional crises —
from corruption-based to a direct conflict between branches of government. Park’s case
demonstrated the maturity of Korean democracy. Yoon’s case revealed new challenges: se-
vere social polarization, declining trust in the judiciary, and the danger of using martial law
as a political tool. The future of Korean constitutionalism depends on whether political
forces can reach consensus and whether citizens are ready to defend democratic institutions
not only through mass candlelight rallies but through real change.
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TPAJUIIMOHHBIA KOPEHCKHI BO3YIIHBINA 3MEM «EH ¥»: HCTOPUS,
CHUMBO.JIMKA U POJIb B KOPEMCKOM KYJIbTYPHOM HACJIEJUA

Myn Cenr Yyn

Yuumens kopeiickozo azvika MAOY «COILI Ne 22y . Ilepmu, Ilepms, Poccus,
uralmun@mail.ru

B nmamnoif paboTe paccMaTpuUBaeTCs UCTOPUUECKAS IBOJIONMS TPAIULMOHHOTO KOpEi-
CKOI'0 BO3IYIIHOTO 3Mesl «EH» OT BOCHHOTO MHCTPYMEHTa 10 HAPOJHOIO Pa3BICUYCHUS U
[IAMaHCKOTO pUTYyaJa.

Kopelickuil TpaaMLIMOHHBIN 3allyCK BO3IYIIHBIX 3MEEB HMMEET MHOTOTBICSYEIETHIOO
HCTOPHIO, BBIXOJSIIYIO 32 paMKH MPOCTOr0 HApOIAHOTO pa3BiedeHus. [logoOHO ToMmy, Kak
€caMO Ha3BaHUE O3HAYAET «BO3AYLIHBIA 3MEH», 3T MAJCHBKUE KPbUIbS CIYKUIH CBA3YIO-
ITUM 3BEHOM «EH» MEXIy HeOOM M 3eMJIeH B KH3HU KOPEWIIEB, BHICTYMAsl B POJIA TOCIIAH-
HUKOB, HECYLIMX HaJAEXKIbl 1 MOJIHUTBHL. B nanHoi pabote paccMaTpuBaeTcsi HCTOpUYECKas
SBOJIIOLUS TPAJUIIMOHHBIX KOPEHCKUX BO3IYIIHBIX 3MEEB, C aKIEHTOM Ha UX MEPEXOf OT
BOEHHBIX HHCTPYMEHTOB K HAPOJHOMY pa3BJICUEHHIO. AHAIM3UPYIOTCS Marudeckue u CHUM-
BOJINYECKHE 3HAYEHUS, MPUCYIIUE BO3AYIIHBIM 3MeSAM, U CTaBUTCS LIENb MPOJIUTH CBET Ha
LEHHOCTbh TPAJWLMOHHBIX BO3AYIIHBIX 3MEEB KAaK KyJIbTYpHOTO HACJIEIHS B COBPEMEHHOM
oO1ecTse.

1. UcTopuueckoe pa3BUTHE: OT BOEHHBIX HHCTPYMEHTOB K HAPOJHOMY Pa3BICUEHHIO

Uzobperenne caMoro BO3AYIIHOTO 3Mesl BOCXOHT K neproay Bororomux napets B Ku-
tae (V-III Beka 70 H.3.), B IpeodIagacT MHEHHUE, UTO OH OBLT 3aBe3eH Ha Kopeiickuil mory-
octpos uepe3 Kurail. B «3anucsx o Tpéx napctBax» (Camrykmkn) B «Kuure Bait» («3amnu-
CAX 0 TPEX apCTBax») COAEPKUTCS 3aIllUCh O TOM, uTO kuTenu Korypé 3amyckanu Bo3ay-
HbIX 3MeeB npuMepHo B III Bexe. Camoe paHHee yIOMHHAHKE O BO3AYIIHBIX 3MesiX B Kopee
MO>XHO HaWTH B pacckase o reHepaie Kum FO-cune (595-673), KOTOpHINi yITIOMHHAETCS B
«Hcropun 1péx mapctB» («Camryk Caru»). Bo Bpems mpaBienust koponeBsl COHIOK U3
Cuyutet (632—647), xorfa MOBCTaHYECKHUE CHIIBI TIOJICTPEKAIN HacelleHHe, YTBEPkKAast, 4To
Majaronye 3BE3IBI SABISIOTCS 3HAKOM TMajeHust Kopojiessl, Kum FO-cun 3amyctuia 3mes,
YKpaImeHHOro OrHéM, YTOOBI paclpOCTPaHHUTh CIYyX O TOM, YTO «MAJAIINE 3BE3/bI BO3HEC-
nch 0O0paTHO Ha HEOO», TEM caMbIM BOCCTaHOBHB 00€BOi ayXx cBoux comnzaT (Hammonans-
HBI (GONBKIOPHBINA My3el Kopew, DHIuKIONeAns Kopelickoro (oipkiiopa). IT0 CIyXKUT
MPUMEPOM, AEMOHCTpHUpYIOmKM, 4To Kopes ucmonp3oBaiga BO3IYIIHBIX 3MEEB IS TICHXO-
JIOTUYECKOI BOMHBI HA CaMOM paHHEM 3Tale Pa3BUTHUS BOCTOYHOA3MATCKOM KyJNbTYpHI 3a-
MIyCKa BO3IYIIHBIX 3MEEB.

K snoxe munactun Kopé BoeHHOE mprMeHEeHHe BO3IYIIHBIX 3MeeB cTaio emié Oosee
uzompénnpiM. B konne XIV Beka remepan Uxse En (1316-1388), aTakys MOHrojbckue
Boiicka B TamHe (ocTpoB Uemxky), MPUKPEIUIUT K 3MEIM MEIIOYKH C CEeMEHaMU TPOCTHUKA
M pa3dpachiBall UX MO BpakecKHM mo3uiusaM. llo3ke Oblma mprMeHeHa CTpaTerus, Ipu
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KOTOPOW TPOCTHHK ITOJPKUTAIU TI0CJIe TOTO, KAK OH BBIPACTANl U BBICHIXaJ, YTOOBI obecre-
YUTH MPOXOJ K BPRXKECKUM MO3UIHAM. Taxke MMEIOTCS 3alliCH, yKa3bIBaroIIue Ha TO, 9TO
Bo BpeMs UmmxuHckoii BoitHb! anMupan Jlu Con-cun (1545-1598) ncnons3oBan Bo3aymI-
HBIX 3MEEB Pa3IUYHBIX I[BETOB U ()OPM B KAUECTBE CPEICTBA CBA3U MKy (piotamu [1].

3armycK BO3AYIIHBIX 3MEEB, KOTOPBIH KOT/AAa-TO CUUTANICS UCKIIOUNTEIIEHO BOSHHBIM 3a-
HATHEM, BO BpeMs npapieHus kopons Yocona Exwko (1724—1776) npeBpaTHics B TIONHO-
LEHHOE HapoAHOe pa3BieueHue. [1o Mepe TOro Kak KOpoJib MOOLIPSII 3aIlyCK BO3MYIIHBIX
3MEeB Cpel CBOMX IMOJJIAHHBIX, CUTYallHs JIONUIA IO TOTO, YTO Ja)Ke TOPTOBIIBI 3aITyCKaIH
3MEEB, 0XKUas MOKYIaTeNeH.

2. ®opMa 1 XapaKTEPUCTHKH: YHHKAJIbHOCTh BO3IYIITHOTO 3MES-IINTA

TpagunuoHHBIE KOPEWCKHE BO3AYIIHBIE 3MEU KIACCU(DUIUPYIOTCS HA BO3IYIIHBIC
3MEeU-IIUTHI, BO3AYUIHBIE 3MEN-CKAThl M KpeaTHBHBIE BO3AyIIHBIE 3Men. Cpeaw HUX BO3-
JYIIHBIA 3MEH-IUT 00J1a1aeT YHUKAIBHON (OPMOM, peIKo BCTpeYaroleics rae-iuoo emié
B Mupe. Bo3ayliHbI 3MEH-IUT UMEeT MPSIMOYTOJIbHYIO (hOpMY, HATIOMUHAIONIYIO IUT, H
ero Hamboyiee OTIUYUTENBHON OCOOEHHOCTBHIO SIBIISIETCS «BEHTWIAIMOHHOE OTBEPCTHEY,
PacToNoKEeHHOE B IIEHTpe. JTa KOHCTPYKIIHS MTOMOTAeT 3MEI0 CTaOMIIBHO JIETaTh JAaXe MPH
CHJILHOM BETPE W ITI03BOJISICT BBHIMOJHATH aKpoOaTHUECKHUE MaHEBPHI, TaKWe Kak ObICTpOe
CHIDKEHHUE U TTOABEM.

Kapxkac Bo3gymHOTO 3Mes B opMe ITUTa COCTOUT M3 TATH 0aMOYKOBEIX pedep: Bepx-
HEe TOPHU3OHTAIbHOE pedpo, AIUHHBIE pebpa (IBa MuUAroHaIBHBIX pedpa), IEeHTpPaIbHOE
pebpo (BepTHUKAIBHOE MO LEHTPY) U HEHTPaJIbHOE TOPH30HTaIbHOe pedpo. TpaaunuoHHbIe
MacTepa NpUIarT 0co00e 3HaYeHHE PaBHOMEPHOCTH JJIMHBI M TOJIIMHBI JITUHHBIX pedep,
a EHTPAJBHBIA Yy3eI, ONPeNeNIIONINN HApaBICHHE MOJIETa 3Mesl, 3aB3bIBACTCSI CBOOOIHO,
YTOOBI 3MEi MOT €CTECTBEHHBIM 00pa30M HAKIIOHATHCS O] ICHCTBUEM BETpa.

B xonte quaactin YocoH ObLT CO37aH NMPEACTaBUTEBHBIN BO3AYIIHBINA 3MeH, N3BECTHBII
Kak «CeyJNbCKHA BO3MYIIHBIA 3MeW». DTOT 3MeH, M3TOTOBJICHHBIM MacTepoM B XaHbBSIHE
B 1888 rosmy, 6611 IOAApEH TOTAAIIHEMY TeHEepaJIbHOMY KOHCYITy BenukoOpuraHuu u B HaCTO-
smee Bpems xpanutcs B KoponeBckux Ootanndeckux cafax Keto B BenvkoOpuranuu; oH cun-
TAeTCs CTAPEUIIIMM COXPAHUBITIMCS TPATUITOHHBIM KOPEUCKAM BO3IYIITHEIM 3MeeM [2].

3. CuMBOJIM3M U puTyasibHast (PYHKIMA: ObITh MOAAJIBIIE OT 3714 U MPHUBJICUCHUE YIauu

TpaauIMOHHBIN KOPEHCKUH 3ayCK BO3IYIIHBIX 3MEEB JOCTUTACT CBOCTO IMUKA IPUMEPHO
B niepriox Yonous J[p0opeM (15-ii meHp mepBoro JyHHOTO Mecsa). B atot nmepuox 3amyck
3MeeB IepecTaéT OBITh MPOCTO pa3BIeueHUEM W MPHOOPETAET XapaKTep MarudecKoro puTya-
Jla, TIPU3BAHHOTO OTTOHSTH HECYACThS W IMPHBICKATh yjaady Ha Bech roi. [lepen 3amyckom
3MeeB JIETH MUIIYT Ha HUX (pa3sl, Takue Kak «CoH-IK-EH-00K» (OTTOHSEM HecyacThs U TpH-
BETCTBYEM ylady) WIH «IK-Maru-00K-MaHM» (OTTOHSEM HECUACThs W NMPUBETCTBYEM yaady).
OtH (pa3bl 0O3HAYATN OTTOHSHUE OCACTBHI 1 PUBIICUCHUE yIauH, & POAUTENHN IHACATT UMEHA
Y JIaThl POXK/ICHUS CBOMX JICTEH, BEIpaXkasi CBOM UCKPSHHUE MOKenanus [3].

KyneMuHanuelr putyaia sSBISETCS MOMEHT OOphIBa HUTH 3Mesl Ha 3akare. Korma Bo3-
JYUTHBIA 3Mel B3MBIBAJI BEICOKO B HE0O, JIFOJIU TIepepe3alii BEPEBKY HOXKOM, TIO3BOJISIS BET-
Py YHECTH 3Mes, U OH ucue3an pranu. CUuTanock, 4To, yJiIeTeB TaKuM 00pa3oM, 3Mei yYHO-
CUT Bce 0OJIe3HHW, Hec’acThs M Heymadn ceMbu [1]. MHTepecHO, 4TO TO KOHTPacTHpYyeT
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C IPYTUMH KYJIBTypaMu, TJie OOPhIB BEPEBKU BO3AYIIHOTO 3MES CUMTACTCS TUIOXOH MpUMe-
TOH. 3amycKaTh BO3MYIIHOTO 3Mesl OBUIO CTPOTO 3allpelieHo U3-3a CYEBEpHs, YTO €CIH TOJ-
HATH €T0 1 CHOBA 3aITyCTUTh, TO BEPHETCS HECHACTHE.

4. CoBpeMeHHas MPEEMCTBEHHOCTh U IIEHHOCTh KaK KyJbTYPHOE HACIENNe

B coBpemenHOM 00II€CTBE TPaIUIIMOHHBIE BO3AYIIHBIE 3MEH MPOJOIIKAIOT COXPAHSIThH
CBOIO POJIOCIIOBHYIO, HO OHH OOJIBIIE HE SBJSIOTCS TaKUM YHHBEPCAIBHBIM 00BIYaeM, Kak B
nporwioM. [lo 1950-x u 1980-x ro0B OBLIIO OOBIYHBIM JIEIOM BUJCTH IETEH, 3aITyCKAIOIUX
BO3YIITHBIX 3MeeB B JeHh HoBOTO roja mo yHHOMY KaneHnapro u Ha [Ipa3gauk donapeii,
HO 3Ta MpakTHKa OBICTPO COKpATHIIACh M3-3a ypOaHU3aNN U U3MEHEHHH B 00pa3e KU3HM.

Tem He MeHee, YCHINS 1O COXPAHEHHUIO IIEHHOCTH TPAJWIIMOHHBIX BO3IYIIHBIX 3MEEB
npogosnkatorcs. [1o Bcell crpaHe OpraHM30BaHBl KITyObI JFOOWUTENEH BO3MYIIHBIX 3MECB,
YIEHBI KOTOPBIX 3aITyCKalOT 3MEEB, U YaCTO MPOBOAATCS COPEBHOBAHUS 10 3aIIyCKY 3MEEB.
WuTepec k KOpeHCKUM TpaJUIIMOHHBIM BO3AYIIHBIM 3MESIM pacTeT U 3a pyoexxom. B 2018
roxy Jlu Ku-13 3ansn nmepBoe Mecto Ha [leknHCKOM MeXayHapoaHOM (ecTuBaie BO3IyII-
HBIX 3MEEB, H €ro paboTa Tenepb HAXOIUTCS B MOCTOSHHOW KOJUTEKIIMKA My3esl HCIaMCKOTO
nckyccrsa B Karape [1].

B zakmrouenne Kopeiickue TpaauiiOHHbBIE BO3AYLIHBIE 3MEH — 3TO OOJIbIIE, YEM MIPOCTO
UTPYIIKH; 3TO KyJBTYpHOE HACNIE/re, BOIUIOMIAoIee MUPOBO33PEHHE U )KU3HEHHYIO (DHITO-
coduro Koperickoro Hapoaa. HagaB ¢Boio MCTOpHIO Kak WHCTPYMEHT IICHXOJIOTHYECKOM BOW-
HBI, 3aMEHUBIINH 3Be3/1bI BO BpeMeHa AuHacTui Cuiuia, BO3AYIIHBINA 3MEH 3BOTIOIMOHUPOBAIT
B niepuoibl uHacTuit Kopé u UocoH B cpeicTBO KOMMYHUKAIMHU, (JOPMY HAPOJHOTO pa3Biic-
YEeHUs 1, HAKOHEI], B Marn4ecKoe CPEICTBO U OTIYTMBaHUs HecyacThsl. B yacTHOCTH, YHU-
KaJIbHBIM 00bIUail epepesaTh JIECKY BO3AYILIHOTO 3Mes B MEPBOE MOIHOIYHHUE JIYHHOTO T0/1a,
9TOOBI OTOIHATH HECUYACThE, HATISAHO JAEMOHCTPUPYET ONTUMHUCTUYHBIC, HO PEATUCTUYHBIC
pUTYyaJIbl KOPEMCKOTO HApO1a, HATPaBIICHHEIE HA MTOKeNaHue ynaau [1].

OTnnuntensHast popma, M3BECTHAS KaK «3MEH-IINUT», U YHUKAIbHAS CTPYKTypa «BETPO-
BOT'O OTBEPCTHSD HATIATHO NEMOHCTPHUPYIOT MecTo Kopen B UCTOpUU MUPOBON KYJIBTYPHI
BO3/YIITHBIX 3MEEB. XOTsI 00bIYal TPATUIIMOHHOTO 3aITyCKa BO3AYIIHBIX 3MEEB 3HAYUTEIHLHO
ocnab B COBPEMEHHYIO 3IIOXY, €r0 Hacjenue COXpaHseTcs Oiaromaps yCHIHSIM peMeciieH-
HUKOB U KIIyOoB soOuteneit. [lpu monnepxke co3maHus My3es, OCBALIEHHOTO TPaIUIIH-
OHHBIM BO3IYIIHBIM 3MESIM, U CUCTEMATUUYECKON MOTUTUKU COXPAHEHUS] HEMATEPUATHLHOTO
KyJBTYPHOTO HaCIleA¥si, TPAAUINOHHBIE KOPEWCKHEe BO3MIYIIHBIE 3MEH OYIYyT MPOJOIKATH
CYIIECTBOBAThH KaK CPEJCTBO MEpeaud MEUTAaHUI 1 HAIeK T B HeOO OyAyIINM MOKOJICHHSIM.
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BUOTI'PAD®USA

S, Myn Cenr UyH, paboTaro B 00JIaCTH MPENOJaBaHUH KOPEWCKOTO S3bIKa, JIUTEPaTyp
U KyJnbTypbl. B 2022 roy moiay4dusi JULEH3UIO TTPENnoaaBaTess KOPeHcKoro si3blka Kak HHO-
crpanHoro s3bika. C 2023 roma paboraro AMpEKTOpoM Kopeiickod mkonsl B [lepmu
u ¢ 2024 roga — yuuteneM Kopehckoro s3bika B 1mkoie Ne 22 B ropoae [lepmu. Obnacts
MOWX HAy4YHBIX WHTEPECOB BKIIIOYAET B ce€0S METOJMKA MPEIoJaBaHUs KOPEWCKOTO A3BIKa
KaK MHOCTPAHHOTO SI3bIKA, pealM3allii KyJbTYpHBIX MEPOIPHATHH, a Takke Kopehckas
9KOHOMUKA.

TRADITIONAL KOREAN KITE "YON'": HISTORY, SYMBOLISM
AND ROLE IN KOREAN CULTURAL HERITAGE

Mun Seng Chun

Korean language teacher, School No. 22, Perm, Russia, uralmun@mail.ru

This paper examines the historical evolution of traditional Korean kites, focusing on
their transition from military tools to folk entertainment. It analyzes the magical and sym-
bolic meanings inherent in kites and aims to shed light on the value of traditional kites as
cultural heritage in modern society.

The oldest record of kites on the Korean Peninsula is an anecdote about General Kim
Yu-sin of Silla found in the *Samguk Sagi*. During the reign of Queen Seondeok, when
rebel forces incited the public by claiming that a fallen star was a sign of the Queen's down-
fall, Kim Yu-sin restored morale by flying a kite adorned with fire and employing psycho-
logical warfare to claim that "the fallen star has ascended back to heaven" (National Folk
Museum of Korea). This marks the earliest instance of kites being utilized tactically in East
Asia.

During the Goryeo Dynasty, when General Choe Yeong attacked Mongol forces on Jeju
Island, he employed a fire attack tactic: he attached reed seeds to kites, scattered them over
the enemy lines, and then set fire to the grown reeds to secure a path for the advance. Admi-
ral Yi Sun-sin also utilized kites as a means of communication between fleets during the
Imjin War. It was not until the reign of King Yeongjo of the Joseon Dynasty, when the King
encouraged kite flying among the people, that military tools finally established themselves
as a form of civilian entertainment. 2. Form and Characteristics: The Uniqueness of the
Shield Kite

Traditional Korean kites are classified into shield kites, stingray kites, and creative kites;
among these, the shield kite features a unique form rarely found anywhere else in the world.
The most distinctive feature of the shield kite is its rectangular shield shape with a "wind
hole" in the center, which enables stable flight even in strong winds, as well as acrobatic
maneuvers such as rapid descents and ascents.
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The frame consists of five bamboo rods (head rod, two long rods, center rod, and waist
rod). The "Seoul Kite" from the late Joseon Dynasty is a representative work; crafted by a
craftsman in Hanyang in 1888 and presented to the British Consul General, it is currently
preserved at the Royal Botanic Gardens, Kew in the UK as the oldest surviving traditional
Korean kite.

Traditional kite flying reaches its peak on Jeongwol Daeboreum (the 15th day of the
first lunar month). This was not merely a simple game, but a magical ritual of "Song-aek-
yeong-bok" — sending away misfortune and welcoming good fortune. Children wrote the
phrase "Aek-magi Bok-mani" (warding off misfortune and welcoming good fortune) on the
kites, while parents inscribed their children's names and birth dates to express their earnest
wishes.

The climax of the ritual was the moment at sunset when the kite string was cut with
a knife, allowing the kite to be carried away by the wind and disappear into the distance.
It was believed that the kite, having departed in this way, carried away all the family's ill-
nesses, misfortunes, and bad luck. This is a unique Korean characteristic that contrasts with
the view in other cultures where the breaking of a kite string is regarded as bad luck.
There was also a taboo that if the lost kite was picked up and flown again, the bad luck
would return.

Until the 1950s and 1980s, it was common to see children flying kites on Lunar New
Year's Day and the Lantern Festival, but due to urbanization and changes in lifestyle, the
frequency of such activities decreased rapidly. Nevertheless, the tradition continues thanks
to the organization of national kite clubs, the hosting of kite-flying competitions, and the
efforts of artisans. International interest has also grown; in 2018, Lee Ki-taec won first place
at the Beijing International Kite Festival, and his work was acquired by the Islamic Museum
in Qatar as a permanent member.

Korean traditional kites have evolved in function, starting as psychological warfare tools
during the Silla Dynasty, then transforming through the Goryeo and Joseon Dynasties into
means of communication, folk entertainment, and finally, a magical medium for warding off
misfortune. The custom of cutting kite strings on the first full moon of the lunar year to send
away bad luck clearly demonstrates the Korean people's optimistic yet realistic rituals for
wishing for good fortune. The unique structures of the "shield kite" and the "wind hole"
prove Korea's unrivaled status in the history of global kite culture. If supported by the estab-
lishment of a specialized museum for traditional kites and systematic policies for the preser-
vation of intangible cultural heritage, Korean traditional kites will continue to exist as a me-
dium conveying dream and hopes toward the sky to future generations.
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MOJEJIb ®OPMUPOBAHUSA U PASBUTUS
HUCCJIEJOBATEJIBCKOI'O MBIIIJIEHUSA OBYYAEMbIX

H.N. Ilak

Kpacnoapckuii zocyoapcmeennstii neoazozuueckuii ynusepcumem um. B.I1. Acmacgpvesa,
Kpacnoapck, Poccus, nik@kspu.ru

IIpencraBnena MoAeNnb UCCIENOBATEIBCKOIO MBIIIICHUS C MO3ULMA MEHTaJIbHOTO MOJ-
xoma. OmucaH MBICTUTEIBHBIA WCCIIEIOBATEIHCKANA TPOIECC KaK IMKIMYEcKas CIHpaiThb
B3aMMOJICUCTBHUS €r0 KOMIIOHEHT U MPEAJIOKEHBI ()aKTOPhI UX Pa3BUTHS.

CoBpeMeHHbIE JOKTPUHBI pa3BUTHSA 00pazoBaHus, deaepalbHble 00pa3oBaTeIbHBIC CTaH-
JApThl ONPEACISIOT HEOOXOIMMOCTh pa3BUBaTh KOTHUTHUBHBIC CIIOCOOHOCTH O0ydYaeMbIX.
Baxwetinieli cpeu HUX SBJISIETCS] UCCIIEIOBATEIECKOE MBIIUICHUE, MOJ] KOTOPHIM ITOHUMAIOT
JMUHAMUYECKUH TIPOLIECC TO3HABATENHLHOW JESITETHHOCTH B YCIOBHUSX HEOIPEIeNEHHOCTH,
HaInpaBJICHHBI Ha TIOHUMaHHE W BBIABIICHHE 3aKOHOMEpHOCTEeH peanmpHOCTH [1, 2]. PaboTa
MOCBsIIIeHa 000CHOBAaHUIO MOJEN (POPMHUPOBAHUS M PA3BUTHS UCCIICOBATEIBCKOTO MBIIII-
neHust 00y9aeMbIX C MO3UIUH MEHTAIBHOTO moaxonaa [3].

MexaHn3M MEHTaIBHOW MOJENN HMCCIEeNOBATehCKOTO MBIIUICHNS OCHOBAaH Ha IOCIe-
JIOBAaTENILHOCTH KOTHUTWUBHBIX TPOLENYDP: aKmMuayus npoOneMHoOu yenu, uumyuyus/
npeosocxuujerue; 8000padicenue; NOHUMAnUe, ANeOPUMMU3AYUS, Pearu3ayuss;, pegrexcusl.
JIt000#1 MBICITHTENBHBIN MpoIiecC, B 3aBUCUMOCTH OT KOHKPETHOW CUTYAIMH, TPEICTaBIIAET
LIENOYKY M3 3TUX mpoueAyp. Hampumep, 4TOOBI yTONUTE KKAY LEMOYKA MOXKET BBITJISACT
TakK: [eb — MPEJBOCXUINCHUE — aJrOPUTMHU3AINI — pealiu3aiusl.

CyIIHOCTh KOTHUTUBHBIX TPOIIETYP, JIEKANTNX B OCHOBE MOJEIIH:

1. ITo3HaBaTeNnbHO Hay4YHBIE MTPOOJIEMBI U TIETTH MOTYT OBITh IBYX BH/IOB: HEONPEAETIEH-
HOCTh TPeAMETHOI obnacTu (MHPOPMALMOHHO-3HAHHEBAsI SHTPONHS); HEOMPEaeNEHHOCTh
¢usnyeckor peadbHOCTH ((hU3HUYecKast IHTPOITH).

2. IHTYNIMs — MTHOBEHHOE CXBAThIBAaHHME CYTH 0e3 pa3BEPHYTOTO JIOTUYECKOTO aHaJH-
3a: OBICTpOE pacro3HaBaHWE MATTEPHOB WM MEHTaIBHBIX 00pa3oB; BEIOOp Hambolsiee mep-
CIICKTUBHBIX TUTIOTE3; IPUHATHE HEOCO3HAHHBIX PEIICHUN B YCIOBHIX HEONPEICIEHHOCTH.

3. [IpenBocxumienne (aHTUIUMNANHKA, OT JIAT. anticipatio) — CIIOCOOHOCTH MPOTHO3MPO-
BaTh pa3BUTUE COOBITUH, PE3yJIbTAThl JCHCTBUN, TPOMEKYTOUHBIC U KOHEUHBIEC UTOTH: pac-
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MO3HABAHHUE CUTYAI[MM U aKTHBAIWS MOIXOAAIIMX MEHTalIbHBIX 00pa3oB (MO), cxem (MC)
u mozenerr (MM) [3] myis MPOTHO3UPOBAHUS PEIICHUS 3a7adH; OIEHKA CIOKHOCTH W Bpe-
MEHHU BBITIOJHEHUS; MPEAYTabIBAHNE BO3MOXKHBIX OMIMOOK M «IOBYIIEK»; MPEABUIACHHE
MOCJEACTBUN PELLICHUN.

4. BooOpaxenne — aktuBarus nogxoxsmux MO, MC, MM Ha OCHOBE MMEHOIIUXCS
JIaHHBIX ¥ KOHKPETHOM CUTYaIllMHU: CO3JaHUE HOBBIX MEHTAJbHBIX UJIEd U MoJieNiel; TeHepa-
st HoBeIXx MO, MC, MM uepe3 accoruupoBaHue U 0000IIeHNE; BU3yanu3alys abCTpaKT-
HBIX TIOHSITHI; IOCTPOCHUE aHATIOTHI U MeTadop.

5. IloHnMaHue — OCMBICTICHUE WH()OPMAITNH, BRISIBICHHE TIPUINHHO-CIICACTBEHHBIX CBSI-
3eil, hopMUpOBaHHE LIETTOCTHONW KAPTHHBI C OMOPOM Ha MMEIOIIHICA OMBIT: aHAU3 CTPYKTY-
pBl HOBOM WMH(OpMaLUK; BCTpauBaHUe €€ B CHCTeMy cyuiecTByromux 3Hanuii (MO, MC,
MM) [3].

6. AnropuTMU3aIysl — CO3J[aHUE MPOIEIYPHON CXEMBI I JOCTIKCHHUS LeTu: hopMu-
pOBaHUE TEJECHO JBHUTaTEIBLHOW CXEMBI JJII MOTOPUKH Tella; pa3paboTKa MBICIUTEIBHOMN
CXEMBI JIJIsl KOHIIETITYalbHBIX 3a/1a4: BBIOOp moaxomsanieir MC uim mocTpoeHne HOBOH Iie-
HOYKU IEHUCTBUM.

7. Peanu3zanus — BBINIOJIHEHUE M YIIPABJICHUE JCHCTBUSIMHU 110 BRIOPAHHOMY aJITOPUTMY,
OLICHKa TEKYIUX PE3yJNbTaTOB M KOPPEKTHUPOBKA ACUCTBUIl: KOMaHIbl HCIOJHUTEIBHBIM
OpraHam; UHTEpIIPETAIIUS PE3yJIbTaTOB.

8. Penexcust — nuknnyeckas oOpaTHasi CBs3b: COIMOCTABJIICHUE ITOCTUTHYTOH ONpeje-
NEHHOCTH C UCXOJHOM HEOIPEeNeNEHHOCTBIO (SHTPOIUEH); OIEHKA CTEHCHU JTOCTHKCHHS
L.

Iuxn B3anMOAEUCTBHS pACCMOTPEHHBIX KOMITOHEHT MOJIETH TIOKa3aH Ha puc. 1.

OT60p uenu
UHTYUTUBHBIA MMNYAbC MoHumaHue n Pednekcun
¥
MpepBocxuieHne AnroputMmusauma U peanusauma
\ /
BoobpaxxkeHne

Puc. 1. ]_[I/IKJ'I B3aPIMOHCI>'ICTBPI$I KOMIIOHCHT HCCJICIOBATCIIBCKOI'O MBIIIJICHUA

[Iporecc uccnenoBaTeILCKOTO MBIILICHHS PA3BUBACTCS 110 CIIHPAIIH, TJ€ KX bl BUTOK
BKJIIOYAET TOCIICI0BATEIbHYI0 pad0Ty KOMIIOHEHT: Omobop yeau — BKIIoYaeTcss GUIbTP He-
OTIpEICTIEHHOCTH, BHI3BIBAIOIIEH MOTHBAIMIO K €€ YCTPaHEHUIO; MHMYyUumuHslli UMnYIbC —
BO3HUKAET TEPBUYHOE «O3apEHHE», CMyTHOE OUIyIIeHWe pemeHwus; [Ipedsocxuuerue —
(hopMUpyETCSI TPOTHO3HBIN MBICIIUTEIBHBIN MPOIECcC (JIOPOXKHAS KapTa) 32 CUET CYIIECTBY-
omux MO, MC, MM Ha 0CHOBE MX aKTHUBAIlW{, aCCOIMUPOBAHUS, AaHAJIOTUU W TO00US;
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Boobpasicenue — Bu3yanusupoBanHas yaepkuaeMas aktusaiysit MO, MC, MM, koHCTpy-
MPOBAaHUE BHU3YAJTU3UPOBAHHOTO CIIEHAPHs CUTYallMd HA OCHOBE AKTMBALIMU MOIXOASIINX
MEHTaJIBHBIX CXEM U MoJeneil (00001eHne-KOHKPETHU3AINSI, aCCOIHAIIHS, CYIEPIIO3HIHPO-
BaHUE); Aneopummusayus u peanu3ayus — TOCTAHOBKA 3a/laud M LEMNOYKH (U3UUECKUX
Y KOTHUTHBHBIX JEUCTBUH [uia ee pemeHus; [lonumanue u Peghnexcua (OOpaTHas CBS3b) —
OCMBICJICHUE, TIOHATH3aIus, HOopMaIn3anusi, OLleHKa COOTBETCTBHS PE3yJIbTaTOB yCTpaHe-
HUS HEONPEJEIIEHHOCTH C UHTYUTUBHBIMU JIOTaIKAMU U MPEABOCXUILIEHHBIMU MBICIISAMHU.
[IpakTuyeckas 3HAYMMOCTb MOJEIH 3aKJI04aeTcs B 0003HAYEHNH OPUEHTHPOB IS Iie-
JIaroroB, pa3pabOTYMKOB YUEOHBIX CPEICTB M METOIOB OOYYEHHS, HALIETICHHBIX Ha IOBBI-
HIeHUE KayecTBa HCCIIEA0BATEIbCKOTO MBIIUIEHHUS 00y4aeMbIX:
. PaszBuTune uccnenosarensckoil HHTyuuu. MaxkTopel pa3BUTHSL:
HaKOIUIEHUE 3HaHUH B IPeAMETHOI 001acTH;
W3y4eHHUe JINTEPATypHI;
aHaJM3 JaHHBIX;
Oecco3HATENBHBIN TIOUCK PeIeHIH «B (POHOBOM PEKAME).
. PazBuTHeE HccienoBaTenbCKOro NpeABOCXUILCHNS. BUIbI mpeABOCXUILEHHS:
® OIEpPaTHBHOE — MOATOTOBKA K akTuBanmu onpeaenéHHbix MO u MC mns GeicTporo
peLIeHNs] BHE3AMHO BO3HUKILUX 337134,
® KpPaTKOBPEMEHHOE — MBICIICHHOE IJIAHUPOBaHUE TEKYIIMX 3aj[au: aKTHBALUs HYKHBIX
MEHTAJIbHBIX KOHCTPYKLUH U UX YIEp)KaHHE B IIACCUBHOM COCTOSIHUY;
e JOJTOBPEMEHHOE — pa3paldOoTKa «IOPOKHBIX KapT» Ui JOJTOCPOYHBIX TMPOEKTOB
(B CUMBOJIBHO-TIOHATHITHOW (popme). DPaKTOphI pa3BUTHSL:
e ry0oKas criequaan3anus;
MEXIMCIUTUIMHAPHBIE 3HAHUS;
peryJsipHas UCClleI0BaTeIbCKas IPaKTHKA,;
KPUTHYECKOE MBILIICHHUE;
peduexcus;
KOMMYHHKAILIUH C KOJUIETaMUu;
® JCIOJIb30BaHUE METOZOB MOJAEIMPOBAHMS (MBICIEHHOTO, KOMIBIOTEPHOTO, MareMa-
THYECKOTO).
3. Pa3BuTHE HCCIENOBATENHCKOTO BOOOpaskeHHs . DaKTOPHI Pa3BUTHSA:
e rIyboKas crenualn3anvs U MEeXIUCHUIIMHAPHBIE 3HaHMS (HalpUMep, MCKYCCTBO
U JIUTEepaTypa pa3BUBAIOT 00OpPa3HOE MBITTUICHHE);
e (u3nuecKas aKTUBHOCTb M AKTHBHBIH OTIBIX (CIOCOOCTBYIOT HEOCO3HAaHHOH 00Opa-
00TKe HHpOPMALIUH);
e paboTa C BH3YaJIbHBIMH HHCTPYMEHTaMH (pa3BHBACT MPOCTPAHCTBEHHO OOpa3HOE
MBIILIIEHHUE);
® peryispHas UCCIEN0BaTENIbCKas IPAKTHUKA, KPUTHUECKOE MbIIUIEHHE, pedieKcus;
® KOMMYHHKAILUH (IUAIOTH, TUCKYCCHU, CEMUHAPHI, KOHPEPEHIINH );
® METOIbl MOAEIMPOBAHMS (MBICICHHBIE M KOMIIBIOTEPHBIE SKCIEPHUMEHTHI, paboTa
¢ rpaduKamMu, CXeMaMH, CUMYJISILIASMHN )

O e ¢ o o —
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TBOPYECKUE aCCOLUATUBHBIC YIIPaKHEHUS,

TIOWCK aHAJOTUH MEXIy Pa3HbIMHU SIBICHUSIMU;

CHMBOJIM3ALMsL U KoJupoBaHue (iepeBoa 00pa3oB B pOpMyJIbl, CXeMbI U HA000pOT).
. Pa3ButHe nccenoBaTenbckoro noHMManus. GakTopbl pa3BUTHS:

yMeHHe (pOpMyIIMPOBATh BOIIPOCHI, BECTH JMCKYCCHH U 1e0aThI;

oOydeHue Mpyrux (0ObsICHEHNE TEMBI TOBAPUIIY );

CBSI3bIBAHME HOBOW MH(OPMAIIMH C JINYHBIM OIBITOM;

MOUCK PeabHBIX IIPUMEPOB IPUMEHEHUS TEOPHUH;

U3y4YeHUE UCTOPUU OTKPBITHI;

OCO3HAHUE CBOUX KOTHUTHBHBIX IPOLIECCOB;

TUTAHWPOBAHUE CTPATETHH U3Y4YEHHS 1 MOHHUTOPHHT IPOTrpecca;

MEKIMCIUTUTHHAPHBIE CBSI3H;

IKCTIEPUMEHTHI, HAOIIOICHHS, CUMYJISILIMH, POJIEBBIE UT'PBL, IIPOSKTHAs paboTa;

UCIIOJIb30BaHNE BU3YaIbHBIX HHCTPYMEHTOB;

MOTHBAIHs, BHUMaHHE, 00BEM M CTPYKTYPHOCTh MEHTAJIBHBIX CXEM B TTaMSTH.
. Pa3Butne anroputMudeckoro MuIuieHns. PakTopbl pa3BUTHS ¥ AUATHOCTHKU YPOBHS:

YMEHHUE CYUTATh U U3MEPSITH;

000011aTh ¥ KOHKPETU3UPOBATH;

KOHCTPYUPOBATH U CYTIEPIIO3UINOHNPOBATE;

pemath pa3Ho0Opa3HbIe ANTOPUTMUYECKHE 3a1a4H (YUCIOBBIE U HEUNCIIOBBIE);

BU3YyaJIN3UPOBATh AITOPUTMBI;

«BUJIETH) ANTOPUTMBI B IIPUPO/IE;

CUMBOJIM3UPOBATH ITOCIIEN0BATENBHOCTH JEHCTBUI;

MPEICTABIATE aJITOPUTMBI C TIOMOIIBIO UCKYCCTBEHHBIX SI3BIKOB KOJUPOBAHHSI.

[IpeacraBnenHas MOJENb UCCIEAOBATENBCKOTO MBIIUICHHS 00JIaaeT KOHKPETU3UPOBAH-
HBIMU KOTHHTHBHBIMU M JUJAKTUYECKUMHU TOHSATHSIMH, TO3BOJITIONIMMH IeJIeHANPaBICHHO
OTIPEIeNATh CPENCTBA U METOJBI €r0 Pa3BUTHS B LIEJIOM, M OTIEIBHBIX KOMIIOHEHT B 4acT-
HOCTH, OLIEHUBATh €ro ypoBeHb. [lomydeHHbIe pe3ynbTaThl MOTYT OBITh WCIIOJIB30BAHbI IS
COBEPIICHCTBOBAHUS IPEIMETHO-METOJHIECKOM TOrOTOBKH MEJarOTMYECKUX KaIpOB.
HccenenoBanre BRITIOTHEHO 3a cUeT IpaHTa Poccuiickoro HayuHoro ¢gouma n Kpacuosp-

ckoro kpaeBoro (onna Hayku Ne 26-18-20116, https://rscf.ru/project/26-18-20116/
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BUOTI'PAD®USA

4, MMak Huxomait MHceOoBUY, paboTaro B 00JacTH TeOpeTUYECKOW WH(MOPMATUKH
1 uHpopMaTH3auu 00pa30BaHM, CIEHUATN3NPYIOCH Ha CPEACTBAX M METOAAX 3JIEK-
TpoHHOTO 00yueHus. Paboraro 3aB. kaenpoit nHGopMaTHKU ¥ WHPOPMAITMOHHBIX TEX-
HOJIOTHH B 00pazoBaHnu KpacHOSIPCKOTo rocyJapcTBEHHOTO MEJaroruieckoro yHUBEp-
cureta uM. B.I1. Acradrena (1. KpacHospck). Kannunar ¢hpu3nko-mareMaTHIeCKUX HAyK
¢ 1985 r. doktop menarormdeckux Hayk ¢ 2000 r. OGnacTb MOMX HAy4YHBIX MHTEPECOB
BKIIIOYAET MCKYCCTBEHHBIH WHTEIJIEKT B OOpa30BaHMH, MEHTAIBbHYIO TUAAKTHUKY, DJIEK-
TPOHHOE 00yUYeHHE.

A MODEL FOR THE FORMATION AND DEVELOPMENT
OF RESEARCH THINKING IN STUDENTS

N.I. Pak

Krasnoyarsk State Pedagogical University named after V.P. Astafyev, Krasnoyarsk,
nik@kspu.ru

A model of exploratory thinking from a mental approach is presented. The exploratory
thinking process is described as a cyclical spiral of interactions between its components, and
factors for their development are proposed.

Modern educational development doctrines and federal educational standards define the
need to develop students' cognitive abilities. The most important of these is exploratory
thinking, which is defined as a dynamic process of cognitive activity under conditions of
uncertainty, aimed at understanding and identifying patterns in reality [1-2]. This work is
devoted to substantiating a model for the formation and development of exploratory think-
ing in students from the perspective of a mental approach [3].

The mechanism of the mental model of exploratory thinking is based on a sequence of
cognitive procedures: activation of a problematic goal; intuition/anticipation; imagination;
understanding; algorithmization; implementation; reflection. Any thought process, depend-
ing on the specific situation, represents a chain of these procedures. For example, to quench
one's thirst, the chain might look like this: goal — anticipation — algorithmization — im-
plementation.

The process of exploratory thinking develops in a spiral, where each turn includes the
sequential work of its components.

The practical significance of the model lies in its provision of guidelines for educators,
developers of teaching aids, and developers of teaching methods aimed at improving the
quality of students' research thinking:

1. Developing research intuition.

2. Developing research anticipation.

3. Developing research imagination.
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4. Developing research understanding.

5. Developing algorithmic thinking.

These results can be used to improve the subject-methodological training of teaching
staff.

The research was funded by a grant from the Russian Science Foundation and the Kras-
noyarsk Regional Science Foundation No. 26-18-20116, https://rscf.ru/project/26-18-20116/
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B yci0BHSX COBpEMEHHBIX BBI3OBOB s (hapMaieBTH4ecKoi otpaciu Poccuu, mud-
poBOii TpaHchopMamuy CUCTEMBI 0OpaIEeHUs JIEKapCTBEHHBIX CPEICTB M AchUIINTA KBa-
HI/I(l)I/IHI/IpOBaHHBIX CIICHUAJIMCTOB OYC€Hb BAXHO O6eCHe‘II/ITB CTyAC€HTaM @apMaueBTqu-
CKHX BY30B BO3MOXXHOCTh OCO3HAHHOTO BBIOOpa MPO(ECCUOHANIBHOTO TPEKa W TUIAHHPO-
BaHUs JAIBHEHIIIeH Kapbephl elie BO BpeMs 00y4YeHHsl. BhISBIEHBI METOINYECKIE TI0OXO0-
Il K pa3paboTke MUPPOBOH MOMAETH, OO0BEAUHSIONICH AUArHOCTUKY WHAMBHUIYaJIbHOTO
npodeccruoHanbHOTO MPOdUIIS CTyJeHTa, KAPhEPHYI0 HABUTAIUIO M MEPCOHATN3UPOBAH-
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HO€ HACTaBHUYCCKOC COIIPOBOKACHUC. OHpC,I[eHCHI:I CTPYKTYpa MOACIN U OTpaHUYCHUA
€€ IPUMCHCHMU.

Pedopma BrIciiero apMarieBTHIECKOTo 00pa3oBaHUs MPOXOIUT B YCIOBUSAX YCIIOKHE-
HUS IPO(ECCHOHAIBHON Cpeibl M PaCIIMPEHHs] BO3MOXHOCTEW TPYIOYCTPOIMCTBA BBIITYCK-
HUKOB. [lonroroBka mo cnernuansHOCTH «@Dapmarusy coxpaHsIeT eInHOe HOPMATHBHOE T10-
JIe, OJTHAKO MPO(PECCHOHAIILHOE CTAHOBJICHUE BBIMTYCKHUKA MOXET OBITh CBSI3aHO C paboTOi
B alTeYHOW OpTraHU3aIliH, CUCTeMEe KOHTPOJS KauecTBa JIEKAPCTBEHHBIX CPEJICTB, HA TIpe-
MIPUATHSAX TI0 TIPOU3BOJICTBY JEKAPCTBEHHBIX CPEACTB, B cepe papmakoHnamzopa, odecre-
YeHUs 0€30MaCHOCTH JICKAPCTBEHHON Tepauy U APYTUX HAIPaBIeHUSIX (hapMaleBTUIECKON
JIESITEIILHOCTH.

®denepallbHBIA TOCYIAPCTBEHHBI 00pa30BaTEBHBIN CTaHIAPT BBICIIETO OOpa30BaHUSA
(®I'0C BO) mo crietmanpaocTr 33.05.01 «Dapmanmsy opueHTHpYET 00pa3oBaTeIbHBIN MPO-
1ece Ha (OPMHPOBAHKME YHHBEPCAIBHBIX, 0OMIENPO(EeCCHOHABHBIX U MPO(eCcCHOHATBHBIX
KoMIteTeHni oOy4aromtuxcs [1]. BMecTe ¢ Tem ogHUM U3 KpUTEprEeB KayecTBa BBICIIETO 00-
pa3oBaHMs SIBJIICTCS ydacTHe paOOTHUKOB MPOQIIILHBIX OpraHu3alnii-padoTomaTeneii B 00-
pa30BaTELHOM MPOIECCe W MPAKTHYESCKON IMOJrOTOBKE CTYJICHTOB HAa OCHOBE Pa3sHOOOpa3-
HBIX (OpM HacTaBHHYecTBa. J[JIs perieHus 3afadyrl MEHTOPCKOW IOJUIEPKKUA OOYYaIOIIUXCS
TIpY BBIOOpE HampaBICHHS MPOGECCHOHATLHON JEATSIHPHOCTH HEOOXOAUM MEXaHW3M, KOTO-
PBIii TO3BOJISIET COOTHECTH MHAMBUYAJIbHBIC XapaKTEPUCTUKN 0OydaroIIerocsi ¢ TpeOoBaHu-
SIMU K OCYILIECTBIICHUIO (DapMaIleBTUYECKOM IEATEIbHOCTU B PA3IIUUHBIX c(hepax v UCIONB30-
BaTh Pe3yJbTaThl TAKOTO COIIOCTABJICHUS B 00pa30BaTEeIbHOM COIPOBOXKIACHUH.

Ilensto micceOBaHMUS SBIJIACH pa3padOTKa CTPYKTYPHI HU(PPOBOI MOIeTN HACTaBHUYE-
CTBa M KapbEPHOT'O COMPOBOXK/ICHHSI CTYICHTOB (papMarieBTHYeCKOro npoduis, OCHOBaHHOU
Ha JWAarHOCTHKE MPO(EeCCHOHANPHO 3HAYMMBIX XapaKTePUCTHK M OPHUEHTHPOBAHHOW Ha
MEPCOHATN3AIINIO TIPO(ECCHOHAIEHOTO Pa3BUTHSI.

IIpoBeneH cpaBHUTENBHBINA aHAIN3 HOPMATUBHOTO JOKYMEHTA, ONPEACISIONEero Tpedo-
BaHUS K MOJTOTOBKE CHEIUANTUCTOB MO cneruanbHocTa 33.05.01 «Dapmanus» U MexTyHa-
POMHON KOMIIETCHTHOCTHOW pamMKh I (hapMaIieBTHISCKUX CIICIIHATUCTOB, 0000IIEHEI COo-
BPEMEHHBIC HAy4HBIC MCCIICIOBAHUS, MTOCBSIIEHHBIE MEHTOPCTBY B BBICIIEM OOpa30BaHHUMU.
Hcnonbs3oBaHbl METOIBI COJICPIKATEIBHOTO aHAN3a, COMOCTABICHUS M KOHIICTITYaJbHOTO
MOJIETMPOBaHHA. B KadecTBe METOONIOTHYECKONH OCHOBBI MPUHATHI KOMIETEHTHOCTHBIN
MOJIXOJ] ¥ TIOJIOKEHHE O HACTaBHUYECTBE Kak (opMe aTpecHOrO COTMPOBOXKICHUS, HE 3aMe-
HSIONICH CyOBEKTHBINA BRIOOpP 00YUaIOIIeToCs.

[Ipodeccrnonanpuplii TpoduIle CTyNeHTa QapMaIleBTHUECKOTO HANPaBJICHUS Tpejara-
€TCsl pacCMaTpUBaTh KaK CTPYKTypPHPOBAHHYIO COBOKYITHOCTh THAarHOCTHPYEMBIX XapakTe-
PHUCTHK, TPOSIBJISIONIUXCS B MPOIECCE PEIICHUs NMPo(ecCHOHATLHO OPUEHTUPOBAHHBIX 3a-
nad. KapbepHbIi TpEeK MpU 3TOM MPEICTABIIICT COOOH TUITM3UPOBAHHOE HANPABICHUE TPO-
(heccrOHANBHON peann3anuu, s KOTOPOTO ONPeNeIeHHOE COYeTaHNHEe XapaKTEPUCTHK FMe-
€T IIPUOPUTETHOE 3HaUCHHUE. TaKo# MOAX0.1 MO3BOJISAET MEPEUTH OT OIICHKH (paKTa OCBOCHHUS
JIUCIMILIAH K OIEHKE TOTOBHOCTH OOYYaIOIIErocs JCHCTBOBATh B MPO(ECCUOHAIBLHO 3HA-
YIMOM KOHTEKCTE.
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MeTo10I0THYEeCKUM OPUEHTHPOM ISl TIOCTPOCHHS MPO(HIIS MOKET BBICTYNATh PaMKa
MexnayHapomHo#t ¢apmaneBTuaeckoit pemeparuu (International Pharmaceutical Federation,
FIP) Global Competency Framework, version 2, koTopasi BKJtoyaeT 23 J0MeHa KOMIIETEH-
1wl v 123 moBeAeHYECKUX WHAMKATOPa, 00hEIMHEHHBIX B YeThIpe knactepa [2]. Jlns ote-
YECTBEHHOW CHUCTEMBI IMOATOTOBKU 3Ta KOMIIETEHTHOCTHAS MOJEIh MOXET UCIIOIh30BAThCS
Kak pedepeHTHBI OPUEHTHpP ISl YTOUHEHHUS HaOJII0AaeMbIX XapaKTEepHUCTHK U MX COOTHe-
CEHUS C PA3IMYHBIMU MPO(PECCUOHATHLHBIMU TPACKTOPUSIMH.

ITo pe3ynmpTaTam aHanm3a npeIokeHa mudpoBas MOEb, BKIIOYAIOIIAs Y€ThIpE B3au-
MOCBSI3aHHBIX KOHTypa. llepBBIif, CHMYIAIMOHHBIN, MpPEeAyCMATPUBAET BBHINOJIHEHHE CTY-
JICHTOM CHUTYAI[MOHHBIX 3aj[a4 WA UTPOBBIX 3aIaHUH, BOCIIPOU3BOISAIINX TUIIOBBIE TIpOdhec-
CUOHAJIBHBIC CUTYAIMH: COOpP MH(POPMAIINH, BBISBICHUE PUCKOB, BBIOOD PEIICHUS, KOHCYIb-
THpOBaHUE W OOOCHOBAaHME ACHCTBUI. BTOpOii, nrarHocTrudeckuii, odecrednBaeT npeodpa-
30BaHME JCHCTBHI 00YyYaroIlerocs B MoKa3aTeiu NpoQecCHOHATBFHOTO TpoQuIIst: MOTHOTY
aHaJl3a CUTYalllud, KOPPEKTHOCTh BBIOOpA, MOCIEIOBATEIBHOCTh PEIICHUS, TUIHYHBIC
OIIMOKY ¥ MOTPEOHOCTH B PA3BUTHH OTACIHHBIX XapaKTEPHUCTHUK.

TpeTnii, HABUTaIMOHHO-PEKOMEHIATEbHBIN, ITPEIIOJIaraeT COMOCTABICHHE BBISBICHHO-
ro npoduias ¢ TpeOOBaHUSIMU BhIOPAHHBIX KaphepHBIX TPEKOB. Ero pe3ysbTaToM TOJKHBI
CTaTh He JKeCTKas KiacCu(UKAIHS CTYJCHTa i HE aBTOMAaTHYeCKOe MpeIucanre mpodeccum,
a 000CHOBaHHBIE OPHUEHTHPHI: CHIBHBIE CTOPOHBI, 30HBI Pa3BHUTHS, PEKOMEHIyeMbIe 00pazo-
BaTeJIbHBIC MOJYJIM W HampaBlieHHUs Ui JATbHEHUIIEro MpoeCCHOHAIBHOTO O3HAKOMIICHHUS.
UeTBepThiii, HACTABHUYECKUH, O0OECIIEYMBACT HMHTEPIPETALUIO JUATHOCTUYCCKUX JTAHHBIX
COBMECTHO C HACTAaBHUKOM U ()OPMHUPOBaHNE WHINBUIYATHHOTO I1aHA OOYYECHUS U PA3BUTHSL.

HacraBHuueckuii KOHTYp SABISCTCS MPUHIUITHAIEHO BOKHBIM 3JIeMeHTOM Mojenu. Cu-
CTEeMaTUYEeCKUil 0030p HAYYHBIX MyOJMKAIMH O MPEUMYINECTBaX HMCIIOJIb30BaHUS MEHTOP-
CKHX TIPOTPaMM B BBICIIIEM 00Pa30BaHUH, TAKUX KaK MEPCOHATH3AIMS 00yUEHHS U BO3MOXK-
HOCTh C()OPMHPOBATH HEOOXOIUMBIC MPOPECCUOHATBHBIC KOMIIETCHIINHY, MMOKA3bIBACT, YTO
3¢ (EeKTUBHOCTh HACTABHUYECTBA 3aTPYIHUTEILHO OLEHUBATh MPU OTCYTCTBUH KOHIICTITY-
aJBLHOM SICHOCTH W COTJIACOBAaHHBIX CIOCO00B m3MepeHus [3]. B mpemmaraemoit momenm
JTAaHHBIE, TTOTyYeHHBIC TIPU OIPEJISICHHH YPOBHS T€X WM MHBIX KOMIIETEHINH 00ydJaromie-
rocsi, MOBBIIIAIOT MPEIMETHOCTh B3aUMOJICHCTBUS HACTaBHHMKA U cTyneHTa BY3a: o0cyx-
JICHHE MOXET ObITh OCHOBAHO HE TOJIBKO Ha CyOBEKTUBHOM MHTEPECE K KOHKpeTHOM chepe,
HO ¥ Ha pe3yNbTaTax BBITOJHEHHS MPo(eccCHoHaIbHO OPUEHTHPOBAHHBIX 3a4a4.

Hudpoas miardhopma as JaHHOW MOJIENH BBHIMOIHIET UHTETPALMOHHYIO (DYHKIIHIO.
OHa nomkHa o0ecrieuynBaTh XpaHEeHHE Pe3yIbTaTOB JUATHOCTUKY, BH3YaJIH3aIHI0 CTPYKTY-
pBI PO eCCHOHATEHOTO TpoduIs, GOpMHUPOBAHUE PEKOMEHIAITNN, a TaKXKe OTpakaTh -
HAMUKY B3aMMOJICUCTBUS U OBITh MECTOM KOMMYHHKAIIMK C HACTaBHUKOM. [Ipu sTOoM 1md-
POBOH cJiel 00y4aroIerocss paccMaTpuBaeTCs Kak UCTOYHWUK MHQOpPMAIUU Uil 00paTHOM
CBSI3HM M periekcuu CTylIeHTa, a He KaKk OCHOBAaHHE ISl OKOHYATEIHFHOTO PEIIeHHs O €ro
po(heCCUOHATBHON TPACKTOPUH Pa3BUTHSI.

[Ipennaraemas Mozeilbr MOXKET OBITh WCHOJIb30BaHA HA PAa3HBIX JTamax OOYYCHWUsI.
Ha pannux kypcax ee (pyHKIHMS CBsA3aHA MPEUMYIIECTBEHHO C MPOQECCHOHAILHOW OpUEH-
TalMed ¥ paclIMpeHneM TPeAICTaBIeHH 0 BO3MOXHBIX cdepax peanusanuu. Ha crapmmx
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Kypcax akIIeHT MOXET CMEIIaThCsl Ha JUArHOCTHUKY TOTOBHOCTH K KOHKPETHBIM 3a/iayaw,
BEIOOp Pa3BUBAIOIINX MOJYJIEH U MOATOTOBKY K IMPO(ecCHOHAIBHOMY CTapTy. B pesynbrare
HAaCTaBHUYECTBO BCTPAWBAETCA HE B BHJE PAa30BOM KOHCYJBTAIUH, a KaK MOCJIEIO0BATEIh-
HBII TPOIIECC CONMPOBOXKICHHUS, CBSI3aHHBIN C HaOJIIOJJaeMBbIMU 00pa30BATEIBLHBIMU H TIPO-
(heccHOHATEHO OPUEHTUPOBAHHBIMU PE3yJIbTaTaMHU.

Bwmecte ¢ TeM npuMeHeHHe MOIETH TPpeOyeT ydeTra orpanndeHnil. JImarHocTHIecKui mpo-
¢wIh HE CIOCOOEH TIOJIHOCTBIO OTPA3HTh JINYHOCTHBIC MOTHBEI, BIMSHIE KOHTEKCTA U U3MEHE-
HUE HMHTEPECOB CTYyNIeHTa. ANTOPUTMHYECKH C(HOPMHUPOBAHHBIE PEKOMEHNAIMH HE JOJDKHEI
MOJIMEHSTh CaMOCTOSATENHHBIA BEIOOp oOydaromerocsi. Kpome Toro, mpakTudeckas peaim3aiis
MoJieNny TpebyeT pa3paboTKH BaJMIHBIX TUATHOCTHYECKUX 33/IaHUH, TTOJTOTOBKY HACTABHHUKOB,
periiaMeHTa WHTEPIIPETAllii PE3yJIbTATOB W TOCIEHYyIomeld OneHKH A((GEKTUBHOCTH COMIPO-
BOJK/ICHHS.

Hudposast Moaens HaCTaBHMYECTBA U KaphepHOTO COMPOBOXKACHUS CTYAECHTOB 0OBEeIu-
HSET CUMYJISIIIMOHHYIO TMAarHOCTHKY, TIOCTPOSHUE MPO(ECCHOHATIBHOTO MPOMUIIs, KapbepPHbIC
pPEKOMEHIAIM W HACTAaBHUYECKYIO WMHTEPIIPETAIHIO pe3ybTaToB. JlanpHeHmuMu sTarnamu
WCCIIEIOBAHMUS CIIEIyeT CYUTATh OIpEeSieHHe KITFOYEeBBIX MTapaMeTPOB IS OTAETBHBIX Kaph-
€pHBIX TPEKOB, Pa3pabOTKy NTUATHOCTHUECKUX MHCTPYMEHTOB M AMITUPUYECKAsl OLCHKY MpH-
MEHHMOCTH MOJIENI B 00pa3oBaTeibHOM cpene. Paspaborka mudpoBoii MoaeIr HacTaBHUYE-
CTBa M KapbhepHOTO COMPOBOXKICHHSA CTYIACHTOB (DapMareBTHIECKOTO MPOMUIA MOXKET IIO0-
MOYb MPOPeCCHOHATBEHON HICHTH(UKAIMK CTYICHTOB €llle B CTeHaX BBICIIEro y4yeOHOTO 3a-
BEJICHUS, & TAKXKE MMOBBICHTH KAYECTBO IMOATOTOBKH 10 IIPOrpaMMaM BBICIIETO 00pa30BaHusl.
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Tarpsina BunoprseBHa Ilak — k. gapM. H., JOUEHT KadeaApsl yIpaBIeHUS U SKOHOMUKH
dapmaruu MenunuHCcKoro nHeTUTyTa (MU) Poccuiickoro yHUBepCcHUTETa ApyKOBI HAPOIOB
(PYJIH). Oxonumna dapManeBTuieckuii pakyabTeT MOCKOBCKOW MEIUIIMHCKON aKaJIeMHUU.
OO05acTh HAYYHBIX WHTEPECOB — YIIPABIICHUE MEPCOHATIOM, MEHEDKMEHT U MapKETUHT
B PO3HUYHOM 3BeHE (hapMalleBTUIECKOTO PhIHKA.

1ot Anacracus BamepheBHA — coMcKaTellb YICHOU CTENEHN KaHauaaTa dhapMarieBTHIe-
CKUX Hayk Kadenpsl ynpasieHus u 5koHomukn dhapmanyu PYIH; chepa HaydHBIX HHTEpE-
coB: nu¢poBu3anus (HapMaleBTHIECKOTO OOpa30BaHUs, KapbepHOE COIMPOBOXKACHHE H
HACTaBHUUYECTBO CTYJEHTOB (papMarieBTHYECKOTO MPOGUIIs.
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MODEL OF MENTORING AND CAREER SUPPORT
FOR PHARMACY STUDENTS: A THEORETICAL
AND METHODOLOGICAL RATIONALE

T.V. Pak, A.V. Tsoi

RUDN university, Moscow, Russia, pak-tv@rudn.ru,
tsoihaa2002@mail.ru

Contemporary pharmacy education is developing in the context of expanding profes-
sional roles and increasing requirements for practice readiness. While pharmacy degree pro-
grammes provide a common educational framework, graduates may pursue different profes-
sional pathways, including community pharmacy practice, management, pharmaceutical
industry, medical information and medication safety. This creates a need for tools that sup-
port individual professional orientation and informed career.

A theoretical analysis of the Russian educational standard for Pharmacy, the Interna-
tional Pharmaceutical Federation (FIP) Global Competency Framework and current litera-
ture on mentoring in higher education was performed. Content analysis, comparison and
conceptual modelling were applied. The proposed model is based on the competency ap-
proach and includes four interconnected components. The simulation component uses case-
based or gamified tasks that reproduce professionally relevant situations and decisions. The
diagnostic component converts students' actions into indicators of their professional profile,
including completeness of situation analysis, risk identification, decision accuracy and typi-
cal errors. The career navigation component compares the identified profile with the re-
quirements of selected career pathways and formulates developmental recommendations.
The mentoring component enables professional interpretation of assessment results and their
translation into an individual development plan. A digital platform may integrate these func-
tions by storing diagnostic results, visualising profile dynamics, presenting recommended
learning modules and supporting mentor-student interaction. Importantly, assessment data
should serve as guidance rather than as an algorithmic prescription of a career pathway.
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HAPPATHUB «ACHEJIEHUS» B PAHATCKOM COOBIIECTBE KEH-IOII
I'PYIIIIBI BTS

A.Jl. ®poJioBa

Bcepoccuiickaa zocyoapcmeennas oudauomexa UHOCMPAHHOI TUMEPAMYpPobl
umenu M.U. Pyoomuno, Mockea, Poccus, fralexa@mail.ru

B sToM mnccnenoBanuu nposenéH aHanu3 HappaTtuBa «Mcuenenus» B TBopuectBe BTS
M BBICKa3bIBaHMAX MX (PaHATCKOTO COOOLIECTBA, BIMCAHHBIX B STOT HappaTHB. BBIsSBIEHBI
MIPUYUHBI €T0 BO3HUKHOBEHUS M COCTABIIEHA TUIIOJIOTU3allUsl HAPPATHUBA.

Kopeiickast Bonna «Hallyu» crana riio0anbHbBIM KyJbTYpHBIM (heHOMEHOM, a k-pop —
OIHOW M3 e€ Hanboiee 3aMETHBIX COCTABISIONINX. A CaMBIMH SIPKHMH IMPEICTaBUTEISIMH
HampaBJIeHHs 1Mo TpaBy cuuTaoTca BTS, ubs nesTenbHOCTD BBIXOIUT 32 PaMKH MY3BIKaJIb-
HOr'O TBOpYecTBa. BakHyl0 poib B ycrmexe rpymmbl urpaet e€ QanHarckoe cooOmiecTBo
ARMY axkTHBHO BOBIEUEHHOE HE TOJBKO B MPOCIYIIMBAHHE MY3BIKH, HO M B pa3IH4HbIE
(hOpMBI B3aMMOAEHWCTBHUS C KOHTEHTOM M CAMUMH YYaCTHUKAaMH TPYIIITHL.

Ocobennocts BTS 3akimrogaeTcs B BRICTpaWBAaHUW SMOITMOHAIBHON Onm3octh ¢ (haHa-
TaMH. JTa CBsA3b (GOPMUPYETCS Yepe3 TEKCTHI MeceH, MyOINYHbIe BHICKA3bIBAHMSI yYACTHU-
KOB, PeryJsipHOE B3aNMMOJCWCTBHE B COLMAIBHBIX CETAX W CO3JaHHe Pa3HOOOPa3HOTO OH-
JmaiH-KOHTeHTa (I10Y, QHIBMEI, IpsMbIe 3QUPHI B Tak gajiee). B cBoMX mecHSIX TpyIa 3a-
TparuBaeT TEMbI TPEBOXHOCTH, OJWHOUYECTBA, B3POCIIEHUS, JABJICHHS CO CTOPOHBI 0OIIe-
CTBa, CAMOUJCHTHYHOCTH 1 MEHTAJILHOTO 310pOBbsi. IMEHHO BOKPYT 3THX TeM BHYTpH (¢a-
HATCKOTO coo0mecTBa popmupyercs heHoMeH «HcreneHus.

®enomeHn «McueneHne» MOXHO ONHCATh KAK HAppaTUB, PacHpOCTPaHEHHBIM BHYTPH
¢anarckoro coodOmecTBa rpynmsl. B pamkax Hero ¢aHaThl AEnATCS COOCTBEHHBIM OMBITOM
0 TIPEOJONICHUH KaKUX-IH0O XU3HEHHBIX TPYIHOCTEH, oTMeuas mozaumepxkky BTS u ux
TBOPYECTBA, a B HEKOTOPBIX Cydasx U Apyrux ¢axHatos. [Ipu 3TOoM 3TOT HappaTHB MpHUCYT-
CTBYET U B TBOPYECTBE I'PYIIIbI, BRIPAYKEHHBIN B CIIOBaX MOAJIEPKKH U PENPE3CHTAINN BbI-
nIeyKa3aHHBIX TeM. TakuM o6pa3om, HappaTHB GOPMHUPYETCS KaK «CBEPXY» depe3 AesATelNb-
HOCTh BTS u «cHH3Y» "epe3 onucanue paHaATCKOTO OIIBITA.

Hapasze ¢ aMoIi0HaIBbHOM OJIM30CThI0 MEXKAY TPYNIOoi U (haHaTaMH Ba)KHYIO POJIb M-
paeT KyJIbTypa COy4acTHs, B paMKax KOTOPOW yYaCTHHUKHM COOOIIECTBa OOMEHHBAIOTCS IMO-
USMHU ¥ B3aUMOJIEHCTBYIOT ApyT ¢ Apyrom [1]. OCHOBHO# TeopeTudeckoit 6a30i as uc-
cinemoBaHus sBisieTcs padora TBuH JloHaGenwan, KoTopass BBOAWT TEPMHH «HCIIETe-
Huey» [2]. Ognako oHa MoAPOoOHO HE HUCCIeyeT 3aKOHOMEPHOCTH B (POPMBI BBIpaKEeHUs (e-
HOMEHa, a B Ipyrux paboTax, Kacaromuxcs mojoxutensHoro Biusaus BTS Ha ncuxomoru-
YECKO€ COCTOsIHME (haHATOB, HAPPATHB TaKXKe OCTAETCS BHE MOAPOOHOTO aHAIH3A.

COOTBETCTBEHHO, WENBI0 HCCIEOBaHMs ObUIO HM3Y4YE€HHE TOrO, Kak (PYHKIHOHHPYET
HappatuB «VcuenaeHus» W Kakue MpakTHKH B AesrenbHocTH BTS m ux ¢anarckoro coo6-
IIECTBA CO3/IAI0T U MOAIEPKUBAIOT €TO0.
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OCHOBHBIM METOAOM paboTHl C JaHHBIMU OBUI HappaTWBHBIM aHanu3. B uacTtHOCTH,
HappaTUBHBII aHAIN3 TEKCTOB IIECEH TIPYMIIbl, IIyOJIMYHBIX BBICKA3BIBAHWUN YYaCTHHKOB,
a Takke (pparMeHTOB MMOBECTBOBaHHUS (paHATOB B COLUANBHBIX ceTax. B MaTepuanax ObLIO
HEOOXOOMMO BBISIBUTH MATTEPHBI O NPEOJONCHUH >KU3HEHHBIX TPYIHOCTEH, MOIICPIKKE
u nobene HaJ MEHTAIBHBIMHU 3a00JIeBaHMSAMH, a TAaKXKe CPaBHUTH HappaTus «lcueneHus»
y rpynnsl 1 ux (aHarckoro coodmiectsa. Bo Bcex TekcTax OCyIIECTBISUICS IMOMCK OIMCA-
HUSI SMOLIME 1 po0iieM, YTo B cirydae TBopyecTBa BTS moakpemnsuioch aHaIu30M MaTepu-
aJioB UX BEIMBITIUIEHHOH Beenennoii (Bangtan Universe).

M3-3a oOMmHMPHOCTH MO, OBUTO HEOOXOIUMO OTOOPATh MECHU W ITyOJIMIHBIE BBICKA3bI-
BaHUs rpynmnsl. [lecHn ObLIM 0TOOpaHbI IO ABYM NPUHIMIAM: YIIOMUHAHUE UX CAMHMU (a-
HaTaMM B KOHTeKkcTe «McueneHusy, a Takke UCXOJsS U3 TeM, KOTOpPbIE B HUX PENpPE3CHTH-
pytotcs. Taxke Beroopka neced BTS orpanmumBaack 2015-2023 romamu: HadaapHas 1aTa
obocHoBaHa 3apoxaeHneM Bangtan Universe B 3TOT ToJI, a 3aBeplIaronias — aKTHBHOCTBIO
Tpynmsl A0 yxoia B apmuio. [lyOnndHble BBICKA3bIBaHUS yYACTHUKOB BKJIIOYAINCH B BBI-
OOpPKY TOJIBKO MPH yCJIOBUH CBSA3U C MECHSIMHU U JPYTUM TBOPUECTBOM.

Jlis monydeHus: AaHHBIX O KOHKPETHBIX CIydasX ObUIO NMPOBEAEHO TPHU CTPYKTYPHPO-
BaHHBIX MHTEPBBIO ¢ (JaHaTaMH 00 UX ONBITE B3aUMOACUCTBHS C TBOPUECTBOM TIPYIIIIBI H O
NPUCYTCTBHU B UX JKM3HU HappatuBa «Mcuenenus». J[Boe MH()OpMAHTOB SBISIOTCA HE
TOJIBKO y4YacTHUKaMM (paHaTCKOro COOOINECTBA, HO M BEAYT IPYIIBI B COLUAIBHON CETH
«BKonrakTe», rae myOIuKyOT KOHTEHT, CBI3aHHBINA ¢ HappaTuBoM «lcreneHus».

K pesynpraTam ucciegoBaHUS MOXHO OTHECTH, BO-TIEPBBIX, BBISBIEHHE B KaueCcTBE
npu4uHbel (GopMupoBaHusi HappatuBa «lIcLeneHHs» aKTHMBHOE HCIOJIb30BAHUE JIMYHOTO
OTIBITa U MEPEKUBAHUN, KOTOPHIE MPUCYTCTBYIOT B TBopuecTBe BTS, uto co3maér omrymre-
HHUE MCKPEHHOCTH M J0Bepus. A Onaromapsi MOIKPEIUICHUIO 3TUX IMEpeXUBaHUHA B OHJIANH
B3aMMOJAEUCTBUU ¢ (paHOa30il BO3HHKAET 3PQPEKT <«OKUBOTO OOIIEHUS», YTO YCHUIHBAET
OLIYLIEHHUE CBSI3U MEXIY Ipynnoil u ¢anaramu. Tarxoke Happatus «lcueneHus» BO3MOXKEH
W3-32 BATUIAIIMH YYBCTB YYaCTHHKOB (haHaTckoro cooduiectBa. BTS peryispHo BeIpakaroT
OnmaromapHOCTh M TOAYEPKUBAIOT 3HaUuMMOCTh ARMY B cBoell xU3HH U Kapbepe. B mecHsx
rpynnsl ¢aHaTel NPEACTaBICHBI KAK HCTOYHUK IMOANEPKKM M CHIJIBI IJI Y4YaCTHHUKOB.
Bcé aTo dopmupyer BriosiHe KOHKpeTHOE nociaHue BTS, KoTopoe CTaHOBUTCS OTIPaBHOU
TOUYKOH A7 HappaTuBa «Vcuenenus».

Ecnu paccmaTpuBaTh MMEHHO MECHH, TO MOKHO HPOCIECOUTH ONpENeEHHbIE MEXaHU3-
MBI, C TIOMOIIBIO KOTOPBIX IPyINIa IHOAJEPKHUBAET CBOIO, «BEPXHIOIO» 4YacThb HappaTHBa.
Tak, B X0z1e uccie1oBaHus ObUIa OTMEUEHa MPaKTHKa HAMUCAHUS «IIAPHBIX» [IECEH, HalpH-
mep, Save ME u I’'m Fine, EPILOGUE: Young Forever u For Youth, sactuano nosropsito-
M€ MEJIOAUH WU TEeKCT JIpyr apyra. Takue mecHM CTaHOBATCS Ul (paHATOB HATJISIAHON
JeMOHCTpaluei caMopeIeKCUN W Pa3BUTHA YeIOBeKa 1Mo Xoay *u3HH. OHU MOJTaTKHUBa-
10T ciymaTeneil K aHalu3y CBOETO OINbITa, U3BJIEUEHUIO YPOKOB M CTAHOBIICHHUIO JTydlleH
Bepcueit ceds.

B conpHBIX paboTax y4acTHUKHU TPYIIIBI O0JIee OTKPBITO TOBOPST HA TEMY MEHTAIBHOTO
3nopoBbs. B mecusix The Last 1 AMYGDALA FOHru roBoput o nenpeccuu, TPEeBOKHOCTH,
MBICTISIX O CaMOYOHIICTBE M MepeXXHUThIX TpaBMax. HammkyH B mecHe moonchild obpamaer-
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Csl K TeME OINHOYECTBA, 00JH, HEOOXOAMMOCTH MPOJO0JKATh )KUTh HECMOTPS Ha TPYAHOCTH.
Ocoboe 3raueHne nMeet mmecHs Magic Shop, B koTopoii co3gaércst oopa3 6e30macHOro mpo-
cTpanctBa uig panatoB. BTS paccka3piBaloT 0 cCOOCTBEHHBIX CTpaxax M TPEeBOTaxX, HOpMa-
JIU3ysl pa3rOBOP O XU3HEHHBIX TPYTHOCTAX WM MPHU3bIBas (aHATOB CJIEOBATH UX IPUMEDY.
A camblii OTKPBITHIA TPU3BIB NEIUTHCS CBOMMH HCTOPHUSAMH M NEPEKUBAHUSMHU 3BYUUT B
mecae We are Bulletproof: the Eternal. JIns ¢anaTckoro coodiectsa 3TO SBISETCS TOI-
JEepKKOH B mporecce popMUpOBaHuUs UX YacTu HappaTusa «VcreneHus.

CaMblif 4eCTHBIN M OTKPBITHIA Pa3roBOp Ha CIOXHBIE M Ba)KHBIE IUJIS MOJOIEXKH TEMBI
BTS Benyt gepe3 Bangtan Universe. Kak ye ObII0 cka3zaHO, 3TO BRIMBINIIICHHAs Beenen-
Hasl, CIO)KET KOTOpOW pa3BUBAETCs 4Yepe3 KIUIIbI, TEKCTHl U BHU3YyalbHbIE MaTepHUasbl IPyT-
nel. B Hel MOJAHUMAIOTCS TEMbl HACHIIUS, OJTMHOYECTBA, CEMEHHBIX MPOOJIeM, yTpaThl, ca-
MOPa3pyIIeHNs 1 MEHTAILHBIX MpobiemM. CoBMemas (paHTaCTHUECKHA CIOKET M CBOIO pe-
AIBbHYIO MO3UIUIO, YYaCTHUKU TOKA3bIBAIOT TPYJHOCTH IMOJPOCTKOBOW JKU3HU M B3pOCIe-
Hus. BusyanbHas penpeseHTauusi nmpobiem nenaetr TBopuyectBo BTS Oonee smonuoHaimb-
HBIM JTIOCTYIHBIM W ycuiuBaeT HappaTuB «Mcuenenus». Bangtan Universe mo3BomnsieT da-
HaTaM WHTEPIPETHPOBATh COOCTBEHHBIN OMBIT Yepe3 MCTOPUHU MEPCOHAKEH, a TaKkkKe UyB-
CTBOBATh, YTO OHU HE OJIMHOKH B CBOMX MEPEKUBAHHIX.

Camu xe yJaCTHHUKH (haHATCKOTO COOOIIECTBa aKTUBHO BOCHPOM3BOMAT M PacIpoCTpa-
HSIOT HappaTUB. B CBOMX MCTOPHAX B COIMAIBHBIX CETSIX OHU PACCKA3BIBAIOT O JIEMPECCHUH,
TPEBOKHOCTH, OJIMHOYECTBE, MPOOJIeMax B CeMbe, OYJUIMHIE M JAPYTHX TSDKENBIX KU3HEH-
HBIX CHTYaIlHsX.

TopuectBo BTS BocmpuHuMaercs (aHaTamMy Kak HCTOYHUK SMOIMOHAIBHOW TOJ-
JIEp>KKH, MOTHUBAIIMHU U OUTYLICHUS NPUHATHA. BHYTpH coob1iecTBa TaKkke pacrpoCcTpaHEHbI
MPaKTUKU B3aUMHOU moaaepkKku. DaHaThl HE MPOCTO AENATCS CBOUMH HCTOPHUSIMHU, OHHU
TaKk)Ke TOMOTAaIOT APYT APYTY, CO3IAI0T MEPEBOJBI U TeMaTHdecKuil KOHTEeHT. OcoOeHHO
BaXHYIO POJIb WTPAIOT JIOKAIbHBIE (DaHATCKHE COOOIIECTBAa, KOTOPHIE JENAl0T TBOPYECTBO
BTS noctynmHbeIM 1)1 ay IUTOPHUU, HE BIAJICIOMICH KOPEHCKUM sI3bIKOM. Be€ 310 mognepxu-
BaeT HAPPATUB U €TO paclpoCTpaHEHHE.

Happatus «Mcnenenus» BHyTpH (haHATCKOTO COOOIIecTBa AETUTCS Ha JBE OCHOBHBIC
KaTeropuu: KOPOTKHE BBICKA3bIBaHUS W TOAPOOHBIE UCTOpWHU. B o0oux ciyuasx ¢aHaTsl
TOBOPAT O MpoOJieMe, ¢ KOTOPOW OHM CTOJKHYJIUCh, U O TIOMOINH, nony4denHoit ot BTS. B
000X Cilydasx 5Ta IMOMOIIb OMUCHIBAETCS B KAaTETOPHUSIX MOIICPNKKH M HACTABHUYECTBA,
rae Vcnenenne HaxomuTcs B TpoIlecce W TPYMIA SBISETCS NMPOBOAHWKAMH B HEM, a HE
TJIaBHOW JIBUXKYIIEH CUIION.

B danarckux HCTOPUAX 3TOT IMyTh OMHUCHIBACTCS KaK «(OBLIO XOPOIIIO) — MII0X0 — CTAIO
Jy4Iiey», TAe MepBOHAYAIbHOE «XOPOIIO» (PUTYPUPYET B PEAKUX CIydasX U 3a4acTylO sSBIIS-
eTcsi MeHee CephE3HOM Bepcuelt «mtoxoy». Ilpu 3ToM cTerneHs 0TKPOBEHHOCTH Pa3InyaeTCs:
KTO-TO Ha3bIBaeT aOCTPAKTHO «TPAaBMHUPYIOIEE COOBITHE» HIIN «IIPOOJIEMbI ¢ MEHTAJIBLHBIM
3I0pPOBBEMY, & KTO-TO Ha3hIBAET KOHKPETHBIE TUArHO3BI WIIM ONMCHIBAET CHUTyalnH. Taxke
paznniaeTcs 00bEM paccKasza MepekBaeMbIX IMOIIHH.

B napparuse «/cuenenus» cpeau ¢paHaTOB ObLIa BBISBICHA TCHCHIIMS YIIOMHHAThH KaK
WCTOYHHK TOJIEPKKH HE TOIBKO caMy TpYIINy, HO U WX TBOPYECTBO (OTMedas BaKHOCTb
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MOChIJIa), KOHKPETHBIE MECHHU, Pa3BIEKaTeNbHbI KOHTEHT U KOHKPETHBIX YYaCTHHUKOB M UX
CJIOBA.

Takum oOpazom, TBopuecTBO BTS Bo Bcex ero mposiBIeHHUsIX, pACCMOTPEHHBIX B paM-
Kax HCCIEIOBaHUS, SBISAETCS HE TOJIBKO MEIUYMOM IJsl TPAHCIMPOBAaHUS HappaTHBa
«Mcuenenus» rpynmnsl, HO OTIPaBHOM TOYKOH 1i1s1 GOpMHUPOBaHUS HappaTHBa BHYTPH €€
(hanOas3mI.

UccnenoBanue mokasano, 4YTO HappaTuB OTpaxkaeT BIusHUE, koTopoe BTS u ux da-
HATCKOE COOOIIeCTBO OKa3bIBalOT ApYyr Ha Apyra. Kak mucana H. Beiitm, my3bika — 310
croco0 KOMMYHHUKAIMK, KOTOPbIH MO3BOJISAET BBISBIATE TO, YTO JUIsl HAC SBIAETCS 3HAYH-
MbIM [3]. [lnist rpynmel ¥ GpaHaToB, OIS KUBAIONINX HAPpATHB, pa3roBop o6 Mcuenennn
ABIISIETCS STUM 3HAaUYMMBIM. MIMEHHO Mo3TOMY (aHaThl U YYACTHHUKH MPOAOJDKAIOT coXpa-
HATh HAPPATUB U BBIXOIAT 32 PAMKH Pa3roBOpa, OKa3bIBas PEaJbHYIO MOLIEPKKY TE€M, KTO
B 3TOM Hyxnaercs (mporpamma Love Myself y BTS coBmectHo ¢ UNICEF u momors
IpyT Ipyry cpenu anaTckoro coobmiectBa). @paspl, KoTOpbie haHATHI HCHIOIB3YIOT BMe-
cto «BTS cmaciau MHe XHU3HB» MOKa3bIBAIOT, KAKOW BKJIAJl YYaCTHUKU BHECIH B >KU3HB
wieHOB (panba3bl U HAa Kakue BELIM UX CMOTHBHUPOBaIHM. Bocnpusitie 3TOro Kak cTumysa
K pa3BUTHIO Oojee IIEHHO, YeM BO3JIOKEHHE OTBETCTBEHHOCTH Ha TPYIIY 3a yIIydIlIeHHe
cBoeil ku3Hu. PaHaThl — 3TO T€, KTO MPEOAOJIETH TPYIHOCTH, U CMOTJIHM PaccKa3aTh O CBO-
€M OIIBITE.
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BUOT'PA®UA

51, ®ponoBa Anekcannpa JIMurprueBHa, paboTar0 B 007aCTH KYJIBTYPHl U CIEITHATH3H-
PYIOCh Ha TIPOJBIKEHHH U CBS3SIM C OOLIECTBEHHOCTHIO. Paborato Bemymmm crneuuanu-
cTOM YTpaBieHHs MO CBA3SIM C OOIIECTBEHHOCTHIO M B3ammozehcTerio co CMU Beepoc-
CHICKOI TOCYAapCTBEHHON OMONIMOTEKN MHOCTpaHHOW auTepatypsl umern M.U.PynomuHo,
ropoa Mocksa. ABnstock PykoBoaurenem npoektoB « MJIKM.JI3EH» u «MockoBCcKuit Ko-
peiickuii kHmxkHbIH K1y0» B AHO «MJKM». bakanaBp KyJIbTypOJOTHYECKHX HayK
¢ 2024 roga. O6macTh MOMX HaYYHBIX MHTEPECOB BKIIFOYAET HCCIEeNOBaHUs (paHATCKUX CO-
obmmecTs, Meana u peHoMeHa KeH-1To1.
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THE NARRATIVE OF «<HEALING» IN THE FAN COMMUNITY
OF K-POP GROUP BTS

A.D. Frolova

The Library for Foreign Literature, Moscow, Russia,
fralexa@mail.ru

This study examines the narrative of «Healing» in BTS’ fan community. BTS is the
most popular k-pop group with a multi-million audience. Their connection with fans was
studied through the concept of emotional intimacy. The narrative of «Healing» is presented
in such researches, but not studied thoroughly. The narrative itself can be described as a sto-
rytelling about overcoming different types of life difficulties. It is presented in BTS’ work
and their fans’ storytelling. This study questions what practices in BTS’ work and their fan
community create and support the narrative.

The main method of working with data is narrative analysis. In particular, a narrative
analysis of the texts and videos of the band’s creativework as well as fragments of the fans’
storytelling and structured interviews with fans. Songs were selected according to their rele-
vance to the «Healing» narrative and their focus on youth struggles.

The results of the study include, firstly, identifying the active use of personal experienc-
es and feelings that are present in BTS's work as the reason for the formation of the «Heal-
ing» narrative, which creates a sense of sincerity and trust. It is also possible due to the vali-
dation of the feelings of the members of the fan community. BTS regularly expresses grati-
tude and emphasizes the importance of ARMY in their lives and careers. All this forms a
very specific message from BTS, which becomes the starting point for the narrative of
«Healing» among their fans.

If we look specifically at the songs, then we can trace certain mechanisms by which the
band maintains its own, «upper» part of the narrative. For fans, the songs become a visual
demonstration of self-reflection and human development over the course of life. They en-
courage listeners to analyze their experiences, learn lessons, and become the best version of
themselves. The visual representation of problems in the Bangtan Universe makes BTS's
work more emotionally accessible and enhances the narrative.

The study also shows that fans reproduce and spread the «Healing» narrative within the
fandom. They share personal stories, support one another emotionally, create translations,
and help others access BTS content. As a result, the fandom functions as a participatory
community. The narrative within the fan community is divided into two main categories:
short statements and detailed stories. In both cases, this help is described in the categories of
support and mentoring, where Healing is in progress and the group is the guides in it, rather
than the main driving force.

The research concludes that the «Healing» narrative emerges through the interaction be-
tween BTS’s artistic message and fan practices. Emotional closeness, shared experiences,
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and participatory culture transform the fandom into a space of emotional support and collec-
tive understanding.

The phrases that fans use instead of «BTS saved my life» show how much the members
have contributed to the lives of the fanbase members and what things they have been moti-
vated to do. Taking this as an encouragement to develop is more valuable than assigning
responsibility to the group for improving fans' lives. Fans are those who have overcome dif-
ficulties and were able to talk about their experiences.
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PA3BUTHUE UCCJIENOBATEJLCKUX YMEHU OBYYAEMBIX
C IOMOIIBIO IU®POBBIX PECYPCOB JIBOMHOI'O HASHAYEHUS

JI.b. Xerau

Kpacnosapckuii 2ocydapcmeennblii nedazozuyeckuii yHugepcumem
um. B.Il. Acmagvesa, Kpacnoapck, Poccus, hegail@yandex.ru

O00CHOBaH METOIUYECKUI TpHUEM pa3BUTHs HCCIENOBAaTENLCKUX YMEHHUH Mpu oOyde-
HUM CTYICHTOB MENAarorniyecKuX CHEHUAIBHOCTEH CO3JaHHI0 y4eOHBIX KypCOB JIBOMHOTO
HazHaveHus Ha matdopme Moodle (O6pazoBarenpras miardopma Kp3I — KpacHosipckas
DIIEKTPOHHAS IITKOJIA).

Hudposast Tpancopmanyst 00pa3oBaHus ONpPEAESIET BO3MOKHOCTh CO3JIaHMSI HOBBIX
MOJXOOB K Pa3BUTHIO KOTHUTHUBHBIX CIIOCOOHOCTEH ydaluxcsi U cTyIeHTOB. Mccnenosa-
TENhCKHE YMEHHUS CTAHOBSTCS HEOTHEMIIEMOU YacThIO TIOJITOTOBKH CIEIHAINCTOB, CIIOCO0-
HBIX a/IallTUPOBATHCS K AMHAMUYHOMY PBIHKY TpyZa W pPemlaTh COBPEMEHHBIE Mpodeccro-
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HaIbHBIE 3a7aud. B denepanbHbIX TocymapcTBEHHBIX 00pa30BaTeNbHBIX CTAHAAPTaX BBIC-
nrero oOpa3oBaHHA 3aKpeIUIeHbl TPeOOBaHMS K MOATOTOBKE CTYJEHTOB K PELICHHUIO 3a1ad
poheCCHOHANBHON JesITeTbHOCTH HAayYHO-UCCIIEN0BaTeNbcKOro TrHIa. OHAKO Ha MPaKTH-
K€ 4acTo HaOIroAaeTcss HU3Kast MOTHBAIIHSI CTYICHTOB K MCCIIE0BATENbCKON AEITEIHHOCTH,
HEIOCTAaTOYHBI YPOBEHb TOTOBHOCTH K CaMOCTOATENLHBIM wHccienoBaHusM. Lludposeie
TEXHOJIOTHHA MOTYT WHTEHCHU(HIUPOBATH HEOOXOIUMYIO yueOHO-UCCIIEIOBATENBCKYIO Jesi-
TENBHOCTh, PACHIUPUTHh UCTOYHUKH M MPAKTUKY IPHUOOPETCHUS HOBBIX 3HaHWH. B 3T0ii CBS-
3W TPEICTaBIsET WHTEpeC MpoOiieMa pa3BUTHS HCCIENOBATEIbCKUX YMEHHH 00ydaeMBbIX
C TIOMOTITBI0 TH(PPOBBIX PECYPCOB NBOMHOTO HazHaueHUs [1].

Ilens HacTOsmed paboThl — 0O0OCHOBATH MUIAKTUYCCKUNA MOAXO0M K (HOPMHPOBAHUIO
Y Pa3BUTHIO HCCIIEOBATEIBCKUX YMEHNH Oy IyIuX yunTeneil HHQOpMATUKU B TIPOLIECCe UX
NpeAMETHO-METOJMUECKONH TOATOTOBKH C NPHUMEHEHHEM 00pa3oBaTeNIbHON TMaT(opMsbl
KPBHI (kes.kspu.ru).

B coBpemernHOM 00pa30oBaHWW MPOWUCXOAWT IEPEXON K CMEMIAaHHBIM W THOPHIHBIM
¢dopmaram o0yueHus; nHTETrpauus UQpoBEIX TexHomoruil (Texnonoruii U, cpencts Bu-
3yanu3alyy, aJanTUBHBIX cucTeM, VR U 1p.) B y4eOHBIN MPOLECcC; yCUIUBAETCS KOTHUTHB-
Hasl ¥ MCCIIeIOBATENbCKasl HAIPaBIEHHOCTh 00pa30BaTENbLHOIO MPOIEcca; BO3pacTaeT Io-
TpeOHOCTh B TMEpPCOHANM3ANUN O0yYeHUs, YUETe IMCHUXOJIOTO-KOTHUTHBHBIX OCOOCHHOCTEMH
obyuaroruxcs [2].

[onmo6HbIe TeHACHIMK TPEOYIOT MEPEecMOTpPa TPAAHLIUOHHBIX MOAXO0A0B K MPOEKTHPO-
BaHUIO Y4eOHBIX MaTEePHAJIOB, METOAOB U (hopM o0yueHus. OcoOyr0 3HAUMMOCTh IPHOOpe-
TaeT pa3paboTka MU(POBBIX YUSOHBIX PECYPCOB JABOHHOIO Ha3Ha4eHus [1].

UccnenoBarenbckue cmocoOHOCTH 00y4aeMoro CBS3aHEI C ONpe/IeIeHHBIMU YHUBEP-
CaTbHBIMU KOTHUTHUBHBIMH OTIEPAIUSMHA W MEHTAJIBbHBIMUA MoAeNsIMU [2]. Moiozasie mio-
1 UMEIOT CIIOCOOHOCTHh K HH(PPOBOH MHOT03aJaqyHOCTH, MPUBBIKIN OJHOBPEMEHHO 3a-
HUMAaThCsl HECKOJBKUMH JeflaMHu. B 3Toil CcBSA3M mpencTaBisieTcsl Ie1eco00pa3HbIM CO-
3/aBaTh CPEACTBAa U METOJbI OOyYCHUS, HalleJICHHBIC HAa HECKOJILKO 3aaa4. [Ipu 3ToMm B
WX pa3pabOTKy MPHUBIEKATh CAMHUX CTYJEHTOB MO CTPaTETHH «yYHUTHCS YUUTH». Pa3Bu-
THE TPEIMETHO-METOJUYECKNX 3HAHWW M MCCIIEeIOBATENbCKUX KOMIIETEHIIUN OyayIero
YUHTENST MOXET MPOMCXOAUTh IPPEKTHBHO C NMPUMEHEHUEM 00pa30BaTeNbHOU IIaT-
dopmer KpDIIl — KpacHosipckoi 31eKTpOHHOUM mikoael. Ha aTo#t mumardopme co3maH
CIEeMANIBHBINA pa3eNt JJIS TPOCKTUPOBAHUS, CO3AaHUs U anpoOaluu KypcoB JBOHHOTO
Ha3HavyeHUs. PaspaboTku u umccnenoBanus B 3Toi «llemarormueckoit Mactepckoii» Be-
IIyT CTYIEHTHI MOJ PyKOBOJICTBOM IpenojaBaTelell B paMKax IMPeIMETHBIX ITHCIHUILINH,
KypcoBwIX pabot u BKP.

[IpuBeneM psa TUNMUYHBIX NPUMEpOB. Pasgen «Moaudukauy KISTOYHBIX aBTOMATOB
Tuna urpsl “’KuzHp”» 3aHEMaeT 0co00€ MECTO B CTPYKTYpE 3JIEKTPOHHOTO Kypca 10 TEOpUH
aJITOPUTMOB, MTOCKOJIBKY codeTaeT (yHIaMeHTabHbIE TEOPETHUECKUE U/IEH C BRICOKOH CTe-
MEHBI0 BU3YaJbHON HATJISAHOCTH M BO3MOXKHOCTSMH IIJISI MCCIIEJIOBATEIHCKON JIESTEbHO-
CTH CTyIeHTOoB (puc. 1).
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Puc. 1. dparmenTs y4eOHOM TeMBI ABOHHOTO Ha3HaueHHS «KIIeTOYHBIC aBTOMATBD)

BusyanbHast HariIsiIHOCTE BOJIIOIMY KIIETOYHBIX aBTOMATOB JieiaeT a0CTPaKTHBIC BbI-
YUCIUTENbHBIE TPOLECCHl TOCTYMHBIMHU JIi HEMOCPEICTBEHHOTO HAOIIO/IEHHS, MPOCTOTa
6a3oBbIx mpaBui «Mrpser “XKuzHp”» He TpedyeT 3HAYUTENFHOW MaTeMaTHIECKOH MOITOTOB-
KM U1 UX TTIOHUMAaHMs, 4YTO ITO3BOJIACT UCIIOJIB30BaTh JAaHHYIO TCMY B pa60Te CO IIKOJIBHH-
KaMU{ Pa3IMyHBIX BO3PACTHBIX TPYIII. BO3MOKHOCTH SKCIIEPUMEHTHPOBAHHS C PA3THYHBIMH
HAYaIbHBIMU KOH(UTYpAIUsIMH U MPaBHIAMHU MEPeXojia CO3JaeT OCHOBY JJIsl OpraHU3aIiH
HCCIIC/IOBATEIbCKON JICATEIBHOCTH O0YYalOUUXCs MPU MOJCIUPOBAHUM OHOJOTHUSCKUX,
(PU3NYIECKUX, COIUANIBHBIX TPOIIECCOB.

Paznen « ATropuTMBI COPTUPOBKHU U TTOMCKA» 3aHUMAET IEHTPATbHOE MECTO B MPHUKIIA-
HOW YacTH Kypca TEOPHUH aJIFOPUTMOB, MOCKOJBKY PacCMaTpPUBACMbIC B HEM ajTOPUTMBI
COCTaBIISIIOT OCHOBY MPAKTHUYECKH JIIOOOTO MPOTrpaMMHOr0 oOecriedeHuss oOpaOOTKU IaH-
HeIX. C Tearoruuyeckoil TOUKM 3peHrs] U3YUYeHHE arOPUTMOB COPTUPOBKH U TMOWCKA, ITy-
TEM BU3YyaJIH3alliH, UMEET MCKIIOYUTENbHOEe 3HaueHue Uil GOpMHUPOBAHUS KyJIbTYpPHI all-
TOPUTMHYECKOTO MBIIUICHUST Oy IyIIHX yuuTened nHPopMaThky. HTepakTHBHAS BU3yal-
3aIMs CIY>KUT HE TOJIBKO CPEJICTBOM M3YUYCHHS aJlTOPUTMOB, HO M JIUJAKTHYCCKUM HHCTPY-
MEHTOM ISl O0y4YeHHsI IPYTHX U MIPOBEICHUS NCCIEOBAHNH (pHC. 2).

216



HISTORY AND INTERDISCIPLINARY SCIENCES

a KBajipaTHHLI ANMOPHTMS! CORTHROBKM . MHTEpaKTHEHAA BUIYanuaauua

B Brayamwsaums copTupomm pr—

‘Coprposxa nyawpaoe (Bubbie Sort) III I I I
o o

s e—

v - —

rotos

@, Buayanmisumn nowcks

Pensadsaiit w15 m e Tp——
--I.IIIIIIIIIII

Puc. 2. ®parmenTs! yueObHOTO Kypea 1o Teme «COpTHPOBKa 1 TIOUCK»

AnHanu3 paboT CTYICHTOB, HAOJMIOAEHHS U MpeNBaPUTENbHbIE TUATHOCTUKHA KOTHUTHB-
HBIX CIIOCOOHOCTEH MOKa3ajiu NPUHLUIHAIBHYI0 BO3MOXHOCTE (POPMUPOBAHUS U Pa3BUTHS
UX HCCIIeIOBATEIbCKUX YMEHHUH CTYJICHTOB B IPOLECCE NMPEAMETHOTO O0yUYeHHUS ¢ MCIOJb-
3oBaHueM 1iatdopmsl KpJILl.

[IpenyosxeHHbI METOIUYECKUI PUEM 10 BHITMIOJHEHUIO 3alaHHM, CBA3aHHBIX ¢ 00yde-
HHEM CTYICHTOB CO3JAHUIO 3JIEKTPOHHBIX KyPCOB JABOMHOIO Ha3HA4YeHUs, 00eCreunBacT
OCBOEHHE BCEX TEXHOJOTMYECKHX ITAlOB B PEalbHON HPOEKTHO-UCCIEI0BATENIBCKON mes-
TEJILHOCTH B TIOJTHOM LIUKJIE.

HccnenoBanre BHITOTHEHO 3a cueT rpanTa Poccuiickoro HayuHoro ¢onga u KpacHosp-
ckoro kpaeBoro ¢onaa Hayku Ne 26-18-20116, https://rscf.ru/project/26-18-20116/
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BUOTI'PA®UA

A, Xerait Jlrommuna BopucoBHa, padoTtatro B o0nacTu MHQOPMAIIMOHHBIX TEXHOJOTHH
B 00pa30BaHUM U CHELUAIU3HPYIOCh HA CPEACTBAX U METOAAX AJIEKTPOHHOIO OOydeHHS.
Paboraro monenTom kadeapsl MHGOPMATUKM M WHGOPMALMOHHBIX TexHonoruii Kpacho-
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SIPCKOTO TOCYJAPCTBEHHOIO Meaarorndeckoro yausepcutera uM. B.I1. Acradnera, . Kpac-
Hosipck. Karnumat menarormdecknx Hayk ¢ 2000 roma. O0imacT MOMX HAYIHBIX HHTEPECOB
BKIIFOYAET: TEOPHS U METOIMKa 00yueHHs HHPOpMaTHKe, pa3paboTKa dJIEKTPOHHBIX CPEICTB
0o0y4eHusl.

DEVELOPING STUDENTS' RESEARCH SKILLS USING DUAL-USE
DIGITAL RESOURCES

L.B. Hegai

Krasnoyarsk State Pedagogical University named after V.P. Astafyev, Krasnoyarsk,
Russia, hegail@yandex.ru

A methodological approach to developing research skills in teaching students of peda-
gogical specialties to create dual-use educational courses on the Moodle platform (Educa-
tional platform KreSh - Krasnoyarsk Electronic School) is substantiated.

Research skills are becoming an integral part of training specialists capable of adapting
to the dynamic labor market and solving modern professional challenges.

The purpose of this paper is to substantiate a didactic approach to developing and nur-
turing the research skills of future computer science teachers during their subject-based and
methodological training using the KRESH educational platform (kes.kspu.ru).

Current trends require a revision of traditional approaches to the design of educational
materials, methods, and teaching formats. The development of dual-use digital educational
resources is particularly important [1].

Developing the subject-based and methodological knowledge and research competen-
cies of future teachers can be effectively accomplished using the KRESH educational plat-
form — the Krasnoyarsk Electronic School. This platform has a dedicated section for design-
ing, creating, and testing dual-use courses.

The proposed methodological approach for completing assignments related to teaching
students to create dual-use electronic courses ensures the mastery of all technological stages
in real-life project-based and research activities across the entire cycle.

The research was funded by a grant from the Russian Science Foundation and the Kras-
noyarsk Regional Science Foundation No. 26-18-20116, https://rscf.ru/project/26-18-20116/
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COBPEMEHHBIE IPUOPUTETHI IPOCTPAHCTBEHHOM NOJUTUKH
B POCCHUMICKOM ®EJEPALIMA

HN.C. XBan

Hanvnesocmounstii uncmumym ynpaenenus — punuan PAHXul C, Xabapoeck, Poccus,
iskhvan@mail.ru

IIpoBeneH peTpOCHEKTUBHBIN aHaNU3 POCTPAHCTBEHHOM noyuTuku Poccuiickoint ®ene-
pauuu. Ilpoananu3upoBaHbl OCOOEHHOCTH COBPEMEHHOH 3Tama pa3sBUTHS MPOCTPAHCTBEH-
HOH NOJUTHKYU U JaHA OLEHKA €€ POJIM, KaK HaIIPaBJICHMSI TOCYIapCTBEHHON MTOJIMTHKH.

[IpocTpaHCTBEHHAs MOJUTHKA FOCYAapcTBa’ B ABHOM MIIM HESBHOM BHJIE MPUCYTCTBYET
BO BCEX CTpaHaX. ITOT 00yCIIOBICHO TeM (aKTOM, UTO JIF0O0Ee TOCYIapCTBO HE3aBUCUMO OT
€ro aIMUHUCTPATUBHO-TECPPUTOPUATILHOT'O yCTpOﬁCTBa WKW MOACIU YHPaBJIICHUA COCTOUT
U3 HAOOpa pPETHOHOB, KOTOPHIC AaNmpHOPU UMEIOT pa3jnyusi B YPOBHE COILUAIBHO-
SKOHOMHYECKOTO pa3BuTHsA. CTENeHp 3THUX pPa3IUYdil 3aBHCHT OT MHOXeCTBa (PaKTOPOB:
CBSI3aHHOCTH JKOHOMHYECKOI'0 MPOCTPAHCTBA, SKOHOMHUKO-TeOrpauuecKoro MmojoKeHHs,
Ha0Opa MPUPOHBIX PECYPCOB, PA3BUTOCTH TPAHCIOPTHOW MHMPaCTPyKTYphl, 3((HEeKTUBHO-
CTH CHUCTEMBI yNpaBieHus U T.1. Takum oOpa3om, MpoOieMbl MpOCTPAaHCTBEHHOH Audde-
pEeHIMAK HaOIOAIOTCS TTOBCEMECTHO. PermoHampHash SKOHOMHYECKas IOJIUTHKA IPH-
3BaHA peIlaTh 3Ty MPOOJIEMy, TaK KaK €€ OCHOBHOM IIENIBIO SIBJISIETCS PABHOMEPHOE Pa3BU-
THE TOCYJapCTBa B TEPPUTOPHAITEHOM pa3pese.

BakHOCTH TPOCTPAHCTBEHHOW NONMUTHKH i Poccuiickoit Demepammm OECCIOPHBI.
OTO0 cBs3aHO ¢ reorpapuuecKUMU pa3MepaMH HaIero rocyJapcTBa, CIOKHOW, MHOTOCO-
CTaBHOU CTPYKTYPOU TEPPUTOPHI U HATUYHUEM OOJIBIIUX JUCIIPOTIOPUUH B PA3BUTUU MEXKTY
HUMH.

7 B manHOl paGorte momsaTus «IIpocTpaHCTBEHHAs MONUTHKA TOCYyIapcTBa» U «PermoHanbHas
HKOHOMHYECKAs IMOJINTHKAY PACCMATPHBAIOTCS KAaK CHHOHHMEI.
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B coBeTckoe Bpems B IIEHTpe BHUMAaHUS PETHOHANBHON SKOHOMUYECKON MOTUTUKU TOC-
yAapcTBa OBIJIO PEIISHHE CIETYIOIMINX 3a/1a:

1) coOnroieHne TEPPUTOPUATBHBIX IKOHOMHUECKUX ITPOMOPIIUH;

2) ¢GopMupoBaHHE HAPOAHOXO3SAUCTBEHHBIX W TEPPUTOPHATHHO-TIPOU3BOICTBEHHBIX
KOMILIEKCOB;

3) pemeHne KOHKPETHBIX COIMAIFHO-d)KOHOMHYECKHX 33/1ad TI0 COIO3HBIM pecITyOH-
KaM 1 SKOHOMHYECKUM paiioHaM;

4) onTHUMaNbHOE TEPPUTOPHAIBLHOE pa3lielieHne Tpy/Aa, TOBBHIIIEHUE BKIaNa KaxIOH
pecyOInKH, KaXXI0To paiioHa B pelIeHne 00Ierocy 1apcTBeHHBIX 3a1a4.

OcHOBHAs TIeJIb PETHOHAIBHON SKOHOMUYECKOH MOJMTUKHU rocyaapcTBa GopMyIupoBa-
JIaCh KaK — «pa3MeIIeHNe HOBBIX MPOU3BOACTB B PETHOHAX C ONTUMAJIBHBIMU IS HUX HKO-
HOMHUYECKUMH yCITOBUIME» [1].

B nHauane 90-x rogoB XX Beka moctpoeHrne HOBOM MoJienu ¢enepanu3ma B Poccuiickoit
®denepanny, a TAKXKe BOZHHUKIIAS IKOHOMUUECKAsT KOHKYPEHIIMSI MEX]Ty PETHOHAMH, BMECTO
MPEeKHUX HATAXEHHBIX WHTETPAIMOHHBIX CBSA3EH MOPOIMIIA XKeCcToHanlnyo nuddepeHiua-
LU0 MEXAY PETMOHAMHU. B 3TOT mepuoji OCHOBHOM 11€JIbI0 PETMOHATBLHON 3KOHOMUYECKOU
MOJINTUKH HAIIETO0 TOCYyJapCcTBa CTAHOBUTCS BBIPABHUBAHWE YpPOBHEH COIMAJIBHO-
SKOHOMHYECKOTO Pa3BUTHUSI PETUOHOB, OCHOBHBIM HHCTPYMEHTOM CTaHOBSATCS MEKOFOIKET-
HBIE OTHOIIIEHUS, «B JHIe» (HoHma GUHAHCOBOM MOAAEPKKN PETHOHAM.

B 1996 r. Beimen Ykaz Ipesunenta PO Ne 803 «O06 0CHOBHBIX TIOJOXKECHHSIX PETHOHAIB-
HoY monuTHKHN B Poccmiickoit @eneparm», B 2017 1. Ykaz Ne 13 «O0 yTBepKIIeHHH OCHOB
TOCYJapCTBEHHON TMOJUTHKHA PETHOHAILHOTO pa3BUTUs Poccuiickoit Denepanun Ha meproa
1o 2025 r.». Cnemyer ormetuth, uTo YKa3 IIpesuaenta Ne 13 ot 2017 r. siBiseTcss BaxXHOMN
BEXOU B Pa3BUTUHU COBPEMEHHOM PErMOHAIBHOMN MOMUTUKY rocyAapcTBa. B maHHOM JOKyMeEH-
T€ MOSIBIJIOCH YETKOE, OJIM3K0E K KIACCHYECKOMY OIpeelICHHEe TOCyIapCTBEHHOW TOUTHKU
PETHOHAIFHOTO Pa3BUTHSA, a TAK)KE BIIEPBHIE, B paMKax MOMOOHBIX JOKYMEHTOB, B YHCIIE pe-
TMOHAJIBHBIX MPOOJIEM, B KaueCTBE KIIIOYEBOM BBIJEICHA MPOOJeMa HEA0CTaTOYHON uHppa-
CTPYKTYpHOU 00ECIIEYCHHOCTH OT/ACIBHBIX PETHOHOB, a TAKIKE HU3KHIA YPOBCHb UX SKOHOMHU-
YEeCKOH CBsI3aHHOCTH. Bce 3T0 cBHIETENhCTBOBATIO 0 OoJiee TryOOKOM OTPa)KeHWH HAYJHBIX
OCHOB PETHOHAJILHON SKOHOMHUECKOMN MOJIMTHKY B OQUITHATIBHBIX JOKyMEHTax [2].

B 2019 r. IIpaBurensctBo Poccuiickoit deneparnyu yrBepxaaer CTpaTeruio NpocTpaH-
cTBeHHOTrO pa3Butusa Poccuiickoit @enepanuu 10 2025 r. JJokyMEeHT HOCKI NPUHLIUIAATIBHO
HOBBIN XapakTep, TaK KaK COYeTall MOIXOIbl CTPATETMYECKOTO H TEPPUTOPHAIBHOTO TIAHH-
poBanus. OCHOBHBIC aKIIEHTHI B JOKYMEHTHI ObLTH CHIETAaHbI Ha BBISIBJICHUU KOHKPETHBIX
OTpaclieBbIX TPUOPUTETOB IS KaKIOro cyObekra PD, Tak Ha3piBaeMbIX 3()h()EeKTHBHBIX
crienranm3anuax; 0onee 4ETKON MPHUBI3KH K WHPPACTPYKTYPHBIM IMPOEKTaM, KaK WHCTPY-
MEHTEe cOaTaHCHPOBAHHOT'O PETHOHAIHHOTO PA3BUTHSI U PA3BUTHUU T'€OCTPATETUICCKUX TEP-
pUTOpHil 715 0OeCTIeUeHNs TePPUTOPHATIBHOM 11ETOCTHOCTH U O€30MacHOCTH IOCyAapcTBa’.
HecMoTtpst Ha cephesHyro KpUTHKY CTpaTerwy MpOCTPAHCTBEHHOTO Pa3BUTHSA PoccHiickoii

8 Pacniopsuxenne IpasurensctBa P® or 13.02.2019 N 207-p (pen. ot 30.09.2022) «O6 yrBepxe-
Huu CTpaTterun NpoCTPaHCTBEHHOTO pa3BuTHs Poccuiickoit @enepannu Ha nepuoy 10 2025 romay.
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®Denepanmu 10 2025 r. 32 HEIOCTATOUHYIO POPAOOTKY WHCTUTYIIHOHAIBHBIX U 3KOHOMHU-
YECKHX MEXaHU3MOB pealn3alliH, OTCYTCTBHE UYETKUX IIENEBBIX MOKazaTeJeld M0 MHOTUM
HaAIpPaBJICHUIM, a TAKXKE 32 HEMOJIHOE COTJIACOBAHUE C IPYTMMHU TOCYAapCTBEHHBIMH TIPO-
rpaMMaMu, JOKYMEHT, 10 MHCHHIO aBTOpa, MJICOJOTUYCCKH ObUI JYYIIMM JIOKYMEHTOM, B
yepene JOKYMEHTOB B cepe PErHOHATBHON TMONUTHKH B UCTOPUH coBpeMeHHOW Poccuu,
TaK KaK HOCWJI Y€TKO BBIP2KEHHYIO JIOTHKY pabOTHI ¢ MPOCTPAHCTBOM U HE JHCCOHUPOBAI C
TEOPETUYECKAMHU OCHOBAMU PETHOHATLHON YSKOHOMHUYECKOH MMOJIUTUKHY.

OCHOBHBIM JIOKYMEHTOM PEriIaMeHTHPYIONIMM MPOCTPAHCTBEHHYIO TONUTHKY Poccuii-
ckoii dejepanu Ha COBpEMEHHOM dTare sBisiercsi CTpaTrerus MpoCcTPaHCTBEHHOTO pa3BU-
tus Poccumiickoit @eneparuu g0 2030 r. ¢ mepcuektuBoit mo 2036. B Crpateruu mo
2030 roga mMpOCTPaHCTBEHHOE Pa3BUTHUE CTAJIO PACCMATPHUBATHCS KakK (DAKTOpP JTOCTHUKCHHUS
HAIIMOHANBHBIX 1Iejel crpasbl. Llems mokyMmeHTa copMylnupoBaHa Kak (OpPMHUPOBAHHE
cOaTaHCUPOBAHHON CHCTEMbI PAcCENICHUS M TePPUTOPHUAIBHON OpPraHU3aliid 3KOHOMMKH,
KOoTOpas OyeT ClIocOOCTBOBATh pealn3allii HAllMOHATIBHBIX IeJIeH 1 00CCIICYCHUIO HAIUO-
HAJTLHOW 0E30MacHOCTH. DTO O3HAYaeT 0ojee TECHYI HMHTETPAIlHI0 MPOCTPAHCTBEHHOTO
Pa3BUTHS B OBIIYIO CTPATETHIO COMMATBHO-YKOHOMUYECKOTO PA3BUTHS CTPAHBI .

Tabuuna 1

CpaBHuTebHBIH aHaau3 CTpaTeruu NpPocTPpaHCTBEHHOro pa3Butusi P® 1o 2025 r.
u Ctparerun npocrpancTBeHHoro pazsutus 10 2030 r. ¢ nepcnekTuBoii 10 2036 r.

Kputepuii

Crparerus no 2025 rona

Crparterust 1o 2030 rona

enpb cTpaTeruun

Cokpameane  MeXpPerHOHAIBHBIX
JUCTIPOTIOPIIUM M CTUMYJIMPOBAHUS
SKOHOMHUYECKOTO pOCTa uepe3 pas-
BHUTHE NEPCIEKTUBHBIX LIEHTPOB

®dopmupoBaHrue cOaTaHCUPOBAHHOW CH-
CTEMBI pacCeJCHUS M TePPUTOPUATBHON
OpraHu3aIii SKOHOMHUKH, KOTOpas Oyaer
CIIOCOOCTBOBATh pealiu3alliy HAIMOHAJb-
HBIX IeJIeH U 00ECHCUCHHUIO HAIMOHAJb-
HOU 0€3011aCHOCTH.

MO,HGJ'H) Ppa3sBUTUA

[MonspuzoBaHHAs MOJEIH, OMUpA-
IoIasicss Ha «IEPCICKTHBHEIC IICH-
TPBl  SKOHOMHYECKOTO  POCTa»
(KpyIHBIE TOpOJCKHE arjiioMepa-
07179}

CoOamaHcupoBaHHasi MOJAETh C aKIICHTOM
Ha CHUCTEMY OIMOPHBIX HACCIIEHHBIX ITyHK-
toB (OHII). OHII BktO9arOT HACENEHHEIE
MYHKTBl Pa3HOT0 Macmraba W Creluaiu-
3aun

MakpoperuoHsl

Bbuia npemioxkena ceTka Makpope-
TMOHOB, KOTOpas Tak M HE Haluia
MPaKTHYECKOTO MPUMEHEHHUS

OTKa3aauch 0T MaKpOPErnOHOB, COCPEO-
TOYMBIINCH HAa NMPHOPUTETHBIX HaIlpaBIIe-
HUSIX Pa3BUTHA (elepalbHBIX OKPYIOB,
ApxkTtrueckor 30HBI P®D, HOBBIX CyOBEK-
TOB P® 1 reocrpareruueckux TeppUTOpUi

® Pacniopsoxenne IlpaBurensctBa P® ot 28.12.2024 N 4146-p «O6 yreepxkneHun Crpareruu
MIPOCTPAHCTBEHHOTO pa3Buths Poccuiickort Menepanuy Ha nepuon a0 2030 roga ¢ mporHo3oM 10

2036 roma».
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Oxonuanue Tadi. 1

Kputepuit Crparerus no 2025 roga Crparerus no 2030 roga

Tenepb K HUM OTHOCATCS TOJIBKO MYHH-
LUIAIbHBIE 00pa30BaHus, TPUMbBIKAIOIIIE
K TpaHHLAM HEAPYXKECTBEHHBIX CTpaH.
I'eocTparernueckue | Bkitouanu Bce MpUrpaHudHbIe B nepeueHb Takxke BOILIM HOBbIE CYyObeK-
TEPPUTOPUHU cyOobekTs PO Tel P®, CeBepo-Kaskasckuii u [lanbHeBo-
CTOUHBIN (enepanbHble OKpyra, Pecry6-
nmuka Kpsiv, CeBacronons, Kanununrpan-
cKast 00J1acTh

BxmroueHsl  Hay4YHO-TEXHOJOTHYECKHE
AKIIEHT Ha NPOMBINIICHHOE IIpPO-
OrtpacieBsie n  MH(OPMALNOHHO-KOMMYHHKAIIMOHHBIE
U3BOJICTBO B 3KOHOMHYECKH akK-

IIPUOPUTETHI ACIICKTHI, amanrtanua K U3MCHCHUAM KIIH-
THUBHBIX arjioMepanugax MaTa

Hcrounuk: coctaBieHo aBTOPOM.

Takum 00pa3om, aHaK3 TIOKa3al, YTO PEeTHOHANbHAS TTOTUTHKA Poccuu 3BONFOIIMOHN-
poBaia OT pelleHus 3ajiad TEPPUTOPHUATIBHBIX SKOHOMHYECKUX MPOMOPIUH, B IENIX IOo-
CTPOEHHUS €JMHOI0 HapOJHOXO3IMCTBEHHOI'O KOMIIJIEKCA CTPaHbl B COBETCKHUIl Mmepuon A0
COBpPEMEHHOW Mojenu cOaTaHCUPOBAHHOTO MPOCTPAHCTBEHHOro pa3Butws. KadecTBeH-
HBIA CKauOK B Pa3BUTHUU PETMOHAIBHOM MOMUTUKHU npousolen B 2017 roay ¢ yTBepxkie-
HHUEM OCHOB FOCYI[apCTBeHHOﬁ IMMOJIMTUKU PETHUOHAJIBHOI'O pasBUTUA, TAC oco0oe BHHMa-
HUe OBUIO yIeNeHO HHPPACTPYKTYPHOU 00eCIIeYeHHOCTH M SKOHOMUYECKOHW CBA3aHHOCTH
pernoHoB. OCHOBHBIM WHCTPYMEHTOM IIPOCTPAHCTBEHHOW MONHUTHKHA Poccuiickoit dee-
paruu ¢ 2019 r. ctanoButcst CTpaTerusi NpOCTPAHCTBEHHOTO Pa3BUTHS, KOTOPast B HOBOM
Bepcun 2025 r. cMeHHIa (OKYC OT MONSIPU3ALUOHHOW MOAENHU C LEHTPaMH 3KOHOMHYE-
CKOT'0 POCTa Ha TIOCTPOCHHE COATaHCHPOBAaHHOW CHCTEMBI C aKIIEHTOM Ha OTIOpHBIE Hace-
JeHHBIe MYyHKTHL. [Ipu sTOM cOanaHcupoBaHHOE MMPOCTPAHCTBEHHOE PA3BUTHE CTPAHBI Te-
Iephb BHICTYMAET HE KaK CaMOIIelb, & KAK HHCTPYMEHT JTOCTUKEHUS HAIMOHAIBHBIX MPHO-
PUTETOB.
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BUOTI'PAD®USA

41, XBan Muna CykuioBHa, paboTar0 B 00JacTH BEICHIETO 00pa30BaHMUs, CIICIHATIH3HPY-
I0Ch Ha TIPENOJaBaHNH TUCIHIUIMH: PernoHansHOe ynpaBieHHne W TepPUTOPHAIBHOE TUTaHU-
poBanue, CoBpeMeHHBIE TPOOIEMBI 1 MEXaHU3MBl PErHOHABHON MONUTHKY, [ 0cyapcTBeH-
HOE PETYJUPOBAaHUE SKOHOMHUYECKUX IpoleccoB. Paforar joneHTOM Kadeapbl MEHEIK-
MEHTa | TocynapcTBeHHoro ympasienus JIBUY — ¢umman PAHXul'C, r. Xabaposck. Kan-
muaaT skoHoMudecknx Hayk ¢ 2003 r. O61acTs MOMX HAyYHBIX WHTEPECOB BKIIIOYACT: TE€O-
PETHYECKUE OCHOBHI IIPOCTPAHCTBEHHOM MOJIUTHKU TOCYAApCTBA; TOCYJApPCTBEHHOE pEry-
nupoBanue pazputus JansHero Boctoka Poccun.

MODERN PRIORITIES OF SPATIAL POLITICS IN RUSSIAN FEDERATION

Inna Khvan

Far-East Institute of Management, the Branch of RANEPA, Khabarovsk, Russia,
iskhvan@mail.ru

Spatial policy exist in many countries, either explicitly or implicitly. It is conditioned by
the fact that any country, regardless of its administrative-territorial structure and manage-
ment model, consists of a set of regions, which have different level of social-economical
development. The importance of spatial politics in Russia can hardly be underestimated, it is
conditioned by the large geographical scale, complicated territorial structure and the notice-
able disproportion in the level of development between the regions.

As any other country, in purpose to build the succesfull regional politics, Russia is
always searching for a compromise between the policy of equalization and the poicy of
polarized development. In soviet period emnphasis was on the spatial-economical propor-
tions and creation of the unified national economic complex. In the 90’s the equalization
of the regional level of development by using interbudgetary relations became a priority.
Since 2019 a strategy of spatial development becomes the main tool of the spatial politics.
The first version of the strategy had an emphasis on stimulating economic growth through
the development of promising centers, the second version (developed in 2025) empha-
sized creating balanced system, especially in key localities. What is more, the balanced
spatial policy of the country is no longer seen as a goal itself, but as a tool for achieving
national priorities.
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