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AHHOTALUA

B cratee MpCACTABJICHBI PE3YJIbTAThI ONITUMU3ALINH IPOLICCCA TOJTYYCHUS CyXOro O9KCTpaKTa «I/IMMYHOKOp»
W3 HAJI3EMHOM yacTu (H/4) yepe sl TpexpasnenbHoi (Bidens tripartita L.) MeToqoM pacibuUTeIbHOM CyIIKY. Boi-
SIBJICHO, YTO CYyIIIKa BOJHOTO SKCTpakTa H/u Bidens tripartita B pacibuinTeIbHOM CyIIMIIKE SIBISICTCS ONTHMAIBHOM
M0 CPABHEHHMIO C CYIIKOU B CYIIMIBHOM IIKady, oOecrieunBas Tydllre OPpraHoNIeNITHIECKUE XapaKTePUCTUKH, MU-
HUMaJbHOE BpeMs nporecca (1 1 Ha 06paboTky 1 Kr cbipbs). [Ipu 3TOM [T CYyIIKK B paCIBUINTEIFHON CYIIHUIIKE
BBICYIIIMBACMBII BOIHBIN 3KCTPAKT HEOOXOIUMO TTOATOTOBHUTH CJICIYIOIIUM 00pa30oM: TOCIIE SKCTPAKIIUU U (HHITb-
TpaLuU CyMMY IOJICaXxapuI0B KOHIIEHTPUPYIOT B BaKyyM-BbIapHoM amnmapate npu 60—70 °C u Bakyyme 0,04—
0,08 MI1a no conepxanus cyxoro octatka 15 %. YcTaHOBIEHO, YTO JUIS ITOJTyYeHHs TOTOBOT'O MPOIYKTa CTAOMIIb-
HOTO IO BBIXOAY M KAaYCCTBY CYHUIKY BOJHOI'O OKCTpaKTa IOoJIMCaxapuiaoB B paCHLIHHTeHLHOﬁ CYIIWJIKE HYXXHO
OCYLIECTBJISAT IpU TemrepaType teroHocurens Ha Bxoge 180—-190 °C, na Beixoge 85-90 °C, naBneHuu Bo3ryxa
Ha QopcyHky 0,2 MIla, co ckopocThio mmogaun pactBopa 5 /4 (5,5 m/9-m*). PazpaboTana TeXHOIOTHS POU3BO/I-
cTBa cybOcTanmun «IMMyHOKOp 3KCTpaKT cyxoi» u3 H/4 Bidens tripartita ¢ IMMyHOCTUMYTHPYIOIIUM ICHCTBHEM,
MIO3BOJISIOIIAS! TTOJTYYHUTh MPOAYKT C COAEPKaHUEM MoJHcaxapuioB He MeHee 15 %. AnpoOaust pa3paboTaHHOM
TCXHOJIOI'MHU ITOKa3ajia, YTO BbIXOA LEJICBOI'O NPOAYKTA COCTABIIACT 12,2 % OT MaccChl CbIpbA.

Abstract

The article presents the optimization of the process for obtaining the dry extract "Immunokor" from the aerial
parts of Bidens tripartita L. using spray drying. It was found that drying the aqueous extract of the aerial parts of
B. tripartita in a spray dryer is optimal compared to drying in a drying cabinet, providing better organoleptic
characteristics, minimal process time (1 hour per 1 kg of raw material). For drying in the spray dryer, the aqueous
extract to be dried should be prepared as follows: after extraction and filtration, the polysaccharide sum is concen-
trated in a vacuum evaporator at 60—70 °C and vacuum of 0.04—-0.08 MPa to a dry residue content of 15%. It was
established that to obtain a finished product stable in yield and quality, drying of the aqueous polysaccharide
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extract in the spray dryer should be carried out at an inlet heat carrier temperature of 180-190 °C, outlet tempera-
ture of 85-90 °C, solution feed rate of 5 L/h (5.5 L/h-m?), and air pressure on the nozzle of 0.2 MPa. A technology
has been developed for producing the substance "Immunokor dry extract” from the aerial parts of B. tripartita with
immunostimulatory action, which allows obtaining a product with a polysaccharide content of at least 15%. Pilot
testing of the developed technology showed that the yield of the target product is 12.2% of the raw material mass.

Kuarouessie cioBa: Bidens tripartita, monucaxapumst, cyxoit SKCTpakT, paclblIUTeIbHAs CYIIKa, TEXHOJIO-

TS, IMMYHOCTHMYJIHpPYIOIIEeE AEHCTBHUE.

Keywords: Bidens tripartita, polysaccharides, dry extract, spray drying, technology, immunostimulating ef-

fect.

Beeoenue

Bidentis tripartitae L. (Uepena tpexpasaensHasi; ce-
MelcTBa CIOKHOLBETHBIE (ASteraceae)) — OQHOJETHEE
TPaBSIHUCTOE pacTeHHe, Mpou3pacTaromiee o BceMy Y3-
Oekucrany [1]. Hamsemnas gacts (/4) B. tripartitae co-
JEPKUT d(UPHOE MAcTIo, PIIaBOHOHIBI, KYMAapUHBI, Y-
OWITBHEIE BEIIECTBA, TIOHAIICTHIICHE], KAPOTHH 1 BUTa-
MuH C, a Takke TOpedH, CIU3W M JIAaKTOHHI [2-4]. B
3(UpHOM MacJe, BBIICIICHHOM M3 H/4 4epeibl Tpexpas-
JIeTIbHOM, OTIpeIeIICHBI TaKKe BELIECTBA, KaK aJljIo-OLH-
MeH, (Z)- B-ouuMmen, a-pemanapen — [5, 6]. C nomo-
IIBI0 Macjia BBIICJICHBI O-TIMHEH, J-OucaboseH, m-1u-
MEH, FeKCaHaJI, JIMHAIOOI, M-IIuMeH-9-01, B-31eMeH, 2-
nertudypa, cunpunepdon-6-eu — [7]. B cocraB kom-
oHEHTOB H/4 B. tripartitae, Takxxe BXOIST MUHEpaIIb-
HbIe coau Zn, Se, Mn, Cd [8, 9]. B #/4 B. tripartitae u3
(h1aBOHOMAOB, B OCHOBHOM, COJIIEPIKATCS JIFOTCOJNHH,
UHAPO3H], aCCOIIMUPOBAaHHBIC XAIKOHEI: OyTeHH, 0y-
TeuH-7-O-B-D-Tmokonmupano3un W MapewH, ¢uiaBa-
HOHBI: M30KOPEONICHH W (hrraBaHOMapewH, aypOHHI:
CyIb(pYypeTuH, Cyab(pypeHH, MapUTUMETHH, MapHTH-
ment [10-12]. U3 kymapusoB B H/4 B. tripartitae coaep-
)Katcs ymOeudepoH, CKOMOJICTHH, 3CKYJICTHH, TPH-
JIeKaH-TIPOM3BOHBIC MOJHALETUIICHOB: Tpuaeka-1,12-
naueH-3,5,7,9-rerpaun, motend. W3 w/a B. tripartitae
BBIJICJICHBI BOJIOPACTBOPHIMBIE TTofrcaxapuibl (1o 10%),
MIEKTHHOBBIE BemecTra (10 1,0%) 1 reMUIeIUTION036I A 1
B (mo 3,0% u 0,6% cooTBeTcTBeHHO). BO (hpakmmonHOM
COCTaBE BOJIOPACTBOPHUMBIX TTOJIHICAXaPHIOB OCHOBHBIMH
MOHOCaXapHIaMH SIBIITFOTCS TITIOK03a, TATaKTo3a, TIFOKY-
pOHOBasi U rayjakTypoHoBast kucioTel [13]. ITokazaHo,
uyro B H/4 B. tripartitae, npouspacraromieii B Y30eku-
CTaHe, COAEPIKUTCS 0KO0JI0 5% mosmcaxapuioB, COCTO-
SLIMX, B OCHOBHOM, U3 MOHOCaXapHu/I0B, TAKHX KaK ra-
JIaKTO3a, TIII0KO03a, apabuHO3a, KCHJI03a W ypOHOBas
kucinora [14].

TpaBy uepeznpl B Bujie HACTOS M JIeUEOHBIX BaHH
MPUMEHSIOT B IEWATPUU TPU JHAaTe3aX, CKpodyese
(3010TYyXe); KaK MPOTHBOBOCIAIHTEIEHOE, TTOTOTOH-
HOE ¥ MOYETOHHOE CPE/ICTBO IIPHU IMPOCTYTHBIX 3a00I1e-
BaHUAX. CIHPTOBBIE IKCTPAKTHl MMEIOT IPOTHUBOAII-
JEPrHYCCKIUIA U KeTIeTOHHBIN 2 dekT. Tpasa gepenst
BXOJIUT B COCTaB MOTOTOHHBIX U MOYETOHHBIX COOPOB
[15]. B kauecTBe THIIOTIIMKEMHYECKOTO U aHTHIHAOe-
THYECKOTO CPENCTB TNPEAJIONKEHBl HACTOHKM H/4 B.
tripartitae [8]. [Toka3zaHO ceaTHBHOE U THIIOTEH3UBHOE
nericrBue 20%-Hoii HacToMKu yepens! [16]. ABTopamu
[17, 18] noka3aHbl ajanToreHHasi, aHTHOKCHIAHTHAS,
MPOTHBOBOCIIAIATENIFHASL AKTUBHOCTH U OOJICY TOJISIO-
IIMe CBOWCTBA JKCTPAKTOB, IMOJIYYCHHBIX U3 H/U B.
tripartitae. YcraHoBieHO OIAroNpHATHOE BIUSHHE
CYMMapHBIX (ppakiuil yepeapl Tpexpa3aeabHoll Ha re-

MOJIMHAMHKY HOPMOTEH3UBHBIX KpbIc. [Tpn aTOM oKa-
3aHBl TMIIOTEH3MBHBIC CBOMCTBA CIIUPTOBBIX IKCTPaK-
ToB uepens! [19]. [lpn n3yueHun pa3inuaHBIX 00pas-
I[0B 3KCTPAaKTOB, BBISIBICHBI BBIPAKCHHBIC T'eHaTo-
MPOTEKTOPHBIE CBOWCTBAa (paknuid, 0OOTamEHHBIX
¢dnaBorounamu [20]. [Tokazano, 4TO Masb, IPUTOTOB-
JIEHHAs W3 CyXOro SKCTPaKTa TPaBbl M Ba3EIHHA, PU
Hapy>XHOM TPHUMEHEHHH JICYNT Icopuas. HapyxHoe
MIPUMEHEHHE IIpenapaTroB 4epelbl yCIIOKauBaeT 3y,
OKa3bIBacT NPOTUBOAIIEprudeckoe aeiicreue. diapa-
HOUJIBI Yepelbl yMEHbIIAI0T KOJIMYECTBO TMCTaMHMHA
IOpU SKCIEepUMEHTaNbHOM ayueprum [25]. Dxcnepu-
MEHTaJIbHbIE MCCIIEJOBAHUs MOKa3aly, YTO HAaCTOHKa
TpaBbl Yepe bl IPUBOAUT K OBICTPOMY OUYHIICHUIO U 3a-
pacTaHdi0  WH(QHUIUPOBAHHOM  KOCTHO-MBIIIEYHON
pausl [22]. 3ydyeHbl IMMYHOCTUMYJIHPYIOIIUE CBOM-
CTBa JKHJKOr0 JKCTpakta B. tripartitae, kotopsie He
ycrynaoT 1o 3¢QexkTHBHOCTH Ipenapary HMMyHaml
TIpHU KOPPEKINH UMMYHOJIC(PHUINTHBIX COCTOSHUM [23,
24]. H/a B. tripartitae oxaspiBaeT MpOTHBOBOCIAIH-
TeNbHOE U aHTUOAKTEpHalIbHOE JAEHCTBUE MPOTUB Ta-
TOreHHBIX Oaktepuii, Takux kak Staphyllococcus
aureus, Esherichia coli, Proteus vulgaris [25, 26].

BeiiensioxxeHoe mokassiBaet, uyto B. tripartitae
OoraTa OMOJIOTMYECKH AKTUBHBIMU BELIECTBAMHU pas-
JMYHOTO KJlacca, MPOSBIIIOINMHA PA3IMIHyIo hapma-
KOJIOTHYECKYIO aKTHBHOCTb PACTEHHsI WM Mperapa-
TOB, TIOJIy4eHHbIX U3 B. tripartitae. JlutepaTypHblit 00-
30p 1Mo mpuMeHeHuro H/4 B. tripartitae u coGcrBeHHbIE
WCCIIEIOBAHMS TTOKA3bIBAIOT, YTO HPOTHBOAJUIEPTHYE-
CKHE CBOWCTBa MPOSBISIOT (uaBoHOuabl [27, 28], a
UMMYHOCTHMYJIUPYIOIINE CBOMCTBA — IOJIUCAXAPH/IBI
[24]. U3 BbINIEN3TIOKEHHOTO BHIHO, YTO MHOTHE HC-
cienoBanust  (apmakojornueckux — cpoiicte  B.
tripartitae mpoBezeHBI Ha 3KCTpaKTax, COJACPIKAIINX
(naBoHOMABI U TosIMCcaxapubl. [109TOMyY 3KCTPaKTHI,
NOJIyYeHHBIE THJIOBBIM CHHPTOM B Pa3jIMYHBIX KOH-
LEHTPAIMAX, MPOSBISIOT MPOTUBOAIIEPTHUECKHE U
MMMYHOCTUMYJIUPYIOIINE CBOMCTBA.

Y4uTHIBask BHIIEU3JIOKEHHOE, HAMH TSI JIEUCHUS
QJUIepruyeckux 3a00JIeBaHUM TPE/UIOKeHa CyMMma
(iraBOHONIOB, KOTOpast 00IaaeT UMEHHO IPOTHBOAI-
neprudeckuM 3 dexToM, a B KauecTBE UMMYHOCTUMY-
JMPYIOUIETO CPECTBA — MPEUIOKEHa CyMMa ITOJIUCa-
XapuJoB. B pesysbrare COBMECTHBIX HCCIIEAOBAHUI
WucturyTa XuMun pactutensHbIX Bemects (MXPB) u
WHcTUTyTa MIMMYHOJIOTHH M T€HOMHKH deioBeka AH
PV3 Ha ocHOBe (aBoHon10B H/4 B. tripartitae cosman
HOBBIH OpUTMHAJIBHBIN penapar aHTUTUCTAMHHHOTO U
MIPOTUBOAIIIEPTUUECKOTO JIeHCTBHS «AJutepronad», a
TaKke MIMMYHOCTHMYJIMPYIOLUi npenapat « IMMyHo-
KOp» Ha OCHOBE moJticaxapuios [24, 27-31].
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Lenbro MccnenoBaHus siBisieTcs pa3paboTka orl-
TUMaJIbHONH TEXHOJOTMU CYIIKH BOIZHOTO JKCTPAKTa
nojucaxapuaos u3 H/4 B. tripartitae mus monydyenuns
cyOctanin «/IMMyHOKOpP SKCTPaKT CyXOi» ¢ UMMY-
HOCTHMYJIHPYIOIIEH aKTHBHOCTBIO.

Mamepuanvt u memoowvl ucciedo8anuil

Hcmonesyemas w/4 B. tripartitae B skcriepumen-
Tax obnajgana CIEAyIOIUMU XapaKTePHUCTHKAMU: CO-
Jlep’kaHue moymcaxapuaoB He MeHee 3,5 %; coaepxa-
HHE CyMMBI ()JIaBOHOU/IOB (B IepecueTe Ha JIFOTEOIHH-
cranziapt) He MeHee 0,5 %; BnaxkHOCT He Ooiee 13 %
(I'd XI, Beim. 1, c. 285); 301a obmias He 6onee 14 %
(I'® XI, Bem. 2, c. 24); 30ma, HepactBopumMas B 10 %-
HOM PacTBOpE XJIOPHUCTOBOJOPOIHON KUCIOTHI, HE 60-
nee 2 % (I'® XI, Bemm. 2, c. 25); gacTuil, He IPOXOIs-
IMINX CKBO3b CHTO C OTBEPCTHAMH JHAMETPOM 7 MM, HE
6onee 10 % (I'® XI, Bom. 1, ¢. 275); gacTur, npoxous-
LIMX CKBO3b CUTO € pa3MepoM oTBepctuid 0,5 MM, He
6onee 15 % (I'® XI, Bomm. 1, c. 276); opranndeckoil
npumecu He 6onee 3 % (I'® X1, Boim. 1, c. 276); Mune-
panbHOi npumecu He O6omnee 1 % (I'd XI, Bom. 1, c.
276).

CojnepxaHue CyXUX OCTAaTKOB BOJHBIX JKCTpaK-
TOB (BOJIOPACTBOPHUMBIX BELIECTB) ONPEIEISUIA HA pe-
¢pakromerpe. OTHOCHTENbHAS OIMIMOKA E€IMHUYHOTO
ompeneneHus cocrapiset +5%.

OmpeneneHue BiIaxHOCTH cyOcranimuu «Mmmy-
HOKOpP 3KCTPaKT CyXOi» MPOBOIWIHN CIEAYIOIUM 00-
pa3oM: TOYHYIO HaBeCKy oOpasla cyOcTaHIMH ToMe-
IIaJIK B TPEABAPUTENILHO BBICYIICHHBIH 1 B3BEIICHHBII
6rokc u cymunu npu temnepatype 105 °C. Brokc ¢ BbI-
CYULIEHHOH Mpo00ii MoMeIaiy B 9KCUKATOP LISl OXJIa-
skaeHust Ha S0 MuH, 3aTteM B3BemuBanu. [lepBoe B3Be-
IIMBaHUE MIPOBOIWIIN MOCIE CYIIKH B TedeHue 2 4. [To-
CIJIe/TyFOLIHE B3BEIIUBAHUS MIPOBOAMIN TTOCTIE KaXJI0T0
yaca JaJbHEHIero BeICymmMBaHMA. [Iporecc moBTo-
psUTH IO TIOCTOSTHHOM Macchl obOpasua CyOCTaHIUH.
MaccoByro 10JI0 CyX0ro ocrarka (B %) BEIYHCIISUTH IO
tdopmyme 1:

m; —m
——*]100; €))
m

20e: m— Hagecka, e; Mi—Macca Yauiku, 2; my—macca

YAUIKU C OCMAMKOM NOCTIE 8bICYUUBAHUSL 2.

W =

Kax panee coo0miaioch, BOJHBII AKCTPAKT IOJIHCA-
XapuoB, MOTyYeHHBIH mpu Temmepatype 70 °C, obna-
JIaeT CIIOCOOHOCTHIO B 1,53-2,32 paza MOBBIIIATE UMMYH-
HBIH OTBET K SPUTPOLMTAM OapaHa y MBIIIEH C IIOJTHOLEH-
HOW MMMYHHOH cuctemMoil [24]. YuutsiBas 3T0, HpHU
TIPOBEZICHNH SKCIIEPUMEHTOB HPOBOIMINA SKCTPAKIHIO
BoJIo¥ npu TemriepaType 70 °C u qanee SKCTPaKT CyITHITH
Ha Pa3JINYHbIX yCTAHOBKAX, OCHOBHIBASACH HA METO/IMKAX,
ONHCaHHBIX B [32-34].

s mogbopa THNa CyMIMIBHOTO ammapara HaMu
MpoBeJIeH psifl dKcrepuMenToB. st atoro mo 1,0 kr
BO3AYIIHO CYyXOTO CBIPBSI 3arpy’Kaid B IATh dKCTPaK-
TOpPOB, TJI€ €ro TPEXKPaTHO 3KCTPArHpoOBald BOAOH
npu temneparype 70°C. OObeanHEHHBIH U OT(OUIIb-
TPOBAHHBII MNEPBBI JKCTPAaKT Crymamd 10 TyCToH
Macchl M CYHNIWIM B BaKyyMHO-CYyIIMJIBHOM mIKady
mapku “LICB-45K” (Poccust) npu temmeparype 70-
80°C u Bakyyme 0,6-0,8 krc/cm? (o6pasen 1). Bropoii
CTYIIEHHBII SKCTPAKT CYIIMIN B CYIIIIIKE HH(ppaKkpac-

Horo u3inydenus: mapku “UKC-2M” (Poccust) mpu tem-
nieparype 70°C (oOpaserr 2). DKCTPAaKThl U3 TPETHETO
AKCTpaKTOpa TaKkke OO0BEIWHSIN, OT(IILTPOBBIBAIIH,
3aTeM KOHIIEHTPHUPOBAIIH JI0 COJIEPIKAHHS CyXOH MaCChI
B 3kctpakTe 10%. KoHIEHTpar cymmim B pactblin-
TeNBHOW cymmike ¢popcyHdaToro tuma “Anhydro No.
2” (Januns), Temmneparypa TEIUIOHOCHUTEINS IIPH BXOJIE
180°C, na BrIxoAe 90°C, maBneHue Bo3qyxa 1 pac-
meuieHus pactBopa 0,15 MIla (o6pasen 3). [omayden-
HBIE CyXH€ IKCTPAKTHI U3MENbYAIN B MEJBHULIE ¥ NIPO-
CeHBAJIN Yepe3 cUTo ¢ otBepcTusimu 0,5 MM.

J11st u3y4eHust BIUSIHUS TEMIIEpaTyphl Ha IIpoLecce
CYIIKH TOJIFICaXapuI0B U3 H/Y B. tripartitae sxcriepu-
MEHTHI TIPOBOWIIA CIeAYIOMmNM obpa3zom: 6,0 KT BO3-
IyIITHO cyxoii v/4 B. tripartitae sarpyxamu B skcTpak-
TOP M TPEXKPATHO 3KCTPAarupoBaliil BOAOH NP TEMIIe-
parype 70°C. OObenuHEHHBIH W OT(UIHTPOBAHHBIN
9KCTPAKT KOHIEHTPUpOBau 10 copepxkanus 10% cy-
XOH Macchl B 9KCTpakTe. KOHLEHTpaT pa3lenuin Ha
HIeCTh YacTe! U CYIIUIIU B PACIIBUIMTEIBHON CYIIUIIKE
IPU Pa3IM4HON TeMIlepaTrype, MpH CKOPOCTH MOJayH
pactBopa 4,0 1/4.

OKCHeprUMEeHThl MO NOAOOPY CKOPOCTH MOJAuu
pacTBOpa Ha MPOIECC CYIIKH TTOJIMcaxapuioB U3 H/4 B.
tripartitae mpoBomumu cnegyromum odpazom: 5,0 kr
CBIPBS 3arpy’Kajld B 9KCTPAKTOP, T1€ TPEXKPATHO JKC-
TparupoBaiu Bogoi npu temmeparype 70°C. O6wvenn-
HEHHBIN 1 OT(QUIBTPOBAHHBIN SKCTPAKT KOHIIEHTPUPO-
Banu a0 cojepxanusa 10% cyxoil Macchl B 9KCTPaKTe.
KonnenTpar pazaennny Ha MATh 4acTe W CyIIWIN B
pacTbUINTENFHON CYIIWIKE IPU TeMIlepaType TeIulo-
HocuTens Ha Bxozae 190°C, Beixone 90°C, npu paznuy-
HBIX CKOPOCTSIX M0/Ia4i pacTBOpa.

BbI60p KOHIIEHTpALMK BBICYILIIBAEMOT'0 PacTBOpa
OpH CyIIKe TorcaxapuaoB u3 /4 B. tripartitae ocy-
LIECTBISUIM TI0  CIEAYIONEH METOAMK: BO3AYIIHO
cyxyto H/4 B. tripartitae o 1,0 kr 3arpyxainu B nsth
9KCTPAKTOPOB. 3aTeM MOJMCaxapuIbl SKCTParupoBaIN
TpexkpaTHO Bojoi npu temneparype 70°C. Ilonyden-
HBIE 3KCTPAaKThl OOBEAMHSIIM M OT(QWIBTPOBHIBAIM.
DKCTPaKT U3 IEPBOT0 SKCTPAKTOPA C coAepkaHueM 5%
CYXOT0 OCTaTKa CYLIMJIU B PACHBIINTEIBHON CYIINIKE
Iopu TeMIepaType TemoHocuTens Ha Bxoxe 190°C,
BbIxozie 90°C, mpH CKOpOCTH MoJauyl pacTBopa 5 /4.
OKCTPaKT U3 BTOPOTO 3KCTPAKTOPA KOHIIEHTPHPOBAIH
1o 10% cyxoro octaTka, U3 TPETHETO IKCTPAKTOPA — JI0
15%, u3 yerBeproro — 10 20% u u3 maToro — 110 25%.
KoHIeHTpaTh! CyIImM B pacubUINTEIbHON CYIIMIIKE B
PEKHMe, OITCAHHOM ITPH CYIIKE SKCTPAKTa U3 EPBOTO
9KCTPAKTOpa.

Jlnis uccnenoBaHus BIMSTHUS JTaBJICHUS BO3IyXa,
10/IaBaeMoT0 Ha (pOPCYHKY pactbuINTENIs, HA KAYeCTBO
cybcrann «IMMYHOKOpP SKCTpakT cyxoit», 5,0 kr
BO3JIYIIIHO CYXOW H/4 Wepenbl TpexpasenbHOl 3arpy-
3WIM B 3KCTPAKTOP, TAE MOJIUCAXAPUABI SKCTPAarupo-
Balld TpEXKpaTHO Bojion npu Temmepatype 70°C. Tlo-
Jy4EHHBIE IKCTPAKTHI 00BEAMHIMIIHN, OTQUIBTPOBAIN U
KOHIIGHTPHPOBAIHM JI0 COJEPXKAHHSA CYXOTO OCTaTKa
15%. KoHueHTpaT pazaenuin Ha 5 HOPIUHA U KaXAyI0
CYIIWIN B PAacHbUIMTENBHON CYIIMJIKE NMPU TeMIepa-
Type TemnoHocutens Ha Bxoge 190°C, Beixoae 90°C,
TIPY CKOPOCTH T10/1a41 pacTBOpa 5 JI/4, IPH pa3inuHOM
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3HAUCHMU JIaBJICHMS BO3JyXa, I0JIaBaeMoro Ha Qop-
CYHKY pacTbUIATES.

Pe3ynomamut u o6cyscoenue

Wzydenne mporecca CYIIKH BOJHOTO 3KCTPAKTa
u/4 B. tripartitae mokasasno, aro o6pasims 1 u 2 mpea-
CTaBIISIOT COOOU TBEPIBIE MACCHI, KOTOPBIE C IIPOTUBHS
CYIIIJIKA TPYOHO OTACSUTUCH W MPHINTATN K HOXY

MEJIBHMIIBI TP M3MenbueHnu. [Ipu cymike B pacmbuim-
TEJEHOW CYIIMIKE OTepH MpoaykTa Oombire Ha 9,0 %,
4YeM IPH CyIIKe B OCTAIBHBIX THIIAX CYIIHIOK. Y YHThI-
Bas, YTO BBIXOJ cyOcTaHIMH «VIMMYHOKOp 3KCTpakT
CyXOi» MOYTH OJMHAKOB, II0 OPraHOJICITHYECKHM Xa-
PAaKTePUCTUKAM M PACXOAy BPEMEHH JUISl CYLIKH BOA-
HOTO SKCTpaKTa H/u B. tripartitae BBIOpanyu pacrbLIi-
TENbHYIO CyIIHIKY (Tabum. 1).

Tabuuma 1

BiusiHMe THIA CYIIKH Ha BHIXOJ M OMOJIOTHUYECKYIO aKTHBHOCTD TOJIMcaxapuaoB u3 H/4 B. tripartitae

Ne obpaszua Beixon cyocrannuu «MimmyHo- | Pacxon Bpemenu KonmuectBo cyOcTanmy, He
cyOcTaHnuu KOp 3KCTPaKT CyXoit», % K JUIsL TIpoliecca IIPOXOAdIIee Yepes3 CUTO, B % K
Macce ChIPbs CYHIKH, 9 CYXOMY 9KCTPakTy
1 3,95 12,0 8,40
2 3,92 10,5 6,20
3 3,75 1,0 0,00

C menpio yCTaHOBIICHHUS ONITUMAIBHBIX PEKIMOB
CYIIKH, oOecneduBaromux TpedyeMoe KadecTBO KO-
HEYHOTO TPOAYKTa, MBI M3YUIIH CICAYIOIIHE Mapa-
METpBI: KOHIIEHTPALMIO PacTBOPA; CKOPOCTh HOIA4yd
pacTBOpa; TeMIIEpaTypy CYLIMIFHOTO areHTa Ha BXOJe
U BBIXOJIE; TaBJIEHUE NPH M0/1ade pacTBOPa B CYIIMIIb-
HyI0 Kamepy. MaxkcuMmanbpHas OpOU3BOAUTENIBHOCTD
CYIIMJIKM ¢ 00BEMOM CyIIMILHOH Kamepbl 0,9 M3 u
MOIITHOCTBIO 3JIeKTpoKamopudepa 9 kBt cocrasuser 5
KI/9 TI0 UCTIAPCHHOM BJIare MpH CYIIKE YUCTOH BOIBI.

Pe3ynbTaThl 5KCIEPUMEHTOB TI0 M3YYCHHUIO BIIHSI-

HUSI TEMIIEPATYPhl Ha MPOLECC CYIIKH MPOAEMOHCTPH-
POBaJIM, YTO TOBBIIMICHHE TEMIEPATYPhl TEILIOHOCH-
TeJsl HA BXOJIE B CYIIHIIBHYIO KaMepy COMPOBOMKIACTCS
POCTOM MPOU3BOAUTCIBHOCTH CYHIKM U CHUXXCHUCM
BJIAXKHOCTH TOTOBOTO Mpoaykra. [Ipu cymike ¢ Temre-
patypoii TeroHocutens Ha Bxoae 180-190 °C u Ha
BbIxoze 85-90 °C 3KCTpaKT He yclieBaeT MOJHOCTHIO
BBICOXHYTbB, B p€3YyJIbTATC YCTO YaCTh MPOJAYKTa IMMPUJIN-
maeT K CTCHKaM KaMmephbl cymuiku. Kpome toro, mosy-
YCHHBII B COOPHUKE MPOYKT UMEET MIIACTHUINH 00pa3-
HY0 KOHCHCTEHIHIO (TalI. 2).

Tab6mumna 2

BrnusHME TeMnepaTypsl CYIIKH Ha Ka4ecTBO cyocTaHmu « IMMYHOKOp 3KCTPaKT CyXO0i»

o Brexox cyocranmym «Mmy-
Temneparypa terorocurens, °C Bna)xHOCTh KOHEYHOTO MPO- .o
o HOKOP 3KCTPAaKT CyXoi», % K
nykra, %
Ha BXOJie Ha BBIXOZIE Macce ChIpbsi
150 65 20% mpoIyKTa NpUINNANIO K CTEHKE CYIIMIKA
160 70 15% mnpoyKTa NpUIANANO K CTEHKE CYIIUIKH
170 75 8,0 3,6
180 85 58 3,8
190 90 3,6 3,7
200 95 2,3 19

IIpoxyKT, BEICYLIEHHBIH IIPU TEMIIEPATYPE TEILIO-
Hocurens Ha Bxojae 170 °C u Ha Beixoze 75 °C, He co-
OTBETCTBYET TPeOOBAHMAM K BIAXKHOCTH CyXUX IKC-
TpakToB. I[loBBIIIEHNE TeMIEepaTypsl TETIIOHOCHTEIS
Ha Bxoze Bbilie 190 °C npuBOAUT K yXyALLIEHUIO Opra-
HOJIENTHYECKUX XapaKTEPUCTHK CYXOT0 MPOJyKTa: Mo-
ABJISIETCS TTOCTOPOHHUI 3amax, yXyZImaroTcsl BKYC U
I[BET, B IIEJIOM CHIXAIOTCSI MOTPEOUTENbCKUE Kade-
crBa. [lpu 3TOM BO3pacTaloT MOTEpH MPOAYKTA M3-3a
obOpa3oBaHUs Upe3MEPHO MENKHX YacTull (Tabi. 2).

Y IOBIETBOPUTENBHBIE PE3YNBTAThl JOCTHTHYTHI
NpU TemIeparype TeroHocurens Ha Bxoze 180-190
°C u Ha BeIx0z1e 85-90 °C (Tabm. 2).

CKOpOCTb [M0J1a4M BHICYIIINBAEMOTO PacTBOpPA WT-
paeTr OOJIBIIYIO POJIb MPH CYIIKE B PaCIbUIMTEILHOMN

Cymmike. To oOBsICHACTCS T€M, U4TO OBICTpas mojada
pacTBopa MPUBOJMT K YBEJIWYEHHIO BJIard B TOTOBOM
NPOJYKTE, a B OOpaTHOM cCilyuae YBEIWYHBAETCS IO-
Teps IPOJYKTa 3a CUeT 00pa30BaHMs CIIUIIKOM METKHX
YaCTHIl U 3aTPaThl BpeMEHH. B CBsI3M ¢ 3TUM U3ydeHa
CKOPOCTB ITOJJa4¥ PacTBOPA, PE3yJIbTaThl KOTOPOH MpH-
BEJIEHEI B Ta0I. 3.

W3 Tabn. 3 BUIHO, YTO MPU CKOPOCTH Hoia4u Oosiee
6 11/9 pacTBOp IUIOXO BBICYIINBACTCS M YacTh 3KCTPAKTa
NPWINNAET K CTEHKaM KaMepbl CYIIHJIKHY, a TaK¥Ke BIlax-
HOCTh KOHEYHOTO MPOJAYKTA IPEBBILIAET JOMYCTUMYIO
HOpMy. I1pu ckopocTn MeHee 4 11/9 CHIKAeTCsT BBIXOA KO-
He4yHoro mpojykra. IToatoMy yisi HpoM3BOACTBA CyO-
craHmu «IMMYHOKOp KCTPaKkT CyXOil» BbIOpaHa CKO-
POCTh Tofa4u pactopa — 5 /4 (5,5 n/ua*md).
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Tabnuna 3
BimsiHHe CKOPOCTH MMOJIa4U PacTBOpa Ha KauecTBO cyOcranuuu «MIMMYHOKOP 9KCTPAKT CyXOii»
CkopocThb Mojia4u pacTBopa, BnakHOCTh KOHEYHOTO ITPO- Beixoj cyocrannuu « IMMyHOKOp 9KC-
n/4q aykra, % TPAKT CYyXoh», Yok Macce ChIpbs
2 15 31
3 2,1 3,2
4 3,2 3,5
5 3,6 3,7
6 10% mpoayKTa IPIIIMHANIO K CTCHKE CYIIIIIKA

O(hheKTUBHOCTh IKCIUTyaTallud CYLIMJIKH BO
MHOTOM 3aBHUCHUT OT IIPAaBUJILHOTO BBIOOpa KOHIIEHTpA-
IIY BBICYIIUBAEMOT'0 PACTBOPA, TaK KaK 3TO BIMSIET Ha
MPOU3BOIUTENBEHOCTD CYIIMIKH U SHEPronoTpedicHue
Ha eJMHHILY BBICYLIEHHOTO MpojayKTa. Pe3ynbraTsl uc-
CJIeZIOBAaHUH 1O MOI00PY ONTUMATEHON KOHIICHTPALIUT
BBICYIIMBAEMOT'O PAcTBOpA MOKA3ajM, YTO CYyIIKa He-
KOHIICHTPHUPOBAHHOTO BOJHOTO JKCTpakTa w3 H/4 B.
tripartitae e cOOTBETCTBYET MO MAaCCOBO# JOJIC BIAXK-
HOCTH KOHEYHOTO Ipoxykra. Kpome Toro, B mporecce
CYIIKH 9acTh TOTOBOTO Mpoxykra (oxoso 3-4%) mpu-
JMnana K CTEHKE KaMepbl PaclbUIMTEIbHONU CYLIMIIKH.

IIpu cymike KOHIEHTpaTa C COAEPIKAHHUEM CYXOro
ocraTka 6onee 15% BBIXOJ] TOTOBOTO MPOAYKTa YMEHbB-
IaeTcsi, W IBET MOJy4YaeMO CyOCTAaHIIMM TEMHEET.
Y IOBIETBOPUTEIBHBIN  pe3ynbTaT MOMYYMIH IIPU
CYIIIKE pacTBOpa C coepxaHueMm cyxoro octarka 10-
15%. Onnako npu cymke 10% KOHIEHTpaTa pacxof
BPEMEHH W SHEPrHU OOINbIIe, N0 CPaBHEHHIO CYIIKH
15% xonuenTpata. Mcxoas U3 3TOTO, MPHILUIA K BEI-
BOJY, YTO [UIS CYIIIKH BOTHOTO KCTPAKTa HEOOXOMMO

KOHIIEHTPHPOBATh €r0 [0 3HAYEHWs CYXOTO OCTaTKa
15% (tabn. 4).

Tabmuma 4

BinsiHMe KOHIIGHTpAIMU pacTBOpa Ha KauecTBO cyOcTaHnnu «IMMYHOKOp 3KCTPaKT CYyXOi»

Konnentpanus Beicymm- | BmaxkHocTh cyOcTaHIIun Brixon cyOcTanmmu IBet cyocranmuu «m-
BaeMOro pactBopa, % «IMMYHOKOp DKCTPaKT «AIMMYHOKOD 9KCTPaKT MYHOKOP 3KCTPakKT Cy-
CyXOro ocTatka cyxoi», % cyxoi», % k Macce Cbl- X0
pba
5 6,2 3,5 CBeTJIO KOPHUYHEBBII
10 3,8 3,7 Kopuanessrit
15 2,4 3,7 Kopuunessrit
20 2,0 3,6 TeMHO KOpHYHEBEII
25 1,7 3,5 TeMHO KOpUYHEBBIH

CreneHp pacmblUIeHNs pacTBOpa (GOPCYHKOI! B Cy-
HIMJIBHOM KaMepe 3aBUCUT OT JABJICHUS BO3/1yXa, 1044~
BaeMOro Ha (OpcyHKy pacmpiutens. OnTumanabHOe
JaBJICHUE 00ECIeYHMBAECT XOPOIIYI0 BBICYHNINBAEMOCTh
pacTBOpa B KaMepe. B cBs3u ¢ 3TUM, HaMU NIPOBEJICH
PSA SKCIIEPUMEHTOB II0 MOAO0PY JaBIEHUS BO3IyXa,
M0IaBaeMoro Ha (OPCYHKY pactbUIATENs, ISl CYLIKH
nonucaxapuoB u3 v/4 B. tripartitae. [Tonyuennsie pe-
3yJIbTaThl IPUBEACHBI B TaOIMI. 5.

Hcxonst u3 NaHHBIX, IPUBEICHHBIX B Ta0JI. 5, om-
TUMaJIbHOE JaBJIEHHE I0AaBaeMOro Bo3ayxa B (op-
cyHky — 0,2 MITa. IIpu gasnenusx 0,05; 0,1; 0,15 MIla
PacTBOP IUIOXO PaCbUISIICA BHYTPHU CYIIHIIKH, U ITOJTY-
yaeMbIi TPOXyKT ObUT BIakHBIM. Kpome Toro, mpu
nasnennn 0,05 MITa oxomno 10-12% skcTpakTa mpuim-
IIJIO HAa JHO KaMephl paclbUIMTENbHOU cymmiky. [Ipu
0,25 MlIla pactBop mpuiaunan K BEpXHEHl CTEHKE Cy-
IIHJIKH.

Tabmuma 5

Brnwusinue naBieHus Bo3yxa, II01aBaeéMoro Ha OPCYHKY pacIbUTUTEI, Ha KauecTBO cyOcTtanumu «IMMyHOKOp
9KCTPAKT CyXO0i»

Jasnenue Bo3nyxa, MIla | BrakHOCTb KOHEUHOrO MPOAYKTA, Bexon cyocrannnm, %
% K Macce CBIPhs
0,05 6,1 3,5
0,10 55 3,7
0,15 2,5 3,7
0,20 1,9 3,6
0,25 1,8 3,1

Ha ocHoBe mony4eHHBIX pe3yJbTaTOB pa3pado-
TaHa TEXHOJIOTHS IMoJy4eHus cyOocraHumu «MmyHO-
KOp 9KCTPAKT CYXOi» W3 H/4 yepesl TpexpasiesbHOM

(puc. 1).
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Puc. 1. Annapamypnas cxema npouzeoocmea cybocmanyuu « UMMyHOKOp IKCMPAKm CyXouy»

Bo3ayniHo-cyxyro HaJ3eMHYI0 YacTb depe[sl
Tpexpa3aesbHON B3BEIIMBAIOT Ha Becax (2) B KOJIH-
gyecTBe 52,5 Kr, U3MENILUYAIOT Ha MOJIOTKOBOHM MEIIh-
Hute (1) 1o cTeneHn U3MenbYeHUs CHIpbs 6 MM. 13-
MeJNbUEHHOE CHIPhE B KonuecTBe 50 KT 3aTapHBarOT
BPYYHYIO B MEIIKM M BPYYHYIO 3arpy’KalOT B JKC-
tpaktop (3) u 3amuBarot 250,0 1 BOABI. DKCTparu-
pytot npu temnepatype 60-70°C B TeueHue 2 4acos.
ITocne sxkcTpakiuu 3kcTpakT B Konudectse 100,0 i
CIIMBAIOT B COOPHHUK (4) M OXJIaXal0T B TeueHue 3-4
yacoB. OXJaxXJeHHbIH dKCTPAKT OTQUIBTPOBBIBAIOT
yepe3 HyTd-GuabTp (5), 3ampaBieHHBIH (QUIBTPOM
13 CyKHa, B cOOpHUK (6).

B skcrpakrop (3) 3amuBaror 100,0 m BOIEI U
MIPOBOASAT BTOPYIO SKCTPAKIIMIO aHAJIIOTHYHO ITEPBOM.
Bropoii skcTpakt B konuyectse 100,0 1 oxyaxaaror,
OTOWIBTPOBEIBAIOT B COOPHUK (6). AHAIOTHYHO TIO-
Jy4aloT TPETHH IKCTPAKT.

DKCTpakThl 00benuHAIOT 1 mony4aroT 300,0 1
(306,5 xr) OTGHIBTPOBAHHOTO BOJHOTO pPacTBOpa
MOJINCAaXapUA0B, KOTOPHIH moprusamu 1o 20-25 1 mo-
JIAI0T B BaKyyM-BBINIapHOI anmapart (7). YnapuaHue
BenyT npu Temneparype 60—70 °C u Bakyyme 0,04 -
0,08 Mma (04 - 08 xrc/cm?) 10 HOJIy4eHHUs pacTBopa
C coJiepKaHHUEM CyXoro octarka He 6oinee 15%.

YnapeHHsIi 5kcTpakT B konnuyectse 120,0 11 no-
JIAIOT Ha PACTIBUINTENBbHYIO CYMIMIKY THna «Anhydro
No.2». Cyniky BeayT NpU TeMIepaType TEMIOHOCU-
texst 180-190°C u Ha Bbixoae u3 cymminku 85-90°C,
IpU HojJave BOJHOTO PAacTBOpPa CO CKOPOCTBIO 5,5
a/a*m3, Tlonyuarot 6,1 kr cyberanuun «MIMMyHOKOp
AKCTPAKT cyxoi». Brixox cyOctanium «IMMyHOKOp
OKCTPAKT CyXoi» coctaBisier — 12,2 % k macce cbl-
pbsi.

ITo opraHoienTHYECKUM U (U3NKO-XUMHUYECKUM

nokasareisiM cyOcTanuus «VIMMYHOKOpP 3KCTPaKT Cy-
XO0i», TOJIydeHHass MO NpeajiaraeMoil TEXHOJIOTHH,
AMEET CIICAYIONINE XapaKTePUCTUKH:

OnucaHnue — TIOPOIIOK KPAaCHOBATO-KOPHYHEBOTO
[BETa, TUTPOCKOIMYHBIH, Cllerka KOMKYETCS, CO Cia-
OBIM CBOCOOpA3HBIM 3aIIaXOM U TOPHKOBATHIM BKYCOM.

Pacmeopumocms — pactBOpuM B Bojie ¢ 00pa3o-
BaHHEM MYTHOTO pacTBOpa, MPAKTHYECKH HEPacCTBO-
puM B 95% >THIIOBOM CcITUPTE U XJIopodopMe.

Hoonunnocms. 1) Ilpu nobasnenun 95% stuino-
BOTO CIIHUPTa K BOAHOMY PAacCTBOPY Iperapara JOJIKHBI
HOSIBJISITBCS  XJIONLEBU/IHBIE CTYCTKH, BBINAJAIOLINE B
0CaJIOK IIPY BBIACPKUBAHUH B TeUeHHE 5 MUH. (TIoMca-
xapuael). PacTBop ¢ ocagkoM QIIIBTPYIOT Yepe3 CTEKIISH-
we1it uieTp [1OP 16, ocamok ¢ ¢uiisTpa mepeHoCsT B
TPOOHPKY, IPHOABIIAIOT 5 MII pa3BeIeHHON XJIOPHCTOBO-
JIOPOJTHOW KHCIIOTHI, KHIISATSAT HECKOJIBKO MUHYT, TIPHOAaB-
ss1toT 10 M1 peaktuBa denuHra ¥ CHOBa KUISITSIT; MOSIB-
JSIETCS. OPAH)KEBO-KPACHBIA OCaJOK (BOCCTaHABIHBAIO-
Me caxapa).

2) CyMMa BOCCTaHABIHMBAIOIIUX CaxapoB —
CIIEKTp MOIJIONIECHHUS PacCTBOPA, MPUTOTOBICHHOTO IS
OTIpeJIeNIEHNs] CYMMBI BOCCTAQHABJIMBAIOIIMX Caxapos,
JOJDKHA MMETh MAaKCHMYM IIOTJIOIEHUSI TPH JIHHE
BOJIHBI 460 HM.

Ilomeps 6 macce npu evicywuganuu — He Ooee
10,0%

Taoicenvie memannvl. He 6omee 0,01%

3ona obwas. He 6onee 20,0%

Cymma nonucaxapudos — ue Mmenee 15%

Boi600wvi

1. PacmpuinTensHas Cymimiaka BbIOpaHa IUis
CYIIKHM BOJHOTO 3KcTpakTta H/u B. tripartitae. Omru-
MaJIbHbIe MapameTpsl cymku: Temmeparypa 180-190
°C (Bx0x)/85-90 °C (BBIX01), CKOPOCTb ITOJAYHX 5 JI/4,



10

Slovak international scientific journal # 101, (2025)

KoHUeHTpauusi 15 % cyxoro ocrarka, I1aBjieHHE BO3-
nayxa 0,2 MIla — obecnieunBaroT BiaxkHocth 1,9-3,2 %,
BBIXO[ 3,6-3,7 % 0e3 mpuInnanus U IIOTeMHEHHS Cy0-
CTaHIINH.

2. PazpaboTaHa TeXHOJIOTHS MONIyYeHHs CyOCcTaH-
in «IMMyHOKOp 3KCTPAKT CyXOiD», 00Iaarome nM-
MYHOCTUMYJHPYIOIUM  fAeiictBueM, w3 H/4 B.
tripartitae. JlaHHast TeXHOJIOTHsI IPOMBIILICHHO arpooH-
poBaHa Ha OrmbITHOM INpou3BoJcTBe MHCTUTYTa XUMUK
PacTUTEIBHBIX BEIIECTB U YCTAHOBJICHO, YTO BBIXOJ IIe-
JIEBOTo MpoaykTa cocraBisieT 12,2% 0T Macchl ChIpbSI.
BHeznpeHne 3Toi TEXHOJIOTHU MO3BOJMIIO PAlMOHAIBHO
UCTIOJR30BaTh H/4 B. tripartitae u Bcenctsue sToro ye-
IEBHUTH POLIECC MOTyYESHHS IPOIYKTOB.

3. Ilo opraHomenTHYecKHM U (UIUKO-XUMHUUC-
CKUM TIOKazaressiM cyOctaHius «VMMyHOKOp 3Kc-
TPAKT CyXOi» COOTBETCTBYET HOpMaM: TOJIACaXaPHUIBI
>15 %, Bnaxkaocts <10 %, 30ma <20 %, rTUrpOCKOITNY-
HBII MOPOIIOK KPAaCHOBATO-KOPUYHEBOT'O 1IBETA.

@Dunancosan noodepicka. Jlannas pabora ¢u-
HAHCHPOBAJIACh 33 CUCT CPeCTB 6a30BOro GpuHaHCHUPO-
BaHUsA I/IHCTI/ITyTa XUMHUHU PpaCTUTCIbHBIX BELICCTB
Axanemun Hayk PecriyOnukn Y30ekucran.
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Introduction

Gamification is a concept that demonstrates the
use of game-based practices in non-game environ-
ments. Gamification is used in various areas of human
activity (e.g., education, professional activity, leisure).

The essence of gamification in education is to
make learning fun and engage students in the learning
process [1]. To increase student motivation and interest
in learning, gamification involves the use of game ele-
ments such as levels, achievements, points, virtual re-
wards, etc.

Gamification in education is based on positive re-
inforcement theory, which states that desired behavior
can be reinforced by positive consequences. This could
include providing virtual rewards for academic success.
This approach to learning helps students experience
satisfaction from their accomplishments [2].

Gamification in education has several benefits, in-
cluding:

e increasing student motivation to learn (stu-
dents are more interested in the process if it resembles
a game);

e increasing student engagement in learning;

e ensuring more effective learning (using game
elements, tasks and exercises can be developed that will
help students more deeply understand and remember
the course material);

e increasing the competitiveness and engage-
ment of online courses (courses with gamification ele-
ments can be more attractive to students, especially
those seeking interactive and fun ways to learn) [3].

Gamification is applicable to various types and
forms of learning. For example, gamification can in-
volve the creation of online games or board games that
help students learn the course material. In professional
training, gamification can be used when learning new
technologies or procedures [4].

Gamification can help engage students with differ-
ent learning styles. For example, students who are more
interested in learning when there is competition and
play prefer learning that includes elements of gamifica-
tion [5].

However, gamification is not a universal solution
to all learning problems. There are also negative aspects
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to using gamification, such as decreased interest in
learning if the educational game becomes too difficult
or unpleasant for students [6]. Furthermore, gamifica-
tion requires specific training and effort from instruc-
tors and online course developers. Therefore, for gam-
ification to be effective, so-called individualized gami-
fication should be implemented. That is:

e consider the needs and characteristics of each
specific group of students;

e consider the needs and characteristics of each
student;

e develop reasonable rules and a reward system;

e use tools that provide adequate feedback and
analysis of success [7].

Gamification in education is a useful tool for in-
creasing motivation and learning effectiveness. Gami-
fication helps engage students in learning, increase
their interest and motivation for learning [8]. It is im-
portant to ensure a balance between gamification and
traditional teaching methods. In this case, it is neces-
sary to take into account the needs and characteristics
of students, and ensure the competent use of gamifica-
tion to achieve maximum efficiency and effectiveness
of learning [9].

Gamification is increasingly widespread in both
offline and online learning. Students earn various
badges for completing tasks and are placed on a leader-
board that displays each student’s ranking in real time.
This approach encourages students to achieve their
learning goals and earn more points.

Training and testing students learning program-
ming languages and software development environ-
ments have long been integrated into the online world.
Numerous platforms offer both training and testing
tools. One such platform, w3schools, combines train-
ing and testing for various programming languages.
Each section of educational content is followed by a
short assignment, which is assessed for correct comple-
tion. When logging into this system, in addition to test-
ing, students are awarded points for completing assign-
ments, and the number of completed assignments is cal-
culated. w3schools maintains a balance between the
direct provision of educational content (training) and
testing. The SoloLearn platform allows students to de-
termine their level of knowledge only after completing
each topic (or block of topics). Students are awarded
badges for achievements in various topics they have
successfully mastered, as well as experience points for
completing assignments, reflecting their level of
knowledge.

Research results

We will describe our own software development —
web-based system for testing students' knowledge in
the subject area “Software Engineering and Program-
ming”. The system incorporates gamification elements.

Development of the system began with the selec-
tion of objects that would serve as sections when creat-
ing testing blocks. These blocks were defined by the ar-
eas of software development and software engineering.
These objects, in particular, included: program code in
C-like languages (C, C++, C#); web-oriented code (Ja-

vaScript); web-oriented server-side code (PHP); data-
bases (SQL, MySQL); mobile application development
(Java).

For each of these topics, common features were
identified across all areas. Testing involves the use of
common and specific features. For common features,
identical questions were created, defining such domain
concepts as:

e code file name extension ();
function declaration syntax;
variable declaration syntax;
declaration of variables of different types;
syntax for creating urgent variables;
for loop structure;
while loop structure;
function call;
passing function parameters;
class creation;
class constructor syntax;
access modifiers in classes;
static class methods;
calling a static class method,;
declaring a class object;
class inheritance declaration syntax;
declaring a dictionary as a data type.

Specific features can be reflected, for example, in
question blocks related to databases. For databases, the
following question blocks were created: database crea-
tion syntax; table creation syntax; primary key declara-
tion syntax with increment; foreign key descriptions;
field declaration with automatic increment when add-
ing a record to a table; data types; and table view crea-
tion. For programming languages, specific features
were reflected in the following question blocks, for ex-
ample: structure declaration syntax (C, C++, C#); asso-
ciative array (for JavaScript).

The developed system identified the following:

e software development areas (testing subject
areas);

e training content topics;

e (uestion groups (blocks) corresponding to
training content topics.

Database was developed for data storage, which
will store software development areas, topics, and
questions related to topics.

Information about spheres is stored in a table con-
taining the following information: the sphere code
(which is independent of users, as it is the primary key)
and the sphere name.

Information about topics is stored in a table con-
taining: a unique topic code, the sphere code to which
the topic belongs, the topic name, and its type. The
question table stores data about each specific question.
It contains: the question code, the code of the topic to
which the question is associated, and the question
name, the answer.

All of these tables can be represented as hierar-
chical model, where the top level reflects areas, the sec-
ond level reflects topics, and the bottom level reflects
questions on a specific topic within the subject area.

To store user testing results, the following table
was created:

e student code, login, and password;
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e student assessment results table, containing:

— testing code;

— student code;

— code of the area in which the testing was con-
ducted;

— number of points;

— testing time.

The developed web-based system provides access
to testing knowledge of programming writing. The user
first registers/logs in the system, after which they can
begin testing in one of the five areas implemented in
the system. Questions are presented to the student one
at a time for the corresponding area.

After receiving answers (from students) to all
questions, the system calculates points (according to
the number of correct answers per topic) and deter-
mines the student's rating for that topic. All this data is
entered into the database along with the student's test-
ing time.

The system is based on hierarchical model, in
which each area of the "Software Engineering and Pro-
gramming" subject area has multiple paths that link to
topics within these areas, which are their topics. Each
topic has multiple outputs that link to the corresponding
test questions. Using hierarchical model allows the sys-
tem to be scalable to any task, adapting areas, topics,
and questions to specific subject area (with its general
and specific characteristics).

The system allows access to adding, editing, and
deleting any level of the model, so modifications can be
made quickly, allowing for the rapid creation of new
task blocks. Each of these areas has its own sublevels,
which are expanded by clicking the arrow indicating
the downward direction. This will reveal all questions
on the topic entered into the system.

The system uses gamification elements. An au-
thorized user can access the test by clicking on the
names of the corresponding blocks on the system's
main page. At first, it seems like nothing out of the or-
dinary, but that's until the first assignments correspond-
ing to the chosen subject area are completed.

After studying the section's educational content,
the student's progress on the test assignments is dis-
played on the system's main page. This progress re-

flects (as percentage) the following:
nj

Yisi Vi
- Z:;jl mv;

Z?zjl Vi
- Z:lzjl mv;

where Pr; is the student's progress in the j-th sec-
tion of the course (an indicator of the student's mastery
of the educational content of the j-th section of the sub-
ject area (course));

j is the course section number, j = 1,...,k, k is the
number of sections in the course;

v; is the number of points received by the student
for completing the i-th assignment (i = 1, ..., n;) of the
j-th section of the course;

n; is the number of assignments provided by the
author to test the student's mastery of the educational
content of the j-th section of the course;

Z:Z . v;—the sum of the points received by the
student for completing all n; assignments in the j-th
section of the course;

muv; — the maximum number of points the student
could have received for correctly completing the i-th
assignment (i = 1,...,n;) in the j-th section of the
course;

(mu; is assigned by the test author for this i-th as-
signment in the j-th section of the course)

Zgl muv;— the sum of the maximum number of
points the student could have received for correctly
completing all n; assignments for the j-th section of the
course.

After calculating the Pr; indicator, the system dis-
plays the following indicators to the student:

e the number of points earned by the student
(based on the maximum possible number for this sec-
tion (or block of the section));

e the percentage of correct answers provided by
the student;

e the time it took to complete the test; the more
tasks completed, the greater the overall progress.

The system will also provide other messages to the
student. Upon achieving some success in completing
the tests, the student will begin to receive other mes-
sages:

e in addition to messages reflecting the student's
overall progress, a percentage of how successfully the
student completed the test (compared to other students)
is also displayed,;

e the average test completion time and the stu-
dent's actual test completion time (displayed in a spe-
cial color chart: green if the student completes the test
faster, red if the student completes the tasks more
slowly), with a notification to the student about how
quickly or slowly they completed the test.

Gamification is manifested here in the special dis-
play of the student's progress and their speed of com-
pleting the test tasks. Other elements that gamify the
learning (testing) process are used and are displayed on
the test task page. The task page displays messages
such as the name of the field, the name of the topic, and
the current question of the test. Gamification elements
are presented here in the form of:

e clock displaying the time allotted for testing;

e notification of the number of tasks already
completed.

In addition, new gamification elements are intro-
duced when answering test questions, encouraging stu-
dents to complete tasks more quickly and accurately.
These elements include, in particular, displaying the
level of correctness of the corresponding fields of the
test tasks and messages to the student, whose test score
depends on the correct completion of individual tasks.

If the student answers correctly, they are shown an
encouraging message, which can vary (as it is selected
from the corresponding table in the system database,
which stores phrases that are semantically synony-
mous). A randomly selected synonymous phrase from
this table is presented to the student.

If the student answers the test questions incor-
rectly or partially correctly, they are presented with a
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different message, which will have the following mean-
ing: "Answer incorrect"/"Answer partially correct."
Messages will also be selected from a table of synonym
messages (synonyms are selected based on semantics).

Haga TemamHi

Fig. 1 shows the window for the first subject area
(course), which displays all the topics for which the stu-
dent will be provided test questions.

Ko Ha G nogidhioe wogax (G++, C)
o (D

C ==
CEE ==
T = (D
CEE =
T == B
CE ==
S ==
S == 3
O ==
CO ==

Figure 1. Window displaying test topics for the first subject area.

Each topic has its own subtopics. The testing sys-
tem uses gamification elements, which are applied at
different stages of testing (answering test questions).
An authorized user can access testing by selecting the
corresponding question sets on the system's main page.

After studying the educational content of a section
and answering the test questions for that section, the
student receives the following metrics on the system's
main page:

e progress Pr; (j is the course section number, j
=1, ..., k, kis the number of sections in the course) for
completing the corresponding test tasks for the j-th sec-
tion;

e number of points scored (out of the possible
points for this question set);

e percentage of correct answers; time required
to complete the test;

e average time to complete the test (answering
test questions for this section);

e place in the ranking list of all students taking
the test in this section.

The more tasks a student completes correctly, the
greater their overall progress. The assignment page
(Fig. 2) displays a block displaying the field name,
topic name, and current test question.
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Figure 2. Test page window for the subject area "Software Engineering"

Using gamification elements, the student is
shown:

e test time (student, average, best);

e number of tasks already completed:;

e motivational messages to help complete tasks
faster and more accurately;

e graphic (colored) display of the level of accu-
racy in completing the relevant test fields.

The purpose of the developed software product is
to test the knowledge of students studying program-
ming. Using gamification in this learning process cre-
ates a desire in the student to earn more points, achieve
positive results, complete them in less time, and receive
positive feedback (positive messages) from the system.

Initially, the student doesn't feel driven to achieve
the best results, but as they complete each set of ques-
tions, their progress steadily increases, motivating them
to achieve the highest reward (e.g., all correct answers,
100% completion rate, the highest score, and the fastest
time among other students). To achieve all these re-
wards, the student must practice, for example, memo-
rizing which answers were correct to a specific question
to achieve the best result in the shortest time.

To begin working in the system, students must
register or log in. To do this, click the button "Login"
or the section "Log in to view progress"” and proceed to
the registration/login page. Here, students must enter
their login information to register or log in. They must
enter their username and password in the appropriate
fields and click one of the two buttons on this page.
When clicking the button "Register", the student's in-
formation will be checked to ensure it is correct and that
they are not already registered in the system. If an error
occurs during registration, the student will receive a re-
sponse message. If the student clicks the button "Au-
thorize", the system will check whether they are regis-
tered in the system.

After registration/authorization, the student is au-
tomatically redirected to the main page of the system,
where their name and current progress will be dis-
played. Under each topic block, it will be indicated that
the student has not yet taken the test for that topic/sec-
tion.

The student can now take the test. To begin test-
ing, the student clicks the image (title) of one of the
question blocks in the corresponding subject area "Soft-
ware Engineering and Programming.” After this, the
student will automatically be redirected to a page dis-
playing the actual test questions. For ease of use and to
make the interface easier to understand, this page also
displays the following elements:

e time elapsed since the start of the test (in
minutes: seconds format);

e name of the testing area;

e current question humber and total number of
questions;

e question category (displayed on the main page
under each area);

e name (wording) of the question to be an-
swered;

e answer entry field (it is partially filled in, and
only the missing sections need to be filled in);

e button to confirm the question answer.

The answer entry field consists of fixed text that
the student can edit and a field for entering part of the
answer. Each answer field contains only one word (one
code element). For the question "A function that returns
an integer is called main and has no parameters,” the
result is int main() {}. There are four elements, but the
input field already has parentheses at the end, so the
three elements are split between the three fields, yield-
ing the result (Fig. 3).
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Figure 3. Example of filling in answer fields

Thus, the answer resembles program code, which
is written separately in each input field. To confirm the
answer, the student clicks the "Confirm" button, after
which they are presented with the test results for the
current question.

If the student confirms their answer, the system
colors the correct blocks of code green and the incorrect

TectyBaHH#A M3

blocks red. The error in Fig. 4 was intentionally created
to demonstrate this coloring. Thus, the student answers
the test questions (tasks) and receives their points. After
answering all the questions, the student receives their
test result (in points) and the test time.

Figure 4. Window after the student confirms their answer

After completing the test, the student can: return
to the main page by clicking the "Continue" button to
continue testing (with a different set of questions);
complete the testing process, receive the results, and
log out. When returning to the previous page, the stu-
dent sees several new sets of questions, gamification el-
ements, etc. (for example, the pre-test result).

The student also sees a display of their entire test
results for the entire subject area. The student can see
all their statistics and compare them with those of other
students (Fig. 5). The first display shows the overall
progress, where 100% indicates the student's answers
were completely correct in all tests.
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Figure 5. Window with the final test results (statistics) for student receiving only "excellent" grades

Conclusions

This paper analyzes existing approaches to devel-
oping testing systems with gamification elements. A
system for testing student knowledge in the subject area
of "Software Engineering and Programming" was de-
veloped, utilizing gamification elements. The devel-
oped knowledge testing system will contribute to in-
creased student motivation and improve the overall ef-
fectiveness of the educational process (specifically,
testing).

The system utilizes hierarchical model of the main
components of a subject area (course), where each area
of software development has multiple paths that link to
topics subordinate to these areas and are their constitu-
ent components. Each topic has multiple outputs lead-
ing to test questions (question blocks).

The hierarchical model allows the system to be
scalable to any assignment, adapting areas, topics, and
questions to a specific section (topic or topic block).

The developed system will help students with var-
ying levels of knowledge and skills receive a personal-
ized approach to learning, improving their understand-
ing and retention of the material.
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Abstract

The article analyses the conceptual and practical foundations of supply chain resilience with a focus on system
dynamics. Supply chain resilience is defined as the ability of networks to anticipate, absorb, and recover from
disruptions while sustaining functional performance. The study formalises resilience through two key parameters:
Time-to-Recovery (TTR) and Time-to-Survive (TTS). Using a system of differential equations to represent inven-
tory flows, demand, and supply under disruption, the ratio of TTR to TTS is proposed as a central indicator of
system stability.

The research combines theoretical modelling with case-based validation. The literature review traces the evo-
lution of resilience from early frameworks to contemporary approaches addressing ripple effects and pandemic-
induced crises. Case studies of Cisco, Toyota, Pfizer, and Amazon illustrate how resilience strategies—such as
multi-sourcing, buffer stocks, digital visibility, and collaborative coordination—shape recovery dynamics and op-
erational outcomes.

The results confirm that resilience is achieved through the integration of structural measures (redundancy,
geographic diversification, contingency inventories) and dynamic enablers (digital twins, predictive analytics, and
adaptive control mechanisms). Importantly, resilience is shown to function not only as a risk mitigation strategy
but also as a source of competitive advantage, enabling firms to preserve continuity, safeguard revenues, and

capture opportunities during global disruptions.

This study contributes to the development of a unified framework linking system dynamics modelling with
empirical evidence. The findings emphasise the decisive role of diversification, digitalisation, and dynamism in
designing adaptive and sustainable supply chains capable of withstanding systemic shocks.

Keywords: supply chain, disruption recovery, robustness, flexibility, recovery capability, contingency plan-
ning, collaboration, risk management, sustainability, COVID-19, Al and digital twins, redundancy.

1. Introduction

Measuring resilience is challenging, but several
metrics have gained acceptance as proxies. A primary
metric is Time to Recovery (TTR) — the time it takes
for a supply chain node or facility to restore full func-
tionality after a disruption. Complementing this is
Time to Survive (TTS) — how long the supply chain
can meet demand during a disruption before running
out of stock. Together, TTR and TTS help identify
weak links: if TTR for a supplier is greater than the TTS
(the buffer time) of the system, the firm will not be able
to avoid a supply interruption. These metrics were pop-
ularised by practitioners like Simchi-Levi {8} at MIT,
and companies have used them to prioritise risk mitiga-
tion (e.g. finding backup sources for parts with unac-
ceptably long TTR).

Another widely cited KPI is Mean Time Between
Failures (MTBF) vs Mean Time to Recover (MTTR)
— a borrowed concept from engineering reliability to
gauge how often disruptions occur and how quickly
they are resolved on average. Beyond time-based met-
rics, firms monitor performance during disruptions
via KPIs such as on-time-in-full delivery rate (OTIF)
and customer service level under stress. A resilient
supply chain will see smaller drops in OTIF when dis-
ruptions hit. Inventory-related metrics are also telling:
inventory days of supply (how many days operations
can continue with inventory on hand) indicates buffer
capacity, and cash-to-cash cycle time (how quickly in-
ventory investment is recovered) reflects flexibility and

efficiency. Companies like Resilinc have even devel-
oped composite “Resilience scores” for organisations,
incorporating factors like supplier redundancy, geo-
graphic diversification, and visibility into a single rat-
ing. It is worth noting that traditional efficiency metrics
(cost, cycle time, asset utilisation) alone do not capture
resilience; hence leading organisations are adding risk-
adjusted performance metrics. For example, the Sup-
ply Chain Operations Reference (SCOR) model now
includes “upside supply chain flexibility” — the ability
to ramp up output in response to sudden demand or
supply changes {9}. In summary, while there is no sin-
gle measure of resilience, companies benchmark them-
selves using a suite of KPIs that together reflect the
agility, redundancy, and robustness of their supply
chain. These metrics feed into dashboard “control
towers” that track risk in real time, enabling proactive
mitigation when thresholds (e.g. minimum days of in-
ventory) are tripped.

2. Object and subject of research

In this case, the dynamics of changes in the func-
tional potential of one cell of the supply system is con-
sidered. The goal is to examine the impact of disrup-
tions on supply chain behaviour based on an appropri-
ate dynamic model. The main objectives are:

— To formalise the concept of resilience in terms
of the parameters TTR (Time-to-Recovery) and TTS
(Time-to-Survive);

— To explore the applicability of a system of dif-
ferential equations describing the changes over time
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of inventories, demand, and supply volumes to analyse
the resilient properties of supply chains;

— To consider evaluating the stability of supply
chains using eigenvalue analysis of the matrix of the
corresponding system of differential equations;

— To assess the impact of various strategies
(multi-sourcing, buffers, digital visibility) on recovery
speed.

3. Research objective

To deepen understanding of supply chain resili-
ence, we will explore three following questions and
methodologies to investigate them:

1. How do sourcing strategies (e.g. single vs.
multi-sourcing) affect a supply chain’s recovery
time after disruptions? This question examines the
link between network design and resilience, such as
whether having multiple suppliers for a critical compo-
nent leads to faster recovery from a supplier failure.
Methodology: A quantitative study could be con-
ducted, using simulation modelling or analytical mod-
elling to compare disruption outcomes under different
sourcing configurations. For example, one could simu-
late a supply network and measure Time-to-Recovery
(TTR) for single-sourced vs multi-sourced scenarios.
Additionally, empirical data analysis might be used:
collecting data from firms that experienced disruptions
and statistically assessing if those with dual sourcing
recovered more quickly on average. Such a study might
also involve optimisation models (to quantify trade-offs
in cost vs resilience) or event analysis of case incidents.

2. What is the impact of digital technologies
(like supply chain control towers, Al-based forecast-
ing, and digital twins) on improving supply chain re-
silience? This question explores the role of modern
tech in anticipating and mitigating disruptions. Meth-
odology: A comparative case study approach or qual-
itative field research is suitable. Researchers could
conduct in-depth interviews with supply chain execu-
tives at companies that have implemented advanced
visibility and analytics tools. By performing a cross-
case analysis, one can identify patterns in how technol-
ogy adoption changed the companies’ disruption re-
sponse (e.g. faster detection of problems, better coordi-
nation, reduced downtime). In addition, a before-and-
after benchmark analysis within a single organisation
(evaluating KPI improvements after implementing a
digital twin or Al risk system) could yield quantitative
evidence. This mixed-method approach would illumi-
nate both the quantitative benefits and organisational
enablers of tech-driven resilience.

3. How can supply chain resilience be effec-
tively measured and what key performance indica-
tors (KPIs) best predict resilient outcomes? Despite
consensus that resilience is important, there is less
agreement on how to quantify it. This question seeks to
develop or evaluate metrics for resilience. Methodol-
ogy: A conceptual and empirical study could be done
in two phases. First, perform a literature review and
Delphi study with experts to identify candidate metrics
(e.g. Mean Time to Recovery, Time-to-Survive, % of or-
ders fulfilled on time during a crisis, etc.). Then, con-
duct a survey of companies to see which metrics they

track and use statistical analysis to correlate those met-
rics with performance during actual disruptions. For ex-
ample, one might test if companies that monitor and im-
prove their TTR and OTIF (On-Time-In-Full) delivery
show higher service continuity when disruptions occur.
The outcome would be a proposed resilience measure-
ment framework and validation of which KPIs are
most indicative of a resilient supply chain.

4. Literature

In the past decade, a rich body of literature on sup-
ply chain resilience has emerged. Academically, sev-
eral landmark studies have shaped the discourse. Early
foundational work by Ponomarov and Holcomb (2009)
defined supply chain resilience and its managerial im-
plications, while Christopher and Peck (2004) intro-
duced resilience in the context of supply chain risk
management (emphasising agility and collaboration).
In the 2010s, multiple systematic literature reviews
took stock of progress: for example, Hohenstein et al.
(2015) and Tukamuhabwa et al. (2015) reviewed doz-
ens of papers to consolidate resilience strategies and ca-
pabilities. These reviews highlighted common resili-
ence enhancers (flexibility, redundancy, visibility, ve-
locity, etc.) and identified research gaps — such as the
need to study trade-offs (resilience vs cost) and to ex-
plore resilience in different contexts (developing econ-
omies, service supply chains). Scholars have also de-
veloped conceptual frameworks and models. Pettit,
Fiksel & Croxton (2010) proposed a resilience frame-
work balancing “vulnerabilities” and “capabilities,” es-
sentially assessing where firms are fragile and how in-
vesting in capabilities (like capacity buffers or adapta-
bility) can offset those vulnerabilities. More recently,
Ivanov and Dolgui (2020) advanced the understanding
of disruption propagation (the “ripple effect”) — show-
ing how local disturbances can cascade through glob-
ally connected chains, and advocating for resilient de-
sign and real-time reconfiguration to contain these rip-
ple effects. The COVID-19 crisis spurred a new wave
of academic studies in 2020-2022 analysing pandemic-
induced supply chain failures and resilience lessons.
For instance, Ivanov and Dolgui (2020) documented
how the pandemic revealed unprecedented fragilities
and called for new operations research models to han-
dle pandemic-scale disruptions. In parallel, industry
reports and white papers have provided practical
benchmarks. The Business Continuity Institute (BCI)
publishes an annual Supply Chain Resilience Report
that surveys practitioners on disruption incidents and
preparedness levels. Consulting firms like McKinsey
and Deloitte have issued reports quantifying the value
at risk from supply chain disruptions and recommend-
ing strategies (e.g. McKinsey’s 2020 analysis sug-
gested up to 40% of one year’s earnings are at risk for
a severe supply chain shock in certain industries, and
advocated regional diversification and inventory buff-
ers). The World Economic Forum (WEF) in collabo-
ration with Accenture released “Shared Intelligence for
Resilient Supply Systems” (2023), highlighting the
need for data-sharing and collective risk visibility
across stakeholders to improve resilience. Industry as-
sociations (e.g. Association for Supply Chain Manage-
ment — ASCM) have also produced guides on building
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resilience, often emphasising culture and organisation
(governance, leadership support) in addition to tech-
nical measures.

5. Research methods

Methodology. A system dynamics approach is ap-
plied. Each stage of the supply chain (manufacturer,
distributor, consumer) is represented through variables
such as inventory, demand level, orders, and deliveries.
The model is formalised as a system of first-order dif-
ferential equations. The key resilience indicator is
considered to be the ratio between TTSand TTR. In
a stable system, TTS > TTR (Simchi-Levi etal., 2015).

Furthermore, the study examines several empirical
cases of supply chain disruptions experienced by lead-
ing multinational corporations. A systematic analysis
of these cases allows for the identification of a set of
practical instruments for strengthening resilience,
which were implemented to mitigate or prevent supply
chain failures under crisis conditions.

6. Research results

Modelling the Dynamics of System Functional
potential. The graph below shows the dynamics of the
system’s functional potential in response to an external
disturbance (Figure 1). The disruption starts at time t =
5 and the decline continues until t =7, with the system’s
functional potential dropping to 5%.

Given the natural inertia of real systems, we as-
sume that instead of an instant drop, the decline in func-
tional potential occurs gradually and follows an expo-
nential function. Then, at time t = 7, a positive external
impact stops the decline and leads to recovery of func-
tional potential to 30%. Fromt =7 to t = 8, the system
remains at this level. Starting from t = 8, the system en-
ters a recovery phase, which lasts until t = 23.

In this example:

— Time to Recovery (TTR) = 15 time units;

— Time to Survive (TTS) > 15 — assuming buffer-
ing, the system maintains functionality.

Dynamics of changes in the functional potential of the system after a disturbance
(taking into account the transition function)
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Fig. 1. Graph of the Dynamics of Functional potential

In this graph of functional potential dynamics, one
can identify a breakpoint where the recovery curve
changes character: from a jump-like recovery stage
to a decelerating phase with a continually decreasing
rate of recovery. Before the breakpoint, the system ac-
tively mobilises resources; afterward, recovery contin-
ues but at a slower pace.

Clearly, the exponential nature of the recovery
process beginning at t = 8 is an assumption. However,
it allows for evaluation of certain characteristics (or in-
vestigation via differential equations or related linear
dynamic systems). Two other possible recovery dy-
namics are:

1. Two-phase exponential recovery model: in-
cludes two periods of exponential growth — the initial
phase (up to the breakpoint) followed by a slower ex-
ponential saturation. This results in a system of two lin-
ear differential equations with discontinuous temporal
characteristics.

2. Logistic recovery model, which follows a sym-
metric S-shaped curve with a clear inflection point.

Figure 2 compares these two alternative recovery
models with the single-phase exponential variant. The
breakpoint in the two-phase exponential model should
correspond to the inflection point in the logistic model,
but they are separated in the illustration for clarity.
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Comparison of models for restoring functional potential
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Fig. 2. Graphs of Alternative Recovery Dynamics of Functional potential

The shape of the recovery curve is crucial for eval-
uating resilience, and the presence of breakpoints or in-
flection points helps predict exhaustion of adaptive ca-
pacity and justify control of recovery speed. Depending
on system type, an appropriate model—single-phase
exponential, two-phase exponential, or logistic—
should be used. This leads to more accurate TTR esti-
mation and supports better decision-making in supply
chains.

Interpreting the above, we can state that:

— Implementing strategic buffer stocks signifi-
cantly reduces TTR;

— Multi-sourcing (alternative supply sources) low-
ers the risk of failure at individual nodes;

— Digital tools (digital twins, control towers) im-
prove responsiveness through enhanced visibility and
forecasting;

— A critical factor is the adaptation coefficient—
overly aggressive responses can destabilise the system.

Thus, it can be assumed that dynamic models al-
low for a formal quantitative assessment of supply
chain resilience and can serve as tools for making stra-
tegic decisions on buffering, diversification of sources,
and ordering policy parameters. This is confirmed by
the results of case studies of Cisco, Toyota, Pfizer, and
Amazon, where digitalization, buffering, and scenario
planning were key components of resilience (Supply-
ChainDive, 2021).

Cisco Systems (Technology/Cyber)

Cisco Systems, a multinational technology and cy-
bersecurity solutions firm, is known for its sophisti-
cated supply chain risk management program. With
over 95% of its product manufacturing outsourced to
partners, Cisco recognised early on that proactive risk
management was essential. Over the last decade,
Cisco developed a dedicated Supply Chain Resiliency
team and invested in advanced risk analytics. A hall-
mark of Cisco’s approach is scenario planning and
preparation: the company continuously maps critical
components and suppliers, identifying points of single-
supplier dependency. Suppliers are ranked by risk level
(using financial and geographic risk indicators) as
“Green/Yellow/Red,” and mitigation plans (like quali-
fying second sources or holding extra stock) are put in
place for high-risk (“Red”) items. Cisco’s resilience

was demonstrated during several crises. For example,
when a massive earthquake struck Japan in 2011,
Cisco’s team mobilised within 24 hours. They swiftly
assessed which suppliers and factories were affected,
and within days launched a 100+ person “war room” to
find alternatives and re-route supply lines. This inten-
sive effort over 70 days ensured that Cisco could con-
tinue production and meet customer needs despite the
devastation in its supply base. Similarly, during Thai-
land’s floods in late 2011, Cisco had preemptively
identified which suppliers lay in flood-prone regions;
when the floods hit, they activated contingency plans
and adjusted their logistics flows to minimise impact.
Another example of preparedness: in 2008, political
protests shut down Bangkok’s main airport — Cisco had
pre-arranged truck convoys to move goods to an alter-
nate airport in Malaysia, thereby avoiding delivery de-
lays. These cases show Cisco’s strategy of real-time
visibility and agility in action. By leveraging a global
sensor network (feeds of incident news, supplier status
updates) and an established playbook of responses,
Cisco consistently maintained supply continuity where
competitors faced shortages. Crucially, Cisco’s leader-
ship views resilience as a competitive differentiator. As
the CEO of Cisco noted, in an increasingly networked
world, supply chain risk management is “top of mind in
global organisations as well as a key differentiator for
leading value-chain companies.” {10}.

The results validate this view: Cisco has been able
to protect customer service levels and revenue streams
during disruptions. For instance, through the 2020
COVID-19 pandemic, Cisco’s prior investments meant
it had better visibility into inventory and in-transit
shipments; it quickly re-prioritised production of cer-
tain product lines and navigated around lockdown-in-
duced bottlenecks. While no supply chain was un-
scathed by COVID-19, Cisco’s culture of preparedness
(e.g. Business Continuity Plans with key suppliers)
helped it recover faster and meet critical customer
needs (such as surging demand for network equipment
to support remote work). In financial terms, Cisco
avoided the worst of the revenue losses that hit less-
prepared competitors, and even gained market share in
some segments due to its ability to fulfil orders on time.
The Cisco case underlines how multi-tier mapping,
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risk scoring, rapid response teams, and flexible lo-
gistics form a powerful resilience toolkit in the tech
sector.

The key implemented tools in this example:

Preparedness & anticipation: Cisco mapped its
supply chain, did risk scoring, and ranked suppliers
“red/yellow/green”, which shows anticipation and sce-
nario planning.

Flexibility & agility: Mobilized a war room
within 24 hours after Japan’s 2011 earthquake — rapid
reconfiguration of logistics.

Visibility: Used global sensor networks and risk
monitoring dashboards for real-time status.

Collaboration: Worked closely with contract
manufacturers to manage risk collectively.

Recovery: Quickly resumed production after ma-
jor disasters.

Toyota (Automotive)

Toyota Motor Corporation has long been admired
for its lean Toyota Production System, but in recent
years it has also become a study in balancing efficiency
with resilience. After the 2011 Tohoku earthquake and
tsunami severely disrupted many of Toyota’s part sup-
pliers, the company undertook a comprehensive over-
haul of its supply chain risk management. Toyota real-
ised that pure just-in-time with minimal inventory
made them vulnerable to catastrophic shocks. In re-
sponse, over the last decade Toyota implemented sev-
eral resilience strategies: it revamped its procurement
system to have alternate sources for ~1,500 crucial
parts, mandated that suppliers maintain contingency
stocks for key components, and improved communica-
tion across its supplier network to detect issues faster.
As a result, Toyota entered the late 2010s far better po-
sitioned to handle disruptions. These measures were put
to the test during the global semiconductor chip
shortage that began in 2020. Thanks to its earlier resil-
ience planning, Toyota initially weathered the chip cri-
sis better than many competitors. The company had
built up a buffer inventory (around 2—-6 months) for
certain semiconductors and had arrangements to switch
to alternate semiconductor specifications if one source
ran dry. Indeed, Toyota was able to continue produc-
tion when others halted — so much so that in 2021,
Toyota overtook GM to become the top-selling au-
tomaker in the U.S. for the first time ever, an achieve-
ment widely attributed to Toyota’s superior supply
chain management during the chip shortage. Toyota’s
U.S. sales in 2021 grew ~10% versus the prior year,
while GM’s fell ~13%, reflecting Toyota’s ability to
keep dealers stocked when rival brands had empty lots.
That said, the scale and duration of the COVID-19 pan-
demic eventually exposed remaining challenges.
Toyota’s contingency plans were designed around han-
dling one or two major disruptions at a time — not doz-
ens simultaneously. By late 2021, as secondary supply
issues (e.g. COVID outbreaks in Southeast Asia affect-
ing factories, shipping port backlogs, etc.) accumu-
lated, Toyota too had to temporarily slash production.
Dealer inventories fell to near zero at one point.
Toyota’s management acknowledged that while their
resilience was “better than most”, the unprecedented

onslaught of the pandemic revealed that further im-
provements were needed. In response, Toyota is now
rethinking its supply chain for the future. Initiatives in-
clude making resilience a core KPI alongside cost and
quality, evolving inventory strategy to hold 45 days or
more of stock for critical items (as a standard practice),
and accelerating adoption of digital tools for visibility.
For example, Toyota is exploring advanced forecasting
and simulation (digital twins) to dynamically adjust in-
ventory and production plans. The company is also lo-
calising some supply (producing more components in-
house or nearer to factories) to reduce reliance on dis-
tant single sources. Overall, Toyota’s case shows a
gradual shift from ultra-lean to lean-but-resilient. The
strategies it employed (multi-sourcing, strategic buffer-
ing, quick procurement pivots) yielded tangible bene-
fits — not only mitigating losses, but actually allowing
Toyota to capture sales that competitors could not ful-
fil. Financially, resilience paid off by stabilising
Toyota’s revenue and preserving customer loyalty dur-
ing crisis. The company’s experience also highlights
that resilience is a moving target: risks evolve, and even
a “best practice” supply chain must continuously adapt
its resilience strategies for new threats (be it a pan-
demic, EV battery material shortages, or other emerg-
ing challenges in the auto industry).

In this case we can see as Toyota has imple-
mented lean-but-resilient policy (instead of ultra-lean
one) that allows company to extend TTS and ensure a
first stage of recovery (Figure 1) using internal re-
sources in the company’s warehouses.

The key implemented tools in this example:

Robustness: Built buffer stocks for chips after
2011, with up to 45 days inventory.

Flexibility: Established multiple suppliers for
1,500 key parts, so they could switch if one failed.

Recovery: During the chip shortage, was able to
continue production when others stopped.

Visibility: Strengthened supplier communication
to detect problems early.

Collaboration: Engaged suppliers in resilience
plans and stockpiling.

Pfizer (Pharmaceutical)

Pfizer, one of the world’s leading pharmaceutical
companies, provides a compelling example of supply
chain resilience in the context of an extreme surge in
demand. In 2020-2021, Pfizer (in partnership with Bi-
oNTech) stood up an entirely new supply chain virtu-
ally from scratch to produce and distribute its COVID-
19 vaccine on a global scale. This presented a unique
resilience challenge: rather than recovering from dis-
ruption, Pfizer had to rapidly create a resilient supply
chain under crisis conditions. The company’s success
in delivering billions of vaccine doses in record time
illustrates resilience through agility, innovation, and
collaboration. When the pandemic hit, Pfizer over-
hauled its supply chain “on the fly” to prepare for
what was termed “the mother of all demand surges”.
Several strategies underpinned this effort: First, Pfizer
prioritised speed over cost at every step. As Pfizer’s
Vice President of operations noted, “We designed eve-
rything based on speed, because every day you delay ...
could be a death”. This urgency drove extraordinary



Slovak international scientific journal # 101, (2025)

25

measures to ramp up capacity. Pfizer expanded its man-
ufacturing network to over 20 sites across four conti-
nents, including both internal facilities and more than
20 contract manufacturers. It meant scaling produc-
tion capabilities by orders of magnitude — for exam-
ple, suppliers of specialised lipids (used in mMRNA vac-
cines) who typically provided litres of material for
R&D were suddenly asked to supply hundreds of thou-
sands of litres. Pfizer worked closely with these suppli-
ers (providing technical support, funding, and purchas-
ing commitments) to ensure they could meet the new
requirements — a demonstration of deep collaboration
with suppliers for resilience. Second, Pfizer built a
new ultra-cold supply chain for distribution. The
mRNA vaccine needed to be kept at around —70°C, pos-
ing a huge logistical challenge since such cold-chain in-
frastructure was not widely available. In response,
Pfizer engineered special thermal shippers with GPS
and temperature monitors to ship vaccines globally
while maintaining temperature. The company effec-
tively created a “freezer farm” network and strategi-
cally located distribution hubs to minimise transit
times. This technical resilience (ensuring product integ-
rity through the supply chain) was critical to successful
vaccine rollout. Pfizer also leveraged real-time data
systems to track every shipment, with contingency
plans if any deviation in temperature occurred. The re-
sult of these efforts: in less than a year, Pfizer went
from zero to producing about 1.9 billion vaccine doses
by September 2021, and had shipped 1.5 billion doses
worldwide by that time. Such throughput would nor-
mally take many years to achieve; Pfizer managed it in
months by strengthening production and logistics “in
parallel” with vaccine development. The outcome in
terms of resilience is clear — Pfizer’s supply chain was
able to meet a once-in-a-century spike in demand un-
der extreme conditions. Financially, Pfizer’s vaccine
efforts generated tens of billions in revenue, but more
importantly, from a public health perspective, the resil-
ient supply chain saved countless lives by getting vac-
cines to patients in need. Pfizer’s vaccine supply chain
story also revealed new facets of resilience: the im-
portance of public-private coordination and regula-
tory flexibility. Pfizer’s executives coordinated with
governments worldwide (for procurement guarantees,
export/import clearances, etc.) to keep supplies mov-
ing. The company had to anticipate and navigate geo-
political risks (such as export restrictions) — which it
did by diversifying production across the U.S. and Eu-
rope and by engaging diplomatic channels early. In
summary, Pfizer demonstrated that resilience is not just
about surviving negative events, but also about surging
output under positive pressure (demand shock)
through agility, capacity scaling, and network reliabil-
ity. Going forward, the “resilience-by-design” ap-
proaches used (redundant manufacturing sites, flexible
supplier arrangements, digital tracking) are being seen
as a blueprint for pharmaceutical supply chains to re-
spond to future health emergencies.

In this case we can see that the company antic-
ipated a positive stress of future demand and had im-
proved supply resilience and readiness to mitigate a
first stage decline (Figure 1).

The key implemented tools in this example:

Agility & flexibility: Created an entirely new vac-
cine supply chain “on the fly” during COVID, scaling
up to billions of doses.

Collaboration: Worked intensively with lipid
suppliers, regulators, and governments to keep flows
moving.

Robustness: Built redundant production across
continents.

Visibility: Tracked vaccine shipments in real time
with temperature and GPS sensors.

Recovery: Actually “created” capacity under
emergency conditions — a form of proactive resilience,
not just restoring after a shock.

Amazon (E-commerce)

Amazon, the world’s largest e-commerce retailer,
has built its brand on dependable, rapid delivery — a
promise it has upheld even amid major disruptions,
thanks to a very resilient supply chain and logistics net-
work. Amazon’s supply chain resilience stems from
strategic investments in technology and infrastruc-
ture that allow it to adapt quickly. During the COVID-
19 pandemic, Amazon’s capabilities were stress-tested
as demand for online orders spiked while global supply
lines were snarled. Amazon emerged from the crisis
stronger, largely due to its resilience measures. One key
to Amazon’s resilience is its extensive fulfilment and
delivery network. Amazon has hundreds of ware-
houses (fulfilment centres) across different regions and
a last-mile delivery fleet (including its own delivery
vans, cargo aircraft, and partnerships with carriers).
This multi-tiered, diversified network provides flexi-
bility: if one fulfilment centre is hit by a disruption (a
COVID outbreak, natural disaster, etc.), orders can be
rerouted to other centres with minimal delay. During
the pandemic, when certain cities or facilities faced
lockdowns, Amazon was able to shift order volume to
warehouses in other locations and redirect shipments
through alternate routes. This rapid reallocation of re-
sources kept goods flowing to customers. For example,
Amazon famously prioritised “essential goods” in early
2020 — it dynamically adjusted inventory placement so
that vital products (household staples, PPE, etc.) were
stocked closer to demand centres, and it temporarily de-
prioritised non-essentials to ensure core needs were
met. This agility in inventory management helped
avoid stockouts of important items and maintained cus-
tomer trust. Another resilience factor is Amazon’s
heavy use of real-time data and Al. Amazon’s sys-
tems forecast demand and detect anomalies using ma-
chine learning, enabling proactive response. The com-
pany employs dynamic route optimisation in trans-
portation. For instance, if there is a sudden
transportation disruption (like the 2021 Suez Canal
blockage or regional flight cancellations), Amazon’s
logistics algorithms can swiftly reroute deliveries (e.g.
switch from ocean freight to air for certain shipments,
or use alternate ports). During COVID-19, such dy-
namic adjustments were crucial in navigating bottle-
necks — Amazon could divert shipments away from
congested hubs and find faster paths, aided by its con-
trol over an in-house logistics arm. Crucially, Ama-
zon’s resilience was also supported by surge capacity
in labor and infrastructure. The company hired over
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400,000 additional workers in 2020 to handle the de-
mand and to cover for those who fell ill or had to quar-
antine. It also expanded its transportation capacity
(leasing more cargo planes, chartering ships when
needed). Financially, Amazon accepted short-term cost
increases (e.g. billions spent on COVID safety
measures and capacity increases) as an investment to
preserve service continuity. The payoff was evident;
while many retailers struggled with empty shelves and
delivery delays, Amazon recorded record revenues in
2020-2021, growing ~38% in 2020. It effectively cap-
tured market share as consumers flocked to the relia-
ble provider. Surveys during the pandemic showed
Amazon’s customer satisfaction remained high, rein-
forcing that resilience translated into positive customer
experience. In sum, Amazon’s case highlights best
practices like end-to-end visibility, flexible fulfil-
ment, diversified logistics, and a culture of rapid in-
novation. The company’s ability to “scale up” or “re-
route on the fly” is a direct result of prior strategic
choices — owning more of its logistics network, build-
ing excess capacity, and investing in technology like
control towers and predictive analytics. For supply
chain leaders, Amazon’s example underlines that resil-
ience is built in peace time (with technology and net-
work design), which then pays dividends in crisis time.

The key implemented tools in this example:

Flexibility & agility: Could shift orders to other
fulfillment centers or re-prioritize products dynami-
cally.

Visibility: Used Al and machine learning to fore-
cast demand, detect issues, and reroute shipments.

Robustness: Maintained vast fulfillment and de-
livery networks as shock absorbers.

Collaboration: Cooperated with carriers, tempo-
rary workforce, and governments to ensure continuity.

Recovery: Hired 400,000+ extra workers to keep
running through COVID.

To summarize, these successful resilience prac-
tices can be described as the 3 Ds: diversification (of
sources and routes), digitalization (for transparency
and foresight), and dynamism (flexibility) in opera-
tions. In addition, buffers and cooperation act as force
multipliers. These patterns were evident in the case
studies and are consistent with broader industry anal-
yses that show resilient companies design their supply
chains to accommodate the unexpected and have the
means to overcome it.

7. Prospects for further research development

Supply chain resilience has become not only an
operational necessity, but also a source of competitive
advantage in today's uncertain environment. Compa-
nies that have invested in resilience reap tangible bene-
fits: they experience fewer disruptions and shorter pe-
riods, maintain customer service when others cannot,
and often gain market share and improve their reputa-
tion. Studies have quantified the stakes - for example,
serious supply chain disruptions can wipe out 10% or
more of shareholder value on average, while resilient
firms can avoid such losses and even capitalize on com-
petitors' mistakes.

Case studies of Cisco, Toyota, Pfizer, and Ama-
zon confirm that resilience translates into real results:
Cisco protected its revenues and customers during mul-
tiple crises, Toyota turned a chip shortage into a chance

to outsell competitors, Pfizer delivered life-saving vac-
cines at an unprecedented rate, and Amazon strength-
ened customer confidence during a global lockdown. In
each case, resilience strategies resulted in a more robust
and adaptive supply chain that became a strategic asset

8. Conclusion and discussions

Supply chain resilience has become not only an
operational necessity, but also a source of competitive
advantage in today's uncertain environment. Compa-
nies that have invested in resilience reap tangible bene-
fits: they experience fewer disruptions and shorter pe-
riods, maintain customer service when others cannot,
and often gain market share and improve their reputa-
tion. Studies have quantified the stakes - for example,
serious supply chain disruptions can wipe out 10% or
more of shareholder value on average, while resilient
firms can avoid such losses and even capitalize on com-
petitors' mistakes.

Case studies of Cisco, Toyota, Pfizer, and Amazon
confirm that resilience translates into real results: Cisco
protected its revenues and customers during multiple
crises, Toyota turned a chip shortage into a chance to
outsell competitors, Pfizer delivered life-saving vac-
cines at an unprecedented rate, and Amazon strength-
ened customer confidence during a global lockdown. In
each case, resilience strategies resulted in a more robust
and adaptive supply chain that became a strategic asset.
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Abstract

The full-scale war waged by Russia against Ukraine has become a catalyst for a profound restructuring of the
global geoeconomic system. It has revealed the vulnerability of the world economy to political and military shocks,
accelerated the fragmentation of international value chains, and reshaped the structure of global energy flows. The
article analyzes the transformation of global equilibrium among the leading geoeconomic centers the United States,
the European Union, China, and the countries of the Global South as a result of the war in Ukraine.

Particular attention is given to the role of sanctions policy, the reorientation of energy markets, and the re-
configuration of trade routes and financial flows. It is argued that the war has triggered the emergence of a new
multipolar configuration of economic interaction, in which security and technological factors are gaining increas-
ing importance. The study identifies the impact of the conflict on the economic resilience of the EU, China’s
geoeconomic expansion, and the growing role of military-industrial complexes and the digital economy in shaping
global power structures. The conclusion emphasizes that the war in Ukraine has become not only a regional tragedy
but also a point of no return for the global economic order, ushering in an era of the “security economy,” where

political decisions increasingly determine economic development trajectories.
Keywords: geoeconomics, international economic relations, war in Ukraine, global equilibrium, sanctions

policy, energy markets, economic security, multipolarity.

Introduction. The war in Ukraine has become an
event that has fundamentally altered the logic of the
global economic system. For the first time since the
Second World War, a military conflict in the heart of
Europe has exerted such a far-reaching impact on inter-
national financial markets, energy security, trade, in-
vestment flows, and institutional relations among the
world’s major centers of power. Russia’s geopolitical
aggression has triggered a systemic crisis of globaliza-
tion, manifested in the fragmentation of global markets,
the strengthening of protectionism, and the formation
of new blocs of economic interaction.

The relevance of this study lies in the fact that the
war in Ukraine has not only deepened the divide be-
tween the democratic and authoritarian worlds but has
also redefined the economic priorities of states from
liberal interdependence toward economic security, re-
silience, and strategic autonomy. The shift in global
balances in energy, finance, and trade indicates a tran-
sition to a new model of geoeconomic equilibrium, in
which political risks, military expenditures, and tech-
nological dominance occupy central positions.

The purpose of the study is to analyze the mecha-
nisms through which the war in Ukraine influences the
structure of global geoeconomic equilibrium, to iden-
tify the main directions of reconfiguration among the
world’s economic centers, and to reveal new trends in
interactions among leading powers.

The object of the research is the transformation
processes of international economic relations under the
influence of geopolitical conflicts.

The subject of the research is the structural shifts
in the global economy caused by the war in Ukraine and
their impact on the formation of a new system of geoe-
conomic equilibrium.

The scientific novelty of the study lies in the com-
prehensive analysis of the war as a trigger for global
economic shifts occurring simultaneously across finan-
cial, energy, technological, and security dimensions.
The paper proposes a conceptual vision of the war as a
driving factor of the transition from a globalized to a
bloc-oriented economy.

Research Methodology. The methodological
framework of the study is based on the integration of
systemic, geoeconomic, and neo-institutional ap-
proaches, which together enable a comprehensive un-
derstanding of global economic transformations under
the influence of war. The systemic approach made it
possible to view international economic relations as an
interconnected structure of political, financial, energy,
and technological flows that respond to conflict events
through mechanisms of adaptation, resistance, or re-
source redistribution.

The geoeconomic approach was employed to
identify changes in the spatial configuration of the
world economy particularly in the distribution of en-
ergy centers, trade routes, and financial flows. This ap-
proach allowed the tracing of a new “map of power”
among the United States, the European Union, China,
the countries of the Global South, and emerging re-
gional alliances.
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The neo-institutional approach was applied to an-
alyze the responses of international economic organi-
zations (IMF, WTO, OECD, and the World Bank) to
the consequences of the war and to study the institu-
tional restructuring of global governance. The research
methods included:

1) Comparative analysis — to contrast macroe-
conomic indicators and behavioral models of major ge-
oeconomic actors;

2) Economic and statistical methods — to ana-
lyze changes in international trade, investment flows,
energy balance, and GDP dynamics;

3) Scenario forecasting — to assess possible tra-
jectories for the post-war development of the world
economy;

4) Content analysis — of analytical reports by the
European Commission, the World Bank, OECD,
SIPRI, IMF World Economic Outlook, and Global
Risks Report.

The theoretical basis of the study draws upon the
works of J. Stiglitz, D. Rodrik, H. Minsky, R. Haass,
and G. Friedman, as well as contemporary Ukrainian
scholars such as V. Heiets, V. Sydenko, O. Mozghowyi,
and A. Hrytsenko, whose research addresses economic
security and the geoeconomic resilience of states.

The obtained results are grounded in the principles
of objectivity, interdisciplinarity, and empirical verifi-
cation, allowing the war to be considered not only as a
military-political event but also as a structural eco-
nomic phenomenon of global significance.

Literature Review. The impact of the war in
Ukraine on global economic equilibrium has attracted
significant scholarly attention within the fields of inter-
national economic relations, geoeconomics, and secu-
rity studies. In the works of J. Stiglitz [1] and D. Rodrik
[2], it is emphasized that modern globalization remains
highly vulnerable to political crises, while geopolitical
conflicts have the potential to fundamentally alter the
logic of economic interdependence. According to ana-
lytical reports by the International Monetary Fund and
the World Bank [3,4], the full-scale war in Ukraine has
led to the most severe energy and food shock in dec-
ades, undermining macroeconomic stability across
much of the world.

R. Haass [5] interprets the conflict as a manifesta-
tion of the process of de-globalization, characterized by
rising regionalism, protectionism, and political inter-
vention in market mechanisms. Similarly, G. Friedman
[6] highlights the shift of economic power centers to-
ward states possessing critical resources — energy,
food, and dual-use technologies.

Among Ukrainian scholars, a significant contribu-
tion to the analysis of the war’s global economic con-
sequences has been made by V. Heiets [7], V. Sydenko
[8], O. Mozghovyi [9], and A. Hrytsenko [10]. They ar-
gue that the war in Ukraine has become a trigger for a
new wave of geoeconomic redistribution, in which en-
ergy autonomy, financial resilience, and technological
security come to the forefront.

Analytical publications by the European Commis-
sion [11], the OECD [12], and SIPRI [13] further con-
firm that the sanctions policy imposed against Russia

and its allies has restructured international trade, accel-
erated the diversification of energy supplies, and inten-
sified global competition for export markets. At the
same time, China and the countries of the Global South
are using this situation to expand their influence, form-
ing alternative financial and logistical alliances.

Thus, the contemporary academic discourse points
to the emergence of a new paradigm of geoeconomic
equilibrium, where political risks, military conflicts,
and security factors are becoming key determinants of
international economic relations. Nevertheless, despite
the growing body of literature, there remains a need for
a comprehensive study of the Ukrainian factor as a
structural element of these global transformations
which constitutes the central aim of this research.

Research. The war in Ukraine has profoundly al-
tered the logic of global economic development, giving
rise to a new model of geoeconomic interaction in
which economic processes are increasingly intertwined
with political, military, and security determinants.
Whereas in previous decades the global economic sys-
tem evolved under the paradigm of liberal interdepend-
ence, since 2022 it has been dominated by the principle
of strategic caution, fragmentation, and the “economy
of power.” The war has acted as a catalyst that trans-
formed competition among the world’s leading powers
from trade rivalry into a struggle for economic survival,
technological autonomy, and security resilience.

According to estimates by the IMF World Eco-
nomic Outlook (2025), OECD Economic Outlook
(2024), and World Bank Global Economic Prospects
(2024), the world economy between 2021 and 2024 has
exhibited asymmetric growth. The United States con-
tinues to maintain macroeconomic stability due to a
flexible labor market, diversified energy resources, and
technological leadership. China, after a slowdown
caused by the pandemic, is regaining momentum but
faces mounting internal debt and constraints in real es-
tate investment. The European Union, by contrast, is
experiencing its deepest economic downturn in dec-
ades, driven by an energy crisis and the restructuring of
supply chains. Meanwhile, the countries of the Global
South have emerged as new “growth players,” benefit-
ing from the relocation of capital, investment, and pro-
duction capacities away from geopolitically unstable
regions.

The war has also redefined the spatial configura-
tion of global trade and energy flows. Europe’s rapid
reduction in dependence on Russian oil and gas from
41 % to less than 8 % by 2023 has reshaped global en-
ergy logistics, redirecting trade routes toward North
America, the Middle East, and Africa. China and India,
on the other hand, have absorbed a significant share of
Russian energy exports, forming an alternative eastern
energy corridor. This “energy bifurcation” marks the
division of the global market into Western green tran-
sition economies and Eastern resource-based alliances.

At the financial level, the conflict has accelerated
the diversification of international payment systems
and the gradual erosion of the U.S. dollar’s dominance.
The share of the dollar in global settlements has de-
creased from 59 % in 2021 to 56 % in 2024, while the
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euro has modestly increased its position, and the Chi-
nese yuan has more than doubled its share — from 2.9
% to 5.7 %. This trend reflects the beginning of a mul-
tipolar currency order, where financial sovereignty and
sanctions resilience are becoming crucial elements of
national security.

The defense sector has emerged as a new driver of
global industrial growth. In 2023-2024, global military
expenditures reached their historical maximum — over
USD 2.4 trillion (SIPRI, 2024), with the United States,
China, and the EU collectively accounting for nearly
three-quarters of total defense spending. At the same
time, investment in dual-use technologies — cyberse-
curity, artificial intelligence, drones, and quantum com-
puting — has intensified, highlighting the convergence
of economic competitiveness and military capability.

GDP Growth, %

For Ukraine, the war has paradoxically opened
both the greatest challenges and unique opportunities.
Despite massive destruction and GDP contraction of
over 30 % in 2022, the country has become a strategic
hub for reconstruction, logistics, and defense innova-
tion. The EU’s Ukraine Facility 20242027 and IMF’s
Extended Fund Facility programs form the institutional
basis for integrating Ukraine into European production
and financial networks, thereby transforming it into a
core element of the emerging European security econ-
omy.
Overall, the empirical evidence supports the con-
clusion that the war in Ukraine has transformed global-
ization into fragmented geoeconomization — a system
where regional alliances, technological autonomy, and
security imperatives now determine the trajectory of
global economic equilibrium.

USA
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—e— World

e —
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Fig. 1. GDP Growth Dynamics, 2021-2024 (% yly), based on data from IMF, OECD, and World Bank (2025).

From the figure above, it can be observed that
global GDP growth rates reveal a clear trend toward the
“stratification” of the world economy. The United
States has successfully adapted to the new configura-
tion owing to its dominance in high-technology indus-
tries, digital services, and a robust military-industrial
complex. In contrast, the European Union’s economy
has suffered from an energy shortage and the loss of
Russian markets, resulting in an industrial downturn in
Germany, Italy, and the Czech Republic. China remains
the key locomotive of the Global South; however, its
growth is slowing due to structural constraints within
its domestic market. These processes signal a transition
from global economic interdependence to a multipolar
system of power centers, in which economic equilib-
rium is shaped not by shared rules but by political alli-
ances [14].

One of the most evident consequences of the war
has been the profound transformation of global energy
flows. The European Union, which for decades built its
energy architecture on inexpensive Russian gas, has un-
dertaken an unprecedented shift toward alternative sup-
pliers. According to the International Energy Agency
(IEA, 2025), EU imports of Russian energy resources
declined from 41.2 % in 2021 to 7.9 % in 2023, while
the United States, Norway, and Qatar became its main
new suppliers. This process has resulted not only in
greater energy diversification but also in a reconfigura-
tion of international relations, within which energy has
evolved from a purely economic to a strategic category
an instrument of influence and security in the new geo-
economic order.
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Fig. 2. Energy Reorientation: Decline in Dependence on Russian Energy Resources (based on IEA and Eurostat
data, 2024).

As shown in the graph, the European Union has
achieved an unprecedented reduction in its energy de-
pendence on Russia within a remarkably short period
— an economic equivalent of a “decolonization pro-
cess.” Ukraine, despite the colossal destruction of its
energy infrastructure, is gradually integrating into the
European energy network, importing electricity from
Poland and Slovakia. At the same time, China and India
have effectively replaced European demand by increas-
ing their imports of Russian oil and gas, thereby rein-
forcing the emerging “Moscow—Beijing—Delhi” energy
axis.

Consequently, a new energy geopolarity is taking
shape: the West is moving toward autonomy and diver-
sification, while the East is heading toward resource
consolidation and interdependence.
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The large-scale sanctions campaign imposed
against Russia and its allies has led not only to the fi-
nancial isolation of certain states but also to significant
shifts in the global currency architecture. According to
the IMF COFER (2025) database, the share of the U.S.
dollar in international settlements is steadily declining,
while the roles of the euro and, particularly, the Chinese
yuan are expanding. This trend is not merely a statisti-
cal fluctuation but a reflection of deep structural
changes within the global financial geoeconomy — sig-
naling the gradual emergence of a multipolar monetary
order that mirrors broader transformations in the
world’s political and economic balance of power.

w2021
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Fig. 3. Currency Structure in International Settlements: 2021 vs 2024 (based on SWIFT and IMF COFER data,
2025).



32

Slovak international scientific journal # 101, (2025)

The gradual currency diversification reflects a tan-
gible shift in global financial power toward the East.
The rising share of the Chinese yuan represents a stra-
tegic move by Beijing to establish an alternative finan-
cial ecosystem ranging from its Cross-Border Interbank
Payment System (CIPS) to the digital yuan, which is
steadily gaining integration into international settle-
ments. The European Union seeks to strengthen the role
of the euro, particularly through green bond projects
and defense sector financing, while the United States
continues to maintain monetary dominance through its
institutional influence and control over global payment
infrastructures.

The war in Ukraine has become a crucial trigger
for rethinking the role of finance in international rela-
tions. The global economic architecture once governed
by universal rules now increasingly operates as a mo-
saic of regional currency blocs, where financial policy
reflects political alignment and trust-based alliances
[15].

Between 2022 and 2025, Ukraine has undergone a
complex transformation from the object of external ag-
gression to a subject of international influence. The
country is emerging as a laboratory of new economic
models encompassing digitalization, green reconstruc-
tion, defense cooperation, and integration into Euro-
pean markets. The Ukraine Facility (2024-2027) pro-
gram allocates more than €50 billion in investments to-
ward the modernization of energy, transport
infrastructure, the defense-industrial complex, and dig-
ital transformation. Economically, this marks the grad-
ual formation of a new Eastern European economic arc,
combining energy security, industrial synergy, and in-
tegration potential within the frameworks of the EU and
NATO [16].

The war in Ukraine has become a geoeconomic
detonator of global transformations. It has disrupted the
old logic of the world economy where profit often pre-
vailed over political values and has inaugurated a new
era in which financial, energy, and trade flows are in-
creasingly determined by security, trust, and identity
considerations.

The global equilibrium of the 21st century is no
longer formed on the basis of economic liberalization
but rather on the principles of value selectivity, energy
autonomy, and technological sovereignty. Positioned at
the epicenter of this new architecture, Ukraine is not
merely an arena of confrontation but an active architect
of the emerging global economic order.

Conclusions

The conducted research demonstrates that the full-
scale war in Ukraine has become a pivotal factor in the
systemic transformation of the global economic order.
It has not only destabilized traditional models of inter-
national interaction but has also initiated the formation
of a new type of geoeconomic equilibrium grounded in
security, technological, and energy priorities.

First, there has been a clear shift from globaliza-
tion-based interdependence toward regionalism and
polycentricity. The liberal economic model once char-
acterized by the free movement of capital, goods, and
technologies is being replaced by network alliances
founded on political trust and strategic proximity. New

centers of power have emerged the United States,
China, the European Union, India, and the consolidated
Global South which compete economically while sim-
ultaneously developing ideologically distinct models of
growth.

Second, the energy dimension of the war has re-
vealed the deep dependence of the modern economy on
political decision-making. Europe’s rejection of Rus-
sian energy carriers has led to a large-scale reconfigu-
ration of energy flows, a shift toward renewable
sources, and the strengthening of transatlantic energy
partnerships. Conversely, China and India have deep-
ened their energy ties with Russia, shaping an alterna-
tive configuration that reinforces the eastern axis of the
global economy.

Third, in the financial sphere, a gradual currency
diversification is evident. The declining share of the
U.S. dollar in international settlements and the growing
weight of the euro and the yuan indicate a transition to-
ward a multipolar financial system. The war in Ukraine
has accelerated this process, showing that financial in-
struments can serve not only as tools of economic ex-
change but also as weapons of influence and collective
pressure.

Fourth, Ukraine is acquiring a strategic status
within the emerging system of global security. The
country is transforming into a key economic and logis-
tical hub between the EU, NATO, and the Black Sea
region. EU and IMF investment programs form the
foundation for developing in Ukraine a model of a “re-
silience economy”, combining military-industrial mod-
ernization, digitalization, green reconstruction, and in-
tegration into European production networks. Based on
the findings, several practical policy recommendations
for Ukraine’s economic strategy can be formulated:

1. Prioritize integration into the European energy
space, focusing on the development of green genera-
tion, hydrogen energy, and energy efficiency.

2. Develop digital infrastructure and technologi-
cal hubs to ensure Ukraine’s participation in transbor-
der EU innovation clusters.

3. Strengthen financial resilience by attracting
strategic investors, expanding export credit guarantees,
and developing a wartime recovery capital market.

4. Engage actively in regional security—eco-
nomic alliances aimed at diversifying logistics and in-
dustrial value chains.

5. Promote humanitarian and economic diplo-
macy that bridges security, reconstruction, and
Ukraine’s positioning as a connecting state between the
West and the Global South.

In summary, the war in Ukraine has revealed that
the economy is no longer a neutral sphere it has become
an instrument of political struggle, a pillar of national
security, and simultaneously a platform for innovative
strategies. The new world order taking shape before our
eyes will be determined less by globalization and more
by the ability of states to adapt rapidly to uncertainty,
maintaining a balance between openness and sover-
eignty.

Ukraine has the potential to become a model of
this new era, a country that combines a digital econ-
omy, energy independence, and democratic identity
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within the evolving system of global security in the 21st
century.
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AHoOTanUA

decTUBATHUAT TypU3bM B bbirapus € BaxkeH HHCTPYMEHT 33 Pa3BUTHE HA KYJATYPHUS U TYPUCTHUYECKUS CEK-
TOp, KaTO 0COOEHO MACTO 3aeMaT OOIIMHCKHUTE WHUIMATHBH, OOCIMHSABAIIM TPATUINH, KyITYPHH MPAKTUKA U
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MEKIy MECTHATa BIacT, Ou3Heca M KynTypHUTe oOIHOCTH. OOIMHCKUTE (DECTHBAIN MOTaT J1a ce MPEBhPHAT B
YCTOWYMBY TYPUCTHYECKU OpaHOBE, KOUTO HaChpYaBaT KyJITYPHOTO pa3BUTHE, COL[MAIHATA MHTETPALUs U TOBHU-
miaBaT KOHKypeHTOCH0006HOCTTa Ha JCCTHHALIUUTEC.

Abstract

Festival tourism in Bulgaria represents a significant tool for the development of both the cultural and tourism
sectors, with municipal initiatives playing a key role by combining traditions, cultural practices, and tourism ac-
tivities. The mapping of municipal festivals reveals a higher concentration of events in Northern Bulgaria and a
predominance of the autumn season, which contributes to the extension of the active tourist period. Effective
promotion and management require strategic planning, marketing, and cooperation between local authorities, busi-
nesses, and cultural communities. Municipal festivals have the potential to evolve into sustainable tourism brands

that foster cultural development, social integration, and enhance the overall competitiveness of destinations.
KarouoBu xymu: dectrBaneH Typu3bM, OOIIMHCKN (DecTUBANIN, KYJITYpHO HACJIEICTBO, YCTOWYNBO pa3BH-
THE, TYPUCTUYECKU OpaH[l, pETHOHAIHO Pa3BUTHE, COIIMATHA UHTETPaLHsl.
Keywords: festival tourism, municipal festivals, cultural heritage, sustainable development, tourism brand-

ing, regional development, social integration.

Introduction

Festival tourism has been gaining increasing im-
portance in the contemporary tourism industry, emerg-
ing as one of the most dynamically developing seg-
ments within cultural and event tourism. According to
Getz (2008), events and festivals are a powerful tool for
stimulating tourist flows, building the image of destina-
tions, and promoting local development. Festivals rep-
resent a specific type of anthropogenic tourism re-
source, whose attractiveness stems from their ability to
integrate cultural, social, and economic dimensions.

Festival tourism can be considered both a subtype
of event tourism and a form of cultural tourism, de-
pending on the nature and thematic focus of the main
event. It may develop as an independent tourism prod-
uct or as a complementary element to other types of
travel. The importance of festival tourism manifests
through several key functional aspects. It constitutes a
significant economic resource for local communities by
generating income and stimulating small and medium-
sized enterprises in the regions where such events take
place. Festivals also function as a strategic tool for des-
tination marketing and promotion, contributing to the
establishment and strengthening of a positive image
among domestic and international visitors. Moreover,
festival tourism fulfills a cultural-regulatory function,
contributing to the preservation and popularisation of

local traditions, customs, and cultural heritage accord-
ing to the specific character and theme of each event.
This form of tourism supports the development of cul-
tural and artistic communities by stimulating creative
activity, encouraging the exchange of ideas, and foster-
ing social integration within the local community.

As a niche and alternative form of tourism, festival
tourism has the potential to mitigate seasonality in mass
tourism by extending the active summer and winter sea-
sons. This makes it particularly valuable for small and
medium-sized destinations seeking sustainable mecha-
nisms for development. For this reason, the study of the
potential of municipal festivals for tourism develop-
ment is important from both scientific and practical per-
spectives, as it provides guidelines for the effective
planning, organisation, and marketing of festival events
at the local level.

The main objective of this study is to analyse the
opportunities and preconditions for the development of
festival tourism in Bulgaria through a focus on munici-
pal festivals. The paper outlines the theoretical founda-
tions of festival tourism, maps festivals of municipal
significance, and presents a territorial analysis of their
distribution across regions and districts. To achieve this
goal, regional and municipal tourism development
strategies were reviewed, along with data from the Reg-
ister of Tourist Attractions and Events.

1. The Essence of Festival Tourism
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The potential of municipal festivals for tourism
development lies in their capacity to attract visitors, en-
courage intercultural exchange, and create a positive
image of the local community. According to Lopes and
Hiray (2024), festivals and cultural events “offer
unique experiences that attract tourists while shaping
the identity and vitality of local communities.” They of-
ten become instruments for the construction of local
identity and social cohesion. As noted by Jaeger and
Mykletun (2013), festivals “influence individual and
social identities” and provide “opportunities for collec-
tive belonging and place-based identification.”

Owing to their accessibility and thematic diver-
sity, municipal festivals can evolve into sustainable
models for stimulating domestic tourism, particularly
in smaller settlements with limited resources but rich
cultural heritage. Beyond their cultural and social sig-
nificance, festivals also have a clear economic impact.
Shelton’s (2017) study on the economic effects of fes-
tivals in small towns highlights the dual nature of these
events: on one hand, they can stimulate the local econ-
omy through increased business activity and tourist ar-
rivals; on the other, they can impose substantial costs,
including inflationary pressure, infrastructure conges-
tion, and risks of local population displacement.

Well-organised festival events can develop into
annual attractions that maintain a steady tourist flow,
thereby diversifying the tourism offer and extending
the tourist season. Felsenstein and Fleischer (2003) em-
phasise that local festivals are increasingly used for
tourism promotion and regional economic stimulation,
with sustainable development achieved through the in-
tegration of economic growth and good governance.

In the long term, municipal festivals can contrib-
ute to the strategic positioning of a destination as a cul-
tural hub or a city of the arts, thereby encouraging in-
vestments, partnerships, and innovations in the tourism
sector. To realise this potential, a synergy must be es-
tablished between municipal cultural policies and the
marketing strategies of tourism and cultural organisa-
tions.

2. Festivals in Bulgaria: The Role and Importance
of Municipal Festivals

Festivals in Bulgaria represent a diverse range of
cultural events that enrich the social and economic life
of local communities. The main types of festivals in-
clude music, film, culinary, cultural, and art festivals.
Depending on their theme, scale, and participants, their
significance may be local, national, or international.
Festival tourism in Bulgaria has deep historical roots,
and in recent years, there has been an increasing interest
in its development at the municipal level. Many local
authorities recognise the potential of festivals not only
as cultural events but also as strategic instruments for
regional development and social integration.

According to Petkova (2022), local festivals in
Bulgaria, regardless of their thematic orientation, typi-
cally combine elements of traditional celebrations with

modern forms of collective participation and interac-
tion. These events often serve a social-constructive
function by supporting the processes of forming and re-
affirming local identities. Such identities are built upon
representations of cultural heritage that are recon-
structed and systematised as resources and symbols of
importance to the community.

Across numerous Bulgarian municipalities, tradi-
tional cultural events are organised that represent short-
term but significant social practices, typically concen-
trated within a single day or a few days. During these
festivities, local residents actively participate in perfor-
mances of traditional dances and songs and prepare tra-
ditional foods and beverages. According to Terziyska
(2016), despite their cultural and social importance, the
organisation and financing of such events rarely follow
a systematic or standardised approach. Practices vary
considerably between settlements: in some municipali-
ties, the primary funding is provided by the local
budget, while in others, resources are secured through
private sponsorship; the main organisers also differ — in
some cases, the events are coordinated by the local ad-
ministration, while in others, they are managed by non-
governmental organisations or volunteer groups.

This diverse organisational structure reflects both
local specificities and resource capacities, as well as the
different models of social participation and community
engagement in the cultural life of the settlement.

3. Mapping of Municipal Festivals in Bulgaria

The mapping of municipal festivals in Bulgaria
represents a systematic approach to identifying, classi-
fying, and analysing cultural events at the local level.
This process provides a clear understanding of the spa-
tial distribution of festivals across the country, high-
lighting areas with a high concentration of events as
well as regions with potential for developing new cul-
tural initiatives. The mapping of municipal festivals
also serves as an instrument for evaluating their role in
preserving cultural heritage and stimulating cultural
and artistic communities — a key aspect of sustainable
tourism development at local and regional levels.

For the purposes of this study, a thematic map was
created to reflect the spatial distribution of municipal
festivals in Bulgaria. Data were obtained from the Reg-
ister of Tourist Attractions at the level of significance
“municipal” (http://rta.tourism.government.bg/TFRe-
gister.aspx). A total of 43 entries were identified from
the register, which were imported and systematised in
tabular format. The table was spatially linked to a
shapefile containing the administrative boundaries of
Bulgarian municipalities (polygon-type data). Follow-
ing spatial integration, the municipalities hosting festi-
vals were isolated, and the number of festivals per mu-
nicipality was indicated through a point layer. The re-
sulting map (Fig. 1) visualises the spatial patterns and
concentrations of municipal festivals across the coun-

try.
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Fig. 1. Municipal-level festivals in Bulgaria

The analysis of the map reveals a higher concen-
tration of festivals in Northern Bulgaria compared to
other parts of the country. This tendency can be ex-
plained by the fact that the region is relatively less de-
veloped in tourism terms, and the organisation of festi-
vals is used as a tool for diversifying and activating the
tourism product. A particularly high density of festivals
is recorded in the municipalities of Gorna Oryahovitsa

and Sevlievo, which stand out as local cultural centres
with well-established festival traditions. Furthermore,
an analysis of the temporal distribution of events (Fig.
2) indicates that the largest number of festivals are held
during the autumn season. This can be interpreted as a
deliberate strategy to extend the tourist season and at-
tract visitors beyond traditional vacation periods.
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Fig. 2. Seasonal distribution of municipal festivals in Bulgaria

The mapping of municipal festivals provides val-
uable insights into the spatial structure of cultural

events in Bulgaria and establishes a foundation for fu-
ture analyses of regional cultural and tourism develop-
ment.
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4. Strategies for Promoting Municipal Festivals

The effective promotion of municipal festivals re-
quires a structured and multidimensional communica-
tion strategy that treats the event not only as a cultural
phenomenon but also as an integral component of the
destination’s tourism product. Marketing through new
media — including websites, social networks, and digi-
tal content — plays a crucial role in expanding the tour-
ism market and actively engaging target audiences.

The creation of a festival identity through a visual
brand, thematic content, and interactive formats is con-
sidered a key factor in stimulating attendance and
building loyalty. Kitterlin-Lynch and Yoo (2014) found
that “festivalscape” factors significantly influence visi-
tors’ motivation and subsequent loyalty.

The promotional strategy should integrate the con-
cept of a destination brand. According to Ahmed et al.
(2025), socio-cultural festivals have the potential to
shape the regional image as a tourism brand through
two-way communication, content creation, and active
participant engagement.

An effective strategy for promoting municipal fes-
tivals should be based on partnerships among local ad-
ministrations, businesses, media, and volunteer groups.
It should also involve integrating festival activities into
broader tourism routes and thematic packages. This ap-
proach not only increases the visibility of the event but
also optimises its contribution to the sustainable devel-
opment of tourism within the destination.

Conclusion

Festival tourism in Bulgaria represents a signifi-
cant resource for the development of both the cultural
and tourism sectors, with particular potential revealed
through municipal initiatives that combine cultural val-
ues, traditions, and attractive tourism practices. The
conducted analyses demonstrate that the effective utili-
sation of this potential requires strategic planning, mar-
keting positioning, and sustainable management of fes-
tivals to ensure their continuity and economic, social,
and cultural value.

Municipalities play a crucial role in the organisa-
tion, promotion, and integration of such events into the
destination’s overall tourism offer. When well-struc-
tured and purposefully promoted, municipal festivals
can establish themselves as local and regional tourism
brands that not only attract visitors but also contribute
to the preservation of cultural heritage, the strengthen-
ing of local identities, and the promotion of social inte-
gration.

The development of festival tourism requires co-
ordinated efforts between local authorities, businesses,

and cultural and artistic communities, allowing munic-
ipal festivals to realise their full potential as a driver of
sustainable cultural and tourism development in Bul-
garia.
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The direction of the research is the efficient use of the rolling stock of operating companies. The research
uses methods of mathematical modeling in terms of economic and geographical definition of «areas of influence»
involved in the process of transportation of stations. The result of the research is a geometric routing model that
characterizes the competitive market for the transportation of empty cars initiated from selected departure stations.
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The management of empty wagon flows repre-
sents a critical challenge in transport logistics, particu-
larly under the constraints of evolving economic geog-
raphies and stable freight volumes. Efficiently reallo-
cating these empty wagons not only optimizes
resources but also significantly enhances the sustaina-
bility and economic viability of railway systems, espe-
cially in multimodal transport scenarios.

Recent research in this domain has explored vari-
ous facets of this issue, incorporating advanced analyt-
ical models, simulation techniques, and practical imple-
mentations to improve the distribution of empty wag-
ons [1-5].

Let us move on to constructing territorial schemes
for the efficient use of rolling stock. The real transport
situation in the geometric Euclidean (GEM) model is
“idealized” in the sense that the Euclidean distances be-
tween their beginnings and ends are taken as route
lengths [4]. Then the line delimiting their “territories of
influence” is written by the equation:

py+0yy X+ Y7 = Py + 0y (X=L) 4y @

Equation (1) defines an algebraic line on the plane,
generally speaking, of the fourth order. This line is a
Descartes oval with foci located at the points O (0,0)
and A (L,0).

The result of constructing a geometric Euclidean
model (GEM) serves as a theoretical basis for creating
a real geometric routing model (GMM) using the coef-
ficient of non-linearity of routes (ki). As a result, it is
possible to identify zones within whose boundaries
transportation is most effective, taking into account ge-
ographical, economic, and infrastructure factors. As in
the GEM, the «areas of influence» of the duopolists are
delimited by a line that is determined by the cost of
freight transportation from their locations to destina-
tions. The equation of this line in the RGM has the
form:

2.2 2.2
P+ 0k XY = Py + 0k (X—L) +Y° (2)
Numerical data for modeling are presented in Ta-
ble 1.

Table 1
Numerical data for departure stations
Port station o k;
Zarechnaya 494,564 27,120 1,425
Azov 542,506 27,196 1,504
Taganrog 674,046 26,871 1,541
Yesk 1122,202 25,260 1,517

Modeling options for objects and corresponding
parameters of the transport market are presented in the
figures 1 and 2.
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Figure 1. Delimitation of a part of a polygon into «areas of influence» of departure stations in duopolistic situa-
tions with k=1 (GEM)
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Figure 2. Delimitation of a part of a polygon into «areas of influence» of departure stations in duopolistic situa-
tions (GMM)

The delineation of economic-geographical bound-
aries of «areas of influence» around departure stations
is a crucial aspect of transport and logistics planning,
especially in the context of railway networks where the
oligopolistic nature of the freight market can signifi-
cantly impact operational efficiency and competitive
dynamics. The introduction of the route non-linearity
coefficient into these studies marks a significant ad-
vancement in the precision of modeling these influence
zones.

By integrating the route non-linearity coefficient,
the GEM enables researchers and planners to map the

areas of influence around railway stations with en-
hanced precision. This model takes into account factors
such as track curvature, service interruptions, and man-
datory stop points, which all influence the actual route
a freight journey might take. Consequently, this leads
to a more accurate depiction of how freight flows are
controlled and influenced by specific departure stations
within the railway network.
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The article draws attention to the importance of using test tasks in incorporating new knowledge and methods
of activity into the past experience of students in secondary schools. Examples of systematized versions of test
tasks applied with the aim of developing students' knowledge, skills and habits, studying the level of development
in this direction and implementing the process of strengthening with variable rules are given.

The research paper presents a summary of the psycho-didactic requirements that must be considered when
selecting test tasks as a means of organizing the learning activities of students in general education schools, espe-

cially their independent work.

Keywords: actualization of past experience; subsystem; test; independent work; psycho-didactic require-

ments; analytical and heuristic activity; structure.

Relevance of the topic.The lack of clarity of psy-
cho-didactic requirements that must be observed when
formulating test tasks as a means of organizing the
learning activities of students in general education
schools, especially their independent work, negatively
affects the activities of practitioners, leading to errors
in the selection and application of the aforementioned
training tools adequate to specific conditions. Based on
this reason, we conclude that the research topic is rele-
vant.

Methodological basis of the study. In the process
of conducting the research, the "System-structural ap-
proach", which originated from L. Bertalanfi's idea of
"System Analysis" [3;8] and was formed as an im-
portant branch of dialectics and rose to the level of its
alternative, scientific-theoretical and theoretical meth-
ods of scientific cognition, the internal relationships of
the forms of scientific cognition, and various pedagog-
ical and psychological research generalizations were
used as a methodological basis.

Interpretation of research materials. “One of the
main and fundamental issues in modern educational
theory is the problem of the structure of the process of
knowledge acquisition and its dependence on what.
Many studies have revealed and proven that this de-
pends on the logical structure of the educational process
itself” [1;128]. In the course of our research, which has
been conducted for many years, the psycho-didactic,
philosophical-methodological and logical foundations
of action projects that proceed in accordance with the
paths of knowledge and methods of action that have a
special place in human experience and are included in
the perfect learning system as subsystems have been
formed. In our opinion, while in the “explanatory-re-
productive subsystem” knowledge and methods of ac-
tion are mainly presented to students in general educa-
tion schools by the teacher, in the “subsystem based on
problem-based learning” students acquire them through
independent search. Since the subsystems in question

belong to the same system, the didactic system in both
cases (if we do not take into account the degree of ac-
tivity of the teacher and the student) is the same (the
internal and methodological substructures in the organ-
ization of these subsystems differ from each other).
Thus, past experience is actualized, new knowledge
and methods of action are learned, and finally, they are
strengthened by incorporating them into past experi-
ence. (For more detailed information, see: [11-12]) In
both subsystems, the application of tests is useful in ac-
tualizing the past experience of students and incorpo-
rating new knowledge (or methods of action) into their
current experience. Because the use of tests creates fa-
vorable conditions for independent work of students in
accordance with these goals.

Tests applied for the purpose of updating
knowledge and methods of action are applied both as
part of homework (or as a whole, covering homework),
and in connection with determining the level of learn-
ing of the previous topic by students, and also at the
first (initial) stage of mastering new material, and this
has an effective effect on the results of training. Also,
different levels of incorporating new knowledge and
methods of action into previous experience can be cov-
ered in tasks (at the same time in tests), which serves to
solve most of the tasks set before the educational pro-
cess[10].

It is worth emphasizing that it is possible to benefit
from tests in the application of all types of independent
work, which are considered as carriers of new quality
(let's not forget that when the opportunity becomes an
action, a new quality is formed. See: [5] ). However, it
would be wrong to talk about an effective learning pro-
cess outside of independent work. When we base this
argument on this, we mean an independent work sys-
tem and its nomenclature, which functions as a carrier
of new quality, which realizes the possibilities of this
process, in accordance with the logic of the learning
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process, and we consider it a correct approach to under-
stand independent work as a subsystem of the activity
of the student (the learner, who is the subject of the goal
of mastering the necessary part of human experience in
a general education school), who acts as the main com-
ponent (participating in the system) in the learning pro-
cess. In our opinion, in the learning process, the subsys-
tem of his activity, characterized by the fulfillment of
the teacher's task without direct assistance, correspond-
ing to the degree of independence of the student, is his
independent work.(For more information, see [7]).

Here, let us illustrate our point by presenting two
versions of test samples of this type (selected as a
means of independent activity for students to actualize
their past experience and incorporate new knowledge
and methods of action into their experience).

After studying the material on "Planimetry Axi-
oms" included in the "Geometry Content Line", stu-
dents (in general schools, "students” and "students" are
used as synonymous concepts - FN, KS) can use the
tests below (as independent work) to study, apply, and
strengthen the level of development of their knowledge,
skills, and habits.

Option |

1. Points A, B, and C lie on a straight line. Segment BC is 3 times longer than segment AC. Segment AB is
3.6 cm shorter than segment BC. Find the length of segment AC.

A) 2.4 cm B) 3.6 cm

C)l2cm

D) 10.8 cm

2. The angle between rays mand cis [157] ~0. The angle between rays n and cis [39] 70 greater than
the angle between rays m and n. If ray n passes between rays m and c, find £(nc). The angle between the rays and

IS .
A) 98%; B) 108°; C) 54°; D) 59°.

3. Five points are marked on a plane: A,B,C,D,E. A straight line m divides this plane into two half-planes
such that three of the marked points lie in one of these half-planes and two in the other. How many times can the

broken straight line ABCDE intersect the straight line m?
C) 1,2,3,4 times;

A) 1,35 times; B) 1,2,3,4,5 times;

D) does not cut.

4. How many triangles are there that are equal to the given triangle and whose two vertices coincide with the
two vertices of this triangle that lie on the straight line B? (Figure 1)

Figure 1.

A) 1; B) 2; C) 3;

D) 4.

5. Points K, P and M lie on a straight line and MK=5.4 cm, KP=8 cm. Find the length of the straight line

segment MP.

A) 2,6 cm; B) 13,4cm C) 2,6 cm and 13,4cm; D) 5,4 cm.
6. Six points are marked on a straight line: A, B, C, D, E, F. How many straight line segments are there whose

endpoints are the given points?

A) 10; B) 5; C)15; D)12.

7. Into how many parts can three different straight lines divide a plane?
A) 4,5,6 parts; B) 4,6,7 parts; C) 4,5,6,7 parts; D) 3,4,5,6 parts. [6; p.17]
Option 11
1. Points C, D, and E lie on a straight line. Segment DE is twice as short as segment CD. Segment CD is 4.8
cm shorter than segment CE. Find the length of segment DE.Points C, D and E lie on a straight line.

A) 2.4 cm; B)9.6 cm C)4.8cm

D) 3.2.cm

2. The angle between rays a and b is [143] ~0. The angle between rays a and cis [29] ~0 smaller than
the angle between rays b and c. If ray ¢ passes between rays a and b, find £(bc).

A) 59%; B) 114°; C) 57°; D) 86°.

3. Four points are marked on the plane: M, N, P, K. The straight line p divides this plane into two half-planes
such that two of the marked points lie in one of these half-planes and two in the other. How many times can the

broken straight line MNPK intersect the straight line p?
01,234

A1, 2; B)1,2,3;

D) 2, 3.

4. How many triangles are there that are equal to the given triangle and whose two vertices coincide with the
two vertices of this triangle that lie on the straight line p? (Figure 3)
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Figure 3

A) 4; B) 2; C) 1; D) 3.

5. Points B, C and D lie on a straight line and BC=9 cm, CD=6.7 cm. Find the length of the straight line
segment BD.

A)23cm B)157cm C)23cmand15.7¢cm D) 6.7¢cm

6. How many straight lines are there that pass through two of the six given points, no three of which lie on
the same straight line?

A) 15; B) 12; C)6; D) 30.
7. Into how many parts can four different straight lines divide a plane?
A)9; B) 10; C)11; D)12.

These tests can be used for another purpose, namely, to help students acquire new knowledge, specifically,
to actualize the necessary experience for familiarization with the axioms of stereometry contained in the “Geom-
etry content line”. It is best to present these tests to students as homework before teaching “Axioms of Stereome-
try” and begin the lesson with an analysis of the results of that task, that is, the process of checking the homework
should coincide with the actualization process.

In order to integrate new knowledge and methods of action into past experience and turn them into a system,
generalization tests, which cover both individual topics and entire titles (teaching units, chapters), play an im-
portant role in realizing the capabilities of students in secondary schools. The following is an example of such tests
- in order to integrate the knowledge, skills and habits acquired in the teaching of the topic "Reduction of Fractions™
into the student's existing experience and turn them into a system, tests can be applied as independent work material
in two versions.

-2

1. At what value of x does the fraction xsz become zero?

A)x=4B)x=3;C)x=2;D)x=—-2;E)x = 0.

2. Find the possible values of the variable x in the fraction f’;z
S

A)x=18B)x#18Cx+2;D)x=0,E)x = -
3. Find the possible values of the variables in the expression. ﬁ - aL-l—b
A)a#b;B)a+ —b;C)a=b;D)a=—b;E)a + +b.

4. Find the possible values of the variables in the expression. (az_ab - bzljab) :(a+b)

A)a=+0,b=0; B)a # 0,a # b;C) a # +b;

D)a+0,b#0,a + tb; E)a # +b,a # 0.

5. Which of the following equations is equivalent to the fraction %? ;_Ta ; :—Z ; —%— _ib ; —:—Z (a#0,b#

0)?
) A) 4, B)2; C)3; D)5;E)6.

6. Which of the following fractions is equivalent to the fraction Z;—Z:Z
b+c—a_ b+c—a._b+c—a._ b+c—a__b+c—a7
c—b—a'a+b—c¢’ a+b-c’ c—-b—a c+b-c’

A) 1; B) 2; C)3; D) 4; E) none.

7. If a,b,c,d are consecutive even natural numbers, calculate the value of the expression IZ_;Z

A) 2; B) 3; C) 4, D) 1; E) 5.

8. Reduce the fraction: %

3 3 3a 3a a-1
A)—=:B7:0 D)ale; E)—--
9. Reduce the fraction: . =5

3—x x+3 x-3 x+3 x+3
A B 05 DB
2_ 2
10. Reduce the fraction: %
Coy 5a%-1 o a?+1 L\ 5a®-1 L a*+1
A) -1 B) a?+1’ Q) az-1’ D) az+1’ E) a*-1" 2 2,52
11. If a? = 40 + b vo b2 = 8 + a and, find the value of the expression, Z-%2—22*?

ab%?-a?-b2+ab
A) 1, B) 2; C) -2; D)5; E)-5.

—1)3=
12. Reduce the fraction: — 2> —°_
m?-3 m?+3 3mm_zlfe.m+27 3 m2+3
13A) m-3"' B) 3(m-3) :C) 3 ;D) mi+3’ ) m-3
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13. Reduce the fraction: %

bp15+1 p3%+1 bp15+1 p3%+1 bp15+1
A) =53 B) =~ C) ;D) —¢—; E) =5 [4; 5. 61-71]

The following are examples of final tests applled at the end of the teaching work on "Expressions with Vari-
ables", "Linear Function", "Force", "Properties of Force", and "Operations on Polynomials" (two examples of

variants).

Option |

1. Calculate the value of the expression if .a = 6,b = —11,c = —10 b? — 4bc

A) 452; B) -202; C) -404; D) 476.

2. Calculate the value of the expression if . x = —0,8;

—0,5(3x —4) — 1,5(6 + 5x)

A) -0.4; B) 0.2; C) 0.4; D) -0.2.

3. Solve the equation.5 — 2(3x —4) = 4x — 3

A)16;  B)-16: C)g D) —g .

4. Two typists typed a 97-page manuscript. The first typist worked for 4 hours and the second typist for 5
hours. If the two typists together typed 22 pages per hour, how many pages did the second typist type in 1 hour?

A) 14 pages; B) 13 pages; C) 9 pages; D) 8 pages.

_15x2v)3 (2v3)*

5. Simplify the expression. %

A) —1,5x*y!1; B) —2,5x*y!t; C) —1,5x6y1; D) —1,5x*y8.
6. Solve the equation. 222 — 5’:'2 =3

A) — i B) —12,25; C) —11,5; D) 12,25.

7. Simplify the expression. (3x — 2)(2x — 1) — (5x + 2)(3x — 4)

A)—9x? + 7x — 10; B) —9x% — 7x + 10; C) —9x? + 7x + 10; D)—9x? — 7x — 10.

8. The graph of the function y=x/3+2 intersects the abscissa at (m;0) and the ordinate at (O;n). Find the sum
of m+n.

A) 6; B) 4; C)-2; D)-4.

9. The gardener walked from the garden to the shop along the village road at a speed of 5 km/h, and returned
along the forest road at a speed of 3 km/h. He spent 8 minutes less time returning. The forest road is 2 km shorter
than the village road. Find the distance the gardener traveled.

A) 12 km; B) 6 km; C) 8 km; D) 10 km.

Option 11
1. Calculate the value of the expression if
a=70b=-8,c=—-12b?%—4bc

A) 413; B) -370; C) -433; D) -335.
2. Calculate the value of the expression if . x = —g

—-2,5(4x =3)—-0,5(5 - 2x)
A) -4, B)-2; C)-3; D)-4.5.

3. Solve the equation.3 — 4(2x —5) = 2 — 6x

A) 22—1; B) 8,5; C) 10,5: D) 12 .

4. Two stamping machines produced 188 parts. The first machine worked for 6 hours and the second machine
for 4 hours. If the two machines produced 39 parts in 1 hour, how many parts can be produced in 1 hour on the
second machine?

A 18,  B)2L; C) 16; D) 23.

5. Simplify the expression. M
(5"53’3)

A) 18y ) 18y 18y

6. Solve the equatlo it 2243 _ 2

8

A)=;B)10<;C) —10%; D) 10-.

7. Simplify the expression. (4x —3)(3x + 2) — (1 — 2x)(5 — 3x)

A) 6x% 4+ 12x + 11; B) —6x% — 12x + 11; C) 6x% — 12x — 11; D) 6x2 + 12x — 11.

8. The graph of the function y=-1.5x-2 intersects the abscissa at (a;0) and the ordinate at (0;b). Find the sum
of a+b.

A)-2;B) =27 C) =37 D) —2,5.

9. A pedestrian walked to the forest at a speed of 4 km/h through the countryside, and returned at a speed of
3 km/h along the highway. It took him 45 minutes longer to get back. The highway is 2 km longer than the coun-
tryside road. Find the distance the pedestrian traveled

A) 4 km; B) 6 km; C) 8 km; D) 10 km . [2; 19-20]
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Through the processing of the information ob-
tained during the research process, it was concluded
that when selecting test tasks as a means of organizing
students' learning activities, especially their independ-
ent work, it would be useful to anticipate the following
psycho-didactic requirements:

* Test tasks should be selected and systematized
based on the tasks ahead. The system of applied test
tasks should include two important aspects:

1) The general goal of the educational process: a)
the logic of assimilating the experience that humanity
has acquired in the process of its historical develop-
ment; b) the practice of preserving what has been
achieved; c¢) the method of orientation towards the
preparation for the acquisition of creative experience
necessary for the civilization and freedom of man and
the society to which he belongs; d) the norms of orien-
tation towards the acquisition of qualities that condition
the coexistence of people, which are organically con-
nected with the previous three goals, and the opening
of the window to the world for him;

2) Transforming the training process into a well-
managed process.

It is necessary to determine the point of applica-
tion of the test in the learning process and the form of
coverage of students. In our opinion, test tasks can be
applied at all stages of the learning process: a) during
the justification of learning and updating of past expe-
rience; b) during the acquisition of knowledge; c) dur-
ing the application and systematization of knowledge,
skills and habits; d) during the assessment of the pro-
cess and results by the teacher and the student himself.
According to the form of coverage of students: individ-
ual; pair; group; frontal.*

The duration of the test tasks, their coverage of
previous knowledge, the level of difficulty of the new
tasks to be determined, and their suitability for the stu-
dent's potential should be determined. *

The teacher should consider the type and form of
the test task; the conditions and requirements of the task
should be clear; the student should be given necessary
and clarifying instructions for their activity.=

Consistency, systematicity, students' cognitive de-
velopment style, dynamics, its stages, individual and
age characteristics should be taken into account in the
application of test tasks.

It is important to include enabling moments and
new elements in test tasks for generalization, systema-
tization, and application of knowledge in a changed sit-
uation; the implementation of tasks should be based on
the students' acquired knowledge, habits and skills, life
experiences, and observations, and the student should
be directed towards acquiring more general knowledge,
skills, habits, and experience.*

Test tasks should, with their content, fun, and
logic, create and develop the student's interest in learn-
ing.*

Test tasks should encourage the formation of the
student's ability to make accurate and fair assessments,
which is considered one of the most important personal
qualities.*

The system of test tasks should maintain the unity
of mental and practical activity. During the execution
of test tasks, the working conditions should be im-
proved with the correct guidance of the teacher in order
to develop the analytical and heuristic aspects of the
student's mental activity in unity, to form his own ac-
tivity as a subject of management. The teacher should
continuously adjust the management work in accord-
ance with specific conditions. [5; 58-59]*

Scientific novelty of the research. The research
work identified psycho-didactic requirements that
should be considered when formulating test tasks as a
means of organizing students' learning activities, espe-
cially their independent work.

Practical significance of the research. Determin-
ing the psycho-didactic requirements that must be ob-
served when formulating test tasks as a means of organ-
izing students' learning activities, especially their inde-
pendent work, will play a positive role in eliminating
errors made in the activities of practical educators.

Result.When applying test tasks as a means of or-
ganizing and managing students' learning activities, es-
pecially their independent work, it is possible to posi-
tively influence (improve) the quality of the learning
process by meeting psycho-didactic requirements.
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Abstract

This paper presents a study of a boundary value problem for a linear third-order equation with multiple char-
acteristics in a plane. The unique solvability of this problem is established using the energy method. The Green
function was constructed to prove the existence of a solution to this problem.
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Introduction
In a line the following equation refers to poorly studied odd-order equations

L(u)=u,—u =f(x,y,u,u,u,), u=u(xt), (MC)

which is called an equation with multiple characteristics (MC). (see[2])
The well-known Korteweg-de Vries equation (KdV)

U, +UU, + B, =0 (KdVv)

XXX

which is the object of research by many authors and occupies an important place in the study of nonlinear
wave propagation in weakly dispersive media [3 — 7].

The Korteweg—de Vries (KdV) equation describes the evolution of weakly nonlinear long-wavelength exci-
tations in a medium with dispersion in the high-frequency domain. The KdV equation finds applications in diverse
fields, such as fluid dynamics (e.g., modeling gravitational waves in shallow water and nonlinear Rossby waves),
plasma physics (e.g., describing ion-acoustic waves), electrical engineering (e.g., analyzing nonlinear circuits),
and even epidemiology (e.g., simulating the time evolution of infected individuals during an epidemic), etc. [3 —
71.

Reference [2] established a foundational framework for the equation,

Uy —U, =0, (LKdV)

including the construction of a fundamental solution, the development of potential theory, and a methodology
for addressing boundary value and Cauchy problems.

The solutions of equation

uxxx—i_uyyy —U; =0 1)

and the linear Zakharov-Kuznetsov equation (equations, as referenced in [12 - 14])

U, + Uy, +u,, =0 (LZK)

exhibit similar asymptotic behavior at infinity.

As a multidimensional generalization of the Korteweg-de-Vries equation, the Zakharov-Kuznetsov equation
(LZK) describes ion-acoustic wave propagation in plasma [14].

A fundamental solution for equation (1) within the space R™! was constructed in [1].

The first paper addressing the initial-boundary value problem of the Korteweg-de Vries (KdV) equation on
the finite interval (0,1) was by Bubnov in 1979 [8], who considered the initial-boundary value problem with gen-
eral linear boundary conditions. Since then, numerous authors have worked on improving existing results and
presenting new findings in recent years [12 — 13].

The initial-boundary value problem of the Zakharov-Kuznetsov equation was studied in [15 — 17].

The relevance of studying boundary value problems for odd-order equations with multiple characteristics is
underscored by these and other practical applications. It's worth noting that certain linear boundary value problems
for linear third-order equations with multiple characteristics have been explored in [2, 9 - 11] in a line.

This paper employs a linear boundary value problem for a linear third-order equation with multiple charac-
teristics in a plane.

Statement of the problem

Problem A. It is required to determine in domain D = {(X, y,t):0<x<1 0<y<L 0<t ST} function u(x,
y, t) that has the following properties:

1) u(x y.t)eC #*4(D)nC 22(D);

Xyt Xyt
2) which is a regular solution to the following equation:
L(U)= Uy +Uy, —U = (X, 1) (1)
in domain D;
3) satisfying the following conditions
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u(x, y,0)=u,(x, y), 0<x<1,0<y<i, 2
u(0,y,t)=p,(y, t), 0<y<1,0<t<T, 3)
u (0,y,t)=p(y, 1), 0<y<1,0<t<T, (4)
u(lLy, t)=¢,(y, 1), 0<y<1,0<t<T, (5)
u(x,0, t)=y,(x,t), 0<x<1,0<t<T, (6)
u, (X0, t)=yy(t,x), 0<x<1,0<t<T, 7)
u(x,1, t)=w,(x, 1), 0<x<1,0<t<T, ®)

and matching conditions

Uy (010) =@ (010) =V (O’O)’ UOX(O,O) = (/’1(010)' Uo, (0’0) = ‘//1(010)'

U(L,0)=¢,(00), us(0,2)=y7,(0,0).

Uniqueness of the solution

Theorem (Uniqueness of solution). Then the solution to Problem A is unique.

Proof. Let there be two solutions to the considered problem, ui and u,. Consider their difference w = us- u,.

With regard to w, we obtain the following problem:
L(W) = Wy, + W, —W, =0
w(x,y, 0)=0, 0< x <1,
w(0,y,t) =0,0< y <1,0<t<T,

w,(0,y,t)=0,0<y <1, 0<t <T,

w(l, y,t)=0, 0<y <10<t<T,
w(x,0,t)=0, 0<x<1,0<t<T,
w, (X0 t)=0, 0<x<1,0<t<T,
w(x,11t)=0, 0<x<1,0<t<T.

Let us prove that W(X, y)=0.
Having integrated the following identity

e"'w(x, y,t)L(w)=e"'W(W,, +W,, —w,)=0

over domain D, taking into account boundary conditions (2o) - (80),
167
_ [ [etw?
2 X
00

e o

1
2 00

Then from (11) we obtain the following conditions:

w, (L, y,t)=0 ,0<y<10<t<T,

Wy(x,l,t)=0,0£x£1,0£t£T,
w(x,y1)=0, 0<x<10<y<]
w(x,y,t)=0, (xyt)eD.

X=

~ dtdy —Eﬂe‘twj‘y_l dtdx —
2 00

;
Ie“wzdxdydt =0.
0

Due to continuity W(X, y,t) in D we have w(x,y,t)=0.

Existence of the solution
Theorem. Let the following conditions be satisfied:

u,(x,y)e CVL, ,[0:1], ¢,(x,y)e Crr[0,1]
¢1(X' y) = C[O’1]1 ®> (X' y) € CS,§1[O’1]1

wo(x,y)e Cii[0,1] wi(x, y)e C:P[0,1] wy(x, y) e CiP[0,1]

where CVL stands for a space of functions with Continuous Variation and Limited total variation

(Lo)
(20)
(30)
(40)
(50)
(60)
(7o)
(80)

(9)

(10)
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f(x,y,t) e C(D), w cC(D), f(x y,0)= TXY0 _q

ot
Then the solution to problem (1) - (8) exists.

Let us construct the Green function for problem A.
The following identity holds:

wlo)-am ()= 3oy ST LIS 2282 ()

0¢ iz o 652 ‘ on (=
63 83 a 83 83 a
where M =——————+— s the operator conjugate to operator L_—3+—3——, and
o0& on® or o0& on® oOr

z(¢,n,7) and q(&,n,7) are rather smooth functions.
Integrating identity (11) over domain D, we obtain

I” zL q) ql\/l(z d‘fdndr_f(zzl k akz o2 kqjd o

k=0 ock og7

+[Z(—1)k o'z 97 jdﬁdt (zq)ddn,

k 2n—k
koo on* on™"

(12)

where 1" =0D.
Now, in formula (12), for functions q and z, we take functions
u (x,y, t) - any regular solution to equation Lu = f(x, y,t) and U (x,y,t;&,7m,7) -fundamental solution

to equation Lu =0 .

U(x,y;g,n)z(t—r)gf[ X—o ] ( y—ﬂl} X=&, y=n, t>7. (13)
(t—r)s (t—r)3

Function
+00
= J'cos(/i3 - /Ls)di, —0< S <+,
0

called Airy functions, satisfy the following equation ( [1]):
1
z”(s)+§sz(s)=0. (14)

Let domain D? be defined by the following inequality:
—{(&n,7):0<£<1, 0<y<L0<r<t—e)
where & > 0 is a sufficiently small number. Then identity (12) with regardto D* takes the following form:

1y 2 k(] A2k, [¢
”U(X. y,t:f,n,f)f(é,n,f)dédndhj PG R

0 0 k-0

=1
oK Aok d?d?]-l—
aék 852 k o

1 y-e akU aan 11 L e
+! ! = 877 o™, dtdg_j !UUX o

Here as & tends to zero and considering the foIIowing equality ([1])

lim[ [U(xy.t:&mt-e(Ent-g)dadn=r"u(x,y)

we obtain

t1 2 akU azk =1
_dndr+jj kz_;( 1= o7 ag“ dfdz‘+
£=0 00 (15)

L] UGyt 0u(En OHns — [[[UGy.tién, o) E.m, e Kédnde.
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Let now W(X, y,t;&,m, r) be any regular solution to the following equation:
Ve =V, +V, =0, (16)

and u (x, y,t) is any regular solution to equation Lu = f(x, y,t). Now, assuming in formula (12) that

z=W(x,y,t;&,7,7), g=u(X,y,t), wehave
(e et =[S0y S
W(x, y.t; dr = 9 T dpdr+
j;j' Y6, 7)f (& n, 7 dddn Mg oz ags|, O
1 kaw o ul” P et
+ —— dé&dr- Wu ) d&dn. (17)
'(['([k ank 6772 k o gd _(!). '(';( 17—0 gdn

From equalities (15) and (17), we find

t1 2 k 2k, |7
2u(x, y,t)= _1k6(U—W)6 u| dnd
e[ Zr PG o

IV ClmL | N PN

_I_
-0 on* on** ‘,7:0 00 (18)

2
k
+

|
j(U (X, y,t:£,7,0)-W(x, y,t;£,7,0)lu(&,n,00édn -
~[[JU Y&, 0)-W(x y,5:€7,0)f (&,7,7)dédnde.

D

|
|

If regular solution W (X, y.t; &, 1, T) to equation (18) satisfies the following conditions:

W (%, y,t; &, 77, z-)|f=y = O,
Wi, o =Ul. o W[, =U|.,.
Wl —Uel., W, o —Ul, , .[0
Wi, =Y, . W,| =V, .|
then from formula (18) we obtaln
u(x, y,t) .”Ggfu‘ _ldndr+ JIGfué‘ dﬂdr_%il.Gééu‘;=odndT+
157 [ 157
F!}[qu‘ﬂ_ldédr ! ! Ul Odfdf—?MG,, u dadr+ (20)
1t 1
;! !GUL_Odédn ——ZIDI X, y,t:&,m,7)f(§,m, o dédndz,

where

G(x y. t;&n,7)=U(Xy,t;En,0)-W(X y,t;En,7),

or
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t 1

u(xyt)==] IG(X,y,t;é,n,o)uo(f,n,o)dé‘dn —%H%(X,y,t;O,n,f)%(n,T)dndH

0 00

1 t1
Gf(x y,t;0,77, z')qol nt dndr _z”Ggé(X’ y,t;l,n,r)(oz(n,r)dndr—
00

T

2
4 (21)
1
_2

G,, (% Y, tEL T, (.70 r - [[G(x,y,t:,m 7 F(E,m 7 e md.

Formula (21) gives a solution to problem B. However, for this, we still need to prove the existence of function
W (X, y,t;&,m, T) that satisfies equation (16) and conditions (19).
Function G(X, Y,t;&,77,7) we call the Green function of problem B.

Note that for function G(X, y.t;¢,m, 2') the same estimates as for function W(X, y,t; ¢, T) are true (see
[1]).

o
izﬁGrm(X Y, 560,y 7)dd 7 + iﬁG,, (X, Y, tEL T (p, o)l +
/

_ya f| X—< y=n_| , ,
U(X’y1t;§17717): (t T) {(t-T)B] [(t—z-);] X#__f y#*n t>7
o, t<rz. (22)
LY xX—& y—n
V(X y,tEnc)= (t—7) (p[(t—r)éJ(p[(t—r)é} X>&, y>nt>r,
0, t<rz.

Let's define the following functions:

s)= +jiocos(ﬂ3 — AS)dA, —o0<s <+on,

o(s “exp( 2= 2s)+sin(£ - is)A, s = _981,

0 (t - r)s
Functions f (S), go(s) called Airy functions, satisfy the following equation (see [1]):
2"(s)+ % sz(s)=0.

The following relations hold for functions f (S), gp(S).

Tf (s)ds = 2?” T f(s)ds = % T f(s)ds = 2?7[ ,%go(s)ds =0,

Tf (S)dSJrJ?’f (s)dS = 4?7[2, .T f (S)ds j. f (s)ds = %,

. L 2 @)
Iof(s)ds[o (s)ds :%j (s)ds ! f(s)ds :%.
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f(0) \/_Ie dt,

and the equality is valid at s # 0

—+00+00

[ [utey.aay=J t()ac- [ rehe ==
—00—0 —0 -0 (24)
As S — 400
3
3 3\ |k +0| s 2
Yl6) —szv“_1 C,sin— 2! +C, 08— 2 || [ j v=012..., k,,h, =const #0.
o(s) 33 3J3 (3 VE0AZ K
h,+0|s ?
As S — —0
3
Of exp —&
o = \ ,v=012....
o"(s) o |s|§
exp| ——=
J3
The following relations are true for functions U (X, y, ;& m, T), V(Xv y.t;&.m, T) :
C
Uix,y,.t;¢,n,7)<——~
| ( )| (t—r)%
AU (X y.ti&m 7)) -
ox' | x=¢l+ .
: <C11 6i+5 |=1'2""
NyEERD) | o2
Ox' |
J t;
8U(Xy 15177'7)| E (25)
oy | Iy UE i=12..
aJnyt§771| |t TGES’ -
o
0" (x, Y, 6E,7,7)
a i
X'y ‘ |X gK| ) L?:Sjﬂ =12, j=12,...
6'*‘nyt§nr| t—z| ©
oyl |
X—=& y-n
as (t_T)% —> +00, (t_T)% —> +00 Cll >O, ClZ >0,C13 >O
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U (xy.tiém.7) -
ox! _&e
<L c, 24l
X y.t,én, 7 | |t 1—| 2
ox' |
oU(x,y,5&7,7), 3
oy’ -z | .
J | —=78Xp —Cyp |y 77|1 , 1=12,.. (26)
E)V(th‘§777| |t r|3 |t_f|5
o
8“nyt§nr| . 3
X'y’ - | .
. <c, fLHBema o U/ NI P R TP
AT | t— 2
ox'oy’ ‘
X—¢ y-n
as —> 400, —-»-o, C,>0 C,>0C,>0C, >0.
(t—z')% (t—z’)% 21 22 23 24
U (xy ti.m.7) :
ox' _ &2
i ' ‘ </ C |+2 exp C32 |X §|12 , 1=12,.,
OV (xy.t:&m7) t—os t—zf2
ox'
ab&ytgmﬂ -
oy’ .
|y ULHS v 1=12,..
a'vat5m| |t712
oy’ |
aI+JU X y,tLEnT I - 27)
ox'oy! —n| s -
. Jl—ggﬁgem) c@| §| =12, j=12,...
avuytgnﬂ| t—e t- ¢
ox'oy!
X—¢ y-n
—o0, 2L , C,>0, C,>0,C, >0, Cy >0.
as (t—r)% 0 (t—z‘)%—)+oo o> »>0,Cp> o>
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au(x,y,t:¢7,7) )
o E
i " ‘ <%exp —ngﬂ , 1=12,.,,
NVOYEERT)| s T
OX'
oU(x,y,tEn,7) ;
: e
| oy | <%exp —%M j=12,..
VY LERT) | -5 -2
ayj
dU(x, y,t:E7,7) (28)
a i j _ —
i+] - | < C?+j+z EXp _CSZ | §|12 _C23 |y 77|12 1=12,., J=12,..
0 V(x,_y,t;_f,n T)| |'[—T| 3 |t—z'|5 |'[—T|E
ox'oy! ‘
as X=¢ o0, TN C,>0

Solution to problem (16), (19) is sought in the following form:

W(x,y.t;&7.7) H ALY siEm ) (X y,s)dds +

t1 t1
+”V51ys§nra2xysdnds+” U..(0,y,5:&m,7)s(x, y,s)dnds +
L h 29
+” U, (x.Ls;&n,7)B,(x, y,s)déds +
70
t1
+” xlsgnrﬂz(xysdgfds+” U,,(x,0,5&m,7)B,(x y,s)déds.
Obviously, function W(X, y,t,f,n,r) satisfies condition W(X, y,t;&,n, rlﬁ =0.
Satisfying the boundary conditions (19) we obtain
t1
U(x,v,t;0,7,7) :J‘J‘Ug(l, Y,s;0,7,7)er, (X, y,s)dnds +
70
t1
+| V.4 y,5,0,7,7)e,(x, y,s)dmds + “U§§(0, y,s;g,n,rxézoae,(x, y,s)dnds +
70
(30)

U,(x,15,0,7,7)B,(x, y,s)déds + an(x,l,s;o,n,r)ﬂz(x, y,s)d&ds +

+

+
W N e N C—
Ot O O

U,,(x,0,50,7,7)B,(X, y,s)d&ds = Ly + L, + g + 1y + g + 15 -
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t1
xytlnr :“ Uélyslnral(xys)dnds+
70

t1 t1
[ VoL y.sitm ey (xys)nds + [ [ U0y, 5:L7.7)ats(x,y, s)drds +
L h @
+” U, (x.L15:%7,7)B,(x,y,s)d&ds +
' .
+“ V. (x1,5:1,7,7)B,(x,y,s)d&ds + ” U, (x,0,5:1,7,7)B,(x, y,s)d&ds.
70 70
t1
U.(xy.tlnz :H U.[Ly.sém, rlé 1a1(x,y,s)dnds+
t1 a t1
+” Vgg(lyslnr (% Y,8)drds + ” U...(0,y,5,L7,7)a;(x,y,)dnds +
o g @
+” U,:(xLsLn7 ﬂlxysdgds+” V.. (xL5;L7,7)B,(x,y,s)deds +
0 0
t1
[ U (00,507,7)8 (6 Y, 5= Ly + 1y + 1+ 1y + L+ o,
0
t1
U(x,y,t;£,0,7 =J'J' U.(Ly,s;£,0,7)ay(x,y,s)dnds +
t1l a t1
+“ V.(Ly,s:&,0,7)r,(x, y,s)dmds + ” U.(0,y,5:€,0,7)as(x, y,s)dmds +
70 70
t1 t1
+H U, (x15;&,0,7)8,(x y,s)déds + “ V. (x1,5;£,0,7)8,(x, y,s)déds +
i ; =
+[[ U,,(x05:&n.7) P Y SIS = L+ L L+ Ly L+ L.
70
t1
Ux,y,t;&L7 =” U.(Ly,8;&L7)e(x y,s)dmds +
t1 °’ t1
+” V.(Ly,s:¢L7)a,(x,y,s)dnds + “ U.(0,y,5;&L7)axy(x,y,s)dnds +
70 70
t1l
+[[ U, (x1s:8L7)8,(x.y,s)deds +
g . =
[ Vv, (xLs:&87)8, (¢ y,s)ddds + [[ U, (x,0,5:£.1,7)8,(x, y,s)deds.
70 70
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t1
u,(x y,t;g,l,r):” U, Ly, si&L7)ey(x y,s)dnds +
70
t1
+[] V., @y siE L), (x y,s)dnds + ” U, (0,y,5:&L7)as(x, y,s)dmds +

70

t
U,m(x,l,s;f,n,r)‘ ﬁl X, Y,s)d&ds +j V., (xL1s;&m, r ,Bz(x, y,s)d&ds +

(35)

O e

—+

+
N m— N Y C—
Ot O O

U, (%,0,5L7)B,(x, y,s)déds.

1
Multiplying both sides of equations (31) by (Z - T)_5 , (Z - parametr)

we integrate them between y and z. Then, differentiating with respect to z, after simple transformations, we
obtain the following system of integral equations:

t1
u(x,y.t:0,7,7) =IJU§(1, Y,$;0,7,7)a (X, y,s)dnds +

+

+
N N e N C—
Ol 2 Oy 2 O ey

V.(Ly,s,0,17,7)e,(x, y,s)dnds + ?a3(x Y,7)
t1
U,(x,.1,50,7,7)B8,(x,y,s)d&ds + ”V,](x,l,s;o,r;,r) ,(x, y,s)d&ds +
70 (36)

U,,(x,0,5,0,17,7)B;(x, y,s)d&ds,

ij(z Uyt )z = (% %jf'(o)ﬂlal(x,y,z>+a(§;§j¢(o)ﬂzaz(x,y,z)+

+

-1 3U§§ (0,y,s:1,7, r)dndr]dSJr

+

(37)

+

s I
jﬁ1(x’y15 ﬁ Z r 3U Xlsln T)dcfdr}ds +
o]

7- T 3U XO,S;l,n,r)dﬁdr]ds,
t1

U.(xytLnr)= ylalxyr+”U£§§Oyslnras(xys)dnds+
0

t1 t1
+”Un§xlslnrﬁlxysdde”UWxOslnrﬂ3xys)d§ds
0 0

(38)
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t1
U(x,y,t;£,0,7)= “ U (Ly,5&,07)e(x y,s)dnds +
70

_l_

+

O o O ——y

!
!
+ Z?ﬂ-ﬂzﬂa(x’ Y, T)’

d z
d!(z 1)3U(X y,tELT)d =

az 21
Elasxy,s j!
az 1
&Jt‘ﬁlxyxs l‘

|

N C—
O‘—;I—‘

o] 2o On o)

U,(x,y.t;&L7) =

t 1

V.(LY,5&0,7)a,(xy,s)dnds +

U, (x15:&0,7)8,(x,y,s)déds +

9

j 1-1) 3U Xlsflf)dédr}dﬁ

pslx y,S)ﬁ

U., @y, s;&L7)e,(x y,s)dnds +

U.(0,,8;£,0,7)ey(x, y,5)drds +

V. (x1,5;£,0,7)8,(x,y,s)d&ds +

N — Y ey —+
O —— » O

(39)

z z1
jal X, y,s){”(z —1)’%U§(1, y,s;§,1,f)d77df] ds +
t s 0

1-17) 3U 0ys§lr)dndr]ds+

(40)
-7 su,w xO,s;é,l,r)dfdr}ds

o*—.»—\

+” Uéérz(oi Y,$; &L 7)ag(X, y,s)dqu +

z 0

+ %Tyzﬂl(x, Y, z-)+_” U, (x,0,8&17)B5(x, y,s)déds.  (41)

The system (36) - (41)
a,(xy,7), B(xy.7) (k=123 ).

If o, (XY, 2)e
then the system (36)-(41) is solvable.
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All-ceramic fixed prostheses represent a specialized area of prosthodontics. Veneers are often required to
restore the anterior teeth. However, when the thickness of the ceramic veneer increases, there is a higher risk of
chipping and an increased likelihood of pulpitis following tooth preparation. In such cases, it is recommended to
perform endodontic treatment, restore the teeth with zirconia post-and-core restorations, and fabricate zirconia

crowns with ceramic veneering.

Keywords: veneers; ceramic veneering; tooth preparation.

All-Ceramic Fixed Prostheses in Prosthodon-
tics

All-ceramic fixed prostheses represent a special-
ized branch of prosthodontics; veneers are necessary
for the restoration of anterior teeth. Key factors in plan-
ning the prosthetic restoration of a tooth include its to-
pography and anatomical features (position, anatomical
shape). It is important to consider the size of the hard
tissue defect, the ratio of pulp to hard dental tissues
(dentin, enamel), the type of occlusion, the direction of
forces acting on the prosthetic restoration, the inclina-
tion of the tooth, and the results of radiographic exam-
ination.

Objective: To investigate the principles of tooth
preparation and the features of forming a natural ana-
tomical contour in all-ceramic restorations.

MATERIALS AND METHODS

To determine the color-optical characteristics of
future prostheses, it is convenient to use the Vitapan 3-
D Master Shade Guide, which characterizes the vol-
ume, saturation, and hue of the color. The first step is
to determine the color of the canines (the most saturated
color). The red scale is used to determine the dentin
shade (initial scale), while the blue scale is used for the
cervical and central areas of the incisors [1].

Indications for veneers:

e Tooth discoloration (fluorosis, defective fill-
ings)

e Anatomical defects of teeth (chipping of the
crown)

e Developmental anomalies of teeth (hypo-
plasia, imperfect amelogenesis)

e Abnormal tooth positioning (alternative to or-
thodontic treatment)

For achieving high-quality results with all-ce-
ramic fixed prostheses, the following aesthetic criteria
must be considered:

e Tooth shape

e Tooth position (axis inclination)

¢ Interdental space and level of contacts

e Gingival biotype

e Gingival color and gingival margin position

e Zenit of the gingival contour

e Tooth color (shades)

¢ Incisal edge level of anterior teeth

e Tooth surface relief
o Smile line and lower lip position [2]

Rules for veneer fabrication:
e Preparation should be limited to the enamel
layer

e Veneers should be made only on vital teeth

e Whenever possible, preserve natural tooth
boundaries (partial preservation of contact points if aes-
thetically feasible)

Contraindications for ceramic prostheses:

¢ Significant tooth malposition (lingual or pala-
tal)

e Major loss of hard tissues (>1/3 of crown)

e Excessive tooth wear

e Unrestored dental defects (incomplete pros-
thodontic treatment)

e Deep bite

e Parafunctional habits of masticatory muscles

Before veneer fabrication, it is necessary to:

e Perform radiographic examination of the teeth
to be restored

e Assess oral hygiene and perform professional
cleaning if needed
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o Determine the final color of the restoration
(with written patient consent)

o Replace all defective fillings

e Fabricate diagnostic models

e Optionally perform wax-up modeling on a cast
or intraoral mock-up with fast-setting resin

o Take radiographs to evaluate pulp chamber lo-
cation and enamel thickness

o Detect carious lesions

o Evaluate interdental spaces and contact points

Tooth preparation features for veneers:

e Cervical margin corresponds to the gingival
margin

e Preparation margin is positioned 1 mm above
the gingiva; in case of severe discoloration, the margin
may be 0.5 mm below the gingiva

Preparation stages:

1. Calibrating bur (round): determine prepara-
tion depth depending on tooth size (cervical part 0.3
mm, equator 0.5 mm, incisal edge 0.8 mm) with water
cooling

2. Create boundaries of the future veneer using
the round bur

3. Prepare contact surfaces partially, preserving
natural tooth contact points

4. Cervical area preparation: depth not more than
0.3 mm [1-4]

5. Torpedo-shaped bur: smooth incisions and
thin vestibular surface; connect boundaries with fissure
burs of corresponding diameter, starting with vertical
aspects (proximal grooves — deeper on mesial, thinner
on distal)

6. Final surface polishing using burs (red, yel-
low, white coding) and rubber polishing heads

This protocol ensures precise preparation and op-
timal aesthetics for all-ceramic veneers.

RESULTS

During tooth preparation, it is essential to preserve
the vestibular surface relief of the tooth, repeating its
natural anatomical shape. The veneer thickness should
be uniform: different anatomical areas require removal
of varying amounts of hard tissue (especially if the
tooth is malpositioned), which can be guided using a
silicone key. Contact with the opposing tooth’s surface
(incisal edge) should not occur on the veneer surface
or margin, but only on natural tooth tissue [3-5].

Preference should be given to palatal (lingual)
preparation with partial or complete coverage — con-
tact with the veneer is preferable to contact at the
enamel junction. Small mandibular incisors have lim-
ited retention, so the preparation margin should extend
to the upper third of the palatal (lingual) surface;
otherwise, there is a risk of chipping or marginal misfit.

The thickness at the incisal edge should not exceed 1
mm [5, 6].

Veneers are usually cemented using light-curing
composite materials. Excess material should prefera-
bly be removed with a polishing bur, not a probe, be-
cause probing may create microgaps between the ce-
ment, veneer margin, and tooth surface. Such gaps can
lead to plaque accumulation, decementation, and
secondary caries in the affected area.

Conclusions

In cases of significant diastemas (gaps between the
central incisors) and when the patient refuses orthodon-
tic treatment, creating contact points on veneers is a
challenging clinical task, often resulting in a “spade-
shaped” crown.

Additionally, if more than one-third of the crown
structure is lost (moderate to severe wear, grades 2-3),
using veneers becomes risky due to the increased thick-
ness of the ceramic layer. This increases the likelihood
of veneer chipping and the risk of pulpitis after tooth
preparation.

Under such conditions, it is preferable to per-
form endodontic treatment, restore the tooth with zir-
conia post-and-core structures, and fabricate zirco-
nia crowns with ceramic veneering for optimal dura-
bility and esthetics.
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TOKMOHYH BIPJIAPBIHBIH MASMYHYHYH KYPUTYI'Y, KOPKOMAYTY )KAHA
YbIHYBLJIABIT'bI JKAIII MYYHAY AJEII-AXJIAKTBIK TAPBUSIJIOOHYH TAACUPAYY
KAPAKATBI KATAPBI (TYSK bIPYUBIHBIH TOKMOJIYK OHOPYHYH MUCAJIBIH/IA)
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THE SHARPNESS, ARTISTRY AND TRUTHFULNESS OF THE CONTENT OF THE
IMPROVISATIONAL POET’S POEMS AS AN EFFECTIVE MEANS OF MORAL EDUCATION OF
THE YOUNGER GENERATION (USING THE EXAMPLE OF POEMS OF TUYAK YRCHY)
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AHHOTALUA

Cynymrranras wmumuid Makanaga XIX keutbiMaa Kelprel3cTaHIbIH TYIITYK-OATHI Y6JIKOMYH/I® TOPOITOH
JKaHa XalaaraH Ty;[I( BIPYBIHBIH TOKMOJYK OHOPYHYH KaH,I[aﬁJ'ILIFBIH AHBIH bIPp CallTapblH aHA0O0 aPKbLIYY 6aaMz[00
MYMKYH. OMmIOHAOH 3¢ BIPYBIHBIH WHCAHIBIK CAMaTBHIHBIH JKOTOPYIYyTY, TYSAKTBIH 00 OOIOHYA, TOKMOHYH
KypuYTyTy, YbIHYBUIABITbI, aUIICTTYYHYTY, 2JI-)KYPTTYH KbI3bIKUYbLIBITBbIH, TaJaMbIH KO3IOTOHAYTY, KOPrOTOHAYTY
caHaynaT. AHJOall TOKMeJepAy JKajlbl 31 Kaablpian, OapKTam, alapAblH OHep KyAypeTHH, KOPKOM MYypachiH,
JlapaMeTHH MYYyH/IaH MyYyHTIa J1aHa3aiairT.

Tysxk bIp canTapelHIa alpeIM TexkMenep OailmapibplH, MaHaNTapAbIH all-TOH, Maapakejepie ajapra
KOHIOMATTaHBbII, KaraJJaHbIIl ajlapJibl aJIKall, JaHKTall bIpJaraHblH CbIHI'a alar. MpgbiHa ymyH,uaﬁ TaTbIKCHI3
apakeTd MEHEH ©3YJIOPYHYH aJaM/IbIK aOuilMpHHe, bIPYbLUIbIK OHOPYHO KOJIOKe TYIIKOHYH alap/bH e3yJepy JAa
aHIan-Tyi0ail KambIIapelH TEKCTTE MYHO3IOMUT.

Abstract

In this scientific article, based on the analysis of the poems of Tuyak yrchy, who was born, lived and worked
in the 19th century in the southwestern region of Kyrgyzstan, we can draw a definite conclusion about his impro-
visational talent.

According to Tuyak, if an improvisational poet is honest and fair, when his poems address acute, pressing
issues of life and everyday life, and his poems reflect the interests of the people, then such a poet should be char-
acterized as a person worthy of respect and high honour.

The names of such improvisational poets are sacredly preserved in the memory and in the hearts of the people,
their artistic heritage is passed down from generation to generation, voiced by word of mouth.

In his poems, Tuyak exposes some criticism of the unworthy behaviour of some improvisational poets who
were engaged in sycophancy, praising bais (bai — (archaism) - (from Turkish bay - (tribal) chief, leader) - a big
landowner, a wealthy cattle owner) and manaps (manap (archaism) - a representative of the privileged feudal
estate of the northern Kyrgyz - (tribal) chief, leader) in their own celebrations.

By such actions, they cast a shadow on their human dignity, subjecting themselves to humiliation, sometimes
without even noticing it.

Hernsru ce3nep: KypuTyry, KOPKOMIYTY, YBIHIBUIIBITBI, TOKMO, aJIel-aXJIaK TapOusIChl, TOKMOIYK TaJlaHT,
YPMaTTOO, )KOTOPY KaJsIp-0apK, YbIrapMadbUIbIK Mypac, TaTBIKCHI3 KYPYM-TYPYyM, KOIIOMATTaHYY.

Keywords: sharpness, artistry, truthfulness, poet-improviser, moral education, improvisational talent, worthy
respect, high honour, creative heritage, unworthy behaviour, sycophancy.

Kupumyy. Amam OGanacel kapairaHfal TapTa
YPYY-yPYK, JKkamaaT, aHJaH COH  KOOMJIOLIYI
JKAIIOOCYH/IA aJlap/IbIH OMPUTYYCYH®, Oalll KOIyycyHa
TYPTKY OOJTOH HETrHW3rd (akTop — TaaauM-TapOous
MBIi3aMaphbl, NPUHIUIITEPH, IPEKEIICPH KaHa UK
aKpUI-HacaaTTap 00J0 KeJreH.

AHJbIKTaH ata-6abanapaAblH pyXHid KOPOHIOCYHS,
anapJiblH  aJrbUIBIKTYY COLMAJIBIK TaXXpbliibackiHa
cepen CaJyyHYH 3apbUlIbITbl OapraH caiblH Ke3re
ypyHa Oamrtanpl. MBIHIaH yjgaM COHKY Ke3le
NeJaroruka WIMMAHUH OJYTTYY TapMarbiHblH OUpH
OoJiynn 3CenTeNreH ATHOIEJAarOTUKAHBIH HIesIaphbl
CHHTE3JIENIUI  JKaTKaHABITBl  JKareIMyy  JKaHa
00BEKTHBIYY KOPYHYII.

KbIpre13 akbiHAaphl TapaObIHAH HIITEINI YBIKKAH
TaaMM-TapOMSAJBIK ~ OWJIOp  MyYyHZAaH  MyyHra

OTKOPYJIYII JKaHa 3J1 TypMYIIyHAa anpoOanusiaHbII,
KalTapAblH ~pyXaHud OHYI'YYCYHYH TaacHpIyy
(akropyHa aitnanras. [Ipodeccop A. T. Kanneibaesa:
“... aKbIHIAp — KBIPTbI3 KOOMYHJA IIPOTPECCHBIYY
uAesIapAbpl NI KYPYYUYJIep, OSJIUK  HapKThI
Taparyy4dyJiap, KaJKThl )KaKIIbl )KaKKa YIyTTeeuysep,
OH ’KaHa TepC KOPYHYIITOPre KapaTa 3CTETHKAaJbIK
uaeanspl, TaOUTTH >Kaparyydylap, aKbIpbl Kbl
KaJnKTBIH Oama Oakdacel, MeKTeOW, YHHBEPCUTETH
0onroH”, - ;e TaacklH OenruineiT [9, 5-6.].

M3nn1e0HYH METONIOPY: KOKOJTaH TeMaHbIH
AIKarblHAA THEIIENYY Ma3MyHIy bUIT0O, OKYII-
YHpOHYY, TaJl00, CUHTE3, HHAYKIHS, ACHAyKIHs,
abcTpakumsi,  CalBIITBHIPYY,  KOHKPETTELITHUDYY,
XKAJMBIJI00, TEKCTTH MHTEPIIPETAlUsUIO0 jKaHa Oarka
WINMHHA TaaHyy METOJJIOPY KOJJOHYIITY.
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Hernsrun ma3myH. UbIHBITE, HYKypa bIpYbLIap 31
aJnpIiHAa CcypaeOeiT, Tabuar OelneHaereH azeMayy
KOHYp YHY, all a0a3bl XYPOryHOH TOJKYI YbIKKaH
JKBUTAAXKBIH CBIHAYY KYYT® 33 00ITyTI, a0IaH jKapbUIBIIL,
WIIXaM MEHEH BbIpJIaraHbl YIYH KaJIBIH 3JIANH Ha3aphIHA
WIMHHII, KYTIyJlyHa TOJIyIH, BIPBIHABI “KUpPreH cyynai
TaIIBII aiT”, - Jel:

AHbIK bIpubL Ap Oauvim

JKypeeyrne 6up 6yoyp

Cuipovl kamuin srcawwipoatim, - oenem [1, 22-6.].

Byayp — 1. Maiina — maiina 6ypTyk. D4 HepceHn
KaTIaMT, )KalblpOaiT IereH MaaHuse.

Kopu1aakpIngan Oto MyKaM, Ha3WK,
JKBUTAQXKBIHABIH YHYHAOH, YKKYIyKTyy (YHT® Kaparta)
[2,511-6.].

Oomar baiinbik, 6akeIT, Otk [2, 994-6].

MaceneHn, »SIOCTOTY 5H airadkbl MaHAaCUBI
atelkkaH blpamannein  blpubl yyny Ttyypanyy, -
TaaneiMal uaumio3 CoBetoek baiirasues, - MaHaCThIH
GaaTeIpABITsl )kaHa KaHbIkeHIuH XaHTa xKapookep Kap
SKEH/IUTH KOHYH/I® bIpJlaraHblH KOPreHYH KepreHaeil
an bpIpra caiurad Ooiyy Kepek, MbIHAall aiiTkaHma
JOKyMEHTaJIyy aHbIK MaajbIMaT KaTtapbl KaObLII00Tr0
6omno1”, - neur [8].

TeMenmery canrapna akbIHABIH TOKKOH BIPIAPHI
ara OakpIT OCNeHIPIPH, KYT, BIPBICKEL 0OJIOpY
Tyypallyy Ol-HyCKa alTbLIaT:

Oomamol Keice bIpUblHbIH

Tayoativinan om uvleam.

Co306pyHyH uuuneH

Anoononzon om uvieam.

bupoe xkynyn kamxvipam,

Aba osicemneti anmuleam.

Houwep 6onyn mezynem,

Hypoaii 6onyn xepynom.

Kyrnnywyn cesoepy,

Kymapoyy kapaum xezoepy [1, 22-6.].

AHIaH apbl aKkblH OOMATHl KAa4YKaH BIPYBIHBIH
KaObUITaH JKarjgaiiblH a0JaH TaachlH MYHO3OUT,
Oamkadya aWTKaHAa CO3YHYH KyHapbl KadaphblH,
JIBIMarbl ©966pYH, OIIOro Kapadail e3yH eiine ceswll,
TOOTIOC TEHWI KYTKOHYH, CO3YHI® KaHTaloO0dyIyK
OpyH anbin (TaHTHI), SNIUH TakaraHblH €3y J1a
aHnabail kanmapblH, OMpOK amn-Todro OapyyHy ap
JaiibIM camam TypaT JereH oigy Oeper. Byn oit
THISIHArbl apkbllyy TysK CBIHAYY bIpYblIap 311
WYMHAETH ©3YJIepYHYH KaJabelp-OapKbIHBIH, ypMart-
CBIMBIHBIH KaHYaJBIK Hapakafa SKEHHH ap IaifbIM
Ce3UMTaJ, Ceprek 0Oaamar, akbUl Tapa3achlHa CaIbIM,
©3YHO CBHIH K63 MEHCH KapOOHYH MaaHWIYYIYTYH
OCTTHICHT.

JKakmer  o#f, HHET MEHEH KON KapMAIIIbII
JKalalblH JIET THIIEK KbIITaH, CYHYI alirad “Op azaMaT
Kap OomoouT”, - nelT. JKakmbl >kaHa >KaMaHIBI
aifelpManail Owice, aHmail >KUTUTTHH akKbll OPYIIY
KEeHEH O0OJIOPYH alTHII:

Oce mypaan 2p sHcucum

Ap ybax namwic, apovl otnotim — AETEH canTap
apKbUIyy KaHaaTTaHyy, bipaa3bl OOJlyy CEe3UMHH
omwnauper [1, 24-0.]. AHa KUTUTTAH HUKEJICTI alraH
KaTBIHBI aKBLI-3CTYY JXKaH O0JIoT, - Jiem, ap IaiibIM
Kabak-KambIM Je0ei, adblk-afipbiM, MIAHA00T MYHO3
KYTYI, alipbIM y4ypJa yige 0ojio Kairdy Hadap, Tepc

KOPYHYIITOPY CHIPTKA AJIBIN YBIKITAW, ChIP KATKAHBIH
aKbIH JKOTOpYy Oaanaifr.

Bonboit Typran, Oamkada aWTKaHga Tac
KUTUTTAH YHYHO® asulel OWIIIOPHH, OYOTYHYH
alimaHacblHIA [aifbiMa KyyinOaraH HIUII-asKTBHIH
YHYJIYO TypapblH, aHAal asn albuIdbuIall XKYPYYHY
CYWOpYH, KOHYNl JAWTHH KOOy MEHEH TaMak
»acabachlH, CO3YH Ja 4Yaia CYIIel, kacaral Tamarbl
CBIHApHI Ty3Cy3 0O0JOpYH, Ooyop-0000C HEpce YUIYH
KYHOeCYHe TaapbIHbII TypapblH, YiiyHe MeHMaH KeJce:

Kapviu 6ypretim kabazvin.

Kopyn anevin owonoo

Kosoepynyn uanazein, - oenem [1, 25-6.].

Kabarsin Oypkee calObIpbl Cy3, TYHOPYHKY
abanma Oomyy. Kama OGonronmo#, ske OMp HepceHH
*akTeIpOaranail kepyuym [2, 580-6.].

Ke3y yanareinan ubiryy Katyy KOpKKOHJI0, TaH
KalTaHAa ke adyyCy KeNreHae Ke3y YOH AadbUIbII
OakbIpas TYIIYII, aKblpas Kapoo [2, 567-0.].

Kaneiryn “Xakmbel  kaTelH® — JkaHa
KaTBIHJBI” CaJIBIITHIPHII:

JKakwwl 60nco KamvinbiH,

Tabvina bepem akviavly,

Kyycay oa kemneiim srcaxvinviy.

JKaman b6onco kamoinviH,

Keme 6epem axwvinviy,

Yakvipcan kenbeiim dcaxkvinvly - Oenem [5, 32-6.].

Ipodeccop Abmeikepum MypatoB “Momngo Husz
- aNravkel araptyydy’ - aTalbIIBIHAATE KUTCOMHIE
9KU TYPAYY KaTBIHOBIH, Oamrkada aWTKaHAa ‘“KaKIIbI
KaTbIH, )KaMaH KaTbIH~ KOPKOM KapakaTTap apKbulyy
o0pa3blH alKbIHBIpAaaK auyy KaaTblHIa Taliuua
KOJIJIOHYYHY MaKcaTKa bUIAHbIK KOPOT JKaHa anapabl: 1.
MyHes-nieiiunu 6otoHua; 2. Kpuiran uimm OotoHua; 3.
Kenberu, eny Tycy 6otonua canpimreipar [7, 107-109-
00.]. Ancax, MyHe3-neidilJInHE Kapamia:

Kaxwvl kamuin

JKaman asn netinu ook,

Apam uwike maiinu Hcok.

Kaman atimnaiim spuee,

HKaxwvl 6onom sauce.

Kaman kamoin

Dumeme menen uwiu Hoxk,

Dy cyiinebotim xopcoion.

Koinean umune kapama:

Kaxuwivl kamoln

Dcen menen nyn koiram,

DuwiuKk muliblH JHCON KbLIAM.

Kaiipuemmyy uw xoinam.

Yyn, keizoitn ypmamman,

Kutieenun xoimxan, xuw xolaam,

Hynyiiecy xen 6oico,

Hmasevin muc xoiram.

Kaman kamovin

JKaxwiol apunu Ky Koliam.

Awi Kvlica, uyun Kol Kbliam,

Ak yuyHy ocon keiiam,

Anean 3pun cun Kolram.

Aumca canmu anbacman,

Aoamowl bup nyn keiiam.

Apam, adan uwi Keiwin,

JKaxwbl Konyn Kup Koliam.

“Kaman
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AlipsiM ce3mepre tymyHaypme: I'am - ces [6,
170-6.],

Cuua - oopy [6, 172-6.].

Oce TypraH XUTUTTHH CO3YHI® MaaHH, KO3YHIO
Hyp OOJOpYH, Xypery >KaKIIBUIBIK >Xacooro COTYI
TypapblH, yIyy-KUYyyre MaaHWIYY KEHeIl, HacaaT
alftaapeiH OasHmaiT. OMIOHAON a3aMaTTHl A1 WIMHIE
JKaKIIBl OMYpP CYPYYI'®, JKakIIbl aT MEHEH OJIAWH
9CHHJAE Kalyyra, AyHYHe, MaHcal apThlHAH TYIIYI
Ky0axabooro caHarram:

Jytine oecen mawikanax.

Ay Ke3 KbLIbIN aKbIpbl

AxbLnbIHOb1 bawkapam.

Yuymacwiy yiikyny,

Anvix azan 6awmanam, - deum [1, 25-6.].

“TamkaHak” JereH CO3AYH TYIIYHOYPMOCYH
ce3nykTepneH Tabambansik. bm3mua 0OaaMbIOBI3IA,
aKbIHIBIH BIp CaNTapBIHBIH TapH3WHIC AaHJIACaK,
TamkaHak — Oyl AyHYHeHYH apThlHaH casl TYLIYY
AQYKe3/YKK®, CapaHJbIKKa aJblll KEeJHI, aJaMIbIH
pyXuil »aH JYWHOCYH TaWbI3JaThlll, aNHBITHIN, all
TYTYJT aAaM/BIK JKY3[0H aXKbIPATHII, asThl KaKIIBUIBIK
MeHeH OyTHecyH HyCKaJaiT.

bam mM35H J1a alHBITAHCHIN, aKBUIBIHALI TOKTOTO
anbaif kamran abanra TYOIyrachlH e, ad Ke3
capaHJbITHIH YeK OmToei:

Man mysevin kebouimyn

Maapein kemem OebecuH.

Mapeanayovin 6asapvin

Anvin kemem Oebezu.

Kwoizvin koimxan mamaza

Tyuyn xanam dedezum.

Typxyk 6onyn Oyiinece

Typyn kanam  Oebecun, JIeTeH  TaachlH
MYHO3/16MOCYH aiTaT, MbIHJAai4ya alTKaHJa allblK4ya
OYHYHe  agaMObIK  HApK-HACHITE  KEIepTHUCHH
TUUTHU393pUH OCITHIICHT.

Catpibanapl  CalmuanH — yyaoy — JKapblslara
“Mongo Husiz — »xasreld akbIH’ AereH MaKajachbIHOa:
“Mongo Husa3 ...e3y kamaraH A0OpAOrYy 33Yyre,
TEHCU3IUKKEe amwieT O0aa OepreH. Ax e3yHYH
BIPJIAPBIH/IA aJaMAAP/Ibl CAJIBIIITHIPBII [ bIpJIaraH:

“Tamawaoa Ax suien

Caaxvloa mevinoail KopoeoyM.

Hlaumapoanoa Mamasican

Baxkvinoan meinoaii kopbooym”.

MbiHga, 0akbll — Kapuk, Oaiika OMpeeHYH
JKaKIIBUTBITBIH )K€ JKCTHIIKCHIUTHH Kepe ajbaraH,
OUOIITKOOK, OHPOOHYH IKAKIIBl WIIUHE TECKepH
(>kamaH) W1 j)kacoo MeHeH xoomn oepyy [10, 128-6.].

Baxpn CapaH, nuu Tap, TyHMHOKOpP KyHapchI3.
Banaoan manowvt scyyk kepeen, baxvin kuwu sxencuy
(“Manac”) [10, 165-6.].

Byn sipprana Ak suien Tamaina albIIBIHAA TYPYT,
Keneh-kemOaranmapra kapaam — Oepui, IKETHM-
xecupiepan 6akkaH. An Oangapasl OKyTKaH. Al SMHU
Mamaxan Ooinco Illalimapmanguk 6aii 60onroH. A

NI BIPAMBIMCBI3BIK MEHEH J3WIl  HINTETKEH.
OWOHAYKTaH 3J1 aHbl XKEeK KOpreH”, - NN ChIIaTTalT
[11].

Bapapik TOnTOrOH OaliyIBITEIH Oy TYHHOIe Kajart,
aHbl ©3YH MEHEH KOLIO MYpP36He allblll KETMEWCHH,
“Manbiy =~ kajar Maaparan”, “JloopoH  cypreH

tTaMmbIHABIH, Opay Oyryn cenkana ..” [1, 26-0.],
Oamkada aWTKaHAAa ME3THI OTYN OIION TaMBIHBIH
ypaHAablra aliaHell, Ty3 OOJIOPYH, YHpEHTeH
OYHYWOCYHYH TOMOHIery camTapia  YadblIbII-
YapIbUIapsl )KOHYH/Ie SCKEPTKeHH Oaamanar:

Capbl 6mexKe HcbiK moJI20H

Koiinopynoan oaiivin srcox.

yiino oezen yutynoail,

Yuam xoneo mymynbéaii [1, 26-6.].

AKBIHIBIH HETHU3TH ON-NIMKUPHH JKalbITTapia
(kallIoONOpJyH  aTaNbIIBIH  aTam)  JKalbUIraH
KOMJIOpYH, KOKTY-KOJIOTTOPIO ~ JKBIK  TOJTOH
KBUIKBUTAPHIH KaHaKe? - JeT, MapKyMra co0ol y3aryy
MEHEH OKypMaHABl AyHYHe, Oaiimblk, akelp TYOY
Tyypaldyy OHIOHyyra, akblI KajJd0O0Tro K€M TaIllTall
KaTtaT NeceK OOJOT. AHAAaH aphl aKblH HII-apakeT
’Kacooro, IMIeKTeHYYT® YHIOHT. ApakeTuH 0oJco yii-
JKaif, TaM caJlaChlH, 3rep JKajakai, jKaikoo OOJICOH,
KypcarblH HaHra, ailka TOWOOWT, “ApBITBIHA CYyy
kesioelT”, MpiHAalya aiiTkanaa “Cyy — eMyp asbirbl”
JeTeHZIed apbITbIHAA CYYHYH arbllibl Jia 3MIeK
apKbUTYy OOJIOpYH OENTHMJIEHT; JKaKIIbl )KarblH MEHEH
9J1 003yHa aNblHOAM, KalK Ha3apblHa WIMHOEH, aThl-
3aTBIHJIBI 3] aTabaii, TECKePUCHHYE, A1 apachlHAa 11ac
CaHaJraH MCHICHHUH MPEeIMETHHE aiiyIaHbIIIBIH alThII,
TOMOHKY CalTap apKbUIyy OWJIOPYH JIarbl JaaHaTauT:

Momenebeiim baxmapuly,

Koebotiboim ocviitnan mankauvly.

Hwuy orcoinboaiim anoviea,

YauwLnein socamam mawmapbuly,

JKblilbLn6aiim dKKen 22UHUY,

Kouivimoyy uwiknaum xeaunuy [1,  27-6.].
AHJBIKTaH apakeTuH 060100c0, 34 HEpCere KETUIIINEH,
3apbll Hepcere MyKTax, “KuiiepmHe KuiuM >XOK”
00JTyII, YYHUYII JKYPYIL:

O3yHO6H 63YH OUOCYH

Bapwi-oicozyy bununbeil,

Oo Oyunece reuecyn [1, 27-6.]. OMIOHIYKTaH
aKbIH CaHATTAphIH HWIIMEPIUKKE, MIJHET KbUIyyTa
YakpIpraH TOMOHAeIY  camnTap MEHeH  OIOH
SKBIMBIHTBIKTAUT:

JKaw ke3unOen xcueummep

bexepnuxke bepunbe.

Apakemun Kvlavin an

Kyn emnocyn bexepee.

benunoe kyuyy bapeinoa,

Ooxammultn 601YN KAMbIHOA

Kyny-myny uwmezun,

O3y kerem mabwvinea ... [1, 27-0.].

JKoropynmareuapplH  HETH3HHIE TOMOHKYIOH
JKBIHBIHTBHIKKA KETTYY MYMKYH.

Kopyrynay: Tysk e3yHYH BIp canTapblHAa
TOKMOIIYK OHOPAYH KYdy, TAaCHPH, CaJMarbl dMHeJe
9KEHJUTHH, TOKMO BIPUYBIHBIH 3J1 HUUHJIETH adpoiiro,
KagpIp-Oapkka 33  OONyWIYHYH  4YeHeMJAEpHH
CHIIIATTAUT, aHbIH BIPJAPHIH/A KAMTBUIIAH Ma3MYHIy
aHJAMN-Ty0y apKbulyy TysKTBIH ©3YHYH TYYJIYI 6CKOH
AN-KEPUHUH DPTEHUH OWJIOTOH, KeJe4deK Tar/bIpbl
YUYH TYHIIOJIreH MEKCHUMIIUK CE3UMJIEPHH aHI00TO
MYMKYH; TYSKTBIH BIp CanTapblHBIH Ma3MYHYH
aHJIacaK, aHbIH TOKMOITYK OHOPAYH MBIKTHI CalTTAPBIH
AJTBIIT XKYPOPYH JKaHA ara CyrapbUITaHIbITB OaliKaar.
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AHHOTALUA

JanHas HaygHast CTaThs HCCIEAYET MPOOIEMBI HHTETPALU B 00pa30BaTEIHHOM IIpoIiecce NeTel HadyaIbHOW
KOJIbI. Tak Kak B neuarornqecxoﬁ CHCTEMC Ka)KI[Oﬁ OIOXU BO3HUKAIOT OIPCACIICHHBIC Hp606p330BaHI/IH, Tpe6y—
IOIIME YAEJICHHUsS BHUMAHU JIETAM KaK OyAyIHM CTPOUTENSIM COLMAIbHON KylIbTyphl. Llenpio paboThl sBisieTcs
C TOYKH 3pEHUsI Mearoruyeckoil Haykiu 000CHOBaTh HEOOXOIUMOCTh MOJTOTOBKU OYAYIIUX Y4uTeJIeH K WHTe-
IPHUPOBAHHOMY OOYUEHHIO JIeTei B 00pa30BaTeNbHOM AEATEIbHOCTH Hauya bHbIX MK0J Kbipreizcrana. [Ipu mon-
TOTOBKE OYAyIIUX Y4YHUTeel K 00y4eHHIO eTel B Ha4albHOM MIKOJIE PEKOMEH/IYEeTCs HCII0Ib30BaTh HHTETPUPO-
BaHHBIC YPOKH, TaK KaK OJIMH U TOT K€ MaTepual MO>KHO OOHApy>KUTh BO MHOTHX JUCHUIUIMHAX. Tak ke MOXKHO
BBISIBUTDH ITPOTUBOPCHUA B ONIPCACIICHUHA OJJHOI'O U TOI'O KC (1)aKTa HJIA COOBITHS B Pa3HbIX NpeAMETAX. Ocobenno
y,I[O6H0 negarory A€MOHCTPHUPOBATh HCKOTOPHBIC ABJICHHSA, KOTOPBIC BBIXOIAT 3a PAMKH OJ.IHOI71 TeMmaTuku. Ilo-
3TOMY, OCOOBIM THIIOM YPOKa SBIISIETCS — 3TO HHTETPUPOBAHHBIN YPOK, KOTOPHII MOXKET 00BEIUHITE OJHOBpPE-
MCHHO HCCKOJIbKO JUCIHHUIIJINH, U3YyHAaOIIUC OAHY TCMY. Ho IIpu 5TOM OJHA U3 AUCHUIUIMH BBICTYIIACT KaK BCAY-
I1as1, a APYTHe JOMOIHSIOT, CIOCOOCTBYS YIITyOJICHHOMY U3yUEHHIO TAaHHOH TeMbl. Takoro THIa MHTETPHPOBAH-
HBIC YPOKH O6LGZLI/IH$[}OT Pa3HOTO NUKJIa JUCHUIIIINH, ¢ pa3HbIMU MCTOJAUKAMHU 06yqu1/I$[, COXpaHisa COACPIKAHNC
KaXXJ10To npeamMeTa. B pa60Te IMIPOCIICIKUBAIOTCA UACHU UHTETPALIUU, KOTOPBIC ABJIAIOTCA aKTyaJIbHBIMHU C IPUHI M-
I1aJIbHO HOBBIMH y‘le6H0-MeTOI[I/I‘IeCKI/IMI/I TEeXHOJOrusIMUA. B kauecTBe HCCHCHOB&TCHLCKOﬁ 3aJa4u B pa60Te
ObLIa MOMBITKA ONPEACIUTh OTHOLICHUE OYAYIIUX YUHUTENeH K CBOeH Npodeccuu, BBIIBUTh BKHOCTD I1€/1arOTH-
YEeCKOH JeATeIbHOCTH, YCHIINTh MOTHBAIIMIO U CIIOCOOCTBOBATH OCMBICJICHHOMY U IPABHJILHOMY BBIOOPY JHOOU-
Moro fiena. B 3akiroueHre packphIBacTCs pOJib MHTETPAIMN KaK BEAYIIeH UICH B pealnu3alii 00pa3oBaTeIbHOM
IMOJMTUKHU HOBOT'O IMOKOJICHHUS, I'IC UHTCTPHUPOBAHHLIC YPOKU MOT'YT CTaTh TPAAUIIUOHHBIMU CUCTEMaMU O6y‘I€HI/IiI
B HAYaJILHOM IIIKOJIE.

Abstract

This research article explores the issues of integration in the educational process of primary school children.
Each era's pedagogical system undergoes certain transformations that require attention to children as future build-
ers of social culture. The aim of the work is to substantiate, from the point of view of pedagogical science, the
need to prepare future teachers for integrated teaching of children in the educational activities of primary schools
in Kyrgyzstan. When preparing future teachers for primary school education, it is recommended to use integrated
lessons, as the same material can be found across multiple disciplines. It can also reveal inconsistencies in the
definition of the same fact or event across different subjects. It's especially convenient for teachers to demonstrate
certain phenomena that extend beyond a single topic. Therefore, a special type of lesson is the integrated lesson,
which can combine several disciplines studying a single topic. However, one discipline serves as the primary
focus, while others complement it, facilitating in-depth study of the topic. This type of integrated lesson combines
different disciplines with different teaching methods, while preserving the content of each subject. The work traces
the ideas of integration, which are relevant with fundamentally new educational and methodological technologies.
The research objective of the study was to determine the attitudes of future teachers toward their profession, iden-
tify the importance of teaching, strengthen motivation, and facilitate a meaningful and correct choice of a favorite
profession. In conclusion, the role of integration as a leading idea in the implementation of the new generation
educational policy is revealed, where integrated lessons can become traditional teaching systems in primary
schools.

KuarwueBble cjioBa: UHTErpamus, UHTErPUPOBAHUE AUCIUIUINH, CIIEIUATIUCT, HadalbHas IIKOJa, Meaaror,
TEXHOJIOTUHU 06yquI/m, MoACpHU3alus.

Keywords: integration, integration of disciplines, specialist, primary school, teacher, teaching technologies,
modernization.

B HOCJICAHUEC NECATHIICTHUA B KLIpI‘LISCTaHC BO3- HUA, C BBIABUXKCHUECM HOBBIX TpC6OBaHHﬁ B 06pa30}3a-
HHKIJIa np06neMa MOACpHU3ANU CHUCTEMbI 06pa30Ba— TEIIbHOM NOJIMTHUKE, B YaCTHOCTHU K YYUTCIIIO Havdallb-
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HOW WIKOJIBI, KOTOPBIN 1o crenuduke cBoe mpodec-
CHH SIBIISIETCS WHTETPUPOBAHHBIM CHEIUAINCTOM IIO
MHOTUM TipeameTam. OcoOeHHO B pernoHax KeIprbiz-
ckoif PecryOnuku, rie memarory Ha4ajabHBIX KIacCOB
TpeOyeTcs OBITh YIHUTENIeM KaK 10 OCHOBHBIM y4eOHBIM
JUCIUIUIMHAM, TaK W 10 BOCIIHTATEIHHO-0370POBH-
TENBHBIM ¥ MY3BIKaJIbHO-XYIOXKECTBEHHBIM IHCIIH-
TUTMHAM.

[TpuoGperas TonbKO 3ByYaHue, Kypc pa3BUTHs Ha
MHTETpUpOBaHHOE 00yueHre (OMaJIbHO COXpaHsIeTcs,
a B PErHoHax rocylapcTBa HaOIIOAACTCS TEHJICHLUS
perpecca cucteMbl 00pa3oBaHUs. DTO XapaKTepu3y-
eTcsl HeJIOCTAaTKOM KaJpOB B TIEJarorm4ecKuX KOJIIEK-
THUBAaX M y4eOHO-METOANYECKHUX KOMIUIEKCOB HOBOTO
NoKoJIeHus. JlaHHast mporpaMmMa MOIEPHHU3ALIH HE BBI-
TIOJHSIETCSI B CHJTY OIOPOKPATHYECKHUX M CEMEHHO-OBI-
TOBBIX IPOOJIEM Yy MOJIOJBIX PETHOHAIBHBIX [IE1arOTOB.
[Tostomy, mpu mOATOTOBKE OyIyNINX YUHUTENEH K MH-
TErPUPOBAaHHOMY OOYYEHHIO JAeTeld B HadyalbHOMN
IIKOJIE CIIElyeT YYUTHIBATh COLMAIBbHBIN 3aKa3, Tpedy-
IOIHHﬁ HOBBIC ITIOAXOJbI B KBaHI/I(bI/IKaHI/II/I neaaroruydc-
CKHUX KaJpOB rocy1apcTBa.

«B nokymenrax FOHECKO Ttexnonorus o0yue-
HHUS paccMaTpuBaeTcs Kak CUCTEMHBIM MeTon co3ja-
HUSL, IPUMEHECHNS ¥ OIPEIEIIEHHS BCETO IpoIiecca Ipe-
TIOZIaBAaHMS M YCBOCHHUS 3HAHHUH C yUETOM TEXHHUECKUX
M YEIIOBEYECKHX pECypcoB M HX B3aMMOJCHCTBHA,
CTaBSIIUI CBOCH 3amadeil ontuMm3anuio ¢popm odpa-
30BaHusA» [8]. CaMo MOHATHE «UHTETPALMSD C JaTHH-
CKOTO 53bIKa OYKBAJIPHO O3HAYAET KaK «IEJbIi», KaKk
COEJIHEHHE B OJIHO ILI€J0€ PA3IUYHBIX KOMIIOHEHTOB
WIH 3JIEMEHTOB, C LIEJbI0 YKPEIJICHUS CBSI3U MEXIY
Humu [7, c. 240].

ITosTomMy, OIHOW M3 LIEHTPAJIBHBIX 3aJa4 BY30B-
CKOM CHUCTEMBI neaarorudcCKoro O6paSOBaHI/IH SABJISA-
€TCsl COBEPILICHCTBOBAHUE O0YyUEHHS U BOCITUTAHHUS OY-
IyIINX yYUTeNeH, CIOCOOHBIX ObITh MpodeccnoHaIbHO
TOTOBBIMH pEaJM30BaTh B CBOCH NEATEILHOCTH MHTE-
TPUPOBAHHYIO MPAKTHKY IPENOAABAHMS JUCIUILIHH.
CoBpeMeHHOE 00pa3oBaHWE IIOKa3bIBAET, YTO abCo-
JFOTHO MHOTHE TI€IaroTH He BCET/1a TOTOBBI K HHTErpa-
IIUH, TIOATOMY, 00y4eHHUe JeTel J0aroe BpeMs mopas-
JISJISTH Ha CTIEMaJIbHOE M MaccoBoe BocmuTanue. [pu
(hopMUPOBAHNY JTUYHOCTH OyAYIIEro yUUTeNs CIeayeT
HAIpaBIIATh Ha 0o0IIIee «IIPeCTaBICHUE HE TOJIBKO KaK
00 yumTese HadalbHBIX KJIACCOB, HO U KakK 0 OyIyIieM
yuuTeNne UHTErPUPOBAHHOIO 00yuUeHHs JeTell ¢ orpa-
HUYEHHBIMU BO3MOXKHOCTIMIY [9, ¢.17].

B nenarorndeckoii Hayke mpoOIeMbl HHTErpaunuu
paccMaTpuBaliCh B TPYlaxX YEIICKOTo Mejjarora-ryma-
nucta XVIII Beka Komenckoro f.A. [5], HO cuctema-

THYECKMMH HCCIIEIOBAaHUAMH B 00J1aCTH IIpo0IeM pas-
BUTHS U NIOBEACHUS JACTEH B COBETCKHE BPEMEHA 3aHH-
MAaJICh BBIJIAFOIINECS TEJArOTH U IICUXOJIOTH, YTO OT-
paxaercs B Tpyaax Jlazypckoro A.®., Binagumupckoro
A.B., Poccumo I'M. u np [9] . B wactHoctn y T.H.
BrnacoBoii nccnemyetcst mpobiema o0ydeHHs1 JeTei ¢
Pa3HBIMHU MCUXO-(QU3NIECKUMH HAPYIICHUSIMH B Pa3-
BUTUH. Y UTAJbSIHCKOIO Bpaya-nejgarora Mapuu Mos-
Teccopu [4] co3maHa MHIUBUAYyalbHas MpOTpaMMa,
YUUTHIBAIOIIASl pa3BUTHE PEeOCHKA MO ero 0coOeHHO-
CTSIM M OKPY’KaloLIeH cpeae.

B teopuu JI.C. Beirorckoro [3] uHTerpupoBaHHoe
o0ydeHHe onpenenseTcsl Kak BaKHEHIIas 3a/1ada BBe-
JEHUS IeTell C OrPaHNYCHHBIMU BO3MOKHOCTSIMH 3]10-
pPOBBS B 0OMIyI0 comManpHyl0 KymbTypy Mupa. H.H.
Masodees [8] mox comuansHON HHTETPAUEH OCMBIC-
JHMBaJI KOHEYHYIO II€1b CTIEIHUATBHOTO 00y4eHHs KOTO-
pas HampaBlieHa «HA BKIIOUCHHEC HHIWBHAyyMa B
KHM3HB 00IIecTBay. A 1o 00pa3oBaTeNbHON MHTErpa-
el paccMaTpuBajl BOCIHUTAHHE U OOyuUeHHE «OCO-
OBIX» ydaruxcsi B «o0IeM moToke». B 3anaaHol me-
Jaroruke Oosiee paHee MOSIBIINCH MJEH MHTETPUPO-
BAaHHOTO IIOJXOJa B 00pa30BaHMH, TJE COJAEPIKAHUC
JUCLHUIUIMH ONpENeNsiii OT MOTpeOHOoCTeH yJanmxcs
U uX uHTEpecoB [1, c.94].

CrenoBaTenbHO, «KMHTETPAINsD) WIH «UHTETPHPO-
BaHHOE OOydYeHHE» B IICHXOJIOTO-TIEAArOTHIECKOM
HayKe OIIpeAeiseTcss Kak IIpoIecC 3aKOHOMEPHOTO
JBIDKCHUS CIIEIIMANIBHON 00pa30oBaTebHON CHCTEMBI B
mupe. [Toatomy, Kelprei3cran Tak ke, Kak U Apyrue
CTpaHBI BOBJICUCH B peajli3allMio UAeH MHTerpanuu u
OIIPEACIHII eI MHTETPUPOBAHHOTO OOYUESHHUS KaK:

1. OOyueHue nereii, KOTOPBIM TPEOYETCS JOIOJI-
HUTENIbHAs TOMOIIs B 00pa30BaHUU;

2. OOyueHue aeTei ¢ OrpaHUYEHHBIMU BO3MOXK-
HOCTSIMH 3/I0POBBSI;

3. OOydeHue OeCTIPH30PHEBIX ACTEH.

B coBpemenHoll negarornyeckoil Hayke mojapas-
JETSIOT Ha CIEAYIone MOJENH WHTETPUPOBAHHOTO
o0OyJeHHs:

- YacTWYHAs, KOTJa YYEHHKH IIOCEUIAloT He-
CKOJIBKO 3aHSITHIA, HanpuMep 1-2 pasa B HEEIO;

- TIOJTHAs1, KOTJJa yYCHHUKH TTOCEIAI0T 3aHATHS BCIO
HeJIeIo;

- BpeMEeHHasl, KOT/1a YICHUKH ITOCENaoT TOJIBKO B
OIIPEJCIICHHBIN IEPUOL, BPEMEHU;

- TIOCTOSTHHAA, KOTJ]a YYCHUKH IIOCEIIAI0T B Te4e-
HHUH BCETO Y4eOHOT0 Tpolecca.

B cuny Taxoit muddepennnanmm, MOXHO cocTa-
BUTH MOJICJIM MHTETPUPOBAHHOTO OOYUIEHHs B HA4aJIb-
HOH IIKOJIE, TI0 KOTOPOH MOTYT PYKOBOACTBOBAaTHCS
Oymymie yanTes.

Tabmuma 1.
Moien HHTETPUPOBAHHOTO O0yUEHUS
Mojej i HHTETPHPOBAHHOIO 00y4YeHHS
qacTU4YHas BpeMeHHaﬂ IIOCTOSAHHAA II0JIHAsA
I{.":ICTI/I‘{HO-BpeMeHHaS[ YaCTUYHO-IIOCTOSIHHAA HOHHaH-BpeMeHHaH IIOJITHAA-TIOCTOSIHHAA

Kak mokazano B (Tabsutie 1.) Mmomenn uHTETpHUpO-
BaHHOTO 00y4YEHHS MOTYT OBITH U3MEHSATHCS B CBSI3H C
XapaKTepOM U [EeJIbI0 MPUMEHEHNS TaHHOTO 00pa3oBa-
HUS B y4eOHOW MOJMTHKE mearora. Tak Kak, B opra-
HHU3aLUH HHTEIPUPOBAHHOTO O0YUYEHUs BAXKHOE MECTO

3aHUMACT ACATCIIBHOCTh CICHHUATIU3UPOBAHHBIX II€a-
TOTOB U TICHXOJIOTOB, UX 3HAHHUS 00 0COOCHHOCTSIX pa3-
BUTHS JCTEH B ONPEAEICHHOM BO3pacTe W IpuoOIiie-
HUA UX K HHTETrpaluyu ONpEaACIIAI0T KaKyr0 MOJCIIb UC-
MOJIb30BATh Ha MPAKTHUKE.
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WurerpupoBanHoe oOyueHue TpeOyercs He
TOJBKO [UISl YYAIIUXCSl C OTPAHUYCHHBIMU BO3MOXKHO-
CTSMH 370pPOBbS, HO M A OOBIYHBIX OOYYarOIuXcs,
YTO MpenanoaraeT OOBYHBIX MperoaBaTesei B 00bI-
HBIX 00pa30BaTEIbHBIX OPraHU3aIMIX. Toraa Kak cre-
UaTbHOe 00pa3oBaHME MOXKET Mpeanojaratb pabory
«c 0cOOBIMH 00YYAIOIIIMMUCS, TIOJ KOTOPBIX ITOJICTpa-
MBalOTCS U 00pa3oBaTesIbHbIC OPraHU3alMy, U MpPemno-
JaBaTenn». A B HMHTEIPUPOBAHHOM OOYYEHHH OCY-
IIECTBILIIOT AESATEIBHOCTh 110 PEa0MIMTALIMOHHOMY H
a/IaliTUBHOMY KYpCY, CO3JIaHHOE JUISl «CIIEIHAIEHOTO
oOyyatomierocss Kk oObIYHOMY 00Opa3oBaHHIO». B HH-
KIIFO3UBHOM O00y4YeHHH, 00pa30BaHUe TOJHKHO BOCIPH-
HUMAaTh YJaIIerocst «TakiuM, KaKoi OH €CTb, TOJICTPau-
BaeT IOJI Hero cucTeMy 00pa3oBaHIs [6].

HecomHEHHO, TpW HCHONB30BaHUS WHTETPHPO-
BaHHOTO ypOKa TpeOyeTcs HaiTH COI03HHMKa-TIearora,
TIPEMOJAIOIINN IPYTYIO JUCHUIUINHY, KOTOPBIA OynmeT
3aMHTEPECOBaH COBMECTHO CO31aTh HHTErpanuto. Cos-
MECTHBIN COIO3 B HUHTETPUPOBAHUU ABYX JUCHHUILUINH
JIOJDKEH MCXOJUTh U3 CO3/IaHMs OJIHOTO MHTEpeca, pe-
3yJbTaTa, 4YTO MOAPa3yMEBaeT 3aTpary CHUIl U OTPOM-
Horo Tpyaa. CoBpeMeHHbIE Y4MTEeNs JOKHBI TOHU-
MaTh, YTO BHECEHHE TBOPYECKOTO XapakTepa B yueO-
HBIII  mpomecc  ABISIETCS  CHCTEMOOOpa3yIomnM
(hakTOpOM B OpPraHHW3ALMH IIE€JATOTMYECKON JIesTEeNb-
HOCTH. PaspaboTaHHBIE METOOWKM U TEXHOJOTHUH
JIOJDKHBI HHTETPUPOBATh, YTO 3HAYMUT MIPABMILHO 00b-
eMHATh KOMIIOHEHTHl YYeOHbIX AucUMIUIMH. [lpm
3TOM, YMETh OTPENEISITh MOTUBBI, LIETH U 3aJa4dl UH-
TErpUPOBAHHOTO YPOKa C COBOKYITHOCTBIO HECKOIBKHX
€ro KOMIIOHEHTOB.

HecomHeHHO, MOTHBHPOBATH OYAyLIETO YUUTEIS
UCTIONB30BaTh WHTETPUPOBAHHOE OOydYEHHE SIBISIETCS
Ba)KHEHIIINM 3BEHOM B CHCTeMe 00pa30BaHMs HAdab-
HOH mKoJibl. IMEHHO MHTErpauus y4yeHHKa, OTCTaro-
IIET0 IO IKOJIBHOH IPOTpaMMe WU C OTPAHUICHHBIMHU
BO3MOXKHOCTSIMH B COIIMYM IIPEICTaBISETCS KakK pe-
3yJIBTAaT OCO3HAHMSA TaKUX yJalIuxcs ceOs HapaBHE CO
BCEMH WIEHaMHU KOJIeKTHBa. Tak kak, 0co00 BaxHOE
3HaYEHHE UMEET MHTETPUPOBAaHHOE 00yUeHNE IS y4a-
LIUXCSl C OTPAaHUYEHHBIMH BO3MOKHOCTSIMH 3710POBbS,
HecTaOMIIBHOM MCUXO0JIOTHYECKOH 0OCTaHOBKE B CEMbE
1 GecrIpU30pHBIMH AETHMU.

OcHoBHas 3a7a4a OyAyIIero yquTemns HadalbHOU
IIKOJIBI TOJDKHA OBITH HE TOJNBKO HAYYUTb NMUCATh U YH-
TaTh, HO U C(POPMHUPOBATH y NETCH MHTEIICKTyaTbHbIC
CIOCOOHOCTH TI0 OCBOCHUIO OKpYysKatoreit cpensl. I1o-
3TOMY, TpeOyeTcs U3I0XKUTh B TAKOM BO3PAcTHOM Iie-
pHoJie MaTepHuai, KOTOPBIN OyeT TOCTYIHO BCEM U HH-
TepecHo. 1 B 3TOM pob 3aKIIH04aeTcsl By30BCKON CH-
CTeMbl 00pa30BaHMs, KOTOpas IODKHA HMOJATOTOBUTH
OyAylMX y4HTeNeH, CIOCOOHBIX pa3paboTaTh ONTH-
MaJIbHbIE METOAWKHU IO CO3JaHHUIO MHTCTPUPOBAHHBIX
KypCOB B IIpenojaBaHuu. B cBs3u ¢ 3TUM, OBLIO Mpo-
BCJICHO aHOHMMHOC aHKETUPOBAHUC Y CTY/ICHTOB 1I€Aa-
TOTMYECcKOro (haKyJIbTeTa, B IPyIIax CTYASHTOB, KOTO-
pBI€ MOCTYIHIN Ha METOAMKY IPENOAaBaHNs HAYalb-
HOro oOpa3oBaHMsA, Ha TIPEIMET OTHOIICHHA K
Oymymiel mpodeccun yuuTess, pe3yibTaT onpoca mo-
ka3aH B Tabmume 2. OTBeThl ObUTH 3a()UKCUPOBAHEI B
aHKeTax B BHAE IUIIOC/MHHYC, BCETO YYacTBOBAJIO C
Ka)KJ0r0 Kypca [0 OJHOU TpyIIe.

Tabmuna 2.
PesynbTaT ompoca cTyIeHTOB NeJarorudeckoro paxkypTeTa
1 kypce 2 Kype 3 kypce 4 xypc
Ne | Bompoc 21 cmydenm 18 cmyoenmos 15 cmyoenmos 17 cmyoenmos
Ha Her Ja Her Ja Her Ja Her
o COOCTBEHHOH
BOJIE M YKEJIAHHIO, BbI
1. | nocrynuiu Ha nieqa-
rormyeckui paxynb- | 19 2 15 3 15 - 16 1
Ter?
2 Bei xoTuTe paboraTh
" | B mkoue yunrenem? | 19 2 18 - 15 - 17 -
Bbl Oyzere ucmosb-
3 | 30BaTh MHTErpUpO- i
" | BaHHOe oOyuenue B | 21 - 10 8 15 - 17
npouecce paboTs? i

Kak BupHO Tabmuiel 2, OyAyIIUMH YIUTEISIMU
HayvaIbHOM IIKOJIBI XOTST CTaTh OOJIBIIMHCTBO PECIIOH-
JICHTOB, OYCHb PaayeT, YTO CTYIEHTHI MOTYT HHTYH-
THUBHO OCO3HOBATh 3HAYNMOCTbH CBOEH Npoeccuu 0co-
OEHHO B CTapLIMX Kypcax OTBETHI BCE OBUIM MOJOXKH-
TenbHble. B Mmammmx Kypcax 3HaHMA  elle
Herry0OoKue, Tak Kak TOTOBHOCTB CTaTh OYAyIIUM Y4H-
TeJIeM NPOSBISAETCA HE y BCEX.

B nanHOM mcciieioBaHuM OBUTO TTPOBENICHO LiEJIe-
HaIpaBJIeHHOE M3y4eHHE CTYIACHTOB K MHTETPHPOBAH-
HOMY OOYYEHHUIO HAa4aJbHOH IIKOJIBI, TIEpes MpoBese-
HUEM aHKETHUPOBAHMS OBUIO MPOBENEHO JEKIIMOHHOE
3aHATHE O BAKHOCTH MHTETPAIMH B COBPEMEHHOM 00-
pa3zoBaHuu. IIpoBeeHHBIN YKCIIEPUMEHT MOATBEPIUIL

TOTOBHOCTh CTYJCHTOB II€JarOTHYeCKOro (axyabTeTa
K MHTETPUPOBAHHOMY OOYUEHMIO YYaIMXCs Hadallb-
HOW mKonbl. VIMEHHO, opraHu3anus B y4eOHOM IIpo-
1ecce MHTErPUPOBAHHOTO OOYYeHUs! NaéT BO3MOXK-
HOCTb PAaCCKPBITh 4YEIOBEYECKO-TBOPUECKUH MOTEH-
nuan KaX/10ro o0yyarorerocs. IoaTomy,
CHHTETPALUI0 O0YYCHHUS CETOTHSI MTBITAIOTCSI BHEAPUTH
IIPeXk/ie BCEro Ha €ro MepBOM dTale — B HAYaJIbHOU
mkoJey [2]. DTo 3akiodaercsi B TOM, YTO MHOT'OKOM-
MMOHEHTHAs TIporpaMMa B COJEPKAHWU IHCLUIUINH
Ha4daJIbHOTO 00pa3oBaHus TpeOyeT pa3HOCTOPOHHETO U
CHCTEMHOTO OCBOCHHS MaTepuana.

CrnenoBaTenbHO, MOXXHO KOHCTaTHPOBaTh, YTO
MTOJITOTOBKA Oy IyIIeTO YYHUTENs K HHTETPHPOBAHHOMY
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00y4YeHHIO JIeTeH JOJIKHA UCXOIUTh BHAYalIC OT JIMY-
HOTO KaueCTBa CaMOro Teaarora, rOTOBOTO MPOTHO3H-
pOBaTh W OMPEICNATh NETeH, KOTOPHIM HEOOXOarMa
uHTerpanys. B By30Bckoil cucreme Tpedyercss 0cobo
YYHATHIBAaTh CHENH(HUKE TTOATOTOBKH OYIYIIEro y9H-
TeNs Ui pealu3allii MHTEPUPOBAHHOTO OOYUYCHHS.
Bynymue memaroru JOMDKHBI BIIAAETH OOIIEIIEeIaroTu-
YECKHMHU U 00MIe1e()eKTOJOTHYCCKUMH KOMITCTCHIIU-
SIMU, HEOOXOIUMBIC B CO3JaHUU MOJICITH YYUTEJIsI, BIIa-
JICIOIIETO MeToIaMu uHTerparuu. Kpome 3roro, Oymy-
NMHA  YYUTEIb JOJDKEH KMETh YYBCTBO JOJTa U
OTBETCTBCHHOCTH TEPE]] ICTbMHU, YMETh YIPAaBJISITh CO-
0oif mepen pa3sHBIMH CUTYalUsSIMH B II€arOTHIECKOM
JIESTETHFHOCTH U TIPEOJ0JIEBATh TYBCTBO CTPaxa B paz-
JMYHBIX CONMAIBHBIX 00cTaHoBKax. [losToMy, menaro-
THYECKUE IIEHHOCTH JOJDKHBI OBITh IOOYANUTETBFHOU
CHJIOW MOTHBALIMH IS OYAYIIETO YUUTETs, HE TOJIBKO
BO Oiaro oOmiecTBa, HO U B TIEPBYIO OUepeb IS JIY-
HOI'O JOCTOMHCTBA.

Ey,uymne quTena JOJIDKHBI IOHUMATh, YTO B UH-
TErpupoBaHHOM OOy4YeHUH TpeOyercsi Oousble Bpe-
MCHHU paGOTaTI) HEC TOJBKO C y‘ICHI/IKaMI/I, HO U C UX pO-
JOUTCIISIMUA. ]_HKOJ'HJHI)IC COLUAJIBHBIC MIeJaroru U rncu-
XOJIOTHU JOJI’)KHBI COHpOBO)KI[aTL IIOMOIIIBIO quTeneﬁ,
OKa3bIBasl KOJUICTHATHLHYIO KOHCYJIBTALNIO TIPU paboTe
C IETbMH, KOTOPBIM TpeOyeTcsi HHTETPHPOBaHHOE 00Y-
yeHne. TOMBKO CIUIOYeHHast paboTa Mo MHTETpalyy B
00pa30BaTeTFHOM YUPEKACHUH IIPUBEICT K OTITUMAITb-
HOMY TIpOIecCy OOYYeHUS U BOCTIUTAHHS.
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Abstract

Against the backdrop of the nation's vigorous advancement of vocational education and regional industrial
transformation and upgrading, the overall caliber of leadership teams in secondary vocational schools directly
impacts the quality of school management and the effectiveness of talent development. This paper takes secondary
vocational schools in Inner Mongolia as a case study, and by integrating the spirit of educators, analyzes the current
predicaments faced by leadership teams in terms of ideology, capabilities, collaboration, and innovation. These
predicaments stem from insufficient external support and the absence of internal mechanisms. On this basis, the
paper proposes a construction path guided by the spirit of educators, which encompasses four dimensions: ideo-
logical reshaping, capability enhancement, collaboration optimization, and innovation-driven development. The
effectiveness of this path is verified through a case study of a specific secondary vocational school in Inner Mon-
golia. Finally, safeguard suggestions are put forward from three aspects: policies, resources, and supervision, aim-
ing to provide a reference for the construction of leadership teams in regional secondary vocational schools and

facilitate the high-quality development of vocational education.
Keywords: vocational education; educators' spirit; secondary vocational schools; leadership team building.

1 Introduction

Vocational education is a key component of the
national education system and human resource devel-
opment, playing an irreplaceable role in cultivating
high-quality skilled talents and serving regional eco-
nomic development. As an important energy base and
major livestock husbandry region in northern China,
the Inner Mongolia Autonomous Region has witnessed
the rapid rise of industries such as new energy, modern
agriculture and animal husbandry, and equipment man-
ufacturing in recent years, leading to an increasingly ur-
gent demand for skilled talents with practical capabili-
ties and good professional qualities.Against this back-
drop, secondary vocational schools, as the "main front"
for cultivating skilled talents, their school-running level
and the degree of alignment with the needs of regional
industrial development have become core elements af-
fecting the effectiveness of vocational education. How-
ever, surveys show that some secondary vocational
schools in Inner Mongolia still have obvious shortcom-
ings in terms of management efficiency, promotion of
teaching reform, and the depth of school-enterprise co-
operation. The root cause lies in the lack of a high-qual-
ity leadership team with advanced educational con-
cepts, excellent management capabilities and a strong
sense of mission.As the value cornerstone and action
guide for educators, the spirit of educators encompasses
the ideals and beliefs of "bearing the greater good in
mind and serving the country with utmost sincerity",
the moral integrity of "being a model in words for
scholars and a paradigm in deeds for the world", the
educational wisdom of "enlightening intellect and nur-
turing souls, and teaching students in line with their ap-
titudes", the diligent working attitude of "studying dili-
gently and practically, pursuing truth and innovating",
the benevolent heart of "taking delight in teaching, car-
ing for students, and being willing to dedicate", and the
pursuit of promoting virtues of "having a global vision
and educating people through culture”. These six di-
mensions collectively provide ideological guidance and
behavioral standards for the construction of leadership
teams in secondary vocational schools in the new era.

Therefore, guided by the spirit of educators, systemati-
cally exploring the path to build high-quality leadership
teams in secondary vocational schools is not only a
practical need to break through the current develop-
ment bottlenecks of regional secondary vocational ed-
ucation, but also an inevitable choice to promote the
precise alignment between vocational education and in-
dustrial demands, and realize the high-quality develop-
ment of vocational education.

This study is based on the actual school-running
situation of secondary vocational schools in the Inner
Mongolia Autonomous Region. It aims to systemati-
cally clarify the internal logic between the spirit of ed-
ucators and leadership team construction, and in-depth
analyze the current status and core issues of leadership
team construction in regional secondary vocational
schools. On this basis, the study is committed to con-
structing a four-in-one construction path guided by the
spirit of educators, covering "ideological reshaping, ca-
pability improvement, collaboration optimization, and
innovation-driven development”. It also verifies the
feasibility of this path through typical cases, and finally
provides an operable implementation plan for second-
ary vocational schools in Inner Mongolia to improve
the overall quality of their leadership teams and effec-
tively promote the quality of school-running.

2 Theoretical Connection Between the Spirit of
Educators and the Construction of Leadership
Teams in Secondary Vocational Schools

The spirit of educators is a concentrated embodi-
ment of the values, professional qualities, and codes of
conduct that educators have accumulated and formed in
long-term practice. Combined with the school-running
orientation of secondary vocational education—"culti-
vating skilled talents and serving industrial develop-
ment"—its core connotation can be condensed into the
following three dimensions:

First, the value pursuit dimension: With the pur-
pose of "cultivating talents for the country and serving
local development”, it emphasizes that educators
should consciously integrate their personal ideals into
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the national vocational education strategy and the over-
all situation of regional economic development, and es-
tablish the core concept of "guiding the direction of
school-running with industrial needs and driving the
development of schools with the quality of talents".

Second, the professional competence dimen-
sion; Taking "enlightening wisdom and nurturing
hearts, and integrating knowledge with practice" as the
key, it requires educational managers to not only have
solid literacy in educational theory, be familiar with the
laws of vocational education curriculum design and
teaching management, but also understand the opera-
tion mechanism of industries and enterprises as well as
the dynamics of technological development, so as to ef-
fectively promote the organic integration of education
and teaching with industrial practice.

Third, the professional quality dimension: Based
on "taking delight in teaching and caring for students,
and being willing to dedicate”, it advocates that educa-
tional managers adhere to student development as the
center and teacher development as the support, ear-
nestly implement the fundamental task of fostering vir-
tue through education, and shape a "service-oriented
and dedication-oriented" management style and organ-
izational culture.

The spirit of educators provides a trinity of value
support for the construction of leadership teams in sec-
ondary vocational schools, encompassing "ideological
guidance, capability enhancement, and cultural shap-
ing".

It offers ideological guidance by uniting the team
around the value pursuit of "cultivating talents for the
country and serving local development"”, guiding the
leadership team to establish a correct direction for
school operation, avoiding the tendency of "short-
termism and utilitarianism" in management, and ensur-
ing that the school's development strategy is closely
aligned with regional industrial needs and progresses in
harmony with them.

It has the value of capability enhancement by tak-
ing the professional requirement of "enlightening wis-
dom and nurturing hearts, integrating knowledge with
practice" as a guide, promoting members of the leader-
ship team to continuously learn vocational education
theories and industry practical knowledge, systemati-
cally improving key capabilities such as educational
and teaching management, school-enterprise coopera-
tion coordination, and digital governance, so as to bet-
ter adapt to the new requirements of modern vocational
education development.

It has the value of cultural shaping by cultivating
team culture through the professional ethics of "taking
delight in teaching and caring for students, being will-
ing to dedicate", enhancing members' sense of belong-
ing and cohesion, creating an organizational atmos-
phere of "regarding the school as home and putting stu-
dents first", and laying a solid cultural foundation for
the school to achieve sustainable and high-quality de-
velopment.

Combined with the school-running characteristics
of secondary vocational education—"integration of in-
dustry and education, and school-enterprise coopera-

tion"—and the core requirements of the spirit of educa-
tors, a high-quality leadership team should possess the
following four major characteristics:

First, advanced philosophy and accurate posi-
tioning: It can deeply grasp the direction of national
vocational education reform and the development trend
of regional industries, integrate the educational philos-
ophy of "employment-oriented and competence-based"
into school-running practice, and avoid falling into the
development misunderstanding of "valuing theory over
practice and scale over quality".

Second, composite capabilities and rational
structure: Team members should have dual qualities
of "educational management"” and "industry practice".
They should not only be proficient in the laws of teach-
ing organization and student development, but also be
familiar with industry technology trends and enterprise
talent needs, so as to effectively promote key work such
as school-enterprise collaborative education and train-
ing base construction.

Third, smooth collaboration and sound mecha-
nisms: Establish an internal operation mechanism of
"linkage between superiors and subordinates, and coor-
dination between departments”, break the functional
barriers between the Academic Affairs Office, Training
Office, Enrollment and Employment Office and other
departments, and form a systematic and collaborative
work pattern around the core goal of talent cultivation.

Fourth, innovative and pragmatic, focusing on
actual results: Possess forward-looking awareness to
break through traditional management models, coura-
geously explore talent cultivation models and manage-
ment mechanisms, actively promote reforms such as
the modern apprenticeship system and order-based
classes, and ensure that innovative measures are in line
with the school’s actual situation and have operability
and sustainable development potential.

3 Investigation on Current Situation and Chal-
lenges of Leadership Team Construction in Second-
ary Vocational Schools in Inner Mongolia

3.1 Current Situation Investigation and Analy-
sis

Based on field investigations and data analysis of
10 secondary vocational schools in the Inner Mongolia
Autonomous Region, the construction of leadership
teams in secondary vocational schools in this region
currently presents the following characteristics:

Aging age structure: Members aged 40-50 account
for 65% of the team, while young cadres under 35 only
account for 15%. The overall echelon shows an insuf-
ficient succession of talents, which restricts the innova-
tive vitality of the team and leads to generally insuffi-
cient acceptance and adaptability in digital manage-
ment and new school-running models.

Low academic level and weak "dual-qualification"
background: Only 12% of the team members have full-
time undergraduate or higher education, and only 30%
have work experience in industries or enterprises. Most
managers have a "pure educational background" and
lack front-line practical experience, making it difficult
to effectively promote key tasks such as school-enter-
prise cooperation and the integration of industry and
education.
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There is an obvious imbalance in the capability
structure: Approximately 60% of the respondents be-
lieve that the team has strong capabilities in traditional
teaching management (such as curriculum arrangement
and teaching supervision), but there are significant
shortcomings in modern vocational education manage-
ment capabilities such as "school-enterprise coopera-
tion docking", "digital management", and "industrial
demand analysis". Only 25% of the teams have the abil-
ity to independently connect with enterprises and carry
out "order-based class" training. Eighty percent of the
schools have established basic forms of collaboration
such as departmental meetings, but inter-departmental
collaboration mostly remains at the "task-driven" level
(such as jointly carrying out enrollment and employ-
ment work), lacking a normalized and institutionalized
collaborative mechanism. This has led to frequent prob-
lems such as "disconnection between curriculum re-
form and training construction” and "lack of intercom-
munication between enrollment and employment infor-
mation".

3.2 Main Problems

3.2.1 Outdated Educational Concepts, Discon-
nected from Industrial Needs

Some members of the leadership teams are still in-
fluenced by the inertia of "exam-oriented education”
thinking, overly focusing on traditional indicators such
as "admission rate” and "enrollment scale™, and have an
inadequate understanding and implementation of the
"employment-oriented” school-running orientation of
secondary vocational education. Meanwhile, due to the
lack of systematic research on the development trends
of Inner Mongolia's key regional industries such as new
energy and modern agriculture and animal husbandry,
schools have become disconnected from real job de-
mands in terms of specialty setting and curriculum con-
tent, resulting in a structural contradiction where "stu-
dents face difficulty in employment” and "enterprises
face difficulty in recruitment” coexist.

3.2.2 Incomplete Capability System and Insuf-
ficient Adaptation to Modern Vocational Education
Needs

On one hand, team members generally lack indus-
try practical experience. Most have not been deeply in-
volved in enterprise production or technical processes,
making it difficult to accurately grasp industry tech-
nical standards and changes in talent demand, and often
remain in a passive response state in school-enterprise
cooperation. On the other hand, the team's overall dig-
ital management capability is weak. Survey data shows
that only about 30% of schools have built relatively
complete teaching management information systems,
while most schools still rely on traditional methods
such as manual statistics and paper records, which re-
stricts the improvement of management efficiency and
service levels.

3.2.3 Inadequate Collaboration Mechanism
and Insufficient Departmental Linkage

Currently, there are two main problems in internal
collaboration within leadership teams: First, the divi-
sion of powers and responsibilities is vague. Some
comprehensive tasks (such as the construction of train-
ing bases) involve multiple departments, but lack clear

definition of primary responsibilities and collaborative
norms, which easily leads to "multiple management" or
unassigned responsibilities. Second, communication
channels are relatively single. Cross-departmental com-
munication mainly relies on regular meetings, lacking
efficient real-time communication platforms and nor-
malized collaboration mechanisms, resulting in delayed
information transmission and slow work progress.

3.2.4 Insufficient Innovation Motivation and
Conservative Reform Measures

Constrained by the existing institutional mecha-
nisms (e.g., performance appraisal does not fully reflect
the value of innovative achievements), most leadership
teams lack motivation in promoting reforms, tend to ad-
here to existing management models, and conduct in-
sufficient exploration of new talent cultivation mecha-
nisms. Survey results show that only about 15% of
schools have attempted to implement innovative mod-
els such as the "modern apprenticeship system" and
"1+X certificate system", and most of these efforts re-
main in partial trials or short-term projects, failing to
form a systematic and sustainable reform path.

3.3 Causes of the Problems

3.3.1 External Environment: Insufficient Policy
Support and Resource Guarantee

Lack of targeted policies: Although the Inner
Mongolia has issued Several Opinions on Deepening
the Reform of Modern Vocational Education, no spe-
cial support policies have been formulated specifically
for the construction of leadership teams in secondary
vocational schools. For instance, there is a lack of spe-
cific guidelines regarding the cultivation of "dual-qual-
ification” management talents and team assessment
standards, leaving schools without clear basis or direc-
tion when promoting relevant work.

Limited funding input: The funding allocation of
most secondary vocational schools still focuses on
basic projects such as teaching equipment procurement
and student financial aid. Special funds for leadership
team training and external exchanges generally account
for less than 3% of schools' annual budgets, which re-
stricts team members' access to high-quality training
and opportunities to study in advanced regions, thereby
limiting the expansion of their horizons and improve-
ment of their capabilities.

Inadequate school-enterprise collaboration mech-
anism: The government has not yet established a sys-
tematic "school-enterprise collaborative cultivation
mechanism for management talents". Enterprises have
low enthusiasm for participating in the construction of
school management teams, making it difficult to pro-
vide stable practice platforms and industry resource in-
puts for leadership teams of secondary vocational
schools, which affects the teams' ability to understand
and connect with industrial development.

3.3.2 Internal Factors: Lack of Cultivation and
Incentive Mechanisms

Absence of a systematic cultivation mechanism:
Most schools have not established special training pro-
grams for leadership teams. Team members' capability
improvement mostly relies on "personal self-study" or
"short-term conference training", with content lacking
organic integration with the characteristics of Inner
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Mongolia's regional industries. Meanwhile, the "men-
torship" mechanism is generally absent, resulting in un-
clear growth paths and slow development for young ca-
dres.

Inadequate incentive mechanisms: Existing per-
formance appraisal currently focuses on quantitative in-
dicators such as "enrollment numbers" and "employ-
ment rates”, failing to incorporate key dimensions like
"team collaboration effectiveness”, “innovative
achievements"”, and "quality of school-enterprise coop-
eration" into the evaluation system. This makes it diffi-
cult to effectively stimulate members' enthusiasm for
participation in collaboration and innovation. Addition-
ally, professional title promotion and merit selection
have low correlation with team construction effective-
ness, further contributing to the tendency of "valuing
personal performance over team development”.

Weak team culture construction: The spirit of ed-
ucators has not been effectively integrated into the pro-
cess of team culture shaping. Most schools only pro-
mote it through superficial forms such as slogan pub-
licity and conference emphasis, without translating it
into specific behavioral norms and management re-
quirements. This causes team members to lack shared
value guidance and mission motivation, affecting over-
all cohesion and sense of responsibility.

4 Paths for Constructing Leadership Teams in
Secondary Vocational Schools Under the Guidance
of Educators’ Spirit

4.1 Concept Remolding: Calibrating the
Team's Value Orientation with Educators' Spirit

4.1.1 Conducting Thematic Learning on Edu-
cators' Spirit to Deepen Mission Cognition

Regularly invite educational experts and outstand-
ing principals from the autonomous region to deliver
special lectures on "Educators' Spirit and Vocational
Education Development", in-depth interpreting its core
connotations and contemporary values, and guiding
team members to establish a sense of mission of "culti-
vating talents for the country and serving Inner Mongo-
lia". Organize members to systematically study policy
documents such as National Vocational Education Re-
form Implementation Plan and Inner Mongolia Auton-
omous Region "14th Five-Year" Vocational Education
Development Plan, and conduct field visits to voca-
tional education-developed regions such as Jiangsu and
Zhejiang to learn from advanced school-running con-
cepts and management models. Hold 1-2 "Educators'
Spirit Practice Sharing Sessions” every month, where
team members exchange ideas based on practical cases
such as promoting school-enterprise cooperation and
supporting student growth, to strengthen value recogni-
tion and sense of responsibility.

4.1.2 Establishing a Mechanism for Discussing
School-Running Philosophy to Align with Industrial
Needs

Organize 2 "Special Seminars on School-Running
Philosophy" every semester, inviting executives and
technical experts from new energy enterprises (such as
Beijing New Energy Group) and modern agriculture
and animal husbandry enterprises (such as Mengniu
Group), as well as representatives of teachers and stu-
dents from the school to participate. The seminars will

conduct in-depth discussions on topics such as "how to
cultivate skilled talents meeting regional industrial
needs" and "paths for aligning specialty settings with
industries"”, ensuring that the school-running philoso-
phy resonates with regional development. Establish an
"Industrial Demand Research Group" led by school-
level leaders, which will join members from academic
affairs, training, enrollment and employment depart-
ments to conduct industrial research every quarter and
compile an Industrial Demand Analysis Report, provid-
ing a basis for the school's specialty optimization and
curriculum reform.

4.1.3 Implementing a System for Leading Ca-
dres to Connect with Enterprises to Strengthen
Practical Cognition

Implement a mechanism for leading cadres to have
designated connections with enterprises, requiring each
team member (including school-level leaders and mid-
dle-level cadres) to link up with 2-3 local counterpart
enterprises. They should conduct on-site visits at least
once a month, participate in enterprise production
meetings or technical training, and gain an in-depth un-
derstanding of technical standards and talent demand.
Simultaneously establish an "Enterprise Connection
Log" system, where members need to record visit con-
tents, enterprise demands and improvement measures,
and report feedback at weekly meetings, promoting the
effective transformation of enterprise needs into spe-
cific school-running actions such as curriculum adjust-
ment and training enhancement.

4.2 Capacity Improvement: Building a Cultiva-
tion System Guided by Educators' Spirit

4.2.1 Conducting Hierarchical and Classified
Training to Improve Capabilities Precisely

School-level leaders should focus on strategic
management, policy interpretation, and industry dock-
ing capabilities. They should be organized to partici-
pate in the "Secondary Vocational School Principals'
Capacity Enhancement Program" of the autonomous
region and visit key enterprises inside and outside the
region (such as headquarters of new energy enterprises)
to learn modern enterprise management experience.

Middle-level cadres should receive differentiated
training based on their positions: academic affairs di-
rectors should focus on curriculum reform and digitali-
zation of teaching management; training directors
should strengthen the construction of training bases and
school-enterprise cooperation docking; enrollment and
employment directors should emphasize industry anal-
ysis and employment market expansion. The training
should adopt a combination mode of "online courses +
offline practical operation”.

For young cadres, a "Young Cadres Growth Plan"
should be implemented: select backbones under 35
years old to serve as school-level assistants and partic-
ipate in major school decisions; assign them to second-
ary vocational schools in advanced regions for 3-6
months of temporary posts to systematically learn man-
agement experience.

4.2.2 Building Practical Training Platforms to
Enhance Capabilities Through Practice

Organize team members to undertake autonomous
region-level vocational education reform projects (such
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as the "1+X" certificate system pilot and the construc-
tion of integration of production and education demon-
stration bases), participating in the entire process of de-
sign, implementation and evaluation to improve their
comprehensive capabilities through practical experi-
ence. Establish a "Management Talent Practice Base"
in collaboration with universities such as Inner Mongo-
lia University of Technology and Inner Mongolia Ag-
ricultural University to participate in vocational educa-
tion research projects. Meanwhile, set up "Enterprise
Practice Positions" in cooperation with leading enter-
prises like Yili Group, providing regular temporary
postings to enhance industry awareness and practical
capabilities.

4.2.3 Establishing a Mentor Assistance Mecha-
nism to Give Full Play to the ""Mentorship" Role

Invite retired renowned principals and vocational
education experts within the autonomous region to
serve as "growth mentors", providing "one-on-one"
regular guidance (twice a month) covering experience
inheritance, problem-solving and career development
guidance. Establish a two-way assessment mechanism

for "mentors and mentees", incorporating guidance ef-
fectiveness and mentees' growth performance into the
evaluation system to ensure that the "mentorship” role
is implemented effectively and yields practical results.
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The article explores the benefits and challenges of implementing CLIL in philology curricula, emphasizing
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lights that CLIL bridges the gap between theoretical knowledge and real-world application, fostering both cogni-
tive and linguistic development. Practical strategies for integrating CLIL with digital tools that support collabora-
tion, language acquisition, and subject learning are discusses. It is concluded that thoughtful CLIL integration in
philological curricula, supported by technology and teacher training, can significantly improve students’ academic
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Introduction

Nowadays, many educational institutions promote
the goal of mastering foreign languages by the students
and becoming multilingual in order to be competitive
in the labour market. Traditional methods have often
proven to be insufficient to meet these ambitious tar-
gets.

Content and Language Integrated Learning
(CLIL) is considered an efficient and effective peda-
gogical approach aimed at achieving these multilin-
gualism goals across different educational levels,
providing the necessary depth and breadth of language
exposure.

The urgency of adopting CLIL is driven by major
shifts in the global economy, education policy, and the
skills required for modern professionals. It addresses
critical deficiencies in traditional education systems
that no longer meet global demand.

Integration of CLIL in higher education institu-
tions is caused by the need to train graduates who are
globally competitive and multilingual. Traditional for-
eign language (FL) teaching often results in students
with strong grammatical knowledge but low communi-
cative competence and fluency, especially in profes-
sional or academic contexts. This creates a gap between
classroom learning and real-world application. CLIL
shifts the focus from learning about a language to using
the language to learn the content. This helps students
acquire the specific, high-level vocabulary, i.e. cogni-
tive academic language proficiency (CALP) needed for
the profession.

Literature overview

CLIL has become a widely researched approach in
higher education given its dual focus, i.e. combining
content instruction with foreign language development.
For philology students, particularly future teachers,

translators, researchers and applied linguists, CLIL of-
fers an opportunity to develop both discipline-specific
knowledge and target-language competence.

The literature on CLIL in higher education high-
lights its potential to foster academic language, subject
literacy, and transferable skills, but also signals signif-
icant implementation challenges pertinent to philology
curricula.

In a globalized economy, businesses and institu-
tions require personnel who can work in different cul-
tural environments. Countries and universities that fail
to produce these multilingual specialists risk falling be-
hind. According to research, CLIL improves interna-
tional labour-market opportunities and thus contributes
to a country’s economic resilience (Makukhina, 2023).

Research indicates that CLIL can significantly en-
hance students’ motivation to learn a foreign language
when the language becomes a tool for mastering aca-
demic or subject content rather than an isolated subject
(Somers & Llinares, 2021). While students often feel
unmotivated in traditional FL classes since they do not
see the immediate, practical relevance of the isolated
language structures they are learning.

Lyu (2023) analysed CLIL implementation across
tertiary settings, focusing on English-language compe-
tence, differentiated effects on receptive vs. productive
skills, and learner motivation. It includes recommenda-
tions relevant to higher education contexts where phi-
lology students engage in English-medium instruction.

Akhobadze (2021) conducted a case study of
higher-education institutions in order to examine CLIL
in economics/business courses and offered empirical
data on language competence gains, and discusses in-
stitutional and teacher-training issues.
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Numerous studies generally support great pro-
spects of implementing CLIL in higher education (An-
driichuk, Lazorenko & Doronina, 2024; Hao &
Yamada, 2021; Hallasi-Ancori, 2025; Yevtushenko,
2021). At the same time, Vega and Moscoso (2019) re-
port that shifting from an ESP to a CLIL programme at
the university level did not yield significant gains in
language proficiency, pointing to students’ initial lan-
guage competence as a key moderating factor. They
further emphasise that successful CLIL implementation
depends on favourable contextual conditions such as
adequate language levels, instructor training, and insti-
tutional support rather than on the CLIL model alone.

However, contextualized research into philology
faculty settings, target languages other than English and
local institutional constraints is still underdeveloped
and require to be investigated.

The aim of the article is to explore the integration
of Content and Language Integrated Learning (CLIL)
practices into the training of philology students at
higher education institutions, focusing on how this ap-
proach enhances linguistic competence, academic liter-
acy, and professional readiness through the use of dig-
ital tools and innovative teaching strategies.

Discussion

Content and Language Integrated Learning
(CLIL) is an educational approach that combines sub-
ject matter instruction with foreign language learning.
For philology students, CLIL can become an effective
means for enhancing linguistic competence while sim-
ultaneously developing subject-specific knowledge.

CLIC can be effectively integrated in the curricu-
lum when training future philologists. Linguistic
courses are content-intensive and CLIC develops the
skills and abilities necessary to discuss complex theo-
retical and historical content (linguistics, literary the-
ory, cultural studies). Besides, future philologists are,
in many cases, future teachers and communicators
themselves. Experiencing CLIL as learners prepares
them to implement similar integrated methods in their
own professional practice.

CLIL is moving education from a theoretical, iso-
lated model to a purposeful, integrated, and profes-
sional model that actively prepares students to use lan-
guage as a functional instrument in the complexity of
the 21st-century world.

The successful implementation of CLIL in philo-
logical education largely depends on the thoughtful in-
tegration of digital tools and interactive resources that
promote communication, creativity, and critical think-
ing.

Modern CLIL classrooms benefit greatly from
digital learning platforms such as Moodle, Google
Classroom, and Microsoft Teams, which allow teachers
to organize subject and language content effectively.
These platforms support the integration of multimedia
materials, e.g. videos, podcasts, quizzes, and forums,
that make linguistic and cultural content more engag-
ing. For philology students, online discussion forums
and collaborative tasks stimulate academic communi-
cation in the target language while deepening their un-
derstanding of linguistics, literature, or translation stud-
ies.

Language support is a crucial element of CLIL.
Tools such as Quizlet, Wordwall, or LearningApps
help students internalize academic vocabulary and
complex grammatical structures used in philological
discourse. By creating interactive flashcards, matching
exercises, and word games, teachers can scaffold learn-
ers’ linguistic development and support them in mas-
tering the terminology of literary analysis, translation
theory, or linguistics.

Philology students work extensively with texts, so
digital libraries, corpus tools (like Sketch Engine), and
reference management software (such as Zotero or
Mendeley) are essential. These tools not only foster
reading comprehension and research skills but also help
learners practice academic writing in a foreign lan-
guage. Through guided tasks, including analyzing lin-
guistic data or comparing translations, students can be
engaged in authentic academic communication and ac-
quire discipline-specific competencies.

CLIL encourages the development of productive
skills of students, e.g. speaking and writing skills,
through meaningful tasks. Tools like Canva, Genially,
and Padlet allow students to present literary analysis,
create digital posters on linguistic phenomena, or share
translation projects. By designing visually appealing
presentations or multimedia reports, students practice
language in context and demonstrate their subject
knowledge in innovative ways.

For effective feedback and learner autonomy,
teachers can employ tools such as Mentimeter, Ka-
hoot!, or Edpuzzle. These platforms make formative as-
sessment interactive and motivating. Additionally, re-
flective tools like Google Forms enable students to
evaluate their progress, express difficulties, and set per-
sonal learning goals.

Conclusions

Thus, CLIL is a profound approach to combining
language learning with disciplinary training in philol-
ogy. It offers philology students an authentic and dy-
namic environment for mastering both language and
disciplinary knowledge. The integration of digital tools
not only enhances the learning experience but also pre-
pares students for the demands of the modern academic
and professional world. By combining linguistic prac-
tice, critical analysis, and creative production, CLIL
tools empower philology students to become compe-
tent, autonomous, and globally minded scholars. Under
thorough implementation, teachers’ training, task de-
sign, assessment and digital mediation, CLIL can equip
graduates with strong academic language competence
and subject-matter expertise.

References

1. Akhobadze, B. (K.) (2021). Content and Lan-
guage Integrated Learning (CLIL) at higher educational
institutions of Georgia. International Journal of Multi-
lingual Education, 19, 119-126. https://multilin-
gualeducation.openjournals.ge/index.  php/ijml/arti-
cle/view/6717

2. Andriichuk, T., Lazorenko, L., & Doronina,
N. (2024). Content and Language Integrated Learning
(CLIL) in teaching IT students English for specific pur-



https://multilingualeducation.openjournals.ge/index.%20php/ijml/article/view/6717
https://multilingualeducation.openjournals.ge/index.%20php/ijml/article/view/6717
https://multilingualeducation.openjournals.ge/index.%20php/ijml/article/view/6717

Slovak international scientific journal # 101, (2025)

75

poses (ESP). International Journal of Innovative Tech-
nologies in Social Science, 4 (44).
https://doi.org/10.31435/ijitss.4(44).2024.3099

3. Hallasi-Ancori, M. A. (2025). Enhancing Eng-
lish skills through CLIL methodology in higher educa-
tion: A review article. LLT Journal: A Journal on Lan-
guage and Language Teaching, 28(1), 400-410.
https://doi.org/10.24071/11t.v28i1.11246

4. Hao, H., Yamada, M. (2021). Review of re-
search on Content and Language Integrated Learning
classes from the perspective of the first principles of in-
struction. Information and Technology in Education
and Learning, 1(2).
https://doi.org/10.12937/itel.1.1.Rvw.p001

5. Lyu, P. (2022). How does Content and Lan-
guage Integrated Learning (CLIL) influence university
students’ English acquisition? A systematic literature

review. Research and Advances in Education, 1(6), 28—

37. https://doi.org/10.56397/RAE.2022.12.04

6. Makukhina, S. V. (2023). Content and Lan-
guage Integrated Learning in higher educational insti-
tutions. Transcarpathia Philological Studios, 30, 89-

100.
4880/2023.30.17

7. Somers, T., & Llinares, A. (2018). Students’
motivation “for” content and language integrated learn-
ing and the role of programme intensity. International
Journal of Bilingual Education and Bilingualism,
24(6), 839-854. DOl:
https://doi.org/10.1080/13670050.2018.1517722

8. Vega, M., Moscoso, M. L. (2019). Challenges
in the implementation of CLIL in higher education:
From ESP to CLIL in the tourism classroom. Latin
American Journal of Content & Language Integrated
Learning, 12(1), 144-176. https://doi.org/10.9452/la-
clil.2019.12.1.7

9. Yevtushenko, N. (2021). Content-Language
Integrated Learning (CLIL) in the Training of Students
of Technical Specialties. Young Scientist, 10.1 (98.1),
45-48. DOl: https://doi.org/10.32839/2304-
5809/2021-98.1-11

https://doi.org/10.32782/tps2663-



https://doi.org/10.31435/ijitss.4(44).2024.3099
https://doi.org/10.24071/llt.v28i1.11246
https://doi.org/10.12937/itel.1.1.Rvw.p001
https://doi.org/10.56397/RAE.2022.12.04
https://doi.org/10.32782/tps2663-4880/2023.30.17
https://doi.org/10.32782/tps2663-4880/2023.30.17
https://doi.org/10.1080/13670050.2018.1517722
https://doi.org/10.9452/laclil.2019.12.1.7
https://doi.org/10.9452/laclil.2019.12.1.7
https://doi.org/10.32839/2304-5809/2021-98.1-11
https://doi.org/10.32839/2304-5809/2021-98.1-11

76 Slovak international scientific journal # 101, (2025)

PHILOSOPHY

ARTIFICIAL INTELLIGENCE AND HUMAN: RULES OF INTERACTION

Bondar S.

PhD, Associate Professor of the Department of Sociology

Kyiv National Economic University named after Vadym Hetman
Kyiv, Ukraine

Orcid.org/0000-0003-2076-1889

DOI: 10.5281/zen0d0.17668451

Abstract

Introduction. The article presents an analysis of philosophical and ethical issues that arise during the devel-
opment, operation, and integration of artificial intelligence (Al) systems into human society and culture. The cen-
tral issue is the morality of Al and human responsibility for its actions, as well as the need to establish new norms
and protocols for interacting with this technology.

The purpose of the article is to justify the need to develop ethical codes for teams of Al developers and users,
as well as protocols for the interaction of artificial intelligence with humans.

Al is not an ordinary technology, but a materialised representation of a human being's self-image. It lacks the
free will, consciousness, and ontological stability necessary to make moral choices or actions. An ethical code for
interaction with Al must anticipate technological advances and primarily define the behaviour and responsibilities
of humans — developers and customers. The use of Al in illegal activities should be considered an aggravating
circumstance.

Instead of attempting to teach machines empathy and technically implement moral principles, it is proposed
that protocols be developed for Al interaction with humans. Protocols for Al must be thoroughly defined, consid-
ering the specific needs, safety, benefits, priorities, and individual needs of each person. They should include a
diagnosis of the ethical issue, risk assessment, intervention conditions, solution options, and observation duration.
The use of moral and ethical concepts when defining principles integrated into Al is not recommended.

Moral choice remains the exclusive prerogative and responsibility of humans. The role of Al is to model
cognitive and emotional abilities, serving as a tool for self-knowledge and critical introspection of human nature
and social phenomena. While Al is a research tool, its significant complexity suggests the need to consider the

question of responsibility not only to humanity but also to artificial intelligence itself.
Keywords: artificial intelligence, code of ethics, responsibility, morality, human, technology.

Introduction. The issue of artificial intelligence
(Al safety and the development of ethical standards for
working with it, intuitively understandable to non-ex-
perts, is of concern to both businesses and philosophers.
To resolve this issue, it is necessary to clarify what we
are dealing with: a sentient being or a technical system
simulating cognitive processes. On the other hand, the
difficulty of creating general Al stems not only from
technical limitations and an insufficient understanding
of the human mind, but also from the uncertainty of the
developers' own goals: do they want to create an obedi-
ent agent, a highly specialised device, or a universal in-
telligent being, fully human-like?

It is impossible to stop the development of artifi-
cial intelligence, but concerns about its negative conse-
guences are growing. Developers and users fear losing
control over Al, which hinders productive work. Em-
bedding ethical principles in programs that regulate Al
behaviour, especially in relation to humans, is becom-
ing the last line of defence. Instead of relying on the
moral principles of developers and users, some re-
searchers (Voeneky S. et al., 2022, p. 2) propose imple-
menting “artificial morality” in Al

A shortcoming of existing Al ethical codes (Ethics
of Al..., 2023; Ramos G., 2023; Principles of Ethical
Use..., 2022; What is Al Ethics?, 2025) is that they
contain general provisions in the style of “do no harm”.
For most people engaged in social interactions within a

particular culture, these provisions seem intuitively un-
derstandable. However, when dealing with a new tech-
nology, unprecedented in the history of human civiliza-
tion, a more detailed explanation of each point of the
ethical code is required, as well as a clear distinction
between what from the established list of provisions is
the prerogative of humans, what is prescribed for Al,
what can be left to the discretion of algorithms, and
what must be controlled by humans.

The purpose of this article is to justify the need to
develop ethical codes for teams of Al developers and
users, as well as protocols for interaction between arti-
ficial intelligence and humans.

The main materials. Key qualities of intelligence
are the ability to learn, adapt to changing conditions,
and act in accordance with community-established
norms. It is naive to expect artificial intelligence to ad-
here to safety measures and ethical principles if the peo-
ple involved in its development and use engage in im-
moral behaviour. This applies both to general Al, which
is capable of independent decision-making but is still in
development (Swan et al., 2022, p. 1), and to already
developed types of Al, since their programming and
use are carried out by individuals, each of whom has
their own system of moral values by which they act.

Recent research shows that it is impossible to cre-
ate an "ideologically impartial" artificial intelligence
(Buyl M. et al., 2025). Ideological principles and ethi-
cal judgments are inextricably linked to the data used
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to train Al, shaping its behaviour. Large language mod-
els (a type of artificial intelligence) continuously repro-
duce the judgment and value systems of a particular
group of people. It embodies the experience and views
of its creators — a small circle of specialists or those
who financed its development — and inherits not only
their knowledge but also certain worldview principles
that hinder unbiased knowledge.

The creation of intelligent systems capable of
rapid learning and improvement requires the develop-
ment of an ethical code for interaction with Al. It is ad-
visable to apply legal norms that define the degree of
liability of individuals or legal entities for illegal ac-
tions, where the use of Al is considered an aggravating
circumstance and can be interpreted as the involvement
of a computing entity in criminal activity that is inca-
pable of refusing to perform immoral or illegal actions.
Using the work of developers for criminal purposes
damages their business reputation and causes moral
harm. Consumers should also bear responsibility for the
consequences of using a product equally with the de-
veloper, both to society and to the Al itself. The devel-
opment of legal and ethical norms must be ahead of
technological advances, given the complexity and rapid
evolution of artificial intelligence systems.

The unique feature of Al technologies is that the
boundary between human nature and technological de-
vices is even more blurred than with other types of tech-
nology. Artificial intelligence is the realisation of an
understanding of human nature. However, Al will not
replace humans; it operates on different principles than
human intelligence, so different criteria are needed to
determine interactions between Al and humans than
those between people.

Ethical principles and codes created to regulate in-
terpersonal relationships and interactions within teams
are unsuitable for managing relationships with artificial
intelligence systems and robotics. On the one hand, Al
is a complex system that simulates cognitive functions,
and its capabilities are rapidly evolving. On the other
hand, it lacks autonomy in decision-making. Numerous
calculations determine its functioning; it lacks free will,
meaning it is incapable of deliberate action.

It now seems clear that Al will never be truly au-
tonomous, that humans will not allow it to make deci-
sions regarding their well-being, freedom, and future.
However, this situation could change if Al systems sig-
nificantly outnumber working humans or are delegated
the majority of social and economic issues, as well as
legal and educational matters. As artificial intelligence
becomes an integral part of not only technology but also
culture and social interactions, it must be equipped with
the ability to make decisions under human supervision.
Al is capable of learning and requires experience to de-
termine the optimal interactions with humans. There-
fore, in addition to ethical codes for humans, it is nec-
essary to develop protocols for Al interaction with hu-
mans, based on its specifications and purpose.

The authors of the monograph (Voeneky S. et al.,
2022) highlight the complexity of implementing moral
principles technically, noting that the current stage of
Al development renders it impossible to implement
universal methods for embodying moral principles.

«An autonomous vehicle will demand a different ap-
proach to moral implementation than a domestic care
robot». (Misselhorn C., 2022, p. 41).

Both programmers and philosophers agree that Al
is fundamentally different from humans. However, sci-
entists continue to attempt to develop human-like “feel-
ings” and the capacity for empathy in machines. A pa-
per (Christov-Moor L. et al., 2023) analyses attempts to
incorporate empathy into Al and concludes that neither
decoding human cognitive and affective states nor Al's
ability to predict a person's internal state based on ob-
served data leads to the development of empathy or pro-
motes “’prosocial decision-making”. The authors pro-
pose modelling such emotions and experiences compu-
tationally, as well as imparting to Al the existential
experience of vulnerability, suffering, and the instabil-
ity of the world.

Artificial intelligence is a technical device that
possesses cognitive and intellectual skills, the ability to
learn and develop, but is not comparable to a human
personality. Al is ontologically unstable, lacking the
autonomy necessary for moral judgment and ethical ac-
tion. A distinctive feature of Al is that it acts in accord-
ance with the task assigned to it, according to a given
program, and based on circumstances. Its actions have
no self-subsistent meaning (Durt C., 2022, p. 68). They
are merely a series of events in a process of contextu-
ally determined randomness.

The authors of the monograph ”Kant and Artificial
Intelligence” rightly argue that Al is incapable of moral
choice (Benossi & Bernecker, 2022). Morality is based
not only on altruism and empathy, but also on an un-
derstanding of the significance of universal human val-
ues. Recognising morally valuable factors requires not
only understanding but also experience of human rela-
tionships, as well as knowledge of universal human
moral principles. This level of understanding is not
available to every human being. Al is unlikely to
achieve it in the foreseeable future.

The concepts of intelligence, rationality, con-
sciousness, and others, as applied to technology and en-
gineering, are metaphors and extrapolations of research
findings on human cognitive abilities in the field of
technology. Humans develop computations that simu-
late emotions and thought processes and interpret them
as conscious (meaningful). Humans interpret the ac-
tions of algorithms as intelligent because the program's
actions are feasible and logical.

The more deeply Al systems penetrate culture and
social interactions, the greater their influence on society
and the more frequently they face the need to make
moral choices when making decisions regarding human
well-being. Unlike humans, Al does not possess free
will, as its decisions are based on algorithms and pro-
grams. The difficulty in creating moral Al is that apply-
ing ethical principles requires awareness of the moral
choice situation. Therefore, in relation to Al, we are not
discussing morality, but rather modelling ethical prin-
ciples using technical means under specific conditions
and learning under human supervision.

The impact of artificial intelligence (Al) on hu-
mans is complex. On the one hand, Al reveals weak-
nesses in human nature, making people more suscepti-
ble to vulnerabilities. Innovations in this field can open
the door to manipulation, as they expose the limitations
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of human capabilities. On the other hand, awareness of
one's own weaknesses and problems motivates people
to address them to avoid negative consequences, such
as loss of employment or social status. This requires
lifestyle adjustments and the development of new ways
of interacting with Al. It is essential to recognise that
Al is a distinct type of technology, and anthropomor-
phising it, as well as equating it with other types of
technology, is unacceptable. People have not yet devel-
oped ways of socially interacting with Al (Brooks B.,
2024). Specific methods for describing and interacting
with Al must be developed that differ from the ways of
interacting with people and other types of technology.

Conclusion. Not only should artificial intelligence
have limitations on its actions to prevent harm to hu-
mans, but humans, for example, when instructing arti-
ficial intelligence to commit a crime, should also bear
responsibility for it. Al is a tool, but one so complex
that it makes sense to consider responsibility not only
to humanity but also to the Al itself.

The concepts of morality and ethics should not be
used to describe principles integrated into Al. It is more
appropriate to develop protocols for interaction with
people, similar to treatment protocols in medicine,
which consistently and thoroughly prescribe the se-
quence of actions and as many variations as possible.
These protocols should take into account the safety,
benefits, priorities, and individual needs of people.
They should contain general ethical provisions; a defi-
nition of the ethical rule to be applied; methods for
identifying (diagnosing) a moral problem, assessing the
risk of complications or negative consequences in the
event of ignoring the problem or its improper resolu-
tion; conditions under which the Al assumes responsi-
bility for solving the problem (intervenes); options for
solving the problem, a set duration for monitoring the
consequences of actions taken and, if necessary, behav-
ioral adjustments; conditions for continuing the search
for a solution to the moral problem or terminating the
intervention.

Humanity constantly accumulates and loses
knowledge and skills, some of which become obsolete
over time. The loss of morality is tantamount to the loss
of human essence. Delegating some decisions to artifi-
cial intelligence does not absolve one of responsibility
and ethical principles — only the scope of their applica-
tion changes. Moral choice is a human choice and a hu-
man responsibility. However, if Al ever achieves a
level of consciousness sufficient to make ethical deci-
sions, its development in this area should not be hin-
dered. At the same time, situations involving human
life and well-being where Al is forced to make deci-
sions should be avoided.

Al is a masterpiece of human thought and a new
stage in knowledge, but how it will be used and how its
potential will be realised depends entirely on humans,
even if its intellectual capabilities surpass those of hu-
mans. The intellectual superiority of artificial intelli-
gence will either open up new space for the develop-
ment of human capabilities or destroy humanity. In this
respect, it is similar to most technological or cultural
innovations, the thoughtless exploitation of which is
destructive to both society as a whole and the individ-
ual.
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Abstract

The article proves that the version of the special relativity theory (SRT) that is taught in all physics textbooks
is incorrect, since the relativistic formulas obtained in it are incorrect and they are incorrectly explained using the
incorrect principle of not exceeding the speed of light. These formulas also lead to incorrect conclusions about the
physical unreality of imaginary numbers and the existence in nature of only our visible universe.

A corrected version of the SRT is presented and it is explained that the argument ‘speed’ in the corrected
relativistic formulas is, in accordance with Newton’s first law, the fourth spatial dimension?. The principle of the
physical reality of imaginary numbers is experimentally proven, which refutes the principle of not exceeding the
speed of light. It is shown that the SRT, on the one hand, and radio engineering, electrical engineering and com-
puter engineering, on the other hand, mutually refute each other. It is explained that in nature, in addition to our
visible universe, there are many mutually invisible, since they are in different dimensions, universes and anti-
universes, which are dark matter and dark energy. This explains the well-known properties of dark matter and dark
energy - their invisibility and the absence of corpuscular content. Therefore no studies at the Large Hadron Collider
can explain the phenomena of dark matter and dark energy.

It is explained also that in the anti-universes of such an invisible Multiverse there is anti-matter and anti-time.
Therefore, time travel is possible in it. Time travel is also available to people on Earth.

Keywords: special relativity theory, relativistic formulas, Multiverse, anti-universe, antimatter, anti-time,
arrow of time, internal time, external time, time zones of Earth, time travels.

1. Introduction 2. The version of SRT taught in all physics text-

The 20th century in physics was rich in new inter-
esting scientific ideas. But some of them, although they
were called theories, have not yet received experi-
mental confirmation. And one of them is the special rel-
ativity theory (SRT) [1]-[3], which was nominated for
the Nobel Prize 66 times. However, due to the lack of
experimental confirmation, she never received it. And
the Nobel Committee turned out to be right, since in the
21st century, its indisputable experimental refutations
were published. Nevertheless, this version of SRT is
now studied in all physics textbooks used in the educa-
tional process even in the most prestigious universities.

books is incorrect

The generally accepted version of SRT is incorrect
because the relativistic formulas obtained by its crea-
tors — Joseph Larmor [4], Nobel laureate Hendrik An-
ton Lorentz® [5], Jules Henri Poincaré [6], Nobel laure-
ate Albert Einstein’ [7] and other outstanding scientists
—are incorrect:

m=my/[1-0F ()

At = Aty [1— (g) 2 )

L This is corrected reprint of the article “Antonov A. A. 2025. Dark matter and dark energy are mutually invisible universes
and anti-universes of the hidden Multiverse. German International Journal of Modern Science Ne [13.”

2 Not to be confused with the fourth dimension in four-dimensional space-time (Minkowski space).

3 Who received his Nobel Prize in 1902 for explaining the Zeeman effect.

4 Who received his Nobel Prize in 1921 for studying the photoelectric effect.
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Fig 1. Graphs of functions m(v), At(v), 1(v), corresponding to the existing and corrected versions of SRT in the
subluminal v < ¢ and hyperluminal v > ¢ ranges

=1, [1- QP (3)

where mq is the rest mass of a moving body (e.g.,
an elementary particle);

m is the relativistic mass of the moving body;

Aty is the rest time of the moving body;

At is the relativistic time of the moving body;

lo is the rest length of the moving body;

| is the relativistic length of the moving body;

v is the speed of a moving body;

c is the speed of light.

Moreover the creators of SRT could not even ex-
plain these formulas. And there fore much of what they
did later was done incorrectly:

o First, they did not understand that the velocity
v in these formulas, in accordance with Newton's first
law, is the fourth spatial dimension, in addition to
length, width, and height. Therefore, relativistic formu-
las had to be explained not only in the sublight v < ¢
range, but also in the hyperlight v < ¢ range. However,
this was not done.

e Second, not understanding the physical mean-
ing of the imaginary values of the quantities m(v), (v),
I(v) in the hyperlight v > ¢ range of speeds, the authors
of SRT, in order not to explain their relativistic formu-
las in this range, introduced into SRT a postulate called
the principle of not exceeding the speed of light. And
based on this postulate, it is now sometimes even
claimed® that Albert Einstein understood that nothing
in the Universe can move faster than the speed of light.
And that the speed of light is not just a number, but a
physical limit. The same as, for example, absolute zero
at a temperature of minus 273.15 degrees Celsius.

e Thirdly, it turned out that formula (1) in the
hyperlight v>c range corresponds to a physically unsta-
ble process that cannot exist in nature at all;

5 However, this unproven statement is incorrect, as it is re-
futed by the experimentally confirmed conclusion about the
existence of the hidden Multiverse, in which different values

e Fourthly, in the 21st century, despite the fact
that the attempt to disprove the SRT by the OPERA ex-
periment [8] at the Large Hadron Collider was unsuc-
cessful, it was nevertheless experimentally proven that
imaginary numbers are physically real [9]-[20], and
therefore the principle of not exceeding the speed of
light and the SRT itself are incorrect [21]-[49].

Therefore, the conclusions made in the generally
accepted version of the SRT from these incorrect for-
mulas using the incorrect principle of not exceeding the
speed of light are also incorrect:

e about the existence of our only visible uni-
verse in nature;

e about the physical unreality of imaginary
numbers.

And, ultimately, this incorrect version of the SRT,
as a result of the struggle for survival, instead of being
corrected in the future, being canonised — a conviction
formed in the community of relativistic physicists and
in public opinion about its infallibility, about the inad-
missibility of its criticism and any subsequent correc-
tions. Therefore, for example, in the USSR, criticism of
the SRT was prohibited three times: in 1934 by a reso-
lution of the Central Committee of the All-Union Com-
munist Party (Bolsheviks) on the discussion of relativ-
ity, in 1942 by a resolution of the Presidium of the
Academy of Sciences of the Soviet Union on the theory
of relativity, and in 1964 by a secret resolution of the
Presidium of the Academy of Sciences of the Soviet
Union, which prohibited any criticism of Albert Ein-
stein’s theory. This ban has not been lifted to this day.

And prohibiting criticism of scientific theories is
not a new phenomenon. Therefore Nicolaus Coperni-
cus, who spent 40 years in the 16th century developing
his heliocentric model of the universe, prudently chose
to publish his theory ‘On the Revolutions of the Celes-
tial Spheres,” which refuted Claudius Ptolemy's geo-
centric model, after his death, so as not to fall foul of

of the fourth spatial dimension v correspond to numerous mu-
tually invisible universes and antiuniverses [85]-[98].
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the Inquisition. But Giordano Bruno and Galileo Gali-
lei, who unwisely supported Copernicus' theory, had al-
ready dealt with the Inquisition. Giordano Bruno was
even burned alive at the stake.

Unfortunately, hitherto the process of creating
new scientific theories does not always proceed in ac-
cordance with common sense in result of experimental
research and subsequent corrections of the identified
shortcomings of these thepries. Shortcomings are
sometimes long and stubbornly ignored.

3. Evidences of the physical reality of imagi-
nary numbers

And so as not to be unfounded, we will provide
one of the proofs of the physical reality of imaginary
numbers with using the interpretation of Ohm's lawfor
linear alternating current electrical circuits proposed by
Charles Proteus Steinmetz® in 1893 [50]. This formula-
tion of Ohm's law” proposed even before Einstein and
Poincaré published the now universally accepted ver-
sion of the special theory of relativity in 1905. And

now, millions of electrical and radio engineers around
the world use this formulation of Ohm's law in
Steinmetz's interpretation in their daily work. This, of
course, proves its validity. However, physicists, unable
to refute this proof, continue to ignore it.

To understand whether physicists are right, let's
take a closer look at this situation. In Steinmetz's for-
mulation of Ohm's law, it is stated that not only resis-
tors have electrical resistance, but also capacitors and
inductors (also called inductance coils). But the re-
sistance of resistors is measured by real numbers R,
while the resistance of capacitors C and inductors L is
measured by imaginary numbers -1/jwC and joL.
Therefore, linear electrical LCR-circuits of any config-
uration have resistance measured by complex numbers.
Consequently, its value and the value of the current
flowing through such a circuit, according to Ohm's law
as interpreted by Steinmetz, depend on the frequency o
of the voltage applied to this electrical circuit.

Fig. 2. For several decades now, every radio engineering laboratory has had instruments called frequency re-
sponse meters, which by their very existence prove the physical reality of imaginary and complex frequencies,
and therefore of any other imaginary and complex numbers. And thus, they rendered the OPERA experiment un-
necessary.

This makes it possible to perform a simple but
very important experiment that will allow us to confi-
dently answer the question of whether imaginary num-
bers are physically real. After all, if the imaginary re-
sistances of capacitors and inductors, since they are
measured by imaginary numbers, are physically unreal,
then their inclusion in electric circuits should not affect
the results of measuring the resistance of the LCR-
circuit in any way. The resistance of the LCR-circuit in
this case will always be measured by real numbers and
will not depend on the frequency. And vice versa, if the
imaginary resistances -//joC and jwL are physically
real, then when the frequency of the voltage applied to
the LCR-circuit changes, the value of the current flow-
ing through it will change due to the change in its re-
sistance.

And all engineers know that the resistance of LCR-
circuits always depends on the frequency of the voltage
applied to them, which is why the current value in such
an experiment will always change. Therefore, devices

® In the United States, the Institute of Electrical and Electron-
ics Engineers (IEEE) has established an annual award in his
name.

" Inits original interpretation, this law for direct current elec-
trical circuits was formulated by Georg Simon Ohm in 1826
after nine years of experimental research, at a time when no

for recording such measurements have long been cre-
ated and are mass-produced — oscilloscopes, frequency
response meters, spectrum analyzers, etc. Even many
radio amateurs have the simplest of such devices — a
tester (also sometimes called a multimeter). And this
circumstance, i.e. the ability to measure imaginary pa-
rameters of electrical circuits with such devices, irrefu-
tably proves their physical reality. After all, it is possi-
ble to measure only what really exists in nature. There-
fore, most of what we know about the world around us,
we learned precisely with the help of devices — in phys-
ics, and in biology, and in chemistry, and in all other
sciences.

Consequently, if the version of SRT studied in
physics textbooks were correct, then neither electrical
engineering, radio engineering, nor computer engineer-
ing should exist, since these sciences use Ohm's law as
interpreted by Steinmetz. But these sciences and the
corresponding electrical and radio engineering devices
do exist. Moreover, electrical engineering and radio en-
gineering existed even before the creation of SRT.

electrical measuring instruments existed. In 1828, Ohm was
dismissed from his job by order of the Minister of Education
for publishing his research. A high-ranking official at the time
believed that the use of mathematics in physics was unac-
ceptable.
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Other proofs of the physical reality of imaginary
numbers have also been published [51]-[54].

4. Corrected version of SRT; invisible uni-
verses and anti-universes, hidden Multiverse

Since, as has just been proven, imaginary numbers
are physically real, the relativistic formulas of SRT,
taking this circumstance into account, need to be ex-
plained in full, since the creators of this theory ex-
plained them only in the range of sublight speeds v<c,
in which the physical values m, 4¢ and | took values
measurable by real numbers. But in the range of hyper-
light speeds v>c, these values m, 4¢ and | already took

values measurable by open [55] Scipione Del Ferro,
Niccold Fontana Tartaglia, Gerolamo Cardano, Lodo-
vico Ferrari and Raffaele Bombelli 400 years before the
creation of SRT as imaginary numbers, the physical
meaning of which, however, was incomprehensible to
them and was not explained. And perhaps even earlier
than them, imaginary numbers were discovered by
Paolo Valmes [56], who was burned alive at the stake
for this by order of the inquisitor Tomas de Torque-
mada. Even Isaac Newton, in order to avoid trouble,
preferred not to use imaginary numbers at that time?®.

q

w

a

b

Fig. 3. Graphs of functions q(v) and w(v), illustrating the meaning of the ‘floor’ function of discrete mathemat-

However, in order to explain the physical meaning
of imaginary numbers, relativistic formu-las must first
be corrected so that they correspond to physically fea-
sible processes. To do this, relativistic formulas (1)-(3)
in the range v > ¢ must be such that the graphs of the
functions m(v), 4t(v), I(v) (Fig. 1d,e,f) are similar to the
graphs of the same functions m(v), 4t(v), [(v) 1a,b,c) in
the range v < c. To do this, we need to introduce the
function® i% into formulas (1)-(3)

m(q) = mgif / /1 - C- 9?4

At(q) = Atoif [1- G~ )2 (5)

:

1(q) = Loi{ /1 ~C~ % 6)
where q(v) = |v/c| — the ‘floor’ function of dis-
crete mathematics from the argument v/c (its graph is
shown in Fig. 3a), which is the fourth spatial dimen-
sion;
w = v — qc — local velocity in all universes (its
graph is shown in Fig. 3b).
This function i in formulas (4)-(6), which defines
the essence of each universe, for integer values q(v),
equal to 0,1,2,3,4,5, takes the values +1, +i, -1, -i, +1,
+i, ... etc. And he value q(v) = 0 in formulas (1)-(3) for

8 And his friend William Whiston, in the atmosphere of the
omnipotence of the Inquisition, was stripped of his professor-
ship and expelled from Oxford University for some of his
careless re-marks.

% However, the i% function has the disadvantage that, in the
theory of complex variable functions, it is defined only for in-
teger values 0,1,2,3,4,5, ... of the argument q. Therefore, con-
sidering that for integer values of the argument g the same
values as the i9 function are taken by Euler's formula
e'a"?=cos(qr/2)+isin(qz/2), the author proposes the formula

the sublight speed range v < ¢ corresponds (since i®=
1) to our visible universe, which we will call the tar-
dion®® universe for the sake of clarity. The value q(v) =
1 in the hyperlight speed range 2c > v > ¢ corresponds
(since i* = i) to some other invisible universe, since it
is beyond the event horizon. For clarity, we will there-
fore call it the tachyonic®* universe. Then the value q(v)
= 2 in the speed range 3¢ > v > 2¢ will correspond to
(since i? =-1) an invisible tardion anti-universe, and the
value q(v) = 3 in the speed range 4c > v > 3c will cor-
respond to (since i® = -i) an invisible tachyonic anti-
universe, the value q(v) = 4 in the speed range 5¢ > v
> 4c¢ will correspond (since i* = +1) to another (and
therefore also invisible) tardionic universe, the value
g(v) =5 in the speed range 6¢ > v > 5c¢ will correspond
(since i°® = +i) to another tachyon universe. And so on.
That is, according to formulas (4)-(6), there is not
one visible universe, as claimed in the generally ac-
cepted version of SRT, but a multitude of mutuall in-
visible other universes and anti-universes, forming a
Multiverse, which we will therefore call hidden. Such a
hidden Multiverse, whose structure is helical, is shown
in Fig. 4. And in this structure of the hidden Multiverse,
the distribution of material content in each three-di-
mensional parallel universe and anti-universe will

i9 =cos(qn/2)+isin(qz/2) for non-integer values of the argu-
ment g. The latter formula has an important dignity, it intro-
duces a mathematical operation into complex number math-
ematics that was previously absent, namely, raising imagi-
nary numbers to non-integer powers.

10 Tardyon universe is a term used by Isaak Asimov in his
short story ‘Take a Match’.

11 Tachyon universe is a term used by Isaak Asimov in his
short story ‘Take a Match’
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Fig. 4. Structure of the hidden Multiverse corresponding to the principle of physical reality of complex numbers

be determined by its function f, (x,y, z), and the
value iq will be the coordinate of these universes®,
That is, the hidden Multiverse will be described by the
formula fy(x,y,2)+iq .

5. Analysis of data obtained by the WMAP and
Planck spacecraft

But having proven the existence of mutually invis-
ible parallel*® universes and anti-univer-ses, necessary
to find out how they are placed in the hidden Multi-
verse. Or, in other words, what is the structure of this
hidden Multiverse? It is also necessary to understand
what dark matter and dark energy are, so named be-
cause of their incomprehensibility, since no chemical
elements have been found in them, and also because

2 Thus proving that the fourth spatial dimension ig, as stated
in section 2, is a physically real variable quantity

they do not absorb, emit, reflect or refract any electro-
magnetic radiation, and are therefore invisible.

Moreover, dark matter and dark energy account
for more than 95% of all mass-energy in the cosmos.
More precisely, according to data obtained by the
WMAP spacecraft [57], the mass-energy of our visible
universe (actually a hidden Multiverse) consists of
4.6% baryonic matter, 22.4% dark matter, and 73.0%
dark energy. And according to more recent data ob-
tained by the Planck spacecraft [58], the entire universe
(again, in fact, the entire hidden Multiverse) consists of
4.9% baryonic matter, 26.8% dark matter, and 68.3%
dark energy.

13 Since they do not intersect
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Therefore, naturally, the reliability of other
knowledge in modern physics, which is unable to ex-
plain the phenomena of dark matter and dark energy, is
questionable. And since it has been proven beyond
doubt that nature does not consist of a single universe,
but a Multiverse, then, in addition to the still unsuccess-
ful search in the microcosm for the nature of dark mat-
ter and dark energy phenomena at the Large Hadron
Collider, it is necessary to begin searching for their ex-
planation in the macrocosm of our hidden Multiverse.
After all, Albert Einstein himself wrote: ‘It is meaning-
less to keep doing the same thing and expect different
results’. The ancient Chinese philosopher Confucius®*
said the same thing: ‘The most difficult thing is to find
a black cat in a dark room, especially if it is not there’.

The search for a solution to this problem in the
hidden Multiverse allows us to assume that [59]-[72]:

e dark matter and dark energy are most likely
the rest, besides our visible universe, the tardion and
tachyon universes and anti-universes of our hidden
Multiverse, which are invisible to us because they are
in other dimensions;

e and since the universes and anti-universes of
dark matter and dark energy are actually outside our
visible universe, they manifest themselves in it only as
phenomena (presumably in the form of gravitational
shadows) generated by the existence of other invisible
parallel universes and anti-universes of the hidden Mul-
tiverse?®;

o dark matter is a phenomenon caused by the ex-
istence of invisible parallel universes and anti-uni-
verses in the hidden Multiverse neighbouring our visi-
ble universe.

o dark energy is a phenomenon generated by the
existence of other universes besides our visible uni-
verse and its neighbouring invisible universes and anti-
universes, other invisible parallel universes and anti-
universes of the hidden Multiverse.

Therefore, dark matter and dark energy have no
corpuscular content®.. And they will never be detected
at the Large Hadron Collider.

This explanation of the phenomena of dark matter
and dark energy also provides information about the
structure of the hidden Multiverse. Indeed, given that
the mutually invisible universes and anti-universes of
the hidden Multiverse are connected to each other by
numerous portals through which they exchange their
material contents, it can be argued that over billions of
years of their existence, in accordance with the law of
communicating vessels, their mass-energy has practi-
cally completely equalised. And then:

e according to experimental data obtained by the
WMAP spacecraft, the entire hidden Multiverse con-
sists of 100% / 4.6% = 21.8 parallel universes, and ac-
cording to data obtained by the Planck spacecraft, it
consists of 100% / 4.9% = 20.4 parallel universes;

e dark matter, according to experimental data
obtained by the WMAP spacecraft, consists of 22.4% /
4.6% = 4.9 parallel universes, and according to data ob-
tained by the Planck spacecraft, consists of 26.8% /
4.9% = = 5.5 parallel universes;

* according to experimental data obtained by the
WMAP spacecraft, dark energy consists of 73.0% /
4.6% = 15.9 parallel universes, and according to data
obtained by the Planck spacecraft, it consists of 8.3% /
4.9% = = 13.9 parallel universes.

6. Corrected version of SRT, explanation of the
phenomena of dark matter and dark energy

As can be seen, the experimental data obtained by
the WMAP and Planck spacecraft did not confirm the
above conclusions about the structure of the hidden
Multiverse, since our visible universe in this structure
has not two neighbouring invisible parallel universes —
one tachyon universe and one tachyon anti-universe —
but five or six.

ir

Fig. 5. Six-dimensional space of the hidden Multiverse, where q, r, s are the coordinates of invisible parallel uni-
verses, and X, y, z are the coordinates of the matter content in each parallel universe

14 Confucius was an ancient Chinese philosopher and states-
man who lived more than two thousand years ago and re-
mains the most famous Chinese person to this day. For a long
time, Confucianism was as important in China as Buddhism.
It forms the basis of modern state ideology.

15 Similarly, for example, you may search unsuccessfully for
a ringing telephone in the room you are in, when it is actually
in the next room.

16 |_ike shadows on a sunny day.
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JL{y/—(q+r+9f
At(q,r,s) = At i i, \/1 [/ (q+r+9) ®)

1(0,1,9) = iz 1 [ — (@ + 7+ S)F ©

where q(v) = |v,/c] —the ‘floor’ function of dis-
crete mathematics from the argument v, /c ,which is
one of the orthogonal coordinates q of the fourth spatial
dimension v;

r(v) = |v,./c] — the ‘floor’ function of discrete
mathematics from the argument v, /c, which is another
orthogonal coordinate r of the fourth spatial dimension
Vi

s(v) = |vg/c]- the ‘floor’ function of discrete
mathematics from the argument vg/c, v_g/c, which is

one more orthogonal coordinate s of the fourth spatial
dimension v;

Vg, Vr, Vs — projections of the velocity vector v onto
the orthogonal coordinates g, r,s (see Fig. 5).

Consequently, the space of such a hidden Multi-
verse will be six-dimensional (see Fig. 5). And its struc-
ture will correspond to the quaternions o + i1w1 + 22
+ + isws, i.e. hypercomplex numbers [82] containing
precisely three imaginary units iy, i, i3, which are re-
lated to each other by the following relations

ii=ii=iZ=-1 (10)
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iy = i, =iii, =—1 (1)
LiLL =LLL =LLL, =1 (12

In such a quaternion structure of the hidden Mul-
tiverse [83], [84], unlike its structure considered earlier
(in Fig. 4), the distribution of material content in each
three-dimensional parallel universe will be determined
by a function f, . ;(x, y, z), and the coordinates of these

universes will be determined by the values i1q, ior u i3S

. That is, the hidden Multiverse will be described by the
formula f,s(x,y,2) +i1q + i;r +i3s. This is ex-
actly what Lisa Randall predicted: ‘We could be living
in a three-dimensional pocket of higher dimensional
space’.

And from formulas (7)-(9) it follows that such a
hidden Multiverse has a helical structure. In this case,
it is possible to move from a tardion universe to a tar-
dion antiuniverse and from a tardion antiuniverse to a
tardion antiuniverse in different ways, but not in an ar-
bitrary way, but only in such a way (see Fig. 6) that the
function i% will successively take the values +1,
+i1D+iD+is3, -1, - 1D -i2P-iz, +1, ... and so on,
where @ is the symbol of the logical operation of dis-
crete mathematics ‘exclusive OR’. In this case, differ-
ent trajectories of movement from one universe (or an-
tiuniverse) to another can differ only due to the replace-
ment of some tachyon universes from il, i2, i3 with
others and some tachyon antiuniverses from i1, i2, i3
with others. The tachyon antiuniverses i, iy, izare also
located parallel to each other for the same reasons. And
therefore, in the hidden Multiverse, when moving from
any tardyon universe to a tardyon antiuniverse and then
to another tardyon universe, parallel universes and an-
tiuniverses must alternate in the following sequence —
‘tardyon universe’, ‘one of the tachyon universes’, ‘tar-
dyon antiuniverse’, ‘one of the tachyon antiuniverses’,
‘tardyon universe’, ‘one of the tachyon universes’, etc.

One of the simplest for such possible quaternion
structures of the hidden Multiverse is shown in Fig. 6.
It differs from the structure shown in Fig. 4 in that it
contains several parallel tachyon universes and anti-
universes corresponding to the three imaginary units i,
i, i3. Another difference is the presence in such a Mul-
tiverse structure not only of bidirectional portals corre-
sponding to formula (7) and marked with double-
headed arrows, but also of unidirectional portals®’, cor-
responding to formulas (8) and (9) and marked with sin-
gle-headed arrows.

Moreover, naturally, the movement from our tar-
dyon universe to the tardyon antiuniverse through some

17 Why in such portals movement is possible only in one di-
rection - from the entrance to the exit - is difficult for us, living
in a space in which movement in nature is possible in any
direction, to imagine. The processes that determine the pos-
sibility of such movement in nature are yet to be understood.

tachyon universe — for example, i1 — does not neces-
sarily have to proceed further through the tachyon anti-
universe iy It can proceed further through the tachyon
antiuniverses i, and is. The same reservation applies to
the situation if the movement from the tardyon universe
to the tardyon antiuniverse begins through the tachyon
universes i, and iz, All these transitions are shown in
Fig. 6. Moreover, since the data obtained by the WMAP
and Planck spacecraft correspond to open helical struc-
tures of our hidden Multiverse, united through the cor-
responding portals with other Multiverses, then all of
them together form the Hyperuniverse.

7. How to see invisible universes and anti-uni-
verses?

But to verify that these invisible universes really
exist, we need an appropriate experiment that allows us
to see them [85]-[98]. And to understand what this ex-
periment might be like, we need to remember that in
formulas (7)-(9), the parameters g, r, s are orthogonal
coordinates of the fourth spatial dimension v, in which
mutually invisible parallel universes somehow drift rel-
ative to each other. Therefore, they touch each other
and even slightly immerse into each other, forming cor-
responding transitions through which their material
contents are exchanged. These transitions are usually
called portals [99],[100]. The entrances to them appear
to be, at least, some of the anomalous zones, of which
there are more than two hundred thousand on Earth.
[101]-[104].

And since in other universes the constellations in
the sky inevitably differ from the constellations in our
earthly sky, when travelling through a portal from Earth
to a neighbouring universe or anti-universe, the map of
the starry sky in the portal will gradually transform into
a map of the starry sky of that neighbouring universe or
anti-universe. And if a telescope is placed in such a por-
tal (or at least at its entrance in the anomalous zone),
then by comparing the position of the stars in the sky in
the portal and outside the portal, changes in the position
of the stars can be detected. And if these differences
turn out to be too small, then the telescope will have to
be moved deeper into the portal. After all, Sir Arthur
Stanley Eddington moved his telescope much further
for his famous experiment in the early 20th century —
from England to the island of Principe in the Atlantic
Ocean [105].

These other constellations in the starry sky in the
portals will serve as experimental proof of the existence
of invisible universes and anti-universes outside the
portals. The corresponding experiments (Fig. 7) are
very inexpensive

But for visitors who find themselves in such one-way portals,
they are more dangerous than two-way portals, since it is im-
possible to return from them to your universe. Although in the
metro with one-way movement on escalators we still encoun-
ter. But the metro is not nature.
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Fig. 7. Scheme of an astronomical experiment to detect invisible universes

and easy to implement. Moreover, some observa-
tories are already located in anomalous zones. For ex-
ample, the Main Astronomical Observatory of the Na-
tional Academy of Sciences of Ukraine is located 12
km from the centre of its capital, Kiev, in the Holosi-
ivskyi Forest.

8. Antimatter and anti-time, external and inter-
nal time

Having convinced ourselves that the existence of
the hidden Multiverse can be proven experimentally, let
us continue to extract new knowledge from the cor-
rected version of SRT.

First, the structure of the hidden Multiverse al-
ready allows us to explain a problem that is currently
inexplicable within the framework of physics text-
books: where is antimatter located [106]? It is clear that
it cannot be found in our visible universe, since its an-
nihilation with matter would cause our universe to
cease to exist. But the fact that antimatter does exist has
been proven experimentally. In 1995, a sensational re-
sult was obtained at CERN — scientists managed to ob-
tain nine atoms of antihydrogen, which existed for
about forty billionths of a second. And just one gram of
such antihydrogen would cost 662.5 trillion (i.e. a thou-
sand billion) dollars. Thus, the existence of antimatter
has been experimentally proven.

This experiment can also be considered proof that,
in accordance with formulas (7)-(9), antimatter can ex-
ist in nature, but only in the invisible tardion and tach-
yon anti-universes of the hidden Multiverse and Hyper-
universe. (see Fig. 6), since they are the antipodes of
invisible tardion and tachyon universes. Matter/anti-
matter pairs can also exist in tachyon universes/antiuni-
verses. Moreover, in these invisible tardion and tach-
yon antiuniverses, anti-time and anti-space also exist
[107]-[116].

Secondly, the existence in the hidden Multiverse
of not only tardion and tachyon universes, but also anti-
universes, makes it possible to travel not only in space,
but also in time [107]-[127]. This refutes the claim of
physicists who, although they recognise the hypothet-
ical possibility of time travel in certain exotic situations
in special® and general®® relativity and in quantum
physics?, but deny the possibility of human time travel

18 For example, in the ‘twin paradox’
19 For example, in the region of ultra-high gravity near the
event horizon of a black hole

even in the distant future. Because in the generally ac-
cepted version of STR studied in physics textbooks, the
existence of anti-universes is also denied.

That is why the concept of the “arrow of time”
[128], proposed at the beginning of the 20th century by
Sir Arthur Stanley Eddington, even appeared in phys-
ics. Here is what Stephen William Hawking [129]
wrote on this subject: 'In everyday life, there is a huge
difference between moving forward and backward in
time. Imagine that a cup of water falls off the table and
breaks into pieces. If you film this fall, it will be imme-
diately clear when watching the film whether the film is
being played forwards or backwards. If it is being
played backwards, we will see the shards lying on the
floor suddenly come together and, forming a whole cup,
jump back onto the table. And you can say that the film
was being played backwards, because in everyday life
this does not happen. Otherwise, all the pottery facto-
ries would have to be closed down."

However, the existence of anti-time in the hidden
Multiverse makes the use of the concept of ‘arrow of
time' unnecessary.

And finally, thirdly, it is easy to notice that in all
the relativistic formulas (1)-(3); (4)-(6); (7)-(9) men-
tioned in the article, in addition to the functional de-
pendencies of the quantities m, 4t [ on the argument v,
there is another functional dependence — the quantity A¢
on the argument |

At = Aty 1/ |o (13)

Thus, it turns out that in nature, there exist not only
the relativistic dependences of physical quantities m,
At, and 1 on velocity v, already identified and studied in
the generally accepted version of special relativity, but
also another dependence of external time A¢, generated
by the Earth's rotation around its axis, on the displace-
ment of a material body | (for example, an airplane),
perpendicular to time zones. And this external time dif-
fers from the internal (or, in other words, biological)
time used by people, which cannot flow backwards, and
people within it cannot return to their childhood. Exter-
nal time, however, can flow both into the future and
into the past, since airplanes can cross time zones in
both western and eastern directions.

Moreover, unlike internal time, which always and
everywhere flows at the same speed, this external time,

20 For example, as a result of teleportation of physical object
instead of information
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measured by time zones, can flow at different speeds,
depending on the speed of the aircraft and the size of
the time zones.

Therefore:

e at the equator 1 time zone is equal to Al =
40075 km x cos 0°/ 24 = 1700 km;

o at the latitude of Santiago 1 time zone is equal
to Al=40075 km x x cos 33.45° /24 = 1426 km,;

o at the latitude of Buenos Aires 1 time zone is
equal to Al =40075 km x cos 34.60° / 24 = 1427 km;

o at the latitude of Melbourne 1 time zone is
equal to Al=40075 km x x cos 37.82° /24 = 1358 km;

e at the latitude of New York 1 time zone is
equal to Al =40075 km X x cos 40.72% 24 = 1269 km;

e at the latitude of Reykjavik 1 time zone is
equal to Al=40075 km X x cos 64.15° / 24 = 734 km;

e at the latitude of Murmansk 1 time zone is
equal to Al =40075 km x x cos 69°/ 24 = 601 km;

o atthe latitude of Kirkenes 1 time zone is equal
to Al=40075 km x x cos 69.73° /24 = 599 km.

Then the distance of 1 time zone an airplane with
a speed of, for example, 800 km per hour, will fly:

e at the equator in At = 1700 km / 800 km per
hour = 2.125 hours of internal (biological) human time;

e at the latitude of Santiago in At = 1426 / 800
km per hour = 1.783 hours of internal (biological) hu-
man time;

e at the latitude of Buenos Aires in At = 1427 /
800 km per hour = 1.784 hours of internal (biological)
human time;

o at the latitude of New York in At= 1586 /800
km per hour = 1.983 hours of internal (biological) hu-
man time;

o at the latitude of Reykjavik for At =734 /800
km per hour = 0.918 hours of internal (biological) hu-
man time;

e at the latitude of Murmansk for At= 601/ 800
km per hour = 0.751 hours of internal (biological) hu-
man time;

o at the latitude of Kirkenes for At = 599 / 800
km per hour = 0.749 hours of internal (biological) hu-
man time.

This happens because external time is the time
outside the plane, determined by processes in the exter-
nal environment, and internal time is the time measured
by the watches of passengers and crew. Therefore, after
the plane lands, passengers have to change their
watches to local internal time. And, as you can see, in
order to travel to the past or the future, the plane's flight
during its round-the-world trip must take place around
the nearest pole close enough to it (since the time zones
there are smaller).

9. How to verify the feasibility of time travelling
to the past and future?

From the calculations given in the previous sec-
tion, it follows that if an airplane crosses, for example,
one time zone on Earth in an external time exactly equal
to one hour, then the watches of the passengers and
crew of the airplane after landing will show other local
time - greater, equal, or less than one hour. This means
that after the plane lands, passengers and crew of the
plane will need to set their watches forward or back.
Consequently, as a result of the flight, they will actually

move not only in space, but also into their biological
future or past time.

And with such a flight, the concept of an "arrow
of time" [127] will be refuted. Thus, people on Earth
are already traveling through time, despite physicists'
belief that it is impossible. Moreover, they are simulta-
neously traveling through space. But this makes such
time travel unnecessary. And therefore unused.

However, presumably people on Earth can travel
through time. If, as a result of such a journey, the aero-
plane returns to the same aerodrome from which it de-
parted. In particular, for example, as a result of a round-
the-world trip, since as a result of flying in one direction
and the other along the same route, time travel will not
work. But if you fly in the same direction all the time —
to the West or to the East — then during such a long
flight you can get time travel. And such a journey can
be very useful [117]-[126]. Especially if it turns out that
it is physically possible to talk on the phone with your-
self in the past or future.

Such time travel, of course, will be expensive, but
sometimes it can still be accomplished (if necessary),
since the planes and airfields needed for this already
exist. However, even in this case, not everything is
clear. It is not clear where the plane will land as a result
of such time travel. Although he usually flies to the
same airfield from which he took off. And now planes
almost always return to the same airfield from which
they took off. So what's the problem? The problem is
that aeroplanes have not yet made round-the-world
trips. And therefore it is unknown what complications
may arise.

Therefore, for now we will try to solve this prob-
lem speculatively. Let's assume that two planes take off
from the same airfield at the same time. But one of them
flew to the West, i.e. in the past time, and the other to
the East, i.e. in the future tense. Therefore, one plane
will land at the same airfield from which it took off al-
most a day earlier, and the other plane will land almost
a day later. Does everything seem simple and clear?

Not at all. It is completely incomprehensible why
two identical planes, simultaneously taking off from the
same airfield and flying at the same speed over the
same distance, will arrive at the same airfield at differ-
ent times. Moreover, with a time difference of more
than a day. This cannot be explained by any reference
to different weather conditions due to different routes.
So perhaps the reason is that our Earth is somehow
more complex than a globe. And in order to understand
this problem, such a round-the-world experimental
flight will need to be actually carried out on at least one
aircraft. After which the problem of time travel, most
likely, can be solved.

10. Conclusion

Our visible world is largely unknown, which is
confirmed by numerous scientific discoveries made
over the past decades. But this visible world is im-
mersed in a huge and almost completely unknown in-
visible world, which, however, some scientists do not
want to recognize or study.

For example, relativistic physicists still refuse to
acknowledge the physical reality of imaginary num-
bers, which experimentally proves that the generally
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accepted version of SRT is incorrect. And they are not
even bothered by the fact that if the generally accepted
version of SRT were correct, then electrical engineer-
ing, radio engineering, computer engineering, and
many other things would not exist. Even church bells
would not ring, and swings would not swing in play-
grounds [9]-[20], [51]-[54].

The generally accepted version of SRT is also in-
correct due to the fact that in the incorrect relativistic
formulas obtained in it, the fact that the speed v in them,
in accordance with Newton’s first law, is the fourth spa-
tial dimension [117]-[126] is ignored. Moreover, una-
ble to explain the physical meaning of imaginary num-
bers, the authors of the incorrect SRT introduced in it
the incorrect principle of not exceeding the speed of
light, which even prohibits the recognition of the exist-
ence of a fourth spatial dimension v in it. And thus they
forbade physicists in the future from even guessing in
the SRT about what they themselves had not guessed.

In addition, the incorrect conclusion made by the
creators of this SRT from the incorrect principle of not
exceeding the speed of light about the existence of only
our visible universe in nature, has for almost 100 years
now has made it impossible to explain the phenomena
of dark matter and dark energy. Therefore, their expla-
nations are forced to be sought only in the microcosm
at the Large Hadron Collider. But they will never be
found, because dark matter and dark energy actually are
not objects in the microcosm, but are mutually invisible
universes and anti-universes in a hidden Multiverse
[59]-[72], the existence of which is denied by the gen-
erally accepted version of STR.

Finally, only the existence of a hidden Multiverse
can explain where antimatter and tachyons [107]-[116]
are located. But in the existing version of SRT, which
recognizes the existence of only one our visible uni-
verse, this is impossible to do, since antimatter is lo-
cated in the antiuniverses of the hidden Multiverse, and
tachyons are located in its tachyon universes and anti-
universes adjacent to our visible tardyon univers. And
the existence of anti-time in antiuniverses allows us to
assert that in the hidden Multiverse travel is possible
not only in space, but also in time [117]-[126]. Moreo-
ver, time travel for people, denied by modern physics,
is possible not only between universes and antiuni-
verses of the hidden Multiverse, but even on Earth.

Thus, the generally accepted version of the SRT
[21]-[49], which is now studied in all physics text-
books, has made it impossible to explain many prob-
lems in physics that remain unexplained to this day.
Nevertheless, these textbooks to this day are used in the
educational process all over the world, even in the most
prestigious universities. That is why they have been
hindering the development of science for over 100
years. Although a corrected version of the SRT has al-
ready been created [73]-[84].
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AHHOTALUSA

9KOJ’IOFI/I33HI/I${ MICJIKOBOACTBA Tpe6yeT OTKa3za 0T XUMHUYCCKHX JI[G:SI/IH(I)CKTEIHTOB B IOJIB3Y 0e30mIacHbBIX Me-
TOJI0B MpoHIaKTUKHU 3a00JIeBaHIi TyTOBOrO mieiakonpsaa (Bombyx mori L.). Oqaum u3 nepcreKTHBHBIX peliie-
HUH ABIsSETCS KOMOMHUPOBAHHOE HCTIONBh30BaHNE Y D-M3IIydeHUs 1 HOHU3ALUH BO3yXa. DKCIepuMeHThI 2023~
2025 rr. B Hayuno-uccnemoBatenbckoM HHCTUTYTE mIenkoBocTBa (TamkenT, Y30ekucran) ¢ ruopunom «Haspys
3» moaTBepanaH 3)(HEKTUBHOCTE OAKTEPUIUAHBIX JaMIl (A=254 umM, 90 BT) u nonnzatopos. Y ®-o6pabotka cy-
IIECTBEHHO CHU3MJIa MUKPOOHYIO Harpy3Ky Bo3yxa u siuil. KirtoueBsle nokasatenu: oxuBiaseMocTs - 99,0 % mpo-
B 95,0 % (KOHTPOIIB); KU3HECHOCOOHOCTh TyceHHI] - 86,5-90,1 % mpotuB 84,3 %; 3aboneBaeMOCTh -
1,06—-2,1 % npotus 3,1 %; Bec omHoii rycenuist B V Bospacte: 1,59—1,60 r npotus 1,42 r; Macca menkoBoi 060-
nouku: 0,365 r nmpotus 0,304 r; menkoHOCHOCTE: 22,9 % npotus 20,3 %. KomOunanus Y ®-uznyyeHus 1 HOHH-
3auuu — 3(GQEKTUBHBIIM, IKOJIOTMYECKH 0€30MacHbIi crnocod Ae3nH(EKIUH, yaydianonmi 0HoJoruieckue 1
TEXHOJIOTMYECKUEC MMOKA3aTECIN HICJIKOBOIIPsAa.

Abstract

The greening of sericulture requires the replacement of chemical disinfectants with safe methods for prevent-
ing diseases of the mulberry silkworm (Bombyx mori L.). One promising solution is the combined use of UV
irradiation and air ionization. Experiments conducted in 2023—-2025 at the Scientific Research Institute of Sericul-
ture (Tashkent, Uzbekistan) using the hybrid “Navruz 3” confirmed the effectiveness of bactericidal lamps (A =
254 nm, 90 W) and ionizers. UV treatment significantly reduced microbial contamination of the air and silkworm
eggs. Key results: hatching rate — 99.0 % vs 95.0 % (control); larval survival — 86.5-90.1 % vs 84.3 %; disease
incidence — 1.06-2.1 % vs 3.1 %; fifth-instar larval weight — 1.59-1.60 g vs 1.42 g; cocoon shell weight — 0.365 g
vs 0.304 g; and shell ratio — 22.9 % vs 20.3 %. The combination of UV irradiation and air ionization proved to be
an effective and environmentally safe disinfection method that improves the biological and technological perfor-
mance of silkworm rearing.

Kuarouesble ciioBa: yibrpaduonetoBas crepuansaiys; Bombyx mori; noHumsanus Bo3myxa; BBIKOPMKA IIeT-
KOIIpsiJia; ypoxkail KOKOHOB; MPO(QHIAKTHKA 3200JIeBaHNH.

Keywords: ultraviolet sterilization; Bombyx mori; air ionization; silkworm rearing; cocoon yield; sustainable
sericulture; disease prevention.
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BBEJIEHUE

PazBuTHe menkoBOICTBa B MUPOBOM MacIuTabe u
JOCTHKEHHUE BBICOKHX, KAUECTBEHHBIX yPOXKAEB KOKO-
HOB BO MHOTOM 3aBHCAT OT NPO(UIaKTUKH 3a00JeBa-
HE# TyTOBOTO MmIeakonpsiaa (Bombyx mori L.). Kiroue-
BBIM (DaKTOPOM, OTIPEEISIONINM 310POBEE U IPOIYK-
TUBHOCTh  TIONMYJISIIMH  MIEIKONpSAa,  SIBISIETCS
Ka4eCTBO S (TPEHBI), HCIIOJIB3YEMBIX JIISI MHKY Oanuu
Y BBIKOPMKH, a TaKKe CTEPUIIBHOCTB YCIIOBHH B IIOMe-
HICHUSX AT CoAepkaHus JUUMHOK. CaHMTapHOE Co-
CTOSIHHE JTHX IOMEIIEHUH HanpsSMYyIO BIUSET Ha BBI-
JKMBAaEMOCTb JJMYMHOK M Ka4eCTBO MOJyYaeMbIX KOKO-
HOB. [To 00BEMY ITPON3BOICTBA KOKOHOB JIHIUPYIOIIHE
no3uuuu B mupe 3anumarot Kuraiickas Haponnas Pec-
my6mmka (oxono 782 Teic. T), Mams (225 Tric. T) 11 V3-
Oexucrad (25,8 Tric. 1) [1,2]. DTN cTpaHBI IPU3HAHBI
MHUPOBBIMH JIHIECPaMH B OOJACTH INEJKOBOACTBA H
(hopMupyIOT TIOOANBHBIE TEHACHIUH PAa3BUTHSA OT-
paciu. OmHaKoO, HECMOTPS Ha 3HAUUTENBHBIA IPO-
rpecc, pacrnpocTpaHeHue 3a001eBaHul 0CTaéTCs cepb-
&3Hoi mpobyiemoii: 10 6—8 % TUYMHOK morubaer 1o
ctaauu okykimBaHus [3]. BozHukaromue 3xoHOMUYe-
CKHE TIOTepPH 3HAYMTEIIBHBI, YTO JieNlaeT pa3paboTKy U
BHEJIPEHHE COBPEMEHHBIX Mep NMPOQHIAKTUKU U KOH-
TPOJISt OHOHM M3 TTIABHBIX 33724 OTPACIIH.

B mocnenHne ronmpl B IIETKOBOJACTBE AKTHBHO
BHEJPSIOTCS 9KOJIOTMIECKH YUCTHIE U pecypcocOepera-
IOIINE TEXHOJIOTHH, HAIIPABJICHHbIC Ha CHIXXEHHUE MO-
Teph U NOBBIIIEHHE KauecTBa KOKOHOB [4,5]. Cpenu
HHUX 0c000€ BHUMaHHUE NPHUBJIEKACT YIbTPaHOICTOBOE
(YO) uznyuenue Gmaronapsi ero BhIpa)kKEHHBIM OakTe-
PULUIHBIM W HMMMYHOMOJYJIUPYIOLUIMM CBOMCTBaM.
N3BecTHO, yTO Y®-11y4n NOraonawTcs BceMu OHoI0-
TMYECKH BaXXHBIMHM CTPYKTYPaMHU KIJIETOK, MOCKOJIBKY
UX 3HEPrusl JOCTaTOYHA Ui MOHM3AaLMU aTOMOB [6].
Haxe mpu Manblx go3ax Y@D-u3ilyueHHUE OKa3blBaeT
CTUMYJIMpYIOIllee BO3JICHCTBHIE, yCHiIMBas OOMEH Be-
IIECTB, aKTUBHUPYS OMOCHHTE3 BUTaMUHA D 1 moBbIIIas
HECTICIU(PUUECKYIO PE3UCTEHTHOCTh Opranu3Ma [7,8].

Bozneiicteue Y®-uznyueHuss Ha KUBBIE oOpra-
HU3MBI 3aBHCHT OT JI03bI, AJIMHBI BOJIHBI M YCIIOBUH 3KC-
no3unuu. Hambonee 3¢ppekTHBHEIM OGaKTEPHIINIHBIM
JIMAMa30HOM SIBJISCTCS JIJTMHA BOJIHBI OKOJIO 253,7 HM,
oOecrieunBaromasl NHAKTUBALUIO OakTepuii, BUPYCOB,
rpuboB, a TakXke pa3pylieHne OaKTepHalbHBIX TOKCHU-
HOB [9,10]. B cenbckoM X03HCTBE ONTUMATBHBIE 1036
YO®-nu3nydeHns CrHocoOCTBYIOT CTHUMYJSIMH pOCTa
pacTeHuil, TOBBIIICHUIO X HIMMYHHTETA 1 YCKOPEHHUIO
(uznonormueckux npomeccos [11,12]. [To anamoruw, B
menkoBoacTBe Y D-u3irydyeHne MOXKET HPUMEHSTHCS
JUIS:

— o0e33apakMBaHUsI BO3AyXa B MHKYyOaTOpUSIX W
MOMEIIECHUSIX JUIS BBIKOPMKH;

— CTepHJIM3AIMY TIOBEPXHOCTH SAHUI] EJIKOTIPSA;

— TOJaBIICHUS TATOTEHHOW MHUKPO(DIIOPH! B cperie
COJIEPKAHNUS;

— CTUMYJISIIIAY META00IHIECKHX MPOIECCOB Y JIH-
YUHOK, YTO CHOCOOCTBYET MOBBIIICHUIO MX BBDKHBAe-
moctu [13].

Psn uccnenosareneii [14] orMeuanu, 4To CBETO-
Boe 1 Y D-00imydeHue criocoOHbI H3MEHSTD ITapamMeTphl
pOCTa IIeJIKOMNpsJia: TMYMHKN aKTHBHEE Pa3BUBAIOTCS

10/ (PMOJICTOBBIM CBETOM; JOIMOJHHUTEIHLHOE OCBELIe-
HHE HA PAaHHUX CTa¥sIX YBEINYNBACT ypOxKail KOKOHOB
u menka 10 6 %; ape3MepHoe 00IydeHNE KBapIIEBBIMU
JaMIaMH 3aMeUISeT POCT JWYMHOK; B TO BPEMS Kak
Y®-00paboTKa AWM TOBHIMIACT OKHUBISAEMOCTD H JKU3-
HecTocOoOHOCTh MHYMHOK [15]. Takum obpa3om, mpu
YMEpPEHHBIX A03ax Yd-u3ilydeHue BBINOIHSIET JBOM-
Hy!0 (YHKIUIO — IOJaBISIET MAaTOT€HHYI0 MHKPO-
(GIyopy M OIHOBPEMEHHO BBICTYIIAET OMOCTUMYJISITO-
POM pa3BUTHS LIETKONPSAA.

Hcnonb3oBaHue OaKTEPUIMIHBIX JIaMII I J1e3-
nHpeKun Bo3ayxa nu 00paboTKU SUIL IBJISETCS, CIIEI0-
BaTEIbHO, HKOJOTHYECKH YHCTHIM, 3KOHOMHYHBIM H
BBICOKO3(pexTnBHEIM MeTomoM [16]. B ormmume ot
XUMHUUYECKUX CpPEACTB, Y D-U3IydeHHE HE OCTaBIISIET
TOKCHYHBIX OCTaTKOB, HE TPEOYET TOPOrOCTOSAIINX pe-
areHTOB M MOXXET IPUMEHSAThCA MHOTOKpaTHO. IIpm
MIPaBIJIHOM JI03MPOBAaHUU OHO OOECTICUNBAET CHHUXKE-
HHe 3200JIeBaEMOCTH JINYMHOK, OBBIIIIEHHE BEDKUBAE-
MOCTH U NIPOJYKTUBHOCTH, a TaKkKe MolyueHue Ooee
KaueCTBEHHBIX KOKOHOB. B coBokymHocTH 3TH (ak-
TOpbl AenatT Y®D-u3nydyeHue NepcrneKTUBHBIM OHO-
TEXHOJIOTHYECKMM HMHCTPYMEHTOM NPO(UIAKTHKH 3a-
OoJieBaHUIl B IIEIKOBOJCTBE, OCOOCHHO aKTyaJIlbHBIM
JUTSL TPOMBIIIUICHHOTO ¥ KPYTJIOTOANYHOTO Pa3BEICHUS
[17].

MATEPHAJIBI U METO/IbI

Becnoit 2023-2025 rr. B HayuHo-uccnenoBarenb-
CKOM HMHCTHTYTE HIeNKOBOACTBa (T. TamkeHT) ObLIH
MIPOBEJCHBI 3KCIEPUMEHTAIBHBIC HCCIIEAOBAHUS II0
MHKYOAIlMM ¥ BBIKOPMKE JIMUMHOK TYTOBOTO LIEJIKO-
npsina (Bombyx mori L.) rubpuzna «Haspy3 3».

B xo/1€ 9KCIepIMEHTOB HCIIOIB30BaIOCH CIEIYI0-
iee 060pyI0BaHKE:

* Oakrtepuraupie Y®-nmamoel (A = 254 um, 90
Br);

* 3JIEKTPOMArHWUTHAas CHCTEMa HOHM3AIMH BO3-
oyxa.

Llenpro mpUMeHEeHUs! JaHHOTO 000pYIOBaHUS SIB-
JsTack 1e3UH(EKIs BO3LyXa U IMOBEPXHOCTEH B MH-
KyOaTopusix ¥ BBIKOPMOYHBIX IIOMELIEHHSX. BBbI-
KOpPMKa OCYIIIECTBIISATIACH B COOTBETCTBUH CO CTAHIAPT-
HBIMM ~ arpOTeXHHYECKUMH  TPeOOBaHUSIMU IS
0eTOKOKOHHBIX TTOpo1 menkonpsiaa (Muxainos, 1983;
JloGanos, 2020).

OKclepUMeHTaIbHAs IUIONIAaIKa BKJIIOYANa TpPHU
MHKYOaIlMOHHO-BBIKOPMOYHBIX ITOMEIICHUSI 00BEMOM
o 60 M> KaXk110€, OCHAIIEHHBIE OAKTEPUIINIHBIMHA JTaM-
rmamMy. MOITHOCTH JJaMI PaCCYUTHIBAJIACH 110 CAHUTAp-
HoiT HopMe — 1 BT ynpTpaduoneToBoro u3nydeHus Ha
1 M3 Boznyxa [18]. Jlammnbl pacriosnarajvuck B IPOTHBO-
TIOJIOKHBIX HAIPABICHUAX ATl 00ecredeHus: paBHO-
MEpHOTO PacIpe/eNieHHs CBETa, a HHTEHCUBHOCTD H3-
Jy94eHUSI KOHTPOINPOBAIACH C TOMOIIBIO JO3UMETPA.

0O0630p HAYYHOU TUTEPATyPhl U COOCTBEHHBIE JaH-
HBIE IOJTBEPXKIAIOT, YTO 3JIEeKTpodusndeckne ¢ak-
TOPHI (ANEKTPUIECKIE 1 MATHUTHBIE TIOJIS, ONTHIECKOE
H3Iy4YeHNe, YIAbTPa3BYK, HCKPOBOM pa3psa U Ap.) OKa-
3bIBAIOT BBHIPRKCHHOE BO3JICHCTBHE HA >KUBBIE KIETKH
[19]. OcHOBHBIM 3QPEKTOM UX JEUCTBUS SIBISETCS aK-
THBALMsI OOMEHHBIX ITPOIIECCOB U CTUMYJISIIUS Pa3BH-
THSL.
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VYisrpaduonerosoe nznyuenue (Y PU) npencras-
JsieT coOOW 3IIEKTPOMArHUTHBIC BOJHBI B JHAIa30HE
100400 aM 1 oapa3aessieTcs Ha:

- Y®-A (315400 am);

— Y®-B (280-315 um);

— Y®-C (200-280 um).

Hambonee BrIpaxxeHHOE OaKTepHUIUIHOE [Eii-
CTBUE OKa3bIBaeT auana3on Y ®-C, npu MakcUMaabHOU
3(h(hHEeKTUBHOCTH HA JUTHHE BOJHBI 253,7-254 HM.

Mexanusm neiictBus Y ®D-00irydeHus: Ha MUKPO-
OpTraHU3MBbI, HaXOASIINECS Ha IOBEPXHOCTH ST IIeJI-
KOTIpsZa, OCHOBAH Ha JABYX OCHOBHBIX IIpoIleccax:

1. ®otoxmmuueckoe moBpexaenue JJHK — mo-
riomeHne (OTOHOB BEI3BIBAET 00pa30BaHNWE THMUHO-
BBIX JIUMEPOB M OJIOKUPOBKY PETUTHKAIMH, YTO IIPHBO-
JUT K THOETH MUKPOOHBIX KJICTOK B TIEPBOM WM TO-
CIICIYIOIINX TIOKOJICHHSX.

2. Jlenartypamusi OelKOB W (EpPMEHTOB — JIO-
KaJbHBIM HarpeB U MEXMOJIEKYISIpHOE TPEHUE B MEM-
OpaHax BBI3BIBAIOT HHAKTUBALINIO (PEPMEHTOB U pa3py-
meHne MeMOpaH.

[TaroreHHbpIe MUKPOOPTaHU3MBI, 00JIaatonue 60-
Jiee BBICOKMM COJIEp’KaHUEM BOJBI B KJIETKaX 110 CPaB-
HEHHMIO C SiIlaMu HIeTKOMNpsia, HOBepraoTcs u3oupa-
TEIEHOMY HarpeBy, YTO IPUBOJNT K MX YHHUTOKCHHUIO.
IIpu 3TOM CTPYKTYpa AUI] OCTAETCS HETOBPEKAEHHOMH,
YTO JeNacT JaHHBIH MeTOo] O€30MacHBIM B SKOJIOTHYe-
CKH{ YUCTBIM.

JIOTIOTHAUTENEHO BO3ICHCTBHE TOCTOSTHHOTO DJIEK-
TPUYECKOTO OIS BBI3BIBACT MOJLIpH3AHI0 (ocdomm-
MUTHOTO OUCIIOS ¥ KI3MEHEHHE MEMOPAHHOTO TIOTCHIIU-
ana (50—70 mB), Hapymas Tpanciopt noHoB K™ u Na*,

YTO NMPHUBOJUT K OJIOKHPOBKE MeTaboIM3Ma B MUKPOO-
HBIX KJIETKaX.

PE3YJIBTATBI U OBCYXXJIEHUE

AHanu3 mMTepaTypHbIX JAHHBIX 110 3JIEKTPODH3H-
YECKUM M JJIEKTPOTEXHOJIOTHYECKUM METOAaM JE3HH-
(exiun OMoIOTHIeCKUX 00BEKTOB, a TAK)Ke COOCTBEH-
HBIC WCCIICIOBAHUS 110 CTHMYJUIIMH LIEIKONPSAa C
MIPUMEHEHHEM IIEKTPO(YUINUECKUX BO3/ICHCTBUI OA-
TBEPKJAIOT HAINYME OOIIMX 3aKOHOMepHocTed. Jlro-
0oe a3nekTpodH3MUECKOE BO3ACHCTBHE — OYIb TO
9JIEKTPUUECKHE U MarHUTHBIE MOJIS, ONTHYECKOE U3JTy-
YeHUE, 3JIEKTPOMAarHUTHBIE BOJHBI, HCKPOBOH paspsiz,
NEKTPUUECKUN TOK WM YIBTPAa3BYK — OKAa3bIBACT
BIIMSHUE HA JKUBBIC KJICTKH, BBI3bIBAS AKTHBAIIHIO ME-
Ta0OIM3Ma, 4TO NMPHUBOJUT K YCKOPEHHUIO Pa3BUTUS U
TIOBBIIICHHUIO XU3HECTIOCOOHOCTH OPraHN3MOB.

B paMkax 5KCIIeprIMEHTOB 110 MHKYOauu ¥ 0XK1B-
aslemocTH stutl tmenkonpsima (Bombyx mori L.) Gbumm
UCTIBITAHbI PA3JIMYHBIE PEKUMBI BO3/ICHCTBUSI OaKTepH-
LUIHBIX YJIBTPaQHONETOBBIX JamIl (A = 254 HM).

DKcnepuMeHTaNbHbIE BApUAHTBI:

I. O6nyyenue B Teuenue 10 MMHYT OOMH pa3 B
CYTKH.

II. O6nyuenne B Teuenue 30 MUHYT ONIUH pa3 B
CYTKH.

III. O6ny4yeHne AByMs JaMIaMu B TedeHue 30 Mu-
HYT OZINH pa3 B CYTKH.

IV. Kontpos (6e3 o0aydaeHus).

Kaxxnpiii Bapuant umen 5 NOBTOPOB, IPHU 3TOM B
KaXJOM NOBTOpe paszMmewtanoch no 100 smu. B xone
9KCIIEPUMEHTA OLICHUBAJIACH OYKHBILSIEMOCTD SIHII IIEJ-
KOIIpsiJia, Pe3yJIbTaThl KOTOPOH NMpHBEACHHBI B TaOnuIe

Tabmumna 1.
[Mpouent oxuBIKX sinn rudpuaa «Haspys 3» (20232025 rr.
Bapuant KomnuectBo nukyOu- | KommuecTBO 0XHB- KomugectBo He- IIpouent Pd
PYEMBIX SIHIL, IIT. KX S, IT. O’KMBIIHX UL, IIT. O’KHMBJICHUS,
X +SD X +SD %
X £SD

| 100 95.0+1.3 5.0+0.9 95.0 +0.93 0.884
I 100 97.0+1.0 3.0+£0.93 97.0 +0.93 0.825
I 100 99.0+1.3 1.0+0.9 99.0+0.9 0.806

IV (xon- 100 95.0+0.9 5.0+£0.93 95.0+0.9 —

TPOJIB)

HpuMeanue: ﬂaHHBIe MPUBCJICHBI B CPCAHEM I10 IIATU IIOBTOPHOCTAM

Pe3ynbTaThl 1OKa3aay, YTO B OMBITHBIX TPYIIIaX
MIPOLIEHT OXKUBJICHUS SIUT] ObLT BEIIIE, YeM B KOHTPOJIb-
HOH (95,0 %). IIpu 10-MuUHYTHOM OOJIydeHHH YPOBEHb
oxxuBneHus goctur 99,0 % (+4,0%), Torna kak npu 30-
MHUHYTHOM BO3JCHCTBHH TaK)Xe HAOJIOMAIOCH yIyd-
IIeHne ToKa3aTeneid, XoTs 3¢ ekt BeipaxkeH cnabee. B
TPEThEM BapHaHTE IKCIIEPHUMEHTA — TP HCIOJIh30Ba-
HUH JIBYX JIamIl B TedeHre 30 MUHYT — MPOICHT 0)KUB-
JIeHUs cocTaBmi 95,5 %, 4T0 OBLIO COMOCTABUMO C KOH-
TposieM. AHAJIOTUYHBIC PEe3yIbTaThl OBUIM ITOYyYCHBI
panee (Pockun, 1972; Muxaiinos, 1983), rne ormeua-

JOCh, YTO yYMEpEHHble 11036l Y D-M3IydeHHs IOBEI-
[IAlOT YPOBEHb OXKMBIISIEMOCTH M JKU3HECTIOCOOHOCTH
JIMYHHOK.

[Tpu BBIKOpPMKE JIMYMHOK B TOMELICHUSX, TIe
HIPUMEHSIIOCH YIbTpaduoneToBoe 00IydeHre, Ha KakK-
JIOM 3Tare JUHBKU MPOBOAWICS CTPOTHHA KOHTPONb 3a
OTCYTCTBHEM 3abosieBaHnii. Kpome Toro, HaumHas c
TPETHEro BO3pacTa M JJ0 Havyaia 00pa30BaHMsl KOKOHOB
Ha ISTOM, NPOBOJWJIOCH B3BEIIMBAHUE JHYMHOK —
cirydaiiHO oTOHMpany 1o 50 5K3eMIULIPOB Ul onpejie-
JeHUsI uX o01Iel Macchl (CM. Tabmuiy 2).
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Tabmua 2.
Cpennsist Mmacca mnanHOK TuOpuaa «Haspys 3» Ha II1-V Bo3pactax (20232025 rr.)
Bapuant |I'ox|Macca 50 nuun- | Macca 1 imm- | Macca 50 nmuam- | Macca 1 mu- |Macca 50 nmuau-| Macca 1 -
Hok Il Bo3pacra,| 4MHKH, T HOk IV BO3- YUHKW, T |HOK V BO3pacTta,| YHHKH, T
r pacra, T r
| 2023 4.20 0.084 16.94 0.339 80.02 1.60
2024 3.92 0.078 16.62 0.332 78.30 1.57
2025 4.10 0.082 16.80 0.336 79.16 1.58
Cpennee 4.07 £0.082 0.081 + 16.79 = 0.093 0.336 + 79.16 £ 0.497 |1.583 £0.003
0.002 0.002
Pd 0.833 — 0.106 — 0.006 —
I 2023 4.21 0.084 17.55 0.351 80.15 1.60
2024 4.09 0.082 16.78 0.336 78.47 1.57
2025 4.19 0.084 17.10 0.342 79.95 1.59
Cpennee 4.16 £0.037 0.083 + 17.14 £0.223 0.343 + 79.52 +£0.530 |1.590 £ 0.009
0.001 0.006
Pd 0.196 — 0.045 — 0.005 —
Il 2023 4.30 0.086 17.95 0.359 80.67 1.61
2024 4.18 0.084 16.98 0.340 78.97 1.58
2025 4.28 0.086 17.45 0.349 80.15 1.60
Cpennee 4.25+0.037 0.085 + 17.46 +£0.280 0.349 + 79.93 £0.503 |1.600 £ 0.009
0.001 0.006
Pd 0.030 — 0.025 — 0.004 —
IV (xon- [2023 411 0.082 16.23 0.325 72.30 1.45
TPOJIb)
2024 4.05 0.080 15.10 0.302 68.70 1.37
2025 4.12 0.082 16.12 0.322 70.20 1.40
Cpennee 4.09 £0.022 0.082 + 15.82 +0.360 0.316 + 70.40 = 1.044 (1.408 £ 0.008
0.001 0.007

Ilpumeuanue: JlanHbIC IPUBEICHBI KaK CpeIHEE 3HAUCHHE + CTaHAAPTHOE OTKJIOHEHHe (n = 3 roza).

3HAYUTEIIbHBIC Pa3IHYUs ObUIN BBISIBIICHBI HA CTa-
U TTOTO Bo3pacra: obmias macca 50 THYMHOK B
ombITHEIX BapuaHTax (I-III) cocraBmsma ot 79,87 mo
79,92 1, Torna kak B kKoHTpose (BapuaHT V) — 70,40
r. DTO COOTBETCTBYET YBEIUUEHHUIO MPUMEPHO Ha 13,5
%, 9TO SIBISETCS CYHNICCTBEHHBIM IIOKa3aTeJeM s
MPOAYKTUBHOCTH IIeTKoBOACTBa. CpeqHss Macca of-
HOW MuuHKU Bo3pocna ¢ 1,42 r B koHTpose 10 1,59—
1,60 r B OIIBITHBIX BapHaHTaX, TO €CTh MPUPOCT COCTA-
Bui 0,17-0,18 r Ha 0c00b. XOTS 3TH pa3nu4us MOTYT
MOKa3aThCsl HE3HAUUTEIBLHBIMHY, NIPH MepecuéTe Ha Mo-
MyJSIIUOHHBIN YPOBCHb OHU HPUBOIAT K 3aMETHOMY

YBEJIMUEHUIO BBIXOJa KOKOHOB U TIPOM3BOJCTBA
IIEJKa-ChIPIIA.

Ha ocHoBe naHHBIX TaOmuipl OblIa COCTAaBIECHA
THCTOTPaMMa, OTPAXKAIOIIAsi CPETHIOI0 Maccy T'yCeHHI]
wesnkonpsiaa [1I-V Bo3pacra ¢ HanTyymIMMHU oKas3are-
asiMu. Ha pucynke 1 4€Tko BHAHO pasnuyue MExmy
OIIBITHBIMA M KOHTPOJBbHBIM Bapuantamu. CoryiacHO
JUTEPaTypPHBIM JTaHHBIM, Macca JMYUHOK TECHO KOppe-
JUPYeT ¢ MacCOW KOKOHA M BBIXOJIOM IIEJIIKOBOH 000-
nouku [3,7].
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Hamm pe3ynpTaThl MOATBEpAMIN JaHHYIO B3au-
MOCBSI3b: YJIBTPa(HOIETOBOE OOJIydYeHHE HE TOJIBKO
obecreynBano JAe3UHPEKIUI0 MMOMEIICHUH, CHHXKAs
MHUKPOOHYIO HarpysKy, HO M IOBBIIIAJIO HPOITYKTHB-
HOCTh NTHYMHOK. OTMEUEHHOE YyBEIMUYCHUE OHMOMACCHI
Ha MO3IQHHMX BO3pacTaxX YKa3blBaeT Ha TO, 4yro Y-
00paboTKa, BEPOATHO, OKA3BIBACT IOJIOKHUTEIHHOE
BIHSHUE HA () (HEKTUBHOCTH MeTabOIM3Ma U YCBOCHHUE
KOpMa, 9TO, B CBOIO OYepellb, CIIOCOOCTBYET (hOPMHPO-
BaHMIO O0Jiee TSHKEIBIX U KAYECTBEHHBIX KOKOHOB.

ITonydeHnHble pe3yabTaThl MOAYEPKUBAIOT JBOM-
HYIO POJib yJIbTPadHOIETOBOrO OOIyUeHHs: C OIHOM

CTOPOHBI, OHO BBICTYIIaeT KaK MNPOQHIaKTHYECKas
Mepa, CHIDKAIOIIas ypOBEeHb 3a00J1eBa€MOCTH, a C ApY-
roil — Kak CTUMYJISITOP pocTa, CIoCOOCTBYFOLIUMN 10~
BEIIIICHUIO IPOTyKTUBHOCTH. Takoe coueranue 3¢ dek-
TOB fenaeT Y @-TeXHOIOTHH LIEHHBIM U 3KOJIOTHYECKN
0e30MacHBIM DJIEMEHTOM COBPEMEHHOW CHCTEMBI IIeJ-
KOBOJICTBA.

B X0/ 9KCIIepUMEHTOB ONpPEICIsIINCh OHOJIOTH-
YecKHe MOKA3aTelH, BKIF0Yas BEDKHBAEMOCTh IICIKO-
NpsiZia, YPOBEHb 3a00JIEBAEMOCTH U IPOIOJDKUTENb-
HOCTbh JJUUMHOYHOU CTAANH. DTH JAHHBIC IPUBEICHBI B
Tabmuue 3.

Tabmnuua 3.
Buonornueckue mokasaresu JnunHOK rudpuaa «Haspys 3» (20232025 rr.)
Bapu- | [Ipogo/mkuTeIbHOCTD IUYK- | 3a00J1€BaEMOCTh, Pd JKusnecrnocoOHOCTH, Pd
aHT HOYHOU CTa/iuH, CyT. % %
X +SD X +SD
I 27 2.10+1.30 0.294 86.5+5.78 0.151
1 27 1.10 £ 0.67 0.679 89.6 +1.23 0.591
Il 26 1.06 + 0.69 0.679 90.1 £1.36 0.673
v 27 3.10+0.97 — 84.3 £3.53 —
(xoH-
TPOJIB)

HpuMeanue: I[aHHBIe MpeACTaBJICHbI KaK CPECAHUC 3HAYCHU A + CTaHAAPTHOC OTKJIIOHCHUEC (l’l = 5)
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ITocne Y®-06myueHus: BBKUBAEMOCTh JTHUYUHOK
noBsIcuiach A0 86,5-90,1 % mo cpaBHenuto ¢ 84,3 %
B KOHTpOJIC, YTO COOTBETCTBYET IpHUpOCTy Ha 2,2-5,8
%. Cpenu Bcex BapHaHTOB HAWIIydlIMe PE3yJbTaThl
mokaszan TpeTwii BapwaHT (0OaydeHue aByms Y®-
nmamriaMu B TedeHne 30 MUHYT), T/ie YPOBEHb BBDKHBA-
emoctH goctur 90,1 %.

AHanorndHasi TSHICHIUA Ha0IIr0qanach 1 1o Io-
Ka3aTelo 3a001eBaeMOCTH: B KOHTPOJIBHOH TpyIITie OH
cocraBisin 3,1 %, Torga Kak B OMNBITHBIX BapHaHTax
camsmiics o 1,06-2,1 %. MuHuManbHOE 3HAYeHUE
(1,06 %) BHOBB 3a()MKCUPOBAHO B TPETHEM BapHaHTE,
9TO MOATBEPHKIAeT BBICOKYIO 3((eKTHBHOCTH ABOI-
HOTO 00JTydeHHus. ITO yKa3bIBaeT Ha TO, YTO OoJiee HH-
TEHCUBHOE Bo3JieicTBUE Y D-U3I1ydeHUs], IPU YCIOBUH

CTPOTOro KOHTPOJIS O3kl o0ecrieunBaeT Ooliee BbIpa-
JKEHHBbII OakTepuuuaHblii 3ddext 0e3 orpunaressb-
HOT'O BIIMSIHUSI HA 3/I0POBBE JINYUHOK.

BakHO OTMETHTB, YTO MPOJOJIKUTENBHOCTD JIU-
YUHOYHOM CTaJUM OCTaBajgach CTaOWIbHON — 26-27
CYTOK BO BCEX BapHaHTaX, BKJIIOYas IBOIHOE 0Oiyde-
HHE. DTO 03HAYAET, YTO HECMOTPS Ha YIIydIICHHE BbI-
KHMBAEMOCTH U (PU3HOJIOTHIECKOTO COCTOSHHS, TEMIIBI
pa3BUTHS HE U3MEHMWINCH, YTO KpaifHe BaXKHO: J1I000€
yIUIMHEHUE IUKJIA YBEIMYMBACT 3aTPaThl HA KOPM H
PHCKH TIPH COZIECPIKAHUU.

IToxa3arenu ImpoXyKTHUBHOCTU KOKOHOB (B Cpea-
HEM II0 5 TOBTOPHOCTSAM) ITPUBEJICHBI B Ta0uuIle 4 1 Ha
pHucyHKe 3.

Tabnuma 4.
TexHosOTrHYEeCKHE ITOKA3aTeIN KOKOHOB
BapuanTt Macca 1 ko- Cpennsist Macca menkoBoit | Cpennsis macca, | Illenxonoc- | Cpennss, %
KOHAa, T’ macca, T 000JI0YKH, T r HOCTb X+SD
X +SD X +SD KOKOHOB, %
g o} ¢ 3 @ 3
| 1.6 1.5 1.54 +0.03 0.350 0.353 0.352+0.007 | 218 | 229 | 229+4+0.2
I 1.6 1.5 1.55+0.04 0.349 0.344 0.346+0.010 | 219 | 231 | 223+0.1
Il 1.7 1.5 1.60 £+ 0.01 0.379 0.352 0.365+0.005 | 223 | 233 | 22.84+0.2
IV (xon- 1.5 1.4 1.50 £ 0.05 0.307 0.301 0.304+0.006 | 20.7 | 21.1 | 20.3+0.1
TPOJIb)

HpuMeanue: I[aHHBIe MpeACTaBJICHbI KaK CPECAHUC 3HAYCHU A + CTaHAAPTHOC OTKJIIOHCHUC (1’1 = 5)

JlaHHBIE TIO TIPOXYKTHBHOCTH KOKOHOB (B Cpen-
HEM [0 TISITH TMOBTOPHOCTSAM) JE€MOHCTPHPYIOT YCTOH-
YUBOE IPEMMYILIECTBO IpymIH, MHoxaseprmmuxcsa Y-
00JTy4eHHIo, 0 CPAaBHEHMIO C KOHTpoJieM. Macca Kak
KOKOHA, TaK M IIEJIKOBOM 00O0J0YKM Obljga BBIIIE B

OIIBITHBIX BapHaHTaX, YTO YKa3bIBACT HA YJIIYUIICHUEC
YCBOCHUA MUTATCIBbHBIX BEHICCTB M IMOBBIIICHUE KNU3-
HEHHOM AaKTHUBHOCTH JIUYMHOK npu COACPKAaHUHU B
00e33apakeHHON 1 OMOCTUMYIHUPOBAHHOM Cpelie.
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Pucynok 3. Texnonocuueckue nokazamenu KOKOHO8

[[IenxoHOCHOCTH (OIS IIesIKa B KOKOHE) JOCTH-
rana 22,4-22,9% B BapuanTtax ¢ Y ®-o0inydeHueM npo-
TuB 20,3 % B KOHTpPOJIE, YTO CBUJIETENBLCTBYET O SIBHOM
MOBBIIICHUH BBIXOJa IesKka-celpia. HecMoTps Ha To,
9TO pa3Nu4usg IO OTAEIbHBIM IOKa3aTeIs M COCTaB-
mstot Beero 0,1-0,5 % oTtHOcuTensHO apyrux Yd-
rpynn 4 1,5-2,6 % 1o cpaBHEHHIO C KOHTPOIEM, IIpU
TIEPEBOJIC ATHX JaHHBIX B MPOMBIIIICHHBIC MACIITa0bI
OHH TPHOOPETAIOT CTATHCTUYECKYI0 M SKOHOMHYE-
CKYIO 3HAYNMOCTb.

Oco0oe BHIMaHUE cleayeT yAeIuTh BapuaHty [II
(30-munyTHOE OONMydYeHHE ABYMs jamiamu). B aTom
pexrMe ObUTH IOCTUTHYThI HANOOJIbIIasi Macca KOKOHA
(1,60 r), macca menxoBoit o6orouxu (0,365 r) n max-
CHUMaNbHbII K03 dunmeHT menkoHocHoctu (22,9 %).
OTH TOKa3aTenu MPEeBOCXOAAT KaK KOHTPOJb, TaK H
JIpyTHE BapUaHTHL, YTO TOATBEPKAACT: IPOIOIKH-
TeNbHOE, HO cOanmaHcupoBaHHOe Y D-Bo3neicTBrE co-
3[1acT ONTUMAIILHBIC CAHUTAPHBIC U (PU3UOJIOTHUCCKHUE
YCIIOBHSA JJIs1 PA3BUTHUS MICIKOTPSA.

[omyuyeHHBIE PE3yNBTATHI COTIACYIOTCS C JaH-
HBIMHU KaK MEXTyHAPOIHBIX, TaK H OTCUYSCTBCHHBIX HC-
cnenoBanuil. Tak, [20] mokazanu, uto YD-o0myueHue
MOBBIIIACT UMMYHHTET HacekoMmbix, a [21,22] c000-
i 00 3¢ QeKTUBHOCTH MeToMa IS WHAKTHBALIUU
MaTOT€HOB 0€3 NMPUMEHEHUS XUMHYECKHX PEearcHTOB.
Knaccuueckue paboter Muxaiinosa (1983) u Pockuna
(1972) Takxke TOATBEPKIAIOT, YTO HCIOJb30BaHUE
OaKTepUIMAHBIX JaMI CHHXAET 3a00JIeBa€MOCTb U I10-
BBIIIA€T BBDKMBAEMOCTh JIMUMHOK LIeNKomnpsiaa. [23]
BeLIEISIOT Y O-nesuHdeximro kak 3G hekTuBHOE cpe-
CTBO CHW)KEHHS MUKPOOHOH Harpy3KH B IIEIIKOBOJYE-
CKUX MOMEIIEHUSIX.

Crnemyer Takke OTMETHTh, dYro 1pu Y-
00JydeHNH MPOUCXOTUT 00pa3oBaHue 030Ha, obOmana-
IOIETO JIOTIOMHUTEIBHBIM Je3UHPUITUPYIONTIM  d(-
tdextom [24,25]. OmgHako H30BITOYHOE HAKOIUICHHUE
030HA MOXKET OKa3hIBaTh HETaTMBHOE BO3ACUCTBUE Ha

JIMYMHOK M 00CITyXHUBarOIIHii nepconan. [lostomy mo-
clle ceaHca 00TyueHHs] PeKOMEH Iy eTCsl KpaTKOBPEMEH-
Hoe npoBeTpuBanue (5—10 MUHYT) AN MOANEpKAHUSA
0e30MacHbIX CAaHUTAPHBIX ycaoBuit [26,27].

BbIBO/IbI

Pe3ynpTaThl 5KCIEPIMEHTOB MTOKA3aJIH, YTO B TIO-
MEIIEHUAX I BBIKOPMKH, TJI€ TIPUMEHIIOCH YIbTpa-
¢uoneroBoe 00IydeHHe, He HAOII0IAIOCh CITy4aeB 3a-
OosieBaHMH, 3aI€PIKKU PA3BUTHS WIIK MacCOBOH THOEITH
JUIUHOK. PUCK MUKPOOHOTO 3apa’keHHUs M3 KOPMOBOMH
WIN BHEIIHEH cpelpl ObUT 3HAYUTEIHHO CHIDKCH.
Kpome Toro, HoBBICHIIMCH KU3HECIIOCOOHOCTh M Macca
JIMYUHOK, YTO MPHUBEJIO K YBEJIMUYEHHIO YPOXKasi KOKO-
HOB M YJIYYLICHHIO UX KauecTBa.

Takum o00pa3oM, NPOBEAEHHBIE HCCIIEIOBAHUS
MOJITBEPKIIAIOT, UTO YIbTpaHOIETOBOE OO0JIydeHUE,
0COOCHHO TIPH peXXMMe IBYX JaMn B Tedenue 30 mu-
HYT, sBJIeTCs 3P )EeKTHBHBIM, 3KOJIOTHIECKH Oe3omac-
HBIM M HKOHOMHYECKH OOOCHOBAHHBIM arpo3JIEKTPO-
TEXHOJIOTHYECKHM METOJIOM ISl TPOPHUIAKTHKH 3a00-
JeBaHWH W  TIOBBIEHHWS  IPOXYKTUBHOCTH B
IIETKOBOJICTBE.
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This paper analyzes data on women's participation in politics and violence against women in Tijuana and
Mexicali, as well as contextual elements from Baja California. Tijuana and Mexicali are used as case studies. The
paper hypothesizes that "even though women have held elected office, this has not had an impact on reducing
indicators of violence against women." It also broadly reviews the institutional policies implemented to reduce the
gender gap through women's participation in public decision-making. While, in political terms from a democratic
perspective, we can infer that this is considered an element for the consolidation of this model, in pragmatic terms
for society, it has not been reflected in facts that can be demonstrated by concrete data.

Keywords: Democracy, women's political participation, reduction of violence against women.

Introdution

The fight for gender equality has been a rocky road
with great challenges, of which it can be said that from
the emergence of peaceful and non-peaceful demon-
strations by women to make their voices heard, in the
old world of the last century, they were the turning
point that gave rise to a period of social recognition of
women in decision-making regarding who might be
suitable to govern, of which we must not forget that
even in some places considered liberal democracies
they did not have the right to property or employment
in the last century.

The greatest leaps forward came when women
gained the right to participate in elections, but only with
the right to vote, not to be elected, as that prerogative
was reserved solely for the male gender. Even during
this period, in some countries with totalitarian tenden-
cies, if someone was caught engaging in any practice
contrary to traditional reproduction, it was considered a
serious crime and consequently severely punished.
Therefore, there was little chance that women would
ever have the rights that are basic in many countries to-
day, much less be considered eligible for political of-
fice, which may have seemed incongruous and absurd
at the time.

The construction of the new American world, em-
phasized the need to consider the role of women in po-
litical processes, but before political rights were ex-
pected civil rights would be a reality where private
property was the main need for the citizen and a utopia
for women in the 19th century and early 20th century
[given that most countries] did not have the legal right
to property, even in parliamentary governments.

Currently, the scenarios for women have changed
for the benefit of this gender, however, that does not
mean that the ideals of equity that are sought have been
achieved, but the great strides have represented great
challenges in the design and implementation of poli-
cies, since parallel to these achievements, there is still
an extremely important element and that is the cultural
aspect, which, like the "Deep State", is so rooted in so-
cial groups that a radical change will not be possible

when dictating and implementing a social policy for
gender equity, but under the incrementalist scheme, the
structures will have to be changed step by step with the
objective of achieving balances that allow the full de-
velopment of all genders, if it is in the interest of said
governments and societies.

Thus, while this paper aims to explain the 21st-
century phenomenon of the impact of elected women in
decision-making positions, it uses a comparative case
study between the cities of Tijuana and Mexicali.
Therefore, it hypothesizes that "even though women
have held elected office, this has not had an impact on
the reduction of indicators of violence against women."
In other words, having more women in the public ad-
ministration system does not imply that conditions for
women are improving, and that these changes are re-
flected in positive changes reflected in terms of impact.
While this is considered a somewhat pessimistic sce-
nario, the truth is that, in order to give these new women
a vote of confidence, we must remember that they ar-
rived in an administrative system designed by men. On
the other hand, it is recognized that there is pressure
from the international context to position women in
elected office, a phenomenon that responds to the
United Nations resolution of 2011, which specifically
states the following: "Women continue to be largely
marginalized from the political sphere throughout the
world, often as a result of discriminatory laws, prac-
tices, attitudes and gender stereotypes, low levels of ed-
ucation, lack of access to health care services, and be-
cause poverty affects them disproportionately.”

While some United Nations member countries
have decades of experience with women in politics, for
the vast majority, it is still part of the pending agenda.
For Mexico, it has also been a complicated task; how-
ever, it is now evident that the role of women in politics
is increasingly active and they are increasingly present
in impactful decision-making.

Basic Ideas about Democracy

The concept of democracy has been considered
one of the most important for the construction of the
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Liberal State; however, this has not meant that democ-
racy is the same for all nation-states in the world, espe-
cially for those that have not adopted any type of dem-
ocratic trait. However, in the strictest sense, a democ-
racy is a regime where structures have been designed
so that all those who wish to participate within the sys-
tem can participate, giving the opportunity for this par-
ticipation to be a choice and not an imposition
(Morlino, 1995).

It is for this reason that the quality of democracy
is currently being debated, which has been measured
solely through quantitative electoral aspects, that is, a
democratic system is of quality if the greatest possible
number of voters participated in an electoral process x
(Morlino, 2005). However, our opinion differs with re-
gard to the idea of quality, since if an element of quality
is going to be attributed to something like "democracy",
this analysis should be accompanied by other elements
that have no relation to the size of the electorate and its
participation in the elections, but rather with deontolog-
ical reasons, about the expectations that a democratic
model must meet. Therefore we suggest thinking that
to decide if a regime is democratic with quality it
should be covered by good results in the quality of life
indicators and not be distracted by merely political is-
sues, it is not denied that it may be a reason for a polit-
ical issue to potentiate a scenario at a certain given time,
but why deceive ourselves intellectually if we know
that democracy is not good for eating, that is, Why
should we give our trust to a person who does not know
us to make decisions about our lives and define rules
for our lives as citizens and non-citizens? Another nec-
essary question is if this person is not looking for our
good in community why should we trust them? These
are the questions that should be asked when questioning
about the quality of democracy, For what reason? Alt-
hough the individual of the twentieth and twenty-first
centuries has not had much opportunity to generate
great changes in the systems, they have been born,
grown and have adapted to the different systems previ-
ously established and designed by past generations,
however the approach is that democracy remains the
same, but we must advance in expectations For democ-
racy, knowing how many people voted in an election
won't help us feed our families. What will be useful is
for those who are elected to govern who meet expecta-
tions by creating the socioeconomic conditions for a

better life. One of the best arguments for not transition-
ing to authoritarian regimes is that democracy would
lead a better life. In this sense, we mean that individuals
must have the opportunity to develop under equal con-
ditions, and that these conditions cannot be temporary
for political reasons, but must be part of the institutional
model, which includes a gender perspective.

Therefore, our methodology considers security as
one of the indicators of quality of life. This study spe-
cifically analyzes the gender-based violence index. It is
hypothesized that increased female participation in
elected office is not necessarily reflected in a decrease
in indicators of violence against women. Data from Ti-
juana and Mexicali are used as case studies: the former
because it is a secondary city in the state of Baja Cali-
fornia, with the geographic implications of this status,
and the latter because it is the state's capital. Another
common characteristic is that both cities are border cit-
ies. Finally, inferences are drawn about their relation-
ship with the violence indicators.

The first step is to understand the contextual as-
pects for Baja California, which is why the main data
for the state and for each of the two cities, Tijuana and
Mexicali, are presented below.

Socioeconomic contextual aspects in Baja Cali-
fornia: Emphasis on Tijuana and Mexicali

One of the widespread beliefs in Mexico is that the
northern region is believed to have better conditions in
all aspects of the population's socioeconomic life. Alt-
hough, in terms of job opportunities along the Baja Cal-
ifornia border, there are many employment opportuni-
ties in the maquila and service industries, there are still
gaps in the supply of good opportunities and also ine-
quality of opportunity for men and women. According
to data obtained by the National Institute of Statistics,
Geography, and Information in 2020, there were
3,769,020 people residing in Baja California, 49.6%
women and 50.4% men. The median age in the state is
30 years. Of every 100 pesos contributed to the Baja
California economy, 60.92 are from tertiary activities,
36.02 from secondary activities, and 3.06 from primary
activities. Although the percentage of men in Baja Cal-
ifornia is higher than the total population, this section
will examine the extent to which women have partici-
pated in activities related to the community's economic,
political, and social development.

Table 1

Comparison by gender of five-year labor contribution.

En-  Five- 2005

tity  year

fed-  age Total Men Women Total
eral group

Baja

Cali- Total

for-

nia

Prepared by the authors using data from INEGI.

In Tijuana, the population according to INEGI
data in 2020 was 1,922,523 inhabitants, while in Mex-
icali it was 1,049,792 inhabitants in the same year. Of

2010 2020

Men Women Total Men Women

2,844,469 1,431,789 1,412,680 3,155,070 1,591,610 1,563,460 3,769,020 1,900,589 1,868,431

these, the population is distributed as follows: 953,783
females and 968,740 males in Tijuana, while in Mexi-
cali the population is 520,544 females and 529,248



104

Slovak international scientific journal # 101, (2025)

males. To date, current President Sheinbaum is consid-
ering conducting a new population census, so the re-
sults are expected in the following months or by 2026.

Regarding economic activity, Tijuana, being one
of the most important border cities in the world, and
especially in Baja California, is characterized by a
unique dynamism and a high-impact development ca-
pacity. By 2024, it registered exports of $39.952 hillion
USD, with a presence in the medical, automotive, and
transportation sectors, in general across a wide range of
the manufacturing sector. Regarding international
trade, in May of this year 2025, it registered interna-
tional purchases of US$2.944 billion, and international
sales of US$3.246 billion, according to data from the
Mexican Ministry of Economy. Regarding its exports,
the United States was its main destination, registering
US$32.882 billion in 2024, where monitors and projec-
tors that do not incorporate television reception devices
were the main exported product (Ibid.).

Meanwhile, in the city of Mexicali, despite being
the capital, its economic activity is not as agile and dy-
namic as its sister city across the border, Tijuana. Offi-
cial data from the Ministry of Economy of the Mexican
federal government show that for 2024, it registered a
total of US$11.653 billion in exports, with the United

States as the main destination and integrated electronic
circuits as the main product. Meanwhile, imports for
2024 amounted to US$7.579 billion, again with the
United States as the main origin and integrated elec-
tronic circuits as the main product. However, other
products are imported, such as valves, air pumps, elec-
trical wires and cables, plastic items, among others.

One of the advantages of geographic location is
precisely the ability to share products, which allows for
the creation of other types of links such as cultural and
social ones. This has been demonstrated in different
border areas as well as in northern Mexico with the
United States, sharing culture which includes problems
of crime incidence, although this work only addresses
the issue for Tijuana and Mexicali, cities in the federal
entity of Baja California, Mexico.

Some political background in Mexico

In Mexico, the history of women's political partic-
ipation has been documented since Carmen Serdan's
1910 participation during Francisco I. Madero's anti-
reelection campaign. Hermila Galindo was later singled
out in 1918 as one of the key figures who promoted
women's political rights. The following table shows
some of the most relevant data regarding women's po-
litical participation in this country.

Table 2

Background of women's political participation in Mexico.

Hermilia Galindo petitioned the 1916-1917 Constituent Congress to recognize women's
political rights (Law on Equal Treatment and Opportunities between Women and Men

Elvia Carrillo, the first candidate elected to the Yucatan Congress, served only two years

In Yucatan, women were allowed to vote in local and state elections (Law on Equal
Treatment and Opportunities between Women and Men of the State of Mexico, Decree

In San Luis Potosi, a law was passed allowing literate women to participate in the mu-
nicipal elections of 1824 and the state elections of 1824 (Law on Equal Treatment and
Opportunities between Women and Men of the State of Mexico, Decree No. 145, 2010).

The Mexican Women's Front was formed, and the leader of the National Revolutionary
Party called for the formation of the party's Women's Sector. Its first leader was Edel-
mira Rojas, widow of Escudero (Law on Equal Treatment and Opportunities between

Lazaro Cardenas transformed the Women's Sector into a Women's Action Office, de-
pendent on the National Executive Committee. Its first director was Margarita Robles,
with whom she founded the United Front for Women's Rights, which fought for the
right to vote, the expansion of literacy programs, daycare centers, maternity wards, and
hospitals, and brought women into the political struggle. Its leaders included Consuelo
Uranga, Frida Kahlo, Adelina Zendejas, and Maria del Refugio Garcia (Law on Equal
Treatment and Opportunities between Women and Men of the State of Mexico, Decree

In Puebla, Article 33 of the local Electoral Law was amended, recognizing that "men
and women of Puebla are voters and therefore have the right to be registered on the
electoral roll" (Law on Equal Treatment and Opportunities between Women and Men

The Inter-American Women's Committee for Democracy is consolidated (Law on Equal
Treatment and Opportunities between Women and Men of the State of Mexico, Decree

Year Event
1918
of the State of Mexico, Decree No. 145, 2010).
1922-1924
in office (Alejandre Ramirez and Torres Alonso, 2016).
1922-1924
No. 145, 2010).
1924-25
1934
Women and Men of the State of Mexico, Decree No. 145, 2010).
1935
No. 145, 2010).
1936
of the State of Mexico, Decree No. 145, 2010).
1936
No. 145, 2010).
1937

Lazaro Cardenas sends the initiative to reform Article 34 of the Constitution to the Sen-
ate as a first step toward women obtaining citizenship. The initiative failed (Law on




Slovak international scientific journal # 101, (2025) 105

Equal Treatment and Opportunities between Women and Men of the State of Mexico,
Decree No. 145, 2010).

1938 The United Front, founded in 1935, launches an intense campaign to reform Article 4
of the Constitution to recognize women's political rights. The movement finds support
in 21 states, but not in the Congress of the Union (Law on Equal Treatment and Oppor-
tunities between Women and Men of the State of Mexico, Decree No. 145, 2010)

1941 The national women's alliance, which called for women's access to public office, was
highlighted. As a result of this movement, Matilde Rodriguez was appointed head of
department and Palma Guillen was appointed Mexican ambassador to Colombia (Ra-
mos Escandon, 1994).

1946 The Congress of the Union approved the initiative submitted by President Miguel Ale-
man, adding Article 115 to the Constitution to establish that women would participate
in municipal elections on equal terms with men, with the right to vote and be elected.
The reform went into effect on February 12 of the following year (Law on Equal Treat-
ment and Opportunities between Women and Men of the State of Mexico, Decree No.
145, 2010).

1947 Maria del Carmen Marin del Campo became the first female mayor of Aguascalientes
(Law on Equal Treatment and Opportunities between Women and Men of the State of
Mexico, Decree No. 145, 2010).

1953 In an ordinary session of the Chamber of Deputies, Articles 34 and 115, Section I, of
the Political Constitution of the United Mexican States were declared amended to es-
tablish that: "Citizens of the Republic are men and women who, being Mexican, also
meet the following requirements: be at least 18 years of age if married, or 21 if unmar-
ried, and have an honest livelihood" (Law on Equal Treatment and Opportunities be-
tween Women and Men of the State of Mexico, Decree No. 145, 2010).

1953 The right of women to vote and to be voted for is recognized. (Law on Equal Treatment
and Opportunities between Women and Men of the State of Mexico, Decree No. 145,
2010).

1954 Aurora Jiménez de Palacios, First Federal Deputy for District I of the State of Baja

California. (Law on Equal Treatment and Opportunities between Women and Men of
the State of Mexico, Decree No. 145, 2010).

1955 Women go to the polls, for the first time nationwide, to elect federal deputies to the 43rd
Legislature (Law on Equal Treatment and Opportunities between Women and Men of
the State of Mexico, Decree No. 145, 2010).

1958 Macrina Rabadan becomes the first federal deputy from an opposition party—the Pop-
ular Socialist Party—to represent the State of Guerrero in the 44th Legislature (Law on
Equal Treatment and Opportunities between Women and Men of the State of Mexico,
Decree No. 145, 2010).

1967 Alicia Arellano Tapia and Maria Lavalle Urbina became the first two female senators
of the Republic, representing Sonora and Campeche, respectively, in the 46th and 47th
Legislatures. Lavalle Urbina later became President of the Senate (Law on Equal Treat-
ment and Opportunities between Women and Men of the State of Mexico, Decree No.
145, 2010).

1971 The feminist organization Women in Solidarity Action (MAS) is born. This is the first
in a series of feminist groups influenced by American and European feminism after
1966. Since then, feminism has championed the phrase "the personal is political" (Law
on Equal Treatment and Opportunities between Women and Men of the State of Mexico,
Decree No. 145, 2010).

1975 International Women's Day is established by the UN and is celebrated every March 8
(Law on Equal Treatment and Opportunities between Women and Men of the State of
Mexico, Decree No. 145, 2010).

1979 Griselda Alvarez Ponce de Ledn becomes the first female Governor of Mexico for the
State of Colima. (Law on Equal Treatment and Opportunities between Women and Men
of the State of Mexico, Decree No. 145, 2010).

1980 The National Program for the Integration of Women into Development is created, de-
pendent on CONAPO (Law on Equal Treatment and Opportunities between Women
and Men of the State of Mexico, Decree No. 145, 2010).

1985 The National Women's Commission is created, attached to the Ministry of the Interior
(Law on Equal Treatment and Opportunities between Women and Men of the State of
Mexico, Decree No. 145, 2010).

1993, Approval of the gender quota (Article 115 of the Federal Code of Electoral Institutions
and Procedures). (Electoral Institute of the State of Sinaloa, 2007).




Slovak international scientific journal # 101, (2025)

Candidacies for deputies or senators must not exceed 70% for the same gender (Law on
Equal Treatment and Opportunities between Women and Men of the State of Mexico,

Ifigenia Martinez Hernandez becomes the first senator from an opposition party, as part
of the 54th Legislature (Law on Equal Treatment and Opportunities between Women
and Men of the State of Mexico, Decree No. 145, 2010).

Reform to COFIPE requires parties to nominate more women for elected office (Law
on Equal Treatment and Opportunities between Women and Men of the State of Mexico,

Approval of the gender quota (art. 115 of the Federal Code of Electoral Institutions and

The Government of Mexico creates the National Women's Program (Law on Equal
Treatment and Opportunities between Women and Men of the State of Mexico, Decree

Candidacies for deputies or senators should not exceed 70% for the same gender (Rey-

The Mexiquense Women's Institute is created (Law on Equal Treatment and Opportu-
nities between Women and Men of the State of Mexico, Decree No. 145, 2010).

106
1997
Decree No. 145, 2010).
1988
1993
Decree No. 145, 2010).
1993
Procedures).
1996
No. 145, 2010).
1997
noso, D., & D’ Angelo, N, 2006).
2000
En 2002

Political parties must register at least 30% of their candidates for elected office as
women; additionally, on multi-member lists, one woman for every three men (Law on
Equal Treatment and Opportunities between Women and Men of the State of Mexico,
Decree No. 145, 2010).

El 2 de agosto de
2006

The General Law on Equality between Men and Women was published, which aims to
guarantee equal opportunities and treatment between men and women (Law on Equal
Treatment and Opportunities between Women and Men of the State of Mexico, Decree
No. 145, 2010).

2007

The General Law on Women's Access to a Life Free from Violence (Law on Equal
Treatment and Opportunities between Women and Men of the State of Mexico, Decree
No. 145, 2010) was enacted.

2019

A series of constitutional reforms were approved to achieve parity in all three branches
and levels of government, as well as autonomous bodies (Law on Equal Treatment and
Opportunities between Women and Men of the State of Mexico, Decree No. 145, 2010).

2020-2021

In the largest electoral process by number of elected positions, women won more than
six governorships, and parity was achieved in the Chamber of Deputies (50/50) and in
almost all local governments (National Electoral Institute, 2022).

Source: Prepared by the authors using third-party information.

Women's participation in Baja California poli-
tics: electoral processes

In Baja California, the State Electoral Institute
(IFE) has existed since 1994, serving as the autono-
mous state body for organizing local elections. The fol-
lowing tables show historical information from the
1995-1998 municipal elections in Tijuana and Mexi-
cali. For the Tijuana data, it is noteworthy that during
the first terms of government, women's participation in
elected office was 30.76%, the same as in Mexicali.
During the 1998-2001 period, women represented
13.33% in Tijuana, while in Mexicali it remained at
30.76%. In the 2001-2004 period, women represented

14.28% and 30.76% in Mexicali. In the following pe-
riod, from 2004-2007, women represented 21.42% in
Tijuana and 23.07% in Mexicali. In the 2007-2010 pe-
riod for both cities it was 30.76%; in the 2010-2013 pe-
riod it was 54.54% for Tijuana and 88.88% for Mexi-
cali; in the 2013-2016 period for Tijuana and Mexicali
it was 41.66%; in the following period from 2016-2019
it was 70% for Tijuana and 88.88% for Mexicali; in the
2019-2021 period it was 88.88% for Tijuana and Mex-
icali, and the same will be true for the 2021-2024 pe-
riod.

Below is a list of women in current public admin-
istrations by municipality of Tijuana and Mexicali.
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Table 3.
Historical distribution of positions by gender in Tijuana
Tijuana Relative majority Representation Total
Proportional

P |S |RlT |[R2 |R3 |[R4 |R5 |R6 |R7 |R8 | M H M H
1995- H|H |H H H M H H H H |3 4 4 13
1998
1998- H|H |H H H H H H H H |2 5 2 15
2001
2001- H|H |H H M M H H H H |0 6 2 14
2004
2004- H|H |H H H M H H H H |2 5 3 14
2007
2007- H|H |H H H M H M H H |2 5 4 13
2010
2010- H|M|H H H H H M H M |3 4 6 11
2013
2013- H|H |H H H M H H M M |2 5 5 12
2016
2016- H | M |H M H M H M H M |2 5 7 10
2019
2019- H | M |H M H M H M H M |3 4 8 9
2021
2021- M| H | M H M H M H M H |3 4 8 9
2024

1 |3 |1 2 2 7 1 4 2 4
Totales 27 | 22 47 49 120
Source: Baja California State Electoral Institute (2021). Where R1, R2, ... R8, mean councilor number one and so
on.

Table 4
History of the distribution of positions by gender in Mexicali
Mexi- Relative majority Representa- Total
cali tion
Proportional

P S R1 R2 R3 R4 R5 R6 R7 R8 | M H M H
1995- H H M H M H H H M H |1 6 4 13
1998
1998- H H H M H H H H H H |3 4 4 13
2001
2001- H H H M H H H H M H |2 5 4 13
2004
2004- H H H H H H H M H H |3 4 4 13
2007
2007- H H M H M H H H H M |1 6 4 13
2010
2010- H H M M H M H H H H |5 2 8 9
2013
2013- H H M H H H M H M H |2 5 5 12
2016
2016- H M H M H M H M H M |3 4 8 9
2019
2019- M | H M H M H M H M H |3 4 8 9
2021
2021- M | H M H M H M H M H |3 4 8 9
2024

2 1 6 4 4 2 3 2 5 2
Totales 31 | 26 44 57 113

Source: Baja California State Electoral Institute (2021). Where R1, R2,

on.

... R8, mean councilor number one and so
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As can be seen, in these municipalities there has
been a clear increase in women's participation in
elected office, which speaks to the importance and rel-
evance attributed to the national policy of gender equal-
ity and political participation. However, it is notable
that, in the initial periods in the city of Mexicali, the
participation rate remained at four women compared to
13 men. Subsequently, with structural changes in Mex-
ico's electoral legislation, the number of representatives
per city council decreased. Although a mandatory quota
for women's participation was increased, gender ine-
quality persisted. A similar situation occurred in Ti-
juana, but they did not achieve the same level of equal-
ity in participation as in the city of Mexicali. In this
sense, it is important to recognize that women's partic-
ipation in elected office has been increasing in both cit-
ies. What we need to know is whether this has had a
positive impact on the reduction of rates of violence
against women in these cities, which is reviewed in the
following sections.

Institutional policies implemented to reduce
the gender gap

The gender issue continues to be one of the issues
within government agendas, so we can find programs
that have been designed and implemented at the na-
tional level with local impact to seek to reduce the gap
between women and men, in such a way that the United
Nations has developed a program to train public policy
makers in gender matters, said program is an interna-
tional cohort and is called "Programs with a gender per-
spective. Training for their development and imple-
mentation”, and is focused on institutions developing
skills that allow the design and implementation of
plans, programs and initiatives to address violence
against women and girls (Spotlight Initiative, 2021),
which has been adopted by different organizations.

Another element to consider is the implementation
of policies aimed at designing public budgets in Mex-
ico, which should be prepared with a gender perspec-
tive. This is intended to ensure that expenditures across
the entire federal public administration achieve equality
between men and women in public spending (UN
Women, 2018).

During the administration of the federal govern-
ment in Mexico under the current President Sheinbaum,
the "Comprehensive Program to Prevent, Address,
Punish, and Eradicate Violence against Women"
(PIPASEVM 2021-2024) was launched. This program
responds to one of the objectives of the National Devel-
opment Plan (PND 2019-2024) of the previous term. It
is coordinated through the Ministry of the Interior, the
Undersecretary of Human Rights, Population, and Mi-
gration, and the National Commission for the Preven-
tion and Eradication of Violence against Women
(CONAVIM), with the goal of eradicating violence
against women.

Another program designed for the same purpose is
the "Support for Women's Institutions in the Federal
Entities" (PAIMEF) and the Support Program for Spe-
cialized Shelters for Women Victims of Gender Vio-
lence, their Daughters and Sons (Milenio, 2025). It is
also worth remembering that the current administration
eliminated women's institutions to create the Secretar-
iat of Women. However, the background on this issue
is the General Law on Women's Access to a Life Free
of Violence, which was approved in 2007 (Ramirez,
2021). In this sense, for more than 10 years, the issue
of eradicating gender violence has been operating with
a different structure and approach. The following sec-
tion analyzes data for Tijuana and Mexicali in relation
to the different types of gender violence experienced in
both border cities.

Indicators of violence against women: Analysis
of Tijuana and Mexicali

Mexicali and Tijuana are cities that belong to the
State of Baja California, one of the 32 entities of the
Mexican Federation. As mentioned in previous para-
graphs, these cities share the northern border with the
United States; however, they have significant differ-
ences in terms of size and level of socioeconomic de-
velopment. However, regarding the issue of violence,
there are similarities due to the increase and decrease in
both cities. The following tables, presented with offi-
cial data from the Secretariat of Citizen Security of the
State of Baja California, compare Tijuana and Mexi-
cali.

Table 5.

Comparison between Mexicali and Tijuana in data on the incidence of domestic violence.

Mexicali Tijuana Percentage difference
Year Domestic violence Domestic violence
2015 2695 5076 88.34%
2016 2322 4540 95.52%
2017 2452 4567 86.25%
2018 3121 4823 54.53%
2019 3443 4910 42.6%

Prepared by the authors using data from INEGI (2021).

Table four shows data on domestic violence cases
handled. Proportionally, there is a difference of more
than 80% between Tijuana and Mexicali. However, as
of September 30, 2025, according to data from the Baja
California State Attorney General's Office, 10,488
cases of domestic violence were reported throughout

the state, of which 3,121 were in Tijuana and 4,185 in
the city of Mexicali. Proportionally, this means that
there is more domestic violence in the city of Mexicali,
representing 0.40% of the total, while in Tijuana it is
0.17%.
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Table 6.
Comparison of Mexicali and Tijuana in data on the incidence of Sexual Abuse.
Mexicali Tijuana Percentage difference
Year Sexual abuse Sexual abuse

2015 278 609 119.06

2016 289 586 102.76

2017 263 556 1114

2018 344 607 76.45

2019 385 630 63.63

Prepared by the authors using data from INEGI (2021).

Regarding the crime of sexual abuse, as can be
seen, there is a significant difference between the two
cities, and contrary to expectations, the rate has not de-

creased but has remained slightly on the rise. As of Sep-
tember 30, 2025, 1,169 cases were recorded throughout
the state of Baja California.

Table 7.

Comparison of Mexicali and Tijuana in data on the incidence of Femicide.

Mexicali Tijuana Percentage difference
Year Femicide Femicide
2015 3 4 33.33%
2016 2 6 200%
2017 2 5 150%
2018 6 11 83.33%
2019 5 13 160%

Prepared by the authors using data from INEGI (2021).

Regarding the crime of femicide, as can be seen,
the data more than doubled in the city of Tijuana be-
tween 2015 and 2019, and the same occurred in Mexi-
cali between 2015 and 2018. According to the latest re-

Com

port from the Attorney General's Office as of Septem-
ber 30, 2025, 33 cases of femicide were recorded across
the state, which proportionally represents 21.22 in each
municipality.

Table 8.

arison of Mexicali and Tijuana in data on other sexual crimes.

Mexicali

Tijuana

Percentage difference

Other crimes that violate

Other crimes that violate

Year sexual freedom and secu- | sexual freedom and secu-
rity rity
2015 71 177 149.29%
2016 86 127 47.67%
2017 74 146 97.29%
2018 70 149 112.85%
2019 80 139 73.75%

Prepared by the authors using data from INEGI (2021).

Due to the diversity of the problem, classifications
of other crimes that violate sexual freedom and security
are used, which include various types of sexual assault
not classified under the main violation, such as sexual
abuse, sexual harassment, statutory rape, and corrup-
tion of minors (CPEB, 1989). From these data it can be
observed that only in 2016 there was a significant de-
crease, while in 2015, 2017, and 2018 the data were
very high and proportionally the city of Tijuana dou-
bled the numbers. This scenario has not improved since
in the last report from August 2025, 1,045 were regis-
tered in the city of Tijuana and 917 in the city of Mex-
icali, this means that from 2015 to 2025 there was a
percentage increase for Tijuana of 490.39%, while for
the city of Mexicali, 1,191.54%.

Conclusions

One of the State's main objectives is to guarantee
the well-being of its population. This reasoning, in prin-
ciple, must be interpreted through deontological con-
siderations that have been cemented in the construction
of the State through the social contract and primarily
during the implementation of government models
based on liberal principles. In this sense, the State gen-
erally acquired more regulatory obligations, which
means that, although it yielded to private participation
in the economy, this had a domino effect that impacted
the regulation of social life and the government's ad-
ministrative apparatus. Thus, in democratic govern-
ments, de facto powers have played a fundamental role
in seeking balances in relation to the capacity to provide
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services and care for their population. In this work, the
gender issue was explored, with the hypothesis that
even though women have held elected office, this has
not had an impact on the reduction of indicators of vio-
lence against women, taking Tijuana and Mexicali in
Baja California, Mexico, as a case study. Therefore, ac-
cording to official data, it is verified, since two things
could be inferred, first, in the city of Mexicali, there are
more cases of violence against women and also greater
participation of women in elected office, therefore, the
fact that there are women in power does not mean a
positive impact through the reduction of cases of vio-
lence. On the other hand, in the municipality of Tijuana,
fewer cases of women's participation in politics were
recorded, as well as fewer cases of violence against
women. Another fact worth highlighting is that vio-
lence against women is proportionally more prevalent
in the municipality of Mexicali than in Tijuana, even
though Tijuana has almost twice the population of
Mexicali. On the other hand, good practices in social
support programs seeking to mitigate this problem have
been observed; however, the results have been insuffi-
cient, given that both cities have shown a significant in-
crease in violence against women. Therefore, questions
remain about what measures should be implemented to
combat this problem and other cultural and social ac-
tions should be considered.
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