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AHoOTaNis

MeToro JaHOTO AOCIHIKEHHS OyII0 OMIHUTH €EeKTHBHICTh XiMiOTepamii 3 BUKOPHCTaHHAM IIpernapariB Pu-
6aBipuH, O3enbTamiBip uis exiMiHalii Bipycy xBopoOu ckpyuyBanns nucts (Grapevine leafroll associated virus-
3, GLRaV-3) y pocnus Vitisvinifera L. copty «Omecbkuii 4opHHii» Ta BASHAYUTH BILIUB BipyLUIHUX MPEIapaTiB
Ha PO3BHUTOK iHII[labHUX EKCIUTAHTIB, MIKPOKJIOHIB BHHOTPAJy B yMOBaX KyJbTYPH iN Vitro. 3 KyIiB BUHOTpaIy
3 BI3yaJIbHMHU IIPOSIBAMU XBOPOOH CKpPY4yBaHH:I JIUCTs OyJI0 BiIIOpaHO 3pa3KH, SIKi BUKOPUCTAIH JIsl IPOBEICHHS
nabopaTopHoi giarHocTuky MertooM IDA i miaTBepaKeHo 3apakeHHs BuxigHoro Marepiany GLRaV-3. Indiko-
BaHi iHIIlaNbHI eKCIUTAHTH OYJI0 BBEJCHO B KYJIBTYPY iN Vitro Ta migmano ximioreparii mpotsirom 90 aHiB i3 BUKO-
pHCTaHHIM Pi3HUX KOHLEHTpalii npenaparis. [Ticis 3aBepiieHHs Mpoliecy XiMioTeparii OLiHIOBaIH KUTTE3AAT-
HICTPh POCIIHH, MOP(OTEHETHYHI MMOKA3HUKU Ta KoedilieHT enmiMiHamii Bipycy. JoqaTkoBuii KOHTPOIb Ai€BOCTI
MpoIIecy 0370POBJICHHS npoBoamtn Yepe3 180 mHiB.

OTpumaHi pe3yabTaTH MOKa3alli CYTTEB] BIAMIHHOCTI MiXk IIpenapaTaMy 3a piBHEM (iTOTOKCHYHOCTI Ta Bi-
PYUIMAHOI aKTUBHOCTI. PHOaBipyH y KOHIIEHTpamisax 15—25 Mr/n BUSBUB ITiIBUIIEHY TOKCHYHICTH IJIs1 POCIHH, 110
NPOSBUIIOCS B 3HIDKEHHI POCTOBHX TIOKa3HUKIB i HU3bKOMY piBHI eniminanii GLRaV-3 (24,7-30,5%). Ha BigMiny
BiJ HBOTO, O3eNMbTaMiBip XapaKTepU3yBaBCS 3HAYHO KPAIIOK TOJCPAHTHICTIO POCIHH i BUCOKHM KOe(iIllieHTOM
emiminarii — Big 80,0 mo 89,5 % 3anexHo Bix koHieHTparii. HaliBuiry eheKkTHBHICT, OTPUMAHO y BapiaHTax i3
KOMOIHOBaHMM 3aCTOCYBaHHSIM IIpenapariB, Jie piBeHb enimMinanii 0yB y mexax 90,5-92,0% i 3anumaBcs ctabiib-
HUM 4epe3 180 mHiB micis 3aBepiieHHs Ximiorepamnii. OTprMaHi pe3yJbTaTH MOXKYTh OyTH BUKOPHCTaHi y Mpo-
rpaMax 03/I0POBJICHHSI BAHOTPA/IHUX T€HOTHUIIB Ta CTBOPEHHsI O€3BIPYCHOT0 CaJIMBHOTO MaTepiaiy.

Abstract

The aim of this study was to evaluate the effectiveness of chemotherapy using Ribavirin and Oseltamivir for
the elimination of Grapevine leafroll-associated virus-3 (GLRaV-3) in Vitis vinifera L. plants of the ‘Odeskyi
Chornyi’ cultivar, as well as to determine the impact of these virucidal agents on the development of initial explants
and microclones under in vitro culture conditions. Sampleswere collected from grapevine plants exhibiting visual
symptoms of leafroll disease and subjected to EL1SA-based laboratory diagnostics, which confirmed GLRaV -3
infection in theinitial plant material. Theinfected initial explants were introduced into in vitro culture and exposed
to chemotherapy for 90 days using various concentrations of the tested agents. Upon compl etion of chemotherapy,
plant viability, morphogenetic parameters, and virus elimination rates were assessed. Additional verification of
the recovery process was conducted 180 days later.

Theresults revealed substantial differences between the tested agentsin terms of phytotoxicity and virucidal
activity. Ribavirin at concentrations of 15-25 mg/L exhibited increased phytotoxicity, manifested by reduced
growth parametersand low GLRaV -3 elimination rates (24.7-30.5%). I n contrast, Oseltamivir demonstrated mark-
edly higher plant tolerance and a significantly greater elimination rate—ranging from 80.0% to 89.5%, depending
on concentration. The highest efficacy was observed in treatments combining both agents, where virus elimination
reached 90.5-92.0% and remained stable 180 days after chemotherapy. These findings can be applied in programs
aimed at the sanitation of grapevine genotypes and the production of virus-free planting material.

KurouoBi ciioBa: caguBHUI MaTepial, iHIIiabHI ekcIutanTH, Mikpokitonn, GLRaV-3, ximioteparnis, Pubasi-
puH, O3enpTaMiBIp.
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AKTyaabpHicTh JocaimkeHHs. BipycHi xBopoOu
BUHOTPAy MOXYTh BUKIIUKATUCS ITUPOKUM CHEKTPOM
NaTOreHHUX areHTtiB. st KynabTypHHX coptiB Vitis
vinifera L. BcranoBieHO HasBHICTH MOHAT 80 pi3HHX
BipyciB [8, 6]. UacTuHa 3 HMX 0COOJIMBO HeOe3neuHa
4yepe3 BUCOKY IOIIMPEHICTh, BUPAKEHY BIPYJICHTHICTD
Ta TI00aNbHE PO3MOBCIOKCHHS, IO 3yMOBIIOE HE00-
X1HICTh 3aCTOCYBaHHS PETJIAMEHTOBAHHX 3aXOMiB KO-
HTpoIto. 30KkpeMa, Ha piBHI €C HOPpMAaTHUBHI TOKyMe-
HTH TIepen0avaroTh 000B’SI3KOBY MIaTrHOCTHUKY CaJUB-
HOTO Marepiady BHHOTpaxy Ha BIpyC KOPOTKOBY3ISA
sunorpany (GFLV) ta Bipyc mozaiku apaGica (ArMV)
pomy Nepovirus, a Takox Ha Bipyc CKpY4IyBaHHS JIHCTS
BuHorpagy 1 1 3 (GLRaV-1 ta GLRaV-3) pony
Ampelovirus[5, 17].

XBOpOOy BUHOTPAIy, CIPUYMHEHY BIpYCOM CKpY-
yyBaHHs Jucts (GLRaV) BBaxkaroTh ofHielo 3 HaiiHe-
Oe3neunimux. Buayu BipyciB, 1110 ii BUKIUKAIOTh, OC-
JTJOBHO HAa3HMBAIOTh BiPYCOM CKPYYyBaHHS JIHCTS BH-
Horpaxy 1, BipycoM CKpydyBaHHS JIUCTS BUHOTpaxy 2
tompo (GLRaV-1, GLRaV-2, GLRaV-n). Yci Bipycu Ha-
nexatsb 10 poay Ampelovirus, 3a Bunstkom GLRaV-2
ma GLRaV-7, sixi BigHOCATBCS 10 poniB Closterovirus
ta Velarivirus. Iommpenns i€l XBOpoOU MO BCbOMY
CBITY € pPe3yJIbTaTOM TPaHCIIOPTYBaHHS 1H()IKOBAaHOTO
BIpyCOM DOCJIHMHHOTO Martepially Ha perioHalbHOMY,
HalliOHAIbHOMY, KOHTUHEHTAJbHOMY Ta MIKKOHTHHE-
HTaJIbHOMY PIBHSIX, OCKUJIbKH XBOp0O0a NepenaeThes ye-
pes mertenns [13, 4, 14].

Ilepmi o3HaKM XBOPOOHW, 30KpeMa 3arWHAHHSI
KpaiB JINCTKOBHX IUTACTUHOK JIOHU3Y, 3a3BHYai IPOSIB-
JSIFOTHCSI HAa MOYATKy CEPITHS Ta MOCHIIIOIOTHCS 10 Ki-
HIIA BereTarii. Y copTiB i3 TeMHUM 3a0apBICHHSM STi1
1H(EKIS CIPUYNHSE TIepeTdacHe TIOYePBOHIHHS JHCT-
KiB, TIPH I[bOMY 30HA B3/IOBXX T'OJIOBHHX >KHJIOK 3aJIH-
IIAETHCS 3€JICHOI0. Y COPTIB i3 CBITJIMMH SITOJJAMU Yac-
Tillle CIIOCTepiraroTh clnabkuil XJI0po3. [HTeHCHBHICTH
NPOSIBY CUMITOMIB 3aJIEKUTh BiJl TEHOTHITY COPTY, KIIi-
MaTHYHUX yYMOB 1 Tumy 30yaHuka. Jleski cepoTumu
GLRaV MoxyTh BUKJIMKATH PUXOBAaHUH, O€3CHMIITO-
MHHH niepeOir ingekuii. Taki pocnuHu YacTo 3ajiuiia-
I0ThCS 30BHI 3/[0POBUMH, aJle 31aTHI NlepelaBaTH Bipyc
MPY BUKOPHUCTaHHI 1X y merteHHi [13)].

[HdixyBaHHS BipyCOM CKpy4YyBaHHS JTUCTS MPH3-
BOJIUTH JI0 Pi3KOT0 3HM)KEHHS NPOYKTUBHOCTI BHHOT-
pagHHX Haca/DKeHb. Y XBOPHX POCIHH (DOPMYETHCS
JpiOHE 'POHO, STO/IM MOBUIbHIIIE 320apBIIIOIOTHCS, Ma-
IOTh MiBUINEHY KUACIOTHICTh 1 HIKYHI BMICT IyKpiB
[20, 14]. 3a pi3HuMH OLIHKAMH, BTPATH BPOXKAIO CTa-
HoByATh Big 20 10 40 % abo HaBiTh OlnbiIe. 3MEH-
HICHHS [[yKPHCTOCTI TAKOX HEraTUBHO BIUTMBAE HA SK-
iCTh BUHOMATEpialliB: BWHA 3 TaKWUX SATiJ MICTATh
MEHIIE CIHUPTY, TaHiHIB, MalOTh MEHII IHTEHCUBHE 3a-
GapBnieHHs Ta TipiIi cMakoBi xapakrepuctuku [13, 16,
20, 6] . Kpim KinbKiCHHX i SIKICHHX TOKa3HHKIB yPOXKAK0
arin ypakenns: GLRaV-3 cyTTeBo 3MeHIIye oty jam-
CTKOBOI OBEPXHI KyII[iB BHHOTPa/ly, METa0O0JIIuHy aK-
TUBHICTb JINCTKIB, IHTEHCUBHICTh POCTY IIaroHiB, JIOB-
KWHY MDKBY3IIB, BUXiJ CTAaHAAPTHUX YyOyKiB Ta BU3-
piBaHHs 503u. Y 11031 HakomuuyBanocs Ha 40-43 %

MEHIIIEe CYyXHX PEYOBUH, TOPIBHIHO i3 30POBUMH pOC-
nuHamu [19, 16, 20, 6]. A 11e arpo0ioyoTivHI MoKas3-
HUKH POCTY Ta PO3BHUTKY KYILIB BUHOTPAYy, sIKi 3a0€3-
MIeYyIOTh PO3MHOKEHHS BUHOT'PaIHOT JIO3HU Y Pi3Hi CI1o-
cobu.

J11s1 KOHTPOITIO0 XBOPOO BUHOTPay, CHPUUUHEHHX
BipycaMH BHUpiIlaJibHE 3HAYCHHS Ma€ BHUKOPUCTAHHSI
3JI0POBOTO CaJUBHOTO MaTepiaiy. Aie, B OKPEMHX BH-
MmajIkax, KO MOBa Hie mpo 30epexeHHs MiHHOTO Te-
HETHYHOTO MaTepialy BUHOTPaIy, SKUi ypaXeHUH Bi-
PYCOM CKpydYyBaHHS JINCTKIB BHHOTPaIy, HEOOXiTHO
MPOBOIUTH HOTO O310pOoBIeHHA. [l emiMiHAIil
GLRaV-3 pekoMeH1yI0Th BUKOPHCTOBYBATH TEPMOTE-
partito, XiMioTepariro, KyJIbTUBYBaHHS alliKaJIbHUX Me-
pucteM Ta comatnuHuil emOpiorenes. Ilpore, edextn-
BHICTh €JIMIiHAIlIT 3MIHIOETHCS 3aJISKHO BiJ MeToy [7,
18, 2, 1].

AHaui3 JiTepaTypHUX JDKEpeN MOKa3ye, M0 s
03/I0pOBIJICHHS BUHOTpaxy Big xBopodbu GLRaV-3 murs-
XOM TIPOBEJICHHS XiMioTeparii B KyJIbTypi TKaHHUH i Op-
raHiB in Vitro Mo)XHa 3aCTOCOBYBAaTH HU3KY BipyLHA-
HUX TpenapaTiB, 30kpema Pubasipun (Ribavirin), 5-
Azammutuaue (AZA), ATMKIOTYaHO3UH, A3WTOTHMI-
e (AZT), 3-eazaypuaun (DZD), DHPA (aurigpo-
kcinpominaaenin), Oszenpramisip (Oseltamivir), Miko-
¢denonoBy kuciory (MPA), Cenenason (SE), DHT
(2,4-miokco-rekcariapo-1,2,5-tpiasun), IliaHoryawi-
qvH Ta id. [9, 10, 11, 12]. Ane, oJHi npenapatu € HeI0-
CTYIIHUMH B YKpaiHi, iHIII IPOSBIAIOTH BUCOKY TOKCHU-
YHICTB MO0 PO3BUTKY iHIMIANEHUX €KCIUIAHTIB BUHO-
rpagy in vitro abo 3aranoM He BIUIMBAaIOTh Ha
emiMinatiro GLRaV-3. Kpim Toro, 11 K0KHOTO TeHO-
TUIy BUHOTPAAYy CIiJ MOCTYIIOBO MiIOMpaTH SK Bipy-
[UIHI IpeTrapaTy, Tak i po0odi KOHICHTPALIT T XiMi-
oTepartii, OCKUTbKH €(peKTUBHICTh 1 (PITOTOKCHYHICTP
3aJIeXaTh BijJl TEHOTUIY POCIIMHH TOCIIoapsi, TUIY Bi-
pyCy Ta CTaHy eKCIUIAHTY.

ToMy y AaHOMY JOCITIKEHHI OI[IHIOBAJIH 0310PO-
BJICHHSI BUHOTPaJly TEXHIYHOTO copTy «Onecbkuii yop-
HUI» MiJ BIUIMBOM NPOTHBIPYCHUX peareHriB — Pu-
6aBipuny Ta OzenpTamiBipy. [ToniOHUX NOCIHiIKEHD B
VYkpaiHi He TPOBOAMIN, TOMY iX aKTyaJIbHICTb 3aJIHIIA-
€TBCS HA BHCOKOMY piBHI, a poOOTa € CBOEYACHOIO.
Kpim Toro, copT «Onechkuit YOpHUID) € MIHHIM 32 CBO-
iMH TOCHOAAPCHKO-0I0JOTIYHIMH O3HAKAMH, TOMY
HOTO KJIIOHM TOTPEeOYIOTh 0340POBICHHS JUIS MOAAb-
IOr0 30€pEKEHHs Ta BUKOPUCTAHHS Y BUPOOHHIITBI.

Meta fociigKeHHs] — BU3HAYUTH BIUIMB IIperia-
patie PubaBipun Ta O3enpTaMiBip Ha eIiMiHALIO Bi-
pycy ckpyuyBaHHs JucTs BuHorpany (GLRaV-3) ta po-
3BUTOK iHII[IaIbHUX EKCIUIAHTIB, MIKPOKJIOHIB BHHO-
rpaay B KyJbTypi in vitro.

Marepianu Ta meToanKa gociimkenns. Pobora
BUKOHYBaJIach y JlabopaTopil KyJbTypu BUHOTpaay in
Vitro Bijtisy po3caHHUIITBA, PO3MHOXEHHs Ta 6ioTeX-
HoJoTii BUHOTpay HarioHanpHOTro HayKOBOTO LICHTPY
«IHCTHTYT BUHOTpasapcTBa i BUHOpoOCTBa iMeHi B. €.
Taiposa» HAAH Vkpainu npotsarom 2022-2025 pp. ¥
poboTy OyJI0 B35STO MIKPOKJIOHAIbHI POCIWHU TEXHIY-
HOTO cOpTy BUHOTpary «OIECHKII YOPHUID.
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«Onecwkuii yopHui» («Anikaat byme» x «Kabe-
pHe COBIHBHOH») — TEXHIYHUN COPT BUHOTPAIY CEJICK-
uii HHIT «IBiB im. B. €. TaipoBa» cepeaHbOII3HEOTO
CTPOKY IO3piBaHHS, BiTOMHII BUCOKOIO BPOXKAWHICTIO,
CTIMKICTIO TO XBOPOO Ta MOPO3OCTIHKICTIO. 3 ypOXKaro
A1 OTPUMYIOTh HacHUUeHi pyOiHOBI BUHA 3 TOHAMU Ma-
CJIbOHY, BHIIIHI, IIOKOJIAy Ta STif. BUKOPUCTOBYIOTH
JUISL BUTOTOBJICHHS CYXHX, JIECEPTHHX Ta ITPUCTHUX BUH.

VY HoNbOBHX yMOBax LUISIXOM NMPOBEJCHHS Bi3ya-
JIFHOT CEJICKIIil BHHOTpaxy Oyiy BUSBIEHI Ky 3 Bi3y-
QIBHUMH CHUMIITOMaMH XBOPOOM CKpy4YyBaHHS JIUCTS
BUHOTpaAy. 3 JaHUX KyIIiB OyII0 B3ATO BEPXiBKH I1aro-
HIB JUIS1 BBEACHHSA Y KyJbTYpy TKAQHWHH i OpTaHiB in
Vitro, a Takox 3pasku s imeHTH(iKamii 30ymaHHKA
XBOPOOH CKpydyBaHHS JIUCTSI BHHOTPAIy LIIIXOM Jia-
OopaTopHOro TecTyBaHHsS. ImeHTudikauio Bipycy
CKpYy4YyBaHHS JIUCTSI BUHOTPAAy TPOBOJMIN METOIOM
imyHo(pepmenTHoro ananizy (IDA). Jns nporo BUKO-
pHCTOBYBaU KoMepIiiHi Habopu dipmu Agritest (Ita-
mist) po BipyciB  ckpyuyBanHs Jwmcts GLRaV3
(Grapevine Leaf Roll-Associated Virus 3).

[HimianpHI eKCIUTAHTH, SKi BHKOPHUCTOBYBAIU Y
pOOOTi: OTHOBIYKOBI UyOyKH i3 Oi4HOIO OpYHBKOIO,
BEpPXiBKH MAaroHiB (AJs1 BBEJCHHS B KyIbTypy iN Vitro)
Ta cOpMOBaHi MiKPOKIIOHU.

[HimianpHI eKcIUTaHTH (BEpXiBKU ITaroHiB, po3Mi-
pom 0,8-1,0 cm) copry «Omecpkuii YopHUiD» in Vitro
KyJIbTHBYBaJIM Ha MOJIM(IKOBAaHOMY MOKUBHOMY Cepe-
nosuii Mypacire i Ckyra (MS), 1110 MiCTHITO: JJIs BBE-
JICHHS B KyJabTypy in vitro — 0,5 mr/a 6-BAIT 1 0,1 mr/n
IOK, nsst MiKpopo3MHOKeHHS, yKopiHeHHs — 0,2 Mr/n
6-BAIT i 0,3 mr/n IOK, moyioBHHHY KiJIBKICTh MaKpOCO-
Jei Ta xemaTy 3amiza. Qi3UUHI MapaMeTpHu KyIbTHBY-
BaHHS: Temneparypa 24-25°C, 16-roguaHMA (poTore-
pion, ocsitnerns 2500-3000 5K., BOJOTICTH TOBITPS
60-70 %.

Juis mpoBeeHHsS XiMioTeparii y MOXXKHBHE cepe-
JIOBHILE, TIepe/l aBTOKJIABYBAHHAM JI0JABaId BipyLH-
JiHi peniapatu — Pubasipun Ta Ozenbramisip. Konne-
HTpalii npenapaTiB BCTAHOBIIIOBAJIM HA OCHOBI OLIIHKH
(ITOTOKCHYHOCTI Ta 32 YMOBH HE MEPEBHIIECHHSI TOPO-
roBoro piBHs [18]. XiMmioTeparito MPOBOJMIN MTPOTA-
rOM TPhOX NacaxxyBaHsb 1o 30 aHiB KoxHe (3aranom 90
nHiB). [licis 4oro pociavHU HOCIIIOBHO TEPEHOCUITN
Ha CBiki MS 11 MiKpOpO3MHOXKEHHS, YKOPiHEHHS Ta
amanTamii. BusHaueHHs KoeQillieHTy enimMiHamii Bipycy
GLRaV-3 mpoBomumu yepe3 90 nHiB XimioTepamii Ta
yepe3 6 MICAIIB micis ii 3aBepIICHHS.

PoGoTy mpoBoIMIM 32 HACTYIHOIO CXEMOW 00C-
Ty

Bapianr 1 — Pubagipus, 15 mr/m;

Bapianr 2 — Pubagipus, 20 mr/;

Bapianr 3 — Pubasipus, 25 mr/m;

BapianT 4 — O3enpramisip, 30 mr/m;

BapianT 5 — Ozenpramisip, 40 mr/m;

BapianT 6 — O3enbramisip, 80 mr/m;

BapianaT 7 — Pubagipun, 20 mr/in + O3ensramiBip,
30 mr/;

Bapianr 8 — Pu6asipun, 20 mr/n + O3enpramisip,
40 mr/;

Bapiant 9 — KoHTpoipb (Ky/lIbTHBYBaHHS MiKpOK-
JIOHIB BUHOTpay Oe3 ximioTepartii).

KinpkicTh iHIMIAIBHUX €KCIUIAHTIB IUII KOYKHOTO
BapiaHTy AOCHiKeHb nMopiBHIOBana 15 mr.. Koxken
eKCIUIAaHT TIPE/ICTABIISIB OJHE MOBTOPEHHS 1 OLIHIOBA-
BCS IHAWBITYaIbHO.

[HimianpHI eKCIUTaHTH Ta C(HOPMOBaHI POCIHHU
KYJBTUBYBAIIM Y CKISTHHHX €MKOCTSIX niamerpom 40
MM, BUCOTOO 150 MM, 00’€M MOKHBHOTO CEPEIOBUILA
nopiBHIoBaB 20-25 Mi1. Y IUX €EMKOCTSIX POCIUHHU 3Ha-
XOAMIINCH 1 TMiJ] 4ac XiMioTepartii.

Y poOOTi BUKOPUCTOBYBAJIM: MIiKpOOioJIOTiuHi,
MOJICKYJISIPHO-010JI0TiYHI Ta 0I0TEXHOJOTIYHI METOIH
JOCITIKeHb. BU3Hauanu: KiNbKiCTh XKHUTTE3aTHUX Mi-
kponaroHiB (%), 610MeTpH4HI MOKa3HUKH POCTY Ta PO-
3BUTKY BETCTaTUBHOI MacH MIKpPOKIOHIB (KUIBKICTh
YTBOPEHHUX ITaroHiB, KOPEHiB (IIT.), IX BHCOTY Ta JOB-
xuHYy (cM), koedimient emimiamii (KE (%) =
(N2/N1)*100, ne N1— 3arambHa KiTbKICTh POCIHH, IO
MIPOXOAMIH 03I0POBIICHHS, IIT.; N2 — KUTBKIiCTB 03/10-
POBIICHUX POCIHH, IIT.).

PesysabTaTH n0caigxkeHHs: Ta iX 00roBopeHHs.
Yupomorx 2023-2025 pp. Oys0 npoBeneHo (itocaHi-
TapHe OOCTEKEHHsI BUHOTPAJHUX HACa/KEHb IiBJICH-
HUX paiioHiB OechKoi 001acTi 3 METOIO BUSIBICHHS Bi-
pycHuX iH(exniii. Y pe3ynbprari 0OCTe)KCHh Ha Haca-
JUKEHHSX copTy «Omechkuil YOpHUID) Oyl BUYBIICHEI
KYIIIi 3 XapaKTepHUMHU CUMIITOMaMH XBOPOOH CKPydy-
BaHHS JIMCTS BHHOTpany. I3 mux pocnun Oymo BimiO-
paHO 3pa3Ku i J1adopaTOPHOTO TECTYBaHHSI, 3a pe-
3yJIbTAaTaMH SKOTO MiATBepIKeHo HasBHICTE GLRaV-3.
Bererytoui naronu iH}ikoBaHHX KyILiB OyJIM BUKOPH-
CTaHl /IS BBEJICHHS 1HILIaJIbHUX EKCIUIAHTIB y KYJb-
Typy iN VitrO 3 moganbImiuM MiKpOPO3MHOXKEHHIM IS
OTpPUMaHHS HEOOX1THOT KIIbKOCTI MIKPOKJIOHIB 15 PO-
60TH.

[Ticnst oTprMaHHS MIKPOKJIOHAJIBHUX POCIIUH, IO
3a 010OMETPUYHUMH TOKa3HUKAMH BiATIOBIAaIH IIOBHO-
LiHHIM POCJIMHAM, 1X XKUBIFOBAJIM HA OJHOBIYKOBI Ty-
Oyku (BepXiBKOBi CETMEHTH) 1 BHCA)KyBalld HA MOXKH-
BHI CEpeJOBUIIA 3 BIpYIUIHUMH TIpernapataMu — Pu-
0aBipuHOM Ta O3eTbTaMiBIpOM Pi3HUX KOHIICHTpALIiH.
KoxxHe HOBe maca)XyBaHHs 3MIHCHIOBAIM TPUUI Yepe3
koxHi 30 JHIB Ta BU3HAYAIHM PIBEHb MPHKUBIIOBAHO-
cTi iHimianeHux excruiantis (Puc. 1).
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Pucynox 1. ZKummezoamuicme iHiyianbHuX eKCnianmie UH02paody y pizHi CmpoKu npogedents ximiomepanii, %

JKUTTE3HaTHUMHU BBaXKAIU SKCIUIAHTH, SIKi Xapak-
TEPHU3YBATUCS 3EICHOIO JINCTKOBOKO ITACTUHKOIO 1 TKa-
HUHAMU 9yOyKiB, HasSBHICTIO JKMBOI Ma3ymIHoi Opy-
HBKH, ii mpomidepariero, puzorenezoM. OTpuMaHi 1aHi
MOKa3yIOTh, M0 E€(QEKTUBHICTh XIMIOTEpaNCBTUIHHUX
npenapariB 3alekana sK BiJ| THIYy Ta KOHIEHTpalii
npenapariB, Tak i BiJ] TPUBAJOCTI MPOBEICHHS IIPO-
necy. [licns 30 nHIB XiMioTepamnii )KUTTE3NATHICTD Mi-
KPOKJIOHIB y BCIX BapiaHTax 3ajMIIalacsi BHCOKOIO
(90-100 %). 100 % >xuTTe3naTHHUX iHimiane# OyI0 mi-
ciist 3acrocyBanus O3enpramiBipy 30 140 mr/n ta y xo-
HTpoii (0e3 BIUMBY mpemnapaTiB). Y BapianTax 3 Pu-
OaBipuHOM (TIEpPIIUI-TpeTill) PiBeHb XHUTTE3XATHOCTI
iximiane#t mopisHioBaB 90-95%. Lle cBimguuTh Tpo Te,
10 HaBiTh KOPOTKOTPUBANKiI BIUMB PrubaBipuHy mpo-
SIBIISIE JIETKUH CTPECOBHI €EKT.

Ha 60-i1 nens ximioTeparii pi3HUIM MiX BapiaH-
TaMH Jociigy Oyna Oinbln BupaxkeHorw. HaiiGinbiue
KUTTE3AaTHUX iHimianeh (98—100%) Oyso Tak camo y
BapiaHTax 3 O3e1bpTaMiBipOM Ta KOHTpOII. Y BapiaHTax
3 PuOaBipMHOM piBEHb YKUTTEMISUIBHOCTI iHIIIANICH
3amkyBacs 10 80-92%. Y BapiaHTax, e XiMioTepario
npoBoanin KoMiulekcHo (PubaBipun+O3enbramiBip)
MOKA3HUKH )KUTTE3NATHOCTI Oyin MeHmMu (92-93%)
npote crabinpHuMU. Lle cBiqunTh, mo O3enpraMiBip y
KoHneHTpatii 30—40 Mr/n nposBIsie He3HAYHY PITOTO-
KCHYHICTh HaBiTh Ha 60 JeHb XiMioTeparrii, OPiBHSIHO
3 PubasipuroM. [1po icTOTHE 3HIKEHHS IIBUIKOCTI PO-
3MHOXEHHSI Ta BHCOKY (ITOTOKCHYHICTh PubaBipuny
BUCOKHMX KOHIICHTPAIlii BKa3aHO 1 B JOCIIDKEHHI
Panattoni A ma in. (2014) [18]. OaHOUYacHe BUKOPHC-
tTaHHs PubaBipuny Ta O3enpTamiBipy s emimiHamii
GFKV no3Bonmio 3amycTuTH MPOIECH KayJoreHesy, i
He OyJI0 3apeecTPOBAHO JKOJHOTO BIAMUPAHHS €KCILIa-
HTIB ITCJIS TPHOX MOCIITOBHUX CYOKyIbTYp. Lle MoxxHa
MOSICHUTH PI3HUM (DITOTOKCHYHHUM €()eKTOM BIpyLHIiB

Ta Pi3HOIO CTIHKICTIO 10 HUX, PETCHEPATUBHUM IIOTCH-
[iaJIOM JOCITIKYBaHIX TEHOTHUITIB BHHOTPALY.

UYepez 90 muiB XiMioTeparrii )KATTE3NATHICTD iHi-
HiaTbHUX SKCIUIAHTIB IOMITHO 3HIDKYBajacs y BCiX Ba-
piaHTax Tmicisd 3acTOCYBaHHS XiMIOTEpareBTHYHUX
npenaparis. [Ipore, HalOIbIIe KUTTE3NATHUX iHIIA-
JIBHUX €KCIUIaHTIiB OyJI0 Yy KOHTPOJIPHUX BapiaHTax Ta
Bapianrtax i3 OsenbramiBipom 95% (30, 40 mr/m) ta
92% (80 mr/m). Y Bapianrtax i3 PubaBipHHOM >XUTTE-
3IATHICTS iHIIiaNeil 3MeHITyBanack 10 75-78%, Ha Bi-
JMIiHY BiJl BapiaHTiB, Jie XiMiOTepaIlito IPOBOIUIIH 3 3a-
CTOCYBaHHSM JIBOX TipemnapartiB: Pubasipun, 20 mr/m +
OszenpramiBip, 30 mr/; Pubasipusn, 20 mr/n + Ozenpra-
MiBip, 40 mr/m. JKATTE3MaTHICTD iHIMIaTBHUX €KCILIaH-
TiB Oyna Ha piBHI 90%. YV KOHTPOJIHHOMY BapiaHTi Ki-
JMBKICTh JKATTE3IATHUX CKCIUIAHTIB JTOpIBHIOBaNA
100%, 110 aOCOIIOTHO JIOTIYHO, OCKIIBKY 1HIIialle He
i/11aBaJIM BILIMBY BIpYLMIHUX MPENapTiB.

OTxe, 32 KPUTEPIEM KHUTTE3MATHOCTI IHII[IAIBHUX
eKCIJIAHTIB BUHOTPaay HaWlOIIbLI ONTUMAIbHUM IS
npoBezieHHs XimioTeparii € npenapar O3enbTamiBip y
koHenTparii 30—40 mr/a, OCKUIbKY BiH MPOSIBIISB Me-
HIy (iToTOKCHYHICTB. [IpoTe, cii 3a3HauunTH, 1O IIi-
CJII KOMOIHOBAHOTO 3aCTOCYBaHHS 000X MpenapaTiB y
koHneHTpaii 20 Ta 40 Mr/1m NOKa3HUKU KHUTTE3TATHO-
CTi MIKPOXVBIIiB BHHOTPAay TaK0OX Oy Ha BHCOKOMY
piBHI.

HesBakaroun Ha TpuBaJjie KyJIbTUBYBAHHS MiKpO-
KJIOHIB BUHOTpa/ly Ha MO)KMBHUX CEPENIOBUINAX 13 BIpY-
UHUMH [perapaTtami, ki y pi3Hiid Mipi NpOSIBISLIH
GbiToTOKCHYHMI e(deKT, POCIUH PO3BUBAIMCS 1 HiCHs
3aBepIIeHHS XiMioTeparnii XxapakTepu3yBaJiCs JOCTaT-
HIMHU 610METPHYHUMH ITIOKA3HUKAMH PO3BUTKY SIK BEre-
TaTUBHOI HaJ3€MHOI MAacH, TaK i KOPEHEBOi CHCTEMH

(Puc. 2).
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Pucynox 2. Biomempuuni noKasHuKy pocmy ma po36umxy MiKpOKIOHI8 8UHO2pAOY NICIA NPoeedeHHs Ximiomepa-
nii’ (90 onig)

VY BciX BapiaHTax AOCIHIAYy MIKpOKIOHH (opmy-
BaJM MO OJHOMY MAroHy, IO CBIAYUTH MPO CTAOIIb-
HICTh YTBOpPEHHS NAroHiB HE3aIEXHO BiA TUIy abo
KOHIICHTpAI[il XiMiOTepaneBTHYHOro mpemapary. Lle
JI03BOJISIE BBA)KaTH, IO TpernapaTd He MPUrHIYyBalld
(hopMyBaHHS MAroHiB, a BIUIMBAIH 3A€OUIBIIOT0O Ha iX
picT i po3BuTOK. BrcoTa maroHiB 3MiHIOBaIach 3aje-
JKHO BiJ] THITy Ta KOHIGHTpauil npenapary. HalimeHmry
BHCOTY MaJld POCIMHH TiCIs 3acTOCyBaHHSA Pubasi-
puHY y KoHIeHTpamisx 20—25 mr/x (apyruit, TpeTiii Ba-
piaHTH), 0coOMMBO micis TpuBasoi XiMioteparrii. O3e-
JIBTaMIBip, HABIIAKH, CTUMYJIFOBAB PIiCT MAarOHIB Y IOPi-
BHsHHI 3 PubaBipmnom. [Ilicnms  3actocyBaHHsS
OsenbramiBipy y koHmentparisx 30, 40 mr/m, y T.4. y
koMOiHalii 3 PubaBippuHOM BHCOTa NaroHiB POCIHH J0-
piBatoBana 6,0—8,0 cm. [Ipo nMo3uTHBHUIA BILIUB CyMic-
HOTO 3aCTOCYBaHHs npenapariB PubaBipuH (HEBUCOKI
KOHIeHTpail) Ta O3enbpTamMiBip Ha IHTEHCUBHICTb ITPO-
midepariii aIBEeHTHBHUX OPYHBOK 1 TIOANBIIAHN IX PO3-
BUTOK BKa3yIOTh JOCIIIKEHHS 1 iHmMX aBTopiB [18, 9].

AHaii3 MOKa3HUKIB PU30TEHE3y IMOKa3aB TiCHUH
3B’SI30K MK KIJIBKICTIO c(hOPMOBAaHUX KOpEHIB Ta iX

JOBXXHHOIO, [I0 Y3TODKYEThCS 13 3arajJbHUM DPiBHEM
JKUTTE3AATHOCTI MIKPOKJIOHIB Ticas XimioTeparii.
HaiimeHii 3HaueHHs 000X MOKa3HUKIB BCTAHOBJICHO Y
BapiaHTax i3 PnOaBipyHOM: KUIBKICTh KOPEHIB JOPiB-
uroBaia 3,0-3,2 wir., iX cepemHs AoBxkuHA — 2,2—2,5
CM, IIO0 CBIAYMUTH NMPO e(eKT MPUrHIYSHHs Mpernapary
Ha PO3BUTOK KOPEHEBOI CUCTEMH. Y POCIHH, SKi IPO-
XOJITH XiMioTepartito iy BIumBoM O3enbTaMiBipy Ta
itoro komOiHarii 3 PubaBiprHOM KINBKICTh KOpPEHIB
30umpmyBanace 10 4,5-6,0 mr., a cepeaHs AOBXHHA
KopeHiB — 110 4,0—6,2 cwm. 1i 3HaueHHS € HAOIIKSHIMHU
JI0 KOHTPOJIEHHX TIOKa3HUKIB.

[Ticns 3aBepieHHs XimioTeparii 3 KOXKHOTO Bapi-
aHty Oyno Binibpano mo 10 pociuH Ijsl BU3HAYCHHS
edexruBHocTi eniminanii GLRaV-3 (pociaunu Oyiu ok-
pemo TpoaHaiizoBaHi 3a nornomoror ELISA). Pesyib-
TaTH BU3HAYEHHsI [TOKA3aJIH, 11O IiCIIs IPOBEICHHS Xi-
MmioTeparii pociuHy, BibHI Big GLRaV-3, 6yt y Beix
BapiaHTaX, 3a BUKIIOYCHHSAM KOHTpomo. [Iporte Kijb-
KIiCTh TaKHX pociuH Oyna pi3Hoto (Puc. 3).
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Pucynox 3. Koegiyicum eniminayii éipycy xeopoou ckpyuysanns aucms surozpady (GLRaV-3) nicas npose-
OeHHsl Ximiomepanii
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3rifHO 3 JaHUMH PHUC. 3 MOXKHA CTBEPIKYBATH,
mo e(heKTUBHICTh XimioTepamii MiKpPOKJIOHIB BHHO-
rpaxy iCTOTHO 3ajekaja BiJ mperapary, mo 3acToco-
ByBaJIM IS XimioTepamii. Y BapianTax 3 PubaBipmaOM
(nepummii—TpeTiii) koedilieHT eniminarii Bipycy Ha 90-
i e’k cTaHOBUB Tibku 24,7—-30,5%, 1110 CB1MIHUTH PO
c1aOKui IPOTUBIPYCHUH eeKT i 30epexeHHs iHpeKIil
y Oinbrocti pocnuH. [loniOHi pe3ynbTatu Oyno oTpu-
maHo [3, 18] Yepes 180 quiB miciis mpoBeACHHS XiMio-
Teparii MOKa3HUKH NMPAKTUIHO He 3MIHHUIIHCA, IO Tij-
TBEPIUKY€E HU3bKY €(peKTUBHICTH Ipermapary.

V BapianTax 3 O3enpramiBipom Ta iforo KomOiHa-
misix 3 PubaBipuHOM (4eTBepTHH—BOCHMHUIA) Koedii-
€HT eniMiHawii Bipycy OyB Bucokum — 80-92%, uepe3
180 nmHIB KyJIbTUBYBAaHHS POCIHH Y KYJIbTypalbHOMY
Ookci BiH 3HIDKYyBaBcs (y OKpeMux BapiaHTtax) Ha 1,5
%. Lle cBigunTh PO cTaOUILHUI 1 TPUBAJIMIA TPOTUBI-
pycHuil epexT npenapary. Pasom i3 TuM, sik 3a3Hava-
I0Th 1HIII JOCIITHUKH, HABITh 32 YCIIIIHOI eTiMiHAIiT
Bipycy B yMOBax in Vitro, uepes 1-3 poku KyJbTHBY-
BaHHS MIKPOKJIOHAIBHUX POCIMH y HEKOHTPOJIbOBa-
HUX YMOBAax JOBKULIA HEOOXiTHO MPOBOIUTH IOBTO-
pHE TecTyBaHHS IUIA MiATBEPIDKECHHS CTaOLIBHOCTI
03I0POBIICHOTO CTaHy pociyH [15]. OCKiJbKH pe3yiib-
TaT emimiHamnii Bipycy GLRaV-3 BcraHoBieHuii Ha
eTari KyJIbTHBYBaHH iN Vitro, He 3aBXK U MiATBEPIKY-
€TBCS y TTOJAIBIINX JOCHIIPKCHHAX BXKE aKJIiMaTH30Ba-
HHX POCIIUH.

BucHoBku. Y pe3yabTati pitocanirapHoro o0-
cTexkeHHs] Ta JaGopaTopHoi aiarHocTuku (IPA)
BCTAHOBJICHO iH(IKyBaHHS pocauH copTy «Opnech-
KHii YOpHHUi» BipycoM CKpy4yBaHHSI JUCTS BHHO-
rpaay 3 (GLRaV-3). Bunineni indikoBaHi maroHu
Oyniu BBe/IeHI B KyJIbTYpY iN Vitro, perenepoBaHi Mik-
POKIIOHH OyJIM BUKOPHCTAHI K BUX1THUH MaTepiai Iiis
ximioreparmii. OcTaHHIO TPOBOIWIN 3 3aCTOCYBaHHSIM
npenapatiB Pubasipua ta O3enpraMiBip mpoTsrom 90
JTHIB.

Ouinka KUTTE3AaTHOCTI iHINIAJILHUX eKcIIa-
HTIiB BMHOTpajy 3ajie:kaja Bia mpemapary, iioro
KOHIeHTpanii Ta TpuBagocti excnosuuii. [licas 30
JHIB XiMiOTepartii )XUTTE3MATHICTh 3aJIMIIaIach BUCO-
KO0 y BCiX BapianTax mociiay (90—100 %), mpote Bike
Ha 60-i1 Ta 90-i1 neHb Lel MOKa3HUK 3HWXYBaBcsA 10 92
ta 80%.

[Ipenapat O3eapTamiBip y koHuenTpauisx 30—
40 mMr/J1 nposiBJsIB HU3bKY (PiTOTOKCHYHICTH NPOTSH-
TOM yCchOro nepiony ximiorepanmii, 3a6e3medyroun 95—
100% >XHATTE31aTHUX €KCIUIAHTIB HaBITH Mmicis 90 nHIiB
KyJnbTHBYBaHHs. Lle cBim4MTH MpO HOro MpUAATHICTH
JUIS TIOJANBIIAX OCTI/KeHb 3 eiMIiHAIil Bipycy
(GLRaV-3). Ipenapat PuGaBipuH y KOHUEHTPALisIX
15-25 mr/in nposiBisiB BUCOKY iToTOKCHYHIicTD. ITi-
CJIsl AOTO 3aCTOCYBAHHS YKUTTE3NIATHICTh €KCIIAHTIB
3MEHIIyBanack 10 75—78% micis 90 quiB XiMioTeparii.

Komo0inoBane 3acrocyBanusi PubGaBipuny (20
mr/ia) Ta OsenbramiBipy (30-40 mr/m) 3ade3meuy-
BaJI0 BHCOKi MOKA3HUKHU KUTTE3AaTHOCTI (90 %)
micist 90 qHiB XiMiOoTepallii, 0 MOXKE CBITYUTH PO CH-
HepriyHui a00 KOMIeHcaTOpHUH edeKT mperapartis i
POBLINPIOE MOKIIMBOCTI KOMOIHOBAaHHMX CXEM 03/10pOB-
JICHHSL.

He3Ba:kaoun Ha QiTOTOKCUYHHUII BIUIMB mpe-

napartiB, MiKpOKJOHAJIbHI POCIHMHM TicJsi 3aBep-
meHHs XiMioTepamii 30epirajm 31aTHiCTh 10 aKTHB-
HOT'0 POCTY, YTBOPEHHsI MaroHiB Ta KopeHis. Lle mia-
TBEPUKY€E, IO BIpYIUAHI PEYOBHHHU Y 3aCTOCOBAHHX
KOHLIEHTpALsIX HE OJOKYIOTh BiJTHOBJICHHSI pereHepa-
LIITHAX TPOLECIB POCIHH MICJIsT 03JOPOBIICHHSI.

HaiiBunuit koedirient eniminanii GLRaV-3 0ys
OTpUMaHUi y BapiaHTaX i3 KOMOIHOBaHUM 3aCTOCYBaH-
usiM Pubagipuny Ta O3ensramisipy (KE = 90,5-92,0%)
i 3ammmascs crabinpHuUM depe3 180 mHiB micis 3aBep-
mieHHs XiMioteparii. Tomy, Taky KOMOiHaIif0 MOXKHA
3acrocoByBaty mis emiminanii GLRaV-3 ta ¢opmy-
BaHHS O37J0POBJICHOTO BHXIIHOTO Martepially BHHO-
rpany.
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The effect of the combined use of two forms of benzoic acid and mannanoligosaccharides on egg production
and egg weight in chickens was studied. The effect of using the Sal-Zap organic acid complex at various dosages
on quail egg weight was also studied. The results allowed us to determine the optimal dosages. A combination of
750 g of concentrated benzoic acid, 200 g/t of coated benzoic acid, and 400 g of Actigen per 1 ton of laying hens’
feed demonstrated the most consistent results. A Sal-Zap dosage of 750 g/t in quail feed was determined to be the
best. These levels can be recommended for nutritionists specializing in laying hens and quails.

Keywords: antibiotics, benzoic acid, coated benzoic acid, mannanoligosaccharides, Actigen, Sal-Zap, laying

hens, laying rate.

In anumber of countries, the use of antibioticsin
poultry feed is prohibited by law unless it is used to
treat diseases. Consequently, research into antibiotic
substitutes has intensified. Promising aternatives in-
clude plant components and their derivatives, probiot-
ics, prebiotics, and organic acids [1]. Organic acids
have proven effective in optimizing gastrointestinal
function. Scientific experiments have confirmed their
positive impact on intestinal development and health in
laying hens and male pigs [7]. The key advantage of
organic acids as an aternative to antibiotics is their
ability to act directly in feed by lowering pH [3]. This
hasadual effect:

e improves nutrient absorption;

e suppresses pathogenic microorganismsbothin
feed and in the animal’s digestive system [8].

Benzoic acid belongs to a group of simple aro-
matic carboxylic acids. Benzoic acid in broiler feed &f-
fects live weight gain and improves feed conversion.
However, high doses of benzoic acid can negatively im-
pact bird health and performance. Protected benzoic
acid, which appears as white granules, unlike its con-
centrated, unprotected form, dissociates primarily in
the lower intestine, maintaining alow pH in the duode-
num and jejunum favorable for the beneficial micro-
florafound in the small intestine [6].

Mannan oligosaccharides, derived from the outer
walls of yeast cells, have a positive effect on the struc-
ture of intestinal villi and, asaresult, on poultry perfor-
mance. Over the past two decades, the problem of anti-
biotic resistance in pathogenic bacteria has prompted
research and practice worldwide to develop numerous
solutions to achieve production results without the use
of feed antibiotics. One such product is Bio-Mos [9],
and the next version of this product is Actigen — man-
nan-enriched fractions extracted from the Bio-Mos
structure.

The complex acidifier Sal-Zap, a mixture of pro-
pionic, acetic, and sorbic acids, effectively combats
pathogenic microflora entering the poultry body from
outside. In the feed industry, animal proteins, particu-
larly fishmeal, are one of the main sources of Salmo-
nella. Sal-Zap has proven itself to be an effective inhib-
itor of pathogenic microflora growth during fishmeal
production [2].

The literature we reviewed confirms the positive
role of various feed additives that modulate the micro-
biota and villus structure of poultry intestines in in-
creasing poultry productivity. However, the scientific
literature lacks data emphasizing the comprehensive
study of organic acids and mannanoligosaccharides in
terms of their impact on egg production in laying hens,
which underscores the novelty and relevance of our
study.

The objective of the study was to evaluate the ef-
fect of organic acids and mannanoligosaccharides in
compound feed for laying hens and quail on egg pro-
duction.

To achievethisgoal, the following tasks were set:

* To study the synergistic effect of benzoic acid in
different forms, concentrated and coated, on egg pro-
duction in laying hens;

* To study the possibility of achieving an enhanc-
ing effect by adding mannanoligosaccharides in combi-
nation with benzoic acid;

* To determine the effect of different doses of Sal-
Zap on egg production in laying quail;

* To study the effect of the factors studied on egg
weight.

Materials and Methods. Nine-month studies on
laying henswere conducted in the experimental poultry
house of the Bashkir State Agrarian University, Ufa,
Republic of Bashkortostan, Russia, from early January
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to late September 2025. Quail experiments were con-
ducted from mid-March to late August 2025 at a quail
farm in the Republic of Bashkortostan, Russia. The ex-
periment lasted six months.

For the first experiment, four groups of SuperNik
laying henswere randomly selected, each containing 42
birds. The birds were 245 days old at the beginning of
the experiment. The second experiment was conducted
on Manchurian quails. Fifty 46-day-old quail were se-
lected.

The first experiment involved studying the
productivity of laying hens using feed additives in the
following combinations. 750 g of concentrated benzoic
acid per ton of feed + 200 g/t coated benzoic acid were
added to the diet of birdsin aTreatment 1, while Treat-
ment 2 group received 750 g of concentrated benzoic
acid + 200 g/t coated benzoic acid + 400 g/t mannanol -
igosaccharides as Actigen. In the experiment on quail,
different doses of the acidifier Sal-Zap were studied:
Treatment 1 group received Sal-Zap in the amount of
500 g/t of feed, Treatment 2 group — 750 g/t, and Treat-
ment 3 group — 1000 g/t.
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Eggs were collected manually, recording daily col-
lection from each group and maintaining a separate rec-
ord of the number of eggs with cracks. The resulting
digital data was processed using variation statistics us-
ing Microsoft Office Excel. The significance and mag-
nitude of differences were assessed using Student’s t-
tests.

The study revealed a positive effect of using a
combination of two forms of benzoic acid and the ad-
dition of mannanoligosaccharides on the egg produc-
tion of laying hens (Figure 1). Birds in the Treatment 1,
which received a mixture of protected and concentrated
benzoic acid, showed a cumulative increase of 3.17%
by the end of the experiment compared to the control
group. Treatment 2 group outperformed the control
group by 3.92%. Thus, we see that the addition of Acti-
gen contributed to an additional productivity of 0.75%
compared to the Treatment 1, which in absolute terms
increased the gross harvest by 154 eggs (and +613 eggs
vs. Control).
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Figure 1. Cumulative egg production of laying hens, %

We noted a similar trend in the number of eggs
with cracks: the largest proportion of cracksin thetotal
egg collection was recorded in the control group, while

Treatment 2

Treatment 1 and Treatment 2 improved this indicator
by 0.22% and 0.31%, respectively (Figure 2).
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Figure 2. Crack, % of gross egg yield of laying hens
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In Figure 3, we see that the weight of eggs ob-
tained from the experimental groups consuming feed
supplemented with benzoic acid and Actigen signifi-
cantly differed from the control by 2.79% or 1.65 g and
4.09% or 2.42 g, respectively (p < 0.001). In our opin-
ion, the increase in egg weight is explained by im-
proved digestion and absorption of feed nutrients as a
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result of the positive effect of the studied products on
the condition of the intestinal villi, which is consistent
with literature data describing the modification of in-
testina morphology and optimization of the microbi-
ome when using benzoic acid and mannanoligosaccha-
ridesin poultry diets[4, 5].
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Figure 3. Weight of laying hens’ eggs, g

A quail experiment also showed positive changes
in egg weight when using Sal-Zap as a feed acidifier.
Adding 750 g/t of the product (Treatment 2) yielded

better results, increasing egg weight by 0.48 g or 3.60%
(p <0.05).
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Figure 4. Weight of quail eggs, g

Treatments have shown that acidifying compound
feed for laying hens and quails has a positive effect on
egg production and egg weight. The results highlight
improved nutrient absorption due to modification of the
intestinal microflora by lowering the pH. These find-
ings have practical significance for producers of
chicken and quail eggs.

Conclusion. Studies of variousfeed acidifiers and
mannanoligosaccharides at various dosages revealed
positive trends in improving production indicators. Us-
ing a combination of biologically active additives in
laying hens’ feed: concentrated benzoic acid at 750 g/t
of feed, coated benzoic acid at 200 g/t, and mannanoli-
gosaccharides at 400 g/t yields the best results. In quail

feed, the complex preparation Sal-Zap is most appro-
priately used at a dosage of 750 g/t of feed.
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AHHOTAIUSA

3an$[3HeHI/I€ IMOYB TSKEJIBIMU METAJJIaMU NPEACTABIIACT 3HAYUTCIIBHBIC PUCKU [JII D9KOCUCTEM U 310POBbs
yejoBeka. B naHHOM 0030pe 00o0matoTest nocieanue goctmwxenus (2019-2025 rr.) B TexHoNOTHAX OHOpeMenu-
aIy, OCHOBHOE BHUMaHUE yaemseTcs putopeMeananun (GUTOIKCTPAKIUN U GUTOCTAOMITN3AINIH), MEKPOOHBIM
nogxonam (PGPR, rpu6sr), a Taxoke npuMeneHuro 6uoyriis (biochar) 1 MomuduInpoBaHHBIX aMEHIMEHTOB. AHa-
JIN3 IOAYCPKUBACT CI/IHepFeTI/I‘{e(}KI/Iﬁ NOTCHIIMAJI HHTCTPUPOBAHHBIX CTpaTel“HfI, COYCTAOIIUX PACTCHUA, MUKPO-
OpraHnu3Mbl U 6I/IOYFOJ'IB JUIA ynqueHHofI I/IMM06I/IJ'II/ISaI_II/II/I MCTaJIJIOB U BOCCTAaHOBJICHHS ITIOYB. HeCMOTpiI Ha 00-
HaAC)KHUBAIOIIHC J'Ia60paT0pHLIC PE3YyIAbTAThI, COXPAHAIOTCS KIIFOYCBBIC HpO6JIeMLI, BKJIXO4as BOCIIPOU3BOAUMOCTD
PE3YyJbTAaTOB B IOJICBBIX YCIOBUAX, JOJITOCPOIHYIO 3(1)(1)6KTI/IBHOCTL 1 CTApCHUC aMCHAMCHTOB, DKOHOMUYCCKYIO
1[eJIeCO00Pa3HOCTh, YTHIIN3AIMI0 OMOMACCH M OTCYTCTBHE CTaHIAPTU3UPOBAHHBIX MPOTOKOJIOB. B 0030pe mox-
YEPKUBACTCA H€O6XO[[I/IMOCTI) MEKIUCTTUTITIMHAPHBIX yCI/IJ'II/IfI, CTaHJapTHU3allUuU TTOJICBBIX I/ICHI)ITaHI/II‘/II, HUHTErpa-
O METOJ0B MAIIMHHOI'O 06yqu1/1;1 JJI IPOTHO3HOI'0 MOJACIIMPOBAHUA U MPOBEACHNA KOMIIJICKCHBIX aHaJIn3a
3aTpaT M Pe3yNbTaToB JUIsl 00JIErYeHHs MacIITA0UPyeMOro U yCTOWYMBOTO IPUMEHEHUS 3TUX CTpaTeruii Guope-
Meaualnuu.

Abstract

Soil contamination by heavy metals poses significant risks to ecosystems and human health. This review
synthesizes recent advances (2019-2025) in bioremediation technologies, focusing on phytoremediation (phyto-
extraction and phytostabilization), microbial approaches (PGPR, fungi), and the application of biochar and modi-
fied amendments. The analysis highlights the synergistic potential of integrated strategies combining plants, mi-
crobes, and biochar for enhanced metal immobilization and soil restoration. Despite promising laboratory results,
key challenges remain, including issues of reproducibility in field conditions, long-term efficacy and aging of
amendments, economic viability, biomass disposal, and lack of standardized protocols. The review emphasizes
the need for interdisciplinary efforts, standardized field testing, machine learning integration for predictive mod-
eling, and comprehensive cost-benefit analyses to facilitate the scalable and sustainable application of these bio-
remediation strategies.

KaloueBble ciioBa: Ouopemenuarys, Tskesble MeTaibl, ¢puropemeananus, ounoyrons (biochar), PGPR,
BOCCTAHOBJICHUEC 1IOYB, CHHCPICTUICCKUC B(I)q)CI(TBI, YCTOﬁqHBOG Pa3BUTHE, MAILIMHHOC O6y‘{GHI/Ie.

Keywords. bioremediation, heavy metals, phytoremediation, biochar, PGPR, soil restoration, synergistic ef-
fects, sustainability, machine learning.

BBeaenue

3arpsi3HeHHe Mo4YB THKENBIMU MeTamiaMu (TM),
takumu Kak kagmuii (Cd), ceunen (Pb), Mpimbsik (As),
prytb (Hg), Mmens (Cu), Hukens (Ni) 1 uuHK (Zn), npe-
cTaBisier co0oil TIOOATBHYI0 3KOJOTHYECKYI0 MPO-
O6memMy, MacmTaObl KOTOPOW TPOJIOIKAIOT PACTH
BCJIEJICTBHE HMHTCHCH()HKAIIMU MPOIIECCOB ypOaHM3a-
LUH, POMBIIIJIEHHON U CEeJIbCKOXO3SUCTBEHHON esi-
TENBHOCTU [2, 26]. DTH 3JIeMeHTHI, 00namas CBOW-
CTBaMH YCTOWYHBOCTH, OMOAKKYMYJISIIMHA ¥ TOKCHIHO-
CTH, HE pa3jlaraloTcss B NPHUPOJHON cpene, a JMIIb
MUTPHUPYIOT MEXIY €€ KOMIIOHEHTaMH OCTaBasiCh IO-
nBrxHbIMUA. Hakoruienue TM B mouBax NpPUBOAMT K
JIeTpajiallii arpo3KOCUCTEM, CHIKEHHIO Onopa3Ho00-
pa3usi MOYBEHHOI OWOTHI, MOMAAAHWIO METAIIOB B

eIV ITUTaHUSA C TOCIIEAYOIIUMH IPOIIecCaMy OHoMar-
HU(DUKAIMU U B KOHEYHOM UTOTE, K CEPhE3HBIM PHCKAM
JUIS 370pOBBSI YEJIOBEKa, BKIIIOYAs OHKOJIOTHYECKHE,
HEBPOJIOTHYECKHE U TTOYeHHbIe 3a00aeBaHus [5, 8].
Bruopemennanus — COBOKYNHOCTh OHOJOTHYE-
CKMX METOJIOB, HAIIPABJICHHBIX HAa CHIDKEHHUE TTOIBHIK-
HOCTH, OMO-TOCTYITHOCTH WJIM KOHILIEHTPAIMid MeTall-
JIOB B IOYBE — PacCMaTpPUBAETCA KaK SKOHOMHUECKU U
9KOJIOTMYECKH 0OOCHOBAHHBIN MOJX0J] O CPABHEHHUIO
¢ (usuko-xumudyeckumu Texnonorusmu [1-4]. 3a ne-
puon ¢ 2019 mo 2025 rr. nutepaTypa CyLIECTBEHHO
pacummpuia 3HaHUS O (UTOpEeMenuanuy, MUKpOOHOH
peMeaManuy, — NPUMEHEHHH  OHO-aMIIeHIMEHTOB
(biochar) 1 KOMOMHHUPOBaHHBIX MOIXO0/AX, a TAKXKE O
BO3MOJKHOCTSIX X MPEJCKa3yeMOTo YIIPaBICHUS C TO-
MOIIIBIO METOIOB MallTMHHOTO 00y4eHus [3, 4, 9, 28].
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CoBpeMeHHbIe HANIPaBJIeHUs U TeXHOJIOTHI

Dumopemeouayus (phytoextraction,
phytostabilization)

duropemenuanus ocTaéTcsi OJHAM M3 HambOoiee
MCCJIEJIOBAaHHBIX OMOJIOTMUECKHX TIO/IXO/I0B: BbIJIE-
JSIIOT cTpareruu phytoextraction (yaaneHue MeTanaoB
JKUBOM Onomaccoii) u phytostabilization (¢dpuxcuposa-
HHE METAJIIOB B PSIY C YMEHBIICHUEM MX OMO-J0CTYII-
HocTH) [5, 13, 25]. CoBpemeHHBIE 0030pBI TOTYEPKH-
BalOT, 9YTO 3PPEKTHBHOCTH 3aBUCHUT OT BEIOOPA BHUIOB-
aKKyMYJISITOPOB, arPOXMMHYECKHUX yCIOBUH 1 B3aNMO-
JIEUCTBHSA «PacTCHHE—MUKPOOHOTa»; MHTErpamus C
ameHaMmenTaMu (biochar, KOMITOCTBI) MOBBIMIAET CTa-
OMIIBHOCTD U CHIKAeT (PUTOTOKCHIHOCTE [7, 13, 25].

Mukpoonvie nooxoovt (6axkmepuu, 2puodwl,
PGPR)

MuxkpobHas pemeananus (0akrepuu, rpuobI, pac-
TEHHSA-POCTOCTUMYJIUPYIOIIHE MHKPOOPTaHU3MBl —
PGPR) oGecnieunBaer 6uorpanchopmannto 1 UMMOOH-
JIM3aLHI0 METAIIJIOB, y4acTUE B CHHTE3€ OUOTIEII-KOM-
IUIEKCOB U yJyd4IIeHuH ¢urorpaHcropra [6, 14, 16].
Psin nccrienoBanuil IEMOHCTPUPYET, YTO CENEKTUBHOE
ucnonb3oBanue PGPR 1 MUKOpHU3HBIX TprOOB MOBHI-
maetr OWomMaccy pacteHHH W A(PQPEKTUBHOCTH
phytoextraction mpu OZHOBPEMEHHOM CHIDKCHHU (pH-
TOTOKCHYHOCTH [6, 16, 24]. Vcmonp3oBaHne MHKpPOO-
HBIX MTOJXO/IOB MOKET OBITh Hambolee 3(PEeKTHBHBIM
NpU KCIIOJB30BaHUU C (UTOPEMEIMAHTAMU TaKHUMHU
KaK TMOMCKYC M IOJICOJHEYHHMK 00JaJaroIluX IMOBHI-
IEHHOH 3()()eKTUBHOCTHIO B Tpolieccax OHopeme/ua-
UM 33 CUET BHICOKOH CITOCOOHOCTH K amcopOiuu [16].

Biochar u moougpuuyuposannvie amenomenmut

Biochar u ero Moandukanmm — KIFO4eBO WH-
CTPYMEHT JUII MMMOOWIM3AINU TSKEIBIX METaJUIOB:
OH yMEHBIIAET ITOJBIKHOCTh JJIEMEHTOB 3a CYET copO-
IIH, KOMIUIEKCOooOpa3oBaHusl U m3MeHeHus: pH/karu-
oHHOTO 0OMeHa [3, 4, 10, 11]. CoBpeMeHHBIEC UCCIIEN0-
BaHMs (POKYCHPYIOTCS Ha HOJITOJICTHUX d(eKTax, cTa-
pernn  biochar u BIIMSTHUH MO TU(pUKAIAN
(HaHOKOMIMO3UTHI, PYHKIIMOHATN3AIM) Ha COPOIHOH-
HBIE CBOIMCTBA U OMOJJOCTYTHOCTh MeTaLioB [4, 10, 15,
29]. Meta-anamu3bl yKa3pIBAlOT Ha BapuabelbHOCTD
MOJIEBBIX PE3YJIbTATOB B 3aBUCUMOCTH OT IPHPOABI
MOYBHI ¥ YCIIOBHH npuMeHeHus [4, 21, 26]. Otu nan-
HBIE TOBOPAT O TOM 4TO IIPHCYTCTBYET HEOOXOIMMOCTh
B TUTbHEHIINX MCCIIEAOBaHMIX BOIIPOCa

Kombunuposannvie mexnonozuu u ycunennvie
ouocucmemul

KomOunammu pacteHuii + MukpoOoB + biochar
MOKa3bIBAIOT CHHEpreTHueckuii apdekt: biochar cra-
OMJIM3MpYeT MeTaUIbl W CO3JaeT OJIaroNnpUsSTHYIO
cpeny Juis mose3Hoi Mukpodaopsl, a PGPR ycunuBaer
YCBOGHHE/IETOKCUKAIIMIO U POCT pacTeHuit [19, 24,
27]. TlomeBble U KOHTEHHEPHBIE HCCIEIOBAHMS IO~
TBEPKIAIOT, YTO WHTETPUPOBAHHBIC CTPATETHMH Yallle
00ecIeuynBaOT JIUTEIFHYI0 CTAaOWIN3AMI0 U YITyd-
HIeHUE MOYBeHHOM QyHkumu [18, 22, 27]. Buenpenue
JAaHHBIX KOMOHMHAIMH B Tpoliecchl OMOpeMUAMAINN
M03BOJISIET MOBBICUTD 3((PEKTUBHOCTD KaXJI0r0 U3 pe-
areHTOB PEaKIIMy, YTO HECOMHEHHO NMPUBEJET K yBEIH-
YEHHUIO CKOPOCTH MPOLIECCa U MOBBILIEHHIO 0JT0CpPOY-
HOM 3 PEKTHBHOCTH €TO Pe3ynbTaTa.

Ananumuka, RnpozHO3UpoGanue U UHCMPY-
MEHmbL ONMUMU3IAYUU

Ilocnennue roapl OTMEYEHBI HMHTErpaLuded Ma-
IOTMHHOTO OOYYEHHs ¥ MOJEIHPOBAHUS ISl IPOTHO3HU-
pPOBaHUS PE3yNbTAaTOB peMEIUAllNH U MOI00pa ONTH-
MaJBHBIX COYETAaHWH aMEHIMCHTOB W BHUJ/IOB pacTe-
Huli/MuKpoopranm3MoB [3, 28]. Dto HampaBicHHE
MOBBIIIACT BOCIPOU3BOJAUMOCTh M TIOMOTACT TepeHE-
CTH 71a00paTOPHBIC HAXO/KH B MOJICBBIC YCIOBHUS, CTO-
UTh MOJICITH HA OCHOBE MHOXKECTBA Ha MEPBBIN B3IJIST
HEB3aUMOCBS3aHHBIX (DaKTOPOB, H YCKOPATH OyAyIIne
MIPOIIECCHl BOCCTAaHOBJICHHUS TIOYB.

Kputnyeckue 3amMeyaHusi H COBpPEMeHHbIE
orpaHuyeHusi (MHeHuUs1)

1. Bocnpouseooumocms u macwmadéuposa-
Hue. JlabopaTopHBIE yCIIeXH HE BCETAa NMEPEHOCHMEI
Ha TIOJICBBIE YCJIOBUS W3-32 BapHaOCIHHOCTH II0Y-
BEHHO-KJIMMATHUCCKUX (PAKTOPOB; HEOOXOIMMBI JOJI-
TOCPOYHBIE TOJIEBbIE UCTIBITAHUS 1 MOHUTOPHUHT [4, 21,
22].

2. Monzocpounvie sghgpexmur biochar. Crape-
HHe biochar n3MeHsIeT ero CBOWCTBA; pe3yJIbTaThl 3aBU-
CAT OT UCXOJHOTO CBIPhS U MeToAa nuponusa [10, 11,
21].

3. Buoymuueckue u IKonozuueckue pucku. Ax-
KyMYJLIHS METAJUIOB B OMOMacce co34aéT BOTIPOCHL O
JaTbHEHIIeH Cy1p0e pacTHTEIBHBIX MaTEPHAIOB (YTH-
TM3a1ys, CKUTaHUEe) U PICKaX BTOPUIHON KOHTaMUHA-
mmu [5, 7].

4. Kommepueckasa penmabensnocms. He Bce-
r/1a SKOHOMHYECKH OIMPaBIAaHO MPUMCHITh KOMOMHU-
POBaHHBIC CTPATETUH HA OOJIBIIUX TUIOINAAIX 0e3 UeT-
KOTO aHaJIn3a 3aTpaT U BeIrof [2, 19].

5. Heoonopoonocms 0aHHBIX U MEMOO0I0ZUIL.
HepmocTaTok cTanmapTH3aIA H3MEPEHUN U KPUTEPUCB
ycIexa OCJOXKHSCT MeTa-aHaJIH3bl U 0000meHus [13,
26].

Ipensnoxkennss W MpPaKTHYECKHE PeKOMeHIa-
101011

1. Paspabomka cmanoapmu3uposanHvix npo-
MOK01106 noneawix ucnvimanuil (€ANHAYHBIE METPUKU
3G PEKTUBHOCTH, JUIMTEIHHOCTh HAOJIOACHUS, yIIPaB-
neHue Ouomaccoi). DTO TMO3BOJUT OOBEIUHATH pe-
3yJIbTAThl PAa3HBIX KCCIICAOBAHHI M TPOBOIMUTH KOP-
peKTHbIe MeTa-aHanu3bl [ 13, 26].

2. Humezpauyus biochar + PGPR + ¢umo-
cmpamezuii KaK UcxXo0Hdas naameopma Ui pEeKOH-
CTPYKIIMH JEeTPaTUpPOBAHHBIX TOYB: PEKOMEHIOBAaHO
TECTHPOBaTh MOAU(DHUITUPOBAHHEIE biochar ¢ meneBoi
(hyHKIHOHaMM3anueH sl KOHKpEeTHBIX MetamioB (Cd,
Pb, Zn). Ilpu 5TOM y4HTBHIBaTH CHEIH(UKY ITOYBHI U
knumara [3, 11, 15, 19].

3. Buedpenue mooenvhvix nooxodos (ML) st
npe/cKa3aHus pe3ybTaToB i MUHUMHU3AIMH YUCIIa J10-
POTOCTOSIIIMX MOJIEBBIX TECTOB: UCIIOJIB30BATh 00YUCH-
HbIE MOJIENIH Ha HAOOpax, BKIOYAIOIIMX XapaKTEpH-
CTHKH TOYBBI, METAUIOCTICIU(PUYHOCTE U BapHAHTHI
aMeHJMEHTOB [28].

4. IInan ymunusayuu éuomaccel pacTeHUN-aK-
KyMYJSITOPOB: PEKOMEHAyeTCs pa3paboTaTh CTaH-
JApTHI JUTs 0€30MacHOM yTHIH3anuH (TepMuYecKas 00-
paboTka ¢ KOHTPOJEM BHIOPOCOB, U3BJICUCHHUE METaN-
noB) [5, 7].

5. Ouenka 3xkonomuueckoil Hcuz3HecnocoOHo-
Ccmu’ BHEIPSITh THIOTHBIC POEKTHI C TOJIHBIM YUETOM
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3aTPaT/BBITOT M DKOJIOTHIECKON OTHa4H, YTOOBI BBI-
SBUTH CLIEHAPHUH, NPUTOJHBIE U1 MacIITaOMPOBAHUS
[2,19].

6. Mexcoucyunnunapusie KOHcOpyuymol (ar-
POHOMBI, MUKPOOWOJIOTH, HH)KEHEPbI, aHAJTUTUKH JIaH-
HBIX) JJIs1 KOMIUIEKCHOH pa3pabOTKy U BaJlMIAIMU pe-
menui [24, 27].

BriBoa

CoBpeMeHHbIe crioco0Obl OHOpeMenuanuy OB
MOAPa3yMEBAIOT 0] COOOH IMHMPOKOE HCHOIb30BAHNE
METOJIOB OCHOBAaHHBIX Ha (pUTOpPEMEANANNH C JOTIOJI-
HeHHeM B BuIe ucrnoiab3oBannst PGPR u Biochar mos-
BOJIIIOT CEPhE3HO MOBBICUTH 3(p(PEeKTUBHOCTE IpoIiecca
32 CYET CHHEPreTUYECKOTO BO3/EHCTBUS KOMIIOHEH-
ToB. HO B aHHBIX MpoIieccax B COBPEMEHHBIX JINTEpa-
TYPHBIX UICTOYHUKAX 3aMETEH, TOJIbKO HayalbHbIH ypo-
BEHb pabOTH! HAJl TAaHHBIMU B3aUMOJCHCTBHUSIMU U3-3a
MaJIOl U3y4eHHOCTH JJaHHON CHHEPT MU Ha ITyTH BO3HHU-
KalOT pa3jIM4HbIE CIOKHOCTH M3-3a cTapeHus biochar,
M OLECHKUH DKOHMHUYECKOW PEHTaOEIbHOCTH BOIIPOCA
IpU MOBCEMECTHOM IIPUMEHEHUH. Tak e HeJocTa-
TOYHO BHMMAaHHMS OBUIO YIEJICHO BONpPOCAM YTHIIM3a-
MM OTMEPIIETO PACTHTEJBFHOTO MaTephaia s
MPEOTBPAIIECHHS TIOBTOPHOTO 3arpsA3HEHUs. DTH JaH-
HBIE MOTYT TOBOPHTH O TOM, YTO HEOOXOAMMBI JaJb-
HEWIINe ncciIe0BaHusA B BOIIPOCAX CHHEPTeTHYECKOM
paboTHI JAHHBIX METOI0B OMOMENTHOPAIINH AJISI PACIIIH-
peHUs uX peHTa0eIbHOCTH U COOTBETCTBEHHO A dek-
TUBHOCTH B OYIyIIIEM.
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AHHOTALUA

dusnyeckoe BOCITHTaHHUE ,Z[eTefI BCCraa OBLIO B LOEHTPC BHUMAHUS KaK a3ep6af/'m>1<ch1<1/Ix, TaK 1 MHUPOBBIX
yueHbIX. Beinarontuecs mpicnuTenu, Takue kak Huzamu I'samkesu, Myxammen @usyinu, 'acan ek 3apaadu, Ma-
paranmu ABxaaw, [Inaron, Apucrorens, Moann Amoc Komenckuii, XKan-XXak Pycco, Ilerp Jlecradr u npyrue,
CTPYKTYpHpOBaiu o0pa3oBaHUE U BOCIIMTAHHUE JeTel MO BO3pacTHBIM rpynmnaM. [1o MHEHUIO H3BECTHOTO MHTEII-
nektyana ['acan 6ceka 3apaadu, pusnyeckoe BOCIUTAHUE UTPACT PEIIAIONIYIO POJIb B YCIICITHON peannu3aliuy HH-
TCIJJICKTYaJIbHOT'O U HPaBCTBEHHOI'O pa3BUTHA. I[J'ISI YIYUYIICHU OTUX KaUCCTB ﬂeTeﬁ HUCTOPUYCCKH ACIIUIIN HAa BO3-
pactHble rpynmbl. K pazaenenuto aeteit Ha BO3pacTHBIE TPYIIBI B X0/ 00pa30BaTeNIbHOTO MpoIiecca pa3Hble yué-
HBIC TTOAXOIIIIN MO-pa3HOMY. Brimaromuiics aszepOaiipkaHcKuii modT U guimocod Maparamm ABXaam, TOBOpPS O
(I)I/ISI/I‘ICCKOM BOCIIMTaHUU, TTPECIIJIOKUIT (I)I/IBI/I‘I€CKI/IG YHPAXKXHEHUA U UTPbI, COOTBETCTBYIOIIUEC BO3PACTHBIM IIEPU-
ogaM I[eTeﬁ. 9Ty HUACHO ITPOBCACHUA (1)I/IBI/I‘ISCKOFO BOCIIUTAHUSA B COOTBETCTBHUEC C BO3PACTHBIMU 0COOEHHOCTAMU
CJICAYCT pacCMaTpuBaTh KAaK 3HAYUTCIIBHOC AOCTHIKCHUC JId CBOCTO BPEMCHH. B 7-8-netnem BO3pacTe, 1o-
CKOJIBKY KOCTHU CIIC PA3BUBAIOTCA U HpI/I6J'II/I)Ka}OTC$[ K CTpOCHUIO KocTeil B3pOCJIOT0 4Y€JIO0BCKA, PCKOMCHAYIOTCA
BUJBI CIIOpTa, Tp€6y10H.[I/I€ YaCTbIX HPBIKKOB M JIOBKOCTH, TAKUEC KaK 6aCK6T6OJ'I, l"aHZ[GOJ'I, IPBDKKHA B JJIMHY. 39T10
CBA3aHO C TEM, YTO Ha 3TOM JTAIl€ CKEJIETHasd CUCTEMA NPETECPNIEBACT 3HAYUTCIIbHBIC U3MCHCHUA, U 3aHATUA Ta-
KHMH BUIAMH I€ATEIHHOCTH TIOMOTAIOT MOBBICUTh MPOYHOCTH KOCTEMH U o011iee ¢puzndeckoe pa3BuTe. B Bo3pacT-
HOM Tiepuoze 8-12 jeT mpooipKaeTcst pa3BUTHE BCEX OPTaHOB U CHCTEM Y JAeTell U moapocTkoB. OKOCTEHEHHE
KOCTEH M pa3BUTHE MBIIII] YCKOPSIOTCS, ¥ K 12 rojjlaM KOCTH yXe He OTIIMYAIOTCS OT KOCTEH B3POCIIOro YeJIoBeKa.
Ha »ToMm 3Tane B kauecTBe MOAXOAAIINX BUAOB CIIOpTa AJId ;:[eTeﬁ MOKHO PEKOMEHAO0OBATH BU/IbI CIIOPTA, Tpe6yfo-
e JTOBKOCTH, FI/I6KOCTI/I, CKOPOCTH pCaKlMu, BHUMAHUA U TICUXOJOTMIEeCKOH BBIHOCJIMBOCTH, TAKUEC KaK J310/10,
(I)YT6OJ'I, HaCTOJBHEIN TCHHMUC, 6a,I[MI/IHTOH. Ot BUABI CIOpTa NOMOT'arOT pa3BUBATb q)HBI/I‘IGCKI/IG 1 YMCTBCHHBIC
CHOCO6HOCTI/I, H606XOZ[I/IMBIG JUIA HaHBHCﬁLHGFO pocCTa 1 pa3BUTHUS.

Abstract

The physical education of children has always been a focus of attention for both Azerbaijani and global
scholars. Prominent thinkers such as Nizami Ganjavi, Mahammad Fuzuli, Hasan bay Zardabi, Maragali Avhadi,
Plato, Aristotle, John Amos Comenius, Jean-Jacques Rousseau, Peter Lesgaft, and others have structured children's
education and upbringing based on age groups. According to the renowned intellectual Hasan bay Zardabi, phys-
ical education plays acrucia role in successfully implementing intellectual and moral development. P.F. Lesgaft
regarded physical education as one of the primary tools for shaping willpower, character, moral upbringing, intel-
lectual ability, physical activity, and aesthetic appreciation. To improve these qualities, children have historically
been divided into age groups. The division of children into age groups during the educational process has been
approached differently by various scholars. The prominent Azerbaijani poet and philosopher Maragali Avhadi,
when discussing physical education, proposed physical exercises and games suited to children’s age periods. This
idea of aligning physical education with age-specific characteristics should be regarded as a significant develop-
ment for itstime. At the age of 7-8, as the bones are still developing and approaching the structure of adult bones,
sports that require frequent jumping and agility, such as basketball, handball, and long jump, are recommended.
This is because during this stage, the skeletal system is undergoing significant changes, and engaging in such
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activities helps in promoting bone strength and overall physical development. During the age period of 8-12, the
development of all organs and systems in children and adolescents continues. The ossification of bones and the
development of muscles accelerate, and by the page of 12, the bones no longer differ from those of an adult. In
this stage, sports that require agility, flexibility, reaction time, attention, and psychological endurance, such as
judo, soccer, table tennis, and badminton, can be recommended as suitable sports for children. These sports help
develop physical and mental skills essential for further growth and development.

KiroueBble c10Ba: JCTH, (1)1/131/[11601(06 BOCIIUTAHUE, CIIOPTCMCHBI, BO3pacTHasd rpyI1ina, 1€Tu KOTOPbIC Ha4YH-

HaoT.

Keywords: children, physical education, athlete, age group, swimming, acceleration, children who start.

The physical education of children has aways
been a focus of attention for both Azerbaijani and
global scholars. Prominent thinkers such as Nizami
Ganjavi, Mahammad Fuzuli, Hasan bay Zardabi, Mara-
gai Avhadi, Plato, Aristotel, John Amos Comenius,
Jean-Jacques Rousseau, Peter Lesgaft, and others have
structured children's education and upbringing based
on age groups. According to the renowned intell ectual
Hasan bay Zardabi, physical education plays a crucia
role in successfully implementing intellectual and
moral development. P.F. Lesgaft regarded physical ed-
ucation as one of the primary tools for shaping will-
power, character, moral upbringing, intellectual ability,
physical activity, and aesthetic appreciation. To de-
velop these qualities, children have historically been di-
vided into age groups. The division of children into age
groups during the educational process has been ap-
proached differently by various scholars. The promi-
nent Azerbaijani poet and philosopher Maragali
Avhadi, when discussing physical education, proposed
physical exercises and games suited to children’s age
periods. This idea of aligning physical education with
age-specific characteristics should be regarded asasig-
nificant development for itstime. Plato defined the fol-
lowing age group in nurture. At the age of 3-6 childiren
should be brought up through games on state play-
grounds. At the age of 12-16, they should undergo
physical training in polestra schooals, etc. [1]. So, Plato
considered physical training for children to be most
suitable primarily between the ages of 12-16. Aristotle
divided the period of ageinto three groups, comprising
seven periods: The period from birth to the age of 7.
The period from 7 to 14 years old. The period from 14
to 21 years old. Nizami Ganjavi also shared this per-
spective. He classified children’s development into
three stages. the first stage from birth to seven years
old, the second stage from seven to fourteen years old,
and the third stage from fourteen to twenty — oneyears
old. The Czech educator John Amos Comenius defined
age groups follows: The period from birth to 6 years
old. The period from 6 to 12 yearsold. The period from
12 to 18 years old. Jean-Jacques Rousseau defined the
age groupsof children asfollows: The period from birth
to 2 years old. The period from 2 to 12 years old. The
period from 12 to 15 years old. The period from 15
years old to the age of maturity. In modern era, when
involving children in various sports activities, the ana-
tomical and physiological changes in their bodies, ac-
cording to their age group, must be taken into account
in a scientifically justified form. So, if we look at the
growth of children at different ages, we see that the pe-
riod from birth to 3 yearsis considered a period of rapid
physical development. 3-6 yearsold children [77- 84%)]
behavioral disorders occur. Fatigue occur often [2].

From 6 to 11-12 years old, the development of all or-
gans and systems of children and adol escents continues
[3]. The rapid growth period of a child's body occurs
from birth to one year and during puberty ages 11-15.
In this stage, the height increases by 7-8 cm per year,
and sometimes even by 10 cm [3]. The period of com-
pletion of sexual maturity of young people depends on
their gender and individual characteristics: It occursin
girls at the age of 12-16, in boys at the age of 13-18. At
this stage, psychological and physical development
mostly ends [2]. However, this age classification has
recently been demanded to change. Thisis because the
issue of acceleration has started to manifest itself. Ac-
celeration, derived from the Latin word acceleratio, re-
fers to the speeding up of physical and psychological
development during childhood [2]. Therefore, when in-
volving children in sports programs, the age group from
previous years should be re-evaluated. In the modern
era, the development and diversification of sports,
along with the significant differences in training meth-
ods for these sports, make it crucial to determine at
what age a child should begin practicing a particular
sport. An athlete'sfuture level of achievement is highly
dependent on the sport they choose to pursue in their
childhood. Not al children know which sport is suita-
ble for their body. Most of them choose a sport based
ontheir parents wishes or becausetheir friends or peers
areinvolved in that sport, without considering whether
it aligns with their anatomical and physiologica struc-
ture. Sometimes, children who start a sport this way
manage to achieve high results later. However, this of-
ten happens by chance. In many cases, a child initially
practices a sport by chance, but eventually either
switches to a different sport or, after failing to achieve
any results, becomes discouraged and completely dis-
tances themselves from sports. Many children also fail
to understand that achieving high results in sports re-
quires more than just planned and regular training un-
der the guidance of a highly qualified coach. At the
same time, the athlete’s anatomical and physiological
characteristics, as well as their psychological traits,
must align with the sport they choose [3]. In many
countries around the world, this process is carried out
in different ways. For example, in some countries, chil-
dren focus only on general physical preparation until
the age of 15. Afterward, based on certain tests, it is
recommended which specific sport the child should
pursue. In some countries, children are advised to enroll
in a specific sport based on their physical indicators,
body measurements, and psychological condition. In
such cases, the child's age and enthusiasm for the sport
are not taken into account. Long-term observations
have led to the conclusion that none of the methods
mentioned above fully meet the requirements of the
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modern era [4]. Based on our long-term observations,
it can be concluded that it is advisable to scientifically
organize the process of selecting asport for children. A
child's height, weight, agility, gender, age, and many
other characteristics should serve as measurement units
to determine which sport is most suitable for them.
Proper guidanceis essential for achieving great success
in their future lives.

While doing so, it is crucial to take the child's de-
sires into account and provide them with the right di-
rection. Numerous observations of children have led to
the conclusion that children aged 2-3 can perform ac-
tivities such asrunning, catching, jumping, playing wa
ter games in shallow areas under the supervision of a
teacher, and simple acrobatic movements. During this
age period, children can quickly master swimming
movements and various acrobatic exercisesin line with
their developmental level. [5]. Taking into account the
above, it may be more beneficial to use the step-by-step
principle in choosing a sport for children. Children
should be selected not once, but several timesin stages,
and directed to sports training according to the above
parameters. [6]. At the age of 4-5, children can engage
in swimming, dynamic games, gymnastics, running
over various distances, and jumping. In addition to
these activities, considering their weight, anthropomet-
ric measurements, physiological development, psycho-
logical state, and enthusiasm, they can aso beinvolved
in sportsrequiring agility and flexibility, such as swim-
ming, acrobatics, artistic gymnastics, and others. Chil-
dren at this age who practice swimming can learn it
quickly because their long bones are hollow, making
their body density lower, and they expend less energy
to stay afloat. Y oung children can achieve high results
in swimming more quickly. In sportslike artistic gym-
nastics and acrobatics, younger children tend to per-
form better because their joints are more flexible than
those of adults. While children should focus on one of
these sports, they should also continue practicing other
sports for general physical preparation. It is possible
that in the later stages of their development, they may
find that they are more suited to a different sport [7]. At
the age of 7-8, asthe bones are still developing and ap-
proaching the structure of adult bones, sports that re-
quire frequent jumping and agility, such as basketball,
handball, and long jump, are recommended. Thisis be-
cause during this stage, the skeletal system is undergo-
ing significant changes, and engaging in such activities
helps in promoting bone strength and overall physical
development. During the age period of 8-12, the devel-
opment of all organs and systems in children and ado-
lescents continues. The ossification of bones and the
development of muscles accelerate, and by the age of
12, the bones no longer differ from those of an adult. In
this stage, sports that require agility, flexibility, reac-
tion time, attention, and psychological endurance, such

asjudo, soccer, tabletennis, and badminton, can be rec-
ommended as suitable sports for children. These sports
help develop physical and mental skills essentia for
further growth and development. Sincethereisadiffer-
encein the physical and sexual growth of girlsand boys
at the age of 13-14 [8]. This difference should be taken
into account in the process of involving themin various
sports. Regardless of the sport chosen, it is advisable
for children aged 10-12 to also engage in swimming,
athletics, basketball, and gymnastics to ensure proper
physical development, normal growth, and posture for-
mation. The age of 13-14, it is not recommended for
children to start sports that require special strength and
endurance, as the bone development is not yet com-
plete. Sports that place significant strain on the body
may negatively affect the growth and overall develop-
ment of the child's body. At the age of 13-14, it is ap-
propriate to gradualy introduce strength-developing
movements. During this period, exercises that require
endurance, various weight-bearing movements, body-
weight exercises, and gymnastics movements using
equipment (such as pull-ups, parallel bars, and jumps
onvarious apparatus) can betaught. Children at thisage
can regularly engage in sportslike athletics, judo, foot-
ball, freestyle wrestling, Greco-Roman wrestling, com-
bat sports, weightlifting, and others. After the age of 15
[9]. The choice of sport can be tailored based on the
child's weight, anthropometric measurements, physio-
logical development, psychological condition, and en-
thusiasm. At this stage, a more precise and consistent
sport regimen can be established based on these factor
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AHHOTALUA

CraTbsa IIOCBANICHA CHUCTEMATHU3AIlM MCTOAOJIOTHYCCKUX MOAXO0J0B U MOI[GJIGFI I.[I/I(prBOFO 6}OII)K6TI/Ip0Ba-
HUs, IPCACTABJICHHBIX B COBpeMeHHOﬁ Hay‘IHOﬁ u HpO(i)eCCPIOHaJ'ILHOf[ JiaTepartype. Brimonnen 0630p APXUTCK-
TYPHBIX, NPOLIECCHBIX M AHAJMTHYECKHX MOJIEJIeH, ONpeNessIIoIUX HarpaBieHus HudpoBoi TpaHchopMaluu
OrOKETHOTO Tporiecca U GOPMUPYIOIIUX OCHOBY JUIS MHTETPALMU MU(BPOBBIX TEXHOJIOTHH B ()HHAHCOBOE IIa-
HUpoBaHue. [IpoaHann3upoBaHbl KIHOYEBbIE MPEUMYIIECTBA U(POBBIX PELICHU, BKIIOYasl MTOBBIILIEHUE TOYHO-
CTH IIPOTHO3UPOBAHUA, YCKOPEeHHE OIOPKETHBIX LIUKIOB M PaCIIMpEeHHEe BO3MOXKHOCTEH aHaiu3a JaHHbBIX. Pac-
CMOTPECHBI TAKXKC OTpaHUYCHUSA U METOHOJIOTUYCCKUC MPOTUBOPECHUUA, BIUAIOMINE HA NPAKTUYCCKYIO IPUMCHU-
MOCTb pPa3JINMYHBIX MO,I[eHei/'I, BKJIXO4as Tpe6OBaHI/I$I K Ka4CCTBY HAHHBIX, I.lPICprBOﬁ 3pCI0CTH U KOMIICTCHIHUAM
nepcoHala. Hpe,Z[CTaBJ'IEHHHe PE3YIbTATHI MO3BOJIAKOT YTOUHHUTH TCOPETUICCKUC OCHOBBI ].[I/I(prBOFO 6IO,H)K€TI/I-
poBaHHA U (HOPMHUPYIOT HAYIHO-METOAMUCSCKYIO 0a3y Ul JadbHEHIINX HMCCIeIOBaHWH B 00JacTH IUGPOBOM
TpaHchopMauu GUHAHCOBBIX (DYHKIIHH.

Abstract

The article provides a systematic review of methodologica approaches and models of digital budgeting pre-
sented in contemporary academic and professional literature. The study offers an overview of architectural, pro-
cess-oriented, and analytical models that shape the digital transformation of the budgeting process and form the
foundation for integrating digital technologies into financial planning. Key advantages of digital solutions are
analysed, including improved forecasting accuracy, accelerated budgeting cycles, and enhanced data-driven ana-
Iytical capabilities. The article also examines limitations and methodological inconsistencies that affect the prac-
tical applicability of various models, such asrequirementsfor dataquality, digital maturity, and staff competencies.
The findings clarify the theoretical foundations of digital budgeting and contribute to the methodological basisfor
further research on the digital transformation of financial functions.

KiroueBble cjioBa: LII/I(l)pOBI/IBaLII/IH 6IO,Z[)K€TI/Ip0BaHI/I$I, METOJAOJOTUYCCKHUE NOAXOAbI, APXUTCKTYPHBIC MO-
ACJIn, MPOUECCHBIC MOACIIN, AHAJIMTUICCKUE MO/JICIIN, (I)I/IHaHCOBOG IJIaHUPOBAaHUC, un(prBa;{ TpaHC(l)OpMaLII/ISI.

Keywords:. digital budgeting, methodologica approaches, architectural models, process models, analytical
models, financial planning, digital transformation.

Bsenenue

Hudporas tpanchopmaims GUHAHCOBBIX (HyHK-
LMK TIPUBOJUT K CYIIECTBEHHBIM U3MEHEHHUSIM B IIPO-
neccax OI0KETUPOBAHMS U (PUHAHCOBOTO ITIAHUPOBA-
HUS. TpasnMOHHBIE IOAXObI, OCHOBaHHBIE Ha ITOCTIe-
JIOBaTENbHBIX Tpolenypax (GopMmMupoBaHus OroJKeTa,
py4HOH 00paboTKe JAHHBIX U OTPAaHNYEHHBIX aHAINTH-
YECKHUX BO3MOXHOCTSIX, CTAHOBSTCSI HEJOCTATOYHO 3(p-
(DeKTHBHBIMH B YCJIOBHSX pacTymied NHHAMHIHOCTH
BHEIITHEH Cpeapl W YCIOKHEHHS YIPABICHYECKHX 3a-
nad. Ilepexox x mudpoBEIM MOAETSIM OI0KETHPOBA-
HUS TIO3BOJISIET ITTOBBICUTH KAadyeCTBO IUIAHHUPOBAHUA,
YCKOPHUTH 00pabOTKy HaHHBIX W olecmeduTh Oojee
TOYHOE TIPOTHO3UPOBAHHE.

HecMoTpst Ha 3HAYMTENBHBIN UHTEPEC K mMpoObIe-
Matuke HudpoBu3annuy GUHAHCOB, METOI0JIOTHYECKHE
OCHOBaHHSI LM(PPOBOrO OIOKETUPOBAHUS B HAy4HOH
JIuTepatype IpeAcTaBieHbl (parMeHrapHo. OTCyT-
CTBHE €JMHON KiTacCU()MKAINHU CYIIECTBYIOINX MOJIe-
JIel ¥ HeJJOCTaTOYHAs CUCTEMAaTH3alns] KOHIENIHNH 3a-
TPYZIHSIOT CPaBHUTEJIbHBIA aHaNW3 MOAXOIO0B U

OLIEHKY UX NPUMEHHMOCTH B Pa3IMYHBIX OpraHu3ally-
OHHBIX KOHTEKCTaxXx. B 3THX yCIOBHAX BO3pacTaeT
HEOOXOIMMOCTh 0030pHOTO HCCIEeIOBAHMSA, HaIpaB-
JEHHOTO Ha CTPYKTYPHPOBaHHE TEOPETHYECKUX MOJ-
XOIOB M MOJieJIel u(poBOro OIOKETUPOBAHUS, HC-
TMIOJIb3YEMBIX B MEKIyHAPOIHOMN IPAKTHUKE.

Llenb cTaThy COCTOHT B CHCTEMATH3ALUH METOI0-
JOTUYECKHUX MOJXO0J0B K IU(PPOBU3ALIH OI0IKETHPO-
BaHMS M aHAJIN3E MOJIEINEH, JIeKaluX B OCHOBE COBpE-
MEHHBIX ITU(PPOBBIX (PUHAHCOBBIX CHCTEM.

JIns ZOCTMKEHHS I1eJTN TIOCTABIICHBI 3a/1a4H:

—  U3YYHUTh TEOPETHYECKHE MOAXOIbI K TPaHC-
(hopmaru nporeccoB OI0IKETUPOBAHUS,;

— CHCTeMaTH3UpPOBATh MOJAETH  IH(POBOTO
OrOKETHPOBAHIS, IPEICTABICHHBIE B HAYYHON U MPO-
(eccuoHaNbHOM IMTEPATypE;

— OIIPEAEIHTh METOIOJIOTHYECKHE PaMKH aHa-
nm3a M POBBIX MOENEH;
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— copMupoBaTh TEOPETHUECKYIO 0a3y I
JNATBHEWITUX HWCCIIeIOBaHU B 00JacTH MHU(POBOTO
(hMHAHCOBOTO TITAHHUPOBAHUSI.

CraThsi HOCHT 0030pHBIN XapaKTep W HalpaBlicHa
Ha 0000IIeHHEe KIFOUEeBBIX KOHHENIMH IH(POBOro
Or0/UKETHPOBAHMUS, YTO TIO3BOJISIET YKPEIUTh METOJI0-
JIOTHYECKYI0 OCHOBY AAJbHEHIIMX TEOPETUYECKUX M
MPUKJIJIHBIX UCCIIEJOBAHHH.

1. JInTepaTtypHblii 0030p

BromxeTnpoBanne TpPagWIHOHHO pPaccMaTpHBa-
eTcsl Kak KiIroueBas GyHKIHUS (UHAHCOBOTO YIIpaBiie-
HU, oOecreunBaromas IUTAHMPOBAHUE, pacIpeselre-
HHE PecypcoB M KOHTpOJb. Kiaccudeckne MmMOIXOMbI,
BKJTIOUAst TPAJUIIHOHHOE OI0KETHPOBAHHE, OI0KSTH-
poBanue «c Hyis» (Zero-based Budgeting) u Gromke-
THUPOBaHHE Ha OCHOBE BUJIOB JAEATEIBHOCTH (Activity-
based Budgeting), moapoOHo omucanbl B (yHIAMEH-
TaJbHBIX padorax Y. XopHrpeHa u ero mocienoBate-
neii [1]. JlaHHBIC MOJIETTH OCTAIOTCS OCHOBO# (PMHAHCO-
BOTO IJIAHUPOBAHUS, OTHAKO B paboTax COBPEMEHHBIX
uccieioBaTenel 0TMEYaeTcs, YT0 UX CTaTUYHOCTh U
BBICOKAsl TPYHOEMKOCTh OTPAaHHYMBAIOT TPUMEHU-
MOCTb B YCJIOBUAX MHU(PPOBOI SKOHOMHKH [2].

Pactymee BHMaHue yaenseTcs TpaHchopMaImm
OIOKETHOTO TIpOIIecca Mo T BO3ACHCTBHEM IU(PPOBBIX
texHonoruit. CormacHo otuyéram ACCA u PwC, nud-
POBH3AIUS TO3BOJISET CYLIECTBEHHO COKpPATUTh IPO-
JIOJDKUTENILHOCTD OIO/PKETHBIX LUKIIOB, IIOBBICHTh Ka-
YECTBO AaHHBIX U PACIIUPUTH aHAJTUTUUECKHE BO3MOXK-
HocTH (uHaHCcOBOM ¢yHkimu [3, 4]. B oruérax
McKinsey moguepkuBaercsi Iepexoa OT MepHoanve-
CKOTr0 OIO/KETUPOBaHHS K MOJENSM HENPEepbIBHOTO
miaaupoBanus (Continuous Planning) ¥ cKoOMB3sAIIHX
MIPOTHO30B, YTO TOBHIMIACT aaITUBHOCTh KOMITAHUH K
W3MEHEHUSAM BHEITHEH cpenpl [5]. 3HaunMbIM Hampas-
JICHHEM HCCIICIOBAHUH SBISIOTCS MOAETH IH(PPOBOTO
OFO/KETHPOBAHMSI, OCHOBAaHHBIC HAa AHAJIUTUKE JaH-
HBIX, aBTOMATH3AIUH U IPUMEHEHHUH aJrOPUTMOB IIPO-
rHo3upoBaHud. Gartner B CepHM HCCIECIOBaHUHN BbIse-
nsier nBukenue kK Data-driven Budgeting u unTerpa-
UMM TPEIUKTUBHON  aHaJIMTHKH, I103BOJISIOIICH
(hopMupOBaTh MPOTHO3BI HA OCHOBE OOJIBIINX MACCH-
BOB OIEPALMOHHBIX JAaHHBIX [6]. AHAJIOTHYHBIEC BBHI-
BOJIBI TIPEJICTaBIeHbl B paborax IBM, rae omuchiBa-
IOTCSl KOTHUTUBHBIC HHCTPYMEHTHI (PMHAHCOBOTO TLIA-
HUpoBaHMs Ha ©Oaze IBM Planning Analytics,
UCIIONB3YIOMIAE AJITOPUTMBI MAITUHHOTO OOyYeHUS
JUISl IPOTHO3UPOBAHUS U CLIEHAPHOTO aHanu3a [7].

[poneccHpie MomenH U(GPOBOTO OFOHKETHPOBA-
HUS NOJYYMJIM Pa3BUTUE B paMKax MeTtogoaoruii BPM
n APQC, rae OromkeT paccMaTpuBaeTCsl Kak 4YacTh
CKBO3HOH IIETIOYKM YIpaBlieHHA. Takoro poja mojn-
XOJIBI TIPEAIONAraloT CTAaHJAPTH3AIMIO POJICH, ITalloB
W perjJaMeHToB (popMHupoBaHUS OIOIKETa, YTO MOBBI-
aeT Mpo3pavHOCTh W YIIPABIIEMOCTh Tpolecca [8].
HUccnenosanus Deloitte moguépkuBatoT, 4To udpoas
TpaHcopmanus OIOPKETHPOBaHUS HEBO3MOXHA 0Oe3
PEHH)XMHHUPHHTA TPOIECCOB M HMHTETPAMU €IMHBIX
wiatdopM ynpasieHust JaHHbIME [9]. BaxHsIi miacT
JUTEpaTyphl MOCBSIIEH MOJEINSIM OLEHKH IH(POBOI
3penoctn ¢uHaHCOBOM ¢yHKiuu. Deloitte Digital
Finance Maturity Model u Gartner Maturity Model

OTIPENIeNISIOT YPOBHU TEepexoa oT (hparMeHTapHOH aB-
TOMAaTH3AIMH K KOMIUIEKCHBIM IU(POBBIM PELICHUSM,
BKJTIOYAsT WHTEIUICKTyalbHOE IUITAHHMPOBAHUE M CaMO-
oOy4aromuecs: mporHo3ueie Moxaenu [10, 11]. Takue
MOJICIIA CO3JIAIOT METOJOJOTHYECKYI0 OCHOBY ISt
OTpEICIICHUS] TOTOBHOCTH OPTaHU3aINil K BHEAPCHUIO
IU(PPOBBIX HHCTPYMEHTOB OFOIXKCTUPOBAHHUSL.

[pakTuueckas peanusarus HU(GPOBBIX MOJX00B
OIKCaHa B HCCIICJIOBAHUIX KOPIIOPATUBHBIX TIATPOPM
SAP BPC, Oracle EPM, Anaplan u IBM Planning
Analytics, rae mpeacTaBiIeHbl apXHUTEKTYpPHBIC MPHH-
UGl HHTETPAAN JaHHBIX, aBTOMATH3AIMH OFOKET-
HBIX [UKJIOB M HCIIONB30BAHMSA MIPEIUKTUBHON aHAIH-
ik [12, 13]. Yka3aHHbBIE pelIeHHs MPeaiaratoT KoM-
IUIGKCHBIM TOAX0A K OOBEIWHEHHIO IIPOIECCOB
OFOJKCTUPOBAHMS, MPOTHO3UPOBAHUS M KOHCOJIH[A-
LMY TAaHHBIX B €IUHON 1IU(POBOii cpene.

JluteparypHbIii 0030p MOKA3bIBACT, UTO IUGPOBHU-
3anus OrOKCTHPOBAHUS PAa3BHBACTCS B JIBYX B3aUMO-
JOTIOJIHATOMINX HAIlpaBJICHUAX

— TeopeTndeckoM ((OpPMUPYIOLIEM METOI0JIO-
THYECKYIO0 OCHOBY ITU(PPOBBIX TpaHC(HOPMAINK);

— TPHUKIATHOM (OMHCHIBAIOIIEM apXUTEKTYpy,
WHCTPYMEHTHI U TEXHOJIOTHH COBPEMEHHBIX IH(DPOBBIX
OIO/KETHBIX CHCTEM).

CucremMaTu3amys BHIIICyKa3aHHBIX ITOIXO0I0B CO-
31a€T OCHOBY TS AaJbHEUIIINX UCCIICAOBaHUM ITU(PO-
BBIX MOjiefieil OI0KETHPOBAHUS U OIIEHKU UX MPaKTH-
YECKOU NPUMEHUMOCTH.

2. Metonoaorus

HccnenoBanue OCHOBaHO Ha 0030PHOM M aHAJH-
TUYECKOM TMOJXOJC, BKIIOYAOIICM CHCTEMATH3AIIUIO
HAYYHBIX ITyOJIUKAIMHA, MEXIyHAPOIHBIX CTAHAapTOB
1 IpoheCCHOHATIBHBIX OTYETOB, TIOCBAMIEHHBIX TPAHC-
(opmaru mporeccoB OOHKETUPOBaHUA. B kadecTBe
HWCTOYHHUKOB HCIOJB30BaHBl PEICH3UPYEMBIC CTaThH,
(yHIaMeHTaIbHBIE pPa0OTHl MO  YNPaBICHICCKOMY
ya€Ty, a TaKKe aHATUTHYECKUE MATEPUAITBI BEIYIIHX
KOHCAJITHHI'OBBIX MW TEXHOJOI'MYCCKUX KOMHaHHﬁ,
NPEACTABIAIONNX MOJAETH M HHCTPYMEHTH Lubpo-
BOTO OIO/KETUPOBAHUSI.

OT6op nuTepaTypsl OCYHIECTBISLICS MO KpHTE-
pHUSIM PENICBAHTHOCTH TeMme Iu(poBoOi TpaHchopma-
OUU OFOJDKETUPOBAHUSA, MMPU3HAHHOCTH HCTOYHUKA U
BepHUPUINPYEMOCTH JaHHBIX. Ha OCHOBE BBHIOpaHHBIX
MaTepHaliOB TPOBEICHBI KIACCH(PUKAIHS ITOIXOIO0B,
CpaBHEHHE Mojesel Mu(POBOTO OOKETUPOBAHUS U
aHaIN3 METOJOJIOTUIECKAX PaMOK, UCIIOIBE3YEMBIX B
MEXITyHApOIHOH MpaKTHKE.

MeTo00THsl MCCIIEA0BaHUST HE TpeanosiaraeT
cOopa NepBUYHBIX JAaHHBIX M HalpaBiieHa Ha (HOpMU-
pOBaHHE TEOPETHUKO-METOIO0IOTHYECKON 0a3bl, HEO0O-
XOJIMMOM JIJIsl TIOCTIEYIONIETO aHaIn3a MU(POBBIX MO-
Jlesied M UX MPaKTUYeCKOW MPUMEHUMOCTH.

3. Pe3yabTaTthl

Pesyneratrom npoBen€HHOro 0030pHOTO aHANIM3a
CTaJIO BBIABIICHHE M CUCTEMATH3ALUS KIIFOYCBBIX METO-
JOJIOTHYECKUX TTOAXO0J0B U Mojeied, popMUpyrommx
OCHOBY IU(POBU3AIIH IIPOLIECCOB OIOKETHPOBAHUSI.
[lomyuyeHHBIE JaHHBIC MOKA3BIBAIOT, YTO IH(pPOBOE
OFOJKETUPOBAHKE MPEACTABISCT COOOH KOMILICKCHOE
HarpasiieHue, 00bEJUHSIOIIEE IBOIIOIMIO TPAJAUIHMOH-
HBbIX q)HHaHCOBBIX IIPAKTUK, pa3BUTUC aHATIUTHYICCKUX



The scientific heritage No 175 (2025)

23

TEXHOJIOTUA M PacHpOCTpaHEHHE HHTETPHUPOBAHHBIX
KOPHOpPaTHBHBIX IIAT(GOpM.

IlepBBIM 3HAYMMBIM PE3YIBTATOM AHAIH3A SIBJIA-
eTcsl BBISIBJIICHHE TPEX KOHIENTYaJIbHBIX TPYII MOJE-
nel ppoBOTo OOJHKETUPOBAHMS:

—  apXUTEKTYPHBIX MOJIEJICH, OPUCHTHUPOBAHHBIX
Ha CTPYKTYPHpOBaHNE HHPOPMAIMOHHOH Cpepbl;

— TIPOLECCHBIX MOJIEIICH, OMMCHIBAIOLIUX TPAHC-
(hopMaIHIo ITANOB U PErJIaMEHTOB OIOJKETHPOBAHMS;

— QHWINTHYECKUX MOAENEH, OCHOBaHHBIX Ha
MPUMEHEHUN METOMIOB 00pabOTKM JaHHBIX W IPEIUK-
TUBHOH aHAJTUTHUKU.

Taxas kmaccuduKaIys Mo3BoIsIeT pacCMaTPHBATh
IUQPOBH3AIMI0 OIOKETHOTO Ipoliecca Kak MHOTO-
YpOBHEBOE SBJIEHHE, 3aTparuBaromiee HHOPACTPYK-
TYpY JaHHBIX, OPraHU3aIllMOHHBIC TIPOLIETYPBI U METO-
JIMKH TIPOTHO3UPOBAHMSI.

ADXHUTEKTypHBIE MOJIENN MPEACTABISIIOT CO00
dpoBbIe CTPYKTYpHI, OOecleuyuBarone HHTErpa-
MO JITAaHHBIX ¥ aBTOMATU3AIMIO KIIFOUEBBIX 3TaNoB (u-
HAHCOBOTO IuTaHMpoBaHusA. CorjgacHo IyOIMKanusaM
SAP u Oracle, coBpeMeHHBIE TTATPOPMEI OFOHKETHPO-
BaHMS CTPOSITCA Ha NPHHIMIIAX €IMHOTO HCTOYHHUKA
JaHHBIX, MOAYJIBHOCTH, aBTOMAaTU3NPOBAHHOW KOHCO-
JUJAMA UM CKBO3HOM aHanmutuku [12, 13]. Monenu
MO3BOJISIIOT YMEHBIIUTH YUCIIO PYYHBIX Ollepanuii, mo-
BBICUTB IIPO3PAYyHOCTh OIOPKETHOTO Tpolecca u obec-
MEYUTh HENPEPHIBHYIO JTOCTYNHOCTh aKTyalbHOH (u-
HAHCOBOW MH(MOPMAIMH. AHAIIN3 MEXIYHAPOJIHBIX HC-
TOYHHKOB TOKa3bIBACT, YTO aPXUTEKTYPHBIC PEIICHUS
CTaHOBSITCS OCHOBOI HU(POBBIX IKOCUCTEM, 00BEAN-
HSIOLIMX OI0/PKETHPOBAHNUE, IIPOrHO3UPOBAHUE U CTpa-
TETUYECKOE IITaHNPOBAHHE.

ITpoueccHsle MOAEnH IUPPOBOTO OIOMKETHPOBA-
HUS CBSI3aHBI C IPE0OPa30BaHNEM JIOTUKH (POPMHUPOBA-
Hus 6romxeta. Mecnenosanus APQC u Deloitte ceujie-
TEJILCTBYIOT O MIEPEXO0IE OT IMHEHHBIX ITOCIIEI0BATEIb-
HBIX TpOLEeAyp K THOKHMM TIpoleccaM, B KOTOPBIX
UCTIOJNIb3YIOTCS CKOJIB3SIIIME MPOTHO3bI, CHEHAPHBIN
aHaJIU3 U 3JIEMEHTH! HEIPEPHIBHOTO TNIAHUPOBAHUA [8§,
9]. Takue Moeny MO3BOJISIOT OPTaHU3AIMAM aJanTH-
pOBaTh OIOJDKET K U3MEHSIOIIUMCS YCIIOBHSIM, COKpa-
IaTh JUIUTEIBHOCTh LUKIIOB ITUIAHMPOBAHUS M WHTeE-
TpUPOBATh yNpaBJICHNUE PHCKAMH B OIOJUKETHBIH MpO-
necc. Pe3ysnbpTaThl aHamM3a MONTBEP)KAAIOT, YTO
MPOLIECCHBIE MOJIENN SIBJISIIOTCS KJIIOYEBBIM HHCTPY-
MEHTOM TIOBBIIICHHS aIAITUBHOCTH U YIPaBISEMOCTH
(huHAHCOBON (PYHKIIHH.

AHanuTHueckue MoJenu HH(PPOBOTO OIOKETH-
poBaHusi GOPMHUPYIOTCS B paMKaxX pa3BUTHUS TEXHOJIO-
ruit 06paboTKH JaHHBIX, TPOrHO3HON aHATUTHUKY U all-
TOPUTMOB MamMHHOTO 00ydenus. Gartner u IBM BBI-
nensitioT  Hampaiienme  Data-driven  Budgeting,
mpexnmnoJiararoniee GopMUpoOBaHre OIOKETOB Ha OC-
HOBE OOJIBIINX MacCHBOB JIAHHBIX, aBTOMATU3UPOBAH-
HBIX MIPOTHO30B M MHTEIJIEKTYaJbHBIX aJrOPUTMOB [0,
7]. Takoro pojga MOAENH BKIIOUAIOT HHCTPYMEHTEHI
neHTH(HUKAUY TPEHIOB, aHAIN3a BapUaTHBHOCTH,
OLICHMBAHMS PUCKOB ¥ MOCTPOEHHUS MHOTOMEPHBIX MO-
JieNiel IpOrHO3UpOBaHMs. Pe3ysbTaTel aHalmM3a MoKa-
3bIBAIOT, YTO NPHMEHEHHE aHAINTHYECKUX MOJEIeH

3HAYUTEIBHO IOBBIIIAET TOYHOCTH (PMHAHCOBBIX IPO-
THO30B U TT03BOJIAET OPraHU3anUsAM IPHHIMATH pelie-
HUSI HA OCHOBE OOBEKTHBHBIX JIaHHBIX.

BakHBIM pe3ynbTaTOM HCCIEAOBAHUS SBISIETCS
BBISBJICHUE POJIM MOAeei nnupoBoii 3pesiocTH, KOTo-
PpBI€ UCIOIB3YIOTCS JJIs OLIEHKY TOTOBHOCTH OpraHu3a-
LU K BHEAPEHUIO IM(PPOBOro OroukeTHpoBaHus. Mo-
nenu Deloitte n Gartner copepar ypoBHEBYIO CTPYK-
TYpY 3pEJOCTH, OTPaXKaloIIyI0 Mepexoi OT 0a30Boi
aBTOMATH3aLMK K WHTETPHPOBAHHBIM IH(PPOBBIM
wiaTGpopMaM M WHTEIJICKTYyaIbHBIM (PMHAHCOBBIM CH-
cremam [10, 11]. YkazanHbIe MOAEIH IO3BOJIAIOT BOP-
MHpPOBaTh JOPOXHBIE KapThl MUPPOBON TpaHCHOpMa-
LIUH, OTIPENIeNATh HEOOXOMMBIH HabOp MHCTPYMEHTOB
1 OLIEHWBATH CTEIICHb PA3BUTHS (PHHAHCOBOH (PyHKIINK
B JIMHAMHUKE.

AHanu3 TUTepaTyphl TaKKe IMoKas3al, 4YTo HuQpo-
BbIE MOJIENIN OFOJKETHPOBAHUSI HHTETPUPYIOTCS B KOP-
nopatuBHble mardopmbl kiaacca EPM, npemnararo-
K€ KOMIUIEKCHBIN MOJIX0 K IUTAaHUPOBaHUIO, IPOTHO-
3UPOBAHUIO M KOHCOJNUIAIUH JaHHBIX. Pemenust SAP
BPC, Oracle EPM u IBM Planning Analytics obecrme-
YUBAIOT aBTOMATH3ALMIO (DMHAHCOBBIX IIPOIECCOB,
YHU(HUKALUIO JaHHBIX U IPUMEHEHHE aHATMTHICCKUX
METOJI0B B peasibHOM BpeMeHu [12, 13]. Ux ucnonb3o-
BaHHE CIIOCOOCTBYET COKPAIIECHHIO OTIEPAIOHHBIX 3a-
TpaT, TMOBBIIICHUIO TOYHOCTH TIPOTHO30B M YCHJICHUIO
KOHTPOJISI 32 (PMHAHCOBBIMH TTOTOKAMH.

Takxum o6pa3om, pe3ynbTaThl aHAJIN3a CBUIETEIb-
CTBYIOT 0 (hOPMHPOBAHUH LIEIOCTHON METOJI0J0THYe-
CKOW OCHOBBI IIU(POBOTO OIOPKETUPOBAHUSI, BKIIIOYA-
IOIIeH apXUTEKTYPHBIE, IPOLIECCHBIE U AaHATTUTHYECKUE
mozenu. LludpoBusanns O60KETHOTO Mporecca CTa-
HOBUTCS MHOTOACIICKTHBIM SIBICHHEM, OXBaThIBAIO-
MM TpaHC(HOPMAIIHIO TaHHBIX, TEXHOJIOTHH 1 OpTaHHU-
3alMOHHBIX MOAX0J0B. CHCTeMaTn3alus CymecTBYIO-
IHUX MOJENICH TO3BONISET YTOYHHUTH COJEp)KaHHE
QpoBOro OI0IKETUPOBAHUS, ONIPEAEINUTH HalpaBie-
HHS pa3BUTUSI PUHAHCOBOW (DYHKIIMU U 3aJI0KUTH OC-
HOBY JJIs1 (DOPMHUPOBAHUS MPAKTHYECKUX PEKOMEH/a-
LI 110 BHEIPEHUIO U(PPOBBIX PELICHHUH.

4. O6cyxaeHue

Pe3ynbraThl aHanM3a MOKa3bIBAIOT, 4TO HU(BPOBOE
OroKeTHpOBaHE (HOPMUPYETCS Ha IEPECEUCHUN TeX-
HOJIOTUYECKHX, OPraHW3allMOHHBIX M METO/O0JIOTHYe-
CKHX npeoOpa3zoBanuii. OJJHAKO BBISABICHHBIC MOJIEITH
JEMOHCTPHPYIOT HE TOJIBKO MOTEHIWAT PAa3sBUTHA (QH-
HAHCOBOTO IUIAHWPOBAHUS, HO WM DS OTPaHHUYCHUH,
MIPOTUBOPEYUH M TUCKYCCHOHHBIX aclleKTOB, TpeOyIo-
UIUX KPUTHYECKOM OLIEHKH.

ApPXUTEKTypHBIE MOJEIH, OCHOBAaHHbIC HAa HHTE-
rpalyy JaHHBIX U HUQPOBBIX MIaThOpM, paccMaTpH-
BAIOTCS B JIHTepaType Kak (yHAAMEHT IU(PPOBOH
TpaHchopmannu Or0pKeTHpoBaHUA. TeM He MeHee Hc-
cnenoBanus SAP u Oracle moka3pIBarOT, 4YTO BHEApE-
HUE TaKUX MOJIENIEN CONPSIKEHO C BBICOKOH CTETEHBIO
TEXHOJIOTHUECKOH 3aBUCUMOCTH, 3HAUUTEIIbHBIMU IIEP-
BOHAYaJIbHBIMH 3aTpaTaMH U PHCKaMH HECOTJIAaCOBaH-
HOCTH JaHHBIX Ha paHHHX 3Tanax nuppoBusamuu [12,
13]. Kpome Toro, crangapTusanus apXUTeKTypbl MO-
XKET BCTyNaTh B NPOTHUBOPEUHE C IMOTPEOHOCTBIO OT-
JENBHBIX TTO/Ipa3AeieHu B THOKOCTH, 9TO MOPOKIAAET
KOH(IINKTHI MEXy HEHTPATU30BAHHBIMHU H JETICHTPa-
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JM30BaHHBIMU MOJICIISIMU YIIPABICHUA. APXUTEKTYp-
HBIE DPEHICHUS CO3JAI0T OCHOBY IM(POBH3AIUH, HO
TpeOyIOT 3HAYUTEIHHBIX MHBECTHINN B MH(PACTPYK-
Typy, YIpaBJIeHHE JaHHBIMU U OPTaHU3AIIMOHHOE B3a-
HUMOJICHCTBUE.

IIponeccHble MOJETH, BKIIOYAOIIIE CKOIb3AIINE
MPOTHO3BI ¥ JIEMEHTHI HETNPEPHIBHOTO TUIAHUPOBAHUS,
pacHMpsIOT aJanTUBHOCTh OFOJPKETHOTO Ipolecca.
Opnnako wuccrnenoBanuss APQC u Deloitte ormeuartor,
YTO TMEepexol K TAKMM MOJEINSIM OTpaHMIMBAETCS CTe-
MCHBIO  YIPABICHYECKOH 3PENIOCTH  OpraHH3allly,
HaJIMYAeM YCTOMYUBBIX MPOIEAYP W TOTOBHOCTHIO
TepcoHaa K paboTe B yCIOBUAX BEICOKON YaCTOTHI 00-
HOBJICHUS TaHHBIX [8, 9]. Bosee Toro, rubkue mpormecc-
HBIE MOJIEJIH MOTYT BCTYTIaTh B IPOTHBOPEYHE C TPAIU-
IIMOHHBIMU CHUCTEMaMHU KOHTpPOJISl M MCIIBITATh COIPO-
THUBJICHHE co CTOPOHBI pykoBoauTeneii,
OPHEHTHPOBAHHBIX Ha (PUKCUPOBAHHBIE OIOKETHI, YTO
B CBOIO OYepellb YKa3hlBaeT Ha HEOOXOIMMOCTH cOa-
JIAHCHUPOBaHKsI THOKOCTH U (HOPMAM30BAaHHOCTHU, OCO-
OEHHO B OpraHU3alUsIX C YCTOSBLIMMUCS OIOpOKpaTHu-
YECKHMH CTPYKTypaMHu.

AHaAITUTHYECKUE MOJEIH, OCHOBAHHBIC Ha IIpe-
TUKTHBHON aHANUTHKE W aJrOpUTMax MAIIHHHOTO
00ydeHHs, O30T 3HAYNTEIBHBIN IMOTEHIHAT MTOBHI-
IICHUS] TOYHOCTH IPOTHO3UpoBaHML. OHAKO HCCIIe0-
Bauus Gartner u IBM moauépkuBaroT, 4TO KadyecTBO
MIPOTHO30B HANIPAMYIO 3aBUCHUT OT HOJIHOTHI, JOCTOBEP-
HOCTH M CTPYKTYUPOBAaHHOCTH JaHHBIX [6, 7]. B ycio-
BUSIX HU3KOI LU(POBOIi 3pesIOCTH aHATUTHYECKUE HH-
CTPYMEHTBI MOTYT JaBaTh MCKa)XEHHBIC PE3yJIbTaThl,
YCWIMBATh CYIIECTBYIOLIHE OMIMOKK U TOBBIIATH He-
ompenenéHHOCTh. Kpome Toro, mpruMeHEeHHE CIIOKHBIX
ANTOPUTMOB TPeOyeT Pa3BUTHIX KOMIIETCHIUH I1epco-
Halla U BBI3BIBACT JWCKYCCHU B HAYYHOH JHTEpaType
OTHOCHTEIILHO MPO3PaYyHOCTH MPHHUMAEMBIX peIie-
HUM: OpraHU3allMd HEPEIKO CTAKUBAIOTCS C 3P Qek-
TOM «4EPHOTO SIIUKA», KOTJIa aJTOPUTM BBIJAET IIPO-
T'HO3, HO NPUHIUIIBI €ro (JOPMUPOBAHHS OCTAIOTCS He-
npo3pauHbIMH. Takhe OrpaHWuYeHHs YKa3blBalOT Ha
HEOOXOAMMOCTb COYETaHUS aBTOMATU3UPOBAHHBIX Me-
TOJIOB C IKCIIEPTHBIM CY>KIACHUEM.

Oco00e BHUMaHKE 3aCITy>KUBAIOT MOJIEIH IHdpo-
BOM 3peNocTH, KOTOpPBIE PAacCMATPHBAIOTCA KaK HH-
CTPYMEHT OLICHKH TOTOBHOCTH KOMITAaHWW K BHEIpe-
HUIO TUQPPOBBIX TexHOJOTHA. OIHAKO HCCIICIOBAHUI
Deloitte u Gartner OTMEUaIOT, 9YTO YHHBEPCAIbHEBIC MO-
JIEITH 3pEeJIOCTH HE BCeTlla KOPPEKTHO OTPAXKAIOT CIIe-
IUQUKY OTpaciell, perHOHAIBHBIX PHIHKOB U KOPIIOpa-
TUBHBIX KynbTyp [10, 11]. IIpoGnema cocTout B TOM,
YTO TaKHe MOJEIH YacTo GOPMHUPYIOTCS Kak 0000IEH-
Hble (peliMBOPKH, OPHEHTHPOBAHHBIE HAa KPYIIHbBIE
MEXKIyHapOIHbIE KOPIOPALUK, YTO CHHXAET UX IPHU-
MEHHUMOCTh B KOHTEKCTE Pa3BHBAIOIINXCS PBIHKOB U
KOMIIaHui cpeanero pasmepa. CiegoBaTeIbHO, OLICHKA
mdpoBoii 3penoctd TpedyeT ajanTaluu METOAHMK U
WHIUBUAYAU3AIUH JOPOKHBIX KapT TPaHC(HOpMAIIUH.

WuTerpanmus nudpoBeix Mojaened B IIaT(GOpMBI
EPM nemoHCTpupyeT 3HauuTeNbHbIH 3 dexT B yacTu
ABTOMATH3AIlMU U MOBBIIICHUS TOYHOCTH OFOJIKETHUPO-
Bauus. OmHako ucciemoBanus SAP, Oracle u IBM
NOAYEPKUBAIOT, YTO IIUPOKOE BHEJIPEHUE TAKHX ILIaT-
(hopM MPHUBOIUT K 3aBUCHMOCTH OPraHU3allK OT KO-
CHCTEMBI ITOCTaBIINKA, HEOOXOIUMOCTH MTOCTOSTHHOTO

OOHOBJICHHS PEIICHIH 1 BBICOKHX U3JIEPKEK Ha COIPO-
Boxaenue [12, 13]. Kpome Toro, murarhopMeHHbIE pe-
OICHAS HEPeAKO CTAaHAAPTHU3UPYIOT MPOIECCHl, HUTO
OTPaHMYMBACT MPOCTPAHCTBO ISl YIPABICHUYCCKHUX
WHHOBAIMIl ¥ CHIKACT OPTraHU3allMOHHYI THOKOCTH.
[udposuszaimsi He SBISCTCS YHUBEPCAIBHBIM peIle-
HUEM U TpeOyeT B3BEIICHHOTO BEIOOpA HHCTPYMEHTOB
B COOTBETCTBUH C KOHTEKCTOM OPraHH3aIlHH.

Vcxons u3 pe3ylbTaToB NPOBEICHHOTO aHAIN3A,
JIETaeTCs BBIBOJ O TOM, UTO, IU(DPOBHU3AIUS OI0IKESTH-
pOBaHUS ABISETCS KOMIUICKCHBIM W HEOJHO3HAYHBIM
MIPOIIECCOM, BKITFOYAIOIINM TEXHOJIOTHIECKUE MTPEUMY-
IIeCTBA ¥ METOIOJIOTHYECKUE PUCKA. APXUTEKTYPHBIE,
TIPOIECCHBIC U AHATUTUIECKHE MOJICIH TIPEICTABISIOT
3HAYUTEBHBIA MMOTEHINAT MTOBBIIICHUS KadecTBa (hu-
HAHCOBOTO IUIAHUPOBAHMS, OJHAKO WX YCICIIHOC
BHEJIPCHHE 3aBUCHT OT COCTOSIHUS TAHHBIX, KOMITCTCH-
Ui mepcoHana, ypoBHS MUGPOBOW 3PEIOCTH U Opra-
HU3AI[MOHHOMN CTPYKTYphl. He Bce KOMIaHUU rOTOBBI K
MOJTHOMY TIEPeX0y K MU(POBOMY OOKETHPOBAHUIO,
U B HEKOTOPBIX CIIydasX CMEIIaHHbIC, THOPUIHBIC MO-
JIeTH MOTYT OBITH Oosiee ycroruuBbiMH. [ludpoBr3a-
st OFOKETUPOBaHMS TpeOyeT He TOJBKO BEIOOPA TEX-
HOJIOTH, HO ¥ KPUTHYECKOTO IEPEOCMBICIICHHS TIOJI-
XOJIOB K IUIAHMPOBAHHWIO, YIPABICHUIO TAHHBIMH H
opranm3anuu (puHaHcoBor (yHkuun. OOcykaeHue
MTOITBEPKIACT B3aUMO3aBHCUMOCTh MoJenei mudpo-
BOr0 OMOKCTUPOBAHMS W MOMYEPKUBACT HEOOXOIU-
MOCTh KOMILUICKCHOTO MOJXO0/a, YYHUTHIBAIOIIEIO Kak
MOTEHIIAAN, TAK U OTPaHUYCHUS TUPPOBBIX PCIICHU.

3akiai0uyeHue

[TpoBenéHHbIIT 0030p METOJONIOTHYECKHUX TTOIXO0-
OB U MojeJeld MU(PPOBOrO OOHKETUPOBAHUS IOKa-
3a), 9to IUdpoBas TpaHchopMmanus (UHAHCOBOTO
IUTAHUPOBaHUS TPEACTABISIET CO00H KOMIUICKCHBIN
MpoIece, BKIFOYAOIIUN W3MEHEHHS B apXHUTEKType
JAHHBIX, OPTaHW3aI[HOHHBIX MPOIEAypax W aHAIUTH-
Yecknx HWHCTpyMeHTaX. COBpEMEHHBIE apXHUTEKTyp-
HBIE, IPOIIECCHBIC U AHATUTHYECKHE MO 00pa3yIoT
OCHOBY ITU(PPOBBIX OIODKETHBIX CUCTEM, 00ECIIeUrBast
6oJiee BBICOKYIO TOYHOCTH MPOTHO3MPOBAHUS, COKpa-
HICHHUE JJTUTEIHHOCTH OF0PKETHBIX I[MKJIOB U MOBBIIIIE-
HHE aJalTHUBHOCTH OPTaHU3AIHH.

B T0 e BpeMs BBISBJICHHBIC OTPAaHUYCHUS U ME-
TOIIOJIOTHYECKUE MPOTHBOPEUHS CBUACTEIBCTBYIOT,
YTO ycrenrHas mudpoBu3anus OI0IKSTHPOBAHUS Tpe-
OyeT pa3BuTOI HMHPPACTPYKTYPHI JAHHBIX, KOMITCTCHT-
HOTO TIEPCOHAJIA U 3PENbIX YIPaBICHYSCKUX MpPOIec-
COB. YHHBEPCAIbHBIX PEIICHUI HE CYIIECTBYET, U BHI-
0op Mojaenu IUQPPOBOTO OOKETUPOBAHUS JTOJDKEH
YYUTHIBaTh CHEHUGUKY OpraHuzanuu, e€ udpoByIO
3pPENIOCTh U CTPATETUICCKHUE TIPUOPHUTETHI.

IonyyeHHbIE pPE3yIbTaThl (HOPMHUPYIOT TEOpe-
THKO-METOOJIOTMYECKYI0 OCHOBY [UIS ajbHEHUIINX
HCCIIeIOBAHHH, HAIIPAaBJICHHBIX HA OIEHKY 3(deKTnB-
HOCTH IU(PPOBBIX HHCTPYMECHTOB, aHAIHN3 IPAKTHK
BHEAPCHUS U Pa3pabOTKy aJanTHPOBAHHBIX MOJENIEH
OFOJKCTUPOBAHUS U PA3IUYHBIX THIIOB IMPEIIIPHsI-
THH.
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Nomadic tribes of Turkic origin, known as Kipchaks, left a deep mark in the history of the steppe regions of
Eurasia, and had a serious impact on the development of Eastern European states. The Kipchaks participated in
the ethnogenesis of most of the current Turkic peoples, including the Azerbaijani Turkic.

Turkic tribes of Kipchaks also actively participated in the formation of a number of nations. Among the
numerous Turkic peoples, in the formation of which the Kipchaks participated, it is possible to mention the Ka-
zakhs, Kyrgyz, Karakalpak, Turkmen, Tatars, Bashkir, Altais and other peoples of the Northern Caucasus (Nogay,
Karachay, Balkar). This also testifies to the great role of the Kipchaks in the formation of these nations. Kipchak
ethnic elements were aso included in the composition of Ottoman Turkic, Azerbaijanis, Hungarians and other

nations.

Keywords: The Turkic tribes, Kipchak, Origin, Migration, Caucasus, Russia, Eurasian steppes.

Introduction

Kipchaks are Turkic nomadic tribes that played a
significant role in the history of the Eurasian steppes.
Starting from the 9th-10th centuries, they gradually oc-
cupied vast territories from the Irtysh and Altai to the
Black Sea, forming a powerful military-political union,
known in Russian and Eastern sources as the Polovtsy,
and in Western European sources as the Kumans. Their
mobile nomadic way of life, developed military organ-
ization and active participation in trade made the Kip-
chaks one of the key peoples of the steppe world of the
Middle Ages. Interacting with Russia, Byzantium,
Khorezm and other states of the region, they had asig-
nificant impact on the political processes and cultural
exchange of that time. The history of the Kipchaks be-
came an important part of the formation of the ethnic
map of modern Turkic peoples, including Kazakh, Ka-
rachay, Balkars and others.

1. Questions about Origin

Theword "Kipchak" isfirst mentioned in the work
of the Chinese historian Sima Qian, "Historical Notes."
In this work, he mentions the names of five tribes that
were part of the Asian Huns: Hongyu, Xuyishe,
Dinglin, Tsegun, and Saily (Xinli) (3rd century BC —
the eraof the Xiongnu ruler Modu). The Kueyishetribe,
conguered by Modu, lived in the northwestern part of
the Altai. Theterm "Kueyishe" or "Xuyishe," first men-
tioned in 201 BC, is accepted by Turkologists as the
first name for the Kipchaks in written sources [1, pp.
199-216]. According to many historical sources, the
Kipchaks settled in the Zheliang Valey in ancient
times. The name of thisvalley coincided with the name
of the Chilyan River, which means Snake River and
Snake Mountain. G.E. Grumm-Grzhimailo associated
the name of the city of Zmeinogorsk with these topo-
nyms [4, p. 59]. In the 3rd-2nd centuries BC, the Kip-
chaks lived in the northwestern regions of Altai. Ac-
cording to N.A. Aristov, in the 1st century BC and 1st
century AD, individual groups of Kipchaks could have
migrated from the upper reaches of the Irtysh and from
areas west of Tarbagatai [2, pp. 283-290, 309, 312-

313]. From the 3rd century BC, the Kipchaks, like other
Altai tribes, were part of the Huns. From the 2nd cen-
tury to the 4th centuries AD, the Kipchaks were under
the political domination of the Xianbei tribes, and from
the end of the 4th century. to the first half of the 6th
century — under the political domination of the Mon-
gol-speaking Juan Juan tribes[15, p. 19]. The Juan Juan
constantly oppressed the Turkic tribes, which iswhy in
552 the Turkic tribes united and put an end to the Juan
Juan rule. The head of the new state - the Turkic Khaga-
nate - became Tumen (Bumyn), who took the title of
Ilkhan, and in 555 the Turkic finally destroyed the Juan
Juan state. Later, this title was replaced by the title of
Khagan. Many Sayan-Altai tribes wereincluded in this
Khaganate. As inhabitants of Altai, the Kipchaks were
aso part of the Turkic Khaganate, but did not have any
power in the Khaganate. For this reason, there was no
information about them in ancient sources until the
middle of the 7th century [15, pp. 17-19]. The Kipchaks
are also mentioned in tombstone inscriptions dating
back to 759-760, discovered by Gustav Ramstedt in
1909 near the Selenga River in south-central Mongolia
In literature, this epitaph was caled the "Selegin
Stone." Thisinscription is atext from atombstone that
belonged to one of the founders of the Uyghur Khaga-
nate, Eletmish Bilge Khagan (747-759) [14, p. 134].
On the north side of the stone, in the fourth line, the
following words are carved: "When the Turkic Kip-
chaks ruled us for fifty years..." [14, p. 145]. The re-
nowned Arab geographer Ibn Khordadbeh (9th century,
"Kitab al-masalik wa-lI-mamalik" - Book of Routes and
Countries) was the first explorer to identify the Kip-
chaks as a Turkic tribe. He presented the Kipchaks as
an independent tribe living in the territory of modern-
day Kazakhstan [5, pp. 64-65, 184-185].

The earliest written sources that left us with infor-
mation about the Kipchaks include Arabic and Persian
sources, which provide comprehensive and informative
information on the history of the emergence of the Tur-
kic ethnic group, including the Kipchaks. Among these
works, the works of Arab and Persian geographers of
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the 9th-13th centuries occupy a special place. Authors
such as the Arab geographers Al-Masudi (10th cen-
tury), Al-Istakhri (10th century), and Kitab a-masalik
warl-mamalik (Book of Routes and Countries) wrote
about the Kipchaks.

Alsoworth noting are such scholarsas G.E. Grum-
Grzhimailo, V.V. Bartold, V.F. Minorsky, N.Yu. Bi-
churin, S.G. Klyashtorny, SN. Gumilev, M.l. Ar-
tamonov, N.F. Kotlyar, S.A. Pletneva, N.E. Kuzem-
baev, A.N. Yuzeev, A.N. Garkavets, V.V. Petrukhin,
N.A. Aristov, G. Geybullaev, Z. Papasciri, M.D. Lord-
kipanidze, 1.A. Javakhishvili, F.M. Kirzioglu, Fuad
Koprulu, Zeki Velidi Togan, and others who dedicated
their works to the history of the Kipchaks.

Therenowned orientalist V.V. Radlov, in hiswork
"An Attempt at a Dictionary of Turkic Dialects," ex-
plained the following meanings of the term Kipchak.

1. The meaning of the word "Kipchak" is unclear,
asit is always used with the adjective "koby" (empty).
Perhaps these words have the same meaning.

2. Kipchak is an empty tree; in those days, an
empty tree was called "chypchak."”

3. Kipchak isan angry, crazy person [10, p. 844].

O. Suleimenov put forward the hypothesis that the
ethnonym Kipchak was formed from the words "iki
pchak" (eki pshak- two knives), meaning two knives.
He suggests that the two horizontal lines of the tamga
among the Kipchaks were once called “iki pchak” (ek
pshak- two knives), and later this word, in the process
of merging, turned into “Kipchak” [17, p. 146].

The vast pastures located on the shores of the
Black Sea and the Sea of Azov - from the Volgato the
Danube - have attracted eastern nomads since ancient
times. These were successively occupied by nomadic
tribal groups of the Huns (1V century), Avar and Bulgar
(VI century), Khazar (VI century), Uz, Pecheneg, Tur-
kic (IX-X centuries), Kipchaks (X1 century) and Mon-
gols (20-30s of the X111 century).

In the middle of the X1 century, the Kipchaks, who
had established themselves in the basins of the Volga
and Don rivers, moved westward to the Dnieper
steppes. Here lived the Torks (Turkic), who were the
former enemies of the Kipchaks. The Torks put up
strong resistance to the Kipchaks.

The advance of the Turkic’s into the Dnieper
steppes was not in the interests of the Kiev state.
Princes Izyoslav, Svyatoslav, Vsevolod and Vsesav
marched against them in 1060. Under the pressure of
the Russian army, the Turkic were forced to leave the
Dnieper steppes and entered the northern borders of the
Byzantine Empire[7,p.214]. But some parts of the Tur-
kic remained under the rule of the Kipchaks around the
Dnieper River. With the weakening of the Turkic and
their abandonment of their territories, there was no
peace in the border regions of the Russian state. Other
nomads, the Kipchaks, came to replace the Turkic. By
the end of the 11th century, the Kipchaks had con-
quered vast territories of the southern Russian steppes
up to the Dniester.

In the North Caucasus, there were many pastures
for year-round cattle breeding. In order to conquer these
lands, the Kipchak aristocrats intensified their cam-
paigns westward in the middle of the 11th century.
Most importantly, the Kipchaks sought to conquer the

Don and Black Sea steppes. The conquest of these ter-
ritories provided the Kipchaks with the opportunity to
control the water trade routes (Volga-Don-Dnieper)
leading to the Black Sea and from there to Byzantium.
The Byzantine Empire was unable to prevent the Kip-
chaks from advancing westward during this period, as
Byzantium was embroiled in internal wars. In addition,
the Byzantines were concerned about the Seljuk’s
movementsin AsiaMinor.

Thevast pastures along the shores of the Black and
Azov Seas - from the Volga to the Danube - have at-
tracted eastern nomads since ancient times. They were
successively occupied by the nomadic tribes of the
Huns (4th century), Avars and Bulgars (6th century),
Khazars (7th century), Uzes, Pechenegs, Turkic (Sth-
10th centuries), Kipchaks (11th century), and Mongols
(1220s-1230s).

2. Kipchaksin the Caucasus

In the middllel1th century, the Kipchaks, who had
settled in the Volga and Don basins, moved westward
into the Dnieper steppes. This was inhabited by the
torks (Turkic), former enemies of the Kipchaks. The
Torksoffered fierce resistance to the Kipchaks. The ad-
vance of the Torks into the Dnieper steppes did not
serve the interests of the Kievan state. In 1060, the
princes lzyadav, Svyatosav, Vsevolod, and Vseslav
rebelled against them. Under pressure from the Russian
army, the Turkic were forced to abandon the Dnieper
steppes and enter the northern borders of the Byzantine
Empire [7,p.214]. However, some Turkic remained un-
der Kipchak rule in the Dnieper region. With the weak-
ening of the Turkic and their abandonment of their ter-
ritories, there was no peace in the border regions of the
Russian state. The Turkic were replaced by other no-
mads — the Kipchaks. By the end of the 11th century,
the Kipchaks had conquered vast territories of the
southern Russian steppes, reaching as far as the Dnie-
ster.

The North Caucasus offered abundant pastures for
year-round livestock raising. To conquer these lands,
the Kipchak aristocracy intensified its campaigns west-
ward in the middle 11th century. The Kipchaks primar-
ily sought to conquer the Don and Black Sea steppes.
The conquest of these territories gave the Kipchaks
control over the water trade routes (Volga-Don-Dnie-
per) leading to the Black Sea and from there to Byzan-
tium. The Byzantine Empire was unable to prevent the
Kipchaks westward advance during this period, as By-
zantium was engulfed in internal wars. Furthermore,
the Byzantines were concerned about Seljuk move-
mentsin AsiaMinor.

K.V. Kudryashov established that at the end of the
11th-12th centuries, the Kipchak-Poloves occupied the
territories located around the Black Sea and on the
shores of the Sea of Azov [8,p.123]. The Kipchaks also
migrated to the steppes of the Fore Caucasus and the
banks of the Lower Volga and Yaik rivers. The north-
ern part of the Kipchak lands adjoined the southeastern
steppes of the Kiev state. This northern part, starting
from the mouth of the Danube, covered the lower
reaches of the Dniester and Southern Bug rivers, the
lower reaches of the Vistula, the Tyasmin River, and
the Chnu River. The eastern part of the Polovtsian lands
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adjoined the southern borders of the Kama Bulgars.
These territories reached the Caspian Seq[8,p.146].

One group of the Kipchaks lived near the lower
Volga. Their habitation in the southern Russian steppes
isalso evidenced by numerous burial mounds found by
archaeologistsin the territories from the Dniester to the
Volga[9,p.172]. A certain part of the Kipchaks also
lived in the North Caucasus in the 11"-13™" centuries.
They arrived here approximately in the 60s-70s of the
11" century.

Themain areas of Kipchak migrationsinthe North
Caucasus were considered its central part. Their capital
wasthe city of Sunzhe, located on the banks of the Sun-
zhaRiver. Archaeological data also confirm the habita-
tion of the Kipchaks in these territories in the 11t-13™
centuries. The southern border of the Kipchaks’ distri-
bution areasin the North Caucasus passed along the Ar-
mavir-Pyatigorsk-Kalmyk steppes. The Kipchaks also
lived in the coastal areas of Dagestan.

There are many sources about the settlement of the
Turkic tribes in Azerbaijan and in Western Asia as a
whole in the 14"-15" centuries. This was shown most
accurately by the author of the work “The Book of
Knowledge of the World” John de Galonifontibus
(1404) during his journey to the Caucasus [6, http://ap-
snyteka.org/809galonifontibus_ioann_de kniga poz-
naniya_mira.html]. In the chapter entitled “Tats and
Goths. Great Tartary: Kumania, Khazaria and others.
Peoples of the Caucasus” he wrote about the composi-
tion, religion and spread of the Turkic language among
the Caucasian peoples: “In this country there are many
Christians, namely: Greeks, Ziks, Goths, Tats, Volyaks,
Russians, Circassians, Leks, Yasses, Alans, Avars,
Kazikumukhs and amost al of them speak the Tatar
language.” Theterm "Tatar language” denoted a Turkic
lang”age.

The Volyaks (Valani in German, Comani in Latin,
Polovtsy in Russian;”their real name was Kipchaks)
lived in the North Caucasus [6, http:/ap-
snyteka.org/809gal onifontibus_ioann_de_kniga poz-
naniya_mira.html].

In the early 11"-13™ centuries, separate groups of
Kipchaks also lived in Azerbaijan. They were initialy
brought here as slaves and captives. The presence of
Kipchaks in Azerbaijan is evidenced by the existence
of the village of Kipchak in the Gakh region, which is
associated with the name of these tribes, and the Kip-
chak Passin the Kelbajar region [3, pp. 41-45].

Z. M. Buniyatov believed that the Kipchaks in-
vaded Albania as early as the 7" century [13, pp. 123-
124].

Some toponyms in Azerbaijan, such as Kazakh,
Kazakhlu, and Kazakhlar, are associated with the Kip-
chaks. G. A. Geybullaev believed that the Kipchak
origin of the Kazakhsisa so confirmed by the oikonym
Kaymakly (Kazakh region), which reflects the ethno-
nym kaymak/kimak [3, pp. 41-46]. There are many
Kipchak ethnonyms in the Kakh region. One of the
Kipchak ethnonyms was “Terter”. According to G. A.
Geybullaev, this ethnonym arose in Azerbaijan before
the Kipchaks appeared in the southern Russian steppes,
which suggests that some of them stayed among the
Huns[3, pp. 41-45]. Also in the toponymy of Azerbai-

jan, one can find “Tug” (Karabakh) and Tugchay (Ab-
sheron region). The toponyms uran, andja or inji, jujan,
urus or arus, kuch, durt or turut, kul, katan (kotan), and
karaberk left their mark on the toponymy of Azerbai-
jan. G. Geybullayev believed that the Kipchaks pene-
trated Azerbaijan during different historical periods,
approximately from the 7™ to the 12™ centuries [3, pp.
41-45]. Therefore, the Kipchaks played acertainrolein
the ethnic process that |ed to the formation of the Azer-
baijani people[3, pp. 41-45].

Many wordsin the Azerbaijani language also orig-
inate from Turkic-Kipchak words. Taking thisinto ac-
count, linguist M.Sh. Shiraliyev writes: “As is known,
beginning in the 5™ century, individual Turkic lan-
guages of the Kipchak type were present in the northern
part of Azerbaijan, which played an important role in
the formation of the Azerbaijani vernacular.” In the
northern and, to some extent, eastern group of dialects
and subdialects of the Azerbaijani language, Kipchak
featuresarestill clearly evident. Thetask of Azerbaijani
diaectologistsis to identify the Kipchak elements pre-
served in the phonetics, vocabulary, and grammar of
the Azerbaijani language” [12, p. 6].

Shamseddin Eldaniz, the founder of the Eldaniz
dynasty in Azerbaijan, was also of Kipchak origin. El-
daniz served in the Seljuk army, which was made up of
daves. He attracted the attention of the Seljuk nobles
with hisbravery and began to serve under Masud Khan.
In 1143, Eldaniz was given the territory of Iran and
Azerbaijan. After 40 years, the Seljuk dynasty in Iran
was destroyed. Eldaniz’s son Jahan Pahlavan and his
grandson Uzbek preserved these lands. The Eldaniz
dynasty existed in Azerbaijan until 1225, and their cap-
ital was Tabriz.

An unknown Georgian historian, in his work de-
scribing the reign of David IV (1089-1125), called
these Kipchaks “Derbend Kipchaks™[1,p.125]. Geor-
gian sources also report Kipchaks in Transcaucasia
from 456 to 510, but the mass migration occurred in
connection with the events of the 12! century. In 1118-
1120, David 1V the Builder resettled 225,000 North
Caucasian Kipchaks to Georgia, led by their leader
Khan Atrak, married his daughter, and, with the help of
the Kipchaks, created a strong army. Later, George 111
(1151-1184) resettled approximately 10,000 Kipchaks
to Georgia[16, pp. 236-237].

The Georgian king David IV sent an envoy to the
daughter of the Kipchak Khan Atrak. Georgian sources
called Atrak Khan’s daughter Qurandokta (originally
Turandokt). This means “Turanli daughter”, “Turan
daughter”. David IV recruited 40 thousand selected
warriorsfrom the Kipchaksfor hisarmy and 5 thousand
warriors for his personal guard. Relying on this
strength, David IV broke the resistance of the Georgian
feudal lords and switched from defense to attack in his
foreign policy. Thus, in 1120, he crushed the Turkic-
speaking nomadic tribes under the rule of the Seljuk
sultans who had entered the southern and southeastern
provinces of Georgia. The resettlement of Kipchaks to
Georgia continued in subseguent periods.

During the reign of George 111 (1151-1184), tens
of thousands of Kipchaks and Ossetians were also re-
settled here. It should be noted that during the reign of
Tamara (1184-1213), the term “new Kipchaks” existed
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in Georgia, which referred to newly resettled Kipchaks.

The old Kipchaks were called “nakipchakara.”
[1,p.119].

Conclusion

In summary, the following can be said about the
Kipchaks:

1. When studying the ethnic history of the Kip-
chaks, we see that they are connected to various tribes.
The Kipchaks had ties with the Turkic tribes of the
Kimaks, Kangly, Oghuz, and others. 2. The Turkic
tribes of the Kipchaks also actively participated in the
formation of a number of peoples. Among the numer-
ous Turkic peoples in whose formation the Kipchaks
contributed, we can mention the Kazakhs, Kyrgyz,
Karakapaks, Turkmens, Tatars, Bashkirs, Altai, and
also the peoples of the North Caucasus (Nogais, Kara-
chays, Balkars). 3. Kipchak ethnic elements also be-
came part of the Ottoman Turkic, Azerbaijanis, Hun-
garians, and other peoples.

The higtorical role of the Kipchaksin the develop-
ment of the Eurasian steppes is determined by their
long-term political dominance and significant contribu-
tion to the transformation of the region’s sociocultural
space. As one of the largest Turkic confederative asso-
ciations of the 11""-13" centuries, the Kipchaks were a
key factor in interstate relations, influencing the dy-
namics of political processes in Eastern Europe, the
Caucasus, and Central Asia. Their social structure, mil-
itary-administrative organization, and adaptation to the
nomadic environment ensured the stability of the Kip-
chak world and its ability to integrate ethnically diverse
groups.
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Abstract

Introduction: Cholecalciferol plays vital rolein bone mineralisation. Mgor circulating and storage form of
vitamin D is 25- hydroxycholecalciferol {25(OH)D3} which is formed in the liver after 25-hydroxylation. It is
aso the form of vitamin D that is measured in blood tests to detect deficiency of vitamin D. There is scarcity of
literature to support the best therapy at the lowest effective dose that is practicable, cost efficient and devoid of
probable side effects. Oral medication compliance is a major stumbling block to replenishing vitamin D levelsin
the body. Vitamin D administered intramuscularly (i.m.) may be able to overcome this limitation.

Aim: To compare the effectiveness of oral versusintramuscular vitamin D in adults with fracture around hip
and vitamin D deficiency.

Materialsand Methods: This prospective interventional study was conducted in Orthopaedics Ward in Ma
hatma Gandhi Institute of Medical Sciences, Jaipur, Rgjasthan, India, from January 2020 to June 2021. Total 60
male and female, above 18 years, with fractures around the hip and vitamin D levelsless 30 ng/mL were included
in the study. In group O (n=30) patient received oral vitamin D supplementation of 60000 1U once aweek for six
weeks. In group | (n=30) patient received single dose of 600000 IU vitamin D injection (i.m.). Follow-up of pa
tientswas done at baseline, six weeks and 12 weeeksfor serum values of vitamin D, calcium, alkaline phosphatase
and parathyroid hormone levels. Bivariate analytical techniques has been used to measure the improvement of
group | with group O.

Results: The mean age in group I was 60.40+16.38 years and in group O was 59.47+15.17 years (p-
value=0.82). There weretotal 31 females, 13in group | and 18 in group O. No significant difference was observed
among the groupsin vitamin D level at the baseline, {group I: 13.84+3.54 ng/mL; group O: 16.45+6.3 ng/mL, p-
value=0.053}. At six weeks, the mean value of the vitamin D significantly increased in both groups (p-
value=0.001; group I: 40.94+4.67 ng/mL and group O: 33.64+9.89 ng/mL). At the 12th week, the mean value of
the vitamin D was significantly higher in group I (44.5247.09 ng/mL) compared to group O (24.65+10.92 ng/mL),
p-vaue <0.001. The vitamin D mean was significantly raised with the timein group | and group O at six weeks
and still remained increased at 12 weeksin group | but not in group O.

Conclusion: The present study concluded that although both administration routes are effective and appear
to be safe, intramuscular application is more effective in increasing 25(OH)D levels and sustaining it for alonger
period of time as compared to oral dose.

Keywords: Vitamin D, cholecalciferol, effective dose, osteoporosis, oral supplementation, intramuscular in-
jection.

INTRODUCTION D levels[4]. In large cities, air pollution probably also

Vitamin D plays a very significant role in bone
metabolism and mineralisation. It is a fat soluble vita-
min, leads to its effects by acting on vitamin D recep-
tors[1]. Lesser mineralisation of bones leads to rickets
and osteomalacia[2]. It hasapreventiverolein various
diseases like in cancer, infection, autoimmune illness,
cardiovascular diseases and diabetes mellitus, among
other non skeletal disorders|[3].

The high prevalence of hypovitaminosis D among
pregnant women and children is a major concern.
Weather changes has al so reflected changes in vitamin

plays a role [5]. Urban subjects are found to be more
deficient in vitamin D [6]. One-fifth of them also have
indications of parathyroid hyperactivity, as measured
by Parathyroid Hormone (PTH) levelsin the blood [7].
Their hypovitaminosis D is caused by alack of sunlight
exposure and skin pigmentation [8]. There are studies
which have shown decreased levels of vitamin D in ne-
onates, healthy school girls, hospital staff and pregnant
women in North India[5,8-10].

In most of the studies, the criteriaused for defining
hypovitaminosis (vitamin D deficiency) is serum
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25(OH)D level below 50 nmol/L [9-11]. Various vita-
min D deficiency and insufficiency diseases have been
highlighted [12]. In adults, this can lead to decreased
mineralisation that is osteomalacia. Decreased levels
also leads to increased incidences of hip fractures mus-
cle weakness thus affecting the mobility and functional
ability of the person [13,14]. Prevention of such even-
tualitiesis feasible by adequate sunlight exposure, food
fortification and supplementation of vitamin D for at
risk population as a cost-effective measure in preven-
tion of hip and other geriatric fractures. There is need
for optimising vitamin D levelsin cases of osteoporosis
patients given antiresorptives (bisphosphonate) and an-
abolic (teriparatide) drugs [15]. Active vitamin D
works in tandem with two additional hormones to
maintain calcium and phosphate homeostasis and PTH
[16].

Physicians in India are currently prescribing a
1500 mg cholecalciferol sachet to be taken once aweek
for oneto eight weeks for overt or occult vitamin D in-
sufficiency [17].

Its short-term and long-term effects on serum
25(0OH)D levels in Asian Indians, however, have not
been well investigated. Thereis a scarcity of scientific
literature to support the best therapy at the lowest effec-
tive dose, that is practicable, cost-efficient and devoid
of probable side effects. Persistence is very low with
oral vitamin D supplementation [18]. Oral medication
compliance is amagjor stumbling block to replenishing
vitamin D levels in the body. Vitamin D administered
intramuscularly (i.m.) may be able to overcome this
limitation. Vitamin D i.m. injections are regularly
available in the market in two values (3 lac and 6 lac
IU). Parenteral route (intramuscular) of administration
of vitamin D haslead to effective increasein vitamin D
levels but this cannot be administered without monitor-
ing serum levels[19].

Supplementation, either oral or intramuscular, isa
more realistic and easier way to receive enough vitamin
D. However, no study comparing intramuscular injec-
tion and oral vitamin D dosage in Indian people has
been conducted. Hence, present study was conducted to
evaluate the efficacy and tolerability of ora cholecal-
ciferol (60,000 |U) versusi.m. cholecalciferol (600,000
IU) in correcting vitamin D deficiency with fracture
around hip.

MATERIALS AND METHODS

This prospective interventional study was con-
ducted among patients, admitted to Orthopaedics Ward
in Mahatma Gandhi Institute of Medical Sciences, Jai-
pur, Rgjasthan, India, from January 2020 to June 2021.
The study was permitted by Institutional Ethics Com-
mittee (M GM CH/IEC/JPR/2020/100).

inclusion criteria: All males and females above 18
years of age, with hip fractures and vitamin D levels
less than 30 ng/mL were included in the study [2].

exclusion criteriaz The patients taking Hormone
Replacement Therapy (HRT) or anticonvulsants, with
chronic debilitating illness { Chronic Obstructive Pul-
monary Disease (COPD), cancer, Acquired Immune

Deficiency Syndrome (AIDS), Congestive Heart Fail-
ure (CHF)}, rena disease (creatinine level >1.5
mg/dL), liver disease (bilirubin >2 mg/dL), malabsorp-
tion syndrome and patients with gastrectomy/steroid
dependency were excluded from the study.

Sample size calculation: For sample size calcula-
tion, power was taken as 80%, from similar previous
study by GuptaN et al., where they have used 40 sam-
ples, 20 in each arms with power 80% and level of sig-
nificance 5% [20]. In present study, 10 more samples
in each group 30 (total n=60) were taken.

A total 60 patients were divided equally into two
groups (30 patients each group). Randomisation was
done by chit in box method.

e Group O (n=30): Received oral vitamin D sup-
plementation of 60,000 IU once aweek for six weeks.

e Groupi (n=30): Received i.m. vitamin D sup-
plementation with asingle dose of 6,00,000 |U vitamin
D injection.

Study Procedure

A 10 mL of fasting blood samples were collected
for measurement of serum vitamin D, serum calcium
(albumin-adjusted) and serum PTH, Alkaline Phospha-
tase (ALP) levels.

1. Serum 25(OH)D level was determined by radi-
oimmunoassay method [19].

* Vitamin D deficiency: <10 ng/mL

* Insufficiency: 10-29 ng/mL

* Optimal: >30 ng/mL

2. Serum PTH was determined by chemilumines-
cence method. Reference range for serum PTH, 1.1-6.8
pmol/L

3. Serum calcium was measured with the enzy-
matic method using automated spectrophotometer the
reference range for serum calcium is 2.20-2.60 mmol/L
[21].

Follow-up was done for ora vitamin D, intramus-
cular vitamin D, PTH level and calcium at baseline, at
six weeks and at 12 weeks.

STATISTICAL ANALYSYS

Continuous data were summarised in the form of
mean and their standard deviation. Difference in
change in means of two groups were analysed using
student’s t-test (difference in differential analysis). In-
tragroup analysis of means at multiple time duration
was analysed using Analysis of Variance (ANOVA).
Count datawere expressed in form of proportions. Dif-
ference among proportions were analysed using Chi-
square test. The level of significance was kept 95% for
al datistical analysis. Statistical Package for Social
Sciences (SPSS) software version 14.0 (Inc.,Chicago,
IL, USA) was used for all analytics works.

RESULTS

The groups were comparable according to age and
sex  demographics. Mean age in group | was
60.40+16.38 years and in group O was 59.47+15.17
years (p-value=0.82). There were total 31 females, 13
in group | and 18 in group O [Table/Fig-1]. In present
study, 52 (86.67%) were found to be vitamin D defi-
cient and 8 (13.33%) were vitamin D insufficient.
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Group | (n=30) | Group O (n=30) Total (N=60) p-
Variable n (%) n (%) n (%) value*
Gender
hale 17 (56.67%) 12 (40%) 29 (48.33%)
Female 13 (43.33%) 18 (60%) 31 (51.67%) e
Age (In years) 60.40+16.38 50.47+1517 50.93+15.66 0.82

[Table/Fig-1]: Age and gender wise distribution across the study groups.

*Chi-square test for categorical variabée; two sample independent t-test for continuous variable

At basdine, no significant difference was ob-
served between the groups for vitamin D (p-
value=0.053). At sixth week, the mean value of the vit-
amin D increased in both groups. Mean value was sig-
nificantly higher in group I (40.9444.67 ng/mL) as

compared to group O (33.64+£9.89 ng/mL) (p-
value=0.001). At 12th week, the mean value of the vit-
amin D was significantly higher in group I (44.52+7.09
ng/mL) as compared to group O (24.65+£10.92 ng/mL)
with p-value <0.001 [Table/Fig-2].

Vitamin D Group | (Mean£SD) Group O (Mean=SD) p-value*
At baseling 13.84+3.54 16.45+6.3 0.053
B weelk 40,9424 67 33.64+9.80 0.001
121 week 44 852+7.09 24.85+10.92 <0001

[Table/Fig-2]: Difference in vitarmin D (ng/ml) values over time between two groups.

“Twio sample independent test

Statigtically no significant difference was ob-
served in the calcium level at baseline, sixth week and
12th week during follow-up between the groups as
shown in [Table/Fig-3].

The [Table/Fig-4] shows the difference in ALP
values over time between two groups. Baseline values

in the two groups were comparable. At sixth week, the
mean value of the ALP decreased from the baseline in
both the group | and group O. No significant difference
was observed between the groups at 6th week (p-
value=0.506) and 12th weeks (p-value=0.495).

Calcium levels (mg/dL) | Group | (Mean+SD)} | Group O (Mean+SD) | p-value®
At baseline 9.11+0.87 9.34+0.75 0.271
6" week | 9.03+0.69 8.02+0.55 0.957
12" week | 9.43+0.37 8.31+£0.47 0.279

[Table/Fig-3]: Difference in calcium levels (mg/dL} over time between two groups.

*Twio sample independent test is used

Alkaline phosphatase

(mg/dL) Group | (Mean+5D) | Group O (Mean+5D) | p-value*
At baseline 181.30+53.80 171.83+40.98 0.437
&' week 162.75+£37.93 169.60+41.33 0.506
12" weelk 151.97+36.63 158.40+£35.90 0.495

[Tabla/Fig-4]: Difference in ALP values over time between two groups.

*Two sample indapendent test is wsed

The [Table/Fig-5] depicts the difference in PTH
values over time between two groups. No Significant
changeswere observed inthe serum PTH levelsat base-
line (p-value=0.170). At sixth week, the mean value of

the PTH decreased from the baseline in both the group
I and group O. No significant difference was observed
between the groups at 6th week (p-value=0.801) and
12th week (p-value=0.371).
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Parathyroid Sios Snp
hormone (mofdL) Mean=5D Mean=5D p-values®
At baseline 46.89+18.97 54.79+24.71 0170
B" week 32.93+15.92 34.10+£19.72 0.801
12 week 20.01+10.20 22.88+14.13 0.371

[Table/Fig-5]: Difference in PTH values over time between two groups.

“two sample independent test s used

DISCUSSION

In present study, 86.67 % werefound to bevitamin
D deficient and 13.33% were Vitamin D insufficient
according to Holick MF (Global Prospective 2013) [2].

Zhang D et al., did the study on 527 patients, 71%
of the patients with fracture had low vitamin D levels
[22]. In a study by Hershkovitz A et al., 92.6% of the
patients had lower cholecalciferol levels, in which
78.2% were vitamin D deficient and 14.4% were vita-
min D insufficient. 6.8% of the patients had optimal vit-
amin D level. Cholecalciferol deficiency was found in
20.3% of the patients [23].

Thevitamin D mean valuewas significantly raised
with the timein group | and group O at 6th weeks and
still remained increased at 12th weeksin group | but not
in group O which implied better results in vitamin D
level in group I, as compared to group O. Billoo A et
a., and Hashemipour Set al., have done similar studies
comparing two different routes for Vitamin D supple-
mentation and found similar results [24,25].

Previous studies by Gupta N et al., Robertson DS
et a., and Lakkireddy M et al., reported similar obser-
vations regarding the safety, efficacy and acceptability
of a single dose of vitamin D versus ora vitamin D
[20,26,27]. Vitamin D (cholecalciferol) was found to be
helpful in both oral and injectable forms. The vitamin
D vaue a 6th weeks increased for both groups
40.94+4.67 ng/mL for group I and 33.644+9.89 ng/mL
for group O as compared to their baseline values which
were 13.84+3.54 ng/mL and 16.45+6.3 ng/mL for
group | and group O respectively.

Although, the results after administration of in-
jectable form were statistically significant as at 12th
weeks vitamin D values sustained and showed increase
in injectable group compared to group O as evident
from the values 44.52+7.09 ng/mL for group I and
24.65+10.92 ng/mL for group O. There were no nega-
tive side effects, and both treatment options were well
tolerated.

Significant changes were observed in the serum
calcium levels from baseline within the groups which
declined at 6th weeks followed by rise at 12th weeks.
Statigtically no significant difference was observed in
the mean calcium levels between both the groups at
12th weeks. These observations were similar with stud-
iesconducted by Mittal H et al., [28]. They investigated
the noninferiority of alower therapeutic dose (3,00,000
IU) of vitamin D for boosting blood 25(OH)D levels
when compared to a conventional dose (600,000 [U)
[28]. They discovered hypercalcemiain two children at
4th weeks (onein each group) and three children at 12th

weeks (onein group 1 and two in group 2). It was con-
cluded that initialy calcium level were decreased ini-
tially and then increased.

Difference was observed in the serum ALP from
baseline within the groups. The mean serum ALP
which in both the groups decreased at 6th and 12th
weeks. Statistically no significant difference was ob-
served in the mean AL P level s between both the groups
at 12th weeks. This was similar to the outcome of the
study conducted by Mittal H et al., both the groups
demonstrated significant (p-value <0.05) and compara-
blefall in the serum alkaline phosphatase levels at 12th
weeks [28].

Vitamin D deficiency have been observed to often
have raised serum PTH levels. The mean serum PTH
respectively in the group | and group O which showed
a significant decrease in the levels at 6th weeks and
12th weeks. Statistically no significant difference was
observed in the mean PTH levels between both the
groups at 12 weeks. The PTH values were higher than
normal range in many patients and may be attributed to
higher ages of the subjects. This finding is consistent
with that reported by Haden ST et a., where it was ob-
served that both the study groups demonstrated signifi-
cant (p-value <0.05) and comparable fall in the serum
parathormone levels at 12 weeks. Relative change { ra-
tio of geometric mean (95% Cl)} in serum PTH, 12th
weeks after therapy, were 0.98 (0.7-1.47) [29]. Choi
HK et al., assessed the efficacy and safety of high dose
vitamin D3 after intramuscular injection and found that
decreased levels of PTH in the vitamin D3 group when
compared to control group [30]. Haden ST et al., also
observed that in both the groups, efficacious PTH sup-
pression were observed. A single intramuscular dose of
vitamin D3 had no meaningful effect on PTH. It was
concluded that both the groups showed statistically sig-
nificant suppression of PTH from baseline [29].

Reduced vitamin D levels may aso have arolein
the occurrence of hip fractures in these older people,
especidly if they also have osteoporosis, as suggested
by the data. These studies demonstrated that calcium
and vitamin D supplementation is safe and induced a
moderate reduction in femoral neck bone loss associ-
ated with a substantial reduction of therisk of hip frac-
ture in elderly ambulatory women. Previous research
by Sanfelix-Genovés J et a., and Diez A et a., has
shown that oral vitamin D replacement has a low rate
of compliance [31,32]. Pearce SH and Cheetham TD,
suggested an i.m. dose of 300,000 IU cholecalciferal
once a month for three months followed by the same
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dose once or twice a year in patients with severe mal-
absorption [33]. The pharmacokinetics of i.m. D3 de-
livery, as well as the lack of 25(OH)D level variations
after i.m. treatment, makesit a good therapeutic choice
for people who have obesity, mal absorption, or compli-
ance issues as suggested by Vieth R [34]. Kaur Pet a.,
found that excessive doses and injudicious usage of the
parenteral route, on the other hand, may be linked to
problems including hypercalcemia, hypercalciuria and
vitamin D toxicity [35].

CONCLUSION(S)

Present study established an association between
hypovitaminosis D and intramuscular injection of vita-
min D. It was concluded that although both administra-
tion routes are effective and appear to be safe, intramus-
cular application is more effective in increasing
25(0OH) D levelsand sustaining it for alonger period of
time as compared to oral dose. |dentifying and treating
these patients early with vitamin D for osteomaacia
and anti osteoporotic regimens for osteoporosis will
improve the bone, muscle and overall health thereby re-
ducing falls and fractures. Studies on larger scale are
needed to be carried out to set the inferences on right
dosage of vitamin D.
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Vitamin D, besides its crucia role in bone health and immune function, has received increased attention in
recent years due to its possible impact on many processes related to female reproductive health. Recent research
hastried to explain the role played by vitamin D in maintaining adequate hormonal status, fertility, and pregnancy
outcomes. Our aim for this narrative literature review was to highlight and explain the mechanisms through which
vitamin D status impacts female reproductive health. We believe this represents a very important subject of re-
search, especially due to the increased incidence of infertility nowadays. Further studies are necessary on the as-
sociation between vitamin D status and female reproductive health in order to fully understand its effects and to
reach a consensus regarding vitamin D supplementation as a method to improve fertility status.

Keywords:. ergocalciferol, cholecalciferol, vitamin d status and pregnancy outcomes, vitamin d deficiency
and hormonal balance, vitamin d and women's health, female fertility.

INTRODUCTION AND BACKGROUND

Female reproductive health includes the proper
functioning of the reproductive system, menstrua cy-
cle, hormonal balance, and the ability to conceive and
sustain a pregnancy (1). Various factors influence fe-
male reproductive health, including genetics, lifestyle,
environmental exposures, and nutritional status. Re-
cently, vitamin D status has been promoted as a signif-
icant factor regarding reproductive health due to its
many biological roles.

To understand how vitamin D status affectsfemale
reproductive health, it is important to describe first its
metabolism and principal effects on the human body.
Vitamin D2 (ergocalciferol) and vitamin D3 (cholecal-
ciferol) are the two most significant forms of vitamin
D, each playing acrucial rolein human health (2). Sun-
light exposure on the skin is the primary source of vit-
amin D, which can aso be extracted from the diet, par-
ticularly in the forms of vitamin D2 and D3, aswell as
other less nutritious forms of vitamin D (3).

Vitamin D2 and D3 are converted into hormonally
active forms through metabolism, first in the liver, then
followed by the kidney. Due to its fat-soluble composi-
tion, vitamin D enters the bloodstream as a complex
with a particular alphal globulin, known as the vitamin
D transporter protein (4). The first step in this process
isthe hydroxylation of vitamin D in theliver, producing
25-hydroxyvitamin D (25-(OH) D). The second hy-
droxylation of 25-OH vitamin D occurs in the kidney,
resulting in the most important metabolite of vitamin
D, 1,25-(0OH)2 vitamin D, which is produced in the re-
nal proximal tube by 1-alphahydroxylase (5). It'sworth
noting that the placenta and granulomatous tissue also

play asignificant role in synthesizing 1,25-(OH)2 vita-
min D, serving as extrarenal locations for this process
(5).

The main regulator of vitamin D metabolism isre-
nal hydroxylation, a process influenced by blood cal-
cium, phosphate, and parathyroid hormone (PTH) con-
centrations. Two significant factors, PTH and hypo-
phosphatemia, work independently to enhance vitamin
D 1,25-(0OH)2 by increasing rena 1-a pha hydroxylase
activity. Additionally, hypocalcemiaboosts PTH secre-
tion, increasing the kidneys synthesis of 1,25-(OH)2
vitamin D (2-4). The most accurate instrument for vit-
amin D status measurement is represented by 25 hy-
droxy-vitamin D.

Vitamin D optima status is necessary for main-
taining bone health, strengthening the immune system,
and modulating several metabolic functions. According
to Mayo Medica Laboratories, 25(0OH)D serum values
between 20-50 ng/mL represent optimal vitamin D sta-
tus (6). Despite its availability, vitamin D deficiency is
a common health issue worldwide, affecting various
populations, including women of reproductive age (1).

Vitamin D's effects on female reproductive health
have been an important research topic recently. Ade-
guate vitamin D levels have been associated with im-
proved fertility, healthier pregnancies, and reduced risk
of reproductive disorders such as polycystic ovary syn-
drome (PCOS) and endometriosis (1,7). Studies have
shown that vitamin D affectsfertility through itsrolein
the synthesis of sex hormones. Research from Yale
found that only 7% of 67 infertile women had adequate
vitamin D levels (7). Simultaneously, research has
demonstrated a strong correlation between the body's
vitamin D levels and the success rate of in vitro fertili-
zation.


https://doi.org/10.5281/zenodo.18081751

The scientific heritage No 175 (2025)

37

Besides the impact on fertility, vitamin D is aso
essential for pregnant women and infants. Recent re-
search has indicated that optimal vitamin D status sup-
portsthe development of the fetal skeleton and immune
system and may reduce the risk of complications such
as preeclampsia, gestational diabetes, and preterm birth
(6,8,9). For infants, optimal vitamin D levels are essen-
tial for healthy bone development and may reduce the
risk of developing rickets and other health issues (1).

Thisnarrative literature review aimsto present the
evidence linking vitamin D status to various aspects of
female reproductive health. We conducted intensivere-
search on original articles, reviews, and meta-analyses
published in international databases such as PubMed,
Web of Science, Cochrane, and Google Scholar. In or-
der to appropriately identify the studies, we used key-
words such as “vitamin D and health status”, “vitamin
D and women's health”, “female reproductive health
and vitamin D”, “vitamin D deficiency and hormonal
balance”, “vitamin D status and pregnancy outcomes”
and “vitamin D status and fertility". By synthesizing
findings from observational studies, clinical trias, and
meta-analyses, we sought to provide a comprehensive
understanding of how vitamin D influences reproduc-
tive outcomes and to highlight potential implications
for clinical practice. The conclusions of the included
studies were summarized and analyzed using the narra-
tive synthesis method in order to describe the resultsin
acomprehensive way.

REVIEW

Vitamin D and general health status

Despite its classification as a vitamin, vitamin D
functions more like ahormone, influencing various sys-
tems in the organism. Its importance extends beyond
bone health, impacting immune function, cardiovascu-
lar health, mental health, and even chronic disease pre-
vention.

The innate and adaptive immune systems, pancre-
atic [ cells, and the circulatory and cerebral systems are
among the targets of vitamin D (10). Therefore, vitamin
D caninfluence cell division and proliferation, immune
response modification, and hormonal production (11).
Taking into consideration its implication, vitamin D
supplementation may be helpful in preventing and
treating specific illnesses.

One of vitamin D's most well-known roles is
maintaining bone health. It is known that conditions
such as rickets in children and osteomalacia or osteo-
porosisin adults are direct consequences of vitamin D
deficiency (12).

Dueto itsimplication in regulating immune func-
tion, adequate vitamin D levels can help reduce the risk
of various infections. Vitamin D optima status may
also play arolein preventing autoimmune diseases like
multiple sclerosis and rheumatoid arthritis by lowering
the level of inflammatory cytokines (12). Studies have
indicated that optimal vitamin D levels can positively
impact the immune system by activating B cells, T
cells, and antigen-presenting cells (13,14).

Regarding cardiovascular pathology, research in-
dicated that an elevated risk of cardiovascular disease
islinked to apoor level of vitamin D (15,16). Inarecent
examination of the Framingham research, patients

without ahistory of cardiovascular illness had their lev-
els of 25-hydroxyvitamin D tested (2,16). It was shown
that patients with hypertension whose 25-hydroxyvita-
min D level waslessthan 15 ng/ml had a62% increased
risk of cardiovascular events compared to those whose
level was 15 ng/ml or higher (16-18).

According to research vitamin D receptorsare also
present in the brain and play an important role in brain
development and function (19, 20). Vitamin D defi-
ciency has been associated with an increased risk of de-
pression, anxiety, and cognitive decline, therefore en-
suring adequate vitamin D levels may support mental
health and cognitive function, particularly in older
adults (19, 20).

These findings confirm the idea that vitamin D
may have a key role in health status during different
periods of life on many systems and support the need
for further research regarding its actions.

The impact of vitamin D status on female repro-
ductive health

Vitamin D Status and Menstrual Cycle Regulation

Nowadays, the mgjority of women of reproductive
age have experienced at one point at least one episode
of menstrual cycle dysregulation. This can be partially
explained dueto increased levels of everyday stressand
external factorsthat can affect the hormonal axis. Stud-
ies have shown that vitamin D can regulate the men-
strual cycle, and adequate vitamin D levels may help
maintain normal ovulation and menstrual regularity.
Vitamin D receptors (VDRs) found in human and ani-
mal granulosa and cumulus oophorus cells prove that
Vitamin D is crucia in regulating the menstrual cycle
(21, 22).

Vitamin D's impact on hormona regulation
among women represents a hot topic of research and
implies severa physiological processes (23). The pri-
mary hormone affected by vitamin D statusis estrogen,
and alteration of itsnormal levelsleadsto many dysreg-
ulations among women of reproductive age. Due to vit-
amin D binding to VDRs, the expression of genes in-
volved in the synthesis and metabolism of estrogen is
regulated by it. It was shown that vitamin D can in-
crease the production of aromatase, which representsan
essential enzyme involved in converting androgens to
estrogen (23,24). Vitamin D receptors are also present
in the hypothalamus and pituitary gland, which sug-
gests the possible influence of vitamin D on the release
of gonadotropin-releasing hormone (GnRH) (25).
GnRH normal levelsare essential for adequately releas-
ing luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) from the pituitary gland, with a vital
role in estrogen production and menstrual cycleregula
tion. Another important hormoneinfluenced by vitamin
D is represented by progesterone (23). Severa studies
demonstrated that vitamin D increases the function of
the corpus luteum, therefore ensuring adequate proges-
terone production, which is critical for menstrual cycle
regulation (26).

Vitamin D also impacts insulin regulation, as
shown by different studies (25,27). It is widely known
and accepted that increased insulin resistance is associ-
ated with menstrual cycledysregulation. Vitamin D de-
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ficiency has been linked with increased insulin re-
sistance, which can affect ovarian function and hormo-
na status (25,28).

It has also been associated with menstrual disor-
ders, including polycystic ovary syndrome (PCOS),
which is represented by irregular menstrual cycles and
hyperandrogenism, mainly associated with insulin re-
sistance (29). A clinical trial by Salehpour et a. con-
cluded that vitamin D supplementation in cases with
deficiency can decrease insulin resistance in women
with polycystic ovary syndrome (30). Supplementing
with vitamin D can also reduce the excessively high
levels of anti-Mullerian hormone (AMH) in the blood
and enhance the levels of anti-inflammatory soluble re-
ceptors for advanced glycation end-products in women
with PCOS who have a deficiency in vitamin D (31).
Specifically, the administration of vitamin D and cal-
cium, together with metformin treatment, in women di-
agnosed with PCOS may lead to positive outcomes in
terms of monthly regularity and ovulation (31-33).

A 2018 study by Lagowska assessed vitamin D
levels in the bloodstream and compared them with the
menstrual cycle in young women [34]. It showed that
decreased levels of 25(OH)D were linked to longer
menstrual periods, namely oligomenorrhea or amenor-
rhea. Those with 25(OH)D levels below the recom-
mended threshold of 30 ng/mL had nearly five times
the likelihood of experiencing menstrual cycle prob-
lems compared to those with levels above 30 ng/mL
(34).

Singh et a. found that women with regular men-
strual cycles had notably elevated levels of vitamin D,
whereas decreased levels of vitamin D werelinked to a
13-fold increase in the likelihood of experiencing anir-
regular menstrual cycle (35).

Vitamin D Status and Fertility

Asweknow, in the past years, global fertility rates
have been declining, representing a major health prob-
lem. Itisknown that lifestyle and environmental factors
are directly implicated in this process. Additionaly,
sedentary lifestyles, poor diet, stress, and exposure to
environmental toxins can adversely affect reproductive
health. Conditions such as obesity, diabetes, and poly-
cystic ovaries syndrome which have registered an in-
creased incidence lately, have also a great impact on
fertility (7).

The presence of vitamin D receptorsin the ovaries,
endometrium, and placenta suggests that vitamin D
plays a role in reproductive processes (36,37). As de-
scribed above, the mechanism through which vitamin
D status impacts fertility and hormonal status among
women of reproductive age is complex (25). Adequate
vitamin D levels are associated with improved fertility
outcomes, including higher conception rates and suc-
cessful pregnancy development. Optimal vitamin D
status is also linked to better outcomes in assisted re-
productive technologies (ART), such asin vitro fertili-
zation (IVF) (25). Many studies have demonstrated a
correlation between low vitamin D levelsin the blood-
stream and decreased natural fertility and the efficacy
of IVF (29).

A particular subject of interest isvitamin D serum
levelsin follicular fluid (25). A prospective study tried
to establish if 25-hydroxyvitamin D serum valuesinthe

follicular fluid among women experiencing in-vitro fer-
tilization are associated with the procedure's outcomes
(38). It was shown that optimal vitamin D status was
correlated with an increased likelihood of achieving a
pregnancy following in-vitro fertilization (38). In con-
trast to these findings, another study investigating the
values of 25-hydroxyvitamin D from follicular fluid
found that insufficient vitamin D levels do not signifi-
cantly impact the outcome of in-vitro fertilization (39).
The inconsistent findings may be related to the rela
tively small study group.

Zhou et a. studied the impact of vitamin D sup-
plementation on pregnancy rates after in vitro fertiliza-
tionin ameta-analysisfrom 2022. It involved five prior
studies and concluded that achieving an optimal vita-
min D status by using supplements improved the rate
of chemical pregnancy, but regarding rates of clinical
pregnancy, there wasn’t enough evidence (40).

The status of vitamin D before ovarian stimulation
represents another important aspect of fertility re-
search. A 2022 study conducted in Hong Kong ana-
lyzed this and concluded that after thefirst in-vitro fer-
tilization cycle, the live birth rate was lower in cases of
vitamin D deficiency than in optimal vitamin D status
(42).

A meta-analysis conducted by Chenhao Xu et al.
in 2024, consisting of 23 separate research, provides
strong evidence indicating a possible association be-
tween blood vitamin D levels and the results of ART
(42). This research suggests that women who maintain
adequate vitamin D levels are more likely to have suc-
cessful live births, positive pregnancy tests, and clinical
pregnancies after having ART treatments. On the other
hand, those who have inadequate amounts of vitamin D
have a lower likelihood of reaching these positive re-
sults (42).

Vitamin D Status and Pregnancy Outcomes

Despite the efforts of several worldwide studies,
there is till disagreement on the relationship between
low vitamin D levels and the emergence of obstetric
complications. Pregnant women often develop vitamin
D insufficiency, shown in the blood levels of 25 hy-
droxyvitamin D in both the mother and the fetus. Espe-
cially when the need for vitamin D increases during
pregnancy, a deficiency may harm the fetus's adequate
development and the mother's health (1). Recent re-
search suggests that the effects of vitamin D in-
sufficiency during pregnancy may be considerably
more significant than previously believed.

According to studies, a balanced diet is insufficient
to meet a pregnant woman's needs for vitamin D, iron,
and folic acid. Consequently, food consumption often
does not surpass 2-2.2 ug of vitamin D per day, even
though the daily need is at least 5 ug (43). Thisisfur-
ther supported by the observation that low levels of 25-
hydroxyvitamin D (25-(OH)D), the most extensively
used marker of vitamin D status regardless of source,
are frequently found in pregnant women. Even in de-
veloped nations with less common nutritional rickets,
vitamin D deficiency during pregnancy remains a
significant concern.

A moderate vitamin D deficit is commonly defined
as a blood level of less than 20 ng/ml (50 nmol/L),
while a severe deficiency is defined as a level below 10
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ng/ml. Mayo Medical Laboratories states that while 10-
19 ng/mL indicates mild to severe insufficiency, the 25-
hydroxyvitamin D2 and D3 value isideal in the range
of 20-50 ng/mL. A significant insufficiency of vitamin
D isindicated by levels below 10 ng/ml (6,10). It is ad-
vised that pregnant women have an ideal circulating 25-
(OH)D level of at least 40 ng/ml from the start of their
pregnancy. (10) Research indicates that this level
should offer the highest level of protection against con-
ditions such as the newborn's asthma or pregnancy-re-
lated complications such as preeclampsia (1). It is cru-
cial to remember that season, amount of sun exposure,
and dietary habits may all affect 25-hydroxyvitamin D
levels.

Even though vitamin D deficiency hasbeen linked
to osteoporosis and rickets, it is now widely acknowl-
edged that vitamin D regulates many other biological
processes. Certain tissues that can be broadly referred
toas"barrier sites" have been found to expressthe VDR
for the active form of vitamin D, 1,25-dihydroxy vita

min D (1,25(OH)2D), as well as the enzyme la-hy-
droxylase that synthesizes 1,25(0OH)2D (CYP27B1)
(37). This suggests that particular responses to vitamin
D may be a key feature of these tissues (44, 45). The
placenta is the most common "barrier site”. In the past,
the placenta was among the earliest extrarenal tissues
to produce 1,25(0OH)2D, with fetal trophoblast and ma-
ternal decidua both presenting CY P27B1 activity (46,
47). International research has also shown the connec-
tion between vitamin D status and the placenta during
pregnancy. Vitamin D modulates placental implanta-
tion, assisting in generating cytokines and the proper
immunological response in the event of infection. On
the other hand, the placenta manufactures vitamin D
and reactsto itsactivity. Taking thisinto consideration,
it is safe to say that vitamin D status can be associated
with maternal-fetal complications during pregnancy
(1,8). The main pregnancy-related complications asso-
ciated with vitamin D deficiency are presented in Fig-
urel(1,8).

Figure 1. Vitamin D deficiency and pregnancy-related complications.
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The benefits of vitamin D supplementation during
pregnancy, either alone or combined with other micro-
nutrients, were compared to a placebo or no interven-
tion in a 2019 Cochrane study by Palacios (48). Evi-
dence from 22 trials totaling 3725 pregnancies indi-
cates that pregnant women who only take vitamin D
supplements may be at decreased risk of severe post-
partum hemorrhage, low birth weight infants, gesta-
tional diabetes, and preeclampsia when compared to
placebo or no intervention. According to the review's
findings, vitamin D supplementation does not seem to

have concrete evidence of lowering the risk of preterm
delivery at lessthan 37 weeks gestation (5, 11, 48).
During pregnancy, there are significant changesin
the mother's calcium metabolism and vitamin D levels.
Serum levels of 1,25 (OH)2D, which are larger in the
case of pregnant women's circulation compared to the
fetal circulation, might enhance the transit of vitamin D
from mother to fetus, even though transplacental
transport has not been examined in humans (44, 45).
Pregnancy causes an increased 1,25(0OH)2D production
in the kidneys. The CYP27B1 enzyme also produces a
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significant 1,25(0OH)2D quantity in the deciduaand pla-
centa (37). Furthermore, the transcription of this gene
is repressed by specific methylation of placental
CYP24A1 (47).

Studies have shown that vitamin D deficiency in
gestational diabetes is likely largely influenced by in-
creased CYP24A1 activity in the placenta. 25(OH)D is
hydroxylated by CYP27B1 into the bioactive form
1,25(0OH)2D, and CY P24A1 catabolizes both 25(OH)D
and 1,25(0OH)2D to inactive metabolites (49). Further-
more, it has been proposed that vitamin D deficiency
increases the likelihood of developing glucose intoler-
ance. It was demonstrated that large dosages of vitamin
D supplementation decrease insulin resistance in gesta-
tional diabetes-affected pregnancies (50).

Vitamin D molecules production, metabolism,
and function during pregnancy are intricate processes.
The human endometrial decidua  produces
24.25(0OH)2D while the placenta synthesizes
24.25(0H)2D (47). The placenta's VDR content indi-
cates that vitamin D may directly affect certain tissues
during pregnancy (51). A plausibleinterpretation isthat
1,25(0OH)2D functions as a modulator of calcium
transport in the placenta; nonethel ess, the placenta'sim-
munomodulatory function has aso been suggested
(51,52). Furthermore, vitamin D may be essential for
conception, implantation, and placenta formation due
to the quick expression of VDR and CYP27B1 early in
pregnancy (53). In addition, vitamin D iscritical in con-
trolling perivascular support and neovascularization,
suppressing placental neoangiogenesisand vascular de-
velopment (54).

Many studiesindicate that vitamin D insufficiency
islinked to a higher risk of preeclampsia during preg-
nancy (55). A substantial correlation has been shownin
cross-sectional research between vitamin D deficiency
and the likelihood of preeclampsia and its related con-
sequences (56). Vitamin D deficiency is described as
one of the risk factors for the onset of preeclampsia
(57). The placental gene transcriptions are known to be
atered by maternal physiological levels of 25(0OH)D.
This alteration includes decreased antiangiogenic fac-
tors, which may impact the risk of vascular complica
tions during pregnancy. There is also evidence for an
immunological cause and potential toxicity in
preeclampsia linked to autoimmune diseases. The
significance of maintaining optimal vitamin D status
throughout pregnancy to reduce the risk of preeclamp-
siais highlighted by these findings.

Vitamin D deficiency asarisk factor for intrauter-
ine growth restriction and associated placenta insuffi-
ciency was described in various studies. Even though
intrauterine growth restriction has been mostly at-
tributed to placenta insufficiency, maternal malnutri-
tion may also have an important contribution (58). As
we presented before, vitamin D has a key role in pla-
cental development; therefore, its impairment affects
normal fetal growth and development. It was shown
that the average vitamin D level of pregnant women
whose newborns displayed intrauterine growth re-
striction was 33% lower than that of women whose ba-
bies displayed normal intrauterine development at de-
livery (59).

Another important topic is the fact that increased
vitamin D serum levels have been linked in other stud-
iesto adecreased risk of both spontaneous and induced
preterm birth brought on by avariety of medical condi-
tions, including diabetes mellitus, hypertension, and
prior preterm delivery. Research has also demonstrated
that adequate vitamin D levels protect against miscar-
riages (60) and that women who had a normal preg-
nancy and delivery had considerably increased vitamin
D status compared to those who had a spontaneous
abortion (60,61).Women who have repeated miscar-
riages and hypovitaminosis D are more likely to expe-
rience autoimmune diseases and cellular abnormalities
than women who experience repeated miscarriages and
normal vitamin D levels (60).

It was described that pregnant women who con-
sume less than 400 IU of vitamin D daly are at a
heightened risk of miscarrying (62). Furthermore, a
study compared women with low 25(OH)D levels to
those with a level of 26.4 ng/ml, and it was revealed
that in cases with adequate vitamin D status, there was
a four-fold increased risk of successful reproduction
(63). According to a study by Holliset a., women who
received 4,000 1U of vitamin D per day as dietary sup-
plements had a 50% lower risk of preterm delivery and
a 25% lower risk of maternal infection than those who
received 400-2000 1U per day (64).

Dueto vitamin D's role in immune functions, bac-
terial vaginosis has been linked to ahigher risk in preg-
nancies associated with vitamin D deficiency (65). This
condition can cause discomfort to pregnant women and
affect the viability of a pregnancy (66). In addition,
miscarriages, early membrane rupture and preterm de-
livery, chorioamnionitis, and postpartum endometritis
have been linked to bacterial vaginosis (65,66).
Effective, adequate antibacterial, and anti-inflamma-
tory responses are necessary for a normal pregnancy
(65). Studies have shown that adequate vitamin D lev-
els enhance the body's ability to fight off infections in
both the placenta and the genital tract (65). In one re-
search, for instance, 440 pregnant women were shown
to haveathree-fold increased risk of bacterial vaginosis
if their blood 25(OH)D levels were below 30 ng/mL
(66).

It isthought that low levels of vitamin D in mater-
nal serum also raise the possibility of cesarean delivery
(67). According to one research, women with a
25(0OH)D level below 15.2 ng/ml had a roughly four-
fold higher incidence of cesarean sections than those
with alevel over 15.2 ng/ml (68). Methodological var-
iability across studies and the wide range of reasonsfor
elective and emergency cesarean sectionsseverely limit
amore appropriate assessment of the influence of vita-
min D on the completion of cesarean procedures.
Therefore, currently, thereisalack of sufficient datato
prove the association between a pregnant woman's risk
of cesarean birth and avitamin D deficiency.

Taking into consideration the link between vita-
min D deficiency and the multitude of pregnancy-re-
lated complications, further research and randomized
clinical trials are necessary to fully understand the un-
derlying mechanisms.
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CONCLUSIONS

Vitamin D status greatly impacts femal e reproduc-
tive health by influencing menstrual cycle, fertility, and
pregnancy outcomes. To maintain an optimal health
status among fertile women, adequate vitamin D levels
must be ensured through a combination of sunlight ex-
posure, diet, and supplementation.

Given the high incidence of vitamin D deficiency,
especialy in pregnhant women, monitoring and manag-
ing vitamin D status should be a “gold standard” for any
medical practitioner. Further research is till needed to
reach a consensus on the impact of vitamin D status on
female reproductive health and to completely under-
stand the mechanism that influences fertility and preg-
nancy-related complications.
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Abstract

In the modern era, the future fate of every nation and state is determined not only by therich natural resources
it possesses, but also by its scientific, cultural and intellectual capabilities, and above all by its human capital. This
invaluable capital, the functional capabilitiesof which are realized through the application of science and education
in the most diverse areas of public life, acts at the present stage as a guarantee of the future development of indi-
vidualsand public societies, in abroad sense, of the peoples, their standard of living, aswell astheir achievements.
A person who understands his national identity and preserves the historical and cultural heritage of the people to
which he belongs, The main task of our education is to raise a personality who can become a full-fledged citizen
in society in the future. In terms of the requirements of the XX century, in addition to preserving the successes of
traditional education, the application of innovations and new pedagogical technologies should be considered as
important conditions for improving the quality of education. For this reason, hundreds of new concepts have en-
tered our education asinnovations. Life skills-based education, curriculum, e-school, ICT, distance learning, active
and interactive methods, portfolio, Bologna process, synergistic education, constructive education, synectics in
education, etc. Are important areas and methods of innovative education, being new concepts of our education.

Keywords: education, innovative, application, curriculum, teaching, methods.

Introduction - Presentation, which is one of the
important elements of lessons conducted with active
(interactive) teaching methods, should be considered an
indicator of the student's research activity. This method
alows students to present the results of the research in
various ways, to acquire the ability to express their
ideas accurately, and to draw excellent conclusions.
When a student preparing for a presentation worksin a
group, he acquires a culture of communication and is
able to share ideas. In this case, the presentation he
(she) prepares is accurate, or attracts attention with its
design[1, p. 10-12].

Students preparing for a presentation learn the
rules for how to conduct a presentation. The teacher
should instruct students on the type of presentation and
therulesfor conducting it. A student who followsthese
instructions is prepared in advance to use time effec-
tively and express higher ideas more precisely and con-
cisely. He/she is able to comment on the presentation
while conducting it. The presentation is discussed and
evaluated based on a criteria table. This is one of the
research methods and creates conditions for a compre-
hensive study of the subject. Through cubing, the stu-
dent is guided to describe and compare, correlate, ana-
lyze, apply and argue the subject. At thistime, the stu-
dent’s critical and logical thinking develops, a
comprehensive view of the subject, evaluation skills,
and cooperation habits are formed.

The main goa of the modern education system is
not only to impart knowledge, but also to guide students
to think independently, solve problems, and be creative
and critical. In thisregard, active learning methods of -
fer a completely different approach from traditional
learning. Active learning ensures that the student is not
apassive, but an active participant in the learning pro-
cess. Through it, the lesson becomes an interactive, di-
alogue-based and collaborative process, rather than a
monotonous transfer of knowledge. Active learning is

the basis of modern pedagogy, XX century skills, and
effective preparation for the next generation.

Active learning methods develop students’ crea-
tive thinking, social skills, and persona initiative.
These methods attract the attention of children at every
stage of the lesson, encourage them to independent re-
search and joint cooperation. In active learning, the
teacher is not only a source of knowledge, but also an
organizer and guide of the learning process. Students
do not just accept ready-made information, but build
knowledge on their own experience and ensure their in-
dividual development.

Active learning refers to learning that is based on
the active cognitive activity of students and is carried
out in collaboration with other participants in the edu-
cational process. Often, the concept of “interactive
learning methods” is used as a synonym for this con-
cept. Thus, the term “interactivity” means “dialogue,
interaction.” The concepts of “problem dialogic”,
“problematic”, “heuristic learning” are also used to ex-
press this learning method. The active (interactive)
learning method is a learning method based on the
above modern principles. Active (interactive) learning
isaset of methods for organizing and managing teach-
ing and cognitive activity. The following features are
characteristic of thislearning:

The teacher consciously (voluntarily) creating a
cognitive problem situation,

Stimulating students’ active research position in
the problem-solving process,

Creating conditions for students to independently
discover, acquire and master new and necessary
knowledge.

The essence of the new approach is that the train-
ing is aimed not only at enriching the memory of stu-
dents with new scientific knowledge (information), but
also at the independent acquisition and assimilation of
more knowledge, the acquisition of the most important
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skills and habits, personal qualities and abilities, based
on the regular development of thinking. At this time,
students, under the guidance of ateacher, learn to iden-
tify cause-and-effect relationships and regularities of
factsand events, draw conclusions, and make important
and deep generalizationsin the process of studying spe-
cialy selected, easily understandable and memorable,
most important training material.

The student’s position is that of “discoverer”, “re-
searcher”; when faced with issues and problems that he
iscapable of, he solvesthem in an independent research
process. Students, as full participants in the learning
process, act as researchers in this process and acquire
knowledge in the process of active search and discov-
ery.

The teacher’s position is that of a facilitator
(“guide”, “leader”), organizing problem situations in a
planned and directed manner, and presenting research
questions to students.

It creates conditions for the formation of creativity
and improving the quality of education. The efficiency
of training (the ability to absorb more information in a
shorter period of time) is significantly increased. The
following reasons can be cited for this: Due to students’
cognitive activity and learning motivation;

Through independent, productive and creative ac-
quisition and assimilation of knowledge based on
thinking.

The application of active (interactive) learning
changes the school environment, increases students’
self-confidence, improves interpersonal relationships,
makes their attitude towards school and studying more
positive, and forms the habits of independently acquir-
ing knowledge, acquiring new ones, and using them to
achieve life goals.

Thus, the necessity of active (interactive) learning
lies primarily in the fact that the formation of such abil-
ities in the personality alows for adaptation to con-
stantly changing conditions and its effective integration
into life.

World experience shows that the active (interac-
tive) teaching method can be an important tool for the
teacher to improve the quality of the lesson. This
method makes the lesson very interesting and attractive
for students. Active (interactive) teaching makes both
the learning of the content of the lesson and the appli-
cation of this content more efficient, and makesthe stu-
dents’ cognitive activity more active. As the students’
enthusiasm for learning and their achievements in-
crease, the teacher’s activity also becomeseasier. How-
ever, this does not mean that the teacher’s work is re-
duced. Preparing an active/interactive lesson requires
more effort from the teacher at the planning stage.

Despite the advantages of active (interactive)
learning, the teacher should not completely abandon the
use of traditional (explanatory-illustrative and repro-
ductive) methods.

The integration of new pedagogical strategies en-
courages critical thinking and problem-solving skills
among higher education students.

Modern society is undergoing dynamic changes
characterized by numerous innovations. With the rapid
development of science and technology, the application

of innovations is manifested in education, asin al ar-
eas. This creates the need to make changes in the con-
tent and organization of innovative activities in educa-
tional institutions. Thereisaneed to improve education
on the basis of new economic relations that have
formed in the country, and to regularly update the ped-
agogical process. This update is associated with mod-
ern innovation searches and pedagogical activities. In-
novations in education are innovations in which new
technol ogies and methods are applied. In modern times,
the need for educational innovations hasincreased even
more, because the social and economic well-being of
countries increasingly depends on the quality of educa-
tion of citizens. Society aready supports those with
high skills and knowledge. Today’s education system
isrequired to improve the quality of education by using
both effective and efficient resources.

Interactive teaching is one of the special forms of
organizing cognitive activity. It has specific current and
future goas. The main goal is to create conditions for
training and education in which students or listeners
feel successful and intellectually capable; Thanks to
this, the process of teaching knowledge, skills and hab-
itswill be more productive, and a basis will be created
for solving problemsin real life after graduation.

In other words, the interactive method in teaching
and learning can be considered a form of teaching in
the form of dialogue in which the teacher and students
are in constant communication with each other
throughout the entire allotted time. The objectives of
interactive learning forms are as follows:

- Arousing interest in students or listeners;

- Effective mastery of educational material;

Solving the task given to students or listeners:

- Their free search for ways and options (if any
option is preferred, itsjustification);

- Teaching students to work in ateam, be toler-
ant of others’ views, and respect everyone’s right to
freedom of speech and sense of self;

Don’t express your opinion, students will have
opinions.

- Formation;

- Creation of life and professional habits;

Student’s perceived competence (skill). When us-
ing interactive teaching methods, the teacher changes
therole of the central figure, becoming the regulator of
the learning process. Experienced teachers and educa
tors say that thereis no child who does not want to read,
who is not interested. From the moment achild is born,
he or she is eager to learn and understand the world
around him or her, and they areinterested in everything.
[4, p. 20-22].

From what hasbeen said, it isclear that interactive
methods significantly improve the quality of teaching,
form new cognitive and moral qualitiesin students: lis-
tening to the interlocutor, any speaker (speech), tapere-
corder, radio, television programs, respecting the ideas
expressed, expressing an attitude when appropriate,
thinking independently, critically and creatively, ex-
pressing opinions freely, defending and proving the
idea put forward, developing logical thinking, analyz-
ing experience and general preparation, objectively as-
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sessing oneself, seeing one's place in the team, cooper-
ating with members of the team in the process of mental
and physical labor, working together, performing one's
share of the common work with dignity, being active
and diligent in forming the opinion of the team, making
decisionstogether with members of the group, the class
team, defending oneself in the event of a conflict, re-
solving the conflict patiently and peacefully, being tol-
erant, taking risks, controlling oneself in emotional sit-
uations, controlling oneself, taking responsibility for
one's personal health. to be ableto carry, to treat people
and their rights with respect and justice, etc.

In lessons taught using interactive methods, stu-
dents curiosity and initiativeincrease, their learning ac-
tivity increases, and the quality and efficiency of teach-
ing increases. As a result, creative thinking develops,
not mechanical memory. The use of technology in-
creases interactivity in English language lessons [5, p.
15-17].

Interactive learning is a learning process con-
ducted using democratic methodsthat contributesto the
acquisition of knowledge, skills, experience, and hab-
its, and the development of socia and intellectua
thinking, independent work, and independent thinking
skills necessary for citizens of society. [6, p. 32—34].

While interactive learning refers to the inter-stu-
dent learning, teaching, communication and collabora-
tion that occursin the lesson, teacher-student unity and
cooperation, interactive methods refer to the methods,
styles, tasks, approaches, and tools that enable students
to learn and understand, acquire skills and qualities in
the learning process.

The results of the latest research show that inter-
active learning methods give effective results by
closely applying ICT to training, referring to the theory
of constructivism, and make their functionality even
more efficient. Psychologists note that information re-
mainsin the memory of aperson 10% of what he hears,
50% of what he sees, and 90% of what he does himself.
The great support of ICT inthisareaisin providing the
learner with a powerful information bank during his
personal research (Internet, e-books, tests and assign-
ments, etc.).

In the interactive learning process, at first glance
it may seem that the teacher does not play an activerole
in the classroom. In fact, the teacher becomes a "crea-
tor" who inspires the student and helps him find him-
salf.

Interactive methods alow the teacher not only to
teach others, but also to learn themselves, becoming a
more creative and energetic educator.

Interactive teaching methods also require aban-
doning the usua layout of the classroom, the usual way
of organizing classes. There are four main forms of
placement of student desksin the classroom.

The criteria for the effectiveness of a modern les-
son are;

- Direction towards a specifically formulated
expected result;

- Orientation to the student's living, personally
valuable knowledge;

- Focuson guiding and educational issues of the
lesson:;

- Building on the student's creative cognitive ac-
tivity;

- Takesinto account the individual characteris-
tics of students,

- Takes into account dynamism and intensive
training methods;

- Learning by discovery;

- Theexistence of discussions;

- Personality development.

It isnot easy to prepare and conduct such alesson,
for this it is necessary to approach teaching activities
responsibly. Today, it is not enough for a teacher to be
agood subject teacher, he must know new information
technologies; teach students to be able to make inde-
pendent decisions, and to be responsible for them.

Modern teaching means active (interactive) teach-
ing. What is active (interactive) teaching? "Active (in-
teractive) teaching" is a teaching method based on the
active cognitive activity of students and the realization
of the educational process in cooperation with other
participants. New methodological approaches increase
student engagement during lessons [7, p. 40-42]. The
training isintended to be held in. In recent years, many
teachersin our republic have become familiar with the
active learning method and have participated in various
trainings.

In the modern education system, active learning
and development of creative skills of students are one
of the main goals. The purpose of this study isto em-
pirically determine the impact of innovative teaching
methods (active learning, interactive methods, project-
based |earning and technology integration) on students
active participation in the lesson and learning out-
comes. The study used experimental and control
groups, and students learning activity was assessed
through observation tables, tests and questionnaires.
The results show that in the group using innovative
methods, students active participation in the lesson,
critical thinking and problem-solving skills signifi-
cantly increased. These results show that the applica-
tion of innovative methods in the modern educational
process increases students' motivation to learn and con-
tributes to more effective development of their
knowledge and skills.

The scientific importance of the article: Scien-
tific importance of studying and implementing innova-
tive teaching methods is rooted in the growing need to
modernize educational systems in accordance with
globa technological, socio-economic and cultura
transformations. In the context of the knowledge-based
society of the XXI century, education is expected not
only to transmit information, but also to foster critical
thinking, creativity, cognitive flexibility and problem-
solving abilities. From this perspective, innovative ped-
agogica methods provide a scientifically grounded
framework for enhancing the quality, accessibility and
effectiveness of the teaching-learning process.

The research significance of innovative teaching
approaches lies in their potential to create learning en-
vironments based on active participation, research-ori-
ented thinking and independent knowledge construc-
tion. Scientific investigations show that active and in-
teractive methods engage multiple cognitive processes
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simultaneously, leading to deeper comprehension,
long-term retention of knowledge and development of
metacognitive skills. These methods also promote so-
cial learning, collaborative problem-solving and com-
munication competence—key components of modern
educational psychology.

Furthermore, the scientific importance of the topic
isassociated with theintegration of digital technologies
and |CT-based tools into the curriculum. Digital inno-
vation transforms traditional pedagogical paradigms,
enabling the use of data-driven instruction, adaptive
learning systems, simulation-based activities and vir-
tual collaboration. These technologies enhance the pre-
cision, efficiency and personalization of learning,
which is supported by contemporary research in educa-
tional technology and cognitive science.

The study of innovative teaching methods also
contributes to the refinement of teacher professional
development programs by identifying new methodo-
logical competencies, instructional strategies and as-
sessment models that respond to the dynamic needs of
learners. As global educationa standards shift toward
student-centered, competency-based frameworks, sci-
entific analysis of innovative methodologies becomes
essential for shaping future curricula and ensuring
alignment with international best practices.

In summary, the scientific importance of this re-
search is reflected in its contribution to the moderniza-
tion of education, the formation of 21st-century skills,
the enhancement of teaching quality, and the develop-
ment of scientifically informed pedagogical innova-
tions capable of preparing learnersfor rapidly changing
socia and technological realities.

Conclusion - A lesson built using interactive
methods differs from a traditional lesson in that here
children acquire knowledge themselves, gan
knowledge by working independently and searching for
it. Students are actively involved in the learning pro-
cess. The teacher, on the other hand, gives more direc-
tion and advice, he plays the role of a guide. The cli-
mate in the classroom leads to children's liberation, in-
dependence, and activity, children can freely express
their opinions. An interactive lesson has a clear struc-
ture and allows them to solve the problems set, children
acquire knowledge, and the curriculum is not damaged.

The main advantage of interactive learning is the
formation of real cognitive motivation (desire to ac-
quire knowledge). Thisis based on the ability to resolve
real contradictions in the thinking of students in the
course of cognitive activity. Emotions arising from real
contradictions ensure the mobilization of mental re-
sources, stimulate cognitive activity, and allow for
long-term concentration of attention. Knowledgeis ac-
quired not in a "ready-made" form, but in the process
of its independent discovery, that is, the process of as-
similation is not passive, but active.

If astudent discovers new knowledge based on his
own desire and activity, then he approaches the lesson
creatively and with interest, and assimilates the ac-
quired knowledge for along time and firmly.

The introduction of interactive learning methods
into the educational process creates conditionsfor elim-
inating students passivity, forming the necessary think-
ing skills and creativity, and improving the quality of

training. The effectiveness of training (the ability to ab-
sorb more information in a shorter period of time) in-
creases significantly. The following reasons can be
cited for this: due to students cognitive activity and
learning motivation, through independent, productive
and creative acquisition and assimilation of knowledge
based on thinking.

World experience showsthat the interactive learn-
ing method is an important tool for teachersto improve
the quality of lessons. This method makes |essons very
interesting and attractive for students. Active interac-
tive learning makes both the learning of the content of
the lesson and its application more efficient, and makes
students' cognitive activity more active. As students
enthusiasm for learning and their achievements in-
crease, the teacher's activity also becomes easier. How-
ever, this does not mean that the teacher's work is re-
duced. Interactive learning actually requires great ef-
fort, diligence and creativity from the teacher to prepare
and manage the lesson. [8, p. 113-114]

It should also be noted that it is not recommended
to use interactive teaching methods in teaching every
subject. Interactive methods should be applied taking
into account the goal set in the lesson, the content and
nature of the knowledge, skills and habits to be im-
parted to students, integration opportunities, students
preparation, local conditions, school's material base,
etc.

Sometimes you hear from teachers: "We teach
well, but the students are not interested." Experience
shows that interest depends on how knowledge is pre-
sented.

From what hasbeen said, it isclear that interactive
methods significantly improve the quality of teaching,
form new cognitive and moral qualitiesin students: lis-
tening to theinterlocutor, any speaker (speech), tapere-
corder, radio, television programs, respecting the ideas
expressed, expressing an attitude when appropriate,
thinking independently, critically and creatively, ex-
pressing opinions freely, defending and proving the
idea put forward, developing logical thinking, anayz-
ing experience and general preparation, objectively as-
sessing oneself, seeing one's place in the team, cooper-
ating with members of the team in the process of mental
and physical labor, working together, performing one's
share of the common work with dignity, being active
and diligent in forming the opinion of the team, making
decisionstogether with members of the group, the class
team, defending oneself in the event of a conflict, re-
solving the conflict patiently and peacefully, being tol-
erant, taking risks, controlling oneself in emotional sit-
uations, controlling oneself, taking responsibility for
one's personal health. to be ableto carry, to treat people
and their rights with respect and justice, etc.

In lessons taught using interactive methods, stu-
dents curiosity and initiativeincrease, their learning ac-
tivity increases, and the quality and efficiency of teach-
ing increases. As a result, creative thinking develops,
not mechanical memory.

Interactive learning is a learning process con-
ducted using democratic methodsthat contributesto the
acquisition of knowledge, skills, experience, and hab-
its, and the development of social and intellectual
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thinking, independent work, and independent thinking
skills necessary for citizens of society.

While interactive learning refers to the inter-stu-
dent learning, teaching, communication and collabora-
tion that occursin the lesson, teacher-student unity and
cooperation, interactive methods refer to the methods,
styles, tasks, approaches, and tools that enable students
to learn and understand, acquire skills and qualities in
the learning process.

The results of the latest research show that inter-
active learning methods give effective results by
closely applying ICT to training, referring to the theory
of constructivism, and make their functionality even
more efficient. Psychologists note that information re-
mainsin the memory of aperson 10% of what he hears,
50% of what he sees, and 90% of what he does himself.
The great support of ICT in thisareaisin providing the
learner with a powerful information bank during his
personal research (Internet, e-books, tests and assign-
ments, etc.).

In the interactive learning process, at first glance
it may seem that the teacher does not play an activerole
in the classroom. In fact, the teacher becomes a "crea-
tor" who inspires the student and helps him find him-
salf.

Interactive methods alow the teacher not only to
teach others, but also to learn themselves, becoming a
more creative and energetic educator.
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The digitalization of modern education makes the integration of mathematical modeling with informatics
relevant in the teaching of algebra in the 9th grade. The purpose of the study is to determine the methodol ogical
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amethodological analysis based on comparative analysis, modeling, and the use of digital learning environments.
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significant impact on students deeper assimilation of mathematical concepts, strengthening of analytical thinking,
and the development of the ability to express real situations with mathematical models.
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Introduction

In the modern era, the digitalization of education
puts forward new requirements for the teaching of
mathematics, especially algebra. The rapid develop-
ment of digital technologies makesit necessary to form
students' information processing, algorithmic thinking,
anaytical analysis, and modeling skills. The study of
algebra topics in the 9th-grade, especially the mastery
of concepts such as functions, equations, and numerical
sequences, requires studentsto think logically and build
mathematical models of real situations. The integration
of this process with the subject of computer science al-
lows for a more efficient, visual, and application-ori-
ented understanding of mathematical modeling. In this
regard, therole of computer sciencein the development
of mathematical modeling skillsis currently one of the
most relevant directionsin the pedagogica field.

The purpose of the study is to determine the meth-
odological potential of computer science and digital
tools in the formation of mathematical modeling skills
in 9th-grade students and to substantiate the integrative
teaching approach. To achieve this goal, the concept of
mathematical modeling, its stages, and didactic features
are analyzed, as well as the logical, agorithmic, and
visual connections between computer science and alge-
bra are investigated.

Comparative analysis, literature review, model-
ing, and methodological analysis based on the applica-
tion of collaborative learning approaches and digital
programs (Graph, GeoGebra, Python, etc.) are used as
research methods. These methods create conditions for
evauating new learning opportunities arising at the in-
tersection of mathematical and computer science think-
ing.

The essence, stages, and application featur es of
mathematical modeling in teaching

Mathematical modeling is one of the main compo-
nents of modern mathematics education and is charac-
terized by expressing real-life processes and phenom-
enain mathematical language and analyzing them on a
simplified model (Blum et a., 2007). This process not
only teaches students to master mathematical

knowledge but aso teaches them to identify relation-
ships between phenomena, predict outcomes, and eval-
uatetheinteraction of variousvariables(NCTM, 2000).
In particular, modeling skills at the 9th grade level pro-
vide a deep understanding of algebraic topics and have
a significant impact on the structuring of the student's
mathematical thinking (OECD, 2019).

The mathematical modeling process consists of
severa sequential stages, and these stages systemati-
cally develop the student's ability to conduct independ-
ent analysis (Stillman & Brown, 2012):

1. Understanding the problem. At this stage, the
student understands the essence of the presented real
situation, accurately analyzes the problem, and deter-
mines its purpose and limitations. A correct under-
standing of the essence of the problem directly deter-
mines the quality of the mathematical model (Kaiser &
Sriraman, 2006).

2. Building a mathematical model. The selection
of features, variables, and parameters, and the determi-
nation of functional or logical relationships between
them, form the basis of this stage. Equations, functions,
graphs, sequences, and sometimes agorithmic struc-
turesare used in building the model (Blum et a., 2007).
Grade 9 algebra topics create wide application oppor-
tunities at this stage.

3. Modd solution. At this stage, operations are
performed on the mathematical model built, equations
are solved, functions are analyzed, and results are ob-
tained. This process can be carried out using both sym-
boalic, graphical, and informatics approaches (for exam-
ple, using Python or Graph programs) (Y erushamy,
2006).

4. Interpretation of results. The obtained mathe-
matical results are compared with the real situation,
their meaning is interpreted, and their accuracy is
checked. At this stage, students evaluate the corre-
spondence between the “mathematical result” and the
“real result” and determine the adequacy of the model
(English, 2006).

The didactic properties of mathematical modeling
make it one of the most effective teaching strategiesin


https://doi.org/10.5281/zenodo.18081788

50

The scientific heritage No 175 (2025)

mathematics teaching. Modeling develops students’
critical, analytical, and creative thinking, creates condi-
tions for the formation of an active learning environ-
ment, and also alows for the establishment of connec-
tions between different fields of knowledge (Kaiser &
Sriraman, 2006). Students’ modeling skills strengthen
both their mathematical logic and the problem-solving
and decision-making competencies required in their fu-
ture activities.

Thisprocessis of particular importance at the Sth-
grade level. At this stage, students learn systems of
equations, quadratic functions, numerical sequences,
and other important algebraic concepts. The application
of these concepts within the framework of mathemati-
cal modeling teaches studentsto build a bridge between
real life and mathematical theory, formalize situations,
and make decisions based on mathematical results
(Stillman & Brown, 2012). Thus, modeling both pro-
vides a functiona application of mathematical
knowledge and creates a basis for natural integration
with computer science (OECD, 2019).

The role of informatics in the development of
mathematical modeling skills

In the modern educational environment, informat-
ics plays a key role in the formation of students' skills
in algorithmic thinking, logical sequence, information
structuring, and process modeling (Grover & Pea,
2013). These skills directly affect the more systematic
and deep mastery of all stages of mathematical model-
ing. Informatics allows students to create digital repre-
sentations of abstract mathematical objects and test
modelsin various software environments, which makes
the teaching of algebraic topics more visua and appli-
cation-oriented.

The impact of informatics on mathematical mod-
eling is primarily related to the formation of agorith-
mic thinking. The algorithmic approach facilitates the
identification of variables, the definition of relation-
ships, and the step-by-step structuring of the solution
when building a mathematical model (Wing, 2006). In
the 9th grade, topics such as equations, functions, and
sequences are fully consistent with the algorithmic de-
scription and alow the student to understand the se-
quential logic of a mathematical problem.

The second important aspect is visualization capa-
bilities. In the computer science environment, graphic
representations, dynamic models, ssimulations, and in-
teractive presentations more clearly show the structure
of amathematical model. For example, various studies
have proven that graphic models built using programs
such as Graph and GeoGebra strengthen mathematical
thinking (Hohenwarter & Jones, 2007). This approach
provides a visual perception of the solution of equa
tions, the properties of functions, and the interaction of
variables.

The third direction isrelated to conducting digital
experiments. By changing the values of various varia
bles in programming environments, the dynamism of
the model results is observed. Such experiments allow
students to discover mathematical regularities, put for-
ward hypotheses, and test them (Grover & Pea, 2013).
Asaresult, the student more easily understands how to
express rea situations in mathematical language and
conduct analysis using the model.

In addition, informatics also develops students
ability to structure and process information, which is
important for all stages of mathematical modeling. Ac-
tivities such as sorting data into types, determining the
relationship between variables, and interpreting results
are central components of both informatics and mathe-
matics.

Consequently, integration with informatics has a
multifaceted impact on the devel opment of mathemati-
cal modeling skills: it systematizes mathematical think-
ing, facilitates the construction and understanding of
models, makes teaching more interactive and applica-
tion-oriented, and strengthens students' analytical and
decision-making skills. In particular, at the IX grade
level, thisintegration creates an important methodol og-
ical potential for the development of both mathematical
and digital literacy of students.

Linking numerical sequences with informatics
models

In the 9th-grade ‘“Mathematics” textbook, the
topic of numerical sequencesis built on basic concepts
such as numerical series, geometric series, their nth
term, and the sum of the first n terms (Gahramanova,
Karimov & Huseynov, 2019). These topics are fully
consistent with the agorithmic structures of informat-
icsin terms of the definition of a sequence, that is, the
connection of each term with apreviousterm or several
previous terms based on a certain regularity. It is this
consistency that justifies the connection of sequences
with informatics models both methodologically and in
terms of content.

The basic algorithmic structures used in computer
science lessons - the concept of a variable, the repeti-
tion (cycle) operator, the conditional operator, and the
recursive representation - allow usto model the mathe-
matical structure of sequences. For example, the recur-
rent definition for a numerical sequence

a,=a,, +dis naturaly realized in computer sci-

ence with the cycle operator. In this regard, the se-
guence can be presented to the student both as a math-
ematical equation and as an agorithm.

Mathematical description:

a=5 a,=a,+3
Algorithmic description (Python pseudo-code):

=

LA

a =75
for i in range(l, MN+1):
print(i, a)

-

a =3+ 3

Introducing this parallelism helps students de-
velop two important skills:

first, structuring the order in which a sequence is
constructed; second, understanding the dynamic rela-
tionship between variables (Cormen et al., 2009).

Let'slook at an example with both a mathematical
and an agorithmic description based on the formula

a,=a,+(n—-1)d for the n-th term of a numerical
series.
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Mathematical description.
Example: If the sequence contains &, = 4,d=3

,find &,.
a,=a,+(10-1d
Solution: 8, =4+9-3
a,=4+27=31
Answer: 8, =31.

Let'swrite an algorithmic description for the given
example. Goal: To calculate the 10th term of the se-
guence, starting from the fourth term.

L.:':."'."!

B
[FTRN 4

(=S '}
[]

forl in range(2, 11):

a = 3+ &

:_.--:l:'_[.gj

Result: output: 31.

Geometric sequences are modeled in a similar
way; the recurrent definition for a geometric sequence
isa, =a_ ,-q whichisimplemented in programming
by looping and multiplying.

Students can observe the rate of increase/decrease
of a sequence by trying different values of the q factor
in Python, Scratch, or block-based environments,
which reinforces mathematical concepts visually and
empirically (Hohenwarter & Jones, 2007).

In addition, the principles of computer science
datastructuring - storing variables, creating lists, index-
ing sequential elements alow for the representation of
anumerical sequence as a “set of terms.” This approach
alows for the solution of tasks set in the textbook (cal-
culating the limit, the sum of the first n terms, etc.) to-
gether with computer science models and teaches the
student to interpret both mathematical and practical re-
sults (Gahramanova, Karimov & Huseynov, 2020).

Thus, the integrated teaching of numerical se-
quences between mathematics and computer science a-
lows students to master the process of constructing,
changing, and analyzing sequencesin amore clear, vis-
ua, and technologicaly based way; this connection
makes a significant contribution to the development of
both mathematical modeling and agorithmic thinking
skills (Grover & Pea, 2013; Cormen et a., 2009;
Gahramanova, Karimov & Huseynov, 2020).

Numerical sequences (and mathematical models
in general) are very important not only for numerical or
symbolic analysis, but also for the formation of algo-
rithmic thinking in computer science and program-
ming. The key point here is the interaction of mathe-
matical representation and algorithmic representation.

1. Mathematical representation: The nth term or
sum of anumerical sequenceisexpressed asaformula

For example, @, = &, +(N—1)d . This shows the reg-
ularity of the sequence.

2. Algorithmic representation: The same sequence
can be calculated and automated using a programming
language. For example, with Python:

python

n =18
an = al + (n-1)*d

print{"18-cu dzv:", an)

This teaches the student or programmer to calcu-
late, analyze, and visualize sequences.

Algorithmic representation of numerica se-
guences and mathematical models through informatics
developslogical thinking, problem-solving solving and
decision-making skills in students, and also allows for
the practical application of mathematical knowledge in
real-life and social situations.

+ Automation of complex problems. A person
can quickly calculate large sequences and sums that a
person would haveto calculate manually through apro-
gram.

» Development of analytical thinking: Convert-
ing a mathematical formula into algorithmic steps de-
velopsthe student'slogical thinking and planning skills.

» Lifeapplications. Sequencesareimplemented
agorithmicaly in financial calculations (for example,
monthly payments, interest calculations), physics, and
statistical models.

+ Connection with informatics. Mathematical
model — algorithmic model — programming — anal-
ysis of results. This chain strengthens the integrative
approach in teaching.

That is, the algorithmic description of numerical
sequencesis not only for programming, but also allows
the student to apply mathematical thinking to the prac-
tical world.

The role of informatics in the development of
mathematical modeling skillsin studentsisindispensa-
ble. For example, students can calculate their monthly
savings plan, water or electricity consumption through
numerical sequences and functions using Python or
other programs. Thisteaches not only theoretical cal cu-
lations, but also algorithmic analysis and visua display
of results. Such an approach strengthens students' logi-
cal thinking, problem-solving, and decision-making
skills. As a result, mathematical education integrated
with informatics turns students into individuals who
think independently and make decisions based on
mathematical groundsin the economic, environmental,
and social situations they encounter in redl life.

Conclusion

The role of informatics in the development of
mathematical modeling skills in grade IX is indispen-
sable. Through informatics, students gain the ability to
solve mathematical problems not only at the theoretical
level, but also at the algorithmic and practical level.
Programming environments and algorithmic analysis
tools allow students to visually demonstrate complex
sequences, functions, and algebraic structures, analyze
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them, and predict results. This process also accelerates
the formation of logical thinking, planning, and prob-
lem-solving skills. As aresult, mathematical education
integrated with informatics creates conditions for the
development of functional skills in students in both
mathematical and computer science, turning them into
individuals who can think independently and make de-
cisionsin rea-life and social situations.
Suggestions

The integration of mathematics and computer sci-
ence subjects should be carried out systematically. Es-
pecialy in the 9th grade, algebraic topics — functions,
equations, and numerical sequences - should be taught
in parallel with the algorithmic structures of computer
science, and students should be shown the general |og-
ical connections of both subjects.

Digital tasks should beincreased to develop math-
ematical modeling skills. Students should be given the
opportunity to build a mathematical model of real-life
situations and describe it algorithmically, and practical
activities on data processing, working with variables,
and generating sequences should be expanded.

The use of interactive and visual environmentsin
teaching algebraic subjects should be strengthened.
Simple programming environments that demonstrate
graphics, conditional, and periodic structures should be
included in the teaching process, and students should
master abstract concepts through visual models.

Joint methodological training should be organized
for teachers. Joint seminars, open lessons and exchange
of experience of mathematics and computer science
teachers would help to form a unified approach to inte-
grative teaching.

Measurement tools should be developed that as-
sess students' mathematical and algorithmic thinking.
Assessment should be based not only on the result, but
aso on the skills of building models, analyzing prob-
lems, designing algorithms, and interpreting results.

More emphasis should be placed on modeling
real-life problems. Data analysis on energy consump-
tion, budget planning, production growth, environmen-
tal indicators, and other socio-economic processes
strengthens the devel opment of both mathematical and
informatics skills.
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Comparative study of educational institutions is
one of the important directions of pedagogical science,
and research conducted in this field serves to identify
similarities and differences between the educational
systems of different countries. Comparative analysisis
important in terms of revealing existing problemsin the
field of education, studying innovative approaches and
applying effective practices. This process also creates
scientific foundations for improving the national edu-
cation model and making strategic decisions based on
international experience.

Education systems around the world are influ-
enced by the cultural, economic, political and historical
factors of each country, resulting in different ap-
proaches to educational governance. Each system is
shaped by its own local needs, but the overall goal re-
flects a global effort to optimize educational processes
and learning outcomes for individuals and societies. Its
main goal isto create effective structures and practices
that facilitate the delivery of quality education. Theway
countries organize and manage their educationa insti-
tutions, and the policies that support these structures,
reveal both global common goals and local specifici-
ties. This comparative analysis examines the different
educational governance systems around the world, con-
sidering the balance between centralized and decentral-
ized models, the role of the public and private sectors,
and the impact of technological advances.

The application of comparative frameworks to the
analysis of educational governance playsacrucia role
in systematically assessing and understanding the di-
versity and effectiveness of education systems around
the world. These frameworks allow for comparisons of
educational practices across countries according to spe-
cific criteria. The comparative framework includes dif-
ferences in student achievement, the efficiency of re-
source allocation, governance structures and the cul-
tural relevance of curricula By comparing these
indicators across countries, stakeholders can identify
patterns of performance, potential areas for reform and
develop strategies that respond to both local and inter-
national educational needs. Furthermore, the use of a
comparative approach helps to identify inequalities

within and between countries, provides a basis for dis-
cussion and thus contributes to ensuring equitable and
quality educational opportunities for all students.

Comparison of education systems awaysinvolves
both the concepts of "difference” and "similarity”. On
the one hand, education systems around the world can
demonstrate diversity, and on the other hand, they can
also demonstrate similarity. The relationship between
these two concepts should not be contradictory, but ra-
ther complementary.

The educational governance landscape in the
United Statesisaunique blend of federal, state, and lo-
cal governance that reflects the country’s sociopolitical
diversity. U.S. education policy is decentralized, grant-
ing significant autonomy to state and local govern-
ments. The federal government sets broad standards
and provides funding to promote civil rights in educa-
tion and equitable access across socioeconomic lines.
Thus, the U.S. educational governance system embod-
iesacomplex interplay of local autonomy, federal lead-
ership, and responsive policies aimed at meeting di-
verse educational needs[1]. China’s education system
is highly centralized, with the government playing a
key role in setting curricula, policies, and educationa
standards. The Ministry of Education oversees the en-
tire education system, and its policies affect everything
from school infrastructure to teacher training. Several
major reforms have transformed China’s education
landscape in recent years. The Chinese government has
historically maintained tight control over its education
system. One of the key features of China’s education
structure is centralization, where policies, curricula,
and examinations are set at the national level. This ap-
proach helps ensure uniform educational standards
acrossthe country. Local governmentsimplement these
policies, but have limited autonomy to make changesto
curricula and pedagogica methods.[2]

If we compare the educational concepts between
Chinaand the United States, we can see that the modern
education of the West has formed its own concept. This
concept isreflected in thefact that studentsarethe main
entity in the classroom. In the US classroom, teachers
alwaystry to involve studentsin group discussions and
cooperation, and everyone’s opinions can be expressed
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openly. Teachers encourage students to express their
opinionsand requirethemto clearly definetheir beliefs,
which develops students’ confidence and self-confi-
dence. In China, under the influence of the traditional
ideology of “respecting the teacher and appreciating the
path”, the classroom atmosphere is usually serious.
Teachers and students pay attention to classroom order,
respect for teachers, and not to insult them. Therefore,
Chinese students often have a sense of respect and rev-
erence for their teachers, and generally do not dare to
question the subjects they teach. Similarly, traditional
Chinese education pays specia attention to the selec-
tion and management of teachers, but very little atten-
tion is paid to their enthusiasm and initiative in the
teaching process. This is because teachers’ leadership
in the teaching process "It causes students to only pas-
sively accept the knowledge taught by teachers, which
prevents students from learning and increasing their in-
terests.[3]

According to the educational concept adopted in
Azerbaijan in recent years, the teaching process is or-
ganized on the basis of rules that are more interactive,
student-centered and meet modern requirements. This
teaching processisaimed at actively involving students
in the lesson, developing their independent thinking
and problem-solving skills. Students are not only lis-
tenersin the classroom, but also participantsin discus-
sions and active members of group work. This ap-
proach ensures that students master their knowledge
more deeply and increase their critical thinking skills.

The management of education systems depends
mainly on the social, political and economic structures
and education laws of each country. The forms, objec-
tives and implementation mechanisms of education
systems in different countries differ from each other.
For example: The Azerbaijani education system is cen-
trally managed. Thus, the Ministry of Education is re-
sponsible for the organization, control and develop-
ment of al levels of education, the preparation of cur-
ricula, the recruitment of teachers, and the appointment
of school principals. In the United States, the education
system is decentralized. The management of education
ismainly carried out by statesand local school districts.
The federal government only determines general edu-
cation policy and implements financing. In the United
States, curriculum, assessment and school management
vary by state and school. Each state determinesits own
education laws and curricula. The Chinese education
system is highly centralized, but some regions and uni-
versities are given a certain degree of autonomy. The
Ministry of Education determines the curriculum, ex-
amination system and quality of education for the entire
country. Education management is carried out by the
Central People's Government. School principas are
sometimes appointed with the approval of local party
bodies.

When comparing the education systems of these
countries, we can conclude that Azerbaijan and China
use amore centralized management model, whilein the
United States, education management is carried out at
the local level, which creates opportunities for person-
alized education.

The Chinese education system includes central,
provincial, municipal and district-level structures re-
sponsible for education management. The Ministry of
Education isresponsiblefor formulating strategies, pol-
icies and plans for educational reform and develop-
ment; formulating relevant rules and regulations and
supervising their implementation. School principalsare
appointed by regional education management bodies.
At least 10 years of teaching experience is required to
become a principal .

Although the requirements for becoming a school
principal in the Chinese education system vary by prov-
ince or region, these requirements generally include
having at least ten years of teaching experience, being
a Chinese citizen living within the country’s borders,
and having the ability to educate ideologically, politi-
cally, and morally. The candidate’s party membership
and experience are also important in the selection of
candidates. To become a qualified candidate, a “certif-
icate of suitability for school principal” is required. The
requirements for obtaining this certificate are awritten
examination, an academic qualification certificate, and
work experience as a teacher. In addition to these re-
quirements, the candidate must also have received an
invitation to apply for the vacancy. In Shanghai, school
principals receive leadership training for six months af-
ter being appointed. Thistraining is conducted by uni-
versities and experts in education, management, and
psychology and consists of six topics within the frame-
work of professional standards for principals. These
topics are school planning, internal management,
school culture, instructional development, teacher
training, and adaptation to the external environment.
The program, which consists of group training, individ-
ual research projects, field trips, and mentoring of new
principals by experienced principals, is held once a
week "It is carried out once.

In the United States, the education system is more
locally managed, allowing for flexibility to adapt to in-
dividual educational needs and giving states autonomy.
China has a centralized education system, where edu-
cational policies and curricula are determined by the
central government and provinces only perform an im-
plementation function. Azerbaijan, on the other hand,
has a more centralized approach, with the Ministry of
Education managing all levels of education, developing
curricula, and centralizing issues such as teacher re-
cruitment. These different approaches reflect the
unique characteristics and priorities of each country’s
education system.

Comparative study of educational institutions is
one of the main directions of research in the field of
education, and this process leads to many important re-
sults:

The most significant differences between the edu-
cation systems of different countriesare observed in the
management structures and implementation of educa-
tional policies. Azerbaijan and China have highly cen-
tralized systems of educational management, where the
state, especially the Ministry of Education, plays akey
role. In the United States, a decentralized approach pre-
vails, where states and local school districts implement
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educational policies, which allows each region to de-
velop educational systems that are appropriate to its
own characteristics.

Comparative study of education systems allowsto
identify the strengths and weaknesses of each country's
educational management and teaching methodology, to
ensure the successful implementation of modern edu-
cational reforms, aswell asto adapt international expe-
rience and strategic decisions to the local context. The
differences between Azerbaijan, China and the United
States show how education policy is shaped in a way
that responds to local and global needs. Through com-
parative approaches, it is possible to create more inclu-
sive, equitable and high-quality educational opportuni-
tiesin the field of education.

Currently, educational leadership is considered a
task that every teacher can perform, and it is thought
that a good teacher will make a good administrator.
However, educational leadership isafield that requires
specialization as much as teaching. It is not redlistic to
expect people who have not received special training in
this field to succeed in educational leadership, even if
they are teachers.

Comparative study of educational institutions cre-
ates conditions for effective decision-making in educa-
tion, adoption of best practices, and improvement of na-
tional education policy.

At the same time, these comparisons help identify
inequalities in education systems and make strategic
decisions aimed at providing more equitable and qual-
ity opportunitiesin the field of education. Comparative

analyses pave the way for the development of effective
education policies and strategies that respond to both
local and international educational needs. This process
facilitates the study and application of best practicesin
thefield of education and provides each country with a
scientific basis for developing its own education sys-
tem.
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The article examines the conditions and factors influencing the formation of network communication culture
and digital etiquette among university instructors and students in the context of rapid digital transformation in
education. The paper substantiates the need for purposeful development of digital skills among both teachers and
learners, as the growing use of digital technologies, online formats, and virtual learning environments requires a
new level of interaction culture and adherence to norms of digital conduct. The proposed matrix of developmental
levels of network communication culture and digital etiquette presents an interconnected set of competencies that
ensure a progressive transition from the reproductive to the productive and ultimately to the creative level of their
formation. Each level is characterized by a specific range of knowledge, skills, and modes of activity required for
professionally responsible and ethical participation in the digital educational environment.

Keywords: network communication culture, digital etiquette, digital literacy skills, online collaboration, re-
flexive thinking, critical thinking skills, virtual interaction, higher education environment, digital competencies,

educational digitalization.

Introduction

The XXI-st century is characterized by large-scale
and rapid transformations driven by the intensive de-
velopment of digital technologies. Robotics, 3D print-
ing technologies, artificial intelligence systems, virtual
interaction environments, and modern bio- and neuro-
technologies are consistently integrated into the educa-
tional space, directly influencing the transformation of
the content, mechanisms, and forms of educational ac-
tivities.

Information and communication technologies are
becoming a system-forming component of the educa
tional environment, leading to its reorganization and
orientation toward forming a digital ecosystem in
higher education institutions. The higher education sys-
tem faces the task of adapting to the new conditions of
digital transformation, which requires rethinking tradi-
tional approaches to teaching and interaction among
participants in the educational process.

In the context of the dominance of digital technol-
ogies, educational practice must respond to modern
challenges while adhering to the norms, principles, and
regulations of teaching, learning, and professional com-
munication in the online environment. University fac-
ulty, alongside using traditional offline teaching forms,
must demonstrate a high level of proficiency with digi-
tal tools and implement online and blended learning
formats. At the same time, there is a growing need for
educatorsto observe norms of digital culture and digital
etiquette, as well as to purposefully develop students
skillsin network interaction. Faculty who possess these
competencies and integrate them into their professional
activities exhibit higher competitiveness due to their
developed network communicative culture and adher-
enceto digital etiquette.

Contexte

In modern conditions, teachers and students need
to possessdigital skills. Therefore, itisessential toform
digital culture and digital etiquette among both students
and teachers in online spaces. It is important to teach
adherence to digita etiquette norms, development of

skills for effective use of new digital technologies and
educational resources, and formation of a culture of re-
flexive consumption of digital content and correct be-
havior in virtual environments.

The faculty of Abai Kazakh Nationa Pedagogical
University has been conducting research from 2023 to
2025 on the topic "Customization of the system for
forming network communicative culture and digital et-
iquette of faculty and studentsin the university's‘online
community™ (headed by U.M. Abdigaparova).

As part of the research, A.D. Tanatova and Sh.zZh.
Kolumbaeva aso presented a matrix demonstrating the
key skills of faculty necessary to achieve a high level
of network communicative culture and digital etiquette.
This matrix shows the interrelation of the development
levels of network communicative culture (hereinafter -
NCC) and digital etiquette (hereinafter - DE) based on
the presence of specific skills.

The matrix for forming network communicative
culture (hereinafter - NCC) and digital etiquette (here-
inafter - DE) represents a systemic model that includes
an interconnected set of skills ensuring the progressive
development of these competencies among faculty.
These skills serve as the basis for constructing a mod-
ern, technologically equipped educational space that
contributes not only to achieving academic outcomes
but also to the formation of ethically oriented and re-
sponsible participantsin digital interaction.

Methodologie

The transition from the reproductive to the crea-
tive level of NCC and DE development implies a con-
scious understanding by the faculty of the importance
of these competencies, necessary for effective peda-
gogical interaction in the context of digitalization.

The matrix identifies three levels of NCC and DE
development:

- the reproductive level is based on the integration
of subject-specific, pedagogical, and technological
knowledge.
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- the productive level involves mastery of critical
thinking skills, reflection, and communicative activi-
ties, including digital communication.

- the creative level is characterized by developed
digital literacy, digital culture and etiquette competen-
cies, as well as the ability to collaborate effectively in

virtual space. The corresponding indicators of the lev-
elsare presented in Table 1.

Table 1.

Levels of Development of Network Communicative Culture and Digital Etiquette Skills

Reproductive Level of NCC and DE

Component

Role

Functions

Subject Knowledge

Helpsteachers confidently and qual-
itatively transmit educational (sub-
ject) information (material), provid-
ing students with a basis for devel-
oping their functional literacy.

Enriches the content of subject communica
tion, contributes to the formation of critical
thinking and deep understanding of the
topic (subject, discipline) in students.

Pedagogical Knowledge

Helps teachers consciously under-
stand, integrate, adapt, and apply
theoretical, practical, and manage-
rial aspects of constructive teaching
and learning

Constructs a holistic pedagogical process,
develops respectful and constructive inter-
action between the teacher and students,
forms an educationa collaborative atmos-
phere, and stimulates the teacher's profes-
sional devel opment

lyze their own teaching and learning
practice, identifying and evaluating
its strengths and weaknesses.

Technological Helps teachers consciously use new | Allows creation of interactive, multimedia
Knowledge technologiesand moderntoolsin ed- | educational environments and implementa-
ucation and student learning. tion of interactive learning platforms and
technologies.
Productive Level of NCC and DE
Component Role Functions
Reflection Skills Helps teachers constructively ana- | Creates an atmosphere of openness and

readiness for constructive changes in the
educational process, improving teaching
and learning quality, and contributing to the
teacher's personal and professiona devel-
opment

Critical Thinking Skills

Helps teachers consciously observe,
objectively analyze, critically evalu-
ate, and effectively use information
in the educational process

Forms in teachers and students the ability
for constructive analysis and justification of
their own viewpoints based onreliablefacts
and arguments.

Communication Skills

Helps teachers redlize the im-
portance of verbal and non-verba
communication skills necessary for
effective interaction with subjects of
the pedagogical process (teachers,
students)

Creates a safe atmosphere of trust and col-
laboration necessary for productive educa
tional processes, simplifies communication
and joint work, making learning more ac-
cessible and engaging.

Digital Communication
Skills

Helps teachers consciously apply
modern digital communication tech-
nologiesin the educational process.

Allows creation of networks (chats) of con-
tacts and collaboration, forming cultural
and ethical norms of communication in ed-
ucational online environments

Creative Level of NCC and DE

Component

Role

Functions

Digital Literacy and
Competencies Skills

Helpsteachers consciously and opti-
mally effectively use digita re-
sources and platforms

Ensures successful use of digital technolo-
gies and tools in the educational process
and contributes to reducing digital inequal-

ity

Digital Culture and Eti-
quette Skills

Helps teachers redlize the im-
portance of adhering to the code
(norms) of behavior in digital educa-
tional spaces

Contributesto creating asafe and respectful
educational online environment where all
communication participants feel comforta-
ble and secure

Collaborative Skills in
Virtual Spaces

Helps teachers consciously build ef-
fective and safe interpersonal rela
tionships.

Forms a collaborative environment, devel-
ops teamwork skills, teaches working and
jointly designing educational initiatives in
diverse environments, and develops net-
work communicative culture
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The matrix makes it possible to conceptualize the
formation of network communication culture and digi-
tal etiquette as an integrated and systemic developmen-
tal model aimed at enhancing teachers’ professional
competence and students’ digital responsibility.

Conclusions

It should be emphasized that the development of
digital competencies—from communication ethics and
culture to forming reflective and critical thinking—is
one of the key tasks of modern higher education. To
enhance the level of NCC and DE development, mas-
sive open online courses (MOOCs) have been devel-
oped, targeted at faculty and students of higher educa
tion ingtitutions.

Forming network communicative culture and dig-
ital etiquette for teachers and students in "online com-
munities' isnot just “culture" and "etiquette,” but asyn-
thesis of concepts such as "safety," “collaboration,"
“"critical thinking," "cooperation,” "customization,” as
well as high professional mastery of the teacher in ef-
fective teaching and learning in digital spaces. Thus,
customization of the system for forming network com-
municative culture and digital etiquette in universities
is a key factor for successfully integrating online plat-
formsinto the educational process, creating a comfort-
able and productive educational environment for stu-
dents successful adaptation to new educationa tech-
nologies, communication, and rules of ethical behavior,
including in network communities.

Thus, the customization and ingtitutionalization of
the system for forming network communicative culture
and digital etiquette in universities serve as a strategic
condition for the successful integration of online plat-

forms into the educational process. This, in turn, en-
sures the creation of a comfortable, technologically ad-
vanced, and productive educational environment, while
also promoting students' effective adaptation to modern
digital technologies, communication formats, and
norms of ethical behavior, including rules of network
interaction in professional and academic digital com-
munities.
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The research was conducted based on the data of patients treated in the gastroenterology department of the
Multidisciplinary Clinic of Tashkent State Medical University. The study included a retrospective analysis of the
medical records of inpatients diagnosed with gastritis, as well as the examination and processing of statistical
indicators, presenting pharmacoeconomic frequency-based results related to the use of medications.

According to the findings, in the treatment of gastritis, proton pump inhibitors -omeprazole, rabeprazole, and
pantoprazole - were used with the highest frequency, accounting for a significant share of medication-related ex-
penditures. The obtained results provide a basis for optimizing the timely supply of medicinesto patients, improv-
ing the quality of inpatient treatment, and minimizing overall healthcare costs.

Keywords. gastritis, disease, medications, medical records, retrospective analysis, pharmacoeconomic fre-

quency anaysis.

Introduction. A number of retrospective and
pharmacoeconomic frequency-based studies related to
gastritis and its treatment have been conducted world-
wide. In particular, these studies present the following
findings.

Gastritis is an inflammation of the gastric mucosa
and represents a disease characterized by substantial
heterogeneity in its clinical presentation, etiology, and
histopathological features. Recent anayses indicate
that in 2021 the global number of patients with gastritis
and duodenitis reached approximately 27.2 million,
with an age-standardized incidence rate (ASIR — Age-
standardized incidence rates) of 323.2 per 100,000 pop-
ulation. [4]. According to another source, in 2019 the
global number of patients with gastritis and duodenitis
reached 31 million, which represents an increase of 12
million compared to 19 million cases reported in 1990.
Notably, data from the Globa Burden of Diseases
(GBD) study for the period 1990-2019 indicate that the
Disability-Adjusted Life Years (DALY) associated
with gastritis— reflecting disability and years of lifelost
due to premature mortality — decreased from 48.1 to
34.8 per 100,000 population. However, despite this re-
duction, the total number of affected patients has con-
tinued to rise [3]. According to the 2021 estimates of
the Global Burden of Diseases study, the number of pa-
tients with gastritis was higher among women than
men, and the incidence rate increased with age. Statis-
tical data indicate that gastritis typically begins to ap-
pear in middle age, with the highest prevalence ob-
served in individuals aged 40-59 years [4]. Studies
conducted in Uzbekistan indicate that approximately
80% of the population isinfected with Helicobacter py-
lori [2]. Among the main treatment approachesfor Hel-
icobacter pylori infection, regimens containing amoxi-
cillin and furazolidone have demonstrated the highest
eradication efficacy in previously untreated patients.

The date of treatment, the patient’s age, the selected an-
tibiotic regimen, and the duration of therapy have been
identified asrisk factors contributing to unsuccessful H.
pylori eradication. In addition, it has been observed that
the results of the post-eradication Urease Breath Test
(UBT) tend to cluster around the established cut off
value in many cases [5]. The study included medical
records of atotal of 186 patients. The overall eradica-
tion success rate was 77.4%. The results indicated that
the reduction in eradication efficacy was significantly
associated with the presence of diabetes and smoking
status, with statistical significance values of p < 0.001
and p < 0.004, respectively. These findings suggest that
the standard triple therapy for Helicobacter pylori erad-
ication demonstrates lower efficacy compared to the
optimal standards recommended in the literature and
clinical guidelines. Given the declining effectiveness of
this treatment worldwide, the use of aternative regi-
mens and protocols as first-line therapy may be neces-
sary. Further studies are required to assess treatment ef-
ficacy across different regional settings[1]. In Uzbeki-
stan, 21 medications with internationally recognized
non-proprietary names used for the treatment of gastri-
tis have been registered under a total of 200 trade
names. Anaysis of these drugs by manufacturer coun-
try shows that 55% are from foreign countries, 37.5%
are produced by local pharmaceutical companies, and
7.5% are registered by countries of the Commonwealth
of Independent States (CIS) [6]. The above-mentioned
studies have addressed gastritis, its prevalence, treat-
ment approaches, and included retrospective analyses
of the medical records of hospitalized patients, as well
as recommendations for the use of specific medications
during therapy. These studies underscore the relevance
and necessity of conducting similar research in the con-
text of Uzbekistan, both to retrospectively analyze the
medications used for gastritis treatment and to perform
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pharmacoeconomic frequency-based analyses. The ob-
jective of thisstudy wasto conduct aretrospective anal-
ysis of the medical records of hospitalized patientswith
gastritis and to perform a pharmacoeconomic fre-
quency-based analysis of the medications used in their
treatment.

Methods. In the study were analyzed medical
cards of inpatients treated for gastritisin the Gastroen-
terology Department of the Multidisciplinary Clinic of
Tashkent State Medical University from 2018 to May
2025. The research employed methods such as retro-
spective analysis, comparison, grouping, statistical pro-
cessing, and pharmacoeconomic frequency-based anal-

ysis. Among the pharmacoeconomic methods, the fre-
guency-based analysis is a type of quantitative assess-
ment that reflects the recommendation or non-recom-
mendation of specific medications solely based on evi-
dence of their actual usein patient treatment.

Results and Discussions. In our study, analyses
were conducted on the age, sex, and frequency of med-
ication use among patients with gastritis. In the first
stage of the research were analyzed the number of pa-
tients treated for gastritis and their sex distribution at
the Multidisciplinary Clinic of Tashkent State Medical
University. The results of this analysis are presented in
Figure 1.

. Females Males Total number of inpatients
(o]
t 100
a
90
I 88
n 80 \
u \
m| 70 \
e 60 \60 /A\64
r
o| 50 N4
f AR s /o
[ 40 /\ 40
: 3N 3\ /\ / /NN
N
p| 30 28 26
a \ Zl‘l\\
t | 20 \
i 10 \ 14
e 6 \/6 N8
n
0 0 T 0
t
s 2018 2019 2020 2021 2022 2023 2025
[ Years ]

Figure 1. Analysis of inpatients with gastritis by gender

The study analyzed the distribution of patients by
gender. It was found that the number of female patients
was higher than that of male patients. In 2018, the total
number of treated patients was 88, of which 38.64%
were men and 61.36% were women.

Analysis of patient data from 2018 to 2025 re-
vealed that the total number of treated patients was
highest in 2018, followed by a gradual decrease during
2019-2021. The lowest patient count was observed in
2022. Notably, in 2020, the clinic’s gastroenterology
department suspended operations dueto the COVID-19

pandemic. In the next stage of our research, an analysis
of patients by age was conducted (Figure 2). Patients
were primarily treated between the ages of 18-90. The
highest morbidity was determined to correspond to pa-
tients aged 20-29. Among the patients treated at the
clinic, those in the 20-39 and 60-69 age ranges particu-
larly predominate. Accordingly, in 2018, patients aged
20-29 were treated in relatively larger numbers; in
2019, those aged 30-39; and in 2023, those aged 60-69.
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Figure 2. Age-based analysis of patients with gastritis

The age distribution of patients was analyzed, and
the hypothesis test revealed that the mean number of
patients differed significantly from zero, t(7) = 5.49, p
< 0.05. These results indicate that in the hospital, a
higher number of patientswas observed in the older age
group, particularly among those aged 60-69 years, and
show a positive deviation of the overall mean from
zero. This supports the presence of the studied condi-
tion within the population.

Analysisof the demographics of patientstreated at
the clinic reveaed that patients residing in rural areas
outnumbered those living in urban areas. The results of
this analysis are presented in Figure 3. Between 2018
and 2025, a total of 182 patients (64.54%) from rural
areas and 100 patients (35.46%) from urban areas were
treated at the clinic.
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Figure 3. Demographic analysis of patients treated for gastritis.

The subsequent phase of our research involved an-
alyzing the regional distribution of patientswho visited
the clinic for gastritis treatment (Table 1).
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Table 1.
Analysis of patients treated for gastritis by region
Ne | Administrative re- Years Total
gions 2018 2019 2020 2021 2022 2023 2025 num-
ber
1 Tashkent city 34 6 — 14 — 12 — 66
2 Tashkent region 14 10 - 8 2 4 4 42
3 Fergana region 2 4 — — — — — 6
4 Andijan region 2 2 2 2 - 4 2 14
5 Kashkadaryaregion 10 6 - 6 2 12 8 44
6 Surkhandaryaregion 8 6 2 6 2 - 24
7 Namangan region — — — 2 — — — 2
8 Khorezm region - 6 - 4 - 6 - 16
9 Jizzakh region 8 - - 10 - 24
10 | Navoi region - - - - - - - -
11 | Samarkand region — — 2 — — — — 2
12 | Sirdaryo region 2 6 2 - 10
13 | Bukhararegion 4 2 - - - 4 - 10
14 | Republic of Kara 4 4 - 2 2 8 - 20
kalpakstan
15 | across the Republic of 88 60 6 44 6 64 14 282
Uzbekistan

At the Tashkent State Medical University Multi-
disciplinary Clinic, the majority of patients treated for
gastritis were from Tashkent city, Kashkadarya region,
and Tashkent region. Over a period of five years, 66
patients from Tashkent city and 216 patients from the
regions visited the clinic either by referral or on their
own initiative. Additionally, between 2018 and 2025,
out of atotal of 282 patients, 112 (39.7%) were treated

under the state-funded referral system, while 170
(60.3%) received treatment at their own expense. Nota-
bly, in 2018, two patients from Kazakhstan were aso
treated at the clinic.

In the next stage of our study, patient diagnostic
indicators were analyzed according to the different
forms of the disease (Table 2).

Table2
Analysis of patients’ diagnoses by disease forms in gastritis

Ne Patient diagnosis names Absolute number Relative share, %
1 Erosive gastritis 4 14
2 Subatrophic gastritis 2 0,7
3 Chronic atrophic gastritis 20 7,1
4 Chronic gastritis 36 12,8
5 Chronic gastritis A 6 2,1
6 Chronic gastritis B 208 73,8
7 Chronic superficial gastritis 4 14
8 Chronic unspecified gastritis 2 0,7
Total number and share 282 100

According to the analysis, between 2018 and
2025, the majority of patientstreated at the clinic were
diagnosed with chronic gastritis B (73.8%), chronic
gastritis (12.8%), and chronic atrophic gastritis (7.1%).
The average length of hospital stay for patients with
gastritiswas 9 days; however, based on the overall con-
dition of the patients, treatment could range from 5to 7

days.

In the next stage of the study, medical records of
282 hospitalized patients were reviewed to investigate
the pharmacoeconomic frequency of drug use in the
treatment of the disease. The results of the analysis are
presented in the following tables.



The scientific heritage No 175 (2025) 63
Table 3
Pharmacoeconomic frequency analysis of the use of medications applied in the treatment of gastritis disease
Ne | International Dosage Form Dosage | Usage Total Relative Total
nonproprietary of Fre- Sum of | share(rela- guantity
name Medi- | quency | Usage tivetothe | of medica-
cations | (Rela- number of | tionsused
tiveto patients) (pieces)
the
Number
of Pa-
tients)
1 | Omeprazole Capsules 20mg | 192 194 68.8% 3004
Lyophilized pow- | 40mg | 2 14
der for injection
(via)
2 | Rabeprazole Capsules 20mg | 34 34 12% 578
3 | Pantoprazole Tablets 4A0mg | 34 36 12,7 % 334
Lyophilized pow- | 40mg | 2 10
der for injection
(vial))
4 | Esomeprazole Tablets 20mg |4 6 21% 40
40mg |2 20
5 | Bismuth tripotas- | Tablets 120mg | 16 16 5,6 % 392
sium dicitrate
6 | Metoclopramide Solution for injec- | 0,5 %, | 218 220 78 % 1232
tion 2ml
Tablets 10mg |2 16
7 | Drotaverine Solution for injec- | 2 %, 2 | 168 168 59,5% 961
tion(ampoule) ml
8 | Pancreatin Enteric-coated tab- | 25 DU | 118 118 41,8% 2802
lets (100
mg)
9 | Activated charcoa | Tablets 250mg | 136 136 48,2 % 3382
10 | Aluminum and | Oral suspension 58 58 20,5% 58
magnesium  com-
pounds Aluminum
hydroxide, Magne-
sium  hydroxide,
Simethicone
11 | Aluminum and | Oral suspension 12 12 42 % 12
magnesium  com-
pounds Aluminum
hydroxide, Magne-
sium hydroxide
12 | Aluminum and | Ora suspension 4 4 1,4% 4
magnesium  com-
pounds Aluminum
hydroxide, Magne-
sium  hydroxide,
Benzocaine
13 | Lactulose Syrup in abottle 667 10 10 3,5% 10
mg/ml
14 | Mebeverine hydro- | Capsules 200mg | 6 6 21% 80
chloride
15 | Procaine Solution for injec- | 0,5%, 184 184 65,2 % 1288
tion 10 ml
16 | Amitriptyline Tablets 25mg | 60 64 22,7 % 382
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Solution for injec- | 10 4 28
tion mg/2

ml
17 | Clarithromycin Tablets 500mg | 2 8 2.8% 40
625mg | 2 28
1000 4 80
mg
18 | Sodium chloride + | Solution for infu- | 200ml | 96 96 34 % 96
sodium acetate sion
19 | Metronidazole Tablets 200mg | 10 88 31,2 % 210
250 mg | 48 934
Solution for intra- | 500 30 264
venous infusion, | mg/100
vial ml 100
mi
(via)

According to Table 3, among the main drugs used
for the treatment of gastritis, proton pump inhibitors
(PPIs) were analyzed for pharmacoeconomic frequency
based on their international nonproprietary names
(INN). Omeprazole capsules accounted for 75% of the
total PPl usage, rabeprazole capsules for 14.45%, and
pantoprazol e tablets for 8.35%. The relatively high use
of omeprazole can be explained by its affordability,
popularity, and availability in the clinic’s medication
supply system. Additionally, activated charcoa 250 mg
tablets — 3,382 units, and pancreatin 25 dose units
(TBU) tablets— 2,802 units were used. The pharmaco-
economic frequency of recommending these medica-
tions to patients was observed to be high. Regarding

drug use relative to the number of patients, metoclo-
pramide ranked first, being administered to 220 of 282
patients (78%). Omeprazole was second, used in 194
patients (68.8%), and procaine was third, administered
to 184 patients (65.2%). These results reflect the usage
of each drug analyzed individually by itsINN. Asnoted
above, medications from the PPl pharmacological
group are considered the main drugs for gastritis treat-
ment. Analysis of usage frequency relative to the num-
ber of patients shows that PPI drugs were used in 270
of 282 patients (95.74%). Furthermore, analysis of the
total quantity of drugs used revealed that a total of
4,000 units were administered.

Table4

Pharmacoeconomic frequency analysis of the recommendation of proton pump inhibitor medications after inpa-

tient treatment

Ne | International nonpro- Dosage Form Dosage of Number of pa- Relative proportion
prietary name Medica- tients prescribed | of patients prescribed
tions the medication the medications, in
percentage
1 Omeprazole + domper- | Capsules 20 mg + 30 | 18 6,67
idone mg
2 Rabeprazole Capsules 20 mg 96 35,55
3 Rabeprazole + domper- | Capsules 20mg +30 |2 0,74
idone mg
4 Pantoprazole Tablets 20 mg 10 3,7
40 mg 68 25,18
5 Pantoprazole + | Capsules 40 mg + 30 | 24 8,9
domperidone mg
6 Esomeprazole Tablets 20 mg 22 8,15
40 mg 30 11,12
Total number 270 100

Analysis of the patient’s medical records revealed
that proton pump inhibitors medications were recom-
mended to be taken for 20-30 days after inpatient treat-
ment. According to the data presented in Table 4, the
highest prescription rates were observed for ‘Rabepra-
zole’ 20 mg capsules and ‘Pantoprazole’ 40 mg tablets

Conclusion

1. The analysis covered the gender, age, demo-
graphic characteristics, regional distribution, and phar-
macotherapy process of patients treated for gastritis.

2. Based on the medical records of patients treated
for gastritis, it was determined that medications with
international non-proprietary names-such as omepra-
zole, activated charcoal, and pancreatin-were used
most frequently, indicating higher pharmacoeconomic
frequency and associated costs.
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3. The various forms of gastritis, their treatment
characteristics, the recommended medications, their
pharmacoeconomic usage frequency, and the propor-
tion relative to the total number of patients were identi-
fied.

4. The retrospective analysis of the medical rec-
ords of hospitalized patients with gastritis serves as a
basisfor future pharmacoeconomic evaluations of med-
ication provision, improving treatment effectiveness,
and minimizing healthcare expenditures.
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A retrospective study was conducted on the basis of medical records of 1,839 patients with urolithiasis. The
study analyzed the incidence of urolithiasis, risk factors for recurrence, surgical procedures, and medications used
to treat the disease. The results showed that urolithiasis occurs mainly in men of working age, and in women, the
pharmacoeconomic frequency of drug use in the disease is higher. More than 75% of patients had comorbidities
such as dydipidemia, hypertension, diabetes mellitus, and metabolic syndrome. The most frequently performed
surgical methods were percutaneous nephrolithotomy and retrograde intrarenal surgery, and the drugs sodium
chloride solution, diclofenac sodium, furosemide, ceftazidime, and extremawere used with the highest pharmaco-
economic frequency in clinical practice, and the costs were higher for these drugs. It was found that their dosage
form, dosage, and frequency of use were related to the severity of the disease.

Keywords:. urolithiasis, urolithiasis, retrospective analysis, nephrolithotomy, lithotripsy, antibiotic therapy,

drugs, patients.

Relevance. In the world, the following studies
have been conducted on urolithiasis and its treatment,
including retrospective and pharmacoeconomic fre-
quency analyses. In particular, urolithiasis is a meta-
bolic disease that, under the influence of endogenous
and exogenous factors, leads to the formation of stones
in the urinary tract due to an imbalance in the physico-
chemical balance of urine. The leading factors of litho-
genesis include: lithogenic ion concentration in the
urine, lack of crystallization and aggregation inhibitors,
the presence of stone-forming factorsin the urine, and
local changesin the kidneys.

The annual growth trend in the number of patients
with urolithiasis from 2016 to 2020 was 23%. A signif-
icant factor in this growth is the late diagnosis of the
disease, as well as the lack of some early diagnostic
methods, in particular, scintigraphy and infrared spec-
trometry. The lack of an important diagnostic method
for analyzing the composition of urinary stones, infra-
red spectrometry, and first-line non-invasive treatment
methods, in particular, extracorporeal shock wave lith-
otripsy, allows patients with urolithiasis to be referred
for examination and treatment or surgical treatment
outside the city. The availability of this equipment al-
most completely eliminates the need for surgical treat-
ment [2].

Urinary tract infection isacommon infectious dis-
ease, which ismainly treated in hospital. The effective-
ness and speed of recovery depend on the correct choice
of antibacterial drugs for the treatment of urinary tract
infections. The choice of antibacterial therapy for uri-
nary tract infections should be determined by the path-
ogen. Since treatment should be started before the re-
sults of urine culture are known, empirical broad-spec-
trum antibiotics are used in the treatment of urinary
tract infections. However, this leads to a very rapid in-
crease in the resistance of microbes to antibiotic ther-
apy. Toreducethis effect and increase the effectiveness
of treatment, it is necessary to accurately predict the

suspected pathogen and prescribe the most appropriate
antibiotic. Intheclinica situation of urinary tract infec-
tion, itispossible to identify the likely pathogen, which
will guide the choice of antibiotic therapy. This review
proposes different therapeutic strategies for the treat-
ment of urinary tract infections depending on the sus-
pected pathogen, the clinical situation, and the charac-
teristics of the patient.

Prescribing antibiotics for urinary tract infections
iswidespread. Infact, in 1997, it was estimated that up
to 7 million visits to doctors in the United States were
related to urinary tract infections. Information on the
epidemiology of urinary tract infections is limited, as
such patients often neglect to seek medical help and
prefer self-medication. Also, urinary tract infectionsre-
main undiagnosed by doctors due to the uncertainty of
the clinical presentation and non-specific symptoms of
dysuria, which is often present in patients at risk of de-
veloping urinary tract infections[7].

Retrospective analysis of outpatient records of pa-
tients with urolithiasis who sought examination and
specialized medical care at the outpatient department of
the N.A. Lopatkin Research Institute of Urology. A ret-
rospective analysis of 1,355 outpatient records of pa-
tients with urolithiasis treated for one year was con-
ducted. According to the results, a tendency towards a
female predominance was identified among adult pa
tients with urolithiasis. Urolithiasisis more common in
patients of working age, both men and women. The
highest prevalence of patients of working age com-
pared to patients who are not able to work is observed
in male patients, more than three times. The largest
number of outpatient visits for urolithiasis occurs in
spring and autumn: in April and November. 75.2% of
patients with urolithiasis have additional diseases such
as dydlipidemia, hypertension, diabetes, and metabolic
syndrome. Purine metabolism disorders can be ob-
served not only in patients with uric acid urolithiasis,
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but also in patients with calcium urolithiasis and mag-
nesium ammonium phosphate stones.

The overall efficacy of Blemaren in the treatment
of patients with hyperuricosuria and uric acid crystal-
lurig, in the prevention of uric acid and calcium oxal ate
urolithiasis, and in the litholysis of uric acid stones in
the absence of infectious or inflammatory processesis
96.9%. The side effect of dyspepsia was noted in less
than 3% of patients [4].

Urolithiasisis one of the most common urological
diseases. It occursin all age groups, including children.
According to various researchers, urolithiasis occursin
1-5% of the population in industrialized countries.
Bone changes develop only in the most severe, persis-
tent cases of nephrolithiasis. Therefore, the treatment of
metabolic bone damage associated with nephrolithiasis
is directly related to the metaphylaxis of nephrolithia-
sis. More precisely, the treatment of skeletal complica-
tionsis part of metaphylaxis. Drugs used to prevent re-
current stone formation can also be used to treat skele-
tal complications in some cases. On the contrary, drugs
originally developed for the treatment of metabolic os-
teopathies may reduce the risk of recurrent nephrolithi-
asis. Theoretical coverage of the treatment of various
forms of nephrolithiasis has been provided, but the spe-
cificsof drug treatment of patients with recurrent neph-
rolithiasis and skeletal damage remain relatively
scarce.

Drug treatment of patients with renal osteodystro-
phy associated with nephrolithiasisis still poorly stud-
ied. In this clinical situation, it is difficult to even
choose apharmacological group or aspecificdrug. This
ismainly due to the lack of comparative studies[6].

Analysis of the dynamics of changes in the im-
mune status of patients with urinary tract infections is
characterized by the transition of acute inflammatory
reactions to subacute and chronic reactions, based on
the deterioration of phagocytic function and increased
indicators of secondary immunodeficiency. This leads
to the formation of organ-specific autoallergies, which
create a morphological basis for long-term inflamma:
tion and damage and should be taken into account in
diagnosis and treatment.

Urinary tract infections are the most common type
of infection affecting the human body. According to
statistics, urinary tract infections are the second most
common reason for outpatient treatment after respira-
tory tract infections. According to the American Uro-
logical Association, approximately 7 million patientsin
the United States visit doctors each year due to urinary
tract infections, more than 100,000 patients are hospi-
talized, and the annual costs associated with this dis-
ease exceed $1.6 billion.

The need to distinguish between complicated and
uncomplicated urinary tract infectionsis determined by
the differencesin their etiology and treatment methods.
It should be noted that uncomplicated urinary tract in-
fections can manifest not only with mild and moderate
symptoms, but also in severe forms with pronounced
signs of intoxication [5].

Urolithiasis, or urinary stone disease, is a wide-
spread condition globally, characterized by a high risk
of recurrence and a significant impact on both

healthcare systems and the economy. According to re-
search, the lifetime prevalence of this disease among
the population of the United States averages 10.1%. In
Saudi Arabia, however, the prevalence rate is notably
higher, ranging from 13% to 19%. The primary factors
influencing the development of the disease include in-
sufficient fluid intake, hereditary predisposition, and
dietary habits. Established risk factors consist of low
fluid consumption, genetic susceptibility, and nutri-
tional patterns.

A retrospective cohort study was conducted be-
tween 2020 and 2025 involving patients aged 18 years
and older who had been diagnosed with urolithiasis.
After excluding cases with incomplete data, a total of
353 patientswere included in the final analysis. Factors
such as age, sex, body mass index, and glomerular fil-
tration rate were taken into account. According to the
study results, patients who received vitamin D supple-
mentation—particularly at higher doses—showed an
increased likelihood of urolithiasis recurrence. This
finding indicates the need to determine vitamin D dos-
age based on individual patient characteristics. Further-
more, the data emphasize the importance of conducting
additional prospective studies to identify safe dosage
thresholds for patients predisposed to stone for-
mation.[1]

According to the World Health Organization, the
prevalence of kidney stones in men and women in
2017-2018 was 11.9% and 9.4%, respectively. Over
the past decade, the gender gap in the prevalence of kid-
ney stones has been decreasing, and this trend is espe-
cialy noticeable among women under 60 years of age.
Retrospective studies aimed to study gender differences
and the risk of developing chronic kidney disease
among patients with kidney stones. According to the
results of the study, the probability of developing
chronic kidney disease is different between male and
female patients, and the gender factor plays an im-
portant role in assessing the individual risk of patients.
Data on patients diagnosed with kidney stones between
2013 and 2018 were retrospectively analyzed and di-
vided into two groups according to gender. The study
examined the clinical and demographic characteristics
of the patients, the location and composition of the
stones, the chemical parameters of urine and renal func-
tion. The study included 1,802 patients, with a higher
proportion of mae patients (1,312 men and 490
women). Hypertension, diabetes mellitus and
dysdlipidemiawere more common in women, while cal-
cium-containing stones, in particular calcium oxalate,
uric acid and struvite stones, were dominant in men.
Carbonate apatite stones were more common in
women. Advanced surgical techniques and percutane-
ous nephrolithotomy and ureterorenoscopic lithotripsy
were used more often in women than in men. The re-
sults of multivariate analysis showed that patients older
than 60 years, female gender, uric acid stones, hyper-
tension and diabetes were significant independent risk
factors for the development of chronic kidney disease
[3].

Study Objective. The objective of the study was
to conduct a retrospective anaysis of the medical rec-
ords of hospitalized patients with urolithiasis and to
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perform a pharmacoeconomic frequency analysis of the
medications used in their treatment.

Research Methods. The study utilized the medi-
cal charts of hospitalized patients diagnosed with uro-
lithiasis at the Polyclinic of the Republican Specialized
Scientific-Practical Medical Center of Urology. A total
of 1,802 surgical procedures wereincluded in the retro-
spective analysis, of which 702 were performed on fe-
male patients and 1,100 on male patients. The research
applied methods such as retrospective analysis, com-
parison, grouping, statistical evaluation, and pharmaco-
economic frequency analysis. Among pharmacoeco-
nomic assessment techniques, quantitative frequency
analysis was used to determine, based on evidence,
whether specific medications were prescribed or not.

Results and Discussion. A total of 1,802 percuta-
neous surgical procedures were performed, including

702 proceduresin female patientsand 1,100 in male pa-
tients. Among these, surgeries conducted for the diag-
noses “nephrolithotripsy for staghorn and multiple
stones,” “nephrolithotripsy for a single stone,” and
“nephrolithoextraction” accounted for 70.7% of all op-
erations. Specifically, these procedureswere performed
in 516 women (representing 73.5% of all surgeries con-
ducted in women) and in 758 men (representing 64.9%
of all surgeries conducted in men). Furthermore, neph-
rolithotripsy for a single stone was performed in 485
patients, including 215 women and 270 men. Nephro-
lithotripsy for wheat-horn-type and multiple stones
was performed in 457 patients, including 160 women
and 297 men. Nephrolithoextraction was carried out in
332 patients, including 141 women and 191 men.

Percentage of male patients = (

Number of male patientS)
Total number of patients

Number of female patients

7
X 100 = 60,8

100 =
1838

Percentage of male patients = (

Nephrolithotripsy for a single stone — procedure for

fragmenting a solitary kidney stone

Nephrolithotripsy for staghorn and multiple large stones —
procedure for fragmenting large and multiple kidney

stones

Nephrolithoextraction — surgical removal of stones from

the kidney

Antegrade ureterolithotripsy — fragmentation of ureteral

stones through an antegrade approach

Mini-percutaneous nephrolithotomy for a single stone —
minimally invasive percutaneous nephrolithotomy

Antegrade ureterolithoextraction — removal of ureteral

stones through an antegrade approach

Other surgical procedures

Total number of patients

) 100 —721 100 = 39,2
X = X =
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Figure 1. Grouping of patients by age

In this type of surgery, the number of patients under the age of 20 is 40, 2.2% of the total number of patients, 595
from 21 to 40 - 33.0%, 775 from 41 to 60 - 43.0%, 392 from 61 to 80 - made up 21.8%.
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Number of patients in the age group

Age group percentage = (

Total number of patients

)x100

Percentage of the 0-20 age group = (76 / 1838) x 100 =4.1%
Percentage of the 21-40 age group = (595 / 1838) x 100 = 32.4%
Percentage of the 41-60 age group = (775 / 1838) x 100 =42.2%
Percentage of the 61-80 age group = (385 / 1838) x 100 =20.9%

Percentage of the 81-100 age group = (7 / 1838) x 100 = 0.4%

Age Distribution of patients
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Figure 2. Age group indicators of patients

In the distribution of treated patients by region,
those from Tashkent region and Tashkent city made up
themain part. Of these, 518 people camefrom Tashkent
city and 558 from Tashkent region.

Within the framework of the study, based on the
diagnoses of atotal of 1,838 patients, a total of 45,627
times of drug use were recorded according to phar-
macoeconomic frequency. Among the most commonly
used drug dosage forms, the drug “Sodium chloride so-
lution — 0.9%, 500.0 (M)” occupied a special place,
which was used 2,478 times. It was also observed that
“Sodium chloride solution — 0.9%, 5 ml, No. 10 (M)”

was used — 2,007 times, “Diclofenac sodium 2.5%, 3 X
10” — 1,443 times, “Extref vial, 2 g (M)” — 1,292 times.

In addition, according to the research results,
"Furasemide 1%, 2 X 10 (M)" - 1,170 times,
"Ceftazidime 1 g (M)" - 786 times, "Dimedrol 1%, 1 X
10 (M)" - 678 times, "Analgin solution 50%, 2 ml, No.
5 (M)" - 655 times, "Diclofenac suppository" 100 mg,
No. 10 (M)" - 486 times, and "Novocaine solution
0.5%, 5X 10 (M)" - 470 times. The data, studied within
the disease treatment protocols, show a high demand
for certain drugs, confirming their importance in prac-
tice and priority in clinical processes.

Tablel
Phar macoeconomic Frequency Analysis of Medications Used in the Treatment of Urolithiasis
International Frequency of
No. | Nonproprietary Dosage Form Drug Dosage equency Total Usage
Use
Name (INN) Count
1 | Sediumchloride | o vion for infusion 0.9% / 500 ml 2478 2478
solution
o | Sediumchloride | o ion for infusion 0.9%/ 5 m 2007 2 007
solution
3 Diclofenac sou- | Solution for injection 2.5% /3 ml 1443 1929
4 dim Rectal suppositories 10mg/ 10 486
5 Extref Powder for preparation of | 5 0 e vig 1292 1292
injection solution
6 | Fuosemide | Concentrate for prepara | 0.5 1170 1170
tion of infusion
Ceftazidime | Powder for preparation of | 4 0 o vig 786 786
injection;
8 | Diphenhydramine | Solution for infusion 1% /1 ml 678 678
Andgin (Met- | o, vion for injection 1%/ 1 ml 655 655
amizole sodium)
10 Novocaine Solution for injection 50%/2ml 470 470
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Diclofenac sodium 2.5%, 3 X 10 was found to be
used in approximately 70% of the patients studied in
the study. The analysis shows that the number of use of
this medicinal product mostly did not exceed 4 times.

In particular, this drug was used up to 4 times in
patients treated with the diagnoses “C 67 right kidney
formation, cT1bNOMO, RENAL 11H/ SPO - organ
with pathology; percutaneous nephrolithotomy; left
and “N 20.0 ICD (C67 - Malignant tumor of the urinary
bladder according to the International Classification of
Diseases (ICD-10); Stones in the right kidney; Hydro-
nephrosis on the right side; Body massindex; ASA l1;
Anesthesiological risk level III; At the same time, “N
20.0 ICD; Stonesin therenal pelvis of theright kidney;
Hydronephrosis on the right side; Body mass index”
ASA TII” and “N 20.1 STK; Stones in the right back;
Hydronephrosis on the right side; Body mass index”
ASA 1II” In patients treated with diagnoses such as
nephrostomy; Urinary tract infection; Anesthesia risk
level 11 (ASA I1I), this drug was usually used up to 3
times. 23% of patients who used this drug used up to 2
times, and the remaining 87% used it once. This distri-
bution indicates that “Diclofenac sodium” is actively
used mainly as an adjuvant therapy to reduce pain and
control inflammation. It also means that the frequency
and dosage of the drug are determined depending on the
clinical condition of the patient, the severity of the dis-
ease and individual characteristics.

The use of the drug "Extref vial, 2 g (M)" wasrel-
atively limited, and it wasfound that it was used mainly

in patients with severe clinical conditions. The analysis
shows that this drug was used up to 4 times during the
treatment of only three patients with the following di-
agnoses.

N20.1 N2 (ICD code). Fragmented stones |located
in the upper and lower one-third of the left ureter; left-
sided ureteral hydronephrosis; urinary tract infection;
acute complicated pyelonephritis on the left side.
N20.1 (ICD code) — Stone in the upper one-third of the
right ureter; right ureteral hypertrophy; urinary tract in-
fection; acute complicated pyelonephritis on the right
side; newly diagnosed type 2 diabetes mellitus; stonein
the lower one-third of the left ureter; left ureteral hy-
pertrophy; body mass index; acute complicated pyelo-
nephritis on the |eft side; stone at the lower end of the
left ureter; left-sided hydronephrosis; body massindex;
repeated episodes of acute complicated pyelonephritis
on the left side.

In the remaining cases, the frequency of use of the
drug was relatively low, with only 3% of the total num-
ber of patientstaking it up to 3 times. At the sametime,
44% of patients used the drug 2 times, and the remain-
ing 52% used it only 1time. Statistical dataindicate that
the drug "Extref Flakon™ is used mainly as an adjuvant
therapy in cases of severe complicated pyelonephritis,
ureterohydronephrosis, accompanied by a high degree
of inflammation during the diagnosis process. It is
noted that the differencesin the frequency of dosing are
associated with the clinical condition of the patient, the
severity of the disease, and individual reactions.

Table 2
Diclofenac Furo- Diphenhydraminein-
: Extrefvial2g2r | semidel | Ceftazidim | — P oW
sodium 2,5 M) %.2 x 10 e1gvial jection 1 %, 1 X 10
) 0,
%, 3 X 10 M) (M)
Pro Pro
por- por- Pro-
tion tion por-
Number of Users Nu of P_ropor- Nu of Nu | tion
mbe | pa tionof | mbe | pa | mbe | of .
X Number ) Number | Proportion of
rof | tien pa rof | tien | rof | pa :
of pa . : of pa- patients who
pa- ts tients tients | pa- ts pa | tient tients used (%)
tient | wh who tient | wh | tient S 0
S 0 used S 0] s who
use use used
d d (%)
(%) (%)
Once/QD %0 87 446 52 886 | 86 | 245 | 49 641 97
Twice daily/BID 148 | 12 381 45 136 | 13 | 232 | 46 17 3
Lh[r)ee timesdaly/ | 41 | 4 24 3 4 | 04| 21| 4 1 0.2
Four times daily/ XX
QID 2 0,2 3 0,4 — X 2 0,4 XXX XXX
. . . XX | XX XX | XX | XX | XX
Fivetimesdaily X X XXX XXX X X x X XXX XXX
N . XX | XX XX | XX
Six times daily X x XXX XXX X X 1 0,2 XXX XXX
Total 136 69 | 854 47 122 56 | 501 | 27 659 36
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The drug “Furasemide 1%, 2x10 (M)” was found
to be used in the treatment of approximately 56% of the
patients studied in the study. In particular, thisdrug was
used in the treatment of “N20.0 ICD — Right kidney
stones; Right kidney hydronephrosis; Body massindex;
ASA I11”; N20.0 ICD; Left kidney stones; Left hydro-
nephrosis; Left renal colic; Hypoplastic right kidney
CRF; “N20.0 ICD; Right renal calculus; Right-sided
hydronephrosis” and “N20.2 ICD — Stones in the right
rena pelvis and ureter; Right-sided hydronephrosis;
Acute complicated pyelonephritis on the right side
were observed. It was most often used in patients un-
dergoing treatment with a diagnosis of severe inflam-
matory process in the body, and the drug was used up
to 3 timesin total. Also, the analysis showsthat 272 of
the patients participating in the study used the drug up
to 2 times, and the remaining 886 patients used it only
once.

The drug “Ceftazidime 1 g (M)” was used in the
treatment of approximately 27% of the patients studied
in the study. The drug was used more often in particu-
larly severe clinical cases, and in one patient with the
diagnosis “N 20.0 ICD. Right kidney stones; Right kid-
ney hydronephrosis; Body mass index; ASA III” it was
used up to 6 times.

Similarly, in patients treated with the diagnoses
‘N20.0 ICD — stones in the right kidney; right-sided
hydronephrosis; body mass index; ASA III” and ‘N20.2
|CD — astonein the upper one-third of the right ureter
and multiple stones in the left renal pelvis; right-sided
ureteral hydronephrosis; left-sided hydronephrosis,’
the frequency of drug administration reached up to four
times. In the remaining cases, the medication was ad-
ministered up to threetimesin 21 patients, twicein 232
patients, and only oncein 245 patients.

Such a distribution indicates that ceftazidime is
primarily used as an active therapeutic agent in cases
accompanied by severe infectious complications, with
the aim of eliminating inflammation and controlling the
infection.

Diphenhydramine 1%, 1 x 10 (M) was used in a
total of 659 patientswithin the study cohort, accounting
for approximately 36% of al patients. Although the
medication was administered once in most cases, some
patients received it more frequently.

In particular, in the patient diagnosed with ‘N20.0
ICD — blood clots in the urinary bladder; non-func-
tioning nephrostomy on the left side; missing stent on
the left side; post-percutaneous nephrolithotomy condi-
tion on the left side,” the medication was administered
up to three times. Additionally, it was administered up
to two timesin 17 patients, while in the remaining 641
patients it was administered only once.

These data indicate that diphenhydramine is pri-
marily used as an adjunctive therapeutic agent to pre-
vent allergic reactions and provide anti-inflammatory
effects, while its dosing frequency is determined ac-
cording to the patient’s clinical condition.

Conclusion.

1. It has been established that the correct timing of
surgical intervention to optimize drug therapy in the
treatment of patients with urolithiasis plays an im-
portant role in reducing the risk of disease recurrence.

2. In terms of pharmacoeconomic frequency in
urolithiasis, the frequency of drug use in patients

treated with a diagnosis of left-sided hydronephrosis
reached 4 times. In the remaining cases, the drug was
used up to 3 timesin 21 patients, up to 2 times in 232
patients, and only 1 time in 245 patients. It was found
that Ceftazidime was used mainly as an active thera
peutic agent in cases with severe infectious complica-
tions, to eliminate inflammation and control infection.

3. According to the pharmacoeconomic frequency
analysis of drugs used in the treatment of urolithiasis, it
was proven that "Extref" vial, 2 g, "Furasemide" 1%, 2
x 10, "Ceftazidime" 1 g - according to medical evi-
dence, are widely used in the treatment process and
constitute the largest part of the costs.
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AHHOTANUSA

[Ipennaraercss MOMBITKA OCMBICICHUS CyOCTAaHTHBHOW COOMPATENBHOCTH C KOTHUTHBHOM TOYKM 3pEHHS.
Llesbro TPy ATOM SBISIETCS OTPEICIICHIE POJIH, KOTOPYIO UTpaeT COOMPATEeIbHOCTh B CHCTEME 3HAHHI YeIOBeKa
0 MHUpEC, U, UCXOAsA K3 ITOro, — MECTa B CHUCTCMC s3bIKa CYHMICCTBUTCIIbHBIX, 06.]'[3}13}011_[1/1)( 3HAQUYCHUEM
cobuparenbHOCTH. B pesynbTare NpH3HAETCSA, YTO COOUPATENBHOCTH TECHO CBS3aHA C MOHATHHHON W
CEeMaHTHUYECKON KaTerophed KOJMYECTBEHHOCTH (KBAHTUTATHBHOCTH), SIBISIACH OJHOW M3 Pa3sHOBUAHOCTEH
HECYETHOIr0 KOJIMYEeCTBA, a cyOcTaHTHMBalMs (OpPMHUPYET OCOOBIH MIACT JIEKCHKH, PACIONOKEHHBIH B sApe
KaTeropuu cobuparenbHocTH. Takoe pelieHre BOIMpOCa SIBISCTCS HOBBIM M MPEACTABISET MEPCIEKTHBY LIS
pa3BUTHSI Uiei CEMaHTHYIECKOTO TIOAX0/1a K SIBICHUIO CyOCTaHTUBHOM COOMPATENILHOCTH.

Abstract

An attempt to interpret the substantive collectivity from a cognitive point of view is offered. The purpose of
this is to determine the role that collectivity plays in the system of human knowledge about the world, and, based
on this, places in the language system of essentials that possess the meaning of collectivity. As a result, it is
recognized that collectivity is closely related to the conceptual and semantic category of quantity (quantity), being
one of the varieties of uncountable quantity, and substantivation forms a special layer of vocabulary located in the
core category of collectivity. Such a solution to the question is new and presents a perspective for the development

of the idea of the semantic approach to the expression of substantive collectivity.

KiaroueBbie cJioBa: KaTreropus
CYHIECTBUTCIILHOC, Cy6TaHTI/IBaL[I/I$I.

CO6I/IpaTeJ'ILHO CTH,

HCCUETHOC KOJIMYECTBO, CO6I/IpaT€J'II>HO€

Keywords: collectability category; uncountable amount; collective noun, subtantivation.

CyOcTaHTHBAIMS KaK IEPEeXo CIOB U3 OJHOM Ja-
CTH PEYH B IpyTyIO SIBISETCS OJHUM U3 Haubosee mpo-
JYKTHBHBIX MEXaHU3MOB Pa3BUTHIX SI3BIKOBBIX CHCTEM.
Ona npezacraBiseT co0oi 0coObid TUI MOPGOIOro-
CHHTAaKCHYECKOTO CJIIOBOOOPA30BaHMs, B KOTOPOM H3-
MEHEHHE CHHTAKCHUYECKOH (YHKIMH COYEeTAeTCs C Ka-
TETOPHU3YIOIUM IpeoOpa3oBaHNEM JIEKCHKO-TpaMMa-
TUYECKOHM MpHUponsl cioBa. B pycckoit m Gonrapckoit
JMHTBUCTUYECKUX TPAAUIHAX CyOCTaHTHBAIMS TIPHJIa-
raTeJIbHBIX MOCIIEA0BATENIFHO OINMCHIBAJIACh KaK Iepe-
XOJI ITPU3HAKOBOTO CJIOBA B Chepy NpeAMETHONH HOMH-
nauuu. Emre B Gonrapekux rpammarukax XIX Bexa .
I'pyeB obpaman BHIMaHUE Ha CIydad, KOT/Ia IpHIara-
TEIbHOE «CTAHOBUTCA HMMEHEM CYUICCTBUTEIHHBIM,
T.e. IproOpeTaeT 3HAYeHUSI HOCHUTENS MPHU3HAKa, a He
camoro npusHaka [2]. [TomoOHbIe HAOTIOACHHS Pa3BHIT
An. TeomopoB-banan, onpeaeauBIIHAiA CYyITHOCTh CYyO-
CTaHTUBAIUU KaK «IEPEXO0/ MPUIAraTebHOro B Cyllie-
CTBHUTEIILHOE» BCIIEACTBHE ITOJHOTO OCIA0JICHUS CBSI3U
MeXJy ompenensieMblM U onpenenenueM [9]. B pyc-
CKOM JMHIBHCTUKE aHAJOTMYHYIO MO3HMLHUIO 3aHUMAI
A. M. ITemkoBckui, KOTOPBIH paccMaTpuBal cyOcTaH-

TUBAIMIO KaK THIHYHYIO0 GOpMy Mepexoaa, MpHu KOTo-
PpOM «IIpuiarateiabHOe epecTaeT 0003HauaTh IPU3HAK
¥ HauMHaeT 0003HauaTh HOCUTENs npu3Haka» [7]. Ta-
KUM 00pa3oM, (GyHKIIMOHAIBHBINA NEPexo/] CONPOBOXK-
JaeTcsl TIyOOKHMH CEMaHTHYeCKMMHU M IpaMMaTude-
CKHMH M3MEHEHUSIMU.

[TpoGnemaryka cyOCTaHTHBALIMK TECHO CBsI3aHA C
O0IIMMHU TEOPHSMH TIEPEXOAHBIX sBIeHNH. B paboTax
A. A. lllaxmaroBa CyOCTaHTHBaIUs MMOHUMAETCS Kak
npeoOpa3oBaHue, MPU KOTOPOM «HANMEHOBAHHUS TIPH-
3HAKOB MEPEXOJAT B pa3psii CylleCTBUTENbHBIX» [11].
[ITaxmMaTOB OTMeHaeT, YTO SABJICHWE HEIH3SI CBOIUTH
JIVIIH K CHHTAKCHYECKOMY MEPEKIIIOYCHNIO, TOCKOIBKY
OHO 3aTparuBaeT KaTeropHaJbHOE 3HAUCHHUE EANHUIIBI.
B nanpHelieM noHsITHE TEpexoja paccMaTpUBAaeTCs
Yyepe3 KOHIENINIO TPAHCTIO3UIHH, TTpeioxenHyo 1.
Bamun, koTopEIil onpeessieT e€ Kak n3MeHEeHne QyHK-
LUOHAJIBHO-KATETOPUAIIBHOTO  3HAYEHUs  A3BIKOBOMU
€IMHMLBI TIPH coXpaHeHuu BHemHed ¢opmerl [13]. E.
C. KyOpsikoBa pa3Buiia 3Ty UJIEI0, TPAKTys CyOCTaHTH-
BaIlMI0 KaK MOP(OJIOTHYECKYI0 TPAHCIIO3ULHUIO, CBS-
3aHHYI0 C M3MEHEHHMEM MNapaJurMbl U KaTerOpHU3yIo-
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Iel MPIHAIUISKHOCTH CJI0BA, YTO MO3BOJISET paccMar-
pHUBaTh €€ Kak IMOTUHHBIA CITOCO0 CIIOBOOOpa30BaHMUs
[4]. Ota TpakTOBKa KOpPpEIHUPYET C COBPEMEHHBIMH
MOJX0/IaMH, PACCMAaTPHUBAIOUINMH CyOCTaHTHBAIIHIO
KaK pPa3sHOBUAHOCTb KOHBEPCHH, NPH KOTOPOI CIOBO
MOJy4aeT CTaTyC HOBOM JIEKCEMBI B CUCTEME SI3BIKA.

B Gonrapckoii rpaMMaTH4ecKol TpaauIuK Cyllie-
CTBEHHOE 3HAa4YCHHE MMEET pasrpaHHuUCHHE CTENeHeH
cyocrantuanuu. Ct. CTOSIHOB BBIIEJIWII TPU THIA Ca-
MOCTOSITEIEHOTO YHOTPEOIICHUS TPIIaraTeNbHBIX: -
JIUIICUC OTIPENICIICHNUS, YIIOTpeOIeHNe, CKIOHIOMIeecs
K CyOCTaHTHBAaIlUH, U COOCTBEHHO MOJHAA CyOCTaHTH-
BaITHsL, TIPH KOTOPOI IIPUIIaraTenbHOE «03HAYAET MpeI-
MeT» U BXOJAWT B MapajurMy CyIlecTBUTENbHOTO [8].
B. HeneB yTouHMI KpUTEPUH EIMMUHUPOBAHHUS OIIpE-
JIeTSIEMOT0, pa3yuyasi ciIyda, KOTAa JJUTUICUC 00y-
CJIOBJIEH KOHTEKCTOM, U ClIy4dad, KOTJa NpujaraTeib-
HOE YIOoTpeOsieTcsl B YUCTO HOMUHATUBHOM (pyHKINU
[6]. Hanbonee cuctemHoe omucanue mpeacraBuia JI.
Kpymoga, nomuépkuBaromnias, 4To JIMIIb HOJHAs CcyO-
CTaHTHUBAIIMA 10JKHA CYUTATHCSI HCTUHHBIM CJIOBOOpa-
30BaTENBHBIM IPOIECCOM, TaK KaK OHAa COIMPOBOXKAA-
eTCsl I3MEHEHHEM JICKCHUYECKOTO 3HaYeHUS U MOpQo-
jgoruueckoi napagurmsl [3]. Bonrapckas tpaauuus,
TakAM 00pa3oM, BEIpabOTajla TOYHBIC KPUTEPHU IS
oTIpeneNIeHHs] MOMEHTa Tiepexo/ia IPUIIaraTeIbHOTO B
pa3ps CYIMECTBUTEIbHBIX.

CyOcTaHTHBAIMsI HEPEIKO COMPOBOKIAAETCS Pop-
MHUpOBaHHEM cOOMpaTelIbHOW CeMaHTHUKU. B pycckom
SI3bIKE MHOTOUYHCIICHHBIC CyOCTaHTHBHUPOBAHHbIE MIPH-
JaratesibHble 0003HAYaI0T IPYIIIBI JIHLL: OeOHble, MOIO-
Ovle, yuéHvle, pycckue, boavhvle, cmapuwue U 1p. DT
(hopMBI TIpeACTaBILIIOT c000i1 0000MEHHBIE HOMHHA-
UM, B KOTOPBIX HCXOIHOE Ka4eCTBCHHOE 3HAYCHHE TTe-
peocMBICIIAeTCS B KaTeropuajbHO-TipenMeTHoe. Kak
ormeuaet B. B. Burorpanos, momo0HbIe 00pa3oBaHus
«0003HAYAIOT CONMANBHBIC WM BO3PACTHEBIC CIIOW» U
BBICTYTIAIOT Kak coOuparenbHbie nMeHoBaHus [ 1]. TTo-
JoOHast QyHKIUS SIPKO NPOSIBISIETCS B KOHCTPYKIHSIX
tuna beduvie He nonumarom 6oeameix, TAEC CyOCTaHTH-
BUPOBaHHbIE INpHJIaraTeIbHbIe (QYHKIIMOHUPYIOT Kak
MMeHa KJIacCoB Jrojel. B Goarapckom si3bike aHaio-
ru4Hble 00pazoBanus (dobpume, miadume, boanume)
Ouarogapsi cucteMe OmpeeIEHHOTO YjeHa 00agaoT
emie OoJiee BHICOKOH CTETEHBIO IpaMMAaTHKaIH3alUH,
YTO CIOCOOCTBYET YCTOMYMBOCTH COOHPATEIHHOTO
3HAYCHUSI.

CoBpeMEHHEIE HCCICIOBAHUS MOKA3bIBAIOT, YTO
CcyOCTaHTHBANHS PUIIATaTEIbHBIX SBISACTCS OTHUAM H3
BOXHEHIIMX MeXaHW3MOB (OPMUPOBaHUs (DYHKIHO-
HaJIbHO-CEMAaHTHYECKOTO IO KaTeropuu coOupa-
TeNbHOCTH. JlaHHOE MOJie BKIIOYAeT pa3HOOOpa3HbIE
CpPEeICTBa BRIpa)KEHUS COOMpATENbHBIX 3HAUEHUH: c00-
CTBEHHO COOWpaTeNbHBIE CYNIECTBUTENBHBIE (MO70-
082icb, demeopa, aucmea), COONpaTeTbHBIE YUCITUTENb-
HBle (060e, mpoe, cemepo), CIOBOOOpa3OBaTEIbHBIC
(opmanTsl (-6€, -oma, -Hs), a TaKKe CyOCTAaHTUBUPO-
BaHHbIEe (OopMbI npuiaratesbHbIX. [1o Muenuo E. B.
KycToBoii, coOHpaTenbHOCTh MPEACTAaBISIET COOON HH-
TErPaTHUBHYI0 KaTErOpuio, OOBEAMHSIONIYIO SBICHUS
KOJIMYECTBEHHONW MHOXECTBEHHOCTH M KOHIIETITYaJlb-
HOW IIETIOCTHOCTH, Onaromapsi 4emy B €€ sIpo BXOJIAT
eAWHUIIBI, 0003HAYAIOIINE TPYMIIBI KaK HEAEIHMEIE

MHOXecTBa [5]. CyOcTaHTHBUPOBAHHBIEC TIPUITATATENb-
HBIE OPraHUYHO BIHCBIBAIOTCA B 3Ty CHCTEMY, IIO-
CKOJIBKY OHHM 0003HA4aloT KJIacChl 00BEKTOB, 00BEIN-
HEHHBIX OOIIMM NPHU3HAKOM, W TEM CaMbIM CKJIOHA-
I0TCSL K TIPEJCTABICHUIO IPYIIIBI KakK IIeJI0r0, a He Kak
CYMMBI HHIUBH/IOB.

MexaHu3M BO3HHMKHOBEHHs COOMPATEILHOTO 3Ha-
YeHUs! B Mpoliecce CyOCTaHTUBALMU MOXKET OBITh OIH-
caH cliefylouM o0pa3oM. Bo-TiepBbIX, MPOUCXOANUT
CEMaHTHYECKOEe MpeoOpa3oBaHue: NMPHU3HAK, MOApasy-
MEBAEMBIi B IPHIIAraTeIbHOM, HHTEPIIPETHPYETCS KaK
XapaKTepUCTHKA TPYIIIBI JIIOAEH, a HE OTJACIbHBIX HH-
IUBHAOB. BO-BTOPBIX, MpHiaratenpHOe MpHOOpPETaeT
MIPEAMETHYIO peepeHIINIO, 3aMEHSIsI HOMUHALINIO THITA
beoHvie 100u. B-TpeThHX, 3aKperuisieTcs] TpaMMaTHye-
ckoe odopmieHue: cyOcTaHTHBUpOBaHHas (opma
HauMHAEeT YHOTPEOIATHCS C ONpeIeNIUTEIeM, Coraacy-
eTCsl KaK CYIIECTBHUTEIBHOE W MOXET 00pa3oBHIBATH
(dopmbl nagexa. B pesynbrare BO3HHKAET HOBOE JIEK-
CHYECKOE 3HaueHHE, B KOTOPOM COOMPATENbHOCTD CTa-
HOBHTCS SJIPOM CEMAHTHKHU. DTOT MpOIEcC MOAPOOHO
ommcad B pabotax H. JI. ApytronoBoii u B. H. fAprre-
BOM, CBA3BIBABIINX CyOCTAaHTHUBALMIO C MEXaHU3MaMHU
abcrparupoBaHus u 0000meHus [12].

CormocTraBieHne PYCCKOTO M OONTapcKoro mare-
pHana MO3BOJSIET BBISIBUTH PSII TUIIOJIOTHYECKHX OCO-
6eHHOCTEl. B pycckoMm si3bIke cOOMpPATETbHOCTD Yalle
(dbopmupyercs Ha 0a3e abCTparupoOBaHHBIX CEMaHTHYC-
CKUX CJIBUTOB M 3aKpEIUISeTCS 4epe3 HMCTOPUYECKH
copMupoBaHHbIe MOAEH (MOI00ExCH, demsopa, pe-
6smus). B OomrapckoM si3pike Oyaromaps WICHHBIM
(dbopMam repexo]| MpUIaraTeaIbHOro B CyIIeCTBUTEINb-
HOE sBJISIeTCs O0Jiee YacThIM M PETYIAPHBIM, YTO Je-
JaeT CyOCTaHTMBHPOBaHHBIC (OPMBI LEHTPATBHBIM
cpencTBoM oopMIIEHHUS coOmpaTenbHOCTH (Jobpume,
cmapume, maaoume). Takum oOpa3om, B O0OITapcKOM
SI3bIKE CyOCTaHTHBAIMA Yallle BBICTYIIAeT KaK MPOIyK-
THUBHBIH CHHXPOHHBIH IIPOIIECC, TOTAA KaK B PyCCKOM —
KaK HCTOPUYECKH 3aKpeIsIEHHOE CII0BOOOpa3oBaHueE,
XOTsI 002 sI3bIKa JIEMOHCTPHUPYIOT CXOXKUE 3aKOHOMEP-
HOCTHU B (hOPMHUPOBAHUY COOMPATENILHBIX 3HAYCHHUH.

BakHO OTMETHTb, YTO CyOCTaHTHBAIMS NIpUJIara-
TENBHBIX TECHO CBsi3aHa C KOHILEMNIMEH MepexoHbIX
sreHui B s3pike. Kak otmeuaer T. C. Tuxomuposa,
Mepexo]] HEe BCETAa COMPOBOXKIACTCS H3MEHEHHEM
(opMbI, HO BCerzia MpeArojaraeT N3MEHEHHE CHHTaK-
CHYECKOH (YHKIIMM M KaTerOpH3alMOHHOTO 3HAYCHUS
[10]. CyOcTranTHBanys B 3TOM KOHTEKCTE BBICTYIIAaeT
Kak TpejenbHas Gopma nepexoza, mpu KOTOPOH MpH-
JaraTelibHoe MOJHOCThIO YTPAuMBaET CBOM MCXOJHBIE
NPU3HAKK W BKJIIOYAETCS] B CHCTEMY CYILIECTBHUTEINb-
HbIX. Takoe BKIIIOUEHHE OTpakaeTcsi M B MapajurMa-
THKE: CyOCTaHTHBHPOBaHHBIE (OPMBI HAYMHAIOT
y4acTBOBaTh B CJIOBOOOPA30BaTelbHBIX MpoLEeccax,
CBOWCTBEHHBIX CYIIECTBUTEIBHBIM, HAIP. H02amblil —
bozameu, 6eouvlli — 6eonoma, MoOA000U — MOJO-
0éxco. IlogobHble TpaHcopManuy HOATBEPXKIAIOT,
YTO CyOCTaHTHBAIMs HE TOJHKO MEHSET CHHTaKcHie-
CKYIO POJIb CJIOBA, HO M CO3/1aET ITPEATIOCHIIKH JUIs BO3-
HUKHOBEHHUSI HOBBIX CJIIOBOOOPA30BATENbHBIX T'HE3I U
JIEKCUKO-CEMAaHTUYECKHUX TPYIIIL.

Oco0eHHO TTOKa3aTeNIbHBI CIyYan, KOTaa cyocTaH-
THBALIUSI IPUBOJUT K 00Pa30BaHUIO POTOTHITMYECKHX
coOupaTenbHBIX cymiecTBUTeNbHbIX. Cyddurcaapabie
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MOJENH -Cm6-, -0m-, -Hb-, -€ 9aCTO Pa3BHBAIOTCS Ha
0a3e CcyOCTaHTUBHUPOBAHHBIX TPUIIATaTSIbHBIX WU
dhopm mpu3HAKOM O3HAYAOIIUX CI0B. Hampumep, mo-
JI00€2#Cb UCTOPUYECKN BOCXOIUT K TPIJIAaraTeIbHOMY
MO0001, 6edHoma — K Oeonvill, pebsimts — K pebsama.
ITomoOHBIE TPUMEPBI IEMOHCTPUPYIOT, YTO CyOCTaH-
TUBAIKs HOPMUPYET CEMAHTHUCCKYIO 0a3y I ajb-
HEHIIEero CI0BOOOPa30BaHUS, YKPEIUIAS TCHICHIUIO K
MPEJICTABJICHUIO TPYIIBI KaK enuHoro menoro. Coort-
BETCTBEHHO, CyOCTaHTHBHPOBAHHBIC IpHUJIaraTeiIbHBIE
pacrionaratoTcsi B IepexofHON 30He (YHKIHOHAIBHO-
CEMAHTHYECKOTO TIOJII COOMPATENFHOCTH, CBS3BIBAs
WHANBUAYAIbHBIE M TPYIIIOBBIC HOMUHAIIUH.

C Toukwm 3peHus 00IIei Teopun KaTeropuid, cyo-
CTaHTHUBAIHA MPEICTABIIET COOOH MEXaHW3M KaTero-
pU3alyy, IPU KOTOPOM MPH3HAK MPEBPAIIACTCS B CYIII-
HOCTh, a MIPU3HAKOBAs XapaKTCPUCTHKA — B HOCUTEIS
npU3HaKa. B paMkax KOTHHTHBHOIO MOAXOJA 3TO MO-
JKET OBITh MHTEPIPETUPOBAHO KaK IEPEXOJ OT Kaye-
CTBCHHOTO MPHU3HAKA K MOHATHIO KJacca WX TPYIIIEI,
4TO COBIMAJacT ¢ 0a30BBIMH MEXaHU3MaMH KOHIICTITYa-
nm3anmu cooduparenpHocTd. ClrieioBaTeIbHO, CyOCTaH-
TUBAIHS UTPACT KIIFOYEBYIO POJIb B CTPYKTYPHUPOBAHHUI
CEMAaHTHYECKOTO MPOCTPAHCTBA COOMPATEITHHOCTH M
(dopMupyeT BaXHYI 30HY BHYTpPH ero (pyHKIHO-
HaJIbHO-CEMAHTHYECKOTO ITOJISL.

Takum o0OpazoM, aHAIH3 MaTepHalia PyCCKOTO U
00JIrapcKoro SI3bIKOB MO3BOJISIET YTBEP)KAATh, UTO CyO-
CTAaHTUBALUS SIBIAETCS OJHUM M3 BaXKHEHIIMX MCTOY-
HUKOB cOOMpaTenbHbIX 3HadeHuid. OHa ydacTByeT B
dhopMupoBaHUU COOMPATEIBHOI CEMAaHTUKU KaK HETo-
CPE/ICTBEHHO — 4epe3 CyOCTaHTUBUPOBaHHBIE (HOPMBI
(6eonvie, maaoume), Tak ¥ KOCBEHHO — Kak 0aza st
JABHEHINETO CIIOBOOOPA30BaHUS (MO100€k#CH, Kpe-
cmbsHcmeo, yueHuyecmso). CyOcTaHTHBAIMS 0OecTie-
YUBAET IIEPEX O/ MPU3HAKOBBIX XapaKTEPUCTHK B COOH-
paTeIHyIo IPEAMETHOCTh U CIIOCOOCTBYET KOHIICTITya-
JMU3alMA TPYOII KaKk €AWHOTo Iienoro. Pycckuil u

OoJirapckuil sI3bIKM IEMOHCTPUPYIOT B 3TOM OTHOILIE-
HUM KaK THUIOJIOTHYECKOE CXOJICTBO, TAK U CTPYKTYp-
HBIE pa3Inyusi, 00YCIOBJICHHbBIE UX TPAMMATHYECKIUMHU
cucremamu. OrHaKo oOmmM octaéres GyHIaMEHTAIb-
HOE CBOICTBO: cyOcTaHTHBaLUs (HOPMHPYET OCOOBII
IUTACT JICKCUKH, PACTIOJIOKCHHBIH B SIIPE KATETOPHU CO-
OupaTeIbHOCTH.
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Abstract

The rapid progress of information technologies and the increasingly dominant role of digital communication
platforms have significantly reconfigured how today’s students engage in communicative practices. As active
members of digital interaction spaces, students must operate across a variety of communication formats, which
elevatestheimportance of speech etiquette and communication culture as essential dimensions of academic, social,
and professional competence. This article explores how these competencies support effective communication, fa-
cilitate mutual understanding, and contribute to students’ professional socialization within higher education. Spe-
cial emphasis is placed on the need for intentional selection of speech strategies, adherence to communication
norms, and awareness of sociocultural factorsin complex contemporary communication environments. The article
contends that the ability to convey ideas clearly, ethically, and contextually appropriately is becoming a universal
requirement for professionals in the digital era. Strengthening students’ communication culture and speech eti-
quette is therefore identified as a crucial responsibility of modern higher education institutions, promoting both

personal development and successful integration into academic and professional communities.
Keywords. speech etiquette; communication culture; digital communication; professional socialization;
higher education; communicative competence; interaction strategies; sociocultural context; digital environment;

interpersonal communication.

I ntroduction

In the contemporary landscape shaped by rapid de-
velopments in information technologies, digital plat-
forms, and socia media, communication practices are
undergoing significant and continuous change. These
transformations are particularly noticeable among stu-
dents, who are among the most active and adaptable us-
ers of digital environments. Consequently, speech eti-
quette and communication culture are increasingly rec-
ognized as crucial elements of academic achievement
and socia interaction. They involve not only
knowledge of language norms but also the ability to
communicate with respect, empathy, tolerance, and re-
sponsibility toward others.

As communication spheres broaden, students must
adapt to multiple modes of interaction—from official
correspondence and academic discourse to online ex-
changes on socia networks, messaging applications,
and digital learning systems. Choosing appropriate
communication strategies, following established be-
havioral norms, and demonstrating sensitivity to soci-
ocultural contexts become essentia for developing pro-
fessional competency, building strong interpersonal re-
lationships, and encouraging constructive dialogue in
educationa settings.

Furthermore, verbal communication culture is a
key factor in students’ professional socialization. In an
era where digitalization influences nearly every social
domain, the capacity to articulate ideas clearly, accu-
rately, and ethically has emerged as a fundamental pro-
fessional skill. Honoring speech etiquette strengthens
one’s communicative reputation, improves interaction
effectiveness within academic and professional com-
munities, and supports the formation of lasting, trust-
based socid relationships. For these reasons, fostering
communication culture is both a personal priority and a

socialy important mission for modern higher educa-
tion.

The Importance of Speech Etiquette in Every-
day Communication Practices

Speech etiquette encompasses one’s ability to
communicate in accordance with ethical, cultural, and
social expectations; to structure exchanges according to
context and purpose; and to demonstrate respect and
courtesy toward others. Linguists view speech etiquette
not only as a collection of linguistic rules but also as a
behavioral norm, an interactive strategy, and a mecha-
nism for maintaining social order. Scholars widely
acknowledge it as a key tool for regulating relation-
ships, promoting efficient communication, and ensur-
ing harmonious interpersonal interaction.

Geoffrey Leech argues that politeness forms the
foundation of speech etiquette, emphasizing behavioral
qualities such as respect, modesty, and warmth. In a
similar manner, Brown and Levinson’s (1987) influen-
tial politeness theory proposes that individuals aim to
protect their own and others’ “face,” which represents
personal dignity and social identity. From this perspec-
tive, speech etiquette minimizes conflict, maintains in-
terpersonal harmony, and fosters mutual respect.

Speech etiquette is also closely linked with H. P.
Grice’s cooperative principles. Grice (1975, pp. 41-58)
asserts that communication is guided by the maxims of
quantity, quality, relation, and manner, al of which
support clarity and mutual understanding. Observing
these maxims reflects the pragmatic aspect of speech
etiquette and enhances communicative effectiveness.

Sociologist Erving Goffman (1967) adds another
dimension by emphasizing that individuals actively
manage their public image or “face” to preserve trust,
credibility, and social stability. Thus, culturally appro-
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priate communication fulfills both social and psycho-
logical roles, reinforcing one’s position within a group
and supporting positive interpersonal connections.

Everyday Examples of Speech Etiquette

In daily interactions, speech etiquette is expressed
through both verbal and nonverbal behaviors—greet-
ings, expressions of gratitude, apologies, polite re-
quests, proper forms of address, and careful use of tone,
gesture, and facial expression. These behaviors perform
cultural, psychological, and socia functionsin commu-
nication.

Example:

A student who arrives late to class gently opens
the door and says:

“I'm sorry for being late. I hope I didn’t disturb
the class.”

This aligns with Lakoff’s (1973, pp. 292-305.)
principles of politeness and reflects Brown and Levin-
son’s face-protection strategies.

Counterexample:

A student who enterslate without greeting or apol-
ogizing violates Grice’s cooperative maxims—espe-
cialy relevance and manner—and disregards basic po-
liteness norms. Such behavior may signal indifference
or lack of communicative awareness.

The Significance of Communicative Culture
and ItsRolein Human Interaction

Communication culture refers to the ability to
build honest, clear, and ethical relationships with oth-
ers. It is demonstrated not only through spoken lan-
guage but aso through nonverbal cues such as tone,
gestures, facial expressions, and attentive listening. As
Goffman (1967) notes, maintaining one’s social “face”
is central to successful interaction, while Leech (1983)
highlights that ethical and polite communication re-
duces conflict and strengthens mutual trust.

This concept also relates closely to speech act the-
ory (Austin, 1962; Searle, 1969), which posits that
every utterance performs a social action. For instance,
politely expressing disagreement or making a respect-
ful request conveys information while preserving the
interlocutor’s dignity. Such communication demon-
strates pragmatic competence and adherence to ethical
standards.

Brown and Levinson’s (1987) concept of polite-
ness strategies further emphasizes the importance of
protecting both one’s own “face” and that of others.
Deborah Tannen (1990) similarly notes that cultural
norms and conversational styles shape how messages
are interpreted, especially in hierarchical communica
tion settings such as classrooms.

Example:

A student who politely disagrees, saying:

“With your permission, I would like to offer a dif-
ferent perspective,” shows respect, follows communi-
cative norms, and promotes constructive dialogue.

Counterexample:

A confrontational or dismissive expression of dis-
agreement violates basic principles of

communicative culture, increasesthe likelihood of
conflict, and damages the speaker’s social image.

Effective communication culture, therefore, is es-
sentia for personal growth, academic engagement, and

professional development. It enhancesinterpersonal ef-
fectiveness, encourages positive rel ationships, and sup-
ports ethical and culturally sensitive interaction in edu-
cational environments.

The Impact of Technology on Contemporary
Students

Technology—especially social media—has dra-
matically altered how students communicate. Short-
ened messages, slang, and informal vocabulary increas-
ingly appear in everyday interactions.

Example of poor email etiquette:

“Hello. I will not be attending class. Thank you.’

This format is inappropriate in forma academic
communication.

Improved version:

“Dear [Teacher’s Name], due to personal rea-
sons, | am unable to attend class today. Thank you for
your understanding.”

Additional contrasts:

Informal: “Hi, I'm not coming to class.’

Formal: “Dear [Teacher’s Name], I will be unable
to attend today’s class due to a valid reason. Thank you
for your understanding.”

Informal: “I didn’t do my homework, sorry.”

Formal: “Dear [Instructor], I was unable to com-
plete my homework for today. May | request an exten-
sion? Thank you.”

Informal: “What do I do for the lab?”’

Formal: “Hello [Instructor], I have a few ques-
tions regarding the lab assignment. Could you clarify
certain points?”’

These examples highlight that formal communica-
tion requires polite address, clear purpose, and expres-
sions of gratitude—elements not typically expected in
informal student communication but essential in aca-
demic and professional contexts.

The Impact of Aggressive and Passive Commu-
nication Behaviors

Studentswho lack well-devel oped communication
abilities may sometimes express themselves in ways
that are either overly aggressive or excessively passive.

For instance, a student might address a peer by
saying:

"You don’t know anything. Why are you even shar-
ing your opinion?"

Such remarks are disrespectful and undermine
productive dialogue. A student with stronger commu-
nication competence would instead respond more con-
structively, for example:

"I'm interested in hearing your perspective, but
my viewpoint differs slightly. If you don 't mind, I would
like to explainiit."

Scholars emphasize that aggressive communica
tion typically triggers defensiveness and negatively af-
fects group interaction and cohesion (Deutsch, 1973).
Conversely, passive behavior may result in confusion
and escalating tension because individuals fail to artic-
ulate their true thoughts and emotions (Thomas, 1992).
According to Alberti and Emmons (2017), developing
assertive communication skills enables students to ex-
press themselves clearly while maintaining respect for
others, thereby fostering constructive exchanges and
minimizing conflict.

1

1l
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Bandura’s (1977) social learning theory further
highlights that young people often imitate the behav-
ioral patterns they observe, which means that positive
communication habits cultivated early on support
healthy long-term devel opment. Rogers (1961) also ar-
gued that empathic communication helps establish trust
and reduces aggressive reactions. In addition, research
by Collins and Miller (1994) shows that openly ex-
pressing one’s thoughts, emotions, and intentions
strengthens interpersonal bonds and enhances under-
standing within a group.

Therefore, promoting assertive, respectful, and
balanced communication skills among students con-
tributes to healthier interaction, reduces tension and

misunderstandings, and creates a supportive environ-
ment for discussion and collaborative learning.

Enhancing Communication Abilities Through
Problem-Solving Strategies

Cultivating strong communication and problem-
solving abilities is a fundamental goa of education.
Various ingtructional strategies are used to develop
speech culture, enhance critical and analytical thinking,
and strengthen students’ argumentative and collabora-
tive skills. The table below (completed with relevant
content) presents the main problem-solving ap-
proaches, offering explanations for each method along
with practical examples that show how students utilize
them both in their academic work and in everyday com-
munication situations.

dividuals internalize polite, ethical,
and constructive speech practices.

Method Revised Description (Paraphrased Par aphrased Examples

Organizing instructional  sessions, | - The training session titled “Leadership Through

wcgh as w%rk <hops or masterclasses Speech” enabled participants to enhance their verbal
Training and . P s " | culture and expressiveness.

. designed to strengthen students’ ver- ) . .

Preparation bal communication and bresentation — A masterclass on public speaking assisted students

abilities P in reducing performance anxiety and presenting their

) ideas more confidently.

Particivation in debate formats and | ~ University-based speaking clubs contribute to the
Debates and speakir?g clubs develops students’ an- improvement of students’ critical thinking and deliv-
Public Speak- | aytical reasoning, persuasive commu- ey Sk'”S'. itv deb h -
ing Clubs nication <kills. and their —Inter-university debate tournaments teach partici-

abilitytolisteryl criticall pants to locate evidence rapidly and argue their

Y- claims effectively.

Teachers and parents who demon- | ~ A parent who consistently uses polite expressions

Srate exemplar)rl) such as “please” and “thank you” fosters positive
RoleModels | communication habits help young in- communication habitsin children.

— A teacher who interacts respectfully with students
models appropriate and constructive communication
behavior.

Practice and

Continuous practice combined with
congtructive feedback enables learn-
ers to recognize shortcomings and

— Delivering presentations at student conferences
and receiving instructor feedback increases speech
clarity and self-confidence.

Feedback roaressively strenathen their come |~ Comments provided during group-based projects
gwur?iion gom ete?qcies alow students to identify weaknesses and work to-
P ) ward improvement.
Group Work VC\I/(;IrII?b gg&ﬁfﬁiﬂ%ﬁfeﬁmj — Group tasks in academic courses promote produc-
and Coallabo- D . . tive interaction among team members.
. munication while helping students T .
rative  Pro- practice expressing and organizing | - Preparing joint presentations allows studentsto re-
jects ideas collectively fine public speaking and cooperation skills.
Digital tools and self-paced learning | Online public-speaking modules provide opportu-
Online environments  support _ independent nities to practice speeches and receive automated or
ICourses_ and practice and alow studentsto evaluate peer feedpack. .
nteractive and improvetheir communication per- | - Interactive platforms that allow recording and re-
Platforms formance viewing one’s own speech help students analyze
' mistakes and track overall progress.
_ Programs focused on emotional resili- | . Workshops on coping with stress during presenta-
Psychological ; tions help students manage nervousness.

C ence help learners overcome anxiety, o . . :
Training and build confidence, and engage more ef- | — Individual coaching sessions strengthen communi-
Coaching fectively with au’dienceﬁ cation competence and teach effective audience en-

y ) gagement strategies.
Conclusion and engage in attentive listening playsacrucial role not

Speech etiquette and communication culture rep-
resent significant markers of a modern student’s overall
development. The ability to speak clearly and respect-
fully, demonstrate polite and thoughtful interaction,

only in academic achievement but also in students’ so-
cial and professional success. Both scholarly research
and practical examples confirm that these competencies
are attainable and can be continuously strengthened.
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It must be acknowledged that the cultivation of
communication skills requires consistent effort, ongo-
ing practice, and willingness to receive and apply con-
structive feedback. Participation in trainings, public
speaking clubs, group-based activities, as well as ob-
serving effective behavior from role models, all con-
tribute to the steady enhancement of students’ commu-
nicative abilities. Likewise, reflecting on personal ex-
periences—learning from achievements as well as
shortcomings—further devel ops confidence, adaptabil-
ity, and competence across various communicative sit-
uations.

In conclusion, nurturing a strong communication
culture and mastering speech etiquette are essential as-
pects of both personal and professional growth. These
competencies equip students with greater opportunities
to realize their potential and integrate successfully into
contemporary society. Ultimately, well-developed
communication skills do more than support academic
and career accomplishments—they also facilitate re-
spectful, meaningful, and efficient interactions in all
spheres of life.
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[MpoananizoBaHO iCHYIOUi MiIXO/U IO OLIHIOBAHHS IOXKEXHOI HeOe3MeKr MOKPUTTIB 1ist mmijior. [lokazaHo

JIOLITBHICTh 3alpOBa/PKECHHS B YKpaiHi €BpPOMEHCHKOI MOXKEKHOI Kiacudikaiii moao peakiii Ha BOTOHb
MOKPHUTTIB JuIsl miyior. BinzHaueHo po0OTY MO CTBOPEHHIO BUMPOOYBAJIHHOTO OONagHAHHS Ul BU3HAYCHHS
MOBE/IIHKK TOKPUTTIB JUIS MiZJIOr 3 BUKOPHCTaHHSIM JUDKEpeia TEIIOBOTO BUIPOMIHIOBAHHS, IO Ja€ 3MOTY
3MifiCHIOBaTH BUNPOOYBaHHS 3pa3KiB YCIX THUINIB MOKPUTTIB A  mijuior. Po3po0ieHo MeToauKy
CKCIICPUMECHTAJIbHUX [[OCJ'Ii}l)KeHI) BJIACTHUBOCTEN HOKpI/ITTiB JIISL Hi}IJ'IOF 3a MOKAa3HUKOM MIOJ0 MOMIMPHOBAHHSA
moiyM’si. MeToauKa JO3BOJISIE€ BUSBUTH 3aKOHOMIPHOCTI 3MiHH MapaMeTpiB MPOIEeCy MOMIUPIOBAHHS TOIYM s IT0
HOBerHi l'IOI(pI/ITTiB JUIA Hi,I[J'IOF B YMOBAX BIUIMBY HKE€peiia TCIIJIOBOI'O BI/IHpOMiHIOBaHHﬂ.

Abstract

Analyzed the existing approaches to assessing the fire safety of floor coatings. The expediency of
implementing the European fire classification in Ukraine regarding the reaction to the fire of floor coatings has
been show. The work on the creation was noted of test equipment to determine the behavior of floor coatings with
the using thermal radiation source, which makesit possible to test the characteristics of all types of floor coatings.
The methods of experimental studies have been developed of properties of floor coatingsin terms of flame spread.
The method makes it possible to identify patterns of changes in parameters in the process of spread fire on the

surface of floor coatings in conditions of the thermal radiation source.
KarouoBi ciioBa: noxexHa Hebe3leKa, MOKPUTTS IS MIJUIOT, MOIIMPEHHS BOTHIO.

Keywords: fire hazard, floor coatings, spread of fire.

Beryn

BusHaueHHs 10Ke)KOHEOE3MEYHUX BIIACTUBOCTEN
MOKPUTTIB JUIA MiIJIOT IO IMOIIUPIOBAHHS MOTYM st
Mae ocoOnHBe Miclle y 3a0e3MeUeHHI MOXKEKHOT Oe3-
neku OynaiBesnb 1 crmopynd pi3HOTO (YHKIIOHAIBHOTO
MPU3HAYCHHS, & 3aCTOCOBHI METOIU BUTIPOOYBaHb JIJIS
TXHBOT'O OI[IHFOBAHHS MAIOTh YIOCKOHATFOBATUCS IS~
XOM BIIPOBAKEHHSI BiJMOBITHUX €BPOTEHCHKUX TIij-
XOJIIB.

B Ykpaini 0ocHOBI BUMOTH MOKEXHOI Oe31exu 10
MOKPUTTIB st mijnor BukiageHo B8 JIBH B.1.1-7 [1],
BiJITIOBIZTHO JIO SKWX JJISI MaTepialiB, IO 3aCTOCOBY-
IOTBCS B SIKOCTI TIOKPHUTTIB JUTS ITI/IJIOT, IOBUHHI BU3HA-
YaTHCS TaKi MOKA3HHUKH IOXKEKHOT HeOe3IeKu: rpyma

TOPIOYOCTI, TPyTIa MOUTUPEHHS MOTyM 51, TpyIia 3aliMH-
CTOCTI, Koe(illi€HT TUMOYTBOPEHHS, TOKCHYHICTh MIPO-
IYKTiB TOPiHHS.

VY IOCKOHAJIEHHS  HAIlOHAJIBHOI  HOPMATHUBHOI
6a3u, 10 perjJaMeHTy€e BUMOTH T0KEXHOI O€3MeKH J10
OyaiBembHUX KOHCTPYKIiH, BUpPOOIB 1 MaTepiaiis,
CTBOPEHHS TEePEyMOB JJIsl MiIBUIEHHS PIBHS TXHBOT
MOKEXKHOT Oe3rekr Ha TemepilnHiil gac 0a3yeThcs Ha
3aMpoBaPKeHHI B YKpaiHi €BPOMEHUCHKOI MOKEXKHOI
knacuikamii OyaiBeTpHUX BUPOOIB 1 KOHCTPYKIIH, 10
BCTAaHOBJICHA Y cepii €eBPONEHCHKUX CTaHAAPTIB.

V kpainax €sporneiicekoro Coro3y a0 NOKPHUTTIB
JUISL TIJUTOT BCTAHOBJICHI BUMOTH 3 TTOXKEXKHOT Oe3eKu
10/10 1X peaxiii Ha BOTOHb, @ OJJHUM 13 OCHOBHHX Me-
TOJIB JUIS OLIHIOBaHHS peakiii Ha BOTOHb IOKPHUTTIB
JUIS IUIOr € BU3HAYEHHS IXHBOI MOBENIHKM IIiJ 4ac
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TOpIHHS 3 BUKOPUCTAHHSIM JDKepesia TEIUIOBOTO BH- Tak, me 25 pokiB Tomy B poboti [8] KoHbim-
MPOMIHIOBAHHSI. HUM A.B. pO3risiHyTO MiAXOAM A0 €KCHEpHUMEHTAb-

[Moxexny kaacudikarito Mmoo peaxiiii Ha BOrOHb
nmokpuTTiB s mimior permamentye JJCTY EN 13501-
1 [2]. Ans BcTaHOBICHHS 1€l Kinacu(ikaiii HeoOXiaHO
NPOBEICHHS. BHUIIPOOYBaHb IOJO BHU3HAYEHHS IO-
BEJ[IHKY TOKPHUTTIB JUIS i UTOT I1i]] Yac TOPIHHS 3 BUKO-
PHCTaHHSIM JDKepella TeIIOBOIO BHIPOMIHIOBaHHS
srimao 3 JICTY EN 1SO 9239-1 [3].

Tomy 3ampoBamkeHHS B YKpaiHi €BpOIEHCHKOTO
METOAY BHIIPOOYBaHb MMOKPUTTIB IS MiAJIOT MO0 TO-
IIMPIOBAaHHA MOJTyM sl B yMOBaX BIUIMBY JDKEpEa Tell-
JIOBOTO BHIIPOMIHIOBaHHS 3TiTHO 3
JCTY EN ISO 9239-1 [3] € akTyanbHOI HAyKOBO-
TEXHIYHOIO 3aJ1aY€el0.

[leproueproBumu ciijy BBaXaTd poOOTH, CHpsi-
MOBaHi Ha OLIHKY CTiMKOCTi MOKPUTTIB IS MiJUIOT 10
BOTHEBOTO BILUIMBY 33 €BPONEHCHKOIO Kilacudikalliero,
JUIL 4OTO0 HEOOXIJIHO CTBOPHUTH BiAIOBITHE BUIPOOY-
BaJlbHE OOJIaJHAHHS, MPOBECTH Horo Bepudikailito i
EKCIICPUMEHTAIbHI JOCIKCHHS HU3KU TOKPUTTIB 151
MIAJIOT, 2 OTPUMaHi 3a IIMMHU BUIIPOOYBAHHIMH PE3yITb-
TaTl TOPIBHATH 3 JAaHUMH, OJCPKaHUMH 32
BiJIIIOBITHUM HaliOHAJILHAM METOIOM BHIIPOOYBaHHS.

To oHMM 13 eTarriB I[FOTO € PO3POOIICHHS METO-
JVKH CKCIICPUMEHTAJIbHUX JOCIHIIKEHb BIACTHBOCTEH
MOKPHTTIB JUIS IIJUIOT 3a MOKAa3HUKOM IOJO MOIIH-
PIOBaHHSI IOJyM’si B yMOBaxX BOIHEBOTO BIUIMBY 32 €B-
PONENCEKUM METOIOM.

AHani3 JiTepaTypHUX JaHHX Ta MOCTAHOBKA
npoodaeMu

AHaJi3 HOpMaTUBHOI 0a3u B rany3i OyIiBHHUIITBA
MOKa3aB, 10 B YKpaiHi BUMOTH MOXEXHOI OE3IEKH 10
MOKPHTTIB JUIS MiJUTOT BUKJIAJAECHO B TAKHUX JEP KaBHUX
OymiBenmsHUX HOpMaX, sk JIBH B.1.1-7 [1], IBH B.2.2-
9 [4], ABHB.2.2-41 [5], ABHB.2.2-16 [6],
JCTY 9192 [7]. BcTaHOBIEHO, IO i BUMOTH CTOCY-
I0TBCS ITOKPHUTTIB IS TIJUIOT, 110 3aCTOCOBYIOTHCS Ha
HUIsIXax eBakyallil, a BIiANOBIAHICTh LM BHUMOTaM
HEOoOXi/THO BU3HAYATH LUIIXOM BHIIPOOYBaHb Ha TaKi
MOKa3HUKH TOXKEKHOT HeOE3MeKH, SIK Tpyla roproyo-
CTi, Ipyna 3aiMHUCTOCTI, IpyIia HOIIUPEHHS MOIyM s,
KOE(DIIIEHT IMMOYTBOPEHHS, TOKCHYHOCTI TPOAYKTIB
TOPIHHSI.

[oxexHy KiTacudikaIiro o0 peakilii Ha BOTOHb
MOKPHTTIB JUIS ITIJUIOT, 3alpoBa/UKEHY B €Bporeiich-
komy Coro3i, permamentye JICTY EN 13501-1 [2].
Jis BcTaHOBNICHHS i€l Kiacudikamii HeoOXiTHO Tpo-
BeZieHHs BuIpoOyBaHs 3rigao 3 ICTY EN 1SO 9239-1
[3].

Tako BHSIBIICHO, 10 Y MiAX0/1aX J0 OI[IHFOBAHHS
MOXKEKHOT HeOe3MeKH MOKPUTTIB ISt MiZJIOT B Y KpaiHi,
KpiM OIIIHIOBaHHS TOBENIHKM MaTepialy mix dac ix
TOpiHHA (IIOKAa3HMKIB TOPIOYOCTI, MOIIMPEHHS IO-
JyM’siM, 3aMHCTOCTI Ta IUMOYTBOPEHHS), TaKOX
OLIHIOIOTh ~ TOKCHYHICTH  IPOAYKTIB  TOPIHHS.
Haromicts B €Bponeiicbkkomy Coro3i BU3HaYeHHS I10-
Ka3HUKa TOKCHYHOCTI NPOJYKTIB TOPiHHS HMOKPHTTIB
JUISL TIJIOT HE TTPOBOASTD.

[TpoBenenuii aHasni3 HAyKOBHX Ipallb MIOKa3aB, 110
caMe NHTaHHSIM IOIIMPEHHS IOJYM’sl Ta PO3IOBCIO-
JOKEHHS TOPIHHA MO TOBEPXHI MaTepialiB yIpOIOBK
octanHix 20-30 pokiB mpuainfeThcs HeaOHsIKa yBara
BITYM3HSHUX 1 3aKOPJOHHUX BUCHUX.

HUX JOCIiIKEeHb 1 MATEMaTHIHOTO MOJISITIOBAHHS IPO-
[eCy MOIIUPEHH MOIyM sl TIO IIOBEPXHi TBEPANX MaTe-
piamiB; 3a pe3yidbTaTaMHd MPOBEACHOTO aHANI3y
BHSIBJICHO HEJOIKH iCHYFOUHX Ha TOW 9ac MeToiB. lc-
HYIOYl €KCIIepUMEHTAJIbHI METOAW AOCIIKEHb HpO-
Liecy MOLIMPEHHSI MMOJyM’ss YMOBHO HMM MOJIJICHO Ha
JIBl TPYIIH: TepIla IpyIa METO/IB a€ MOXIIUBICTH OLli-
HUTH TIOBEIIHKY MaTepialiB y pasi Aii Ha HUX TiJIBKH
BIIKPUTOTO BOTHIO 3 3aCTOCYBAaHHSM Pi3HOMAaHITHHX
IDKepeIT 3allalfoBaHHs, a Ipyra rpyna MEeTOAIB nepea-
0ayae KOMIUICKCHUH BIUIMB PadiallifHOTO TEIJIOBOTO
MMOTOKY Ta BIAKPUTOTO MOIyM’s Ha MarTepiaj, mo Aae
3MOT'Y MOZEIIOBATH YMOBH PEabHOI ITOKEXKI.

Jpyry rpymly MeToIiB NOCIHiKEHHS MaTepiajiB
Ha MOIIMPEHHS TOJIyM’ sl IO IIOBEPXHI MOIJIEHO Ha TPU
MATPYIU: HATYpHI, MaciiTaOHi Ta 1abopaTopHi BUIIPO-
OyBaHHsL. 3a3HauCHO, IO HATYPHI METOH Mependaya-
I0Th NIPOBEJICHHS BOTHEBUX BUITPOOYBaHb Ha PEAIbHUX
00’exTax (OymiBisX 1 copyjax) 4u ix ¢parmenrax, a
iX peaji3allisi € TOPOTOBAPTICHOI, Y 3B’A3KY 3 UHM
BOHH PIIKO BHKOPHCTOBYIOTBCS Ha NpakTHLi. Mac-
mTa0HI METOAW BHUIPOOYBaHB MOJCTIOIOTH MPOIECH
BUHUKHEHHS TIOKEXI Ta MOMIMUPEHHS MONYM’s HO I10-
BEepXHiI 03I00IOBaIbHIX MaTepialiB y MpHUMIIICHHI
(um Tpymi mpuMmimeHs). B €Bpomi Toro wacy mac-
mTabHi METOAM 3HAYHOTO MOIIMPCHHS HE HaOyIu.
[lepra cipo6a po3poduTH METO, SIKUI OM MOJIEIIIOBAB
HOIIMPEHHS ITOJIyM’ sl IO 037100 TI0BaILHUX MaTepiaiax
Ta 3a0e3MeuyBaB BU3HAUCHHS HEOC3MEYHUX YMHHHKIB
noXexi Oyna 3poOieHa B MIXKHApOJHOMY CTaHIApTi
SO 9705-93 Fire Tests — Full-scale room test for
surface products; Bix 103B0JISIB BU3HAYHMTH KiJIbKICHI i
SKICHI XapaKTepPUCTUKH TMOIIUPEHHS MOJXyM’sl IO
03100IOBAIFHUX MaTepiajax 1 Mir CIyXHTH JUIS
oOTpyHTYBaHHS JTa0OPATOPHUX METOIB BHIIPOOYBAaHB,
TaKuX SK BUNMPOOYBaHHS HAa 3aMMHUCTICTh 1 IMIBHIKICTH
NoIIMpeHHs: noiyM’s. JlabopaTopHi MeToau BH3HA-
YEeHHsI [TapaMeTpiB MOIUPEHHS TI0JIyM’sl TI0 TIOBEPXHi
03100/ TF0BAJIbHUX MaTepialiB CTiH, CTEJb, MiJJIOT Iie-
penbavaroTh CHUTBHY Jil0 Ha 3pa3Kd Marepiany
30BHILIHBOTO TEIMJIOBOIO BUIIPOMIHIOBAHHS Ta JKe-
pena 3anamoBaHHs. SIK 3aCO0HM 30BHIIIHBOTO TEILIO-
BOTO BUIIPOMIHIOBaHHS 3aCTOCOBYIOTH pajialliiiHi Ima-
Heli, Mo 3a0e3MeuyroTh BIUTUB Ha Marepiaj TYCTHHHU
TEIUIOBOTO TIOTOKY, SIKUI BUHUKAE IiJ 9ac IMOMKEXKi; K
JDKeperia 3alalOBaHHs 3a3BHYail 3aCTOCOBYIOT Pi3HO-
MaHITHI ra30Bi MaJbHUKH. B kpaiHax xomumabOr0 Pa-
JsiHCbKOTr0 COI03Y /IS OLIHKY MOIITUPEHHS TOIyM s 10
NOBEPXHI MarepialliB 3aCTOCOBYBAJIM METOJ EKCIIEPH-
MEHTAJIbHOTO BHM3HAYEHHS 1HAEKCY IMOIIMPEHHS TO-
aym’si, HaBenenuit B [OCT 12.1.044-89. CCHT. Ilo-
HCAPOB3PBLIBOONACHOCIY 6eujecms u mamepuanos. Ho-
MeHKIamypa noxasamenetl u Memoobvl Ux Onpeoenenus,
CYThb SKOTO TOJITa€ B OILIHIOBaHHI 3/1aTHOCTI Ma-
Tepiany 3aiiMaTHCs, BUIUISATH TEIUIO Ta MOLIMPIOBATH
TIOJTyM s TIO TTOBEPXHI 38 YMOBH Jlii 30BHIIIHBOTO TETl-
JIOBOTO IIOTOKY. Y CBiTi HaHOULIBIIOrO IOIIMPEHHS
Ha0yB MeTO, pO3po0IIeHHH 32 MIXXHAPOIHUM CTaHAAP-
tom 1809239-1:1997 Reaction to fire tests —
Horizontal surface spread of flame on floor-coverings
systems — Part 1: Flame spread using a radiant heat
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ignition source, cyTh AKOTo MoJjIArae y BU3HaYE€HHI KpH-
TAYHOI IITBFHOCTI TEIJIOBOTO IIOTOKY, 3a SKOi Mae
Miclle TOMUPEHHs MOJyM’s TI0 TOBEPXHI Marepiany
TIPY OJHOYACHIH NI Ha TOPH30HTAIBHO PO3TAMIOBAHHUIHA
3pa3oK TEIJIOBOrO MOTOKY BiJX pamiamiiiHoi maHemi i
JoKepelia 3anatoBaHHs (ra30BOr0O MalbHUKA).

3a pe3ynbTaraMHM NPOBEICHOIO aHANIZY I
BU3HAYCHHS IIBUJKOCTI MOLIMPEHHS IOJyM’sl 1O HO-
BepxHi TBepanux MatepianiB Koneumu A.B. 3anpormo-
HyBaB 00’ €IHATH TEOPETHYHI MiAXOIH i eKCIIeprMeH-
TaNbHI TOCIIKEHHS, 1[0 MOJEIIOIOTh peabHi YMOBU
TIOKEKi Ta 3aCTOCYBAaHHS MaTepiaiy.

VY mpami [9] aBTOpaMu 3BepHYJH yBary, Io JBa
JECATHIITTS TOMYy B HOPMAaTHBHHX JOKyMEHTaX 3 IH-
TaHb TOXEXHOI Oe3mekw y OymiBHHLTBI cdepa 3a-
CTOCYBaHHS OyIiBEIbHUX MaTepialliB BU3HAYAIACs, SIK
MPaBIJIO, 32 OJTHUM NOKa3HHUKOM — TOPIOYICTIO, a HEB-
paxyBaHHS TaKMX NOKA3HHUKIB MOXKEXKHOT HEOE3IEKH SIK
JUMOYTBOPIOBAJIbHA 3/1aTHICTb, TOKCHYHICTH IPO-
JYKTIB TOPiHHSA, 3aliIMHUCTICTh MiJl BIUINBOM TEIJIOBOTO
MOTOKY, 3[JaTHICTh MaTepialliB MOIIUPIOBATH TOIyM s
IO TIOBEPXHi, y BUNAAKy M0XKEXI MPU3BOJUTH JI0 3aTU-
Oedi mozeil 1 3HAYHUX MaTepiabHIX 30HUTKIB.

Takox y poOOTi HABEAECHO PE3yIbTAaTH EKCIIECPH-
MEHTAJIbHHUX JOCIIIKEHb 110 BU3HAYECHHIO MTOIITMPEHHS
MOJyM’sl 10 TOBEPXHI MOKPHUTTIB IS INUIOT 1 TIO-
KpiBENIFHUX MaTepiaiB, OTPIMaHi Ha CTBOPCHOMY BHU-
npoOyBaibHOMY 0OsanHaHHi. [IpudomMy, DOCTiHKEHHS
MO0 BH3HAYEHHIO I'PYNH MOIMIMPEHHS MOJyM’sl 1O IOo-
BEPXHI MarepialiB JJIs MiAJIOr NPOBOAWIIACS Ha 3pas-
Kax, 110 3riguo 3 . 4.3 I'OCT 12.1.044-89. CCHT. Ilo-
JCAPOB3PLIEOONACHOCb 6eujecme u mamepuanog. Ho-
MeHKIamypa nokazameneti u Memoobl UX OnpeoeneHus
Oynu BigHECEHI M0 TOPIOYMX MaTepialliB CepeaHbOol
3aMHUCTOCTI (IiuTora 3 JIEepEeBUHU, HAJMBHI ITiJUIOTH,
KIJIAMOBI TIOKPHUTTS) Ta Ba)XKKOTOPIOYHX MaTepiaiiB
(xoMITo3MIIisT emoKcHuAHA Moan(ikoBaHa «JleTTOKCHID)
Mapku «A» tuny 2 i Mmapku «by tumy 2).

PesynbpTati gOCHiKEHb MO BU3HAYEHHIO TMOIIH-
PEHHsI [TOJyM sl TIOKPUTTIB JJIs MiIJIOT 3Be/IeH] B y3a-
rajbHEeHy TaOJUIII0, B SIKi 3a3HAYEHO CEPEIHIO JIOB-
JKMHY TOIIMPEHHS TOJIyM’sl TI0 MOBEpXHI Marepiaity
(L,), gac Bim mouaTky BHIpOOYBaHb 10 3aiiMaHHs Ma-
Tepiaiy (z;), TPUBATICTH MOJYMEHEBOTO TOPIHHS (T2).

PesynpraTi mocimifkeHb IIOKas3aiM, IO OKpeMi
THUIN KMJIMMOBHUX TIOKPUTTIB MAIOTh MiJBHUIIEHY HEOE3-
MIeKy B YMOBaXx IT0XeXi, SIKIII0 BOHN HE HaKJICEH] Ha He-
TOPIOYY OCHOBY.

VY poborti [10] 3a pe3ympTaTaMu MpPOBEIECHOTO
aHaJIi3y MOCHJIaHb Y HOPMAaTUBHHX JOKyMEHTaX y ra-
Jy31 OyAIBHUIITBA HA MOKA3HUKH MOKEKHOT HEOE3MeKH
PCUOBHH 1 MarepiajiiB MOKa3aHO MaiiKe BIJACYTHICTh
MPAKTHYHOTO BiJJOOPa)KEHHSI BUMOT JI0 BUTOTOBJICHHS,
TPaHCHOPTYBaHHSA, 30epiraHHs Ta BUKOPHUCTAHHS pe-
YOBHUH 1 MarepiaiiB 3aJeKHO Bij X MOKa3HHKIB TO-
JKEWKHOT HeOe3IIeKN, 32 BUHATKOM ITOKa3HUKa TPYIIH Io-
pIOUOCTi, HE BpaxyBaHHS SKHX MOXE IPHU3BECTH Yy
BUTAJIKY MTOXKEXKI IO 3HAYHUX MaTepialbHUX 30UTKIB 1
3arnbeni monei. I3 monax 400 HOpMATHBHHX JIOKY-
MEHTIB, 10 B Tild, YH 1HIIIK Mipi CTOCYIOThCS 3a0e3re-
YeHHsI IOXKeXHOI Oe3nexu, Oyio BUOKpeMiieHO 48 oc-
HOBHHX, aHAJI3 SKMX MOKa3aB MiHIMaJbHY KiJIBKiCTh
BUMOT  JI0  BUTOTOBJICHHS,  TPaHCIIOPTYBaHHS,

30epiraHHs Ta BUKOPUCTAHHS PEUOBHUH 1 MaTepiaiiB 3a-
JIE)KHO BiJI TAKHX ITOKA3HUKIB ITOXKEKHOI HEOE3IEKH, SIK
Koe(DIiIi€EHT AMMOYTBOPEHHS, TOKCUYHICTH MPOIYKTIB
3TOPSHHSA, 3afIMHUCTICTh MaTtepiajiiB, MOUIIMPEHHS IO-
JyM’sl, O CBIIYUTH MPO MOTPeOy Y KOMIUIEKCHOMY
MiAXOMI O BU3HAUCHHS IOXEKOHEOE3MEYHOCTI pe-
YOBHH 1 MaTepiamiB. 30kpeMa, B 48 pO3MIISHYTUX HOP-
MaTHBHHX JOKYMEHTaX MICTHThCS Jume 13 mocuianb
Ha TaKW{ MOKAa3HHK MOXKEKHOI HeOe3NeKH, SIK MOIIH-
PEHHS TOTyM I, IO 3yCTPIYaeThCA JIUIIIE B 6 i3 HUX.

Y pobori [11] Homimmsoro FO.B. Haemeno
pe3yabTatu eKCTIepUMEHTATbHUX JIOCIIKEHb
JUMOYTBOpPEHHS Oy iBETbHUX MaTePiaiB il BILTABOM
TEIUIOBHUX IOTOKIB Pi3HO{ TYCTHHH, SIKi CBigYaTh MpPO
Te, [I0 HA Ta30[JMHAMIYHHN TPOIEC AUMOYTBOPECHHS
roproyux OyZiBeNbHUX MaTepialiB BIUIMBAE DPIBEHb
TYCTUHH TEIJIOBOIO IOTOKY, IIO Jli€ HAa TOBEPXHIO
3pas3kiB. JloCHi/pKylouM BIUIMB TYCTHHH TEIJIOBOTO

MOTOKY Ha JTIUMOYTBOPIOBATIbHY 3IIATHICTh
OymiBeIbHUX MaTepialniB Ha 6 eKCIepUMEHTaIbHUX
3pa3kax, OTpPUMaHO  3aleKHOCTI  KoedilieHTta

JVMOYTBOPEHHS BiJl TYCTHHHU TEMJIOBOTO MOTOKY, IO
i€ Ha TIOBEPXHIO 3Pa3KiB, 3 SIKUX 4 — OyIIN MOKPUTTAMHA
Ut miamor. BeraHOBICHO, O Ui BCiX OyIiBeTbHUX
MaTepiamiB, IO MiAJaBaJIKCA JOCTIKCHHIO, 31
30UTBIICHHSM TYCTHHH TEIUIOBOTO TIOTOKY KOS(iIlieHT
JUMOYTBOPEHHS 3pocTaB, 30kpema ais [IBX-nokpurrs
st mignorn  «Sarlon Tech» BupoOHuMnTBa (dipMu
«Forbo» (®panuisi) B ymMoBax BIUIMBY TEILUIOBOTO
notoky Big 20 kBt/M?> gm0 45 xB1/M? KoedilieHT
JUMOYTBOpEHHsI 3pocTaB y 2,3 pasu, a miusa [IBX-
HOKpUTTA  Juia  migmorn  «Magmum  Quattro»
BupoOHuITBa dipMu «Lentex S.A.» (ITompma) — B 2,1
pasa.

JlocHiIKeHHIO TT0XKeKHOT HeOe3IeKH IMOTiIMEPHUX
03100TIOBAIFHUX MatepialliB 3TiIHO 3 BHMOTaMH
JIBH B.1.1-7-2002 3axucm 6i0 noowceanci. Tlooceicna
besnexa 00’exmig 6yOisHuymMEa TPUCBIICHO poOOTY
[12], 30kpemMa BU3HAYECHO MOXKEKOHEOE3IEUHI BIACTH-
BoCTI 21-rO mosiMepHOro marepiaiy, IIO0 3aCTOCOBY-
I0Th Yy IIOBEPXHEBUX LIapax IOKPUTTIB MiJJIOT
NPUMILIEHb TPOMAJICBKUX OYJMHKIB i3 MaCOBUM Iiepe-
OyBaHHSM JIIO/ieil 3a 1X TPYIOI0 TOPIOYOCTI, 3aiMu-
CTOCTI Ta MOIIMPEHHS MOJIYM .

3a pe3ynbpTaTaMy NPOBEAECHUX JIOCIIIPKEHb BCTa-
HOBJIEHO, II0 KWJIMMOBI MOKPHUTTS AJSI IMiJUIOT, BUTO-
TOBJICHI i3 HATypaJbHHX 1 CHHTETHYHHX Martepiaiis,
a0o KOMOiHaIi{ IIMX MaTepianiB, HAJCXKATh JIO TPYIH
roprodocti ['4 (miaBuIeHo1 TOproYoCTi): Ha 3-4 XBHIIH-
Hax Bijl HOYaTKy 1X BUNPOOYBaHb TEMIIEpaTypa JIETKHX
NpoayKTiB ropiHHs nepepuinyBana 450 °C, BinOysa-
JIOCS IOBHE 3TrOPSIHHS 3pa3KiB 1 BUHUKAIA HEOOXIIHICTh
iX mpuMycoBoro racinas. Pa3om i3 Tum, 3a3Ha4YeHi KH-
JIMMOBI MTOKPHUTTS, [0 HAJNEXATh 10 MaTepiajiB Irpynu
3aiiMucTocti B2 (cepenHpoi 3aiMHUCTOCTI) Ta TPYII MO-
mupeHHs nmoiayM’s PIT1 (He mommproroTs nomym’s) abo
PI12 (;1oKxaapHO MOUIMPIOIOTH MOJYM 51), MOKYTh OyTH
3aCTOCOBaHI ISl IOKPUTTIB MIJUIOT B KOPUAOPaxX, X0-
nax, ¢oiie. [Tokpurrs mimtor Ha ocHoBi [IBX abo kay-
YyKy CyTTEBO BiJIPi3HSIOTHCS 32 HOKA3HUKOM TOPIOYO-
cti: Big rpymu I'l (HmM3bkoi roprouocti) go rpymu I'4
(T IBUIIEHOT TOPIOYOCTI); 3 YpaxyBaHHIM HOKa3HUKIB
3aMUCTOCTI Ta TONIMPEHHS MOIyM’sl Ii IOKPHUTTS
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IJUIOT ZO3BOJIETHCS 3aCTOCOBYBATH Ha IIIAXaX eBa-
Kyarlii B TpOMaJICbKHX OyIHHKaX.

Y pob6ori [13] JlaBpentokom O.I. mociimkeHO
BIUIMB BMICTY KBapIIOBOTO IICKYy Ha (i3WKO-MeXaHIdHI
BJIACTHBOCTI MOKPHTTIB.

Ha ocHOBI eKcriepUMEHTaIbHUX JAaHHUX [TOKa3aHa
MEPCIIEKTUBHICTh BUKOPUCTAHHSI MiHEpaJIbHUX HAIOB-
HIOBaYiB ISl 3HMDKEHHS TOPIOYOCTI MOAW(IKOBAHHX
MOJIBIHUIIPONTIJOHOM EMOKCHAMIHHUX KOMITO3HUITii
JUTS HATTMBHHEX II1IJIOT; pO3pO0IIeHO pelenTypr KOMIIO-
3unid Ha 0a3i eMOKCHUAHUX CMOJ UL OJEpKaHHS MO-
HOJITHHUX TIOKPHUTTIB i3 TOHIDKEHOIO TOPIOYICTIO Ta
MOJINIICHAMH ~ eKCIUTyaTalliiHUMHA ~ XapaKTepPHCTHU-
kamu. ExcniepuMeHTansHO BU3HAYEHO MTOKA3HHKH I1O-
JKEKHOI HEOE3MEeKH OAep)KaHUX EMOKCHITONIMEpIB.
BcraHoBieHO, 10 MakcuMalbHa TeMIeparypa ra-
3010AI0HNX MPOXYKTIB ropinHs cranosuia 203 °C, a
9ac TOCATHEHHS MakCUMalbHOI Temmeparypu — 320 c;
BTpaTa Macu 3pa3KiB Ha OCHOBI MojudikoBaHOT
MOJIBIHUIIIPOJIIZIOHOM €MOKCHAaMIHHOI KOMIIO3UIIT 3
JI0JJaTKaMK KBapIIOBOTO IMICKy mopiBHIOBana 33 %, a
cepenHs Temrieparypa 3aiimanast — 305 °C.

ABTOPCBKIM  KOJIEKTHBOM y poboti [14]
TpoaHaIi30BaHi €BPOTICHUCHKI (MixHApOIHI)
HOPMATHBHI JOKYMEHTH, B SKHX pPErJaMeHTOBaHI
BUMOTH IIOJ0 TOXEXKHOI KiIachudikamii Ta METOAiB
BUTIPOOYBaHp 13 BH3HAYCHHS MOKA3HUKIB ITOKEKHOT
HeOe3rnekn Oy/iBeNbHUX MaTtepialiB i BUPOOIB. 3TigHO
3 €BpONEHCHKOI0 Kiacudikaliero OyaiBenbHI BUpoOU
Ta MaTepiald MOMUIAIOTBECA Ha TPHU TPYIH, B OIHY i3
SIKHX BUOKPEMJICHO MOKPHTTS VISl HiJUIOTH, IIPUIOMY
JUISl HUX BUKOPUCTOBYIOTH JOJATKOBY Kiacuikarito
M0 IMMOYTBOpeHHIO (S1, S2).

3a pesynpTaTaMd AaHANITHYHHX JOCIiJKEHb
00OTpYHTOBaHO HEOOXiNHICTH ajamTarlii HalliOHATBHOT
MOXKEKHO-TEXHIYHOT  Kiacudikamii  OymiBeTbHHX
MaTepianiB i BHPOOIB 3 €BPONECHCHKOIO MOKEKHOIO
kinacu(ikamito; 30KpeMa BHSIBICHO OCHOBHI IIIAXHU
ajanranii, 1O MOJSTalTh, Y T.4. B PO3pOOJIEHH]
HalliOHAJILHUX CTaH/apTiB, TAPMOHI30BAHUX 3 TAKUMH
€BPOIEHCHKUMH  CTaHJAPTaMH, 110 BCTaHOBIIOIOTh
BUMOTH JI0 TOXEXHOI Kiacudikamii Ta METOAIB
BU3HAYCHHS  IIOKa3HMKIB  IOXEKHOT  HeOe3neKu
OyniBeNbHUX MaTepialiB i BUpOOiB, cepe]] SIKUX TaKOkK
3aznauaBcs EN SO 9239-1:2010 Reaction to fire tests
for floorings — Part 1. Determination of the burning
behaviour using a radiant heat source (Burnpo0yBaHHst
MOKPUTTIB JUIA TIAJIOT MIOAO peakiii Ha BOTOHB.
Yactuna 1. Bu3HaueHHS MMOBEMIHKY ITiJ] 9ac TOPIHHA 3

BUKOPUCTAHHAM JoKepena TEIJIOBOTO
BUIIPOMIHIOBAHHS).
[ToBHOMacHITAOHUM BUIIPOOYBaHHAM Ha

BOTHECTIHKICTh CHCTEM TIJIOT 3 JIETKHX CTaJIeBHX
KapkaciB mpucBsiiena podota [15]. Ile mocmimkeHHs
MoKasajio, 110 JOJaBaHHS  JOJATKOBOro  16-
MUIIMETPOBOTO MIApy TiNCOKapTOHY 10 HEI307Ib0BaHOL
KOHCTPYKIIi MiJIBUIIMIO pPiBEHb BOTHECTIHKOCTI Ha
66 %, a  BHUKOPUCTAHHSA CTaJIeBO-0ETOHHOTO
KOMITO3UTHOTO HACTHIJIY ITJUIOTH ITiBUINWIO PiBCHb
BOTHECTIHKOCTI Ha 32 %. Y HhOMY HaBEJCHO JaHi PO
TEeMIIepaTypy Ta 4ac BiIIapyBaHH TilICOKAPTOHY IS
pPO3pOOKK KpUTEpil0 BiAIapyBaHHA B YHCEIHHHUX
JIOCITI/DKEHHSAX. Pe3ynbTaTu JOCHiKEHHS TOKa3aiH,
mo BHUIIPOOYBaHHS Ha BOTHECTIMKICTh 3 KOPOTKUM

NPOJIBOTOM, XO4a 1 € KOHCEPBATHBHHMH 3 IOTIILY
yacy pyWHYBaHHS, HAalOTh Pe3yJbTaTH, MOPIBHIHHI 3
pesyinbTaTaMd  NOBHOMAacITaOHHX  CTaHZApTHUX
BHIIPOOYBaHbh Ha BOTHECTIHKICTh, IO CBITYHUTH PO X
€KOHOMI4HY €()eKTHBHICTH Ta EKOHOMIIO Yacy Iij 4ac

MepeBipKM  BOTHECTIHKOCTI  HAasBHUX 1  HOBHX
KOHCTPYKIIKA mepekputts. lle mocmimkeHHs Hamano
BIIMIOBIHI ~ PEKOMCHMAII IM0JA0 MPOEKTYBaHHS,

BKJIFOYHO 3 PIBHSIMH BOTHECTIHKOCTI 16 KoH}irypamniit
IMiJJIOTH 31 CTaJeBHX JIETKUX KapKaciB, MO € IiHHUM
OpIEHTHPOM TS IOKESKHUX iHKEHEPiB.

VY crarti [16] HaBeneHO MOPIBHSIHHS TOBEIiHKH
i1 Yac TOPiHHS KWINMIB, BATOTOBJICHHUX 13 Pi3HUX BO-
JIOKOH 200 cyMimIei, OIliHEeHNX 3a TOTIOMOTOI0 TECTY 3
BHKOPHCTAHHAM TaOJEeTKH METEHaMiHy, BEpTHKaIb-
HOTO TecTy Ha BorHecrtiiikictb F.A.R., Oputancbkoro
TECTy 3 BUKOPHCTaHHSM pajialiifHoi maHemni Ta ¢ppan-
my3bKkoro tecty Epiradia Teur, moka3sye, mo BOBHa, a
0COOJMBO BOBHA 3 MIiABUIIECHOI BOTHECTIMKICTIO, J€-
MOHCTpY€E 3Ha4YHO Kpallli pe3yibTaTd, HDK iHII J0-
CJTi/DKYBaHI MITYyYHI BOJIOKHA, OCOOJIMBO B OLIBIII CYBO-
PHUX BEPTUKAJIBHHUX TECTAX 1 TECTAaX 3 BUKOPHUCTAHHAM
panianiitHoi mareni. BinmosixHO Mo BUIIPOOYBaHb, OC-
HOBa KWJINMA IIOBHHHA OyTH BOTHECTIHKOO, IIUTBHICTH
BOTHECTIHKOTO BOBHSHOTO Bopcy — Bume 0,10 r/cm?
(0,058 r/ntoiim?), a Bara Ta TOBIIKUHA BOPCY HE MOBUHHI
TICPEBHIIYBaTH MEBHOTO 3HAYEHHS IS 3a0e3MeUeHHS
e(eKTUBHOTO Bi/IBEJICHHS TEIUIa BiJ BOPCY, rapaHTy-
F0YH KOPOTKE MOIINPEHHS HOIyMsl.

JloCHiKy0YH PeaKIlifo MOKPUTTIB ISl IMiUTOT Ha
Boroub Melisa Pinton 3 Mi>kKHapOIHOTO YHIBEPCUTETY
Bypua (CapaeBo, bocHis i ['eprieroBrna) OKpecioe au-
HAMIYHY B33a€MOJII0 MK €CTETHKOIO, (pyHKIiOHAIb-
HICTIO Ta BOTHECTIHKICTIO B apXITEKTYPHUX IIPOCTOPaXx.
Ii po6ota [17] npucBsuena BceGiuHOMY OTIIALY Pi3HUX
TUIIB IMiUIOTOBUX IOKPUTTIB, MiAKPECTIOIYN iX
VHIKaJbHI BJIaCTUBOCTI Ta BHECOK Yy 3a0yI0BY. Y KOH-
TEKCTi BOTHECTIHKOCTI BOHA PO3TIISIIA€ HFOAHCH PeaKIIii
PI3HHMX Ti/UIOTOBUX IOKPHUTTIB Ha BOTOHb. 30Kpema,
JOCITIJDKEHHS TBEPAOT ISPEBUHU Ta JIAMiHATY MiAKpec-
JIMJIO BiZIMIHHOCTI M)XK MACHBHOIO i 1HXKCHEPHOIO TBEP-
JIOI0 JIEPEBHHOIO, BPA3JIMBICTh TBEPAOI NEPEBHHU Yy
pasi moxexi Ta MoJABiiiHy NPUPOAY CTIHKOCTI Ta Bpas-
JMBOCTI JlaMiHaTy. BiHIJIOBE MOKPHUTTS BHSBUIOCS
MIPUPOTHO BOTHECTIHKUM, alie 3 MOTEHIIITHIMEU Hebe3-
TIeKaMu, TI0B’sI3aHUMH 3 TOKCHYHUMH BHnapamu. Ku-
JUMH, 3 IX PI3HUM CKJaJOM BOJIOKOH, NOTpeOyBain
00pOOKH BOTHE3aXHCHUMHY 3aCO0aMU IS TTiBUIICHHS
BOTHecCTiHKOCTi. KepamiuHa Ta mopIiensHOBa IUIATKA
3apeKOMEHAYyBaIM cebe 5K 3pa3Kd BOTHECTIMKHX
I1JIOrOBUX MOKPHTTIB, 1[0 33 CBOEIO PUPO/IOIO € He-
TOPIOYHMMH 1 3]1aTHI BUTPUMYBATH BUCOKI TeMIIEpaTypu
0e3 BUICHHS IIKiJIMBUX PEYOBHH. BimMiueHO Baxk-
JWBY POJb KJeiB, 03100TIOBANFHIX MaTepiamiB i J0-
JAaTKOBUX OOpOOJEHb y TiJBHIIEHHI MOXKEXHOI 0e3-
MIEKH ITiJUTOTOBUX TTOKPHTTIB.

VY cratri [18] po3risimaeTbes mokexHa Oesreka
TYMOBOTO TIOKPHTTS, 1110 BUKOPHCTOBY€ETHCS B IIEHTPI
3UMOBHUX BuAiB cnopty B Kurai. XapakTepucTuku Ta
rapamMeTpyd TOpPIOYOCTI TYMOBOTO TOKPHUTTS ISt
miory OyJI0 BU3HAUSHO 32 JI0TIOMOT0I0 BUIIPOOYBaHb
MaTepialy Ha BOTHECTIMKicTh. 3rojgom Oyio mpoBe-
JICHO aHaJIi3 MOXKEeKHOT Oe31eKH 3 BUKOPUCTAHHSIM Me-
Toay ickpobesneunocti. Kpim Toro, Oyino mpoBeaeHO
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YUCENIbHEe MOJICITIOBAHHS JIUIS TOCIIPKSHHS CIICHApiiB
TOKEX1 f eBaKyallii JIIoei, 30KpeMa y BHITaIKax, KOJIH
piBeHb Oe3reku MmaTepiaiiB 03700JCHHS TiJIOTH HE
BIIINIOBiZIa€ CTaHIAPTHUM BUMOTaM. Pe3ynpraTtu moxa-
3yI0Tb, 110 33 MEBHUX YMOB OE3MEKU IIEHTP 3UMOBHX
BUJIIB CHOPTY MOXXE€ BHUKOPHCTOBYBAaTH TI'yMOBE IO-
KpuTTS Kinacy Bl y HeoOxinHii 30HI, 3a0e3nedyroun
BOJHOYAC JIOTPUMAHHS CTaHIApTIB IOXKEKHOI 0e3-
MEKH.

VY po6ori [19] aBTOPCHKIM KOJIEKTHBOM ITOKa3aHO
aKTyaJbHICTh BUMPOOYBaHb 3 BU3HAYCHHS NOBEIiHKH
TMOKPHUTTIB IS TiUIOT TIiJ] 9ac TOPIHHSA 3 BUKOPHCTAH-
HSM JDKepelia TEIUIOBOro BUIpoMiHIOBaHHS. [linTBep-
JOKEHO JOIUTBHICTD 3aTIPOBa/KCHHS B KpaiHi €BpOIeH-
CBKOI OXKEXHOI Kiacupikamii oo peaxiiii Ha BOTOHb
MOKPHTTIB IS IiAJIOT. Yrepie B YKpaiHi Ha piBHI €B-
PONEUCHKUX IiAXOIIB PO3pOOJIEHO KOHCTPYKIIIO Ta
pobody KOHCTPYKTOPCHKY JOKYMEHTAlil0 BHIPOOY-
BJILHOTO 00JIaAHAHHS JUIsl BU3HAYEHHS TIOBEIIHKH O~
KPHUTTIB IS MiJIOT i Yac TOPIHHA 3 BUKOPUCTAHHAM
JUKepelia TEIJIOBOr0 BUITPOMiHIOBaHHs. OOIpyHTOBAHO
1 eKCIIEPMEHTANILHO MiATBEPHKEHO MTapaMeTpH NaJlb-
HUKa JJIS 3aIaloBaHHS 3pa3Ka, palialiifHol maHem Ta
CHCTEMH I BUMIPIOBAHHS ONTHUYHOI TYCTHHHU JTUMY.
TexHiYHI XapaKTEepUCTUKH CTBOPEHOTO BHIPOOYBaIIb-
HOTO O0JaJHAaHHS Jal0Th 3MOTY 3[1HCHIOBAaTH BHUIIPO-
OyBaHHS 3pa3KiB BCIX THUIIB MOKPUTTIB AJIS MiAJIOT.
CrBopeHe BUIpoOyBaabHE 00JIaAHAHHS B TOBHIN Mipi
JIO3BOJISIE TIPOBOJUTH BUIPOOYBAHHS MOKPHUTTIB IS
MUIOr Mijl 4ac TOpPiHHA 3 BHKOPUCTAHHSM JDKepela
TEIJIOBOTO BUIPOMIHIOBAaHHS 3TiJJHO 3 BHMOTaMH Ta
MeToukoro, HaseaeHumu B JJICTY EN 1SO 9239-1[3].

Takox copMyIbOBaHO MPOMO3MLIi MIOAO MO-
JaNbIIOr0 BHKOPUCTAHHS DPE3YJIBTATIB BHIPOOYBaHb
Ha CTBOPEHOMY BHIPOOYBaIbHOMY OOJaTHAHHI IIIOMIO
JOLUTBHOCTI TPOBEACHHS BUIPOOYBaHHS HHU3KH IIO-
KPHUTTIB JJIS MIIUIOT, Pe3yIbTaTH SKHUX MOXYTh OYTH
HiAIPYHTSIM  JUIi ~ PO3pOOJICHHS Ta  BHECEHHS
BIJITIOBIZTHUX 3MiH J0 OYy/IiBEJIbHUX HOPM CTOCOBHO BHU-
MOT' JI0 TOKPHTTIB /IS MiJJIOT, 8 BUPOOHMKAM IIPO-
JIyKIii — [y1si po3pOOJIeHHs] HOBHX BH/IIB 1 THIIB IO-
KPHUTTIB JJIS i JIOT.

Tox, cTBopeHe BUnpoOyBanbHe 00IalHAHHA Ja€
3MOTy OIIIHUTH TIOKEXHY HeOe3leKy 3pasKiB ycix
TUOIB TOKPHUTTIB ISl TIAJOT, 30KpeMa BHSIBHTH
3aKOHOMIPHOCTI ~ 3MIHM  TapaMeTpiB  MpoIecy
MOMIMPIOBAHHA TTOJYM sl 110 TIOBEPXHi MOKPHUTTIB IS
miulor B yMOBax BIUIMBY JDKepeina TEIIOBOTO
BUIIPOMIHIOBAHHS.

Mera i 3agaui focaizkeHb

MeTor0 AaHOi CTATTi € BU3HAYEHHS! OCHOBHUX MO-
JIO)KEHb METOJMKH EKCIEPUMEHTAIbHUX JOCIIIKEHb
BIIACTMBOCTEH MOKPHUTTIB ISl MiJUIOT 32 TMOKa3HUKOM
I0JT0 MTOIIUPIOBAHHS TIOTYyM SI.

KiHmeBoro MeTOI0 eKCIepUMEHTAaNbHUX  J0-
CITDKeHb € Bepudikalis MeToay BHUIPOOYBaHb IIO-
KPUTTIB JJIs TiAJIOT Ha TIONIMPIOBAHHS ITOJIYyM Sl B YMO-
BaxX BIUIMBY [DKepelia TEIUIOBOIO BUIIPOMiHIOBAaHHS
srigao 3 JICTY EN 1SO 9239-1 [3].

Jlnst nOoCSITHEHHsI MOCTaBJIEHOI METH HEoOXiTHO
pO3B’sI3aTH TaKi 3a/adi:

— BU3HAYUTH THII 1 KUIBKICTh HEOOXIIHHUX 3aCO0IB
BUMIPIOBAJILHOT TEXHIKH;

— TIpoBecTH BepUQIKaIlilo CTBOPEHOTO BHUIIPOOY-
BaJIbHOTO 00JaHaHHs [20] 1M1010 BiAMOBITHOCTI HOTO
mapaMeTpiB (JTIHIHHUX pO3MipiB, B3aEMHOTO PO3TAIIY-
BaHHS HOTO €JIEMEHTIB TOII0) Ta METPOJIOTIYHUX IO-
Ka3HHUKIB 3aCO0iB BHMIpIOBAIBHOI TEXHIKH BHMOTaM,
HaBeneHuM B JICTY EN 1SO 9239-1 [3], a Takox 31aT-
HOCTI 341CHIOBATH HOMIHAJILHUM TEIUIOBUI BILIMB Ha
3pa3Ky MOKPHUTTIB IS MiJJIOT i/l 9ac BUIPOOYBaHHS;

— BU3HAYUTH BIIACTHUBOCTI MOKPUTTIB IS IiJIOT,
[0 IIUPOKO 3aCTOCOBYIOTH MiJl Yac OyIiBHUIITBA, 3a
NOKa3HMKOM I110J10 TTOIIUPIOBAHHS MOJIYyM sl B YMOBax
BIUIMBY JDKepelsia TEIUIOBOTO BUIPOMIHIOBAHHS IS
xoM BunpoOyBanHs 3rigHo 3 JCTY EN SO 9239-1
(3[;

— BU3HAYUTH ITOBTOPIOBAHICTH PE3yNbTATiB BH-
npoOyBaHb, OTPUMAHUX 13 3aCTOCYBaHHSM CTBOPEHOTO
o0aHaHH, ¥ OLIHUTH 11 BIAMOBIAHICTE JaHUM, HaBe-
neanM B Tabimni B JICTY EN 1SO 9239-1 [3];

— y3araJlbHUTH Ta CUCTEMAaTU3yBaTH OTPHUMaHi
eKCIIEPUMEHTAJIbHI JaHl Ta BHSBUTH 3aKOHOMIPHOCTI
I110J10 TAPaMETPIB MTPOLIECY MOLUIMPIOBAHHSI TOJIYM s 110
NOBEPXHI TOKPUTTIB ISl MiJJIOT B yMOBax BILUIMBY
JoKepelia TEMI0BOTO BUIPOMIHIOBaHHS.

BuxJiag ocHOBHOr0 MaTepiany

CyTHICTP METOHYy CKCIEePUMEHTAIBHUX  JO0-
CIIDKEHb TIOJSTa€ y BHUSABJICHHI 3aKOHOMIpHOCTEH
3MIiHM HapaMeTpiB MPOLECY NOIIMPIOBAHHS IOIYM s
IO TIOBEPXHI MOKPUTTIB JUIS TiIOT B YMOBAX BIUTHBY
JDKepesa TEIUIOBOTO BHIIPOMIHIOBAHHS, a TAKOXK BH3Ha-
YEHHsI BJIaCTHBOCTEH 32 MOKa3HUKOM IOIIMPIOBAHHSI 10-
JyM’sl IOKPHUTTIB AJIsl TIJUIOT, IO HIMPOKO 3aCTOCOBY-
I0Th MiJ1 Yac OyAiBHUIITBA.

ExcriepuMeHTaNbHI TOCIIKEHHST TIPOBOJSTH 3a
TaKMX yMOB OTOYYIOUOTO CEPE/IOBUINA B IPUMIILEHHI,
B SIKOMY BCTQHOBJICHO BUIIPOOyBabHe 00JIaIHAHHS:

— Temrieparypa mositps: Big 10 °C go 30 °C;

— BiIHOCHA BOJIOTicTh MOBITPs: Bix 40 % mo 80 %;

— atMocdepuuii Trck Bin 84,0 kIla no 106,7 kI1a.

Jnst  mpoBeneHHS — eKCIIEPUMEHTaNbHUX  JI0-
CITIIDKEHBb 3aCTOCOBYIOTh BHITPOOYBalbHE 00JIaJHAHHS
[19, 20], cTBOpeHe BIAMOBIAHO 1O  BHUMOT
JCTY EN IS0 9239-1 [3], Ta 3aco0u BUMIpIOBaIbHOT

TEXHIKH, XapaKTePUCTHKH SIKUX HaBeleHo B Tabu. 1.
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Tabmums 1
XapaKkTepHCTHUKH 3aC001B BUMIPIOBAIbHOI TEXHIKH
HaiiMmenyBaHHs 3aBOICHKHIA
3BT HOMEp niana3zoH xiac ToyHocti 3BT, HeBH3HaYeHICTD /
BHMIipIOBaHHS TOXHOKa
Iadopmanitino- 0/H peecTpartist TeMrepaTypu
BHMIiprOBaJIbHA Big 0 °C go 1200 °C U=0,14°C/A=%+0,35%
crucrema « TepMOKOHTY
AHemomMmeTp 990 BHMIipIOBAHHSI MBUIKOCTI BITPY
uudpoBuii Bix 0,3 m/c mo 45 m/c U=0,82m/c/A=+02wm/c
AR856
Bapometp-anepoin 716 BUMIpIOBaHHS aTMOC(EPHOTO THCKY
Mé67 Big 610 MM pT. CT. U=0,6 MM pt. cT./ A=+ 1 MM pT. CT.
J10 790 MM pT. CT.
Jliniiika 45 BUMIpIOBaHHS JIIHIHHUX PO3MIpiB
BHUMIpIOBaJlbHA MeETa- Big 0 o 1000 MM 2 Kj1ac TOYHOCTI;
JICBa U=0,598mMm/A==1,0 MM
[eperBoproBaui o0/H BHMIpIOBAHHS TEMIIEPATYPH
TEPMOECIICKTPUIHI Bix 0 mo 333 °C; U=15°C/A=+2,5°C
TXA Bin 334 °C no 1200 °C U =3,08 °C / A =+ 0,0075 Ty °C
Cexynnomip COC 4693 BHMIPIOBAaHHS Yacy
mp 25-2-010 Big 0 mo 3600 c; 2 KJ1ac TOYHOCTI;
Big 0 1o 60 c; U=0,24c/A=+(0,4-tBuM / 60) ¢
oipme 60 ¢ A=%(0,4+1,5-(tBUM -60)/3540) ¢
Tepmorirpometp 45038120 BHMIpIOBAHHS TEMIIEPATYPH Ta BOJOTOCTI
“Testo” 608-H1 Big 0 mo 50 °C U=04°C/A=%0,5°C
Bix 2 % 1o 98 % U=12%/A=%+3%
ITanreHIUPKYITH 16128265 BHMIpIOBAHHS TOBIIMHH
IIITIIIT-1-150-0,005 Big 0 mo 150 mm | U=0,00697 mm / A =+ 0,005 mm

CrBopere «OOnamHaHHA Ui BHU3HAYCHHS IIO-
BEIIHKH MOKPHUTTIB JUIA ITi [UTOT ITiJT Yac TOPiHHS 3 BUKO-
PUCTaHHSIM JDKepelia TEIIOBOTO BHIIPOMIHIOBAHHSD
MpU3HAYCHE U BUNPOOYBaHb 3pa3KiB MOKPHUTTIB IS
MJIOT yCiX THIIIB, HATIPHUKIIAA TEKCTUIHHUX KUIUMIB,
KWJIMMIB, BUTOTOBIICHUX 13 KOPKH, JICPEBUHH, TYMHU Ta
[UIACTMAC, a TaKOX 30BHIMIHIX MIAPiB  METOAOM
OLIIHIOBAHHS TIOBEMIHKH IIiJ| 4ac TOpPiHHS B YMOBaXx,
KOJIM TIOIIMPIOBAHHIO TIOJYM’sl 3aBa)kae IOBITPSHUH
MOTIK, & TAKOX MONIMPIOBAHHS TOJyM’ss TOPH30H-
TaJbLHO 3MOHTOBAHMMH ITiJJIOTAMM, IO 3a3HAIOTh

BIUIMBY T'pajlieHTa MIUIBHOCTI TEIJIOBOTO IIOTOKY y BH-
poOyBaNbHi KaMepi MiJT Yac 3araxtoBaHHs IMOTyM SIM
BiJl MabHUKA JUTS 3aaJIFOBaHH; 32 TIOTPEOH, Ha IIbOMY
o0agHaHHI MOKe OYTH IPOBEICHE OIIHFOBAHHS TMO-
YTBOPEHHS MMOKPHUTTIB JUIS IIJJIOT B YMOBaX BOTHEBOTO
BIUIUBY.

CxeMy BHNPOOYBaJbHOTO 00JaJHAHHS HAaBEJICHO
Ha puc. 1.

3araJibHUM BUIIISL CTBOPEHOTO BUITPOOYBAIEHOTO
o0JiaIHaHHS HaBeJIEHO Ha pHC. 2.



The scientific heritage No 175 (2025)

85

7
11 10 {\ 9

~

=

fﬁ] —12
)

Ly

1 - sunpobysanvha kamepa, 2 — ympumyeay 3paska pazoMm 3i 3pa3KoM HA 3CYy6Hil niamgopmi;
3 — nanvhux 0N 3ananosanist 3paska; 4 — padiayitina 2a3068a naneiv, 5 — wWKaia;
6 — 6ioKkuoni dsepysima, 7 — eumsisicHuil 30um; 8 — eumsiicna mpyoa sunpo0y8aivbHoi Kamepu,
9 — sumsicnuil mpyoonpogio cucmemu 8i0gedeHHs. Oumosux 2aszis;, 10 — mepmonapu;
11 — cucmema ons 6umiproganms onmuunoi eyemunu oumy, 12 — padiayivinuti nipomemp
Puc. 1. Cxema sunpobysanvrnoeo 0b61a0HanHs1

Puc. 2. 3acanvuuii suenso sunpobdyeanvio2o 0o1aoHanHs

s BU3HA4UCHHS HOBTOPIOBAHOCTI pe3yNbTATIB
BUIIPOOYBaHb, OTPUMYBAHHUX i3 3aCTOCYBaHHSIM CTBO-
peHoro 06afHaHHsI 32 CTAHAAPTHOIO MTPOLIEAYPOIO BH-
npoOyBaHHS, BCTaHOBJIEHOIO m 8.2
JACTY EN IS0 9239-1 [3], npoBoasTs BUIPOOYBaHHS

MOKPUTTIB JUIA HiAJOT II'SITH THIIIB, BHOPAHUX 13 THX,
oo HaBedeHI B TaOm. 2 (msg Tabiuims BiamoBimae
tabn. B.1 JICTY EN 1SO 9239-1 [3], sky miarotos-
JEHO y  mpoueci  po3poONSHHA ~ CTaHIApTy
EN ISO 9239-1:2010 3a pesynbraTaMu IpOBEICHHS
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MiXJTabopaTopHuX BUIPOOyBaHb 10 TOKPUTTIB st
MiUTOT, B IKOMY Opaiyii ydacTh 13 maGopartopiii).

Tabmurs 2
PesysnpraTn Mixki1abopaTopHUX BUIPOOYBaHb
THI NOKPUTTS AJIS HiIOTH [lineHiCTEL [ToBTOpIOBAHICTH BinTBoproBaHicTh
TEILUIOBOTO
MOTOKY
HF-30 cragnaptamii | 100S/m? | cranmaptauii | 100Sz/m
Bimxun S BiIxXuin R

kBt/M? kB1/M? % kBt1/M? %
JlepeBocTpyKKOBa IIINTA,
HeoOpoOJIeHa aHTUIIpeHAMH 44 01 34 06 126
bepesoBuii napket 7,8 1,6 19,9 19 247
[1BX, cymispHMHI BiHLI 10,7 0,2 2,3 0,6 5,6
I'yma 6,4 0,8 13,0 15 239
IMomiaMigHUA KAIIAM 38 04 105 08 213
(3 TEKCTHJIBHOIO OCHOBOIO)
TTomiaminHuii KWiUM (3 TEKCTUIBHOIO OC- 76 11 148 18 236
HOBOIO, 00p00JICHOI0 aHTHUITIPCHAMH) ’ ’ ' ' '
TTomiamigHUN KAJINM
(3 TaTEeKCHOI0 OCHOBOIO) 3.7 0.8 20.5 10 271
TToninpomiJicHOBUH KWJIHM 2,7 0,2 6,5 0,4 13,4
[MoninpomnineHOBU KUITUM
(3 TOITKOTIPOOHUBHOIO TIOBCTIO) 52 L1 214 2.4 41,2
KwmwM 3 mieperi / momiaminy (80/20) 7,8 0,8 10,0 1,5 18,9
&M — CTaTUCTUYHE CEPEJIHE |

JJ1st KOYKHOTO 3 I’ SITW BUOPAHUX 3 Ta0JI. 2 TOKPUT-
TIB JUIS T1JUIOT BUKOHYIOTB 1O I’ SITh TIOBTOPIOBAILHUX
BUMNpoOyBaHb. )1 KOXKHOTO 3 IIUX IT'ITH IOBTOPIOBA-
JBHUX BHUIPOOYBaHb 33 CTAHIAPTHOIO MPOLEAYPOIO,
noganoro B 1. 8.2 JICTY EN 1SO 9239-1 [3], npoBo-
JITh BUNPOOYBAaHHs TPHOX OJHAKOBUX 3pa3KiB 3a OJI-
HAaKOBOT'O OPi€HTYBaHHs (7151 EPIIOTO 3 I’ ITH NOBTO-
PIOBaJIbHUX BHIPOOYBaHb 1€ HPOBOISATH BHIIPOOY-
BaHHS OJHOTO 3pa3Ka 3a IHIIOrO OpiEHTYBaHHS), 3a
pe3yNbTaTaMM SIKMX BU3HA4YarOTh TPH 3HAYECHHS Iijb-
Hocri Temosoro notoky HF-30 (kBt/m?), sy crpuii-
Ma€ 3pa30K MOKPHUTTS y TOYI HAHAAJIBIIOrO MOIIN-
PEHHSI TIOJIyM’sl, III0 CIIOCTEPIraeThCs BIIPOJIOBXK IIEp-
mux 30 xB BuIpoOyBaHHs. P03paxoByIOTh cepeiaHe
3HAYCHHS IMIJIBHOCTI TemoBoro moroky HF-30 mis
IIUX TPbOX 3Pa3KiB 32 OJHAKOBOI'O OPI€HTYBaHHS, SIKE
NPUIMaIOTh 3a Pe3yJIbTaT OJHOTO 3 I’SITH [TOBTOPIOBA-
JBHUX BUNPOOYBaHb. /|71 KOXKHOTO 3 I’ SITH 00paHuX 3
TabJ1. 2 MOKPUTTIB TS MIJIOT 38 CTAHIAPTHOIO MPOIIe-
nypoto, moganoro B 1. 8.2 JICTY EN 1SO 9239-1 [3],
BUTIPOOOBYIOTH 16 3paskiB i Il T’ SITH TIOBTOPIOBAITB-
HUX BHIIPOOyBaHb BHM3HAYAIOTH CEPEAHI 3HAYCHHS
migpHOCTI TemoBoro motoky (HF-30)1, (HF-30)z,
(HF-30)3, (HF-30)4, (HF-30)s. st KOXHOTO 3 I’SATH
oOpaHux 3 TabJI. 2 MOKPUTTIB IS MiAJIOT 32 (OPMYJIIOI0
(1) oGumnCITIOIOTE CepeaHI0 BETHMYUHY IIIIFHOCTI Tell-
noBoro notoky (HF-30)ave (kB1/M?) i 32 popmymnoro (2)
BHU3HAYAIOTh CTaHIAPTHUH (CepeaHe KBaJAPaTHIHHN)
BiAXWI Sneasur

(HF-30)ae = ((HF-30), + (HF-30); + (HF-30)s +
(HF-30)4 + (HF-30)5)/5 (1)

(2

measur

1 & —\2
ZJEE(M—Y) ;

ne: Y, — cepelHe 3HaYECHHS MUILHOCTI TEIIOBOTO

motoky HF-30 mist meBHOTO BHIIPOOYBaHHS;
Y — cepenns BeNMYMHA IIIILHOCTI TEMIOBOTO MO~

ToKy (HF-30)ave;
N — KUIBKICTh BUIIPOOyBaHb, N = 5.

OTpuMaHi il KOXKHOTO 3 II’SITW TIOKPUTTIB 3Ha-
yeHHsI 100Sneasu/(HF-30)ave MOPiBHIOIOTH 3 BEIHYH-
namu 100S/m, naBeneHumMu B Tabm. 2. Y pasi, SKimio
100Smezsur/ (HF-30)ave He mepeBuinye 100S/m, BBaxa-
10Th, 110 TIOBTOPIOBAHICTh PE3yJIbTaTiB BUIPOOYBaHb,
OTPUMYBAHHX 13 3aCTOCYBAaHHSIM CTBOPEHOro 00Jaj-
HAHHS, 3a70BUILHO BIAMOBIJA€ AaHUM, HAaBEICHHM B
tabn. B.1 JICTY EN 1SO 9239-1 [3]. V¥V pas3i, skmio
100Smeasur/ (HF-30)ave mepesumye 100S/m we Ginbine
HDK y J[Ba pa3H, If0 BiIMOBIHICTh BBAXKAIOTH CYMHIB-
Hoto. Y pasi, skimo 100 Sneasu/(HF-30)ave mepesumrye
100S/m GinbIne HiX y JBa pa3H, BBAXKAIOTh, 1110 [IOBTO-
PIOBaHICTb pe3yJIbTaTiB BUIIPOOYBaHb, OTPUMYBAHHX i3
3aCTOCYBaHHSIM CTBOPEHOTO OOJaTHAHHS, HE BiJIOBI-
nae JIaHUM, HaBeJICHUM B Tabi. B.1
JOCTY EN ISO 9239-1 [3].

J11s1 KOXKHOTO 3 IT’ITH 00paHuX 3 TalJl. 2 TIOKPHUT-
TIB JUIA MIJUIOT 3IIHCHIOIOTH IOPIBHSHHS 3HAYCHHS
(HF-30)ave 3 cepenHe cTaTUCTHYHOK BeaUunuHOK HF-
30, oTpuMaHOIO i Yac MXKIa00paTOPHOTO BUTIPOOY-
BaHHS 1 HaBEJEHOIO B Ta0. 2. J[ns mux MOKPUTTIB 3a
(dhopmyoro (3. 00YHCITIOIOTh 3HAUEHHS Z-TTIOKa3HUKA.

z = ((HF-30)ae — HF-30)/S%, 3)
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ne HF-30 i S — 3HayenHs, nmogadi B Tabu. 2 s
MICBHOT'O THITY TOKPHUTTSL.

3riguo 3 m. 4.1.1 ICTY EN ISO/IEC 17043 [21]
3aJJOBUIHIM BBa)KalOTh Pe3YJIbTaT IMOPIBHSHHS, SKIIO
[z| € Mentmm 2. Skuio 3HaYCHHS || 3HAXOAUTHCS B Me-
Kax Big 2 10 3, pe3yibTaT BBaKAOTh CyMHIBHHM, a
AKIIO Olnble 3 — He3a0BUTLHUM.

V pasi OTprMaHHS HE3aI0BUILHUX Pe3yJIbTATIB, He-
00Xi/THO 3BEpHYTH yBary Ha:

— OIHOPIJHICTE 3pa3Ka Ta MpoIexypy Horo miaro-
TOBKH;

— KOMIIETEHTHICTh MIEPCOHAIY;

— YMOBH IIPOBEJCHHS BUNIPOOYBaHHS;

— CIIpaBHICTH OOJNATHAHHS, TOCTOBIPHICTh JaHUX
111010 Horo KaxiopyBaHHS.

[Ticns BUSBICHHS HEBiANMOBIIHOCTEH HEOOXiTHO
MPOBECTH IX YCYHEHHsI Ta IPOBECTH IOBTOPHI BUIIPO-
OyBaHHS.

Jnst BU3HA4YCHHS TMOBTOPIOBAHOCTI DPE3yJIbTATIB
BUIPOOYBaHb, OTPUMYBAHUX 13 3aCTOCYBaHHSM CTBO-
peHoro o0JaHaHHS, a TAKOX MOPIBHAHHI OTPHUMAaHHUX
pe3ynbTATIB 3 JaHUMH MDKIa0OPAaTOPHUX BHUIIPOOY-
BaHb, mojmanumu B Tabn. B.1 JCTY EN ISO 9239-1
[3], MOXyTh BUKOPHCTOBYBAaTHChH THITH IOKPUTTIB LIS
MIAJIOT, IO MIUPOKO 3aCTOCOBYIOTH IIifl Yac OyAiBHHUII-
TBa. JI71s1 OLIHIOBAHHS BJIACTHBOCTEH IIMPOKO 3aCTOCO-
BHUX MOKPHUTTIB IS MI[UIOT, SKIIO 1X THIT BiAPIi3HS-
€ThCS BiJ THITIB, IOJaHUX B Ta0JI. 2, HEOOX1THO IIPOBO-
JUTH  BU3HAYallbHI ~ BUNPOOYBaHHS  3rimHO 3
JCTY EN IS0 9239-1 [3].

[ig wac y3arajdbHEHHsS Ta CHCTEMAaTH3aIlil OTPH-
MaHUX €KCHEPHUMEHTAIBHUX IaHUX 1 BUSBICHHS 3aKO-
HOMIpHOCTEH IIOMO TapaMeTpiB mpolecy IMOIIN-
PIOBAaHHS MTOJyM s TIO TIOBEPXHI MOKPUTTIB AJIS MiIJIOT
B yMOBax BIUIMBY JUKEpela TEIUIOBOTO  BH-
npomintoBanHs 3rigHo 3 JJICTY EN 1SO 9239-1 [3] Bu-
KOPHCTOBYIOTh ~ pE3YyJbTaTH IIPOBEIEHHX MOBTO-
pIOBaJIbHUX BHUNPOOYBaHb 1 BH3HAYAJILHUX BHIPOOY-
BaHb, Yy pa3i iXHbOIO TIPOBE/EHHs. Bu3Ha4alOTH
3aJIKHOCTI LIIIHOCTI TEIUIOBOTO MOTOKY, IKY CIPHIi-
MalTh IOKPUTTS Y TOYL[ HAHJaJbIIOro MOLIMPEHHS
MOJIyM 51, Bil TPUBAJIOCTI TETJIOBOTO BIUIMBY B yMOBAX,
BcranoBienux y JICTY EN 1SO 9239-1 [3].

BucHoBku

TaxkuMm 4MHOM, ITPEACTAaBIICHA METOINKA EKCIIEPH-
MEHTaJIbHHX JIOCHIPKEeHb BIACTHBOCTEH IIOKPUTTIB 1S
MIJUTOT 33 TIOKa3HUKOM IOJI0 MOLIMPIOBAHHS TTOJIyM st
Jla€ 3MOTY TIPOBECTH BepH(DIKAIi0 METOIy BUIIPOOY-
BaHb MMOKPUTTIB JJIs1 I1JUIOT Ha MOIIMPIOBAHHS HOIYM s
B yMOBax BIUIMBY JUKEpela TEIIOBOTO  BH-
npominroBanss 3rigHo 3 JCTY EN SO 9239-1 [3] ta,
MIPOBIBIIN OIIHIOBAHHS OKPEMUX THITIB TOKPUTTIB JIJIs
MiJJIOT, MO0 IIHUPOKO 3aCTOCOBYIOTH MiJl 4ac OyiB-
HUIITBA, BUSIBUTH 3aKOHOMIPHOCTI 3MiHH TapaMeTpiB
NpoLeCy MOIIMPIOBAHHSA MOJYM’sl MO TOBEPXHI IO-
KPHTTIB ISl TiJUIOT B yMOBAaX BIUIMBY JKepelia TeIIo-
BOT'O BUITPOMIHIOBaHHSI.

Y nopaneumioMy —rnependadaeTbes — NPOBECTH
OLIIHIOBaHHS OTPUMAaHUX pe3yJbTaTiB EKCIEePUMEH-
TaJIbHAX JOCII/KEeHb, POBEJICHUX BIJIIOBIJHO 10 3a-
MPOMOHOBAaHOI METOAMKH, 110 OyAe IpeaMeToM
HaCTymHOI po0oTH.

OTpuMaHi pe3ynbTaTH, K OAWH 13 KPOKiB JI0 rap-
MOHi3allii €BpOTNEHChKUX MiIXoniB y cdepi 3abe3me-
YeHHS TOXKEKHOI O€3NeKH, MaloTh CTaTH IMiATPYHTAM
JI0 po3pobIIeHHs poro3uMiii moxo 3MiH y JIbH B.1.1-
7 [1] B yacTuHI 3aCTOCYBaHHS MOKPUTTIB AJIS MiJIOT HA
[UIAXaX eBaKyarlii.
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