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MEXAHI3M YTBOPEHHA PO3ILIAPYBAHHA Y
TEKCTOJIITOBUX CTPUKHAX

Hecin BiTaaiit BoionmmupoBuy,

MIPOBITHUM HAYKOBUH CITIBPOOITHUK,

YKpaiHCbKui HAyKOBO-JIOCTIHUN IHCTUTYT CIICIiaIbHOT TEXHIKH
Ta cynoBux ekcreptus Ciryxom Oe3nekn Ykpainu

Jlexknin KocrsauTun BosioanmupoBuy,

HavyaJbHUK BIJUILTY,

VYkpaiHChbKUN HAYKOBO-AOCTIAHUI ITHCTUTYT CIELIaIbHOT TEXHIKU
Ta cynoBux excreptus Ciyx6u 0e3neku Ykpainu

Maerauin Muxainio Iroposuy,

CTapIlIMii HAYKOBUH CIIBPOOITHHK,

VYkpaiHChbKUN HAYKOBO-AOCTIAHUI ITHCTUTYT CIELIAbHOT TEXHIKU
Ta cynoBux ekcreptus Ciyx6u 0e3neku Ykpainu

Jlaxtagup Cepriii JleoninoBuy,

CTapIIMii HAYyKOBUHN CIIBPOOITHHK,

VYkpaiHChbKUN HAYKOBO-AOCTIAHUI ITHCTUTYT CIELIaIbHOT TEXHIKU
Ta cynoBux ekcreptus Ciyx6u 0e3neku Ykpainu

[Ilapy 6aBOBHSHOI TKAHWHU IPOCOUYYIOTHCS TEPMOPEAKTUBHUM MOJIMEPOM MpHU
BUT'OTOBJIEHHI TEKCTOJITY. B mpoieci HamoTyBaHHs [1] abo popmyBaHHS BaluKamu 3
JIUCTOBOI 3aroTOBKM [2] MOBEPXHI OKPEMHX MPOCOYEHHUX IIAPIB MOXYTh BTPATHTH
AKTUBHICTh JI0 B3a€MOJIi 4epe3 aacopOLil0 Tra3onoAiOHMX KOMIIOHEHTIB IMOBITPS
(kuCcHIO uM a30Ty) a00 ApiOHUX TBEPAMX YACTOK (Muiy), Toulo. [Ipu HaMoTyBaHHI 4K
MPECYBaHHI BaJIMKaMU OKpEMI LIApU BTPATATh CXWJIBHICTH 0 B3aeMOJli. MOXYTb
YTBOPHUTHCS HECIUIABIIEHHS MK LIApAMH.

3anava nociaiazKeHHs

3amayer0 HayKoBOi pOOOTHM € BH3HAYEHHS MOXJIMBHX IMPUYUH Ta MEXaHI3My
YTBOPEHHSI PO3IIAPYBaHb B CTPYKTYP1 TEKCTOITOBUX CTPHIKHIB MAJIOTo JliaMeTpy (110
10 mm).

OcHOBHA YacTHHA

Ax B mporeci popMyBaHHS TEKCTOJITOBOTO CTPWIKHS HAMOTYBAHHSM TaK 1 TIPH
dbopMyBaHHI CTPHXKHS TIPECYBAHHSIM TMapajeibHUX IMapiB (QITypHUMHU BaJUKaAMU,
B3a€EMO/JIISI MDXK IIapaMu 1 YTBOPEHHS CYIIBHOIO TEKCTONITY MOKJIMBE 32 YMOBHU
JOCTaTHbOI AKTMBHOCTI MOBEPXOHb CYCINHIX MIapiB. BIACYTHICTh 3’€qHAHHS MIiX
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0aBOBHSHUMH MTPOCOYCHUMHU MOJIIMEpPaMU IapaMu MPU3BOJNUTH 0 HECIUIABICHHS Ta
TPOSIBIISIETHCSI PU SKCIUTyaTAaIlil y BUTIISAII po3IIapyBaHHSI.

TepMopeakTHBHUIA MOJIIMEp, IO MPOCOUye 0ABOBHSHY OCHOBY KOXKHOTO IIapy, i
30KpeMa HOTO TIIOBEPXHS, BTpavya€ AaKTHUBHICTh B pe3yJbTaTi OXOJIO/DKEHHS U
nommepuzamnii. IlogiMep MOBTOPHO J0 aKTUBHOIO CTaHy HarpiBaHHSAM HE
MOBEPTAETHCS. Ba)IJIMBO BUTpUMATH OallaHC TEMIIEPATYPH 1 9acy MixK IPOCOIYBAHHIM

OCHOBH IIapy 1 HOT0 3’€THAHHS 3 IHIIMMH IIapaMu B IIPOIIEC] BAPOOHUIITBA TEKCTOMITY
(Puc 1.).

Q000000
0000000

S~

1 2 3
Puc. 1. Cxema ¢popMyBaHHS 3’€THaHHS MIXK IIapaMu 0aBOBHH, MPOCOYEHOT
TEPMOAKTUBHUM TOJTIMEPOM
1 Ta 2 — mpoliec MPUTUCKAHHS MIAP1B 3 AKTUBOBAHUMH MMOBEPXHIMH,
3 — YTBOpEHHS CYyIIIbHOrOMaTepiay
Jlxepeno pucyHKa: TOCHIJKEHHS aBTOPIB Ta 3a Matepianamu [1, 2, 3].

KomnoneHnTu armocdepu, 30KkpemMa a30T, MOXKE HACUTHUTH IOBEPXHIO IIapy,
3MEHIIUBIIN 1i aKTUBHICTh B Harpitomy ctaHi. Kucenb 37aTHUNA YTBOPUTU OKCUIHY
IUTIBKY, sIKa YHEMOXJIMBUTH 3’€QHAHHA apiB. 3a0pyaHEHHs poOoudoi atMochepu
MUAJIOM TEX MPU3BOAUTH 0 3arajbHOr0 ab0 JIOKAJIBHOTO MPUTHIYEHHSI aKTUBHOCTI
HarpiTHX 1apis, WO 3’€aHy0Thes (Puc. 2.).

0 MU = N,
§ teme ]
[©CO00000, == (O00O0000; == [OOO0OO000;
T felelelst
0, MU N
a) 0)

Puc. 2. Cxema 3HMKEHHS TOBEPXHEBOI aKTUBHOCTI JIO B3a€MO/I1 1apy OaBOBHH,
MPOCOYEHOT TEPMOAKTUBHUM MOJIMEPOM
a) 1Iap 3 aKTUBHOIO MTOBEPXHEI0; 0) 1Iap 31 3MEHIIICHOIO TOBEPXHEBOIO AKTUBHICTIO
Jlxepeno pucyHka: J0CIIPKEHHS aBTOPIB.

3a CX0XO0I0 CXEMOIO B1I0YBA€ETHCS MPUTHIYCHHS aKTHBHOCTI TTOBEPXHI MIAPiB MPH
BUPOOHMIITBI TEKCTOJIITY OPTaHIYHUMH 3a0pyAHEHHSIMH, BOJIOTOI0 a00 1HIIIUM P1IKUM
KOMITOHEHTOM.
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[lepenona 3’eqHaHHs MmapiB y BUIISLAL OyAb-sKOI ra3oBOi, PiIKOi 4M TBEPAOL
KOMIIOHEHTH TPU3BOJUTH JI0 HECTUIABICHHS (IJIOCKOTO JNeeKTy) YU po3lIapyBaHHS
(nopoxkxuuHHOrO Jnedexty B Tekcromiti). Cxema (opMyBaHHS HECIUIABIICHHS
npeacTaBieHa Ha Puc. 3.

S8500 ARAARRRAR
COOLLOL — ©0000C0 _, COG0000

K’%ﬂ?ﬁ?ﬁ? THHATIET
1 2 3
Puc. 3. Cxema ¢popMyBaHHS HECIUIABJICHHS MIXK IIapaMHi 0aBOBHU, TPOCOUYECHOI
TEPMOAKTUBHUM TOJTIMEPOM
1 Ta 2 — mpoliec MPUTUCKAHHS MIAPIB 3 JI€3aKTUBOBAHUMHU MOBEPXHSIMU,
3 — yTBOpEHHs Matepiaity 3 CYIIJIbHUM a00 JOKAIbHUM PO3IIapyBaHHSIM
JIxepeno pucyHKa: TOCHIJKEHHS aBTOPIB.

BucnoBok

B cTpyKTypi TEKCTOTITOBUX CTPUXKHIB, SIK 1 B CTPYKTYpP1 TEKCTOIITOBUX TUIACTHH,
OCHOBHOIO TIPUYHMHOIO YTBOPCHHSI pPO3IIApyBaHb € JE3aKTUBAIlisl ITOBEPXOHb
0aBOBHSHUX IIapiB, MPOCOYCHUX TEPMOAKTUBHUM TOJIMEPOM, B MOMEHT CTHCKAHHS
(bopmyBaHHsI) OaraToapoBoro MarTepiany.
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APXITEKTYPA 3 HYJIbOBUM PIBHEM BUKHUAIB (NET
ZERO BUILDINGS): BUKJIUKU TA IEPCIIEKTUBHA
BITPOBAIZKEHHSA

Bacuaumun B.S1.

KaH/.TeXH.HayK, JOICHT

IBaHO-®paHKIBCHKUN HAIIOHATFHUN TEXHIYHUNA YHIBEPCUTET HAPTH 1 razy
VYkpaina, IBano-dpankiBcbk

Bacuanmun 1O.B.
IBano-DpaHKiBChKUIT HAITIOHAIBHUM TEXHIYHUHN YHIBEPCUTET HapTH 1 razy
VYkpaina, [Bano-®paHKiBCbK

BCTYI1

ByniBenbHUN CEKTOp € OAHUM 13 HAHUOUIBIIMX CIOKMBA4lB €HEPrii Ta JKepen
BUKUJIB TAapHUKOBUX ra3iB y CBITI. 3a AaHUMU MDKHApOAHOTO E€HEPreTUYHOIrO
arerrctBa (IEA), Ha cTazaito OyIIBHUIITBA Ta €KCILTyaTallll0 CIIOPYJ IPUMAJa€ MaiKe
40% rnobGanpHux BukuaiB Byrienoo (CO,). B ymoBax cTpiMKOi 3MiHM KJIMaTy Ta
MOTJIMOJICHHS TJI00aJIbHOT €HEPTreTUYHOT KPU3H TPAJAUIIINHI MIIX0IN 10 MPOEKTYBaHHS
CTaIOTh €KOJIOTTYHO 1 EKOHOMIYHO HenpuiHATHUMU. KoHI1iemnitis 6y niBesnb 13 HyJIbOBUM
piBaem BukuaiB (Net Zero Buildings, a6o NZB) neperBopuiacs 3
€KCIIEPUMEHTAJILHOTO apXITEKTYpHOTO HAmpsiMy Ha KIIOUYOBUWA HOPMATHUBHUN Ta
€TUYHUHN CTaHJIapT Cy4aCHOTO 30/14ECTBA.

Jns Ykpainu rnieit BeKTop Mae mo ipifiHe 3HaueHHs. OKpiM He0OX1JHOCTI IHTeTpalii
70 €Bporeickkoro exojioriunoro npoctopy (European Green Deal) Ta BHUKOHaHHS
MDKHApOJHUX KJIIMAaTUUYHUX 3000B'sA3aHb, KpaiHa TOCTajga mepen MpoOJeMoro
MacimTadHOI TMOBOEHHOI BiIOYJOBM KHUTJIOBOTO Ta TpOMaaAChKoro (Qoumy.
BigHOBIIEHHA MICT 3a 3acTaplIiMH €HEPrOBUTPATHUMM TEXHOJIOTISIMA O3HA4YaTUMeE
KOHCEpBAIlIl0 €KOHOMIYHOI BIJICTAJIOCTI Ha MECATWIITTA Brepea. BrpoBakeHHs
npuHIMniB Net Zero € cTpaTeriyHMM IHCTPYMEHTOM 3a0e3NedYeHHs] €HepreTUYHOI
HE3aJIe)KHOCTI, HAIIOHAJIIBHOI OE3MEKU Ta CTBOPEHHS BHUCOKOSKICHOTO, 370POBOTO
CEPEeIOBUIIA IS KUTTEAISUIBHOCTI JTIOUHU.

MeToo 1MX pO3MIMPEHUX Te3 € CUCTEMHHM aHalli3 METOJOJIOTIYHUX 3acaj
MPOEKTYBaHHS OyAiBENb 13 HYJIHOBUM OaTaHCOM BUKHIIB, 1IEHTUDIKAIIST KPUTUIHHX
BUKJIMKIB (TEXHOJOTIYHUX, EKOHOMIYHUX, MEHTAIBHIX ) HA NUISIXY 1X BIIPOBA/KCHHS B
VYkpaini, a TaKoX OKpECJIEHHS TMEpCIeKTHB Ta apXITeKTYpPHO-TUIAHYBaJIbHUX
THCTPYMEHTIB JIJI1 MACOBOTO TIEPEXOAY J0 CTAjoro OyAiBHUIITBA.

KOHIENITYAJTBHUM BA3UC TA KIACH®IKAIISI NET ZERO
KOHIIEIIIIA

B apxitektypHiii Haymi Ta mnpaktuii TepMmiH «Net Zero» Mae Kiabka
B3a€EMOIMNOB'SI3aHUX  A€(IHILIA, IO BIAPIZHIIOTECS METOIOJOTIEI0 MiAPAXYHKY
€HEPreTUYHOro Ta €KOJIOriYHOro OanaHcy. OCHOBHUM KpPUTEPIEM € JIOCATHEHHS

10
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pPIBHOBarn MiXK CIIOKHTOIO OYIIBJIICIO EHEPri€l0 Ta EHEPTi€l0, 3reHEePOBAHOK 3
BimHOBMoOBaHuX xepen (BJIE) 6e3nocepennbo Ha auisaHI abo 3a ii MexaMu 3a
NIEBHUI YaCOBUM MPOMIXKOK (3a3BUYai 32 OUH PIK).

CyuacHa kimacudikaliisi BUAIs€ YOTUPU OCHOBHI PiBHI peaiizarii 1€ KOHIIeMIIIi:

* Net Zero Energy (HyaboBuii eHepreTuyHuii 0ajsanc): OyniBis BUPOOJsie
CTIJIBKH K BIJTHOBJIIOBAHO1 €HEPrii, CKUIBKU CIIOYKHBAE 3a PiK EKCILTyaTallli.

* Net Zero Carbon (HyaboBuii ByrjieneBuil CJix eKcCILIyaTamii):
BUKOPHUCTAHHS €HEPTOHOCIIB, SIK1 HE PU3BOJIATH 1O BUKU/IIB MAPHUKOBUX ra3iB (TOBHA
B1JIMOBA Bi/I BUKOITHOTO MAJIUBAa Ha KOPUCTH JTokambHUX BJIE).

* Net Zero Site Energy: renepaiis eHeprii BiZOyBaeThCS CyBOPO B MeXkax
apxiTeKTypHOTO 00'ekTa (Haxu, dacamu, mpuiIeria JiIsTHKa).

* Life-Cycle Net Zero (IloBHM :)KUTTEBMIA HHUKJI): HANTPOTPECUBHIIIMMA TAX1,
AKUW BpaxoOBY€ HE JMIIE EKCIUTyaTallliiHl BUKUAM, ajle W «BTUICHUWA BYTJELb)
(Embodied Carbon) — ewmicito raziB mig 4yac BUJOOYTKY CHUPOBUHHU, BUPOOHHUIITBA
OyIiBEIbHUX MaTepiaiiB, iX TPAHCHOPTYBaHHS, MOHTaXY Ta MallOyTHBOT yTHIII3aIli
CHOPYIH.

MartematnyHo 3aranpHui OayiaHc emicii Byriemro aisi Oynaiini Net Zero 3a
xutTeBuit Uk (Ctotal) BupaxkaeTbest popMyIioro:

Ctotal = Cembodied ™ Coperational B Cavoided <0

ne Cembodied — BTizieHU# ByTielb Oy/1IBEIbHUX KOHCTPYKIIIH Ta CUCTEM;

Coperational — ekcruryartainiiHi BUKHIM 3a BECh Mepioj (PyHKLUIOHYBaHHS
cnopyau; Cavoided — oOcsr BUKU/IIB, YHUKHEHHUX 3aBJSKU I'€Hepalli Ha JIMIIKOBOI
YUCTOI eHeprii Ta ii mepeaadl y 3arajJbHOMICBKY MEPEXY.

APXITEKTYPHO-IIJIAHYBAJIBHITA TH>XXEHEPHI
IHCTPYMEHTHU ITPOEKTYBAHHSA

CrBopeHHst 00'exTiB Net Zero BUMarae KapAWHAJIbHOI 3MIHH aQJITOPUTMY
MPOEKTYBaHHS. APXITEKTOp O1IbIIIE HE MOXE CIIOYATKy CTBOPUTH JOBUIbHY (popmy, a
MOTIM Tepenatyd ii 1HKeHepaMm Il «HACHUYCHHS» KIIMAaTHYHUM OOJIaTHAHHSM.
JIOCATHEHHsI HYJIbOBOIO OajlaHCYy MOXJIMBE JIMIIE 32 YMOBHU IHTErpPOBaHOIO
npoektyBaHHs (Integrated Design Process), ne ¢opma, opieHTarlisi, KOHCTPYKIIii Ta
CUCTEMH PpO3pOOJISIIOTBCS  OJHOYAcHO 3a jgomomororo BIM-texnomoriii  Ta
IHCTPYMEHTIB TapaMEeTPUYHOTO MOJICTIOBAHHS 1HCOJIALIT i aepOTMHAMIKH.

ETanu ontumizaunii apxitTekTypHOro 06'ekra

Crpareris nocsirHeHHst Net Zero 6a3yeTbcsi Ha YITKIM 1€papXii MPOEKTHUX PIILIEHb,
BioMil gk «TpukyTHUK cTanoro npoektyBaHHs» (IlacuBHI MeTogu — AKTHBHI
cucteMu — BifHOBIIOBaHa TeHepalis).
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>85%); TeoTepMalibHI Ta MOBITPSIHI
TEIJIOBI HACOCH; IHTEIEKTyaJIbHI
LED-cuctemu oCBITIICHHS 3
TATIAKAMU
MIPUCYTHOCTI Ta MPUPOJIHOI
OCBITJICHOCTI; JWHAMIYHI aIalITUBHI
dacanu.

REALITIES
PiBennb APpXiTeKTYpHO-MicTOOYAIBHI 3ax0au| QuikyBaHu# eekT Ta
NPOEeKTYBAHHSA 3HAYEHHS
IlacuBHa OnTuManbpHa HIMPOTHA OPIE€HTAIS 3HMKeHHs 0a30BOTO
apxiTeKTypa CHoOpy I (MakcUMi3allis MBAESHHOTO | MOMUTY HA OMaJIEHHS Ta
CKJIIHHS); HaJIBUCOKHI pIBEHb OXOJIO/KEHHS Ha 60—
TEII0130JISII1T OTOPOKYBATLHUX 75%. Minimi3zaris
KOHCTPYKIII; JIKB1IaIlisl MICTKIB NOTpeOU B LITYYHOMY
XOJIOTy; BAKOPUCTAHHS TEPMIYHOT MIKpOKJIIMATI.
MacH CTiH JUI aKyMyJISLii Teria;
IIPUPOJIHE 3aTIHCHHS (TIEPToJIH,
3€JICH1 HacaJ[XKEHHS, BAHOCH JaXiB).
BucokoedexTuBHi MexaH14yHa BEHTUIIALIA 3 MakcuMalibHO
AKTHBHI CHCTEMM | peKyrepalli€ero Teria (€peKTUBHICTh edeKTUBHE

BUKOPHCTAHHSA 3aJIUILKY
HEOOX1IHOI CHEePTii.
ABTOMaTH30BaHE
KEpyBaHHS 4epes
cuctemu Smart House.

CUCTEMHU HAKOMUYEHHS €HEeprii

(aKyMYJIATOpPHI CTaHIII1).

InTerpoBana BIPV-texnomnorii (poToenekTpuyHi [Tokpurts 100%
BiIHOBJIIOBaHA MaHesl, IHTErpoBaHi B KOHCTPYKINT | 3aJIUIIKY €HEPreTUYHUX
reHepamis dacaziB Ta gaxiB); MIKpo- noTped
BITPOTEHEpATOPHU Ha MOKPiBIAX; | 00'ekta. [lepeTBopeHHs
KOJICKTOPU COHSTYHOTO HArpiBy BOJIH; OymiBmi 3

€HeprocrnoXxupaya Ha
MIKpPO-EJIEKTPOCTAHLIIO.

Oco0MByYy POJIb Y Cy4YacHiil MpakKTUIll BiAIrpa€ BUKOPUCTAHHS O10KJIIMATUYHOTO

MOTEHI[aTy TepUTOpii. ApXITeKTypHa (opMa OyaiBiIl MOJETIOETHCS TaKUM YUHOM,
1100 yJIOBIIOBATH MaHIBHI JITHI BITPH IS IPUPOTHOTO HACKPIZHOTO MPOBITPIOBAHHS,
aJyie BOJIHOYAC MPOTHAISTH 3UMOBUM TETIOBTpATaM 4epe3 XOJIOAH] TOBITPSHI TOTOKH.
dopMa cTae pe3ynbTaTOM KOMITPOMICY MIX aepOJAMHAMIKOIO Ta IUIOMICIO MOKPIBI,
MIPUJIATHOIO JIJI1 BCTAHOBJICHHS COHSYHMX MaHeneu[4,5].

KJ/IIOYOBI BUKJIIMKHU BIPOBA/I)KEHHAA KOHUENIII NET
ZERO

He3Baxatouu Ha 0Ou€BH/IHI €KOJIOT1YHI TIEPEBark, MACOBE MONTUPEHHS apXITEKTypH
3 HyJIbOBHM DiBHEM BMKHIB CTHKACTHCA 3 KOMIUIEKCOM CEpPHO3HHUX IIEPEIIKOJ. IX
MOKHa KJacM(DIKyBaTH Ha YOTHPU OJIOKU: TEXHOJIOTIYHI, (PiHAHCOBO-EKOHOMIYHI,
PEryJSTOPHI Ta COLIIOKYJIBTYPHI.

TexHosoriuni BUKJIUMKU. [OJOBHOIO MPOOJIEMOIO 3aJIUIIAETHCS  BHUCOKA
3aJIEKHICTh BIJIHOBIIIOBaHOI TeHepalli (COHIE, BIT€p) Bl MOTOAHUX YMOB Ta 4acy
n00u. ApXITEKTypHHUIA 00'€KT MOTpeOye MOTY>KHUX CUCTEM aKyMYJIIOBAHHS €HEPTi, sIK1
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Hapasi MaloTh BUCOKY BapTICTh Ta 0OMEKeHUH TepMiH ekciutyaraiii. Kpim toro, icHye
npoOjieMa «BTUICHOTO BYTJICIIO»: BUPOOHHUIITBO BHCOKOC()EKTUBHHX YTEILIIOBAYIB
(HampUKJIIaJl, EKCTPYI0BAHOTO MIHOMOJICTUPOIY) UM COHSIYHUX TaHesel caMmo 1o cobi
€ BYTJICIICBOEMHHUM, 110 YaCTKOBO HIBEJIIOE€ MaOyTHIN eKoJIOTTYHUN epeKT OymaiBIi.

dinancoBo-ekoHoMiuHi Oap'epu. I[loyaTkoBa BapTICTh NPOCKTYBaHHS Ta
oyniBauiTBa 00'exta Net Zero (CapEx) Ha 15-30% BuIa mOopiBHAHO 3 TPpAUIIHHUMU
OyniBmsimMu. B ymoBax nedinuTy JOBroCTpPOKOBOTO IMIJIBIOBOTO KPEAUTYBAHHS Ta
BHCOKOI BapTOCTI KamiTalxy B YKpaiHl JEBEJONepH 4YacTO HE TOTOBI WTHM Ha Taki
BUTpPATH, OPIEHTYIOUUCH Ha IIBUAKUN MPUOYTOK BiJ] MPOIAXy HEPYXOMOCTI, a HE Ha ii
JOBTOCTPOKOBY €KCILTyaTaliiHy oKynHicTh (OpEx).

PerysasiTopHi Ta HOpMaTHBHI HeJ0JiKU. YKpaiHChbKa HOpMaTUBHA 0aza y cdepi
apXITEKTYpH Ta MICTOOYyBaHHS X0 1 aJanTy€eThCA 10 €EBPONEUCHKUX BUMOT, BCE I1I€
Ma€ MpOTrajuHU MO0 CTUMYJroBaHHA Net Zero. Hampukian, 3aKOHOZABCTBO ITPO
«3eneHui Tapud» Ta po3MOJIUICHY TeHepallito MoTpedye CIPOIIEHHS JJIs IPUBATHUX
KOMEpIIMHUX Ta 0araTOKBApTUPHHUX >KUTJIOBUX OYIWHKIB, SIKI XOUyTh BiJIJIaBaTU
HAJUIMIIIOK €Heprii B Mepexy. BiACyTHI >KOPCTKI MOAATKOBI CaHKIIi 3a BUCOKUN
BYTJICLIEBUI clliji MaTepiams[7,8].

MNEPCIIEKTUBU PO3BUTKY TA CIIEHU®IKA BITPOBA/I’KEHHS B
YKPAIHI

[lepcnexkTuBH  apXiTEKTypu 3 HYJOBUM pIBHEM BHUKHAIB B  YKpaiHl
napajoKCalbHUM YWUHOM TOCHIIOIOTHCS (AaKTOPOM BOEHHUX pyHHYBaHb Ta
HEOOXI1THICTIO MMOBHOI MojiepHi3alii iHdpacTpykTypu. Ctpateris «Build Back Better»
(BinOyayBatu kpaiile, HDXK OyJI0) Ma€e CTaTH OCHOBHUM JIpaiBEpOM PO3BUTKY.
[loBo€eHHa PEKOHCTPYKIS BIJIKPUBAE YHIKAJbHE «BIKHO MOKIUBOCTEN» AJIs
CTBOPEHHS IJINX €Ko-paiioHiB Ta Net Zero KBapTaiB.

BaxxnmuBUM BEKTOPOM € BUKOPUCTAHHS JIOKATBHUX, BITHOBITIOBAHUX Oy TiBEITHHHIX
MarepiaidiB 3 HU3bKMM pIBHEM BTUIEHOTO BYIVIEHIO. 3aMiCThb TpPaJULIIMHOIO
3a711300€TOHY Ta LEMIH, BUPOOHUIITBO SKHUX CYIPOBOKYETHCS KOJOCATbHUMHU
BukmaamMu $CO 23, mepcneKTUBHUM € BIIPOBAKCHHS KOHCTPYKIIKA 13 MacHBHOI
nepesunu (CLT-maneni), konorederony (hempcrete), cOIOMSHUX €KO-TIaHENeH Ta
reomnoiiMepHoro 6erony. Ili maTepianu mMaroTh Bin'eMHMIA a00 HYJIBOBUM BYTJIEIIEBUN
CJI1JI, OCKUIBKH B TIPOIIECT POCTY POCIUHHA CUpOBUHA a0copOye ByTIIelb 13 aTMocdepu,
«KOHCEPBYIOUM» HOTO B Tl OyiBIIi.

[HIIIUM MEPCHEKTUBHUM HAIpPSIMOM € JeleHTpasi3allis Ta KOHIIEMIis «Oy1iBelb-
MIPOCKIOMEPIBY» (prosumer — BUPOOHHUK 1 CIIOKUBAY OJHOYACHO). B ymMoBax mocTiitHO1
3arpo3u pyrMHYBaHHS LIEHTPali30BaHUX €HeproMepex, Oyaisis Net Zero, o0yiaqHaHa
COHSYHUMH JaXaMH Ta TEIUIOBUMHU HACOCAMHU, CTAE ABTOHOMHHM O€3TMEKOBHM Xa0OM.
V¥ Macmrabax micTa Taki 00'€KTH MOXYTh 00'€JHYBaTHCS y JIOKAJIbHI 1HTEJIEKTYaJIbHI
MikpoMepexi (Microgrids), OOMIHIOIOUMCH HAJUIMIIKAMU €HEeprii MK c000o
(HampuKIan, KUTJIOBUM OyAMHOK TEpelnae HaJJIMIIKOBY JEHHY €Hepriio odicHOMY
IIEHTPY 1 HABMaKW), IO KapJAWHAIBHO MIABUIIYE XUBYYICTh MICBKOi CHCTEMHU
3aranom|8].
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BucHoBku

[lepexin A0 apXiTEKTypu 3 HYJbOBUM DPIBHEM BUKHIIB € HEMUHYYUM €TaroM
€BOJIIONIT MICTOOYAYBaHHS TMiJ] TUCKOM €KOJOTIYHMX Ta TEOIMOJITHYHUX peaiil.
["'onoBHUI BUCHOBOK JOCIIIXKEHHSI MOJsTae B ToMy, 1o Net Zero Oy[iBIIl HE € CYyTO
1H)KEHEpHHUM 3aBJIaHHSAM — II€ TJIMOOKa apXiTeKTypHa TpaHchopMallis, sika BUMarae
NePEOCMHUCIIEHHS (POPMHU, MATEPIATBLHOCTI Ta POl OyAiBiIl B CTPYKTYypi MicTa. O0'exT
apXITeKTYpu TpaHCPOPMY€EThCS 3 MACUBHOTO CIIOXHBaya PECypciB Ha aKTHUBHUH
€JIEMEHT MICHKOi €KOCHUCTEMH, L0 T€HEpyE EHEPrito Ta MIHIMI3y€ aHTPOIOTCHHUMN
THCK Ha TOBKIJLIA.

Jlnst yemimHOi peanmizamii koHmemii Net Zero B YkpaiHi B MeXax MOBOEHHOI
BiJI0OYJIOBH PEKOMEHIYETHCS:

Po3pobutu AepkaBHY JTOPOKHIO KapTy mepexoay 1o cranaaptiB Nearly Zero
Energy Buildings (NZEB) Ta Net Zero 3 4iTKUMH 4YaCOBUMHM €Taramu sl 00'€KTIB
JIEp>KaBHOTO Ta MMPUBATHOTO CEKTOPIB.

BrpoBaguTtu apxiTeKTypHI KOHKYPCH Ha CTBOPEHHS THIIOBHX IpPOEKTiB Net Zero
KUTJIOBHUX Ta TPOMAJICHKUX OY/iBEIb 13 BAKOPUCTAHHSIM JIOKAJIbHUX €KO-MaTepiaiB.

CtBopuTtH (PIHAHCOBI I1HCTPYMEHTH WIATPUMKHU (HANPUKIAJ, 3BIUIBHEHHS BIJ
MOJaTKy Ha MalHO abo0 MUIBroBe KpenuTyBaHHA it cepTudikoBaHux Net Zero
00'€KTIB).

[HTErpyBaTH KypCcH 3 MapaMeTpUYHOTO E€KOJIOTTYHOTO MOJCIIOBAHHS Ta OIIHKU
XKUTTEBOro UKy Oyaiens (LCA) 10 mporpam BUIIOT apXITEKTYPHOT OCBITH Y KpaiHHU.
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CYUYACHI TEHJEHIIII B PEKOHCTPYKIII
3AJIIBHUYHUX BOK3AJIIB

Ocuuenko I'annna,

JTOKTOP apXITEKTypH, mpodecop,

npodecop Kadeapu MiCbKOro OYIIBHUIITBA 1 apXITEKTYPH,
3anopi3bKuii HallIOHATBHUI YHIBEPCUTET, 3aMOPIAKS

3ai3HUYHI BOK3JIM TPAAUIIIHHO HAJIEkKATh 0 HAWBAKIUBIIMIMX TPOMAICHKHX
CHOPY/JI MiCTa, TOE€IHYIOYH TPAHCTIOPTHI, KOMYHIKAIIi{HI Ta pernpe3eHTaTUBHI QyHKIIII.
[Iporsirom XX CTOMITTA PO3BUTOK TPAHCIOPTHUX CUCTEM, 3MiHA MOOUIBHOCTI
HACEJIEHHS Ta 3POCTaHHS MACaXXUPOIOTOKIB CIPUYMHWIM HEOOXITHICTh MOCTIMHOL
MOJIEpHI3alli BOK3aJbHUX KOMIUIEKCIB. Y XXI CTOMITTI pEKOHCTPYKIIs BOK3ajiB
BUXOJIUThH 332 MEXI CyTO TEXHIYHOTO OHOBJIEHHS OyJiBeldb 1 Jie/iali Ouibliie HaOyBae
XapakTepy KOMIUIEKCHOI MPOCTOPOBOI TpaHCchopMallii, 10 OXOIUTIOE K CaMy CIIOpY 1y,
TaK 1 MPUJIETIIl MICbKI TEPUTOPIi.

Baromuii BHecok y (opMyBaHHS MIIXOJIB /0 PEKOHCTPYKIIT MacaXUpChKUX
BOK3aJliB 3poOmia MixkHapogHa acomiaris 3amizauie AREMA  [1,2]. Vi
PEKOMEHJIAIIIX HAroJoIIyBajocs Ha HEOOXIAHOCTI 3abe3nedeHHs KoMQopTy
MacaXupiB, EKOHOMIYHOI JOUIIBHOCTI PEKOHCTPYKIII, I1HTEerpamii pi3HUX BHUJIIB
TPaHCIOPTY, MOJIepHi3amii TuiarGopM 1 KOMYHIKAIlil, a TaKoX YypaxXyBaHHS
apXITEeKTYpHOTO KOHTEKCTY Ta HaI[lOHAIbHUX ocobmuBocterd. OcoOnuBa yBara
NpUALIIIACA 3MIHI TOTPEO Maca)XUpiB, CKOPOUEHHIO Yacy OUIKyBaHHS Ta M1JBULIEHHIO
AKOCT1 TPOMAaJICBKUX MPOCTOPIB BOK3AJIIB.

AHami3 Cy4yaCHUX €BPOIEHCHKUX IMPOEKTIB PEKOHCTPYKUIi TO3BOJISE BUIUIMTH
KiJIbKa MPOBITHUX TEHJICHIIIH.

[lepuioto TEHIEHIIIEID € TEPEeTBOPEHHS BOK3aliB Ha OaraTo(yHKI[IOHAIbHI
TPAaHCIOPTHO-TPOMAJIChKI KOMIUIEKCH. Bok3an mnepectae OyTH BUKIIOYHO MiCIIEM
MOCAJIKU Ta BUCAJKH MacaXUpiB 1 Ha0yBae (PyHKIIINH TOPTOBEIBLHOTO, KYJIBTYPHOTO Ta
CEpBICHOTO LIEHTPY. XapakTepHUM MPHUKIAIOM € peKoHCTpykiis LleHTpambHOrO
Bok3any [anHoBepa [3] (pexonctpykiisg 1995-2000, 2004-2006). Ilim wac
MOJIepHi3allli, TOB'I3aHOi 3 TpoBeAeHHSIM BucTaBkM Expo 2000, Oymno 3Ha4HO
PO3IIMPEHO MiI3EMHUI PiBEHb, MOJEPHI30BAHO CUCTEMY BEPTHUKAIHLHUX KOMYHIKAIIIM
Ta Cc(hOPMOBAHO ABOPIBHEBUN TPOMAACHKUNA MPOCTIP 13 PO3BUHEHOI MEPEKEIO
TOProBeJbHUX 1 cepBiCHUX (yHKII. Bok3an iHTerpyBaBcst 3 METPO, BETOCHUIIEIHOIO
1H(PACTPYKTYpPOIO Ta MICHKOIO TPAHCHOPTHOIO CHUCTEMOIO, IMEPETBOPUBIIMCH Ha
CKJIaJIHUM OaraTopiBHEBUM BY301I.
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Pucynoxk 1. Pexonctpykitia LlentpansHoro Bok3ainy B M. 'aHHOBep: a) rojioBHA
11011, 6-T) BUAW MIIIOXigHOo1 ecrianaay. CBITJIMHU aBTOpa; 1) BUJ 3BEPXY Ha
OaratopiBHEBY TPaHCIIOPTHO-MIIIOXIIHY ectutanany. Jxxepeno: Google Earth

Jpyroro TEHAEHIIEIO € MOCUJIEHHS 1HTErpallii BOK3aJiB 13 MICbKHM CEPEOBUILIEM.
Haii0inp11 moka3oBUM MPHUKIAAOM € MPOEKT peKOHCTpyKuii [TiBHIYHOrO BOK3aly B
[Tapuxi, po3pobisiennii apxiTektypHuMm Oropo Valode & Pistre [4,5] (mpoekt 2018).
MeTo10 MPOEKTY CTal0 CTBOPEHHSI HOBOTO THUIY MICBKOIO KOMIUIEKCY, IO TOEIHYE
TPAHCIOPTHI, TOPTOBEJIbHI, KyJbTYPHI Ta CHOPTUBHI (DYHKIII1. ABTOPH MPOEKTY MPSIMO
JEKJIApYIOTh MePeXij] Bil KOHILEMIIT «BOK3aJl Y MICT1» IO KOHIIEMIIT «MICTO y BOK3aJ1».
Pexonctpykuist nependadae ¢hopMyBaHHS HOBOi BHYTPIIIHBOI BYJIHIN, PO3BUTOK
IPOMAJICEKHUX MTPOCTOPIB, IHTETPAIliO 3EJCHUX 30H, YIOCKOHAICHHS 3B'SI3KIB 13 METPO,
aBTOOYCHMM Ta BEJIOCUIEIHUM TpaHCIOPTOM. TakuM 4YMHOM, PEKOHCTPYKIIS
OXOIUTIOE HE JuIe OyIBII0 BOK3ally, a ¥ 3HAUYHYy YaCTUHY MPUJIETJIOTO MICHKOTO
CEpEeIOBHUILA.

TpeTbor0 TEHICHINEID € TOoeAHAHHS 30€pe)KCHHS ICTOPHYHOI CHAIIIUHU 3
YIPOBAKEHHSAM CYYaCHUX apXITEKTYPHUX PIIICHb. Y TMPOEKTI PEKOHCTPYKITIT BOK3AITY
Kinrc-Kpoc y JloHnmoHi ictopuyHi Kopmycu OyJiM peTesibHO BlIpecTaBpOBaHi, a
BTpaueHi  eJeMeHTH BigHOBIeHI [6] (2005-2012). BogHouac Tro0JIOBHUM
KOMIMO3UIIMHUM aKIIEHTOM CTaB HOBHMM 3axiIHMM 3ajd 13 BEJIHUKO MPOJITHUM
MOKPUTTAM cy4dacHOi KOHCTpyKIii. [ToaiOumii miaxi 1eMOHCTpYE MparHeHHs He J0
3aMIHU ICTOPUYHOI apXiTEKTypU HOBOIO, a 10 (POPMYBaHHS JI1aJIOTy MK ICTOPUYHUM 1
Cy4acHUM I1apaMu 3a0yJI0BH.
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YeTBepTOI0 TEHJACHIIIEI0O € PO3BUTOK IHTEPMOJAIBLHOCTI Ta OararopiBHEBOI
TpaHcnopTHO1 iHTerpanii. CydacHUN BOK3aJ PO3IIISIAE€THCA SK BY30J B3a€EMOJIi
pI3HUX  BHUIB  TPAHCHOPTY: 3aJTI3HUYHOIO, METPOIOJITEHYy, aBTOOYCHOTO,
BEJIOCHUIIETHOTO Ta MIMIOXIHOTO. Y pe3yJbTaTl PEKOHCTPYKIlISA OXOIUIIOE HE JIUIIE
Oy[iBIIIO BOK3ally, a ¥ TPaHCIIOPTHO-MEPECaI0UH1 CUCTEMHU HABKOJIUIITHBOT TEPUTOPII.

[1'aTOr0 TEHIEHIIIEI0 CTa€ €KOJIOTi3allisl BOK3aJIbHUX KOMIUIEKCIB. Y Cy4acHHX
IIPOEKTAaX AaKTUBHO BHUKOPHUCTOBYIOTHCA O3CJICHEHI TIOKpiBI, €HeproeheKTUBHI
TEXHOJIOT1i, COHSYHI Oarapei, NPUPOTHE OCBITIICHHS Ta 3aco0M CKOPOUYCHHS
ByTJeneBoro ciiay. Exonoriuna ckimagoBa MOCTYNOBO MEPETBOPIOETHCS HA OAMH 13
BU3HAYAIBHUX KPUTEPIiB PEKOHCTPYKIIT BETUKUX TPAHCTIOPTHUX O0'€KTIB.

Po3rnsHyTi puKIIagu CBITYATh MPO TIMO0KY TpaHCchOpMalliio YSIBICHb PO POJIb
3QJII3HUYHOTO BOK3aJly B CTPYKTYpl MicTa. SKIO MOJEPHICTChKA MOJEINb pO3risaaia
BOK3aJ Hacamriepes K €(pEeKTUBHUN TPAHCIIOPTHUI MEXaHi3M, TO Cy4YacCHI NPOEKTU
JEMOHCTPYIOTh O3HAKM KOHTEKCTYaJbHOI 17€anbHOi MoJenl. Y Mexax Li€i Mojem
BOK3aJl BHCTYIA€ HE 130JIbOBAHOIO0 CIIOPYAOI0, a €JIEMEHTOM CKJIaJHOI MIChKOI
CUCTEMH, IHTETPOBAHUM Y KYJIbTYPHUH, IPOCTOPOBUM 1 TPAHCIIOPTHUN KOHTEKCT.

BucHoBku. TakuM YMHOM, Cy4YacHa PEKOHCTPYKLIS 3ali3HUYHHMX BOK3aJIiB
XapaKTEepU3y€e€ThCsl TEPEXOJOM Bl O0'€EKTHO OpIEHTOBAHOI MoOJEpHI3aIlii 10
KOMILJIEKCHOI MicToOyAiBHOT TpaHchopmarlii. [IpoBiAHUMU TEHIEHIIIMH CTalOTh
0araro(yHKIIIOHAJIBHICTh, THTEPMOJIATIBHICTh, IHTETPAIlid 3 MICBKHUM CEpPEIOBUIIEM,
30epeXeHHs] 1CTOPUYHOI CHAAIIMHUA Ta e€KoJoriyHa wmoxaepHizamis. L1 mpouecu
B1100pakatoTh (POpMyBaHHSI HOBOI KOHTEKCTYaJIbHOT MOJIEN] BOK3aJy SIK KIIFOUOBOIO
IPOMAaJICBKOTO Ta TPAHCIOPTHOTO LIEHTPY CydacHOro Micta. Bok3an ctae He MpoOCTo
TPAHCIOPTHOIO CIOPYIOI0, a "MICBKMM 1HTepdeiicom", depe3 skuil B1AOYyBa€ThCS
B3a€MO/1sl TPAHCTIOPTHOI CUCTEMH, TPOMAJICHKOTO XKHUTTSI Ta MICBKOTO TIPOCTOPY.
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It is known that many heterocyclic compounds, even relatively simple ones, are
difficult to obtain, significantly limiting their scope of application. Therefore, the
search for new regioselective heterocyclizations based on readily available reagents is
highly relevant. Various amidoalkylating agents, in particular those obtained
fromSchiff bases according to the general scheme, are among such promising

reagents.
\ R'COCI N
_LC=N-R >~ C-N-COR'
R=Ar,Het 7| |
cl R

The preparation of reagents using this scheme is only briefly mentioned in the
literature [1-3].

The use of such amidoalkylating reagents obtained from cage ketones would allow
the preparation of unique spiro derivatives of nitrogen heterocycles. There are no
reports of such syntheses in the literature.

The aim of this study is to attempt to synthesize 1-(Spiro[adamantane-2,1'-
isoindolin]-2'-yl)ethanone (4) starting from adamantan-2-one (1).

General synthesis procedure.

1) Synthesis of the Schiff base. N-((5R,7S)-adamantan-2-ylidene)-1-
phenylmethanamine (2). An equivolic amount of benzylamine was added to a solution
of 0.05 mol of adamantanone (1) in dry toluene, and the mixture was refluxed with a
Dean-Stark trap until the calculated amount of water was released.

2) Synthesis of the amidoalkylating reagent. N-benzyl-N-(2-chloroadamantan-2-
ylacetamide (3). 0.05 mol of acetyl chloride was added to a solution of the resulting
compound (2), and the mixture was left at room temperature for 24 hours.

3) Synthesis of 1-(Spiro[adamantane-2,1'-isoindolin]-2'-yl)ethanone (4). An
equimolar amount of triethylamine was added to a solution of compound (3), and the
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mixture was refluxed for 7 hours. Toluene was removed under vacuum. The residue

was crystallized from ethanol-hexane. Yield 78%. M.p. 243-245 °C.
The synthesis of compound (4) is shown in the scheme:

0 _N-cH; P Cl
RCOCI N
+ H,N-CH,-Ph —
-
(1) 2) @ K
Et;N
R = CH,

N
o
R
(4)
The structure of compound (4) was confirmed based on 1H and 13C NMR, IR and

mass spectra.
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Introductions. In Ukraine, the issue of improving the efficiency of heat supply
systems is of particular importance, as it is associated with the strategic objectives of
reducing energy consumption, decreasing dependence on conventional fuel and energy
resources, and adapting district heating networks to the principles of sustainable
development. In this context, national regulatory documents establish criteria for
assessing the efficiency of thermal energy transportation, including the level of heat
losses in networks, specific water consumption, and electricity consumption, all of
which are directly dependent on the hydraulic operating conditions of the system [1].

The increasing cost of energy resources, along with more stringent energy
efficiency requirements and environmental regulations, necessitates the modernization
of heat supply systems. Such systems are characterized by significant costs associated
with thermal energy production and distribution, substantial network heat losses, and
a high degree of equipment deterioration. Improving their efficiency requires the
implementation of a comprehensive set of technical, organizational, and operational
measures. The main solutions include the reconstruction of heating networks using pre-
insulated pipelines, the introduction of automated individual heating substations with
weather-compensated control and modern metering systems, optimization of
temperature schedules in combination with building thermal modernization,
integration of renewable energy sources and secondary energy resources, and the use
of pumping equipment with variable-frequency drives. The comprehensive
implementation of these measures contributes to reducing heat losses and operating
costs, saving electricity, increasing system reliability and service life, creating
conditions for the transition to fourth-generation district heating, and ensuring energy
security, sustainable development, and improved quality of services for consumers.

Certain aspects related to the minimization of hydraulic and thermal losses during
heat carrier transportation have been addressed in studies [2, 3, 4]. Reference [5]
presents an analysis of the factors determining the energy efficiency level of heat
supply systems, particularly equipment obsolescence, deficiencies in existing heat
supply schemes, and the need for their modernization. The study reported in [6]
demonstrates an integrated approach to improving the efficiency of heat supply system
operation using a residential building as a case study. This approach considers
measures for the thermal modernization of building envelopes, the application of pre-
insulated pipelines, and the upgrading of individual heating substation equipment
through the implementation of modern control and metering technologies. Reference

21



CONSTRUCTION AND CIVIL ENGINEERING
SCIENTIFIC RESEARCH: CHALLENGES AND WAYS TO OVERCOME THEM IN MODERN
REALITIES

[7] provides a comparison between conventional high-temperature heat supply systems
and systems operating according to reduced temperature schedules, enabling the
identification of their advantages and limitations in the context of improving energy
efficiency and promoting sustainable development.

Aim. The aim of this study is to analyze the economic feasibility and identify
opportunities for improving the energy efficiency of the heat supply system of a
hospital complex located in the Kharkiv district. Particular attention is focused on
assessing the effectiveness of replacing worn steel pipelines of the heating network and
modernizing boiler equipment. Achieving this objective will make it possible to
determine the potential level of heat loss reduction, decreases in operating costs, and
improvements in system reliability, thereby creating prerequisites for ensuring the
sustainable development and energy security of the healthcare facility.

Materials and methods. The object of the study is the heat supply system of a
hospital complex with a maximum heat load of 0.8 MW. The heat source is a boiler
house equipped with four NIISTU-5 boilers, each having a thermal capacity of 300
kW, including one standby boiler.

Initial Data

« Heat source: boiler house;

« Maximum consumer heat load: 0.8 MW;

« Diameter of the existing steel heating network pipelines: 159 % 4.5 mm;

« Existing temperature schedule for qualitative control: 90/70 °C;

+ Existing network pump: K 65-50-160;

« Length of the heating network section pipelines: L = 63 m;

« Existing pipeline thermal insulation: mineral wool boards;

« Heating network installation method: underground;

« Natural gas price: UAH 25.84 per m? according to [8, 9];

o Electricity price: UAH 8.13 per kWh according to [10].

Results and discussion. The existing heat supply system of the hospital complex
is characterized by a high level of deterioration and operational unreliability. The
thermal insulation of the pipelines is partially damaged, resulting in significant heat
losses, while the steel heating network pipelines are subject to frequent failures and
require continuous repair interventions. The efficiency of the boiler equipment does
not exceed 70%, the network pumps operate without variable-frequency control, and
weather-compensated control of the system operating modes is absent. Collectively,
these factors lead to low energy efficiency and high operating costs.

For the purpose of modernization, a comprehensive set of measures is proposed,
including the replacement of the existing heating network pipelines with non-metallic
pipelines featuring improved thermal insulation characteristics; the installation of
modern Vitocrossal 300 CI3 condensing boilers manufactured by Viessmann [11] with
an efficiency of 97.7%; and the implementation of network pumps equipped with
variable-frequency drives. In addition, a transition to a reduced heat carrier temperature
schedule (from 90/70 °C to 60/40 °C) is planned, which will significantly reduce heat
losses during heat transportation.
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As part of the study, a comparative analysis of the thermal and hydraulic
characteristics of the system is carried out for both the existing and the reconstructed
configurations. For this purpose, the heat carrier flow rate, t/h, is determined using the
following equation:

Qn
n = oy @
where: Gj — heat carrier flow rate for the heating system, L/s;
Q;, — maximum heating load of the heating system, kW;
¢ — specific heat capacity, J/(kg:°C);
T, — heat carrier temperature in the supply pipeline, °C;
T, — heat carrier temperature in the return pipeline, °C;
p — heat carrier density, t/m?.
The hydraulic pressure losses in the heating network are calculated by considering

both frictional and local resistances using the Darcy—Weisbach equation:
L

p-w? p-w?
R=/1D—lT+Z€ > (2)
where: R — specific pressure loss, Pa/m;
A — hydraulic resistance coefficient;

L — length of the pipeline section, m;

D; — internal diameter of the pipeline, m;

p — density of the heat carrier, kg/m?;

w — heat carrier velocity, m/s;

2¢ — sum of local resistance coefficients.
The calculation results are presented in Table 1.

Table 1.
Calculation of Hydraulic Losses
. Q, | T |12, ] G, Di, | w, R, TAH,
Option kw | °c |°c| vh |[B™) mm | s | Pam | 2PP0 ] mE0
Existing 800 90 | 70 | 344 | 63 150 [ 0,54 | 42,4 3473 0,64
Proposed 800 60 | 40 | 344 | 63 |130,8| 0,71 31 2534 0,53

A comparison of heat losses during the heating season is performed based on the
calculation of specific heat losses, which are determined using the following equation:

Tavg—T,
= Tl 3)

Ttot
where: T, —average ground temperature during the heating season, °C;

Tavg — average heat carrier temperature during the heating season,
OC.
Tor — total thermal resistance, m-°C/W.

The total thermal resistance of the insulation layer and other additional thermal
resistances along the heat flow path is determined as follows:

InB 1
apt 1) )

2w agm(D
where: A, — thermal conductivity of the thermal insulation layer, W/(m?:°C);
assumed as 0.0199 for PEX (PEXa) pipes with polyurethane foam (PUF) insulation,
and 0.04 for mineral wool boards [12, 13];

Ttot =
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a, — heat transfer coefficient from the outer surface of the thermal
insulation, W/(m?-°C).
The ratio of the outer diameter of the pipeline, including the insulation thickness,
to the outer diameter of the pipe is determined as follows:

B=2%41, (5)

where: &, — thickness of the thermal insulation layer, m;
D, — outer diameter of the pipe, m.
The calculated heat losses for the considered variants are summarized in Tables 2
and 3.

Table 2.
Determination of specific heat losses of district heating pipelines
Pipeline | Do, m | 8, M | Tayg, °C Aks InB Tiots | @, W/m
W/(m-°C) m-°C/W
Existing option
T1 0,159 0,04 57,1 0,04 0,41 1,76 31
T2 0,159 0,04 49,9 0,04 0,41 1,76 25,4
Proposed option
TI 0,160 0,045 42,2 0,0199 0,45 3,71 10,0
T2 0,160 0,045 324 0,0199 0,45 3,71 7,4
Table 3.

Determination of heat losses of a district heating network
section during the heating season (4,296 hours)

Option | Length, m Heat Losses, W . .
’ Hourly During the Heating Period
Existing 63 4262 18 309 552
Proposed 63 1317 5657 832

The gas consumption during the heating season is determined using the following
equation, m>:
_ Q0'106 . (ti_tavg) .
P Quavn (ti—to) ’ ©)
where: Qpyy — lower heating value of fuel, assumed as 8,000 kcal/m?;
n — boiler efficiency;
t; — indoor air temperature, assumed as 22 °C;
tour — average outdoor air temperature, assumed as —1 °C;
t, — design outdoor air temperature for heating, assumed as —23 °C;
T — duration of the heating period, 179 days.
The calculated gas consumption of the boiler house is presented in Table 4. The
gas consumption required to cover heat losses of the heating network for different
variants is presented in Table 5.
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Table 4.

Gas Consumption of the Boiler House Before and After Modernization

Option Gas Consumption, m*
Maximum Hourly During the Heating Period
Existing 122,84 269 724
Proposed 88,01 193 225
Table 5.
Gas consumption for compensating heat losses in the heating network.
Option Gas Consumption, m*
Maximum Hourly During the Heating Period
Existing 0,46 1976,2
Proposed 0,14 601,44

In addition, within the framework of the boiler house modernization, it is planned
to replace the existing network pump of type K 65-50-160, which has an electrical
power consumption at the operating point of 1.2 kW, with a modern pump equipped
with a variable-frequency drive manufactured by Wilo [14], model Stratos MAXO
50/0.5-16 PN6/10. The new unit is characterized by higher energy efficiency and has
a power consumption of 0.81 kW at the operating point. The use of frequency control
ensures optimization of the hydraulic operating regime of the system, reduction of
energy consumption, and improved operational reliability. Thus, this technical solution
contributes not only to reducing operating costs but also creates prerequisites for
integrating the system into the concept of fourth-generation energy-efficient district
heating.

Therefore, the study is aimed at a comprehensive assessment of the economic
feasibility and energy efficiency of the modernization of the hospital complex heat
supply system. The obtained results make it possible to justify the necessity of
reconstruction, confirm its significant potential for reducing operating costs,
decreasing heat losses, and improving system reliability, which is of strategic
importance for ensuring sustainable development and energy security of healthcare
facilities.

Figure 1 presents a comparative diagram of monetary costs over the heating season
for two scenarios: the existing system and its reconstructed variant. The diagram takes
into account costs associated with the consumption and distribution of natural gas, as
well as the cost of electricity generation, transmission, and distribution.
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Operating costs during the heating period, UAH
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Gas costs, UAH. Electricity costs, UAH. Total costs, UAH.
M Existing option 7020728 41912 7062640
M Proposed option 5008474 28290 5036765

M Existing option M Proposed option

Fig. 1. Comparative diagram of costs in monetary terms over the heating season
Source of the figure: author's development.

Conclusions. A comparative analysis of the heat supply system performance in its
existing state and after reconstruction demonstrates a significant economic effect.
According to the calculations, the modernization will provide savings of approximately
2 million UAH per heating season, which corresponds to about 29% of the current
operating costs.

The main contribution to cost reduction is ensured by the replacement of the boiler
equipment with modern condensing boilers with a higher efficiency coefficient,
resulting in a 28% reduction in natural gas consumption. An additional effect is
achieved through the transition to a reduced temperature regime (60/40 °C instead of
90/70 °C) and the use of polymer pipelines with factory-made thermal insulation,
which allows heat losses in the network to be reduced by 69.1%. An important element
of the modernization is also the implementation of network pumps with variable-
frequency drives, ensuring optimization of the hydraulic regime and a 32.5% reduction
in electricity consumption.

Thus, the reconstruction of the heat supply system not only ensures a substantial
reduction in operating costs but also improves the overall energy efficiency, reliability,
and environmental sustainability of the system’s operation. The obtained results
confirm the economic feasibility of the modernization and its strategic importance for
healthcare facilities, where the stability and quality of heat supply are directly related
to patient comfort and the efficient functioning of infrastructure. In addition, the
implemented measures create prerequisites for a further transition to fourth-generation
district heating systems.
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The tightening of environmental regulations has increased the demand for highly
efficient gas cleaning technologies capable of removing several classes of pollutants
simultaneously. Hybrid three-phase fluidized bed reactors provide an attractive
solution because they combine gas absorption, adsorption, particulate capture, and
intensive mixing within a single process unit [1,2].

Compared with conventional scrubbers and packed columns, fluidized systems
exhibit higher interphase contact areas, improved heat and mass transfer rates, and
lower susceptibility to clogging [3]. However, industrial implementation remains
limited because reactor performance strongly depends on complex hydrodynamic
interactions that are not yet fully understood.

Most engineering design methods still employ empirical coefficients obtained
under laboratory conditions, making reliable prediction difficult when operating
conditions or reactor dimensions change [4].

Hydrodynamic Complexity

Gas—liquid—solid reactors are characterized by simultaneous interactions among
bubbles, liquid circulation, suspended particles, and local turbulence. Bubble
coalescence, breakup, particle aggregation, and heterogeneous flow structures
continuously modify local mass transfer conditions throughout the reactor volume [5].

Existing computational approaches, including Euler—Euler and Euler-Lagrange
formulations, have considerably improved the understanding of multiphase systems.
Nevertheless, their practical application often requires numerous closure correlations
and experimentally determined parameters, reducing their predictive capability [6].

Furthermore, many published models assume simplified particle distributions or
neglect dynamic changes in local porosity, leading to discrepancies between
simulations and industrial observations [7].

Mass Transfer Modeling

Mass transfer in hybrid reactors is controlled by coupled transport processes
occurring at gas—liquid, liquid—solid, and gas—solid interfaces. The presence of porous
adsorbents significantly increases the complexity of transport mechanisms because
external diffusion, internal diffusion, adsorption equilibrium, and possible chemical
reactions may occur simultaneously [8].
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Recent investigations indicate that advanced porous materials, including metal—
organic frameworks (MOFs), offer remarkable adsorption capacities for volatile
organic compounds and sulfur-containing gases [9]. However, existing reactor models
rarely incorporate the influence of sorbent morphology and adsorption kinetics on
reactor hydrodynamics.

Therefore, further studies should integrate hydrodynamic modeling with
adsorption theory to improve prediction accuracy under realistic operating conditions.

Future Perspectives

Future research should focus on developing generalized mathematical models
capable of describing the interaction between reactor hydrodynamics, interphase mass
transfer, and adsorption processes. Such models should combine experimental
validation with computational fluid dynamics and dimensionless similarity analysis.

Attention should be given to:

development of generalized hydrodynamic correlations;

coupling CFD simulations with adsorption kinetics;

investigation of structured and porous sorbents;

validation under pilot-scale operating conditions;

scale-up methodologies for industrial reactors.

The integration of these approaches will enable transition from empirical reactor
design toward predictive engineering methodologies suitable for modern
environmental technologies.

Conclusions

Hybrid three-phase fluidized bed reactors represent an important direction in
advanced gas purification. However, their further development requires generalized
mathematical descriptions capable of linking hydrodynamic behavior with interphase
mass transfer and adsorption phenomena. The creation of unified predictive models
will improve reactor optimization, facilitate industrial scale-up, and enhance
environmental performance.
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Ukraine’s participation in the global electric mobility ecosystem under conditions
of international competition is a multidimensional process associated with the
adaptation of the national transport, energy, infrastructure, innovation and regulatory
systems to the requirements of the global electric mobility market. For Ukraine, this
process cannot be reduced to the direct production of electric vehicles, since the current
state of national industry requires a cautious identification of possible forms of
involvement in global market processes. A more substantiated approach is to focus on
those segments of the electric mobility ecosystem in which existing competencies,
investment opportunities, domestic market needs and the potential for international
cooperation can be combined.

The development of electric mobility in the global economy is shaped by the
interaction of market dynamics, technological innovation, climate commitments and
public policies aimed at supporting low-carbon transport [1]. The transition to electric
transport is associated with the decarbonisation of the transport sector, reduced
dependence on fossil fuels, modernisation of energy infrastructure and the spread of
digital solutions in the field of mobility [2]. For Ukraine, these processes have practical
significance, as they outline not only the prospects for the domestic electric vehicle
market, but also possible directions for participation in international technological,
infrastructure, energy and service chains.

For Ukraine, participation in the global electric mobility ecosystem is linked to the
tasks of economic recovery, industrial modernisation, energy transformation and
gradual approximation to the European economic area [3]. War-related destruction,
limited investment resources and structural imbalances in the national economy
complicate the rapid formation of a full production cycle in the field of electric vehicle
manufacturing. Under these conditions, the identification of guidelines becomes
particularly important, as it makes it possible to consider electric mobility not only as
an area of consumption of imported vehicles, but also as a direction for developing new
infrastructure, technological, service and cooperation opportunities [3].

Within the study, a set of interrelated groups of guidelines for Ukraine’s
participation in the global electric mobility ecosystem has been identified: target-
priority, regulatory-institutional, financial-resource, technological-innovation,
production-industrial, infrastructure-energy and information-digital guidelines. Their
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sequential consideration makes it possible to link the tasks of domestic electric mobility
development with the need for Ukraine’s gradual involvement in international
technological, investment, service and production processes.

The target-priority guidelines define the general logic of Ukraine’s participation in
the global electric mobility ecosystem and link the development of electric mobility
with the tasks of national economic recovery. Their content consists in identifying
those areas in which the country’s internal needs can be aligned with global market
trends: the formation of demand for electric transport, the development of charging
infrastructure, support for technological competencies, the search for specialised
niches in international cooperation and the approximation of national policy to
European standards of sustainable mobility.

The identification of priorities should be based on the key trends shaping the global
electric mobility industry: transport decarbonisation, the digitalisation of production
and service processes, the spread of energy-efficient technologies and the increasing
role of industrial policy under conditions of international competition. For Ukraine,
these trends are important in view of the need for reindustrialisation, since the
restoration of industrial potential should be oriented not towards the reproduction of
outdated production models, but towards the search for technological niches
compatible with the future structure of global demand. In the field of electric mobility,
such niches may include engineering solutions, electronic components, software,
battery management systems, charging infrastructure and energy management
services.

The guidelines for the development of electric mobility in Ukraine should be
aligned with European and international green transformation programmes, in
particular the provisions of the European Green Deal, Horizon Europe initiatives,
transport decarbonisation policies and requirements for sustainable energy
infrastructure [4; 5]. Of practical importance is the adaptation of these provisions to the
state of the national economy, investment capacity, infrastructure constraints and the
needs of post-war recovery. The alignment of regulatory, technological and investment
priorities with the European agenda increases the predictability of public policy and
creates clearer conditions for the participation of Ukrainian enterprises, research
institutions and infrastructure operators in international projects.

The regulatory-institutional guidelines for Ukraine’s participation in the global
electric mobility ecosystem are associated with the gradual approximation of the
national regulatory framework to the rules governing the European and global electric
mobility markets. This involves the adaptation of international norms with due regard
to the state of Ukrainian industry, the institutional capacity of public authorities, the
level of domestic market development and the resource constraints of the war and post-
war periods. Particular importance should be attached to the harmonisation of technical
standards, environmental requirements, certification procedures, rules for the operation
of charging infrastructure and mechanisms for the protection of intellectual property
rights.

The financial-resource guidelines for Ukraine’s participation in the global electric
mobility ecosystem are related to the concentration of investment, budgetary, credit
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and organisational resources in areas capable of generating the greatest economic and
technological effect. For Ukraine, it is essential to move from fragmented incentives to
systematic support for projects focused on the development of charging infrastructure,
energy solutions, innovative services, component production and technological
cooperation with international partners. The limited availability of domestic financial
resources increases the importance of blended financing, in which public support is
combined with private capital, funds from international financial institutions, grant
programmes and instruments for insuring investment risks.

Financial instruments supporting the development of the electric mobility
ecosystem in Ukraine may include tax incentives for innovative enterprises, state
guarantees for infrastructure projects, preferential lending, grant funding for research
and technological development, as well as participation in international programmes
for green energy and sustainable mobility. These instruments should be directed not
only towards stimulating final consumption of electric vehicles, but also towards the
development of related segments, including charging infrastructure, energy storage
systems, digital services, maintenance services, engineering solutions and component
production. This financing model shifts the focus from short-term demand support to
the creation of economic conditions for Ukraine’s long-term participation in
international technological and production processes.

Special attention should be paid to the selection of financing priorities in the field
of electric mobility, since limited resources require the concentration of support on
areas with the highest potential for economic return and international cooperation. Such
areas may include infrastructure projects along transport corridors, energy storage
technologies, digital platforms for managing charging networks, engineering
developments, service solutions and the production of individual components. The
effectiveness of financial-resource support should be assessed using indicators of
investment activity, technological upgrading, infrastructure development and the
involvement of Ukrainian actors in international projects.

The technological-innovation guidelines for Ukraine’s participation in the global
electric mobility ecosystem are associated with the development of research potential,
technology transfer and the inclusion of Ukrainian institutions in international research
and engineering networks. For the national economy, it is important not only to adopt
ready-made technological solutions, but also to develop domestic competencies in
battery systems, energy management, digital platforms, software, charging
infrastructure and engineering support for electric mobility. Participation in
international consortia, joint research projects and technological cooperation
programmes provides access to knowledge, standards, experimental facilities and
financial instruments needed to strengthen Ukraine’s position in selected segments of
the electric mobility industry.

The development of the technological-innovation component requires the
establishment of research centres, laboratories, testing sites and platforms for piloting
solutions in the field of electric mobility. Cooperation models involving universities,
research institutions, businesses, public authorities and international partners are of
practical value, since it is at this level that the link between scientific developments
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and market needs is formed. The commercialisation of innovations may be carried out
through technology licensing, joint ventures, start-up projects, engineering contracts
and the inclusion of Ukrainian developers in international technology platforms.

The production-industrial guidelines should be based on the principle of selective
specialisation, whereby Ukraine gradually establishes its presence in those segments
of the electric mobility industry where existing competencies can be combined with
technological potential and opportunities for international cooperation. This does not
imply the rapid formation of a full electric vehicle production cycle, but rather
participation in specific stages of value creation: the production of individual
components, electrical engineering solutions, software for managing transport and
energy systems, maintenance services, engineering support, logistics solutions and the
modernisation of charging infrastructure.

The prospects for Ukraine’s production participation are also linked to the
development of innovation ecosystems around universities, engineering centres,
technology companies and start-ups. In this dimension, production capacity is not the
only relevant factor; equal importance should be attached to the ability to create applied
solutions, adapt international technologies to domestic market needs, provide
engineering support for projects and participate in joint research and development
initiatives. Ukrainian companies can strengthen their presence in global value chains
through specialised software, energy management solutions, technical services and
digital monitoring of electric transport operation.

The infrastructure-energy guidelines for Ukraine’s participation in the global
electric mobility ecosystem are related to the development of charging, energy,
logistics and service infrastructure. An extensive network of charging stations,
technical compatibility of equipment, integration of charging infrastructure with
renewable energy sources and electricity storage systems determine the practical
capacity of the domestic market to expand the use of electric transport. For Ukraine,
the placement of charging infrastructure along international transport corridors, in large
urban agglomerations, logistics hubs and border regions is of particular importance,
since these spatial points provide a link between the domestic market, the European
transport network and potential directions for international cooperation.

Electric mobility infrastructure is not limited to a network of facilities serving the
end consumer. It forms the basis for the development of economic linkages between
transport, energy, digital technologies and the service sector. Charging stations,
logistics centres, energy storage systems, digital load management platforms and
service networks create conditions for attracting investment, localising selected
operations and disseminating technological solutions. The combination of charging
infrastructure with renewable energy, smart management systems and energy
monitoring expands opportunities for the development of battery technologies, energy
management, technical services, software and digital analytics.

The development of electric mobility infrastructure affects the investment
attractiveness of the domestic market, as it demonstrates its readiness for the practical
use of electric transport, the introduction of related services and the location of selected
technological operations. For international companies, the availability of charging,
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energy and service infrastructure is an important condition for testing business models,
developing partnership projects, organising maintenance services and gradually
localising specific functions. For Ukrainian enterprises, infrastructure development
opens up opportunities to participate in the maintenance of charging networks, logistics
solutions, energy monitoring, digital load management and technical support for
electric transport.

The development of electric mobility infrastructure affects the investment
attractiveness of the domestic market, as it demonstrates its readiness for the practical
use of electric transport, the introduction of related services and the location of selected
technological operations. For international companies, the availability of charging,
energy and service infrastructure is an important condition for testing business models,
developing partnership projects, organising maintenance services and gradually
localising specific functions. For Ukrainian enterprises, infrastructure development
opens up opportunities to participate in the maintenance of charging networks, logistics
solutions, energy monitoring, digital load management and technical support for
electric transport.

Digital support for the electric mobility ecosystem should cover the monitoring of
market, infrastructure and technological changes. Its practical significance lies in the
accumulation of data on electric vehicle registrations, charging station utilisation,
spatial disparities in infrastructure development, consumer needs, import dynamics,
investment projects and changes in international regulation. On the basis of such data,
demand forecasts can be developed, the effectiveness of public support can be assessed,
priorities for the development of the charging network can be identified and
instruments for stimulating electric mobility can be adjusted. For Ukraine, this is
particularly important due to uneven regional development, limited resources and the
need for an evidence-based selection of directions for international cooperation.

The guidelines for Ukraine’s participation in the global electric mobility ecosystem
should be formed with due regard to the actual state of national industry, infrastructure
constraints, investment opportunities and the needs of post-war recovery. Regulatory
approximation to FEuropean norms, the development of charging and energy
infrastructure, support for technological development, digital analytics, service
solutions and selective inclusion in value chains define practical directions for
strengthening Ukraine’s position in the field of electric mobility. This logic makes it
possible to consider electric mobility not only as a segment of consumption of imported
vehicles, but also as a space for the development of engineering, energy, digital, service
and cooperation competencies within the national economy.
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In the modern era, the rapid development of digital technologies has led to
fundamental changes in the education system. The digital transformation of education
creates broad opportunities for improving the quality of the educational process,
increasing the accessibility of educational resources, and improving management
mechanisms. Electronic education platforms, artificial intelligence, cloud technologies,
virtual and augmented reality systems create conditions for more efficient organization
of the educational process. The article examines the main directions, advantages, and
future development prospects of the digital transformation of the education system.

The formation of the information society and the development of the digital
economy have necessitated the renewal of the education system [1, 2]. Digital
transformation involves the reorganization of the activities of educational institutions
on the basis of modern technologies, and the optimization of teaching and management
processes. International organizations emphasize that digital technologies are an
important tool for improving the quality of education, strengthening inclusion and
expanding lifelong learning opportunities [3-5]. Digital transformation in the education
system is primarily characterized by the application of electronic education platforms.
These platforms facilitate the sharing of educational materials, task management and
assessment of student achievements.

The application of artificial intelligence technologies creates conditions for the
development of personalized education. Artificial intelligence-based systems analyze
the knowledge level of learners and provide educational content tailored to their
individual needs. UNESCO also notes that artificial intelligence has significant
potential for improving the quality of education and personalizing learning.

Cloud technologies and digital databases facilitate the storage and sharing of
educational resources. Virtual laboratories and simulation systems play an important
role in the formation of practical skills [6].

Digital transformation increases the accessibility of education and eliminates
geographical restrictions. Through online education platforms, students can study from
anywhere, and teachers can organize the teaching process more flexibly. According to
UNESCO, digital technologies strengthen the inclusiveness of education, increase the
quality of learning, and help improve educational management. Digital technologies
also create new opportunities for the professional development of teachers. Through
online courses, webinars, and open educational resources, educators can constantly
update their knowledge and skills.
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In the future, it is expected that artificial intelligence, big data, blockchain, virtual
and augmented reality technologies will be more widely integrated into the education
system within the framework of the Education 5.0 concept. These technologies will
allow for the personalization of the learning process, monitoring of educational
outcomes, and training of personnel in accordance with the requirements of the labor
market.

The concept of Smart Education also acts as one of the main directions of digital
transformation. This approach serves to expand the application of innovative
technologies in education, thereby ensuring more effective knowledge acquisition and
the development of human capital [6-10].

The digital transformation of the education system is one of the essential conditions
for the development of modern society. The application of digital technologies
improves the quality of the educational process, expands the accessibility of education
and creates new opportunities for professional development. In the future, the wider
application of innovative technologies will significantly contribute to increasing the
efficiency of the education system and the formation of a knowledge society.

Smart Education is an innovative educational model formed on the basis of the
integration of modern information and communication technologies, artificial
intelligence and digital platforms into the educational process. This concept envisages
a more personalized, flexible, interactive and data-driven organization of education.

The main goal of smart education is to move away from the traditional “one size
fits all” model and create a learning environment tailored to the individual needs of
each student. This approach both increases the quality of education and makes the
learning process more effective [11].

The concept of smart education is characterized by several main features:

Personalized learning - artificial intelligence-based systems analyze the student's
knowledge level and provide appropriate educational materials.

Digital platforms - systems such as Moodle, Google Classroom facilitate the
management of education.

Interactive environment - virtual laboratories, simulations and multimedia
resources make learning more interesting.

Data-driven management - data collected from the educational process is
analyzed and decision-making is improved.

Lifelong learning opportunity — enables individuals to learn at any age and place.

Smart Education is based on the following technologies:

— Artificial intelligence and machine learning

— Cloud technologies

— Big Data analytics

— Internet of Things (IoT)

— Virtual and augmented reality (VR/AR)

Together, these technologies make the education system more adaptive and
flexible.

The concept of smart education offers a number of advantages:
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— Improving the quality of education

— Global access to educational resources

— Increasing student motivation

— Optimizing teacher workload

— Transparent and effective management of the education system

The concept of smart education is considered an important stage in the
development of the modern education system. It is formed as a result of digital
transformation, making the educational process more effective, accessible and
innovative. In the future, with the wider application of artificial intelligence and digital
technologies, the Smart Education model is expected to become one of the main
directions of education systems.
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PEAJIIBAIIIA IIETI PO3BUBAJIBHOI'O HABYAHHA Y
IHPOLECI PO3B’S1I3YBAHHA CIOKETHHUX 3ATAY
YUYHAMMU ITIOYATKOBHUX KJIACIB

binenbka JIroooB CtenaniBHa,

KaHAuaaT Pi3uKO-MaTeMaTUYHUX HAYK, TOLEHT,
Jlporo6uibKuii n1ep>kaBHUM MeJaroriyHuil yHIBEpCUTET
imeHi [Bana ®@panka, Ykpaina

KoBaancbka HOJis OueriBua,

CTYJIEHTKa 2 KypCy MaricTparypH,

JporoOuiibKuil Aep>KaBHUM MeIaroriYyHUu YHIBEPCUTET
iMeH1 [Bana @panka, YkpaiHna

[Ipoliec OHOBJIEHHS CYCNUIBCTBA € CKIAQJHUM, CYNEPEWIMBUM 1 TPUBAIUM
MPOLIECOM, SKUU IOB’A3aHUM 13 MONIYKOM HOBHUX IUIAXIB Ta 3A1MCHEHHSIM PI3HHX
MEePETBOPEHb Yy BCIX cdepax KUTTENISUIBHOCTI JIIOJUHU, 30KpEMa, B raiay3l OCBITH.
Jlep>kaBi OTpiOHI CYyCNUIbHO-aKTUBHI, PO3BUHEHI, MUCJISIYl Ta TBOPYI OCOOMCTOCTI.
CamMe 111 3aBJJaHHSI IOCTAIOTh NEPEJ] 3aKJ1a1aMU OCBITH PI3HUX THIIIB, @ TOJIOBHA iX MeTa
MOJIATAE Y CTBOPEHHI CIPUSTIMBOIO OCBITHBOTO CEpEeNOBUINA ISl 3A1MCHEHHSA
3arajbHOrO PO3BUTKY OCOOHUCTOCTI JUTHUHH, PO3KPUTTS 1 NPHUPOJHUX 3aJaTKIB,
HaXWIIB Ta MOTEHIIHHUX TBOPUYUX MOKIUBOCTEH.

VY 3B'S3Ky 3 IIUM TICHUXOJIOTO-TIENAaroriudi HayKOBO-TIPAKTHYHI JOCIIKCHHS
CIpsIMOBaHI Ha TMOIIYK €(EeKTHUBHUX MUISXIB PO3B’SA3aHHS aKTyalbHUX MpoOsieM
MPOBA/IKEHHS OCBITHBOI'O MPOIECY Yy CyYacHUX yMoBax [l], 30kpemMa, TEOpETUUHO
OOTpYHTYBAaTH Ta MPAKTUYHO peaii3yBaTH TaKe HABYAHHS YYHIB MOYATKOBOI IIKOJIH,
ke 3a0e3neunsio O mutcHe GopMyBaHHS OCOOMCTOCTI KOXKHOTO YYHSI 3 PO3BUTKOM
Horo po3ymMoBUX Ji Ta HaBYaJbHO-MI3HABAIBHUX 3/11I0HOCTEH, BUCOKUMU
MOpPAJIbBHUMHM Ta JyXOBHUMH ToTpeOamu. Lle B cBOI 4epry AUKTy€e HEOOXIJTHICTh
OyIlyBaTH Mi3HABAJILHY ISUTBHICTh YUHIB Ha YPOIll TaK, 100 3a0€3MeUUTH PO3BUTOK 1X
TBOPYOi aKTUBHOCTI.

3aBIaHHSIM PO3BUTKY TBOpPYOI AaKTHUBHOCTI Yy4HIB BignoBizae KoHmeniis
pPO3BUBAJIBHOIO HaBUaHHS, Yy SKIA CTaBUThCS HArojioc Ha PO3BHBAJIBHOMY
KOMIIOHeHTi HaB4YaHHs [2]. Mxerbcs mpo ronoBHe 3aBIaHHS HABYAHHS — HE TiIBKH
3a0€3MeUnTH 3aCBOEHHS JUTHHOK HEOOXIJHUX MPOTPAMOBUX 3HaHb, YMIHb Ta
HABUYOK, ajie i JOMOT'THCS TOTO, 100 Ha KOKHOMY YpOIIl Y4eHb OBOJIOIBAB, a MOTIM
CaMOCTIHHO BHKOPUCTOBYBaB 3/100yTi 3HaHHS. O3HaKaMH Takoro HaBYaHHS € HOro
IHTEHCHBHICTh Ta pealtizallis moctaBjaeHoi MeTu. KommiekcHo Taki Aii MpUu3BOASTH 10
PO3BUTKY YUHIB IIiJ] YaC HaBYAHHS.

Po3BuBanbHE HaBUAaHHS BIJKPUBAE LIISAX YCHIXY B MEAAroriyHiii TBOPYOCTI TUM
BUUTENSAM, XTO JIIOOUTH CBOIO pOOOTY Ta 3alliIKaBJIECHUN B OTPUMAaHHI ii MO3UTHUBHUX
pe3yibTaTIB y HaBYAJIbHIM, BUXOBHIN Ta PO3BUBAIIbHINA POOOTI 3 JITHMHU.
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YcminrHe BOpoBaHKEHHS i/iei pO3BUBAJIBLHOI0 HABYAHHS Y TIPAKTHKY OCBITHHOTO
poliecy MOYaTKOBOI IIKOJIM 3aJIEKUTh BiJl 0araTb0X YMHHHKIB:

® BiJ MeAaroriyHoi MaiCTepHOCTI Ta MPOdeciitHOTO JOCBITY BUUTENS,

® BiJ piBHS TBOPUOTO MOTEHITIANY SIK BUUTENS, TaK 1 YUHIB,

® BiJl BUSBJICHHS HaxWIiB, 33/JaTKiB, 3M10HOCTEH, 1HAWUBITyaIbHHX Ta BIKOBUX

0COOJIMBOCTEH y4HIB,

® BiJ CTBOPEHHS Ta MIATPUMKHU TO3UTUBHOT €EMOIIIHHOI aTMOc(epH Ha ypoIll,

® BiJ ONTUMAJIHLHOTO BHOOPY Ta MPAKTUYHOTO 3aCTOCYBAHHSA OpTaHi3alliifHUX

dbopm, METOIB, MPUHOMIB, 3aC001B HaBYaHHS, HOBITHIX KPEATUBHUX OCBITHIX
TEXHOJIOT1# TOIIIO.

Po3BuBanbHe HaBUaHHS 3a0e3evye MOBHOIIHHY Mi3HABAJIbHY JTiSUTBHICTD YUHIB, a
18 JISIbHICTh BUMArae Bij] y4uTessi BUCOKOro npodeciitHoro piBHsA. BoHo nependayae
HaBYaHHS YYHIB TBOPYO 3700yBaTH 3HAHHSI, AKTUBHO HAOyBaTH BMIHHS Ta HABUYKH,
MIPOrpamMoBl KOMIIETEHTHOCTI, OCMHUCJIEHO CTAaBUTHCS [0 TMOLIYKY BIANOBIAEH Ha
MUTaHHS Ta BUKOHAHHS 3aBJlaHb, JOIIJILHO 3aCTOCOBYBAaTH OTpUMaH1 3HaHHS. Take
HaBUYaHHS SKICHO 3MIHIOE CTaBJICHHS BUUTEIIS /IO KOKHO1 IUTUHHU, TI1THIMAIOUU PIBEHb
MEeJaroriYHoro MapTHEPCTBA Ta B3a€EMO/11 Ha OUTBIIT BUCOKUN PIBEHb.

Ha npunnmmax ta 3acajnax po3BUBAJIBHOTO HaBYaHHS OyJye€TbCcs HOBUM 3MICT
OCBITHBOTO TIpOLleCy, TMependavyaroTbCcss HOBI MeToAuM Ta QopMu poOOTH, SIKI
CIOpsIMOBaHI Ha PO3KPUTTSA IHAMBIAYaJbHUX HAXWJIIB Ta 3A10HOCTEH YYHIB.
Po3BuBanbHEe HaBYaHHS NPHUBAOJIOE TAKOXK CBOIM IMIIXOJOM JO YCBIJOMJICHHS
BKJTUBOCTI HaBYaHHS Ta PO3BUTKY KOKHOTO YUHSI.

bararorpanHicTh 3MICTy OCBITH, PI3HOMAHITHICTh METOIB pOOOTH BUMTENIS, SIKI
0a3yloTbCcs Ha OCOOJIMBUX NUIAKTHYHUX TNPHHIMWIAX 1 THUIOBUX METOIUKAX
PO3BUBAIIBHOIO HAaBYAaHHS, AAIOTh MOXJIMBICTH 3a0e3MedyBaTH pPI3HOMAHITTS BH/IIB
TISUTBHOCTI YYHIB Ha YpOKaxX, JO3BOJISIIOTH BYUTENIO CIOCTEpIraTH HaBYaJIbHI
MOJIMBOCTI KOXHOi AWTHUHU B IUUIaHI BaplaTMBHOCTI YCHIIIHOCTI HaBYaHHS Ta
PO3BUTKY 11 TicuxiuHMX TmporieciB. JloOpi AOBIpJAUBI CTOCYHKH MIDK BYHUTEIIEM Ta
VYHSIMH, HACHYCHI TIO3UTUBHUMH €MOIIsIMH, aTtMocdepa 3axOmIeHOCTI diTel
HAaBUAaHHSAM — yC€ I J03BOJISIE KO)KHOMY Y4YHEBI TOBHOIIIHHO peaiizyBatu cebe B
HaBYAJIBLHO-ITI3HABAJIbHIN JISUILHOCTI.

CtpuxHEM pO3BUBAJIHLHOTO HABYAHHSI € JIOCATHEHHS MAaKCHMAJIbHOTO PE3yJbTaTy
B 3arajlbHOMY pO3BHUTKY UIKOJSPIB IMiJi Yac HaBYaHHSA. TOMYy OCHOBHHHM MUISX
cpsiMoBaHUM Ha (HOPMYBaHHS 3HAHb, YMIHb 1 HABUYOK HE BEJTUKOIO KIJIBKICTIO BIIPaB
abo 3aBIaHb, a CAaMOCTIMHUM 37100yBaHHSM HOBUX 3HaHb YYHSMU Kjacy. J[BUTyHOM
Mpoliecy Mi3HaHHS cTae 0a)kaHHs Y4YHIB MI3HATH HOBE, HEBIOMeE. J[1TH BKe Ha caMoMy
MOYaTKy HaBYaHHS BiAYyBalOTh 3aJ0OBOJICHHS BIJ LLJIECHPSIMOBAHOI PO3YMOBOIi
JUSITBHOCTI, PaJiCTh BiJl BAKOHAHHS 1[1IKABUX Ta HECTAaHAAPTHUX 3aBJIaHb.

Metonu HaBuYaHHS, $KI OYJIyIOThCS Ha OCHOBI BIAMOBIIHUX JAUAAKTUYHHUX
MPUHIUIIIB PO3BUBAIILHOTO HABUAHHS, JIIOTh K Ha 1HTEJIEKT, TaK 1 HA UyTTs AITeH, 60
i 9ac OOrOBOPEHHS HOBOTO CKJIAAHOTO JJIi HUX MPOrPaMOBOTO Martepiady BOHU
MOKYTb BUIBHO BUCIIOBJTFOBATH CBOI 3/I0TA/IKH, CY/KEHHS, TyMKH Ta BUCHOBKHU.
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Came TOMy pO3BHUBAJIbHE HABUAHHS BCE YACTINIEC YTBEPIKYETHCS SIK KIFOUOBUN
IICUXO0JIOTO-TIeAArOT1YHUN TTPUHIIAIT OPTaHi3allii Cy4acHOr0 OCBITHBOTO IIPOIIECY, Bij
SKOTO 0araTo B 4OMY 3aJIe’KUTh €(EKTHUBHICTh IEPEOpIEHTAIlli CUCTEMHU OCBITH Ha
PO3BUTOK TBOPYOi OCOOUCTOCTI.

Teopiss po3BUBAJBLHOr0 HaBYaHHS Oepe CBIM IOYATOK M€ y podoTax
[.ITectanomu, A.[icrepBera, K.Ymmucbkoro ta iH. HaykoBe oOrpyHTyBaHHS Ii€i
Teopii mojmano B npausgx JI.Burorcekoro. O.JleontreBa, JI.Enbkonina, B./laBumosa,
JI.3anKkoBa, [1.EpnHieBa, C.PyGinmreiina, [1.'anbmiepina, €.InpenkoBa
H.Menuuncekoi, I'.CeneBko, [.SIkumancpkoi Ta iH. 3a pe3yJbTaTaMu iX JOCTIIKCHb
HaBUYaHHS Ta PO3BUTOK MOCTAIOTH K CHCTEMa JIAICKTUYHO B3aEMOTIOB'I3aHUX CTOPIH
OJTHOTO 1 TOTO X Tporecy. HaBuaHHS Ta pO3BUTOK HE MOXKYTh BUCTYIIATH K OKpEMi
MIPOLIECH, BOHM CITIIBBIJHOCATBHCSA SK (opMa 1 3MICT €AMHOTO MPOLECY PO3BUTKY
0COOHUCTOCTI.

[Ipobnema peasnizalii i€l po3BUBAJILHOTO HABUYAaHHS, BUBYCHHS MICISL Ta POJI
TEXHOJIOT1M PO3BUBAIILHOTO HAaBYAHHS, BIAIIYKaHHS €(PEKTUBHUX IUIAXIB PO3BUTKY
Y4YHIB y MPOIECI HABYAHHS B MOYATKOBUX KJlacax nepeOyBae y moJii 30py JOCHiIKEHb
HAyKOBIIIB.

YBara 3ocepemkeHa Ha BIITyKaHH1 e(DEKTUBHUX IUIAXIB PO3BUTKY YUYHIB MiJ 4ac
HaBUYaHHS, YpaXyBaHHS 1H/IUBIIyaJIbHUX BIKOBUX OCOOJIMBOCTEH MOJIOIIMX IIKOJIAPIB
(TBOpYOr0, KPUTUYHOTO Ta JIOTIYHOTO MHUCIEHHS, 1HTEJIEKTY, MaMm’sTi, YsBU, YBaru,
COpHUIIMaHHS, MOBJIEHHS), CTBOPEHHS aTMOc(pepu TBOPYOCTI, CAMOCTIIHOCTI,
AKTUBHOCTI Ta YMOB JUIsl CAMOPO3BUTKY 0cOOMCTOCTI. Lle 00rpyHTOBY€ aKTyaJIbHICTh
00paHoi TeMH JOCTIKEHHS.

VY HaykoBIif JiTEpaTypl BKa3aHO, 1110 PO3BUTOK € TpoiiecoM (Pi3UYHOI 1 MCUXIYHOT
MPOTrPECUBHOT 3MIHU 1H/IMBI/IA B Yaci, IKU iepeidayae BAOCKOHAIICHHS, IEPEX1]T Horo
BJIACTUBOCTEH Ta MapaMeTpiB BiJl MEHILIOTO JI0 OIBIIOTO, BiJl IPOCTOTO JI0 CKJIAIHOTO,
B1J1 HMDKYOTO JI0 BUIIIOTO.

BupimanbHa posib y pO3BUTKY AWTHHH HAJCKHTh HABUAHHIO, TOMY HaBUYaHHS
MMOBUHHO MepeyBaTH po3BUTKY. HaBuaHHs Mae OyTH OpraHi3oBaHe Tak, 100 TOCATTH
3a MIHIMaJBHUNA YaCc MaKCUMAJbHUX PE3yJIbTAaTiB PO3BUTKY. BOHO MOBUHHO WTH
MoTepely PO3BUTKY, MAKCUMAJIbHO BUKOPUCTOBYIOYM T€HETUYHI BIKOBI MEPEIyMOBU
Ta BHOCSYM B HHUX CyTTeBl KopekTuBu. lle 3abe3medyeThcs creriaibHOIO
MEeJArOr1YHOI0 TEXHOJIOTIEID PO3BUBATLHOTO HABYAHHS.

VY 3B’S3Ky 3 IIUM cepell CyYyaCHUX HAyKOBHMX IIJIXO/IB CHCTEMa PO3BHBAJILHOTO
HaBUYaHHSA Ta aKTUBI3allli HABYAJIbHO-M13HABAILHO1, PO3YMOBOi, TBOPYOi, MUCICHHEBOL
TSITBHOCTI MOJIOJIIIMX IIKOJISIPIB 3aiiMa€ OJHE 3 YIIBHUX MICLb Y JOCIIIKCHHSIX
npoOJieM Teopii Ta MPAKTUKHU MOYATKOBOI MIKOJIH. Lle MOsSICHIOETBCS TUM, 1110 OCBITHIHN
MpolleC MOBUHEH HE TUIbKUA 3a0e3medyBaTH ONTUMAJIbHUN PO3BUTOK JAMTHHH, ii
MOTHUBAIlIMHUX, KOTHITUBHUX, €MOIIIHHO-BOJBOBUX, MOPAJIBHUX 1, ane #
MPOEKTYBATH 1X B3aEMO/IIIO Ta B3a€MHE ITiJICUJICHHS B yMOBaX OpraHizailii caMoCTiHHOT
Ta MONIYKOBO-TBOPYOI AISUTHHOCTI KOKHOTO yUHS.

Po3BuBanbHe HaBuaHHA 3a cuctemoro B./laBupoBa mpoTHCTaBiieHE ICHYIOUIN
TPaAUIIIHINA CUCTEeMI MIKIJTFHOTO HABYAHHS, IEPEBAYKHO CIIPSIMOBAHIN BiJ] 4aCTKOBOTO,
KOHKPETHOTO, OJMHUYHOTO JI0 3arajJbHOT0, a0CTPAKTHOTO, IIJIOTO; BiJ BUIAKY, (DaKTy
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710 CHCTEeMH, BiJ] SIBUIIA 0 CyTHOCTI. B.J/[aBUI0B MOCTaBUB MUTAHHS PO MOKIIUBICTh
TEOPETUYHOT PO3POOKM HOBOI CHCTEMHM HAaBYaHHS 3 HANpPSIMKOM, 3BOPOTHUM [0
TPaIUIIMHOTO: BiJ] 3arajiIbHOr0 0 OKPEMOTO, BiJl a0CTPAKTHOTO JJO KOHKPETHOTO, Bi
CUCTEMHOTO [0 OJUHMYHOTO. BiH c@opMyioBaB OCHOBHI TOJIOKEHHS, IO
XapaKTepU3yIOTh HE TIJIbKU 3MICT HABYAJIBHUX JUCLMILIIH, & ¥ T1 BMIHHS Ta HABUYKH,
SIK1 TIOBMHHI OyTH c(pOpMOBaH1 B YUHIB IIPH 3aCBOEHHI IIUX JAUCIUIUIIH Y HaBUAJIbHIM
JISIBHOCTI.

3apa3 y pamkax oHoBieHO1 KoHremnii PO3BUBATEHOTO HABYAHHS p03po6J1eHo psn
PO3BUBAJILHUX TEXHOJOTIH, SKi BIAPI3HAIOTHCA IUIBOBUMH  OPIEHTAIIISIMH,
OCOOJIMBOCTSIMH 3MICTY Ta METOJIMKH MpoBeaeHHs. Haloinp1r eeKTHBHUMH 3 HUX €:

e TexHousorig JI.3aHkoBa, sika CIpsiMOBaHa Ha 3araJlbHUN IUTICHHA PO3BUTOK
0COOHMCTOCTI,

o texHonorig [I.Enpkonina-B.JlaBuoBa, sika akiieHTOBaHa Ha PO3BUTOK CIIOCO01B
PO3YMOBHUX i,

® TEXHOJIOT1i TBOPYOI'O PO3BUTKY, AKI HAJAIOTh MPIOPUTET cPepl €CTETUYHUX 1
MOpPaJIbHUX SKOCTEH 0COOMCTOCTI,

o TexHojorig [.CeneBko, sKa OpIEHTYEThCS HA PO3BUTOK CAMOPETYIIIOIOUUX
MEXaHI3MIB OCOOMCTOCTI,

e TexHoJorig [.SIKMMaHCBKOI, sIKa OpPIEHTYEThCS Ha PO3BUTOK cepu AI€BO-
MPAKTUYHUX SIKOCTEH 0COOUCTOCTI.

BusnaueHo, 1mo edekTUBHUU OCBITHIM Tmpoliec mependadae 3a0e3neyueHHs
BCEOIYHOTO PO3BUTKY OCOOMCTOCTI NUISIXOM HAaBUYaHHS Ta BUXOBAHHS, SKHHA
IPYHTYETBCS Ha 3arajJbHONIOACHKHX IIIHHOCTAX Ta TMPHUHIIMIAX HAYKOBOCTI,
CUCTEMAaTUYHOCTI, IOCTYITHOCT1, CHCTEMHOCT1 HaBUaHHSI.

BaxnuBoro TepemyMOBOIO YCIIITHOTO HAaBYAHHS Ta PO3BHTKY MOJIOIIINX
LIKOJISIPIB € 3al1KaBJIEHICTh 1 Mi3HaBaJIbHUM 1HTEpec. BioMo, 110 OCHOBHUM LIISIXOM
MIJIBUIICHHSI €()EKTUBHOCTI HABYAHHS 1 BUXOBAHHS € B3a€MOJIiSl MPOIECIB PO3BUTKY
MUCJICHHSI AUTHHU Ta (OpMyBaHHS y Hei 3HaHb, YMiHb Ta HaBUUYOK. JIOMIHYIOUUM
METO/IOM HaBUaHHS MOJIOJIIIUX IIKOJISIPIB € MPaKTUYHHUI MeTo . BiH mae 3Mory miTsam
ruOIIe YCBIJIOMUTH HAaBYAJIbHUN MaTepiall.

HaBuanHg MONOAIMMX MIKOJISIPIB Ma€ OyTH HE JIMIE I[IKaBUM, PAIICHUM, alie
BOJIHOYAC BOHO TTOBMHHO 3a0€3MeuyBaTy TTMOOKE 3aCBOEHHS HABUAIILHOTO MaTepiany.
3aBAaHHS BUMTENS MOYATKOBHX KJIACIB HE JIMIIE HABYUTH, a ¥ MPOOYyAUTH B JITEH
Mi3HaBaJbHUMN IHTEPEC, EMOIliiHE 3aJI0BOJICHHS, PAAICTh BiJl OTPUMAHUX 3HAHb 1 70
camoro mpotecy ix 3acBoeHHs. [loTpiOHO QopMyBatu y AiTell yMIHHS BUMTHCA,
OMpalbOBYBATU PI3HUM MaTepiall, MPUILEIUTIOBATH HAaBUYKKA CAMOCTIHHOI poOOTH,
dbopMyBaTH NMpaKTUYHI BMIHHS Ta HaBUYKH, SIKI HEOOXiAHI B JKUTTI. YYHI MOBUHHI
3aCBOITH HE TUIbKM MaTeMaTHU4HI1 3HaHHS, ajie ¥ OBOJIOAITH MPUHOMaMU 1 METOJIaMU
pPO3B’sI3yBaHHS 3ajlad pI3HUX BHUIIB Ta THUMIB, HAOyTH TMPAKTUYHI BMIHHS,
KOPHUCTYBATHUCS BUMIPIOBATBHIMH, OOYHCITIOBATBHUMH, KPECISIPCBKUMU, TEXHIYHUMHA
MpUIaIaMy, CAaMOCTIHO MPAIIOBATH 1 BJOCKOHATIOBATHUCH.

OcCBITHIN TpoIeC € CKIAAHOI IUHAMIYHOIO CHUCTEMOIO, y SKi B OpraHiuHid
€THOCTI B1IOYBA€THCS MISIIbHICTD BUUTENIS TA YUHS. Y 11 CHCTEMI i KEPIBHUIITBOM
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y4uTeds Y4YHI OBOJOJIBAalOTH OCHOBAaMHM 3HaHb, CIOCOOAMHU MJISUIBHOCTI Ta
palioHaJIbHUMU TTpUHOMaM# poOOTH.

KokeH 13 y4acHHMKIB OCBITHHOTO IIPOIIECY Ma€ CBOi BJacHi (yHKIT B IH
B3a€MOIIOB A3aHIN JISTIbHOCTI. 3aBJaHHS BYUTENS MOJIATa€E HE JIMIIE B TOMY, 1100
MOJaTh 3HAHHSA, aje ¥ YOpaBJIsTH MPOLIECOM 3aCBOEHHS 3HAaHb Ta CIOCOOAMU
TSJIBHOCTI y4YHIB. 3aBJaHHS y4HS TOJISTa€E B TOMY, 100 OBOJIOAIBATH CHCTEMOIO
3HaHb, CIIOCO0aMH X 3/100yBaHHs, 0OpOOKH, 30epiraHHs Ta 3aCTOCYBaHHS, BUXOBYIOUH
B c001 HEOOX1/1HI AKOCTI 0COOMCTOCTI.

OcobnuBa poab y 3aralbHOMY PO3BUTKY, @ OCOOJHMBO y PO3BHUTKY TBOPUYUX
3MI0HOCTEH, KPUTHYHOTO, JIOTIYHOTO Ta aJTOPUTMIYHOTO MHCIJICHHS, BHXOBaHHI
HAaBHYOK PO3YMOBOI mpami (TUIaHyBaHHS i, TONIYK pAaIliOHAIBHUX IUIAXIB
pO3B’sI3aHHS, JIE€TaJbHICTh, YITKICTh, KPEATHBHICTh MIPKYBaHb TOILO) HAJIEKUTh
BHBYCHHIO TTOYATKOBOTO KypCy MaTEMaTHKH SIK BaKJIMBOTO KOMITOHEHTA OCBITHBOI
nistibHOCTI. Cepen pi3HOMaHITHUX 3ac001B (POpMYBaHHS OCOOMCTOCT] BaXJIMBE MICLIE
HaJIeKUTh ypOKaM MaTeMaTHKH. IX pi3HOMAHITHMH BIUIMB HAa BHXOBaHHS JiTei
HaOyBae Jie/iai MUPIIOTro BU3HAHHS Yy TEOPIi Ta MPAKTHUIl HABYAHHS.

IMoyaTkoBMii Kypc MaTeMATHKHM Ma€ SK HaBYaJIbHO-MPAKTUYHE, TaK 1
PO3BUBAILHO-BUXOBHE 3HaueHHs. HaOyTi 3HaHHS Ta MPaKTHUYHI HABUYKU MOTPIOHI
JITSAM Y TIOBCSAKJICHHOMY KWTTI, y BUBYEHHI 1HIINX HABYAJIbHUX JUCIUILIIH. Moo
IIKOJISIPI OJICPXKYIOTh TOYATKOB1 YSBJICHHS MPO NMPUHIMIIM 1 3aKOHHM, SIK1 JIEKATh B
OCHOBI MaTEMaTUYHUX (PAKTIB, 110 BUBYAIOTHCS J1alil. PO3BUBaIbHO-BUXOBHE 3HAUCHHS
BHUBYCHHS ITOYATKOBOTO KypCy MaTEeMAaTHKH BUSBIIIETHCSA Y HOTO BHECKY B PO3YMOBHHA,
MOPAJIEHUNA Ta €CTETUYHUN PO3BUTOK MOJIOIIUX IIKOJISPIB.

Hocnimxennss HaykoBuiB (bypmaka f., I'opoduenko M. [3], 3axapoBa A. [4],
Koctiok T., Manaztok M. [5], CaBuenko 1., MuponoBceka JI. [6] Ta iH.), a TaKkox
MPaKTUYHUN JOCBIJ YYMTENIB 3aCBIAUYIOTh, IO peami3alis 1/1ei pO3BUBAIBHOIO
HaBYaHHS I1JIBUILYE €(PEKTUBHICTh BUBUECHHSI MATEMATUKHU Y MOYATKOBINA LIKOMI.

IcToTHE 3HaueHHs A 3a0e3MedeHHs peani3allli i71eil po3BUBAIIBHOTO HAaBUYAHHS
Ma€ BHMBYCHHS MaTEMaTHYHOI OCBITHBOI raiy3i 3a IT’STbMa 3MICTOBUMHU JIIHISIMH.
Cepen Hux BaxuBow € 3microBa JiHia «CroxkerHi 3agadi». [loertanHomy
dbopMyBaHHIO ¥ PO3BUTKY YMiHb YYHIB PO3B’SI3yBaTH CIOKETHI 3a/adi BiJABEICHO
0cOo0MBE MiCIIe, aJKe, 3 OJTHOTO OOKy, ITl 3a/1aul CTAaHOBISATH CIEHU(PIYHUN PO3ALT
HapuansHo1 mporpamu 3 MaTEMaTUKH, MaTepiall SKOTO YYHI TOBUHHI MIIIHO 3aCBOITH,
a 3 IHIIOTO, BOHM BHUCTYIAIOTh SK TUIAKTUYHUN 3aci0 HaBYaHHS, BHXOBAaHHS Ta
PO3BUTKY MOJIOJIIINX IITKOJISAPIB.

Ha nymky nayxosuiB (borganosuu M., Kozak M., Koposs . [7], KopueBcbka O.
[8], Komsarin FO., Jlorauescrka C. [9], IloGipuenko H., Cnenkans 3., 3aika M.,
bacanrora P. [10], T'azgyn M. [11], Crymak I'. [12], CxBoproBa C. [13] Ta iH.)
PO3B’SI3yBaHHS CIOKETHHMX 3a/7a4 € BaKIMBHM 3aC000M YJIOCKOHAJICHHS TBOPYHUX
3M10HOCTEN JiTel, Crpusie PO3BUTKY Mi3HABAJIBHOIO 1HTEPECY YUHIB, OMAHYBaHHIO
HAMU PI3HUMH TpPUHAOMAMU MUCJICHHS, (QOPMYBaHHIO YMIHHS CIIOCTEpIraTu 1
MOPIBHIOBATH, BUKOHYBAaTH TakKi PO3YMOBI [ii, SIK aHaii3, CHHTE3, y3arajJbHEHHS,
abcTparyBaHHs, KOHKPETH3aIlis, BACIOBIIIOBATH CBOT CY/IKEHHS 1 MIPKyBaHHS.
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CrokeTHi  3amaul, sKI BIJOOpaXKalOTh  KOHKPETHI JKUTTEBI  CHUTYyalli,
BUKOPUCTOBYIOTHCA [IJIsl O3HAHOMJICHHSI IIKOJISIPIB 3 TEBHUMU MaTeMAaTHUYHUMU
MNOHATTSMHU Ta 3aKOHOMIPHOCTSIMH, JUISI 3’SCYBAaHHSI B3a€MO3B’SI3KIB MIX CIIOBOM 1
CUMBOJIOM. ¥ JeSIKMX BUIAJIKaX (pOpMyBaHHS TEOPETUYHUX 3HAHD YEPE3 3a/1aul MOXKeE
OyTH opraHizoBaHe y BUIJISIAI IPOOIeMHOI (hOpMU HaBYaHHS.

BuxoBHi (yHKIIIT 3a/1a4 COPUSIOTH 3B 3Ky HABYAHHS 3 KUTTSAM, O3HAHOMIIIOIOTH
YUYHIB 3 I[IKABUMHU BaXJIUBUMHU (DakTamMu. Y LbOMY IUIaHI CIOKETHI 3a7adl Pi3HOrO
COpSMYBaHHSI BIJITPalOTh BEJIMKY HABYAJIbHO- NPAKTHIHY  POITH. Amkxe B yMOBl
CIOKETHHMX 3a/a4y IMOJAIOThCS 3HAYEHHS 3alaHuX 1 IIyKaHUX BEIMYMH 1 JesKl
3aJICKHOCT] (BIIHOIIEHHS) MIX IX YHCIOBHUMH 3HadeHHsMHU. [Ipomec poOoTu Hax
TaKUMH 3aJjayaMyd  CIpUS€ PO3YMIHHIO Ta YCBIJOMJICHHIO 3aJIeKHOCTEH MIX
BEJIMYNHAMH.

AKTUBI3AIlI€EI0 HABYAIBHO-MI3HABAILHOI JISJIBHOCTI Y4YHIB MependadyaeTbest
CTBOpPEHHSI CHCTEMH HABYAJIBbHMX CHTYallili, CIpsIMOBaHNX Ha (POPMYBaHHS B yUHIB
MPUHOMIB PO3YMOBOI JISUTBHOCTI. YUHI MiJ] 4ac po3B’S3yBaHHS CIOXKETHUX 3a7ad 1
HABYAJIbHO-MI3HABAJIbHUX 3aBJaHb BUYAThCS CIIOCTEPIraTH, MOPIBHIOBATH, IIBUAKO
crpuiiMaTy, 3amam’sITOByBaTH, Kiacu(iKyBaTH M y3arajJbHIOBaTU O3HAKU OO’ €KTIB,
abcTparyBaTUCh BlJl KOHKPETHUX CUTYalllll y 3a/1a4ax.

Onrtumizaiiss HaBYaIbHO-MI3HABAJIBHOI JISUIBHOCTI YYHIB Ha ypoIl y IpoIrieci
PO3B’sI3yBaHHS CIOKETHUX 3a7au 3a0e3MeuyeThCsl 32 YMOBH, 110 KOXXHOMY YYHEBI
HAJaBaTUMETbCSI MOJXJIMBICTb CAMOCTIMHO BIJIKpUBaTH [ ce0e  3HaHHI,
YTBEPAKYBATU PIBEHb CB1JIOMOCTI 1 MIITHOCT1 3HaHb.

EdexkTuBHOCTI npouecy y4iHHS COPUSIOTh TaKl BUAU AISUIBHOCTI BUUTENS:

® OI[IHIOBAHHSI YMOB, CIPSIMOBAaHUX Ha (POPMYBaHHS OCHOBHUX MOHSTh;

® aHaJIi3 pO3YMOBUX ]I 1 Omeparliii, ssiki BAKOHYBAJIUCh YUHIMU;

® CIHIBBIJHECEHHS METOAIB pPOOOTH 13 3MICTOM HAaBYaJIBHOTO MaTepialy Ta
1HTEIEKTyIbHUMH MOKJIMBOCTSIMU YUHIB;

® XapaKTEpPUCTHKa SKOCTEH pPO3yMOBOI MAISUIBHOCTI Y4YHIB, SIKI BUSIBJISUIUCS Ha
ypolii 1 SIKi MalOTh B HUX PO3BUBATHUCH;

® BUJIUICHHS CYTTEBOTO B HABYAJIBLHOMY Matepiaji, y3araJbHEHHS MaTepiaty;

® KOHTpOJIb 32 BJACHUM MOBJICHHSIM YYHIB (3MICTOBHICTb, CIIOBHHUKOBUU CKJajl
MOBJIEHHS, YITKICTh (DOpPMYJIIOBaHb, iX BHPA3HICTh, OOpPA3HICTh, CHHTAKCHUYHA
CTPYKTypa pe4yeHb TOILIO);

® CTBOPEHHS YMOB JUISI PO3BUTKY 1X PENPOAYKTUBHOI Ta TBOPYOI YSBU;

® KOHTPOJIb 332 €MOIIIMHUM CTaHOM JIITeH Ha YPOIll Ta CTBOPECHHS CUTYaIliil aJis
(dhopMyBaHHS BOJILOBUX SIKOCTEH OCOOMCTOCTI;

® yIpaBIiHHSA CHOUIKYBAaHHAM YYHIB Ha YpOIll Ta BHUXOBaHHS B HHX
JTUCHUTUTIHOBAHOCTI, OPTraHi30BaHOCTI Ta J1JIOBUTOCTI.

[Tin axTuBI3ali€l0 HaBYAIbHO-IMI3HABAJIBHOI Ta PO3YMOBOI [ISJIBHOCTI YYHIB
PO3YMIIOTh TaKy OpraHizallilo MpoIecy 3aCBOEHHS 3HaHb, B PE3YyJbTaTl SKOI Y4HI B
OCHOBHOMY Ha YpOIll OBOJIOJIBAIOTh 3HAHHSMM, CHOCOOaMM Jill, CreliaIbHO
3HAYYIIOI I[IHHICHOIO OpIEHTAIl€0 B  HABKOJMINHIA  JIMCHOCTI, BYaThCs
3aCTOCOBYBATH 3/100yTi 3HaHHS Ha MIPAKTULIl, PO3BUBAIOTHCA 0araToOMIaHOBO y ITPOLIEC]
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BHUBUYCHHS HOBOTO MaTepially Ta 3aKkpirmieHHS chOpPMOBAaHUX yMiHb 1 HABUYOK, IO
IUTICHO PO3BHBAE MUCJIEHHS, IIaM’siTh, yBary Ta ysBY y4Hs. YCl 3a3Ha4€Hi acleKTU
JTISAJBHOCTI y4YHS Ha YypoIll MawTh Iepe0yBaTh y TIOCTIHHIN B3aeMoiaii Ta
B3a€MO3B’SI3KY, a 1€ 3a0e3MeuyeThCcsi KOMIUIEKCHUM TIIXOJ0M JI0 CTBOPEHHS
HaBYAJIbHUX CUTYallli Ha YPOIIl.

Po3B’s13aHHs 3a3HAYEHUX 3aBJaHb YUYUTENEM 1 y4YHEM BIJOyBae€Thbcsi B yaci U
3MIMCHIOETHCS BIIMOBIAHO JI0 €TallIB, 110 BXOAATh Y IIPOIIEC HAaBYAHHS:

® IIOCTAaHOBKAa Yy4YWMTEJIEM HaBYaJIbHO-MI3HABAILHOI METHM Ta opraHizamis ii
CIIPUMHATTS YYHEM;

e oOpradizaiis JiSJIBHOCTI YYHIB, CHOPSIMOBAHOI Ha OCMHCJICHHS HaBYaJIbHOT
1HbOpMaIii;

e 3akpimieHHs 1HGopMalli Ta MOTJIUOJEHHS 1i OCMHUCJIEHHS 3 HACTYITHUM
3armam’sITOBYBaHHSIM;

® TepeBipKa 3HAHb YUHIB.

Ha Bcix 3rajganux eranax Mae Micle 1H(opMaliiiHo-KepiBHA TISJIbHICTh YUUTENS,
3/11IICHIOBAHA 32 JOMIOMOT OO CIIEL1aJIbHUX IPUHIUIIIB, METO/IIB 1 TPUIIOMIB HABYAHHS.
3ycWJuIsl y4dTeNsi MOBUHHI OyTH CHPSIMOBaHI Ha BUPOOJEHHS y WIKOJISIPIB (1101
CUCTEMHU BMIHb — OCOOMCTHX 1 3araJIbHUX.

Jns toro, mo0 MOJOAIIMI IIKOJSAp OyB AKTUBHHUM, 3aIIKABJIEHUM B IPOLECI
y4iHHS, HEOOX1IHO:

e 3a0e3MeuuTH WOMYy IIMPOKI MOMKJIMBOCTI JJIs MPOSIBY CaMOCTIMHOCTI B
HaBYAIIbHIN JISUTBHOCTI;

® 03HAlOMUTU HOro 3 €(MEKTUBHUMHM METOJaMHU 1 MpUIOMaMH CaMOCTIHHOI
poboTu;

® pOOYAWTH B HHOTO MPArHeHHs 10 CAMOCTIHHOCTI, TOOTO 3pOOUTH ISl HHOTO
CaMOro XUTTEBO HEOOX1AHUM HOTO CAMOCTIMHUIM TBOPUMIA MiAX1]T IO PO3B’SI3aHHS THX
YH IHITUX HAaBYAIbHUX 3aBJaHb.

KoMIiiekcHUM MiIX0JI0M 10 pO3pOOKH Ta CTBOPEHHS HABYAJIBHUX CHUTYyalld Ha
ypoii nependadaeTbes AudepeHiiais HaBUaJbHUX 3aBaaHb [14], KepyBaHHs
MPOIIECOM OIMAaHYBaHHS Y4YHSIMU TIEBHUM OOCATOM 3HaHb, OpTraHizaiii iXHBOI
CaMOCTIITHOT MUCJICHHEBOI JISTTHHOCTI.

3BUUaiiHO, 11e HE 03HAYae, 110 Ha KO)KHOMY YpOIll MalOTh BUSIBJIATUCS yC1 aClIEKTH
IisTbHOCTI yuHiB. MaeTbes mpo Te, MO KOIM HAa OJHOMY YpOL HABYabHI CHTYAIIi
CHPSMOBYBAJIMCh Ha OBOJIOJIIHHS MIEBHUMH 3HAHHSIMH, TO HAa HACTYITHOMY YPOLIl CJIiJ
nependavynTy CUTYyallii, siki O CTUMYJIIOBAJIM JOCHITHUIBKUN MONIYK YYHIB UM CIIPUSUIIN

OnTuMmizaniss HaBUYaJIbHO-II3HABAJILHOTO MPOLECY Y TMpoIeci po3B’s3yBaHHS
CIOKETHHX 3a/1ay nependavyae CTBOPSHHSI YMOB JJisl €(PEeKTUBHOTO 3amaM’ ITOBYBaHHS
HaBYaJbHOTO MaTepiaty. ToMy HE0OX1JHO OpPraHi30BYBaTH POOOTY 3 YUHSIMU TakK, LI0
BOHa OyJia IIKaBOIO, MOJIaBajach y HE3BUYHIN (opMi, BUKIIMKaIA TO3UTUBHI €MOIIIT 1
riOoki nouytts. 1100 y4yHi q0o0Ope 3amam’staiyv HaBYalbHUNA Martepiall, HeoOX1HO
CTaBUTH NEpe] HUMHU KOHKPETHI 3aBJIJaHHs1, BM1JIO OPraHi3yBaTy MOBTOPEHHS 1 TBOPUY
po0OOTY HaJ PO3B’A3aHOIO0 3a7a4€l0, 3/11MCHIOBATH KOHTPOJIb BUBUYEHOTO.
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3aximageHi MOXJIMBOCTI B 3MICTI Ta METOJIaX HaBUaHHS YCIIIIHO PEai3ylOThCs
JUIIEe 32 YMOBU MPaBUJIBHOTO MENaroriyHOTO KepiBHUIITBA. ToMy BaxJIMBO, MO0
BUMTEIb HE JIUIIIE J0Ope 3HaB 0COOJUBOCTI IICUXOJIOTIT YUHIB, 3aKOHOMIPHOCTI IXHBOT'O
PO3BUTKY B MpOIECI HABYAHHS, aje W MPaBWIBHO 3aCTOCOBYBAaB I1Ii 3HAHHS B
OCBITHBOMY TMPOIIECi, BUKOPHCTOBYBAaB 1iX [JIi OTPUMaHHS MOCTAaBJICHOI METU
aKTHBI3aIlli PO3yMOBOi Ta HaBYAJIbHO-I3HABAILHOI JISJILHOCTI YYHIB y TPOIIEC]
(hopMyBaHHS B yUYHIB YMiHb PO3B'AI3yBaHHSI CIO;KEeTHHUX 3a1ay4 [15].

['OTOBHICTH YyUHIB CHpUHMATH 3a/1a4uy 3aJ€KUTh TAKOX BiJ] TOTO, SIK OPTaHi30BY€
BUYUTEIIb aHAJI3 YYHSIMH 33Ja4HOT0 MaTepiany. 3a3Ha4yiMO, 10 B IPOIEC] CIPUIMAaHHS
3a/laul y4HI TOBHHHI BCTAaHOBHUTH JIOTIYHHM 3B’S30K MK YMOBOIO Ta KIHIIEBOIO
BHMOTOIO 33J1a4i, YCBIJIOMUTH OCHOBHE 3HAYCHHS ITI€1 BUMOTH.

[lin yac cTBOpeHHS YMOB, fKI 3a0e3MeuytoTh (OpMyBaHHS B YUHIB FOTOBHOCTI
cupuiiMaTé  3aJady, BEJMKOi YyBaru 3acilyTOBy€ JOJCpXKAaHHS  MPUHIIUITY
KOMIUIEKCHOCTI. CyTh 1ILOTO MPHUHIMIY TOJISITA€ B TOMY, 100 y MpoIeCci aHali3y
CIOKETHOT 3ajlayl y4Hi (OpMYJIOBAM TIE€BHI CYJ/UKEHHS, POOWIIM y3araJlbHEHHS,
BCTAHOBITIOBAJIN PaIllOHAIBHUM CTIOCIO pO3B’sI3aHHS 3a/1aui.

[IpuHIIMTT KOMIUIEKCHOCTI y (hOpMyBaHHI TOTOBHOCTI CHpUMMATH 3amady — IIe
crieriajJbHa OpraHizallis TMPOIECY 3aCBOEHHS MPUUOMIB PO3YMOBOI JiSITBHOCTI:
OCMHCIICHO CIOpUIMaTH Ta  3amaMm ATOBYBaTH, aHaJi3yBaTH, I[OPIBHIOBATH,
y3arajibHIOBATH Ta KOHKPETU3YBATH 3aJJaYHUI MaTepiajl, KOpucTyBaTucs GopMmyaamMu.
CrpuiiMaroun 3a7ady, Y4HI BUKOHYIOTh LUIMH psii pO3yMOBHUX 1 NMPAKTUYHUX MIH:
BUJIUISAIOTH 13 3MICTy YMOBM 3aJlayl BaXKJIMBY Ui 1l PO3B’si3aHHS  1H(OpMaliio,
31CTaBIISIIOTH MK COOOIO CKJIa0B1 YaCTUHM 3aJ1a4l, BCTAHOBIIIOIOTH M1K HUMH 3B’ 130K,
CKJIaJIal0Th OPIEHTOBHUM IJIaH PO3B’sI3yBaHHS TOIIIO.

[Ilo6 cknacTu 1JIaH pPO3B’SI3aHHS, YYHI TOBUHHI YCBIIOMUTH CTPYKTYPY
CHO2KeTHOI 3a1a4i. BaxnuBe 3HaUeHHS 11 YCBIAOMIIEHHS CTPYKTYpH 3ajJlayl MaroTh
cHeniaJbHO PO3pO0IIeHI MOIENl Ta CXEMH, SIK1 B HAOUH1M popMi BiJ0OpakaroTh iCTOTHI
3B’SI3KM MIXK 11 00’ ekTamu. Opranizailis AisUIbHOCTI AITE€H 3 OMIOPOIO HA TaKl MOJIEN Ja€
MO>KJIUBICTB MIABECTH 1X JIO Mi3HAHHA 1UX 3B’s13KiB. Opi€HTYBaHHS Y4YHIB y CTPYKTYPI
3aj1aui, 1o 300paxxeHa 3a JI0MOMOTr0I0 MOJIEN, TPUBOJUTH O CAMOCTIHHOTO MOIIYKY 1
BCTAHOBJICHHS i1 cTOCO0Y pO3B’s3yBaHHS.

[lin vac po3B’A3yBaHHMl CIOKETHOI 3ajJa4Yi ydYeHb 3MIMCHIOE TakKl PO3YMOBI
orieparlii: aHami3 — 3IMCHIOE MIPKyBaHHS BiJ YMOBH JIO 3allUTaHHS, BUAUISIE AaHi 1
IIyKaHi 9rciia, CKIAJal0ud TUTaH PO3B’A3yBaHHS, CHHTE3, KOPUCTYIOUUCH MIPH I[OMY
KOHKpeTu3alier (y ayMiii (opMyJIroe YMOBY 3ajadi); abcTparyBaHHsI (HE3aJIeKHO BiJl
KOHKPETHOI CUTYyallii BuOupae notpioHi apudmMeTnyHi Aii); y3araabHEHHS 3HaHb PO
3B’SI3KM MDK JaHUMH BEJIMYMHAMH 1 IIYKaHUM IUIIXOM 0araropa3oBOr0 BHKOHAHHS
PO3B’sI3yBaHHS 33714 IEBHOTO BULY.

VYci nepeniyeHi 3HaHHS Ta BMIHHS MOKJIMBO aKTHBI3YBaTH HUISIXOM BUKOHAHHS
PI3HHX BHJIIB HaBUaJbHUX 3aBJaHb. EQEKTHBHICT, I[HOTO HAMPIMKY POOOTH
nepeadadae peTeabHUN J00Ip HaBYAIIBHMX 3aBAaHb — CIOKETHHX 3ajad, sKi O
BIJIITOBIAJIM IIEBHUM 3araJIbHUM METOANYHHUM BHMOI'AM:

e 3a0e3Me4yBaTH 3aCBOEHHS YUHSIMU POTPaMOBOT0 MaTepiainy, OpMyBaTH B HUX
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3HaHb MPO 3ajadvy, ii CTPYKTYpY, MPOLIEC PO3B’A3yBaHHS, BUUTH BUKOPHUCTOBYBATH
HaOyTi 3HaHHS B PI3HUX HABYAIBHUX CUTYaIlIsX;

e 3MICT 3aBJlaHb Ma€ BIANOBIJATH TeMi YpPOKYy, METI BHUBUCHHs Marepiaily, a
YHUCJIOBI JJaHI MalOTh OyTH peaIbHUMU 1 BIATIOBIIATH MTPOTPAMOBUM BUMOTaM;

® TIOCTIZOBHICTh BHKOPUCTAHHS 3a7a4 Ma€ CIPHUATH CBIIOMOMY 3aCBOEHHIO
TEOPETUYHUX 3HAHb 1 BMIHHIO iX pO3B’SA3yBaTd, PO3BUTKY MPUHOMIB pPO3yMOBOI Ta
TPYJOBOI JiSUTBHOCTI MIKOJISPIB, 3a0€3MeUyBaTH aBTOMATH3AIIII0 eIEMEHTApHUX JIiH, 3
SAKUX CKJIQa€ThCS MIAIBHICTh MPH PO3B’SI3yBaHHI 3a7ad, CTBOPIOBATH YMOBH IS
y3arajlbHeHHsl CHOCOOIB JISJIBHOCTI, BIANOBIAATH JIOTII W CTPYKTYpl MpOLECY
(dbopMyBaHHS YMiHb PO3B’sI3yBaHHs 3a]1ay;

® KUIBKICTh 3aJlau IOBUHHA BIANOBIJIATH  1HAMBIAYaTbHO-TICUXOJIOTTYHUM
OCOOJIMBOCTSIM IIKOJISIPIB 1 OYTH JOCTATHBHOO ISl POPMYyBaHHS TIEBHOTO BMIHHS a00
HaBHUYKH;

® 33j7a4l MaloTh IependayaTd TPYIHOII, SKI JO3BOJSIOTH BUUTEIIO MOCTIHHO
CTEXUTH 3a TOYHICTIO BHOOpPY Ta BHUKOHAHHS NOTPIOHUX apu(PMETHUHHX i, 3a
YCHIXOM 1 HEJIOJIIKaMU POOOTH YUHIB.

Metoauka poOOTH HaJl CIOKETHHUMH 3aJlayaMM MOBHHHA mependadaty JeKiIbKa
CTYTICHIB:

® MIArOTOBYY poOOTY (aKTyasi3aiiro HeOOX1JHUX 3HaHb, YMIHb 1 HABUYOK);

® O3HANOMJICHHS 3 PO3B’SI3yBaHHSM 3aja4 (P13H1 CIIOCOOM);

® 3aKpilUIeHHS Ta (opMyBaHHS BMIHHS PO3B’sI3yBaTh 3ajiadl (HEOJHOPA30BE
PO3B’s13aHHS 33[a4 PI3HUX THUIIIB 1 BUOIp PO3B’A3aHHS aBTOMATUYHO).

3 METOI0 PO3BUTKY IMI3HABAJIBHOIO IHTEPECY YUHIB MOYATKOBUX KIIACIB HIUPOKO
BUKOPUCTOBYIOTHCSI PUIOMH TBOPYO0i POOOTH HAl CIO:KETHUMM 3agayamMu [16] 3
BUKOPHUCTAHHAM POOOTH HaJ PI3HUMHU BUJaMH 3aBIaHb TBOPUOTO XapaKTepy:

e 3aMiHa €JEMEHTIB CIOKETHOI 3aj1aul (YMCIOBUX JaHUX, 3alIUTaHH, 3B’ I3KIB MK
BEJIMUYMHAMHU, CIOKETY 3aaul, yTPYJHEHHS] YMOBH),

e TIOPIBHSIHHSA 3a/1a4,

® PO3B’SI3yBaHHS 33/1ayu PI3HUMHU CIIOCOOaMHU,

® CKJIQJaHHS BUPA3iB 32 YMOBOIO 3aj1a4i,

e CKJIQJaHHS 3a]a4 (Ha BKa3aHy JIi10, 32 BUPA30M, Ha 33JlaHy 3MIHY BEJIMYUH YU
3aJIe)KHOCTE MK HHMMH, 33Jay MEBHOIO BUAY, OOEpHEHUX 3aj]ad, 3a YUCIOBUMU
JTAHUMHU, 32 KOPOTKUM 3aIHCOM),

e po0OoTa HaJl 3a]a9aMH 3 HEJIOCTaTHIMH Ta 3aBUMH JIAaHHMH,

e po0OOTa HaJl KOMOIHAIIISIMU 3a]1a4.

OTxe, cydacHa OCBITHS MOJITHKA YKpaiHU MOKJIMKaHA PO3B’SI3yBaTH aKTyallbHI
npoOsemMu 1 mependavyac r(pyHTOBHE OHOBJICHHS 3MICTY MIKIJTbHOT OCBITH, ITi/IBUIIICHHS
SAKOCTI 3aCTOCYBaHHS B OCBITHROMY TIOIIECI PI3HOMAHITHHX 1HHOBAIIHUX
TEXHOJIOT1H, opraHizauiifHuX GopM HaBYaHHS, 1000PY Ta €HEeKTUBHOTO BUKOPUCTAHHS
METO/MK 1 MPUHOMIB HaBYAJIbHOI PoOOTH 3 yuHs MU (co0siMBOi Baru 1€ HaOyBae B
oprasizailii po3BUBaJIbHOTO OCBITHROT'O MPOLECY B OYATKOBIH LIKOJI1, OCKIIBKU CaMe
el BIKOBUH Tepioj] € HAA3BUYANHO CHOPUSATIMBUM ISl 3arajbHOrO, a OCOOJUBO
IHTEJIEKTYyaJIbHOTO PO3BUTKY YUHIB.
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HaBuaHHsS Ta PO3BHTOK TOCTAIOTh SK CHUCTEMa JIAJICKTUYHO B3a€MOTIOB'SI3aHHUX
CTOPiH OAHOTO i TOTO X Tpolecy. HaBuaHHS Ta pO3BHTOK HE MOXKYTh BUCTYIIATH SIK
OKpeMI MpOIeCH, BOHM CIHIBBITHOCATHCS SK (Gopma Ta 3MICT €IMHOTO IIPOIECY
pPO3BUTKY 0coOuCTOCTi. OCcOOIMBO €PEKTUBHUM € BIPOBAKEHHS 1]1eM pO3BUBAIBLHOTO
HaBYAHHS ITiJ] 9aCc PO3B’SI3yBaHHs YUYHSIMH CIOKeTHUX 3anad. lle cnpusie aktupizariii
PO3YMOBOI TisIILHOCTI, MPOOY/PKEHHIO MI3HABAJIBLHOIO 1HTEPECY YYHIB JI0 BUBUCHHS
MaTeMaTHKH, PO3BUTKY MaTEMaTUIHOTO MHUCIICHHS 1 MOBJICHHSI, I1aM’SITi, yBard y4HiB.
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OCOBJIMBOCTI ®POPMYBAHHA ®OHETUKO-
OOHEMATUYHUX MPOLECIB Y MOJOAIINX
HIKOJIAPIB 3 IIOPYILIEHHAM CJIYXY

Puokina Tersina,

3100yBayKa BUIIO1 OCBITH 3a APYTUM (MariCTepChbKuM) piBHEM BHUIIOT OCBITU
JIHIIPONEeTPOBCHKOTO HAIIOHATBHOTO yHiIBepcuTeTy iMeHi Onecs ['onuapa rp. JIK-
25M-13, HaBUATBHO-BUXOBHUN KOMIUIEKC «["apMOHis» Y Kropoachbkoi MiCbKOi paau
3akapraTchKoi 001acTi, Y KroOpOAChKHI IPeKO-KaTONMUIBKUI MPUBATHUI JTiTeH
«Teobena», M. Yxropon

IlepeBopcbka Ouiena,
JIOIIEHT, AOLICHT Kadeapu neaaroriku, JOMKUIbHOL Ta CTeI[iadbHO1 OCBITH
JIHIMPOBCHKOIO HAIIOHABHOTO YHIBepcuteTy iMeHi Onecs ['onuapa

MoBieHHSs € HaBaKIIMBIIIUM 3aCO00M KOMYHIKaIlli Ta IHCTPYMEHTOM MUCIICHHS.
[oro TOBHOILIHHMI pPO3BUTOK 6E3MOCEPEHBO 3aNEKHTh BiJl CTAaHY CIyXOBOTO
aHamizatopa. Y AiTed 13 MOpPYIIEHHSMH CIyXy (IVIyXuUX Ta CJ1a004yr4uX) MpoIlec
OBOJIOJIIHHSL 3BYKOBOIO CHUCTEMOIO MOBHM BiJI0OYBa€Tbcsd B OCOOJIMBUX YMOBaX, JI€
nedImUT CceHCOpHOi 1H(opMaIlli TPU3BOJUTH O BUKPHUBJICHOTO CIHPUHHATTS
aKyCTUYHUX O3HaK 3BYKIB [2]. JIJi1 MOJIOAIIMX MIKOJIAPIB 1151 TpoOIemMa cTae 0COOIMBO
rOCTPOIO, OCKUIbKK (DOHETHKO-(hOHEMaTHYHA TOTOBHICTH € (QPYHIAMEHTOM JUIS
OTaHyBaHHS TPAMOTH, YATAHHS Ta MTUCHMA.

doneTuko-poHeMaTUYHA CHUCTEMA BKIIOUYAE JIBA B3a€MOTIOB’sI3aHI KOMITOHEHTH:
(doHeTHYHMI (3BYKOBMMOBA, MPOCOAMKA) Ta (hoHEeMaTHyHUM (crpuilMaHHS (QoHEM,
aHaii3 1 cuHTe3). Y AiTeHl 13 MOpYyUIEHHSM CIIyXy OOMABa KOMIIOHEHTH 3a3HAIOTh
crietu(p1YHUX 3MiH.

DoHEeMATUYHUNA CIyX y JITE€d 3 MOPYIIEHHAM CIyXy (OpPMY€ETbCS Ha OCHOBI
HETOBHOIIIHHOTO (PYHKIIIOHYBaHHSI CIIyXOBOT'O aHalli3aTopa, 110 3YMOBJIIOE SKICHI
TPYIHOIIl Yy CHpUHAMaHHI Ta PO3PI3HEHHI MOBJEHHEBUX 3BYKIB. lLleHTpasibHOIO
po0JIEMOIO € HEJIOCTATHS 3/IaTHICTh JI0 YITKOI AudepeHmialii poHem, ki moai0H1 3a
AKyCTUYHUMHU Ta aPTUKYJAMIMHUMHU XapaKTePUCTHUKAMH, 110 ICTOTHO YCKIIQTHIOE
CTAHOBJICHHSI MOBJICHHEBUX HaBUYOK [1].

OpHi€0 3 THUMOBUX TPYAHOIIB € MOPYIIEHHS PO3PI3HEHHS J3BIHKUX 1 TIyXHX
MPUTOJIOCHUX. YHACTII0K OOMEXEHOr0 CHPUMHATTS HU3bKO- Ta CEPEeIHbOYACTOTHUX
3BYKOBUX KOJMBAHb JITH 4acTO HEe AUGEPEHINIOTh Takl poHeTnyH1 mapu, sk [0—1],
[n—T], [—x]. Lle mpu3BOAUTH 7O HECTIHKOCTI 3BYKOBOTO 00pasy clioBa Ta MOMUJIOK y
B1ITBOpEHH1 MOBJIeHHS. [IpobieMHrM Takox € (OpMyBaHHS YSBJICHb PO TBEPAICTD 1
M’AKICTh MpUroaocHuX [3]. HegocTaTHs 4yTIMBICTD 10 BUCOKOYACTOTHUX CKJIAJ0BUX
MOBJIEHHEBOTO CUTHAIIy YCKJIAQJHIOE CHPUWMAHHS TMOM SKIIEHUX MPUTOJOCHUX, IO
HEraTUBHO BIUIMBAE HA TOYHICTh (POHEMATUYHOTO aHAJI3Y Ta MPABUIBHICTH BUMOBH.
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OxpeMi TPymHOII TOB’sI3aHI 31 CIPUHAMAHHSAM IIUAIUITYUX 1 CBUCTAYUX 3BYKIB.
Yepes iX BUCOKY YaCTOTHICTh BOHU YACTO BUXOMSTH 32 MEX1 JIOCTYITHOT'O CIIyXOBOTO
crpuiiMaHHs a0 kK CIPUMUMAIOThCA MITbMHU K HEpo3uJieHOBaHUM miyM. Lle 3ymoBiioe
iX 3MiITyBaHHsI, CIPOIIEHHS a00 BUMAIIHHA Y BJJACHOMY MOBJICHHI.

[TomupeHUMHU € TaKoXX 3aMIHU 3BYKIB (CyOCTHTYIIil), KOJU AWTHHA 3aMIHIOE
CKJIaJHI JUIsi BUMOBH (oHEeMU Ha Ouaein mpocti. Hampukian, 3Byk [mI] Moke
3amiHioBatucs Ha [c], a [p] — Ha [n]. [lomiOHi 3aMiHM 4YacTo 6a3yrOThCS HE Ha
dboHEeMaTUYHOMY pPO3pI3HEHHI, a Ha BI3yaJlbHOMY CIOPUUHATTI APTHKYJIALI]
CHIBPO3MOBHHUKA, 30KpeMa PyXiB I'y0, 1[0 YACTKOBO KOMIIEHCY€E Ne(DILUT CIyXOBOTO
KOHTpOIO [4].

OxpeMoro po3risiay moTpeOyIOTh OPYIICHHS MPOCOINYHOI CTOPOHU MOBJICHHS.
VY nmitel 3 MOpYMIEHHSM CIyXy MOBIEHHS YacTO € MOHOTOHHHM, IT030aBJICHUM
JIOTIYHUX HAroJIOCIB, 13 MOPYLIEHUM TEMIIO-PUTMIYHUM O(opMIIeHHSIM. [HTOHAIIIiHA
BHUPA3HICTh 3HAYHO 3HIDKEHA, 110 TIOB’ 13aHO 3 HEJOCTATHICTIO ayAiaTbHOTO KOHTPOJTIO
3a BJIACHOIO MOBJICHHEBOIO MPOAYKIIEIO Ta TPYIHOIIAMHU y CIIPUIIMaHH1 IHTOHAIIITHUX
MoO/IeJieid MOBJIEHHSI OTOUYEHHSI.

ToOTo, mOpyIIEHHS CIYXOBOTO CIIPUHMAHHS CIPUYNHSAE KOMIUIEKCHI BIAXUJICHHS
K Yy (DOHETUYHOMY, TaK 1 B MPOCOAMYHOMY O(DOPMIICHHI MOBIICHHS, III0 BHU3HAYAE
HEOOXITHICTh CHCTEMHOi KOPEKIIMHO-PO3BUTKOBOI pOOOTH, CHPSMOBAHOI Ha
dbopMyBaHHS TOYHHUX aPTUKYJAIIMHUX HABUYOK 1 PO3BUTOK MOBJICHHEBOIO
CaMOKOHTPOJIIO.

JledekTHe CHpUMHATTA MOBJIEHHEBUX 3BYKIB Yy JIT€H 3 MOPYUIEHHSAM CIIyXY
3YMOBJTIOE€ BTOPUHHI IMMOPYIIEHHS MOTOPHOI CTOPOHHM MOBJICHHSI, 1110 MTPOSIBISIOTHCS Y
crietu(p1yHUX OCOOJUBOCTIX APTUKYJALINHOTO O(OPMIIEHHS 3BYKOBOTO MOTOKY. Y
MOJIOJIIMX IIKOJSIPIB 1€l KaTeropli CrocTepiraeTbCsi HU3Ka TUIIOBUX MOBJIEHHEBUX
BIIXWJICHb, SIKI MAIOTh CUCTEMHUM XapakTep 1 MOB’sI3aH1 3 HEJOCTATHICTIO CITyXOBOTO
KOHTPOJTIO.

OpHi€ro 3 XapakTepHUX 03HAK € CIIOTBOPEHHS 3ByKOBUMOBU. APTHUKYJIALIIS 3BYKiB
4acTO € HEJAOCTaTHHO YITKOIO, 3 HAsSBHICTIO HAAMIPHOI Ha3ami3allii, 110 CTBOPIOE
BpPaXXEHHS «TYTHSIBOCT1» MOBJICHHS, a00 K 13 TOSIBOIO (hapuHTEAIbHOTO BiATIHKY. Taki
0COOJIMBOCT1 3yMOBJICHI HEJJOCKOHAIUM (POPMYBAHHSAM APTUKYIISAIIAHAX HABUYOK Ta
BIJICYTHICTIO aJIEKBAaTHOTO CIIyXOBOT'O 3BOPOTHOTO 3B’ SI3KY.

Y MoJjoamoMy MIKUIBHOMY BiIll OJHUM 13 KJIIOUOBHMX 3aBJaHb MOBJICHHEBOIO
PO3BUTKY € (OpMyBaHHSI HAaBUYOK 3BYKOBOI'O aHaJi3y Ta CHHTE3Yy, 30KpeMa BMIHHS
PO3KJIaIaTH CJIOBO HA OKPEMI 3BYKH Ta 00’ €THYBAaTH 3BYKH Y IIIJTICHI cJIoBa. Y JiTeH 13
MOPYIICHHSAMHU CITyXy IIEH TPOIEC XapaKTePU3YEThCS 3HAYHUM YIOBIIBHEHHSAM 1
noTpedye creniaibHO OpraHi30BaHOI KOPEKUIMHOI MIATPUMKH.

Haii0inib1ni TpyIHOIII BUHUKAIOTH IMiJI YaC BU3HAYEHHS MOCIIIOBHOCTI 3BYKIB Y
cioBax 31 30irOM MPUTOJOCHUX, IO 3yMOBJIEHO HEIOCTaTHHO CPOPMOBAHUM
(dhoHEMATUYHUM CIIPUHMaHHAM Ta 0OMEXKEHICTIO CITyXOBOTO KOHTpOJIt0. Taki cioBa €
CKJIQJTHUMU JJIS aHAJi3y, OCKIJILKH OKPEMi 3BYKOBI €JIEMEHTH CIIPUIUMAIOTHCSI HEUITKO
a00 4aCTKOBO penyKytoThes [1].

[TpoOneMHUM TaKOX € BUOKPEMJICHHSI HEHATOJIOIEHUX TOJIOCHUX, SIKI Y MOBJIEHHI1
XapaKTEPU3yIOThCA MEHIIIOI aKyCTUYHOIO BHUpPa3HICTIO. Uepe3 1€ AiTH 4acTo He
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PO3MI3HAIOTh X SIK OKpPEeMi 3BYKOBI1 OJIMHUIN, IO YCKJIAQJHIOE MPAaBUIbHE 3BYKOBE
MOJIEJIIOBaHHS CJIOBA.

OxpeMy CKJIaJHICTh CTAaHOBUTH YCBIJIOMJICHHSI MEX1 M1k 3BYKOM 1 OyKBOIO, 1110
MOB’5I3aHO 3 HEJIOCTATHLO CPOPMOBAHUMH YSIBJICHHSIMU PO 3BYKOBY CTPYKTYPY MOBU
Ta 1i rpadiune BimoOpakeHHs. Lle mpu3BoauTh 10 opMambHOTO 3aCBOEHHS OYKB 0€3
JIOCTaTHHOT'O PO3YMIHHS X 3BYKOBOI'O 3MICTY.

3a3HayeH1 TPYIHOIII 3yMOBIIOIOTH MOSBY CHEUU(PIYHUX MOMUIOK y MHUCEMHOMY
MOBJICHHI, cepell SKHX HAWMOMIMPEHIIIMMHU € TMPOIMYCKH OyKB, HEIOMHCYBaHHS
3aKiHYEHb, a TAKOX 3JUTTS KITBLKOX CIIB B OJHE. Taki MOpyIIieHHs BimoOpaxaroTh
HEJOCTaTHIM piBeHb CcGOpMOBaHOCTI (OHEMATHUYHOTO aHANI3y Ta CHHTE3y 1
MOTPeOyIOTh CHCTEMHO1 KOPEKIIIMHO-PO3BUTKOBOI POOOTH, CIIPSIMOBAHOI Ha PO3BUTOK
MOBJIEHHEBOTO aHali3y Ta rpad)eMHO-(POHEMHUX 3B’ S3KIB.

®opMyBaHHA (POHETHKO-(POHEMATUYHHUX IPOLECIB Y MOJOAIIMUX MIKOJAPIB 3
MOPYIICHHSIM CIYXY XapaKTepU3yeETbCSI CHCTEMHOI0 HEIOPO3BHHEHICTIO BCIX
KOMIIOHEHTIB MOBJIeHHS. (OCHOBHMUMH O3HakaMd € TpyJaHOIl audepenIiarii
aKyCTUYHO  Onu3bkuxX  ¢GoHEM, 3HAayHI  BHUKPHUBJICHHS  3BYKOBUMOBH  Ta
Hec(hopMOBaHICTh HABUUOK 3BYKOBOTO aHAII3y.

[Tomanpin gochipKeHHST MalOTh OyTH CHIPSMOBaHI Ha PO3POOKY 1HAUBITYaTbHUX
CTpaTerii HaBYaHHS IS AITeH 13 KOXJICapHUMH IMIUIAaHTaMU B yMOBaX 1HKJIFO3UBHOI
OCBITH. TakuM YMHOM, TOPYIIEHHS CIIyXOBOT'O CHPUWMAHHS PI3HUX YaCTOTHHUX
XapaKTEPUCTHK MOBJIEHHS 0e3M0cepeaHbO BIUIMBAE HA (OPMYBAaHHS (DOHEMATUYHOTO
CIIyXy, III0 BU3HA4a€e cuenupiky MOBJIEHHEBOTO PO3BUTKY JITEH 3 MOPYLIEHHSAM CIIyXY
Ta NOTpeOye LIIECIPIMOBAaHOT KOPEKIIHHO-PO3BUTKOBOI POOOTH.
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MPOBJEMU BUKOPUCTAHHSI 3ACOBIB LITYYHOI'O
IHTEJEKTY MPU BUKJAJAHHI TEXHIYHUX
JTUCHUATLITH

CxpunanbsQOuiena FOpiiBHa,
Hanionansuuit Texniunuii YHiBepcuteT Ykpainu «KuiBcekuii [TomiTexHiunuii
[acturyT im.1.CikopchKoTo»

Beryn

OcTaHHIM YacoM 3aco0H, 1110 BUKOPUCTOBYIOTH mTyuHul iHTenekT (II), craioth
BCE OUIBII MOUNIMPEHHMMH B PI3HUX Tally3iX €KOHOMIKM 1 He Tuibku. lllupokoro
BukopuctanHga Il Takox HaOyB B OCBITHIM ramysi, SIK MOMIYHHUK CTYJI€HTa 1
Bukianada [1]. PisHomaniTHi 3acobu Il 103BOJISAIOTH ONTHMI3yBaTH PYTUHHY
JUSITBHICTD, TIOAATKOBO MOSICHUTH HE3pO3yMiJIl TEMU, 3reHePYBaTH 1/1e1 HalTMCcCaHHS TO1
4y 1H11101 poboTH, Tomo. Ane Il He € iIHCTpyMEHTOM, OTPUMAaHHSI «ICTUHU B OCTaHHIN
THCTaHIIID».

B naniit poO0TI KOPOTKO HABEJIEHI IESIKI 3aCTEPEKEHHS T4 BUKJIUKA BUKOPUCTAHHS
I B HaBuanpbHOMY TIpOlLlECI HA MPUKIAIl BHUKIAJAAHHS TEXHIYHUX JIUCIMILIIH.
3a3HadyeHo nMuTaHHs, e MoxHa JoBipatu LI, mob mokpanmTu SKiCTh BUKIIAJaHHS, a
TaKOXK SAKI € PHU3UKA Ta 3aCTepPEKCHHSA, M0 BUHUKAIOTH HABITh Yy BHIAIKY
noOpocoBicHoro Bukopuctanus 1111.

1. lITy4yHuii iHTeJIEKT B OCBITHIN AiIJILHOCTI

3aco6wu 13 11l akTHBHO BUKOPUCTOBYIOTH SIK CTYJIEHTH, TaK 1 BUKIJIagayl. B podoTax
[1,2] mokazano, sk came 3acobu Il MoxyTh HOMOMOITH BHUKIadady B  HOro
nismbHOCTI. 3actocyBaHHs cepBiciB LI B sikocTi momiyHuKa BHKJIajava, HaJalOTh
MOXJIMBICTh QIAalITUBHOCTI 1 IEPCOHAI30BaHOCTI HABYAJILHOTO MPOIIECY; J03BOJISIOTh
BUKJIa/Iauy IIBHJIKO KOPUTYBATH KypC HaBYaHHS, MiAIOpaTu OoNTUMalIbHUIM ¢dopmar
HaBYaHHS.

[Ipu noGpocoBicHomy BukopucrtanHi IIII moxke cyTTe€BO CKOpOTUTH Yac Ha
MIATOTOBKY HaBUaJbHUX MaTepialiB, ocKibku [1II Moxe OyTr BUKOpUCTAHUMN JIS:

- T'eneparrii 3aBnanb Ta TECTIB PI3HOTO PIBHS CKJIAIHOCTI HA 3aJ]aHy TEMY

- Bizyanizauii (ctBopeHHs rpadikiB, aiarpaM, Mpe3eHTalliil, aHIMalliil CKIaJHUX
MIPOIIECIB)

- AnanTanii KOHTEHTY (MOSICHEHHS JIJIsl CTYJICHTIB P13HOTO PIBHS MIJATOTOBKHA a00
CTBOPEHHSI KOHCTIEKTY)

- Po3pobku kpuTepiiB OIiHIOBaHHS J1A0OPATOPHUX Ta KYPCOBUX POOIT

- AHanizy Koay, Horo onTumizaiii

- llosicHeHHs MOMUIIOK

- IIpoexTyBaHHs HaBUaJIHLHUX IJIAHIB

- Po6orti 3 i1HIIIOMOBHUMH JIXKEpETaMHU
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Ane ¢pyHKIIA (IHATEHOTO KOHTPOJIIO 3aBXKIU Ma€ 3aIuIaTrcs 3a moanaoro. T —
napTHEP IS «MO3KOBOTO IMTYPMY» Ta CTBOPEHHS YEPHETOK, a TEXHIUHI JIaHi 3aBKIU
MarTh BepudikyBaTuch. [Iprunnu OyayTh pO3TJSHYTI B HACTYITHOMY PO3/ILII.

2.Bukanku, noB’si3ani i3 Buxkopucrannsm HII.

OCHOBHUM BHUKIMKOM, TMOB’si3aHUM 3 BuKopuctanHsM Il B HaBuanbHIN
TUSJIBHOCTI, € MUTaHHS aKaJeMiuHoi 1o0poyecHocTi. Kosm MoBa i71e mpo akajgeMiuyHy
no0poyecHicTh, Y (DOKyCi 3a3BHUYAll ONMHHSIOTHCA CTyAeHTH. [Ipore BukiIamadi
OTpUMaJId B PYKH HE MeHII moTyxHi iHcTpymeHTH I, 1 cmokyca «aeneryBatu»
HelpoMepekaM CBOIO poOOTy 4acoM OyBae qyke BUCOKOIO. [[71s1 BUKIaaduiB TaKOX i€
rojioBHe npasmwio: LI mae mokpanryBatu sSIKiCTh BUKJIAJaHHS Ta 3BUIBHATH 4Yac IJis
’KUBO1 pOOOTH 31 CTYJIEHTaMH, a HE 3aMIHIOBAaTU cOOOIO Meaarora.

3acoou IIII MarTh BHKOPHCTOBYBAaTHUCS ISl TE€HEpali 11ed, KelciB mis
MPaKTUYHUX 3aHATh, ajanTallii HAaBYaJIbHOTO MaTepialy, aBTOMAaTh3allii pyTHHHUX
3aBAaHb. Alne HegomyctuMo BukopuctoByBatu Il Hampuknan, s HiATOTOBKU
JekiiiHoro wmartepiany (HamucanHs Jiekiii BukitouHo I, 6e3 penaryBaHHs
JIOJIMHOI0), a TakoX BukopuctoByBaTH LI nms mepeBipku CTyAEHTCHKUX POOIT 1
BHCTABJICHHSI OI[IHKU, OCKUIbKH B JaHoMy Bumajiky Il moxke OyTu BUKOpHCTaHa IJIs
noaaneioro HaByaHHs 11 6e3 3ronu aBTopa.

[Ile o1HOIO BaXKIMBOIO MPOOIIEMOIO € pobiieMa aoBipu. Hanpukian, uu € nars, Ha
SKUX TPOBOJIUTOCS HAaBUAHHS HEHpOMEpeXi aKTyaJTbHUMH. AJIe TaKOX HEOOX1THO
BpaxoByBaTH, 1m0 Il Moxke BHIaBaTH TMOMHJIKOBI pe3ylbTaTH, TOOTO
«ramouunyBatny. [lpuunHoro nporo € te, mo I — me MoBHa Moaenb, a HE
eHuukioneais. BiH ontuMizoBaHuil mia Te, MO0 3By4aTH MEPEKOHIUBO, a HE OyTH
aOCOJIOTHO TOYHUM. BiH MOXe «BUTaayBaTH» ICTOPUYHI JATH, 3aKOHU (Pi3uku abo
HAyKOBI JDKepera.

OxkpeMuM MUTaHHAM € 3acToCyBaHHs 3ac001B 13 LI 11t po3B’sA3Ky MaTeMaTHUHHUX
3aBAaHb. 3AaBajgocs 0, KOMIIOTep OyB CTBOPEHMIA JUTsl allTOPUTMI30BAHHUX 3a]1a4, CaMe
JI0 TaKUX 1 BIIHOCATHCS TUIIOBI pO3paxyHKOBI 3aBJIaHHA VISl CTYJICHTIB. AJie BEJHUKI
moBHI mojeni (LLM), mo 3actocoBytots aist HaBuanss LI 3a cBoero mpupomoro €
MOBHHMH, a HE OOuYMCTIOBaIbHUMH. BoHM mepen0OayaioTh HACTyMHE HaWOLIBII
WMOBIpHE CJI0BO (200 CUMBOI), @ HE PaXyIOTh y KJIACUYHOMY PO3YMIHHI, AKIIO TIJIBKA
70 HUX HE MIJIKII0Yal0Th CTOPOHHI Iariau, Taki sk Python uu WolframAlpha. vV
0a3zoBoi  Heilipomepexi Hemae AJIIl  (apudmMeTHKO-TOTMYHOrO  MPHUCTPOIO).
Komn'torepHuii nporiecop Mae TpaH3UCTOPH JJISI TOYHOTO J0JIaBaHHs O1TiB, a MOBHA
MoJielb — Hi. BOHa € CTaTUCTUYHUM KaJIbKYJISITOPOM CIiB, a He yucesa. CaMme ToMy He
Mo>kHa TipocTo 3anpornonysartu LI po3s’s3atu 3agady 1 BBakatu, 1o pe3yibTat Oyae
BipHUM Ha 100%.

B sikocTi mpukiany HaBeAeHa CUTyalllsl, 0 BUHUKIA Y aBTOpa JaHOi pOOOTH.
3aco0y I Google Gemini O6y7n0 3anporOHOBAaHO PO3B’SA3aTH TUIOBY 3a7a4y Teopii
iHdopmarlii 1 KOAyBaHHS Ha 3HAXO/KCHHS CHTPOMIl JDKEpesia TMOBIJOMIICHHS.
Po3B’s130k  maHOI 3amadl BKJIIOYaE B ce0e: KUIBKICHMM aHajiai3 [OBIIOMJIEHHS,
BH3HAUCHHS YacCTOTH Ta HMOBIPHOCTI  CHMBOJIB IIOBIJOMIICHHS, 1 Ha OCHOBI

56



INFORMATION SYSTEMS AND TECHNOLOGIES
SCIENTIFIC RESEARCH: CHALLENGES AND WAYS TO OVERCOME THEM IN MODERN
REALITIES

OTPUMaHHUX pPE3yJbTaTiB, 3aCTOCOBYIOUM Bimomy (opmyrny Illenona, pospaxyBaTu
3Ha4yeHHs eHTporii. Ha puc. 1 nmokasanuii pe3ynbTart, 0 BUaajia CUCTeMa.

[lns po3s'a3aHHs LiEi KOMNNEKCHOI 3aAadi NPOBEAEMO NOBHUIA aHanNi3 NOBILOMNEHHS 1. EHTponis axepena Ta MakcuMaribHa eHTponis
-Dicis__gratia._ A) PeanbHa entponis axepena H (X):
Ockinbku BEAWKi i Mani NiTepy He PO3PIZHSIOTLCS, MPUBEREMO BCi CUMBOMN 10 HUXHBLOTO OBuucnioeTes 32 popuynolo lWenwona: H(X) = —3 pilogypi.
L " e Ockinbky BCi itMOBIpHOCTI € cTenewsmu asiiku (1/16,2/16, 3/16, 5/16), norapudmu
pericTpy: "_dicis__gratia._". OBUUCTIOIOTLCS AYXE TOUHO:
o logy(5/16) = logy(5) — 4 ~ 2,3219 — 4 = —1,6781
Posnogin cumeonis Ta ixHi “MOBIpHOCTI o logy(3/16) = logy(3) — 4~ 1,5850 — 4 = —2,4150
3aranbHa JoBXMHa NoBigoMneHHs (pasoM i3 nigkpecneHHaMU Ta Kpankoto) cTaHosuTs N = o log,(2/16) = logy(1/8) = -3
16 cumsonis. MopaxyeMo KinbKiCTb BXOAKEHb KOXHOTO 3HaKa: o logy(1/16) = —4
o _(nigkpecnenHs): 5 pasis (p = 5/16 = 0, 3125) 5 3 9
o H(X)=- {1 - (7(71, 6781)) 715 (7(,2’4150)) +1- (—(—3
o i:3pasu(p=3/16 = 0,1875) 16 16 16

o a2pasu(p=2/16 = 0,1250)

o d:1pa3(p = 1/16 = 0,0625) H(X)=—[-0,5244 — 0,4528 — 0, 3750 — 1, 7500] = 3,1022 6it/cm
o clpaz(p=1/16 = 0,0625)

o s:1pas(p=1/16 = 0,0625)

o glpas(p=1/16 = 0,0625)

o rilpas(p=1/16 = 0,0625)

o t1pa3(p=1/16 = 0,0625)

o .(kpanka):1pas(p = 1/16 = 0, 0625)

Bcboro yHikanbHux cumeonis B andasiti axepena: M = 10.

Pucynok 1. Pe3ynbrar po3paxyHky eHTpomnii 3acooom LI

3 mepuioro MOrjisgy, pO3paxOBaHO HIOM TO BIpHO, aje MpPHU JETAIbHOMY
O3HAMOMJICHHI 3 PO3B’SI3KOM MO>KHA IIOMITUTH, [0 YaCTOTA TOSBH MEPIIOTO CUMBOIY
oOuuciena HeBipHO. [lepmuii CHMBOJ B OBIJOMJIEHHI 3yCTPIYa€ThCs 4 pa3u, TOJI SIK
I Bu3HauWB, 110 CHUMBOJI 3yCTpiuaeTbcs S5 pa3iB. IIpy LbOMY YacTOTH 1HIIMX
CUMBOJIB 1 iX BIJIMOBIJHI HMOBIPHOCTI BU3Ha4YeH1 BipHO. L{e BIANOBIAHO BIUIMBA€E Ha
OTpUMaHUM pe3yJIbTaT (3HAUCHHS €HTPOII1i, pO3paxoBaHe BpYyuHY, 10piBHIOE 3,07782).

Axmo He Oyne BUKOHAHO PY4YHY MEPEBIpPKYy, a MEpPEeBIPKY pPOOOTH CTyIEHTa
nosiputu LI, To mpaBMIbHO po3paxoBaHe 3HAYEHHS MOXKE OyTH 1HTEPIPETOBAHE SIK
HEBIpHE, 0 MOKE BIUIMHYTH Ha (1HATBHY OIIHKY.

Yomy Tak Buxoauth? Sk Oyno BkazaHo Bwuiie, mojens LI onepye cimoBamu, a He
gyuciami. [lepen Tum sik o6podutu tekct, I gimuth #ioro Ha MIMATOYKN — TOKEHHU.
CrnoBa ab0 4aCTHHM CJIIB KOAYIOThCS unciaamu-iaeHtudikatopamu. Yucna I moxe
po30UTH HE 3a po3psaamMu (OIAMHMIN, ACCATKH, COTHi), a aOCOJIOTHO BHIAJAKOBO,
3aJIEKHO B1J CBOTO CJIOBHMKA TOKEHIB.

Cyuacui Il € aBTOperpeCMBHUMHU: BOHM TE€HEPYIOTh TEKCT CIOBO 3a CJIOBOM
(TokeH 3a TokeHOM). KoOXeH HACTYNMHUH TOKEH BHPAXOBYETHCSI HA OCHOBI GCixX
nonepeonix. SIKI0 Ha OKPEMOMY KpOIll MOJIeNIb Yepe3 O0COOJIMBOCTI MMOBIPHICHOTO
BUOOPY (TeMIepaTypu resepaitlii) Bujaia HenpaBuibHy HUDPY, L TOMUTIKA CTA€ JJIs
Hel «a0CoJIIOTHOIO 1CTHHOIO» Ha HactynmHomy Kpoui. Il He Bmie moBepraTHcs Ha
norepeIHl KpoKH 1 epepaxoByBaTH 3aHOBO. BiH 3Mymienuii Oy ryBaTu JoTiKy Ha 0asi
BJIACHOI X MOMMJIKH. Takox mpouec OOYUCIEHHS OJHOTO TOKEHAa Ma€ CTPOro
0OMEXeHY KUIbKICTh MaTEeMAaTHYHUX OTEpaIliil ycepeauHi Mepexi. AHamni3 mpobiem
PO3B’s3Ky MaTeMaTHYHUX 3aaa4d 3acobamu 13 Il Ta iX BupimeHHS pO3IIISIIA€THCS B
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Oaratrox myOmikamisax [5, 6]. OcHOBHHMI HampsMOK JOCHIIKeHb — MOO0YyJI0Ba
riopugnux mojeneut, Ae konu I nmponoHyrOTh po3Bsi3aTd MaTEeMaTU4HY 3ajauqy,
HelipoMepeka HaBITh HE HaMaraeThCs paxyBaTH i1 ymi. BoHa muie Ko Ha Python, cama
3ammyckae Horo y (OHOBOMY 130JbOBAaHOMY CEpEOBUII, MPOLECOP BHUAAE TOUYHY
BianmoBiAk, a I mpocto odhopmiroe 1i y hiHATBHUN TEKCT.

BucHoBku

Buxopucrtanns 3aco6iB I BukiiagayemM TeXHIUHUX AUCIUILIIH J103BOJISIE CYTTEBO
36KOHOMHTH 4YaCc Ha pPyTHHHUX 3aBIAaHHSAX Ta TMIABUIIUTH SKICTh BUKJIAJaHHS
ckiaaHoro Marepiany. Il moxke OyTu BUKOpUCTAaHUI AJIA MiATOTOBKA HABYAIHHUX
MarepiaiiB, aJanTamil0 HaBYAIBHOTO KOHTEHTY, aBTOMATH3allli OI[IHIOBaHHS Ta
3BOPOTHOTO 3B’5I3KY, PO3POOKH KPUTEPIiB OLIHIOBAHHS, METOIUYHOI I ATPUMKH.

Aune BukopucTtanHs L1 B oCBITHIH AisIBHOCTI HECE B COO1 PU3UKHU: BUKIUKH 100
aKaJeMIgyHO1 TOOPOYECHOCTI Ta OI[IHIOBAHHS (JIeBaJIbBallisi HABUYOK, aBTEHTUYHICTh
poOIT, IeTeKwiss KOHTEHTY), TEXHIYHI BUKIUKH (Ipobriema JOBIpH 10 PE3ysbTaTiB),
3aCTapiIiCTh 3HAHb, HAa AKUX HaBYallacd HEUpOMEpEeka, 3aJekKHICTh BiJl MPOMTIB,
BUKJIMKH CTOCOBHO aBTOPCHKOTO TIpaBa Ta MPUBATHOCTI JaHUX .

Came TOMy Ba)KJIMBa CTparerisa 1006pocoBicHoro Bukopuctanss LI, mo Bkirodae
B ceOe aBTOMaTH3alllI0 PYTUHHU, aJIallTallll0 HABYAJIBLHOTO MaTepiaity, FeHeparlito 11en
Ta keiciB. [Ipu nbomy, ockinpku LI BUKOPUCTOBY€E HETOCKOHATY MOJIENb, MOTPIOHA
000B’s13K0Ba BepHu(iKallisi OTPUMAHUX PE3YJIbTATIB.
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Systems And Networks, Vol. 8, No. 1, 2026
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PO3POBKA CUCTEMMH O3BYYEHHA AIAJIOI'IB 3
BUKOPUCTAHHAM HITYYHOI'O IHTEJIEKTY

Kproxkos Baagucaas AnapinoBuy,
CTYJCHT,
UYepHiBelbKUii HalllOHATBHUHN YHIBepcUTeT iMeH1 FOpis deapkoBruya

®paraBuyan Touss MuxaijiBHa,
KaHauaaT ¢i3.-MaT.HayK, JOIICHT,
UYepHiBelbKUii HalllOHATBHUHN YHIBepcUTeT iMeH1 FOpis deapkoBuya

IBacwok I'asimna IleTpiBHa,
KaHauaaT ¢i3.-MaT.HayK, JOLICHT,
UepHiBelpKUii HalllOHATBLHUHN YHIBepcUTeT iMeH1 FOpis deapkoBuya

VY cydacHOMY ITU(DPOBOMY CEPEIOBHII TEXHOJIOTIT IITYYHOTO 1HTEIEKTY CTPIMKO
IHTETPYIOTbCSI  y  pi3Hl chepu AisabHOCTI droauHH. OHUM 13 HAHOUIBII
MEPCIEKTUBHUX HAMPSAMKIB € CHHTE3 MOBJIEHHS Ta aBTOMAaTH30BaHE O3BYUYEHHS
TEKCTOBOr0 KOHTEHTY. CUCTEMU reHepallii rojlocy aKTUBHO BUKOPHUCTOBYIOTHCS 1]
4ac CTBOPEHHS  MYJbTUMEIIMHOTO  KOHTEHTY, JyOJsKy  BiJleOMaTepialis,
KOMIT IOTEPHUX 1rOp, TOJOCOBUX IIOMIYHMKIB, OCBITHIX IUIaTOpPM Ta CEPBICIB
aBTOMaTH3allli B3aemoiii 3 KopuctyBaueM. OcoOJIMBY aKkTyalbHICTH HaOyBae
npobJieMa aBTOMATU30BAHOTO O3BYYEHHS J1aJIOTIB, IO JO3BOJIIE 3HAYHO CKOPOTUTH
BUTPATH Yacy Ta peCypciB Ha CTBOPEHHS ayJIOKOHTEHTY.

VY Mexax aochipkeHHs 0yJio mpoaHaiizoBaHo cyvacHi Al-utargopmu ta ceppicu
cuHTe3y MoBJIeHHS, cepen sikux ElevenlLabs, OpenAl Text-to-Speech, Resemble Al Ta
Microsoft Azure Speech Services [1-7]. JlocmimkeHHS OXOIUTIOBAJIO aHAI3 SKOCTI
CUHTE30BAHOTO MOBJICHHS, MIATPUMKUA PI3HUX MOB, MOXJIMBOCTEH KIOHYBaHHS
rojiocy, pobotu 3 ayaiodaiaamu ta inTerpariii cepsiciB yepe3 API. OcobnuBa yBara
NPUAUISIIACS TPUPOTHOCTI 3BYYAaHHS TOJIOCY, TOYHOCTI Tiepenaul IHTOHAIlli Ta
MO>KJIMBOCTI BUKOPHUCTAHHS CEPBICIB i1 aBTOMAaTH30BAaHOTO CTBOPEHHS J[1aJIOT1B.

Y mpomeci mochipkeHHS OyJI0 BCTAHOBIICHO, IO cydacHi Al-TexHomorii
3a0€3MeUyl0Th BUCOKUM pPIBEHb PEATICTUYHOCTI CHHTE30BAHOTO MOBJICHHS Ta
JTI03BOJISIFOTH CTBOPIOBATH T'OJIOCOBI MOJEINI, MAaKCUMAJIBHO HAOIMXKEH1 JI0 JIIOJCHKOTO
MOBJICHHSI. BUKOpHCTaHHS METOZIB TJIMOOKOTO HaBYaHHS Ta HEHPOHHHUX MEPEK
BIJIKpUBAE IIUPOKI MOXKJIUBOCTI JIJII CTBOPEHHS IHTEJIEKTYaIbHUX CUCTEM O3BYYEHHS,
3IaTHUX aJaNTyBAaTHCS JI0 Pi3HUX CIICHAPIiB BUKOPUCTAHHSI.

OmauM 13 BaXJIMBUX €TamiB  POOOTH  CTANO JOCIHIDKEHHS TPUHIUIIB
(YHKIIIOHYBaHHS CHCTEM CHHTE3y MOBJICHHS Ta TEXHOJIOTiH O0OpoOKHM ayiofaHuX.
Byno npoananizoBaHo miaxoau 10 TeHEpallli rojIocy, METOAH MEPETBOPEHHS TEKCTY Y
MOBJIEHHSI, a TAaKOX criocoOu podotu 3 ayaiohopmartamu. s moganpiioi peamizamii
MPOTPaMHOi CUCTEMHU PO3TIIAAATIOCS BUKOPUCTAHHS CYyYacHHX 1HCTPYMEHTIB Ta
616mioTek, 30kpema Coqui, SpeechBrain ta PyTorch. Jlani Texnomorii 3a06e3mneuyoTh
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MO>KJIUBICTh CTBOPEHHSI, HABUAHHS Ta IHTErparii MoJiejae MTYYHOro 1HTENEeKTY AJis
reHepallii MOBJICHHS.

VY xoni BUKOHaHHS poOOTH OyJI0 BUBHAYEHO OCHOBHI (DYHKIIIOHAJIbHI BUMOTH J0O
MalOyTHBOI cHUCTeMU. 30Kpema, CHCTeMa IOBHHHA 3a0e3leyyBaTH aBTOMATHYHY
TeHEepaIlio 03By4YeHHS A1aJI0TiB, MATPUMKY JEKIJIBKOX TOJIOCIB, MOXKJIMBICTh POOOTH 3
TEKCTOBUMHM CIICHApisIMHU, 1HTErparfito 13 30BHIIIHIMH Al-cepBicaMu Ta HIATPUMKY
00po6ku ayaiodaitmiB. Takok BaXXJIMBUMHA BUMOTaMHU € MacIITaOOBaHICTh, 3pYYHICTh
BUKOPHCTAHHS Ta MOXKJIUBICTh TIOJIAJIBIIIOTO BIOCKOHAJICHHS IPOTPAMHOTO MPOIYKTY.

Kpim Toro, 0yio copMOBaHO TOMEPETHIO apXITEKTYpy MPOTPAMHOT CHCTEMH Ta
CIIPOEKTOBAHO 0a30By CTPYKTYpy [JaHHMX JJI1 OpraHizaimii Ipolecy TIeHepallii
o3By4eHHs. [IpoBemeHe MOCHIIKEHHS O3BOJIMIIO OKPECIUTH OCHOBHI HANpPSIMKA
noAaibIIoi podoTH, cepel AKuX iHTerpaiis Al-TexHosoriii y nporpaMHuid NPOAYKT,
MIIBUILECHHS SKOCTI CHMHTE3y MOBJICHHS, ONTHMI3allisl poOOTH 3 ayaioJaHUMH Ta
CTBOPEHHS (PYHKIIIOHAJIBHOTO IPOTOTHUITY CUCTEMH.

OTpumaHi  pe3yJabTaTH  MIATBEPKYIOTh  IEPCIEKTUBHICTh  BUKOPUCTAHHS
MITYYHOTO 1HTENEKTY Yy cdepi aBTOMATHU30BAHOTO 03ByuYeHHs mianoriB. [loganbiimii
PO3BUTOK TAKUX CHUCTEM CIIPUSITUME aBTOMATU3AIlil CTBOPEHHS FOJIOCOBOTO KOHTEHTY
Ta PO3MIMPEHHIO MOKIMBOCTEN MYJIBTUMEIMHUX CEPBICIB 1 MPOTPAMHUX TIAT(HOPM.
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IMMPABOBUU CTATYC TA HIOBHOBAKEHHSA
CHEHIAJ/II3OBAHUX CJHOYXKb HIATPUMKH OCIb, H10
HOCTPAXIAJIA BIA AOMAIIHBOI'O HACUJIBCTBA

Bbyraituyk KocrssnTun JleoninoBuu

1.10.H., ipodecop, 3aBiyBad HAyKOBO-JI0CI1IHO1 Jaboparopii

3 MpoOJIeM TTPaBOBOTO 3a0€3MEUCHHS TISTTLHOCTI TOJIITIT

Ta MPOTHI{ 3lI0YMHHOCT] HaBYATbHO-HAYKOBOTO 1IHCTUTYTY Ne 2
XapKiBCbKHI HalllOHAIBHUN YHIBEPCUTET BHYTPIIIHIX CIIPaB

BianoBigHO 10 YMHHOTO 3aKOHOAABCTBA YKpaiHM JI0 CHEIIali30BAaHUX CITY>KO
MIATPUMKHU MOCTPAKIATUX OCI0 HAJIEKATH!

1) mputynku st 0ci0, K1 MOCTpaXAaJld BiJl JOMAIIHbOIO HAaCWJIbCTBA Ta/abo
HACUJILCTBA 32 03HAKOIO CTaTi, CEKCyaIbHOT'O HACUJIBCTBA, MTOB’SI3aHOTO 31 30POMHOIO0
arpeciero pd npotu Ykpainu;

2) JeHHI IEHTPH COLIAIBHO-TICUXOJIOTIYHOI JOTIOMOTH 0C00aM, K1 TOCTPaXK1an
BiJI JOMAIIHOI'O HACUJIbCTBA Ta/a00 HACWJIbCTBA 32 O3HAKOKO CTaTl, CEKCYyaJIbHOTO
HACUJIbLCTBA, MOB’S3aHOIO 31 30pOiHOI0 arpecieio pd npotu YKpaiHu, y TOMY YHUCII
KpHU30B1 KIMHATH;

3) UEeHTpU MEAUKO-COIIaIbHOI peadiiTallli mocTpaxaaiux ocio;

4) cneniani3zoBaHi CITY>KOun MIEPBUHHOTO COI[1aJIbHO-TICUXOJIOTTYHOTO
KOHCYJIbTYBaHHS 0Ci0, $KI TMOCTpaKJajdu BIJ JOMAIIHbOIO HACWJIbCTBA Ta/abo
HACHJIbCTBA 33 03HAKOIO CTaTi;

5) UEeHTpH 3aXUCTy JTUTUHU;

6) KOJ-LEHTp 3 NUTaHb 3ano0iraHHs Ta MPOTHUJII JTIOMAlIHBOMY HACHJIbCTBY,
HaCHUJIbCTBY 3a O3HAKOIO CTaTl, CEKCyaIbHOMY HAaCUJILCTBY, OB’ I3aHOMY 31 30pOMHOIO
arpeciero pd mpotu YKpaiHu, IpOTUIIT TOPTiBiIl JIIOJbMH Ta 3 TUTAaHb 3aXUCTY IMPaB
JTUTUHMY;

7) MOOUTbHI OpuTragu COLIAIBHO-TICUXOJIOTIYHOI  JOTIOMOTH ocobam,  sKi
MOCTpaKAAIM BiJl IOMAaIllHBOTO HACHUJIbCTBA Ta/ab0 HACHIIBCTBA 3a O3HAKOIO CTaTi,
CEKCyaJIbHOTO HACHJIbCTBA, OB’ A3aHOTO 31 30POMHOI0 arpecieto pd NpoTu YKpaiHu;

8) cmyx0u, 3aKiagd Ta YCTAaHOBHM, NPHU3HAYEHI BUKIIOYHO JUIsI OCI0, SKi
MOCTpaXKAAJIM BiJl IOMAIlIHOIO HACUJIbCTBA Ta/abd0 HACHIILCTBA 3a O3HAKOIO CTaTi,
CEKCyaJIbHOI0 HACUJIBCTBA, MOB’SA3aHOrO 31 30pOHHOI0 arpeciero pd nmpoTu YKpainu
[1].

[IpuTynok s TOCTpaXAaIUX OCI0 YTBOPIOETHCA MICHEBUMH OpraHaMu
BUKOHABYOI BJIAJM, OPraHAMU MiICLEBOTO CAMOBPSIYBaHHA. JOro OCHOBHHMH
3aBIAHHAMM €:

1) 3abe3nedyeHHs MicUeM O€3MEeYHOro TUMYacOBOIO I[1JI0000BOT0 nepedyBaHHs
MOCTPAXKIAIHNX OCi0;

2) HajgaHHA TMOCTPAXKIATMM ocob0aM 3a MiclleM Oe3MeYHOr0 THUMYacOBOTO
11710,1000BOTO TIepeOyBaHHS KOMIUIEKCHOI JOTOMOTH (TICUXOJIOTIYHUX, COIialbHO-
MOOYyTOBUX, COIAIbHO-MEUYHIX, 1IHPOPMAIIIMHIX, FOPUIAYHUX Ta IHITUX TTOCIIYT) Ha
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OCHOBI OLIIHKH iX TOTPeO Ta 3 ypaxyBaHHSM BiKY, CTaTi, CTaHy 37J0POB’s 1 COI[IaIbHOTO
CTaHOBUIIIA;

3) HajmaHHSA COIliaJbHUX MOCHYT.

Oco0u, 1110 MarOTh MPABO HA PO3MILIECHHS B IPUTYJIKY:

1) MOBHOJITHS MOCTpaXkaajia ocoba, HaImpaBjieHa YIIOBHOBAXKEHUM IT1IPO3/ILJIOM
BIMChKOBOI ajaMiHicTpalii abo opraHy MICIIEBOIO CaMOBPSAYBaHHS, OPTraHOM
HamionanpHoi mosinii, IEHTPOM COIIaJIBHUX CIYyXO, MOOILIBHOIO OpHUTaIoI0
COIIAJIbHO-TICUXOJIOT1YHOT JOIIOMOTH;

2) ocoba, sKa HE JOCATIa TOBHOJITTA, ajie mepedyBae (mepelyBana) y
3apeecTpOBaHOMY TLTIO01;

3) nutuHa y pasi il OpUUHATTA A0 MPUTYJIKY pa3oM 3 Marip’io/6aTbkoM abo
0c00010, sIKa TX 3aMIHIOE.

[IpuTynok mpoTsarom ojHi€l 1001 30008’ s13aHu 1HGOPMYBATH CIYKO0y y cripaBax
JITeN Ta BIANOBIIHUM M1APO3/171 oprany HarioHanbHOT oIl y pa3i HalipaBJICHHS 10
HBOTO MaTepi/6aThka abo ocolu, sika X 3aMIHIOE, 3 JTUTHHOIO.

JleHHU# LIEHTP COIaTbHO-TICUXOJIOTIYHOI JIOMOMOTH CTBOPIOETHCA Uil HA/IaHHS
KOMILJIEKCHOI COIIaJIbHO-TICUXOJIOTIYHO1 Ta MIEPBUHHOI MPABOBOI JOIIOMOTH, a TAKOX
COLIAIBHUX TOCIYT MOCTPAKIAIUM 0cobaM, y TOMY YHCI y BUMNAJKaX, KOJU TakKl
0CcOOM 3BEpHYJHCS pa3oM 13 AUTHHOIO, Ta JJsi 3a0e3ledeHHs iM (3a MoTpedu)
MOKJIUBOCTI KOPOTKOCTPOKOBOTO ab0 I1110/1000BOro mnepeOyBaHHsS y CHEIialbHO
00J1aJTHAaHOMY TIPH JEHHOMY IIEHTpP1 MIPUMIILICHHI.

OcHOBHI 3aBTaHHS ICHHOTO IICHTPY:

1) HamaHHS KOMIUIEKCHOI COIaJIbHO-TICUXOJIOTTYHOI Ta TMEPBUHHOI MPaBOBOI
JOTIOMOTH TIOCTPKIATUM 0co0aM, BUKOHAHHS IPOTpaM il MOCTPaXAAINX 0cCi0
BIIMOBITHO /10 TUIIOBUX MPOTPaM;

2) oprasizailisi rpyn B3a€MOJONOMOI'M MOCTPaXKAaluX 0C10;

3) mpoBeNEeHHS  COLIAIBHO-MPO(MUIAKTUYHOT  poOOTH,  CHOPSIMOBAHOI  Ha
3ano0iraHds MOBTOPHUM BHIAJKaM HACHJIBbCTBA IMOJO0 ITOCTPaXKJaloi ocoOu Ta
(dhopMyBaHHS HYJIHOBOT TOJIEPAHTHOCTI JI0 KOTO MPOSBIB y CYCILILCTBI,

4) HagaHHSI KOPOTKOCTPOKOBOTO (JI0 IeCATH 110) a0 1115101000BOT0 TIepeOyBaHHS
y «KpHU30Bii KIMHATI» (3a i1 HASIBHOCTI Y IGHHOMY IIEHTP1) OCTpaxaaium ocodam [2].

leutp 1HdOpMye MicleBYy  JepKaJAMIHICTpAIlil0, OpraHd  MICIIEBOTO
caMoBpsyBaHHs, HamioHanmbHOI moJiii Tpo BHABICHHS (DaKTIB JOMAaITHbOTO
HaCUJIbCTBA 3a HASIBHOCTI 1OOPOBIIBLHOT MOIH(GOPMOBAHO1 3T0/Id MOCTPAXKIATUX OCI0.
[1pu BUsIBICHH] BUTIQJ[KIB BUMHEHHS HACUJILCTBA CTOCOBHO JIITEH Ta HEMlI€3aTHUX OC10
a00 BUSBJICHHS AaKTIB HACWJIbCTBA KPUMIHAJIBHOTO XapakTepy 3roja ocoOu He
BHMAaraeThCsl.

CrnemnianizoBaHa ciyx0a MIEPBUHHOTO COI[1aJIbHO-TICUXOJIOTIYHOTO
KOHCYJIbTYBaHHS 0C10, sIK1 TOCTPa)KAaJiu BiJl JOMAIIHbOT'O HACUJILCTBA YTBOPIOETHCS 3
METOIO:

— HaJlaHHA Pa30BHX a00 MEPIOIMYHUX KOHCYJIBTAIN MO0 3aX0/IB pearyBaHHs
Ha BUITAJIKK TaKOTO HACHIIbCTBA;

62



LAW
SCIENTIFIC RESEARCH: CHALLENGES AND WAYS TO OVERCOME THEM IN MODERN
REALITIES

— CHpusHHA €QEKTUBHOMY pO3B’S3aHHIO MPOOJIEM CaMOI0 MOCTPaKIAIOI0
0co0010 (3a mATPUMKH (haxiBI[IB COIIATIBHUX CITYk0), HalpaBJICHHS ii B pa3l MOTpeou
710 BIATIOBITHUX Cy0’ €KTIB, 110 3IIHCHIOIOTH 3aX0AH Y cepi 3amobiranHs Ta mpOTUIIT
JOMalTHLOMY HACHUIILCTBY;

— HAJAaHHA TEPBUHHOI TCUXOJOTIYHOI MIATPUMKH Ta 1HGOPMYBaHHS MO0
MOKJIMBOCTEH OTPUMAaHHSI TTOCHIYT 1HIIUX CyO’€KTIB, IO 31HCHIOIOTH 3aX0u y cdepi
3amo0iraHHs Ta MPOTHUIIT TOMAIIHHOMY HACHJILCTBY 1 HACUJILCTBY 3a O3HAKOIO CTaTi.

VY pasi BBeAeHHS Ha TepUTOPIi YKpaiHU YU aJIMIHICTPATHBHO-TEPUTOPIATBHOT
OJIMHMIII, B SIKIM pO3MIIIEHO KOHCYJBTAaTUBHY CITY>K0Y, HAA3BUYaitHOTO a00 BOEHHOT'O
CTaHy JIONyCKA€EThCS 3adydyeHHS J10 i1 poOOTH BOJOHTEPIB 1 MpaIlliBHUKIB, (PaxoBy
MIATOTOBKY SKUX TIATBEPKEHO BIAMOBIIHAMUA JTOKYMEHTAMHU, 3 YKJIQJICHHSIM
JIOTOBOPIB.

Takox y pasi BUSBICHHS (PaKTy JOMAITHBOTO HACHUJIBCTBA CTOCOBHO JUTHHU
YCTAHOBOKO  3JIIMCHIOEThCS  1H(QOpPMYBaHHS CIyXO0M y chopaBax JiTedl Ta
YIIOBHOB)XXEHOTO MiApO3aAiTy opraHy HarioHanbHOI TOMINIT HE MI3HINIE HIX [0
3aKIHYEHHS Oo/Hi€l 100u. KoHCynbTaTuBHA Cllyk0a Ha/lae Taki COLIANIbHI MOCIYTH, 5K
eKcTpeHe (KpU30Be) BTpYUYaHHs, KOHCYJIbTYBaHHS, IHPOpMyBaHHS [2].

Meroto aisapHOCTI MOOUTBHOT OpUragu € HaJaHHS COLIAIbHO-IICUXOJIOTTYHO1
JIOTIOMOTH TOCTpaXKJIaJIuM ocobaM, 30KpeMa COIlaIbHUX MOCIYT 3 KOHCYJIbTYBaHHS,
KPH30BOT'0 Ta EKCTPEHOTO BTPYUYaHHS, COIIaIbHOI MPOQITaKTUKH.

MobinbHa Opuraga HaJae colialibHI TOCTYTH MUIIXOM MpOBEAeHHS (axoBoi
KOHCYJIbTAIlll 3a JONOMOror Tele(OHHOro 3B’SI3Ky, 3 BHI3I0M Yy CIELIaJbHO
OpraHi30BaHOMY TPAHCIIOPTI 0 MICIlS MpOXKUBaHHA (TepeOyBaHHS) MOCTPAXKIATNX
0c10 Y 1HIIOTO BKAa3aHOTO HUMHM MICIISl, Y TPUMILIEHHI 3arajbHO1 YM CIeHiali30BaHoOi
CITY>KOHU MIATPUMKH MOCTPaKAINX OCI0 Ta 1H.

Mob6i1pHa Opurajia yTBOPIOETHCS MPU IIEHTPaX COIATbHUX CITYKO IS CiM 1, iTen
Ta MosoAi abo I1HIMX 3arajbHUX a00 cHemiadi30BaHuX CIYyXO0 MATPUMKH
MOCTPAXKIAIHX OCi0.

3aBnaHHs MOOUIBHOI OpUraau:

1) HamaHHS NCUXOJOTIYHOI JOMOMOTH MOCTPAXKIAIUM 0c00aM;

2) pearyBaHHS Ta HaJlaHHS HE MI3HIIIE HDK MPOTSATOM OJIHIET 100U COIlaIbHO-
TICUXOJIOT1YHOT OTTOMOTH, 30KpeMa MUISIXOM KPHU30BOT0 Ta EKCTPEHOTO BTPYUYAHHS;

3) iHbOpMYBaHHS TOCTPAXKIAINUX OCIO IOJ0 MOCAYr (MEIMYHMX, COIlIaJIbHHX,
MICUXOJIOTIYHUX, TMPABOBUX TOIO), sIKI BOHU MOXYTh OTPUMATH [JISl TOJOJIAHHS
HACJIKIB HACHJIbCTBA, Ta 010 Ha/IaBaviB TaKUX TOCIYT;

4) po3’SICHEHHS TOCTpaXAAIMM o0cobaM iX TIpaB, BHU3HAYCHHX 3aKOHOM,
MOKJIMBOCTEW OTPUMAHHSI IOMIOMOTH BiJl IHIIUX CYO’€KTIB;

5) mpoBamKeHHS 1HQOPMALIHHO-IPOCBITHUIIBKOI AISUTBHOCTI 100  (opM,
MPOSIBIB Ta HACHIJKIB HACHJIBCTBA, (POPMYBAHHSI HETEPIIUMOIO CTABJICHHS TPOMAJISH
710 1TUX SIBUIII, @ TAKOXK II0JI0 3aXO/1B Y cepi 3anmodiraHHs Ta MPOTH Il JOMAITHEOMY
HAaCWJILCTBY [3].
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Jlo Buizgy MOOUTBHOI OpWragy IO MICIs BYMHEHHS HACHUIBLCTBA MOXYTh
3asydatucs (y pasi moTpeOu) MpeaCTaBHUKH YIOBHOBAXEHUX IT1IPO3/ILJIIB OpraHiB
HarmionanpHo1 noiii, cry»k0 y cpaBax JiTeH, 1HITUX Cy0’ €KTIB.

enTtp 3axucty AUTHHU (3a MojeiI0 bapHaxyc) - 11e MDKIUCHUILUTIHAPHUI
Creliayli30BaHUM 3aKiajl / CTPYKTYPHUHM MIIPO3/LIT 1HIIOTO 3aKIady, IO CTBOPIOETHCS
JUIL  TPOBEACHHS OKPEMHUX CIiauux (MpolecyajdbHUX) i, TMepeadadyeHux
KpuminaibHUM TIpoliecyaibHUM KOJIEKCOM YKpaiHu, B JPYKHbOMY [0 JAUTHHH
CEpelOBHILl Ta B yMOBax, sIKI MiHIMI3YyIOTh HACHIIIKM ii TpaBMaTu3allii, a TaKoXK
HaJaHHS KOMITJIEKCHOI COIIAIbHOI, TICUXOJIOTTYHOT, TPaBHUYO1, JOMEIUYHOI Ta 1HIITUX
BHJIIB JOTIOMOTH 1 TIOCIYT JiTSAM, SKi € TOTEepPHiIMMH a0 CTajau CBiAKaMu
KPUMIHAJIBHUX TTPaBOTIOPYIIICHb.

3aBmanns L{eHTpy 3aXuCTy TUTUHUA:

1) 3a0e3nedeHHs HAJIEKHUX YMOB JIJIsl IPOBEACHHS CIIAYMX (IPOLIECyalbHUX ) 1A
32 y4yacTio JiTeil, SKI € TMOTepnuIMMHU abo0 CTalu CBIAKAMU KPUMIHAIBHUX
MIPaBOMNOPYIICHb, y APYKHHOMY J0 JUTHHHU CEPEIOBUIIL;

2) HaJaHHS TaKUM JITSIM KOMIUIEKCHOI COILIAJIbHOI, ICUXOJIOTIYHO1, IPABHUYOI,
JIOMEIUYHOT Ta 1HIIKUX BUIIB JOTIOMOTH.

Ha xoxxHy nuTuHY, 3 KOO MPOBOAUTHCS podoTa B Llentpi, popmyerhcst ocodoBa
CIIpaBa, B sIKii 30epiratoThCs Taki JOKYMEHTH:

1) mman B3aemonli  MUKAMCHMIUIIHAPHOT KOMAaHIM  IIOJAO0  MPOBEIACHHS
npolecyanbHux aiil Ha 6a3i LleHTpy;

2) 3roja Ha MPOBEJCHHS CIIIYUX (MpoLEeCyalbHUX) /I Ta OTPUMAHHS AUTHHOIO
KOMIUIEKCHOI COLIaJIbHOT, IICUXOJIOT1YHO1, MPaBHUYO1, JOMEIUYHOI IOMTOMOTH Ha 0a3i
Llenrtpy;

3) Komisi JOKyMEHTAa, 110 TMOCBIIYY€E 0c00Y (3a HAsIBHOCTI);

4) pe3ynbTaTH OIIHIOBAHHS MOTPEO JUTHUHU;

5) BUTArW 3 HaKa3iB NPO 3apaxyBaHHs Ta BIAPAaXyBaHHS JUTHHHU;

6) Marepiaau 1moa0 poOOTH MCUX0JIOTa 3 TUTUHOIO;

7) 1udopmartisa moao B3aemouii LleHTpy 13 ciiguum / ni3HaBa4eM / TPOKYpOpOM
Ta IHITUMU OpraHaMU Ta YCTaHOBaMHU y cdepi 3aXUCTy JITEH;

8) BIIOMOCTI PO HaJAaHy AUTHHI YU CIM’1 COIlabHY, TICUXOJIOTIYHY, PABHUYY,
MEJNYHY JOTIOMOTH Ta BJALITYBaHHS AUTHUHU [4].

Cnucoxk jireparypu
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SHAYEHHS MEJIALIT Y BUPIIIEHHI
KOPIHHOPATUBHUX KOH®DJIIKTIB

dpaHnkoBa AHHA
nokTop dimocodii 3 mpasa, agBoOKaT

Memiamis € OKpeMolo TMpoIeayporo, sSKa JI03BOJIIE B paMKaX UYHUHHOIO
3aKOHOJIAaBCTBA YKpaiHM 3amoOIrTH  KOPIOPATHUBHUM  KOHQIIIKTaM, BHUSBUTH
MPOTAJIMHU Ta CBOE€YACHO iX YCYHYTH IUISXOM II€PErOBOPIB CTOPIiH KOH(IIIKTY 3a
y4acTi MefiaTopa.

Menianis [103BOJSE BUSBUTH TNPUYUHU KOPHOPATUBHOIO KOH(IIIKTY, HOTO
YYaCHHKIB, iX CH1JIbHI IHTEPECH, Ta NUISIXA BUPILIEHHS! KOPIOPATUBHOIO KOH(IIIKTY.

3akon VYkpainu «IIpo Memiaimito» HACTyIHUM YHHOM BHU3HAYa€ TMOHSATTS
«MeJiaIisay: «...Melais - mo3acyaoBa 1o00poBiIbHA, KOH(IACHITIHA, CTPYKTypOBaHa
nporeaypa, i dYac SIKOi CTOPOHM 3a JIOTIOMOIOK Meaiaropa (MeaiaTopiB)
HaMararoTbCsl 3armo0irTd BUHUKHEHHIO a00 BPEryJIOBaTd KOH(MIIKT (CIip) IUISXOM
neperoBopiB» (a063.4 ct.1) [1].

[leperoBopu Ta Memiailisi sIK IHCTPYMEHT BHPIIIEHHS KOH(IIIKTIB MalOTh HU3KY
repeBar iyl KOMIaHId Ta IXHIX MpaIliBHUKIB, a TOJIOBHE — JUISl BJACHUKIB Oi3HECY 1
MaOyTHHOTO KOMMaHii. SIKi mepeBaru 3aCTOCyBaHHS Me/liallii MO>KHA BUJIITUTH:

1. [IpamiBHMKH, SKi BIOEBHEHI, IO PIMICHHS MPUHHATO CIPABEIJIMBO, IO IXHIO
MO3UII0 BUCITYXalId W BpaxyBalH, MAlOTh 1€ BITYYTH, IO TO3BOJHTH MiIBUIIUTH
Mpane3aTHICTh, BUWTH 31 CTPECY Ta MPUHECTH OliIbllle MPUOYTKY KOMIIaHI.

2. BmneBHeHicTh B TOMY, WIO pIIIEHHS MNPUHHATO O€3 €MOLlid, CTBOPEHO
HEUTpasibHe, KOH(IAEHUIWHE CepeloBUINE 1 pIBEHb JOBIPM HAa MaKCHUMAaJbHO
MOKJIUBOMY PIBHI.

3. MakcumanbHa THYYKICTb B 3HAaXOJK€HHI pIIIEHb HABITh B CHUTYaIllsX, Kl
BBYKAJIMCSI HEMOXKITUBUMHU.

4. SIxicHW# MiAX1J] B YIpaBIiHHI KOHQIIKTaMU, KOJIM KOMITaHIs MOXKE CTBOPHUTH 3
MeIiaToOpoM (SIK 30BHIIMIHIA KOHCAJITHHT) TMIOJITUKY 1 TIpaBuja, BPaXxOBYHOUH
0COOJIMBOCTI caMe IILOTO O13HECY 1 JIOCBIly, HAOYTOTO SIK 3 I1€F0 KOMITaHI€l0, TaK 1 3
iHmMH [2, ¢.133].

BBakaemo, 1o SKiCHO MpoBEAeHa MpOoLeaypa Meialii € 3amopyKow YyCHiXy
nisTbHOCTI Oi3HEec-CcTpyKTypH. [lepenycim e mae 3MOory CTOpoHaM KOPIOPATUBHOTO
KOH(IIKTY 30€perTy IUJIOBI BITHOCUHU, IIUBLTI30BaHO 3’ICYBATH MPUYUHHU Ta MOTHUBH
KOPIOPATUBHOTO KOH(IIKTY Ta 3HAWUTH CHUJIbHE PIIIEHHS, IO ONTUMAaJIbHO Oyje
BIJINOBIJIATH 1HTEpECaM BCIX YYACHHUKIB KOPIOPATUBHOTO KOHQIIKTY. 3aBIsSKU
npodecioHanizMy MeJiatopa MOXYyTh OYTH 3axuIIeH1 MpaBa BJIACHUKIB, aKI[IOHEPIB,
YYaCHHKIB, KOPIOPATHBHA BJIACHICTh, IHTEPECH CaMO1 KOMIIaHIi Ta ii pemyTaris.

Marar B.B. 3ayBaxye, 1110 npoiieaypa Meaiarii mij yac po3risigy KOprnopaTUBHOTO
CIIOpYy JO0MOMOKe 30epertd KOH(IAEHIIWHICT, CYTi KOHQJIKTY, HE CTaBUTH IIiJ
3arpo3y pemyTaiio KOMMaHii, a TaKOX BHUPIIMIUTUA CYNEPEUYKy MOPIBHSIHO MIBUAKO 1
Hesoporo. Y Xofi memdiarii 30epiraloTbCsi MapTHEPCHKI BITHOCHHHU MK YYaCHUKAMH
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KOPIOPATUBHUX CYMEPEYOK; Yy MOAAIBIIOMY CTOPOHU MPOAOBXKYIOTH CIIBIIPAIl0 B
paMkax Kopropaiii. PazomM 3 TUM, Yy KOpPHOPAaTHBHOMY VIIPaBJIiHHI  CIIiJ
PO3MEXKOBYBATH MEJIAIIIIO SIK MPOLIETyPy AIbTEPHATUBHOIO BUPILIEHHS CIIOPY Ta SIK
3arajgbHy (PUIOCOPCHKY CKIAJ0BY KOPIMOPATUBHOI TMOJITUKK HEHACUJIbHUILIBKOI
KoMyHikaii [3, c.141].

Takox, 1ikaBoro € mnpomnosuiiss Martat B.B. mono npuilHATTS 3a OCHOBY IJis
PO3pOOKH KOPHOPATHUBHUX IMPOTpaM, CTpaTeriil Ta IUIaHIB HACTYIHI JIii: 1IHTETpalliio
Meialii B AisUIbHICTh OpraHizailii, po¢iIakTHKy BHYTPIIIHIX KOH(IIKTIB, CTBOPEHHS
CHPUATIMBOTO MIKpPOKJIIMaTy B KommaHii [3, c.141].

Y mam yac mepiamis (Tak camo SK ¥ 1HII TPUMHPHI TPOLEAYPH) MOCTYIOBO
BTpayae «aJbTEPHATUBHUNY» XapaKTep 1 Ae/ail 4acTille 3aCTOCOBYEThCS HApiBHI Ta y
B3a€EMO3B 3Ky 3 IHIIMMHM CHOCOOAMH 3aXHCTy MOPYLIEHUX CyO’ €KTHUBHUX
KOPINOpPAaTUBHUX IMpaB Ta/abo0 KopmopaTUBHUX iHTepeciB. IlpuumHa Takoi
TpaHc@opmarlii noJjsrae y Tomy, 1o, 3 OJJHOro 00Ky, Ha ChOTOJHI 3 OpraHi3aliiHoi 1
3MICTOBHOI TOYOK 30py MeJiallis YacTo OUIBIIOK MIpol, HIXK IOPUCIUKIIHHI
MEXaHI3MH, BIJIMOBITAE 1J1e1 TPOMAJSTHCHKOTO CYCIUJIBCTBA 1 MPABOBOI JEpPKABU; 3
1HII0TO0 OOKY, BOHA JIMCHO BIJNOBIAE IHTEpecaM 1 MoTpedaM y4aCHUKIB OXOPOHHOTO
KOPIOPATUBHOIO MPABOBITHOIICHHS, OCKUIBKH JI03BOJIIE BUPIITYBAaTH PO301KHOCTI,
110 MalOTh MiCIIe, Ha B3a€EMOBUT1/IHI! OCHOBI [4, ¢.141].

JIOIIBHO 3raiaTi TaKOX PO MPUHITUITN MeTiallii, sika 3riqHo c¢T.4 3aKoH YKpaiHnu
«IIpo Menianio» NpoOBOAUTHCS 32 B3aEMHOIO 3r0J0K0 CTOPIH Melalli 3 ypaxyBaHHIM
MPUHIUIIB JT0OPOBUILHOCTI, KOH(]IICHLINHOCTI, HEUTPAIbHOCTI, HE3aJEKHOCTI Ta
HEyIepeKEHOCTI Me/IlIaTopa, CAMOBU3HAYCHHSI Ta PIBHOCTI MpaB CTOPiH Meiamii [1].

Ha mamy ay™mKy, JOTpUMaHHS O3HAYEHWX MPUHIIUINB IUIKOM Y3TOJKYETHCS 13
3arajJbHOTIPUAHATAM  TIOPSIIKOM — BPETYJIIOBaHHSA  OyAb-SKHX  KOPIIOPATHBHUX
KOH(JTIKTIB.

Ax caymHo 3ayBaxye MapkoBud M.X., npuHIMNM MeAiauii BaKIUBI IS
3a6e3meueHHs eeKTUBHOCTI Ta CIpaBeUIMBOCTI MPOLECY BUPilIeHHS KOHPIIKTIB. Ix
JOTpUMaHHS 3a0e3neuye AOOPOBUIBHICTh, YE€CHICTh, 00’ €KTHUBHICTH IM03aCyJA0BOIO
BPETYJIIOBaHHS CIIOPY, CTBOPIOE CIPUATINBE CEPEOBUIIE /JIsi BUPIIIEHHS KOHPIIIKTY
Ta 3a0e3mnedye BUPIIICHHS CIIOPY, SKE 33JI0BOJIbHSIE IHTEpecHu 000X CTOpiH [5, c.49].

BBaxkxaemo, 1m0 Ui HaJIGKHOTO TIPOBEACHHS MPOLEIYpPH Memiarii MeaiaTop
MOBMHEH BOJIOAITH BIATMOBIIHUMH HaBUYKAMHU Ta 3HAHHSIMH, IO Oe3MocepeaHbo
BIUIMBAIOTh Ha SIKICTh MPOBEICHHS Meiallii Ta i pe3yJIbTaTUBHICTb.

[Toromkyemocs, o mpodecis memiatopa, gk 1 Oyab-fka iHIIA, Tepegdadae
HAsSIBHICTh KOMIIETEHTHOI MPABOCB1IOMOCTI, TOOTO CYKYIHOCTI IPaBOBUX 3HAHb, YMIHb
Ta HaBUYOK peajizallii IpaBOBUX HOPM, IKUMH PETYJIIO€ThCs podeciiiHa AisIbHICTb.
MeniaTop Ma€e OpiEHTYBAaTHCS B 3aKOHOJIABCTBI, SKUM PETIaMEHTY€EThCS MPOBEICHHS
Me/ialii, 30KpeMa, 3HaTH OCHOBHI HOPMAaTHUBHO-TIPABOBI MOJIOKEHHS 11100 TPABOBOTO
cTaTycy MejiaTopa, MO0 MPOIEAypH Memdiallii, yroa 3a pe3yjabTaTaMyd Meiarlii,
IOPUIMYHHAX HACIIJIKIB Memiarii Too [6, ¢.207].

Meniartis € NUISIXOM JI0 BUPIIICHHS KOPIIOPATUBHOTO KOHMIIKTY Mi>K CTOPOHAMH,
KA MOXe€E SKICHO BHSIBUTH 1HTEpeCH Ta oTpeOu ctopid. Memialis Bifirpae BaXJIvBe
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POJIb, OCKUTEKH CTOPOHHU KOPTIOPATUBHOTO KOH(TIKTY I11€ HE BUCHAKEHI EMOITIHHO Ta
MaloTh 3MOTY BIIMOBUTHUCH BiJl CyJI0OBUX IPOLIETYP, IO B CBOIO YEPTY:
- MaloTh 3HAYHI YaCOBI MPOMIXKKH;
HaIoBHEH1 (opMaji3MoM;
BIJICYTHICTIO TICUXOJIOTTYHOTO MAXOAY 10 CTOPIH;
MaloTh CKJIQJIHY JJI PO3yMIHHS CTOPIH HOPMAaTUBHY CKJIa/IOBY;
noTpeOyIOTh 3aJydeHHS aJBOKaTa Ta MiHIMI3amii KOMYHIKamii 13 1HIIAMH
CTOPOHAaMHU KOPIIOPATUBHOTO KOHQIIIKTY.

Ha mamry mymky, Memiarisi MOKJIMKaHA TEPEIyCiM BCTAaHOBUTH KOHTAaKT MIXK
CTOPOHAMHU Ta HaJallITyBaTH CTOPOHM HA B3a€MHUU J1ajor, YOTO HEMAae€ IIiJ{ 4Yac
cynoBoro mporiecy. CTOpOHH MaiOTh 3MOTY BITbHO, 0€3 pEeriiaMeHTy, SKUd € B
CyJIOBOMY TIPOLIECI, BHCIOBJIIOBATH CBOI JYMKH, MIPKYBaHHS, MpPONO3ULII Ta
HEBJIOBOJICHHSI.

Menianisa MOXe BUSIBUTH IHTEPECH 1 MOTPEOU CTOPIH, 110 B MOJANBIIOMY MOXYTb
CHOHYKaTH CTOPOHU KOPIIOPATUBHOI'O KOHQIIKTY /10 YKJIAJAEHHS yroAau a00 BOHU BXkKe
OyIyTh TOTOBI OOTOBOPUTH MUTAHHS MHUPHUX IUISAXIB BUPIMICHHS KOPIOPATUBHOTO
KOH(ITIKTY.

Ha namy aymky, memiaiiis MOKJIMKAaHA 3HU3UTU PIBEHb HANPYTH Ta TUCKY MIXK
CTOPOHAMU KOPIIOPATUBHOTO KOH(QIIIKTY, JO03BOJMTH BCTAHOBUTH JOBIPIUBUI
30pOBUI KOHTAKT Ta pO3MOYATH IIUBLII30BaHy OecCimy, A1ayor.

Cepen nepeBar Meianii MOXHa BUOKPEMUTH HACTYIIHI:

- JIOCSATHEHHSI METH — BCTAHOBJICHHSI KOHTAaKTy MIK CTOPOHaMH, CIIOHYKAaHHS J0
Jianory;

- BUSIBJICHHS IEPBUHHUX 1HTEPECIB 1 HOTPED, IO B MiJCBIIOMOCTI CTOPIH MOXKYTh
chopMyBaTH 3a4aTKH BUPIIEHHS KOHDIIKTY;

- SIKICHO BIUIMHYTH Ha XiJl pO3B’sI3aHHS KOHQIIKTY;

- 'y pasi BUPIIIEHHS CIOPY B MpoIeci Meiallii, CTOpOHU MarOTh MOXJIMBICTD: a.)
AKICHO BUUTH 13 KOPHOPATUBHOIO KOH(JIIKTY; 0.) BIAHOBUTU AIJOBI BIAHOCHHH O
pPIBHS TOJICPAHTHOTO CIUIKYBaHHS; B.) 30€perTd MAUIOBY pemyTalliio; r.) He
HABaHTa)XyBaTH OJIUH OJHOTO OOTSKJIMBHMHU Ta BUCHAKIMBUMU MOSICHEHHSIMU B CY/I,
0oOMIHYy perulikaMH, Jie¢ He Oyje MICId eMnaTii Ta 3aaroPKEHHsI TOCTPUX KYTiB MIXK
CTOpoHamMu 3 OOKy CyIal; TI.) MPOMTH €Tanu HOPUUHATTS, PO3YMIHHS CYTI
KOPIOPAaTUBHOTO  KOH(MIIIKTY; J.) 3MEHIIMTH 4YacoBl TMPOMDKKH BHPIIICHHS
KOPIOPATUBHOTO KOHMIIKTY; 3K.) 3MEHIIUTH (DIHAHCOBI BHUTpATH HA 3aTy4YCHHS
aJIBOKATIB, CIEIIAJIICTIB, €KCIIEPTIB, 1HII 000B’SI3KOB1 CY/I0B1 BUTPATH.

BBakaemo, 1110 Meialisi € He0OXiTHOIO Ta ii MPaKTUYHE 3aCTOCYBaHHS HEOOX1THO
nomupioBatd. ToMy BaXJIMBO MiABUINYBAaTH OOI3HAHICTh OI3HEC-CIIILHOTU B
MOXJIMBOCTSIX, MEXaHI3Max JaHOoi NpoLeaypu 3auisl SKICHOTO 3MEHIICHHS
HABAHTAKCHHS HA CTOPIH KOPIIOPATUBHOTO KOH(IIKTY, CYy/IOBY BJIaJly Ta I IBUIIICHHS
PIBHSI CIIPUMHATTA CYCHIJIBCTBOM JAHOI MPOLIETYPH, K MOYATKOBOI'O J1aj0ry CTOPIH 1
AKICHOTO BUXO]y 13 KOPIIOPATUBHOT'O KOH(IIIKTY.
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Abstract. Women with polyendocrine metabolic ovarian syndrome (PMOS) have
a substantially increased risk of developing gestational diabetes mellitus owing to the
coexistence of insulin resistance, compensatory hyperinsulinemia, hyperandrogenism,
obesity, and chronic low-grade inflammation. These metabolic disturbances impair
physiological adaptation to pregnancy and contribute to adverse maternal and perinatal
outcomes. Although the association between PMOS and gestational diabetes has been
consistently confirmed, considerable heterogeneity remains regarding the relative
contribution of individual risk factors and their impact on long-term metabolic health.

Current evidence indicates that gestational diabetes in women with PMOS is
associated not only with an increased incidence of pregnancy complications but also
with a significantly higher lifetime risk of type 2 diabetes mellitus, metabolic
syndrome, and cardiovascular disease. In addition, intrauterine exposure to maternal
hyperglycemia may adversely influence the long-term metabolic profile of offspring.
A comprehensive evaluation of clinical, endocrine, and metabolic risk factors may
improve preconception counseling, facilitate individualized antenatal care, and support
the implementation of effective postpartum surveillance strategies aimed at reducing
future cardiometabolic risk in both mothers and their children.

Keywords: gestational diabetes mellitus; PMOS; polyendocrine metabolic ovarian
syndrome; insulin resistance; pregnancy; metabolic syndrome; long-term outcomes.

Introduction

Gestational diabetes mellitus (GDM) is one of the most common metabolic
complications of pregnancy, affecting approximately 7-18% of pregnancies
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worldwide, with its prevalence steadily increasing in parallel with the global rise in
obesity and metabolic disorders among women of reproductive age [1,2]. Beyond its
immediate impact on pregnancy, GDM has become recognized as an important
predictor of future metabolic disease in mothers and adverse long-term health
outcomes in their offspring. Consequently, early identification of women at elevated
risk has become a major focus of contemporary obstetric care and preventive medicine
[2,3].

Polyendocrine metabolic ovarian syndrome (PMOS) is characterized by a complex
interaction  between insulin  resistance, compensatory hyperinsulinemia,
hyperandrogenism, chronic low-grade inflammation, adipose tissue dysfunction, and
impaired glucose metabolism. These metabolic abnormalities not only contribute to
reproductive dysfunction but also compromise physiological adaptation to pregnancy.
Even in women without obesity, reduced insulin sensitivity and limited B-cell
compensatory capacity substantially increase susceptibility to glucose intolerance once
pregnancy-induced insulin resistance develops [4,5].

Recent cohort studies and meta-analyses consistently demonstrate that PMOS
independently increases the likelthood of gestational diabetes mellitus, while
concomitant obesity, advanced maternal age, excessive gestational weight gain, family
history of diabetes, and conception following assisted reproductive technologies
further amplify this risk [5,6]. Moreover, the coexistence of PMOS and GDM has been
associated with a higher incidence of hypertensive disorders of pregnancy, cesarean
delivery, fetal overgrowth, neonatal metabolic complications, and an increased lifetime
risk of type 2 diabetes mellitus and cardiovascular disease in affected women. These
findings suggest that GDM developing in women with PMOS should be regarded not
only as a pregnancy complication but also as an early indicator of persistent
cardiometabolic vulnerability affecting both mother and child [6,7].

Despite substantial progress in understanding the relationship between PMOS and
gestational diabetes mellitus, important questions remain regarding the independent
contribution of individual metabolic and endocrine risk factors, their prognostic
significance, and optimal approaches to long-term prevention after pregnancy.
Integrating contemporary evidence may improve preconception risk assessment,
support individualized antenatal management, and strengthen postpartum surveillance
strategies aimed at reducing future cardiometabolic complications in both mothers and
their offspring [7].

The aim of this review was to summarize current evidence regarding the risk
factors for gestational diabetes mellitus in women with PMOS and to evaluate its long-
term maternal and offspring consequences.

Materials and Methods

This study was designed as a systematic literature review. A comprehensive search
of the scientific literature was conducted using the PubMed/MEDLINE, Scopus, Web
of Science, and Cochrane Library databases. Priority was given to articles published
between 2020 and 2026, including systematic reviews, meta-analyses, clinical practice
guidelines, cohort studies, and large observational investigations addressing the
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relationship between polyendocrine metabolic ovarian syndrome (PMOS) and
gestational diabetes mellitus.

The selection process focused on studies evaluating epidemiology,
pathophysiological mechanisms, clinical risk factors, pregnancy outcomes, and long-
term maternal and offspring consequences associated with gestational diabetes in
women with PMOS. Publications with insufficient methodological quality, duplicated
data, conference abstracts, case reports, and studies lacking clinically relevant
outcomes were excluded. The retrieved evidence was critically analyzed and
synthesized to provide an up-to-date overview of current knowledge and clinically
applicable conclusions.

Results

Gestational diabetes mellitus develops significantly more frequently in women
with polyendocrine metabolic ovarian syndrome (PMOS) than in the general obstetric
population, regardless of ethnicity or geographic region. Recent meta-analyses
demonstrate that PMOS is an independent predictor of impaired glucose metabolism
during pregnancy, although the magnitude of risk varies according to maternal
phenotype and pre-pregnancy metabolic status. The strongest associations are observed
in women presenting with central obesity, chronic insulin resistance,
hyperandrogenism, and pre-existing dysglycemia, indicating that GDM represents a
consequence of cumulative metabolic dysfunction rather than an isolated complication
of pregnancy [8,9].

Insulin resistance remains the principal mechanism linking PMOS with gestational
diabetes mellitus. Women with PMOS frequently exhibit reduced peripheral glucose
utilization and increased hepatic glucose production before conception. During
pregnancy, physiological insulin resistance progressively intensifies under the
influence of placental hormones, resulting in a metabolic burden that frequently
exceeds pancreatic B-cell compensatory capacity. Consequently, progressive
hyperglycemia develops earlier and more frequently than in women without PMOS.
Elevated fasting plasma glucose, glycated hemoglobin within the high-normal range
before pregnancy, increased fasting insulin concentrations, and higher homeostatic
model assessment for insulin resistance (HOMA-IR) values have all been identified as
significant predictors of subsequent GDM development [9,10].

Body composition exerts a substantial influence on disease risk. Pre-pregnancy
overweight and obesity consistently amplify the diabetogenic effects of PMOS by
promoting chronic systemic inflammation, adipokine imbalance, endothelial
dysfunction, and lipotoxicity. Nevertheless, several prospective cohort studies have
demonstrated that women with lean PMOS also remain at increased risk of gestational
diabetes because intrinsic insulin resistance and B-cell dysfunction persist
independently of body mass index. These findings indicate that obesity enhances, but
does not fully explain, the increased susceptibility to gestational diabetes observed in
PMOS [10,11].

Hyperandrogenism has emerged as an additional determinant of metabolic
deterioration during pregnancy. Elevated androgen concentrations contribute to
impaired insulin signaling in skeletal muscle and adipose tissue, increase visceral fat
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accumulation, and exacerbate chronic inflammatory activity. Women with biochemical
hyperandrogenism demonstrate higher rates of gestational diabetes than
normoandrogenic PMOS phenotypes, suggesting that androgen excess contributes
directly to adverse glucose metabolism rather than merely reflecting disease severity.
Advanced maternal age, family history of type 2 diabetes mellitus, excessive
gestational weight gain, conception following assisted reproductive technologies, and
previous gestational diabetes further increase cumulative risk when present alongside
PMOS [11,12].

Pregnancies complicated by both PMOS and gestational diabetes are consistently
associated with less favorable maternal outcomes than pregnancies affected by either
condition alone. Large observational studies report increased incidences of gestational
hypertension, preeclampsia, cesarean delivery, polyhydramnios, and medically
indicated preterm birth. Metabolic instability during pregnancy also contributes to
higher rates of postpartum glucose intolerance and persistent insulin resistance,
emphasizing that pregnancy frequently unmasks previously compensated metabolic
dysfunction in susceptible women [13,14].

Adverse fetal and neonatal outcomes occur more frequently when maternal PMOS
is accompanied by gestational diabetes. Maternal hyperglycemia promotes excessive
transplacental glucose transfer, fetal hyperinsulinemia, accelerated somatic growth,
and altered fetal metabolic programming. Consequently, infants demonstrate increased
risks of large-for-gestational-age birth, shoulder dystocia, neonatal hypoglycemia,
respiratory morbidity, admission to neonatal intensive care units, and early metabolic
disturbances. Accumulating evidence further suggests that intrauterine exposure to
maternal hyperglycemia may predispose offspring to childhood obesity, insulin
resistance, impaired glucose tolerance, and future cardiometabolic disease [15,16].

Long-term maternal outcomes extend well beyond the postpartum period. Women
with both PMOS and previous gestational diabetes demonstrate a markedly increased
probability of developing type 2 diabetes mellitus within the first decade after
pregnancy compared with women experiencing either condition alone. Persistent
insulin resistance, dyslipidemia, chronic inflammation, endothelial dysfunction, and
central adiposity collectively contribute to accelerated cardiovascular risk, metabolic
syndrome, non-alcoholic fatty liver disease, and chronic kidney disease. These findings
support recognition of pregnancy as an opportunity to identify women requiring
lifelong metabolic surveillance rather than limiting follow-up to the immediate
postpartum period [17,18].

Recent studies indicate that structured preconception counseling, optimization of
body weight, dietary modification, regular physical activity, and individualized
metabolic assessment significantly reduce the incidence of gestational diabetes among
women with PMOS. Early glucose screening, timely identification of high-risk
patients, and systematic postpartum follow-up improve long-term metabolic outcomes
by facilitating early diagnosis of persistent dysglycemia and implementation of
preventive interventions. Contemporary evidence therefore supports an integrated
multidisciplinary approach involving obstetricians, endocrinologists, nutrition
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specialists, and primary care physicians throughout the reproductive period and beyond
[19,20].

Discussion

The evidence analyzed in the present review indicates that gestational diabetes
mellitus developing in women with polyendocrine metabolic ovarian syndrome should
be considered a manifestation of pre-existing metabolic dysfunction rather than an
isolated complication arising exclusively during pregnancy. Insulin resistance,
impaired B-cell reserve, obesity, and hyperandrogenism interact throughout gestation,
reducing the capacity for physiological metabolic adaptation and substantially
increasing susceptibility to glucose intolerance. This mechanism also explains why an
elevated incidence of GDM has been reported even among women with lean PMOS
phenotypes, suggesting that intrinsic endocrine and metabolic abnormalities remain
clinically relevant irrespective of body mass index. [8—10]

An important finding across recent cohort studies is the marked heterogeneity of
metabolic risk within the PMOS population. Although obesity remains one of the
strongest contributors to gestational diabetes, it cannot independently explain the
observed increase in disease incidence. Biochemical hyperandrogenism, elevated
HOMA-IR, impaired fasting glucose before conception, advanced maternal age, and a
positive family history of diabetes consistently improve prediction of GDM
development. These observations support a more individualized approach to
preconception assessment instead of relying solely on traditional anthropometric
indicators. [10—12]

The coexistence of PMOS and gestational diabetes substantially worsens maternal
and perinatal prognosis compared with either condition alone. Higher frequencies of
hypertensive disorders, cesarean delivery, fetal overgrowth, neonatal metabolic
disturbances, and medically indicated preterm birth reported across contemporary
studies indicate that these disorders have additive pathophysiological effects.
Consequently, women presenting with both conditions should be regarded as a distinct
high-risk obstetric population requiring multidisciplinary management, early
metabolic screening, individualized nutritional intervention, and careful surveillance
throughout pregnancy. [13-16]

The available evidence also demonstrates that the clinical significance of
gestational diabetes extends far beyond delivery. Pregnancy appears to function as a
physiological metabolic challenge capable of identifying women predisposed to future
cardiometabolic disease. Women with previous GDM and PMOS exhibit markedly
higher rates of type 2 diabetes mellitus, metabolic syndrome, dyslipidemia, and
cardiovascular disease during long-term follow-up. Simultaneously, increasing
evidence indicates that intrauterine exposure to maternal hyperglycemia contributes to
adverse metabolic programming in offspring, increasing susceptibility to obesity,
insulin resistance, and impaired glucose metabolism later in life. These findings
highlight the importance of structured postpartum surveillance for both mothers and
children. [17-20]

Despite substantial progress in understanding the relationship between PMOS and
gestational diabetes mellitus, several important gaps remain. Published studies differ
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considerably with respect to diagnostic criteria, patient phenotypes, adjustment for

confounding metabolic variables, and duration of follow-up, which complicates direct

comparison of outcomes. Future prospective multicenter investigations using

standardized diagnostic definitions and prolonged observation periods are needed to

refine individualized risk prediction models and determine the most effective

preventive strategies before conception, during pregnancy, and after delivery. [8—20]
CONCLUSION

Gestational diabetes mellitus represents one of the most significant metabolic
complications of pregnancy in women with polyendocrine metabolic ovarian syndrome
and reflects the combined influence of insulin resistance, hyperandrogenism, obesity,
B-cell dysfunction, and chronic metabolic inflammation. The available evidence
indicates that PMOS substantially increases the likelihood of developing gestational
diabetes and contributes to a higher incidence of adverse maternal and neonatal
outcomes. Early identification of women at increased metabolic risk before conception,
followed by individualized antenatal surveillance, remains essential for reducing
pregnancy-related complications and improving perinatal outcomes.

The long-term consequences of gestational diabetes in women with PMOS extend
well beyond the postpartum period and include an increased risk of type 2 diabetes
mellitus, metabolic syndrome, cardiovascular disease, and persistent metabolic
dysfunction, while offspring exposed to maternal hyperglycemia demonstrate a greater
predisposition to future cardiometabolic disorders. These findings support the
implementation of comprehensive preventive strategies encompassing preconception
counseling, optimization of metabolic health before pregnancy, early screening for
gestational diabetes, and structured long-term follow-up after delivery. Such an
approach may improve lifelong health outcomes for both mothers and their children.
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Abstract. Obstructive sleep apnea (OSA) is one of the most common sleep-related
breathing disorders in children and is most frequently associated with adenotonsillar
disease. Enlargement of the adenoids and palatine tonsils contributes to recurrent upper
airway obstruction during sleep, resulting in intermittent hypoxia, sleep fragmentation,
and disturbances in normal neurophysiological development. Beyond impaired sleep
quality, pediatric OSA has been linked to behavioral and cognitive dysfunction,
cardiovascular alterations, impaired somatic growth, metabolic abnormalities, and
reduced quality of life. Increasing recognition of the long-term consequences of
untreated disease has emphasized the importance of timely diagnosis and appropriate
therapeutic intervention in affected children.

This review summarizes current evidence regarding contemporary approaches to
the diagnosis and treatment of obstructive sleep apnea in children with adenotonsillar
disease. Particular attention is given to epidemiology, pathophysiological mechanisms,
clinical manifestations, diagnostic strategies, and the effectiveness of both surgical and
non-surgical treatment options. Recent studies support the use of individualized
management based on disease severity, polysomnographic findings, anatomical
characteristics, and associated comorbidities. Early identification and multidisciplinary
management of pediatric obstructive sleep apnea may reduce disease-related
complications and improve long-term respiratory, cardiovascular, neurocognitive, and
developmental outcomes.
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Introduction. Obstructive sleep apnea (OSA) is the most common form of sleep-
disordered breathing in children and represents an important clinical problem because
of its high prevalence and broad impact on physical, cognitive, and behavioral
development. The disorder is characterized by recurrent episodes of partial or complete
upper airway obstruction during sleep, resulting in intermittent hypoxia, hypercapnia,
sleep fragmentation, and increased respiratory effort. Current epidemiological studies
estimate that pediatric OSA affects approximately 1% to 5% of children, with the
highest incidence observed during the preschool years, coinciding with the period of
maximal lymphoid tissue growth. Growing evidence indicates that untreated OSA may
have long-lasting consequences extending far beyond disturbed sleep, making early
recognition an important priority in pediatric practice [1,2].

Adenotonsillar disease remains the leading anatomical cause of pediatric
obstructive sleep apnea. Enlargement of the adenoids and palatine tonsils narrows the
upper airway and increases airway collapsibility during sleep, particularly during rapid
eye movement sleep when pharyngeal muscle tone is reduced. However, airway
obstruction is increasingly recognized as a multifactorial process influenced by
craniofacial anatomy, obesity, neuromuscular control, allergic inflammation, and
genetic susceptibility. These interacting factors explain the considerable variability in
clinical presentation and disease severity among children with apparently similar
degrees of adenotonsillar enlargement. Consequently, comprehensive evaluation has
become essential for accurate diagnosis and appropriate treatment planning [3,4].

The clinical significance of pediatric OSA extends well beyond the respiratory
system. Recurrent nocturnal hypoxia and repeated sleep disruption contribute to
persistent sympathetic activation, systemic inflammation, endothelial dysfunction, and
alterations in cardiovascular regulation. Children with untreated OSA have been shown
to exhibit elevated blood pressure, impaired vascular function, cardiac remodeling,
metabolic disturbances, deficits in attention and executive functioning, behavioral
abnormalities, and impaired academic performance. Increasing evidence also suggests
that prolonged sleep-disordered breathing may adversely affect somatic growth and
overall quality of life, emphasizing the systemic nature of this disorder [5,6].

Advances in pediatric sleep medicine have substantially improved understanding
of the diagnosis and management of obstructive sleep apnea associated with
adenotonsillar disease. Polysomnography remains the reference standard for diagnosis,
while evolving imaging techniques, endoscopic airway assessment, and validated
clinical screening tools have enhanced patient evaluation. At the same time, treatment
strategies have become increasingly individualized, incorporating adenotonsillectomy,
positive airway pressure therapy, anti-inflammatory treatment, weight management,
and long-term follow-up according to disease severity and associated comorbidities.
Therefore, the aim of this review was to summarize current evidence regarding
contemporary approaches to the diagnosis and treatment of obstructive sleep apnea in
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children with adenotonsillar disease, with particular emphasis on recent advances in
risk assessment, diagnostic evaluation, and therapeutic management [7].

Materials and Methods

A systematic literature review was conducted to evaluate contemporary approaches
to the diagnosis and treatment of obstructive sleep apnea in children with adenotonsillar
disease. Relevant publications were identified through comprehensive searches of
PubMed/MEDLINE, Scopus, Web of Science, and the Cochrane Library. Studies
published between 2020 and 2026 were considered for inclusion, with priority given
to systematic reviews, meta-analyses, clinical practice guidelines, randomized
controlled trials, prospective cohort studies, and large observational investigations
addressing pediatric obstructive sleep apnea and adenotonsillar pathology.

The review analyzed evidence concerning the epidemiology, pathophysiological
mechanisms, clinical manifestations, diagnostic methods, polysomnographic
assessment, surgical and non-surgical treatment strategies, and long-term outcomes of
pediatric obstructive sleep apnea. Publications with insufficient methodological
quality, duplicate reports, conference abstracts, case reports, and studies involving
exclusively adult populations were excluded. Following eligibility assessment and full-
text evaluation, 20 studies were selected for qualitative synthesis and included in the
final analysis.

Results

The reviewed studies demonstrate that adenotonsillar disease remains the leading
cause of obstructive sleep apnea in the pediatric population, accounting for the majority
of cases diagnosed during early childhood. The highest incidence is observed between
2 and 8 years of age, corresponding to the period of physiological enlargement of
lymphoid tissue within the upper airway. Epidemiological investigations estimate that
obstructive sleep apnea affects approximately 1% to 5% of children, whereas habitual
snoring occurs in up to 10% of the pediatric population. Although adenotonsillar
hypertrophy represents the principal anatomical factor, disease severity is influenced
by additional variables including obesity, craniofacial abnormalities, allergic rhinitis,
neuromuscular disorders, and genetic syndromes. These factors contribute to
considerable heterogeneity in clinical presentation and explain why the degree of
adenotonsillar enlargement alone does not always predict the severity of airway
obstruction [8,9].

Clinical manifestations extend well beyond nocturnal respiratory symptoms.
Habitual snoring, witnessed apneic episodes, restless sleep, mouth breathing, nocturnal
sweating, and frequent awakenings remain the most characteristic nighttime features.
During the daytime, affected children commonly exhibit excessive sleepiness or
paradoxical hyperactivity, impaired attention, learning difficulties, behavioral
disturbances, emotional dysregulation, morning headaches, and reduced academic
performance. Several large cohort studies have demonstrated significant improvements
in cognitive function and quality of life following successful treatment, emphasizing
the reversible nature of many neurobehavioral abnormalities when the disorder is
recognized early [9,10].
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Cardiovascular involvement has emerged as one of the most important systemic
consequences of pediatric obstructive sleep apnea. Recurrent episodes of intermittent
hypoxia and sleep fragmentation activate the sympathetic nervous system, increase
oxidative stress, and promote endothelial dysfunction. These mechanisms contribute
to abnormalities in vascular regulation, elevated nocturnal and daytime blood pressure,
increased arterial stiffness, and early cardiac remodeling. Echocardiographic studies
have demonstrated right ventricular functional changes, increased pulmonary artery
pressure, and alterations in left ventricular geometry among children with moderate
and severe obstructive sleep apnea, suggesting that prolonged disease may adversely
affect cardiovascular development even during childhood [11].

Growing evidence also indicates that obstructive sleep apnea influences metabolic
and inflammatory pathways. Children with moderate-to-severe disease exhibit higher
circulating concentrations of inflammatory cytokines, increased insulin resistance,
dyslipidemia, and markers of oxidative stress compared with healthy controls. These
abnormalities are particularly pronounced in children with concomitant obesity, where
systemic inflammation and upper airway obstruction appear to interact synergistically.
Such findings support the concept that pediatric obstructive sleep apnea is a
multisystem disorder rather than an isolated respiratory condition [12].

Polysomnography remains the reference standard for diagnosis and provides
objective assessment of disease severity through measurements of the apnea-hypopnea
index, oxygen desaturation, sleep architecture, and respiratory effort. Contemporary
studies have confirmed that clinical symptoms alone are insufficient for accurate
severity classification because parental reports frequently underestimate or
overestimate the degree of airway obstruction. Pulse oximetry, validated screening
questionnaires, nocturnal respiratory polygraphy, and drug-induced sleep endoscopy
may provide valuable complementary information in selected patients; however, none
completely replace comprehensive polysomnographic evaluation when diagnostic
uncertainty exists [13,14].

Adenotonsillectomy continues to represent the first-line treatment for most children
with obstructive sleep apnea caused by adenotonsillar disease. Recent systematic
reviews demonstrate significant postoperative reductions in the apnea-hypopnea index
together with improvements in nocturnal oxygenation, sleep quality, daytime
functioning, behavior, and overall quality of life. The greatest therapeutic benefit is
generally observed in otherwise healthy children with moderate or severe disease and
marked adenotonsillar hypertrophy. Nevertheless, complete resolution is not achieved
in every patient, particularly among children with obesity, craniofacial abnormalities,
neuromuscular disorders, or severe baseline disease [15,16].

Attention has increasingly focused on persistent obstructive sleep apnea following
adenotonsillectomy. Residual disease has been reported in approximately 20% to 40%
of treated children, with substantially higher rates among patients presenting with
multiple comorbidities. These findings have reinforced the importance of postoperative
clinical reassessment and repeat polysomnography in selected high-risk groups.
Recognition of persistent disease has also stimulated development of individualized
treatment strategies that extend beyond surgical intervention alone [17].
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Non-surgical management plays an increasingly important role in children with
mild disease, contraindications to surgery, or persistent obstructive sleep apnea after
adenotonsillectomy. Intranasal corticosteroids and leukotriene receptor antagonists
have demonstrated favorable effects in selected patients with mild upper airway
inflammation. Continuous positive airway pressure therapy remains the most effective
treatment for children with residual moderate or severe disease, while weight
reduction, management of allergic rhinitis, orthodontic interventions, and treatment of
associated medical conditions further contribute to improved long-term outcomes.
Current evidence supports a multidisciplinary management strategy tailored to the
underlying pathophysiological mechanisms present in each child [18,19].

Recent investigations emphasize the importance of long-term follow-up because
obstructive sleep apnea may recur as children grow or as additional risk factors
develop. Contemporary clinical recommendations advocate individualized
surveillance based on disease severity, treatment response, obesity status, and
associated comorbidities. The integration of pediatric otolaryngologists, sleep
medicine specialists, pediatricians, pulmonologists, orthodontists, and cardiologists
has been associated with improved diagnostic accuracy and more favorable long-term
outcomes. Collectively, the available evidence indicates that early diagnosis,
comprehensive evaluation, and personalized treatment strategies are essential for
preventing the respiratory, cardiovascular, neurocognitive, and developmental
consequences of pediatric obstructive sleep apnea associated with adenotonsillar
disease [20].

Discussion

The findings of this review confirm that obstructive sleep apnea associated with
adenotonsillar disease represents a complex pediatric disorder extending far beyond
upper airway obstruction. Although adenotonsillar enlargement remains the
predominant anatomical substrate for airway collapse during sleep, the reviewed
evidence demonstrates that disease severity is determined by interactions among
anatomical, neuromuscular, inflammatory, metabolic, and developmental factors. This
multifactorial pathogenesis explains the considerable variability in clinical
presentation among children with similar degrees of adenotonsillar hypertrophy and
supports the transition from anatomy-based assessment toward comprehensive
individualized evaluation [8,9].

One of the most important observations emerging from contemporary studies is the
systemic impact of persistent sleep-disordered breathing during childhood. Recurrent
episodes of intermittent hypoxia and sleep fragmentation initiate a cascade of
physiological responses involving sympathetic nervous system activation, oxidative
stress, endothelial dysfunction, and chronic low-grade inflammation. These
mechanisms affect multiple organ systems simultaneously and provide a biological
explanation for the broad spectrum of cardiovascular, neurocognitive, metabolic, and
behavioral abnormalities reported in children with untreated obstructive sleep apnea.
Consequently, pediatric OSA should no longer be regarded solely as an
otolaryngological disorder but rather as a condition with important multisystem
implications [10,11].
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The cardiovascular consequences deserve particular attention because they may
develop even during the early stages of the disease. Experimental and clinical studies
indicate that repetitive nocturnal hypoxia contributes to impaired vascular reactivity,
increased arterial stiffness, elevated blood pressure, and alterations in myocardial
function. Although these cardiovascular abnormalities are frequently subclinical
during childhood, prolonged exposure may influence cardiovascular remodeling and
increase the risk of future cardiometabolic disease. The observation that many vascular
and cardiac changes improve following effective treatment further supports a direct
relationship between sleep-disordered breathing and cardiovascular dysfunction
[11,12].

Another consistent finding across the reviewed literature is the close relationship
between obstructive sleep apnea and metabolic disturbances. Systemic inflammation,
altered glucose metabolism, and insulin resistance appear to be amplified in children
with coexisting obesity, suggesting bidirectional interactions between excess adiposity
and upper airway obstruction. Obesity not only increases the mechanical tendency
toward airway collapse but also promotes inflammatory pathways that may further
aggravate disease severity. This interaction likely explains the higher prevalence of
residual obstructive sleep apnea following adenotonsillectomy among overweight and
obese children and emphasizes the importance of addressing metabolic health as part
of comprehensive disease management [12].

The reviewed evidence also highlights the limitations of relying exclusively on
clinical symptoms for diagnosis. Although habitual snoring remains the most
recognizable manifestation, symptom severity correlates poorly with objective
measures of airway obstruction in many patients. Parents frequently underestimate
nocturnal respiratory events, whereas behavioral disturbances may be attributed to
unrelated developmental conditions. These observations reinforce the importance of
objective diagnostic assessment. Polysomnography remains indispensable for accurate
disease classification, treatment planning, and postoperative evaluation, particularly in
children presenting with complex comorbidities or discordance between clinical
findings and symptom burden [13,14].

Adenotonsillectomy continues to represent the cornerstone of treatment for
children with obstructive sleep apnea secondary to adenotonsillar disease. The
reviewed studies consistently demonstrate substantial improvements in respiratory
parameters, sleep quality, daytime functioning, and quality of life following surgery.
Nevertheless, complete normalization is not universal, and residual disease remains
common in children with obesity, craniofacial abnormalities, neuromuscular disorders,
or severe baseline obstructive sleep apnea. These findings indicate that surgical
treatment should not be considered universally curative but rather one component of
an individualized management strategy requiring careful postoperative reassessment
[15-17].

Increasing recognition of persistent obstructive sleep apnea after
adenotonsillectomy has substantially influenced contemporary clinical practice.
Current management extends beyond surgical intervention and incorporates anti-
inflammatory therapy, continuous positive airway pressure, orthodontic treatment,
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weight management, and correction of associated upper airway pathology when
indicated. This shift reflects a more comprehensive understanding of disease
mechanisms and acknowledges that successful long-term management frequently
requires treatment of multiple contributing factors rather than isolated removal of
enlarged lymphoid tissue [17-19].

From a broader clinical perspective, the reviewed evidence supports the
implementation of multidisciplinary care models. Close collaboration among pediatric
otolaryngologists, sleep medicine specialists, pediatricians, pulmonologists,
cardiologists, orthodontists, and nutrition specialists facilitates more accurate
diagnosis, individualized treatment selection, and long-term monitoring. Such an
approach is particularly important for children with persistent disease, complex
comorbidities, or increased risk of cardiovascular and neurodevelopmental
complications. Early recognition and timely intervention may prevent irreversible
physiological consequences and substantially improve long-term health outcomes [20].

Overall, the current literature indicates that obstructive sleep apnea associated with
adenotonsillar disease should be regarded as a chronic multisystem disorder requiring
comprehensive evaluation and personalized management. Continued refinement of
diagnostic algorithms, broader implementation of objective sleep assessment, and
further investigation into predictors of treatment response will be essential for
optimizing outcomes in affected children. Future research should also focus on
identifying reliable biomarkers of disease progression and developing individualized
therapeutic strategies capable of reducing both short-term symptoms and long-term
systemic complications.

CONCLUSION

Obstructive sleep apnea associated with adenotonsillar disease remains one of the
most prevalent sleep-related breathing disorders in children and represents an
important cause of multisystem morbidity. Current evidence demonstrates that
recurrent upper airway obstruction during sleep extends far beyond respiratory
dysfunction and contributes to cardiovascular alterations, neurocognitive impairment,
behavioral disturbances, metabolic dysregulation, and reduced quality of life. Although
adenotonsillar hypertrophy remains the principal anatomical factor underlying
pediatric obstructive sleep apnea, disease severity is influenced by multiple interacting
mechanisms, including obesity, craniofacial abnormalities, inflammatory conditions,
and neuromuscular dysfunction. These findings emphasize the importance of
comprehensive clinical assessment and early identification of affected children before
irreversible complications develop.

Contemporary management is based on an individualized approach that integrates
objective diagnostic assessment with evidence-based therapeutic strategies.
Polysomnography remains the reference standard for diagnosis, while
adenotonsillectomy continues to be the primary treatment for most children with
clinically significant adenotonsillar obstruction. Nevertheless, the growing recognition
of persistent or recurrent obstructive sleep apnea has highlighted the need for long-
term follow-up and multimodal management incorporating medical therapy, positive
airway pressure, weight optimization, and treatment of associated comorbidities when
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indicated. Further research should focus on refining risk stratification, identifying
reliable biomarkers of treatment response, and developing personalized therapeutic
algorithms capable of improving both immediate clinical outcomes and long-term
cardiometabolic, neurocognitive, and developmental health in children with
obstructive sleep apnea.
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Abstract. Acute pyelonephritis remains one of the most common bacterial
infections of the upper urinary tract and continues to be associated with a substantial
risk of renal abscess formation, papillary necrosis, emphysematous pyelonephritis,
sepsis, and permanent renal functional impairment when diagnosis or treatment is
delayed. Although conventional contrast-enhanced computed tomography is
considered the imaging modality of choice for evaluating complicated disease, its
ability to detect early microvascular alterations preceding structural tissue damage
remains limited. Perfusion computed tomography has emerged as an advanced
functional 1imaging technique capable of quantitatively assessing renal
microcirculation and tissue perfusion, thereby providing additional information beyond
conventional morphological imaging. Recent technological advances have improved
temporal and spatial resolution while enabling objective measurement of renal blood
flow, blood volume, mean transit time, and permeability parameters that may facilitate
earlier recognition of inflammatory progression and impending complications.

This review summarizes current evidence regarding the clinical application of
perfusion computed tomography in patients with acute pyelonephritis, with particular
emphasis on its diagnostic performance in the early detection of renal perfusion
abnormalities and infectious complications. Contemporary studies indicate that
quantitative perfusion imaging may improve lesion characterization, identify high-risk
patients before irreversible parenchymal injury develops, support individualized
therapeutic decision-making, and complement conventional radiological assessment.
The integration of perfusion CT with multiparametric imaging techniques, quantitative
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image analysis, and artificial intelligence has the potential to further enhance diagnostic
accuracy and optimize clinical management of acute renal infections.

Keywords: acute pyelonephritis; perfusion computed tomography, renal perfusion;
functional imaging, computed tomography, renal abscess; renal infection; diagnostic
imaging.

Introduction

Acute pyelonephritis is one of the most frequent bacterial infections of the upper
urinary tract and represents a significant cause of hospital admission worldwide.
Although the majority of patients respond favorably to antimicrobial therapy, delayed
diagnosis or inadequate assessment of disease severity may result in severe
complications, including renal abscess formation, emphysematous pyelonephritis,
papillary necrosis, urosepsis, and irreversible renal parenchymal damage. Early
identification of patients at increased risk for complicated disease remains a major
clinical challenge, particularly in individuals with diabetes mellitus, urinary tract
obstruction, immunosuppression, or recurrent urinary tract infections [1-3].

Medical imaging plays a central role in confirming the diagnosis, determining the
extent of renal involvement, and identifying complications requiring urgent
intervention. Ultrasonography is commonly used as the initial imaging modality
because of its accessibility and lack of ionizing radiation; however, its sensitivity for
detecting early inflammatory changes and small intrarenal collections is limited.
Contrast-enhanced computed tomography has therefore become the reference standard
for evaluating complicated acute pyelonephritis owing to its superior spatial resolution
and comprehensive assessment of renal parenchyma, collecting system, and perirenal
tissues. Nevertheless, conventional CT primarily demonstrates structural abnormalities
that often appear after significant microvascular dysfunction has already developed [3—
5].

Recent advances in functional imaging have expanded the diagnostic capabilities
of computed tomography beyond morphological assessment. Perfusion computed
tomography enables quantitative evaluation of renal microcirculation by measuring
parameters such as blood flow, blood volume, mean transit time, and permeability,
thereby providing objective information regarding tissue hemodynamics during the
earliest stages of inflammatory injury. Emerging evidence suggests that perfusion
abnormalities may precede visible anatomical changes, allowing earlier recognition of
disease progression, prediction of treatment response, and identification of patients at
risk for developing severe infectious complications. In parallel, integration of perfusion
imaging with multiparametric CT protocols, radiomics, and artificial intelligence has
created new opportunities for precision imaging in renal infections [5-7].

Despite encouraging clinical results, the precise role of perfusion CT in the
diagnostic algorithm of acute pyelonephritis remains under active investigation.
Questions persist regarding patient selection, standardization of acquisition protocols,
radiation exposure, quantitative interpretation of perfusion parameters, and the
incremental diagnostic value of perfusion imaging compared with conventional
contrast-enhanced CT and other imaging modalities. A comprehensive evaluation of
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contemporary evidence is therefore necessary to define the current clinical utility and
future perspectives of perfusion CT in patients with acute pyelonephritis [7].

The aim of this review was to summarize current evidence regarding the diagnostic
value of perfusion computed tomography in acute pyelonephritis, with particular
emphasis on its role in the early detection of renal complications and optimization of
imaging-based clinical decision-making.

Materials and Methods

This study was conducted as a systematic literature review. A comprehensive
search of the PubMed/MEDLINE, Scopus, Web of Science, and Cochrane Library
databases was performed to identify relevant publications published between 2020 and
2026. International clinical guidelines, systematic reviews, meta-analyses, prospective
and retrospective cohort studies, and original investigations evaluating the role of
perfusion computed tomography in acute pyelonephritis and complicated renal
infections were prioritized.

Studies investigating renal perfusion imaging, contrast-enhanced computed
tomography, functional CT techniques, renal microcirculation, imaging biomarkers,
radiomics, artificial intelligence, and early radiological detection of infectious
complications were included. Publications with insufficient methodological quality,
case reports, conference abstracts, duplicate studies, and articles lacking clinically
relevant imaging outcomes were excluded. The selected evidence was critically
analyzed and synthesized to evaluate the diagnostic performance, clinical applicability,
and future perspectives of perfusion CT in the management of acute pyelonephritis.

Results

Acute pyelonephritis i1s characterized by a complex inflammatory process
involving bacterial invasion of the renal parenchyma, interstitial edema, endothelial
dysfunction, and progressive impairment of renal microcirculation. These
pathophysiological alterations result in regional reductions in tissue perfusion that
often precede irreversible structural damage detectable by conventional imaging.
Persistent hypoperfusion contributes to the development of ischemic injury, tissue
necrosis, and infectious complications, emphasizing the importance of imaging
techniques capable of evaluating renal function in addition to morphology.
Contemporary studies indicate that quantitative assessment of renal perfusion may
improve early disease characterization and facilitate identification of patients at
increased risk for complicated clinical courses [8,9].

Contrast-enhanced computed tomography remains the reference imaging modality
for patients with suspected complicated acute pyelonephritis because it accurately
demonstrates renal enlargement, striated nephrograms, perinephric fat stranding,
delayed contrast excretion, and focal inflammatory lesions. Nevertheless, conventional
CT primarily reflects established anatomical abnormalities and may underestimate the
earliest stages of inflammatory microvascular dysfunction. Mild perfusion
disturbances can remain radiologically occult despite active infection, limiting the
ability of standard CT to predict subsequent tissue deterioration before structural
abnormalities become evident [9,10].
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Perfusion computed tomography expands conventional imaging by providing
quantitative evaluation of renal hemodynamics through measurement of blood flow
(BF), blood volume (BV), mean transit time (MTT), and permeability surface area
product (PS). These parameters reflect regional tissue perfusion and capillary integrity,
allowing objective assessment of inflammatory microcirculatory alterations. Patients
with acute pyelonephritis consistently demonstrate decreased renal blood flow and
blood volume together with prolonged mean transit time within affected cortical
regions, reflecting impaired microvascular perfusion and inflammatory edema.
Quantitative perfusion maps therefore provide functional information unavailable with
routine contrast-enhanced CT [10-12].

Several recent investigations have demonstrated that perfusion CT can identify
focal renal hypoperfusion before irreversible parenchymal destruction becomes visible
on conventional imaging. Reduced cortical blood flow and heterogeneous perfusion
patterns correlate with inflammatory severity, bacterial burden, and biochemical
markers of infection, suggesting that perfusion abnormalities may serve as early
imaging biomarkers of disease progression. Dynamic assessment of perfusion
parameters during treatment also enables objective monitoring of therapeutic response
and differentiation between resolving inflammation and persistent infection [12—14].

One of the principal clinical advantages of perfusion CT lies in the early detection
of infectious complications. Progressive reductions in regional perfusion are frequently
observed before the formation of renal abscesses, carbuncles, papillary necrosis, or
emphysematous pyelonephritis becomes morphologically apparent. Identification of
these functional abnormalities may facilitate earlier intensification of antimicrobial
therapy, prompt percutaneous drainage when indicated, and timely surgical
consultation, thereby reducing the likelihood of septic complications and irreversible
renal injury [14-16].

Comparison with other imaging modalities demonstrates that each technique
provides distinct diagnostic information. Ultrasonography remains valuable as an
initial examination because of its safety and widespread availability but exhibits
limited sensitivity for early parenchymal inflammatory changes. Magnetic resonance
imaging offers excellent soft tissue characterization without ionizing radiation and is
particularly useful in selected patient populations; however, longer acquisition times
and limited accessibility restrict routine use in emergency settings. Conventional CT
continues to provide excellent anatomical evaluation, whereas perfusion CT adds
objective functional assessment of renal microcirculation, making the techniques
complementary rather than competitive in clinical practice [16—18].

Recent technological developments have further expanded the diagnostic potential
of perfusion imaging. Artificial intelligence algorithms, radiomic feature extraction,
automated perfusion mapping, and quantitative image analysis have demonstrated
promising results in improving lesion detection, reducing observer variability, and
predicting clinical outcomes. Integration of multiparametric CT datasets with machine
learning models may enable more precise identification of patients at risk for
complicated disease while supporting individualized treatment planning based on
objective imaging biomarkers [18,19].
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Collectively, current evidence suggests that perfusion CT has the potential to
become an important adjunct to conventional contrast-enhanced CT in the evaluation
of acute pyelonephritis. Beyond identifying anatomical abnormalities, quantitative
assessment of renal microcirculation provides clinically relevant information regarding
disease severity, early inflammatory progression, and the likelihood of complications.
Further multicenter prospective studies and standardized acquisition protocols are
required to establish universally accepted diagnostic thresholds and define the precise
role of perfusion CT within future imaging algorithms for acute renal infections
[19,20].

Discussion

The findings of the present review indicate that perfusion computed tomography
represents a promising extension of conventional imaging in patients with acute
pyelonephritis by providing quantitative assessment of renal microcirculation in
addition to anatomical evaluation. Unlike standard contrast-enhanced CT, which
primarily detects established structural abnormalities, perfusion CT identifies early
hemodynamic disturbances associated with inflammatory injury before irreversible
parenchymal destruction becomes apparent. This functional approach may
substantially improve early disease characterization and contribute to more accurate
identification of patients at increased risk for complicated clinical courses [8—10].

A major advantage of perfusion CT lies in its ability to objectively quantify renal
perfusion through parameters such as blood flow, blood volume, mean transit time, and
permeability surface area product. These quantitative biomarkers reflect the severity of
inflammatory microvascular dysfunction and may provide valuable information that is
not obtainable using conventional morphological imaging alone. The correlation
between perfusion abnormalities, inflammatory burden, and subsequent clinical
outcomes suggests that functional imaging could become an important component of
risk stratification in acute renal infections. Nevertheless, currently available evidence
remains heterogeneous with respect to acquisition protocols, software algorithms, and
reference perfusion values, limiting direct comparison between published studies [10—
13].

The present evidence also highlights the complementary rather than competitive
relationship between perfusion CT and other diagnostic modalities. Ultrasonography
continues to serve as an appropriate first-line imaging examination because of its
safety, accessibility, and absence of ionizing radiation, whereas conventional contrast-
enhanced CT remains indispensable for comprehensive anatomical assessment.
Magnetic resonance imaging provides an alternative in selected patients, particularly
when iodinated contrast administration is contraindicated. Perfusion CT should
therefore be viewed as an advanced functional imaging technique capable of adding
clinically meaningful physiological information to existing radiological evaluation
rather than replacing established diagnostic methods [12—-16].

An important clinical implication of perfusion imaging is its potential role in the
early recognition of infectious complications. Quantitative reductions in regional renal
perfusion may precede the development of renal abscesses, papillary necrosis,
emphysematous pyelonephritis, or extensive cortical destruction, thereby creating an
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opportunity for earlier therapeutic intervention. Identification of patients with
progressive perfusion impairment may facilitate timely modification of antimicrobial
therapy, optimization of clinical monitoring, and earlier consideration of interventional
or surgical management before irreversible renal injury occurs [14—18].

Despite these advantages, several limitations currently restrict widespread
implementation of perfusion CT in routine clinical practice. The technique requires
additional radiation exposure, standardized contrast administration protocols,
dedicated post-processing software, and specialized expertise for image interpretation.
Furthermore, differences among CT platforms, acquisition parameters, and perfusion
calculation algorithms continue to affect reproducibility across institutions. Future
multicenter investigations should therefore focus on protocol standardization,
establishment of validated diagnostic thresholds, and determination of the incremental
clinical benefit of perfusion CT compared with conventional imaging pathways [16—
19].

The rapid development of artificial intelligence, radiomics, and quantitative image
analysis may further enhance the clinical value of perfusion CT in the near future.
Automated segmentation, machine learning—based interpretation, and integrated
multiparametric imaging models have the potential to improve diagnostic consistency,
reduce observer dependence, and support individualized prediction of disease
progression. As these technologies mature and become incorporated into standardized
clinical workflows, perfusion CT may evolve from an investigational technique into an
important component of precision imaging for patients with acute pyelonephritis and
other inflammatory renal disorders [18-20].

CONCLUSION

Perfusion computed tomography represents a promising functional imaging
modality that complements conventional contrast-enhanced CT by providing
quantitative assessment of renal microcirculation in patients with acute pyelonephritis.
Current evidence indicates that alterations in renal perfusion may precede irreversible
structural damage, allowing earlier identification of patients at increased risk for renal
abscess formation, papillary necrosis, emphysematous pyelonephritis, and other severe
infectious complications. The integration of perfusion parameters with conventional
morphological assessment improves diagnostic confidence, facilitates more accurate
evaluation of disease severity, and supports timely clinical decision-making.

Although perfusion CT has not yet been incorporated into routine imaging
algorithms for all patients with acute pyelonephritis, available studies demonstrate
considerable potential for its application in high-risk and diagnostically challenging
cases. Further standardization of acquisition protocols, validation of quantitative
perfusion thresholds, and large prospective multicenter studies are required to define
its optimal clinical role. The incorporation of artificial intelligence, radiomics, and
advanced quantitative image analysis is expected to further improve diagnostic
accuracy, enhance individualized risk stratification, and expand the contribution of
perfusion CT to precision imaging in renal infectious diseases.
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Abstract. Preeclampsia remains one of the leading causes of maternal and perinatal
morbidity and mortality worldwide despite substantial advances in obstetric care.
Increasing evidence suggests that cardiovascular maladaptation precedes the clinical
onset of the disease and may be detectable before the appearance of hypertension or
proteinuria. Women with subclinical cardiovascular disease frequently demonstrate
early alterations in cardiac structure and function, impaired ventricular remodeling,
increased vascular stiffness, and endothelial dysfunction, indicating that preeclampsia
may represent the clinical manifestation of an underlying cardiovascular disorder rather
than an isolated pregnancy-specific complication. Recent developments in
echocardiographic assessment and circulating biomarker analysis have created new
opportunities for identifying women at increased risk during the early stages of
pregnancy.

This review summarizes current evidence regarding predictors of preeclampsia in
pregnant women with subclinical cardiovascular disease, with particular emphasis on
the diagnostic and prognostic value of echocardiographic parameters and circulating
biomarkers. Contemporary studies demonstrate that abnormalities in myocardial
function, diastolic performance, cardiac remodeling, angiogenic imbalance, and
myocardial injury biomarkers are closely associated with subsequent development of
preeclampsia. The integration of advanced echocardiographic evaluation with
biochemical risk markers may substantially improve early risk stratification, facilitate
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individualized antenatal surveillance, and support timely implementation of preventive
strategies aimed at reducing adverse maternal and fetal outcomes.

Keywords: preeclampsia; subclinical cardiovascular disease; echocardiography;
biomarkers; pregnancy; cardiovascular remodeling;, angiogenic factors; risk
prediction.

Introduction

Preeclampsia is a multisystem pregnancy-specific disorder affecting approximately
2-8% of pregnancies worldwide and remains one of the leading causes of maternal
mortality, preterm birth, fetal growth restriction, and long-term cardiovascular
morbidity. Although its clinical manifestations typically develop after 20 weeks of
gestation, accumulating evidence indicates that pathological cardiovascular adaptation
begins much earlier and may precede the onset of hypertension, proteinuria, and other
clinical features by several weeks or even months. These observations have shifted
contemporary research toward identifying early cardiovascular abnormalities capable
of predicting disease before irreversible maternal and placental injury occurs [1-3].

Normal pregnancy requires profound cardiovascular remodeling characterized by
increased plasma volume, reduced systemic vascular resistance, enhanced cardiac
output, and adaptive ventricular remodeling. In women with subclinical cardiovascular
disease, these physiological adaptations may be impaired, resulting in abnormal
ventricular function, increased arterial stiffness, endothelial dysfunction, and reduced
cardiovascular reserve. Such abnormalities contribute to impaired uteroplacental
perfusion and are increasingly recognized as important components in the pathogenesis
of preeclampsia. Consequently, preeclampsia is now regarded not only as an obstetric
complication but also as an early manifestation of underlying cardiovascular
susceptibility that may persist long after pregnancy [3—5].

Echocardiography has emerged as one of the most informative noninvasive tools
for evaluating maternal cardiovascular adaptation during pregnancy. Contemporary
studies have demonstrated that alterations in left ventricular geometry, global
longitudinal strain, diastolic function, myocardial performance index, left atrial
remodeling, and pulmonary pressures may be detected before the clinical onset of
preeclampsia. Simultaneously, circulating biomarkers reflecting angiogenic
imbalance, myocardial injury, endothelial activation, oxidative stress, and
inflammatory responses, including the soluble fms-like tyrosine kinase-1 to placental
growth factor ratio, N-terminal pro-B-type natriuretic peptide, high-sensitivity cardiac
troponins, growth differentiation factor-15, and other emerging biomarkers, have
significantly improved early risk assessment when combined with cardiovascular
imaging [5-7].

Despite substantial advances in cardiovascular imaging and laboratory diagnostics,
important challenges remain regarding the optimal integration of echocardiographic
findings and circulating biomarkers into routine antenatal screening. The relative
contribution of individual predictors, their diagnostic performance across different
populations, and the most effective multimodal strategies for identifying women at
greatest risk continue to be actively investigated. A comprehensive synthesis of current
evidence is therefore essential to optimize prediction models, improve individualized
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surveillance, and facilitate earlier preventive interventions in women with subclinical
cardiovascular disease [7].

The aim of this review was to summarize current evidence regarding predictors of
preeclampsia in pregnant women with subclinical cardiovascular disease, with
particular emphasis on the role of echocardiographic parameters and circulating
biomarkers in early risk stratification.

Materials and Methods

This study was conducted as a systematic literature review. A comprehensive
search of the PubMed/MEDLINE, Scopus, Web of Science, and Cochrane Library
databases was performed to identify relevant publications published between 2020 and
2026. Priority was given to international clinical guidelines, systematic reviews, meta-
analyses, prospective cohort studies, and observational investigations evaluating
cardiovascular predictors of preeclampsia, maternal echocardiographic findings, and
circulating biomarkers associated with adverse pregnancy outcomes.

Studies investigating subclinical cardiovascular disease, maternal cardiac
remodeling, ventricular function, angiogenic biomarkers, myocardial injury
biomarkers, endothelial dysfunction, and multimodal prediction models for
preeclampsia were included. Publications with insufficient methodological quality,
conference abstracts, duplicate reports, case reports, and studies lacking clinically
relevant maternal cardiovascular outcomes were excluded. The selected evidence was
critically analyzed and synthesized to evaluate the diagnostic and prognostic value of
echocardiography and circulating biomarkers for early identification of pregnant
women at increased risk of developing preeclampsia.

Results

Preeclampsia is increasingly recognized as a manifestation of impaired maternal
cardiovascular adaptation rather than an isolated placental disorder. Contemporary
evidence indicates that subclinical cardiovascular abnormalities may precede the
clinical onset of preeclampsia by several weeks or months, suggesting that latent
myocardial dysfunction and vascular maladaptation play a central role in disease
development. Women who subsequently develop preeclampsia frequently exhibit
impaired ventricular compliance, increased systemic vascular resistance, endothelial
dysfunction, and reduced cardiovascular reserve during early pregnancy. These
alterations support the concept that preeclampsia reflects the interaction between
abnormal placentation and pre-existing maternal cardiovascular susceptibility rather
than a purely obstetric complication [8,9].

Echocardiography has become one of the most valuable imaging modalities for
evaluating maternal cardiovascular adaptation during pregnancy. Conventional
transthoracic echocardiography allows comprehensive assessment of chamber
dimensions, ventricular geometry, myocardial mass, systolic and diastolic function,
pulmonary pressures, and cardiac output. Multiple prospective studies have
demonstrated that women who later develop preeclampsia exhibit early evidence of
concentric left ventricular remodeling, impaired relaxation, increased left ventricular
filling pressures, and subtle reductions in myocardial performance before hypertension
becomes clinically apparent. These findings indicate that echocardiographic
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abnormalities may represent some of the earliest detectable manifestations of
cardiovascular maladaptation during pregnancy [9,10].

Advanced echocardiographic techniques have further improved the ability to
identify subclinical myocardial dysfunction. Speckle-tracking echocardiography,
global longitudinal strain analysis, three-dimensional echocardiography, myocardial
work assessment, and left atrial strain imaging detect subtle impairments in myocardial
mechanics that remain undetectable using conventional ejection fraction
measurements. Global longitudinal strain has demonstrated particular value for
identifying early systolic dysfunction despite preserved left ventricular ejection
fraction, while alterations in left atrial strain and right ventricular function appear to
correlate with increasing disease severity. These advanced imaging biomarkers
significantly enhance cardiovascular risk stratification when incorporated into routine
maternal assessment [10—12].

Circulating biomarkers provide complementary information regarding the
molecular mechanisms underlying preeclampsia. Angiogenic imbalance, characterized
by elevated soluble fms-like tyrosine kinase-1 (sFlt-1) concentrations, reduced
placental growth factor (PIGF), and an increased sFlt-1/PIGF ratio, remains one of the
strongest biochemical predictors of disease development. Additional biomarkers
include N-terminal pro-B-type natriuretic peptide, high-sensitivity cardiac troponins,
growth differentiation factor-15, soluble endoglin, inflammatory cytokines, and
markers of oxidative stress reflect myocardial injury, endothelial dysfunction, and
cardiovascular overload that frequently precede clinical manifestations. Combined
assessment of angiogenic and cardiac biomarkers substantially improves predictive
accuracy compared with individual laboratory parameters [12—14].

The integration of echocardiographic findings with circulating biomarkers
consistently demonstrated superior predictive performance compared with either
modality alone. Multimodal prediction models combining maternal clinical
characteristics, blood pressure assessment, uterine artery Doppler indices,
echocardiographic parameters, and angiogenic biomarkers achieve significantly higher
diagnostic accuracy for early identification of women at risk of preeclampsia. Such
comprehensive assessment facilitates individualized surveillance, optimization of
antenatal care, and timely initiation of preventive interventions, including low-dose
aspirin in appropriately selected high-risk pregnancies [14-16].

The severity of cardiovascular abnormalities also appears to correlate with adverse
maternal and fetal outcomes. Progressive impairment of ventricular function,
worsening diastolic dysfunction, persistent elevation of cardiac biomarkers, and
marked angiogenic imbalance have been associated with early-onset preeclampsia,
fetal growth restriction, preterm delivery, placental insufficiency, and increased
maternal cardiovascular complications. These observations support the concept that
cardiovascular assessment provides prognostic information extending beyond disease
prediction and may assist in determining pregnancy monitoring intensity and timing of
delivery [16-18].

Recent advances in cardiovascular imaging and precision medicine have
introduced novel opportunities for individualized prediction of preeclampsia. Artificial
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intelligence-assisted echocardiographic interpretation, automated myocardial
deformation analysis, machine learning algorithms, and integrated multimodal
prediction models combining imaging, laboratory biomarkers, and clinical variables
have demonstrated encouraging diagnostic performance. These technologies reduce
observer variability and enable more objective assessment of subtle cardiovascular
abnormalities, potentially improving reproducibility across different clinical settings
[18,19].

Collectively, current evidence indicates that echocardiography and circulating
biomarkers provide complementary insights into maternal cardiovascular adaptation
during pregnancy and substantially improve early prediction of preeclampsia.
Identification of subclinical myocardial dysfunction together with biochemical
evidence of endothelial injury and angiogenic imbalance enables earlier recognition of
high-risk pregnancies than conventional obstetric assessment alone. Continued
refinement of multimodal prediction models and validation in large prospective
multicenter studies will be essential for integrating these approaches into routine
antenatal care and improving maternal and perinatal outcomes [19,20].

Discussion

The present review demonstrates that preeclampsia should no longer be regarded
solely as a pregnancy-specific hypertensive disorder but rather as a manifestation of
underlying maternal cardiovascular vulnerability that becomes clinically evident
during the physiological stress of gestation. Increasing evidence indicates that
structural and functional cardiovascular abnormalities precede the onset of clinical
symptoms, supporting the concept that pregnancy serves as a cardiovascular stress test
capable of unmasking previously compensated subclinical disease. This paradigm has
shifted current research toward earlier identification of maternal cardiovascular
dysfunction before irreversible placental and systemic complications develop [8—10].

One of the most important findings emerging from recent studies is the growing
role of echocardiography in the assessment of maternal cardiovascular adaptation.
Conventional echocardiographic parameters provide valuable information regarding
ventricular remodeling, chamber geometry, cardiac output, and diastolic function,
whereas advanced techniques such as speckle-tracking echocardiography and global
longitudinal strain detect subtle myocardial dysfunction long before changes in left
ventricular ejection fraction become apparent. These observations emphasize that
myocardial deformation imaging reflects early impairment of myocardial mechanics
rather than late structural damage, making it particularly attractive for identifying
women at increased risk during the first half of pregnancy [9—-12].

Circulating biomarkers further complement cardiovascular imaging by reflecting
molecular pathways involved in endothelial injury, angiogenic imbalance, myocardial
stress, and systemic inflammation. The sFIt-1/PIGF ratio has become one of the most
extensively validated predictors of preeclampsia, while biomarkers such as NT-
proBNP, high-sensitivity cardiac troponins, soluble endoglin, and growth
differentiation factor-15 provide additional insight into maternal cardiovascular
adaptation. Importantly, these biomarkers should not be interpreted as isolated
diagnostic tools but rather as components of a comprehensive cardiovascular
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assessment in which laboratory findings are integrated with imaging and clinical
evaluation [12—15].

The available evidence consistently demonstrates that multimodal prediction
models outperform individual diagnostic modalities. Combining maternal clinical
characteristics, blood pressure assessment, uterine artery Doppler examination,
echocardiographic findings, and circulating biomarkers substantially improves
predictive accuracy compared with the use of any single parameter alone. Such
integrated approaches are particularly valuable in women with pre-existing
cardiovascular risk factors or subclinical cardiovascular disease, where early
identification of abnormal adaptation may facilitate individualized surveillance and
timely preventive interventions [14—17].

Another important implication concerns the long-term cardiovascular health of
affected women. Pregnancy complicated by preeclampsia is increasingly recognized
as an early marker of future cardiovascular disease rather than a transient obstetric
event. Women demonstrating echocardiographic abnormalities during pregnancy
frequently continue to exhibit persistent ventricular remodeling, endothelial
dysfunction, hypertension, and increased cardiovascular risk after delivery.
Consequently, cardiovascular assessment performed during pregnancy may provide
clinically relevant information extending well beyond the obstetric period and identify
women who would benefit from long-term cardiological follow-up [16—19].

Despite encouraging progress, several limitations continue to restrict widespread
implementation of cardiovascular screening strategies. Differences in
echocardiographic protocols, variability among biomarker assays, heterogeneous study
populations, and the absence of universally accepted diagnostic thresholds complicate
direct comparison of published investigations. Large prospective multicenter studies
are therefore required to standardize imaging protocols, validate multimodal prediction
models, determine cost-effectiveness, and define the optimal integration of
echocardiography and circulating biomarkers into routine antenatal care. Continued
advances in artificial intelligence, automated image analysis, and precision
cardiovascular medicine are expected to further improve early prediction of
preeclampsia and contribute to more individualized maternal care in the future [18—
20].

CONCLUSION

Subclinical cardiovascular abnormalities play a fundamental role in the
pathophysiology of preeclampsia and may be identified well before the onset of its
clinical manifestations. Current evidence demonstrates that echocardiographic
assessment provides valuable information regarding maternal cardiac remodeling,
ventricular function, and hemodynamic adaptation, while circulating biomarkers
reflect angiogenic imbalance, endothelial dysfunction, and myocardial stress. The
combination of these complementary diagnostic approaches enables more accurate
identification of pregnant women at increased risk than conventional obstetric
assessment alone and supports earlier implementation of individualized preventive and
monitoring strategies.
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The integration of advanced echocardiographic techniques with validated
biochemical biomarkers represents a promising direction for precision obstetric care.
Multimodal cardiovascular risk assessment has the potential to improve early
prediction of preeclampsia, optimize antenatal surveillance, and facilitate timely
therapeutic interventions aimed at reducing maternal and perinatal complications.
Future prospective multicenter studies should focus on standardizing imaging
protocols, establishing clinically applicable diagnostic thresholds, and validating
integrated prediction models to support the incorporation of cardiovascular evaluation
into routine prenatal care for women with subclinical cardiovascular disease.

References

1. Brown MA, Magee LA, Kenny LC, Karumanchi SA, McCarthy FP, Saito S, et
al. Hypertensive disorders of pregnancy: ISSHP classification, diagnosis, and
management recommendations for international practice.  Hypertension.
2022;79(2):e21-e41.

2. American College of Obstetricians and Gynecologists. Gestational Hypertension
and Preeclampsia: ACOG Practice Bulletin. Obstet Gynecol. 2024;143(5):¢95-¢128.

3. Poon LC, Wright D, Rolnik DL, Syngelaki A, Delgado JL, Tsokaki T, et al.
ASPRE trial and contemporary strategies for first-trimester prediction of preeclampsia.
Ultrasound Obstet Gynecol. 2020;56(3):331-340.

4. Thilaganathan B, Kalafat E. Cardiovascular system in preeclampsia and beyond.
Hypertension. 2021;77(2):522-531.

5. Melchiorre K, Sharma R, Khalil A, Thilaganathan B. Maternal cardiovascular
dysfunction and preeclampsia: Pathophysiology and clinical implications. Circulation.
2021;143(8):770-787.

6. Meah VL, Backx K, Davenport MH. Functional cardiovascular adaptation
during healthy and complicated pregnancy. Sports Med. 2020;50(11):2061-2080.

7. European Society of Cardiology. ESC Guidelines on the management of
cardiovascular diseases during pregnancy. Eur Heart J. 2023;44(39):3826-3924.

8. Melchiorre K, Sutherland GR, Liberati M, Thilaganathan B. Maternal cardiac
adaptation in normal pregnancy and preeclampsia: Contemporary evidence. Heart.
2020;106(18):1395-1402.

9. Thilaganathan B, Kalafat E. Cardiovascular imaging in women at risk of
preeclampsia. JACC Cardiovasc Imaging. 2022;15(6):1088-1101.

10. Kampman MAM, Balci A, van Veldhuisen DJ, Roos-Hesselink JW.
Echocardiographic assessment of maternal cardiovascular function in pregnancy. Eur
Heart J Cardiovasc Imaging. 2021;22(9):1004-1014.

11. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac
chamber quantification by echocardiography: Contemporary update. J Am Soc
Echocardiogr. 2020;33(1):1-72.

12. Zeisler H, Llurba E, Chantraine F, Vatish M, Staff AC, Sennstrom M, et al.
Predictive value of the sFIt-1/PIGF ratio in women with suspected preeclampsia. N
Engl J Med. 2021;385(1):13-22.

101



MEDICINE
SCIENTIFIC RESEARCH: CHALLENGES AND WAYS TO OVERCOME THEM IN MODERN
REALITIES

13. Rana S, Burke SD, Karumanchi SA. Angiogenic biomarkers in the prediction
and management of preeclampsia. Nat Rev Nephrol. 2022;18(6):357-375.

14. McCarthy FP, Adetoba A, Gill C, et al. Cardiac biomarkers in hypertensive
disorders of pregnancy: Current evidence and clinical perspectives. Hypertension.
2023;80(4):821-832.

15. Rolnik DL, Wright D, Poon LC, et al. First-trimester screening and prevention
of preeclampsia: Current concepts. Ultrasound Obstet Gynecol. 2021;57(1):18-28.

16. Ghossein-Doha C, Peeters L, Spaanderman M. Long-term cardiovascular
consequences of preeclampsia. Nat Rev Cardiol. 2022;19(10):653-666.

17. Wu P, Haththotuwa R, Kwok CS, et al. Preeclampsia and future
cardiovascular disease: Updated systematic review and meta-analysis. Circ Cardiovasc
Qual Outcomes. 2021;14(2):¢007549.

18. Kampman MAM, Balci A, van Veldhuisen DJ, et al. Speckle-tracking
echocardiography in pregnancy: Current clinical applications. Eur Heart J Cardiovasc
Imaging. 2022;23(7):905-916.

19. Umesawa M, Kobashi G. Epidemiology of hypertensive disorders in
pregnancy and future cardiovascular risk. Hypertens Res. 2023;46(5):1025-1036.

20. Sanghavi M, Rutherford JD. Cardiovascular imaging, biomarkers, and
artificial intelligence in pregnancy: Future directions for prediction of preeclampsia.
JACC Cardiovasc Imaging. 2025.

102



MEDICINE
SCIENTIFIC RESEARCH: CHALLENGES AND WAYS TO OVERCOME THEM IN MODERN
REALITIES

ALLERGIC DERMATITIS AS A SYSTEMIC DISEASE:
DERMATOLOGICAL AND ALLERGOLOGICAL
ASPECTS

Astemirova Milana Nazirovna,
General Practitioner

Ainabekova Danagul Nurlankyzy,
Kazakh National Medical University named after S.D.Asfendiyarov

Argynbekova Dilnaz Zhenisovna,
Semey Medical University

Jones Sabina Paizullaevna,
Astana Medical University

Konysbayeva Aruzhan Yerbolkyzy,
Kazakh-Russian Medical University,
Kazakhstan

Abstract. Allergic dermatitis is increasingly recognized as a systemic immune-
mediated disorder rather than a disease confined to the skin. Although cutaneous
inflammation remains its most apparent manifestation, accumulating evidence
indicates that persistent immune dysregulation, epidermal barrier dysfunction, type 2
inflammatory responses, and alterations of the skin microbiome contribute to a wide
spectrum of systemic effects. Patients with allergic dermatitis frequently present with
other atopic conditions, including bronchial asthma, allergic rhinitis, and food allergy,
while chronic inflammation has also been associated with increased susceptibility to
infections, sleep disturbances, psychological disorders, and impaired quality of life.
These findings have substantially expanded current understanding of allergic
dermatitis and emphasize the need for comprehensive multidisciplinary management.

This review summarizes current evidence regarding allergic dermatitis as a
systemic disease, focusing on its dermatological and allergological aspects. Particular
attention is given to the mechanisms of immune dysregulation, epidermal barrier
impairment, systemic inflammatory responses, clinical comorbidities, and recent
advances in diagnosis and treatment. Contemporary therapeutic strategies, including
targeted biologic agents and Janus kinase inhibitors, have significantly improved
disease control while providing new opportunities for individualized management. A
better understanding of the systemic nature of allergic dermatitis may facilitate earlier
recognition of associated complications and support more effective long-term
therapeutic approaches aimed at improving overall patient outcomes.
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Introduction. Allergic dermatitis i1s one of the most prevalent chronic
inflammatory disorders encountered in dermatological and allergological practice,
affecting both children and adults worldwide. Traditionally regarded as a disease
limited to the skin, it is now recognized as a complex immune-mediated condition
involving persistent systemic inflammation and extensive interactions between genetic
susceptibility, epidermal barrier dysfunction, environmental factors, and immune
dysregulation. The growing global prevalence of allergic dermatitis, together with its
considerable impact on quality of life and long-term health, has intensified interest in
understanding the disease beyond its cutaneous manifestations. Current evidence
indicates that allergic dermatitis should be considered a systemic disorder with
consequences extending to multiple organs and physiological systems [1,2].

The pathogenesis of allergic dermatitis is driven by a multifaceted network of
biological mechanisms. Defects in epidermal barrier proteins, particularly filaggrin,
facilitate increased transepidermal water loss and enhanced penetration of
environmental allergens and microbial antigens. These alterations trigger activation of
type 2 immune responses characterized by increased production of interleukin-4,
interleukin-13, interleukin-31, and other inflammatory mediators that perpetuate
chronic cutaneous inflammation. Simultaneously, disturbances in the skin microbiome,
including overgrowth of Staphylococcus aureus, further amplify immune activation
and contribute to recurrent disease exacerbations. Together, these mechanisms explain
the chronic relapsing nature of allergic dermatitis and its systemic inflammatory profile
[3,4].

Increasing evidence demonstrates that allergic dermatitis is closely associated with
numerous allergic and non-allergic comorbidities. Patients frequently develop
bronchial asthma, allergic rhinitis, food allergy, and other manifestations of the atopic
march, while persistent systemic inflammation has also been linked to increased
susceptibility to cutaneous infections, sleep disturbances, anxiety, depression, and
metabolic alterations. These observations suggest that immune dysregulation extends
beyond the skin and influences multiple physiological pathways, reinforcing the
concept that allergic dermatitis represents a systemic inflammatory disease rather than
an isolated dermatological disorder [5,6].

Recent advances in immunology and molecular medicine have substantially
transformed the understanding and management of allergic dermatitis. The
introduction of targeted biologic therapies and Janus kinase inhibitors has
demonstrated that selective modulation of immune pathways can effectively control
both cutaneous inflammation and systemic disease activity. Improved understanding
of disease heterogeneity has also facilitated the development of individualized
treatment strategies based on clinical phenotype, immune profile, and disease severity,
thereby expanding therapeutic opportunities for patients with moderate-to-severe
disease [7].
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The aim of this review was to summarize current evidence regarding allergic
dermatitis as a systemic disease, with particular emphasis on its dermatological and
allergological aspects, underlying immunopathological mechanisms, associated
comorbidities, and contemporary approaches to diagnosis and treatment.

Materials and Methods

A systematic literature review was conducted to evaluate current evidence
regarding allergic dermatitis as a systemic disease, with particular emphasis on its
dermatological and allergological aspects. Relevant publications were identified
through comprehensive searches of PubMed/MEDLINE, Scopus, Web of Science, and
the Cochrane Library. Studies published between 2020 and 2026 were considered for
inclusion, with priority given to systematic reviews, meta-analyses, international
clinical practice guidelines, randomized controlled trials, prospective cohort studies,
and large observational investigations focusing on the pathogenesis, diagnosis, and
treatment of allergic dermatitis.

The review analyzed evidence concerning immune dysregulation, epidermal
barrier dysfunction, systemic inflammatory mechanisms, skin microbiome alterations,
associated allergic and non-allergic comorbidities, contemporary diagnostic
approaches, and targeted therapeutic strategies, including biologic agents and Janus
kinase inhibitors. Publications with insufficient methodological quality, conference
abstracts, duplicate reports, case reports, and studies not directly related to the
objectives of the review were excluded. Following eligibility assessment and full-text
evaluation, 20 publications were selected for qualitative synthesis and included in the
final analysis.

Results. Current evidence demonstrates that allergic dermatitis is a systemic
inflammatory disorder characterized by persistent immune dysregulation extending
beyond the skin. Contemporary molecular studies have shown that activation of type 2
immune pathways, particularly those mediated by interleukin-4, interleukin-13,
interleukin-31, and thymic stromal lymphopoietin, promotes chronic inflammation not
only within the epidermis but also throughout the systemic immune network. Elevated
circulating concentrations of these cytokines have been associated with disease
severity, increased frequency of exacerbations, and a greater burden of systemic
comorbidities. These findings support the concept that allergic dermatitis represents a
chronic immune-mediated disease rather than an isolated cutancous disorder [8].

Disruption of epidermal barrier integrity represents one of the principal
mechanisms underlying disease development and progression. Reduced expression of
structural proteins, particularly filaggrin, impairs epidermal cohesion, increases
transepidermal water loss, and facilitates penetration of environmental allergens,
microbial antigens, and irritants. Barrier dysfunction subsequently amplifies immune
activation through continuous antigen exposure and sustained inflammatory signaling.
Clinical investigations have demonstrated that patients with filaggrin deficiency
generally develop earlier disease onset, more extensive skin involvement, higher
disease severity scores, and an increased likelihood of persistent disease throughout
adolescence and adulthood [9].
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Alterations in the skin microbiome have emerged as another fundamental
component of disease pathogenesis. During disease exacerbations, the cutaneous
surface becomes progressively dominated by Staphylococcus aureus, accompanied by
a marked reduction in overall microbial diversity. Colonization by S. aureus enhances
inflammatory activity through production of superantigens, proteases, and exotoxins
that further impair epidermal barrier function and stimulate type 2 immune responses.
Restoration of microbial diversity during clinical remission has been associated with
improved skin barrier integrity and reduced inflammatory activity, emphasizing the
importance of microbiome homeostasis in disease control [10].

Numerous epidemiological studies have confirmed the close relationship between
allergic dermatitis and other allergic disorders. Patients with early-onset disease
demonstrate substantially higher risks of developing bronchial asthma, allergic rhinitis,
food allergy, and allergic conjunctivitis during subsequent childhood and adolescence.
This sequential progression, commonly described as the atopic march, reflects
persistent systemic immune dysregulation rather than independent disease processes.
Longitudinal cohort studies indicate that disease severity and early onset of dermatitis
are among the strongest predictors of subsequent allergic comorbidity, highlighting the
importance of early therapeutic intervention [11].

Beyond allergic diseases, chronic systemic inflammation contributes to a broad
spectrum of additional comorbidities. Recent investigations have demonstrated
associations between moderate-to-severe allergic dermatitis and increased
susceptibility to bacterial and viral skin infections, ocular complications, sleep
disorders, anxiety, depression, and impaired psychosocial functioning. Persistent
nocturnal pruritus and chronic sleep disruption have also been linked to impaired
cognitive performance, emotional regulation, and reduced quality of life in both
pediatric and adult populations. These findings illustrate the extensive systemic burden
imposed by chronic inflammatory skin disease [12,13].

Advances in targeted immunotherapy have substantially transformed the
management of allergic dermatitis. Monoclonal antibodies directed against key
mediators of type 2 inflammation, particularly interleukin-4 and interleukin-13
signaling pathways, have demonstrated significant improvements in clinical severity,
pruritus, sleep quality, and patient-reported outcomes. Large randomized clinical trials
consistently report sustained reductions in disease activity together with decreased
reliance on systemic corticosteroids and improved long-term disease control. These
observations confirm that selective modulation of immune pathways can effectively
interrupt the chronic inflammatory cascade responsible for disease persistence [14,15].

Janus kinase inhibitors have further expanded therapeutic opportunities,
particularly for patients with moderate-to-severe disease requiring rapid control of
inflammation. By simultaneously suppressing multiple cytokine signaling pathways,
these agents provide rapid improvement in pruritus, skin inflammation, and overall
disease severity. Comparative clinical studies have demonstrated favorable efficacy
together with acceptable safety profiles when appropriate patient selection and
laboratory monitoring are implemented. Current evidence supports individualized
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treatment selection based on disease phenotype, comorbidity profile, previous
therapeutic response, and long-term safety considerations [16,17].

Recent research increasingly supports a personalized approach to disease
management that integrates clinical characteristics with immunological, genetic, and
molecular information. Biomarkers reflecting type 2 inflammation, epidermal barrier
dysfunction, and immune activation are being investigated as potential tools for
predicting disease progression and therapeutic response. Simultaneously, advances in
precision medicine are facilitating earlier identification of patients likely to benefit
from biologic therapy or targeted small-molecule treatment. Collectively, the available
evidence indicates that allergic dermatitis should be regarded as a chronic systemic
inflammatory disorder requiring comprehensive multidisciplinary management aimed
not only at controlling skin lesions but also at reducing systemic inflammation,
preventing comorbidities, and improving long-term patient outcomes [18-20].

Discussion. The findings of this review support the contemporary concept that
allergic dermatitis should be regarded as a systemic inflammatory disease rather than
a condition confined to the skin. Although visible cutaneous lesions remain the
principal clinical manifestation, accumulating evidence indicates that persistent
activation of type 2 immune responses extends beyond the epidermis and influences
multiple physiological systems. The sustained production of cytokines involved in
allergic inflammation contributes to chronic immune activation, creating conditions for
the development of both allergic and non-allergic comorbidities. This broader
understanding of disease pathophysiology has fundamentally changed current
approaches to patient evaluation and long-term management [8,9].

One of the most important advances in recent years has been recognition of the
central role of epidermal barrier dysfunction in initiating and maintaining chronic
inflammation. Structural defects of the epidermis facilitate continuous penetration of
allergens, microorganisms, and environmental irritants, thereby sustaining immune
activation even in the absence of obvious external triggers. Rather than representing an
isolated defect of the skin, impaired barrier function appears to initiate a self-
perpetuating cycle in which inflammation further disrupts epidermal integrity, while
barrier dysfunction amplifies inflammatory responses. This reciprocal interaction
explains the chronic relapsing nature of allergic dermatitis and highlights the
importance of early restoration of barrier function alongside immunomodulatory
treatment [9,10].

The reviewed studies also demonstrate that alterations of the skin microbiome are
not simply secondary consequences of inflammation but actively participate in disease
progression. Expansion of Staphylococcus aureus and loss of microbial diversity
promote additional activation of inflammatory pathways through bacterial toxins and
superantigens, resulting in further impairment of epidermal integrity. These
observations suggest that maintenance of microbial homeostasis should be considered
an integral component of disease control rather than an isolated therapeutic objective.
Future therapeutic strategies directed at microbiome restoration may therefore

complement conventional anti-inflammatory treatment and improve long-term disease
stability [10].
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The concept of the atopic march remains one of the strongest arguments supporting
the systemic nature of allergic dermatitis. Longitudinal studies consistently
demonstrate that early-onset disease substantially increases the likelihood of
subsequent bronchial asthma, allergic rhinitis, and food allergy. These conditions
should not be viewed as independent disorders but rather as different clinical
manifestations of a common immunological process characterized by persistent type 2
inflammation. Consequently, early and effective control of allergic dermatitis may
have implications extending beyond the skin and could potentially modify the natural
progression of allergic disease, although further prospective studies are required to
confirm this hypothesis [11].

An equally important aspect is the recognition of numerous non-allergic
comorbidities associated with chronic inflammatory activity. Sleep disturbances,
anxiety, depression, recurrent skin infections, and impaired psychosocial functioning
are increasingly reported in patients with moderate-to-severe disease. Chronic pruritus
remains a major contributor to these complications, affecting cognitive performance,
emotional well-being, educational achievement, and social functioning, particularly in
pediatric populations. These observations emphasize that successful treatment should
not be evaluated solely by improvement of skin lesions but also by restoration of
overall physical and psychological health [12,13].

Targeted immunotherapy has significantly changed expectations regarding long-
term disease control. Biologic agents directed against key mediators of type 2
inflammation have demonstrated that selective interruption of specific cytokine
pathways produces substantial clinical improvement while reducing systemic
inflammatory activity. The favorable efficacy and safety profiles observed in large
clinical trials support the transition from nonspecific immunosuppression toward
mechanism-based therapy. At the same time, the introduction of Janus kinase inhibitors
has expanded treatment options for patients requiring rapid disease control, providing
additional flexibility for individualized therapeutic decision-making [14—17].

The growing availability of targeted therapies has also strengthened the concept of
personalized medicine in allergic dermatitis. Disease severity alone is no longer
sufficient to guide treatment selection. Increasing attention is being directed toward
clinical phenotype, biomarker expression, genetic background, associated allergic
diseases, and patient-specific risk factors. Such an individualized approach has the
potential to improve therapeutic effectiveness while minimizing unnecessary exposure
to systemic medications. Continued identification of reliable predictive biomarkers
may further optimize treatment algorithms and facilitate earlier intervention in patients
at greatest risk of severe disease progression [17-19].

Overall, the current evidence indicates that allergic dermatitis represents a chronic
systemic inflammatory disorder requiring comprehensive multidisciplinary
management involving dermatologists, allergologists, immunologists, pediatricians,
and other specialists when appropriate. Future investigations should focus on
improving understanding of disease endotypes, validating biomarkers of therapeutic
response, clarifying the role of the skin microbiome in long-term disease control, and
evaluating strategies capable of preventing progression along the atopic march. Such
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advances may further refine individualized treatment and improve long-term clinical
outcomes for patients with allergic dermatitis [20].
CONCLUSION

Current evidence indicates that allergic dermatitis is a chronic systemic
inflammatory disease characterized by persistent immune dysregulation extending
beyond the skin. Epidermal barrier dysfunction, type 2 immune activation, alterations
of the skin microbiome, and sustained inflammatory signaling interact to promote
disease progression and contribute to the development of both allergic and non-allergic
comorbidities. The close association of allergic dermatitis with bronchial asthma,
allergic rhinitis, food allergy, recurrent infections, and psychosocial impairment further
supports its systemic nature and underscores the need for comprehensive clinical
evaluation rather than assessment of cutaneous manifestations alone.

Advances in the understanding of disease pathophysiology have led to substantial
improvements in therapeutic strategies, particularly through the introduction of
biologic agents and Janus kinase inhibitors that selectively target key inflammatory
pathways. Contemporary management should be based on an individualized approach
that combines restoration of epidermal barrier function, effective suppression of
immune-mediated inflammation, control of associated comorbidities, and long-term
multidisciplinary follow-up. Further research is warranted to identify reliable
biomarkers of disease activity and therapeutic response, clarify the role of the skin
microbiome in systemic inflammation, and optimize personalized treatment strategies
aimed at improving long-term clinical outcomes and preventing progression of allergic
disease.
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Abstract. Bronchial asthma is one of the most common chronic respiratory
diseases affecting women of reproductive age and complicates approximately 4—12%
of pregnancies worldwide. Although advances in pharmacological therapy have
substantially improved disease management, inadequate asthma control during
pregnancy remains associated with an increased risk of maternal and perinatal
complications. Recurrent exacerbations, persistent airway inflammation, and impaired
maternal oxygenation may adversely influence placental function and fetal
development, contributing to hypertensive disorders of pregnancy, preterm birth, fetal
growth restriction, and neonatal respiratory morbidity. Increasing evidence suggests
that the degree of asthma control, rather than the diagnosis itself, is the principal
determinant of pregnancy outcomes, emphasizing the importance of continuous
disease monitoring and individualized therapeutic management throughout gestation.

This review summarizes current evidence regarding the influence of bronchial
asthma and the degree of disease control on pregnancy and perinatal outcomes.
Particular attention is given to the relationship between asthma severity, exacerbation
frequency, pharmacological treatment, maternal respiratory function, and obstetric
complications, as well as fetal and neonatal outcomes. Contemporary studies
demonstrate that maintenance of optimal asthma control through guideline-directed
therapy substantially reduces maternal and perinatal risks, whereas poorly controlled
disease remains associated with adverse pregnancy outcomes despite advances in
modern obstetric care. Early risk assessment, multidisciplinary management, and
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adherence to evidence-based treatment strategies are essential for improving both
maternal and neonatal prognosis.

Keywords: bronchial asthma; pregnancy; asthma control; pregnancy outcomes;
perinatal outcomes, fetal growth restriction, preterm birth; maternal health.

Introduction

Bronchial asthma is one of the most prevalent chronic diseases among women of
reproductive age and represents the most common chronic respiratory disorder
complicating pregnancy. Depending on the studied population, asthma affects
approximately 4—12% of pregnant women and remains an important contributor to
maternal and perinatal morbidity. Physiological adaptations of pregnancy, including
hormonal fluctuations, increased oxygen consumption, changes in respiratory
mechanics, and alterations in immune regulation, may substantially influence asthma
control and clinical course. Consequently, pregnancy requires continuous reassessment
of disease activity and individualized therapeutic management to minimize adverse
maternal and fetal outcomes [1-3].

Current evidence indicates that the diagnosis of bronchial asthma alone does not
necessarily predict unfavorable pregnancy outcomes. Rather, the degree of disease
control, frequency of exacerbations, and adequacy of anti-inflammatory treatment
appear to be the principal determinants of obstetric and neonatal prognosis. Poorly
controlled asthma has consistently been associated with an increased incidence of
preeclampsia, gestational hypertension, preterm birth, fetal growth restriction, low
birth weight, cesarean delivery, and neonatal respiratory complications. Conversely,
women with well-controlled asthma generally experience pregnancy outcomes
comparable to those observed in the general obstetric population [3-5].

The mechanisms linking uncontrolled asthma with adverse pregnancy outcomes
are multifactorial. Persistent airway inflammation, recurrent maternal hypoxemia,
systemic inflammatory activation, endothelial dysfunction, oxidative stress, and
placental hypoperfusion may collectively impair fetal oxygen delivery and placental
function. These pathophysiological processes contribute not only to abnormal fetal
growth but also to increased maternal cardiovascular and obstetric complications.
Contemporary international guidelines therefore emphasize regular assessment of
asthma control, objective evaluation of pulmonary function, prevention of
exacerbations, optimization of inhaled anti-inflammatory therapy, and
multidisciplinary collaboration between pulmonologists and obstetricians throughout
pregnancy [5-7].

Despite considerable progress in asthma management, important questions remain
regarding the optimal monitoring of disease control during pregnancy, the comparative
influence of asthma severity and exacerbation frequency on obstetric outcomes, and
the long-term consequences for offspring. A comprehensive evaluation of
contemporary evidence is required to better define the relationship between maternal
asthma control and pregnancy outcomes, identify women at greatest risk, and optimize
individualized management strategies aimed at improving both maternal and neonatal
prognosis [7].
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The aim of this review was to summarize current evidence regarding the impact of
bronchial asthma and the degree of asthma control on pregnancy and perinatal
outcomes, with particular emphasis on the mechanisms linking inadequate disease
control with adverse maternal and neonatal outcomes.

Materials and Methods

This study was conducted as a systematic literature review. A comprehensive
search of the PubMed/MEDLINE, Scopus, Web of Science, and Cochrane Library
databases was performed to identify relevant publications published between 2020 and
2026. Priority was given to international clinical guidelines, systematic reviews, meta-
analyses, prospective cohort studies, and large observational investigations evaluating
bronchial asthma during pregnancy, the degree of asthma control, maternal respiratory
function, and pregnancy and perinatal outcomes.

Studies investigating asthma severity, disease control, exacerbations during
pregnancy, pharmacological management, maternal complications, fetal growth,
neonatal outcomes, placental dysfunction, and multidisciplinary approaches to
pregnancy management were included. Conference abstracts, case reports, duplicate
publications, studies with insufficient methodological quality, and articles lacking
clinically relevant obstetric or neonatal outcomes were excluded. The selected
evidence was critically analyzed and synthesized to evaluate the influence of asthma
control on maternal and perinatal prognosis and to summarize current evidence-based
management strategies for pregnant women with bronchial asthma.

Results

Bronchial asthma is one of the most common chronic diseases complicating
pregnancy and demonstrates considerable clinical heterogeneity with respect to disease
severity, inflammatory phenotype, and response to therapy. Current evidence indicates
that pregnancy itself does not inevitably worsen asthma; however, physiological
respiratory adaptations, hormonal changes, and immunological modulation may alter
disease activity in susceptible women. The risk of adverse obstetric and neonatal
outcomes is primarily determined by the degree of asthma control rather than by the
diagnosis alone, emphasizing the importance of continuous monitoring throughout
gestation [8,9].

The level of asthma control has consistently emerged as the strongest predictor of
maternal outcomes. Women with well-controlled asthma generally experience rates of
gestational hypertension, preeclampsia, cesarean delivery, postpartum hemorrhage,
and maternal intensive care admission comparable with those observed in healthy
pregnant women. In contrast, persistent symptoms, frequent exacerbations, and
repeated episodes of maternal hypoxemia are associated with significantly increased
risks of hypertensive disorders of pregnancy, prolonged hospitalization, emergency
obstetric intervention, and maternal respiratory complications. These findings support
maintenance of optimal asthma control as the principal therapeutic objective during
pregnancy [9,10].

Asthma exacerbations represent one of the most clinically significant determinants
of unfavorable pregnancy outcomes. Exacerbations occur most frequently during the
late second and early third trimesters and are commonly triggered by viral respiratory
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infections, poor adherence to maintenance therapy, environmental allergens, tobacco
smoke exposure, obesity, and discontinuation of inhaled corticosteroids because of
concerns regarding fetal safety. Contemporary studies demonstrate that severe
exacerbations requiring systemic corticosteroids or hospitalization are independently
associated with higher rates of maternal and fetal complications than stable disease,
regardless of baseline asthma severity [10—12].

Placental dysfunction appears to constitute one of the principal mechanisms linking
poorly controlled asthma with adverse pregnancy outcomes. Persistent maternal airway
inflammation, intermittent hypoxemia, endothelial activation, oxidative stress, and
systemic inflammatory responses impair uteroplacental perfusion and oxygen
transport. Histopathological investigations have demonstrated alterations in placental
vascular development, increased inflammatory infiltration, and abnormal angiogenic
signaling in pregnancies complicated by uncontrolled asthma. These abnormalities
contribute to fetal growth restriction, placental insufficiency, and reduced fetal
oxygenation [12—-14].

Perinatal outcomes are closely associated with maternal disease control throughout
pregnancy. Well-controlled asthma is generally accompanied by fetal growth and
neonatal outcomes comparable to those of uncomplicated pregnancies, whereas
inadequate control significantly increases the incidence of preterm birth, low birth
weight, small-for-gestational-age infants, neonatal respiratory distress, admission to
neonatal intensive care units, and perinatal mortality. The frequency and severity of
maternal exacerbations correlate directly with the likelthood of adverse neonatal
outcomes, highlighting the importance of preventing acute deterioration during
pregnancy [14-16].

Pharmacological management remains fundamental for maintaining disease
control and minimizing pregnancy-related risks. Current international guidelines
consistently recommend continuation of inhaled corticosteroids, inhaled f2-agonists,
and other pregnancy-compatible controller medications when clinically indicated,
emphasizing that the risks associated with uncontrolled asthma substantially exceed
the potential risks of appropriately prescribed pharmacotherapy. Evidence accumulated
over the past decade indicates that adherence to guideline-directed treatment improves
maternal respiratory stability without increasing the incidence of major congenital
anomalies or adverse fetal development [16—18].

Recent advances in respiratory medicine have expanded opportunities for
individualized management during pregnancy. Fractional exhaled nitric oxide (FeNO)-
guided treatment adjustment, assessment of blood eosinophil counts, identification of
inflammatory phenotypes, digital symptom monitoring, telemedicine, and personalized
treatment algorithms have demonstrated promising results in improving asthma control
while reducing exacerbation frequency. These approaches facilitate more precise
therapeutic adjustment according to maternal inflammatory activity rather than relying
solely on symptom-based assessment [18,19].

Collectively, current evidence demonstrates that effective asthma control
throughout pregnancy substantially reduces maternal and perinatal morbidity. Optimal
outcomes are achieved through regular assessment of disease activity, objective
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evaluation of pulmonary function, maintenance of evidence-based anti-inflammatory
therapy, avoidance of exacerbation triggers, and coordinated multidisciplinary
management involving obstetricians, pulmonologists, allergists, and primary care
physicians. Future studies focusing on precision medicine and individualized risk
prediction are expected to further improve maternal and neonatal outcomes in
pregnancies complicated by bronchial asthma [19,20].

Discussion

The findings of the present review demonstrate that adverse pregnancy outcomes
in women with bronchial asthma are determined predominantly by the degree of
disease control rather than by the diagnosis itself. This distinction has important
clinical implications because it shifts the focus of obstetric care from simply identifying
asthma as a maternal comorbidity toward maintaining sustained control of airway
inflammation throughout pregnancy. Women whose asthma remains stable under
guideline-directed treatment generally experience maternal and neonatal outcomes
comparable to those of the general obstetric population, whereas persistent symptoms
and recurrent exacerbations substantially increase the risk of both maternal and fetal
complications. These observations support the concept that inadequate disease control,
rather than asthma severity alone, represents the principal modifiable determinant of
pregnancy outcome [8—10].

The relationship between uncontrolled asthma and adverse obstetric outcomes is
likely mediated through several interacting pathophysiological mechanisms. Recurrent
maternal hypoxemia, chronic airway inflammation, oxidative stress, endothelial
dysfunction, and systemic inflammatory activation impair uteroplacental circulation
and reduce oxygen delivery to the developing fetus. At the same time, inflammatory
mediators released during uncontrolled disease may influence placental angiogenesis,
vascular remodeling, and trophoblastic function, thereby contributing to placental
insufficiency, fetal growth restriction, and hypertensive disorders of pregnancy. These
mechanisms explain why even intermittent exacerbations may have clinically
significant consequences despite otherwise mild baseline disease [10—-13].

Another important finding emerging from recent studies is the central role of
asthma exacerbations as independent predictors of unfavorable maternal and neonatal
outcomes. Severe exacerbations requiring emergency treatment, hospitalization, or
systemic corticosteroid administration are consistently associated with higher rates of
preterm birth, low birth weight, neonatal intensive care admission, and maternal
complications than stable disease. Consequently, prevention of exacerbations should
be considered one of the primary therapeutic objectives throughout pregnancy. This
requires regular assessment of symptom control, objective monitoring of pulmonary
function, early treatment of respiratory infections, avoidance of environmental triggers,
and continuous patient education regarding adherence to maintenance therapy [12—15].

The available evidence also confirms the safety and clinical importance of
maintaining evidence-based pharmacological treatment during pregnancy. Despite
persistent concerns among many patients regarding potential fetal effects of inhaled
corticosteroids, numerous contemporary investigations demonstrate that
discontinuation or inadequate use of controller therapy poses substantially greater risks
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than continuation of appropriately prescribed medication. Effective suppression of
airway inflammation reduces exacerbation frequency, improves maternal oxygenation,
preserves placental function, and contributes to more favorable fetal growth and
neonatal adaptation. These findings reinforce current international recommendations
advocating continuation of pregnancy-compatible asthma therapy throughout gestation
[14-17].

Recent advances in precision medicine further expand opportunities for
individualized asthma management during pregnancy. Objective assessment of disease
activity using fractional exhaled nitric oxide, peripheral eosinophil counts, digital
symptom monitoring, and telemedicine allows treatment adjustment according to
inflammatory status rather than symptom perception alone. In parallel, increasing
application of artificial intelligence and predictive clinical models may facilitate earlier
identification of women at highest risk for exacerbations and adverse obstetric
outcomes, supporting more personalized antenatal surveillance. Although these
approaches remain under active investigation, they represent promising directions for
improving maternal respiratory stability and reducing preventable pregnancy
complications [17-19].

Several limitations should nevertheless be acknowledged when interpreting the
current evidence. Considerable heterogeneity exists among published studies regarding
asthma phenotypes, definitions of disease control, therapeutic strategies, and measured
obstetric outcomes. Variability in healthcare systems, environmental exposures, and
patient adherence further complicates direct comparison of available data. Future large
prospective multicenter investigations should therefore focus on standardized
assessment of asthma control, validation of individualized prediction models, and
evaluation of long-term respiratory and developmental outcomes in offspring. Such
evidence will be essential for refining clinical guidelines and optimizing
multidisciplinary care for pregnant women with bronchial asthma [19,20].

CONCLUSION

Bronchial asthma remains one of the most common chronic diseases complicating
pregnancy; however, contemporary evidence indicates that adverse maternal and
perinatal outcomes are determined primarily by the degree of disease control rather
than by the diagnosis itself. Well-controlled asthma is generally associated with
favorable pregnancy outcomes comparable to those observed in women without
chronic respiratory disease, whereas persistent airway inflammation, recurrent
exacerbations, and maternal hypoxemia substantially increase the risks of hypertensive
disorders of pregnancy, preterm birth, fetal growth restriction, low birth weight, and
neonatal respiratory complications. These findings emphasize the importance of
continuous assessment of asthma control and timely optimization of treatment
throughout gestation.

Effective management of pregnant women with bronchial asthma should be based
on multidisciplinary collaboration, regular monitoring of respiratory status,
maintenance of guideline-directed anti-inflammatory therapy, and prevention of
disease exacerbations. The incorporation of objective measures of disease activity,
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individualized treatment strategies, and emerging precision medicine approaches has
the potential to further improve maternal respiratory stability and neonatal outcomes.
Future prospective multicenter studies are needed to refine risk prediction models,
optimize monitoring protocols, and strengthen evidence-based recommendations for
the management of asthma during pregnancy, ultimately contributing to improved
long-term health of both mother and child.
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Abstract. The gut microbiome has emerged as one of the most influential
determinants of immune development and host defense during childhood. Beyond its
established role in maintaining intestinal homeostasis, the microbial ecosystem
actively regulates innate and adaptive immune responses, preserves epithelial barrier
integrity, and contributes to resistance against a wide spectrum of infectious pathogens.
Disruption of microbial composition during early life, whether related to antibiotic
exposure, dietary factors, cesarean delivery, or environmental influences, has been
increasingly associated with greater susceptibility to respiratory and gastrointestinal
infections, more severe disease manifestations, prolonged recovery, and unfavorable
clinical outcomes. Recent advances in microbiome research have substantially
expanded understanding of the complex interactions between intestinal
microorganisms and the developing immune system, positioning the gut microbiome
as a promising target for both preventive and therapeutic interventions in pediatric
infectious diseases.

This review summarizes current evidence regarding the role of the gut microbiome
in the course and outcomes of infectious diseases in children. Particular attention is
given to mechanisms linking intestinal microbial communities with immune
regulation, pathogen resistance, disease severity, and post-infectious recovery.
Contemporary studies evaluating microbiome-based diagnostics, probiotic and
prebiotic therapies, postbiotics, fecal microbiota transplantation, and personalized
microbiome modulation are also discussed. The available evidence indicates that
preservation and restoration of a balanced intestinal microbiome may improve immune
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resilience, reduce the severity of infectious illnesses, and enhance clinical outcomes in
pediatric patients, highlighting the growing importance of microbiome-centered
approaches in modern pediatric infectious disease management.

Keywords: gut microbiome, children, infectious diseases, dysbiosis, immune
response, probiotics, fecal microbiota transplantation, pediatric infections.

Introduction

The human gut microbiome has emerged as a central regulator of pediatric health,
extending its influence far beyond gastrointestinal physiology. During early life, the
intestinal microbial community undergoes rapid maturation while simultaneously
shaping the development of both innate and adaptive immunity. This period represents
a critical window during which interactions between host immunity and resident
microorganisms determine immune tolerance, mucosal defense, and resistance to
invading pathogens. Disturbances in microbial colonization during infancy may have
long-lasting consequences, increasing susceptibility not only to chronic inflammatory
disorders but also to a broad spectrum of infectious diseases. As a result, the gut
microbiome is now regarded as an integral component of the host defense system rather
than a passive collection of commensal microorganisms [1,2].

The protective effects of the intestinal microbiome are mediated through multiple
interconnected mechanisms. Resident microorganisms compete with pathogens for
ecological niches and nutrients, produce antimicrobial metabolites, reinforce epithelial
barrier integrity, and regulate the maturation of mucosal immune responses. Short-
chain fatty acids and other microbial metabolites further influence cytokine production,
lymphocyte differentiation, and macrophage activity, thereby modulating both local
and systemic immunity. Conversely, disruption of microbial diversity—commonly
referred to as dysbiosis may impair colonization resistance, weaken epithelial defenses,
and promote exaggerated inflammatory responses, creating favorable conditions for
infectious pathogens to proliferate [3,4].

Growing clinical evidence indicates that alterations of the gut microbiome
influence not only the likelihood of acquiring infections but also their clinical severity
and subsequent recovery. Children with intestinal dysbiosis have been reported to
experience more severe respiratory and gastrointestinal infections, prolonged viral
shedding, increased antibiotic exposure, and delayed restoration of immune
homeostasis. The concept of the gut-lung axis has further expanded current
understanding by demonstrating bidirectional communication between intestinal
microorganisms and distant organs, particularly the respiratory tract, where microbial
metabolites regulate pulmonary immune responses and susceptibility to respiratory
pathogens. These observations suggest that intestinal microbial composition represents
an important determinant of disease progression rather than merely a consequence of
infection [5,6].

Rapid advances in sequencing technologies and metagenomic analysis have
transformed the study of host-microbiome interactions, allowing detailed
characterization of microbial communities and their functional activity during
infectious diseases. At the same time, increasing interest in microbiome-directed
interventions including probiotics, prebiotics, postbiotics, and fecal microbiota
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transplantation has created new opportunities for individualized prevention and
treatment strategies in pediatric infectious diseases. Understanding how intestinal
microbial ecosystems influence immune competence and clinical outcomes is therefore
becoming increasingly important for modern pediatric practice [7].

The aim of this review was to summarize current evidence regarding the role of the
gut microbiome in the course and outcomes of infectious diseases in children, with
particular emphasis on the mechanisms linking microbial homeostasis to immune
regulation, disease severity, and emerging microbiome-based therapeutic approaches.

Materials and Methods

A systematic literature review was conducted to evaluate the role of the gut
microbiome in the course and outcomes of infectious diseases in children. Relevant
publications were identified through comprehensive searches of PubMed/MEDLINE,
Scopus, Web of Science, and the Cochrane Library. Studies published between 2020
and 2026 were considered for inclusion, with priority given to systematic reviews,
meta-analyses, clinical practice guidelines, prospective cohort studies, case-control
studies, randomized controlled trials, and large observational investigations focusing
on pediatric infectious diseases and gut microbiome research.

The review analyzed evidence regarding microbiome development, immune
regulation, intestinal dysbiosis, host-pathogen interactions, disease severity,
microbiome-based diagnostic approaches, and therapeutic interventions, including
probiotics, prebiotics, postbiotics, and fecal microbiota transplantation. Publications
with insufficient methodological quality, conference abstracts, duplicate reports, case
reports, and studies involving exclusively adult populations were excluded. Following
eligibility assessment and full-text evaluation, 20 publications were selected for
qualitative synthesis and included in the final analysis.

Results

The analyzed studies consistently demonstrate that the composition of the gut
microbiome is closely associated with both susceptibility to infectious diseases and
their subsequent clinical course in children. Healthy intestinal microbial communities
are characterized by high taxonomic diversity and stable populations of beneficial
anaerobic bacteria, including Bifidobacterium, Lactobacillus, Faecalibacterium, and
other short-chain fatty acid-producing microorganisms. These organisms contribute to
colonization resistance, regulate epithelial integrity, and promote balanced immune
responses. In contrast, children experiencing acute infectious diseases frequently
exhibit reduced microbial diversity, depletion of protective bacterial taxa, and
expansion of opportunistic microorganisms, changes that correlate with greater disease
severity and delayed recovery [8,9].

Dysbiosis has been identified as an important determinant of impaired
antimicrobial defense. Multiple investigations demonstrate that disruption of the
intestinal microbial ecosystem weakens mucosal immunity through reduced
production of antimicrobial peptides, impaired secretory immunoglobulin A activity,
altered regulatory T-cell differentiation, and increased intestinal permeability. Loss of
microbial homeostasis facilitates pathogen colonization while amplifying
inflammatory responses that may contribute to tissue injury. These mechanisms appear
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to be particularly relevant during early childhood, when both the microbiome and
immune system remain under active development [9,10].

Respiratory infections represent one of the clinical settings in which microbiome-
associated immune regulation has been studied most extensively. Evidence supporting
the gut-lung axis indicates that intestinal microorganisms influence pulmonary
immunity through microbial metabolites, cytokine signaling, and immune cell
trafficking. Children with reduced abundance of beneficial commensal bacteria
demonstrate greater susceptibility to viral respiratory infections, prolonged symptom
duration, and increased rates of hospitalization. Several cohort studies also reported
that diminished microbial diversity during infancy is associated with recurrent lower
respiratory tract infections during subsequent childhood, suggesting that early
microbial composition may influence long-term respiratory health [11,12].

Acute gastrointestinal infections similarly induce profound alterations in microbial
ecology. Viral and bacterial enteric pathogens disrupt normal microbial communities
by reducing populations of obligate anaerobes and promoting expansion of facultative
pathogenic species. Although partial recovery of microbial diversity occurs after
clinical resolution of infection, several studies have demonstrated that complete
restoration of the intestinal ecosystem may require weeks or even months. Persistent
dysbiosis has been associated with recurrent diarrheal episodes, impaired nutrient
absorption, delayed intestinal maturation, and prolonged inflammatory activity,
particularly in younger children [13].

Exposure to antimicrobial therapy further modifies the intestinal microbiome and
may influence infectious outcomes. Broad-spectrum antibiotics frequently produce
substantial reductions in bacterial diversity together with depletion of protective
commensal organisms. These alterations facilitate colonization by opportunistic
pathogens, increase the likelithood of antibiotic-associated diarrhea, and contribute to
the emergence of antimicrobial resistance. Contemporary metagenomic analyses
indicate that repeated antibiotic exposure during early childhood may produce
sustained changes in microbial composition, with potential consequences extending
beyond the immediate infectious episode [14].

Growing evidence also links intestinal dysbiosis with severe systemic infections.
Children admitted to intensive care units with sepsis consistently demonstrate marked
reductions in microbial diversity accompanied by expansion of pro-inflammatory and
potentially pathogenic bacterial species. Several investigations have identified
characteristic microbiome signatures associated with systemic inflammation, immune
dysregulation, and unfavorable clinical outcomes. These observations suggest that the
intestinal microbiome may contribute not only to infection susceptibility but also to the
progression of critical illness through disruption of immune homeostasis and intestinal
barrier function [15,16].

Recent advances in sequencing technologies have significantly improved
characterization of host-microbiome interactions during infectious diseases. High-
throughput metagenomic sequencing enables comprehensive identification of
microbial taxa together with functional analysis of metabolic pathways involved in
immune regulation and pathogen resistance. Several studies have demonstrated that
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microbiome profiling may assist in predicting disease severity, therapeutic response,
and the likelihood of infectious complications. The identification of reproducible
microbial biomarkers has therefore emerged as a promising direction for precision
medicine in pediatric infectious diseases [17].

Therapeutic modulation of the gut microbiome has attracted increasing attention as
a complementary strategy for preventing and treating pediatric infections. Randomized
clinical trials evaluating probiotics have demonstrated reductions in the duration of
acute infectious diarrhea, lower incidence of antibiotic-associated diarrhea, and modest
decreases in respiratory tract infections among selected pediatric populations.
Emerging evidence also supports potential roles for prebiotics and postbiotics in
enhancing mucosal immunity and restoring microbial balance following infectious
illness. However, treatment efficacy appears to depend on strain selection, dosage,
patient characteristics, and underlying disease, emphasizing the need for individualized
therapeutic approaches [18,19].

Fecal microbiota transplantation and other microbiome-directed interventions
represent rapidly evolving areas of investigation. Although their use in children
remains limited, current evidence suggests favorable outcomes in carefully selected
patients with recurrent Clostridioides difficile infection and severe microbiome
disruption. Ongoing studies are evaluating whether restoration of microbial diversity
may improve immune competence and reduce infectious complications in broader
pediatric populations. Collectively, the available literature indicates that preservation
of a diverse and functionally balanced gut microbiome represents an important
determinant of disease severity, therapeutic response, and long-term recovery
following infectious diseases in children, supporting the integration of microbiome-
centered strategies into future pediatric infectious disease management [20].

Discussion

The findings of this review reinforce the concept that the intestinal microbiome
plays a fundamental role in determining host resistance to infectious diseases
throughout childhood. Rather than serving solely as a passive microbial community,
the gut microbiota functions as an active immunological organ that continuously
interacts with epithelial barriers, immune cells, and metabolic pathways. The consistent
association between microbial dysbiosis and unfavorable infectious outcomes
observed across contemporary studies suggests that disruption of intestinal microbial
homeostasis may represent an important contributor to disease progression rather than
merely a secondary consequence of infection. These observations support the growing
recognition of the gut microbiome as a critical component of pediatric immune
competence [8,9].

One of the most significant findings emerging from recent investigations is the
close relationship between microbial diversity and the effectiveness of host immune
responses. Children with reduced abundance of beneficial commensal microorganisms
consistently demonstrate impaired mucosal immunity, exaggerated inflammatory
activation, and diminished resistance to pathogenic organisms. Experimental studies
indicate that alterations in microbial metabolites, particularly short-chain fatty acids,
influence differentiation of regulatory T lymphocytes, macrophage activation, cytokine
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production, and epithelial barrier integrity. Consequently, microbial imbalance may
amplify inflammatory injury while simultaneously weakening antimicrobial defense,
creating conditions that favor more severe and prolonged infectious illnesses [9,10].

The concept of the gut-lung axis has substantially expanded current understanding
of pediatric infectious diseases. Communication between intestinal microorganisms
and the respiratory immune system appears to occur through complex metabolic and
immunological pathways involving microbial metabolites, circulating cytokines, and
immune cell trafficking. The reviewed studies consistently demonstrate that
disturbances in intestinal microbial composition are associated with increased
susceptibility to respiratory infections and greater disease severity. These findings
indicate that maintenance of intestinal microbial homeostasis may influence immune
responses beyond the gastrointestinal tract and partially explain the broad systemic
consequences of intestinal dysbiosis observed in children [11,12].

The reviewed evidence also highlights the dynamic interaction between infectious
diseases and the gut microbiome. Acute infections not only develop in the setting of
altered microbial communities but also further disrupt intestinal ecological balance
through inflammatory responses, nutritional changes, antimicrobial exposure, and
direct pathogen-related effects. This bidirectional relationship may explain why some
children experience prolonged recovery, recurrent infections, or persistent
gastrointestinal dysfunction following apparently uncomplicated infectious episodes.
Restoration of microbial equilibrium therefore appears to represent an important
component of post-infectious recovery rather than simply normalization of intestinal
flora [13,14].

Another clinically relevant observation concerns the influence of antimicrobial
therapy on microbiome stability. Although antibiotics remain indispensable for the
treatment of bacterial infections, their use frequently produces profound alterations in
microbial diversity that may persist well beyond completion of therapy. The depletion
of beneficial commensal organisms reduces colonization resistance and facilitates
overgrowth of opportunistic pathogens while also promoting the emergence of
antimicrobial resistance. These findings emphasize the importance of rational
antibiotic prescribing and support current efforts to minimize unnecessary
antimicrobial exposure during childhood whenever clinically appropriate [14].

Particular attention should be given to critically ill children, in whom intestinal
dysbiosis appears to be especially pronounced. Studies involving pediatric intensive
care populations have demonstrated profound reductions in microbial diversity
together with expansion of potentially pathogenic bacterial species during sepsis and
other severe infections. These alterations are accompanied by increased intestinal
permeability, systemic inflammatory activation, and immune dysregulation,
suggesting that disruption of the gut microbiome may contribute to the progression of
critical illness rather than simply reflecting its severity. Further investigation is
required to determine whether targeted microbiome restoration can improve outcomes
in this vulnerable patient population [15,16].

Advances in metagenomic sequencing have considerably improved understanding
of host-microbiome interactions and opened new possibilities for precision medicine.
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High-resolution characterization of microbial composition and function has enabled
identification of microbial signatures associated with disease severity, therapeutic
response, and recovery following infection. Although these technologies are not yet
routinely incorporated into clinical practice, they provide important opportunities for
developing individualized diagnostic and prognostic approaches based on microbial
biomarkers. Such strategies may eventually facilitate earlier identification of children
at increased risk of severe infectious disease and guide personalized therapeutic
decision-making [17].

The available evidence regarding microbiome-directed therapy is encouraging but
remains heterogeneous. Clinical studies evaluating probiotics, prebiotics, and
postbiotics have reported beneficial effects in selected pediatric populations, including
reductions in the duration of infectious diarrhea, decreased incidence of antibiotic-
associated gastrointestinal complications, and modest protection against recurrent
respiratory infections. Nevertheless, treatment outcomes vary substantially according
to microbial strain, formulation, treatment duration, patient age, and underlying clinical
condition. These findings indicate that microbiome modulation should not be regarded
as a universal intervention but rather as an individualized therapeutic strategy requiring
further standardization and high-quality clinical investigation [18,19].

Overall, the current literature supports the view that the gut microbiome represents
an integral determinant of susceptibility, disease severity, immune regulation, and
recovery in pediatric infectious diseases. Preservation of microbial diversity and
restoration of intestinal homeostasis appear to have important implications for both
short-term clinical outcomes and long-term immune health. Future research should
focus on defining clinically relevant microbial biomarkers, establishing standardized
microbiome-based therapeutic protocols, and evaluating the long-term effectiveness of
personalized microbiome modulation in reducing the burden of infectious diseases
among children. Such advances may substantially expand the role of microbiome-
centered medicine within contemporary pediatric infectious disease practice [20].

CONCLUSION

Current evidence demonstrates that the gut microbiome is a key determinant of
immune homeostasis and plays a substantial role in the clinical course and outcomes
of infectious diseases in children. Alterations in intestinal microbial composition are
associated with impaired mucosal immunity, increased susceptibility to bacterial and
viral infections, greater disease severity, prolonged recovery, and a higher risk of
infectious complications. The complex interactions between intestinal
microorganisms, epithelial barrier function, microbial metabolites, and the developing
immune system emphasize that the gut microbiome should be regarded as an integral
component of host defense rather than simply a gastrointestinal ecosystem. Advances
in microbiome research have also improved understanding of the mechanisms linking
intestinal dysbiosis with systemic immune dysfunction and unfavorable pediatric
infectious outcomes.

The growing body of evidence supports the integration of microbiome-centered
approaches into contemporary pediatric infectious disease management. Preservation
of microbial diversity through rational antibiotic use, appropriate nutritional strategies,

125



MEDICINE
SCIENTIFIC RESEARCH: CHALLENGES AND WAYS TO OVERCOME THEM IN MODERN
REALITIES

and individualized microbiome-directed interventions may contribute to improved
immune resilience and more favorable clinical outcomes. Emerging technologies,
including metagenomic sequencing and microbiome profiling, offer promising
opportunities for early risk stratification and personalized therapeutic decision-making.
Further large-scale prospective studies are needed to validate microbiome-based
biomarkers, establish standardized therapeutic protocols, and determine the long-term
clinical benefits of targeted microbiome modulation in children with infectious
diseases.
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Abstract. Chronic allergic diseases are increasingly recognized as systemic
inflammatory disorders that extend beyond their primary target organs and may
substantially influence cardiovascular health. Persistent activation of type 2 immune
responses, endothelial dysfunction, oxidative stress, and chronic low-grade
inflammation contribute to vascular remodeling and may accelerate the development
of atherosclerosis and other cardiovascular complications. Recent epidemiological
studies have demonstrated that patients with atopic dermatitis, bronchial asthma, and
allergic rhinitis exhibit a higher prevalence of hypertension, ischemic heart disease,
stroke, heart failure, and other adverse cardiovascular outcomes compared with the
general population. These observations have shifted attention toward the potential role
of chronic allergic inflammation as an independent contributor to cardiovascular risk.

This review summarizes current evidence regarding the relationship between
chronic allergic diseases and cardiovascular risk. Particular attention is given to the
immunopathological mechanisms linking allergic inflammation with endothelial
dysfunction, atherosclerotic progression, and adverse cardiovascular events, as well as
to the cardiovascular implications of major allergic disorders and the potential
influence of contemporary anti-inflammatory therapies on long-term cardiovascular
outcomes. The available evidence suggests that assessment of cardiovascular risk
should be incorporated into the comprehensive management of patients with chronic
allergic diseases, while individualized anti-inflammatory treatment may contribute not
only to improved control of allergic disease but also to reduction of cardiovascular
complications.
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Introduction

Chronic allergic diseases represent one of the most common groups of immune-
mediated disorders worldwide and constitute an increasing public health concern
because of their rising prevalence and long-term clinical consequences. Although
atopic dermatitis, bronchial asthma, and allergic rhinitis have traditionally been
regarded as organ-specific conditions affecting the skin or respiratory tract, growing
evidence indicates that they are manifestations of persistent systemic inflammation
involving complex interactions between innate and adaptive immunity. This evolving
understanding has expanded interest in the extra-organ consequences of allergic
disease, particularly its potential influence on cardiovascular health. Recent
epidemiological studies suggest that patients with chronic allergic disorders experience
a greater burden of cardiovascular morbidity than previously recognized, highlighting
the need to reassess cardiovascular risk within this patient population [1,2].

The biological mechanisms linking allergic diseases with cardiovascular pathology
are multifactorial and involve sustained activation of inflammatory and immune
pathways. Persistent type 2 inflammation, mediated by cytokines such as interleukin-
4, interleukin-5, interleukin-13, and interleukin-33, promotes endothelial dysfunction,
oxidative stress, vascular remodeling, and alterations in immune cell activity within
the arterial wall. In addition, activation of eosinophils, mast cells, and immunoglobulin
E-dependent pathways has been implicated in atherosclerotic plaque development,
vascular inflammation, and thrombotic processes. These findings suggest that chronic
allergic inflammation may actively participate in cardiovascular disease pathogenesis
rather than simply coexist with established cardiovascular risk factors [3,4].

Clinical evidence supporting this association has expanded considerably during the
past decade. Large population-based cohort studies and systematic reviews have
reported higher rates of hypertension, ischemic heart disease, myocardial infarction,
stroke, atrial fibrillation, and heart failure among individuals with chronic allergic
diseases, particularly in patients with severe or poorly controlled disease. The
magnitude of cardiovascular risk appears to increase in the presence of persistent
inflammatory activity, prolonged disease duration, obesity, and other metabolic
comorbidities. These observations have strengthened the concept that chronic allergic
diseases should be viewed within the broader framework of systemic inflammatory
disorders capable of influencing long-term cardiovascular outcomes [5,6].

Advances in immunology and cardiovascular medicine have substantially
improved understanding of the complex relationship between chronic allergic
inflammation and vascular disease. Simultaneously, the introduction of targeted
biologic therapies has provided new opportunities to evaluate whether effective
suppression of allergic inflammation may also modify cardiovascular risk. Recognition
of these interactions has important implications for risk stratification, multidisciplinary
management, and long-term prevention of cardiovascular complications in patients
with allergic diseases [7].
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The aim of this review was to summarize current evidence regarding the impact of
chronic allergic diseases on cardiovascular risk, with particular emphasis on the
immunological mechanisms linking allergic inflammation with cardiovascular
pathology, associated clinical outcomes, and contemporary preventive and therapeutic
approaches.

Materials and Methods

A systematic literature review was conducted to evaluate the relationship between
chronic allergic diseases and cardiovascular risk. Relevant publications were identified
through comprehensive searches of PubMed/MEDLINE, Scopus, Web of Science, and
the Cochrane Library. Studies published between 2020 and 2026 were considered for
inclusion, with priority given to systematic reviews, meta-analyses, international
clinical practice guidelines, prospective cohort studies, randomized controlled trials,
and large observational investigations addressing the cardiovascular consequences of
chronic allergic diseases.

The review analyzed evidence concerning the immunopathological mechanisms
linking allergic inflammation with cardiovascular disease, endothelial dysfunction,
atherosclerosis, vascular remodeling, clinical cardiovascular outcomes, biomarkers of
cardiovascular risk, and the effects of contemporary anti-inflammatory and biologic
therapies on cardiovascular prognosis. Publications with insufficient methodological
quality, conference abstracts, duplicate reports, case reports, and studies not directly
related to the objectives of the review were excluded. Following eligibility assessment
and full-text evaluation, 20 publications were selected for qualitative synthesis and
included in the final analysis.

Results

The reviewed studies consistently demonstrate that chronic allergic diseases are
associated with a measurable increase in cardiovascular risk extending beyond the
effects of traditional cardiovascular risk factors. Large population-based cohort studies
and recent meta-analyses have reported higher incidences of hypertension, coronary
artery disease, myocardial infarction, ischemic stroke, atrial fibrillation, and heart
failure among patients with chronic allergic disorders compared with individuals
without allergic disease. The magnitude of this association appears to depend on
disease severity, duration of inflammatory activity, and the presence of concomitant
metabolic disorders. Patients with persistent or poorly controlled allergic inflammation
consistently exhibit less favorable long-term cardiovascular outcomes than those
achieving sustained disease control [8].

Endothelial dysfunction has emerged as one of the earliest detectable mechanisms
linking chronic allergic inflammation with cardiovascular disease. Experimental and
clinical investigations have demonstrated that persistent exposure to type 2
inflammatory cytokines impairs endothelial nitric oxide bioavailability, promotes
oxidative stress, increases vascular permeability, and accelerates vascular remodeling.
Flow-mediated dilation studies have identified impaired endothelial function even in
relatively young patients with chronic allergic diseases who lack overt cardiovascular
pathology, suggesting that vascular injury develops long before clinically apparent
cardiovascular disease becomes evident [9].
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Chronic systemic inflammation also appears to contribute directly to accelerated
atherosclerosis. Persistent activation of inflammatory signaling pathways promotes
endothelial activation, leukocyte recruitment, smooth muscle cell proliferation, and
progressive atherosclerotic plaque formation. Increased circulating concentrations of
inflammatory mediators have been associated with greater carotid intima-media
thickness, impaired arterial elasticity, and elevated coronary artery calcium scores in
several observational studies. These findings indicate that chronic allergic
inflammation may actively participate in vascular remodeling rather than simply
coexist with cardiovascular disease [10].

Immune cells involved in allergic inflammation have also been implicated in the
pathogenesis of cardiovascular disease. Eosinophils, mast cells, basophils, and
immunoglobulin E-mediated immune responses contribute to vascular inflammation
through the release of proteases, cytokines, lipid mediators, and reactive oxygen
species. Experimental studies suggest that mast cell activation may promote
destabilization of atherosclerotic plaques, while eosinophilic inflammation has been
associated with endothelial injury, thrombotic activation, and adverse vascular
remodeling. These observations provide a plausible biological explanation for the
increased incidence of cardiovascular events reported among patients with chronic
allergic disorders [11].

Among individual allergic diseases, atopic dermatitis demonstrates one of the
strongest associations with cardiovascular morbidity. Several large cohort studies have
shown that patients with moderate-to-severe atopic dermatitis experienced increased
risks of hypertension, ischemic heart disease, myocardial infarction, stroke, and
cardiovascular mortality. The magnitude of cardiovascular risk correlates with disease
severity, cumulative inflammatory burden, and persistence of active disease. Chronic
sleep disruption reduces physical activity, psychological stress, and metabolic
abnormalities frequently accompanying severe dermatitis may further amplify
cardiovascular risk beyond the effects of systemic inflammation alone [12].

Bronchial asthma has likewise been associated with adverse cardiovascular
outcomes, particularly among patients with severe or uncontrolled disease. Persistent
airway inflammation, recurrent hypoxic episodes during exacerbations, systemic
cytokine activation, and chronic corticosteroid exposure may all contribute to
cardiovascular dysfunction. Epidemiological investigations have demonstrated
increased incidences of coronary artery disease, atrial fibrillation, heart failure, and
cerebrovascular events in adults with chronic asthma. Patients with eosinophilic
asthma appear to exhibit particularly pronounced systemic inflammatory activation,
supporting the concept that asthma severity influences long-term cardiovascular
prognosis [13].

Although allergic rhinitis is generally considered a milder allergic condition, recent
evidence indicates that it also contributes to systemic inflammatory activity. Elevated
concentrations of inflammatory mediators have been associated with impaired
endothelial function, increased arterial stiffness, and early vascular dysfunction in
patients with persistent allergic rhinitis. While the absolute cardiovascular risk
associated with allergic rhinitis is lower than that observed in atopic dermatitis or
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severe asthma, the coexistence of multiple allergic diseases appears to produce additive
inflammatory effects that may further increase cardiovascular susceptibility [14,15].

Recent studies have also evaluated the cardiovascular implications of targeted anti-
inflammatory therapy. Biologic agents directed against immunoglobulin E, interleukin-
4, interleukin-5, and interleukin-13 signaling pathways have demonstrated substantial
reductions in systemic inflammatory activity together with effective control of allergic
disease. Preliminary observational data suggest potential improvements in endothelial
function, inflammatory biomarkers, and vascular health following successful biologic
treatment, although definitive evidence regarding reductions in major cardiovascular
events remains limited. Current investigations are increasingly focused on identifying
biomarkers capable of improving cardiovascular risk stratification and guiding
personalized preventive strategies in patients with chronic allergic diseases.
Collectively, the available evidence supports incorporation of cardiovascular risk
assessment into the routine management of patients with persistent allergic disorders
and highlights the importance of long-term control of systemic inflammation for
improving overall cardiovascular prognosis [16—20].

Discussion

The findings of this review support the growing recognition that chronic allergic
diseases should be considered systemic inflammatory conditions with important
cardiovascular implications rather than disorders confined to the skin or respiratory
tract. Although the clinical manifestations of atopic dermatitis, bronchial asthma, and
allergic rhinitis differ substantially, these diseases share common immunological
mechanisms characterized by persistent type 2 inflammation, chronic immune
activation, and endothelial injury. The reviewed evidence indicates that prolonged
inflammatory activity may contribute to cardiovascular pathology independently of
traditional cardiovascular risk factors, thereby expanding the current understanding of
cardiovascular prevention in patients with chronic allergic diseases [8,9].

One of the most important observations emerging from recent studies is the central
role of endothelial dysfunction in linking allergic inflammation with cardiovascular
disease. Persistent exposure to inflammatory cytokines, oxidative stress, and immune
mediators impair vascular homeostasis, reduces nitric oxide bioavailability, and
promotes structural remodeling of the vascular wall. These abnormalities frequently
precede clinically evident cardiovascular disease, suggesting that vascular injury
begins during the early stages of chronic allergic disorders. Consequently, endothelial
dysfunction may represent one of the earliest measurable indicators of increased
cardiovascular risk in this patient population [9,10].

The available evidence also indicates that allergic inflammation may actively
participate in the development and progression of atherosclerosis. Activation of
eosinophils, mast cells, immunoglobulin E-mediated pathways, and multiple
inflammatory cytokines contribute to endothelial activation, recruitment of
inflammatory cells into the vascular wall, and progressive plaque formation.
Experimental observations further suggest that mast cell-derived proteases and
inflammatory mediators may influence plaque instability and thrombotic activity.
These mechanisms provide a biologically plausible explanation for the increased
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incidence of myocardial infarction, ischemic stroke, and other major cardiovascular
events reported in epidemiological studies involving patients with chronic allergic
diseases [10,11].

Disease severity appears to be an important determinant of cardiovascular
prognosis. Patients with persistent or poorly controlled allergic inflammation
consistently demonstrate higher rates of cardiovascular complications than individuals
with mild or adequately controlled diseases. This association is particularly evident in
moderate-to-severe atopic dermatitis and severe eosinophilic asthma, where prolonged
systemic inflammation, recurrent disease exacerbations, impaired sleep, reduced
physical activity, and metabolic disturbances collectively contribute to an unfavorable
cardiovascular profile. These observations emphasize that effective long-term control
of allergic disease may have clinical benefits extending beyond symptom relief alone
[12,13].

An additional consideration is the cumulative inflammatory burden observed in
patients presenting with multiple allergic disorders. Individuals simultaneously
affected by atopic dermatitis, bronchial asthma, and allergic rhinitis often exhibit
greater systemic immune activation than patients with isolated disease. This
phenomenon supports the concept that cardiovascular risk reflects the overall intensity
and duration of systemic inflammation rather than the specific clinical phenotype of
allergy. Accordingly, comprehensive assessment of allergic comorbidity may improve
cardiovascular risk stratification and facilitate earlier implementation of preventive
strategies [14,15].

Recent advances in targeted immunotherapy have created new opportunities to
investigate whether suppression of allergic inflammation can modify long-term
cardiovascular outcomes. Biologic agents targeting immunoglobulin E, interleukin-4,
interleukin-5, and interleukin-13 pathways have demonstrated substantial reductions
in systemic inflammatory activity together with sustained clinical improvement in
severe allergic diseases. Preliminary studies suggest favorable effects on endothelial
function and circulating inflammatory biomarkers; however, convincing evidence
demonstrating reductions in major adverse cardiovascular events remains limited.
Long-term prospective investigations will therefore be essential to determine whether
effective immunomodulatory therapy translates into meaningful cardiovascular
protection [16—18].

From a clinical perspective, the reviewed evidence highlights the importance of
integrating cardiovascular evaluation into the routine management of patients with
chronic allergic diseases, particularly those with severe, persistent, or multisystem
allergic involvement. Assessment of conventional cardiovascular risk factors should be
complemented by careful evaluation of disease activity, inflammatory burden,
metabolic status, and associated comorbidities. Close collaboration between
allergologists, dermatologists, pulmonologists, primary care physicians, and
cardiologists may facilitate earlier identification of high-risk individuals and improve
implementation of individualized preventive measures [19].

Overall, the current literature supports the concept that chronic allergic diseases
and cardiovascular disease are interconnected through shared inflammatory and
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immunological mechanisms. Future research should focus on identifying reliable
biomarkers capable of predicting cardiovascular risk, clarifying the long-term
cardiovascular effects of targeted biologic therapies, and developing integrated
prevention strategies that simultaneously address allergic inflammation and
cardiovascular health. Such advances may contribute to improved long-term outcomes
and further strengthen the role of multidisciplinary care in the management of patients
with chronic allergic diseases [20].
CONCLUSION

Current evidence indicates that chronic allergic diseases are associated with an
increased risk of cardiovascular complications through mechanisms that extend beyond
traditional cardiovascular risk factors. Persistent type 2 immune activation, endothelial
dysfunction, oxidative stress, chronic systemic inflammation, and vascular remodeling
collectively contribute to the development and progression of atherosclerosis and other
cardiovascular disorders. The available data consistently demonstrate that patients with
atopic dermatitis, bronchial asthma, and allergic rhinitis, particularly those with severe
or persistent disease, exhibit a less favorable cardiovascular profile than the general
population. These findings support the concept that chronic allergic diseases should be
recognized as systemic inflammatory conditions with clinically significant
cardiovascular implications.

Advances in the understanding of immune-mediated cardiovascular injury have
created new opportunities for earlier risk identification and more comprehensive
patient management. Contemporary care should incorporate cardiovascular risk
assessment alongside optimal control of allergic inflammation, especially in
individuals with long-standing disease, multiple allergic comorbidities, or high
inflammatory burden. The expanding use of targeted biologic therapies may further
improve long-term outcomes by reducing systemic inflammation, although their effects
on major cardiovascular events require confirmation in prospective studies. Future
research should focus on validating biomarkers of cardiovascular risk, refining
individualized risk stratification, and developing integrated therapeutic strategies
capable of simultaneously improving allergic disease control and long-term
cardiovascular health.
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Abstract. Precancerous gastric conditions, including chronic atrophic gastritis,
gastric intestinal metaplasia, and epithelial dysplasia, represent sequential stages in the
Correa cascade and are recognized as the principal precursors of intestinal-type gastric
adenocarcinoma. Although the global incidence of gastric cancer has declined in
several regions, it remains one of the leading causes of cancer-related mortality because
many patients are diagnosed at advanced stages. Contemporary evidence indicates that
timely identification of individuals with premalignant gastric lesions, accurate risk
stratification, and appropriate endoscopic surveillance substantially increase the
likelihood of detecting neoplastic transformation at a curable stage. Recent advances
in high-definition endoscopy, image-enhanced endoscopy, magnifying endoscopy, and
standardized histological staging systems have significantly improved the diagnostic
accuracy of premalignant gastric lesions and have expanded opportunities for
individualized patient management.

This review summarizes current evidence regarding the malignant potential of
precancerous gastric conditions and discusses contemporary strategies for early
detection, instrumental diagnosis, and surveillance of patients at increased risk of
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gastric adenocarcinoma. Particular attention is given to the diagnostic performance of
advanced endoscopic imaging techniques, histopathological staging systems, risk
factors influencing disease progression, and evidence-based surveillance protocols.
Integration of modern endoscopic technologies with structured risk assessment may
facilitate earlier diagnosis of gastric neoplasia, optimize surveillance intervals, and
improve long-term clinical outcomes through timely implementation of preventive and
therapeutic interventions.

Keywords: gastric adenocarcinoma, precancerous gastric conditions, chronic
atrophic gastritis; intestinal metaplasia, gastric dysplasia; endoscopy, image-
enhanced endoscopy; surveillance.

Introduction

Gastric adenocarcinoma remains one of the leading causes of cancer-related
mortality worldwide despite substantial advances in diagnostic and therapeutic
technologies. The unfavorable prognosis of this malignancy is primarily associated
with late diagnosis, whereas early-stage gastric cancer is characterized by excellent
long-term survival following endoscopic or surgical treatment. Consequently,
contemporary gastroenterology has shifted its focus from the treatment of advanced
disease toward the identification and surveillance of individuals with precancerous
gastric conditions who are at increased risk of malignant transformation [1,2].

The development of intestinal-type gastric adenocarcinoma is generally explained
by the Correa cascade, in which persistent Helicobacter pylori infection induces
chronic non-atrophic gastritis followed by chronic atrophic gastritis, intestinal
metaplasia, epithelial dysplasia, and ultimately invasive carcinoma. However, disease
progression is not uniform among affected individuals and depends on multiple
interacting factors, including the extent of mucosal atrophy, histological subtype of
intestinal metaplasia, persistent inflammation, genetic susceptibility, environmental
exposure, smoking, dietary habits, and successful eradication of H. pylori. These
observations have emphasized the need for accurate risk stratification rather than
uniform surveillance of all patients with premalignant gastric lesions [3—5].

Recent international guidelines recommend a personalized approach to
surveillance based on endoscopic findings, histopathological staging, and individual
clinical risk factors. The introduction of high-definition white-light endoscopy, image-
enhanced endoscopy, narrow-band imaging, magnifying endoscopy, and standardized
staging systems such as OLGA, OLGIM, and EGGIM has substantially improved the
detection and characterization of premalignant gastric lesions. At the same time,
increasing evidence supports the use of targeted biopsy protocols and structured
endoscopic assessment to optimize surveillance intervals and identify patients who
would benefit from intensified follow-up or early endoscopic intervention [5—7].

Despite continuous improvements in endoscopic technology and surveillance
strategies, several challenges remain regarding the optimal selection of patients for
screening, the comparative diagnostic performance of emerging imaging modalities,
and the most effective surveillance algorithms for preventing progression to gastric
adenocarcinoma. A comprehensive evaluation of current evidence is essential to
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optimize early detection, improve individualized risk assessment, and enhance clinical
decision-making in patients with precancerous gastric conditions [7].

The aim of this review was to summarize current evidence regarding precancerous
gastric conditions and their association with the development of gastric
adenocarcinoma, with particular emphasis on contemporary strategies for early
detection, instrumental diagnosis, and surveillance.

Materials and Methods

This study was conducted as a systematic literature review. A comprehensive
search of the scientific literature was performed using the PubMed/MEDLINE, Scopus,
Web of Science, and Cochrane Library databases. Publications published between 2020
and 2026 were prioritized, including international clinical guidelines, systematic
reviews, meta-analyses, prospective cohort studies, and large observational
investigations evaluating precancerous gastric conditions, gastric adenocarcinoma,
endoscopic diagnosis, and surveillance strategies.

Studies addressing chronic atrophic gastritis, gastric intestinal metaplasia,
epithelial dysplasia, Helicobacter pylori infection, risk stratification systems, advanced
endoscopic imaging techniques, histopathological staging, and surveillance protocols
were included. Duplicate publications, conference abstracts, case reports, studies with
insufficient methodological quality, and articles lacking clinically relevant outcomes
were excluded. The selected evidence was critically analyzed and synthesized to
provide an up-to-date overview of current diagnostic approaches, surveillance
strategies, and factors influencing progression to gastric adenocarcinoma.

Results

Precancerous gastric conditions comprise a heterogeneous group of pathological
alterations, including chronic atrophic gastritis, gastric intestinal metaplasia, and
epithelial dysplasia, which collectively represent the principal precursor lesions for
intestinal-type gastric adenocarcinoma. Current evidence indicates that malignant
transformation occurs through a multistep process involving persistent Helicobacter
pylori infection, chronic inflammation, progressive mucosal atrophy, genetic and
epigenetic alterations, and environmental risk factors. The probability of progression
increases substantially with extensive atrophy, incomplete intestinal metaplasia, high-
grade dysplasia, and advanced OLGA or OLGIM stages, emphasizing the importance
of early identification and continuous surveillance in high-risk individuals [8,9].

Conventional white-light endoscopy remains the primary diagnostic modality for
the detection of premalignant gastric lesions; however, its sensitivity for subtle mucosal
abnormalities 1is limited. The introduction of high-definition endoscopy has
significantly improved visualization of mucosal architecture, enabling more accurate
identification of early neoplastic changes. International studies demonstrate that high-
definition white-light endoscopy provides superior detection rates for intestinal
metaplasia and dysplasia compared with conventional systems, particularly when
combined with systematic gastric mapping according to standardized biopsy protocols.
These advances have established high-definition endoscopy as the current diagnostic
foundation for evaluating patients with suspected precancerous gastric conditions
[9,10].
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Image-enhanced endoscopic techniques have further increased diagnostic accuracy
by improving visualization of microsurface and microvascular patterns. Narrow-band
imaging (NBI), blue-light imaging (BLI), linked color imaging (LCI), and magnifying
endoscopy facilitate targeted biopsy of suspicious lesions while reducing sampling
error associated with random biopsies. Recent investigations have demonstrated that
the Endoscopic Grading of Gastric Intestinal Metaplasia (EGGIM) classification
correlates closely with histological OLGIM staging, allowing more accurate
endoscopic risk stratification and individualized surveillance planning. These
technologies have become central components of modern diagnostic algorithms
recommended by international societies [10,11].

Radiological imaging has a complementary but increasingly important role in the
comprehensive assessment of patients at elevated risk for gastric adenocarcinoma.
Although computed tomography and magnetic resonance imaging have limited
sensitivity for detecting early mucosal lesions, they remain indispensable for
evaluating transmural extension, perigastric invasion, lymph node involvement, and
distant metastatic disease once malignant transformation is suspected. Endoscopic
ultrasonography provides superior assessment of gastric wall layer involvement and
depth of invasion, playing a pivotal role in distinguishing lesions suitable for
endoscopic resection from those requiring surgical treatment. In addition, artificial
intelligence-assisted endoscopic image analysis has recently demonstrated promising
diagnostic performance, improved the detection of subtle precancerous lesions and
reducing interobserver variability during endoscopic examination [11,12].

Accumulating evidence confirms that the risk of gastric adenocarcinoma varies
substantially according to the severity and distribution of premalignant lesions. Patients
with extensive intestinal metaplasia involving both the antrum and corpus, incomplete
metaplastic subtypes, persistent H. pylori infection, positive family history of gastric
cancer, autoimmune gastritis, or high-grade dysplasia demonstrate the greatest
probability of progression. Conversely, successful eradication of H. pylori significantly
reduces, but does not completely eliminate, the subsequent risk of gastric cancer,
particularly in patients with established intestinal metaplasia or advanced mucosal
atrophy [13,14].

Current international guidelines recommend individualized surveillance strategies
based on endoscopic and histopathological risk assessment rather than uniform follow-
up intervals. Patients with limited atrophic gastritis or focal intestinal metaplasia
generally require less intensive surveillance, whereas individuals with extensive
atrophy, advanced OLGA or OLGIM stages, incomplete intestinal metaplasia, or
dysplasia benefit from periodic high-quality endoscopic evaluation with targeted
biopsies. Risk-adapted surveillance has been shown to improve early cancer detection
while reducing unnecessary procedures in low-risk populations [15,16].

Therapeutic management of precancerous gastric conditions is directed toward
interrupting the progression of the Correa cascade before invasive carcinoma develops.
Eradication of H. pylori remains the only intervention consistently demonstrated to
reduce future gastric cancer risk at the population level. Additional management
includes correction of nutritional deficiencies associated with chronic atrophic
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gastritis, endoscopic removal of visible dysplastic lesions using endoscopic mucosal
resection or endoscopic submucosal dissection, and careful histopathological
reassessment following intervention. Contemporary evidence supports endoscopic
therapy as the preferred organ-preserving treatment for appropriately selected patients
with superficial neoplastic lesions [17,18].

Recent advances in molecular oncology and precision gastroenterology are
expanding opportunities for individualized prediction of malignant transformation.
Artificial intelligence-assisted endoscopy, digital image analysis, molecular
biomarkers, circulating nucleic acids, and integrated clinicopathological risk models
are currently being evaluated to improve early diagnosis and optimize surveillance
intervals. The integration of advanced endoscopic imaging, standardized
histopathological staging, radiological assessment, and emerging molecular
technologies is expected to further increase diagnostic accuracy and facilitate earlier
detection of gastric adenocarcinoma, thereby improving long-term patient survival
[19,20].

Discussion

The evidence analyzed in this review demonstrates that the prevention of gastric
adenocarcinoma increasingly depends on the timely recognition and appropriate
management of precancerous gastric conditions rather than on treatment of established
malignancy. Contemporary understanding of gastric carcinogenesis supports the
concept that chronic atrophic gastritis, intestinal metaplasia, and epithelial dysplasia
represent biologically interconnected stages of disease progression rather than isolated
histopathological entities. Consequently, the principal objective of modern clinical
practice is not only the identification of these lesions but also accurate assessment of
their malignant potential and implementation of individualized surveillance strategies
capable of interrupting progression before invasive carcinoma develops [8—10].

One of the most important developments in recent years has been the transition
from conventional endoscopic examination toward high-definition image-enhanced
endoscopy combined with standardized risk stratification systems. The introduction of
narrow-band imaging, linked color imaging, blue-light imaging, magnifying
endoscopy, and endoscopic grading systems such as EGGIM has substantially
improved recognition of intestinal metaplasia and dysplasia while reducing
dependence on extensive random biopsy protocols. At the same time, histological
staging systems including OLGA and OLGIM continue to provide robust prognostic
information and remain essential components of individualized surveillance
algorithms. Rather than competing approaches, advanced endoscopic imaging and
histopathological assessment should be regarded as complementary diagnostic tools
that together maximize diagnostic accuracy [10—12].

From the perspective of diagnostic imaging, radiological investigations occupy a
distinct but clinically important position. Computed tomography and magnetic
resonance imaging do not possess sufficient spatial resolution for reliable detection of
early mucosal neoplasia and therefore cannot replace high-quality endoscopic
examination during screening or surveillance. Their greatest value lies in evaluating
transmural tumor extension, regional lymph node involvement, adjacent organ
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invasion, and distant metastatic disease once malignant transformation is suspected.
Endoscopic ultrasonography further complements this approach by accurately defining
the depth of invasion and facilitating selection of patients suitable for endoscopic
treatment. Accordingly, optimal diagnostic assessment should be viewed as a
multimodality strategy 1in which endoscopy, histopathology, endoscopic
ultrasonography, and cross-sectional imaging each provide distinct but interdependent
clinical information [11-14].

Another important finding emerging from recent investigations is that the
biological behavior of premalignant gastric lesions is highly heterogeneous. Although
Helicobacter pylori remain the dominant etiological factor initiating the Correa
cascade, progression toward gastric adenocarcinoma is also influenced by lesion
distribution, histological subtype of intestinal metaplasia, autoimmune gastritis,
genetic predisposition, lifestyle factors, and persistent inflammatory activity. This
variability explains why universal surveillance intervals are increasingly being
replaced by individualized follow-up protocols based on cumulative risk assessment
rather than a single pathological diagnosis [13—16].

Therapeutic management should therefore be considered an integral component of
cancer prevention rather than merely treatment of existing pathology. Successful H.
pylori eradication, correction of nutritional deficiencies associated with chronic
atrophic gastritis, and timely endoscopic resection of dysplastic lesions significantly
reduce the likelihood of progression to invasive carcinoma in appropriately selected
patients. Nevertheless, eradication therapy alone cannot completely eliminate cancer
risk once advanced intestinal metaplasia or dysplasia has developed, highlighting the
continuing importance of structured surveillance even after successful treatment [15—
18].

The rapid integration of artificial intelligence into gastrointestinal endoscopy
represents another promising direction in the evolution of gastric cancer prevention.
Automated image analysis systems have demonstrated encouraging results in detecting
subtle mucosal abnormalities, improving lesion characterization, and reducing
interobserver variability among endoscopists. Although further prospective validation
is required before widespread implementation, artificial intelligence has the potential
to complement expert interpretation rather than replace clinical decision-making.
Future surveillance strategies are likely to combine advanced endoscopic imaging,
molecular biomarkers, digital pathology, and artificial intelligence within personalized
prediction models capable of identifying patients at the greatest risk of malignant
transformation while minimizing unnecessary invasive procedures in low-risk
populations [18-20].

CONCLUSION

Precancerous gastric conditions constitute the principal precursor lesions for
intestinal-type gastric adenocarcinoma and provide a critical opportunity for cancer
prevention through timely diagnosis and risk-directed surveillance. Contemporary
evidence demonstrates that individualized assessment based on the extent of mucosal
atrophy, intestinal metaplasia, epithelial dysplasia, histopathological staging systems,
and advanced endoscopic imaging significantly improves the identification of patients

142



MEDICINE
SCIENTIFIC RESEARCH: CHALLENGES AND WAYS TO OVERCOME THEM IN MODERN
REALITIES

at increased risk of malignant transformation. The integration of high-definition
endoscopy, image-enhanced techniques, targeted biopsy protocols, endoscopic
ultrasonography, and complementary radiological imaging has substantially enhanced
diagnostic accuracy and optimized clinical decision-making throughout the continuum
of gastric cancer prevention.

Current management strategies have shifted from uniform surveillance toward
personalized follow-up based on cumulative clinicopathological risk. Successful
Helicobacter pylori eradication, appropriate endoscopic treatment of dysplastic
lesions, and adherence to evidence-based surveillance protocols remain the most
effective approaches for reducing the incidence of gastric adenocarcinoma. Further
incorporation of artificial intelligence, molecular biomarkers, and precision endoscopic
technologies into routine clinical practice is expected to improve early detection, refine
risk stratification, and support more effective prevention of gastric cancer, ultimately
contributing to improved long-term patient survival and more efficient utilization of
healthcare resources.
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Abstract. Chronic lower limb ischemia is one of the most severe manifestations of
peripheral arterial disease in patients with diabetes mellitus and represents a major
cause of disability, lower extremity amputation, and cardiovascular mortality
worldwide. The coexistence of diffuse atherosclerosis, diabetic microangiopathy,
neuropathy, endothelial dysfunction, and chronic inflammation substantially
complicates disease progression and limits the effectiveness of conventional treatment
strategies. Over the past decade, significant advances have been achieved in
pharmacological therapy, endovascular techniques, open surgical revascularization,
and multidisciplinary management, resulting in improved limb salvage and patient
survival. Nevertheless, optimal treatment selection remains challenging because of the
heterogeneity of vascular lesions, multiple comorbidities, and differences in
anatomical patterns of arterial involvement among patients with diabetes mellitus.

This review summarizes current evidence regarding contemporary medical and
surgical management of chronic lower limb ischemia in patients with diabetes mellitus.
Particular attention is given to recent international clinical guidelines, optimization of
cardiovascular risk reduction, antithrombotic therapy, glucose-lowering agents with
vascular protective properties, endovascular and open revascularization strategies, and
multidisciplinary approaches to limb preservation. Current evidence indicates that
successful management requires individualized treatment based on clinical
presentation, anatomical characteristics of arterial disease, and overall cardiovascular
risk. The integration of evidence-based pharmacotherapy with timely revascularization
and comprehensive diabetic foot care offers the greatest potential for reducing major
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adverse limb events, preventing amputation, and improving long-term -clinical
outcomes.

Keywords: chronic lower limb ischemia, diabetes mellitus, peripheral artery
disease, chronic limb-threatening ischemia, revascularization, endovascular therapy,
vascular surgery, antithrombotic therapy, diabetic foot, limb salvage.

Introduction

Chronic lower limb ischemia represents the most advanced manifestation of
peripheral artery disease and is associated with a substantial risk of major amputation,
cardiovascular events, and premature mortality. The burden of this condition continues
to increase worldwide in parallel with the growing prevalence of diabetes mellitus and
population aging. Patients with diabetes account for a disproportionately large
proportion of individuals requiring lower extremity revascularization because diabetes
accelerate diffuse atherosclerosis, impairs collateral vessel formation, and promotes
progressive microvascular dysfunction. As a result, lower limb ischemia has become
one of the most significant clinical challenges in contemporary vascular surgery and
diabetic care, demanding timely diagnosis and individualized therapeutic strategies
[1,2].

Diabetes mellitus profoundly alters the natural history of peripheral arterial disease
through multiple pathophysiological mechanisms. Persistent hyperglycemia induces
endothelial dysfunction, oxidative stress, chronic inflammation, platelet activation, and
formation of advanced glycation end products, leading to progressive arterial
remodeling and diffuse multilevel vascular involvement. In contrast to non-diabetic
patients, arterial lesions in diabetes frequently involve distal infrapopliteal vessels and
are accompanied by diabetic neuropathy, impaired immune response, and delayed
wound healing. Consequently, ischemic tissue injury progresses more rapidly, while
clinical manifestations may remain underestimated because sensory neuropathy masks
the typical symptoms of limb ischemia [3,4].

From the perspective of vascular surgery, management of chronic lower limb
ischemia has undergone substantial evolution during the past decade. Endovascular
interventions have become the preferred revascularization strategy for many patients
because of their minimally invasive nature and expanding technological capabilities.
Drug-coated balloons, drug-eluting stents, atherectomy devices, intravascular imaging,
and advanced techniques for below-the-knee recanalization have significantly
improved technical success and limb salvage rates. Nevertheless, open surgical bypass
remains indispensable for selected patients with extensive arterial occlusive disease,
favorable autologous vein conduits, or complex anatomical patterns unsuitable for
endovascular treatment. Current international guidelines emphasize individualized
selection of revascularization strategies based on anatomical complexity, patient
comorbidities, life expectancy, and expected procedural durability [5,6].

Equally important advances have occurred in medical therapy aimed at reducing
both cardiovascular and limb-related complications. Contemporary management
extends far beyond revascularization and includes aggressive modification of
cardiovascular risk factors, intensive lipid-lowering therapy, optimal blood pressure
control, smoking cessation, structured exercise, and evidence-based antithrombotic
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treatment. In patients with diabetes mellitus, the emergence of sodium-glucose
cotransporter-2 inhibitors and glucagon-like peptide-1 receptor agonists has further
expanded opportunities for comprehensive vascular protection by improving metabolic
control while simultaneously reducing cardiovascular morbidity. These
pharmacological developments have reinforced the concept that chronic lower limb
ischemia should be managed as a manifestation of systemic atherosclerotic disease
requiring coordinated multidisciplinary care involving vascular surgeons,
endocrinologists, cardiologists, podiatrists, and wound care specialists [7].

The aim of this review was to summarize current evidence regarding contemporary
medical and surgical treatment of chronic lower limb ischemia in patients with diabetes
mellitus, with particular emphasis on advances in pharmacological therapy,
endovascular and open revascularization strategies, and multidisciplinary approaches
to improving limb salvage and long-term clinical outcomes.

Materials and Methods

A systematic literature review was conducted to evaluate current evidence
regarding the medical and surgical management of chronic lower limb ischemia in
patients with diabetes mellitus. A comprehensive search was performed in
PubMed/MEDLINE, Scopus, Web of Science, and the Cochrane Library. Publications
published between 2020 and 2026 were considered for inclusion. Priority was given to
international clinical guidelines, systematic reviews, meta-analyses, randomized
controlled trials, prospective cohort studies, and large observational studies
investigating pharmacological treatment, endovascular interventions, surgical
revascularization, and multidisciplinary management.

The review included studies assessing antithrombotic therapy, lipid-lowering
treatment, glucose-lowering agents with vascular protective effects, revascularization
strategies, diabetic foot management, limb salvage, and long-term clinical outcomes.
Conference abstracts, case reports, editorials, duplicate publications, studies with
insufficient methodological quality, and articles unrelated to the objectives of the
review were excluded. After eligibility assessment and full-text evaluation, 20
publications were selected for qualitative synthesis and included in the final analysis.

Results

Chronic lower limb ischemia in patients with diabetes mellitus is characterized by
more aggressive disease progression and worse clinical outcomes than in non-diabetic
populations. Contemporary epidemiological studies demonstrate that diabetes is
associated with diffuse multilevel arterial involvement, preferential infrapopliteal
disease, accelerated vascular calcification, impaired collateral vessel formation, and
delayed tissue repair. Consequently, patients with diabetes experience higher rates of
chronic limb-threatening ischemia, major adverse limb events, lower extremity
amputation, and cardiovascular mortality despite advances in vascular care. These
observations emphasize that chronic lower limb ischemia should be regarded as a
systemic vascular complication of diabetes rather than an isolated peripheral arterial
disorder [8.,9].

Current medical management extends beyond symptom control and focuses on
comprehensive cardiovascular risk reduction. High-intensity statin therapy, optimal
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blood pressure control, smoking cessation, structured exercise, and individualized
glycemic management remain essential components of treatment. In addition, recent
evidence supports the use of low-dose rivaroxaban combined with aspirin following
lower extremity revascularization, significantly reducing major adverse cardiovascular
and limb events compared with antiplatelet therapy alone. Contemporary guidelines
therefore recommend intensive secondary prevention alongside revascularization
whenever clinically appropriate [10—13].

Glucose-lowering therapy has become an increasingly important component of
vascular protection in patients with diabetes and chronic lower limb ischemia. Sodium-
glucose cotransporter-2 inhibitors and glucagon-like peptide-1 receptor agonists have
demonstrated significant cardiovascular benefits and may contribute to improved
vascular outcomes through mechanisms extending beyond glycemic control.
Experimental and clinical evidence suggests favorable effects on endothelial function,
inflammation, oxidative stress, and vascular remodeling, although further studies are
needed to clarify their direct influence on limb salvage and revascularization outcomes
[14-16].

Endovascular therapy has become the preferred first-line revascularization strategy
for many patients because of its minimally invasive nature and expanding
technological capabilities. Drug-coated balloons, drug-eluting stents, atherectomy
devices, intravascular ultrasound, and advanced below-the-knee recanalization
techniques have substantially improved procedural success and limb preservation.
Contemporary evidence indicates that endovascular treatment provides favorable early
outcomes, particularly in elderly patients and individuals with significant
comorbidities who are at increased risk for open surgery [17].

Despite remarkable advances in endovascular therapy, open surgical bypass
continues to play a critical role in patients with extensive multilevel occlusive disease,
complex arterial anatomy, or long-segment lesions unsuitable for catheter-based
intervention. Autologous vein bypass remains the preferred conduit when feasible
because of its superior long-term patency and durability. Current evidence supports
individualized selection of revascularization strategies based on anatomical
complexity, availability of suitable venous conduits, expected life expectancy,
functional status, and overall procedural risk rather than adopting a universal treatment
algorithm [17-19].

Successful management of chronic lower limb ischemia also depends on
comprehensive diabetic foot care and multidisciplinary treatment. Early recognition of
tissue ischemia, prompt management of infection, regular wound assessment, pressure
off-loading, optimization of metabolic control, and timely vascular intervention
significantly improve wound healing and reduce major amputation rates. International
guidelines consistently emphasize coordinated collaboration among vascular surgeons,
endocrinologists, infectious disease specialists, podiatrists, wound care teams, and
rehabilitation professionals to achieve optimal long-term outcomes in patients with
diabetes-related limb-threatening ischemia [9,10,19].

Overall, contemporary evidence supports an integrated treatment strategy
combining intensive evidence-based pharmacotherapy, individualized
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revascularization, and multidisciplinary long-term follow-up. Advances in
antithrombotic therapy, vascular protective glucose-lowering agents, endovascular
technologies, and surgical techniques have substantially improved amputation-free
survival and limb preservation during recent years. Nevertheless, long-term prognosis
remains strongly influenced by the severity of systemic atherosclerosis, cardiovascular
comorbidities, metabolic control, and timely referral for specialized vascular care,
underscoring the need for early diagnosis and individualized management pathways in
patients with diabetes mellitus [20].

Discussion

The findings of the present review confirm that chronic lower limb ischemia in
patients with diabetes mellitus represents a complex multisystem disorder rather than
an 1isolated manifestation of peripheral arterial disease. Persistent metabolic
dysregulation, diffuse atherosclerosis, endothelial dysfunction, chronic inflammation,
neuropathy, and impaired tissue regeneration interact throughout the course of the
disease, creating a pathophysiological environment in which limb ischemia progresses
more rapidly and responds less favorably to treatment than in individuals without
diabetes. This complexity explains why successful management requires simultaneous
control of both local ischemic pathology and systemic cardiovascular risk factors rather
than focusing exclusively on restoration of arterial blood flow [8—10].

One of the most important developments during the last decade has been the
transition from procedure-oriented treatment toward comprehensive vascular
protection. Contemporary international guidelines consistently emphasize that
revascularization alone is insufficient to improve long-term prognosis unless
accompanied by aggressive secondary prevention, including intensive lipid lowering,
optimized blood pressure control, evidence-based antithrombotic therapy, smoking
cessation, and effective metabolic management. This integrated therapeutic approach
addresses the systemic nature of diabetic vascular disease and contributes not only to
improved limb salvage but also to reductions in cardiovascular morbidity and overall
mortality [1,2,10-13].

Current evidence also indicates that individualized revascularization has become a
fundamental principle of modern vascular surgery. Advances in endovascular
technology have considerably expanded treatment options for patients with diabetes,
particularly those with extensive comorbidities or distal arterial disease. However,
long-term outcomes continue to depend on careful selection of the most appropriate
revascularization strategy rather than preferential use of either endovascular or open
surgical techniques. Anatomical complexity, distribution of arterial lesions, availability
of autologous vein conduits, expected life expectancy, and functional status should all
be considered when determining the optimal therapeutic approach. This individualized
decision-making process 1is consistent with recommendations proposed by
contemporary international vascular guidelines [5,11,17].

An equally important observation concerns the evolving role of glucose-lowering
therapy within vascular medicine. The cardiovascular and renal benefits demonstrated
by sodium-glucose cotransporter-2 inhibitors and glucagon-like peptide-1 receptor
agonists suggest that these agents may influence vascular outcomes through
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mechanisms extending beyond glycemic control. Although direct evidence regarding
limb-specific outcomes remains limited, improvements in endothelial function,
inflammatory regulation, oxidative stress, and cardiovascular protection support their
incorporation into comprehensive management strategies for patients with diabetes and
chronic lower limb ischemia. Further prospective investigations are required to clarify
their long-term effects on amputation-free survival and durability following
revascularization [16—18].

Despite substantial therapeutic progress, chronic lower limb ischemia continues to
be associated with high rates of recurrent ischemic events, repeated revascularization,
impaired wound healing, and major amputation. These persistent challenges emphasize
the importance of early diagnosis, structured surveillance, and multidisciplinary
management involving vascular surgeons, endocrinologists, cardiologists, podiatrists,
infectious disease specialists, and wound care teams. Clinical experience increasingly
demonstrates that coordinated multidisciplinary care improves treatment continuity,
accelerates wound healing, reduces preventable amputations, and enhances long-term
quality of life in patients with diabetes [9,19].

Future progress in this field will likely depend on the integration of precision
medicine into routine vascular practice. Development of individualized risk prediction
models, incorporation of advanced vascular imaging, optimization of antithrombotic
strategies, and broader implementation of novel cardiometabolic therapies may further
improve clinical outcomes. Simultaneously, well-designed multicenter prospective
studies are needed to define optimal sequencing of medical therapy and
revascularization, establish predictors of procedural success, and identify patient
populations most likely to benefit from specific therapeutic interventions. Such an
approach will facilitate more personalized management of chronic lower limb ischemia
while reducing both limb-related and cardiovascular complications in patients with
diabetes mellitus [18—-20].

CONCLUSION

Chronic lower limb ischemia in patients with diabetes mellitus remains one of the
most severe manifestations of systemic atherosclerotic disease and is associated with a
persistently high risk of major amputation, cardiovascular complications, and
premature mortality. Contemporary evidence demonstrates that successful treatment
requires more than restoration of arterial blood flow alone. Optimal clinical outcomes
are achieved through comprehensive management that combines intensive
cardiovascular risk reduction, evidence-based antithrombotic therapy, individualized
glucose-lowering treatment, timely revascularization, and multidisciplinary diabetic
foot care. Advances in endovascular technologies have substantially expanded
treatment opportunities, while open surgical reconstruction continues to provide
durable revascularization in appropriately selected patients with complex arterial
disease. Consequently, therapeutic decision-making should be individualized
according to anatomical characteristics, overall clinical status, and long-term limb
preservation goals.

Future improvements in the management of chronic lower limb ischemia will
depend on earlier identification of high-risk patients, implementation of personalized
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treatment strategies, and closer integration of vascular surgery, endocrinology,
cardiology, and diabetic foot services. Continued refinement of revascularization
techniques, optimization of cardiometabolic pharmacotherapy, and development of
individualized prognostic models are expected to further improve amputation-free
survival and reduce cardiovascular events. A multidisciplinary, patient-centered
approach supported by contemporary clinical evidence represents the most effective
strategy for preserving limb function, improving quality of life, and enhancing long-
term outcomes in patients with diabetes mellitus complicated by chronic lower limb
ischemia.

References
1. Gornik HL, Aronow HD, Goodney PP, Arya S, Brewster LP, Byrd L, et al.
2024 ACC/AHA/AACVPR/APMA/ABC/SCAI/SVM/SVN/SVS/SIR/VESS

Guideline for the Management of Lower Extremity Peripheral Artery Disease.
Circulation. 2024;149(24):e1313-e1410.

2. Mazzolai L, Teixido-Tura G, Lanzi S, Boc V, Bossone E, Brodmann M, et al.
2024 ESC Guidelines for the management of peripheral arterial and aortic diseases.
Eur Heart J. 2024;45(36):3538-3700.

3. Hinchliffe RJ, Forsythe RO, Apelqvist J, Boyko EJ, Fitridge R, Hong JP, et al.
Guidelines on diagnosis, prognosis, and management of peripheral artery disease in
patients with a foot ulcer and diabetes. Diabetes Metab Res Rev. 2020;36(Suppl
1):e3276.

4. Schaper NC, van Netten JJ, Apelqvist J, Bus SA, Hinchliffe RJ, Lipsky BA, et
al. Practical Guidelines on the prevention and management of diabetes-related foot
disease. Diabetes Metab Res Rev. 2020;36(Suppl 1):3266.

5. Thiruvoipati T, Kielhorn CE, Armstrong EJ. Peripheral artery disease in
patients with diabetes: Epidemiology, mechanisms, and outcomes. Diabetes Care.
2021;44(8):1907-1916.

6. Beckman JA, Creager MA. Vascular complications of diabetes. Circ Res.
2022;130(8):1245-1265.

7. Conte MS, Bradbury AW, Kolh P, White JV, Dick F, Fitridge R, et al. Global
vascular guidelines on the management of chronic limb-threatening ischemia. Eur J
Vasc Endovasc Surg. 2019;58(1S):S1-S109.e33.

8. Bonaca MP, Bauersachs RM, Anand SS, Debus ES, Nehler MR, Patel MR, et
al. Rivaroxaban in peripheral artery disease after revascularization. N Engl J Med.
2020;382(21):1994-2004.

9. Capell WH, Bonaca MP, Nehler MR, Chen E, Kittelson JM, Anand SS, et al.
Rationale and design for the VOYAGER PAD trial. Am Heart J. 2020;199:83-91.

10. Senneville E, Albalawi Z, van Asten SA, Abbas ZG, Aragon-Sanchez J, Lipsky
BA, et al. IWGDF/IDSA Guidelines on the diagnosis and treatment of diabetes-related
foot infections. Clin Infect Dis. 2023;77(12):e345-e379.

11. International Working Group on the Diabetic Foot. IWGDF Guidelines on the
prevention and management of diabetes-related foot disease. 2023.

151



MEDICINE
SCIENTIFIC RESEARCH: CHALLENGES AND WAYS TO OVERCOME THEM IN MODERN
REALITIES

12. Farber A, Menard MT, Conte MS, Kaufman JA, Powell RJ, Choudhry NK, et
al. Surgery or endovascular therapy for chronic limb-threatening ischemia. N Engl J
Med. 2022;387(25):2305-2316.

13. Kaplovitch E, Eikelboom JW, Dyal L, Aboyans V, Anand SS, Verhamme P, et
al. Rivaroxaban and aspirin in patients with symptomatic lower extremity peripheral
artery disease: Insights from the COMPASS trial. JAMA Cardiol. 2021;6(1):21-29.

14. Skeik N, Han K, Shu J. Effects of sodium-glucose cotransporter-2 inhibitors
and glucagon-like peptide-1 receptor agonists on peripheral artery disease outcomes.
Vasc Med. 2023;28(1):74-85.

15. Fitridge R, Chuter VH, Mills JL Sr, Hinchliffe RJ, Azuma N, Conte MS, et al.
Intersocietal IWGDF, ESVS and SVS guidelines on peripheral artery disease in people
with diabetes and a foot ulcer. Diabetes Metab Res Rev. 2023;39(Suppl 1):e3681.

16. Caturano A, Galiero R, Pafundi PC, Rinaldi L, Vetrano E, Salvatore T, et al.
SGLT?2 inhibitors and GLP-1 receptor agonists in peripheral artery disease: Current
evidence and future perspectives. J Clin Med. 2025;14(15):5549.

17. Hong AT, Lin F, Luu IY, Shin L, Han SM, Armstrong DG, et al. Risk of lower
extremity complications with GLP-1 receptor agonists, SGLT2 inhibitors and DPP-4
inhibitors in patients with peripheral artery disease. Diabetes Res Clin Pract.
2025;230:112982.

18. Li HY, Chan NC, Eikelboom JW. Antithrombotic therapy for lower extremity
peripheral artery disease: Contemporary evidence and guideline recommendations.
Thromb Res. 2025;250:109354.

19. Nordanstig J, Behrendt CA, Baumgartner I, Belch J, Bick M, Fitridge R, et al.
Editor's Choice: European Society for Vascular Surgery (ESVS) 2023 Clinical Practice
Guidelines on Antithrombotic Therapy for Vascular Diseases. Eur J Vasc Endovasc
Surg. 2023;65(5):627-689.

20. Debus ES, Nehler MR, Bauersachs RM, Anand SS, Patel MR, Hiatt WR, et al.
Contemporary management after lower extremity revascularization in peripheral artery
disease: Current evidence from the VOYAGER PAD program. Eur J Vasc Endovasc
Surg. 2024;67(6):852-862.

152



MEDICINE
SCIENTIFIC RESEARCH: CHALLENGES AND WAYS TO OVERCOME THEM IN MODERN
REALITIES

PROGNOSTIC ROLE OF NLR, PLR, AND SII IN
DIABETIC RETINOPATHY

Jambulova Akbota Baurzhanovna,
General Practitioner

Dilnaz Amantaikyzy,
West Kazakhstan Medical University named after Marat Ospanov

Kuchshanova Dasmira Dastanovna,
Kazakh-Russian Medical University

Mautkhanova Aruzhan Kairatovna,
Semey Medical University

Tastanbekova Ayana Serikovna,
Kazakh National Medical University named after S.D.Asfendiyarov,
Kazakhstan

Abstract. Diabetic retinopathy is one of the leading microvascular complications
of diabetes mellitus and remains a major cause of visual impairment and blindness
among working-age adults worldwide. Increasing evidence indicates that chronic low-
grade inflammation plays a pivotal role in the initiation and progression of retinal
microvascular injury, acting alongside persistent hyperglycemia and metabolic
dysregulation. In recent years, systemic inflammatory indices derived from routine
complete blood counts, including the neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), and systemic immune-inflammation index (SII), have
attracted considerable attention as inexpensive, readily available biomarkers reflecting
the intensity of systemic inflammatory activity. Their potential association with the
presence, severity, and progression of diabetic retinopathy has generated growing
clinical interest.

This review summarizes current evidence regarding the prognostic role of NLR,
PLR, and SII in diabetic retinopathy. Particular attention is given to the biological
mechanisms linking systemic inflammation with retinal microvascular damage, the
relationship between inflammatory indices and different stages of diabetic retinopathy,
their association with diabetic macular edema, and their potential value in predicting
disease progression and treatment response. Contemporary evidence suggests that
these inflammatory indices may complement conventional ophthalmic assessment by
improving risk stratification and facilitating earlier identification of patients at
increased risk of vision-threatening complications. Their integration into routine
clinical practice may contribute to more individualized monitoring strategies and
optimization of long-term management in patients with diabetic retinopathy.
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Introduction

Diabetic retinopathy remains one of the most frequent microvascular complications
of diabetes mellitus and continues to be a leading cause of irreversible visual
impairment among working-age adults worldwide. Despite substantial progress in
glycemic management and ophthalmic imaging, the global burden of diabetic
retinopathy continues to increase in parallel with the rising prevalence of diabetes.
Progressive retinal microvascular damage develops over many years before the
appearance of advanced clinical manifestations, emphasizing the importance of
identifying reliable biomarkers capable of detecting patients at increased risk of disease
progression. Consequently, considerable attention has recently been directed toward
systemic inflammatory biomarkers that may complement conventional ophthalmic
assessment and improve prognostic evaluation [1,2].

From an endocrinological perspective, diabetic retinopathy reflects the cumulative
effects of long-standing metabolic dysregulation rather than isolated retinal injury.
Persistent hyperglycemia, insulin resistance, dyslipidemia, obesity, and chronic low-
grade inflammation collectively promote endothelial dysfunction, oxidative stress,
activation of advanced glycation end-product pathways, and microvascular damage
throughout the body. These mechanisms not only accelerate retinal injury but also
contribute to diabetic nephropathy, neuropathy, and macrovascular complications,
emphasizing that diabetic retinopathy represents one manifestation of systemic
metabolic disease. Increasing recognition of inflammation as a central component of
diabetes pathophysiology has stimulated interest in circulating inflammatory
biomarkers capable of reflecting both metabolic imbalance and microvascular disease
activity [3,4].

Among the available inflammatory biomarkers, the neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and systemic immune-inflammation index
(SIT) have emerged as promising indicators of chronic systemic inflammation. These
indices are derived from routine complete blood counts, require no additional
laboratory testing, and have demonstrated prognostic value across numerous
cardiovascular, autoimmune, metabolic, and ophthalmic disorders. More recently,
multiple clinical investigations have reported significant associations between elevated
NLR, PLR, and SII values and the presence, severity, progression, and treatment
response of diabetic retinopathy. Their accessibility, reproducibility, and low cost
make these indices attractive candidates for incorporation into routine clinical risk
assessment [5,6].

Recent advances in retinal imaging and precision medicine have further
strengthened interest in combining systemic inflammatory biomarkers with structural
and functional ophthalmic assessment. Integration of inflammatory indices with optical
coherence tomography, optical coherence tomography angiography, and established
clinical risk factors may improve early identification of patients at increased risk of
vision-threatening complications and facilitate more individualized follow-up
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strategies. Continued investigation of these biomarkers may also contribute to a better
understanding of the relationship between systemic inflammation and retinal
microvascular injury, thereby supporting the development of more accurate prognostic
models and personalized management strategies for diabetic retinopathy [7].

The aim of this review was to summarize current evidence regarding the prognostic
role of NLR, PLR, and Sl in diabetic retinopathy, with particular emphasis on their
association with disease severity, progression, diabetic macular edema, therapeutic
response, and their potential application as accessible biomarkers for individualized
risk stratification.

Materials and Methods

A systematic literature review was conducted to evaluate the prognostic role of the
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and
systemic immune-inflammation index (SII) in patients with diabetic retinopathy. A
comprehensive  search  of scientific literature was  performed using
PubMed/MEDLINE, Scopus, Web of Science, and the Cochrane Library. Publications
published between 2020 and 2026 were considered for inclusion. Priority was given to
systematic reviews, meta-analyses, prospective cohort studies, case-control studies,
randomized clinical trials, and international clinical practice guidelines investigating
the relationship between systemic inflammatory indices and the development, severity,
progression, diagnosis, or prognosis of diabetic retinopathy.

The review included studies evaluating the association of NLR, PLR, and SII with
different stages of diabetic retinopathy, diabetic macular edema, retinal microvascular
alterations, response to intravitreal therapy, and long-term visual outcomes.
Publications addressing the pathophysiological role of systemic inflammation in
diabetic retinal disease and the potential clinical application of inflammatory
biomarkers for risk stratification were also analyzed. Conference abstracts, duplicate
publications, case reports, editorials, studies with insufficient methodological quality,
and articles not directly related to the objectives of the review were excluded.
Following eligibility assessment and full-text evaluation, 20 publications were selected
for qualitative synthesis and included in the final analysis.

Results. Numerous clinical investigations have demonstrated that the neutrophil-
to-lymphocyte ratio (NLR) is consistently elevated in patients with diabetic retinopathy
compared with diabetic individuals without retinal involvement. Meta-analyses
published in recent years indicate that increasing NLR values are independently
associated with both the presence and severity of diabetic retinopathy. Patients with
proliferative diabetic retinopathy generally exhibit significantly higher NLR values
than those with non-proliferative disease, suggesting that systemic neutrophil
activation and lymphocyte suppression reflect progressive retinal inflammation and
microvascular injury. These findings support the potential utility of NLR as an
inexpensive biomarker for identifying patients at increased risk of advanced retinal
disease [8,9].

The platelet-to-lymphocyte ratio (PLR) has also demonstrated important
prognostic value in diabetic retinopathy. Activated platelets contribute to endothelial
dysfunction, leukocyte recruitment, microvascular thrombosis, and capillary occlusion,
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while reduced lymphocyte counts reflect persistent systemic inflammatory activation.
Clinical studies have shown that elevated PLR correlates with retinal ischemia,
increasing disease severity, and progression toward proliferative diabetic retinopathy.
Although the predictive performance of PLR alone is generally lower than that of NLR,
its combination with other inflammatory indices appears to improve overall prognostic
accuracy and may strengthen risk stratification in clinical practice [10].

Among currently available hematological biomarkers, the systemic immune-
inflammation index (SII) has attracted particular attention because it simultaneously
incorporates neutrophil, platelet, and lymphocyte counts, thereby reflecting several
components of the inflammatory response. Recent observational studies have
demonstrated that SII provides superior discrimination between different stages of
diabetic retinopathy compared with isolated inflammatory indices. Higher SII values
have been associated with more extensive retinal ischemia, increased vascular
permeability, greater neovascular activity, and more advanced microvascular damage,
indicating that this composite index may represent one of the most informative
systemic inflammatory biomarkers in diabetic retinal disease [11].

Inflammatory indices have also shown clinically relevant associations with diabetic
macular edema and therapeutic response. Several investigations reported that patients
presenting with elevated baseline NLR, PLR, or SII are more likely to develop
clinically significant macular edema and frequently require a greater number of
intravitreal anti-vascular endothelial growth factor injections during follow-up.
Furthermore, persistently increased inflammatory indices have been linked to less
favorable anatomical and functional outcomes after treatment, suggesting that systemic
inflammatory activity may influence retinal recovery and long-term visual prognosis.
Integration of inflammatory biomarkers with optical coherence tomography and optical
coherence tomography angiography may therefore improve prediction of disease
progression and individualize therapeutic strategies [12—15].

From an endocrinological perspective, chronic systemic inflammation has become
recognized as a fundamental mechanism contributing to the development of diabetic
microvascular complications. Persistent hyperglycemia induces oxidative stress,
formation of advanced glycation end products, activation of protein kinase C, and
sustained production of pro-inflammatory cytokines, resulting in diffuse endothelial
dysfunction throughout the vascular system. Consequently, elevated NLR, PLR, and
SII likely reflect not only retinal inflammation but also the overall inflammatory burden
associated with long-standing diabetes mellitus. This concept explains why these
biomarkers demonstrate significant associations with nephropathy, neuropathy,
cardiovascular disease, and diabetic retinopathy simultaneously [16].

Several studies have demonstrated that inflammatory indices are closely associated
with markers of metabolic control. Patients with poor glycemic control, elevated
glycated hemoglobin concentrations, longer diabetes duration, obesity, insulin
resistance, and dyslipidemia consistently exhibit higher NLR, PLR, and SII values than
individuals with better metabolic regulation. These observations suggest that chronic
metabolic imbalance amplifies systemic immune activation, thereby accelerating
microvascular injury within the retina. Nevertheless, multivariable analyses indicate
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that inflammatory indices retain independent prognostic significance even after
adjustment for conventional metabolic risk factors, supporting their potential role as
complementary biomarkers rather than simple surrogates of hyperglycemia [17,18].

Recent investigations have further explored the role of inflammatory indices within
individualized diabetes management. Incorporation of NLR, PLR, and SII into
predictive models together with glycated hemoglobin, diabetes duration, renal
function, blood pressure, and retinal imaging findings has improved identification of
patients at high risk for vision-threatening diabetic retinopathy. Because these indices
are inexpensive, reproducible, and routinely available from complete blood counts,
they represent attractive tools for large-scale screening programs and long-term
monitoring of patients with diabetes mellitus, particularly in healthcare settings with
limited access to advanced diagnostic technologies [19].

Collectively, the available evidence demonstrates that NLR, PLR, and SII establish
an important link between systemic metabolic inflammation and retinal microvascular
disease. Ophthalmological findings indicate that these indices are associated with
disease severity, diabetic macular edema, and therapeutic response, while
endocrinological studies show that they reflect chronic metabolic dysregulation and
generalized inflammatory activation accompanying diabetes mellitus. The
combination of inflammatory biomarkers with modern retinal imaging and established
metabolic indicators may substantially improve individualized risk assessment,
facilitate earlier recognition of patients at increased risk of progression, and support
more precise clinical decision-making in both ophthalmology and endocrinology [20].

Discussion. The findings of this review reinforce the growing concept that diabetic
retinopathy should no longer be regarded solely as a localized retinal microvascular
complication of diabetes mellitus. Instead, increasing evidence indicates that it
represents one manifestation of a systemic inflammatory and metabolic disorder in
which chronic immune activation contributes substantially to retinal vascular injury.
The consistent associations observed between elevated NLR, PLR, SII, and diabetic
retinopathy across numerous contemporary studies support the hypothesis that
systemic inflammatory activity reflects pathological processes occurring within the
retinal microcirculation. These observations further emphasize that inflammatory
mechanisms remain active throughout the natural history of diabetic retinopathy and
continue to influence disease progression even in patients receiving standard metabolic
treatment [8—10].

One of the most important findings emerging from recent investigations is the
superior prognostic performance of composite inflammatory indices compared with
isolated hematological parameters. Unlike conventional inflammatory markers, NLR,
PLR, and particularly SII simultaneously reflect activation of innate immunity,
platelet-mediated vascular injury, and suppression of adaptive immune responses.
Because diabetic retinopathy develops through complex interactions between
inflammation, endothelial dysfunction, leukostasis, oxidative stress, and microvascular
thrombosis, these integrated indices appear to provide a more comprehensive
representation of the underlying pathophysiological processes. Among the available
biomarkers, SII has demonstrated the most consistent association with advanced stages
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of diabetic retinopathy, suggesting that combined assessment of neutrophils,
lymphocytes, and platelets may better capture the intensity of systemic inflammatory
activation than single-cell parameters alone [10—12].

From an ophthalmological perspective, the reviewed studies indicate that
inflammatory indices are associated not only with the presence of diabetic retinopathy
but also with clinically meaningful indicators of disease severity. Higher NLR, PLR,
and SII values have repeatedly been reported in patients with proliferative diabetic
retinopathy, diabetic macular edema, and extensive retinal ischemia. Furthermore,
several investigations suggest that elevated baseline inflammatory indices are
associated with less favorable anatomical and functional responses following
intravitreal anti-vascular endothelial growth factor therapy. These findings support the
concept that systemic inflammation may influence both structural retinal damage and
therapeutic responsiveness, indicating that inflammatory biomarkers could
complement retinal imaging during clinical decision-making and follow-up [12—15].

The endocrinological implications of these observations are equally important.
Chronic hyperglycemia initiates a cascade of metabolic disturbances involving
oxidative stress, advanced glycation end-product accumulation, mitochondrial
dysfunction, activation of protein kinase C, and persistent cytokine production. These
abnormalities affect the entire vascular system rather than the retina alone, explaining
why elevated inflammatory indices have also been associated with diabetic
nephropathy, neuropathy, cardiovascular disease, and increased overall vascular risk.
Consequently, diabetic retinopathy should be interpreted within the broader context of
systemic diabetic complications, while NLR, PLR, and SII may serve as accessible
indicators of generalized inflammatory burden accompanying long-standing metabolic
disease [16—18].

An important observation is that inflammatory indices appear to provide prognostic
information beyond conventional metabolic parameters. Although poor glycemic
control, prolonged diabetes duration, obesity, hypertension, and dyslipidemia all
contribute to elevated inflammatory activity, multivariable analyses consistently
demonstrate independent associations between NLR, PLR, SII, and diabetic
retinopathy after adjustment for these established risk factors. This suggests that
systemic inflammation represents an additional pathogenic pathway that is not fully
explained by hyperglycemia alone. Such findings support the concept that
incorporation of inflammatory biomarkers into existing risk prediction models may
improve identification of patients susceptible to rapid retinal disease progression
despite apparently adequate metabolic control [17-19].

The practical advantages of these biomarkers further increase their clinical
relevance. NLR, PLR, and SII are calculated from routine complete blood counts,
require no specialized laboratory techniques, and can be obtained rapidly at minimal
cost. These characteristics make them particularly attractive for large-scale screening
programs, repeated longitudinal assessment, and clinical practice in healthcare systems
with limited access to advanced retinal imaging. Nevertheless, interpretation of these
indices should always consider concurrent inflammatory disorders, infections,
hematological diseases, medications, and other conditions capable of influencing
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leukocyte or platelet counts. Standardization of cutoff values and prospective
multicenter validation remain essential before widespread implementation in clinical
guidelines can be recommended [18-20].

Overall, the available evidence supports integration of inflammatory indices into a
multidisciplinary approach combining endocrinology and ophthalmology. Rather than
replacing established diagnostic methods such as fundus examination, optical
coherence tomography, and optical coherence tomography angiography, NLR, PLR,
and SII should be viewed as complementary biomarkers capable of refining risk
stratification and improving individualized patient management. Future investigations
should focus on establishing standardized prognostic thresholds, evaluating dynamic
changes in inflammatory indices during treatment, and determining whether targeted
reduction of systemic inflammation can alter the long-term course of diabetic
retinopathy. Such advances may facilitate earlier intervention and contribute to
preservation of visual function in patients with diabetes mellitus [20].

CONCLUSION

Current evidence demonstrates that systemic inflammatory indices, particularly the
neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and systemic immune-
inflammation index, are closely associated with the development, severity, and
progression of diabetic retinopathy. These biomarkers reflect the complex interaction
between chronic low-grade inflammation, metabolic dysregulation, endothelial
dysfunction, and retinal microvascular injury that underlies the pathogenesis of
diabetic retinal disease. Elevated values of NLR, PLR, and especially SII have
consistently been associated with proliferative diabetic retinopathy, diabetic macular
edema, and less favorable therapeutic outcomes, supporting their potential role as
readily available prognostic biomarkers. Their accessibility, low cost, and
reproducibility make these indices attractive adjuncts to conventional ophthalmic
examination and retinal imaging for identifying patients at increased risk of vision-
threatening complications.

The integration of inflammatory biomarkers into routine clinical assessment may
strengthen collaboration between ophthalmologists and endocrinologists by providing
a more comprehensive evaluation of both retinal and systemic disease activity.
Combined interpretation of NLR, PLR, and SII with metabolic parameters, optical
coherence tomography, optical coherence tomography angiography, and established
clinical risk factors has the potential to improve individualized risk stratification,
optimize follow-up intervals, and facilitate earlier therapeutic intervention. Future
large-scale prospective studies are required to establish standardized cutoff values,
validate prognostic algorithms, and determine whether dynamic changes in
inflammatory indices can guide treatment decisions and improve long-term visual
outcomes in patients with diabetic retinopathy.
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Abstract. Artificial intelligence has rapidly emerged as one of the most
transformative technologies in medical imaging, offering new opportunities to improve
the accuracy, efficiency, and reproducibility of diagnostic decision-making. In
otorhinolaryngology, endoscopic examination remains the primary method for
evaluating diseases of the nasal cavity, paranasal sinuses, nasopharynx, oropharynx,
and larynx; however, its diagnostic performance is influenced by examiner experience
and subjective interpretation of visual findings. Recent advances in deep learning and
computer vision have enabled automated analysis of endoscopic images, facilitating
the detection, classification, and characterization of inflammatory, benign, and
malignant lesions. Simultaneously, the integration of artificial intelligence with
radiological imaging has expanded the diagnostic capabilities of multimodal
assessment in patients with diseases of the ear, nose, and throat.

This review summarizes current evidence regarding the application of artificial
intelligence in the endoscopic diagnosis of otorhinolaryngological diseases, with
particular emphasis on deep learning algorithms, computer vision techniques, and
multimodal diagnostic approaches combining endoscopy with computed tomography
and magnetic resonance imaging. The review also evaluates the diagnostic
performance of contemporary artificial intelligence models, their clinical applications
in inflammatory and neoplastic diseases of the upper aerodigestive tract, current
methodological limitations, and future perspectives for clinical implementation.
Available evidence indicates that artificial intelligence has the potential to enhance
diagnostic accuracy, support clinical decision-making, improve standardization of
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endoscopic interpretation, and facilitate earlier detection of clinically significant
pathology while complementing, rather than replacing, expert clinical assessment.

Keywords: artificial intelligence, deep learning, computer vision, endoscopy,
otorhinolaryngology, radiology, computed tomography, magnetic resonance imaging,
diagnostic imaging, head and neck diseases.

Introduction

Endoscopic examination is a fundamental diagnostic tool in contemporary
otorhinolaryngology, providing direct visualization of the nasal cavity, paranasal sinus
drainage pathways, nasopharynx, oropharynx, hypopharynx, and larynx. It plays a
central role in the diagnosis and follow-up of inflammatory disorders, benign lesions,
premalignant conditions, and head and neck malignancies. Despite continuous
improvements in endoscopic imaging systems, diagnostic interpretation remains highly
dependent on the clinician's experience, image quality, and subjective assessment of
morphological changes. Interobserver variability and the subtle appearance of early
pathological lesions continue to present important diagnostic challenges, emphasizing
the need for objective image analysis methods capable of supporting clinical decision-
making and improving diagnostic consistency [1,2].

The rapid evolution of artificial intelligence, particularly deep learning and
computer vision, has significantly expanded the capabilities of medical image analysis.
Convolutional neural networks and other advanced machine learning architectures
have demonstrated remarkable performance in recognizing complex visual patterns
that may be difficult to identify during routine clinical evaluation. Within
otorhinolaryngology, artificial intelligence has increasingly been applied to endoscopic
images for automated detection, classification, and segmentation of pathological
lesions involving the nasal cavity, paranasal sinuses, pharynx, and larynx. These
technologies offer the potential to reduce diagnostic variability, improve early disease
recognition, and facilitate standardized interpretation of endoscopic findings across
different healthcare settings [3,4].

From a radiological perspective, advances in artificial intelligence have
transformed the analysis of computed tomography and magnetic resonance imaging of
the head and neck. Modern diagnostic workflows increasingly integrate endoscopic
findings with radiological information to improve lesion localization, assessment of
disease extent, surgical planning, and post-treatment surveillance. Artificial
intelligence enables automated interpretation of imaging data, extraction of
quantitative imaging biomarkers, and multimodal fusion of endoscopic and
radiological information, thereby providing a more comprehensive evaluation of
anatomical and pathological changes than either modality alone. Such integrated
approaches are becoming increasingly relevant for chronic rhinosinusitis, sinonasal
tumors, laryngeal neoplasms, and other complex otorhinolaryngological disorders
[5,6].

The convergence of artificial intelligence, endoscopic imaging, and radiological
diagnostics represents one of the most promising directions in precision
otorhinolaryngology. As increasingly robust algorithms become available and larger
annotated image datasets are developed, artificial intelligence is expected to play a
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progressively greater role in clinical practice by improving diagnostic accuracy,
supporting multidisciplinary decision-making, and optimizing patient management. At
the same time, successful implementation requires rigorous external validation,
standardized imaging protocols, transparent algorithm development, and careful
integration into routine clinical workflows to ensure both safety and clinical reliability
[7].

The aim of this review was to summarize current evidence regarding the application
of artificial intelligence in the endoscopic diagnosis of otorhinolaryngological
diseases, with particular emphasis on deep learning algorithms, multimodal
integration with radiological imaging, diagnostic performance, current limitations,
and future directions for clinical implementation.

Materials and Methods

A systematic literature review was conducted to evaluate the current applications
of artificial intelligence in the endoscopic diagnosis of otorhinolaryngological diseases,
with particular emphasis on multimodal diagnostic approaches integrating endoscopic
imaging and radiological examinations. A comprehensive search of the scientific
literature was performed using PubMed/MEDLINE, Scopus, Web of Science, and the
Cochrane Library. Publications published between 2020 and 2026 were considered for
inclusion. Priority was given to systematic reviews, meta-analyses, prospective clinical
studies, diagnostic accuracy studies, retrospective imaging analyses, international
consensus statements, and methodological investigations evaluating artificial
intelligence algorithms for endoscopic and radiological assessment of diseases
affecting the ear, nose, throat, and head and neck region.

The review included studies investigating deep learning, convolutional neural
networks, machine learning, computer vision, and multimodal artificial intelligence
models applied to endoscopic images, computed tomography, magnetic resonance
imaging, and combined imaging datasets. Particular attention was given to studies
evaluating diagnostic accuracy, lesion classification, segmentation, early detection of
inflammatory and neoplastic diseases, automated image interpretation, and clinical
decision-support systems. Publications limited to conference abstracts, case reports,
editorials, duplicate datasets, studies with insufficient methodological quality, or
investigations unrelated to endoscopic or radiological diagnosis were excluded.
Following eligibility assessment and full-text evaluation, 20 publications were selected
for qualitative synthesis and included in the final analysis.

Results

Recent evidence demonstrates that artificial intelligence has progressed from
experimental technology to a clinically relevant decision-support tool in
otorhinolaryngology. Across multiple studies published during the past five years, deep
learning algorithms have consistently achieved high diagnostic performance in the
interpretation of endoscopic images, particularly for inflammatory diseases, benign
lesions, and early malignant tumors of the upper aerodigestive tract. Reported
diagnostic accuracies frequently exceed 90%, with several convolutional neural
network models demonstrating sensitivity and specificity comparable to experienced
otorhinolaryngologists under controlled validation conditions. These findings indicate
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that artificial intelligence has the potential to improve diagnostic standardization while
reducing observer-dependent variability in endoscopic assessment [8].

One of the most extensively investigated applications involves endoscopic
diagnosis of chronic rhinosinusitis and nasal polyposis. Artificial intelligence models
trained on large collections of nasal endoscopic images have demonstrated excellent
capability in identifying inflammatory mucosal changes, grading polyp burden,
differentiating postoperative anatomical alterations, and classifying disease severity.
Automated segmentation algorithms have also enabled objective quantification of
mucosal edema and inflammatory involvement, improving reproducibility compared
with conventional subjective scoring systems. Such approaches may facilitate
longitudinal monitoring of treatment response and support individualized therapeutic
decision-making in patients with chronic sinonasal disease [9,10].

Artificial intelligence has also demonstrated considerable value in the diagnosis of
laryngeal disorders. Deep learning algorithms analyzing white-light and narrow-band
imaging endoscopic examinations have shown high accuracy in distinguishing benign
vocal fold lesions, epithelial dysplasia, and early laryngeal squamous cell carcinoma.
Several studies have reported diagnostic performance comparable to expert
laryngologists while simultaneously improving detection of subtle vascular
abnormalities that may be overlooked during routine examination. These developments
are particularly important because early identification of malignant transformation
remains one of the major determinants of organ preservation and long-term survival in
patients with laryngeal cancer [11].

Another rapidly developing field involves endoscopic evaluation of the
nasopharynx, oropharynx, and hypopharynx. Artificial intelligence has demonstrated
promising performance in automated lesion localization, tissue classification, and
differentiation between inflammatory and neoplastic abnormalities. Advanced
computer vision systems have been successfully applied to identify suspicious mucosal
patterns, delineate lesion margins, and assist biopsy targeting during endoscopic
examination. These capabilities may improve diagnostic precision while reducing
unnecessary invasive procedures and facilitating earlier diagnosis of head and neck
malignancies [12].

From a methodological perspective, convolutional neural networks remain the
dominant artificial intelligence architecture in endoscopic image analysis. Their ability
to automatically extract hierarchical imaging features eliminates the need for
handcrafted feature engineering and substantially improves classification performance
across heterogeneous imaging datasets. More recently, transformer-based neural
networks, hybrid deep learning models, and self-supervised learning algorithms have
demonstrated additional improvements in image recognition, segmentation accuracy,
and robustness when analyzing complex endoscopic examinations obtained under
variable clinical conditions. These methodological advances have substantially
expanded the applicability of artificial intelligence  within  routine
otorhinolaryngological practice [13,14].

The integration of artificial intelligence with radiological imaging has further
enhanced diagnostic capabilities for diseases of the head and neck. Deep learning
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algorithms have been successfully applied to computed tomography and magnetic
resonance 1maging for automated lesion detection, volumetric segmentation,
assessment of tumor invasion, and evaluation of inflammatory changes affecting the
paranasal sinuses, temporal bone, and skull base. Emerging multimodal models
combining endoscopic findings with computed tomography and magnetic resonance
imaging provide more comprehensive characterization of disease extent than imaging
modality alone. These integrated diagnostic strategies have demonstrated value in
preoperative planning, assessment of anatomical complexity, and prediction of surgical
outcomes in patients with sinonasal and head and neck pathology [15-17].

Despite these advances, several important limitations continue to influence clinical
implementation of artificial intelligence. Many currently available algorithms have
been developed using relatively small, single-center datasets and frequently lack robust
external validation across different patient populations, imaging systems, and
healthcare environments. Variability in endoscopic image quality, inconsistent
annotation protocols, limited algorithm interpretability, and concerns regarding
regulatory approval remain significant challenges. Future development is increasingly
focused on explainable artificial intelligence, federated learning, multimodal
diagnostic platforms, and real-time clinical decision-support systems capable of
integrating endoscopic images, radiological examinations, and electronic health
records into a unified diagnostic framework. Such developments are expected to further
improve diagnostic accuracy, workflow efficiency, and personalized management of
patients with otorhinolaryngological diseases [18-20].

Discussion

The findings of the present review demonstrate that artificial intelligence is rapidly
evolving from an experimental image-analysis technology into a clinically relevant
component of modern otorhinolaryngological diagnostics. Unlike conventional
computer-assisted image processing systems, contemporary deep learning algorithms
can recognize complex morphological patterns directly from endoscopic and
radiological images while continuously improving their diagnostic performance
through exposure to large, annotated datasets. The consistently high diagnostic
accuracy reported across recent studies suggests that artificial intelligence has reached
a level of technical maturity that supports its integration into selected stages of routine
clinical assessment rather than remaining exclusively within the domain of research
applications [8—10].

One of the principal advantages of artificial intelligence lies in its ability to reduce
observer-dependent variability, which remains a significant limitation of endoscopic
examination. Interpretation of inflammatory changes, early epithelial abnormalities,
vascular alterations, and subtle neoplastic lesions frequently differs among clinicians
according to individual experience and institutional expertise. Artificial intelligence
provides objective quantitative image analysis based on reproducible algorithms,
thereby improving diagnostic consistency and reducing subjectivity. Such
standardization is particularly valuable in screening settings, outpatient practice, and
institutions where access to highly specialized otorhinolaryngologists may be limited
[9-12].
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The reviewed literature further indicates that artificial intelligence should not be
considered a replacement for clinical expertise but rather an advanced decision-support
system capable of augmenting physician performance. Most contemporary algorithms
achieve their highest diagnostic accuracy when integrated into clinician-guided
workflows instead of operating independently. Artificial intelligence rapidly identifies
suspicious image regions, performs lesion segmentation, estimates disease probability,
and highlights morphological characteristics requiring further evaluation, while the
final diagnostic interpretation remains dependent upon comprehensive clinical
assessment, patient history, physical examination, and multidisciplinary correlation.
This collaborative model represents the most realistic and clinically acceptable
pathway for implementation within routine otorhinolaryngological practice [11-14].

An important development highlighted by recent investigations is the increasing
convergence of endoscopic imaging and radiological diagnostics through multimodal
artificial intelligence models. Endoscopy provides detailed visualization of mucosal
morphology, whereas computed tomography and magnetic resonance imaging offer
complementary information regarding anatomical relationships, deep tissue
involvement, osseous structures, and tumor extension beyond the mucosal surface.
Artificial intelligence enables simultaneous analysis of these heterogeneous imaging
datasets, facilitating more comprehensive disease characterization than either modality
alone. Such multimodal diagnostic strategies appear particularly valuable for chronic
rhinosinusitis, skull base pathology, temporal bone disease, and head and neck
oncology, where accurate assessment of disease extent directly influences therapeutic
planning [15-17].

Despite these advances, several methodological limitations remain evident
throughout the current literature. Many published studies have been conducted using
retrospective single-center datasets with relatively limited sample sizes and
heterogeneous imaging protocols. External validation across different endoscopic
systems, patient populations, ethnic groups, and healthcare environments remains
insufficient in many investigations. Furthermore, substantial variability exists
regarding image annotation standards, algorithm architecture, reference diagnostic
criteria, and reported performance metrics, making direct comparison between studies
challenging. These limitations emphasize the need for large multicenter prospective
investigations employing standardized methodological frameworks before widespread
clinical implementation can be recommended [17-19].

Another important consideration concerns the interpretability and transparency of
artificial intelligence models. Although deep neural networks frequently demonstrate
excellent diagnostic performance, many continue to function as "black-box" systems
with limited explanation of the image features influencing their predictions. This lack
of interpretability may reduce clinician confidence and complicate regulatory approval
for routine clinical use. Consequently, increasing attention is being directed toward
explainable artificial intelligence, uncertainty estimation, and visualization techniques
capable of illustrating algorithmic reasoning while preserving diagnostic performance.
Development of transparent models will likely play a crucial role in establishing
physician trust and facilitating responsible integration into clinical workflows [18-20].
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Overall, the current evidence indicates that artificial intelligence represents one of
the most promising innovations in contemporary otorhinolaryngology and diagnostic
radiology. Continued advances in deep learning, computer vision, radiomics, and
multimodal data integration are expected to improve diagnostic precision, accelerate
interpretation of complex imaging studies, and support personalized clinical decision-
making. Future progress will depend not only on algorithmic refinement but also on
prospective  clinical  validation, standardized reporting  methodologies,
multidisciplinary collaboration, and seamless integration of artificial intelligence into
routine diagnostic pathways. Under these conditions, artificial intelligence has the
potential to become an essential component of precision diagnostics for diseases of the
ear, nose, throat, and head and neck.

CONCLUSION

Artificial intelligence is fundamentally reshaping the diagnostic paradigm in
otorhinolaryngology by enabling objective, reproducible, and highly accurate analysis
of endoscopic and radiological images. Contemporary evidence demonstrates that deep
learning algorithms, computer vision techniques, and multimodal artificial intelligence
models can reliably identify inflammatory, benign, and malignant lesions of the upper
aerodigestive tract while achieving diagnostic performance comparable with that of
experienced specialists in selected clinical settings. Rather than replacing clinical
expertise, these technologies provide complementary diagnostic support that enhances
image interpretation, reduces interobserver variability, improves standardization of
endoscopic assessment, and facilitates earlier recognition of clinically significant
pathology. The integration of endoscopic imaging with computed tomography and
magnetic resonance imaging through artificial intelligence further expands diagnostic
capabilities by providing comprehensive evaluation of both superficial mucosal
abnormalities and deep anatomical involvement.

The future of precision otorhinolaryngology will increasingly depend on the
successful integration of artificial intelligence into routine clinical workflows.
Achieving this objective requires prospective multicenter validation, development of
large, standardized imaging databases, external validation across diverse populations,
transparent and interpretable algorithms, and harmonized reporting standards for
diagnostic performance. Continued collaboration among otorhinolaryngologists,
radiologists, data scientists, and biomedical engineers will be essential for translating
technological advances into clinically reliable diagnostic systems. As these challenges
are addressed, artificial intelligence is expected to become an indispensable component
of multimodal diagnostic strategies, supporting more accurate disease detection,
individualized therapeutic planning, optimized surgical decision-making, and
ultimately improved clinical outcomes for patients with otorhinolaryngological
diseases.
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In the structure of hygienic studies, the aim of which is to determine the leading
characteristics of the processes of adaptation of the personality, including professional,
to new, unusual for it, conditions, a special place is occupied by the study of health
indicators, that is, determining the degree of approximation of the functional state of
the organism in modern conditions [1, 2, 3, 4, 5, 6]. Such an approach is extremely
important not only from a diagnostic and a prognostic point of view, that is, from the
point of view of determining the prospects for the development of the personality for
the future, primarily its capabilities for the successful implementation of socially and
professionally significant activities [1, 6, 7, 8, 9, 10].

The results of a comprehensive assessment of the health of young women and
young men indicate an undeniable positive impact of the program of rational
organization of educational and extracurricular activities, which was developed and
implemented. Thus, its active use, first of all, led to a decrease in the number of diseases
with temporary loss of working capacity and chronic course of the pathological
process, an increase in the level of physical performance, improvement of indicators
of physical fitness and success of professional training.

In order to objectify their qualitative and quantitative assessment of the processes
of professional adaptation, an index of psychophysiological adaptation was proposed,
which was developed on the basis of identifying the number of cases with signs of the
presence of positive, negative and stable data of dynamic shifts on the part of individual
psychophysiological functions and personality traits during the observation period, as
well as predictive models for its calculation, which were developed on the basis of the
fundamental provisions of variational statistics.

The data of multivariate statistical analysis allow us to clearly and clearly reveal
that three priority groups of factors are most significantly interconnected with the
indicators of the level of psychophysiological afnd mental daptation and success in
professional training: in young women - characteristics of the motor analyzer and
physical condition, properties of nervous processes and strength correlates of physical
fitness, parameters of visual-motor coordination and emotional state; in young men -
characteristics of the motor analyzer and depression, indicators of visual-motor
coordination and speed-strength parameters of physical fitness, data on the properties
of temperament and physical endurance too.
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Abstract. Endourological interventions have become the standard of care for the
management of urolithiasis because of their high efficacy, minimal invasiveness, and
favorable safety profile. Nevertheless, transient renal ischemia, increased intrapelvic
pressure, mechanical trauma, postoperative inflammation, and infectious
complications may contribute to acute kidney injury, which often remains undetected
during the early postoperative period when conventional renal function markers remain
within the normal range. In recent years, increasing attention has been directed toward
early kidney injury biomarkers, including neutrophil gelatinase-associated lipocalin
(NGAL), kidney injury molecule-1 (KIM-1), cystatin C, interleukin-18 (IL-18), and
liver-type fatty acid-binding protein (L-FABP), owing to their ability to detect
subclinical renal injury before measurable changes in serum creatinine or estimated
glomerular filtration rate become apparent.

This review summarizes current evidence regarding the prognostic significance of
early kidney injury biomarkers in patients with urolithiasis undergoing endourological
interventions. Particular attention is given to the pathophysiological mechanisms of
postoperative renal injury, the diagnostic and prognostic performance of individual
biomarkers, their relationship with perioperative risk factors, and the potential
advantages of multimarker strategies for early identification of patients at increased
risk of postoperative acute kidney injury. Available evidence suggests that
incorporation of early kidney injury biomarkers into perioperative assessment may
improve risk stratification, facilitate timely nephroprotective interventions, optimize
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postoperative monitoring, and contribute to more personalized management of patients
undergoing endourological treatment.

Keywords: urolithiasis, endourological interventions, acute kidney injury, early
kidney injury biomarkers, neutrophil gelatinase-associated lipocalin, kidney injury
molecule-1, cystatin C, interleukin-18, liver-type fatty acid-binding protein, prognosis.

Introduction

Urolithiasis remains one of the most prevalent urological diseases worldwide, with
its incidence steadily increasing because of population aging, metabolic disorders,
obesity, diabetes mellitus, and lifestyle-related risk factors. Advances in minimally
invasive surgery have established endourological interventions, including
percutaneous nephrolithotomy, retrograde intrarenal surgery, and ureteroscopy, as the
preferred treatment modalities for most urinary calculi. Although these procedures
achieve high stone-free rates and favorable perioperative safety profiles, they may also
induce transient renal injury resulting from elevated intrapelvic pressure, ischemia-
reperfusion, mechanical trauma, and postoperative inflammatory responses.
Recognition of these changes has highlighted the importance of early identification of
renal injury before irreversible functional impairment develops [1,2].

Assessment of renal function after endourological intervention has traditionally
relied on serum creatinine concentration and estimated glomerular filtration rate.
However, both parameters demonstrate important limitations because they reflect
functional decline only after substantial nephron injury has already occurred and are
influenced by age, muscle mass, hydration status, and other non-renal factors.
Consequently, mild or subclinical acute kidney injury frequently remains undetected
during the immediate postoperative period, delaying implementation of
nephroprotective measures. These shortcomings have stimulated increasing interest in
sensitive biomarkers capable of detecting tubular injury at a much earlier stage [3,4].

Among the currently available biomarkers, neutrophil gelatinase-associated
lipocalin (NGAL), kidney injury molecule-1 (KIM-1), cystatin C, interleukin-18 (IL-
18), and liver-type fatty acid-binding protein (L-FABP) have demonstrated the greatest
potential for early diagnosis of postoperative renal injury. These molecules reflect
different mechanisms of nephron damage, including tubular epithelial injury,
inflammatory activation, oxidative stress, and ischemic insult. Numerous clinical
studies have shown that changes in their concentrations occur within hours after renal
injury, preceding measurable increases in serum creatinine and allowing earlier
identification of patients at risk for postoperative acute kidney injury [5,6].

Recent investigations have further demonstrated that the prognostic value of these
biomarkers extends beyond early diagnosis alone. Elevated postoperative biomarker
concentrations have been associated with operative duration, intrarenal irrigation
pressure, stone burden, infectious complications, and subsequent deterioration of renal
function. Emerging evidence also supports the use of multimarker strategies integrating
several biomarkers to improve diagnostic accuracy and perioperative risk stratification.
Such approaches may facilitate individualized postoperative monitoring and contribute
to optimization of perioperative management in patients undergoing endourological
treatment for urolithiasis [7].
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The aim of this review was to summarize current evidence regarding the prognostic
role of early kidney injury biomarkers in patients with urolithiasis undergoing
endourological interventions, with particular emphasis on their diagnostic
performance, association with perioperative risk factors, and potential application in
early prediction of postoperative acute kidney injury.

Materials and Methods

A systematic literature review was conducted to evaluate the prognostic role of
early kidney injury biomarkers in patients with urolithiasis undergoing endourological
interventions. A comprehensive search of the scientific literature was performed using
PubMed/MEDLINE, Scopus, Web of Science, and the Cochrane Library. Publications
published between 2020 and 2026 were considered for inclusion. Priority was given to
international clinical guidelines, systematic reviews, meta-analyses, prospective cohort
studies, and observational investigations evaluating renal biomarkers following
endourological treatment.

The review included studies assessing the diagnostic and prognostic performance
of neutrophil gelatinase-associated lipocalin, kidney injury molecule-1, cystatin C,
interleukin-18, and liver-type fatty acid-binding protein in the early detection of
postoperative acute kidney injury. Studies investigating perioperative risk factors,
biomarker dynamics, multimarker diagnostic approaches, and postoperative renal
outcomes were also analyzed. Conference abstracts, case reports, editorials, duplicate
publications, studies with insufficient methodological quality, and articles unrelated to
the objectives of the review were excluded. Following eligibility assessment and full-
text evaluation, 20 publications were selected for qualitative synthesis and included in
the final analysis.

Results

Contemporary evidence indicates that acute kidney injury following
endourological treatment is more common than previously recognized, particularly
when sensitive biomarkers rather than conventional laboratory parameters are used for
postoperative assessment. Although clinically significant deterioration in serum
creatinine occurs in only a relatively small proportion of patients, transient tubular
injury may develop considerably more frequently after percutaneous nephrolithotomy,
retrograde intrarenal surgery, and ureteroscopy. The risk is influenced by operative
duration, elevated intrapelvic irrigation pressure, stone burden, repeated instrument
manipulation, postoperative infection, and pre-existing renal impairment. These
findings suggest that subclinical renal injury represents an important perioperative
event that may remain undetected when monitoring relies exclusively on traditional
indicators of renal function [8,9].

Neutrophil gelatinase-associated lipocalin (NGAL) has emerged as the most
extensively investigated biomarker of early postoperative kidney injury. Multiple
prospective studies have demonstrated significant increases in urinary and plasma
NGAL within the first few hours after endourological intervention, preceding
measurable changes in serum creatinine by 24-48 hours. Elevated postoperative
NGAL concentrations have consistently been associated with longer operative time,
greater stone complexity, higher irrigation pressure, and increased likelihood of
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subsequent acute kidney injury. Owing to its rapid response and high diagnostic
sensitivity, NGAL is considered one of the most promising biomarkers for
perioperative renal monitoring in patients undergoing minimally invasive stone surgery
[10].

Kidney injury molecule-1 (KIM-1) has demonstrated particular value as a marker
of proximal tubular epithelial damage. Clinical investigations have shown that
postoperative urinary KIM-1 concentrations increase shortly after renal injury and
correlate with the degree of tubular damage induced by endourological manipulation.
Unlike conventional biochemical markers, KIM-1 reflects structural renal injury rather
than delayed functional deterioration, allowing earlier identification of patients at
increased risk of postoperative complications. Several studies have also reported
significant associations between elevated KIM-1 levels and prolonged hospitalization,
delayed renal recovery, and persistent postoperative inflammatory activity [11].

Among alternative biomarkers, cystatin C has shown greater sensitivity than serum
creatinine for detecting early reductions in glomerular filtration following
endourological procedures. Simultaneously, interleukin-18 (IL-18) and liver-type fatty
acid-binding protein (L-FABP) provide complementary information regarding
inflammatory activation and ischemic tubular injury. Recent investigations suggest that
these biomarkers increase during the immediate postoperative period even in patients
without clinically apparent acute kidney injury, indicating the presence of transient
subclinical renal damage. Their combined assessment offers a more comprehensive
evaluation of the diverse biological mechanisms involved in postoperative kidney
injury [12,13].

Recent studies increasingly support the superiority of multimarker strategies over
reliance on individual biomarkers. Simultaneous assessment of NGAL, KIM-1,
cystatin C, IL-18, and L-FABP improves both diagnostic accuracy and prognostic
performance by reflecting different components of renal injury, including tubular
damage, inflammatory activation, oxidative stress, and early decline in filtration
capacity. Several predictive models incorporating multiple biomarkers have
demonstrated greater sensitivity and specificity for identifying patients at risk of
postoperative acute kidney injury than any single laboratory parameter alone. These
findings support the concept that multimarker assessment may become an important
component of perioperative risk stratification in endourological practice [14-16].

The prognostic significance of early kidney injury biomarkers extends beyond
laboratory diagnosis. Elevated postoperative biomarker concentrations have been
associated with prolonged operative time, increased intrarenal irrigation pressure,
larger stone volume, bilateral procedures, pre-existing chronic kidney disease, diabetes
mellitus, obesity, recurrent urinary tract infection, and postoperative sepsis. Patients
exhibiting persistent biomarker elevation during the early postoperative period are
more likely to experience delayed renal functional recovery, prolonged hospitalization,
and subsequent deterioration of renal function during follow-up. These observations
indicate that biomarker monitoring may assist in identifying patients requiring
intensified postoperative surveillance and nephroprotective management [17—-19].
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Overall, current evidence demonstrates that early kidney injury biomarkers provide
clinically relevant information that cannot be obtained from conventional renal
function tests alone. Their ability to detect subclinical tubular injury before changes in
serum creatinine become apparent offers a valuable opportunity for earlier therapeutic
intervention and individualized postoperative care. Integration of biomarker
assessment with perioperative clinical characteristics, imaging findings, and
established renal function parameters may substantially improve prediction of
postoperative acute kidney injury and contribute to more personalized management of
patients undergoing endourological treatment for urolithiasis [20].

Discussion

The findings of the present review indicate that early kidney injury following
endourological treatment of urolithiasis is more common than is reflected by
conventional postoperative laboratory assessment. Although clinically overt acute
kidney injury develops in a relatively small proportion of patients, biochemical
evidence suggests that transient tubular damage frequently occurs immediately after
surgical intervention. This discrepancy largely results from the limited sensitivity of
serum creatinine and estimated glomerular filtration rate, both of which increase only
after substantial functional impairment has already developed. Consequently, reliance
on traditional renal function tests alone may delay recognition of postoperative renal
injury and postpone implementation of nephroprotective strategies [8—10].

One of the principal observations emerging from recent studies is that early kidney
injury biomarkers provide information regarding structural renal damage rather than
delayed functional decline. NGAL, KIM-1, cystatin C, IL-18, and L-FABP reflect
distinct biological pathways, including tubular epithelial injury, inflammatory
activation, oxidative stress, and ischemia-reperfusion damage. Because these
biomarkers increase within the first hours after endourological intervention, they
enable earlier identification of patients with subclinical acute kidney injury before
irreversible nephron dysfunction becomes clinically apparent. This characteristic
substantially enhances their value in perioperative risk assessment and postoperative
monitoring [10-13].

Current evidence also suggests that no single biomarker adequately reflects the
complexity of postoperative renal injury. The mechanisms responsible for kidney
damage following endourological procedures are multifactorial, involving elevated
intrapelvic pressure, transient renal ischemia, mechanical trauma, bacterial
translocation, inflammatory activation, and oxidative stress. Since individual
biomarkers predominantly represent specific aspects of these processes, combined
assessment of several markers provides a more comprehensive evaluation of renal
injury than isolated laboratory measurements. Multimarker diagnostic models have
therefore demonstrated superior predictive performance for postoperative acute kidney
injury compared with conventional biochemical parameters or single biomarkers alone
[14-16].

Another important finding concerns the relationship between biomarker elevation
and perioperative risk factors. Numerous investigations have demonstrated that
prolonged operative duration, increased irrigation pressure, large stone burden,

177



MEDICINE
SCIENTIFIC RESEARCH: CHALLENGES AND WAYS TO OVERCOME THEM IN MODERN
REALITIES

bilateral procedures, recurrent urinary tract infection, chronic kidney disease, diabetes
mellitus, and postoperative infectious complications are consistently associated with
greater postoperative biomarker expression. These observations indicate that
biomarker interpretation should always be integrated with clinical and procedural
characteristics rather than considered independently. Such an individualized approach
may improve perioperative risk stratification and facilitate earlier implementation of
preventive interventions in patients at greatest risk of renal injury [15-18].

From a clinical perspective, incorporation of early kidney injury biomarkers into
perioperative management may substantially improve postoperative decision-making.
Patients demonstrating persistent biomarker elevation despite stable serum creatinine
concentrations may benefit from intensified hemodynamic monitoring, optimization of
fluid therapy, avoidance of nephrotoxic medications, prompt treatment of infectious
complications, and closer laboratory follow-up during the immediate postoperative
period. Consequently, biomarker-guided management has the potential to reduce
progression from subclinical tubular injury to clinically significant acute kidney injury
while improving preservation of long-term renal function [17-19].

Despite encouraging results, several limitations continue to restrict widespread
clinical implementation of these biomarkers. Available studies differ considerably with
respect to patient selection, surgical techniques, timing of biomarker measurement,
laboratory assays, and diagnostic thresholds, limiting direct comparison between
investigations. Furthermore, universally accepted cutoff values for most biomarkers
remain unavailable, and cost-effectiveness analyses are still limited. Future multicenter
prospective studies should focus on standardizing biomarker assessment, validating
multimarker prediction models, and determining whether biomarker-guided
postoperative management translates into meaningful improvements in long-term renal
outcomes. Such evidence will be essential for integrating early kidney injury
biomarkers into routine perioperative care for patients undergoing endourological
interventions for urolithiasis [19,20].

CONCLUSION

Early kidney injury following endourological treatment of urolithiasis is an
important yet frequently underrecognized clinical condition that may not be adequately
detected using conventional renal function tests alone. Current evidence demonstrates
that biomarkers such as neutrophil gelatinase-associated lipocalin, kidney injury
molecule-1, cystatin C, interleukin-18, and liver-type fatty acid-binding protein enable
earlier identification of structural renal injury than serum creatinine or estimated
glomerular filtration rate. Their prognostic value extends beyond early diagnosis, as
elevated postoperative biomarker concentrations are consistently associated with
increased perioperative risk, greater procedural complexity, delayed renal recovery,
and a higher likelihood of postoperative acute kidney injury. These findings support
the incorporation of early kidney injury biomarkers into perioperative risk assessment
for patients undergoing endourological interventions.

Future management of patients with urolithiasis should increasingly incorporate
personalized approaches based on the integration of clinical risk factors with sensitive
laboratory biomarkers of renal injury. Multimarker diagnostic strategies have the
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potential to improve postoperative surveillance, facilitate timely nephroprotective
interventions, optimize patient stratification according to individual risk, and
ultimately preserve long-term renal function. Further large-scale prospective
multicenter studies are required to establish standardized biomarker thresholds,
validate multimarker predictive models, and determine their impact on clinical
decision-making and long-term outcomes following endourological treatment.
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BU3HAYEHHSA 103U OITPOMIHEHHA ITPHU
PEKOHCTPYKIII PIBHUHHUX IMPOMMCJOBHUX
MAHJAHUYMKIB B 3AJIEXKHOCTI BIJI KIJIBKOCTI

BUMIPIOBAHD

Iuaunenko Onexkcanap BoaoagumupoBuu
KaHIUJAT TEXHIYHUX HAYK, OIEHT, TOIEHT Kadenpu
OXOPOHHU TIparli, MUBIILHOI Ta TEXHOTEHHO1 OE3IeKH,
YAVYHT HHI «I1IABAy, ainpo, Ykpaina

Beryn. PekonceTpykiiii Ta cTabiiizaiii Takoro BEIUKOTO 3a IUIOMICI0 00 €KTY SIK
PIBHMHHI XBOCTOCXOBHIIIA  KOJHUIIHHOTO YPAHOBOTO BUPOOHHUIITBA BUPOOHUYOTO
00’ eqnanns «IIpuaHinpoBchkuii xiMiuaui 3aBoma» (BO «I1X3») B yMOBax BOEHHOTO
CTaHy € 3aJa4€lo, 3 JIOCUTh BUCOKUM CTYTIEHEM PU3HUKY, SIK JIJIi CAMOT0 pajialiitHoro
00’ekTy, Tak 1 Jysi Horo mepcoHaty. [lpu mpoBeneHHi OyniBeIbHO-MOHTXKHUX,
BITHOBJIFOBAJIbHUX, CTAOUT3alIMHUX YW PEKYIbTHBALIMHUX POOIT Ha pasialiifHuX
00’€KkTax HEOOX1THO 3aCTOCOBYBATH KOMILJIEKC P13HUX Oy/IBEJIbHUX POOIT Ta (paxiBIiB,
a JUid MiHIMI3amil iX OIPOMIHEHHS MPOBOJAUTH CHUCTEMAaTU4YHI MOHITOPUHIOBI
nociimpkeHHs. Excrutyaraliisi XBOCTOCXOBHII, HAKOMMYYBayiB, BIICTIMHUKIB Ta THIIUX
cHenlaJbHUX CIOPYA A03BOJIAE B ITATHOMY (POOOYOMY ) pEKUMI POBECTH 301p TaHUX
pernamMeHToBaHMX paaiaiinux napamerpiB (PPII) na papmianiiiHo-HeOe3neqyHOMY
o0’exti (PHO), BukopucTtoByrouM mimy abo aBTOMOOUIbHY rama-3uoMKy
0e3MmocepeIHbO Ha MEPUMETP1 XBOCTOCXOBHIIIA.

Jlst mpoBeieHHsT Oe3MEeYHUX TOCIIHKEHb ISl IEPCOHANTY TaKUX 00’ €KTIB € JIMIIE
7Ba BapiaHTH: | BapiaHT, II¢ 3aCTOCYBaHHS aBTOHOMHHUX JIHCTaHIIMHO-KEPOBAHUX
MOBITPSHUX Ta HA3eMHHUX amnapariB, 2 BapiaHT, II€¢ 3aCTOCYBAHHS EMITIPUYHUX,
CTaTUCTUYHUX, MaTEeMaTMYHUX a00 aHAMITHYHUX MOJENEeH Il PO3PAaXyHKY J103
onpominenHsi nepconany PHO. IlpexncraBnena mporHocThuyHa MOJENb J0OMOMAarae
3allOBHUTH TPOTAJUHY MPHU BIJCYTHOCTI TEBHUX BHUMIpPIB B Yaci Ta J03BOJISE
BU3HAUWTH TOTYXHICTh €KBIBAJICHTHO! 103U, 32 PaxXyHOK MOJCIIOBAHHS MPOIIECY
300py JIaHUX MPH iX HEMOXXJIMBOCTI BUMIpIOBaHHS.

B crarmi npeactaBieHO OAHY 3 PO3POOJIEHMX aABTOPOM  YHIBEPCAJIbHOI
MaTEMaTHYHOI SKCIPeC MOJCHI JUIsl BU3HAYCHHS BIUIMBY T'aMa-BUIIPOMIHIOBaHHS Ha
MEPCOHAJI PIBHUHHUX XBOCTOCXOBHII] Yepe3 PO3PaxXyHOK MOTYKHOCTI €KBIBaJIEHTHOI
7034 B ToukKax nepeOyBaHHS JoAel B 3aiexxHocTi Bin 4acy. Ilpencrasiena
MaTeMaTHYHa MOJETh J03BOJIAE BH3HAYUTH TaKy KUIBKICTh 3HAYEHBb IOTY)KHOCTI
€KBIBaJICHTHOI J103H JJI IEBHOT CUTYyaIlii. BUkopucTanHs 1aHo1 MOJIesi € OCHOBOIO JIJIst
nooynosu 2D moneni, a mpu HeoOxigHOCTI 1 3D Mozaeni pamiamiiHoro 3a0pyIHEHHS
teputopii PHO.

1. AkryaabHicTh aociimkeHHsi. [IpoGmema 3abe3nedeHHs JOBrOCTPOKOBOT
€KOJIOT1YHOT O€3MEeKH XBOCTOCXOBUII TIPHUUOI00YBHOT Ta IEPEPOOHOT MPOMHUCIIOBOCTI
€ HarajabHOIO JUJIsl 6araTbOX PErioHiB CBITY, BKJIIOUalOUM YKpaiHy. ICHyIoul piBHUHHI
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xBocrocxoBuina BO «I1X3», 0cobmuBo Ti, 110 €KCIUTyaTyBaJIUCS IPOTATOM JACCATHIIITH
6e3 HaJICKHUX BaXO,Z[iB 13 3aXHUCTy HABKOJIMITHLOTO  CEPENIOBHIIIA, noTpeOyIoTh
HenorpumanHus OyiBelIbHUX Ta €KCIUTyaTallliHUX BUMOT, BiJICYTHICTh e(beKTHBHI/IX
CHUCTEM JIpeHaXXy Ta 1H(UIBTpaIiiiHl IPOIIECH MPU3BOAATH 0 3HUKEHHS MEXaHIUHOI
CTIMKOCT1 TOBEPXHI XBOCTOCXOBHIIIA, @ TAKOX J0 MIrparlii 3a0pyIHIOI0OYMX PEUOBUH Y
IPYHTOBI BOAM Ta CyMiKHI ekocuctemu. OJHIEO 13 3adad IPEACTaBICHOTO
JOCHIDKEHHSI € HayKoBe OOIPYHTYBAaHHS 3aCTOCYBAHHS KOMIUIEKCY 1HXKEHEPHO-
OyHiBENbHUX Ta TEXHIYHUX PIlIEHb, CIPSIMOBAHUX Ha 3a0€3MeYeHHs JOBrOCTPOKOBOT
exonoriunoi 6e3nexu PHO, nuisixom iX peKoHCTPYKIIi.

[IpoexTyBaHHA Ta PEKOHCTPYKIIS PIBHUHHUX XBOCTOCXOBHII PETYIIOIOTHCS
BIJIMOBIIHUMH  JIEPKaBHUMU  OyZIBEJIbBHUMH HOpMaMu YKpaiHM, a KJIOUYOBUMH
MmiaxonaMu 10 pekoHCTpykuii piBHUHHMX PHO €: BH3HaueHHsS penepHUX TOYOK
00’€KTy, TIAPOTEXHIYHA PEKYyJIbTHBAIliS, TE€OTEXHIYHA CTa0lIi3alilo, MOHTAaX
JPEHAKHUX CUCTEM Ta OyAIBHUIITBO 130JIFOI0YMX €KPaHIB.

KputnyHOo BaXJIMBHUM, TIieped TOYATKOM OymiBEIbHO-MOHTQKHUX PpOOIT, €
BIIPOBAKEHHS. aBTOMaTH30BAHUX CHCTEM I'€OEKOJIOITYHOTO MOHITOPHHIY B PEXKHMI
peanbHoro uyacy. lLli cucreMu [J03BOJISAIOTE PO3POOUTH MPOEKT OpraHizauii
OyAiBeNIbHOTO BUPOOHUITBA 3 BUBHAYEHHSAM PEAIbHUX KIIIOUOBUX MAapaMeTpiB, TAKUX
AK: PpIBHI TPYHTOBUX BOJ, Jedopmailii Oropo/pKyBajlbHUX CIOPYHd, SKICTh
(GUIBTpaliiHUX BOJ Ta, Y BUNAAKY pPaJlOaKTHBHUX OO €KTIB, PIBHI 30BHIIIHBOTO
10HI3yI04OT0 BUIIPOMIHIOBaHHA OyiBeJIbHHKIB Ta nepconairy PHO.

[ipporexHiyHa peKyabTHBALl Tepeadadyae ONTUMIZAIII0 BOJHOTO OanaHCy
00’ekTa. 3acTOCYyBaHHSl 1HXEHEPHHUX PIllIEHb, TAKUX SK OyIIBHUITBO €(PEKTUBHHUX
nepudepiiHuX BOJOBIJABIIHUX KaHAJIB Ta CUCTEM YNIPABIIIHHS MOBEPXHEBUM CTOKOM,
MIHIMI3y€e 1H(]UIBTpalio arMochepHUX OmaaiB y TUIO0 XBocTtocxoBuia. Lle Bkpaii
BXUIMBO JUIsI 3ar00iraHHs MEPEeHACHUYEHHIO «Tija XBOCTOCXOBHWINA» BOMOIO, IIO €
OCHOBHOIO TIEPETyMOBOIO BTPATH MEXaHIYHOT CTIHKOCTI HACHITY.

[eorexniuna crabimizallisi crpsiMoBaHa Ha 3abe3nedeHHs] (I3UYHOI CTIMKOCTI
OTOpPO/KYBaJIbHUX KOHCTPYKIIH Ta ykociB. OCHOBHI 3axoqu CHOPSAMOBaHI Ha
MOCWJIEHHSI OCHOBHM HAcCHIly, IIJISXOM YUIUIbHEHHS TIPYHTIB, HapoOLIyBaHHSA Tila 3
JOJAaBaHHSIM JOJATKOBUX WIApIB I'PYHTIB 3 1HEPTHUMHU MarepiajlaMy, BUKOPUCTAHHS
FEOTEKCTHJIF0O 1 TEeOpelliTOK JUIsi apMyBaHHS Ta NIABUIICHHA (QUIbTpaIiiiHUX
XapaKTepUCTUK MOOYI0BAaHUX 3aXUCHUX Oap’epiB.

[Tpu nmpoBeieHH1 OyAiBEIbHUX POOIT 3 yJIAIITYBaHHS TPOTUDUIBTpAIITHUX €KpaHiB
BHUKOPHCTOBYETHCS TEXHOJIOTiS TIOMIAPOBOTO HACHMAHHS 1 TOAAJBIIOTO YIIITHbHEHHS
[JIMHUCTUX IPYHTIB CHEIIa]i30BaHOI0 Oy[iBEIbHOI TEXHIKOIO (E€KCKaBaTopH,
rpeiidepu Ta KOTKU). B ocTaHHI pOKM aKTMBHO 3aCTOCOBYETHCS TEXHOJIOT1SI MOHTaXY
reocuHteTnuHux JaitHepiB (HDPE memOpan), ski MarOTh HAJA3BUYAMHO HHU3BKHIA
koedimieHT GimpTparii.

ByniBHUIITBO Ta MOHTAX JPEHAKHUX CHCTEM 1 CIICIIAIbHUX JIOTKIB BUKOHYETHCS 3
BUKOPHUCTaHHSIM cydacHUX nepdopoBanux Tpy0 i3 [IBX abo nomieTuneHy, 00ropHyTHX
TEOTEKCTUIIEM JIJIs 3aro0iranns 3amyinoBaHHO. L{i cucremu 30uparoTh ¢iabTpaliiifi
BOJIM Ta HAIPABJISIFOTH 1X HA30BHI1, TTOJAJ1 BiJ MIEPUMETPA XBOCTOCXOBHIIIA.
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Jlnst dinamizamii IpoeKTy Ta MPOTHO3YBaHHS MOBEMIHKA XBOCTOCXOBHIIA ITICIIS
3aBEpPIICHHS PEKOHCTPYKIT Ta 3aKpUTTS BHUKOPUCTOBYIOTHCSA CIEIlaji30BaH1
IporpaMHi KOMIUIEKCH (MakeT Mporpam) JUisl TiAPOJUHAMIYHOTO MOJIEIIFOBAHHS
¢dbinpTparniitaux npouecis (SEEP/W, SEEP/W + 3D, SLOPE/W, SLOPE/W + 3D nns
BU3HAUYCHHS CTIMKOCTI cXmIiB, HacumB Ta gam6, MODFLOW-2005, MODFLOW-
NWT, MODFLOW-USG i1 KOMIUIEKCHOTO aHaji3y MOJCIIOBaHHS IIOTOKIB
MiJ3EMHUX BOJ, BHUKOPHUCTOBYIOUM MeToj KiHIeBuXx eneMmeHTiB (FEM), wmeton
ckirueHux pizHuib (FDM) un cnemudiuni meromu (FDTD ta FTCS). Pesynbratu
MOJICTIOBAaHHS JTO3BOJISIIOTH ONTUMI3YyBaTH MapaMeTpu JAPEHAKHUX CHUCTEM Ta
KOHCTPYKIIi1 130JTI0I0YHMX EKPaHiB.

[Ticns 3aBepmienHs pexoHcTpykiii PHO Tta mpoBenmenHst OymiBenbHUX pOOIT,
HacTymae uepra IIOACHHOI eKCIUTyaraiii BIJHOBIEHOTO o00’ekTy. Ekcrutyararis
XBOCTOCXOBHIL, HAKONUYYyBayiB, BIJCTIMHHMKIB Ta I1HIIMX CHELIaJIbHUX CIOPY.
JI03BOJISIE B IITATHOMY (po0OOYOMY) pEKUMI TTPOBECTH 301p JAHUX PErIaMEHTOBAHUX
pamiamiinux mnapametpiB (PPII) wa pamiamiiino-ne6e3neunomy 06’ekri (PHO),
BUKOPHUCTOBYIOUM ITilly a0o aBTOMOOUIbHY  rama-3oMKy Oe3rnocepeaHbo Ha
NepUMETP1 XBOCTOCXOBHUIIA. AJie B yMOBaX BOEHHOI'O CTaHy, 0COOJIMBO IPU OrOJIONIEHI
noBITPsiHOT TpuBoTU nepcoHan PHO Mae meBHI pU3UKH JIJIS1 KUTTS 1 0OMEXKyBalbHI
oOcTaBuHU T1iepeOyBaHHS Oe3MOCepeqHbO Ha IPOMHUCIOBOMY MaWJaHUYMKy YU
XBOCTOCXOBHIIII.

Po3po0ka Ta BUKOpHCTaHHS MaTEMaTHYHOT MOJIEII1 JIJIsl IPOTHO3YBaHHS CUTYallli Ha
paianiitHo-3a0pyIHEHUX TEPUTOPISIX MPOMHUCIOBOTO MalIaHUMKY, BIJICTIMHUKA YU
XBOCTOCXOBHINA € JOIIIBHUM IHCTPYMEHTOM, 3 OIVISiy Ha aHaji3 3acTOCOBaHUX
MeToniB [l], mnsi oTpuMaHHS 3HAUE€Hb PEMIAMEHTOBAHUX palallliHUX IMapaMeTpiB
(PPII) mpu npoBeaeHHSI MOHITOPUHTOBUX JOCIIIKEHb.

Pe3synbratn AOCHIKEHb EKCHEPUMEHTIB, PI3HUX BHUMIPIOBaHb, CTaTHCTHYHI
TOCIIIJIKEHHS, TOCTIIKEHHS MPOLECIB 1 SIBUII NOTPEOYIOTh iX aHali3y, MaTeMaTUYHOI
oOpoOKHM, OTpUMaHHS AaHANITUYHUX PE3YIbTaTiB 3 BHUKOPUCTAHHSAM PI3HHX
MaTEeMaTHYHUX METOJIB, sIKI BKIIFOYAIOTh alpOKCHUMAIIit0 (HAOIMKEeHHS) X 3pyYHUMHU
byHKIIAMH  (TTOJIIHOMAMHU, TPUTOHOMETPUYHUMH  (PYHKI[ISIMH, —anreOpaidyHuMH,
CHeliaJTbHUMHU, 30Kpema, mojiHomamu JlexkaHapa, TOINO), PO3B’S3aHHS CHUCTEM
JTHIAHUX anreOpaidyHuX piBHSAHb, BUKOPUCTAHHS METOMIB HAaWMEHIIUX KBaJpaTiB y
3BUYAMHOMY BUIVISJI YU B 1HTerpajibHoMy. IIpu 1mpomy moTpiOHO 3acTOCOBYBaTU
YUCJIOBl peani3alli MareMaTUYHUX METOMIB 3 BUKOPHUCTaHHSM MEPCOHATbHUX
KOMIT'IOTEpIB 1 TEBHMX MOB aJTOPUTMIYHOIO MpOrpaMyBaHHA. Y BHUMIaAKax
BU3HAYCHHS JICAKUX CEPETHPOCTATUCTUIHUX TAapaMEeTPiB 3ayUdaroThCs METOIH TEOPii
WMOBIpHOCTEH. SIKIIO KUIBKICTh BUMIPIB BEJIUKA, TO JJs AHAIITUYHOTO OMUCY
BIJINOBIJIHUX 3JIEXKHOCTEH, SIK1 MOB’A3YI0Th HE3AJIEKH1 MapaMeTpH 1 3aJIeXH1 Bl HUX
pe3ybTaTH, BAKOPUCTOBYIOT, SIK IPABHIIIO, 3BHUYANWHI METOAM alpOKCHUMAIIi.

Metop anpokcumMariii pe3yapTaTiB BUMIPIOBaHHS TIOJIIHOMAaMHU TIOJISITAE B TOMY, 1110
JaMaHy, sika MPOXOAUTh Yepe3 eKCIEePUMEHTaIbHI TOYKH, 3aMiHIOIOTh HEMEPEPBHOIO
MJIaBHOIO KPHBOK. BkazaHa KpuBa OMUCYETHCS TMOBHHUM IOJIIHOMOM (MICTHTH YCi
MOTPiOHI CTEMEHI HEe3aJIeKHOTO TapaMmerpa) CTYNeHs Ha OAWHUIN0 MEHIIE, HIX
KUIBKICTh TOYOK BHMIPIOBAaHHS (HE3QJICKHUN MapaMeTp — pe3ynbrar). Hesimomi
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KOC(IIIEHTH IHOTO TOJIHOMA BHM3HAYAIOTHCS 13 CHCTEMHU JIHIMHMX ajredpaiyHux
piBHSAHB. JIiB1 YacTMHM IMX PIBHSAHb BH3HAYAIOTh aHAITHYHI 3HAYCHHS OPJIMHAT, a
IpaBi — 3HaUYEHHs BUMIpiB. BoHU MOBHHHI OyTH OJHAKOBUMH. PO3B’s13aHHS cHCTEMH
PIBHSIHb TPOBOJAUTHCS OyAb-SIKUM KIACHYHUM MeToioM [2-9], a mpakTH4HO — 3
BUKOPUCTAHHSAM II€PCOHAJBLHUX KOMIT'IOTEPIB 1 BIAMOBIAHUX mMigmporpaM. Takwuid
METOJl € HAOUIBIII TOUHUM JIJIs1 300paKCHHS aHATITUYHUX 3aJICKHOCTEH Pe3yJbTaTiB
BUMIPIB BiJl HE3aJI)KHOTO MapaMeTpa.

Moske OyTH BHUKOpHUCTaHUN METON HailMeHIIWX KBajapariB. L{lum meTomom mMoxHa
BUPA3UTU AHAIITUYHOIO 3JICKHICTIO PE3YJbTaTiB BUMIPIOBAaHHS BiJl HE3aJEKHOTO
mapamMeTpa MpOCTIlIe — y BUIVISAI MOBHOTO a0O0 HEMOBHOTO IMOJIHOMAa HIKIOTO
CTyIEHS, HDK 3a TMEpIIUM METOAOM. AJjie caM MpoleC BU3HAYECHHS KOE(ili€HTIB
CKJIAQHIIINI 1 MICTUTh aHAJIITUYHY Mpouenypy (YMOBU MIHIMyMYy KBaJpaTUYHOTO
BIIXWJIEHHS) Ta YHUCEJbHY NpOLENypy (UUCEIbHE pO3B’A3aHHS CHUCTEM JIIHIMHHX
anreOpaiyHUX PiBHSHD).

MoXxyTh TaK0O’K BUKOPUCTOBYBATHCS 1HIII allpOKCUMAIIT pe3yJbTaTiB BUMIPIOBAHb
BiJI HE3QJEKHOTO TapamMeTpa 3 BUKOPHUCTAHHSIM METOJYy HAMMEHIIHMX KBaJpaTiB:
aIpoKcUMallis JIiHIMHA, KBaJlpaTHYHa, CTEIICHEeBa, IT0Ka30Ba, JiorapudMidHa, JpoO0BO-
JiHIAHA, rinepOoiiyHa, JpoOoBo-pamioHanbHa. [lochaigoBHMIT  omHMC — PI3HUX
anpokcuMallii GyHKIN 1 pe3yabTaTiB BUMIPIOBaHb MOXKHA 3HAWTH B [2—6]. ¥V [7-8]
HaBEJIEH1 PIIIICHHS! HEKJIACUYHUX MPo0JieM anpokcuMallii GyHKIIH, y TOMY YUCI TpU
HasiBHOCTI oOMexeHb [7]. Y [8] po3mIsiHyTI TaKoX alrOpUTMHU alipoKcUMarlii (y KL
KOMIIJIEKCHO1 3MIHHOI.

[Ipn po3paxyHKy 3O0BHIIIHBOI JO3M OINPOMIHEHHS B pajiaiiiiHi Oe3merl
CIIUPAIOTHCS HA HOBITHI HAYKOBI JOCIIJIKEHHS, allpOOOBaH1 MPAaKTUYHI €KCTIEPUMEHTHU
ta pexkomenaanii MPK3 [12-16], TenaeH1ii, 3 BUKOPUCTAHHSAM Cy4aCHOI METOJIOJIOT1T
pO3paxyHKy pajiamiiaoi mxoau [17].

MixHapogHa Komicisi 3 paaiallifiHOro 3axuCTy 3allpoloHyBaja OHOBIIEHI
OlOKIHETHYHI MOHENi Il HOBUX pPaAiOHYKIiAIB [9] mo BpaxoBywTh, sik PH
MOTPAIUISIOTh B OPraHi3M JIIONUHU, MOXJIMBI IUIAXW TEPEMIIICHHS 10 BHYTPIIIHIM
opranam, e PH Hakonmu4ytoThCs Ta SIKMM YMHOM BHBOJSTHCS 3 opraHizmy. L{i moxeni
J03BOJISIFOTh  TIPOBOAMTU  OUIBINI TOYHHUKA PO3PAXYHOK [103 BiJI BHYTPIIIHHOTO
OTPOMIHEHHS, 1110 € KPUTUYHO BKIUBUM JUIsl MPOGECIHOTO palialliifHOTO 3aXHUCTY.
[Ipouemypa po3paxyHKy pamiamiitHOl IMIKOAW BU3HAYAE TPUBATICTh BTPAYEHOTO KUTTS
B HEJICTAIbHUX YMOBaX >KUTTEMISIIBHOCTI JIIOAMHM Ta PO3PAXyHOK HOMIHAJIHLHOTO
PUBHKY MOSIBU PaKy MPOTITOM KUTTS, B NpupoaHix un mryunux JIIB [10].

3a3Buuaii 1031 OPOMIHEHHSI OPraHiB PO3PAXOBYIOTh B MEAMYHHUX YCTAHOBAaX MpHU
JOCHIJKEHHAX a00 Npo(dUIAKTHUIl 3aXBOPIOBAHB/TPABM 3 PO3pPaXyHKOM 103U
OTPOMIHEHHS /IS TAIlI€HTIB, B 3aJI€KHOCTI BiJ MeBHO1 mpoueaypu [11], mis uporo
3aCTOCOBYIOTh MeTon  Monte-Kapno. MogentoBanas wmeronom  Monte-Kapro
3aCTOCOBYIOTh B MEAMYHHX 1 Pai0010JIOTIUHUX JOCTIKEHHSX, B arpOIMPOMUCIOBOMY
KOMILJICKCI, JJIs 30UTBIIIEHHST BpOkKaro Ta Monudikallii moOCiBHUX KylbTyp, GPYKTIB Ta
OBOYIB, a TAKOX B THIINX Tady3sX 1 cepax AiIbHOCTI JIFOIUHHU.

MeTtoro foCIiKeHHS € po3po0Ka MaTeMaTHYHOI MOJIEII IS €KCIIPEC-OI[IHIOBAHHS
anpoKCHUMAIlii 3HaY€Hb JJ031 OTIPOMIHEHHS IEPCOHATY aHATIITUIHOO (DYHKITIEIO B OY/Ib-
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AKIH TOYIll MEpUMETPYy XBOCTOCXOBHIILA, B 3aJIEKHOCTI BiJ 4Yacy, BUKOPHUCTOBYIOUU
JIHINHI anreOpaidHi piBHAHHSA, 3 MOJAJIBIITUM TEOPETUYHUM OOTPYHTYBAHHSM JaHUX,
K1 TuTaHyBaiu orpumar y 2021+2026 pp., cnuparoduch Ha OTpUMaH1 3HAYCHHS 3a
nepion 2009+2019 pp. Haitbunpin JOMIABHUM 1HCTPYMEHTOM JJISi MPOTHO3YBaHHS
CUTyaIlli Ha pajialiifHO-3a0pPYITHEHUX TEPUTOPISAX IPOMMCIOBOIO MAMJTAHUYMKY UM
OKPEMOTO XBOCTOCXOBHIIA, € PO3pOOKAa MAaTeMaTUYHOI €KCIIPEC MOJEN BU3HAYEHHS
0a30BOro  MOKa3HWKA 30BHIINIHBOTO  OMNPOMIHEHHS TIEPCOHAy B  yMOBax
HEBU3HAYEHOCTI CHUTYyallli BOEHHOTO CTaHy a0o0 Ui MOJETIOBAHHS MPOTHOCTUYHHX
cuTyarlliii B MaitOytHpomy [ 12]. Matepian gociakeHp BIIMOBIAA€E Tep>KaBHUM HOPMaM
VYkpainu [13-14], enepretuunoi ctparerii Ykpainu Ha nepiof 1o 2050 poxky [15].

2.Metoau nocaigxennsi. O6’€KTOM JOCTIIKEHHS € XBOCTOCXOBHIIA KOJTHIITHEOTO
YPAaHOBOTO BUPOOHHUITBA, IO pPO3TAIIOBAaHI HAa PIBHUHHOMY IPOMHCIOBOMY
MaigaHunky «ba3a-Cy», Ha sSIkoMy pO3TalllOBaHI BiAXOAW YPaHOBOI CUPOBHUHHU Ta Psif
ITPH.Y upoMy nociiaKeHH1 BUKOPUCTOBYIOThCS aHAJIITUYHI Ta MaTEMaTU4YH1 METO/IH,
Kl 3aKJaJieHl B OCHOBY (PyHJaMEHTaJbHUX MPUHIUIIB I1HAUBIIYaJIbHOTO Ta
KOJIGKTUBHOTO  pajialliiHOTO ONPOMIHEHHS TEpCoHally Ta (YHKIII crHagy
pPaJlOaKTUBHOCTI B Yaci, 3alleXXHO Big oOpaHoro pamionykminy (PH), tumy
XBOCTOCXOBHIIIA Ta arperaTHoro ctany PAB [16].

HocnimkenHs Oyio0 HarpapiieHe Ha BU3HAYEHHS MPOTHO3HKX 3HaueHb [1E]] ramma-
BUIIPOMIHIOBAHHS, HEOOXITHOT KUIBKOCTI JOCHIPKYBAaHUX TOYOK BUMIPIOBAHHS MpU
MPOBEJCHHS MOHITOPHHTY Ta PO3POOKM pPO3PaxXyHKOBOI MareMaTHYHOI MOl IIO0
BpPaxoOBYy€ KUIbKICTh BHMIPIOBaHb B IEBHHMX TOYKAaX, B 3aJE€XHOCTI BiA yacy. Jlis
MPOBEACHHS JTOCIIKEHb HEOOX1THO OYJIO TTOCIIJOBHO BUPIIIUTH JIBa 3aB/IaHHS:

—po3pooutu maremarnuny Moxaelb MMRC Ax,y, f) ans BuszHauenHs [IE]]
EKCITPEC-METOIOM 3 TONAJBIITUM TOPIBHSAHHS (PAKTUYHO OTPUMAHUX JTaHUX Ta
MIPOPAXOBaHUX peraMeHToBaHuX pajiauiiiaux napamerpis (PPII) mis 3a0e3neuenns
pamianiiiHoi 6e3neku Ha PHO 3 anmanraiiieto maremarnunoi mozeni Ha i PHO Ta
npoMuciioBl Maiganuuku 3 [IB;

— IIPOBECTH aHATITHYHI JOCTIIHKCHHSI OTPUMaHUX JaHUX METOOM alpOoKCHUMaIii
Ta eKCTPAIoIAIii (1HTePIOJISIIIiT), BU3SHAYUTH MOXKJIMBI 3HAYEHHS HA HAaWOMMKY1 11 SITh
POKIB, IO peasi3yloThCA B pO3pO0JICHIN MaTeMaTuIHI MOei.

3. Po3pobka monedi. [lepima 3agaua, Oyna peanizoBaHa 3a paxyHOK po3poOKH Ta
apanrarii matematuanoi mozaeni MMRC [ (x, y, t) Ay BUSHaYEHHST KOOPJUHAT MICIIA
3HAXO/DKCHHS KOXKHOI TOYKM BHIMIPIOBAHHS, BHW3HAUCHHS OINTHMAJIbHOI KUIBKOCTI
TOYKO, B 3aJIEKHOCTI Bij yacy 300py JaHHX Ta CyMapHOi 03U OTMPOMIHEHHS KO>KHOTO
crniBpoOiTHuka 3 miepcoHan PHO. [lns BopoBajkeHHS MaTeMaTUYHOI MOJel
HEOOX1AHO BU3HAYUTH 0a30Bl1 BUXIJHI JaHi, YMOBH (YHKIIOHYBaHHS 00’ €KTy Ta
BH3HAUNTH MaTEMaTHYHY TTOCTAaHOBKY 3aj1adi.

3.1. Ilobyoosa mooeni. [Ins noOynoBu maremarnunoi moaeni MMRC f (x, y, f)
BU3HaueHHs 3HadeHHs [IE][ raMMa BUIIpOMIHIOBaHHS B TIEBHINM TOYIll HA TIEPUMETPI
MIPOMHUCIIOBOTO MAaMIaHUYMKy YU OKPEMOMY XBOCTOCXOBHWINI Tpeba BpaxoBYBaTu
HacTynHi AaHi: HasBHICTh [IPH, #ioro akTuBHICTH, MEpioa HaAMIBPO3Mady, KaTeroOpito
CTIWKOCTI arMocepu, Temmeparypy, HasBHICTh OMNajiB, THCK, BOJOTICTH 1 THII
XBOCTOCXOBHINA. J[71s1 MomemtoBaHHS Tipoiiecy Oyno MPUUHATO HAWTIPIIUN BapiaHT
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1010 TTOTOTHUX YMOB JIJIsl PIBHUHHUX XBOCTOCXOBHII] Ta IPOMHUCIOBUX MalITaHIUKIB,
3 rmepenajaoM BUCOT 110 1,5-2 MeTpiB.

Jns moOyioBM MareMaTU4HOi MOJeNl MPUUMAEMO YMOBY, IO MPOMHUCIOBUN
MalaHYMK Ma€ MI0CKY GopMy 3 TiepenaioMm BUcOoT 10 1,5-2 metpiB. [Ipu nmpoBeneHH1
BUMIPIB peraMeHTOBaHMX pajiamiiinux napamerpiB  (PPII)  BukopucTOBytO
JO3UMETPH, TO3UMETPU-PAIIOMETPH Ta pajoHoMeTpu. OCHOBHUM MapameTpoM, IO
nae BKiIaa Bim 75 1m0 95 BIACOTKIB B CyMapHy /03y OINPOMIHEHHS MEPCOHAy Ha
paniarnirino-ae6e3neunomy 00’ekti (PHO) € motyxHicTh exBiBasieHTHOI 1031 ([1E]]).
30BHINIHIO CKJIAJIOBY 03y OMPOMIHEHHS BM3Ha4YaroTh Bia 2 (1 pa3 Ha miB poky) mo 12
pa3 Ha pik (1 pa3 Ha MicAlb), B 3aJ€KHOCTI B MOTPeOW Ta IMOTOIHHUX YMOB.
CrangapTHUI MiaXia BKIIOYA€E BUi3 Oe3MOcepeIHbO Ha MPOMUCIOBUN MallaHIHK 3
MIJIBUIIICHUM PU3UKOM JOJaTKOBOTO oOmpoMiHeHHsA. Otxe st BuzHadeHHs PPII
BAXJIMBO MaTu MeToau ekcrnpec po3paxyHkiB [IEJ] ramma BunpoMiHEHHS Ui
noOyoBY KapT JAO30BUX HABAHTAXKEHB JJISI OKPEMO PO3TAIIOBAHOTO XBOCTOCXOBHINA
YU IPOMHUCIIOBOTO MaiiaHnunKy. HalO1ab111 0e3neqHuM Ta IMIBUIKUM 1HCTPYMEHTapieEM
s moOynosu 2D moneni Ta 3D Moxeni € ekcipec-Moel abo MaTeMaTuyHI MOJIeII,
K1 TPOPAXOBYIOTh HEOOXIJIHY KIJTBKICTh TOUOK BUMIPIOBAHHS.

3.2. Ilpocmopoeo-uacoea mooenb. Hexall Touka NEPUMETPA OIMNUCYETHCS
HOpMaJli30BaHUMH TpocTopoBuMH koopauHatamu: [IEJ] = (x;, yi), A€ Xi Ta yi —
MaciTaboBani koopauHatu. Hexaih tau — HopmamizoBanuii 4yac. [loTyxHiCTh
€KBIBaJICHTHOI JI03W TaMMa-BUIIPOMiHIOBAaHHS allPOKCHMYETHCS IMPOCTOPOBO-YaCOBUM
nomuomMoM: EJ[ = (X;, yi, T) = noOyTky 3HaueHb Bij anbda, Oera Ta ramma
BunpomiHiorouux [IPH. Jlns penykoBaHOi MPOCTOPOBOiI CTPYKTYpH KOE(ILIEHTHI
(GyHKIUII peACTaBIEH] 11’ ATH apaMETPUYHUM PEAYKOBAaHUM KBaJPAaTUYHUM Oa3UCOM:

b r(xi, eta) = beta {r0} + beta {rl} xi + beta {r2} eta
+ beta {r3} xi”2 + beta {r4} eta"2.

[lepexpecHuii ujieH X; Ta Yi — HE BPAXOBY€EThCA B I’ SITH TOYKOBOMY PEYKOBAHOMY

0a3ucl, KO BUKOPUCTOBY€ETHCS MOBHUI TBOBUMIPHUNA KBaAPATUUHUI MOJIHOM:
b r(xi, eta) = beta {r0} + beta {rl} xi + beta {r2} eta
+ beta {r3} xi”2 + beta {r4} xi eta + beta {r5} eta"2,

TOMI TOTPIOHO IOHAMMEHIIE IIICTh-BICIM HE3aJIGKHUX MPOCTOPOBUX TOYOK. Ll
BIIMIHHICTh € CYTT€BOIO, OCKUIbKM TIOBHA KBaJ[paTMYHa ITOBEPXHS Ma€ IIICTh
Koe(Illi€HTIB 1 HE MOXe OyTH BHU3HAY€HA OMHO3HAYHO JIUIIE 3 M'SITU MPOCTOPOBHX
TOYOK.

3.3 Yacoee cxkopouenna. CxopodyeHa 4yacoBa CTPYKTypa BUKOPUCTOBYE YOTHPH
ce30HHI By3nu. Li By3nm BuOpaHi A MpencTaBICHHS KOHCEPBATHBHUX CE30HHHX
ymoB EDR. flkmo B 3agaHoMy NOpOCTOPOBOMY BYy3Jl JIOCTYNHI YOTUPH YacOBi
CIOCTEPEIKEHHS, YaCOB1 KOE(PIIIEHTH MOKHA OTPUMATH 3 JIIHIHHOT CUCTEMHU:

[1 tau 1 tau 172 tau 173] [b_0] [g 1]
[1 tau 2 tau 272 tau 273] [b 1] [g 2]
[1 tau 3 tau 372 tau 373] [b 2] [q_3]
[1 tau 4 tau 472 tau 4°3] [b 3] [q 4]

CkopoueHa CTPYKTypa TOAWMH BUKOPHCTOBYE YOTHUPH CE30HHI By3nu. LI By3au
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BHOpaHi IJIs1 IPECTaBICHHS KOHCEPBATUBHUX CE30HHUX YMOB BUMIPIOBaHHS 3HAYCHb
IIEJl. Sxmo B 3agaHoOMy MPOCTOPOBOMY BY3J1 JOCTYIHI YOTHPH TOJUHH
CIIOCTEPEKEHHS, YaCOB1 KOS(IIIEHTH MOYKHA OTPUMATH 3 JITHIMHOI CUCTEMHU.

3.4. Buxioni napamempu. J1711 IeBHOI TBOBUMIPHOI UM TPUBUMIPHOT 001aCT1 TaKO1
gk nepumetp PHO uu Bcs mitoma npoMUCIOBOTO MaiJaHYUuKy HEOOX1JHO BUSHAYUTH
PO3paxyHKOBY KiJIbKICTh TOYOK BIJ] IIEBHOTO JKepesia 10HI3yI04Oro BUIIPOMIHIOBAHHS
(JIB) CymapHO TOUKH KOHTYPY 13-3a IIbOTO OTpUMYIOTh MeBHi [1E]], siki BUMipIOIOThCS
HAaTYpHUM YMHOM JIEKiJIbKa pa3iB 3 MEBHUM iHTepBajoM yacy (1 BumiproBaHHs B 1
cekyHny + 3 xBwiuHH). Bumipn mpoBomsatecs 1 pa3 y wmicsaus (12 pasiB 3a pik).
[Torpi6bHO MarematmuHo omwucatd piBeHb I[IEJ] B Oyap-sikiii ToYll Ha KOHTYpI
XBOCTOCXOBHINA Y OyAb-KHIl 4ac poOKy, ToOTO, mMOTpiOHO moOymyBaTu (YHKIO [
(X,V, 1), IKa 3aJIEKUTH BiJ 4yacy t 1 BiJ IUIOIIMHHUX KOOpAMHAT (X, y) Ta JnaBaia O
MOxJMBICTh BU3Ha4atu [1EJ[ y Oyab-sikiil Toulll KOHTYpPY (HE TUIBKH B TOUKaX BUMIpY)
3 HAlO1IBIIIO0 TOYHICTIO (HAWMEHIIIOI OXUOKOIO).

Tomi 3minHa t y gyHkuisx P = [ (X, y, t) 3miHoBatumeThes B 1 10 365 (abo 366),
T0OTO 11 QyHKIIT BiJ t OyAyTh yKe AUCKPETHUMH, alie iX MOXKHA PO3MISIATH 1 K
HETEPEPBHi, BPAXOBYIOUYM PIK, JCHb POKY, TOIWHU, XBWIMHHM 1 CEKYHIH, KOJIU
npoBoauiiock BumiproBanHs [IEJI. Hampukman, skmo t=3, To 1€ BiAMOBiAaTHMeE
TakoMy 4acy: 4 yepBHs, 9.00 paHky.

Burnsa anpoxcumytrodoro noxinoma ans I[EJ[ Py = [ (xj, yj, t) B bOMy BHUIaaKy
MPHU KIJTBKOCTI YCEpEeHEHUX BUMIpIoBaHb m = (Bia 1 1o 12), 3rigno 3 [28] Oyne matu
BH/I;

P(x,y, 0= f(x,y,0)=a,,(x;,y,)+a; (x,y;,)t+a,, (xj,yj)t2 +...

12

11 i—1

wta; (xj,yj)t = Zaj,l._l (xj,yj)t i
i=1

(1
VY upomy Bunaaxy (12 BuMipiB y KOXKHIMA TOYILl BUMIPIOBAHHS) JJIs1 3HAXOIKEHHS
Y SN/ B § .
koepiuientis /07 AT yvatumemo 12 JIAP 3 12-ma HeBimoMumu
A5 @) aensdy

L . T, P, . A .
Bimomi Mmatpumi 7 , 7/ 1 mIykaHa MaTpuis KOeIMIEHTIB  / CUCTEMHU JIIHIHOTO

anreopaiunoro piBHsHHS (JIAP) y 1mipomy BuUmagxy uisi KOXKHOT TOUYKH — / ( > )

MaTUMYTbh Takuil BUDIISA (2):

2 m—1
1 tj,l tj.l tj,l (ILD Pj(xjxyjstj,l)
. 2 m—1 a; Av. v. .
T__T —_ 1 t}'z t}'z t}'z ’ A_,I —_ _{'1 ) Pj —_ P_I(x_r’yj’t_}'z) L
: : 2 . :_1 a :
L tim Gm v jm-1 P; (%, ¥j. tjm)

)
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Taxux cuctem JIAP nmoTpiOHO po3B’s3aTH CTUIBKU, CKIJIBKA TOYOK BUMIPIOBAHHS
M (xj,yj), 10010 n. I Axmo Oparu 30+250 TOUOK, y SIKMX HPOBOJMINCH HAaTypHI
BUMIPIOBaHHS, TO MOTPiOHO Oyne po3m’s3atu 30250 cuctem JIAP, koxxkHa 3 sSKHX
MICTUTh 12 piBHSHB BIJHOCHO 12 HeBiIOMHX. 3 TPAKTUYHOI TOYKH 30py Take
PO3B’sI3aHHSA 33/1a4l He OyJie €eKOHOMIYHUM, a OTPUMYyBaHa TOYHICTh HE BiJMOBIIaTUME

3aTparam.
Tomy MpoOTNOHYETHCSA HACTYITHA METOOJIOT1SI BUPIIICHHS IT1€T TPOOIEeMH.
3.5. Busnauenna ¢hynkuin [; (x;,yj, t), To0To mpuiimaemo j = (1, 2, 3, ....n)

BUMAJKIB. MeTofosorisi 6a3yeTbcsi Ha MPUHIIUII BpaxXyBaHHS HaWHECIPHUSATIUBIIINX
YMOB, TUM O1fbIIe, 110 MpobaemMa MOoB’A3aHa 31 30epeKEHHSAM 3/I0pOB’S JIIONEH, SKi
npauoioTh psaaoM 31 PHO. KinbkicTs piBHsAHB y cucteMax JIAP s K0KHOT TOUKH B
bOMY BUMAJIKy CyTTEBO 3MEHIIUTHCS: BiJ 12-TH 10 4-X.

Toni Bimomi matpuui Tj, P; Ta mykana marpuns koeginieHTiB A; cuctemu JIAP y
3rigHo [28] 3 popmyioro (4) st 1oBUIBHOI TOUKH M (X, Yj), MATUMYTh TaKHIA BUIIISA
(3): )

ay(x=x;5y=y)=a,,(x;1);

Ay (X =Xy5 Y= Y,) =a,(X,330,);

ay(x=x,;y=y,)=a,,(x,;,); 3)

[Ilo cTocyeTbCsl KUIBKOCTI BPaxOBaHUX MICHb (TOYOK), Yy SKUX HPOBOJMINCA
3aMipH, Lie MTUTaHHA Oy/ie 0OrOBOPEHO HHUKYE.

Hapnan moctaBUMO HacTyIHY METY: OTpUMAaTH aHAITH4HY (QyHKUIO fi (X;, Vi, t)
[IE/I Taky, 3a sikoto MoxHa Oyino 6 Bu3Hadatu aHamitTuuHo [IEJ] y Oynb-sikomy micii
(Oynp-skiit Toulrl) koutypy PHO y Oynb-sikuit MoMeHT 4acy. Lle gano 6 MOXIUBICTb,
HE MPOBOJSYM HATYPHI BUMIPIOBAHHS, 3HAXOIUTH HAONMKEHO peanbHuil piBeHb [1E]]
Ha koHTYp1 PHO y noBi1pHOMY Miclli B IOBUIbHUI Yac.

3.6. Anpoxcumauyisa 3HaueHb @QYHKUIi 6 O006LNbHINU mMOYYi nepumempy 6
3anexcHocmi 6i0 uacy. MaremarndyHO 3aja4a  IOJSATaTUME B TOMY, 100

. Ay Ay end, 5
arpoxcumyBar B (3) [28] koxuuil koedimient /07 T TAmT D gpenii 3anesxuTh

BiJl KOOPMHAT TOYOK BHMIPIOBaHb, BiAIOBIIHOK (DYHKI[EIO BiX ABOX 3MiHHHX > Y .
: PR SAY” B .
To6T0, MM MaeMO MHOXHHY Bigomux Koedirientis /-0 ~/1777 7/ qig kokHOT
Toukd M;j (Xj, yj), Y AKIH IPOBOAMIIMCS BUMIPIOBaHHS 3a (hopMyIIoro 3:
3 MOITyKOM 3Ha4eHb KOe(iIieHTiB, 3a (hopmynoro 4:

Ao (X, 1), @y (5. 05)s G5 (X5 85)0ee @, 0 (X, 3,) & (610001 KoeDiyienmu npu £y
ay (X v @y (9. 90)s @3 (05.05) @, (3,0 ,) 1 (8100011 KOCDiyienmu npu )
a5 (X, 1), Gy (5, 35), G55 (X5, 35) 0000, 5 (X, 3,) 3 (610001 Koeghiyienmu npu ) 4)

ay; (X 3y)s ay; (5. 30). G55 (X5, ¥3)e @y (X, 3,) £ (8100041 KOCGIyieHmU NPU )

.................................................................................................
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{"r'_:m—'_ ('1"-'_‘.1.'_ ) ﬂlm—'_ ('1"-2‘.1.2 ) {‘rf-:nr—'_ ("’-3‘.1.3)""‘{'2?::»—'_ ('1"-};".1.;;) ; ( npu fm_: )

M;(x,,y;)

PosmisineMo 3aranpHuil Bumagok. KinpkicTh TOYOK

n(j=12,...,n)

Ha koHTYypi PHO

JOPIBHIOE

a

Bynemo anpokcumyBaru Koe(PIllieHTH ~ 3 1HIEKCOM k IIPU OJIHAKOBHX CTEIMEHSX

k 3minnoi GyHKIISAMA Bij XY _ noninomamu BiJl TBOX 3MiHHHUX ¥ i Y. ToOTo,
3a/1a4a MoJIAraTUMeE B TOMY, 1100 KOoe(iIiEHTH KOXKHOTO psaka (4) Oynu 3HaYCHHSIMHU

AIPOKCUMYIOUOTO IMOJIIHOMA B1J] JIBOX 3MIHHHMX JJISl KOXKHOT J i Touxu. i momiHOMHM
MaTUMYTh HaCTYITHUM BUTIIAL (5):

2 2

a,=(by 0 X+D o1 Y)+ Dy o X +b Xy+b Yy )+
3 2 2 3

+(bk,3,0x +bk,2,1x y+bk,1,2xy +bk,0,3y )+

4 3 2 2 3 4
+(bk,4,.ox "'bk,3,1)C y+bk,2,2x Yy +bk,1,3xy +bk,0,4y )+

S P +

+ (b "+b y+b P24 +b N+
e, 1,0 % -1 X YT gy 22X YV Tt O YV

s PP +

K s—1 s—2 2 K
+(bk,s,0 X +bk, (s=1),1 ¥ y+bk, (s-2,2% YV +---+bk,o,s '),
1e k=0,1,...m-1

ro,..., ! 10,..., $ -TO CTymneHiB, KoedimieHTn b 5 IHAEKCAaMH HEBIJIOMI 1 IMIJJISATal0Th
BU3HAUEHHIO; JPYTUW IHJEKC y LUX KOeilleHTaX BKa3y€e Ha MOKA3HUK CTYIEHS Y

)

, B Ty>KKax BUJIUICH1 OMHOPIIHI MOBHI MojiHOMU 1-T0, 2-TO, 3-

MHOXHHKY X, a TpeTili — Yy MHOKHUKY Y,
3HauCHHS IHOTO IIOJIIHOMAa B TOYKAaX BHUMIPIOBAHHS IIOBMHHI CITIBIIaaT 31

P(x;,y;,1)

koeirieHTH b, iHgekcamu B (5). ToObTo ayis X BU3HAYEHHST MAaTUMEMO HACTYITHY
cucremy JIAP:

[Ticnsa yoro yacosi koediuieHTH a(j,k) Oynu Bu3HaueH1 y BUOpaHUX ToUukKax (X;, Vi),
KOKEH KOeIIIEHT PO3MISIIAETHCS SIK TIpocTopoBa (pyHKIis (6):

3HaueHHsaMH [TE]] B I[UX TOYKAX B IaHUH yac. 3 1i€1 yMOBHU 1 3HAXOASITHCA

ak(xj,yj) =ajx, j=12,..,n, k=01,..,m—-1 (6)

[IpocTopoBa 3aIeKHICTh KOXKHOTO KOE(ILIEHTa alpOKCUMYETHCS 32 JOMOMOIOIO
MTOBHOTO IMOJIIHOMA BiJ] JBOX 3MIHHUX 0€3 MOCTiitHOT 3MiHHOT mapameTpa (7):

ar(x,y) = Zf’zl Zp+q=£’ bk,p,q xPyq. (7)

Cuctemu JIAP s BuU3HaYeHHS BCIX  KOe(]iIlI€HTIB b 5 IHIEKCOM

ke (k=0,1,....m-1) OyayTh Takumu (8):
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a(x=x;y=y)=a,(x;n)
J a (x=x;y=y,)=0a,,(x;),);

(@ (x=x3y=y,)=a,,(x,;:,); ®)

3 cuctem JIAP (8) 3HaligyThcst BCl KOe(iIlieHTH b 3 nosinbauM inmexcom X .
Crymins S mOBHOTO MOIiHOMA NMOBUHHA OyTH TaKoO, 00 KibKiCTh HEBiZOMUX

KOC(IIIEHTIB b 3 inpexcamn Oyna He OUIBIIOI0 KITBKOCTI TOYOK (MICI[b) BUMIPIOBAHb.
Tomi moxHa Oyae BU3HAUUTH 111 KOe(III€HTH, BIIOMPAIOYH BiAMOBIAHY KIJIbKICTh TOUOK
BUMIPIOBaHHS.

OTpumaemo JyIsl IIbOTO BIATIOBIIHY 3aJIeKHICTS (9).

OpnHOpIIHUKM TIOBHHMM TMOMIHOM 1-TO CTyINeHs BIIHOCHO ABOX 3MIHHHX Mae 2
KoeQilli€eHTa, MOJMIHOM 2-TO CTyIleHi — 3 KoedilleHTH, 3-ro cTymeHs — 4 ToIIo.

o . . S (s+1) o
OpnHOp1AHUI TOBHUH MOJIIHOM CTYIIEHS © Ma€ KOE(ILIEHTIB.
[ToBHui moiHOM ¥ — ro CTyneHs Mae N KO€(ILI€HTIB, JIE:

N=2+3+4+...+(S+1)ZMSZI-FL(SZ-FS)
2 2 9)

Tyt BukopuctaHo Qopmyny uisi cyMu apuMeTH4HOI Tporpecii, y sikoi (3a

a, =2

KJIACHYHUMU MO3HAYEHHSIMH): TEPIINN YJIeH , P13HULA d=1 , OCTaHHIN 4JIeH

a,=s+1 , KITIbKICTb uieHiB 7 =5,
OCKiJNIbKM TOYOK BUMIPIOBAaHHS B 3arajgbHoMy Burisami /7, 1o mo6 moxna Oyio

3HAUTH BC1 HEBIIOMI KOe(IillIEHTH b s 1HAEeKCcaMu, NOTP10HO BUKOHAHHS yMoBH (10):

N< n; 1+l(s2 +5) < n.

2 (10)

KinbKicTh HEBIIOMHUX KOE(QILIEHTIB y MOBHOMY IMOJIIHOMI 3 JBOMa 3MIHHUMH
CTYTEHS S, 32 BUHSITKOM MOCTIHHOTO WieHa, 1opiBHIOE (11):

N(s) —Z(f 5(5;3)

(11)
. . . o . . a. -
KO KUIBKICTh TOYOK BUMIpIOBaHHS B34TH 150, TO KOKHUI KoedimieHT “* (ix

kinpkicte ) Gyne anpoxcumyBaTvCh HOBHUMH TOIiHOMaMM 15-ro crymens 3 135
HEBIJOMUMH Koe(illieHTaMH, TOOTO JJIsl 3HAXOMKEHHS TIIbKM 1-ro koedimieHTa K
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¢yHKii kKoopauHAT TOukM Tpu (iKCOBAaHOMY CTemeHi 3MiHHOI ! moTpiGHO OGyne
po3B’sizatu cucremy 135 JIAP. A BpaxoByruu peajbHy KIJIBKICTh BUMIPIOBaHb Y
KokHIA Touli KoHTypy PHO, TO Takux cucreM moTpiOHO po3B’sizatu 12, mo B
3araJlbHOMYy (peajJbHOMY BHUIIQJIKY) € JOCHUTH MPOOJIEeMaTUYHO B 4yaci (Habip 3HA4YCHb
B1JIOMUX MaTpPHIIb).

TakuM 4YKMHOM, OYEBUJHO, BUKOPHUCTOBYBATHM BCl 3HAYEHHS BHUMIPIOBAaHb y BCIX
TOYKaX 1 B KOKHUHM Yac € HEJOUUTFHUM ISl MAaTeMaTUYHOTO aHaiTHuHoro onucy [1E]]
B KOKHIi Toutli koHTYpy PHO.

[ ToMy mpomoHy€eTbCs HACTyIHA METOJOJIOTIS MAaTeMaTHYHOTO OMHCY HaTypPHHX
BuMipioBanb [1E]J] B 3a5mexHOCTI BiJl MICIISl pO3TalllyBaHHS TOYKH 1 4acy.

Taxum ymHOM, ampokcumartis [IEJ] B yaci Oyme 300paskeHa y BUIVISIAI MOBHOTO
MOJiHOMA TPEThOTO CTyNeHs BiHOCHO 3MiHHOI yacy ! i MOBHMMM NOJiHOMAMH
JPYTOro CTYIEHS BIIHOCHO JBOX KOOPJIMHATHUX 3MIHHUX (3 5-Ma Koe(illieHTaMu).

B ocrarounomy Bumsiai orpumaemMo (12):

})j('xj’yjﬂtji) ~ f(x,p,t)=
:(bo,1,0 x+bo,o,1 J’)"‘(bo,z,o x* +b0,1,1 xy+bo,o,2 y2 )+

2 2
+(b1,1,0 x+b1,0,1 y)+ (b1,2,o X +b1,1,1 Xy +b1,0,2 yo)t+

2 2\ L2
+(b2,1,0 x+b2,0,1 Y)+(b2,2,0 X +b2,1,1 xy+b2,0,2 Yo+

+(b3,1,0 x+b3,0,1 y)+ (b3,2,o x? +b3,1,1 Xy +b3,0,2 y2 )'t3 )
(12)

e KoedilieHTH b 3 IHJEKCAaMH YK€ BIJIOMI — BHU3HAYEHI BUIICHABEICHOIO
METOMKOIO.

3.7. Bumozu 0o nepesipku pezyrvmamie. HaniiiHicTb MoJeIl MOXHA OILIHUTH
JIUIIE 3a JJOTIOMOTOK0 HE3aJIEKHUX BUMIPSHUX JAHUX, K1 HE BUKOPUCTOBYBAJIUCS IS
OLIIHKY KO€(ILI€HTIB MOJTIHOMIATY. SKIIO pe3yabTaTH BUMIPIOBAaHb 3aJI€3KaTh B1J| IBOX
HE3aJICKHUX MapaMeTpPiB, TO TEXK MOXXHA BUKOPUCTATH MOBHI MOJIHOMHU BiAMOBIIHUX
CTETEHIB, ajie yKe BiJl JBOX 3MIHHMUX. Y BHUIIAJIKaX, SIKIIO PE3YJIBTATU J1OCIIKEHHS
MaloTh 3a METY 30€peKeHHsI 370POB’S 1 )KUTTA JIIOAEH, HaTIHHOTO 1 JOBrOTPUBAJIOTO
GyHKIIOHYBaHHST Oy/iBeNb 1 CIOPYH, TO, Ha HaIl MODISIA TMOTPIOHO BHUXOIUTH 3
MPUHITUITY HAUTIPIIOL CUTYAIII1.

3.8. Banioauia ma ananiz nesusznawenocmi. Baminaiito ciig TpOBOAWTH 3
Hesanexxkuumu  BuMiproBanHsamu  [IEJ[ (ITI1[]), sixi HEe BUKOPHUCTOBYBAIHCS IS
BH3HAYCHHS KOC(QIMIEHTIB MOIiHOMIB. J[J KOKHOI TOYKM Ta JaTd Baigamii
3MOJICJIbOBaHE 3HAUCHHS CJIIJI OPIBHIOBATH 3 BIMOBITHUM BUMIPSIHUM 3HAYEHHSM, a
PI3HUIIO CJiJ MiACYMOBYBaTH 3a JOIOMOIOI CEpeIHbOi aOCOMIOTHOI TMOXHOKH,
CepeaHbOKBAAPATUYHOT MOXUOKH, CepeHbOT aOCOTIOTHOI BiJICOTKOBOI MOXUOKH abo
cepeaHbOl BIJHOCHOI MOXHMOKHM, MaKCUMaJIbHOI aOCOMIOTHOI MOXUOKH, KoedilieHTa
nerepmiHaiii Ta TpadikiB 3anuimikiB. OCKIIBKM TMOTOYHA PEaKIliss HE MICTUTH
HEe3aJIeKHOTO HAOOpy MaHMX [JIs Bajijalii, B JaHil CTaTTi HE HABEICHO KOIHOI
YUCJIOBOI METpUKM Bamigamii. Jloku He Oyne 10AaHO Take MOPIBHSIHHS BUMIPSHUX Ta

191



OCCUPATIONAL SAFETY
SCIENTIFIC RESEARCH: CHALLENGES AND WAYS TO OVERCOME THEM IN MODERN
REALITIES

3MOJIETIbOBAHUX JNaHuX, ckopodennit MMRC f (x,y, f) cmina iHTeprpeTyBaTH, SK
KOHCEpBATMBHY MOJEJIb CKPUHIHTY Ta IJIaHyBaHHS, a HE SK BalllJOBaHy 3aMiHY
MOJIbOBUM BUMIPIOBAHHSIM.

4. BucHoBkH. Y mnonepenHix podorax Oyjo mpoaHandi30BaHO CTaH pajialiitHOro
3a0pynHeHHs 3a nepiog 2009-2019 pp., BUKIAJEHHMX B HAyKOBO-TIPAKTUYHUX
JOCJIIJIPKEHHSIX, sIKI BUKOHYBAJMCh HA XBOCTOCXOBHUILAX, JIJISi 300py Ta HAKOIMYEHHS
npakTuyHoi 0a3u nanux 3HadeHb [II1J] ta T1IEJ] spyKHHUX XBOCTOCXOBHII[ 3 €KpPAaHOM
mapy PH ta IIB y Bursiai ctaBka 3 Bogoro [ 12, 17], moOy1oBu JBOBUMIPHHUX MOJIETICH
PHO i3 3actocyBanHAM MpHIaiB paaianitHoro KoHTpodio [18].

Y momanblioMy MPOMOHYEThC po3podbutu mareMatnuny mojaeni MMRC f(N),
CIIUPAIOYNCh HA PO3pOOJICHY MaTeMaTWUdHy MOJEIb BU3HAYCHHS JTO3M OMPOMIHEHHS
MEPCOHAJTy BIJ PO3TAlllyBaHHs MEPCOHANTY B MEBHUX JOKalisx nepumerpy MMRC
Sx, ).

VY mepcnexkTuBi Cliji MPOAOBXKUTH YAOCKOHAJIICHHS METOMIB JOCHTIPKCHHS Ha
XBOCTOCXOBHIIAX KOJUIIHHOTO ypaHoBoro BupooHuirea BO «I1X3y». Pesynbraru mux
JOCJIJPKEHb MOXYTh OyTH BUKOPUCTAHI IS 1HIIMX XBOCTOCXOBHII IUIOCKOTO a0o0
SAPY>KHOTO THITY, Ha SIKUX MPOBOJMIIACH PEKYJIBTUBALIIS 3eMeb a00 3eMJIsiHI pOOOTH TTO
BHUPIBHIOBAHHIO MOBEPX1 XBOCTOCXOBHUIIIA.

OnvH 3 HAaUOLIBIT TPUUHITHUN ISl 1HKEHEPHUX PO3PaXyHKIB MPU MOJCIIIOBAaHH1
pamiamiiiHoi cutyarii Ha PHO, € meTton ampokcuMaliii MOBHMMH ITOJIIHOMaMHU
BIIMOBIJTHUX CTEMEHIB. AHAIITUYHO BIH MOTPEOy€ TIIBKH YBa)XKHOTO CKJIQJaHHS
MaTpHIlb KOe(IIEHTIB JiBUX 1 mpaBux dacTuH JIAP, a 4ncenbHO — BUKOPUCTAHHS
BIIMOBITHOT M1ITPOTrPaMH.

Po3pobsieHo MaremaruuHy MOENb, MOXKHa 3acTocoByBatu mis 2D Tta 3D
MozieNtoBaHHs 1 ¢GopMyBaHHsS rpadiyHuX MarepiaiiB. B pesynbrari mpoBegeHUX
TOCHIIXEeHB Oy10 BUSIBIIEHO OKpeM1 JIoKallii/o0’ ektu 3 miaBuiiieHuM pisaem PPITTTE]]
Ha NMPOMUCIOBOMY MainaHuuKy «ba3za-C.

3anmponoHOBaHa MaTeMaThu4yHa Mojelb J03Bossie BuzHauutu [IEJ[ rama
BHUIIPOMIHIOBaHHSI B Oy/Ib-sIKIM TOYIIl 3HAXOJKECHHS B CHCTEMI KOOPJWHAT MOBEPXHI
00’exty (PHO) pocmimkenns. OgHak po3poOiieHa mMareMatiyHa MOJEh MOTpelye
MEBHUX YTOYHEHb II0JI0 JOCTATHBOI KUIBKOCTI BUMIPIB Nj, TUITy XBOCTOCXOBHIILY Ta
3aCTOCOBAHUX HAa HHOMY MPOTHPATIANINHUX TEXHIYHUX 3aXOJIB, SKIIO TaKi Malu
Miclie, a00 MIIAaHYEThCS X MPOBEACHHS B MailOy THHOMY.
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On 24 February 2022, pursuant to Presidential Decree No. 64/2022, Ukraine
introduced martial law, fundamentally altering the operating conditions of all state
institutions. The State Emergency Service of Ukraine (SESU) found itself in an entirely
new environment: in addition to its traditional mandate of responding to natural and
man-made emergency situations (ES), it became confronted with the large-scale
consequences of armed aggression. Ensuring a robust legal basis for these activities
became critically important, as the effectiveness of rescue operations and the protection
of the civilian population depends directly on the clarity of the regulatory framework.

The aim of this paper is to systematise the principal legal norms governing SESU
activities under martial law and to characterise their practical significance for the
execution of duties by service personnel.

The constitutional basis of martial law is laid down in Article 17 of the Constitution
of Ukraine, which stipulates that the protection of sovereignty and territorial integrity,
and the maintenance of economic and information security, are among the most
important functions of the state and the responsibility of the entire Ukrainian people
[5]. The specific legislative instrument is the Law of Ukraine 'On the Legal Regime of
Martial Law' of 12 May 2015, No. 389-VIII [4], which defines the content of this
regime, the procedure for its introduction and termination, and the legal framework for
the activities of state authorities, military command and local self-government bodies.

Martial law is a special legal regime introduced in Ukraine or in certain localities
in the event of armed aggression or the threat of attack, or danger to state independence
or territorial integrity. It empowers the relevant authorities with the competencies
necessary to repel the threat and ensure national security, while temporarily restricting
constitutional rights and freedoms [4]. The introduction of martial law simultaneously
triggers the transition of all departmental structures, including SESU, to the operational
mode of the special period.

The concept of 'special period' covers the time from the moment of the mobilisation
announcement or the introduction of martial law, and encompasses the period of
mobilisation, wartime and, in part, the post-hostilities reconstruction period [3]. As of
2024, martial law in Ukraine is being extended in 90-day increments in accordance
with the requirements of current legislation.

The Civil Protection Code of Ukraine (hereinafter 'the Code') is the principal
legislative act regulating relations in the sphere of protecting the population, territories
and property from emergency situations, and defines the powers of the USCPS and its
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components [6]. During the special period the Code supplements the USCPS's core
mission with specific wartime functions, including:

- alerting management bodies and the population of the threat or use of weapons of
destruction;

- organising and conducting rescue and other urgent operations, and liquidating the
consequences of ES caused by military (combat) operations;

- identifying hazardous areas and conducting humanitarian demining;

- bringing protective structures to readiness and ensuring round-the-clock access to
them,;

- transitioning civil protection management bodies and forces to wartime staffing
levels;

- organising the evacuation of the population and material and cultural assets from
areas of combat operations to safe areas [6].

Analysis of the Code indicates that during the special period SESU activities are
reoriented primarily towards protecting the population from the consequences of rocket
and artillery strikes, neutralising explosive ordnance (EO), organising evacuation
measures, and maintaining fire safety at critical infrastructure facilities.

The procedure for placing SESU bodies and units on enhanced duty is governed by
Order of the Ministry of Internal Affairs of Ukraine (MIA) No. 116 of 10 February
2022, 'On Approval of the Procedure for Organising Internal, Garrison and Guard
Service in Bodies and Units of the State Emergency Service of Ukraine' [9]. Under this
document, an order introducing enhanced duty mode specifies: the justification and
duration; the list of units covered; the list of measures and timelines; the procedure for
readiness monitoring; and restrictions on the use of official vehicles.

Inter-agency cooperation between SESU, the National Police and the National
Guard of Ukraine is regulated by MIA Order No. 859 of 22 August 2016 [10].
Cooperation is carried out at three levels — national, regional and local — and
encompasses: joint notification of ES threats and occurrences; the organisation of joint
operational briefings; and the coordination of response to ES and dangerous incidents,
including those caused by enemy shelling.

The 'Charter of Actions in Emergency Situations for Management Bodies and Units
of the Operational Rescue Service of Civil Protection', approved by MIA Order No.
340 of 26 April 2018 [11], establishes a clear operational algorithm for personnel under
conditions of potential rocket and artillery attack. The Charter requires: mandatory
threat assessment before any departure; identification of safe and alternative routes;
mandatory use of ballistic protection (body armour and helmets); maintenance of
continuous communication with the Operational Coordination Centre (OCC); and pre-
designation of cover positions for personnel and equipment at the scene.

SESU Order No. 375 of 2 April 2024 approved the 'Recommendations on the
Specifics of Mission Execution by SESU Management Bodies and Units in Settlements
and on Territories During Armed Aggression' [12] — the first comprehensive SESU
document to reflect the realities of full-scale warfare. The Recommendations govern:

- the organisation of rotational duty shifts (2 days on/6 days off) for units deployed
in frontline areas;
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- specific requirements for equipping fire and rescue vehicles (heavy tankers,
ambulances, high-mobility light vehicles for reconnaissance);

- communications organisation via Starlink satellite terminals and redundant
communication channels;

- the dispatch protocol for responding to incidents under shelling threat: advance
reconnaissance team - situation assessment - deployment of main forces;

- marking of vehicles with internationally recognised civil protection distinctive
emblems.

A separate regulatory act — SESU Order No. 349 of 29 March 2024 — establishes
the standard-issue norms for individual ballistic protection equipment (body armour of
protection class 6/Level IV and helmets of class 1A/Level I11A) for personnel engaged
in operations in areas subject to fire [13].

Order of the Ministry of Health No. 441 of 9 March 2022 approved an updated
procedure for pre-hospital emergency care for casualties in combat conditions [14].
The document introduces the concept of 'threat zones' — direct, indirect and evacuation
— and establishes a sequential action algorithm for first responders depending on the
hazard level: from self-aid and haemorrhage control in the direct threat zone to full
casualty assessment and treatment in the indirect threat zone. This substantially
enhances protection for both SESU personnel and the people they rescue.

SESU activities under martial law are governed by an extensive regulatory
framework that encompasses constitutional provisions, special legislation, codified
acts and departmental secondary legislation. The analysis identifies four key trends in
legal regulation:

1) a significant expansion of SESU's mandate to encompass specific wartime
functions (demining, shelter management, evacuation under active hostilities);

2) stringent formalisation of personnel safety protocols (mandatory ballistic
protection, dispatch procedures under shelling threat);

3) institutionalisation of inter-agency cooperation between SESU, the Armed
Forces, the National Police and the National Guard of Ukraine;

4) adaptation of pre-hospital care standards to conditions of active combat through
the introduction of a zone-based approach.

Further development is needed with regard to the psychological protection of SESU
personnel and the normative consolidation of algorithms for psychological support of
rescue workers following the execution of their duties in conditions of armed conflict.

This paper was prepared within research project No. 2025.05/0018 "Development
of Conceptual Provisions and Methodological Recommendations on Psychological
Support and Assistance for SESU Specialists under Current Military Conflict
Conditions and in the Post-War Period", funded by the National Research Foundation
of Ukraine from the state budget.
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BUKJIUKH BITPOBA/T’KEHHA BIZIHOBJIIOBAHUX
JUKEPEJI EHEPI'TI TA IIIJIAXM IX IIOJOJIAHHS B
CYYACHHX PEAJIIAX

3axapuyenko Jleonin JleonizoBuy,
acIripaHT
Harmionaneuuit TpancnopTHuil YHiBepcUTeT

AHoTamis Y  cTarTi  JOCHIIKCHO  KOMIUIGKC  TEXHIKO-€KOHOMIYHUX,
1HQPACTPYKTYPHUX Ta PETYIATOPHUX BHUKJIHMKIB, TMOB'I3aHUX 13 PO3TOPTAHHSIM
BiIHOBIIOBaHUX Jkepen eHeprii (BZAE) y koHTekcTi BuKOHaHHs (CTparerii
MixunapoHoi MopcbKoi oprasizanii (IMO) mono nocsruenns Net-Zero 6au3bsko 2050
poky. IIpoanamnizoBano crieuudiky Bukopuctanus BJIE sk 6e3nocepenHbo Ha OopTy
cy/iHa (TIepBUHHA €HEPTis BITPY Ta COHIL), TaK 1 HA CYXOJI0JI JUIsl CHHTE3Y €KOJIOTTYHO
YUCTUX €-MaJuB (3€J€HOro BOJHIO, amiaky Ta MeTaHoiy). I3 3alydeHHAM
COIIIOTEXHIYHOTO MiIX0AYy OOIPYHTOBAHO MUDKIMUCHIMIUTIHAPHI MIISAXU TOJOJIAHHS
1HepLii MOPCBKOTO CEKTOpa, 30KpeMa 4Yepe3 po30yAOBY «3€JIEHUX CYAHOIUIABHUX
KOPHJIOpPIB», YNPOBAIKEHHS TIJI00ambHOro Byrienesoro mnonaatky (MBM) ta
1HTerpalliro norexuiany kpaid ['modansHoro I1iBaHs.

KuarouoBi ciioBa: nekapOoHizallisi, MOPCbKUM TPAHCTIOPT, BIIHOBJIIOBAHI JpKepelia
eneprii (BJAE), IMO, 3eneHi Kopuaopu, e-najiuBa, ByrjieleBe 3aMUKaHHS.

Beryn. Ilpuiinsara y 2023 poky Ilepernsayra Crpateriss MiKHapoIHOT MOPCBKOI1
opranizaiii (IMO) mono ckopoueHHst BUKuAiB napHukoBux raziB (I1I") BcTaHoBmIIa
0E€3KOMITPOMICH1 OPIEHTUPH JIJIsl CBITOBOTO ()JIOTY — JOCSATHEHHS YUCTUX HYJIHOBHUX
emiciii (Net-Zero) g0 ado 6xau3bko 2050 poky [1]. Lleit HopMaTuBHUI MakpoiMIIEpaTUB
JIOKOPIHHO 3MIHIOE apXITEKTypy CBITOBOTO CYyJHOIIJIAaBCTBA, BHUMAaralrodd TMOBHOI
BIJIMOBH BiJI TPaJWIIIMHOTO BHUKOITHOTO MaJiMBa (Ma3yTy W JW3eNI0), Ha sSKe Hapasi
npunazaae 61u3bko 2,8% rinodansHUX aHTponoreHHux BukuAiB 1IN [2].

HocsraenHs amOITHUX 1ijied MikHapoaHoi Mopcbhkoi opradizamii (IMO) mromo
nekapOoHizaiii riaobanpHOro GJaoty (30KpemMa, MparHeHHs 0 HYJIbOBUX BHUKHU/IIB
MapHUKOBUX Tra3iB Omm3bko 2050 poOKy) KPUTHYHO 3aJCKHUTh BIJT MacOBOTO
BIPOBAPKCHHS BIIHOBIIIOBaHUX Jikepen eHeprii (BE).

Eneprernunuii nepexia Ha MOpi € yHIKaJIbHUM, OCKUIbKY BJIE BUKOPUCTOBYIOTHCS
JBOMA IUIIXaMHU:

- 0e3mocepe/IHb0 Ha CyJHI - OOpTOBUN KOHTYp (eHeprist BiTpy, conus).llpsma
yTUIi3allis KIHETUYHOI €Heprii BITpPY Ta COHAYHOI pajiauii A 3MEHIICHHS
HAaBaHTAKCHHS HA TOJIOBHI JIBUTYHH,

- Ha CYXOJIOJI - CYXONYTHHUIA KOHTYP (/711 TeHepallii 3eJIeHOTO BOJHIO, aMiaKy Ta
MeTaHoIy). Bukopucranns riraBaTHuxX notyxHoctei BJIE nis mporecy enexkTpoizy
BO/M (T€Hepallisl 3eJIEHOTO BOAHIO ) Ta MOAAIBIION0 CHHTE3Y BYTJIEIIeBO-HEUTPATBbHUX
najiauB (e-MeTaHoidy, e-amiaky). [IpoTe mel mporec CTUKAEThCs 3 HU3KOIO KOPCTKUX
BUKJIMKIB COI[IOTEXHIYHOTO, EKOHOMIYHOTO Ta IH)KEHEPHOTO XapaKTepy.
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MerToro 1i€i cTaTTI € KOMIIEKCHUI aHalli3 KIII0U0BUX BUKIMKIB iHTerpaiii B/IE y
MOPCBKY JIOTICTUKY Ta OOIPYHTYBaHHS MUDKIUCHUIUTIHAPHUX TPAEKTOPIM  iX
MOJI0JTaHHS.

CucremMHi BUKJIUKH BrpoBazkeHHs BJIE.

CyyacHa HaykoBa JiTeparypa B Tally3l EHEPreTHYHOro MEHEIKMEHTY Ta
IIPOMHUCIIOBOI eKoJIorii kinacudikye 6ap’epu BrpoBakeHHs BJIE Ha Tpu Bumipu:

- TexHO-TeXHOJIOT14HI 0ap'epu Ta AMCKPETHICTh reHepaiiii (Intermittency)

['onoBHuM HemosikoM mpsMoro BukopuctanHs BJIE na Gopty € ixHsA HH3BKa
eHepreTHYHa HIUIbHICTh Ta HecTabunbHICTh. [Ipsime Bukopucranns BJIE nHa Gopty
(coHsyH1 TaHesnl, BITPOTEHEPATOpHW) 3aJEeKUTh BiJ MOTOAHMX yMOB 1 HE MOXKeE
3a0€e3MeYUTH MOCTIIHY MPOMYJIbCUBHY MOTYKHICTh JJI1 BETUKUX OKEAHCHKUX CyJEH
0e3 OypepHux HakonuuysauiB eHeprii (ESS) [3].

[I{o cTocyeThCs anbTEpPHATUBHUX TAJIMB, BUPOOJICHHX 3a TIOTIOMOTOI0 CYXOITy THUX
BJIE (e-manuBa), BOHM MatOTh 3HAYHO HIKYY 00'€MHY IIIJILHICTh €HEPTii MOPIBHIHO 3
mazytom (HFO).

[Ilomo cyxomyTHOTO KOHTYpYy, MajuBa, CHHTE30BaHi 3a momnomoror BJIE,
XapaKTEPU3yIOTHCA HU3bKOIO 00’ €MHOIO IUTHHICTIO €HEPrii MOPIBHSAHO 3 TPATUIIIHHUM
MazytoM (HFO). Po3paxyHku mokasyroTh, 110 pIAKUIA BOJEHb OTpedye B 4—5 pasiB
OLIBIIOTO 00’ €My MaTUBHUX 0akiB, a 3eJieHud amiak — y 3 pasu [4]. Lle npuzBoauTh
70 KPUTUYHOTO CKOPOUYEHHS KOPHUCHOTO BaHTaXKHOTO MPOCTOpY CyJHa (cargo space
loss), 3HIKYIOUM KOMEPLIHHY €(PEKTUBHICTh PEUCIB.

- [ndpacTpyKTYpHE 3aMHUKaHHA Ta IIPO0JIEMa «KYPKHU Ta UL

Mopcbkuii  cexktop TniepeOyBae y CTaHl TJIMOOKOrO 1HCTUTYLIHHOrO Ta
1H(PaACTPYKTYpHOTO «ByTjieneBoro 3amukanHs» (carbon lock-in) [5]. BuHukae
KJIACUYHUN KOOPIWHAIIWHUN TYNMHK: CyIHOBIACHUKH BiMOBISIOTHCS 1HBECTYBAaTH
COTHI MUIBHOHIB J0J7apiB y OyniBHUUTBO cyjAeH Ha BJIE-nanuBi yepe3 BiACYTHICTb
Mepexi 3anpaBHUX (OyHKepyBaJdbHUX) cTaHUiM y nopTax. [loproBa iHppacTpykTypa,
CBOEIO YEpProro, HE PO3rOpTaE MOpOri TEPMIHAIM KPIOTEHHOTO 30epiraHHs e-TajiuB
yepe3 Opak rapaHTOBAHOTO MOMUTY 3 O0KY YUHHOTO KOMepIIiitHoro ¢uioty [6].

- Makpoekonomiuanii gedinut norykHoctedr BJIE Ha cyxomom Ta «3eleHa
peMis»

Jlnst moBHOT JekapOoHi3allli CBITOBOro (hjoTy HUISIXOM TMEpPeXojly Ha e-TajiuBa
3HAI0OUTHCS OOCSAT BIAHOBIIIOBAHOI €JIEKTPOEHEPrii, 110, 3a OILIHKAaMU aHAJIITHKIB
DNV, nepeBuillye NOTOYHY CyMapHy TJI00alibHy reHepailito Bcix cyxonyTtHux BJIE
[7]. Mopchkuil ceKTOp 3MYIIEHHUI BCTYNATH Y )KOPCTKY MIKTaly3€By KOHKYPEHIIIO 3a
JOCTYII 10 «3€JICHUX» KUIOBAT-TOJIMH 3 aBIAIlI€l0, METAYPri€l0 Ta MyHIIUATbHUMU
MepeKaMHu.

- ExoHomi1uauii po3puB («3elieHa nmpeMishy) Ta P1HAHCOBI PU3HKHA

Cob6iBapTicTh nanus, cuHTe30Banux 3 BJIE, Hapasi y 2—4 pa3u Buia 3a BapTiCTh
BHUKOITHOTO aHayiora. BpaxoByroun TpuBaiuil KUTTEBUI UK cyaeH (25—-30 pokis),
iuBectuilii B Texnosorii BJIE HecyTh pu3uk «3HeriHeHHs akTuBIBY (stranded assets),
AKIIO 0OpaHUIl TEXHOJNOTTYHUN TpeK (HANMpPHKIIAJl, BOACHb IPOTH METAHOJY) MpOrpae
puHKOBY TOHKY.LIs1 piHaHCOBa pi3HMIISI CTAHOBUTD TaK 3BaHY «3€JIEHY MpeMiio» (green
premium), sika CTPUMY€ IPUBATHUHN KaImiTall BiJl aKTUBHUX 1HBECTHIIIH y miepexin [8].
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Ilnsxu noxosiannusa 6ap'epiB BupoBamxkenusa B/IE

[Toponanus 3a3HAYEHUX BUKJIMKIB notpelye CKOOPJIMHOBAHOTO
MDKIMCIMIUTIHAPHOTO THCTPYMEHTApII0, 110 MOEAHYE 1HXKCHEPH] 1HHOBAIIl1, pUHKOBE
PEryJIIOBaHHS Ta MPOCTOPOBE TIAHYBAHHS.

- CTpareriyHe ynpapJiHHS HilllaMU: «3eJIeH1 KOPUIOPU»

st moponaHHs 1HPPACTPYKTYPHOrO TYMHKA «KYPKHA Ta SHLS» COLIOTEXHIYHA
TEOpisl MPOIMOHYE MeXaHi3M (OPMYBaHHS JIOKAIBHUX 3aXUIIEHUX HIll — 3eJIeHUX
cynnoriaBaux kopuaopiB (Green Shipping Corridors) [9]. 3eneni kopumopu — 11e
KOHKPETHI TOProBeJbHI MapIIpyTH MDK BHU3HAYCHHUMH TOpTaMH (HANpPUKIA,
Porrepmam — Cinramyp), Ha SKHX KOHCOPIIyMH JEpXaB, IOPTOBOI BIaiH,
CYJIHOBJIACHUKIB Ta €HEPreTUYHUX TIraHTIB CHHXPOHHO 1HBECTYIOTh y PO3TOPTaHHS
BJE-indpactpykrypu.  Koopaunaiiss — KamiTaloBKIaJ€Hb Ha  OOMEXKEHOMY
reorpaiyHOMY MHPOCTOPI MIHIMI3y€e (DIHAHCOBI PU3HKU Ta CTBOPHOE KOMEPLIMHHIA
MpeUeNeHT Uil MOAANbIIOro MaciiTa0yBaHHS TEXHOJIOTIT Ha BeCh TJ100ATbHUI
COITIOTEXHIYHUHN pexkuM [6].

- Punkogi Mexanizmu (MBM) Ta nikBiganiis «3eaeHoi npemii»

ExoHomiuHe HiBENIOBaHHA I[IHOBOTO po3puBy MiK BJIE-mamuBom Ta mazytom
MOKJIaZeHO Ha MaiOyTHI puHKOBI MexaHizmu (Market-Based Measures — MBM)
IMO, BnpoBaKeHHSI SKMX OYIKY€TbCS B HaWOmmkul poku. HaykoBa cripHOTa
OOTpYHTOBYE O€3albTEPHATUBHICTh BBEJCHHS T100AIBHOTO BYTJIELEBOIO MOJATKY
(Carbon Tax) Ha KOKHY TOHHY €MiTOBaHOro cyaHamu [10].

[ITy4yHe 370p0KYaHH BUKOMHOTO MAJIMBA YEPE3 CUCTEMY IITpadiB Ta MOAATKIB
(sIK 11€ B3KE 4acTKOBO peaiizoBaHo Ha piBHI €C uepes nupektuBu EU ETS ta FuelEU
Maritime) 103BOJAUTH 3pIiBHATA (PIHAHCOBY MNPUBAOIUBICTh pilieHb. Koy,
aKyMyJIbOBaHi y Tiio0anbHuX GoHaax aexapOoHizauii IMO, MaroThe mijgecnpsMoBaHO
COpsIMOBYBaTHCSI Ha cyOcuayBaHHS BUpPOOHMKIB HazemMHux BJIE, 3HMXKyroun
coO1BapTICTh 3€JICHOTO BOJHIO TA aMIaKy.

.- Iarerparis ['no6ansnoro Ilians Ta CiopaBeanupuii nepexif (Just Transition)

Bupimenns mpobnemu aedinuty mnotyxkHoctedr BJIE nmexuts y mmomuHi
reorpadivunoi neneHTpamizaiii iHBecturiii. Kpainu I'mo6ansHoro Ilipaas (JIaruHChKA
Awmepuka, Adpuka, IliBneHHa A3isi) BOJOMIIOTh YHIKAJIbHUM 1 HaWBHIIUM Yy CBITI
MIPUPOTHUM TOTEHINAIOM COHSIYHOI Ta BITPOBOI 1HCOJISAIIT. 3aTy4eHHS MIKHAPOHOTO
KamiTany (30kpemMa depe3 mporpamu CBITOBOTO 0aHKy) y PO3TOpPTaHHS TiraBaTHUX
manTaii BJIE Ta 3aBojiB eneKTposidy B LMX pErioHax T03BOJHUTH PO3B’S3aTh
npobsiemy nanuBHoro aedimuty [11]. BonHowac 1e peanizye 6a30Bi 3acaay KOHIIEIIIT
CnpaennuBoro nepexony (Just Transition), TpanchopMyr0Ur €KOJOTTYHUN BUKIUKAH
MOPCBKOTO CEKTOpa Ha IHCTPYMEHT TOJOJIaHHsS OITHOCTI Ta CTBOPEHHS HOBUX
BHCOKOTEXHOJIOTTYHUX POOOYMX MICIIb HA CyXO[0JI1 B KpaiHax, 110 po3BUBatoThes [12].

- Just-In-Time (JIT) npubyrrd Ta Hll-onTHMI3aiis

CuHXpOHI3aIlisg pyXy CyJHA 3 TOTOBHICTIO MOPTOBOTO MPHUYATy 3a JOTOMOTOIO
MITYYHOTO 1HTEJIEKTY J03BOJISIE YHUKHYTH TIEPEBUIICHHS IMBUIKOCTI Ta MOJAJIBIIIOTO
CHaJIOBaHHs MaiuBa Ha pednail. lle 3HmWKye 3aranbHE €HEProCHOKWBAaHHS (IIOTY,
3MEHIIyoun moTpedy B oOcsrax nedinutaoro BJIE-manuBa.

["6puan3aiiist 60pTOBUX eHEeprocucTeM Ta koHmeniris WAPS
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Jlns  miBemoBaHHs ¢akTopa HectabumbHOocTi BJIE Ha OGopry cydacHe
CyTHOOYyBaHHS PO3BHUBAE KOHIIEMIIO TIOPUIHUX MPOMYIHCUBHUX KOMILUICKCIB.
Bona mepenbadae cCHHXpOHI3allil0 MEPBUHHOI €HEprii BITPY 3 IHTEICKTyaIbHUMHU
cucteMaMu ympaBiiHHS eHeprieto (PMS) Ta nmiTii-ioHHUMH aKyMyJISITOPHUMH

Oarapesmu (ESS).
Benukoro HaykoBOTO iHTepecy HaOyJO MOBEPHEHHS BITPOBHX AaCHCTYIOUHX
cucteM (Wind-Assisted Propulsion Systems — WAPS) [13]. Hocaimkenns

HiATBEP/KYIOTh, IO BHUKOPUCTAHHS e€Heprii Bipy B KomOiHamii i3 1u(ppPOBOIO
ontuMizamiero MmapuipyTy (Al-driven Weather Routing) no3Bossie 3HM3MTH IOTpEeOy B
ocHoBHOMY nasiuBi Ha 15-30%, cyTTeBO 3MeHIITyI0un 00’ €MH e(IIUTHOTO e-MaIHBa,
sIKe HeoOX1aHO MaTu Ha OopTy [14].

CucTeMHI BUKJIUKYU BIIpoBa/KeHHST WAPS

[Ipore inTerpamis WAPS y CTpyKTypy Cy4YacHOTO KOMEPLIMHOIO CyJiHa
HApKAETHCSI HA KOMIUIEKC >KOPCTKHUX CHCTEMHHUX BHKIMKIB aepOJAMHAMIYHOTO,
1HOPACTPYKTYPHOTO Ta PEryJSTOPHOTO XapakTepy. MeToro i€l cTarTi € TUMi3ais
KJIIOUOBUX CHCTEMHUX BHUKIMKIB BrpoBakeHHS WAPS Tta o0OrpyHTyBaHHs
MDKJIUCIUIUTIHAPHUX IIIAXIB 1X MOJI0TaHHS.

- AepoiHaMI4H1 Ta KOHCTPYKTUBHO-TEXHIYHI OOMEKEHHS

['o0OBHUM 1HXXEHEPHUM BHUKIMKOM Tpu BcTaHoBieHHI WAPS Ha Bemukux
KOMEPIINHUX Cy/IHaxX (KOHTEHHEpOBO3ax, OalKkepax, TAHKEpax) € 3MiHa OCTIHHOCTI Ta
TIAPOAMHAMIYHUX XapaKTepUCTUK TPAHCIOPTHOrO 3aco0y. Bucoki BepTHKaibHI
KOHCTPYKIIi — >kopcTK1 BiTpria-kpuia (Rigid Wing Sails) abo TypOoBiTpuia/poropu
@nerTHepa (110 BUKOPUCTOBYIOTH e(hekT Marnyca) — miJ Ji€r0 OOKOBOTO BITPY
CTBOPIOIOTh 3HA4YHMM mnepekuaarounii momeHT (heeling moment) Ta gomarkoBuiA
rigpoauHamiuHuil npeiid cynna (leeway) [15].

KpiM TOro, BelMKI MeXaHIYHI BITPWJIbHI CHCTEMH MalOTh 3HA4HY Macy, IO
MPU3BOAUTH J0 3MIIIIEHHS IIEHTPY Bark CyJHa Bropy i BUMarae rnepepaxyHkKy OanaHcy
OaacTHUX TaHKIB. OKpEeMHM BHUKJIMKOM € aepoJIMHaMiuHa 1HTep(]epeHIis: KOau Ha
OOpTy BCTAHOBJIEHO KiJbKa POTOPIB UM KPWJ, BOHH MOXYTh CTBOPIOBAaTH 30HU
aepoJAMHAMIYHOIO 3aTIHEHHS Ta 3aBUXPEHb OJIMH JUISl OJHOTO, IO CYTTEBO 3HUXKYE
cymapuuit KKJI cuctemu [16].

- OnepaiiftHO-1HQPACTPYKTYPHI BUKJIMKHU Ta OOMEKEHHS BAHTAKHUX OTlepaIlin

Mopchbki TpaHCTIOPTHI 3ac00M QYHKIIIOHYIOTh Y MEXKaX dKOPCTKO ONTHUMI30BaHOTO
nopToBOro Me3opExxumy. BcTaHOBNIEHHS CTalllOHAPHUX BEPTUKAIBHUX KOHCTPYKIIINA
Ha nany0l cyaHa BCTynae B TPAMUM KOH(MIIIKT 13 YHHHOK JIOTICTUYHOIO
1H(PaACTPYKTYpOIO:

- Oomexenns ornsgy (Blind Sectors): Bucoki BiTpuiia MOXYTh HEpeKpUBATH
CEKTOPH OTJISIAY 3 XOJOBOIO MICTKA, 1110 MOPYIIy€e€ BUMOTH MiXkHapoJHOT KOHBEHIIIT 3
OXOPOHM JIFOACHKOTO XKUTTSI Ha Mopi (SOLAS).

- Banrtaxni omepamii B moprax: [[ns OankepiB Ta KOHTEHHEPOBO3IB >KOPCTKI
nagyOHI BITpHJIA CTBOPIOIOTH (Bi3WYHI MEPEIMIKOIU JJisi poOOTH OeperoBux KpaHiB
(Gantry Cranes). Lle 36iibm1y€e yac mpocToro cyaHa mia 06poOkoro, mo (HhiHaHCOBO
HIBEJIIOE €KOJIOT1UHY €KOHOMIIO TajuBa [6].
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- 'abaputHi oomexxenHs: Bucora morn WAPS nimiTye mpoxia cyaHa i MocTaMu
HA KPUTHYHUX TOPTOBEIBHUX apTEpPisiX, BHUKIMKAIOUU €()EKT MPOCTOPOBOTO
3aMUKaHHS.

- MeteoposioriyHa AUCKPETHICTh Ta KOOPAUHAILIS MapIIPYTiB

KineTnuna eHeprisi BITpY Ma€ CTOXACTHMYHUN, CTOBIJCOTKOBO JIMCKPETHUM
xapakTtep. TpaauiiiiHa MOpChKa JIOTICTHKA MO0y 0BaHa Ha JIIHIMHUX MapIIpyTax 3a
npuHIMnoM Haiikopotiioi Bifcrani (Great Circle). Ilpore nis cyana, o61aaHaHOTO
WAPS, knacuuyHuii MapuipyT MOK€ BUSBUTHCS HEE(PEKTUBHUM YE€pe3 30HH IITHIIIO
a00 3yCTPIYHOTO BITPY, KOJIA BITPHJIA CTBOPIOIOTH JIMIIIE TOAATKOBUH aepOIMHAMIYHAN
omip [14]. EdextuBae smnpoBamxkeHHs WAPS Bumarae mnoBHOI mepeOynoBu
HITYPMAHCHKOTO MUCJICHHSI B/ JTIHIMHOI HaBIraiii 10 AMHaMIYHOTO IJIaHYBaHHS.

[Insxu Mo0MaHHs CUCTEMHUX BUKINKIB WAPS

Po3B's13aHHS 3a3HaY€HUX COLIOTEXHIYHUX Ta 1HXKEHEPHUX MPOTUPIY JIEKHUTH Y
IIOMMHI  U(poBi3alii, AUHAMIYHOI TpaHchopmalli KOHCTPYKILIM cyJeH Ta
OHOBJICHHSI MI)KHAPOJHOTO PETYJISITOPHOTO TOJISI.

- TeneckoniyHi, CKJIaJHI KOHCTPYKIIii Ta iIHHOBAIIIMHUHN JAU3aliH

st yCcyHEHHs MOPTOBHX 1H(PPACTPYKTYpHUX OOMEXKEHb Cy4dacHI PO3pOOHUKU
(manpuxnan, xommnaHii BAR Technologies, Cargill, Norsepower) CcTBOpPIOIOTH
aganTuBHI KOHCTpyKIii WAPS. HoBiTHI XKOpcTKi Kpuiia-BiTpuia (30Kpema,
texHosorist WindWings) npoextyroTeecs ckinannumu (tiltable) abo TeneckonmiyHUMMU.
[1ix yac 3axoay B HOpT ab0 MPOXOAy MiJ MOCTaMU LIOTJIM aBTOMAaTUYHO CKJIAJAI0ThCS
Ha nagyOy 3a JOMOMOTIOIO T1IPABIIYHUX CUCTEM, 3BUIBHSAIOUM MPOCTIP AJI1 MOPTOBUX
KpaHiB Ta yCyBalouu MpooieMy 0OMEKEHHS OTJIs Ty JJis CyIHOBOIIiB [17].

- Cunaxposizams 3 11 Ta Teopist MOIUCUHXPOHHOI ONITUMI3AIN]

[Tononanust (akTopa HECTAOUIBHOCTI BITPY AOCATaeThCA MUISXOM 1HTErpauii
WAPS 3 iHTenexktyanbHMMH 1HCTpymMeHTamu IHayctpii 4.0. BmpoBamkeHHs
QITOPUTMIB ~ IITYYHOTO  IHTENEKTY I  AUHAMIYHOTO  METEOPOJIOTTYHOIO
mapmipyTyBaHHs (Al-driven Weather Routing) no3Bosisie 6e3niepepBHO aHali3yBaTH
rJI00aJIbHI CYIyTHUKOBI MPOTHO3HM TMOTOJM W TEpPEepaxoBYyBaTH TPAEKTOPIIO CyJHA
[13,14].

CynHo mnpsMye HE HAWKOPOTIIMM, a «HAWOUIBII EHEPTreTUYHO BHUTITHUM»
MapuipyToMm, e KyT 1 cuia BiTpy MakcuMizyroTe KK/ Bitpui. 11 B peansHOMY Haci
KOOPJIUHYE KYT aTaKu KPUJI-BITPUII 13 pOOOTOIO THTEIEKTyIbHUX CUCTEM YTIPABIIIHHS
enepriero (PMS) cynHa, aBTOMaTUYHO 3HIKYIOUM MOJAYy TPAAMUI[IHHOTO MajiviBa B
TOJIOBHMIA JIBUTYH, KOJIU BiTEp 3a0e3meuye JOCTATHIO POMYJIbCUBHY TATY.

- PedbopmyBanns npasosoro noJiist Ta inaekcis IMO (EEDI/EEXI)

JloHenaBHa MIKHAPOJHI PETYISTOPHI 1THCTPYMEHTU CTPUMYBAJIW BIPOBAIKEHHS
WAPS depe3 HeoCKOHANICTh MaTEMAaTUYHUX MOJEJIEH OLIIHKK €HeproepeKTUBHOCTI
cynHa. Y wmexax IMO TpuBae akTuBHa poOOTa 3 MOJEPHI3AIlll METOMOJOTIi
po3paxynky KouctpyktuBHOTO KOedimienta eneproedextuBaocti (EEDI) Ta
Koedimienta eneproedexrurocti HasBHuX cyaed (EEXI) [10].

HoBi nmpaBoBi paMK# J03BOJISIOTH JIETITUMHO BPaXOBYBAaTH CTATUCTUYHUI BHECOK
BITPOBHUX aCHUCTYIOUHMX CHUCTEM Yy 3HMKEHHSI BYTJIEIIEBOi MICTKOCTI CyJHa Ha OCHOBI
MaTpHIh ICTOPUYHUX BITPOBUX YMOB Ha TJIOOQIBHUX TOPTOBEILHUX MapiipyTtax. Lle
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MIIBUIIYE KOMEPIiHY npuBadauBictb WAPS 11 cymHOBIACHUKIB, 3BUTBHSIOYH 1X
BiJl KOpCcTKUX ImTpaduux caHkmi y mexax iHimiatuB EU ETS Ta noriku FuelEU
Maritime.

BucnoBkn. JlocsraenHs amOiTHHX ekonorivamx nured IMO momo Net-Zero
o6m3bko 2050 poky nepeOyBae B MpsAMIi 3aJIEKHOCTI Bl CIIPOMOKHOCTI TI100QIBHOT
CUCTEMHU IHTETpyBaTH BIJHOBIIOBaHI jpkepena eHeprii. OCHOBHI BUKIMKH IIHOTO
IpoIiecy JekKaTh He B IUIONTMHI OpaKy 1HXEHEPHUX PIlleHb, a Y TUIOIIUHI €KOHOMIYHOT
Ta 1HQPACTPYKTYpHOI i1HEpPIi YMHHOTO BYTJEIEBOro pexumy. [logomanHs 1mux
Oap’epiB moTpedye HEMIHIMHUX KpPOKIB: KOOPAMHALl 1HBECTHULINA 4Yepe3 CTBOPEHHS
«3EJCHNX KOPHUIOPIB», IKOPCTKOTO PETYIATOPHOTO THUCKY dYepe3 MEXaHi3M
rnobanpHOrO0 ByTieneBoro mnonaatky IMO, BmpoBamxeHHS TiOpUAHMX OOPTOBHX
cucteM WAPS (TeneckomuHUX Ta CKIQJHUX KOHCTPYKLI), MaTEeMaTUYHOTO
iHcTpyMmeHTapito Il  1ns NoJMCHHXPOHHOI ONTHMI3ALll  METEeOMapUIpyTIB Ta
OHOBJICHHS MI)KHapOJIHOI HOPMAaTUBHO-IIPaBoBOi 0a3u IMO.AKTUBHOTO BKJIFOUEHHS
pecypcHoro moTeHuiany kpain I'mo6ampHOro IliBmas. JlekapOoHizallisi MOPCHKOIO
Tpancnopty Ha 0a3i BJIE mae po3BuBarucs SK 1HTErpOBaHUN COLIIOTEXHIYHMIMA
MaKpoIpolec, 10 IMOEAHYE I1HHOBAIlI Ha MOpi 13 MepedyJa0BOK E€HEPreTHYHOIO
CEKTOpPY Ha CyXOJ0JI.
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