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FORMATION OF LONG-LIVED PROTEIN RADICALS
UNDER THE EFFECT OF ULTRAVIOLET-B RADIATION

Kocharli Natella

Hummatova Samira

Department of Biophysics and Biochemistry
Baku State University

Baku, Azerbaijan

According to the literature, long-lived protein radicals (LLPRs) may be formed in
various biological systems under the influence of ionizing and ultraviolet radiation
[1,2].

It has been established that LLPRs can induce oxidative damage in biological
molecules [3.4].

In the present study, the effect of ultraviolet-B (UV-B) radiation on egg white
albumin was investigated. For this purpose, a chemiluminometer was used.

Initially, albumin solutions of different concentrations (0.1%, 0.5%, 1.0%, and
1.5%) were prepared in Tris-HCI buffer and irradiated with different doses of UV-B
radiation.

It was determined that the maximum chemiluminescence intensity was observed at
an albumin concentration of 0.3%. At this concentration, the dose—effect curve was
established.

The obtained results showed that the chemiluminescence intensity increased with
increasing doses of UV-B radiation.

It is known that LLPRs may induce mutations in cells. They are also capable of
prolonging the effects of oxidative stress on biological macromolecules. Some low-
molecular-weight antioxidants, such as ascorbic acid, are able to quench LLPRs.

In our experiments, ascorbic acid at a concentration of 1 X 1072 M was used as an
antioxidant. A PRK-4 mercury lamp served as the UV-B radiation source.

It was found that the addition of ascorbic acid to the albumin solution before
irradiation reduced the chemiluminescence intensity. However, at very high doses of
UV-B radiation, the antioxidant effect of ascorbic acid on albumin was weakened.

Coumarin-3-carboxylic acid (CCA) was used to determine hydroxyl (OH) radicals.
The major fluorescent product formed during the reaction of OH radicals with CCA is
7-hydroxycoumarin-3-carboxylic acid (7-OH-CCA). The fluorescence intensity is
proportional to the amount of the fluorescent product, i.e., the degree of hydroxylation.

Fluorescence intensity was measured using a spectrofluorometer at an excitation
wavelength of 400 nm and an emission wavelength of 450 nm [5].

It was established that the fluorescence intensity increased due to the higher
concentration of 7-OH-CCA in the protein solution exposed to UV-B radiation, and
this increase depended on the UV-B radiation dose [6].

It was concluded that long-lived protein radicals are formed in albumin solutions
irradiated with UV-B radiation, which in turn leads to an increase in the amount of
hydroxyl (OH) radicals.
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ADAMANTYLGLYCINE AS A SYNTHON FOR
NITROGENOUS HETEROCYLES. SYNTHESIS OF 1-
ACETYL-4-(ADAMANTAN-1-YL)-2-METHYL-3,4-
DIHYDRO-1H-BENZO|[D][1,3]|DIAZEPIN-5(2H)-ONE

Koshchii Iryna

PhD in Chemistry, Associate Professor

Department of Organic Chemistry and Technology of Organic Substances

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

Klimko Yurii

PhD in Chemistry, Senior Lecturer

Department of Organic Chemistry and Technology of Organic Substances

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

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 from
Schiff bases according to the general scheme, are among such promising reagents:

\ R'cocl \
_L=N-R = <C-N-COR’
R=Ar,Het 7| |
cl R

The preparation of reagents according to 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 nitrogen heterocycles by a new method, often yielding uniquely high

yields [4].
The aim of this study is to attempt the synthesis of N-(3-(adamantan-1-yl)-4-oxo-
1,2,3,4-tetrahydroisoquinolin-1-yl)-N-cyclohexylacetamide using 1-

adamantylglycine as a synthon to prepare the amidoalkylating reagent.

The physiological activity of cage hydrocarbon derivatives, primarily adamantane
derivatives, has been extensively studied. Some of them are already used as
pharmaceuticals. The activity of these compounds is due to the pronounced lipophilic
nature of the compact hydrocarbon fragment, as well as, probably, the abiogenic origin
of most of these compounds [5, 6].
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Below is the diagram according to which the synthesis was carried out:

Cl
CH,COCI |
CH;-CHO + H,N-Ph CH;-CH=N-Ph CH;-CH-N-Ph
(1) H3CLO (2)
Et;N
Ad-C|H-COOCH3
Ad NH,
1) HC1
i 2)50¢l, Ad-CH-COOCH
H3C/< 3) E;N | 3
N _ NH
HC—( |
CH;-CH-N-Ph
o)

o

(3)

(4)

General synthesis procedure.

1) N-ethylidene anion (1). Mix equimolar amounts of acetaldehyde and aniline in
toluene. Boil with a Dean-Stark trap until the calculated amount of water is absorbed.

2) N-phenyl-N-1-chloroethene acetamide (2). Add an equimolar amount of
chloroacetate to the residue and leave at room temperature for 24 hours.

3) N-(I-N-acetaminophenethene)adamantylglycine  methanoate (3). Add
equimolar amounts of I-adamantylglycine methyl ester, prepared by the standard
method by dropping SOCI2 into a methanol solution of 1-adamantylglycine, and
triethylamine. Boil for 3 hours. Filter off the precipitated triethylamine hydrochloride.
The solvent is removed in vacuo. Yield 96% (methanol).

4) 1-Acetyl-4-(adamantan-1-yl)-2-methyl-3,4-dihydro-1H-benzo[d][1,3]diazepin-
5(2H)-one (4). A minimum amount of concentrated hydrochloric acid is added to a
solution of product (3) in methanol and the mixture is left at room temperature
overnight. The solution is made alkaline with a methanolic solution of NaOH. The
solvent is removed in vacuo. Dry benzene is added and the mixture is again evaporated
to a small volume. SOCI2 is added with a molar excess of 10%. The mixture is left at
room temperature overnight. The solvent and excess SOCI2 are removed in vacuo. Dry
toluene and an equimolar amount of Et3N are added. The mixture is refluxed for 8
hours. The solvent is removed in vacuo. The residue is crystallized from ethanol. Yield
93%.

The structure of compound (4), (5) was confirmed based on 'H and *C NMR, IR
and mass spectra.
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INPOI'HO3YBAHHA JE®@OPMATUBHOCTI OCHOB
OYHIAMEHTIB BYIIBEJIb I1PU ITIICUJIEHHI 3A
METOAOM I'PAHNYHUX EJIEMEHTIB

Mopryn Anna CepadumiBHa,

1.T.H., ipodecop,
BinHULBKYN HAITIOHAIBHUN TEXHIYHUN YHIBEPCUTET

Mets IBan MukogainoBuy,
K.T.H., Jo1eHT, n1ekaH OBIIEI
BinHUIEKMI HAIIOHATLHUN TEXHIYHUA YHIBEPCUTET

3anucoB JIMmutpo BacuiboBuy,
acripasr,
BiHHULBbKYN HAITIOHAIBHUN TEXHIYHUN YHIBEPCUTET

Kouaecuuk Anapii BikropoBuy,
acripasr,
BiHHULIBbKYN HAIIIOHAIBHUN TEXHIYHUN YHIBEPCUTET

byniBenbHa ramdy3p BIIICPa€ BU3HAYAJIbHY pOJb Y COLIAIBHO-EKOHOMIYHOMY
PO3BUTKY CYCIUIbCTBA, a 3a0e3MeyYeHHs HAAIMHOCTI Ta JOBrOBIYHOCTI OyIiBElb 1
CHOPY/I 3AJIMIIAETHCS OJTHUM 13 IPIOPUTETHUX 3aBJIaHb CyYaCHO1 1IHKEHEpHO1 Hayku. B
yMOBax IHTEHCUBHOI ypOaHi3ailii, peKOHCTPYKIIi ICHYyr04oro (OHIy Ta 3BEICHHS
HOBUX OO0'€KTIB OCOOJHMBOI aKTyaJbHOCTI HaOyBalOTh NHUTAHHS MPOEKTYBAHHS,
BIJIHOBJICHHSI 1 MICHIICHHS (DYHAAMEHTIB, 10 MOTPEOYIOTH aIeKBaTHOTO BPaxXyBaHHS
HEJIIHIAHOT TMOBEIIHKM TPYHTOBUX OCHOB. OJHUM 13 KJIIOYOBHX AacCMEKTIB TaKOTO
MOJICITIOBAHHS € JIOCHIIPKEHHS JUIATAHCIMHUX MPOLIECIB, K1 CYTTEBO BIUIMBAIOTH Ha
HaIpy>KeHO-1e(OPMOBAHUN CTaH CHCTEMH «OCHOBa — (PyHIaMeHT» Ta ii Hecydy
3IaTHICTb.

VY pob6oTi AOCHIKEHO 3aCTOCYBAaHHSA YHMCIOBOIO METOAY T'PAaHUYHHUX E€JIEMEHTIB
(MI'E) no po3B's3aHHS 3a1ay MpPYKHO-IUIACTUYHOrO Ae(POpPMyBaHHA IPYHTOBOIO
CepeZoBUIIA 3 YPaxXyBaHHIM JUIATAHCIMHUX BJIACTUBOCTEH. 3ampOorOHOBaHMUM T1IX1]
JIa€ MOYKJIMBICTH OUTBII JOCTOBIPHO MPOTHO3YBATH HamNpyXkeHo-AehopMoBaHUM CTaH
OCHOBH Ta 3a0e3reuyBaTi HEOOX1THUHM PIBEHb €KCIUTyaTalliHOI HaIHHOCTI Oy/1iBEIb
1 CIOpY/I MPOTATOM YChOTO PO3PAaXyYHKOBOTO TEPMIHY iX €KCIUTyaTallii.

OcoONuBICTIO BUKOPHUCTAHOTO YHCIOBOTO METOJy TPAHHUYHUX EJIEMEHTIB €
MEPETBOPEHHS BUXITHOI cUCTeMHU TU(dEpeHITiaTbHUX PIBHIHD Y TPAHUYHI 1HTErpaibH1
PIBHSIHHS, 10 3a0e3medye 3MEHINEHHS TOpANKY 3anadl Ha oauHMIo. Lle mo3Bosse
BUKOHYBATH JTUCKPETU3AII0 JIMIIE TOBEPXHI JOCIIIKYBAHOTO 00'€KTa, 1CTOTHO
3HIDKYIOUM OOYMCITIOBAIbHY CKJIQJHICTh 3a7adl Ta MIIBUINYIOYH €()EeKTUBHICTDH
YICJIOBOTO aHaJli3y MPH MOJIETIOBaHHI B3aeMOii (DyHIaMEHTHUX KOHCTPYKIIHM 13
HEJIHIMHOIO I'PYHTOBOIO OCHOBOIO.

11
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KitouoBi cnoBa: mMaTeMaTH4yHa MO/JIEIb, YUCIOBE MOJICTIOBAHHS, MM1ICUIICHHS
(byHIaMEeHTIB, METOJ] TPAHUYHUX €JIEMEHTIB, TUIATAHCIS.

OnauM 13 e(heKTUBHHUX HUIAX1B 3HM)KEHHS KOIITOPUCHOI BapTOCT1 ()yHIaMEHTIB €
3aCTOCYBAaHHS PAalllOHAIBHUX KOHCTPYKTHBHHX PIlIEHb, YIOCKOHAJIEHHS METOMIB X
PO3paxyHKy Ta BpaxXyBaHHS BH3HAYaJIbHUX (PAKTOPIB, IO XapaKTEPU3YIOTh PEaATbHY
po0OTy (PyHIAMEHTHHX KOHCTPYKI[H Yy pI3HOMAHITHUX 1HXKEHEPHO-TE€OJIOTTUHUX
ymoBax. [lifBUIIIEHHS TOYHOCTI MPOTHO3YBAHHS B3a€MOJII CHUCTEMHU «OCHOBa—
dbyHIaMeHT» CIpHUsA€ ONTUMI3allli KOHCTPYKTUBHHMX IapaMeTpiB (pyHJIaMEHTIB,
3MEHIIEHHI0 MaTepiaJOMICTKOCTI Ta 3a0€3MEUCHHI0 HEOOX1THOTO PiBHS HAIIMHOCTI
CHopyA.

Ha cyuyacHoMy etari pO3BUTKY T'€OTEXHIYHOrO OYJIIBHHUIITBA 3HAYHUK OOCAT
EKCIIEpUMEHTAJILHUX JIOCTIPKEHb BHUKOHYETHCS O€3MocepeiHbO Ha OYJIBEIIbHUX
Mmaiganuukax. I[lomboBl BunpoOyBaHHA (yHAAMEHTHHX KOHCTPYKIIH, 30Kpema
CTaTUYHI BUMPOOYBaHHS Maslb, 3aJMIIAIOTHCS HAWOLIBII JTOCTOBIPHUM CIOCOOOM
BU3HAYEHHS IX HECy4YOi 3JIJaTHOCTI Ta € OCHOBOK JUIsl BepHQiKalii pe3yibTaTiB
YHCIOBOTO  MOJENIOBaHHS. BojgHowac  mMpoBeACHHA  TakuX  BUIPOOYBaHb
XapaKTEPU3Y€ETHCSI BUCOKOIO TPYIOMICTKICTIO, 3HAUHHUMH MaTeplalbHUMU BUTPATAMHU
Ta TPUBAIICTIO BUKOHAHHSA, 110 0OMEKYE MOXKIIMBICTH iX IIMPOKOTO 3aCTOCYBAHHS Ha
CTaJll NPOEKTYBAHHS.

VY 3B'13Ky 3 UM aKTyaJbHOIO HAyKOBOIO 33/1a4€I0 € PO3BUTOK CyUYaCHUX YHCIOBUX
METO/IIB aHai3y, 30kpeMa MeToay rpannuHux enemeHTtiB (MI'E), axi 3a0e3neuyiorh
MOKJIUBICTh MPOTHO3YBAHHSA HANpyKE€HO-1€(OPMOBAHOTO CTaHy Ta HeCydYoi
31aTHOCTI (yHIAMEHTHUX KOHCTPYKIIH 13 BUCOKOIO TouHICTI0. Bukopucranns MI'E
CTBOPIOE TIEPETYMOBH JIJIs1 PO3POOJICHHSI HOBUX MAaTEMAaTUYHUX MOJIEJIEH 1 allTOPUTMIB,
CHOpsIMOBAaHUX Ha MIABUIICHHS €(EKTUBHOCTI TMPOEKTYBAHHS, ONTUMI3AIlIO
KOHCTPYKTUBHUX PpIllIeHb 1 BJOCKOHAJICHHS METOJMIB KEpyBaHHA pPOOOTOIO
(yHAAMEHTHUX CUCTEM.

[TocTifiHe 3pocTaHHS  KUIBKOCTI  HAyKOBHX  JIOCHIIKE€Hb, IPUCBSIYEHHUX
3aCTOCYBaHHIO METOAY T'PAaHUYHUX €JIEMEHTIB, MIATBEPIKYE HOT0 €PEeKTUBHICTH 1
MEePCIIEKTUBHICT MPHU PO3B'SI3aHHI IIMPOKOTO KOJia 3a7a4 T€OMEXaHIKA Ta MEXaHIKU
rpyHTiB. OCOOIUBOI aKTyaIbHOCTI 1IeW MiAXia HaOyBae MpU MOJEIIOBaHH1 HEJIIHINHOT
B3aemojli (yHIAMEHTIB 13 TIPYHTOBOIO OCHOBOI 3 YypaxyBaHHSAM (I3UYHOI
HEJIIHIMHOCTI CepeIoBUIIIA.

Y po6OoTI 1OCIIIKEHO TPOIIEC epeJaBaHH HAaBAaHTAKEHHS O0ypOHAOMBHOIO MMAJICIO
noxkuHo0 L = 12 M Ha IpyHTOBY OCHOBY uepe3 OidHYy MOBEpPXHIO CTOBOypa Ta
MiIOmBY Taji. BukoHaHe 4YHMCIIOBE MOMCIIOBAHHS 13 3aCTOCYBaHHSM METOMIY
TPAaHUYHUX EJIEMEHTIB MPOJEMOHCTPYBAJIO J00py 30DLKHICTH 13 pe3yJbTaTaMu
MOJILOBUX CTaTUYHUX BUNPOOyBaHb. OTpuMaHl pe3yJbTaTH MiATBEPKYIOThH
aJICKBAaTHICTh 3alPOTIOHOBAHOT MaTEeMAaTHYHOT MOJIEJII Ta CBIYATh MPO MOMKJIUBICTH ii
BUKOPUCTAHHA JUIsl OL[IHIOBAaHHS HECY4Ol 34aTHOCTI OypOoHaOMBHHUX Majb 3a PI3HUX
1HKEHEPHO-T€OJOTITYHUX YMOB, (D13MKO-MEXaHIYHUX XapaKTEPUCTUK IPYHTIB, a TAKOX
reOMETPUYHUX MapaMeTpiB Majib, 30KpeMa iX JOBKHUHU Ta JlilaMeTpa CTOBOypa.

MeToro HOCHIIKEHHSI € TOIAIbIINI PO3BUTOK METOAIB HENMIHIMHOTO po3paxyHKy
edeKTUBHUX (yHIAMEHTHUX KOHCTPYKIIM 13 ypaxXyBaHHAM JWJIATAHCIMHUX

12
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BJIACTUBOCTEH IPYHTOBOi OCHOBHM Ta OCOOJMBOCTEH 11 B3aemoii 3 (DyHIaMEHTOM.
CydacHe MpOeKTyBaHHS OyIiBedb 1 CHOPYJ MOTpedye IIMPOKOTO 3aCTOCYBaHHS
BUCOKOTOYHMX KOMM'IOTEPHHUX TEXHOJOTIA YHUCIOBOTO  MOJEIIOBAaHHS, SIKI
320€3MeuyI0Th YIOCKOHAJICHHS PO3PAaXyHKOBUX CXEM, ITIIBUIICHHS JOCTOBIPHOCTI
MIPOTHO3YBaHHS HAIMPY>KEHO-/1e(hOPMOBAHOTO CTaHy Ta ONTHUMI3allil0 KOHCTPYKTUBHUX
pIIICHb.

OCHOBHMM 3aBJaHHSIM pOOOTH € PO3pPOOJTCHHS NPAKTUYHUX aAJITOPUTMIB
YHUCJIOBOTO PO3PAXyHKY B3a€EMOJIi CHUCTEMU «(PYHIAMEHT-TPYHTOBA OCHOBAY, IO
0a3yloThCs Ha TOJOKEHHSAX Teopli IUIACTMYHOI Teuli Ta JauilaTaHCIMHOI Teopii
IpaHyJIbOBaHUX CEPEOBUI 13 BUKOPUCTAaHHSM METOJYy TPAHUYHUX EJIEMEHTIB.
3anponoHOBaHa MaTeMaTU4YHA MOJIENh MOBUHHA aJ€KBAaTHO BIITBOPIOBATH (DI3UYHO
HENIHIAHY TOBEAIHKY IPYHTOBOIO CEpEIOBUIA Ha BCIX €Tanax HaBaHTAXKEHHS,
3a0e3neyyroun JOCTOBIPHE NMPOTHO3YBaHHs HECYYOi 3/1aTHOCTI Ta Je(pOpPMATUBHOCTI
byHIaMEHTHUX KOHCTPYKIIIH.

Marematuude (QopMysIIOBaHHS 3ajladl € OCHOBOIO CYYacCHOT'O 1HXKEHEPHOIO
aHaji3y MpoIeCciB B3aeMOJli (PYHIAMEHTIB 13 I'PYHTOBOIO OCHOBOIO Ta BH3HA4ae
€(EeKTUBHICTh YHUCJIOBHX METOAIB pPO3paxyHKy. Bimomo, 1O TIpyHTH BXKE Ha
MOYATKOBUX CTaIisAX HABAHTAKEHHS 3a3HAIOTh HE3BOPOTHHUX MPY>KHO-TLIACTHYHUX
nedopmailiii, BEJIMYMHA SKUX ICTOTHO 3aJIEKUTh Bl ICTOPIi MPUKIAJIEHHS
HAaBAHTAKEHHA. Taka MOBeIIHKa O0OYMOBIIIO€ HEOOXITHICTh BUKOPUCTAHHA (DI3UYHO
HENTHIMHUX MaTeMaTUYHUX MOJEJIEH, 1110 OMHUCYIOThCS CUCTEMOIO AU(EepeHLIaTIbHIX
PIBHSIHb Y YACTUHHUX MOX1THUX.

JI71s1 urcmoBOro po3B's3aHHs IMTOCTABICHOT HEMIHIMHOI 3a71a41 B poOOTI 3aCTOCOBAHO
Meron rpanudHux eneMmeHtiB (MI'E), skuit € omHuMm 13 HalOUThIT edEeKTUBHUX
YUCJIOBHUX METOJIIB aHalli3y KOHTAaKTHHMX 3ajad reoMexaHikd. Ha ocHOBI Metomy
3BaKEHUX HEB'sI30Kk Ta Teopemu B3aeMHocTi berri K. bpe66is [1] onepxkas
(dbyHaaMeHTalIbHE IHTErpajbHE PIBHSHHS PIBHOBArM, sIke€ BCTAHOBIIIOE B3a€MO3B'SI30K
MIK BEKTOpPaMH MepEMILIEHB 1 TOBEPXHEBUX 3yCUIJIb HA MEX1 KOHTAKTY (DyHIaMEHTHOI
KOHCTPYKIIli 3 I'PYHTOBOIO OCHOBO. Ilepexim Bia audepeHiiaJbHOI MOCTaHOBKHU
3a/ayl 10 1HTEerpaiabHOi 3a0e3nedye 3HWKEHHS MOPAIKY pPO3PaxyHKOBOI CHCTEMH,
OCKIJIbKH JUCKPETU3ALlll MAJIArae JIMIE TPaHuYHaA TOBEPXHS JOCIIIKYBaHOI 001acTi,
0 CYTTEBO MIABUIIYE OOUYMUCIIOBAIbHY €(DEKTUBHICTbH METOLY MpPU PO3B'sI3aHHI
MPOCTOPOBUX 3aja4 B3aeMojii (yHAAMEHTIB 13 (PI3UYHO HENIHIMHUM IPYHTOBHM
CEPEIOBHUILEM.

B po6oTi BUKOpHUCTaHO TPYKHO-TUIACTUYHY JWIATaHCIHHY Moxaenb [2, 3]. Jus
MOJIETIIOBaHHSI TOBEIIHKM TIPYHTY B IUIACTMYHIA CTaAli 3 METOI BpaxyBaHHs
JTUCUTIATUBHUX €(EKTIB IPYHTY KpiM PIBHSHb PIBHOBArd B MOJIENIb BBOJIUIIOCH III€ JIBA
nonatkoBux. Ilepiie gogaTkoBe pIBHSHHS — KpUTEPiM mepexody IO TPaHUYHOTO
CTaHy, BHUKOPHCTaHO Kputepii Tekydocti Miseca-lllnelixepa-botkina. Jlpyrum
JOJIATKOBUM DIBHSHHAM Oyja 3aJIekKHICTh MDK HANpPYXEHHSAMHU Ta MIBUIKOCTAMHU
nedopmMariiii Jyis TIaCTUYHOTO CTaHy (HeacoIliHOBaHMM 3aKOH TUIACTUYHOT TeUli, SIKUi
HaMOUIBIII TOBHO BijoOpa)kae MOBEAIHKY TUCTIEPCHOTO CEPEAOBUINA IPYHTY).

[Ipu po3B’sA3aHH1 HENIHIMHOI 3a/1a4l MEXaHIKU IPYHTIB BUKOPUCTAHO KBA3UIIHINHY
MOCTAHOBKY 1 3allydeHO MeToj MNpyxkHuX po3B’s3kiB O.A. Dumommwmua [6].
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[IpulHATHICT MaJIMX TO3/I0BXKE€Hb Ta HECKIHYEHO Manux naedopmaiiiii Beme 10
MOJKJIMBOCTI BHUKOPHCTAHHA JIHIMHOI Teopii 1 SK HACHIIOK, IO MPaBOMIPHOCTI
MPUHIINITY CYTEPIIO3ULIIN

SBumie 3MiHM 00’ €My TPYHTY NPH 3CiB1 — AuiaTaHcis Biakpurto. O.PeiiHonbacoM B
1885 p. JlunaTaHcis — MOPYIICHHS CTPYKTYpH a00 3MiHa MIITHOCTI, 0 3aJICKHUTh BiJl
MEepEeMIlIEHHs YacCTUHOK TIpyHTy. [lumarancis poOWTH MapaMmMeTpu HampyKeHO-
1e(hOpMOBAHOTO CTaHYy TPYHTY CYTTEBO HEIHIMHUMU.

Y poboTi HaBeneHO pe3yJbTaTh TEOPETUYHUX  JOCHIKEHb MPOIECY
nedopmyBaHHs Oypo HaOWBHOI maji goRxkuHOI0 L=12 M, miamerpom 630 mMm. B
pPO3paxyHKy BHUKOPHCTaHO BICIM CEpEeIHHO3BAXCHUX 3HAYCHb IOKA3HUKIB
OaraTomapoBoi OCHOBH IPYHTY:

E=23.08 MIla; p = 1.912 r/cM’; p max = 2.1 T/eM%; p min = 1.6333 r/em’;

c=20.77 klla; ¢= 0.472 pay ; v=0.371 ; p, = -0.2014 MI]Ia.
3amiHa TEOJIOTIYHUX MOKAa3HUKIB 0Oararoa3zoBoro cepenoBulla MOKa3HUKaMU
€KBIBaJIEHTHOT'O KBa310JHOPITHOTO CEPEOBUIIIA € TIOCTATHHO €(PEKTUBHUM PUIOMOM
npu pospaxyHkax [4, 5]. Cxema po3TanryBaHHs AOCIIAHOI Oypo HaOMBHOI mami y
I'PYHTOBOMY MacHBI IT0JIaHa Ha puc. 1.

Fad : ‘ . ’ om
< ‘
] / ~2 = cy2nuHok meepdui : //
> = ¥ 5 - - v PSS
Z W 7722 e 3w
é A A / e Sy 0,9m 0,6M
/ 3 — cya2nuHok Hanismeepduu ]
""" "4 - picok dp/JHuu e 1.8m
.- cepedHboi WwinbHocmi - ’
& -5 — nicok cepedHboi " ‘é
T KpynHocmi, winbHud o e 3,8m
6 — 2nuHa meepda
3,5m
= d=0,63m

Pucynok 1. — Cxema posranryBaHHs Oypo HaOMBHOI Majii y IpyHTOBOMY MacHUBI
Jlxepeno pucyHka: po3poOka aBropiB 3anucona /[.B. 1 Konecnuka A.B.

Pesynbpratn umcioBoro mnporHodyBaHHs 3a  MI'E Hecywoi cnpoMoOKHOCTI
OypoHaOUBHOI maJi A0 ocigaHHs S = 6 CM MMOJaHO HA PUC. 2.
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HaBaHTa)keHHs P (kH)
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Pucynoxk 2. — Peynbratu ynciooro mojentoBanns 3a MI'E Hecydoi cipoMoxkHOCTI
Oypo HabuBHOi ajmi L =12 m
Jlxepeno pucyHka: po3pooka aBTopiB Mopryn A.C. i Konecnuka A.B.

Janni yucioBoro npochimxeHHs 3a MIE mnopiBHioBamuchk 3 pesyiabTaTaMu
EKCIIEpUMEHTAJILHUX JIOCII/DKEHb MMajlli Ha OyJiBeJIbHOMY MaigaHuuky [3] mpu ii

OCiaHH1 10 BEIUYUHU S = 2 cM, puc. 3.
HaBaHTa)keHHsa Ha nanio F,, kKH
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Pucynox 3. — Pesynpratm  eKCliepMMEHTaJbHUX JOCHIIKEHb [6] Hecydoi

CIPOMOKHOCTI Oypo HabuBHOI mami L = 12 m
Jlxepeno pucynka: po3podka aBropiB Mets .M. i Konecuuka A.B.
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[TopiBHSIBLHUM aHANI3 Pe3yJIbTATIB YUCIOBOI'O MOJICIIOBAHHS 13 JAHUMHU MOJHOBHUX
CTaTUYHUX BUIPOOYBaHb MIATBEPKYE aJeKBATHICTH 3aPOTIOHOBAHOI MATEMAaTUYHOT
Mozeni B3aeMonii OypoHaOWBHOI mami 3 HENIHIKHOIO TIPYHTOBOIO OCHOBOIO.
BiamoBimHO 10 pe3ynbTaTiB €KCIIEPUMEHTATBHUX JOCITIIKEHD (pHC. 3), TPH OCiTaHH]
nam S = 2 cm ii Hecy4a 3aTHICTh CTaHOBUTH P = 2640 xH. YnucnoBuii po3paxyHOK,
BUKOHAaHUN 13 3aCTOCYBaHHSM METOJy TpPAaHUYHHUX €JIEMEHTIB (puc. 2), A
aHAJIOT1YHOI BEIMYMHU OCITaHHA MoKa3aB 3HaueHHs P = 2580 kH.

AOCONIOTHE BIAXUJIEHHS MIXK EKCIEPUMEHTAIBHUMU Ta PO3PaXyHKOBUMHU
pe3yJibTaTaMu CTaHOBUTH 60 kH, 1110 BiAMOBIIA€E BITHOCHINA OXHOII Ou3bKo 2,3 %.
Takuit piBeHb 301KHOCTI CBIAYUTH IMPO BHUCOKY JIOCTOBIPHICTH 3alPOIIOHOBAHOL
MaTEMaTUYHOI MOJIeNll Ta KOPEKTHICTh BUKOPUCTAHUX (I3UYHHUX IMEPEAYMOB IOAO
OMKCY HENIHIMHOI TOBEAIHKA TIPYHTOBOro cepeaoBuina. OTpuMaHi pe3ysibTaTu
H1ATBEPHKYIOTh MOKIIMBICTh 3aCTOCYBAaHHS YU CIOBOIO METOYy T'PAaHUYHUX €JIEMEHTIB
JUI TIPOTHO3YBaHHS HAIpPY’KEHO-e(OPMOBAHOTO CTaHy Ta OLIHIOBAHHS HECYYOi
31aTHOCTI OypoHAaOMBHUX TMajlb Ha BCIX eTamax HaBaHTaxeHHsA. KpiMm Toro,
BUKOPUCTAHUNM MiAXiJl 3a0e3rneuye MOMJIIMBICTh JIOCTIKEHHS TEePEepO3NOILTy
KOHTAaKTHUX HAaNpyXeHb Y3J0BX OIYHOI MOBEpPXHI Ta MiJ BICTPSAM Maji, L0 €
BAKJIMBUM JUIsl ONITUMI3alli KOHCTPYKTUBHUX MapaMeTpiB PyHIAMEHTIB Y CKIIAIHUX
1HKEHEPHO-T€OJOTTYHUX YMOBAX.

Ha ocHOBI npoBeIeHUX JOCIII/IIB Ta YUCIOBIO MOJICJIFOBAHHS MOKHA 3pOOUTH TaKi
BHUCHOBKU:

- 3amporloHOBaHa MaTeMaTH4YHAa MoOJielb, MOOyJOBaHAa Ha OCHOBI Teopii
IUTACTUYHOI Tedii Ta AWJIATAHCIMHOI Teopii IpaHyJbOBaHUX CEPEOBHIL, aJ€KBATHO
OMHCY€ TPOIEeC HEMHIHHOrO nedopMyBaHHS IPYHTIB y IIHPOKOMY Jiana3oHi
HABaHTAXeHb. [I BUKOpPUCTAaHHs 3a0esleuye JOCTOBIPHE BiTBOPEHHsS HAIpPYKEHO-
1e(pOpMOBAHOIO CTaHy IPYHTOBOI OCHOBHM 3 ypaxyBaHHSIM 1CTOpii HaBaHTaXKEHHS,
PO3BUTKY MJIACTUYHUX Jedopmalliii Ta TUaTaHCIMHUX €(EeKTiB;

- 3aCTOCYBaHHSI METOJy TPAHMYHUX EJIEMEHTIB J03BOJISi€E BUKOHYBATH YMCIOBUN
aHaji3 HampyKeHo-Ie(OopMOBAaHOTO CTaHy TIPYHTOBHX OCHOB 3a MeEXaMH
PO3pPaxyHKOBOT'O OMOPY 13 BUKOPUCTAHHSAM TPAAUIINAHUX  (PI3UKO-MEXaHIUHUX
XapaKTepUCTUK TIPYHTIB, IO BHU3HAYAIOTHCS IMiJ Yac 1HXEHEPHO-T€OJOTTYHUX
BUITYKYBaHb. lle 3HA4YHO pO3MIMPIOE MOMIMBOCTI TMPOTHO3YBaHHS pPOOOTU
(yHAaMEHTHUX KOHCTPYKUINA y HENIHIMHIN 001acTi neopmMyBaHHS;

- TIOpIBHSHHS pPE3yJIbTaTiB YMCJIOBOIO MOJENIOBAHHA 3 JaHUMH TOJbOBHUX
BUIIPOOYBaHb 3aCBIIYMIIO BUCOKY TOUYHICTh 3alPONIOHOBAHOI METOANKHU. PO301>KHICTD
MK EKCIIEPUMEHTaJbHO BH3HAUYEHOIO HECY4YOl0 3/aTHICTI0O OypoHAaOMBHOI maui
(2640xH) Ta pe3ynabTaTaMu pO3paxyHKy 3a METOJIOM IPaHUYHUX eJIeMeHTIB (2580xH)
He nepesuiye 2,3%, 10 MiATBEPIKYE MPAKTUUHY TPUIATHICTh PO3POOJICHOT MOIENi
U1 IHKEHEPHOTO MPOEKTYBAHHS.

- METOJl TPAHUYHUX €JIEMEHTIB € €()EeKTUBHUM IHCTPYMEHTOM JJisi PO3B'A3aHHS
HIMPOKOIro KJacy 3a/ady MEXaHIKHU I'PYHTIB, MOB'I3aHUX 13 MOJEIIOBAHHIM B3a€MO/II1
CHCTEMH «TPYHTOBA OCHOBa — (yHAaMeHT». MOro BHKOPHCTAHHS JIO3BOJISE
JOCIIKYBATH BIUIMB T€OMETPUYHUX MapaMmeTpiB PyHIaMEHTIB, (PI3UKO-MEXaHIYHUX
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XapaKTepUCTUK TPYHTIB Ta PEKUMIB HaBaHTAXXEHHS Ha HeECydy 3JIaTHICTh 1
ne(pOopMaTUBHICTh PYHIAMEHTHUX KOHCTPYKITIH;

- BUKOPHUCTAHHS CyYaCHUX YHMCIIOBHX MOJENEH Ha OCHOBI METOJy TpaHUYHHX
€JIEMEHTIB CTBOPIOE ~ TIEPE/TyMOBU IS onTuMi3amii KOHCTPYKTUBHHUX pimeHb
3HIDKEHHSI MaTepiaIoOMICTKOCTI beHI[aMeHTIB CKOPOYEHHS 00CSTIB JOPOrOBAPTICHUX
EKCIIEPUMEHTAJIbHUX BUMPOOYBaHb 1 TMIABUINIEHHS EKOHOMIUHOI €(EeKTHBHOCTI
NPOEKTYBaHHSA. 3ampONOHOBAaHUM MiAXig MOXe OyTH BUKOPHUCTaHUUH TIpU
IIPOEKTYBaHHI HOBHMX, PEKOHCTPYKIi Ta TMIJACHUJEHHI ICHYIOUMX (YyHIaMEHTIB Y
CKJIQIHAX 1H)KEHEPHO-TEOJIOTTYHNX YMOBAX.
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RICH BIODIVERSITY AS EVIDENCE OF A HEALTHY
ENVIRONMENT: THE CASE OF FLORIDA

Poleva Julia,

Ph.D., Visiting Professor
Florida Institute of Technology,
Melbourne, Florida, USA

Biodiversity represents one of the most informative indicators of ecosystem health
and environmental stability. The richness and distribution of flora and fauna are closely
associated with climatic conditions, habitat integrity, and the long-term balance of
ecological processes. Regions characterized by favorable climatic conditions and
relatively stable environmental regimes generally support greater biological diversity,
higher ecosystem productivity, and more complex trophic interactions. Such
ecosystems possess greater ecological resilience because species diversity enhances
the capacity of biological communities to maintain ecosystem functions under
changing environmental conditions [1].

Climate acts as one of the primary ecological drivers regulating the composition,
structure, and functioning of natural ecosystems. Temperature, precipitation patterns,
solar radiation, hydrological regimes, and soil characteristics collectively determine
the ecological niches available for living organisms [2]. Consequently, biodiversity
reflects not only the present environmental conditions but also the evolutionary history
of ecosystems shaped by long-term climatic stability.

Living organisms continuously respond to environmental stress through a wide
range of adaptive mechanisms. Physiological acclimation, behavioral modifications,
phenotypic plasticity, and genetic variability enable species to survive under changing
environmental conditions. At the molecular level, stress responses involve alterations
in gene expression, metabolic regulation, and biochemical pathways, while over
evolutionary timescales natural selection acts upon genetic variation, promoting
adaptations that increase survival and reproductive success [3, 4].

Mutation constitutes an essential component of evolutionary processes by
generating genetic diversity upon which natural selection operates. Although mutations
arise naturally, environmental stressors may influence selective pressures, favoring
individuals possessing adaptive characteristics that improve ecological fitness. Thus,
biodiversity is continuously shaped through the interaction of climatic factors,
environmental conditions, and evolutionary mechanisms (photo 1).
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Photo 1. Nature's elicate Masterpiece — Plumeria (the author’s personal
development)

However, contemporary ecosystems are increasingly influenced by anthropogenic
activities. Habitat fragmentation, urbanization, industrial pollution, agricultural
intensification, invasive species, and climate change have significantly altered natural
ecological processes worldwide [5]. Unlike many natural environmental fluctuations
that occur gradually over evolutionary timescales, anthropogenic disturbances often
develop rapidly, reducing the capacity of ecosystems to adapt while accelerating
biodiversity loss.

Flora and fauna respond differently to these disturbances depending on their
ecological specialization and adaptive potential. Sensitive species frequently exhibit
reductions in abundance, reproductive success, and geographic distribution, whereas
ecologically tolerant organisms may expand their ranges or occupy newly disturbed
habitats [6]. These shifts alter community composition, trophic relationships, and
ecosystem functioning, ultimately transforming the structure and stability of biological
systems (photo 2).
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Photo 2. Living Symbols of Florida's Biodiversity (the author’s personal
development)

Plant communities play a particularly significant role in ecological adaptation and
ecosystem recovery. As primary producers, plants regulate nutrient cycling, improve
soil quality, stabilize microbial communities, provide habitat for wildlife, and
contribute to the natural remediation of contaminated environments.

Consequently, vegetation serves not only as a structural component of ecosystems
but also as an effective biological indicator of environmental quality and ecological
resilience [7].

The response of biodiversity to environmental stress reflects the dynamic
relationship between climate, ecosystem processes, and human activity [8]. Monitoring
changes in species diversity, population structure, community composition, and
ecological interactions provides valuable information regarding ecosystem health and
enables the development of scientifically based restoration and conservation strategies.

Understanding these ecological mechanisms has become increasingly important
under current conditions of global environmental change. Protecting biodiversity
requires not only the conservation of individual species but also the preservation of
ecological interactions, habitat connectivity, and the natural processes that sustain
ecosystem resilience [9]. Integrating ecological monitoring, biodiversity assessment,
soil science, and restoration ecology provides an effective scientific framework for
developing sustainable environmental management strategies.

Therefore, biodiversity should be regarded not only as a measure of biological
richness but also as a comprehensive indicator of climatic stability, ecological integrity,
and the adaptive capacity of ecosystems facing both natural and anthropogenic
environmental change.

Florida's Natural Heritage: Biodiversity as a Reflection of Ecological Stability and
Environmental Change Florida represents one of the most remarkable natural
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laboratories for studying the relationship between climate, biodiversity, and ecosystem
resilience. Its unique geographic position between temperate and subtropical climatic
zones, together with an extensive network of wetlands, estuaries, coastal forests,
freshwater marshes, mangrove communities, and barrier islands, has created conditions
that support an exceptional diversity of life (photo 3).

B ¥ R S e T .;"é \ik‘ 3
Photo 3. Basking Turtles: Indicators of a Healthy Freshwater Ecosystém >(the

author’s personal development)

Nature continuously responds to environmental stress. Every organism possesses
a certain degree of ecological plasticity that enables adaptation to changing
environmental conditions. Plants modify root architecture, physiological processes,
and reproductive strategies; microbial communities restructure according to changing
soil chemistry; benthic organisms respond rapidly to alterations in sediment
composition and water quality; animal populations adjust their behavior, migration
routes, and habitat preferences. At the genetic level, natural selection acts upon existing
genetic variation, allowing populations with advantageous traits to persist under new
environmental conditions [10, 11]. These adaptive responses illustrate the
extraordinary resilience of living systems, while simultaneously revealing the limits
beyond which recovery becomes increasingly difficult.

The contrast between healthy and degraded ecosystems illustrates an important
ecological principle: biodiversity is not merely the result of favorable climatic
conditions but also the consequence of long-term environmental stability. Climate
creates opportunities for biological diversity to develop, whereas responsible
environmental stewardship determines whether this diversity can be maintained (photo
4)
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Photo 4. Protecting One Speéies, Prserving an Ecosystem (original work by the
author)

One of the most valuable lessons provided by Florida's protected ecosystems is
that conservation is considerably more effective than restoration. A mature mangrove
forest, an intact seagrass meadow, or a naturally functioning wetland represents the
outcome of centuries of ecological development [12]. Although restoration ecology has
made tremendous scientific progress, recreating the structural complexity, biological
diversity, and ecological functions of mature ecosystems remains an exceptionally
slow and challenging process.

For environmental scientists, biodiversity therefore serves as far more than a
catalog of species. It represents a sensitive biological indicator that reflects the
cumulative influence of climate, geological history, ecological interactions, and human
activity. Every change in species composition, vegetation structure, soil characteristics,
microbial diversity, or benthic community organization records an ecological response
to environmental change [13].

The future of ecosystems such as the Indian River Lagoon depends not only on
scientific knowledge but also on society's willingness to recognize that environmental
protection is fundamentally an investment in ecological resilience. Healthy ecosystems
sustain biodiversity, improve water quality, regulate climate, protect coastlines,
support fisheries, and enhance human well-being. Preserving these natural systems
before irreversible degradation occurs is therefore not only an ecological responsibility
but also an economic and social necessity.
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Perhaps the most compelling lesson offered by Florida's protected ecosystems is
the extraordinary adaptability of living organisms. Environmental stress triggers
numerous adaptive responses, including physiological acclimation, shifts in
reproductive strategies, behavioral modifications, and changes in species distribution.
Over longer evolutionary timescales, natural selection favors genetic traits that enhance
survival under new environmental conditions. Nevertheless, the current rate of
anthropogenic environmental change often exceeds the capacity of many species to
adapt [14]. Evolution requires generations; habitat destruction may occur within years.

Plants frequently provide the earliest indicators of ecological change. Variations in
vegetation structure, species composition, productivity, and phenology often precede
visible declines in animal populations. Similarly, soil microorganisms and benthic
invertebrates respond rapidly to environmental disturbances, making them valuable
biological indicators of ecosystem health [15]. These organisms continuously "record"
environmental change, reflecting alterations in nutrient availability, pollution,
hydrological conditions, and habitat quality long before ecosystem degradation
becomes obvious.

The contrast between protected ecosystems and disturbed landscapes demonstrates
that biodiversity should not be viewed merely as a measure of species richness. Rather,
it represents the functional capacity of ecosystems to maintain stability, recover from
disturbance, and sustain ecological processes under changing environmental conditions
[16]. Every species contributes to ecosystem resilience, and the loss of even seemingly
inconspicuous organisms may weaken ecological networks in ways that become
apparent only decades later.

The Indian River Lagoon therefore represents far more than a regional
environmental concern. It serves as a living model illustrating both the resilience and
vulnerability of natural ecosystems. It reminds us that biodiversity is not an
inexhaustible resource but the cumulative product of millions of years of evolution.
Once ecological interactions are disrupted beyond critical thresholds, restoration
becomes increasingly difficult, costly, and time-consuming [17].

The preservation of Florida's protected ecosystems and the restoration of the Indian
River Lagoon should therefore be regarded not simply as conservation initiatives but
as investments in ecological sustainability, climate resilience, and the long-term
stability of natural systems. The greatest lesson that these ecosystems offer is both
scientific and philosophical: nature possesses an extraordinary capacity for recovery,
but only when human activity shifts from exploitation toward stewardship. The future
of biodiversity depends not on our ability to control nature, but on our willingness to
understand its complexity, respect its resilience, and preserve the ecological processes
upon which all life depends.

Ultimately, protected areas throughout Florida remind us that nature possesses an
extraordinary capacity for resilience, adaptation, and renewal. Nevertheless, they also
demonstrate that resilience has ecological limits [18,19]. The greatest challenge facing
modern environmental science is not simply understanding how ecosystems recover
after disturbance, but ensuring that they never cross the thresholds beyond which
recovery is no longer possible.
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AK IHTEPAKTUBHA JOILIKA CleverMaths
JOIMOMAT'A€ HA YPOKAX MATEMATHUKHU B OHJIAUH-
DOOPMATI

MagasiBko Osiena MapariBHa,
y4UTEIh MATEMAaTUKU BUIIOI KaTeropii,
Kpusopizbkuit mireit Nel07 «Jlinep» KpuBopi3bkoi Micbkoi paau

JucTaHiiiine HaBYaHHS BUMAarae BiJ] Cy4acHOTO0 BUMTENSI MaTEMAaTUKH HE MPOCTO
TPaAHCIISALIT €KpaHa, a CTBOPEHHS KUBOT'O IHTEPAKTUBHOTO CEPEOBUIIIA.

3BUYaitHOI JIeMOHCTpallli CTaTUYHUX TMPE3CHTAIlll 3aMano [Jis MOSCHEHHS
CKJIQJITHUX T€OMETPUYHUX IMOOY/I0OB YU aJITOPUTMIB pO3B’si3aHHA piBHSIHB. EhekTHBHUM
pPO3B'I3aHHAM Li€i TPOOJIEMHU € BHUKOPUCTAHHS CIELIali30BaHOTO MPOTrPaMHOro
3a0e3MeueHHs] — BIpTyaibHO1 1HTepakTUBHOI Aoliku CleverMaths. Bona no3Bosisie
MOBHICTIO IEPEHECTH THCTPYMEHTAP1H TPAAULIHHOIO KabiHETY MaTeMaTUKU B OHJIAH-
MPOCTIp.

VY mii cTarTi npeacTaBieHo NpakTU4YHHUMA nocBia BukopuctanHs CleverMaths ta
MPOJIEMOHCTPOBAHO, fAK 3a JOMOMOTOK 1i KOHKPETHHX I1HCTPYMEHTIB 3pOOUTH
JUCTAHIIMHUN YPOK HAOUHHUM 1 TUHAMIYHHAM.

1. Opramni3anist BIpPTYaJbHOr0 po6040ro mNpocTopy Ta HaBiramis

Ha BimMiHy Bia cranmapTHHX oHaiH-O00pAiB, CleverMaths mae crierianizoBanuii
npenMeTHuil pexuMm  «Marematuka». llepmie, 1m0 OLIHUTH KOKEH BYUTEINb
MaTeMaTUKH — I1¢ MOXJIMBICTh BIJIIUTH Bij] O1JIOTO MOPOKHBOTO €KpaHa.

Tpaguuiiina wiaiTuHka: MutteBe BBIMKHEHHS (OHY B KIITHHKY JIOIIOMAarae
VYHSIM Kpallle CIpuiMaTH 3alucH, ajpke Bi3yalbHO KOIIIOE iXHI poOoui 3omuTu. Lle
3HAYHO IMOJIETIIYE aarnTallito 10 oHjlaH-popmarty (puc. 1, puc. 2).

Ecreruka Ta wiTtkicTh 3amucy: 3aBAsSKH CHUCTEMI pO3Mi3HAaBaHHS (opMmy,
porpama aBTOMaTUYHO MEPETBOPIOE PYKOIKCHI 3HAKH Y JPYKOBAHUM TeKCT (puc. 3).
[le KpUTUYHO BAXKIJIMBO JJIl YUHIB, SIK1 IEPETIISIAI0Th YPOKHU 3 MOOUIBHUX TeNe(OHIB.

Hackpizna cucrema rinepnocuianb: CleverMaths no3Bosnsie OyayBaTu rHydKy
apXITEKTYypy YPOKY 3aBISIKU 1HTErparlii JiHKIB. YUUTEIb MOXKE HaJAIITyBaTH IIBUIKI
Mepexoau SK MDK PI3HUMHM CTOpPIHKaMH (JIOIIKaMH) IMOTOYHOTO 3aHSATTS, TaK 1
CTBOPIOBATH TpsIMi TMOCWJIAHHS HA JIOKaJIbHI (ailii B KOMMI'IOTEpPl UM 3OBHIIIHI
pecypcu B Mepexi [HTepHeT (IHTepakTUBHI TECTH, BIICOYPOKH, OHIANH-TIAPYIHUKN).
Ile mepeTBOprO€ BIPTyajibHY MAOIIKY HA €IWHUIN JOTIYHMM xa® 3aHATTA i ycyBae
noTpeOy MOCTIHHO MEPEMHUKATUCS MK PI3HUMH BiKHaMHu riporpam (puc. 4).
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Pucynok 3. Jlomka CleverMaths. [HcTpymeHT po3nizHaBaHHS GOpMYIT
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LIMJITH/IP.
Luninap — reomeTpuyHe Tino yTeopeHe npu obepTaHHi
NPAMOKYMHUKA HABKO/10 CMOPOHU AK OCi.
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8
8
=05 * Ndovsm®TH Ul 8. da b

Pucynoxk 4. Jlomka CleverMaths. ['inepniocuniants Ha BiJieo B IHTEPHETI

2. I'eomerpis 0e3 cTpaxy: BipryaabHe Kpecasipcbke NpuJiaaas

[Tosicautu MOOY0BY (iryp 3a JOMOMOTOI KOMI'IOTEPHOI MUIIN — CKJIaJHE
MetoauuHe 3aBaaHHs s Buutens. CleverMaths mae moBHUET apceHan HUGPOBUX
aHAJIOTIB peaIbHUX IHCTPYMEHTIB (puc. 5).

Po0ora 3 JjiHilikol0 Ta mUpKyJdeM: [HCTpyMEHTH € MOBHICTIO aJalTUBHUMH.
Jliniliky MokHa o0Oepraty miJl OyAb-SIKUM KyTOM, a BIPTyaJdbHUN LUPKYJIb MAJIOE
17lealibH1 IyTW 3aJaHOr0 pajilyca IpsIMO Ha o4yax y JITeH, YHAOUHIOIOYM KJIACHYHI
3a/1a4i Ha MOOY0BY (pHc. 6).

Marematuka

Setsquar 30 Nuneiika

MHorodyHKUM Ipadpukun Cucrema
OHaNbHbIV DyHKUMIA KOOpAUHAT
TPEYTOALHUK
npasutesb

Pucynok 5. Jlomka CleverMaths. [actpymenTu yist po60TH Ha ypokax
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Pucynok 6. Jlomka CleverMaths. 7 kitac. OcHOBHI 3aa4i Ha TOOYIOBY

3. Kusa aaredpa: Aunamivni rpadixu pyHkuiit

AnreOpaiuyHuii 0J0K MIHIMI3Y€ Yac HA pyTUHHY POOOTY Ta BUBOJUTH HAOUHICTh Ha
HOBUU PIBEHb.

ABTOMATHYHA KOOPAMHATHA CiTKAa: YuuTento OLIbIle HE MOTPIOHO BUTpayaTH
JOPOTOLIIHHI XBWJIMHU YPOKY Ha KpecieHHs ocell Ox Ta Oy 1 po3CTaHOBKY OJIMHUYHHUX
B1JIPI3KiB Ha IJIOIIMHI Y Y pocTopi (puc. 7, puc. 8).

Hocaimxennss ynkuiii: Boasunm dopmyily, MHUTTEBO OTPUMYEMO TOYHHIA
rpadik. OcobnmnBo ePEeKTUBHO i€ MpaLoe MiJ yac BUBUEHHA TemMu «llepeTBopeHHs
rpadikiB ¢yHKU» y 9 knaci (puc. 9): ydyHi Hao4yHO OayaTh, SK 3MIHIOETHCA
MOJIOkKEHHS napadoiau y=(x+a)*+b 3aexHO0 BiJ 3MIHU KOE(IIIE€HTIB.

9
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Pucynoxk 7. Jlomka CleverMaths. ABToMaTnyHa KOOpJWHATHA CITKA Ha TJIOMIUHI
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Pucynoxk 8. Jlomka CleverMaths. ABToMaThuyHa KOOpJIMHATHA CITKA Yy TPOCTOPI
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Pucynok 9. Jlomika CleverMaths. 9 knac. [leperBopenns rpadikiB QpyHKI[IH

4. IHCTpYMEHTH 3aJIy4eHHs YBAru miJa yac Tpanciasuii (Zoom / Meet)

o6 yTpuMyBaT (POKYC MIKOJISIPIB MPOTATOM yChOTO OHJIAWH-YPOKY, TOLIIBHO
BUKOPUCTOBYBATHU CIIeUM(IUHI OMNIIIT JOIIKH:

Jlazepna pyuka: [[03Bojsi€ TAKPECIUTH MPOMIXKHUN PE3ysbTaT ad0 BaXKJIUBY
yMoBy. Ciiij Bi Hei OJTMMae Ta 3HUKAE 3a KUIbKa CEKYH]I, TOMY €KpaH He 3aCMIYy€ThCS
3alBUMU JTHISIMU.

®irypu: IneanbHO WAXOAATH AJIS HIBUAKOTO T€OMETPUYHOTO YH KOJIPHOTO
BUJIIJICHHS TOJIOBHUX (POpMYJI, BU3HAYEHB a00 TEOPEM y PaMKY.

PexxuM KOMeEHTYBaHHsI MoOBepx ekpaHa: [[03Boisie BIAKPUTH MIAPYYHHUK Y
dopmati PDF abo mpeseHTalliro Ta mMucaTd PO3B'S30K MPSAMO MOBEPX APYKOBAHOTO
tekcty 3aBmaHHs (puc. 10). Lle momomarae po3OupaTu BhpaBu 31 30IpHUKIB Y
peaibHOMY Yaci.
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Pucynoxk 10. /Jomxka CleverMaths. PexxuM KOMEeHTYyBaHHS IMOBEPX €KpaHa

5. ACHHXpPOHHA HMIATPUMKA Ta 30epeKeHHs MaTepiajliB ypoOKy

BaxnnBoro mepeBaroro miaaTGoOpMuU € MOKIUBICTh 3a0e3Me4YeHHs SKICHOTO
3BOPOTHOTO 3B'SI3KY 3 YUHSIMH, 30KpEMA 3 TUMH, XTO HE 3MIT JOJYUYUTHUCA 10 OHJIAKH-
TPAHCIIALI1 Yepe3 TEXHIYHI IPUYUHUA a00 HE BCTHUT 3a(IKCYBATH 3aMKCH Y 30IIUTAaX.

Excnopr y PDF: Ilicnsa 3aBepieHHs 3aHATTSA BCl CTBOpPEH1 poOodl JOMIKHU (31
30epeKeHHSIM KIITUHKU, TrpadikiB, GopMyn Ta moOyJ0B) MOXHA B OJIMH KJIK
EKCIIOPTYBAaTH Y €IMHUI OaraTocTOpiHKOBUI TOKyMeHT ¢popmary PDF.

Interpamis 3 Google Classroom: 3renepoBanuii PDF-gaiin  yuutensb
MIPUKPITUIIOE 0 BiMOBIHOTO 3aBaanHs B Classroom. Lle rapanTye y4HsIM NOCTiIHHMIMA
JOCTYI J0 KOHCIIEKTY YPOKY, CYTTEBO CIPOIILYy€ BUKOHAHHS JOMAIIHBOI poOOTH Ta
JIOTIOMArae Iiji 4ac CaMOCTIIHOTO OIpaIfOBaHHS MPOMYIIEHOro MaTepiaty (0coOIMBO
€ BaYXJIMBHM JIJI YUHIB, SIK1 3HAXOIAThCS 32 KOpAoHOM) (puc. 11).

B YPOK 4. MTOKA3HWMKOBI PIBHAHHSA. 22.09.2025

Onewxa MaparisHa Manseko + 21sep. 2025p. (3MiHeHo 22 sep. 2025p.)
100 6anie | fara 3paui: 28 sep. 2025p., 20:00

Yekalio Bac Ha oHnanH-ypoui ANITEBPU 8 3ymi
22 sepecHs, y MOHEAQINOK.

NOYATOK o 8.30

HE CNI3HIONTECH!
https://usOSweb.zoom.us/|/81170497465?pwd=TkTOXoKQOZOWv3ireabCoWBQiAaTkOb.1
Wpentudukatop koHpepeHumn: 811 7049 7465

Kop pocrtyna: 111100000

ANCEBPA 11-A, YPOK 4. (22....
PDF i H

Pucynoxk 11. Classroom. 11 knac
BnacHa nenaroriuHa mpakTHKa J0BOJIUTh: 1HTepakTuBHA joiika CleverMaths min

9ac IUCTaHIIMHOTO HABYAHHS CTA€ MOBHOIIHHUM IU(PPOBUM KaOIHETOM MaTEMAaTHKH.
BoHa He MpoCcTO eKOHOMUTH Yac YUUTEIS Ha MAJTFOBAHHS Ta KPECIEHHS, a IEPETBOPIOE
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a0bcTpakTHI (opMysu Ha 3pO3yMUIl Bi3yalbHl MoOAENi. 3aBISKUA IIbOMY Y4YHI Kpalle
3aCBOIOIOTH MaTepiali, a piBeHb IXHBOT 3ay4EHOCTI Ta CAMOCTIHHOCTI B OCBITHHOMY
MIPOIIECi CYTTEBO 3POCTAE.

Cnmcok Jitepatypu

1. IncTpykuiss ~ kopuctyBaua mporpamHoro  3a0esmedeHHs — CleverMaths.
Clevertouch Technologies. URL: http://clevertouch.com.ua (maTta 3BepHEHHS:
11.07.2026).

2.Mop3e H. B., Tmanyn M. A., /I3woba C. M. dopmyBanHs 1UPPOBOI
KOMIIETCHTHOCTI BYHTEIIB TMPUPOJHUYO-MATEMATUYHUX JUCIUIUTIH B yMOBax
JMCTaHIITHOTO HaBuYaHHs. [HhopMaliifHi TexHoJorii 1 3acodu HaByaHHs. 2021. T. 83,
Ne 3. C. 22-38.

3. Tpuyc 1O. B., I'epacumenko 1. B. EnekrpoHH1 OCBITHI pecypcu y HaBYaHHI
MaTeMaTUKH: CBITOBUHM JIOCBIJ Ta yKpaiHchki peanii. HaykoBuit yacommic HITY imeni
M. I1. iparomanoBa. Cepis 2 : KoM 10TepHO-OpI€EHTOBaH1 cUCTeMU HaBuaHHs. 2022.
Bum. 25. C. 45-56.
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EHEPTOE®EKTUBHI METOJIU KEPYBAHHS
PEAKTUBHOIO NOTYKHICTIO B CTATUYHUX
TUPUCTOPHUX KOMIIEHCATOPAX 3 IPUMYCOBOIO
KOMYTAIIICIO

JlitkoBens Cepriii [lerpoBuy,
K.T.H., IOIICHT, JIOLICHT Kaeapu eHepreTUKu
HamionanpHu#t yHIBEpCUTET BOJJHOTO TOCIIOAAPCTBA Ta MPUPOJTOKOPUCTYBAHHS

Kupuiabuyk Boaogumup Iroposuy,
CTyJCHT OaKajaBpary
HarionansHu#i yHIBEpCUTET BOJJHOTO TOCIIOIAPCTBA Ta TPUPOJOKOPUCTYBAHHS

B cucremax eneKkTpomocTauaHHA ~Cy4aCHHX BHUPOOHMYMX  KOMILJIEKCIB
30LIBIIYETHCSI YaCTKa pI3KO3MIHHMX HAaBaHTAaXEHb Ta CIOXHUBAaHHSI pPEAKTUBHOI
oTy>kHoCTi. Uepes 11e Ha0yBae 3pocTaroyoi Bary mpoodsiemMa KoMIeHcallii peakTUBHOT
noTy>kHocTl. CratnyHi TupucTopHi KomreHncaropu (CTK) peakTHBHOI MOTYXHOCTI
JO3BOJISIIOTHh ~ peai3yBaTH €HEproe(eKTHUBHI METOAM KEPYBaHHS pPEAKTUBHOIO
MOTY>KHICTIO, CTa0LI13yBAaTH HAINIPYTY 1 3HU3UTH BTPATH €IEKTPOCHEPTTIi.

CTK 3 mpsiMOI0O KOMIIEHCALIEI0 PEAKTHBHOI IMOTY>KHOCTI CKJIaJHI B CXEMHIN
KoH(piryparii [1], MatoTh HU3bKY NEPEBAHTAXKYBAJIbHY 3aTHICTH [2], Manuil 3amnac 3a
nepeHanpyrot [3] ta Hu3bkKy mBuakoAito [4]. CTK 3 HempsMoo KOMIIEHCaLIE
PEaKTUBHOI MOTYXHOCTI JO3BOJISIFOTh 3HU3UTHU BTPATU B €JIEKTPUUYHHUX Mepexax Ta
KOMIIEHCATOpaX 1 3a0€3MeYNTH HAJICKHY MBUAKOIIO [5].

MeTor noCHiKEHHSI € BIOCKOHAJICHHS METOAIB KEpYBaHHS pPEaKTUBHOIO
MNOTYKHICTIO B CTATUYHUX TUPUCTOPHUX KOMIIEHCATOPaX 3 MPUMYCOBOIO KOMYTALII€IO.

Buxonaemo xwuBieHHss CTK 3 mpuMycoBOlO KOMyTAIl€l0 I MEPEeX 3
KOMITEHCOBAHOIO HEUTPAJLTIO HAIIPyTraMu MPsIMOKYTHOT (opmu Bif TpaHcopmaTopa 3
HAaCMYEHOI0 MAarHITHOIO CHCTEMOI0 Ta BHM3HAUMMO IHTETpajibHl IOKa3HUKU
€HEePreTUYHOro MpouUeCy bOro KOMIEHcaTopa.

VY pasi peryitoBaHHS 3 3CyBOM 33 OCHOBHOIO TAPMOHIKOIO PEaKTUBHA MOTYKHICTb
1 BTpaTH aKTUBHOI OTYXKHOCTI1 Y BITHOCHUX OJUHUISAX OyAYyTh PiBHI:

Q* (a) = i[l _ epl(a—zr) +e P _ e((plpo)aplﬂ')i| ’ (1)
1
AP’ (a) = L[” — +iep'(a_”) + Lln(l + (1 - ep'(a_”))- o ) _
P o) e
P
1
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Jlns mepuioro BapiaHTy peryjlOBaHHS PEaKTHBHOI MOTYKHOCTI 0e3 3CyBy 3a
OCHOBHOIO TaPMOHIKOIO PEaKTUBHA MOTYKHICTh 1 BTPATH aKTUBHOT MOTY>KHOCTI P1BHI:

Q (a) = L[1 — P2 4 g2 _ e(z(pl_p())a_pﬂq ) (3)

P

AP* (a) — L[ﬂ- 2 +Lepl(2a—ﬂ') + Lll’l(l + (1 _ ePl(Za—ﬂ') ) X eﬂpoa ) _
Pt o) o)

—pil(l +(1-ene ) g2 )} . )

st apyroro BapiaHTy peEryJlOoBaHHS 0€3 3CYBY 3a OCHOBHOIO TapMOHIKOIO
pEaKkTUBHA MOTY>KHICTh Ta BTPATU aKTUBHOI MOTYKHOCTI OyAyTh PiBHI:

; 2 (o
Q (a):ﬁ[l—ep( '], 5)
AP" (o) = é{n—a +’%ln(2 —epl(“”))—%l(l —ep‘(a”))}. (6)

3a Bupazamu (1) — (6) Ha puc. 1 moOy0BaHO 3aJIEKHOCTI Q*(oc), AP*((x), AP, ((x)

CTK 3 npuMyCOBOIO KOMYTAII€I0 Ta KOMIIEHCOBAHOIO HEUTPAJUIIO JIJIsi IBOX METOIB
KEepyBaHHS PEAaKTUBHOIO MOTYKHICTIO.

PeaktuBna notyxnictb CTK mig yac #ioro »uBIEHHS MPSIMOKYTHOIO HAIMPYTOIO
JUTSL pI3HUX METOIIB PETYIIOBAHHS MPAKTUYHO JIHIAHO 3aJIeKUTh BIJ] KyTa KEpyBaHHS
KOMYTYIOUMUMH THpUCTOpamMu o (puc. 1,a), 1m0 03BOJSE CHPOCTUTH CHUCTEMY
KepyBaHHS HUMH. HaliMeHIII1 BTpaTy aKTUBHOI MOTY>KHOCTI CIIOCTEPITratoThCs i 4ac
peryitoBaHHs 0€3 3CyBY 3a OCHOBHOIO TapMOHIKOIO 3a mepiuM BapianTom (puc. 1,0,
KpuBa 2). B pa3i 30uibllIeHHS KyTa KEepyBaHHS THPUCTOPAMH O MUTOMI BTpaTH
aKTHBHOI IOTYXHOCTI AP, oc) 3MEHIIYIOThCs (puc. 1,B). 3a MEeBHUX 3HAYECHBb KyTa O

3aJIeKHO B1JI METO/Iy KEPYBaHHS Il BTPATH CTAIOTh MEHIIIMMHU BiJl OTHOWMEHHUX BTPAT
6asosoro Bapianty AP, =p, =2318-10" (puc. 1,8, mynktup). B upomy pasi CTK 3

IPUMYCOBOIO KOMYTAIlI€I0 BUTPAaYa€ Ha TeHEPYBAHHS PEAKTUBHOI MOTYKHOCTI MEHIIIE
MUTOMO1 CIHOKMBAaHOI aKTUBHOI MOTY>KHOCTI B TOpPIBHSAHHI 3 0a30BUM BapiaHTOM
(cuHyCOiHE )KUBJICHHS KOMIIEHCATOPA).
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0'(a) 4P’ (a) \\ AP, (a) \
1,6 0,012 0,0060
s \ \
1,2 \ 0,009 \\ 0,0045 \ \
0,8 0,006 0,0030

0,4 2\ 0,003 \ § 0,0015 épﬁaﬂ\&_ \_ ]
2

0 60 120 a,grad 0 60 120 o,grad 0 60 120 a,grad
a) 0) B)

Pucynoxk 1. I'padiku 3MiHH peaKTHBHOI (@), BTpAaT aKTUBHOI (0), MUTOMHUX BTpaT
akTuBHOI (B) motyxHoctert CTK npu kepyBaHHi: 1 — 3 3cyBOM 3a OCHOBHOIO
rapMoOHiKo10; 2,3 — 6€3 3CyBY 32 OCHOBHOIO TapMOHIKOIO Jis 1-ro Ta 2-ro BapiaHTIB

Jxepeno pucyHka: po3poOka aBTOPIB.

HaiiOinpmmii aianazon perymtoBaHHsi kyTa o Mae CTK y pas3i kepyBaHHs 0e3
3CYBY 32 OCHOBHOIO TapMOHIKOIO 3a JAPYyTUM BapiaHToM (puc. 1,B, kpuBa 3).

BucnoBku. Otxe, pO3IJISHYTHH  KOMIIEHCATOp  JO3BOJISIE  peaji3yBaTu
eHeproe(eKTUBHI METOIM KEpyBaHHS PEaKTUBHOKO MOTYXKHICTIO, IO 3a0e3reuye
KoHKypeHTo31aTHICTh X CTK mopiBHSHO 3 IHIIUMH CTATUYHUMHU KOMITEHCATOPAMH.
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KOMIT'IOTEPHA CUCTEMA JUCIIETYHEPCBKOTI'O
YIIPABJIIHHA ABTOTPAHCIIOPTHUM
HIAITPUEMCTBOM

Herpenko IOpiit AHTOHOBHY,

JOKTOp TEXHIYHUX HayK, mpodecop,

npodecop kadenapu aBToMaTH3aIll Ta KOMIT FOTEPHO-IHTErPOBAHUX TEXHOJIOT1H
XapKiBCHKOT'0 HAITIOHATIBHOTO aBTOMOO1JIEHO-0POKHBOTO YHIBEPCUTETY

Meta poboTH € MABUIIUTH €(PEKTUBHICTh POOOTH JUCIETYEPAa TPAHCIIOPTHOTO
H1IPUEMCTBA, Ha MiACTaB1 PO3POOKH aBTOMATH30BAHOTO POOOUYOTO MICIId AUCTIETYEpa
ATIL

Jns peam3arnii el po3NOJIIEHOTO YIPaBIiHHSI HEOOXIJTHE CTBOPEHHS IS
KOKHOT'O PiBHS YIPaBIIIHHS 1 KOKHOI TPEMETHOI 00J1acTI aBTOMAaTU30BaHUX POOOUNX
Micilb (APM) na 6a3i [1K [1, 2]. Ananizyrouu cytHicT APM, (haxiBili BU3HAYaIOTh 1X
HalyacTime sK npodeciiiHO-OpiEHTOBaHI Maylli OOYMCIIOBAJIbHI CHCTEMH, LIO
pO3MillleHl Oe3mocepelHb0 Ha POOOYMX MICHSX CIEHIaNICTIB Ta MPU3HAYCHI IS
aBToMarm3ailii ixHix poOit [2, 3]. s koxHOro oO0'ekTa ympaBiiHHSA Tpeda
nepeadayuTH aBTOMAaTU30BaHI poOoUl MicCIs, BIAMOBIAHI IXHIM XapaKTEPUCTHKaM 1
XapaKTEPUCTUKAM, a TAKOXK JJI1 KOXKHOTO 00'ekTa. OqHaK mpUHIUIHN cTBOpeHHs: APM
MaroTh OyTH 3aralbHUMU: CUCTEMHICTb, THYYKICTb, CTIUKICTh, €EKTUBHICTb.

3riJIHO 3 MPUHIUIIOM cUcTeMHOCTI APM ciiji po3riisiaTy ik CUCTEMH, CTPYKTypa
SAKUX BU3HAYAETHCS (DYHKIIIOHATEHUM MTPU3HAYEHHSIM.

[TpuHIIUT THYYKOCTI O3HAYA€E IPUCTOCOBAHICTh CUCTEMU JIO MOXKIIUBHX Mepe0y10B

[IpuHIMT CTIMKOCTI MOJISITae B TOMY, 10 cuctema APM Mae BUKOHYBaTH OCHOBHI
(GyHKIII HE3aJI€KHO BiJ] BIUIMBY HA HET BHYTPIIIHIX 1 30BHIMIHIX MOXJIMBUX YAHHUKIB.
Lle o3Hayae, M0 HEMOJIAKK B OKPEMUX i1 YACTUHAX MAIOTh OYyTH JIETKO IEpeOOPHUMH,
a Ipane3IaTHICTh CUCTEMH - IBUKO BIIHOBIIIOBaHOMO [1-3].

EdextuBHicTe APM ciiill po3risiiaTv K IHTErpajibHANA TOKa3HUK PIBHS peani3alli
HAaBEJICHUX BUIIE MPUHIMIIIB, BIIHECEHOTO O BUTPAT 31 CTBOPEHHS Ta €KCIUTyaTalli
CUCTEMH.

OyukiionyBanHss APM Moxe patu uucenbHUN e(EKT TUIBKM 33 YMOBHU
MPaBUJILHOTO PO3MOAUTY (PYHKIIA 1 HaBaHTAXXCHHS MK JIFOJUHOIO 1 MAalTMHHUMU
3acobamu 00poOku iHpopmartii, ssapom skux € [IK. Jlume togi APM crane 3acobom
MIBUIIEHHS HE TUIBKMA MPOAYKTHBHOCTI Tpari Ta €(pEeKTUBHOCTI YINpaBIiHHA, a U
cotiabHOI KOM(POPTHOCTI (axiBIIiB.

Tenep po3rIsiHEMO JCTaNbHINIE CTaH 1 MEPCIEKTUBU PO3BUTKY APM Ha 6a3i
nepconanbHuX [1K, a moTiM TOpKHEMOCS ACIKUX MTUTAaHb TEXHIYHOTO Ta TMPOTPaMHOTO
3abe3neueHHss APM nucnetuepa [1-3].

[Ipu nepexo/ii A0 PUHKOBOTO rOCHOAPCTBA MiJBUIIYIOTHCS BUMOTH CIIOXKHBaYiB
70 SIKOCTI BHKOPHUCTOBYBaHOI HMMH mpoaykiii. Lle crocyerbcs 1 TpaHCHOPTHUX
MOCYT, OCKIIbKU MIiABUIIEHHS iXHBOI SKOCTI JAa€ 3MOTY 3pElITOI 30UIBIIUTH
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e(EeKTUBHICTh BUPOOHUIITBA 1 BIAMOBIAHO JOXOJIU KOJEKTHBIB IMiJAMNPUEMCTB, SKi
KOPHUCTYIOTHCS TTOCIIyTaMHu TPAHCIIOPTY.

ABTOMOOUTHPHUI TPAHCIIOPT IIMHUPOKO BUKOPUCTOBYETHCS B YCIX Tamy3sx
€KOHOMIKH. BiH TICHO MOB'3aHUH 3 yciMa €JIEMEHTaMH BHpPOOHHUIITBA. Y KpaiHi €
BEJIMKA KIJTBKICTh OpPTaHi3allii 1 MiAMPUEMCTB, CEPEl HUX TCCITKH aBTOTPAHCIIOPTHUX
MIIITPUEMCTB; KpPIM TOTO, KOKHE Jpyre MANPUEMCTBO Ma€ BJIACHHM aBTOMAapK ado
IHIIMIA  CTPYKTYpHUHM miApo3ain (uex, rapax). BomHodac Ha miAnpueEMCTBax
aBTOTPAHCIIOPTY 1 HA MIJIPUEMCTBAX, IO MalOTh JOCUTh BEIUKHM aBTOMApK,
IpPakTUYHO HEMa€ BOPOBAHKCHUX 1HPOpMAIIHHUX CHCTEM, OOJIK poOOTH
3MIMCHIOEThCS BpyuHy. Hampukian, mianpueMcTBO Beae OOJIIK MOJOPOKHIX JIUCTIB,
SIK1 BUITUCYIOThCSI BpY4HY [4, 5].

Ha ix mijgcraBi BuaarOThes: Tabeiab 00JIIKy poOOYOro yacy; 3Be/leHa BiJOMICTb
HapaxyBaHHs 3apOO0ITHOT TUIATH.

OO0k BUTpAT MaJbHOTO 1 3aMYacTUH MPOBOJUTHCS BPYUHY HA BIJMOBITHUX
paxyHKax aHaJITUYHOTO OOJIIKY.

Icnye moTpeba B aBTOMaTH3allli 00J1iKy poOOTH aBTOTPAHCHIOPTY Ta PO3POOICHHS
Mojeni iH(opMmaitiitnoi cuctemu [4, 5, 9].

OuyeBUIHO, 110 JJIs1 BUPIIIECHHS IIUX 3aBJaHb (ipMOB1 IPOTrpaMHi MIPOJAYKTH MAaJIO
npuaaTHi. bBiaeliicTe (GIpMOBHX MPOrpaMHUX MPOAYKTIB 1Jig OOJIKy poOOoTH
ABTOTPAHCIIOPTHOTO MIJIPUEMCTBA LIEXY SBIAIOTH COOOI0 0araTOKOPUCTYBALbKY
CUCTEMY, sIKa Mepe10ayae CTBOPEHHS TaKUX aBTOMATHU30BaHUX pobouux miciib (APM):

— aBTOMAaTH30BaHE poOoUe MiCIle JUCIIeTUepa;

— aBTOMaTH30BaHE poOoUe MicIle 1HXKEeHepa 3 Ipalll Ta 3apo0ITHOI TUIATH;

— aBTOMaTH30BaHE poOoUe Micile OyXraaTepa-eKOHOMICTA;

— aBTOMaTH30BaHe poboue micie onepaTopa A3C;

— aBTOMAaTH30BaHE poOOYE MICIIe MEXaHIKa;

— aBTOMAaTU30BaHE poOoYe MiCIle KOMIPHHUKA;

— aBTOMAaTU30BaHE poOOYE MiCIe KOMIPHHUKA;

— aBTOMaTU30BaHE poOOYEe MiClle KEpPIBHUKA.

Jns Takoi cucTeMd HEOOXiJHI BIAMOBIAHI amapaTHI 3aco0u: MepexeBe
obOnanHanHs, (ipMoBe mporpamMHe 3a0e3MEUYeHHs, CHeUlaIbHUN TMEePCOHAN, SKUM
MIATPUMYBaB OM poOOTy 1HPOpMaLiiHOiI cuctemu [4, 5, 9].

[IpnyoMy HalBaXXIMBIIIMMU TPOLETYPAMU CUCTEMH €:

— ONEpaTUBHHM 00K BAJIOBOTO JOXOY;

— HapaxyBaHHS aMOPTH3allli aBTOTPAHCTIOPTHUX 3aCO01B;

— KOHTPOJIb Ha/l HAJIAHHSAM 3aIT9aCTHH;

— 00K BUTpAT 1 BUTPAT MAJIBHOTO;

— KOHTPOJIb 3HOCY IIIWH;

— HapaxyBaHHS 3apOOITHOI IJIATH BOJISM 3TIAHO 3 BIANPAIlbOBAaHUM YacoM ado
BIIPSIJTHO.

BnpoBamkenHst iHpopmalliiHoi cucteMu 00JIIKy poOOTH aBTOTPAHCIIOPTY Ja€
3MOTy OIEepaTMBHE BPaxOBYBATH 1[I BAXKJIMBI MapaMeTpu poOOTH aBTOTPAHCHOPTY,
3BECTH JI0 MIHIMyMY BTpAaTH 4acy 1 TPaHCIOPTHI BUTPATH, a OTXKE, 3HU3UTH LIIHU Ha
aBTOMOOUTbHI [TEPEBE3EHHS.
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Bub6ip 3aco0iB nmporpamMHOro 3abe3nedyeHHs aBTOMaTU30BaHoi cuctemu it APM
aucneryepa ATII. BuGip nporpamuoro 3a6e3neuenns (I13) nouinpHo 3ailicHIOBaTH 32
CYKYIIHICTIO (DYHKIIIOHAJIbHUX, IHTErpallifHUX Ta EKOHOMIYHUX KpUTepiiB [3, 6, 15].

Jlist po3pobnenHs moaeini Bubopy [13 BBemeMo Taki mo3HaYEHHS:

— MHOXKMHA 3aBAaHb — L = {L;}, K1 BUPIUIYIOTbCS B MPOIEC] B3a€MOIl BCIX
migcucrtem APM, [=1,I', ne ['- gucno 3aBnass;

— MHOYKHMHA IIPOTrpaMHuX 3aco0iB (113) - IT={11;} (i=1,i"), ne i’ — uucimo 113, KoxHe
3 SIKUX 3a0e3reuye peanizaliiio GyHKIIOHATRHOT Iia3aaadi ado ixHix rpyn I1; = {11;}.

Brenemo 3minny X; = {0;1}, ne X;=1 - skmo Bubpano i-e 113, X; =0 — B inmomy
BUIIAJIKY.

Beenemo koedimient Y= {0;1}, ne Y;=1, sxmo l-tre dbyHKIIOHANBHE 3aBIaHHS
3abesmneueHo i-M [13, Y;= 0 B iHIIIOMY BUTIAJIKY.

Koxmne I13 xapakTtepu3yeThcsi HU3KOIO OKa3HUKIB [94]:

- (pyHKIIOHANBHI (TpyIa peai30BaHuX (PYHKIIOHAIBHHUX 3aBJAHD):

1) HeoOXimHMI 0OCAT OIEPATUBHOIO 3anam'aToByrodoro npucrporo (O3I1) — 17,737,

2) HeoOXiaHuit 0Ocsr mocTiiinoro 3anam'sToByrdoro npucrporo (I131T) — 1757,

3) HeoOXiZHa TAKTOBA YaCcTOTA MiKpompouecopa — ;!

4) HeoOXiHA PO3AiIbHA 3MaTHICTE MOHITOpa — R ;

5) HeoOXimuuii oocsar Bigeonam'sti — VA7,

— IHTerpaliifHi:

1) mo Bu3Ha4a0Th cymicHicTb i-ro I13 ¢ j-m I13 y Burnsaai koedimienra S; = {0;1},
ne S;= 1, sxwo i-e I13 cymicho 3 j-Mm I13, inakue S;= 0;

2) 110 BU3HAYarOTh B3aeMo3aMiHHICTb i-ro 13 Ha j-e [13 y Burnsaai koediuienra Vj;
={0;1}, ne V=1, sxmo i-e 113 3aminno j-m II3, inakme V= 0;

— BUTPATHI y BUIVIAAI BUTpAT Ha: KymiBmo — Z!7; incramsuito — Z/7; texniuny
migrpuMky — Z;’; o6cnyrosyBanns — Z,%; npuseneni surpatu — Z;.

HaBeneHi BuUTpatu — 1€ y3araJbHEHHI MOKAa3HMK, KU BpPaXxOBY€ BUTpPATHU Ha
KymiBmo — Z#7 i cymapHi ekcrulyaraiiiini BuTpaTH: Ha iHCTansAuioo — Z/7, Texniuny
nigrpuMky — Z; i o6cnyrosysanns — Z;9

z.=2I"+zI'"+72°%+n-Z]", (1)

Jie 77 — HOpMaTUBHUM KoedilieHT okynHocTi, 7= 1/T; T — mepiox OKymHOCTI.

TakuM YMHOM yCi TepeideHi BUTPATH 3BOJUMO IO TMPHUBEICHUX BHUTPAT 32
AIUTUBHUM y3araJlbHCHUM KPUTEPIEM.

Bubip mabopy nmporpaMmHux 3aco0iB mij yac npoektyBanHs APM opranizaiiiiiHoi
CUCTEMHU 3/IIUCHIOIOTH 32 TAKUMHU KPUTEPISIMHU:

— MiHiManbHi HaBeaeHi Butpaty Ha 13 - Z 1735
. . ) . ) ) o311,
— MiHIMaabHUM HeoOx1qHui oocsr nam'ati O3I1 ycix 113 - 11",
.. o . o . 11317
— MiHIMaNbHHI HeoOXixuui o6csr mam'sti 11311 - 11,5 ;

.. : e
— MiHiMaJIbHa TaKTOBA 4acTOTa Mikporporecopa - 1 3 »
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.. . ) ) BIT .
— MIHIMaJIBHUI 00CST Bleornam'sri - VH3 5

.. ) ) ) ) M
— MiHIMaJbHa HEOOX1AHa PO3AlIbHA 3/IaTHICTh MOHITOPA, 1110 BUMATa€ThCs - Ry.

MaremaTtuyna mojenb Buoopy 13 Mae Takuit BUrsi.
YacTkoBi KpuTepii onTumMizarii:
— MiHIMaJIbHI HaBejieH1 BUTpatu Ha [13

o]

l
Zio= ZZZ"XZ'; (2)
i=1

— MiHIMaJapHUM HeoOXx1uui oocsr mam'sti O3I1 ycix 113

l-v
" =min ¥ [19°" X 3)
i=1

— MIHIMaJIbHUHA HEOOX1AHuHN 00csar nam'sti 11311

i
i=1

— MiHIMaJbHa TaKTOBA YaCTOTa MIKpOIpoIlecopa
-

i
T,, =min Y T;'Xis 5)
i=1

— MiHIMaJIbHa HEOOX1THA PO3/UIbHA 31aTHICTh MOHITOPA, III0 BUMATra€ThCsl

l"

M o_ s My .
Ry, —mm.z R X : ©6)
=1
— MIHIMaJIBHUI 00CST Bieornam’ ATl
l‘!
i=1

O6nacTh JOMYCTUMUX PIIICHh BU3HAYAETHCS OOMEKESHHIMU:
1) yci ¢pyHKIIOHANBHI 3aBIaHHS MatOTh OyTH 3a0e3neueni [13

i _
XYiuXxizl,I=L1"; (®)
i=1
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2) BUTpaATH Ha KYMIBIIO, 1HCTAJIALIIO, TEXHIYHY MIATPUMKY, OOCITYTOBYBaHHS, a
TakoX HaBeZeHl BuTpatd Ha [I3 TOBMHHI HE TMEPEeBUINYBAaTH 3aJaHUX
11 u T.II. o
Z3.23,25 23,25

]

X 2 XisZs, ©)
l:

i u u

> Z; XisZs (10)
i=1

i T.11 T.11

2 2T XS5 (11)
i=1

i 0} [0

X Z; XisZj, (12)
i=1

i

-leiXigzs; (13)
l:

3) 3 miaMHOXuH Mi B3aemo3zamiHHUX [13 Mae OyTu oOpaHno Tibku oany 113

)y Vinj=1,i=1,7 V=1l jeMi; (14)
jeMi

4) yci o6pani I13 MaroTh OyTH CyMICHUMH

S, X, X, =1 i=1i"-1 j=i+1i;v S, =1 (15)

5) HeoOximuuii oOcsar 3aranpHOi mam'sti [I3I1 TI3 moBuHEH HE TMepeBUIyBaTH

311
3aganoro 17 3

I
T {7 (16)
1=

. o . o o3l
6) HeoOXinauit 06csar O3I1 mae 6yTn He GinpmmM 3a 3amanmii 115

mo"x, < i=1,i", (17)
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Jac

Hgoan :mEE( { Hiom}

i=Li'

b

: . Tq
7) HeobXinHa TakTOBa yacTota [IEOM Mae 6yTH He 6inbImoro 3a 3agany 13 = :

T X, <T/",i=1,1, (18)
Ji(
T3Tq = max {Tim }
i=1,i"
Hapenena wmarematmuna woxens (1) - (18) Hamexutrs 10 3amadi

0araToKpuTEPIAIbHOTO TUCKPETHOTO MporpaMyBanHs [7; 8; 14].

TakuMm 4yuHOM, 3aIPOMOHOBAHO y3arajibHeHYy Mojelb Bubopy 113, sika mae 3mory
3aJIe’KHO Bij (QyHKIIIOHATBHOTO ipu3HadeHHs: APM opranizaliiifHoi CUCTEMU 00upaTu
e(EeKTUBHUN KOMIUIEKC TPOTpaMHHMX 3aco0iB 3a 3aJaHUMHM KPUTEPIIMH Ta
0OMEKEHHSAMU.

Pe3synbraTu po3B's3anns 3anadl Buobopy [13 € BUXigHUMU 1aHUMH JU1sl PO3B'A3aHHS
3a/1a4l BUOOPY anapaTHO-TEXHIYHOTO 3a0€3MeUeHHS.
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JOCJIILIKEHHSI IPUXOBAHOI NEPETAUI
TEKCTOBHUX ITOBIJOMJIEHDb Y BMP-30BPA’KEHHAX
METOJAMU CTEI'AHOI'PA®DII

Yepuum HOutis OnexkcanapiBHa,
CTapIINi HAyKOBUH CIIBPOOITHHUK,
BilicbkoBuii IHCTUTYT TeJIeKOMYHiKallii Ta iHpopmaru3aiii imeHi ['epoiB Kpyr

Yepuum €amszasera CepriiBHa
CTYJCHTKA
KuiBcekuit ctonuunuit yniepcuteT iMeHi bopuca ['pinuenka Kui, Ykpaina

Tepemenxo Tersina IlaBaiBHa,
CTapIIMii HAYKOBUH CIIBPOOITHHK,
BiiicbkOBHI1 IHCTUTYT Te€JIEKOMYHIKal1i Ta 1H(popmaTu3auii imeHi I'epoiB Kpyt

VY cydacHux iHQOpMaLIMHUX CHCTEMax 3axXUCT KOH(IICHLINHUX IaHUX €
BXKJIMBOIO CKJIAJIOBOIO 3a0e3nedeHHs kidepoesneku. [lopymieHHs KoH(p1eHIIHHOCTI,
IIJTICHOCT1 200 AOCTYMHOCTI 1H(OpMAIlii MOXKYTh MIPU3BOJUTH 10 (DIHAHCOBHUX BTpAT,
3HIDKEHHSI €(DEeKTUBHOCTI IsUIBHOCTI OpraHi3ailiil, penyTaliifHiuX pU3UKiB 1 CTBOPEHHS
3arpo3 Uik KPUTHYHO BAXKIMBUX 1H(MOpMaIiiHuX pecypciB. OgHUM 13 MOTEHIIMHUX
Croco0iB MPUXOBAHOIO TMEpeAaBaHHs JaHUX € BUKOPUCTAHHS CTEraHorpadiyHux
METO/IIB, 3a SIKMX CEKPETHE IMOBIIOMJICHHS BOYJOBYEThCA Y 3BHUUAWHUN Ha TEPIIHA
noryisi HUGpoBuil 00’ €KT, HAaNPUKIaA rpapiuyHuil daii.

Ha BigMiHy Bif kpuntorpadii, 10 copsMOBaHa MEpPEAyCiM Ha 3aXUCT 3MICTY
MOB1JIOMJICHHSI, cTeraHorpadis mpuxoBye caM (hakT Moro nepenaBaHHs. 300paKeHHS
MOKYTh BUKOPHUCTOBYBATHUCS SIK KOHTEHHEpHU UIsi BOYTOBYBaHHS TEKCTOBHX JaHUX,
OCKIJIbKM HE3HA4H1 3MIHU iXHIX HU(PPOBHUX MapaMETPiB 4acTO € HEMOMITHUMU IJIs
KopucTyBaua. Lle cTBOpro€e pu3MK BUKOpUCTAaHHA IpadiuHux (ailiiiB K MPUXOBAHUX
KaHaJIIB nepeAaBanHs iHGopMaIllli Ta 3yMOBIIOE€ HEOOXIAHICTh AOCIIIKEHHSI METO/IIB
iX BUSBIICHHS 1 aHATI3y.

Metoto poOOTH € JOCHIIKEHHS MOXKJIMBOCTI TIPUXOBAHOTO TMepeaaBaHHs
TEKCTOBOTO MOBiOMJIEHHS y TpadiuHomy BMP-(aiini Ta Bu3HAYEHHS OCHOBHHUX
O3HaK, 33 SKUMHU TOTCHIIHO MOXHA BHSIBUTH HAsBHICTh MPUXOBAHHWX AaHuX. J[is
JIOCSITHEHHSI TTIOCTABJICHOI METH 0yJ10 chopMOBaHO 300paKEHHSI-KOHTEIHEP, BUKOHAHO
BOY/IOBYBaHHsI TEKCTOBOT'O MOBIIOMJICHHS 32 JIOTIOMOT'0I0 MPOTrpamMHoro 3acoly Xiao
Steganography, a TakoX TIepeBipEHO MOXKIIUBICTh HOTO MOAATBIIOTO BUITYUCHHS.

JInst mpoBeieHHsT eKClepuMeHTy Oyio oOpaHo rpadiuyHe 300pakeHHs y (opMmarti
BMP, mnomnepenHpo miArorosiieHe sk - ¢ain-koHTeitHep. Bubip BMP-daitny
3YMOBJICHUN HOTO MPUIATHICTIO AJIsl €KCIIEPUMEHTAIILHOTO BOYOBYBaHHS TEKCTOBUX
JaHUX 1 MOJANBIIOrO aHai3y 3MIH Y CTPYKTYpl pacTpoBOro 300paxkeHHs. 30BHI
MOYaTKOBUH (Paiiyl He MICTHB BUIMMUX O3HAK MPUXOBAHUX JAaHUX 1 BUKOPUCTOBYBABCS
K 3BHYaiiHe 300paKeHHSI-KOHTEHEp.
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3a J0MOMOror mporpamMHoro 3acody Xiao Steganography no obpanoro BMP-
¢atimy Oyno BOyIOBaHO TEKCTOBE MoBimoMiieHHs “TecToBa cekpeTka”, MomepeaHbo
30epexeHe y (aitii secret.txt. Y mporieci CTBOpeHHS cTeraHorpadigHoro 00’ €kTa 0yJI1o
BUOpPAaHO KOHTEHHEDP 1 (ailsl 13 CeKPEeTHUM MOBIIOMIICHHSM, MICIIS 4OrO CPOPMOBAHO
HOBHI TpadiuHuil ¢aia 13 NpUXOBaHMMHU JaHUMHU. 3a ToTpeOu BOyJOBaHE
MOBIAOMJICHHSI MO>Ke OyTH JJOJJaTKOBO 3aXHUIIICHE MapOJIeM.

k& Add file to image X | [ Add file to image X
Step 1: Select the target file: Step 2: Select the file must be add into the target file:

Comparison.MBI 352x256

4| Name: comparison.mpo
Size: 794 x 1130
Resolution: 24 bits

File Type | File name Size (I&b)

readme

4] M| | Load TargetFile 3 ‘ ‘ By addFile | X RemoveFil |
Next I G Finish | l Next l O Finish l
[ Add file to image % [ﬂ Add file to image X
Step 3: Encryp2ion Options Finished: Files joined
Encryption Algorithms Hashing Algorithms
- ] 8 - The process has finished.
" RC2 " RC4 " MD2 " MD4
@ DES (" Triple DES & MDS € SHA
" Triple DES 112
O Save final file
Password: [ i -
‘I’ Next | G Finish J l J O Finish }

Pucynok 1. BOynoByBaHHS TeKCTOBOro noBigomiaecHHs y BMP-300paxxeHHs 3a
nornomMoror Xiao Steganography

Jlxepeno pucyHka: chopMOBaHO aBTOpaMU Ha OCHOBI BIIACHOTO JOCIIIIPKCHHS.
Jl1st mepeBipKU KOPEKTHOCTI BOYIOBYBaHHS OyJI0 BUKOHAHO BUJIYUYEHHS JaHUX 31
CTBOPEHOI'O CTeraHorpadiuHoro 300pakeHHs. 3a TOMOMOTor0 (DYHKIIT BUTATYBaHHS

MpUXOBAaHOI 1H(OpMalii mnporpaMHUil 3aci0  YCHIIIHO BIJHOBUB TEKCTOBE
IMOB1TOMJIEHHS.
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| m Read File from a Image X kﬂ Read File from a Image X
Step 1: Select the source file: Step 2: Select the files you want to extract:

N D:\Justin Bieber - .txt
| Name:stasya_image.bmp

Size: 736 x 1308 File Type Name
Resolution: 24 bits

Size (KB) |

Load Source File ] Extract File

| o= [ ]

‘ C Finish J

kil Read File from a Image X
Step 3: Select the files you want to extract:

D:\Justin Bieber - 0.txt

[File Type [ Name B [ size (kB)
[ &.ext 0,010

HaoZip 1.1 X

File extract was successful!

OK
Extract File

‘ & Finish ‘

PucyHnok 2. BusrydeHHsI MpUXOBaHOTO TEKCTOBOTO MOBIIOMIIEHHS 31
creradorpadgiusoro BMP-300paskenHns 3a nornomoroto Xiao Steganography

Jlxepeno pucyHka: chopMOBaHO aBTOpaMU Ha OCHOBI BIIACHOTO JOCIIIIPKCHHS.

OTpuMaHuii pe3ynbTaT MiATBEPINB MOXIIUBICTH MTEPEIaBaHHs TEKCTOBHUX JAHUX Y
BMP-paitni 6e3 momiTHOI 3MIHM MOr0 30BHIIIHBOIO BUIJISIAY, IO JEMOHCTPYE
MOTEHI[IHHY MOXJIMBICTh BUKOPUCTaHHS TpadiuHuX 300pakeHb SK MPUXOBAHOIO
KaHaJly TiepeiaBaHHs iHpopmariii.

BusiBjIeHHS MOXJIMBOTO TPUXOBYBaHHS 1HQopMauii y rpadiuHux Qainax
noTpedye KOMILJIEKCHOT'O aHai3y iXHIX CTPYKTYPHHUX 1 CTATUCTUYHUX XAPAKTEPUCTHUK.
OpHi€ro 3 MEPBUHHUX O3HAK MOXE OYTH HETHIOBE CIIBBIAHOIIEHHS MIX PO3MIpOM
¢aiiny, fioro ¢hopMaToM 1 pO3AUTEHOIO 3aTHICTIO. J[0JaTKOBO JOIJIBHO aHaJi3yBaTH
MeTaJiaHi Ta CIy>KOOB1 MOJI 300pakKeHHS, OCKIJIbKA BOHU MOXYTh MICTUTH BIJIOMOCTI
PO IporpamMHi 3aco6u 00pobIieHHs (daiimy abo 1HII HETUTIOBI MapaMeTpu. BaxxmuBum
HaIpPsIMOM € TAKOX CTATUCTUYHHM aHaI3 MIKCEJIBbHUX 3HAYEeHb 1 TICTOTpaM KOJIbOPIB,
0 Ja€ MOXJIMBICTh BHSBJISTH aHOMaJbHI 3aKOHOMIPHOCTI, XapaKTepHI s
Moaudikarii uppoBOro KOHTEHHEpa i 9ac BOyJ0BYBaHHS JTaHHUX.

st ananizy BMP-gaiiniB, y sIKux NpuxoBYBaHHS 3/11IHCHIOETHCS METOJIOM 3aMiHH
HallMEHIIl 3HAYylIUX OITIB, MOXYThb 3aCTOCOBYBATHCSl CIelliali30BaHl 3acoou
cTeraHoaHamizy, 30kpemMa StegExpose. Takuii miaxia € JDOUUIBHUM JjIsl BUSBIICHHS
MOJIMBUX 03HaK LSB-cTeranorpadii y rpadiunux ¢aiinax 6e3 BTpaT sSIKOCTi, 30KpemMa
BMP 1 PNG. VY pas3i pocnikenns JPEG-300paXxeHb MOXKYTh BUKOPHCTOBYBAaTHUCS
1HII 1HCTPYMEHTH, Hampukian StegDetect, opieHTOBaHUN Ha BUSIBIEHHS OKPEMHX
MeToliB mpuxoByBaHHA Yy JPEG-¢aiinax. IloenHanHs anamizy po3mipy Qailny,
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METaJIaHUX, CTATUCTUYHUX XapaKTEPUCTHK 1 pE3yJIbTATIB CIICIiali30BaHUX 3aC001B J1a€
3MOTY TMIJBUIIMTA WMOBIPHICTh BHSBJICHHS TMOTCHIIIMHUX MNPUXOBAaHUX KaHAJIB
nepenaBaHHs iHpopMaIlii.

Y Mexax JdoCHiKeHHs Oylio MATBEP/KEHO MOXKIMBICTD MPHUXOBAHOTO
nepeaBaHHsl TEKCTOBOTO TMOBIIOMIICHHS y rpadiunomy ¢aiini dpopmary BMP i3
BUKOPHCTAaHHSAM TPOTpaMHOTO 3aco0y Xiao Steganography. Y Bubpane 300pakeHHSI-
KOHTeWHep 0yJi0 BOyZ0BaHO TEKCTOBE MOB1TOMIIeHHS ‘““TecToBa cekpeTka’, TmCIs 4oro
chopMoBaHmii creraHorpadgiuyHuii ¢gaia JaB 3MOry YCHIITHO BHJIYYUTH MPUXOBaHI
nani. Ilpm 1poMy 3OBHINIHIA BHIJISAA 300paKeHHS HE 3a3HaB IOMITHHUX IS
KOpHUCTyBaua 3MiH.

OTpumaHi pe3yibTaTH JAEMOHCTPYIOTh, 1[0 TpadiuHi @ailim  MOXYTh
BUKOPHCTOBYBATHCS SIK MOTEHIIIHI MPUXOBaH1 KaHaIu nepenaBanHsa iHpopmarrii. Lle
CTBOPIOE PHU3UKH HEKOHTPOJIbOBAHOTO BUTOKY KOH(IACHINIWHUX JaHUX, OCKIIbKU
nepeaBaHHsl  MOBIAOMJIEHb MOXXE  MAacKyBaTHUCS i OOMIH  3BUYAMHUMHU
300paXEHHSIMHU.

AKTyalbHICTh JOCHII)KEHHSI TOJISITA€ B HEOOXIHOCTI CBOE€YACHOTO BUSIBIICHHS
MOKJIMBUX KaHaJllB MPUXOBAHOTO MEpPEJaBaHHs JaHUX y CyYaCHHMX 1H(POpMALIITHUX
cucremax. [l 3HWIKEHHS BIAMOBIAHUX PHU3UKIB JOLUIBHO 3aCTOCOBYBATH aHall3
CTPYKTYpH Ta po3Mipy rpadiuaux ¢aimaiB, T0CIIKEHHS METaJaHUX, CTATUCTUYHUM
aHaJi3 MIKCEeJIbHUX 3HAYEHb 1 CIIELIaI30BaHl 3aC00H CTeraHOaHAII3Y.

[TomanpIin JOCHIIKEHHS MOXKYTh OYTH CIIPSMOBaH1 Ha TOPIBHSHHS PI3HUX METO/IIB
BOy0BYBaHHs 1H(popMarlii y rpadiyHi KOHTEWHEPH, OILIHIOBAHHS BIUIMBY OOCATY
MIPUXOBAHOTO TOBIIOMJICHHS Ha CTATUCTUYHI XapaKTEPUCTUKU 300paKEHHS, a TaKOX
JOCITIJIDKCHHS e(EeKTUBHOCTI 3aco0iB aBTOMATU30BaHOTO BUSIBJICHHS
CTeraHorpadiyHuX JaHUX.

Cnucoxk Jgireparypu
1. Yepnum 1O. O., Tepemenko T. II., Tepemenko K. B. Kanamu Burtoky
iH(popmanii — gqocaipkeHHs Ta MoAentoBanHA. KibepOe3neka: ocBiTa, Hayka, TEXHIKA.
2026. T. 4, Ne 32. C. 532-549. DOI: https://doi.org/10.28925/2663-
4023.2026.32.1113.
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METOJUYHI HIAXOAHU 10 ONIHIOBAHHA
THOBALINHOI'O PO3BUTKY NIAIIPUEMCTB

€scrad'eB Cepriit MukosiaiioBu4
3100yBa4 OCBITHRO-HAyKOBOT'O PIBHS BUIIO1 OCBITH
MiXHapOIHOTO YHIBEPCUTETY,

acmipaHT Kadeapu MEHEHKMEHTY

MixHapoaHUN YHIBEPCUTET

EdexTrBHE yrpaBiiHHS 1HHOBAIIHHUM PO3BUTKOM IIMIPUEMCTBA HEMOXKIIHBE 0€3
00'€KTUBHOTO OIIIHIOBAaHHS PE3YJbTaTUBHOCTI 1HHOBAIIHHOT JISJIBHOCTI, PIBHSA
IHHOBAIIMHOTO TMOTEHIIaly Ta 3JaTHOCTI MIANPUEMCTBA aJanTyBaTUCS JO 3MIH
30BHIIIHBOTO CepeioBHINa. B ymoBax aipkuTainizaiii €eKOHOMIKM 3HAYeHHS TaKoi
OI[IHKKA 1CTOTHO 3pOCTa€, OCKUIbKK HHU@poBa TpaHchopmallis 3MIHIOE HE JIHIIE
XapakTep 1HHOBAIIIMHUX MPOIECIB, a i CHUCTEMY IMOKAa3HUKIB, IO XapaKTEePU3YIOTh
e(EeKTUBHICTh AISIBHOCTI MiApueMcTBa. CaMe TOMy pO3pOOJIEHHS Ta 3aCTOCYBaHHS
CYyYaCHHUX METOJUYHUX MIIXO/IB 0 OL[IHIOBAHHS IHHOBAILITHOTO PO3BUTKY € OJTHUM 13
KITFOUOBHX HAIPSIMiB PO3BUTKY TEOPii Ta MPAKTUKU MEHEIKMCHTY.

VY HaykoBIi JliTepaTypl BIACYTHIN €IMHUNA YHIBEPCATbHUMN MIJIX1] A0 OLIHIOBAHHS
IHHOBALIHOTO PO3BUTKY MIANPUEMCTB. Lle MOsCHI0ETbCS OaraTorpaHHICTIO CaMOIO
MOHATTS 1HHOBAUIMHOTO PO3BUTKY, SIKMM OXOIUTIOE€ TEXHOJOTrIYHI, OpraHi3aliiiHi,
€KOHOMIYHI, KaJpoBi, iHGOpMAIIiiHI Ta yHpaBIIHCHKI CKJIaIoBl. BiamoimHo, pi3Hi
aBTOpPU TPOMOHYIOTh Pi3HI KpHUTEpli OIIHIOBAHHA, IO 3ajekaTh BIJl METU
JOCITIKEHHS, Tady3eBOi CHenu(IKK MANPUEMCTBA, PIBHS PO3BUTKY IU(GPOBUX
TEXHOJIOT1H Ta CTpaTEriuHUuX MPIOPUTETIB.

Haykopmi Komanaposceka B.€., KpuBunpka H.IO., Ta Jlomamecrka K.I.y
CBOil poOOTI MPOIMOHYIOTh CUCTEMHHMM MIAX1T JI0 OIIHIOBAHHS 1HHOBALIMHUX 11€H Y
MIIITPUEMHUIBKIN TISUTBHOCTI, SKUW BKJIIOYA€E KuTbKa eramiB. Crepiny aHami3yloThCs
OKpeMi YMHHUKH, 10 (OpPMYIOTH MOTEHIIaN MIANPUEMCTBA JJIS peajizallii 3MiH.
Jam BU3HAa4Ya€eThCs HEOOXIAHUI pIBEHb MOTEHLIANY ISl TOCATHEHHS CTPAaTETidYHUX
UIed 1HHOBALIMHOTO  PO3BUTKY. 3aBepIIaIbHUM  €TalloM €  OOYHCIICHHS
CIIBBITHOIIEHHS MK OI[IHKAMU HAasBHUX MOXJIMBOCTEH MIANPUEMCTBA Ta
ONTUMAJILHUMH BUMOTaMH, 110 JIO3BOJISIE OI[IHUTU BIJAMOBIAHICT TMOTEHIIATY
MIANPUEMCTBA BUMOTaM 1HHOBaIlIHHOI ctparerii [1, ¢.150-151].

bopraik H.B. Ta Pamuncekuit C.B. akineHTyiooTh yBary Ha HEOOXITHOCTI
MOYaTKOBOTO aHaJli3y 1HHOBAIIITHOIO MOTEHIay Ta MOXJIMBOCTEH MiANPHUEMCTBA.
BoHu HangaroTh po3ropHyTYy XapakTEPHUCTHKY Mpolriecy (GOpMyBaHHS Ta peami3allii
IHHOBAIIIHHOT CTpaTerii MPOMHCIIOBOTO IMiMPUEMCTBA, 3BEPTAIOYM YBary Ha Taki
OCHOBHI AaCIMEKTH: JOCTIPKCHHS TMOTEHIay MANPUEMCTBA ISl BIPOBAKEHHS
IHHOBAIIMHUX 3MIH Ta PO3POOKH 1HHOBAIIMHOI CTpaTerTii, TUITAHYBAHHS CTPATETTYHUX
anbTepHaTUBl BUOIp HalieeKTUBHIIIOI CTparTerii, peamsanis 0OpaHOi cTparerii
IHHOBAIIMHOTO PO3BUTKY, a TAaKOX KOHTPOJIb 1 KOPUTYBAaHHS 1HHOBaLIMHHUX 3MiH
BIIMOBITHO 10 OCOOJIMBOCTEM CTpaTeTiuHOro IianyBaHHs [2, ¢.104-105].
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HaykoBmi I'myxoa C.B. Ta KunbHuipka €.B. anamizytoTh e(EeKTHUBHICTb
BIPOBA/HKCHHS 1HHOBAIIMHOI MisUTBHOCTI HA MiANMPUEMCTBI BU3HAYAIOUA TPU BUIH
epeKTUBHOCTI, fAKI (POPMYIOTh iI CTIPYKTYpy, a came: €KOHOMiI4Ha, HAyKOBO-
TEeXHIYHA Ta colliaabHa eeKTUBHICTH [3, ¢.137-139].

CydacHi METOIMYHI MIIXOAU JO OILIHIOBaHHS 1HHOBALIHHOTO PO3BUTKY
HiAIPUEMCTB OXOILUTIOIOTh PECYPCHHIM, Pe3YIbTAaTUBHUM, TPOLIECHUH Ta IHTErpaTbHUN
MiIXO0AM, KOXKEH 13 AKMX XapaKTepU3y€e OKpeMl acleKTH 1HHOBAIIWHOI MisITBHOCTI.
PecypcHnii  miaxim  oOIiHIOE  3a0e3MeYeHICTh  MiAmpUEMCTBA (P IHAHCOBUMHU,
MaTepiaibHO-TeXHIYHUMH, KaJPOBUMH, IHPOPMAIIHHUMH Ta ITUOPOBUMH PECYpPCaMH,
pPe3yJbTaTUBHUM — JOCSITHYTI €KOHOMIYHI Pe3yjbTaTh BIIPOBAKEHHS 1HHOBAIIiH,
porecHU — e(PEeKTUBHICTh YHPaBIiHHSA 1HHOBAIIMHUMH TpoIecaMH Ta IU(pPOBOIO
TpaHcopMmarli€ro, a KOMIETCHTHICHUM — piBEHb JIIOJICBKOTO KamiTany ¥ 1udpoBUx
KOMIIETEHTHOCTEH niepcoHany. HallOuibn KOMIJIEKCHUMHU € 1HTeTpaibHI MAX0IH, SKi
NOEJHYIOTh CUCTEMY B3a€MOIIOB'A3aHUX MOKA3HUKIB, 1[0 XapaKTEpU3YIOTh PECYPCHE
3a0€e3ne4eHHs], IHHOBAllIHY aKTUBHICTb, PE€3YyJIbTaTH IHHOBALIMHOI A1SUIbHOCTI, PIBEHb
uudposizaiii, ePEKTUBHICT,  YHNPaBIIHHA Ta  KOHKYPEHTOCIPOMOXKHICTb
MIIIPUEMCTBA, 3a0€3MeUy0Yr BCEOIUHE OLIHIOBAHHS MO0 IHHOBALIMHOIO PO3BUTKY.

3 pO3BUTKOM IM(PPOBOi EKOHOMIKM JeAayli OlIbIIOr0 3HAYeHHsS HaOyBarOTh
METOAMKM OLIHIOBaHHA IugpoBoi 3punocti mignpuemctB (Digital Maturity
Assessment). Ha BigMiHy BiJ TpagullIiHUX MiAXOJ1B, BOHU OI[IHIOIOTH HE JIUIIE
pe3yiabTaTH 1HHOBALIMHOI sUIBHOCTI, a ¥ piBeHb IIU(POBOI TpaHchopmaIllii CUCTEMH
ynpaBimiHHs. J[0 OCHOBHUX KpUTEpiiB HHUQPPOBOI 3pUIOCTI HajexaTh pPIBEHb
aBTOMaTHu3allii O13HeC-MPoIIeCiB, BUKOPUCTAHHS 1HPOPMAIIHO-aHATITHYHUX CUCTEM,
iHTerpaiist udpoBux miIatGopM, 3aCTOCYBaHHS TEXHOJOTIM IMITYYHOTO IHTENIEKTY,
InTepnery pedeil, BeIMKUX JaHUX, XMapHUX CEpBICIB, IHU(PPOBOI B3aeMOmdil 3
KJIIEHTaMH Ta KibepOe3meKu.

[IpakTrka M>KHaApOAHUX KOMIAHI CBIJYHUTh, IO OLIHIOBaHHA LHU(POBOI 3p1I0CTI
AeAalll  4YacTillle I1HTErpyeTbCcsl 13 CHUCTEMOIO  CTPATETIYHOTO  MEHEIKMEHTY
nianpueMctBa. lle 103BoJis€ HE JiMIlle BU3HAYUTU TMOTOYHUN PIBEHb LUQPPOBOTO
PO3BUTKY, a 1 copMyBaTu OPOXKHIO KapTy LM(ppoBoi TpaHchopmallli, BA3HAYUTH
MpIOPUTETHI HANpsIMU 1HBECTYBAaHHA Ta OLIHUTH TOTOBHICTh MIANPUEMCTBA O
BIPOBAHKCHHS HOBUX TEXHOJIOT1H.

BaxnuBuM HampsMOM PpO3BHTKY METOAWYHUX MIAXOMIB € BUKOPUCTAHHS
30aJ1aHCOBaHOT CHUCTEMM TIOKa3HUKIB JIS OI[IHIOBAHHS 1HHOBAIITHOTO PO3BHUTKY.
Takmit miaxig nepegdadyae KOMIUIEKCHE OINIHIOBAHHS JISUIBHOCTI ITANPHEMCTBA 3a
4OTUpPMa B3AaEMOIIOB'SI3aHUMHU  HampsiMamu: (IHAHCOBI pe3yibTaTH, KIIEHTChKA
CKJIaJI0Ba, BHYTPIIIHI O13HEC-TIPOIIECH Ta HaBUYaHHS i PO3BUTOK MepcoHaly. B ymoBax
nudpoBizallii 1 cucTeMa JOMOBHIOEThCS TMOKa3HUKaMU 1U(poBoi Tpancdopmaiiii,
udpoBOT  KyJNbTYpH, pIBHS aBTOMATH3allli yMOpaBIiHHS, KIOEPCTIMKOCTI Ta
1HHOBAIIHOI aKTUBHOCTI.

OcTaHHIM 4acoMm 3HAYHOTO MTOLIMPEHHS Ha0yBaroTh METOI
O0araToKpuTEplabHOTO  aHaji3y, EeKOHOMIKO-MAaTeMaTUYHOTO  MOJCIIFOBAHHS,
(dakTopHoro anamzy, Data Envelopment Analysis (DEA), HelipoMepexeBoro
MOJICIIIOBAHHSL Ta TEXHOJOTIH BEIMKMX JAHUX. IX BHKOPUCTAHHA J03BOJISE
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BpaxOBYBaTU 3HAYHY KIUJIbKICTh B3a€MOIIOB'SI3aHUX (DAKTOPIB, MOJCITIOBATH PIi3HI
CIeHapli PpO3BUTKY MiAMPHUEMCTBA Ta TMPOTHO3YyBaTH €(EKTUBHICTh peai3arii
IHHOBAIIMHUX CTPATETIH.

Ha Hamy nymMKy, cy4acHa cHCTeMa OIIHIOBAHHS I1HHOBAI[IHHOTO PO3BUTKY
MIIIPUEMCTB TOBUHHA IPYHTYBAaTHUCS Ha KOMIUIEKCHOMY ITJIXOJi, SIKUA TIOETHYE
OLIIHIOBAaHHS 1HHOBAI[IITHOTO MOTEHITIATY, pe3yIbTATUBHOCTI IHHOBAIIIHOT TISITBHOCTI,
piBHs nudpoBoi Tpanchopmariii, eHeKTUBHOCTI CUCTEMHU MEHEIKMEHTY Ta 3AaTHOCTI
HIAPUEMCTBA JO CTaJOro PO3BUTKY. Takuil miaxin 3a0e3reuye MOKIMBICTD
CBOE€YACHOTO BHSBJICHHS PE3EPBIB MIJABUIICHHA e(PEKTUBHOCTI, (OpMyBaHHS
OOTPYHTOBAHMX YIPABIIHCHKUX PIIICHb 1 PO3POOJEHHS CTpaTeriii 1HHOBAIIHHOTO
PO3BUTKY BIAMOBIIHO 10 BUMOT ITU(PPOBOI EKOHOMIKH.

Otxe, cydacHI METOAMYHI MIAXOAW 10 OIIHIOBaHHS 1HHOBAIIIHHOTO PO3BUTKY
MIIIPUEMCTB MAalOTh €BOJIIOI[IOHYBATH BIJl aHAI3y OKPEMHUX TMOKa3HHUKIB O
KOMIUIEKCHUX 1HTETPOBAaHUX MOJICNICH, sIKI MOEIHYIOTh €KOHOMIYHI, OpraHi3alliifHi,
TEXHOJIOT14HI Ta UU(POBI ACTEKTH (PYHKIIOHYBAHHS MiANPUEMCTBA. BukopuctanHs
TaKMX MOJEJNEeH J03BOJs€ 3a0e3leyuTd Oulbll O0'€KTHMBHY OLIHKY pPIBHA
1HHOBALIHOTO PO3BUTKY, MIJBULIUTH SIKICTh CTPATErTYHOIO YIIPABIIHHS Ta CTBOPUTH
nmepeayMoBH i (OPMYBaHHs CTIMKMX KOHKYPEHTHHX TIEpeBar MiANpPHEMCTBA B
YMOBAaX J1KUTaN13a1[li €KOHOMIKH.
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Introduction:

Digital transformation has significantly improved the efficiency of work, learning,
and communication. However, the intensive use of modern technology has created a
new problem: digital fatigue [1]. This condition is associated with prolonged screen
time, excessive information flow [2], constant internet access, and the constant receipt
of messages. This results in increased stress levels, decreased concentration, eye strain,
and difficulty temporarily disconnecting from the digital environment. Furthermore,
electromagnetic radiation emitted by equipment also impacts physiological processes
[3-4].

The purpose of this study 1s to determine the prevalence of digital fatigue among
users of different ages and its relationship with screen time and digital device use.

Methods:

The study was conducted using an online questionnaire. The questionnaire included
demographic information (age, gender), average screen time, most frequently used
device, and questions rated on a five-point Likert scale (1 = strongly disagree; 5 =
strongly agree).

Results:

The greatest age categories were 20—30 and 3140 years old, and women made up
the majority of responders. The vast majority of respondents in the study use a
smartphone daily, while a few respondents cited a laptop as their primary device.

The most common screen time periods were 2-4, 4-6, and 6-8 hours, although
several respondents reported spending more than 8 hours a day in front of a screen
(Table 1).

Table 1.
Daily Screen Time Distribution Among Respondents
Daily Screen Time Percentage of Respondents

Less than 2 hours 5.4%
2—4 hours 32.4%
4—6 hours 24.3%
6—8 hours 18.9%
More than 8 hours 18.9%
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The study results indicate that digital fatigue is clearly evident in a significant
proportion of respondents.

The study results showed that the majority of respondents feel tired after using
digital devices at the end of the day. Furthermore, a large proportion of participants
believe that prolonged screen time reduces concentration, while constant notifications
and the constant flow of information create additional psychological stress.

Most respondents report frequently needing a break from the digital world and
experiencing eye strain after prolonged screen time. A significant proportion of
respondents also acknowledged having difficulty disconnecting from digital devices at
the end of the day and believe that their constant use increases stress levels.

However, the answers to the last question are mixed: some respondents believe that
digital technologies are more beneficial than they are tiring, indicating that the benefits
of technology, despite digital fatigue, still play an important role in people's daily and
professional lives (Table 2).

Table 2.
Digital Fatigue Indicators Among Respondents (%)
Digital Fatigue Indicator Respondents (%)
Need for a break from the digital world 59.5%
Eye strain after prolonged screen use 59.5%
Fatigue caused by continuous notifications 56.8%
Increased stress from constant technology use 54.1%
Reduced concentration after long screen time 51.4%
Feeling tired after daily device use 48.6%
Difficulty disconnecting from digital devices 45.9%
Technology helps more than it exhausts 37.8%
Discussion:

Research findings show a direct link between screen time and signs of digital
fatigue. The constant flow of information, constant use of social media, and the blurring
of boundaries between work and personal life pose particular challenges [5].

Research findings show a direct link between screen time and signs of digital
fatigue. Respondents who spend more than eight hours in front of a screen are more
likely to report eye strain, decreased concentration, stress, and a desire to take a break
from the digital world [6].

However, the study also confirms that digital technology is an integral part of
modern life. Therefore, the goal is not to limit technology, but to use it in a healthy and
balanced way.

Conclusion:

The findings of the study indicate that one of the most important issues facing the
current digital transition 1s digital tiredness. The majority of respondents use their
smartphones as their primary screen for several hours every day. Many report feeling
exhausted at the end of the day, experiencing eye strain, having trouble focusing,
feeling more stressed, and needing to take a vacation from the digital world.
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Respondents do admit, nonetheless, that digital technology greatly make daily life
easier. Therefore, the main problem is not to give up on technology but to use it
sensibly, in moderation, and with consideration for one's health. In order to enhance
future productivity and psychological well-being, organizations, educational
institutions, and consumers themselves should focus more on adopting digital well-
being practices.
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ABSTRACT

This article presents a critical analysis of the internal quality control (IQC) system
in medical laboratories of the Republic of Kazakhstan within the context of the
country's integration into the international accreditation framework (ILAC and TAF).
The study aims to identify the gap between the existing national regulatory framework,
including Order No. KR DSM-59 of the Ministry of Health of the Republic of
Kazakhstan dated 9 July 2021, and current international requirements for ensuring the
analytical reliability of advanced laboratory methods such as polymerase chain reaction
(PCR) and next-generation sequencing (NGS). The paper systematizes methodological
approaches to assay validation, contamination monitoring, and the application of
statistical quality control tools, including Westgard rules and the Six Sigma concept,
for optimization of the analytical process. The role of external quality assessment
(EQA) programs as a key mechanism for verification of analytical accuracy is
substantiated. The study demonstrates the necessity for laboratories in Kazakhstan to
participate in international proficiency testing (PT) schemes for PCR and NGS because
of the absence of national providers for high-complexity molecular testing. The
findings highlight the need to update national laboratory quality standards and
harmonize them with ISO 15189:2022 in order to strengthen epidemiological safety
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and improve the reliability and clinical predictive value of laboratory results and
clinical decision-making.

Keywords: internal quality control, Republic of Kazakhstan, PCR, next-
generation sequencing, NGS, ISO 15189:2022, ST RK ISO 15189-2023, Westgard
rules, method validation, Q-score.

INTRODUCTION

Ensuring the quality and competence of medical laboratories is one of the
fundamental prerequisites for reliable laboratory diagnostics, reduction of clinical
risks, and enhancement of patient safety. [1-3]. In the Republic of Kazakhstan, internal
quality control (IQC) in medical laboratories is regulated by national legal and
regulatory documents governing laboratory diagnostics, including Order No. KR
DSM-59 of the Ministry of Health of the Republic of Kazakhstan and the national
standard for the organization of laboratory diagnostic services [9,11]. However, the
rapid development of modern laboratory technologies, particularly polymerase chain
reaction (PCR) and next-generation sequencing (NGS), necessitates further refinement
of methodological approaches to quality assurance.

Conventional IQC procedures, primarily based on statistical monitoring of
quantitative laboratory parameters, remain widely used in clinical laboratories and
continue to be effective for biochemical, hematological, and immunological testing
[4,17]. Nevertheless, the direct application of these approaches to molecular genetic
methods does not adequately address the specific characteristics of molecular
workflows, including nucleic acid extraction, amplification, sequencing,
bioinformatics analysis, and interpretation of results [6,7,18].

The relevance of the present study is determined by the need to harmonize national
IQC procedures with the requirements of ISO 15189:2022 and its identical national
adoption, ST RK ISO 15189-2023 [2,3]. The updated standard places greater emphasis
on a risk-based approach, traceability, documentation, personnel competence,
management of nonconformities, and evaluation of the impact of laboratory processes
on the reliability of examination results [14—16].

For laboratories performing molecular genetic testing, these requirements imply a
transition from monitoring isolated analytical indicators to implementing a
comprehensive quality management system covering all stages of the laboratory testing
cycle. Particular importance is attributed to the assessment of the limit of detection
(LoD), the limit of quantification (LoQ) for quantitative assays, analytical specificity,
reproducibility, contamination control, and the establishment of quality acceptance
criteria for NGS data, including base quality scores, sequencing coverage, and
alignment quality metrics [6-8,18,19].

An integral component of laboratory quality assurance is external quality
assessment (EQA), for molecular genetic testing and NGS applications, EQA programs
are particularly important because they facilitate the identification of analytical errors
as well as discrepancies associated with sample preparation, bioinformatics analysis,
and interpretation of sequencing results [24—28].
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The aim of this study was to analyze the current approaches to internal quality
control in medical laboratories of the Republic of Kazakhstan and to compare them
with international standards and professional guidelines regarding the application of
contemporary molecular diagnostic methods, including PCR and NGS.

MATERIALS AND METHODS

The analysis was based on the regulatory and legal framework of the Republic of
Kazakhstan, international and national standards, Clinical and Laboratory Standards
Institute (CLSI) guidelines, and scientific publications addressing statistical
approaches to internal quality control, validation and verification of molecular genetic
methods, and quality assurance for next-generation sequencing.

The methodological framework consisted of a structured analytical review of
scientific literature and regulatory documents using selected principles of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement to
enhance the transparency of literature identification, selection, and analysis.

A systematic literature search was conducted in the international bibliographic
databases PubMed, Scopus, and Web of Science. Search strategies were developed
using combinations of relevant keywords connected by the Boolean operators AND
and OR. Reference lists of the selected publications were additionally screened to
minimize the risk of omitting relevant studies. Publications in English, Russian, and
Kazakh were considered.

The review included publications issued between 2016 and 2026. This time frame
was selected to capture contemporary developments in internal quality control, the
transition from ISO 15189:2012 to ISO 15189:2022, and the increasing
implementation of next-generation sequencing technologies in clinical laboratory
practice.

The inclusion criteria comprised original research articles, review papers,
international and national guidelines, standards, and regulatory documents concerning
quality management in medical laboratories, the requirements of ISO 15189:2022 and
ST RK ISO 15189-2023, statistical quality control methods, validation and verification
of molecular diagnostic procedures, PCR, and NGS technologies.

The analytical phase involved a critical comparison of international
recommendations with the current regulatory framework of the Republic of
Kazakhstan. Particular attention was paid to publications describing traditional IQC
approaches, including Westgard rules and Six Sigma metrics, as well as contemporary
strategies for quality assurance in molecular genetic testing and next-generation
sequencing [4—8,17-23].

RESULTS

The conducted analysis of the studied sources showed that modern approaches to
quality assurance in medical laboratory research provide for systematic monitoring of
analytical processes, assessment of the stability of the methods used, and management
of risks capable of affecting the reliability of results. In this system, IQC functions as
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an operational tool for detecting analytical deviations and allows for timely corrective
actions before the issuance of test results [1].

In accordance with ST RK ISO 15189-2023, the laboratory must have internal
quality control procedures that ensure the monitoring of the validity of research results.
Control materials must be fit for the intended use and, as far as possible, react in the
analytical system in a manner similar to patient samples [3].

A comparison of the provisions of international documents with the regulatory
framework of the Republic of Kazakhstan showed that current regulation provides for
the main organizational elements of IQC. At the same time, certain modern approaches
to risk-oriented quality management, automated analysis of control data, and early
detection of analytical process trends are presented in a limited capacity.

One of the documents regulating internal quality control in medical laboratories of
the Republic of Kazakhstan is Order No. 59-NK of the Ministry of Health of the
Republic of Kazakhstan [9]. The comparative analysis showed that its provisions
predominantly reflect traditional organizational and statistical approaches to 1QC,
while issues of digitalization in quality control and automated analysis of control data
require further methodological detailing.

Statistical Approaches to the Quality Assessment of Analytical Processes
Based on the results of the scientific literature analysis, it was established that when
performing quantitative laboratory tests—primarily biochemical and hematological—
Westgard rules are widely used to identify random and systematic analytical errors [4,
17]. At the same time, the choice of a statistical control scheme must take into account
the characteristics of the specific method, analytical variability, and the allowable
analytical error. In the studied international sources, along with traditional Westgard
rules, approaches based on the assessment of the analytical performance of the method,
including the "Six Sigma" methodology, are considered. For methods with different
levels of analytical performance, differentiated IQC strategies can be applied, allowing
for more evidence-based planning of control activities [5].

The analysis of the national regulatory framework showed a lack of detailed
recommendations on the use of sigma metrics in IQC planning. Consequently, the use
of analytical performance indicators for selecting statistical rules and the frequency of
control procedures has not yet received a regulatory-approved algorithm.

Features of Quality Control in Molecular Genetic Research

For molecular genetic methods, the establishment of analytical characteristics is of
particular importance, including the limit of detection (LoD), and for quantitative
methods, the limit of quantification (LoQ). These characteristics are necessary to assess
the analytical sensitivity of the method and determine the range of its reliable
application [8, 22, 23]. For PCR methods, one of the key elements of analytical process
control is the use of internal controls. Analysis of international recommendations
showed that the use of appropriate internal controls allows for the evaluation of the
efficiency of individual research stages, including nucleic acid extraction, as well as
the detection of amplification inhibition, thereby reducing the risk of false-negative
results [6, 20].
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The analysis showed that national regulatory documents lack a detailed
classification of internal controls for PCR and do not establish unified approaches to
their application depending on the stage of the analytical process being monitored. This
may hinder the unification of quality control procedures across laboratories [9, 11].

Quality Control of Next-Generation Sequencing (NGS)
The analyzed regulatory documents of the Republic of Kazakhstan do not establish
unified minimum quality criteria for NGS data, including indicators for nucleotide read
quality, depth of coverage, and sequence alignment quality [9, 11].

Analysis of international publications showed that the quality assessment of NGS
research is based on a combination of interrelated metrics. The most frequently used
include the base call quality, characterized by the Phred quality score (Q-score), the
depth and uniformity of coverage of target regions, the percentage of reads successfully
aligned to a reference sequence, and genetic variant calling quality metrics [7, 18, 19,
21]. A Q30 score corresponds to a calculated probability of an incorrect nucleotide
identification of 1 in 1000 and is widely used as a characteristic of base sequencing
quality [7, 18]. However, literature analysis results show that Q30 should not be
considered a universal standalone acceptance criterion for NGS research.
Requirements for quality indicators should be determined taking into account the
platform used, the type of sequencing, the panel under study, and the clinical or
laboratory purpose of the method [18, 19, 21]. Depth of coverage is one of the main
indicators affecting the ability to reliably identify genetic variants. The required level
of coverage depends on the field of application and can vary significantly when
identifying hereditary variants, somatic mutations, or low-frequency genetic changes
[19, 21].

The synthesis of results from the studied publications allowed for the identification
of three main groups of metrics most consistently applied for NGS data quality
assessment: base read quality indicators, target region coverage characteristics, and
sequence alignment quality indicators [18, 19].

Validation and  Verification of Molecular Genetic  Research
Analysis of international standards and methodological guidelines showed that quality
assurance in molecular genetic research requires a distinction between the processes of
method validation, verification of its characteristics upon implementation in a specific
laboratory, and subsequent ongoing monitoring of analytical process stability.

CLSI guidelines for nucleic acid research methods provide for the assessment of
the analytical characteristics of a method based on its purpose and the type of result
obtained [20-23]. The list of evaluated parameters is determined by the research
characteristics and may include the limit of detection, and for quantitative methods—
the limit of quantification, linearity and measurement range, precision, analytical
specificity, interference assessment, and result reproducibility.

For qualitative molecular research, approaches to evaluating analytical
characteristics differ from those used for quantitative methods. In particular, the
assessment of linearity and LoQ is not a universal requirement for qualitative PCR
research. For such methods, the primary importance lies in confirming the limit of
detection, evaluating diagnostic and analytical specificity, and assessing the
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reproducibility and stability of qualitative results near threshold concentrations [20,
23].

The comparison showed that while national documents in the Republic of
Kazakhstan present general requirements for the selection, verification, and validation
of laboratory methods, methodological algorithms for evaluating the analytical
characteristics of modern molecular genetic research are insufficiently detailed [9—-11].
This is especially true for laboratory-developed tests (LDTs) and modified methods,
for which the scope of validation studies should be determined by the intended use and
potential risks of unreliable results [6]. For NGS, validation must cover not just a single
quality indicator, but the entire analytical process—from sample preparation and
library construction to sequencing, bioinformatic processing, and final result
generation [7, 18, 21].

Thus, the analysis results indicate the need to develop differentiated national
methodological approaches for the validation and verification of molecular genetic
research, considering the type of method—qualitative, quantitative, or NGS.

Contamination Control in Nucleic Acid Research
Literature analysis showed that preventing contamination is one of the significant
elements of quality assurance in nucleic acid amplification-based research. The high
analytical sensitivity of amplification methods creates a risk of false-positive results
due to the carry-over of target nucleic acids or amplicons, or the contamination of
reagents and work areas. To detect potential contamination in molecular research,
negative controls are used; their purpose and stage of introduction are determined by
the structure of the analytical process. A negative extraction control allows for the
evaluation of potential contamination of reagents and the isolation process, while a
negative amplification control (No-Template Control) is used to detect contamination
during the preparation and execution of the amplification reaction [6, 20].

The analysis of national documents showed that general requirements for the
organization of PCR research and the quality assurance of laboratory processes are
provided for by the current regulatory framework [9, 11].

External Quality Assessment of Molecular Genetic Research
Analysis results showed that External Quality Assessment (EQA) is an independent
element of laboratory performance monitoring and allows for the comparison of
research results with those of other laboratories or pre-established assessment criteria
[2, 24, 27]. For molecular genetic research, EQA programs must account for the type
of method and the nature of the target indicator. In qualitative research, the main focus
is the correct identification or absence of the target nucleic acid, whereas for
quantitative methods, the comparability of quantitative results is also evaluated [22,
25]. For NGS, EQA has additional features due to the multi-stage nature of the
analytical process. Analysis of NGS proficiency testing publications shows that
differences between laboratories may be related not only to sequencing characteristics
but also to the analytical algorithms and criteria used for assessing genetic variants
[18,19, 26, 28]. Comparing international approaches with current practice in the
Republic of Kazakhstan indicates the need for further development of national EQA
programs for molecular genetic research. In accordance with ISO 15189:2022, a
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laboratory must monitor its performance through comparison with the results of other
laboratories. In the absence of a suitable EQA program, alternative approaches to inter-
laboratory comparison may be used, provided they are justified and correspond to the
intended use of the laboratory test [2].

Digitalization of Internal Quality Control
The use of LIS allows for the automated registration of control measurement results,
construction of control charts, analysis of indicator dynamics, and detection of
established criteria for analytical stability violations. For quantitative methods,
automated 1QC data analysis can include the construction of Levey—Jennings charts,
the application of established statistical control rules, and the generation of warning
messages upon detection of bias, trends, or exceeding established control limits [4, 17].

Analysis of the national regulatory framework showed that issues of digital storage,
automated processing, and IQC data analysis have not received detailed
methodological regulation [9, 10].

The synthesis of the study results showed that further improvement of IQC in
medical laboratories of the Republic of Kazakhstan is linked not only to updating
individual statistical procedures but also to the development of a comprehensive risk-
oriented quality management model.

CONCLUSIONS

The conducted analysis of international standards, methodological guidelines, and
the regulatory framework of the Republic of Kazakhstan showed that the current
internal quality control system contains the main organizational mechanisms for
monitoring analytical processes.

For nucleic acid amplification methods, a differentiated approach to validation and
verification is required depending on the type of research and the nature of the results
obtained. For qualitative methods, priority is given to evaluating the limit of detection,
analytical specificity, and reproducibility of results, while for quantitative methods,
additional evaluation of the limit of quantification, linearity, and measurement range is
necessary [8, 20, 22, 23]. NGS quality control should be based on the evaluation of a
set of indicators characterizing various stages of the analytical process. Base read
quality, depth and uniformity of coverage, alignment characteristics, and variant
calling quality must be evaluated considering the platform used, the type of research,
and its intended application [7, 18, 19, 21]. The improvement of the national IQC
system should be based on the risk-oriented approach provided by ISO 15189:2022
and ST RK ISO 15189-2023 [2, 3].

A promising direction is the development of digital quality control tools and the
integration of IQC procedures with Laboratory Information Systems. Developing
national EQA programs for molecular genetic research and NGS will expand the
possibilities for inter-laboratory result comparison and assessment of individual stages
of complex analytical processes. In the absence of available EQA programs, justified
alternative forms of inter-laboratory comparison should be provided in accordance with
ISO 15189:2022 [2].
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Based on the study results, the following priority areas for improving the quality
control system in medical laboratories of the Republic of Kazakhstan have been
identified:

1. Updating the national regulatory and methodological framework regarding
quality control for molecular genetic research, considering the features of qualitative,
quantitative, and NGS methods;

2. Developing differentiated algorithms for the validation and verification of
laboratory methods, providing for the assessment of characteristics corresponding to
the purpose and type of research;

3. Methodological regulation of the use of internal and negative controls in nucleic
acid research, considering the monitored stage of the analytical process;

4. Developing approaches for establishing and documenting NGS acceptance
criteria based on a combination of read quality, coverage, alignment, and variant
calling indicators;

5. Developing national EQA programs and inter-laboratory comparisons for
molecular genetic research and NGS;

6. Integrating statistical quality control tools into LIS, ensuring traceability,
preservation, and security of control data;

7. Developing the competencies of laboratory specialists in the field of statistical
quality control, validation and verification of molecular methods, assessment of NGS
metrics, and interpretation of quality control data.

Thus, the further development of the IQC system in medical laboratories of the
Republic of Kazakhstan should be aimed at transitioning from predominantly unified
control procedures to a differentiated risk-oriented model that accounts for the purpose
of laboratory research, the characteristics of the analytical method, and the features of
the technology used. Harmonization of national approaches with ISO 15189:2022, ST
RK ISO 15189-2023, and relevant CLSI guidelines can contribute to increasing the
comparability and reliability of laboratory results and strengthening the quality
assurance system of medical laboratories.

References

1. Plebani M. Quality indicators in laboratory medicine: from theory to practice.
Clin Chem Lab Med. 2017;55(3):341-354. [https://doi.org/10.1515/cclm-2016-0750]
(https://doi.org/10.1515/cclm-2016-0750)

2. ISO 15189:2022. Medical laboratories — Requirements for quality and
competence. [https://www.iso.org/standard/76677.html]
(https://www.iso.org/standard/76677.html)

3. ST RK ISO 15189-2023. Medical Laboratories — Requirements for Quality and
Competence. National Standard of the Republic of Kazakhstan, 2023.
https://prg.kz/document/?doc 1d=37006046&pos=9;201

4. Westgard JO, Westgard SA. Basic QC Practices: Guidelines for Implementing
Statistical Quality Control. 4th ed. Westgard Quality Corporation; 2020.
[https://westgard.com/basic-qc-practices] (https://westgard.com/basic-qc-practices)

60



MEDICINE
DIGITAL TRANSFORMATION: CURRENT CHALLENGES AND FUTURE PLANS

5. Coskun A, et al. Six Sigma as a Quality Management Tool: Evaluation of
Performance in Laboratory Medicine. 2010. [https://doi.org/10.5772/9928]
(https://doi.org/10.5772/9928)

6. Burd EM. Validation of laboratory-developed molecular assays for infectious
diseases. Clin Microbiol Rev. 2010;23(3):550-576.
[https://doi.org/10.1128/CMR.00074-09] (https://doi.org/10.1128/CMR.00074-09)

7. Lopez-Labrador FX, et al. Recommendations for the introduction of
metagenomic high-throughput sequencing in clinical virology. J Clin Virol. 2021;
134:104691. [https://doi.org/10.1016/j.jcv.2020.104691]
(https://do1.org/10.1016/;.j¢v.2020.104691)

8. CLSI. EP17-A2: Evaluation of Detection Capability for Clinical Laboratory
Measurement Procedures. 2nd ed. Clinical and Laboratory Standards Institute; 2017.
[https://clsi.org/standards/products/method-evaluation/documents/ep17/]
(https://clsi.org/standards/products/method-evaluation/documents/ep17/)

9. Ministry of Health of the Republic of Kazakhstan. Order No. 59-NQ. On
Approval of the Rules for Internal Laboratory Quality Control and External Quality
Assessment (EQA).

10. Documented Procedure DP IL NILAS 7.2. Selection, Verification and
Validation of Test Methods. 2020.

11. Ministry of Health of the Republic of Kazakhstan. Order No. KR DSM-
257/2020. On Approval of the Standard for the Organization of Laboratory
Diagnostics in the Republic of Kazakhstan. 2020.

12. Ahmad-Nejad P, et al. Current and future challenges in quality assurance in
molecular diagnostics. Clin Chim Acta. 2021; 519:226-236.
[https://doi.org/10.1016/j.cca.2021.04.019]
(https://doi.org/10.1016/j.cca.2021.04.019)

13. L1 YY, et al. Contamination assessment for cancer next-generation sequencing:
method development and clinical implementation. Arch Pathol Lab Med.
2022;146(2):227-232. [https://doi.org/10.5858/arpa.2020-0583-0OA]
(https://doi.org/10.5858/arpa.2020-0583-0OA)

14. Gupta R, Agarwal R. Translating global standards to local practice: Comparing
ISO 15189:2012 and 2022 with implementation insights from NABL 112 in India. J
Lab Physicians. 2026. Article in Press. [https://doi.org/10.25259/JLP 316 2025]
(https://doi.org/10.25259/JLP 316 2025)

15. Linko S, et al. EN ISO 15189 revision: EFLM Committee Accreditation and
ISO/CEN standards analysis and general remarks on the changes. Clin Chem Lab Med.
2025;63(6):1084—1098. [https://doi.org/10.1515/cclm-2024-1451]
(https://doi.org/10.1515/cclm-2024-1451)

16. Mishra V, Raina V. Understanding and implementation of the important
difference between ISO 15189:2012 and ISO 15189:2022: Medical laboratories
requirements for quality and competence. Indian J Transplant. 2023;17(3):383-384.
[https://doi.org/10.4103/ijot.ijjot 73 23] (https://doi.org/10.4103/ijot.ijjot 73 23)

17. Westgard J, Westgard S. Quality control review: implementing a scientifically
based quality control system. Ann Clin Biochem. 2016;53(4):453-458.

61



MEDICINE
DIGITAL TRANSFORMATION: CURRENT CHALLENGES AND FUTURE PLANS

[https://doi.org/10.1177/0004563215597248]
(https://doi.org/10.1177/0004563215597248)

18. Gargis AS, Kalman L, Lubin I. Assuring the quality of next-generation
sequencing in clinical microbiology and public health laboratories. J Clin Microbiol.
2016;54(12):2857-2865. [https://doi.org/10.1128/JCM.00949-
16](https://doi.org/10.1128/JCM.00949-16)

19. Mahamdallie S, Ruark E, Yost SE, et al. The Quality Sequencing Minimum
(QSM): providing comprehensive, consistent, transparent next-generation sequencing
data quality assurance. Wellcome Open Res. 2018; 3:37.
[https://doi.org/10.12688/wellcomeopenres.14307.1]
(https://doi.org/10.12688/wellcomeopenres.14307.1)

20. CLSI. MM17-Ed2. Validation and Verification of Multiplex Nucleic Acid
Assays. 2nd ed. Wayne, PA: Clinical and Laboratory Standards Institute; 2018.
[https://clsi.org/standards/products/molecular-diagnostics/documents/mm17/]
(https://clsi.org/standards/products/molecular-diagnostics/documents/mm17/)

21. CLSI. MMO09-Ed3. Human Genetic and Genomic Testing Using Traditional
and High-Throughput Nucleic Acid Sequencing Methods. 3rd ed. Wayne, PA: Clinical
and Laboratory Standards Institute; 2023.
[https://clsi.org/standards/products/molecular-diagnostics/documents/mmoQ9/]
(https://clsi.org/standards/products/molecular-diagnostics/documents/mm09/)

22. CLSI. MMO06-Ed3. Quantitative Molecular Methods for Infectious Diseases.
3rd ed. Wayne, PA: Clinical and Laboratory Standards Institute; 2023.
[https://clsi.org/standards/products/molecular-diagnostics/documents/mmO6/]
(https://clsi.org/standards/products/molecular-diagnostics/documents/mm06/)

23. CLSI. EP12-Ed3. Evaluation of Qualitative, Binary Output Examination
Performance. 3rd ed. Wayne, PA: Clinical and Laboratory Standards Institute; 2023.
[https://clsi.org/standards/products/method-evaluation/documents/ep12/]
(https://clsi.org/standards/products/method-evaluation/documents/ep12/)

24. ISO/IEC 17043:2023. Conformity assessment — General requirements for the
competence of proficiency testing providers.
[https://www.iso.org/standard/80864.html]
(https://www.iso.org/standard/80864.html)

25. Deans ZC, et al. Quality genes: the role of external quality assessment in
molecular  pathology. Arch  Pathol Lab Med. 2017;141(5):631-641.
[https://doi.org/10.5858/arpa.2016-0164-RA] (https://doi.org/10.5858/arpa.2016-
0164-RA)

26. Sandvall EL, et al. External quality assessment for next-generation sequencing:
results from the College of American Pathologists proficiency testing programs. Arch
Pathol Lab Med. 2021;145(9):1103—1112. [https://doi.org/10.5858/arpa.2020-0382-
CP] (https://doi.org/10.5858/arpa.2020-0382-CP)

27. CLSI. QMS24. External Quality Assurance: Model, Management, and
Training. 1Ist ed. Clinical and Laboratory Standards Institute; 2020.
[https://clsi.org/standards/products/quality-management-systems/documents/qms24/]
(https://clsi.org/standards/products/quality-management-systems/documents/qms24/)

62



MEDICINE
DIGITAL TRANSFORMATION: CURRENT CHALLENGES AND FUTURE PLANS

28. Vikas M, et al. Proficiency testing in molecular diagnostics: challenges and
solutions in the NGS era. J Mol Diagn. 2024;26(2):89-102.
[https://doi.org/10.1016/j.jmoldx.2023.11.004]
(https://doi.org/10.1016/j.jmoldx.2023.11.004)

63



MEDICINE
DIGITAL TRANSFORMATION: CURRENT CHALLENGES AND FUTURE PLANS

HEART FAILURE WITH PRESERVED EJECTION
FRACTION: CONTEMPORARY UNDERSTANDING OF
PATHOPHYSIOLOGY AND TREATMENT

Tolenbekova Balzhan,
Kazakh-Russian Medical University

Mergen Bekzada,

West Kazakhstan Medical University named after Marat Ospanov,
Kazakhstan

Abstract. Heart failure with preserved ejection fraction (HFpEF) has become one
of the most challenging clinical syndromes in contemporary cardiovascular medicine,
accounting for approximately half of all heart failure cases worldwide. Unlike heart
failure with reduced ejection fraction, HFpEF is characterized by marked clinical and
biological heterogeneity, with multiple cardiovascular and extracardiac comorbidities
contributing to disease onset and progression. Current evidence indicates that systemic
inflammation, endothelial dysfunction, myocardial fibrosis, impaired ventricular
relaxation, microvascular abnormalities, and cardiometabolic disorders collectively
underlie the development of HFpEF. Recent advances have shifted the understanding
of HFpEF from an isolated disorder of diastolic dysfunction toward a complex
multisystem syndrome requiring individualized diagnostic and therapeutic approaches.

This review summarizes current evidence regarding the pathophysiological
mechanisms, clinical phenotypes, diagnostic principles, and contemporary treatment
strategies for HFpEF. Particular attention is given to the role of obesity, type 2 diabetes
mellitus, chronic kidney disease, atrial fibrillation, and systemic inflammation in
disease progression, as well as to recent therapeutic advances including sodium-
glucose cotransporter-2 inhibitors, mineralocorticoid receptor antagonists, angiotensin
receptor-neprilysin inhibition, and emerging cardiometabolic therapies. A phenotype-
oriented approach integrating clinical characteristics, multimorbidity profiles, and
underlying biological mechanisms appears to represent the most promising strategy for
improving outcomes in patients with HFpEF.

Keywords: heart failure with preserved ejection fraction, HFpEF,; diastolic
dysfunction; myocardial fibrosis; endothelial dysfunction; systemic inflammation,
cardiometabolic syndrome; obesity; type 2 diabetes mellitus;, sodium-glucose
cotransporter-2 inhibitors; personalized medicine.

Introduction. Heart failure with preserved ejection fraction (HFpEF) has emerged
as one of the fastest-growing forms of heart failure and currently accounts for nearly
50% of all heart failure diagnoses worldwide. Population aging together with the
increasing prevalence of obesity, type 2 diabetes mellitus, hypertension, chronic kidney
disease, and atrial fibrillation has contributed to a steady rise in the incidence of this
syndrome over the past two decades. Despite preservation of left ventricular ejection
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fraction, patients with HFpEF experience substantial morbidity, frequent
hospitalizations, impaired quality of life, and mortality rates approaching those
observed in heart failure with reduced ejection fraction. These observations emphasize
that preserved systolic function does not indicate a benign clinical course and highlight
the need for a more comprehensive understanding of the mechanisms underlying
HFpEF [1-3].

For many years, HFpEF was regarded primarily as a disorder of impaired left
ventricular relaxation and increased myocardial stiffness. However, contemporary
research has demonstrated that this concept is insufficient to explain the marked
heterogeneity of the disease. Current pathophysiological models describe HFpEF as a
systemic syndrome resulting from chronic inflammation, endothelial dysfunction,
coronary microvascular impairment, myocardial fibrosis, abnormal ventricular—
vascular coupling, and neurohormonal activation. These processes are closely linked
with extracardiac comorbidities, which contribute not only to symptom severity but
also to structural and functional cardiac remodeling. Consequently, HFpEF is now
recognized as a complex multisystem disorder rather than an isolated cardiac disease
[2-5].

Recent investigations have further revealed that distinct biological and clinical
phenotypes exist within the HFpEF population. Patients differ considerably with
respect to metabolic status, inflammatory activity, renal function, pulmonary vascular
involvement, right ventricular dysfunction, and the burden of accompanying
comorbidities. This heterogeneity largely explains the limited success of earlier
therapeutic strategies based on a uniform treatment model. Advances in multimodality
imaging, circulating biomarkers, and machine-learning—based phenotyping have
substantially improved the ability to identify clinically meaningful subgroups that may
respond differently to targeted therapeutic interventions. As a result, individualized
management has become an increasingly important principle in the contemporary care
of patients with HFpEF [4-6].

Major therapeutic progress has been achieved during the last several years
following the publication of large randomized clinical trials demonstrating significant
clinical benefits of sodium-glucose cotransporter-2 inhibitors in patients with HFpEF,
regardless of diabetes status. At the same time, ongoing investigations continue to
evaluate the potential role of mineralocorticoid receptor antagonists, angiotensin
receptor-neprilysin inhibitors, glucagon-like peptide-1 receptor agonists, and novel
anti-inflammatory and antifibrotic therapies. These advances have transformed current
treatment paradigms from symptom-oriented management toward phenotype-directed,
mechanism-based care aimed at modifying disease progression and improving long-
term cardiovascular outcomes [5—7].

The aim of this review was to summarize current evidence regarding the
pathophysiology, clinical phenotypes, diagnostic approaches, and contemporary
treatment strategies for heart failure with preserved ejection fraction, with particular
emphasis on recent advances in personalized cardiovascular medicine.

Materials and Methods. This study was conducted as a systematic narrative
review of the contemporary literature addressing the pathophysiology, clinical
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characteristics, diagnosis, and treatment of heart failure with preserved ejection
fraction (HFpEF). The review focused on evidence published between January 2020
and June 2026 to reflect recent advances in understanding the biological mechanisms
of HFpEF and the evolution of phenotype-guided therapeutic strategies. Particular
emphasis was placed on studies investigating myocardial remodeling, systemic
inflammation, endothelial dysfunction, coronary microvascular impairment,
cardiometabolic comorbidities, and emerging pharmacological therapies.

The literature search was performed using PubMed/MEDLINE, Scopus, Web of
Science, and the Cochrane Library. Search terms included combinations of "heart
failure with preserved ejection fraction", "HFpEF", "diastolic dysfunction",
"myocardial fibrosis", "endothelial dysfunction", "systemic inflammation",
"cardiometabolic syndrome", "obesity", "type 2 diabetes mellitus", "SGLT2
inhibitors", "angiotensin receptor-neprilysin inhibitor", and "mineralocorticoid
receptor antagonist". Priority was given to international clinical practice guidelines,
randomized controlled trials, prospective cohort studies, systematic reviews, and meta-
analyses. Publications with insufficient methodological quality, duplicate reports,
conference abstracts, editorials, and studies with incomplete clinical data were
excluded. The selected evidence was synthesized qualitatively with emphasis on
clinically relevant mechanisms and contemporary therapeutic approaches for HFpEF.

Results. Heart failure with preserved ejection fraction (HFpEF) is currently
recognized as a heterogeneous clinical syndrome resulting from the interaction of
myocardial, vascular, renal, metabolic, and systemic inflammatory mechanisms rather
than an isolated disorder of diastolic dysfunction. Contemporary studies demonstrate
that preserved left ventricular ejection fraction does not reflect preserved myocardial
function, as abnormalities of ventricular relaxation, impaired myocardial compliance,
left atrial remodeling, coronary microvascular dysfunction, and increased ventricular
filling pressures coexist despite normal systolic performance. This paradigm has
fundamentally changed the understanding of HFpEF and explains the limited efficacy
of therapies previously extrapolated from heart failure with reduced ejection fraction
[8—10].

One of the central mechanisms underlying HFpEF is chronic systemic
inflammation associated with aging and multiple cardiometabolic comorbidities.
Hypertension, obesity, type 2 diabetes mellitus, chronic kidney disease, and atrial
fibrillation promote persistent activation of inflammatory pathways, leading to
endothelial dysfunction and coronary microvascular inflammation. Reduced nitric
oxide bioavailability decreases cyclic guanosine monophosphate and protein kinase G
activity within cardiomyocytes, resulting in increased myocardial stiffness, impaired
active relaxation, and progressive diastolic dysfunction. Simultaneously, activation of
fibroblasts and excessive collagen deposition contribute to diffuse myocardial fibrosis,
which further limits ventricular compliance and increases filling pressures during
physical activity [9-12].

Myocardial structural remodeling in HFpEF extends beyond fibrosis and includes
concentric left ventricular hypertrophy, cardiomyocyte hypertrophy, extracellular
matrix expansion, capillary rarefaction, and left atrial remodeling. These structural
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abnormalities impair ventricular-arterial coupling and reduce cardiac reserve during
exercise. Left atrial dysfunction develops early in the disease process and is associated
with elevated pulmonary venous pressure, pulmonary hypertension, atrial fibrillation,
and worsening exercise intolerance. Recent imaging studies using cardiac magnetic
resonance and speckle-tracking echocardiography have demonstrated that myocardial
strain abnormalities frequently precede conventional echocardiographic evidence of
overt diastolic dysfunction, allowing earlier identification of patients at increased risk
[10-13].

Obesity has emerged as one of the predominant HFpEF phenotypes and is
increasingly recognized as an independent pathophysiological driver rather than a
simple accompanying risk factor. Excess visceral adipose tissue promotes systemic
inflammation through increased production of interleukin-6, tumor necrosis factor-a,
leptin, and other adipokines while reducing protective adiponectin secretion. Epicardial
adipose tissue exerts additional local effects by stimulating myocardial inflammation
and fibrosis through paracrine signaling. These mechanisms contribute to impaired
ventricular compliance, increased plasma volume, elevated cardiac filling pressures,
and reduced exercise capacity, explaining the particularly high prevalence of HFpEF
among patients with obesity and metabolic syndrome [11-14].

Type 2 diabetes mellitus and chronic kidney disease further accelerate disease
progression through shared cardiometabolic mechanisms. Hyperglycemia, insulin
resistance, oxidative stress, accumulation of advanced glycation end products,
mitochondrial dysfunction, and activation of the renin—angiotensin—aldosterone system
promote myocardial fibrosis, endothelial injury, and impaired myocardial energetics.
Chronic kidney disease contributes to sodium retention, neurohormonal activation,
vascular calcification, and persistent systemic inflammation, creating a bidirectional
cardiorenal interaction that substantially increases hospitalization rates and
cardiovascular mortality. These observations support the concept of HFpEF as a
multisystem syndrome involving coordinated dysfunction of the heart, kidneys,
vasculature, and metabolic organs [12—-15].

Recognition of the marked biological heterogeneity of HFpEF has stimulated the
development of phenotype-based management strategies. Contemporary approaches
classify patients according to dominant clinical characteristics, including obesity-
related, metabolic, hypertensive, ischemic, atrial fibrillation—predominant, pulmonary
hypertension—associated, and cardiorenal phenotypes. Machine-learning algorithms
integrating clinical variables, biomarkers, imaging findings, and hemodynamic
characteristics have further demonstrated that patients with seemingly similar clinical
presentations may exhibit substantially different biological mechanisms and
therapeutic responses. Such phenotypic stratification has become increasingly
important for individualized treatment selection and prognostic assessment [13—17].

Therapeutic management of HFpEF has changed considerably following the
publication of large randomized clinical trials evaluating sodium-glucose
cotransporter-2  (SGLT2) inhibitors. EMPEROR-Preserved and DELIVER
demonstrated significant reductions in the composite endpoint of cardiovascular death
or heart failure hospitalization across a broad spectrum of patients with preserved
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ejection fraction, independent of diabetes status. Mineralocorticoid receptor
antagonists may provide additional benefit in selected patients by attenuating
myocardial fibrosis and reducing neurohormonal activation, whereas angiotensin
receptor-neprilysin inhibition has shown modest improvements in selected subgroups,
particularly among women and patients with left ventricular ejection fraction at the
lower end of the preserved range. Individualized use of diuretics remains fundamental
for symptom control and optimization of volume status [15-19].

Recent research has increasingly focused on comprehensive cardiometabolic
management rather than isolated cardiac treatment. Weight reduction, structured
exercise training, aggressive blood pressure control, rhythm management in atrial
fibrillation, optimization of diabetes therapy, and treatment of chronic kidney disease
collectively improve functional capacity and quality of life. Emerging evidence also
suggests potential benefits of glucagon-like peptide-1 receptor agonists in patients with
obesity-related HFpEF through reductions in body weight, systemic inflammation, and
epicardial adipose tissue, although additional outcome trials are required before routine
implementation. Overall, contemporary evidence supports a personalized, phenotype-
oriented therapeutic strategy integrating disease-modifying pharmacotherapy with
intensive management of underlying cardiometabolic comorbidities as the most
promising approach for improving long-term outcomes in HFpEF [17-20].

Discussion. The findings of the present review demonstrate that heart failure with
preserved ejection fraction (HFpEF) is no longer viewed as a disorder limited to
impaired ventricular relaxation but rather as a complex multisystem syndrome arising
from the interaction of cardiovascular and extracardiac pathophysiological processes.
Contemporary evidence indicates that systemic inflammation, endothelial dysfunction,
coronary microvascular injury, myocardial fibrosis, and neurohormonal activation
collectively contribute to disease development and progression. This evolving concept
explains the considerable clinical heterogeneity of HFpEF and the limited effectiveness
of therapeutic strategies that were previously extrapolated from heart failure with
reduced ejection fraction [8—11].

A major advance in recent years has been the recognition of the central role of
cardiometabolic comorbidities in HFpEF. Hypertension, obesity, type 2 diabetes
mellitus, chronic kidney disease, and atrial fibrillation are no longer regarded merely
as accompanying conditions but as active biological drivers of myocardial remodeling
and progressive cardiac dysfunction. Persistent low-grade inflammation associated
with these disorders promotes endothelial injury, reduces nitric oxide bioavailability,
impairs myocardial relaxation, and accelerates diffuse interstitial fibrosis.
Consequently, optimal management of HFpEF requires comprehensive treatment of
the underlying cardiometabolic disease rather than isolated management of heart
failure symptoms [9—13].

Another important development has been the transition from a uniform treatment
strategy to phenotype-oriented management. Increasing evidence suggests that patients
with HFpEF represent several biologically distinct subgroups characterized by
different mechanisms of disease progression and variable responses to therapy. Clinical
phenotyping based on metabolic profile, renal function, pulmonary vascular
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involvement, atrial fibrillation burden, and imaging characteristics has improved risk
stratification and may facilitate more individualized therapeutic decision-making. The
integration of biomarkers, advanced imaging techniques, and computational
phenotyping is expected to further refine personalized treatment algorithms in the
coming years [12—16].

Therapeutic progress has accelerated following the introduction of sodium-glucose
cotransporter-2 inhibitors, which currently represent the first pharmacological class
consistently demonstrating reductions in heart failure hospitalization across the HFpEF
spectrum. Unlike previous therapies that primarily targeted neurohormonal activation,
SGLT2 inhibitors appear to exert multiple beneficial effects through improvement of
myocardial energetics, reduction of inflammation, attenuation of renal dysfunction,
optimization of volume regulation, and enhancement of overall cardiometabolic
homeostasis. Nevertheless, residual cardiovascular risk remains substantial, indicating
that combination strategies addressing several pathophysiological pathways
simultaneously will likely be required to achieve greater clinical benefit [15-19].

Despite these advances, important challenges remain. Diagnostic criteria continue
to be complicated by the heterogeneous presentation of HFpEF, while overlap with
pulmonary disease, obesity-related dyspnea, renal dysfunction, and age-related
physiological changes may delay diagnosis. Furthermore, many patients exhibit mixed
phenotypes that cannot be fully classified using current algorithms, emphasizing the
need for more precise biological markers capable of identifying dominant disease
mechanisms. Additional randomized studies are also needed to clarify the role of novel
therapies, including glucagon-like peptide-1 receptor agonmists, anti-inflammatory
agents, antifibrotic therapies, and interventions targeting coronary microvascular
dysfunction [16-20].

Future management of HFpEF is likely to rely increasingly on precision
cardiovascular medicine. Integration of multimodality cardiac imaging, circulating
biomarkers, genomic and proteomic profiling, and artificial intelligence may enable
earlier identification of high-risk patients and more accurate selection of individualized
therapeutic strategies. Such an approach has the potential to improve functional
capacity, reduce recurrent hospitalization, slow disease progression, and ultimately
improve long-term cardiovascular outcomes. Continued refinement of phenotype-
guided treatment therefore represents one of the most promising directions in
contemporary HFpEF research and clinical practice [17-20].

CONCLUSION

Heart failure with preserved ejection fraction has evolved from a condition
primarily associated with diastolic dysfunction into a multifactorial syndrome
characterized by complex interactions between myocardial, vascular, renal, metabolic,
and inflammatory mechanisms. Contemporary evidence indicates that endothelial
dysfunction, chronic low-grade inflammation, myocardial fibrosis, and
cardiometabolic comorbidities play central roles in disease development and
progression. Recognition of these interconnected processes has substantially improved
the understanding of HFpEF and has provided the foundation for more targeted
diagnostic and therapeutic approaches.
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Recent therapeutic advances, particularly the introduction of sodium-glucose
cotransporter-2 inhibitors, have established the first evidence-based disease-modifying
treatment for patients with HFpEF. Nevertheless, the marked biological heterogeneity
of this syndrome suggests that a uniform therapeutic strategy is unlikely to provide
optimal outcomes for all patients. Future progress will depend on phenotype-oriented
management integrating clinical characteristics, multimodality imaging, biomarkers,
and comprehensive treatment of accompanying cardiometabolic disorders. Such an
individualized approach 1is expected to improve risk stratification, reduce
hospitalization, and enhance long-term clinical outcomes in patients with HFpEF.
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OCOBJIMBOCTI PO3BUTKY PI3HUX BU/IIB
MAKYJIMPHOI'O HABPSIKY IICJIA
OAKOEMYJIBCUDIKALII ITPU HYKPOBOMY JIABETI
2 TUITY

I'opoxiBcbka Ouiecss TapaciBHa,

acriipanT kadenpy opTaaTbMOJIOT1l Ta OMTOMETPIT MICSTUTIIIOMHOT OCBITH,
Hamionanpauit Meauunuii yaipepcuteT iMeHi O.0O. boromornblis,

M. KuiB, Ykpaina

[{yxpoBuii 1iabeT — 11e XpoHiyHe MeTaboIIuyHe 3aXBOPIOBAHHS, ITUPOKO MOIINPEHE
B YChOMY CBITI. 32 JAaHUMHU aBTOPUTETHOTO PECYPCY PO INIOOATbHUN BILTUB A1a0€Ty Y
cBiti — 10 BugaBHMIITBA ATiIacy MixkHapoiHOi niabetnunoi deneparii aiadery (IDF)
2021 poky, 10,5% nopocnoro HaceneHHsa B Bimi Bif 20 10 79 pokiB XBOpIIOTH Ha
LYKPOBUH A1a0eT, MPUYOMY Mail’ke MOJOBHHA HE MiJO3PIOIOTh, IO BOHU >KUBYTH 13
MM 3aXBOPIOBaHHAM [ 1].

CrapiHHA HaceleHHs Ta 30UTbLIEHHS TPUBAJIOCTI JKUTTS TMALIEHTIB TaKOX
03HayawTh, 1o nomupeHicth 1] nepeBunuth 33% mo0 2050 poky [2]. Odimiitna
nommmpenicts /] B Ykpaini cepen oci6 y Bimi 20-79 pokiB y 2021 porri ctaHOBUIa
5,6% (2,325 muH 0ci0), MpOAEMOHCTPYBABIIIN 3pOCcTaHHs Maixke yaBidi 3 2011 poky
(2,9%, To6T0 1,196 MiH oci0) [3].

Ha npeBenukuii xanb, Ha CbOTOJHIIIHIMA JI€Hb B YMOBaX BOEHHOIO CTaHy B
VYkpaiHi, 0 TpUBAE MAEMO CEPHO3HI BUKJIMKU JJIs TAIlieHTIB 3 miadetom. Yepes
BUMYILIEHE HEJOTPUMAHHS PEXKUMY JI1E€TH, OCTIHHI CTPECH, TPOOJIEMH 3 NOCTaYaHHSIM
Ta Oe3lepepBHUM JOCTYNOM JI0 JIIKIB MOXIJIMBUU PO3BUTOK 3arpo3JIMBUX Ta
KPUTUYHUX CTaHIB JUJIS 3I0POB’S Ta KUTTS HaIllEHTIB. B 1esKuX perionax mpakTUyHO
BIICYTHST MOXIJIMBICTH OTPUMYBaTH Npo(deciiiHl KOHCyNbTalli Ta JOHOMOTY
cneniaiicTiB. Bei i pakTtopu mpu3BoAATh 40 JEKOMIIEHCAILlT IIYKPOBOTO Aia0eTy Ta
PO3BUTKY YCKJIaTHEHb [4].

VY 3B’s3Ky 31 30UIBIIEHHIM KUIBKOCTI MAalI€HTIB 3 AiabeTtoM 1-ro ta 2-ro Tumy B
YChOMY CBITI 3aXBOPIOBAHICTh Ha J1a0E€TUYHY KaTapakTy HEYXWJIbHO 3pPOCTAE.
JlikyBaHHSI KaTapakTy y MAIlI€HTIB 3 I[yKPOBUM J11a0€TOM 3aJIHINAETHCS TPOOJIEMOIO Ta
BUKJIMKOM HaBITb JUIsl IOCBITYEHUX XIPYPTiB.

dakoeMybcu}piKaIlisl KaTapakTH € 30J0THM CTaHAApTOM Ofeparlii 3 BUIAJCHHS
KaTapakTH Ta TMIIBUILYE PU3UK MICISIONEPAIIHHOTO T1a0€TUYHOTO MAaKyJISIPHOTO
HaOpsiKy a0o0 TMOCWJIIOE HAasSBHUN HaOpsK Yepe3 BXKE ICHYHOYYy  J11a0eTUYHY
petuHonarito. [Ipu owLiHII pU3UKY PO3BUTKY MAaKYJSPHOTO HAOPSIKY Pi3HOTO T'eHE3y
CJIiJ1 BpaXyBaT BUKOPUCTAHHS PI3HUX MapaMeTpiB, Takl sIK TPUBAIICTh, IHTEHCUBHICTb
yIBTPA3BYKy NpU omeparlii, TUM IIyKpPOBOTO J1a0eTy, PUTIIHICTh KPHUINTAJIUKA Ta
piBers HbA1C. 3a nanumu mitepatypu Bix 3,2% 10 55% ocib 3 mykpoBuM aiabeTom
BU3HAYaeThes TceBnodakiunnii makysiasHud HaoOpsk (IIOMH) micns omepamii 3
BUJIQJICHHS KaTapakTu. Ta y 22% mnaii€eHTiB 3 IYKPOBUM J11a0€TOM PO3BHBAETHCS
niabeTnuHuii MakyapHui HaOpsak (JAMH) [5].

72



MEDICINE
DIGITAL TRANSFORMATION: CURRENT CHALLENGES AND FUTURE PLANS

[TamienTn 3 JIP wmarwoTh Ouablly WMOBIPHICTH PO3BUTKY  IIEHTPAIBLHOTO
MaKyJISIpHOTO HaOPSIKy MiCIis omepallii 3 BUJAJICHHS KaTapaKTH, SIKIIO 0e3MocepeIHbO
nepes BUAAJICHHSIM KaTapakTH NMpuUCyTHiN HeneHTpaidbHuit JIMH abo sikiio BoHH B
anamuesi mikyBaym JIMH. Otxe, niarnoctuka ta gikyBanas JIMH nepen omepartieto 3
BHJIAJICHHST KaTapaKTH € 000B’SI3KOBUMH; OJTHAK HASBHICTH momnepeaaroro JIMH He €
MIJCTABOIO JUTSI BIAKJIAQACHHS Omeparlii 3 BUIAJICHHS KaTapakTd, SKIIO € KIIHIYHI
rokasaHHs [6].

[TceBnodakiuamii MakyIsIpHUN HAOPSK, TAKOXK BIIOMUM K cHHIpoM IpBiHa-I'acca,
€ OJIHIEIO 3 HAWIMOMMPEHINUX MTPUYHH MOTIPIIEHHS TOCTPOTH 30pYy MICHs omeparlii 3
BUJIATICHHS KaTapakTu[7]. 3a3Buuail JlarHOCTy€eThCs uepes3 4-6 THKHIB MICHs onepartii
Ta MOXE panToBO caMmocCTiiHO perpecyBatu. Ilarorenes IIOMH BBakaeThcs
O0araropakropuuM.  Cxmanuuii  mnarorene3 JMH  Bkiiouae  pyiliHyBaHHSA
reMaTopeTHHaNbHOrO Oap’epy ab0 KpUTUYHE 3HIKEHHS MOro 130JII0K0YHX
BJIACTUBOCTEH, MOPYIICHHS JpeHakHOi (yHKIii rmii Mroiiepa Ta MIrMEHTHOIO
eMITEeNI0 CITKIBKH, OKUCHOTO CTPECY Ta 3pPEIITOI0 HeMpoaereHeparlii.

TakuM 4YWMHOM, Cy4YacHE pO3YMIHHS MaTOI€HETHYHUX (PAKTOPIB PO3BUTKY
MaKyJISIpHOTO HaOpsIKy Miciis (pakoeMyibCU(iKallll KaTapaKTH MPU LYKPOBOMY AiadeTi
€ AKTYaJIbHOIO CYYaCHOIO TEMOIO.

Meta gociigaeHHsi: BUBUUTH OCOOIMBOCTI PO3BUTKY PI3HUX BUAIB MaKyJISPHOIO
HaOPSIKy MiCJIs XIpYPri4HOIo JIKyBaHHS KaTapaKTH Y NALIE€HTIB 3 YKPOBUM A1a0eTOM
2 TUIy

Marepian Tta meroau Ilig crmocrepekeHHS 3HAXOAWIMCH 3Haxomuiocs 152
nanieHTiB (201 oko) y Bimi Big 45 10 76 pokiB, XBOP1 HA IIYKPOBUH J1a0eT 2 THUITY, 3
HAsSBHICTIO HEMpoJTiepaTUBHOI 11a0€TUYHOI PETUHOMATII JIETKO1 Ta MOMIPHOI CTaii.
Bcim  marmientam  BukoHyBanmu  ¢akoemynbcudikarito karapaktu (PEK) 3
iMraHTari€eo iHTpaokysspHoi JaiH3u (IOJI). ¥V Bcix marfieHTIB micis XipypridyHOro
JiKyBaHHS 0yJ10 mipoBeieHo aocimxeHHs po3sutky JIMH, IITOMH a6o ix moeaHanHs
3a JaHUMU O10MiKpocKomii Ta onTuyHO1 KorepeHTHoi ToMorpadii (OKT) y Bignaneni
TEPMIHU CIIOCTEPEKEHHS - 6 MicsLiB,] piK.

PesyabTaTtn

Otpumani pesynapratd 3a ganumu OKT y BigmaneHomy micisionepamiitHoMy
nepioai micist PEK y namientiB nerkor ta nomiproro HITJIP ta 112 BcTaHOBMIM
JOCTOBIpHE 30UIBLIEHHS BCIX JOCHIIKYBaHUX IIOKa3HUKIB MAaKyJsIpHOi o00sacTi
ciTkiBKH uepe3 6 micsiiB Ta 1 pik. [Tokasnuk Area thickness uepes 6 micsiiiB 3pic Ha
1,5 %, gepe3 1 pik — Ha 7,3 % Big moomneparmiitHoro piBas (p < 0,05). ITokazauk
(Central Macular Thickness) - nenTpanpaa ToBIrHA ciTKiBKH (CMT) 30umbiunacs Ha
3,4 % uepe3 6 micsamiB 1 Ha 6,4 % vepes 1 pik (p < 0,05). Makynsapuuii 06’em (MV)
JTOCTOBIPHO MiABHINMBCA Ha 2,5 % depe3 6 micsiB 1 Ha 4,3 % depe3 1 pik (p < 0,05).
[Toxa3HuK CHiBBIAHOIIECHHS IIEHTPAIBLHOT TOBIIMHU MAaKyJIH J0 MaKyJISIPHOTO 00’ €My
(Thikness volume ratio (TVR)) Takox 3poctaB noctymnoBo: +1,0 % uepe3 6 micAiiB i
+2,1 % wuepe3 1 pik (p < 0,05). OdrasibMOCKOMYHO Ta 3a JAHUMH ONTHUYHOI
KorepeHTHoi Tomorpadii yepe3 6 wmicsauis JIMH Oyno niarnoctoBano B 14,9%
BunaakiB. [loennanus JIMH ta [IOMH B 4,47% Bunankis. Yepe3 1 pik JIMH Ta
I[I®GMH 6yno miarHoctoBaHo B 9,13 % Ta 5,44 % BunaakiB BiJNOBIIHO, TOETHAHHS
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JIMH Ta [I®MH - B 7,1% Bunaaxis.

BucHoBku

1. dakoemynbcudikamii katapaktd 3 immoianTamiero IOJI iMOBipHO MOXe
MiBUIIYBAaTH PU3UK PO3BUTKY MaKYJSIPHUX HAOPSKIB PI3HOTO T€HE3Yy Y BiJILIEHI
TEPMIHH CTIOCTEPEKECHHS.

2. Yacrora JIMH Ta ioro moemnannsa 3 I[IOMH wuyepe3 6 wmicsmiB micis
xipypriyHoro BTpydaHHs ckmana 14,9% ta 4,47% BumankiB BigmoBiaHo. YactoTa
JIMH, TI®MH Ta ix noennanus uepes 1 pik cknana 9,13%, 5,44% ta 7,1% Bunaakis
BI/IITIOBIIHO.

3. BuBYeHHS HOBHMX MAaTOTCHETHYHHX UMWHHIKIB PO3BUTKY PI3HUX BHIIB
MaKyJISIpHUX HaOpskiB micis (akoeMynbcudikaiii katapakTd y namieHtiB 3 [[/[2
JIO3BOJIUTh MIABUIIUTH €(PEKTUBHICTh XIPYpPridHOTO JIKBaHHSA  Ii€i Kareropii
MaI{l€HTIB.
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LI®POBA EBOIONISL YKPATHCHKOI MEVLINHA
BIJI MAIEPOBOI PYTUHU IO EKOCUCTEMM E-
3J1I0POB’SI

JanisioBa BikTopis BagumiBaa
3100yBay BHINOI OCBITH

3a nepimuM (0akagaBpCbKUM) piBHEM

3a crenianbHicTio [15.01 MencecTpuHCTBO

YyoOenko BajenTnHa AHaToJIiiBHA
BUKJIAAau-METOJUCT
Yepkacbka MeIMYHA aKaJeMist

Bacunenko Ipuna OsnexcanapiBHa
KaHAUAAT NeJaroriyHux HayK, JOIEHT,

3aBiayBau kKadeapu GyHIaMEHTATBHUX TUCIUIUIIH
Yepkacbka MeIMYHA aKaJeMist

[udposizaliiss 0XopoHu 370pOB’sl B YKpaiHi CTaa OJJHUM 13 KIIFOUYOBUX HAIPSIMiB
MOJICpHI3aIlli Jep>KAaBHOI CUCTEMHU MEIAMYHUX MOCTYT. BrpoBamkeHHS €JIeKTPOHHOI
cuctemMu oxopoHu 370poB’ss (ECO3) 3amiHioe mnamepoBi KapTKu LUPPOBUMH,
3a0e3nedye OHJAWH-AEKIapallii, eJIEKTPOHHI PEeLEeNTH Ta HAMpaBIICHHA, a TaKOX
BIIKpDUBAE UUIBIX JO TEJIEMEIUIMHU, IITYYHOrO I1HTEJIEKTy Ta BIIJAJICHOTO
MOHITOPUHTY TallieHTiB. Ile He juine TexHosoriyHa Tpancopmariis, a i rmMOUHHA
3MiHA y B3a€EMOJIi MIX TMall€HTOM, JIKApEeM Ta JAEpXKaBO. 3aBASKU LHUPPOBUM
IHCTpyMEHTaM MeJu4Ha JOMOMOra CTa€ OUIbIIl JOCTYIHOK, MPO30pPOI0 Ta
MEPCOHAII30BAHOI0, a JIIKapl OTPUMYIOTh MOJKJIMBICTh NpalfoBaTH €(QEKTHUBHINIE,
30Cepe/KYIOUNCh Ha JIIKyBaHHI, a HE Ha OIOPOKpaTii.

[Ile xiibKa pOKIB TOMY ManepoBl KapTKU, HECKIHYEHHI yepru Ta OIOpOKpaTIi.
ChOorogHi X MU MA€eEMO €JIIEKTPOHHY cuctemy oxopoHu 310poB’st (ECO3), onnaiin-
JeKJIapailii, eIeKTPOHHI PEleNnTH, TeIEMEAUIIMHY Ta HaBiTh HHU(PPOBI PEECTpPU Ha
miatdopmi «lis.Engine». [le — HOBa peasbHICTh YKPATHCHKOT MEUITUHU.

[udporizarmiss poOUT, MEIUIMHY OUIBII TEPCOHATI30BAHOK Ta TOYHOIO,
3a0e3neuyroun MIBUIKUM 00MiH 1H(OpPMAITIEI0 MIXK TAI[IEHTOM Ta JIIKapeM.

[TarieHT OTpUMY€ Taki MepeBaru: 3py4HicTh (IiAMUCAHHS IeKIapallii Ta 3ammc 10
JiKaps OHJIAMH), JNOCTYMHICTh (MEIWYHA ICTOPisS 3aBXKIW i PYKOIO), MPO30PICTh
(MiHIMIZalisl Yepr Ta NanepoBOi TAraHWHU). B CBOrO uepry Jikap K€ OTpUMYE
IIBUJIKUA JOCTyHn 10 1CTOpii XBOpOOM, aBTOMAaTH3allll0 PYTUHHHUX TMPOIIECIB Ta
3MEHILICHHS MarnepoBOi poOOTH.

VY 2023-2024 pokax B YkpaiHi peamizoBaHo noHaj 100 uudpoBUX MNPOEKTIB,
CIIPSIMOBAaHUX Ha aBTOMAaTH3AIlilO0 MPOIECIB, IO JOBOAUTH TEpeXiJ MEAUIMHU 0
Cy4acHOTo u(POBOTO PiBHSI.
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eHealth (Enextponna cuctema oxoponu 3710poB’ss — ECO3) — ne macmrabHa
nepkaBHa ImdpoBa 1H(PpacTpykTypa, M0 3a0e3ledye aBTOMATH3AII0 OOJIKY
MEIMYHUX MOCIYT Ta yIPaBIiHHSA MEANYHUMH JaHUMU B YKpaiHi. Cuctema 00’ eqHye
noHana 49 THCSY 3aKiaqiB, MUIBMOHU TAIIEHTIB Ta MpPAIO€ SIK ABOKOMIIOHEHTHA
exocucrema (meHTpanbHa Oasza ganux Ta MIC), mo rapaHTye mOpo3opicTh Ta
JOCTYMHICTh METUYHO1 TOMTOMOTH.

MeTtoro cTBOpeHHss ©0a3um 3HaHb Oyna cucTeMmaru3amis iHdopmamii Mpo
1M(dpoBizalliio 0XOPOHU 3JI0pPOB’S B 3pyuyHOMY dopmarti, ae O0yso O mpeacTaBiIcHO
1H(popMaIiiiHO-aHATITUYHI MaTepialiid MO0:

 1dpoBoi TpaHchopMallii OXOpPOHU 3/I0pOB’sl B YKpaiHi Ta CBITI;

o (YHKIIOHYBaHHS E€JEKTPOHHOI CHUCTEMU OXOPOHM 3A0poB’s Ta iHmUX [T-
CHUCTEM 1 PEECTPIB;

o TUTaHHS KiOepOe3MeKH Ta 3aXUCTY JTAHUX;

e PO3BUTKY IU(POBOI KOMIIETEHTHOCTI MPaIliBHUKIB OXOPOHH 3/I0POB’ 1.

basa 3HaHb chopsMoBaHa Ha MNpoQeciiHUA PO3BUTOK MpPalIBHUKIB cdepH,
€KCIIEpPTIB Ta BCIX 3allIKaBJIEHUX B PO30Y0B1 Cy4aCHOT OXOPOHU 3/I0POB 1.

Ha choronHimHiil 1eHb €KOCUCTEMAa €-3710pOB’s B YKpaiHi mpencTaBisie co00ro
CKJIQJJHy CUCTEMY B3a€MOJIIOYMX Ha PI3HUX PIBHAX EJIEKTPOHHHX Ta MPOrPAMHHX
npoaykriB. CraHoM Ha 3apa3 il YMOBHO MOXHAa PO3AUIMTH 32 HalpsMaMH
3acTocyBaHHA. Take po3JUSICHHS € JOBOJII YMOBHUM, a TOJIOBHOIO CIIJIBHOIO 03HAKOIO
€ 3aCTOCYBaHHsI 1HPOPMAIIMHO-KOMYHIKAI[ITHUX CUCTEM JJII OXOPOHHU 3]I0pPOB’S 200
1X TOTHYHICTb.

OTtxe, enekTpoHHa cucrtemMa oxopoHu 310poB’st (ECO3) ckiamaetscs 3 ABOX
KOMITOHEHTIB:

nenTpasiibHa 6a3a ganux (LIBJ]) — indopmariiiino-koMyHiKaIliiHa cucTema, sika
MicTUTh TiepenOayeHi 1uMm l[lopsakoM peecTtpu, mporpamMHi MOAYJI, €IEKTPOHHY
MeIUYHY 1H(OpMaIIiHO-aHAIITUYHY CUCTEMY 3 ONTHMi3alii poOOTH OnepaTHUBHO-
JAUCTIETYEPCHKUX CIYKO IEHTPIB E€KCTPEHOI MEIUYHOI JOMOMOTH Ta MEIUIIMHU
KaracTpod, eJeKTpOHHI KaliHeTu mnamieHTiB 1 mocagoBux oci6 HC3Y ta MO3,
iHpopMmariitny cucremy HC3VY B yacTuHi, HEOOXITHIN ISl peanizaiii JeprKaBHUX
(1HAaHCOBUX TapaHTId MEIUYHOTO OOCIYrOBYBaHHSI HACEJIEHHS, a TAKOX 3a0e3nevye
MO>KJIUBICTh CTBOPEHHS, MEperysiny, oOMiHYy 1H(QOpMALIE€0 Ta JTOKYMEHTaMH MiX

peecTpamMu,  JEp>KaBHUMH  €JIEKTPOHHUMHU  iHGOpMaliiHUMU  pecypcami,
EJIEKTPOHHUMH MEIUYHUMU 1H)OPMAIIHHUMHA CUCTEMaMH.
eNeKTpoHHi MenuuHi 1H(opmariiini cucremu (MIC) — indopwmariitHo-

KOMYHIKaIliiiH1 CUCTEMHU, K1 3a0€31euyI0oTh (PYHKI[IOHYBaHHS €IEKTPOHHUX KaOlHETIB
KOPHUCTYBa4iB, aBTOMATHU3AIII0 iX POOOTH, CTBOPEHHS, mepersia iHdopmarlii, oOMiH
iH(pOpMaIli€ro B eNEKTPOHHIN (HOpMi, 30KpeMa 13 IIEHTPaTbHOI 0a30t0 gaHux (y pasi
T IKJTFOUCHHS ).

JI71st matieHTiB: 3py4HICTh Ta Oe3neKa:

o EnekTpoHHa depra Ha €HAONPOTE3yBaHHS: YKpaiHIl OTPUMYIOTh DPIBHUMN
JOCTYIl 10 BUCOKOBApTICHMX ormepauiid 0e3 «uepr y >kypHaiax». [lamieHTtu, sxi
NoTpeOyIOTh 3aMIHM KYJIBLUIOBOTO, KOJIHHOTO, MJIEYOBOTO YM JIIKTHOBOTO CYyTIJI00a,
MOXKYTb OTPUMAaTH BIANOBIAHY MOCHyry Oe3ormnaTHo. CucTeMa aBTOMAaTU3Y€E MpoLecH
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3amucy, aJMIHICTpYBaHHS 4Yepru, IUIAHYBaHHA Ta TNpoBeleHHs onepauiid. [licns
oreparlii cTaTycC MaIieHTa 3MiHIOEThCS, 10 3a0e31edye TTOBHY ITPO30PICTh 1 BUKITIOYAE
MOJKJIMBICTh CTOPOHHBOTO BTPYYaHHS YW MaHIMyssnii 3 deproro. Lle 3abesmeuye
COLIIaNIbHY CHPaBEJIMBICTh Ta JIO3BOJISIE TAIIEHTY IUIAHYBaTU CBO€ JIIKYBaHHS,
PO3yMIiIOUH peasibHI TEPMiHU OTPUMAHHSI IOTTIOMOTH.

o Ocobuctuii xabiner mamienta ECO3: IlamieHT Bmepiie craB KOpUCTyBaueM
ECO3. Tenep e noTpiOHO WTH B Mea3aKIIa, 00 MEPETIIHYTH Ta OHOBUTH CBOT JIaH1
B ECO3, momatu nexnaparfito JiKap0 YA OHOBUTU IMPI3BUIIE B CHCTEMI IMiCJIA
OJIPY’KEHHSI — 11€ MOKHA 3pOOUTH B KIJIbKA KJIIKIB OHJIAMH. Y MallOyTHbOMY KaOiHET
narieHTa Oyjie JOMOBHIOBATHUCA HOBUM (DYHKITIOHATIOM.

o Cucrema OIIIHIOBAaHHS TMOBCSAKACHHOTO (YHKIIOHYBAaHHSA: BIPOBAKEHO
mudposi  iHCTpyMeHTH. [lepexim Bix paasHCbKOI MOJENl  1HBAIIHOCTI  J0
MDKHApOJIHUX CTaHAapTiB. Ycsa iHQopMallis Oo(OPMIIIOEThCS Uepe3 EIEeKTPOHHY
CUCTEMY I1[0JI0 OL[IHIOBaHHS MOBCSIKACHHOTO (PYHKIIIOHYBaHHS, IO CHPOIILYE MPOLIEC
300py Ta mepenayi JaHuX.

o Push-cnoBimiennss B «/ii»: B ECO3 po3mmpeno kaHamu 1H(QOpMyBaHHS
nauieHTiB. CrosileHHs npo e-PenenTu, e-HampaBieHHs Ta IJIaHU JIIKyBaHHS TEHeEp
HaJIXOJATh y 3acTOCYHOK «/lisi» y ¢opmari push-nosigomiens. Cucrema npamroe 3a
MPUHIUIIOM IPIOPUTETHOCTI — SIKIIO JOCTABUTH MOB1IOMIIEHHS B «/[110» HEMOKIIMBO,
BOHO HaJcuiaeThecs yepe3d Viber adbo SMS, mo TakoX J03BOJISIE ONTHUMI3YyBaTH
BUTpPATH JEPKABHUX KOLITIB.

Jlist mikapiB: MeHIe OI0poKpaTii, OuIbllle CTaHAapTIB:

« Iludpona peabinitariis: BIpoBaHKEHO MIKHAPOAHI IIKaIu orfiHioBaHHs (RLA-
LOCF, WHODAS 2.0 Ta iH.) Ta e-3anuT Ha gonomMixHi 3acoou ([3P). Jlikap 6aunth
1CTOPIIO BIAHOBJICHHS IMAIlIEHTA B OTO €JICKTPOHHIN MEIUYHIN KapTIIi.

o AKTyanbHICTh JaHUX: 3aBIsSKH OOMiHy maHumu 3 peectpamu (APAIICT),
ABTOMATUYHO JI€AKTUBYIOTHCS 3alMCH MPO MOMEPIMX MAIEHTIB, K1 paHIlIE MOTIJIU
3QJIMIIATUCS AKTUBHUMH 3 TEXHIYHUX a00 npoueAypHux npuurH. OyHKIIIOHATBHICT
3a0e3neuye akTyani3aliio JaHuX y CUCTEMI Ta MPO30PICTh OIIATH MEIUYHUX MOCIYT.

o YIOCKOHaJEHHsI METOJIB Bepu(ikauii: HOBUM HampsM — Bepudikamisa 3a
CBIJIOIITBOM TIPO HAPOJKEHHS J103BOJISIE KOPEKTHO 1J€HTU(IKYBAaTH HEMOBHOJITHIX
MalLI€HTIB, COPOUIYE pOOOTY MEIWYHUX 3aKJIaIB 1 CTBOPIOE HAIIHY OCHOBY MJIs
MOJAJIBIIOTO PO3BUTKY LIU(PPOBUX CEPBICIB.

« ChpornieHuii npouec CTBOPEHHS 3B’ SI3KY 3 3aKOHHUM IPEICTaBHUKOM NAlll€HTA:
M1J] 4ac CTBOPEHHS 3B’ 513Ky 3 3aKOHHUM IPEICTABHUKOM JIOCTaTHBO 3HANTH Ta 00paTu
roro cepen yxe 3apeectpoBanmx mnaiieHTiB B ECO3 Ta BKazaTu JOKYMEHT, IO
MiATBEPIKYE TpeIcTaBHUITBO. [Iporiec cTaB mMBUAIINM 1 3MEHIITY€ KUTbKICTh PYyYHUX
TIH I METUIHUX TPAI[iBHHUKIB.

Jlst nepxaBu Ta 613HECY: PO30PICTh

o IIpo3opuii 1 chopaBensuBHil PO3MOALT CTYJIEHTIB-MEAUKIB B IHTEPHATYPY:
€JIEKTPOHHUN PEUTUHTOBHUM PO3MOILT B IHTEPHATYPY BIEPILIE Peasli30BaHO B YKpaiHi,
BIJIKpUBIIIM HOBY CTOPIHKY B MeJIM4H1N OCBITi. CucTema 3a0e3nedye YecHU 1 piBHUN
JOCTYT JJisl KOXKHOTO BUITYCKHHKA Ta YHEMOXKITUBIIIOE Oy/Ib-sIKe BTpyUaHHs B MPOIIEC
posnoainy. Y pesyiapTari 1u@poBoro BiOOpY IHTEpHATYpPY po3mnoyaiyd moHanm 2,5
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THUCAYl MOJIOAMX JIIKapiB — 3a €IMHUMU NPABWIAMH, 3 MPO30PUM QITOPUTMOM 1
MiHIMaJbHUM JIOJACHKUM (hakTopoM. lle HymnboOBa TOJEPAaHTHICTH 0 KOPYMINi Ha
CTapTi Kap’ €pH JiKapsi.

« OO0oB’s3xk0BUH e-PenienT Ha npenapatu HanOydiny Ta 6yTopdaHoy: 3 YepBHA
2025 poxky Biamyck npenapartiB HanOydin ta ByTopdaHon 31iiiCHIOETbCS BUKITIOUHO
3a e-Penterirom. 1e 3a0e3nedye cyBopuii KOHTPOJIb 32 00IrOM OITIOITHUX aHATBIC€THKIB
(mamepoBi peuenTH 3aJIHMIIAIOTHCA JHIIE IS NPUGPOHTOBUX 30H 3a BIACYTHOCTI
3B’SI3KY).

o OO6nix Menuunoro obnamHanHs: B ECO3 3’sBuBCca (yHKINIOHAN JUIs OOJIIKY
menoOnaaHanHs. lle MOXIMBICTP 0auuTH aKTyallbHy KapTUHY OCHAILICHHS,
NePEBIPATH Mpale3aTHICTh TEXHIKMA Ta aBTOMAaTHYHO I1TBEP/XKYBAaTH BIATIOBITHICTh
3aknaay Bumoram [IMI' min yac konTpaktyBanss 3 HC3Y.

o E-motmdikamis kocmernuHoi mpoaykiii Ta Peectp  aesiHdekiiHuX
3aco0iB: 3amyiieHo nugpoBi miaThopMu IS peecTpalii 3aco0iB, 10 BUXOIATh Ha
PUHOK. 3aXHUCT TIpaB CHOXXHMBayiB Ta Oe3neka 3J0poB’s. I'poMaisiHd OTPUMYIOTh
rapaHTiio, U0 NPOAYKTH, SKUMU BOHH KOPHUCTYIOThCS, IIEPEBIPEH] Ta CEPTU(PIKOBaHI,
a 013Hec 030yBa€eThCs NANEPOBOi TATAHUHHU.

Takum ymHOM, IU(POBI3aALIs OXOPOHHU 3[0pOB’sS B YKpaiHI — 1€ HE MPOCTO
TEXHIYHA MOJIEpHi3alid, a HoBa ¢inocodis MenuuuHd. BoHa poOUTh cucteMy OLIbII
BIJIKPUTOIO, CIPABEIJIMBOIO Ta OPIEHTOBAHOIO HA MOTPEOU MOAUHUA. MU Bxe 6aunMMo
pe3yibTaTH: MEHILE 4Yepr, MeHIIe OlopokparTii, OLIbIlIe CHpaBeUIMBOCTI Ta
noctynHocTi. e msx 10 Meauiuau MailOyTHHOTO, SIKa HE JIMIIIE JIIKY€E, a i CTBOPIOE
JIOBIPY MIX MAaIlieHTOM, JIIKapeM 1 JiepKaBoro. YKpaiHa MoKa3ye MPUKIIA]] TOTo, SK
M(MPOBI TEXHOJOTIT MOXYTh 3MIHUTH chepy OXOpPOHH 370pOB’S, 3pOOHBIIM ii
Cy4yacHO0, €(peKTHBHOI Ta JIoAsHOI0. Lle musx a0 MeauuuHu MaiOyTHHOTO, sKa
BIJINOBIJIa€ MDKHAPOAHUM CTaHAApTaM 1 BOJIHOYAC BPAXOBYE pealibHI MOTpeOU
YKpaiHCHKOT'O CYCIUIbCTBA.
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ABSTRACT

The article presents a comparative analysis of international approaches to the
hygienic standardization of aerosol fractions in workplace air and evaluates the current
sanitary and hygienic regulatory framework of the Republic of Kazakhstan with respect
to the control of workplace airborne particulate pollution. The study is based on an
analysis of the regulatory and legal framework of the Republic of Kazakhstan,
international standards, and scientific publications addressing the hygienic
standardization of workplace aerosol fractions and their effects on workers' health.

The analysis revealed that the current workplace air hygienic standardization
system in Kazakhstan does not establish separate occupational exposure limits based
on the PM2.5 and PM 10 particle-size fractions.

The study substantiates the need to improve the national system of workplace
aerosol hygienic standardization by incorporating modern international approaches
that emphasize the monitoring of inhalable, thoracic, and respirable dust fractions. The
implementation of these approaches would enhance the effectiveness of workplace
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exposure monitoring, improve the accuracy of occupational risk assessment, and
strengthen the protection of workers' health.

Keywords: PM2.5 and PM10 particles, hygienic standardization, workplace air;
dust; occupational exposure limits (OELs); occupational risks, workers' health
protection.

INTRODUCTION

According to the World Health Organization (WHO), ambient air pollution is one
of the leading risk factors for premature mortality and the development of
cardiovascular and respiratory diseases. Particular concern is associated with PM2.5
and PM10 particles, which are capable of penetrating deep into the respiratory system
and entering the human bloodstream.

This issue is of particular relevance to Kazakhstan due to the country's extensive
metallurgical, coal mining, oil and gas, and mineral extraction industries, where
occupational exposure to industrial dust represents one of the major workplace hazards.
In many industrial facilities, airborne dust concentrations exceed permissible levels,
particularly under conditions of inadequate ventilation, aging equipment, and high-
intensity production processes.

At the same time, the current sanitary and hygienic regulatory system is, in many
cases, primarily based on the assessment of total dust concentration, highlighting the
need for further harmonization with contemporary international approaches to the
monitoring and regulation of PM2.5 and PM10.

Objective - to conduct a comparative analysis of international approaches to the
regulation of workplace aerosol fractions and to assess the extent to which the current
workplace air hygienic standardization system in Kazakhstan complies with modern
international practices.

METHODS

« Regulatory analysis - review of the legislation, sanitary regulations, and hygienic
standards of the Republic of Kazakhstan.

« Scientific literature review - systematic analysis of published studies examining
the health effects of occupational exposure to PM2.5 and PM10 particles.

o Comparative regulatory analysis - comparison of international and national
regulatory documents using documentary analysis and comparative legal analysis
methods.

RESULTS

1. Review of the Regulatory Framework of the Republic of Kazakhstan for the
Standardization of Workplace Aerosol Fractions

The current hygienic standards of the Republic of Kazakhstan governing workplace
air do not establish separate occupational exposure limits (OELs) for PM2.5 and PM10.

Order No. RK DSM-70 of the Minister of Health of the Republic of Kazakhstan,
dated 2 August 2022, establishes hygienic standards for ambient air in populated areas
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and occupational exposure limits for hazardous substances in workplace air [11].
However, the document does not provide specific hygienic standards for PM2.5 and
PM10 in workplace air.

The analysis of the current regulatory framework demonstrated that dust exposure
in Kazakhstan is regulated primarily according to the toxicological and hygienic
characteristics of dust, its chemical composition, and its fibrogenic potential. Separate
OELs for PM2.5 and PM10 in workplace air have not been established, limiting the
ability to perform differentiated assessments of their health effects on workers and
highlighting the need to further develop the national regulatory system in accordance
with international approaches to air quality monitoring and exposure assessment.

Ambient air quality standards and workplace air standards serve different hygienic
purposes; therefore, ambient air limit values cannot be directly applied to occupational
exposure assessment.

Ambient air quality standards are established to protect the general population from
the adverse effects of long-term exposure and are intended to safeguard all population
groups, including the most vulnerable. In contrast, workplace air standards are
developed specifically for occupational settings and consider the characteristics of
workplace exposures and their potential health effects on workers. Furthermore,
concentrations of pollutants in ambient air are influenced by natural dispersion
processes, wind transport, atmospheric turbulence, and meteorological conditions.

In workplace environments, these natural air-cleaning mechanisms are generally
absent or significantly limited. Airborne contaminant concentrations are primarily
determined by emission intensity and the effectiveness of ventilation systems.
Consequently, contaminants may accumulate within confined workplace
environments, resulting in substantially higher exposure levels for workers.

Differences in the objectives of hygienic standardization should also be considered.
Ambient air quality standards are intended to prevent adverse health effects throughout
the lifetime of the general population, whereas occupational exposure limits are
designed to prevent occupational diseases and maintain workers' health and work
capacity under workplace conditions. Owing to differences in exposure scenarios,
mechanisms governing pollutant concentrations, and regulatory principles, the direct
application of ambient air standards as substitutes for workplace exposure limits is
scientifically unjustified and may lead to inaccurate occupational risk assessment.

Accordingly, the use of ambient air quality standards for assessing PM2.5 and
PM10 concentrations in workplace air is not fully consistent with the principles of
occupational hygiene, since these standards were developed for fundamentally
different exposure conditions.

The application of occupational exposure limits may alter the assessment criteria
for the degree of worker exposure and, consequently, the hazard classification of the
exposure factor. Where exposure levels are identified that may result in acute adverse
health effects, the factor may be classified not only as harmful but also as hazardous.

As of 2025, 1,759,828 workers in the Republic of Kazakhstan were employed
under harmful or otherwise unfavorable working conditions [13]. Workplace
conditions were evaluated in accordance with the Rules for Mandatory Periodic
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Certification of Production Facilities with Respect to Working Conditions, approved
by Order No. 1057 of the Minister of Health and Social Development of the Republic
of Kazakhstan dated 28 December 2015.

Protecting workers' health constitutes a fundamental component of the public
health system and is regarded as one of the key elements of national security.
Population health determines the country's labor potential, demographic stability, and
socioeconomic development. Consequently, occupational safety and the prevention of
occupational risks have become strategic priorities for achieving sustainable national
development.

These principles are consistent with the contemporary international «One Healthy
concept, which recognizes human health, environmental health, and occupational
environments as interconnected components of a unified system. Within this
framework, ensuring safe working conditions and minimizing occupational exposure
to hazardous workplace factors are essential for protecting population health,
improving quality of life, and strengthening national security.

2. International Approaches to the Hygienic Standardization of Workplace
Aerosol Fractions

At present, occupational exposure to airborne particulate matter in most countries
is assessed not on the basis of PM2.5 and PM10 particle fractions, but according to the
inhalable, thoracic, and respirable particulate fractions, as defined in ISO 7708, Air
Quality—Particle Size Fraction Definitions for Health-Related Sampling [4].

Table 1.
Particle Size Fractions Used in Occupational Hygiene
Particle Fraction Characteristic Particle Size
PM2.5 <2,5 um
PM10 <10 pm
Respirable Dust Fraction with dso =4 pm
Thoracic Dust dso = 10 pm
Inhalable Dust /total dust dso = 100 um

As shown in Table 1, the PM2.5 fraction is almost entirely encompassed within the
respirable dust fraction because it consists of particles capable of penetrating into the
deepest regions of the respiratory tract. However, respirable dust represents a broader
category of airborne particles, including not only PM2.5 but also particles with
aerodynamic diameters of up to approximately 4 um. In contrast, the PM10 fraction is
broadly comparable to the thoracic dust fraction, as it contains particles that are
predominantly deposited within the upper and central airways without reaching the
alveolar region of the lungs.

Inhalable dust is characterized by a 50% sampling efficiency cut-off at an
aerodynamic diameter (dso) of approximately 100 um, meaning that particles of this
size have a 50% probability of entering the respiratory tract through the nose or mouth
during inhalation. This fraction includes virtually all airborne particles capable of
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entering the respiratory system, including coarse aerosols that are primarily deposited
in the upper respiratory tract.

Within the U.S. occupational hygiene system, occupational exposure limits (OELs)
are not established directly for PM2.5 or PM10, as is common in ambient air quality
monitoring. Instead, exposure assessment is based on total (inhalable) dust and
respirable dust fractions, reflecting the ability of particles to penetrate different regions
of the respiratory system.

According to the requirements of the Occupational Safety and Health
Administration (OSHA), the following 8-hour time-weighted average (TWA)
permissible exposure limits apply to particulate matter that is not subject to substance-
specific occupational exposure standards:

o total (inhalable) dust - 15 mg/m3;

o respirable dust - 5 mg/m?>.

It should be emphasized that the respirable dust fraction is not equivalent to PM2.5.
Under OSHA particle-selection criteria, respirable particles are defined using sampling
devices with aerodynamic cut-off characteristics designed to collect particles capable
of reaching the alveolar region of the lungs. For example, particles with an
aerodynamic diameter of 2.5 um exhibit a sampling efficiency of approximately 75%,
whereas particles measuring 10 um have a sampling efficiency close to zero.
Consequently, although the respirable fraction partially overlaps with the PM2.5 size
range, the two metrics are not methodologically equivalent [14].

As in the United States, the member states of the European Union do not establish
harmonized mandatory occupational exposure limits specifically for PM2.5 and PM10
in workplace air. Instead, occupational hygiene practice is based on particle fractions
defined according to their deposition within different regions of the respiratory tract.
Occupational exposure assessment is therefore conducted using the inhalable, thoracic,
and respirable dust fractions defined by the European Committee for Standardization
(CEN) and ISO 7708 [4]. These fractions provide a more accurate representation of the
biologically relevant dose of airborne particles reaching the respiratory system of
workers.

In Japan, occupational aerosol exposure is likewise regulated according to the mass
concentrations of respirable and total dust rather than PM2.5 and PM10. According to
the recommendations of the Japan Society for Occupational Health (JSOH),
occupational exposure limits for dust with no specific toxicological properties are 2
mg/m? for respirable dust and 8§ mg/m?® for total dust. PM2.5 and PM10 are used
exclusively for ambient air quality monitoring and are not applied to occupational
exposure assessment. This approach is consistent with internationally accepted
occupational hygiene practice, which is based on aerosol particle-size fractions and the
depth of particle penetration into the human respiratory system [15].

Overall, Japan, the United States, and the member states of the European Union do
not establish separate occupational exposure limits for PM2.5 and PM10 in workplace
air. Instead, aerosol exposure in occupational environments is assessed primarily
through the monitoring of inhalable and respirable dust fractions in accordance with
ISO 7708 [4].

84



OCCUPATIONAL SAFETY
DIGITAL TRANSFORMATION: CURRENT CHALLENGES AND FUTURE PLANS

In view of these international practices, Kazakhstan should consider adopting a
similar approach when modernizing its national system of hygienic standardization for
workplace aerosols. Such harmonization would improve the consistency of national
occupational hygiene regulations with internationally recognized standards and best
practices.

DISCUSSION

Health Effects of PM2.5 Exposure in Workplace Air

Internationally, standards for fine particulate matter in ambient air have been
established by the World Health Organization (WHO) and the European Union through
official regulatory documents, including the WHO Air Quality Guidelines for
Particulate Matter, Ozone, Nitrogen Dioxide and Sulfur Dioxide and the National
Ambient Air Quality Standards for Particulate Matter (2006). In major cities
worldwide, air quality monitoring primarily focuses on particulate matter with an
aerodynamic diameter of less than 10 um (PM10), one of the most significant
indicators of airborne particulate pollution.

In Kazakhstan, the Republican Research Institute for Occupational Safety and
Health conducted a study investigating the impact of harmful and hazardous
occupational factors on the health of workers employed in the mining industry as
determinants of occupational disease. The study found that the most prevalent health
conditions involved the musculoskeletal system (36.2%), respiratory diseases (28.9%),
and disorders of the nervous system (22.5%). The three most common occupational
diseases were radiculopathy (32.1%), chronic bronchitis (27.7%), and mono- and
polyneuropathy (15.4%) [9].

Vinnikov D. et al. investigated occupational exposure to fine particulate matter
among reinforced concrete production workers in Almaty and assessed its association
with respiratory symptoms and pulmonary function. Their findings demonstrated that
occupational exposure to PM2.5 was significantly associated with adverse respiratory
health outcomes, including an increased prevalence of respiratory symptoms and
impaired lung function [5].

In Kazakhstan, as in neighboring countries, the occupational burden of respiratory
diseases remains high. In particular, chronic obstructive pulmonary disease (COPD) is
frequently observed among welders with long-term occupational exposure [6,7]. Based
on these findings, smoking cessation has also been recommended, since tobacco
smoking further increases cumulative inhalation exposure. Future research should
extend beyond the respiratory effects associated with reinforced concrete production
and also investigate the cardiovascular consequences of exposure to fine particulate
matter with this specific chemical composition.

Studies conducted among industrial workers have reported:

« elevated workplace concentrations of PM2.5;

« significant impairment of pulmonary function;

« increased prevalence of respiratory symptoms; and

« a dose-dependent association between PM2.5 exposure and a reduction in the
FEV1/FVC ratio [5].

85



OCCUPATIONAL SAFETY
DIGITAL TRANSFORMATION: CURRENT CHALLENGES AND FUTURE PLANS

The authors concluded that occupational exposure to the fine particulate fraction
(PM2.5) is a major contributor to respiratory system impairment.

A study conducted by researchers in the United States analyzed the association
between monthly average PM2.5 exposure and all-cause, cardiovascular, and
respiratory mortality across 698 counties in the contiguous United States during the
period 1999-2018. The analysis accounted for demographic variables, including age,
sex, and race [16].

Both PM2.5 and PM10 have substantial adverse effects on human health following
both short-term and long-term exposure. However, PM2.5 poses a greater health risk
because its smaller particle size enables deeper penetration into the respiratory tract
and facilitates translocation into the bloodstream, contributing not only to respiratory
diseases but also to cardiovascular disorders. Short-term exposure to PM2.5 and PM10
has been associated with exacerbations of asthma, bronchitis, and respiratory tract
infections, whereas long-term exposure contributes to the development of chronic
diseases, reduced life expectancy, and deterioration of overall health status.

Overall, reducing concentrations of fine particulate matter in workplace air
represents an essential measure for protecting workers' health and ensuring safe
occupational environments.

CONCLUSIONS

The literature review demonstrated that PM2.5 and PM10 are among the most
hazardous airborne pollutants, exerting substantial adverse effects on human health.
International studies consistently report statistically significant associations between
exposure to PM2.5 and PM10 and increased all-cause, cardiovascular, and respiratory
mortality, as well as the development of chronic respiratory diseases.

The findings indicate that the current workplace air hygienic standardization
system in the Republic of Kazakhstan is based primarily on total dust concentration,
the chemical composition of aerosols, and their fibrogenic potential. Separate
occupational exposure limits (OELs) for PM2.5 and PM10 have not been established.
Instead, dust is regulated according to its type and toxicological properties without
explicit consideration of particle-size fractions.

Analysis of the current regulatory framework further confirmed the absence of
independent hygienic standards for PM2.5 and PM10 in workplace air. At present, the
existing limit values for these particulate fractions apply exclusively to ambient air in
populated areas, thereby limiting the comprehensive assessment of workplace
conditions and the accurate evaluation of occupational risks associated with aerosol
exposure.

The scientific evidence reviewed indicates that PM2.5 poses the greatest health risk
because these particles are capable of penetrating deeply into the pulmonary alveoli
and entering the bloodstream. Occupational exposure to PM2.5 has been associated
with the development of chronic obstructive pulmonary disease (COPD), chronic
bronchitis, impaired pulmonary function, increased cardiovascular risk, and premature
mortality.
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This issue is particularly important for Kazakhstan because of the country's
extensive metallurgical, mining, coal, and construction industries, where occupational
exposure to industrial dust remains one of the principal workplace hazards. The
absence of specific occupational exposure limits for PM2.5 and PM10 supports the
need for further harmonization of Kazakhstan's national occupational hygiene
regulations with contemporary international approaches to workplace aerosol
assessment and control.
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FUNCTIONS OF THE GERUND IN LIRERARLY
DISCOURSE

Voinalovych Liudmyla
Ph.D., Associate Professor
Zhytomyr Ivan Franko State University

The literary text as a special form of speech activity differs from other functional
styles primarily in its aesthetic orientation in a way that each grammatical and lexical
choice of the author is subject not only to the requirements of accuracy and clarity, but
also to the tasks of imagery, rhythm and emotional impact on the reader. That is why
the analysis of the functions of individual grammatical categories in the literary text
acquires special importance for understanding the author’s idiostyle and the
mechanisms of artistic expressiveness [1, 302]. The gerund is one of those grammatical
means that performs a much broader role in artistic discourse than a purely structural
one.

The gerund is a non-finite form of the verb which names a process or a state in a
most general way. The gerund as a non-finite form of the verb has nominal and verbal
characteristics. The verbal characteristics of the gerund are shown morphologically and
syntactically, whereas the nominal features of the gerund are revealed syntactically,
mostly through its functioning in a sentence [2, 83]. Thus, the gerund can help the
author to perform various functions in the literary text.

First of all, the gerund is an extremely effective means of syntactic compression in
a literary text. Due to its ability to combine a process-oriented verbal meaning with a
noun-like syntactic position, the gerund allows the author to convey complex, multi-
component meanings in an extremely economical form. Instead of the extended
subordinate adverbial clause of time (e.g. After Silvia had read the message, she
smiled), the author can use a short gerundial phrase (e.g. After reading the message,
she smiled), which preserves the completeness of the content, but provides a dynamic
presentation of the material. This property of the gerund is especially important in prose
works, where syntactic overload can slow down the pace of the narrative and weaken
the reader’s attention.

Secondly, the gerund plays an important role in shaping the narrative’s tempo and
rhythm. The gerund, functioning as an adverbial modifier of time or manner (e.g. On
reaching the place of destination, Greg decided to call Margaret; The morning was
spent in taking care of the wounded), creates the effect of a seamless sequence of
actions, lending the narrative segment dynamism and tension. But, on the contrary,
when the gerund performs the functions of a subject or predicate (e.g. Signing up for
this course was Andrew’s ambition, It was useless lying to the members of the crew;
The cousins’ favourite pastime was going on the spending spree), it slows the pace and
focuses the reader’s attention on a state or process rather than on a specific action,
which contributes to a deeper portrayal of the psychological moment.

Thirdly, the gerund plays an important role in conveying the characters’ inner
world. The characters’ internal monologues and streams of consciousness require
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grammatical forms capable of conveying lengthy, incomplete or repetitive
recollections, intentions and processes. The gerund here serves in the function of a
direct object with such phrases as can’t help doing something, can’t avoid doing
something (e.g. The audience couldn’t help applauding that outstanding statesman;
Having entered the conference hall, the manager realized that he couldn’t avoid
speaking to the head of the department), or can perform the function of a part of the
compound verbal phasal predicate with such a phrase as keep on doing something (e.g.
That cold winter evening Steve kept on looking through the window in hope that his
mom would return home). The gerund in these functions focuses not on the result, but
on the process of thinking, recollections, doubts, intentions to do/not to do something,
observations. It helps to transfer the author’s message to the reader through characters’
emotions and feelings.

Thus, the gerund plays an important role in the literary discourse. It performs the
functions that go far beyond grammatical ones. It serves as a means of syntactic
compression, a tool for forming the tempo and rhythm of the narrative, a way of
conveying the inner world of characters and creating a psychological atmosphere.
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Abstract: In the presented paper investigated the physical processes occurring in
microdischarge channels, which play a key role in ozone production in barrier
discharge ozonizers. It also examines the pressure increase within the channel as
current passes through the microdischarge channel, and the distribution of the electric
field and current within the microdischarge channel. Calculations show that it is
impossible to produce ozone of such a high concentration in the discharge region of
barrier discharge ozonizers at a gas pressure of 1.4 atm, which corresponds to the
maximum ozone concentration. The current density in the microdischarge channel was
determined to be approximately 100 A/cm?. Research shows that the magnetic field
generated around such a high current compresses ions around the microdischarge
channel toward the center of the channel, resulting in an additional pressure of
approximately 10 atm within the channel. Under these conditions, the ozone
concentration in pulsed barrier discharge ozonizers corresponds to the values obtained
in the experiments.

Keywords: Ozone, ozone generators, barrier discharge, microdischarge,
microdischarge channel, pressure, gas, current density, magnetic field, ion.

1. Introduction

Despite its discovery in 1785, ozone (O2) is widely used in many areas of science
and practice today. This is primarily due to the fact that ozone has a relatively high
oxidation potential (2.07 on the Pauling scale) and, upon oxidation, is completely
converted into harmless oxygen [1-19]. On the other hand, it should be remembered
that ozone in the troposphere (10%) and stratosphere (90%) protects living organisms
on Earth from high-energy ultraviolet radiation from the Sun.

Despite extensive research and application of ozone, the mechanism of ozone
formation in a gas discharge remains poorly understood. Given that the main physical
and chemical processes in a gas discharge occur in the microdischarge channel, it is
clear how important it is to study the mechanism of ozone formation in the
microdischarge channel.

According to literature, barrier discharge ozone generators operating in pulsed
mode are considered the most effective, with efficiency reaching ~0,2 kg/kVt - h (at
a discharge pressure of ~1,4 atm) [2]. Calculations show that under such conditions,
the efficiency of ozonizers should be at least half that. This discrepancy is resolved by
taking into account the additional pressure created in the channel due to the high
currents flowing through it.
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2. Method of calculation

Ozonizers operating in pulsed mode are known to have a voltage drop of = 2 kV
per mm of discharge region. In this case (1 atm, temperature 300 K), numerous
microdischarges with a duration of 10—-50 ns and an energy of 5 — 10 uC occur between
the barriers. Considering that the channel diameter is 0.3 — 1 mm, and the amount of
charge transferred during a microdischarge is (2 — 10)-107!° C, then the current density
in the microdischarge channel is 100 A/cm?.

Fig. 1 shows a photograph of microdischarges occurring in the discharge gap [3].

| +)

Fig. 1. Photograph of microdischarges.

Considering that the charges transferred during the microdischarge form a disk-
shaped spot with a diameter of 15—17 mm on the dielectric barrier [1], and that the
microdischarge channel is sharp, then it is known that the electric field is distributed
unevenly in the axial and radial directions of the microdischarge. Thus, when a large
current flows through the channel as a pulse, a magnetic field is created around the
channel. The positively charged 1ons moving in this field are acted upon by the Lorentz
force (Fig. 2.), directed toward the channel axis. In this case, the pressure distribution
in the radial direction from the channel axis has the form:

dFy(r q(4\vdB(r q 2eU jds jq 2eU
—dp = L) _ 4w ()=(+),/m,1 _Jaw | . dr (1)
i

S S S 2nr S m;

Here F; — is the Lorentz force, S — is the area of the lateral surface of the channel,
q(+) — 1s the charge of positively charged ions, e — is the charge of an electron, U — is
the voltage drop across the discharge gap, m; — is the mass of positively charged ions,
J —1s the current density in the channel, ds — is the elementary area over which charges
move in a magnetic field, r — is the distance from the channel axis.
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Fig. 2. Schematic diagram of a microdischarge channel.

Let us express the current density j in expression (1) through the pressure p. It is
known that, according to the kinetic theory of gases in a gaseous medium, the mean
free path of molecules is equal to

_ Mvg
T 3V2mé2p, (2)

here M is the mass of the molecule (atom), v is the root-mean-square velocity of
the molecules, 6 is the effective diameter of the molecules, and p, is the gas pressure.
In our case, in expression (2) we can write

k
A= p—: , (3)
mev'fzne

3v2m8?’

. 2eU
assuming that M = m,, v, = —and k; =
e

It is known that for ozone to form, oxygen molecules must initially dissociate into
atoms. It is clear that during this time, ionization of both oxygen atoms and molecules,
as well as other atoms and molecules (for example, nitrogen in air), can occur in the
gaseous medium. In our case, the distance an electron must travel, accelerating in an
electric field corresponding to the voltage drop in the discharge gap, to obtain an energy
equal to the dissociation energy of the oxygen molecules is:

_ Waiss _ Wdiss‘l
== o 4)

X
Here Wy, — 1s the dissociation energy of the oxygen molecule, E — is the electric
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field strength in the discharge gap, U — is the voltage drop across the discharge gap,
and [ — is the size of the discharge gap or the distance between the barriers.

From a comparison of the numerical values calculated for this case of expressions
(2) and (4):

.10—6
k2=&— 1,6:107°m ~ 31, 5)

x  51410~8m

As can be seen from expression (5), when an electron travels a distance equal to
the mean free path, it collides with oxygen molecules approximately 31 times and
dissociates them. It logically follows that when the distance between oxygen
molecules, as well as the mean free path of an electron, decreases by a factor of 31 and,
accordingly, the pressure in the microdischarge channel increases by a factor of 31 (31
atm), the dissociation of oxygen molecules in the gas medium also occurs. At higher
pressures in the microdischarge channel, the process of dissociation of oxygen
molecules in the gas medium ceases. This pressure value in the microdischarge channel
corresponds to the maximum energy release of ozone and, accordingly, the ozone
concentration in the microdischarge channel. On the other hand, if we take into account
that the 1onization potential of an oxygen molecule is 12.06 eV, it becomes clear that
at a pressure in the microdischarge channel of approximately 13.3 atm, the process of
ionization of oxygen molecules in the gas medium begins to slow down. From the
above, it follows that the maximum pressure in the microdischarge channel is
approximately 13.3 atm. The pressure in the channel during a microdischarge reaches
this value (13.3 atm) when the ozonizers are operating, which is accompanied by a
characteristic sound—an electroacoustic effect.

Based on the above:

k=2~ 133atm (6)
p

Considering that the current density in the microdischarge channel is directly
proportional to the pressure and inversely proportional to the magnetic field:

j=kP/B (7)

Considering expression (7) in expression (1):

d pq 2eU 21q 2eU
_p—kﬂ. _.d‘r':_kﬁ. _.'r'd'r (8)

P BS m; Si m;

From here
kmqyyr? 2eU krqr?t 2eU
p=po-exp<— SRt /nii>=po'exp<— . ,fl) ©)
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According to the pressure inside the channel

_ . kﬂQ(+)T2T . 2eU
Po =D exp( o mi) (10)
or
knq(+)r2‘r' 2eU
pp=p-e ¢ N™ (11)

Calculations based on this expression show that the pressure inside the channel is
~13,3 atm.

Thus, conditions are created for producing ozone in a sufficiently high
concentration inside the microdischarge channel at high pressure. The acceleration of
ozone formation under such conditions within the microdischarge channel is also
consistent with Le Chatelier's principles. After the microdischarge is extinguished, the
ozone-air or ozone-oxygen mixture, compressed to high pressure within the channel
before a new microdischarge occurs, is uniformly distributed across the discharge gap.
The high pressure within the microdischarge channel manifests itself in an
electroacoustic effect occurring in the discharge gap during a barrier discharge.

3. Conclusion

The results obtained in this article may be useful in creating new, more efficient
ozonizers, determining the optimal operating mode for ozonizers, and improving their
efficiency.

Furthermore, the results obtained in this study are of great importance for
elucidating the internal structure of the microdischarge channel, the physical and
chemical processes occurring in the microdischarge channel, both qualitatively and
quantitatively, for understanding and calculating the peak output energy and ozone
concentration of ozonizers, and for determining the distribution and values of pressure
and ions in the radial and axial directions within and around the microdischarge
channel.
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Amid the rapid development of the information society, the growing role of social
media, and the widespread use of information and communication technologies (ICTs)
across various spheres of social life, the study of the impact of digitalization on the
functioning of the political regime in contemporary Ukraine is becoming increasingly
relevant. This issue is particularly important because, as the overwhelming majority of
scholars argue, Ukraine’s current situation is shaped by ongoing transformation
processes at both the state and societal levels, as well as by the persistent threat posed
by a belligerent aggressor [3, c. 106].

In times of war and existential threats, societies tend to unite around issues of
defense. The technological modernization of the armed forces and the security system
emerge as a crucial factor of national mobilization and cohesion [10, c. 410].

A new and great example of a large-scale technological transformation in the field
of defense is Ukraine, which, after the start of armed aggression by the Russian
Federation in 2014, and especially after the full-scale invasion in 2022, became one of
the first training grounds for the combat use of modern digital solutions [10, c. 403].

The transformation of Ukraine’s political regime is an important subject that is
continuously discussed within Ukrainian political discourse. This issue has received
considerable attention in the works of prominent Ukrainian political scientists,
including S. Vonsonovych, H. Zelenko, A. Hanzha, H. Kuts, Yu. Matsiievskyi, M.
Trebin, and O. Fisun [4, c. 136].

For a comprehensive understanding of the concepts of «digitalization» and «digital
transformation», it is important to consider the works of Ukrainian and foreign
scholars, including B. van Ark, S. Brennan, O. Burbelo, P. Weill, O. Vyshnevskyi, S.
Warner, O. Hudz, V. Kralich, D. Kreiss, J. Licklider, V. Liashenko, Yu. Nikitin, J.
Stiglitz, H. Tkachuk, and H. Chmeruk.

Various aspects of the transformation of the public sphere under the influence of
digitalization have been examined in the works of H. Bang, J. Blumler, M. Gurevitch,
L. Dahlberg, W. Dutton, M. DeLuca, 1. Ishchenko, N. Couldry, S. Coleman, and J.
Peoples [1, c. 17].

«Digitalization» is a concept that has become widely used across various spheres
of social life; however, contemporary scholarship has yet to establish a unified
interpretation of its meaning.

According to the existing definition in the «Oxford Learner's Dictionariesy:
«digitalisation — the process of changing data into a digital form that can be easily read
and processed by a computer» [9].
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According to the definition proposed in the «Cambridge Dictionary»:
«digitalisation — the process of changing something such as a document to a digital
form (= a form that can be stored and read by computers), or the use of digital
technology to do somethingy [8§].

According to the «Concept for the Development of the Digital Economy and
Society of Ukraine for 2018-2020»: «digitalization is the saturation of the physical
world with digital electronic devices, tools, and systems, as well as the establishment
of electronic communication and exchange among them, which effectively enables the
integrated interaction of the virtual and physical dimensions, thereby creating a cyber-
physical space» [6].

Experts from the independent think tank «Ukrainian Institute for the Future» define
«digitalization» as follows: «It is the introduction of digital technologies into all
spheres of life, ranging from interpersonal interaction to industrial production and from
household items to children’s toys, clothing, and other goods. It involves the
transformation of biological and physical systems into cyber-biological and cyber-
physical systems, which combine physical and computational components. It also
entails the transfer of activities from the physical world to the virtual, or online,
environment» [7].

The existing definitions demonstrate that digitalization is oriented toward society
and its modernization. The growing trend of digitalization has also extended into the
political sphere, as evidenced by the use of information and communication
technologies in political processes, public administration, and political communication
[3,c. 106-107].

Accordingly, digitalization, understood in a broader sense, gives rise to a renewed
paradigm for conducting political processes, thereby contributing to the emergence of
the phenomenon of digital politics. Digital politics may be defined as a set of principles,
mechanisms, and instruments for structuring political discourse under the influence of
the mediatization of political reality, including optimal approaches to the use of digital
infrastructure [1, c. 19].

Thus, promoting digital development and advancing digitalization have become
key priorities of contemporary public policy. Such policy should ensure the effective
performance of state functions in the context of digital transformation and facilitate the
integration of digital technologies into all spheres of social life, while strictly adhering
to the fundamental principles of digital security and protecting digital rights and the
interests of citizens, society, and the state [1, c. 19-20].

As politics is transformed under the influence of ICTs, the development of e-
democracy, e-government, and electronic governance is accompanied by the
emergence of a digital bureaucracy. This process entails the creation and
implementation of new instruments for interaction between the subjects and objects of
political and administrative activity. Under such conditions, digital bureaucracy may,
to a certain extent, help mitigate the negative consequences of ineffective reforms in
various spheres of social life. In Ukraine, for example, an online environment for
improving interaction between the state and society has been developed through the
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«State in a Smartphone» initiative and the Diia («State and Mey) digital platform [3, c.
108].

It should be noted that Ukraine has chosen a course toward integration into the
global information space, the development of an information society, and the
establishment of electronic democracy. According to the 2017 «Concept for the
Development of Electronic Democracy in Ukraine», «the primary objective is to create
the political, organizational, technological, and ideological conditions necessary for the
development of electronic democracy in Ukraine. Such democracy is characterized by
the broader involvement of citizens in communication and cooperation with public
authorities, oversight of their activities, participation in policymaking, the development
of self-organization and self-government, and an increased level of trust in public
authorities, as well as by the alignment of national policy standards in this field with
international, particularly European, standards» [5].

Thus, Ukraine is currently undergoing far-reaching transformational changes that
entail both significant risks—including cybersecurity threats and challenges related to
the protection of personal data and state secrets—and considerable opportunities for
improving the mechanisms of democratic governance. The country is gradually
democratizing its system of public administration, seeking to establish a genuine rule-
of-law state and to ensure the effective democratization of all spheres of governance.
This process involves reforming law enforcement agencies, counteracting the spread
of corrupt influence, and safeguarding the independence of the Ukrainian judiciary.
Ukraine’s existing political regime should therefore be regarded as dynamic, as it
remains subject to ongoing reforms aimed at establishing a stable democracy capable
of ensuring the effective development and survival of the state [2, c. 198—199].

Digitalization is one of the key drivers of the transformation of Ukraine’s
contemporary political regime and public administration system. The introduction of
e-governance, digital administrative services, electronic democracy instruments, and
new channels of communication between public authorities and citizens contributes to
improving the efficiency, accessibility, transparency, and accountability of
administrative processes. At the same time, digital transformation changes not only the
technical means through which public administration is carried out but also the nature
of relations between the state and society, expanding opportunities for civic
participation in the formulation and implementation of public policy, as well as in
public oversight of its implementation. These processes acquire particular significance
under martial law, when digital technologies ensure the continuity of state institutions,
the provision of administrative services, information exchange, and the institutional
resilience of the public administration system. At the same time, the effectiveness of
digitalization depends on the proper protection of personal data, the maintenance of
cybersecurity, the reduction of the digital divide, and the prevention of risks associated
with the excessive concentration of informational and supervisory powers within
public authorities. Thus, provided that the principles of the rule of law, human rights
protection, openness, and accountability of public authorities are upheld, digitalization
can become an effective instrument for improving public management and
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administration, strengthening democratic institutions, and enhancing the resilience of
Ukraine’s political regime.
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TPAHC®OPMALISA JUCTPUBYIII TOTEJbHUX
HOCJAYI I BINIMBOM METAITIOIIYKOBUX
CUCTEM

Meabhuk Ipuna JleoniniBHa,

KaHIUJAT EKOHOMIYHHUX HAyK, JOIICHT

Kadeapu TYPUCTUYHOTO Ta TOTEILHOTO O13HECY
HamionanpHu#t yHIBEpCUTET XapuOBUX TEXHOJIOT1H

[{udpora Tpanchopmarris nporeciB TUCTpUOYIli y TOTeTbHOMY 013HEC 3yMOBHUIIA
HEOOX1THICTh MEPEOCMUCIICHHS IMiIXOIIB JI0 YIIPaBIIHHI KaHAJIaMH MPOJaXxy TOTeiB
JUTSL peastizallii HU3KMA CTpaTeriyHMX IepeBar, 30KpeMa: JOHeCEeHHs iHdopmarlii 10
OUIBIIIOTO YMCIIA MOTEHIIMHUX KIIE€HTIB 32 KOPOTKI TEPMiHH; OUTBII MOTY>KHUN BILTUB
Ha ayJWTOPIIO; MiABUIIEHHS BII3HABAHOCTI OpEHIY 1 JOSUIBHOCTI JI0 HBOTO 3 OOKY
KJIIEHTIB; MPO30pPICTb BHUMIPIOBAHHA PE3YJbTATIB MAapKETUHIOBOI KaMIaHii 1
MOJKJIUBICTh BHOCHUTH KOPUTYBAaHHS B PEXHMI PEabHOTO 4Yacy, MEHIII BUTPATH B
MOPIBHSHHI 3 TPAAULIIHOIO peknamoro [1].

[TobynoBa e(eKTUBHOI MAapKETHMHIOBOI CTpaTerii TrOTENbHUX IIANPUEMCTB
nepeadayae KOMIUIEKCHE BUKOPUCTAHHS 1HCTPYMEHTIB pOOOTH 3 MOIIYKOBHUMH Ta
METaIOIIYKOBUMH CUCTEMaMU JJI PO3BUTKY MPSMUX KaHAJIB MPOJIAXKY.

[Tnatauit nomyk (Paid Search abo PPC — Pay-Per-Click) € BaxnuBum exemeHTOM
M(pPOBOrO MaApKETUHTY B TOTEJbHOMY Oi3Hecl, SKUi Tmepeadadae KymiBIO
PEKIaMHOIO MPOCTOPY y MOLIYKOBHX CHUCTEMAaxX Ha OCHOBI 33JaHUX KJIIOYOBHX CIIB.
Buxopucranns crparerii 3axucty OpeHOy B IUIATHOMY IMIONIYKy Tiependadae
CUCTEeMaTUYHE MPUAOaHHS rOTeJIeM PEKJIaMHOTO MPOCTOPY 3a KIIOYOBUMH CIOBAMH,
10 MICTATh Ha3BY T'OTEINIO, 3a0€3NeUy0UU MPIOPUTETHY BUTUMICTD CEPE]l pe3yJIbTaTIB
MOITYKOBUX CUCTEM [2]. 3a3HaueHy CTpaTerit0 akTUBHO BUKOPUCTOBYIOTh 4-U Ta 5-U
31pKOBI TOTEJ, 110 03BOJIsIE oTpuMaTH roHaa 30% m0xoA1B BiJ MPSIMUX OPOHIOBAHb
[3], 30kpema, y kpainax €Bponu y 2023 portii 4-u 3ipkoBi rotemi — 31%, 5-u 31pkoBi —
38%. Takox roTeyl HaNTAITOBYIOTHh IUIATHUM MONIYK JJIsi MPOCYBaHHS BJIACHHUX
VHIKQJIBHUX XapaKTEPUCTUK (HAMPUKIAJ, «TOTENb 3 0ACEMHOM», «TOTellb y LEHTPI
MICTa» 4YHM «TOTEJb 3 CHa-IEHTPOM»), Ta HAWUTHUIOBIIIUX 3aIlUTIB TMOTECHIIHHUX
CIO’KMBaviB (HANPHKIAL, «HAMKpalmdid TOTEeNb JJIS BIATOYHMHKY», «roTelb all-
inclusive»). Bu3HaueHHS KIIOYOBUX CIIiB, SIK 0a30BOro €JIEMEHTY YIpPAaBIIIHHS
IJIaTHUM  TIOIIYKOM, (opMye 3B’S3KM MIDK CIOXKMBAadyaMHd Ta PEKIAMHUMH
MOBITOMJICHHSIMH TOTENI0. Y (DOKYCi KOMaHIM MapKETUHTY TOTENIO JUisl e(EeKTUBHE
VIOpaBIIHHS TJIATHUM TOIIYKOM TepeOyBarOTh: peTeIbHUN MiA0Ip KIFOUYOBUX CIIB;
aHai3 TIOBEMIHKM KOPHUCTYBauiB, ONTUMI3AIlI0 CTaBOK; TECTYBaHHS PEKJIAMHHX
TEKCTIB; BUMIPIOBaHHS KOE(]II[IEHTIB KOHBEPCII.

MertanoirykoBi cuctemu (metasearch engines) HampaBJsilOTh KOPUCTYBadiB J0
CTOPOHHIX BeO-cailTiB — odimiitHoro caiity roremo ado OTA. Haiibinbury 4actky
PUHKY CBOTOJHI 3aiiMae creliani3oBaHui MOIIYKOBHI CEpBIC AJiA TOTENIB, SKUN
IHTErpyeThest 3 OQIUIMHUM MpodieM TOTEN0 B II00aIbHIA CUCTEMI, AO3BOJIAIOUU
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oesnocepenubo kKoHKypyBaTH 3 OTA 3a mepexig KopucTyBaya Ha OQIMINHUNA CalT
rotemo [2].

SIK110 monrykoBi cucteMu (OpMYIOTh 3araibHUM Tpadik Ta BAKOPUCTOBYIOTHCS Ha
MEePIINX eTarnax BOPOHKU MPOJaXkiB FOTEIbHUX IMOCIYT, TO METAMOUIYKOBI CHCTEMHU
TeHEepPYIOTh BUCOKOKOHBEPCIHUM TpadiK, Halat0ouu iHPOPMAIIiIO PO MOPIBHAHHS LiH 1
BapiaHTIB OPOHIOBAHHS Ha eTarl NPUUHITTS pimeHHs. /|11 eeKTHBHOTO METANOIIYKY
roTeNl CHIBOPALIOIOTh 3 KOMITAHISIMH, 10 HAJalOTh CIIELiali30BaHy TEXHOJOTIYHY
1HPpacTpyKTYpYy.

CydacHUM eTaroM pO3BUTKY TUCTPHUOYIIIT TOTEILHUX MOCITYT € CHHEPTIs peKiIaMu
Ta Mertamnouryky. 3a gomomororo Performance Max for Travel Goals rorenbHi
H1IIPUEMCTBA PO3TOPTAIOTh KOMITJIEKCHI MAPKETUHTOB1 KaMIIaHii.

Performance Max for Travel Goals BukopucroBye anropurmu Il ans
aBTOMATHU30BAHOTO PO3MIIIEHHS pEeKJIaMM 4Yepe3 ycl KaHaiu IJ100albHOl
Me1aeKOCUCTEMU: IJIATHUM MOUIYK, MEI1HI OTOJIOIIEHHS, BIECOXOCTHHT, PEKIaMy B
cepBicax METAaNoIIyKy, a TAKOX Ha OHJAMH-KapTax 1 y MepCOHANTI30BaHUX CTPIUKax
pexkoMeHpanid. KiroyoBa mepeBara MaHOTO I1HCTPYMEHTA IIOJISITA€E B €IMHOMY
HaJallITyBaHHI KaMmIaHli, sKa aBTOMATHUYHO OINTHUMI3Y€EThCS 3aJIEKHO BiJ eTamy
MOI0POK1, Ha IKOMY Iepe0yBa€ MOTEHIIHHUI CIIOXKUBayY: B1J (hOpMyBaHHS HAMIPIB J10
OesnocepeqHboro  OpoHioBaHHA. (CucTteMa  BUSBIISIE  TOBEAIHKOBI  CUTHAJIH
KOPHCTYBa4iB y pPEXKHMI PEANTbHOTO Yacy, IO J03BOJSE MaKCHMAaJIbHO TOYHO
aZipecyBaTy peKJIaMHI MOBIJIOMJICHHS 1 3MEHIIUTH BUTpPATH Ha Hee(DEKTUBHI MOKa3u
[2].

3acTOCYyBaHHS 1HCTPYMEHTIB LHU(PPOBOrO MapKETHHIY, 30KpeMa MporpaMm 3
aBTOMATU30BAHUM TAapreTHUHIOM, TIEPCOHAMI3AIIEI0 TPOMO3UII Ta aHaJITHKOIO
MTOBEJIIHKM CIIOXKMBadiB, HAJAa€ TOTEILHUM ITANPHEMCTBAM HOBI MOXJIMBOCTI IS
MOCUJICHHS! KOHKYPEHTHHUX MO3UIIII Ha PUHKY.
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TRENDS IN THE DEVELOPMENT OF THE GLOBAL
AIR CARGO MARKET

Tamargazin Oleksandr,
Doctor of Technical Sciences, Professor
Kyiv State University "Kyiv Aviation Institute"

The current situation in the global economy is characterized by an increase in
passenger traffic, although it is unstable due to the instability of the global and regional
economies. This is primarily due to the Gulf War and sanctions against Russia, which
affect not only Russia's economy but also other global economies, including the United
States. At the same time, structural shifts in international trade and the development of
economic sectors largely depend on the development of the global transportation
system. The globalization of international trade and the transnationalization of large
corporations imply the free movement of resources and goods, which is objectively
linked to the dynamics of the transportation system. Thus, the development of the
international transportation services market, including air transport, determines global
economic trends.

The creation of an innovative, dynamically developing civil aviation fleet and the
creation of conditions for the sustainable operation and development of a balanced
regional air transport system are essential factors for stabilizing and boosting national
economies and improving living standards. Achieving these goals opens up
opportunities for aircraft manufacturers and operators to secure competitive advantages
and successful, promising positions in the global air transportation market.

Aviation is one of the leading sectors of the global economy. Advances in
technology and service make it an effective tool for the development of the modern
global economy and society. Air cargo transportation, by connecting geographically
distant markets, is a key factor in stimulating economic growth in various regions of
the planet. The ability to quickly transport general and special cargo, including high-
value high-tech products and perishable goods, ensures economic growth in trading
regions, particularly for small island states and landlocked developing countries. For
example, at least 70 % of food products delivered to the UK by air are shipped from
the world's poorest countries. Therefore, in such areas, air cargo transportation plays a
vital role in the transport system's vitality. According to ICAO [1], the development of
air cargo route networks worldwide can provide significant economic benefits to
regions and countries, including through increased productivity. The development of
new markets increases the volume of export-import transactions between regions,
while in the domestic market of each region, competition and the opportunity to choose
imported goods grow.

Over the past decades, the role of air cargo transportation in the global economy
has steadily grown, despite the COVID-19 pandemic and military conflicts around the
world. According to IATA, the dynamics of international air cargo turnover in recent
years have been quite volatile [2].

2020-2021 — The COVID-19 pandemic hit air travel hard, with routes closed and
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traffic volumes declining. However, a sharp recovery began in 2021, with the industry
reaching new records.

2022-2023 — Amid a recovery in global trade and the rapid growth of e-commerce,
demand for air cargo continued to increase. This was partly due to disruptions in
logistics, including problems along maritime routes (such as the attacks in the Red
Sea), which forced some cargo to be shipped by air.

In 2024, global civil aviation cargo turnover increased by 11.3 % compared to
2023. The Asia-Pacific region experienced particularly strong growth (approximately
14.5 %).

2025 — Air cargo growth continued, but at a more moderate pace. The global air
cargo market reached record volumes. Overall demand growth was +3.4 % compared
to 2024 (+4.2 % for international shipments). Market capacity increased by 3.7 %
(+5.1 % for international operations). As in the previous year, Asia-Pacific airlines
contributed the most (+8.4 %), while North American airlines declined (-1.3 %). Thus,
2025 will be the best year in the history of global air cargo transportation, fueled by
the growth of e-commerce and the intensification of trade flows between Asia and
Europe.

Air cargo growth is expected to slow further in the first half of 2026, to around
2.6 %, amid global trade and policy changes.

At the same time, World Trade Organization data show that approximately 25 %
of global supplier companies rely on air transport for their annual exports. Furthermore,
for nearly 70 % of exporters, the ability to quickly deliver cargo by air is a key factor
in business success. According to research by Boeing, global trade is expected to grow
by 5.1 % between 2026 and 2030 and continue to grow at an average rate of 3 % until
2043 [3]. At the same time, global trade will grow faster than GDP, including due to
the further development of e-commerce, global revenues from which reached US$5.8
trillion in 2025 and, according to Boeing Corporation forecasts, will increase to US$9
trillion by 2030.

E-commerce, which was experiencing rapid growth prior to the COVID-19
pandemic, has increased its impact on the air cargo market as more and more global
companies launch online sales and increase e-commerce volumes. In 2025, the volume
of express air cargo shipments will increase by 4.2 % compared to 2024.

The future dynamics of the global market will largely depend on economic growth
in both developed and major developing countries, as well as on the stabilization and
growth rate of global trade.

In recent decades, new high-tech products with short life cycles and products with
stringent logistics requirements have been regularly emerging. All these factors will
ensure growth in the air cargo market in the near future, despite geopolitical factors.
According to World Trade Organization forecasts, countries in the Asia-Pacific region
will remain the main generator of trade flows in the future, while cargo flows to Europe
will grow dynamically. At the same time, it's worth noting the challenges facing air
cargo transportation, which are limiting the development of civil aviation:

— the underdevelopment of logistics systems in many countries that could be
integrated into air cargo transportation, including the inadequacy of the ground base
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for servicing cargo transportation to meet modern requirements;

— lack of competitiveness of air cargo carriers from many countries located in the
Eurasian air cargo transportation segment;

— insufficient development of a significant portion of airports, including in relation
to their capacity to handle cargo transportation;

— insufficient technical equipment at airports, including runway wear in regions
that are in dire need of air cargo transportation;

— discrepancy between the ground production base and the current and future
intensity of transportation;

— unsatisfactory level of automation and quality of cargo handling in aviation hubs.

It's also worth noting that American air carriers currently account for just over 50 %
of the global cargo fleet, with an average age of approximately 25 years. This is partly
due to a government program in the region, which allows American cargo airlines to
reduce their operating costs and the cost of acquiring new aircraft through government
investment from the US Department of War. The route network and structure of air
cargo transportation in the Asia-Pacific region are currently being expanded, including
through the implementation of the China transport project. Increased transport flows
between Latin American and Asian countries will have a significant impact on the
development of air cargo transportation systems in dynamically developing countries.

Thus, the growth in global cargo turnover will be ensured not only by regions with
a developed cargo transportation system on specialized aircraft (USA, China, etc.), but
also by countries such as Vietnam, Indonesia, Malaysia, Iran, Brazil, and Chile.

As noted above, the drivers of growth in air cargo transportation in the coming
decades will be the development of e-commerce (fast delivery is needed), demand for
urgent cargo (pharmaceuticals, microelectronics, components with strict requirements
for delivery times and temperature conditions), as well as situations where aviation
offers an alternative to slower sea transport.

Limiting factors include geopolitical instability (airspace closures, risks at key
transit hubs), sanctions (especially for individual countries that are changing the
geography of their transport flows and difficulties with servicing their aircraft fleets),
a shortage of cargo aircraft, and infrastructure bottlenecks at individual aviation hubs.

Thus, ongoing geopolitical tensions will continue to impact the air cargo route
network. Conflicts or new sanctions packages could lead to the closure of individual
corridors, requiring air carriers to restructure their supply chains and find alternative
routes (which sometimes leads to increased costs and delays). There also remains the
risk of increased protectionist measures, which could indirectly restrict trade and,
consequently, air cargo transportation.

At the same time, the aviation industry is demonstrating flexibility. Companies are
actively developing multimodal solutions (combining aviation with other modes of
transport to optimize costs) and expanding cooperation with new partners in Asia, the
Middle East, and other regions of the world. Trade digitalization continues, with the
introduction of end-to-end cargo tracking systems and electronic waybills, increasing
transparency and efficiency.

In some European and American countries, the market has already undergone
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significant transformation: new logistics networks have emerged, the focus has shifted
to Asian and Middle Eastern destinations, and regional hubs are being modernized.

Overall, the outlook depends on how quickly market participants can adapt to new
realities, as well as on the overall dynamics of global trade and the level of geopolitical
stability.
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