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BiranbHe c10BO YnTa4aM
Ta AaBTOPAM XXYpHaIIy
«IIpupopunyi, MmareMa-
TUYHI HayK! Ta OCBITa B
MeIVLIVTHI»

I anoBni abmopu ma uumaui!

Pepakiia KypHaAy «JIpHpOoAHH-
4i, MaTemMaTH4YHi HayKH Ta oOCBirTa
B MEAHIIHHi» paza BiTaTH aBTOPIB i yuTa-
4iB HOBOT'O XypHaAy!

[Mlopoky B YKpaiHi Ta CBiTi 3ar1o4aTKo-
BYIOTb CBOIO [iSIABHICTH OaraTo mepiommd-
HUX BUJIaHb HAYKOBOI'O CIIpSIMyBaHHH, 30-
KpeMa B raAy3sX MeOUIIUHU, IPUPOIHUYINX
1 MaTeMaTUYHHX HayK. 3aCHyBaHHI HOBOT'O
HayKOBOT'O IIEPIOANYHOI0 BUAAHHS 3aBXKIU
CYIIPOBO/IKYEThECA 3allUTaHHAM: “SIKa Bin-
MiHHICTHP HOBOrOo BHZAAHHA Bil COTEeHb
BHIOAHb, AKi BiXKe iCHylOTH?”

9k Bimomo, MmMegunuHAa (BiL aAaT. ars
medicina - MHUCTELITBO 3I[iAIOBaTH) - MiXK-
OUCLIUIIAIHApHA CHCTEMa HAayKOBUX 3HaHb
1 IpaKTUYHOI AiIABPHOCTi, CIpsMOBaHa Ha
BiITHOBAEHHS 30pPOB'S # Ha 3aro0iraHHs
BUHHUKHEHHIO 3aXBOPIOBaHb. 3 icTOpii Hay-
KU Bi[JOMO IIPO BEAWYE3HUH MaCHUB BIIKPUT-
TiB y (pyHZAMEHTAaAbHUX HayKaX, SKi CyT-
TE€EBO BIIAMBAIOTh Ha SKICHI I€PETBOPEHHH
TEOPETHUYHOI Ta €KCIIEPUMEHTAABHOI MEIM-
nuHU. OcTaHHI JECATUAITTS CIIOCTEPIraeMo
HeOyBaAu# CTPUOKOIIONIOHUM PO3BUTOK Me-

Welcome to readers and
authors of the journal
"Natural & Mathematical
Sciences in Medicine and
Medical Education”

Dear authors and readers!

The editorial team of the journal
"Natural & Mathematical Sciences in
Medicine and Medical Education" is
delighted to welcome the authors and
readers of this new journal!

Each year, numerous scientific
periodicals are launched in Ukraine and
around the world, particularly in the
fields of medicine, natural sciences and
mathematics. The establishment of a new
scientific journal always raises the question:
"What sets this journal apart from the
hundreds of journals that already exist?"

As you know, medicine (from the
Latin ars medicina - “the art of healing”)
is an interdisciplinary system of scientific
knowledge and practical activities aimed at
restoring health and preventing the onset of
diseases. The history of science highlights
a vast array of discoveries in fundamental
sciences that have significantly contributed
to the transformative progress of
theoretical and experimental medicine. In
recent decades, we have witnessed rapid
advancements in medical equipment,

Natural & Mathematical Sciences in Medicine and Medical Education
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OUYHOTO yCTaTKyBaHHS Ta METOiB AiarHOC-
TUKU ¥ AIKyBaHHS i3 3aAy4€HHSIM Cy4acHHUX
TEeXHOAOTiH 00poOKu iHdopmarrii. CygacHa
MeOUIINHA, K MIiXKAWUCIUIIAIHAPHA TaAy3b
3HaHb, MOXKe OyTH MaKCHUMaABHO €(PeKTHUB-
HOIO AMIIIE ITPH iHTerpallii 3HaHb O6araTbox
OUCIIUTIAIH, 30KpeMa ITPHUPOAHUYIUX (6ioso-
rig, ¢isuka, Ximid), 9Ki BUKOPHUCTOBYIOTH
oag  popmaaizarlii 3HaHb OaraTorpaHHUN
MaTeMaTHYHUH amnapaTr Ta CydacHHX Bia-
raAy>keHb ITPUPOJHUYNX HaYK - iHXeHepid,
poboToTexXHiKa, HayKa IIpo AaHi Ta iH.

Kpim TOTrO, yCIixXu MEOUIIMHU CYTTEBO
3aAekaTh He TIABKHM Bifl MaTepiaAbHO-TEX-
HiuHOi 06a3u ¥ HarpoMa3KeHOTO KAIHIYHOTO
[OCBiny, a ¥ Big 9KOCTI MiATOTOBKU MeIU4-
Hux (paxiBliB. BaraTopiyHuii AoCBig BU-
KAQIaHHS IIPUPOAHUYNX TA MAaTEMATHIHUX
JOUCIIUTIAIH 3100yBadaM OCBIiTH rasy3i 3HaHb
“OxopoHa 310poB’d” BUABUB HEIOCTATHE
PO3YMIHHA MiCIld i POAI IIPUPOAHUUYUX Ta
MaTeMaTUYHUX HayK y IIpodeciiHoMy cTa-
HOBAEHHI Ma¥0OyTHIX ITpalliBHUKIB BKa3aHO1
raaysi. A BUKAUKU Cy4acCHOI MeJUIIMHU BCe
OiAbIIIe CXUASIOTH 3400yBadiB OCBITH 10 He-
O0OXiTHOCTI ITOTAUOAEHHS TAKUX 3HAHD.

[TBuAKi TeMIIU BOPOBAAKEHHS iHHOBA-
il Y ITIOBCAKAEHHY MEAUYHY ITPAKTUKY BH-
MaramTh BHPOOAEHHS IHINIMX ITiAXOdiB BH-
KAQIaHHS IIPUPOAHUYNX TA MATEMATUIHUX
HayK JIAs 3100yBadiB OCBITH y rasy3i 3HaHb
“OxopoHa 3m0poB’s”, dKi, 3 OAHOro OOKY,
JaBasul 0 MOXKAHWBICTBH OIIaHYBaTH OCHOBHU
CydaCHUX TEXHOAOTIHM, IMpHuAaiB Ta CIOCO-
0iB iX BUKOpPHCTaHHS, Ta, 3 IHIIOTO OOKY,
[O03BOAsSIAM O MaiibyTHIM (paxXiBIsIM OIIaHO-
BYBaTU Ti T€XHOAOTII, IpHUAaaN Ta METOIU-
KU, IKi OpuiayTh Ha 3MiHy ab0 JOTOBHATH
Ccy4dacHi.

Bimomo, 110 Ba3KAMBOIO PYUIiAHOIO CHU-
AOI0 PO3BUTKY HAyKHU € HayKoBa KOMYHi-
Kailis. BincyTHicTe 3acob6iB HayKoOBOi KO-
MyHIKallil CIIOBIABHIOE MiXKAUCIUIIAIHAPHY
B3a€EMO/IIiIO, i, IK HACAIZIOK, PO3BUTOK MiXK-
OUCILIUTIAIHApHUX Traay3ed 3HaHb. Cepen
3acobiB (KaHaAiB) HaAyKOBOi KOMYyHiKallii
JiAbHE MiClle 10 IIpaBy HAAE€KUTh HAYKOBIH

diagnostic techniques, and treatment
methods, all driven by modern information
processing technologies. Modern medicine,
as an interdisciplinary field, achieves
its greatest efficacy when it integrates
insights from various scientific disciplines,
including natural sciences (biology, physics,
chemistry) and mathematics. These
disciplines utilize a versatile mathematical
framework to formalize knowledge and are
further enhanced by modern branches of
the natural sciences, such as engineering,
robotics, data science, and others.

Moreover, the success of medicine
depends not only on the material and
technical resources and accumulated
clinical experience, but also on the quality
of training for medical professionals. Years
of experience in teaching natural and
mathematical disciplines to students in
the field of "Health care" have revealed
a lack of understanding regarding the
role and importance of these sciences in
the professional development of future
healthcare specialists. The challenges of
modern medicine increasingly emphasize
the necessity for students to deepen their
knowledge in these areas.

The accelerating pace of innovations in
medical practice calls for new approaches
to teaching natural and mathematical
sciences within healthcare education.
These approaches should, on the one hand,
enable students to master the fundamentals
of modern technologies, devices and
methods of their use, and, on the other
hand, prepare future medical professionals
to master those technologies, devices and
methods that will replace or complement
those currently in use.

Scientific communication is a crucial
driving force in the advancement of science.
The lack of effective communication slows
down interdisciplinary collaboration
and, consequently, the development of
interdisciplinary fields of knowledge.
Among the means (channels) of scientific

Natural & Mathematical Sciences in Medicine and Medical Education
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MIePiOAUNILi. communication, scientific periodicals
3 wmetoro 1miorambaeHHs B3aemomii  rightfully hold a prominent place.
HAYKOBIIiB, {Ki HPOBOAATH MIiXKIUCITUIIAI- To enhance collaboration among
HapHi [OCAIIXKEHHsI, BaXKAUBi nada menu-  researchers conducting interdisciplinary

LIUHU, Ta iHTerpalii pe3yabTaTiB TaKUX 10-
CAIIKEHb y MEIWYHY OCBITYy 3a iHilliaTUBU
ByKOBHUHCBHKOTO [ep:KaBHOTO MEIUYHOTIO
VHIBEPCUTETY CTBOPEHO HAYKOBE BHUIAHHS
- MIXKOUCHUNIAIHApPHUN HAYKOBUH €AEKTPO-
HHUM xxypHaa «[IpHpoAHHYi, MaTeMaTH4-
Hi HayKH Ta OCBiTa B MEAHIIHHI».

Ile mepure nepioguyHe BUAAHHL B YKpa-
iHi, rOAOBHA MeTa 9KOI'0 - CTBOPEHHSI Hay-
KOBO-iH(popMaILlifHOTO OCepenKy B3aeMoii
Ta OOMiHY HAYKOBHUMH HAaITpaIlIOBAHHSIMH
MiXX HAYKOBIISIMH ITPUPOAHUYUX, MaTeMa-
TUYHUX Ta MEAUYHUX HAyK A9 PO3BUTKY
OPaKTUYHOI MEIUIIMHU Ta MEIUYHOI OCBi-
TH, a TaKOX JAd iHPOpMyBaHHS BUYEHHUX
OPUPOAHUYUX Ta MaTeMaTUYHUX HAYK IIPO
IIOTOYHI IIpobAeMH B MEIUIIMHI Ta 3aBaaH-
HSI, SIKi IOTPEOYIOTH IIEePIIOYEPTOBOi yBaru
JOOCAIIHUKIB ¥ CYMi3KHUX [0 MEOUIIMHU ra-
Ay3s1X 3HaHb.

3acHoBaHe TIlepiogUYHE HAyYKOBE BHU-
JaHHS [IPUCBAYEHE BUCBITACHHIO BasKAUBO-
CTi HOBUX TEOPETHUYHUX 1 IIPUKAATHUX [10-
CATHEHb NPUPOAHUYHX Ta MaTEeMaTHUYHUX
HayK, a TakKOXK IpobaeM, IO ITOCTAIOTh Ha
IASIXY BHUKOPHUCTAHHS IIUX MOOCATHEHb 3a-
[ASI PO3BUTKY MEIUIIUHU Ta CTUMYAIOBaAHHS
B3a€MO/Iil MiK HayKOBIISIMU.

HaykoBi mpami, 9Ki HagilayTh y Kyp-
HaA, IIPOXOAUTHUMYTH OJHOYACHO CAIlle pe-
LIeH3yBaHHs CIIelliaaicTaMU  TIPUPOIHU-
YUxX 1 MaTeMaTU4YHUX HAayK, [eIaroriB Ta
HaYKOBIIiB-M€INKIB.

CTPyKTypHO KypHaA MICTUTH
PO3iAU:

“IIpEpoAHHYI HAYKH B MEAHIHHIi’
(mpo mOCATHEHHS NPUPOAHUYHUX HAYK, 9Ki
BIIAMHYAW Ha PO3BUTOK Y MEIUYHHUX Hay-
Kax),

“MaTeMaTHYHI HAYKH B MEOHIHHi’
(mpo BUKOPHUCTAHHS MaTeMaTHYHUX (iH-
dopmMallitHuX) METOMIB OAS MOOEAIOBAHHS
MeIUKO-0i0AOTIYHHUX ITPOILIECiB Ta 0OpoOKH;

TaKi

studies important to medicine and to
integrate the results of such research
into medical education, Bukovinian State
Medical University has initiated the creation
of a new interdisciplinary scientific journal
"Natural & Mathematical Sciences in
Medicine and Medical Education".

This journal is unique and is the first
journal in Ukraine, with the primary goal of
establishing a scientific and informational
hub for interaction and exchanging research
findings among scientists in the natural,
mathematical, and medical sciences. Its
purpose is to support the development of
practical medicine and medical education
while informing researchers in natural
and mathematical sciences about
pressing challenges in medicine and tasks
that require immediate attention from
researchers in fields related to medicine.

The established journal is dedicated
to highlighting the importance of new
theoretical and applied achievements in
natural and mathematical sciences, as well
as addressing the challenges encountered
in applying these advancements to the
development of medicine and fostering
collaboration among scientists.

The scientific manuscripts submitted to
the journal will undergo blind peer review
by specialists in natural and mathematical
sciences, pedagogy and medical science.

The journal is organized into the
following sections:
"Natural Sciences in Medicine"

(highlights the contributions of natural
sciences to medical advancements),

"Mathematical Sciences in Medicine"
(focuses on the application of mathematical
and computational methods to model
medical and biological processes and
analyze medical data),

"Natural and Mathematical Subjects

PenakuiviHa ctatTa Editorial letter
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Meau4yHoi iHopMariii),

‘IIpppoAHHYi Ta MaTeMaTHYHi AHC-
LOHIAIHH B MEAHYHiH ocBiTi” (11po oco-
6AMBOCTI BUKAQIAHHA IIPUPOAHUYUX Ta Ma-
TEeMaTUYHHUX AUCLUIIAIH y 3aKAaax BHIIOL
MEOWYHOI OCBiTH) Ta

‘IIpupoAHHYi Ta MaTeMaTHYHi Ha-
YKH B icTOopii MeAHIHHH (IPO CIIiIABHY
ICTOPil0 PO3BUTKY NPUPOAHHUYHNX, MaTeMa-
TUYHHUX Ta MEOAUYHUX HaYyK).

Penaxkiiig xKypHaAy BII€BHEHa, 1110 06TO0-
BOPEHHS TAKOI'0 KOAA IIUTAaHb Ha CTOPiHKaxX
BUOAHHS CIIPUSTHUME CIIiBIIpalli # B3a€MHO-
My PO3BUTKY (PaxiBIIiB y raay3i IpUPOIHU-
4YHUX HayK, MaTeMaTUKHU Ta MEAUIINHU.

XKypuaa «JIpHpomHHYi, MaTeMaTH4-
Hi HayKH Ta ocBiTa B MeAHUHHi» Oyme
KOPHUCHUM [Ad HayKOBIIB, BHKAaa4iB,
acHipaHTiB, CTYOAEHTIB Ta 1HIIUX y4aCHHU-
KiB HAayKOBO-IIyOAIKAIifHOTO IIPOIIeCy, OAS
AKHX Ba’KAUBO CAIIKYyBaTH 3a IIPOTPECOM i
TEHACHILISIMH y MEAUIINHI, 9Ki CIPUYHUHEH]
PO3BUTKOM IMPUPOAHHYHX Ta MaTeMaTH4-
HUX HayK.

[lepminii BHUIIyCK XKypHaAy IIpHCBAYE-
Hui 80-piyyio Bim AHA 3acHyBaHHA Byko-
BHUHCBKOTI'0 A€P2KaBHOT'O MEIUYHOTO YHiBEP-
CUTETY.

Baxkaemo aBTOpaM 1 yuTadaM HOBOTO
HayKoBoro KypHaay «[Ipuponuudi, maTema-
THU4YHI HAyKU Ta OCBiTa B MEIUIIMHI» YCIIiXiB
y BCiX HalpgMKax HaAyKOBOI Ta BUKAaa-
IBbKOI AIIABPHOCTi, HEBUYEPIIHOTO TBOPYOIO
HOTEHIliaAy, HATXHEHH4 1 MALOHOI CIIiBIIpa-
ri!

Peoaxuyia xypuary
“ITpupoonuui, Mamemamuuni HayKu ma ocBi-
ma 6 meduyuni”

in Medical Education" (explores innovative
approaches to teaching these subjects in
institutions of higher medical education)
and

"Natural and Mathematical Sciences
in the History of Medicine" (examines
the shared history of the development
of natural, mathematical and medical
sciences).
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Abstract

Diabetes mellitus, commonly referred to as diabetes, is a chronic metabolic dis-
order characterized by elevated blood sugar (glucose) levels. This abstract explores
the different types of diabetes, their causes, and potential complications. It also high-
lights the global disease burden and the importance of management strategies. There
are two main types of diabetes: type 1 and type 2. Type 1 diabetes is an autoimmune
disease where the body attacks insulin-producing cells in the pancreas, leading to in-
sulin deficiency. Type 2 diabetes, the most prevalent form, results from insulin resist-
ance or impaired insulin secretion.

Gestational diabetes is a temporary form that develops during pregnancy. The
primary cause of diabetes is a combination of genetic and environmental factors.
While genetics play a role, lifestyle choices such as physical inactivity and unhealthy
diet significantly contribute to the development of type 2 diabetes. Uncontrolled di-
abetes can lead to various complications affecting multiple organ systems. These in-
clude cardiovascular disease, neuropathy (nerve damage), nephropathy (kidney dis-
ease), retinopathy (eye disease), and foot ulcers, which can lead to amputation.

Diabetes is a global health problem with a rapidly growing prevalence. The in-
creasing burden necessitates effective prevention and management strategies. These
include lifestyle modifications, such as maintaining a healthy weight and engaging in
regular physical activity, along with appropriate medication regimens and patient ed-
ucation. This abstract provides a concise overview of diabetes, highlighting its types,
causes, potential complications, and the importance of tackling this global health
challenge.
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BykoBuncoiuil deprcabruii meduunui ynibepcumem

AHoTauinA

LUykposuli diabem, sikuli 3a3suyali Hasusarome diabemom, — ue XpPOHiYHe Nno-
pyweHHs 06MiHY pevyo8uH, WO Xapakmepu3yemocs NiOBUWEHHAM pigHA UyKpy (2/1to-
Ko3u) y Kposi. Y uili aHomauii po3easdaromecs pisHi munu diabemy, ix npuyuHU ma
MOMUBI YCKAAOHEHHS. BiH makoxc niokpectoe 2106a16HUl mszap xeopob i eanmc/1u-
gicmb cmpameziti ynpas/iHHs. IcHye 08a 0cHO8HUX munu diabemy: mun 1imun 2. Aia-
6em muny 1 — ye aymoimyHHe 3dX80pt08dHHSA, NPU SKOMY Op2dHi3M dmAdKy€e KAimuHU
NiOW/YHKOB0T 3d/103U, W0 8UPOH/ISAOMb iHCY/iH, WO npu3sooums 00 dediyumy iHcy-
niny. Lykposuli diabem 2 muny, HalinowupeHiwa ¢opmd, BUHUKAE BHACNIOOK pe3uc-
meHmHocmi 00 iHcy/iHY a0 nopyweHHs cekpeuyii iHCyAiRy.

lecmauitiHuli diabem - ye mumuacosa Popmd, KA po38UBAEMbCA nid Ydc 8dzim-
Hocmi. OCHOBHO NPUYUHOIO Jidbemy € NOEOHAHHS 2eHEMUYHUX Pakmopis i pakmo-
pi6 HaBKOAUWHbLO20 cepedosuULd. XOUd 2eHemuKd 8idiepde nesHy po/b, 8ubip cnocoby
UMM, HANPUK/Ao 8i0CcymHicme ¢i3uYHOT dkmusHOCMi Ma He300pose XdpUy8aHHS,
3HAYHO cnpusie po3sumky diabemy 2 muny. HekoHmposbosaruli diabem moxce npu-
38ecmu 00 Pi3HOMAHIMHUX YCK/IAOHEHb, W0 8pa3aroms pi3Hi cucmemu opzdxis. fo
HUX Hd/examb cepuyeso-CyOUHHI 3dX80PHBAHHS, Heaponamis (NOWKOOMWEHHS Hep-
gig), Hepponamis (3ax80pHBAHHS HUPOK), pemuHonamis (3axeoprosaHHs ovell) i 8u-
padsKu cmonu, sKi MOXcyms npussecmu 00 amnymayii.

Aiabem € 27106a16HO0 NPO6/1EMOIO OXOPOHU 300p06’s, nowupeHicme SKOoT
WBuUOKO 3pocmade. 36inbWeEHHS Maapa suUMAde epekmusHUX cmpamezili npoginax-
MUKU ma ynpdeiHHA. [J0 HUX Ha/examb 3MiHU CNOCOBY wcumms, maki Sk NiompumKka
HOPMA/bHOT 8d2u ma peyAspHa Gisu4Hd dKmuUsHicMb, d makoxc 8i0N08iOHI pexcumu
/iKy8AHHS Ma HABYAHHA nauieHmis. s aHomauis micmums cmucauli 02190 diabemy,
gucsim/oo4u i020 munu, NPUYUHU, homeHyiliHi YCKnadHeHHs ma eaxciusicme supi-
WeHHs Yiel 2106a16HOT Npob1emu 0XOPOHU 300p0o8’s.
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Introduction

Diabetes mellitus

(DM), commonly metabolisminvolvingprotein,carbohydrates

known as diabetes, is a chronic metabolic and fats due to insulin resistance which
disorder characterized by elevated blood mainly affects how the body utilizes glucose,
sugar (glucose) levels known as chronic a vital energy source for cells [2].

hyperglycaemia resulting in disturbance in When glucose levels remain persistently
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high, it can lead to serious health
complications. There are approximately
more than a billion patients suffering from
chronic hyperglycaemia globally which is a
significant public health issue. According to
the estimates of the international diabetes
federation, 537 million (10.5%) of adults
aged 20-79 years are currently living with
DM, and this may be expected to increase
to 643 million (11.3%) by 2030 and 783
million (12.2%) by 2045.

Considering the 1.541 million adults
with impaired glucose tolerance (IGT),
their risk to develop type 2 diabetes is
very high. The series of complications
caused by diabetes may include blindness,
renal failure, stroke, and coronary artery
diseases, consequently, leading to a huge
medical burden on society.

Moreover, diabetes costs at least 966
billion dollars in health expenditure, a
316% increase over the last 15 years [2]. The
early stages of diabetes might go unnoticed,
particularly in type 2 diabetes. However,
as blood sugar levels become chronically
elevated, several symptoms can emerge.

There are some common telltale signs
e.g. frequent urination; elevated blood sugar
levels can overwhelm the kidneys’ ability
to reabsorb glucose, leading to increased
urination (polyuria), excessive thirst
(polydipsia); frequent urination can deplete

I. Unveiling the Different Faces of Diabetes
Understanding the type of diabetes
is crucial for proper management and

1. Type 1 Diabetes

Type 1 diabetes, an autoimmune
disorder, disrupts the body’s natural
ability to regulate blood sugar. Unlike

type 2 diabetes, where the body either
doesn’t produce enough insulin or becomes
resistant to its effects, type 1 is a more
aggressive condition. It’s characterized by
the immune system mistakenly attacking
the insulin-producing beta cells in the
pancreas, leaving the body with very little or

https:/ /science.bsmu.edu.ua/

fluids, causing dehydration and increased
thirst; unexplained weight loss; while
initially weight loss might seem positive,
in diabetes, the body might start breaking
down muscle for energy due to insufficient
glucose availability in cells, increased
hunger (polyphagia); despite eating more,
the body might struggle to utilize glucose
for energy, leading to persistent hunger,
fatigue and lethargy; chronic high blood
sugar levels can impair the body’s ability
to convert glucose into energy, leading to
exhaustion and a lack of energy, blurred
vision; high blood sugar can affect the lenses
in the eyes, causing blurry vision, slow-
healing wounds; impaired blood flow and
nerve damage associated with diabetes can
make it harder for wounds to heal properly,
frequent infections; higher infection rate is
also common in prediabetic patients [3].

There are many vital aspects of
management of the diabetes mellites.
Health literacy is very important factor for
the management and understanding of
diabetes related complications.

Several tools for assessing health
literacy were considered and are discussed
in this review. This article delves into the
different types of diabetes, their causes,
potential consequences, and strategies for
management and prevention.

treatment. There are three main types of
diabetes;

no insulin production. It typically manifests
in childhood or young adulthood, though it
can develop at any age. Individuals with
type 1 diabetes face a lifelong challenge of
managing their blood sugar levels through
a combination of insulin therapy, diet,
exercise, and ongoing monitoring [4].

The exact cause of type 1 diabetes
remains a mystery, but scientists believe
it’s a result of a complex interplay between
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genetics and environmental triggers.
Having a close family member, like a parent
or sibling, with type 1 diabetes significantly
increases the risk. Specific gene variations
can make an individual more susceptible.

2. Type 2 Diabetes

This is the most prevalent form of
diabetes, affecting around 90% of all cases.
It arises due to either insulin resistance
(cells become less responsive to insulin) or
impaired insulin secretion by the pancreas.
It disrupts the body’s ability to regulate
blood sugar (glucose) levels. Unlike type
1 diabetes, where the body lacks insulin

3. Gestational Diabetes

This form of diabetes develops during
pregnancy due to hormonal changes that
can affect glucose metabolism. During
pregnancy, the placenta produces hormones
that help sustain the developing foetus.
However, some of these hormones can also
have an antagonistic effect on insulin, the
hormone responsible for regulating blood

While the exact triggers are unknown,
factors like viral infections or exposure
to certain chemicals might play a role in
susceptible individuals [5].

production, type 2 presents a more complex
interplay between insulin resistance and
insufficient insulin secretion. This often
develops gradually over time and can be
significantly influenced by lifestyle choices.
Genetic predisposition and lifestyle factors
like physical inactivity and unhealthy diet
are significant contributors [6].

sugar levelsin the body. In some women, this
hormonal shift leads to insulin resistance,
causing blood sugar levels to rise. This
temporary state is what defines gestational
diabetes. While it typically resolves after
childbirth, women with gestational diabetes
have an increased risk of developing type 2
diabetes later in life [7].

4. Maturity onset diabetes of the young (MODY)

Maturity-onset diabetes of the young
(MODY) is a genetic form of diabetes that
often gets overshadowed by the more com-
mon type 1 and type 2 diabetes. Despite
the name «maturity onset,» MODY typically
presents before age 25, affecting 1-2% of all
diagnosed diabetes cases. Understanding
MODY is crucial for ensuring proper diag-
nosis and treatment for young people with
diabetes.

Unlike type 1 diabetes, an autoim-
mune condition where the body attacks in-
sulin-producing cells, MODY results from

5. Neonatal diabetes

Neonatal diabetes mellitus (NDM) is a
rare form of diabetes that strikes infants
within the first 6 months of life. Unlike
the more common type 1 and type 2 dia-
betes, NDM has a distinct cause and often
requires specialized management. NDM is
primarily a genetic condition. Unlike type

https:/ /science.bsmu.edu.ua/

mutations in a single gene. This genetic
defect disrupts the function of pancreatic
beta cells, leading to insufficient insulin
production. MODY also differs from type 2
diabetes, which is characterized by insulin
resistance combined with potential insulin
deficiency.

People with type 2 diabetes are often
overweight or obese, whereas weight isn’t
a defining factor for MODY. Additionally,
some MODY subtypes can be managed with
medications other than insulin, unlike type
1 diabetes [8].

1 diabetes, which is an autoimmune dis-
ease, NDM arises from mutations in specif-
ic genes responsible for insulin production
or function in the pancreas. These muta-
tions can be inherited from one or both
parents, or they can occur spontaneously
in the child. There are over 30 known ge-
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netic variations that can lead to NDM, with
each one potentially influencing the devel-
opment and treatment of the disease. NDM
manifests in two main forms: transient
and permanent. Transient NDM, affecting
about half of all cases, typically resolves be-
fore the first birthday. However, there’s a

6. Wolfram Syndrome

Wolfram syndrome, also known as
DIDMOAD syndrome (an acronym for its
four cardinal features), is a rare, progressive
neurodegenerative disorder. It casts a
long shadow, manifesting in childhood
and gradually worsening over a lifetime.
Wolfram syndrome is characterized by a
quartet of primary symptoms: diabetes
insipidus, diabetes mellitus, optic atrophy,
and deafness. Diabetes insipidus arises
from a malfunction in the pituitary gland,
leading to excessive thirst and urination.

Diabetes mellitus, distinct from type 1
or 2 diabetes, results from the pancreas’s
inability to produce enough insulin. Optic
atrophy signifies the degeneration of the
optic nerve, causing progressive vision loss.
Deafness, often sensorineural, can range
from mild hearing loss to complete deafness.

7. Alstrom Syndrome

Alstrom syndrome is a rare, genetic
disorder that weaves a complex tapestry of
symptoms across multiple organ systems.
It presents a unique challenge for diagno-
sis and management, requiring a multifac-
eted approach to care. Alstrém syndrome
exhibits a wide range of symptoms, of-
ten starting in childhood or adolescence.
Cardinal features include progressive vision
loss, sensorineural hearing impairment,
kidney disease (nephropathy), and obesity
or severe insulin resistance that can lead to
type 2 diabetes. However, the syndrome ex-
tends beyond these core elements. Individ-
uals may also experience cardiomyopathy
(heart muscle weakness), liver dysfunction,
skeletal abnormalities, and even intellectu-
al disability. The specific combination and

https:/ /science.bsmu.edu.ua/

chance it might reappear later in life, often
during teenage years. Permanent NDM, on
the other hand, requires lifelong manage-
ment with insulin therapy. Identifying the
specific type of NDM is crucial for determin-
ing the appropriate treatment course [9].

The complexities of Wolfram syndrome
extend beyond the core four symptoms.
Many individuals experience additional
neurological issues, including ataxia
(imbalance and incoordination), slurred
speech, and cognitive decline. Urinary tract
problems, diabetes-related complications
like neuropathy and nephropathy, and
psychiatric issues like depression and
anxiety can also be part of the picture.

The severity and order of symptom
presentation can vary significantly, creating
a unique journey for each person with
Wolfram syndrome. Wolfram syndrome
presents a formidable challenge, but with
ongoing research, improved management
strategies, and unwavering support,
individuals with this condition can find
ways to live fulfilling lives [10].

severity of symptoms can vary significant-
ly from person to person, making Alstrém
syndrome a highly individualistic condi-
tion. Alstrém syndrome is an autosomal re-
cessive genetic disorder. This means a child
needs to inherit two copies of the faulty
gene, one from each parent, to develop the
condition. Mutations in two specific genes,
ALMS1 and ALMS2, have been identified as
the primary culprits behind Alstrém syn-
drome. These genes are thought to play a
crucial role in cellular processes like pro-
tein trafficking and ciliogenesis, the forma-
tion of hair-like structures on cells that are
essential for various functions. When these
genes are mutated, these processes fail,
leading to the diverse symptoms observed
in Alstrém syndrome [11].
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8. Latent Autoimmune diabetes in Adults (LADA)

Latent autoimmune diabetes in adults
(LADA), sometimes referred to as type 1.5
diabetes, occupies a unique space within the
diabetes spectrum. It shares characteristics
with both type 1 and type 2 diabetes, often
leading to misdiagnosis. Understanding
LADA is crucial for ensuring proper
diagnosis and treatment for adults who
develop this form of the disease. LADA, like
type 1 diabetes, is an autoimmune disease.
The body’s immune system mistakenly
attacks the insulin-producing beta cells
in the pancreas. This gradual destruction
leads to a decline in insulin production,
causing the hallmark symptoms of diabetes
— high blood sugar levels, increased thirst,
frequent urination, and unexplained weight
loss.

However, unlike the rapid onset of type
1 diabetes, often seen in childhood, LADA
progresses slowly, typically developing
in adults over 30 years old. While LADA

9. Type 3c diabetes

Type 3c diabetes, also known as pan-
creatogenic diabetes or secondary diabetes,
often gets overshadowed by its more com-
mon counterparts, type 1 and type 2 dia-
betes.

However, it’s a distinct condition with
its own set of causes, symptoms, and treat-
ment approaches. Unlike type 1 diabetes,
an autoimmune condition, and type 2 dia-
betes, characterized by insulin resistance,
type 3c diabetes arises from damage or dys-
function of the pancreas itself. The pancre-
as plays a dual role in the body — produc-
ing digestive enzymes for food breakdown
and secreting hormones, including insulin
and glucagon, which regulate blood sugar
levels. When the pancreas is compromised,
its ability to produce these hormones can
be impaired, leading to a decline in insulin
and a potential rise in blood sugar.

While type 3c diabetes shares some
symptoms with other forms of the disease,

https:/ /science.bsmu.edu.ua/

shares some features with type 2 diabetes,
there are key differences. Type 2 diabetes
is primarily characterized by insulin
resistance, where the body’s cells become
less responsive to insulin. People with
type 2 diabetes often may still produce
some insulin initially. In contrast, LADA
involves a progressive decline in insulin
production due to autoimmune destruction.
Additionally, individuals with LADA may
not be overweight or obese, a common risk
factor for type 2 diabetes.

Diagnosing LADA can be challengingdue
to its slow onset and overlapping symptoms
with other forms of diabetes. Blood sugar
tests can confirm hyperglycemia, but
additional tests are needed to differentiate
LADA from type 1 and type 2 diabetes.
Doctors may order tests for antibodies
associated with the autoimmune attack on
pancreatic beta cells, such as glutamic acid
decarboxylase (GAD) antibodies [12].

such as increased thirst, frequent urina-
tion, and unexplained weight loss, it has
key distinguishing features. Unlike type 1
diabetes, which typically presents in child-
hood or adolescence, type 3c diabetes can
develop at any age but often manifests in
adults.

Additionally, individuals with type 3c di-
abetes may experience digestive issues like
diarrhea, fatty stools, and abdominal pain
due to the impaired production of digestive
enzymes by the pancreas — a symptom not
typically seen in type 1 or type 2 diabetes.
Diagnosing type 3c diabetes involves a mul-
ti-pronged approach. Blood sugar tests will
be used to assess for hyperglycemia. How-
ever, additional tests are often needed to
differentiate it from other types of diabetes.
Doctors may order tests to evaluate pancre-
atic function, such as fecal elastase or stool
chymotrypsin, which measure digestive en-
zyme levels in the stool [13].
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10.  Steroid-induced diabetes
Steroid-induced diabetes, sometimes
referred to as steroid hyperglycemia, is a
condition that causes a temporary rise in
blood sugar levels in individuals taking cor-
ticosteroids. While not a true form of diabe-
tes like type 1 or type 2, it shares some sim-
ilar symptoms and requires management to
prevent complications. Corticosteroids are
a class of powerful medications that mimic
the effects of the hormone cortisol produced
naturally by the adrenal glands.

They are widely used to treat various
inflammatory conditions, such as asthma,
rheumatoid arthritis, and autoimmune dis-
eases like lupus. While corticosteroids of-
fer significant therapeutic benefits for these
conditions, they can also have side effects,

11.  Cystic fibrosis diabetes
Cystic fibrosis (CF) is a complex genet-
ic condition that primarily affects the lungs
and digestive system. However, many in-
dividuals with CF also develop cystic fibro-
sis-related diabetes (CFRD), adding anoth-
er layer of complexity to managing their
health. Cystic fibrosis arises from muta-
tions in the CFTR gene.

This gene plays a critical role in regulat-
ing the movement of salt and water across
cell membranes in various organs, includ-

I1. Identification of risk factor for diabetes

The exact causes or risk factors of di-
abetes may vary depending on the type.
However, both genetic and environmental
factors play a role. Let’s first discuss genet-
ic factors briefly.

Genetic Predisposition

It is general agreement amongst the
physicians that having a family history of
diabetes increases the risk of developing
Type 1 diabetes. Many studies have pro-
posed that risk of developing T2D has a
significant heritable component and sup-
port the notion that most of this inherited

https:/ /science.bsmu.edu.ua/

including a temporary rise in blood sugar
levels. The symptoms of steroid-induced
diabetes can be subtle and easily missed,
particularly in the early stages.

These may include increased thirst,
urination, frequent urination, especially at
night excessive hunger, unexplained weight
loss, fatigue and feeling tired and blurred
vision. Steroid-induced diabetes, while a
temporary concern, requires careful man-
agement to prevent complications associat-
ed with chronic hyperglycaemia. By work-
ing closely with healthcare professionals
and following the recommended treatment
plan, individuals taking corticosteroids can
navigate this condition effectively [14].

ing the pancreas. In CF, these mutations
lead to the production of thick, sticky mu-
cus that clogs the airways and pancreatic
ducts. The blocked pancreatic ducts pre-
vent digestive enzymes from reaching the
intestines, leading to digestive problems.

Additionally, the blockage can hinder
the release of essential hormones produced
by the pancreas, including insulin and
glucagon, which regulate blood sugar levels
[15].

risk is associated with particular genotyp-
ic features and have identified several risk
variants in genome-wide association stud-
ies, these variants still explain a relatively
small proportion of the observed heritabili-
ty. Genes can influence how the body pro-
duces or utilizes insulin [16].
Environmental Factors: Certain
lifestyle choices significantly contribute
to the development of type 2 diabetes,
including, physical inactivity, unhealthy
diet, obesity and smoking. A sedentary
lifestyle reduces the body’s ability to utilize
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glucose effectively. Consumption of high-
sugar, high-fat, and processed foods can
impair insulin sensitivity. Excess weight,
particularly abdominal fat, contributes to
insulin resistance. Smoking can damage
pancreatic beta cells and worsen insulin
resistance [17].

The domino effect resulting from un-
controlled diabetes and its complications

Chronic hyperglycaemia (high blood
sugar) can trigger a cascade of events lead-
ing to severe health complications. These
include cardiovascular diseases, neuropa-
thy, nephropathy, retinopathy, foot ulcers
and amputations etc.

Diabetes significantly increases the

risk of heart attack, stroke, and peripheral
artery disease. High blood sugar can dam-
age nerves throughout the body, causing
pain, numbness, tingling, and weakness,
particularly in the feet and legs. Diabetes
is a leading cause of chronic kidney dis-
ease, which can eventually lead to kidney
failure. Damage to the blood vessels in the
retina can lead to vision problems, includ-
ing blindness. Nerve damage and poor cir-
culation in the feet can lead to foot ulcers,
increasing the risk of amputation. These
complications highlight the importance of
maintaining good blood sugar control to
prevent or delay their onset and progres-
sion [18].

Possible link between Melatonin, Diabetes and other Related Disorders

Melatonin influences day and night cy-
cle, is produced by pineal gland. Synthetic
melatonin drug is not approved by the US
Food and Drug Administration for any pur-
pose. It is confirmed that melatonin recep-
tor agonists - ramelteon and tasimelteon
are US Food and Drug Administration ap-
proved and are considered by the American
Academy of Family Physicians for the treat-
ment of sleep disorders. There are many
medicines that consist melatonin, so it is
possible to investigate effects of this hor-
mone besides sleep control.

Nowadays, the most promising non-in-
somnia indications are for treating is-
chemia/reperfusion injury, primary head-
ache disorders, fibromyalgia, glucose
control, and blood pressure control. Most
of the studies were preclinical and in in vivo
and in vitro phases. More clinical trials are
needed before recommending melatonin as
a treatment in clinical practice [19].

Melatonin has adaptogenic proper-
ties that improve homeostasis. Nowadays
many authors consider that melatonin pro-
duction is influenced the appearance and
development of osteoporosis in postmeno-
pausal period. Administration of melatonin
is effective for bone tissue restoration and

https:/ /science.bsmu.edu.ua/

rise skeletal strength. Melatonin could pre-
vent and be useful in treatment of post-
menopausal osteoporosis, according to its
biological effects.

Level of melatonin in blood plasma is
considered to bone tissue, the determi-
nation of which is one of the methods for
the diagnostic of osteoporosis. Melatonin
has a big influence on bone restoring by
stimulating osteogenesis and suppressing
osteoclasts action. Melatonin controls the
biological rhythm of bone tissue, which
improves its osteogenic effect. Besides,
melatonin takes place in the modulation
of the bone microenvironment. Melatonin
decreases the damage induced by oxidative
stress and inflammation on osteoblasts
and prevents osteolysis from reactive oxy-
gen species and inflammatory agents.

As an addition drug against osteopo-
rosis, melatonin can improve the gut mi-
croflora, remodel microbiota composition,
regulate substance absorption and keep
metabolic balance, all of which are ben-
eficial for the health of bone tissue. This
all taken into account, demonstrates the
effects of melatonin on bone metabolism.
So, melatonin could be important for the
diagnostic, prevention and medication of
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postmenopausal osteoporosis [20].

Melatonin is a sleeping hormone from
the pineal gland that released in the dark
and suppressed during the day. Melatonin
has interactions with insulin. There are ev-
idences, that melatonin has positive effect
in the treatment of diabetes mellitus (DM).
Elevated production of free radicals is a
characteristic of DM associated with dia-
betic neuropathy, retinopathy, nephropa-
thy and cardiovascular disorders.

Reactive oxygen species are produced

in big amounts in reactions of glucose and
lipid peroxidation, caused diabetic compli-
cations.

These events influence the biomolecules
and activate apoptosis. Melatonin has an-
tioxidative properties, mitigates oxidative
stress caused by free radical reactions. Ad-
ditionally, melatonin injection is believed to
have other antidiabetic influences such as
decreasing cellular apoptosis and enhanc-
ing the production of antioxidants [21].

III. Investigations of melatonin effects in diabetes mellitus conditions

It is necessary to control the concentra-
tion of glucose in the blood to prevent com-
plications in patients with diabetes. Me-
latonin and its metabolites have powerful
antioxidant/anti-inflammatory properties.
To determine the effect of melatonin on the
level of glucose, the content of malondial-
dehyde (MDA), the activities of the enzymes
pyruvate kinase and glucose-6-phosphate
dehydrogenase (G6PDH) were measured in
the blood of rats with impaired glucose tol-
erance (PTG).

The research was carried out in ac-
cordance with the bioethics of examination
of preclinical and other scientific research
conducted on animals (Kyiv, 2006). Diabe-
tes mellitus was induced by intraperitoneal
administration of 5% solution of alloxan
monohydrate at the rate of 170 mg/kg of rat
body weight. Four days after the induction
of diabetes, rats were divided into a group
of animals with impaired glucose tolerance
(fasting plasma glucose <5.6 mmol/L; post-
prandial glycemia (2 hours after exercise)
7.8-11.0 mmol/L) ) and a group of animals
with PTH receiving injections of melatonin
(5 mg/kg «Sigma» USA, daily and intraperi-
toneally for 42 days, starting on the 5th
day).

Statistical analysis was performed us-
ing Statistica 10 StatSoft Inc. Injections of
melatonin caused a normalization of the
serum glucose profile of animals with PTH
compared to the corresponding values be-

https:/ /science.bsmu.edu.ua/

fore treatment. According to our results,
the activities of pyruvate kinase in eryth-
rocytes of animals with PTH decreased by
18%, while the activity of G6PDH increased
by 35% respectively compared to the con-
trol (intact).

The level of MDA was 23% higher in
the group of rats with PTH than in the con-
trol group. Melatonin prevented the diabe-
tes-induced increase in MDA levels in the
blood of PTH rats. We achieved restoration
of pyruvate kinase and normalization of
G6PDH activities in the blood of rats with
PTH using melatonin injections.

Perhaps this is explained by the fact
that the pro- and antioxidant components,
as well as the concentration of glucose in the
blood after melatonin treatment are equal-
ized: glucose enters the peripheral tissues
through open glucose channels, damage
to the B-cells of the islets of Langerhans is
stopped by the activation of the glutathione
system of antioxidant protection. We deter-
mined that long-term melatonin injections
improved glucose tolerance in alloxan dia-
betic rats [22,23].

Interesting are investigations about in-
fluence of melatonin in a dose of 10 mg of
body weight daily on energy metabolism in
diabetic rats. In the liver of rats with DM,
under the conditions of equinox, activities
of G-6-PDH, 6-PGDH and TK decreased by
42, 32 and 40% respectively compared to
control. The activities of G-6-PDH, 6-PGDH
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in animals with latent diabetes were 77
and 64% higher respectively than in con-
trol ones. In the liver of animals that were
under conditions of constant darkness,
the activities of G-6-PDG, 6-PGDH and TK
increased by 38, 29, and 12% respective-
ly while under conditions of constant light
these indicators decreased by 18, 10 and
15% respectively in comparison with con-
trol.

In animals with DM under conditions
of constant darkness the activities of G-6-
PDG, 6-PGDH and TK increased by 32, 22
and 19% respectively; under conditions of
constant light — decreased by 34, 17 and
28% respectively compared to the control.
With constant darkness against the back-
ground of latent diabetes, the activities of
G-6-PDG, 6-PGDH and TK increased by
115, 95 and 30%, respectively; under con-
ditions of constant light they were 24, 16,
and 22% lower respectively than control.

Administration of melatonin to animals
with DM led to:

A Global Challenge: The Rising Tide of Diabetes

Diabetes has become a global health
epidemic. According to the International
Diabetes Federation (IDF), approximately
463 million people worldwide live with dia-
betes in 2019, with a projected rise to 700
million by 2045.

This alarming increase is attributed to
various factors, including ageing popula-
tion, urbanization, life style changes, and

1) an increase in the activity of G-6-
PDH, 6-PGDH, and TK by 40, 31, and 25%
respectively compared to the parameters of
control;

2) normalization of the indicated pa-
rameters under conditions of constant
darkness;

3) an increase in the activities of G-6-
PDH, 6-PGDH, and TC by 140, 123, and
60% respectively compared to the con-
trol, under conditions of constant light.
In animals with latent diabetes under the
influence of melatonin in all types of illu-
minations, the specified indicators were
normalized (except for the activity of G-6-
PDH under conditions of constant light that
increased by 20% compared to control).

So, the introduction of melatonin at a
dose of 10 mg/kg of weight contributed to
the restoration of the amphibolic and en-
ergetic function of the pentose phosphate
pathway of glucose-6-phosphate oxidation
under the conditions of diabetes on the
background of a changed photoperiod [22].

increased obesity rates.

As populations age, the risk of diabe-
tes increases. Urbanization often leads to
sedentary lifestyles and unhealthy dietary
patterns. The global rise in obesity rates is
a significant contributor to type 2 diabetes.

The economic burden of diabetes is also
substantial. The IDF estimates the global
cost of diabetes at $760 billion in 2019 [24].

IV. Taking Control: Management Strategies for Diabetes

Fortunately, diabetes is a manageable
condition. Effective management strategies

Lifestyle Modifications:

Maintaining a healthy weight through a
balanced diet and regular physical activity
is crucial for managing all types of diabetes.

Dietary strategies include consuming

Medication:
Type 1 diabetes requires lifelong insu-
lin therapy to replace the missing insulin.

https:/ /science.bsmu.edu.ua/

can help control blood sugar levels and pre-
vent complications. These include:

plenty of fruits, vegetables, whole grains,
and lean protein while limiting sugary
drinks, refined carbohydrates, and un-
healthy fats [25].

Type 2 diabetes management may involve
various medications depending on individ-
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ual needs, such as oral medications like
metformin that improve insulin sensitivity
or injectable medications like GLP-1 recep-
tor agonists that stimulate insulin secre-
tion and slow down food absorption. Ges-

Blood Sugar Monitoring:
Regularly monitoring blood sugar levels
at home allows individuals to adjust their

Patient Education:

Empowering individuals with diabetes
knowledge about the disease, treatment op-
tions, and healthy lifestyle choices is cru-
cial for self-management and preventing
complications.

Additional tools that assess patients’
reading ability include the Rapid Estimate

V. Discussion and conclusion

Rates of both diabetes and low health
literacy are higher in populations from low
socioeconomic backgrounds. People living
in disadvantaged communities face many
barriers when seeking health care, includ-
ing inconsistent housing, lack of transpor-
tation, financial difficulties, differing cultur-
al beliefs about health care, and mistrust of
the medical professions.

People with high rates of medical mis-
trust tend to be less engaged in their care
and to have poor communication with
HCPs, which is another factor HCPs need to
address when working with their patients
with diabetes. The cost of medical care for
people with diabetes was $327 billion in
2017, a 26% increase since 2012.

Many of these medical expenditures
are related to hospitalization and inpatient
care, which accounts for 30% of total med-
ical costs for people with diabetes. People
with diabetes also may neglect self-man-
agement tasks for various reasons, includ-
ing low health literacy, lack of diabetes
knowledge, and mistrust between patients
and HCPs.

These challenges can be even more
pronounced in vulnerable populations be-

https:/ /science.bsmu.edu.ua/

tational diabetes may be managed through
lifestyle modifications alone or may require
medication like insulin to maintain healthy
blood sugar levels during pregnancy [26].

diet, medication, and physical activity as
needed to maintain optimal control.

of Adult Literacy in Medicine (REALM) and
the Literacy Assessment for Diabetes.
Tests that assess diabetes numeracy
skills include the Diabetes Numeracy Test,
the Newest Vital Sign (NVS), and the Sin-
gle-Item Literacy Screener (SILS) [27].

cause of language barriers and patient-pro-
vider mistrust. Rates of diabetes are higher
among racial and ethnic minority groups;
15.1% of American Indians and Alaskan
Natives, 12.7% of Non-Hispanic Blacks,
12.1% of Hispanics, and 8% of Asian Amer-
icans have diagnosed diabetes, compared
with 7.4% of non-Hispanic Whites.

Additionally, patient-provider relation-
ship deficits can be attributed to challenges
with communication, including HCPs’ lack
of attention to speaking slowly and clearly
and checking for patients’ understanding
when providing education or gathering in-
formation from people who speak English
as a second language demonstrated that
patients with higher provider mistrust felt
that their provider’s communication style
was less interpersonal and did not feel wel-
come as part of the decision-making pro-
cess [28]. Living with a chronic condition
like diabetes can be stressful. Counselling
and support groups can help individuals
cope with the emotional challenges and
maintain healthy behaviours.

While type 1 diabetes cannot be pre-
vented, there are significant opportunities
to prevent type 2 diabetes and gestation-
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al diabetes through lifestyle modifications,
maintaining a healthy weight, healthy
eating and regular physical activity. Los-
ing weight or maintaining a healthy body
weight can significantly reduce the risk of
type 2 diabetes.

Adopting a balanced diet rich in fruits,
vegetables, whole grains, and lean protein
while limiting unhealthy fats, processed
foods, and sugary drinks promotes healthy
blood sugar levels. Engaging in regular
physical activity, such as brisk walking or
cycling for at least 30 minutes most days of
the week, improves insulin sensitivity and
helps control blood sugar.

Maintaining a healthy weight before
and during pregnancy, consuming a bal-
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anced diet, and exercising regularly can
significantly reduce the risk of gestational
diabetes. Diabetes is a complex and multi-
faceted challenge [29].

Effective management strategies, in-
cluding lifestyle modifications (sleep and
awake cycle), medication, and ongoing sup-
port, individuals with diabetes can live long
and healthy lives. Public health initiatives
focused on promoting healthy lifestyles,
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are crucial for tackling this global health
epidemic.

By working together, we can empower
individuals with diabetes and prevent the
disease from impacting future generations.
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Abstract

A comparative analysis of the two types of samples showed differences in values
of the statistical moments of the 3 and 4™ orders. In particular, the statisticalmoment
of the 3rd order (asymmetry) is 2.5 times greater and the 4th parameter (kurtosis) is
2.5 times greater for the blood samples of newborns without pathological changes
than the similar parameter for the blood samples of newborns with pathological
changes. Fractal analysis showed the transformation of the distribution of power
spectra from fractal for coordinate distributions of the Muller matrix element for
blood samples without pathology to multifractal (fractal dimensions D =1.66, D = 2.90
and D = 0.56) of blood samples with pathology.

he diagnostic sensitivity of the statistical moments of the coordinate

distributions of the orientation-phase elements of the Muller p34 matrix of higher
orders (3 and 4%) to structural changes occurring in blood samples of mothers
of newborns with a normal physiological state and with pathological changes was
revealed. In particular, with pathological changes, the statistical moments of the third
order (asymmetry) decrease by 3.5 times, and accordingly, the statistical moment of
the fourth order (kurtosis) increases by 2.5 times. The spread of the values of the
statistical moments within the two groups did not exceed 5-10% of corresponding
average values. The diagnostic possibilities of statistical and fractal analysis of the
coordinate distributions of the elements of the Mueller matrix of blood samples of
different physiological states of newborns and their mothers have been demonstrated.

Fractal and statistical analysis of the coordinate distributions of the orientational
elements of the Mueller matrix p_. are diagnostically sensitive when examining
the blood of newborns. For maternal blood samples, the statistical analysis of the
orientational-phase elements of the Muller p_, matrix (increase in the statistical
moments of the 3rd and 4th orders with pathologlcal changes) is diagnostically
sensitive.

Antonyuk O, Ushenko A. Possibilities of laser polarimetric diagnostics of umbilical blood and capillary maternal blood Natural

and mathematical sciences in medicine and medical education (1) 2024 21-9

https:/ /science.bsmu.edu.ua/

Antonyuk O, Ushenko A. Possibilities of laser polarimetric diagnostics of ...

22


https://science.bsmu.edu.ua/ 
https://orcid.org/0000-0002-9324-4420
https://orcid.org/0000-0001-7015-7423
mailto:o.ushenko@chnu.edu.ua

ITpuponHydi, MaTeMaTV4HiI HAyKM Ta OCBiTa B MeAMITVHI

Natural & Mathematical Sciences in Medicine and Medical Education 1(1) 2024

Posnin 1. [TpuponHuyi HayKu B MeIMIIVIHI
Section 1. Natural sciences in medicine

MoXnuBOCTI 1a3epHOI NOMAPYMETPUYHOIL JIarHOCTU -
KJ1 ITYTIOBMHHOI KPOBI 1 KaIll/IAPHO1 KPOB1 MaTepi

Ouvea Aumontox!
: 0000-0002-9324-4420 @: olha.antonyuk@yahoo.com
Ouexcandp Yuenio?
: 0000-0001-7015-7423 @: o.ushenko@chnu.edu.ua
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Kniouosi cnoBa: AHoTaujiA
J1a3epHa NosIApuUMempis; lMopisHasbHUl aHasi3 080X munie 3paskis Nokazas 8iOMiHHOCMI y cmamucmuy-
mampuus Mionnepa; HUX MOMeHMAx 3-20 Md 4-20 NOPAOKIE enemeHma mampuui p_, 30Kkpema 018 3pas-

Kie KpOGI HOBOHGpoaMEHUX 6e3 namo/102iYHUX 3MiH CmeUCmUHHUU MOMEHM 3-20

NYyNoBUHHA Kpos; 3 i 3
KaninApHa Kpos Mamepi; nopsoky (acumempis) 8 2,5 pasis _l/lbwuu 3a'aHa/102MHvuu napamemp 0.8 3paskie

KpO8i HOBOHAPOOMEHUX 3 NAMO/OIMHUMU 3MiHAMU, 4-Uli napamemp (ekcyec) 8 2,5
3aX80PIOBAHHA HUPOK Ma

pasu 6invwull 0415 3pd3Kie KpPosi HOBOHAPOODHEeHUX 6e3 NAMo/0zii y NOPIBHAHHI 3
; N aHA/N02{YHUMU ndpdmMempamu 017 3pd3Kie Kposi HOBOHAPOOMEHUX 3 NAMO/OZIE.
802IMHOI. PpakmansbHUl aHAn3 NOKazag mpaHcopmayito po3nodisy cnekmpie nomyxcHocmi
3 PpaKmasnbHo20 0415 KOPOUHAMHUX po3nodinie enemeHmy mampuyi Miossepa p_
0415 3paskie kposi 6e3 namosozii 8 Mynemu@pakmaneHull (ppakmanbHi poslvupHocml
D=1,66,D,=2,90 maD =0 ,56 ) 3paskis Kposi 3 Nnamosozieto.

BusieneHo a:aZHocmuwHy yym/augsicms CMamucCmMuYHUX MOMeHMI6 3-20 md 4-20
nopsokie KOOpOUHAMHUX po3nodinie opieHMaAyitiHo-Pa3osux enemeHmis mampuui
Miosnepa p_, 00 cmpykmypHUX 3MiH sk 8i06ysaomecs 8 3paskax Kposei mamepie
H060HapoameHux 3 HOpMA/ZIbHUM Pi3i0/N102IYHUM CMAHOM Md 3 NAMO/02IYHUMU 3Mi-
HAMU. 30KpemMd npu Ndmo/02iYHUX 3MiHAX CMAmucmuy4Hi MOMEHMU mpems0o20 No-
ps0Kky (acumempis) 3meHWyembcs 8 3,5 pd3u, a 8ionosioHO cmamucmuyHUli MOMeHM
yemaepmozo nopadKy (ekcyec) 36in1bwyeEMbC 8 2,5 pasu. Po3kud 3Ha4eHb cmamuc-
MUYHUX MOMEHMIB 8 MEWAX 080X 2pyNn He nepesuwlysds 5-10%. [I[po0emMoHCcmMpo8aHo
0did2HOCMUYHI MOM/IUBOCMi CMAMUCMUYHO20 Md PPAKmMA/IbHO20 dHAANI3y KOOpOu-
HAMHUX po3nodinie enemenmis mampuui Mtoss1epa 3paskie Kposi pizHoz20 ¢izionoziy-
HO20 CMAHy HOBOHAPOOMWEHUX md iX mamepis.

[lpu docniomeHHi Kposi HOBOHAPOOWEHUX 0id20CMUYHO YymausuUMU € Ppak-
manbHUl ma cmamucmuyHull dHA/i3 KOOPOUHAMHUX po3nodinie opieHmauiliHux ese-
MeHmig Mampuw Miosnepa p_. s 3pa3me Kposi mamepig did2HOCMUYHO Yym/IUBUM
€ cmamucmuyHud aHanis op:e:—;mawuHo ¢asosux enemermie mampuuyi Miossepap_,
(36i/bWEHHS CMAMUCMUYHUX MOMEHMI8 3-20 Ma 4-20 NOPsAOKI8 NpU NAMO/02iYHUX

CeyoBUBIOHUX NPOMOK

3MiHAX).
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Introduction
The vector approach to the research physiological state created a foundation,
of the morphological structure and in particular, for the development of
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model ideas about the structures of
biological tissues [1-3]. Biological tissue
is considered as a two-component
amorphous-crystalline  structure-matrix.

The amorphous component - fats,
lipids, wunstructured proteins, etc. is
polarization-isotropic (optically inactive)

[4, 5]. The crystalline component - collagen
proteins, myosin, etc. are spatially
oriented birefringent protein fibrils.

The properties of each individual fibril
are modeled optically by an uniaxial crystal,
the direction of the axis of which coincides
with the direction of stacking in the plane
of the biological tissue, the birefringence

The aim of the study
Estimate laser polarimetry as
diagnostic technique to analyze the

Research material and methods

Experimental samples were prepared
according to the standard method in the
form of smears on optically homogeneous
glass, which were then dried at room
temperature. Differentiation @ of  the
polarization properties of blood smears:
umbilical cord blood of newborns (n =
20) and capillary blood of their normal
mothers (n = 20), umbilical cord blood of
a newborn (n = 20) and capillary blood of
mothers who, according to clinical data,
had pathology. Obtaining a sample of blood
smears from healthy pregnant women and
maternal pathology of kidney and urinary
tract diseases in pregnant women were

index is determined by its substance. A
higher level of organization of biological
tissue is an architectural grid formed by
differently oriented birefringent beams [6, 7].

Within the framework of this
model, it was possible to explain the
mechanisms of formation of polarization
heterogeneity of the objective fields of
biological tissue of various types [8, 9].
The method of polarization visualization
of the architectural structure of biological
tissue of various morphological types
allows for statistical analysis of coordinate
distributions of polarization parameters
of scattered laser radiation fields [10-12].

umbilical cord blood of the newborn
and the capillary maternal blood.

determined in the gynecological hospital of
Chernivtsi by the ultrasound method based
on the general analysis of the maternal
blood. Previously, on the basis of protocols
for the examination of pregnant women in
the gynecological department of Chernivtsi,
a selection of healthy pregnant women and
diseases of the kidneys and urinary tract in
pregnant women was made. The selection
of patients was carried out based on a prior
written agreement with pregnant women for
the analysis of umbilical cord blood of their
newborns and capillary maternal blood.

[Nlumination ofsamplesofpolycrystalline
networks of blood is carried out in parallel

Fig. 1. Optical scheme of the polarimeter: 1 — He-Ne laser; 2 — collimator; 3 — stationary quarter-wave
plate; 5, 8 —- mechanical moving quarter-wave plates; 4, 9 — polarizer and analyzer, respectively; 6 —
research object; 7 — micro lens; 10 — CCD camera; 11 — personal computer.
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(D = 2x10® pm) with a low-intensity
(W = 5.0 mW) He-Ne laser
beam A = 0.6328 ypm) (Fig. 1).

The polarization illuminator consists
of quarter-wave plates 3, 5 and a
polarizer 4, which ensures the formation
of a laser beam with an arbitrary
azimuth and ellipticity of polarization.

For the processing of laser images of
biological samples, statistical and fractal
methods of analysis of the distributions
of the elements of the Mueller matrix of
optically anisotropic biological tissues were
used. Statistical moments of the 1st-4®
orders that characterize the distribution p_,
were calculated using the following ratios:

o 0

1 = 1 2

=—2 | — > ((ps);Z)°

Q5 O
o] o]
1 1.2 3 1 1.2 4
Ly =—— )i Ly =—— "

=7 QZ= Pa)j> Zs=—3 QE__(P )
where Q is the number of
pixels of the CCD camera.

The coordinates of the distribution of the

Results and discussion

The analysis of the optical properties
of polycrystalline protein networks,
which are formed by blood plasma
amino acids, as well as formed blood
elements, is based on the following model:

* blood plasma is considered as a two-
component isotropic-anisotropic structure;

* the optically anisotropic component
is a protein fraction consisting of

elements of the Mueller matrix of blood
samples were evaluated within the limits
of statistical and fractal approaches.

Fractal analysis of distributions was
carried out by determining logarithmic
dependencies logJ(p,)-log(d!) of power
spectra, where d' - spatial frequencies
determined by the range of changes in
the size of the structural elements of the
polycrystalline network. The calculated
logarithmicdependenceswereapproximated
by the method of least squares, the
fractal dimension was determined by the
formula D = 3 - tg n, where 1n - angle
of inclination of linear part of graph.

The classification of coordinate
distributions p,(x,y) was carried out in
accordance with the following criteria:

°p.(x,y) — fractal or self-similar
provided n=const within 2-3 decades
of changes in geometric dimensions d;

°p.(Y) — multifractal, provided
that there are  several constant
angles of  inclination M., =CONSL,

*p. (x,y) — statistical or random provided
n#const for the entire change interval of d.

optically uniaxial birefringent crystals of
the amino acids albumin and globulin;

* the ©polarization properties of
such biological crystals are
characterized by the Mueller matrix;

s elementsofthe Muellermatrixp, planar
network layer (N) of crystalline aminoacids
and formed elements are determined by the
superposition of partial matrix operators.

Statistical and fractal analysis of Mueller matrix images of biological crystal networks.

Fig.2 shows histological images
of umbilical cord blood of a newborn
and  capillary maternal blood in
normal and pathological conditions.

Fig.3 and Fig.4 shows polarization
images of crystallite samples of umbilical
cord blood of a newborn (a) and capillary

https:/ /science.bsmu.edu.ua/

maternal blood (b) with pathological changes
for co-axial (0 = 0°) and the cross (0 = 90°)
transmission planes of the analyzer and
polarizer. Corresponding polycrystalline
networks of blood are illustrated by a eries
of laser images obtained in coaxial (6 = 0°)
and transmission planes of the polarizer
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Fig. 2. Histological image of blood smears. Increased 60*: capillary blood of the mother and umbilical cord
blood of the newborn in normal conditions and in case of maternal pathology (according to ultrasound).

Fig. 3. Polarization images of crystallite samples of umbilical cord blood of a newborn (a) and capillary
blood of the mother (b) without pathological changes for co-axial (8 = 0°) and the cross (6 = 90°)
transmission planes of the analyzer and polarizer.

and the analyzer, the crossed ones (6 = 90°).

Comparative analysis of laser images
revealed a different coordinate structure of
these samples. For the optically anisotropic
component of the blood samples of
a healthy person, they are spatially
ordered in several directions. The blood
of newborns with pathological changes
in the mother’s blood contains globulin

https:/ /science.bsmu.edu.ua/

crystals that are more disordered in the
directions of the optical axes (Fig. 5 a, b).

The subject of statistical and fractal
analysis were two types of Mueller matrix
images p,(mx n) umbilical cord blood of the
newborn and capillary maternal blood in
the norm and pathology of the mother. The
first type is the coordinate distribution of
the diagonal elements of the Mueller matrix

Antonyuk O, Ushenko A. Possibilities of laser polarimetric diagnostics of ...
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Fig. 4. Polarization images of crystallite samples of umbilical cord blood of a newborn (a) and capillary
maternal blood (b) with pathological changes for co-axes (0 = 0°) and the cross (0 = 90°) transmission
planes of the analyzer and polarizer.

P, (m x n), characterizing the degree of perpendicular directions p=45°-135°

transformation of the laser wave polarization (p,,(m x n)), in accordance. In this sense, we
azimuth by amino acid crystals whose willcallsuchmatrixelements«orientational».

optical axes are oriented in two mutually A comparative analysis of the two

Fig. 5. Coordinate distribution, power spectra and statistical moments of the Mueller matrix element p54

blood samples of a newborn without pathological changes (a) and with pathological changes (b).

https:/ /science.bsmu.edu.ua/
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types of samples showed differences in
the statistical moments of the 3™ and 4%
orders, in particular, for the blood samples
of newborns without pathological changes,
the statistical moment of the 3™ order
(asymmetry) is 2.5 times greater than the
similar parameter for the blood samples of
newborns with pathological changes, the
4t parameter (kurtosis) is 2.5 times greater
for blood samples of newborns without
pathologycomparedtosimilarparametersfor
blood samples of newborns with pathology.

Fractal analysis showed the
transformation of the distribution of power

spectra from fractal (fractal dimension)
for coordinate distributions of the Mueller
matrices element p,, for blood samples
without pathology to multifractal (fractal
dimensions D =1.66, D,= 2.90 and
D,= 0.56) for samples blood with pathology.

The table shows the statistical
parameters of the coordinate distributions
of the orientation-phase elements of
the Mueller’ matrix p,, for the group of
blood samples of mothers of newborns
without  pathological changes and,
accordingly, with pathological changes.

Table

Statistical moments of the 1st-4th orders of orientational-phase elements p3, Mueller matrices of blood samples

of different physiological states

z, Norm (20 samples) Pathological changes (20 samples)

Zq 0.29+0.02 0.31£0.03

Zo 0.03+0.006 0.02+0.009

Z3 1.49+0.08 0.39+0.04

Z4 2.4440.11 6.15+0.23

The comparative analysis of the state and with pathological changes.
data presented in the table revealed the In particular, with  pathological

diagnostic sensitivity of the statistical
moments of the coordinate distributions
of the orientation-phase elements of
the Mueller matrix (p,,) of higher orders
(3¢ and 4%) to structural changes that
occur in blood samples of mothers of
newborns with a normal physiological

Conclusion

The diagnostic possibilities of statistical
and fractal analysis of the coordinate
distributions of the elements of the Mueller
matrix of blood samples of different
physiological states of newborns and
their mothers have been demonstrated.
In particular, when examining the blood
of newborns, fractal and statistical

changes, the statistical moments of the
third order (asymmetry) decrease by 3.5
times, and accordingly, the statistical
moment of the fourth order (kurtosis)
increases by 2.5 times. The spread of the
values of the statistical moments within
the two groups did not exceed 5-10%.

moments of the 3™ and 4% orders) of the
coordinate distributions of the orientational
elements of the Mueller matrix p,, are
diagnostically sensitive p,,. For maternal
blood samples, the statistical analysis of the
orientational-phase elements of the Mueller
matrix (increase in the statistical moments
of the 3™ and 4™ orders with pathological

analysis (transformation of fractality into changes) is diagnostically sensitive.
multifractality, reduction of statistical
https:/ /science.bsmu.edu.ua/
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KniouoBi cnosa: AHoTaujiA

yykposuti oiabem; Uykposuli 0iabem € 00HUM 3 HeiHPeKUiIlHUX 3dX80PHB8AHb, WO CNPUYUHAOMb
enidemionozis; Halibinbwy npobsemy 8 0XOpOHi 300p08’a. [IPO2HO3YBAHHA KiIbKOCMI X80PUX HA Uy-
MeduYHe NPO2HO3YBAHHS; Kposuti diabem, 8 momy vuci U Kinbkocmi nayieHmis, w,o nompebysamumyme cmayi-

OHAPHO20 /iIKy8AHHSA, MOWe donomozmu 6ydysamu nodd/blly cmpamezito cucmemu
0XOPOHU 300p08’s, 30KkpemMda nepedbavyumu HeobXiORY KinbKicmb AiKapcbKux 3dcobis
ma mMicub y 3aK1d0dx OXOPOHU 300p08’a 0718 X80pUX HA UyKposul diabem.

[MpozHocmuyHy modenb 6ydysanu 3a memodom MoHme-Kapao saaHyrozie
Mapkoea, 0ucepenom OdHUX b6yau cmamucmuyHi 0aHi MO3 YkpdiHu 3a 1993-2022
poku. Ana nobydosu saHutoza Mapkosa 6ya0 pP03219HYMO HACMYNHi CMAHU:
300posuli, xgopul, xsopull y cmauioHapi, cmepme. 19 KOWHO020 CMaHy po3zas-
dasnu okpemo niocmaHu 045 dimell ma dopoc/ux. 3a noyamkosy mouky npuliHaau
2006 pik, 00UH YUK/ naHytozd Mapkoga ck/ias 00uH pik. [po2HO3y8aHHA hpo8oou-
/U 00 2035 poKy. Ha houamky KOMWHO20 Uukay 00 Kisbkocmi 30oposux dimeli 0oda-
8d/U ycepeOHeHy (3d 2006-2017 pp.) Ki/lbKicmb HOBOHAPOOMEHUX 8 YKPdiHi 3d piK.
o2/ UHAYUM CMAHOM /dHYt02d MdpKosd 8saxcanu cmepms (nduieHmad 3 UyKposum
diabemom abo ocobu 6e3 uykposozo diabemy).

[lobydosaHa npozHOCMUYHA Modeab nepedbayvde y 2035 Poui 3pOCMAHHSA Ki/b-
Kocmi Xx8opux Ha uykposuli diabem 00poc/1ux 00 1,7 M/H 0Cib, 3 AKUX NPUB/AU3HO 200
mucsy nompebysamumMymb CMauioHAPHO20 /NiKy8aHHS 8NP0008X PoKy. Kinbkicme
X80pUX Ha Uykposuli 0iabem dimeli cymmego He 3MiHUMbCS.

nowupeHicme
30XB80PIOBAHHS;
naHyroe Mapkosa;
memod Monme-Kapso

LntyBaHHA:
leaHyyk M, leaHuyk [1. [Ipo2HO3y8AHHA nowupeHocMi UyKposozo diabemy 8 YKpaiHi 3 BUKOPUCMAHHAM
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Abstract

Diabetes mellitus stands out as one of the non-communicable diseases posing
the greatest challenge to healthcare. Projecting the number of individuals affected
by diabetes, including those requiring hospitalization, can aid in shaping future
healthcare strategies, notably anticipating the necessary quantity of medications and
hospital beds for diabetic patients.

A predictive model was constructed utilizing the Monte Carlo Markov Chain
method, drawing upon statistical data from the Ministry of Health of Ukraine
spanning 1993-2022. The model encompassed the following states: healthy, diseased,
hospitalized, deceased. Sub-states for children and adults were considered separately.
The baseline year was set as 2006, with each Markov chain cycle representing one year.
Projections extended to 2035. At the onset of each cycle, the average (over 2006-2017)
number of newborns in Ukraine per year augmented the number of healthy children.
Death (of a diabetic patient or non-diabetic individual) was regarded as an absorbing
state in the Markov chain.

According to the constructed predictive model, by 2035, the number of adult
diabetic patients is anticipated to rise to 1.7 million, with approximately 200 thousand
necessitating hospitalization within the year. The quantity of diabetic children is
projected to remain relatively stable.
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dekiitHuMHU 3aXBOPIOBAHHSAMH, gKi
CTAHOBAATEL CEPHO3HY IIpobAeMy OAS Tpo-
MaJICbKOI'0 3/I0POB’d, HEraTUBHO BIIAWBAa-
IOTH Ha 9KIiCTh 3XUTT IIAIII€HTIB 1 Ha 3araAb-
HUH CTaH CHUCTEMH OXOPOHHU 340pOB’a [6O].

CaiToBa nomupeHicts LI/] Ta nopyiieH-
HSI TOA€PAHTHOCTI 0 TAIOKO3H y TOPOCAHX
HEBIIMHHO 3pPOCTa€ BIIPOZIOBK OCTAHHIX Jie-
CATHUAITE. BBazKaroTh, 110 Yy IIOAOBHUHH AlO-
e 3 B3KEe HAIBHUM [ia0eToM [OiarHO3 HE €
BCTAHOBAEHHH [6]. Bucoka mnoimupeHicThb
/1T mae BaxXAMBi colliaabHi Ta (piHaHCOBI
HaCAIIKH, 0COOAUBO AL AIOEH i3 HU3ZBKUM
i cepemHiM ngoxomoM. OCHOBHI colliaAbHi
Hacainku LI/] moB’d3aHi 3 BUKOPUCTAHHAM
MEIWYHUX Ta COLliaAbHUX PECYpPCiB, OCKiAb-
KJ BUTPATH Ha MeIW4YHe OOCAyrOByBaHHS
xBopux Ha LI/l yTpuyi BUIll, HiXX y AlofeH
6e3 3axBoproBaHHd. Kpim ToOro, 3pocrau-
Hs nomupeHocTi L/l y moemHanHi 3i 36iAb-
IIIEHHSIM BUTPAT Ha MEAWYHY JOIIOMOTY Ha
AyIIly HaceA€HHS, CBIIYHUTH IIPO Te€, IO Ts-
rap AiabeTy IAs CUCTEeM OXOPOHHU 340POB’d
IIPOJOBKYyBaTHMe 3pocTaTH. Burpartu, gxi
TPAOULIIHHO aCOLUIOIOTE 3 AiabeToM, BKAIO-
4aloTh BI3UTU [0 AlKaps, HEBIAKAAQOHY O0-
IIOMOTY, TOCIiTaAi3allifo Ta MeIuKaMeH-
TO3HE AiKyBaHHA. HagBHICTH ycKAaIHEHD
1 rocriiTasizallis € OCHOBHUMH (paKToOpaMu
BUTpaT. 30KpemMa BUTpaTH, IOB’s13aHi 3 I'OC-
miTaaizalliero, CTaHOBASITE OiAbIlle IBOX Tpe-
TUH 3araAbHUX BUTpAT, IOB’M3aHUX 3 MOia-
oerom. ITamierTu 3 11/l MaroTh HiABUIIIEHUHA
PHU3UK ToCIIiTasizallii yepe3 MaKpOCyAWHHi
VCKAQOHEHHS (HAIIPUKAAZ, 3aXBOPIOBAHHS
KOPOHAapPHOI apTepii, HepedpoBacKyAsIpHi Ta
nepudeprudHi CyAUHHI 3aXBOPIOBAHHS) Ta
MIKPOCYAWHHI YCKAQIHEHHS (HaAIIpUKAA,
peTuHoInatiss, Hedpornartia i HeHporartis).
9IK pesyAbTaT, - BIAUB I[yKpPoBOro miabe-
Ty Ha CHUCTEMY OXOPOHU 30POB’S Ta Halli-
OHaABHY €KOHOMIKYy BHUKAHKAE BCe OiabIire
3aHETNIOKOEHHS. [IporHo3yBaHHA KiABKO-

Mema i 3a60an1a 00cAi0xKeHHA

MeTo10 MaHOTO MOCAIIKEeHHsSI O0yAO BUBYUTU OCHOBHIi €MieMiOAOTiYHiI IMOKa3HUKHU L1/
Ta Ha OCHOBI OTPUMAaHUX JAHUX ITOOYAyBaTH ITPOTHOCTHUYHY MOAEAb molupeHocti LI/l Ha

HaMbamxk4yi 10 pokKiB.

https:/ /science.bsmu.edu.ua/

cti xBopux Ha LI, a, ocobAmBO, KiABKO-
CTi mamieHTiB, IO HOTPeOyBaTHMYyTh CTa-
I[IOHAPHOTO AiIKyBaHHSI, MOKE€ MIOIIOMOITHU
OyayBaTH TIOHAABLIY CTPATETiI0 CHCTEMHU
OXOPOHH 3O0POB’d, 30Kpema Iepeadadu-
TH HeOOXimTHYy KiABKICTh AIKAPCBKHX 3aCo-
6iB Ta MicIlb y 3aKAaax OXOPOHU 340POB’d
(303) mas xBopuX Ha IYKPOBHH miaber.

B manifi po0oTi pPO3TASHYTO BHKOPH-
cranHd MM-KAM pag riporHo3yBaHHS I10-
mupeHocti L]l B Ykpaini Ha HalOAMKYI
necarb pokiB. AM - 1e Takuili BUNIAOKO-
BUH Ipollec B AUCKPETHIH MHOXKHHI dacy,
Al dKOTO B KOXKHHH MOMEHT dYacy iMo-
BipHICTb OyZb-IKOTO MaHOyTHLOTO CTaHY
CHUCTEMHU 3aA€XKUTH TIiABKHM Bin ii Temepiri-
HBOT'O CTaHy Ta HE 3aA€XUTh BiJl TOro, SK
cucTeMa Imnepeuniaa B e cra”d. Y 1983
poui Bek i [laykep [1] ommcaaun BUKOPH-
craHHd MM pad MeaguyHOro IIPOrHO3yBaH-
Hs, i BinToai AM HaOyBaloTh ITOIIyASIPHOCTI
HE TIABKU B €KOHOMIYHHUX Ta COILIOAOTIYHUX
JOCAIMKEHHSAX, a ¥ B MeZU4YHHux [2-5,8].

MM npuIyckKaroTh, 110 MAalli€HT 3aBXIU
nepebyBa€e B OMHOMY 3i CKiHYE€HOI KiABKOCTi
OUCKPETHUX CTaHIB 3/I0POB’d, iHIIUMH CAO-
Bamu, y MC. Bci noii, 1110 3MiHU CTaHiB na-
LIIEHTIB, OIHUCYIOTH 9K nepexin 3 oqHoro MC
B iHmwui. YacoBu#l mpocTip aHaaildy po3mi-
ASIIOTH Ha PiBHI 4acoOBi INPOMIKKHU (LIUKAH),
BITPOJOBIK SIKUX MAIIIEHT i3 ITIEBHOIO ¥MOBIip-
HICTIO MOXKe ITepeUTH 30{HOT'0 CTaHy BiHITIUH.

JOBXKUHY LIHUKAY BUOUPAIOTH TaKUM
YUHOM, MI00 TPEACTaBASATH KAIHIYHO 3HAa-
YUMUU IIPOMIXKOK dacy. [ad momeaei, 110
OXOIIAIOIOTE BCE KUTTH IallicHTa, IIMKA 3a-
3BUYal CTAHOBUTH OAUH PiK. [ad Toro, 1106
AM OyB CKiHYeHHUM, BiH IOBUHEH MIiCTHU-
TH Xo4a O OMMH IIOTAMHAIOYHUH cTaH, 3 KO-
ro MallieHT He MOXKe IlepedTH B iHII cTa-
HU. B MeguYHUX MOOeAdX TaKHM CTaHOM
€ CMEepTh MallieHTa, OCKIABKHU Il€ €IUHUN
CTaH, 3 gKOTO MAalliEHT He MoxKe BUUTH [§].
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Marepianau Ta MeTOOM
[>xepeao BXiAHUX HAHUX OAS TOOYIOBU BaAH 3a METOA0M MM-KAM AQH-
MmomeAi — cratucTudHi maHi MO3 Ykpainu, II0TiB, HPOBIBLIN 10®  irepairiii.

po3TalioBaHi y BiIABHOMY OOCTYIII Ha cauTi
LleHTPY TIpPOMAaACHKOTO 3I0POB’d YKpaiHu
[9], a came: 3BiTHI (popMmu Nel2 (KiABKiCTH
3apeecTpoBaHUux XBopux) Ta No20 (KiABKICTH
IIPOAIKOBaHHUX XBOpPHUX) 3a 1993-2022 poku.

Google Tabaulli BUKOPHCTOBYBaAU HIK
Miclle HaAKOIIMYEHHd i IIepBHHHOI 00pOOKU
CTaTUCTUYHUX JAaHUX IIPOBOAVAU 3a [OIIO-
Mmoror, aaroputrMm wmerony MM-KAM pea-
AizoByBaau y mporpami MATLAB R2023b.

[IporHOCTUYHY MOJIEAD Oymy-
PesynbTaTHt Ta ix 00roBOpeHHs1
[ag BU3HAYEHHS  EMiAeMiOAOTIYHMX XBOPIOBAHOCTI Ta CMEPTHOCTI OyAuM BH-
nokas3HUkKiB LI/l, a came mommpeHocTi, 3a- KopucrtaHi: dgopma Nel2 Ta dopma Ne20
Tabnuusa 1
KinbKicTb 3apeectpoBaHux xsopux Ha L[ (popma Nel2)
Pik Hopocai (18 pokiB i crapimri) | 3 HEuX 9oA0BiKH-60 po- Hitu 15-17 pokiB Hitu 0-14 poxkiB
KiB Ta cTaplli, XKiHKHU-55
POK1B Ta CT.
3apeectpo- | B T.4. BHep- 3apee- B T.4. 3apee- B T.4. 3apeecTpo- B T.4.
BaHO 3aXBO- | 1IIe B 3KUTTI CTpPOBaHO BIIEpIIlE B | CTPOBaHO | BIEpPIIE B | BaHO 3aXBO- | BIEpIIE B
pIOBaHb 3aXBOPIO- KUTTL 3aXBOPIO- KUTTL pIOBaHb KUTTL
BaHb BaHb
1993 878762 59096 S - 2837 289 5054 920
1994 883898 53985 - - 2818 296 5138 868
1995 884826 49930 - - 2935 302 5019 836
1996 887367 53118 579180 27789 3055 338 4987 870
1997 | 879234 56390 593494 31085 3116 391 5005 897
1998 | 880799 62437 604279 35875 3135 362 5073 897
1999 | 899412 62701 616040 37375 3277 360 4993 808
2000 904585 63958 613416 38147 3244 322 5019 823
2001 907332 70519 620273 41794 3257 302 4958 786
2002 912246 74762 628628 44563 3236 301 4774 731
2003 1929108 80529 638002 47410 3227 285 4768 829
2004 1961220 91356 660625 54595 3300 309 4749 786
2005 998790 100010 677312 59172 3220 250 4642 802
2006 1040464 105650 701434 62063 3321 233 4590 772
2007 1086193 110255 735319 65576 3382 225 4549 779
2008 1165 253 117 934 786 175 69 242 3293 204 4 627 774
2009 1210 181 116 352 817 886 68 582 3202 191 4 655 854
2010 1249 230 117 371 849 353 69 365 3143 210 4 962 958
2011 1296 041 120 589 882 342 71377 2 983 224 5173 958
2012 1345419 127 523 910 468 76 737 2960 197 5 383 979
2013 1411769 128 259 932 328 77 094 2916 181 5 837 1106
2014 1 223 900 102 968 824 812 60 578 2 658 228 5 600 1100
2015 1244 714 98 363 842 754 56 401 2 479 151 6 069 1 039
2016 1 268 829 97 744 859 791 56 570 2 530 189 6 533 1196
2017* | 1294 454 108 156 875 816 64 178 2 651 184 7 146 1 307
* Micnsa 2017 poky y 3BiTax MO3 BiacyTHA dopma Nel2

** Y 1993-1995 p.p. BigCyTHi AaHi NpO XBOPUX NOXU/IOTO BiKy
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CTaTUCTUYHOI3BITHOCTIMO3YKkpainu. OTpu-
MaHi maHi npeacTaBAeHi y Tabaunsax 1 Ta 2.

OckiabkHM iHQoOpMallis IIPO KiABKICTB
3apeecTpPOBaHNX XBOPUX HasdBHA TIABKU 10
2017 poky, a BikoBa cTpyKTypa opmu No
20 aminuaaca y 2006 poiti, To [As TOOYyIOBU

OymoBu MomeAi OyAM BUKOPHUCTAHI BiIKPHUTI
naHi [lepkaBHOI CAY?KOU CTATUCTUKH YKpa-
iHM 100 CKAaLy HaCeA€HHd YKpaiHu: 3a-
raAbHOI KiABKOCTi, HApOA2KyBaHOCT1, CMEPT-
HoCTi, BikoBoOi cTpykTypH [7]. [louaTkoBOIO
TouKOI0 AM BBaxkaau 2006 pik. Poku 3 2007

IIPOTHOCTHUYHOI Momeal BHUKOpHUCTOByBaau 110 2017 BUKOPUCTOBYBaAU A MEePEBipKHU

naxi 3a 2006-2017 poku. Kpim Toro, nias mo- sKocTi Mozeai. Ha moyaTKy KOXKHOTO ITUKAY

Ta6bnuua 2

Cknapg xsopux Ha U/, B cTauioHapi, CTPOKM Ta pe3ynbTaT NniKkyBaHHA (popma N220)

Pik [Jopocni Oitn*
BUMNCAHO npoBeseHo BUNUca- | nomepno | sBunucaHo | y T.4. B BiLi nposeaeHo Bunu- | nomepno | y T.M. B BiLi
XBOPMX HUMMU NiXKKO-AHIB XBOPUX 00 1 poky | caHumMum nixkKo-gHiB 00 1 poky

1993 96140 2034898 1908 3665 4 64284 13 0
1994 92849 1938785 2138 3820 3 65649 10 0
1995 90981 1907174 2001 4217 3 73359 10 1
1996 88145 1781952 1805 3928 2 68516 16 0
1997 86626 1639525 1415 4146 5 67026 10 0
1998 89715 1641710 1284 4645 4 73979 6 0
1999 91298 1603249 1396 4861 7 75389 9 0
2000 95671 1611879 1358 5099 2 73180 6 0
2001 98794 1628900 1264 5104 9 73570 5 1
2002 105876 1698758 1208 5175 5 71475 7 0
2003 108545 1717958 1174 5541 9 77755 4 0
2004 115968 1770408 1144 5593 9 77334 5 0
2005 126677 1852485 1208 5660 10 74682 4 0
2006 132795 1899746 1231 8663 23 105923 7 0
2007 140706 1960388 1298 8592 20 108193 10 0
2008 156 954 2170316 1224 9564 26 120571 4 0
2009 156 127 2131073 1201 9236 30 113 365 2 1
2010 164 332 2204018 1225 9872 18 118 144 7 0
2011 168 822 2 215655 1185 10 216 30 119428 3 0
2012 172 469 2209 236 1322 10 102 23 115 945 6 0
2013 179 649 2282191 1281 11129 28 124 390 1 0
2014** | 153 545 1916 998 1073 9644 11 107 295 3 0
2015 151 363 1888 604 1123 10 282 23 112910 3 0
2016 153 305 1885 252 1184 10672 16 111 002 1 0
2017 160 640 1934569 1187 11750 14 120969 2 0
2018 162 297 1921 085 1287 12 273 13 124 428 6 0
2019 161 812 1873 545 1287 12 826 15 130323 3 0
2020 90 457 1027 706 1400 7978 16 82033 3 0
2021 88290 961 091 1409 10 041 15 93 155 2 0
2022 105 542 1117 020 1402 7743 15 69 807 4 0

poki., 3 2006 poKy gaHi aiten Bikom 0-17 pokiB npeacTaBaeHi pasom
** 32014 poKy y 3BiTax BiICYTHi AaHi 3 TUMUYACcOBO OKynoBaHoro Kpumy.
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AM [0 KiABKOCTI 30pPOBHUX AiTel nomaBa-
AU ycepenHeHy (B mepiom 3 2006 mo 2017
PiK) KIABKICTH HOBOHApPOIXKEHHUX 3a pikK.
dasg  mobymoBu AM  Oyao  po3-
TASHYTO HAaCTYIIHI CTaHU:
* 30oposulil (AroguHa, 1110 He xBopie Ha L1/])
* Xeopuli (3apeecTpoBaHuil xBopuii Ha L1/])
 Xeopuil y crailioHapi (3apeecTpoBaHUM
xBopu# Ha LI/, 110 B TOTOYHOMY POLIi I1e-
peOyBaB Ha CTalliOHAPHOMY AIKyBaHHI)

* Cmepmob(aronuHa,II0IIOMEPAABIIOTOYHO-
MY POLli, He3aAeKHO BifHagBHoCTiBHEeT L[ /])
OcCKiABKM HWMOBIPHOCTI Ilepexony Mixk
CTaHaMM BiJpPI3HAIOTBCA y Pi3HUX BiKO-
BUX TPy, A KOXKHOI'O CTaHy pO3radna-
AU TPHU MiACTaHU, B 3aA€KHOCTI BiZl BIiKYy:
* OumuHa (Bik 0-17 POKiB)
* Oopocnuil (;kiHKH BiKOM 18-54
POKHU, YO0AOBiKM BikoM 18-59 pokiB)

* noxunuil ik (KiHKH Big S5 po-
KiB Ta 4YoaoBikm Big 60 poKiB)
3rigHO cTaTUCTHYHHNX mpaHux MO3,
MaMxke KoxXHa agutuHa 3 L/ Bipo-
[OBXK POKy IlepedyBasa Ha crallioHap-
HOMY AiKyBaHHi, TOMYy [OAd [OiTe# craH
Xeopuilli y crallioHapi HEe PO3TASIIaBCH.

KAQHillle MaTpulllo HMmoBipHOcTel AM.
30oposa dumuHa MOXKe 3aXBOPITH (mIe-
peiTu y craH Xeopa oumuHa) 3 EMOBIipHi-
CTIO, KA BiAIIOBifa€e cepeaHiit KiABKOCTI (3a
2006-2017) Bmeple 3apeecTPOBaHUX BU-
nankiB L/l y gite#i. [lepexin 3i crany 300-
posa dumuHa y craHn Cmepms BiamnoBinae
OUTSYill CMEPTHOCTI Bif ycix nmpuduH. [le-
pexin 3i crany 30oposa oumuHa 'y ctaH 300-
posuil dopocnuil, a TakKOXK 31 craHy Xeopa
JdumuHa y craH Xeopuil 0opocauil BiAIIOBi-
[a€ KiAbKOCTi mite#i, 110 mocdarHyau 18-piyg-
HOTO BiKy, i MoxKe OyTH BHpaxyBaHUU 3 I10-
Ka3HUKIB HapoxKyBaHOCTI 18 poOKiB ToMy.
Xeopa dumuHa BIIPOOOBK OJHOTO ITUKAY

AM (0ZHOTO POKY) MOKE 3aAHUIIUTHCS B IIHO-
My XK CTaHi abo mepedTu B ctaH /opocauil
xeopultl. Ilepexin y cran Cmepme BiamoBigae
OUTSYild CMEPTHOCTI Bim yckaamHeHb LI/I.
30oposuii dopocauti MOXKe:

* nepedTHBCTaHX80pUll0OPOCAUTZBAMOBIP-
HICTIO, 1110 BiATIOBi1a€ MMOBIpPHOCTi 3aXBO-
pitTu ynepire gad ocib 1iei BikoBoi rpyru;

* mepeuTu B cTaH 300p08Ull NOXUN020 8IKY 3
HUMOBIpHICTIO, 1110 BiAIIOBia€ BiAHOIIIEH-
HIO KiHOK BIKOM 55 POKiB Ta YOAOBIiKiB

MMoBipHOCTI mepexony MiX cTaHa- BikoM 60 POKiB 10 KiABKOCTI 3KiHOK BiKOM
MH B moOymoBaHi#i momeai AM  mpen- 18-54 poku Ta 40AOBiKiB 18-59 pokKiB.
craBaeHi B Tabaumi 3. PosragHemo mo- [Tepexin y ctan Cmepmb BimOyBaeThbCs
Tabnuya 3
MaTtpuua mosipHoctei JIM gna mogentoBaHHA 3aXBOpPOBaHOCTI Ha LI/,
3popoBa | XBopa 3p0poBuii | XBopuii XBopwuit 3p0poBuii | XBopuit XBopwit no- CmepTb
AWNTUHA avTvHa | popocanii | mopocamii | mopocauity | noxunoro | noxwunoro | xunoro Biky y
cTauioHapi | Biky BiKYy CTauioHapi
340poBa AUTUHA 0,94993 0,00007 | 0,035 0 0 0 0 0 0,015
XBopa auTUHA 0 0,9495 |0 0,035 0 0 0 0 0,0155
3p0poBuiA gopoc- 0 0 0,9712 0,0028 0 0,02 0 0 0,006
nmn
XBopwuin popocnunit 0 0 0,803 0,127 0,02 0 0,05
XBOpuit fopocaniny 0,969 0 0 0,02 0,011
cTauioHapi
3p0posuii noxuno- | 0 0 0 0 0 0,93771 0,00229 0 0,06
ro BiKy
XBOpwWit noxunoro 0 0 0 0 0 0 0,823 0,127 0,05
BiKYy
XBOpWit NOXMNOro 0 0 0 0 0 0 0,989 0 0,011
BiKy Yy CTauioHapi
CmepTb 0 0 0 0 0 0 0 0 1
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Puc.1.AM nasa MoaeAroBaHHSA 3axBoproBaHocTi Ha LI/
3 UMOBIpHICTIO, III0 BiAIIOBiZa€ CMEPTHOCTI OKpPEMHX M[OaHUX IIPO OcCib IMOXHUAO-

Bil yCiX HNpUYUH [OAs I1i€l BIKOBOI T'pPYIIH.

Xeopuil Oopocnuil MOKe BIPOAOBK
POKY 3aAHIIATUCA B IIbOMY 2K CTaHi, AlKY-
BaTUCd B CTallioHapi i3 MMOBIpHICTIO, III0
BignoBimae manuM dopmu Ne20, HaOyTH
Biky 55 (xkiHkm) abo 60 (40AOBiKH) Ta 1e-
petitu B miacraH [loxunuil 8ik abo repeti-
TU B ctaH Cmepmb 3 UMOBIPHICTIO CMEPT-
HOCTi mopocaux ocib Bim yckaamHeHb LI/1.

Xeopuil dopocnuili y cmauioHapi, MOXKe
nepedTu B ctaH Xeopuil dopocauil, epei-
TH B migcTaH [loxunuil 8ik abo IepeidTu B
crad Cmepmos 3 UMOBIPHICTIO, III0 BiAIIOBi-
[aae cMepTHOCTI XxBopux Ha LI/l B cTaltioHapi.

30oposuii noxunozo 8iKy MoKe Iepei-
TH B cTaH Xeopuil noxusnozo 8iky 3 HUMOo-
BipHICTIO, III0 BiANIOBiZae WMOBIPHOCTI
3axXBOPITH ymepie Aad ocib crapiie 55
(kinku) abo 60 (YOAOBiIKHM) POKIB, 3aAHU-
IIIATUCA B TOMY 3K CTaHi, abo IepelTu B
cran Cmepms 3 UMOBIpPHICTIO, IO BiAIIO-
Bimae cMepTHOCTI oci0 I1i€i BiKOBOI TpyIIH.

Ockiapku y dopmi No20 ocobu HeMmae

https:/ /science.bsmu.edu.ua/

ro BiKy, HMOBIPHOCTI IIepexony B CTaH
Xeopuil B crallioHapi Ta CMEPTHICTb B
CTallioHapi po3paxOBYIOTBCA  aHAaAOII4-
HO HMOBipHOCTIM miAcTaHy J[opocauil.

AM, 1m0 BiAIOBiZa€ OIMCAaHIM MaTpH-
11 IMOBIpHOCTEN IIpeAcTaBA€HUH Ha puc.l

MeTon MouTte-Kapao 3aCTOCOBY-
Baau iz 109 itepamiti. CepenHe Biaxu-
A€HHSI IIPOTHO30BAHOI KIABKOCTI  XBO-
pux Ha I/l Big CTaTUCTUYHUX [JaHUX
MO3 3a 2007-2017 poku ckaaro 7,2%.

OTpuMaHO TaKUMP IIPOTHO3: KIABKICTH
JOPOCAUX (B T.4. IOXHAOIO BiKYy), XBOPHUX
Ha L y 2035 pomi 30iabmuthcsa Ha 34%
nopiBHAHO 3 2017 poKOM i CTaHOBUTHUME
6AM3bKO 1,7 MAH 0Ci0O, 3 IKUX HPUOAU3HO
200 TtHcay noTpebyBaTHMyTh CTallioHap-
HOT'O AIKyBaHHS BIIPOJOBXK POKY; KIABKICTH
aited, xBopux Ha LI/l cyTTeBO HE 3MiHUTH-
cd, 1 BOpomoBxXK HacTynmHUxX 10 poKiB KO-
AUBaTUMEThCd B Mexkax 8-9 Tucad ocib.

'pacdiune 300pazkeHHS ITPOTHOCTHY-
HHUX MOIEAE€N MpPEACTaBA€HO Ha puc. 2-4.
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Puc.2.ITporuo3s 3apeecTpoBaHOi KiABKOCT1

nopocaux 3 LIT*

*3 2014 poky y cratTucTHYHHEX 3BiTax MO3 BiacyTHS iH-
dopMmallia Ipo XBOPHX, 110 IIepeOyBaloTh Ha THMYaCcOBO
OKYIIOBaHHUX TepHUTOPiax. [IporHOCTHYHA MOAEAB OyayBasa-
cd 3 BpaxyBaHHSAM yCixX TepuTopilt YKpainu.

Puc.4
[TporHo3a KiabKoCTi mopocaux 3 LI/, 1110 moTpebyBaTH-
MYTBb CTAI[iOHAPHOTO AIKyBaHHS BIPOIOBIK POKY

BucHOBKM

Y poboTi 3arIPOIIOHOBAHO BUKOPHUCTAH-
Ha Metony MM-KAM pag mporHo3yBaHHA
po3BuTKy LI/l B Ykpaini B Ha#bamxkui 10
pokiB. IlepembadeHO 3poCTaHHS KiABKO-
cti xBopux Ha L/l mopocamx mgo 1,7 maH
ocib, 3 agkux npubausHo 200 THCIY TIIO0-
TpeOyBaTUMyTh CTalliOHAPHOTO AiKyBaH-
HE BIPOAOBXK pPoOKy. KiABKiCTEP XBOpPHX Ha

IlepcnexmuBu nodasvuux 00cAioxeHs

Puc.3.IIporaos 3apeecTpoBaHoOi KiAbKOCTi aiTeit 3 L]

I mite#t, 3rimHO mOOyZOBaHOiI IIPOTHOC-

TUYHOI MOJEAl, CyTTEBO HE€ 3MIHUTHCH.
OTpuMaHUM IIPOTHO3 MO03BOAdE Oy-
AyBaTU TIOJAABIIy  CTpaTerilo  CHCTe-

MU OXOPOHH 30pPOB’d Ta IepeadaduTu
HEOOXiTHY KIABKICTh AiKapCBhKHX 3acCo-
6iB Ta micup y 303 mas xBopux Ha L.

3anaaHoBaHO MOOYAyBaTH ITPOTHOCTHUYHI MoeAi nmomupeHHs /] iHImMMu MeTomaMu
Ta BUOpaTH HaWKpallly Mozaeab. KpiM TOro, maaHyeMoO OHOBUTHU OTPHUMAaHY ITPOTHOCTHUYHY
MOJIEAb TIPU 3MiHi AeMorpadiyHoi cutyalii B YkpaiHi.
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Abstract
Keywords: An analysis of existing cardiovascular system models with regulatory loops
cardiovascular system model;  ysed for research purposes and disease diagnosis in medicine has been conducted.
Kolmogorov-Arnold Networks A dynamic model of the cardiovascular system that accounts for regulatory

(KANs); processes is proposed. The model incorporates one of the key aspects of blood
regulatory and control circulation regulation—neural regulation—achieved through the sympathetic and
elements parasympathetic nervous systems. The sympathetic nervous system stimulates the

heart to increase the rate and strength of contractions and causes the constriction of
peripheral vessels, thereby raising blood pressure. Conversely, the parasympathetic
nervous system decreases the heart rate and promotes vessel dilation, lowering blood
pressure. These mechanisms interact closely to maintain stable blood circulation in
response to the organism's changing physiological needs. Humoral regulation includes
the action of various hormones and bioactive substances circulating in the blood that
affect the cardiovascular system, which is also considered in the model. The dynamic
component of the regulatory system at the intermediate level (humoral system) in the
model simulates the formation of mediators, such as adrenaline and noradrenaline,
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which travel through the blood vessels. The effects of hormones from the intermediate
level on the cardiovascular system are sensed by receptors, such as baroreceptors and
chemoreceptors, located in the aorta and the pulmonary circulation, among other
places. To enhance the model's functionality, the intermediate regulatory level of the
humoral system incorporates a Kolmogorov-Arnold Networks (KANs) system. The
KAN network is trained on a knowledge base derived from dozens of acute critical
cardiovascular situations. This model can subsequently be used for computer-based
prediction and diagnosis of patient diseases and for training medical students.
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AmnHoTartist

[IposedeHo aHanis icHyo4ux modeneli cepuyeso-cyOUHHOT cucmemu 3 KOHmypamu
pezyaauii, ki sukopucmosyromeca 04153 00CAiOHUX Yyisnel ma diazHOCMUKU 3ax8opto-
80Hb Y MeOUUUHI. 3anpONOHOBAHO OUHAMIYHY MOOe/b cepyeso-CyOUHHOI cucmemu,
KA 8pAX0BYE npouyecu pezyaayii. B modesi BUKOPUCMAHO OOUH 3 K/OYOBUX dCneK-
mig pezy/1t08dHHA KPOBOODI2y - Hepeosa pezy/aauis, ska 30ilCHIEMbCA Yepes3 CuM-
NamuyHy ma ndpdcumndmuyHy Hepeosi cucmemu. CumMndmuyHa Hepsosd cucmemd
CMUMYAIOE cepue 00 36i1bWeHHs 4dcmomu CKOPOYEeHb Md CUAU cepuesux yodpis, d
MAKoM 38YMCEHHA nepudepuyHUX CyOUH, Wo nidsuwye apmepiaasHuti muck. lapa-
CUMNAMUYHA HEPBOo8d cucmemd, HA8NdKU, 3HUMCYE YacCmomy Cepuesux CKOPOYEHb i
CNPUSIE PO3WUPEHHIO CyOUH, 3HUMCYOYU MucK. Li mexaHizmu ditome y micHili 83aemo-
0ii 0215 niompumaHHa cmabinbHO20 Kposoobizy y 8i0n08i0b HA 3MiHHI ¢izionoziuri no-
mpebu opzaHiamy. [ymopanbHa pezyauis 8kntoude 6 cebe 0ito pisHUX 20pMOHI6 ma bi-
OdKMUBHUX PeY0B8UH, SKi UUPKY/IOIOMb y KpO8i md 8n/1usdioms Hd cepueso-cyOUHHY
cucmemy, W0 Makoi 8pdxo8aHo 8 Mooei. JUHAMIYHA AAHKA cUCMeMmMu pe2y/It08AdHHS
HA NPOMINCHOMY pigHi (2ymopasbHa cucmema) 8 modei imimye ymsopeHHs mediamo-
pis, Hanpuknad, adpeHaniHy i HopadpeHasiHy, aKi nepemiulyromescs 3 Kpos’to no cy-
OuHam. Pe3ysabmam Oii 20pMOHI8 3 NPOMINCHO20 piBHS HA cepuyeso-cCyOUHHY cucmemy
PopmyemMbCs ceHCcopamu, AKi 881510Mb c060, HANPUKAAd, 6apo-, XxeMo-peuenmopu,
pO3mawosani 8 aopmi, cepedosuuyi Mas020 Koaa i m.n. [A5 NOKPAWEHHS PyHKUY,io-
Ha/nbHOCMIi MoOesi 8 NpomixucHUU piseHb pezy/auil 2yMopasnbHOT cucmemu 8gedeHd Me-
pexca Kolmogorov-Arnold Networks (KANs). Mepexcy KAN Hagyarome Ha 6a3i 3HaHb
HA84d/bHOT BUBIPKU 3 decamkie 20CMpuUX KpUMuUYHUX cumyayili cepyeso-cyOuHHOT
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cucmemu. B nodasbwomy maky mooe/sib MOMHA 8UKOpUCMoOgys8dmu 0415 Komn’iomep-
HO20 NPO2HO3YBAHHA MA PO3Ni3HABAHHA 3dXB0PIOBAHHA NAUIEHMIB Ma 0419 HABYAHHS

cmyOeHmig medukis.
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Introduction

Since the 1970s, one of the trends in
the development of medicine has been the
application of mathematical models and
methods for the diagnosis and treatment
of patients. In our country, this direction
began to develop successfully in the 1980s
and 1990s by one of the renowned schools
led by Academician Mykola Mykhailovych
Amosov. This approach has proven
promising due to the development of
science at the intersection of mathematics,
medicine, and engineering [1, 2]. The
capabilities of this field have allowed for
the determination and comparison of
quantitative characteristics of biological
systems, identification of inherent causes
of complications, development of methods
for disease diagnosis, and management
of anesthesia in patients during and after
heart and vascular surgeries. A technology
for individualized therapy, optimal for each
patient,wasdeveloped,testedinexperiments,
and implemented in clinical practice.

The early work of the Department
of Biocybernetics at the Institute of
Cybernetics of the Academy of Sciences
of the Ukrainian SSR was associated with
modeling various metabolic processes at the
cellular and organismal levels. In the mid-
1960s, German and American scientists
proposed mathematical models of certain
physiological processes such as respiration,
circulation, and thermoregulation.
However, there were few such models, and
the approaches to their development and

https:/ /science.bsmu.edu.ua/

methods of implementation were diverse
[3]. A mathematical model of the cell's
biochemical processes was also proposed.
Due to the complexity of cellular metabolism
and the imperfection of computational
technology, this model included only some
of the most important chains of biochemical
reactions, specifically ATP synthesis,
some amino acids, nucleic acids, etc. [4].

Tocreateamodel ofthe human organism
as a whole, it was necessary to model the
systems that ensure its vital activity. From
1968 to 1975, a team of employees from the
DepartmentofBiocyberneticsattheInstitute
of Cybernetics of the Ukrainian SSR, led by
Mykola Mykhailovych Amosov, worked on
creating a mathematical description and
digital models of several crucial systems of
the organism and studying some of their
self-regulatory processes. This included
developing a comprehensive model of
interconnected physiological systems and
using it to study the regulation of vital
functions of the organism under normal
conditions, and applying the model to
reproduce simplified pathological situations.

Digital models of subsystems of some
physiological systems of the so-called
internal sphere of the organism were also
developed: circulation, external respiration
and tissue metabolism, water-salt balance,
thermoregulation. The work was carried
out in three stages: the construction of
mathematical models, the study of digital
models of individual physiological systems
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and processes, and the examination of a
complex of digital models of interconnected
physiological systems of the human body.

This resulted in the creation of a
comprehensive model for the regulation of
vital functions of the human body under
normal conditions. Research on these
models demonstrated that theoretical data
aligned well with experimental data. The
material obtained could be used both for
quantitative analysis of experimental and
clinical data and for the systemic analysis
of physiological functions. Using the created
mathematical model, scientists investigated
the regulatory processes of physiological
functions under normal body conditions

when  simulating physical exertion.
The results allowed them to conclude
that most of the model's reactions

corresponded to experimental data. The
proposed complex model of interconnected
physiological systems of the human body
could also be used to study the role of factors
characterizing the adaptation process
to physical exertion. This information is
particularly important for applications in
labor physiology and sports. Additionally,
the model was used to study the regulation
of physiological functions under conditions
of heart pathology, specifically heart
failure. The developed model proved
to be suitable for reproducing certain
pathological states of the human body [3].

For an extended period, artificial
reproduction of various diseases and
pathological conditions in animal

experiments has been widely used in
medicine. The realization that the human
body can function in conjunction with
technical systems led to the emergence of
biotechnical systems. One direction of their
development was the creation of systems
to compensate for lost physiological
functions of the body—vegetative, sensory,
and motor. Another direction was the
development of systems to support the
physiological functions of the human body

https:/ /science.bsmu.edu.ua/

in extreme environmental conditions [3].

The advancement of cybernetics,
electronic computing technology, and
informatics enabled mathematical modeling
of various functional disorders, pathological
conditions and processes, and specific
diseases and their complications. At the
initial stage, cybernetic methods found the
most extensive application in physiology,
exemplified by obtaining important
characteristics of organs and systems.

The most general is the dynamic
characteristic, which reflects the
change in functions over time under
different load conditions. A  static
characteristic can be obtained in a
stationary mode when transitioning
from one stable level to another [6].

The development of instrumental
base allowed for the registration of
many functions and the processing of
large amounts of research results. As a
result, it became possible to obtain data
for quantitative models of algorithmic
or structural types. In the first case, a
scheme of disease development can be
drawn, and an algorithmic description
of the model with corresponding digital
matrices can be created, followed by
probabilistic calculations of the dynamics
of the patient's pathological process.

In the second case, during a model
experiment, pathological characteristics of
organs were obtained, which could be used
to predict the disease progression using
network structural models. However, there
were certain difficulties in creating models.
Machine modeling could not compensate for
the lack of knowledge about the essence of
phenomena that could not be investigated
at the time the model was created.

Quantitative characteristics of even well-
studied organs were lacking. Additionally,
obtaining pathological characteristics of
organs and systems was challenging as
model experiments took a long time and
were difficult to replicate. Despite these
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difficulties, the first object chosen for
the application of quantitative modeling
methods in physiology was the heart, as
it is one of the most important human
organs and can function in isolation.

The fact that M.M. Amosov, who led the
work, was a cardiac surgeon also played a
significantrole. However,thevarietyoffactors
affecting heart activity complicated the
creation of a complete model of its function.

Therefore, the research was conducted
on the heart-lung preparation and was
limited to the types of characteristics of heart
activity. Asaresult, theissueofunambiguous
quantitative description of heart function
under clearly defined conditions was
resolved. Additionally, new properties of the
mathematical model of the myocardial self-
regulation system were demonstrated [6].

At the core of cardiovascular system
modeling technology were hemodynamic
models that represented the pulsating heart
(left and right ventricles, atria, and vascular

network), self-regulation of the heart, blood
vessels, and circulating blood volume, as well
as the humoral background (natural and
induced by the administration of dopamine,
adrenaline, other medications, and fluids).
As a result, significant reductions in
complications, mortality, and improvements
in therapy quality were achieved [7].

Abroad, the development of
cardiovascular system models followed a
somewhat different path. Electrical and
physico-technical analogs were widely used.
In this context, let's consider the most well-
known models of blood circulation. The
study [8] describes the Windkessel model
with lumped parameters, which serves as
the foundation for a whole family of zero-
dimensional models. Despite the simplicity
of such models and the lack of descriptions of
regulatory mechanisms, attempts are made
to use them to assess various hemodynamic
parameters [9]. Many models are built based
on hydraulic or electrical analogies [10-12].

The aim of the study is to create a model of the cardiovascular system for blood

circulation regulation with control elements.

Model of blood circulation regulation in the cardiovascular system

The cardiovascular system plays a key
role in supplying the body with essential
nutrients and oxygen, as well as in
removing metabolic wastes. The importance
of this system for maintaining the body's
homeostasis cannot be overstated. The
main components of the cardiovascular
system are the heart, blood vessels, and
blood, which work synchronously to
maintain circulation. The regulation of blood
circulation is carried out through a complex
set of mechanisms that include nervous,
humoral, andlocal regulatory pathways [13].

One of the key aspects of circulation
regulation is nervous regulation, which is
carried out through the sympathetic and
parasympathetic nervous systems. The
sympathetic nervous system stimulates the
heart to increase the heart rate and the force

https:/ /science.bsmu.edu.ua/

of cardiac contractions, as well as constrict
peripheral vessels, which raises blood
pressure. The parasympathetic nervous
system, on the other hand, decreases the
heart rate and promotes vasodilation,
lowering blood pressure. These mechanisms
work in close interaction to maintain
stable blood circulation in response to the
body's changing physiological needs. [14].

Humoral regulation involves the
action of various hormones and bioactive
substances that circulate in the blood
and affect the cardiovascular system.
For example, the renin-angiotensin-
aldosterone system (RAAS) plays a key role
in regulating blood volume and arterial
pressure. Angiotensin II, the main hormone
of this system, causes vasoconstriction and
stimulates the release of aldosterone, which
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promotes sodium and water retention, contributes to vasoconstriction and
thereby increasing blood pressure. [15]. may increase arterial pressure [16].

Local regulatory mechanisms include
endothelial factors such as nitric oxide
(NO) and endothelin-1. NO is a potent
vasodilator that reduces vascular tone
and promotes vessel dilation, improving
blood flow. Endothelin-1, on the contrary,

Regulation of blood circulation also
involves the integration of various signals
and feedback mechanisms that provide
adaptive responses to physical exertion,
stressful situations, and other external
influences. For instance, during physical

Figure 1 — Structural model of cardiovascular system regulation using control elements (Signals traveling
along blood vessels are marked in red, signals traveling along nerve fibers are marked in blue)
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exertion, there is an increased demand
for oxygen, leading to an elevation
in cardiac output and redirection of
blood flow to the working muscles [17].

Thus, the comprehensive regulation of
blood circulation within the cardiovascular
systemencompassesnumerousmechanisms
operating at various levels of organization

to ensure the adequate supply of essential
substances to organs and tissues. Further
research into these mechanisms is crucial
for developing new therapeutic approaches
to treating cardiovascular diseases.

Modeling the regulatory processes
of the cardiovascular system is valuable
from a control theory perspective, as it

Figure 2 — Structural model of cardiovascular system regulation using Kolmogorov-Arnold Networks
(KANs) (Signals traveling along blood vessels are marked in red, signals traveling along nerve fibers are
marked in blue)
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enables researchers and clinicians to intermediate level (humoral system)

better understand and predict the behavior
of this complex system under various
conditions. The use of mathematical
models and computer simulations allows
for the study of cardiovascular system
responses to different physiological and
pathological stimuli, which would be
difficult or impossible to accomplish in vivo.

The proposed model for regulating the
cardiovascular system (Fig. 1) consists of
the primary level, the intermediate level,
and the control object—the cardiovascular
system. Within the control object, there
is also a local self-regulation system,
which represents an uncontrolled level of
regulation relative to the primary level.

Nerve signals el...en, generated at the
primary level as the difference between
signals indicating the organism's condition
(Body_condition, Body c,...Body c ) and
signals y,...y_ from the control object, are
transmitted to the intermediate level. In the
model, a proportional-integral-derivative
(PID) control law [18] is used to regulate
these signals—this is the simplest algorithm
for the functioning of an automatic regulator
Y>PID, defined by the following formula:

Kpe(t) + K, f e(t) dt + K, de(t)

PID =
Z dt ,
where Kp, Ki, and Kd are
the proportional, integral, and
derivative coefficients, respectively.

The dynamic element YPID at the

Conclusion

A promising direction in the diagnosis
and computer-based prediction of diseases
involves the creation of models that enable
the assessment of the state and pathological
processes of the cardiovascular system. This
approach allows for the prediction of blood
circulation status resulting from therapeutic
interventions and manipulations without
harming the patient. Additionally, such
a simulator can be used for educational

https:/ /science.bsmu.edu.ua/

simulates the formation of mediators x1...
xn, such as adrenaline and noradrenaline,
which are transported through the blood
vessels. The effect of hormones from the
intermediate level on the cardiovascular
system is sensed by receptors, such as
baroreceptors and chemoreceptors, located
in the aorta, pulmonary circulation, etc.

Another version of the cardiovascular
system regulation model is presented
in Fig.2. The intermediate regulatory
level of the humoral system incorporates
Kolmogorov-Arnold Networks (KANs) [19]
as a promising alternative to Multi-Layer
Perceptrons (MLP) neural networks. While
MLPs have fixed activation functions at the
nodes ("neurons"), KANs feature activation
functions that can be trained on the
edges ("weights"). KANs do not have linear
weights at all—each weight parameter is
replaced by a one-dimensional function
parameterized as a spline. These differences
in KANs lead to advantages over MLPs in
terms of accuracy and interpretability. In
terms of accuracy, much smaller KANs
can achieve comparable or better accuracy
than much larger MLPs. In this model, the
KAN network is trained on a knowledge
base derived from dozens of acute critical
cardiovascular situations. Such a model can
subsequently be used for computer-based
prediction and diagnosis of patient diseases
as well as for training medical students.

purposes in medical institutions. The
further development of these cardiovascular
system models could lead to the creation
of a medical simulator in the NI LabVIEW
software environment [20]. Biomedical
engineering is one of the fastest-evolving
fields in engineering today. LabVIEW, a
graphical programming tool from National
Instruments, has been used across multiple
classes to teach bioinstrumentation, circuit
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design, biological signal processing, and
image processing concepts in biomedical
engineering. Moreover, to increase the
functionality of the cardiovascular system
regulation model, it is planned to integrate
Kolmogorov-Arnold Networks (KANs) into its
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AHoTauia

Cmamms npucgayeHd MimnpedMemHoOMy iHMezpy8dHHIO NPU BUK/AAOAHHI Ha-
84d/1bHUX Kypcig «biosoziyHoi Ximil» i «TOKCUuKo102iYHOT ma cydo8oi Ximii» cmyoeH-
mam ¢apmayesmuyHoz0 dakyememy, 30Kpema 8UOKPEM/IEHHIO CNi/IbHUX 018 060X
npeomemis es1eMeHmi8 HaBYAHHA.

AHani3 pobo4yux npozpam i3 suwjesd3HayeHux OucuyunaiH suseus, Wo Haby-
mi cmydeHmamu-papmayesmamu 3HAHHA nid Yac susvyeHHs «bionoziuHol Ximil» €
niorpyHmam 018 ONAdHYBAHHA HUMU Kypcy «TOKCUKO/102iYHOT ma cy0do8oi Ximii», a
BUK/NAOAHHA HABYA/NBLHOZO Mamepiany 060X ducyunaiH Heob6xioHo 30ilicHI8amu 8
nocmitiHomy iHmezpamugHoMy 38’a3Ky 3d0/18 no2i1ub/eHHs 3HAHb | 8MiHb cmyodeH-
mis-cpapmauesmis, po3sumky ix npoceciliHozo mucieHHs U epyouuii, popmy8aHHA
HeobxiOHUX 6azosux i npogeciliHux (Ppaxosux) kKomnemeHmHocmeli malibymHix ga-
xisyie papmayesmuyHoi 2anysi.

Apewmili I. MixnpedmemHe iHmezpy8aHHA rnpu 8UKAa0aHHI 6iosnoziuHoi Ximil i mokcuKkono2iyHoi ma cydosoi
Ximii cmydeHmam cpapmayesmu4Ho20 paKynememy byKOBUHCbKO20 0epHa8H0o20 Meodu4YHO20 yHieepcu-
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Abstract

Bukovinian State Medical University

The article is devoted to interdisciplinary integration in teaching courses of
biological chemistry and toxicological and forensic chemistry to students of the
pharmacy faculty, in particular, to the identification of educational elements to both
subjects. The analysis of work programs from the above-mentioned disciplines revealed
that the educational elements acquired by pharmacist students during the study of
Biological Chemistry; are undoubtedly important for their mastery in Toxicological

and Forensic Chemistry. The teaching of the educational material of both disciplines
must be carried out in a constant integrative relationship in order to deepen the
knowledge and skills of pharmaceutical students, develop their professional thinking
and erudition, and form the necessary basic and professional competencies of future
specialists in the pharmaceutical industry.

3MicT

Bcryn

OcHoBHa yacTHHaA

BucHoBKM

CIMCOK BUKOPUCTAHUX JpKepell

50
52
58
59

Beryn

PedopMmyBaHHSs OoCBiTH B YKpaiHi 3ara-
AOM, 30Kpe€Ma BHIIOI MEOAUYHOI € BarKAU-
BUM aKTYaAbBHUM ITUTAHHAM SKOCTi OCBITHU
[3,4,6,7,10]|. PopmyBaHHA BCcebGiYHO PO3BU-
HyTOi Ta IiaicHOi ocobucTocTi 6a3yeTbcs Ha
IIPUHIINII iHTerpyBaHHS, TOOTO 30iHCHIOETh-
Cs IIIAIXOM IIO€THAHHS B €IMHE ITiA€ YaCTHH,
KOMIIOHEHTIB 1 eA€MEHTIB, 9Ki [0 ITPOBEAECH-
Hd IHTErpyBaHHS iCHYyBaAU OKPEMO, 3 METOIO
3MIIlHEHHSI B3a€EMO3B’SI3KiB MixX HUMU [14].

Bukaamanna ¢yHIZaMeHTaAbHUX Ha-
BUYAABHUX [OUCIIUIIAIH y BHIINUX HaBYaAb-
HHUX 3akKAagax wmae Oyt mnpodpeciiHo
opieHTOBaHUM 3a/ad 3abe3rnedyeHHd QOp-
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MyBaHHA IIpodeciiHUX gKocTed MamrlyT-
HiX (paxiBLiB, 30KpeMa dapMalleBTUIHOI
raay3i Ykpainu. IlpuHnunu iHTerpaiiii B
HaBYaAbHOMY IIPOIIECi BUKOPUCTOBYIOTH-
Ccd A9 BCTAHOBAEHHSA B3a€EMO3B’43KIiB MixK
OKpPEMHMH AUCIIUIIAIHAMH 3 METOI0 iX IIO-
JaABIIIOTO BUBYEHHSI B ITOEIHAHHI IIIASIXOM
BUSBAEHHS CITIABHUX PHC MiXK OKpPEMUMU
ereMeHTaMU HaBuaHH4 [14]. [lbomy, 30Kpe-
Ma CIIpUd€E MIiXIIpeAMeTHe iHTerpyBaHH4,
IIOIIYK CHIABHUX TEM, IOHATH 1 TE€pPMiHiB.

MixkaouciunaAiHapHa iHTerpalmis - Ie
IIPOIIEC Y3TOAKEHHS 3MiCTy HaBYaAbBHUX TUC-
ITUITIAIH OO0 BioOpaskeHHd HUMU €INHUX,
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Oe3repepBHUX 1 IiAICHUX SBHIL ITpodeciii-
HOI AiSIABHOCTI, IIIAECIPSIMOBAHE ITIOCHUACHHS
MIXKIUCIIUIIAIHAPHUX 3B’sI3KiB 3a YMOB 30e-
PEKEHHS TEOPETUYHOI 1 MPaAKTUYHOI ITiAiC-
HOCTI HaBYAALHUX MOUCIIUIIAIH. Peaaizailiig
MIKTUCIIUIIAIHAPHUX 3B’I3KiB Y HAaBYaAbHIN
MMFGABHOCTI — I1€ OMUH i3 HEOOXiMHUX AUIaK-
TUYHUX 3acobiB popMyBaHHS B CTYIAEHTIB
npodeciitHuxX 3HaHb 1 HaBUYOK. BaskauBo,
106 HaBYaAbHA iHQoOpMallis, 3aCBOEHA i
yac BUBYEHHS IiHIIMX AUCIIUIIAIH, HE IIOB-
TOPIOBaAacCh, a BHKOPHUCTOBYBaAacCs AT MO-
THUBAallli HaBYaAbHOI MOIIABHOCTI CTYAEHTIB,
aKTyaaizallii OlIOpHUX 3HaHb, YMiHb 1 HABHU-
40K, OOIPYHTYBaHHS, 3’dCyBaHHSI CYTHOCTI
SBUIL, MOJEAIOBAHHS IIPOIeciB ToIio [9].

Awnnie IHTerpaiiHuM Oiaxio 40 BHUKAA-
JaHHS [OUCLUIIAIH CIpUSE BHOKPEMAEH-
HIO BCIX HEOOXiMHUX eAeMEHTIB HaB4YaH-
Hs Ta (PopMye IiAICHICTH CHUCTEMU 3HAaHb,
BMiHb 1 NPaKTUYHUX HABUYOK. Y IIPOILECl
BUBYEHHI MNPUPOAHUYUX [AUCLIUIAIH 3a-
TaAOM MO3KHA BUIIAUTH KiAbKa TUIIIB 1H-
Terpamii — IpeaMeTHy, IIPOOAEMHY, TOPH-
30HTAABHYy Ta BepTHKaabHY. [Ipu npomy
IpeaMETHO-OPiEHTOBAaHE HABYaHHSI B paM-
KaxX BEPTHKAABHOI iHTerparii, KOAW KOXK-
Ha HaCTyIIHA OUCLUIIAIHA ONMHpPAaEThbCd Ha
KOMIIETeHIlil, HaOyTi IIpu BUBYEHHI IIOIIe-
PEOHIX OUCLIUIIAIH € TPaaUuIIHOI0, a TOPHU-
30HTAaAbHa — [03BOASE OCATHYTU HaWBHU-
IIIOTO PIBHA MIZKAWCIIUIIAIHAPHOI IHTEerpariii,
amke il TOAOBHUMM €EAEMEHTOM € 00’¢KTU
MaiOyTHBOI mpodoeciiiHoi misApHOCTI. MizxK-
OUCLIUIIAIHApHA IHTerpalid € IIPOollecCOM
I[IA€CIIPSIMOBAHOTI'0 TIOCHUAEHHS MIiKIUCIIH-

Mema

[IpoBecTu aHaai3 poOOYMX HaBYAABHUX
nporpawm i3 «Bioaorignoi ximii» i «ToKCHKO-
AOTIYHOI Ta Cy[oBOi XiMil» 3a SIKMMH HaB4a-
IOThCSI CTYAEHTH cIeliaabHOCTi 226 «Pap-
Mallid, IIpoMHcAoBa papMallisi» Ha PyTromMy
(MaricrepcekoMy) piBHI y ByKOBHUHCBHKO-
My OEp3KaBHOMY MEAUYHOMY YHIBEPCHUTETI
(BAMY), ckaaieHUX Ha OCHOBI 3aTBEpzKe-
HOTO Ta BBeAEHOro B [if0 Hakazom MOH
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HAIHAPHUX 3B’3KiB 31 30€peKeHHSIM ITOBHO-
MIHHOI TEOPETHUYHOI 1 MPaKTUYHOI ITIAICHO-
CTi KOXXHOi 3 HaBYaAbHUX AUCILUINAIH [14].

MiKIUCIIUTIAIHAPHICTh, MIKIUCIIUIIAL-
HapHUM OiAXiZ, 1HTEPAUCIUIIAIHAPHICTH B
OCBITHIX Iporpamax — Il¢ BUMoOTra 4acy Ta
yMoOBa SKICHOI BHUIIOI ocBIiTH. Mixmucru-
OAIHAPHUM HOIAXIA Oa€ HaM IIHPOKI MOXK-
AWBOCTI y CTBOPEHHI Cy4YaCHUX, YyHIKaAb-
HUX 1 3arpebyBaHHX OCBIiTHIX IIporpam
PI3HUX pIBHIB OCBITH, a TaKOX [JO3BOASE
KOJXHOMY IHOMBIOYy poO3BHUBaTHUCH BCeOid-
HO, MOIIOBHIOIOYH CBill OCHOBHUM HaIIpaM
OiATOTOBKH IPYHTOBHUMHU 3HAHHAMH 3 iH-
IIUX AOTUYHUX cdep HayKH, PO3BUBAIO-
4yl HOpodpeciiHO-KOMYHIKATUBHI HaBUYKU
3a (paxoM, sIK 1€ Ma€ MiClle B OCBITHBO-
My €BPONENCBKOMY IIPOCTOPi, KOAM 3MICT
OCBITH BUIIUX HaBYaABHUX 3aKAAQIB pe-
aal3yeTbCs 3a [OOIOMOTOI0 MIKAUCIIUIIAL-
HapHOTO HAaBYAABHOI'O IIAAQHY, CIIPsIMOBa-
HOT'O Ha PO3yMiHHS 3B’3KiB i BigMiHHOCTEH
MiX HaBYaABHUMHM AuclunaiHamu [3,16].

Ha HeoOXimHICTh MIiXKITpeaAMEeTHOTO iH-
TerpyBaHHA IPU BUKAQJAHHI IIPUPOI-
HUYHUX OJUCHUIIAIH BKa3yIOTb PAn BiTYU3-
HAHUX Ta 3aKOPOOHHUX HAYKOBIIIB, Kl
3a3HaydaloTh, III0 KOMIIEeTeHIlii, cdopmo-
BaHI B CTYAEHTIB Mi 4Yac BUBYEHHS IIO-
nepenHix 06a30BUX OUCIUIIAIH  ITOBHHHI
cAyryBaTu (QYHOAMEHTOM [OAsI BUBYEHHS
HaCTyImHUX 9K (yHAAMEHTaAbHUX, TakK i
(hpaxoBUX AUCIIUIIAIH, MOTUBYBATH iX [0 I10-
TAMOACHHSI 3HAHb Ta CIPUATH (popMyBaH-
HIO He TiAbKH 0a30BHUX, are ¥ mpodpeciiHuX
KOMIIETEHTHOCTEH [15,17,18,19,20,21].

Ykpainu Big 04.11.2022 p. Ne981 Crangap-
Ty BHILIOI OCBITH A4 BUIIlE3a3HAYUEHOI CIIe-
iaapHoOCTi [11,12,13] Ha TpeAMET BUOKPEM-
A€HHSI €A€MEHTIB HaBYaHHd, Ha PiBHI IKHUX
HeOoOXigHO 3OiHCHIOBATH MIiXKIIpeaMETHE
iHTerpyBaHHA BHIIle3a3HAYEHUX HaBYaAb-
HUX [UCIIMIIAIH 3 METOI0 3abe3ledyeHHs
dopMyBaHHSI B CTYIEHTIB HeOoOXigHUX Oa-
30BUX Ta MNPOdeciiHUX KOMIIETEHTHOCTEH.

Spewmirt I. MixtpenMeTHe iHTerpyBaHHS TPV BUK/IaZaHHi 6i0/I0TrigHOI XiMil...
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OcHoBHa YacTMHA
MixkagucnumnaiHapHa iHTerpails nmpoBo- #H creriasbHux (paxoBHX) KOMIIETEHTHO-

OUTH Y3TOXKEHHSI 3MiCTy HaBYaAbHOI aHUC-
IIUIIAIHU 1 AOTIYHE y3araanbHEHHS IIOCAITOB-
HOCTi, IlepeadadeHuX HaBYaABHUM IIAQHOM
JUCIIUTIAIH 3 METOI0 IIPOBEeNEHHS HaBYaAb-
HUX 3aHSTb TaKUM 4YHHOM, II00 KOMIIe-
TEHTHOCTIi, 3HAHHS, BMIHHS Ta HOpPaKTH4HIL
HaBUYKH, dKi Oyaum HaOyTi IpH BHUBYEHHI
ONlHi€l HaABYaAABHOI MOHUCIIUIIAIHHU CAYTYBaAU
b6aszucoM paada 3400yTTs KOMIIET€HTHOCTEU
HACTYIIHUX AUCLHIIAIH, Y BUBYE€HHI GKHUX €
CIIiABHI TeMH, 00’€KTH BUBYEHHS TOIIIO [14].

dxk «bioaoriyHa ximis», Tak i «ToKCHUKO-
AOTIYHA Ta CyaoBa XiMis», € 000B’sI3KOBUMU
JIUCIIUIIAIHAMH B CHUCTEMI ITiATOTOBKM MATi-
cTpiB papManeBTUYHOI raaysi. «bBioaoriuna
XiMisl» BHUBYAETBHCH CTyAeHTaMHU-(apMmalie-
BTaMH, CIleliaabHOCTI 226 «DPapmartid, 11po-
MUCAOBa papMmallisi», 9Ki HaBYaIOThCS Ha
Apyromy (maricrepcbKoMmy) piBHI Ha 3-My
polli HaBYaHH4 (5-6-1 cemecTpH), a «TOKCH-
KOAOTIYHa Ta CyAoBa XiMis» — Ha 4-My polLii
HaBuaHHsa (8-#1 cemectp) [11,12,13]|. Bu-
nie3a3HadeHl HaB4YaAbHI OUCILIMIIAIHM 3a-
Oe3reuyoTh iHTEerpasbHy KOMIIETEHTHICTD:
3IaTHICTH PO3B’I3yBaTH THUIIOBI Ta CKAaHIi
CIiellianizoBaHi 3amadi Ta IIPaKTU4YHI ITPO-
6baeMu y mnpodeciifiHiéi (papmalleBTHUHIN
JIFIABHOCTI 13 3aCTOCYBaHHSM KOMIIETEHT-
HocTel, HalbyTux y Kypci «bBioaoriunoi xi-
Mii»; iHTerpyBaTH 3HaAHHS Ta BUpIIIyBaTHU
CKAQIHI MUTAHHH, (POPMYAIOBATH CYIKEH-
HS 3a HEIOCTaTHBOI abo obMezkeHOl iHdop-
Mallii; 3po3yMia0 i HEABO3HAYHO NOHOCHUTHU
CBOi BHUCHOBKH Ta 3HaHHS, apryMeHTOBa-
HO ix OOIpyHTOBYIOYH, M0 (paxoBoi Ta He-
paxoBoi ayauTopii; BasKAWBI 3araAbHi Ta
mpocpeciiHi KOMIETEeHTHOCTI Ta MIporpam-
Hi pe3yabTaTu HaBuaHHA [13] (Tada. 1).

AHaai3 mepeaiky KOMIIETEHTHOCTEH Ta
IIPOTPaAMHUX PE3yAbTATIB HaBYaHHSA KypCy
«BioaorigHoi xiMii» Ta Kypcy «ToKCHKOAOTiY-
Hoi Ta cynoBoi ximiD» (Taba.l) BUSBUB, 110
IIi HaBYaAbHI JUCIIUIIAIHY B3a€MOIIOB d3aHi
Ta 3a0e3TeYyIoTh P/l OAHAKOBUX HE TiAb-
ku 3arasbHux (3K 01, 3K 02, 3K 05), aae
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creti (PK 01, ®K 02), Tomy ix BuKaamaH-
HsS HEOOXiHO MPOBOAUTU 3 ypaxXyBaHHAM
HagBHHUX TOPU30OHTAABPHUX Ta BEPTHU-
KaAbHUX MIXKIUCIIUIIAIHAPHUX  3B’A3KiB.
9lk BUAHO 3 TabA.2, i3 bararbMa IMOHSIT-
TIMHU, TEPMiHAMU, SBUIIIAMHU Ta iHIIUMHU €Ae-
MEHTaMM HaBYaHHS, SKi BUKOPUCTOBYIOTHCS
B 000X HaBYaABHUX AUCILUIIAIHAX, CTYAEHTU
BIIEpIlle 3HAHOMAATBCSI B Kypci 6ioaorid-
HOi XiMmii, 1110 TTEBHOIO Mipoi0 3abe3rnedye B
IIOJAABIIIOMY YCIIiIIITHE 3aCBOEHHS OKPEMUX
TE€M KypPCy TOKCHKOAOTIYHOI 1 CyZ0BOI XiMmii.
Hampuraan, y Moayai Nel 3 «Bioao-
riugoi ximiD» («CTpykTypa Ta dyHKIi Oi-
OMOAEKYA. 3araspHi 3aKOHOMIPHOCTI Me-
Taboaizmy. OOMiIH BYTA€BOMIB, AiMifdiB,
aMiHOKHCAOT Ta HOT0 PEeryAdllis») CTyOAeH-
TU BHUBYAIOYU OCOOAMBOCTI CTPYKTYpPH Ta
MOXi/THi TeMOrAOOiIHYy BIepIle MQi3HAIOTHCH
npo OGiABIITY CIIOPiIAHEHICTH T€MOTAODIHY 0
okcuay Kapb6ony (II), yuM mo okcureHy i mio
IIPU OTPYEHHI YaHUM T'a30M BiOyBa€eThCH
OAOKyBaHHS 6-TO KOOPAUHAIIMHOTO 4YHCAa
depyMy B remi 3 yTBOPEHHIM KapOOKCH-
reMoraobiHy, 1110 IIPU3BOAUTH MO TillOKCIi.
Takoxx y L TeMi CTYOEHTH 3acBO-
IOIOTH iHpopMallilo IIPO Te, III0 IIPU OTPY-
€HHI CHABHMMH OKHCHIOBaYaMH, 30Kpema
OKCHJaMH HITPOr€Hy, HITpUTaMH Ta HIT-
paramu, BinOyBaeThbCAd OKHCAEHHA epyMy
¥ yTBOpPEeHHS METTeMOIAoOiHy — IOXimHO-
ro, IK€ HE€ IIPUEAHYE OKCHUTE€H 1 3YMOBAIOE
rinokciro. Y mif Ke TeMi CTYAEeHTH 3Ha-
HOMALTBCH 3 IIpenapaTaMHU-MeTTeMOraobi-
HOyYTBOpIOBadaMH, $Ki BHKOPHUCTOBYIOTb-
cd 9K aHTHOOTU IIPU OTPYEHHI LiaHiZaMH.
Y Kypci «TOKCHKOAOTIYHOI Ta CyaoBOI
XiMii» TOKCHUKOAOTIYHY XapaKTE€PUCTHUKY Ta
METOAN XIMIKO-TOKCHKOAOTIYHOTO aHaAi3y
HEeCTUIUIIB CTYAEHTH IIPUTaayloTh Haly-
Ty B Moxyai Nel 3 6ioaoriunoi ximii iHdop-
Mallilo IIIOJ0 Me€XaHi3My HEKOHKYPEHTHOI'O
HE3BOPOTHHLOrO iHTIOyBaHHS occopopra-
HIYHUMHU CIIOAYKaMH aKTUBHOCTI alleTHUAXO-
AlHEeCTepasu Ta MEXaHi3M HEKOHKYPEHTHO-

Spewmint I. MixmpenMeTHe iHTerpyBaHHS IIPY BUKTaZaHHI 0i0I0TigHOL XiMil...
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Tabaurg 1.

KomMmrteTeHTHOCTI Ta IIporpaMHi pe3yAbTaTH HaBYaHHS, SIKi 3a0€3MeYyI0Th HaBYaAbHI JUCITHIAIHY «BioAoriy-

Ha XiMmis» i «TOKCHKOAOTIYHA Ta CyZoBa XiMis»)

biornoriuna ximis (3 xypc)

Tokcukororiuna Ta cyfosa ximist (4 Kkypc)

BazanoHi: 3azanoHi:
3K 01. 3maTHicTh 0 abcTpakTHO- | 3K 01. 3maTHiCTh 10 abCTpaKTHO-
ro MHCAEHH, aHaAi3y Ta CHHTE3Y; | ro MHCAEHHH, aHaAi3y Ta CHHTE3Y;
3K 02. 3umamHg Ta po3yMiHHa mnpeaMerHoi o06-|3K 02. 3HanHa Ta po3yMiHHA HOpeaAMeTHOI 006-
AACTi;PO3yMiHHSHA npodecitinoi OiIABHOCTI; | AacCTi; pPO3yMiHHSA npodpecitinoi MiSIABHOCT;
3K 05. 3marTHicTs oliHOBaTH 4 Ta  3abe3- | 3K  05. 3maTHiCT,  OLHIOBATH Ta  3abes-
meyyBaTHu AKICTB BUKOHYBaHHUX pobiT; | mewyBaTH AKICTB BUKOHYBaHHUX po0iT;
3K 06. 3BparhHicte mnpamoBatd B KomaHzi. (3K  06. 3paTtHicTs DpampoBaTH B KOMAaHII.

cneyianvHi (paxosi, npeomemHi):

cneyianbHi (paxosi, npeomemHi):

@K 01. 3maTHicTb iHTerpyBaTH 3HAHHH Ta PO3B’S-
3yBaTH CKAamHi 3amagi dapmanii y  mwupo-
KUX ab0 MYABTHUOMCIHMIIAIHAPHUX KOHTEKCTaX;
®K 02. 3parHicTe 30UpaTH, iHTepHIpeTyBaTH Ta
3aCTOCOBYBAaTH [aHi, HeoOXimHi mag mpodpeciii-
HOI AiFIABHOCTi, 3MiHCHEHHS MOOCAIIKE€Hb Ta peaai-
3anii iHHOBaIiMHHUX IIPOEKTIB y cdepi apmarrii;
®K 04. 3patHicTe 3po3yMin0 1 HeaBO3HAY-
HO [OHOCHUTH BAACHI 3HaHHS, BHCHOBKH Ta ap-
rymeHTaniro y cdepi dapmanii go ¢axiBuiB i
HedaxiBIliB, 30KpeMa o0cid, II0 HaBYaAIOTHCH.

®K 01. 3paTHicTb iHTErpyBaTH 3HaHHS Ta PO3B’s-
3yBaTH CKAQAHI 3amadi ddapmamnii y IMmupo-
KUX ab0 MyABTHUOUCIUIIAIHAPHUX KOHTEKCTaX;
®KO02. 3parHicTh 30UpaTH, IiHTEpHpeTyBaTH Ta
3aCTOCOBYBaTH [aHi, HeOOXimHi mad mpodpeciii-
HOI AiIABHOCTI, 3MiMCHEHHS MOOCAIIXKEHBb Ta peaai-
3anii iHHOBaIiMHUX HPOEKTIB y cdepi ¢apmariii;
®K03. 3matHicTh po3B’a3yBaTu npodaeMu apmarrii
Yy HOBHUX a00 He3HAHOMHX CEepeI0BHIIAX 38 HAIBHOCTL
HeroBHOI abo oOMezkeHoi iHopMartii 3 ypaxyBaHHIM
acCIIeKTiB COIiaAbHOI Ta eTHYHOI BiAIOBiIaABLHOCTI;
$KO8. 3maTHiCTb 3AiMCHIOBATH MOHITOPHUHT edeK-
TUBHOCTI Ta O0e3leKH 3aCTOCYBaHHS HaCEeAeH-
HIM AIKQpCBbKUX 3aco0iB 3rimHO 3 AaHUMH IIIOZIO0
ix KAiHIKO-(papMalleBTUYHHUX  XapaKTepPHCTHK;
$®K 09. 3parHicTh BH3HAYaTH AiKapchKi 3a-
cobM, KCeHOOIOTHMKH, TOKCHHH Ta IX MeTabo-
AiTH 'y OioaoriyHHMX pinmHax Ta TKaHHHAX oOp-
raHi3my, IIPOBOAUTH XIMiKO-TOKCHUKOAOTIYHi
JOCAI/TP)KEHHS 3 METOI0 MiarHOCTHKHU TOCTPHX OTPY-
€Hb, HApPKOTHYHOTO Ta AaAKOTOABHOTO CIITHiHE.

ro iHriOyBaHHS aKTUBHOCTEH (QepMeHTIB
3a faii KaTioHiB BaXXKuUX MeTaaiB [1,2,8].

Posragmaroun B 0OioxiMii wMexaHizmu
Oii MyABTHEH3UMHUX KOMIIAEKCIB, SKi Ka-
TaAi3yI0Th peakllii OKHUCHIOBAABHOTO -
KapOOKCHAYBaHHSA KETOKHCAOT, 30KpeMa
HipOBUHOTPAAHOI Ta  2-0KCOTAyTapoOBOi,
yBara CTYOEHTIB aKIEHTYEThCH 30KpemMa
Ha TOMY, III0 apCeHaTU OAOKYIOTH AIIIOEBY
KHCAOTY, dKa BXOOUTH OO0 CKAaAy ITipyBa-
TAETiAPOTreHa3HOT0 Ta 2- OKCO-TAyTapart-
OEeTiAporeHa3HOT0 KOMIIAEKCIB, a TaKOXK
[0 CKA3Qy MYABTHEH3UMHOI'O KOMIIAEKCY,
III0 KaTaAi3ye OKHCHIOBaAbHE OEeKapOOKCH-
AYBaHHS PO3TaAyKE€HHX KETOKHCAOT [1,2].

Y mybaikarigx okpemMux aBTopiB [10]

https:/ /science.bsmu.edu.ua/

IIPOBOAUTHCH MIiKIIPEeAMETHE IHTErpyBaH-
HsI OKPEMHX TeM i3 Kypcy 6ioaorigHoi ximii,
dKi 30KpeMa BUBYAIOYM €HEePreTHYHHI 00-
MiH y Kypci 0ioxXimii po3rasmgaroTh KAITHHHI
OTPyTH, aHTHOIOTHKHU ¥ iHI ¢papmmpena-
patu, gKi € iHribiTopaMu TKAaHWUHHOTO IH-
XaHHS (MHUIIAYUY TiCTOTOKCHUH, OAITOMIITUH,
aHTUMIIUH A, miepnuauH A, 0apbitypatwH),
a TAKOIK 3BEpPTAIOTh YBary Ha CIIOAYKH, 9Ki
HOPYIIYIOTE POOOTY AMXAABHOT'O AQHIIOTA,
dK po3’efHyBadi OKUCHEHHS i pocopHray-
BaHHA (IipOreHM MIiKpPOOHOIO IIOXO/IKEH-
Hd) 1 CHOAYKH, 30KpeMa papMIIpenapar,
dKi 30IABIIYIOTH €(EeKTHBHICTH (PYHKIIIO-
HyBaHHA [OUXAABHOTO AQHIIOTY MIiTOXOH-
apitt  (mipameram, QeHiOyT, MEKCHIOA).
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Po3rasparoun eHepreTHyHUii oOMiH B Op-
raHi3Mmi AIOAWHU, B TeMmi «bioAroridyHe OKHC-
A€HHA ¥ OKHCHIOBaAbHE (PoCchOpHAyBaHHSI»
cryaentu B/IMY okpiM BuUIIle3a3HAYEHOTIO,
LOOIIOBHIOIOTH CBOI 3HAHHS IIPO TOKCHY-
HICTh Ya[HOTO rasy i LliaHifiB, K CIOAYK,
110 OAOKYIOTH IIUTOXPOMOKCHIA3y AUXaAb-
HOT'O AQHIIOTY (KOMIIAEKC IIUTOXPOMIiB
aa3. Ha 4-my Kypci mi 3HaHHS HeoOXimHi
A9 PO3yMiHHSI TOKCHKOAOTIYHOI Xapak-
TEPUCTUKU YaOHOTO razy Ta ILiiaHimiB [8].

Y Mmomyai No2 i3 6ioaoriunoi ximii («OcHO-
BU MOAEKYASIpPHOI Oioaorii Ta 6ioximii Mix-
KAITUHHUX KOMyHiKamiii. BioxiMmia TKaHUH i
diziororiuyHMX (PyHKILiH; OCHOBH (hapMmalie-
BTUYHOI 6ioXiMii») CTYOE€HTH IIOTAMOAIOIOTH
OTPUMAaHI paHillie 3HaHHS ITPO TOKCUYHICTD
BaKKHUX MeTaAiB iHopMalli€ro Ipo Te, II0
y BUIIQOKY OTPYEHHS KaTioOHAMM BaKKHX
MeTaAiB y OpraHi3Mi AIOOAUHU BiAOyBa€ThCH

aMmmaidikarliis reHiB (30iAbIIIeHHA KiABKOCT1
KOIIi#f T'eHiB), III0 KOAYIOTh OiAKHM MeTaAOTi-
OHEIHU (aZalTHBHApEaKIlis OopraHiaMy Ha
IHTOKCHKAIIII0O BaXXKHMU MeTasamy) [1,2].

BuBuaroun «O6MiH remornporteiHiB», 30-
KpeMa OCOOAWBOCTI CHHTE3y I'eMy Ta Iop-
dipuHypii, yBara CTyAEHTIB aKIEHTYETHCI
30KpeMa Ha TOMY, IO OTPYEHHS COASIMHU
IIAIOMOYMY, €TaHOAOM, IIECTHIIUIAMHU, I1€B-
HUMHU AIKAQPCBKUMH 3aco0aMH MOIKe IIPO-
BOKYBaTH 3arOCTPEHHS Ta KAIHIYHiI IpOsSBU
nopdipiti. Llg 3HaHHAa 3HAOOASITECA CTyEH-
TaM [IPpU BUBYEHHI HUMHU Ha 4-My KypcCi TeMH
«TokcukoaoriyHa XapaKTEpPUCTHUKA METaAIB:
3aCTOCYyBaHHSI, BAAQCTHUBOCTi, TOKCHUYHUH
BIIAUB, KAIHIYHA KapTHUHA F'OCTPUX OTPYEHD,
MeTaboAi3M, PO3MOMiA B OpraHi3Mmi Ta eKc-
Kpenisg. Mikpo- Ta makpoeaemeHTH» [1,2,8].

Y momyai No2 i3 GioaoriuHoi ximii ctTy-
JEHTH 3HAWOMASTBCS 3 MOAEKYAIPHUMU

Tabaung 2.

InTerpyBaHHga HaB4YaAbHOTrO MaTepiaay 3 «Bioaoriunoi ximii» i «TokcHKoaoriyHOI Ta cyznoBoi XiMii» Ipu ix BU-
KAQaHHI CTyZeHTaM CIleliasbHoCTI 226 «DapMmaliid, IpoMucAoBa (papMallisg», sKi HaB4alOTbCI Ha APYroMy

(maricrepcbKoMy) piBHi.

Bioaorigyna ximiga (3 Kypc)
(3abe3rieuyBasbHI eA€MEHTH HaBYAHHS)

TokcukoaorigyHa ta cygoBa XiMmida (4 Kypc)
(3abe3neyyBaHi eAEMEHTHU HaBYaHHS)

1.JlogcHroBaTu OioxiMiyHHMHE  MexaHi3M  3acBO-
€HHS PEYOBHH Y IIIAYHKOBO-KHUIIIKOBOMY Tp-
aKTi, POAb OiAKIB-TIEPEHOCHUKIB 1 (¢hepMeHTIB,
gKi 3abe3medyloTh aKTUBHHY TpaHcroopt (H+-
ATd-a3u, Na+/K+- ATd-a3zwm, Ca2+- ATd-a3zm)

OOrpyHTOBYBaTH TOKCHYHY [Oil0 CEpLEBUX TAiKO-
3UOIB (DUTOKCHHY, yabaiHy) mpu iX oTpyeHHi 4epes
BIAUB Ha (yHKIioHyBaHHa Na+/K+- AT®-aszu Ta
TOAOBHUX OTPYT depesd HpurHidenHa Ca2+- ATd-azu.

2.3HaTu nokasHUK pH ceudi B HOpMi Ta HPUYUHU
Horo 30iABIIIEHHA Ta 3HUKEHHS [OPH PIi3HUX a-
TOAOTIYHUX CTaHaxX; BMiTH Bu3HaduTu pH ceui.

INoscHoBaTu BHAMB pH cedi Ha BUOIA€HHA 3 Op-
raHiaMy KCEHOOIOTHKIB cAabKO KHCAOTO (caairtu-
AOBa KHCAOTa, 0apOiTypaTy TOIo) Ta CAabKO AyK-
HOTO XapakTepy (xiHiH, TeodiaiH, KodeiH TOIID).

3.BmiTn Bm3HayaTH y KpOBi Ta cedi BMICT Kpe-

BMmitTn 3a moOKasHHMKaMM BMICTy KpeaTHHI Hy B

aTUHiIHy, BUABUTH B cedi 6GiA0OK i KpoB Ta maTu |KpoBi Ta ceui, HagBHICTIO mOpoTeinypii/rema-
KAIHIYHY OLIIHKY OTPHUMAaHUX pe3yabTaTiB. [ Typii BCTAHOBUTH CTYIIIHb TSXKKOCTI OTpPYEH-

HS OpraHiaMy He(@POTOKCHYHUMHU CIIOAYKaMH.
4.BMiTH BHU3HAYaTH BMICT KpeaTHHIHy B CHpoBaTili | 3a cTymeHeM  30iAbIIIEHHS aKTHUBHOCTI  Kpe-
KpOBiTacediTaaaBaTHKAIHIYHY OIIIHKY OTPUMAaHUXIIO- | atuHpocdokiHazun Tta Ii  i3ogepmenty KDK-
Ka3HUKIB; TpaKTyBaTH 3MiHM aKTUBHOCTeHd KpeatnH- | MMy cupoBarmi KpoBi BCTaHOBAIOBATH

CTYIHIiHb TSXKKOCTi OTPYEHHSI CIIOAYKaMH, IO CIPHU-
YUHSIOTHL ITIOPYIIEHHS POOOTH CKEAETHHX M’4a3iB.

S5.Po3ymiTH HOpPUHOHNO TreMomiasidy, SKUY BH-
KOPHCTOBYIOTb [AS OYHCTKH KpOBi BiZi HH3BKO-
MOAEKYASIPHUX TOKCHYHHX PEYOBHH, MaTH yAB-
A€HHSI IIPO (PYHKIIIOHYBAHHS «IITYYHOI HUPKH».

OOrpyHTOBYBaTH IIPOBEAECHHI reMofiaai-
3y TpH OTPYEHHI i3oHiaszumoMm, 6apbiTyparamu,
aHIAIHOM, TeTPaxAOp-MeTaHOM, MeETaHOAOM, €TH-
AEHTAIKOAEM, TOXiTHUMH (PEHOTia3iHy, COASIMH
MUII'IKY, KaaMilo, CBUHIIIO, (PTOpHAAMH TOIIIO.

https:/ /science.bsmu.edu.ua/
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MexXaHi3MaMM [ii aHTUMeTaboAiTiB 0OMiHy
HYKAE€OTH/IIB, IIPOTHUIIYXAMHHHUX 3aco0iB,
dKi AiIOTh 9K KOHKYPEHTHi iHTibiTOpM mIeB-
HUxX (pepMeHTiB, 30KpeMa (PepMeHTIB, III0
3a1i9HI B CHUHTE3l HipUMIAUHOBUX HYKAEO-
TUAIB (METOTpPEKCAT — KOHKYPEHTHHM iHTi-
b6itop murimpocorarpenykrazu, a S-QpTo-
pypauua — TuMinuaarcuHTasy). i 3HaHHS
BHUKOPHCTOBYIOTBHCSI IIPHU BUBYEHHI B KypcCi
TOKCHKOAOTIYHOI Ta CyJ0BOi XiMii, 30Kpema B
po3miai « CHHTEeTHYHI AIKapChKi 3aco00m» po3-

TAIAETHCS TOKCUKOAOTIYHA XapaKTePUCTH-
Ka TOXigHUX ypanuay (S-chayopoypariua).

Takok, pO3rASaOuYyd IMIUTAHHS MO-
AeKyAdpHOi Oioaorii crymeHTH-(papmalie-
BTH BHBYAIOTh MeXaHi3MHU /il aHTubio-
TUKIB, gKi € iHribitropamu cuHTe3y [JHK
(iuriGiTopm pemnaikartii) yu PHK (iHri6Gi-
TOPU TPAHCKPHUIILii), a TakoxK aHTHbio-
TUKHU-iHTIOITOPHU TpaHcadalli (OiocuHTE3y
6iAKiB), a TaKOXK [MiI0 CIIOAYK POCAWHHOTIO
IOXO/I?KEHHd 4YM TpubiB (aspda-aMaHITHH,

Tabauig 2. (MIpoaoBKEHHS)

Bioaoriuna ximiga (3 Kypc)
(3abe3reuyBaabHI eA€MEHTH HaBYaHHS)

TokcukoaorigyHa Ta cymoBa XiMis (4 Kypc)
(3abe3rieuyBaHi eAeMEeHTH HaBYaHHSI)

6.MaTu ydBA€HHS IIPO THUIIM peaklliii IepeTBo-
PEHHS KCEHOOIOTHUKIB, 30KpeMa AiKapChKUX 3a-
cobiB y oOpraHiami AIOOUHH, S$Ki 3YMOBAIOIOTH
OiACUAEHHS 4Yu 3MiHy iX ¢QapmMakoasorigHol ak-
TUBHOCTi, YTBOPEHHS TOKCHYHHX MeTabOAITIB.

BpaxoByBaTH MOXKAHMBICTH IIepebiry Tax 3Ba-
HUX «pEakKllii AeTaApbHOTO CHHTE3y» IpH IiH-
TepIpeTartii pe3yAbTaTiB XIMiKO-TOKCHKOAO-
TiYHOTO aHaaizy. Hanpukaag, HETOKCHYHA
dropoliiToBa KHCAOTA B OpPraHi3Mi AIOAWHH IIepe-

TBOPIOETHCS HA TOKCHUYHY (PTOPAMMOHHY KHCAOTY).

7.3Hatu TUOU OioXiMIYHMX peakiliii, gki 3abe3-
neuyroTh Iepebir I-i (dpasza ximiuroi Momudika-
nii) cragmii GioTpaHcdopmariii KCeHOOIOTHKIB B
OpraHi3Mi AIOAWHU, 30KpeMa THIHN peaxkIift Mi-
KPOCOMAABHOTO OKHCAEHHSI Ta OCOOAMBOCTI (PyHK-

3uartu peakuii I-i crazii 6iorpancdopmariii B opra-
Hi3MIi AIOITUHU KOHKPETHUX, IlepeadadeHux pobodoro
IIporpaMolo, EK30Te€HHUX TOKCHHIB Ta «AIKapChKHUX OT-
PyT» Ta IIPOBOAUTH BUSIBACHHS MeTabO0AITIB ITUX KCe-
HOOioTHKIB y OiopiguHax opraHiamy, 30KpeMa B cedi.

IIIOHYBaHHA MIKpPOCOMaABHUX MOHOOKCUTE€HA3U.

8.MarTu YAIBAE€HHS Ipo TeHEeTU4YHUH oai- | [logcHIOBaTH BUIIAQAKK igiocHHKpaszii 3 o3Ha-
MmopdisaM Ta  iHOYIUOEABHICTHP CHHTE3y IIM- | KaMM IHTOKCHKAIll, gKi IIoB’d3aHi 3 cCHAIKo-
ToxpoMy P-450, cmoayku IiHOykTOpHM Ta iH-|BuUMH gedeKTaMH TIeHiB, II0 KOAYIOTb II€B-
ribiTopu MiKPOCOMaABHUX MOHOOKCHUT€Ha3. | Hi MHOXKUWHHI  popMU nutoxpomy  P-450.

9.3HaTu Tunu 6ioxiMiYHMX peakilii, gKi 3abe3neuy-
0Tk nepebir II-i (dasza xkowu’rorarii) craxii Giorpan-
chopmarii KCeHOGIOTUKIB B OpraHi3Mi AIOOUHU, a
TaKO0XK (PEPMEHTH, SIKi IX KaTaaisyiors (YIP-rarokypo-
Hia-TpaHchepasza,rAyTaTioH-S-TpaHcdepasa, alleTUATPAH-
cepasa, cyapoTpaHcdepasa, MeTHUATpaHcdepasa)

3uatu peakuii [I-{ crazii 6iorpancdopmariii B opra-
Hi3Mi AIOAVHYU KOHKPETHHUX, IepeadadeHux pobodoro
IIPOTrPaMOI0 KCEHODIOTHKIB Ta «AIKapChKHX OTPYyT» Ta
BMITH ITPOBECTH BUABACHHS MeTa0O0AITIB ITUX KCEHO-
OioTukiB y OiopiguHax opraHizMy, 30KpeMa B cedi.

10.3uatu peaxiiii MeTaboaizmy 6apbiTypaTiB Ta dep-
MEHTH, fKi iIX KaTaai3yioThb; BMITH IIOSCHHUTHU IIOPY-
HIEHHSI TOAEPAHTHOCTI opraHizmy mo 6apbitTypatiB 3
ypaxyBaHHSIM TOTO, III0 BOHU € iHAYKTOPaMU CUHTE3Y
nuroxpomy P-450 Ta YP-rarokypoHisTpancdepasu.

HJaBaTn XiMiKO-TOKCHKOAOTIYHY XapaKTEPUCTHUKY
G6apbitypatiB (dpeHOGapbiTas, rekcobapbiTas TOIIO)
Ta BUABAATU XIMIYHUMHU METOAAMM B cedi MeTabo-
AITH IIMX AIKAQPCBKUX 3ac00iB MPH OTPYEHHI HUMH.

11.3HaTu crioaykH, sKi € imiribiTtopamu TpaHCIop-
Ty EAEKTPOHIB y OUXaAbHOMY AQHIIIOTY (POTEHOH,
OapbiTypaTH, MEPUITUANH A, aHTUMIIIUH A, TUMEP-
kanroa, CO, H2S, CN-); BMiTH IOSICHUTH MeXaHi3M

JaBaTi  XiMiKO-TOKCHUKOAOTIYHY  XapaKTepUCTH-
Ky CHHHABHOI KHCAOTH Ta ii coaed; BMITH IIpo-
BectTu BuaBaeHHa HCN Ta ii coaelt y mocai-
MKyBaHUX 3pas3Kax; BMITH IIOACHUTH MeEXaHi3M

iHribyrodoi mil miaHimiB MO0 AKTHBHOCTI IIUTO- | pO3BUTKY TillOKCiI IIpHM OTPYEHHI IliaHimaMmu.
XPOMOKCHIA3M OHUXAABHOTO AAHIIOTa MIiTOXOHOPIH.

12.TlogcHoBaTH MeXaHi3M HEKOHKYpeHT- | OOrpyHTOBYBaTH JOIIIABHICTD BUKOPUCTAaH-
HOTO OAOKyBaHHS HS-rpyn 0iAKiB-(pepMeH- | HI aHTHAOTIB, ILI0 HaaeXaTh OO MepKallTo-
TiB 3a [Oii KaTioHIB BaXKHX MeETaaiB (pPTy-|cHOAYK  (yHiTioAy, [HCTeiHy, AUMETHAIIUCTEI-
Ti, BicMyTy, IIAIOMOyMy, apceHaTiB  TOILO). (Hy) IIPH OTPYEHHI HOHAMHM BaKKHX MeTaaiB.

https:/ /science.bsmu.edu.ua/
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Tabaung 2. (IpoooBKeHHS)

Bioaoriuna ximisa (3 Kypc)
(3abes3meuyyBaAbHiI eAeMEHTH HaBYaHHS)

TokcukoaoriuHa Ta cymoBa XiMid (4 Kypc)
(3abe3meyyBaHi eAeMEHTHU HaBYaHHS)

13.3uaTu 6iororiuHy poab i 7o6oBi moTpedu Mikpoeae-
MEHTIB [IASl OPTaHi3My AIOAVWHU; 3HAYEHHS METaAiB
y byHKIIOHYBaHHI (DePMEHTIB (Se-mas rayTaTioHIIe-
pokcuasn; Mg?* naa rekcokinasm, Mg2+ i K+-maa mi-
pyBaTtkiHa3u; Mob6+ - masg KCaHTHUH-OKCHUAA3U, Zn2+
i Cu2+-pag cynepokcun-gucMyTasmy; Mn2+ - nas ap-
rinasu; Zn2+-nas kapbokcurientuaasu A; tionu Cu2+
HeoOXinHi naa (PYHKILOHYBaHHS II€PYAOIIAA3MiHY,
IIUTOXPOMOKCHIA3U, AIBMAOKCHIA3U TOIO) Ta iHIITUX
CIIOAYK (KOOaABT BXOOUTH OO0 CKAany BitamiHy B12;
depyM — [0 CKAany reMy, SKHH € IIPOCTEeTHYIHOIO
TPYIIOI0 IeMOTAOOIHYy, Miorao0iHy, KaTasasH, IIUTO-
XPOMiB); 3HATH TUIIOBi CUMIITOMHU MiKPOEAEMEHTO3iB.

[aBaTy XapaKTEpPUCTHUKY I'PyIH PEYOBUH, dKi i30-
AIOIOTBCS i3 OO’€KTIB IIASIXOM MiHepaaizaitii 6ioma-
Tepiaay, TakK 3BaHHUX «METAA€BHX OTPyT» (XpoMy,
IIMHKY, MaHraHy, KylnpyMmy, Oapiio, BicMmyTy, Kan-
Mirfo, IAIOMOyMy, MHUIIGKY, Taailo, apreHTyMy), ix
MeTaboAi3M y OpraHi3Mi AIOOUHU. 3HATH METOAU
AKICHOTO Ta KiABKICHOrO BH3HAYEHHH «METAA€BUX
OTPyT» Ta BMITH BHABAATH MeTasu B Oiomarepia-
Al TIpM IHTOKCHKAIlIIX HUMH Ta OOIPYHTYBaTU He-
0OXimHICTEL TIOoTIepeAHBOI MiHepaaizallii opraHigYHUX
CIIOAYK IIpH IIPOBENEHHi MJOCAIIXKEHHs Ha «MeTa-
AlYHI OTPYTH»; IIpU iHTepIpeTallii pe3yaAbTaTiB Xi-
MiKO-TOKCHKOAOTIYHOI'O aHaaidy BpaxoByBaTH Ha-
ABHICTH MeTaAiB/ MiKpoeAeMeHTIB B OpraHi3Mi, siK
CIIOAYK HEOOXimHUX A9 JKUTTEHIIABHOCTI AIOIUHU.

14.3uatu peakwuii MeTaboaizMmy, 10 3abe3medy-
I0Th B opradismi yrBopeHHa NH3 Tta H2S; BwMi-
TH TIIOACHUTHU MEXaHi3M HeHpOTOKCHYHOI il
aMmiaky; BMITH IIPpOBECTH BH3HA4YEHHS BMICTy
aMiaky (aMOHIMHHMX coael) y cedi IalieHTiB Ta
OaTh KAIHIYHY OIlHKYy OTPHMaHHUX pPEe3yAbTaTiB.

HJaBaTy XiMiKO-TOKCHKOAOTIYHY XapaKTEPHUCTHUKY
orpyeHs NH3 Ta H2S. BpaxoByBaTu nIpu NpoBEOCH-
Hi XiMiKO-TOKCHKOAOTIUHUX MOCAimKeHBb, 110 NH3
Ta H2S yTBOpIOIOTBCA MHifi Yac THUTTA TPYIIHOIO
Marepiasy, TOMy HEpPII HiXK IIPUCTYIUTH [0 BU3HA-
YeHHd aMiakKy y BUTSIXKKax i3 OioMmartepiaay ix crep-
ury Tpeba MDOCAIAMTH HA HASIBHICTH CipKOBOIHIO.

15.TpaktyBaT OioxiMiuyHUI MeXaHi3M PO3BUT-
Ky rimokcii mpu orpyeHHi okcumom kapbony (II),
BMITH OOIPYHTYBATH [OIUABHICTH TinepbapuuHOi
okcureHalli mpu otpyeHHi CO masa 3amobiraHms
AETaABHHUX HACAIOKIB, BMITH IIOSCHUTH MeEXaHi3M
OAOKyBaHHS aKTHBHOCTI ITUTOXPOM OKCHOA3U [IH-
XaABHOT'O AQHIIIOTA IIPH OTPYEHHI YaaHUM Ia30M.

3HaTH O3HAKW OTPYEHHS OPraHi3My OKCHAOM Kap-
6ouy (II), BMiTH BUABUTH KapOOKCHUTEMOTAODIH ¥
KpOBi, IK MOKa3 OTPYEHHS OPraHi3My YagHUM Ta-
30M, 30KpeMa 3a MOOIIOMOTOI0 CIEKTPAABHOTO Ta
CIIEKTPOPOTOMETPHYIHOTO METOMAIB JOCAIIZKEHHS.

16.3HaT MexaHi3M yTBOPEHHS METTEMOTA0DI-
Hy B OpraHiaMmi AOAMHH Ta IIpo HOro 34aTHICTH
OO0 3B’3yBaHHA IliaHIiMiB IpH iX OOTpamAgHHI 10
OpraHi3My AIOOWHM; BMITH IIOSICHHUTH PO3BUTOK
MET-TeMOTAODIHEMII TIPU OTPYyEHHS HITPUTAMH, Hi-
TpaTaMH, aHiAlHOM Ta IHIIMMH OKHCHIOBadYaMH,
a TakoOXK IIpHU HecTadi MeTTeMOTAODiHpeayKTasH,
TAIOK030-6-hocdaTaerinporeHa3sy Ta  KaTasasH.

[MosicHIOBaTH NMPUYHHU PO3BUTKY TINOKCIi Ta iHIITHX
O3HaK OTPyEHHd HITpUTaMH Ta HiTpaTaMH depes
YTBOPEHHS METTeMOTAOOIHy Ta OOIPyHTYBaTH [I0-
IiABHICTE BHKOPHUCTAHHS IIpernapaTiB-MeTreMor-
AOGIHOYTBOPIOBAYIB MPH OTPYEHHI IiaHiCTUM Kaai-
€M; IEMOHCTPYBaTH HaBUYKH BHU3HA4YEHHS BMIiCTy
METTeMOTAODOIHY B KpOBi IIpH OTPYEHHI CHABHUMH
OKHCHIOBa4YaMH, 30KpeMa IIpU OTPYEHHI HiTpaTaMu.

17.3HaTu 06iOAOTIYHY pPOAL MOy B OpraHiami ArO-
OUHU; 3HATU OIOAOTIYHY POAB Ta MexaHi3Mm il Hom-
TUPOHIHIB; BMITH HaIMCAaTH peaxllii iXx cuHTe3y B
OpPTaHi3Mi AIOAWHMU, IPOABH IX HANAUIIKY Ta medi-
UTY B OpraHi3Mi; BMITH [IOSICHUTH MeXaHi3M po3’ell-

HaHHY IIPOLeciB TKAHWHHOTO OUXAHHS ¥ OKHCHIO-
BaabHOIO (ocOPUTYBAHHS IIPH TillepTHPEO3i.

[aBatu TOKCHUKOAOTIYHY
Ky MoauAiB; IIOICHUTH IIPUYHMHH  PO3BHUT-
Ky vrineprepmii, 9K HaCAiIOK  poO3’eqHAHHA
TKAHUHHOTO AUXaHHS ¥ OKHCHIOBAaAbHOI'O ocdo-
PUTYBaHHA IIpU Trinepnpoaykilii HoATHUPOHIHIB Ta
HaaMipHOMY HAAXOMXKEHHi B OpraHisM HoayMiCHUX
npernapartiB; XiMiKO-TOKCHKOAOTIUHI MeTooHu imeH-
Tudgikamii HoauaiB y MOOCAIIKyBaHOMY MaTtepiaai.

XapaKTepHUCTH-

18.3aru 6GioaoriuHy poab TOPY, CTPYKTYPY Ta
¢dyHkUii dTop amatuTiB, 3MIHH CTPYKTYPH Ki-
CTKOBOI TKaHWHH Ta TBEPAUX TKAHUH 3yba IIpH
nedinri ¢dropy B opranizmi Ta npu (PAOOPO3i.

[aBaTH TOKCHUKOAOTIYHY XapaKTEPUCTHUKY (TO-
pHOIB, O3HAKW OTPYEHHd IIMMH CIIOAYKaMH, Xi-
MIKO-TOKCUKOAOTIYHI MeTomm IX igeHTUdIKAIIii.

https:/ /science.bsmu.edu.ua/
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Tabaung 2. (IPOoOBKEHHS)

Bioaoriuna ximiga (3 Kypc)
(3abe3meyyBaAbHiI eAeMEHTH HaBYaHHS)

TokcukoaoriuHa Ta cynoBa XiMid (4 Kypc)
(3abesrneuyBaHi eAeMeHTU HAaBYaHHS)

19.3maTu OioxiMiuHi MexXaHI3MM YTBOPEHHH Ta
3HEMIKOIKEHHS €TaHOAY B OpraHi3Mi AroguHu, ep-
MEHTHI CHCTEMH [JeTOKCHKAllii €THAOBOTO CIIHUPTY;
BMITH TOSCHUTH OioXiMIiYHMI MeXaHi3M PO3BHUTKY
aAKOTrOAiZMy Ta IIpUHIUI aii npenapartiB, IO BH-
KAUKAIOTh Biipas3y 0 aAKOTOAIO IIIASIXOM IIPUTHIideH-
HS aKTHUBHOCTI aAbJerif-ferifporeHasu (Terypam).

HaBatu XiMiIKO-TOKCHUKOAOTIYHY  XapakTe-
PUCTHUKY €THAOBOTO CIIUPTY; BMITH IIPOBECTH [0-
CAII’)KeHHs Ha BHIBAEHHS €TaHOAY B OpraHi3Mi;
TIOIITUPIOBATH CEPEN HaceAeHHd iHdopMallilo IIpo
IIKiAWBICTh aAKOT0AIO, BMIiTU HazaBaTH OOIIOMOTY
HAalli€eHTy IPU TOCTPOMY OTPYEHHI ETHAOBHUM CIIHPTOM

20.3uaru OioximiyHHE MeXaHi3M YTBOpPeHHS (Op-
MaABETiIAy B OPraHi3Mi AIOAWHU IIPU OTPYEHI Me-
TAHOAOM; BMITH OOIPYHTYBaTH MOOLUABHICTHL IIPHU-
3HAQYEHHs BHCOKHX [I03 €TaHOAY IIPH OTPYEHHI
METAHOAOM BPAXOBYIOYH abCOAIOTHY CyOCTpaTHY
crienu@ivdHICTE (PEPMEHTY AaAKOTOAB-AETiApOoreHasH.

HaBaTy XiMiKO-TOKCHKOAOTIYHY XapaKTEePUCTH-
Ky METaHOAY Ta (POpPMaAbAETiAy; BMITH IIOSICHUTHU
IPUYNHN PO3BUTKY O3HAK iHTOKCHKAIi opraHizMmy
IIPH OTPYEHHI HUMH; AEMOHCTPYBAaTH HABUYKH BH-
ABA€HHA (popMaabreriny B GioaorigyHoMy MaTepiaai.

21.3uaru GioxXiMiYHMIE MexXaHi3M yTBOpeHHs (heHOo-
Ay OPH THUTTI TUPO3HWHY; BMITH HAIITUCATHU PEAKIIIIO
3HEIIKOIZKEHHA (PEHOAY BIIETiHIi IITASTXOM FAIOKY POHO-
BOiKOH1oralii 3 yrBopeHHIM peHOA-O-TAIOKY POHIAiB.

JlaBaTtu XIMiKO-TOKCHKOAOTIYHY xa-
PaKTepPHUCTUKY deHoAy; IIPOBECTH BUSB-
AeHHA (EeHOAy B  [OOCAIPKYBaHUX  3pas3Kax.

22.3HaT o0cobAamMBOCTI MeTaboaizMy caailtmaoBoi
KHCAOTH Ta il moximHux, 6apbiTypoBoi KUCAOTH Ta ii
IOXiTHUX, (hepMEHTH, 1110 3a6e3IeUyIoTh I1eti mpoliec.

JaBaTH XiMiKO-TOKCHKOAOTIYHY XapaKTePUCTH-
Ky OTPY€EHHS caailmpmaaTaMu ta 6apbitypaTamu, oco-
6AMBOCTI eAiMiHAaIIil MeTaboAITIB 6GapbiTypaTiB pi3HOI
TPUBAAOCTI Mii; BMITH BUSIBUTH iX METabO0AITH B Cedi.

23.BmiTH HammcaTH peakliii KeToreHesy, IIosiC-
HUTHU TIPUYMHU PO3BUTKY KETOHEMii Ta KeTo-
Hypil (OykpoBui#l ngiabeT, TOAOAyBaHHS), MOEMOH-

CTpyBaTH HAaABHU4YKH BHABACHHA Aall€TOHY B cedi.

HaBartu XIMIKO-TOKCHKOAOTIYHY  XapakTe-
PHCTHKY alleTOHYy, BHUSBHUTH alleToH B cedi. [Ipum
iHTepHpeTallii pe3yAbTaTiB XiMiKO-TOKCHUKOAOTIYHO-
ro aHaaidy BpaxoByBaTH, 110 HasBHICTb alleTOHY B
cedi MoxKe OyTH He TIABKH IPU OTPYEHHI alleTOHOM.

24 Jlucatm peaxuii MeTHAYBaHHS i30Hia3uay B
OpraHisMi AIOAVMHHU Ta [OSCIOBATH MEXaHI3M po3-
BHUTKYy Hecradi BiTamiHiB PP Ta B6 mpu Horo BxKH-

HaBatu XiMIKO-TOKCHKOAOTIYHY  XapakTe-
PHCTHKY IOXifHUX TiApa3uHy HIKOTHHOBOI KHC-
AOTH, ocobAMBOCTI #Horo MeraboaisMy Ta BMi-

Ti MeTabo0Ai3My MypUHIB, BMITH BHU3HAYHUTH B CHU-
poBaTIi KpPOBi Ta Cedi BMICT CE€YOBOi KHCAOTHU Ta
[JaTU KAIHiYHY OIIIHKY OTPHMAaHUX pPe3yAbTaTiB 3
ypaxyBaHHAIM IIpUHMaHHSA AiKApCBKHUX 3aco0iB.

BaHHI B HKOCTI IIPOTHUTYOEPKYABO3HOI'O 3aco0y.|TH BHUABUTH MeTaboaiTn i3oHiazumgy B cedi.
25.TlosicHIOBaTH MeXaHi3M KOHKYPEHT- 3HatH  MeTaboaisM  S5-dropypanmay, — 03-
HOTO iHriOyBaHHSA aKTUBHOCTI depmeH- | HaKM ~ iHTOKCHKAlii ©OpHM BBEAEHHI HagMip-
Ty THMIAWAAQTCHHTA3U 3a mOil S5- dropypauay. |HUX  go3  ObOrO  HPOTUIIYXAHMHHOrO  3aco0y.
26.3HaTH CTPYKTypy, YyHKIEII Ta ocobauBoC- HaBatu XiMiKO-TOKCHKOAOTIYHY  XapaKTe-

pucTuKy # ocobauBocti OioTpaHcdopmarii Kce-
HOGIOTHKIB, B TOMy 4dYHCAlI (hapMmmopenapatiB IIo-
XiTHUX KCAHTHUHY (KodeiH, TeodiaiH, TeoOpomiH);
BMITH BUSBUTH IX METAOOAITH B Cedi ITpU OTPYEHHSIX.

27 TlosgcHioBaTH 6ioxXiMiYyHMUII MeXaHI3M HE3BOPOT-
HOTO iHTIOyBaHHS aKTHUBHOCTI (PEPMEHTy alleTH-
AXOAiHecTepa3u 3a aii pocdopopraHigvHUX CIIOAYK
(koBasneHTHa Mozxudgikallig mAgIXOM (ocOPUAY-
BaHHA 3aAWIIKIB CEepHHY B i akKTHBHOMY HEHTpI).

3Hatu cuMmnoToMu Ta cranii oTpyeHHS ocdopop-
ragiyauMu crioaykamu (POC), ocobauBoCTi ix Me-
TaboAI3My; maBaTH XiMiKO-TOKCHKOAOTIYHY Xapak-
Tepuctuky POC, 30KpemMa IIeCTHIHIAIB (Xaopodoc,
Kapbodoc, akTeaiK ToIo) Ta 60H0BHUX OTPYT (3apuH,

30MaH); BMITH HagaTu gonoMory npu orpyeHHi OC.

III0 € OTPYTOIO 0Aimoi IIOraHKH TaAbBMY€E
PHK-nioaimepasy-B(cunte3snpe-m-PHK),aan-
KanaoinubapBiHKy Masoro—Irporeciur)[1,2,8].

IIpu BuB4YeHHI Moayaro No2 i3 «Tokcu-

https:/ /science.bsmu.edu.ua/

KOAOTIYHOI Ta cymoBoi XiMmii» po3rasgaroyu
aAKaaoiny Ta iX CHHTETHWYHI aHaAOTH CTYy-
JEeHTH, 30KpeMa HPUTraayloTh i3 6ioximii mpo
BIIAUB Teo(iaiHy Ta KodeiHy Ha aKTUBHICTh
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dochomiecTpesu HAMD Ta meTaboAidHi Tpo-
IIECU B OPTaHi3Mi AIOAVHU (HAIIpUKAA, IIPU
OTPYEHHI KO(PeIHOM NPUTHIYYETHCSI CUHTE3
TAIKOTEHY), MeXaHi3M HeHWpoaereHepaTuB-
HUX 3MiH y MO3KYy IIPH BBEIEHHi BHCOKHX
103 CKOIIOAaMiHy, BIIAUB CTPUXHIHY Ha Me-
TabOAI3M MiPOBUHOTI'PAIHOI KMCAOTH, TOIIIO.

Y moxyai No2 i3 GioaoriuHoi ximii BH-
BYAIOTBCS OCHOBHI THUIIM pPEakKlliii, gKi 3a-
besmneuyroThk I-11y pazy meTaboaizMmy AiKiB
(paza ximiunoi momudikartii, mig yac sskoi
BiA0yBaroThCdA peakilii, 1o 3abe3redyroTh
peaxilii yTBOpeHHS MOAIPHUX I'PyI, 30Kpe-
Ma peaxkilii rifpokcuayBaHHs) Ta lI-ry (daza
KOH'Iorallii, Ky 3a0e3redyioTh (PepMeHTHU
Kaacy TpaHcdepas). [Ipu nmpoMmy, 0coOOAUBY
yBary NpUOIAIETBCA CHUCTEMI MIKPOCOMAaAb-
HOT'O OKHCHEHHH, poai 1tutToxpomy P-450 Ta
opernaparamM, 49Ki € 1HAYKTOpaMH 4YM 1HTi-
biTopamu 1muToxpomy P-450, a TakKoX Tak
3BaHUM (PepMEeHTaM «AIKapCBKOro MeTabo-
Ai3My» — TpaHcepasam, saKi 3a06e3medyroTh
TAIOKYPOHOBY, CyAbaTHY Ta TAyTaTiOHOBY
KOHIoTrallilo, peakllii alleTHAyBaHHd Ta Me-
TUAYBaHHS ITiZl 9ac AETOKCHUKAIlii KCeH0bio-
THUKIB Ta B IIPOIeCi MeTaboAi3My AiKapChbKHX
3acobiB. YBara CTYOEHTIB aKIEHTYETHCH
TAKOXX Ha TOMY, L0 y HpoIlleci MeTaboais-
My AiKiB MOXKe Big0yBaTHCHd dK BTpaTa ix
dapMaKoAOTiYHOI aKTUBHOCTI, Tak i ii Io-
CHUAE€HHSI YU HaBiTb, 3MiHa (papMaKOAOTid-
HOI cIipgMoBaHOCTi mpenapartiB. [Ipu 1160-
My HaBOOATBHCA NPUKAAAH KOHKPETHUX
IIpenapariB (HaIpHUKAaZ, II€PETBOPEHHI
KomeiHy Ha MopdiH, MeTaboai3M cyabgaHi-
AaMifiB, caainmmaaTiB, 0apObiTypaTiB TOILIO).
i 3HaHHa HEOOXimHI AAT 3aCBOEHHS PO3JIi-
Ay «CUHTETHYHi AiKapchbKi 3acobu» y Kypci
«TokcukoaoriuHoi Ta cynmoBoi Ximii» [7,8].

Y kypci «bioaorigHoi Ximii» po3ragna-
IOTBCS MEXaHi3M CIIMPTOBOTO OpOmiHHS,
0CO0AMBOCTI MeTabo0Ai3My €THAOBOTO CIIHp-
Ty B OpraHi3Mi AlOOWHH, 0iOXiMiYHI 3MiHH,
dKi BUHHUKAIOTh IIPH TOCTPOMY YH XPOHIid-

BucHoBkm
1. Mizk HaBYaABHUMU OUCITHUIIAIHAMH «Bi-
oAorigHa ximis» i «TokcUKoAOTIUHA Ta CyZ10Ba

https:/ /science.bsmu.edu.ua/

HOMY OTpPYE€HHiI €TaHOAOM, a TaKO¥XK 0ioxXi-
MIiYHHHE acHeKT OOIpyHTYBaHHS BHKOPHU-
CTaHHS BHCOKHUX [03 €THAOBOTO CIIUPTY
IPU OTPYEHHI METUAOBUM; OioXiMiuHI Mexa-
HI3MH fli rmpernaparTiB, 9Ki BUKAUKAIOTh Bi-
apa3y A0 aAKOTOAIO i BUKOPHUCTOBYIOTBECH B
AIKyBaHHI XpPOHIYHOro aakoroaismy [1,2,8].

CucreMaTHyHUH MiAxia A0 HiATPHUMaH-
H4 BEPTHUKAABHOI MIKAUCIIUIIAIHAPHOI 1HTE-
rpaiii cupustTuMe (GOpMyBaHHIO y CTYO€H-
TIiB I[IAICHOTO COPUHHATTA Ta 3O1MCHEHHIO
OCHOBHHX ITPUHIUIIIB HaBYaHHS y BUIIIOMY
HaBYaAbHOMY 3aKAafli — OTPUMAaHHIO I'PyH-
TOBHHUX 3HaHb i BMiHHIO BUKOPHUCTOBYBaTH
iX Ha DpakKTUIli B IIOBCIKAEHHIN mmpodeciii-
HIA MOIFIABHOCTI, a 3aCTOCYyBaHHS MIKIUC-
UTIAIHAPHUX TEXHOAOTIH ITiATOTOBKU ha-
XIBI[IB CHOPHUATHUME HKICHO HOBOMY pPIBHIO
IpodeciiHOr0 MHCA€HHS, 30aTHOCTI KOMII-
AE€KCHO BUpINIyBaTU NPaKTU4YHI Ipodeciii-
Hi 3aBOaHHs, 0a3ylOYHCh Ha IOCTIHHOMY
IHTerpyBaHHI 3HaHb, YMiHb Ta HaBH4YOK 13
pisHuUX gucuunain  [14,17,18,19,20,22].

[TincymoByto4H BUIIe3a3HAYEHE HE MOK-
Ha He IIOTOHUTHCS 3 IOCALIHUKAMHU JaHOi Te-
MaTHUKH LI00 Ba’KAUBOCTI MiXKIIPEAMETHO-
ro iHTerpyBaHHS Ta TBEPIKEHHS IIPO Te€, 1110
peaaizaniga OpUHIUIIIB MIXKAHUCIIUIIAIHAPHOI
iHTerparlii BUMarae Bim BHKAamada TAUOO-
KHX 3HaHb He AHIIIE IIpeaMeTa IKUH BiH BU-
KAanae, ase ¥ baraThbox iHINIMX HABYAABHUX
OUCLIUIIAIH, 30KpeMa IIpeaMeTiB ¢axoBoi
OiArOTOBKHU CTyAeHTiB-pbapmaneBTiB [10].

TaxkoK CAil 3a3HAYUTH, ITI0 ITOCTiHHE BU-
KOPUCTaAHHS IPUHIIUIIB MIXKIUCITUIIAIHAP-
HOI iHTerpauii Ipu BUKAQIAHHI TaKHUX Ha-
BYAABHUX OUCILHIIAIH CHUCTEMHU ITiATOTOBKU
MmaricTpiB dapmaiiii, gk «bioaoriuHa ximis»
i «TokCcHUKOAOTIYHA Ta CymoBa XiMid» CIPHU-
d€ MiABUIIEHHIO X MOTHUBAllil [0 HaBYaHHH
yepe3 YCBiIOMAEHHS 3HAYHMOCTI HaBYaAb-
HOTO MaTepilaAy KOXKHOI 3 AUCHUIIAIH [OAS
dopMyBaHHS HEOOXiAHUX IAS MaMOyTHBOI
npodpeciiHoi AiIABHOCTI KOMIIETEHTHOCTEH.

XiMisl» iCHy€ TiICHUY MiXKITpeAMeTHU M 3B ’I30K.
2. BuokpemaeHo 27 3abe3rie-
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4YyBaAbHUX €AeMEHTIB HaBYaHHS 3
Kypcy «Bioaoriuna xiwmisg», sgKi Heo0-
XiHI [IAsl OIIaHyBaHHSI HaBYaAbHOTO MaTe-
piaay «TokcukoaoriyHa Ta CynoBa XiMis.

3. PesyabTaTn HaB4YaHHH, HaOyTi CTy-
AeHTaMHu-apMalleBTaMU IIi/] 4ac BHBYEH-
H4a «BioaoriyHoi Ximii» € IATPYHTSIM [OAS
ollaHyBaHHA Kypcy «Tokcukoaoriynoi ta
CyZ[oBOi XiMmii», a BHKAaJaHHS HaBYaAbHO-
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