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LMKA TEMATUMHOTO BAOCKOHAAEHHS B NICAGANNAOMHIV OCBITI
3AKAAAIB BULLOI MEANYHOI OCBITU: MCUXOAOTO-NEAATOrNIYHI
OCOBAUBOCTI TA MIAXOAU

TOKAPITI. IO.

BYKOBUHCHK ACPIKQABHUA MEANYHMIA YHIBEPCUTET, M. HepHiBLj, YKpQiHQ

Hns xopecnionnenuii: Tokap Ilerpo IOpiitoBuu, noktop ¢inocodii, acucTeHT Kadenpu axylepcTBa, THEKOoJIOoril
Ta rnepuHaTosorii, BykoBUHCHKUIT AepkaBHUI MenuuHui yHiBepcutet, TeatpanbHa ., 2, M. UepHisui, 58002, Ykpaina;
e-mail: tokar.petro@bsmu.edu.ua; konTakTHul Teaedon.: +38 (095) 482 45 01

CYCLE OF THEMATIC IMPROVEMENT IN POSTGRADUATE EDUCATION
OF HIGHER MEDICAL EDUCATION INSTITUTIONS: PSYCHOLOGICAL
AND PEDAGOGICAL FEATURES AND APPROACHES

For correspondence: Tokar Petro Yuriiovych, Doctor of Philosophy, Assistant Professor, Department of Obstetrics,
Gynecology and Perinatology, Bukovinian State Medical University, 2, Teatralna Sq., Chernivtsi, 58002, Ukraine; e-mail:
tokar.petro@bsmu.edu.ua; contact phone: +38 (095) 482 45 01

Pestome. AKTYAAbHICTb AOCAIAKEHHST 3YMOBAEHQ MOTPE6OK0 B YAOCKOHAAEHHI MPOoLECY MICASIAMIAOMHOI OCBITV B 3QKAQ-
AQX BULLLOI MEAVYHOT OCBITW, 30KDEMA YePE3 LIMKAY TEMATUYHOIO BAOCKOHAAEHHS (LUTY). [oogeCiviHa riarotoBKa MeAMY-
HUX MPQALBHYIKIB, SIKI MPOALKOKOTL Y LUBUAKO 3MIHHOMY MEANYHOMY CepeAOoBULL, NOTPebye MNOCTIMHOrO OHOBAEHHSI 3HOHb
i HaBM4OK. OCOBAMBO BOXKAMBOKO € IHTErPALST MCUXOAOrO-NeAQroridHUX MAXOAIB Y HAQBYOAbHUM MPOLIEC, O Crpusie
epeKTMBHOCTI HaBYQHHSI TQ PO3BUTKY MPOGECIHX KOMAETEHLIN Y MeAMKiB. MeTOK LibOro AOCAIAXKEHHSI € QHQAAI3 CUXO-
AOro-feAQroridHNx 0COOAMBOCTEN LMKAIB TEMATUYHOIO BAOCKOHQAEHHST B MICASIAMIAOMHIV OCBITI MEANYHMX MPQALLBHUVKIB
i PO3POBKA PEKOMEHAQUIM LLOAO MIABULLEHHST €PEKTUBHOCTI HOBYQABHUX MPOMPAM Yepe3 BPAXYBAHHST MCUXOAOTTYHUX
i meaaroriyHnx acrnektis. MatepiaAn Ta METOAU: QHQOAI3 AITePATyPU, MOPIBHSIAbHUMA QHAAIZ HOBYOAbHUX MPOrpaM LITY
B PI3HWX 3QKAQAQX BULLOI MEAMYHOT OCBITY, OMUTYBAHHSI BUKAQAQUIB | CAYXQYIB KYPCIB MABULLIEHHST KBAAIGIKALLT, O TAKOX
eKCrepTHI OUIHKN LLLOAO BrAMBY MCUXOAOrO-MEAQroriYHNX MIAXOAIB HQ YCHILLHICTb HABYAHHSI. AOCAIAKEHO B3AEMOA
neAQroriqyHMX i ICUXOAOTTYHX GAKTOPIB, SIK-OT MOTUBQLLISI, CTDECOBI CUTY ALl Mip YOC HABYQHHSI, IHAMBIAYQAbHI OCOBAMBOC-
Ti CIPUVIHSITTSI MATEPIAAY. P@3YABTATU AOCAIAXKEHHS TOKA3QAM, LLO AAST AOCSITHEHHST BUCOKOI epeKTmBHOCTI LITY noTpi6HO
IHTErpPyBAT MCUXOAOrO-NEeAQroridyHi METOAM, LLIO NepeAbQHQIOTh IHAMBIAYQALHUM MIAXIA AO CAYXQHIB, BUKOPUCTAHHST IHTEP-
QKTUBHUX POPM HOBYQHHSI, [ICUXOAOTIYHY MIATOUMKY Mi4, HOC HABYAHHSI. OCOBAUBY DOAb BIAIMOAE MOTMBALSI CAYXQYiB, SIKQ
3HQYHO MIABULLYE PE3YABTATUBHICTE HOBYAABLHOIO MPOLEeCY. BUCHOBKU AOCAIAXKEHHST CBIAYQTL MPO T, LLO 3QCTOCYBAHHS
MCUXOAOrO-NEAQroridHUX MiAXOAIB Y LIMKAQX TEMQATUYHOIO BAOCKOHQAAEHHS 3AQTHE MIABULLMTI PiBEHBb 3QCBOEHHSI MATEPI-
QAY, MOKPQALUNT QAQATALIKO AO HOBMX 3HQHb | HOBMYOK, O TAKOXX 3Q6e3reyntin GiAbLL BUCOKU PIBEHb MPOGEeCiOHAAIZMY
B MEANYHMX MPALBHUKIB. PEKOMEHAYETLCS AOAQHHST MCUXOAOTTYHOT MIATOUMKIN TQ IHTELAKTUBHUX METOAIB AO HOBYOABHUX
MpOorpAmM AAST ONTUMI3QALLT MPOLECY MICASANIAOMHOI OCBITV B MEANYHINX 3AKAQAQX.

KAIO4OBiI CAOBQ: LIMIKA TEMQATUHHOIO YAOCKOHQAEHHSI, MICASIAMIIAOMHQ OCBITQ, BULLIQ MEAMNYHQ OCBITA, NCUXOAOrO-NeAQro-
ri4Hi OCOBAMBOCTI, MPOGECIVIHA MIArOTOBKQ, METOAM HABYQOHHST.

Abstract. Background. The relevance of the study is due fo the need to improve the process of postgraduate education
in higher medical education institutions, in particular through thematic improvement cycles (TICs). Professional training
of healthcare professionals working in a rapidly changing medical environment requires constant updating of knowl-
edge and skills. It is especially important to integrate psychological and pedagogical approaches into the educational
process, which contributes to the effectiveness of learning and development of professional competencies in health-
care professionals. Materials and methods: literature review, comparative analysis of the training programs of the CTlin
different higher medical education institutions, surveys of teachers and students of advanced training courses, as well as
expert assessments of the impact of psychological and pedagogical approaches on learning success. The interaction
of pedagogical and psychological factors, such as motivation, stressful situations during training, and individual peculi-
arities of perception of the material, is investigated. Results. Studies have shown that in order fo achieve high efficiency
of the CTI, it is necessary to integrate psychological and pedagogical methods, including an individual approach to
students, the use of interactive forms of education, and psychological support during fraining. A special role is played
by the motivation of students, which significantly increases the effectiveness of the educational process. Conclusions.
The study the study indicate that the use of psychological and pedagogical approaches in thematic improvement
cycles can increase the level of learning, improve adaptation to new knowledge and skills, and ensure a higher level of
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professionalism among healthcare professionals. It is ecommended fo include psychological support and inferactive
methods in the curriculum to optimize the process of postgraduate education in medical institutions.

Key words: cycle of thematic improvement, postgraduate education, higher medical education, psychological and
pedagogical features, professional fraining, feaching methods.

Bctyn

IlixBumenHs kpamidikamii MeAWYHUX TPAIliBHHUKIB
€ BWKJIMBHM acCICKTOM 3a0e3MEUYCHHS BHUCOKOTO pPiBHS
MeJMYHOT0 00CIIyrOBYBaHHs i OXOPOHH 3JJ0pPOB’sl B KpaiHi.
VY 3B’A3Ky 3 MOCTII{HUM PO3BUTKOM MEAMIMHHU Ta BIIPO-
Ba/DKCHHSIM HOBITHIX TEXHOJIOTIH MEIMYHI TpaiiBHUKA
MMOBHHHI OE3MEPEPBHO BIOCKOHAIIOBATH CBOi 3HAHHS Ta
HaBuuku. OIHUM 3 OCHOBHHX IHCTPYMEHTIB JJIS LHOTO
€ KM TeMaruaHoro yaockonaneHHs (LITY), sxi € ckma-
JIOBOIO YaCTHHOIO CHCTEMH IMiCIISIUIUIOMHOT OCBITH [1].

[y TeMaTHIHOTO BAOCKOHAJICHHS B 3aKJIaZaX BUIIOT
MEIWYHOI OCBITH HAaJAIOTh MOXKJIMBICTE MEIUYHUAM (haxiB-
M OHOBIIIOBATH CBOI 3HAHHS 3 AKTyaJbHUX MEIMIHHX
TEM, PO3BHBATH NPAKTHYHI HABHYKU ¥ YIOCKOHAIIOBATH
npodecionanizMm. OnHak eGEKTHBHICTh IBOTO IPOIECY
3HAYHOI0 MIpOI0 3aJISKUTh BiJl TOTO, SIK BPaxOBYHOTHCS
[ICUXOJIOTO-IIEAArOriyHl acleKTH HaBuyaHHA. MoTHBalis
CITyXadiB, IHIUBIyaJlbHI 0COOIMBOCTI CIIPUUHATTS 1H(DOP-
Marii, crpecoBi (hakTopu Ta iHIII NICHXOJOTTYHI MOMEHTH
MAaIOTh CyTTEBHI BIUTHB HA 3aCBOEHHS MaTepially Ta 3acTo-
CyBaHHS 3100y THX 3HAHb HA IPAKTHIIL.

TakuM YHHOM, IOCTIIKCHHS IICHXOJOTO-TIeAaroriv-
HUX 0COONHMBOCTEH HABYAIBHOTO Mporecy B pamkax LITY
€ BKJIMBHMM JIJIs1 ONITUMI3allii HaBYaIbHUX IAXOdIB, CTBO-
peHHs OimbIT KoM(OPTHOTO HABYATBFHOTO CEPEIOBHINA Ta
i IBUIIEHHS PEe3yIbTaTUBHOCTI HaBYaHHS [2].

MeTo¥0 11HOTO JOCITIHKECHHSI € aHaJli3 OCHOBHUX IICHXO-
JIOTO-TIEJArOT1YHUX ACIIEKTIB UKJIIB TEMATUYHOTO YI0CKO-
HAJICHHS B KOHTEKCTI MiCJISAUIIIOMHOI OCBITH MEIUYHHUX
MPaIiBHUKIB 1 PO3poOKa pPEKOMEHAAliNd s X YI0CKO-
HAJICHHS 3 ypaxXyBaHHSIM iHIWMBIIyaJbHHX OCOOIHMBOCTEH
CITyXadiB.

MartepiaAm Ta meToAUn

Jis mpoBemeHHS IOCHIKEHHS OyiaM BUKOPHCTaHI
KOMOIHOBaHI METOIH, IO JAIOTh 3MOT'Y BCEOIYHO BHBYHTU
MICHXOJIOTO-TICIAaTOTIYHI  ACMIEKTH I[UKJIIB TEMaTHYHOIO
BIOCKOHAJICHHS B MICISAUIUIOMHINA OCBITI MEAMYHHX Ipa-
niBHUKIB. OCHOBHHUMH METOaMu 300py JaHUX Oy aHa-
JIi3 HayKOBOI JIITepaTypH, OITUTYBAaHHs CIIyXadiB i BUKJIaja-
YiB, a TAKOXK MOPIBHSUIBHUHN aHANi3 HABUYAIBHUX MPOTPaM,
0 3aCTOCOBYIOTBCS B PI3HUX 3aKJIAJaX BHUIOI MEIHIHOT
ocBitu. AnamizyBanucs nporpamu LITY, 3Bepranacs yBara
Ha METONW HaBUaHHs, (POpPMH OpraHizalii 3aHATH i BHKO-
pHUCTaHHS iHTepaKTHBHHUX MiaxoniB. s 30opy emmipnd-
HUX JaHuX OyIo MPOBEIEHO aHKETYBaHHS Cepel] CIyXadiB
1 BUKJIaZaviB, K€ JOIIOMOTJIO OLIHWUTH BIUIMB IICHXOJIOTO-
MenaroriyHuX  (axkrtopiB Ha e(EeKTHBHICTh HaBYaHHS.
JlociKeHHsT TaKOXK Mependavano eKCIepTHI OIiHKH, M0
JIaJTd 3MOT'Y BU3HAYMTH OCHOBHI IIPOOJIEMH Ta MOXKIIUBOCTI
MOKPAIEHHS HAaBYaJILHOTO TIPOIIECY.

Pe3yAbTATU TO O6rOoBOPEHHS
[IpoBeneHe AoCTiKEHHS MOKA3alo, MO e(PEeKTUBHICTD
LMKIIB TEMATHYHOIO BIOCKOHAJIEHHS B IICIISAUILUIOM-
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Hilf OCBITI MEIUYHUX MPALiBHUKIB 3HAYHOIO MIpOIO 3aje-
XHUTh BiJl IHTErpamii MCHUXOJOTO-MENaroTiYHUX IiIXOiB
Yy HaBYAJIbHUU Tporiec. 3BaXkaloud HA Te, M0 IIi IUKIN
MOKJIMKaHI He JIMIIE NepeaaBaTd HOBI 3HAaHHS, ale H yao-
CKOHAJIIOBAaTH TNPAKTHYHI HABUYKA MEIUYHHMX TpalliBHU-
KiB, B&XIIMBO BPaXOByBaTH HE TUILKU 3MICT POrpaMH, ajie
W TCUXOJIOTIUHI aCIEKTH, SKi BIUIMBAIOTh HA YCIHIIIHICTh
HaB4aHHs. OIHUM 3 OCHOBHUX PE3YJBTATIB JOCIIKEHHS
CTaJIO BHUSBJIEHHS Ba)KJIMBOCTI IICHXOJIOTTYHOTO KOM(OPTY
CIIyXadiB, MI0 3HAYHOIO MipOI0 BH3HAYa€e €(EKTHBHICTH
3aCBOEHHS Marepiajly Ta MOJaJbIe 3aCTOCYBaHHS 3HaHb
y npodeciiiiit misupHOCTI [3].

1. BaxxauBicTh iHTepaKTUBHUX MeTOIiB HABYAHHS

Amnauiz HaBuanbHUX mporpam L[TY B Mennunux 3axia-
Jlax TI0Ka3aB, M0 HAWOIbII €PEKTUBHUMHU € MPOrPaMu,
o TependavyaoTh IHTEPaKTHBHI MeToau HaBuaHHs. Ile
MOXYTb OyTH Keiic-MeTOu, TpyoBa podoTa, CUMYJISIIHHI
3aHSTTS, POJILOBI ITPH, @ TAKOXK BUKOPUCTAHHS TEXHOJIOTIH
JUIS. CTBOPEHHSI BIpTYaJIbHUX CHUTYalliif, 110 HaOIMKaloTh
HaBYAJBHUI Ipollec A0 peabHUX yMOB. BusiBieHo, 1o
TaKUH MiAXiA Jae 3MOTy cllyxadaM He JIMIIE Kpalle 3acBO-
I0BATH TEOPETUYHI 3HAHHS, aJie i aAKTHBHO 3aCTOCOBYBATH
iX Ha TPaAKTHII, [0 3HAYHO MiJBHIIYE iX TOTOBHICTH IO
BUpIIIEHHS pealbHIX MpodeciiHuX 3aBIaHb.

BaxxmmBuM GakTopoM y 3aCTOCYyBaHHI iHTEpaKTUBHUX
METOIB € CTBOPSHHS CEPEIOBUILA, IKE CIIPHUSE 3HIKESHHIO
PIBHS CTpeCy Ta TPUBOXKHOCTI y ciyxadiB. Ile ocobmuBo
Ba)XXJIMBO B KOHTEKCTI MEIMYHOT OCBITH, JIe CTPEC 1 BUCOKI
EMOIIiifHI HABaHTA)XCHHS € YaCTUMHU CYIyTHUKAMH IPO-
(eciiiHOi nisIbHOCTI. 3ajJy4eHHsS CilyXadiB /0 aKTHB-
HOTO IpOIleCy HaBYaHHS Yepe3 B3aEMOJIII0 3 KOJIEraMH Ta
BUKJIa/IauaMH JIa€ 3MOTY 3HU3UTH €MOIIHE Halpy>KeHHS
Ta TIJABUINUTH PiBEHb BICBHEHOCTI y CBOIX cmiaX. 3a
pe3ynapTaTaMu aHKETYBaHHA, OITBIIICTH CIyXadiB Bif-
3HAYWJIM, W0 IHTEPAKTHBHI 3aHATTA 3HIKYIOTH DiBEHb
CTpeCy 1 HOKPALIYIOTh IX CIPUIHATTSA HaBYaIbHOTO MaTe-
piamy [4].

2. lepeBanTa:keHHs iH(opMauiclo i mcuxosaorivni
HaCJiAKH

OnHUM 13 OCHOBHHMX HETaTUBHHX (DaKTOPIB, BUSBICHUX
il Yac JOCHIPKCHHS, CTAl0 NCPEBAHTAXCHHS CIIyXadiB
iHpopMmaniero. bipuIicTh ONUTaHUX 3a3HAYalH, 1110 IHTEH-
CHBHICTh HaBYaJIbHUX IPOrpaM, BUCOKHH 00csAT Marepiairy
Ta HEJI0CTaTHS KUIBKICTh Yacy JUlsi HOro 3aCBOEHHS BUKIIH-
KaloTh y HUX CTpec i eMoliiiHy BToMy. Lle ocobnmBo akTy-
aNBpHO JUIS MEIWYHUX IPAILiBHUKIB, SKi, KPiM HABYAHHSA,
MaloTh O00OB’SI3KM HAa OCHOBHOMY Micmi poboru. Ilepe-
Ba)kHa OUIBIIICTh YYaCHUKIB JOCHIDKEHHS 3a3HAYNIIH,
10 IM BaKKO 3HAWTH OajlaHC MK HaBYaHHSM 1 OCHOBHOIO
poOOTOI0, IO TPU3BOAUTH /IO IOAATKOBOTO €MOIIHHOTO
HaBaHTaKCHHS.

e nepeBaHTaXEHHS 1HPOPMALIEI0 MOXKE TPU3BOIUTH
JIO 3HMIKEHHSI MOTHBALlii /10 HAaBYaHHS, aJKE ClIyXadi He
BCTUTAIOTh TOBHICTIO 3aCBOITH Marepiai i 4acTo 3aly-
BAIOTh HOBI 3HAaHHS 4yepe3 Opak yacy Ha IX OCMHCIICHHS.
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BaxunBoro npobiniemoto € e, mo nporpamu LTV, HaBiTh
3 IHTEPaKTHUBHUMH METOAAMH, 4YacTO HE BPAaXOBYIOTh
IHIMBIAyaTbHUX TEMITIB HaBYaHHA ciyxadiB. Ile oco-
OJIMBO CTOCY€ETBCS JIIOAEH 3 PI3HUM PIBHEM ITiJITOTOBKH,
SIKI MOXKYTh MaTH pi3HiI MOTpeOM B Yaci Ta MiAXomax 1o
3aCBOEHHSI HOBOi iHQopmarnii. Tomy s miIBUIIEHHS
e(heKTHBHOCTI HaBUaHHS MOTPIOHO ONTHUMI3yBaTH 00CAT
MaTepialy, PO3MOAUIAIOYA HOro Ha OUTBIN 3py4Hi AJs
3aCBOEHHS OJIOKH [5].

3. Poap MoTHBALIi B HABYAJLHOMY Npolueci

Bussnenns piBHS MoTmBalii cepex ciyxadis L[TY
CTaJIO OJHHMM i3 BKJIMBHUX aCIEKTIB JOCHipKeHHsS. Byno
BCTAHOBJICHO, 1110 MOTHBAIIIS € OJHUM 3 KJIFOYOBUX (HaKTO-
PiB, sIKi BU3HAUAIOTh YCIiX HaBYaJIbHOTO Nporecy. Ciryxaui,
SIKI MaJi BHCOKY BHYTPIIIHIO MOTHBALIIO 10 HaBYaHHS,
3HAYHO YCITIIHIIIE 3aCBOIOBAJIM MaTepial i aKTUBHO 3aCTO-
COBYB&JIM i{oro Ha mpakTuil. BoHn Big3Havanu, mo ixHs
3aIiKaBJICHICTh Y HaBYaHHI Ja€ iM MOXJIHBICTH JTOJATH
TPYOHOIII Ta CTpeC, MOB’S3aHUHA i3 BEIHKUM OOCITOM
iHpOopMaIii.

3 iHmoro OOKy, ciyxadi, SIKi He BiA9yBaJH JOCTaTHBOL
MotuBalii abo Oymu BumymieHi npoxomutu LITY mumre
yepe3 BUMOTH DPOOOTOMABINI, BiAYyBadM 3HAUYHY BTOMY
Ta TCHUXOJOTIYHHK THCK. lle HpU3BOAMIO 10 3HIKCHHS
IXHBOI'O €MOIIIHHOTO IHTEpecy [0 HaBYAIBHOIO IPOIIECY,
10, 31 CBOro OOKy, MOTIPIIYBAJO PE3yJIbTaTH 3aCBOEHHS
Marepiany. BUIbIIICTH pPECHOHAEHTIB BiJ3HAYANHM, IO
JIOJIATKOBI CTUMYITIOIOY1 (DaKTOPH, 30KpEeMa 3a0XOUYCHHS
BiJl KepiBHUIITBA a00 MO3UTUBHUI 3BOPOTHUH 3B’SI30K BiJ
BHKJIQ/Ia4iB, 3HAYHO ITiBUIIYIOTh IXHIO MOTHUBAIIO Ta
3ally4eHicTh Y IpoIiec HaBJaHHA [6].

4. Ilcuxosoriyaa mMiITPUMKA SIK CKJIAI0BA HABYAJIb-
HOTO mpolecy

OpHi€I0 3 BaXUIMBHAX TNPOOJEM, BHABICHHX I Yac
JIOCTI/DKCHHS, € HEeIOCTAaTHSI TCHXOJIOTIYHA ITATPUMKA
ciyxauiB mix yac HapuaHHs Ha LITY. MeanuHi npaiiiBHUKA
3a3BUYail CTHKAIOThCSl 3 BUCOKHMMH PIBHSMH CTpECY 4epes
CKJIQJIHICTB IX poOOTH ¥ €MOLIIHHY BiJIIOBINANBHICTB, SKY
BOHU HecyTb. [IpoTe numie He3HaYyHa YacTHHA HpPOrpam
repedoayac ICUXoJIOTIUHY MiATPUMKY CIIyXadiB, X04a OIlU-
TyBaHHS MOKAa3aJid, IO OUTBIIICTh PECIIOHICHTIB BBa)a-
10Th ii He0OX1THOIO.

3arydeHHs IICUXOJIOTIB IO HaBYAJIEHUX MPOIIECIB, MPO-
BEJICHHS TPEHIHTIB HA PO3BUTOK CTPECOCTIMKOCTI, a TAKOXK
OpraHizallis TpyII MiATPUMKH IS CITyXadiB MOTIH O 3HAYHO
3HU3UTH piBEHb CTPECy, MiIBUIIUTH E€MOUIHHYy CTaliihb-
HICTH 1 B KIHIIEBOMY MiACYMKY HOJIMIINTH €()EeKTHBHICTH
HaBuaHHs1. 1le, 31 cBOro 00Ky, CIIpHsIo O 30epEIKECHHIO TICH-
XIYHOTO 3/10pOB’Sl METUYHHUX MPALIBHUKIB 1 NOKPALIEHHIO
IXHBOTO MPO(ECiHHOTO PO3BUTKY [7].

5. ImpuBinyanizauisi HaBYaHHS Ta ajganTauis mpo-
rpam

Hesin’emHoro uactunoto edexrusroro LITY e Bpaxy-
BaHHS 1HIMBIIyaJbHUX OCOONMBOCTEH ciryxadiB. Pesyib-
TaTH TOCIiIKEHHS TOKa3aJIH, o Ouremricts mporpam LTY
HEIOCTaTHBO aJanToBaHI IO PIi3HUX pIiBHIB MiATOTOBKH
ciyxadiB. Lle mpu3BOANTE 10 TOTO, IO YaCTHHA MEAMIHIX
MPaIiBHUKIB, SIKi MAIOTh BUIIHN piBEHB JOCBiTYy a00 KBai-
¢ikarii, BiAUyBaOTh HaAMIpHE HaBaHTaXEHHS ab0 HEIO-
CTaTHE BpaxyBaHHA CBOiX MpodeciitHux 3HaHb. BogHowac
HOBa4KH 200 Ti, XTO Ma€ MEHIIINH JOCBIM, MOXKYTh HE OTPH-
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Mard JIOCTaTHbO JIOTIOMOTH Ta PO3’SICHEHb Ul MOBHOIO
OCBOEHHSI CKJIaJJHUX TEM.

[HauBiTyamizamiss HaBUaHHS, IO Hepedayae ajanra-
IiF0 MaTepiaay BIAMOBIAHO IO PIBHS MiJTOTOBKH CIyXauiB,
BUKOPUCTaHHS pi3HUX (OopMariB HaBYaHHS (BKIJIIOYHO i3
CaMOCTIHHOIO POOOTOI0, KOHCYJIBTAIlISIMA, MEHTOPCTBOM),
3Ha4YHO mifBuInye eexTuBHICTH mporpam L[TY. s poro
MOTPiOHO CTBOPUTH OUMBII THYYKY CTPYKTYpY HpOTpaM,
IO Jja€ 3MOTY BHKJIaJiadaM KOPHUTYBaTH HaBYAJIBHHUHN MPO-
IIeC 3aJICXKHO Bix OTped KOXKHOTO cayxada [§].

6. llepcnekTUBH BIOCKOHAJIeHHs nporpam ITY

Ha ocHOBI OTpUMaHMX pe3yabTaTiB JOCITiIKEHHS
MOYKHA 3pOOUTH KiJIbKa PEKOMEHIAIH IS MOKPAICHHS
MpoLecy MICJSAUIUIOMHOI OCBITH B MEIMYHUX 3aKiaax.
OJHI€I0 3 OCHOBHUX PEKOMCHIAIlH € HeOOXiAHICTh IHTE-
rpauii ncuxosoriuHoi miarpuMku B nporpamu LTY. Tlcu-
XOJIOTI4YHI TPEHIHTH, KOHCYJIbTallii, CTPEC-MCHEIKMEHT Ta
iHII1 (POPMHU MIATPUMKH TOTIOMOXKYTH 3HU3UTH PIBEHB €MO-
LiITHOTO HaINpy>XeHHs CIyXadiB, TOKpAIaTh iX MOTHBAIIIO
1 3a0e3mevars OiuTbII epeKTHBHE HaBYaHHS [9].

TakoX BaXIMBO PO3POOWTH IHIWBiAyali3oBaHi IPO-
rpaMHl HaBYaHHSI, SKi O BpaxoBYBaJ M PiBEHb IiATOTOBKU
CIIyXadiB Ta HaJaBaJnM O MOXKJIHMBICTH aJanTamii HaBYaIb-
HOTO TIPOILIeCY 10 KOHKpeTHUX moTped. JlomaHHA pi3HHX
(GbopM HaBuaHHS, SIK-OT MEHTOPCTBO, KOHCYJIBTAIlil, eJeK-
TPOHHI PECYpCH Ta iHINI IHCTPYMEHTH MiATPUMKH, 1acTh
3MOI'y CTBOPUTH OLTbII eeKTUBHE i KOM(OPTHE cepen-
OBHIIIE JUTSI HABYAHHS MEIUYHUX MpaniBHUKIB [10].

BucHoBku

TakuM 4UHOM, Pe3yJIBTaTH JOCIIKEHHS CBiYaTh PO
HEOOXiHICTh 3HAYHUX 3MiH y MigXOAax OO0 OpraHizamii
MICIISTUIUIOMHOI OCBITH MEIWYHHMX IMPAIliBHUKIB. 3acTO-
CyBaHHS IICHXOJIOrO-IIEAaroriyHMX METOMIB Ta aJarTallis
HaBYaJbHUX MPOrpaM JI0 IHAMBIAyaJlbHHUX MOTped ciyxa-
YiB € BKJIMBUMH KPOKaMH JUIS T IBUIIICHHS e()eKTUBHOCTI
HaBYaJILHOTO TIpoliecy Ta 3abe3reyeHHs! BUCOKOKBai(hiKo-
BaHMX MEMYHHX KaJApiB JUIs TOTPEO OXOPOHU 37J0POB’SI.

KonduikT inTepeciB. ABTOp 3asBIIsi€ IPO BiACYTHICTH
KOH(ITIKTY iHTEpeCiB i/ 9ac MiATOTOBKH Ii€i CTATTi.
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3MIHU KAITMUHHUX NOKA3HUKIB B AHAAI3I NEPUPEPUYHOI KPOBI NPU
IHOEKLII COVID-19 TA IX NATOTEHETUYHI ACTMNEKTU
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CHANGES IN CELLULAR PARAMETERS IN PERIPHERAL BLOOD ANALYSIS DURING
COVID-19 INFECTION AND THEIR PATHOGENETIC ASPECTS
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Internal Medicine 3, 9 V. Vernadskoho str., Dnipro, 49000, Ukraine, vika krotova@ukr.net, +380951071646

Pe3iome. AKTYQABHICTb. [TOpYLLIEHHST neprdepuyHOi KDOBI TQ MEXQHI3MU iX BUHUKHEHHST 3Q TSPKKOro rocTporo pecripa-
TOPHOIO CUHAPOMY, BUKAMKQHOIO KOPOHABIPYCOM SARS-COV-2, 3QAMLLQIOTLCS] MOBHICTIO HE 3'SICOBAHUMMU, MPOTE MAIOTh
MPAKTNYHE 3HAYEHHS. MeTOK AOCAIAKEHHST BYAO 3pOOUTU OMSIA AITEPATYPU, LLO MICTUTL AQHI PO 3MIHY KAITUHHMX MOKQ3-
HUWKIB B QHQOAI3I nepurdepnyHOI KpoBi Ta natoreHes 3a iHpekuii COVID-19. HanbinbLL NOLUMPEH] reMATOAOTIYHI 3MiHU — AiM-
GoLMTO3 T AiIMPOLMTONEHIS, HEUTPOGIAbO3, AErKQ TOOMOOLIMTOMNEHIS TQ PiaLLe TOOMOOLMTO3. CriBBIAHOLLIEHHST AiMpoLm-
TiB AO MOHOLMTIB 3Q3BUHQIH HU3BbKE, GAE MOIO BYTY HOPMAOABHUM, A TAKOXK MABALLLEHUM. HaBaHTaxkeHHs1 PHK SARS-CoV-2
TQ KIABKICTb AiMGOUMTIB, KiAbKICTe CD4 + T-AIM@OLMTIB TQ KiAbKICTs CD8 + T-AiMpOLMTIB MQAM AiHIVIHY HErQTUBHY KOPEASILLIO.
3Q KinbKICTIO AevikoumTie y nauieHTis i3 COVID-19 noBiAOMAEHHS AOCAIAHVKIB Pi3HI. lMNauieHT 3 COVID-19 CXuAbHI A0 €03u-
HoneHil. MOTeHUIVIHMN MEXQHI3MAMU, LLIO BEAYTb AO AEQILINTY AIMOOLIMTIB, BUAIASIKOTL TAKI: BIDYC MOXKE 6€3rnoCcepeAHbO
BIIAMBATU HQ AIMGOLINTU, LLIO MOU3BOAMNTL AO IXHBOI 3ArnGeAi; AiMGOLMTI EKCIIPECYIOTb KOPOHABIDYCHUM peLenTop QHrio-
TeH3UH-NEPETBOPIOIOYNI PEPMEHT, SIKUK € MILLIEHHIO BiDYCY; QIOMTO3 AIMPOLMTIB MOXKE BUKAVKQATHCS LITOKIHOBMM LUTOP-
MOM, 3 QKTMBALJEIO SIKOrO OB SI3QHA ATPOPIST AIMPOIAHMX OPraHIB, BKAOYHO i3 CEeAe3iHKO, 6e3rmocepeAHIM BIIAMBOM
BipYCY; CYnyTHiti MOAOYHOKUCAUM QUMAO3 MPUTHIYYE MPOAIGEPALKO AIMPOLMTIB, BAOKYHOYM €KCMOPT MOAOYHOI KMCAOTU
B T-KAITMHQX. [TOKQ3HUK AIMOUMTONEHIT € 6e3nepeyHM MAPKEPOM TSKKOCTI nepebiry COVID-19. Sk i GiAbLUICTb BipyCiB,
LL{O BMAMBQIOTb HQ KPOBOTBOPEHHS TA iMyHHY cucTtemy, COVID-19 yepes 3QrnanbHi MEXQHI3MM TQ BIIAMB HQ CUCTEMY MIEAO-
roesy onmMI3ye BUXiA HE3PIAUX KAITUH KPOBI 3 KICTKOBOrO MO3Ky. SARS-Co V-2 MOXKe MPOHNKATY B reMOMNoeTnyHi CTOBOY-
POBI KAITUHM / KAITUHW-MONEPEeAHVKN TQ MiKPOOTOYEHHST Yepe3s peLientopu ACE2, CD13 a6o CD66Q, L0 npm3BOANTb AO
KAITMIHHOIrO QrnomnToay, IHrOYBAHHST KAITMHHOI MpoAipepaLil, naHUMTONEHIT.

KAKO4OBiI CAOBQ: rTeprdeprnyHQ KPOB, KAITUHHWA CKAQA, KOPOHABIPYCHQ iHpEKLIs, NaToreHes.

Abstract. Peripheral blood disorders and the mechanisms of their occurrence in severe acute respiratory syndrome
caused by the SARS-CoV-2 coronavirus remain not fully understood, but are of practical importance. The aim of the
study was fo review the literature containing data on changes in cellular parameters in the analysis of peripheral blood
and their pathogenesis in COVID-19 infection. The most common hematological changes included: lymphocytosis and
lymphocytopenia, neutrophilia, mild thrombocytopenia, and less commonly thrombocytosis. The ratio of lymphocytes
to monocytes is usually low, but could be normal or elevated. SARS-CoV-2 RNA load and lymphocyte count, CD4+
T-lymphocyte count, and CD8+ T-lymphocyte count had a linear negative correlation. Researcher reports vary on white
blood cell counts in patients with COVID-19. Patients with COVID-19 are predisposed to eosinopenia. Potential mech-
anisms leading to a deficiency of lymphocytes include the following: the virus can directly affect lymphocytes, which
leads fo their death; lymphocytes express the coronavirus receptor, angiotensin-converting enzyme, which is the target
of the virus; apoptosis of lymphocytes can be caused by a cytokine storm, the activation of which is associated with
atrophy of lymphoid organs, including the spleen, by the direct influence of the virus; the concomitant lactic acidosis
inhibits lymphocyte proliferation by blocking the export of lactic acid in T cells. The indicator of lymphocytopenia is an
undoubted marker of the severity of the course of COVID 19. Like most viruses that affect the hematopoiesis and the
immune system, COVID-19, due to inflammatory mechanisms and effects on the myelopoiesis system, optimizes the
release ofimmature blood cells from the bone marrow. SARS-CoV-2 can enter hematopoietic stem/progenitor cells and
the microenvironment via ACE2, CD13, or CDé6a receptors, resulting in cell apoptosis, inhibition of cell proliferation, and
pancytopenia.

Key words: peripheral blood, cellular composition, coronavirus infection, pathogenesis.
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Bctyn

HesBakaroun Ha HelaBHiN nporpec y 3’sACyBaHHI arTo-
¢izionoriuanx mpoueciB 3a iHgekuii Covid-19, Gararo
ACTICKTIB 3aJHMIIAIOTHCS HEBU3HAYCHUMH. 3arajbHUN aHa-
Ji3 KPOBi € BAXJIMBUM JOCIITHHIEKAM 1HCTPYMEHTOM
y TaKTHLI BEACHHS Takux mauieHTiB. CucTeMa KpOBOTBO-
PCHHS 32 BUPAXXCHOTO Tilep3amnaieHHs], IIEPEeBaXHO Y TSK-
KOXBOpHX, Oepe ydacTh 0e3IM0CepeHb0 B IMyHOIOTiYHIX
peaxIisxX 3 aKTUBAILI€I0 Pi3HUX IMapOCTKIB KPOBOTBOPEHHS.
[opymenns nepudeprdHoi KpoBi 3a THKKOTO TOCTPOTO
PECHIpaTOpHOTO CHHAPOMY, CIPUYMHEHOTO KOPOHaBIpY-
coM (SARS-CoV-2), noBHICTIO HE BU3HAYCHO.

MeTa po6oTH — IPOBECTH OIVISLI JIITEpATypH, IO Mic-
THUTH JIaHi PO 3MiHU MOKa3HUKIB nepudepryHoi KpoBi Ta
naroreHes 3a iHpekuii COVID-19.

MartepiaAm Ta meToAun

BuxopucroByBasii aHITIOMOBHI cTarTi y 6a3ax PubMed
3a octanHi 10 pOKiB i3 KIFOYOBHMHU CIOBaMH «IepHude-
pHYHA KPOBY», KKIITHHHHUI CKIIA», «KKOPOHABIpYyCHA iH(pEK-
IisD», «IATOTEHE3).

Pe3yAbTaTH TO O6GroBOPEHHS

3minu ¢ ananizi Kpogi. 3MiHN TEMaTOJIOTIYHHX TTapame-
TpiB OyJIM OIMUCaHi BXKE B MEPIIUX JOCITIHKCHHIX y Malli-
erriB 3 COVID 19. Haii6inpm nommpeHi reMaroioridHi
3MiHH — 1e JiMdormTo3 i JimdormroneHia [1-6], HeH-
Tpodinso3 [3, 7, 8], He3HAYHA TPOMOOIIMTONICHISI TA PijIIe
Tpombormro3 [3, 6, 8, 9, 10, 11] Guan GQ et al. omy0mi-
KyBaJIM JlaHi KJIiHIYHOTO aHaji3y kposi 1099 minTBepmxe-
nux Bunaakie COVID-19 3a nepion nepiimx IBOX MiCAIIIB
emigemii y Kurai [9]. ITix yac HagxomkeHns y 83,2% maiti-
€HTIB criocTepiranacs JiMmdoruronenis. Cxoxi pe3y/braTu
OTpUMaJIH | 1HII JoCcHiHNKY 3a niepion y Kurai[1, 6]. JIim-
¢omnenis Oyna Takox 3apeectpoBaHa y 40% mepmmux roc-
miTanizoBanux nanienTiB i3 COVID-19 y Cinramypi [12].
[Tiznimme Oynu oTpUMaHi JaHi, sIKi CBiT4aTh PO KOJMBAHHS
BiJICOTKa MAII€HTIB 3 JIM(POUUTONCHIEI0O HAa Yac BCTYILY
no cramioHapy Bin 25 mo 80% [10, 13, 14]. Bignomenus
nimponuTiB o MonouutiB (LMR) 3a3Buuaii HHU3bKe, ane
MOXKe OyTH HOpPMAallbHUM, a TaKOX MigBuIieHuM [15].
VY mocnimkenHi Jain S et al. Oynu BriroueHi 80 marfieHTiB
3 mo3utuBHUM pe3ynsraroM Ha COVID-19 (41 margieHnt
y BiIUICHHI iIHTEHCUBHOI Teparii 1 39 marfieHTiB 0e3 Bij-
JIJICHHS! IHTeHCUBHOI Tepartii) Ta 32 mamieHTH 3 HeraTus-
HuM pesynsratoM Ha COVID-19 y BianineHHi iHTEHCUBHOT
Tepamii. AGcomoTHa KiibkicTs JdiMporutie (ALC) Oyna
3HaYHO HIKYOI0 y no3utuBHUX HAa COVID-19 Bumankax
mopiBHsHO 3 COVID-19 nerarusHO®O rpymoo (p = 0,001
ip=0,001, BignoBigHo) [16]. HapanTaxxenns PHK SARS-
CoV-2 Ta 3aranbHi KiNbKicTh TiMPOUHUTIB, KiUTbKicTh CD4+
T-nimpouutiB Ta kimekicte CD8+ T-mimdorutie Mamn
JiHIAHY HeraTuBHY Kopesiro (p < 0,001) [17].

[ToBimOMJICHHS JOCTIIHUKIB PO KUIBKICTh JICHKOIHU-
TiB y manienTis i3 COVID-19 Heopno3HauHi. Yin Xiaoping
et al. moBiOMIIsiE IPO 3HMXKEHHS JTIM(OLMUTIB Yy Malli€HTIB
3a KUIBKOCTI JIWKOIUTIB y MeXaxX HOPMH 200 3MEHIIECHHS
ix [18]. OmHI TOCTITHUKHN Y MAIIEHTIB 3 KOPOHABIPYCHOIO
iH]ekuiero peecTpyBanu neikoneHito [2, 6, 9]. Toxi sk
IHII aBTOPH BKa3ylOTb Ha JIEWKOIUTO3, IO 3yCTPidaeThes
He piako [3, 19]. ¥ mocmimkeHHi, 3acHOBaHOMY 3 552 rika-
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peHb, MOKa3aHo, IO JIIM(OIEHIs Ta JEWKONEHis MiJ 4ac
rocritanizaiii Oynmu npucyTHi y 83,2 Ta 33,7% mnaifieHTiB
[9]. 3a manmmu Guan i3 crHiBaBTOpaMH, a TaKOXK IHIIUX
JIOCITITHUKIB, MiJ] 4ac TOCIHiTaNi3alii He MEHIIe HiX y Tpe-
THHM TMAIIIEHTIB CIIOCTepiranacs JelkorneHis [2, 6, 9].

€ MOBIIOMJICHHS ITPO HAsIBHICTD B aHANi31 KPOBI y marti-
€HTIB i3 MO3UTHBHOIO peakiiero Ha COVID-19 3nauHOTO
Mi€noinHoro 3cyBy BmiBO [16]. ABTropamu [5] BusBICHO
HeHTpoITBHIIA 3CYyB Yy JeHKounTapHiN (opMyi JiBopyd
JI0 TIOOOMHOKUX MI€TOUUTIB y 5% MaImi€enTiB, 10 MOOIH-
HOKHX MeTamienorutiB (1-2%) — y 15%. Ocranne cBin-
YUTh TPO T€, 10 HEHTPO(INBO3 € BUPA30M «IIMTOKIHO-
BOTO LITOPMY» Ta Tilep3anajbHOro CTaHy, SKi BiJIrparTh
BOXJIMBY poib y maroreHesi indekuii COVID-19 [20].
AOGcomoTHa Kinbkicth eozuHodiniB (AEC) y BinapineHHi
IHTEHCHBHOI Tepamii Oyyia 3Ha4YHO HIPKYOIO Y IMO3UTHUBHUX
Ha COVID-19 Bunanxax mopisastHo 3 COVID-19 Hera-
THUBHOIO 3a BipycoMm rpyroro [16, 23]. Eosunonewis (abco-
JFOTHA KUTbKICTh eo3unodimi < 0,02 x 10° xmitun/n) Oyna
3apeecTpoBaHa OiIbII HIXK Y TTOJIOBUHH MAIli€HTIB, TOCIIITA-
mizoBanuXx i3 COVID-19 [15]. 3a ganmmm Li Y. X., Wu W. et
al., gacrora eosunoreHii 3a HassHocTi COVID-19 crano-
BuTh 70%, a 9acTora ii y maimi€HTiB 3 IHIIUMHU BIpyCHUMH
THEBMOHISIMU CTaHOBUTH ycboro 16,7%. Ilependadaerncs,
wo nariestn 3 COVID-19 cxuibHi 10 eo3unoneHii [21].
Y cBoiit HemonaBuiid myomikanii Murphy Philip i3 cmi-
BaBTOpPaMHU NPENCTaBWIN TMOSBY 3a BIpyCHOI mMaHnuemii
COVID-19 anewmii [22].

TpomOornuTorneHis 3ycTpidaeTbest piamie, HiX JTimMdo-
TIeHisl, 3apeeCcTPOBaHa YacToTa Bapiroe BiJf MEHII HIX 5 110
53,6% Bumnaakis. Ilin yac HaOXOMKEHHS IO CTaIliOHAPY
TPOMOOIUTOIIEHIA criocTepiranacs y 36% mnamienTiB [9].
Cxoxi pe3ynsratu 3m00ynu i iHmi aBropu [2, 6]. OgHak
MeTaaHaii3 9 AoCHipKeHb TOKa3aB, M0 TPOMOOIUTOIICHIS
Bif3Ha4Yanacs B OUTBIIOCTI MArfieHTiB [5]. Y MOOAMHOKUX
BUIIA/IKaX Yy MALliEHTIB MOXKE PO3BHUHYTHCS HEHTPOIEHIs
abo nmanuuroneHis [23].

€ TOBIIOMJICHHS TIPO BIJICYTHICTH 32 CEPEAHIMH TTOKa3-
HUKaMH TIapaMeTpiB aHaji3y KpPOBi reMarolOoriYyHUX 0CO-
6muBocreit y 1449 rocrmiTanizoBaHUX NAali€HTIB 3 iH(EK-
mnietro COVID-19 i3 m’sTu nikapeHs B YXaHi. 3araiom
CepelHii piBeHb TeMOTIOOiHY, MediaHa KUTBKOCTI JIeW-
KOLIUTIB 1 TPOMOOIIUTIB Oy B MeKaX HOPMAIBHOTO Mia-
MA30HY, aJe BIAPIZHINCS 3a TPYIaMU TSKKOCTI mepediry
3aXBOPIOBAaHHA [24].

Sharma HK et al. Bka3ytoTp Ha MOXJIMBICTh 32 HasB-
Hocti COVID-19 y pasi BiACyTHOCTI B MaIli€HTa CHO-
YaTKy O3HAK ypaKeHHS OUXalIbHOI CHUCTEMM KIiHi4HO{
iMiTalil rocTporo Jeiikody. ABTOPOM Ipe/CTaBICHUI
aTUIoBHH BUMAnoK nepediry indekuii COVID-19 y nai-
€HTa 3 JHMXOMAaHKOIO, MiaJiri€lo, KPOBOTOYMBICTIO SICEH
Ta rnerexisMu Ha Tini. Ha mincraBi KiiHIKM Ta HasiBHOCTI
aTUITOBUX KIIITHH y Ma3Ky nepudepuunoi kposi (ITK) Ta
KICTKOBOMY MO3KYy OyB 3amiJO3peHHH TOCTpHH JIEHKO3.
Tinpku Ha 3-¥ IeHP rocIiTaizamii y namienTa 3’ sBriInucs
pecmipaTopHi CUMIITOMH, YTPyAHEHE IUXaHHSI, sIKE Mpo-
rpecysaio xo OPJIC, i 3rogom BiH momep. JocmimkeHHs
MPOTOYHOI ITUTOMETPIi Ta (IyopecreHTHOI Tibpuan3amii
in situ g DIarHOCTHKH JIEHKeMIl HE BUABIIN KOIHUX
anoManiii. KpiMm mpucytHocTi B Ma3ky mnepudepuaHol
KPOBI arunoBux JIiM(GOLHUTIB, y NalieHTa OyJIo BUSBICHO
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B CUpOBATLI KPOBI MiJBHIIEHHS PIBHS JIaKTaTJeTiapore-
Ha3M Ta CEUYO0BOi1 KUCIOTH [25].

Aladily TN et al. moBizoMuIu po TUMYacoBe 30111k~
menHs B [IK kinpkocTi OnacTHUX KITHH Yy S54-piuHOro
yosoBika micist 3apaxenHss COVID-19. Bin OyB rocmira-
J30BaHMK 710 CTaliOHApy 3 JIMXOMAaHKOIO, CKaprami Ha
[IBUJIKY BTOMJTIOBAHICTB 1 IET€XiaJIbHY BUCHIIKY Ha HIXKHIX
KIiHIIIBKaX. Y 3aragbHOMY aHalli3i KpOBi CIIOCTEpiraiucs
JIeTKa aHeMis 3 piBHeM reMorio0iHy 111 r/m, He3HadHa
netikorieris (3,9 x 10°%/m), Tpomborturomenist (84 x 10%/m).
VY neiikonurapHiii ¢popmyii Oymo 6 % OmactiB. Acmiparis
KICTKOBOT'O MO3KY IOKa3ajia HOTo TiMoeTIoIsIpHICTh, 23%
0JaCTHUX KJIITHH 1 IIepeBaXkHy Mponidepaliiro MOHOILUTIB
ta JiMporuTiB. XBOPOMY MPOBOAMIOCS KOHCEPBAaTHBHE
nikyBanHs o0 iHdekii COVID-19, i 6e3 crerudiunoi
Tepartii JIEWKOIUTH MOCTYIOBO 301UIbLIYBaJIKCS IO HOpMa-
Ji3arii mpoTAroM 2 THXKHIB 31 CIOHTAHHUM 3HUKHCHHSIM
6macTiB 3 mepudeprudHOi KPOBi Ta BiJHOBICHHSIM KIITHH-
HOCTi KICTKOBOTO MO3Ky. IIpoTOoYHa mUTOMETpisl MiATBEp-
JTAIIa HETATUBHUH PE3yIBTaT TOCTPOTO JeHKo3y [26].

Tabriz HM et al. mpencraBmim Bumamok mepediry
iapekaii COVID-19 y 39-piunoi XiHKH, IO mOTpedy-
BaB BHKIIIOYCHHS TOCTPOro MiesnobiacTHOTO Jeitkosy. o
rocmitaiizamii y Hel Oy/Ii THIIOBI IPOSIBH AeOIOTY 3aXBO-
proBaHHs: nuxomaHka 1m0 38 °C, 03HO0, 3aauIiKa, IO
nporpecyBaia, TOJIOBHUI OUTh 1 3arajibHE HE3Iy>KaHHS.
[Tig yac HagXOMKEHHS N0 CTalioHapy caTyparisi KUCHIO
cranoBmia 90% Ha kiMHaTHOMY noBitpi. JlaGopaTtopHi
JlaHl aHaji3y KpoBi BUSBWIN: aHEMIIO JIETKOTO CTYIICHS,
TPOMOOLIUTH Ha HIDKHIA MeXi HOPMH, BUPaXXeHY JIeH-
xoneHiro (1,5 x 10%/mkn) 3 HelTpodinbozom (84% Hel-
TpodiniB) Ta mimMdpomneniero (16%). Ilicns ycyneHus pec-
MpaTOPHUX CUMOTOMIB y TALi€HTKHA HA TIi MMOCTIHOTO
3HIDKEHHS JICHKOIHTIB B aHAIIi31 KPOBi 3’ IBMIIHCS HE3PiJi
6macToigHi KITHHHA. Acmiparis KiCTKOBOTO MO3KY ITOKa-
3aj1a Mi€JIoiAHe 3pYIICHHS BIiBO 3 TIEpEeBKAHHAM HE3pi-
X He#tpodiniB, mano wmicue Omusbko 30% arumno-
BUX KIIITHH, CXOKUX Ha OmactHi ¢opmu. [lepenbagarcs
TOCTPUH MI€JNIOTNHUH JIEHKO3, TPOTE IMYHOTICTOXIMIUHUI
aHaiyiz OionTary kictkoBoro Mo3ky Ha CD34, C-Kit ta
TDT upomy He BiamoBimamu. [lanieHTka He OTpUMyBaa
ximioTeparrii. Uepe3 6 MicsIiB CIOCTEPEXKEHHS KiJIBKICTH
JIEHONUTIB MOCTYMOBO 30UIBIIMIACE 1| CTAHOBHIIA HOPMY
8,1 x 10°/mxn [27].

Ilamozenes zemamonoziunux 3min. IlaroreHeTwdHi
MeXaHi3MH JEWKEMOITHIX peaKIiii 3a HassBHOCTI iH(eKIil
Covid-19 MaioTh y CyKynHOCTI HEOIHO3HAYHI MEXaHi3MHU
PO3BHTKY, IIOB’s13aHi 3 PI3HOMaHITHUMH IPUYHHHAME (pak-
TOpaMH, SIK-OT TMPOTHUBIPYCHI Mpenapard, YIIKOMKEHHs
JIETeHb, KJIITUHHOTO IMYHITETY, MaToJOTi4yHa IPOLYKLIis
LUTOKIHIB, TUC]YHKIIIST MIKPOOTOUSHHS KICTKOBOTO MO3KY.
Cuctema KpOBOTBOPEHHs IU(EpCHIINOBAHO pearye 3a
BUPaKEHOTO TiNep3arnajieHHsl, IePEeBaKHO Y TSHKKOXBOPHX
[28].

BuninsgioTe Taki MOTEHIIHHI MeXaHi3MH, IO BEIyTh
no nedinuty iMyHOKOMIIETCHTHHX KIIITHH: Bipyc MOXe
Oe3mocepeTHbO BIUTUBATH Ha JTIM(OLUTH, IO MIPH3BOIUTH
Io iX 3aru0eni; JTiMQOIUTH eKCIIPECYI0Th KOPOHaBipyc-
HHM PENeNTOp — aHTi10TEH3WH-TIEPETBOPIOIOYHI (EPMEHT,
SKHI € MIIICHHIO BipyCy; TOCTPE 3HIKEHHS JTIM(OIUTIB
MOXe OyTH TOB’s3aHe 3 MUCHYHKINEH JTiM(OIMTIB 3a
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NPSMOTO YIIKO/KEHHsI BipycoM JIM(aTHYHUX OpraHiB
[29, 30]. dynmaMeHTadbHI JOCHIIHKEHHS ITiITBEPIUIIH,
mwo ¢axrop Hekposy myxiunu (PHIT), intepneiikin 6 (1J1
6) Ta iHII Tpo3ananbHi UTOKIHU MOXYTH iHAYKYBaTH
nedinut mimMdonuTiB. JIiMQOIeHis € HACTIIKOM iXHBOTO
aronTo3y, BUKJIWKAHOTO NHMTOKIHOBHUM mTopmoMm [31];
aTpogdiero TiM(POITHUX OpPraHiB, BKIIOYHO i3 CENE31HKOIO,
IO TOB’si3aHa 3 AKTUBAIIEI0 IMUTOKIHIB [32]; cymyTHIM
MOJIOYHOKHCIMM AalWI030M, SKHH NPUTHIIYIOTHh IPOi-
theparito miMpoUTiB, OIOKYIOUN EKCTIOPT MOJIOYHOI KHC-
motu B T-kmituHax. [HribyBaHHS TiM(OIHMTIB MOXINBE
I BIUIHBOM META0OIIYHUX MOJIEKYJI 3a TilepIaKTHUIHOT
anuueMii, MoB’s3aHiid i3 MiABHIIEHUM pIBHEM JIAKTaTy
[33]. Came Tomy moka3HUK JiM(GOIMTOICHIT € Oe3re-
peyHHM MapkepoM TsDKKocTi mepebiry COVID-19. Sk
i OLIBLIICTH BipYCiB, IO BIIMBAIOTH HA KPOBOTBOPEHHS
i IMyHHY cHcTeMy 4epe3 3amajbHi MEXaHi3MHU Ta BIUIMB
Ha cuctemy Mienomoe3y, SARS-CoV-2 ontumisye BUXin
HE3pLINX KIITHH KPOBI 3 KicTKOBOro MO3Ky [34]. Uepe3
ayTOKPUHHI Ta TapaKpUHHI MEXaHi3MH PCHIH-aHT10TEeH3H-
HoBa cucteMa (PAC) BIIMBae Ha peryisLil0 HOpMaJIbHIX
1 3JIOSIKICHUX TeMAaTOJIOTIYHUX IPOIECiB Y KiCTKOBOMY
MO03Ky [35]. ¥V mamientie 3 COVID-19 piBenp aHrioTeH-
3uHy Il y mia3mi OyB 3HAYHO BUIIKUM 1 CHIIBHO KOPEIIOBAB
i3 BIDYCHHM HaBaHTAXCHHSIM Ta IMOIIKOIKCHHSIM JICTCHb
[36]. JloxanpHa ekcmpecis peEnTOpiB aHTiOTEH3UHO-
reny, periny, AII®, Ang-II, AT1R Tta AT2R BusiBnserscs
B F€MOIIOETHYHHX 1 CTPOMAJIbHUX KIITHHHHUX €JIEMEHTaX,
excrpecist ACE2 npucyTHs B HECTPOMAJIbHHUX KIIITHHAX
[37]. [TopyiueHHs MiKpOOTOUSHHS KiCTKOBOTO MO3KY BHa-
crigok pucdyHkii okanpHoi PAC MOXyTh OyTH OIXHUM
3 OCHOBHHX MEXaHi3MiB, IO JIXKATh B OCHOBI 3MiHH TreMa-
TONIOTIYHMX TOKAa3HHUKIB, BUKIMKAaHUX Bipycom SARS-
CoV-2 (mimdoreHis, HeHTpodinis, TpoMOOIUTONIEHIS Ta
nmopymeHHs reMocTasy) [38, 39].

Sun D.W, Zhang D. et al. npumycTuiu, 110 y MaijieHTiB
3 COVID-19, no HeirpomneHnii, JiMQoneHii Ta eo3uHOIIe-
Hil B nepudepuyHiii KpOBi, a TaKOX JJO TOCTPOTO IOIIKO-
JOKEHHS! JIeTeHb TPU3BOAUTH Mirpaiis KITHH i3 nepude-
PHYHOT KPOBI B JiereHeBy TKaHuHY [40].

Du Y. et al. BBaxaioTh, [0 NMPUYMHA E€O3WHOINEHII 3a
HasIBHOCTI KOpOHaBipycHOI iH(ekIii € 6aratoakTopHOIO
1 Moe OyTH TIOB’s13aHa 3 IPUTHIYCHHAM MOO1ITI3aIii €03H-
HODITIB 3 KICTKOBOTO MO3KY; iHTiIOyBaHHSM €03WHO(DI-
Joroe3y; MpsIMAM aIloIlITO30M, 1HIYKOBaHUM iHTepdepo-
HOM [41]. [HIII TOCHITHUKH MPUITYCKAIOTh, IO il MOXYTh
BUKJIMKATH TIOPYIIEHHS PETYIIOBaHHSA IMYHHOI BiIMOBiIi
MiJ] 9ac MUTOKIHOBOTO MTOPMY 200 HaJMipHE BiJHOBICHHS
imyHiTery [42].

VY miteparypi moBigomiiseTbes, 1mo SARS-CoV-2
TIOBOJIMTHCS AHAJIOTIYHO YaJIHOMY ra3y, BUKIMKAIOUM KJIi-
TUHHY TiIIOKCIIO Ta JiereHeBy emOouito. CTpYKTypHi OUITKH
SARS-CoV-2 npuKpimIoThCcst 10 TreMy H yTBOPIOIOTH
METreMOIIo0iH, a TOTIM 3aMIiHIOIOTh KHCEHb 1 3aji30
1 TIEPETBOPIOIOTh T'eM Ha MOPQipHUH, THM CaMHUM BUKIIH-
KalouM MOPYIICHHS OOMiHY KHCHIO Ta BYIJIEKHCIIOTO Tasy
B reMi. S-Oimkn SARS-CoV-2 BHKOPHCTOBYIOTH TOMOJIO-
TiYHYy TOCTITOBHICTB JJIs IPSIMOTO 3B’ sI3yBaHHS peLenTopa
ACE2, mo ekcnpecyerscsi Ha CD34+ remMomoeTHYHHX
CTOBOYpOBHX KIIITHHAX, TIM(OIHTaX, MOHOIIUTAX 1 MaKpPO-
(arax [43].
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SARS-CoV-2 Moxe MPOHUKATH B TEMOMOETUYHI CTOB-
OypoBi KIITHHH / KIITHHU-TIONEPETHUKH, JTIMOOUUTH
Ta MikpooToueHHs1 yepe3 peuentopu ACE2, CD13 abo
CD66a, 110 mpU3BOAUTH O KJIITHHHOTO arlonTo3y, iHri0y-
BaHHS KJIITHHHOI mporidepaii, rimdornenii Ta Tpomdonn-
ToneHii. IMyHHa BifIOBifb, sIKa aKTHBOBaHA BipyCOM, IIPHU-
3BOJUTH J0 BUPOOJICHHS aHTUTLI Ta IMyHHUX KOMIDICKCIB,
SIKI OTTOCEPEIKOBYIOTh KJIITHHHE YIIKOJDKCHHS Ta MOXYTh
IHAyKyBaTH aronTo3 abo iHridyBaru mpomideparito remMo-
MMOCTUYHAX CTOBOYPOBUX KIITHH / KIITHH-TIONEPEIHUKIB,
o MpU3BOIUTE a0 nutoneHiil. SARS-CoV-2 BrummBae Ha
MIKPOOTOUYCHHSI KiCTKOBOTO MO3KY, BKIIFOYHO 3 €HIOTENi-
AJIBHUMHU KIIITHHAMH, ITOCJIa0I0I0uu remoroes [14].

[puunHKM TpoMOoIMTONEHIT 00YMOBIEHI AEKiJIbKOMA
(axTopaMu: MOPYIIEHHSM HPOAYKIIi TPOMOOLMTIB Tpsi-
MOIO IIUTOIIATHYHOO Aieto Ha CD34+ remoroeTnyHi cToB-
OypoBi KIITHHHM / KIITUHU-TIONIEPEAHUKH; TOPYLIICHHIM
¢parmenTanii MerakapionuTiB i IpOAYKIii TPOMOOLHTIB;
TIOLIKOPKEHHSIM JIETeHb 1 JIETEHEBOT'0 KaliIIpHOTO pycla,
CTIPHYMHEHHUM BipyCOM; ITiABHUIIIEHIM CIIO)KUBAHHSIM TPOM-
OOINTIB Yepe3 MOUIKOMIKECHHS JICTCHEBUX €HIOTETiaIbHIX
KIIITHH, 3HIKEHHSAM MPONYKIii TpomOomoeTnHy B pasi
TIONIKOKSHHSI TICYiHKH, 110 MEePEIIKOHKAE TO3PIBAHHIO Ta
TU(EPEHINIIOBAHHIO MEraKapioOlUTIB; 1IMyHOOIIOCEPEIKO-
BaHUM DPYHHYBaHHSM TPOMOOLUTIB, CHIPUYMHEHUM aHTH-
TPOMOOIMTAPHIUMHU ayTOAHTUTLJIAMH, L0 CTUMYJIIOHOTHCS
SARS-CoV-2 [44, 45]. Zhang Y., Zeng X. Ta iHII TaKoX
BBa)KalOTh, L0 TPOMOOIUTOIICHIS MOXKEe OyTH HaCIiJIKOM
3HW)KEHHS NIPOAYKIIT TPOMOOIIOETHHY, ITiABUIIEHOTO KIIi-
PEHCY Ta TIOCHIICHOTO CIIOKUBAHHS TPOMOOIHUTIB [46].

BucHoBKM

1. Haii0inpin momupeHuMy nieprueprudHii KPoBi MpH
ingekiii SARS-CoV-2 e: mimdoruros, miMboruroneHis,
HEUTPOP1SIL03 3 MOKIUBHM 3CYBOM JIIBOPYY Y JICHKOPOP-
MYyJTi, CO3MHOIICHIS, He3HAYHA TPOMOOITUTOTICHIS.

2. JlimdonuToneHiss € MapkepoM TSDKKOCTI mepediry
COVID-19.

3. [laroreneTn4Hi MexaHi3MH 3MiH Y TOKa3HUKaxX MepH-
(depryHOi KpOBI € MyINbTH(AKTOPHHIMH W OXOILTIOIOTH:
Oe3mocepeHii BIUNIMB Ha TEMOMOCTHYHI CTOBOYPOBI KITi-
THHU 1 IXHE MIKPOOTOYEHHS B KICTKOBOMY MO3KY Ta JiM-
(aTnyHUX OopraHax; ayTOKPHHHI 1 MapakKpHUHHI MEXaHi3MHU
3 MOPYIICHHSAM PETyJIslii TeMOoIoe3y depe3 peHiH-aHTio-
TEH3WHOBY CHCTEMY; aKTHBAIlI0 LUTOKIHIB, IMEPEPO3Io-
JIT KITITHH y TKAHWHU; MOPYIIEHHS CHHTE3Y PEeryJsTopiB
reMoIoe3y B IEYiHII.

JoTpuMaHHA eTHYHHMX HOPM. JlOCHiKEHHS Tpo-
BE/ICHO BIJIIOBIZIHO JI0 OCHOBHHX IIOJIOXKEHb 1 IIPaBHII
TYMaHHOTO CTaBJIEHHs 10 TAIliEHTIB 3TiJIHO 3 BUMOTaMH
Tokilicekoi nexmapanii BcecBiTHROI MeOW4YHOI acorlia-
1ii, MDKHApPOTHUX pekoMeHaanii [enbciHChKOi Meximapa-
uii 3 mpaB monuH, KonseHtii Pagun €Bporn mpo mpasa
JONUHY Ta OlOMETUINHY, 3aKOHOIABCTBAa YKpaiHW, Haka-
3iB MO3 VYkpainu Ta monoxenb ETHIHOTO KO#eKCy JiKaps
VYkpainu.

®dinaHcyBaHHA Ta KOHQIIIKT iHTepeciB. ABTOpH 3a5B-
JISIIOTh, 1[0 BOHH HE OTPUMYBAJIH KOIHOI (PiIHAHCOBOT Mij-
TPUMKH BiJ IHIIKUX OCIO 4K OpraHizaiiid JJisi MPOBEIACHHS
M myOsiKanii TOTOYHOI poOOTH. ABTOPH 3asIBIISIOTH, IO
y HMX HEMa€ BiJIOMHUX KOHKYpYIOUHMX (hiHAHCOBUX iHTEp-

14 3n0pos'a cycninbctea / Health of Society / ISSN 2306-2436 (print), ISSN 2617-2593 (online)

eciB a00 0COOMCTHX CTOCYHKIB, sIKi MOIVIM O BIUIMHYTH Ha
poboTy, PO SIKY WAEThCS B 1iH CTATTI.
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Abstract. The North Aflantic Treaty Organization (NATO), also known as the North Atlantic Alliance, is an international
intergovernmental organization and a military-political alliance comprising countries from North America and Europe.
It ensures the collective defense of its members through ifs core missions: deterrence and defense, crisis prevention and
management, and security through cooperation.

A key component of Ukraine’s infegration info the global security space is its collaboration with international
intergovernmental organizations. In this context, military cooperation with NATO member states plays a pivotal role in
Ukraine’s partnership with the Alliance.

Within NATO, medical support is primarily regarded as a national responsibility of member states. However, the growing
complexity of NATO's operations—especially in disaster relief and humanitarian contexts—has underscored the need
for improved coordination in the provision of medical aid. Operations conducted in extreme conditions have driven
innovation and further development in medical support systems.

Contemporary NATO military medicine employs advanced practices to optimize care for the wounded. This is
underpinned by foundational planning and fraining, which enable adaptability to the challenges posed by casualty
volume and type, harsh environmental conditions, logistical constraints, and mission priorities that may supersede
medical needs. These approaches are informed by real-world experience and lessons learned from ongoing military
conflicts.

Ukraine s Strategy for the Development of the Medical Forces of the Armed Forces until 2035 outlines long-term objectives
for building modern, efficient, and technologically advanced medical capabilities. It emphasizes the adoption of
effective freatment, rehabilitation, and preventive care practices. Incorporating NATO members’ best practices for
medical support in emergency situations will align Ukraine s capacities with international standards, contributing to the
formation of a unified national medical space and the development of a robust national emergency response model-
key steps in Ukraine’s Euro-Atlantic integration.

Keywords: North Aflantic Treaty Organization, NATO medical support, medical support of the Armed Forces of Ukraine.

Pestome. Oprarizauisi [MiBHIYHOQTAQHTUYHOIrO AoroBopy (HATO), TaKoXX BiaAOMQ $IK [TIBHIMHOQTAQHTUYHUA QABSIHC, € MiK-
HOPOAHOK MKYPSIAOBOKO OPraHi3aLiErO TA BIiCbKOBO-MOAITUYHNM COKO30M KPQIH [iBHIYHOI AMepuikn Ta €Bpornn. BoHa
rapQHTYE KOAEKTVBHY OOOPOHY CBOIX YAEHIB HQ OCHOBI OCHOBHUWX 3QBAQHb: CTRMMYBQHHSI TQ 3QXUCT, 3QriobiraHHS KpU3am
1 YrOQBAIHHSI HUMU, O TAKOXK 3a6e3redeHHs 6e3nexu Yyepes CriBpoOOITHALTBO.

BaxkavBuM eneMeHToM iHTerpauiil YkpaiHu A0 Mo6aAbHOro 6e3rneKkoBoro rnpoCTopy € CriBrpaLst 3 MXKHOPOAHUMN MDK-
YOSIAOBUMY OPraHi3aLisimuy. Y LibOMY KOHTEKCTI BIICbKOBE CriBPOBITHULITBO 3 AEPXKABAMU — YAeHaMu HATO BiairpQe Kato-
YOBY POAb Y MAPTHEPCTBI YKPQiHM 3 AABSIHCOM.

Y mexxax HATO nuTaHHS MEAMHYHOrO 3Q6e3reyeHHs1 3AE6iAbLLOIO PO3NSIAQIOTLCS SIK HALIOHAABHQ BIAMOBIAQABHICTb KDQ-
iH-YneHiB. [poTe 3p0CTaKYA CKAQAHICTL onepauit HATO, 0COBAMBO B yMOBQAX AIKBIAQLLT HACAIAKIB CTUXIVIHUX AVX | FyMQ-
HITQPHUX MICIV, MAKPECAIOE MOTPEBY B MOCUAEHHI KOOPAVHALT B HOAQHHI MEANYHOT AOMOMOry. [ooBeAEeHHS onepaLlivi
B €KCTPEMAOAbHUX YMOBQAX CTUMYAKOE iHHOBALLT TQ MOAQABLLUMET PO3BUTOK CUCTEM MEANYHOIO 306E3MeYeHHS.

Cy4yacHQ BiicbkoBQ mMeAnLmHA HATO BUKOPUCTOBYE NMePEAOBI MOAKTUKNA AAST ONTUMI3ALIT AOMSIAY 3Q MOPAHEHUMMU.
OCHOBY CTQHOBASITb HOAEXKHE MAQHYBAHHST TA MATOTOBKQ, LLO AQE 3MOTY QAQMNTYBATUCS AO BUKAMKIB, 3yMOBAEHUX KiAb-
KICHUMUW TQ SIKICHUMYW XQPAKTEPUCTUKAMM BTPQAT, CKAQAHUMU YMOBAMU CEPEAOBULLQA, AOMICTUYHUMU OOMEXKEHHSIMU,
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Q TAKOXK PEAABLHICTIO, KOAW BUKOHQHHST GONOBOrO 3QBAQHHST MOXKE MQTU MPIOpUTET HOA MEeANYHUMM noTpebamu. Lii ria-
XOAM IPYHTYIOTLCSI HQ PEAABHOMY AOCBIAI V1 YOOKQAX, OTPUMAHMX riA HOC CYyHACHUX 36PDOMHNX KOHPAIKTIB.

Crpareris po3sntky MeandHmnx cun 36poviHnx Cun YkpaiHm 40 2035 poKy BU3HQYQE AOBrOCTOOKOBI LA, CMPSIMOBAHI HO
CTBOPEHHSI CYHACHUX, €PEKTUBHIX | TEXHOAOTIHHO PO3BUHEHUX MEANYHNX CMPOMOXHOCTEN. Y AOKYMEHTI QKLEHTYETLCS
YBQra HQ BrPOBAAXKEHHI €(PEKTUBHIMX METOAIB AiKyBAHHSI, peQbiniTalil TQ MpOGIAQKTUKIA. 3QrNO3MYEHHST MO3UTUBHOIO AOCBI-
Ay KpaiH HATO B opranisauii MeAndHOro 3a6e3neyeHHs1 B HQA3BUYQUHUX CUTYQLISIX CAPUSITUME Y3rOAXKEHOCTI MOXKAU-
BocTen YKpQiHu 3 MiXKHQPOAHUMY CTAHAQPRTAMY, GOPMYBAHHIO EAMHOIO HALIOHAABLHOIrO MEAMYHOIO MPOCTOPY TQ CTBO-
PEHHIO BAQCHOI MOAEAI peqryBaHHST HQ HOA3BUYQVHI CUTYALT — BODKAMBUX KPOKIB HQ LUASIXY €BPOQTAQHTUYHOI iHTerpauii

YkpQiHy.

KAtouoBi caosa: Oprarizauist MiBHIYHOQTAQHTUHHOIO AOrOBORY, MeanyHe 3abe3snedeHHs HATO, meanydHe 3a6e3neyeHHs

36poviHUX Cun YkpaiHu.

Introduction

The North Atlantic Treaty Organization, also known
as the North Atlantic Alliance or NATO is an international
intergovernmental organization and a military-political
alliance of 32 countries from North America and Europe
that aim to achieve the objectives of the North Atlantic
Treaty, signed in Washington on April 4, 1949. The Charter
on a Distinctive Partnership from 1997 remains the foun-
dational document governing Ukraine—NATO relations.
Based on the 1997 Charter on a Distinctive Partnership
between Ukraine and NATO, the NATO-Ukraine Commis-
sion (NUC) was established as the primary body for devel-
oping relations between Ukraine and NATO [1].

Medical support for the Armed Forces of Ukraine
(AFU) and other components of defense forces is one of the
effective mechanisms through which the state influences
the quality of medical care provided to military personnel.
It aims to achieve a high degree of order in the military
healthcare system by developing and implementing stan-
dards, requirements, rules, technologies, works, and ser-
vices that are applied within it. In Ukraine, military medical
support has undergone radical changes since the onset of
the Russian Federation’s armed aggression against Ukraine
in 2014. Initially, this occurred in the form of a hybrid war
in Eastern Ukraine, during which a number of serious short-
comings in the combat readiness and operational capacity
of the Armed Forces of Ukraine and other defense compo-
nents were revealed. One of the ways to gain the necessary
capabilities involves incorporating NATO standards into
Ukraine’s national legislation, which governs relations in
the security and defense sector [2, 3].

Materials and Methods

To achieve the goal and fulfill the tasks, a special
comprehensive program was developed based on a
systematic approach and analysis. This program also
utilized Ukrainian legislation concerning national defense,
healthcare for military personnel, and scientific articles on
the medical support of the Armed Forces of Ukraine.

The following methods were employed in the research
process: historical-informational, semantic evaluation of
scientific documents, observation, and structural-logical
analysis.

This approach clearly outlined the relationship between
the object and the subject of the research, allowing for a
comprehensive assessment of the state of the object. It also
identified influencing factors, based on which directions
were determined for creating a database and methods for
processing the obtained information.
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Results

NATO’s Strategic Concept of 2022 reaffirms that the
Alliance’s primary goal is to guarantee the collective
defense of its members based on a “360-degree” approach.
It also outlines NATO’s core tasks: deterrence and defense,
crisis prevention and resolution, and security through
cooperation. In everyday life, security is key to our well-
being, and NATO aims to guarantee the freedom and
security of its members through political and military
means.

Political: NATO promotes democratic values and
enables member states to consult and cooperate on defense
and security issues to address challenges, build trust, and
ultimately prevent conflicts.

Military: NATO’s primary obligation is the peaceful
resolution of disputes. If diplomatic efforts fail, NATO has
the military capacity to conduct crisis management opera-
tions. These operations are initiated in accordance with the
collective defense clause of the founding treaty — Article
5 of the Washington Treaty — or under the mandate of the
United Nations, either independently or in cooperation with
other countries and international organizations [3].

+ The Washington Treaty, or the North Atlantic
Treaty, forms the foundation of the North Atlantic Treaty
Organization (NATO). It was signed in Washington, D.C.,
on April 4, 1949, by twelve founding members of the
Alliance. The Treaty derives its authority from Article 51 of
the United Nations Charter, which affirms the inherent right
of independent states to individual or collective defense.
The Treaty is based on the principle of collective defense,
enshrined in Article 5, which obligates Alliance members
to protect one another and promotes solidarity within the
Alliance. Despite changes in the security environment, the
original Treaty has never been rewritten, and each member
state can fulfill its obligations based on its own capabilities
and circumstances. The Treaty is concise, consisting of only
14 articles, and inherently flexible in its scope. Its carefully
crafted provisions were the result of months of discussions
and negotiations preceding its signing. Once Belgium,
Canada, Denmark, France, Iceland, Italy, Luxembourg,
the Netherlands, Norway, Portugal, the United Kingdom,
and the United States resolved all issues, they finalized the
document that established the North Atlantic Alliance.

*  OnApril 4, 1949, twelve countries signed the North
Atlantic Treaty in Washington, D.C., giving it the name
“The Washington Treaty” in its honor. Under the Treaty,
all NATO member states committed to sharing the risks,
responsibilities, and benefits of collective defense, which is
the core essence of the Alliance. In 1949, the primary goal
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of signing the Treaty was to establish a mutual assistance
pact to counter potential Soviet Union efforts to extend
its influence from Eastern Europe to other parts of the
continent. According to the Treaty, member states were
required not to enter into any international agreements that
would conflict with the Treaty. Additionally, the Treaty
obligated them to uphold the purposes and principles of
the UN Charter. Moreover, the Treaty emphasizes that
NATO member states form a unique community of values,
dedicated to the principles of individual liberty, democracy,
human rights, and the rule of law.

¢ Beyond collective defense and key values, the
Organization’s spirit is defined by significant aspects
such as the principle of consensus-based decision-making
and the role of the consultation process. This is further
supported by NATO’s defensive character and flexibility.

* The signing of the Treaty led to the creation of the
North Atlantic Alliance, though it evolved into a fully-
fledged organization later on. In fact, the North Atlantic
Treaty Organization (NATO) provides the structure for
achieving the Alliance’s goals. To this day, these goals
have not undergone significant changes, and the Treaty
itself has never been rewritten. The only “amendments”
made over time were accession protocols that were added
as new members joined NATO. This demonstrates the
foresight of the Treaty’s architects and their ability to
combine international concerns and tasks with national
interests.

Political Circumstances Leading to the Treaty’s
Creation:

1. After the end of World War II, the hostility that
had characterized relations between the Soviet Union and
Western countries since 1917 began to escalate again.
The East-West confrontation was fueled by opposing
interests and political ideologies. Tensions arose from
peace agreements and reparations, and events such as the
Berlin blockade in April 1948, the coup in Czechoslovakia
in June 1948, and the immediate threat to the sovereignty
of Norway, Greece, and Turkey further exacerbated the
situation.

2. As Soviet dominance spread across several Eastern
European countries, Western European nations feared that
Moscow sought to impose its ideology and take control
of all of Europe. Starting at the end of World War II in
1945, Western governments began reducing their defense
structures and demobilizing. However, in January 1948,
British Foreign Secretary Ernest Bevin emphasized the
need for a “treaty of alliance and mutual assistance” — a
defense alliance and regional grouping based on the UN
Charter.

3. The United States agreed to provide military support
to Europe only if Europe was unified. As a result, Belgium,
France, Luxembourg, the Netherlands, and the United
Kingdom signed the Brussels Treaty in March 1948, which
established the Western Union. Aimed at strengthening ties
between the participating countries while creating a system
of collective defense, the Brussels Treaty later served as the
foundation for the Washington Treaty.

4. Meanwhile, the United States Senate passed the
Vandenberg Resolution — a document that was destined
to change the course of U.S. foreign policy by creating a
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constitutional procedure for U.S. participation in mutual
defense mechanisms during peacetime.

5. The Basis for Transatlantic Treaty Negotiations the
foundation for the start of negotiations on the transatlantic
treaty was laid.

Treaty Duration

The negotiating parties did not have a unified position
on the duration of the Treaty. Some preferred a long-
term agreement, with the initial validity set at 20 years,
while others feared that any period exceeding 10 years
might appear as an unnecessary extension of wartime
conditions. Ultimately, at the insistence of Portugal, the
Treaty’s duration was set at 10 years, after which it could
be reviewed (Article 12). Only after the Treaty had been in
effect for 20 years could a member state withdraw from the
Organization (Article 13). To date, neither provision has
been applied, meaning the Treaty has never been reviewed,
and no member state has expressed a desire to withdraw
from NATO [3, 4].

Development of NATO Operations’ Medical
Support

NATO operations in extreme conditions have driven the
further development of the medical support field. Today,
NATO military medicine is focused on utilizing advanced
practices to optimize care for the wounded. The foundation
is comprehensive training and planning.

The organization and planning of medical support
for the population during medical protection measures
must align with the provisions of Ukraine’s new military
doctrine, which considers the possibility of various types of
modern warfare: global, regional, local, and armed conflicts.
Contemporary armed conflicts are characterized by the
unpredictability of combat operations and the distinctive
armament used by opposing forces, including high-kinetic-
energy projectiles and widespread use of explosive devices.
These require new organizational solutions, significant
medical knowledge, and efforts aimed at preserving the
lives and capacity of the maximum number of injured
individuals.

An essential component of Ukraine’s integration into
the global security space is cooperation with international
intergovernmental organizations. The development of
cross-border cooperation is based on the principles of
planned integration with major global institutions, united
by societal and universal values, reflecting Ukraine’s
national interests and harnessing additional potential.
Currently, the key tasks for the relevant sector are the
analysis and development of general approaches (action
algorithms) for emergency situations in both peacetime
and wartime, determining general mechanisms for
organizing logistical support in the event of man-
made disasters, natural catastrophes, and other extreme
situations. Defining key indicators for the activities of
international bodies and medical support systems should
contribute to forming a unified national medical space as
part of the national security system. The implementation
of international experience in organizing medical
assistance in emergencies into existing systems will help
avoid or reduce the risks of duplication in the organization
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of medical assistance, allowing the creation of a unified
system of medical care modeled on treatment principles.
This will enable resource determination and practices
for providing medical aid to those affected. Ukraine’s
cooperation with NATO member countries in the military
sphere is seen as an important element of partnership
with the organization as a whole. The implementation of
NATO standards and procedures through partnership in
emergency response contributes to Ukraine’s strategic goal
of Euro-Atlantic integration. Interest in the experience of
foreign military medical services, especially in NATO’s
medical support, has increased. In this regard, the analysis
and evaluation of achievements in the field of military
medicine are of significant importance.

The primary document regulating medical support in
the United States is the military medical doctrine. There are
several types of doctrines: the National Unified Doctrine
of the U.S. Army, the Allied Doctrine of NATO Member
Countries, and the Doctrine of Multinational Forces
(NATO and other countries). Multinational doctrines
ensure unification, standardization, and account for the
specific features of national military healthcare systems.
The provisions of allied or partner doctrines are formulated
to ensure that the national priorities in the medical support
of individual member countries do not hinder cooperation
and collaboration.

Significant attention is given to NATO’s medical
support aspects, as reflected in the Alliance’s Strategic
Concept (April 29, 1999) and the MC Directive for Military
Implementation of Alliance Strategy (June 14, 1996). The
MC 319 directive (“NATO Principles and Policies for
Logistics”) emphasizes that general principles of logistics
largely apply to the medical support of troops. However,
specific medical factors must also be considered when
organizing medical support.

In 1993, the NATO Military Committee developed
the MC 326 directive (“Medical Support Precepts and
Guidance for NATO”). Taking into account NATO’s
combat experience, the Committee of the Chiefs of
Military Medical Services in NATO (COMEDS)
developed a general medical support concept for the
NATO Joint Armed Forces, known as the “NATO Medical
Support Principles and Policies.” This document aligns
with the NATO Principles and Policies for Logistics
and outlines operational principles of medical support
while incorporating modern medical advancements. It
establishes the principles and policies of NATO’s medical
support and presents a medical support concept to be used
in developing national doctrines, concepts, plans, and
procedures in member countries.

The principles and policies for decision-making apply
to both peacetime and wartime, including peacekeeping,
humanitarian operations, and peace-enforcement missions.
The overall coordination of NATO medical support is
entrusted to the COMEDS, which consists of the heads
of the military medical services of NATO member states.
COMEDS consolidates and coordinates military-medical
development within the Alliance. Medical support matters
in NATO are addressed exclusively within the framework
of the national responsibility of member states. New
NATO operations have drawn increased attention to the
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need for coordination of medical assistance efforts during
disaster relief and humanitarian operations. COMEDS’
objectives include improving and expanding coordination,
standardization, and interoperability in the medical field
among member countries, as well as enhancing information
exchange on organizational, operational, and procedural
aspects of military medical services in NATO and partner
countries.

COMEDS coordinates its activities with other NATO
structures, including the NATO Standardization Office,
the Joint Medical Committee, and the Medical Board of
NATO’s Supreme Commanders. Additionally, a Special
Steering Group has been established to mitigate the
consequences of the use of weapons of mass destruction,
particularly in response to the threat posed by biological
weapons [5].

To assist in fulfilling its tasks, COMEDS includes
several working groups that address the following topics:
military medical structures, operations and procedures,
military preventive medicine, emergency medical care,
military psychiatry, dental services, medical equipment,
military pharmacy, food hygiene, food technology,
veterinary medicine, medical training, and medical
information management systems.

Currently, Ukraine’s Law “On Amendments to Certain
Laws of Ukraine Regarding Military Standards” aims to
ensure maximum interoperability between the leadership
of the Ukrainian Armed Forces (UAF) and other security
sector formations, as well as with the armed forces of
NATO member states. These changes fully extend to the
medical support systems of the UAF and other military
units [6].

The Strategic Defense Bulletin of Ukraine, approved
by Presidential Decree on June 6, 2016, includes
Operational Goal 4.2, which focuses on building a medical
support system capable of providing proper medical care
for all defense tasks. This involves implementing modern
technologies for medical assistance and treatment of
the wounded following medical care standards, clinical
protocols, and other health sector standards. Ukraine’s
Military Medical Doctrine, approved by government
resolution, identifies one of the key tasks of military
medical support as developing and implementing unified
approaches to preserving and promoting the health of
service members, organizing and providing medical
assistance in cases of injuries, damage, and diseases,
and ensuring the swift recovery of combat readiness and
work capacity. These goals align with NATO medical
standards. The “Medical Forces of the Armed Forces
of Ukraine” doctrine establishes that medical support is
provided within a unified medical space in compliance
with healthcare legislation and medical care standards. It
also emphasizes integrating the civilian healthcare system
to offer medical assistance to service members when
necessary. The Medical Forces Development Strategy
of the UAF through 2035 outlines long-term objectives
for the gradual creation of future Medical Forces. The
strategy prioritizes the development and implementation
of modern, effective medical technologies for care,
treatment, and rehabilitation, along with preventive
medical measures [7-9].
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Discussion

Let’s consider the general principles of NATO medical
support [10].

1. Compliance with Humanitarian Conventions

Medical activities must be conducted in accordance
with the provisions outlined in the Hague and Geneva
Conventions. In situations where, for some reason, the
provisions of these conventions cannot be fully adhered
to in practice, a mandatory rule must be followed: all
wounded and sick individuals must be treated without
bias, taking into account their clinical needs and available
medical resources.

2. Standards of Medical Support

The standards of medical support for NATO forces must
be acceptable to all member countries. Regardless of the
nature of the mission, the primary objective of the military
healthcare system is to provide medical care standards as
close as possible to those required in peacetime.

3. Health Maintenance and Disease Prevention

Medical support planning should include detailed
measures to prevent diseases and other health threats as a
key factor in maintaining the combat readiness of personnel.

4. Scope of Medical Assistance

Medical care is provided progressively, covering
everything from preventive medicine, emergency (first)
aid, resuscitation, and stabilization of vital functions to
evacuation and specialized care.

5. Continuity of Medical Care

Patients moving through the medical system must
receive continuous, substantial, and progressive medical
care and treatment. Medical care and treatment must also
be available throughout the evacuation process on the
Declared Key Operational Principles

Authority. Responsibility. Mandatory Medical
Support, etc.

1. Authority

Medical resources provided by NATO member
countries are an integral part of NATO forces. Under
normal circumstances, countries must use their own
forces to provide medical care and treatment. Medical
service units and formations must be deployed with
their medical structures in strict accordance with the
anticipated operational requirements. For non-NATO
countries, this may include pre-deployment checks with
inspections of agreed medical resources (if necessary).
Medical units may have their own configuration or be
reinforced by other modular units. The standards of
medical care should be as close as possible to peacetime
standards. This may involve personnel and/or equipment
from other units. When expanding medical units,
sufficient time must be allocated to maintain professional
training standards.

2. Responsibility

NATO member countries retain ultimate responsibility
for the medical support of their units and sub-units within
NATO Forces.

3. Planning

Medical support planning is an integral part of combat
operations planning. Such planning is carried out by
experienced medical personnel who must be provided with
data from operational medical intelligence.
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4. Mandatory Medical Support

Medical resources required at the start of any operation
must be sufficient for the collection, evacuation, treatment,
and hospitalization of patients arriving daily. Factors such
as the military situation, geography, climate, and medical
resource readiness must be considered in the concept of
medical support development and during planning.

5. Preservation of National Structures

National health and evacuation systems should be
preserved to the greatest extent possible.

6. Transition to Crisis (Conflict) Situations

Medical support in emergencies should be based on the
peacetime military healthcare system. Medical readiness
and suitability must be at a level that ensures a smooth
transition from peacetime to a conflict or crisis scenario.

7. Medical Standardization

National contingents should strive to achieve the
highest possible level of standardization (compatibility,
interoperability, interchangeability).

8. Medical Communication

An effective communication system must be established
between national contingents, medical facilities, evacuation
control points, and NATO medical personnel.

9. Medical Information Management

Effective management of medical information,
particularly regarding patients, is a vital element of medical
support planning. Multinational contingents should align
medical principles, policies, and support concepts in
their doctrines, concepts, directives, and procedures in
agreement with other nations. Effective medical support
within NATO’s structure is regarded as a key to mission
success. Currently, preparatory measures are underway
to adapt Ukraine’s defense system to NATO standards. In
accordance with the Strategic Defense Bulletin of Ukraine,
enacted by Presidential Decree No. 240 of June 6, 2016, the
Ministry of Defense of Ukraine is modernizing its defense
planning systems by introducing capability-based planning
processes focused on threats. This type of planning is used
by NATO member states.

Among the key requirements for this capability
(functional group) is the ability to systematically adapt to
quickly assess the status of local, regional, and national
vital services according to the requests of the host (or
attacked) country or an international organization to support
operations (or emergencies), including the assessment of
the current state of the medical service and the availability
of medical services. Autonomous capability includes
providing Level 2 (3) medical care, which involves
receiving, stabilizing, and holding injured personnel until
they can return to duty, as well as aeromedical evacuation
to a deep logistics base or national medical systems.

Overview of Key Characteristics of the BiSC
Capability Codes and Capability Statements Catalog
(the BiSC Capability Codes and Capability Statements
Catalog), distributed to EU countries and participants of
the Mediterranean Dialogue and the Istanbul Cooperation
Initiative (such as Afghanistan, Australia, Iraq, Japan,
South Korea, Mongolia, New Zealand, Pakistan), is also
proposed for use in Ukraine. The Catalog establishes a
common understanding of capabilities in defense and
operational planning, including minimum capability
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requirements, target packages, capability reviews, risk
assessments, and shared requirements. Capability codes
represent a unique alphanumeric functional identifier,
while the statements define the core requirements for
units, taking into account all areas of development-such
as refining guidance documents, organizational structure,
training, equipment, technical support, command systems,
personnel, logistics, and achieving interoperability. These
codes and requirements are widely used across NATO
structures, providing a common conceptual framework
for describing capabilities and facilitating long-term and
operational planning. The U.S. system for organizing
medical support during emergencies is largely conceptual
and doctrinal. It is important to note that the new U.S.
defense strategy involves the global redistribution of forces,
meaning that NATO’s command and control systems are
adapted through a common conceptual framework and
principles for assessing required forces and assets.

To organize joint medical support and counter threats,
NATO uses several key doctrines, including:

* Allied Joint Doctrine for Medical Support: This
doctrine sets guidelines for medical support during NATO
operations.

e Allied Joint Civil-Military Medical Interface
Doctrine: This addresses the interaction between military
and civilian medical systems.

e Allied Joint Doctrine for Chemical, Biological,
Radiological, and Nuclear Defence (CBRN): This
outlines medical support in environments affected by
chemical, biological, radiological, and nuclear threats.

* Concept of Operations of Medical Support in
CBRN Environments: This concept covers medical
operations in such hazardous environments.

* Evolution of NATO Military Medicine

NATO’s military medicine has evolved, particularly
due to operations in extreme conditions, focusing on
optimizing care for the wounded. One of the core elements
of'this evolution is comprehensive planning, which allows
for adapting to challenges posed by the quantity and quality
of casualties, extreme environmental conditions, logistical
limitations, and the reality that mission completion may
take precedence over medical needs. The concept of
military medicine is based on real-world experiences and
lessons learned from ongoing military conflicts. One of
the most significant advancements is the development and
implementation of the Joint Trauma System (JTS). This
system ensures that every soldier injured in battle has the
best chance of survival and the highest potential for recovery.
The motto of the system is “The right patient, at the right
time, at the right place, with the right care.” The JTS is a
coordinated effort aimed at providing comprehensive care
to all injured patients and is integrated into local healthcare
systems. Its main value lies in its ability to ensure the
proper level of care for wounded patients using available
resources for the best treatment outcomes.

The mission of the “Joint Trauma System” (JTS) is
to coordinate trauma care through continuous improvement
and evidence-based medical approaches. The value of the
trauma care system is reflected in the development of
over 36 clinical guidelines relevant to military physicians,
grounded in scientific evidence, which have successfully
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reduced morbidity and mortality from combat injuries.
At each stage of care, the top priority is addressing the
greatest potential threats within the scope of the mission.
This concept, proven effective on the battlefield, has
significantly lowered mortality rates.

The trauma care system represents organized and
coordinated efforts across a defined geographical area,
aimed at providing a full spectrum of care to all injured
patients, integrated into the local healthcare system. Its
core value lies in its ability to deliver appropriate care to
wounded patients using available resources to achieve
optimal treatment outcomes.

The current model of military trauma care is the Joint
Theater Trauma System (JTTS), which provides a
systematic and comprehensive approach to coordinating
battlefield care, minimizing morbidity and mortality, and
optimizing essential care for casualties.

Objectives of the Joint Trauma System:

* Organize and maintain a trauma registry to store
data and monitor care delivery and outcomes.

* Ensure full access to registry data for healthcare
providers.

* Provide a database for generating reports for
authorized government agencies.

e Offer access to the database for approved
researchers through a bioethics committee.

* Facilitate electronic collection and dissemination
of patient data to support continuous care and maintain
long-term medical records.

e Create and manage an outcome database to
analyze clinical decisions and assess treatment outcomes to
improve care methods.

* Provide timely and relevant information on
care and outcomes to the Ministry of Defense and other
stakeholders.

¢ Develop a research strategy focused on reducing
morbidity and mortality.

e Standardize treatment approaches throughout
the care process and implement evidence-based clinical
guidelines.

* Enhance communication across all levels of care
to improve treatment coordination for injured patients
[10-13].

A systematic approach to casualty care has
demonstrably reduced morbidity and mortality during
NATO military operations.

On March 1, 2024, President of Ukraine Volodymyr
Zelenskyy signed Law No. 10343 on the organization
of appropriate medical support for the Armed Forces of
Ukraine (UAF). According to the bill’s explanatory note,
the law empowers the Ministry of Defense to approve
protocols and standards for pre-hospital and medical
care for the Security and Defense Forces based on NATO
standards, as well as to oversee their compliance [14].

The Ministry of Defense is also authorized to approve
the list, quality standards, and minimum requirements
for specialized medical products used by the Security and
Defense Forces during combat operations. The adoption of
this law will ultimately help meet the needs of the Armed
Forces by providing modern, unified, and standardized
medical equipment and sanitary facilities to military units.
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Conclusions

1. The analysis shows that currently there are no
international or national recommendations regarding the
existing systems of medical support organization for NATO
units in emergency situations.

2. Positive experiences of NATO’s medical support
systems in emergency situations should be considered and
integrated.

3. The adaptation of NATO’s management and control
systems experience should be carried out using a common
conceptual framework and assessment principles of required
forces and resources, aimed at mission accomplishment.

4. Organizing interaction between coordination and
management bodies within the functional and territorial
subordination framework during emergencies, both in
peacetime and wartime, is one of the key conditions for the
efficiency and effectiveness of medical support actions.

5. Implementing NATO’s positive experience in
organizing medical support during emergencies in Ukraine
will help align the country’s capabilities with international
basic requirements.

6. Euro-Atlantic integration of Ukraine will contribute
to the creation of a unified medical space within the state
and the development of a national response model for
emergency situations.
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Pe3iome. AKTYQABHICTb. [inepToHis, 6QratorpaHHUN PO3AQA, HQ PO3BUTOK SIKOFO BIIAMBQIKOTL FEHETUYHI, erireHeTnyHi 1a
HAKTOPYU HABKOAULLHLEOIO CEepPeAOBULLQ, CTAHOBUTL 3HAYHUM PU3NK PO3BUTKY CEPLIEBO-CYAMHHWI 3QXBOPIOBAHb. [eHe-
TUYHI CKAQAOBI, @ CAME YACAEHHI reHu BNAMBAKOTh HQ GEHOTUIM APTEPIAALHOIO TUCKY Yepe3 QAeAbHI epeKTr OKpemMnX
reHiB i BBAEMOAIO Mixk reHamum, MeToro po60Tr GYAO BM3HAYEHHST OCHOBHMX rEHETUYHUX PAKTOPIB PU3MKY PO3BUTKY QpTE-
PIQAbHOI rinepTeHsii. Pe3yAbTATU. HE3BAXKQKOHM HQ HASIBHICTb BEAUKOI KIABKOCTI AiKiB, AOCSITHEHHST €EKTUBHOIO KOHTPOAKO
QPTEPIAALHOIO TUCKY 3QAULLIQETHLCS MPOBAEMOKO CyYACHOI MeauLmHW, CaMe Lie CroHYKQE HAYKOBLB AO AOCAIAKEHD
LLOAO BU3HQYEHHSI FeHETUHHNX CKAQAOBUX NMATOreHe3y 3axXBOPKOBAHHSI i MILLIEHIV All mpernapaTis. AOBEAEHO, LLO SIK reHe-
TWYHI AKTOPUM, TAK | YUHHUKN HOBKOAMLLHBOIO CEePEAOBULLA BEPYTL YHACTL Y rOMEeOCTA3i QPTEPIAABHOIO TUCKY TQ PO3-
BUTKY rinepTeHsii. BCTAHOBAEHI GAKTOpU pU3UKY, Q CAME OXXMPIHHS, HE3OAAQHCOBAHE XAPYYBAHHSI, KYOIHHSI, BKVUBAHHSI
QAKOFOAKD, CUASIYMV COCIG XKNTTS, HOAMIDHE CMIOXUBAHHST HATPIKO TA KAAIKD. Cy4QCHi reHeTuyHi niAXxoAn AOMOMQraroTh
3P 0O3YMiT1 OCHOBHY BIOAOTIIO, BCTAHOBUTY FOAOBHI AQHKW MNAToreHe3sy rinepreHsii. HaykosLsimy 6YAO BCTAHOBAEHO, LLO TAKi
rEeHEeTUYHI GAKTOPMU, SIK CIIQAKOBICTb, reHeTUYHI MyTaLii, paKTOPU, LLO BIIAMBQAKOTE HQ GEHOTUM, enireHeTYHI GaKTopu pery-
AIOIOTb APTEPIAABHUIV TUCK AKOANHN. CepeA HaUrOAOBHILLVX € reHU, SIKi OB 13AHI 3 PEHIH-QHROTEH3H-QALAOCTEPOHOBOKO
CUCTEMOIO (QHIIOTEH3MH Il, PEHIH, QHMIOTEH3MHNEPETBOPIOBANbHN GEPMEHT, QALAOCTEPLOHTA iH.), reHU, sIKi BiANOBiAQKOTb
3Q BOAHO-COAbOBU GAAQHC, TA Ti, LLIO KOHTPOAKKOTb TOHYC CYAMH (EMOKCIENKO3QTPIEHOBA KUCAOTA | 20-TiAPOKCIEeKo3Q-
TETPQEHOBA KUCAOTQ, TOLLO), reHU, SIKi PETYAKOIOTb OXKMPIHHST (DEHIH, QALAOCTEPOH, IOKOKOPTUKOIAHWY PELLenTop, AAb-
AOCTEePOHCHHTA3Q, KIHQ3Y 1 TQ I\FOKOKOPTUKOIAM). ByAO BUSHQHYEHO, LLO BUBHEHHST riNepTeH3sii T QpTepianbHOro TMcKy 3a
AOIMOMOrOK reHETUHHNX METOAIB CMPUSIE MOKPALLEHHIO IHTePNPeTaLito TQ BUSHAYEHHIO reHETUYHX GAKTOPIB PU3MKY, LLIO
MIABULLLYE KAIHIYHY KOPUCHICTb, BUCHOBKWU. [TOKQ3QHO, LLO BU3HQYEHHSI FTEHETUYHVX GAKTOPIB MOKPALLYE MOOrHO3YyBAHHS
PU3NKY apPTEepPIaAbHOI rinepTeH3ii, AQE 3MOry CBOEYQCHO BU3HQYQTM rPYrv MALEHTIB, sIKi MQKOTb GAKTOPM | MPOBOAUTA
MPOGINQKTUKY Vi €PEKTUBHE AIKYBAHHST.

KAIO4OBi CAOBQ: KOPAIOMETABOAINHI YAKTOPU PUIMKY, AUCAINIAEMIS], FINEePTOHIS, ernireHeTika, NaToreHea.

Abstract. Background. Hypertension, a multifaceted disorder influenced by genetic, epigenetic, and environmental
factors, poses a significant risk of cardiovascular disease. Genetfic components, namely, numerous genes, influence
the phenotype of blood pressure through the allelic effects of individual genes and interactions between genes. The
aim of the study was to identify the main genetic risk factors for the development of hypertension. Results. Despite
the availability of a large number of medications, achieving effective blood pressure control remains a challenge in
modern medicine. This is what motivates scientists to conduct research to determine the genetic components of the
disease pathogenesis and the target of drug action. It has been proven that both genetic and environmental factors
are involved in blood pressure homeostasis and the development of hypertension. Risk factors have been identified,
namely obesity, unbalanced diet, smoking, alcohol consumption, sedentary lifestyle, excessive sodium and potas-
sium intake. Modern genetic approaches help to understand the basic biology and identify the main links in the
pathogenesis of hypertension. Scientists have found that genetic factors such as heredity, genetic mutations, factors
affecting the phenotype, and epigenetfic factors regulate blood pressure. Among the most important are genes
related to the renin-angiotensin-aldosterone system (angiotensin I, renin, angiotensin-converting enzyme, aldoste-
rone, efc.), genes responsible for water-salt balance and those that control vascular tone (epoxyecosatrienoic acid
and 20-hydroxyecosatetraenoic acid, etc.), genes that regulate obesity (renin, aldosterone, glucocorticoid recep-
tor, aldosterone synthase, kinase 1, and glucocorticoids). It has been determined that the study of hyperfension and
blood pressure using genetic methods improves the interpretation and identification of genetic risk factors, which
increases clinical utility. Conclusions. It has been shown that the identification of genetic factors improves the predic-
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tion of the risk of hypertension, fimely identification of groups of patients with factors and prevention and effective

tfreatment.

Key words: cardiometabolic risk factors, dyslipidemia, hypertension, epigenetics, pathogenesis.

Becrtyn

AprtepianbHa TiMEpTeH3IS € CKIaTHAM 3aXBOPIOBaH-
HSM, SIKE PO3BUBAETHCS BHACIIJOK B3aeMOZil Oararbox
TeHEeTHYHUX (akTopiB i (akTopiB cepenopumia. Ilpuaomy
3Ha4Hy pOJIb Bifirpae He TUIBKM TeHETHYHA, a ¥ erire-
HETUYHA CIaJKOBiCTh. MOXKHA MPHUITYCTHTH, IO apTepi-
aJIbHA TIIEPTEH31sI PO3BUBAETHCS SIK HACHIOK «IIOMHJIOK)»
y 3JIarO/KCHUX CHCTeMaXxX Peryiisiiii apTepialbHOro THUCKY.
[Momuky B Kackaji MOJISKYJISIPHUX, OI0XIMIYHUX 1 TeHe-
THUYHHUX TIPOLECIB, SIKI PEryJIOIOTh apTepiajbHUI THUCK,
3pEIITO0 MAalOTh JOCTAaTHIM IMOTEHIial, mo0 NPHU3BECTH
no rineproHii. UncneHHi (axkTopH 30BHIIIHBOTO cepen-
OBHIA, IO OTOYYIOTH OPraHi3M MiJx 4ac HOro PO3BHUTKY,
MTOBMHHI BIUTMBATH Ha TPOSIB TEHETHYHOI iH(popMarii.
OpnHak, HE3BaKAlOUM HAa 3HAYHI MOCHITHWIBKI 3yCHILIA,
BCE MIE BaXKKO 1IeHTH(IKyBaTH BCi TeHU Ta/abo iHIII TeHe-
THYHI JETepMiHAHTH, SIKI MPU3BOAATH IO TiNepTeH3ii Ta
IHIIINX CepIlIeBO-CYMHHMX 3aXBOPIOBaHb. Le 3mebinbpuioro
TOMY, LIO 1Ii 3aXBOPIOBaHHS 3a3BUYail CTAIOTh MEAMYHOIO
npoOJIeMOoro B 3plIOMY Billi, X04a IX KOPIHHS MOXHa ITpO-
CTSXKUTH JI0 PAHHIX CTaJiil OHTOTCHE3y. 3B’ SI30K MiXk OKpe-
MHUMH HepiofiaMM PO3BUTKY (HANpHKIaJ, HApOIKEHHSIM
1 3piJIMM BiKOM) Ma€ OXOIUTIOBATH 3MiHH B €KCIIpeCii I'eHiB,
0 CTOCYETHCS EMIr€HETHYHHUX SBUIL. ToMy akTyaabHUM
3aJIMIIAETHCS MUTaHHS BU3HAYCHHS B3a€MOJIT MK TeHaMH
Ta CEpelOBHUIIEM, SKi MOXYTh OyTH 3allydeHi 10 Iarore-
He3y TilepTeH3ii.

MeTta po6OTH — TOCTIAWTH Ta BHU3HAYUTH OCHOBHI
TeHETHYHI ()aKTOpH PU3HUKY PO3BUTKY apTepiajibHOI Timep-
TeH3I1.

MartepiaAu Ta meToAU

Jnst nocsSTHEHHS MTOCTaBIICHOT MeTH OyJo MpOBEIEHO
MTOIITYK Ta aHAJi3 HAYKOBUX POOIT aBTOPIB, SAKi 3aiiMarOTHCS
JOCTIDKCHHSMH B Tay3i IMaTOTeHe3y apTepianbHOI Timep-
TeH3ii, MOIIyKy TeHeTHYHUX (akTopiB ii po3sBuTKy. Ilinx
4ac MPOBEACHHS AOCTIHKEHHS Oyl0 BUKOPHCTAHO HAyKOBI
METOAW IS MOIIYKY Ta BHOOpY, SK-OT TEOpPETHYHE y3a-
rajlbHEHHS Ta TPyIyBaHHs, popMatizallis, aHaii3, CHHTE3
Ta y3araJbHEHHS OTPUMaHUX PE3yJIbTaTIB.

Pe3yAbTaTH TO O6rOoBOPEHHS

lmepronis Bpakae IIOHAJ ONWH MUTbSPH JIFOICH
Y BCBOMY CBITi Ta € OJHUM i3 TOIIOBHHX (DaKTOPIB PH3UKY
CEpIICBO-CYMHHIX 3aXBOPIOBaHb, OCHOBHOIO NPHYIHHOIO
cMmepTi y BceoMy cBiTi [1, 2, 3]. ApTepianbHa rinepTeH-
3i1 — L€ 3aXBOPIOBAHHS CEPLEBO-CYANHHOI CHCTEMH, IIO
MIPOSIBIISIETHCSL CHCTEMAaTUYHUM MiJIBUILIEHHSM apTrepialib-
HOTO THCKY. TOMY Ba)XJIMBO CBO€YACHO BU3HAYUTH OCI0 13
BUCOKUM PH3MKOM PO3BHTKY apTepiajibHOI rinepreHsii Ta
noriepenuTy abo BijcTpounTH ii mosiBy [1, 4, 5].

HayxoBusiMu /10BEZIEHO, IO PO3BUTOK apTepiajibHOI
rinepreHsii MOB’SA3aHUH i3 TEHETHYHUMH (QAKTOpaMH Ta
(axTopaMn HaBKOJMIIHBOTO ceperoBuma [6—10]. Tinep-
TOHII — II¢ OararoQakTopHE 3aXBOPIOBAaHHS, 3a SKOTO
3MIHIOETBCSI B3a€MOJISA TeHETHIHUX (DaKTOPiB i PakTopiB
HABKOJIMITHHOTO CEPEIOBHIIA, IO MiATPUMYIOTH CTa0iIb-
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HUHM apTepialbHUN TUCK MPOTATOM YCHOTO XUTTA. Byio
BUSIBIICHO, 1[0 SIK TEHETWYHI PU3HMKH, TaK 1 PU3UKH CIIO-
coOy KHUTTS OB’ sA3aHi 3 OUIBIIOI0 MOMUPEHICTIO TilTepTO-
Hii. Ha cporomni BU3Ha4YeHi (akTOpu PU3UKY TillEPTOHIi,
cepen SIKUX — OKUPIHHA, Xap4yBaHHsI, KypiHHS, BXKHBAHHS
aJIKOTOJTIO, BIICYTHICTh (PI3WIHOT aKTUBHOCTI, CTIOKHBAHHS
Harpito Ta Kamito [11-14]. BeraHoBineHo, 110 B3aEMOIIs
MIX JII€TOIO 3 BUCOKHM BMICTOM COJIi Ta MiIBUIIICHUM PiB-
HEM TPUDTILEPHU/IIB MOXKE MaTH CHHEPTIYHUI 010JI0TIYHUN
BIUIMB Ha pu3WK Tinmeprensii [15, 16, 17, 18, 19]. Cepen
(aKkTOpiB HABKOJMIIIHBOTO CEPEJOBHUINA BEJHKE CIOXH-
BaHHS COJIi € OCHOBHOIO NPUYMHOIO MiJIBUIIEHHS apTe-
piampHOro THCKY (AT). Omnak peakuiss AT 3MiHIOETBCS
B OKPEMUX JIFOZICH TICIIs CIIOKUBAaHHS COJMi B 1Xi, IO OyI0
BiIOMO SIK YyTIUBICTH g0 coxi [11, 20, 27]. 3HaHHA mpO
MaToreHe3 TillepTOHii, M0 3a1eXxars Bif crari abo iHIIIX
(akTOpiB PU3UKY, MOXKYTH MOKPAIIUTH KIIIHIYHY MPAKTHKY
Ta TOJITHKY OXOPOHM 370POB’S IIJISXOM aJamnTallii BTpy-
YaHb Ha OCHOBI BHM3HAUYCHHS MEPCOHANII30BAHOTO PH3UKY
[7,22, 23, 24]. AkTuBallis TPOMOOIIUTIB TAKOXK OB’ sI3aHA
3 rinepreHsielo, i neHTo30(ocdarHuil NUILX Mae 3HAYCHHS
3aBAsKd Horo (QyHKUii B ympaBiiHHI aKTMBHUMHU (op-
Mamu kucHio (A®DK), sKi MOXYTh CHPHSATH TinepTeHsii,
OB’ s13aHI{ 3 OKHUCITIOBAJIBHUM CTpecoM [25].

Bucoknii KpoB’SHUI THCK € TPOBITHUM CIIAJKOBHM
(akTOpOM PH3HKY iHCYABTY ¥ iMeMidHOI XBOpPOOH CepIls.
[ITo6 3amo0irTé PO3BHUTKY CEPIIEBO-CYANHHUX 3aXBOPIO-
BaHb Ta IX YCKJIAaIHECHb, KIIHIIUCTH NOBHHEHI MaTH MOX-
JUBICTh TOYHO OWIHWUTH PHU3UK PO3BHUTKY apTepialibHOI
rimeprensii y martienra [2, 5, 26, 27]. Xoua ¢axkropu crio-
co0y JKUTTSI MepeadavaroTh riepTeH31i0, TaKi MOBEIIHKOBI
(baxTopH 1Mo-pi3HOMY ITiUISTAI0Th BUMipIOBAaHHIO Ta KOHTP-
onro. HaBnaku, reHetnuHi (hakropy 3apoAKoBoi JIiHIT € (ik-
COBaHMMH 1, SIK BIZIOMO, CIPHUSIOTH iJeHTH(]IKOBAHOMY,
a TaKOXX BaXJIMBOMY JIO/IaTKOBOMY PU3MKY. BcraHoBneHo,
mo OinblI paHHIM Mo4yaTok rinmepreHsii y OaThKiB TiCHO
OB’ sI3aHUH 13 rinepTeHsiero y HamakiB 8, 23, 28, 29].

Hes3Bakaroun Ha 3Ha4HYy CHAJKOBICTB, JIMIIE KiJTbKa
TeHIB OTHO3HAYHO MOB’s13aHi 3 (PEHOTHIIOM apTepialbHOTO
THUCKY, IPUYOMY MOLIMPEHI OXHOHYKICOTHUIHI ITOJIIMOp-
¢izmu (SNP) HamaroTs iHAMBIyadTbHANA PU3HK ITiIBUIICHHS
CepeHbOTO apTePiaIbHOTO TUCKY. [nenTudikaris reneTny-
HUX JIETEPMIiHAHTIB rineprensii Oysa HalOUIbII YCIiNIHOO
JUTS. CHIAOKPHHHUX (DOPM I[bOTO 3aXBOPIOBAHHS, SIKi MAIOTh
YiTKO BU3HA4€HI (PEHOTHIIH, L0 JAI0Th MOXKJIMBICTH TOYHO
cTpaTudiKyBaTH MAIIEHTIB HA OJHOPIAHI Koroptu. Emire-
HETHYHI 3MiHHU, 30KpeMa B MOAM(DIKAIisX TICTOHIB, METH-
moBanHi JIHK i mikpoPHK, BixirpaioTs KiIH04OBY poib
Y PO3KPHUTTI CKIAJHHX MOJEKYJISPHHUX OCHOB PeTyIsLil
aprepiampHOro THCKY [25, 30, 31]. HOCHiIKEHHS TCHOM-
Hux acomiariii (GWAS) 1 gocmikeHHS 3MIIIaHOTO KapTy-
BaHHS B TOMYJILIAX €BPONEHCHKOTO MOXOIKEHHS BUSIBHIIH
rmoHaz 200 reHeTHYHUX JIOKYCiB. IlomireHHi OmiHKN PU3HKY
BUKOPUCTOBYIOThCS AJISI OTPUMAHHS 1HIAMBIAYyalbHUX 3Ha-
YeHb 3arajbHOI T'CHETHYHOI CXHJIBHOCTI 10 TilEPTOHIi.
[Migeumienns Ha 1 ctanmaptHe BigxuwieHHs (SD) cucromiu-
HOTO apTepiaibHOrO TUCKY 1 JIIaCTOIIYHOTO apTepiaIbHOTO
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THCKY 32 LIKAJIO MOJINeHHOTO PH3MKY HPHU3BEIO JI0 Mil-
BUILICHHS PU3UKY paHHBOI rineprensii Ha 54 1 58 % Bin-
moBigHO [28, 32, 33, 34]. OcTaHHIMU POKaMH HOBI JOKa3U
MOKa3aJIy, 10 TeHeTHYHa CIPUIHHATINBICT MOXKE B3a€MO-
JisITH 3 (haKTOpaMu PaHHBOTO BIKY Ha ceplieBO-MeTado-
JIYHI pe3ynbTaTH, BKIIOYHO 3 TinmepreHsiero [22, 35, 36].
VY nOCHiIKEHHAX YCHINIHO BHKOPHUCTOBYIOTH i30JIbOBAaHY
TEHeTHYHY IH(QOpPMALi0 JJIS HPOTHO3YBAaHHS IOYATKY
TiIepTOHI] NUIIXOM ITOOYIOBH OIIHOK TEHETHYHOTO PU3HKY
Ha OCHOBI TEHETHYHHX BapiaHTIB, OB’ SI3aHMUX 3 apTepiaib-
HUM THCKOM. OT[IHKH T€HETUYHOTO PU3UKY U TiMepTOHil
00’€IHYIOTh CTATUCTHYHO 3HA4yIl momiMopdizmMu SNP i3
GWAS y enunuit npeauxtop [28, 37].

MerabomniTi  apaxiJIoHOBOI  KHCJOTH, OTpHMaHi
3 nutoxpomy P450 (CYP), 30kpema emokcieiiko3aTpieHOBa
kucnora (EETs) 1 20-rixpokcieiiko3areTpaeHoBa KUCIOTa
(20-HETE), BmumBaioTh Ha CyAMHHHH TOHYC, (YHKIIIO
SHJIOTEJII0 Ta PENpOIOpIiI0 HATPII0 B HUPKAX, CIIOYATKY
Oy imeHTH(]iKOBaHI SK TOTCHIIHHI MEIaTOPH B PO3BUTKY
rimeprensii B MOAENAX Ha TBapHHAX i3 UyJIOBUM CTaTEBO-
cnenuiganM edexroM. Kimpka SNP Takox Oynmu Bu3HaHI
(YHKIIOHATTFHAMU 1 B TeHAX JIFOMHM, SKi 3aTydeHi 10 0io0-
cunresy ta meradbomizmy EET/20-HETE, sk-ot CYP2J2 ta
CYP4A11. Y mocnimkeHHsIX acomiallii CliocTepiraBes cie-
uudivamit 1015 crari eexT, MoB’s3aHui 13 noxiMopQizMoM
ta ekcrpeciero CYP4F2. 1le BimkpuTTs BKasye Ha Te, 10
3MiHeHa OioaktuBHicTh 20-HETE nexwuth B ocHOBI Han-
MipHOI rinepreHsii Ta MoB’A3aHKX i3 HEIO CYTUHHUX 3MiH,
SIKI CIIOCTEPIraloThCsl YacTillle Y YOJIOBIKIB IOPIBHSHO
3 )KIHKaMH, 1 Y3TOJDKY€ETBCS 3 pe3yJbTaTaMy eKCIIepUMEH-
TaJIbHUX Mojieliel [6].

Bu3HaueHa BakiMBa B3a€MOJISl MK €MirCHETHYHHMH
(akTopaMu Ta TimepTeH3i€ro, MO0 BKa3ye Ha 3HAYYIIICTh
vetmmoBaHHs JJHK sk mmoGanbHo, Tak i Ha piBHI T'eHiB 3a
HasBHOCTI rineprensii. KpimM Toro, Monudikarmii TicToHiB,
BKJIIOYHO 3 alleTHJIIOBAaHHSAM 1 METHIIOBaHHAM, € BaXKIIH-
BUMH €HIreHETHYHUMH MapKepaMH, MOB’ sI3aHUMH 3 Tilep-
tensieto. MikpoPHK 371ilicHIOIOT peryasTopHUil BIUIUB Ha
rOMEOCTa3 apTepiaibHOrO0 THCKY, HAIUTIOIOYHCh Ha KITIO-
YOBI T€HU B aJIbJIOCTEPOHOBHX 1 PEHIH-aHT10TEH3MHOBHX
nusixax. [IpsimMi cynuHHI Ta iMyHOMOXYNMOKOYi (DYHKIIT
ANRIL, npuckoproroun Kinbka curHanbHuX npsixiB (TNF-
o-NF-kB-ANRIL i YY1-IL6/8), crpusfoTh CHCTEMHOMY
3allaJICHHIO, ONOCEPEIKOBAaHO BIUIMBAIOYM Ha PO3BUTOK
KaprioMeTaboNiYHAX 3aXBOpioBaHb. lle BKa3ye Ha TeHe-
TUYHY O3HAaKy TiepTeHs3ii Ha piBHI XpOMOCOMHOTO JIOKYCY
9p21.3. Kpim Toro, SNPs, BKITIOU€Hi B TalNIOTHIIN PU3HKY
JUTS TilepTeH3ii, MoXyTh OyTH OB’ s13aHi 3 AudepeHiiaib-
HOIO eKkcrpeciero BapiaHTtiB crutaiicuary ANRIL [25, 38,
39, 40].

HayxoBi nocimipkeHHs 100 pOITi OKUPIHHS B PO3BHU-
TKy apTepiajbHOi TernepreHsii BCTaHOBWIM, LIO YKHPOBA
TKaHMHA BIUIMBAE HA MTPOIIEC PO3BUTKY MOPYIIEHb (PyHKITIH
Miokapaa Ta Mop(hodizioNoriyHUX BIACTHBOCTEH CyAWH.
Lle mosiCHIOETBCS THUM, IO KUPOBa TKaHHHA € JHKSPEIOM
TPHUITIIEPUIIB, KUPHUX KHUCIOT 1 aTeporeHHHUX (pakIiit
xoecTepuHy. KpiM TOro, BOHa aKTHBHO CHHTE3YE KOM-
MTOHEHTH PEeHIH-aHTi0TeH3WH-aJBIOCTEPOHOBOI CHCTEMH
(RAAS): anrioren3un II, peHiH, aHTiOTCH3WHIEPETBO-
proBasibHUI (hepMeHT, anbAocTepoH. RAAS 3anydeHna He
TIBKH JUIS TIATPUMKH TE€MOIHUHAMIKH, a W BIIIrpae KIo-
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YOBY POJIb Y PEryJisiiii MeTaOoIuHIX MPOLIECIB OpraHi3My.
[Mepexonsun 10 cheprt OCHOBHUX HIISXIB peryssiuii apre-
pianmbHOTO THCKY, RAAS BHCTynae sik 10Ope BCTaHOBICHUH
HUIsIX, e aHriotensuH Il perymoe OanaHc pianHM i apre-
piaybHUHN THCK, CTUMYJIIOIOYHM BUPOOJICHHS aJIbJJ0CTEPOHY.
JocnimkeHHss moka3yoTh, mo miR-21, mikpoPHK, mo
perymoerscsi RAAS-monynsoBanuM reHoM AGT, moxe
IHII[IIOBaTH BHPOOJCHHSA albJOCTEPOHY Ta BidirpaBaTu
MOTeHIIHY poibk miR-21 y rimeprensii momman [24, 40,
41, 42, 43, 44].

lenernuni Mogmikarii TakoX 3alydeHi 10 peryssmii
cynuHHOI (hyHKIIT 3a rimepToHil. 3MiHH B METHIIIOBaHHI
JIHK 1 moaudikamisx TiCTOHIB MOXYTh 3MIHIOBaTH €KC-
Npecito TeHIB, 3aly4YeHUX JI0 CKOPOUEHHS IIaJKol Myc-
KyJaTyp cynuH, (QYHKII €HJ0TElNiI0 Ta PeMOIETIOBaHHS
CYIMH, CIIPUSIOUH PO3BUTKY rineprensii. [loTpidHo BH3Ha-
YUTH crielu(ivHi TCHETUYHI 3MiHH, TIOB’S3aHi 13 3aJICKHOI0
BiJl CyAIMHHOI (QyHKIII TilIepTeH3i€0, 1 pO3POOUTH LITEOBY
TEpariio I BiTHOBICHHS (YHKII CYIUH Ta 3HIKCHHS
aprepiaJbHOTO THUCKY [45, 46, 47].

OcTaHHIMH pPOKaMH MEHJENIBCbKa paHIOMi3alis Bce
YacTille BUKOPUCTOBYETHCS UL TPOTHO3YBAaHHS edek-
TUBHOCTI Ta OE3MeK! iCHYIOYHMX i HOBHX IperapaTiB s
CEepLEBO-CYIMHHHUX (DAKTOPIB PH3UKY Ta IJIsI BHBUCHHS
MOXKJIMBOCTI NepenpodintoBaHHs HAsIBHUX Ipenaparis [48,
49, 50].

MeHzeniBcbKa paHIoMi3alliss BAKOPHCTOBYE TeHETHYHI
BapiaHTH K IHCTPYMCHTAJIbHI 3MiHHI JI HAJJAaHHS I0Ka3iB
IOJI0 Tepen0avyBaHuX MPUYNHHO-HACIIIKOBUX 3B’SI3KiB
MDK (paKTOpaMH PU3HKY Ta pe3ylibTaTaMu. 3aBIsSIKH BUTIaI-
KOBOMY pO3MOAiTy ajeneil mig dac (GopMyBaHHS ramer,
MEH/ICNIIBCbKA PaHIOMi3allisl He 3a3HA€ BILUITHBY 3BOPOTHOTO
MPUYHMHHO-HACIIIKOBOTO 3B 53Ky a00 3MilIyBaHHS, IO
3abe3neuye OB HaAiiHI OIIIHKY IPUIUHHOTO eeKxTy [7].

MenaeniBCbKU paHAOMI30BaHUHN MiaXiag — Iie emige-
MIOJIOTIYHUI AW3aiH MOCIIIKEHHS, SIKHM 1HTerpye reHe-
TUYHY iH(OpMaIito B TpaAULIiHI eigeMioNori4Hi MeToIu
JUIs. BCTAaHOBJICHHSI NPHYMHHO-HACIHIAKOBHUX 3B’SI3KIB MIXK
OiomapkepaMu, (aKTOpaMu PH3UKY ab0 CIocoOy KUTTA
Ta PU3MKOM PO3BHUTKY 3aXBOPIOBaHHS. MeHIeNiBChKI paH-
JIOMi3aliifHi JOCI/KEHHs YacTo IOKJIQIAI0ThCSl Ha HOBY
iHpOpMaNiio, OTPUMaHy 3a pe3y/IbTaTaMy 3arajJbHOT€HOM-
HUX JTOCIIPKEHb acolliamiid mo0 MPUIHHHO-HACIIKOBIX
3B’SI3KiB MIX TEGHCTHYHHMH BapiaHTaMu Ta (haKTopaMu
pu3uKy 4uu crocoOy Xutts [49]. AHami3 MEHIENiBCHKOi
paHIoMi3amii BHKOPHCTOBYE TEHETHYHI Bapialii, mepe-
BaXHO OHOHYKJICOTHIHI HomiMop(di3Mu, SK mepeadady-
BaHi 3MiHHI (hakTopa pu3HKy. llelf HPUHIMIT HAJICKHUTH
JIO Ipyroro 3akoHy MeHzems Ipo He3aJIexHy cerperaiio
anernel reHis, sikui ctBepkye, mo JJHK nepenaerscs Bin
0aThbKIB HaIlA/IKaM ITiJ1 4Yac YTBOPEHHS raMeT.

Jlocimi/pKeHHsT TEHETUYHO MependaueHuX aroHicTiB
TJIFOKO303QJIC)KHUX ~ IHCYTIHOTPOITHUX — HONIMENTHIHUX
peuenropiB (GIPR) mozno po3BuTKy aprepiaibHOI Timep-
TeH3ii mokasano, mo GIPR-omocepenkoBaHi piBHI TIFOKO-
303aJICKHUX IHCYJIIHOTPOITHHUX MOJIMENTH/IB OYIIN CyTTEBO
OB ’s13aHi 3 PiBHEM XOJIECTEPUHY Ta PHU3UKOM IMIEMIYHOT
xBopoOu cepirs. Lle ctamo pesynsraroM He3MimIaHoi piB-
HOBAarw 3B 3Ky MiX Bapiantamu B nokyci GIPR i Bapian-
Tamu B SNRPD2, BCTaHOBIEHOMY JIOKYCI PU3HKY I1IIeMid-
HOi XxBopoOu cepus [48], Toni sik reHeTn4Hi noaimMopdizmu
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SGLT2 [51], NEDDA4L [52, 53], PAPP-A2 [54, 55], uukino-
okcurenasa (LIOI')-2 [56] moxyTh OyTH 3aimydeHi 10 4yT-
JIUBOCTI JIO COJIi Ta PO3BHUTKY apTepiasibHOI TilepTeH3ii.

I'eneTnyHO OXMpIHHS IOB’si3aHE 3 KapaiomeTradoiy-
HUMH QaKTOpaMH, SIK-0T IIIIKeMiYHUH npodinb, apTepiaib-
HUHU THUCK i piBeHb MimimiB. JochiKeHHS MEHIETiBChKOT
paHIoMi3alii moKa3aid, U0 MigBUIICHIHA PiBEHb IHCYIIHY
Ta TIIOKO3HM HATIIECeple, a TaKOX MiJBUIICHUH piBEHb
DTIKO3MIIBOBAHOTO TeMOIIO0IHY TIOB’sI3aHi 3 IiBHIIICHUM
PHU3UKOM PO3BHUTKY apTepiasibHOI TirmepTeHsii.

Pe3ynpTaTy reHeTHYHUX AOCIIIDKEHb J03BOJIMIN BCTa-
HOBHUTH 3B’SI30K MIXK TiIEPTEH3I€I0, 3YMOBJICHOI OXH-
PIHHSIM, Ta HU3KOIO T€HIB, IO OEpyTh yuyacTh y CeKpeuii
i MeTaboui3Mi albIOCTEPOHY, 30KpeMa TIIFOKOKOPTHUKO-
iTHUM penenTopoM, aibrocrepoHcuHrazorw (CYP11B2),
KiHa3010 1 i MyTamisiMu, 1MOB’3aHIMH 3 IJIFOKOKOPTHKOI-
namu. CaMe TIIIOKOKOPTHKOIIM MYyTallii MaroTh 3B’SI30K i3
CXWIBHICTIO /10 rineprensii. llle omauM dakTopom pusnky
OyJ0 BH3HAUCHO HAAMIPHY CTHUMYISIIIO BUPOOICHHS
peHiHy uepe3 nedimur BiTaminy D. Taki 3MiHH Xapak-
TEpHi I JIIoAeH i3 3aiiBoro Baroro. Takok Oys0 BCTaHOB-
JICHO, LIO0 JKMPOBAa TKaHMHA BUPOOIAE KOPTH30J, SKHM,
31 CBOTO OOKY, CTUMYIIOE CEKpeIlil0 peHiHy, THM CaMHM
HAJa04YH ajJbI0CTePOHONOMIOHNI edeKT uepe3 MiHepa-
JIOKOPTHKOINHY AKTHBHICTB, IO TAKOK MOXE 301TBIINTH
PiBEHb iHCYTIHOPE3UCTEHTHICTI, SIKa aKTUBHO BIUIMBAE Ha
OXXHpIHHA ¥ aprepianbHuid THCK [57, 58]. JloBeneHo, mo
B PO3BHUTKY IHCYJTIHOPE3UCTEHTHOCTI NPOBIJHY POJIb BiJi-
rparoTh Onu3bKo 15 reHiB-KaHANAATIB, BKIIOYHO 3 TEHAMH,
o OepyTh Y9acTh Yy PETYINAIIi TITFOKO30MIMIIHOTO OOMIHY
(myTamii B cyoerpari penenropa incyniny (IRS), mikoren-
CHHTAa3H, TOPMOHOYYTIIMBO] JIiNasu, B3-aJpeHopenenTopis,
JIIONIPOTETHOBOI JTimmasn, paKkTopa HEKPO3y MyXJIWHH, TUC-
KpuMiHanitHoTO OiNKa) [57, 59, 60].

[HTerparis TpagumiiHUX CepIeBO-CYIMHHUX (haKTOPiB
PH3UKY 3 TeHeTHYHHMH, COLiaJIbHO-€KOHOMIYHUMH, TTOBE-
JIHKOBUMH ¥ EKOJIOTIYHMMH YMHHUKAMHU MOXKE CIIPHSTH
PO3pOO01Ii TOYHUX MOJEJIeH MPOrHO3YBaHHS PUUKY Ta Iep-
COHAJTI30BaHMX MiJXO/IB /10 JIKyBaHHS IAIliEHTIB 13 rinep-
TEH3I€I0.

BucHoBKM

OTXe, pO3BUTOK apTepiaibHOI TiMEepPTEH3il 3aleXKHUTh
Big Oarathox (akTopiB, HABKOJIHMIIHBOTO CEPEIOBHUIINA
Ta reHeTHYHUX 3MiH. CIOCIO JKUTTS, OKHpPIHHS, MeTa-
OOJIiYHI MOPYIIeHHs, AUCIIMIAEMis, KypiHHS Ta HHU3bKa
¢i3M4YHa aKTHBHICTh € (haKTOpaMH PHU3HKY, IO MPU3BO-
JIITh IO aTepPOTCHHUX MOPYIICHb i PO3BUTKY apTepiaib-
HOI rineptensii. OJHaK TeHETHYHA CXUIBHICTh € KITFUYO-
BUM YHUHHUKOM PH3UKY BHHHKHEHHS Ta MPOrPECYBaHHS
rineprensii. Jlo reHeTHYHUX (QaKTOpiB, 0 BIUINBAIOTH Ha
PETyJISILIi0 apTepiaibHOrO THCKY, HAaJeKaTh CHaJKOBICTh,
MyTallil, YAHHAKH, SKi BU3HAYAIOTh (DEHOTHII, a TaKOXK
enireHeTH4HI MexaHi3Mu. Cepell HAUTOJOBHIIINX € TEHH,
SIKi TIOB’SI3aHI 3 PEHIH-aHTi0TEH3WH-aJIbI0CTEPOHOBOIO
cucreMoro (anrioren3uH II, peHiH, aHT1OTEH3UHIIEPETBO-
PIOBIBHUH (hepMEHT, allbJJOCTEPOHTA iH.), TEHH, SIKi BiJl-
MOBIIal0Th 33 BOAHO-COJIBOBUI OajaHcC, Ta Ti, 110 KOHTP-
OJIIOIOTh TOHYC CYAMH (€IOKCieHKO3aTpieHOBa KHCJIOTa
i 20-TimpoKcieKko3aTeTpacHOBa KHCIOTa, TOILIO), T'CHH,
SIKI PETYJIIOIOTh OXKUPIHHS (PEHIH, aJIbJJOCTEPOH, TIIOKO-
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KOPTHKOITHUI PEIenTop, albI0CTePOHCHHTA3a, KiHa3a 1
Ta TIIIOKOKOPTUKOIIN).

Meronu mnepconamizamii JIKyBaHHS Ta Opi€HTAIl
Ha TOTpPeOM KOXXHOTO IMali€HTa CTOCYIOTHCSI BJIOCKOHA-
JICHHSI IHCTPYMEHTIB cTparudikamii pu3nKy Ta OLIHKH
TEHETHYHOI CXWJIBHOCTI. 3aX0[¥ MO0 MOKPAIIEeHHs CIO-
co0y KUTTS nependayaroTh 3J0pOBE XapuyBaHHS, KOHTP-
ONb Bard, (i3UUHY aKTHBHICTH i KOHTPOIb PIBHS JIITiIIB
y KpoBi. X04a CTaTWHH 3aJIMIIAIOTHCS OCHOBHUMH IIpera-
paraMu AU 3HW)KEHHS PiBHA JIMIAIB, CHOTOAHI JOCTYIHI
i iHII BapiaHTH JIKyBaHHS, SIKI MOXYTh OyTH mimiOpaHi
IHAMBITyaabHO 3aJCKHO Bix moTped marienrta. Ilorryku
HOBUX €()eKTHBHHX METOMIB JIIKYBaHHs TPUBAaKOTh. Tpa-
JUITAHI TAXOMU 0 MaJHX MOJEKYJ TaKOX 3a3HaJld 3Ha-
YHHUX YIOCKOHAJICHB, 1 0 HUX MPHETHATUCS O10JIOTIUHI Ta
PHK-ninboBi arentu. [HHOBAIIIHHI cTparerii TapreTyBaHHs
MiABUIIN €(DEKTUBHICTD 1 3HAYHO MMOKPAIIMIN MEPEHO-
CHUMICTB JeSIKHX 13 IMX HOBUX BTPy4aHb. MaiOyTHI JOCITi-
JOKEHHSI MAarOTh OyTH 30CEpe/PKeHI Ha 3’SICYBaHHI CIISIU-
(hiYHUX TEHEeTHYHUX 3MiH, TIOB’S3aHUX i3 TINEPTEH3I€I0,
i po3po0mi MiTbOBOI Tepamil sl BiIHOBICHHS CYIUHHOI
(yHKIIi Ta 3HIWKEHHS apTePiaTbHOTO THCKY.

KondutikT iHTepeciB. ABTOpH 3asBJISIFOTH MPO BiACYT-
HICTh KOH(IIKTY IHTEpECIB i1 4ac MiArOTOBKH i€l CTATTI.
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