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Pospin 1. IIpupogHuyi HayKy B MeOVILIVIHL
Section 1. Natural sciences in medicine
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Cy4acHi MeTOM [IarHOCTUKY Ta JIIKYBaHHA B

YPreHTHIN XIPYPril AUTAYOIO BiKYy AK pe3y/nIbTaT
PO3BUTKY IPUPOSHMYMX TA TEXHIYHMX HAYK

Apcen Cmeyxebuy’
@: g4ntsy@gmail.com
€Eaena Pepenuyx’

: 0000-0002-1928-6489 @: ferenchuck.elena@bsmu.edu.ua

'KHII Kopocmencvka yenmpaavua micoka rikapusa, Kopocmeno
’bykoBuncokuil deprcaBrui meduunuil yHiBepcumem, Yepnibyi

AHoTauif

C8im mMedUYUHU CMPIMKO 3MIHIOEMbCS Ni0 8N/IUBOM CyYdCHUX HAYKOBUX MeH-
deHuitl. Ycnixu 8 po3gumky NpupoOHUYUX | MEXHIYHUX HAYK NOCNPUS/IU PO3UWUPEHHIO
diazHocMu4HUX Moucaugocmell ma 800CKOHA/IEHHIO Memo0ig 00C/1i0ieHHA md /iKy-
' BdHHS 8 Pi3HUX MEOUYHUX 2d/ay35X. 3d OCMAHHI 0ecamupiyys npazHeHHs 00 NOEOHAH-
/1anapockonia; HS HayKosuUX 8i0Kpummis, nepedosux 3HAHb i3 06/1acmeli NPUPOAHUYUX | MEXHIYHUX
MOpakoCKonis. HayKk ma meodu4yHUXx nompeb npussesno 00 CMpiMKoz0 hpozpecy 8 MeOUYHIl npakmuyi,
Xipyp2iuHUX mexHikax, mexHoA02iax i Npomokoaax 002120y 3d hauieHmamu. Xipypzisa
dumMAY020 8iKy, AK 00HA 3 HAUMO/I00WUX Md HAlCKAAOHIWUX 2day3eli MeOUUUHU, pO3-
BUHY/1ACA Mda 00CA2dE ycnixig 3a80SKU BNPOBAOWEHHIO HOBUX BUCOKOMEXHO/02IYHUX
diazHocmu4HUX ma xipypziyuHux memodis.

Y cmammi 30cepeduceHo y8azy Ha OKpeMuXx iCmopu4HUX dcnekmax po3gumky
Cy4dCHUX Hanpsamie dumsuyol Xipypaii, 00csa2HeHHAX md nepcnekmuasdx iHHO8auliHUX
memodis diazHOCMUKU Mma NiKy8aHHA — miHiiHeasusHil xipypeii, MazHimHO-pe3oHAHC-
Hili ma komn’tomepHili momozpadil, imepcusHUX MEXHO/102iAX.

KniouoBi cnoBa:
yp2eHmHa xipypeis
o0umAY020 BiKY;
MiHIiH8A3UBHA Xipypais;

LutyBaTtu aK:

Cmeukesu4 A, PepeH4yK €. CyuyacHi memoOou diaeHOCMUKU ma siKy8aHHA 8 ypaeHmHil xipypaii dumsa4oeo
8iKYy AK pe3yanbmam po38umky npupoOHUYUX Ma MexHiYHUX HayK. [pupodHuYi, Mamemamu4Hi HayKu ma
oceima 8 meduyuHi 1(2) 2025 6-15.
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Modern methods of diagnostic and treatment in
emergency pediatric surgery as a result of the develop-
ment of natural and technical sciences

Arsen Stetskevych’
@: g4ntsy@gmail.com
Yelena Ferenchuk?

: 0000-0002-1928-6489 @: ferenchuck.elena@bsmu.edu.ua

Keywords:

emergency pediatric surgery;
minimally invasive surgery;
laparoscopy;

thoracoscopy.

ICNE Korosten Central City Hospital, Korosten, Ukraine
’Bukovinian State Medical University, Chernivtsi, Ukraine

Abstract

The world of medicine is changing under the influence of modern scientific trends
rapidly. The successful development of natural and technical sciences contributed to
the expansion of diagnostic systems and the improvement of research and treatment
methods in various medical fields. The intention to integrate scientific discovery, ad-
vanced technology, and medical needs has caused progress in medical practice, surgi-
cal techniques, technologies, and patient care protocols over the past decade. Pedi-
atric surgery, as one of the youngest and most complex branches of medicine, has
developed and achieved success due to new high-tech diagnostic and surgical meth-
ods.

The paper is focused on some historical aspects of the development of modern
areas of pediatric surgery, achievements, and prospects of innovative methods of di-
agnosis and treatment - minimally invasive surgery, computed tomography and mag-
netic resonance imaging, immersive technologies.
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[. MaTepiasiu Ta MeTOAU

[1. Pe3ysnibTaTH Ta 06Ir0BOpPEHHS

[II. BucHoBKHU

Cnucok BUKOPHCTAHHUX ZKEpeJl

Contents
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[TepeAik CKOpOYEHB:

MIX - maaoiHBa3uUBHa Xipypris

FDA - Food and Drug Administration

NOTES - natural orifice translumenal endoscopic surgery
SILS - single incision laparoscopic surgery

Beryn
Xipyprig OAUTSY0rO

BiKy — oHa 3 HaM- PI3HUX BIKOBUX I'PYIl 3pOCTaE LIOPIYHO 3aB-

MOAOMIIINX TaAy3ed MEAUIIMHHM i BOAHOYAC [AIKH BIIPOBA/?KEHHIO Cy4aCHUX BHCOKOTEX-
onHa i3 HaMckKaagHIMINX. EQEKTHUBHICTP HOAOTIYHUX AiarHOCTHUYHUX Ta XipyprivHUX
[iaTHOCTHUKU Ta AIKyBaHHSI XBOpPoO y miTe#l MaHIIyAdIiii, aki 6yau 6 HEMOXKAUBUMU 6e3
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IIPOBENEHHA HAYKOBUX [OCAIIZKEHBb, €KC-
IIEPTHU3, CTBOPEHHS HOBUX MIAXOOIB y Aia-
THOCTHIII Ta AIKyBaHHI, BOAOCKOHAA€HHS Xi-
PYPriYHUX T€XHIK. AKTHBHE BIIPOBA?K€HHI
TEXHOAOTIM y MeaudyHy cdepy AOKOPIHHO
3MIHHUAO HaNOpPSIMKH MOIaTHOCTUKU Ta AlKy-
BaHHYI XBOPHUX, 1 B Cy4acHIM HaAyKOBIH Ai-
TepaTypi € 6araTo maHUX IIPO YCIIXH PO3-
BUTKY OUTHY0I XIpyprii Ta IepCHIEeKTHUBU
IHHOBAIIMHUX XipypriyHuUX MetoAiB [1, 2].

PeBoAIOIIiIfiHI OOCSATHEHHS KOMII'IOTEP-
HUX TEXHOAOTIM [J03BOASIIOTH CTBOPIOBATU
BHCOKOIH(POPMATUBHI OiaTrHOCTUYHI METO-
OUKU 1 IIPUHIIUIIOBO 3MiHIOIOTH Ta BIOCKO-

I. Marepianm Ta MeTOOM

HaAIOIOTh XipypridHi MEeTOOM, IMIPOIIOHYIOYH
BHCOKOTEXHOAOTIYHI MiHIMaAbHO 1HBa3WBHI
aApTepHATUBU TPAUILIINHUM BIAKPUTHUM
ornepartigM. Lle ocoOAMBO BazKAWBO AL HIAITi-
€HTIB BiAiAy XIpyprii AUTSYOr0 BiKy 3aBOs-
KU 3MEHIIIEHHIO TPpaBMaTHU3My, MiHIMaAbHIHN
KiABKOCTI pyOIliB, KOPOTIIIUM TepPMiHaM IIe-
pebyBaHHS B AiKapHi ¥ IIBUAIIOMY IIOBEP-
HEHHIO [iTe#l 10 aKTUBHOTO CIIOCO0Y KUTTH.

MeTa poOOTH — MPOBECTH aHaAI3 i
CHCTEMAaTHU3AIlil0 HAyYKOBUX [OKEPEA Al-
TEpaTypH MIOAO0 CYy4YaCHHUX HAaIpsSMiB Xi-
pyprii AuTga490oro BIKy i BIAWUBOM pPO3-
BUTKY [OPHUPOJHUYHUX Ta TEXHIYHUX HaYK.

[Ast orasily BUKOPUCTAHO [aHi 3HaykoMeTpuuyHuX 0a3 PubMed, ScienceDirect, Web of
Science, Google Scholar To1o Ta IpoBeneHO aHaAI3 HAYKOBUX ITIIPYYHHUKIB i MOHOrpadii.
MeToamn mocaimzkeHHsa — iH(opMaIifHO-aHAAITUYHUN Ta MOPIBHIABHUN KOHTEHT-aHaAi3.
[Ipu BigOopi mpails i3 mocaiazKyBaHOI IpobAeMaTHKU OOMpasM HAWHOBILIL (3a OCTaHHI S

POKiB) Ta iCTOPUYHO BasKAUBI IMyOAiKarlii.

II. PesynpTaTit Ta 0OrOBOpeHHs

MIX guts4doro BiKy, 9K BasKAUBUH Ta
DOaraToobingroyuil HaupaM, Oepe II0YaTOK
i3 3araabHOI Ta TIHEKOAOTIYHOI Xipyprii mo-
pocaux [3]. Cyuacna MIX 3amoyaTkoBaHa y
HimewyuywnHi Ta 3000B’s13aHa CBOEIO IIOSIBOIO
IITKOAlL XipypriB, SIKy O4YOAIOBAB TiHEKOAOT
Kurt Semm. Came Tomi 6yAanm cTBOpeHi He-
o0ximHi 6a30Bi iHCTPyMEHTH: iHCYAB(DAS-
TOP Ta €AeKTPOKOaryAsaTopHu, a y 1983 porii
AlKap OIHcCaB MeETOH XipypridyHOi NeAbBi-
ckomii Ta Halbip IHCTPYMEHTIB, AKWUH MO03-
BOAMB BUKOHYBaTH KAAQCH4YHi OIlepaTUBHi
nii mig gac nepmioi MIX-anengekromii [4].

[cropuunuit  ¢akT HOiATBEpPAXKEHHS
BaroMoro BHECKY YKPaiHCBKUX BYEHUX ¥
po3BuTok MIX HaBeneHo y kHU3i «EHmO-
CKOIliYHa Xipypriga y gitei» [S]: 3ramaHo
poboty M.A. Kymr Ta A.[. Tumduerko 1969
POKy, omyOAiKOoBaHy B KypHaai «BicHUK
xXipyprii imeHi [.I. 'pekoBa» [6]. Lle mepiaa
HayKoBa IIpallgd IIPO 3aCTOCYyBaHHS Aalla-
pockorii y 106 gite#t 3 pi3HOMaHITHUMHU
3aXBOPIOBAHHSIMH OpPraHiB YepeBHOI II0-
POXKHUHU Ta 3a04YE€PEBUHHOIO IIPOCTOPY.
ABTOpPH NE€PECBIAYUANCH, IO I METOOU-

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

Ka Ma€ 3HayHi AiarHOCTUYHI MOIKAHMBOCTI,
a AaIIapOoCKOIlis, SIK 3aBepIIaAbHUHR eTarl y
KAIHIYHOMY OOCTEXKeHHi XBOPHUX 3 HE3PO3y-
MIAMM [OiarHO30M, Ja€ XOPOUIi pe3yAbTaTH
¥ MOXKe YCIIIITHO BHKOPHCTOBYBATHUCH, SIK
OOUH i3 MOCTOBIPHUX METOIIB OOCTE>KEHHS.

Yxe B 1970 poui Tumuenko A./. 3axu-
CTUB KaHOUMATCBHKY AUCEPTAllil0 Ha TeMy
«/\aTlapockorIlia B [OiarHOCTHUIIL 3aXBOPIO-
BaHb OpPraHiB YepeBHOI MOPOXKHUHU Ta 3a-
OYEpPEBUHHOTO IPOCTOPY y AiTeir. Y 1973
poOLli, KOAM METOJ AallapocKorii OyB Bimo-
MHH He KOXKHiM XipypridyHiil croiAbHOTI €B-
porr, B YKpaiHi Oyao BumaHo MoHorpadiro
«\amapockorisa y gitet» [7], 9Kka cTasa oc-
HOBOIO Al XipypriB 0OaraTboX IIOKOAIHb.
[Iporo X pPOKy, OIIyOAIKyBaBIIIHM CTaTTIO B
«Journal of Pediatric Surgery» [8], amepu-
KaHCBKi auTadi xipypru L. Gans Ta G. Bersi
OiATBEPAVAN BaXKAUBICTH AAIapOCKOIIii.

Y 1987 poili BUHUIIIOB HepIIni HOMEP
xKypHaay «Surgical Endoscopy», a uepe3s
pik mpoBeau Ilepiuii BcecBiTHiHT KOHTpec
3 xipypriuHoi eHpmockomii B Bepaini. Tak,
y 1980-Ti poKH, KOAH TEXHOAOTIYHO CTaAa
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MOJKAMBOIO Ilepenada 300paskKeHHd Ha Te-
A€EKpaH, y MENOUIIVMHI 3’IBUBCS HE AUIIE
HOBUM TepMiH «BlOeOAaIlapOCKOIis», a U
MOZKAUBICTb OTASAYy ONIEPAILIHOTO IIOAS
aCHCTEHTaMM Xipypra, II0 [I03BOAHAO 3a-
CTOCYBATH [AS BUKOHAHHS OIepalliy 0iAb-
1ie, HiXK OAHY Iapy pykK. llpuroaomimnau-
BUM YCHIX «AQIIapOCKOIIIYHOI PEBOAIOILiI»
HaCTYIIHUX POKIB O3HaMEHyBaB 3racaHHd
TPaOUIIHOI BiAKPUTOI XIpyprii Ta CIOHY-
KaB PO3TASIHYTH HOBI IIEPCIIEKTUBU METOY .

Y 2010 porti Oyao Bepiire OIucaHo 10C-
BiZl AaAIapoCKOIIIYHOI Xipyprii 4depe3 onu-
HUYHUH pPO3pi3 MIKIPH IIyIKa HEMOBAST
exnockornom 4 mM 1mig kyrom 30 rpanyciB
i1 TpoakapoM S MM, LIO A03BOASIE IIPHUXO-
BaTHU XipypriyHui nipam. Bxke ugepes pik
MeTo[ HaOyB MOMIYASPHOCTI Ta OOCI € ak-
TyasbHUM. OCHOBHOIO IIpoOAEMOIO OITHCa-
HOTO TOAi MeTomy Oyaa HpoCTOpoBa Opi-
€HTallid I1HCTPYMEHTIB Ta €HOOCKOoIla B
HEBEAHKOMY pPOOOYOMY IIPOCTOpPi, Ky aB-
TOP KOPEryBaB 3a AOIIOMOI0I0 IT0340BXKHBLO
opieHTOBaHOi PobOYOi OCi, Y 3BHUYAUHIN Ky-
TOBIM AamapockoIriuHi¥i KoHdirypartii [9].

3 HO0gBOI0 EAEKTPOHHHX BiIEOCKOIIIB,
HEBEAUKHX IHCTPYMEHTIB Ta iHCYypAITOPIB,
IPUAATHUX 1A aited, MIX mouyasa HaOyBa-
TH IIOUINPEHHS B MNEAIATPUYHIN ITPaAKTHUIIL
¥ ChOroAHi BiAOMO HPO YCIIUIHY MiHilHBa-
3UBHY XIpyprilo IAo4a, MIKpOAAIIapoCKO-
IIif0 HOBOHAPO/KEHHUX Ta poOOTU30BaHY
xipyprito [10]. ITonyagpHiCTb BUKOpPUCTAH-
Hd MIHIIHBa3UBHUX TEXHIK y OUTAYIN Xi-
pyprii BOPOOOBXK OCTaHHIX POKIB TICHO
II0B’d3aHa 31 CTBOPEHHAM TEXHOAOTIYHOIO
obAaIHAHHS Ta BJIOCKOHAA€HHSM IHCTPY-
MEHTIB, PO3POOAECHHX TaKHM YHHOM, II00
CTBOPUTHU 0e3meyHU JOCTYII 40 MaA€HBKOI
aHATOMIYHOI IMOPOXKHUHU MOUTHUHH, 3a0e3-
IIEYUTH MiATPUMKY HAAEKHOTO pPoO0YOro
IIPOCTOPY i MOKAMBOCTEH BHKOHYBaTH OIle-
paiiro 3 Takoi 3k abo BHUIIOIO e(deKTHUB-
HICTIO, K 1 IifIl 9Yac BIAKPUTUX OIlepalliid.

EnnockomniyHa xipyprid — Hanpam MIX,
III0 JO03BOASIE BUKOHYBaTH pPaJUKaAbHi OIle-
paitii 41 iHBa3WBHI A1arHOCTUYHI IPOLEAY-
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pu 6e3 HIHPOKOTO PO3THHY MHOKPHUBIB abo
yepe3 NpUpoaHi disziosoriuHi orBopu. EHA0-
CKOITIYHa Xipyprisd OXOIIAIOE€ aCIIEKTH OoIlepa-
TUBHUX BTPy4YaHb TaKl, 9K IHTEepPBEHIIIMHA
€H/IOCKOIIifl, yAbTPa3BYyKOBa [AiarHOCTHKA Ta
IHIII METOOUKH B OPTOIEii, raCTPOEHTEPO-
AOTii, TpaBMAaToAOTii, TiHEKOAOTii, ypoAOTii,
TOpaKaAbHIi¥ Ta auTadiit xipyprii [11]. Yce
4acTillle MEeTOJ BUKOPUCTOBYETHCS B IUTH-
4ii HeHpoxipyprii: mpoleaypa rnepeadadae
BUKOPHUCTAHHS TOHKOI THYYKOi TPYOKH 3
IIPUKPIIAEHOIO 10 Hei KaMepolo, 110 J03BO-
Ad€ XipypraMm Bi3dyaaidyBaTU Ta OIE€pPyBaTHU
BaXXKOJZIOCTYIIHI MIA9HKHU MO3Ky. EHmOCKO-
[iYHi IpolleypH IIPOIIOHYIOTH PLAL IlepeBar
IOPIBHAHO 3 TPaAULIMHUMU BiAKPUTUMU
omepalrigsMu: 3MEHIIIeHa TpaBMaTHU3allid
HaljieHTa, KOPOTIIHH TepMiH IiepeOyBaH-
HS B AIKapHi Ta 4yac BigHOBAeHHd [12, 13].

Aamapockoris, 9K MeTOo[ MiHIiHBa3UB-
HOI Xipyprii, BUKOPHUCTOBYE TOHKY TPYOKY,
OCHAIIlEHy KaMEpOI0 BUCOKOi YiTKOCTi OAd
Bigyaaizalii xipypridyHoi miagHku. Pos3Bu-
TOK TEXHIKU [I03BOASI€ BHKOPHCTOBYBAaTH
AQIIapPOCKOIIIYHUY MiAXIA HE AWINE OAS [Oi-
arHOCTUKH, a U [AS IIAQHOBUX YU €KCTpe-
HUX OIlepaTHBHUX BTpPy4YaHb Ha oOpraHax
4YepeBHOI IIOPOXKHUHU Ta MaAoro Tasa.

JiarHOCTUYHA AQIapOCKOIIis JO3BOASE
IIPOHUKHYTH B YpaxkeHy HIASHKY, OTASHYTHU
JEeTaAbHO M B3SITH TiCTOAOTIYHY HpoOy ma-
TOAOTIYHO 3MiHEHOI TKaHUHU A Aabopa-
TOPHOTO [OOCAIIKEHHSI, 3aCTOCOBYETBHCH B
CKAQIHHUX BHUIIQIKAaX, KOAH iHIII MeTOOU €
HeOOoCTaTHBO iHOpMaATHUBHUMHU. Aanapo-
CKOIliYHa aleHAEeKTOMid — METOAMKa, dKa
3MiHHMAQ PYTHUHHE XIpypridyHE oOIlepaTHBHE
BTPy4YaHHs (BiIKpHUTa aleHAeKTOMid) y Iie-
niatpii. MeToz cripusie HIBUANIOMY OAy>KaH-
HIO, 3MEHIIIEHHIO ITiCAdOIIepaIliffHoro GOAr0
Ta MEHIIIOMY CHCTEMHOMY CTpPeCcy IIOpiB-
HAHO 3 BIOKPUTOIO XIpypridyHOIO OIepalli-
€10. [lokpaieHa Bi3yaai3allis Ta KOHTPOAD,
dKi 3a0e3IeYyioTh METOAH POOOTOTEXHIKHU
Ta AAIapoCKOIlii, IIPUBOAATE [0 YCIIITHUX
PE3yABTaTIB, OCKIABKH TOYHICTH Ma€ Iep-
IIIOYEeProBe 3HAYEHHH IIifl 4ac AeAiKaTHUX
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rnegiaTpUIHUX onepaui [14, 15].

3 PO3BUTKOM MPUPOAHHUYHX Ta TEX-
HIYHUX HaAyK IIOKpPAlllUANCSI METOOU OdUC-
EeKIIlii TKAHWH Ta BUKOHAHHA d9KIiCHIIIIOTO
reMocTa3y 3a [AOIIOMOIOI0 YABTPa3BYKOBHUX
HOXKHIIb, III0 J03BOASIE KOAryAIOBaTH Cy[AH-
HU 10 S MM y AiaMeTpi; BUKOPUCTOBYBAaTU
AIHIMHI 30IMBaAbHI amapaTH i3 CyAHHHOIO
3IIMBAABHOIO KAaCETON0; HaKAalaTH LUPKY-
ASPHI Ta AlHIMHI aHACTOMO3H 3a JOIIOMOT0I0
3MIMBAaABPHUX arapartiB, BHKOPHCTOBYBaTH
repMeTH3yIodi CyOCTaHIlil Ta reMocTaTHd-
HI MaTepiaam TOIO. AIOMIHECIIEHTHa Aa-
IIapPOCKOITisI M03BOASIE iMEeHTU(IKyBATH Me-
TacCTaTU4Hi ypaKeHHd BHYTPIIIHIX OpraHiB.

[TopiBHSHO 3 KAQCUYHUM BIAKPUTHUM Aa-
IIapOTOMHHM [JOCTYIIOM, AQIapOCKOIIIYHHUH
Ma€ Takl HepeBaru: MiHiIMaabHa TpaBMa-
TH3allis [IapieTaAbHOI O4YE€epEBUHU, MiHIMI-
3amid KOHTaKTy CTOPOHHIX TiA, IHCTPYMEH-
TIiB 13 CaMOI0 paHOIO Ta O4YepeBUHOIO. [lpu
BUKOPHUCTAHHI Cy4aCHHX AQIIapOCKOIIIYHUX
TEXHOAOTIM IPH HaAKAA[EHHI ITHEBMOIIEPHU-
TOHEyMa Big0yBaeTbCs OMHOYACHE 3irpi-
BaHHS 1 3BOAOXKEHHS rasy, IO AolioMarae
YHHUKATH II€PECUXaHHA Ta OXOAOKEHHH
IIapi€TaAbHOI Ta BICIIEPAABHOI OYEPEBHUHMU.

JIoCAIIZKEHHAMH B raay3i IPUPOAHUYINX
HAYK BUBYAIOTLCH MpernapaTH [as 3arrobdi-
raHHsI CIIaMOK IIicAsSl AaIlapoCKOIlii/Aamna-
poromii. Hanpukaan, mpemnapaTu riaaypo-
HOBOI KHMCAOTH MOXKYTBH 3MEHIINUTH PHU3UK
YTBOPEHHS CHAaHOK i 3arobirTe IoTripIleH-
HIO CTaHy BXKe HasgBHHUX CIlaliok. Ha#ibiabIn
BUBYECHHUM AaMEPHKAHCBKOIO  acCOLlialli€lo
FDA piguHHUM areHTOM [OAd 3aro0iraHHdg
CIIaliOK y AaIlapOCKOMiYHi¥ Xipyprii € 4%
PO34YMH 1KOAEKCTPHHA, AKHH IHTpaomepa-
OIHO BUKOPHCTOBYIOTH SK ipHUramiiHy pi-
OVHY, a B KIHIII orlepallii BBOASITH y YEPEBHY
IIOPOKHUHY [OAd CTBOPEHHS edQeKTy Tif-
podaoTaltii ¥ BigAMEXKyBaHHS IeCcepo30Ba-
HUX ITOBEPXOHb, BHACAILJOK YOT'0 JOCATa€Th-
ca edeKT 3HUKEHHS YacTOTH CIIaKOBOI'O
IIpolecy, xoda IIi IIpenapaTtu nepebyBaroTb
Ha eTarax KAIHIYHUX OOCAi/keHb [16, 17].

BBazkarwTb, 1110 O0ATBKOM TOPaKOCKOIIii
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€ Hans-Christian Jacobaeus, akuit y 1910
polli B MEAWYHOMY IIOTUXKHEBUKY MIOHXe-
Ha 0IIyOAiKyBaB pobOTy PO MOKAUBICTE BH-
KOPHUCTaAHHSI [IUCTOCKOIIIl IIPU MOCAIIKEHHI
Cepo3HUX MOopoxkKHUH. ¥ 1950-1960 pokax,
KOAM PO3BUTOK ITPUPOAHUYUX HAYK CIIPHU-
B BIIPOBa/?KEHHIO aHTUOIOTHKOTEparii Ty-
OepKyAbO3y, epa ITHEBMOTOPAKCHOI Teparrii
3aBeplIiyBasacsd, 1 Alkapi, 3HalioMmi 3 Tepa-
IIEBTUYHHUM 3aCTOCYBaHHSIM TOPAKOCKOIIii,
IIO4YaAW BUKOPHUCTOBYBATH TEXHIKY OAI Mi-
arHOCTUKH pPi3HUX IIAEBPO-AETE€HEBUX 3a-
xBopoBaHb. Y 1990-x pokax AOCATHEHHS
TEXHIYHUX HayK MOO3BOAMAH TOpPaKaAbHUM
Xipypram 3anpoBanguAn TexHikKy MIX, Bigo-
My K «XipypridHa TOpPaKOCKOIIid», abo «To-
pakaabHa Xipypris 3 BizeoacucreHTOM» [18].

BripomoBx OCTaHHBOTO [OECATHAITTS
TOPAKOCKOIIIYHY XIpypril0 BBazKalOThb Hai-
KpalluM XipyprivyHUM IIiAXOO0M OASI P13HUX
YPreHTHUX CTaHIiB HOBOHAPO/KEHUX 1 He-
MOBASIT IIOPiBHSIHO 3i CTAHAAPTHOIO TOPaAKO-
ToMi€r. TopakocKoIIisa IToKas3ye yCIIIHI pe-
3yABTATHU IIPU pPe3eKlii aereHpb, Oiorcii abo
PE3€eKIlli IIyXAWUH CEepPEeAOCTIHHS, KOPEKIIii
niadpparMasbHUX TPHUXK, AIKyBaHHS [e-
CTPYKTHUBHHX ITHEBMOHIN ToIo. HoBi me-
TOOM, MOOYAOBaHI Ha 3aCTOCYBaHHI OIITOE-
AEKTPOHHUX IIPUAALIB, a TAKOXK OCy4YaCHEHI
HabOpu HEOOXimHUX IHCTPYMEHTIB, H03BO-
ASIFOTh BIOCKOHAAIOBATH TEXHIKY OiABIIO-
CTl AaIapoOCKOMIYHHUX, TOPAKOCKOIIIYHUX
Ta EHOOCKOIIIYHUX oIlepaliii, 00’€KTUBHO
OL[IHIOBATH IIOKa3aHHS Ta IIPOTHUIIOKA3aH-
HsI, IIPOBOAMTHU JETaAbHI Ilepeaoliepartiii-
Hi OOCTEXXEeHHS Ta CIIPUSIOTH PO3POOIIi IIe
MEHIII 1HBA3WBHHUX IIPOLEAYP MOAS MdiTeH,
TaKNX 49K €HOCKOIIIYHa XIpyprigd d4epes

OPUPOOHI OTBOpHU (TpaHracrpasb-
HO/BariHaAbHO, NOTES) Ta  Xi-
pypris omHoro po3pizy (SILS) [19].

OmHuM i3 HAUOIABII Bpazkaro4duX iHHO-
BaliHuX gocarHeHb MIX € inTerpamiga po-
bororexHiku [20-22]. ¥ 1985 powi gaa AiKy-
BaHH4 IMallieHTa OyAO BIIepIlie BUKOPHUCTAHO
pobora PUMA200, y 1990-x pokax BueHi
PO3poOHAM KOHIIEMIlif0 poboTa i3 mucTaH-
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LIMHUMU MaHINIyASTOPaMH, SKUMU KepyBaB
AiRap-xipypr. CboroaHi B4AOCKOHaAeHi pobo-
THU30BaH1 XipypridyHi CUCTEMH B [EAIKATHIHN
raAysi AuTga4oi Xipyprii HaaoTh HiABUIIEHY
TOYHICTH Ta KOHTPOAB: MAHIIIyAdIlil IHCTPY-
MEHTaMHU 3O1MCHIOIOTh Yepe3 HEBEAUKI PO3-
pi3u, 110 MO3BOASIE TIPH HAABHOCTI CTabiAb-
HOI'O iHTEpHeT-3’€MHaHHS Ta BiAMIOBiHOT'O
TEeXHIYHOT0 00AaTHAHHS JUCTAHIIIHTHO BUKO-
HyBaTH CKAQ[HI IPOLEAYPH 3 MIHIMaAbHHU-
MU iHTpaolepaliiHUMHU YCKAQIHEHHIMHU.

[Tepma omepartiis 3a OOIIOMOTOI0 pobo-
TH30BaHoi cuctemu Da Vinci 6yaa nmpoBeme-
Ha B Bprocceai, y 2000 pomi. g poboua xi-
pypriuHa naatdgopma € HaHIOIIMPEHIIIo0
CBOT'O/IHi, OCKIABKM [1a€ 3MOT'y BUKOHYBAaTHU
XipypriyHi BTpy4YaHHsd, OepeOyBarodu Ha
3HA4YHIN BIACTAaHI Bif OoIlepalifHOro CTOAa
3a CIIeliaAbHOI0 KOHCOAAIO, IKa ITOBHOILIH-
HO IIOBTOPIOE PyXU Xipypra, Bimobpazkarouu
ix Ha iHCTpyMeHTapii. OCHOBHE IPU3HAYEH-
Hd pobOT-aCUCTOBAHUX OIepalliii — TOYHICTh
BUKOHAHHSI CKPYIIyABO3HUX OIepalitHux
MaHINyAdIifl, 0COOAMBO B KapAioXipyprii,
reraToOiAiapHil Xipyprii, Xipypril miamayH-
KOBOI 3aA03W Ta XIpyprii AUTSYOrO BIiKY.

IlepeBaramu € 3D-mpocTip, AErKIiCTh
JOCTYIy OO BasKKOMAOCTYIHUX MiCIllb, €pro-
HOMIiYHa I[IO3HUIlid, TOYHICTh PYyXiB 3a AOIIO-
MOIrOI0 OOepTaHHS IHCTPYMEHTIB y IIECTH
HanpaMKax. PoOoTu3oBaHUU ITiaXiy Meau-
I[IMHI, 3BasKaro4Yy Ha ITOCTIHHHUH TEeXHOAOTIY-
HUH IIporpec, Ma€e BEANMYE3Hi IIePCIIEKTUBU
[ASI CTBOPEHHSI PEBOAIOILII B raAy3i Xipyprii,
X04a Mae€ i CBOI HeZloAikH, nepeadadae po3-
POOKY HOBHUX IAATQOPM i TEXHOAOTIH, mpo-
BEAEHHA PAHOOMI30BaHUX KAIHIYHUX OCAI-
[3K€Hb 3aCTOCYBaHHHA POOOTOTEXHIKH, IO 3
4acoM ZI03BOAUTH 3AiMCHUTHU IIINPOKE BIIPO-
Ba/KEHHA TexXHoAoTii. IloemHanHa IIiaBH-
IIEHOI TOYHOCTI, 3HUKEHOI iIHBa3UBHOCTI Ta
IIOTEHIIiaAy HIBHAIIOTO OAYXKAaHHSI IiJKpec-
AIO€ TpaHcOPMAIIHHUN MOOTeHIliaa pPobo-
TOTEXHIKHU Yy 3MiHi MaliOyTHHOTO MEIHUIIUHU
JAS MaA€HBKUX mallieHTtiB. [lompu Taki o0-
MEXKEHHS, IK BapTICTh Ta PO3MipH 1HCTPY-
MEHTIB, IepeBaru 3 IIOTASAY IIOKpallleHoi
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XipypridyHoi TOYHOCTI, MiHiMmizalii TpaBM 1
KOPOTIIIOTO Yacy BiTHOBAEHHS, MiTKPECAIO-
IOTh IIEPCIEKTUBY IIi€l raaysi MeOUIIUHU.

Cy4dacHiI MegW4YH1 OOCAIIZKEHHSI CKAQI-
Hi Ta HEMOXKAUBI 06€3 3aCTOCyBaHHS 00YHC-
AIOBaABHOI TE€XHIKH. BaskAUBUMHU € po3po0-
KU MIHIaTIOPHUX ABUTYHIB OAS Pi3aABHOTO
IHCTPYMEHTY (30BHIIIHINA aiaMeTrp Iiiali ~2
MM) OAS MiHiiHBa3UBHUX HOpPoOLENyp — Bia-
IOBLOHO OO0 TEHAEHINI MiHiaTOpu3allii B
raay3i MeQUYHHUX IPUCTPOIB, OCOOAMBO IAS
BUKOPUCTAHHS B XIpyprii AUTIYOTO BIiKY,
aKe MiHiaTIopHu3alliss 6araTopyHKI[iIOHAAb-
HUX IHCTPYMEHTIB € KAIOUYEM OO0 PO3BUTKY
MEHIII iHBAa3WBHUX MEAWYHHUX BTpPYy4aHb.

[Bi HalBasKAUBIIII TEXHOAOTII Bi3yaai-
3amii [23], gki 3’aBHUANCA B Xipyprii gurda-
4YOoro BIKy 3aBASKH PO3BUTKY TEXHIKH Ta
KOMIT'FOTEPHUX HaYK i CyTTEBO BIAMHYAU Ha
TOYHICTH OoIlepaliii — MAarHITHO-PE30HAaHC-
Ha ToMorpadid i KoM ’roTepHa Tomorpadis.

MarxiTHO-pe3oHaHCHa ToMorpadis 3a-
Oes3reuye sKicHe 300pazkeHHsS M’SKUX TKa-
HUH i opraHiB 63 BUKOPHUCTAHHS 10Hi3yIO-
4OI'o BUIIPOMiHIOBaHHS, 110 3HHUIKYE PHU3HUK
[AS OiTel, TOMYy € Ba2KAUBHM 1HCTPYMEHTOM
OAsSl OI1arHOCTHUKH Ta MOHITOPHUHIY PIi3HHUX
neqiaTpUYHUX 3aXBOPIOBaHb, 30KpeMa B
HeMpoxipyprii. KommtorepHa TomMmorpadis
BUKOPUCTOBYE PEHTIE€HIBCBKI IIPOMEHI Ta
KOMIT'FOTE€PHI TEXHOAOTII OASI CTBOPEHHS Ie-
TaABHHUX 300pazkeHb BHYTPIMIHIX CTPYKTYP
Tiaa, 3a0e3reuye IpyHTOBHIIIIE YSIBACHHS ITPO
KICTKU Ta BHYTPIIIHI OpraHd i € 0COOAUBO
KOPHUCHOIO [ASI OiarHOCTHUKH AUTSIYHX II0Ai-
TpaBM, [IEPEAOMIB Ta BPOIKEHUX aHOMaAil.
OOugBa MeToOu 3POOHAU PEBOAIOILIO B ra-
Ay31 AUTS40i Xipyprii, Hagao4Yu pPo3MINPEH]
MOZKAMWBOCTI Bi3yaaizallii, JO3BOAUAM BCTa-
HOBUTHU TOYHI AiarHO3M, IIOKPAIIUAHY [TAQHY-
BaHH4 XipypridyHOro BTPy4YaHHSH, 3MEHIIINAU
OUCKOMQOPT MAali€HTIB i IIPUCKOPUAU dYac
IiCASOIEpPAaIliMHOTO BIAHOBA€HHS  IiTEH.

[llupoke BHUKOPUCTAHHA TEXHOAOTIM
BIpTyaAbHOI Ta pO3IIUPEHOI (ZOIOBHE-
HOi) peaAbHOCTi y Pi3HOMaHITHUX cdepax
TOPKHYAOCH 1 MenAn4HOi. Pe3yapTaTy aHaai-
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3y HAYKOBUX [OCAIKeHb [24, 25| cBiguaTh
IIPO aKTHBHE BUKOPHUCTAHHS IMEPCHUBHHUX
TEXHOAOTIN y XIpyprii mad mepemonepartii-
HOT'O TIAQHYBaHHS, IIOAIMIIIEHHI pe3yAbTa-
TIB OIlepaTUBHUX BTpPy4YaHb, Bi3yaaizarrii
MeIUYHUX 300pakeHb, IIOSCHEHHS Ta pPO-
3yMiHHSI CKAQIHUX MEOWYHHX KOHIIETIIIiH.

ImepcuBHI TexXHOAOTII gomoMararmThb
crBOoproBatTu 3D-BipTyasbHI MoOZeAl 31 CKa-
HOBAHUX MEIWYHHUX 300pazKeHb IIalli€HTa,
3 METOIO IIiIBUIIEHHS SKOCTI HaJaHHS Me-
OUYHOI JOIIOMOTH IMAlliEHTy B PEXUMI pe-
aApHOTO 4acy BigyaaizdyBatu 3D-muHaMiky
OpraHiB JA9d BHUCOKOI TOYHOCTI IPOBENEHHI
XipypriyHoi omepamnii Ta 3HUKEHHA DPHU3U-
KiB YCKAQIHEHb. 3aCTOCYBaHHS Y KAIHIYHIN
IIPaKTHUIII TEXHOAOTIH PO3MINPEHOi peasbHO-
CTi HaJae OOAATKOBY iH(opMallifo AiKapio
i 9ac IHTepBEHLINHUX OpPOoLeayp, AOIIOB-
HIOE XIpPypril0 BipTyaAbHUM HaKAaIaHHAM
Bi3yaAi30BaHUX pPE3yAbTATIB TaKUxX obcTe-
JKEHb, K TpakTorpadis abo auriorpadis ta
VABTPa3BYKOBE HOCAiIKeHHsI. MoneatoBaH-
HSI 3 32CTOCYBaHHSIM iMEPCUBHUX TEXHOAOTIN
BaxXAMBE IIPpU BiJIIpalfoBaHHI CKAaIHUX
IIPOLIEAYP, HaIpHUKAa, IIPOBEIEHHI Hep-
BOBO-CYJUHHOI'O XipypriyHOro BTpPY4YaHHS.

3aBOgKHU PO3BUTKY iHQoOpMallitHuxX
TEXHOAOTIH 1 cydacHUX KOMYHiKalli# indop-
MaTu3allid cTasa YacTUHOIO IIPOIIECY TeX-
HOAOTIYHOT'O OHOBA€HHSI MEIUIIUHU, IO 3Y-
MOBAIOE€ 3pPOCTaHHS 0a3 JaHUX ITAlli€HTIB Ta
YHCAa IPOTPAMHO-TEXHIYHUX 3ac00iB, ITPU-
3Ha4YEHUX OAS aBTOMaTH3allii pi3HUX ITpolie-
CiB CHCTEMH OXOPOHU 340poB’d. I[HHOBaIiH-
HI XIpypridyHi METOAU AIKyBaHHS Ta AE€TAaAbHI
BUBYEHHS MeTaO0OAIYHHUX 0COOAMBOCTEH ITpU

I1I. BucHOBKM

Y mura4iit Xipyprii, 9K i MegUIIHHI 3a-
raaoM, IIOIepeny Iie OaraTo HOBUX BH-
KAUKIB Ta [OOCATHEHb, aA€ OCHOBHUMHU
PYILIiIMU 3HOBY OyAyTH TPH (PaKTOPHU: TEX-
HOAOTIYHi 3MiHU, iHHOBAaIlil ITpodecioHaiB
Ta HOB1 3HAaHHS B raAy3i IpUPOAHUYNX HAYK.

[HTerpailis mnepemoBUX TEXHOAOTIM Ta
3M00yTKiB IIPUPOAHUYNX HAyK i3 Xipyprid-

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

BUHHKHEHHI XBOPOO HE TiABKHU ITOKPAIILYIOTh
SIKICTD XXUTTH IAIli€HTIB, are TaKOxX MaloThb
HOTEHIliaA KapAUHAABHO 3MiHHUTH CIOCI0 Ai-
KyBaHHsI OaraTboxX 3aXBOpPIOBaHb. BemeHHd
€AeKTPOHHHUX 3alliCiB 3 apXiBaMu OaHUX
13 MeAUYHUX [PHUAAIB Ta aBTOMaTH30Ba-
HUX AabopaTopiil M03BOASE HAKOIIMYYBATHU
1 e(peKTUBHO BHUKOPHUCTOBYBAaTH OTPUMAaHY
iH(popMallito Ha BCiX CTaisIX AIKyBaAbHO-
IO IIPOIIECY i € 0COOAMBO IIHHUM A PO3-
BUTKY Ta BJAOCKOHAAE€HHI IMIAXOMIB y AlKy-
BaHHI Halypa3AWBIIIINX MALI€EHTIB — OiTEH.

YpreuTHa Xipypriga 3aBXOM € Hau-
CKAQHIIIOI0, HAaBITh IIOIIPH PO3BUTOK Mia-
THOCTUYHUX OOCAiIKeHb. EKCTpeHicTh cHu-
Tyalliii BHUMAara€e TE€PMIHOBOTO HPUHHATTS
BIANIOBIJAABHUX Ta I[IPaBUABHUX PIIIEHD
Ta HEPLAKO 3aA€KUTH Bl CBOE€YACHOCTI. 3a
HEBIAKAQIHOIO XIPYPridHOI [OOIIOMOTOIO
3BEPTAIOTBHCS 3 PI3HUMU IIATOAOTISIMHU (KPO-
BOTE€4Yl y HOBOHAPOIXKEHUX, T'OCTPl XIpyp-
Ti4YHI 3aXBOPIOBaHHS OPTraHIB YE€pPEBHOI IIO-
POKHUHHU, TOCTPUM aleHOUIIUT, KUIIKOBa
HENPOXiAHICTh, IHBariHAIid KHUIIKIBHUKA,
3aKpHUTI TpaBMH OpPraHiB T'PyOHOI KAITKH,
4YepeBHOI IOPOXKHUHU Ta 3a04YE€PEBUHHOIO
IpoCTopy, noaiTrpaBmu). [AiTu pi3HOTO BiKYy
BIAPI3HAIOTHECA BiZl [JOPOCAUX IIAIli€EHTIB
CBOEIO aHaToMi€r, izioAoTi€ero, PO3BUT-
KOM Ta €MOIIiIMHUMHU IToTpedbaMu, TOMy eKC-
TpeHa auTdda Xipyprid nmotpedye ocoOAMBO
TOYHOI OiarHOCTHUKH, a Cy4dacHl MiIxXoau B
AIKyBaHHI [IOTIOMAaralOThb OOMEXKUTHU IIepe-
OyBaHHS B AiKapHi abo ITOBTOPHY rocriTa-
Al3allifo Ta, 3BU4aiHO, JUTSIYy CMEPTHICTB.

HUM [JOCBIIOM [O03BOAIE OOCATaTH YCIIiXiB
y AlaTHOCTHII Ta AlKyBaHHI, rapaHTVIOYH,
110 TAIliEHTH OTPUMYBaTUMyTh HaMKpa-
MUY OOTAS[, aKe HaABa*KAUBHUM 3aBIOaH-
HIM Cyd4YacHOiI Xipyprii AUTS40oro BiKy B
YkpaiHi € mouiyk Ta 3acTOCyBaHHd Haiie-
(PEKTUBHIIINX IIIASIXiB 30€peskeHHd i Bia-
HOBAEHHS 3I0POB’d HAWMEHIIINX ITalli€HTIB.
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The computer modeling study of diaphyseal bone
fracture after internal fixation by titanium and stain-
less steel plates with angular stability screws
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Bukovinian State Medical University, Chernivtsi, Ukraine

Abstract
_ The rate of limb fractures is growing from year to year, so an improved approach
osteosynthesis; is needed to make the treatment quicker, less expensive and more convenient for a
bone plates; patient. The operative treatment with plates can provide these advantages, but still
stainless steel; it requires continuous research to improve techniques, devices and treatment results.
titanium; The biomechanical interaction between a plate, screws and bone fragments is one of
computer modeling the critical factors that affect the stability of a fracture. The variety of fracture types,
plate types and materials that are used for their manufacturing makes it complicated
to predict the mechanical behavior of each component, so it remains not completely
researched until now. The effect of plate material and load was studied by a computer
modeling with a finite element analysis to determine high stress areas and displace-
ment.

The aim of the study. To determine the effect of material, particularly stainless
steel and titanium, on the stress in plate’s body and displacement of bone fragments
under flexion, abduction and rotational loads for plate with angular stability screws.

Materials and methods. The computer modeling with a finite element analysis
was performed in Autodesk Inventor. A model of straight 10-holes plate with angular
stability screws was created. The static stress study was performed for different loads
applied in 9o degree angle to the bone in two planes (simulating flexion and abduc-
tion forces) and rotation along the axis of the bone. The displacement and von Mises
stress were revealed in 3 different areas of the plate: the central part, just above the
fracture, and in the area of two nearest to the center holes. The flexion force applied
ranged from 100 N to 1000 N, the abduction force ranged from 100 N to 500 N and the
rotational force from 1 Nm to 10 Nm. For statistical analysis of the obtained data the
Microsoft Excel 2003 was used.

Results and discussion. The increase of the force caused more intensive stress-
es in the plate body just above the fracture site and in the area of the nearest holes
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to the plate center of the proximal fragment. The stress in stainless steel (SS) plate
was higher than in titanium plate for most of the study cases with some exceptions
for area just above the fracture site. For almost all bending less intensive loads the
stress areas in SS plates were higher than in titanium plate on 10.9 - 47.0 %, with the
exception of the central part of a plate. For the highest bending loads the difference
between plates material ranged from 14.3 % in the central part to 35.3 % in the proxi-
mal part. For most of the abduction load cases the stresses in the SS plate body were
higher except the distal part of the plate when less intensive loads were applied. The
difference for less intensive loads between SS plate and titanium plate was 0.23 - 7.0
%. For the highest loads the difference of stress between plates material ranged from
26.9 % in the proximal part to 45.1 % in the distal part. For rotational forces the stress
areas in SS plates were higher than in titanium plate on 0.47 - 4.3 %, with the larger
difference in proximal fragment. The less displacement of bone fragments was found
for SS plates comparing to titanium plates under bending, abduction and rotational
forces the difference was 5 %, 26.4 % and 79.7 % respectively.

Conclusion. For the most of the loading conditions the less stress areas were
found for titanium material compared with SS. On the other hand the displacement
of bone fragments was higher for titanium plates, particularly under rotation loads.
For the cases when the magnitude of applied loads is increasing and different forces
are combined these differences may become an important factor affecting fracture
healing.

Perspective of further research. As up to now both types of plate materials are
used in clinical practice, the results of the study can be taken into account for planning
orthopedics surgeries when plates are used for fixation, as well as for further research
on this topic.

Komm'toTepHe MopentoBaHHs fiiadizapHOTro mepenomy
IIPY OCTEOCUHTE31 TUTAHOBVIMMU Ta CTAJIEBUMU
ITACTMHAMMU 3 KYTOBOIO CTa0i/IbHICTIO TBUHTIB

Ouexcin [Iyoko
: 0000-0003-1848-5053 @: dudko.oleksii@bsmu.edu.ua

byxoBuncexuti depxabrut meduunuil yHibepcumem, Yepribyi

Kniouosi cnoBsa: AHoTarnis . ) 5
Yacmoma 8UHUKHEHHS hepe/ioMig KiHUIBOK 3 poKY 8 pik nocmiliHo 3pocmde, wo

ocmeocuHmes; ; . il o
) . 8UMdzde 800CKOHA/IEHHA ni0x00i8 00 iX AiKy8dHHSs, w06 3pobumu ueli npouec MeHW
Hakicmkosi nnacmuHu; : ;
HeDKABII0YG CTATb: mpugasauM ma Hedopo2UM, d MaKoxc binbW KOMPOPMHUM 015 nauieHma. Onepamus-
P ¢ He /liKyB8aHHS 3 3dCMOCYBAHHAM NIACMUH Moxce 3abe3neyumu Ui nepesazu, dsie ece
mumae;

W nompebye NocmiliHo20 00C/MIOMEHHA HANPAB/AEHO20 HA BOOCKOHA/IEHHS MEXHIKU
KOMN'tomepHe MOOEJIIOBAHHA.  gukoHaHHs, iMnaaHmamie ma NOKPAWEHHA pe3ysbmamis /NiKysaHHs. BiomexaHiu-
Hi 83dEMOQIT MM N1ACMUHOI, 28UHMAMU Md KiICMKOBUMU PpdzmeHmamu € 0OHUM
i3 KpUMUYHUX pakmopis, Wo 8nauUBarOMb HA cmabinbHicmb nepesnomy. HassHicme
pisHOMaHimmsa munig nepesiomig, 8udig n1dcMuH ma mamepianig, U0 8UKOpPUCMO-
8ytombCs 0415 IX 8UPOBHUUMEA, YCK/IdOHIOHMb MOMC/IUBICMb Nnepebavyumu MexXdHiyHi
83demMo0il, W0 8i06Y8AIOMbLCSA NPU 3dCMOCYBAHHI O0dHUX KOHCMPYKUill i 6azamo ac-
neKmis 3d/UWAOMbC HEOOCMAMHbLO BUBYEHUMU. Bnaus mamepiany 3 K020 8uU20-
Moe/eHd NAACMUHA Md HABAHMAMEHHA BY/1U 00C/IOMERT W/ASXOM KOMN'IOMEPHO20
MOOE/IH0BAHHA 3 3dCMOCYBAHHAM MEMOOUKU CKiIHYeHUX e/eMeHmig 0419 8U3HAYeHHs
Hatibinbw cmpecosux OiINHOK Mda 3MiUjeHHS.
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Mema 0ocnidmceHHs. BusHayumu ensiue mamepiany 3 SK020 8U20mMos/1eHd NAdc-
MUHA 3 KYmo8oto cmabi/ibHiCMIo, 30Kpemd Hepucasiroyoi cmasi ma mumay, Hd 3MiHU
il HanpymweHo-0epopmMOBaHO20 CMaHy ma 3MileHHA ppazmeHmig nepesnomy nio Odieto
NPUK/IdOeH020 32UHA/IbHO20, NPUBIOHO20 Md pomMayiliHO20 HABAHMAMEHHS.

Mamepianu i memoou. Komn’tomepHe M0o0et08dHHA 3 3dCMOCYBAHHAM Memo-
OJuKU CcKiHYeHUX esemeHmis 6ys10 nposedeHo 8 Autodesk Inventor. 3modesbo8aHd
npamd NAdCMuHa 3 Kymogoto cmabisnbHicmio 28uHmis Ha 10 omeopis. JocaiomeHHs
CMAMU4YHO20 HABAHMAXEHHS 6Y/10 NPOBEOEHO 3 NPUKAAOAHHAM 3ycu/b Ni0 Kymom
90° 90 oci KicmKu y 080X N0WUHAX (ULO CUMY/THOE 32UHAHHA md 8i0sedeHHs) md poma-
uiro 83008 OCi KiCMKU. 3MileHHa ma QifHKU nidguweHo20 cmpecy 3a poH Mizecom
BU3HAYA/UCA 8 3 YACMUHAX NAACMURU: YeHmpd/bHd Oi/ISHKA HAO 30HOK nepesomy,
ma QiffHKU HABK0/10 HalibiuxMuux 00 ueHmpy naacmuHu omsopis. Jiand3oH HaedH-
maxceHb 019 32UHAHHSA CK/1adas 8i0 100 H 00 1000 H, 015 8idsedeHHs 8i0 100 H 0o 500
H, a 028 pomayiliHo2o HasaHmaxmceHHs 8i0 1 Nm 0o 10 Nm. CmamucmuyHull aHanis
OMpPUMAHUX pe3y/ibmamis npogoouscs 3 sukopucmanHam Microsoft Excel 2003.

Pesysabmamu ma o06z080opeHHA. [Ipu 36i1bWEHHI HABAHMAMEHHA 8iOMivdnoca
NOCU/IEHHS cmpecy 8 NAdCMUHI HA0 30HOK NepesoMy Md HABKO/O Halbauxyux 00
yeHmpy n/ndacmuHU omeopis, Npu YoMy O/15 HEPHCABIiHOUOT cmasi NOKA3HUKU 6Yy/1u 8U-
wumu, Hixe 018 mumany 0415 binbwocmi pewumie HABAHMAXEHHS, AuULIe 8 NOOOUHO-
KUX 8UNadKkax HAo Qi/NfHKOK nepesnomy cumyauis 6ys1a npomusexcHor. lpu npukaa-
OdHHI 32UHA/ILHO20 HABAHMAMEHHA HU3bKOT IHMEHCUBHOCMI MAKCUMA/IbHI NOKA3HUKU
cmpecy 8 N1aCMUHAX 3 Hepa#asitouoi cmani 6yau sUWUMU HiW Yy mumany Hd 10,9 —
47,0 %, KpiM U4eHmMpd/6HOT YdCMUHU hadcmuHu. a5 6inbw iHMeHCUBHO20 32UHA/IbHO-
20 HABAHMAY(EHHSA BIOMIHHOCMI 8 cmpecosuXx OiAHKAX M mamepianamu cknadanu
8i0 14,3 % 8 ueHMpasbHiIll YacMuHi 00 35,3 % 8 NPOKCUMA/bHIl YacmuHi. B nepesaxcHil
6inbWOCMI pewumie HABAHMAMEHHS Y HANPAMKY NpusedeHHs cmpec 8 NAdCMUHI 3
Hepasitouoi cmani 6ys sUWUM, 3d BUK/IHOYEHHAM OUCMA/bHOT OiISHKU hpu Hege/u-
KUX cusax. Pi3HUUS Miuc NOKA3HUKAMU cmpecy 0415 HABAHMAMEHHAX HU3bKOI iHMeH-
cusHocmi 6yna 0,23 — 7,0 %, d Npu Nid8UUWEHUX HABAHMAMEHHAX Pi3HUUA CMAHO8U/d
8i0 26,9 % 8 npoKcuMabHill YyacmuHi 00 45,1 % 8 ducmabHil. Aas pomauiliHux HagaH-
maxceHb cmpecosi 0iAHKU 8 NIdCMUHAX 3 Hepwdgitouoi cmasi 6y/u sUWUMU Hixc y
MUMAHOBUX NIACMUHAX Ha 0,47 — 4,3 %, NnepesamcHo 8 NPOKCUMA/bHIl dinsiHui. MeHwi
3MiWEHHN KicmKosuX PppazmeHmis 6y1u 8USB/EHI 019 NAACMUH 3 HepXicasitouoi cmani
8 NOPIBHAHHI 3 MUMAHOBUMU NAACMUHAMU i CMAdHo8U/U 8i0N08IOHO 5 %, 26,4 % ma
79,7 % 019 32UHA/bHUX, NPUBiOHUX Md pomauiliHuX HABAHMAMCEHb.

BucHoeku. A1 6inbwocmi pewumie HagaHmMamceHHs HalmeHw cmpecosi Oi-
/IAHKU BY/U 8USBAEHI 8 MUMAHOBUX KOHCMPYKUINX, NOPIBHIOYU 3 HEPMWCABIOYOHD
cmanno. 3 iHWOo20 60Ky, 3MiULeHH KiICmKo8UX pazmeHmis 6y/a0 binblWum 019 mu-
MAHOBUX NAACMUH, 30Kpemd nid Jiero pomauiliHux HaBaHMaeHb. Y s8UNAOKAX KOAU
iHMeHCUBHICMb HABAHMAMEHHA 3POCMAE | NPU KOMBIHOBAHUX HABAHMAMWCEHHSAX, Ui
8iOMIHHOCMI MOMCYMb CMAMU 8d20MUM PAKMOPOM 8N/1UBY HA NPOoUeC 3pOU4EHHN ne-
penomis.

Mepcnexmuegu nodanbwiux docsiomeHb. Ha 0aHul Yac 8 KaiHiyHil npakmuui o6u-
dea 8UOU Mmamepiasia BUKOPUCMOBYHOMbLCSA y NIACMUHAX, MOMy pe3y/ibmdmu 0dHO20
00C/1i0meHHs MouCcyms 6ymu npuliHamumu 00 yedau Npu NAdHY8dHHI onepamusHuX
8MpyYdHb 3 HAKICMKOB8020 0CMEOCUHME3y nepesoMis, d makom cnpusmumyms no-
0anbWuM O0C/iOMCEHHAM 8 OAHOMY HANPAMKY.
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Actuality

In many countries the rate of limb frac-
tures is growing from year to year [1, 2], so
an improved approach is needed to make
the treatment more quick, less expensive
and more convenient for a patient [3]. The
operative treatment with plates can pro-
vide these advantages and is considered
to be one of the main techniques for frac-
ture treatment [4]. There is still a large field
for research according to improvements of
techniques, plates and screws that can af-
fect treatment results, so it requires further
biomechanical, experimental and clinical
studies. The biomechanical interaction be-
tween a plate, screws and bone fragments
is one of the critical factors for the sta-
bility of a fracture [S]. The variety of frac-
ture types, plate types and materials that
are used for their manufacturing makes
it complicated to predict the mechani-
cal behavior of each component, so it re-
mains not completely researched until now.

Computer modeling is one of modern
research methods which are used for dif-
ferent fracture locations. Mischler et al.
used it for simulation of proximal humerus
fracture fixation with two different plates
and various places for screws insertion to

calculate optimal combination for fracture
healing [6]. Epari et al. performed compu-
tational study of distal femoral fractures
after internal fixation with bone plates [7].
Other researchers used computer model-
ing to study biomechanics of tibial osteot-
omies. MacLeod et al. and Schroéter et al.
studied the effect of plate design, bridge
span, types and locations of screws on the
stability of bone fragments fixation [8, 9].
The effect on the stability under static axi-
al loads of plate material and of spaces be-
tween bone fragments of fracture, between
bone and plate was studied by Fouad [10].
But still there is no clear understanding of
the biomechanical interactions after plate
osteosynthesis. The guidelines for practical
application of plates with angular stabili-
ty of screws are very general and only the
clinical experience of a surgeon advises the
proper choice for a particular case. There-
fore we decided to perform a study of the
effect of plate material and of the load on
fracture stability using computer modeling
with a finite element analysis to compare
high stress areas in SS and titanium plates,
as well as displacement of bone fragments.

The aim of the study is to determine the effect of material, particularly stainless steel
and titanium, on the stress in plate’s body and displacement of bone fragments under
flexion, abduction and rotational loads for plate with angular stability screws.

Materials and methods

The computer modeling with a finite
element analysis was performed in Autodesk
Inventor. A model of straight 10-holes plate
with angular stability screws was created
with dimensions 210x30x3 mm and six
AO 5.0 mm screws were modeled with the
threaded connection in the bone and plate
body. The bone was modeled as two hollow
cylinders of 210 mm length and 40 mm
diameter, the wall thickness of 5 mm, which
was representing the cortical layer. The
bone-plate model was meshed into 60009
finite elements (tetrahedrons) (Fig. 1). Two

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

material types were used for plate and
screws — stainless steel 316L and titanium.
The mechanical parameters of bone were
assigned as 57 MPa ultimate strength, 10.2
GPa Yungs modulus, 0.3 Poisson’s ratio.
The linear static stress study was performed
for different loads applied at 90 degree
angle to the bone in two planes, simulating
flexion force (Fig. 1a), abduction force (Fig.
1b) and rotation along the axis of the bone
(Fig. 1c). The displacement and stress were
revealed in 3 different parts of the plate: the
central part, just above the fracture, and in
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Figure 1 — Finite element model of transverse bone fracture fixed with the plate and screws. The loads ap-
plied to the distal face: a) bending; b) abduction; c) rotation

the areas of two nearest to the center holes
proximally and distally (Fig. 2). The flexion
force applied ranged from 100 N to 1000
N, the abduction force from 100 N to 500
N and the rotational force from 1 Nm to 10
Nm. For statistical analysis of the obtained
data the Microsoft Excel 2003 was used.

The model was validated under similar
conditions in biomechanical testing on fresh
sues bones with plate fixation. The contact

surfaces between the plate and the screw
were assigned as bonded, that is represent-
ing the angular stability of a screw relating
to a plate. The contact surfaces between
the plate and bone, and between the bone
fragments were set as full separation with
a friction coefficient of 0.3 and 0.6 respec-
tively. The maximum von Mises stress was
measured in control points, as well as the
bone ends displacement at the fracture site.

Figure 2 — The location of probes for stress detection in proximal part (zone a), central part (zone b), distal
part (zone c), and for detection of distal fragment displacement in distal cortex (zone d)
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Results of the study

The computer modeling of plate osteo-
synthesis was performed for static stress
loads that were applied to the distal end
of one bone segment and the proximal end
of another segment was fixed in all three
planes. That was representing the real-life
conditions for a transverse limb fracture
with two main bone segments, when the
proximal one is attached to the proximal
part of the body and so its movement is
almost completely restricted. Therefore
the distal fragment is considered the one
which is displaced. The applied force was
transferred from one bone segment to an-
other one through the screws in the distal
fragment, than the plate body and than
the screws in another bone fragment. In
this way of the force distribution the dif-
ferent stress areas and strains in each of
the materials were developing. The maxi-
mum stress areas were detected in different
parts of plate above the fracture site. Those
were divided in three zones: first zone be-
tween two the nearest holes to the plate
center (central part), next zones were be-
tween the first and the second holes more
proximally (proximal part) and distally
(distal part) from the plate center (Fig. 2).

The most distal facet of the distal frag-
ment was the place of the main bending
force application with the direction perpen-
dicular to the longitudinal axis of the bone
and to the plane of the plate at the range
from 100 N to 1000 N. For SS plates under
100 N loads the stress was 29.1 MPa, 39.6
MPa and 32.5 MPa in the proximal, central
and distal parts respectively. For titanium
plates these values were lower — in prox-
imal part 19.8 MPa, in central part 41.2
MPa and in distal part 29.3 MPa (Fig. 3).

The stress distribution in plates under
different loads is presented it Table 1. For
most of the load cases the stresses in the
plate body were significantly higher for SS
plates with the exception of central part of
the plate. The maximum stresses that ex-

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

ceeded the ultimate strength of material
were reached at 1000 N, so these condi-
tions should be avoided to prevent implant
failure. For almost all bending less inten-
sive loads the stress areas in SS plates
were higher than in titanium plate on 10.9
- 47.0 %, with the exception of the central
part of a plate. The largest difference was
found in the proximal fragment. For the
highest loads the difference between plates
material ranged from 14.3 % in the cen-
tral part to 35.3 % in the proximal part.

The rotational force was applied to the
most distal facet of the distal fragment
along the longitudinal axis of the bone.
It was ranged from 1 Nm to 10 Nm. The
stresses in SS plates under 1 Nm torque
the stress were 30.5 MPa, 21.0 MPa and
15.9 MPa in the proximal, central and
distal parts respectively. For titanium
plates these values were lower — in prox-
imal part 29.2 MPa, in central part 20.9
MPa and in distal part 15.4 MPa (Fig. 4).

The stress distribution in plates un-
der different torque is presented it Table
2. The rotational forces are usually act-
ing as additional forces with low intensi-
ty. But the negative effect of these forces
on the fracture often leads to the delayed
healing. For all loading conditions the
stress areas in SS plates were higher than
in titanium plate on 0.47 - 4.3 %, with the
larger difference in proximal fragment.

The abduction force was also applied
to the most distal facet of the distal bone
fragment. The direction was perpendicular
to the longitudinal axis of the bone and par-
allel to the plane of the plate. In real-life
conditions it is acting on the limb, as a part
of the complex forces, but its magnitude is
less than of flexion force. So in our study
this force was applied in the range from
100 N to 500 N. The stresses in SS plate
under 100 N load were: in proximal part
60.3 MPa, in central part 43.0 MPa and in
distal part 34.7 MPa. For titanium plates
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Figure 3 — Stress distribution in the plate and displacement of distal bone fragment in SS (a) and tita-
nium (b) plates under bending load 100N

Table 1
The stress distribution in different parts of SS and titanium plates under bending loads
Load Von Mises stress (MPa)
Proximal part Central part Distal part
SS Ti SS Ti SS Ti

100 N 29.1 19.8 39.6 41.2 32.5 29.3
S00 N 109.9 47.2 156.1 82.6 61.8 32.3
1000 N 226.9 167.7 358.7 313.9 329.8 284.4
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Figure 4 — Stress distribution in the plate and displacement of distal bone fragment in SS and titanium

The

plates under rotational torque of 1 Nm

Table 2

stress distribution in different parts of SS and titanium plates under rotational force

Von Mises stress (MPa)

Torque
Proximal part Central part Distal part
SS Ti SS Ti SS Ti
1 Nm 30.5 29.2 21.0 20.9 15.9 15.4
S5 Nm 152.4 146.1 105.2 104.7 79.6 76.8
10 Nm 304.8 292.2 210.3 209.4 159.1 153.6

these values were lower — in proximal part
56.1 MPa, in central part 42.9 MPa and
higher in distal part 35.6 MPa (Fig. 5). The

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

stress distribution in plates under different

adduction loads are presented it Table 3.

For most of the abduction load cases the
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Figure 5 — Stress distribution in the plate and displacement of distal bone fragment in SS and titanium
plates under abduction loads of 100 N

Table 3
The stress distribution in SS and titanium plates under abduction loads
Load Von Mises stress (MPa)
Proximal part Central part Distal part
SS Ti SS Ti SS Ti
100 N 60.3 56.1 43.0 42.9 34.7 35.6
200 N 121.5 112.7 87.9 86.5 71.5 72.1
S00N 284.8 224.4 234.0 184.8 202.2 139.4

stresses in the SS plate body were higher
except the distal part of the plate when less
intensive loads were applied. The difference
for less intensive loads between SS plate

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

and titanium plate was 0.23 - 7.0 %. For
the highest loads the difference between
plates material ranged from 26.9 % in the
proximal part to 45.1 % in the distal part.
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For different applied loads: bending, ab-
duction and rotational forces the displace-
ment was checked in the distal cortex of the
distal bone fragment according to its posi-
tion before the load. The displacement of
bone fragments under bending, abduction
and rotational forces is presented on Fig. 6

with the difference between SS and titani-
Displacement under bending load Displacement

um plates of 5 %, 26.4 % and 79.7 % respec-
tively. Due to the mechanical properties of
SS it provides more rigid fixation and that
was resulted in less displacement of frac-
ture fragments. Though the amount of dis-
placement is not significant for small loads,
for the larger loads it may be the cause of

delayed fracture healing and non-healing.

under abduction load Displacement under rotational force
2,500

12,000 12,00
10,000 / 10,00 2,000 /
8,000 8,00 /' /
/ / 1,500
€ 6,00 / £ s B £ / /
1,000
4,000 4.00 /
/ ——SS / —4—ss —e—ss
2,000 ./ Ti 7 200 'V =T | 0,500 .‘V ~l5
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100 500 1000 100 200 500 1000 ' 5 ‘ 5 ‘ 10
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Figure 6 — Displacement of distal bone fragment under bending, abduction and rotational loads

Discussion

The results of our study show that the
stress for plates made of different materi-
als was not the same. Under the increasing
forces the maximum stress areas were in-
creased in both plates. As the plate materi-
al was the only variable that was changed,
so the differences between the stresses in
the plate body were related with the me-
chanical properties of SS and titanium.
There were several papers that attempted
to study the effect of the plate material on
the fracture biomechanics after internal
fixation. Epari et al., 2021 compared SS
plates with biphasic plates for fixation of
femoral fractures, with a different respond
on applied load. Authors are suggesting bi-
phasic plate concept, as an option that can
increase the implant stability and provide
adequate flexibility at the fracture site [7].
In most of the biomechanical studies the
effect of axial compression load is investi-
gated, as the main load acting during walk-
ing activity. But in some papers additional
load which is acting in other planes is stud-
ied. The Fouad performed a computation-

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

al study in 2011, comparing the effect of
plate material on the stiffness of fracture
fixation. The effect on the high-stress ar-
eas of the torsional load was shown to be
even more significant than compression
load. The application of suggested by him
function-graded plate was able to reduce
shielding effect comparing with the SS or
titanium plates. The presence of a gap be-
tween the bone and plate was also affect-
ing the stability of fracture fixation [10].

At this moment there were two main
materials that are used in clinical practice.
The significant price difference between the
plates made of SS and titanium was de-
creases in recent years due to the advanc-
es in the manufacturing process. So the
plate’s mechanical properties, but not the
price is the predicting factor for choosing
either SS or titanium plate. That makes it
more important to study difference between
these two materials in various clinical set-
tings. For fractures located at the proximal
humerus the studies were performed by
Mischler et al [6] and lower limb fractures
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located at the distal femur the were studied
by Kandemir in 2017 [11], and in the proxi-
mal tibia by MacLeod [8]. Of cause the ana-
tomical peculiarities of fracture site makes
it complicated to investigate the effect of the
material on fracture fixation. Also this effect
may vary significantly for different fracture
types andlocations. But the effect of the plate

Conclusion

For the most of the loading conditions
the less stress areas were found for tita-
nium material compared with SS. On the
other hand the displacement of bone frag-
ments was higher for titanium plates, par-
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KniouoBi cnoBa: AHoTauiA

COVID-19, Y cmammi po32/15Hymo 3acmocy8aHHS XMApPHUX mexHOo/102ili ma memodia ma-
8es1uKi OaHi, WUHHO20 HABYAHHA 0/15 AHAANI3y Md NpO2HO3YBAHHS OUHAMIKU NOWUPEHHS 3dX80-
MAWUHHE HABYAHHS, ptosaHocmi Ha COVID-19 8 YkpadiHi. MpudineHo ysdzy 8UKOpUCMAHHIO cepedosuuyd

Google BigQuery sk iHcmpymeHmy 015 06pobKuU 8e/1UKUX Macusis 8idkpumux eni-
0emion102iuHUX OdHUX, W0 00CMynHi uepes 2106ad16Hi 8iokpumi Habopu OaHux. lpo-
0eMOHCMPOBAHO MOMIUBOCMI NAaM@OopMU W,000 hobydosu udcogux psadis, azpe-
2y8dHHA CMAMUCMUYHUX NOKA3HUKI8, CMBOPEHHS MAWUHHUX modeseli (30Kkpemd
ARIMA), a makox zeHepay,ii NpozHO3i8 y pewcuMi ped/1bHO20 Ydcy 019 NPOZHO3yB8dHHS
nowupeHHs iHpekuid.

Ans aHanisy momusocmi nNpozHO3ysdHHA enidemiosnozivyHoi cumyauii 6yau
BUKOPUCMAHI iHMeHCUBHI NOKA3HUKU 3axeoptosaHocmi (Hanp., pigeHb 3axeoptosd-
HOCMI) Ma eKCMeHCUBHi NOKA3HUKU enidemio/noziuHozo npouecy (Hanp., po3nodin
niomeepoxceHUX 8UNAOKI8 3d pe2ioHamMUu, Ydcmkd peziori8 y 3dzdabHill Kinbkocmi
8unadkie mow,o).

AocnidnwceHHa oxonoe 0dHi 00 24.02.2022 p. 13 064UC/IeHb BUKOPUCMOBY8dauU
/uWe HAYioHA/bHi NOKA3HUKU. Pe3ysemamu KOpomKOCmpoKo8020 NPOZHO3YBAHHS
(30 OHiB) BUSBU/IU BUCOKY y3200MCeHICMb i3 ped/bHUMU OdHUMU, d 3HAYEHHA NPOZHO-
308dHUX 3HAYEHb nepebysaromb 8 Mexcax 008ipyux iHmepaais. Mpu 36inbueHHi mep-
MiHig 00 60 OHi8 6y/10 3dPiKCOBAHO Cymmege 3pOCMAHHNA NOXUBKU, WO 8i0nogidde

XMApHIi 064UC/IeHHS,
NpO2HO3Y8AHHSA,
BigQuery.

LntyBaHHA:

Onap OB, Onap 4. BukopucmaHHA XMapHUx 064ucieHb ma mexHo02ili MawuHHO020 HABYAHHA 018 aHAI-
3y ma npo2Ho3y8aHHA OUHAMIKU 3ax80pr08aHOCMi Ha npukaadi COVID-19 e YkpaiHi. MpupodHu4i, mame-
Mamu4Hi HayKu ma oceima 8 meouyuHi 1(2) 2025 27-36
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3azanbHosidomum obmexceHHsIm ARIMA-modesell 019 00820CMpPOKOBUX NPOZHO3i8.

BiO3HayeHO 0bmexmeHHa 3acmocosaHoz0 nioxody: sidcymHicms y modeni 308-
HiWHIX pezpecopis, aKi MOz/1U 6 iCMOMHO 8n/UBAMU HA MOYHICMb NPoz2HO3y (Memnu
BAKYUHAYil, KAPAHMUHHI 0bMeXeHHs, 3MiHU y cmpamezii mecmyedaHHs, 3aedaHmaxjce-
Hicmb | OCHAweHicmb didzHOCMUYHUX /1d6opdmopili mow,0). 3aNPONOHOBAHO Ha-
NPAMKU 015 N00d/1bUUX 00C/i0MEHb, BK/AIOYHO 3 BUKOPUCMAHHAM CKAAOHIWUX MO-
deneli abo HelipOHHUX Mepex, 30dMHUX 8paxosysamu 000amkosi pakmopu snusy.

AocniomeHHa niomeepoxncye momausicme iHmezpauii Big Data ma xmapHux
ML-iHcmpymeHmig y NpO2HO3y8aHHA NOWUPEHHS iHPeKuil 018 npuliHamms piuieHb y
cepi enidemionozii ma 2pomadcbK020 300p08’A K HA Pe2iOHA/IbHUX, MAK i 3d2d/16HO-
depiasHoMy pigHaX.

Use of cloud computing and machine learning
technologies for analysis and forecasting of disease
dynamics based on COVID-19 trends in Ukraine

Key words:
COVID-19,

Big Data,
Machine Learning,
Cloud Computing,
Forecasting,
BigQuery
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Abstract

The article examines the application of cloud technologies and machine learning
methods for analyzing and forecasting the dynamics of COVID-19 in Ukraine. Special at-
tention is given to the use of the Google BigQuery environment as a tool for processing
open epidemiological big data provided through global open datasets.

The study demonstrates the platform’s capabilities in building time series,
aggregating statistical indicators, constructing machine learning models (specifically
ARIMA), and generating real-time forecasts to predict the spread of infections.

To analyze the forecast of the epidemiological situation, both intensive indica-
tors of morbidity (e.g., incidence rate) and extensive indicators of the epidemiological
process (e.g., distribution of confirmed cases by region, regional share in total case
numbers, etc.) were used.

The research is based on data up to February 24, 2022, and includes only national
(Ukrainian) indicators. The results of short-term forecasting (30 days) showed high
agreement with actual data. Forecast values remained within the confidence in-
tervals. However, extending the forecast period to 60 days resulted in a significant
increase in error, which is consistent with the well-known limitations of ARIMA models
for long-term predictions.

The applied approach has limitations in forecasting accuracy due to the absence
of external regressors that could significantly influence the results (e.g., vaccination
rates, quarantine restrictions, availability of laboratory equipment, and changes in
testing strategies). Based on the findings, potential directions for further research
are proposed, including the use of advanced models or neural networks capable of
accounting for additional influencing factors.

The study confirms the feasibility of integrating Big Data and cloud-based
machine learning tools into infection spread forecasting processes to support
decision-making in epidemiology and public health at both regional and national
levels.
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Ilepertik ckopoueHs:
COVID-19 - COronaVlIrus Disease 2019, koponasipyche 3axsoproBanusa 2019;
ML - Machine Learning, MaIMHHe HaB4aHHS;
BOO3 - BcecsiTHs opranisatiiss oxoponmu sgopos's, WHO;
SQL - Structured query language, MoBa CTpyKTypOBaHMX 3aIIUTiB;
ARIMA - AutoRegressive Integrated Moving Average, aBToperpeciiHe iHTerposaHe

KOB3HE CepeJIHE;

MAE - abcormroTHa rioxnoka cepemaboro, Mean Absolute Error;
RMSE - cepennpokBampaTiaHa noxmbdka, Root Mean Square Error;
MAPE - cepentst abcomoTHa IporieHTHa noMwika, Mean Absolute Percentage Error;

IUIP - mosnimMepasHa JIaHIIOTOBa pPeaKlis.

Bceryn

BesnpeniegenTHa emigeMioAoriyHa 3a-
rpo3za COVID-19, 3 gKoi0 AIOACTBO 3iTK-
HyAOCS B OCTaHHE [ECATHAITTS, OXOIIHAA
yBeChb CBIT i COpUYMHHAA TAUOOKiI 3MiHU
y PI3HUX HaOpsMKaxX iCHyBaHHS 1 OiFAb-
HOCT1 CyCHIABCTBA: IIOAITUYHOMY, COILli-
aAbHOMY, €KOHOMIYHOMY, OCBITHBOMY, 1,
0CO0AWBO, MeAUYHOMY. 3a TaKHUX YMOB Ha-
IBasKAUBOIO CTAa€ 3OATHICTH CHCTEMH OXO-
POHU 3/I0POB’Sd, IK KOMIIAEKCY, IO ITiATPHU-
Mye ¥ cOpusie BiJHOBAEHHIO 300POB’d, He
AUIIIE pearyBaTU Ha IIOTOYHI ITpodaeMHU Ta
BUKAWKU, a ¥ IIPOTHO3yBaTU PO3BUTOK He-
CIIPUATAUBHUX EIiAEMIOAOTIYHUX Ta IHIIHUX
cutryaitiii. Came ToMy yBara HayKoOBIIiB, 9Ki
IIpaIlOI0OTh y TaAy3i IPOTHO3yBaHHL, 30Ce-
penuaacd He TIABKU Ha TpaaullifHUX cTa-
TUCTUYHHUX METOoOaX, a ¥ Ha MeTolax, sKi
3IAaTHI BUABAATH CKAQOHI B3aeMomii Mixk
JOCALMIKYBaHHMHU O3HaKaMHU Ta [JO3BOAL-
IOTh 3OiHCHIOBAaTH eDEKTUBHY OOpPOOKYy Be-
AUKUX OOCHATIB HasIBHUX OaHUX i OymyBa-
TU IIPOTHOCTHUYHI MozeAal Ha iX ocHOBIi [1].

Texnoaorii Big Data y nmoegHanHi 3 Me-

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

TOAAMH MAIIWUHHOI'O HaBYaHHS CHOTOMHI
MOXKYTb 3a0e3IIeYUTH HOBY HKICTh aHaAi-
3y ermimeMioaoriuyHoi iHdopmarliii. 3aBasgru
UM IIiaxomaM MOXKHAa 34iMCcHIOBATH Oara-
TOBUMIPHHUM aHaAi3 OaHUX MIIOA0 KIiABKO-
CT1 HOBUX BUIIQJIKIiB 3aXBOpPIOBaHb, PiBHIB
AETaABHOCTI, €e(EeKTHBHOCTI BaKIIMHAIIil,
reorpadivyHOr0 PO3MOiAYy 3aXBOPIOBAHD,
colriaapHO-AeMorpadigyHUX  0CcOOAMBOCTEM
Touto [2, 3]. BukopucraHHa XMapHUX 00-
YUCAIOBaABHUX MaaTdopM, 30kpema Google
Cloud Platform i3 cepBicom BigQuery
ML, mo3Boade mpailoBaTH 3 MiAbHOHA-
MH 3allUCiB y peaspbHOMYy dYaci Ta OyayBa-
TU aJallTUBHI MOIEAl IPOTHO3yBaHHS [4].

OnepaTuBHE IIPOTHO3yBaHHA — II€ HE
AUIIIE IHCTPYMEHT OASI HAYKOBOTO aHaAi3y, a
¥ BaxKAMBa KOMIIOHEHTa B YIIPaBAiHHI IIO-
TEHI[IHHUMH PHU3UKaMHU Ha PiBHI Aep3KaBHOI
IIOAITUKH, B TOMY 4YHCAlI y cdepi OXOpOHU
300POB'd. 3aCTOCYBaHHI MOOEAEN MAIlIHWH-
HOT'O HaBYaHHA y cpepi OXOPOHHU 300POB’d
[IO3BOASIE HE AMIIIE OITHUMIi3yBaTH PO3IO-
OiA MeOUYHUX PECypCiB, a ¥ KOpUTyBaTH
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cTpaTrerii KapaHTHHHHUX 3axXO/iB 3aA€XKHO
BiZl o4yiKyBaHOi AWHaMIiKN 3aXBOPIOBAHOCTI
[5]. Kpim ToOro, Taki OOCAilzKEHHSI MaloThb
MIXKOUCIIUIIAIHAPDHUHE XapakTep, o0’e¢aHy-
I0YM MeTOAN OOpPOOKM maHUX, MaTeMaTHd-
HOTI'O MOJIEAIOBAHHSI, CTATHCTUYHOT'O MOJE-
AIOBaHH4, emnigemioaorii, iHdopMaliiHux

Mema 0ocaidixenns

TEXHOAOTIM 1 Bidyaaizallii maHux ta iH. [6].

Tomy po3pobKa HamiAHUX  MOigXO0-
[iB [0 aHaAidy Ta IIPOTHO3yBaHHS pPi3-
HUX BHOIB 3aXBOPIOBAHOCTi, BKAIOYHO
COVID-19, i3 BukopucraHHaMm Big Data
Ta ML € akTyaabHHUM HaIIpSIMOM, III0 Mae€
dK HayKOB€, TaK 1 HpaKTU4YHE 3HAYEHHS.

MeTo10 MOCAIIZKEHHS € IIPOBEAECHHS aHaAi3y i IPOTrHO3yBaHHA AWHAMIKH 3aXBOPIOBa-
HocTi, Ha npukaaai COVID-19, i3 BukKopucTaHHaM TexHoaorii Big Data Ta meroniB Mma-
IIIMHHOTO HaBYaHHS Ta Bi3yaaizallid TaKUX JaHUX.

Marepianm Ta MeToaM

Y pamMKax goCAiaKeHHS 0yAO0 BHKOPHCTAHO KOMIIAEKCHUH Miaxiz mo 300py, MiATOTOBKH
Ta aHaAily OJaHUX, III0 OXOIIAIOBAB SIK METOAN OOpPOOKM BeAMKHX obOcariB iHdopmarrii (Big
Data), Tak i 3acTocyBaHHSI Cy4aCHUX aATOPHUTMIB MalIMHHOTO HaBYaHHs. OCHOBHY yBary
OyAO IIPHOIA€HO CTBOPEHHIO MOIEAEH OAS ITPOTHO3YBAaHHSA AUHAMIKH 3aXBOPIOBAHOCTI Ha
COVID-19 3 ypaxyBaHHSIM PErioHaAbHHUX, YaCOBHUX Ta AeMorpadidHux pakTopiB.

3.1 [I>xepeaa danux

J>xepeaaMu Oasl aHAAI3Y BIOAKPUTHUX Ha-
b6opiB manux obpanHo manHi BOO3, aki mic-
TATh O(pilliiHO MiATBEPAKEHI BUIIAIKH iH-
ikyBaHHS, A€TAABHI HACAIIKM Ta pPiBEHb
BakIMHAlll [7]; mopTasu LIEHTPY TpoMan-
CBKOI0 340poB'a Ykpainu [8|, Worldometer
COVID-19 Data [9], Google Open Data [10].

3.2 Obpobka ma 30epicanua danux

[asg oOpoOKM BEAWKOTO OOCATY MaHUX
Oya0 3acTocOBaHO IHCTPYMEHTH XMap-
HOoi maardgopmu Google Cloud Platform,
30KpeMa cepBic BigQuery, gakuii 3a0e3-
medye IapaseAbHe BHKOHaHHS SQL-3a-
OuTiB  Ham IrerabaditamMu  iH(opMarlii.
Takuii miaxizm [O03BOAUB YHUKHYTHU IIPO-
OAEMH AOKaABbHOTO 30epiraHHA HAaHUX Ta

3.3 Memoodu mamunnozo HaBuanuns
Byaun nobOymoBaHi IIPOTHOCTHYHI MO-

aeal 3 BHKoOpHcTaHHAM BigQuery ML,
110 [03BOASE BHKOHYBaTH HaBYaHHS
MomeaeH OesrocepelHbO Y CEpPeroBU-

nr 3anutiB SQL. [Iag MomeAloBaHHSI BU-
KOPUCTOBYBAAHCS TaKi THUIIHN MOLEAEH:

— AlHIMHa perpecida (IIPOTrHO3yBaHHS
3HaQ4YeHb KIABKOCTI HOBHUX MOiATBEPIAKE-
HHUX BHUIIQJKIB Ha OCHOBI YaCOBUX PHAMIiB);

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

3araapHU#l 00CHAT IIOYATKOBHUX MIAaHUX
CKAQIaB IIOHA S MAH 3aIIMCiB. /JaHi BKAIOYA-
AU 9aCOBI paH, KaTeropiaabHi Ta YU CAOBI 03-
HaKH, 1110 BUMaraao BUKOPHUCTaHHS METOMIB
ornepenHboi 0OpPOOKH, 30KpeMa HopMaaila-
1ii, OYHINEHHI OaHUX Bifl 3alHUCIB 3 IIPOILy-
IIEHUMHU 3Ha4YeHHIMU Ta OOpOOKH aHOMAaAil.

IPUCKOPUTH BUKOHAHHSA CKAQIHUX arpe-
ramiftHux 1 QiabTpalifiHuX oIlepallii.

OO6OpobKka maHUX BKAIOYAAA: BHIAAECHHS
3aIHCiB i3 IPOITyIIleHNMU ab0 HEKOPEKTHHU-
MH 3HAQYEHHSIMU; CTBOPEHHS HOBHUX O3HAaK,
TaKHUX SIK 1000Bi MPUPOCTH, 7-I€HHI KOB3HI
cepenHi, MIBUAKICTE 3pOCTaHHS / CIIaly Ta iH.

— aBTOMAaTH30BaHI MOZIEAl YACOBUX PAIiB
(ARIMA, Prophet-nioni6Hi) (Do3BOASIIOTE Bpa-
XOBYBaTH C€30HHI Ta TPEHA0B1 KOMIIOHEHTH);

— aHaAi3 TOAOBHHX KOMIIOHEHT (3MeEH-
IIEHHYI PO3MIiPHOCTI BXiTHUX JAHUX Ta BHU-
[iA€HHS TOAOBHUX (PaKTOpiB, IO BIIAUBAa-
I0OTh Ha PO3MHOBCIO/ZKEHHSI 3aXBOPIOBAHHSI).

HaByanHa Mmopgeaed IPOBOAEHO 3 BU-
KOPUCTaHHSIM KpOC-Baaifallii, a AAS OIliH-
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KU SKOCTi IIPOTHO3YBaHHA 3aCTOCOBaHO

PesynpTaTHi Ta iXx 00rOBOpeHHs
3a pomoMmororo iHCTpyMeHTy BigQuery
MOXKHAa IIPOCAIAKYBaTH MAUHAMIKy IIOIIH-
peuHa COVID-19 B YkpaiHi 3 ypaXyBaHHIM
HagBHOI y 06asi indgopmamii. IrcTpymMeHT
[I03BOASIE OOMEXKHUTH OaHi 3a AaToro, (pisb-
TPyBaTH TIABKH HalllOHAABPHUU piBe€Hb, YHU-
KaTu ayOAIOBaHHS II0 perioHax i OyayBaTu
y3araabHeHi pgau Ta iH. OTpuMaHi pe3yAb-
TaTU MOXKHa BUKOPHCTOBYBAaTU SIK OCHOBY
JAS TIOJAABIIIOTO IIPOTHO3YBaHHS abo IIo-
PIBHAABHOI'O aHaAi3y 3 IHINIMMH KpaiHaMH.
Y xomi mocaimkeHHa Oyao 1obymoBa-
HO [eKiAbKa MOEA€H MPOTHO3yYBaHHS IU-
HaMiki 3axBoprooBaHocti Ha COVID-19
3 BHUKOPUCTAHHAM aATOPUTMIB MaAallIUH-
HOIO HaBYaHHS, pPEaAi30BaHUX y CEPEno-
Bumli BigQuery ML. OcHoBHy yBary 06yAo
OPUOIAEHO YacOBUM pdiaaM MIiaATBepaKe-
HHUX BUIIAIKIB, SKi CTaAM 043010 OAS IIPO-
THO3yBaHHA 3axBoploBaHocTi Ha 30 Ta
60 mHiB, a TakoXX BHUKOHAHO IIOPiBHSIH-
HsI IIPOTHO3IiB 3 OQIIiHAHOI0 CTATUCTUKOIO.
[IpeacraBuMO BUOIPKOBI  pe3yAbTa-
TH aHaAidy 3axBOPIOBAHOCTI B YKpaiHi.
[dasg posragny i 1mobymoBu Mopmeseht
obpaHo T1epion BimHOCHO cTabiabHOI Ta
Oe3nepenIkKOAHOI peecTpalii maHux 3a-
xBoproBaHocti Ha COVID-19 B VYkpaiHi.
OOpobka MacuBy MOaHUX Ha IIepion
01.03.2020-24.02.2022pp. 3 [OOIIOMOTOIO

Puc. 1. unamika 3axBopioBaHocTi Ha COVID-19 B
Ykpaini y 01.03.2020-24.02.2022 pp.

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

KaacuuHi Metpuku: MAE, RMSE, MAPE.

BigQuery mo3Boamaa BidyaaidyBaTH IIPO-
IIeC 3POCTAaHHA 3aXBOPIOBAHOCTI y BH-
TAdll KyMyAdTHBHOI 3aaexHocti (Puc. 1).

padik guHaMIKBM BHIBAEHUX BHU-
IaKiB KOPEAIOE 13 3aA€KHOCTAMH IIpPe-
cTaBAeHUMHU TpekepaMu [10]. PaxTuyHi
JaHi MOTAM OYyTH [OEII0 BUIIMMH, OCKiABb-
K1 iHQikoBaHi 0cobM dYepe3 AETKUM IIe-
pebir abo Oe3CHMIITOMHE IIPOTIKaHHS 3a-
XBOPIOBaHHSI HE 3BepTasacs A0 MEIUYHUX
yCTaHOB, TOMY He IIOTpallAsAu y 6a3u, II10
peecTpyBaAl  piBEHb  3aXBOPIOBAHOCTI.

BanexHicTth (Puc. 1) Boaomie 4iTKO BHU-
PasKeHOI0 XBHABOBOIO CTPYKTypoo. TeMm-
OU IPHUPOCTY 3aXBOPIOBAHOCTI 3pOCTasHu
B OCIHHBO-3UMOBUM IM€piof (BAACTUBO OAS
pecripaTopHux iHgekIi). Jdani mpo marti-
€HTIB He OOMEeXKeHi OTHOKPATHOIO peecTpa-
I[i€el0 y 3araabHi¥ KiABKOCTI iH(PiKOBaHUX
oci6 (IIOBTOPHICTHL 3aXBOPIOBaAHHSI BBaKa-
AW HOBHM OKpeMHM Bunaakom). Ha Puc.1
IIPUCYTHE IIAAQTO y XapaKTepi 3aAeKHOCTI
BrrponoBxk 2021 poky (nepiom 01.05.2021-
01.09.2021), gake HaHOIiABIII IMOBIPHO MOXK-
Ha II0B'd3aTH 3 IIEPIOJOM iHTEHCUBHOI BaK-
IIUHAaIlll HaCEeAECHHd y IIOIIEpeaHi Micdlll Ta
YacTKOBUM (POpMyBaHHHA IMYHITETy Bak-
IIMHOBAHUX, BHU3HAYEHHAM TI'PYIl BHCOKOTO
PHU3UKY Ta 0COOAMBOIO yBaromw I0 HUX, Ha-
OyTTSIM KAIHIYHOTO MOCBiAy IIIOA0 Teparie-

Puc. 2. Junamika 3axBoproBaHocTi Ha COVID-19 B
Ykpaini y 01.03.2020-24.02.2022 pp. Ta
BakImHalli y nepion 24.02.2021-22.02.2022 pp.
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BTUYHHX 3ac00iB, onTuMi3allielo MenudHoi piraBca y KipoBorpanacekiti obaacti. Aae

iH(pPaCTPYKTypPH Ta BUPOOAEHHSM i YiTKUM
JOTPUMAaHHSIM aATOPUTMIB y pPoOOTI Menud-
HOTO IIEpCOHAAY, BUKOHAHHSM B3Ke€ 3pPO3y-
MIiAUX OA9 HaCeA€HHS KapaHTHUHHHUX 3aX0-
OiB Ta OOTPUMAaHHAM CaHITaApHUX HOPM,
OesnmepeyHO, CE30HHHMH 3MiHaMH Ta iH.

Temnum BakiuHauii pas3oMm 3i crTa-
THUCTHUKOIO 3aXBOPIOBAHOCTI apema-
craBaeHi Ha Puc. 2. KymyaaTuBHa 3a-
AEXKHICTh [OAd BimoOpazkeHHS IIPOIIECY

BakIIMHAIlil BpaxoBy€ 3arasbHy KiABKICTh
IIPOBEAEHUX IEIIACHb Ha BIANOBIAHY AATYy.

Hacrynua miarpama (Puc. 3) iaroctpye
[aHi, OTpUMaHi 3a 3alIuToM, PO BiCOTKHU
3apeecTpoOBaHUX 3a perioHaMH BUIIAZIKIB
3aXBOPIOBAHHS BiJHOCHO HAaCEA€HHS pe-
TiOHIB y NOPSAKY 3MEHIIEHHd BEAHMYHHH.

BigMmiHHOCTI y DOKa3HUKax MOIKHa
BBaXKaTU HE CYTTEBUMH (KpPIM pPETiOHIB ae
OyA0 yCKAQOHEHO OTPUMAaHHS IOCTOBipHUX
naHux — [loHenbKa Ta /AyraHcbKa obaac-
Ti) IOIPU Pi3HUIIO 3araAbHOI KiABKOCTI Ta
TYCTUHU HaceAeHHd y perioHax. Hatimen-
MUY TIOKa3HUK 3aXBOPIOBAHOCTI CIIOCTe-

3HAQ4YE€HHsI HAWHUXKYUX TEMIIIB ITOIIUPEHHS
emigeMii y OegIKUX perioHaxX MOXKYTHb OyTH
IOB’sI3aHi 3 BiAMIHHOCTSIMU y HasBHOCTI,
OCHAIIIEHHI Ta 3ab0e3redYeHHi BiamoBimHMX
AabopaTopiif, a TaKOXK y KIABKOCTI 3Bep-
HEHb OO0 MEAWYHHUX YCTAHOB i, BiAMIOBiIHO,
Y KIiABKOCTI ITPOBEAEHUX Aa0OPATOPHUX OO-
caimzkenb ([IAP nmasa migTBepaskeHHd mia-
rHosy COVID-19). Ha xxaab, iHdopmMmartii
IIPO 3araAbHY KiABKICTb IPOBEIEHUX TECTIB,
IIO3UTHUBHUX TECTIB, {Ki IiATBEPAUAU Oia-
THO3 TOILO y 6a3i HeMae. Lle yHEMOKAUBAIOE
OMHO3HAYHICT, BHCHOBKIB IIIOI0 HaMMEIII
BPaskK€HUX EIiJeMi€l0 PEerioHiB i epeKTUB-
HOCTi TPOTHUENiAeMIiYHUX 3aXOMiB y HUX.

3 miarpamu Ha Puc.4 BUIIAMBa€ THUIIOBE
[ASI TIPOLIECIB TIOIITUPEHHS enifeMii nmpaBu-
AO TIPO TPOHOPLIHHICTL KIiABKOCTI iH(IKO-
BaHUX 0Ci0 YHCAy 3yCTpidel MixK AIOOBMU:
BHUIllA T'yCTHHA HACEA€HHS — BHUIIll TEMIIH
IOLIUPEHHS erigeMii i, 9K HacAigoK, OiAb-
II1a KiABbKiCTh iHgiKoBaHUX ocib. Tomy Be-
AuKi Mmicra Ykpainu (KuiB, XapkiB, Onxeca,
[Hinpo, AbBIB) y 3araabHi¥ 4acTli MaroTh

Puc. 3. Po3noaia BiACOTKiIB 3apeeCcTpOBaHUX 3aXBOPIOBaHb (3TiHO 3 KYMYA9TUBHHUMU JaHUMH) 3a perioHa-
MU BiZTHOCHO YHCEABHOCTi HaCeAeHHSs PETioHy.
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Puc 4. [iarpama 9acTKU 3aXBOPIOBAHb 3a perioHaMu YKpaiHM BiJHOCHO ITIOKa3HUKIB I10 KpaiHi.

HaUOIABIIME BiOCOTOK XBOpHUX. AAe IIPO-
dinakTHYHaA CTpaTerisd i TaKTHKa CHUCTEMU
OXOPOHM 3/I0POB’d, XapaKTepHa OAS CTaAO-
ro PeXXUMY IIOIIUPEHHS eIliieMii, mpakThu4-
HO H€ 3MIHMAU BEAUYHHY BiICOTKY XBOPHUX
11010 HACEACHHd BIAIIOBIAHUX PETiOHIB.

PoaragHeMo IIOPiBHAABHI pe3yAbTaTH,
OTpPHUMaH1 3acTocyBaHHAM Mozaeai ARIMA
Ta MoaeAl dyacoBux paniB y BigQuery ML
oad 1obyayBaTH IIPOTHO3Y 1 IIOPiBHSIH-
Ha 3 (PaKTHYHUMH [JaHUMHU 3a BiJIOBiI-
Huii nepiox (30 ra 60 gHIB) gas Baaigarrii
IHCTPYMEHTY B HKOCTI IIPOTHOCTHYHOTO.

@®akTU4YHI 3HA4YEHHd 3apeeCTPOBaAHUX
Bunaakie COVID-19 B VYkpaiHi craHom
Ha 30.11. 2021 p. - 3.45 MaH ocib, cra-
HOM Ha 31.12. 2021 - 3.67 MaH oci6 [10].

Puc. 5 ta Puc.6 iarocTpyioTh (pakTUUHI
Ta pe3yAbTaTH IIPOTHO3YBaHH4 (IIPOTHO30Ba-
Hi 3HA4Y€HH4 ¥ O0BipYi iIHTEPBaAU OAS KOXK-
Horo 3 HuX) 3 01.11.2021 poky Ha 30-aeH-
HUM Ta 60-meHHWM Iepiogu BIAIOBIAHO.

[IporHo3, nmoOymoBaHUM Ha OCHOBi Ha-
110i MoZeAl y MOpPiBHAHHA 3 (PaKTUYHU-
MH JaHUMHU 3a 21-aeHHU nepion (wiH-
HUH [OAd emigeMioAorii 31 cTpaTeridyHoi

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

TOYKU 30pPy) IOKa3ye BUCOKY TOYHICTH 1
cTabiAbHICTE pe3yabTaTiB. Takuil piBeHb
BIATIOBIAHOCTI CBIAYUTHE IIPO HPaAKTHUYHY
OPUOATHICTE MOJEAlL OASI KOPOTKO- Ta Ce-
PEAHBOCTPOKOBOTO €MHIAEMIOAOTIYHOTO aHa-
Ai3y, 0COOAMBO B yMOBaxX AUHAMIYHUX 3MiH.

BapTro nHaroaocutu, mo ¢axkTH4HiI IIO-
Ka3HUKU 3aXBOPIOBAHOCTI HepeOyBaroTh B
MeXKax [JOBIpPYOro IHTEPBaAy PE3YABTATIB
IIPOTHO3YBaHHA [Ad BKa3aHOI MOOeAl Ha
30 gHiB, 10 BKalye Ha cTabiAbHICTH Moe-
Al Ta IPUHWHATHUN pPiBEHb IIPOTHO3HOI TOY-
HOCTi1 y 3a3HAQY4E€HOMY YacOBOMY iHTEpBaai.

[Tpore, B:Ke mpu 30iABIIEHHI iHTepBa-
Ay go 60 gHIB IIOMITHE CYTTEBE BIAXHAEH-
Hd IIOKa3HHUKIB IIPOTHO30BaHUX 3a MOOIIO-
MOI'OI0 PO3TASHYTOI MogaeAi (darTuaHUN
IIOKa3HUK [EII0 HUXYHUN HHUKHBOI MeXi
JOBIpYOro iHTEpBaAy IIPOTHO30BAaHUX 3Ha-
4eHBb), 1110 CBiAYUTH Ipo ii oOMeKeHy TOod-
HICTb Y [OBIOCTPOKOBIH II€PCIEKTHUBI.
Taka mnoBemiHKa IIPOTHO30BAaHUX 3HA4Y€Hb
BaactuBa aad ARIMA-Mmoneasei, siKi 3a3BU-
4yall MO03BOASIOTH OTPHUMYyBaTH Kpallle y3-
FOKEHHS 3 PEaAbHUMM OAaHUMH y MeXKax
KOPOTKOCTPOKOBUX YacCOBHUX IHTEpPBAaAiB.
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Puc 5. ®akTuyHi Ta TPOrHO30BaHi 3Ha4YeHHs 3axBoproBaHocti Ha COVID-19 na 30-geHHOMY iHTEepBaai (m1e-
piom 01.11.2021-30.11.2021).

Bapto 3ayBazkuTH, L0 [OOOyZOBaHA
ARIMA-Momeapr He BpaxoBy€ OOOATKOBHUX
30BHIIIHIX (aKToOpiB, TaKHUX HK pPiBEHb
BaKIMHAIlll HACEACHHd, 3aIllpOBaIKECHHS
KapaHTUHHUX OOMEKeHb YU CEe30HHi KO-
AuBaHHg. OCKIABKHM IIi 4YHMHHHUKH MAaloTh
CYTTEBHM BIAWB Ha OUHAMIKy 3axXBOPIO-
BaHOCTI, iX ITHOpyBaHHS 3HUXKY€ TOYHICTH
IIPOTHO3Y, OCOOAMBO y [IOBLOCTPOKOBIM
IIEPCIEKTUBI. 3 oragay Ha Ie, AOLIIABHUM
€ IOJAABIIIE TECTYBaHHHA CKAQIHIIINX MO-
JOEAE€H, IO M03BOALIOTH IHTErpyBaTH 30B-
HiIHI perpecopu — 30Kpema, Boosted
Tree Regressor abo Mozeai 4acoBHX psi-
OB 3 MOATPUMKOI [J0JATKOBUX O3HakK.

BucHoBKM
[IpoBeneHe MOOCAIM>KEHHS IIPOAEMOH-
CTpyBaao0 e(EeKTUBHICTb BUKOPHUCTAHHI

xMapHoi nmaatdopmu BigQuery ML y moen-
HaHHI 3 MeTogaMH MAIIIMHHOIO HaBYaHHS
JAS aHaaily Ta IPOTHO3yBaHHH e€IifeMio-
AOTIYHOI cuTyallil Ha IIpUKAaAl HaHAeMii
COVID-19 B Ykpaini. [lobymoBani moneai,

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

TaxuM ynHOM, BUKOpUCTaHHS BigQuery
ML y moegHaHHi 3 aAropuTMaMH MallllH-
HOrO HaBYaHHA IIPOAEMOHCTPYBaAO BH-
COKy e(eKTHUBHICTh y pO3B'd3aHHI 3ama4
KOPOTKO- Ta CEPEOHBOCTPOKOBOI'O ITPOTHO-
3yBaHHSI E€MNIAEMIOAOTIYHUX IIOKA3HUKIB.

3a3HavYnMO TaKOXK, I1I0 00CAT i AeTasiza-
I1id BIAKPUTHUX OAaHUX 10 YKpaiHi € 3HA4YHO
HHUXKXYUMU [OPIBHSHO 3 IHIIMMH KpaiHaMu.
Ile oOMexKye MOTEHIIIHHI HAIIPAMHU MTOCAI-
[PKEHHSI Ta YCKAAQJHIOE ITI0OYIOBY CKAAQIHI-
mrux (0araToOBUMiIPHHX) MOAEAEH, sIKi MOTAHU
0 BpaxoByBaTH IIUPILIHH CIIEKTP YUHHUKIB,
110 BIIAMBAIOTh Ha MOOCAIZKyBaHI SABHIIA.

3okpema ARIMA, n03BOAMAU 3OiHCHUTH KO-
POTKOCTPOKOBE IIPOTHO3YBaHHSA AWHaAMIi-
KU 3aXBOPIOBAHOCTi, IIpU IIOPiBHAHHI pe-
3yABTATIB AKOTI'0O BUIBAEHO Y3TO/KE€HHA 3
dakKTUYHUMHU JaHUMH, dKi IIepe0yBaioTh B
MeXKax [OBIpYOro iHTEpPBaAy IIPOTHO30Ba-
HUX 3Ha4YeHb. BogHo4ac mpH pPO3IMIUpPEHHi

ISSN: 3083-5887 online

Omnap O, Osap . BukoprcraHHsa XMapHVX 004YMCIIEHD Ta TEXHOJIOTIVI MAIIIVIHHOTO. .
BucaoBkmu

34


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

ITpupopHMyi, MaTeMaTYHI HayKM Ta OCBiTa B MeIVIIIVIHI

Natural & Mathematical Sciences in Medicine and Medical Education

1(2) 2025

Posnist 2. MaTemaTiuHi HayKy B MeUIIVIHI
Section 2. Mathematical sciences in medicine

Puc 6. ®axkTryHi Ta IPOTrHO30BaHi 3Ha4YeHHd 3axBopioBaHocti Ha COVID-19 nHa 60-geHHOMY iHTEepBaai (repiox
01.11.2021-31.12.2021).

4acoBOI'0 iHTepBaAy IPOrHO3yBaHHA 0 60
JHIB TOYHICTBP MOOEAEH CYTTEBO 3HUXKYETH-
cd, 110 BKa3ye Ha obmexkeHHd ARIMA-wmo-
OEeA€l 'y [dOBTOCTPOKOBHUX IIPOTHO3aX.

CyTTeBUM YHHHUKOM, SKUM BIAHUBa€
Ha TOYHICTh IIPOTHO3Y, € BiACYTHICTb Y MO-
[IeAl 30BHIIIHIX PErpecopiB, TaKHUX K pi-
BeHb BakIMHAIlii, KapaHTHWHHI 3aX0oaH,
OCHAaIlleHHS 1 3abe3redeHHsT AabopaTopii,
CE30HHI KOAWBAaHHS TOIIO. YpaxXyBaHHA
IUX [IapaMeTpiB HOTpedye BIPOBAIKEHHS
CKAQIHININX MOJAEAE€H, 3MaTHUX IHTEerpyBa-
TH IO0OATKOBI 03HAaKH a00 HEUPOHHI MepexXKi.

3aificHeHe OOCAIMKEeHHSI MAaAO Ha MeETi

IlepcnexmuBu nodarvuiux 0ocaioxnens

IepeayciM IPOAEMOHCTPYBATH MOKAUBOCTI
aHaAily BIOKPUTHX EIIIEMIOAOTIYHUX [a-
HUX 3a JO0IIOMOIOI0 XMapHUX TEXHOAOTIN Ta
BigQuery, i He 3a0e3ne4yye roToBUH iHCTPY-
MEHT [Ad HPaAKTUYHOTO BHUKOPUCTAHHS B
CHCTEMIi OXOPOHU 340poB’d. BogHouac oTpu-
MaHi pe3yAbTaTH HNiATBEPAKYIOTh [IOTEHITIaA
TaKOTI0O MiAXO0AYy OAS IIOAAABIIOTO PO3BUTKY
aHAaAITHKH B TaAy3i IpoOMaChKOI0 3/I0POB’d,
30KpeMa B KOHTEKCTi OIIEpaTUBHOI'O MOHITO-
PHHTY Ta IIPOTHO3yBaHHS IIOIIINPEHHS €IIiIe-
Mifi Ta IPUPHATTSI YIIPaBAIHCBKHUX Pilll€eHb.

[TomaAbIIi PO3BUTOK [IOCAIIKEHHS NIepeadadae BUKOPHUCTAHHSI KOMIIAEKCHUX MO/Ie-
A€l 3 ypaxXyBaHHSIM 30BHIIIHIX (PaKTOPIiB, a TAKOXK MacIuTabyBaHHSI aHaAidy Ha iHII pe-

TriOHU Ta 3aXBOPOBAHHA.
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Knwouosi cnoBa:

soft skills;

Medu4Ha ma biosio2iyHa
izuka;

iHOuBsiOyaneHa camocmitiHa
poboma;

30a2aJ1bHi KOMNemeHMHoOCMi;
npocpeciliHi KomnemeHmMHo-
cmi.
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ByxoBuncexutl depxaBruti meOuunuil yHibepcumem

AHoTauia

3006ysayi medu4HOi oc8imu NOBUHHI Bymu 20mo8i He MinbKu 00 BUpPiWEHHA
CKNdOHUX npodeciliHux 3ae0aHb y malbymHil npodecii, ane U npautosamu 8 myb-
muoucyuniHApHUX KOMaHOax, adanmysamucs 00 HOB8UX mexHo/0zili i 3006ysamu
HOB8i 3HAHHA Md HABUYKU, KOAU Ue HeobxidHo. Lli komnemeHuii, 3azsuyali s8ioomi sk
soft skills («m’aki HaguuKku»), niOKpin/ieHi pi3HUMU MEMOD0/102IAMU Md iHCMPYMEH-
mamu, 3d 0CmaxHi 08a decamusimmes ysiliwau y Hag4abHUU npouyec.

Y ubomy 0ocaiomeHHi 3’acosyembscs momwausicme popmysarHs soft skills npu
8UK/1AOAHHI ducyun/iHu «MeduyHa ma 6i0/10z2iuHa isuka», K CK1a0080T KOMNAEKCY
NpupodHUYUX ducyun/iH 3006ysavyamu ocsimu meduyHoz20 3BO y 2023-2024 HAg4a1b-
HOMY poui.

Y cmammi npedcmasneHi 0aHi pe3y/abmamie dHOHIMHO20 ONUMYBAdHHS, Npose-
0eHo20 ceped 3006y8sauis 0csimu, AKi N0200U/IUCA B39MU Y4dCmMb 8 ONUMYBAHHI. binb-
wicme pecnoHOeHmig 8i03HAYU/IU PO3BUMOK Md B0OCKOHA/IEHHS 8/1dCHUX sOft skills
Npu 3dc80EHHI ducyunaiHu «MeduyHa ma 6i04102i4Ha Pizuka», npu Ybomy nioKpecto-
04U 8aM/1UBY PO/b BUK/IADAYA.

3006ysaui ocgimu, siKi po3guHy/U HOBI Ma 800CKOHAAUAU icHytoui soft skills
8NPO00BM BUBYEHHS MEOUYHOI md 6i0/102iYHOT Pi3uku 3momyme y malbymHeomy
cnpoekmysamu Habymul 00c8i0 HA 00Cs2HEHHA HeobxiOHUX npodeciliHux Komne-
meHmHocmedl.

®edis B, Onap O. Po38umoK ma 800CKOHaAeHHA Soft skills cmydeHmis-medukie winsaxom 8Us4eHHA Mmeouy-
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Keywords: Abstract

soft skills; Medical students have to prepare for complex professional tasks solving in fu-
medical and biological phys-  ture. But on the other hand, they have to be ready to work in multidisciplinary teams,
ics; to adapt to new technologies and be able to acquire new knowledge and skills when

it is necessary. These competencies, known as “soft skills”, have been included in the
higher education over the past two decades using various methodologies and tools.

This research examines the effectivity of “soft skills” forming during the study of
the subject “Medical and Biological Physics” as a component of a complex of natural
sciences by medical students of the 2023-2024 academic year.

The article presents data of the results of an anonymous survey conducted
among students who agreed to participate in the survey. Most respondents admitted
that their “soft skills” were developed and improved by studying subject "Medical
and Biological Physics".

Students who have developed new and improved existing “soft skills” during the
study of medical and biological physics will be able in the future to design the acquired
experience to achieve the necessary professional competencies.

individual independent work;
general competencies;
professional competencies

3micT
Bceryn 38
OcHOBHaA YacTUHA 41
BucHoBKU 46
CIMCOK BUKOPUCTAHUX JpKepeJ 47

[lepeAik CKOPOYEHB:

SSk - Soft skills

3K - 3arasbHi KOMIIETEHTHOCTI

STEM,CTEM - Science, Technology, Engineering and Mathematic
3BO - 3akaag BUILOI OCBITH

Beryn

SSk - «M’gki» HaBHYKH — Ile¢ 0a30Bi Ta OpPogeCiHHOro yCHixXy IITUPOKO BH3HAHI
HaBUYKH, IKi HaA€XUTb AIOAUHI. Y cydac- [1]. BignmoBiguo mo [2] SSk - 1e imauBigy-
Hy €I0Xy BasKAHBICTh M'IKHUX HaBHUYOK SIK AaAbHHUH acCIIeKT, SIKHUH CKAQA€ThCH 3 BHY-
BUPIIIIAABHOTO €AE€MEHTa JIASI OCOOHCTOrO0 TPINTHBOOCOOHCTICHHUX Ta MiXKOCOOUCTICHHX
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aCIIEKTiB, III0 BUPI3HAE 0COOy Bim iHIITHX
Arofel y croiapHOTI. Y [3] SSk BU3Ha4YeHO K
KoMOiHaIliT KOMIIETEHIIiH, SIKi CTOCYIOTBHCH
Pi3HUX acHeKkTiB OCOOHCTOCTI Ta IOB’sI3aHi
3: 1) 3HaHHAMH, 3OI0HOCTIAMH Ta TEXHIYHU-
MU HaBUYKaMH (3HAHHSMH); 2) METOIOAO-
TMIYHUMH IiAXogaMH A0 PoOOYUX ITPOIECiB
(BMiHHaMM); 3) iIHAUBIAYaABHUMU Ta KOAEK-
TUBHUMHU MOJEASIMHU i bopMaMU MOBEIIHKHU
(mpesenTallisg 3HaHb); 4) MeTOAaMU OpPTraHi-
3ailii Ta B3aemoii (BUpPOOAECHHS ITOBEAIHKH).

SSk icHyBaamu 3aBXKAU, IIPOTE BU3HAH-
Hs IXHBOI BaXKAMBOCTI [Asl ITpodpeciiiHoro
3pOCTaHHS i, 9K HACAIIOK, iX 00’eHAHHS B
OIHYy KaTeTopilo BiAOyAOCS AHIIE B APYTiH
moAoBUHI XX croaiTTda. TepmiH «M’dKi Ha-
BHYKI» OyB CTBOPEHUH y CEpPEemOBHUII Biii-
cbkoBoi migroroBku apwmii CIIA y 1970-x
pokax, mo6 y3arasbHEHO BHU3HAYUTH PHCU
IOBEOIHKH, $SKi MHOKPAIyIOTh HPOAYKTUB-
HICTb AIOAEY Y «TEeXHIYHUX (PYHKIIIX» (I10-
CHUA€HHSI paxXoBOCTi BiCBKOBHX) i KOMaH/I-
Hil1 poboTi [4]. Byao Big3zHa4YeHO, 1110 AIOIU 3
IIeBHUM HabopoM HemnpodeciiHUX SKocTel
BOAOMIIOTH KpPaIllO0 aJalITUBHICTIO 1, 9K Ha-
CAITOK, BOHU JOCHATAIOTH OIABIIIMX YCITiXiB.

[HTeHCHUBHUN TEXHOAOTIYHHUN PO3BHUTOK
00yMOBAIO€ ITiIBUIIIEHHSI BUMOT 10 TOTOBHO-
cTi paxiBlg puUMaTH 3MiHU Ta aganTyBa-
THUCHI 00 HHUX, IO I'PYHTYETHCSI BOAOAIHHSM
SSk. [dobpe po3BuHeHi SSk €, Oe3nepedyHoO,
3aIlOPyKOI0 YCIiXy IIpodecitiHol Kap'epu.
daxiBIli, 9Ki BOAOAIIOTE SSK, NIBUAKO aIarl-
TYIOTHCS [0 HOBHUX YMOB 1 KpeaTHUBHIIIIE Hif-
XOASTH 0 BUPIillIEHHd 3aBAaHb. ToMy Iepen
3aKAaaMU OCBIiTH CTOITh 3aBaHHS, 3 OHO-
ro OOKy, IKiCHOTO npodecilfiHoro HaB4YaHHd,
3 iHIIOTO, PO3BUTKY SSk 3m00yBadiB OCBITH.

SSkiHaykoBa rpaMOTHICTB — 1€ IBi KOM-
HEeTEeHIIIi, IKi € MeTOI0 HayKOBOi ocBiTH XXI
CTOAITTS ¥ TOMY HEOOXiHi cydacHOMY 3/100y-
BaudeBi ocBiTH. OCBITHA OiFALHICTE IIOBUHHA
OyTu opieHTOBaHAa HA IOCATHEHHS y HABYaH-
Hi B IIUX ABOX acCIleKTaX, a OCBOIOBATH TakKi
hbopMH HABUYOK y CTYAEHTCBKHUH dac KUT-
TE€BO BasKANUBO, afIKe 11e ITI09aTOK HalaKTHUB-
HIIITOr0 Mepioay PO3BUTKY OcobHCTOCTI [5].

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

Y 1minomy, po3yMiHHSI TOTO, III0 CAid BHU-
3HaBatu SSk, ay:Ke BiApi3HAETHCS 1 iXHE
CIIPUHHATTSI PidHUMH (PaxiBLIMH 3aAeKa-
THME Bil KOHTEKCTy AidAbHOCTi. HaBuuka
MOXK€ BBaxKaTHCSd MYIKOIO B OOHIM KOH-
KpeTHift cdepi, i «<KOPCTKOIO» - B iHHIIH.

[Tompu iHTEpEC M0 BIIPOBAAKEHHS B Ha-
BYaAbHI nporpamu SSk, Hemae yHiikoBa-
HOI'0 pPO3yMiHHS TOrO, IK HaBYaTH IIUX Ha-
BHYOK YH OIliHIOBaTH iX. CrtocoOu HaBYaHHA
Ta OLIIHIOBAHHS 11X HABUYOK Y Pi3HUX Kpa-
iHax 1 3aKAaZIax OCBITH AyKe PI3HOMAaHITHI
[6], TOMY 11i TUTAHHSA ITOTPEOYIOTH BUBYEHHS.

3araaom, SSk MOZKHA po3mi-
AUTH  Ha  TpH OCHOBHI  KaTeropii:

1. OcobucTicHi TKOCT.

2. HaBUYKM Mi’KOCOOHUCTICHOTO CIIiAKY-
BaHH4.

3. [onaTKoBi HAaBUYKH /3HAHHS.

Ha BCECBITHBOMY €KOHOMIYHO-
My ¢opymi y 2016 pori Oyao oroaoirre-
HO HaAMUBAXKAUBIIII COIIIaABHO-€KOHOMIYHI
komrieTeHIli ocBiTH XXI CTOAITTI A9 BUPI-
IIEHHS CKAQOHUX 3aBJaHb: KPUTHUYHE MUC-
A€HHSI, BMiHHS pO3B'd3aHHA IIPO0OAEM, Kpe-
aTUBHICTh, KOMYHiKallid Ta croiBopaud [7].

BigmoBimHO OO0 OOCAIIXKEHBb, IIPOBENE-
Hux y Crendopai, BCTAaHOBAEHO, L0 YCITiX
AIOMUHHU AHIlIe Ha 25% 3asexxuTh Bim i
3HaHb Yy Taay3i Ta mocBigy i Ha 75% - Ha
KOMYHIKaTHBHI HaBUYKHU Ta MiKOCOOHCTIC-
Hi IKOCTi, 9Ki BU3HA4YalOTh €PEKTHUBHICTD iX
SSk. Ile € o3HakKo1O TOrO, 110 Cy4YacHe CycC-
iABCTBO BUCOKO IIiHye SSk. I xoua piBeHB
OCBITH Ta KBaaiikallii € Ba3KAUBUMHU KPH-
TEPIIMU A9 OLIHKW KOMIIETEHTHOCTL OCO-
01, BOHH € AUIIIE HEOOXiMIHUMIK yMOBaMHu [8].

y [9] BU3HAYEHO IOPiBHSIH-
Ha 10 Ha#ibiAbII BaxkAuUBHUX SSKk y
2015 Ta 2020 porax. (Tabamma 1)

O4eBHOHUM 3aAUINAETHCA (PaAKT IEp-
IIOCTI B CTPYKTYpPl HABUYOK MOXKAHUBOCTI
KOMIIAEKCHOTO  PO3B'SI3aHHS  IIPOOAEMH.
[IoMiTHHM HOPIOPUTETOM, OCTAHHIM HacoM,
IPH OIHIIl KOMIIETEHTHOCTI KOPHUCTYETh-
cd KpeaTUuBHUHU (paxiBellb 3 BMiHHSIM Ke-
pyBaTH eMOIIIMHUM iHTeAeKTOM. Takoixk
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Tabaunga 1.

Tabaung 1. Jecats Hatibiabm BakauBux SSk y 2015 ta 2020 pokax)

2015

2020

KOMIIA€KCHE PO3B'd3aHHS ITPodAEeMHU

KOMIIA€KCHE PO3B'd3aHHS ITPodAeMHU

KOOpAWHAIliS 3 iHIIITUMH

KPHUTHUYHE MHCACHHA

KEpPpyBaHHAd AIOABbMHA

KpeaTUuBHICTb

KPHUTHUYIHE MHCACHHA

KE€pyBaHHAd AIOABMHU

BMiHHSI BECTU TI€EPETOBOPHU

KOOpAWHAIliS 3 iHIITUMHU

KOHTPOAB SIKOCTi

E€MOILIHHUE IHTEAEKT

cepBicHa opieHTallis

CyI>KE€HHS 1 IpUUHATTS pillleHb

CYI>KE€HHS 1 IpUHHATTS pillleHb

cepBicHa opieHTallisa

AKTHUBHE CAYXaHHA

BMIHHS BECTU IIEPETOBOPHU

OlO | |N|O U] WIN |~

[um—y

KpEeaTUBHICTb

KOTHITUBHA THYYKIiCTb

y mecarui SSk, 1o marwTb HaHbGiAbIIMH
IIONIUT — KOTHITUBHA THYYKICTBb, 110 06e3-
IepeyHo TIepeabadae HaBYaHHS BIIPO-
OB BCBOIO XKHUTTd Ta BMIHHS HapPOIIy-
BaTU JKOPCTKi (mmpodpeciiini) HaBUYKU.

Y [10] mpoBemeHO oOragdn AiTeparypu
IIOZI0 Pi3HUX ACHEeKTiB M’dKHUX HABUYOK Y
IIpalleBAaIlITYBaHHI BUIIYCKHUKIB. OTXe,
€ KiAbKa NPUYHNH Ba’XAWBOCTI HaB4YaTHU Ta
TpeHyBaTu 3000yBaydiB ocBitTu SSk. 3 ogHO-
ro 60Ky, 3apa3 poboTomaBll IiHYIOTH SSk
JOCUTH BHCOKO. 3BHYattHO mpodeciiiHi Ha-
BUYKH BaXAUBi A9 BHKOHAHHA KOHKPET-
HUX ITpopecitHNX 3aBAaHb, are M’SKi HaBU-
YKU HEOOXi[Hi OAsl CIIiBIpalli, KoMaHIHOi
poboTH, AitepcTBa Ta €(PpEKTUBHOTO CITIAKY-
BaHHA Ha pobodomy Micii. TakuM 4YMHOM,
CBLOTOOHI [OOBiABHA OCBITHBO-TIpOeciiiHa
IIporpama IIiITOTOBKH (PaxiBIliB HE3aA€KHO
Bil HaIpsaMKy IHIPOEKTYE BHMOTH CYCIiAb-
cTBa 1100 BoaomiHHA SSk Ta iHTerpye 1ii
HaBHUYKH Y [IOAITHUKY OCBITHBOI CUCTEMH, 30-
KpeMma y Iepeaikax 3araaAbHHUX KOMIIETEHT-
HocTel, gKi MOBUHHI HaOyBaTucd 3400yBa-
4eM OCBITH y IIepiosl HaBYaHHS. ToMy IIOIIIyK
IIAGXIiB OIlaHOBYBaHHA SSk 3aauinaernscd
aKTyaAbHHM 1 MOXK€ IIOCHAIOBATHUCHI dYepe3
IIPaKTUKyBaHHS 37400yBadaMU OCBITH IIUX
HaABUYOK Y PIi3HUX aclekTax IpodecifiHoi
iATOTOBKH, €AEMEHTax CaMOBpPAAyBaHHA
Ta iH. 3 iHmoro 6oky, SSk 3abes3mneuyioThb

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

3HAQ4HI IIepeBaru B YyCiX acIleKTaxX >KHTT4,
BKAIOYAIOYU CiM’I0 Ta CYCIIABCTBO, op-
MyBaHHS 3araAbHOAIOACBKHX I[IHHOCTEH.

[Ipanp, NOpUCBIYEHUX (POPMyBaHHIO
SSk y crynenTiB-MenukiB y miaomy [11-16],
a TaKOXK AUCILIUIIAIHAMH CyCITiABHO-TyMaHi-
TapHOTro ITpodpiato [17-18], 30Kpema, TOCUTH
0araTo, OCKIABKH caMe Iie¥i OAOK JHCIIH-
MIAIH TIO3UILIOIOTH 9K 3acid OAd ormaHyBaH-
Ha SSk. Yci komnoHeHTH SSk BBakaroThb-
cd HOTPiIOHMMM CTyAEeHTaM IIPHU BUBYEHHI
OPUPOAHUYUX HAYK [19] mpoTe mocAiIKeHb,
OpUCBAYEHUX (popMyBaHHIO SSK Aucumai-
HaMU [IPUPOAHUYO-MATEMATHYHOIO HAIIPg-
My i TOro, 4u BBazKaloTh 3400yBadi OCBITU
MOXKAUBUM (POPMYBaHHS TaKHUX HaBUYOK
6AOKOM IIUX AUCIIUIIAIH HAMHU HE BHSBAEHO.

BinHoieHHS BUKAQIaYiB IIPUPOIHUIHUX
HayK 10 popMyBaHHS y 3400yBadiB OCBITU
SSk nmocaimxeno y [19], y [20-22] BucBiT-
A€H1 TICUXOAOTO-II€JAaroridyHi I1HCTPYMEHTH
BUKAQ[Aa4Ya Ta OCODAMBOCTI BUKAQIAHHA
JOUCIIUTIAIHU TPUPOAHUYOro mnpodiaio, a y
[23] ncuxoaoriyHUE IIOPTPET BUKAaLAYaA
JOUCLIUTIAIHU TIPpUPOAHHYOI0 mpodiato. Po-
6iT mpucBguyeHUX (POopMyBaHHIO y 3100y-
BadiB ocBiTM SSk BUKAagadaMHu MIPUPOI-
HUYMX HaIpPsSMKIiB TaKOX He 3HalaeHo.
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Mema i 3a80anu1sa 00caidxeHHA

MeTo0 OJaHOTO MOCAIMZKEHHS OyAO 3’dCyBaHHSI MOKAMBOCTI popMmyBaHHsS SSk y 3m00y-
Ba4diB MEOWYHOI OCBITH NPH BUBYEHHI MAUCIUIIAIHU 3 (Pi3UKO-MaTeMaTHYHOIO KOMIIOHEH-
TOI0 — MEAUYHOI Ta 0ioAOTIiYHOI (Pi3MKM 3 BUKOPHUCTAHHAM II€JATOTIYHUX i1HCTPYMEHTIB,
dKi € B apceHaAl BUKAaga4da IIPUPOIAHUYO] JUCIIHUIIAIHY, IIASIXOM ONHUTYBaHHS 3400yBadiB

MEIHUYHOI OCBITH.

OcHoBHa YacTMHa
IlinroToBKa 3BiTy, BMIiHHS IIPE3€HTyBa-
TH KOA€raM pPe3yAbTaTH CBO€I poboTH, HO-
TPUMaHHHI CTPOKIB IIOCTABAEHUX 3aBOaHb
Ta 1H. — BaXXAWB1I BUMOTH [0 IIpeTEHOEH-
TiB Ha Pi3HI Iocagu B Pi3HUX raaysdax. Po-
OoTomaBli HA MEOUYHOMY PHUHKY IIOCAYT
4acTO BKa3ylOTb y BHMOTax A9 IIPETEH-
OEHTIB Ha 3m00yTTd IIEBHUX I10CAM, OKpPiM
npodeciiHUX BHMOT' TaKOX BMIiHHA IIAa-
HyBaTH ¥ KepyBaTH BHKOHAHHSM BAac-
HUX pobiT, mpalroBaTu B KOMaHl ¥ 3 pi3-
HHUMH 3alliKaBA€HHUMHU OcCo0aMH, CTiHKIiCTB
eMoIlilHOoTo cTaHy Ta iH. Eran Xurrtd,
OB'"A3aHUIl 3 mepiogoM 3m00yTTsS OCBITH,
IIOBHHEH 3aKAaCTU HOBl1 M PO3BHHYTI Ha-
aBHI SSk 3mo0yBadiB OCBITH [AS YCIIiII-
HOi iX peaaizani¥i y mpodpeciiiniii kKap'epi.
CrorogHi 3rigHo 31 CTaHmapToM BHIIIOI
OCBITH [Jpyroro (MaricTepcbKoro) piBH4,
raaysp 3HaHb 22 OxopoHa 340poB’d, cCIie-
miaapHIiCTE 222 MepunuHa [24] 3mobyBayd
OCBiTH TOBHHEH oOmIaHyBaTH 15 000B’a3-
koBuX 3K. BOHH IIAKOM KOPEAIOIOTH 3 BH-
MoOraMH [0 BOAOMIHHA SSK, gKi CBOro-
Hi IIPE3EHTYIOTBCA HK HalaKTyaAbHIMII.
MNuciunaiga «MemuyHa Ta OioaoriuHa
disuKa», 3rifHO 3 OCBITHBO-IIPO(ECiHOI0
IIporpamMoro (MaTpHIli BiAIIOBIAHOCTI IIPO-
rPpaMHHUX KOMIIETEHTHOCTEH KOMIIOHEHTaM
OCBiTHBOI HporpaMu) MOpsgMoO 3abe3Iedye:
- 30aTHICTb A0 abCTPakTHOIO MHUC-

A€HHd, aHaaizy Ta cuHTe3dy (3K1);
- 37aTHICTD BYHNTHUCS 1 OBOAO/II-
BaTH  Cy4YaCHHUMH  3HaHHSIMHU (BK2);
- 30aTHICTb  3aCTOCOBYBaTU  3HaH-
Hd y nOpakTuuyHux curyaniax (3K3);

- 3HAHHATAPO3YMiHHAIIPEAMETHOIraAy-
3iTapo3yMiHHsg Ipodeciiinoi nigabHOCTi (3K4)
- 3I0aTHICTB npuiiMma-

oOrpyHTOBAaHI (3K6)

TH pilIeHHd

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

- 3IAaTHICTH 0 IIOLIYKY, OIl-
paltoBaHHS Ta aHaai3zy indop-
Mamii 3 pisHExX mxepea (3K 0 11).

Fanbmnii aHani3 HeoOXimHUX 3mM00yBa-
YeBi OCBITH 3araAbHHX KOMIIETEHTHOCTEH
BUSIBUTH IIOTEHIINWHUNU OIOCEpPEAKOBAHUM
BIIAUB JUCIMIIAIHU “MemuyHa Ta 6ioAoriyHa
dizuka” Ha 3000yTTd iHmux 3K, Tomy 1o 3a-
raAbHOTO iX IIEPEAIKY MOXKHa 3apaxyBaTH U
OIIaHyBaHHY HACTYIIHUX KOMIIETE€HTHOCTEH:

- 3naTHicThIpalroBaTuBKoMaHai (3K7).

- 37aTHICTD 10 MIiZK0CO-
bucricHOl B3aeMofii (3K8).

- 30aTHICTb BUKOPHUCTOBYBATU iH(OP-
Mallifiti i KoMmyHikamifHi TexHoaorii (3K10).

- BHU3HAYEHICTh i HaITOAET-
AUBICTH L1010 IIOCTaBAEHUX 3a-
BOaHb 1 B3dTuxX o000B’3KkiB (3K12).

- 3[aTHICTb 30epiraTu Ta IIPUMHOXKY-
BaTH MOpaAbHi, KyABTYPHi, HAyKOBI IIiH-
HOCT1 1 JOCATHEHHS CYCIIIABCTBa Ha OCHO-
Bl po3yMiHHA icTOpii Ta 3aKOHOMipHOCTEM
PO3BUTKY IIpeaMeTHOi obaacTi, ii micug y
3araAbHIM CHCTEMi 3HaHb PO OpUpoOAy i
CYCIIABCTBO Ta y PO3BHUTKY CYCIIIABCTBA,
TEXHIKHM 1 TEXHOAOTiM, BHKOPHUCTOBYBa-
TU pi3HI BUAU Ta (POPMH PYXOBOi aKTHUB-
HOCTI OAd aKTUBHOIO BIAIIOYWHKY Ta Be-
[eHHs 3m0poBoro crocoly xkuttd (3K15).

Ile o3Ha4ae, 110 MEAUYHA OCBITA IIOBUH-
Ha 30CepezKyBaTUCS Ha MiAToTOBLI (haxiB-
I[iB JAY iHTEAEKTYaAbHOTO iH(OopMAallitHOTO
CYCIHIABCTBA, i HaBYaTH IX OyTHU OIABIII KOM-
IIEeTEHTHUMH 3 IIOTAGAY TBOPYOCTI, PO3B'd-
3aHHdA IpobaeM, caMOYIIpaBAiHHS Ta CHiBII-
paili, a TakKoX €MOILIHOI KOMIIETEHTHOCTI.

[Ipu BuBYeHHI agucHunAiHu «Memud-
Ha Ta OioaoriuHa ¢i3zukar, sk CTEM-koM-
IIOHEHTU MEIUYHOI OCBITH BHUKAQJALIBKUU
crkaan kKadenpu MeaudHoOl Ta 0OioAoTidHOI
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disuru i MmemmuHoi iHdopmaruku Byko-
BHHCBHKOT'O 1€P3KaBHOI'0 MEIHUYHOTO YHiBep-
CUTETy IIparHe MaKCHUMAaAbHO 3aAyYHUTHU Ce-
pemoBulle 3100yBadiB OCBITH ¥ 10 HAOYTTH
SSk, gki BaxkAuBi Ha piBHIi 3 npodeciiHu-
MH. 3 ILI€I0 METOI0 CTYAEHTH 3aAy4aloThCHd
[0 Pi3HUX BHUOIB aKTUBHOCTI, MalO4u 3MO-
Iy I[IOKpalllyBaTH CBOIO IIOTOYHY YCIIiIlI-
HIiCTb, OTPHMYIOYHM OaAW 3a iHAUBiLyasbHi
BUOH POOIT Ta BomHOYAC PoO3BUBaATH SSK.

SSk 116 He TIABKH IE€peAiK 3aIrpOIOHO-
BaHUX BHUIIE HABUYOK, a i iX po3rasykeH-
Hs. BOpomoBk ocTaHHIX pOKiB 3100yBavaM
OCBITH B SKOCTI iHAMBIAYaAbHOI CaMOCTIiH-
HOi pPoOOOTH, sIKa B CHCTEMi OIIIHIOBaHHS
€ [OOaTKOBUM e€eAeMEeHTOM (Bimobpazke-
HO B IIporpaMax HaBYaAbHUX [QUCIUIIAIH),
3aIIpOIIOHOBAHO Pi3HiI BUAU JiIABHOCTI:
y4acTh y CTYAEHTCHKHUX HayKOBHX KOHQe-
PEHIIiAX; y4acTb B OAIMITiafi; HOiATOTOB-
Ka MarTepiaaiB oA HayKOBO-IIOIIyAdPHUX
BHAHb, III0 IIONYASPHU3YIOTH IIPUPOTHUYL
OUCLIUIIAIHY; BigeoMaTepiaaiB, $Ki CTOCY-
IOTBCS TIOSICHEHHd (parMeHTa TeMHu abo
BHUKOHAHHS ITPaKTUYHUX pobiT Ta iH. Bci
i BUAM poOiT, Oe3mepedyHo, IMOB'd3aHi 3
GKOPCTKUMM» HABHYKAMH, ar€ NOCSITHEHHS
MeTH IoTpebye pisHomaaHOBUX SSk. 3B'a-
30K MiX 3araabHUMHU SSK, gki HaOyBaroTh

* MOXKITHBOCTI IyOTiYHIX BHCTYIIIB

* (hopMyBaHHS CaMOOLIIHKH

00i3HAHICTH * caMoIIpe3eHTallis

KOMYHIKAIiiTHI * Ipe3eHTallis poGoTH
* y4acTh B OOTOBOPCHHI )
g
( . . . .
* Bi/INOBI/JAJIbHICTb 3a SIKICHE BUKOHAHHS
KOMAHIHA p060Ta (hparMenTy criibHO1 BelIuKoi podoTH
* TAEpChKi AKOCTL
o
;

* BJIACHI CY/UKEHHSI 3 TIIMPOKOTO KOJIa TTHTaHb )

.
Ve

* IIOCTAaHOBKa l'IpO6J'ICMH

BHUPIlLIEHHS 3aBAaHb * KPUTHYHC i CHCTCMHC MUCJICHHS

\.

Puc. 1. 3B'930k Mmixk 3araapHuMHu SSK, 1110 HabyBa-
FOTBhCSI 3aA€XKHO Bifl BUAIB BUKOHYBAHUX PobiT mpu
BUBYEHHI AUCIUIMIAIHU ITPUPOIHUYOrO ITPodiAlo Ta
Pe3yABTATOM Y BUTASIAI KOHKPETHUX JOCSTHEHE 3/10-
OyBada OCBITH.

CTYAEHTH 3aA€XKHO BiJl BUAiB BUKOHYBaHUX
pobiT mpu BUBYEHHI OUCIHUIAIHU TPUPOI-
HUYOI'0 HNPOiAI0 Ta Pe3yAbTaTOM Y BHUTAS-
i KOHKPETHHUX 3400yTKiB 3m100yBada OCBi-
TU MOXKHa HpencraBuTu cxemoro (Puc. 1):

Hasenemo BianoBigHicTh SSK, 1110 hop-
MYIOTBCS y 3400yBadiB OCBITH MEIUYIHOTO
3aKAay BHUIIOI OCBITHU 3a Pi3HUMH HaIpsIM-
KaMU ITiATOTOBKH, €Ki CHOPUAIOTH OCOOH-
CTiCHOMY Tporpecy 3mo0yBada OCBITH IIpPU
BuBuUeHHI STEM-guciumnain 3 ¢izuko-ma-
TEeMaTUYHOIO KOMIIOHEHTOI0 Ha Kadenpi
MenudHOI Ta OiosorigyHOI Pi3MKU 1 Memmd-

Tabaunga 2.

* aHaJIi3 TaHUX )

BignosinHicTe Mixk SSk, n10 HaOyBaroTbCs 3400yBaYaMi OCBITH Ta IKi CIIPUSIOTH IXHBOMY OCOOHCTICHOMY
Iporpecy ¥ BUAAMH aKTUBHOCTI, 3alIPOIIOHOBAHUMH IIPU BUBYEHHI AUCIHUIIAIH 3 (Di3HKO-MaTeMaTUIHOIO

KOMIIOHEHTOIO
SSk CrpHugaHHI 0COOUCTiICHOMY Buayu akTUBHOCTI 3100yBadiB OCBITH
IIporpecy IIPU BUBYEHHI AUCIIHIIAIH 3 Pi3UKO-Ma-
TEMATHUIHOIO KOMIIOHEHTOIO, ITITO CITPHA-
I0Th HAOyTTIO SSk
MMupoxkwuit AerKicTh IPUCTOCYBaHHSI; - BUKOPUCTAHHS Pi3HUX IZKEPEA MiATOTOBKU 10
Kpyro3sip HapolIlyBaHHs 00'eMy mmpodpeciinoi | 3aHATE;
AEKCUKHY (KOTHITHBHA T'HYYKiCTB), - iHTerpailia creriaasbHUX 3HaHb JUCIIUIIAIHY B
KpPEeaTUBHICTD MaMbOyTHIO ITpodpecifiHy aKTUBHICTb Yepe3 BUKO-
HaHHS PI3HOMAaHITHUX iHAWBiAyaAbHUX 3aB/IaHb;
Heymepemxe- [IpuitHaTTa 3MiH, KEpyBaHHS BAAC- |- BUKOHAHHS iHAUBIIYAaABHUX CAMOCTIHHHX
HICTB HUM €MOIIIHUM IHTE€AEKTOM 3aBOaHb, 9Ki IOTPEOYIOTHL 6araTo yTOYHEHb,
HOIIYKY (piHAABHOI'O PE3yABTATY METOZLOM CIIPOO
1 IOMHAOK;
- OLIiHIOBaHHS METOOWK BHUKAQIAHHS Ta IICH-
XOAOTO-TIEJATOTIYHUX IHCTPYMEHTIB, 9Ki BUKO-
PHUCTOBYIOTH BUKAAAYI
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Tabaunga 2.

Iporpecy ¥ BUAAMH aKTUBHOCTI, 3alIPOIIOHOBAHUMU IIPH BUBYEHHI QUCIHUIIAIH 3 (DI3HKO-MaTeMaTHIHOIO

KOMIIOHEHTOIO
SSk CrpugHHSI 0COOUCTiICHOMY Buayu akTHBHOCTI 3100yBaviB OCBITH
IIPOTPECY IIPU BUBYEHHI AUCIUIIAIH 3 i3UKO-Ma-
TEMATHUYIHOIO KOMIIOHEHTOIO, IIIO CIIpHUId-
I0Th HaOyTTIO SSk
CupuinaTau- 310poBUH pPiBEHb CKEIITUIIH3MY HaBYaHHS PO3PI3HATH [IXKEepesa OTPUMaHH4
BicTB indopmaiiii Ta crrocobu MepeBipKU iX JOCTOBIp-
HOCTI (moKa3oBoCTi)
Komynikaniga CTHAI ClIiAKyBaHHS, TIUCBMOBI CTHAL | - y9acTh y po60Ti CTyZIEHTCHKOTO HAYKOBOTO
(HayKOBU#, HAYKOBO-TIOIIYASTPHUH) rypTKa (IpeacTaBAeHa JOTIOBIAb),
HapOILIyBaHHS CAOBHUKOBOIO 3ala- |- iArOoTOBKA i IoJaHHY Te3 HayKOBHX KOHQe-
cy mpodecitinoi TepmiHoAOTIT PeHILili, MaTepiaaiB 0 HAYKOBO-IIOIIYAIPHUX
BHIAHb
Aoriune KpuruyHe MUCAEHHS aHaAi3 Pe3yAbTaTiB PO3B’d3yBaHHS CUTYALliTHUX
MUCAEHHS Ta IpodecifHO-CIPIMOBAHUX 33184 y paMKax
OUCIIUTIAIHU
AHaAITUYHE MUCAEHHS nobynoBa IPUYHUHHO-HACAITKOBUX 3B’93KiB 3
JIOTIOMOTOI0 BUKAQaYiB
BallikaBA€HICTh 3pocTaHHg BHYTPIilIHBOI MOTHBAllil | - dhopMyAlOBaHHS 3allUTaHb BUKAAQA4€EBI OAd
10 HaBYaHHS OTPUMAaHHS HEOOXiTHUX ITOSICHEHD;
- IOLIYK TAa BUBYEHHHA HEOOXIMHUX AT BUKO-
HaHHY IHAUBiAyasbHOI poboTH iHdopMarifiHux
pecypciB, KOMyHIiKaIlifHUX 3aco6iB Ta 3aco-
6iB BUKOHAHHS po0OTH (MODIABHHX JIOIATKIB,
KOMII'FOTEPHHUX IIpoTrpam)
KoaeriaabHICTE, [Momyk migxomy Ao Aronei, BMiHHS - IArOTOBKA MPE3eHTAlliTHUX BieoMaTepianiB
cHiBIIpalisd, IIpalioBaTH B KOMaH/Ii [IASI TIOSICHEHHS CKAQTHHUX Ta BasKAUBUX €AE€MEH-
KOMYHIiKaIlid, TiB T€M, L0 BUBYAIOTHCS, BiTHOCHO AOCTYITHUMH
KPEaTUBHICTH Ta 3pO3yMiAUMHU 3acobamu;
- BUKOHAHHS IPaKTUYHUX POOIT y rpymoBiit
criBIIparii
InguBinyaaizm, 3MaraabHHH iHTEpec - y4acTh y OIpeaMeTHIN oaiMmiai;
IyOAIYHICTD, caMoITpe3eHTalIis - KOOPAUHATOP T'PYIIOBOI POOOTH Ha CITIABHUM
AIIEPCTBO 3aBIaHHIM,;
- y4acTh y po6OTi CTYAEHTCHKOTO HAYKOBOTO
TYPTKa;
YecHicThb BinmoBinaapHuit miaxia o mocraB- | - 3anobiraHHa akaaeMidHiE HeZoOpOYeCHOCTI i
Bigmosinasn- A€HOT0 3aBJaHHY, CaMO- Ta B3a€EMO- | Yac KOHTPOABHHUX 3aXO0iB,
HICTB, OIlIHIOBAHHYI - MArOTOBKHU MaTepiaaiB aag mybaikartiii (3amobi-

TaHHS TIAAriaTy, 3reHepOBaHUX UITYYHUM iHTe-
AEKTOM JIaHUX)

CrifikicTh, KEpy-
BaHHY 4acoM

3aaTHICTD CTiMKO BUTPUMYyBaTHU
CKAQHOII HaBYaHHS] CTyAEHTa
II€PIIOr0 POKY ITiATOTOBKHU y MEIHUY-
HOMY 3aKAaJi BUIIOi OCBITH

- IIiATOTOBKA ITOBHUX KOMIIAEKCIB MaTepiaaiB o
3aHSATDH, BPAXOBYIOYH iX 00’€M i 9acTo HemocTatT-
Hill piBeHb 0230BO1 MiATOTOBKH,;

- IIiArOTOBKA MOIIOBiZi HAa I'YPTOK YH iHIIIOTO €A€-
MeHTY iHauBinyaarHOI camocTiiHoi poboTH, gKi
BUMararloTh caMoopraHizamii # yacy Ha BHKO-
HaHHA
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Hoi iH(popmaTuku BIMY 3 BugaMmu akTUB-
HOCTI, IKi IPOIIOHYIOTH 3100yBadYaM OCBITH
[As HAOyTTd TaKUX HABHUYOK i BUKOPHCTO-
ByIOTh BUKAanadi Kadenpu (Tabaummsa 2).

3 MeTO0 BHUSIBAEHHSI poAl Ta Micuga ¢i-
3UKO-MaTeMaTHU4YHOI KOMIIOHEHTH (Ha IIpU-
KAAQl BUBYEHHY OUCIUIIAIHU “MemuydHa Ta
biosoriuHa izuka”) y dopmyBanui SSK,
BPaxOBYIOYH iX 3HAYHY HEOJHOPiAHICTE OyAO
PO3p006AEHO aHKETY i3 3aIIUTAHHSIMH Ta IIPO-
BeZleHO OITUTYBaHHS 3100yBadiB OCBITH Ha
crazii 3aBepIiieHHd HaBYaHHS. B onutyBaH-
Hi [IOTOAUAUCH B34TH Y4acCThb 7S PECIIOHIEH-
TiB — CTyZleHTHU 1 Ta 2 KypcCiB clieliaabHOC-
Ti “MenuiinHa”- (CriBBigHOIIIEHHd AiBYaTa/
oHaKu 69,3%/31,7%). IlepeBaxxkHa 0iAb-
IIiCTb — MoAoai Aroau 17-18 pokis, 21,4%
- 19-20 piyni. [IpoBoamAaoca oHAaMH-OIIH-
TyBaHHsI BUKOpHUCTOByIOuu Google dopmu.

CTPYKTypOBaHe, AOTiYHE MHCAEHHS, KpH-
TUYHE MHCAEHHH, CTiMKICTh OO TPYOHOIIB,
3[JaTHICTb aHaAi3yBaTH, 30aTHICTh CHCTe-
MaTHu3yBaTH, CTPECOCTIMKICTh, HOCATHEHHS
METH, caMoopraHisallid, BiAIIOBiIaABHICTE,
HaBU4YKa PoOOTH 3 HOBUMH MOOIABHUMH 10-
JaTkaMu abo KOMII'IOTEPHHMH IIporpama-
MH, iHIie). 3a pe3yAbTaTaMU OINUTYBaHHL:
nepeaik SSk, g9Ki y nmepIiy 4epry onuTyBaHi
X0TiAu 0 po3BUBATH, IpeacTaBAaeHi Ha Puc 2.

[TpakTHYHO TOAOBHHA OIIUTAHUX X049y Th
po3BUBaTH KpuTuudHe (54,7%) Ta CTPYKTY-
poBaHe, aoriyHe mucaeHH4 (53,3%). Byay-
YM CTyAEeHTaMHU IIepIIOro PoKy HaBYaHHI,
dKi IIPOUINIAU CKAQOHUHN mepexizm no popw,
MeTOo/iB i 3aco0iB HaBYaHHHA y CUCTEMi BHU-
1101 OCBiTH, IIOAOBHHA OIUTAHUX ITParHyTh
HaABYUTHUCH IIPAaBHABHO IIAAHYyBaTH CBil
yac (50,7%) i cdopmyBaTH CTPECOCTIiN-

Puc. 2. Po3nozmia BasKAWMBOCTI HABUYOK, BUAIACHUX PECIIOHAEHTAMHU IIPU ONUTYBaHHI

AnKeTy 6yAO HaZlicAQHO €AEKTPOHHOIO IIOIII-
TOIO 3H000yBadaM OCBITH, 9Ki BUBYAAH Y I10-
TOYHOMY HaB4YaAbHOMY poli (2023/2024
H.p.) MegudHy Ta OioAoriyHy Qi3HuKy.

[lad BCTAHOBAEHHH pe3yAbTaATy OyAO
3aIporIOHOBAaHO BHOpaTu He Oiablie S5 Ha-
BUYOK 3 IIEPEAIKY (BMiHHA IIAaHyBaTH dac,
BMiHHSI TIIpalfoBaTH B KOMAaHi, BMiHHA
IPOSBUTH IHAUBiAyaAbHI 9KOCTiI (iHAUBIi-
yaAi3M, AiIEpCTBO, PO3LIUPEHHS KPYTro30-
Py, EAEMEHTH aKaAeMigyHOi JOOpOYecHOCTI,

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

Puc. 3. Posniozia Binnosine 3m100yBadiB oCcBiTH
LIIOZI0 BIIAMBY OUCIIUTIAIHY “MenmyuHa Ta 6iosoridHa
dizuka” Ha popmyBaHHa SSk
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Kictb (49,3%) Ta CTIMKICTh A0 TPYAHOILIB
(46,7 %).HazanuranHs «4u ClipugA0 BUBYEH-
Hs gucuunaigy «<MeagugyHa Ta 0iosoriuyHa di-
3uKa» HaOyTTIO soft skills?» mo3uTUBHY Bia-
noBiab maau 62,6% pecnonaeHTiB (Puc.3.).
Ile moB’a3aHO 31 3HAYHOIO AKTHUBHICTIO 310-
OyBadiB OCBiTH y BHKOHAHHI iHOWBiIyaAb-

MaTepiaaiB Ad HAYKOBO-IIOIIYAPHOI rase-
™1 «MeaguuHa ¢isuka, TexHika Ta iHdop-
MaTHKa» y BIANOBILAHOMY POIl HaBYaHHI.

HaBuykwy, BKazaHi 3400yBadaMH OCBiTH,
K TaKi, 1110 To4YaAu (DOPMYBATHUCH ITiL Yac BU-
BUYEHHS TUCLIMTIAIHU «MeamuuHa Ta 6ioAoriuHa
drizuka» mpeacTaBAeHi giarpamoro Ha Puc 4.

Puc. 4. Po3nozmia HaBUYOK, 9Ki Ha AyMKY IIEPIIOKYPCHHUKIB, IT049aAl (POPMYBATHCH IIi[] YaC BUBYECHHS
oucrunainu «MeguyHa i 6ioaoriuna dizuka»

HOI caMoOCTilfHOI PoOOTH IIOA0 IIOIIOBHEH-
Hs MYABTHUMEIIMHOTO HaBYaAbHOro (POHAY,
ydacTi B IpeaMeTHIH oaimrtiami, mmyOaikartii
T€3 HayKOBUX KOH(PEpEeHIIil Ta HiATOTOBKU

[IpumiTHUM € TO# (pakT, IO HAUOIABL-
IIUH BiZICOTOK onuTaHux (52%) BinMmiTHAwH,
110 HaABUYKH CTPYKTYPOBAHOTO, AOTIYHO-
r'o MHCAEHHSI BIOCKOHAAIOBAAHMCS IIiJl Yac

Puc. 5. Po3snioia HaBUYOK, 9Ki Ha AyMKY HEePIIOKYPCHHUKIB, BIOCKOHAAIOBAAUCH ITiJl YaCc BUBYEHHS
nucrunainu «MenuyHa i 6ioaoriuna dizukar

https:/ /science.bsmu.edu.ua/
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BUBYEHHS [QUCIIUIIAIHHM, TaKOXK IIOAOBHHA
PECIIOHAEHTIB BBaXKaloTh, 110 BUBYEHHH
Menu4vHOI Ta 6i0AOTiYHOI (Pi3UKH PO3MIHUPHU-
A0 ix Kpyrozip (50,7%) Ta 3maTHICTH aHa-
AizyBaTtu (49,3%). A TPETHHU CTYOEHTIB
(34,7%) mucnmunaina Oyaa BHOPOOYBaHHSIM
I110/10 TI0A0AaHHS cTpecy. Lle Mmoke OyTH 03-
HAKOIO TOTO, II0 37400yBadi OCBITH HE OYi-
KyIOTb II00QYUTH B IIE€PEAIKy [IUCIIUIIAIH
CBOT'0O HaBYaABHOTO ITAQHY HaBYaAbHiI KypCcHU
oB’s13aHi 3 (Pi3UKOI0, a OTXKe HE I[IKaBUAU-
Ccd HAaIIOBHEHHAM MpodeciiHUX IIporpam
no Beryny y Meandauii 3BO. Poas BuKaa-
nada y opmyBaHHI SSk 3100yBadi ocBiTH
OLIIHIOIOTHb Ay2Ke BUCOKO (98,7% mno3uTuB-
HUX Bignosizme#) (puc. 6). OTKe, IICHUXO0AO-
rivHUY i mpodpeciiHuM TOPTPET BUKAAIAYA
IIOBUHEH BIAMNOBLAATH IX O4YiKyBaHHSIM. Bu-
KAaad MOXKe i TTOBUHEH OyTH B3iplieM OAd
3mobyBada OCBITH B IIAaHI BoAomiHHS SSKk.

[Ipr 11LOMYy PECHIOHAEHTU HAaTOAOIIY-
IOTDH, 1110 «abCOAIOTHO BCi HABHYKH, 9Ki Pop-
MYIOTBbCS y 3400yBadiB OCBiTH OiABIIIOIO
YU MEHIIIOI MipoI0 3aAekaTh Bil 0COOH-
CTOCTI BUKAanadar» (BiANOBiAL 3 aHKETH).

Takok 3mo0yBadi OCBiTH BKa3yIOTH Ha
Te, II0 caMe€ BHKAa[a4 MiATPUMYyE PiBE€Hb
MOTHBAllil CTyZAEHTa; PO3BUBAaE KOMYHiKa-
THUBHI HaBU4YKU HE TIABKHM 3 OTAIOY 34aT-
HOCTI CTyZIeHTa pobOTH B IpPyIli, a ¥ cBOIMU
OpPaTOPCHKUMHU HaBHUYKaMH, BMiHHAM IIO-
SCHUTHU CKAQIHI pedi IIPOCTHMH CAOBaMH,
BUPaKEHHSIM €MOIIIMHOTO 1HTEAEKTY, 3a-
KAQIEHHIM PO3BUTKY IIpodeciiHOro Mwuc-
A€HHY Ta MOBAEHHSI; HaJa€ MOXKAUBICTD
OPOSABUTH KpPEaTHBHICTb, TBOPYICTH dYe-
pe3 BAACHUM IIpPHKAAL BUKOPUCTOBYBATU
HOBI METOOM BUKAQIAHHA Ta HeCTaHOapPTHI
OIAXOOU AT BUPIIIEHHd PI3HUX 3aBAaHb.

OTKe, PO3BUTOK IIOTEHIliaAy 3mo0y-

BucHOBKM

Otrxe, muciumaigma «MeguuHa Ta 0io-
AorivyHa pizukar» popMmye y 3mo00yBadiB Me-
audHoi ocBiTm SSk: posmuproe Kpyrosip,
pO3BHBa€E KpPUTHYHE MHCAEHHSI, CIpUSE
PO3BUTKY HaBUYKH aHaaily Ta iH. SSk Ha-
OyTi Ip¥ BUKOHAHHI 3alIPOIIOHOBAHUX CTY-

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

Puc. 6. Po3niomia BimmoBinei 3mo00yBadiB oCBiTH
IIIO0 BIIAMBY OCOOMCTOCTI BHKAaJa49a Ha (popMy-
BaHHS SSKk.

Bada OCBITH MOXKE PO3TAIOATHCH, K IIPO-
€KIIiS IIOTEHIliaAy BHKAa[a4da, IKHUH CBOIM
IIPHUKAQIOM MOXKE HaAuXaTH, 3a0X04yBaTH,
po3BuBaTH Ta iH. Ha OCHOBI IIpakTHYHOIO
[OCBIiy 3i CTyZEeHTaMU MOXKHa COPMYAIO-
BaTH HACTYIIHI IIpakKTHU4HI peKOMEHAallil
A BUKAQJA4iB IIPUPOSHUYO-MATEMATHY-
HOTI'O IIMKAY AUCILIUIIAIH MEOAUYHUX 3aKAaiB
BHUIIOI OCBITU IIIOJ0 CHPUSHHS (popMyBaH-
HI0 SSk y 3mo0yBadiB Meagu4HOI OCBiTH: 1)
PO3TASHYTHU MOXKAMBOCTI BHECEHHS [0 PO-
boumx mporpaM HaBYaABHUX IUCIIHIIAIH
IHOAUBIAyaABHUX CaMOCTiHHUX pobiT; 2)
CIIPUSITU CTYAEHTY 3 BUOOPOM TE€MH iHIUBI-
OyaabHOI poOOTH 3 BpaxyBaHHAM HOTO OCO-
OucTicHHUX 3allikaBaeHOCTeH y Horo wmaii-
OyTHil cdepi migabHOCTI; 3) MOTUBYBATHU
CTyZleHTa MOOCAIZKyBaTH IpoOAeMU 3 Horo
MaMOyTHBOI chepr MiFIABHOCTi, BUKOPHUCTO-
BYIOUN 3HAHHS HaOyTi IIpu BHUBYEHHI QUC-
munaigu «MenugyHa Ta OioaoriyHa disukar,
III0 CIIpUS€ PO3BUTKY BHYTPIIIHLBOTAAY3€BOI
rmpocpopieHTalii cepen 3400yBadiB OCBIiTH.

JE€HTaM I103aayqUTOPHUX, IHAUBIAyaABHUX
pobiT i y mpolieci ITiATOTOBKU OO0 3aHSITh
IpU BUBYEHHI Mequ4yHOi Ta 6ioaoriuHOi (i-
3UKH [OO03BOAATH MaMOyTHIM daxiBUgM y
raAy3i OXOpPOHU 3I0POB’S FapMOHIMHO IIpa-
IIOBAaTH B AWHaAMiYHOMYy IpodeciiiHoOMy
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AHoTauia

Cmamms npucesayeHa 0c8im/neHHI0 NPob1eMu NPO 3HAYEeHHs OCHO8 b6iogi3uku
Npu BUK/dOdHHI y cmydeHmis mem 3 kapoiosozii. biogisuka cepus aK Haykosul Ha-
NpAaMoK mMde po3dinu meduvHoi biogisuku, bioeHepzemuKu, bioenekmpuku, 6iodi-
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HUM i dKmMyansHUM.
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Abstract

The article is devoted to highlighting the importance of the fundamentals of
biophysics in teaching cardiology topics to students. Cardiac biophysics, as a scien-
tific discipline, encompasses sections of medical biophysics, including bioenergetics,
bioelectricity, and metabolic biophysics. These areas explore the physical aspects of
cardiac function across all levels of biological organization — starting from the mo-

computed tomography. lecular scale to the analysis of intracardiac hemodynamics under different conditions.
Studying cardiology topics for students should involve the application of knowledge
about modern instrumental diagnostic methods such as EchoCG, CT, MRI, and PET,
along with emerging technologies for the treatment of various cardiovascular diseas-
es, which is highly relevant and actual.
3micT
Bceryn 52
OcHoBHa YacTHHa 52
3aKJII0OYHA YacTUHA 55
BucHOBKHU 55
CHHMCOK BUKOPUCTAHUX JpKepeJ 56
[lepeAik CKOPOYEHB:
KT - xomrr'torepHa Tomorpadis
CCC - cepueBo-cyMHHa cycTeMa
ExoKT - exoxappiorpadis
EKT - ennextpokapaiorpadis
CA - cuHoarpianbHUMI
AB - aTpioBeHTPUKYIIIPHUI
IXC - immemiuna xBopo0ba cepiis
YCC - gacToTa cepreBrx CKOpoueHb
OKT- donokapaiorpadis
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MPT - marniTHO-pe3oHaHCHa ToMorpadis
IIET - mosuTpoHHO-eMiciviHa ToMorpadis

IKK - iHIeKC KOpOHapPHOTI'O KaJIbLIMHO3Y
KBI' - kopoHapoBeHTpUKYyJIOorpadis

Bceryn

CnocrepeskeHHs 3a Pi3SUYHUMU HIPOIIe-
caMH B AIOICBKOMY OpPraHi3Mi (acHMiASILid,
OUCHUMIASILSI, OUXaHHSI, TEPMOPETYASILisI)
BKa3yIOTh Ha II€BHI BIAXWUAE€HHS BiJ HOPMI,
SKi CIIOCTEePIraroThCs IIPU Pi3HUX XBOPOLax.

BukopucranHsa 3HaHb 3 MeOUYHOI i-
3UKH HPHU3BOOATH N0 CTBOPEHHHI Cy4YaCHHUX
Ji3MYHUX METOAIB AiarHOCTHKHU, IIOIlepe-
[PKEHHS Ta AlKyBaHH4 MAIl€EHTIB 3 Pi3HOIO
IIaTOAOTI€I0, OIITUMAABHO ITPOBOAUTH NOCAL-
[2KE€HHS Ha II€BHIiM anapaTypl y HpakKTHUYHIN
KAIHIYHIH poboTi, BUBYATH BIIAUB (PAKTO-
PiB HaBKOAHMIIIHBOT'O CEPEAOBHILA HA AIO/-
CBKHM OpraHiaM Ta po3pobASITH METOoau 3a-

OcHoOBHa YacTMHa

Biodrizuka cepiis — 11e HayKOBUY HAIIPs-
MOK Ha CTHUKY KapiOAOTii Ta TaKHUX PO31iaiB
biopizuku, gk MeaguuHa 6iodizuka, bioeHep-
reTuka, OioeaeKTpuka, Oiodizuka merabo-
Ai3MYy, siKa BUBYAa€ (Pi3UYHi aceKTHU ceplie-
BOI IiSABHOCTI Ha BCiX piBHSX ii opraHizariii,
OYMHAIOYH Bi/ 0iOXiMiYHHX ITPOIIECIB PiB-
Hd OO0 BUBYEHHS BHYTPIIIHBOCEPIIEBOI Ie-
MOAWHaMIKU ITpH Aii pi3HUX pakTopiB [1,2].

3 MeTo0 AiarHOCTHKU XBOPOO cepiid i
CyOuH i migbopy MeaIuKaMeHTO3HOI Teparrii
Ba’KAMBO BHBYATHU 1 YCBiIOMAIOBATH POAb
pizHUX Pi3UYHUX PaKTOPiB, 30KpEMa: €AEK-
TPUYHUX, MEXaHIYHUX, aKyCTUYHUX Ta TEM-
nepaTypHux. Han3BuyallHO BasKAUBHM €
BIIPOBAaZKEHHS B MEANYHY ITPAKTUKY HOBIT-
HiX METOMHUK Bidyaaizallii, BAOCKOHAAEHHS Ta
13aIrpoBa/?>KEHHI HOBUX KOMII IOTEPHUX TE€X-
HOAOTiM, PO3BUTOK Ta YIOCKOHAAEHHS METO-
[iB eAeKTpo- i MarHiTorpadgii, Tomorpadii.

OmHuM 3 HaAWBIAOMIIIIMX METOMIIB 00-
crexxeHb mnaiieHra € EKI, akuii 3acHoBa-
HUM Ha peectpalii i aHaai3l €AeKTPUYHUX
IMITYABCIB, III0 BUHUKAIOTH ITPU POOOTI cep-
11g. KoxXHa KAITHHAa CeplieBOro M'sd3a CTBO-
PIOE E€AEKTPUYHE IIOAE, K€ Ma€e XapakTe-
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XUCTY AIOAVHHU Bifl BEAUKUX HaBaHTaXKEHb.

Hanpsamku, cripgMoBaHi Ha IOCALIKEH-
HS IHUTAHb KOMII'IOTEPHOT'O MOEAIOBAHHS
natoaorii CCC, reMoguHaMiKH, pagialifiHo-
ro OIIPOMiHEHHSI, OIAKOBHX MOAEKYA, 0iOiH-
dopmartii, KomIr roTepHOI Pi3UKH DiocUcTeM,
6i0i3MKH 3A0IKICHHUX yTBOPEHB, PI3UIHUX
OCHOB MEIUWYHOI AiarHOCTHUKH, KOMII'IOTEP-
HOi ToMorpadii, MOAEKYAIPHOTO MEXaHi3My
€AEKTPO3BapIOBaHHA AIOJICBKHMX TKaHUH,
B3aemoqii JAHK 3 iHmmmm 6GiomoaekysaMu
BasKAUBI OAS MEOUIIMHH CBOTOAEHHH 1 I10-
TPeOyIOTh IHHOBALIHHUX MiAXOMIB IPHU BHU-
BYE€HHI T€EM KapOlOAOTIYHOIO CIPSIMyBaHH4.

PUCTUKM, MOAIOHI y 3araaAbHHUX pHCaX MO0
€AEKTPUYHOI'0 IIOAd IHINWX THUIIB M'S30-
BUX KAITHH, a 3MiHa EAEKTPUYHOTO IIOAS
ceplld BiAOyBalOTbCS MIPHU AeTIOASpU3allii
i penoasgpu3zaiii MmeMOpaHU KAITHH ceplid.
3a pmomomororo EKI' MmoxkHa miarHocTyBa-
TU OiABIIICTE XBOPOO ceplid i Ha migcrasi
OTPUMaHUX JAaHUX MOXKHa CYyOUTHU HE TiAb-
KU IIPO €AEKTPHUYHY aKTHUBHICTH cepld, a
1 mpo 3MiHM B CTPYKTypi Miokapza [3,4].

34aTHICTh TKaHUH CEPL CTBOPIOBATH
€A€KTPUYHI IMIIYyABCH IIPH BiACYTHOCTi 30B-
HIIIHIX 30yI>KeHb Ha3UBAIOTHh (PYHKILIEO
aBToMaTu3Mmy. lliero PyHKIIi€I0O BOAOMIIOTH
KaiTMHU TKaHuH CA-By3aa Ta HOpPOBiAHOI
CHUCTEMH CEPLF: CHCTEM HEPEACEPAL 1 HIAY-
HO4YKiB Ta AB-By3aa. BoHu oTpuMasu Ha3By
KAITHUH BOAIIB pUTMy — IleficMeKkepiB. PyHK-
LI€I0 IIPOBiAHOCTI HA3WBAIOThH 3ATHICTH
[0 TIPOBeEeHHsI 30y[KEHHs, III0 BHUHUKAE
B OyOb-gKifl 30HI ceplisd, SKOI BOAOMIIE SK
CKOPOTAUBHH MioKap/, TaK i BOAOKHA CIIEIli-
aAi30BaHOi IPOBIAHOI CHCTEMHU Ceplid, IIPO-
T€ B MiOKapi INBUAKICTb IIOIIUPEHHS €AEK-
TPUYHOTO IMIIYABCY 3HHUIKYETBHCS. Y HOPMI
XBUASI 30yI3KE€HHS, 1110 BUHUKAE B KAITHHAX
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CA-By3aa, IOUINPIOETHECI 10 HAWUKOPOTIIIO-
My IIPOBIAHOMY ILIAFGXY B 30HY IIPaBOTO IIe-
pencepas Ta TPhOX MIXKBY3AOBHX TpaKTaM
— Baxmana, Benkebaxa i Topeasg — mo 30HU
AB-By3aa 1 0 MiXIIepeACEPOHOMY IVIKY
Baxmana o aiBoro nnepencepnd. Pizioaoriu-
Ha 3aTpUMKa XBUAlI 30ymkeHHa AB-By3aa
BHU3HA4Ya€ TUM4YacCOBY HOPMAaAbHY IIOCAILOB-
HIiCTh 30ya>KeHHS Iepeacepasd i IIAyHOYKIB.
[Ipu mimcUA€HOMY PUTMIi CEPLIEBUX IMIIyAb-
ciB, mo Haaxoaatb 3 CA-By3aa abo mepen-
cepad, 3 nepeBuileHHaM 200 ynapiB 3a XB,
HaBiTh y 3I0POBOi AIOAWHH MOXK€ 3’IBUTH-
cs gactkoBa AB OaoKaza ITpu IIpPOBEnEHHi
€AEKTPUYHOI'O IMIIYABCY 3 IMEpeAcepAs A0
IIIAYHOYKIB. BaacTuBicTh ceprsa 30ymKyBa-
TUCH Bif Aii iMITyABCiB Ha3UBAaIOTh 30y IAUBI-
CTIO 1 I1I0 (PYHKILiIO MalOTh KAITUHHU IIPOBiI-
HOI CHCTEMH Ceplid, a TAKOXK CKOPOTAHUBOI'O
MioKapaa. BaactuBicTb cepreBoro wm’dsa
CKOpPOYyBaTUCH y BIAIIOBiAL Ha gaHe 30y-
[>K€HHSI Ha3UBalOTh CKOpPOYyBaHHAM [1, 2].

Ha npakTuyHOMYy 3aHATTI CTyAEHTaM
po3maroTbcd Habopu EKI, aki BoHM BUBYa-
IOTh 1 aHaAI3yIOTh PUTM CepLd, 3HAXOAATH
03HaKU rineprpodii nepencepap i MIAyHOU-
KiB, IaTHOCTYIOTh CHHOATpPiaAbHY 1 aTpio-
BEHTPUKYASIPHY OAOKAAM Ta O3HAKU imremii
MioKapaa. BHaBHUBIIN NE€BHI €AEKTPOKap-
niorpadiyHi 3MiHM, HaIIPUKAA, €A€Ballilo
cermeHTa ST, CTyOEeHT Ma€ BUCTABUTH KAi-
HIYHUH TONEepeaHIN AiarHO3: TOCTPHUU KO-
POHapHUN CHHAPOM 3 €AEBAlli€}0 CETMEH-
Ta ST.B nomaabiioMy CTyZEeHT Ma€ 3HaTH,
4K HaJaTH HEBIAKAQOHY AOIIOMOTY TaKOMYy
MAi€EHTyY 31 3HATTAM OOABOBOTO CHHIPO-
My, nmputiomoM acnoipuHy 300 Mr KaoImimo-
rpeato 300 Mr i1 ckepyBaHHAM IIalli€HTa
0 HaUOAMZKYOro KapaioXipyprigyHoro Bim-
OIA€HHI 3 nogasbmiuM KoHTpoaem EKT.

OcTaHHIMH POKaMH IIHPOKOTO IIOMIIN-
PEHHA Yy KAIHIYHINA IIPaAKTUIl OTPHUMAaAO
TpuBase MoHiTopyBaHHA EKI' 3a Xoarte-
poM. MeTon 3aCTOCOBYETBHCA 3a3BHUYaM AL
JIaTHOCTHUKM IIBUAKHX IIOPYLIEHb PUTMY
ceplisd, a TaKOX [OAd BUSBAECHHS IMIeMid-
Hux 3MiH EKI y xBopux 3 IXC. IcTroTHOIO
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IIepeBarol0 METOAY € MOXKAUBICTH TpPHBa-
Aol (mporaroM 24-48 ron) peecrparii EKT
Yy 3BUYHUX [Ad NallieHTa ymoBax. lIpmaan
[oas TpuBasoro moHiTopyBaHHs EKI 3a Xoa-
TEPOM CKAQIAETBCS 3 CHCTEMH BiABEICHB,
CHIeIliaABFHOTO IIPUCTPOIO, SKUH Bimobpazkae
EKI' ma mardiTHI¥ crpiumi. MiHiaTIOpHUN
PEECTPYIOUHN HPUCTPIA 1 €AeKTPOAU PO3-
MIIyIOTBCS Ha TiAl HaiieHTa. Y CydacCHHUX
CUCTEMax [Ad TPHUBAAOTO MOHITOPYBaH-
Ha EKI 3a XoarepoMm mnepenbadeHO mOpen-
CTaBACHHH [JAaHUX Ha CIEIlaAbHIN I1ame-
POBill CTPIYIl Yy CTHCAOMY KOMIIAKTHOMY
BUTAAMl, IO MA03BOAIE OTPHUMATH HAOYHE
VSIBA€HHSI IIPO HaUOIABII icTOTHI ermizomu
IOpPYyLIEHb PUTMY CepLd 1 3MIHH CETMEHTY
S-T. Iacopmarlia Mozxke OyTH IIpercTaBAe-
Ha TakKoOXK y IU(PPOBOMY BUTALAMI i ¥ BUTA-
Oi ricrorpam, M0 BigoOpaskaioTh PO3MOMIiA
BIOPOOOBXK A00M PIi3HUX YaCTOT CEpIEBO-
ro PUTMYy, a TaKOXK €Ili304iB apuUTMii [5].

Ha mnpakTuyHOMy 3aHATTI CTYAEHTH
posragnaioThk 3anuc (24 roxm) EKI' ma mo-
HITOP1 1 BUSBASIIOTH HATOAOTIYHI 3MIHU ¥y
BUTAAl HadBHHUX EKCTPACHCTOA, €Ii30-
[IB IIapOKCH3MaAbHOI Taxikapaii 3 By3b-
KUMH Ta LIINPOKHUMH KOMIIAEKCaMH abo
IOpyILIeHHs MHpoOBIiAHOCTI. B momaarbiio-
My CTYAEHTH BIiAIPalbOBYIOTb METOOUKY
IIPOBEZIEHHS BaryCHHUX IIPO0 IIPHU ITapOKCU3-
MaABbHINM TaxikapAii 3 By3bKUMH KOMIIA€KCAa-
MU 1 IPU3HAYAIOTh aHTHAPUTMIYHY TepaIriio

YepescTpaBoxXiiHa €AEKTpPUYHA CTH-
MYASI[id Ceplid — HEeIHBa3WBHUU MeETO[, [0-
CAII?KEHHd, SKHH BHKOPHUCTOBYIOTH [AL
JIarHOCTHUKH IIPHUXOBAHOI KOPOHAPHOI He-
pocratHocTi y xBopux IXC, BUBYeHHd Xa-
pakTepy Ta eAeKTPodi3ioAOTiYHHX MeXa-
HI3MIB HOpPYLIEHb PUTMY CEPILId, a TaKOXK
JASI AIKyBaHHS IIApPOKCHU3MaAbHHUX HAMIIIIAY-
HOYKOBUX TaxiaputMmiii. CyTb MeToOmy IIO-
ASiTae B peryAboBaHOMY 30iabineHHi YCC
IIAIXOM HaB’d3yBaHHA IITYYHOTO PUTMY
€ACKTPUYHOIO CTHUMYASLIE€I0 Iepeacepas.
A 1bOTO BHUKOPHUCTOBYIOTH THYYKHH Oi-
IIOAIPHHUN EAEKTPOI — KaTeTep, SKUU BBO-
OUTBCS Yepe3 Hic abo poT y cTpaBoxim i
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BCTAHOBAIOETHCS Ha PiBHI Iepencepasa [6].

[Ipu oOroBopeHHi 3i CTyAeHTaMH IIHOTO
METONY OOCTEKEHHSI HATOAOIIYETHCS MOK-
AUBICTD 3HATTA y MALI€EHTIB IapOKCU3MaAb-
HOI TaxikKapAii HIASIXoM HaB’d3yBaHHS HITY4-
HOTO PUTMY EAEKTPUYHOIO CTHMYASIIIE€IO
niepencepada 0iapie, Hizk 300 CTUMYAIB 3 110-
JaABIIINM BilTHOBAEHHSIM CHUHYCOBOT'O PUTMY.

ExoKI' mae wMoOXAUWBICTE Bi3yaai3yBa-
TU CTPYKTYPH CeEpLd Ta BEAHUKHX CYyIWH
3a [OIIOMOTOIO0 YABTPa3BYKOBOI'O METOLY,
BUKOPHUCTOBYIOYU SIBHUIIlE BigOUTTS IIyd-
Ka YABTPaA3BYKOBHX XBHAb i3 YaCTOTOIO
1,5-10 MT'11 Big cTpyKTyp cepud. Lle#t meTosn
oOCTe:KeHHs € OCHOBHHM MIiarHOCTHYHUM
OOCAIIKEHHSIM Y KapAlOAOTIYHIN HIpakTH-
11i, 60 BiH HaJja€ KAIOYOBY OiarHOCTUYHY iH-
dopmallito Ipu IaToAoTil ceplsd. Y Mequd-
Hi¥i IIpakTHIli BUKOPUCTAHHSA YABTPAa3BYKY
3aA€XKUTh Bil HAOpsaMIB [OIarHOCTHUKU YU
Teparlii, yMOB BHUIIPOMiHIOBaHHS Ta Xapak-
TEPHUX BAACTHUBOCTEM 0i0AOTIYHOI TKAHUH —
aKyCTHYHOI'O OIIOpPY, IIBHUAKOCTI IOIINPEH-
Hs B KOHKPETHOMY IlIapi Ta HOTro NIIABHOCTI.
[lim gac Y3-miarHOCTHUKHU BHUKOPHUCTOBYIOTH
aK Oe3rnepepBHO-XBUALOBE, TaK ¥ IMIIyAbC-
HO-XBHABOBE BUIIPOMiHIOBAHHS: y IIEPIIOMY
BUIIAJKY JOCAIIKYIOTEh BiIOUTY XBHAIO, IKa
BUHUKAE Iia 4ac iHTepdepeHIii naxarodoi
Ta BigOUTOI XBUAB HA MEXKi PO3MOMiAy, a y
2- crnocTepiraroTh BIOA3€PKAACHUN IMIIyABC
1 BUMipIOIOTH Yac IMOUINPEHHSI YABTPa3BYKY
[0 MOOCAimzKyBaHOro ob0’ekra i Haszand. Ilpu
IIbOMY, 3HaIOY{ IIBUAKICTH IIOIIMPEHHI
VABTPa3BYKYy, MOXKHa BH3HA4YUTH BiACTaHb
[0 [OOCAIMXKYyBaHOI dYacCTHHU cepud [2].

Ha nmpakTryHOMY 3aHATTI CTYJ€HTH PO3-
ragnamoTh pesyabratu ExoKI™ 3 TpakTyBaH-
HSM: PO3Mipy aopTH, 00 30iABILIEHHS IIHOTO
IIOKa3HHKAa BKa3y€ Ha MOXKAUBY aHEBPU3MY
aopTH, 1110 notTpebye TepMiHOBOIO HAIIpaB-
AEHH4 ITalli€eHTa Ha ollepaTHBHE BTPYYaHHS,
3HUXKEHHS (Ppakilii BUKUAY AIBOTO IIAYHOY-
ka meHine 20%-40% , 1o motpebye iHOAU-
Bi/lyaAi30BaHOTO IpHU3HA4YEHHS QapMaKo-
Teparii abo HaBiITH TpPaHCIIAAHTAIIll ceplid.

[As [OlaTHOCTHUKHM CTaHy CEPLEBOI -
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SABHOCTI 3aCTOCOBYIOTH MeToh TrpadivHoi
peecTpallii TOHIB Ta IIyMiB CEPLEBO-CY-
OVHHOI CHCTEMHU, HIKHUU OTpUMaB Ha3BY
doHokapaiorpadiss. 33anucyBanusg DPKI
BUKOHYIOTH 3a [JOIIOMOI0I0 (POHOKapMIio-
rpada, CTPYKTypHa cXeMa SKOTO MiCTHUTh
MiKpo(OH, 3BYKOBUH MiACHUAIOBAY, AiHIHKH
YaCTOTHUX (PIABTPIB 1 HNpPUCTPOIO, LI0 pe-
ecrpye. Llet meronm moromMara€e IIOTOYHU-
TH XapakTep 3MiH IIPU ypaxkeHH1 MioKap-
ga i BpomkeHUX Ta HaAOyTHX Bal ceplis.

Ha mnpakTuyHOMy 3aHATTI CTYAEHTH
posragnaioTs PKI' i aHaAi3yIOTE aMIIAITYLY
[ ToHy, XapaKTepUCTUKY i popMy HIyMiB,
IIPUB’3aHICTh CUCTOAIYHOTO IIIyMy 110 | ToHy
YUY Hi, 1110 Ja€ MOKAUBICTb IIPOBECTU Aude-
PEHIIMHY AiarHOCTHUKY MiXK (PYHKIIIOHAAb-
HHUMH 1 OpPraHidyHUMH YpPaKE€HHAMH CEpPIId.

EaexkTponHo-ipoMeHeBy KT B Kapmio-
AOT1i BUKOPHUCTOBYIOTh [AS OLIIHKHU CTYIIEHH
KaAbIU(iKallii KOpoHaApPHUX apTepii i masa
OLIIHKU poboTu cepig. 3a momomororo KT
MOXKHa Bi3yaAi3yBaTU CTPYKTYPY Ta PYHKILiFO
ceplid Ta BEAUKHX CY[IHH, 4 TAKOXK BUABAATH
O3HaKM inremii Ta 3anaseHHsS MioKapnaa [7].

MPT 6asyeTbcsa Ha CKaHyBaHHi TKaHUH
i3 OTPUMAaHHSM IIOIIaPOBUX 300pazKeHb I1a-
TOAOTIYHOI 00AACTi, 30KpeMa, JeTaAbHUX 30-
OpaskeHb ceplld, KAaamaHIiB Ta cyauH. [Ipu
IIbOMY BigOyBa€eTbCs BHUBYEHHS IIPOILECY
PO3ILIEIIACHHA $4€pP BOAHIO IiJ BIIAMUBOM
CTBOPIOBAHOI'O arapaToM €eAeKTPOMAarHiT-
Horo moAad. MPT cepus mae MoOXKAUBICTB
OLIIHUTH CTPYKTYpPy MioKapmaa, nepukapaa,
KIHETHUKY CEPILIEBUX CTPYKTYP, IaTOAOTIYHI
3MiHH, 30KpeMa HabpsK, ilmemito, ITOCTiH-
dapkTHI pyOIlli Ta aHEBPU3MY AiBOrO IIAY-
Ho4yka. [lo mepeBar METOOUKH BIIHOCATH
MOXKAMBICTb OTPHUMAaHHA  MAaKCHMAaAbBHO
YITKUX [OIIApPOBUX 3HIMKIB y PI3HHX MPO-
EeKIifIX, ¥ TOMY YHCAl Oyay€eThCa TPUBUMIpP-
Ha MOIEAb MOOCAiMKyBaHOI obaacti [8, 9].

[TET - 11e MmeTon pamioi30TONHOI Meagud-
HOi Bi3yaaizalii Ta AlaTHOCTHKH, 3aCHOBa-
HUM Ha 3aCTOCYBaHHI IIpenapariB, MiY€eHHUX
130TOIIaMH, $Kli 1 € BUIIPOMIHIOBa4YaMHU I103HU-
TpoHiB. [IET nae MOKAUBICTE 3a JOTIOMOT'0OO
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CITEIliaABHOTO [IE€TEKTOPHOTO O0AaTHAHHS
BiICTEXKyBaTH PO3IIOMIA B OpraHi3dMi 6ioao-
IiYHO aKTUBHHUX CIIOAYK, Mi4€HHX Pasioi3o-
TOIIaMH, $Ki BUIIPOMIHIOIOTH IO3UTPOHU i
J[la€ MOKAUBICThF BHBYATH IIPOIECU MeTaDO-
Ai3My, TPAHCHOPT PEYOBUH, EKCIIPECiIO re-
HiB. AHAaAI3 BUIBAEHHUX 3MiH Ja€ MOXAHUBICTD
BUIBUTH I[I€BHI IIOPYyLIEHHS B MiOKapi.

Ha cygacHoMy eTami MOXXKAUBE BUKOPH-
CTaHHS HAHOPOOOTIB, PO3Mip AKUX OAU3b-
KHUU 10 MIKPOCKOIIIYHOTO, SIKi PO3BHBAIOTh
BEAUKY IIBHAKICTb y PLOKOMY CEPETOBHIII
3a [OIIOMOTOI0 EAEKTPOMATHITHOTO IIOAS
OAST CTBOPEHHSI IIE€BHOI KOHIIEHTpAIlil Ai-
KapChbKUX PEYOBUH B YPark€HUX TKAHUHAX.
Takox HaHOPOOOTH MEBHOI (POPMU MOKYTH
BIIAMBaTH Ha ITIyXAUHY, BipycH, 6akTepii, 3HH-
uryroyu ix [10, 11]. 3Haxonda4uch B CyAHH-
HOMY PYCAi, BOHH MOXYThb BIIAUBaTH Ha aTe-
POCKAEPOTHYHI OAAIIIKY, 3MiHEHI KAATIaHU 3
HOpMaai3alli€lo NOMIKOIKEHUX TKaHUH [8].

Ha Tenepiminiit yac TakoxX Haa3BU4Yal-

3aK/IIovHa YacTMHa

Mo>kHa BUAIAUTH TaKi OCHOBHI HAIIPSIM-
KU CYy4aCHOTO PO3BHUTKY 0i0i3MKH ceplid:
cTBOpeHHd maediOpHAITOPIiB HOBOTO THILY
(MaAOMIOTYKHUX 1 IMATHUX); VIOCKOHAAEHHS
criocobiB Bidyaaizarii mpoiieciB 30yaKeHHSI
MioKapa 3 METOIO IIOKpAaIlleHHdI IKOCT1 Me-
OUYHOI JiarHOCTUKH; MOJEAIOBAHHSI Ceplie-
BOI OIFABHOCTI 3 METOIO0 II€PCOHAaAi3allii Ai-
KyBaHHY MAIll€HTIB; AOCAIKEHHSI BIIAUBY
epekTiB Oidpypkailitinoi nmam'ati Ha edek-

BucHOBKM

1. Biogizuka ceplig Mae BeAN4Ye3HUH
IIOTEHIliaA [OAS TIOKpAllleHHsS [iarHOCTU-
KU Ta AlKyBaHHSI CEPLIEBO-CyAWHHUX 3a-
XBOPIOBaHb, a PO3yMiHHA ME€XaHi3MiB, IO
A€XKaTh B OCHOBIi CceplieBOi OiIABHOCTI, Aa-
IOTh MOJKAUBICTH PO3PO0OAITH HOBiI MeTO-
OU PpaHHBOI'O BHUSBAEHHH, IHOUBiAyaai3o-
BaHOI Tepamii Ta IOKpallleHHd IIPOTHO3Y
[AS TIAIIEHTIB 3 XBOpOOaMu ceplis i CyauH.
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HO BaKAMBHM METOIOM OOCTEKEHHH € He-
nincuaeHa KT cepiisg, ska mga€ MOXKAUBICTD
BUYHNCAUTH IHAEKC ArarcToHa 3 O0YMCAEH-
HSM CTyIIeHd KaAbIlM(ikallii KopoHapHUX
aprepiti. OOYUCAEHHSI HTPOBOOUTHCH IIIASI-
XOM MHOXKEHHS 3BasK€HOI I'YCTUHU AL 30HU
3 BHCOKUM OCAaOA€HHSM BHUIIPOMiHIOBAHHS
Ha IIAOLLy KaABIIMHOBAHOI Oadarmku. ['pa-
[allisgs ypaskeHHs KOPOHApHUX CyAWH Ha
OCHOBI IHAEKCY KOPOHApPHOI'0 KAaABIIil0 Ha-
crynHa: O — HeMae O3HaK ypaxeHHd, 1-10 -
MiHiIMasbpHe ypaxkeHHd, 11-100 — He3Ha4dHe
ypaxeHnHs, 101-400 — noMmipHe ypazKeHHSd,
6iapire 400 — Taxke ypaxkeHHd. Mae Be-
AUKE T[IpaKTHYHE 3HAYE€HHS CIIiBCTaBACH-
Hea IKK i crenosy 3a manumu KBI: IKK 27-
88: >=20% 3a mamumu KBI, IKK 89-127:
>=30%, IKK 128-200: >=40%, IKK 201-
271: >=50%, IKK >271: >=70%. Pe3yabTa-
TH IIUX 00CTEXKEeHb NAaI0Th MOXKAUBICTE IIPO-
BoauTH Binbip mamientiB Ha KBI [12, 13].

THUBHICTh AIKyBaHHS 3aXBOPIOBaHb CEPILd;
po3pobKa HOBUX IIPHHIMIIB MOiarHOCTHU-
KH 3aXBOPIOBaHb Ceplisd, ITIOOyZOBaHUX Ha
OCHOBi Cy4YaCHHX 3HaHb 3aKOHIB (i3UKH.

OTxke, IpU BUBYEHHI aKTyaAbHUX IIH-
TaHb Kapmaioaorii 3i cTymeHTaMu HEOOXid-
HO IiJKPECAIOBATH BaXXAUBY POABb KAIHi-
KO-iHCTPYMEHTAABHOTO OOCTEKEeHHSI, III0
IaCTh MOXKAUBICTE BYACHO BHUCTABUTHU i-
arHo3 1 MIPOBECTH MEOWYHI I1HTEPBEHIII.

2. Meroouka mpoBeNEHHHI 3aHSTH
3 KapmaioAorii [Ad CTYOEHTIB TIOBUHHA
BKAIOYATU  OCBOEHHS 3HaHb 3 0iodi3u-
KU IIPO 3aCTOCYyBaHHA Cy4daCHUX I1HCTPY-
MEHTAABHUX MeTOAiB oOcrexxeHHS ExoKT,
KT, MPT, IIET 3 oO4ncA€HHAM MapKepiB
IpOTrpeCyBaHHA AaTE€POCKAEPO3y, MAWHAMI-
KJ BHYTPIIIHBOCEPLIEBOI T'€MOAUHAMIKH.
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Y cmammsix yxpaiHcbKoro M0B8010 CAil AYOAIOBATH QH2/iliCLKOI0 MOBOIO TaKi eAe-

MEHTH.:
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KAIOYOBI CAOBAQ,
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CIIMCOK BUKOPUCTAHUX IKEPEA.
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AHaaiTH4HI (HAYKOBI) OrAS U

MaTtepiaan KOHEPEHIIiHk
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XpoHiKHU
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Penmaxkititigi crarri
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AHaaiTH4YHI (HAYKOBI) OTASI AU - 12-15 cropiHOK
Peniensii Ha KHUTH - 4-5 CTOpPiHOK
XpoHiKH - 4-5 CTOpPiHOK
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dopmMyAH, PUCYHKHU, TAOAUIII CAi PO3MIIyBaTH B OCHOBHOMY TE€KCTi CTATTi Ta HyMepy-
BaTH MIOCAIIOBHO apabChKUMHU ITUPPAMH.

Ilopadox posmiwenna mamepiary
YK
HA3BA CTATTI
YKpPaiHCHKOIO Ta aHTAIHCHKOI0 MOBaMU
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