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KnouoBi cnoBa:

mepmoeneKmpuwHuG CeHcop,

Pospin 1. [Tpupopsmdi HayKv B MeIVIIVIHI
Section 1. Natural sciences in medicine

AHoTauiA
Y pobomi nokasaHi MO#/1UB0CMi BUKOPUCMAHHSA NPpUHYUNi8 mepmoesieKmpuKku

mepmoenekmpuyHuti damyuk 8 0idzHOCMUU, /1iKy8aHHI ma NPO@iNaKMUKU YCK/NAdOHeHb 8 yp2eHMHili abOOMiHA/bHIU

memnepamypu,
memnepamypHut 2padieHm,
MeOuYHa diaeHocmuKa y
xipypeii,
3anasnbHo-0ecmpyKmueHi
npouecu,
mepmMomempu4YHUU MOHIMO-
DPUHe,

o06’ekmugizauis napamempis,
mepmoHasieayis,

ma mopakaneHil xipypezii. ¥Y3azai6HeHO pe3y/iemadmu 8UKOPUCMAHHS PO3p06/1eH020
KOMN/EKCHO20 0id2HOCMUYHO-/IKy8d/1bHO20 d/120pUMMY i3 3dCMOCy8AHHAM MepPMO-
e/1eKMpPUYHUX NpucmMpois npu 3and/abHO-0ecmpykmusHUX npouecax. flosedeHo, wo
3dCMOCY8AdHHA MAKUX NPUCMpPOi8 00380/19€ BUSBUMU NPO2PECYBAHHA 3dNA/EHHA HA
paHHix tozo0 emanax i BUKopucmosysamu npeseHmusHy makmuky niky8aHHs. Pee-
cmpauis 3a 00NOMO20H0 MepMoeeKMpPUYHUX hpucmpois acumempii napamempis
men/s108020 NOMOKY Y CUMEeMPUYHUX OifAHKAX 2pyOHOT KAIMKU cmeopu/ad MOM/u-
gicmb didzHOCMysamu 3and/bHUU NPOUEC y /1e2eHAX HA NOYAMKOBUX 11020 cmMdodisx.
Y diazHocmuui abcuecie pi3HoT 10Kani3auii BUCOKOIHPOPMAMUBHUM 3dpeKOMeHDY8d-
/10 cebe 8U3HAYEHHS mMeMnepamypHoi acumempii y cumempuyHUX OinsHKAX myAy6ad,
wo 00380/1U/10 BUSBUMU NPOSBU abCLedyB8dHHA HA NOYAMKOBUX emdndax po3sumky.

Po3pobeHi iHHosauiliHi npucmpoi 019 nyHKUii ma OpeHyB8dHHs 3 pO3MiWEeHHAM mep-
MO0Odmuukie Ha pobouili yacmuHi iHcmpymeHmig 00380/1910mb 8UKOPUCMO8Y8dMU
NPUHUUN MepMoHdsizayii npu NpogedeHHi iIHCmpymMeHmy y NOPOMHUHY 2HIlHUKA,
3MeHWYYU Hebe3neky BUHUKHEHHS Pi3HUX YCK/1dOHeHb. 3p06/eHO 8UCHOBKU, WO
BUKOPUCMAHHA MepMOeneKMpPUYHUX NPUHUUNI8 00380/19€ 3HAYHO NoKpawumu dia-
2HOCMUKY 6d2amboX 20CMpuUX XipypziuHUX 3dX80PHOBAHb, NOMOYHUMU iXHIO0 OiazHOC-
MUKy, nidguwumMu egpeKmugHicmo /iKy8aHHS.

Diagnosis and treatment of inflammatory-destructive
processes in surgery using thermoelectric devices

nyHKyitiHa diazHoCmuka,
Masi0iH8A3UBHE JliKYB8AHHS,
NiKysaneHo-0iazHocmMu4Hul
npouec.
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Abstract

This paper demonstrates the potential of applying thermoelectric principles in
the diagnosis, treatment, and prevention of complications in emergency abdominal
and thoracic surgery. The study summarizes the results of implementing a compre-
hensive diagnostic and therapeutic algorithm using thermoelectric devices for inflam-
matory and destructive processes.

It is proven that the application of such devices allows the detection of inflam-
matory progression at its early stages and enables a preventive treatment strategy.

The registration of heat flow parameter asymmetry in symmetrical areas of the
chest using thermal devices provided the opportunity to diagnose inflammatory pro-
cesses in the lungs at their initial stages. In the diagnosis of abscesses of various lo-
calizations, determining temperature asymmetry in symmetrical areas of the torso
proved to be highly informative, allowing for the detection of abscess formation at
the onset of development.

Innovative devices developed for puncture and drainage, featuring thermal sen-
sors integrated into the working part of the instruments, allow for the use of thermal
navigation principles when guiding the instrument into the abscess cavity, thereby
reducing the risk of various complications.

It is concluded that the use of thermoelectric principles significantly improves
the diagnosis of many acute surgical diseases, refines their clinical assessment, and
increases treatment efficacy.
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Ilepenik ckopoueHw:

311 - 3an1aanbHO-AECTPYKTUBHI ITPOLIECH
TEII - TepMOEAEKTPHUYHI IPUCTPOL

KT - xommr’torepHa ToMorpadig

MPT - marHiTHO-pe30HaHCHa ToMorpadig
II3E - mBUAKICTb 3CiJaHHA €PUTPOIIUTIB

Bceryn

[IpobaeMa MiarHOCTHKH Ta AiKyBaHHS
311 3aauIIacTHCAI OMHICI0 3 HAMOIABII ak-
TyaAbHHUX Ta CKAQIHUX Y Cy4acHIN Xipyprii.
o 11iei rpymii maToAOTI#H HaaexkaTh abcliecH,
daerMmoHU, HEKPOTU3YIOUi paciiiTi Ta iHImi
THiHO-3aIlaAbHiI ypaXKeHHd M SKHUX TKaHUH
1 opraHiB, gKi XapaKTepPU3YIOThCI CTPIMKUM
IIPOTrpeCyBaHHAM, 3HAYHOIO iHTOKCHUKAIIIE€I0
Ta BHCOKHUM PHU3UKOM PO3BUTKY 3arpO3AU-
BUX [IASI JKUTTS YCKAQQHEHb, TaKUX IK CeIl-
CHC Ta IoAiopraHHa HeAoCTaTHICTh [1, 2].

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

Hespazkaioun Ha BIOOCKOHAAE€HHI Xi-
PYPriYHHUX METOAIB AIKyBaHHd Ta aHTU-
bakTepiaabHOI Teparlii AeTaABHICTh IPHU II0-
mupeHux opmax 3/I1 carae 15-40%, 110
BHMAarae€ IOCTiHHOI0 ITONIyKYy HOBUX, OiABII
e(PEeKTUBHUX Ta MEHII iHBa3UBHUX IIiIX0-
OIB OO0 IXHBOI AIarHOCTUKU Ta AlKyBaHHA
[3]. Tpamuuiiini metomu aikyBanHs 3/II1
BKAIOYAIOTE 3a0e3IleYeHHd a/eKBaTHOTO
ApeHyBaHH4 T'HIiHHOro BOTHUIIA, PAAUKAAD-
He XipypriuHe BHJAA€HHS HEKPOTHYHUX
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TKaQHHUH Ta CUCTEMHY IpOTH3allaAbHy ¥ aH-
TUbaKTepiaabHy Tepamito [4,5]. OmHak, i
iAXOAW YacTo IIOB’3aHi 3 TpaBMaTH4Hi-
CTIO, BHUCOKOIO HMOBIPHICTIO BUHUKHEHHS
YCKAQOHEHDb, TPHUBAAOIO TOCIITAAI3aIlEO.

ToMy BasKAMBHUM 3aBOaHHSAM Ccydac-
HOI Xipyprii € po3pobka iHpOpPMATHUBHUX
METOIB [AIarHOCTUKH Ta IIAECIIPSIMOBa-
HUX 3aco0iB BHOAMBY Ha OATOAOTIYHUH
ocepemok, gKi 0 3abe3meyyBasu edek-
THUBHY CaHAallilo, MIHIMI3yIOYH [OpPH LbO-
My TIOIIKOJI?KEHHSI 3I0POBHX TKaHUH [O].

TepMoeAeKTPHUYHI IPUHITUNH, 110 0a3y-
IOThCSI Ha (Pi3MYHOMY ITPOLIEC] TIEPETBOPEHHI
TEIAOBOI €HEPTii B EAEKTPUYHUU CTPYM, MO-
KYThb CKAACTH (PyHAAMEHTAABHY OCHOBY JIASI
PO3POOKH HOBITHIX HiarHOCTHYHO-AIKYBaAb-
HUX TIPUAAIB y XipypriuHid mpakTuili [7].

TETII, u1o 6a3yroThkca Ha edeKTi [leabThe
(mast oxonomzkeHHsI) abo edekTi 3eebeka
(mast HarpiBaHHS/OiaTHOCTHUKM), IIPOIIOHY-

IOTh VHIKAAbHY MOZKAHUBICTH HIPENU3IHHOI0
Ta KOHTPOABOBAHOI'O AOKAABHOT'O BIIAWUBY Ha
maToAoTiYHUM ocepenok [8]. TepmomiarHoc-
TUKa 3a goromororo TEII moske 3abe3redymuT
4yTAUBE BUSIBA€HHS AOKAABHUX 3MiH TeMIIe-
paTypH, SKi € OOHIEIO 3 PAHHIX O3HAK 3aIllaAb-
HOI'O IIPOIIECY, a TEPMOTEpPAIlis JO3BOASE
BUKOPHCTOBYBATH I[IAbOBE OXOAOKE€HHSI
abo HarpiBaHHS [AS CTPUMYyBaHHs 3alla-
A€HHs, 3MEHIIIEHHs HaOpaKy abo, HaBHa-
KU, A4 OeBiTaaizallii maToreHHoi paopu Ta
CTUMYASIIIl perrapaTUBHUX mnpoueciB [9,10].

TakuM dYHMHOM, pO3poOKa Ta HayKo-
Be OOIpyHTYBaHHS METOIOAOTII 3acTo-
CyYBaHHSI TEPMOEAEKTPUYHHUX IIPUCTPOIB
OAST KOMIIAEKCHOI [OIarHOCTHUKH Ta AlKY-
BaHHS 3allaAbHO-IECTPYKTUBHUX IIpOIle-
CiB y Xipyprii € CBo€e4aCHHUM 1 Ma€ BHCOKE
IpakKTU4YHE 3Ha4YEeHHd [OAS [iJBUIIEHHI
e(PEeKTUBHOCTI AiKyBaHHS Ta 3MEHIIIEH-
Hd 1HBA3WBHOCTI XIpypriYHUX BTPy4YaHb.

MeTa poOOTH — OIIIHUTH MOXKAHUBICTBH i €PEKTUBHICTE BHKOPHUCTAHHS PO3POOAEHUX
TEPMOEAEKTPHUYHUX ITPUCTPOIB A IMOKpAIEHHS AiaTHOCTUKH Ta IIiIBUIIEHHS €(PEeKTHUB-
HOCTI AIKyBaHH4 3allaAbHO-AECTPYKTHUBHUX IIPOLECIB y XipypridYHUX MAIll€EHTIB.

3aBOaHHSA OOCAINIKEHHS:

1. O1LiHUTH MOXKAHUBICTh TEPMOEAEKTPHUYHOI JIaTHOCTHUKH AOKaAi3allii BOTHUINA 3allaAb-
HO-ZIECTPYKTUBHOTO IIPOIIECY Ta OILIIHKHU IOIINPEHOCTI IIPOIIECY.

2.I1poBecTH OILIHKY KAiIHIYHOI €(peKTHBHOCTI 3aCTOCyBaHHS T€PMOEAEKTPUYHUX IIPU-
AQIiB OASI JiaTHOCTHKU Ta AIKyBaHHS 3allaAbHO-AE€CTPYKTHUBHUX IIPOLECIB, TPOdPiAaKTUKU

YCKAQIHEHbD.

3. Po3pobutu Ta BIIpOBaAUTH B KAIHIYHY ITPAKTHKY aATOPUTMH 3aCTOCYBaHHS TEPMO-
€AEKTPUYHHUX MPUCTPOIB y OAd AIaTHOCTHUKU Ta KOMIIAEKCHOT'O AiKyBaHHSI 3alaAbHO-Ie-

CTPYKTHUBHUX ITPOIIECIB.

OO0’eKT AOCAIAKEHHS - 3alaAbHO-AECTPYKTUBHI ITPOIIECH B XipYPTrivHii aTOAOTI].

IIpeameT mOCAiIZIKEHHSI - BIIAUB i €(DEKTUBHICTh 3aCTOCYBaHHS TE€PMOEAEKTPHUYHUX
IPUCTPOIB ¥ AIaTHOCTHUIIL Ta AIKyBaHHI 3alaAbHO-AECTPYKTUBHUX MIPOIIECIB Y XipypTridHif

IIaTOAOTI1

Marepianau Ta MeTOOM

1. Ju3saiitn 00caioxeHHs

HocainHy rpyny ckaaau 91 maitieHT i3 3araAbHO-IECTPYKTUBHUMU ITPOIleCaMU, B SIKUX
Yy OPOLIECi AiaTHOCTUKHU Ta AIKyBaHHS BUKOPUCTAHI TEPMOEAECKTPHUYHI IPUCTPOI.
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KoHTpoABHY rpyny cKaaau 32 IallieHTH i3 MOAIOHOIO ITATOAOTIEI0, Y SKUX AiarHOCTHKA
Ta AiIKyBaHH4 3allaAbHO-AEeCTPYKTHUBHUX IIPOIIECIB ITPOBOANAACEH CTAHAAPTHUMU METOaMU.

2. Memoou 0ocaioxeHnsa:

3araAbHOKAiIHIYHI: 30ip aHaMHe3y, OIliHKa CHUMIITOMIB, BidyaabHa OI[iHKa paHHu. 3a-
raabHa OIliHKa CTaHy HAalli€HTiB, BU3HAYE€HHS TIXKKOCTI.

KainiyHi Ta iHCTpyMeHTaABHi: PEHTIE€HOAOTIYHE, YABTPa3ByKoBe nocaimxkenHs, KT,
MPT. TepmoeaeKTpHUYHA OiaTHOCTHUKA - PEECTpPALlid acCHUMeTpii ITapaMeTpiB TEIIAOBOIO IIOTO-
Ky Y CHMETPHUYHHUX AIASHKAaX 3a J0IIOMOroi BHCOKouyTAuBUX TEIL.

AabopaTopHi: 3araAbHO-KAIHIYHI aHaAI3W KPOBI (BU3HAUEHHS AeiikoiuTosy, III3E). Bi-
oxiMiuHi MapKepHu 3araseHHs (piBHiI C-peakTUBHOro 6iAKa, IPOKAABIIUTOHIHY).

CTaTHCTHYHI: CTATUCTUYHHUH aHaai3: (t-Kpurepiit CThiofeHTa, HeIapaMeTPUYHi MeTo-

M, KOPEAdIIHHUY aHaaiz).

Pe3ynbTaTy 4OC/IiIKeHDb Ta iX 00roBopeHHsA
Hamu po3pobaeHO Ta BIPOBAIKEHO Y
IPaKTUKY pan IpUcTpoiB [11-14], 9Ki faroTh
MOXKAUBICTb PEECTPYBATH 3BYKOBi (heHOMe-
HU Ta TEIIAOBI IIOTOKH Ha IIOBEPXHIi TiAa ma-
IIIEHTIB, 8 TaKOX 3MiHH TEIIAOBOTO IIOTOKY B
TAMOHWHI TKaHUH. [laHi IpuAagu JEMOHCTPY-
IOTb BUCOKY IiaTHOCTHUYHY iH(pOPMATHUBHICTH
npu Bepudikallii 3a1asbHO-AeCTPYKTUBHUX
IPOIIECIiB ¥ PiI3HHUX opraHax i OioaorTiyHHX
TKaHUHaX, 3abe3rneyyrodn O0’€KTUBHY mOe-
TEKIIiI0 3aIlaAbHOT'O ITPOIIECY IIAIXOM pe-
ecTpalii 3MiH AOKaABHOI TeMIlepaTypH, a
TaKOXK CTBOPIOIOTH MOXKAWBICTH BUKOHAaH-
Hd [OPEeNUu3iMHUX OIepaliiHUuX yTpy4aHb
IpU AlKyBaHHiI BiZIMeKOBaHUX THiMHUKIB.
Tak, mpu BUMipIOBaHHI TeMIIepaTypHO-
ro TPafi€eHTy MiXK MIASHKOIO paHU Ta Bigna-
AE€HOIO 30HOI0O BCTAHOBAEHO, III0 BiAMIHHICTB
He MeHIIe HixX Ha 0,75°C mo3Boade miarHo-
CTyBaTU pPO3BUTOK pPAaHOBUX YCKAQIHEHb
Ha paHHIX eTarnax ix BUHUKHeHHs (p<0,05)
Ta CBOEYACHO 3aCToCyBaTU e(eKTUBHiI Me-
TOOU AiKyBaHHsI. AabopaTopHi mapamMeTpH
3aItaAbHOTO ITPOIECY (KiABKICTh A€HKOIIUTIB
y kpoBi, [II3E, piBeHb IPOKaABIIUTOHIHY Ta
C-peakTHBHOTO IIPOTEiHY) ¥ 1ieH nepion 3mi-
HIOBaAUCHCTATUCTUYHOHEBiporigHo,p=0,1).
TepMoeAeKTpUYHI CEHCOPH, iHTEerpoBa-
Hi y CTPYKTypy OarartoirapoBoi ITOB’SI3KH,
(PYHKIIOHYIOTb B aBTOMATU30BaHOMY pe-
KHUMi, TeHepyI4Yd aKyCTH4YHi Ta Bi3yaAbHIi
CUTHaAU IIPH AETEKLii TeMIIepaTypHUX 3MiH
y paHi 6iae Hixx Ha 0,3°C, gki cBiguaTh Ipo

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

IIPOTPECYBaHHS 3allaAbHO-AECTPYKTHUBHUX
IpoleciB y paHi. BukopucranHa npucTpoiB
y 42 mallieHTiB JaAu MOXKAUBICTH Ha paHHIX
eTarax BUSBUTU IIPOAOHTAIlil0 MIPOLECy i
3aCTOCyBaTH a/€eKBaTHY AiKyBaAbHY TaKTH-
Ky, HallpaBA€HY Ha IIOIIePEIKEHHS YCKAQI-
HEHb. ¥ KOHTPOABHIH I'pymi aAabopaTopHi Ta
IHCTpyMEHTaAbHI MeTOOH OO0CTEeXKeHHS OyAUu
iHpopMaTUBHUMH IIi3HimIe Ha 3-5 mib. 3a-
CTOCYBaHHSI TEPMOEAEKTPUYHUX IIPUAAIIB
JTO3BOAMAO 3HAYHO IOKPAIIUTU PE3yABTATHU
AIKyBaHHSI, YHUKHYTH 1HBAAITU3YIOYUX OIle-
paiifi, CKOPOTUTH TE€PMiHU CTALliOHAPHOI'O
AlKyBaHHS Ha 7,5+1,34 ni6 (p<0,05) nopis-
HSIHO 3 KOHTPOABHOIO I'PYIIOI0, IIOKPAIIUTU
AKICTh JKUTTs TMAli€HTIB ITicAs AiKyBaHHS,
VHUKHYBIIIU PO3BUTKY KEAOITHUX 3MiH paHHU.

Peecrpailis acumerpii nmapamerpiB Te-
IIAOBOTO IIOTOKY Ta 3BYKOBUX (PEHOMEHIB Yy
CUMETPHUYHHUX JIATHKAX I'PYIHOI KAITKH 0iAb-
e Hixk Ha 0,85°C no3Boanaay 12 naiieHTiB
3amiJO3pUTH 3allaAbHUU IIPOILIEC Y AETEHSIX
Ha paHHIX CTalisgX, CBOEYACHO ITPOBECTU
KOPEKIIiI0 AiIKyBaHHS IIIAIXOM ITPHU3HAYE€HHS
iHTeHCUBHOI npoTu3anaspHoi Tepamii. [lix-
TBEPIKEHHSI [QiarHO3y pe3yAbTaTaMH PEHT-
T€HOAOTIYHOIO Ta YABTPa3ByKOBOIO oOcCTe-
JKeHHsI 0yAO MOKAUBUM Ha 2-3 100U ITi3Hie.

MoHiTOpHUHT AUHaMiKHU TeMIepa-
TYPHUX TIOKa3HUKIB Yy BUIASl 3HUXKEH-
HS BEAWYMHH acuMmeTpii mapameTpiB Te-
IIAOBOTO IIOTOKY CAYTYBaB OO’€KTHUBHUM
KpUTEPiEM ePEKTHUBHOCTI IPOBENEHUX Te-
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pameBTUYHHUX 3aXO0iB, IO MNiATBEPIAIKE-
HO pe3yAbTaTaMu AabopaToOpHHUX Ta iH-
CTPYMEHTAABHUX METOHIB  0OCTEeXKEeHHS.

Y miarHocTHIi abclieciB pi3HOI A0KaaAi3a-
11ii BHCOKOIH(POPMaATUBHUM € BHU3HAYEHHH
TeMIIEpaTypHOI acuMeTpii y CUMeTPHUYHUX
OiATHKax TyAy0a. HaitbiAbIll BUpaskeHa acu-
MeTpis nmapaMeTpiB TEIAOBOIO IIOTOKY CIIO-
CTepiraeTbCd IIPHU AIATHOCTHIIl IIAIIKIPHUX
abcueciB i paermoH (0,65-0,85°C; p<0,05).
Bukopucranug TEIl 10o3BoAMAO BUSIBUTH iX
IIPOSIBU Ha IIOYATKOBUX eTallaxXx PO3BUTKY,
iHTeHCU(QIKyBaTH MIPOTU3AIIaAbHY Ta aH-
TUMIKpPOOHY Teparifo, CKOPOTUTH TEPMiHH
cTallioHapHOTO AiKyBaHHS Ha 6,8%1,24 ni6
(p<0,05) mopiBHSAHO 3 KOHTPOABHOIO I'PYIIOIO0.

[as myHKIIl Ta ApeHyBaHHS TakKux ab-
ClIeciB po3po0AeHO IHHOBAILIHHUHE NPUCTPIH
y hopMmi IIyHKIIIHHOI TOAKHU 3 iHTETPOBaHUM
y MaHAPEHI TEePMOEAEKTPUYHUM AATIUKOM
TeMneparypu. JaHuit npuctpiit yHKILiO-
Hye dK Ipelu3iiHuid HaBiraTop, 3abeame-
YyIOYU OIITHUMAaAbHY TPAEKTOPiI0 TOAKH ¥
HaIlpsAMKYy 30HHM MaKCHMAaAbHOI TeMIlepa-
TypH, IO BiAIloBimae Aokaaizarii cpopmo-
BaHOro abcrecy. [Ipu 11boMy CyTTEBO 3HU-
XKY€ETbCS PU3UK BUHUKHEHHSI YCKAQ/IHEHD,

BucHoBKM

acolLiiOBaHUX 3 XAaOTUYHUMH TPa€EKTOPisa-
MU [IPOBENEHHS N'OAKH IIPU TPagULliHHOMY
METOl IOUIYKYy THIMHOro BOTHHUIIA 1 MOXK-
AWBOMY TIOIIKO/?K€HHi IIPHAETAHUX KPOBO-
HOCHUX CyOUWH 1 nepucepiiHUX HeEpPBIiB.

BukopucranHa OpHUCTporo y 12 mar-
€HTIB [JaA0 MOXKAUBICTH IIPOBECTH aaeK-
BaTHE IIpelui3ifiHe omepailliiine BTPY-
4YaHHS - IIyHKI[IMHY CcaHallil0 THiMHUKA,
YVHUKHYBIIH  OIMPOKUX  PO3pi3iB  TKa-
HuH, o Ha 4,2+0,93 mi6 ckopoTHAO Tep-
MiHU  onay:KaHHs  mnaiieHtiB  (p<0,095).

[nTerpaiis TepMomaTiMKa y CTHUAET
Tpoakapa 3abe3riedye mOpernusifiHe IIpoBe-
[EHHS IHCTPyMEHTa MO0 IIOPOXKHUHU ab-

ClleCcy, MiHIMI3yIO4Yd PpH3HUK TpaBMaTHU3a-
Oii IIPHUAETAMX AaHaATOMIYHHX CTPYKTYDP.
YckaagHeHb, IIOB SI3aHHUX 13 BHKO-

pucrauuam 1ux TEIl He cnocrepirasocs.

TakyuM YHHOM, KOMIIAEKCHUM mia-
THOCTHUYHO-AIKYBAaABHHUM aAropuTM i3 3a-
CTOCyBaHHSIM  TE€PMOEAEKTPHUYHUX IIPHU-
CTPOiB  [O03BOAGE CYTTEBO IOKpPAIIUTH
[1aTHOCTHKY 3araAbHO—IECTPYKTUBHUX
IpolleciB, OCOOAMBO Ha paHHIX CcTamigx
iX pO3BHUTKY, ONTHMI3yBaTH METOAU Al-
KyBaHHS Ta IIPO(IAaKTHUKH YCKAQIHEHb.

1. IMmaeMeHTAlliI TEPMOEAEKTPHUYHUX ITPUHIIUIIIB AEMOHCTPYE 3HA4YHUM IOTEHIliaA y
PO3po0Ili AiarHOCTUYHO-AIKYBaABHOIO iHCTPyMEHTAapio A Bepudikallii Ta AikyBaHHS 3a-

ITAABHO-AECTPYKTHUBHHUX HpOI_IeCiB.

2. Bukopucranng TEII mae 3Mory CyTTe€BO OKPAIIUTH AiarHOCTUKY 3allaAbHO-AECTPYK-
TUBHHUX IIPOIECIB BXK€ Ha pPaHHIX eTarnax BUHUKHEHHs, 3a0e3neYuTH ix 06’eKTuBi3allio
yepe3 NU@POBi HapaMeTpH, IIPOBOANUTU MOHITOPUHT e(PEKTUBHOCTI AIKyBaHHS.

3. TEIIl no3BOASIOTh HOKPAIIUTHU PE3yAbTATH AIKyBaHHS] MAIl€HTIB MIAIXOM Oe3redHi-
IIIOTO0 BHKOPHUCTAHHA MaAOIHBA3WBHUX TE€XHOAOTIHM, 3MEHIINTH KiABKICTh iHBaAIAHU3YIOUHX
orepallifi, CKOpPOTUTH TEPMiHH AIKyBaHHH, ITOKPAIIUTH SKICTb KUTTS ITAIlIEHTIB IIiCAS Ai-

KyBaHH4.

IlepcnexmuBu nodasvuux 00cAioxeHs

[TepCrIEKTUBHUMU € IOCAIIKEHHS 3 BHKOPHUCTAHHS TePMOEAEKTPUYHUX IIPHUCTPOIB IIPU
IHIITHUX TOCTPHUX XiPYPridyHUX 3aXBOPIOBAHHAX B YPreHTHIiH aboOMiHAABHIN Ta TOpaKaAbHIH
Xipyprii, a TaK0oK po3podKa i BIPOBaazKEHHS HOBUX QiarHOCTUYHO-AIKYBaAbHHUX IIPUCTPOIB

Ha OCHOBIi IPUHIIUIIIB TEPMOEAECKTPUKHU.
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Kongrixm inmepecib

ABTOpPM IEeKIapyIOTh BilICYTHICTH ¢piHaHCOBUX abo iHINMX KOH(IIIKTIB iHTepeciB, sAKi MOIIN
BIUIVIHYTY Ha pe3yJIbTaTV, iHTepIIpeTallilo Ta BUCHOBKM JTOC/Ii[DKeHHs.
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AHoTauin

bBe3sneka npodykmie xapyys8dHHA € HAO38UYAUHO 6AWC/IUBUM NUMAHHAM 0715
Xap4080i NpoOMUC/I080CMi Md ii NOC/y2 Yepes Yuce/bHi Xap4yosi OMpyeHHS, WO cnpu-
YUHAIOMbCH NOMPANASHHAM 8 OP2dHi3M /N0OUHU NAMO2EHHUX MiKpOOp2dHi3mMie Yu
npodykmis ix mummeodisaeHocmi. [po6rema npodoso/abyoi 6e3neku € OOHiE 3
Hatisaxciusiwux ceimosux Npobsem cb0200eHHs. 19 36epexrceHHs Xap4osux npo-
dykmis 1100Ccme0 30d8HA BUKOPUCMOBYBA/10 Pi3HOMAHIMHi MEMOOU — 8UCYWYBAHHS,
3dCOM0BAHHS, MepMiyHy 06pobka mowo. [Ipome 6ci B0OHU MaromMe psd HedoiKis, W0
8N/1UBAIOMb HA OP2dHO/IENMUYH] 8/1CMUBOCMIi NPOOYKMi8 ma CeHCopHe cnpuliHam-
ms cnoxcugayamu. [lonum Ha 300po8y ma IKiCHY iy CMpiMKO 3pocmde, ujo BUMd2de
Ho8IMHix nidxodie 00 il npuzomysaHHs Yu 36epexceHHs. O6pobka yaempacgionemo-
8UM BUNPOMIHIOBAHHAM OCMAHHIM Yacom HAbupde nony/aspHocmi 8 xap4osili npo-
mucnosocmi. Lle documse weudkuli i dewesuti cnocibé cmepunizayii piokux i meepoux
Xap4yosux NpooyKmis, a Makoi sucokoedpekmusHuli cnocib desiHgpeKkuii nosepXxoHs,
800U i nogimps. Ynempadgionemose 8UNPOMiHIOBAHHA MA€E 3HAYHUU NOMeHuidn w000
3dCMOCYBdHHA 8 XdP408ili NPOMUCI080CMI AK dAbmepHamueda mpaduyitiHiti mepmiy-
Hill 06pobuyi 0215 NpuzoMy8dHHA Md 36epenceHHN Pi3HOMAHIMHUX NPOOYyKMIi8 Xapuy-
8aHHA. Halibinbworo nepesadzoto 06pobku YP-caimiom npu onmumdaeHUX ymosadx ii
BUKOPUCMAHHA 0/18 NPOOyKMIi8 Xapuy8aHHA YU 800U € NPAKMUYHO 8i0CYMHi 3MiHU
Pi3HOMAHIMHUX X Xapakmepucmuk, uj0 MOXCYyms 8N/IUHYMU HA OP2aHO/IENMUYHI Xd-
pakmepucmuku i yu ii ceHCOpHe cnpuliHAMMSs cnoXU8a4yamul.

Y cmammi 36epmaembcs y8dad HA CyvydCHUU CMAH 8UBYEHHS NUMAHHA 3dCmocy-
8aHHA YP-onpomiHeHHs 0415 36epexeHHs NpOOYKMIi6 Xapuy8dHHS HA 8CiX emanadx ix
npuzomyedHHs, MPAHCNOPMYBAHHS YU KOHcepsayii. BucsimsieHo ocHosHi nepesazu

Mixees A. Cy4acHi noendaou Ha 8UKOPUCMAHHA Y®-ornpomiHeHHS 0415 36epexceHHA npodyKmis xap4y8aHHS
(02150 nimepamypu). MpupodHu4i, MamemamuyHi HayKu ma ocgima 8 meduyuHi 1(4) 2026 16-30.
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ma 6e3neKy 3dCmMoCy8dHHA Ub020 HemepmiyH020 Memody 0eKOHMAamiHauii NpooyK-
mig Xdp4yy8dHHs 8i0 YyMOBHO-NAMO2ZEHHUX Md NAMO2EHHUX MIKpOOp2aHi3mis i npax-
muyHo 8i0cymHili 8n/1U8 HA OpP2dHO/IENMUYHI YU CEHCOPHI B1acmusocmi i, aKa 06-
pobseHa Y sunpoMiHIOBAHHAM.

Modern views on the use of UV radiation for food
preservation (literature review)

Andriy Mikheev
: 0000-0003-2163-8866 @: maos@bsmu.edu.ua

Bukovinian State Medical University, Chernivtsi, Ukraine

Keywords: Abstract

food products, Food safety is an extremely important issue for the food industry and its services
UV radiation, due to numerous food poisonings caused by the entry of pathogenic microorganisms
preservation, or their waste products into the human body. The problem of food safety is one of
organoleptic properties, the most important global problems today. To preserve food products, humanity has
sensory perception. long used various methods - drying, salting, heat treatment, etc. However, they all

have a number of disadvantages that affect the organoleptic properties of products
and sensory perception by consumers. The demand for healthy and high-quality food
is growing rapidly, which requires new approaches to its preparation or preservation.
Ultraviolet radiation treatment has recently been gaining popularity in the food in-
dustry. This is a fairly fast and inexpensive method of sterilization of liquid and solid
food products, as well as a highly effective method of disinfection of surfaces, water
and air. Ultraviolet radiation has significant potential for use in the food industry, as
an alternative, to traditional heat treatment for the preparation and preservation of
various food products. The greatest advantage of UV light treatment under optimal
conditions of its use for food or water is the virtually absence of changes in their var-
ious characteristics that can affect the organoleptic characteristics of the food or its
sensory perception by consumers.

The article draws attention to the current state of research on the use of UV radi-
ation to preserve food at all stages of its preparation, transportation, or preservation.
The main advantages and safety of using this method of decontamination of food
products from opportunistic and pathogenic microorganisms, the absence of impact
on the organoleptic or sensory properties of food treated with UV radiation.
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Y®-B - YO BunpoMmiHIOBaHHS 3 JOBXUHAMU XBUAB 280-320HM
Yd-C - YO BunpoMmiHIOBaHHS 3 HOBXUHaAMU XBUAB 200-280HM
BOO3 - BcecBiTHA opranizalliss OXOpOHU 310POB’d

JHK - ne3zokcupuboHyKAeiHOBa KHUCAOTA

PHK - puboHyKAeiHOBa KHCAOTA
AFM1 - acpaaTorkcuH M1

SarsCoV-2 - Severe acute respiratory syndrome coronavirus 2

Beryn

Besneka npoayKTiB xap4yyBaHHS € Ha[-
3BUYaHHO BasKAWBUM ITUTAHHAM [OAS Xap-
4YOBOi MIPOMHCAOBOCTI Ta ii Iocayr duepes
YHUCEABbHI Xap4OBi OTPYyEHHS, 1110 CIPUYHHSI -
IOTHCS MOTPAIIASTHHAM B OPTaHi3M AIOIUHU
IIaTOT€HHUX MIKpPOOpPraHi3aMiB 4H IIPOAYK-
TiB IX JXUTTEAIIABHOCTI (TOKCUHHU, (pepMEH-
TH To1lo) [1]. 3rimHO maHux BOOJ3 maiixke
600 MiABHOHIB AlOAeH, TOOTO HPaAKTHYHO
KOXKHa [ecdTa AIJWHa y CBIiTi, XBOPIIOTH
YU 3axXBOPIAM ITiCAd BIXHBaHHA 3a0pyma-
HeHoi ki, a 6iabire 400 000 IIOPOKY ITO-
MHpPaIoTh BiJ Xap4yoBUX OTpPyeHb [2]. IIpo-
JOBOABCTBO, HOT0 BHPOOHUIITBO, PO3IOIiA
1 CHOXKWBaHHS — HAMWTOAOBHIIII €AEMEHTH
CBITOBOI rocrionapcbkoi cucreMu [3]. 3Ha-
YUMICTh HPOMOBOABYOI IpobAEMU BHU3HA-
4aeThbCd HacaMIIEpen THUM, 110 § CTPYKTYpi
notpeb AloguMHU moTpeba B iKi € IepIio-
4YeproBOIO 1 YacTO CTYIMiHb ii 3a10BOA€HHS
€ HenoctaTHboO [4]. Came ToMy mmpobaema
IPOIOBOABYOI OEe3MeKHU € OMHIEI0 3 HalBaXK-
AUBIIIINX CBITOBUX IIPOOAEM CBHOTOAEHHH [5].
Lle 3ymMmOBA€HE HE AUIIIE 3POCTAHHSIM I[iH Ha

IPOAYKTHU XapdyBaHHS, a ¥ HEPIBHOMIpHi-
CTIO X HAgBHOCTI Ha PUHKY, LI0 IPU3BEAO
[0 iX HEeOOCTYITHOCTI Jad 6araTbox ciMed B
KpaiHax 110 po3BUBAaIOThCA [6]. Pi3HOMAaHIT-
Hi IPOAYKTH Xap4yyBaHHS [IPU TAKOMY CTaHi
IIUTAHHY € HE AWIIIE BaKAUBUM KOMIIOHEH-
TOM MiKHApPOAHOTO PUHKY, a MOXKYTb OyTH
BasKAUBHUMHU [3KEPEAaMHU XBOPOOOTBOPHUX
MIKpPOOpPraHi3MiB, OCKIABKH CTBOPIOIOTH
CIIPUATANBI YMOBHU [OAS IX PO3BUTKY (BOHHU
baraTi Ha MOXKMBHI PEYOBUHU — BYTAE€BOMU,
AlrTiy, 0iAKY, He3aMiHHI aMiHOKUCAOTH, Bi-
TaMiHM, MiHepaau Touo) [7]. TakuM 4UHOM,
BUPOOHUIITBO HKICHOI MpPOAYyKIlii, SKa He
CTaHOBUTH PU3UKY OAS 3J0POB’A CIIOKUBA-
4iB, € BEAUKOIO ITPOOAEMOIO Ta BUKAUKOM ¥
chepi BUPOOHUIITBA XapUOBUX ITPOAYKTIB.
I 11e cTocyeThCcd NMPaKTHUYHO YCiX ITiIPO3MIi-
AIB Xap4oBOi IIPOMUCAOBOCTi, OCKIABKH 3a-
OpyAHEeHHs MPOAYKTIB MOXKeE BigO0yBaTUCH
Ha pi3HHX eTarlax BUPOOHUIITBA 3 HaMpis-
HOMAHITHIIIUX [3KEPEA, a TaKO¥XK y IIpo-
1eci 30epiraHHd 4YH TPAHCIOPTYBaHHS.

MeTa poOOTH — Ha OCHOBIi JOCTYITHUX AITEPATYPHUX MKEPEA OKPECAUTH TIEPCIIEKTUBHU
BUKOpPHUCTaHHS Y®P-ompoMmiHeHHS Oad 30epeskKeHHs IPOAYKTIB XapdyBaHHSA B Cy4YacHOMY

CBITi.

Marepianu Ta MeToaM

JAst oTAsIIy BUKOPUCTAHO JaHi JOCTYIIHUX HayKoMeTpuaHUuX 0a3 Google Scholar, MDPI,
PubMed, ScienceDirect, Web of Science To1110 Ta mpoBeeHO aHaAi3 HAYKOBUX ITiIPYYHUKIB

i MoHOTpadii.

MeToaH nNpoBeAeHHX AOCAiLAKEHHSA: iHPoOpMaIlifHO-aHAAITHYHUHN Ta MOPiBHIABHUN
aHaAi3 AlTepaTypHHUX IZKEPEA 13 JOCAIIKYBaHOI ITpoOAEMH 3a OCTaHHI S POKIiB.

Pe3yabpTaTH JOCTiIDKeHb Ta iX 00roBopeHHsA
[as 30epexkeHHd XapdOBUX MNPOAYKTIB

AIOICTBO 3[aBHa BUKOPHCTOBYBAaAO Pi3HO-

MaHITHI MeTOOU — BHCYILIYBaHHS, CTEPH-
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Ai3allisgd Tapo0 YU BHCOKHMU TeMIIEpaTy-
paMu, 3acoAlOBaHHA ToIIo. Hampuraan,
BUCYIIIyBaHHS 3 METOI0 BUAYYEHHS 3 IIPO-
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OYKTIB 3aliBOi BOAOTH, dKa CIIpHsSAa THUT-
TIO, TIOSIBI IIBiAl YM HAKOIIMYEHHIO MiKpPOO-
Hoi macu [8]. [IpupoaHiM ITPOCTUM METOIOM
BiKaMU CAYTYBaAO CyILIIHHS Ha COHIIl, YaCOM
i3 BUKOpPHUCTaHHAM cylnapok. UITygyHuMu
MeTOoJaMU CYyLIiHHS IIPOAYKTIB Xap4iyBaH-
HsI, 110 BUKOPHCTOBYIOTHCS OAS 3MEHIIIEH-
Hd BTpaT KIHIEBOTO IIPOAYKTY Ta IIiABU-
IIeHHSI KOMEPIIHHOI IIIHHOCTI, HA CHOTOHI
€ pagiamiifine, cyOaimalliiine, OCMOTHYHE,
OleA€KTpHUYHE CYIIiHHY ToIiro. OKpiM TOro,
ICHYIOTb HOBITHi T€XHOAOTII BUCYILITyBaAHHS —
MIiKpPOIHKAIICYyAdIlid Ta HaHOTEXHOAOTII, 9Kl
BCE€ YacTillle BHKOPUCTOBYIOTBECH, IIPOTE €
JOCUTH €Hepro3aTpaTHUMHU. Takoxk naHui
MeTo/ 30epekeHHd HiAXOOUTh He MAS YCix
OPOAYKTIB, OKPIM TOrO CYII€HI HPOAYKTHU
IMiAXOOdaTh OAd CIIOXKHWBaHHS HE BCIM Ka-
TEropidM HACEA€HHd, HAIpPUKAAL OITIM.

HactymHuii metonm — e TepMmidHa 00-
pobka, dK TpagUlliHHUP METOm MOAd 3a-
Oe3reueHHsT Oe3mMeKH Ta MIPOMOBKEHHS
TepMiHy HOPUOATHOCTI IIPOAYKTIB [9], mI0
€ [OOCUTH €(EKTHBHOIO TEXHOAOTI€I0, 30-
KpeMa ii Takui pi3HOBU/ 9K IIacTepu3lallis
[10]. TepmiuyHa 00pobKa Xap4YOBUX MPOAYK-
TiB IIIHPOKO BUKOPHCTOBYETHCH B Xap4oBii
IIPOMHCAOBOCTI, 1 € YN He HaWBasKAUBIIIIUM
METO0M KOHCEPBYBaHHSI, a TaKOX OJHUM
13 Ba2KAUBHUX METO/IB 3 KOHTPOAIO, YyCYHEH-
Hd YU HaBITh 3MEHIIIEHHd BMICTy IaTore-
HIB, a TaKOX [OAd Aerpajallii TOKCUHIB Ta
AHTHUHYTPIEHTHUX (II0 HEPEIIKOIKAITh
3aCBOIOBaAHHIO ITOKHWBHUX PEYOBUH, HAIIPU-
KAQ AEKTHHHU YU OKCaAaTH) PaKTOPiB Y OK-
peMux mOpoaykKrax (6000Bi, 3€A€HBL TOIIO).
Xoya TepmiyHa 00pobKa € mOoCUTh edeK-
TUBHOIO, BOHA MOXK€ HEraTHBHO BIIAUBATHU
Ha CEHCOPHE CHPUMHSATTA IXKi CHOXKHBada-
MU, MOXKE IIPU3BECTH [0 BTPaTH II0XKHUB-
HOTO CKAQAy, BiTaMiHIB, OKHUCAEHHS AlNIIB
Ta AeHaTypalii 0iAKiB, IO ITPU3BOAUTH OO
3HUKEHHSI SKOCTI Xap4dOBUX HNPOAYKTIB 3
IIOTiPILIEHHAM iX OPTaHOAEIITUYHHX BAACTH-
Boctelt [11, 12, 13]. llle omHUM HemOAIKOM
€ Te, L0 TepMiyHa oOpoOKa BHUMAarae BU-
COKOI'0 CIIOKMBAaHHS €HEpPrili (€eAeKTPHUYHOI
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4H TEIAOBOi), a IIe MOX€ HEraTUBHO BIIAU-
HYTH Ha KIHIIEBY LIHHICTh HPOAYKTY [OAS
3abe3nmeyeHHd NOPHUOYTKOBOCTI raaysi [14].

JlocuTh IEPCIIEKTUBHUM MeTonoM 30e-
pEXKeHHsI NPOAYKTIiB XapdyBaHHS Moraa 0
cTaTH iX 06poOKa yABTPA3BYKOM YU MiKpO-
XBUAIMH [15]. YabTpasByKoBa TEXHOAOTIS €
BiJTHOCHO HOBOIO Ta AoroMarae rnepepoobii/
KOHCEepBallil Xap4YoBUX IIPOAYKTIB BiAINTH
B TpagULIMHUX TEPMIYHUX TEXHOAOTIHN dye-
pes3 iX HeraTHUBHUM BIIAUB Ha SKiCTb, CKAQ
Ta OPraHOAENTHYHI BaacTHUBOCTI. [loegHan-
HS YABTPA3BYKY Ta MiIKPOXBHAL MOXKE OyTH
3aCTOCOBaHE B XapyoBili NIIPOMHCAOBOCTI,
IpH IbOMY MIKPOXBHAlL HiABUIIYIOTH IIBU/-
KiCTh HarpiBaHHsd, a yABTPa3BYK IOKpAIIy€e
€(peKTHUBHICTh TEINAOOOMIHY B AOCHUTH Ma-
CUBHHUX 00’eMax IIPOAYKTIB, IO 00pPoOAs-
10ThCs. Lle mornmoMizkHUE 3acib epeKTUBHOTO
MIKPOXBHUABOBOTO HAarpiBaHHSI, III0 € €KO-
AOTIYHO YHCTHM Ta Ma€ IIHPOKUH CHEKTpP
3aCTOCYyBaHHA B Xap4yoBif IIPOMUHCAOBOCTI
4yepe3 [OiI0 He AHWIIE Ha MIKpPOOpPraHi3MH, a
¥ ixHi criopu [16]. ITpoTe, TakoXK IMiAXOOAUTH
JAAEKO HE OAd BCIX HPOAYKTIB, OKPIM TOTO
€ CKEINITUYHI OTAIQU CTOCOBHO BIIAWBY Mi-
KPOXBHAB YU YABTPA3BYKY Ha AIOUHY Yepe3
HEPO3YMIHHS OKpPEMUX TEPMIHIB, HaIIpHU-
KAQl, yABTpaobpobAeHa [3Ka YU ITPOAYKTHU
[17]. CydyacHi criokuBadi JOCUTH PETEABHO
OinduparoTh IMPOAYKTU OAS BAACHOTO CIIO-
KUBaHHS, a TOMYy HaMararoTbCd yHHKaTH
yABTPaobpobaeHol iXKi, IpoAyKTiB i3 BH-
COKHUM BMICTOM COAi, IIyKpPy, KOHCEpBaH-
TiB 41 0OpPOOAEHHX HOBITHIMH TEXHOAOTIif-
MH, III0 € OAd HUX HE 30BCIM 3PO3yMIAMMU.

Y 11bOMY KOHTEKCTi T€XHOAOTIi 06poOKU
Xap4yoBUX ITPOAYKTIB, IO 3aCTOCOBYIOTHCS
OAs 30epiraHHA YHM KOHCEPBYBAHHS IIPO-
OyKTiB 0e3 HeOakKaHUX HACAIOKIB TepMid-
HOI O0OpOOKH, BUKAWKAAH 3HAYHHUI HAYKO-
BUM, IPOMHCAOBHH Ta CyCHIABHHUH 1HTEpEC
[18]. Beaukui#i iHTEpeCc MAalOTh TEXHOAOTIi
nepepobKu Ta 30epeKeHHT Xap4YOBHUX IIPO-
OYKTIB, SKI MaOTh MiHIMaAbHHUH BIIAUB Ha
OPTaHOAEIITUYHI BAACTHUBOCTI CaMHX IIPO-
OYKTIB, iX CHOpUHAHATTA CIOXHWBa4daMH,
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TH 1, BIAIIOBiIHO, MOXYTb 3MIHHUTH {K CO-
IiaAbHe cepemoBHIIEe, Tak i 6izHec [19]. Lli
TEeXHOAOTIi 30epesKeHHsI Xap4YOBUX MPOAYK-
TiB € BUTAHUMH, OCKIABKH MOXYTH CIPH-
ATH 3HAYHOMY CKOPOYEHHIO 4acy OO0poOKH
IIOPIBHAHO 3 TpPagULIMHUMU MeETOdaMU,
3MEHIIIEHHI0O BHUTpPaAT Ha €AEKTPOEHEPTilo,
III0 ITPU3BOAUTE 10 3HUKEHHS co0iBapTOCTi
caMHX XapdyoOBHUX IIPOAYKTIB, a TaKO¥XK Bif-
CYTHOCT1 BTpaTH ILIHHUX Xap4doOBUX Ta 1H-
IITUX BAACTHUBOCTeH caMux IpoaykrtiB [20].

[lle 3 MHHYAOTO CTOAITTS B CBOIiM mi-
SIABHOCTI AIOZICTBO 3aCTOCOBYBaAO OIITHYHE
BUIIPOMiIHIOBaHHS B yAbTpadioseTOBOMY
nianazoHi (200-400 HM), 110 OAAO0 MOKAU-
BICTh BUPIUINTH HU3KY IHUTAHb OAI OE31H-
doekl1lii ToBEPXOHb, OAS AIKyBaHHS IIIKiPHUX
3axXBOPIOBaHb, OYMIIIEHHH IMOBITpda i BOAU
Bi[J IIKiZAWBHX 3a0pyaHEHb Ta MiKpoopra-
Hi3MIiB Ta CHOPHUAAO 30€pPEeKEHHIO €KOAOTId-
HO YHCTOTO CEPENOBHIIA Yepe3 BiICYyTHICTh
ITKiIAMBHUX BiIXOAiB YM IPOIIEeCiB BUPOOHU-
IITBa i3 BHCOKHM CIOXKHBAHHSIM TEIIAOBOi
Ta eAeKTPHU4YHOI eHeprii [21]. YapTpadioae-
TOBE BUIIPOMiHIOBAHHS CHOTOJHiI € BaXKAU-
BUM (akKToOpoM OOpoTHOM 3 Bipycamu, 30-
KpeMa rpuny ta SarsCoV-2 [22], ocKiAbKU
BipyCH OOCHUTH 4YyTAWUBI [0 Y® mOpomeHiB.
Takox Ha CbOrogH1 Y®-TEXHOAOTII YCIIIITHO
3aCTOCOBYIOTBECHE Y ITPOMMCAOBOCTI, Xap4o-
Bifi IPOMHCAOBOCTI, CIABCBKOMY TrocCIonap-
cTBi, iHXKeHepii Tomio [23]. Lle crano MOxK-
AUBUM 3aBIAIKH IIMPOKOMY BHKOPUCTAHHIO
Oe3nmeyHUX INTYYHUX [IKEpeA yAbTpadio-
AETOBOTO BHUIIPOMIHIOBAHHS pPi3HOr0O IIpU-
3HAYEeHHd — BiJ IIPOMHCAOBOCTi A0 IOOyTY.

OCKIABKHY IOAEHHUM MOIHUT Ha 300PO-
Bi, Oe3meYHi Ta IKiCHI NPOAYKTH Xap4yyBaH-
HS 3pOoCTa€, a HEOOAIKHM METOAIB Te€pPMIYHOI
OOpOOKH CHPULAIOTH BIOCKOHAAEHHIO He-
TEPMIiYHUX METOHIB 30epesKeHHd Xap4OBHUX
HOPOAYKTIB, CTPIMKO PO3BUBAETBHCSI TEXHO-
AOTisI BUKOPHUCTaHHSA Y®P-BHUIIPOMiHIOBAHHS
caMe y Xap4oBiil IPOMHCAOBOCTI. YAbTpadi-
OAETOBE CBITAO Ma€ 3HA4YHi NEPCIEKTHBU B
XapyoBili IIPOMUHCAOBOCTI caMe SK aAbTep-
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[24]. Hatiyacrime nopu IbOMY BKa3ye€TbCS
BUKOPHCTAaHHS KOPOTKOXBUABOBOI'O YAb-
TpadioseToBoro cBiTaa (YP-C, 254 HM),
III0 € IOCUTBH OEIIEBOI0 TEXHOAOTI€IO, dKa
IIPaKTUYHO HE 3aAMIIA€ KOAHUX CTOPOHHIX
KOMIIOHEHTIB Ta €(PeKTUBHO iHAKTUBYE Mi-
KpOOpraHi3MH NPaKTHYHO HE 3aBIalodyu 3
IIKOJM SKOCTi Xap4yoBHX IPOAYKTIB. Moro
3aCTOCYBaHHS MO3K€ BKAIOYATH SIK CTEPHAi-
3allifo COKiB, 00pobOKy M’daca, Tak i o0pob-
Ky [OBEPXOHb, 110 KOHTAKTYIOTHb 3 Xapyo-
BHMH IIPOAYKTaMH, a TaKOX OCOOAWBO 3
METOIO0 IIOJOBIKEHHS TEePMiHy 30epiraHHd
CBiXKMX IpPOoAYyKTiB [25, 26]. ABTOpHU Haro-
AOILIYIOTH, 10 camMe Y®P-C BHIIPOMiIHIOBaH-
HsI Ma€ BUCOKHH OaKTepUIIMAHUY epeKT Ha
pi3HI MiKpoopraHiaMu B M’dcCOIlepepoOHit
IIPOMHCAOBOCTI 32 PaxXxyHOK IIOIIKO/IKE€HHS
JHK a6o PHK Ta 3arubeai raitTuH OaxkTe-
piii, mpoTe Ma€ HE3HAYHUMN BIIAUB HAa SIKICTh
M’dca Ta M’SICHHUX ITPOAYKTIB, 3aA€KHO BiJ
pizHHX MapameTpiB 00pobku. OKpiM TOTO,
opaBUABHE 3actocyBaHHA YP-C omnpowi-
HEHHd, 9K METONy KOHCEPBYBaHHS, MOXKE
OyTH KOPHCHHM 3 TOYKHU 30py CKAQOy Xap-
40BUX NpoayKTiB. OgHaK TpUBaAUUN BIIAUB
Y®-C Mmoxke HeraTHBHO BIAUBATH Ha Xap-
4OBY ILIIHHICTh OKPEMHUX PIAKHUX Xap4OBHUX
IPOAYKTIB, OCKIABKM HU3Ka (POTOXIMIYHUX
peakiiii MoxXKe CIPUYHUHATH YTBOPEHHS
BIABHUX pPaAHKaAiB, III0 IMNOTEHIIHHO 3M€H-
IIy€ KIABKICTh KOPHCHUX KOMIIOHEHTIB,
III0 MIiCTATBHCHA B IIUX Xap4yOBHUX HNPOAYyKTAaX.

YabpTpadioseToBE CBITAO € BiZTHOCHO HO-
BUM IIPHUKAQZIOM BHUKOPHUCTAHHS TE€XHOAOTIN
HeTepMiYHOI 00pOOKU Xap4YOBUX ITPOAYKTIB,
dKi MOXHa IIMPOKO BHKOPHUCTOBYBATH AL
BHPOOHHIITBA Xap4YOBUX IIPOAYKTIB 3 IOB-
IITUM TepMiHOM 30epiraHHs, GiAbII Oe3red-
HUX Ta 3 BHIIOIO0 IOXKHWBHOIO SKICTIO Ta 3a
JOCUTB HU3BKUX TeMnepatyp — a0 30 °C [27].
[Tpu uboMy, xX04 i yABTpadioreTOBE OIIPOMi-
HEHHY € e(PEeKTHBHUM METOIAOM HEeTepMid-
HOI 00pPOOKH Xap4YOBUX IIPOAYKTIB, IIPOTE HE
MEHIII BaXKAMBO Bpax0oByBaTH HOT'0 BIIAUB K
Ha caMi Xap4oBi HIPOAYKTH (30KpeMa ix pe-
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OAOTIYHI Ta TEKCTYPHI BAACTUBOCTI), Tak 1 ix
OPTaHOAEIITHUYHI BaacTuBocti. Hampukaan,
Takl ImapaMeTpHu K KOAlp, CMak Ta 3amnax
IIPOAYKTY, YacCTO BiirpaloTh KAIOYOBY POAb
y BIooOaHHSX CIIOXKUBaYiB. Byao rokasa-
HO, 110 Y®-onnpoMiHEHHSI Ma€ MiHIMaAbHUNU
BIIAUB Ha (Qi3W4Hi, XiMidHi, Xap4oBi Ta op-
TFaHOAEITHYHI BAAQCTHUBOCTI Xap4yOBHX IIPO-
OyKTiB, 30epiraroyu Opu IBOMY iX SIKiCTb,
ONHaK HOro BIAWB MOXK€ 3HA4YHO BiApi3Hd-
THUCH 3aA€XKHO iX IIOXO/KEHHS YU CKAQLy
— PYKTH, OBOYi, COKH, MOAOKO, CBUHUHA,
dAAOBHYHHA, puba, iHAWYKa Ta KypkKa [28].
Bka3yeTbcs, III0 PEOAOTidYHI Ta TEKCTYpPHI
3MiHM IDPOAYKTiB 3a aii YP-C ompoMmiHeHHS
3a3BUYail BiiOyBaIOTHCS Ha MOBEPXHI 3pa3-
KiB Yepe3 HU3bKe ITPOHUKHEHHI CBIiTAA IIi€l
O0BXKWHU XBUAL (200-280 uHM). InTeHCHB-
Ha o0poOKa yabTpadioseToM MOXKE CHPH-
YUHHUTH IIOPYIIEHHS KAITHHHHUX MeMOpaH
31 BTPaTOO Typropy, 3MiHaMH TEKCTyPHUX
Ta PEOAOTIYHHX BAACTHUBOCTEH XapiOBUX
MIPOAYKTIB, a Ile HeraTHBHO BimoOpazka-
TUMETbCH Ha CIOPUUHSATTI CHoXUBadYaMHU.

[Ipu npoMy pi3HI cHeKTpu YP-cBiT-
Aa MAaloTh 3HA4YHY OaKTEPUIHUAHY IO OAS
iHaKTHUBAIlil IITUPOKOIr0 CIIEKTPY MiKpPOOHHX
IIaTOTEHIB (Hampukaazm, OakTepiii, rpuob-
KiB, ApixKIXKiB, 1BiAl Ta BipyciB), epeKTUB-
HO 3arofiraryu Xap4yoBUM OTPYEHHSIM Ta
30IABIIIYIOYH TEPMiH HPUAATHOCTI XapUOBHUX
MIPOAYKTIB 0e3 HMIKOAM OAd iX SIKOCTI IIIASI-
XOM 3MEHIIIeHHS MiKpOOHOTO HaBaHTAXKEH-
He [29]. B miaomy yapTpadioseToBe BUIIPO-
MIiHIOBAHHSI OXOIIAIO€ HEBEAUKY YaCTHHY
€AEKTPOMAarHiTHOTO CIIEKTpPy. BOHO BKalo-
4ya€e BUIPOMiHIOBaHHS crnekTpy Big 100 mo
400HM i Kaacudikyerbcsa gk YP-A (320-
400uM), YP-B (280-320 um) Ta YP-C (200-
280uMm) [30|. Hampukaapn, mianazon YP-A e
M’IKUM BHUIIPOMiHIOBAaHHSM, III0 100pe IIpo-
HUKAa€ depes3 HIKipy AIOAUHU i IIPU3BOAUTH
oo edekTy 3acMaru. BumnpomiHIOBaHHS B
miamnasoHi YP-B 3maTHe BUKAUKATH COHAYHI
OIIiKH, a IIPU TPHUBAAIM 1 cUCTeMaTHU4HIN il
MOK€ INPUBOAUTH [0 3aXBOPIOBaHb HIKipH.
Y®-C pgianma3oH OIIPOMIHIOBAHHSI BBaXKa-
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€TBCS JKOPCTKHUM, LI0 OOOpPE ITOTAMHAETHCH
OIAKOBUMH MOAEKyAaMH Ta BUKAUKAE 3a-
rubeAb OakTepiil, BipyciB, HaWUITPOCTIIIHX
Ta IIBiAl, CIIPUYHHSIE HE3BOPOTHI MyTallii
F€HOMY MIKPOOpPraHi3aMiB 4M BTpPaTy Ppo3-
MHOzKeHHd. CaMe 11eH aiara3oH HAa3UBaIOTh
bakrepunnagHuM. [IpoTe CBiTAO B miamaso-
Hi Y®-C moraHo MpOHUKAE B IIKIPY AIOOU-
HHU 1 MOXe€ MNPU3BOAUTHU OO0 OIIKIB, a Ta-
KO /10 OHKOAOTIYHHX 3aXBOPIOBAHb IIIKipU

OOpobka  yabTpadioAeTOBHUM  CBiT-
AOM IIEPEBa’KHO IIPOBOAUTHCS 3a BiIHOC-
HO HHU3BKUX TeMIlepaTyp, 30KpeMa TeM-
nepaTypyu OTO4YYIOHYOI'O CEpeAoBHIIA Ta
IIO3UIIIOHYETHCH K METOJ HEeTEePMidHOI ae-
3indexkiiii [31]. 'oaoBHOIO mepeBaroro Horo
BUKOPHCTAHHS $K HETEPMIYHOIO METOLY
IOAdTAE y TOMYy, IO Mig Yac oOpoOKu He
YTBOPIOIOTBCS BiJOMi TOKCHU4YHI abo 3Ha4-
Hi HETOKCHYHI MHOOIYHi IIPOAYKTH, MOIKHA
BUIAAUTH II€BHI OpraHiyHi 3a0pyaHIOBa-
4i, iz 9ac o6poOKU BOAM HE YTBOPIOETHCS
CTOPOHHIN IpHCMaK YU 3arax, a cama o00-
pobKa yAbTpadioreTOM € MEHII €HepProBU-
TPaTHOIO y HOPIBHAHHI 3 IIpoIlecaMu Tep-
MigHOI OOpOOKHM, 30KpeMa macTepu3allii.

CBixi Xap4oBi IIPOAYKTH MOKHA 0OPO-
OASTH 3a JOIIOMOI0OI0 YABTPadioAeTOBOrO
CBiTAAQ IK OAKTEPUIINIHOTO CEPEeNOBUIIA IAT
3MEHIIIeHH MiKpOOHOI'0 HaBaHTaXKEHHS, IT110
nepenaetbes ixkero [32]. Bimomo, 1o 3a0pya-
HEHHY CBIKUX IPOAYKTIB IIATOT€HHUMHU Mi-
KpoopraHizaMaMu Hafyacrilie BigOyBaeThCd
mig yac abo/Ta micasa 30opy Bpoxkaro. [Touu-
Ha€EThCS BOHO 3 IOBEPXHiI HEYIIKOMIXKEHUX
IIPOAYKTIB, a 3TOA0M MOXKE IIOIINPIOBATH-
Ccs Ha BHYTPIIIIHI YaCTUHU i 9ac 00poOKH.
ToMy mnoBepxHEBe 3He3aparkK€HHS CBiKHUX
OPOAYKTIB 3a JOIIOMOTOI0 [Ae3iH(iKyIoYUx
3acobiB € 3BHYAMHOIO0 MIPAKTHUKOI, & YAb-
TpadioseToBe OMNPOMIHEHHSI MOXKE CTaTHU
aAbTepHATUBOIO (izudHili 00pobili 6e3 He-
OaxkaHUX 3MiH IKOCTi Ta YTBOPEHHS TOKCHY-
HUX TI00iYHHX MPOAYKTIB Ae3iHgeKIIii.

Bomy BxXke mocuTh maBHO OOPOOASIIOTH
yABTPadioAETOBUM CBITAOM ALl OTPUMAaHHS
nutHOi Boau [33]. OcHOBHI Kpurepii 1mono
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AKOCTi ITMTHOI BOAHM B LiAOMYy OyAu BHU3HAa-
YeHl IIIe Y MUHYAOMY CTOAITTI 1 CTOCYIOTBHCS
Oe3reKu BOOHM B €IigeMiYHOMY BiJHOIIEH-
Hi, BIICYTHOCTI IIKIJAUBUX XIMIYHHUX CKAQ-
JOBUX Ta 3a0BIABHHUX OPraHOAEIITUYHUX
BAAQCTHUBOCTEU. Y ILbOMY CE€HCI TEHOEHIIii
IIIO0 3aCTOCYBaHHS METOAY 3He3apazKeH-
Hs BOAU yAbTpadioAeTOM 3aMiCThb Tpamu-
IMHOTO XAOPYBaHHS Ta IHIINUX XIMIYHHUX
METOiB 3yMOBA€Ha BHMOraMH OO SKOCTi
BOJU Ta BiACYTHICTIO IMOOIYHUX ITPOAYKTIB,
dKl IDIPUCYTHI IPHU XIMIYHHUX MeETOLax 3He-
3apaxeHHda. OKpiM IBbOTO, y IEepion BiMHU
4YH TEXHOT'€HHOI KaTacTpodHU iCHye BeAHKa
norpeba IHOAWBiAyaAbHOTO 3He3apaskKeHHS
BOAY 3 BUKOPHCTAHHSM IIPOCTHX Ta edeK-
TUBHHUX 3aCO00iB i aAbTEpPHATUBOIO KAACHY-
HOMY METOAY € BHUKOPHUCTaHHS yAbTpadio-
A€TOBOTO BUIIPOMiHIOBaHHSI. 30KpeEMa MoOBa
e MIpo BUKOPUCTAHHA KOMIIAKTHUX Ta
eHepro3bepirarounx cBiTAomiogHUX YP-ram-
ax, s$Ki MalThb IIepeBary IIepel CTapu-
MU PTYTHHMH AaMIIaMH HH3BKOTO THCKY.

PpyKTHU Ta OBOYi, 10 IEePEPOOASTIOTHECS
Ha IIIOpe Ta COKH, 3a3BH4Yal mayzke modpe
MiaXoasaTh OAsT OOPOOKHU yABTpadioAeTOBUM
CBITAOM [OAd 3MEHIIIEHHS MiKpoOHOI KoHTa-
miHanii [34]. OBoui Ta ppykTu Oarati Ha
QiTOHYTPiEHTH, BiTaMiHU, MiHEpaAu, Kapo-
TUHOIY, aHTHUOKCHUOAHTH, IHOoAipeHoAHu Ta
Xap4yoBi BOAOKHA, SKi € HEOOXIMHHUMH IOAS
3[I0POB’Sl AIOIMHU. [X CIOXXWUBAHHS OCTaH-
HIMH POKaMH 3POCAO Yy 3B’sI3Ky 3 00i3HaHI-
CTIO CIIOKHBaYiB CTOCOBHO 302AaHCOBAHOIO
xXap4dyBaHHs. [Ipore mpu ixX BHUPOOHUIITBI
criocTepiraeTbcd 30iABIIIEHHSA BTPAT Xapdo-
BUX IPOAYKTIB y BUTASOl BIAXOOIB Ta IIO-
OiYHMX MPOAYKTIB, IO 3yMOBAEHE TPaIH-
IHHUMH (TepMIYHUMH) MeToaaMu 0OPOOKU
Ta KOHcepBallii. ToMy BUKOPHCTaHHS yAb-
TpadioAeTOBOrO CBiTAA OAT OOPOOKH PiAKUX
PPYKTOBHX Ta OBOYEBUX ITPOAYKTIB HAOH-
pa€ MOIyAdpPHOCTI 3aBASKH HETEPMidYHOMY
XapakTepy Ta BiACYTHOCTI CTOPOHHIX XiMid-
HHX KOMIIOHEHTIB, gKi [IOTPaIAdIOTh ¥ IIPO-
OYKTHU TOpU ae3iHdekIri XiMiYHUM CIIoCo-
6oM. Ha croromHi GiABIIICTE IIUX HPOAYKTIB
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acCTEPU3YIOTh OAS OTPUMAaHHA MiKp0o0ioAO-
riyHO Oe3IIeYHUX Ta IOXKUBHHUX IIPOAYKTIB.
OmHak macrepu3allid MOXKe 3MIHHUTH CMak
Ta apoMaT TaKUX IPOAYKTIB Yepe3 TeMIle-
parypy Ta 4yac oopobku. OBodYeBi Ta PpyK-
TOBI COKHM MOXKHA OOPOOASITH, BIIAUBAIOYH
yABTPadioA€TOBUM CBITAOM y Pi3HHUX 103aX
[35]. BomHOYac aBTOpU HArOAOUIVIOTH, IIIO
CAil BpaxoByBaTHU 4YacC BIIAMBY, THII IIPO-
OYKTY, HOro KoaAip Ta ckaanm, mob orpuma-
THU IPOAYKTH MaAHW HE AUIIlEe 3HUXKEHUH pi-
BEHb MIKpPOOHOTO HaBAHTAaXKEHHAM IIOPYyd
3i 30iABIIEHMM TepMiHOM 30epiraHHs, a H
alIecKBaTHUMU CEHCOPHUMHU Ta II0XKUBHU-
MU XapaKTEpPUCTHKaMH [IAS CIIOKUBAaYiB.

Takok TexHOAOTii 06poOKU yabTpadio-
AETOM MOXKYTHb OyTH e(peKTUBHUM 3aMiHHU-
KOM IlacTepu3allii CHPOBUHHU [ASI OKPEMUX
TBEPAUX XapyOBUX NPOAYKTIB (HAIIpUKAAL
CUPH YH MAaCAO), CKIABKH [id TeMIIepaTy-
pU IIpU HacTepusallii 3maTHa 3pyHUHYyBaTH
0iAKOBI MoAeKyAH, 110 ITpU3Bene N0 AedeK-
TIB CMaky IUX HPOAYKTIB Ta CHPUHHATTS
crioxkuBauyaMmu [36]. Hanpukaazn, TepmiuHa
00pobKa € HAUIIOIINPEHIIIIUM METOA0M [e-
KOHTaMiHaIlli B MOAOYHI¥M HIPOMHCAOBOCTI
assa 3abesriedeHHsT Oe3IeKH NPOAYKTIB Ta
IPOOOBXKEHHS TepMiHy IpumatHocTi. Of-
Hak, 4Yepe3 3pOCTaHHS CIIOXKHBYOIO ITOITHUTY
Ha OiABIII HATYpaAbHI Ta 3JO0POBI IIPOAYKTH,
HETEPMI4HI TEXHOAOTII IIOCTYIIOBO MOXKYTb
BUTICHUTH TPAOUILINHI METOAHW 1 B MOAOY-
HIA IIpoMHCAOBOCTI. OIpOMiHEHHS KOPOT-
KOXBHUABOBUM YyABTPA(iOAETOBUM CBiTAOM
Mae€ AesKi TEXHOAOTIUHI IIepeBaru 3aBAsSKHU
HU3BKUM BHTpaTaM Ha 0OCAYrOByBaHHS Ta
BCTAHOBAEHHSI CIIelliaai30BaHOro o0AaHAH-
HsI, MiHIMaABHOMY CIIOKHMBAHHIO €AEKTpPOe-
Heprii Ta KoHcepBallii 6e3 geakux HebazKa-
HUX edeKTiB TepMidHOI 0OpOOKHU MOAOKA Ta
MoAOYHUX nponykTiB [37, 38]. [Ipu npomy
3a3Ha4YaeThCs, III0 yAbTpadioseToBe BH-
npoMiHioBaHHg (YP-C, 254HM) € epeKTUB-
HUM METOZOM iHaKTHBallil TaTOreHHUX Ta
YMOBHO-IIATOT€EHHUX MIKPOOpPraHi3MiB y
MOAOIIi Ta MOAOYHHX HPOAYKTaX. ABTOPHU
3a3Ha4yaloTh, 110 BUSIBAEHE BiporigHe 3HU-
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KeHHd piBHA adaaTokcuHy M1 (AFM1) na
50% y 3HEXKUPEHOMY MOAOLLi ITicas 06pob-
KN ynpomoBXkK 20-TH XBHAWH yAbTpadio-
AETOBHUM CBITAOM 3 MOBXHHOIO XBHAlLI 254
HM. BomuHouyac Y®-A CBiTAO B IIOEOHAHHI
3 HaTypaAbHHMH KOHCEpPBaHTaMHU Ta YAb-
TPa3BYKOM 37aTHE iHaKTHUBYBaTU TIpaMm-
IIO3UTHUBHI Ta TI'pPaMHETaTHBHI MiKpoopra-
HI3MH B MOAOLIl HOpakKTU4YHO Ha 99,99%.
Be3 cyTTeBHUX 3MiH KOABOPYy Ta CMaky.

[I[parHeHHd mOmOAATH TOAOH, a Ta-
KOX BAacHe 6e3IleKa Xap4yoBHUX IIPOAYKTIiB
€ BaXXAUBOIO [OAd 3a0e3IledyeHHS IIPOOO-
BOABYOI Oe3neku y cBiTi. Llboro caig Buma-
raTyv Ta JOTPUMYyBaTUCHd Ha Pi3HUX eTarax
IIPOIIECIB ITEPEPOOKH XapyuOBUX IPOAYKTIB
OAd rapadTii ix 0e3reku Ta 9Ki IMOBUHHI
TIOTPAIIASITH Ha CTiA CIIOKUBadiB 0e3 KO-
HUX 3a0pyaHeHb. A/Ke BioMO 0e3Aid Io-
TEHIIHHUX MiClb 3a0pyaHEHHS Xap4YOBHX
IIPOAYKTIB YMOBHO-IATOTEHHUMH abo ma-
TOT€HHUMM MiKpoopraHidMaMH, a TaKOX
XIMIiYHUMU peYOBUHAaAMU ITi/l Yac repepoo-
KU, TPAHCIIOPTYBaHHS YU 30epiraHHs Xap-
4OBUX IPOAYKTIB. 30CEPEIKYIOUYHUCh Ha Mi-
KpoOHili Oe3merli Xap4yoBUX HPOAYKTIB Ha
eTari micas 360py Bpozkaro, 6yA0 mocAimzKe-
HO PI3HOMAaHITHI METOAW KOHCEPBYBaHHS
Xap4YoOBHUX HNPOAYKTIB 3 PI3HUM CTyII€HEM
00poOku. Ilpu mpomy cepen ycix MeToOmiB
o6pobka yABTPadioOAETOBUM CBITAOM, 30-
Kpema Y®P-C cBiTAOM, € cCydaCHOKI edeK-
THUBHOIO HETEPMIYHOIO TEXHOAOTIEID AL
1HaKTHUBAaIlll MiKpOOpPraHi3MiB y IPOAYKTaxX
XapuyBaHHS YU TEXHOAOTiAX iX 36epexkeH-
Hs Ta npuroryBaHHa [39, 40, 41]. Anxe
Y®-C cBiTAO 3 mOoBXKHMHOIO XBUALI Big 200
no 280 HM 3maTHe ePEeKTHUBHO IIPOHUKA-
TH B MIKPOOHiI KAITHHH Ta MOUIKOIXKYBAaTHU
ix ITHK, TuM camMuM 3amobirairodu periAi-
Kallii Ta COPUYUHSIIOYHU 3arubeAb KAITHH.
['oaOBHOIO mIepeBaroio yabTpadioAeTOBOrO
BUITPOMiHIOBAaHHA € HOro eeKTHUBHICTb ¥y
inakTHuBaIlii Mikpo6iB 6e3 3acToCcyBaHHS Xi-
MIYHHUX PEYOBHUH, L0 BIAIIOBia€ 3pocTaro-
YOMY CIOXKHBYOMY IIOIUTY Ha HaTypaAbHi
Ta MiHiMaAbHO 00pobaeHi mpomykTu. [Ipu
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IPOMY TakKa 00poOKa Ma€ BiTHOCHO HU3bL-
Ki eKcrmayaTalliifiHi BUTpaTH Ta MOXKe OyTH
AETKO IHTerpoBaHa B iCHyIOYi BUPOOHHYI
AiHIT, 110 poOuTH il eKoOHOMIYHO edeKTUB-
HUM pIillIEeHHIM OAd 0araThbox BUPOOHUKIB
Xap4yoBUX NPOAYyKTi. Xodya KOXKHa 3 HHUX
Mae€ IepeBaru Ta HeIOAIKH Y CBOEMY MacCIII-
TaOHOMY 3aCTOCYBaHHI qasT 0OpoOKU Xapdo-
BHUX IIPOAYKTIB, PI3HOMAaHITHI AOCAIIKEHHS
IIPOAEMOHCTPYBaAU IIOTEHIliaA ITUX TEXHO-
AOTIM [Ad 3aMiHU TPagULIMHOI TEepPMIYHOI
00pobKkM yn nmacrepusarii [42]. Takox nieB-
HUM HEJOAIKOM MOXKE CTaTU HeIpaBHUABHE
3aCTOCYyBaHHs OOpPOOKU yAbTpadioseToM,
110 MOXKE€ CYTTEBO 3MIiHHUTH CKAQ[ Xapdo-
BUX MPOAYKTIB, BKAIOYHO 3 PyHHYBaHHSM
0iAKIB, AHTHOKCHUOAHTIB, OKHCAEHHSIM Ai-
OifiB, & TaKOX 3MIHH KOABOPY Ta CMAaky.

OOpoOKa Ta KOHCEPBYBaHHS Xapdo-
BHUX ITPOAYKTIB IIOCTIMHO CTBOPIOIOTH 3HAY-
Hi TPYOHOIIl OAS Xap4oBOi IIPOMUCAOBOCTI
IpU 3HUIIIEHHI MATOM€HHUX Ta 3MEHIIEH-
Hi KIABKOCTI yMOBHO-IIQTOT€HHHX Ta He-
IIaTOT€HHUX MIKPOOPraHi3MiB y KiHIIEBUX
OpoayKTax 3 IIPOAOBXKEHHSM TepMiHy ix
OPUAATHOCTI 1 MiHIMI3yI04H IIPH [IBOMY I10-
ripaieHHa gkocTi. CrepHaizallisa xap4oBUX
IPOAYKTIB CIpAMOBaHa Ha 3HUIIEHHS Mi-
KpOOpraHi3MiB Ta 3abe3ledyeHHsI 0e3IeKH
Xap4OBHUX ITPOAYKTIB 1 BKAIOYAE HA CHOTOAHI
IIepeBaskKHO TEPMidHy 0OpOOKY, IIpOTE BOHA
MOZK€ CYTTEBO BIIANBATHU Ha OPraHOAEIITHY-
Hi Ta CEHCOPHI XapaKTEPUCTHUKH OKPEMHUX
Xap4yoBUX IpoAyKTiB [43, 44, 45]. Takox
3POCTaHHS MOITUTY CIOXKWBA4YiB Ha OiABII
HaTypaAbHi Ta 3[0POBI NPOAYKTH Xapdy-
BaHHdA 0e3 XiMiYHHUX KOHCEPBAHTIB CIIPH-
fIA0 OCTAHHIMHM pOKaMHU 3POCTaHHIO TOCAi-
[2KE€Hb, SKI 30CEPEeNKE€HI Ha MPOAOBKEHHI
TEePMiHIB IPUOATHOCTI 3a MAOIOMOIOI0 00-
POOKH Ta MpOoIleCciB KOHCepBallii, sIKi He IIe-
penbdbadaroTh HaArpiBaHHd. | OHIEIO 3 TAKUX
TEXHOAOTIM € 3acTocyBaHHS yAbTpadioae-
TOBOTO CBiTAQ, III0O POOUTH HOro BUKOPU-
CTaHHA [As 30epexKeHHd XapyoBHUX IIPO-
OYKTIiB IEPCIIEKTUBHOIO aAbTEPHATHUBOIO
TpagulifiHil TepMiuHi¥ KoHcepBarlii [46].
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O1wiHor049Hu ePpeKTUBHICTb YABTpPadioae-
TOBOT'O BUITPOMIHIOBaHHS CAiZl He 3a0yBaTH
IpO MOTO IMOTEHIIMHUN HIKIOAUBUHN BIIAUB
Ha JKUB1 OpraHi3MH, y TOMY YHCAl AIOAUHY
(oui, mikipa) [47]. 3a3zBU4Uai 11€ CTOCYETHCS
y HepIly 4epry MeAUYHUX [IpalliBHHUKIB, e
€ TpUBaA€ BUKOPHUCTAHHS yAbTpadioseTy 3
METOIO0 3HEe3apaKeHHs IIOBITPA YU IIOBEP-
XOHb [48, 49]. HocAimkeHHs TTOKa3ylOTh, 1110
B niepion nanaemii SARS-CoV-2 ¢iabTpartia
IOBITPA Ta yAbTpadioAeTOBE BUIIPOMiHIO-
BaHHSI y AIKyBaAbHO-IIPO(piAQKTHUYHUX 3a-
KAa[IaX, OYHUIIYIOTh ITIOBITPS Ta 3ao0iraroTh
IIOLIMPEHHIO ITIATOTE€HIB MiXK AIOABMHU HAaBITh
mig Jyac ix nepebyBaHHS y rmpuMinieHHi [S0].
Y mpomMuHCAOBOMY 3aCTOCYBaHHiI pPU3UK He-
raTUBHOI'O BIIAUBY YABTpPadioAeTy OAd IIpa-
IBHUKIB TAKOXK iCHY€, IIPOTE BIiH 3aA€XKUTH
BAaCHE Big mkepeaa Yd-ompomiHeHHS Ta

BucHOBKM

TakuM 4YHMHOM, 9K IOKa3yIOTh AOCTYIIHI
AlTepaTypHi mgkepeaa, o0pobka yabTpadi-
OA€TOBHM BHIIPOMIHIOBAHHAM OCTaHHIM
yacoM Habupae IIOIIyASPHOCTI B XapyoBiH
npoMucaoBocTi. lle gocuTh MIBUAKUM 1 Oe-
IIeBUM criocib crepuaizaliii pinkux i TBep-
UX Xap4OBUX IPOAYKTIB, a TAKOXK BHCOKOEe-
dexTUBHUH cr1ocib ne3iH(eKIlii ToBepXOHE,
Boau i moBiTpd. EdexkTuBHicTb 00pOoOKU
yABTpadioAeTOM 3aA€KUTH Bi HU3KH I1apa-
METPiB (TpHBaAiCTh, 0034, JOBXKHHA XBHAI),
a TakKOXK THIIy CaMHX IIPOAYKTiB. YAbTpadi-
OA€TOBE BHUIIPOMIHIOBAaHHA Ma€ 3HA4YHUU
IIOTEHIiaA 100 3aCTOCYBaHHS B Xap4doBii

Kongaixm inmepecib

yacy ekcrnio3uiii [51, 52]. Ilpu uvomy Ha-
TOAOUIYETHCH OIABIIUYM PH3HK IIIKiJAWBOTO
criauBy Y®-C cBiTAa Bif IITYyYHUX IKEPEA
OITPOMiHEHHS, ITI0 MO3Ke OyTH YCYHEeHHUH abo
HiBeABOBaHUI IEBHUMH 3aX0aMH Oe3reKu
nopu poboTti, I aBTOMATH3AIIEI0 Ta BHKO-
PHCTaHHSAM Cy4aCHUX JIXKepeA yAbTpadioae-
Ty [53]. 3 Li€l0 MeToI0 TaKOoXK PO3poO0AEHO
IeBHI mpodpeciiHi OpUCTpoi maa BizmcTe-
KEHHS Ta MOHITOPHHIY MIKiIANBOTO BIIAW-
BY yAabTpadioseToBOro omnpoMiHeHHd (My
Skin Track UV naga BuMiproBaHHS pPiBHA
Y® BumpoMmiHIOBaHHSI Ta 3aXUCTy BiJ COH-
ng; QSun agag BiICTeXXeHHST HIOAEHHOTO
COHSYHOI'0O BUITPOMiIHIOBaHHA TOLIO) [S54].
Xodya 11e ¥ ITOOAWHOKI 3axoau Oe3TreKu IIpu
poboTi 3 yApTpagioreTOM HepeBazKHO MIPHU-
POOHBOTO TOXOMXKEHHS, BOUeBUAb BOHH MO-
XKyTh OyTH BUKOPHUCTAHI i Ha BUPOOHUIITBI.

IIPOMHCAOBOCTI £K aAbT€pHATHUBA TpPaau-
LiHHIA TepMiuHiH# 00pOoOIli AT IPUTOTYyBaH-
Ha Ta 30epexkeHHd Pi3HOMAHITHUX IIPO-
OYyKTIB Xap4yyBaHHS — BOAH, COKIB, MOAOKA
Ta MOAOYHHX IIPOAYKTIB, MOPENPOAYKTIB,
M’ICHUX IIPOAYKTiB, IIPOJOBXKEHHS TEPMiHY
30epiraHHd CBiXKHX IIAO/IB Ta OBOYiB. Hati-
biabmIOIO0 TIEpeBaroro 00pobkm YP-cBiTAOM
IIPHU OITHMAaABHUX yMOBaxX iI BUKOPHCTaH-
HA A9 OPOAYKTIB XapdyyBaHHS 4YM BOOU €
IPaKTUYHO BIACYTHi 3MiHHM Pi3HOMAaHITHUX
iX xXapaKTepHCTHUK, II0 MOXKYTh BIIAMUHYTHU
Ha OPraHOAENTHYHI XapaKTEepPUCTHKHU ixXi
49U {I CEHCOPHE CIIPUNUHATTA CIIOKHMBaA4YaMH.

ABTOp meKiapye BincyTHiCTh dpiHaHCOBMX abo iHIVIX KOH(IIIKTIB iHTepeciB, sSIKi MOITIV BIUIN-
HYTV Ha pe3yJIbTaTy, iIHTepIpeTallifo Ta BUCHOBKM JOCITJIKeHHS
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Nno3umpoH-emicitiHa momo- Rk I ; . -
HUXx i 6ioximiyHux eaacmusocmedl. [1i0 yac padioakmusHoz0 po3nady padioHyKiou

epagis . o
pacp . BUNPOMIHIOIOMb 2dMMA-K8AHMU, W0 PEECMPYIOMbCA CUUHMUAAUIUHUMU 0emeKmo-
nepgysitiHa cuuHmuzpagia .

- 3 pamu 2amma-kamepu. OmpUMaHi cuzHa/suU NepemaopMbCa HA 306PANEHHS, SKe
miokapoa.

gioobpaxcae PyHKUioHanbHUl cmaH opaaHris i cucmem. Ocobsuge micye ceped padio-
HyKidie nocidae mexHeuili-99m, W0 MdE ONMUMA/bHI Pi3UYdHi Xapakmepucmuku 015
MeOUYHOT didzHOCMUKU.

Y cmammi 8ucsim/eHo 0OCHOBHi emdnu CMAHO8/1eHHA cyuHmuzpdadii: 8id cmso-
PEHHA nepwux Wmy4yHUX pddioizomonie i aBmomamu308aHUX CKaHepis y cepeduHi
XX cmosimms 00 po3pobKu 2ammda-Kamepu ma 8npOBAOMEHHS CYYdCHUX momozpd-
piuHUX memodis, 30kpema 00HOPOMOHHOT emiciliHoT Komn’romepHoi momozpddii ma
NO3UMpOHHO-emiciliHoi momozpadii.
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Okpemy ysdzy npudineHO Cy4dCHUM MeXHO/02{YHUM PilleHHAM, MAKUM 5K 2i-
6pudHi cucmemu OPEKT/KT ma MET/KT, siki NoEOHYtomb PyHKUiOHA/bHY md dHAMo-
MiYHY 8i3yani3ayito i 3HAYHO Nid8UWYHOMb MOYHICMb Jid2HOCMUKU.

[IpoaHani308aHO OCHOBHI 2pynu padiopapmnpenapamis ma ix 8UKOPUCMAHHA
0718 00C/i0MEHHA pi3HUX Op2dHis i cucmem opzaHiamy. HaeedeHo npukaadu KaiHi-
HO20 3dCMOCY8aHHA cyUHMuU2padii 8 kapoionozii, OHKO/0zii, eHOOKPUHO/102il, Hedpo-
n102if, Ny/1bMOHO0/102i1 ma Heapo/102ii, W0 JeMOHCMPYE yHigepcaibHicmb Memody ma
lio20 3HaYeHHs 0/19 OUiHKU PYyHKUIOHA/IBHO20 CMAHY Op2dHis, 8USIB/AEHHA NAMO/02iY-
HUX 3MiH | MOHIMOPUH2Y NiKy8aHHSA. TAKOM PO32/19HYMO OCHOBHi 06MeMCeHHA Memo-
0y, noe’a3dHi 3 NpOMeHe8UM HABAHMAMEHHAM | BIOHOCHO HUMYO NPOCMOPOBOID
P030i/16HOK 30dMHICMI0 NOPIBHAHO 3 0eSKUMU IHWUMU Memodadmu 8i3yanizauii.

Omice, nodasnbwuli po38UMOK CuuHMuUzpddii nos’azaHull i3 YOOCKOHA/NEHHAM
demeKmoOpHUX MexHO/0zill, CMBOPeHHAM HOBUX sucoKocneyudiyHux padiodap-
mnpenapamis md 8UKOPUCMAHHAM Memo0dig8 WmMy4yHO20 iHmesnekmy 0413 06pobKu
MeOQUYHUX 306paxceHsb. Lle 8i0Kkpusde HOBI MOMW/IUBOCMI 01 PAHHLOI Qid2HOCMUKU
3dX80PH0BAHb, PO3BUMKY MO/EKYASPHOT 8i3yaAizauii ma enposadmeHHs nioxodis
NepcoHani3o8aHoi MeouyUHU.

Scintigraphy as a method of functional diagnostics in

modern medicine
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Abstract

The article is devoted to scintigraphy as one of the important methods of func-
tional diagnostics in modern nuclear medicine. The aim of the work is to generalize the
physical foundations of the method, its technical capabilities, historical development
and main directions of clinical application. Scintigraphy is based on the use of radio-
active isotopes in the composition of radiopharmaceuticals, which after introduction
into the body are distributed in tissues according to their physiological and biochemi-
cal properties. During radioactive decay, radionuclides emit gamma quanta, which are
registered by scintillation detectors of a gamma camera. The received signals are con-
verted into an image that reflects the functional state of organs and systems. Techne-
tium-99m occupies a special place among radionuclides, which has optimal physical
characteristics for medical diagnostics.

The article highlights the main stages of the development of scintigraphy: from
the creation of the first artificial radioisotopes and automated scanners in the mid-
20th century to the development of the gamma camera and the introduction of mod-
ern tomographic methods, in particular single-photon emission computed tomogra-
phy and positron emission tomography.
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Special attention is paid to modern technological solutions, such as hybrid SPECT/
CT and PET/CT systems, which combine functional and anatomical visualization and
significantly increase the accuracy of diagnostics. The main groups of radiopharma-
ceuticals and their use for the study of various organs and body systems are analyzed.
Examples of clinical application of scintigraphy in cardiology, oncology, endocrinology,
nephrology, pulmonology and neurology are given, which demonstrates the versatil-
ity of the method and its importance for assessing the functional state of organs, de-
tecting pathological changes and monitoring treatment. The main limitations of the
method, related to radiation exposure and relatively lower spatial resolution com-
pared to some other imaging methods, are also considered.

Therefore, the further development of scintigraphy is associated with the im-
provement of detector technologies, the creation of new highly specific radiopharma-
ceuticals, and the use of artificial intelligence methods for medical image processing.
This opens up new opportunities for early diagnosis of diseases, the development of
molecular imaging, and the implementation of personalized medicine approaches.
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Ilepenik ckopoueHb:

KT - komm’torepHa ToMorpadis

O®PEKT - omnodoroHHa emiciiina KT

[IET - mosuTpoH-eMicitina ToMorpadis

CZT - Cadmium-Zink Telluride (moTpifiHu# TBepAU PO3YUH TEAYPUI KaIMIiIO-PTYTi)

Nal(Tl) - #iomua HaTpPir0, AETOBAHUN TaAieEM

MPT - marHiTHO-pe3oHaHCHAa ToMorpadis

TEXHEILIM-99m + TpaHCIOPTHI PEYOBHHH, SKi JOCTABAFIOTH 130TOII («MIiTKY») 40 TKaHUH:
-MDP - Metuaesnaudochounatr (MDP/M/D) 3B’93y€ThCd 3 KICTKOBOIO TKAHUHOIO.
-MAG3 - MepKamnTOalleTUATPUTAIIIUH - IIIBUKO BUBOAUTLCS HUPKAMU
-DMSA - nuMepKanToOypIITHHOBA KUCAOTA - JIAS CTATUYHOI cliMHTUTpadii HUPOK
-MAA - makpoarperoBaHuii aanb0yMiH - MiKPOCKOIIIYHi YaCTUHKHU 0inKa
-MIFBI (cecTramibi / MeTOKCHiI300yTHAIZ0HITPHA)

DOTA-TOC - DOTA - e xeaatHuii areut (1,4,7,10-treTpaazanukaogoaekan-1,4,7,10-re-
TpaolrroBa kKucaota). TOC - 11e ckopouyenHd Bizg D-Phe-Tyr-Octreotide (D-¢eniaana-
HiH-THUPO3UH-OKTPEOTHUL).

PSMA - Prostate-Specific Membrane Antigen/ mpocrarnynuil crientpivHud MeMOpaHHUY
aHTUTeH

[ICM - Tlepdyaitina cumHTUrpadis Miokapaa

ATTR-amMin0ifo3 - TPaHCTUPETUHOBUM aMiA0ifo3

MUGA - MUItiGated Acquisition

S/I-TIET/KT - [IET i3 dpropae3okcurarokosoro (DI

[ICMA/PSMA - npocratocneudiyHni MeMOpaHHUH aHTUT€H

PRRT - menTuaHO-pellENITOPHA PadiOHyKAIIHA Tepallid

V/Q - cuiBBimHOIIEHHS MiXX BeHTHUAALi€I0 (V - HaAXOMXKEHHS MOBiTpsI) Ta nepdgysieto (Q -
KPOBOTIK) Y AET€HIX
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MIBT - meraiiomoOeH3UATYaHIIUH

ATTIA - gieTnaeHTpiaMiHIIEHTAOIITOBA KHUCAOTA

TEAA - TpoMboembonaiss aereHeBoi apTepii
I'MITAO - rekcaMeTHATIPOIIIAEHAMIHOKCHUM
HIDA - Hepatobiliary Iminodiacetic Acid
BRIDA - Biliary Iminodiacetic Acid
ALARA - as low as reasonably achievable

Beryn

Y cy4dacHi#i MenuIlMHI MeToqu (PYHKITI-
OHaABHOI MiaTHOCTUKHU BidirparoThb Oeaaai
BaXXAMUBIIIy POAb Y PAaHHBOMY BHSBAEHHI
IIaTOAOTIYHHUX 3MiH, KOAW aHaTOMIiuHi IIO-
PYILIEHHS IIIe He BHUpaXKeHi abo MiHiMaAb-
Hi. @PyHKIlIOHaABHI MOPYIIEHHd HEpia-
KO IIEpenyloTh CTPYKTYPHHUM 3MiHaM Ha
POKH, II0 BH3HA4Ya€ IIPHUHIUIIOBY IIEepe-
Bary METOAIB $SAepHOI MEIZUIIMHU Hajg
CyTO aHaTOMIYHHMH METOAAaMH Bi3yaai3a-
Iii y meBHUX KAIHIYHHX cHUTyauiax [1, 2].

Cuunrturpadia gIK OOWH 3 OCHOBHHUX
MEeTO/iB faaepHOi MenuIIMHU 0a3yeThbcs Ha
BBE/IEHHI B OPTaHi3M paioaKTUBHUX dap-
MalleBTUYHHUX IIperapariB i peecTpariii ix-
HBOT'0O PO3IIOAIAY 30BHIIITHIMHU AETEKTOPAMHU.
Ha BigMiHYy BiZl pE€HTT€HOAOTIYHUX METO/IIB,
dKi IepeBazXHO Bi3yaai3yIOTb aHATOMIUHY
CTPYKTYPY, CHUHTHUTPa(id J03BOASIE OIIIHUTU
PYyHKIlIOHAABHUY CTaH OpraHiB, MeTaboAid-
Hi IpollecH, repdy3ito TKaHUH Ta PelenTop-
HUM cTaTyC HaTOAOTIYHHX BOTHHUIL [2, 3.

CyyacHa gnepHa MeOuIlMHa IIpOMIAa
TPUBAAUH HMIASIX €BOAIOLII Bil IPUMITUBHUX
AIYUABHUX IPUCTPOIB A0 CKAQIHUX TiOpHUI-
Hux cucteM OPEKT /KT tallET/KT, 3maTHux
iHTerpyBaTHU (PYHKIIIOHAABHY Ta CTPYKTYPHY
iH(popMallito B €AUHOMY HOOCAimzKeHHi. Po3-
pobka HOBHX pamiocapmmpenapaTiB — Bifg
OpraHOCHEeIIN(IYHNX CIIOAYK TE€XHEeI[if0-99m
10 TapreTHUX AITaHIB PELIENITOPIB Ta Tepa-
HO3HHUX areHTiB — BiAKpHAA HOBI T'OpPH30H-
TU II€PCOHaAi30BaHOI MegunuHU [4, 5, 6].

AKTyaABHICTh [AaHOI TEMH 3yYMOBAEHA
3pPOCTaI0u0I0 KiABKICTIO MOCAIZKEHB i3 3a-
CTOCyBaHHSIM METOMIB AAEPHOI MEOUIINHU
y BCbOMY CBIiTi Ta HeJOCTaTHHOIO OOi3HaHI-
CTIO MeOUYHHUX (paxiBIliB pPi3HUX CIIelliaAb-
HOCTE! II00 MOXKAUBOCTEH Ta OOMeXKeHb
PagiOHYKAIAHUX METOMIB AiarHOCTHUKU. Po-
3yMiHHS (PI3UYHUX MNPUHIIUIIB, TeXHIYHUX
O0CODAMBOCTEHN Ta KAIHIYHHX IIOKa3aHb [0
cumHTUrpadii € BasKAUBOIO MIE€PEaYMOBOIO
palioHaABHOTO BHUKOPHUCTAHHA IIBOTO IIO-
TY>KHOT'O JIarHOCTUYHOI'O iHCTPYMEHTY [7, 8].

MeTa poOOTH - po3ragHyTH (Pi3UYHI OCHOBU CIIUHTHUTPA(ii, Kaac pamiodapMIiipenapa-
TiB, III0 BUKOPHUCTOBYIOThCS, TEXHIYHI aClIeKTU raMmma-KaMep Ta TriOpUAHUX CHUCTEM, iCTO-
Pilo PO3BUTKY METOAY Ta HOro Cy4acHi KAIHIYHI 3aCTOCYBaHHS B PI3HUX raAy3dx MEIUIIMHUA
A PopMyBaHHSI KOMIIAEKCHOT'O PO3YMIHHS POAl PamiOHYKAIHOI AiarHOCTHUKU B CydacHik
MeIUITUHI Ta HiABUIIeHHI 00i3HaHOCTI MEAUYHUX IPAIliBHHUKIB OO0 MOXKAUBOCTEH (PYHK-

I[IOHAABHUX METOIB Bi3yaaizartii.
OcHoOBHa YacTMHa

Disuuni ocnobu memody

Cuunrurpadia 6a3yerbcsa Ha QyHOA-
MEHTaAbHUX MIPUHIIUIIAX sAepHOi (Pi3UKU
Ta B3a€MO/Iii i0H13yI0UOT'0 BUIIPOMiHIOBAHHS
3 peyoBHHOIO [1]. B oCHOBI MeTOLy A€XKUTH
BHUKOPHUCTaHHS Pai0aKTHUBHUX i30TOIIIB, 9Ki

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

BBO/JSTBCH B OPTraHi3M y CKAami pamiodap-
MIIperapaTiB 1 pO3NOMIAGIOTECSI B OpraHax
Ta TKaHWHAaX 3aA€XKHO Bif iX (iziosoriyHux
Ta MeTaboAIYHUX BaacTuUBOcTed. Posnana-
IOYHCh, PANIOHYKAIIN BHUIIPOMIHIOIOTH I'aM-
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Ma-KBaHTH, 10 PEECTPYIOTHCHA 30BHIIIHIMU
JEeTEKTOpPaMHU i CAYTYIOTb OCHOBOIO [IASl TIO-
OymoBHU miarHOCTHYHOTO 300pakeHHs |1, 9].

HalimommupeHIiImuM pagioHyKAILIOM y Oi-
ATrHOCTHUYHUX ITIAIX € TEXHEINN-99m 3aBrad-
KU HOro OIITUMAaAbHiM eHeprii raMMa-BUIIPO-
miHnoBaHHs (140 keB), kopoTkoMy nepiony
HariBposnany (6 roaguH) Ta 34aTHOCTI yTBO-
proBaTH pi3HOMAaHITHI pagiodapmipenapa-
TH OAS Bi3yaaisallii IpaKTHUYHO BCIX OpraHiB
i cucreMm opranizmy [2, 5]. I3omepHuU# ne-
pexin 3 TEXHEIi0-99m no TexHeli-99 cy-
IIPOBOMXKYETHbCSI BUKAIOYHO T'aMMa-BUIIPO-
MiHIOBaHHSIM 0e3 [3-4aCTHHOK, 110 MiHiMi3ye
IIOTAWHEHY /103y TKaHUHAMH Ta POOUTH i30-
TOIl imeaAbHUM [OAd giarHocTtuku [1, 10].

[Ipomtec  meTekiii BHUIIPOMIHIOBAHHS
3MIUCHIOETBCS 3a JIOIIOMOTOIO CIIMHTHUAL-
OIMHUX KpPHCTaAiB, HaMW4yacTiine Hoau-
oy Hatpiro, akTuBoBaHOro taaiem Nal(Tl).

FamMMa-KBaHT, NOOTpPAIIAgIOYH B KpHU-
CTaA, COPUYMHSIE KOPOTKO4YAaCHE CBITiHHA

Iecmopuunuii posBumox memody

Butoku dmepHOi METUIIMHH CAraloTh
1930-x pokiB, koau EpHectroMm AoypeHcOM
OyAa0 BHHANWZIEHO IHUKAOTPOH, IO J03BO-
AUB CHHTE3yBaTH IITY4HI paaioizoronu [3].
[lepiri giarHOCTHUYHI 3aCTOCYBaHHS pPamio-
AaKTUBHHUX 130TOIIIB BIAHOCATECI M0 1940-x
POKiB, KOAU pamioakTuBHUM Hon-131 OyB
3aCTOCOBaHUM [OAd MOOCAIMXKEHHSI (QYyHKILi]
ITUTOIIONIOHOI 3aao3u. IIpoTe mpakTHUYIHE
KAIHIYHE BHKOPUCTAHHS CIIMHTHUTpadid-
HHUX METO/IB po3nodasocs y 1950-x pokax.

PeBOAIOIIIHHUM  [JOCATHEHHSIM CTaAO
crBopeHHd y 1950 poui Benenukrom Kac-
CEHOM IIEPIIOTO aBTOMAaTH30BaHOIO pe-
KiAlHeapHOrOo CKaHepa — IIPHCTPOIO, II0
3iMCHIOBAB IIOCALJOBHE CKaHYBaHHY [0-
CAIIPKyBaHOI MIAIHKH Tina B peecTpyBaB
po3mnodiA PafioaKTUBHOCTLI Y BUTALL OBO-
BuUMipHOro 3o6paxenHs [3]. [lompu obwme-
KEHY IIPOCTOPOBY PO3MIABHY 34AaTHICTH Ta
3HAQUYHUM 4Yac MOOCAIIKEHHd, L€ HpHUCTpiH
3aKAaQB OCHOBH CydYacHOI CIUHTHUTpadii.

CropaB:KHBOIO PEBOAIOIIIEI0 CTAaAO BH-

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

— CLIUHTUALIIII0, IHTEHCHUBHICTb {KOI HpPO-
nopuifina eHeprii ¢orona [1]. Lle cBiTAO
3a [OOIOMOrol (POTOIIOMHOXKYBadiB IIepe-
TBOPIOETHCA Ha EACKTPUYHHUHN CHUTHaA, III0
00pPOOASIETBECH  KOMIT'FOTEPHOIO CHCTEMOIO.
Koaimaniga BUIpPOMiIHIOBAaHHS OO3BOAIE BHU-
3HAYHUTH HaAIIPSIMOK IIPHUXOAy raMMa-KBaH-
TiB 1 cdhopMyBaTH IIPOCTOPOBE 300pazkeH-
HS posmnomfiay pagiodapmnpenapary [2].

EneprerryHa po3giAbHA 34ATHICTH [e-
TEKTOPHOI CUCTEMU Ma€ IPHUHIINUIIOBE 3HAa-
YeHHsSI A SKOCTiI 300paskeHHd. Turonsa
po3aiabHa 3natHicTh Nal(Tl)-neTekTopiB cTa-
HOBUTH 0AM3bKO 10% maa eneprii 140 keB,
III0 MO03BOASIE €(PEKTHUBHO BiOKPEMAIOBATU
IIEpBUHHE BUIIPOMIHIOBAHHS BiJ PO3CITHOTO
[9]. HamiBOpoBiAHUKOBI ETEKTOPU HA OCHO-
Bi kaaMmifi-iuHK-Teaypuny (CZT) 3abe3neqy-
IOTh 3HAYHO Kpallly €eHEPTeTHYHY PO3IiAbHY
3aaTHICTE (3—5%) i ITOCTYIIOBO BIPOBAIXKY-
IOTbCA B Cyd4YacHi ramma-kamepu [1, 135].

HageHHa y 1957 porii Xeaom Arepom (Hal
Anger) raMmMa-KaMepH - IIPUCTPOIO, 110 103-
BOASB OTHOYACHO PEECTPYBaTHU raMma-BH-
IIPOMIHIOBaHHSI BiZ yciei mgocaimKyBaHOI
nianguku. Kamepa Arepa crasa mpoobpa-
30M yCiX Cy4YaCHHX ramMma-KaMmep 1 IIpHUH-
IIUIIOBO HE 3MiHHAA CBO€i apXiTEKTypH 10
CBOTOOHI, XO4da TEXHIYHI XapaKTepUCTH-
KU TOoKpalmauca Oararopasoso [3, 11].

Y 1970-x pokax BOOCKOHAAEHHSI €AEK-
TPOHIKM Ta PO3BUTOK KOMIIIOTEPHUX TEX-
HOAOTIH IIpH3BEAU [0 II0OIBU TOoMorpadid-
HUX MeToAiB anepHoi meauiuau. ODEKT
3abe3neynsa TPUBUMIPHY PEKOHCTPYKILiIO
posrofiay pamiopapmmpernapary, 3HAYHO
HiABUIIMBIIN IIPOCTOPOBY PO3MIABHY 31aT-
HICTh Ta KOHTPACTHICTH 300pazkeHb [2, 3.

[TapaseabHo po3BuBaBca wmeton I[IET,
1o 0a3yeThbcs Ha peecTpallii ABOX HPOTH-
A€KHO CIIPIMOBaHHUX (POTOHIB aHITiAAITIH-
HOrO BHUIIPOMiIHIOBaHHS 3 eHepriero mo 511
keB koxeH [4]. [loennanua [TIET 3 KoMI1I0-
TepHOI0 ToMorpadi€r y TiOpUAHUX CUCTEe-
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max [IET/KT na mnoyatky 2000-x pokKiB
CTaAO CIIPaBXKHIM IIPOPUBOM B OHKOAOTIY-
HiA mgiarHOCTHIL, [OO3BOAHUBIIH OOHOYAC-
HO OILIHIOBATHU MeTaboAidyHi Ta aHaToMid-
Hi XapaKTepHUCTHKH InyxauH [4, 10, 12].

Cy4yacHHUM [OOCATHEHHSAM € IHTerparis

Texniuni acnekmu cyuacHot cyunmuzpagii
CydyacHi ramMma-KaMepHu SBALIIOTH CO-
00I0 CKAQHI TEXHIYHI KOMIIAEKCHU 3 BEAU-
KO(pOpMaTHHUMH [JeTeKTopaMu (3a3Buuail
niamerpom 38-59 cmM), OaraToKaHaABLHU-
MH KOAiMaTOpaMH pi3HHUX THIIIB, IOTYXK-
HUMHU IIpoIlecopaMu OOpoOKHM 300pazkeHb
Ta CIEeIliaAi30BaHUM MIPOrpaMHUM 3a0e3-
nedyeHHaM [1, 2]. bBiapoiicTe KAIHIYHHUX
CHCTEM OCHAllleHi JABOMa [AeTEeKTOPHUMHU
FOAOBaMU, IO [03BOASIE TIPOBOAUTH [0-
CAI/I’KEHHS 3 ABOX IIPOTHAEKHUX abo Imep-
MEeHAUKYAIPHUX  MPOEKIiH  OJHO4YAaCHO.
KoaiMmaTop € KAIOYOBHM €AEMEHTOM
raMMa-KaMepH, II0 BHU3HAYAE IIPOCTOPOBY
PO3diABHY 3OATHICTB Ta 4YyTAUBICTH CHC-
TeMUu. IlapasreapHOKaHaABHI KoOAiMaTOpH
HU3bKOEHEPreTUYHOTO [iana3oHy 3abes-
IIeYyIOTh  OIITHMAaAbHI  XapaKTepPUCTHUKU
A JIOCAIPKEHB 3 TexHellieM-99m, Tomi
dK KOAIMaTOpPU CepPeIHbOEHEPTreTHYHOTO
Ta BHCOKOEHEPTreTHYHOTO [iara3oHiB 3a-
CTOCOBYIOTBCS AL PAOIOHYKAIIB 3 BUIIOIO
€HEepri€lo raMMa-BHIIpOMiHIOBaHHA [1, 9].
[TananapHa cuuHTUTrpadisg J03BO-

Padiogpapmnpenapamu ma ix sacmocyBanna
Paniodpapmmnpenapar — 1€ CTE€PUAb-
HUM, aliporeHHUM pagioakKTUBHUU AiKap-
CbKUI 3acib, Ipu3Ha4YeHU [OAd BBEOCH-
HY B OpPraHi3M AIOAWHH 3 OiarHOCTUYHOIO
abo TepameBTUYHOIO MeTolo. Bubip pami-
odpapmmpenapary BH3HAYAETBECSI METOIO
OOCAIIKeHHS Ta OioOAOTIYHMMHU XapakTe-
PHUCTHKaAMH [OOCAIZKYBAHOTO OpraHy dYH
IIaTOAOTIYHOTO IIporuecy [2, 5|. Bynb-axkuii
pagioapMipenapaT CKAQIA€EThCSI 3 OBOX
OCHOBHHX KOMIIOHEHTIB: paioHyKAifa, II10
CAYTYyE [I3KEPEAOM TraMMa-BHIIPOMiHIOBAH-
Hs Ta XiMi9YHOI MOAEKYAU-HOCIis, 1110 BU3HA-
4yae crnelu@ivHIiCTh PO3IOMiAy B OpraHi3Mi.

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

[TET 3 MarHiTHO-pe30HaHCHOIO TOMOTrpadicro
y cuctemax [IET/MPT, 1o nnoeagHye metado-
AIYHY Ta aHATOMIYHY iH(pOpPMaIllilo 3 YyI0BOO
M’9KOTKaHUHHOIO KOoHTpacTtHicTio MPT mpu
BiZICYTHOCTi IOAATKOBOI'O 10HI3yIOYOrO BH-
nnpoMiHioBaHH4 Bing KT-koMmnionenTu [12, 14].

ASIE OTPUMYyBaTHU [OBOBHUMIPHiI IIPOEKIIiNHI
300pazkeHHsI B Pi3HUX CTAHOAPTHUX IIPO-
exkniax, Toai ak OPEKT 3abesmneuye Tpu-
BUMIPHY PEKOHCTPYKIIIIO IIPOCTOPOBOIO
PO3IIOMiAy PamiOaKTHUBHOCTI 3 MOIKAUBIC-
TIO aHaai3y AO0BIABHUX 3pi3iB [2]. CydacHi
aATOpUTMH peKOHCTPYyKIii OPEKT BKaro-
4aloTb METOAU ITEPATUBHOTO BiIHOBAEH-
HS 300paskeHb 3 KOPEKII€I0 IIOTAMHAaHHS,
pO3CiloBaHHA Ta PYyXOBUX apTedakTiB.

lopuani cucremu OPEKT/KT moen-
HYIOTh IIepeBaru (PyHKIIIOHAABHOI Bidyaai-
3alrii Ta TOYHOI aHaTOMIYHOI AOKaaizarlrii.
BbynoBana KT-kKoMIlOHEHTa BUKOHYE IIO-
OBiMiHYy QYHKILIO: CAYIYE [AS aTeHyalliii-
HOi KOpeKIii cruHTUrpadiyHUX MaHUX i
3abe3neyye aHATOMIYHY KapTy OAS TOYHOI
AOKaaizallii BOTHUIIL HAKOIHWYEHHS paiio-
dapmmpenapary [7, 10]. CyuacHi cucreMu
[IET/KT mnoemuyioth 64- Ta 128-3pizoBi
KT 3 BucokouyramBumu IIET-merekropa-
MU, 3a0e3Iedyloyd IMIPOCTOPOBY PO3MiAb-
Hy 3naTHictb [IET 6an3bko 4-6 MM [4, 12].

TexHewii-99m € KAIOYOBUM pafio-
HYKAIIOM y SiAePHI¥ MeIUIUHI i BXOOUTH 00
CKAaay panioapMIIipenapaTiB Oas OOCAi-
[2KeHb KICTOK (TexHeliit-99m-MDP), Hupok
(rexHeniti-99m-MAG3, DMSA), wmiokapna
(rexHer11ifi-99m-cecramibi, TeTpodocMmiH),
A€TeHb (TexHeli-99m-MAA), neyiHku (Tex-
Helir-99m-Kkoaoin), mMo3ky Ta iH. [5]. Te-
HepaTopHu MOAiIOaeH-99 / TexHe1ii-99m,
III0 PETYASIPHO IIOIIOBHIOIOTHCS, 3abe3medy-
IOTh Ha/illHe IocTadyaHHs i30TOIy B dOep-
HO-MeOW4YHi mimpos3miau 6e3 HeoOXimgHOCTi
HagBHOCTI IPHCKOpIOBada YaCTHHOK [2].

PanioakTuBHuii i#on-123 Ta tHom-131
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3aCTOCOBYIOTBCH ALl JIOCAIIXKEHB IIIUTOIIO-
OioHOi 3aa03m: Hom-123 3aBOIKH KpallliM
JO3UMETPUYHUM XapaKTEepHUCTUKaM IIepe-
Ba>XHO BUKOPHUCTOBYETBCH OAS AiaTHOCTUY-
Hoi cuuHTUrpadii, Toai gk #on-131 — gaga
Teparii gudepeHIiioBaHOro paky IUTOIIO-
Oi0HOI 3aA03W Ta TOKCHUYHOro 300a [5, 16].

[Io3UTPOH-BUIIPOMIHIOIOYl pPaglOHyKAl-
mn pgaa ITIET BkawouaroThs ¢rTop-18, Byr-
Aelb-11, azor-13 Ta KHCeHb-15, 10 II0-
TPeOyIOTh HASBHOCTI IITMKAOTPOHA ITOOAH3Y
KAIHIKM 4Yepe3 KOPOTKI Iepioau HaIliBpoO3-
nany [4]. Taaii-68, orpumMyBaHUY i3 reHe-
patopa repmaHiii-68/raasiii-68, mo3Boasie
rpoBoauTy [1ET-mocaigzkeHHs 6e3 BAACHOTO
ITUKAOTPOHA Ta 3aCTOCOBYETHCS JIAS AADEATO-

Kainiuni sacmocyBanna cyunmuepacpii

Kapniosorist

[ICM € BaxXAUBUM METOAOM (PYHKIILi-
OHAABHOI OI[IHKHM KOPOHapHOTO KpPOBOTO-
Ky Ta Bigirpa€e KAIOYOBY pPOABb y OiarHOC-
TUL inmeMigHol XxBopobu cepud [8]. Meron
[O3BOASIE BUSBAATH 30HM imremii Ta py-
OleBUX 3MiH MioKapaa, OILHIOBATH TAO-
OaabHY Ta perioHaAbHY CKOPOTAUBICTBH Ai-
BOI'O IIIAYHOYKA, IIPOTHO3YBATH PHU3HUK
CepleBO-CYAUHHUX MOXi# Ta Bimbupatu
MallieHTIB Oas peBacKyagpuszawii [8, 19].

Crpec-tect npu I[ICM wmoxe Oytu i-
3UYHUM (HaBaHTaXKEHHS Ha TpeaMmiai abo
BeaoeproMeTpi) abo  ¢apMaKOAOTIYHUM
(ameHo3uH, mumipumaMos, mobyramin). ITo-
piBHaHHA Tepdy3ifHUX 300pazKeHb y CIIO-
Kol Ta IpH HaBaHTAXKEHHi [103BOASE BHU-
ABUTHU o0OpaTuMi (imremiuHi) Ta HEOOOPOTHI
(pyoneBi) medexktu nepdy3zii [8]. Cydachi
IIPOTPaMHiI AATOPUTMHU 3 aBTOMATHYHUM
HiApaxyHKOM KIiABKICHHUX iHAEKCIB 3HA4YHO

OmukoJIorisa

S/IT-IIET/KT mocimae meHTpasbHe Mic-
IIe B OHKOAOTIYHIH MmiaTrHOCTHII 3aBOdIKHU
3IATHOCTI BUABAITH MeTAOOAIYHO AKTHUB-
Hi 3A0dKICHI BOTHHUINIA B OyAb-sIKi¥ MiAsSTH-
i Tiaa. MeTon HIMPOKO 3aCTOCOBYETHCS
[Asl TIEPBUHHOTO CTailOBaHHS 3A0S9KICHUX
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BaHHS IenTuaiB (Hampukaazn, DOTA-TOC
A HEHUPOEHIOKPUHHHUX IIyXAWH) [6, 17].

[TepcrieKTUBHUM HaIIpPIMKOM € PO3pob-
Ka crnenu@ivyHUX AITaHOIB AT MOAEKYASP-
HOi Bi3yaaizamii - pagloMidYeHUX AaHTHUTIA,
HENTUAIB, alTaMeEpiB Ta MaAHUX MOAEKYA,
II0 3B’I3yIOThCS 3 KOHKPETHHMH peLer-
TOpaMH ab0 MOAEKYASIPHHMH MapKepa-
MM [aTOAOTIYHUX IpoleciB [6, 7]. Pamio-
dapMmrpennapaTd Ha OCHOBI ArOTelliro-177
(3okpema, PSMA-617 paga paky nepenMi-
xypoBoi 3aao03u Ta DOTA-TOC pag Hedpo-
€HIOKPUHHUX IIyXAWH) 3aCTOCOBYIOTBHCH
B TEpaHO3l — OAHOYACHIM [AIarHOCTHUIIl Ta
TapreTHIiN pamioHyKAinHiM Teparii [6, 18].

craHmapTulyBaau iHTeprperauito IICM.

Cuunturpadia 3 mnipodgochaTHUMU
IperapaTamMm TeXHellil0-99m aeMoHCTpye
BUHSITKOBY [JiarHOCTHUYHY ILIHHICTh IIpHU
TPAHCTUPETUHOBOMY aMiAOifo3i ceplid, O0-
cararoyu npaktudHo 100% cnerudpigyHOCTI
3a YMOBH IIPaBUABHOT'O KAIHIYHOTO KOHTEK-
CTy (BiACYTHICTH MOHOKAOHaABHHUX OiAKIB y
KpoBi abo cedi Ta iHTEHCHBHE HaAKOIITUYEH-
Ha Tpeticepa cryneHda 2-3) [8, 11]. Meron
3aMiHUB eHIoMioKapaiaabHy 60ioricito gk
30A0TUY cTaHmapT aiarHoctuku ATTR-awmi-
AOITO3y B OIABIIOCTI KAIHIYHUX CHTyAallii.

PanmionykaimHa piBHOBaXkHa BEHTPU-
Kyaorpadis (MUGA) 3abesnedye HaOTOYHY
OLIIHKY (ppakilii BUKHAY AIBOrO IIIAYHOYKA
Ta rAobaabHOI cKopoTamBOCTi. MeTom Tpa-
OUIIHHO BHUKOPUCTOBYETBHCS [Ad MOHITO-
PUHTY KapOiOTOKCUYHOCTI aHTpPAallUKAiIHIB
Ta iHMINX XiMioTepareBTUYHUX areHTiB [5].

IIyXAWH, OI[IHKHM BIAIOBiAI Ha XiMmioTepa-
[Iif0, BUSIBA€HHS PENUANBIB Ta AiarHOCTU-
KU ITapaHeoNAaCTUYHOro cuHapomy [7, 20].

Cuunaturpadida KiCTOK 13 TeXHeIli-
eM-99m-M/IP 3aauInaeThCcs IIHUPOKO 3a-
CTOCOBYBaHUM METOJAOM CKPHHIHTY Me-
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TaCTaTUYHOT'O ypasKeHHd CKeAeTa IIpU
paKy MOAOYHOI 3aA03H, IIepeaMiXypoBOi
3aA03HU, AereHi Ta HUpPOK. [Ipore y meakux
IIyXAUHaX, 30KpeMa IIPH MIEAOMHIH XBO-
po0bi, MeTonm MOEeMOHCTPYE OOMEIKEeHy UyT-
AVBICTE 0OAM3BKO 66% 4epe3 MiHiIMaAbHY
ocTeobAaCTUYHY peakitito [7, 9, 12]. ¥ Ta-
KUx KaiHiuyHUX curyauigx MPT Ta I[IET/KT
3 O/I' abo raaiii-68-IICMA 3a0e3reuyroTh
3HAYHO Kpallly AiarHOCTUYHY TOYHICTB [21].

CuunaTurpadis cTopoxkoBUX AiMcpaTHy-
HHUX BY3AIB 13 KOAOILHUM TeXHENieM-99m
€ CTaHapTHUM MeETOAOM IIepenoIliepa-
OiHOrO KapTyBaHHA Ta I1HTpaoleparliii-

EnnoxpwuHosIOTis
CuunTturpadia  mmronomibHoi — 3a-
AO3U 3 TeXHelieM-99m-nepTexHeTaToM

abo tomoM-123 m[mO3BOASIE OIIHUTH PO3-
Mipu, dopmMy Ta (PYHKILIOHAABHHH CTaH
3aA03U, BUSIBUTH «Tapddi» (rinepdyHKIL-
OHYIOYi) Ta «XOAOAHI» (TilmopyHKIIIOHYIO-
4i) By3AH, a TAKOXK 3aAHUIIKOBY THPEOITHY
TKaHUHY IicAad TupeoigekTomii [5, 16]. To-
TaarbHa cruHTHUTpadQisa Tiaa 3 Bomom-131
[icAsl THUPEOoifleKToMii € cTaHOapTHUM Me-
TOAOM BUSGBAEHHSI MeTacTasiB audepeH-
IiHOBAHOTO paKy IIHUTOIONIOHOI 3aA03H.

CrauaTUrpadisa aparmTornoaioHUX
3ar03 i3 TexHelieM-99m-MIBI (cecTami-
06i) B moemHaHHI 3 BIACTPOYEHOIO Bi3y-
aaizallielo [OO03BOASIE AOKaAi3yBaTH ale-

Hedpostorisa Ta yposoris

duaamiuna HedpocuuHTUrpadis 3
TexHelieM-99m-MAI'3 a6o [ATIIA 3abes-
Ie4Yy€e PO3MIABHY OIIHKY (OYHKIII KOXKHOI
HUPKHU (BigHOCHA (YHKILisI), OLIHKY HUP-
KOBOTO KPOBOTOKY, KAYOOYKOBOi (iabTpa-
mii Ta TyOyAsSIpHOI CeKpellii, a TakKoXK BHU-
SABACHHSI OOCTPYKIIil CEYOBUBIIHUX IIIASIXIB
3a [OOIOMOIOI0 OiypeTHu4YHOi HepPpOCIIUH-
Turpadii [2, 5]. MeTox € He3aMiHHUM AL
IIpEeHaTaAbHO BHUSIBAEHOTO TifipoHedpo3y
Ta audepeHiHHol AiarTHOCTUKHU OOCTPYK-
TUBHUX 1 HEOOCTPYKTHBHHUX IHUAAQTALIIH.
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HOTO BUSBAEHHS CTOPOXKOBOIO By3Aa IIPHU
paKy MOAOYHOI 3aA03M Ta MeaaHoMi. Me-
TOH, MO3BOASIE YHHUKHYTHU IIOBHOI AiMdo-
JAUCEKIIi y OIABIIIOCTI MaIlieHTIiB 3i CBOeE-
YaCHO BHEIBACHUMHU IIyXauHaMmu [5, 22].

PentenrropHa ciimHTHrpadiss comaTocTa-
THUHY (OKTpeoTHUA-cuuHTUrpadQis abo raai-
1-68-DOTA-nnentunue [IET/KT) € meTomom
BUOOpPY [IAsT BUSBAEHHS Ta CTaIilOBaHHS
HEUPOEHOOKPUHHUX IIYXAUH, III0 HaAeKC-
IPECYIOTh PELENTOPHU coMaToCTaTUuHy [17,
23]. MeToa TakKOK 3aCTOCOBYETBCS AL BiI-
6opy maiienTiB mag PRRT arorertiem-177.

HOMH IIAPAMIUTONOAIOHHUX 3aA03 IIPHU
IIEpBUHHOMY rinmeprnapatupeosi. Meton
3aMiHMB iHBa3WBHi aHriorpadidyHi AgOCAi-
[PKEHHd SK I[IepenolnepamnifiHy HOiAroToB-
Ky 1 3HA4YHO IOAETIIUB MiHIMaABHO iH-
Ba3UBHY IapaTupeoigekTomio [S5, 24].

Cuunrturpadisa 3 mMerarionobeH3HATya-
HinuaoMm (MIBTI), mivenum #omom-123 abo
vonom-131, € MeTomOM BHOOPY OAS BUAB-
A€HHA (PEOXPOMOIIUTOMH, IIaparaHrAioMu
Ta HertpobaacToMu. MIBI" HakonIU4yeThCA B
xXpoMaiHHUX KAITHHAaX Yepe3 MexaHi3M 3a-
XOIIAEHHS KaTEeXOAAMIHIB 1 JO3BOASIE BUAB-
ASITH SIK IIEPBUHHY IYXAWHY, TaK i MeTacTa-
TUYHI BOTHHUIIA B €AMHOMY OOCAi/I?KE€HHI [5].

CrarnyHa HedpocuUHTUTPadid 3 TeX-
HellieM-99m-/IMCA € meTomoM BHUOOPY OAS
BUSIBACHHSI [TapPEeHXIMATO3HUX PYOILIB ITiCAS
nieAoHe(PPUTY Y AiTeH Ta ZJOpoCcAUX. UyTAU-
BICTb METOAY y BHUYIBAE€HHI KOPTUKAABHUX
nedpeKTiB 3HAYHO IIEPEBUIILYE YUYTAUBICTH
VABTPA3BYKOBOTO [OOCAIMXKEHHS [5, 235].

Hemnpsama panioHyKAigHA ILIMCTO-
rpadiss € Oe3nmeyHHUM 1 HU3BKOI030BHM
METOJOM  [iaTHOCTHUKH  BE3UKO-ypeTe-
pasbHOrO pedAIOKCY y aiTed, mio mg03-
BOASIE MOHITOpYBaTH pPeQAIOKC Yy OgUHa-
Milli 3 MiHIMaAbHUM OIPOMiHEHHAM |[5].
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IlysisMoHOMIOTIsA
Bentuaaniino-nepdysitina (V/Q)
cruuHTHUrpadiss A€reHb 3aAUIIAETHCS BaXK-
AUBHUM MeToaoM miarHocTuku TEAA, oco-
6AMBO y BariTHUX Ta MNAaIli€EHTIB 3 IPOTH-
nokazaHHaMu g0 KT-anriorpadii (aseprig
Ha KOHTpacCT, HUPKOBa HEAOCTATHICTB) [2,
5]. Meron 6a3yeTbcad Ha MOPIBHAHHI IIep-
dy3ii (TexHemii-99m-MAA) Ta BeHTHUAd-

Hesposorisa

[Tepdy3zitina OPEKT roroBHOTO MO3KY
3 TEKCaMETHAIIPOITiAEHAMiIHOKCHUMOM TE€XHE-
if0-99m (I'MITAO) abo AMIIAO mo3Boasie
OLIIHUTH PETiOHAABHUH MO3KOBUH KPOBOTIK
1 3aCTOCOBYETBHCS [IAS MiarHOCTUKU PaHHIX
cramifi HeMpoaereHepPaTUBHHUX 3aXBOPIO-
BaHb, NU(EPEHIINHOI AiarTHOCTUKU OEMEH-
L[il{, BUGBA€HHSI BOTHUIIL Tirnornepdysii mpu
ermiaernicii Ta OIiHKM MO3KOBOi cMepTi [2].

Cuunturpadida 3 airangamMu godamiHo-
Bux TpaHcroptepiB (DaTSCAN - tion-123-i-
odaymlaH) € MeTomoM BHOOPY mad mude-
PEeHIliMiHOI  [JiarHOCTUKU  IapKiHCOHI3MY
Ta ECEHIIIHHOro TpeMopy. MeTton BHABAGE

I'enaToOiniapHa couHTHUIrpadisn
FemarobiniapHa cruHTHUTpadida 3 1o-
XiAHUMHM iMiomianieraTHOI KHMCAOTH, Mi-
yeHUMHU TexHelieM-99m (HIDA, BRIDA),
[IO3BOASIE OI[IHUTHU CEKPETOPHY (QYHKIIIIO
renaTolUTIB Ta ITPOXiAHICTh >KOBYOBUBIA-

CauaTurpadis muryHka

CrunaTurpadid IIAyYHKA 3 PaioMideHO0
iXKer0 BUKOPHUCTOBYETBCS IASI OLIIHKU IIBU/I-
KOCTi eBaKyallii BMiCTy IIAYHKA IIPH ITi103pi
Ha racrporiapes Ta IriaopocteHo3.[5]. [Jocai-
JPKEeHHd KHIIIKOBOI KPOBOTEYi 3 MideHUMH
ePUTPOLITAMH 200 KOAOIZIOM TEeXHEI[iF0-99m
I03BOASIE BUIBUTH aKTHUBHY KPOBOTeYy IIPHU

Padiayinina 6esnexa ma 0osumempis
EdekTuBHI 103U OIPOMiIHEHHS IIpPU
CUMHTUTPADIYHUX [OCAIIKEHHSIX CYTTEBO
BapiloloTh 3aA€KHO Bif TUIy paniodapM-
npenapary, BBeOEeHOI aKTHBHOCTI Ta IIPO-
TOKOAY HocCAimzkeHHs [1, 6]. [JAs TUIOBHUX
JiaTHOCTUYHUX [OCAIKeHb e(eKTHUBHI
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mii (kceHoH-133 abo TexHeli-99m-/AT-
[TA-aepo30ab) AETEHEBUX CErMEHTIB.

Cyugacui nporokoan V/Q OPEKT/KT
HiABUIIHAN [JIarHOCTHUYHY TOYHICTH METO-
ny npu TEAA Ta 3Ha9HO PO3MINPUAN Arde-
PEHIIIHHO-AiarHOCTUYHI MOXKAWBOCTI IIOPiB-
HSHO 3 IIAQHAPHOIO CIUHTHUTpadiero [26].

3MEHIIEHHd IIABHOCTI J0paMiHOBUX TpPaH-
criopTepiB y cTpiaTyMmi mpu xBopoOi [TapkiH-
COHa Ta AeMeHIlii 3 Tiabugamu AeBi [6, 27].

[TET i3 amiaoimHUMU AiraHmamu (paop-
Oeramip, ayremeramon, aopbeTadeH)
[IO3BOASIE TIPUKUTTEBO BUABAATH aMiAOigHi
OASIIKK B MO3KY IIPHU XBOPOoOi AAbIrerimepa
Ta IHIIUX amiaoigomnartiax [14, 28]. Meroxn
CYTTEBO TpaHCHOPMYE MiAXOAU OO0 PAHHBOI
[iarHOCTHUKH XBOPoOU AAbplrefimepa Ta Bim-
Oopy nmamieHTiB OAg aHTHaMiAOiHOI Tepartii,
a TaKO3K 3HaXOQUTh 3aCTOCYyBaHHS B raCTPO-
€HTEPOAOTI Ta IHIINX TaAy3saX MEOUIIUHU.

HUX HIASIXiB, BUSIBUTU KOBYHHUH pPedAIOKC
Ta xXoAenucTuT [2, 5]. Merox € He3aMiH-
HUM [OAS JIarHOCTHKH KOBYHOIO Mixypa
Yy HOBOHApPO/XKEHHUX Ta AudepeHIliiHol
IATHOCTHUKHU HEOHATAABLHOI KOBTIHHIL.

mBUaKocti He MeHm gk 0,1-0,5 Ma/xB.

Cuunturpadisa AeMKOIUTIB, MidY€HUX in
vitro TexHellieM-99m abo inmiem-111, 3a-
CTOCOBYETBCS OAS BHUSBAEHHS BOTHHIIL 3a-
HaAeHHs Ta iH(eKIii (ocTeoMieait, abciiecH,
3arlaAbHi 3aXBOPIOBAHHS KHUIIIEYHHUKA) [S].

03U CTaHOBASATH: CIIMHTHUrpadid KiCTOK —
4-6 M3B; HedpocuuHTUrpadisa — 1-2 M3B;
nepdysifina cuuHTUrpadis Miokapaa — Bifg
1-3 M3B (yABTpPamo30Bi IIpoToKoAH) a0 10-
15 M3B (TpamuLiiidi mpoTokoawu) [6, 8, 13].

BariTHIiCTh € BIAHOCHUM IIPOTUIIOKA3aH-
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HAM [0 OiABHIOCTI CHOHMHTUTPA(IYHUX HdO- OmnTuMiszallia [Oo3UM  BIiAIIOBIAHO 0

CAII3KeHb, OCKIABKU pafiodapmipenapaTi
MOXKYTh HAKOIIMYYBATHUCH y IAOAA Ta 30iAb-
IIIyBaTHU [103y OIIPOMiHEHHs. BHHATKaMu €
cuTyallii, e KOPUCTD AL MaTepi IepeBUIILy€E
IIOTEHIIIMHUM PU3UK [AS [TAOZA, HAIIPUKAAL,
npu giarHoctuili TEAA [6]. ¥ nepion aakTa-
I1ii peKOMEHAYEThCA THUMYacCOBO IIPUIINHU-
TU TpyAHE BUTOAOBYBaHHS BiAIIOBiAHO [0
THUILy 3aCTOCOBAHOTO paaiodapMIpenapary.

IlepcnexmuBu po3Bumxy

[lomaapmiviii  PO3BUTOK  CLUHTUIPA-
¢ii moB’s13aHUP 3 BIPOBAIKEHHSIM Ha-
niBnpoBigHUKOBUX CZT-meTeKTopiB HOBO-
ro TIOKOAIHHS, IO 3a0e3NedyloTh 3HA4YHO
Kpallly €HEPreTH4YHy Ta IIPOCTOPOBY pPO3-
[IABHY 34aTHICTb IOpPiBHAHO 3 Tpaau-

mittnumu  Nal(Tl)-xkpucrasramu [1, 15].
CZT-kamepyu KapOiOAOTIYHOTO IIpH3HAa-
4YeHHS BIK€ IIPOAEMOHCTPYBaAU CKOPO-

YeHHs 4Yacy OOCAIPKEHHSI Ta MOXKAHBICTH
3HUXKEHHS 03 pagiodapMipenapariB
npu 30epexKeHHiI MJiarHOCTHYHOI SKOCTi.

MITyyHUH IHTEAEKT Ta MAalllMHHE HaB-
4YaHHS TPaHCPOPMYIOTh SAEPHY MEIUIINHY
Ha BCiX piBHSX - Bil aBTOMaTHUYHOI CETM€EH-
Tallili Ta KIABKICHOTO aHaai3y 300pazkeHb
[0 IIPOTHOCTHYHHUX MoJeAed Ta MiaTpuM-
KU KAIHIYHHUX pimeHb [7, 29]. Heliponsi
Mepexki TAMOOKOro HaB4YaHHS 3aCTOCOBY-
IOTBCS A9 BiIHOBAEHHS 300pakeHb HU3b-
KOi 103U, 3MEHIIEHHS HIYMy Ta IOAIIIIIeH-
Hd IIPOCTOPOBOi PO3MIABHOI 34aTHOCTI.

MoaekyadgpHa Bidyaaizallia 3a [g0IO-

BucHoBKM

Cuunturpadisa € MOoTYyKHUM METOIAOM
dYHKIIIOHAABHOI OiarHOCTUKH, IO 0asy-
€Tbcs Ha (PyHIAMEHTAABHUX IIPHUHIIHIIAX
anepHoi Qizuku Ta 3abe3redye yHiKaAb-
Hy iHdopMamiro mpo MeTaboAidHi IIpoille-
cu, nepdys3it0 TKaHUH Ta QYyHKIIOHAAB-
HUM CcTaH OpraHiB i cucTeM opraHizMy. Bix
MEPIINX CIIMHTHUAAIIIMHUX cKaHepiB 1950-x
POKiB MeTOH €BOAIOI[IOHYBaB [0 CKAQIHUX
riopugaux cucreMm OPEKT /KT Ta I[IET/KT,
III0 ITIOENHYIOTH (PYHKILIOHAABHY Ta aHaTo-
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npuHnuny ALARA (as low as reasonably
achievable) € pyHmamMeHTaABHUM ITPUHITU-
IOM pafialliiiHol Oe3IeKu B sAepHId Meau-
nuHi. CydJacHi aArOpuTMH PEKOHCTPYKIIL
300pakeHb Ta IIiABUIIECHHS YyTAUBOCTI Ze-
TEKTOPIB M03BOALIOTH 3HUXKyBaTH BBeJe-
Hi aKTHUBHOCTI pamiodapmiipernapatiB 6e3
MIOTipIIeHHd AiarHOCTUYHOI gKocTi [6, 13].

MOI'OI0 TapreTHUX pagiodapMIIpenapariB
BiIKpUBa€ HOBI MOXKAMBOCTI [Ad PaHHBOL
JIaTHOCTHUKHN 3aXBOPIOBaHb Ha MJOKAIHIU-
HUX CTa[idx Ta I[IEPCOHAAI30BAHOIO AIKy-
BaHH4 [0, 7]. TepaHo3 - KOHIIEMNIIid, 110 IIe-
pendbadae BHKOPUCTAHHS OMIHOTO M TOTO
CaMOro MOAEKYAdIPHOI'O AiraHaa gK y [i-
arHOCTUYHOMY, TaK 1 B TepaleBTHUYHO-
My BapiaHTi (Hanpuraazn, PAT-TIET naa
BUaBAeHHd Ta PSMA-617-aroTewiti-177
[AS AIKyBaHHA pakKy IepeaMixypoBoi 3a-
AO3H) - € TIIePCHEKTHUBHUM HaIIpPIMKOM
IIepcoHaaizoBaHoi mMeaunuHu [6, 18, 30].

Po3Butok ToraabHoi I[IET (Total-Body
PET) i3 Hag4yTAUBHMHU [OETEKTOPHUMHU
KIABIIIMHU, III0 OXOIIAIOIOTH yC€ TiAO Malli-
€HTa, BIAKpPUBAa€E MOXKAHUBOCTI [OAd KiHe-
TUYHOIO MOJEAIOBAHHS, M[OOCAiIKEeHb i3
MIHIMaABHUMHM [03aMHM Ta HaJIIBUAKIC-
HOi Bidyaaizawmii [14]. IloemHaHHA MyABTH-
MOOAABHOI dAepPHOI MEOUIIMHU 3 PIiAKOI0
Oiomicicro Ta reHOMHHMMH OAHUMH € OCHO-
BOI0O MaMOyTHBROI Hpenus3iiHOI OHKOAOTiI.

Mi4HY iHopMallilo B EAUHOMY OOCAIIKEHHI.

PosyminHg (pi3MYHUX OCHOB METOLY,
IIPUHIHUIIIB poOOTH raMMa-KaMep, BAACTH-
BoCcTe¥ pamgioapMmipenapatiB Ta KAiHIY-
HUX IIOKa3aHb € HEOOXimHUM [AS Mequd-
HUX IIPalliBHUKIB Pi3HUX CcHeliasbHOCTeH
- Bil KapaioAOTiB Ta OHKOAOTIB O0 Hedpo-
AOTiB, HEBPOAOTIB Ta €HIOKPHUHOAOTIB.
Bubip mMeromy Bi3dyaasizallii y KOHKpeTHiH
KAIHIYHIH cuTyalii mnoBuHeH 0Oa3yBaTH-
cd Ha YHiKaAbHIM mnaTodizioAoriuyHil iH-
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dopmaiiii, 1110 Hamae KOKHA MOMAABHICTb.

Cuunturpadida OEMOHCTPYE  BUHLAT-
KOBI MOIAaTHOCTHYHI MOXKAUBOCTI B II€EBHUX
KAIHIYHUX cuTyaligax: npaktudHo 100%
CIleniupivyHICTh [OpPU  TPAHCTHUPETUHOBO-
My aMiAOizmo3i ceplsd, KAIOYOBa POAb y Mi-
arHOCTUIIL HEWPOEHOOKPHHHUX IIyXAWH,
He3aMiHHICTb HpU (PYHKILIOHAABHIN OIliH-
IIi HUPOK Ta IMUTOmOmiOHOI 3aao3u. Box-
HOYac MeToa Mae OOMeKeHHsI B OHKOAO-
TMiYHUX CUTyallidx, e rnepeBaxkaroTh [IET/
KT Ta MPT y BusaBA€HHI paHHIX 3MiH.

Kongaixm inmepecib

Paniamiiina Gesmneka € HeBiZ'eMHUM ac-
IIEKTOM SAepPHOI MEAUIINHY, i CydacHi IIpo-
TOKOAHU [IO03BOASIOTH ITPOBOAUTHU OiABIIICTH
JOCAIIKeHb IPpU ePeKTUBHUX [103aX, CIIiB-
craBHUX ab0 HUXKYHX 3a Ao3u npu KT-au-
riorpadii. BripoBazkeHHa HaNiBOPOBiIHU-
KOBUX [OETEKTOPiB, AATOPUTMIB IITYy4YHOTO
IHTEAEKTY, HOBHX TapreTHUX pamaiodapM-
IpenapatiB Ta KOHIIEMNIli TepaHO3y BiA-
KpUBa€ HOBI TOPU30HTH IIE€PCOHAaAI30BaHOI
MEOUIIMHU Ta IIiABHIIEHHS [OCTYITHOCTI
PamiOHyKAIMHUX  METOAIB  [OiarHOCTHUKHU.

ABTOpU [IeKJIapyIOTh BiZICYTHICTh piHAHCOBMX abo iHIMX KOH(JIIKTIB iHTepeciB, sIKi MOIJI
BIUIVHYTV Ha pe3yJIbTaTy, iHTepIIpeTaliiio Ta BUCHOBKM JOCIIIKeHHS.

Bnecok aBmopib

Bci aBTOpm 3p00IIIM 3HAUHMI BHECOK Y IIiITOTOBKY OPUTiHAIBHOI Ta IIePeryITHYTOI BepCint miel

CcTarTi.
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Abstract

Klippel-Trenaunay syndrome (KTS) is a rare congenital disorder characterized
by a clinical triad of capillary malformations, varicose veins, and tissue hypertrophy.
Given its progressive course and the risk of severe complications, establishing effec-
tive conservative management strategies is critical. Although external compression
remains the cornerstone of therapy, its clinical efficacy depends fundamentally on a
precise understanding of the underlying vascular hemodynamics.

Objective. This study aims to investigate and systematize the physical principles
governing venous function in both physiological and pathological states, providing a
mechanistic rationale for compression therapy in patients with KTS.

Results. Hemodynamic processes were analyzed through the framework of fun-
damental physical principles, specifically the laws of Pascal, Torricelli, Bernoulli, and
Poiseuille. The paper examines the functional role of the calf muscle pump as a «pe-
ripheral heart» alongside the pathophysiological mechanisms driving venous hyperten-
sion in KTS. It also emphasizes the clinical application of Laplace’s law to determine
sub-bandage pressure as a function of material tension, layering techniques, and the
anatomical contour of the limb. Furthermore, we demonstrate the necessity of tailoring
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compression parameters to address KTS-specific anomalies, such as tissue hypertrophy
and venous malformations.

Conclusion. The study proposes a comprehensive perspective on compression ther-
apy, framing it not merely as a clinical procedure but as a controlled biophysical process
capable of significantly improving the quality of life for patients with rare vascular
disorders.
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AHoTaLiA

Bcmyn. CuHopom Kainnens-TpeHoHe (CKT) € pidkicHOW 8podxceHo0 Namosiozi-
€10, WO XdpdKkmepu3yEMbC Mpiddor CUMNMOMIB: KaniAapHUMU Md/ib@opmauiamu,
8APUKO3HUM PO3WUpPEHHAM 8eH ma 2inepmpodieo mKaHuH. Yepes npozpecyrouuti
nepebiz ma pusuK 8a1cKux yck/idOHeHb NOWYK ehekmusHUX Memodie KOHcepsamus-
HO20 NiKyB8AHHA € KPUMUYHO 8ax/1usuM. OCHOBHUM iHCMPYMEHMOM mepdanii 3dauwid-
€MbCA 308HIWHA KOMNpecia, npome ii ehekmugHicmb 6e3nocepedHbOo 3aaexcums 8id
PO3yMiHHS Pi3UYHUX npoyecie y cyOUHHOMY pycAi.

Mema po6omu. Jocaidumu ma cucmemamu3sysamu ¢isudHi NpUHUUNU PYHKU-
OHYBAHHA 8EHO3HOI cCUCMeMU 8 HOPMI md npu NAmoAozii, a makom obrpyHmysamu
mexarizmu 0ii komnpecitiHoi mepanii npu CKT.

OcHosHi pe3ysiemamu. Y pobomi npodHaAi308aHO 2eMOOUHAMIYHI hpouecu Kpi3b
npusmy ¢yHOameHmManbHUX 3dKOHig @isuku: lackans, Toppiuenni, bepHynai ma lya-
3elinn. Po32/19Hymo posb M’A30801 NOMNU 20Mi/IKU 5SiK «Opy2020 cepus» md MexXaHis-
MU POopMy8daHHs 8eHO3HOI 2inepmeHsii npu CKT. Ocobaugy ygazy npudineHo npak-
MUYHOMY 3dCMOCYBAHHIO 3aKOHY /lanaaca 0415 PO3PAxyHKy epekmusHO20 mMUCKY nio
KomMnpeciliHol N08’a3Kol0 3d1exmHOo 8i0 Hamscy mamepiany, Kinbkocmi wapie 6un-
My8dHHA Md dHAMOMIYHUX ocobausocmeli KiHUigkU. OBrpyHMOBAHO HeobXiOHiCMb
iHougidyasnbHO20 niobopy napamempis Komnpecii 0159 KomneHcauii cneyuddiyHux 011
CKT aHomaniti, makux sk 2inepmpodgis mKaHUH ma 8eHO3Hi maabdopmayii. Mponory-
EMbCA KOMN/eKcHUl N02/130 Ha KoMNpeciliHy mepanito He uwe K Hd MeOU4Hy MAaHi-
ny/auito, a aK Ha KeposaHutl gisuvHull npoyec, Wo 00380/8€ CYMMEBO NOKpAWUMU
AKiCMb UMM NAYiEHMI8 i3 pioKiCHUMU CYOUHHUMU 3dX80PHOBAHHAMU.

https:/ /science.bsmu.edu.ua/ ISSN: 3083-5887 online

Fediv V., Dombrovskyi D., Ivanchuk M., Olar O. Physical Basis for the Efficacy of Compr...

44


https://science.bsmu.edu.ua/ 
http://orcid.org/0000-0002-5033-1356
mailto:fediv.volodymyr@bsmu.edu.ua
http://orcid.org/0000-0002-2606-3718
mailto:dombrovsky@hotmail.com
http://orcid.org/0000-0001-9499-0583
mailto:ivanchuk.m@bsmu.edu.ua
http://orcid.org/0000-0002-2467-6932
mailto:olena.olar@bsmu.edu.ua

[ TpuponHMyi, MaTeMaTYHI HayKy Ta OCBiTa B MeIMIIVIHI

Natural & Mathematical Sciences in Medicine and Medical Education 1(4) 2026
Poszgin 1. ITpupogHMyi HayKu B MeOUIIVHI
Section 1. Natural sciences in medicine
Contents

Introduction 45
Physical Foundations of a Healthy Venous System 46
Physical Manifestations of Venous Pathologies 48
Compression Therapy in KTS 50
Conclusion 52
References 53

Abbreviations

KTS - Klippel-Trenaunay Syndrome
Introduction

Klippel-Trenaunay syndrome (KTS) is a rare congenital
malformation characterized by capillary and venous mal- paiformation is

formations, along with soft tissue and bone overgrowth,
with or without lymphatic involvement. The primary clin-
ical manifestations include cutaneous stains, varicose
veins, and tissue hypertrophy [1]. Although numerous
case reports are available to date, literature addressing
the true incidence and prevalence of the disease remains
scarce [2]. Overall, the estimated incidence ranges from 2
to 5 cases per 100,000 individuals, presenting an equal
distribution between both sexes [3]. The condition demon-
strates no distinct racial or gender predilection [4]. Diag-
nostic confirmation requires further evaluation, including
D-dimer and genetic testing [5], as well as diagnostic im-
aging modalities such as Doppler ultrasonography, MRI,
contrast venography, duplex venous scanning, or duplex
venous ultrasonography [1].

KTS tends to progress over time. Beyond the classic
triad, patients may experience orthopedic complications
(limb lengthening, scoliosis, early-onset arthrosis), vascu-
lar sequelae (chronic venous insufficiency, trophic ulcers,
thrombophlebitis, and the risk of pulmonary embolism),
and systemic manifestations (visceral involvement, includ-
ing gastrointestinal and genitourinary malformations that
may predispose to hemorrhage) [6,7]. Lower extremity im-
aging typically reveals unilateral varicose veins, persistent
embryonic veins, superficial and deep venous system
anomalies, low-flow venolymphatic malformations, and
bone and soft tissue hypertrophy [8]. These findings are
predominantly unilateral, primarily affecting the lower leg
or arm, with lesions extending to varying degrees, though
involvement of other body regions is occasionally observed.
The presence of at least two of the three classic compo-
nents is considered sufficient for a definitive diagnosis of
KTS [3].

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

a congenital vascular develop-
mental disorder characterized
by the formation of an abnormal
vessel structure, most commonly
lacking intermediary capillaries.

Doppler ultrasonography is
an ultrasound diagnostic mo-
dality that utilizes the Doppler
effect to evaluate blood flow
velocity, direction, and the func-
tional status of venous valves.

Duplex venous scanning is
an ultrasound method that com-
bines B-mode visualization of
vascular structures with Doppler
ultrasonography.

Contrast angiography is a
high-precision blood vessel im-
aging technique that utilizes the
administration of a contrast me-
dium combined with X-ray or
magnetic resonance scanning.
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Pascal’s Law

AP=F/A,
where
AP is the change in pressure,
F is the applied force,
A is the area

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

The management of KTS is primarily conservative, as
no definitive cure is currently available. It encompasses
symptomatic, non-invasive interventions aimed at improv-
ing patient quality of life. Consistent use of compression
garments on the affected limb serves as the cornerstone of
therapy. This approach is mandatorily combined with lower
limb elevation, physiotherapy, lifestyle modifications, and
meticulous hygiene practices [1,3,9]. Current literature fa-
vors minimally invasive procedures over open surgery due
to the suboptimal postoperative outcomes and high com-
plication rates associated with the latter [1]. Indications for
surgical intervention are reserved for complications involv-
ing hemorrhage, infection, and venous thromboembolism
[3]. Prior to any surgical procedure, blood flow within the
deep venous system must be evaluated via contrast angi-
ography to confirm deep venous patency [9].

The prognosis of the disease is generally favorable,
particularly in younger age cohorts, but can escalate in
severity depending on the specific underlying anomalies
associated with the syndrome. Multiple factors may pre-
dispose KTS patients to thrombosis; furthermore, venous
malformations can induce localized intravascular coagu-
lopathy, subsequently leading to thrombosis and throm-
boembolism [3].

Given that external compression applied to the affect-
ed limb constitutes the cornerstone of KTS management,
this study aims to elucidate the underlying physical prin-
ciples governing compression therapy.

Physical Foundations of a Healthy Venous System

Under normal physiological conditions, the venous
system ensures efficient blood return to the heart, driven
by the pressure gradient between peripheral veins and the
right atrium, the actions of the muscular and respiratory
pumps, and the proper functioning of venous valves.

Among peripheral mechanisms, the calf muscle pump
plays a pivotal role. Upon contraction, the gastrocnemius
and soleus muscles compress the deep veins, propelling
blood in the proximal direction. Consequently, this mech-
anism is frequently referred to as the «second heart» of the
venous system.

The transmission of pressure within a fluid can be
qualitatively described by Pascal’s law. In the venous sys-
tem, this principle manifests with respect to vascular elas-
ticity and the presence of valves: localized pressure eleva-
tion during muscular contraction facilitates the forward
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propulsion of blood toward the heart, while the valves pre-
vent its backward flow (reflux).

In the upright position, hydrostatic pressure, accord-
ing to Torricelli’s law, is determined by the height of the
blood column relative to the right atrium. At rest, this pres-
sure in the distal segments of the limb can reach 90-100
mmHg. However, the direct application of this relationship
to the venous system remains limited due to blood viscosi-
ty, flow unsteadiness, and vascular deformability [10].

Venous valves segment the hydrostatic column of
blood, thereby mitigating the transmission of pressure to
the distal segments of the limb. This segmentation serves
as a critical mechanism for regulating venous pressure
and maintaining normal hemodynamics.

During ambulation, activation of the muscle pump
leads to a stepwise reduction in venous pressure. Contrac-
tion of the calf muscles generates a transient increase in
intravenous pressure, ensuring efficient ejection of blood.
Upon muscle relaxation, the venous valves close, prevent-
ing reflux. The veins then enter a state of relative empty-
ing, establishing a pressure gradient that facilitates blood
flow from the superficial veins into the deep veins via the
perforating vessels.

As a result of repetitive contractions, venous pressure
decreases progressively; in a healthy individual, a reduc-
tion from approximately 100 mmHg to 22 mmHg occurs
within 7-12 steps. Following the cessation of exercise, the
veins gradually refill with blood, and the pressure returns
to the baseline level in about 30 seconds.

The relationship between flow velocity and pressure
within the veins can be qualitatively interpreted by con-
sidering the principles described by Bernoulli’s law (as
fluid velocity decreases, its static pressure increases, and
vice versa); however, their application is limited due to
the complexity of hemodynamics and the non-Newtonian
properties of blood.

The respiratory pump serves as an auxiliary mecha-
nism for venous return, driven by cyclic pressure alter-
ations during the phases of respiration. During inspira-
tion, the decrease in intrathoracic (intrapleural) pressure
occurs concurrently with an increase in intraabdominal
pressure resulting from the contraction and caudal de-
scent of the diaphragm. This establishes a pressure gra-
dient between the peripheral veins of the lower extremities
and the abdominal cavity and the right atrium, thereby
enhancing venous return.

During inspiration, the volume of the thoracic cavity

Torricelli’s Law

P=pgh,
where
P is the fluid pressure,
p is the fluid density,

g is the acceleration due to grav-

ity,

h is the height of the fluid col-

umn

Bernoulli’s Law
pv’
P +T + pgh = const
where
p is the static pressure,
p is the fluid density,

g is the acceleration due to grav-

ity,
v is velocity,
h is the height
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Saphenofemoral incompe-
tence is defined as valvular in-
sufficiency at the junction where
the great saphenous vein drains
into the femoral vein.

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

expands due to diaphragmatic contraction and chest wall
excursion. This leads to a reduction in intrathoracic pres-
sure, which decreases the transmural pressure exerted on
the right atrium and the large central veins. Consequently,
central venous pressure decreases, thereby increasing the
pressure gradient

A'P='Pperipheral veins Pright atrium

between the peripheral veins and the right atrium, which
constitutes one of the primary driving forces for venous
return.

Furthermore, as the diaphragm descends during inspi-
ration, it elevates intraabdominal pressure, thereby com-
pressing the intraabdominal veins. This further facilitates
the cephalad displacement of blood toward the thoracic
cavity. Thus, the respiratory pump operates as a system
that periodically generates a pressure differential between
the abdominal and thoracic veins.

Consequently, the respiratory pump is a vital com-
ponent of the venous return system, acting alongside the
musculo-venous pump of the lower extremities and cardiac
activity. This mechanism plays an especially critical role in
venous circulatory pathologies, particularly KTS, where the
efficiency of venous outflow is substantially compromised
due to vascular malformations and venous insufficiency.

Physical Manifestations of Venous Pathologies

The most common venous pathology is valvular in-
competence, which is typically preceded by a reduction in
smooth muscle and elastin content due to an increased
collagen volume within varicose veins. Primary deep ve-
nous valvular incompetence occurs less frequently and can
be compensated for by a potent muscle pump, although
chronic venous insufficiency may still develop in these pa-
tients over time [11]. In the presence of valvular apparatus
incompetence, the segmentation of the hydrostatic blood
column is disrupted, leading to the development of chronic
venous hypertension. Under these conditions, the hydro-
static pressure component, according to Torricelli’s law, is
determined by the height of the blood column and in clini-
cal practice corresponds to approximately 0.77 mmHg per
centimeter of height; therefore, in an individual measuring
about 174 cm in height, the pressure in the ankle region
can reach approximately 90-100 mmHg [11].

In saphenofemoral incompetence, pathological blood
reflux occurs. This leads to an increase in venous pressure
within the distal segments, stretching of the venous wall,
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and progressive valvular dysfunction, which manifests Virchow’s triad comprises

clinically as varicose vein transformation and edema [10].

Vascular dilation and valvular incompetence are ac-
companied by a reduction in blood flow velocity and the de-
velopment of venous stasis (one of the pivotal components
of Virchow’s triad). This establishes favorable conditions
for thrombus formation, particularly when combined with
endothelial injury and alterations in the coagulation prop-
erties of blood.

The relationship between vascular geometry, blood vis-
cosity, and volumetric flow rate can, as a model approxi-
mation, be described by Poiseuille’s law. According to this
approach, the flow rate is highly sensitive to changes in
the vessel radius (as volumetric flow is directly proportion-
al to r*). However, within the venous system, this relation-
ship has limited applicability due to vascular elasticity, the
presence of valves, and flow unsteadiness.

Although an increase in vessel radius theoretically re-
duces hydrodynamic resistance, in veins characterized by
valvular incompetence, it is accompanied by the emergence
of reflux and venous blood pooling, leading to a reduction
in the effective forward flow, the development of stasis, and
an increase in venous pressure.

Disruptions in flow laminarity, venous dilation, and
obstructions of the venous bed (particularly in deep vein
thrombosis) further diminish the efficiency of venous re-
turn. A thrombus, by narrowing the vessel lumen, in-
creases resistance to blood flow and promotes its further
slowing, establishing conditions for the progression of the
thrombotic process.

In chronic venous insufficiency, blood stagnation may
be accompanied by localized alterations in its rheological
properties, which further impairs hemodynamics. Disrup-
tions in flow structure and the interaction of blood with the
vascular wall are considered critical factors in the activa-
tion of the coagulation cascade [10].

The relationship between flow velocity and pressure
can be qualitatively illustrated from the perspective of the
principles described by Bernoulli’s law. However, within
the venous system, their application is limited due to the
complex nature of the flow, the non-Newtonian properties
of blood, and the presence of the valvular apparatus. Spe-
cifically, the reduction in blood flow velocity during venous
dilation should be viewed not as a direct consequence of
this principle, but rather as the result of the interplay be-
tween reflux, loss of valvular function, and alterations in
the vascular wall.

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

three primary pathological
factors that predispose to intra-
vascular thrombus formation, as
described by the German pathol-
ogist Rudolf Virchow: endotheli-
al injury, stasis of blood flow,
and hypercoagulability.

Poiseuille’s Law
0 = Tr*AP
8L

where

Q is the volumetric flow rate (vol-
ume per unit time),

r is the radius of the tube (capil-
lary),

AP is the pressure difference be-
tween the ends of the tube,

n is the coefficient of dynamic
viscosity,

L is the length of the tube.

The rheological properties
of blood describe its fluidity,
viscosity, and the deformabili-
ty of its formed elements, all of
which ensure circulation through
the vasculature.

Blood is a non-Newtonian,
viscoelastic suspension, the vis-
cosity of which depends on the
hematocrit, erythrocyte aggrega-
tion, and flow shear rate.
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Laplace’s law
P=T/R

where

P is the pressure,

T is the tension force,

R is the radius of curvature of
the surface.

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

Compression Therapy in KTS

Hemodynamic disturbances in KTS are significantly
more pronounced than in conventional venous diseases,
which is attributed to the combination of congenital vascu-
lar anomalies and calf muscle pump dysfunction. Among
the key alterations, massive venous reflux, increased ve-
nous filling, weakness of the calf muscle pump, severe ve-
nous hypertension, venous malformations, and aneurys-
mal venous dilations should be noted. These disturbances
dictate the high clinical severity of the disease and the ne-
cessity of continuous compression support [12].

Compression therapy is the foundational method for
correcting venous hemodynamics in KTS. It acts as a dy-
namic regulator, altering vascular geometry and hydro-
dynamic resistance, which facilitates the normalization
of blood flow velocity and the redistribution of blood and
interstitial fluid within the affected limb. Given the pres-
ence of venous malformations, tissue hypertrophy, and
impaired lymphatic drainage, compression functions as a
kind of «external skeleton» that stabilizes interstitial pres-
sure. Although custom-made compression garments such
as stockings and tights, selected based on the patient’s
individual anatomical characteristics, are currently being
used increasingly in clinical practice, elastic bandaging of
the limbs remained the primary method of compression
therapy for a long time. Understanding the physical prin-
ciples of compression bandaging enabled manufacturers
of compression hosiery to develop models that provide the
capability for individual selection of compression parame-
ters to compensate for KTS-specific anomalies.

As noted above, in the upright position, the hydrostatic
pressure within the veins of the distal lower extremities,
particularly in the ankle region, can reach 90-100 mmHg
at rest, which is attributed to the effect of the hydrostatic
pressure component. Compression therapy exerts external
mechanical pressure on the tissues and venous vessels,
which facilitates a reduction in vein diameter, improves
venous valve function, and decreases venous stasis, there-
by reducing the severity of venous hypertension [13]. The
mechanism of pressure distribution for compression prod-
ucts is described by Laplace’s law, which helps to prop-
erly select and apply compression garments. According to
Laplace’s law, a smaller radius generates greater pressure
[14,15].

Since the ankle is the narrowest part of the limb,
the maximum pressure is generated here and gradually
decreases proximally.
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This establishes a compression gradient
that promotes the movement of blood and
lymph toward the heart (typically 100%-
70%-40% from the ankle to the thigh).

When bandaging is utilized as compres-
sion therapy, the distribution of compres-
sion pressure is determined not only by the
tension of the bandage and the radius of the
limb, but also by the number of bandage lay-
ers, the width of the bandage, the geometry
of the limb, and the mechanical properties
of the «<bandage-soft tissue» system. The ac-
tual transmission of pressure to the vessels
occurs through the layer of subcutaneous
tissue and muscles, which partially redis-
tribute the external pressure. Therefore, in
practice, it is appropriate to calculate the ef-
fective pressure on the vessels (the pressure
that truly reduces their diameter) which is
achieved through the correct combination

of bandage tension and tissue resistance:
nT

Pef f = W , (*)
where n is the number of bandage layers,
T is the tension of the material (stretching
force) of the compression textile, R is the
radius of the limb, and Wis the width of the
bandage.To facilitate the practical applica-
tion of the formula, the radius of the limb
was expressed in terms of its circumference
C, and the SI system of units was replaced
with clinically prevalent units: kgf for tensile
force and mmHg for pressure. This resulted

in the modified form of the equation [16,17]:
4620nT

cw

In the numerator of (*), the material ten-
sion and the number of bandage layers are;
moreover, an increase in these parameters
leads to an elevation of the sub-bandage
pressure in accordance with the biomechan-
ical model of compression load distribution.

Compression materials are categorized
into short-stretch (inelastic) and long-
stretch systems, depending on their ca-
pacity for deformation under a tensile load.
Short-stretch materials are characterized

Perp =

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

by low elasticity and high stiffness, which
ensures a low resting pressure and a high
working pressure during calf muscle con-
traction. Consequently, they effectively aug-
ment the function of the musculo-venous
pump and improve venous return, particu-
larly in patients with preserved ambulatory
activity. Long-stretch materials are capable
of substantial elongation when tensioned
and generate a higher resting pressure but
a lower working pressure during move-
ment. Such systems provide more uniform
compression and are frequently utilized
in the manufacturing of compression ho-
siery, specifically graduated compression
stockings. Compression therapy facilitates
a reduction in venous hypertension, im-
proves venous valve function, decreases
venous reflux, and optimizes microcircu-
lation and lymphatic drainage [15, 18-20].

Clinically, the number of bandage layers
is critical when choosing a wrapping tech-
nique. The most common wrapping tech-
niques are the spiral and the figure-of-eight.
Spiral wrapping, which creates a 50% ban-
dage overlap, provides two layers of bandage
on the limb, whereas a 66% overlap creates
three bandage layers. Figure-of-eight wrap-
ping ascends up the leg and then returns
downward, resulting in a greater number of
layers and, consequently, higher pressure.
A mistake that clinicians unfamiliar with
this concept may commit is wrapping the
remainder of the bandage around the upper
portion of the limb when the bandage is too
long. This increases the number of layers
proximally and creates a tourniquet effect
due to the sub-bandage pressure becoming
higher proximally than distally [16, 20, 21].

In the denominator of (*), the radius of
the limb is located; therefore, the sub-ban-
dage pressure is inversely proportional to
it. The impact of the bandage width is in-
direct and related to changes in the ten-
sion distribution conditions and the de-
gree of layer overlap. In clinical practice,
variation in bandage width can be uti-
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lized as one of the parameters to modify
the distribution of compression pressure.

It should be noted that the sub-bandage
pressure value obtained by (*) applies only
at the moment of application. Most ban-
dages lose a significant percentage of their
initial tension over time, leading to a re-
duction in the applied pressure. The width
of the bandage specified in (*) also refers
to the width of the textile at the moment
and point of application. It is this mea-
sured width that should be utilized in any
calculation, rather than the unstretched
or nominal width of the textile [16].

Inthe case ofanormally shapedlimb, the
smaller radius of the lower leg and the larg-
er radius of the thigh create a natural pres-
sure gradient from higher distally to lower
proximally. In KTS, anatomical alterations
of the affected limb are present, specifically
tissue hypertrophy, and standard compres-
sion hosiery may generate an inadequate
pressure distribution. This justifies the ne-
cessity of an individual selection of compres-
sion garment parameters or bandage char-
acteristics and application techniques [21].

The value calculated by (*) represents
a theoretically estimated local compression
pressure, which is determined by the ban-
daging parameters and the local geometry
of the limb. Under the conditions of an ide-
alized cylindrical limb model with a con-
stant radius along its axis, the sub-ban-
Conclusion

dage pressure distribution approaches
uniformity across the contact surface be-
tween the bandage and the skin or soft
tissues. At the same time, the actual an-
atomical structure of the limb is charac-
terized by variations in the local radius of
curvature, soft tissue thickness, and the
mechanical properties of tissue structures,
which leads to a non-uniform distribution
of compression pressure across different
anatomical regions. Consequently, exper-
imentally measured pressure values can
differ significantly from theoretically cal-
culated magnitudes obtained within sim-
plified compression models [17,19,22-24].

To minimize local heterogeneity of the
compression pressure, methods for mod-
ifying the limb geometry prior to bandag-
ing are utilized in clinical practice. Specifi-
cally, in areas of anatomical prominences,
soft paddings are employed to ensure the
redistribution of contact pressure and a
reduction in local compression peaks. In
zones with substantial variations in sur-
face curvature or insufficient soft tissue
volume, additional rolls or pads are ap-
plied to partially level the limb profile.
This approach allows for a reduction in
local variations of the surface radius of
curvature, which facilitates a more uni-
form distribution of compression pressure
in accordance with Laplace’s law [16,18].

The functioning of the venous system of the lower extremities is based on the princi-
ples of hemodynamics and is ensured by the coordinated action of the calf muscle pump
and the valvular apparatus, which reduce the impact of hydrostatic pressure and main-
tain effective venous return, ensuring a relatively low ambulatory venous pressure. In
Klippel-Trenaunay syndrome, pathological vascular alterations are accompanied by val-
vular dysfunction and hydrostatic overload, with the subsequent development of venous
hypertension and blood stasis. Compression therapy facilitates the correction of these
disturbances by reducing vein diameter, increasing blood flow velocity, and partially re-
storing pressure gradients within the limb. This establishes the critical role of external
compression as one of the primary methods for compensating for hemodynamic changes
and slowing the progression of vascular pathology.
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results, interpretation and conclusions of the study.
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Po3po6s1eHa modenb moxce 6ymu 3acmocosdHd 8 ped/IbHUX 8UPOBHUYUX hpoue-
cax i BoOHo4dc Mde yumanuli duGAaKmMuU4HUU NomeHyias, OCKi/bKu Ode 3MO2y 3pO3yMi-
mu po/ie Memodie MaAMeMamu4HO20 Md KOMN'tomepHO20 MOOe/IHOBAHHS 8 NPOEKMY-
8aHHi biomexH0/102iYHUX Npouecia, 00CNidMEeHHI 8apiaHmis onmumisauii napamempia
biopeakmopa, moxwcaugocmell Kepy8aHHA KIHEMUKOK pocmy ma weudkicmio 6ioxi-
Mi4HUX nepemeopeHb. 30ilicHIoYU KomMn’tomepHe MOOeIt08AHHSA 6ioMeXHO/M02iYHUX
npouecig, cmyoeHmu ompuMytomb NPAKMU4Hi HABUYKU pobOMU 3 NPOZPAMHUM 3d-
6e3neyeHHAM, HABYAOMbLCA 3dCMOCOo8Y8AMU CyYdcHi Uudposi mexHoAa0zii, aHanisy-
8dmu cKa1aoHi biomexHo/102iuKi cucmemu, iHmepnpemysamu 2paciuHi pesysemamu,
npulimamu obrpyHmosaHi piweHHs ma oyiHiosamu epekmusHicms 8UpobHUYMEA.
Taka Has4yd/sbHa Modesb Cnpuse GOpPMyB8dHHIO NpodeciliHoi KomnemeHmMHocmi, ne-
pedbayeHoi 0c8iMHIMU Npopamamu nid20mosKku 3a cneuiansHicmio G21 «biomexHo-
n102ii ma GioiHxeHepisn».

Mathematical Modeling as a Tool for Developing the
Professional Competence of Biotechnology Master’s
Students: A Case Study of a Batch Bioreactor

Key words:
students, HE,
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Abstract
Biotechnology is gaining increasing significance each year as a driver of innova-

competence-based approach, tive development in modern technological society, extending across a wide range of

mathematical modeling,
bioreactor,

batch process,
differential equations,
Mathcad,

competencies,
biotechnology

human activities including pharmacy, medicine, food and chemical industries and en-
vironmental sustainability. Consequently, the requirements for qualified personnel in
the biotechnology sector are rising, which enhances the demand for high-quality train-
ing of biotechnology students. Special emphasis is placed on mastering mathematical
and computer modeling methods, which enable students to design, analyze, and op-
timize biotechnological processes in line with industrial needs and societal demands.

This study presents a mathematical description of the processes occurring in a
batch bioreactor, the parameter optimization of which largely determines the effi-
ciency of biotechnological production. The proposed model is based on the Michaelis—
Menten and Monod equations, and the differential equations system is solved using
the Odesolve operator in Mathcad 15, and the results reproduce characteristic kinet-
ics of batch fermentation. The mathematical model describes the kinetic module of a
batch bioreactor, accounting for microbial growth rate, substrate consumption, and
product formation.

The developed model can be applied in real production processes and simulta-
neously possesses significant didactic value. It allows students to understand the role
of mathematical and computer modeling in the design of various types of biotech-
nological processes, explore options for optimizing bioreactor parameters, and con-
trol growth kinetics and biochemical transformation rates. The students here acquire
practical skills of dealing with the software, learn to apply modern digital technolo-
gies, analyze complex biotechnological systems, predict process behavior, interpret
graphical results, make informed decisions, and evaluate production efficiency. Such
an educational model contributes to the formation of professional competencies de-
fined in the curriculae for specialty G21 Biotechnology and Bioengineering.
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Cucrema miAroToBKM (axiBIiB [IAS CTPYIOBAHHSI CIIEL[iaAbHOTO 00AaqHaHHS

cpepu OiorexHoaoOTIH Ta OioiHzKeHepii 3a-
3Ha€ HEBIHWHHUX 3MiH, HI0 OOYMOBA€HI
cTpiMKUM 1IporpecoM cdepu 6ioTexHOAO-
rii Ta OioimzkeHepii [1,2], nudpoBizaliiero
[3,4], OPHUIIBUAIIEHOI IHTErpPAalli€l0 CHC-
TEMU OCBITH YKpaiHU y €BpPONEUCHKUN
ocBiTHI mpoctip. OcBiTgHaM YKpaiHu
CBOTOZIHI JOBOOUTBHCS OAATU HE AUIIIE BU-
KAUKH TAODaaizamifiHOro xapakrepy, a U
BHKAMKU Ta 3arpo3M BOEHHOIO CTaHy, IO
3yMOBAEHHUH MIHPOKOMACHITAOHHUM BTOP-
THEHHIM pd Ha TepPUTOPi0 HAIoi KpaiHu.

Biotexuoaorii (Brotexvoloyia Bin rpeib-
Koi bios — XKUTTH, techne — MaCTEPHICTS i
logos — HaBYaHHS) BCe MIMPIIIe IPOHUKAIOTH
B pi3Hi chepHu AiIABHOCTI Cy4acHOI AIOUHU
— (papwmaiiito, MeAUIIMHY, Xap4oBY, XiMid-
HY IIPOMHCAOBICTBH TOIIl0. HayKoBy OCHOBY
bioTexHOAOTiSI omepkaaa y cepenuHi 19
cToAiTTS 3aBOsgku pobotam Ayi Ilacrepa,
y 9KHUX [OOCAIIKyBaBCsl 3B'd30K IIPOIIECIB
OpomiHHS 3 MiFABHICTIO MiKpPOOpPTaHi3MiB.

[TomrroBXOM [AsI PO3BUTKY MiKpoOio-
AOTIYHOTO CHHTE3y 1 CTAaHOBAEHHIO IIPO-
MHCAOBOTO BHUPOOHHIITBA CTaB 0OiocHHTE3
MIEHIIUAIHIB MeTomamMu d¢epmeHTarii (40-
50-Ti poKHM MHHyAOro croairtd). Tak 1mo-
yaaack epa aHTubioTHKiB. «TeoperuyHi
OCHOBU 0e311epepBHOI0 KE€POBAHOI'O KYAb-
TUBYBaHHA MiKpo0iB, gKi po3poduB y S50-x
pokax 2Kak Mono (1910-1976 pp.), cra-
AU CIOHYKaABHUM MOTHUBOM [ASI PO3PO0-
KN CcIiocobiB BeAMKOMAacCHITaOHOTO KYyAb-
TUBYBAHHSA KAITUH PIi3HOI'O ITOXOIXKEHHSI»
[5]. Habyaa axTyaabHOCTI mmpobaemMa KOH-

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

[ASl BHPOILIyBaHHA OiOAOTiYHUX KYABTYP Y
KOHTPOABOBAaHUX cTabianbHUX yMmoBax. Tak
3'aBUAHCATIEPII biopeakTopH ((pepMeHTEPH).

B VYkpaimi B pamkax HalliOHAABHOI
crparerii «WINWIN 2030» BrnpoBamxeHa
«aay3eBa crpareris pPO3BHTKY 0iOTE€XHO-
aoriti (BioTech)» (mpesenToBana MiHicTep-
cTBOoM IppoBOi TpaHcopmallii YkpaiHu
15 rpyaaa 2023 poky), £Ka CHIpsMOBaHAa
Ha QOopMyBaHHSI CydacHOi O0ioTeXHOAOTid-
HOi EeKOCHCTeMH, PO3BUTOK 0Oiodapmarie-
BTUKH, MEIUYHHUX Ta IMIPOMHUCAOBUX 0io-
TEXHOAOTIM, a TaKOoXK IHTerpalio HayKH,
ocBiTH ¥ BHUpoOOHHUIITBA [6]. Ha miaTpuMKy
MOJ€pHi3alliMHUX 3MiH CIPSIMOBaHE PO3-
nopgamkeHHsa Kabinety MiHicTpiB YKpaiHu
Bin 31 rpynHa 2024 p. Ne 1351-poky, gke
4K CTpaTeridHy LiAb BH3HA4Ya€e CTBOPEH-
HSI CIPUATAHUBOTO PETYAATOPHOTO PEXKUMY
JAS PO3BUTKY OIOAOTIYHHX TEXHOAOTIH [2].

Taki peaaii cboromeHHsI 00yMOBAIOIOTH
[iABUIIIEHH BHUMOTI [0 KaJpoBoro 3abes-
neyeHHd OiOTEXHOAOTIYHOI TaaAy3i, 3aroc-
TPIOIOYH IIpoOAeMy 3abe3IledeHHsI SIKOCTi
OiATOTOBKM  MaMOyTHiIX  6i0TEeXHOAOTIB,
PO3BHTOK iX IIpEeAMETHHUX, KAIOYOBHUX Ta
daxoBUX KOMIIETEHTHOCTEH, i CHOHyKa-
IOTh [0 IIOIIYKy HOBUX (POPM METOAIB Ta
3acobiB B opradizallii OCBiTHBOTO IIpoIle-
cy. OcobauBoi Barum HaOyBalOTh METOILU
MaTeMaTUYHOTO Ta KOMII'IOTEPHOI'O0 MO-
[EAIOBaHHS, SK€ OaBHO i eeKTHBHO 3a-
CTOCOBYIOTB [ASI OIIHCY IIOIYyASIIMHOI au-
HaMiK{ MiKpOOpPTraHi3MiB, IMyHHUX peakIlii
Ta MeXaHi3MiB il AiKapChbKUX 3acobiB [7].
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MeTa mocAimikeHHsI - 3OIHCHUTH MaTeMaTHYHHUI OIHC ITPOIIECIB, III0 BimOyBaroThCH
y nepiogmuyHOoMy OiopeaKTopi, IIpoaHaAi3yBaTH OTPUMaHI MaTeMaTU4YHI MOAEAl 3 TTO3UILiN
dopMyBaHHSI KAIOUOBHX Ta MPOQECIHHUX KOMIIETEHTHOCTEH 3400yBadiB OCBiTH y cdepi

0ioTEeXHOAOTIH.

MeToam DocipKeHb

JAsT MOCATHEHHS METH OOCAIIXKEeHHS OYAO 3aCTOCOBAHO TEOPETHUYHI Ta eMITipUYHI Me-

TOAUN JOCAII>KEHDb, a caMe:

* 30ip Ta cucTeMaTHU3allifo HAYKOBUX POOIT III00 OMUCY MPOIIECiB, sIKi BiOyBaroThCs

B IIepioguYHOMY OiopeakTopi;

* METOAH MaTEMATHYIHOI'O Ta KOMH’IOTepHOI‘O MOOEAIOBAHHA 3 BUKOPHCTAHHAM CHC-

TeM Mathcad ta Python;

* aHaji3 KAIOYOBHUX Ta IpodeciiHUX KOMIIeTeHTHOCTeH 3/100yBadiB oCBiTU y cdepi
0i0TEeXHOAOTIH Ta MOXKAUBOCTEY ix (popMyBaHHS 3acobaM KOMIIIOTEPHOT'O MOIEAO-

BaHHA.

Pe3ynbTaTii i 00roBopeHHs
CyugacHi OiopeakTopu -
CHCTEMH 3 CEHCOPaMH,

Ile CKAAQ-

Hi TaT4YuKa-

MU KOHTpoAlo pH, Temmneparypu, 3 aB-
TOMAaTH30BaHUM KEPYBaHHAM, AKe
3MiACHIOETbCS 3 BUKOPHUCTAHHAM  MaTe-

MaTUYHUX Ta KOMII'IOTEPHHUX MoOIeAeH.

[Tepma maTeMaTHYHa MOIEAb, SKa BH-
KOPUCTOBYETHCS [AS OIIHCY (PepMeHTaTHB-
HOI KiHEeTHKH OyAa OIIPHUAIOIHEHA B KypHa-
Al Biochemische Zeitschrift (BugaBHUIITBO
Springer, Berlin) y 1913 poui HiMelsb-
KO-aMEePHUKAHCBKUM 0OioXiMikoM AeoHOpOM
Mixaeaicom (anra. Leonor Michaelis) Ta
KaHaOilchKoo OioxiMmiHero Moxa AeoHOpOro
Meunren (anra. Maud Leonora Menten), B
ix cmiapHi# craTTi «Die Kinetik der Invertin
wirkung» nas KiHETUKHU iHBepTasu — (ep-
MEHTY, 9KUH KaTaAi3ye Tipoai3 caxapo3H.

Ha croromui mopmear Mixaeaica-Men-
T€H € «OJHI€I0 3 OCHOBHHX Ta HaMIo-
ITUPEHIMINX MozaeAed y OioxXiMiyHHX Ta
dapManleBTUYHUX [OOCAiIZKeHHsX. Bona
OIIUCYE 3aA€XKHICTh IIBHAKOCTI YyTBOPEH-
Hs OPOAYyKTy P pepMeHTAaTUBHUX peakiliH,
V=dP/dt, Bim KOHIleHTpallii peareHTiB,
30KpeMa KOHIIeHTpalli cyoctpary S» [8].

3 yacoM MaTeMaTH4YHE MOEAIOBAHHS
CTAAO0 HEBIIMIABHOIO YACTHHOIO 0i0TEeXHO-
AOTIYHUX HpoleciB. 3'9BAGIOTBCA MaTeMa-
TUYHI MO/I€AI, SIKi OTIUCYIOTH PiCT ITOITYASITiH

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

MiKpOOPraHidMiB 3 HACUYE€HHSIM — AOTiCTHY-
Ha Mmozeab (Verhulst ta Gompertz). Mogeasn
Lotka—-Volterra masd KOHKYpPEHTHHX B3a€-
MOi#, 1a€e MaTeMaTU4YHy OCHOBY IAS OIIHU-
Cy MiXKBHOBHUX B3a€EMO/ili B €KOCHCTEMAaX.

Moneab Monod (1) craana oc-
HOBHOIO NS MOJEAIOBaHHS poc-
Ty B 0i0TEeXHOAOTIYHHUX IIpollecax.

CydyacHe [IPOMHCAOBE BHPOOHUIITBO
OPOAYKTIB OioCHHTE3y € €OUHOI0 OioTex-
HOAOTIYHOIO CHCTEMOIO, IO CKAQIAETHCI
3 MOCAIDOBHUX cTanifi Ta omnepariii. Cra-
niga depMeHTAallii € OCHOBHOIO CTali€lo B
0iOTEXHOAOTIYHOMY IIPOIIECi, OCKIABKH B
ii xomi BigOyBaeTbCAd B3aEMOiS IPOLY-
IleHTa i3 cybcTpaTroM i yTBOPEHHSI ILiABO-
BUX HOpoaykTiB. lla crazia 3aificHIoeThCS

B OioximMmigHOMYy peakTopi (pepmeHTEDI).
3a pexummMoM poboTH epMeHTe-
pPU TIOMIASIOTBCS Ha TpU KaTeropii.
* TlepioouuHi (batch) - 3aBaHTa-
XKYIOTbCS OOUH pas, IpoIec TpHU-
Bae 0e3  momaBaHHS  cyOcTpary.

* HanignepioouuHi(fed-batch)-noxxuBuuit
cyOCTpaT HOOA€ETHCS IIPOTATOM IIPOIIECY;
HalyacTimnuii HOPOMUHCAOBUM BapiaHT.

* FBesnepepeHi (chemostat, continuous)
— IIOCTiMHUY IIPUTIK 1 BIATIK cepenoBU-
mia; CTabiAbHUI CTAliOHAPHHH PEKUM.
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Mwu momiasieMo MO3HIIIIO, IO «3100yBa-
yaM BHIIOI OCBITH 31 CIIEIliaAbBHOCTI bioTex-
HOAOTII Ta 6ioiHKeHepisT, BaXKAUBO PO3YMITHU
OPUHIUIT PoOOTHU GiopeakTopiB, BMITH MO-
JEAIOBATH IIPOLECH, SKi TaM BimOyBaroTh-
cs» [7]. Y 3B’93Ky 3 UM METOIO JAHOIO 0-
CAIIPKEHHd € IIOCTaHOBKa Ta PO3B’sa3aHHS
3a7a4i, MakKCUMaAbHO HaOAMXKEHOI OO pe-
aABHUX BUPOOHHYHX YMOB, a caMe — 3iHcC-
HEHHS MaTEeMaTHU4YHOI'O OIIMUCY IIPOIIECIB Yy
nepioguyHOMYy OiopeakTopi Ta po3pobaeH-
Hd BiANIOBiAHOI KOMII'FOTEPHOI MoAeAl Horo
bYyHKIIIOHYBaHHSI.

s iatocTpallii 3a3HadeHUX MiAXOMIiB
1 IIepeBipKU iX IIpUKAaAHOI €(PEeKTHUBHOCTI
PO3TASIIAaETHCS MOAEAb PEAABHOTO 0i0TEXHO-
AOTIYHOTO IIpollecy. 30KpeMma, mnependada-
€TBCS IIPOBENEHHS ITIAOTHOI (pepMeHTAallii y
nepioguyHomy b6iopeakTopi o6’emom S0 A 3
METOIO OTPUMAaHH4 IiALOBOTO MeTaboaity P,
AKHH CHHTE3YE€ThCA MIKpoopraHizMaMu X y
mpoileci iX pocty Ha cyocTparti S.

3a pe3yabTaTamMu IOIIEPETHBO-
ro KaAaiOpyBaHHS BHU3HA4YEHO TaKi
IO4YaTKOBi napaMmeTpu IIPOLIECY:

* MAaKCHMaAbHa HIBUAKICTH POCTY MiKpO-
opranismis: p__ = 0,6 rox’,

* KOHCTaHTa HACHYEHHS 3a CyOCTPaTOM:
K_= 0.3 r/a,

* KOHCTaHTa
k,=0.01 rom",

* IIoYyaTKOBa KOHIIEHTpAllid cyOcTpary:
S(0) = 20 /a4,

* TII0YaTKOBa KOHIIEHTpallid Oiomacu:
X(0)=0.1r/a,

* Buxipg 6iomacwu 3i cyberpary: Y = 0.45,

* MakCHMaAbHAa HIBUAKICTH CHHTE3Y IIPO-
nykry: V.= 1.5r/(aronm),

* KOHcTaHTa Mixaeaica [Oad TIPOAYKTY:

aerpamartii biomacu:

K =171/,

* depmMmeHTAlliT ITPOBOAUTHCS BIIPOLOBIK
40 roguH.
TexHOAOT PEryAlO€ II0YaTKOBI KOH-

HeHTpallii cepeaoBUIIla Ta BHU3HAYAE Ki-
HETHW4YHI IIapaMeTpH 3TigHO 3 IOIepenaHi-
MH Aa0OpaTOPHUMH  BUIIPOOYBaHHAMHU.

CroporHosyBaTu AUHaMiKy pocTy b6ioma-

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

cu (X), cnoxkuBaHHA cybcrpaty (S) Ta CHH-
Te3y HPOOYKTY (P)-

[ad wMaTeMaTH4YHOrO OIIMCY IIPOoIle-
CiB CKOpHCTAa€EMOCS BIiZOMHUMHU PiBHSAH-
HAMHU Mixaeaica—MeHuTeH Ta MoHoza.
3pocranHsa 0OioMacH ONHCAHO PiBHAHHAM

Monoga (1), yTBOpeHHS IIPOAYKTY OIIUCY-
€TbCS KiHeTHUKOIO Mixaeaica-Mentena (2):
_ (1)
= gmax
sy K,+S
_ Vmax ) S
K, +S (2)

[ass MomearoBaHHsST poboTu Oiopeaxk-
TOpa MU CKAQJIEMO CHUCTEMY AH(epeHIlianb-
HUX PIBHSAHB (3), SKa OIIHCYE PICT MIKpOOp-

raHi3MiB, CHOXHWBaHHS CyOcCTpary Ta
YTBOPEHHS IPOAYKTY:
dX
—=uS)X -k X
ar H(S) d
ds 1 1 (3)
— =—— U)X ——uv(S)X
dt Y, s Y,
dP
— =0(S)X —k,P
o () d
ne:

X — KOHIIeHTpallig OiomacHu (KAiTHHHa Maca
MiKpOOpraHiamis), r/A.

S — KOHIIeHTpallid CyoCcTpaTy (II0KUBHOI pe-
4YOBHUHH), I'/A.

P — KoHIEeHTpAllid IPOAYKTY MeTaboaizMmy,
r/A.

U(S) — muToMa IIBUAKICTH POCTY MiKpPOOp-
raHiaMiB, sKa 3aA€XXUTh Bifl KOHIIEHTpAaIlii
cyOcTparty (4acTo OIHMCYETBhCHA PiBHAHHAM
Mixaeaica—MeHnTeH (2) abo Mouoga (1)).

u(S) — mruTOMa HIBUAKICTH CUHTE3Y IPOAYK-
Ty.

Y - Buxig 6iomacu 3 cybecTparty (KiABKiCTb

x/
6iomacu, yTBOpeHa 3 OOUHHIL CcyOcTpaTy

YX/S=O,45).
Y . BUXiT IIPOAYKTy 3 cyOcTpary,
(Yp/S = 0,29).
k, — KOHCTaHTa IIBHAKOCTI BiIMHUpaHHS

KAITHH (merpapairtii biomacw).
kp — KOHCTaHTa HIBUAKOCTI merpafariii ado
posmany mpoaykry. Koncranra k  mif Jac
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YHCEABHOI'O MOJIEAIOBAaHHs OyAaa IIpUHHATA

PiBHOIO HYAIO (kp = 0) i pakKTUYHO HE BIIAU-
Ba€ Ha JUHAMIKy CHCTEMH.
[IpoaHaaizyeMo GiOAOTIYHHE 3MiCT

PiBHAHB:

— = (X -k, X

dt

— biomaca 3pocTtae€ 3i IBUAKICTIO U(S)X,

ane 3MEHIIYEThCA Yepe3 BiAMHUPaHHS KAi-
TuH k X.

d_S = —L,u(S)X—LU(S)X

df X/s P/S
— cybcTpaT BUTPadYaeThCd HA PiCT MiKpo-
OpraHi3MiB Ta Ha YTBOPEHHS ITPOAYKTY.
g =v(S)X —-k,P
- npo,z:gfrir{T YTBOPIOETHCH BHACAIOK MeTa-
6onismy u(S)X i moxke pyiiHyBatucsa k P.

[IpomeMOHCTPYEMO CTBOPEHHS KOMII TO-
TepHOI Mozdeai 3a moromororo Mathcadl5
(Puc.1).

MareMaTHdHa MOLEAb [OAd TIEPiOgUY-
HOro OiopeakTopa Ma€ BHUTASLL CHCTEMHU
audepeHIliaAbHUX PiBHSIHB.  AHaAITUYHO
PO3B’I3aTHU TaKy CHCTEMY BasKKO. 3aCTOCO-
BYIOYH CHCTEMY KOMII'IOTEPHOI MaTeMaTHKU
Mathcad, mMu ckopucrasucsa BOyZOBaHUM
yuceAbBHUM 0OAoKoM Odesolve, aruii mo3-
BOASE IIBUAKO OTPHUMATH TOYHI YHCEABHI
pimreHHs nas Bcix 3mimHuX. Mathcad pae
MOXKAUBICTb 3MiHIOBATH [IOYATKOBiI YMOBH,
napaMeTpu KiHETUKH ab0 TPHUBaAICTb HPO-
IeCcy Ta oApa3y 0aYuTH BIIAUB Ha AUHAMIKY.

Mathcad mo3Boasie OyayBatu rpadi-
KU BCiX 3MIHHUX ITiCA PO3B’d3aHHS CHC-
TeMH AudepeHIiaaAbHUX piBHAHBb (Puc.2).

[IpoaHaaizyBaBIIIKM KOMII'IOTEPHY MO-
[eAb Ta ii rpadiyHy iHTEepIIpeTallito MoxKe-
MO CIIOCTepiraTv TakKi AWHaMIiyHi 3MiHU:

e Cybcrpar Ha mHOYaTKy Ma€ BHCO-
Ky KOHIIEHTpallifo, B IIPOIeCi poc-
Ty KAITUH 3HUXKYETbCS 1 B cCTallio-

HapHii dasi Mae HU3BKUU piBEHb.
* Biomaca cnouyatky wMae aar-asy, a
noTiM 3pocTaHHd 30iABIIyETBCS, Ha-
Jaal HaCTyIIUTL CTallioHapHa ¢da3za.

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

Puc. 1. Momeab BUpOOHUIITBA 0i0aKTUBHUX PEYOBHH
y mepiogudHOMy GiopeakTopi.
* IIpoayKT moOYUHAE 3POCTATH ITiCASI POCTY
biomacH.

Mu po3TASHYAU IIPUKAA[ BHPOOHUYIOO-
pieHTOBaHOI 3a7ad4i, 110 BiATBOPIOE TUIIOBI
YMOBHU pPeaAbHOTO 0OiOTEXHOAOTIiYHOT'O BHU-
pobHuITBa [12-18]. Taki 3aBOaHHS MaroTh
YUMaAUuYd AUAAKTUYHUHN IOTeHIlian, PopMy-
04U 3IaTHICTh PO3B’sI3yBaTH CKAQIHI 3aa-
4i Ta mpobaeMu OioTexHoAoriH. Hamma gym-
Ka 30iraeTbca 3 mo3uliero aBTopiB [9, 10,
19], g9Ki cTBEPAKYIOTh, L0 iCHYE 3HAYHUHU

Puc. 2. I'padiuyne BinobGpazkeHHa MozeAi BUPOO-
HUIITBa 6i0aKTUBHUX PEYOBHH y HEPIOAUIHOMY
GiopeakTopi.
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PO3PUB 1 3HAYHUH IIOTEHIIAA Y 3aCTOCYBaH-
Hi METO/iB IPOEKTYBaHHS B IiArOTOBIIi (ha-
XIiBIIB [IASI TAaAy3i OXOPOHH 3O0POB’d i 6io-
TEXHOAOTIYHOI chepH.

OnanyBaHHS MeTogaMU MO/IEAIO-
BaHHA gae MaWOyTHIM ¢axiBugMm iH-
CTpyMEHTapii [Oad aHaaily ¥  OITH-
Mi3arrii 0i0TEXHOAOTIYHHUX IIPOIIECIB

3rifHO Cy4YaCHUX BHMOT' IIPOMHUCAOBOCTI
Ta OEp2KaBHOI CTpaTerii po3BHUTKY TraaAy3i.

CTyneHTHU-0i0TEeXHOAOTH, III0 HaB4Ya-
IOThCSI Ha Hamliéi kadenpi, HaOyBarOTh OOC-
BiiT pPO3B’I3aHHA KOMIIAEKCHUX 3aB/aHb
TaKOXK Ha IIPUKAAl CTBOPEHHS KOMII IOTEP-
HOI MOJEeAl 3a OKPEMUMHU MaTeMaTHUYIHUMU
MomeaaMu Mixaeaica—MenTerH abo MoHoaa.
Pobora 3 MaTeMaTHYHUMHU MOJAEAIMH Ta
nporpamMHumMu 3acobamu (Mathcad, Python)
CIIpUsI€ PO3BUTKY 3araAbHUX KOMIIETEHTHO-
cTell — 3MaTHOCTI [0 MOIIyKYy, 00poOAeHHS
Ta aHaaily iHdgopmariii. MogeAroBaHHS IIpo-
IIEeCiB y mepioguaHOMYy OiopeakTopi 3a I0II0-
MOI'OI0 CHCTEM AH(EPEHIIaAPHUX PiBHSHb
Ta iXx KoMm’roTepHoi peaaizariii B Mathcad
15, HaliaeHe Ha ¢opMyBaHHA Ipodeciii-
HOI KOMIIETEHTHOCTI 37400yBadiB OCBITH 3a
crewiaapHicTio G21 «BiorexHoaorii Ta 0io-
1HXKeHepisa». TyT OgHIEIO 3 KAIOYOBUX KOM-
IIETEHTHOCTEH BH3HAYEHO «...3[JaTHICTH
PO3p0o0AITH HOBiI 6i0TEXHOAOTIYHI 00’€KTH i
TEXHOAOTiiTa ImiABUIyBaTH e(PEKTUBHICThiC-
HYIOYMX TEXHOAOTIY Ha OCHOBI €KCIIEPUMEH-
TaABHUX Ta/ab0 TEOPEeTHYHHX MNOCAIKEHb
Ta/abo KOMITIOTEPHOTO MOJEAIOBAHHSI.

Y nmponeci BUKOHaHHA IpodpeciiiHo-
OpPiEHTOBAaHUX 3aBHaHb, CTYAEHTH OIIaHY-

IOTh 3aCTOCYBaHHS MaTeMaTUYHUX MOZEeAEH
OO0 peasbHUX OiOTEXHOAOTIYHHX ITPOIIECIB.
OTpuMarOTh IIPAaKTUYHI HABUYKHU B pPoboO-
Ti 3 CHCTEMaMH KOMII'IOTEPHOI'O MOEAIO-
BaHHs (Hanpukaan, Mathcad), poaymiHHA
3B'd3Ky MiXK KiHETUYHUMU [IapaMeTpaMu Ta
TEXHOAOTIYHUMH peXXHUMaMH OiopeakTopa.

EdekTuBHICTE 0iOTEXHOAOTIYHOTO BH-
POOHHUIITBA 3HAYHOIO MipOIO0 3aA€KUTH Bi
ornTuMizamii mapamerpiB OiopeakTopa, Ke-
pyBaHH4d KIHETHUKOIO POCTYy Ta IIBUIOKI-
CTIO OiOXIMIYHUX II€PEeTBOPEHBb. 3 OTAILY
Ha CKAQ[HICTh IUX IIPOIIECIB, BazKAWBOIO
CKAQ[I0BOIO MiANOTOBKH CydYaCHUX (paxiB-
iB € opMyBaHHSI 30AaTHOCTI 3aCTOCOBY-
BaTu cy4dacHi ImudpoBi TexHoaorii [20],
BUKOHYBaTH aHAaAi3 CKAQIHUX 0ioTeXHO-
AOTIYHHX CHCTEM, IIPOTHO3yBaTH IIOBEiH-
Ky IIpolleciB y OGiopeakTopi Ta IpuiMaTH
oOrpyHTOBaHI pileHHs. Bigrak, Momearo-
BaHHA poboTm OiopeakTopa BHUCTYIAE SK
YHiBEpPCaAbBHUN 1HCTPYMEHT PO3BUTKY KAIO-
YOBUX Ta MNPO(eCciiHUX KOMIIETEHTHOCTEH
3mo0yBadiB oCcBiTH y cepi 6i0TeXHOAOTIH.

BukopucrtaHHa IIPaKTHKO-OPi€HTOBA-
HUX 3aBJaHb (KeHCiB) y IIpolieci miaAroToB-
KU 3400yBadiB CIleliaabHOCTI «BioTexHO0AO-
rii Ta OGioiHxKeHepis» copusde PopMyBaHHIO
IIPAKTUYHUX HABHUYOK HEOOXiMHUX [ASd
aHaai3y OaHUX, BUKOPUCTAHHHA Cy4acHOTO
IIpOrpaMHOro 3abe3ledYeHHs, PO3B’I3aHHS
0ioTeXHOAOTIYHUX 3aBaaHb. HaBemeHi y po-
00Ti IpHUKAQAU Ta METOAU iX PO3B’d3aHHS
JEMOHCTPYIOTh MOXKAHWBOCTI MaTeMaTU4YHO-
I'o MOZIEAIOBAHHS SIK IHCTPYMEHTY IPUHHAT-
TSI PillIeHb Y peaAbHUX BUPOOHUYHNX YMOBAaX.

BucHOBKM Ta IepCIIeKTUBM I10JaJIbIIINX IIOCJ'IiI[)KeHI:

Y poboTi nmpeacTaBA€HO MaTeMaTUIYHUH
OITHC IIpollecy (PYHKILIOHYBaHHS IIepioand-
Horo OiopeakTopa. MareMaTH4YHa MOIEAb
IIpe/icTaBA€HA CHUCTEMOIO AH(pepeHIliaAbHUX
PIBHAHB, IKi € 623010 OIINCY KiIHETUYHUX IIPO-
11eCciB BUPOOHUIITBA IIPOAYKTIB OiocHHTE3Y.

Peaaizalriga MmaTeMaTHYHOI MOIEAL 3a I0-
rnomorowo Mathcad masa MoxkKAUBIiCTH HAOY-
HO IHTEPIIPETYyBaTH OTPHUMaHi pe3yAbTaTH.

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

HaBenmeni mnpuraamu 0iOTEXHOAOTIY-
HUX 3aBaHb Ta METOAU iX BUpIIIeHHS 3a
JIOTIOMOTOI0 MAaTEMATHUYHOTO Ta KOMII'TO-
TEPHOTO MOJEAIOBaHHY, 4Ki € 1HCTpPY-
MEeHTOM (OPMYyBaHHSI Ta PO3BUTKY KAIO-
YOBUX Ta IpodeciiHoi KOMIEeTEeHTHOCTI
MaM0yTHIX paxiBIiB y cdepi 6i0TeXHOAOTIH.

[ToOymoBaHa Mozmeab MoO3Ke OyTH pe-
KOMEH/IOBaHa [Ad BUKOPHUCTAHHA y Ha-
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BYaABHOMY mpolieci Ta cdepi BHPOOHU-
OTBa OAd IIPOTHO3YBAaHHS Ta OIITHMIi3allii
napaMeTpiB OiOTEXHOAOTIYHHX IIPOIIECIB.

Y nodanvwux O0OCNiO’KeHHSIX naa-
HYemoscsi CTBOpPIOBATH MaTeMaTH4Hi Ta
KOMIT'IOTEPHI MOMZEAl [As Pi3HUX THUIIB 0i-
opeakTopiB. TakoxK BaXXAWUBO BpPaxoBYy-
BaTHU [O0MATKOBiI (pakTopu (BapiaTUBHICTH
cyocrpartiB, pH daktopu Tomo). Ilaamy-

Kongrixm inmepecib

€TbCS BUKOPHUCTAHHA MAaTE€MaTHYHHUX MO-
aeAed [Ias IIPOTHO3yBaHHSI €(EKTHUBHOCTI.
Po3poOka wmomeaeidl ONTHMAaAbHO  yIpaB-
AlHHS [epioguYHUMH Ta Oe3repepBHU-
MH IpollecaMH. 3 OCBITHBOIO METOIO
IIAAQHYETBCS PO3poOKa IIPaKTHYHHUX 3a-
BIAHb [OAd IIIABUIIEHHI KOMIIETEHTHOCTI
y cdepi KOMIIIOTEPHOIO MOIEAIOBAHHS.

ABTOpU NIeKJIapyIOTh BiZICYTHICTh piHAHCOBMX aboO iHIMX KOH(JIIKTIB iHTepeciB, IKi MOIJI
BIUIVHYTV Ha pe3yJIbTaTy, iHTepIIpeTaliiio Ta BUCHOBKM JOCIIIKeHHS.

Crcok BUKOpUCTaHMX DKepesl

1. Stuchynska,N.V.,Belous,1.V.,&Mykytenko,P.V.(2021).
Useofmoderncloudservicesinradiological diagnostics
training. Wiadomosci Lekarskie, 78(3). Retrieved from
https:/ /www.scopus.com/record/display

2. lurii, K., Reva, T., Stuchynska, N., Pavlo, M., Inna,
K., & Chkhalo, O. (2022). Digital competence
as a necessary component of the professional
competence of pharmaceutical industry employees.
Archives of Pharmacy Practice, 13(1), 82-87.
https:/ /doi.org/10.51847/80rtVmWGRO

3. Xiao,S., Yang,J.,He,].,Qu,L.,&Chen,S.(2023). Launching
advanced biotechnology to elevate biotechnology
research across disciplines, from biomedicine to
agriculture. Advanced Biotechnology, 1(1), Article 1.
https:/ /doi.org/10.1007 / s44307-023-00001-9

4. TIpo cxsastennst Crparteril OudpoBOro po3BUTKY iH-
HOBaLINMHOI OisuIbHOCTI Ykpainu Ha nepiom go 2030
https:/ /zakon.rada.gov.ua/laws/show/1351-2024-
%D1%80#Text

5. Cryumnceka, H.B.,Muxurenxo,I1.B., & Augpinayk, M.
[. (2025). Kommr'roTepHe Ta MaTeMaTVIHe MOJIE/TIOBAH-
Hs B 6ioTexHOsIOTisIX Ta 6i0iHKeHepil: OCBITHIN acTIeKT.
Memyyza Ta dapmariist: ocBiTHI auckypey, (3), 77-83.
https:/ /doi.org/10.32782 /eddiscourses/2025-3-11

6. Vikipediia. (n.d.). Biotekhnolohiia.
https:/ /uk.wikipedia.org/wiki/BbiorexHomnoris

7. 10nesuy, O. B. I, JTlyrosui, C. 1., KapaTteena, O. 1., &
bBapxap, €. B. (2022). bioTexHosoril Ta GioirkeHepist.
Beryn o daxy (HaBuanbami nocionmk). MHAY.

8. Yammm K., Kpusenko I. Auppinayk M. Kinetnane mo-
JleJoBaHHs OIOXIMIUHMX peakliil i3 3acToCyBaHHAM
aHaJIITMYIHOrO iHcTpyMeHTapito Mathcad. Menmanaa
Hayka Ykpaian. 2024. No 20 (2). C. 68-78.

9. Gonzalez-Cortés, J. J., Cantero, D. & Ramirez,
M. (2025). Project-Based Learning in Bioprocess
Engineering: MATLAB Software as a Tool for

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

Industrial-Scale  Bioreactor  Design.
Applications in Engineering Education,
https:/ /doi.org/10.1002/cae.22811

10.Kuchyn, I. L., Vlasenko, O. M., Melnyk, V. S,
Stuchynska, N. V., Kucherenko, I. 1., & Mykytenko,
P. V. (2022). Simulation training and virtual
patients as a component of classroom training
of future doctors under COVID-19 conditions.
Wiadomosci Lekarskie, 75(5 Pt 1), 1118-1123.
https:/ /doi.org/10.36740/ WLek202205112

11. Cryumnceka, H. B., Aanpinmuyx, M. /1., & MukuTteHko,
IT. B. (2025). OmrrmMisartis BUpoOHMUIMX Ta JIOTiCTHUY-
HUX 3ama4 y dpapmMariii 3acodaMm MaTeMaTUIHOIO Ta
KOMIT IOTEPHOTO MoetoBaHHsA. Bicamuk Harrionams-
HoroTexHiunoro yHisepcureTy «XI1D». Cepis: MaTema-
TUYHEe MOIEITIOBAHHS B TeXHIIIi Ta TexHosorisax, (1(8)).
https:/ /doi.org/10.20998 /2222-0631.2025.01(8).14

12. binerrekm, B. C., & Ckakys, JI. M. (2019). Ocrosu 6i-
orexaonmorit. HTY «XT1I».

13. Conosrios, B. I., & 1y6posa, T. O. (2020). Komm'toTep-
He MOJEIIOBaHHS 0iOTexXHOJIOTIUHMX IIPOIIeciB.
KHEY.

14. Kosnos, B. M. (2018). bioitpkenepis: HapuansaMII 110-
cioamk. JIHY.

15.I'puntenxo, B. I1. (2021). bioTexromoris: CydacHi Me-
Tomm. JTnbizms.

16. Nielsen, J., Villadsen, J., & Liden, G. (2017). Bioreaction
engineering principles (3rd ed.). Springer.

17.Shuler, M. L., & Kargi, F. (2017). Bioprocess
engineering: Basic concepts (3rd ed.). Prentice Hall.

18.Saha, B. C., & Hayashi, K. (Eds.). (2019). Lignocellulose
biodegradation. American Chemical Society.

19. Cryumnceka H., Hosikosa I. ITpoekTyBaHHs cydac-
HOTO OCBITHBOTO CepefOBUIIA Ha 3acaaX 0COOMCTic-
HO OpIi€EHTOBAHOIO Ta KOMIIETEHTHICHOI'O IIiIXOAiB.
Hayxosi 3ammickn. Cepis: ITpobemu meromykm di-

Computer
33(1).

DOI: 10.24061 /3083-5887.j.nmsmme.2026.4.11.1

CryunHceka H, Augpirtayk M. MateMmaTiase MOe/IIOBaHHS SIK iHCTPYMEHT ...
ITpupoaHuyi, MaTeMaTUYHi HayKHU Ta ocBiTa B MeguiuHi 1(4) 2026

61


https://science.bsmu.edu.ua/
http://doi.org/10.24061/3083-5887.j.nmsmme.2026.4.II.1
https://www.scopus.com/record/display
https://doi.org/10.51847/8OrtVmWGRO
https://doi.org/10.1007/s44307-023-00001-9
https://zakon.rada.gov.ua/laws/show/1351-2024-%D1%80#Text
https://zakon.rada.gov.ua/laws/show/1351-2024-%D1%80#Text
https://doi.org/10.32782/eddiscourses/2025-3-11
https://uk.wikipedia.org/wiki/Біотехнологія
https://doi.org/10.1002/cae.22811
https://doi.org/10.36740/WLek202205112
https://doi.org/10.20998/2222-0631.2025.01(8).14

ITpuponHMyi, MaTeMaTUYHI HayKM Ta OCBiTa B MeIVIIVIHI

Natural & Mathematical Sciences in Medicine and Medical Education

1(4) 2026

Pospin 2. MaTemaTiuHi HayKy B MeAVIIVIHI
Section 2. Mathematical sciences in medicine

3MKO-MaTeMaTU4HOI i TeXHOJIOriuHo1 ocBiTH. Buiryck
10(2). C. 142-148.

20.N. V. Mospan, V. O. Ognevyuk, and S. S. Sysoieva,
“Emergency higher education digital transformation:

References

1. Stuchynska,N.V.,Belous,1.V.,&Mykytenko,P.V.(2021).
Useofmoderncloudservicesinradiological diagnostics
training. Wiadomo#ci Lekarskie, 78(3). Retrieved from
https:/ /www.scopus.com/record/display

2. lurii, K., Reva, T., Stuchynska, N., Pavlo, M., Inna,
K., & Chkhalo, O. (2022). Digital competence
as a necessary component of the professional
competence of pharmaceutical industry employees.
Archives of Pharmacy Practice, 13(1), 82-87.
https:/ /doi.org/10.51847/80rtVmWGRO

3. Xiao,S. Yang,J.,He,].,Qu,L.,&Chen,S.(2023). Launching
advanced biotechnology to elevate biotechnology
research across disciplines, from biomedicine to
agriculture. Advanced Biotechnology, 1(1), Article 1.
https:/ /doi.org/10.1007 /s44307-023-00001-9

4. Pro skhvalennia Stratehii tsyfrovoho rozvytku
innovatsiinoi diialnosti Ukrainy na period do 2030
roku. Retrieved from https://zakon.rada.gov.ua/
laws/show /1351-2024-% D1 %80#Text

5. Stuchynska,N.V., Mykytenko,P.V.,& Andriichuk,M.D.
(2025). Kompiuterne ta matematychne modeliuvannia
v biotekhnolohiiakh ta bioinzhenerii: osvitnii aspekt.
Medytsyna ta farmatsiia: osvitni dyskursy, (3), 77-83.
https:/ /doi.org/10.32782 /eddiscourses/2025-3-11

6. Vikipediia. (n.d.). Biotekhnolohiia.
https:/ /uk.wikipedia.org/wiki/BbiorexHomnoris

7. Yulevych, O. V. L, Luhovyi, S. L, Karatieieva, O. I, &
Barkar, Ye. V. (2022). Biotekhnolohii ta bioinzheneriia.
Vstup do fakhu (navchalnyi posibnyk). MNAU.

8. Chalyi, K., Kryvenko, I, & Andriichuk, M. (2024).
Kinetychne modeliuvannia biokhimichnykh reaktsii
iz zastosuvanniam analitychnoho instrumentariiu
Mathcad. Medychna nauka Ukrainy, 20(2), 68-78.

9. Gonzalez-Cortés, J. J., Cantero, D. & Ramirez,
M. (2025). Project-Based Learning in Bioprocess
Engineering: MATLAB Software as a Tool for
Industrial-Scale  Bioreactor —Design. Computer
Applications in Engineering Education, 33(1).
https:/ /doi.org/10.1002/cae.22811

10.Kuchyn, I. L., Vlasenko, O. M., Melnyk, V. S,

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

Ukraine’s response to the COVID-19 pandemic”,
ITLT, vol. 89, no. 3, pp. 90-104, Jun. 2022,
doi: 10.33407/itlt.v89i3.4827.

Stuchynska, N. V., Kucherenko, I. 1., & Mykytenko,
P. V. (2022). Simulation training and virtual
patients as a component of classroom training
of future doctors under COVID-19 conditions.
Wiadomosci Lekarskie, 75(5 Pt 1), 1118-1123.
https:/ /doi.org/10.36740/ WLek202205112

11.Stuchynska, N. V. Andriichuk, M. D, &
Mykytenko, P. V. (2025).  Optymizatsiia
vyrobnychykh ta lohistychnykh zadach u farmatsii
zasobamy matematychnoho ta kompiuternoho
modeliuvannia. Visnyk Natsionalnoho tekhnichnoho
universytetu ~ “KhPI”.  Seriia: =~ Matematychne
modeliuvannia v tekhnitsi ta tekhnolohiiakh, (1(8)).
https:/ /doi.org/10.20998 /2222-0631.2025.01(8).14

12.Biletskyi, V. S., & Skakun, L. M. (2019). Osnovy
biotekhnolohii. NTU “KhPI”.

13.Soloviov, V. L, & Dubrova, T. O. (2020). Kompiuterne
modeliuvannia  biotekhnolohichnykh  protsesiv.
KNEU.

14.Kozlov, V. M. (2018). Bioinzheneriia: Navchalnyi
posibnyk. LNU.

15.Hrytsenko, V. P. (2021). Biotekhnolohiia: Suchasni
metody. Lybid.

16. Nielsen, J., Villadsen, J., & Liden, G. (2017). Bioreaction
engineering principles (3rd ed.). Springer.

17.Shuler, M. L., & Kargi, F. (2017). Bioprocess
engineering: Basic concepts (3rd ed.). Prentice Hall.

18.Saha, B. C., & Hayashi, K. (Eds.). (2019). Lignocellulose
biodegradation. American Chemical Society.

19. Stuchynska N., Novikoval. Proektuvannia suchasnoho
osvitnoho seredovyshcha na zasadakh osobystisno
oriientovanoho ta kompetentnisnoho pidkhodiv.
Naukovi zapysky. Seriia: Problemy metodyky fizyko-
matematychnoi i tekhnolohichnoi osvity. Vypusk
10(2). S. 142-148

20.N. V. Mospan, V. O. Ognevyuk, and S. S. Sysoieva,
“Emergency higher education digital transformation:
Ukraine’s response to the COVID-19 pandemic”,
ITLT, vol. 89, mno. 3, pp. 90-104, Jun. 2022,
doi: 10.33407/itlt.v89i3.4827.

ISSN: 3083-5887 online

CryunHceka H, Augpirtayk M. MateMmaTiase MOe/IIOBaHHS SIK iHCTPYMEHT ...
Crvcok BUKOPVCTaHMX IKeperl

62


https://science.bsmu.edu.ua/ 
https://doi.org/10.33407/itlt.v89i3.4827
https://www.scopus.com/record/display
https://doi.org/10.51847/8OrtVmWGRO
https://doi.org/10.1007/s44307-023-00001-9
https://zakon.rada.gov.ua/laws/show/1351-2024-%D1%80#Text
https://zakon.rada.gov.ua/laws/show/1351-2024-%D1%80#Text
https://doi.org/10.32782/eddiscourses/2025-3-11
https://uk.wikipedia.org/wiki/Біотехнологія
https://doi.org/10.1002/cae.22811
https://doi.org/10.36740/WLek202205112
https://doi.org/10.20998/2222-0631.2025.01(8).14
https://doi.org/10.33407/itlt.v89i3.4827

ITpuponHMyi, MaTeMaTUYHI HayKM Ta OCBiTa B MeIVIIVIHI
Natural & Mathematical Sciences in Medicine and Medical Education 1(4) 2026

©2026
Zhanetta Chornenka

UDC: 311:61:378

Pospin 2. MaTemaTiuHi HayKy B MeAVIIVIHI
Section 2. Mathematical sciences in medicine

Hapivimna go pepakyii 04 TpaBH:a 2026p.
[Ipuitaara fo gpyky 18 tpaBHsa 2026p.
Omny6nikoBaHo Ha caitti 17 4yepsHs 2026p.

DOI: 10.24061 /3083-5887.j.nmsmme.2026.4.11.2

Pearson’s Chi-squared test as a tool of evidence-based
medicine in clinical practice and medical education

Zhanetta Chornenka

: 0000-0003-2314-1976 @: chornenka.zhanetta@bsmu.edu.ua

Key words:

Pearson’s chi-squared test
(x’test),

Cramer's V coefficient,
medical statistics,
evidence-based medicine,
higher education,
biostatistics

Cite as:

Bukovynian State Medical University, Chernivtsi, Ukraine

Abstract

The article examines the application of the Pearson’s chi-squared test (x? test)
as one of the key tools of statistical analysis in evidence-based medicine, in partic-
ular in clinical practice and training of healthcare professionals. The importance of
mathematical statistics methods for processing medical data, making informed clin-
ical decisions and forming a scientifically proven evidence base is emphasized. A gen-
eralization of the theoretical provisions of Pearson’s chi-squared test, including the
conditions of its correct use for testing hypotheses regarding the independence of
qualitative features, as well as approaches to the interpretation of the obtained re-
sults in medical research, is presented. Cramer’s V was also discussed as a measure of
association strength between categorical variables, expanding the analytical utility of
the criterion.

The main areas of practical application of this statistical approach in medicine
are summarized, including the determination of relationships between risk factors
and pathological conditions, the assessment of treatment effectiveness, and the
analysis of diagnostic characteristics. It is shown that the complex application of the
Pearson’s chi-squared test and the Cramer's V coefficient makes it possible not only
to establish the presence of statistically significant dependencies, but also to assess
their strength quantitatively. The importance of statistical methods to the develop-
ment of future physicians’ professional competencies is discussed, in particular, the
development of analytical thinking, the ability to work with scientific information and
use the principles of evidence-based medicine in practical activities. The limitations
of the application of the Pearson’s chi-squared test related to the characteristics of
the sample, types of data and the risk of statistical errors are highlighted. Attention
was paid to the expediency of updating approaches to teaching medical statistics by
introducing practice-oriented tasks and using modern software for data analysis. It is
substantiated that the combined use of the Pearson’s chi-squared test and Cramer's
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V coefficient increases the quality of the interpretation of research results and contrib-
utes to the training of competitive specialists.

The prospects of using digital technologies in the statistical processing of med-
ical information, which ensures greater accuracy of calculations and reduces the
likelihood of errors during the interpretation of results are also outlined. The role of
interdisciplinary integration of knowledge in medicine, biostatistics and information
technologies is emphasized as an important condition for the effective application of
statistical methods in modern scientific and clinical research.

Kpurepin xi-kBagpar IlipcoHa AK IHCTPyMEHT
TOKa30BOI MEAVIIIVIHY Y K/IIHIYHIN IPpaKTUI[l Ta
HiATOTOBL (axiBIiB Y 3aKIazax BUILOL OCBITH

Kanemma Yopnenvka

: 0000-0003-2314-1976 @: chornenka.zhanetta@bsmu.edu.ua

Knouosi cnoBa:
Kpumepili xi-keadpam
IMipcoHa (mecm x?),
koegpiuienHm Kpamepa,
MeouYHa cmamucmukd,
00Ka308a MeoUYUHA,
suwa ocsima,
biocmamucmuka

ByxoBuncexuil depxabruti meduunuil yHibepcumem, UYepriByi, Yxpaina

AmnHoTartist

Y cmammi 00c/1idieHOo 3dcmocy8dHHA Kpumepito xi-keadpam [MipcoHa (mecm x2)
K 00HO20 3 K/IKY0BUX IHCMPYMEHMi8 CMamucmu4yHo20 dHai3y 8 0okasosili meduyu-
Hi, 30Kpema y KAiHi4Hil npakmuui ma nidcomosui gaxiguis y 3aknadax suujoi ocgimu.
AKUEHMOBAHO y8dzy HA 3HAYeHHi Memodie MamemMamuyHol cmamucmuku 048 onpd-
YI0BAHHS MeOUYHUX OdHUX, yX8d/1eHHS 0BrpyHMOBAHUX K/IHIYHUX piweHb i popmy-
BAHHS HAYK0B0 nidmaeepdxceHoi 00Ka3080i 6a3u. [M0OdHO y3dz2d/sbHEHHA Meopemuy-
HUX NO/I0MEHb Kpumepito Xi-keadpam [lipcoHa, 8KA4a0YU ymosu lio20 KOPEKMHO20
BUKOPUCMAHHSA 015 nepegipKu 2inomes w000 He3dAeMCHOCMI SKICHUX O3HAK, d md-
KOMC NiOX00U 00 MAYMAYyeHHs OMPUMAHUX pe3y/bmdmis Y MeduYHUX 00CAidmceH-
Hsax. OKpeMOo oxapakmepu308dHO KoediuieHm Kpamepa sk NOKasHUK iHmeHcusHocmi
38’3Ky MiX KamezopidAbHUMU 3MIHHUMU, W0 PO3WUPIOE dHANIMUYHI Mowcaugocmi
3d3HAYEHO020 Kpumepito.

¥Y3d2d/bHEHO HANPAMU NPAKMUYHO20 BUKOPUCMAHHA Ub020 CMAMUCMUYHO20
nioxody 8 MeOUUUHI, ceped AKUX BU3HAYEHHS 83dEMO038’A3Ki8 Minc (pakmopamu pusuKy
md Namo/102iYHUMU CMAHAMU, OUIHIOBAHHSA pPe3y/1bmamusHOCMI NiKy8AdHHS, d MAKOMC
aHania 0idzHOCMUYHUX Xdpdkmepucmuk. [T0Kd3dHO, W0 KOMN/AEKCHE 3dCMOCy8dHHA
Kpumepito xi-keadpam [lipcoHa paszom i3 koediuieHmom Kpamepa dde 3mozy He nuwie
8CMAHOBUMU HAABHICMb CMAMUCMUYHO 3HAYyWux 3asexwHocmel, a U KinbKicHO oui-
Humu ix cuny. OKpec/1eHo 3HAYeHHA CMamucmuYHUX Memooie 019 GOpMy8aHHA nPo-
¢eciliHux komnemeHmHocmel matibymHix sikapis, 30kpema po3sumKy dHaAiMuU4Ho-
20 MUC/IEHHS, YMIHHS NPAU08dMU 3 HAyKOBOH iHPOPMAUiEd md suKopucmosysamu
NpUHUUNU 00KA3080i MeQUYUHU Y NpdKmuYHil dissbHoCcm.

BucsimneHo obmexceHHs 3dcmocysaHHa Kpumepito Xxi-keadpam [lipcoHa, wo
noe’a3saHi 3 ocobnusocmamu 8ubipKU, MunNamu OdHUX i PUSUKOM BUHUKHEHHS cmd-
MUCMUYHUX NOXUBOK 30cepedxmeHo y8azy HA OOUiLHOCMI OHOB/EHHA Nidxodig 00
BUK/IAOAHHA MEOUYHOI CMAmMuCMUKU W/ASXOM 8NPOBAOMEHHA NPAKMUKOOPIEHMO-
BdHUX 3dB80dHb | BUKOPUCMAHHSA CyYdCHO20 NPO2PAMHO20 3dbe3neyeHHs 0415 aHaAi3y
OdaHux. ObrpyHmMosaHo, wo NOEOHAHE BUKOPUCMAHHA Kpumepito xi-keadpam [lipco-
Ha ma koediuieHma Kpamepa nidguwye skicme iHmepnpemauii pesysasmamie 0oci-
0xceHb i cnpuse Ni020MoBUi KOHKYPEHMOCNPOMOMHUX daxisyis.

Takom OKpec/1eHo nepcnekmusu BUKOPUCMAHHA Yudposux mexHo0zitl y cma-
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mMucmuyHiti 06pobUi MeduyHoi iHpopmauii, Wo 36i1bWYE MOYHICMb PO3PAXYHKI8 i
3MeHWye UMOosipHicmb NOMU/OK nid Yac iHmepnpemauii pesyabmamis. lMiokpecseHo
P0/16 MiMOUCUUNAIHAPHOT iHMezpauii 3HaHb 3 MeOUUUHU, Biocmamucmuku ma iHdop-
MauitiHux mexHo/0zill SK 8aw/1UB0T yMOBU epeKmuBHO20 3dCMOCy8dHHS cmdmuc-
MUYHUX MeMO0i8 y Cy4dCHUX HAYKOBUX i KAiHIYHUX OOCAIOWEHHSX.
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Introduction

The modern development of medicine
is inextricably linked with the implemen-
tation of the principles of evidence-based
medicine, which involves the systematic
use of objective methods of clinical data
analysis, statistical testing of hypothe-
ses and critical evaluation of research re-
sults [1, 2]. In this context, the methods
of mathematical statistics become espe-
cially important as tools for justifying clin-
ical decisions, in particular, approaches
to the analysis of categorical data [3, 4].

One of the basic and most com-
mon statistical methods is the Pear-
son’s chi-squared test, which is widely
used to assess the relationships between
qualitative features and test hypothe-
ses regarding their independence in med-
ical research [5, 6]. Its theoretical base
and practical use are discussed in detail

in modern biostatistical literature [7, 8].

In medical practice, the use of the Pear-
son’s chi-squared test allows for the analy-
sis of associations between risk factors and
the development of diseases, to evaluate the
effectiveness of treatment and preventive
measures, as well as to interpret the results
of clinical and epidemiological studies [3, 5].

It should also be noted, that in high-
er medical education, the formation of
statistical competence is of particular im-
portance not only among students, but
also among graduate students, doctoral
students, and scientific and pedagogical
workers, which corresponds to modern
approaches to medical education [7, 8].
Mastery of statistical analysis methods is
a necessary condition for high-quality sci-
entific activity and training of specialists in
the field of evidence-based medicine [4, 8].

The purpose of the study is to substantiate the role of the Pearson’s chi-squared test as a
tool of evidence-based medicine in clinical practice and training in medical education.

Tasks of the research:

* To analyze the theoretical base of the application of the Pearson’s chi-squared test in

medical research.

* To determine the main areas of use of Pearson’s chi-squared test in clinical practice.
* To assess the value of statistical methods in the formation of professional competences

of medical students.

* To identify limitations and typical errors when applying the Pearson’s chi-squared test.
* To substantiate the expediency of statistical methods integrating into the educational

process of higher education.

https:/ /science.bsmu.edu.ua/
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Research materials and methods

The work uses a complex of general scientific and special research methods, in

particular:

* analysis and generalization of scientific sources on medical statistics and evidence-

based medicine;

* comparative analysis of approaches to the application of the Pearson’s chi-squared

test in clinical research;

* methods of systematization and interpretation of statistical data;

* pedagogical analysis regarding the use of statistical methods in the process of

training students of higher education institutions.

The methodological basis of the research is the provisions of evidence-based medicine,
biostatistics and modern approaches to the professional training of medical specialists.
Examples of the use of Pearson’s chi-squared test for the analysis of relationships between
qualitative features in clinical studies are considered in the work.

Research results and their discussion

The conducted analysis confirmed that
the Pearson’s chi-squared test is one of
the most universal and accessible statis-
tical data processing tools in modern evi-
dence-based medicine [7, 9]. Its application
allows evaluating the statistical signifi-
cance of relationships between categorical
variables, which is critically important for
making clinical decisions and interpreting
research results [5, 9].

The obtained results show that the
Pearson’s chi-squared test is effectively
used in clinical practice to determine the
relationship between risk factors (in partic-
ular, lifestyle, bad habits, concomitant dis-
eases) and the development of pathologies,
to analyze the frequency of complications
in different groups of patients, to evaluate
the effectiveness of treatment and preven-
tive measures, as well as to interpret the
results of diagnostic and screening studies.
These results are consistent with the data
of international studies, which confirm the
effectiveness of using the Pearson’s chi-
squared test in clinical epidemiology and
medical statistics [6, 9].

The following example is illustrative
and is presented solely to demonstrate
the methodological procedure for applying
Pearson’s chi-squared test.

Therefore, the obtained results should

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

not be interpreted as evidence from a real
clinical study (Tablel).

Table 1

Distribution of patients according to the presence
of a risk factor and disease

Patient group | Disease Disease Total
present absent

Smokers 48 22 70

Non-smokers 26 54 80

Total 74 76 150

Based on the obtained data, the expect-
ed frequencies were determined (Table 2).

Table 2
Expected frequencies
Group Expected (is) | Expected (none)
Smokers 34.53 35.47
Non-smokers 39.47 40.53

Statistical hypothesis testing was car-
ried out using the Pearson’s chi-squared
test.

Null hypothesis (H,): there is no rela-
tionship between the investigated features.

Alternative hypothesis (H,): there is
a statistically significant relationship be-
tween the traits.
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The calculation was carried out accord-
ing to the formula:
0-E)?
X’ = Z( -

where

* O (Observed)is the observed frequency,
that is, the actual number of cases in
the cell.

* E (Expected) is the expected frequency,
that is, the number of cases that would
be expected if there was no relation-
ship between the variables.

The calculation results are presented in
Table 3.

The degrees of freedom were determined
by the formula:

df =(r -1 -1

where

* df is degrees of freedom.

* r (rows) is the number of rows in the
conjugation table.

* c(columns) is the number of columns
in the conjugation table.

Table 3

Distribution of patients according to the presence
of a risk factor and disease

Group O E O-E)P2/E
Smokers, 48 | 34.53 5.25
disease present

Smokers, 22 | 35.47 511
disease absent

Non-smokers, 26 | 39.47 4.60
disease present

Non-smokers, 54 | 40.53 4.48
disease absent

X x? 19.44

In this case, df =1. The critical value at
p=0.05 is 3.84.

Since the obtained x? value = 19.44
exceeds the critical one, we reject the null
hypothesis. This indicates the existence of
a statistically significant relationship be-
tween smoking and the development of car-
diovascular diseases.

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

The Cramer’s coefficient was used to
estimate the association strength:
XZ
n(k—1)

where

* x?is the value of the chi-square test.

* nis the total number of observations
in the sample.

* kis the smaller number between the
number of table rows and the number of
table columns.

As a result of calculations, the value
V=0.36 was obtained, which corresponds
to a moderate level of association strength.
This makes it possible to clarify the clin-
ical interpretation of the results, since
statistical significance does not always re-
flect the practical significance of the effect.

The obtained results confirm that Pear-
son’s chi-squared test remains one of the
most widely used and effective statistical
methodsforidentifyingassociations between
categorical variables in clinical epidemiolo-
gy, public health research, and medical ed-
ucation. Owing to its relative simplicity, ac-
cessibility, and interpretability, this method
is broadly applied in evidence-based med-
icine for the analysis of relationships be-
tween risk factors, clinical outcomes, treat-
ment effectiveness, and epidemiological
indicators. Furthermore, despite its exten-
sive use, the correct application of Pearson’s
chi-squared test requires strict adherence
to methodological principles and care-
ful interpretation of the obtained results.

One of the main methodological lim-
itations of Pearson’s chi-squared test con-
cerns sample size requirements and the
adequacy of expected frequencies within
contingency tables. Classical statistical
recommendations indicate that the meth-
od provides the most reliable results when
expected frequencies in table cells are suf-
ficiently large, generally not lower than 10
observations per cell or at least 5 observa-
tions when Yates’ continuity correction is
applied in 2x2 tables. Violation of these
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assumptions may substantially reduce the
validity of statistical conclusions and in-
crease the probability of type I or type II
errors. In cases involving small samples,
rare clinical events, or sparse data distri-
bution, Pearson’s chi-squared test may
generate unstable or unreliable estimates.
Under such circumstances, Fisher’s ex-
act test is considered a more appropriate
alternative because it provides more pre-
cise probability calculations for small data-
sets and low expected frequencies [3, 7].

Another important aspect concerns the
influence of hidden confounding variables
and the complexity of interpreting associ-
ations identified through categorical data
analysis. In epidemiological and clinical re-
search, statistically significant associations
do not necessarily indicate direct causal
relationships. A classic example illustrat-
ing this limitation is Simpson’s paradox,
where associations identified in aggregat-
ed data may weaken, disappear, or even
reverse after stratification into separate
subgroups. Such situations are frequent-
ly associated with unequal distribution of
risk factors, disease severity, age structure,
or other confounding characteristics be-
tween comparison groups. Consequently,
statistical analysis should always be ac-
companied by comprehensive clinical and
methodological interpretation that con-
siders study design, population hetero-
geneity, and possible external influences.

In practical research settings, several
common methodological errors are associ-
ated with the inappropriate use of Pearson’s
chi-squared test. These include incorrect
group formation, violation of the indepen-
dence of observations, duplication of obser-
vations within datasets, repeated multiple
comparisons without correction for type I
error inflation, and overreliance on p-values
without consideration of effect size or clinical
significance. Furthermore, researchers may
incorrectly interpret statistical significance
as definitive proof of causal relationships,

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

despite the fact that chi-squared analysis
only demonstrates the presence or absence
of associations between variables. There-
fore, statistical findings should be evalu-
ated in conjunction with clinical relevance,
epidemiological context, confidence inter-
vals, and additional statistical indicators.

An important component of the present
analysis is the consideration of statistical lit-
eracy and methodological competence with-
in modern medical education. Contempo-
rary healthcare systems increasingly require
medical professionals to possess not only
clinical knowledge but also competencies in
biostatistics, epidemiology, evidence-based
medicine, and digital data analysis. The
ability to critically interpret statistical in-
formation has become a necessary ele-
ment of professional activity for physicians,
researchers, educators, and healthcare
managers. Consequently, the integration
of statistical training into undergradu-
ate, postgraduate, and continuing medi-
cal education is of particular importance.

In this context, the use of specialized
statistical software packages, including
IBM SPSS Statistics and R, plays a signifi-
cant role in improving the quality and effi-
ciency of medical research [10,11]. Modern
digital tools facilitate automated calcula-
tions, reduce the probability of computa-
tional errors, improve data visualization,
and support the application of advanced
statistical methods. In addition, the use
of digital analytical platforms contributes
to the development of research competen-
cies among students, graduate students,
doctoral candidates, and scientific and
pedagogical staff involved in scientific proj-
ects and evidence-based clinical practice.

Particular attention should also be given
to practice-oriented educational approach-
es based on the analysis of real or simu-
lated clinical and epidemiological datasets.
The incorporation of statistical case stud-
ies, clinical scenarios, and applied research
tasks into educational programs promotes
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the development of analytical thinking and
enhances the ability of learners to apply
scientifically grounded principles in profes-
sional decision-making. Such approaches
improve understanding of statistical meth-
odology and strengthen competencies relat-
ed to interpretation of research outcomes,
critical appraisal of scientific literature, and
implementation of evidence-based recom-
mendations in healthcare practice [12, 13].

The growing digitalization of health-
care and education additionally increases
the importance of integrating innovative
technologies into the process of statistical
training. The application of artificial intel-
ligence systems, automated data analy-
sis platforms, machine learning tools, and
predictive analytical models creates new
opportunities for strengthening method-
ological rigor and optimizing educational
processes [14]. Moreover, the effective use
of such technologies requires an adequate
level of digital competence, understand-
ing of statistical methodology, and adher-
ence to ethical standards in scientific re-
search and medical data management.

The obtained findings are also consis-
tent with current international approaches
to evidence-based medicine and healthcare
quality improvement promoted by the World
Health Organization and other internation-
al scientific organizations [15]. Modern rec-
ommendations emphasize the importance of
statistically justified clinical decision-mak-
ing, standardized analytical approaches,
and the integration of scientific evidence
into healthcare practice. In this regard,
the development of statistical competence
among healthcare professionals contributes

Conclusions

The study confirmed the importance
of Pearson’s chi-squared test as one of
the fundamental statistical tools of evi-
dence-based medicine for analyzing rela-
tionships between categorical variables in
clinical practice and medical education.

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

not only to improving individual research
quality but also to strengthening health-
care systems, advancing medical science,
and supporting public health initiatives.

Furthermore, the role of statisti-
cal methods extends beyond clinical re-
search and directly influences the quality
of healthcare management, public health
monitoring, and policy development. Reli-
able statistical analysis enables the identifi-
cation of epidemiological trends, evaluation
of preventive interventions, assessment of
treatment outcomes, and optimization of
healthcare resource allocation. Therefore,
mastery of statistical methods should be
considered an essential component of the
professional competence of modern health-
care specialists and scientific personnel.

Thus, the combination of classical sta-
tistical methods with modern digital tech-
nologies and contemporary educational
approaches creates favorable conditions
for strengthening methodological quali-
ty in medical research, strengthening evi-
dence-based medical practice, and enhanc-
ing the professional training of healthcare
specialists. Pearson’s chi-squared test,
especially when used together with addi-
tional statistical indicators such as Cra-
mer’s V coefficient and other measures of
association strength, remains an import-
ant analytical tool in both clinical practice
and medical education. Its appropriate ap-
plication contributes to the formation of
evidence-based thinking, improvement of
scientific methodology, enhancement of
professional competencies, and compliance
with current international standards of
medical science and healthcare education.

Using an illustrative example, the meth-
odological procedure for applying the test
to evaluate associations between smoking
and cardiovascular diseases was demon-
strated, highlighting its analytical poten-
tial for detecting statistically significant re-
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lationships between categorical variables.

The additional use of Cramer’s V coef-
ficient emphasized the importance of as-
sessing not only statistical significance
but also the strength of associations,
thereby improving the interpretation of
research results. Furthermore, the study
summarized the main methodological lim-
itations of Pearson’s chi-squared test,
including sample size requirements, ex-
pected frequency assumptions, and the
inability to establish causal relationships
without additional analytical methods.
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The educational analysis demonstrat-
ed the growing importance of statistical
competence in the training of healthcare
professionals and confirmed the expedi-
ency of integrating practice-oriented sta-
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tools into medical education. Such ap-
proaches promote critical interpretation
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odological rigor in scientific research,
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skills in accordance with modern require-
ments of healthcare and medical science.
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MeOu4YHa oceima; Y cmammi npedcmasneHo pe3y/sbmamu dHOHIMHO20 ONUMYBAHHA CMyOeH-
gipmyarneHi nayieHmu; mis-iHo3emuie Wo00 eheKkmuBHOCMi BUKOPUCMAHHSA Pi3HUX 8ApidHMIi8 cueHapiis sip-
Kelic-Memoo; myanbHUX nduyieHmis y npoueci npob6/1eMHO-0piEHMOBAHO20 HABYAHHS HA BUNYCKHUX
npo6ieMHo-opieHmogare Kypcax 000UNMOMHO20 emany niaaomqsxu npocpe‘ciOHanis MeauwHoi'.zquﬂ. Memoto
HABYAHHS; docnidnceHHs 6y/10 BUBYEHHA nepesdz i MPYOHOW,i8 3dCMOCYB8AHHA AiHIUIHUX ma po3-

20/1yMceHUX CcueHapiie 8ipmydnbHUX NAyieHmMi8 y pOpMyB8aHHI KAiHIYHO20 MUC/EHHS,
npodgeciliHux kKomnemeHmHocmed i HABU4OK NpUlHAMMS pileHb y MalibymHix Aika-

pis.

cmyoeHmMu-iHo3emyi.

3a pe3yabmamamu onumyeaHHA 6CMAHO8/1EHO, WO HAUBiNbW 3HAYyWUMU nepe-
8d2aMU 8UKOPUCMAHHA 8ipmMyd/IbHUX CUeHapiie cmydeHmu 88axca/u peanicmuyHicme
KAiHIYHUX cumyayil, 6e3neyHicmb 0C8iMHLO20 cepedosuld, MOMIUBICMb PO3BUMKY
KNIHIYHO20 MUC/AIEHHS, NPAKMUYHY CNPAMOBAHICMb HABYAHHS, d MAKOMW POPMYBAHHS
HABUYOK cAMOCMIliH020 npuliHAMMA piweHb. Baxusumu noO3UMUBHUMU achekma-
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npodecitiHoi ducKycii ma mixoucyunaiHapHul nioxio 0o aHani3y KAIHIYHUX 8UNAdKis.
BcmaHosneHo, wjo po3zanyxiceHi cyeHapii 6in6Wo0 Miporo cnpusiu po3sumky dsmo-
HOMHOCMI cmy0deHmis, ap2yMeHmos8aH020 8i0CMOKBdHHS 8/1dCHOI NO3ULii ma 8iono-
8i0d/bHOCMI 3a NpUUHAMI KAiIHIYHI piweHHs, moOdi sk AiHIlRI cueHapii 3abe3nevysanu
6inbW cMpykmypogdHy 2pynosy 83demodito.

Ceped 0cHOBHUX MpyOdHOWi8 pecnoHOeHmu 8id3Havanu dediyum aHdmMHecmuy-
HUX i 1a60pamopHUX 0dHUX Yy KelicdX, HemunogiCmb OKpemux KAiHIYHUX cumyauit,
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CKA1AOHICMb 00CAZHEHHS KOHCEHCYCY Nid Ydc 2pyn0o8020 062080peHHS, d MAKOMC HEDO-
cmamHili piseHb KOMYHIKAMUBHUX HABUYOK 0/151 BEOEHHA dp2yMeHmMOo8aHoT OUCKYCii.
BoOHoudc He3HayHa Yacmka cmydeHmis 8Kkasysd/ad Ha dediuum 6d308UX 3HAHb, WO
moxuce cgiduumu npo docmamtill piseHb nonepedHboT npogeciliHoi hidzomosku 8u-
NyCKHUKi8.

OmpumaHi pesynbmamu niomeepoxcytoms 00oUisbHiCMb iHMezpauii cueHapiia
8ipmyasbHUX nayieHmia y cyvacHull ocsimHili npouec sk eoekmugHO20 iHCMpymeHmy
POpMYBAHHSA KAIHIYHO20 MUC/aeHHS, npodeciliHoi pedriekcii ma npakmu4HUX Komne-
meHmHocmel malibymHix nikapis. BOOHO4YAC oNMUMA/IbHUM NiOXOO0OM € NOEOHAHHA
cumynayitiHux mexHosozili 3 mpaduyitiHumu popmamu KAiHIYHOT Ni020mosKu.

Advantages and difficulties of virtual patient
scenarios implementation in the eyes of interna-

tional students

(results of anonymous survey)
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Abstract

The article shows the results of an anonymous survey of international students
on the effectiveness of virtual patient scenarios implementation as the process of
problem-based learning at the final courses of the undergraduate training of medical
professionals. The purpose of the study was to analyze the advantages and difficulties
of using linear and branched virtual patient scenarios in the development of clinical
thinking, professional competencies and decision-making skills of future doctors. The
survey results showed that the most significant advantages of virtual scenarios were
considered by students to be the realism of clinical situations, the safety of the educa-
tional environment, the possibility of clinical thinking developing, the practical focus
of training, as well as the formation of independent decision-making skills. The team
work, the development of professional discussions and an interdisciplinary approach
to the analysis of clinical cases. It was found that branched scenarios contributed to a
greater extent to the development of students' autonomy, reasoned defense of their
own position and responsibility for the clinical decisions made, while linear scenari-
os provided for more structured group interaction. Among the main difficulties, re-
spondents noted the lack of anamnestic and laboratory data in cases, the difficulty of
reaching consensus during group discussion, as well as an insufficient level of commu-
nication skills for conducting a reasoned discussion. At the same time, a small part of
students indicated a lack of basic knowledge, which may indicate a sufficient level of
previous professional training of graduates.

The results confirm the feasibility of integrating virtual patient scenarios into the
modern educational process as an effective tool for the formation of clinical think-
ing, professional reflection and practical competencies of future doctors. At the same
time, the optimal approach is to combine simulation technologies with traditional
forms of clinical training.

https:/ /science.bsmu.edu.ua/ ISSN: 3083-5887 online

I'apac M. IlepeBary Ta TpyJHOII BIIpOBa/pKeHHS BapiaHTiB ClieHapiiB BipTyaJIbHMX...

72


https://science.bsmu.edu.ua/
https://orcid.org/0000-0001-7304-2090
http://orcid.org/0000-0001-9365-4836
mailto:garas.mykola@bsmu.edu.ua

ITpupopHMyi, MaTeMaTUYHI HayKM Ta OCBiTa B MeIVILIVIHI
Natural & Mathematical Sciences in Medicine and Medical Education

1(4) 2026

Pospin 3. [IpupogHmyi Ta MaTeMaTUYHI OVICHUIUIIHY B MeAWYHIV OCBITi
Section 3. Natural and mathematical disciplines in medical education

[TepeAik CKOpPOYEHb:
COVID-19 - COronaVlIrus Disease 2019

TAME «Training Against Medical Error» HaB4aHHS 111040 YHUKHEHHS AiKapCBKHUX II0-

MHAOK

UDCR «Ukraine Digital - Clinical Reasoning in Medical Education. Curriculum Mapping
and Virtual Patients» - Ykpatnaa Llndposa. Kitiniure MyiciieHHS B MeAMYHITI OCBITi.

3MICT

Beryn

Marepianu Ta MmeTOAU
Pe3ysibTaTu Ta iXx 06roBOpeHHs
BycHOBKM

CIMCOK BUKOPUCTAHUX JpKepeJ

73
76
76
80
81

Beryn

CyyacHa HayKoBa OCBiTa pPOOUTH aK-
EeHT Ha aKTUBHIH y4JacTi 3100yBadiB y Ipo-
I1eCi HaBYaHHS 4Yepe3 AOCAIPKEHHS Ta Mae
Ha MeTi HaBYHUTH iX DOPMYAIOBATHU ITUTAH-
HsI, BUCYBaTH TilIOTE3U Ta 3HAXOAUTHU BAAC-
Hi JOKa3H. Y pe3yAbTaTi IIbOT'O OCBITHA IIa-
pamurMa 3a3Hasa 3MiH. HaBuyaHHsa Oiable
HE € IIPOILIECOM Iepeadi 3HaHb Bifl BUUTEAS
00 yuyHda. BoHO Mae aganTyBaTHCS OO €IIO-
XU TAoOaaizartii, popmyroun y 3100yBadiB
HaBUYKH, HeoOXimHi y XXI croaitti. OmHi-
€10 3 TAKUX HABUYOK € 3IaTHICTb KPUTHYHO
MHCAUTH. KOHIIETIIII0 KPUTUIYHOTO MUCAECH-
HsI HEOOXiHO MOCAIIKyBaTH 4epe3 OCHOBHI
KOHIIEIINi MHcAeHHd. JlOCAIIZKEeHHS ITOKa-
3yVIOTh, III0 KPUTHYHE MUCAEHHS € JKUTTEBO
BasKAUBUM /[IAd YCIIiXy B HaB4YaHHI, a Ta-
KOXK B iHHOBalligxXx Ha pobodyomy wmicmi [1].

MucaeHHsI — 11e PO3YMOBHUH ITpoIileC 00-
OYMyYBaHHS Ta MOPUHHATTA PIlllIeHb 100
Oii Ta po3MoB. MucaeHHS BiOPI3HAETH-
Ccd Big KPUTHUYHOTO MHCAEHHd. KpuruyHe
MHCAE€HHSI HE € CHHOHIMOM XOPOIIOTO MUC-
A€HHd, aae Iie IIOBCIOJHE, CaMOKOPHUTYIO-
4e AIONChKe sBuinle. KpuTuyHe MUCAEHHS
BU3HAQYAEThCA (K IHTEpPIpeTallis, aHaai3,
OIliHKa, IliAeCIPSIMOBaHe, CaMOPETYAbOBaHEe
CYI>KEHHS, 1110 IPU3BOAUTH 10 BUCHOBKIB, a
TaKOXK sSIK Take, I110 0a3yeTbcd Ha AOKa3axX.
9lK aApTEepHATHBA, € TIOSICHEHHSI KOHTEKCTY-

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

aABPHOTO MMCA€HHS. 3aHENOKOEHHS 100
BCTAHOBAEHHS CYBOPHX Ta pallioHAaABHUX
CTaHOAPTIB Cy[KEeHHd Ta HeoOXiMHOCTi 3a-
Oe3rneyeHHsT MIIITHOI OCHOBHU [IASI II€PEKO-
HaHb Ta Oil 9K KAIOYOBUX ITPUHIIUIIIB € 3PO-
3ymianuM. KpUTHYHE MHCAEHHSI OMUCYETHCH
dK pallioHaAbHE, BIAYMAHBE MHCACHHS, 30-
CepeaKeHe Ha BUPIIIEHHI NuUTaHHA [1, 2].

HaBUYKYM KPUTHYHOTO MHUCAEHHS MOXK-
Ha pPO3BUBATHU 3a [JA0IIOMOIOI0 HaBYaABHUX
MoaeAei. IcHye GaraTo momesed, dKi MOXK-
Ha BUKOPHUCTOBYBATH OASI PO3BHUTKY HaBHU-
YOK KPUTHUYHOT'O MHCAEHHS, are, OCOOAHBO,
BapTO BiAZHAYUTH MOJIEAl HABYAHHS Ha OC-
HOBI [OCAIIPKEHBb, MOJIEAl OIaHyBaHHA Ha
OCHOBI IPOEKTIB Ta MOOEAl HaBYaHHH, II0
0a3yioThbcs Ha 3ycuaasax. OOHUM i3 KPOKIB,
dKi MOXXHa BUKOPHCTOBYBAaTH OAS BiAlpa-
MIOBaHHA HAaBHUYOK KPUTHYHOTO MUCAEHHS,
€ BUKOPHUCTaHHS MOJeAl ITPOoOAEMHO-0Pi-
€HTOBAHOTO HAaB4YaHHA. BkazaHui miaxing
O03BOAsIE 3mo0yBadaM Kpallle MOB'a3yBaTH
CBOIO OCBITY 3 p€aAbHUMMU CUTyalligsMu. Mo-
OeAb TPOOAEeMHO-OPIEHTOBAHOINO HaBYaHHS
ooriomarae 3mobyBadam Kpallle IT0B'S3yBa-
TH Te€, 1110 BOHU BUBYHAH, 3 PEAABHUMH IIPO-
OaeMaMu, BOHA € CTPATETIEI0 HaBYaHHS, IKa
HaJa€e TIPIOPUTET MOCATHEHHSM 3100yBa-
4iB Hap iHCTpPyKIigMu ¢acuairaropa [1-3].

Moneasb IPoOAEMHO-0OPiEHTOBAHOTO
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HaBYaHHS — e MiAXi A0 HaB4YaHHY, SKUU
cTaBUTH 3100yBadiB y IIEHTP HaBYaHHI,
ITPOIIOHYIOYM CIIPaBKHI Ta CKAAIHI IIpobae-
MM, 9Ki BOHU IIOBHHHI BUPINIyBaTH CHIAb-
HO Ta Ma€ Ha MeTi 3a0XOTUTH 3m00yBadiB
pO3BUBATH KPUTHYHE MHUCAEHHS, HAaBUYKU
BHUpillIeHHd TpobaeM i TBopduicTh. Momaeab
IIPOOAEMHO-OPIEHTOBAHOIO HaBYaHHS Ha-
gae 3mo0yBadaM MOXKAMBOCTI IOCAIIKY-
BaTH, 30UpaTH Ta aHaaAidyBaTH OaHI OAd
BUpIIlIEHHd ITpo0AeM, 3 SKHMH BOHU CTHU-
KaloTbCs. 3aBOAKH MOIeAl HTpobAeMHO-
OPiIEHTOBAHOIO HAaBYAaHH{ 3400yBadi aKTHUB-
HO JyMaloTh, CIIIAKYIOThCS, IIIyKaIOTh Ta aHa-
AI3YVIOTH OaHi, a HOTiM poOASITH BUCHOBKH.
Mopgear 1poOAEMHO-OPIEHTOBAHOTO HaB-
4YaHHS HaJa€ MPiOpUTET IIPOllecy HaB4YaH-
Hs, 11100 3100yBadi Maau OCHOBHI 34i0HOCTI
[ASI OTITUMAaABHOTO PO3BUTKY. 3OATHICTE 110
KPUTHUYHOTO MUCAEHHS — II€ iHTeAeKTyaAbHa
HaBHWYKa, gKa Ay>Ke BarKAUBa y ITOBCAKIEH-
HOMY KHUTTI Ta ocBIiTi. BoHa BKAIO4ae 3maT-
HICTb PETEABHO aHaaidyBaTH iHdopwmalliio,
PO3YyMITH pPi3HI TOYKH 30py Ta OpHUHMaTH
oOrpyHTOBaHI pillieHHd [4].
[TpobaeMHO-OpieHTOBaHE HaBYaHHH
IPYHTYETbCS Ha BHPIIIEHHI OTPOOAEMHUX
CUTyallifi, 3a [OIIOMOTOI0 AKHX 3100yBadi
3HAQYHO pPO3BHUBAIOTh CBOi KOTHITHBHI Ha-
BHUYKH, CIIPUAIOTH CHiABHiH poboTi, HaOy-
BalOTh HaBUYOK aBTOHOMHOI'O HaBYaHHA
Ta KyABTUBYIOTH TaKi I[IHHOCTI, K BiAIIOBI-
OAABHICTB, CIIiBIpalld Ta BiAJAHICTH ICTH-
Hi. [IpobaeMHO-Opi€EHTOBaHE HaBYaHHS BU-
HHUKAO B raays3i Megu4HOi oCBiTH B 1960-x
POKax sIK OCBITHIiM IIPOEKT, IO Iepeadbadan
bopMyBaHHS CTYAEHTCHBKHUX TPyI, SKUM
Oyro mOpydUeHO aHaAidyBaTH MIpencTaBAEHi
IIpobaeMH Ta KepyBaTH BAACHUM HaB4YaH-
HSM, TUM CaMHM 3MEHIIVIOYH BaXXAUBICTb
3araM'aTOBYBaHHSI KOHIIENIIiH Ta 30cepe-
JM2KYIO4UCh Ha AaKTUBHINA ydYacTi CTyOEH-
TiB y (pOpPMyAIOBaHHS BiAKPUTUX NHUTAHDb
i mpobaeMm, SKi CIOOHYKaAHM BHUpPIlIyBaTH
ix yepe3 TBOpuYUM Ipouec. Ha cygacHOMy
eTarni NIpPoOAEMHO-OpPi€EHTOBaHE HaBYaHHS
PEKOMEHOYIOTh $K IIeNaroriyHy crpare-

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

rito nas TpaHcdopmallii BUIIOI OCBiTH, gKa
BUUIIIAQ 3a MEXKi YHIBEpPCHUTETCHKOI OCBITH
Ta CcTaAa OOHUM 13 HAUBAKAUBIIIIHUX METO-
[iB aKTHBHOI'O HaBYaHHS, 110 BHKOPHUCTO-
BYETBCH B 3araabHi#i 6a30Biii ocBiti [5-7].

BukopucranHa Mozeai ITpoOAeMHO-0Pi-
€HTOBAQHOTO HaBYaHHS MOXK€ IIOKpPAaIlUTU
KOHIIENITyaAbHE PO3YMiHHS, 3aCTOCYBaHHS
3HaHb Ta HABHUYOK Y BUPILIEHHI IpobAeM ¥y
HaOAMKEHHUX [I0 PeaAbHUX CHUTYyallidX, a Ta-
KOX MOIABUMIIMTH MOTHBAIII0O CTYAEHTIB. Y
IIbOMY KOHTEKCTiI HeOOXimHi IomaAbIli mo-
CAIIKEHHA [A4d 3'SICyBaHHS YHUHHUKIB, 9KI
BU3HAYaIOTh pPE3yABTATUBHICTb MoaeAeH
npobAeMHOTO HaB4YaHHS. Taki YHHHUKMY,
K POABb yduTeAs-(pacuaitTaTopa, po3podKa
3aBOaHb-KENCIB, TEXHOAOTIYHA IIIATPHUMKA
Ta XapaKTEePUCTHUKU CaMUX 300yBadiB MO-
KYyTb BIIAUBATH Ha €(DEKTUBHICTE 11i€l Mofe-
Al Yy TIOKpAallleHH] pe3yAbTaTiB HaBYaHHS [8].

J10 KAIOUOBHX XapaKTEePUCTUK IIPOOAEM-
HO-OPi€EHTOBAHOI'O HaB4YaHHS HAaAAEXUTb
MOro akTyaAbHICTB, III0 BU3HAYAETHCH 3aAY-
4YeHHAM 37100yBadiB OCBiTH [0 BUKOHAHHS
KOMITA€KCHUX IIPOEKTIB, CHPAMOBAaHHUX Ha
PO3BUTOK TBOPYOI'O MUCAEHHS, CaMOCTiM-
HOCTi Ta mnpodeciHHUX KOMIIETEHTHOCTEH,
a TaKOX Ha IIpaKTU4YHE 3aCTOCYBaHHS Te-
OPETHYHUX 3HAHb, YMIHb 1 HABUYOK. Baxk-
AWBOIO O3HAKOIO IIBOTO ITIAXOAY € MizKIucC-
IIUIIAIHAPHUM XapaKTep HaBYaHHY, SKUU
nepenbadae iHTerpallilo 3HaHBb i3 Pi3HHUX
HaBYaAbHUX OUCLIHIIAIH AT €PEeKTHBHOIO
BUKOHAHHS IIOCTaBACHUX 3aBIaHb i PO3B’d-
3aHHS IIPOdeCiHO OPIEHTOBAHUX ITPOOAEM.
[IpobaeMHO-Opi€eHTOBaHE HaBYaHHS TaKOXK
XapaKTepPHU3yEThCS KOMIIAEKCHUM MiIXOA0M
10 BUPIILIEHHS 3aBAaHb, 1110 TIOASITA€ Y CITiAB-
HOMY [OOCAII>KEHHi CKAQIHUX ITPOOAEMHUX
CUTYyallili, aHaAi3l Ta y3araabHEHHI HaBYaAb-
HOro ¥ CcaMOCTiliHO oIpallbOBaHOTO MaTe-
piaay 3 MeTOI0 BU3HAQYE€HHSI OIITHMaAbBHUX
IIASXIB BUPIIIEHHI Ta MOXKAUBUX aABTEP-
HaTHUBHUX pinieHb. MoTuBalliiiHa CHpsSMO-
BaHICTh HaBYAABHOTO IIPOLIECY € BasKAUBOIO
CKAQI0BOIO, a/3Ke 3a0e3rnedye (popMyBaHHSI
CTIMKOroO 1HTE€pPEeCy CTYAEHTIB 40 HaBYaHHI,
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PO3BHTOK IIOTPeOM y CaMOOCBITI Ta MpPo-
cdeciliHOMy CaMOBIOCKOHAAE€HHI 4depe3 Ha-
JAaHHS MOZKAWBOCTI CaMOCTiffHOro BHOODY,
KOHTPOAIO BAACHOI OISABHOCTI Ta B3a€MO/Iii
3 IHIIUMH y4YaCHHUKaMM OCBITHBOI'O IIPO-
ecy. OmHI€EI0 3 XapaKTEePHUCTHK IIPoOAeM-
HO-OPi€HTOBAHOI'0O HaBYaHHS € HOro mpak-
THYHA CIIPIMOBAHICTh 1 PEaAAICTHYHICTB,
10 BUYIBAIETHCI y BUKOHAHHI 3aBAaHb 1
IIPOEKTIB, aKTYaAbHHUX [AS CYy4aCHOIO Cy-
CITiABCTBa, HAyKU Ta NOpodeciiHOoi misiAb-
HocTi. BaxkauBe 3HaUeHHS Mae€ opieHTAallid
Ha CHIBIIpaIllo, gKa Iependadae KOAEKTHUB-
He BUKOHAHHS 3aBIaHb, CIIiAbHE pPO3Bd-
3aHHS CKAQIHUX IHIpobaeM i dopMyBaHHSA
HapTHEPCHKOI B3aeMOAli MiXK CTyZeHTaMU
Ta BHKAanmadeM. Kpim Toro, mpobaemHO-
Opi€EHTOBaHE HaB4YaHHS CIIPUSE CTBOPEH-
HIO IIO3UTHBHOI'O OCBITHBOT'O CEpPEIOBHILA
3aBAIKH CTUMYAIOBaHHIO ITi3HaBaABHOI ak-
THUBHOCTI CTYAEHTIB, PO3BUTKY IXHBOI aBTO-
HOMHOCTI Ta 3abe3rnedeHHI0 cBoOOoaM BUOO-
Py y mpolieci HaBYaAbHOI migabHOCTI [8-9].

Y cpepi 0XopoHU 3M0POB'S IK KOMAaHII-
HO-OPi€EHTOBaHe HaABYaHHS, TakK i IIpobAeM-
HO-Opi€HTOBaHe HaB4YaHHS HAaTrOAOUIVIOTh
Ha KOAEKTUBHOMY IIPaKTUYHOMY HaBYaHHI
[Asl BUPIIIEHHS peaAbHUX IpobaeMm y cde-
Pl OXOpPOHH 3I0POB'A Ta KAIHIYHHX IIPO-
6aeM. PozpobaeHe AT MeEOZUYHOI OCBITH
Ha no4yaTkKy 1960-x pokiB, IpoOAeMHO-O-
pieHTOBaHEe HaBYaHHA Iependadae op-
MyBaHHS HEBEAUKHUX TPyl 3000yBadiB
OCBITH, 49Kli HOPAaIIOIOTh Pa30M [OAdI BHpPi-
IIIEHHS CKAQMHUX, OaraTorpaHHUX IIpPO-
6aeM, TTOmiOHMX MO THUX, III0, 3a3BHYAl, 3y-
CTpidaroThCd B MEIUYHUX 3akaazax [9].

OcHoBHa yBara B HNpoOAEMHO-OPi€HTO-
BaHOMY HaBYaHHI IIPUMOIASIETBECS PO3BUTKY
KPUTUYHOTO MHCAEHHS, KOMYHIKaTHUBHUX
Ta AiJEPCHPKHUX HABHYOK, HEOOXiTHUX [IAS
€(peKTUBHOIO HaaHHS MEOUYHHX IIOCAYT.
YyacHUKH OepyTh y4acTh B aKTUBHOMY

HaB4YaHHI, JOCAIIKYIOYH, OOTOBOPIOIOYH Ta
IIPOIIOHYIOYH PIIEHHS KAIHIYHUX 3aa4 ML
CIIOCTEpPEexXKEeHHAM acuaiTaTopa i3 MiHiMi-
30BaHUM BUKAQJALKUM BTpPy4YaHHAM. Ta-
KUU MiAXio HE AWIIE OIITHMI3y€ TEOPETUYHI
3HaHHS, aAe ¥ CHOpHUsSEe KOMaHIHIHA poboTi,
OPUWHSTTIO PillIEHb Ta 3OATHOCTL 3aCTOCO-
BYBaTU KOHIIEMIIii B IPaKTUYHUX CUTYAllisX,
III0 Ma€ BUpINIaAbHE 3HAYEHHS OAS yCITIIII-
HOTO MEHEIKMEHTY MAalll€HTIB y AUHaAMI4Y-
Hifi Ta ckKaagHIH cdepi MEIUYHUX ITOCAYT.

OcBiTa B Traay3i OXOpPOHHU 3O0POB'S
oig 4vac naxHpgemii COVID-19 3iTtkHyaacs
3 TpyaHollaMu. TpaaulliiHO ocBiTa B ra-
Ay3i OXOPOHHU 3I0POB'd (PyHKIIIOHyBasa 3a
KAIHIYHOIO MOMIEAAIO, TOOTO HaABYaAHHS Ta
pobora B kaimimi. IIIBuakumii mepexim mo
OHAAMH-HABYaHHS CTBOPHB K Iependa-
4qyBaHI, TaK 1 YHiKaAbHI BUKAUKH. BripoBa-
[>KeHHSI OHAalH-HaBYaHHS mepeadadyBaHoO
YCKAQTHIOBAAOCS OOMEKEeHHUM IOCBiIOM po-
00TH OCBITHIX KaapiB B OHAQHH-METOIOAO-
rii. IIpobaeMHO-OpieHTOBaHEe HaBYaHHS B
OXOPOHI 3J0POB'sT OyAO aIaITOBAHO 3 BUKO-
PUCTaHHSM 3HAMOMHUX METO/IiB TEMaTHUYHUX
JOOCAIIKE€Hb Yy BHUTASAl KAIHIYHUX KEHCIB,
ane BXK€ y BUTAG/l CIleHapiiB BipTyaAbHUX
malieHTiB. BipTyaabHe cepemoBHIIE CTBO-
pIOBaAO II€BHi O0’€KTUBHI TPYAHOILI y Iig-
TPUMIL ePeKTUBHOI KOMYHIiKallii Ta AuHa-
Miku KoMaHau. [lompu okpemi CKAamHOIIL
B IMIIA€MEHTAIllil, 3a3Ha4YeHi BUMYIIIE€H] T€H-
OEHIIT po3tIupUuAU cPepy OCBITHIX MOZKAU-
BOCTEH Y BUTAAMl PO3IINPEHHS TAODAABHHUX
IIEPCIEKTUB Ta CTBOPIOIOYU MOIKAUBOCTI
[AST TPAHCKOPAOHHOI CHIBIIpalli, OCKIABKH 3
nonioHuMu rmpobaeMamMu B cpepi MeauIHOl
OCBITH 3iTKHyAHCs (paxiBIli B yChOMY CBITi.
TakuMm YuHOM, TaHAEMIid MiAKPECANAA BasK-
AUBICTh THYYKOCTi, CTIHKOCTi Ta iHHOBaIlil
y KOMaHOHUX MiAXoAaxX Ta MHigxXonax, 3a-
CHOBaHMX Ha BUBYEHHI OCHOB MEIHUIIMHH,
B OCBITi B raaysi oxopoHH 310poB'd [10-12].

Mema pobomu - IPOBECTH aHaAi3 0COOAMBOCTEN BIIPOBA/?KEHHS CLIEHAPiiB BipTyaasbHUX
MIaLi€HTIB y MiATOTOBII iHO3eMHHUX 3000yBadiB 5-6 KypCiB MEOQUYHOTO YHiIBEPCUTETY.
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Marepianm Ta MmeTOoIM

A aHaaildy BUKOPHCTAHO PE3YABTATU
AHOHIMHOIO aHKETyBaHHA 65 CTyIeHTIB
— rpomangH [uAll, 9Ki HaBYAIOTHCS aQHTAIN-
CBbKOIO MOBOIO Ha 5-6 Kypcax MeauKo-(ap-
MalleBTUYHOTO (QaKyAbBTETY CIIEIiaAbHOCTI
«MenuiiiHa» OCBITHBOT'O CTYII€HS «MariCTp»
ByKOBHUHCBKOTO [O€p:KaBHOTO MEIUYHOI'O
VHIBEpPCUTETY, BiZiOpaHUX METOOOM BHUIIAI-
KoBoi BUOipKU. KpuTepiaMu BXOMKEHHS 00
KoTOopTH OyAu BUOIp CTymeHTaMHU-iHO3eM-
ISIMM €ACKTHUBHHX OHCIMIIAIH 3 €AeMeHTa-
MU BIPOBAKEHHS ClLIeHapiiB BipTyaAbHUX
naiieHTiB Ha naaTdgopmax OpenLabyrinth
Ta Casus Ta mobpoBiAbHA 3roza Ha y4acThb
B AHOHIMHOMY oHOHTyBaHHi. Kpwurepiamu
BUKAIOYEHHI BBaXXaA0Cd BIACYTHICTB 3T0O-
oW Ha y4acTh B aHOHIMHOMY OIIHUTYBaHHI.
BukopucroByBaaucs clieHapii BipTyaabHHUX
MAaIli€HTIB (KAIHIYHI KeHCHU-BUNIaAKHU), BIIPO-
Ba/I’K€HI B paMKaxX IIOIIEPEeAHbOI y4acTi yHi-
BEPCUTETY B TpaHTOBUX HOpoekTax TAME
«Training Against Medical Error» - HaBuaH-
HS II0ZI0 YHUKHEHHS AIKaQpPChKHUX ITOMHAOK
(3a miaTpuMKH HOporpamMmu €BpPONEHCHKOTO
Corosy Epasmyc+) Ta UDCR «Ukraine Digital
— Clinical Reasoning in Medical Education.
Curriculum Mapping and Virtual Patients»
- Ykpaina lHudpoBa. Kainiune MmucaeHHd B
Meau4dHIiN ocBiTi. KapTyBaHHA HaBYaAbHUX
IIporpam Ta BipTyaAbHi HallieHTH (piHaHCY-
€TbCcsa HiMenpKoio CAyzK00I0 aKaIeMidHUX
obMmiHiB). Ha momepemHix Kypcax CTYAEHTHU
HE MaAWu [OOCBiJy OIIpallloBaHHS ClieHapii
BipTyaAbHUX IIAIlI€HTIB 3a3HAQYEHOTO THILY.

Y poboTi BHUKOPHUCTOBYBaAHCH 2 BUIAU
CXe€M OpPHUTIHAABHUX KAIHIYHUX BHUIAJKIB

PesynpTaTHi Ta iXx 00rOBOpeHHs

BpaxoByiouu, 110 OCHOBHUMHU IIIAIMHU
npoektTy TAME € BUBUYeHHSsI HAl0iABIII PO3II0-
BCIO/I?KEHUX MEIWYHHUX [IOMHUAOK y OiarHOC-
THIIl Ta AlKyBaHHI 3aXBOPIOBaHb AUTSIYOTO
BiKy, a TaKOXX BIIPOBa/KE€HHH iHHOBAaIlil-
HHUX METO/IB IeJAaroTiKH OAS ITOKpAallleHHS
OiATOTOBKH CTYAEHTIB 3 PO3IMOBCIOIXKEH-
HSIM OCBITHIX pecypciB 1o THIIy IpoOAEMHO-
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AHTAICBKOI0O MOBOIO — PO3TaAyzKeHi (3 MOXK-
AUBICTIO y9aCHUKaMH BUOOPY BapiaHTiB Ha-
cTynHUX Ai# Ha naatdgopmi OpenLabyrinth)
Ta HEPO3raAyKeHi (AiHiIHHI — 3 ITOPiBHAH-
HAM BAQCHOI'O BaplaHTy HACTYIIHOI il Ta
IIPOIIOHOBAHOI'O OITHMAaABHOIO BapiaHTy
aBTOpaMu Kelcy 06e3 MOKAUBOCTI BUOOPY
Ha niaaTdgopmi Casus). Yci ydyacHUKHM OITH-
TyBaHHS MaAW MOXKAUBICTH IpallfoBaTH 3
obomMa THUIIaMH KAIHIYHMX KeMciB. 3aHaT-
TS BigOyBaauCsa B akKaAeMidyHHX TIpyHax
3 MOXKAUBICTIO ONpaloBaTH $SIK MIHIMyM
o 2 cueHapii BipTyasbHHX Malli€HTIB Ha
KOXKHINM i3 3a3HauyeHUX BHUIIE IIAAT(OPM.

Bukopucrani aHKeTH, IO CKAQJAAWCH
3 15 KoM0OiHOBaHUX NUTAHBb 3 MHOXKUHHUM
BHOOpPOM (MOKAUBICTL HaBoguTH 1-3 Bapi-
aHTIB BIAIIOBiAl), a TAKOXK OKpPeMi ITUTAHHS
3 MOXKAMBICTIO 3a3Ha4Y€HHS CBOT'O BapiaHTy
— HaNIBBIAKPUTOIO TUILYy, 3 BHCBITA€HHSIM
IIO3UTUBHUX AaCIIEKTIB Ta TPYAHOIIB i
Jyac BIIPOBaKEHHA ClieHapiiB BipTyasb-
HUX MAlli€eHTiB 000X THUIIIB Ha 000X IIAAT-
dopmax. Biamoimi 3amuTaHb HaIiBBiA-
KPUTOI'O THUILy aHaAi3yBaAu 3 HaCTYIIHUM
IPYIIyBaHHAM 34 CEMaHTHUYHOIO CXOXKICTIO.

PesyabTaTn onuTyBaHHS aHaaidyBa-
AW BHKOPHCTOBYIOYM METOAH OIIHCOBOI
CTATHUCTHUKHU. JIA9 OIIIHKH CTaATUCTHYHOI
3HAQYYIOCTI BIAMIHHOCTEM MIX IIOKa3HU-
KaMH{ BHKOPUCTOBYBaau Kputepiti CTbio-
neHrta (t). Jasg mopiBHSIHHSA BiJHOCHUX Be-
AUYHH 3aCTOCOBYBaAW MeETOZ KyTOBOTO
nepeTBopeHHa PDimiepa (@). 3a BiporigHy
PI3HUIIO IPUMMaAN Pi3HUIIO IPHU p(p<0,05.

OpPi€EHTOBAHOTO HAaBYAHHS, CHPSIMOBAHUX
Ha MiHIMi3allilo AIKapChKUX IIOMHAOK, BiJ-
MOBiZi CTYIEHTIB AUCKPETHO Bimobpaskasu
BKa3zaHi 2 1miAi. BiamoBigi TakKoXX OXOIIAIO-
Baau wiai npoekty UDCR crocoBHO min-
BUIIIEHHS PiBHS NHU(QPPOBUX KOMIIETEHINiN
BUKAQIAYiB Ta CTYAEHTIB MEOIUYHUX VHi-
BEPCUTETIB, III0 COPUSITHME BIOCKOHAAEH-
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HIO HaBYAABHUX IIIAXOMIIB, aIalrToOBaHUX
[0 Cy4dacHUX IOTPed OXOPOHH 3I0POB’d, a
TaKOXX CTBOPEHHH CTiMKOI OCBITHBOI CHC-
TeMH, sIKa MOXKe (PYHKIIIOHyBaTH B yMOBax
KpHu3, Ta Po3pobKa HaBYaABHHUX IMIPOrpaM,
dKi BpaxoBYIOTh IIU(PPOBY TpaHchop-
MAallil0 MEIUYHOI OCBITH 1 HAAAIOTL IIiI-
TPUMKY 9K BHUKAQJa49aM, TakK i CTyIeHTaM.

Ha BinMiHy Big TpagulliHHUX HiAXOAIB,
10 371e0iABIIOTO ImepeadadaroTh 3aCBOEHHS
3HAHb YE€pe3 AEKIIiIHHI 3aHATTS Ta I103aay-
OUTOPHY CaMOCTiHHY po0OoTy, IIpOOAEMHO-
OpPi€EHTOBaHE HaBYaHHA peaai3yeTbcd IIe-
pPeBaKHO y (popMaTi MpPakKTUIHUX 3aHATH Y
MaAO4YHCeABHUX TIpymnax. OCBiTHIH IIpoliec
OPraHi30BYETHCHI Y BHUTALl KEPOBAHOI BH-
KAQa4eM-ThIOTOPOM [AHCKYCii, III0 cIpuse
aKTHBHOMY 3aAy4Y€HHIO CTY[AEHTIB OO aHa-
Al3y HaB4YaAbHOro Martepiasy. CKOpO4YeHHH
obcary nmpaMHUX iHCTPYKILH y MexKaxX IIbOro
HiAX0Ay 3YMOBAIOE MiABUIIEHHS PiBHA BiJ-
OBimaAbHOCTI 3M00yBaYiB OCBITH 3a BAACHI
pe3yabTaTu HaBuyaHHA. [Ipu 1ibomy pyHKILT
BUKAQ[Aa4Ya TPAHC(OPMYIOThCS: BiH BHUCTY-
Ha€e 9K €KCIEePT 3 JOCAiKyBaHOI mmpobae-

MaTUKH, QacuaiTaTop y poboti 3 iHdoOp-
MallifHUMH pecypcaMH Ta KOHCYABTAHT Y
mpolleci BHKOHAHHSI TPYIIOBUX 3aBaHb.
BaskAMBOIO CKAQIOBOIO ITPOOAEMHO-OPi€H-
TOBAHOTO HAaBYaHHA € aKTHBHE BUKOPHU-
CTaHHA iH(popMaifHO-KOMYHIKaIli HHIX
TexXHOAOTIH. IX imTerparlis B ocBiTHi# mpo-
1ec 3abe3neuyye ITiABUINEHHS e(QEeKTUB-
HOCTI IOJAaHHA HaBYaABHOI'O MaTepiaay,
PO3LINPIOE MOXKAUBOCTI IIOIIYKOBOi MisIAb-
HOCTI HiJ Yac BUKOHAHHS MPOEKTHHUX 3a-
BIaHb, a TAKOXK CIIpHus€e Bidyaaizamii dak-
TiB 1 pe3yAbTaTiB [JOCAITHUIIBKOI POOOTH.

3a pesyabTaTaMHU aHKETyBaHHA BCTa-
HOBAEHO, III0 /10 OCHOBHUX IIepeBar BUKOPH-
CTaHHS ClieHapiiB BipTyaAbHHX IIAIli€EHTIB
pecrnioHaeHTH BinHecau (Puc. 1.) komasgHUM
dopmar pobOTH, MOKAUBICTH HPOBEACHHS
BigKpuTOi mpodeciiiHOI AUCKYCii, peasicTHd-
HICTh KAIHIYHHX CHTYyallili, a TaKOX MYAb-
TUAUCLIUIIAIHADHUN PI3HONIAAQHOBUM  Mif-
Xi 10 aHaAi3y BipTyaAbHOT'O ITAlli€HTA, III0
CIIPULE PO3BUTKY KAIHIYHOIO MHCAEHHI Ta
npodyeciiHOI KOMITIETEHTHOCTI. BaxkaAuBUMH
O3UTUBHUMHU acCleKTaMU CTYAEHTHU TAKOK

Puc. 1. OcHOBHI nepeBaru clieHapiiB BipTyaAbHHUX HallieHTIB (% BiaroBinel)
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BH3HA4YUAU MOKAUBICTH CAMOCTIHHOTO IIPU-
WHATTS pillleHb y 0e3leYHOMy CepeqOBHII
¥ IOOAABIIIOTO aHaAl3dy iX ageKBaTHOCTLI B
yMOBax MOJIEAIOBAHHS KAIHIYHOI IPaKTHUKHU.

[Topsim i3 3araAbHUMH IIO3UTHUBHUMU
OLliIHKaMH, MOUCKPETHUM aHaai3 BLAIOBI-
[ed CTyOeHTIB I'pyIl HOPiBHAHHS NO3BOAUB
BUSBUTHU I[I€BHI BIAMIHHOCTI y CIIPUUHHAT-
Ti edeKTHUBHOCTI pi3HHUX ¢opMaTiB clie-
HapiiB BIpTyaAbHHUX MHAalll€EHTIB, BOAHOYAC,
CAlL 3ayBaXXWUTH, IO BIPOTIAHOI CTaTHUC-
THUYHOI PI3HUII IIPH BKa3aHOMY aHaAisi
HE BCTAHOBAEHO. 30KpeMa, 3a peaAiCcThd-
HICTIO Ta MPaKTHYHOIO CIPAMOBAHICTIO
obunBa opmMaTH KEHCiB BUABHAUCS PiB-
HO3HAYHUMHM, IO CBiIYHUTH PO OLHAKOBE
CIIpUUHSATTA KAIHIYHOI HaOAMZKEHOCTI 000X
BaplaHTIB IPEACTAaBA€HHA CIleHapiio. AHa-
AOTIYHA TEHIAEHINd CIIOCTEPITaeThbCd IIOM0
dopMyBaHHSI KAIHIYHOTO MHUCAEHHS y 0e3-
IIEYHOMY CEPEIOBHII, Oe o0HuaBa THIIU
ClLIeHapiiB OTpUMAaAW HAWBHUII OILIHKH, III0
HIJKPECAIOE IX BHCOKY OCBITHIO IIIHHICTH Yy
KOHTEKCTi (opMyBaHHSI KAIHIYHUX KOM-
IIeTeHTHOCTeH 06e3 PU3UKY [OAd IIallieHTa.

BogHowyac posraayzkeHi cieHapii nge-
MOHCTPYIOTh BHII IOKA3HUKH 3a Iapame-
TpaMU MOXKAWBOCTI INPUHWHSATTA PIIIEHb Ta
JAUCKYCii, 1110 BKa3ye Ha iX OIABIIIUH OTEH-
IiaA y PO3BUTKY CaMOCTIMHOCTI CTyZE€HTIB,
KPUTHUYHOTO MHCAEHHSI Ta aKTUBHOI ITpode-
cifiHOiI B3aeMofii B mpoiieci HaB4aHHs. Ha-
TOMICTE AlHIWHI CcIleHapii oTpUMaAu OEIIO0
BUIIl OI[IHKH 3a KPUTEPIIMH KOMAaHIHOI
pobOTH Ta PiI3HOIIAAHOBOCTI # MYABTHUIMC-
OUIIAIHAPHOCTI, III0 MOXK€ CBIAYUTU PO IX
e(PEeKTUBHICTL Yy (POpPMyBaHHi y3roaKeHOi
rpymnoBoi B3aeMoii Ta OiABIII CTPYKTYypOBa-
HOT'O CIPHUHHATTS HaBYAABHOI'O MaTepiaay.

Y wmiaoMmy, oTpuMaHi mOaHlI CBigYaThb
mpo audepeHIlifioBaHy I1eJaroriyHy edek-
TUBHICTb 000X THUIIIB CIleHApPiiB: poO3rasy-
JKEHI KeUWCH € OIABII CIPUSITAUBUMHU IAS
PO3BHUTKY AaBTOHOMHOCTI Ta KAIHIYHOIO
MHCAEHHS, TOMi SIK AiHiMHI crieHapii 3a0e3-
IIe4YyI0Th Kpallli YMOBH OASI CTPYKTypoBa-
HOI KOMaHAHOI B3aeMofili Ta opraHizoBa-
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HOI'O 3aCBOEHHS HaBYaABHOIO MaTepiaay.

OCHOBHHUMH TpyAHOIIaMH poboTH 3i
CLIeHapigdMH BIPTYaAbHHUX MAIlIEHTIB CTY-
JIEHTU-1HO3EMIII BH3HAYAAW HEOOXimHiCTH
BHCOKOI'O piBHYA CaMOCTIMHOCTI, III0 IIOTpeE-
Oye cdopmMoOBaHHUX HABHYOK KPUTHIHOTO
MHCAEHHH, aHaAi3y iHopmallii Ta mpuiHAT-
TSI KAIHIYHUX pIillleHb B YMOBax O0OMeKeHO-
ro 4yacy ¥ HENOBHUX OaHUuX. [lad 4acTUHU
3nobyBauiB ocBitu (22, 33,8%) ckaamHiCTh
MOXK€ CTAaHOBHUTHU ajamTallid A0 aKTHUBHUX
dopM HaBYaAHHS, SIKi IependadaroTs 3HAYHO
OiABIITY 0COOHCTY BiATIOBiIAABHICTE HOPiBHSI-
HO 3 TPaAUIiMHUMU METOJaMU BHKAQJIaH-
Heg. [lomgaTKOBUMHU TpPYAHOIIIAMH BUKOPH-
CTaHH4 CIE€HapiiB BIPTyaAbHHUX MAallI€HTIB
€ 3HayHe KOTHITMBHE HaBaHTaKE€HHd Ha
CTYZEHTIB, 3yMOBA€HE HEOOXiMHICTIO OIHO-
YaCHOTO aHaAi3y BEAMKOTO 00CATY KAIHIYHOI
incopmartii, iHTeprpeTailii pe3yAbTaTiB 00-
CTeXEeHb Ta BHOOPY OITHMAaABHOI TAKTHUKU
Be/IeHHd IallieHTa. lle MoxKe CIpUYUHSTU
TPYAHOIl Y CTYAEHTIB 13 HEAOCTATHIM PiB-
HEM IIOIIepeaHbOI TEOPETUYHOI MiATOTOBKH.

BaxkauBUM OOMEIKEHHSIM [OAS HEBEAU-
KOi KOTOPTH YYaCHUKIB OCBITHBOTO IIPOIIECY
3 YyucAa iHO3EMHUX T'POMaJsH € TaKOX He-
[OCTaTHIN piBeHb MHU(PPOBOI KOMIIETEHTHO-
cTi (11, 15,4%), 1m0 MO3Ke yCKAQIHIOBATHU
e(peKTUBHE BUKOPHCTAHHS ClIelliaaizoBa-
HUX TAATOPM 1 CHUMYASIIIMHUX TEXHOAO-
riti. Kpim Toro, Ha AOyYMKY TPETHHHU OIIH-
TaHux (22, 33,8%) BipTyaabHHH BapiaHT
KAIHIYHUX CHUTyalll¥l He 3aBXOU [JO3BOASLE
IIOBHOIO MIpPOI0 BIATBOPUTH €EMOIIilHI, KO-
MYHIKQTHBHI Ta €THYHiI aCIIeKTH B3a€EMO.Iii
3 peaapHHM InariieHToM. KpiMm TOro, dactu-
Ha CTYAEHTIB MOXE MOEMOHCTPyBaTHU 3HU-
>KEHHS PiBHS €MOLIIMHOTO 3aAy4eHHS Yepes
BIICYTHICTb P€aABHOTO KOHTAaKTy 3 Ialli€H-
TOM, LI0 IIE€BHOIO Miporo oOMexye popmy-
BaHHA eMIIaTii, HaBUYOK MIi¥K0COOHCTiCHOI
B3aeMoii Ta 34aTHOCTI O KOMIIAEKCHOTO
CHPUUHSATTA IICUXOEMOIIIMHOIO CTaHy XBO-
poro. TobTo mIe omHi€I0O TPOOAEMOIO € PHU-
3UK 3HUKEHHs PiBHA Oe3mocepemaHbol Kai-
HIYHOI KOMYHIiKaIlli, OCKIABKH BipTyaAbHE
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MOOEAIOBAHHS He 3MaTHE ITOBHICTIO 3aMiHH-
THU TIPAKTUYHUHN OOCBiA poOOTH. 3 IIUM XKe
TI0B’d3aHa oOMekeHa MOXKAHBICTH Bimrrpa-
IIOBAaHHA NPaKTUYHUX MaHyaAbHUX HaBHU-
4OK, Ha 110 3BEPTAAH yBary 4YBepThb PECIIOH-
aeHTiB (18, 27,6%), oCKiABKH BipTyaabHI
ClieHapil IepeBakKHO OPIEHTOBAHI Ha PO3-
BUTOK KAIHIYHOTO MUCAEHHS Ta aATOPUTMIB
MIPUHHATTS pillleHb, asre He 3a0e3IeYyIoTh
IIOBHOIIIHHOTO (DOPMYBAaHHSA TEXHIUYHUX Ha-
BUYOK BUKOHAHHSI MEAUYHUX MAaHIIIyAdITiH.

BiapnoricTe y4YacHHUKIB BKaslyBaaa Ha
CKAQIHOIIl, ITOB’d3aHi 31 3MICTOBHUMH Xa-
PaKTepUCTHUKAMU CaMHX KeMCiB, 30KpeMa
HEJOCTATHICTIO aHaMHECTHYHUX Ta Aabo-
paropHux nanux (34, 52,3%), a TaKo¥X He-
TUIIOBICTIO KAiHIYHUX BUnaakis (30, 46,1%),
110, IIeBHe, BimoOpazkaso aagarToOBaHICTh
clieHapiiB 10 ocobamBOCTE# opraHizarlii Ha-
JaHHS JOTIOMOTH y KpaiHi CTBOPEHHH ClieHa-
pito. OkpeMo Big3HAYEHO ITPOOAEMH, TTOB’d-
3aH1 3 HEJOCTATHIM PiBHEM KOMYHIKAQTUBHUX
HaBUYOK BUITYCKHUKIB, 30KpeMa TPYIHOILI
y BEIEHHI KOPEKTHOI Ta apryMeHTOBaHOi
auckycii (17, 24,6%), 110 IEeBHOIO Mipolo
BIIAMBAAO Ha BiJCYTHICTP KOHCEHCYCHOT'O
XapakTepy NOPUHWHATTA KAIHIYHUX PIII€Hb.

[Tonmpu HasgBHI O0’€KTWBHI TPYIHOII,
OIABIIICTL PECIIOHAEHTIB BUCAOBHAHWCS Ha
KOPHUCTH PO3UIHUPEHHS BIIPOBAIKEHHS IIPO-
OAeMHO-Opi€HTOBAHOTO HaBYaHHS Ha BH-
IIlyCKHOMY Kypci (56, 86,2%), 9k y dopma-
T1 4aCTKOBOI 3aMiHU TPAOUIIINHUX METOMIIB
HaBYaHHS, TakK 1 B iX IoegHAaHHI, IIIO0 CBII-
YUTH IIPO, 3araAOM, IMO3UTHUBHE CIIPUMHSIT-
Tsl OaHOI OCBITHBOI TeXHOAOTIi. ¥ 3B’I3Ky 3
IIUM HafOIABII e(PEeKTUBHUM BBaXKAETHCH
IOEAHAHHS CHMYASIIIHHUX TEXHOAOTIN 3
TPagULIMHUMU (opMaMHu KAIHIYHOI M-
TOTOBKH, II0 3abe3redye KOMIIAEKCHUH
PO3BUTOK MNPOPECiHHUX  KOMIIETEHTHO-
creli MaMOyTHIX MeOWYHUX ITPalliBHHUKIB.

TakumM dYUHOM, y TIpolleci peaaizartii
Kelfic-MeToay Iif yac po3B’a3aHHs Tpodeciii-
HO OPi€HTOBAHUX 3aBAaHb (POPMYETHCS IIIH-
POKUM CIIEKTP 3araAbHUX i (paxOBUX KOMIIE-
TeHTHOCTEeH. 30KpeMa, yIOCKOHAAIIOTBHCS

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

KOMYHIKaTHUBHI KOMIIETEHTHOCTI, 1110 ITPOSIB-
ASIIOTBCSI y 30ATHOCTI YiTKO (POPMyAIOBATH
Ta apryMEHTOBAaHO BiZICTOIOBATU BAACHY I10-
3UI[I0, KPUTUYHO aHaAi3yBaTU BHCAOBAIO-
BaHH4 IHINIUX YYaCHUKIB AUCKYCIli, 341 CHIO-
BaTU KOHCTPYKTHUBHHUH OOMiH AyMKaMH Ta
nobupatu oOIpyHTOBAHI KOHTPAPIyMEHTH.

BukopucranHda clieHapiiB BipTyaAbHUX
MIAIfIEHTIB TAKOXK CIIPUSE PO3BUTKY IIPE3€H-
TaAifHUX YMiHb i HABUYOK, HEOOXITHUX [IAS
CTPYKTYpPOBaHOTI0 ITOAaHH4 iHdopMaliii, Iry-
OAIYHOrO IIpenCcTaBACHHSI Pe3yAbTaTiB aHa-
Ai3y Ta edpeKTUBHOI IpodecitiHoi KoMyHiKa-
ii. OgHOYacHO BigOyBaeThbCcs (pOpMyBaHHS
BIIEBHEHOCTI Y BAACHHUX IIPOECIHHUX MOXK-
AUBOCTSX, 30ATHOCTI HpHUHAMaTH pPIillleHHA
Ta HECTHU BiAIIOBIJAABHICTL 3a IX HACAII-
KH. BaxkauBHUM pe3yAbTaTOM 3aCTOCYBaHHS
KeMCiB € PO3BHUTOK HAaBUYOK palliOHAABHOI
IIOBENIHKH B yMOBax iH(opMalliliHOi HEBU-
3HAYEHOCTi, III0 OCOOAWBO aKTyaAbHO IIif
4yac BHPIIIEHHS KOMIIAEKCHUX ITpodpeciii-
Hux 1npobaem. Taruii migxin crapusde ¢op-
MyBaHHIO aHaAITHUYHOT'O MUCAE€HHS, YMiHHI
IpallloBaTH 3 HEIIOBHUMH abo CylepedAu-
BHUMHU [aHUMH Ta IIpUHAMaTH OOIPyHTOBA-
Hl pIiIlIeHHd B HECTAHAAPTHHUX CUTyallidX.

Kpim Toro, y mpoieci aHaaily KeHCiB
VAOCKOHAAIOIOTBCS  €KCIEePTHO-aHaAITHY-
Hi KOMIIETEHTHOCTI, HEOOXifAHi AL OIliHIO-
BaHHsS €(EeKTUBHOCTI NpodeciiHOol misiAb-
HOCTi IIepCOHaAy, BHU3HA4Y€HHS CHABHUX i
CAaOKUX CTOPIiH yHIpaBAIHCBKHUX abo KAai-
HIYHUX pIIIeHb, a TaKO¥X IIPOTHO3yBaH-
Hd MOXKAUBHUX HACAIOKIB IX peaaisartii.

CyTTeBe 3HaA4YEHHS Ma€ pPO3BUTOK
pedPAEKCHUBHUX yMiHb, IO 3a0e3Ie4YyIoTh
3iICHEHHSI CAaMOOIIIHKH, CAMOKOHTPOAIO Ta
IIOOAABIIIOI KOPEKIIl iHANBIAyaAbHOTO CTHU-
A0 TIpodpecitiHoi B3aemomii ¥ INOBEMIHKU.
OpgHoyacHO (POPMYIOTBCS HaBUYKH IHapT-
HEPCHbKOi B3aeMofil Ta CHiBpoOiTHHUIITBA,
dKi TiepeadadaroTh 34ATHICTE €(EeKTHBHO
IIpaloBaTH B KOMaH/i, OOCATaTH KOHCEH-
CyCy Ta peaAi30oByBaTH CHIABHY diSIABHICTH
y mpodpecitinoMy cepenoBulli. BiaTBopeH-
HS MaKCHUMaABHO HaOAWXKEHUX OO pPeaAb-
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HUX KAIHIYHHUX CHTyallii 3a [JOIIOMOTOIO
TEXHOAOTII BIpTyaAbPHHX IIAII€EHTIB MOiABU-
II[y€ HaB4YaAbHY MOTHBAIlI0, AaKTUBI3yeE
[Hi3HABaAbHY MOISIABHICTB, CHPULE PO3BUTKY
KPUTUYHOTO MMCAE€HHSI, €MOIIifHOTO iHTe-
AEKTY Ta NPaKTUYHUX HABHYOK MaMOyTHiIX
AikapiB. KpiMm TOro, 3acTocyBaHHS TaKHX
TEeXHOAOTIH 3abe3meuye OiAbII e(PEeKTHUB-
HE [JOCATHEHHd IIPOTPaMHHX PpPe3yAbTaTiB
HaBYaHHS, (POpMy€e CHUCTEeMHUU ITiaxXizm mo
PO3B’sI3aHHSA KAIHIYHUX 3aBIaHb i CTBOPIOE
YMOBH [ASI IPAKTUYHOI'O 3aCTOCyBaHHS Te-
OPETHYHUX 3HaHBb y ITpodeciiHo opieHTOBA-
HUX cUTyalligx. lle, CBO€0 4eproio, Crpuse
PO3BUTKY ITpoeCiiHUX SKOCTel, KAiHid-
HOTO MHCAEHHS Ta OCOOHCTICHHUX KOMIIe-
TEHTHOCTEeH 3m00yBadiB MEIUYHOI OCBITH.

BogHoyac, MOXHa BIOAMITUTH OKpeMi
O0’€KTHUBHI TPYOHOIIl iMIAeMeHTallil clie-
HapiiB BIpTyaAbHHX IIAIlIEHTIB Ha pPI3HUX
eTarnax, 30KpeMa, CKAAIHICTb CTBOPEHHS
AKICHUX CILIeHapiiB BipTyaAbHUX MAIlI€HTIB,
OCKIABKH PO3p00Ka peariCTHIHNX KAIHIYHUX

BucHOBKM

Takum YMHOM, BUKOPHUCTAHHS ClIeHapiiB
BipTyaAbHUX ITAIIIEHTIB CTBOPIOE YMOBHU JAS
b6e3neyHoro (popMyBaHHHA KAIHIYHUX KOM-
IIETEHTHOCTEN CTYAEHTIB, HAJal09U MOKAH-
BICTBh aHaAi3yBaTH Ta BUIIPABASITU IOMHUAKH
0e3 pU3HKY [IAd peasbHOTO MarieHTa. Momae-
AIOBAHHSY HETaTHUBHHX HACAIOKIB MeOUYHOIL
JIOTIOMOTHY CIIPUSIE YCBiIOMAEHHIO MaMOyT-
HiMHU paxiBIsgaMU IIpodeciiHol BiAoBigarb-
HOCTi, BOAHOYAC MiHiMi3yl04u HMOBipHICTH
IICUXOAOTIYHOT'O CTpPECy, IKHUU MOKe BH-
HUKHYTH B pe€aAbHIM KAIHIYHIN IpakTHIL.

KeHciB moTpebye 3HAYHUX YaCOBUX PECyp-
CiB, MIZKAUCIIUIIAIHAPHOI CHIBIpAIll Ta yda-
CTi paxiBIIiB i3 MEAUYHOI OCBiTH, KAIHIYHOI
OpakTUKU ¥ iHpopMallitHUX TEeXHOAOTIH.
CyTTeBHM YHMHHHUKOM € TaKOXK BHCOKAa pe-
CYPCOMICTKICTb BIPOBAIXKEHHS TAKHUX T€X-
HOAOTI#, 1110 TToTpebye piHAaHCOBUX BUTpPAT
Ha OpUAO0aHHSA Ta MATPUMKY IIPOTPAMHOTO
3abe3meyeHHs, OHOBAEHHS [TU(PPOBUX IIAAT-
dopmM, HaBYaHHA BUKAQOAYIB i TEXHIYHUU
CYIIPOBiZl OCBITHBOrO Ipoilecy. He wmeHIn
BaXXAUBUM AaCIIEKTOM € HeOoOXimHICThL IIo-
CTIMHOTO OHOBAEHHS CII€HapiiB BiAIIOBITHO
[0 Cy4YacCHHX KAIHIYHHUX IIPOTOKOAIB, JOKa-
30BOi MEIUIIMHU Ta 3MiH y CTaHOapTax Ha-
JaHHS MEIUYHOI JOIOMOTH, III0 IOTpPedye
CUCTEMATUYHOI METOAUYHOI Ta €KCIIEPTHOIL
poboTtu. [JomaTKOBi TPYMHOI IOB’d3aHi 3
TEeXHIYHUMH acCIIeKTaMH, 30KpeMa IoTpedoro
y cTabiAbHOMY DOCTYIIi 40 MepexKi [HTepHeT,
CydacHOMY MporpaMHOMYy 3abe3nedeHHi
Ta BIAIIOBIAHOMY TEXHIYHOMY OCHAIIEHHI.

Bonnouyac BipTyasbHe HaBYaHHS HE CAif
pPO3TAIIATU SIK IIOBHOIIIHHY aAbTEPHATHUBY
TpaaUuIiHHIN KAiHIYHIN miaroroBHi. He3sa-
JKAO4YU Ha 3HAYHHUHP IIOTEHIaA ITU(PPOBUX
TEXHOAOTIH, BOHU He 3JaTHi ITIOBHICTIO 3aMi-
HUTHU HaBYaHHSA 0e3[1ocepeIHb0 B KAIHII. Y
3B’I3KY 3 IIUM HaM0iAbIll eDEeKTUBHUM ITiI-
XOOOM MOZKHa BBarkKaTH IHTErpallilo BipTy-
aABPHUX CUMYAdIIIMHUX TEXHOAOTIHM 3 Tpaau-
IIHHUMH MeToAaMU KAIHIiYHOIO HaBYaHHSI,
1o 3abe3nedyye KOMIIAEKCHICTb i IpaKTH4-
Hy CIHpPSMOBAHICTh OCBITHBOT'O IIPOIIECY.

ITepcnexxmueu nodansbuiux 00CNiOHeHb IIOASITAIOTH B aHAAI31 ITepeBar Ta TPYIHOIIIB
YIIPOBaKEHHS CLIEHAPiiB BipTyaAbHUX MAlI€HTIB Ha MiCASAUIIAOMHOMY €Talli MeauYHOi
OCBITH, 30KpeMa, ITifl Yac IEPBUHHOI CIelliaAi3allii B iHTepHaTypi Ta BTOPUHHOI CIIEIliaAi-
3a11ii 3a npodiagMU 3 HIOPIBHAHHAM OTPUMAaHUX JAHUX.

Kongaixm inmepecib

ABTOp HeKxilapye BiICyTHICTb piHaHCOBMX abo iHIIIX KOH(IIIKTIB iHTepeciB, SIKi MOITIV BIUIN-
HYTV Ha pe3yJIbTaTy, iIHTepIpeTallifo Ta BUCHOBKM JOCITiJIKeHHS.
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AHoTauina

Po38UmMok KniHiuHO20 MUC/1eHHs Yy 3006y8aYa MeOUYHOT 0C8iMU € OOHUM 3 K/H0-
yoB8UX 3d80dHb MEOUYHUX neddzozi8 y CyydcHUX ymosax. BoHo ¢opmye 30amnicme
malibymHix meduuyHUX ¢axiguie 4imKo 8U3HAYAMU KAiHIYHi NPObeMU, BCMAHOB/O-
g8amu 8ionosidHul didzH03, 06pamu oNMUMA/bHY MAKMUKY NiKY8AHHS Md NPOZHO3Y-
g8amu nepebiz 3axX80pOBAHHA. Y UbOMy ceHci npoyec Habysde 0c061uB0T 3HaYyw,ocmi
8 2a/1y3i BHyMpiWHbLOT MeOUUYUHU, WO OXON/KE WUPOKUU cnekmp Namo/02iYHUX Cu-
myayil, cnuparoyucb Ha MiXOUCYUNAIHAPHI 3HAHHS Md PO38UMOK OCHOB hpodeciliHoT
NpakmMuKu Aikaps.

[liozomoeka sucokoksanipikosaHux MedUYHUX NPAUiBHUKIB 3d/1UWAEMbCA 00-
HUM 3 Hallsaucaugiwux 3a80dHb cUCMEMU 0XOPOHU 300p08’s YKpdiHu, a ii K1rvosum
€/1eMEHMOM € K/IHIYHE MUC/IEHHS, WO HAnewcums 00 Halbinbw 3d2dabHUX, 6A3UCHUX
ma 8UXiOHUX NOHAMb MeOUUUHU. OCHOBU K/iHIYHO20 MUC/IEHHS NOYUHAOMb 3dK/1d0d-
mucs we Ha NOYdMKOB8UX emdndx HABYAHHA 8 YHiBepcumMemi npu 8UBYEHHI 3d2d/IbHUX
MeOdUYHUX OUCUUN/IH, Uj0 8 NOOA/bLUIOMY € NIOrpyHMAM 0419 8UBYEHHS KATHIYHUX OuC-
UuniH. Ha npakmuyHUX 3adHAMMAX WUPOKO 3dCMOCOBYHOMbCA PiSHOMAHIMHI cyyac-
Hi MEMOOUKU HABYAHHS. [TOEOHAHHA Pi3HUX MEMOOUK CNPUSE He Auwe POPMYyBAHHIO
KNiHIYHO020 MUC/1eHHSs, a U Mde 6e3nocepedHili 8nauUs K Hd meopye, Mak i Hd Kpumuy-
He MUC/1EHHS, AKi € CKN1ado8UMU NPOogeciliHo20 MUC/NEHHS, NPUMAMAHHO20 MEOUYHUM
npauisHUKam.

Y cmammi gucsimaoomsca cyydcHi nioxoou po38UMKY KAiHIYHO20 MUC/IEHHA
cmyodeHmis y npoueci BUBYEHHSA BHYMPiWHbOT MEQUYUHU. PO32150deEmbcsa 8HECOK Cy-
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YdcHUX oc8imHix memodie (Npob/1eMHO-0piEHMOBAHE HABYAHHS, 062080PEHHS KAIHIY-
HUX 8unaodkis, cumynsayiliHi mexHos0zil, Memoou Kelicis, cmaHOapmu308aHi nayieHmu,
MimOUCYUNAIHAPHA iHMezpauia ma 0oKd308d MeOUYUHA) Y PO38UMOK dHANIMUYHUX,
didzHOCMUYHUX Md NPOZHOCMUYHUX HABUYOK. YcniwHe hopMyB8dHHS K/AIHIUHO20 mMuc-
/IEHHA MOW/IUBE 3d YMOB NOEOHAHHS MEOPEMUYHOI Md NPAKMUYHOT Ni020MOoBKU, dK-
MUBHO20 3d/1y4eHHs cmydeHmis 00 K/iHIYHO20 dHai3y ma 6e3nocepedHboi NpakmuKu
3 ped/IbHUMU hauieHmamu. Haguuku KpUMuUYHO20 MUC/IEHHS, KAIHIYHO20 npuliHaAmMmS
piweHb ma npodeciliHoi 8i0N08idd/1bHOCMI € OCHOBHUMU KOMNemeHMHOCMAaMU, AKi
¢popmyrombcs y npoueci 3006ymms medu4HOT ocaimu. Baxc/ugoro ymogor nidzomos-
KU Cy4dcHO20 /iKaps € MimOUuCyuNiiHapHa iHmezpayis NPUPOOHUYUX Md KAIHIYHUX
Hayk.

Cy4ydcHi nedazoziuHi mexHo102ii cnpusitome akicHili nidzomosuyi malibymHix nika-
pis i 3a6e3neuyromb KOHKYPEHMOCNPOMOMHICMb 8UNYCKHUKIB MeOUYHUX yHigepcu-
memig Ha MiwHAPOOHOMY piBHi.

Conceptualization of natural science knowledge in
the process of developing clinical thinking during the

Keywords:

clinical thinking;
internal medicine;
medical education;
problem-based learning;
simulation training
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Abstract

The development of clinical thinking in medical students is one of the key ob-
jectives of medical educators in contemporary educational settings. It enables future
healthcare professionals to accurately identify clinical problems, establish an appro-
priate diagnosis, select the optimal treatment strategy, and predict the course of dis-
ease. In this regard, the process assumes particular importance in the field of inter-
nal medicine, which encompasses a broad spectrum of pathological conditions and
relies on interdisciplinary knowledge while fostering the fundamental competencies
required for professional medical practice.

The education of highly qualified healthcare professionals remains one of the
foremost priorities of Ukraine's healthcare system. Central to this process is the devel-
opment of clinical thinking, which constitutes one of the core competencies in medical
practice. The foundations of clinical thinking begin to form during the early stages
of medical education through the study of basic medical sciences, which provide the
theoretical framework for subsequent clinical training. A variety of contemporary
teaching methods are employed during practical classes. The integration of these ed-
ucational approaches not only facilitates the development of clinical thinking but also
promotes creative and critical thinking, both of which are essential components of
effective clinical reasoning and professional decision-making in healthcare practice.

This article examines contemporary approaches to developing clinical think-
ing in students during the study of internal medicine. It considers the contribution
of modern educational methods (problem-based learning, clinical case discussions,
simulation technologies, case-based methods, standardized patients, interdisciplin-
ary integration, and evidence-based medicine) to the development of analytical, di-
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agnostic, and prognostic skills. Successful cultivation of clinical thinking is contingent
upon a combination of theoretical and practical training, active student engagement
in clinical analysis, and direct exposure to real patients. Critical thinking, clinical deci-
sion-making, and professional accountability constitute the core competencies devel-
oped throughout medical education. Interdisciplinary integration of the natural and
clinical sciences is an essential condition for preparing the contemporary physician.
Modern pedagogical technologies contribute to the high-quality training of fu-
ture doctors and ensure the international competitiveness of graduates from medical

universities.
3MICT
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CydacHa cucreMa MeOWYHOI OCBiTH Yy (opMyBaHHI HpodeciiiHoi crpsaMoBaHO-

CIpsIMOBaHa HE AUIIle Ha Iepenady Teope-
TUYHUX 3HaHb, a ¥ Ha PopMyBaHHS IIPO-
deciiiHOi KOMIIETEHTHOCTI MaWOyTHBOTO
AlKapsi, OCHOBOIO SIKOi € KAIHiYHE MUCAEH-
Ha. Came KAiHIYHEe MHCAEHHS 3abe3redye
3IaTHICTb AiKaps IIPaBHABHO iHTepIIpe-
TyBaTH CHMIITOMH, aHaAi3yBaTH IIaTore-
HETHUYHI MEXaHi3MH 3aXBOPIOBaHHH, IIPO-
BOOUTU [OU(EPEHIiHHy M[OiaTHOCTHUKY Ta
npuiMaTH oOTPyHTOBAHI KAIHIYHI pillleHHS.

Ocob6amBoro 3HadYeHHsI HabyBae€ 1mmpodae-
Ma ¢QopMyBaHHS MOpodeciiiHoi crpsaMoBa-
HOCTiI MalibyTHIX AiKapiB, gKa BKAIOYAE HE
Aulle npodeciiHi 3HaHHA Ta HAaBUYKHU, aAe
¥ MoTHBAIllil0, €eTUYHi II[iHHOCTi Ta rymMaHic-
TUYHE CTaBA€HH4 M0 naitieHTiB. [Ipupoguu-
9i MUCIIMIIAIHHM, TaKi 9K MeaudHa 0Oioaorid,
MeaudHa /0ioaoriyHa Ximidg, menudHa/0bio-
AorigyHa (pi3HKa, BiAirparoTh BasKAUBY POAb
y OiAroTOBLI MaWOyTHIX MEeOuKiB i € 0as3u-
COM [OAS KAiHiYHOI MegunuHU. BoHU dop-
MyIOTh (PyHAAMEHTaAbHI 3HAHHS BaXKAUBI
AT MEeOUYHOI IIPaKTHUKHU, ITOSICHIOIOYH MO-
AEKYASPHI Ta KAITHHHI MeXaHi3MHU XBOPOO,
BIIAUB AiKiB Ha OpraHi3M Ta NPUHIIUIIN PO-
00TH MeOUYHOTO OOAaHAHHS, II€PETBOPIO-
I0YM CHUMIITOMATHYHE AlKyBaHHS Ha TOYHY,
I0Ka30By HayKy. HemocraTHe BUKOpUCTaH-
HS [OTEHIiaAy TIPUPOAHUYUX [JUCIIUIIAIH

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

CTi MOXK€ MPHU3BOAUTHU OO0 HU3BKOI MOTHUBA-
mii MaibyTHIX MEOUKIiB i HEZOCTATHBLOI TO-
TOBHOCTiI [0 ITpodpecifiHol AiIABHOCTi, IIIO
iTKPECAIOE aKTyaAbHICTB Ii€i mmpobaemmu.

“BHyTpiliHg MenuliMHa” € OOHI€I 3
IPOBIAHUX KAIHIYHUX AUCLUIIAIH, 110 op-
Mye mpodeciiiHe CTaHOBACHHS MaiOyTHBO-
ro Aikapsg. BoHa iHTerpye 3HaHH4 3 aHATO-
Mii Ta maToAorigyHoi aHaToMii, HOpMaAbHOI
Ta TIaToAOTIYHOi i3ioaorii, dapmakono-
rii, aabopaTopHOI MiarHOCTHKH Ta iHIIHUX
oucrunaig. Came 1 yac BUBYEHHd BHY-
TPilIHBOI MEAUIIMHH CTYAEHT HaBYa€THCS
CHCTEMHOMY aHaAi3y KAIHIYHUX CUTyallill Ta
HabyBae HaBHYOK AIKAPCBKOTO MHCAEHHS.

AKTyaABHICTE  HIpoOAEMH  3YMOBAE-
Ha HeOOXiMHICTIO BIOCKOHAAEHHI IIiIXO-
OiB [0 BUKAQOAHHS BHYTPIINIHBOI Mequ-
IIUHU B yMoBax pedOpMyBaHHS MeIUYHOI
OCBiTH, BIIPOBa/K€HHdA KOMIIETEHTHIC-
HOro MigxXony Ta oOpieHTallii Ha MiXKHa-
POAHI cTaHZAPTH MiATOTOBKH AiKapiB.

Po3BUTOK KAIHIYHOTO MUCAEHHS IIOTpe-
Oye moemHAHHS TEOPETHYHOI IiATOTOBKU 3
OPaKTUYHOIO MiSIABHICTIO, BHUKOPHUCTAHHS
Cy4aCHUX OCBITHIX TEXHOAOTIH, KAIHIYHUX
po3060piB, CHUTyalliMHUX 3a7ad Ta CHUMYAS-
nitinoro HaBuyaHHs. CdopmoBaHe KAiHIY-
He MUCAE€HHH BU3HAYa€ AKICTh MaiOyTHBOI
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npodeciiHoi  misIAbHOCTI  AiKapsi, Horo
30aTHICTh A0 CaMOCTIMHOro aHaai3ly Kai-
HIYHUX BUIIQJIKIB Ta NPUHAHATTI ePeKTUB-
HUX AIaTHOCTUYHUX 1 AIKyBaAbHUX pPIIIEHb.

ducnunaina  “BHyTpilllHI  MeIUITU-
Ha” CTBOPIOE OIITHMAaAbHiI YMOBHU IAsl pop-
MyBaHHSI KAIHIYHOTO MHCA€HHSI, OCKIABKH
OXOITAIOE IIIMPOKHH CIIEKTP 3aXBOPIOBaHb,

MeTta gociimKeHHs:

1[0 BUMAararmTb KOMIIAEKCHOI'O ITiAXOAy MO0
OLIIHKW CTaHy IalieHTa. Y IIPOoIeci HaB-
4YaHHS CTYAEHTU OIIaHOBYIOTH HaBHUYKH
300py aHaMmHe3y, MOPOBeAEHHS (Qi3UKaAb-
HOro OOCTeKeHHd, iHTepupeTalii pe3yAb-
TaTiB Aa0OpPATOPHUX Ta IHCTPYMEHTAAB-
HUX J[JIOCAI3K€Hb, a TaKOX I[00yg0BU
aATOPUTMIB [OIaTHOCTHUKH Ta AlKyBaHHS.

- aHaAi3 CyYyacHUX IiAXoAiB 10 (POpMyBaHHS KAIHIYHOTO MUCAE€HHS CTYAEHTIB i 4ac
BUBYEHHS BHYTPINIHHOI MEIUIIMHU Ta BU3HAUYEHHSI HAWOiABII e(peKTUBHUX I1eJarorii-
HUX TE€XHOAOTIH, 110 CIIPUSIOTH PO3BUTKY IPOdeCiiHOI KOMIIETEHTHOCTI MaOyTHHOTO

AlKaps;

- JIOCAIIZKEHHSI POAi BHYTPIIIHBOI MEAUIIMHU V (POPMYyBaHHI KAIHIYHOTO MHUCAEHHS 3710-
OyBa4iB MeOUYHOI OCBITH Ha OCHOBIi 3HAHb 3 IIPUPOAHUYUX AUCITHIIAIH;

- aHaAi3 OCHOBHUX YMHHUKIB, 1110 BIAMBAIOTh HAa 1€ IMpolleCc Ta BU3HAYEHHS IIIASIXIB
MOT0 BIOCKOHAAEHHH B YMOBaxX CydaCHOI MeIUYHOi OCBITH.

OcHoOBHa YacTMHa

[ast aHaaidy BUKOPUCTAHO pe3yAbTa-
T aHOHKAIHIYHE MHCAEHHYI HAAEKUTEH [0
Haf3araApHIIIUX, IIEPBHHHUX 1 0a30BHUX
HOHSITh MEOUWIIMHHM, Ha OCHOBI SIKHUX Oymy-
€ThCS MEAWYHA HayKa i, BiAIIOBiAHO, 3/ikic-
HIOETBCA IpodeciiiHa AiIABHICTh MeQUYHUX
IpalliBHUKIB. ICHye KiAbKa BU3HA4YE€Hb I1bO-
ro TIOHATTS, SKi XapaKTepPHU3yIOTh HOro sK
0COOAUBHH THUII ITPO(PECIifHOTO MHCAEHHS,
BAAQCTUBUH IIpalliBHUKaM CQEpPHU O0XOpPOo-
HU 3/I0pPOB’d Ta 3aCHOBaHUN Ha IIOEOHAH-
Hi TEOPETUYHHUX 3HAHb, MNPAKTUYHHUX Ha-
BHUYOK 1 3aCTOCYBaHHS BAACHOI'O JOCBiAy B
TypOOTi IIpo 3m0poB’a maillieHTiB [1, 2]. Ta-
KUM 4YUHOM, T€, 9K MEIWYHI MNpalliBHUKU
«MUCAATB», CTUKAIOYUCH 3 KAIHIYHOIO ITPO-
0AeMOI0, € BasKAUBUM €AEMEHTOM e(PDEeKTUB-
HOi KAiHI4YHOI misiapHOCTI [3]. PopMyBaHHS
KAIHIYHOTO MMCAEHHS IIOYMHAETLCH BIKE
I Yac HaBYaHHA Ta BIOCKOHAAIOETLCS
B mpoleci npodoeciinoi misabHocTi [1, 4].

KaigiyHe MUCAEHHA € CKAQOHUM 1H-

AKUHU BKAIO-
iHTepIIpeTalio

TEAEKTYaABHHUM IIPOIIECOM,
yae 30ip, aHaaiz Ta
KAiHiuHOI iH(popMmawii, ¢opmyBaHHA mi-
AarHOCTUYHHUX TilloTe3, OI[HKY PHU3HUKIB,
BUOIp AiIKyBaAbHOI TAKTHKHU Ta IIPOTHO-
3yBaHHA pPe3yAbTaTiB AiKyBaHHA [S5, O].

Horo CTPYKTypa BKAIOYAE:
aHaAITUYHE MUCAEHHS;

CHHTETHUYHE MHUCACHHS;

AOTiYHE OOIPYHTYBaHHS,

KAIHIYHY iHTYIIIi1O;

KPUTHUYHE MHUCAEHHS;

31aTHICTb 00 AudepeHLiiHol AiarHOCTH-
KU;

OPUUHSATTS KAIHIYHUX PIllleHb.

KainiuHe MucAeHHSI He (DOPMYETHCS BH-
KAIOYHO IIIAIXOM 3aCBO€HHSI TE€OPETHYHOTIO
MaTtepiasy. BoHO moTpebye mocTiHHOro 1o-
€MHaHHS Teopii 3 IPaAaKTHUKOIO, aHAAI3Yy KAi-
HIYHUX BHUIIQAKIB, PoOOTH 3 MNaIlieHTaMUu
Ta CaMOCTIMHOro HNPUUHSATTS pillleHb IIif
KOHTPOAEM BUKA3QAYA.

Poab Buympimnsoi meouyunu y popmybanni KAiHiuH020 MUCAEHHA

BHyTpilllHI MeauIlHa OXOIIAIOE 3aXBO-
PIOBaHHA CEPLIEBO-CYAWHHOI, [UXAABHOI,
TPaBHOI, EHIOKPUHHOI, CEHOBUAIABHOI Ta iH-
IIIUX CUCTEM, 1110 BUMAarae Bi/I CTyI€HTa KOMII-

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

A€KCHOTO IIiAXOAY 10 OILIiIHKH CTaHy ITalli€HTa.
OCODOAUBICTIO OUCILIUMIIAIHM € HeoOXin-

HICTB:

- aHaAiI3y CKapr Ta aHaMHe3Yy;

DOI: 10.24061/3083-5887.j.nmsmme.2026.4.111.2

Pesa T, CtycP. KoHuenryarmisamis IpypogHII0-HayKOBVX 3HAHb y ITpoIleci hOpMyBaHHSL. ..
[IpupogHuYi, MaTEMAaTHIHI HAYKH Ta OCBITA B MEJIUITAHI


https://science.bsmu.edu.ua/
http://doi.org/10.24061/3083-5887.j.nmsmme.2026.4.III.2

ITpuponHuyi, MaTeMaTW4HI HayKW Ta OCBiTa B MeIVIIVHI

Natural & Mathematical Sciences in Medicine and Medical Education

1(4) 2026

Pospin 3. [TpupoaHMdi Ta MaTeMaTUYHI VUCUMIUIIHY B MEIVMYHIN OCBITI
Section 3. Natural and mathematical disciplines in medical education

- (pi3MKAABHOTO OOCTEKEHHS;

- iHTeprperailii aAabopaTopHUX Ta IHCTPY-
MEHTAABHUX METO/IIB MOCAIIZKEHHS;

- IIpoBeNeHHda AUQEPEeHIiNHOol miarHOoCTU-
KH,;

- popMyBaHHS IIONIEPEIHBOTO Ta KAIHIYHO-
ro [iarHo3sy;

IIpob.aemno-opienmobane nabuanus

OpgHuM i3 HaUOiABII ePEeKTHUBHHUX Me-
TONIB (popMyBaHHHA KAIHIYHOTO MHCAEHHS
€ MpobAeMHO-0pieHTOBaHe HaB4YaHHS. Voro
CYTHICTb IIOAGTA€ y BUPIIIEHH] CTyAeHTaMU
KAIHIYHUX CHUTYyallili, HAOAUKEHUX 10 Pearb-
HOI AlKapcbKoi npakTuru [7, 8]. [Ipobaem-
HO-OPIEHTOBaHE HaBYaHHS BiAPI3HAETHCI
Bil ITPOOA€MHO-BUPILITyIOYOTO HaBYaHHA B
Ieplry 4epry THUM, ILI0 HeoOXimHUM Oarazk
3HaHb HaOyBaeTbCs B MPOLIECI PO3B'SI3aHHA
mpodAeMH, a He TOJAa€EThCd B pedpepaTuB-
Hilt ¢dopmi mepen ii mocraHoBKor. Takum
YUHOM, CYKYIHICTb TEOPETUYHUX 3HaHb
3mobyBadi OCBiTH OTPUMYIOTH Y IIpoIlleci
PO3B’d3aHHS ITPOOAEMH OTHOYACHO 3 OIIaHy-
BaHHAM MHOTPIOHUX OAS IIHOTO MPAKTUYHUX
HaBHYOK [9-11].

[IpobaeMHO-OpieHTOBaHE
CIIpUSIE:

- akTHUBi3allii caMOCTIHHOI0O MHUCAEHHSI;

- PO3BUTKY KAIHIYHOI AOTIKH;

- popMyBaHHIO HAaBUYOK IIOIIYKY I0Ka30-
Boi iH(bopMaItii;

- PO3BUTKY KOMaHIHOI pobOoTH;

- YOIOCKOHAAEHHIO HAaBHUYOK KAIHIYHOTO 00-
TOBOPEHHH.

CTyneHT He OTPUMYy€E TOTOBY BiaIo-
Bilb, & CAMOCTIHHO (POPMy€ aAATOPHUTM i-
ATHOCTUYHOTO IIOLIyKY, WI0 3HA4YHO ITifI-
BHUIIyE pPiBeHb IIpodeciiHol MTiATOTOBKH.

Jast mpaBuABHOTO POPMYyBaHHS 3aBAaHb
i3 OpOOAEMHO-OPIEHTOBAHOIO HaBYAHHS

HaB4YaHHA

Kainiunuii po36ip nayienmi6

[IpoBemeHHST KAIHIYHUX pPo30OpiB Ha
Kadenpi BHYTPIIIHBOI MEOUIIMHU, KAi-
HigyHOI drapmakoaorii Ta npodecitHux
XBOpOO CIIpHsSE€ HE AHIIEe 3aCBOEHHIO HO-
BUX ITpopeCiiHUX 3HaHb, PO3BUTKY KAIO-
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- IPU3HAYEHHS AIKyBaHHS BIAIOBIOAHO OO
Cy4JaCHUX KAIHIYHUX PEKOMEHOAITiH.
Came Ha LILOMY €Talli CTYAEHT IIePEXO0-
OUTH Bifl aKaageMidHOT'O 3aCBOEHHS iHOpP-
Malii o ¢gopmyBaHHA HPOdECiHHOro Kai-
HIiYHOTO MHCAEHHS.

CAi oOupaTH KeMcH, sKi BiAIoBigaoTh Ha-
BUYaABHIH mporpami 3 AWUCHIUNIAIHU, mobpe
KOPEAIOTh i3 mpobaemMamMu 3 MarOyTHBOI
npodoeciiHOi AiIABHOCTI ¥ BOgHOYAC BHUMA-
raloTh BifZl CTyJeHTa-MeIuKa PO3poOKH cTpa-
TeTil 1040 PO3B'd3aHHS IIPOOAEMH, CIIOHY-
KaloTb 10 CAMOCTIHHOT'O OTPHUMaHHSI HOBOI
inpopmarii Ta, 3 iHIIOrO 6OKY, BUMAarairoThb
IPUMHATH [I€BHI PillleHHS B yMOBaxX HeCTa-
4i BUMEPHHUX JaHUX 111010 Ipobaemu [12].

BaxkauBoro  yMOBOIO  e(PEeKTHBHOC-
Ti TpPoOAEMHO-OPIEHTOBAHOTO HaBYaHHS
€ IIPaBUABHO OpraHi3oBaHa pPOAb BHKAA-
[Jada, SKUU BHUCTyIIa€ HE AKEPEAOM TOTO-
BHUX BiANOBiAeN, a MOAepaTOPOM HaBYaAb-
HOI'O IIPOIIECY, IO CIPSIMOBYE CTYAEHTIB
y IIPOLIECI IIOIIYKY pillleHb. Takuil miaxin
3MiHIOE TpagULliiHy MOJeAb HaBYaHHY,
opieHTyO4YM ii Ha AakKTUBHY IIi3HaBaAbHY
[iFABHICTE 3100yBadiB OCBITH Ta pPO3BU-
TOK IXHBOI 3MATHOCTI M0 caMOHAaBYaHHSI.

Kpim TOro, mnpobGaeMHO-Opi€eHTOBaHE
HaBYaHHS CIPHUSIE IOCTYIIOBOMY IIEPEXONY
Bi/l 3aCBOEHHSI OKPEMHX 3HaHBb 10 POPMY-
BaHHS IHTETPOBAHOT'O KAIHIYHOT'O MUCAE€HHSI,
B OCHOBIi 9KOT'0 A€KHTH 3[JaTHICTb aHaAi3y-
BaTH iH(opMallilo B yMOBaxX HEBHU3HA4YEHO-
CTi, popMyAIOBaTU OOIPYHTOBAaHI TilloTe3u
Ta IpUMMaTHU KAIHIYHI pillleHHS BiAIIOBIIHO
[0 CydaCHUX MEOUYHUX CTaHAapTiB. Takuit
dopMmaT HaBUYaHHS HaOAMIKY€E OCBITHIH IIPO-
11€C /10 PEAABHHX YMOB AIKapPCBhKOI ITPaKTHUKH.

YOBUX HaBHUYOK AaHAAITHUYHOI'O MMCAEH-
Hs, €THKU 1 KOMYHiKallii, a 1 pPO3BUTKY
BMiHb pPOOOTH B KOMAaHi, CIIABHOTO aHa-
Al3y KAIHIYHUX BHOAAKIB i NpUHHATTA 00-
I'PYHTOBaHUX pilnleHb. besnocepenHa po-
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f6oTa 3 MAaIliEHTOM 3aAUIIAETHCS OCHOBOIO
dopMyBaHHSI KAIHiYHOrO MHCAeHHS [13,
14]. KainiyHu#i po30ip [03BOASE CTYOEHTY:
30upaTH aHaMHE3,;
IPOBeCTH (PiZUKaAbHE OOCTEKEHHS,
OLIIHIOBATH CHMIITOMHU Ta CUHAPOMU;
dopMyBaTH AiaTHOCTHYHI TiloTe3y;
0oOIPYHTOBYBaTH KAIHIYHUY AiarHO3;
BH3HA4YaTH AIKyBaAbHY TaKTHUKY [11].
Came 0iast AiKKa XBOPOro (POPMy€ETHCS
rpodoecitiie 0adeHHs AiKaps, TKe HEMOKAU-
BO ITOBHICTIO 3aMiHUTH KOJHUMU IIU(PPOBU-
MU TEXHOAOTIAMHU. [IAsl Kpallioro 3aCBOEHHS
HaO0yTHX TEOPETHYHUX 3HAHDb 3 BHYTPIIITHBOI
MEOUIIMHU OCOOAUBO IIIKABUM € KAIHIYHUHA
po3bip mamieHTa i3 KOMOpOimHOIO Tepa-
IIEBTUYHOIO IIATOAOTII0 OAd (popMyBaHHS
3HaHb AU(EPEHIHNHOI JiarTHOCTHKY, a y I10-
JaABIIIOMY — BMIHHIO ITPU3HA4YE€HHd BiAIO-

Cumyaayinne nabuannsa
Cumyadiiifine HaB4YaHHA — 1€ cydac-

HUH MeTo[ IIiATOTOBKU MEAUYHUX (paxiB-
IiB, AKUMi 0a3yeTbCsd Ha PEeaAiCTUIHOMY
MOIEAIOBAHHI KAIHIYHUX CHUTyallil, IIpo-
1eciB abo miffi 3a [JOIOMOIOI TpeHazKe-
piB, MAaHEKEHIB, BIPTyaAbHOI pPEaABHOCTI
49U CTaHAAPTHU30BaHUX HalrieHTiB. CydacHi
CHUMYASIIIIFHI TEXHOAOTI [JO3BOASIOTH MO-
JEAIOBATH CKAQHI KAiHIYHI cutryalii 6e3
PU3UKY A4 TallieHTa. BUKoOpHUCTaHHA Ma-
HEKEHIB, CHMYAIdTOpPIB, CTaHAApTH30Ba-
HUX IIALli€HTIB Ta BIPTYaABHUX KAIHIYHUX
ClieHapiiB cHpuse PO3BUTKY IIPaAKTUU-
HUX HABHUYOK 1 KAIHIYHOrO MHCAeHHS [15].

[TepeBaraMu CUMYASIIIITHOTNO HABYaHH4 €:
- O€e3MeYHICTD;
- MOKAUBICTBL 0araTopasoBOTO IIOBTOPEH-

Hd;
- cTaHAapTH3allid HaBYaABHOIO ITPOIIECY;
- KOHTPOAB IIOMUAOK;
- popMyBaHHSI HAaBUYOK KOMaHIHOI pobo-

TH,
- PO3BHUTOK CTPECOCTIMKOCTI.

Oco0AMBO e(EeKTUBHUM € IOE€OHAHHS

CUMYASMIIIHHOTO HaBYaHHS 3 IIOJAABIINM
KAIHIYHHUM aHaAi30M AONYIIEHUX ITOMHAOK.

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

BimHOI cxemu (papmakoTeparrii.

TakuM YHHOM, KAiHIYHI po30opu € o-
HUM i3 HaHBa>KAUBIIIIUX E€AEMEHTIB IIiAro-
TOBKH MalOyTHBOTO AiKapsi, OCKIiABKM IIO-
€IHYIOTh TEOPETHUYHI 3HAHHHA 3 PEaAbHOIO
KAIHIYHOIO ITPAaKTHUKOIO0. BoHmu 3abe3nedy-
I0Tb (POPMyBaHHS CHCTEMHOI'O KAiHIiYHO-
IO MUCAEHHS, HABHUYOK apryMeHTOBAHOI'O
OPUPHATTS pillleHb Ta HpodeciiiHoi BiAIo-
BiTAABHOCTI.

PeryaspHa y4acTh y KAiHiYHHX pP03060-
pax cHopuse TAHOIIOMY pPO3yMiHHIO IIaTO-
reHe3y 3axBOPIOBaHb, YAOCKOHAACHHIO [Ii-
ATHOCTHUYHOTO AATOPUTMY Ta IIiABUIIIEHHIO
e(PeKTHBHOCTI BUOOPY AiKyBaAbHOI TaKTH-
KUu. lle CTBOpPIOE OCHOBY [Ad IIiATOTOBKU
KOMIIETEHTHOT'O AiKapsi, 3aTHOTO IIpallio-
BaTH B YMOBaX CKAQHUX i MyABTH(AKTOP-
HUX KAIHIYHHX CUTyallill.

CpOrogHi CHUMyAdIliiHE HaBYaHHY CTa€
000B’A3KOBHUM KOMIIOHEHTOM ITpodoecifiHoi
IMiATOTOBKH, OCKIABKH Ha OCHOBI MOJIEAIO-
BaHHS IpodeciiHOol AiFABHOCTI Ha/la€ MOXK-
AUBICTH KOXKHOMY CTYIAEHTY OaraTopa3oBoO
BUKOHYBaTU €A€EMEHTH MEIUYHOI JiIABHOCTI
3TigHO 3 MPUUHSITUMHU ITPOPeCiiHUMU CTaH-
JapramMu. BripoBaaykeHHsI €TartHOTO CUMY-
ASIIIIFHOTO HaABYaHHS O03BOASE MaMOyTHIM
daxiBugM Menu4yHOi Traay3i edqeKTHBHO
OCBOIOBaTH TE€OPil0 Ta MNPAKTHUKY, 3HAYHO
nigBuIIye 00’€KTUBHICTD aTecTallii CTyaeH-
TiB 1 MOTHBAallil0 iX o HaByaHH4A [16, 17].

TakuM YHWHOM, CUMYAdIliiHEe HaB4YaH-
Hsl € HEBIiJJ EMHOIO CKAQ/IOBOIO Cy4acHOI Me-
JAUYHOI OCBiTH, III0 3a0e3mnedyye MOCTYIIOBUH
nmepexin BLO TEOPETHYHOI IIATOTOBKH OO
peaabHOI KAIHIYHOI IpakKTUKU. BoHO cTBO-
pIo€E YMOBHU nAs Oe3redHoro (popMyBaHHS
npodecitHuX KOMIIETEHTHOCTEeH, 03BOASIE
CTyAEeHTaM BiAIpalnbOBYBaTH aATOPUTMU
[iaTHOCTUKH Ta AIKyBaHHA y KOHTPOAbOBA-
HOMY CEPENOBHILI Ta MiHIMI3y€e PHU3UK IIO-
MHAOK y PEAABHIN KAIHIYHIN OIIABHOCTI.

InTerpamisas CHUMYASIIHHHUX  TEXHOAO-
rii 'y mpolec BUKAQNAHHYA BHYTPIIIHBOI
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MEOUIIMHU CIPUSE PO3BUTKY KAIHIYHOIO
MUCAEHHS, IIiJBUIIIEHHIO BIIEBHEHOCTI Maii-
OyTHIX AlKapiB y BAaCHHUX [igx Ta popMy-
BaHHIO TOTOBHOCTI OO POOOTH B yMOBax

HEBU3HAYEHOCTI Ta BHCOKOI BIAIIOBIOAADL-
HocTi. lle pobuTh cuMmyadilitiHe HaB4YaH-
HA OJHUM 13 KAIOYOBHX €EAEMEHTIB KOM-
IIEeTEeHTHICHOI MOJeAl MiATOTOBKU AiKap4.

Keiic-memo0 sk incmpymenm po3Bumxy KAiHiuH020 MUCAEHHA

Ketic-meTon mnepembadae aHaai3 KOH-
KPETHHUX KATHIYHHX CUTYyAaIli#, 1110 6a3yI0ThCH
Ha peaabHUX ab0 3MOIeABOBAHHUX BHUIIQIKaX
i3 MPaKTHKY BHYTPIIITHLOI MEIUIIMHU. Moro
3aCTOCYBaHHS JO3BOASE CTYAEHTAM HE AUIIIE
BIATBOPIOBATH TEOPETHUYHI 3HAHHS 3 IIPU-
POOAHHUYUNX AUCLIUIIAIH, a TaKOXK BMITH aaarl-
TyBaTH iX 10 KOHKPETHOI KAIHIYHOI CUTYyaIllii.

[Tigx gyac pobOTH 3 KAIHIYHUM KeHCcoM
CTY[AEHT:

- aHaAl3y€ CUMIITOMH Ta CUHIPOMH;

- popMye nepeaik MOKAUBUX [iarHO3iB;

- BU3Ha4ae HeoOXimHUM o0car JoaaTKOBHUX
IIOCALIZKEeHB;

IPOBOAUTE AU EPEHIIINHY NiarHOCTHUKY;
OOI'PYHTOBYE OCTATOYHUU KAIHIYHUH mia-
THO3;

BHU3Ha4Ya€ AIKyBaAbHY TaKTHKY;
IIPOTHO3Y€E€ MOZKAHBI YCKAQTHEHHS.

[licaa aHaaidy KeWCIB HIPOBOAUTHCH
0OTOBOpEHHs, IKE€ [OO3BOAIE YyYaCHUKAM
IIOAIAUTHCA CBOIMH [OyYMKaMH, OTPHMaTH
3BOPOTHUHM 3B’I30K Ta BAOCKOHAAUTH CBOIi
HaBHUYKH. lle [o3BoAge moegHaTH Teope-
THU4YHI 3HaAHHS 13 OPaKTUYHUM [OCBLIOM,
10 POoOUTHE HAaBYaHHS €(PEKTUBHIIIINM i pe-
anicTudHUM. OCOOAMBO BasKAUBHM € T€, 1110

3nauenna 0okazoBoi meduyunu

Y cydyacHuUX yMoBax (POpPMyBaHHS KAi-
HIYHOTO MHCAEHHS HEMOXAUBE 6€3 IPUHITH-
[IiB JOKA30BOi MEIUIITMHU. Y Cy4aCHOMY CBiTi
dKiCHe AiKyBaHHSI 0a3yeThbCd Ha IIPUHIU-
nax AOKa30BOi MEAUIIMHU — HiAXONy, SIKUU
BUKOPHUCTOBY€E TIABKH HAyKOBO MiATBEP-
J2KEeHI MeTOAU AiarHOCTUKU Ta Teparmrii. Lle
O3Hayae, 110 KOXKHE IPU3HAYEHE AIKyBaH-
H] TPYHTYETBCS Ha pe3yAbTaTaxX KAIHIYHUX
[OCAIIKEHB, a HE Ha 3aCTapiAuX TPaaULlisax
abo cy6’eKTUBHOMY OOCBifi Aikaps [7]. Mati-
OyTHi# AiKap IIOBHHEH HE AUIIE 3HATH KAi-
HiYHI IPOTOKOAH, a ¥ YMITH KPUTHUYHO OIli-
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Kefic-meTon, OpMy€E He AUIIE KAiHiYHe, a
¥ KOMYHIKaTHUBHE, €TUYHE Ta ACOHTOAOIIY-
He MHCAEHHSI MaiOyTHBOrO Aikaps [11, 18].
Keiic-meton crpude poO3BUTKY aHa-
AITUYHHX 3Oi0HOCTEH CTYOEeHTIB, HaBYae
IparmioBaTH 3 KAiIHiYHOIO iH(popMalli€lo B
yMOBaxX, MaKCHUMaAbHO HaOAMKEHUX 0 pe-
aABbHOI AIKapCHKOI IPaKTHUKHU Ta PopMy€e Ha-
BHYKU ITPUUHATTS OOIPYHTOBAHUX PillleHb.
BaxkanBOoO mepeBaror0 ILIBOTO METOAY €
MOZKAUBICTb PO3TAIATH KAIHIYHI CUTyalii 3
PI3HUX ITO3UIIiM, BPaXOBYIOYH IHAUBIAyaAb-
Hi 0COOAMBOCTI ITalli€eHTa, CYIIyTHIO ITaTOAO-
TiI0 Ta MOXKAWBI PU3HUKU AIKYBaHHS.
3acTocyBaHHS KeHC-MeTomy Min d4ac
BUBYEHHA BHYTPIIIHBOI MEAWIIUHU IIiA-
BHUIIly€ MOTHUBAIlIO CTYAEHTIB OO0 HaBYaH-
Hd, COpHUdEe aKTHUBHIN B3a€eMOMil MixK ydac-
HUKaMH OCBITHBOI'O IIpollecy Ta opMye
TOTOBHICTh OO0 caMOCTiHiHOI Ipodecifinoi
migabHOCTi. TaKMM 4YHHOM, aHaAi3 KAIHIY-
HUX BUIIQZKIB € OJHUM i3 HAHOIABII edeK-
TUBHHUX 1HCTPYMEHTIB PO3BHUTKY KAIHIY-
HOTO MHCAEHHS MaMOyTHBOro AiKaps Ta
HiATOTOBKM MO0 A0 BHUPIIMIEHHA CKAQIHHX
[OIaTHOCTHUYHHUX 1 AlIKyBaAbHUX 3aBIaHb.

HIOBaTH [Kepeasa iHdopMmallii, aHaaizyBaTu
cydacHi HayKOBi rmybaikalrii Ta 3acTocoByBa-
TH OTPUMAaHi faHi y IPpaKTUYHIH Oi9GABHOCTI.
BuBueHHs BHYTPIIIHBOI MEAUIIUHU

Ha OCHOBi [O0Ka30BOi MEOUIIMHU CIIPULIE:
- opMyBaHHIO KPUTUIHOTO MHUCAECHHSI;
BiAMOBI Bif I1aOAOHHOTO MiAXOMOY;
HiABUIIEHHIO SKOCTI KAIHIYHUX PIIlI€Hb;
3HUKEHHIO PU3UKY AIKApPCHKUX ITOMHAOK;
MiABUIIIEHHIO O€3IIeKHU MallicHTAa.

Came TOMy BHKAQJa4 IIOBUHEH (PopMy-
BaTH y CTYAEHTIB HaBUYKU POOOTH 3 MixK-
HapPOAHUMU KAIHIYHUMU PEKOMEHIAIlisIMU,
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CHUCTEMaTUYHUMH OTAdaMH Ta MeTaaHa-
Aizamu. [lim yac BHBYEHHS BHYTPIIIHBOI
MEOUIIMHU CTYOEHTH MaloTh MOIKAUBICTH
IIPOBOUTH HAYKOBO-IIOIIIYKOBY pPOOOTY B
SAKOCTi IHAUBiAyaAbHOI caMOCTiHHOI poboTH
[9, 19] i mybaAiKyBaTH OTASIAU Cy4acHOI AiTe-
paTypH 3 aKTyaAbHOI IPoOAEMHU Y HAYKOBUX
XKypHaAax i KEepPiBHUIITBOM BHUKAQAYIB.

YgacTh y HAYKOBO-AOCAITHIN AIIABHOCTL
CIIpUsi€ PO3BUTKY HAaBHUYOK IIOIIYKY, aHaAI3y
Ta KPUTHUYHOI OLIIHKH HAayKOBOi iHdopMaliii,
III0 € HEBIJ €MHOIO CKAAIOBOIO KAIHIYHOTO
MUCAEHHS CcydacHoro Aikapsi. Pobora 3 Hay-
KOBUMH [ZKEPEAAMU JO3BOASIE CTYA€HTAM 03-
HaMOMAIOBATHUCH 3 HOBITHIMU JOCATHEHHIMU
MeOUYHOi HayKH, OLliHIOBATH €(PeKTHUBHICTH

Mixoucyunainapna inmeepayis

OpHi€lo 3 OCHOBHUX YMOB (DOpPMyBaHHS
KAIHIYHOTO MUCAEHHS € MIXKAHUCIIUIIAIHApPHA
iHTerpaid. Misxk guciiuIiaAiHapHa iHTerpailis
— e LisecrpsiMoBaHe o0’e¢mHaHHS 3HAHB,
METO/iB Ta MiAXOMiB i3 pPi3HUX HaBUYAABHUX
JUCIIUTIAIH OAS (pOPMYBaHHS IIiAiCHOTO PO-
3yMiHHS IPO(eCiiHUX ABUII], CTUMYAIOBaH-
HA IIi3HaBaAbHOI aKTUBHOCTI Ta IMiATOTOBKHU
draxiBLiB, 3JaTHUX BUPIlIlyBaTU KOMIIA€KCHi
3aBHaHH4a BHyTpiniHa MenunuHa oTpebye
AKTHUBHOT'O BUKOPUCTAHHS] 3HAHb i3 PyHOA-
MEHTaAbHUX IPUPOJHUYUX HAYK — aHATOMI],
¢izioaorii, Gioximii, marTodiziosorii, Mikpo-
6ioaorii, papmakoaorii Toro. Hampukaan:
- PO3yMiHHS IIaTOr€He3y apTepiaAbHOI TIi-

nepTeHs3ii HeMoxkAuBe 0e3 3HaHb Qi-
3ioAo0rii CeplIeBO-CYAMHHOL CUCTEMH,
- IHTepIIpeTallis KHCAOTHO-AY?KHHUX  IIO-
pyllIeHb  IoTpebye  3HaHBb  Oioximii;
- BHUOIip a"HTHbaKTEepiaabHOI Te-
parii 0a3yeTbcd Ha MiKpo06ioAo-
rii Ta KaiHiuyHiE dapmakoaorii [20].

Came iHTErpailis DPUPOAHHUYHUX 1 KAi-
HIYHUX OUCIIUIIAIH O03BOASE Cc(OopMyBaTH
IiAiCHe KAIHIYHEe MUCAEHHSI, a He (pparMeH-
TapHe 3araM gTOByBaHHA OKPEeMUX (PaKTiB.
Peaaizamia mixkaucnunaiHapHUX 3B’d3KiB y
HaB4YaAbHIM MIFIABHOCTI — II€ OOAUH 13 HeoO-
XiMHUX OUAAKTHYHUX 3aC00iB (popMyBaHHS
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PI13HUX METOIB AIaTrHOCTHUKU Ta AIKyBaHH4,
a TakoxX popMyBaTH 34ATHICTb IpUUMaTHU
OOTrpyHTOBAaHI KAIHIYHI pillleHHsS BiAmoBin-
HO [0 NPUHIUIIIB [J0Ka30BOi MEIUIIVHU.

TakyM 4YMHOM, BIIPOBaI3K€HHS IPUHITH-
[IiB JOKA30BOi MEIUITMHU Y IIPOLIEC BUKAA-
JAaHHS BHYTPINIHBOI MEAUIIMHU 3a0e3Iedye
dopMyBaHHS y MalOyTHIX AiKapiB HABUYOK
OesnmepepBHOrO MIPO(ECciiHOrO PO3BUTKY,
KPUTHUYHOIO aHaAidy MmenuyHoi iHdopma-
I1ii Ta 3acTOCyBaHHS HaWKpallux HayKOBHX
[OOKAa3iB y KAIHIYHIN mpakrtuii. lle € Baxk-
AUBOIO TI€PEAYMOBOIO ITiABHUIIEHHSI SIKOCTI
MeIUYHOI JOIIOMOTH Ta 3ale3IiedyeHHd 0e3-
IIEKU IIAIli€HTIB.

B CTYIEHTIB IIpodeciiHUX 3HaHb i HABUYOK.
BaxkauBo, 11100 HaBYaAbHA iHoOpMallid, 3a-
CBO€HA ITil YaC BUBYEHHS iHIITUX JUCIIUIIAIH,
HE IIOBTOPIOBaAacCh, a BUKOPHCTOBYBaAacs
JAsT MOTUBAIlil HABYaABHOI JiIABHOCTI CTY-
[EHTIB, aKTyaai3allil OoIIOpHUX 3HaHb, YMiHb
i HaABWYOK, OOIPYHTYBaHHH, 3’dCyBaHHH
CYTHOCTi1 €BUII, MOJEAIOBAHHS IIPOIIECIB.

3B’930K BHYTPIIIHHOI MEAUIINHHU 3 IIPHU-
POOHUYMMHN HayKaMHu 3a0e3Ileduye HayKoBe
OiAIPYHTE OAS PO3yMIHHS MEXaHi3MiB PO3-
BUTKY 3aXBOPIOBAHb Ta NPUHHATTA KAIHIY-
HUX pimeHb. AHaToMisa ¢opMye ysIBA€HHS
npo OymoBy opraHiB i cucrem, 6iodizuka
Ta (i3ioAorid ITOSCHIOIOTH 3aKOHOMipPHOCTI
ix ¢oyHKIIiOHYyBaHHS B HOpMi, a maTodgiszio-
AOTiSI PO3KpUBA€E MeXaHi3MH BUHUKHEHHA
maToAOTIiYHUX 3MiH. Bioximisa mo3Boadge 3po-
3yMITH MeTabOAIYHI IIPOIECH, IO A€KAaTh
B OCHOBi 0araThbox 3aXBOPIOBaHb, a MiKpO-
Oioaorisas cropusie BHUBYEHHIO ETiOAOTIYHUX
YUHHUKIB iHPEKIIHHUX XxBopob. PapmMako-
AOTidI, CBOEIO 4YEProro, 3abe3nedye 3HAHHS
Ipo MexXaHi3MH mOii AlkapChbKHUX 3aco0iB, ix
e(PEeKTUBHICTh Ta OE3IEeYHICTh, a MeauYHa
dizuka - pPo3yMiHHA AaOOPATOPHHUX Ta iH-
CTPYMEHTAABHUX METO/IB MOiarHOCTHUKHU Ta
TepaneBTUYHOI mAii (PI3MYHHUX YHWHHUKIB.

BaxkauBe 3HaueHHS Mae€ TaKOXK iHTe-
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rpalligs BHYTPIIIHBOI MEOUIIMHH 3 IMYHO-
AOTI€I0, TEHETHUKOIO Ta MOAEKYASIPHOIO Oi-
oaoriero. CydacHi OOCATHEHHdd IIUX HayK
[O3BOASIOTE TAHOIIEe 3pO3yMiTH I1aTore-
He3 AayTOIMYHHUX, OHKOAOTIYHUX, CIIa-
KOBHUX Ta IHIIUX 3aXBOPIOBaHb, a TaKOXK
CIPUSIOTH PO3BUTKY II€pCOHaAi30BaHOi
MeOUIIMHU. BHKOpHUCTaHHA MiXKIHUCIIMIIAL-
HaApHOTO IMiAXOAYy MAolloMara€e CTyAeHTaM
HE AHIIEe 3aCBOIOBATH OKpeMi ¢akTu, a
¥ BCTAHOBAIOBATH IPUYHHHO-HACAIIKOBIi

3B’I3KH MIiXK pPIi3HUMHU OiOAOTIYHHUMH TIPO-
IecaMy Ta KAIHIYHUMU IIPOSBaMH XBOPOO.

TakuM 4YMHOM, MiKAUCIIUIIAIHApHA iH-
Terpailisa IPUPOAHUYUX 1 KAIHIYHUX HayK
€ Ba*KAMBOIO CKAQ[OBOIO MIATOTOBKH Mal-
OyTHBOTO AiKaps, OCKIABKH CIIPUSIE PO3BUT-
Ky aHaAITU4YHOI'O MHCAE€HHS, (hOPMYyBaHHIO
npodecitHuX KOMIIETEHTHOCTEH Ta 31aaT-
HOCTi 3aCTOCOBYBaTH HaOyTi 3HAHHSA [OAL
BUPINIEHHSI pPEeaAbHUX KAIHIYHUX 3aBOAaHb.

Poab Buxaadaua y popmyBanni kainiuno2o Mucienns

Bukaamay  BHYTPIILIHBOI  MEIUIIMHU
BUKOHYy€ He AUWIlle iHdopMmalliliHy, a # Ha-
CTaBHUIIbKY (yHKIilo. Came Big mnena-
roriyHoi MaMCTEepHOCTI BHKAQ[a4da 3ase-
XKUTh 30aTHICTb CTyOeHTa MepedTH Bixg
TEOPETUYHUX 3HAHb N0 KAIHIYHOIO aHaAi3y.

EdekTuBHUNE  BUKAQOa4d  [IOBUHEH:
- CTUMYAIOBATH CaMOCTiHHE MHUCA€HHS;

- (pbopMyBaTH KAIHIYHY AOTIKY;

- HaBYaTU aATOpPUTMaM [JiarHOCTHUYHOIO
HOLIYKY,

- IEMOHCTpPYBaTHU
MUCAEHHS,

- CTBOPIOBATH YMOBH [AS aKTUBHOI'O HaB-
YaHHS;

- popmyBaT 1podpeciiHy BiamoBimasb-
HicTb [21].

OcobAuBe 3HAYEHHS Ma€ METOM «HaB-
4yaHH4 Yepe3 3allUTaHHsI», KOAU BUKAQIa4 HE
[la€ TOTOBY BiAIIOBiZb, a CIIPAMOBY€E CTyAEH-
Ta 0 CaMOCTIMHOTO KAIHIYHOTO BUCHOBKY.

npodoecitine KaiHiuHe

BuicHOBKM
1. KaiHiyHe MHCAEHHd € OCHOBOIO
npodeciiiHOi  KOMIETEHTHOCTI  MailyT-

HBOT'O AiKapd Ta BHU3HA4Ya€ dKICTh mOia-
THOCTUYHOTO 1 AIKyBaABHOTO IIPOIIECY.
2.BHyTpiltHg MenuIIMHA € IIPOBiA-

HOI0O [OUCLUIAIHOIO y OpMyBaHHI Kai-
HIYHOTO MHCAEHHS CTYIEHTIiB 3aBad-
KM [O€QHAHHIO TEOPEeTUYHUX  3HaHb
i IPaKTUIHOL KAIHIYHO] IISIABHOCTI.

3.Haiibiapin  epeKTUBHHUMH  METO-
JaM{  PO3BUTKY  KAIHIYHOIO  MHCAEH-
HI € [OpobAeMHO-Opi€EHTOBaHE  HaB-

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

dopMyBaHHS KAIHIYHOTO MHUCAEHHS €
TPUBaAUM i 6araTOKOMIIOHEHTHUM IIpOIle-
coM, gKHH NoTpebye CHUCTEMHOIO ITiXOMY.
BuBuyeHHs BHYTPIIIHBOI MEOUIIMHU CTBO-
proe HaMOIABII CITPUSATAUBI YMOBH OAS PO3-
BUTKY IIPOJEeCciiHOTO AIKapChKOTO MHCAEH-
Hd, OCKIABKU caMe 1 JUCIIHUIIAIHA ITOEMHYE
dyHIaMeHTaAbHI 3HAHHA 3 PEAABHOIO KAi-
HIYHOIO IPaAKTHUKOIO.

EdeKTUBHICTL HaBYaAABHOTO ITPOLIECY
3HAQYHO MiABUIIYETHCI IIPU BUKOPHUCTAHHI
CydaCHUX II€JaroridyHuUX TEeXHOAOTIM: IIpo-
6AEMHO-OpPi€EHTOBAHOT'O HaBYaHHS, CUMYASI-
IHHUX METO/iB, KAIHIYHOTO po30opy marli-
€HTIB, KeMC-MeTOAy, MOKa30BOi MEAUIINHU
Ta MIXKAHUCIUIIAIHAPHO]I iHTerpariii.

dopMyBaHHS KAIHIYHOIO MHCAEHHY HeE
MOKe OyTH emi30QUYHUM IIPOIIeCOM — BOHO
IOBUHHO OyTH CHCTEMHOK CKA3J0BOIO
BCBOT'O OCBITHBOT'O IIPOILIECY B MEOUYHOMY
YHIBEPCUTETI.

YaHHS, KAIHIYHUE  po3bip  mallieHTiB,
Kelic-MeTo, CUMYAsIIlifiHe HaBYaHHS Ta BU-
KOPUCTAaHHSAIPHUHIINITIBI0OKA30BOIMEANUIIUHU.

4. BaxkAUBOIO YMOBOIO MiATOTOBKH CY-
4aCHOIO AiKaps € MiXKIUCIIUIIAIHapHa iHTe-
rpauigd IIPUPOAHUYUX Ta KAIHIYHUX HayK.

5.Mogaabmie BIOCKOHAAEHHS Me-
AUYHOI OCBITM TIOBHHHO OyTH CIIpsiMOBAa-
HE Ha BIPOBAIXKEHHS IHHOBAIIMHUX IIe-
ArOriYHUX TEXHOAOLH Ta IMIiABUIIEHHS
OPaKTUYHOI CHOPSIMOBAHOCTI HaBYaHHS.
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Pexomenoauii ons pozeumixy HAyKoe020 HANPAMKY Ma NPAKMUUHOT MEOUUUHU
Jo1liAbHUM € ToaAbIlle BUBYEHHS €(DEKTUBHOCTI Pi3HUX MoeAel hopMyBaHHSI KAIHIU-
HOTO MHCAEHHS B YMOBaX Cy4acHOI MeJUYHOI OCBITH, & TAKOXK pPo3pobKa CTaHIapTU30BaAHUX
iAXOMiB OO0 OLIIHKHU PiBHA C(pOPMOBAHOCTI KAIHIYHOIO MHUCAEHHS CTYAEHTIB. IlepcrieKTuB-
HUM HaIIPIMKOM € iHTerpailis U(PPOBUX OCBITHIX TEXHOAOTIH, CUMYASILIHHUX TAQTPOPM,
TeAeMEIUYHUX KEMCiB Ta IITYyYHOTO iHTEAEKTY y IIPOILlEC BUKAQJAHHS BHYTPIIIHBOI MeaU-

IIUHHU.
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Bumorn no odpopmieHHs crareit

MoBa cmamei

10 po3rAsiay IIPUMMAIOTECS CTATTI YKPAIHCHKOIO Ta aHTAiHCBKOIO MOBaMHU.

Y cmammsix yxpaiHcbKoro M0B8010 CAil AYOAIOBATH QH2/iliCLKOI0 MOBOIO TaKi eAe-
MEHTH:

* Ha3Ba CTaTTi,

* iHdopmallig Ipo aBTOPIB,

* KAIOYOBI CAOBAQ,

e gHoOTAallid

* CIHCOK BUKOPHUCTAHHUX JI3KEPEA.

Y cmammsix aHanilicbic0r0 M0OB010 CAIl AYOAIOBATH YKPATHCLICOO MOBOIO TaKi eAe-
MEHTH:

* Ha3Ba CTaTTi,

* iHdopmallig Ipo aBTOPIB,

* KAIOYOBI CAOBAQ,

e gHoOTAallid.

Temamuuni nanpamku

IIpupoaAHHYi HAYKH B MEAHIIHHI.

HoegimHi 0ocsieHeHHSs Y MeOUYUHL IK HACNI00K PO38UMKY NPUPOOHUUUX HAYK

MaTemMaTH4YHi HAYKH B MEIHIIHHI.

Mamemamuure M00ento8aHHS Y MEOUUUHL, MEOUUHI cuCmemMu NIOMPUMKU NPUTHSIMMSL
pliweHs, biocmamucmuka

IIpupoaHHYi Ta MaTeMaTHYHi AHCIHIAIHEM B MeAHYHiH OCBiTi.

Icuxonozo-nedazo2iuHi acnekmu 8UKNIA0AHHS NPUPOOHUUUX MA MAMEMAMUUHUX OUC-
YUNANIH Y MeOUUHIT oceimi

IIpupoaHHYi Ta MaTeMaTHYHi HAYyKH B icTOpii MEAHIIHHH.

Icmopisa meduyuHu y KoHmerxcmi po3sumry i 00Csi2HeHb NPUPOOHUUUX HAYK ma mame-
Mmamuru

Buou nybaixkayii
* Crarrti, 110 OITUCYIOTH OPUTIHAABHI POOOTH
* AHaaiTHU4HI (HAyKOBi) oragnu
* Marepiaau KOHQEPEHIiH
¢ Perien3sii Ha KHUTHU
* XpoHiKkH
e Aekurii
e Penaxkiiiii”i crarrti

Obcsae cmammi

CrartTi, 10 OIUCYIOTH OpPUTiHAABHI poOOTH - 8-10 cropiHOK
AHaaiTH4YHI (HAYKOBI) OTASI U - 12-15 cropiHOK
Peniensii Ha KHUTH - 4-5 CTOpPiHOK
XpoHiKH - 4-5 CTOpPiHOK
Aexkii - 15-20 cropiHOoK
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Texkct crarti Mae OyTu 30epexkeHuit y popmarti doc, docx. Hlpudt Times New Roman,
12 kerab, MixkpaakoBuii iHTepBaa — 1,5, ab3amauii Bigctyn — 1,25 cm, Bci moas — o 2,0 cwm.
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