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PEDAGOGY AND PSYCHOLOGY

DIGITALIZATION EDUCATION IN THE MODERN REALITIES OF HIGHER
EDUCATION

Serhii Onyshchenko,
PhD, Associate Professor
(Berdyansk State Pedagogical University)

In the 21st century, digitalization is becoming the main vector of development of
society and education in general. The processes of digital transformation affect all
spheres of life, but it is in higher education that they acquire decisive importance.
Digitalization in education is not only the introduction of the latest technologies into the
educational process, but also a fundamental change in approaches to organization,
methods of teaching, assessment, cooperation and access to knowledge. The COVID-19
pandemic, and subsequently the full-scale invasion of the territory of Ukraine,
accelerated digital changes that were previously considered promising or experimental,
turning them into critically necessary elements of the educational environment. In such
conditions, higher education is experiencing not just reform, but a radical
transformation that requires a new conceptual model of learning, integrated with
digital platforms and services.

Digitalization of education is the process of introducing digital technologies into
the educational space, which includes the creation and use of electronic educational
resources, distance platforms, assessment tools, adaptive learning based on data,
support for mobile and cloud services, and the use of artificial intelligence and analytics
to personalize the educational process. The main goal of digitalization is to improve the
quality, accessibility, and efficiency of higher education, as well as the formation of
digital competence of students and teachers [6].

Digital technologies do not replace traditional learning, but expand the capabilities
of pedagogical strategies. According to scientists, digitalization is not just a mechanical
introduction of electronic tools, but “a deep transformation of all elements of the
educational system, leading to changes in the methods of learning, organization of
education, content, and forms of interaction of participants in the educational process”
[2].

One of the key forms of digitalization is the introduction of distance and blended
learning. The use of platforms such as Moodle, Canvas, Microsoft Teams, or Zoom
allows you to organize a full-fledged educational process regardless of the physical
presence of students. These platforms provide tools for video lectures, seminars, group
discussions, testing and knowledge control [4].

Blended learning combines online resources and traditional classroom classes,
which contributes to the flexibility of the educational process and better adaptation to
the individual needs of students. The main advantage of this approach is the ability to
combine social interaction and live communication with digital educational resources.
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Electronic educational resources include digital textbooks, educational videos,
interactive modules, simulations, wiki projects and multimedia presentations. They
allow you to diversify educational material, make it more accessible and adaptable to
different learning styles.

Open educational resources are also highly effective, providing free access to
materials and can be used for course development, independent training of students, as
well as supporting academic mobility.

Digital tools also allow for the automation of knowledge assessment - from online
tests with instant feedback to analytics of student participation and progress. This
provides a more objective and rapid assessment of success, and also allows teachers to
timely identify difficult topics for students and adjust curricula [5].

In addition, digital systems support adaptive tests that adjust to the level of
knowledge of each student, creating individual learning trajectories.

Digital technologies significantly expand access to education. They allow students
to acquire knowledge regardless of geographical location, health status or social status.
Online courses and open lectures from the world's leading universities are becoming
available to a wide audience, which contributes to the democratization of education.

Students can study at their own pace, choose individual learning paths and
resources that meet their needs. This is especially important for students with different
levels of preparation and different styles of information perception.

Analysis of educational data makes it possible to predict student success, identify
risks of lagging behind and implement corrective measures in a timely manner. This
approach helps to increase motivation for learning and reduce the level of academic
anxiety.

One of the key advantages of digitalization is the formation of digital literacy of
students and teachers. Skills in working with digital platforms, data processing, online
communication and information security are becoming an integral part of the
professional training of specialists in any field.

This is important not only for the academic sphere, but also for the further
professional activity of graduates in the digital economy, where these competencies are
the standard of employer requirements.

Despite its numerous advantages, the digitalization of education faces a number of
challenges [1]. First of all, this is inequality of access to high-quality digital
infrastructure. A significant part of students and teachers may have limited access to
fast Internet, the availability of light at certain times (looking at the realities in which
Ukrainian education is currently located) or modern devices, which creates a “digital
divide” and threatens social inequality in education.

The second challenge is the professional training of teachers to work in a digital
environment. Not all teachers have a sufficient level of digital competencies, which
requires a systematic approach to advanced training and continuous professional
development.

The third challenge is the issue of quality and academic integrity in the context of
online assessment. The issues of ensuring the reliability of test results, preventing
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plagiarism and the use of unfair practices are gaining special attention, which requires
the implementation of special technological and organizational solutions.

Digitalization is not limited to technical aspects; it causes a change in the very
structure of higher education. New models of university organization are emerging;:
virtual campuses, digital laboratories, online cooperation with enterprises and
international partners. These formats stimulate the integration of science, education and
practice, which is an important element of training competitive specialists.

Digital platforms also contribute to the development of interdisciplinary
programs, which allows students to master complex topics and work with real data in
simulations and modeling.

Thus, the digitalization of higher education is an integral part of the modern
educational process. It opens up new opportunities for accessibility, personalization of
learning, improving the quality of education and forming key competencies of future
specialists. However, its effective implementation requires overcoming significant
challenges: ensuring equal access to digital infrastructure, training teachers,
guaranteeing academic integrity and adapting the organizational structures of
universities to the new requirements of modernity.

Digitalization is not an end in itself - it should be a means to create flexible,
inclusive and high-quality higher education that meets the needs of the digital economy
and knowledge society. In this context, it is important to consider digital technologies
not as a replacement for traditional education, but as a powerful tool that expands its
capabilities and contributes to the formation of competitive graduates.
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OOCIIIKEHHS BJIACTBOCTEU MASITHUKA HPBFOTOHA HA
JTIABOPATOPHMX POBOTAX 3 ®I3SMKW B CTAPHINX KITACAX

bymep Tumyp BikToposiy,
yuens 11 ximacy
(Omecpkum mirert Ne69, Oneca, YkpaiHa)
Crenenko CaitiaHa BikTopiBHa,
BUUTEJIb BUIIIOL KaTeropi'l', BUUTEIb-METOIIVCT
(Onecokmm et Ne69, Oneca, Ykpaina)

B imeasrbHOMy MasTHUKY Hplorona [1], Ha BimMiHY Bin isMYHOro MasTHUKAa,
BiZIOyBalOThCs IlepeTBOPEHHS TPhOX BUMIB eHepril (0e3 ypaxyBaHH: BTpar):

1. IloreHnuiaspHa eHeprid En nepimoro MasTHVKa, BiIXMIEHOIO BiJ BepTUKaJI Ha
KYT 0, IIEPEeTBOPIOETLCS B KIHETWYHY eHeprito EK V0ro KyJibKu y BepTUKaJIbHOMY CTaHi;

2. EK DOCIIiloBHO HepeTBOPIOEThCS Y IIOTeHIialbHy eHeprito En mpyskaoro
CTVICHEeHHS BHYTPIIIIHIX KYJIbOK;

3. En octaHHBOI KYyJIBKM IIepeTBOPIOETHCA Y 11 KiHeTUuHY eHepriio Ex;

4. Ex mneperBoproeTbcsa y Em  ocTaHHBOI KyJIbKM IIpM  MaKCUMaJIbHOMY
BIIXVUIEHHI.

JasTi KT TOBTOPIOETHCS Y 3BOPOTHOMY HAIIPSIMY.

B imeaslbHOMY MadTHWMKY Li [Aii IOBTOPIOIOTBhCS HeCKiHYeHHO. B 3puuarinomy
JisuHOMY MasiITHMKY BTpaTV eHepril BifOyBaloTbCs BHACIIIOK TepTs KyJIbKI B IIOBITpi
Ta TepTd TOYKM OIIOpy MasTHMKA. B MasaTHuKy HploTOHa peasibHI KYJIBKM He €
abCOJIIOTHO TBEpAMMM, TOOTO IIPK ylapax BifOyBarOTbCsl BTpaTy eHeprii Ha HellpyKHi
medopwmallii, MM dYyeMO 3BYK YyaapiB, TOOTO dYacTMHA eHepril BUTpadaeTbcs Ha
CTBOPEHH: 3BYKOBMX XBWIb Ta IX PO3HOBCIOJDKEHHS 3a MeXi KyJIboK. ToMy 3racaHms
KOJIMBaHb B MasATHUKY HploroHa BinOyBaerbcss 3HauHo tmBumamie. lleyr mporiec

ormcyetbest piBrsHHAM o (t) = e " cos(27rt 1-&/T ) :

MeTor0 po0GoTM € po3poOKa MeTOOVKW IOCITIKeHHS BJIACTMBOCTEV PeaTbHOrO
MasaTHMKa HploToHa, BM3HauveHHs Ilepiofly KOJIMBaHbL 1 BTpaT eHeprii B KOXXHOMY
Hepiofi.

Marepianu nociig KeHHs.

Y nmocmiai BuKopucTtaHO MaATHMK HproToHa 3 5-11 KyJIbOK, Ha SIKUVI J0OOATKOBO
BCTAaHOBJIEHO TPaHCIOPTUP I BUMipIOBaHHSA HapaMeTpiB KoimBaHb (puc. 1, a).
Peectparlito BMKOHaHO 3a [JOIIOMOIOIO BieO3VIOMKM KaMepolo cMapTdoHy. Maca
KyJboK - 0.0315 kr, giametp Kyspok - 0.020 M, BucoTa MasiTHMKa L (Bif Bici KpiluleHHs
110 LIEHTPY Macu KyJiboK) — 0.148 M.
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Pucynok 1 - MastHuK HplOTOHA 3 BCTAaHOBJIEHVIM TPAHCIIOPTVPOM: a) — [IOYaTKOBE
nostoxeHHs (0 ¢); 0) - 3aBepenHs: neproro misnepiony (0.39 c); B) - 3aBepIeHHS
nepioro nepioay (0.79 c)

CmaprdoH nospossge 3"HiMati 3 uacrororo 120 I't, mo daxTmuHo 3a0esmeuye
MOJXJIMBICTh BUMIPIOBaHH:A YaCOBUX IHTepBaliB y MOKaIpPOBOMY IIeperjIaii 3 TOUHICTIO
1o 0.01 ¢ i ;o3BOJIsiE BU3HAUNTH Ilepiof, KoymBaHb (puc. 1, a...B).

Hocin nposeneHoO UId ABOX IIOYATKOBUX BiAXWIEHb MEepIIOl KYJIbKM Bif
BepTHKasli Ha ~30° Ta ~45° 3 BUMipIOBaHHSAM MaKCUMaJIbHMX BiIXIJIEHb IIiCIISE KOXKHOTO
repiony KoivBaHb IIPOTSATOM JIBOX IIE€PiOiB.

Cepente 3HaueHH: Ilepioy KoiamBaHb MasTHUKY Heiorona - 0.79 ¢ - 3 moxmbkoro
He 6istb1ire 0.02 ¢ 30iraeTbcs 3 po3paxyHKOBOIO (POPMYJIOIO 1714 ijea/IbHOTO MasTHIKA:

T=2x \/7 /014 =0.77 ¢

3a dopmynoro E=mgAh= mgL 1 cos( BU3HAUeHO MOTeHIliaJIbHy €eHepriio
KyJIBKM Ha IT0YaTKy KOJIVBaHb i ITiCIIT KOXKHOTO neplony, IO II03BOJIIE PO3paxyBaTu
abcomotHi AE Ta BimHOCHI AE / E BTpaTu eHepril mpotsarom nepiony (tadsm. 1).

Tabsvrga 1.
PesynpTaTy BUMipIOBaHb Ta 00YNCIIEHb ITapaMeTPiB KOJIMBAHb

Hocrin a,® A/ ap, ° Ah, m E, m/bic AE, m/c AE/E
1 28 0.0173 5.35
25 0.893 25.0 0.0139 4.30 1.05 0.196
22 0.880 22.3 0.0108 3.34 0.96 0.223
2 42 0.0380 11.75
38 0.905 37.5 0.0314 9.70 2.05 0.174
34 0.895 33.5 0.0253 7.81 1.89 0.195

OrpuMaHi [aHi [O3BOJIAIOTH PO3paxyBaTy CepeqHE BiITHOCHe 3MeHIIeHH:
aMmIuniTyau 3a nepiom - 0.893 - Ta pospaxyBaTM aMIULTYyAy KOXXHOIO HACTYIITHOTO
nepiofly K reoMeTpUUHY IIPOrpPeciio, IO BiJIIIOBijla€ TEOPETUYHOMY ONNCY 3racaHH:
KoJjBaHb. Po3paxoBaHi 3Ha4yeHHsS HaBelleHO y CTOBIUMKY dp, °. BimxmienHsa Bin
dakTryHOrO 3Ha4YeHH: He nepesuiye 0.5 °.
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PospaxyeMo cepeHi BTpaTy eHeprii IIpy OHOMY 3iTKHeHHI KYJIbOK, BPaxOBYIOUl,
IO IIPOTATOM Ilepiofy BiOyBaeThes 8 ymapis:

1) Ilepmmit mepion IIpy IOYaTKOBOMY BinlxvuleHHi 28 °:

AE1=AE12/8=(5.35-4.30)/8=0.131 mJIx, AE%=0.131/5.35*100=2.4 %

2) Hpyrum nepion,

AEx=AE»;/8=(4.30-3.34) /8=0.120 mI1x, AE%=0.120/4.30*100=2.79 %

711 gpyroro gociiny:

1) Ilepmmi nepios

AE1=AE12/8=(11.75-9.7) /8=0.256 mJ1x, AE %=0.256/11.75*100=2.18 %

2) Hpyrum nepiox

AE>=AE23/8=(9.70-7.81)/8=0.161 m/Ix, AE%=0.161/9.70=1.66 %

CepenHi BTpaTu eHeprii IpOTSArOM OIHOIO IlepioAy ckilapgaoTb 19.7 %, npu
OJTHOMY 3iTKHeHHi 2.46 %.

BucHoBKM

3arponOHOBAaHO METOOMKY IPOBeIeHHs J1abopaTopHOi pobotm 3 dismkm mist
JOCITiZIKeHHsI OCHOBHMX BJIaCTMBOCTel MadTHUKY HproTona. B pesysibrati poboTtn
MIOPiBHSHO IIepiof KOJIMBAaHb MaATHIKY 3 PO3PaxXyHKOBMM, ITOXMOKa CKIaia He Oistbire
0.02 ¢, pospaxoBaHO BTpaTy €Hepril Bil BIUIMBY HEIIPY>XHMX 3iTKHeHb, SKi CKJIaJaloTh
Big 0.120 mo 0.256 mMIIX Ha 3iTKHeHHS i 30UIBIITYIOTBCS IPYU 30UIBIIIEHH] IT0YaTKOBOTO
KyTa BigxwileHHs. Po3paxoBaHO cepelHE BiTHOCHe 3MeHIIIeHHS aMIULTYAW KOJIVMBaHb,
IO JO3BOJIE PpO3paxoByBaTM MaKCUMaJlbHe BiIXWIeHHd B HacTyIHMX Ilepiogax sK
reoMeTpuuHy Iporpecito. IToxmnbka cxiiaa He Outpirte 0.5 °. Ha TOUHICTh po3paxyHKiB
HamnOiTbllle  BIUIMHYJIAa ITOXMOKa BMMIpIOBaHHS KyTa BiIXWIEHHS MAasATHUKY Bin
BEPTHUKAJII.

Cnmcok BUKOPMCTaHMX JKepeT:

1. "Newton's Cradle". Harvard Natural Sciences Lecture Demonstrations.

Harvard University. 27 February 2019.
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IICMXOJIOTO-ITIEHJATOITYHA XAPAKTEPVICTVIKA EMOIIIMHOI COEPU
OITEV MOJIOAIIOTO IKUIBHOTO BIKY

OmurpieBa CeiTyiana MuxartiBHa,
KaHAMIAT ICUXOJIOTIYHMX HayK, JOLIeHT
bina Osrena MukoJsiaiBHa,
3100yBavuKa MaricTepchbKOro piBHsI BUIIIOL OCBiTH 3a criertiapHicTiO 016.01
«CrierriasibHa ocBita. Jloromesmis»
(PKnrommpcebkuit gepsxaBHUM yHiBepcuTeT iMeHi IBana dpaHka, YkpaiHa)

Y wMexax mcumxosoro-mefaroriuHmMxX JOCIKeHb eMollitHa cdepa mocizgae
IpOBiHe MicIle, OCKUIBKM pO3IJIAAETbCA K (PyHIaAMeHTaJIbHUI KOMIIOHEeHT
CTAaHOBJIEHHSI O0COOWMCTOCTI AWTMHM Ta peryanil 1 nosemiakm. Came  eMorrii
3a0e3IeuyioTh Cy0 eKTMBHE ITepeXXMBaHHS XUTTEBVIX MOAiN, BU3HAYAIOTh CTABJIEHHS 10
ceOe, IHIIMX JIIOAEV I OTOUYYIOUOTO CBIiTY, BIUIMBAIOTh Ha MOTMBAIlil0 HaBYaJIbHOI
HisUTBHOCTI Ta MDKOCOOMCTICHY B3a€MOZi0. Y MOJIOAINIOMY IIKUIBHOMY Billi eMoIliliHa
cpepa HabyBae 0OcOOIMBOI 3HAUYILIOCTI, ajpke B IeV Ilepiof BiOyBaeTbcs aKTMBHE
dopMyBaHHS CaMOCBIIOMOCTi, MOpaJIbHMUX ysBJIeHb, JAOBUIBHOCTI IIOBEiHKM Ta
3/IaTHOCTI JI0 €MOLIiVIHOT CAaMOPeTyJIALI.

PosBuTok emomninHoi cdepn TiCHO mOB'si3aHM i3 (PYHKIIOHYBaHHSAM IHIIIVIX
IICVIXi9HVIX TIPOIIECiB — MVCJIEHHS], ITaM 4Ti, yBaru, MOBJIEHH:, a TAKOX i3 (POpMyBaHHSIM
BOJIbOBOI cdpepy ocobucrocTi. EMOIIil BUKOHYIOTH peryysiTUBHY, CUTHaJIbHY Ta
MOTHMBAIIiVIHy YHKIII, COpuUAOYM afalTallil AUTUMHM 10 HOBUX yMOB MIKIJIBHOTO
HaBYaHHS. YCINIIHICTE HaBYaJIbHOI AIsUIBHOCTI 3HAYHOIO MIPOIO 3aJIeKUTh Bif,
eMOIIifHOTO 0JIaronoyiyddss MOJIOAIIOrO IIKOJISIpa, WOTO 3[4aTHOCTI HepeXuBaTil
MO3UTWBHI eMOI1il, KOHCTPYKTVBHO [10JIaTV TPYIHOII, KepyBaTV BJIaCHVMM ITOYYy TTAMM
Ta ajleKBaTHO pearyBaTy Ha OLIHKY JOPOCIIVIX.

Hocnimkennsa B.MyxiHol nmokasyioTh, 1110 MOJIOAII HIKOJISIPi eMOIIVIHO 3aJIe)XHi
BiJl CBOIX BUWTeEJIiB, i 1eV eMOLintHMUM 3B 530K € 3HauHuM. T.IlickaproBa BusiBIIIa, IO
MOJIOIIIII HIKOJISAPi OUIBbII CHOPUVHATIVIBI 0 HABKOJIMIIHBOTO CepelloBMIIa Ta
IIOYMHAIOTh PO3YMITM CBOI eMOIlil B 3HaMOMMX CUTyallifX, XOod4a, MOXJIVBO, IIe He
BMIIOTh apTUKYJIIOBATH 11i eMOIIiViHI IlepeXnBaHHA cj1oBaMn. €.IIbiH BKasye Ha Te, 1110 y
AiTeV MOJIOAIIOrO IIKUIBHOIO BiKy CIIOCTepiraeThcs IIposiB IXHBOI eMOLiHOI cdpepu Ta
comjaysaliii depe3 IXxHIO IIOBediHKYy. 3a JLBurorcekmM, po3BUTOK IOUTHHM
CYIIPOBOIKY€ETbCSI He MPWAYIIEHHSM 4YM TI0CIa0/leHHSIM eMOIil, a cKopimre
3pPOCTaHHSAM KpMBOI PO3BUTKY €MOINV BiJl ayTUCTMYHOIO MWCJIEHHS, A€ eMOILii
BiZIIrpalOTh IIPOBIAHY pOJIb B IHTEJIEKTyaJIbHOMY IIPOLeCi, 10 PeayliCTUYHOIO
iHTeJIeKTyaJIbHOTO IIPOIlecy, e BilOyBaeTbCsl CMHTe3 iHTeJIeKTyaIbHOTO 71 eMOIIiTHOTO
nporecy. 3a AyMKOIO 3aXiJHMX IICMXOJIOTiB, yBech IIpoliec coljiajisamii AWTUHMI
BifIOyBa€TbCd y CTaHi TPMBOIM, OCKUIBKM BOHAa HaMara€TbCsd YHUKHYTW HeIIPUEMHMIX
HepeXuBaHb. 3 BIKOM peakllil THiBy IUTMUHM BU3HAYAIOTBC IBOMa TUIIaMM: BUOYXOBi
peaxliii THiBy Ta CIIpsIMOBaHi peaxllil THiBY, gKi BMHMKAIOTh BHACIJOK OaTbKiBCBKOTO
HEeB/I0BOJIEHHS Ta IToKapaHHA [1].
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Ha cyudacHOMy eTami pO3BUTKY IICMXOJIOTO-IIe[JarOriyHol HayKu IIpobriema
BUBUYEHHSI eMOLIMHOI cdepu miTell MOJIOAIIOrO IIKUIBHOrO BiKy HaOyBa€ HOBUX
aKIIeHTiB y KOHTeKCTi pedopMyBaHHs OCBiTV, BHOpPOBa/PKeHHS KOMIIETeHTHICHOIO
X0y Ta imem eMONiVHOTO iHTesleKTy. JloCIimKeHHsS BITUM3HAHMX 1 3apyOiKHIIX
yUYeHMX CBig4yaTh, IIO0 caMe B MOJIOMIIIOMY IIKUIBHOMY Billi 3aK/IaJaroTbCsd OCHOBU
eMOIIiVHOI CTIVIKOCTi, eMIIaTil, 30aTHOCTI 10 CHiBIepeXnBaHHs, POPMYIOThCS MOpasIbHi
IOYyTTS Ta COLiaJIbHO IIPUVHATHI CIIOCOOM BUpakeHHd eMollil. BomHouac
HeJIOCTaTHIM piBeHb PO3BUTKY eMOIIiHOI cdepr MoOXKe 3yMOBJIIOBATV TPY/IHOIII
ajanTalii 10 IIKOJIM, KOH(IKTHICTB, IIiBUINEHYy TPWUBOXXHICTh, arpecUBHICTb abo
€MOIIiVIHY 3aMKHEHICTb.

TpuBOXHICTh — HaVOIBII BUpasHa OCOOIMBICTE B MOJIOMIIIOMY IIKiJTBHOMY Billi,
sIKa TI0B’ I3aHa 0e3ITocepeTHbO 3 eMOLITTHO0 cpeporo TUTVHA.

Y Mosnopammx MIKOJISpiB TPUBOXHICTh MOXe CYIIPOBOIIKYBAaTVCS HaB SI3JIMBUIMU
IOOOIOBAaHHAMM, 4Ki 3aCBiIUyIOTh IIPO HEIOBIpY 110 ceOe, HEBIIEBHEHICTb Y CBOEMY «SI»,
BHYTPIIIHIO  cynepewmBicTb. [IpmumbamMy  TPMBOXHOCTI  MOXYTb  CJIyIryBaTu
miZBUINeHa BiOIOBIHaJIBPHICTH Ta BUMOIJIVMBICTh IIKOJIAPiB 110 cebe. TpMBOXHICTE Y
MeBHIVI Mipi CIIpusi€ YCHIITHOCTI HaBYaIbHOI AisUIbHOCTI MOJIOIIINX HIKOJISAPiB, ITpoTe
HaIMipHe IIOYyTTS TPWUBOTM MOXXe 3YMOBUTM CYTTEBI MpOOIeMM IICVIXOJIOTi9HOTO
3I0pOoB s ouTHHM [2].

[lcuxosioro-miefjaroriyda  XapakTepucTUKa  eMOLIHOI  cdeprt  MOJIOMIINX
LIKOJISIPiB Ilepef0avae aHasli3 TaKMx 1 KOMIIOHEHTIB, SIK eMOllillHa 4y T/IMBiCTb, piBeHb
TPUBOXXHOCTI, 3[aTHICTb [0 eMIlaTii, OcOOJIMBOCTI CaMOOIIiHKM, cdOpMOBaHiCTb
eMOLIIMHOI caMOoperyJiaLii. Y IpoMy Billi 3pocTa€ 3Ha4yeHHs COLaJIbHMX eMOLi -
IIOYyTTS OOOB'S3Ky, BiNIIOBiMAJIBHOCTI, CIpaBemINBOCTI, copoMy, ropmocTi. Emorrii
Hmenaii OuTplle OMOCEPENKOBYIOTHCS IIiI3HABAJIBHOIO [IiSUIBHICTIO Ta MOPAIBHVIMU
HOpMaM, 1110 cIipysie pOpMyBaHHIO BHYTPIIIIHIX peryJIsiTOPiB IOBeIiHKN.

Metomosioriss BMBYeHHS eMOLIMHOI cdepy MOJIOAIIMX IIKOJIAPiB Hependadae
BUKOPVICTaHHS KOMIUIEKCY [IiarHOCTMUYHMX MEeTOAMK, CIIPsIMOBaHMX Ha BU3HAYeHH:
piBHA TPUBOXXHOCTI, CaMOOIIIHKM, eMOLIIMHOI ~ YyTJIMBOCTI, ocodMBOCTEe
MiXocobucTicHnx B3aeMuH. KoMmiulekcHum mifxiz, 3abesnedye 06’ eKTMBHICTh aHaJIi3y Ta
JIO3BOJII€ BUSIBUTH $K 3arajlbHi 3aKOHOMIPHOCTI, TaK W iHOMBiIyalbHi BiAMIHHOCTI Y
PO3BUTKY eMOLIiTHOT cpepm.

Ilcuxosioro-niefaroriyda xapakTepucTKa eMOLiHOI cdepm [iTer MOJIOHIIIOrO
IIIKUJTBHOTO BiKy Ma€ BaK/IVBe IIPAKTIYHEe 3Ha4eHHs. BoHa € minrpyHTsM m1s po3pobku
IIporpaM €eMOLiIHOIO PO3BUTKY, (POpPMyBaHHS HaBUUYOK CaMOPEryJIAllil, PO3BUTKY
eMIIaTil Ta MO3UTMBHOI caMOOIliHKM. Peajtizallis cucTeMHOro Minxomy, 1o Ieperdadae
B3a€EMOJIiI0 BUMTeIs, IPAKTUYHOIO TIICKXOJIOTa Ta OaTbKiB, CIpUSE CTBOPEHHIO
eMOLIilTHO 0e3[1eYHOro OCBITHBOIO CepellOBMINA, Y SKOMY OUTMHA MOXXe ITOBHOIIIHHO
PpO3BMBATHCS, HAaBYATVCS Ta COLIaJIi3yBaTC.

Takvm umMHOM, eMoliiHa cdepa BUCTYIIA€ BaXIMBUM UMHHMKOM TapMOHITHOIO
PO3BUTKY OCOOMCTOCTI MOJIOAIIOIO IIKOJISApa. Ii mcmxosoro-tieraroriude BUBYEHHS
II03BOJIsA€ TIMOIIIe 3pO3yMiTH MexaHisMyu popMyBaHHS eMOLIHOI CTiVIKOCTi, COITiaJIbHOT
KOMIIETEeHTHOCTI Ta YCINIIHOI afanTaliii 7O yMOB IIKUIBHOIO JKWUTTH, IO BiIKpuBae
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MePCIeKTUBY I ITOAAJIBIIVIX HayKOBMX PO3BIIOK 1 BJOCKOHaJIeHHS OCBITHBOY
IPaKTUK.

JIITEPATYPA
1. Komap, T., & Ilicrka, O. (2023). IlcuxosoriuHi 0coOIMBOCTI PO3BUTKY
eMOILIiVTHOI cdepu AiTert MOJIOAIIOrO MIKIIBHOrO BiKy. Psychology Travelogs, 4(8). C.72.
2Xaimpko, M., (2020). TpwBOXHICTP $SK UYMHHWK HaBYaJbHOI VCIIIITHOCTI
Mortoporo mkossapa / M.C. Xameko // IlcuxororiuHmii i IegaroriuHmii OUCKypC:
HAyKOBi 3aIlICKV BUeHMX: 30ipHMK MaTepiasiiB KoHepeHIlil / 3a 3ar.pen.ripod. T.O.
Onedipenka. - Kuis: Bun-so HITY imeni MLIT. Iparomanosa, 2020. - C.304-306.
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CTPATEITUHI OPIEHTUPY MOJEPHI3AILIIL ITIATOTOBKM MAVBYTHIX
EKOHOMICTIB

Kypoxk Onekcangp OsiekcaHOpoBUY,
acripasT
(CyMmcpkmit pepxaBHU Hefaroriuamy yHiBepcuTeT iMeHi A.C. MakapeHKa)

CyuacHi TpaHcdoOpMalliviHi mporecu y CBITOBiI Ta HalliOHJIbHIVI €KOHOMIL],
umndposisaliss Oi3Hec-cepenoBuilla, DIoDaslizallis PUHKIB Ipalli Ta IIOCWIEHHS
KOHKYPeHIIil BMUCYBalOTb HOBI BMMOIM [0 IpodeciriHOi MiArOTOBKM MamOyTHiX
eKOHOoMicTiB. Tpanyuiviai maxomy 40 eKOHOMIYHOT OCBiTH Aefdasli MeHIIle BiIIloBiaaoTh
3anmTaM poOOTOHNABIIiB i BMK/IMKAM iHHOBAIIiMHOI eKOHOMiKM. B yMmoBax BinmOymosu
eKOHOMIKM YKpaiHM Ta T iHTerpailii A0 €BPOIIEVICBKOIO OCBITHBOIO IIPOCTOPY
ocobmmBoi Barm HaOyBae MOAEpHi3allisl 3MiCTy, TeXHOJIOTIN i opraHisamimHmx ¢opMm
MiATOTOBKM (paxiBIIiB eKOHOMIUHOrO Irpodiro [1].

[Torpeba B OHOBJIEHHI IIATOTOBKM MalOyTHIX €KOHOMICTiB 3yMOBJI€HA
CYIepeuHOCTSIMM MDXK: 3pOCTal0O4MMV BUMOTaMl PUHKY IIpalli O O3HadyeHuX paxiBIiB
Ta HeJOCTaTHIM piBHEM MPaKTMYHOI I'OTOBHOCTI BUIIYCKHMKIB; IIBUIKVMM TeMIIaMU
undposoi TpaHcdoOpMallii eKOHOMIKM Ta iHepIiMHICTIO OCBITHIX HporpaMm IiXHBOL
MiZITOTOBKYM; HeOOXimHICTIO (pOopMyBaHHS THYyYKMX KOMIIETEHTHOCTEN i mepeBaskaHHAM
penpoayKTuBHMX MeToniB HapuaHHs y 3BO. Tomy BusHaueHHs cTparTeriyHmx
OPi€HTHMPIB MOJIepHi3allil MiIrTOTOBKM MaliOyTHiIX eKOHOMICTIiB € aKTya/IbHMM HayKOBO-
IIeIaroriyHmM 3aBIaHHSIM.

AHasti3 cy4yacHOI OCBITHBOI IPaKTUKM [I03BOJII€ BUOKPEMUTV HU3KY IIpoOIIeM y
MArOTOBIi MantOyTHiIX €EKOHOMICTIB, a came:

—  CIIOCTepira€ThbCsl pO3pUB MiXK TEOPEeTUYHOIO MiJTOTOBKOIO O3HaueHMX dpaxiBIIiB
i BuMoramm Oi3Hecy. 3HayHa YacTVMHa OCBITHIX IIpOrpaM Opi€HTOBaHa Ha 3aCBOEHHS
3HaHb, TOMi IK pOOOTOIABIIi OUIKYIOTh CPOPMOBAHMX aHAITUIHMX, KOMYHIiKaTUBHVIX i
HiITPUEMHUIIBKMIX YMiHb;

— 1uwmdposa TpaHcdopMallisi eKOHOMIKM BUMarae Bill eKOHOMICTiB BOJIOIiHHS
iHcTpyMeHTamu data-aHanizy, @iHaHCOBMX TEXHOJIOTiV, IMAPOBOTO MapPKETMHIY,
IIPpOTe BIAIIOBIIHI MOAYJII Ile He[IOCTaTHbO iIHTerpoBaHi B HaBYaJIbHI IUIaHVL;

— HeJOoCTaTHBO yBarm HpuaiidgeTbcs dopMmysaHHIO soft skills: xpuruanoro
MWCITEHHSI, KOMaH/THOI poOOTH, aJTalITMBHOCTI, JIiJIepCTBa;

—  30epiraeTecs dparMeHTapHICTH B3aeMOmil 3aKIamiB ocBiTm 3 Oi3Hec-
cepeoBUILEeM, IO 3HVDKYE ITPaKTUYHY CIIPSIMOBaHICTD ITIATOTOBKM.

YcyHeHH: 3a3Ha49eHVIX BUK/IVIKIB 3yMOBJIIO€ HEOOXiTHICTh CCTEMHOI MOJIepHi3artii
€KOHOMIYHO1 OCBiTMH.

Komnemenmmuicna nepeopienmayisi smicmy oc6imu. KirrouoBM OpieHTHPOM € Hepexif
Bi/] 3HAHHEBOI 10 KOMITeTeHTHICHOI MofeTi miAroTosku. OCBiTHI IIporpaMu MaloTb OyTu
cpsAMOBaHi Ha (pOpMyBaHH: iHTerpaJIbHIX, 3araJIbHMX i paXxOoBMX KOMIIETeHTHOCTeVA,
110 BiAIOBiAalOTh OTpebaM cydacHOi eKoHOMikM. YisibHe Miclle cepes], HMX II0CIIaioTh:
aHalliTMYHa (poboTa 3 BEIMKMMM MacuBaMM [JaHMX) Ta MOiAIpUEMHUIIbKA
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KOMIIeTeHTHOCTI;  ¢piHaHCOBO-IIMdpoBa TI'PaMOTHICTb; CTpaTeriuHe  MUC/I€HHS;
KOMYHIKaTVBHa Ta MKKYJIBTY pHa KOMITIETeHTHOCTI.

Hudppobizayin npopecininoi nideomoBxu. Lndposa ekoHOMiKa oOpMye 3ammT Ha
eKOHOMicTa HOBOro TumIy - axiBllgd, 3HaTHOro IpalfoBaTé 3 IUPPOBUMM
wiarpopMaMy, aHANTUYHMMM  cepBicamMu Ta  (PiHAHCOBMMM  TeXHOJIOTiSIMML.
CrpareriuHmMyu KpoKaMu B IIbOMY HaIlpsMi €: iHTerparlist Kypcis 3 data-aHatizy, GisHec-
a"HaiiTuKy, fintech; BUKOpMCcTaHHS crelliajli30oBaHOrO IIpOrpaMHOroO 3abe3redyeHH:s
(ERP-cucremM, Bl-iHCTpyMmeHTIiB);, BIpOBa/)KeHHs eJIEeMEeHTIB IITyYHOrO iHTeJIeKTy B
OCBITHIV IIpOliec; PO3BUTOK 3MIIIAHOIO Ta AMCTaHLIMHOro Hap4aHHA. Lldposizariis
Ma€ OXOIUIIOBaTM He JIMIe 3MICT, a VI MeTOOM HaBYaHH:d, YIPaBJIiHHSA OCBITHIM
IIPOIIECOM i CHICTEMY OILIiHIOBaHHSI.

[IpaxmuxoopienmobBana i 0yarvha ocbima. BaxJmmBuUM CTpaTeridHMM OPIEHTUPOM €
IIOCWIEHHSI MpPaKTUYHOI CKJIaf0BOI MIiATOTOBKM MalOyTHIX eKOHOMICTiB, 30KpeMa
pO3LIMpeHHs IIporpaM AyaIbHOI OCBITH; 3aJIydeHHsI pOoOOTOMABLIiB [0 pO3pOo0sIeHHs
OCBITHIX IporpaM; BIIPOBa/DKeHHsI KeVic-MeTOy, Oi3Hec-CUMYJIALIiV, ITPOEKTHOIO
HaBYaHHS; OpraHisalis CTaXyBaHb i IpaKTMK Ha IIANPUEMCTBAX 1 B KOMIIaHIisX.
IIpakTKoOpieHTOBaHa IiArOTOBKa cIpuse POpMyBaHHIO IPOdeciViHOI iTeHTUYHOCTI
MariOyTHiX €KOHOMICTIB i MiBNUIIy€ TX KOHKYPEeHTOCIIPOMOXKHICTB.

PosBumox soft skills manbymmix exoromicmi. CydacHUVI eKOHOMICT Mae OyTu He
JVIle aHAILTMKOM, a ¥ edeKTMBHUM KOMYHIKaTOpOM i KOMaHIOHWMM rpaslieM. lle
norpedye cucreMHOro OpPMyBaHHS THYYKMX HaBUYOK: KPUTUYHOIO MUCIIEHHS,
eMOLIITHOTO 1HTeJIeKTy, JIfepcTBa 1 KOMaHAHOI B3a€MOAIl, TaliM-MeHeIKMEeHTYy i
caMOMeHeXKMeHTY; alallTUMBHOCTI 10 3MiH. Po3BuTok soft skills mortisibHO 3aivicHIOBaTIA
Jepe3 BIPOBa/PKeHHs IHTePaKTVMBHMX MeTOAIB HaBYaHHS, MDKIVCHUIUIHAPHMX
IIPOEKTIB Ta I103aayJUTOPHOI JisJIbBHOCTI.

InmepHayionanizayis exoHomiunoi oc6imu, IO TIepemdadae ii iHTerparitoo g0
€BPOIIEVICBKOIO  OCBITHBOTO IIPOCTOPY  (rapMOHi3allifo  OCBiTHiIXx IporpaMm i3
MDKHApOIHMMM CTaHOapTaMy; PO3LIMpPEeHHS aKaJeMidyHOI MOOUIPHOCTI CTyHeHTIB i
BUKJIa[JaviB; BIPOBa/KEHHs KypPCiB aHIJIIVICbKOIO MOBOIO; y4acTb Yy MDKHapOIIHMX
OCBITHIX 1 HOCITITHUIIBKMX IIpoeKkTax). IHTepHalioHasiszarliss copuse dopMyBaHHIO
17100aIbHOTO €KOHOMIYHOTO MVCIIeHHs MaviOyTHiX dpaxiBIIiB.

Cmydenmoyenmpobanicms  ocBimuvoeo  npoyecy.  MorepHisallis — MiFTOTOBKM
MaiOyTHIX eKOHOMICTiB HeMoXJIMBa 0Oe3 yTBepIKeHHs CTy/IeHTOIleHTPOBaHOI
MapaanrMy, peatisallis SKol B OCBITHPOMY ITpOIleci BMarae Io0yaoBY iHAMBINy aTbHIMX
OCBITHIX TPa€KTOPill, IIMPOKOTO IIepesliKy BUOIPKOBMX OVUCLMIUIIH, TBIOTOPCHKOIO
CYIPpOBOY OCBITHBOIO IIpOILlecy, dopMyBasIbHOTO  OILIIHIOBaHHS, PO3BUTKY
pedrreKcMBHIMX YMiHb CTYI€HTIB.

Taxmi migxin migBuIlye MOTMBAIIIO 0 HaBYaHHS i BiANIOBiTaIbHICTE 3100yBayiB
OCBiTM 3a BJIacHMM IIpOodecitHmMI PO3BUTOK.

EdexTuBHicTs MOOepHi3allil HiITOTOBKM MaltOyTHiIX eKOHOMICTIB 3a0e3IeuyeThcs
3a TaKMX I1eJaroriyHMX YMOB:

—  OHOBJIEHHS HOPMaTUBHO-MeTOIMYHOTO 3a0e3I1eueHHs OCBITHIX IIporpam;
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— migBuineHHs LM@PPOBOI Ta MeTOAMYHOI KOMIIETEHTHOCTI BUKJIAZadiB, sKi
3a0e3I1euyIoTh OCBITHIVI IIPOLIEC;

—  PO3BUTOK IIapTHEPCTBA «OCBiTa - Oi3HeC - IeprkaBa»;

— CTBOpeHH: iHHOBALIiIIHOTO OCBITHROTO cepefosuiia y 3BO;

— MOHITOPMHI $IKOCTi IIITOTOBKM Ha OCHOBI 3BOPOTHOTO 3B'S3Ky Bif
poboTopaBLiB.

Takym unHOM, MOfepHi3allis HiATOTOBKM MamOyTHIX €eKOHOMICTIB € 00’ €eKTMBHOIO
BMMOIOIO  Cy4aCHOIO  COLIiaJIbHO-eKOHOMIYHOIO  PO3BUTKY  HAIOl  JIep>KaBW.
CrpareriunmmMy  OpieHTMpaMy IIbOIO IIpOlleCy BWM3HA4YeHO: KOMIIeTeHTHICHY

HepeopieHTallio 3MicTy OCBITH, nrdposizaliiro HaBYaHHS, IMOCWJIEHHS
IIPaKTUKOOpi€HTOBaHOCTI,  po3BuUTOK  soft  skills, iHTepHamioHami3amiro Ta
BIIPOBa/PKeHHs CTYIeHTOILIeHTPOBaHOIO MiIXOy.

Peasizartis OKpeCJIeHMX OpieHTUPIB CIIpUATIIME IiITOTOBLIL

KOHKYPEHTOCIIPOMOXXHMX €KOHOMICTiB HOBOI'O IIOKOJIIHHS, 31aTHMX e(PeKTMUBHO AidTI B
yMoBax 1@ poBoi Ta I100aIi30BaH0T eKOHOMIKMN.

JIireparypa
1. Crampapr Bmmoi ocBiTm Ykpainwm : creniaipHicTe 051 «Exonomika». Kwuis,
2018. URL: https:/ /mon.gov.ua/ static-objects/ mon/sites/1/vishcha-

osvita/zatverdzeni%20standarty/2021/07/28/051-Ekonomika-bakalavr.28.07-1.pdf
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®AXOBA IIATOTOBKA MAVBYTHIX ITEJATOI'B IIPO®ECIVIHOTO
HABYAHHJI: BIOJITIOBIOHICTb CTAHOAPTAM I IIOTPEBAM PVIHKY IIPALII

Camycp Tersaana BoognmupisHa,
KaHOMaaT HefarorivyHux HaykK, JOLIeHT
(I'myxiBchbKmv HalliOHaJIBHUI IIeIaroriyHmm YHiBepcuTeT iMeni OstekcaHpa
JloBxeHKa)

Y Konrmemntiit peastizatii JepxaBHOI TTOJITUKM Y cdpepi mpodpecintHoiI (mpodecintHo-
TexHiuHOo1) ocBiTH «CydacHa mpodeciiHa (ImpodeciliHO-TexHiUHa) OCBiTa» Ha I1epiof] 10
2027 poky 3a3HaueHO, IO «CTpaTeriuHMM OauyeHHSIM MoOpepHisalil IpodecintHol
(mpodecitHO-TexHIUHOI) OCBITM € CTBOpPeHHSI OCTaTHiIX YMOB I CTaHOBJIEHHS
3p00yBauiB 1mIpodecintHOI (podeciliHO-TeXHIYHOI) OCBiTH AK ycebiuHO pO3BMHEHMX
ocobmcrocTe, KBatipikoBaHVX POOITHMKIB, POpMyBaHHS Y HVX IIiIHHICHVIX Opi€HTarIIin
i HeoOXigHWMX IS yCHOIIIHOI caMopeaslisalil KOMIIETEHTHOCTEV, BVIXOBaHH:
BIIIOBiIQ/IbHMIX TpOMajsdH, 3HaTHMX [JO CBiIOMOTO CYCIUIBHOTO BUOOpPY Ta
CIpsIMyBaHHSI CBO€I MisUIBHOCTI Ha KOPWUCTb IHINVMM JIIOAAM 1 CYCIUIBCTBY 3ajId
peastizallii BJIaCHOTO IIOTeHIIiaJly Ta 3abe3leyeHHSI CTaJIOTO PO3BUTKY YKpaiHM».
OnHiero 3 TakMx yMOB € 3a0e3NedeHHs 3aKiIafliB ImpodeciitHol (mpodeciltHO-TexXHIYHO1)
Ta (paxoBoi IepeABUINOI OCBiTM IlegaroraMy IpodecimHOro HaBYaHHS 3 BUCOKUM
piBHeM copMOBaHOCTI MpodeciitHOT KoMITeTeHTHOCTi. ToMy, He3BaXkaroun Ha CKJIaiHi
COLliaJIbHO-eKOHOMIYHI yMOBM YKpaiHu, MofepHi3allid ¢paxoBoi MiITOTOBKM Ilefarora
npodeciiHOrO HaBYaHHS 3aJININAEThCA HAA3BMYAVHO aKTYaJIbHOIO IIPOOJIEeMOIO
HalliOHAJIBHOT CHCTeMM IIPO@eCiviHOT OCBITH.

OOGrpyHTYyBaHHIO CyJacHMX IIIXOMIB y peastizarlil haxoBol MiATOTOBKM MaltOyTHiX
reylaroris  MpodecimHOro HaBYaHHS IIPUCBSYeHI Ipalli: y Tajlys3i BuUIOI OCBiTM -
B. Aunpymenka, B. Kpemens, C. Hikonaenka, I'. CesteBka Ta iH.; y rasysi nmpodecivitoi
ocitmt - C.batumesa, O.[lybaceniox, O.Kosasenko, B.Kosampuyka, B. Kypox,
H. Huukaso, B. Pankesny, O. Illep6axk Ta iH.

BinnosinHo no 3akony Yxpainm «[Ipo Buimy ocBiTy», 3rigHO 3 IIPVHIIMIIOM
aBTOHOMII Ta CcaMOBpsAOyBaHH:, 3aKIagy BUIINOI OCBITM 3HIiVICHIOIOTH ITIATOTOBKY
OakajaBpiB y MeXax JIIleH30BaHMX CIeIliaJIbHOCTeNI Ha OCHOBi CaMOCTIVIHO
po3po0iieHMX Yy BIANOBIAHOCTI 10 CTaHAAPTy BUINOI OCBITM CHelliaIbHOCTI 7
yIIPOBaKeHVX B OCBITHIN IIpolec OCBiTHbO-IIpodeciviHyx nporpaM. CTaHgapT BUIOL
OCBiTM po3po0igeThes BianoBigHO no HartionampHOT pamMky KBastidpikariint 1 BU3HavYae
CYKYIIHICTb BUMOT [0 OCBITHIX IIpOrpaM CIeIliaJIbHOCTi OJHOTO PiBHSA BUIIOI OCBITH,
3abesmeuyrounr TaKMM UMHOM MOJIepHi3allilo CTPyKTypW, 3MICTy Ta oOprasisariii
OCBITHBOI'O ITPOLIeCY Ha 3acajjaxX KOMIIeTeHTHICHOTO ITJIXO/y .

3 orany Ha 1e y CraHzmapTi BuIoil ocBitu Ykpainu mepiroro (6akajaaBpchKoro)
piBHs, Tanysi 3HaHb 01 - «Ocsita / Ilemarorika», crieniasbHocTi 015 - «ITpodeciviHa
ocBiTa (3a creliamizaiisgmMm)», SKWUI 3aTBEPIKEHO 1 BBeOEHO B [il0 HaKa3oM
MinicrepcrBa ocBity i Haykm Ykpainu Bixg 21.11.2019 p. Ne 1460, BusHa4yeHO Ilepesiik
3araIbHMX 1 cHeliayibHuX (daxoBux, IIpeIMeTHMX) KOMIIETEHTHOCTEN i IIpOorpaMHMX
pesyJIbTaTiB HaBYaHH:, CHUIBHWMX JUIA BCiX cHemliasmisamnin. TakuMm 4mMHOM, yci OCBiTHI
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Imporpami po3po0sieHi 3aKjIagaMy BUINOI OCBITM YKpaiHu, HOOyIoBaHI Ha OCHOBI
KOMIIETEHTHICHOIO TIIIXOAy 1 3 ypaxyBaHHAM MeTOAMYHMX pPeKOMeHJallil IoI10
po3po0sIeHHs I OHOBJIEHHS OCBIiTHIX IIporpaM BilIOBigHO 110 BUMOT cTaTTi 44 3akoHY
Yxpaiau «IIpo ocsity» B pemaxuii Bim 15.11.2024 p. Ne 2145-VIII, crarti 10 3akoHy
Yxpainu «IIpo Bumy ocsity» B pemaxuii Big 17.11.2024 p., noctanos KMY Yxkpainu
«IIpo 3aTBepmkenHs JlilleH31MHMX YMOB IIpOBaIPKeHHsI OCBITHBOI AisUIBHOCTI 3aKyIafliB
ocBiTy» Bif 30.11.2015 p. Nel1187 (3i 3miHamu, BHeceHmMu IToctanosoro Ne 365 KMV Bif
24.03.2021 p.), «IIpo yTBOpeHHss HarlioHasibHOro areHTCTBa i3 3a0e3leueHHsI SIKOCTI
BUIIIOT ocBiTN» (pemakitis Bif 30.01.2024 p. Ne 244), CragjaprTiB i pekoMeHaarIi oo
3a0e3reueHHsl 4KOCTi B E€BpollericbkoMy IpocTopi Buimoi ocsitm (Standards and
Guidelines for Quality Assurance in the European Higher Education Area)» (ESG -
2015) [4].

Y Hamjionanenin pamii ksaididikarlivn YkpaiHu iHTerpajibHa KOMIIETEHTHICTb
BVI3HAYaAETHCSA BITHOCHO CHCTEMHOTIO 1 CTPYKTYypPOBaHOIO 38 KOMIIETEHTHOCTSMV OIIVCY
BiTIOBiTHOrO KBastidikaliiriHoro pisHs. BoHa okpecitoe 0CHOBHY 3[1aTHIiCTh OakaslaBpiB
- MamOyTHiX memaroriB IpodecimHOrO HaBYaHHS 7 KOHKPETM3YE€TbCS HM3KOIO
3araJibHUX 1 creniagbHMX (dpaxoBux, IIpeaMeTHMX) KOMIIeTeHTHOcTen. PesysbraTtnt
aHaJIi3y OCBITHBO-IIpOodeciviHMX mporpaM IJIyxiBcbKOro HallioHaJIbHOTO I1eJarorigHoro
yHiBepcuteTy iMmeni Orekcangpa [loexeHka, YKpalHCBKOI iH>KeHepHO-IIeHaroriuHol
akagemii, HapuarpHO-peaOuriTaniniHoro 3akiiamy Buiol ocsiTn  «Kam gHelb-
[TopgisibcbKUM  AepXaBHUI IHCTUTYT», XepCOHCHKOTO [epKaBHOIO YyHiBepcuTeTy,
Hep>XXaBHOro BUIIOTO HaBYaJIbHOIO 3aKilally «YKpalHCBKUI [AepXaBHWUI XiMiKo-
TeXHOJIOTIUHWUI  yYHiBepcuTeT»  3acBiOUwWiIN, IO IHTerpaJibHa KOMIIETeHTHICTb
HOTPaKTOBY€EThCA OJJHAKOBO y BCix IMporpaMax BinnosigHo mo CraHmapTy BUIIOT OCBITH
Yxpaiam nieprroro (6akasaBpchKoro) pisHs, criertiasibHOCTi A5 «IIpodeciitaa ocBiTa (3a
creriastisariissMm)» i BU3HAYa€TbCSd B TaKOMYy (DOPMYJIIOBaHHI: 3[0aTHICTh PO3B sI3yBaTH
CKJIaJHi crelliajli3oBaHi 3aadi Ta HpakTWU4HI IpolsieMn y IpodpeciviHii OCBiTi, 1110
neperibavae 3aCTOCYBaHHS IIEBHMX TeOpiVl i MeTOMiB IlelaroriuHoi HayKM Ta iHIIMX
HayK BIANOBIAHO [0 CIeljasmsariii, 1 XapaKTepu3ye€TbCsl KOMIUICKCHICTIO 11
HEeBU3HAYEeHICTIO YMOB.

TakvM 4YMHOM, MeTOIO peastisalil Bullle3asHaYeHMX OCBITHIX HOporpaMm €
IMiZITOTOBKa BUCOKOKBaIi(piKOBaHMX, KOHKYPEHTHO3JATHMUX I1e[1aroriB IpodeciriHOro
HaBYaHHS 3[aTHMX O PO3B’S3yBaHHS CKIIQAHMX CIeliali3oBaHMX 3ama4d y cdepi
npodpecintHoi  OisuibHOCTI, Oynb TO mpodpeciiiHa IiATrOTOBKa TexHIYHMX axiBIiB,
KBaJTipikoBaHMX POOITHUKIB Y cdpepi TeXHOIIOTiN BUPOOHMIITBA i ITlepepOOKM IIPOIYKTiB
CUJIBCBKOTO  TOCHOZAPCTBA, MAIIMHOOYAYyBaHHS, eJIeKTpoeHepreTuky uYn cdepu
Xap4OBYIX T€XHOJIOTiVL, TOPIiBJIi Ta IOCJIYT.

3 MerToro 3'AcyBaHHsS CcTaHy ¢OpMyBaHHS IpodeciliHOI KOMIIeTeHTHOCTI
MamOyTHiX Heraroris mpodpecilHOro HaBuaHHsA OyJl0 3[iVICHEHO aHaJli3 OCBITHBO-
mpodeciviHYIX IIporpaM, HaB4a/IbHI IUIaHM, po0OOUi IIporpamm HaBYaJIbHMX JUCHUIUIIH
3aKjIaAiB  BUINOI OCBiTM VYKpaiHW, sKi 3[OiMICHIOIOTh MiATOTOBKY OaKajaBpiB 3a
cretiasipHicTIo 015 ITpodecivina ocsita, cnemiaisamiero A5.37 Ilpodecivina ocsita
(ArpapHe BUpPOOHMIITBO, IepepoOKa CLIBCHKOTOCIIOIAPChKOI IIPOMYKINI Ta Xap4doBi
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TeXHOJIOIil) 1 IPUCBOIOIOTH OCBITHIO Ta Hpodeciiny Kpatidikaniro «bakamasp i3
rnpodpecintHoi ociTn. Ilemaror mpodeciviHoro HaBuaHHS (ArpapHe BUPOOHWUIITBO,
IepepoOKa CLILCHKOTOCIIOAPCHKOT ITPOIYKIIiT)».

3arayibHi KOMIIETEHTHOCTI OCBITHBO-IIPOPECiHMX I[IporpaM 3akKilaiB BUIIOL
OCBITM BapilOIOTh Bifl OAMHAAUATM (BIOIIOBiZAIOTH CTaHOAPTY CHelliaJIbHOCTI) IO
IBaHaIOLIATU — JOIIOBHEHI KOMIIETEHTHOCTI, BU3Ha4YeHi YHiBePCUTETOM.

@daxoBi (IIpeaMeTHi, crelliajibHi) KoMmeTeHTHOCTI, posrsiHyTux OIl 3axitamis
BUIIOI OCBiTM, MICTSITh 3HAHHA 71 KOHKPeTM30BaHi BiIIIOBiAHO [0 creliastisanii. Bonu e
HeOoOXiTHOI0 YMOBOIO 3[iVICHEHHS VCIIIITHOI HpodeciiHOl AisyIbHOCTI ManOyTHIMMI
negaroramut IpodecinHoro Hap4aHHA. CaMme TOMy, HpoaHasli3yeMO IX Kpi3b IIpU3My
CTPYKTYPHMX KOMIIOHEHTiB HpodpeciiiHOI KOMIIeTeHTHOCTi, a caMe: I[iHHiCHO-
MOTMBALiVIHOTO, IHTEJIeKTyaJIbHO-KOIHITMBHOIO, KOMYHIKaTMBHOIO, HisUIbHICHOTO,
pedireKciniHO-01IIHHOTO.

Otxe, 30iVICHeHMII HaMV aHaJIi3 OCBITHBO-IIPOeCinHIX IIporpaM i HOpMaTUBHMX
IIOKYMEHTIB J1a€ MificTaBy CTBEPIKyBaTH, 10 Hapasi MofepHi3allid paxoBoi HiArOTOBKM
MariOyTHIX TIelaroriB MpodeciiHOro HaBYaHHS 3MiVICHIOETBCS BiAIIOBITHO HO BUIMOT
CTaHAAPTiB, HOBMX BVIMOT, IIPOAMKTOBAaHMX ITOTpedaMy poOOTOAaBIIiB, iHHOBAITIIHMIX
3MiH B €KOHOMIIli ¥ CyCIIUIBCTBI, BIIPOBA/KEHHsI HOBMX TeXHOJIOIiVI, BVMOT IO
npodeciitHOI KOMIIETeHTHOCTI MamOyTHiX daxiBLiB i memaroris mpodeciitHOro
HaBYaHHSI.
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BASICS OF HEALTH. PHYSICAL CULTURE AND SPORTS

ASSESSMENT OF THE IMPACT OF RADIOFREQUENCY ELECTROMAGNETIC
RADIATION IN THE MILITARY ENVIRONMENT

Ivanko Olesia Mykhailivna
Doctor of Medical Sciences, Professor
(Ukrainian Military Medical Academy)
Makhniuk Valentyna Mykhailivna
Doctor of Medical Sciences, Professor
(Ukrainian Military Medical Academy)
Fedosenko Ivan Mykolaiovych
Candidate of Medical Sciences
(Ukrainian Military Medical Academy)

Radiofrequency electromagnetic radiation (RF EMR) is an integral component of
modern technologies for communication, radar, navigation, and electronic warfare. In
the military environment, RF EMR is used in radar systems, communication equipment,
unmanned systems, electronic countermeasure devices (jammers), as well as in high-
power microwave (HPM) systems. Signal characteristics - particularly high peak
power, pulsed operation modes, and a broad frequency spectrum - combined with the
specific exposure conditions of military personnel, create a set of factors that may
potentially affect health status. The relevance of studying the impact of RF EMR on the
health of military personnel is obyciosiiena the need to assess occupational risks,
improve the regulatory framework, and develop scientifically substantiated safety
recommendations.

RF EMR belongs to non-ionizing radiation, meaning it does not possess sufficient
energy to directly damage DNA. Its primary confirmed biological mechanism of action
is the thermal effect associated with energy absorption by tissues and the resulting
increase in temperature. Quantitative assessment of exposure is performed using SAR
(Specific Absorption Rate), which reflects the rate of energy absorption, and CEM43
(Cumulative Equivalent Minutes at 43 °C), which characterizes the cumulative thermal
load on tissues.

Modern international organizations that develop standards regarding exposure to
radiofrequency electromagnetic radiation, in particular the International Commission
on Non-lonizing Radiation Protection (ICNIRP) and the Institute of Electrical and
Electronics Engineers (IEEE), establish maximum permissible exposure levels to
prevent proven adverse effects, primarily systemic overheating and local tissue heating.
In their recommendations (ICNIRP, 2020; IEEE C95.1-2019), they define restrictions,
including limits on the Specific Absorption Rate (SAR), aimed at preventing
temperature increases in tissues from exceeding established threshold values.

Scientific publications discuss whether the current standards are sufficient for
assessing risks in complex military exposure scenarios, where pulsed operation modes,
high peak power, and multi-frequency radiation are combined. Particular attention is
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paid to local effects in critically sensitive tissues (skin, visual organs, and the central
nervous system), which may arise due to the non-uniform spatial distribution of the
electromagnetic field.

Military radar systems and satellite and ground-based communication systems
operate across a wide frequency range (MHz-GHz) with high peak power, and the
pulsed nature of radiation complicates accurate dosimetric assessment, as time-
averaged indicators do not always reflect instantaneous local loads. Under certain
combat or training conditions, zones of increased local thermal impact may form,
especially for operators in close proximity to radiation sources. This highlights the need
to improve individual dosimetry methods, numerical modeling of SAR in tissues, and
the development of adapted preventive measures. Considering the specific
characteristics of military exposure conditions, high-power microwave (HPM) systems
should be regarded as a distinct occupational risk factor. High-Power Microwave
(HPM) systems are complexes designed to generate short-duration or pulsed
electromagnetic emissions of extremely high power in the microwave frequency range.
Such systems, including electronic warfare equipment, produce pulses with peak power
levels ranging from megawatts to gigawatts within ultra-short intervals (nanoseconds
to microseconds).

Although systemic overheating of the body usually does not occur due to the brief
duration of exposure, the high instantaneous power flux density and the complex
spatiotemporal field structure may create local maxima of energy absorption in tissues.
Experimental data indicate that pulsed radiofrequency energy may induce functional
and morphological changes in brain tissues at exposure levels below established
thermal thresholds.

An additional risk factor involves portable radios and body-worn antennas
operating in the near field relative to the body; under such conditions, local SAR values
may exceed whole-body averaged indicators. This necessitates the use of individual
dosimetry, numerical SAR modeling, and consideration of real operational scenarios
when assessing occupational risks for military personnel.

In 2023-2025, the World Health Organization initiated a series of systematic
reviews and meta-analyses on the health effects of radiofrequency electromagnetic
radiation (RF EMR), including in oncology, cognitive function, fertility, and thermal
effects. The assessments identified methodological limitations, a limited number of
primary studies, and substantial heterogeneity of results, which preclude definitive
conclusions regarding safety, although some experimental animal data in oncology
demonstrate moderate to high certainty.

Recent reviews on RF EMR safety emphasize that most standards, developed
decades ago with a primary focus on thermal effects, require reconsideration in light of
modern technologies and exposure conditions. Epidemiological studies among military
personnel, predominantly cohort and case-control in design, show inconsistent
tindings: some report no increase in overall mortality or cancer incidence, whereas
others suggest possible associations with specific tumor types in highly exposed
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groups, though their validity is limited by small sample sizes and imprecise exposure
assessment.

Current evidence confirms that thermal effects remain the principal established
mechanism of RF EMR biological action, whereas signals of non-thermal effects,
particularly from high-power microwave (HPM) and pulsed exposures, require further
verification. Moreover, the military exposure context differs substantially from civilian
settings, necessitating specialized approaches to updating regulatory standards.

Conclusions.

1. In the military environment, RF EMR is generated by diverse sources
operating across a wide range of frequencies and power levels, necessitating exposure
assessments specifically tailored to potential health effects.

2. The primary established biological mechanism of RF EMR is the thermal
effect; local thermal changes may produce physiological consequences even when
general exposure limits are observed.

3. Recent systematic reviews and policy evaluations indicate the need to
reconsider current standards and to conduct further research addressing both thermal
and potential non-thermal mechanisms.

4. Epidemiological evidence in military populations remains inconsistent,
underscoring the need for careful long-term surveillance and follow-up.
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Fedosenko Ivan Mykolaiovych
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The relevance of studying the effects of electromagnetic radiation (EMR) on the
human body is oOyciosiena the rapid advancement of modern technologies, the
widespread proliferation of mobile communications, wireless networks, household and
industrial electrical devices, and the consequent increase in population exposure to
electromagnetic fields across various frequency ranges. Despite the existence of
established sanitary regulations and hygienic standards, there is a growing need for
accurate and comprehensive assessment of potential health risks, which necessitates the
application of modern research methodologies and a scientifically substantiated
approach to the selection of evaluation criteria.

The implementation of such methodological approaches enables not only the
determination of permissible exposure levels but also the timely prevention of potential
adverse biological and physiological effects, thereby underscoring the particular
importance of this research area for public health protection and for the hygienic
regulation of occupational and residential environments.

The national methodology for the hygienic assessment of electromagnetic fields
(EMF) in Ukraine is grounded in the country’s regulatory and legal framework,
encompassing state sanitary norms and regulations (SSanNiR), as well as state hygienic
standards (SHS) that define permissible exposure levels for different population
categories and occupational settings. The fundamental principles of this approach
include a comprehensive evaluation of exposure, consideration of both the frequency
and intensity of electromagnetic radiation, and assessment of its biological effectiveness
on the human organism. The methodology incorporates spectral analysis of
electromagnetic fields, measurements of power density and energy flux, alongside
laboratory and clinical investigations to identify physiological alterations in individuals
subjected to EMF exposure.

In international practice, particularly within European Union countries and
according to the guidelines of the International Commission on Non-Ionizing Radiation
Protection (ICNIRP), emphasis is placed on integrated approaches that encompass not
only measurement techniques but also exposure modeling, risk assessment, and the
prediction of long-term health effects. The European methodology additionally
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employs more differentiated criteria for various frequencies and types of
electromagnetic fields, including emerging technologies such as 5G and Wi-Fi, and
establishes stringent exposure limits for sensitive population groups, such as children,
pregnant women, and individuals with chronic health conditions.

A comparative analysis of domestic and international approaches indicates that
the Ukrainian methodology ensures fundamental safety and aligns with the general
principles of ICNIRP; however, it requires broader implementation of modern risk
modeling, monitoring systems, and long-term effect forecasting. Adoption of
international standards enables the unification of exposure assessment, enhances the
scientific validity, and increases the effectiveness of hygienic measures, which is
particularly important in the context of the rapid development of telecommunications
and electrical engineering systems.

For the hygienic assessment of EMF exposure in Ukraine, a system of national
regulatory and legal acts is applied, which establishes maximum permissible levels of
electromagnetic fields, as well as methodologies for their measurement, calculation, and
control.

The foundational document is the “Hygienic Requirements for Electromagnetic
Fields and Electromagnetic Radiation, SSanNiR 3.3.2.007-98,” which defines hygienic
standards for various frequency ranges, establishes safety criteria, and provides
methodological approaches for measuring and assessing electromagnetic field levels in
both occupational and domestic settings. Significant importance is also attributed to the
provisions of subsection 1.3 of the State Sanitary Rules and Norms “State Sanitary Rules
and Norms for the Protection of the Population from the Effects of Electromagnetic
Radiation” (SSR 239-96), which regulate the maximum permissible levels of
electromagnetic fields for the population and specify requirements for the organization
of sanitary supervision and control. Additionally, for the assessment of the spatial
distribution of electromagnetic field intensity, the “Methodology for Calculating the
Distribution of Electromagnetic Field Levels,” approved by the Order of the Ministry of
Health of Ukraine dated 29 November 2013, No. 1040, is applied. This methodology
establishes procedures for calculations during the design and operation of radio-
technical facilities and is used for forecasting and hygienic assessment of EMF exposure
to the population.

Thus, the system of national regulatory documents ensures a comprehensive
approach to the hygienic regulation, measurement, and control of EMF in accordance
with the requirements of Ukraine’s sanitary legislation.

The international and European regulatory framework for limiting human
exposure to electromagnetic fields is primarily formed by the ICNIRP 2020 guidelines
(ICNIRP, 2020, Guidelines for Limiting Exposure to Electromagnetic Fields (100 kHz to 300
GHz)), which establish exposure limits in the frequency range of 100 kHz to 300 GHz, as
well as the international standard IEC 62232:2025 (Determination of RF Field Strength,
Power Density, and Specific Absorption Rate (SAR) in the Vicinity of Base Stations for the
Purpose of Evaluating Human Exposure), which regulates methods for measuring and
calculating radiofrequency field parameters near base stations.
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At both European and international levels, methodological approaches for
exposure assessment are also defined by the standard EN 50413 (Basic Standard on
Measurement and Calculation Procedures for Human Exposure to Electric, Magnetic, and
Electromagnetic Fields, 0 Hz - 300 GHz) and the recommended practice IEEE C95.3-2021
(IEEE Recommended Practice for Measurements and Computations of Electric, Magnetic, and
Electromagnetic Fields with Respect to Human Exposure to Such Fields, 0 Hz to 300 GHz),
which establish harmonized procedures for the measurement and calculation of
electromagnetic exposure levels.

Conclusions.

1. Modern methods for the hygienic assessment of electromagnetic radiation are
based on measurements of electric and magnetic field intensities, energy flux density,
and the evaluation of exposure for different population groups and occupational
environments.

2. Domestic methodologies (SSanNiR, SHR) are relevant to international
approaches and provide fundamental safety; however, they remain partially focused on
direct measurements and do not always incorporate modeling and prediction of long-
term effects.

3. International and European standards (ICNIRP, IEC, EN) employ integrated
approaches, including exposure modeling, risk assessment, differentiated limits for
sensitive groups, and consideration of emerging technologies (5G, Wi-Fi), which
enhances the accuracy and scientific validity of exposure assessment.

4. Comparative analysis indicates that, to ensure maximum effectiveness of
hygienic assessment, it is advisable to combine domestic measurement methods with
international approaches for regulating protection of sensitive population groups and
integrating long-term risk management.

5. The use of modern comprehensive methodologies allows for timely prevention
of potentially adverse biological and physiological effects, making this topic
particularly relevant for hygienic regulation and public health protection.
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The relevance of this topic is determined by the need to align the national system
of medical and sanitary regulation with current scientific data on the biological effects
of electromagnetic fields and international approaches to their standardization. The
existing State Sanitary Norms and Rules for Working with Sources of Electromagnetic Fields
(DSanPiN 3.3.6.096-2002), developed based on scientific knowledge from the early
2000s, require revision in view of the rapid development of telecommunications
technologies, the widespread implementation of next-generation mobile networks,
digital infrastructure, and the increasing occupational and everyday exposure to
electromagnetic field sources. In the context of European integration processes,
harmonization of national standards with the requirements of the European Union,
particularly Directive 2013/35/EU, as well as with the recommendations of the
International Commission on Non-Ionizing Radiation Protection (ICNIRP), is of
particular importance. Updating the regulatory framework will contribute to enhancing
the protection of workers” and the public’s health, ensuring legal certainty for economic
entities, and fulfilling Ukraine’s international obligations in the field of public health
and occupational safety.

The European regulatory framework in the field of electromagnetic safety is
primarily represented by Directive 2013/35/EU and Council Recommendation
1999/519/EC. The Directive 2013/35/EU of the European Parliament and of the
Council of 26 June 2013 is the 20th individual directive within the framework of
Directive 89/391/EEC and establishes minimum mandatory requirements for the
protection of workers against risks arising from exposure to electromagnetic fields in
the frequency range of 0 Hz to 300 GHz. The directive defines exposure limit values
(ELVs) and action levels, regulates procedures for occupational risk assessment, the
implementation of preventive measures, the provision of information and training for
workers, as well as medical surveillance. Its provisions are binding for EU member
states and are based on the scientific findings of the International Commission on Non-
Ionizing Radiation Protection (ICNIRP).
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At the same time, Council Recommendation 1999/519/EC establishes basic limits
and reference levels for electromagnetic field exposure to protect the general public,
providing scientifically justified guidelines for the development of national standards.
Although it has a non-binding nature, its provisions effectively serve as a
methodological basis for public health policy, particularly taking into account the
updated scientific findings of 2020. The combination of these legislative acts forms a
comprehensive EU approach to regulating electromagnetic field exposure both in
occupational settings and for the general population, highlighting the necessity of
adapting national sanitary standards to European benchmarks.

Modern international organizations that develop standards for radiofrequency
electromagnetic field exposure, in particular the International Commission on Non-
Ionizing Radiation Protection (ICNIRP) and the Institute of Electrical and Electronics
Engineers (IEEE), establish maximum exposure limits to prevent proven harmful
effects, primarily systemic overheating of the body and excessive local tissue heating.

The ICNIRP Guidelines (2020) (Guidelines for Limiting Exposure to
Electromagnetic Fields, 100 kHz - 300 GHz) are an internationally recognized scientific
document that defines basic restrictions and reference levels for radiofrequency
electromagnetic field exposure to protect both the general public and workers. The
guidelines are based on a systematic analysis of current experimental and
epidemiological studies and take into account established biophysical mechanisms of
interaction, primarily thermal effects. They define limit values for the specific
absorption rate (SAR), power density, and internal electric fields, and outline methods
for assessing combined and short-term exposures, including consideration of emerging
telecommunications technologies (notably 5G). Although the document is non-binding,
it effectively serves as a global scientific reference for the development of national and
regional regulations in the field of electromagnetic safety.

The IEEE (C95.1-2019 Standard (IEEE Std C95.1-2019 - IEEE Standard for Safety
Levels with Respect to Human Exposure to Electric, Magnetic, and Electromagnetic
Fields, 0 Hz to 300 GHz) establishes scientifically justified exposure limits for electric,
magnetic, and electromagnetic fields across the broad frequency range of 0 Hz to 300
GHz to prevent proven adverse biological effects. The standard is based on a
comprehensive analysis of the biophysical mechanisms of electromagnetic energy
interaction with human tissues and contemporary experimental data. It differentiates
permissible exposure levels for occupational and general environments, defines
evaluation metrics (including internal electric fields, the specific absorption rate - SAR,
and power density), and provides methodological approaches for measuring and
calculating exposure. IEEE C95.1-2019 is widely applied in technical regulation, the
design of radioengineering systems, and national standardization, particularly in North
America and Asia, and serves as an important reference for the safe use of
electromagnetic technologies.

Conclusions.
1. The analysis indicates that national sanitary standards in the field of
electromagnetic safety require updating in light of current scientific data and
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international approaches, particularly the ICNIRP (2020) and IEEE (C95.1-2019
standards, which establish exposure limits for the protection of workers and the general
population.

2. Harmonization of Ukrainian regulations with European directives, notably
Directive 2013/35/EU, and international recommendations will contribute to enhancing
health protection, ensuring legal certainty for enterprises and organizations, and
integrating national standards into a unified European regulatory framework.

3. The current situation, including the martial law and rapid digitalization,
justifies an urgent review of the regulatory framework to maintain a balance between
public safety and the effective implementation of modern information and
telecommunication technologies.

4. The revision and updating of state sanitary standards should be carried out
using a comprehensive approach that combines scientifically justified exposure limits,
risk assessment methods, control and monitoring systems, as well as measures for
informing and training users and workers.

5. Implementation of these measures will create the conditions for effective
integration of Ukraine into the international electromagnetic safety system, increase
public trust in new technologies, and support the sustainable development of the
country’s digital infrastructure.
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This paper summarizes comprehensive research on developing recipes for
enriched glazed cheese curds using natural functional ingredients. The study analyzed
the effects of different jam types (sea buckthorn, lemon-ginger, cranberry, and apple) on
the nutritional and biological value of the final product. Mathematical experimental
design methods (Scheffé simplex-lattice designs, D-optimal design) were applied to
optimize filling component ratios. Optimal recipe compositions for glazed cheese curds
were determined, achieving maximum vitamin C content (up to 215.7 mg/100 g) and {3-
carotene content (up to 156.87 pg/100 g). The effectiveness of chocolate and protein
glazes was compared in terms of nutritional value and caloric content. Research
established that using 5% fat cottage cheese provides the best organoleptic
characteristics. The developed recipes enable production of health-oriented glazed
cheese curds with enhanced antioxidant and vitamin content.

Human health can only be achieved and maintained through complete satisfaction
of physiological needs for energy and nutrients. Any deviation from balanced nutrition
leads to certain disruptions in body functions, especially if these deviations are
pronounced and prolonged. Nutritional deficiency significantly reduces the ability of
protective systems to adequately respond to environmental factors and increases the
risk of developing diseases, primarily those dependent on nutrition [1].

Enrichment of fermented dairy products is particularly relevant, as dairy products
comprise 34% of the daily diet. Glazed cheese curds are a popular product, especially in
children's nutrition. Increasing the nutritional value of glazed cheese curds and
providing them with functional properties is timely and appropriate.

When developing enriched dairy products, it is advisable to use several main
functional food ingredients: dietary fiber (soluble and insoluble), vitamins, minerals,
polyunsaturated fatty acids, antioxidants, prebiotics, and probiotics. The use of plant
raw materials and their processing products as enrichment agents is also relevant [1].

The objective of this work is to summarize research results on developing recipes
for enriched glazed cheese curds, substantiate the selection of functional enrichment
agents, and optimize their ratios to obtain products with maximum nutritional and
biological value.
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Cottage cheese with 5% and 0.6% fat content was used as the base for producing
enriched glazed cheese curds. Four jam types were selected as enrichment agents: sea
buckthorn, lemon-ginger, cranberry, and apple. Two glaze types were investigated:
chocolate and natural protein glaze.

The enrichment agents were selected based on their chemical composition and
functional properties. Sea buckthorn jam contains carotenes, carotenoids, omega-3-6-9
unsaturated fatty acids, vitamins C, E, and B-group vitamins, with low caloric content.
Lemon-ginger jam possesses therapeutic properties due to high vitamin C content,
organic acids, and pectins. Cranberry jam contains carotenes, ascorbic acid, organic
acids, flavonoids, and minerals. Apple jam is rich in pectin substances, vitamins C, A,
and B-group vitamins, and minerals [1].

Organoleptic evaluation was conducted according to DSTU 4503:2005.
Physicochemical parameters were determined using standard methods. Vitamin C
content was determined according to DSTU ISO 6557-2:2014 [6], and carotene content
according to DSTU 4305:2004.

Scheffé simplex-lattice designs and D-optimal design were applied for recipe
optimization. STATISTICA software was used for building mathematical models and
response surfaces. For multicomponent systems where the sum of components remains
constant (x; + x; + x3 = 1), regression models were used with output parameters
including vitamin C content, p-carotene content, acidity, and organoleptic scores.
Model adequacy was verified using Fisher's criterion at significance level a = 0.05.

Physicochemical analysis of jams revealed the highest vitamin C content in lemon-
ginger jam (115.3 mg/100 g), while sea buckthorn jam showed the highest -carotene
content (154.24 1g/100 g). The moisture content ranged from 34.46% (lemon-ginger) to
50.37% (sea buckthorn), with corresponding dry matter content of 49.63-65.54%.

Optimization using experimental design methods determined several optimal
formulations:

1. For glazed cheese curds with chocolate glaze: the optimal ratio of sea buckthorn
to lemon-ginger jam is 1:0.6, providing vitamin C content of 202.75 mg/100 g, (-
carotene content of 156.87 ng/100 g, and titratable acidity of 1.57%.

2. For glazed cheese curds with protein glaze: the optimal ratio of lemon-ginger,
cranberry, and sea buckthorn jams is 0.11:0.35:0.54, ensuring balanced functional
component content and high organoleptic characteristics.

3. A threejam formulation (sea buckthorn, lemon-ginger, apple) in ratio
0.5:0.35:0.15 provides maximum vitamin C content of 215.7 mg/100 g.

Comparative analysis showed that cottage cheese with 5% fat content provides
superior organoleptic characteristics compared to 0.6% fat content. Using protein glaze
instead of chocolate glaze reduces product caloric content while maintaining high
organoleptic scores.

All developed samples meet the requirements of DSTU 4503:2005. Organoleptic
evaluation revealed characteristic fermented milk flavor with harmonious pleasant
taste, white color with yellowish-orange filling tint, titratable acidity of 1.57%, and fat
content of 5.58%.
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Conclusions:

1. Comprehensive research on developing recipes for enriched glazed cheese
curds has been summarized. Using natural jams (sea buckthorn, lemon-ginger,
cranberry, apple) as functional enrichment agents increases vitamin C content up to
215.7 mg/100 g and B-carotene content up to 156.87 pg/100 g.

2. Cottage cheese with 5% fat content provides the best organoleptic characteristics
compared to 0.6% fat content.

3. Application of mathematical experimental design methods (Scheffé simplex-
lattice designs, D-optimal design) enabled determination of optimal filling component
ratios for various recipe compositions.

4. Using protein glaze instead of chocolate glaze reduces product caloric content
while maintaining high organoleptic characteristics.

5. The developed glazed cheese curd recipes comply with DSTU 4503:2005
requirements and can be recommended for production implementation as functional
health-oriented products.

REFERENCES
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OOCIIIIKEHHS JE®OPMAILIIM KOPOTKMX BAJTIOK PISHMX ITEPEPI3IB
AHAJIITUYHUM TA CKIHYEHHO-EJIEMEHTHUM METOOAMWM

T'opObyHoBUY IpHa BanenTnHiBHA
KanannaT TexHiuHMX HayK, AOLIEHT KadeIpy BUILIOI MaTeMaTVKM
(KuiBcpkmit HartioHasmbHIV TpaHCIIOPTHU YHIBEPCUTET)
Inpuenko Ipmnua OnekciiBHa
Kanaunat TexHiuHMX HayK, JOIIeHT Kadpedpy OIIOPY MaTepiasliB Ta MaIllMHO3HABCTBA
(KuiBcpkmmt HarrionasibHI TPaHCIIOPTHU YHIBEPCUTET)

CydacHe NpOEKTyBaHHs OyAiBeIbHMX Ta MaIIMHOOYOiBeIbHMX KOHCTPYKIIiN
BUIMarae BMICOKOI TOUHOCTI BU3Ha4YeHHs HaIlpy KeHO-1eddOpMOBaHOIO CTaHy eJIeMeHTiB.
[ moBrmx TOHKMX 6asiok KilacuuHa Teopid Eviepa-bepnyruii 3abesneuye 3a10BU1bHY
touHicTb. [IpoTe m1s KopoTkmx Oastok BIUIMB AedpopMallivi IIOIEPeYHOro 3CYyBYy CTa€
CYTTEBUM, III0 MOXe IIPM3BOAUTY 0 ITOMITHOI ITOXMOKM IIpY BMU3HAUYeHHI IIPOrvHiB. Y
TaKMX BUIAJKaX JOIUIBHO BMKOPMCTOBYBaTH Teopito TuMoIlleHKa, sIka BpaXOBYe€ K
YVICTUVI 3TMH, TaK i 3cyBHi gedopmariii.

JIk MaTemaTMuHa MoOfeJIb 3ajladi IIPOIIOHYETHCS ydepeHIliabHe PiBHIHHSA
OPyroro IOpsiAKy, HOOymoBaHe 3 ypaxyBaHHAM HedOpMallill YNMCTOrO 3IMHY 1
HonepevHoro 3cyBy. I'paHndHi yMOBM 3aaHO JUId IMapPHIPHO ONePTMX i KOHCOJIBHMX
6astok. KpartoBa 3amaua po3B’s3y€eTbCs aHTITUYHO 1 UVCeJTbHVIM MeTOIOM CKiHYeHHMX
eJIeMeHTiB, sIKVVI JO3BOJIsIE KepyBaT! Pi3HMM piBHEM TOYHOCTI.

HudepentiiasibHe piBHSAHHSA 3IMHAHHS OallOK, $IKe€ BPAaXOBYy€ UMCTUM 3TMH i
YVICTUVI 3CYB, MOXKHA IIPEICTaBUTN y BUIJIAL

APwy(x) dPw,(x) dVE) M) qx) 1
PR x t— o= TH (D)
dx dx dx EI GF
e Wym(x)=Wym - IIPOIrMH BHaACIOOK AedopMaliii 3IMHY Ta YMCTOTO 3CYBY;

w(x) =w,,(X)=w - IIPOrMH BHACJIAOK YMCTOrO 3rMHY (KIaCUYHWUI IIPOIVH); W(x)=V -
IPOTMH BHACIIAOK JledpopMallill HOIepeyHoro 3cyBy; EI - 3TMHaJIbHA XXOPCTKICTh; GF -
3CyBHa J>KOPCTKICTb; M - KOedillieHT, IO BpaxOBye€ HepPiBHOMIpPHICTb pPO3IOOUTY
AOTUYHVX HAIpy>XeHb II10 BUCOTI IHepepisy; M(x) - S3TMHAJIbHUI MOMEHT; g(x)-
IHTEHCVBHICTb PiBHOMIPHO PO3MHOIJICHOrO HaBaHTaKeHH:].

SIk mpuxIanm po3mISAfAcThC KOHCOIbHA Oajka 3 PIiBHOMIPHO PO3MIOMUIEHVM

HaBaHTKEHHAM iHTeHCMBHOCTI ¢(Xx)=¢. BpaxoByroum, IO 3rMHa/JIBHMII MOMEHT
2

M(x)=qLx— (]2]‘ - q)zc , DicTaHeMO
dw(x):_( gL PR Iy . | x3j—ycl()c)x+C1, 2)
dx 2EI 2EI 6EI GF
2.2 4
w(x) =~ gL x3—qL * _# _ﬂq(x) x* +Cx+C,. (3)
6EI 4EI  24EI 2GF
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J711 3HaXOMKeHHs FPaHMYHMX YMOB 3allMIIeMO 11 piBHAHHSA Y BUITIAL
dv(x) _ uQ(x)' 4)
dx GF
ne O(x)- cwra 3cyBy. 3 piBHsHB (2), (3), BUKOpucTOBYIouM rpannusi ymosu x =0,

w(0)=0, d‘;()?):#%(o):ﬂQL Ta M:O, OTPUMY€EMO (, :dv;x()):ﬂcﬂ, G, =0.

F GF dx GF
2.2 4
Takum uHOM, w(x)=— gL 3 _gL'x"  gx | 7 ,uﬂx. (5)
6EI 4E1  24El 2GF GF

Piasinuga () nmpu x=L [ae MaKCMMaJIbHWUI IIPOTrMH KOHCOJIBHOI OasIku

W(L) = Wirax
w(L)=q—L4+,uq—Lz~ (6)
8EI ~ 2GF

IaTerpyroun nudepentiajibHe piBHAHHS (1), 3HAXOAMMO YTOYHEHUV POTVH, II10
BpaxoBye gedopMallil 4ncToro 3rMHy Ta HolepedHoro scyBy. Hextyroun gedopmariiero
3CyBY y piBHsHHI (1), micTaeMo KjlacM4YHe PiBHSIHHS:

d*we(x) _ M(x) %
dx’ EI'’

InTerpytoun nudepeHiiaibHe piBHAHHA (7), 3HAXOAMMO KJIAaCUMYHWI IIPOTVH, 1110
BpaxoBye€ TUIbKM JedpopMallil UuCTOro 3rvHY.

ITpw mocripkeHHi BIUIMBY JedopMallil HOIIepevHOro 3CyBy Ha XOPCTKICTh OaloK
PO3ITIAHYTO TaKi pO3PaxyHKOBi CXeMN: KOPOTKY IIapHIpHO OIepTy OaJKy Ta KOPOTKY
KOHCOJIb HiJ AiAMU 30Cepe/KeHOro Ta PiBHOMIPHO PO3IIOAUIeHOr0 HaBaHTaXeHb. B
AKOCTI TIOIIepeUHMX IIepepis3iB IPUIMAaEMO TaKi TOHKOCTIHHI IHOIepedHi mnepepisu:
nsotaBp Ne20, ximbire 200x2,5 mm. B AKocTi mmapaMeTpuuHMX IIONepedHNX Ilepepisis
npuriMaemo npsaAMokyTHUK 200x100 mm Ta xpyr aiamerpom 200 mm. 1 KoXXHOro
BUIMAOKy IIpM BiIHOCHOMY IIporoHi [ =5k oOuncieHo s3HaueHHs KoedillieHTa
YTOYHEHHsI KJIACMYHOrO MpOoruHy (TyT /- BHUCOTa IOIEpeuHOro repepisy Oaikum).
Anajiz oTpmMaHUX KoedillieHTiB TOBOpWUTh HpO Te, IO TOHKOCTIHHI IOIepedHi
Iepepi3n € HaMOUIBII BpasymMBMMM 10 Oedopmarliin mornepevHoro 3cyBy. HambOimbmr
Bpas3JIVIBVIM € JBOTaBPOBUVI IOIIEPEUHNUII IIepepis.

JIOCTOBIpHICTh pe3ysIbTaTiB, OTPUMAHMX YMCEIBHVM CKiHYeHHO-eJIeMEeHTHVM
MEeTOIOM PpoO3B’g3aHHS piBHAHHS (1), MOXe OyTm OIliHeHa CIIiBCTaBJIeHHAM IX 3
pesyyibTaTaMy  pO3B’sI3aHHS I1IbOIO  PIBHSHHS — aHaJITMYHMM  MeTopoMm. A
TPUBVMIPHOIO MOJIe/IIOBaHHS BUKOPVICTaHO CKiHUeHHO-ejeMeHTHi komiulekcn SCAD
ta LIRA. IlpoananizaBaHo cepifo OayIoK 3 pi3HMMM PO3paxXyHKOBUMM CXeMaMM IIpu
Pi3HMX TUIIaX IIONepeYyHMX Ilepepi3iB: TOHKOCTIHHMX (OBOTaBp, KUIblle) Ta
HapaMeTpUYHMUX (IPSIMOKYTHUK, Kpyr). I KOXHOIrO BUIIQKy OO4YMCIIEHO Mipy
YTOUHEHHsI KJIaCUMYHOIO IPOrMHy - KoedillieHT yTouyHeHHs. BussieHi HamOUIbII
Bpa3MBi [10 JedopMaliiil IIoIlepevuHoro 3CyBy IoIlepeuHni nepepisu. IlokasaHo, 1o
HamOUIbII  BpasaMBUIL 10 AedopMallii IIOIIepeYHOIo 3CYBy € TOHKOCTIHHUIA
IOIIepeYHNII Ilepepi3 y BUIJIA/I IBOTaBpa.
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[TopiBHSIHHS aHAITUYHOTO PO3B SA3Ky AMdepeHIiaIbHOTO PIiBHSAHHS, SKUM
BpaxoBye pdedopMallii 4YMCTOro 3IMHY Ta IIOIIEPEYHOro 3CyBy, 3 UMCIOBUM
TPUBUMIPHMM CKiYHEHHO-eJIeMEeHTHMM PO3B'SI3KOM Ha OCHOBI OOYMCITIOBaJIBHMIX
koMmriutekciB SCAD i LIRA mokasye Bucoky 30ikHicTe. OTpuMaHi pe3yJsibTaTii MaroTh
NpaKTU4He 3HaYeHH: IS iHKeHePiB-ITPOeKTYBaJIbHMKIB, 30KpeMa, B KOHTeKCTi aHaJTi3y
medopmallinn KOPOTKMX Oajlok y mpoleci po3poOKM KOHCTPYKLII 3 pisHUMU
reoOMeTPUYHVIMY IlepepizaMu.
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KOHTPOJIb ®OPMWU IPADPITHVMX BKITFOUEHDb Y YABYHAX 3A CUTHAJIOM
AKYCTUYHOI EMICII

Kponisamit Borogumup Muxkosarnosmuyu
Kananpat TexniuHMX HayK, mpodecop
Mires [Imurpo OnekcaHIpOBUY
AcriipaHT
Kysuk Onekcanap Boxooumuposnya
Kannypar TexHidHMX HayK, JOLEHT
(LIenTpasibHOYKpaiHCHKM HalliOHAJIbHWV TeXHIYHUV YHIBEpCUTET)

3HaAYHOIO BUPOOHMUOI HOPOOIEeMOI0 € MPOBeAeHHSHEePYHIBHOIO KOHTPOJIIO
dopmu rpadiTy y BwIMBKax 3 BUCOKOMilIHOro 4aByHy. Kyisictra dopma rpadiry y
4YaByHi YTBOPIOETBCS 3a YMOBM 3acCBOEHHS PO3IUIaBOM MopaudikaTOpiB Ha OCHOBi
MarHito. EpekTBHICTh 3aCBO€HHSI MarHiI03aIeXXUTh BIAIIMPOKOIO Psily TeXHOJIOTIYHMX
daxTopiB MommdikysanHs. IIpu HemocTaTHbOMY 3aCBOE€HHI pPO3IUIaBOM MarHiro y
CTPYKTypi YaByHy OyIOyTb YTBOPIOBATMCS BK/IIOYEHHS IUIACTMHYACTOrO Trpadity,
BiZIIOBiTHO, OTPMMaHUV YaBYH MaTVMe HU3LKUI piBeHb MeXaHidHWX BJIaCTMBOCTeN. 3
MeTOIO BVISIBJIEHHS BWIMBKIB, y $KMX BHACIiJOK HeedeKTMBHOIO MOAMMIKyBaHH:
yTBOpWIacs IDIacTMHYacTa ¢dopma rpadiTy, y BUPOOHMYMX yMOBaxX IpPOBEOATH
KoHTpomo ¢opmu rpadity. Hambimemr indopmaTuBHMM € MeTajorpadiuHe
JOCIIKeHHs], $Ke BKJIIOYa€ TPYJOMICTKY oOIepallilo BUIOTOBJICHHA 3 MaTepiaiy
BWIVBKIB MaKpolUIidpiB Ta ix OOCTIKeHHS Ha MeTajorpadiuHmMx MiKpOCKOIax.
IcHyrOui cTaHmapTV Ha BWIMBKM 3 BMCOKOMIIIHOTO YaByHY Ilepe0avaroThbTPydOMicKi
pyvHIBHI MeTomy BuUIIPOOOBYBaHb Ha CIEIiaJIbLHO BWUTOTOBJIEHMX 3pas3Kax, sKi
BUTOTOBJIEHI 3 oOKpemo Bimmutux 1pob.Ilpuckopeni wetoau yiIbTpa3sByKOBOIrO
HepYVHIBHOIO KOHTPOJIIO IIPpUAATHI JIuIle [jI1 BU3HadeHHs: popMu rpadiTy y 4aByHi
JUI BWIVIBKIB IPOCTOT pOpMY, 1110 MafOTh OJJHOPIIHY CTPYKTYPY Ta BJIaCTMBOCTI.

CraHpgapTi  TakoX  IlepefabadaloTh  IOIATKOBEIIPOBOIEHHAHEeVIPYIHIBHUI
KOHTpOJIb TBEpPJIOCTI  3a MeToAoM bpiHeiwra, mpw IIpoBejeHHi SKOro iHAEHTOp
B/IABJIIOIOTh y IIOBEPXHIO 3paska, a MOTiM, HiCISA3HATTS 3yCWUISA, BUMIPIOIOTh JJiaMeTp
BiIOMTKA, KMV 3aJIMIIAETHCS Ha IOBepXHi.BusHaueHi ITOKasHMKM TBepIOCTi CBiTdaTh
PO CTPYKTYpy MeTajleBOI MaTpMUIli i He HeCyThb JOCTOBipHOI iHdopMalii mpo dpopmMy
rpadiTy y 4yaByHi.

IIp BpaBmIOBaHHI iHOEHTOpa Yy MOBEpPXHEBI IIIapy YaByHMX BWIMBKIB
BilOyBa€eTbCcd IUIacTMUHe HdedOpMyBaHHS [HOCIIKYEMOTo MaTepiajly, a B WOIO
BHYTPpIIIHIT Oya0Bi BiOyBaroTbCd IIpOIleCHMIiKpOIUIacTUYHOI AedopMallil dpepuTHo-
HepJliTHOI MaTpuUIll Ta BUHMKHEHHd B Hil JIOKJIbHUXMIKpOTpimuH. Taki
medopMalliriHi Iporecu CyIIpOBOPKYIOTbCS BMHWMKHEHHSAMY JAedOpMOBaHill 30Hi
CUTHaJIIB aKyCTWYHOI eMmicil. /Ij11 KOXXHOro 3 Ha3BaHMX HPOLIeCiB CUTHaIV aKyCTUYHOL
eMiciiMaloTh CYTTEBY PI3HMIIIO 3a YacTOTOI, aMIUNTYHOOIO Ta iHTeHcuBHicTIO. IIpu
JIOKJIBHMX KOB3HMX 3PYILIEHHSX Ta AVUCIOKALIVHMX PpyXaxMaTpulli YTBOPIOIOTBCH
CUTHaJIV aKyCTUYHOI eMicii HM3bKOI iHTeHCMBHOCTI: ApiOHi, po3TArHYTI y Yaci iMITysiben
3 TIIOBUIBHMM HapoCTaHHsSM 3 dyacrororo B Mexax 100-300 kIt Bnaecokx
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MIKpOIUIaCTMUHMX dedopMallii y 3arajilbHy iHTEeHCMBHICTb aKyCTMYHOI eMicii €
OLIBIIIMM y YaBYyHa 3 KyJISICTUM T'padiToM IO KUTBKOCTI IO/i, ajle aMIUTITyIHO IIi MOl
Mati.ITpu Bimpwmsi Bif MaTpwmIli/KoB3aHHI Mil 9ac JIOKaJIbHOTO 3CyBY IapiB rpadiTHMX
KPUCTaJIiTiB POPMYIOTbCA cepii KOPOTKMX IMITyJIbCiB cepelHbOT iHTeHCMBHOCTI; YacTOTa
CUTHaJIy 3HaxoawuTbcs mnepeBakHO B Mexax 200-400 xI'm.YTBOpeHH:A joOKayIbHMX
KPUXKMX PO3PUBIB 1 PO3HOBCIO/PKEHHS MIKPOTPIllIMHB MeTajleBill MaTpPUIIIBifL
rpadiTHMX BKJIIOUEHb CYIIPOBOIKYEThCS YTBOPEHHSIM CUTHAIB aKyCTMYHOI eMicii Ha
vactotax 400-500 xI'11, s#xi MaroTh dOpMYy KOPOTKMX, Pi3KMX CIUIECKIB 3 BUCOKOIO
aMIUTiITyA0ol0 Ta eHepriero.Kymscti BxmoueHHs TpadiTy edeKTMBHO PO3CiroIOTh
BUHMKAIO4Yi I TMUCKOM IHAEHTOpa HalpyXeHHs 1 He IHIIIIOITh YTBOPEHH:
MIKpOTpilMH. BignoBimHO 3arajbHUI BKJIaJ YTBOPEHHS JIOKAJIBHMUX MIKPOTPIIIVH 110
MeXi «KyJacTuin rpadiT-MaTpulig» y eHeprilo aKyCTWMYHOI eMicil y BMCOKOMIITHMX
YJaByHax € CJIaOIIM.

1t BUMIpIOBaHH: IIapaMeTpiB aKyCTHMYHOI eMicil, gKa BMHMKAE B YaByHHMX
3paskax IIpM BUMIpIOBaHHI TBepIOCTi, BUKOPUCTOBYBaJI PO3pOOIeHNUII aBTOpaMu
BUMIPIOBJIbHMI KOMIUIEKC I peecTpallii aKycTudHOl emicil.YaByHHi 3pasku, 1o
MUIATaII  BUIIPOOOBYBAHHIO, BCTAHOBIIOBAIMIOTH Ha CTOJMMKY IIpeca bpiHernis.
[T'e30ermeKTpyuHMII  JAaTYMK aKyCTMYHOI eMicil CTallioHapHO 3aKpiIUIIOETBCA B
IIOCaIOYHOMY MicIi Ha OOKOBiVI ITOBepXHi HAKOHEUHVIKA, B SIKOMY 3aKpiIUIeHO iHIeHTOp
(3araproBaHy CTaJIbHY KYJIbKY 3i CTaHAJAapTHMM 3HadeHHsAM niamerpy 10 mm). B
MOBEpXHIO YaBYHHMX3pa3KiB Ha ITpeci bpine/uist BaaBIoBaIMiHIEHTOP3 ITOCTIVIHVIM
HaBaHTaxeHHsAM P=3000 xr Bopomosx 10 cexynn. CurHai Bing gaTumMKa aKyCTHMYHOL
eMicil ITOCTyIla€ Ha aHaJIOTOBWUI IIOIepe[HiN Ii[CuiIioBad, a [dajli Ha II0JIOCOBUM
dinpTp.Ile30enexTprunni gaTumk 3abes3riedyBaB 3axOIUIEHHS CUTHAIB aKyCTWYHOL
eMicif, 1110 BUHMKaIM i, yac gedopmallii Ta pyViHyBaHHS BaB/IIOBaHHSM.Y 4YaByHI 3
KyJIACTUM rpadiToM MaTpulld € OUIBII IUIACTMYHOIO, OCKUIbKM IrpadiTHi cdepoinm
OTOYeHi IUITaCTMYHOIO PepUTHOI0 ODOJIOHKOIO i IpM IUIaCTMYHOMY JledopMyBaHHI B
MeTaJIeBii MaTpuIli BMCOKOMIITHOIO 4YaByHy IIpV BIAB/IIOBaHHI IHAEHTOpa
HepeBakaroTh MIKpOIUIACTMYHI 3MillleHHsd i IIpakKTMYHO He PO3BMBAIOTBCS SIBUIIA
KPUXKOrO pyVHyBaHHHA. Y CipoMy 4aByHI IUIaCTMHYACTUI rpadpiT 3MOiVICHIOE 3HAYHY
HaJpisylody [Ail0 Ha MeTajleBy MaTpPUIO, IO IIPU3BOAWUTL 0 BUHMKHEHH: IIPU
aHaJIOTiYHMX HaBaHTaXeHHAX IUIaCTUYHOI Hedopmariii 3a PaxyHOK JIOKaJIbHVIX
pyViHYBaHb MeTaJIeBUX MAUISHOK MDK CYMDKHMMM KIiHISIMM BKJIIOYeHb rpadiTy,
CIIPUYMHAIOUNM KpUXKe pyVHyBaHHA. YucerbHI KiHII BK/IIOYEHBb IUIACTMHYACTOIO
rpadiTy SBJISIIOTH COOOI0 KOHIIEHTPATOPM HaIIPyKeHb i JIETKO iHiIlil0I0Th YTBOPEHHH i
HOIIVPEeHH  JIOK&JIbHMX  TpilMH, IO  CYIPOBOMXYIOTbCA  yTBOPEHHSIM
BUcoKouacToTHMX immysibciB (400-500 xI'1r) 3 Bucokoro amruritymoro (45-60 nb).
Kysacri BomoueHHs rpadiTy Kpallle poO3CilOIOTh BMHMKAIOWi ITiJI TMCKOM iHJeHTopa
Hallpy>XeHH: 1 He iHIIiIOI0Th YTBOPEeHHs MIKpOTpillMH. BiAnoBimHO 3arabHMUI BKJIaf,
YTBOPEeHHSI JIOKAJIbHMX MIKPOTPIIIMH y eHeprilo aKyCTUYHOI eMicil y BMCOKOMIIIHMX
YJaByHax € HeSHaAYHVIM.

Pesynbrati  0OpOOKMKOMIJIEKCY —TIapaMeTpiB CUTHaJliB  aKyCTMYHOI  eMicil
IIO3BOJIAIOTHCTA0OIBHO OTPMMYBaTK OJHO3HAUHI TOYHI pe3ysIbTaTi OLIHKM CTYIIeHIO
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KOMIIaKTHOCTi BKJIIOUeHb IpadiTy y CTpPyKTypi MoaudikoBaHMX 4aByHiB. OnuHVIMI3
OCHOBHMX eTarliB TaKoi 0OpoOKM € 3aCTOCYyBaHHS MoJIeslell MaIIMHHOTO HaBYaHHS IS
oniHKMdopMM rpadiTy Ha OCHOBI aHaJli3y CUTHa/liBaKyCTMYHOI eMicii3a KOMILUIEKCOM
rapaMeTpiB 4acTOTV, aMIUNTyAM Ta iHTeHCMBHOCTI. PesyibraTyi IpoBemeHmx
JOCIIKeHb CBiUaTh IIPO MOXJIMBICTh CTBOPEHHS IPWIaly I eKIIpec — KOHTPOJIIO
dopMmn  rpadiTHMX BKIIOYEHb Yy UaByHax Ha OCHOBI MojepHisamii Ta
JOYKOMIUIEKTYBaHHSI BUMIpPIOBIBHVMM IpwIagaMy  IIpeciB PId  CTaHJapTHOTO
BVIMipIOBaHHS TBEPOCTI MeTaJIiB 3a MeToaoM bpinernrs.
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ITAPAMETPUUYHWW AHAJII3 BIUIVMBY IIBUAKOCTI IOTOKY TA TEOMETPII
IMPOTOYHOI YACTVHM HA TIIPOOVHAMIUHE HABAHTAXKEHHI
EJIEMEHTIB BAKYYM-AITAPATY

Kysuk Onekcanap Boinogumuposuya
Kanpgyar TexHiuHMX HayK, TOLEHT
Atpormnenko [Imurpo OnexkcaHgpoBmu4
AcriipaHT
(L[eHTpaanopra'IHCLKVM HaIllOHAJIbHUM TeXHIYHMI yHiBepCMTeT)

CydacHi BaKyyM-alapaTyl IIyKpOBOIO BUPOOHMIITBA (PYHKIIIOHYIOTb B yMOBaX
IHTeHCMBHOI IVPKYJIALIT KOHIIEHTPOBaHMX PO34MHIB i3 TBep10I0 da30lo, 110 3yMOBJIIOE
CKIIAIHUV XapaKTep B3a€MOJil IIOTOKYy 3 eJleMeHTaMy KOHCTpyKiii. Opaum i3
BU3HAUJIbHMX UYMHHUKIB 3MeHIIeHHs pecypcy oOjlagHaHHS € JIOKasli3oBaHe
KOPO31MTHO-MexaHiuHe 3HOIITyBaHHSI BHYTPiIIIHIX IIOBEPXOHb TPpyOHMX i
LUPKYJIALIHNX eJIeMeHTIB.

AHaJi3 TpyYMH gerpajganii mmokasye, 10 iHTeHCUBHICTE PYVIHYBaHHs MaTepiajry
CYTTEBO 3aJIEXUTH Bif, MApOAVMHAMIUYHMX IapaMeTpiB MOTOKY - IIBUIIKOCTI, CTPYKTYpU
TypOyJIHTHOCTI Ta XapakTepy PO3MOAUTy [JOTUYHMX HamnpyXXeHb Ha CTiHIIL.
HepiBHOMipHICTE IIBUIKICHOIO II0JI, HAsBHICTE Pi3KMX F€OMETPUYHVIX IIepexofdiB Ta
30H BiIpMBY IIOTOKY HPM3BOIATH 4O KOHIEHTpallil IiIpoaMHaMigYHOIO HaBaHTaXKeHH:,
IO CTBOPIOE IepedyMOBM I IIPUCKOPEHOIO 3HOIIyBaHHA Ta 3MeHIIeHHS
JIOBTOBIYHOCTI €JIeMeHTiB ariapara.

Hespaxaroun Ha HasgBHICTb JOCIIKEHD Y Tajly3i KOPO3iMHOI CTiVIKOCTI MaTepiaslis,
NUTaHHSA KOMIUIEKCHOTO aHali3y BIUIMBY TIeOMeTpii IIpOTOYHOI YacTMHU Ta
IIBUAKICHOTO PeXMMY UIMPKYJIALil Ha piBeHb TiIpOOMHAMIYHOIO HaBaHTa’KeHHS
3QJIMIIAETbCS  HEJOCTaTHbO BMBYeHe. BiACyTHICTP KUIBKICHOI OIIIHKM JIOKaJIBHVIX
HaBaHTaXXeHb y XapaKTepPHMX 30HaxX KOHCTPYKIIl yCKIaJHIOE HAYKOBO OOIPYHTOBaHY
OIITMMI3allif0 OOJIaTHAHHSI.

Y 3B’S3Ky 3 MM aKTyaJIbHUM € IIPOBefeHHs IIapaMeTPUYHOIrO aHaJIi3y BIUIVBY
HIBUAKOCTI IIOTOKY Ta TIeOMeTPUYHMX XapaKTepUCTMK IIPOTOYHOI 4YacTMHWM Ha
BEJINIMHY TiIpOAVHAMIYHOIO HaBaHTa)KeHHS, III0 € HeOOXiTHMM eTarroM MOAaIbIIIoro
IPOrHO3yBaHH: IHTEHCHBHOCTI KOPO3iIHO-MEeXaHiuHOTO 3HOIIYBAaHHs Ta IIABUILCHHS
pecypcy meTajieV BaKyyM-ariapara.

B poboTi BMKOHAHO IOCITKeHHS BIUIVBY IIBUIKICHMX PeXMMIB IIMPKYJIIAIII Ta
reOMeTpUYHMX IlapaMeTpiB IMPOTOYHOI YacTMHM BaKyyM-allapaTa Ha BeJINYMHY
TiapoaVHaMIYHOTO HaBaHTa)KeHHs, IO Jii€ Ha BHYTPIIIHI IIOBepXHI KOHCTPYKTUBHMX
esteMeHTiB. O0’ekTOM aHasiizy Oyila XapakTepHa [OUISHKa LVPKYJIALITHOrO KOHTYpY,
sKa BKJIIOYAE BXiIHMI MaTpyOOK, HepexinHy 30Hy Ta TpyOdacTui kaHail. PospaxyHoOK
3IVICHIOBAJIV Ha OCHOBI PiBHSIHb PYXY B'$I3KOi HeCTMCIMBOI PiAVHM 3 BUKOPVUCTaHHAM
TypOysienTHOI Mopmerni Tumy k-e. Kpwurepii ouiHIOBaHHS — TigpoayHaMiYHOIO
HaBaHTa)KeHHs MPUVIMa/I MaKCHMMaJIbHI Ta cepefHi 3HaueHHsd JOTUYHVX Halpy>KeHb
Ha CTiHIIi, iHTerpajibHa CWwiIa THUCKY, a TaKOX JIOKaJIbHi ITiKOBi 3HaUeHHs TypOyJIeHTHOT
KiHeTYHOT eHeprii.
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[TapameTpyaHmMii aHajli3 IIPOBOAWIM YIS [ialla3oHy CepefHiX IIBUIKOCTeN
notoky 0,5...2,5 M/c, 1m0 BiANOBimae peaJbHMM peXrMaM IIMPKYJIALIT CUpPOIy Y
BaKyyM-alnaparax. ['eoMeTpuuni mapameTpu BapiroBaji B MeXXaX: pafiyCc KpWBU3HU
IIOBOPOTHOI IUIAHKM (BiIHOIIEHHs pafiyca 110 OiaMeTpa KaHairy 1...3); BimHOIIeHH:
OOBXMHM TlepexigHoi 30HM A0 AiaMmerpa (1...5); HasBHicTH abo BiICyTHICTB Pi3KOroO
CTYIIiIHYaCTOIro Iepexomy Iepepisy.

PesynpTaTi [OOCIKeHHd IIOKasaly, IO 30UIbIIIEHHS IMIBUAKOCTI IIOTOKY
CYIPOBOIKY€ETbCA CYTTEBVMM 3PpOCTaHHSM TIigpoAVMHaMiYHOrO HaBaHTaXeHHs. Ilpm
migBuIeHHi mBuaKocti 3 0,5 mo 2,5 M/ c MakcuMaITbHi 3HaUeHHS JOTUYHIX HaIIpyKeHb
Ha cTiHLi 3poctaym y 4,3...4,8 pasa 3ajiexxHo Bin KoHdiryparil kanaty. Harmbinbina
KOHIIEHTpallisl HalpyXeHb CIIOoCTepirajachk y 30HaX pi3KOro ITIOBOPOTY IIOTOKY Ta
o063y BXOOy B TPYOHMI KaHasl, IO OB g3aHO 3 POpMyBaHHSM BTOPVMHHWX Tedill i
JIOKaJIBHVIX IIPVICKOPEHb.

BcranosieHo, 110 reoMeTpis IIPOTOYHOI YacTVMHM ICTOTHO BIUIMBA€E Ha PO3HOILT
JIOKUJIbHMX HaBaHTakeHb. 30UIbIIIEHHS pajiyca KPWMBU3HM IIOBOPOTHOI [IUISTHKMU
3abesredye 3MeHIIIeHHsI IMIKOBMX 3HaueHb JOTUYHMX HampyxeHb Ha 18...27 % 3a
He3MiHHOI BUTpaTH, LIO HOSICHIOETbCA 3HVDKEHHSAM IHTEeHCHBHOCTI BiOpWMBHMX ABUIL i
Oimpin  piBHOMipHMM posmonitoM mBuakocTi. IlofgosxeHHs TepexigHOI 30HU
NPU3BOANUTH A0 3MEHIIeHHs aMIUNTyau TypOyieHTHMX mysbcarinn Ha 15...20 %, mo
CBiTUMTh PO cTabiTi3allifo CTPYKTYPpU HOTOKY.

s kondirypaminn i3 piskuMM CTyHiHYacTMM IIepexofioM Iepepisy BUSABIEHO
dopMyBaHH: 30H pelMpPKYJIALIl Ta JIOKaJIbHOTO MifIBUIIIeHHs TypOyJIeHTHOI eHeprii. Y
TaKVX BUIIAJKax IIKOBiI 3HaUeHHs IOTWUYHMX HaIpy>XeHb IIepeBUIyBaIi OKa3HVUKNI
onTmMisoBaHoi reoMetpii mo 30 %, IO CTBOpIOE IepelyMOBM I iHTeHcmdikaril
KOPO3iVTHO-MeXaHIYHOI O 3HOIITYBaHH:I.

[TopiBHsUIPHMII aHa/Ii3 IIOKas3aB, IO palliOHaJIbHe IIO€AHAHHSA INBUIKICHOTO
peXuMy Ta TeOMeTPMYHOI ONTMMi3alii [103BOJIIE 3HWM3UTU JIOKaJIbHI IiKOBi
rinpoavHamivHi HaBaHTaXeHH: 10 30 % Oe3 3MeHIIIeHHS IIPOAYKTUBHOCTI arapara.

TaxkvM 4MHOM, JOBefeHO, 110 rigpoaMHaMidyHe HaBaHTaKeHHs BM3HaA4yaeTbcAd He
JVIle IIBUIOKICTIO LMPKYJIALNl, ajle ¥ KOHQIirypalli€lo IIPOTOYHOI YacTVHW.
OnrmmMisariis nepexigHMX 1 IIOBOPOTHMX 30H € edeKTUBHUM iHXXeHepHUM
iHCTpYyMeHTOM 3HIDKEHHSI JIOKAJIBHIMX HaBaHTa)KeHb, III0 MOXe OyTM BMKOPWCTAHO SK
BUXimHa 6a3a IS TTOJAIBIIIOrO IPOrHO3YBAHHS IHTEHCMBHOCTI KOPO3iTHO-MEeXaHIYHOTO
3HOIITYBaHHS Ta OLIIHIOBAaHHSI Pecypcy eJleMeHTiB BaKyyM-arapara.

OrpumaHi pe3ysbTaT¥l HO3BOJISIIOTH BCTAHOBUTWM  KUIBKICHMI  3B'SI30K  MiDX
rigpoaViHaMiuyHMM HaBaHTaKeHHSAM 1 IIOTEHIIINMHOIO I1HTEeHCHBHICTIO KOPO3ilHO-
MeXaHIYHOro 3HOIIyBaHHS IIOBepXHi. 3HVDKeHHS JIOKaJIbHMX IIKOBUX HaIpy>XeHb
CTBOpIOE IlepeflyMOBM I 3MeHIIeHHs IIBMAKOCTI Jlerpapjariii Martepiajy Ta
HiIBUIIIEHHS pecypCy eJIeMeHTIB BaKyyM-aliapara.
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