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Ha cb0200HiwHill 0eHb 3acmocy8anHs iHOPMAYIiHUX MEXHONO2I Y HABUATbHOMY Npoyeci
BH3 cmano 36uunum ssuwem. B OHMY oucmanyiune naguanms 8iodysaemucs 3a 00ONOMO2010
LMS Moodle, axy cminugo moosicHa nazeamu Hatunonyiapuiwiow y ceimi. IlpoepamHuii Komniexc
GeoGebra mooice 3acmoco8ysamucs K cK1a006a 4acmuna yiei niamgopmu.

Y cmammi posensadaromeca nepesacu euxopucmannsn cucmemu GeoGebra npu eusuenui
IHIICEHEPHUX OUCYUNTIH Y OUCIAHYIIHOMY PeXrcCUMi Ha NPUKIadi sukiadanhs Kypcy «liopono-
2ist ma ciopomempisny 0na cmyodenmie cneyianonocmi 194 «liopomexniune 6y0igHUymeo, 600Ha
iHoicenepisi ma 600HI mexHon02ily 6 O0ecbKomy HAYIOHATLHOMY MOPCbKoMY YHigepcumemi. Oco-
01uey ysazy npudineno acnekmam npakmuunozo euxopucmanins GeoGebra npu supiwienni epa-
Goananimuunux 3a0au.

Ilpoepama GeoGebra nos'azye migwe coboro anreebpaiune, ceomempuyne ma madoiuiHe ysie-
JIeHHsL NOCMABIeHOI 3a0aui, uo 00360JI€ cCmeopiosamu 8izyaivhe piutenns. Takuil nioxio cnpuse
PO36UMKY HAOUHO-00PA3HO20 MA MEOPHO20 MUCTIEHHS CIMYOEeHMIE ma € dyce 3pYUHUM NpU npo-
6e0enHi THMEPAKMUBHUX NPAKIMUYHUX 3AHAMb, WO 6AANCIUBO NPU OUCMAHYIIHOMY HAGYAHHI.

Bnposaodowcenna npoepamu GeoGebra npu po3e’sa3y8aHHI CIOHCEMHUX, NPUKIAOHUX 3a0ay
CHpUsiE PO3BUMKY MBOPUOI Ma IHMENLEeKMyaibHOL akmueHocmi cmydenmis. L[ npoepama 00360-
JISIE BI3yanizyeamu Mamemamudri Konyenyii, wjo noneuye posyminusa ckiaouux mem. GeoGebra
MAKONC NIOMPUMYE THMEPAKMUBHT MOOEII, SIKI CIYOEHMU MONCY b 3MIHIOBAMIU 8 PEAIbHOMY HACl,
o cnpuse 6inbL 2IUOOKOMY 3AC60EHHIO MAMEPIATY MA PO3GUMKY HABUHOK KPUMUYHO20 MUCTIEHHS.

Cymicuicmo GeoGebra 3 LMS Moodle dozeonsic nepesipsimu ¢aiin 3 po3paxyHkamu cniy-
Odenmis npsamo 6 Moodle, wo dyce 3pyuno 0118 BUKIAOAYA NPU KOHMPOLL ma OYiH8aHHi. Kpim
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moeo, GeoGebra inmezpyemocs 3 Moodle, 0o3sonsawuu 36epicamu cman UKOHAHUX 3A60AHD,
sidcmedicysamu npozpec CnyoOexmis, ye 3HA4YHO NIOBUULYE ePEeKMUBHICTb HABUAIbHO20 NPOYECY
ma none2uwye YNpasiiHHs HABYATbHUMU MAMEPIANAMU.

Knrwouogi cnosa: oucmanyiine nasuanns, GeoGebra, epago-ananimuuni 3a0aui, 2ioponocis,
2iopomempis.

Andreyevska G. M., Litvinenko V. V. Advantages of using the GeoGebra system for distance
learning in engineering disciplines

Today, the use of information technology in the educational process of higher education
institutions has become commonplace. At ONMU, distance learning is carried out using the
Moodle LMS, which can be safely called the most popular in the world. The GeoGebra software
package can be used as an integral part of this platform.

The article discusses the advantages of using the GeoGebra system in the study of
engineering disciplines in a distance mode on the example of teaching the course ‘Hydrology
and Hydrometry’ for students of speciality 194 ‘Hydraulic Engineering, Water Engineering and
Water Technologies’ at Odesa National Maritime University. Particular attention was paid to
aspects of practical use of GeoGebra in solving graph-analytical problems.

The GeoGebra sofiware connects algebraic, geometric and tabular representations of the
problem, which allows you to create a visual solution. This approach promotes the development
of visual and creative thinking of students and is very convenient for conducting interactive
practical classes, which is important in distance learning.

The use of GeoGebra in solving storytelling and applied problems promotes the development of
students' creative and intellectual activity. It allows you to visualise mathematical concepts, which
makes it easier to understand complex topics. GeoGebra also supports interactive models that
students can modify in real time, which helps to deepen learning and develop critical thinking skills.

GeoGebra's compatibility with the Moodle LMS allows you to check the file with students’
calculations directly in Moodle, which is very convenient for the teacher for control and
assessment. In addition, GeoGebra integrates with Moodle, allowing you to save the status
of completed tasks, track student progress, which significantly increases the efficiency of the
learning process and facilitates the management of educational materials.

Key words: distance learning, GeoGebra, graphical and analytical tasks, hydrology,
hydrometry.

Beryn. ¥V crarTi po3misgaeThes IepeBard iHTCPaKTHBHUX CHCTEM HaBYAHHS IPU
JIUCTAHIIHHOMY TIPOBEJICH] MPAKTUYHHX 3aHATh Ha MMPUKJIAJ BUPIIICHHS 3371291 10 pO3-
paxyHKy BUTpaTH BOAM rpadoaHamiTHIHUM cI0cOO0M. PO3KPUTO MOKIIMBOCTI 1HCTPY-
MeHTy GeoGebra Ba)IMBI TSI TT1IBUIIICHHS SIKOCTI MiATOTOBKYM MaiiOyTHIX CIIEI[iaTliCTiB
B TaJIy31 T1IPOTEXHIYHOTO OY/TIBHHUIITBA Y KOHTEKCTI peatizallii MpUHIMITY HA0YHOCTI Ta
3aJy4eHHsI CTYJCHTIB J0 IHTEPAKTHUBHOI AisIbHOCTI. BUKOHAHHS rpago-aHaTITHYHUX
3aBllaHb 3 TUCHUILTIHU «[igpornoris i rigpomerpis» y cepenopuiti GeoGebra no3Bodse
Bi3yaJli3yBaTH MOCTABIICHY 33/1a4y, 1[0 CIIPUSIE TITHOIIOMY PO3YMIHHIO MaTepiaty Ta Iij-
BUIIY€ IHTEPEC 10 JUCIUILTIHHU, 10 BUBYAETHCSI. KpiM TOr0, BUKOHAHHS IHTEPAKTHBHUX
3aBJlaHb B ayJUTOPIH Ta NPU CAMOCTIHHIM POOOTI MO3UTHBHO BILUIMBAE HA YCIIIIHICTh
CTYHCHTIB, CIIPUSIE PO3BUTKY TBOPUOi Ta IHTEICKTYaIbHOI aKTHBHOCTI.

AHani3 ocTaHHIX JocidiTKeHb i myOsmikaniid. Crig 3a3HaYUTH, MO0 Yy BCHOMY CBITI
TIOCTIIHO 3pOcCTae iHTepec BHKJIANAYiB JI0 iHPOpPMAIIHO-IHHOBAIIIIHI TEXHOJIOTIH OCBITH.
Benmka KiTbKIiCTh BHKIIAIa4iB BXKE TIOYAIa YCITIIIHO 3aCTOCOBYBATH I1i TEXHOJIOTIT IPH BUKJIIA-
JaHHi cBOix aucrurntid. Hampuxran y neskux BH3 npu BukiamaHHi KypciB 3 MaTeMaTHKH
ycmimuo BUKoprcTaeThest cuctema GeoGebra [1, 2, 3]. Bona Moxe OyTH 3acTocoBaHa Jijist
PO3B'sI3aHHS PIBHSHB, LTEOCTpamii rpadikiB, I BUBYCHHS KIHEMATHYHOT TEOMETPIi TITOCKIX
MexaHizmiB [4, 5]. Y pobotax [6, 7] mpormoHy€eThCs 3aCTOCYBaHHI AMHAMIYHOT TeOMETpii mpr
BUKJIaJIaHH] JICIUIDTIH Oy/IiBEIBHOTO HanpsiMy. Y po0OoTi [8] HagaHO MOMKITHBICTh BUKOPH-
cranHs nporpamu GeoGebra npu BUKIIAJaHHI MAaTeMaTHYHUX OCHOB 1H(QOPMAaTHKU. Y CTarTi
[9] mocmimxyeTrbes BukopucTaHHs GeoGebra ISl TOKPAIICHHS PO3YMIHHS KOMITICKCHUX
gricen Ta (PYHKIIIH KOMITIEKCHUX 3MIHHUX JUTS CTY/ICHTIB, sIKi BIIEpIIe 0a4aTh CKIIa/IHI Yrcia
Ta (PYHKLI, a TAKOXK U1 TUX, XTO Ma€ JESKUIA OCBiA poOoTH 3 HUMH. Y pobori [10] iinerses
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PO 3pOCTAIOYy MDKHAPOIHY JAiSUTbHICTh Mepexku 1HCTUTYTIB GeoGebra, siki mparHyTh M-
TPUMYBAaTH BHKJIAAYiB Ta JOCIITHUIIGKI TIPOSKTH MO0 BUKOPUCTAHHS TEXHOJOTII JWHA-
MIYHOI MaTreMaTHK B 3aKJiaJiax OCBITH 1Mo BchoMy cBiTy. B [11, 12] noBoauTbces, 110 icHYye
3HAYHA PI3HUIIA B CEPEIHIX MaTeMATHYHUX JIOCSTHEHHSIX MK TPYTIAMHU, sIKa I11]1 4aC HABYaHHS
BUKOPHCTOBYOTh 1HCTpyMeHTH Bizyamizamii GeoGebra Ta rpynaMu 3 TpaJIUIIHOO CTpare-
riero HaByaHHA. Ha TemnepimHiii yac copmyBanacsa MibKHapOIHa CHLUIBHOTA KOPUCTYBAdiB
GeoGebra, sika akTHBHO BUPIIITY€E Ta pO3BUBAE TPAMIIIHHI IPOOTIEMH MaTEMaTHYHOI OCBITH,
OJTHOYACHO BHUKOPHCTOBYIOYH TEPEBArdl SIK TEXHOJOTIYHHX, TaK i TEOPSTHIHNX BHHAXOIIB.
Kpim 1iporo, BukopucTanHs iHTepakTUBHOTO cepezoBuiia GeoGebra j03BoIIsiE BUKIIaaduam
TIPOIOBKYBATH BUKJIA/IAHHSI, KOJIM BOHU CTHKAFOTHCS 3 0OCTaBUHAMH, 1110 BUMATAIOTh BIPTY-
aJIbHOTO HaBYaHHS 3 MiHIMAJILHUM 4acoM IiaroroBku [13] .

IocTranoBka mpobdaemu. J{OCHiKEHHS MOXJIMBOCTEH 3aCTOCYBaHHS JUHAMiY-
Hoi reoMeTpii GeoGebra mpu AMCTaHIIHHOMY HaBYaHHI CTYICHTIB CHENiadbHOCTI
194 «'impoTexHivuHe OyAIBHHIITBO, BOJHA IHXKEHEPIsl TA BOJHI TEXHOJOTI JUIsl OBOJIO-
JIIHHS HABUYKAMU BUPILICHHA 3a7a4i 110 pO3paxyHKy BUTPaTH BOJH rpadoaHaTiTHIHIM
croco6oM Ta MoOyJOBH TUTaHY Teuii.

Meta Ta 3aBmaHHs. Ha mpakTHYHOMY NPHKIAAL ITOKAa3aTH MOKJINBOCTI BHKOPH-
cranHs nporpamu GeoGebra npu AMCTaHIITHOMY HaBYaHHI CTYJEHTIB HABHYKaM PO3-
paxyHKy BHTPATH BOJY IpadoaHaTiTHIHNM CIOCOOOM Ta TT0OYIOBI TUTaHy TEdii.

Pesyabrarn pociimkedb. OCHOBHUM PE3YJIBTaTOM JIOCIIDKEHb € peaizallis 3a1adi
3 PO3paxyHKy BUTpaTH BOJH rpadoaHaliTHIHIM CITIOCOOOM Ta TOOY/I0Ba IUIAHY TeYii 3 BUKO-
PHCTaHHSIM IHCTPYMEHTIB JJMHAMI4HOI reoMeTpii GeoGebra mpu JUCTaHIIHHOMY HaBYaHHI.

ITix gac BuBdenHss OK «I'iaposorist Ta riipoMeTpis» HeoOXiTHO HABYMTH CTYICHTIB
BUKOHYBATH 1HXEHEPHI pO3paxyHKH MapaMeTpiB BOJHUX MOTOKIB. [0 TakuX po3paxyH-
KiB TaKOXK HAJIC)KUTh BU3HAYCHHS BUTPATH PIUKH 3a Pe3yJIbTaTaMU HATypHUX BUMIpIB.
HatypHi BUMipH T03BOJISIIOTH O1IbII TOYHO YCTAHOBUTH OCHOBHI XapaKTEPUCTHKHU Pid-
KOBOTO TOTOKY. PimeHHs mocTaBieHol 3a1a4i 3A1CHIOETECS Oe3MOCepeiHIiM BUMIpOM
Tedii CIeIiaIbHO BEPTYIIKOI 1 MPOMipaMy TIIMOWHHU JIOTIUHAMK a0o exonoramu. Ha
pIdIli BCTAaHOBIIOETHCS MOMEPEYHHK 1 BCS IMUPUHA PIUYKU PO30OUBAETHCS HA PS IiIIs-
HOK (BEpTHUKAJIiB) Ha KOXKHOI BEPTUKAJII BUMIPIO€Thes: mIOnHa H,M; mBuaKocTi Tedii
Ha PI3HUX MIUOMHAX 1 OOYMCITIOETHCS CePeHS NMIBUIKICTh TeUil ch, M/c. Buximaumu
JAHAMHU IS pO3paxyHKy Y HaBEACHOMY NPHUKIAAL cTaHe [Lian Oinanku piuku 6 i300a-
max (puc. 1). [loTpiOHO NOOYMyBaTH MPODLITE BOXHOTO MIEpEPizy Ta OOUHCIUTH BUTPATY
BOJM rpadoaHaTiTHIHUM crIocoOoM 3a Jonomororo mporpamu GeoGebra.

ILTAH JIVIAHKH PIYKI

Puc. 1. Buxioni oani
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Ha ocHoBi npoMipiB mMOHH (TIaH JUITHKY PiYKH B i300aTax) OymyeThCsl moneped-
HU# ipodise piuku (puc. 2). Piuka yMOBHO po30MBaeThes Ha 5 BepTHKaeH. Bincranb
MK BEpPTHKAIAMH NPUHMA€EThCS TPUOIN3HO OTHAKOBOIO.

Puc. 2. Ilobyoosa nonepeunozo npoghinio piuxu y npoepami GeoGebra

3 npodisito 3HIMAETHCS 3HAUEHHSI CepeIHbOT TNINOMHU HCp JUISL KOXKHOT pO3paxyHKo-
BOT NiIsTHKH. 32 popmysoro (1) po3paxoBy€eThCs cepeHs MBUIAKICTh PIYKH JUTSE KOKHOT
IUITSTHKH. . I

S T _ 1l s 2/3
VCP—EH \IHI—EH 1 H", (D)

n
ne V., — cepens MIBUJIKICT TeUii Ha BEPTHKAII, H, - mOWHa Ha BepTuKaii, | — yxu
BOJIHOT TIOBEPXHI.

3Ha4YeHHS BUTPATa BOJIU 11O KOXKHOT BEPTHKAJ OOYHCITIOETHCS 32 (HOPMYIIOHO:

1 1
L gpag = Ly ()
n n

Burpatu Bogu B Mexkax MiX BEPTHUKAISIME OOUHCIIOETHCS 32 (POPMYIIOI0:

Q=ab, 3)

b, — 3nimMaeTbes 3 podimo. [pu nbomy BUTpaTa Q BU3HAYAETHCS 3 HAPOCTAOYUM
PE3YIBTATOM.

OO0uKcneHHsl BUKOHYIOTH y Tali. 1.

0=V,H=

Tab6mus 1
Busnavennsi BuTpatu Q 3 HapOCTAIOYUM Pe3yaTbTaTOM

20

2

=

Ne BKPTUKATA

H cp., M Mamep

V Cp, Mic, pacy

qi=HiVep

Quaic

CYMMAQ m3fc

2

1

284

0.66804

189722

7114585

7115

23

4

0.84034

3.36137

9243779

163.58779

24

339

0.75216

2.54982

T6.49472

240.08251

25

218

0.55955

1.21983

36.59488

276.67738

26

on | = | o | ra

0497

0.32525

0.31549

11.29454

287.97192

2
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3a nanumu Tabn. 1y nporpami GeoGebra Oynyrotbes Tpadiku (puc. 3):

[ToBHY BUTpaTy piuku Q, (Ha mIKayi BHTpAT) MOIUISIFOTh HA 5 PIBHUX YacTHH (IO
KUTBKOCTI BEPTUKAJICH) 1 4epe3 OTPUMaHi TOYKH IIPOBOSITE TOPU30HTAI 10 TIEPEXPECTS
3 KpuBOIO BHUTpar. Y nporpami GeoGebra 1110 onepartito MOXKHa BUKOHATH 32 JOIOMO-
roro inctpymenta Ilapanenvna npama. Touxu nepecivenns (I, J, K, L , M, na puc. 4)
BU3HAYAIOTH MOJIOKCHHS BEKTOPIB CEPENHIX MIBUIKOCTEH Tedii 1Mo mmpuHi piku. Jai
OyayeThCs emropa BeKTopiB MBUAKOCTI (puc. 4 — (1)). Ilo mobynoBaHOMY IJIaHy Tedil
OYEBHJIHO, IO TeYii 3 BEJIMKUMH IMBUAKOCTSIMH (POPMYIOThCS Oiisl yBIrHYTOro Oepera,
B 00J1aCTi BEJIMKHUX [IHOWH.

i W s PO A
L

Puc. 4. Busnauenus noniodxiceHHs 6eKMopie cepeorix weuoKocmel meuii no wupumi pix
i nobyoosa entopu weuokocmi (1) 3a donomozoro incmpymenmie GeoGebra
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Takum 4rHOM, MU 0auUMO, 110 BUKOPUCTaHHs AMHaMi4HO1 cepenu GeoGebra 1o3-
BOJISIE€ BHPINIYBATH MPAKTUYHI TpadoaHATITHYHI 3a1a4i, 0 HEOOXiTHO MPH BHBYCHHI
kypcy ['inponorig 1 rigpomerpisi. Moxinusicte GeoGebra 30epiraru npoTokon po3pa-
XyHKIB JTO3BOJISIE BUKJIa[ady MOKA3yBaTH BCi KPOKH PO3B'sI3aHHS 3a/1a4i Ta 1a€ MOXKJIIH-
BICTh CTYJICHTaM IEeperIsIaTH MPUKIA]] PO3PAXyHKIB.

BucHoBku. Cy4acHi CTyI€HTH OTOYEHI TEXHOJIOTiSIMH Ha KOXKHOMY Kpoui. Tooto
OJIHi€T 3 MEPCHECKTUBHUX Ta €(DEKTHBHMUX CHUCTEM MiATOTOBKH BHCOKOKBAJi()iKOBAHUX
(haxiBIlIB € BIPOBAKCHHS CYYaCHUX IHTEpaKTHUBHHX MeTojiB HaBuaHHs. GeoGebra,
HOBHIA, OE€3KOIITOBHUI 1 Iy’Ke 1HHOBALlIHHUI TEXHOJIOTiA, AKY MOYKHA BUKOPHUCTOBYBAaTH
JUTSL PO3B’SI3aHHS CKJIaJHUX MaTeMAaTHYHKX 3aa9 [IPU BUKJIAJAaHHI IHKCHEPHUX Ta TEX-
HIYHHX JUCIHUIUTIH CTYJICHTaM crierianbHocTi 194 «inpoTexHiuHe OyIiBHUIITBO, BOJAHA
1H)KEHepist Ta BOAHI TEXHOJOTII».

Kpim Toro, BmpoBamkeHHs mporpamu GeoGebra mpu po3B’si3yBaHHI CIOKETHHX,
MPUKIAJHAX 3a/a4 CIIPHSIE PO3BUTKY TBOPYOI Ta iHTEIEKTyaIbHOI aKTUBHOCTI CTyIEH-
TiB. Ll mporpama g03Bois€ BiyalizyBaTu MaTeMaTHYH1 KOHIEMIIi{, 1110 MOJIETIITY€ PO3Y-
MiHHA cknagHux TeM. GeoGebra Takox MiATPUMYE IHTEPAKTUBHI MOJIETI, SIKi CTyAEHTH
MOXYTb 3MIHIOBaTH B pEAIBHOMY Yaci, IO CIPUsiE OLIBIT IITHOOKOMY 3aCBOEHHIO MaTe-
piaiy Ta po3BUTKY HABUYOK KPUTHYHOTO MHCICHHS.

Cywmicuicts GeoGebra 3 LMS Moodle no3Bossie mepeBipsiti haidi 3 po3paxyHKaMu
CTylIeHTiB TipssMo B Moodle, 1o ayke 3py4yHO JUIS BHKJIaJada MPH KOHTPOJI Ta OIli-
uroBanHi. Kpim Toro, GeoGebra inrerpyerscst 3 Moodle, no3Bossiroun 30epiraté CTaH
BUKOHAHUX 3aBIaHb, BIJICTEXKYBAaTH MPOTPEC CTYICHTIB, a TAKOXK 3a0e3Medye MOXKIIH-
BICTh IIPOJIOBXKYBATH POOOTY HaJ 3aBiaHHsAMU TisHinre. Lle 3HauHO mijBHIye edek-
TUBHICTh HABYAILHOTO MPOIIECY Ta MMOJIETINY€E YIPABIiHHI HABYAIbHIMHU MaTepiajJaMu.

BrockoHaneHHs Cy4acHOT CHCTEeMH AUCTAHIIHOTO HAaBYaHHS € aKTyaIbHUM 3aB/aH-
HsaM. Buknanadi OfechbKOT0 HaIliOHAILHOTO MOPCHKOTO YHIBEPCUTETY aKTHBHO 3aiimMa-
IOThCS IIMM, BIIPOBAIXKYIOUH [IEPEIOBI TEXHONIOTII Ta METOIHKH.
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The article explores methods of modeling wireless networks in the OMNeT++ environment
using the INET Framework. It examines the basic concepts related to the modeling of wireless
networks, and also describes the basic requirements for models in this field. The OMNeT++
simulation environment, its characteristics and advantages compared to other simulation
environments are analyzed in detail. The article examines the main components of wireless network
models, including network layer models, physical layer models, and radio channel models.
For each of these components, the article examines modeling methods and highlights possible
nuances associated with the choice of various modeling parameters. The article can be a useful
source of information for those interested in modeling wireless networks and using OMNeT++
with the INET Framework. The article details the structure of the wireless network model using
the IEEE 802.11 network as an example. In addition, the article describes methods of modeling
various types of network protocols, including the MAC protocol, the network layer protocol, and
others. The article examines the issue of testing models of wireless networks and their analysis.
1t describes the methodology of testing and comparing different models, and also pays attention
to the analysis of modeling results and their interpretation. In general, the article provides a
detailed description of wireless network simulation methods in the OMNeT++ environment
using the INET Framework. The article presents a methodology for developing wireless networks
that uses ready-made components of the INET framework to create a device model that meets
specific requirements. Various modes of interaction of nodes in wireless networks, both direct
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and indirect through intermediate nodes, as well as an approach to modeling the physical level
and the phenomenon of interference, are considered. The method of solving problem situations,
in particular the analysis of time diagrams, in the context of the use of a simulation modeling
environment for the analysis of project solutions in the process of creating wireless networks, was
also investigated.

Key words: networks, Wi-Fi, simulation modeling, interference, OMNeT ++, Framework.

Anmonenko A. B., Teepooxnio A. O., Bocmpikoe C. O., bezniyoe C. B., I'epzens O. I,
booxos P. A. Onmumizauis pooomu de3opomosux mepesic 3 sukopucmannuam INET Framework

Cmamms  00cniodcye mMemoou MOoOen08anHs 0e3nposo00sUX Mepedc Y Cepedosuiyi
OMNeT++ 3 euxopucmannam INET Framework. B muiii posensioaromvcsi 0CHO8HI NOHAMMA,
noG'sA3aHi 3 MOOENOBAHHAM OE3NPOBOOOBUX MEPEdC, A MAKONC ONUCAHI OCHOBHI UMOU OO
mooeneul y yitl eanysi. lemanvno npoananizoeano cepedosuwe mooentoganns OMNeT++, tiozo
Xapaxmepucmuxku ma nepesazi NOPIGHAHO 3 THWUMU cepedosuujamu mooentosanns. Cmamms
PO321A0A€E OCHOBHI CKIA008I Modenell 0e3npo8o006UX MEPEXHC, BKIIOUAIOYU MOOEN] MePeHCce8020
pieHs, MoOei Pi3uuHO20 PiGHS Ma MOOeni padioKaHary. J{iist KONCHOL 3 Yux CKAA008UX 6 cmammi
00CTIOAHCYIOMBCA MEMOOU MOOETIOBANHS | BUCBIMNIOIOMbCA MONCIUBE HIOAHCU, NO8'SA3aHI 3 8U0O0-
pom pisnux napamempie mooemosanns. Cmammsa modce Oymu KOpuchum 0dxicepenom ingop-
Mayil 01 mux, Xmo Yikasumvcsi MOOeNOBAHHAM OE3NPOBOO0GUX MEPENC MA SUKOPUCTNAHHIM
OMNeT++ pasom 3 INET Framework. ¥ cmammi demanbHo 8Ka3ano cmpykmypy mooeni 6es-
npPo6000OI Mepeci 3 BUKOPUCMAHHAM NPUKIady mepedxci cmanoapmy IEEE 802.11. Kpim moeo,
y cmammi OnUCaHi Memoou MOOeNO8AHHA PIZHUX MUNIE Mepedtcesux nPomoKoaia, 30kpema npo-
moxony MAC, npomoxony pieust mepeoici ma iHwux. B cmammi pozensoaiomsycs numanms mec-
mysanHs mooeneil 6e3nposooosuUx mepedc ma ix ananizy. Bona onucye memoouxy mecmysanHs
Ma NOPIGHANHS PI3HUX MOOETel, d MAKOJIC 36ePMAc y6azy Ha aHAIL3 PE3VIbMamie MoOen08anHs
ma ixnio inmepnpemayiio. Y yinomy, cmammsa naoac 0emansHuii Onuc Memooie MoOeno8aHHs
6e3nposodosux mepedc y cepedosuwyi OMNeT++ 3 suxopucmannusm INET Framework. Takooic
6 cmammi noOaHo MemoOUuKy po3pooKu 0e3npo8o00sUX MepelC, WO BUKOPUCHOBYE 20MO8I
xomnonenmu gpeumeopxy INET 0nst cmeopents mooeni npucmporo, 8i0nogioHoi cneyugivnum
sumozam. PosensiHymo pisHOMaHimui pexcumu 63a€mo0ii 8y31i6 y 6e3nposo008UX Mepexrcax, K
npsAMI, Mak i HenpsMi uepe3 NPOMINCHI V31U, A MAKONC RIOXIO 00 MOOCTIOBAHHS (I3UUHO20 PIGHS
ma seuwa inmepgpepenyii. Taxkodc 00CiOHCeHO MEMOOUKY BUPIULEHHS NPOOLEMHUX CUmyayil,
30KpeMa aHauiz mumuacosux 0lazpam, 8 KOHMEKCMI UKOPUCIAHHS Cepedosutyd iMimayiitHo2o
MOOenioeants Olisl ananizy NPOEKMHUX piluenb y npoyeci cmeopents 6e3npo8oo0Ux Mepedic.

Knrwwuoei cnosa: mepesci, Wi-Fi, imimayitine mooentoanns, inmeppepenyis, OMNeT++,
Framework.

Introduction. The design of any modern information system, which has a complex
structure with a wide set of protocols, always begins with the construction and study of
its simulation model [1]. The purpose of modeling is to determine the optimal topology,
the adequate selection of network equipment, the determination of the operating charac-
teristics of the network and possible development. One of the advantages of simulation
modeling is the possibility of conducting a number of studies that allow determining
the reliability of the system and its stability in the event of equipment failure [2, 3]. It is
impossible to carry out such research on a working network, because it can negatively
affect the stability of its work, besides, if the equipment used fails, there is a risk of
suffering financial losses. Accurate modeling of the equipment under study allows you
to obtain the same results as when using this equipment in real life, while allowing you
to save money on its purchase.

Today, there are many simulation tools, which are subject to quite strict require-
ments, such as: detailed implementation of protocols at all levels, the ability to connect
your own modules, the ability to change the parameters of the simulation model, plat-
form independence, a developed graphical interface, as well as the availability of the
product and its price . One such tool that meets the listed requirements is the simulation
modeling environment OMNeT++ [4], which has a developed graphical interface both
for building models and for analyzing the obtained results. Another important advantage
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is its availability, while the functionality of the environment is not inferior to other paid
means of simulation modeling.

The aim of the study. The purpose of the article is to research and analyze one of
the possible approaches to design and wireless networks in the OMNeT++ simulation
environment using the INET framework.

The subject of the study is the process of modeling wireless networks, different
modes of their operation, and the methodology of model operation analysis.

The object of the article is methods and tools that can be used for modeling and
researching wireless networks.

Analysis of recent research and publications. At the moment, one of the most
interesting articles on this topic is "Design and implementation of wireless sensor net-
work simulation using the OMNeT++ simulator”" by A. Al-Gburi and S. Ngan. In this
article, the authors consider the design and implementation of wireless sensor networks
using OMNeT++ and the INET Framework. The study was conducted by creating a
network model that reflects the real network and its subsequent simulation. Another
interesting article on this topic is "Comparative Analysis of Wireless Sensor Network
Simulation Tools" by M. Shahbaz, S. Ullah, and S. S. Khan. This paper provides a com-
parative analysis of network modeling tools, including OMNeT++, NS2, NS3, QualNet,
and OPNET. The study focused on analyzing various aspects such as network modeling
capabilities, performance, accuracy of results, and scalability. Additionally, the article
"OMNeT++ based Wireless Sensor Network Simulation" by P. Yadav and S. Singh
describes the use of OMNeT++ and the INET Framework for wireless sensor network
simulation. In the study, the authors focused on analyzing the performance and accuracy
of the simulation results.

In general, these articles indicate a great interest in using OMNeT++ and the INET
Framework for modeling wireless networks. However, there are a number of articles
that compare different modeling tools to determine their advantages and disadvantages
compared to each other. For example, in the article "Comparative study of simulation
tools for wireless sensor network" by N. Kumar and M. Kumar, a comparative anal-
ysis of various simulation tools, including OMNeT++, NS2, NS3, and QualNet, was
conducted. The authors compared these tools on several criteria, such as performance,
accuracy of results, and extensibility, and concluded the advantages and disadvantages
of each. Also, the article "Performance evaluation of wireless sensor network protocols
using OMNeT++ simulation" by S. Singh and P. Yadav is devoted to the performance
evaluation of wireless sensor network protocols using OMNeT++ and the INET Frame-
work. In the study, a comparative analysis of different protocols was carried out, and the
impact of various factors on network performance was also studied.

One of the most interesting Ukrainian articles is "Modeling and analysis of wire-
less networks based on the IEEE 802.15.4 standard using the OMNeT++ platform" by
M. Kulchytska, E. Makarenko and Yu. Khrustalev. This article deals with the design and
modeling of wireless networks based on the IEEE 802.15.4 standard using OMNeT-++
and the INET Framework. The authors investigated various network parameters, such
as network performance and efficiency, and compared simulation results with experi-
mental data.

In addition, the article "Modeling and research of wireless networks based on the
ZigBee protocol using the OMNeT++ platform" by 1. Gryn and E. Drozdova is devoted
to modeling and research of wireless networks based on the ZigBee protocol using
OMNeT++. In the study, the authors studied the influence of various network parame-
ters on its performance and efficiency.
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Thus, it can be said that the article on the modeling of wireless networks in the
OMNeT++ environment using the INET Framework is relevant and important, since
this topic is quite extensive and requires further research. Recent studies indicate that
OMNeT++ together with the INET Framework is a powerful tool for modeling and
researching wireless networks, allowing the study of various aspects of network perfor-
mance and efficiency.

Presentation of the main research material. Let's consider one of the possible
approaches to the design and analysis of wireless local networks (Wireless Local Area
Network — WLAN) using the OMNeT++ simulation environment. The task of a com-
prehensive study of the simulation model of the simplest mobile WLAN by successively
complicating it to take into account the features of various modes of operation of the
wireless network is set. As a basis for the development of models, it is proposed to use
typical components of the INET framework, the configuration of which allows you to
model devices that meet the necessary requirements.

The object of research is WLANS, which fully comply with the standard of wired
networks such as Ethernet [5], but use a different data transmission medium: infra-
red radiation or microwave radio waves. These networks can be stationary, mobile and
mobile roaming. Stationary nodes of the network are rigidly tied to a certain point in
space. Mobile allows the movement of network nodes within the range of one access
point or one network segment, and mobile roaming allows not only the movement of
network nodes, but also ensures their roaming due to automatic switching from one
access point to another. Depending on the nature of the connection, WLANSs can support
two main modes of operation:

— point-to-point (point-to-point), or Ad-Hoc mode [6, 7], in which communication
between nodes is established directly without using special access points;

— point-to-multipoint (point-to-multipoint), or infrastructure mode, in which the net-
work consists of at least one access point connected to the wired network and some set
of wireless nodes.

In this article, the main attention is paid to the analysis of models of mobile Ad-Hoc
networks, which work both with direct interaction of nodes, and with indirect interac-
tion through intermediate nodes. This made it possible to investigate the operation of
self-organizing WLANSs with dynamic routing of messages to nodes that are outside the
radio access zone of a particular low-power transceiver of the node, using intermediate
nodes for this purpose and significantly expanding the area of operation of a particular
WLAN segment [8, 9].

For simulation modeling of this kind of networks, it is suggested to use the INET
framework included in the OMNeT++ delivery. It contains a large set of components for
modeling both the network as a whole and its individual elements, namely: the physical
environment and signal propagation modes in it, various types of antennas, receivers,
transmitters and network cards with the possibility of accounting for their energy con-
sumption [10] .

The first stage on the way to solving the task was the development of technology for
the process of building and researching the simplest WLAN, which consists of only two
nodes connected by a radio channel for the transmission of UDP datagrams. To design
a simulation model of such a network, it is enough to use only three components of the
INET framework, namely:

— WirelessHost component module,

— component module of IdealRadioMedium,

— simple IPv4NetworkConfigurator module.
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The WirelessHost component module is a wireless network host model and is one
of the extensions of the StandartHost module, which is the basis for other TCP/IP host
models. The internal structure of this module (Fig. 1) consists of four levels: applica-
tion, transport, network and channel, represented by the network interface.

‘ Nopator |

=

‘ UDP | ’ TCP ‘ I SCTP}

- WHHA
AaHHK

‘ Ipvd | ‘ IPv6 |

=

I WLAN [ l lo | | Eth |

Fig. 1. The internal structure of the WirelessHost host

Each of the levels includes a set of predetermined components from the INET frame-
work, the type of which can be changed through a configuration file. In particular, the
application layer contains a dimensionless array of components of the "application"
type, each of which simulates the operation of the application on the host model. This
module can generate outgoing traffic, transmitting it to lower levels, and receive incom-
ing traffic. The transport layer includes three components that model User Datagram
Protocol (UDP), Transmission Control Protocol (TCP), and Stream Control Transmis-
sion Protocol (SCTP). The network layer consists of two components: Internet Protocol
version 4 (Inernet Protocol version 4 — [Pv4) and Internet Protocol version 6 (Inernet
Protocol version 6). The channel layer contains components that implement network
interfaces, such as wired Ethernet (Eth), wireless (wlan), internal loop interface (Loop-
back —lo), etc. Each of the levels is connected to each other through common data buses.

The IdealRadioMedium component module is used to simulate the physical environ-
ment in which wireless communication takes place. It is responsible for modeling signal
propagation, its attenuation as it is removed, accounting for interference and other phys-
ical phenomena. The physical environment model determines when, where, and how
transmission and extraneous noise arrive at receivers. The IdealRadioMedium module
has a complex structure and includes other predetermined components that simulate the
following physical phenomena and processes:

— propagation of a radio signal in space (propagation) — the component describes
how a radio signal propagates through space in time;

— analog representation of a radio signal (analogModel) — models the process of
how an analog representation of transmissions turns into an analog representation of
receptions;

— background noise (backgroundNoise) — represents a model of background noise
and describes thermal noise, cosmic background noise and other random fluctuations of
the electromagnetic field that affect the quality of the communication channel;
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— power reduction from distance (pathLoss) — describes the power reduction as the
signal propagates through space;

— reduction of the radio signal when passing through obstacles (obstacleLoss) —is a
loss model and describes the reduction of signal power when it passes through obstacles
and physical objects.

In general, the physical environment models implemented in INET describe a physical
device that is capable of transmitting and receiving signals. They include: antenna model,
receiver and transmitter models, and energy consumption model. The antenna model is
divided between the transmitter model and the receiver model. The separation of the trans-
mitter model and the receiver model allows the use of asymmetric configurations.

Consider the model of interaction between two wireless nodes using the UDP proto-
col. The approach to building this model will be considered on the example of a wireless
network consisting of two nodes interacting with each other using the UDP protocol. In
this model, the nodes will be located at a distance of 400 m from each other, while the
radius of action of the receiver of each node will be equal to 500 m. The use of UDP as a
data transmission protocol means that the nodes must function not only at the transport
level, but also at the user level applications. The INET framework contains two types of
modules that work using the UDP protocol:

— UDPBasicApp — a module that provides generation of UDP packets of a given
length to a given IP address at a given time interval,

— UDPSink — a module simulating a program that receives messages received from
the UDP layer, counts their number and stops their further processing.

In the studied model, it is necessary that the node hostA generates a UDP message of
length 1 KB and transmits it to the node hostB after a random time interval. The Wirre-
lessHost wireless node model used from the INET framework already has an application
interface module, therefore, to implement the task, it is only necessary to redefine the
type of module used in the configuration file, which can have the following form:

* hostB.numUdpApps = 1

* hostB.udpApp[0].typename = “UDPSink”

* hostB.udpApp[0].localPort = 5000

* hostA.numUdpApps = 1

* hostA.udpApp[0].typename = “UDPBasicApp”

* hostA.udpApp[0].destAdresses = “hostB”

* hostA.udpApp[0].destPort = 5000

* hostA .udpApp[0].messageLength = 1000B

* hostA.udpApp[0].sendInterval = exponential(10ms)

This setting tells hostA to use the UDPBasicApp module, which generates 1 KB
UDP messages and sends them at a random time interval described by an exponential
distribution with a mean of 10 ms. In order for the generated messages to reach the
recipient, the configuration file specifies the name of the host to which the message is
assigned, as well as the port number, for example, 5000. The hostB node uses the UDP-
Sink module and also works on port 5000.

In addition to the application layer, the configuration file must contain the definition
of the physical layer, which is represented in the WirelessHost host model as a network
adapter, which includes an antenna and a radio transceiver. In the INET environment,
there is a wide variety of radio modules supporting different physical layer protocols,
but this example will use an idealized model of the physical environment whose hosts
contain the IdealRadio module as part of IdealWirelessNic. Based on the above, the
configuration of the physical layer will look like this:
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* host*.wlan[*].typename = “Ideal WirelessNic”

* host*.wlan[*].radio.transmitter. CommunicationRange = 500m

* host*.wlan[*].radio.receiver.ignorelnterference = true

* * bitrate = 1Mbps

After starting the created simulation model for execution, a graphical window of the
execution environment will open, where the entire network and the modules included in
it will be presented. The environment allows you to display the internal structure of the
assembled module at any time by double-clicking on its icon. It should be noted that the
structure of the displayed module will differ from the one presented in fig. 1. This is due
to the fact that after running the execution model, the simulation environment processed
the configuration file and configured the parameters of the WirelessHost components.

Each host has only one network adapter, but with two network interfaces each. At
the same time, one of them is an internal loop (lo), and the second is external (wlan)
and connected to a wireless network through an internal transceiver. Both nodes have
the same structure both at the physical level and at the channel, network and transport
levels. The difference is observed only at the level of applications, namely, in the type
of application used.

After running the model, you can observe how the UDPBasicApp program running
on the hostA node generates UDP packets with a random time slot. After that, these
packets, having passed through the UDP and IPv4 layers, arrive at the wlan network
interface, which puts the incoming packets in a queue and transmits them as soon as
such an opportunity arises. The use of a stack implementation in the network interface
allows you to match the speed of incoming packets from the upper level with the band-
width of the channel, as well as the speed of the environment. This means that as long as
there are packets in the stack queue, they will be transmitted one after the other without
spaces between them.

According to the simulation results, it can be seen that the UDP application on the
hostA node generated 2427 packets in 25 minutes. At the same time, 2426 packets
were processed at the UDP transport level. Of these, 2422 packets were transmitted
over the radio channel and arrived at the hostB node. Here, they passed through the
link, network, and transport layers of this node and arrived at the UDP application
of host hostB. Thus, the packet counter indicates that 2422 packets of length 1028B
(1000B message + 8B UDP + 20B IP) each were received in 25 s, which means that the
transfer rate was about 800 kbit/s.

Consider the model of static routing for the interaction of remote nodes. The pos-
sibilities of using the OMNet++ simulation environment are not limited to the pro-
cess of designing and researching only simple models. It also allows you to investigate
more complex models and situations, such as in [11], where the effectiveness of the
use of transmission reservation was analyzed on the example of the created simulation
model of a wired computer network. Another example, which will be discussed below,
demonstrates an approach to the design and research of a more complex structure, but
already a wireless network [12, 13]. Let's assume that there is a need to provide wire-
less communication and transfer UDP messages from node hostA to node hostB with a
radius of action of their receivers of only 250 m. At the same time, the distance between
these nodes is 400 m, which excludes the possibility of their direct interaction. In addi-
tion, there are three more nodes hostR 1, hostR2 and hostR3 located between the nodes,
which in the process of their work can interfere with the work of neighboring nodes.
The peculiarity of the studied model is that the receivers of network adapters, having
low power, limit the radius of their action, which leads to the impossibility of direct
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communication between two nodes. However, a connection can be established if there
are other nodes between these nodes that can broadcast and transmit network packets.
For this, all or part of the intermediate nodes must support routing.

If we add three more nodes to the original model (Fig. 3), limit the power of all
receivers to 250 m and run the model for execution, we can see that the hostA node
sends UDP packets to neighboring nodes, but the latter do not receive them, because
these packages are not intended for them. In order for the neighboring nodes not to
discard the received packets, but to transfer them to another node, it is necessary
that the routing table be configured on the intermediate nodes [14]. In this simplest
case, an example of static routing is considered, which is configured through a simple
IPv4NetworkConfiguration module in a configuration file that looks like this:

# Automatic configuration of static routes

* configurator.config = xml(“<config>

<interface host="**" address='10.0.0.x' netmask="255.255.255.0' />

< autoroute metric="errorRate' />

</config>")

#Disabling optimization of routing table entries

* configurator.optimizeRoutes = false

#Disable routing table entries created from netmask

** RoutingTable.netmaskRoutes = *”

This setup is done using an XML string whose parameters tell the configurator to
assign IP addresses in the 10.0.0.x range and use the estimated peer-to-peer error rate to
configure static routes. In this way, the routes will be formed in such a way as to min-
imize the total errors, resulting in the creation of a correctly configured IPv4 network
without any additional manual settings. The generated routing tables are stored in the
routingTable parameter of each of the hosts, which is available for viewing in the graph-
ical execution environment (Fig. 2).

é 3 routes {std:uvector<inet:IPvwiRoute *>)
B routes(4] (inet:IPwiRoute *)
0] = dest:10.002 gwel0.0.0.3 mask255.255.255.255 metric if-wlan0(100.0.1) REMOTE MANLIAL
Fl]= dest:10,003 gac® mask:255.255.255.255 metric ifwlanD(1000.0.1) DIRECT MANUAL
I—[2]= dest:1000.04 gws® mask255255.255.255 metric:l if:wland(10.0,01) DIRECT MAMNUAL
=[3] = dest:1000.0.5 gwel00.0.3 mask:255.255.255.255 metricO if-wlan((10.0.0.1) REMOTE MANUAL

Fig. 2. Routing of node hostA: dest — destination address, gw — gateway; mask — subnet
mask; metric — network metric, REMOTE MANUAL — remote access; DIRECT MANUAL —
direct access

From the given table it can be seen that the node hostA (10.0.0.1) has a direct com-
munication interface with the nodes hostR1(10.0.0.3) and hostR2 (10.0.0.4). Also in the
table is a route that informs that hostB (10.0.0.2) can be reached through hostR1 using
the latter as a gateway, and hostR3 (10.0.0.5) can be reached through hostR2's gateway.
After completing the configuration of the network model and running it for execution,
you can see in the dynamics how the UDP packet generated by the hostA node arrives at
the input of the hostR1 node, but now it does not discard this packet, but accepts it and
forwards it to another node.

This process occurs according to static routing settings, in which the intermediate
nodes of a given WLAN segment play the role of gateways, almost doubling the range
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of possible wireless interaction between hostA and hostB nodes. The main difference of
this model is that it simulates the process in which the packet (UDPBasicAppData-0)
generated by the hostA node arrives in the radio channel not directly to the hostB node,
but passing through the network and channel levels of the hostA node, is now addressed
to the hostR1 node. This process is performed on the basis stored in the memory of
the hostA node, the routing table, based on which all packets intended for delivery to
the hostB node are addressed for transmission to the input of the hostR1 node. Packets
received at its input will rise to the network level and immediately be sent back to the
network according to the routing table stored in the memory of the hostR1 node. Since
the hostR1 node has a direct access route to the hostB node, the UDP packet received at
its input will be directly broadcast to the hostB node.

Let's consider the model of accounting for mutual interference. In the previous
WLAN model, idealized network operating conditions were implemented, which did
not take into account such a physical phenomenon as radio wave interference, which
occurs when two or more radio signals enter the input of a radio receiver, due to which
they collide, distort and disrupt the normal operation of the radio signal receiver [1] .
Until this moment, this effect was not taken into account, and in fact devices with full
duplex communication were simulated [15]. At the same time, the OMNeT-++ environ-
ment implements four basic methods of describing and presenting signals.

The first representation is called range-based. It is implemented in the IdealRadi-
oMedium component. The advantage of this structure is compactness, predictability and
high productivity. However, its drawback is that it does not accurately reflect the real
behavior of the physical environment.

The second structure is a narrowband signal with a scalar signal power carrying fre-
quency and bandwidth. Its advantage is that it allows you to calculate the signal-to-noise
ratio, and in most cases it is sufficient for modeling IEEE 802.11 networks.

The third data structure defines a signal whose power is changed later. In this case,
the signal power is represented by a one-dimensional clock value that precisely follows
the transmitted pulses. This representation is used when modeling radio waves of the
IEEE 802.15.4a UWB standard.

A fourth representation uses multivariate values to describe the power of a signal
that varies with both time and frequency. This representation can be used when mode-
ling radio waves of the IEEE 802.11b standard.

All the considered examples used the simplest physical environment model based on
the IdealRadioMedium module, which uses a range representation, where the degree of
signal influence on neighboring nodes depends on the distance at which they are located.
When working with this module and its configuration, only three main ranges stand out.

1. Communication range — the range of reliable radio signal reception and transmis-
sion.

2. Interference Range — a range in which normal communication is no longer possi-
ble, but it still significantly affects the receivers of other devices.

3. Detection range — a range where there is no influence of the node on the receivers
of other devices, but it is possible to detect the presence and operation of this device.

In order to investigate the degree of mutual influence of radio waves in the config-
uration file, the IdealRadioMedium component was set to an interference range with a
distance of 500 m. The assigned parameters describe the fact that radio signals become
weaker with distance, but there is a range in which they can no longer be correctly
received, but they are still strong enough to affect other signals, resulting in reception
failure.
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#We allow accounting of interference in the radio receiver from the operation of
neighboring nodes *.host*.wlan[*].radio.receiver.ignorelnterference = false

# We make an interference range equal to the double range of communication
* host*.wlan[*].radio. transmitter.maxInterferenceRange = 500m

#Display on the scheme of the interference range of the node hostA* hostA.wlan[0].
radio.displayInterferenceRange=true

To study this mode, the configuration file was included in the mode of registration
and recording of events that occur in the model during an hour of its run. After the
model was finished, report files were generated, according to which during the model's
operation:

—node hostA generated 92 UDP messages of 1 KB size each;

—the UDP level of the hostA node passed 91 datagrams with a size of 1008 B;

— 89 packets with a size of 1028 B were sent to the network after passing through
the MAC level;

—however, hostB received only 1 packet per 1 model time.

If we now analyze the time diagram of the registered network simulation process,
we can find that only at 800 ms of the model time, one of the first messages, which was
generated by the hostA node and relayed by the hostR1 node, arrived at the wlanB.
hostB.udpApp(0) input. The high intensity (average hourly 10 ms) of the random gen-
eration of UDP packets by the hostA node, the presence of interference and the struggle
for access to the wireless data transmission medium led to the fact that the message was
sent from the hostA node to the hostB node only at the moment of a significant pause on
hostA nodes. At the same time, the struggle for access to the wireless data transmission
medium was conducted between hostA and hostR1 nodes, which wanted to transmit
both direct and relayed UDP packets to hostB node. But if the hostB node received one
of the first messages sent from the hostA node, this means that it was not lost in the net-
work and was able to be saved somewhere. This question is answered by the graph of
the dependence of time (T) on the length of the queue (L), which is formed in the buffer
of the network gateway adapter hostR1, which relays packets between nodes hostA and
hostB. From the figure shown in Figure 3 shows that in 1 s of model time, almost 80
packets sent by the hostA node, which the hostR1 node did not have time to relay to
hostB, were stored in this buffer. Currently, the value of the maximum adapter buffer
queue length is defined by default in the corresponding INET framework module. In a
real wireless network, the length or size of the buffer is very important to the perfor-
mance of the network, especially if this adapter is used in a device such as a gateway.
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Fig. 3. Graph of the queue length in the network gateway buffer of the hostR1 node
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The reasons that prevented the model of the simulated UDP packet from the hostR1
gateway buffer to reach the hostB node earlier? The answer to this question is provided
by the analysis of the events registered in the network that occurred during its operation
[16-19]. The time diagram of the operation of all elements for all nodes of the wireless
network was considered, from which it can be seen that:

— the first packet (UDPData-0) enters the network (event #22) and after some time
interval reaches nodes hostR1 (#23) and hostB (#26). Moreover, the second event occurs
later, since the hostB node is located further;

—node hostB receives radio signals from node hostA (#26 — #45), but does not rec-
ognize them due to a significant distance from the transmission source;

—node hostR1 starts successfully receiving a packet from node hostA (# 23 — # 32);

— in the process of transmitting the first packet, the application wlanB.hostA.
udpApp(0) (#27) generates the second UDPBasicAppData-1 message, which cannot be
sent to the network. It is placed in the buffer of the network adapter and will be there
until the end of the operation of the network adapter with the first packet. This moment
describes event #36 and a green dashed arrow connecting it to event #27;

—node hostR1, having successfully finished receiving the first packet (#32), consults
its routing table (#35). Based on it, it forwards the received packet to the hostB node and
sends it to the network (#39);

— however, a little earlier (#32) node hostA started transmitting the second packet,
which was previously stored in the buffer of its network adapter;

—two radio signals (#48 and #51) are received simultaneously at the receiver input of
the node, which interfere with each other, preventing the hostB node from recognizing
the UDP packet coming from the gateway.

Summarizing the study of the WLAN model taking into account interference from
neighboring devices, it should be noted that there is a significant decrease in perfor-
mance. Most of the time, the transmitting node and the gateway work at the same time,
which causes two signals to arrive at the transceiver of the receiving node at once and
their "collision" with each other.

This approach to the organization of wireless networks is unacceptable, and in order
to reduce interference to a minimum, some access protocol to the multimedia environ-
ment is needed, which will allow determining which host has the right to transmit data
and when [17, 18]. One of these protocols can be a CSMA/CA-based protocol operating
at the MAC level with additional confirmations and a repetition mechanism, which in
the OMNeT++ environment is implemented by the CsmaCaMac module, which, with
appropriate settings, can successfully approximate the basic 802.11b Ad-Hoc mode
[20-22].

Conclusions. The above studies demonstrate how simulation modeling is used in
designing and studying the operation of real wireless networks. It is shown the possibil-
ity of creating simulation models of wireless networks using ready-made components
from the INET framework, which help to describe various elements of the network, as
well as perform their flexible configuration to simulate the required behavior.

The approach of modeling different modes of operation of wireless networks is
demonstrated on the example of the implementation of direct interaction during the
design of the Ad-Hoc mode, as well as the indirect one, in which the process of routing
through intermediate nodes is implemented. The research in the article of such a physi-
cal phenomenon as interference made it possible to reveal the fact of the negative influ-
ence of the nodes located on each other, which worsen the quality of radio communica-
tion and can lead to a decrease in the speed of data transmission or their complete loss.
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The article also demonstrates the approach of researching the operation of a wireless
network by analyzing a time diagram file, the study of which allowed to explain the
reason for significant delays in the relaying of network packets.
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The article proposes the improvement of the technology of image optimization of 3D graphics.
The object of research in this article is the process of using a software component to improve the
technology of image optimization of 3D graphics. The practical significance of this study lies
in the development of recommendations for improving the technology of image optimization of
3D graphics. The article provides a justification for the need to optimize graphic objects in such
a way that they look realistic, but at the same time do not overload the hardware. The problems
of having a high number of polygons, textures and complex lighting effects, which can create
a significant load on the graphics processor, are considered. The importance of optimizing
3D graphics images to reduce the demands on computer computing resources, such as RAM and
video card memory, is considered. The article describes the impact of optimizing 3D graphics
images on reducing rendering time, which is especially important in industries that require high
data processing speed, such as architectural modeling, simulations, and virtual reality. New
rendering approaches such as real-time ray tracing and voxel-based rendering are covered. The
characteristic features of the polygonal model for representing 3D objects are systematized. The
need to use compression and texture optimization as important elements in 3D graphics that
directly affect rendering performance and memory usage is substantiated. The article proposes
a calculation of the effectiveness of using a texture atlas. In this study, mathematical modeling of
polygons representing 3D objects was carried out. The article provides a lighting precalculation
technique that is used for complex scenes, which allows to reduce the load on the system during
the execution of the program. In this work, mathematical modeling of ray tracing processes is
presented, which allows to describe the interaction of light with the surfaces of objects, taking
into account reflection and refraction. The article presents a technology for optimizing polygonal
grids, which is directly related to the number of polygons that make up the object. The improved
technology of image optimization of 3D graphics acts as a scientific result of the conducted
research.

Key words: 3D graphics, modeling, texture atlas, optimization, lighting, rendering, complex
scenes.

Ipaodoscovkuii €. M., Koozee 1. B. Boockonanenns mexnonozii onmumizayii 300pasicens
3D-z2paghixu

Y emammi 3anpononosano edockonanenns mexuonoeii onmumizayii 306padicens 3D-epa-
Qiku. 'V axocmi ob'exma OocniodcenHs 6 Oawiti cmammi GUCMYNAE NPoOYec 3ACMOCYBAHHS
NPOSPAMHOL CKAAO060T 0I5l BOOCKOHANICHHS. MEXHON02Il onmumizayii 300paxcenv 3D-epaghiku.
Ipaxmuuna snauywiicms 0aH020 00CHIONCEHHS NONALAE 8 PO3POONEHHT PeKOMEHOAYill CTOCOBHO
600CKOHANEHHS. MeXHON02Il onmumizayii 300padcenv 3D-epaghiku. Y cmammi nasedeno obepyH-
MYB8aHHs HeOOXIOHOCMI ONMUMIZY8amu 2pa@iuHi 00'ekmu makum YuHoMm, Wob 60HU UIA0ANU
peanicmuyHo, ane npu YyboMy He Nepesanmadicysaly anapamme sadesnedenns. Pozenanymo npo-
OnemMu HasABHOCMI BUCOKOL KIIbKOCMI NONI2OHIB, MeKCmyp ma CKAAOHUX C8IMII08UX edheKkmis, sKi
MOJICYmb CMEOPIOSAMU 3HAUHE HABAHMANCCHHSA HA epaghiynull npoyecop. Posenanymo snauenns
onmumizayii 3D-epagiunux 300pasicerv O 3HUNCEHHS 6UMOZ 00 OOUUCTIOBATILHUX PeCcYpCis
KOMN tomepa, makux siKk onepamuera nam'sme ma nam'sms gioeokapmu. Y cmammi onucanuii
enaue onmumizayii 3D-epaghiunux 300pasxcenb Ha 3HUNCEHHS YACY PEHOEPUHSY, WO € 0COOTUBO
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BANCTIUBUM Y 2aNY35X, Oe NOMPIOHA BUCOKA WBUOKICIb 0OPOOKU OAHUX, MAKUX K APXimeK-
mypHe MOOeNOBAHHS, CUMYIAYIL ma 8ipmyaivbia peaibHicms. Po3zensnymo Hogimui nioxoou 0o
peHoepunzy, maki aK mpacyeanHs NPOMeHie y peanrbHoMy 4dci ma penoepune Ha 0CHO8I BOKCe-
6. Cucmemamusosano XapakmepHi 0CoOMU80CMi NONICOHATbHOI MOOeNi Ol NPeOCMAas1LeHHs.

3D-06'exkmis. OOIpYHMOBAHO HEOOXIOHICIb BUKOPUCTIAHHS KOMNPECTi ma onmumizayii mexcmyp
AK eadciugux enemenmis y 3D-epaiyi, wo 6e3nocepeonvo @naueaiomv Ha NPOOYKMUGHICTb
peHOepunzy ma UKOPUCMAHHA Nam ami. Y cmammi 3anpononosano po3paxyHox epekmuenocmi
BUKOPUCAHHSL MEKCHYPHO2O amiacy. B oanomy docuidcenni nposedeno mamemamuine mooe-
J0BAHHS NoNi2oHie npedcmasienus 3D-06'ekmie. Y cmammi nasedeHo mexHiKy nonepeoHbo2o
PO3PAXYHKY OCBINIEHHS, KA SUKOPUCTNOBYEMbCA O CKAAOHUX CYEH, W0 00380IAE 3HUUMU
HABAMMAIICEHHS HA cCUCeMY ni0 4ac 6UKOHAHHA npoepamu. B daniti pobomi nodano mamema-
Mu4He MOOeN08ANHS NPOYECi6 Mpacy8ants NPOMeHis, o 003601€ 30IUCHUMU ONUC 83AEMO-
0ii ceimna 3 nogepxuamu 0b'exkmis, apaxosyrouu i0bumms ma 3aiomients. B cmammi nooana
MexXHON02is onmuMi3ayii NON2OHATLHUX CIMOK, KA NPSAMO MO8 A3aHA 3 KilbKiCMIO NONi2OHI8,
wo ckaadaroms 06 °ekm. Y AKOCmi HAYKOB020 pe3yIbmanty nPpoeedeH020 O0CIIOMCEHHS BUCMYNAE
600CKOHAIEHA MEXHON02Is1 onmumizayii 306pascens 3D-epagixu.

Knwuoei cnosa: 3D-cpagixa, mooenosants, mekcCmypHuil amiac, Onmumizayisi, oceim-
JI€HHS1, peHOepUHe, CKIAOHI CYeHU.

Formulation of the problem. 3D graphics are an integral part of many industries
today, including gaming, film, virtual reality, and architectural modeling. However,
increasing requirements for image quality and rendering speed create new challenges
for developers and designers. One of the key aspects of achieving high performance is
optimizing 3D graphics images.

3D graphics have a huge impact on many industries in the modern world, includ-
ing computer games, virtual reality (VR), augmented reality (AR), cinematography and
architectural modeling. Optimizing 3D images is critical to achieving realistic scenes
without sacrificing performance.

3D graphics are actively used in architectural modeling, medicine and scientific
research, where visualization is of key importance. For these areas, it is important to
provide the most realistic images without losing quality during optimization. Mod-
ern optimization algorithms, in particular texture and polygon compression methods,
allow you to achieve this balance. This significantly improves the user experience and
increases the efficiency of the work of specialists in various fields.

Artificial intelligence and machine learning also play an important role in improving
3D graphics optimization technologies . For example, neural networks are able to auto-
matically identify the least important elements of an image and optimize them without
affecting the overall quality. This provides new opportunities for creating high-quality
graphic content with minimal resource consumption. 3D graphics image optimization
technologies have great potential for development, which makes them an important
direction in modern research and development.

Therefore, the relevance of improving the technology of image optimization of 3D
graphics is due to the growing requirements for the quality of visualization and the
speed of data processing in many areas.

Analysis of recent research and publications. In studies [1-3], approaches are pro-
posed to create an adaptive interface of web-based tools for optimizing graphic images.
A description of specific algorithms, on the basis of which certain elements of 3D
graphics optimization technology can be designed, is presented in works [4, 5]. Studies
[6, 7] provide recommendations on the use of 3D graphics to create the interface of web
applications and real-time tools for navigating in a virtual environment. Scientific works
[8, 9] contain methodological recommendations for substantiating an innovative strat-
egy for the development of information technologies as a basis for further improvement
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of 3D graphics optimization technology . Practical recommendations for the use of
Workflow, which can be used to optimize 3D graphic images, are given in studies
[10, 11].

The analysis of literary sources shows that in the specialized literature there are no
methodological recommendations for improving the technology of image optimization
of 3D graphics.

Purpose and task statement. The aim of the work is to improve the image optimi-
zation technology of 3D graphics.

The object of the study is the process of applying the software component to improve
the technology of image optimization of 3D graphics.

The subject of research is the technology of image optimization of 3D graphics.

Presentation of the main research material. Optimization in 3D graphics is a key
aspect of developing any application that uses 3D models, as it directly affects per-
formance and user experience. High polygon counts, textures, and complex lighting
effects can put a heavy load on the graphics processing unit (GPU), resulting in slower
framerates and lag. To ensure a smooth display of the scene, especially in real time, it is
necessary to optimize the objects so that they look realistic, but at the same time do not
overload the hardware.

In addition to ensuring performance, optimization is important to reduce the demands
on computing resources such as RAM and graphics card memory. This allows for better
cross-platform compatibility, including resource-constrained mobile devices. Texture
compression, LOD reduction, and polygon model simplification can be used to maintain
a high level of visual quality even on weaker devices. This makes optimization critical
for developers looking to strike a balance between image quality and accessibility to a
wide audience.

The optimization also helps reduce rendering times, which is especially important
in industries that require high data processing speeds, such as architectural modeling,
simulations, and virtual reality (VR). By reducing the time required to render complex
scenes, the optimization allows you to focus on improving detail and interactivity, cre-
ating a more realistic and immersive experience for users. Thus, optimization in 3D
graphics provides performance, availability and quality, which makes it an integral part
of the process of developing visual content.

Optimizing images in 3D graphics consists in reducing the load on hardware
resources, while ensuring maximum image quality. This is especially important for real-
time, where every delay can negatively affect the user experience. The main aspects to
optimize are polygons, textures, lighting and shadows, and shader-based rendering.

Optimization of polygons, or «<LOD» (Level of Detail), consists in reducing the
number of polygons in objects located at a great distance from the camera. This allows
you to significantly reduce the load on the graphics processor (GPU), which is espe-
cially important for games and applications with an open world. Modern methods use
dynamic displacement algorithms that automatically adapt the level of detail depending
on the position of the camera.

Textures take up a significant portion of the memory used when rendering a scene.
Using compression methods such as DXT (S3TC), ASTC or the latest formats based
on machine learning allows you to reduce the size of textures without losing quality. In
addition, the use of texture atlases allows you to avoid additional loading and switching
of textures, which speeds up rendering.

Lighting and shaders are important components of 3D scenes that affect the final
image quality. Traditional lighting is often replaced by approaches that use global
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lighting and physically correct rendering techniques (PBR). Using such techniques as
baking lighting or Light Probes, allows you to preserve the quality of lighting effects
with minimal computational costs. Shader optimization consists in simplifying complex
operations and using a computer buffer (G — buffer) to calculate lighting in real time.

Rendering approaches, such as real-time ray tracing and voxel-based rendering,
allow for significant improvements in image quality, but require significant computing
resources. To reduce the load on the system, hybrid approaches combining traditional
rendering and ray tracing are used. Artificial intelligence algorithms, such as DLSS
(Deep Learning Great Sampling) from NVIDIA, which allow you to render images in a
lower resolution and increase them without a significant loss of quality.

Machine learning and neural networks are becoming increasingly popular for optimiz-
ing 3D images. They allow you to automate processes that previously required signifi-
cant human involvement, such as creating LOD models, generating normalized maps, and
predicting complex lighting effects. Thanks to machine learning, it is possible to achieve
optimization of image quality without significantly increasing the load on the hardware.

Although modern optimization methods have greatly improved the quality and per-
formance of 3D images, there are still many challenges. The development of new algo-
rithms and the integration of machine learning into the rendering process require signif-
icant computing resources and time to train models. However, with the development of
cloud computing and more powerful graphics processors, there are new opportunities to
further improve the optimization process.

The main goal of image optimization in 3D graphics is to reduce the load on the
graphics processor (GPU) and the central processor (CPU), while maintaining maxi-
mum image quality. This allows you to achieve smooth animation, avoid delays and
ensure high quality graphics in real time.

A polygonal model is the basis for representing 3D objects. Polygons are usually
represented by triangles that are joined to create surfaces. Optimization consists in
reducing the number of polygons without losing the detail of objects.

The formula for the area of a triangle based on the coordinates of the three vertices
should look like this:

1
S= §|(x2 —x)(3 —y1) — (3 — %) (V2 — ¥1)l

where (x1; y1), (x2; ¥2) and (x3,¥3) are the coordinates of the vertices of the triangle .

Algorithms for reducing the number of polygons (mesh simplification), such as
Quadric Error Metrics (QEM), which calculate the error between the original and sim-
plified models.

Textures are used to add detail to 3D objects. Reducing the size of textures is an
important optimization step, as it allows you to reduce the amount of video memory
(VRAM) used.

Texture compression and optimization are important elements in 3D graphics that
directly affect rendering performance and memory usage. Textures are two-dimensional
images superimposed on the surface of 3D objects to give them a more realistic appear-
ance. They are used to convey characteristics such as color, glossiness, normals, and
reflection maps. Because textures are often high-resolution, their volume can signifi-
cantly exceed the volume of the geometry of the model itself. This creates high require-
ments for video memory (VRAM), especially when working with large scenes or in real
time. Hence the need for texture compression, which allows you to reduce their size
without a significant loss of quality.




Komrr’rorepHi Hayku Ta iH(opmMamiiiai TexHomorii |

|29

Texture compression is done using special algorithms such as DXT (S3TC), ASTC
and the latest methods that use machine learning to reduce file sizes. For example, the
DXT method uses block compression, which reduces texture size while preserving color
and alpha channel data.

The texture compression formula looks like this:

R = Soriginal

Scompressed

where R is the compression ratio, Soy;ging 1S the size of the initial texture, Scompressea 18
the size of the compressed texture.

Common compression methods include DXT (S3TC ) and ASTC, which use special-
ized compression algorithms to preserve color data with minimal loss of quality.

For example, if the original size of the texture is 16 MB and the compressed size is
4 MB, the compression ratio is 4, which means a fourfold reduction in size. This signif-
icantly reduces memory usage and allows you to store more textures in video memory,
improving rendering speed.

Texture optimization also includes the use of texture atlases — large images that
combine multiple textures into a single image. This allows you to reduce the number
of texture switches during rendering, which has a positive effect on performance, espe-
cially in large scenes. An important aspect is the correct placement of textures on the
atlas and the minimization of empty space, which can be determined using the texture
atlas efficiency formula:

The formula for the effectiveness of using a texture atlas:

_ Z?:l Atexture i

Eatlas -
A
atlas

where Eg s is the efficiency of the atlas, 4,,,,,,..; 1S the area and textures, 4
area of the entire texture atlas.

High efficiency means that more of the atlas space is used for useful information,
minimizing resource wastage.

Compression and optimization are closely related to the mathematical modeling of
polygons and the importance of optimization in 3D graphics. Because texture compres-
sion reduces the memory load, it frees up resources to handle more complex geometry.
Optimized polygons and textures work together to achieve the balance between quality
and performance that is critical for applications with high real-time demands, such as
gaming and virtual reality (VR). Compression techniques help preserve detail and pro-
vide fast access to data, allowing you to achieve realistic rendering of complex scenes
without overloading the GPU and maintaining high frame rates.

Lighting significantly affects the display quality of 3D scenes. Realistic lighting is
achieved using global lighting (Global Illumination, GI), which takes into account the reflec-
tion of light from various surfaces. Physically correct rendering (Physically — Based Render-
ing, PBR) allows you to model materials that react to light as closely as possible to real ones.

Lighting and shaders are key elements in creating realistic images in 3D graphics.
They are responsible for the interaction of light with the surfaces of objects, determining
how colors, shadows, reflections and other lighting effects will look. Lighting is based
on physical principles such as reflection and refraction of light to create visually believ-
able scenes. At the same time, shaders are used to program these effects on GPU, pro-
viding detailed lighting processing for each pixel or vertex. This allows you to maintain
a high level of image quality, even in complex scenes.

is the

atlas
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Lighting should be calculated using the Lambert model (for diffuse lighting):
Idiff = Ilight . maX(O,n . l)

where Iyrp— diffuse light intensity, I;;gpis the intensity of the light source, n is the
normal vector to the surface, ! is the direction vector to the light source.

For complex scenes, the lighting precalculation technique is used (light baking),
which allows you to reduce the load on the system during program execution.

Lighting and shaders are closely related to the optimization of polygons and tex-
tures, as the correct use of shaders can significantly reduce the computational comple-
xity of a scene, while still keeping it visually appealing. By using methods like normal
maps, developers can reduce the number of polygons without sacrificing detail, which
is important for high rendering performance. At the same time, texture compression
preserves image quality while reducing memory usage, allowing more efficient use of
computing resources for complex lighting effects. Ultimately, optimizing lighting and
textures allows you to create more realistic and productive visual scenes, which is criti-
cal for applications with high demands on graphics quality and performance.

The improvement of rendering technologies is an important stage in the develop-
ment of 3D graphics, as it directly affects the quality of scene display and the perfor-
mance of graphic applications. With the development of hardware and image process-
ing algorithms, new rendering methods appear that allow creating more realistic visual
effects. One of these methods is real — time ray tracing ray tracing), which allows you to
accurately simulate the behavior of light, including reflections, refractions and shadows.
Unlike traditional rasterization, which renders objects using triangles, ray tracing mo-
dels the path of each light ray through the scene, providing high realism.

Ray tracing allows you to model the interaction of light with the surfaces of objects,
taking into account reflection and refraction. This allows for realistic effects such as
reflections and refraction.

The basic ray tracing equation:

P(t) =0 +tD,
where P(t)is a point on the beam, 0 is the starting point (camera), D is the direction of
the beam, t — parameter that determines the distance from the starting point.

For each pixel on the screen, the path of the ray passing through the scene is cal-
culated, and its interaction with objects is determined, taking into account reflection
and refraction. This allows you to create realistic effects such as transparent materials,
mirror surfaces and soft shadows.

Hybrid rendering methods combine ray tracing with traditional rasterization meth-
ods, allowing you to maintain performance when rendering complex scenes. For exam-
ple, rasterization can be used to display major objects in a scene, while ray tracing is
only used to calculate the effects of global lighting, reflections, or refraction in narrow
areas of the scene. This allows you to avoid fully modeling complex light interactions
for each pixel and only calculate them when you really need to.

Another modern approach to rendering is voxel — based methods rendering and
using deep learning rendering like DLSS (Deep Learning Great Sampling). Voxels, or
volumetric pixels, represent 3D space in the form of a regular grid, which simplifies
the calculation of lighting and collisions between objects. Voxel rendering can be used
to simulate volumetric effects such as fog or smoke. At the same time, machine lear-
ning-based technologies such as DLSS enable higher rendering resolution by reprodu-
cing high-detail images based on lower-resolution input frames. The formula for esti-
mating the resolution increase in DLSS is as follows:
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Soutput = f(Siow, ),

where Sp,1.,,,¢ 18 the original high-resolution image, S,,,— input image with low resolu-
tion, 6 — parameters of the trained model.

This allows you to reduce the load on the GPU while maintaining a high frame rate
and image quality.

The improvement of rendering technologies is directly related to the optimization
of polygons, textures and lighting, as new methods allow more efficient use of com-
puting resources. For example, thanks to ray tracing and hybrid methods, less detailed
polygon meshes and optimized textures can be used, focusing calculations on lighting
and reflection. Using machine learning to improve image quality allows you to achieve
high resolution without significant memory and power costs. Thus, the latest rendering
technologies provide maximum image quality with minimum resource consumption,
which is critical for applications with high performance requirements, such as video
games and virtual reality.

The use of machine learning (ML) to optimize 3D graphics is becoming more and
more common, as it allows automating complex processes and reducing the load on
hardware resources. In particular, neural networks help in the processes of image reso-
lution enhancement, texture compression, lighting optimization, and automatic creation
of LODs (levels of detail). This allows for high performance and realism without sig-
nificantly increasing the number of polygons or memory needed to store textures. For
example, NVIDIA's Deep Learning Super Sampling (DLSS) technology uses neural
networks to reconstruct high-resolution images from low-resolution input frames.

The basic equation for neural network training used in DLSS can be represented as
the minimization of the loss function:

LO) = 33X, (01— (i 0))?,

where L(6) is the cost function, y; are the real values, f(x;,6) are the predictions of the
neural network, x; are the input data, 8 and are the parameters of the model.

With this approach, the model learns to transform low-resolution images into more
detailed versions, allowing it to maintain a high frame rate even in demanding scenes.

Machine learning is also heavily used for texture compression, which is related to
the topic of texture and polygon optimization. For example, the use of autoencoders
allows you to reduce the size of textures without losing a significant amount of visual
information. An autoencoder consists of two parts: an encoder that compresses the input
texture to a reduced representation, and a decoder that reconstructs the texture.

Neural networks can be used to predict complex lighting effects or generate
high-quality textures from low-resolution samples.

Modern cloud technologies allow performing complex calculations for rendering
and optimization on remote servers. This greatly expands the possibilities for develo-
pers, providing access to powerful resources without the need to purchase expensive
hardware.

Task distribution formula:

Ttask
N + Toverhead ’

Ttotal =

where Tiorqr 1S the total execution time, T.qq 1S the execution time of one task, N is the
number of Servers, T,,.,...q15 the overhead of task distribution.

Distributed computing allows you to significantly reduce the rendering time of com-
plex scenes.
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Mathematical modeling of polygons is the basis for creating three-dimensional
objects in 3D graphics. Polygonal meshes consist of a large number of triangles that are
combined to form the surfaces of objects. Each triangle is described by the coordinates
of its vertices in three-dimensional space, which allows forming complex geometric
figures. The mathematical models describing these grids use mathematics to represent
space, calculating the normals, areas, and volumes of objects that are necessary for the
correct interaction of light with the surface. An important part of this process is under-
standing how calculations affect system performance, as complex models can signifi-
cantly slow down rendering.

The optimization of polygon meshes is directly related to the number of polygons
that make up the object. The more polygons a model has, the more detailed it looks, but
the more computing resources are needed to display it. Therefore, to reduce the load
on the graphics processor and reduce the rendering time, developers use optimization
techniques, such as reducing the level of detail (Level of Detail, LOD). These methods
allow you to automatically change the number of polygons depending on the distance
of the object to the camera, leaving a highly detailed model only when it is close to the
viewer. Mathematical modeling in this case includes the calculation of curves and sim-
plified geometries that maintain visual integrity with a minimum number of polygons.

Besides LOD, another method is to optimize meshes using simplification algorithms
such as Quadric Error Metrics (QEM). QEM allows you to calculate the error that
occurs when removing or replacing a triangle vertex with another, and based on this,
remove insignificant polygons that do not affect the overall appearance of the object.
The formula for calculating the quadratic error allows you to reduce the number of
polygons, while maintaining the maximum approximation to the original shape. This
approach is particularly useful for objects with a large amount of detail, such as video
game characters or architectural elements, where it is important to preserve the aesthetic
appeal of the object.

Mathematical modeling of polygons is directly related to the importance of optimi-
zation in 3D graphics, since the effective use of resources depends on the correct cal-
culation and application of geometric models. Optimized models allow for high image
quality without significant performance loss, which is especially important for applica-
tions with high real-time requirements, such as video games and VR/AR applications.
The use of mathematical modeling methods in combination with optimization tech-
niques provides a balance between detail and speed, creating the most comfortable and
realistic experience for users, while reducing the load on the hardware.

The optimization of polygon meshes is directly related to the number of polygons
that make up the object. The more polygons a model has, the more detailed it looks, but
the more computing resources are required to display it. Therefore, to reduce the load on
the graphics processor and reduce the rendering time, developers use optimization tech-
niques, such as reducing the level of detail (Level of Detail, LOD). These methods allow
you to automatically change the number of polygons depending on the distance of the
object to the camera, leaving a highly detailed model only when it is close to the viewer.

An important aspect of such algorithms is the calculation of the visible area of the
object:

Avisivie = Amoder * €0s (8),
where A, ,4¢; 1 the area of the object, g is the angle between the normal to the surface
of the object and the direction to the camera.

Besides LOD, another method is to optimize meshes using simplification algorithms
such as Quadric Error Metrics ( QEM ). QEM allows you to calculate the error that
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occurs when removing or replacing a triangle vertex with another, and based on this,
remove insignificant polygons that do not affect the overall appearance of the object.
The quadratic error formula for the vertex v has the form:
The formula for the quadratic error for a vertex is as follows:
Q) = vTviv
where @) is the error matrix describing the surface distortion when simplified, and are
v the coordinates of the vertex.

By calculating this error for each vertex, it is possible to determine which vertices
can be removed or moved with minimal loss of geometric accuracy.

Mathematical modeling of polygons is directly related to the importance of opti-
mization in 3D graphics, since the effective use of resources depends on the correct
calculation and application of geometric models. Optimized models allow for high
image quality without significant performance loss, which is especially important for
applications with high real-time requirements, such as video games and VR/AR appli-
cations. The use of mathematical modeling methods, such as the calculation of the area
of triangles and the use of error metrics, in combination with optimization techniques
provides a balance between detail and speed, creating the most comfortable and realistic
experience for users, while reducing the load on the hardware.

Distributed computing and cloud technologies play an important role in modern 3D
graphics, as they allow complex calculations to be performed for rendering and proces-
sing of large volumes of data on remote servers, reducing local hardware requirements.
This is especially true for resource-intensive tasks, such as rendering photorealistic
scenes with ray tracing, simulating global lighting, and processing high-resolution tex-
tures. Distributed systems allow you to divide such tasks into several nodes that perform
their parts of work in parallel, significantly speeding up the rendering process. This enab-
les high performance and scalability, which is important for large animation studios,
game companies and architectural renderings.

Cloud technologies such as Amazon Web Services (AWS), Google Cloud Platform
(GCP) and Microsoft Azure, allow you to use powerful GPUs for distributed rendering
in a remote environment. This allows small teams or individual developers to have
access to powerful computing resources without investing in expensive hardware. For
example, you can run physically correct rendering simulations or perform ray tracing on
GPU — enabled virtual machines.

The high computational demands of ray tracing and machine learning methods can
be reduced by distributed computing, which allows processing large amounts of data
in parallel. For example, creating LODs (levels of detail) for a large number of models
or generating highly detailed textures can be performed on several servers at the same
time, which significantly speeds up the process. Cloud technologies also allow textures
to be stored in high resolution and synchronized with local machines, ensuring optimal
access to resources when rendering complex scenes. This allows developers to achieve
high rendering quality by efficiently using available resources.

Conclusions. Thus, image optimization in 3D graphics is an important aspect of the mo-
dern digital industry. The use of advanced methods, such as texture compression, dynamic
change of detail levels, hybrid rendering methods and machine learning, allows you to
achieve high quality images with reduced hardware load. Further improvements in these
technologies will help create even more realistic and immersive visual worlds for users.

The scientific result of the research is an improved technology for image optimiza-
tion of 3D graphics.
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The practical result of the work is recommendations regarding the optimization of
3D graphics images.

A further direction of research can be the assessment of the effectiveness of using
software tools for optimizing images of 3D graphics.
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IIpogedeno ananiz ocobnugocmell GNPOBAONCEHHS HEUPOMEPEICEGUX ANCOPUMMIE NPU NPO-
CHO3Y8ANHI OUHAMIKU YIH IHANCOBUX AKMUBIE. 3a3HaYeHO, Wo 6NPOBAOIICEHHs MemOodi8 agmo-
mMamusayii npoyedypu npocHo3yeanHs Yin PiHANCOBUX aKMUGi6 KII0UAE Y cebe NOCIAHOBKY mexX-
HIYHO20 3A80AHHS, NOULYK KPUMEPILB, W0 8KA3YIOMb HA SUPIULEHHS NOCMABIEHOL 3a0aUi, OYIHKY
CmamucmudyHux NOKA3HUKIG, Wo 6Ka3ylomy Ha 00csA2U 0aHUX PIHAHCOBOI aHANIMUKY, a4 MAKOJIC
BUOIP T ONMUMIZAYIIO AKMYAILHUX 3AC00L6 CUCeMU MAUUHHO20 AHANI3Y. J]Isl 6U3HAUEHHS. eheK-
MUGHOCMI cUuCmeMu MAUUHHO20 AHANI3Y 0aHUx iHanco8oi ananimuxu Y10 npogedeHo ii nopie-
HSIHHSL 3 IHIUHUMU MOOEIAMU HA OCHOBL MEMOOUKU OYIHKU KANIMATbHUX AKMUBIS, WO OA3YEMbCs
Ha 00HONEPiOOUYHIL IHBeCMUYIIHIT CXeMi, KOHYenyil YHUKHEHHs PU3UKy 3 60Ky Oinbulocmi ineec-
mopis, a MAaKoNC NPUNRYWEHHI NPO HYIbOGI MPAHCAKYIUHI sumpamu i 8i0CymHicms acumempii
inghopmayii. 3aznaueno nepegazu 3acmocysanHs npopamMHUX NAKemy UMOGIPHICHO20 NPOSHO-
3yeants, « NGBoosty, K mo SU3HAUeHHs. pO3NOOLLY IMOGIPHOCII OISl pe3yibmamis, wo 00360-
JISIE OMPUMYBAMU NOGHOYIHHUL POZNOOLT MOJNCIUBUX 3HAUEHb, GUOIP KOPUCTYS8AUeM Muny umo-
BIPHICHO20 PO3NOOLLY 071 N0OYO08U MO0, W0 0AE 000AMKOBY SHYUKICMb OJisl 3ACMOCYBAHHS
6 PI3HUX 3a0a4ax ma onmumizayis UMOGIPHICHUX MoOenell MeMOOOM HAMYPATbHO20 epadicHma,
wo 3abesneyye OinbWL CMAOIIbHUL NPOYeC HABUAHHS NPU POOOMI 3i CKIAOHUMU PO3NOOLIAMU.
Jlna oyinku npooyKMuSHOCMI HeupoMepexcesux anopummis npu asmomamusayii ginanco-
601 ananimuku ma nPoeSHO3y8anHs 00 ananizy oy exmoueni mooeni « NGBoosty, «XGBoosty,
«CatBoost», «LightGBM», necnuboka bazamowaposa HetpoHHA Mepexrca NPAMO20 NOUUPEHHS
ma enuboka 6azamowaposa HeupoHHa Mepedca NpAMo20 NOWUPEHHS, NPUHOMY 051 KOICHOT
3 Hetipomepedicesux apximexniyp 0y10 npogedeHo onmuMizayiio cinepnapamempis. 3a3HaueHo,
wo eubip HageoeHux mooenell € NOKA308UM OJis 3ACMOCYB8AHHA Y inancosil ananimuyi. [loeo-
HAaHHs 2padieHmMHO20 OYCMUHEY ma Heupomepexc 3a0e3neuye WupoKuti CHeKkmp Memooie s
BUPIUUEHHS 3080AHb NPOSHO3VEAHHS YIH AKMUGIE, OYIHKU PUSUKIE [ MOUHO20 nepeddaueHHs Mail-
oymuix ¢hinancosux nokasnuxie. Boonouac, guxopucmanns cinepnapamempuynoi onmumizayii
0ae 3mMo2y HANauimos8yeamu Hetipomepesicesi Mooeli il Q0CACHEHHS MAKCUMAIbHOL MOYHOCHII,
WO € KPUMUYHO BANCTUBUM OJis 3a0e3neyenHs KOHKYPEeHMHUX nepesaz y (YiHaHCO8UX PUHKAX.
Pozenanymo ocobnusocmi 6nposaodicents 3a3HAUEHOI cucmemu OYiHKU 3 Memor OnmuMiza-
yii' Hetipomepedcesux aneopummis OJis CYyYaACHUX HelpoMepextcesux apxXimekmyp, AK mo mooeii
GRU, GAT i «Informery.

Kniouosi cnosa: mawunnuii ananis, Heupomepedcesa apximekmypa, (QiHaHcosi akmusu,
OYiHKa KanimanibHUux aKkmueie, keposane Ha8UaHus, UMOBIPHICHe NPOSHO3Y8AHHS, 2inepnapame-
mpuuHa onmumizayis.

Ivanenko V. A. Implementation of neural network algorithms in forecasting the price
dynamics of financial assets

The analysis of the implementation of neural network algorithms in forecasting the price
dynamics of financial assets has been conducted. It was noted that the implementation of automated
methods for predicting financial asset prices includes the formulation of technical tasks, the
search for criteria that indicate the solution to the task, the evaluation of statistical indicators
pointing to the volume of financial data, as well as the selection and optimization of relevant
machine analysis tools. To determine the effectiveness of the financial data machine analysis
system, it was compared with linear models based on the capital asset pricing model (CAPM),
which is founded on a single-period investment scheme, the risk-averse nature of most investors,
and the assumption of zero transaction costs and no information asymmetry. The advantages
of the probabilistic forecasting software package «NGBoosty were highlighted, including the
determination of probability distributions for outcomes, which allows for a full distribution
of possible values, the flexibility for users to choose the type of probabilistic distribution for
model building, and the optimization of probabilistic models using natural gradient descent,
ensuring a more stable training process when working with complex distributions. To evaluate
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the performance of neural network algorithms in automating financial analytics and forecasting,
models such as «NGBoosty, «XGBoosty, «CatBoosty, «LightGBM», shallow feed-forward
neural networks, and deep feed-forward neural networks were included in the analysis, with
hyperparameter optimization conducted for each neural network architecture. It was noted that
the selection of these models is indicative for application in financial analytics. The combination
of gradient boosting and neural networks provides a wide range of methods for solving tasks
related to asset price forecasting, risk assessment, and accurate prediction of future financial
indicators. At the same time, the use of hyperparameter optimization allows neural network
models to be tuned to achieve maximum accuracy, which is critically important for ensuring
competitive advantages in financial markets. The specific features of implementing this evaluation
system have been examined to optimize neural network algorithms for modern neural network
architectures, such as GRU, GAT, and Informer models.

Key words: machine analysis, neural network architecture, financial assets, capital asset
pricing, supervised learning, probabilistic forecasting, hyperparameter optimization.

Beryn. [lporHosyBanHS AuHaMikd IiH ()IHAHCOBHUX AKTHBIB Ha MIKHApOIHHUX
(hiHAaHCOBUX PUHKAX 3aJIMIIAETHCS OJHIEIO 3 HAMOLIbII CKIIAAHUX Ta aKTyaJlbHUX 3a/1a4,
BUPIIIECHHS SKOi CKIIaJIa€ iHTepec SIK NpH (OPMyBaHHI Ta PO3MIMPEHHI IHCTPYMEHTApiio
y rajy3i KiJIbKiCHOTO (DiHAaHCYBaHHS, TaK 1 3 TOYKH 30py (yHIaMEHTAIbHOI HayKH [1,
2]. BrpoBakeHHsI METOIB aBTOMAaTH3alil Npoleypy NPOrHO3yBaHHs LiH (iHaHCO-
BUX aKTHBIB NPH I[bOMY BKJIIOUA€ y ceOe BU3HAUCHHS TAKUX ACIHEKTIB SIK MOCTAHOBKA
3aBIaHHS JOCTIHKEHHS, ITOIIYK KPUTEPiiB, IO BKAa3yIOTh HA BHUPIIICHHS ITOCTABICHOI
3aJ1a4i, OI[iIHKA CTAaTUCTHYHUX TTOKA3HUKIB, 1110 BKa3yIOTh Ha 00CST MacUBYy JaHUX (DiHAH-
COBO{ aHAJITHKH, a TAKOXK BUOIp 1 ONTHMI3aIlis 3ac00iB CHCTEMH MAIIMHHOTO aHAI3Y.
Bapro minkpecnuTtu, mo rnepeBara METOAIB MAITMHHOTO aHaNi3y JaHUX (iHAHCOBOI
AQHAJIITUKY 3HAYHOIO MIpOIO MOJISATaE cCaMe Yy 3aTHOCTI MPaLloBaTH 3 00pOOKH BETHKUX
MAacHBiB HECTPYKTypOBaHHX JaHuX [3, 4], 30kpemMa, MyIbTUMEAINHUX TaHUX 3 IIHUPO-
KOTO HAa0Opy MEPEKEBHX JKEPE, 110 BIAMOBIAA€ KOHIEMIIT «aIbTePHATUBHUX TaHUX)
(Alternative Data; AD). JlocnigHuky BKa3ylOTh Ha NIMPOKHMA CHEKTP IKEpes ajbrep-
HATUBHMX JAHUX, SIKI BUKOPUCTOBYIOTHCS B (DIHAHCOBIM aHAMITHIN. 3a3Ha4a€ThCA, IO
aJBFTEPHATHBHI JIaHI BUXOJATH 3a MEXI TPaJUIIHHUX (DIHAHCOBHX TMOKa3HHUKIB, SIK TO
JIOXOJIU YM 3BITH MPO MPUOYTKH, 1 BKIIIOYAIOTh TaKi (haKTOpH, SIK MOBEIIHKA CIIOKHBA-
YiB MpECTaBJICHA Y COIIAIbHUX Mellia 1 MEePekKEBHX JI0JIaTKaX eJIEKTPOHHOI KOMepIIii
[5, 6], muHamiky 3a0ymoBH 1 JOPOXKHIH Tpadik, MPEICTaBICHI Y CYIyTHUKOBUMH 3HIM-
kamu [7, 8], Toro.

Sk 1MoKa3aB aHAi3 HAYKOBUX 00CHIONHCeHb TIPUCBSIUYCHUX MpoOJieMaM aBTOMAaTH3a-
i mporenyp (iHaHCOBOT aHamITHKHU [1-8] piuyHa BapTicTh 3ac00iB MAITMHHOTO HAaB-
yaHHS y OaHKIBChKil Ta (piHaHCOBIH cdepax Bxe Hampukinii 2010-x pokiB rocdria
piBEA 5,2% cBiToBUX moxoniB [9, 10]. [IpoayKTHBHICTh aITOPUTMY MAIIMHHOTO HaB-
YaHHS BU3HAYAETHCS 3MATHICTIO 3[aTHUM BUSIBILITH HENiHIIHI B3a€MO3B’S3KH 3 IIHPO-
KOTO cIieKTpa jKkepen Aanux [11], a oTke, po3poOKa BiIMOBIIHOI CUCTEMH MPOTHO3Y-
BaHHS Ma€ BKJIFOYATH y ceOe HACTYITHI aHalli3 HACTYITHUX KaTeropii:

1. OmiHka CKJIaJHOCTI 1 HENiHIHHOCTI (DiHAHCOBOT aHAMITHKH. PIHAHCOBI PUHKH
XapaKTepU3y€eThCsl 0COOIMBOIO TUHAMIKOIO, IKa HE MOXKe OyTH OTHCaHa Ha PiBHI JiHIH-
HOT MOJIETI 1 3aJIXKUTh BiJl YMCIEHHUX (hakTopis [11].

2. BuzHaueHHs1 ocoOnmuBoCcTel 3acTOCyBaHHS HEHPOHHUX MEPEX TIIMOWHHOTO HaB-
ganHs (Deep Neural Networks, DNN). AnropuT™Mu Ha OCHOBI BiATIOBITHOTO K11acy Heil-
POMEPEKEBOI apXITEKTYpH XapaKTePHU3YIOThCS 3IaTHICTIO BHSBISATH CKIIAIHI MATePHH
1 3aJIOXKHOCTI BEJIMKHX MAaCHBaX HECTPYKTYPOBAaHHX IAHHX HE3aJECKHO Bix opmary ix
npencrasiaeHHs [12].

3. TlopiBHSHHS TPOXYKTHBHOCTI HEWPOMEPEKEBHX alNTOPUTMIB aBTOMAaTH3aIlii
IPOLIEAYPH NPOTHO3YBaHHS IiH ()IHAHCOBUX AKTUBIB y MOPIBHSIHHI 3 TPaIUIiHHUMU
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MeTOo/IaMHu OIliHKM KamitTanbHux akTuBiB (Capital Asset Pricing Model, CAPM), o
0a3yloThCSl Ha MaTEMaTHYHUX MOJICINSAX, Y SKHX BHUKOPHUCTOBYIOTHCS JIIHIHHI 3B’SI3KH
M1DXK LIJTbOBUMHU (PYHKLISMH 1 apryMeHTaMH LiboBUX QyHKIiH [13].

JlocmipkeHHS OCTaHHIX JAECATH POKIB JEMOHCTPYIOTh BHCOKY €(EKTHBHICTh
aJTOPUTMIB MAlllMHHOTO HaBYaHHS JJIsS NIPOTHO3YBaHHS I[iH Ha aKTWBH B IOPIBHSHHI
3 MOZETISIMH, PO3POOICHUMH B paMKaxX TPaAULIAHOI cTaTUCTUKU Ta (iHaHciB [14—-17],
30Kpema, Tipu poOOTi 3 EK30TUYHUMH JICPUBATUBAMH, SIK TO eHepreThuHi [18] 1 kpunro-
BasotHi [19, 20].

Cuijg 3a3HaYUTH, TUM HE MEHII, IO JJIS MiArOTOBKH IIJIICHOT METOIOIOTII aBTOMa-
Tu3anii (piHaHCOBOI aHANITUKU Ta MPOTHO3YBAHHS HEOOXITHO y3araJbHHUTH IiIXOIH,
II0 BUKOPHCTOBYIOTHCS Y OKPEMHUX Tay3sX (piHAaHCOBOI aHATITHKH, IO PO3TIIAAAETHCS
K HeUpiuena Yacmuna 3a2aabHo2o 00cni0dceHHa. TakuM YMHOM, Memoio podomu
cTaya modyaoBa KOMIUIEKCHOT METOJIMKHA OpraHi3allii anropuTMiB MalIMHHOTO aHAJi3y
BEJIMKMX MACHBIB JaHUX 13 TIOAAJBIIAM MOPIBHAHHSAM 1X 13 HASBHUM IHCTPYMEHTApieEM
CAPM Ha 0CHOBI LiTbOBUX ITOKa3HUKIB.

ITocTanoBka 3aBIaHHs aBTOMAaTH3alil NpoLelyPU NPOrHO3yBaHHA LiH (inaH-
COBHX aKTHBIB. Y BiAMOBIITHOCTI IO IPOBEACHOTO aHAII3y MOYKHA BKa3aTH, IO TIOCTa-
HOBKa 3aBJaHHs JOCIIPKEHHS BKIIIO4ae y ceOe BU3HAYCHHS HACTYIHUX aCIEKTiB, L0
MOB’sI3aHi 3 BHUPIMICHHAM 3aBJaHHS aBTOMATH3allii MPOIEIYpH MPOTHO3YBAaHHS IIiH
(hiHAHCOBHX aKTHBIB:

1. [omryk xputepiiB, 10 OJHO3HAYHO BKa3ylOTh Ha BUPIIICHHS MOCTaBICHOT 3a1a4i
Ta ONTUMI3AIli0 3aIPOIIOHOBAHOTO MiIX0My. BaIMBicTh 3a3HAYSHOTO MYyHKTY TTOB’S-
3aHa 3 THM, [0 TPOTHO3YBaHHSI I[iH HA ()IHAHCOBI aKTHUBH SIK IHCTPYMEHT () iHAHCOBOI
AQHAJITUKY, y 3arajJbHOMY BHIIQJIKy HE MA€ OJHO3HAYHUX DIIICHb HA AHANITUYHOMY
PiBHI uepe3 BUCOKY BOJIATHIILHICTh PHHKIB Ta BIUIMB BEJIHMKOT KUTBKOCTI (PaKTOpIB, 110
HE MOXKYTh OyTH LIJIKOBUTO BKJIFOUCHI Y aHAII3.

2. BusHaueHHS Ha piBHI CTATUCTUYHHX MOKA3HUKIB OOCSTY MOTOYHHX JAHUX, IO
MiJIATa0Th aHai3y. BukopucranHs Benmukux 00’ emiB naHux (koHuemnmis «Big Datay)
CYTTEBO PO3IIUPIOE MOKIMBOCTI TSI KPAIIOTo aHai3y (PiHAHCOBUX PUHKIB, aJi¢ BOAHO-
9ac CTaBUTh BUKIUK II0JI0 HABAHTAXKCHHS HA OOYHMCIIOBAIBHUN pecypc anapaTHO-Tpo-
rpaMHO{ 1aThOPMH, 10 BUKOHYE X 00POOKY.

3. BuOip nporpamMHux 1 HeHpOMEpEkEBUX aJrOPUTMIB CUCTEMH MAIIMHHOTO aHai3y,
Ha OCHOBI SIKMX ITPOBOAUTHCS ABTOMATH3allil IPOIIETypH IPOTHO3YBAHHS IiH (PiHAHCOBUX
aKTHBIB. AKTyasi3alliss 3aco0iB MAIIMHHOTO HABYaHHS Y Taly3i (DIHAHCOBOI aHANITHKA
OB’ s13aHa 3 MOKJIMBICTIO OOPOOKH BETMKMX MACHBIB IJAHUMH, 1110 BKa3yIOTh Ha HeJiHiiHI
3aJIeKHOCTI, 1110 TIPU3BOUTH 10 KApAWHAIBHUX 3MiH y MIPAKTHUIll IHBECTULIIHUX CTpaTeTii.

V3aranpHeHa CXeMa ITOCTAHOBKH 3aBIaHHS aBTOMAaTH3aIlil MPOIEAYPH MPOTHO3Y-
BaHHJ I[iH ()iHAHCOBUX aKTHBIB Y BiJIMOBIJHOCTI JI0 HABEJECHOTO MEPENTIKY aKTyaTbHIX
KaTeropiit mpeacrasieHa Ha puc. 1.

Jlis BU3HAYCHHS €(EKTHUBHOCTI CHCTEMHM MAITMHHOTO aHalli3y AaHWX (iHAHCOBOT
AHATITUKKA HEOOXITHO TAKOXK MPOBECTH y3araJbHEHHs JIHIKHOT MOJEII, IO JISKUTh
y ocHoBi CAPM, 1110 0a3yeThCs Ha HACTYIHUX ITiXO0JaX:

— OJHOIIEpiOIUYHA IHBECTHUIIIHHA MOJENb, KA BKIIOUAE y cebe MPUMYIIEHHS, 110
IHBECTHIIIHHI PIlIEHHSI TPOBOISATHCS 3/1eO1IbIIIe Ha KOPOTKOCTPOKOBI OCHOBI, O€3 Bpa-
XyBaHHSI JOBTOCTPOKOBI CTpaTerii iIHBECTOPIB, 1110 03BOJISIE CYTTEBO CIIPOCTUTH IIPOLIE-
Jypy IPOTHO3YBaHHS;

— KOHIICTIIiS YHUKHEHHS PU3HUKY 3 OOKY OLIbIIOCTI IHBECTOPIB, IO y Psl BUTIAI-
KiB MPU3BOAMTH JIO0 BEJIMKOI KITLKOCTI BUKU/IIB MPHU MPOBEICHHI (DIHAHCOBOT aHAJIITUKH,
10 3MEHIITY€ a/IeKBaTHICTh TPOTHO3YBaHHS;
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— NPUIYIIEHHS PO HYJIBOBI TPAHCAKIIiIHI BUTPATH, SIKE Y Psi/ii BUIIAJIKIB HE BiATIO-
BiJIa€ aKTyallbHUM JIaHUM (DiHAHCOBOI aHATITHKH, III0 YACTKOBO 3HEIIHIOE aKTyaIbHHUN
IHCTpyMeHTapii cucTeMu TPOrHO3YBAHHS;

— TPHITIICHHS PO BIZICYTHICTb acuMeTpii 1HcpopMau11 1110 BiJNIOBiA€E Tpe/ICTaB-
JICHHIO ITPO PiBHUIN JIOCTYII JIO aKTYalIbHUX JaHHX Y pexuMi peabHOro yacy BCiX iHBEC-
TOPIB, 10 BBAXKAETHCS 11€ATICTUYHIM, OCKUTBKH B pealibHOCTI iH(popMaris Moxe OyTH
PO3IIOAiICHa HEPIBHOMIPHO MiX YYaCHUKAMH PUHKY, 1[0 TIPU3BOANUTH IO AUCOATAHCY.

. BI/IPI]I[EHIH}I TMOCTARTEHOT 320491 * CTATHCTHKA 06’€My BXITHIX JAMHX

* o6MeKeHHa armaparHoi wiardop ¢ HABAHTAKEHHS ¥ PeaTEHOMY Taci
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Puc. 1. V3acanvuena cxema npoekmygeanus ma onmumizayii cucmemu npo2Ho3y6aHHs Yin
Ginancosux axmusis

PiBHOoBaxkHe cmiBBigHOIIEHHST CAPM MiK OYiKyBaHOH NPHOYTKOBICTIO 1HBECTH-
uii i Habopy i e [1;1] Ta 1l pUHKOBUM OeTa-koe(ilieHTOM B; BU3HAYAETbCS HACTYITHUM
YHHOM:

ER(ry) =15 + B - (ER(ry)-15), (1)
ne dyukiii ER(r;) i ER(ry) BW3HAYAIOTh OYiKyBaHy MPUOYTKOBICTH AKTHBY i Ta OUIKY-
BaHA MPUOYTKOBICTh PUHKOBOTO NOPT(ENs, BiANOBIJHO, IPUUOMY 7 CTaHOBUTH Oe3-
PHU3HUKOBY CTaBKY NMpHOYTKOBOCTI [21]. Taxum 4mHOM, Pi3HHI (ER(rm)-77) BH3HAUAE
TaK 3BaHy PUHKOBY, mpeMito 3a pusuk (Market Risk Premium; MRP). ¥V cBoro uepry,
Gera-koedilieHT f; € Mipor TOro, HACKIIEKH AKTUB [ YYTIIMBUH 110 3MiH HA PUHKY:

[; > 1 BU3HAuaE, 110 aKTUB Oi/bLI BOJATUAbHUMH, HiXK PUHOK 2
B; < 1 BU3HAuaE, 1110 aKTUB MEHII BOJIATUIbHUM, HI)K PUHOK

BianoBiHul MOKa3HUK BU3HAYAETHCS YEPE3 KOBAPIallil0 MIXK JIOXIJHICTIO aKTUBY i

Ta JOXIJHICTIO PUHKOBOIO T10 T(I)eJ’IHZ
p P COU(T'L'— TM)
ﬁi 2 4 (3)

Oy
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JIe o2 € AUCTIEPCIEr0 TOX1THOCTI puHKoBOTO IopTders. Kopapiartis cov(r;-ry) MOKa3ye,
SK JIOXIJHICTh aKTUBY iii 3MiHIOETBCSI Pa3oM i3 JOXIAHICTIO PHHKY. SIKIIO KOBapiaris
MO3WUTHBHA, I1¢ 03HAYAE, N[0 AKTUB CXUJIBHUHA 3pOCTATH Pa30OM i3 PUHKOM; SIKIIO HeTa-
THBHA — aKTHUB 3pOCTa€, KOJIM PUHOK Tajae, i HaBnaku. Jlucnepcis oy € Miporo Boya-
THJIBHOCTI JIOX1THOCTI pHHKY, BOHA OKAa3y€, HACKUIBKU CUIIBHO JIOX1THICTh PUHKOBOT'O
nopTQes BIAXWISETHCS BiJl CBOTO CEPEJHBOTO 3HAUYCHHS.

OnwuryBanHs 0:1136K0 4.500 MiXKHapOTHUX KOMITaHIH TpoeMOHCTpyBao, mo CAPM
€ OJHI€I0 3 HAWMOMYNSAPHIMINX MOAEIEH, IKy BUKOPUCTOBYIOThH (biHaHCOBi JMPEKTOPH
rxommaHii (Chief Financial Officers, CFO) mist PO3paxyHKy BapTOCTI BIACHOTO KaIiTary
[21] Ha ii ocHOBI BH3HAYarOTHCS TaKi KIIOYOBI MOKA3HHUKHU SIK CEPEIHBO3BaYKEHA Bap-
ticth Kamitany (Weighted Average Cost of Capital, WACC) sik cTaBKM TUCKOHTYBaHHSI,
110 JI03BOJISIE€ BU3HAYUTH TEIEPIIIHIO BAPTICTh MaOYyTHIX TPOIIOBUX MOTOKIB KOMIIa-
Hii Ta Mmonens DCF (Discounted Cash Flow; DCF) € cranmapTHUM iHCTpyMEHTOM JUIS
OLIIHKU BapTOCTi KOMITIaHi{ HA OCHOBI MPOTHO30BAHNX T'POIIOBHX MOTOKIB.

Bu6ip Ta onTumizauisi rinepnapamerpiB HeiipomepeskeBoi MojeJIi /151 aBTOMa-
Tu3auii ¢pinancoBoi aHajgiTHKM i Mporuo3yBanus. BrnipoBamkeHHs HelipoMepekeBoi
apxXiTEeKTypH MpH aHaNi31 BEIUKUX MAcHBIB JIAHHX y paMKax aBTOMAaTH3allil MPOLEAYp
(hiHAHCOBOT aHAITHKH 1 TPOTHO3YBAHHS HAJIa€ MOXKITUBICTh BKa3aTH Ha IMepeBary ajaro-
puTMiB KepoBaHoro HaBuaHHs (Supervised Learning, SL), mo 0a3yroTbcs Ha Mozneni
nepeBa yxBaneHHst pimeHb (Decision Tree, DT) abo ancamOniB aepeB yXBalCHHS
pillleHb, K TO BUITAJIKOBI JIICH Ta TpaJiieHTHI OycTHHTOBI nepea [22]. [Ipu mpomy 1uist
OLIIHKKM TMPOMYKTHUBHOCTI HEHpOMEpEeKeBUX aJrOPUTMIB y MOPIBHSAHHI 3 JiHIHHMMHU
mozaesiMu CAPM BHKOPHCTOBYBAJIMCH IIPOTPaMHi MAaKeTH HMOBIPHICHOTO ITPOTHO3Y-
BaHHS [23], 30kpeMa «NGBoost», 1110 XapakTepu3yeThCs PSJIOM IepeBar y MmopiBHIHHI
3 ananoramu (XGBoost, LightGBM Ta CatBoost):

— Ha BiIMIHY Bil TpaAuIiiHuX peanizariil rpajgientHoro 6yctunry, NGBoost mpo-
THO3Y€E HE JIUIIE CEPEIHE 3HAYCHHS, a i JIa€ PO3MOALT iIMOBIPHOCTI JUIsl pe3yJIbTaTiB,
IO TO3BOJISIE OTPUMYBATH HE MPOCTO «TOYKOBI» MPOTHO3H, & MOBHOLIHHHUN PO3IIOILT
MOYJIUBUX 3HAYCHB;

— TMpH MPOBEACHHI CTATUCTHMYHOTO aHaji3y iHcTpymeHTapidi NGBoost mo3Boisie
oOupary THI HMOBIPHICHOTO PO3IMOIINY U1 MOOYZOBH MOIENi, IO Ja€ TONATKOBY
THYUKICTb JJISl 3aCTOCYBAHHS B PI3HUX 3371a4ax;

— IaKkeT BUKOPHCTOBYE METOJ] HATYPAIILHOTO I'PaJi€HTa, 10 € OiNbIill e(eKTHBHUM
MIPH ONTHMI3allii HMOBIpHICHUX MOJEJICH, 3a0e3nedye Oibil CTaOUTbHUM MpOoIeC HaB-
YaHHS pY POOOTI 31 CKIIQJHUMU PO3NOALTAMH.

Takum unHOM, iporpamMunit naket «NGBoost» € kopucHUM JUTst 3a/1a4, Je BayKJIUBI
HE JIUIIE TOYHICTh MPOTHO3Y, a i OIliHKa PiBHI HEBU3HAYCHOCTI, SIK TO y (hiHAHCOBOMY
MOZETIOBAaHHI, JI¢ MPOTHO3YBAHHS PO3MOALTY PHU3MKIB MOXKE JOMOMOITH HpHUilMaTu
Kpallli pillieHHs] B yMOBaX HEBU3HAYCHOCTI.

Jist KOXKHOT MOJIeNi, IO MiyTsIralia aHalli3y, alTOPAUTM MAIIMHHOTO HAaBYaHHS XapaKTe-
PU3YBaBCsI YHIKQIBHUM HA0OPOM IMOYAaTKOBHUX MapaMeTpiB (TinmeprapamerpiB), IO BU3HA-
YaJy HWOro MPOMYKTHBHICTE. ABTOMATH3AIIisI MPOIIECIB ONTUMI3AIIIT TirepapaMeTpiB mpo-
BOJIMJIACH 3 3aCTOCYBaHHAM 0all€COBUX aJITOPUTMIB 3 MONEPEIHIM BU3HAYESHHSIM IPOCTOPY
MOIIYKY JUTsl KOKHOTO TineprapaMerpy Mozeni [24]. [lopiBHAHHS NPOTyKTHBHOCTI HEHpo-
MEpEKEBUX AJTOPUTMIB Ta TIPOTPAMHKX aJTOPUTMIB HA OCHOBI JiHiiHOI Moneni CAMP,
TaKUM YMHOM, ITPOBOMIIOCH ITICIIsI 3aCTOCYBAHHS 0aiiecoBOi onTUMI3aLil rineprnapaMeTpis
Y BIOBITHOCTI 10 JAHUX OTpUMaHNX LIeHTpoM nepe1oBIX 00UHCITIOBATBEHIX JOCTIKCHbD
Oxcdoprcpkoro yriBepeutety (Advance Research Computing, ARC), 1o nipencrarieHi
Y paMKax BIATIOBIAHOTO A0CikeHHs [21]. AHasi3 mpoBOAMBCS JJIsl HACTYITHUX MOJICIIEH:
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1. Mogens «NGBoost» [23]. Anroputm ontumizanii: momryk no citii (Grid Search;
GS). OnTrMi30BaHI TileprapaMeTpy: KUTbKICTh OIIHIOBaYiB JEpPEB.

2. Monens «XGBoost» [25]. Anroput™m ontumizauii: mozens «HyperOpt» Ha
ocHOBI niepeBa [lapuena mis 50 itepauniit. OnTUMi30BaHi TineprnapaMeTpH: KiJIbKiCTh
OIIHIOBAYiB JIepeB, MaKCHUMallbHa TIMOMHA KOXKHOTO JIepeBa, MIBUJKICTh HAaBYAHHS,
napaMeTpu peryispusalii i napaMmeTpu BUOIpKU JaHUX.

3. Mogens «CatBoosty [26]. Axaroput™m ontumizanii: momens «HyperOpt» Ha
ocHoBI Jiepesa [lapuena mns 50 iteparniii. OnTUMi30BaHi rineprapaMeTpu: KiIbKICTh
OLIIHIOBAYiB JIepeB, MaKCHMallbHa TITMOWHA KOXKHOTO JIepeBa, IIBUAKICTh HABYAHHS,
mapaMeTpH peryssipusanii i mapaMeTpu BUOIpKHU TaHUX.

4. Monenb «LightGBM» [27]. AnroputMm omruMizamii: Momenb «HyperOpt» Ha
ocHoBi aepesa [lapuena ansg 50 itepauiil. OntumizoBaHi rineprnapaMeTpu: KiIbKiCTh
OIIHIOBAYiB JIepeB, MaKCHUMalbHa TIMOMHA KOXKHOTO JIepeBa, IIBUJKICTb HABYaHHSA,
napaMeTpy peryisipu3aii i mapaMeTpu BUOIPKU JaHUX.

Hernmuboka OGararomiapoBa He#poHHa Mepexa mnpsimoro mommwupenHs (Shallow
Feed-Forward Neural Network, Shallow FFNN) [25]. Anroput™ onTtuMizaiii: Moieib
«HyperOpt» Ha ocHoBI aepera [lapuena mis 100 iteparmiit. OnTUMi30BaHi Tineprapa-
METpPHU: KUIBKICTh NPUXOBAHHUX IIApiB 7 € [1;2], KUIBKICTh BY3JliB Ha KO)KHOMY IIPHXO-
BAaHOMY IApi m € [256; 1024], KOH(Irypariii HopMai3alii MakeTiB sl KOXKHOTO MPHUX0-
BaHOTO MIapy, MapaMeTpy peryisipusaliii Ta koHdirypamii akTuBaniiHol QyHKIIT 115
KOXKHOT'O IPUXOBAHOTO ILapy.

I'muboka GararomapoBa HelipoHHa Mepexa (Deep Feed-Forward Neural Network,
Deep FFNN) [25]. AnropuTtwm ontumisariii: mojens «HyperOpt» Ha ocHOBI iepesa [ap-
uena juia 100 itepauiit. OnTuMi3oBaHi rinepnapamMeTpy: KiIbKiCTh IPUXOBAHUX LIAPiB,
Jie n € [3;5],, KUTbKICTh BY3JIiB Ha KOXXHOMY MPUXOBAHOMY IIapi, 7€ m € [256;1024],
KoH(Diryparii Hopmaizalii MakeTiB Uil KOXKHOTO IIPUXOBAHOTO APy, TApaMeTpH pery-
nsipu3aiii Ta KoH(Iryparii akTHBaIiitHOT GYHKIIT I KOOKHOTO IPUXOBAHOTO IIapy.

Bubip HaBeneHUX MojeseH € TOKa30BUM ISl 3aCTOCYBAHHS y (hiHAHCOBII aHATITHII
Ta TMPOTHO3YBaHHI, OCKIJIbKA BOHHU TIPEJICTABISIOTh HAMCyJacHINI MiAXOAW B MallliH-
HOMY HABYaHHI, II0 JO3BOJISIOTH IPAIOBATH 3 BEIUKUMHU OOCSTaMH JaHHUX 1 CKIaj-
HUMHM 3ale)XHOCTIMU. [loennanus rpagienTHOTO OycTHHTY («NGBoOst», «XGBoosty,
«CatBoost», «LightGBM») ta Heiiporanx Mepex («Shallow FNN», «Deep FNNy)
3a0e3rneyye MUPOKUNA CIEKTP METOIIB JJs BHUPIIICHHS 3aBAaHb MPOTHO3YBaHHS LiH
AKTHBIB, OI[IHKM PHU3MKIB 1 TOYHOTO mHependadeHHs MaiOyTHIX (iHAHCOBHX IOKa3-
HUKIB. BukopucTaHHs rineprmapamMeTpuuHoi ontumizanii, Takoi sk «Grid Search» ta
«HyperOpt», mae 3Mory HaJalTOByBaTH MOJEINI JUIS JOCSITHCHHS MaKCHMAJIbHOI TOY-
HOCTI, 110 € KPUTHYHO BOKJIMBUM /IS 3a0€3MeUCHHS KOHKYPEHTHUX IIepeBar y (inan-
COBUX PUHKAX.

Ouinka edeKTHBHOCTI AJITOPUTMIB MAIIMHHOIO HABYAHHSA NPH NPOTrHO3YBaHHI
HiH ¢inaHcoBuX akTHBIB. OIiHKA MPOIXYKTUBHOCTI aJITOPUTMIB MAIIMHHOTO aHAJI3Y
MIPOBOJIMIIACH HA OCHOBI JIaHUX BigKpuTHX TopriB akiiit CIIA npotsrom 1983-2019 pp.,
3a TaHUMH XMapHOTo cepBicy « Wharton Research Data Services». 3agadero aliroputmis
MAIIMHHOTO aHaNi3y Ta MPOrPaMHUX aJTOPHTMIB, IO 0a3ylOThCA Ha JiHIHHIA Mozmeni
CAPM Oyno nporHo3yBaHHs pidHOT MPUOYTKOBOCTI aKIlii Ha OCHOBI BXITHHX MacH-
BiB JIaHUX IIOJI0 IIOMICAYHMUX Ta PIYHUX LIH aKTUBIB, (PIHAHCOBHX 3BITIB KOMIAaHIiii,
a TaKO)K HAMOUIBIIT BATOMUX MaKpOSKOHOMIYHUX (PaKTOPIB.

[TokazHUKOM €(EKTUBHOCTI IS BCIX MPEICTABICHUX MOJIEICH aNropUTMiB MAIIIIH-
HOTO aHaji3y Ta MPOTPaMHUX aJITOPUTMIB, 110 0a3ylOThCs Ha JiHiMHINA Moxeni CAPM
BHCTYIIAJIO 3HAUEHHS CepeAHbOKBaApaTnyHOro BigxmieHHs (Mean Squared Deviation,
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MSD), 110 € HaiiOLIBIIT MOMYIIPHOI0 METPUKOIO AJISI OIIIHKKM TOUHOCTI MPOTHO3YBaHHS.
MSD o0uunciroe cepe/iHeE 3HaYCHHS KBaJIPATiB PI3HUIL MiXkK MIPOTHO30BaHUMH Ta (ak-
TUYHUMH 3HAYCHHSMH, IO JTO3BOJISIE KUTBKICHO OLIHUTH, HACKUIBKH TOYHO MOIEIb
nepeadavae 3HaUCHHS y TIOPIBHSHHI 3 peajbHUMHU JaHUMH. Mojerni 3 MEHIIUM 3Ha-
yeHHssM MSD 3a0e3neuyroTh Kpaily BiIIOBIIHICTh MPOTHO3IB JIO (PaKTHYHUX JTaHUX,
II0 POOUTB 110 METPUKY KPUTHYHO BaXKIIMBOIO ISl OLIHKHM MOJIEJICH, SIKi IPOTHO3YIOTh
(pinancosi mokaszHuku. Ha maremarnunomy piBHi MSD po3paxoByeThCsl HACTYITHHM

IHHOM: $K_1(PAR,~ AAR,)?
. : 4)

ne MHOKHHHU {PAR;} Ta {AAR;} mpencTaBmsifoTh COOO00 MPOTHO30BaHy PidHY TPUOYT-
KOBiCTh Ta (haKTHUHY piuHy NpUOYTKOBICTH, BINIOBIIHO, a k € [1; K] — IOBHUI Habip
CIOCTEPEKEHb, 1[0 BUKOHYBAJIUCh Y PaMKaX IMPOrHO3YBaHHS.

Pesymeratn mOCHi/KCHHS TIPEACTAaBICHI Ha pPUC. 2 JEMOHCTPYIOTH, IO METOIN
MAIIMHHOTO HABYAHHS 3HAYHO IIOKPAIIYIOTH IPOAYKTHBHICTH IPOTHO3YBAHHS IIiH
(hiHAaHCOBUX aKTUBIB y MOpPIBHSHHI 3 KnacuuHoi Moaemuito CAPM. Oxpemo MoxHA
BiJI3HAUWTH IIEPEBAry y MPOrHO3yBaHHI HA OCHOBI apXiTEKTypH TNIMOOKOT HelpoMepeKi
IPSIMOTO MOIIMPEHHS Y MOPIBHIHHI 3 HENIUOOKOIO, IO BKAa3y€e HA aKTyaJbHi ITiIXOAN
JUTSL TIOJJANIBIIOT ONITUMI3aIli] CHCTEMH MPOTHO3YBAaHHSI.

Takox 3riIHO 3 TPEACTABICHUMHU pPe3yJibTaTaMH Cepel yCiX Mojeliel Halkparii
MOKa3HUKU TOYHOCTI MPOTHO3yBaHHs MaroTh «Catboost» 1 «XGBoosty, siki mokazanu
HaiiMenme 3HaueHHs MSE. IlepeBaru 3a3HaueHHX MOjeNeil MOMATAIOTh y crerudini
pobotu 3 KateropiitHuMHU o3Hakamu (Catboost omTuMizoBaHwMIA 1711 00POOKH KaTeropiii-
HUX AaHuX 0e3 monepeaHboi TpaHcdopmarii), MaciTaboBaHOCTI ISt pOOOTH 3 BEJH-
KAMH MacHBaMH JIaHWX, THYUYKICTIO Y HAJAIITyBaHHI MapaMeTpiB, IO HAJIA€ MOXKIIH-
BICTh YHUKATH TICPCHABUAHHS 3aB/ISIKA BUKOPUCTAHHIO PETYISIPH3ALIIHAX ITapaMeTpiB,
a TakoXk e(eKTUBHIN poOOTi 3 PO3PIIHKEHUMH 1 TaHUMH, 1110 MOXke OpaKyBaTH MpPOCTi-
UM MoaesiM, ik To «NGBoosty.

BnpoBamxeHHs cucteMu OIiHKH e()eKTUBHOCTI aJIrOPUTMIB MAIIIMHHOTO HAB-
YaHHS I CyYaCHUX MojieJieii HeiipoMepe:keBoi apxiTtekTypu. [Ipeacrasieni moeni
ANTOPUTMIB MAIIMHHOTO HABYAHHS Y paMKax JOCIKCHHS PO3MIAAIOTHCS SIK LTI CHUN
Ha0ip MOJCIBHUI 00’€KTIB, 110 OyJIM BUKOPHCTAHI JUIS BIPOBAJKCHHS Ta alarTarlii
CHCTEMH OLIIHKH 3aC001B aBTOMAaTH3allil MPOTrHO3YyBaHHA LiH (JiHAHCOBUX aKTHUBIB. Y TOU
’Ke Jac HeoOXiTHO BKa3aTH Ha aKTyaJbHICTh BIIPOBA/UKCHHS Ta OLIHKU €()EeKTHBHOCTI
CY4YaCHHUX HEHPOMEPEKEBUX apXiTEKTYp aHaJi3y BEIMKUX MAacHBIB (DIHAHCOBHX JIAHUX,
10 3/1aTHI e(PeKTUBHO OOpPOOIIATH CKIIaJHI YAaCOBI PAIU 1 BUSBISATH HENiHIKWHI 3B’ SI3KU
B JJaHWX. TaKuM YMHOM, Ha JJAHOMY €Talll MPOIOHYEThCS BKIIFOYUTH Y aHai3 HACTYITHI
MOJIeITi IITYYHUX HelpoHHUX Mepex (Artificial Neural Network; ANN):

— pekypeHTHi HelipoHHi Mepexi (Recurrent Neural Networks, RNN) 3 BeHTHIIb-
HUMHU pekypeHTHHMH Bysnamu (Gated Recurrent Units; GRU), mo moxHa po3ris-
JIATH SIK CIIPOIICHY CXeMy JIOBroi-koporkodacHoi mam’sari (Long Short-Term Memory,
LSTM) 6e3 Buxinnoro BeHTHIs [28, 29];

— rpadosi HelipoHHi Mepexi (Graph Attention Networks; GAT), ski 31atHi 06po-
OnsiTH aHi, nmpencrariieHi y Gpopmi rpadis, 110 Hala€ MOKIUBICTh BU3HAYUTH B3a€EMO-
3B’SI3KM MK pi3HUMH akTuBamu [30, 31];

— w™ognenb «Informer», moOygoBaHa Ha OCHOBI apxiTeKTypu TpaHchopmepa Ta
ajianToBaHa JiIsl 0OpOoOKH BEJIMKHUX YacoBUX psiiB [32, 33].

MSD(PAR- AAR) =
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Puc. 2. Cepeone keadpamuune 8i0XuneHHs npu NPOSHO3VEAHHI PIUHOT nNPUOYMKO8oCi
aKyitl aneopummams MAWUHHO20 AHANI3Y

VY ocuoBi modynoBrn GRU 5eXuTh 3MEHIICHHS OOYMCIIOBAIBHOT CKJIAHOCTI Ta
BUpIIIEHHs Mpo0ieMu 3HUKaHHs rpamienty (Vanishing Gradient Problem; VGP), mo
€ XapaKTepHOIo s Kinacu4Ho1 apxiTektypu RNN [28, 29]. 3apasiku MexaHi3MaM OHOB-
nenns crany BeHTHis (Update Gate; UG) Ta ckumanns ctany BeHTwis (Reset Gate; RG)
BIJINIOBITHA MOJIE/b 3/1aTHa ¢(hDEKTUBHO OOPOOATH JIOBTI YacOBI PSIU 3 YTPUMAHHIM
JUISL IOIAJIBIIOTO aHAli3y MACHBIB JJAaHUX, SIKI MOXKYTh OyTH BUKOPUCTaHI IIPU IPOTHO-
3yBaHHI Yepe3 BukoHaHHs Ha 0a31 UG Tta RG HacTymHUX QyHKITINI:

1. UG Bu3Ha4Yae MacWB JaHHX, IIO MiIIATae 30epeKEHHIO, Ta MACHB JTAHUX, [0 Ma€e
OyTH oHOBNEHO. Le 103BOMsE yTpUMYBaTH JOBFOCTPOKOBI 3aJIGXKHOCTI Ta, BOAHOUAC, a/1aM-
TYBaTHCS JI0 HOBUX JaHUX TIPY aHAITi31 BEJIMKUX YACOBUX PSJIIB 3 MIHIIMBUMHE TEHJICHITISIMH.

2. RG Bu3Hauae MacuB JaHUX, IO MOXC ITHOPYBATHChH IIPU MOTOYHOMY aHAII3i.
Lle momomarae yHUKHYTH MEPEHACHYCHHS KOHTCKCTHUMU TaHUMHU, IO CIPUSE OLIbII
TOYHOMY aHaJIi3y KOPOTKOCTPOKOBHX 3MiH Y YaCOBHUX PSIAX.

BimnoBigHi MexaHI3MH BHKOPHCTOBYETHCS IIPH BIIPOBAIDKECHHI HEHPOMEPEIKEBOT
apXITEKTypH JAJIsl MPOTHO3YBaHHA (hiHAHCOBUX MOKA3HHKIB, /€ 3aJIe)KHOCTI MiXkK TOTIe-
PEeOHIMU Ta MOTOYHMMH 3HAUYCHHSIMH MOXYTh OyTH KPUTHIHUMH, 110, 30KpeMa, Ha/lae
MOXKITHBICTE It e(hekTHBHOTO 3acTocyBanHs GRU mpu MomeroBaHHI IOMICSIYHHUX Ta
PIUHUX IiH aKIiil Ha OCHOBI MOCIIJOBHUX 3MiH MaKpOEKOHOMIYHUX (hakTopiB. Bukopu-
cranast GRU y nporHo3yBaHHI pigHOT PUOYTKOBOCTI aKIIiil € MepCIIeKTUBHUM 3aBIISKA
30aTHOCTI i€l MOJENI BiJICHIJKOBYBAaTH TPUBaJl TPEHAM 1, BOAHOUYAC, pearyBaTH Ha
nokanbHi konuBaHHA. MexaHismMu UG Ta RG 103BONISIIOTE aganTyBaTUCS 10 MiCAIHHX
KOJIMBAHb IIiH, 3MiH Y ()IHAHCOBHX 3BiTaX 1 MAKPOCKOHOMIYHHX iHAMKATOpax, 30epira-
IOYM NP [IbOMY BaXXJIMBI 3aJI€)KHOCTI, sIKI MOXKYTh BU3HA4YaTH MalOyTHIO MPUOYTKO-
BICTB aKIiH.
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Puc. 3. Jiaepama aoanmayii Hetipomepeosiceoi modeni na ocnogi GRU 01 npoecHo3y8anHs
YiH QiHaHCOBUX AKMUBLE

[Tpu upomy moxenb HaBuaHHS GRU onTtuMizyeTbes Ha 0CHOBI MeTpuku MSD, 110
JISKUATh y OCHOBI JIAaHOTO JTOCII/DKEHHS. BiAmoBimHUN MOKa3HUK J03BOJISE KUTBKICHO
OIIIHUTH, HACKIJIBKU TOYHO MOJIENb TNepeadauae 3HaYCHHS Y MOPIBHIHHI 3 peajbHUMHU
nJanumu. Ha niarpami (puc. 3) moka3zana 6a3oBa cxeMa NMPOEKTYBaHHS, HATAlITyBaHHS
Ta onTHMi3alii HeipomepexkeBoi moxaeni Ha ocHoBi GRU s mporHo3yBaHHS IIiH
(iHAHCOBUX aKTHUBIB.

AHAJOTiYHUM YHWHOM, HEHpOMEpeKeBi alrOpuTMH Ha OCHOBI apXiTEKTypH
«Informer» sk Kmacy apxiTekTypu TpaHchopMmepa TakoX OOpOONSIOTH BXiAHI MaHi
MPE/ICTaBICHI HAa OCHOBI 4acoBHX psAmiB. Amroputmu «Informer» BHKOPHCTOBYIOTH
MeXxaHi3M po3pipkeHoi camoysaru (Sparse Self-Attention; SSA), 110 103BOJISIE MIBUIKO
00pOOIATH JTOBT1 MOCHTIIOBHOCTI, 3HWKYIOUYHM OOYHCIIOBAIBHY CKJIQJIHICTH 1, BiJIO-
BiZJHO, HABaHTa)KCHHSI Ha 00UUCITIOBAIBHHN pecypc. st GpiHaHCOBHX HaHUX 1€ O3HAYAE
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MOXKJIMBICTh aHANI3yBaTH BEIMKI MAacCHBH ICTOPHYHHX IIiH MAcHBIB 3 BUCOKOIO TOUHi-
ctro. ba3oBa cxema amanTariii HelipoMepekeBoi Mojieni Ha ocHOBI «Informery mis mpo-
THO3YBaHHS I[iH ()IHAHCOBHX aKTHBIB BKIFOYa€ y ceO¢ BUKOHAHHS HACTYIIHUX €TaIliB:

1. dopMyBaHHS MacHBY BXiJHMX JaHHX, IIO MPEACTABICHI y BUINIAMI 4acOBUX
PSIIB ICTOPHYHUX JTaHUX TPO I[IHM aKTHUBIB, MAKPOCKOHOMIUHI ITOKa3HUKH, (DiHAHCOBI
3BITH.

2. BrmpoBamkeHHS MexaHi3My SSA HUISXOM BHIUIEHHS KIFOYOBHUX €JIEMEHTIB
y 4acoBuX psnax. SSA nossoisie GoKycyBaTUCS HA HaWBKIUBIIINX TaHUX, 3MEHIIIY-
104M OOUMCITIOBAIIBHY CKJIaIHICTb.

3. IleperBopeHHS HaOOPY BXIAHUX JAHUX YEPE3 3aCTOCYBAHHS KOTYBAIBHUX IIapiB
(Coding Layers; CL) y OibII KOMITAKTHUH (opmaT, SKUil 30epirae BaXJIUBy iHpopma-
L0 AJIS TIOAAJIBIIOTO MIPOTHO3YBaHHS.

4. BigHOBIECHHS arperoBaHMX JAHHUX Ta iX TpaHc(hoOpMallis y MPOrHO30BaHI 3Ha-
YeHHsI PIYHOI MPUOYTKOBOCTI Yepe3 3aCTOCyBaHHs JekoayBaibHUX mrapiB (Decoding
Layers; DL).

5. IIporHo3yBanHS piuHOI IPHOYTKOBOCTI Yepe3 (popMyBaHHS MPOrHO30BAHUX 3HA-
4YeHb MPUOYTKOBOCTI aKTHUBIB 3 BHKOPUCTAHHSM PE3yJIbTaTIB aHaJ3y YaCOBUX PSIIIIB.

[Ticns mporo mpoBoAMTHCS oOmiHKa edexTuBHOCTI Momem «Informer» Ha OCHOBI
metpuku MSD 3 ii mogansImmm KOPpUTyBaHHAM Y pa3i HEOOX1THOCTI.

Hetipomepesxesi anroputMu Ha 0CHOBI apXiTekTypu GAT Hallat0Th MOYXJIUBICTD JUISI
00po0OKHM MacHBIB JaHUX, 110 IpeAcTaBieHi y Gopmi rpadis. ¥ piHaHCOBOMY IIPOTHO3Y-
BaHHI Mojiennb GAT nornomarae BUHAUUTH B3a€MO3B’I3KM MiXK aKTUBAMHM, HAIIPUKIIAJI,
BUSIBJISIFOYM BIUIMB PUHKOBHX 3MiH Ha MOB’s3aHi KOMIIAHIT UM CEKTOPH EKOHOMIKH. 3aB-
Jsku MexaHismy yBaru GAT 1103BoJisie BUAUIATH HAHOUIBII BaXKIIUBI 3B°sI3KK Y rpadi,
IIPUCBOIOIOYH M OLTBIIY Bary mpu po3paxyHkax. basosa cxema aganTanii Hefipomepe-
»keBoi Mozeni Ha ocHOBI GAP Ju1st mporHo3yBaHHs IiH (iHAHCOBUX AKTHBIB BKJIFOUYAE
y ce0e BUKOHAHHS HACTYIHUX €TaIliB:

1. Cropenns rpady aktuiB (Asset Graph Creation; AGC), By3/u SIKOTO NpeICTaB-
JISTIOTH OKPEMi aKTHBH, a 3B’ SI3KH MIXK By3JIaMH — 3aJIS)KHOCT1 MiXK aKTHBaMH, SIK TO CXO-
JKICTh CEKTOPIB, KOPEJISILis IiH a00 CIHITbHI MAaKPOCKOHOMIYHI (PaKTOPH.

2. BmpoajpkeHHs MexaHizMy yBaru (Attention Mechanism; AM) gepe3 po3paxyHOK
Bar 3B’s3KiB JJIsl BU3HAYCHHS BAXKJIMBOCTI CYCIJIHIX By3J1iB. MeXaHi3M yBard BUJILISIE Haii-
011 3HAYYIL 3B’ I3KH, TIOCUITIOIOUH BIUIMB OUIBIL BAXIIMBUX CYCIJHIX BY3JiB y rpadi.

3. Arperamis o3Hak cycinHix By3miB (Neighbor Feature Aggregation; NFA) 3 ypa-
XyYBaHHSIM Bar BU3HAUEHUX Y BIAMOBIAHOCTI 10 AM, 00 KOYKEH BY30JI OTpHMaB iH(Op-
MaIlif0 BIJI CBOIX CYCIiB.

4. Ilporuo3yBanns piuHoi npudyTroBocTi (Prediction Output; PO) Ha ocHOBI arpe-
TOBaHMX O3HAK IS KOXKHOTO By3ima mozeni GAT.

[Ticns boro MpoBOAUTHCS OlliHKA edekTuBHOCTI Mojeni GAT Ha OCHOBI METPHUKHU
MSD 3 nomaipIIM KOPUTYBAHHSIM MOJIETI y pa3i HeOOXiTHOCTI.

BucHoBku. Y pesysbTari IpoBeIeHOTO JOCIKSHHS 0YII0 MpoaHaIi30BaHO 0co0IH-
BOCTI BIPOBAPKEHHS HEUPOMEPEKEBUX aJTOPUTMIB MPHU MPOTHO3YBaHHI TUHAMIKHU ILIiH
(hiHAaHCOBMX aKTHBIB. 3a3HAYCHO, IO BIPOBAHKCHHS METO/IB aBTOMATH3ALLI] TPpOoLeLypH
MPOTHO3YBaHHSI IiH (hIHAHCOBUX aKTHBIB BKIIOUAE Y ceOe MOIIYK KPUTEPIiB, 10 BKa3y-
I0Th Ha BHUPIMICHHS MOCTABJICHOI 3a/1adi, OLIHKY CTAaTHCTHYHUX ITOKA3HUKIB, 110 BKa3y-
I0Th Ha 00CATH JaHuX (hJiHAHCOBOI aHAIIITHKH, a TAKOXK BHOIp 1 ONTHMI3aIlif0 aKTyaTbHUX
3ac00iB CHCTEMH MAIlIMHHOTO aHami3y. J{J1si BU3HAUCHHS ¢()eKTUBHOCTI CHCTEMH MaIlliH-
HOTO aHali3y JaHUX (PIHAHCOBOI aHAJITUKU OYyJO MPOBEIEHO 11 MOPIBHAHHA 3 JIHIHHUMU
MOJICJISIMH Ha OCHOBI OLIIHKH KaIliTAIFHUX aKTHUBIB, II0 0A3Y€THCS HA OJHOICPIOUIHIN
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IHBECTHIII}HIIl cXeMi, KOHIICMIN] yYHHUKHEHHS pPU3UKYy 3 OOKy OIJIBLIOCTI iHBECTOpIB,
a TaKOXK TIPUIYIICHHI PO HYJIbOBI TPAHCAKIIIHI BUTPATH 1 BICYTHICTh aCHMETPii 1HPOP-
Marii. PesynbraTy 10CIiDKeHHS TOKa3yI0Th, 10 METOIN MAIIMHHOTO HaBYaHHS JI03BOJIS-
I0Th KPaTHO 301IBIINTH TOYHICTh MPOTHO3YBAHHS LiH (DIHAHCOBHUX aKTHUBIB y MOPIBHSAHHI
3 miHiiHUME MoxaesiMd CAPM. Po3missHyTo 0COONMBOCTI BIPOBaKCHHS 3a3HAYCHOT
CHCTEMH OLIHKH 3 METOI0 ONTHMi3allil HelipoMepeKeBUX aJrOPUTMIB JUISl Cy9acHHX Heil-
POMEPEXEBHUX aPXITEKTYp, SIK TO PEKypeHTHI HEHPOHHI MEpexXi 3 BEHTHIBHHMH DPEKy-
PEHTHUMH By3J1amMH, TpadoBi HelpoHHI Mepexi Ta Mojenb «Informer», moOyaoBaHa Ha
OCHOBI apxiTekTypu Tpanchopmepa 11 00OpOOKH BEIMKUX YACOBUX PAIIB.
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The subject of the research is the analysis of the advantages and risks associated with
the adoption of generative artificial intelligence (GAI) in education and research, as well as
the development of policies for its ethical and responsible use. The objective is to propose
recommendations for the attribution of GAI's role in education and research, based on an analysis
of the associated risks. The article addresses the following tasks: analyze the benefits of GAI in
facilitating personalized and adaptive learning, automating content creation, and accelerating
data synthesis for research, identify and categorize risks associated with the use of GAI in
higher education, and suggest strategies for mitigating these risks, propose recommendations
for ensuring transparency and accountability in the use of GAI-generated content in education
and research. The following methods are used: systematic review of current literature on the
application of GAI in education and research, comparative analysis of GAl-related practices
in academic institutions, and risk categorization based on the potential ethical and practical
implications of GAI usage. The research highlights key advantages of GAI, such as enhancing
personalized learning experiences, automating the creation of educational materials, and
accelerating research through data synthesis. At the same time, it identifies critical risks, including
overreliance on GAI, perpetuation of bias, the phenomenon of GAI "hallucinations," and threats
to academic integrity. Based on these findings, the article offers a set of recommendations for
developing comprehensive policies that govern the ethical use of GAI in higher education. The
proposed policies and recommendations provide a foundational framework for universities
to develop tailored GAI governance strategies that reflect the specific needs and practices of
their educational and research activities. These policies are designed to promote ethical GAI
use, ensure transparency, and mitigate potential risks, while maximizing the benefits of GAI
technologies. Furthermore, the study emphasizes the importance of continuous evaluation and
adaptation of these policies as GAI technologies evolve.

Key words: generative artificial intelligence, generative Al, higher education, personalized
learning, academic integrity, Al risks, algorithmic bias, hallucination, educational policy, Al
governance.

Kpakoseyvkuii O. IO., Illesuenxko H. FO. Ananiz pusukie cenepamusnozo wmyunozo
inmenekmy 6 oceimi ma O00CHIi0NHCEHHAX 3 PEKOMEHOAUIAMU {000 BIONOBIOAILHO20
GUKOPUCIANHHA MA 3a3HAYEHHA POl

006’ exmom 00CAIONCEHHS € AHANI3 Nepesae I PUBUKIG, NO8 SI3AHUX I3 BNPOBAOICEHHIM 2eHepa-
muenoeo wimyurozo inmenexmy (I'LLI) 6 oceimi ma 00CiOHCeHHAX, a MAKOHC pO3POOKA NOAIMUK
11020 emu4H020 ma ionogioanrbHo2o sukopucmants. Mema docniodcenns — po3podoumu pexo-
MeHoayii wooo suznadenns poni Il 6 oceimi ma 00CiOHCEHHAX HA OCHOBI aHANi3y 8I0N0GI0-
HUX pusuxie. ¥ cmammi po3ensioaomscs HACMynHi 3a60aHHA: ananiz nepesae 'L y cnpusanni
NepCOHANI308AHOMY MA AOANMUGHOMY HAGUAHHIO, AGMOMAMU3AYii CIBOPEHHs KOHMEHmY mda
NPUCKOPEHHT CUHmMe3y OaHUX 01 O0CTIOHCEeHb, BUSHAYEHHS Md KAMe20pUu3ayis pusuxis, noe sa3a-
Hux 13 eukopucmanuam 'L y euwiti oceimi, ma 3anpononyeamu cmpamezii 0 ix MiHimizayii;
Ppo3pobumu pexomenoayii 015 3a0e3neuerus npo30poCcmi ma Ni038IMHOCMI Y BUKOPUCHIAHHI KOH-
menmy, cmeopenozo 'L y naguanonux i 00CTiOHUYbKUX NPOYECax.

Memoou 0ocnidxrcenHs 8KIOUAOMb. CUCIEMHUT 0210 CYYACHOL Timepamypu wo0o 3acmo-
cyeanns 'l 6 ocsimi ma 00CniOHCeHHSX, NOPIGHANbHUL AHANI3 NPakmuk euxopucmants 'L
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6 BUIYUX HABUANLHUX 3AKIAOAX, KAME20pU3ayis pUUuKie 3 ypaxyeanHsam nOMeHYiiHux emuuHux
i npakmuynux nacriokie euxopucmannus I 3a pezynomamamu 00criodcents 6UsAGIeHO Kio-
yoei nepesazu I'LIII, maxi sax nokpawjenus nepcoHanizo8ano2o Hag4aIbHO20 00C8I0Y, A8MoMa-
muzayis CMeopeHHs HAGUATbHUX MAMEPIanie ma NPUCKOPEents OOCTIONCeHb 3A8OAKU CUHME3Y
OdaHux. Boonouac eusnaueno kpumuuHi pusuku, ceped AKUX HaoMipHa 3anedicHicmov 6io LI,
siomeopens ynepeoicennv, henomen «eamoyunayiuy I ma 3aepoza akademiuniti 0obpouec-
Hocmi. Ha ocho8i ompumanux pe3yismamis 3anponoHo8ano Hu3Ky pekomenoayiti 0Jisa po3pooxu
KOMRAEKCHUX NONIMUK, wjo pe2yuoioms emuyre sukopucmanus Iy suwiti oceimi. Pexomen-
dayii cnpsamosari Ha po3pooOKy iHoueioyanvrux cmpamezitl ynpaeninus I'LLI ons euwiie sxi 6iono-
8I0aOmy IXHIM 0C8IMHIM I docaiOnuybKkum nompebam. Iorimuxu marome 3abe3neuumu emuyne
suxopucmanns I'LLI nposopicme i MiHIMI3ayito NOMeHYIUHUX PUSUKIE, OOHOYACHO MAKCUMIZY-
touu nepesazu mexuonoeiu 'L Oxpim mo2o, y 00CAiOANCeHHT HA2OLOULYEMbCSL HA BANCTUBOCTIE
nocmituHoi oyinku ma adanmayii yux nonimux no mipi pozeumxy mexuonoeit I'IIIL

Kntouoei cnoea: cenepamuenuti wimyynutl inmenexm, 'L, suwa oceima, nepconanizogane
HAaBYAaHHA, akademiuna 0obpouecHicms, pusuxu I, ancopummiuni ynepeoicenus, canoyurayii,
oceimus nonimuka, ynpaeninms I1.

Problem definition. In the rapidly evolving landscape of educational technology,
GAI tools such as ChatGPT by OpenAl, Microsoft Copilot, Gemini by Google, Claude
by Anthropic, Perplexity and others are transforming the way educators and researchers
approach the process of learning and content creation. These GAI tools offer a bunch of
advantages, including brainstorming, outlining, thesis generation, summarization, par-
aphrasing, grammar and syntax checks, vocabulary enhancement, collaborative writ-
ing, feedback and revision, data visualization, multimodal assignments, accessibility
support, as well as reasoning and problem solving. The integration of GAI tools into
educational practices not only augments the learning experience but also fosters a cul-
ture of innovation and inclusivity. The prohibition of generative artificial intelligence
can be compared to the historical bans on calculators or computers, which once sparked
similar debates about threats to academic and professional skills. Such a prohibition
should be regarded as short-sighted and potentially harmful, as technologies like GAI
are tools that can significantly enhance the efficiency of educational and research pro-
cesses. Instead of a total ban, efforts should be focused on developing ethical and practi-
cal frameworks for integrating GAI into educational and scientific activities, which will
help avoid misuse and promote the development of critical thinking and creative skills.

However, alongside the benefits, using GAI in education highlights the importance
of balancing technology to improve learning outcomes with preserving the core values
of academic integrity and independent thinking. As GAI continues to evolve, our strat-
egies for integrating these tools into the learning process must also adapt. It's essential
that they support learning and creativity rather than replace intellectual effort.

In this context, defining clear GAI usage policies in education and research is cru-
cial. This paper focuses on developing guidelines to ensure GAI tools complement
traditional learning while maintaining academic integrity and fostering independent
thought. It aims to provide a framework for the ethical and effective integration of GAIL.

Analysis of recent studies and publications. The integration of GAI technologies
in education and research is a topic of burgeoning interest within the academic com-
munity. This field explores the potential benefits and challenges of applying GAI to
create personalized learning experiences, generate new content, and enhance research
methodologies. The overview of current papers on this subject provides a spectrum of
insights into how GAI is shaping the future of education and research, alongside the
ethical and practical considerations that accompany its adoption. In the study [1], the
author analyzes approaches to preventing plagiarism in scientific publications, main-
taining academic integrity in the university environment, and changes in the assessment
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of students' academic achievements. The authors formulated a hypothesis regarding the
convergence of interests in research ethics and the responsible use of GAI, and pro-
vided recommendations for researchers and editorial boards of scientific journals on
promoting responsible presentation of research results in the context of the growing
accessibility and use of GAI. The article [2] discusses the impact of GAI on higher
education, particularly in automating administrative tasks, refining prompt engineering,
and disrupting traditional teaching models. The authors advocate for integrating GAI
tools like ChatGPT into classrooms to enhance students' critical thinking, creativity, and
understanding of complex concepts.

MIT's initiative [3] aims to educate K-12 students about GAI through project-based
learning that integrates technical concepts with ethical design. The authors emphasize
the importance of computational action and provide resources for a range of GAl-re-
lated educational activities to promote a holistic understanding of GAI's societal impact.
UCLA [4] provides practical suggestions for integrating GAI into the educational pro-
cess. The authors recommend assignments that involve GALI for fact-checking, draft
generation, and prompt engineering. They emphasize the importance of critical think-
ing, digital literacy, and responsible use of GAI in education.

Researchers at the University of Chicago developed GAI models that improve pre-
dictions of scientific discoveries by simulating the scientific process. The models iden-
tify potential discoveries and explore new scientific territories, demonstrating how GAI
can augment human intelligence and enhance research capabilities [5]. The article [6]
examines the promises and implications of GAI in education, focusing on personal-
ized learning, automated assessment, and the potential ethical issues. The authors pro-
pose frameworks for integrating GAI in educational settings to support personalized
and adaptive learning experiences while addressing ethical concerns. The authors of
[7] explore the transformative role of GAI in scientific research, highlighting examples
where GAI has accelerated discoveries in various fields. They discuss the use of GAI in
data analysis, predictive modeling, and automating routine research tasks, emphasizing
GAI's potential to revolutionize scientific methodologies and innovation. The problem
of using artificial intelligence tools in education and research was previously addressed
in the publication [8], where the authors emphasized the need to develop policies that
regulate the ethical use of GAI technologies.

Summarizing the research findings [8—13] and building upon the idea presented in
[8], we will outline the advantages and risks of using generative artificial intelligence in
education and research.

Advantages of GAI in education and research:

1. Personalization and adaptive learning: GAI technologies have the potential
to tailor educational content to the needs of individual learners, enhancing engagement
and effectiveness (Zawacki-Richter, Marin, Bond, & Gouverneur, 2019, [9]).

2. Content creation: GAI can automate the generation of educational materials,
reducing the workload on educators and allowing for more dynamic curriculum devel-
opment (Swanson, Moran, Lussier, & Fung, 2014, [10]).

3. Enhancing research with GAI: GAI facilitates the synthesis of large datasets
into coherent summaries, aiding researchers in uncovering novel insights and accelerat-
ing the pace of discovery (Jamshidi et al., 2020, [11]).

Risks and ethical considerations:

1. Dependence on technology: overreliance on GAI for educational content and
assessments may undermine critical thinking skills and reduce face-to-face interactions
in learning environments (Arora & Arora, 2022, [12]).
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2. Bias and Fairness: there is an ongoing challenge to ensure GAI technologies do
not perpetuate existing biases found in their training data, especially in applications like
grading and admissions (Burlina, Joshi, Paul, Pacheco, & Bressler, 2021, [13]).

3. Hallucination effect: GAI sometimes produces inaccurate or misleading infor-
mation, a phenomenon known as "hallucination,". This poses a significant risk in both
education and research, as such incorrect data can negatively affect the quality of educa-
tional materials and research outcomes (Varun Magesh and etc., 2024, [14]).

4. Academic integrity and authenticity: the ease of generating text with GAI raises
concerns about maintaining academic integrity and the authenticity of student work.
GALI can generate complete responses to assignments, which threatens the originality
and independence of students' work and complicates instructors' ability to detect plagia-
rism or misuse of technology (Nelson & Creagh, 2023, [15]).

Upon reviewing the current practices of utilizing artificial intelligence in education
[16], it is evident that there remains an ambiguous distinction between the permissible
and prohibited use of GAI Scholars and practitioners largely concur on the necessity of
labeling GAl-generated content and acknowledging GAI contributions. However, there
is a lack of consensus on the appropriate methodology for implementing these practices.
The challenge lies in developing standardized guidelines that ensure transparency and
integrity while accommodating the evolving capabilities of GAI technologies in aca-
demic settings.

The article addresses the following tasks: analyze the benefits of GAI in facilita-
ting personalized and adaptive learning, automating content creation, and accelerating
data synthesis for research. Identify and categorize risks associated with the use of GAI
in higher education, and suggest strategies for mitigating these risks. Propose recom-
mendations for ensuring transparency and accountability in the use of GAl-generated
content in educational and research activities.

Research results and discussion. In order to fully understand the potential chal-
lenges associated with the adoption of generative artificial intelligence into educational
and research environments, it is crucial to examine four key risks: overreliance on tech-
nology, the perpetuation of bias and fairness issues, the phenomenon of GAI "hallu-
cination,” and concerns regarding academic integrity and authenticity. Each of these
risks highlights significant ethical, practical, and educational implications that must be
carefully addressed to ensure responsible and effective use of GAI technologies.

Dependence on technology. Human dependence on technology can also have a pos-
itive effect. A striking example of effective human-Al interaction (technology) is the
improvement in the skill level of Go players [17]. The victory of AlphaGo over Lee
Sedol in the ancient game of Go is more than a milestone in the field of artificial intel-
ligence; it has become a catalyst for the enhancement of human skills within the game.
This landmark event demonstrated that when humans engage with GAI tools, they can
extract valuable insights and strategies, thereby elevating their own level of play. The
aftermath of the match saw a notable improvement in the performance of Go players
worldwide, suggesting that GAI can serve as a sophisticated tutor, pushing human play-
ers to refine their abilities and explore new dimensions of the game that were previously
uncharted or underappreciated. Such collaboration between human intelligence and arti-
ficial intelligence holds the promise of advancing expertise in a symbiotic relationship
that benefits from the unique strengths of both.

Bias and fairness. Various methods and approaches have been developed to detect
and minimize bias and fairness issues in GAI models. Although these methods are
not yet widely adopted, the process of implementation is gradually advancing. These
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techniques include the use of diverse training datasets, the incorporation of fairness
constraints in algorithmic design, and post-hoc analysis of GAI outputs to identify and
correct potential biases. As GAI continues to be integrated into educational and research
environments, accelerating the adoption of such methods is essential to ensure equitable
outcomes and to prevent the perpetuation of existing societal biases.

Hallucination. This effect is often difficult to detect, making it critical to develop
strategies for identifying, mitigating, or eliminating hallucination in -generated outputs.
When creating educational materials, conducting training sessions, or drafting regula-
tory guidelines, special emphasis should be placed on managing this risk. Strategies
include improving the transparency of GAI outputs, incorporating human oversight,
and establishing rigorous validation mechanisms to ensure the accuracy and reliability
of -generated content.

Academic integrity and authenticity. The widespread use of GAI in content gener-
ation has ignited discussions about maintaining academic integrity and the authenticity
of student work, particularly in the context of research. While essays may benefit from
a distinct style that reflects the author’s voice, the core value of research does not lie in
stylistic elements, but in the strength of its arguments and the quality of the evidence
presented. Thus, although proper formatting and presentation are important, the primary
emphasis should be placed on the validity, originality, and authenticity of the research
itself, rather than on achieving a specific writing style. This approach is essential to
ensure that the scientific community continues to prioritize the integrity and credibility
of research, even as content generation tools become more accessible. Nonetheless, we
recognize that an author’s style remains important in conveying unique perspectives,
especially in certain types of academic writing.

Obviously, not every use of GAI leads to plagiarism or carries significant risks, so
it’s important to classify tasks by risk level, e.g., low, medium, high. The classification
depends on various factors, including the potential impact on individuals or society, the
likelihood of generating false or misleading information, and the sensitivity of the data
involved.

In our publication, we analyzed how various universities approach the use of GAI
and conducted an analysis of tasks where the use of GAI is either permitted or prohib-
ited [8]. Here's a slightly expanded and nuanced classification that considers the broader
implications and applications of these technologies (Table 1).

However, GAI is a rapidly developing technology, and as such, creating an exhaus-
tive list of tasks where its use is either permitted or prohibited may not be practical.
Instead, it is more effective to develop guidelines in the form of comprehensive policies
that govern its application. Based on the research into permitted and prohibited practices
concerning GAI usage, as well as the proposed risk categorization, we recommend the
following policies:

1. The use of GAI technologies is permitted without marking for “commodity”
tasks related to idea generation, conducting experiments, information search, machine
translation, styling, grammar checking, data format conversion, and other tasks that do
not create new knowledge or meanings. For example, machine translation using DeepL,
Google Translate, Bing Translator, ChatGPT, etc., or checking style and grammar using
Grammarly does not require marking the use of GAL

2. The use of GAI technologies is permitted with marking in cases where the
created content is a completed work or an important part without author adaptation. If a
person created content using GAI and published it “as is,” such action requires marking.
However, if a person created content that was adapted and stylistically optimized to the
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author’s style, such use does not require marking and will not be considered a violation
of integrity principles.

3. The author must remove any clear signs of GAI use from the final work. Since
GAl evolves, the final intellectual product requirements and guidelines should be clearly
defined to avoid confusion. If these signs remain, the work won’t meet standards, even
if GAI use was disclosed, as it could still breach integrity rules.

Table 1
Risk categorization of using generative artificial intelligence outputs
Risk Level Direction Definition Examples Rationale
Low to Text Operations that Spell checking, These tasks are
Medium Transformation |involve changing the |grammar generally low risk
and format, appearance, correction, but can veer into
Summarization |or length of the text summarizing medium risk if the
without significantly | articles, extracting | summarization or
altering the underlying | key points or facts | extraction process
information or intent, omits crucial
including condensing information or
texts or extracting context, leading
specific information to potential
misunderstandings
Medium to | Text Enhancing or Rewriting for These operations
High Enhancement, |augmenting text clarity or style, involve more
Augmentation, |quality for clarity, enhancing complex
and Analysis engagement, or descriptions, manipulations
depth, and using GAI |translating of text and may
for interpreting or languages, introduce biases,
analyzing text data to | sentiment analysis, |alter meanings, or
understand, predict, or | intent recognition | involve subjective
generate insights interpretations. They
carry a higher risk of
impacting individuals
or society, especially
when applied to
sensitive contexts
or used to predict
behavior
High Text Generation | Generating entirely Creating new This category

new content based

on learned patterns,
contexts, or prompts,
with little to no human
input in the creation
process

articles, stories,
reports, fake
reviews, or news
stories

remains high risk
due to the potential
for misuse in
creating misleading
information,
impacting
reputations, or
influencing public
opinion. The
generation of new
content carries
inherent risks related
to accuracy, ethics,
and the potential for
generating harmful or
biased content
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4. For tasks requiring logical or mathematical reasoning, as well as in sensitive
fields such as medicine or law, preference should be given to GAI systems equipped
with methods to counteract the “hallucination” effect. These methods may include
advanced prompt engineering, reasoning-enabled models, or a combination of these
approaches, with a mandatory indication of the techniques used to minimize risks. In
sensitive areas, it is also essential to provide justification for using a particular GAL

5. GAI may be used for data analysis, provided that results are verified with an
alternative tool and/or by using software that includes program listings or links to public
repositories (e.g., GitHub). When proprietary or fine-tuned models are used, detailed
information about the dataset, training process, and key metrics demonstrating model
reliability must be provided.

6. The use of GAI for handling personal, sensitive, and confidential data is permit-
ted only when using corporate versions of models, open-source tools in on-premises
environments, or other tools after data anonymization. Compliance with data security
requirements is mandatory, with a strong preference for working with anonymized data.

7. When using datasets to train models, it is recommended to perform an additional
analysis to identify any potential biases and to document the findings in the final output.

8. GAIl tools can be used to create images, audio, or video, but unedited GAI output
must be labeled “Created using GAL” If GAI is only used to improve existing content,
like enhancing an old photo, labeling is optional. Details like the tool, model, or version
can be included if relevant.

9. All information about the use of GAI should be described in a separate section
titled “Al Acknowledgment.”. Additional details like tool, service, model, version, etc.
can be added if relevant.

10. Each organization should establish an action plan to address instances of improper
labeling or other violations related to GAI usage, including steps for remediation.

Conclusions and prospects for further development. GAI offers significant bene-
fits in education and research, providing new opportunities for enhancing learning, data
analysis, and knowledge discovery. However, alongside these advantages are risks such
as bias, data privacy concerns, and potential misuse. Addressing these challenges is cru-
cial for building trust in GAI and ensuring its responsible application within academic
and research environments. Our focus is on maximizing the positive impact of GAI
while carefully managing these risks.

Looking forward, we are committed to refining our policies to make them clearer
and more objective, reducing any subjectivity that could lead to inconsistent practices.
This effort will also account for the rapid advancements in GAI technology, ensuring
our guidelines remain relevant and adaptable. By concentrating on reducing risks, we
aim to create a safe and ethical foundation for GAI in education and research, balancing
innovation with responsibility and transparency.

Al Acknowledgment. This research article involved the use of ChatGPT 4o for low-
risk tasks such as information search, grammar check, paraphrasing, and logical struc-
ture analysis. All key ideas, conclusions, and arguments presented in the article were
formulated by the authors, ensuring that the integrity and originality of the research
were maintained throughout the writing process.
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Y pobomi docnioocyemuca 3acmocysanma napanenbuux 00UUCIeHb Y CUCTHEMHOMY Npozpa-
MY6anHi, 30Kpema numawnis 6azamonomokogocmi ma egpexmuenocmi. Ilapanenvhi oouucnenms
€ BACIUBOI CKIAO0B0I0 OJi NIOBUUEHHS NPOOYKMUBHOCHT 8 YMOBAX 00POOKU 8EIUKUX 00Cs-
2I8 OAHUX MA BUKOHAHHSL PeCYPCOEMHUX 0OUUCAeHb. 3i 30IMbUEeHHAM KITbKOCMI si0ep y npoye-
copax 6a2amonomoKo8icmy CMana GAMNCIUGOI0 MEXHON02I€I0 0Jis pO3POOKU GUCOKONPOOYKIMUG-
HO20 npoepamnozo 3abesneuenns. llpome, epekmugne euKopucmanis 6a2amosdepHux cucmem
nompeoye KOMIIEKCHO20 NioXody 00 YNPABIIHHA NOMOKAMU, CUHXPOHI3ayii pecypcie i banam-
cysanns Hasanmadxicenns. OOHI€W 3 HAUOIILWUX NpobIeM Y 6AAMONOMOKOBOMY CePedoULi
€ CUHXPOHI3aYisl npoyecie, AKa Modice npu3gecmu 00 OIOKYBAHHS PECypCi, o He2amueHo 6nU-
8ac HA NPOOYKMUGHICb.

Kpim mozo, y cmammi poszensdaomscs nioxoou 00 ynpasiinHa NOMoKamMU, maxi K po3nooin
3a60aHb MIdC A0pAMU MA OUHAMIYHE OANAHCYBAHHS HABAHMAICEHHS, SKI 00380/I0Mb Ni0GU-
wumu eghexmusHicmv napanenvHux oouuciens. Ocobnusa ysaza NPUOiIAEMbCs MemoOam YHUK-
HEHHs. KOHGIIKMIG Nio 4ac 00cmyny 00 CRiNbHUX PeCYPCi6, A MAKONUC GUKOPUCTAHHIO CYHACHUX
bibniomex i mexnono02il, Wo CnPowyIoNb peanizayiio napanenbHix aneopummie y cucmemHomy
npoepamysanti. OKpemo npoanaiizoeano pusuKu, Nos'a3ani 3 GUKOPUCMAHHAM Oa2amonomoxo-
socnii, 30KkpemMa GUHUKHEHHS NOMUTIOK CUHXPOHI3AYii, WO MOXCYMb NAUGAMU HA CIMADINbHICMY
npoepamnozo 3abe3nedeHHs.

L]e docnioscenns € kopucHum 0ns IT-po3pooHUKIs, AKI npacHymy enubuie 3po3ymimu NPUHYUNU
b6a2amonomorkogocmi ma wiisxu onmumizayii oouucIo8arbHux npoyecis. Cmamms Ha0ae 0210
CYHacHUX mexnonoeitl i 3acodis, o UKOPUCTIOBYIOMbCA 015 3aDe3nedeHHs egheKmueHocmi y napa-
JICTLHUX OOYUCTIEHHAX, 1 BUCBIMIIOE OCHOBHI NPUHYUNU NOOYOO8U 0A2AMONOMOKOBUX NPOSPAM.
Bucrosku pobomu oemoHcmpyoms HeoOXiOHICMb 36ax#CeH020 niOX00y 00 peanizayii bazamonomo-
KOBUX CUCTEM, 8DAXOBYIOUL ANAPAMHI OOMENCEHHS, CReYUDIKY OnepayitiHux cucmem i nOMeHyitiHi
npobremu CUHXPOHI3ayil, WoO YHUKHYMU He2aMUEHO20 8NIUEY HA NPOOYKIMUBHICTIb.

Kniouogi cnoea: napanenvi obuucients, 6a2amonomoxogicmy, Cucmemme npoepamysanis,
NPOOYKMUBHICIb, YNPAGIIHHA NOMOKAMU, CUHXPOHI3AYISL, ONMUMI3AYisn pecypcis.
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Kundos M. G., Solovei L. Ya., Hrysyuk A. V., Bahniuk O. M. Efficiency and multi-threading
of parallel calculations in systems programming

The paper examines the application of parallel computing in system programming, in particular the
issues of multithreading and efficiency. Parallel computing is an important component for increasing
productivity in the conditions of processing large volumes of data and performing resource-intensive
calculations. With the increase in the number of cores in processors, multithreading has become an
important technology for developing high-performance software. However, effective use of multicore
systems requires a comprehensive approach to flow management, resource synchronization, and load
balancing. One of the biggest challenges in a multi-threaded environment is process synchronization,
which can lead to resource blocking, which negatively affects performance.

In addition, the paper discusses approaches to thread management, such as the distribution
of tasks between cores and dynamic load balancing, which allow to improve the efficiency of
parallel computing. Special attention is paid to methods of avoiding conflicts during access to
shared resources, as well as to the use of modern libraries and technologies that simplify the
implementation of parallel algorithms in system programming. The risks associated with the use
of multithreading, in particular the occurrence of synchronization errors, which can affect the
stability of the software, are analyzed separately.

This study is useful for IT developers who seek a deeper understanding of the principles of
multithreading and ways to optimize computing processes. The article provides an overview of
modern technologies and tools used to ensure efficiency in parallel computing, and highlights the
basic principles of building multithreaded programs. The conclusions of the work demonstrate
the need for a balanced approach to the implementation of multi-threaded systems, taking into
account hardware limitations, the specifics of operating systems and potential synchronization
problems, in order to avoid a negative impact on performance.

Key words: parallel computing, multi-threading, system programming, performance, thread
management, synchronization, resource optimization.

Beryn. Y cygacHOMYy CBiTI 00pOOKa BEIMKUX OOCSTIB JTaHUX 1 BUKOHAHHS CKIIAJI-
HUX OOYMCIIOBAJIBHUX 3aBJIaHb CTAJIM HEBIJ'€MHOK YaCTHHOIO PI3HUX raiy3eil — BiX
HAyKOBUX JIOCIIDKeHb 710 Oi3HEeCy Ta po3poOKH mporpamHoro 3abesmeveHHs. [lapa-
JIeNIbH1 OOYHMCIIEHHS, SIKI TIO3BOJISIIOTH POMOAUIATH 3aBAaHHS MIXK KUIBKOMA IOTOKaMH
abo mporecamH, € OJJHUM i3 Halle(heKTUBHIMINX CIOCO01B IMTiABUIIICHHS TPOAYKTUBHOCTI
Ta CKOPOYCHHSI Yacy BUKOHAHHS 3aBIaHb. 3aBISIKHA PO3BUTKY OaraTosaepHUX IPOIECo-
PiB Ta MOXKJIMBOCTSIM CyYaCHHX OINEpalliiHUX CHUCTEM, 6araTornoTOKOBICTh € KIIFOYOBOIO
TEXHOJIOTIEI0 Y CHCTEMHOMY ITPOrpaMyBaHHi.

OmHaK BUKOPUCTAHHS TApaje/bHIX OOYMCICHb Y CHCTEMHOMY IPOTpaMyBaHHI BHMa-
rae 00epeKHOTO TiJIXO/TY, OCKUTBKH YIPABJIiHHS TIOTOKAMH, 3a0€3MeUeHHsI CHHXPOHI3aIlil Ta
OaaHCyBaHHS HABAaHTAXKECHHS MK sSIpaMHU MPOLIECOpa € CKIIATHUMHU 3aBIAHHIMH, 1110 BUMA-
raloTh ONTUMI3AIll Ta PO3yMIHHS OCOOIMBOCTEH araparHoro 3abe3rnieueHHs. HenpaBuibHe
3aCTOCYBaHHs1 0AraTornoTOKOBOCTI MOYKE TIPU3BECTH JI0 BUHUKHEHHS «BY3bKHUX MICLIB» Y TIPO-
rpami, poOIeM 13 OIOKYBaHHSM pecypciB a00 HaBITh 3HIKEHHS TIPOILYKTHBHOCTI.

IMocTanoBka nmpo6aemu. JlociDKeHHS OCHOBHUX NMPHHIIMIIB Ta BUKJIHMKIB Tapa-
JIeNIbHUX OOYHCIIEHb Yy CHCTEMHOMY IMPOrpaMyBaHHI, aHalli3 Cy4acHUX MiAXOMIB IO
0araromoTOKOBOCTI Ta METO/IB MiABHUIIEHHS ¢(DEKTUBHOCTI B OaraTosiiepHUX cepelio-
BUIIAX € BYKIMBUM MHUTAHHIM JJIsI PO3POOHUKIB CHCTEMHOTO IIPOTPaMHOTO 3a0e3re-
YEeHHs, OCKIJIbKU MTPaBUIIbHE BUKOPUCTAHHS 0araToOmoTOKOBUX PillleHb 37]aTHE CYTTEBO
BIUIMHYTH Ha MPOAYKTHBHICTH MPOTPAMHOTO 3a0€3MeUeHHs 1 3a0€3MMeunTH MBUAKE Ta
e(eKTHBHE BUKOHAHHS O0YHCITIOBAIbHIX 3aB/IaHb.

Mera nocaimzkenHsa. MeToro 1i€i cTarTi € JOCTKeHHS MPUHIUIIIB 0araTornoToKo-
BOCTI TapajelbHuX OOYUCIIEHh B CUCTEMHOMY ITPOrpaMyBaHHi, a Takoxk aHami3 edek-
THBHOCTI BUKOPUCTAHHS 0aratosiJiepHUX MPOIECOPIB TS ONTUMI3allii MPOIYKTHBHOCTI
MIPOrpaMHOTro 3a0e3medeHHsl.

AHaJi3 ocTaHHIX JocaiTKeHb i myoaikauiii. [Tutanas epekTuBHOCTI OararomnoTo-
KOBOCTI Ta MapaJieIbHUX OOYHCIICHh Y CHCTEMHOMY MPOTPaMyBaHHI J10CIiHKYBaJIHCS
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y 0araThbOX HayKOBUX MpallsiX, 30KpeMa B Tally3sX KOMII FOTEPHHUX HayK, pO3MOjijie-
HUX CHCTEM, OIEpaIlifHUX CHCTEM Ta ONTHMI3allil mapajeIbHuX aJroputMmis. Jlocmi-
JOKEHHS i KPECITIOI0Th, [0 BYKIIMBHUM € aHaJi3 MBUAKOCTI (speedup) Ta epeKTHBHOCTI
(efficiency) mapanenbHUX OOUHMCIICHB, SIKI BIUIMBAIOTH Ha MACIITAO0OBAHICTH MPOTpaM
pH 30UTBIICHH] KUTBKOCTI sijiep a0o mporiecopiB. CydacHi METOIH BKITFOYAIOTh BUKOPH-
CTaHHS ONITHMI30BaHUX MMapaieIbHUX aJrOPUTMIB, 0 3HIKYIOTh Yac 00pOOKH 3aBIaHb
0e3 3HIKCHHS 1X TOUHOCTI. Y cTarTi [1] ommcyeTbes mapanenbHa cxemMa OOYHCIICHb,
10 PO3MOJIIIISE 3aBIaHHS MK KiJIbKOMa IMOTOKaMH 200 TPOIIeCOpaMu JIJIsl i IBUIIICHHS
MPOLYKTUBHOCTI. ABTOPH [2] AOCHIIXKYIOTH TEXHOJIOT1I0 MPOAYKTUBHOCTI CKJIAaJIHUX
PO3MOMAITICHUX MPOTrpaM, Mo 0OPOOISIOTh BEIHKI 00CITH JTaHUX y PEKUMI peasbHOTO
qacy, 1 crpuse onTumizamii Ta e(eKTHBHOCTI MapajieIbHUX OOYHCIICHb y peaylbHUX
JI0JIaTKaX, 30KpeMa B yMOBaX BUCOKHUX BUMOT JI0 MIBHJIKOCTI 00poOKH naHuX. B poboti
[3] ocHOBHY yBary 30cepeKeHO Ha po3poOIli i TEOPETUYHHUX CKIIAJOBUX OpraHizarii
MapayielbHIX O0YHCITIOBATEHUX CHCTEM, IO 0a3yIOTHCS HA PEKYPCUBHIH apXiTEKTypi.

3aBIaHHs CHUCTEMHOIO MPOTpPaMyBaHHS IMOJSATae y po3poOui iHCTPYMEHTIB, ILIO
CHPUSIOTH MiJBUINEHHIO SKOCTI iH(pOpMamifHUX CHCTEM, 30KpeMa IIUIIXOM MOIIYKY
HOBUX PIIICHB TS 3a0€3MCUCHHS HaIIMHOCTI Ta Oe3neku iHdopmarrii [4].

PoOora [5] npucBsiueHa BUKOPUCTAHHIO 0araTomoTOKOBOTO MPOTpaMyBaHHs B KOH-
TEKCTI MapayieIbHUX OOYMCIICHb JIJISl JIOCSATHEHHS ONTHUMAIBHUX PE3YJbTaTiB MPOIYyK-
TUBHOCTI Ta SIKUM YHHOM 0ararormoTOKOBIiCTh ToltoMarae e()eKTHBHO BUKOPUCTOBYBATH
cydacHi OaraTtosJepHi Nporecopy, 3a0e3Meuyoun Kpally MpOIyKTUBHICTh 1 MacIITa-
OOBaHICTb.

Jocmimxennst apropis C. 1. I'omentok, C. B. Honopos, A. O. Jlicusk, O. B. KynuiH,
C. M. I'pebeHIoKk cripsiMOBaHe Ha MTMOOKE BUBYCHHS KOHIIEMIIH 0araTornoToYHOCTI Ta
X 3aCTOCYBaHHS y CHCTEMHOMY IpOrpaMyBaHHi. BOHO MiCTHTB SIK TEOPETHYHI ACTIEKTH,
TaK 1 IPAKTUYHI PEKOMEH/AIIT i1l CTYIEHTIB, IO CIENiali3yoThCs Ha iIHPOpMaLiHHUX
cUCTEMaX Ta TEXHOJIOTisX [6].

Bukian ocHoBHoro marepiasmy. [IpoOGneMHICTh TUTAHHS TIOJSTAE y 3aCTOCYBaHHI
CTpaTerii Ta ajJropuTMIB B CHCTEMHOMY IPOTpaMyBaHHI Uil €(peKTHBHOTO BHKOPH-
CTaHHS 0araToNOTOYHOCTI MapajelbHUX OOYMCIEHb 3 MiHIMI3alIli€el0 BUTpAT HA CHH-
XPOHi3aIlito, KOMYHIKAIIFO Ta YIPaBIiHHS MOTOKaMH. J[s minBuiieHHs eeKTHBHOCTI
0araTonoTO4YHOCTI B MapajelbHUX OOYMCIEHHSX MOTpiOeH MmiJXil, sIKUil BpaxoByBa-
TUME OallaHC MK MapayeIbHIM PO3IMOAITIOM 3a/1ad, CHHXPOHI3AIIEI0 Ta ONTHMAIbHUM
BUKOPUCTAHHSIM PECYpPCiB, OPIEHTYIOUHNCH Ha XapaKTCPHCTHKH KOHKPETHOI amapaTHoi
wiaTopmu.

EdexTuBHiCTE 0ararornoToKOBOCTI B MapajelbHUX OOYHMCICHHSIX Y CHUCTEMHOMY
MporpaMyBaHHI MO)KHa TPOUTIOCTPYBaTH Ha TPUKIaAi OOpOOKH BEIMKHUX JIaHUX.
IIpu 00poOmi Benukux 0a3 AaHWX IMapayielibHi OOYUCIICHHS JIONOMAararoTh PO3MOi-
JIUTH TOMIYK TO ACKiTbKOX noTokax (Puc. 1). Hanmpuknaz, y BenukoMy >KypHaii MOii
(log file) Ha kimbKa rira0aiTiB MOXKHA IMYKATH IMEBHI KIIFOYOBI CJIOBa a00 TOMUIIKH.
B pesynbrari mapaneiabHUI MONIYK 3HAYHO IPHCKOPIOE poOOTY 3 BeNUKuUM (aitmom.
SIKII0 HA TOIIYK Y MOCTiIOBHOMY PEKUMI 3HAJOOUTHCS 10 XBHIIMH, TO BUKOPHUCTAHHS
4 MOTOKIB MOYX€E CKOPOTUTH Yac 70 2.5 XBUJIMH.

[TapanenbHi OOYMCIIEHHS 1 CUCTEMHE MPOrpaMyBaHHS TICHO TOB'S3aHi, OCKUIbKH
CHCTEMHE ITPOTpaMyBaHHsI 3a0e31euye HU3bKOPiBHEBY 1HPPACTPYKTYPY, HEOOXITHY IS
e(exkTUBHOI peatizallii napaieabHIUX 00YUCIICHb.

[MapanenbHiCTh OOYUCICHD MONATAE Y MOXKIUBOCTI Pi3HUX YaCTHH MPOTPaMH BHKO-
HYBaTHCSI HE3aJeKHO ab0 YacTKOBO HE3aNeKHO, 0e3 BIUIMBY Ha KiHIIEBHIl pe3ynbTar,
IO € BOKJIUBUM TIPH CTBOPEHHI €(DEKTHBHUX IPOTpaM, 3JaTHHX BUKOHYBAaTH KiJTbKa




Komrr’rorepHi Hayku Ta iH(opmMamiiiai TexHomorii |

|63

omepariii omHOuacHO. baraTtonoTokoBicTh, Ak (Gopma mapanenizmy, nepeadadae HasB-
HICTh JICKUIBKOX MOTOKIB BHKOHAHHS, SIK1 MIPAIIOOTh OJTHOYACHO B MEXKaX OJHI€l mpo-
rpaMu.

@aiin po3duBacThes Ha GIOKH, i
KOXEH MOTIK OTPHMY€ OJIHH OJIOK JUIst
00pobKH

KoskeH 11oTik ckatye cBiii G110k i
TIOBEPTAE PE3YNBbTATH, AKIIO 3HAXOAUTH
noTpiGHi naHi

PSSyJTI)TaTH TIONIYKY 3 KOKHOTO
MOTOKY 00'€/IHyIOThCS, 100 OTpUMATH
OCTATOYHHUI pesynbTar

Puc.1. Ilpoyec po3nodiny noutyky no 0exkiibKox nomoxax

baraTonoToKoBICTh € MOTYXHAM IHCTPYMEHTOM y CHCTEMHOMY IIpOTpaMyBaHHI,
ase ii e(heKTUBHICTH 3aJIeXKUTD BiJ] MPABUIIBHOTO PO3IMO/LTY TOTOKIB, apXiTEKTypH ara-
parHoro 3a0e3reueHHs Ta 00paHol MOBH NporpaMyBaHHsS. BpaxyBanus mux ¢aktopis
JIO3BOJISIE JOCSTTH CYTTEBOTO NPHCKOPEHHS 0OYMCIICHD 1 €(peKTHBHOTO BUKOPUCTAHHSI
pECyYpCiB CUCTEMH.

OCHOBHHMMH TIepeBaraMu BUKOPUCTAHHS ITOTOKIB, SIK 3ac00y OpraHizailii nmapaiesimy,
€ HU3bKI HaKIaJHI BUTPATH HA 3aIyCcK i OOCIYrOBYBaHHS ITOTOKIB, 8 TAKOXK — IIBHIKA
il mpocTa KOMyHIKaIlis MK HUMHU. B sIKOCTI HEJJONIIKIB MOKHA 3a3HAYUTH HEOOXIJHICTh
Y3TOJ/DKEHHS IAaHUX MiX ITOTOKAMH Ta MOKITUBY KOHKYPEHIIIFO MiJK HUIMH 3a pecypeu [6].

CucreMHe MporpaMyBaHHs BUMArae BUCOKOi IPOIXYKTHBHOCTI Ta €(pEKTUBHOTO BHKO-
pHUCTaHHS amnapaTHUX PecypciB, 30KpeMa B yMOBax MapayielbHUX 004MCiIeHb. MOBH
MpOrpaMyBaHHs, IO MiATPUMYIOTh 0ararormoTOYHICTh Ta 3a0e3MeuyoTh e(EKTUBHICTh
napanenapHux oouncieHb C/C++ € OCHOBHUMH ISl CHCTEMHOTO IIPOTPaMyBaHHS 3aBISKH
CBOEMY OJNM3BKOMY JI0 amaparTHOTO PiBHIO JOCTYMYy Ta MiATPUMIN 0ararornoTOKOBOCTI
yepe3 Oi0mioreky, Taki sk POSIX Threads (pthread) Ta cranmapTHy 06i0mioTeKy mOTO-
kiB y C++. Lli MOBH IarOTh MpOrpamicTaM MOKIMBICTh MAKCHMAJIbHO BUKOPHCTOBYBATH
pecypeu cucteMu, 3a0e3Medyroun BUCOKY IIBH/KICTh BUKOHAHHS 1 MiHIMAJIbHI BUTPATH.

Cepen CyJacHHX MOB IPOTPaMyBaHHA, B SKHX MO)KHA peajli3yBaTé 0ararornoToKo-
BICTh Ta MapajieNibHICTh 0OYHMCIeHb MOYXKHA BUIUINTH Taki MOBH, gk Rust ta Go.

KoxHa 3 IMX MOB Ma€ CBOi OCOOJIMBOCTI Ta 3aCTOCYBaHHs, MPOTE BC1 BOHM 3a0€3-
MIEYYOTh BUCOKHH PiBEHB MapajieIbHOCTI Ta 0araTornoTOKOBOCTI, IO JI03BOJISIE 3HAYHO
MiBUAITUTH €()EKTUBHICTh BUKOHAHHS CKJIATHUX OOYUCITIOBAIBHUX 3a/1a4. Bubip MoBu
MPOrpaMyBaHHS 3aJEXKHUTh BiJl KOHKPETHHX BHMOT IO IPOAYKTHUBHOCTI, Oe3meKu Ta
TUIY 0OYHCIICHb, 0 BUKOHYIOTHCS B CUCTEMI.

Takum uuHOM, 1151 €PEKTUBHOI peatizallii mapaaeaIbHUX 00UYUCICHb Y CUCTEMHOMY
IporpaMyBaHHI HEOOXiTHO MPAaBHJIBHO OOMPAaTH MOBY, OPI€HTYIOUHCH Ha cHenu(ivHi
XapaKTEPUCTHUKH 3aJ1adi, THIT allapaTHOTO 3a0e3MeueHHs Ta BUMOTH JI0 MaciTaboBaHO-
CTi Ta Oe3MeKH.

BucunoBku. [TapanensHi 00YMCICHHS JO3BOJISIOTH MIIBUITUTH €()EKTUBHICTD MPO-
rpaM IULIXOM BUKOPUCTAHHS 0araTomOTOKOBOCTI ISl OMHOYACHOTO BUKOHAHHS 3alad,
0CcOONMMBO B 3a7a4ax OOPOOKHM BEJIMKHUX OOCsTiB naHuX. CHCTEMHE MpOrpaMyBaHHs
Ha/iae HeoOX1H1 IHCTPYMEHTH JUIs YIIPABIIiHHS TOTOKAMHU, CHHXPOHI3allii 1 onmTuMizartii
BHUKOPHUCTAHHS TIaM'sITi, IO pOOUTH MapajielibHy 00poOKy e(heKTUBHIIIOH.
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Cmamms npucesuena asmomamuzayii ynpaeuintsa Kao408uUMu NOKA3HUKAMUY ehekmueHoCmi
(KPI) uepes suxopucmarnus wimyynozo inmenexmy (L) ma npoenosnoi ananimuxu. Cepeo nepe-
sae 3acmocysanusi LI y monimopuney KPI eudinsroms nioguwyerus mouHocmi npocHo3i6 3a6-
OAKU aHANI3Y GENUKUX 00CA2I8 OAHUX, ONnepamuene GUAGNIeHHA PUSUKIG I GiOXUNEHb Y NPOEKMAax,
a MAaKodic A8MOMAMU3AYII0 PYMUHHUX 3A60AHb YIPAGTIHHSL.

Memoro cmammi € 0ocnioxcenHss memodis i nioxodie 00 zacmocysanns LI ma npoenosnoi
ananimuxu ons agmomamusayii ynpaeninus KPI y npoexmuomy cepedosuwyi. Cmammsi cnpsamo-
6aHA HA AHANI3 iCHYIOUUX IHCmpymenmis, maxux sax Power BI, Azure Machine Learning, Google
Cloud Al, ma oyinky ixHboi epexkmusHocmi 01 NPOSHO3Y8AHHS NOKA3HUKIE, makux Kk Lead
Time, Cycle Time ma Budget Variance.

YV 0ocnioocenni 3acmocosano memoou ananizy uacosux psoie, peepecii ma HeUpOHHUX
Mepedrc, A MAKOHC NPAKMUYHE CYeHAPii GUKOPUCAHHA 0N ONMUMI3AYL] YNPAGIIHCObKUX PilleHb.

Hayroea nosusna nonsieae y po3pooyi cucmemno2o nioxody 0o inmezpayii npoeHo3Hol ana-
AIMUKYU 8 npoyecu npoekmHozo ynpasiinua. Cmamms nponoHye Kame2opusayilo Mempux OJis
Agile, Scrum, DevOps i macuwmabosanux @petimeopris (SAFe, LeSS) ma o6rpynmosye nepesazu
suxopucmanus LI ons monimopuney KPIL.

Lpakmuuna 3nauumicms NOIALAE Y MONCIUBOCII] BUKOPUCTNAHHA 3ANPONOHOBAHUX NIOXO0OI8
KepisHUKamu npoexmig 0iist anposaddicensi LLI-piviens, wo nioguugyioms npooyKmueHicms KOMAHo,
ONMUMIZYIOMb PECYPCU Ma 3HUNCYIOMb PUSUKU. 3anponoHo8aHo pekomenoayii ons inmeepayii LT
¥V cucmemu ynpaeiiHHs RPOeKmamu, ujo 00360J5¢ 3a0e3neuumu npoaKmueHe YnpaeiiHHs.

Bucnosxku. Ilposedeno ananiz memooieé npocHo3HOI AHALIMUKU, ONUCAHO MOOeNT ma IHCmp)y-
menmu 0na asmomamuzayii monimopunzy KPI. 3anpononosarno cucmemnuii nioxio 0o inmezpa-
yii' LlI-piwensv y npoyecu ynpasninHs npoexmamu, wjo 00360158€ NIOGUWUMU eQeKMUBHICMb
VApagninna ma 3abesneyumu npo3opicmv npoyecie. Po3ensinymo nepcnekmusu nooarbuioo
suxopucmans LI ons monimopuney KPI y macuumaboganux gpeimsoprax.

Knrwouosi cnosea: ynpaeninns npockmamu, Ki0408i NOKA3HUKY eeKmusHocmi, npoeHosna
auanimuxa, wmyunuil inmenekm, Agile, ynpaeninus Oanumu, DevOps, MOHIMOPUHE Y peanibHOMY
yaci, agmomamusayis, NPULHAMMSL piuleHs.

Plakhov V. Yu., Dotsenko N. V. Automation of project KPI management through the use of
Al and predictive analytics

The article focuses on automating the management of key performance indicators (KPIs)
through the use of artificial intelligence (Al) and predictive analytics. The advantages of AI-driven
KPI monitoring include improved forecast accuracy through big data analysis, proactive risk
detection and management, and automation of routine project management tasks.

The objective of the article is to explore methods and approaches for leveraging Al and
predictive analytics to automate KPI management in project environments. The study analyzes
existing tools, such as Power BI, Azure Machine Learning, and Google Cloud Al, assessing their
effectiveness in predicting metrics like Lead Time, Cycle Time, and Budget Variance.

The research employs methods of time series analysis, regression models, and neural
networks, alongside practical application scenarios to optimize managerial decision-making.
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Scientific novelty lies in the development of a systematic approach for integrating predictive analytics
into project management processes. The article categorizes metrics for Agile, Scrum, DevOps, and
scaled frameworks (SAFe, LeSS) and demonstrates the advantages of Al-based KPI tracking.

Practical significance includes the potential application of proposed approaches by project
managers to implement Al solutions that enhance team productivity, optimize resources, and
mitigate risks. Recommendations for integrating Al into project management systems enable
proactive decision-making.

Conclusions. The study provides an analysis of predictive analytics methods, describing
models and tools for automating KPI monitoring. A systematic approach is proposed for
integrating Al solutions into project management processes, enhancing management efficiency
and ensuring process transparency. Future perspectives for using Al in KPI monitoring within
scaled frameworks are also discussed.

Key words: project management, key performance indicators, predictive analytics, artificial
intelligence, Agile, data management, DevOps, real-time monitoring, automation, decision-
making.

AKTyaJdbHicTh JociaimzkenHs. CydacHe NMPOEKTHE YIPABIIHHS MOTPeOy€e TOYHOTO
Ta CBOEYACHOTO BIJICTE)KCHHS KITFOYOBHX TMOKa3HHKIB edekruBHocTi (KPI), amke Bixa
IIBOTO 3QJICKUTH 3IATHICTH OPraHi3allii aJanTyBaTHCS N0 MIHIUBHX PHHKOBHX YMOB,
BIIIOBIIaTH BHCOKMM BHMOTaM MO0 SIKOCTI Ta CBOEYACHOCTI BHKOHAHHS MPOCK-
TiB. Bukopucranus mry4Horo intenekty (Al) ta mporHoszHoi aHamituku (predictive
analytics) y IbOMy KOHTEKCTI BiIKpUBA€ HOBI TOPU3OHTH ISl aBTOMATH3AIII1, TO3BOJISI-
IOUM KepIBHUKAM MPOCKTIB HE TUTBKH CIIIJIKYBAaTH 32 TIOKa3HWKAaMH y pealbHOMY 4Yaci,
ajie ¥ OTPUMYBATH MPOTHO3HM II0I0 MOXKJIMBHX BIAXWIICHB Bij Iuiany [1, 2].

B ymoBax xopcTkoi KoHKypeHIii Al cTae HE MPOCTO TEXHOJOTIEI0, a CyTTEBOIO
MepeBaroro sl OpraHi3amii, o MparuyTh 3MEHIIUTH PU3UKH Ta ITiJBUITUTH e()EeKTHB-
HICTh MPOEKTHOTO yIpaBiiHHA. BukopucToByloun Al, KepiBHHKH MOXYTh NpUIMAaTH
pIIICHHS Ha OCHOBI pealbHUX JAHHX, IIBHIKO pearyBaTH Ha 3MiHU Ta ONTHMi3yBaTH
posnonin pecypcis [3, 4]. Lelt miaxin 3a0e3neuye MpoaKTUBHUN KOHTPOJIb HaJ MPOEK-
TaMH, II0 CIIPHSE KPalIoMy IUIaHyBaHHIO Ta BUKOHAHHIO MPOCKTIB, a TAKOX ITiABHIIYE
SIKICTh YIPABITIHCHKHUX PIIICHb.

MerToro 1i€i cTaTTi € aHANI3 Ta OlIHKA MOXKIIMBOCTEH 3acTocyBanHs Al Ta predictive
analytics st aBTomaru3aitii MoHiTopuHTY KPI B ipoekTHOMY yripapiinHi. Jlocmi ke s
30CePEKYEThCS Ha MOPIBHAHHI TPAIUIIHHUX METOAIB MOHITOPUHTY 3 Al-migxomamu,
SIK1 371aTHI HE JIUIIC BUSBIITH BIIXUICHHS, ajie i MPOTHO3YBATH iX, JO3BOJISIFOYH KepiB-
HHUKaM IPOCKTIB IPHIMATH MPEBEHTHUBHI 3aX0nu. Y cTarTi Oyae po3nIIHYTO MPAKTUIHI
MPUKIIAIH BIPOBaKCHHS Al y pi3HUX raimy3sx, M0 UTFOCTPYIOTh peaibHi pe3ynbTaTH Ta
MEPCIIEKTUBY BUKOPUCTAHHS HOBITHIX TEXHOJIOTIH Y IPOSKTHOMY YIIPaBIIiHHI.

Orasg crpykrypu crarTi. CTarTs CKIIagaeThes 3 HACTYIHUX PO3ILUTIB. Y IMepuiomMy
po3mini Oyae MpeacTaBIeHO OIS OCHOBHUX METPUK 1 TIOKA3HUKIB, sIKi BUKOPHCTOBY-
I0TBCS IJIS1 MOHITOPHHTY €(DEKTUBHOCTI Y IIPOSKTHOMY YIIPaBIIiHHI, 30KpeMa y KOHTCK-
cti Agile, Scrum, Lean, Kanban ta iHmmx Metomonoriii. Jpyruit po3in mpucBSI4eHO
3acTocyBaHHIO Al TS MPOrHO3YBaHHS Ta MOHITOPUHTY LUX ITOKAa3HUKIB Y PEaTbHOMY
4aci, po3nsIIal0Yd METOIH IIPOTHO3YBAHHS Ta IHCTPYMEHTH, IO JO3BOJISIFOTH aBTOMA-
TU3YBaTU aHaJi3 BEIUKHUX JAaHUX. Y TPEThOMY PO3IiTi OyAyTh BHUCBITJICHI MpPaKTHYHI
Keicu BrpoBapkeHHs Al y pi3HUX ranyssax, 30kpema y OyaiBHHULTBI, ¢iHaHcax Ta IT,
a TaKOK OLIIHEHO MEepPEeBark Ta BHKIMKH 3aCTOCYBaHHS Al y IPOEKTHOMY YIpaBIIiHHI.
3aBepUIyEThCS CTATTS BUCHOBKAMH Ta PEKOMEHIAIISIMHU MO0 IONAIBIINX HAMPSIMKIB
JOCIIDKEHHS Ta MPAaKTHYHOTO BIipoBakeHHs Al y monitopunr KPIL.

Orsn pxeped indopmanii. Buzsnauennus mempuk 01 RpOeKnH020 ynpaesiiHHs.
Metpuku Ta ki040Bi nokasHuku epextuBHOCcTi (KPI) 3aliMatoTh HeHTpalibHE Miclie
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B OIHII MPOTPEeCy Ta Pe3yNbTaTHBHOCTI NMPOEKTIB. Y MPOEKTHOMY yNpPaBJiHHI, 0CO-
ONMMBO B THYYKHX METOJIOJIOTISAX, TakuX sk Agile, Scrum, Lean ta Kanban, Bu3Ha4eHHs
Ta MOHITOpUHT KPI € KpUTHYHO BaXXJTMBUMH AJIS MIATPUMKH SIKOCTI Ta BiAMOBITHOCTI
Bumoram |2, 8]. Metpuxu Velocity, Lead Time ta Cycle Time € oqauMu 3 Halmomymnsp-
HIIIUX 1HIWKATOPIB, IO AO3BOJISIIOTH OLIHIOBATH MPOAYKTHBHICTh KOMAH/, MIBUIKICTH
BHUKOHAHHS 33/1a4 Ta €()eKTHBHICTh PECypCiB.

Jlnst 3py4yHOCTI Ta cucTeMaTn3anii OCHOBHI METPUKH PO3iICHO Ha KaTeropii (Tadu. 1).

VY pamkax macmraboBaHux (peHMBOpKiB, Takux sk SAFe, MeTpuku po3mmpro-
I0ThCA 10 PIBHSA IPOTPAMHOTO Ta MOPT(HENBHOTO YIPABIiHHSA, ¢ yBara MpHILIIEThCS
OLIIHII pecypciB, BiAMOBITHOCTI CTPATEriyHUM LiJSIM Ta 3arajbHill BAPTOCTI MPOCKTY.
Hanpuknan, Net Promoter Score (NPS) ta Customer Satisfaction Score (CSS) no3Bosns-
I0Th OIIIHIOBAaTH CTYIIiHb 33JJ0BOJICHOCTI KiHIIEBUX KOPUCTYBadiB mpoaykToMm [10]. Irmi
noka3HukH, Taki sk Portfolio Value, Resource Utilization Ta Budget Variance, € xito-
YOBUMHM JJISI YHPABIIHHS BEIMKUMH NPOTPaMaMH, OCKUIBKH JIOIIOMAaraloTh BUSBUTH
(hiHaHCOBI Ta PeCypCHI PU3MKH IIE JI0 iX KPUTUYHOTO BIUIMBY Ha MPOECKT.

3acmocysannn Al ona aesmomamuszayii oopanux mempux. Buxopuctanss mryd-
HOTO 1HTENEeKTy JuIs aBToMaru3aiii MoHiTopunry KPI BintkpuBae HOBI MOKIHMBOCTI ISt
YIpaBIiHHA POeKTaMu. TpaauiliiiHi MeToaH, o nepeadadaroTh NepioqnIHe 30npaHHs
JTAaHWUX, MAIOTh CYTTE€BI OOMEKCHHS B YaCTOTI OHOBJICHHS 1 TOYHOCTI, To/1 sk Al 3a0e3re-
qye MOCTIHHUN MOHITOPHHT y pealbHOMY 4aci Ta IuOmuit anani3 qanux. Hanpukian,
3actocyBanHa Al mist aBromarusamii MoHiTopuHTY Velocity ta Lead Time mo3Bomsie
BUSIBIIITH 3MiHH B IPOAYKTHBHOCTI KOMaH/IN HAa OCHOBI iICTOPHYHUX TpeHIB [5, 13].

BaxmBoro mepeBaroro € 3matHicth Al iHTerpyBaTtu Kijlbka MOKa3HUKIB Ha OJHIN
iatopmi, 0 J03BOJSE KEPiBHUKAM IPOCKTIB OFHOYACHO BiJCTEKYBaTH IPOTpeEc,
e(PCKTHBHICTh BUKOPHCTAHHS pECypciB Ta (hiHAHCOBHI CTaH NMPOEKTY. BusBICHHS KOpe-
i Mk mokazHukamu (Hanpukian, Lead Time ta Resource Utilization) mo3Bodsie
BYACHO pearyBaTH Ha MOTEHIIHI mpobieMu Ta 3a0e3rnedye OiIbIl TOYHE CTpaTeriyHe
riaHyBaHHs. Bukopucranus Al s aBromarmsarii KPI we mmmie 3umxye gactorty
MIOMUJIOK, ajie i 3a0e3reuye OnepaTuBHY PEakilifo Ha KPUTHYHI 3MiHH, IO JI03BOJISIE
3amo0iraTy pu3UKaM Ta CKOpPOUYye Jac Ha yXBaJICHHS PIllICHb.

3acrocyBannsa Predictive Analytics a5 MOHITOPHHIY KJIIOYOBHX IIOKA3HM-
kiB npoekTty. Orsaa xouuenuii Predictive Analytics y npoekTHOMYy ynpaBJiiHHI.
Predictive analytics (mporHo3Ha aHaJliTHKA) € MOTYKHUM 1HCTPYMEHTOM, 110 JI03BOJISIE
nepeadauaTn MaliOyTHI pe3ybTaTh MPOSKTIB Ha OCHOBI aHaJi3y ICTOPUYHUX JIaHUX Ta
MOTOYHHUX MOKA3HUKIB. OCHOBHOIO METOIO MPOTHO3HOI aHAITHKH € CTBOPESHHS IIepe-
OadyBaHOI MOJIETi, siKa 1IeHTH()iIKY€e MOXIIMBI BIIXWJICHHS BiJI IUIaHY HA paHHIX eTarax,
110 JIa€ 3MOTY KepPIBHUKAM MPOEKTIB MIBUJIKO PearyBaTH Ta MiHIMi3yBaTu pusuku [ 1, 3].

3acrocyBanHs predictive analytics y mpoeKTHOMY yIpaBiliHHI 3a0e3ledye KilbKa
BaXJIMBUX mepenar. [lo-mepiie, BoHa 103BOJISIE OTPUMYBATH MPOTHO3HI OIHKH IIOJ0
4yacy 3aBEpIICHHS €TalliB MPOCKTY Ta MOXKJIMBHX BiIXWIEHb Bix Oromkery. [To-apyre,
aHaJTi3 KIFUoBHX MOKa3HUKIB edekruBHOCTI (KPI) B peanbHOMY 4aci 103BOJISIE€ BHSB-
JISITH 3aKOHOMIPHOCTI, SIKi MOXKYTh OyTH MPUXOBAaHUMH Y TPATUIIIHHAX METO/IaX MOHi-
TopuHTy. Hampukias, MporHo3Ha aHaJiTHKa MOXe Nepe0auyuTH 3aTPUMKH Ha OCHOBI
ICTOPUYHUX JAHHUX TPO MPOAYKTUBHICTH KOMaH/IH, IO JO3BOJISE KEPIBHUKAM ITPOCKTIB
JISITH IPEBEHTUBHO [5].

OnHuM 3 KITIOYOBUX acrekTiB predictive analytics € BUKOpUCTaHHS PI3HOMAaHITHUX
Mozesel TIPOrHO3YBaHHS, SKi OXOILTIOIOTh CTATHCTHYHI METOH, MAIIMHHE HaBYAHHS,
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Tabmuus 1
Motenuian
Meton 360py 3acTocyBaHHS TMOKpaLIeHHs
Kareropis Mokasnuk | Koporkwuii onuc | nanmx ta yacrora | Al ra Predictive 3
(Tpaguniiine vs. Al) Analytics Al / Predictive
Analytics
YnpasiinHs Velocity Kinekicts 3BiTH KOMaH/IH, IIporno3yBanHs TTinBumenss
MPOCKTaMU 3aBEPIICHNX TPEKepH 3aBIaHb. 3aBEPIICHHS TOYHOCTI
3aBJIaHb 3a TpajuuiitHo: pa3 CIIPHHTY Ha OCHOBI | IPOTHO3IB HA
CHPHUHT y cnpuHT, Al: TOTepeIHIX 20-30%
LIOTHKHEBO MIOKa3HHKIB.
Lead Time Yac Bin YacoBi METPHKH y BusiBnenns 3MEHILIEHHS
OTPUMaHHS CHCTEMI TPEKIHTY npuyrH 3aTpuMok | Lead Time na
3aBJIaHHs JI0 Horo | 3aiad. TpaauiiitHo: | depe3 aHaui3 15-25%
3aBEePLICHHS momicsits, Al: ICTOPUYHUX
IOZCHHO JIAHUX.
Cycle Time | Cepenniii yac Cucremu IIporuo3yBanHs MixBuieHHs
BUKOHAHHSI MOHITOPHHTY 4acy BUKOHAHHS e(eKTHBHOCTI
3aBJaHb 3anad. TpaguuiitHo: |3 aHaNizoM Ha 15-20%
momicsus, Al: TIOTIePEeIHIX
IIOTHKHEBO LIMKJIB.
Earned Value | Meron oriHoK ®DinaHCoBi 3BiTH, [porHo3yBaHHs 3MeHIIEHHS
Management | IPOXYKTUBHOCTI | ZaHi IIPO BUTPATH. BIIXMIICHb HA BIIXWJICHb
MPOCKTY 3a Tpaauuiitao: OCHOBI IOTIEPE/IHIX | BiJ [UTIaHY Ha
CMIBBITHOIICHHSIM | omicsiist, Al metpuk EVM. 10-15%.
MTOKA3HHKIB LIOTHKHEBO
BapTOCTi, BUTpaT
iJacy.
Sprint I'pacdix, mo Tpexepu 3aBnaHb. IIporno3yBanHs 3MEHIIEHHs
Burndown MOKazye Tpaauuiitno: pas 3aBEPLICHHS BiJIXHJICHB
Chart 3aJIMIIKOBY y cpuHT, Al: CIIPUHTIB Ha BiJl IUTaHy Ha
poboty 1o LIOTHXKHEBO ocHoBI nonepenix | 10-15%
3aBEPLICHHS TIOKa3HHKIB.
CIIPUHTY
Value Stream | [Tokazye Lean-ananituka, BusiBennst 3MeHILICHHS
Efficiency e(eKTHBHICTH JacoBa OIiHKa. BY3BKHX MiCIlb BTpAT y MOTOLI
MIOTOKY TpaauuiitHo: y TIOTOL Jutst Ha 20-25%.
CTBOPEHHS IIOKBapTaNbHO, Al: | 3MEHIIEHHS BTpaT
LIHHOCTI. HoMicsis qacy.
VYnpasiiHasg Portfolio 3arajapHa DiHaHCOBI 3BIiTH, IIporno3yBanHs TTinBuEeHHs
nporpamamu | Value BapTICTh aHaJiTHKa nopTdens. | 3MiH BapTOCTi ROI Ha
Ta noptdens TpaauuiiHo: noptdens 3anexHo | 15-20%
nopthensimu MPOEKTIB LIOKBapTanbHO, Al: | Bij 30BHINIHIX
romicss (axropis.
Resource PiBenn PiBenn ITigBumeHHsS
Utilization BUKOPHUCTAHHS BUKOPHUCTAHHS e(eKTHBHOCTI
pecypciB y pecypciB y npoekTi BHUKOPHCTAHHS
MPOEKTI pecypciB
Alignment BianosijgaicTs 3BiTH 11pO IIporno3yBanHs TTigBuIeHHs
to Strategic | HpOEKTiB cTpareriyHe pe3yabTariB 3 BIJIIOBITHOCTI
Goals CTpaTerivyHuM [JIaHyBaHHS. ypaxyBaHHAM Ha 20-30%
LJISIM KOMITaHii TpaauuiitHo: CTpareriyHoi
mopiuHo, Al: BiJIIOBITHOCT!I.
IIOKBAaPTAIBHO
Mertpuku Deployment | Yacrora Jloru penizis CI/CD | IIporno3yBanus [TinBuieHHs
AKOCTI Ta Frequency PO3TOPTAaHHS cucteM. TpaauniiiHo: | 9acTOTH pemi3iB 4aCTOTH
e(peKTUBHOCTI OHOBIICHB y momicsii, Al: Ha OCHOBI aHawi3y | pemnisis Ha 20%
B DevOps Ta IIPOAKIIH IOTHIKHS HOTIePEHIX
CI/CD JTAHHX.
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[TponowxeHHst Tadmumi 1
Change Bincorok 3miH, Jloru pemnisis, Inenrudikaris SHUKEHHS
Failure Rate | siki nmpusBesu 1o | TeCTyBaHHSI. BHCOKOPH3HKOBHX | 4aCTOTH
nedekriB abo TpaauuiitHo: 3MiH 3a BiaMoB Ha 25%
npobiiem momicsus, Al: noromororo Al.
IIO/ICHHO
Time to Yac BinHopieHHs |Jloru iHOMACHTIB, IIporHo3yBaHHs CKOpOUeHHSI
Restore CHCTEMH IIiCTs 3BitH DevOps. yacy Ha yacy Ha
Service 30010 Tpaauuiitzo: BiJIHOBIEHHS BijIHOBIEHHS
IIicyIs IHIUACHTY, 3 aHaJi30M Ha 15-20%
Al mocriitHnit MONEepeIHIX
MOHITOPHHT IHIMJICHTIB.
VYnpapininus Customer Tokazuuk Jlani 3 onuTyBaHb IIporuo3yBanHs MixBuienHs
npoaykToBoro | Satisfaction | 3amoBoneHOCTI KJIIEHTIB, 3BOPOTHHH | 32/10BOJICHOCTI 3aJI0BOJICHOCTI
PO3poOKOIO Score KJIi€HTa KiHIeBUM | 3B's130K. Tpaaumiiino: | kiienTa Ha ocHOBi | Ha 10-20%
MIPOIYKTOM micis pemizy, Al: TIOTepeHIX
LIOTHKHEBO pe3ynbTariB.
Net Promoter | Bizcorok OnuryBaHHs [porHo3yBaHHs [TinBuIeHHs
Score (NPS) | xmienris, mo KIi€HTIB, 3BopoTHHil | NPS msa NPS na 15%
PEKOMEHYIOTh 3B's130K. TpaauLiifHO: | MOKpaLeHHs
poayKT abo IOKBapTalIbHO, Al: | pimrens, mo
MOCIIYTy omicsis OpieHTOBaHI Ha
KITIEHTA.
Feature Yacrora Jloru Bukopucranus | BusBnenus TTigBumeHHs
Usage BUKOPHCTaHHS MIPOIYKTY. HOMYJSIPHAX/ BUKOPHCTaHHS
KITFOYOBHX Tpaauuiitao: HETIOMYJISIPHUX dyHKuii Ha
yHKIi mokBapTansHo, Al: | dyHKIIH 15t 10-15%
HPOIYKTY IIOTH/KHEBO HPUITHATTS
piLIeHs.
Time to Yac Bip inei JHani mpo cranii IIporuo3yBaHHs CKOpOUYCHHS
Market 10 BUBEICHHS PO3POOKH. TEPMIHiB IS Yyacy Ha
[POIYKTY Ha TpaauuiitHo: 3a CKOPOYCHHS 4acy | BUBEICHHS
PHHOK. eranamu, Al: PO3pOOKH. Ha PUHOK Ha
LIOTUKHEBO 20-25%.
Churn Rate | Bincorok Jani 3 CRM-cucrem. | [Tporno3yBanHs SHUKEHHS
KOPHCTYBadiB, Tpapuuiiizo: BIATOKY BIATOKY Ha
SIKI IPUNUHSAIOTH | momicss, Al: KOPHCTyBauiB 10-20%.
KOPHCTYBAaTHCh [IOTH/KHEBO JUISL BYACHOTO
HPOYKTOM. BIIPOBA/KCHHS
3MiH.

a TakoX CKJIAJHINI HeHpoHHI Mepexi. Hampukian, MeToan Ha OCHOBI aHali3y 4aco-
BUX PAiB, Taki ik ARIMA, n03BoJsIFOTE €(heKTUBHO MPOTHO3YBAaTU MOKa3HUKH 3 YiTKO
BUpPAXXEHUMHU TpeHaamu. HelipoHHI Mepexi Ta anropuTMH MAaIIMHHOTO HaBYaHHS, 31
CBOT0 OOKY, MOXYTb 3HaX0AuTH Kopessiuii Mk KPI HaBiTh 3a BiICYyTHOCTI SIBHHUX 3aKO-
HOMIpHOCTEH, MiIBUIIYI0YN TOYHICTh MPOTHO3IB [7, 9].

Predictive analytics cTana BayKIMBUM iHCTPYMEHTOM JUISl THYYKHX METOZIONOTIH yIIpaB-
JiHHA, TakuX K Agile 1 Scrum, ge IMHAMIYHUN aHATI3 Ta MIBUJKE pearyBaHHS HA 3MIHU
€ BHUpILIATbHUMHU. 30KpeMa, y MaciiTaboBaHUX (peiMBopkax, sik-oT SAFe, mporHosHa
AHAJIITUKA BUKOPHCTOBYETHCS /TSI YIPABIIHHS 3JISKHOCTAMH MK KOMaHIaMH Ta IPOTHO-
3yBaHHS PU3HKIB NepeBHIeHHs pecypcei [10]. TakuM 4nHOM, TPOrHO3HA AaHAITHKA JTO3BO-
JIsi€E CTBOPUTH OLUTBII aIalITUBHE Ta MPOAKTUBHE CEPEIOBHIIIC JUTs YIPABTIHHS TPOSKTaMH.

MeTtoau nporHo3yBaHHsl Ta ix 3acrocyBaHHsi Jjs ynpasiainnsa KPI. Meroau
MIPOTHO3YBAHHS € BaXJIMBUM KOMIIOHEHTOM IMPOTHO3HOI aHAIITHKH 1 BiAIrparoTh BUPi-
IabHy poOJib y Mepen0ayeHHi KIo4oBUX mokazHukiB edextuBHOCTi (KPI) B mpoek-
THOMY ynpasiiHHi. Cepes HOmyIsipHUX METO/IIB IPOTHO3YBAaHHS 0COOINBO BUILISAIOTHCS
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ARIMA, HelipoHHI Mepexi, a TAKOXK MOJIEJ perpecii Ta aHaji3 4acoBUX Ps/IiB, KOXKCH
3 SIKUX Ma€ CBO1 IepeBaru 3aJjekKHo Bij crienuiku MPOEKTY Ta JOCTYITHUX JaHuX [2, 6].

ARIMA (Autoregressive Integrated Moving Average). Meton ARIMA € ogHum
3 HAMOUIBI MOMYJIIPHUX JJIS aHANI3y YaCOBHX PS/IiB 1 BUKOPUCTOBY€ETHCS ISl IIPOTHO-
3yBaHHs MTOKA3HUKIB, 1[0 MAalOTh BHPaKCHI TPEeHAU Ta ce30HHICTb. ARIMA no3Boisie
nependayaTy 3HAYCHHS MOKA3HUKIB, Takux sik Velocity ta Lead Time, 3 ypaxyBauHsm
MOTIEPEeIHIX 3MiH, III0 POOUTH HOTO e(h)eKTUBHUM y CEPEIOBUINAX, JI¢ TOKA3HUKU MAIOTh
TEHJ/ICHIIII0 3MIHIOBAaTHUCS 3 IUIMHOM Yacy. Y NPOEKTHOMY YIpaBIiHHI, HAIPHKIA],
meroq ARIMA Moske 3aCTOCOBYBATHCS JUIsS MPOTHO3YBAHHS BIAXWICHD y IUIAHYBaHHI
Ta pecypcax, 110 JI03BOJISIE BYACHO aJIaNTyBaTH CTPATETiI0 MPOeKTy [3, 8].

Heiipouni mepesci ma 2nudoxe naguannsn. HelipoHH1 Mepexi Ta METOM IIIHOOKOTO
HaBYAHHS 3a0€3MEUyI0Th BUCOKY TOYHICTb MIPOTHO3YBAHHS 3aBASKH 31aTHOCTI 00po0siTn
BEJIMKI 0OCSTH TAHMX 1 3HAXOMUTH MPUXOBAHI 3aKOHOMIPHOCTI. J{1Is CKITQIHIX TPOEKTIB
3 GaraTbMa 3aJIeKHOCTAMH, HApHKIaJ, Y MacmTaboBanux Agile gppeliMBOpKax, Takux
sk SAFe ta LeSS, HelipoHHI Mepexi JomoMararoTh nepeadadatd MOXKIIUBI BiIXHUIICHHS
Ha OCHOBI ICTOPHYHMX JTaHUX PO BUKOHAHHS MPOEKTY. 30KpeMa, Taki Mepesxi, sk RNN
(Recurrent Neural Networks), 3nmarHi nipairoBaTv 3 4aCOBUMH PAIaMH 1 €PEeKTUBHO TPO-
THO3YBaTH MOCiIOBHOCTI MOJIiM, IO JI03BOJISIE KEPIBHUKAM MPOEKTIB OTPUMYBATH 1HPOP-
Mallifo Mpo NOTEHIIHHI PU3UKH 3aTPUMOK Ta aedirury pecypcis [4, 11].

Pezpeciiini moodeni. Perpeciitai Mozieni € OJHAM 3 HAMIIPOCTIIINX i BOTHOYAC CPEKTUB-
HUX METONiB 11 iporHosyBaHHs KPI Ha OCHOBI 3aie)KHOCTEH MiX Pi3HUMH (haKTOPaMH.
B ynpaBniHHI mpoekTamMu perpeciitii Mozieni BUKOPHCTOBYIOTHCS TS aHAJI3Y 3B'SI3KY MDK
mokasHuKamu, Takumu sik Resource Utilization ta Budget Variance, 1o mo3Boisie Bu3Ha-
YaTy, SIK 3MiHH B OJHOMY MOKa3HHWKY MOXYTh BIUTMHYTH Ha iHII. Lle Hamae kepiBHUKaM
MPOCKTIB MOMKJIMBICTB ITPOTHO3YBATH €(DEKTUBHICTH PO3IIONUTY pecypeiB Ta OIODKETHI Bif-
xwitenns [7, 10].

Ananiz yacosux paodie. AHaiiz 4acOBUX PSJIIB JTO3BOJISIE BiJICTEKYBATH Ta TEpe/-
0avaTy 3MiHH Y TIOKQ3HUKAX HAa OCHOBI IXHBOI MOBEIIHKH Y MUHYJIOMY. Y TMPOCKTHOMY
YIpaBiiHHI [[eH METOJ 0COOIMBO KOPUCHUH JUISI MOHITOPUHTY TAaKMX MOKA3HUKIB, K
Cycle Time ta Deployment Frequency y DevOps i CI/CD cepenoBuiiax, jae peryisp-
HICTB Pei3iB 1 MIBUAKICTh BUKOHAHHS 3a/1a4 € KPUTUYHO BOKIIMBUMH. AHAJI3 9aCOBUX
psniB 3a0e3nedye MOKIIMBICT TPOTHO3YBATH MOMKIIMBI 3MIHN Y TPEHAI OKa3HUKIB, 1110
JIO3BOJISIE KOMaHJIaM BYaCHO pearyBaTH Ha MOTCHIIIHHI 3aTPUMKH a00 ONTHMI3yBaTH
npouecu [9].

Kombinosani moodeni. Y CkilaJHUX TPOEKTaxX 3 OararbMa HEBU3HAYCHOCTSIMH edek-
TUBHO BUKOPHCTOBYBAaTH KOMOIHOBaHI MOJIENi, SKi TOETHYIOTH eneMeHTH ARIMA, perpe-
cii Ta HEHPOHHUX MEPEXK IS CTBOPCHHS OUIBII TOYHMX MPOTHO3iB. Taki Mozemni oco-
ONMBO KOPHCHI y BEITMKKX MOPT(HENBHUX MTPOSKTAX, JIe € HEOOXIHICTh iHTerparlii KUTbKOX
MOKa3HUKIB, Takux sik Customer Satisfaction Score ta Net Promoter Score (NPS), s
3a0e3MeYeHHsI Y3rO/DKEHOCTI MPOEKTIB 13 3aralibHOI0 cTpareriero kommanii. KomOiHOBaHi
MozIesi 3a0e3MeYy0Th TOYHICTh IPOTHO3IB Ha PiBHI 85-90%, 1110 € 3HAYHOIO MePEeBarok0
JUISL YTIPABIiHHS IPOCKTAMHU 3 BENUKOIO KiNBKICTIO TIOKA3HUKIB Ta 3aJIeXHOCTEH [12].

TakuM YMHOM, BUKOPHUCTAHHS PI3HUX METOJIB MPOTHO3YBaHHS J03BOJISE KEPiBHU-
KaM MPOEKTIB aJJaNnTyBaTy MiAXOAH J0 CHenu(iKU MPOEKTY, 10 3a0e3Meuye BUIILy TOU-
HICTh Ta IIBUAKICTH pearyBaHHs Ha 3MiHM y KPI. 3anexHo Bijg cmerudiku mpoexry,
KO)KEH 3 ONMCAHMUX METOMIB MOXE 3a0€3MCUUTH MPOAKTHBHE YNPABIIHHSA PU3UKAMH Ta
MiABUIIUTH €(DEKTUBHICTH MTPOIECIB.
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Incmpymenmu onsn peanizauii Predictive Analytics. 3actocyBaHHS MPOTHO3HOL
AQHAJITHKA Y IPOEKTHOMY YIIPABIiHHI 3HAYHO IMOJETIIYETHCS 3aBISKH BUKOPHCTAHHIO
CrieIialli30BaHUX THCTPYMEHTIB, IO JIO3BOJSIOTH IHTEIPYBATH Ta aHAJI3yBaTH BEIUKI
o0csTH TaHKUX Y peallbHOMY 4aci. [HCTpyMeHTH JUTsS TPOTHO3HOT aHATITHKH 3a0e31euy-
I0Th aBTOMaTHU30BaHe 30upaHHs, 00poOKy Ta Bizyamizaiito KPI, mo no3Bossie komanam
IIBUJIKO OTPUMYBATH 1HPOPMAIIIFO JIJTSl YXBAJICHHS pilieHb. Hmkue po3misHyTO KiJIbKa
MPOBIJHUX 1HCTPYMEHTIB, SIKi MiATPUMYIOTh TPOTHO3HY aHAJITHKY T4 BHKOPHCTOBY-
IOTBCS Y TIPOCKTHOMY YITPABIIiHHI.

Power BI. Power Bl € omHuM 3 HalOiIbII MOMYJIAPHUX 1HCTPYMEHTIB JiIsl Oi3HEC-
AHATITUKH, KW JIO3BOJISE IHTETPYBATH JIaHI 3 PI3HUX JDKEpeN 1 Hajgae MOXKIHBOCTI
JUTSL CTBOPEHHS JJMHAMIYHHX Jamoop/iB. BUKOPUCTOBYOUM IHCTPYMEHTH ISl TPOTHO-
3yBaHHS Power Bl, kepiBHUKH MPOEKTIB MOXKYTh aBTOMaTH3yBaTH BiJCTEKECHHS TaKUX
nmokasHukiB, sik Lead Time ta Cycle Time, o 1o3BoJsie BisyariyBaTs 3MiHH B peajib-
HOMY Yaci Ta BYUaCHO pearyBaTH Ha BIIXWICHHS Bij tutany. Power Bl takox minTpumye
IHTETPAIIIO 3 PI3HUMHU MOAYIsIME Al JUTs TIIHOOKOTO aHaITi3y JIaHUX Ta CTBOPEHHS TPO-
THO3HHMX Moxenei [ 1, 3].

Google Cloud Al Google Cloud Al € miardopmoro i po3poOKH 1 PO3rOpTaHHS
MoJIeNieli MalllMHHOTO HaBYaHHS, IO JO3BOJIE OOPOOJISATH BEJIMKI MAaCHUBH JAHHWX Ta
3nificHroBary ananiz KPI y pexxumi peasibHoro dacy. 3okpema, y cepenosuiiax DevOps
ta CI/CD Google Cloud Al moske BUKOpHCTOBYBATHCS A1 Iiporro3yBarns Deployment
Frequency ta Change Failure Rate na ocHOBI iCTOpHYHHUX JaHUX Ta MOTOYHUX 3MIiH
y npoekri. [aTerpariis 3 BigQuery ta inmmmu iHcTpymenTamu Google Cloud no3Bossie
KOMITaHisIM BUKOPHCTOBYBATH ITOTY>KHOCT] BETHKHUX JaHUX JUIST MOHITOPHHTY TOKA3HH-
KiB 1 OIIIHKK PU3HUKIB y MPOESKTHOMY yIIpaBiiHHi [5, 8].

IBM Watson Analytics. IBM Watson Analytics mporoHye TOTYXHI aHaJTITHYHI
MOYKITBOCTI, 30KpeMa MiATPIMKY MpOorHO3HO1 aHamiTuku Ta Al. 3a momomororo Watson
Analytics KepiBHUKH TPOEKTIB MOXYTh IPOTHO3YBaTH TaKi MOKa3HUKH, sk Resource
Utilization Ta Budget Variance, mo mo3Bomse 3a0e3neunuTH ONTHMAaIbHE BHKOPH-
CTaHHsI PECYpCiB Ta 3HU3UTH WMOBIPHICTH mepeBUTpar. Watson Analytics Takox Tij-
tpumye Natural Language Processing (NLP), mo mo3Bossie aHami3yBaTH SKiCHI JaHi
(HarpuKIIa]], 3BOPOTHUH 3B’SI30K BiJl KIIEHTIB) 1 MIBUITUTH TOYHICTh MPOTHO31B MO0
3aJIOBOJICHOCTI KIIIEHTIB Ta 1HIIKX Cy0’€KTUBHUX MOKA3HHKIB [4, 7].

Tableau. Tableau € NOTYXHUM 1HCTPYMEHTOM JIJIsl Bi3yalli3allii JaHUX, SIKUM Ha/ae
MOYJIMBICTh MOOYTOBU HamoopaiB st BiacTexxenns KPI y peansHOMY daci. 3aBasku
IHTerparii 3 IHIIMMH JKepetaMu Tanux Tableau 3a0e3nedye aHai3 MOKA3HUKIB, TAKUX
sk Velocity ta Sprint Burndown, mio 103BoJIsi€ MIBUIKO OI[IHIOBATH IPOIPEC KOMAHIH
1 BUSIBIIATH TTOTCHITIMHI pU3HKH 3aTpuMOK. Tableau Takox MiaTpUMye pO3IIMPEHHS HA
ocHoBI Al, 1o 3a0e3neuye MOKITUBOCTI U151 IPOTHO3YBaHHsI 3MiH y MOKa3HUKax [2, 6].

Azure Machine Learning. Azure Machine Learning € iHC. pyMEHTOM JJ1s1 pO3pOOKH
Ta BIPOBAKCHHS MOJENICH MAIIMHHOTO HABYAHHS, SIKHH 3a0e3Medye MiITPUMKY IS
nporuo3yBanHs KPI y macmtaboBanux Agile gpperimBopkax, Takux sk SAFe ta LeSS.
Azure 103BOJIsIE aBTOMATH3YBATH MPOTHO3YBaHHs IMOKa3HUKIB, Takux sik Portfolio
Value ta Net Promoter Score (NPS), 3abe3mneuyroun 3py4ynnii inTepdeiic aist Haia-
IITYBaHHS MOJENICH, IO BPaxXOBYIOTh CKJIQJHICTh 1 B3a€MO3AJICKHICTh TTOKA3HHKIB.
Iarerpanis 3 iHmumu cepBicamu Microsoft, Takumu sik Power BI Ta Azure DevOps,
3abe3neuye IMUTICHy CHCTEMY Ul MMPOTHO3YBAHHS Ta YIPABIIHHS MPOSKTHUMH TTOKa3-
Hukamu [9, 10].
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Oracle DataScience. Oracle DataScience mporoHy€e MOXJIMBOCTI JJisi aHATI3y Ta
nporao3yBanHsi KPI 3a 1oroMoror MammHHOTO HaBYaHHS, 110 0COOIMBO KOPUCHO ISt
MIPOEKTIB 3 BEIMKOI KibKicTio naHux. Oracle DataScience miarpuMye iHCTPYMEHTH
JUTsE OOpOOKH TEKCTOBHX 1 YHCIOBHX NAHHX, IO JTO3BOJISE MPOTHO3YBATH MOKA3HUKH,
taki sk Customer Satisfaction Score Ta Feature Usage y mpomykrax Ta mociyrax.
Buxopucranns Oracle DataScience 103BOJIsIE€ TIBUIIUTH TOYHICTH MPOTHO31B 3310BO-
JICHOCTI KJTI€HTIB Ta eheKTUBHOCTI QDYHKIIIH IPOIyKTy [7].

IncrpymenTn Ta TexHoJiorii aJsi apromaru3zaiii ynpapiainnsa KPI B peanbHomy
yaci. Poab Besmmkux panux y Bincre:xkenni KPI. Bemuki nani (Big Data) € onauMm 13
KITFOYOBUX (DaKTOPIB, MO MiJBHUILYE e(DEKTHBHICTh CYYaCHOTO MPOCSKTHOIO YIPaBIIiHHIL
B yMoBax AMHAMIYHOTO PO3BUTKY TEXHOJIOTIH OOCATH JIaHHX, SIKI TCHEPYIOTHCS B PaMKax
MIPOEKTIB, CTPIMKO 3POCTAI0Th, OXOIUTIOOYHN JIaHi 3 PI3HUX JDKEPEIT: BiJl KOPIIOPAaTHBHUX
0a3 TaHMX JI0 pealTbHUX B3aEMOJIIH 3 KJIIEHTAMH Ta TTOKA3HUKIB TIPOAYKTHBHOCTI KOMaH/IH.
AHaJTi3 IUX JTAaHKUX JIO3BOJISIE BUSIBIISATH IPUXOBAHI 3aKOHOMIPHOCTI, OIIHFOBATH PU3UKH,
TIPOBOUTH TOYHIIII MPOTHO3M Ta ONITUMI3yBaTH YIPABIIHCHKI pireHHs [3, 7].

VY mpoekTHOMY YIpaBlliHHI BENHKI JaHi JIO3BOJSIOTH 3IIHCHIOBATH JCTATbHUH
aHaJi3 KIIOYoBUX MokasHUKIB edektuBHOcTi (KPI), Takux sik Velocity, Lead Time,
Resource Utilization, Ta Customer Satisfaction Score. JlaHi nipo iCTOpUYHI 3HAYCHHS
[IUX [MOKA3HUKIB JIAIOTh 3MOTY MOOYIyBaTH MOBHY KapTHHY C(PEKTHBHOCTI MPOEKTY
1 BIZICTeXKYBaTH TPSHIU Y pealibHOMY 4aci. Hampukiia, aHasi3 BeIMKUX TaHUX 3 BUKO-
PUCTAaHHSM MaITUHHOTO HaBYaHHS JI03BOJISE 1IeHTH(IKYBaTH (DAaKTOPH, K1 BILTUBAIOTh
Ha TPUBAIICTh [UKIIB PO3POOKH, BUSBISITH KOPEJAIIl MiXK 00csraMu poOOTH Ta Tpo-
JYKTHBHICTIO KOMaH/IH, 1[0 € BAYJIMBUM JJI MacIITa00BaHUX (PEHMBOPKIB, TAKHX 5K
SAFei LeSS [5].

Kpim Toro, BenuKi JlaHi Ha/Jal0Th MOXIIMBOCTI JIJISl aHAJI3y HENiHIMHUX 1 Garato-
(hakTOpHUX 3AJICKHOCTEH MiX TOKa3HHKaMHu, Takux sk Customer Satisfaction Score
ta Net Promoter Score (NPS). 3apnsku 1iboMy KOMIaHii MOXYTh TiependadaTtd 3MiHH
y CTaBJICHHI KIIIEHTIB JI0 MPOMYKTY Ha OCHOBI Jiif KOMaHIX ab0 3MiH y MpoIieci po3-
poOku. Takok 3 BHKOPHCTAHHSM BEIMKHX JAaHUX MO)KHA aHali3yBaTu e(heKTHBHICTPH
PO3TOPTAHHS PENi3iB 1 YACTOTY BUITYCKY OHOBJIICHB, IO KPUTHYHO BaXIHBO Yy DevOps
cepenoBumiax [9].

3acTocyBaHHS BEIMKUX JAHUX B YIPABIiHHI MPOEKTAMH O3BOJISIE CTBOPUTH €AUHY
iHpopMarlliiiHy Tuardopmy, sika 00’eHye AaHi 3 pi3HHX Jpkepen, TakuX sk CRM, ERP,
HR-cucremu, cucTeMu TpEeKiHTY 3aja4, aHAJITHYHI TUIAT()OPMH, a TAaKOK THCTPYMEHTH
JUIS Bizyamizamii nanuX. Lle 3a0e3neuye BCeOIYHUIT MOHITOPHHT TIOKA3HUKIB Y PEKUMI
peaNbHOrO Yacy i 1a€ 3MOTY BUSIBILITH BiIXHICHHS IIIE IO TOTO, SIK BOHU CTaHyTh KPUTHY-
HUMHU. [HTErpartist BeIMKNX JaHUX 3 IHCTPYMEHTaMH IS TPOTHO3YBAHHS TO3BOJISIE 3iHC-
HIOBAaTH TPOAKTUBHUI MiAXiJ IO YIPaBIiHHS MPOEKTaMH, IO JOIIOMarae 3HIKYBaTH
PH3HKH, IIOKPAILyBaTH MPOIYKTHBHICTh Ta MiJBHUIYBaTH e(heKTHUBHICTH pecypcis [11].

TakuM YMHOM, BEJIMKI JIaHI CTalOTh HE3aMIHHMM 1HCTPYMEHTOM JUTS OpraHi3arlii,
SIK1 TIPAarHyTh MiJABHIMUTH €(QEKTHBHICTh CBOIX MPOEKTIB 1 3a0€3MEeYUTH CTAOUILHICTD
BUKOHAHHS MIPOCKTHUX MTOKA3HUKIB. BUKOPHUCTaHHS BENUKUX NAHHUX JJISI MOHITOPUHTY
KPI no3Bonsie He JHIIe BIOCKOHAIHUTH MPOICCH MPUHHATTS PIllIeHb, aje i CTBOPUTH
aIaNITUBHY CHCTEMY YIPaBIIiHHS, 1[0 Pearye Ha 3MiHH B PEabHOMY Yaci.

Incrpymentu monitopunry KPI y peaabHomy uaci. YnpapmiHHSI IPOSKTHUMHA
MOKa3HUKAMH y pealbHOMY Yaci 3a0e3reuye BUCOKY THYUKICTb 1 MOKJIUBICTD IIBHUAKOIO pea-
TYBaHHS Ha 3MiHH, IO € KPUTHYHUMHE B yMoBax Agile Ta DevOps cepenosuii. Bukopucranmst
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IHCTpyMeHTIB 111 MoHiTopuHry KPI y peansHOMy 9aci Jae 3MOry KepiBHHKaM IIPOCKTIB
OTIEPATHUBHO OIIHIOBATH CTaH MPOEKTY, BUSBJIATH MOTEHIIIHI MPpoOIeMH Ta BiIXHICHHS Bil
IUTaHY, @ TAKOXK 3IIHCHIOBaTH YIPABIIiHHSA pecypcamu. Hipkde po3mIsHyTO KifTbka IHCTpyMEH-
TiB, SIKi MiATpUMYIOTH MOHITOpHHT KPI y peansHoMy yaci.

Azure DevOps. Azure DevOps € KOMIUICKCHOIO IUIAT(hOPMOIO Ui YHPaBIiHHS
DevOps nporiecamu, 1o 3a0e3neuye aBTOMaTH30BaHE BIICTE)KEHHS TAKUX MMOKa3HUKIB,
sk Deployment Frequency, Lead Time, ta Cycle Time. Iuterpariist 3 iHmmMu cepsi-
camu Azure, Takumu Kk Azure Machine Learning, 103BoJisie BUKOPUCTOBYBATH 1HCTPY-
MEHTH NPOTHO3HOI aHAIITHKY JJISI OIIHKM Yacy PO3TOPTaHHS Ta YAaCTOTH BiIIMOB, II[O
JI03BOJISIE YHUKATH TEXHIYHUX PU3HKIB 1 ONTUMI3yBaTH BUITyCK OHOBICHS [2, 6].

Power BI. Power BI Big Microsoft € omHIM 3 IPOBITHUX IHCTPYMEHTIB Jis Oi3HEC-a-
HAJIITUKY 1 103BOJISIE IHTETPYBATH Pi3HI AaHi 3 BenmuKkux 0a3 nannx, CRM-cucreM Ta miar-
(hopM IIPOEKTHOTO yNpaBIiHHSA. 3aBIsIKH BOyTOBaHNM MOXINBOCTSIM Al, Power BI 3a0e3-
nevye aBTOMaTHYHe BifcTexxeHHs Ta aHaii3 Takux KPI, sk Resource Utilization, Budget
Variance, ra Customer Satisfaction Score. [uctpymeHT miarpumye moOynoBy JUHaMIY-
HUX JTAIOOP/IiB, 0 BiT0OPaX)aroTh 3MIHH y TIOKQ3HUKAX y PEaTbHOMY Yaci, JJO3BOJISIOUN
KepiBHUKaM IPOEKTIB BiJICTEKYBaTH MPOrpec Ta MPHUHMATH ONEPATUBHI pillleHHs [5].

Tableau. Tableau 3a6e3neuye MOTYXHI MOXKIUBOCTI /uis Bizyamizanii KPI y pexumi
peaIbHOTO Yacy, 0 J03BOJISE OPraHi3allisiM BiJICTEKYBaTH MPOrpec MPOESKTIB 1 3a0e3-
MeYyBaTH MPo30picTh JaHuX. Tableau iHTETpy€ETHCS 3 PI3HUMH JDKEPETIaMU TaHUX 1 Mif-
TpUMYye€ 3’€THAHHS 3 TaKUMH IIatdopmamu, ik Azure Ta Google Cloud, mo no3Bomse
KOMITaHisIM 00’ €THyBaTH JaHi 3 PI3HUX CHCTEM 1 3a0e3reuyBaTH KOMIJICKCHUH OIS
NPOSKTHUX MOKa3HHUKIB, Takux sk Sprint Burndown, Feature Completion Rate ta
Net Promoter Score (NPS). Boynosani Al-¢ynkuii Tableau Takox HaIar0Th MOKIIH-
BICTBH 1151 MporHo3yBanHs 3MiH y KPI [8].

Splunk. Splunk € NOTYXHMM 1HCTpYMEHTOM il 300py Ta aHajily MalluHHHX
JAHIX Yy peaJbHOMY daci, o poOuTh HOTo i/1ealbHIM I MOHITOPHHTY iH(pacTpyK-
typu Ta DevOps noka3uukis. Splunk mo3sosse Bincrexxysatu Deployment Frequency,
Change Failure Rate Ta ixmi mokasuuku DevOps, 1m0 103BOJISIE KOMaHAaM aHAI3y-
BaTH JKypHAJIM TOJiH 1 BU3HAUYATH MOXXJIMBI PU3HMKH Y MPOIECi PO3POOKH Ta PO3rop-
TaHHS. 3aBISKH 1HTErpalii 3 riarGopMamu Ui MaIIMHHOTO HaB4YaHHs, Splunk moxe
3a0e3MmeuyBaTH MPOTHO3YyBAHHS TEXHIYHUX PU3HUKIB HA OCHOBI iICTOPHYHMX JaHUX [3].

Grafana. Grafana e mraTgopmMoro st MOHITOPHHTY Ta Bi3yami3allii JaHuX, sKa 103~
BOJISIE CTBOPIOBATH NanOOpan 3 PiI3HUMU JDKepesnaMu iHpopMallii y pealbHOMY 4Yaci.
3okpema, Grafana m03BoJIsiE BIJICTEXKYBATH IMOKA3HUKU MPOAYKTUBHOCTI y DevOps
cepefoBHIIax Ta 3abe3nedye iHTerpaiiro 3 Prometheus, InfluxDB Ta inmmvu 6azamu
nmannx. Lle 3abesmeuye xommiekchuii anamiz Lead Time, Cycle Time, ta Flow
Efficiency, mo mo3Bosisie KoMaHIaM IIBUIKO BUSBISATH BIIXWJICHHS Ta ONTHMi3yBaTd
npouecu [7, 9].

3arajoMm, BUKOPHUCTaHHS TaKHX IHCTPyMEHTIB, sik Azure DevOps, Power BI, ta
Tableau, mo3somnsie He nume BiactexyBatn KPI y peanbHOMY baci, a i iHTerpyBaru
MPOTHO3HY aHAJITHUKY U IPOAKTUBHOTO YIIPABIIHHS MPOCKTaMH. [HCTpyMeHTH MOHi-
topunry KPI y peansHOMY Yaci HagatoTh MOXKIUBICTS 3MECHIIIUTH 3aTPUMKH, BUSBISTH
TEXHIYHI TPOOJIeMH Ha PAaHHIX eTamax Ta 3a0e3MeuyroTh OTlepaTuBHE YIPABIiHHS, 110
€ KPUTHYIHUM JUTS YCHINTHOTO BUKOHAHHS MTPOCKTIB.

IlepeBaru apromaru3anii monitopunry KPI 3a nomomororw Al. ABromarusariis
moHiTopuHry KPI 3a mormomoroto mtyqnoro inrenekty (Al) Hajgae cyTTeBi epeBar s
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MPOEKTHOTO YNPABIiHHA, 03BOJISAIOUH KEPIBHUKAM IIBUAIIE pearyBaTH Ha 3MiHHU, 3HU-
JKYBAaTH KUTBbKICTh NOMIJIOK Ta NMPHUHAMATH OOIPYHTOBAHI PIlICHHS HA OCHOBI PEaJbHUX
nanux. Bukopucranus Al y monitopuary KPI 3abe3nedye HaCTyIHI KITI04OBI IIEpEBart.

MinBumenHs TouHocTi nporuo3is. OaHicto 3 HaOLIBIIUX TIepeBar Al € 31aTHICTD
00poOIATH BEJIMKI 00CSTH JaHWX, 110 JO03BOJISIE€ CTBOPIOBATH BHCOKOTOYHI MPOTHO3U
Ha OCHOBI aHaJIi3y ICTOPHUYHHX MOKa3HUKIB. Lle 0cOOMMBO BaXKJIMBO Y MPOTHO3YBaHHI
takux KPI, sixk Lead Time, Cycle Time, ra Resource Utilization, ae To4nicTs mporaosy
BILJIMBA€ HA CBOEYACHICTh 3aBEPIICHHS MPOEKTY Ta €(PEKTUBHICTh PO3MOIITY PECypCiB.
Al no3BoJIsIE aBTOMAaTUYHO 1AeHTU(DIKYyBaTH 3aKOHOMIPHOCTI, SIKi MOXKYTh OyTH Heoue-
BUJHUMH, TiJIBUIYIOYN TOUHICTH MPOrHo3iB Ha 20-30% MOpiBHIHO 3 TpagUiHHUMU
Metonami [2, 5].

OmneparuBHiCTL TAa NPOAKTHBHICTH YNPABJIHHA. 3aBAAKUM MOXIMBOCTIM Al,
MmoHiTopuHr KPI MokHa 37ifiCHIOBaTH y PEKUMI peasIbHOTO 4acy, 10 JJO3BOJISE KEePiB-
HHUKaM IIPOEKTIB OyTH 3aBX/JH B Kypci IOTOUYHOTO CTaHy MpoekTy. [IpoakTuBHe ymnpas-
JiHHA O03Hauae, mo Al MoXXe monepeuTH Mpo MOTCHIINHI PU3UKH 200 BIAXUICHHS Bif
IUIaHY IIIe 0 TOTo, SIK BOHM CTaHyTh KPUTHYHMMH. Hampukiaj, aBromaru3anis MOHi-
TOPHHTY Takux MokasHukiB, sk Deployment Frequency ta Change Failure Rate
y DevOps cepenoBuiax, 103BoJISI€E MBUIKO pearyBaTi Ha MPOOJIeMH B IIPOLECi pO3TOp-
TaHHS, 3HIKYIOUN PU3HUK 30018 [3, 7].

3HUKeHHS] BUTPAT i NiIBUILIEHHS e()eKTUBHOCTI. ABTOMaTH30BaHUH MOHITOPUHT
3a gomomoroio Al 3MeHIIye KiIbKiCTh PyTHHHMX 3aBJaHb, SIKi MOTPEOYyIOTh PydHOI
00po0KH, M0 AO3BOJSIE KOMaHaM 30CEPEIUTUCS HA CTPATETIUHO BAXKIUBHX ACTIEKTaX
npoekty. Bukopucranns Al s monitopunry KPI, takux sik Budget Variance ta Net
Promoter Score (NPS), no3Bossie miBuaiie oTpuMyBard (iHAHCOBI JlaHi Ta OLIHKH
3a7I0BOJICHOCTI KJTI€HTIB, IO JOTIOMAarae 3HU3UTH BUTPATH Ha YIPABIIHCHKI omepaii
1 miABHIUTH €(DEeKTUBHICTh. 3a OIIHKAMHM, aBTOMATH3AIlisi MOXKE 3HU3UTH BUTPATH Ha
ynpasiiHHA npoektamu Ha 15-20% [8, 10].

IMosinmeHHs 32/10BOJIEHOCTi KJII€HTIB i sikocTi mpoaykTy. 3aBasaku 31aTHOCTI Al
IIBU/IKO aHAJII3yBAaTH 3BOPOTHMIA 3B SI30K BiJl KJII€HTIB, KEPIBHUKH MIPOEKTIB MOXKYTh OIle-
paTUBHO pearyBaTd Ha CKaprd Ta MOKpAIlEHHS, 10 MiIBUIIYE 3a0BOJICHICTh KIIIEHTIB.
ABTOMATH3AIIisT MOHITOPHHTY TaKHX MOKa3HHKIB, sik Customer Satisfaction Score Ta
Feature Usage, no3Bosisie aHamizyBaTH B3a€EMOJII0 KIIIEHTIB 3 MPOIYKTOM 1 aIanTyBaTH
CTpAaTerito po3BUTKY Ha OCHOBI pealibHUX JaHuX. Lle mijBuIye HMOBIpHICTh BiITIOBIHO-
CTi IPOYKTY MoTpedaM KOPUCTYBadiB 1 MOKPAIIIY€ SIKICTh KIHIIEBOTO MPOIYKTY [6].

IMinTpumka kpoc-pyHkuioHaabHoi podoTu. Asromarmzarist KPI 3a nomomororo Al
TaKOXK CIIPUSIE KAl B3aeMOii MiX pi3HUMH KOMaHaMH y npoekTi. Hanpukoman, anami3
Sprint Goal Success Rate ta Resource Utilization no3Bosisie oniHoBaTH epeKTHBHICTh
KOMaH/I! y CIIPHUHTAX Ta ONTHUMI3yBaTH PO3MOIUI pecypciB y MacIITabOBaHUX (hpeiiMBOp-
Kax, Takux sk SAFe Ta LeSS. Lle 3a0e3neuye eeKTUBHUI PO3MOILUT 3a/1a4 MK KOMaH-
JIaMH, MATPUMYE Y3TOJIKEHICTD IIUJIeH 1 cripusie Kpalii koopauHaiii podot [4, 9].

Takum unHOM, aBroMaru3anis MoHiTopuHry KPI 3a momomororo Al 3nagHO TOKpa-
IIy€ YIpaBIiHHS MPOEKTaMU, 3a0€3MeUy0ud BUCOKY TOYHICTh IPOTHO31B, IMiIBUIICHHS
e(eKTUBHOCTI pOOOTH, 3HWKECHHS BUTPAT 1 MOKPAIICHHS IKOCTI MpoaykTy. Lli mepesarn
po6IsITE Al BXKJIMBHM €JIEMEHTOM CYy9aCHOTO IPOEKTHOTO YIPABIiHHSA, [0 TOTIOMarae
OpraHi3almisM gocsraTy OLTBII BUCOKHX PE3yJbTaTiB.

BucHoBkH. Y 11iif CTaTTi pO3MIHYTO CYYACHI ITiIXO/H 10 aBTOMATH3ALlil MOHITOPHHTY
KITFO4OBUX MoKa3HHKiB edektuBHOCTI (KPI) 32 momomororo mty4noro intenekry (Al)
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Ta MPOTHO3HOI aHaNITUKU. Buxopuctanus Al 103BoJsle CYTTEBO MiABUIIUTH TOYHICTH
1 MBUIKICTP MOHITOPUHTY NPOEKTHUX IMOKAa3HHUKIB, II0 OCOOIMBO BaXKJIMBO B YMOBaX
cydacHoro Agile, DevOps i MacirraboBanux ¢peiiMBopkiB, Takux sk SAFe ta LeSS.

ITincymoBytoun, OCHOBHI IepeBaru apromarusanii Moritopunry KPI 3a mormomororo
Al BKIIIOYAOTH!

1. TounicTh mporuo3is — Al 103Boss€ 3a0€3MEUUTH TOUHE MPOTHO3YBAHHS MOKA3-
HuKiB, Takux sik Lead Time, Cycle Time, Ta Resource Utilization, mto no3Bossie kepis-
HHUKaM TPOEKTiB BYACHO PEaryBaTH Ha MOXIIUBI BIIXUICHHS.

2. IIpoakTuBHUIi MOHITOPUHT — BUKOopHucTaHHs Al aist MmoHiTOpHHTY KPI y peans-
HOMY 4aci J03BOJISIE YHUKHYTH PU3HKIB 1 MIBUAIIE MPUIMATH PIllICHHS.

3. 3HMIKeHHSI BUTPAT — aBTOMATHU3allis MPOLECiB MOHITOPUHTY 3MEHIIYE TOTpely
B PYyTUHHIN py4Hil poOOTi, 1110 3HWXKYE 3arajbHi BUTPATH HA IPOEKTHE yIPABIIHHS.

4. TlokpaueHHs SKOCTi MPOAYKTY — aHAJi3 B3a€MOJil KIIEHTIB Ta 3BOPOTHOTO
3B'AI3KY CIIPUSIE MiABUIICHHIO SKOCTI IPOAYKTY Ta 3a0BOJICHOCTI KIIIEHTIB.

I1i mepeBaru cBiguaTh mpo Te, MO Al € KPUTUYHO BAXKJIUBUM IHCTPYMEHTOM IS
CYJacHHX NPOEKTHUX KoMaH[. [lomambIni AOCHIIKEHHS Yy IH ramys3i MOXyTb OyTH
CIPSIMOBaHI Ha PO3IMINPEHHS MOXKINBOCTEH Al y IPOEKTHOMY YIPaBIiHHi, BKIIOYaI09N
PO3pOOKY THYUKININX aJITOPUTMIB IPOTHO3YBAHHS T4 CTBOPCHHS IHTETPOBAHUX CHCTEM
MOHITOPUHTY 151 OLIBII QAaNTHBHOTO YIPABIiHHS CKJIQAHUMH IPOCKTAMH.

Pexomennanii moao BnpoBajpkeHHs Al y NmpoekTHe ymnpaBiiHHA TependadaroTh
MOCTYMOBUH TepexiJ A0 aBToMaTH3amii MpoIeciB MOHITOPUHTY 3 BHKOPHCTAHHIM
iHCTpyMeHTiB, Takux sk Power BI, Google Cloud Al, ta Azure DevOps, siki 3a0e3me-
9yI0Th ¢(PEKTUBHY MIATPUMKY MPOLECY MPUHHSITTS pillleHb. YcmimHa iHTerpamis Al
norpe0ye MIArOTOBKA KOMaH/IU JI0 poOOTH 3 HOBUMH TEXHOJIOTISIMU Ta Opi€HTAIlil Ha
JIOBTOCTPOKOBI PE3yJIBTATH, II0 MiABHUIINTE €()EKTHBHICTH MTPOCKTHOTO YIPABIiHHSL.
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TA OOCNIAXEHHA METOAIB FrEHEPALII MPOIrPAM
HA OCHOBI HATYPAJIbHUX MOB 13 BUKOPUCTAHHAM
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Pobomy npuceaueno memodam ecenepayii npoepam 3 UKOPUCTNAHHAM MeMOOI8 WIMYUHO20
inmenexmy Ha 0CHOGI HAMYPANLHUX MOG. [IponoHyecmocs GUKOPUCAHHA KOMYHIKAMUGHOL NAAM-
Gopmu ons knacugikayii ma nobyoosu memooie cenepayii npoepam Ha OCHOBI HAMYPATbHUX
Mo8. Badicnueum acnekmom 015 2eHepayii npozpam € MyabmumoO0aibHicms 3aco0ie cneyugika-
Yii' — cnpuiinammsi 810N0BIOHUM 3ACOOOM 2eHepayii HeuimKUx ymMos y pisHux oopmax, Hanpukiao,
¥ 3anumax HamypanbHuMu Mo8amu, diazpamax, maonuysax, mowo.

B pobomi pozensioaromscs nioxoou, wo 6asyiomucs Ha GUKOPUCIAHHI 3AC00I8 2eHePamuU6HO20
WMYYHO20 THMENeKMYy, 6 MOMY YUCTI MYTbMUMOOATLHUX, 3 MENOI0 MOOENI0EAHHA KOMYHIKAMUGHUX
cucmem. Knrouem 00 6UKOPUCMAHHSA KOMYHIKAMUGHOL naamgopmu Oiss ONUCY Ma OOCHIONCEHH S
3ac00i8 wWnyyHo2o iHmenekmy OJid eeHepayii Npocpam Ha OCHOBI HAMYPATLHUX MO8 € KOMOIHY-
6AHHsL peanizayiil CKIA008UX YACMUH KOMYHIKAMUGHOI cucmemu 0OMiHY iH(popmayii, 30kpema
Memoody onucy npedmemHoi obnacmi, 3a0anHs cyd ‘ekma-iniyiamopa ma cy6’ekma-o6pooHuKa.

Takum 4uHOM, NPONOHYEMBCA KLACUDIKAYISL HA OCHOBI cnocobie 3a0anus 00 €kmig npeo-
MemHoi obnacmi, cnocobis 3adanms memu oopooKu (npozpamu) ma eubopy mooerni cy6 ekma-06-
POOHUKA Ma CNOCOOOM 3a0AHHL 11020 BHYMPIWHIX npoyedyp. Mema 06pobku modice Oymu 3a0aHa
abo Hea6HOo y 6uUnA0l 8UMO2 00 BUXIOHUX 00 €Kmis, abo A6HO Y 6uUenA0l KPOKI6 BUKOHAHHS He0D-
XIOHUX nepemeopeHs. B mepminax xomyuikamusHnoi ingpopmamuku obuosa gopmamu 3a0aHH:
Memu noOarmMbCsi SIK CReYianbHutl IHPOpMayiiHuil 06 'ekm — npocpama.

B cmammi onucytomvbcs 6 mepmiHax KOMyHIKAMUSHOI niam@opmu Memoou Ha OCHOBI 2eHe-
payii npoepamnoco Kooy ma mMemoou Ha OCHOGI IHMENIeKMYyalbHUX aeeHmie ma 3miuani nio-
X00U, 320pMKY KOMYHIKamueHux cucmem, oe LLI-acenm € 00HOUaCHO i cyO ' €KMom-00pOOHUKOM,
i cy6’ eKmom-iHiyiamopom, wo 3a0ae OeCKpUNMuHi cucmemu 0Jis BUKOHABYS-00POOHUKA NPO-
2PAMHO20 KOOy, 30Kpema, camopedhnexcitini nioxoou (Reasoning and Acting) ma apximexmypa
Artificial Intelligence Operating System. 3okpema mynomuacenmua apximexmypa AgentCoder,
€ eMAaNIOHHUM PileHHAM 32I0H0 OYIHOK Ha damacemax OJis 3a0ad eeHepayii npoSpaAMHO20 KOOy
HumanEval ma MBPP.

Knrwwuogi cnosa: cenepayis npoepam, eenepayis Kooy, 8elUKi MOBHI MOOeNi, KOMYHIKAMUGHULL
npoyec, KOMyHIKAMUGHI CUCMEMU.

Svystunov A. O. Communicative platform for classifying and constructing program
generation methods based on natural language using artificial intelligence

The paper is devoted to the methods of generating programs using artificial intelligence
based on natural languages. It is proposed that a communicative platform be used to classify
and construct methods of generating programs based on natural languages. An essential aspect
of generating programs is the multimodality of the means of specification — the perception of
the appropriate means of generating fuzzy conditions in various forms, for example, in natural
language queries, diagrams, tables, etc.

The work considers approaches based on generative artificial intelligence tools, including
multimodal ones, to model communication systems. The key to using a communicative platform
for the description and research of artificial intelligence tools for generating programs based on
natural languages is the combination of implementations of the components of the communicative
system of information exchange, in particular, the method of describing the subject area and the
assignment of the subject-initiator and subject-processor.

Thus, a classification is proposed based on the methods of specifying the objects of the subject
area, the methods of specifying the purpose of the processing (program), and the selection of
the model of the processing entity, and the method of specifying its internal procedures. The
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purpose of processing can be specified either implicitly in the form of requirements for source
objects or explicitly in the form of steps to perform the necessary transformations. In terms of
communicative informatics, both formats of setting a goal are presented as a special information
object — a program.

The article describes, in terms of the communication platform, methods based on the
generation of software code and methods based on intelligent agents and mixed approaches, a
convolution of communication systems, where the Al agent is both a processing subject and an
initiating subject that sets descriptive systems for the executor-processor of the program code, in
particular, self-reflective approaches? Like ReAct (Reasoning and Acting) and the architecture
of the Artificial Intelligence Operating System. In particular, the multi-agent architecture of
AgentCoder is the state of the art solution according to benchmarks on datasets for the tasks of
generating the software code of HumanEval and MBPP.

Key words: program generation, code generation, large language models, communicative
process, communicative systems.

['eHepairisi mporpam HaJIeKHUTh JIO cepu iHTepeciB Oararhox ramysei, 30Kpema,
PO3pOOKH IPOrpaMHOTO 3a0e3MeUeHHs, OCBITH, O€3MeKH, TOIO. MOXIUBICTh aBTOMa-
THUYHOTO CTBOPEHHS Ta MOAU(iKamii Iporpam Mpu3BeAe A0 3MEHIICHHS BUTPAT HA PO3-
poOKy Ta BIIPOBAKEHHSI, @ TAKOX JIO3BOJIUTH CTBOPIOBATH MPOTPaMHi PillIeHHS 3aTyJa-
04X MEHILIE TEXHIYHUX CIeLiaIiCTiB.

BaxnmuBuM acneKkToM T TeHepallii mporpam € MyJIbTUMOJAIBHICTE 3ac00iB CIIeIH-
(hikamii — CipuAHATTS BIAMOBIIHUM 3aCO00M TeHEpallii HEYITKHX YMOB Y Pi3HUX (op-
Max, HAIPHUKIIAJ, Y 3aUTax HaTypaIbHIMU MOBAMU, JiarpaMax, TaOJIHUIIX, TOLIO.

CyTTeBUM KpPOKOM JI0 PO3B’S3aHHS 3ajadi TeHepallii mporpaM CTajiu JOCIiIKCHHS
Ta pO3pOOKH B raiy3i FeHEPATHBHOTO MTYYHOTO iHTEIEKTY, 30KpEMa, BEITMKIX MOBHHUX
mojeneit (Ha anr. "Large Language Models "LLM"). Benuki MOBHI Moiesni JO3BOJIS-
I0Th TEHEPYBaTH TEKCT (YU apTedakT iHmMX (HopMaTiB), IKUH Moke OyTn abo KOmoM
nporpamu, abo MepeTBOPEHHSAM BXITHUX JaHUX HA OCHOBI MeBHOT iHCTpyKIii. [Ipukiia-
namu takux mozeneit € GPT-4 [1], Llama 2 [2], StarCoder 2 [3], Mistral 7B [4] Ta inmmi.

BianoBigHo 10 po3BUTKY 3aC00iB MAaIIMHHOTO HABYAHHS B aCIEKTax ICHeparlii mpo-
TPaMHOTO KOJTy, ITOCTae€ HeOOXITHICTh Y (hopMaJIizallii 3a1adi reHeparii mporpam 3 TOYKH
30py Teopii mporpamyBaHHs. Taka opmaltizaiis 103BOIUTh 00’ €IHATH ICHYIOYI METOAN
i1 OTHY TEOPETHIHY 0a3y, a TAKOXK HA/IaTH MOKIIMBOCTI /IO POEKTYBAHHS HOBUX METO/IB.

B pamkax maHOi poOOTH 3aIIpOIIOHOBAHO (DOPMYITIOBAHHS TEOPETUIHUX 3acall TCHe-
pamii mporpaM 3 BHUKOPHUCTAHHSM IITYYHOTO IHTENIEKTY HA OCHOBI KOMYHiIKaTHBHOI
atopmu iHpopmaruku [5].

IMocTranoBka 3agavi. O0’€KTOM KOMYHIKaTHBHOI iH(OPMATUKH € MOHSTTS KOMYHi-
KaTHUBHOI cUCTeMU 0OMiHy iH(popMaii, o cknagaeTbes 3 [S]:

— OIMCY NpeIMeTHOI 00J1acTi 3 IEBHOIO CyKYyIHICTIO iHQopMaIiiiHuX 00’ €KTiB;

- cyG’CKTa-lmulaTopa mo (Gopmye 1 mepemae BXimHy iH(oOpMaIio cy0’exTy
00pOOHUKY Ta IPUIMaE BiJl HHOTO IEBHY BXiIHY iH()OPMAILiO;

— ¢y0’ekTa-00podHMKa, 1110 IpUiiMae BXigHY iH(pOpMaNito, aHamisye ii Ta mosep-
Tae sIK BUXIJHY Cy0’ €KTy-1HIIIaTopy.

[omoBHUM TIPU3HAYECHHSIM KOMYHIKATHBHUX CHUCTEM € BCTAHOBJICHHS 3B’SI3Ky MK
JAHUMH TIPEMETHOI 00JacTi — BXITHUMHU Ta BUXITHUMHU. JKUTTEBUHA LUK KOMYyHiKa-
THUBHOI CHCTEMH PO3IIOYMHAETHLCS 3 3alUTy Ha 00pPOOKY IMEBHUX BXiITHUX 1H(OpMAITiii-
HUX O0’€KTiB BiJ iHiLiaTOpa 0OpOOHMKY Ta MICTUTh MeTy 00poOku. Merta oOpoOKku
Moxe OyTH 3asaHa ab0 HESBHO Yy BUINIAJI BUMOT JI0 BHXITHHMX 00’€KTiB, ab0 SIBHO
y BUIISAI KPOKIB BUKOHAHHS HEOOXITHUX TEPETBOPEHb. B TepMiHaX KOMYHIKaTHBHOI
iH(popmaTuku o0uaBa hopMaTu 3aJaHHA METH MOJAIOThCS K CrelialbHul iHpopMa-
1iitHnit 06’ exT — mporpama. O6poOHMK Mae BIACHI BHYTPIIIHI iH(opMmaniitHi 00’ ekTH,
1o € mpooOpazamu 30BHINIHIX 00’ €kTiB [IpO.
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MeTo10 METO/IIB TeHepallii mporpaM Ha OCHOBI HAaTypaJbHOI MOBH € IIEPETBOPECHHS
BXIIHUX crnenudikamii HaTypaJbHOK MOBOI, IO MOMaHl y (Gopmari cinepmexcmy
(Texct, miarpamu, TaOJMili, TOIIO) y CTaH KOMYHIKATUBHOI CHUCTEMH JJIsl BUKOHAHHS
MePeTBOPEHb, IO BiAMOBIAAIOTH crienu@ikailii. MeTow BUKOpPHCTaHHS 3acO0iB IITYY-
HOTO THTEJICKTY B IAaHUX METOJIaX € 3aJlaHHs (TeHepallis) JeCKPUIITHBHUX CUCTEM BXI1JI-
HuX JaHux (dopmar, skuil mpuiiMae mporpama Ha BXiJ), BUXIIHUX HaHuX ((opmar
pe3yabTaTy MepeTBOPEHb), 3aMHUTY (OMHCY MEPETBOPEHB) Ta BHYTPIIIHIO MOBY 00po0-
HUKa (cTaH 00pOOHHKA).

3aranom, METOIM T'eHepallii mporpaM Ha OCHOBI HATypaJlbHOI MOBH MOXKHA PO3Ji-
JIUTH 3a:

— crnocoOoM 3aJlaHHsI 00’ €KTIB MPEIMETHOT 00JIACTi;

— cnocoboM 3aiaHHs MeTH 00poOKH (TIporpamu);

— BHOOpPOM MoJieni cy0’ €KTa-00poOHMKa Ta CIIOCOOOM 3a/laHHsl KOTO BHYTPIIIHIX
TPOTLIEAYD.

[Jaii y poO0oTi BUKOPHUCTOBYBAaTUMETHCS caMme s Kiacupikaris.

MeToau Ha OCHOBI reHepauii NporpaMHoOro Koay. 3acoOu relepailii IporpamMHoOTO
KOJTY OXOILTIOIOTh NIMPOKHA CIIEKTP 3a/1a4 1 00’ €IHYOTh 3aCO0M MalllTMHHOTO HABYAHHS,
DIMOOKOTO HAaBYAHHS Ta OOPOOKU HATypaNbHOI MOBH ISl TIEPETBOPEHB, PE3yIBTaTOM
SIKUX € TIPOrPAMHU# KOJI ICBHOIO MOBOIO IPOTrPaMyBaHHSI.

Binpmricte 3aco0iB, MO MANANAKOTH i [IEH TepMiH, HE MOXKYTh OyTH CaMOCTIHHO
BUKOPUCTAaHI JJIsl TeHepallii mporpaM Ha OCHOBI HaTypaJibHOI MOBH, 60 3acO0U /s BUPi-
LIEHH 3a/1a4, HAIIPUKJIA[, JIOTIOBHEHHS KOLY, o6¢>yc1<au11/;[eo6<bycxau11 KOy, aBTOMATHY-
HOTO BUIIPABJICHHS KOJY, erpauu KOJTy, TOIIIO, HpI/II/IMaIOTL Ha BX1JI IpOorpaMHuiA Koz [6].
Bapro 3a3naunty, 1110, X04a i OOMEKEHO, alle KOJ MOXKE MiCTHTH CHICIU(IKAIIif0 HATYpaIb-
HOIO MOBOIO, aJI¢ Y BUIVISLAI KOMEHTaps, a00 1HIIIOTO CHHTAaKCHYHO KOPEKTHOTO CIOCO0Y.

HaromicTh, 3aco0u cHHTE3y Mporpam, siK OYEBHHO 3 BH3HAYEHHS, MOXYTh OyTH
3aCTOCOBaHI JUIsl TeHepalii mporpaM Ha OCHOBI 3aIlUTIB HaTypaibHOI MOBH. Metoan
Ha OCHOBI 3ac00iB (MOIeTIel MallTMHHOTO HAaBYaHHs) JUTs TeHepallil MporpaMHOTO KOy
BiJIPI3HSFOTHCS BHKOPUCTAHHSAM IHTEpIIpeTaTtopa (200 KOMIUIATOpa Ta OOYHCIIOBAIb-
HOTO MIPUCTPOIO) B SIKOCTI ¢y0 ‘ekma-oopodouuxa. Ilpeomemua obnacms MOAETIOETHCS
BUKOPUCTOBYIOYH B SIKOCTI JICCKPUIITUBHOI CUCTEMH [IEBHY BU3HAYCHY MOBY IIPOTPaMy-
BaHH, SIKA TAKOXK BUKOPUCTOBY€ETHCS LTS 3aJaHHSI METH 00UNCIIeHb. Pe3ynbraToM BIKO-
HAHHS MOJICINi CHHTE3y MPOrpaM € TEKCT IPOrPaAMHOTO KOy, SIKUi MOe OyTH 3aIryiie-
HU Cy0’€KTOM-00pPOOHUKOM.

Xoda 1aHuil miaxij] € IPUPOIHIM, 00 32 TEXHOJIOTTYHOK CKIIaI0BOIO TIOBTOPIOE MIPO-
[eC KOAYBAHHS, BUKOPUCTAHHS TAHOTO MIIXOJY MICTUTh CYTTEBI HEIOIIKH.

OpHi€l0 3 TOIOBHUX TIPOOIIeM € 3a0e3TeueHHs] CHHTAKCUYHOT Ta CEMaHTUYHOT KOPEK-
THOCTI 3TreHepOBaHOTO Koxy. JlaTaceTw A TpeHYBaHH Ta OIIHKH PIllICHb IS TeHepa-
1ii mporpaMHoro koxy, Taki sk HumalEval [7] ta MBPP [8], micTaTb nuie 3acobu asis
TECTYBaHHS IUIBOBUX (QYHKIIIH, Oe3 3ac00iB Jutst (opMalibHOI BepUdiKallii Ta 3arajiom
MePEeBIPKU KOy Ha BIAMOBIIHICTH BUMOTaM. [ eHeparllist Koy Moxe BiOyBaTHCh PEKyp-
CUBHO B JICKUJIbKA €TaIliB, TAKMM YWHOM MOKPAILIYIOUH SIKICTh Koy [8], mpoTe Ha cho-
TOIHI HE iICHY€ Ha/lifHOTO MEXaHi3My YHUKHEHHS CHHTAaKCHYHHUX ITOMIJIOK Ta JOTIIHHAX
HETOYHOCTEH Yy 3reHepOBaHOMY ITPOTPAMHOMY KOIi.

[Ile omHUM BHUKIMKOM € MpoOiema y3araibHeHHS. Mojeni MOXYTh I[OKa3yBaTH
3aJJ0BITbHI METPUKHU TOYHOCTI HA MPUKIIAJax 3 TPCHYBAIBHOTO 1aTACETy, ajle IX pe3yiib-
TaT 3HAYHO TOTIPIIYETHCS Ha HOBUX, HEBIMOMUX NaHHX. L[ mpobieMa 3arocTproroThCst
00MEKEHICTIO KOHTEKCTHOTO BiKHA Ta yBAaru MOJIEII, 1110 HE 103BOJISIE TPEHYBAaTH MOJIEIi
Ha BEJIMKUX KOJIOBUX Oazax [3].
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Metoau Ha ocHoBi LlII-arentiB. Common Sence Reasoning (3 anri. "MipkyBaHHS
Ha OCHOBI 3I0pPOBOTO ITYy31y'") € BIACTHBICTIO CyYaCHUX BEIMKHX MOBHHX MOIEICH
1 BUKOPHCTOBY€ETHCS B SIKOCTI OI[IHKYM KOTHITUBHUX 3710HOCTEH areHTiB MTY4YHOTO 1HTe-
nexty. Jlnist mboro Mojieni TecTyroTh [ 1; 2; 4] Ha pi3HUX 3a/1a4ax BiJl PO3B’I3aHHS IIKIJTb-
HUX icruTiB [9] M0 aHai3y MOBCAKICHHUX cuTyarii [10].

JlaHa BIacTUBICTH 3HAWIIIA MIMPOKE 3aCTOCYBAHHSA y CTBOPEHHI iHTENIEKTYaJIbHUX
areHTIB Ha OCHOBI BEJTMKUX MOBHHUX Mojelieil. B sIKOCTI IHTEIeKTyallbHOTO areHTa, abo
[I-arenTa, nami BBA)KaTUMEMO CYTHOCTI, IO 3aTHI COPUIMATH CTaH HaBKOJIHUITHHOTO
cepe/IoBHUIIa Ta 3MiHIOBaTH HOTO.

VHiBepcanpHicTh [I1I-areHTiB Ha OCHOBI BEJIMKHUX MOBHHUX MOJIEJICH JI03BOJISIE BHUKO-
PUCTOBYBaTH iX B KOMYHIKaTWBHIN CHUCTEMI B SIKOCTI Cy0’€KkTa-00poOHHKa, 10 MOXKE
BUKOHYBAaTH ITIEPETBOPCHHS BXIJHMX MaHHUX 3a IEBHOIO crerudixamniero. B mpomy
BUTAJKY, 3a7a9a 3BOAUTHCS 110 KOPEKTHOTO (DOPMYIIOBaHHS METH IIEPETBOPCHHS,
Ky Ma€ 3IIHCHUTH arcHT HaJ BXITHUMH JaHUMHU mpeaMeTHoli obmacti. [Iporpamoro
B JIAHOMY METOJIi BUCTYTIA€ ayTMEHTOBAHMIA KOHTEKCT, 1110 OMHCY€ crienndikallito mpea-
METHOI 00JTaCTi HATypaIbHOK MOBOIO Ta OakaHe TepeTBOpeHHS. [lepeTBOpeHHS MOoke
OyTu 3anane HesBHO ("'zero-shot" miaxif), Tak i ABHO Y BUIVIAAI IUIaHy ab0 MPOTOAJTo-
putmy ("few-shot" ta "chain-of-thoughts" minxix). InTepdeiic crinkyBanHs 3 30BHIMI-
HIM CBITOM areHTta, HOro BHYTPIIIHS TpoIeaypa SK OOpOOHWKA, TaKOXK MOXKE OyTH
AyrMCHTOBaHA.

CamopednekcuBHAN MiAXix A0 MOOYJOBH areHTiB-OOpOOHUKIB MOXe OyTH BHKO-
PUCTAaHWH JIJIs TIOKpAIEHHS pe3ysIbTaTiB mepeTBopeHb. [linximx no moOymoBu ReAct
(Reasoning and Acting, 3 aurn — "MipkyBaHHA Ta Aii'") 103BOJISiE areHTy 0araTtokpo-
KOBO IUTAHYBATH Ta pealli3oByBaTH cKiagHi neperBopeHHs [11]. Takum guHOM, 06p06-
HUK CTa€ CBOIM ke iHiriaropoM. OKpiM IIbOTO, JIJISl BAKOHAHHS Ta OI[IHKHU ITePETBOPEHb
Moxe OyTH BUKOPUCTaHUIl aHCAMOJIb areHTiB JJOB1IbHOI TOMOJMOTII.

SIKiCHOO BiMIHOIO BiJl METOJ[IB HA OCHOBI TE€HEpaIlil KOy € BUKOPUCTaHHS HaTy-
paTbHOT MOBH B SIKOCTi ICCKPHIITHBHOT CHCTEMH, SIK [UIST 3a/IaHHS METH O0YHCIICHb, TaK
1 JUIs 3a7]aHHS] BHYTPIIIHBOI NPOLeypU cy0’ ekTa-00poOHuKa. Takuit miaxia 03Bosie
YHUKHYTH ITPOOITIEM 3 OOMEKEHICTIO HABYAJILHOTO JIATACeTy Ta MPOOIeM 3 CHHTAKCHCOM
Ta CEMaHTHKOIO 3reHepOBaHMX mporpaM. HaromicTs, mocrae nmpobdieMa 3 BiATBOpIOBa-
HICTIO pe3yNbTaTiB MEPEeTBOPEHb Yepe3 HeleTepMiHOBaHY MPUPOAY BHXOAY BEITHKHX
MOBHHX MOJEJIEH.

111e omHi€er0 MPOOIEMOLO, 110 BUILUIMBAE 3 HENETSPMIHOBAHOCTI, € BTpara iHpopmarrii
IIPY BUKOHAHHI IEPETBOPEHb, 30KpeMa, apu(METHIHUX orepartii [12].

3mimanmii miaxia. Po3nisgHyTi 10 OTO METOIM HAa OCHOBI 3ac00iB reHeparii Koy
Ta THTEJEKTYaJIbHUX areHTIB BIAPI3HMIUCH MPUPOo0 BHYTpinmHBOI JIC cy0’ekra-o0-
poOHMKa. 3MimIaHuil MiAXia 40 TeHeparii mporpaM 3 BUKOPUCTAHHSIM METOMIB IITYY-
HOTO IHTEJIEKTY Ha OCHOBI HaTypaJibHOI MOBH IMOJIATA€ y KOMOIHAIl JaHUX TiJIXO/iB
1 T03BOJIsIE DaJTaHCYBaTH X TiepeBaru Ta Hepomiku. [1o cyTi, MaeMo 3ropTKy KOMyHiKa-
TUBHUX cucTeM, Je I1II-areHT € onHo4YacHO 1 cy0’ eKTOM-00POOHHUKOM, 1 Cy0’€KTOM-iHi-
[iaTOpOM, IO 33Ja€ IECKPUITUBHI CUCTEMH TSI BAKOHABIISI-OOPOOHHKA MPOTPaMHOTO
KOJTY.

s imes nexuts B ocHoBi apxitekrypu Al OS (Artificial Intelligence Operating
System, 3 anrn. "OnepartiiiiHa ciucreMa Ha OCHOBI mTy4HOTO iHTenekTy") [13]. B pam-
KaxX JTaHOI apXiTEeKTypH, BEIIMKa MOBHA MOJICNb BUCTYIIA€ TOJIOBHUM OOYHCITIOBAaTHHUX
€JIEMEHTOM, BUKOPUCTOBYIOUH 1HTEPIIPETATOP MEBHOI MOBH MPOTPaMyBaHHs Ul OKpe-
MUX 3a7a4. TakuM YMHOM, YaCTHHA MTEPETBOPEHBb MOXKE OyTH JieJIerOBaHa TOTOBUM TIPO-
TPaMHUM PIlICHHSM.
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I1e BiaKpHUBae MPOCTip A0 Bapialiii pilieHb — KOMOIHYIOUH IHTEJIEKTyaIbHUX areHTIB
Ta 3acCO0M U1 BAKOHAHHS IIPOTPAMHOTO KOJTY, 3MIIlIaHi apXiTeKTypH OCITalOTh HAHBH-
LIMX OLIHOK TOYHOCTI y 3aJia4ax CHUHTE3y MporpaM. 30KpeMa, MyJIbTHareHTHa apXiTeK-
Typa AgentCoder, 110 peaizye HaBeICHUI BUINE MiAX1J € €TATOHHUM PIIIEHHAM 3T1IHO
omiHOK Ha jatacerax HumanEval ta MBPP 3 mMeTpukoro TounocTti y 96.3% ta 91.8%
BiIoBiTHO Ha ocHOBI Mojen GPT-4, nocsrarodu mpupoCcTy TOUHOCTI MiHIMyM 39.4%
[14]. B 3anexxHOCTI BiJi 00paHOi MOJIeNTi Ta JaTaceTy, CepeHii MPUPICT TOYHOCTI KO-
BaeThes Bin 39.4% miust GPT-3.5-turbo ma HumanEval o 277.4% na Claude-Instant-1
Ha MBPP.

Takox, 3MimaHuid MiaXig MoKke OyTH BUKOPUCTAHHWNA JJIsl TABUIICHHS HAJIHHOCTI
Ta TPO30POCTI MPOIIeCy TeHeparlii NMUITXOM IIEPEBUKOPUCTAHHS BepU(piKOBaHOTO Ta/abo
MOTIepEeIHBO 3reHepoBaHoTO Koy [15].

BucnoBku. B po6oti Oyi10 3anponoHOBaHO BUKOPHUCTAHHS KOMYHIKaTHBHOI IUIaT-
(dhopmu i Kinacugikalii Ta TOOYyI0BH METOIB reHeparlii mporpam. byino po3mistHyTo
MiXOAM Ha OCHOBI reHepalii Koy Ta IHTeJIeKTyaJlbHUX areHTiB 3 TOUKH 30py MOJIEINIO-
BaHHS KOMYHIKQTHBHUX CHUCTEM 3ac00aMH IITYYHOTO 1HTEJIEKTY Ha OCHOBI HaTypaib-
HOi MoBH. JlaHa uraTdopma Moke OyTH BUKOPHUCTAHOIO IS IOCIIHKESHHS, TIOPiBHIHHS
Ta TOOYJIOBU apXiTEKTyp MPUKIAJHUX MPOTPAMHUX 3ac00iB Ui TeHepalii mporpam
3 BUKOpUCTaHHIM MeTomis L1
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Inempymenmu Ha ocnoi wmyunozo inmenekmy (L) ma mawunno2o naguanns donomaea-
10Mb CUCEMHUM AHATTMUKAM A6MOMAMU3Y6amu pyMunHi 3a60aHHs 300py ma ananizy OaHux.
Lle 0o36o0n5€ ananimuxam 30cepeoumucs Ha OLTbUL CKIAOHUX ACNEKMAX CUCTNEMHO20 AHATI3Y.
Ipu yvomy 3pocmaroms eumocu 00 npoghecionanizmy ¢haxisyie y cghepi cucmemHnozo awa-
N3y, OCKINbKU 3'61A10MbCsA HOGI 3a0aui, 5IKI 6UMA2AIOMDb BUCOKO20 DIHS KOMNEmeHmHocmell
v cghepi LIl ma ananimuxu danux. ¥V chepi cucmemnozo ananizy 0aHUX 3 sIGUNUCS CReyianizo-
6aHi npogecii, ceped sKUX: HAYKOBEYb 3 OAHUX, IHICEHEP OAHUX, THICEHED 3 MAWUHHO2O HAG-
uauHsa, cneyianicm 3 06pobNeHHa npupoOHoi Mosu, OisHec-ananimux ma iHwi. I 6ci 6oHu 3apaz
BUKOPUCMOBYIOMb 00601 wupokutl cnekmp LLI-incmpymenmis y ceoitl npogheciiiniti disinbHocmi
0J151 NOKP AW eHHsl NPoYecié ananisy, MOOeIOSaAHHs Ma NPULHAMMS piuiens. Y cmammi npoana-
J308AHO POTb A MOJNCIUBT chepu 3acmocysanus aneopummie LI ma mawunnoeo nHagyanms
6 pobomi pizHux axieyie 3 ananizy eenuxux oanux. /s koxicnoi npogecii oxapakmepuzoeano
moocnusi inempymenmu LI sxi € kopuchumu y OisibHocmi 6i0n0GIOHUX (axieyié 0 po36 si-
3aHHA HUMU cneyu@iunux npogeciinux 3a0ay. 3’sc06aH0, Wo IHCMPYMEHMU MAWUHHO20 HAG-
YAHHA 0ONOMALAIOMb BUAGTAMU WAOIOHU 1l AHOMATTL, CIMEOPIGAMY NPOSHO3U ThA AHATITNUYHT
Mooeni, a makodc onmumisyeamu npoyecu y peanvromy daci. LI 0ozeonse inmezpysamu HOGi
Memoou nPOSHO3Y8AHHA MA AHATIIMUKY, WO CIPUAE MOUHOMY, CBOCHACHOMY YXBALCHHIO DilieHb
Ha ecix emanax obpobnenns oanux. LLI-mexnonozii sminooms mpaouyiini nioxoou 00 aua-
i3y U mooenosanns oaunux. Bonu cmeoproiomv HO8I ModcIuBOCMI 018 UWIBUOKO2O YXGATEHHS
pliwiens, niosuujenHs epekmusHocmi bizHec-npoyecie ma onmumizayii iHopmMayitiHux cucmem.
LT oonomazae gaxieyam 3abe3newumu AKICMb OAHUX, AGMOMAMUIYEAMU GUAGTIEHHS AHOMANTl
i nokpawumu npozcrHo3u 0as NIOMPUMKU CIPAmMe2ivHo20 Po36UMKY Opeanizayill, 30Kkpema 3a
VMO8 UBUOKO 3MIHIOBAHO20 PUHKOBO2O CEPeVOBULYd.

Knrwowuogi cnoea: wmyunuii inmenexm, LI, mawunne nasuanns, cucmemuull ananis, ananis
OAHUX, CUCMEMHUL AHATIMUK, 8€UKI OAHI, MECTY8AHHA.

Trofymenko O. G., Loboda Yu. G., Dyka A. 1., Milchenko O. O., Strilets M. 1. Artificial
intelligence in systems analysis

Tools based on artificial intelligence (AI) and machine learning (ML) help systems analysts
automate routine tasks of data collection and analysis. This allows analysts to focus on more complex
aspects of systems analysis. However, the requirements for the professionalism of specialists in the
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field of systems analysis are increasing, as new tasks appear that require a high level of knowledge
and skills in the field of AI and data analytics. There are various specialized professions in the field
of systems data analysis, including: systems analyst, data engineer, data analyst, data scientist,
machine learning engineer, machine learning engineer, natural language processing specialist,
business analyst, and others. And all of them now use a wide range of Al tools in their professional
activities to improve the processes of analysis, modeling, and decision-making. The article analyzes
the role and possible areas of application of AI and ML algorithms in the work of various big data
analysis specialists. For each profession, possible Al tools that can be useful in the activities of
relevant specialists to solve specific professional tasks are systematized and characterized. The
paper found that ML tools help to identify patterns and anomalies, create forecasts and analytical
models, and optimize processes in real time. Al allows us to integrate new forecasting and analytics
methods, which contributes to accurate, timely decision-making at all stages of data processing.
Al technologies change traditional approaches to data analysis and modeling. They create new
opportunities for rapid development of solutions, increasing the efficiency of business processes
and optimizing information systems. Al helps specialists ensure high data quality, automate the
detection of anomalies and improve forecasts to support the strategic development of organizations,
particularly in a rapidly changing market environment.

Key words: artificial intelligence, AI, machine learning, system analysis, data analysis,
system analyst, big data, testing.

IHocranoBka mpodjemu. CydacHe TEXHOJIOTIYHE CEPElOBHILE CTPIMKO PO3BHBA-
€THCS, TII0 3yMOBITIOE BIPOBA/PKEHHS OPraHi3allisiMU BCe OLIbII CKIaTHUX 1H(POpPMAITiii-
HUX CHCTEM JIJIS MIJBHMINCHHS MPOJTYKTHBHOCTI Ta €()eKTHBHOCTI JIsIIBHOCTI. B 0CHOBI
TaKUX CHCTEM JICKUTh CHCTEMHHI aHali3, KU MOEIHYE OIHIOBAHHSI, MPOEKTYBAHHSI
Ta BJOCKOHAQJICHHSI CHCTeM Jijisi €(peKTHBHOTO 3aJI0BOJICHHs moTped Oi3Hecy. Pobora
CHUCTEMHOTO aHAJITHKA TMOJISIraeE B aHaJIi31 BEJIMKUX OOCSTIB JaHUX, (GopMyimtoBaHHI 0i3-
Hec-Tpo0OJIeM Ta BIPOBAKEHHI 1HPOPMALIIIHUX CUCTEM, AKi JO3BOJISAIOTH TpaHCHOpMY-
BaTW CTPATETIYHI PIICHHS B KOHKPETHI TEXHOJIOTIUHI MPOTYKTH.

VY cy4acHOMY CBITi KJIFOUOBY pOJIb Y PO3B’sI3aHHI CKJIaJHHUX Oi3HEC-3a1a4 BiIirparoTh
anroputMu wtyyHoro irenexry (LLI). I no3Bossie koMnaHisiM aBTOMaTU3yBaTH MPO-
IIECH, aHAJII3yBaTH BEJHKI OOCSTH JaHWUX Yy PEXKHMI PEaIbHOTO Yacy, iMeHTH(IKyBaTh
MOTEHIII}HI TPOOIeMH Ta MPOIMOHYBATH MUIAXH iX BUpimeHHs. [lel miaxin qomoMarae
3ano6iraté MpoCTOsIM, MiHIMI3yBaTH BTPATH Ta MiJBUILYBAaTH 3araibHy e€(EeKTUBHICTh
Oi3Hecy.

AmnaJi3 ocTaHHiX JocaizKeHb i myOmikaniii. Anami3y Bukopuctanss LI B cuctem-
HOMY aHaJji31 JaHUX MPHUCBSIUEHO He Tak 0arato JociipKeHb. Y poooti [1] po3misHyTo
BUKITUKH CUCTEMHOTO aHAITi3Y, apXiTEKTYPH. ABTOPH CTaTTi [2] aHATI3YIOTh MOKIHBOCTI
Bukopuctanusam 11 st BUSBICHHS BUMOT KIIIEHTIB y po3po0ili iHpOpMAIIHUX CHUC-
TeM. Y crarTi [3] mociimKeHo ouikyBaHi mpodeciiiHi HABUYKH Bijl iHXEHEPiB IITyYHOTO
IHTENIEKTY Ta TeHJCHIT iX HaByaHHA. Y cTarTi [4] posmissHyTo MoxmBocTi [1I-cuc-
temu Data Formulator 2 a1t CTBOpeHHS aHATITHKaMHU JTaHUX ITepaTUBHUX Bi3yaizarii
JUISL JTOCIIJKCHHST JaHuX. Y poOoTi [S] mociipkeHo MoxinuBoCTi Bukopuctanus 11
JUTSL BUSIBJICHHSI, TTOM SIKIIICHHS Ta 3amoOiranHs kioep3arpo3am. Crarts [6] mociipkye
inTerpariro 111 Ta MamMHHOTO HABYAHHSI B TIPOTHO3HE YIPaBIIiHHS Oi3HEC-TIPOIIECAMHU.

HeBupimeHow 4acTUHOIO NMPOOIEMH € BiJICYTHICTh B HassBHUX HAYKOBUX ITyOmika-
misix gocmimpkens pom LI B poboti pisHuX (haxiBHiB i3 CHCTEMHOTO aHANI3y JaHHX.
3’sICyBaHHS Ta YITKE PO3YMIiHHS [IUX ACTICKTIB € aKTyaJbHUM SIK JUIS OTCHIIITHAX KaH-
JIU/IaTiB Ha BIJNOBIHI BaKaHCIi, TAK KEPiBHUIITBA OpraHi3allii.

IMocTanoBka 3aBaaHHsA. MeTa CTarTi — MpoaHaIi3yBaTH PoJib Ta MOXJINBI cheph
3actocyBanHs anroputmi Il Ta MamMHHOTO HaBYaHHS B POOOTI Pi3HHMX (haxiBIIiB
3 aHaJi3y BEMKUX JaHHX.

BukJian ocHoBHOTo MartepiaJy. 3araioM npodecii 3 aHali3y JTaHUX BXOISATh Y CITH-
COK HaWOLIPm akTyadpbHuUX. CHUCTEMHI aHANITUKU NAaHHUX IOTPIOHI B cCaMHX Pi3HUX
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rany3sx: [T, Mmeaununi, GpiHaHcax, CiIbCHKOMY TOCIIOAPCTBI, JIOTICTHUII TOIIO. BMiHHS
BuKopucToByBard [T y cucteMHOMY aHalli3i HaJla€ YMCIICHHI IIepeBary BiJl MOKPAIICHHS
e(heKTUBHOCTI /10 MOKPALICHHS NPUHHATTS PILIEHb Ta MOXJIMUBOCTI MOHITOPUHTY CHC-
TEeMH y pexuMi peansHOro yacy. Tum camum IT € HeBix €MHOIO YaCTHHOIO ISl aHAIZY
CHCTEM.

BnpoBakeHHS MAallMHHOTO HAaBYaHHSA B aHAJITUKY JAaHUX 3pOOUIIO PEBOJIOLIIO
B IHTEpIpeTallil JaHUX, HAJaloun Oe3MpeleICHTHY iH(OPMAIIii0 Ta HONETIIYIOUH PH-
HHSITTS pillIeHh Ha OCHOBI TaHHUX Y PI3HUX CEKTOpaX. PO3BUTOK MaITMHHOTO HABYAHHS Ta
BEJIMKUX JaHUX MMPU3BIB JI0 TOSBU HU3KHU CIICIialli30BaHUX Npodeciit y cdepi cucreM-
HOTO aHaJi3y AAHUX, SK-OT: CUCTEMHHUH aHamiTHK (System Analyst), imxeHep DaHuX
(Data Engineer), ananituk ganux (Data Analyst), HaykoBens 3 nanux (Data Scientist),
iHxkeHep 3 MmamnHHOro HaB4yaHHs (Artificial Intelligence Engineer), iHxeHep 3 MallnH-
Horo HaB4yaHHS (Machine Learning Engineer), cneniamict 3 0OpoOICHHS MPUPORHOT
moBH (NLP Specialist), 6i3Hec-ananituk (Business Analyst) Ta ixmmi [7]. daxiBmi mux
npodeciit po3B’sI3y10Th 10BOII crienrndivHi 3a/1a41 1 BAKOPUCTOBYIOTH JUIS IILOTO BiJIIO-
BiZHMH iHCTpyMeHTapiit Ha 6a3i LI mist mokparieHHs mponeciB aHami3zy, MOICITIOBAaHHS
Ta yXBaJCHH PIllICHb.

1) LI ¢ pobomi cucmemnozo ananimuxa. CuctreMHi anamTiku (System Analysts)
3aiMarOTHCSl CTPATETIUHUM IUIAaHYBaHHSM, aHAJIi30M Oi3HEC-MOJelNi, MPOEKTYBAHHIM
mporeciB i cucteMHuM aHaii3oM [1]. Takuit criekTp 3amad morpedye BiJ CHCTEMHOTO
AQHAJIITUKA BOJIOJIHHS IIUPOKUM CIIEKTPOM OIEpaliiHUX CHCTEM, IPOTPaMHOTO 3a0e3-
TICYCHHS T alapaTHUX IIaT(opM.

s motpe6 mporHo3yBaHHs Ta MOJACTIOBAHHS CHCTEMHI aHATITUKU MOXKYTh BHKO-
PHCTOBYBAaTU BiJIOBiAHI iHCTPYMEHTH, B ToMy uucii 1 Ha ocHoBi IHI. Tak, ams mare-
MaTHUYHOTO MOJICJTFOBAHHS, OOpOOJICHHS JTaHMX 1 BHKOHAHHS CKJIATHUX aHaTITHYHHX
3ama4 BUKOPUCTOBYI0oTE MATLAB, a 1t MOIeTIOBaHHS MPOIIECiB 3 METOI0 ONTHMIi3a-
uii cucrem — Simul8. Inctpymentu Microsoft Power BI ta Tableau BukopucToBytoTs
JUTSL aHaJTi3y Ta Bisyamizalii naHux 4epes iHterparito 3 LI ams aBromarmsarii 3BiT-
Hocri [8]. Bibmioreka mis Python Scikit-learn Hamae mpocTi y BUKOPHUCTaHHI 1HCTPY-
MEHTH ISl MAITMHHOTO HABYAHHS, SIKI MOXKYTh OyTH BUKOPHCTaH1 /Ui MPOTHO3yBAaHHS
ta knacudikamii. dperimBopku TensorFlow ta PyTorch MoxyTe OyTH BHKOpHCTaHi
UL CTBOPEHHSI Ta HABYAHHS MTHOOKHX HEHPOHHUX MEPEXK B CKIAIHUX aHATITHIHHX
3agadax [9]. [l BUSIBICHHS TPEHAIB 1 MAaTEepHIB Ha BEIHMKHUX 00CATaX JAHUX KOpPHUC-
Humu € I-mardpopma IBM Watson Analytics Ta cepBic Microsoft Azure Machine
Learning, sKi HagalOTh MOXJIMBOCTI JUIi PO3POOKH Ta BIPOBAKEHHS MOJeNen
MAaIIMHHOTO HAaBYaHHA B Oi3HEC-NIPOIIECH, aHAIII3y AAHUX, BUABJICHHS MAaTepHIB 1 mif-
TPUMKH TPUHHATTA pimeHs [10]. JIas aBToMaTHYHOTO BUSBJICHHS MOTCHIIIHHAX aHO-
MaJiid, pu3uKiB ab0 MpodiieM y cucTeMax aHaJIiTUKA MOXYTb BUKOpucToByBaTH 111,
00 MPOAKTUBHO pearyBaTu Ha 3arposH. Taxk, rmaT(bopMH SAS Risk Management Ta
RapidMiner BHKOPHCTOBYIOTh AQHAJITHYIHI MOJICNI JJISl BUSIBIICHHS aHOMAJIii, OIlIHKH Ta
nporuo3yBanHs pusukiB. I Moke BUKOPUCTOBYBATUCS Ui CTBOPEHHS CHCTEM aHa-
mizy TekcroBoi iHdopmarii (Natural Language Processing, NLP), mo no3Bosse neriie
3pO3yMITH MOTpeOU KopucTyBadiB 1 kmieHTIB. [loTyxHi Oiomiorekn spaCy ta NLTK
(Natural Language Toolkit) 703BOJISIIOTE IPOBOAUTH aHAJI3 TEKCTY, BUSBISATHA CYTHOCTI
Ta BUKOHYBaTH iHm 3aBaanHs NLP. Kpim toro, LI moxe momomortu B po3po0rii cuc-
TEM 3 aBTOMAaTHYHOTO HaJaHHs EKCIIEPTHHX PEKOMEHMAIliil Ha OCHOBI aHAJi3y JaHUX.
[Tnardopmu UiPath ta Blue Prism moxyTb Oyt inTerposani 3i LI nist apromarnzanii
pYTUHHHEX 3aBiaHb Oi3Hec-miporieciB [11]. i Ta moxioHi II-iHCTpyMEHTH T03BOJISIOTH
aHAJTI3yBaTH JIaHI 1 HaJlaBaTW PEKOMEHJAIlli, 10 JOIOMarae aHaJliTHKaM OI[iHFOBaTH
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pi3Hi creHapii Ta Bubupartu Halikpamy pimenHasa. Tum camum Buxopuctanss I nos-
BOJISIE CUCTEMHUM aHAIIITUKAM IIBHJIKO aJalTyBaTUCS JO 3MiH y Oi3Hec-cepeIoBHIII
Ta TEXHOJIOTISX, OCKIJIbKM aIrOPUTMU MOXYTh LIBUAKO 00pOOIATH HOBY 1H(OpMALIIO.
Iacrpymentu 11 HagaloTh CHCTEMHUM aHATITHKAM MOTY>KHI MOXKIIMBOCTI JUIsl aHAJII3Y
JIAaHWX, OTITHMI3allii MPOIECiB Ta MATPUMKHU yXBaJeHHs pinieHb. Lle mokpairye edek-
TUBHICTh 1XHBOT POOOTH 1 JTO3BOJISIE 30CEPEAUTUCS HA CTPATETIUHUX 3aBIAHHSX, SKi
MAaroTh OUTBIINI BILTMB HA Oi3HEC.

2) I ¢ pooomi 6iznec-ananimuxa. Po6oTa Oi3HEC-aHATIITHKA 1 CHCTEMHOTO aHali-
THKa Mae 0araro CriIbHOTO, X04a 1 Ma€ cBO1 yHIKaJIbHI 0coOMMBOCTI. CHUCTEMHUIA aHAaTi-
THUK OLNbIIe OPI€EHTOBAHMH HA TEXHIUHI PIICHHS Ta IHTETpPAIil0 CHCTEM, TOMl K Oi3Hec-
anarmiTuk (Business Analyst) 30cepeky€eThesi Ha po3yMiHHI Oi3HeC-TIOTped Ta ONTUMI3a-
uii mpouecis. O6uaBa (axiBli € BaXKIUBUMU JUIA YCHIIITHOIO BUKOHAHHS MPOEKTIB, ane
MPAIIOIOTh Ha PI3HMX eTanax i 3 pi3sHUMHU acriekTamu. OCHOBHA yBara Oi3Hec-aHaJTiTHKA
c(hoKycoBaHa Ha ONTHMI3allil Oi3HEC-TIPOIIECIB Ta MIBUINCHHI eeKTUBHOCTI. B 3am1adi
HOro BXOAWTH BU3HAYEHHS Ta aHaJi3 MoTped Oi3Hecy, BUBYEHHS] BUMOT 3aMOBHHUKA, PO3-
poOKa cTpareriii, siKi BiIIOB11at0Th Oi3Hec-1UIsIM 1 oTpedam. Came Ha Oi3Hec-aHaIII THKA
MOKJTIal0Th KOMYHIKAIIIO 3 cTeHKroimepaMu (Oi3HeC-KOpUCTyBaYaMH, MEHEIKEPaMH),
iATOTOBKY 3BITiB, aHAMI3 JAHUX JJIsl ATPUMKHU PUAHATTS PillieHb.

SIK 1 cucTeMHI aHANITHKH, Oi3HEC-aHATITUKH BHKOPHCTOBYIOTH iHCTpyMeHTtH 11
JUTSL TIIBUIIICHHST €(D)EKTHBHOCTI aHaTi3y Oi3HEC-TMPOIeCiB, BUSBICHHS TPEHIIB Ta ITi/-
TPUMKU MPUHHATTS pillleHb. Y KOHTEKCTI crienudiku poOoTH Oi3Hec-aHaNITHKIB, 10aT-
KOBO JIO BHIIE PO3TIISIHYTHX IHCTPYMEHTIB, 111 MpodecioHau Il aHai3y Ta ONTHMi3a-
1ii Oi3HeC-MPOoIeCiB MOXKYTh BUKOPHCTOBYBATH Iiardopmy Bizagi as MoaemoBaHHs
Oi3Hec-mpoleciB, sKa J03BOJISE Bi3yalli3yBaTH Ta aHANII3yBaTH MPOLECH JUIA iX MOJab-
01 OomTUMI3allii, Ta THCTPYMEHT ISl YIpaBIiHHs Oi3Hec-Tiporiecamu Signavio, 10
HAJla€ MOKJIMBOCTI JUTsl MOJCITIIOBAHHS, aHANi3y Ta BrockoHaneHHs [§]. At po3poOku
PEKOMEHIAIIMHUX CUCTEM, SIKi IOTIOMOTaloTh Oi3HECY B aJlanTariii 10 HOTped KIIi€HTIB,
kopucHUMH € ardopmu Microsoft Azure Cognitive Services Ta Amazon Personalize,
OCKIJIBKM BOHHU JIOTIOMAraroTh Oi3HEeC-aHaJITHKaM CTBOPIOBATU IIEPCOHANI30BaHI PEKO-
MeH/Iallii JuIg KOpUCTyBauiB Ha 0cHOBI ix moBeninku. Google Cloud Natural Language
API ananizye TeKCTOBI JlaHi, HAPUKJIIAJI, BIATYKH KIIIEHTIB YU TO KOMEHTApI, JIJIsl BUSIB-
JICHHSI HACTPOiB Ta KirouoBuX TeM. I[lmardopmu RapidMiner i RiskLens momomara-
I0Th Oi3HEC-aHaNITHKaM aHANi3yBaTH AaHi /IS BUSBICHHs aHOMANil 1 IPOrHO3yBaHHS
PU3UKIB, OILIHIOBATH PH3MKH Ta iXHIW BIUIMB Ha OizHec [12]. Y pasi morpebu aHamizy
KOHKYPEHTIB Ol3Hec-aHalliTUKaM KOpHCHUM € iHcTpyMeHT Crimson Hexagon s ana-
T3y coliaJbHUX Meia, 0 J03BOJIsiE Oi3HeC-aHAIITHKAM BUBYAaTH KOHKYPEHTIB 1 BUSIB-
JSTH TPEHIW Ha PHUHKY, Ta miardopma mis SEO-anamitnkn SEMrush, sika mo3Bodse
JOCITIKYyBaTH KOHKYPEHTIB Ta ixHi cTparerii [13]. 3aranom Gi3Hec-aHAIITHKU MOXKYTh
BUKOPUCTOBYBATH JJOBOJII IIMPOKUI CIIEKTP iHCTPYMEHTIB JUISl TIOKPAIIEHHS TOYHOCTI
Ta e(h)eKTUBHOCTI aHaTi3y, onTUMi3alii Oi3Hec-TpoIeciB 1 yXBaJIeHHs] OOTPYHTOBaHUX
pimnens. [aterparnis I B iXHIO MisTIBHICTH J03BOJISIE MIBUJIIE pearyBaTH HA 3MiHH
B Oi3HEC-CEepEeIOBHIII Ta alaNTyBaTH CTpaTerii BiNOBITHO 0 MOTPed KITIEHTIB 1 pUHKY.

3) III ¢ pobomi ananimuka oanux. IIpodecioHasbHa poOOTa aHATITHKA JTaHUX
(Data Analyst) i cuctemnoro ananituka (System Analyst) Mae nemio pi3Hi aKIeHTH Ta
000B'sI3KH. AHATIITHK JJAHUX 30CEPEINKCHNN Ha POOOTI 3 JTAHUMHU TSl BUSIBJICHHS 1HCAM-
TiB 1 HIATPUMKH MPUHHSATTS PIlIeHb, TOJI SIK CHCTEMHHH aHATITHK TIPAIIOE HAJl TEXHIY-
HUMH aCHIeKTaMU 1HPOPMaLIHIX CUCTEM, IPOEKTYIOUH iX Ta BTLIOIOUN B KHUTTS. OOH-
JBi POJi € BOKIMBUMHM JUISl YCHINIHOT poOOTH OpraHizallii, ajge MaroTh Pi3Hi aKICHTH
1 DiAXOIH.
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HII-iHCTpYMEHTH OTIOMAraloTh aHANITHKaM JaHUX OTPUMYBATH TIHOII iHcaiiTw,
aBTOMATU3yBaTH MPOIIECH, ITiBUIIYBATH TOYHICTH MPOTHO3IB 1 CIIPOIIYBaTH Bi3yai3a-
uito pesyibrari. Anroputmu LI 31aTHI BUKOHYBAaTH CKIIQJHI CTATUCTUYHI PO3PaxXyHKH
Ta Bi3yalli3yBaTu Pe3yJbTaTH, IO JOMOMAarae BUSBISITA TPEHIW Ta POOUTH KOPEJALii
[14]. Tak, incTpymeHnTH Tableau BUKOPHUCTOBYIOTH MAIIMHHE HABYAHHSI JIJISI aBTOMATH3a-
1ii AeSIKUX aHaAI31B JaHKX 1 € KOPUCHUMH JJTsI Bizyauizallii nanux, a [I-dynxkiii Power
BI nonomaratoth y nporHo3yBaHHi Ta BUSIBICHH] aHOMali i y nanux. [lnatgopmu Google
Cloud AutoML ta Amazon SageMaker 103BOJSIFOTh CTBOPIOBATH MOJIEII MAIIIMHHOTO
HaBYaHHS 03 MTMOOKHUX 3HAHBb MMPOrpaMyBaHHs. TWM caMUM aHANITHKH JaHUX BHKO-
puctoByt0Th anroput™u LU muis cTBOpeHHS MPETUKTHBHUX MOJISIICH, SIKi I0TIOMAararoTh
MPOTHO3yBaTH MalOyTHI pe3yJbTaTH Ha OCHOBI AaHuX. [HcTpymMenTH Forecasting Tools
BUKOPUCTOBYIOTh aJTOPHUTMH MAIIMHHOIO HABYAHHS JUIsl IPOTHO3YBAHHS TCHICHIIIN,
HaNPHKIIALL, Facebook Prophet [15]. Hns aHan13y TEKCTY (NLP) 3 METOK) BUSBIICHHS
MaTepPHIB 1 TOHATBHOCTI, BUAOOYTKY 1HCAMTIB i CTBOPEHHS 3BITIB Ha OCHOBI TEKCTOBUX
JAHUX y POOOTi aHAITHKA TaHUX KOPUCHUMH MOXKYTh OyTu iHcTpymMeHTn IBM Watson
ta Google Natural Language API [16]. IX BUKOpHCTOBYIOTb 115l OUMIIEHHS Ta CTPYK-
TYpPYBaHHSI HEKOHTPOJIHOBAHUX TEKCTOBHX MaHWX, THM cammM 111 Moke aHamizyBaTu
BIITYKH, KOMEHTapi B COLIaJbHUX MEpeax Ta IHII TEKCTH, 00 BHUABISATH HACTPOI
KJTI€HTIB IOZ0 MPOIYKTIB UM TO MOCIYT. AHAJITHKA JaHUX MOXYTh BUKOPHCTOBYBATH
LI mst aBTOMAaTHYHOTO 300py Ta 0OPOOJICHHSI MOTOKIB JJAHUX 3 PI3HUX JKEPEI, SIK-OT:
API, BeOcaiitn Ta 0a3u JaHHX, IIO 3HMXKYE 4Yac, BUTPAuCHU Ha PyTUHHI 3aBJaHHS.
[Tnardopma Hadoop € xopucHOr st 0OpoOeHHs Ta 30epiraHHs BEJIMKHX HaOOpiB
nmaHnx, a Apache Spark — uist aHai3y BETHKHX JAaHHUX 3 MIATPHMKOIO MAITHHOTO HaB-
yanHs. [Inardopma DataRobot aBromarusye noOyaoBy Mojeneii MAIIMHHOTO HABYAHHS
Ta TeHepye 3BiTH, a Alteryx Jomomarae y miroToBIl JaHUX Ta aHATITHIN 3acobamu 1111
IUTSL aBTOMATH3Aalii pyTUHHHX 3aBAaHb [ 13]. s cTBOpeHHS CHCTEeM peKOMEH AN, SKi
MPONOHYIOTh KJIIEHTaM MPOAYKTH HAa OCHOBI iX MOBEAIHKU Ta BIOJ00aHb, aHATITHKU
nanux BukopucToBytoTh III-iHcTpymenTu Collaborative Filtering Tools aist ctBopeHHS
PCKOMCH/IAII Ha OCHOBI IMTOBEAIHKU KOpHCTyBadiB [17]. OTke, aHATITUKA JaHUX BUKO-
PHUCTOBYIOTh HMIMPOKUI crieKTp iHCTpyMeHTiB LI mist migBUIICHHS €PEeKTUBHOCTI CBOIX
MIPOIIECiB, TIOKPAIICHHS TOYHOCTI aHaJli3y Ta ONTUMI3aIlil NPUHHATTS pinieHs. Lle no03-
BOJISIE TM 30CEPEIUTHCS HA CTPATETIYHUX 3aBIAHHSIX 1 OUTBII CKIATHUX MUTAHHSIX, IO
noTpeOyI0Th AaHATITHYHOTO MHUCIICHHS.

4) LI ¢ pobomi naykosus 3 oanux. Pobora HaykoBIs 3 nanux (Data Scientist)
Mae JIesiKi CIUTbHI PUCH 3 000B’sI3KaMU CHCTEMHOTO aHAJITHKA, OCKUTLKH OOUIBI pOJIi
nependavaloTh aHaNi3 JaHUX IS TPUHHATTSA pinleHb. OHAK y HAyKOBINSI 3 JAHUX OUTBII
TeXHIYHA Mpodecis, sika CTOCYEThCS IPOTPaMyBaHHsI Ta 3aCTOCYBaHHS CKJIATHIX MaTe-
MaTUYHHUX Mojeneil. B oro 060B’ 13k BXOAUTH poOOTa 3 BEIMKUMU 00CATaMH TaHUX
Juis ToOyJ0BM MOZIETICH, aHaJIi3y, IPOTHO3YBAaHHSI, BUSBICHHS NaTepHiB i TpeHAaiB. Tomy
1l (haxiBI[l BUKOPHCTOBYIOTh CTATUCTUYHI METOJIM, MAllIMHHE HABYAHHS JIJISl TOTO, 11100
pobuTH nporHo3u abo BUSBIATH KOpUCHY iH(popMalito 3 nanux [18], y Toii yac, sk
CHCTEMHUH aHATITUK OUIbIIC OPi€EHTOBAHUM Ha (DYHKIIOHAJIBHICTH CUCTEMH Ta i1 iHTe-
rpaiito B 6i3HeC-Cepe/IOBHIIIE.

[Mpodeciss Data Scientist Bumarae rIMOOKMX 3HAHb Y MaTeMaTHIll, CTATUCTHUIL
Ta TPOTpaMyBaHHI, a TAKOXX 3JaTHOCTI MPAIIOBATH 3 BEJIMKUMHU JaHUMHU JJIS BUSB-
JICHHS 1HCAWTIB 1 CTBOpPEHHS Momeneil. SIKIo CHCTeMHUI aHANITHK MEpeBa)KHO Mpa-
moe 3 UML-piarpamamu, TeXHIYHUMH crneuu@ikalisMu, DOKyMEHTali€r, 0azaMu
JAHMX Ta IHCTPyMEHTaMH IS aHaii3y Oi3Hec-mporecis (Hanpukiaax, BPMN), to Data
Scientist BUKOPHCTOBY€E Pi3HOMAHITHI 1HCTPYMEHTH Ta TEXHOJIOTIi JUIsl 0OOpOOKH Ta
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aHaJli3y BEIUKUX JaHUX, MOOYJ0BH MOJieNiell MallMHHOTO HAaBYaHHSA, X TPEHYBaHHS
Ta BIpOBa/DKeHHS, sK-0T: Python, R, SQL, Hadoop, Spark, TensorFlow, Scikit-learn,
pi3HOMaHITHI OiOmiorexkn s MmammHHOro HapuaHHs (Scikit-learn, randomForest,
XGBoost — a1 6a30BOro MamIMHHOTO HaBYaHHS (perpecis, kiacuikariis, kimacre-
pusanisi, 3MeHIIeHHs: po3MipHocTti), TensorFlow, Keras, PyTorch, caret, TensorFlow,
Keras — s moOymoBu MIHOOKHX Ta TPEHYBaHHS HEUPOHHUX MEPEX 1 IMOOKOro HaB-
ganHs Touio) [13, 18]. Came Data Scientist cTBOproe anroput™u st 0OpOOKH JTaHUX
i mporHo3yBaHHs. OckiIbKkH poiib Data Scientist OXOIIIFOE IMPOKHIA CIIEKTP 3aJ1au — BiJl
00poOKM Ta aHali3y JaHUX J0 CTBOPEHHS CKJIaJHUX aITrOPUTMIB, — iHCTpyMeHTH LI
BiZIIrpaloTh BaXIIUBY POJb B Horo podorti. 3a3Buyaii Data Scientist BXOAUTH 10 CKIIaLy
TEXHIYHOI KOMaHJ1 a00 aHATITUYHOI I'PYyINH, Jie WOro 3aBJaHHS — HaJaBaTH TIMOOKI
IHCaWTH 3 JJaHUX, IOTIOMAaraTy KOMIaHil yXBaJltoBaTH PIIlICHHsI HA OCHOBI aHAJI3y JaHUX
a00 CTBOPIOBATH MOJIEINI JUIs aBTOMATH3AIli1 MPOTHO3YBAHHSI.

5) LI ¢ pooomi inscenepa oanux. OCHOBHE 3aBIaHHS Ta (POKYC poOOTH iHXKEHEpa
nanux (Data Engineer) monsirae B moOynoBi iHdpacTpykTypu ais 300py, 30epiraHss,
00poOeHHs Ta Iepeaadi JaHuX. BiH mparioe HaL CTBOPEHHSIM 1 MIATPUMKOIO e(heKTHB-
HUX TIPOIECIB ISl OOPOOICHHS BEJIUKHUX O0CSTIB JaHUX.

[mKeHepu MaHUX MOXKYTh BHKOPHUCTOBYBaTH pi3Hi iHcTpyMentu I mis aBroma-
TH3alii 00poOKM AaHWX, OpKecTpalii MmalTuTaiiHiB, iHTerpaiii pi3HUX JUKepel TaHuX,
a TaKoX JUIsl ONTUMI3allil MamuHHOro HaBdaHHs [14]. J{ns 0oOpoOKH BETUKUX JaHUX
(Big Data) inxeHepu JaHHX BHKOPHCTOBYIOTD iHCprMeHTH Apache Hadoop, Apache
Spark, Apache Kafka, siki HI,Z[TpI/IMy}OTB IHTETpaIlifo 3 0i0IoTeKaMH Il MAITHHHOTO
HAaBYAHHS Ta 3 IHIIUMH IHCTPYMECHTAMH 1 CHCTEMaMH JUIsI YIIPABIiHHS IOTOKaMH JaHUX

y peanpHOMY 4aci. [H)KeHepu JaHMX CTBOPIOIOTH MaMmiaiHu Uit 0OpoOku Ta mepe-
;[aqi JIAaHWX, 1 JUI 1[bOTO BOHU BHKOPUCTOBYIOTH iHCTpyMeHTH Apache Airflow, Luigi,
Kubeflow, siki 103BOJSIOTH aBTOMATHU3YBaTH Ta OpKeCTpyBatu Iii mpouecu [13]. Jns
opranizanii 300py, OUMIIEHHS, TpaHC(hOPMAIIiT 1 3aBAaHTAXKEHHS JAHUX 13 PI3HUX JKe-
pen (ETL — Extract, Transform, Load) iH>keHepu TaHUX BUKOPUCTOBYIOTh Pi3Hi IHCTPY-
mentu. Tak, Apache NiFi mo3Bossie nerko iHTErpyBaTH pKepelia TaHWuX 1 mepeaaBaTh
iX MIX CHCTeMaMH y peallbHOMY 4aci, 10 JoToMarae B aBTOMaTu3allii MOTOKIB TaHUX
Mix pisHUMH cucTteMamu. [Inardopma Talend nHamae iHcTpymenTn as po3pooku ETL
MPOLIECIB 1 MiIKITFOYEHHsI 10 pi3HuX Jkepen aanux. [actpyment DBT (Data Build Tool)
3abe3neuye ympapniHHg SQL-ckpunramu s TpaHcgopmarliii, iHTerpamii Ta oopo-
OneHHst JaHUX y cxopumax [16]. OCKUTbKH 1HXKEHEPU JAaHMX MaloTh 3a0e3ledyBaTu
MacIITaboBaHICTh CBOIX pillleHb AJsi 0OpOOIIEHHS BEJIMKUX AaHUX a00 00YMCIIIOBAIb-
HUX 3a]1a4, TO BOHW BUKOPUCTOBYIOTH JJIsl IIbOTO BiJIMOBIIHI IHCTPYMEHTH JJIs1 MacIlITa-
OoBaHOi 0OpOOKH Ta aHaJI3y JaHUX, a came: O0i0moTeky Dask, mardopmy Databricks
ta xmapHuil iHcTpymMeHT Google Cloud Dataproc amns 3amycky Ta ynpaBiiHHS Kilac-
tepamu Hadoop ta Spark. ImxeHnepn maHMX 4acTo BUKOPHUCTOBYIOTH XMapHi CepBicH
JUTst 30epiranHs Ta oOpoOKu jaHuX. JIJis bOro BOHH MOXYTh CKOPHCTATHCh 1HCTPY-
MEHTaMH JUI1 XMapHUX 004uciIeHp Ta iHppacTpykTtypu Amazon Web Services (AWS),
Google Cloud Platform (GCP) uu To Microsoft Azure. ¥ po0OoTi 3 MIOTOKOBUMH JaHUMHU
B peaJbHOMY Yaci IH)KCHEPH JIaHUX JIJII MOHITOPUHTY, TIPOTHO3YBaHHs a00 aHATITHKA
MOXYTh BUKopuctoByBaTti Apache Flink, Apache Storm ta Amazon Kinesis, siki mia-
TPUMYIOTh CKJIQJHI ONepallii Ha HENEepepBHUX MOTOKax oOuHMcieHb. [ Bisyamizarii
JIAHUX THXKECHEPH JAaHUX MOXYTh BUKOPHUCTOBYBaTH iHCTpyMeHTH Tableau ta Microsoft
Power BI, siki 03BOJIAIOTH CTBOPIOBATH IHTEPAKTUBHI amiOopau ajsi OizHec-3BiTiB [8].
Jlis ynipaBiiHHS )KUTTEBUM IIMKIIOM MOJIEeH MalllMHHOTO HABYaHHS 1HKCHEPH JaHUX
MPAIIOIOTh 3 IHCTPYMEHTaMHU UL PO3TOPTaHHS, TECTYBAHHS Ta MOHITOPHHTY MOIETCH
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MaIIMHHOTO HaBYaHHs, cTBOpeHux Data Scientist, a came: MLflow, Kubeflow Pipelines
a6o TensorFlow Extended (TFX).

6) IIII 6 pooomi ananimuka 3 numans 6e3nexku oanux. Crnenudika podoTH aHai-
THKa 3 MuTaHb Oe3neku nanux (Data Security Analyst) monsirae B 3axucti iHpopmarii
Ta 3a0e3MevyeHHI 11 MiTICHOCTI, KOH(DIIEHIIIHHOCTI Ta JTOCTYITHOCTI B MeXax opraHi3a-
uii. Jns aBromarusanii npoueciB BUSBICHHS 3arpo3, aHali3y 1HUWACHTIB, YIPaBIiHHS
BPa3JIMBOCTSIMH Ta 1HIIMX aCMEKTiB O3MEeKH aHAIITUKY 3 TTUTaHb OE3MeKH JaHUX BUKO-
PHUCTOBYIOTH pi3HI IHCTpYMEHTH, 30KpeMa 1 Ha 6a3i 1111

Iactpymentn LI nonomararoTs B 0OpOOJICHHI BEIMKUX OOCATIB JIaHWUX, BUSBIICHHI
AQHOMAJIiH, IPOTHO3YBaHHI aTaK Ta ITOKPAIICHH] €()eKTHBHOCTI BUSBICHHS HOBHX 3arPo3.
I monomarae BUSIBJIATH HE3BUYHY TOBEAIHKY KopucTyBadiB abo npuctpois (UEBA —
User and Entity Behavior Analytics), 1o Moxxe OyTH 03HaKOIO KOMIpPOMeETallii akayH-
TiB 200 arak Tumy "BHYTpimHii 3moBMucHUK". I1II-iHCTpyMEHTH MOXYTh aHANI3yBaTH
MEpPEKEB1 MAKETH, BUSBIIATH MIA03pLTI MaTepHU a00 aHOMaJIii B peaIbHOMY Yaci i CUT-
HAJTI3yBaTH PO MOXJIMBI BTOprHEHHsI. CUCTEMH BUSBICHHS 3arp03 Ha OCHOBI MaIllMH-
HOTO HaBYAHHS MOYKYTh aBTOMATHUYHO aJalTyBaTHCS 10 HOBHX THIIB aTakK, HABYATHCS
Ha OCHOBI JIaHWX 1 BU3HAYaTH BIIXHMJICHHS BiJ HOpMaJIbHOT TIOBEIHKH B Mepexi [19].
Tak, SIEM-cuctemu (Security Information and Event Management) 31 IIII, six-ot:
Splunk, IBM QRadar, Elastic Security Ta inmi, BukopuctoByrots LI mms arperamii,
KOpEJIALlii Ta aHaJi3y BEJIMKUX JaHUX 13 PI3HHUX JpKepel (JIOTH, MEPEkKeBl MPUCTPOI, KiH-
1eBi Toukn). Y noeananti 3i LI po6oTH30BaHi Nporecu MOKyTh aBTOMaTHYHO BUKOHY-
BaTH PYTHHHI 3aJ1a4i 3 OJIOKyBaHHS 1mi103pinux [P-aapec, oHOBNICHHS 0a3u JaHUX Bpas-
TUBOCTEH a0 BUKOHAHHS aymuTy mocTymiB. Tum camum LI mo3Boise aBTOMaTn4HO
BUSIBIISITH @aHOMAJI{ Ta TPEH/H, IO CBIAYATh PO MOXKJIIUBI iHIUJEHTH Oe3neku. [HeTpy-
MeHTH NLP 3a 101momMororo aHami3y TEKCTy B JIUCTAX JIOTIOMATalOTh aHAIITHKY 3 TTMTaHb
0e3MeKU JaHUX BUSIBIIATH (DIIIMHIOBI €JIEKTPOHHI JIUCTH Ta MiAPOOIEeH] IOKYMEHTH, SIKi
MICTSITh MaHIMyISATHBHI UM TO LIKiJTMBI MOBiOMJICHHS. XHI alrOPUTMH 31aTHI HaBYa-
THCS Ha JIAHUX 1 BU3HAUATH €JICMCHTH, XapaKTepHi Juis (DINIMHTOBUX aTaK (HAIpHKIIA],
MiI03pPLTl BKIIAJCHHS, MOCWIAHHS Ha (albIINBi BeOCANTH), THM caMUM (iIBTpyBaTH
KOHTeHT 3a gonoMororo II. Takoxx aJropuTMU MalIMHHOIO HaBYaHHS MOXKYTb PEKO-
MEH/TyBaTH HAHOUTBII BIPOTiHI NIISXU JUIS YCYHEHHS BpasimBocTei. Tum camum 11T
MO’KHA BHKOPHCTOBYBATH JUIsl IPOTHO3YBAHHS MMOTEHIIIHHUX aTak 3a JIOIIOMOIOI0 aHa-
T3y TPEHIB Y AaHuX Mpo BpaznuBocTi. [ Moxke BUKOPUCTOBYBATHCS JIJIsl aBTOMATHY-
HOT TeHepallii CIieHapiiB BIAMOBIAI HA Pi3HI THIH aTak. AHAIITUKU 3 MMHTaHb OE3MeKn
JMaHUX BUKOPUCTOBYIOTH LI 17151 BUSIBIIEHHS HOBUX THUIIIB IPOrpaM-BUMAaradis, BiJcii/I-
KOBYIOUHM TaTEpPHM iX MOBEAIHKM B Mepekax 1 Ha KIHIIEBHX NMPHUCTPOsX. [HCTpyMeHTH
IMOMHHOTO HABYAHHS MOXKYTh HABUATHCS Ha OCHOBI MUHYIUX iHITHICHTIB 1 BUSBIITH
IIKiUTABI TIPOTPaMH J0 TOTO, SIK BOHU 3aBIayTh IIKOIU. BUKOpUCTaHHS IHCTPYMEHTIB
LI moxe OyTH KOPUCHUM 1 i1l aBTOMAaTH3AlIli] IPOIIEeCiB pearyBaHHs Ha 3arpo3u. Tak,
cuctemu SOAR (Security Orchestration, Automation, and Response) MoxyTh aBTOMa-
TUYHO 3YIUHATH 3JI0BMHCHI IIPOIIECH, 130JIF0BATH 3apa)KeHi MPUCTPOI a00 aBTOMATUYHO
3aIyCKaTH CICHapIi JJIs TOCHIHKeHHS IHIIUACHTIB [5]. BukopucTanHs IMMOMHHNX HEl-
POHHHX MEPEX UIS BUSBJICHHS UyTIHBUX IAHHX, SIKi MOTPEOYIOTh TONATKOBOTO PiBHSI
g pyBanHsi, 103BoJsie BukopuctoByBaty LI st cTBopeHHs e(heKTHBHUX 1 AUHAMIY-
HHUX MEXaHi3MiB IIN(PYBaHHS, SKi BpaXOBYIOTh KOHTEKCT JIaHUX 1 aJalTYIOThCS 10 3MiH
y cepeaoBuii 3arpo3. 1111 mormomarae B po3po01ii HOBUX KPUITOrpadiuHUX aJrOpUTMIB,
a TaKOXK y BHSIBJICHHI CIa0KUX MiClb Y HasBHUX MeToJax mudpyBaHHsi. TUM camuM
Bukopuctanus LI B po6oTi aHamiTHKa 3 MHTaHb OE3MEKN JAHUX MOKpAIlye e(heKTHB-
HICTH BUSBIICHHS 3aTPO03, J03BOJISIE IIBUIKO PearyBaTd Ha iHIUACHTH Ta ONTHMI3yBaTH
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pi3Hi acriekTH O0e3neKu. AJTOPUTMH MAIIMHHOTO Ta TMTHOMHHOTO HABUYAHHS JIO3BOJISIOTH
BUSBJISITH HE TUTBKU BiJIOMI 3arpo3H, a i HOBI, paHillle HeBiIOM1 YPa3JIMBOCTI Ta aTaKH,
10 € KPUTUYHO BAXKIIUBUM 32 YMOB IOCTIHHOTO 3pOCTaHHs Kibep3arpos.

7) LI ¢ pobomi Bl-ananimuka. Anamitukn 3 Oi3Hec-aHamiTuku (Business
Intelligence Analyst abo Bl-anamiTik) BukopucToByroTh iHCTpyMenTH LI s mokpa-
LIEHHs TpolieciB 300py, 0OpOOKHM Ta aHami3y JaHUX, a TAKOXK ISl OTPUMaHHS [IH00-
KHX 1HCAHTiB, MPOTHO3YBaHHS Ta MPUHHSTTS pimens. Il romomarae aBroMarnsyBatu
PYTHHHI 3aBJIaHHS, BUSBIATH MIPUXOBaHI 3aKOHOMIPHOCTI B JJAHWX, IIPOTHO3YBaTH TEH-
JICHITIT Ta pOOUTH PEKOMEH/IAIIIT JIJIsl TOKpAIeHHS 013HEC-TIPOIIECIB.

Jlis aBTOMaTHYHOTO aHai3y Ta Bisyamizamii naHux Bl-anamiTuk Moke BUKOPHCTO-
ByBaTH iHCTpyMeHTH Microsoft Power BI, Tableau Prep, Qlik Sense, TIBCO Spotfire
Tomio. BoHH, 3aBIsIKM aNropuTMaM MaIIMHHOTO HaBYAHHS, 3[aTHI YACTHTH Ta TPAHC-
(hopmyBaTH J1aHi, HaJaBaTH aBTOMATHYHI PEKOMEH/IAIIT 10 Bi3yaurizaiii JaHUX, a TAaKOXK
MIPOTHO3YBaTH TpeHaU. JIJIsl MPOTHO3HOI aHANITHKH TaKuM (DaxiBIsIM TOTPiOHI 1HCTPY-
meHTH Alteryx, RapidMiner abo SAS Analytics, sixi 31aTHI aHaNi3yBaTH JaHi 3 Pi3HUX
JOKEpell Ta CTBOPIOBATH MPOTHOCTHYHI MOJENI 3aJUlsl MPUUHATTS PillleHb Ha OCHOBI
nependadyBaHUX TeHACHIIN [6]. i aHamisy Benmukux NaHuxX Bl-aHamiTHKU BHKO-
pucroBytoth llI-incTpymentu Apache Spark, Google BigQuery, mo miaTpumyroTs
ABTOMAaTHYHE BUSIBJICHHS TPCHIIB, KIAacH(IKaI[ilo JaHWX Ta CTBOPEHHS MPOTHO3HUX
Mojeneit. Kpim toro, momynasipaumu iHcTpyMeHTamu Jutst Bl-anamitukis € H20.ai ta
DataRobot, siki BUKOPHCTOBYIOTh QITOPUTMH MAIIMHHOTO HaBYaHHS JJIsl TOOYIOBU Ta
ABTOMATHYHOTO HANAIITYBAHHS MOJCIICH MPOTHO3YBAaHHS i aHAJI3y NaHWX, HE TTOTpe-
Oyroun DIMOOKHMX 3HaHb 3 MporpamyBaHHs. Y CcBOIH nisibHOCTI Bl-aHamiTuk moxke
BUKOPUCTOBYBaTH MOxJIHBOCTI NLP B incTpymenTax IBM Watson Analytics Ta Google
Cloud Natural Language API mis aBTOMaTHuHOTO aHaii3y TEKCTOBHX HaHWUX (Bia-
TYKH KJTIEHTIB, COMliabHI MeJlia, BIATYKH, TOKYMEHTH TOILO) [T BUIOOYBaHHS IIHHOT
indopmaii i BusBneHHs natepHis. L{eil minxig 103Bossie Oi3HEC-aHATITHKAM OTPHMY-
BaTH 1HCAWTH 31 CKIIQJIHUX TEKCTOBHX JKEPEII, BU3HAYATH HACTPOI KIIIEHTIB, Kareropii
1 KJIFOYOBI TEMHU B TEKCTaX, IO JOTIOMArae B IPUHHATTI PIllICHb HA OCHOBI TEKCTOBUX
nanux. /g ynpasninas B3aemoniero 3 kiientamu (CRM), aBromaru3zaliii aHaliTHKHY Ta
MIPOTHO3YBaHHS IMOBEIIHKY KJIIEHTIB 3 HAJIAHHSIM PEKOMEH/IAITIH 1010 TTOJAABIITHX KPO-
KiB y B3a€MOJIi1 3 KIIIEHTaMU KOPUCHUMHU € iHCTpyMeHTH 1wiardopm Salesforce Einstei,
Zoho Analytics Ta HubSpot Al, sixi no3BomnsitoTh Bl-aHanmiTikam 3HaXOIUTH CTpaTerii
JUTS TIOKpaIeHHsI KIieHTChKoTo AocBiny. Otxe, LI nomomarae Bl-anamitukam oTpumy-
BaTH TOYHI, NTIMOOKI 1HCAMTH 3 JaHUX, IPOTHO3YBaTH TPEHAM, aBTOMAaTH3YBaTH PyTHHHI
3aBJaHHS ¥ yXBamioBaTH OOIpyHTOBaHi pimeHHA. Bukopuctanus incrpymentis LI
B Oi3HEC-aHANITUII MPUCKOPIOE MPOIIECH aHaJi3y, MOKPAINLy€e TOYHICTh MPOTHO3IB Ta
poOuTk Gi3HEec-cTparerii OUTBIT aIalTUBHUMU JI0 3MiH y CEPEOBHIII.

8) L1 6 podomi inxcenepa 3 maumunno20 Haguanna. IHXeHEp 3 MAITUHHOTO HAaB-
qyanHs (Machine Learning Engineer) e ¢axiBiiemM 31 cTBOpEHHS, PO3pOOKH Ta BIIPOBa-
JOKEHHST MOJIeJIell MallIMHHOTO HABYaHHs, 30KPEMa THX, SIKi 3aCTOCOBYIOTh Y PCANIbHHUX,
MacmTaboBaHUX BUPOOHMUNX cucTeMax. Crerudika podoTn mporo (axisIist moisrae
B TOMY, III0 BiH MTO€IHY€ 3HAHHS 3 TPOTPaMyBaHHs, MATEMAaTHYHOTO MOJICTIOBAHHS, CTa-
TUCTUKU Ta IHKEHEPIil U CTBOPEHHS CUCTEM, SIKi MOKYTh aBTOMAaTUYHO HABYATHCS HA
JAHMX Ta yXBaJloBaTy pimeHHs. CaMe iHmKeHep 3 MalIMHHOTO HaBYaHHS Oepe Ha cebe
BCIO TEXHIUHY CKJIAJIOBY IPOIIECY CTBOPEHHS, BIPOBAHKECHHS Ta MIATPUMKH MOIEICH
MAIIHHHOTO HABYAHHS Y PeabHUX IPOLYKTHBHUX CUCTeMaX. Moro 060B'S3KH 0XOILIIO-
I0Th Pi3Hi eTanu — BijJ 300py i 0OpoOJIEHHS JaHWX JIO ONTUMI3AIil 1 IETUIOs MOJICTICH,
110 MPAIFOIOTh HA BETMKUX 00CATaxX JIAHUX Ta IHTErpOBaHi B Oi3HEC-TPOIIECH KOMITaHii.
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Tak, iHKeHep 3 MAIIMHHOTO HaBUAHHS BIIOBiAAE 3a 30ip, OUMIICHHS, 0OPOOICHHS
Ta TpaHcHOPMAIIito JaHUX, HEOOXTHUX I TpeHYBaHHs Monenei. [le crocyeThes ycy-
HEHHsI MMPOIYLIEHUX 3HaYeHb, BUAAJICHHS aHOMAJIH 1 IIyMiB, HOpMali3aliio Ta CTaH-
JApTU3aIil0 JaHuX. [HKeHep MPOBOMUTH JIETAIBHUU aHalli3 JaHWX, 1100 3po3yMiTH
iXHIO CTPYKTYPY, BUSBUTH 3aKOHOMIPHOCTI Ta 0COOJIIMBOCTI, 1[0 MOXKYTh BIUIMHYTH Ha
noJlajIbIry moOynoBy mMozeneid. BuOip BiIMOBIAHUX aaTrOpUTMIB MAIIMHHOTO HABYAHHS
(SIK KITaCHYHUX, TaK 1 7151 IIIMOOKOTO HaBYaHHS ) 3QJICKUTH BiJl crieridiky 3a1a4i (KJacu-
(hikaris, perpecisi, KJiacTepu3arlisi, BUSBICHHS aHOMaJIii ToII0). [HyKeHep 3 MaIlIMHHOTO
HaBUaHHs TecTye pi3Hi miaxonu Ta moxeni. [licis Bubopy Mozerni ii moTpibHO HABYUTH
Ha HaJaHUX JAHWX, HAIAIITOBYIOYHM TilleprapaMeTpH Ta ONTHMI3YIOUN MOJENb. [HxKe-
Hep 3 MAIIMHHOTO HAaBYAHHS CTBOPIOE JOKYMEHTAIIIO O MOJEINeH, BKIIOYAl0UN OIIHC
AJIrOPUTMIB, BUOIp rineprnapaMeTpiB, pe3yiabTaTd TeCTYBaHb, METOIH MiATOTOBKH 1aHUX
ta inTepdeiicu API. Ockinbky MaIIMHHE HABYaHHS € CTPIMKO OOHOBITIOBAHOIO T'aTy33I0,
IH)KEHEePH MalOTh IOCTIHHO BIOCKOHATIOBATH CBOI 3HAHHSI 1 CTEXKHUTH 32 OCTAaHHIMU Hay-
KOBUMH PO3p0oOKaMK, HOBUMH aJITOPUTMAMH 1 mifgxonamu. BoHu MoxyTh Opatu yuactb
Yy HayKOBHX JIOCITI/DKEHHIX 200 eKCIIEpUMEHTYBATH 3 HOBUMH METOIaMU MOJICITFOBAHHS
JUTSL TTIOKpAIeHHs pe3ynbTariB. [l mux (axiBIiB KOPUCHUM € PO3YMIHHS TOTO, SIK
noOyayBaTH MaciTaboBaHi pillleHHs JUIs BEJIMKUX HAOOpIB JaHUX, 3HAHHS aJrOpHUT-
MiB onTuMmizalii Ta e)eKTUBHUX METOIIB OO4HcieHb [15]. AHamiTHKU Ta iHXEeHepH
3 MallMHHOTO HABYAHHS BHKOPHCTOBYIOTH IIMPOKHH CIEKTP IHCTPYMEHTIB IUIS TOTO,
100 00po6IATH BeNUKi 00CATH JaHUX, OydyBaTH Ta TECTYBaTHU MOJIENi, ONTUMI3yBaTH
Ta e()eKTUBHO BIIPOBA/KYBATH iX Yy BUpOOHNYE cepenouire. KoxkeH 3 1ux iHCTpyMeH-
TiB pO3B’s13y€ KOHKPETHI 3a/1a4i, IOYMHAIOUH B1JT 300py 1 00pOOICHHS JaHUX 70 ICTUIOS
MoJieNiell Ta aBToMaTu3alii poOoYMX MpOIIECiB.

9) LLII ¢ pobomi cneyianicma 3 00poonenus npupooHoi mogu. Crierianict 3 00po-
onenns npupoxuoi MoBu (NLP Specialist) 3aiiMaeTbcsi po3poOKOI0O Ta ONTHMI3AIli€I0
TEXHOJIOT1H, 10 JO3BOJSIOTH KOMIT'IOTEpaM PO3YMITH, TeHEPYBaTH 1 B3a€EMOAIATH 3 TCK-
cramu abo MoBieHHsM. Lle moTpedye moeqHAHHS HaBUYOK IPOTpaMyBaHHS, MaTeMa-
TUYHOTO MOJICTIOBAHHS, BHKOPHCTAHHS PI3HUX IHCTPYMEHTIB Ta 0i0MiOTEK IUIs BigIo-
BiZTHOTO OOPOOJICHHS TaHUX.

et daxiBenp BukopuctoBye iHcTpyMeHTH L1 17151 pO3B’SI3aHHS IIUPOKOTO CIIEKTPa
npodeciiiHuX 3aBJaHb, AKi MOB'A3aHl 3 aHAJII30M, OOPOOJIEHHIM Ta TeHepali€l0 TEKCTY
3ac00aMu MPUPOJHUX MOB, CEpeJ] AKHUX: KIacU(iKkallis TEKCTY, aHalli3 HACTPOiB, BUII-
JICHHSI CYTHOCTEH, TeMaTHYHEe MOJICIIOBAHHS, MAIIMHHUHA TMEpeKIa, CHHTaKCHIHUH
aHali3, reHepallis TeKCTY, MOJCIIIOBAHHS /IiaJIoTiB, PO3Mi3HABAHHS MOBJICHH:, 00pOOKa
3amWTIB 1 BIANOBiACH, aHOTAIlisl Ta IHTEpHpeTalis TEKCTY, BU3HAYCHHS CEMaHTUYHUX
CXOXOCTEH, aHali3 TOKyMeHTIB Ta iHdopMmariiauid nomyk [20]. IIpukimangamu 3acto-
CyBaHHSI MOXke OyTH: aBTOMaTH4YHE COPTYBAaHHS €JIEKTPOHHHUX JIUCTIB 3a KaTeropisiMu
(cmaM, BakIMBI, peKJIaMHi), aHali3 HOBWH, Kiacu(ikaiis TOKYMEHTIB 3a TeMaMHu
(dbinanHCH, MOTITHKA, HAyKA) UM TO aHAJII3 BIITYKIB KJIIEHTIB, COIMEPEK, ONMMUTYBAHb IS
BUSIBIICHHS CTABIICHHS IO IIPOIYKTY 200 MOCIYTH, OI[iHKa HACTPOIB Y HOBHHAX YH ITyOJIi-
Karisx. st 1boro MOKyTh OyTH BHKOPHCTAHI MOJENI MAIIMHHOTO HABYAHHS (HAIpH-
knaja, Naive Bayes, SVM), mnboke Haruanus (Hanpukian, BERT, GPT), 6i6miorexn
scikit-learn, Hugging Face Transformers, incrpymentu VADER, TextBlob, BERT, GPT,
oiomotekn spaCy, Hugging Face Transformers aisi TpeHyBaHHS MOJENCH Ui 3a/1ad
aHaJi3y HacTpOiB. J{JIs1 aBTOMAaTHYHOTO TIepeKIIaTy TEKCTIB 3 OJJHI€T MOBH Ha iHIITY, aBTO-
MaTUYHOT'O CUHTAKCHYHOT'O aHam3y CTPYKTYPH PEUCHHS B 4ar- 0oTtax ab0 MOUIYKOBUX
CUCTEeMaX, aBTOMaTUYHOI T'eHepallii TEKCTY Ha OCHOBI 33JJaHUX IMapaMeTpiB UM KOHTEK-
cty kopucaumi € HI-incTpymenTu: Google Translate API, Deepl, MarianMT, Hugging
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Face — st BuKopucTanHs abo TpeHyBaHHS Mozenei nepekiaay; spaCy, Stanford NLP,
AllenNLP, BERT — a1t oTprMaHHsI CHHTaKCHYHHX JIepeB Tpu aHaii3i tekcty; GPT-3
(Bim OpenAl), TS, BERT, GPT-2, Transformer-based models — mis reHepauﬁ' TEKCTY
npu CTBOPECHHI aBTOMAaTH30BAHUX BI/MOBiAeH y yar-00Tax, reHepallii OnuciB TOBapiB
1 HOBWH, HAIMCaHHs cTared abo KpeaTMBHUX TeKcTiB; Rasa, Dialogflow, Microsoft
Bot Framework, GPT-3, BERT — nns cTBOpeHHs 1 TpeHyBaHHs 4aT-0OTiB, BipTyasib-
HUX TOMIYHUKIB Ta CHCTEM JIaJiOTiB, 3MaTHUX MiATPUMYBATH PO3MOBY 3 KOPHCTYyBa-
gem [20]. Crieriaictd 3 00poOKH MPUPOTHOI MOBH 3aCTOCOBYIOTH 1HCTpyMeHTH 111
JUISL PO3B’sI3aHHS IIMPOKOTO KoJia 3a/1a4 (TeHepatlist TeKCTy, poOOTy 3 MOBHUMH MOJIe-
JISIMH, aHaJIi3 TEKCTY), a TAKOXK JIIsI aBTOMATH3aIli{ IPOLECiB, 10 BUMAral0Th PO3yMiHHS
i iHTepperalii Jrachkoi MoBH. OCHOBHI 1HCTPYMEHTH, SIKi BOHH BUKOPHCTOBYIOTD,
e 0ibmioTexku 1 GpperMBOPKHU A MAIIMHHOTO Ta IMTMOOKOrO HaBYaHHS (HANpPUKIAJ,
spaCy, TensorFlow, PyTorch, Hugging Face), o 103Bost0Th CTBOPIOBATH MOJIEII JIJIS
00pOOKH BEJIMKHX 00CSTIB TEKCTOBUX JaHUX Ta IHTETPYBATH 1X y pi3Hi Oi3HEC-TIPOIIECH.

10) I 6 poboomi apximexkmopa oanux. Apxitekrop manux (Data Architect)
Mae 3a0e3MeYNTH ONTUMANBHY MPOAYKTUBHICTD 1HPPACTPYKTYpH JaHHX, MO0 BOHA
MOTJIa MacIITa0yBaTHCs BIJIITOBITHO JO 3POCTaHHS OOCATIB JIAaHUX Ta BUMOT 0i3-
Hecy. Lle cTocyerbest BUOOPY epeKTUBHUX METOMAIB 30epiraHHs Ta 0OpoOKM JaHUX,
a TAKOX HAJIAINTYBaHHS CUCTEMH JJIS IIBUIKOTO 0OPOOJICHHS BEIMKUX O0CATIB 3aIu-
TiB. ApXITEKTOPH JaHUX TICHO MPAIfOIOTh 13 KOMaHJIaMH PO3POOHHKIB, aHATITHKIB,
Oi3Hec-crenianicTiB Ta iHMUMHU (paxiBIsIMU. BoHU MaroTh po3ymiTu BUMOTH Oi3Hecy
1 3a0e31evyBaT JOCTYIHICTh 1 TOTOBHICTD JIAHUX JI0 BUKOPUCTAHHS JJIS I ATPUMKHA
MPUHHATTS pinieHsb [21].

Y cBoiit po60Ti apXITEKTOPH AAHUX MOXXYTh BUKOPUCTOBYBatu iHCTpyMenTH LI mist
MOKpaNIeHHs e(peKTUBHOCTI MPOEKTYBAHHS, YIIPABIIIHHS Ta aHAIIZY AaHUX. Tak, IHCTpY-
MenTH Apache NiFi Ta Talend, 3aBasiku iHTerpariii 3 MallMHHUM HaBYaHHSM, € KOPHC-
HUMM JJIsl aBTOMATHU3allil BUSBJICHHS aHOMAJiH 1 MOKpAIIEHHsS SKOCTI JaHUX IIiJ] 4ac
tparcdopmartii. [1I1 qormomarae apXiTeKTOPOBI JaHUX MOKPAIIUTH SIKICTh JIaHUX, aBTO-
MAaTU3yBaTH BUSBICHHS ITOMIJIOK, IMPOITYCKIB Ta aHOMANild, a TAaKOK PEKOMCHIYBaTH
METO/H 1X BUIIPaBIIEHHS 3a IOTIOMOTOFO BiANOBiTHUX 1HCTpyMeHTiB DataRobot, Trifacta
gy 1o Informatica Data Quality. KopucHUME apXiTEKTOPOBI JaHUX IHCTPYMEHTAMH TSI
aHaJi3y JaHUX 1 CTBOPEHHS MPOrHO3HUX Mozener € Apache Spark + MLIib, H20.ai,
Google Al Platform, siki J03BOJSIOTH IHTETPYBAaTH MOTYXHI aHAIITHYHI MOKJIMBOCTI
B apXiTEKTypy JaHUX JJIsl IPOTHO3YBaHHS, BUSBICHHS TPEHIIB 1 aHOMAJIIH Y BETHMKUX
Habopax paHux. [[ns aHamizy BeNMKHUX OOCSTIB JaHUX Ta CTBOPEHHS IHTEPaKTUBHUX
AQHAITUYHUX TIAHeNeH apXiTEeKTOp JaHWX aKTUBHO 3acTocoBye iHCTpyMeHTH Cloudera
ta Databricks Ha Apache Spark, mo qormomararoTs oMy OyyBaTH CKJIJHI aHATITHIHI
pimwenns [22]. JIas aBTOMAaTU4HOrO CTBOPEHHS a0o0 onTuMizalii cxeM 0a3 JaHUX Ha
OCHOBI JJaHUX KOpUCHUMH € iHcTpyMeHTH ERwin Data Modeler Ta Oracle Autonomous
Database, sxi BukopuctoBytoTh anroputmu I mms aBromarnzaiiii 0aratbox mporie-
ciB y 0azax JaHuX, SK-OT: ONTUMI3allis 3alUTiB, Oe3MeKa Ta OHOBIICHHS CXeM. 3aBIsSKU
MAaIIMHHOMY HaBYaHHIO iHCTpyMeHTIB Splunk Ta Anodot apXiTEeKTOpH JaHUX MOXYThb
ABTOMATH3yBaTH BUSBIICHHS aHOMAJIIH 1 3TOBXKHUBAHb Y TaHHX, 110 BAYKIIHBO U OC3IEKH
1 kopekTHOcTi Janux. Kpim toro, LI B incTpymenTtax Tableau tTa Power BI monermrye
mporec Bizyaiizamnii JaHUX 1 CTBOPEHHS 3BiTiB. Takok apXiTEKTOpH JaHUX BUKOPUCTO-
ByroTh LI ams aBromaru3anii nporecie ETL, 3a0e3neueHHs SKOCTI TaHUX, BUSBICHHS
aHoMaJliii Ta Ay onTuUMizalii iHPACTPYKTYPH 1 MPOTHO3YBaHHA MalOyTHIX TEHJCH-
uiif. Texnonorii 111 qomomararoTs CTBOPIOBaTH THYYKI Ta MAacIITa00OBaHi apXiTEKTypH
JIAaHWX, [0 BiJIIOBIJAal0Th BUMOTaM Oi3HECY Ta TEXHOJIOTUHUM 1HHOBAIIISIM.
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Koxna 3 posmisiHyTux mpodeciii mae cBoi cnenudivHi 3aBIaHHS Ta KOMIIETEH-
il 1 MPH IIbOMY BOHU MOXYTh JICIIO IEepeTHHATHCA. Taki (axiBIli YacTo MPAaIOTh
y KOMaHJax 3aJulsl JOCSATHEHHs CHUIbHUX WLilel y cdepi cucreMHoro aHamizy. Jlns
PO3B’s13aHHA POOJIEM B paMKax Oi3HeC-IPOICCiB BOHH BUKOPHUCTOBYIOTh JIOBOJI IIIMPO-
KU CTIIEKTP BIAMOBIIHUX IHCTPYMEHTIB, y TOMY 4Hcii 1 Ha 0a3i 1111

BucHoBku. CTpiMKe 3pOCTaHHS IMOTOKIB BEJIMKUX JIAHKX 13 PI3HUX JKEPET CYTTEBO
YCKIIaJHIIIO NAaHAmAdT 3a4a9 B CHCTEMHOMY aHami3i naHux. Tomy incrpymentu LI cra-
JOTh HE3aMIHHHMM ITOMIYHHUKOM JJIsSi CACTEMHMX aHaJIITHKIB, /K€ BOHH 37aTHI HOJIETIITHTH
aHaJi3, KaTETOPH3AIlI0 Ta OYUIICHHS BEIUKUX TAHUX, HAJIAFOTh MOKIIUBICTh aHAJIITHKAM
HaIpanbOBYBaTH BAXIIMBI pilieHHs. 3a qoromororo LI aHamiTHKl MOXYTh €(PeKTHBHO
OpIEHTYBAaTUCSI B OKEaHI JaHUX, IEPETBOPIOIOYM X HA CTpATETiYHUN aKTUB, SIKHHA 1HPOP-
Mye€ Ta OPMY€E TPAEKTOPitO PO3BUTKY iH(opMmariiiinux cucreM. Tum camum 11 Buctynae
TpaHchopMaIifHOIO CHIIOK0, SIKa PO3LIMPIOE MOKIIMBOCTI CHCTEMHHX aHANITHKIB 1 3a0e3-
Teuye y3ro/pKeHHs 1H()OPMAIIHAX CHCTEM 3 PI3HOMAaHITHHUMH, MIHJIMBHMH ITOTpeOaMu
KJTIEHTIB 1 3alliKaBJIeHUX CTOpiH. [HCcTpymMeHTH Ha ocHoBi LI nomomararoTh (axiBusam
y cepi CHCTEMHOTO aHaTi3y B aBTOMAaTH3aLlil PyTHHHHX 3aBIaHb 300py Ta aHANI3y JaHUX,
10, B CBOIO YEPTy, JIO3BOJLIE IM 30CEPEIUTHCS Ha OUTBII CKIQJIHUX aCHEKTaX CHCTEM-
HOTO aHaizy. AJTOPUTMU MAaIlIMHHOTO HABYAHHS JIOTIOMAararoTh aBTOMAaTHU3yBaTH MOOY-
JIOBY aHANITUYHUX Mojienel. L[i anropuTmu 31aTHi HaBYaTHCS Ha OCHOBI JAHWX, BU3HA-
YaTu 3aKOHOMIPHOCTI Ta YXBaJIIOBATH PINICHHS 3 MIHIMAJIGHUM BTPYYaHHSIM JTFOJIMHH.
Ix 3acTocyBaHHs B aHANITUII JaHUX OXOIUTKOE C(EPH CErMEHTAIlii KIIEHTIB, BUSBJICHHS
[IaXpaicTB Ta aHANII3y PUHKY. Y MallOyTHROMY BUKOPUCTAHHS IIi€1 IHHOBAIIIHHOT TEXHO-
JIOTil MaTUMe BUpIIIATbHE 3HAUCHHS JIUIs C(hepHr aHATI3y CHCTEM.
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YV ecmammi 3anpononosano memoo pospaxynky oyinxu saxocmi npoepamnozo sacody (113) sa
00noM02010 excnepmuux oyinok. Lleti memoo 6asyemvcs na 00uucienti OyiHoK eKcnepmis 3a neeHuM
HAbopom Kpumepiis, ujo MakCUMAIbHO NO8HO 300padicaiomy skicms I13 no pisnum napamempam. /s
OYIHIOBAMHS AKOCMIE NPOSPAMHO0 3abe3neueHHs Oy1o idiOpaHo I NPOaHANI308aHO Oecamb NOKA3-
HuKie sxocmi 0ns 113, wo Hatlbinbu 6ceCmMOPOHHbLO XAPAKMEPU3YIOMb NPOSPAMHULL 3aCi0 13 NO3UYIL
adanmosanocmi 00 2any3i 3acmocy8aHHs i NOOAILULO20 600CKOHATICHHSL 30 NODANCAHHAM KIIEHMA.
Y oyinyi oanoeco I13 npuiinsnu yuacmo 8 excnepmie. ITicisn npogedents: OnumyseanHs ekcnepmis, Oyiu
OMpuUMani OYinKu OJisl KOJICHO20 NOKAZHUKA SAKOCNIE MA PO3PAX06AHE CePeOHE 3HaueHHs akocmi 113.

Kinvkicms kopucmyeauie npoepamnozo 3abe3neuens iz 4acom Modice 3MIiHI0BATNUCH, MAKOIC
3MinI08amMuUMemvcs oyinka 6i0 kopucmyeauis. OCKinbKu exchepmu i3 yici epynu Modicyns 3MiHio-
8amucs i ix OYIiHKA MaKodic 3MIHIOEMbCSA MO OVII0 BUPIUEHO HA36aAMU eKCnepmis i3 yiei epynu —
Oounamiyni excnepmu. Pospobnenuti memoo 8paxoeye oyinKu 6i0 eKkcnepmis i3 OUHAMIYHOL epynu
6 NEeGHULL MOMEHM 4dcy, HANpUKiad, 8 MOMEeHm UnycKy nepuioi éepcii pospobnresarnozo I13
i 8 Momenm eunycky nacmynnoi eepcii 113. Mixc yumu osoma uacoeumu giomimkamu Kinyesi
KOPUCMYBAYT MOJICYMb 3MIHIOBAMU CBOE CMABIeHHs 00 skocmi I13.

Memoouku ompumanus eKCnepmHUX OYIHOK 3HAYEHb NOKA3HUKIE SAKOCMI 3 Memow Memo-
0010214HOT EOHOCMI NOBUHHI [PYHNYBAMUCS HA 3A2AIbHOMY MemoOi OYIHKU AKOCMI, NPAGULax
6UOOPY HOMEHKAAMYPU NOKAZHUKIG AKOCMI Ma OTI0UUX MemOoOUYHUX MAMEPIaiax no oyinyi 3a0a-
HO20 nokaznuxa Akocmi oyintosanozo I13.

Excnepmam npononyemucsa 0amu panzo8y oyiHKy nanepeo 8UsHaueHoi KilbKocmi NOKA3HUKIE
akocmi npooykyil. Paneosa oyinka 3600umvcs 00 NO3HAYEHHSA CHIYNEHS 8ACTUBOCTI KOJHCHO20
NOKA3HUKA PAH2OM.

Vze00orcenicmos dymox excnepmie 6i0HOCHO 8ANCIUBOCHIT KOXHCHOI 81ACMUBOCMI OYIHIOIOMb
K Koeiyienm sapiayii OyMOK eKCnepmis 3a KOJNCHUM I-UM NOKazHukom sikocmi. Qum Oinbiue
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SHAYEHHs KOeIYiEHmy, MuM MeHule Y3200CeHiCnb OYMOK eKCnepmieé GIOHOCHO 6ANCIUBOCHII
i-eo nokasnuxa. Ipu xoepiyicnmi <10 % y320021cenicms 0yMOK eKCnepmia 86aicaromsb 8UCOKOIO,
npu Koegiyieumi >35 % — HuzbKOW0.

Tt OYiHIOBANHSL 32AIbHOT Y32002CEHOCHIE OYMOK eKCNepmis SUSHAHAIONTb KoeiyicHm KOHKopOa-
yii. Y3eo0oicenicmv dymok excnepmis Oyoe mum Kpaue, yum onudicye Koeghiyicnm xonkopoayii (W) 0o
oounuyi. 3nauwenns W=0 cgiouums npo nosmy odatioysicicns abo Hey32004CeHICb OYMOK eKCHepmis.

Ocmannim Kpokom oyiHiomb 3HAUEHHS KOHCHO20 OOUHUYHO20 NOKAZHUKA AKOCMI 3 Ypaxy-
BAHHAM 11020 Koeiyienma snauywocmi ma 3a2anvHe cepeoue suavenns axocmi I13.

Knrowuogi cnosa: excnepmua oyinka, NOKA3HUKU AKOCMI, 8epu@irxayis, 6anioayis, Hcummeeuil
YUK, KoepiyieHm 3Hauyuocmi.

Tuzova 1. A., Tuzov O. V., Panchenko T. D., Chumak O. A., Konovalov S. M. Software
quality assessment using expert assessment

The article presents a method of calculating the quality assessment of the sofiware tool Visual
Studio Code by an expert method is proposed. This method is based on the calculation of experts’
evaluations according to a certain set of criteria that most fully depict the quality of the software
according to various parameters. To evaluate the quality of the sofiware, ten quality indicators for
the sofiware were selected and analyzed, which most comprehensively characterize the software in
terms of adaptability to the field of application and further improvement at the request of the client.
8 experts took part in the evaluation of this sofiware. After conducting a survey of experts, scores
were obtained for each quality indicator and the average value of software quality was calculated.

The number of users of the software may change over time, and so will user ratings. Since
experts from this group can change and their assessment also changes, it was decided to call
experts from this group dynamic experts. The developed method takes into account assessments
from experts from a dynamic group at a certain point in time, for example, at the time of the
release of the first version of the developed software and at the time of the release of the next
version of the software. Between these two time stamps, end users can change their attitude
towards software quality.

The methods of obtaining expert assessments of the values of quality indicators for the
purpose of methodological unity should be based on the general method of quality assessment,
the rules for choosing the nomenclature of quality indicators and current methodical materials
for the assessment of a given quality indicator of the evaluated software.

Experts are invited to give a rank assessment of a predetermined number of product quality
indicators. Rank assessment is reduced to indicating the degree of importance of each indicator by rank.

The agreement of experts' opinions regarding the importance of each property is evaluated as
the coefficient of variation of experts' opinions for each and every quality indicator. The larger the
value of the coefficient, the lower the consistency of experts' opinions regarding the importance
of the i-th indicator. If the ratio is <10%, the agreement of experts’ opinions is considered high,
if the ratio is <15%, it is above average, if the ratio is <35%, it is below average, and if the ratio
is >35%, it is considered low.

The concordance coefficient is determined to assess the overall consistency of experts'
opinions. The agreement of experts' opinions will be better, the closer the concordance coefficient
(W) is to one. The value W=0 indicates complete indifference or inconsistency of experts’ opinions.

The last step is to evaluate the value of each single quality indicator, taking into account its
significance coefficient and the overall average value of software quality.

Key words: peer review, quality indicators, verification, validation, life cycle, what is the
significance factor.

Beryn. MeTonu ekcriepTHUX OIIIHOK — II€ CIIOCi0 IIPOTHO3YBAHHS Ta OLIHKU Mall0yT-
HiX pe3ynbTaTiB Ailf HA OCHOBI IPOTHO3iB (paxiBuiB. BOHM 3aCTOCOBYIOTECS y BUMAKAX,
KOJIM 3aBJIaHHS MOBHICTIO a00 YaCTKOBO HE MiANAEThes (opmaltizaiii i He Moxe OyTH
BUPIIICHE BiIOMUMU MaTeMAaTUYHUMH METOJAMHU.

Jlyis mpoBeIeHHS OLIIHKU SIKOCTI MTPOrpaMHOro 3abe3rnevyeHHs MonepeIHbO BU3HAYA-
I0ThCs1 0a30B1 3HAYCHHS TIOKA3HUKIB JUIS aHAJIOTY, TIPUHHSITOTO 32 €TaJIOH PO po3po0Ili
JTAHOTO TPOrpaMHOro 3a0e3rneueHHs. 3Ha4eHHs1 0a30BUX MOKAa3HUKIB MalOTh BiJOUBATH
CyJacHHH CBITOBHI piBeHb po3poOok. Ha ponp aHamoriB BHOMpaeThCS pealibHE MpPo-
rpaMHe 3a0e3MeUYCHHST TOTO CaMOro (PYHKIIIOHAJIBHOTO MPU3HAYCHHS, 10 U TOPIBHIO-
BaHe, 3 TAKMMH X OCHOBHHMU MapamMeTpaMH, IO i JaHa CTPYKTYpa, i CXOKHMH yMO-
BaMU eKCIUTyarallii.
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MeTor €TaTTi € JOCIIKCHHSI METOJIMKN OIIHKH SKOCTI, TIPaBUJI BHOOPY HOMEH-
KJIaTypH TOKA3HMKIB AKOCTI Ta TIIOYMX METOJUYHUX MaTepialiB MO OIIHIN 3aJaHOTO
MOKA3HHUKA SIKOCTI oIfiHioBaHOTO 113 Ta HampaifoBaHHS PEeKOMEHIAIIH MO0 MPaKTHI-
HOTO BUKOPHCTAHHS METO/Y €KCIIEPTHHX OIIIHOK B YKpaiHi.

Ornsn ocTaHHIX AoCaiTKeHb Ta jgiTeparypu. Po3poOka mporpamuoro 3abesrme-
gyeHHs (I13) moTpedye KOHTPOINB 3a SIKICTIO (PYHKIIOHYBaHHS Ha KOOKHOMY 13 3aIIaHOBa-
HUX eTariB po3poOku. CTe:KeHHs 3a MOKa3HUKAMH SKOCTI Ha TPOTA31 BCHOTO MPOIECY
po3pobku i cynpoBoxy [13 Hajtae MOXKITUBICTH KOHTPOJIIOBATH 1 TOKPAIIyBaTH KiHIICBHMA
mponykT. MeTonu 3abe3nedeHHs KOHTPOIEO siKocTi [13 Ha Beix ertanax po3poOkH, Haili-
JICH1 Ha TIJIBUINCHHS CTYTICHS 3a/IOBOJICHHS KJIIEHTIB BiJ MIOKPAIECHHS SKOCTI 1 3py4-
HOCTI 3aCTOCYBaHHS Ha BUPOOHUIITBI.

[Ipodeciiinmii miaxia g0 ynpaBmiHHS SKICTIO 0a3y€ThCs Ha TOMY, IO SKICTh 1€ YiTKO
BU3HAYCHA BEIMYMHA, SKYy MOXKHAa BHUMIDPSATH 1 IPOKOHTPOJIIOBATH, BOHA MiITA€THCS
YHIPaBIiHHIO 1 MOJIMILEHHIO [6].

3HaHHS MOTOYHOTO 3HAYCHHS MOKA3HMKIB SIKOCTI MPOrpaMHOro 3a0e3redeHHs J103-
BOJISIE TTOOAYHUTH HACKITBKH AJIEKO BOHO 3HAXOIMUTHCS Bill KPUTHYHOTO 3Ha4YeHHS. [lae
MOXUIUBICTh CTEKUTH 3a 3MIHOI MOTOYHOTO 3HAYEHHS, 3aBASKH YOMY MOXKHA MpO-
THO3YBAaTH 1 IUTAaHYyBAaTH TEPMiH 3aBEpIICHHS PO3pOOKM abo mepexiy A0 HACTYITHOTO
etamy. bymo po3nIiHyTO Ta MPUHHATO 3a OCHOBY METOJ €KCIEPTHOI OLIHKH SIKOCTI
MIPOrpaMHOro 3a0e3eueHHs 13 BUKOPUCTAHHAM HEHPOHHOI Mepexi 13 3BOPOTHIM PO3-
MTOBCIO/DKEHHSIM, TI0 JO3BOJISIE BiJCTEKYBAaTH JMHAMIKY 3MIiHHM SIKOCTI Ha BCIX eramax
pO3pO6KH Le#t meTox po3poOICHO HAYKOBIIMH BiHHUIIBPKOTO HAIiOHAJIHHOTO TEX-
HIYHOTO YHIBEpCUTETY Ka(penpn «MopentoBaHHS Ta MOH1T0pI/IHFy CKJIQJIHUX CHUCTEM»
Ta BUKOPHCTAHO MpH peanizaiii METOIMUKH OIIIHKM SKOCTI MarepiajiB TUCTAHIIIHHUX
SIIEKTPOHHUX KypciB y LIeHTpi AucTaHIiitHOrO HaBYaHHs BiHHUIIEKOTO HAIliOHATBHOTO
TEXHIYHOTO yHiBepcuTety [7].

AHaJi3 SIKOCTI B MPOrpaMHill iH)KeHepii OpieHTOBaHUH Ha!

— JIOCSITHEHHsI HEOOX1JHOT SKOCTI MPOrpaMHOro 3a0e3NedeHHs BiJMOBIIHO JIO
BCTAHOBIICHUX KPHUTEPIiB;

— Bepudikalliro i Baialito Ha eTanax XUTTEBOTO IUKIY Ta OLIHKY SKOCTi BUPO-
OJICHOTO MPOTPaMHOTO TPOAYKTY [5, . 142];

— 3a0e3IeueHHsT HATIMHOCTI K OCHOBHOI XapaKTEPUCTHKH TapaHTii SKOCTI Mpo-
rpamHoro 3abesneuenHs (SQAs — Software Quality Assurance [1]).

BusHaveHi HampsMu IporpaMHOT 1HKeHepii po3MIAAar0ThCs Ha BCIX eTanax »HUTTe-
BOT'0 UKITY POTPaMHOTO MPOAYKTY, TOOTO aHai3 1 3a0e31eUeHHs SKOCTI POBOAUTHCS
3a BciMa BUAAMU JISUTBHOCTI y BHPIIICHHI 3a/1a4 IUIaHYBAaHHS, PO3POOKH 1 MIATPUMKHU
MIPOIIECIB CTBOPEHHS MPOTPAMHOTO 3a0€3TICUCHHSI.

OCHOBHI CTaHAAPTHI MOJIOKEHHS 31 CTBOPEHHS SIKICHOTO MPOAYKTY U OLIIHKH PiBHA
JOCATHYTO{ SIKOCTI 3a(hikCOBAHO B Mi>KHApOAHUX [1] Ta BITUM3HIHUX cTaHAapTrax [2—4].
3anexHo Bij crienu(iku MporpaMHAX NPOIYKTIB CTAHIAPTH MPOTIOHYIOTh TEPMIHOJIO-
TiI0 Ta CKJIaJ] MOKa3HUKIB (aTpuOyTiB) IKOCTi. BOHM YTBOPIOIOTH 0a30Bi 3HaHHS 1 BU3HA-
Yal0Th IUTAHYBAHHS, IIPOCKTYBAHHS, aHaJIi3, BUMIPIOBAHHS Ta IOJIMIICHHS SIKOCTI.

SIKicTh TIpOrpaMHOTO 3a0e3IeUeHHs BH3HAYA€ThCS HAOOPOM 3aralbHUX XapakKTe-
PHCTHUK, HAa (POPMYITIOBAHHS SKHX CIPSIMOBAaHI IPOIECH iHXKEHEpil BUMOT SIK CKJIaI0-
BOI YaCTHHM MPOTpaMHOI iHKeHepii. BU3HAYEHHS XapaKTEepUCTHK SKOCTI BimoOpakae
MOTIsST KOPUCTYBava Ha SIKICTh MPOrpaMHOTro 3a0e3nedeHHs. BinoBiHo 10 cTaHaapTy
ISO-9126 [1] BU3HAYEHO WIICTh XapaKTEPUCTHK:

1. (yHKIIOHATBHICTB,

2. HaAIHHICTD,
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3pPY4HICTb,
e(heKTUBHICTB,
Cyr[pOBOZ[)KyBaHiCTB,
MIEPEHOCHICTb.

I[Jm TIPOBEICHHS OIIHKH SKOCTI IIPOTPaMHOTO 3a0€3eUeHHS TONIePETHRO BIH3HAYA-
10ThCS 0a30B1 3HAYECHHS TIOKA3HUKIB JUIA aHAJIOTY, IPUHHATOTO 3a €TaIOH PO po3pooLi
JIAHOTO TIPOTPaMHOTO 3a0e3TeueHHs. 3HaYeHHs 0a30BUX MOKa3HUKIB MalOTh BiJOUBATH
Cy4YacHHHU CBITOBHHU PiBeHb po3po0oK. Ha ponb aHamoriB BUOMPAEThCS pealibHE MPOo-
rpaMHe 3a0e3Me4YeHHs] TOr0 caMoro (yHKUIOHAJIbHOTO MPU3HAYEHHS, U0 ¥ MOpPiBHIO-
BaHe, 3 TAKUMH )X OCHOBHUMH NapaMeTpaMu, IO W JaHa CTPYKTYpa, 1 CXOKHUMH YMO-
BaMU EKCIUTyarallii.

TakuM 9uMHOM, aHaMI3 SKOCTI € MisUTbHICTIO, IO BKJIIOYAE MPOLECU YIPABIIHHS,
1H(bpaCprKTypy IPOTrpamMHOi 1H>x<eHep11 TECTyBaHHS, 1H>1<eHep1}o BUMOT. XapakTepu-
CTHKH SKOCTI BU3HAYAIOTh CIIOXKHMBYI BIIACTHBOCTI i MAIOTh BapTICHI/II/I BHPA3, 110 BKITIO-
yae OL[IHKY BUTpaT Ha Mpoliec po3pOoOKH Ta eKCITyaTallii, OI[iHKY €KOHOMIYHUX BHTOJ
3aCTOCYBaHHsI BKa3aHUX MPOTPaM MOPIBHSHO 3 IHIIMMH 3ac00aMU BUPIIIEHHS BiJIOBII-
HOTO MIPUKJIaTHOTO 3aBIAHHS, a TAKOXK MEPCIIEKTUB MTOAATIBIIOT0 BUKOPUCTAHHS JAHOTO
MIPOrpamMHOro 3a0e3nedyeHHs] B yMOBaxX 3MiHU cepefoBulla (DyHKIIOHYBaHHS.

Buxknax ocHOBHOro Marepiaaxy. MeToqu eKCIIEPTHUX OLIHOK — IIe CTIOCi0 MPOTHo-
3yBaHHsI Ta OIIHKA MalOyTHIX pe3yJbTaTiB JIii Ha OCHOBI MPOTHO3IB (axiBiiB. BoHu
3aCTOCOBYIOTHCSl Y BUIAJKAX, KOJIU 3aBJaHHS MOBHICTIO a00 YaCTKOBO HE MiATa€ThCs
(opmaizanii i He Moke OyTH BHpilIeHE BiTOMUMH MaTeMaTHYHIMHU METoaMH [8].

BusHaueHHS XapaKTEepUCTUK MMOKA3HUKIB SKOCTI EKCIIEPTHIUM METOIOM Ieperdavae
HACTYITHUH TOPAIOK Aii:

— mixbip 1 MArOTOBKA TPYNH EKCIEPTIB,;

— TI0OCTAaHOBKA 3aBIIaHHS EKCIIEPTaM;

— KOHTPOIb POOOTH EKCIIEPTiB;

— 30ip JyMOK (OLIIHOK) EKCIIEPTiB;

— OIliHKa KOMIIETEHTHOCTI Ta CyMJIIHHOCTI TPYIIH €KCIIePTIB;

— PO3paxyHOK €KCIIEPTHOI OLIIHKH.

3aranbHUMU BUMOTaMHU, SIKi PeJT ABJSIFOTHCA A0 (PaxiBIIiB, 110 3aTy4arOThCs K €KC-
TIEPTH, MPUHHATO BBAKATH iX TOCTATHIO NpoQeciitHy KBamidikallito i iHpopMOBaHiCTh
3 00TOBOPIOBAHOTO MUTAHHS, JIJIOBUTICTh 1 O0'€KTUBHICTh. Ba)KITMBOIO YMOBOIO, SIKIH
MOBMHEH BIJMOBIIaTH €KCIEPT, € BiACYTHICTh 3aIIKABICHOCTI B KOHKPETHOMY Pe3yilb-
TaTi eKcnepTH3u. YNCIIo eKCIepTiB 3aJIe)KHUTh BiJl HEOOX1THOT TOYHOCTI OIIHOK, JIOITY-
CTUMOI TPYAOMICTKOCTI MPOLEAYP, a TAKOK MOXKIMBOCTEH opraHizauii podotu rpynu
ekcrniepTiB. Ha mpakTuili onTuMasibHe YHCI0 eKCIEePTiB ckiaaae 7—12 4oNoBik.

MeToauKy OTpUMaHHS €KCIIEPTHHUX OI[IHOK 3HAu€Hb MMOKA3HUKIB SKOCTI 3 METOIO
METOIOJIOTIYHOTO €IHOCTI OBUHHI IPYHTYBaTHUCS HA 3arajlbHOMY METOJIi OL[IHKHU KO-
CTi, IpaBUJIaX BUOOPY HOMEHKIIATYPHU MOKA3HUKIB SKOCTI Ta IIFOYMX METOAMYHHUX MaTe-
piayiax Imo OIliHIIl 33JIaHOTO MMOKA3HUKA SKOCTI olliHIoBaHoro [13.

OnuTyBaHHS €KCIIEPTIB MOXKE MPOBOAUTHCS Y (POPMi OYHOTO 200 3a04HOTO AHKETY-
BaHHs. ExcriepTam MponoHy€eThCs 1aTH PAHTOBY OLIIHKY Halepe/l BU3HAY€HOI KUTbKOCTI
MOKa3HUKIB SKOCTI IPOAYKIIii. PaHTOBA OIiHKA 3BOIUTHCS 110 TO3HAUCHHS CTYIICHS BaXK-
JIMBOCTI KOXKHOTO MOKa3HUKa paHroM. HallBakIMBIIIMI OKa3HUK [T03HAYAIOTh PAHIOM
Rij: 1, a ik HaliMEeHIIe 3HAYYIUH — paHTOM Rij =n, 1€ n — YUCIO OILIHIOBAHUX OJIH-
HUYHUX TTOKAa3HMKIB. SIKIIO €KCIepT BBaXKAE, 110 JIEKiIbKa MOKa3HUKIB PIBHOIIHHI 110
3HAYyIIOCTI, TO IM IPUCBOIOIOTHCS PiBHI paHIH, aje cyMa iX MOBHUHHA OyTH PiBHOIO CyMi
MiCIIb TIpH X MOCIiTOBHOMY PO3TaIlyBaHHI.

o W
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VY3romKeHicTh JyMOK €KCIIEPTiB BiTHOCHO BaYKIMBOCTI KOXKHOI BIACTUBOCTI OIliHIO-
10Th 3a opmyrioro [8]:

lo
v, = —4 (1)
Ri
Ie v, — koeQilienT Bapialii JyMOK eKCHepTiB 3a KOKHUM i-UM TOKa3HHKOM SIKOCTI;
£(r k) , .
0=\~ —— — CepeIHE KBAJAPATHYHC BiJXHICHHS TYMOK SKCICPTIB BiIHOCHO 3a

KOXKHHM i-FIM IIOKa3HHKOM SIKOCTI,

R; — cepeHili 32 BciMa eKCIIEPTaMHM PAHT i-I'0 IIOKA3HUKA SKOCTI;

R;; — PaHr i-ro MoKasHMKa AKOCTI, IPOCTABJICHAH j —UM €KCIIEPTOM;

m — YHCIIO EKCIIEPTIB.

Yum Olnblie 3HAYEHHS V,, THM MEHIIE Y3TODKEHICTh TyMOK E€KCIIEPTIB BiJHOCHO
B)KIIMBOCTI i-r0 mokasHuka. Tax, Hanpuknan, mpu v,<10% y3romkeHicTs 1yMOK eKc-
TIEPTIB BBAXKAKOTH BUCOKOK), & IIPU V, >35% — HU3BKOIO.

JI1st OliHIOBaHHSI 3aralibHOT Y3TO/KEHOCTI JYMOK €KCIIEPTiB BU3HAYAIOTh Koeiti-
€HT KOHKOp/allii 3a (opMyIoro:

125(s,-SY
TV = A 2
m?(n®—n)-m 3 F,
Jie S,— CyMa PaHroBHUX OI[IHOK EKCIIePTiB 3a KO)KJHI/llM [-UM OIWHUYHHUM TTOKAa3HHUKOM
SIKOCTI;
S =0,5m(n +1)— cepeHs CyMa PaHTiB AJIs BCiX MOKa3HUKIB;
7 — YUCJI0 ONMHHUYHHUX ITOKA3HMKIB;

1 u ..
Fj =121ty (tg —tg) — MOKa3HHUK OTHAKOBOCTI j-TO EKCIIEPTa,
9=l

U — YHCIIO OLIHOK 3 OTHAKOBHMH PAHTaMH Y j-TO EKCIIEPTa;

t, — YACIIO OJHAKOBUX PAHIiB y KOXHIM g-Tiii OLiHLI j-TO eKcrepTa.

3HavyeHHs W MOXXYTh 3HAXOIUTHCS B MEXax BiJl HYJIS JI0 OJMHUILI.

VY3romKeHicTh TyMOK eKCIIepTiB Oy/ie TUM Kpalie, M Ommkue W o onuHwmIi. 3Ha-
yeHHsd W=0 cBiI4YUTH MpO MOBHY OaliayXicTh a00 HEY3rOIKEHICTh JYMOK €KCIIEpTIB.

IIpu W>0,5 MoxHa po3paxoByBaTH KOCQIMI€EHTH B3HAYYIIOCTI ¢ KOXKHOTO
[-T0 TIOKa3HWKA IS BCTAHOBIICHHS MIiHIMAJIBHOTO KOMIUICKCY ITOKa3HHKIB. Pazom
3 TUM, TIPU HEOOXITHOCTI MiIPaxXyHKY KOMIUIEKCHOTO MOKa3HUKA [MOBHHHA BUKOHYBa-
THCS yMoBa: W>0,6. IHakIe cItif opraHizyBaTy MOBTOPHY EKCIIEPTH3Y a00 BUKITIOUHUTH
JIyMKH €KCTICPTIiB 3 CYMHIBHHMH OIlIHKaMH.

JL1s BUSIBIIGHHS €KCIIEPTiB, paHIOBI OLIIHKH KX OUTBILIOI0 MIPOIO BIIPI3HSAIOTHCA Bij
CyMapHHUX OI[IHOK 3HAYYIIOCTI S;, OCTAHHI 3aMiHIOIOTh BINOBIIHUMHU PAHTaMH, TIPUIOMY
R(S,)=1 NPUBJIACHIOETHCS MiHIMAIBHOMY 3Ha4eHHIO S,. [Tomasnbuii panru R(S,) 3pocra-
IOTb 13 30UTBIIICHHSM CYMapHHX OLIHOK ITiIPaXOBYIOTh PI3HHMIII ITO0 MOIYIIO [8]:

ARy =[R; —R(S;), 3)

Ou4eBHUHO, 1[0 MaKCHMaJbHE 3HAYEHHS CyMH é]:lARij CBIJUMTUME PO HaHOiIbIIE
BIZIXWJICHHS PAHTOBHX OILIHOK j-TO EKCIIepTa Bifl OIIHOK PEIITH eKCHepTiB. ToMy #oro
OLIIHKHU (Rij) BHKITIOYAIOTh 1 3HAXO/ATh CyMapHi KiHIIEBI OIIIHKH Sy =S, — Ry JUIS eKcriep-
TiB, SIKi 3aJTHIITHCA.

IToTiM po3paxoByIOTH KOe]imieHT KOHKOpAAL] 3a (hopMysoro 2. Skmro Benuuuaa W
TOBOPHUTH PO XOPOIIY Y3TOKEHICTh JIyMOK ekcrieptiB (W>0,6), To naJi mepexoasTh 10
PO3paxyHKy Koe(ilieHTiB 3Ha4yIocTi [8]:
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25
i-1

Jamni 3 ycix n NOKa3HUKIB BUAUISIOTh Hal3HAYHIMI, IS SIKHX BUKOHY€ThCS YMOBA
a;>1/n. Ockinbku Y, ; =1, TO KOeIIIEHTH 3HAYYMIOCTI ICTOTHO 3HAYUMHX TOKa3-
HHKIB IiZpaxoBYIOTH 33 GOPMYIOIO oy =a; /Y a; , 1€ o, — KOe(ilieHTH 3HAYYIIOCTI
TOKA3HUKIB, JIsl SIKUX BUKOHYETBCS yMOBA 5" 5.1/,

OcTaHHIM KPOKOM OIIIHIOIOTh 3HAYCHHS KOXKHOTO OJMHUYHOTO ITOKa3HWKA SKOCTI
3 ypaxyBaHHSIM HOro Koe(illieHTa 3HAUyIIOCTI Ta 3arajbHe CepeHE 3HAUCHHS SKOCTI
I3 [8]: n

b
poizl_, (5)

n

Pizar'gRija (6)
j=1

PosristHeMO Ha HACTYHMHOMY HPUKIAAi 0OpoOKy pes3ysbTaTiB OI[iHIOBAHHS SKOCTI
nporpamuoro 3adesnedenns Visual Studio Code MeTooM €KCIIEpTHHX OIIHOK.

Byno BiniOpaHo i mpoaHaxi3oBaHO AECATh KPUTEPIiB, 110 HAWOLIBII BCECTOPOHHBO
xXapakrepusyroTs Le I13:
. 3pY4HICTD BUKOPUCTAHHSI;
HanitinicTs;
OyHKITIOHATBHICTE;
PecypcocmoxuBanHs;
[TopraTuBHICTS;
3axMINEeHICTD;
3pYUHICTH CYIIPOBOY;
JlomaTkoBi MOKIIMBOCTI;
. Y3romKeHiCThb;

10.IIpocToTa KOHCTPYKIIi.

B oninmi npuiinsiu yuacts 8 excriepris: Excriept 1, Excriept 2,..., Excriepr 8.

[Ticnst mpoBeieHHS ONMUTYBAHHS EKCIIEPTIB (POPMYETHCS MATPUILS OIIIHOK PAHKUPY-
BaHUX TOKa3HUKIB (Tab. 1).

Jani Oyno mpoBeJeHO NEpepaHKyBaHHS OI[IHOK EKCIEPTiB Ta OTPUMAHO HOBY
MAaTPHITIO OIIHOK (Tadm. 2).

0N AW

Tabmuus 1
Marpuist oliHOK eKcrepTiB
Excreprh Panrosi oninku moka3uukiB sikocTi Rij
Rl |R2| R3 | R4 R5 | R6 | RY7 R8 | R9 | R10
Excnept 1 5 2 3 8 10 6 4 7 9 10
Excnept 2 5 2 3 7 9 6 4 8 9 10
Excnepr 3 4 2 3 8 9 6 4 7 8 10
Excnept 4 5 2 4 7 10 6 5 8 8 9
Excnepr 5 4 1 3 8 10 5 4 7 8 9
Excnept 6 5 1 3 6 9 5 4 7 8 10
Excnept 7 4 2 3 7 9 6 5 7 8 10
Excnepr 8 4 1 3 7 10 6 5 8 9 10
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Tabmnurs 2
Marpuis oliHOK eKCIePTiB Mmicjsl nepepaH:KyBaHHSA
Excriepmn Panrosi oninky nokasuukiB sikocTi Rij

Rl1 | R2 |R3| R4 R5 R6 | R7 | R8 | R9 | R10
Excmepr 1 4 1 2 7 9,50 5 3 6 8 9,5
Ekcnepr 2 4 1 2 6 8,5 5 3 7 | 85 10
Excnepr 3 3,5 1 2 175 9 5 3,5 6 | 75 10
Ekcnepr 4 3,5 1 2 6 10 5 35175175 9
Excmepr 5 3,5 1 2 175 10 5 3,5 6 | 75 9
Excnepr 6 4,5 1 2 6 9 4,5 3 7 8 10
Excnepr 7 3 1 2 |65 9 5 4 65| 8 10
Exkcnepr 8 3 1 2 6 9,5 5 4 7 8 9,5

3a popmynamu 2—4 po3paxoBYOThCs KOC(IIIEHT KOHKOpaIlii Ta KoedillieHTH 3Ha-
gymocTi nokasHukiB (W=0,9724556). Takum 4UHOM, MOXKHA 3pOOUTH BHCHOBOK, IO
Y3TOIKEHICTh OI[IHOK €KCIIEPTiB JOCUTh BEIHKA.

Jlaii po3paxoByeThes cepenne 3HaueHHs sikocti 113 (P): P=4,7757955.

Pesynbraru 3B0AsTECS B TAa0M. 3.

Tab6munsa 3
3Bez[eHa Marpuus OIIiHOK eKCl’lepTiB
] n
! EHCMEPTM PEHFOBI OLiHKM MOKA3HUKIB AKOCTI Ri ZRU FJ
R1 R2 R3 R4 R5 R6 R7 R3 | R9 | R10 | =%
17 Henomawa 4 1 2| 7 9,50 5 3 6| 8 9.5 s5] 05
1 ronyGoea 4 1 2| 6 8.5 5 3 7l 85 10 s5] o5
lNoHuaposea 3,5 1 2 7.5 9 5 3,5 <1 7.5 10| 55] 1
MOKpAK 3,5 1 2] 6 10 5 3,5 75 7.5 9 55 1
Binoyc 3,5 1 2] 7.5 10 5 3,5 6 7.5 9 55 1
BOHOapeHKo 4,5 1 2 5 9 4,5 3 7 8 10| 55] 0,5
Apmona 3 1 2| 6.5 5 4 B85 2 10 55| o5
IsaHep 3 1 2| 6 9,5 5 4 7] 8 9,5 55| 05
Bl
Z R;; 29 2 16 52,5 74,5 39,5 | 27,5 53 63 77 440 5.5
i=1
R, 2,9 0,8 1,6 | 525 7,45 3,95 | 2,75 53 | 83 | 7,7 44
2 R-Rsr -41,1 | -43,2 | -42,4 | -38,75| -36,55 | -40,1| -41,25 | -38,7 | -37,7 | -36,3
2 (R-Rsr)~2 1689,2 | 1866,2| 1798 | 1501,6]1335,903] 1604 |1701,56| 1498 | 1421 | 1318 | 15732,91
O 15,534 |16,328| 16,03 | 14,646 13,8146 | 15,14 | 15,591 | 14.63 | 14,25 | 13,72
Vi 18,7% | 4,9% [10,0%( 35,8% | 53,9% [26,1%| 17,6% |36,2%|44,2%|56,1%
| 31] Si 29 8 16 52,5 74,5 39,5 | 27,5 53 63 77 440
(5i - Ssrjn2 225 | 1296 | 784 | 72,25 | 930,25 |20,25| 272,25 | 81 | 361 | 1089 | s131
| 33| ai 0,0659 |0,0182 | 0,036 | 0,1193 |0,169318 | 0,08 | 0,0625 | 0,12 | 0,143 | 0,175 1
ai* o o 0 |0,1193|0,169318| © 0 0,12 | 0,143 | 0,175| 0,727273
[ 35| ai*0 o o 0 |0,1641[0,232813| © 0 0,166 | 0,197 | 0,241
| 36 | Pi ] ] 0 |6.2642| 126142 | © 0 6,384 | 9,02 | 13,48 47,75795
|

BucHoBKkH. Y CTaTTi po3nISIIaI0THCSI OCOOIMBOCTI JTOCIIIJKSHHSI METOAMKHU OI[IHKU
SIKOCT1 32 JIOTIOMOTOI0 €KCIIEPTHHUX OIlIHOK, a TaKOX IMPaBHJ BHOOPY HOMEHKIATYPH
MOKA3HUKIB SKOCTI Ta JTIIOUYMX METOJMYHUX MaTepialiB IO OIIHII 33JlaHUX MOKa3HH-
kiB [13. OTxe, 3anpornOHOBaHMI METON Ja€ MOXJIHMBICTb IMPOTHO3YBaHHS Ta OLIHKU
MaiOyTHIX pe3yJIbTaTiB il Ha OCHOBI MPOTHO31B (axiBIliB, SIKi TOBHHHI MaTH BUCOKHUI
npodeciiHui piBeHb Ta MPAKTUYHHNA JIOCBIJ. 3arajioM, METOJ| €KCIICPTHOIO aHaJi3y
B Cy4aCHHMX YMOBAaX € OJIHUM 3 HaiO1IbII Ai€BUX 3aCO0IB OTPUMAaHHS 1 aHAJI3y SIKICHOT
iHpop™marii.
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3abesneuenns skocmi npoepamnozo 3acody eraUaAc 6 cebe ii, Kompi NPOBOOAMbCA HA KOJIC-
Hill cmadii tio2o po3podxu. Lline — nadamu eapanmito moeo, wo npooyKm 6ionogioae QyHkyio-
HAbHUM Ma HeQYHKYIOHATLHUM BUMOAM.

Ha nepunui noansio, «saxicmv npoepamuoco 3a0e3nedeHHsy moxce 30a6amuch adCmpaKkmHum
nonammsm. Ipome 01151 mMeneOdIcepie NPoeKmy, npoepamicmis, cneyianicmie 3 mecniy6aHHs, 5A-iH.7fC€-
Hepi6 ma iHUUX Y4ACHUKIE npoyecy po3podKu npooyKnty KpUmepii skocni npo30pi ma 6UMIPIOGAHL.

Omoice, AKICMb NPOSPAMHO20 3a0e3neuents — ye KOMNIEKC XapaKmepucmux npoepammo2o
NPOOYKMY, AKUL BUSHAYAE 30AMHICMb BUKOHYBAMU NOKIAOCHI HA Hb020 (VHKYIL. AHaniz sKo-
cmi npoecpamHo2o 3abe3neuents GKI0UAE NOYamKo8y OYiHKY, AKa 8ionogioac npoyecam eupoo-
HUYMEA SAKICHO20 NPO2PAMHO20 NPOOYKMY: MOHIMOPUH2Y, NIAHYBAHHIO, BUKOHAHHNIO, 3MiHi abo
niompumyi. [lonsmms saxocmi npoepamu bazamonianoge i Modxce 6ymu supasjicere a0ekeamuo
MINbKU OEAKOI0 CIPYKMYPOBAHOIO CUCTEMOTIO Xapakmepucmuk abo ampubymis. Taxa cucmema
Xapakmepucmux Ha3ueacmuvcst MOOELNI0 AKOCHI.

Fbazosa modenv axocmi 6kouae Xxapakmepucmuku i 6iOHOCUMbCS 00 6Y0b-AKO20 MUNY Npo-
epamuux npodykmis. 11io uac po3pooxu 6UMoe 3aMOBHUK DOpMYTIOE Mi GUMOU 00 AKOCMI, 5Ki
HaubinbuLe nioxo0ams Oisi NPOZPAMHO20 NPOOYKMY, AKUL 3AMOBIAEMbCS.

Busnauenns i nnanysanmna saxocmi 113 tpynmyemvcs Ha NOTONCEHHAX CIMANOapmis y 2amy3i,
CcKAaOanti nianie-epaixie pobim, npoyedypu nepesipku ma in. Ilnan 3abesneuenns skocmi
sKaOHaAE HAOIp Oill Ol NepesipKu npoyecie 3a6;e73nequHﬂ axkocmi (8epugpixayis, eanioayis
mowo) i popmyeanHs OOKyMenma 3 Ynpaeuinua AKicmio. Ynpaeuinta aKicmio 3acmoco8yemocs

0 npoyecis, NPOOYKMI6 i pecypcis, a MAKOH#C BKIOUAE BUMOSU 00 NPOYeCi6 ma ix pe3yibmamis.
lInanysanns axocmi exnouvae:

—  GU3HAYEHHS NPOOYKIY 8 MEPMIHAX 3A0AHUX XAPAKMEPUCMUK AKOCHI;

—  NIAHYBAHHS NPOYECI8 Ol OMPUMAHHSL Heo6xi0]igioi'ﬂkocmi;

—  6ubip Memodis OYIHKU NIAHOBAHUX XAPAKMEPUCUK MA BCIMAHOBLEHHIO 8I10N08IOHOCHI
HPOOYKNY CHOPMYIbOBAHUM GUMOSAM.
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Mema Oocnioscenns: npoananisyeamu mMooeni sKoCmi npoecpamnozo sabesneyents. IIpeo-
Mmem docniovicents: mooeni sxocmi 3a Makkonom, 3a Boemom, FURPS, Teyyi, SATC, ISO 9126.
Memoou 0ocniodncenHs: ananis, Y3a2aibHeHHs ma CUCTEMAMU3aYis HAYKOBO-MemoOUUHUX 0dice-
pel 3 numanb Mooenetl IKOCML Ol GUSHAYEeHHS HAUOLIbUlL ONMUMANLHOL OJisi GUKOPUCTIAHHSL.
Ocnogni pesynomamu i 6UCHOBKU: NICNA NONEPEOHbO20 AHANI3Y PISHUX MoOelell AKOCMI npo-
2pamnoeo 3abesneyents OY10 6U3HAUEHO, WO 0Kl 3 HUX € TO02IYHUM POZUUPEHUM NPOOOBIICEH-
HAM NonepeoHix mooenell 3 UKOPUCIAHHAM MempUK AKOCMI, AKI 00360NAI0Mb Jlecule UMIpIo-
eéamu i OYiHI08AMU AKICMb NPOSPAMHUX 3ACO0I8.

Knrwwuosi cnosa: gpakmopu, mempuku, ampubym skoCmi, mexHiuHi 6umoeu, (yHKYioHa1b-
HiCMb, NPOOYKMUBHICTIb, 3PYUHICIb BUKOPUCTAHHS, CIMAHOAPIN.

Tuzova I. A., Tuzov O. V., Panchenko T. D., Chumak O. A., Starodub V. I. Analysis of
software quality models

Software quality assurance includes activities that are carried out at each stage of its development.
The goal is to ensure that the product meets functional and non-functional requirements.

At first glance, ‘software quality’ may seem like an abstract concept. However, for project
managers, programmers, testers, QA engineers, and other participants in the product development
process, quality criteria are transparent and measurable.

So, software quality is a set of characteristics of a sofiware product that determines its
ability to perform its functions. Software quality analysis includes an initial assessment that
corresponds to the processes of producing a quality software product: monitoring, planning,
execution, modification, or support. The concept of sofiware quality is multifaceted and can only
be adequately expressed by some structured system of characteristics or attributes. Such a system
of characteristics is called a quality model.

The basic quality model includes characteristics and applies to any type of software product.
When developing requirements, the customer formulates those quality requirements that are most
suitable for the software product being ordered.

Determining and planning software quality is based on the provisions of industry standards,
drawing up work schedules, verification procedures, etc. The quality assurance plan includes
a set of actions to verify the quality assurance processes (verification, validation, etc.) and
create a quality management document. Quality management applies to processes, products and
resources, and includes requirements for processes and their results.

Quality planning includes:

— defining the product in terms of specified quality characteristics;

— planning processes to achieve the required quality,

— selection of methods for evaluating the planned characteristics and establishing the
product’s compliance with the formulated requirements.

Purpose of the study: to analyse software quality models. Subject of research: quality models
by McCall, Boehm, FURPS, Gezzi, SATC, ISO 9126. Research methods: analysis, synthesis and
systematisation of scientific and methodological sources on quality models to determine the
most optimal one for use. Main results and conclusions: after a preliminary analysis of various
software quality models, it was determined that some of them are a logical extension of previous
models using quality metrics that make it easier to measure and evaluate the quality of sofiware.

Key words: factors, metrics, quality attribute, technical requirements, functionality,
productivity, ease of use, standard.

Beryn. [locsirHeHHs SKOCTI HPOTPaMHOTO 3a0€3MEUeHHs 3aJeKUTh BiJ MPOIECY
MPOCKTYBaHHSI, SIKHIA [IOBHHEH OyTH IUTAHOBAHHUM 1 BKJIFOYAaTH CHCTEMATH30BaHUH HaOIp
JIiH 13 3a0e3NeUeHHs aIeKBaTHOCTI i JIOBIPH JIO TIPOIYKTY, CTBOPSHOTO BIATIOBITHO 110
MOCTAaBJICHUX TEXHIYHUX BUMOT. [Ipu 1ipomMy Bepudikallis Ta Bamifamis IporpaMHOTO
3a0e3neveHHs] HaleXaTh JI0 YIPaBIiHHS SKICTIO 1 € BayKJIMBHMH HpoliecaMu 3ade3me-
YEeHHS SKOCTI MPOTPaMHOTO MPOAYKTY Ha eTamax Horo KUTTeBoro muKiy. [Iporpamue
3a0e3MevyeHHs] TOBUHHO BUKOHYBAaTH CBOi (ByHKII{, BIHOBIAATH 3aJaHUM KPUTEPisM
SKOCTI, 0e31eKH, HaaiiHOCTi. OUiHKa NPOAYKTY, BUMOT JI0 HHOTO, IPOEKTHOT IOKYMEH-
Tallii — 3a7a4a iHKEeHepIB 13 3a0e3MeYeHHs AKoCTi, 800 QA-iHKeHepiB.

Buxknajn ocHoBHoro Marepiany. Ha mepmmii mormisif, «sKiCTh IPOrpaMHOro 3abe3-
TIEUEHHS» MOXKE 3[aBaTUCh A0CTPAKTHUM MOHATTAM. [IpoTe A MeHeKepiB MpPOoeKTy,
MPOTPaMICTiB, CIIEIIaNiCTIB 3 TecTyBaHHS, QA-IH)KCHEpIB Ta 1HIIMX YYaCHUKIB TPO-
LeCy PO3pOOKHU MPOAYKTY KPUTEPii SAKOCTI MPO30pi Ta BUMIPIOBaHI.
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OTxe, AKICTh MPOTrPaMHOTO 3a0€3MEYCHHS — 1€ CYKYIHICTh XapaKTepUCTHK MPO-
rpaMHOTO 3a0€3MeUYeHHs, SKi BITHOCATBCS JIO HOTO 31aTHOCTI 3a/I0BOJIBHITH BCTAHOB-
JIeH1 Ta IpornoHoBaHi notpedu [1].

OyHKIIis 320€3M1eUeHHS SIKOCTI MOJKE BUKOHYBaTHUCh BHYTPIIIHIM BiIAIJIOM KOMIIa-
Hii, a MOXKeE JIeJIeTyYBaTHCh HE3aJIS)KHOMY TAPSAIUNKY, KOTPHE 00’ €KTUBHO OI[IHUTH CaMe
pillIeHHs, HAALITY€E NPOLIeCcH 3a0€3MEYSHHS SIKOCTI 1 TUM CAMHUM JI03BOJIUTH BUITY CTUTH
Ha PUHOK MPOIYKT BUCOKOT SIKOCTIi, SIKHW BIAMOBiAa€ OI3HECBUMOTaM Ta OUYiKyBaHHSIM
KOPUCTYBAYiB.

OpHak Ui TiABUILEHHS CTYINEHS 3aJ0BOJICHHS BCIX KOPUCTYBaudiB MPOTrPaMHOTO
3a0e3MedeHHsl, Ui JOCATHEHHS. HUM CTaOUThHOTO CTAHOBHINA HA PUHKY W ITiIBUIICHHS
MOTEHIlIaly PO3BUTKY Ba)KIMBO BPAaXOBYBATH BCi XapaKTEPUCTUKU. TaKWM YHHOM,
SKICTh MPOrPaMHOTO 3a0e3MeueHHs] MOKe OyTH OIMCcaHa BEJIMKOIO KUTbKICTIO pi3HOMa-
HITHHUX XapaKTePUCTHUK.

XapaKTepuCTUKH IPOTPaMHOTO 3a0e3mneueHHs [2]:

1. ®ynknionaubHicTh (Functionality) — Bu3HauaeThcs 31aTHICTIO MPOrPaMHOIO
3a0e3MeveHHs BUPIIyBaTH 33/adi, KOTpPi BiAMOBIAAalOTh 3a()iKCOBAaHUM Ta IPOMOHOBA-
HHUM TOTpedaM KOPHUCTyBava MPH 3aJaHUX YMOBaX BUKOPHCTAHHS IPOTPAMHOTO 3a0e3-
neyeHHs. ToOTO 16 XapaKTEepUCTHKA BIANOBIJIA€ 3a Te, IO MpOrpaMHE 3a0e3NeueHHs
MPAITIOE CTIPABHO Ta TOYHO, (PYHKIIIOHATFHO CYMiCHE, BIIIIOBiIa€ CTaHAApTaM Tajy3i Ta
3axHIICHE BiJl HECAHKI[IOHOBAHOTO JOCTYILY.

2. Hapiiinicts (Reliabiity) — 3naTHiCTh nporpaMHoOro 3a0e3neucHHs] BUKOHYBAaTH
HEeOoOXiHI 3a/ladi y BU3HAYEHUX yMOBAaX MPOTATOM 3a/IaHOTO MPOMIXKKY Yacy 4H BKa-
3aHy KIJIBKICTh omepaliiii. ATpuOyTH JaHOI XapaKTePUCTHKU — II€ 3aBEPIICHICTh Ta
LUTICHICTD YCi€l CUCTEMH, 3IaTHICTh CAMOCTIHHO Ta KOPEKTHO BiJHOBIIOBATHCH MiCIIs
3001B B po0OTI, Bi/IMOBOCTIHKICTb.

3. 3pyunicts Bukopuctanasa (Usability) — MOXIHBICTE IeTKOro po3yMiHHS,
BUBUCHHS, BUKOPHCTAHHS Ta MPUBAOIMBOCTI MPOTrPaMHOTO 3a0€3MeueHHs ISl KOpHUC-
TyBadiB.

4. Edexrusnicts (Efficiency) — 3naTHicTs nmporpaMHoro 3abe3rnedeHHs 3a0e3medy-
BaTu HEOOXiTHUI piBEHb MPOTYKTUBHOCTI Y BiAMIOBITHOCTI 13 BUAUICHUMHU pPeCypcaMH,
4acoM Ta IHIIUMH BU3HAYCHUMH YMOBaMH.

5. 3pyuHicts cynpooay (Maintainability) — serxicTs 3 sikoro nporpamue 3aoes-
MICYCHHS MOXKE aHAJi3yBaTUCh, TECTYBATUCh, 3MIHIOBAaTUCH JJIS1 BUIIPABICHHS 1¢(DEKTIB,
IUTSL peaizamnii HOBUX BEMOT, IS TIOJICTIIIEHHS TIOJANIBIIOTO 0OCIYTOBYBAaHHS Ta azall-
TYBaTUCh JI0 3MiH HABKOJIHUIIHBOTO CEPEIOBUIIIA.

6. llopraruBHicTs (Portability) — xapakrepusye nporpamue 3a0e3MeIECHHS 3 TOUKH
30py JIETKOCT1 HOTO TIEPEHOCY 3 OJIHOTO OTOYCHHS B 1HIIIC.

BuxonuTh, HOHATTS AKOCTI IpOrpaMu OaraTtorjaHoBe i Mo)ke OyTH BUpaKeHE aJleK-
BAaTHO TiJIbKH JICSIKOIO CTPYKTYPOBAHOIO CHCTEMOIO XapaKTepUCTHK abo aTpudyTiB. Taka
CHCTEMa XapaKTePUCTUK Ha3WBAETHCS MOIECIUTIO SIKOCTI.

Mooens axkocmi npozpamnozo 3aoe3nevenus 3a Maxkonom. Ilepiioro mmpoko Bij0-
MOIO MOJIEIUTIO SIKOCTi TPOTrPaMHOTO 3a0E3MEUeHHsI cTajla 3anponoHoBaHa B 1977 pomi
MakxkosoM i iHImAME MoJielTb [3]. Y Hill XapaKTepUCTHKH SKOCT1 PO3/IiICH] Ha TPH TPYTIH:

— ¢axropu (factors), 10 OMUCYIOTH MPOrpamMHe 3a0e3MeUeHHs 3 TIO3ULINA KOPUCTY-
Baya Ta 3aJaHUX BUMOT;

— KpuTepii (criteria), 110 OMUCYIOTHCSI MPOrpaMHe 3a0e3MEeUCHHS 3 MO3UIIH po3po0-
HHKA ¥ 3aJal0ThCS SIK 1111,

— METPHUKH (metrics), IO BHKOPUCTOBYIOTHCS [UIS KUTBKICHOTO OMHCY M BHMIipIO-
BaHHS SKOCTI.
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DakTopH AKOCTI, IKUX Oyno BUAUIEHO 11, rpymyloThCs B TpU IPYIH BiAMOBITHO A0
poay pobOoTH JFofIeH 3 TporpaMHUM 3a0e3nedeHHsIM. OTpuMaHa CTPYKTypa 300paxy-
€TbCS Y BUIVIsLAI TpUKyTHUKA Maxkkona. Kputepii skocTi — 1ie 4icioBi piBHI (pakTopis,
MOCTaBIICH] SIK Wi pu po3pobmi. OO’ €KTUBHO OLIHUTU a00 BUMIpSITH (hakTOpH SIKO-
CTi TOCUTH Bakko. ToMy MakkoJ BUKOPHCTaB METPUKH SIKOCTI, SIKi JTO3BOJISIOTH JIETIIIE
BUMIpIOBaTy i omiHioBaTu. OLIHKHY 32 IIKaJI0l0 HaOyBaroTh 3HaueHsb Big 0 1o 10.

MeTpuKH SIKOCTI:

— 3pY4YHICTh TIEPEBIPKH Ha BIAMOBIAHICTE cTanmapram (audiability);

— TOYHICTH YIIPaBJIIHHS W 00UHCIIEHB (accuracy);

— CTYIIiHb CTaHAApPTHOCTI iHTEpdeiiciB (communication commonality);

— ¢yHKIIIOHATTEHA TOBHOTA (completeness);

— ONHOPIJHICTP BUKOPHUCTOBYBAHHX TIPABHJ MPOCKTYBAHHSIM JTOKYMEHTAIIi
(consistency);

— CTYHiHb CTaHAapHOCTI popmaTiB nanux (data commonality);

— CTIMKICTh JJ0 TOMUIIOK (error tolerance);

— edexTuBHICTB poboTH (execution efficiency);

— po3mmproBaHicTh (expandability);

— mumpoTa cepu NoTeHLiHHOTo BUKOpUcTaHHs (generality);

— He3aJeKHicTh Bix anapatroi miardopmu (hardware independence);

— IIOBHOTA MPOTOKOJIFOBAHHS TIOMHUJIOK ¥ 1HIIMX Mol (instrumentation);

— MoynbHICTh (modularity);

— 3py4HicTh poboTH (operability);

— 3aXHMIICHICT (security);

— caMo/IoKyMeHToBaHicTh (selfdocumentation);

—npocToTa podotH (simplicity);

— He3aJIeXKHICTB BiJ mporpaMHoi miartdopmu (software system independence);

— MOKJIUBICTH MOPIBHAHHS MIPOCKTY 3 BUMoramu (traceability);

— 3py4YHICTh HABYaHHS (training).

KokHa MeTpHKa BIUIMBa€E Ha OIIHKY JCKUTBKOX (hakTopiB siKocTi. YucioBe BHpa-
JKCHHS (pakTopa sBJsIE COOO0I0 JiHIIHY KOMOiHAIiI0 3HaYeHb METPHUK, IO BIJIMBAIOTH
Ha Hboro (puc.1l). KoedimieHTH BUpaXeHHsS BU3HAYAKOTHCS 110 PI3HOMY BIIMOBIIHO 70
PI3HHX OpraHizaliif, KoMaHa po3poOKH, BUIIB IPOTPAMHOTO 3a0€3IICUCHHS.

CynposooXyBaHICTh
OuiHrOBaHICTB
FHy4KicTb

MepeHocumicTe
MoBTOpHE BUKOPUCTAHHA
3naTHICTL A0 B3aemonii

PeBgisii BripoBamKeHH

DYHKWIOHYBAHHA

KopekTHicTe HapiWHicTb EdextuBHicTte LinicHicTs lNMpakrudHICTL

Puc. 1. Tpuxymnux Maxxona
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Mooenv akocmi npozpamnozo 3abesneuenns 3a boemom. B 1978 pouti boem 3ampo-
MIOHYBaB CBOIO MOJIETIb, BIIACHE Ka)Ky4H, BOHA SIBISIIa COO0I0 PO3IIHpEeHy Moaeas Mak-
KoJjia. ATpuOyTH SIKOCTI KiIacu(]iKyloThCs 3a CIOCO0aMU BUKOPUCTAHHS MPOTPaMHOTO
3abe3neueHHd. Busnadeno 19 mpomikHux arpuOyTiB, IO BKIIOYAIOTH Bei 11 ¢axro-
piB sikocTi 32 Makkosiom [3]. [IpomikHI aTpuOyTH PO3IUISIOTECS Ha MPUMITHBHI, SKi
Y CBOIO U€pPry MOXYTh OyTH OILIIHEHI Ha OCHOBI METPHK.

Ha nonatox 1o ¢akTopiB Makkoia aTpuOyTH SIKOCTi 32 boeMOM BKIIIOYAIOTH TaKe:

— sicHicTb (clarity);

— 3py4HicTh BHeceHHs 3MiH (modifiability);

— JIOKyMeHTOBaHicTh (documentation);

— 37IaTHICTB JI0 BIJJHOBJICHHS QyHKIIiH (resilience);

— 3po3ymuticTh (understandability);

— anekBatHicTh (validity);

— ¢yukuioHanpHICTH (functionality);

— yHiBepcalbHicTh (generality);

— GKOHOMIYHY e(heKTHBHICTH (economy).

Mooenv akocmi npozpamnozo 3aoesneuenns FURPS. Y 1987 poui KommaHis
Hewlett Packard 3anpomnoHyBana HOBy MOAENb SIKOCTi, TaK OM MOBUTH 1HIyCTpiaibHY
iHTepIpeTalito Moaeneit Makkoia ta boema, FURPS.

Monenb MicTUTh 5 arpuOyTiB, BIIMOBIIHO 10 HA3BH, a CaMe:

— (yskuioHanbHicTh (functionality);

— 3py4HicTh BUKOpHCcTaHH (usability);

— HaninHicTh (reliability);

— NPOAYKTUBHICTH (performance);

— CYIPOBOJDKYBaHICTh (supportability).

Cygacna momens FURPS+ wmictuTh nomaTkoBi aTpuOyTH: BHMOTH JIO IIPOCKTY
(Design rquirements), BuMoru Ao peanizanii (Implementation requirements), BUMOTH
1o iHtepdeiicy (Interface requirements), Bumoru o ¢iznaanx kommnoHeHT (Physical
requirements) [3].

Mopnens sikocTi iporpamuoro 3abe3nedennst FURPS, sika Oyma 3anpononoBana I'peiini
ta Hewlett Packard, sk Bxe 3a3Hauasioch, moOyoBaHa Ha OCHOBI Mojeiel Makkona Ta
Boema, arne Ha BiIMiHY BiJI HUX CKJIQJIA€THCS 3 IBOX [IAPIB: IIEPILHH 3 IKIX BU3HAYAE XapaK-
TEPUCTHKH, a APYTUA MOB's3aHUH 13 arpuOyramu. OCHOBHOIO KOHIICHIIIEIO, SIKA JICKUThH
B OCHOBI MOJIE]TI, € ICKOMITO3HITISI XapaKTEPUCTHK IPOrPaMHOTO 3a0e3MeUeHHsI Ha JIBI Kare-
ropii Bumor, a came, dynkuionansHi (F) ta He dynkuionansai (URPS) Bumorn. Li Bui-
JIeH1 KaTeropii MOXyTh OyTH BUKOPHCTAHI SIK B SKOCTI BUMOT JI0 IIPOTPAMHOTO TPOIYKTY,
TaK 1 B SIKOCTI OIIHKH SKOCTI TIPOrpaMHOro nponykry. Ha manmii MomenT moneins FURPS+
LIUPOKO 3aCTOCOBYEThCSA Yy PO3pOoOLI MPOrpaMHOro 3abe3rnedeHHs Ta HpH ineHTudikarii
BUMOT JI0 pO3POOIIIOBAHOI CUCTEMH JIOLITbHE BUKOPUCTAHHS 11i€1 MOJIEI Y SIKOCTI yHiBep-
CaJIbHOTO KOHTPOJIBHOTO TIEPENTIKY XapaKTEePHCTUK MPOTPAMHOTO 3a0€3IIeUeHHSI.

Jlo HenoMiKiB JaHOi MOJIEeNi SIKOCTI MPOrPaMHOro 3a0e3MeYeHHs MO)KHA BiJTHECTH
HACTYITHE:

— BKa3aHy MOjelb BapTo OyJ0 O JOTOBHUTH aTpHOyTaMH SIKOCTI, sIKI MarOTh 0e3-
MOCEepe/IHE BiTHOLIEHHA 10 BeO-0AATKIB: JOCTYIHICTb, 3HAXOAXKYBaHICTh Ta MIPABOBY
BIJITOBIAHICTE;

— BKa3aHa MOJENb HE MPUIUIIE TOCTATHHOI YBarM MEPEHOCHMOCTI IMPOTPAMHOTO
3a0e3MeueHHs.

Mooenv akocmi npozpamnozo 3avesneuennus I'eyyi. Kapno ['enri ta ioro criiBa-
TOPH PO3PI3HSIOTH SIKICTh MPOAYKTY Ta mporiecy [3]. 3rimHo momerni lemmi no skocTi
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MPOTPaMHOro 3a0e3MEeYEeHHS BITHOCSTHCS HACTYIHI XapaKTEPHCTHUKH MPOrPaMHOTO
3a0e3IeUCHHS:

— [UTICHICTB;

— HaJIAHICTB Ta CTIAKICTB;

— IIPOJTYKTHUBHICTH;

— IPaKTUYHICTb;

— BepH(IKOBAHICTh;

— CYIIPOBOJKYBAHICTh;

— MOKITUBICTBH 0araTopa3oBOro BUKOPUCTAHHS;

— MOOILJIBHICTD;

— 3PO3YMIJTICTH;

— MOKJIMBICTh B3a€MOJIT;

— e()eKTUBHICTB;

— CBOEYACHICTH pearyBaHHS;

— BUAUMICTB MPOLIECY PO3POOKH.

Mooenv axocmi npozpamnozo 3abdesneuennns SATC. B llentpi 3abesnedeHHs
SIKOCTI Tiporpamuoro 3abesmneueHds NASA (Software Assurance Technology Center,
SATC) 6yna po3pobieHa nporpaMa METPHK, sika 3a0e3nedyBaiia OLiHKY PU3HKIB MIPO-
eKTY, SIKOCTI mpoayKuii Ta epextuBHicTs nporecis [3]. Ilporpama SATC pexomenmye
OKPEMO BIJICJIIIKOBYBATH SKICTh BUMOT, SIKICTh IPOTPAMHOTO 3a0€3ICUCHHS Ta 1HIITUX
HpOI[yKTiB (toxymeHTaii), SIKiCTh TECTYBAHEA Ta SIKICTh BUKOHAHHS Ipo1iecis. Mopens
saxocTi SATC BuzHauae Ha61p IiJIeH, OB’ I3aHUX 13 TPOrPaMHAM MPOTYKTOM Ta aTpH-
OyTH TIPOLECIB Yy BIAMOBITHOCTI O CTPYKTYPH MOJEINI SKOCTI MPOrpaMHOro 3adesre-
yenns [SO 9126-1.

Mooenwv axocmi npozpamnozo 3aoe3neuennsn ISO 9126.Y 1991 porii cTaHIapTHOO
Oyia ImpHUiHATa MOJENb SIKOCTI Iporpamuoro 3abdesnedenus 1SO 9126. s monmens He
€ TIPSIMUM PO3LIMPEHHSM paHillIe 3aIPONOHOBAHUX. Y Hilf OLIHKA SIKOCTI IPOrPaMHOTO
3a0e3IedeHHs 3aCHOBaHA Ha TAKUX XapakTepucTukax [1]:

— Mera (goals) — Te, o0 MU X04eMO Oa4YUTH B IIPOTPaMHOMY 3a0€3IICUCHHI;

— atpuOyTH (attributes) — BIacTUBOCTI MPOrpaMHOTo 3a0€3MEeYeHHS, 10 MOKA3YIOTh
HaONMMKEHHS 10 METH;

— METpHUKH (metrics) — KUTbKICHI XapaKTePUCTUKU CTYIeHs HasSBHOCTI aTpUOYTiB.

Bunineno micre mineu:

— ¢ynkuioHanpHICTH (functionality);

— HagiiHicTh (realibility);

— MPaKTUYHICTH a00 3pYyUHICTh BUKOpUCTaHHS (usability);

— edexTuBHIcTh (efficiency);

— CyIpoBOKYBaHicTh (maintainability);

— MoOibHICTH (portability).

B 2001 poui 1ieii crangapt OyB MeperiisHyTHH 1 pO3IIHPEHHA. Y HBOTO OYJI0 J01aHO
LIICTh JOAATKOBUX aTpHOYTIB AKOCTIi: MPUBAOIUBICTD K aTpUOyT MPAKTUYHOCTI  CTy-
MiHb BIAMOBIAHOCTI cTaHgaptam. [ToBHMIA criucok atpuOyTiB skocTi 113 3a cTanmaprom
ISO 9126 (puc.2):

— ¢ynkuionansHicThb (functionality);

— HaniiHicTh (realibility);

— IIPaKTUYHICTH a00 3pyYHICTh BUKOPUCTaHHS (usability);

— edextuBHicTb (efficiency);

— CyNpOBOKYBaHICTh (maintainability);

— MoOUITBHICTH (portability).
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byHKUioHaNBHICTL

- 3axULLEHIcTE
- TOYHICTL

- 30aTHICTL Ao B3aeMogil

- thyHKUiOHaneHa
npyaaTHIicTE

- BiANOBIOHICTL
cTaHaapTam

MepeHocUMicTe
- afganToBaHICTh
- 3pYYHICTb 3aMiHK
30aTHICTb 00 ChiBiCHYBaHHA
- 3pY4HICTb
BCTAHOBMNEHHA
- BianoBigHIicTE
cTaHgapTam AKICTb
NPOrPAMHOIO

3pyuHicTe 3ABE3MNEYEHHA 3pyuHicTe
CynpoBOIKYBaHHA BWKOpPMCTaHHA
- 3PYYHICTE 3MIH - BianosiaHicTE

- 3pYYHICTE NepeBipku cTaHgapTam
- aHanisoBaHicTL - 3pPY4YHICTE HaBYaHHA

- cTabinbHICTL - NpuBadnuBicTb
- BianoBiaHicTe - 3pYyYHIcTE poboTi
cTaHaapTam - 3pO3yMInicTL

HapiHicTs
- 3pinicTh
- 3naTHICTb A0 BiQHOBNEHHS
- CTiIMKICTE OO BiOMOB
- BiONOBIOHICTE
cTaHgapTam

MpoayKkTuBHICTL
- BIOQNOBIQHICT
cTaHnapTam
- yacosa eeKTUsHICTb
- epeKTUBHICTh
BUKOPUCTAHHA
pecypcis

Puc. 2. Xapaxmepucmuku i ampubymu skocmi npo2pamno20 3a0e3neyenns
32eiono 3 ISO 9126

BucnoBku. IlepepaxoBani XapaKTepHUCTUKH 1 aTpUOYTH SIKOCTI IPOTPaMHOTO 3a0e3-
MICYCHHS JTO3BOJISIIOTh CHCTEMAaTHYHO OMFCYBAaTH BUMOTH 1O HBOTO, BH3HAYAIOUH, SIKi
BJIACTUBOCTI MPOTPaMHOTO 3a0e3MeyYeHHs M0 JaHil XapaKTepUCTHLl MOXYTh OaquTu
3aIliKaBlieHI CTOPOHHU.

Hageneni arpu0yTn SKOCTI BH3HAUCHI B CTAaHIApTax, ajie [I¢ He 03HaYae, 10 BOHU
LIJIKOM BUYEPIYIOTh MOHSTTA SIKOCTI MPOrpaMHOro 3abe3medeHHs. Tak, B CTaHIapTi
ISO 9126 BincyTHI XapaKTepHCTUKH, TIOB’s13aHi 3 MoOUIBHICTIO [13, TOOTO 3MaTHICTH
IIPOTPaMU MPAIIOBATH MPH (i3UIHUX ITEPEMIICHHIX MAIINHH Ha SIKid BOHA MTPAITIOE.

3aMmicTh HamidHOCTI 0araTto MOC/IIIHHUKIB BOJIIOTH posrinaTi OLIBII 3arajabHe
MOHATTS TOOPOTHOCTI (dependablhty) 1o omucye 3MIATHICTh MPOTpaMHOro 3abe3re-
YeHHS MiATPUMYBaTH BH3HAUCHI IIOKa3HUKH SIKOCTI 38 OCHOBHUMH XapaKTePUCTHKAMH
((pyHKIIOHATBHOCTI, MPOAYKTUBHOCTI, 3pYYHOCTI BUKOPUCTAHHS) 13 3aJaHUMHU HMOBIp-
HOCTSIMH BHXOIY 32 iX paMKH Ta BH3HAUCHUM MAaKCHMAaJIbHUM 30HTKOM BiJ MOKIHBUX
nopymeHb. KpiM Toro, akTHBHO JOCIHIIKYIOTBCS ITOHSATTS 3pyYHOCTI BUKOPUCTAHHS,
0e3neKy 1 3aXUIICHOCTI MPOrpaMHOro 3a0e3Me4YeHHs] — BOHM 3[Ar0ThCs OLTBLIOCTI
(haxiBIliB HabaraTo OiIbII CKIIATHUMH, HIXK 1€ ONTUCYETHCS JAHUM CTaHIapTOM.
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The article explores a promising combination of blockchain technologies and Federated
Learning-based machine learning to create hybrid models capable of transforming data mining
in social networks through increased security, autonomy, and efficiency of data management.
Blockchain provides a decentralized and secure environment for storing and transmitting
information, which is especially important in the face of increasing requirements for the privacy
and reliability of data in social networks. In turn, machine learning, which requires large amounts
of reliable data to accurately predict and analyze, can take advantage of secure blockchain-
based platforms to generate highly efficient models. The key aspects of the implementation of
hybrid models are described, such as ensuring the confidentiality of user data, the scalability of
the blockchain, and the complexity of integrating both technologies. Successful implementation
of such systems can improve the efficiency and security of social media data analysis processes,
creating new opportunities for innovation, improving content personalization, and providing
better protection against manipulation. Thus, the study emphasizes that these approaches can
significantly improve traditional methods of data analysis, making social networks safer and
more adapted to the needs of modern users. The developed system allows you to evaluate the
interaction between the user and the global machine learning model and the blockchain model.
In addition, the collected metrics, namely: load reduction factor, estimation of network bandwidth
utilization, blockchain processing time coefficient, allow you to evaluate the application of a
hybrid model using blockchain technology using machine learning. A comparison of the load of
the centralized and decentralized systems in accordance with the resource capacity of a personal
computer is analyzed.

Key words: blockchain, data analysis, decentralization, social networks.

I{yozenxo FKO. €., Mucwk I. B., Muciwok P. B. 3acmocysannsa ciopuonux mooeneii
¢heoepamusnozo naguanna 3 inmezpayicio 610KUeNHy Ma MemMoOie MAUIUHHO20 HAGUAHHA

Y emammi oocnioscyemucs nepcnekmugne no€oHanHs MexHON02I ONOKYEUHy ma MauuH-
HO020 HaguanHs Ha ocHosi Federated Learning ons cmeopenus 2iopuoHux mooeneil, 30amuux
mpancgopmysamu iHmeneKmyarbHull aHaliz OaGHUX Y COYIANbHUX MePeXcax 3a60KU NiO8ULeHill
bezneyi, aBMOHOMHOCMI Mma eekmusHocmi ynpasiinus danumu. brokueiln 3abesneuye oeyen-
mpanizosane ma 3axuujere cepedosguuje 0 30epicants ma nepedadi ingpopmayii, wo 0cooaU8o
BAICTUBO 8 YMOBAX 3POCMAIOYUX BUMO2 OO KOHPIOEHYIIHOCMI 1 HAOTUHOCI OAHUX Y COYIATbHUX
mepedicax. Y ¢8o1o uepey, mawunHe Hag4aHHs1, sike ROMpPedye 6ETUKUX 00CA2IE 00CMOBIPHUX OaHUX
0J11 MOYHO20 NPOSHO3VEAHHS MA AHANIZY, MOJICE CKOPUCTNATNUCA Oe3neuHUMU NAam@opMamu Ha
OCHOGI OnOKYelny Ol CMBOPeHHs BUCOKoepekmuenux mooenetl. Onucano Kio4oei acnekmu
BNPOBAOINCEHHS CIOPUOHUX MOOeell, MAKUX AK 3a0e3neueHHs. KOHQIOeHYIIHOCMI OaHUX KOPUC-
myeauis, Macumaoosanicmy ONOKYeUHy ma cKiaonicms inmezpayii 060x mexuonoeiil. Yeniwna
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peanizayis makux cucmem Moxce nioguUmMU epekmusHicms i 6e3nexy npoyecie aHaizy OaHux
VY COYIaANbHUX Mepedicax, CmMEopIoioul HOBL MONCIUBOCII O/ ITHHOBAYIU, NOTINULCHHS NePCOHALI-
3ayii konmenmy ma 3abes3neuens Kpawo2o 3axucmy 6io mauninynayit. Taxum 4unom, nposeoene
00CIONCEHHSL NIOKPECTIOE, WO Yi NIOX0OU MOACYMb 3HAYHO B00CKOHANUMU MPAOUYIUHT Memoou
AHANI3y OaHUX, 3p0OUBULU COYIATbHI MepedicT De3neuHiuuMu i a0anmosanum 00 nompeb cyvac-
HUX Kopucmyeauie. Pospobnena cucmema 0036015€ OYIHUMU 83AEMOOTIO MIJIC KOPUCTTY8adeM
i 2100aNbHOI MO0 MAWUHHOZO HABYAHHA mMa MoOennto OnokuetHy. Kpim moeo, 3i6pani
Mempuxuy, a came: KoeQiyichm 3MeHuen s HA8AHMAICEHHS, OYIHKA 6UKOPUCTAHHSL NPONYCKHOT
30amuocmi mepedci, uac 0opooKu 6IoKYelHy Koegiyienm, 00380170 Mb OYIHUMU 3ACMOCY8AHHS
2I6pudHoOi Mooeni i3 3aCmocy8anHs MEXHON02TT OIOKUEUHY BUKOPUCTOBYIOUU MAWUHNE HAGUAHHS.
IIpoananizo6ano nopieHANHA HABAHMAICEHOCMI YEHMPANI308aHOI mMa 0eyenmpanizoeanoi cuc-
memu I0N0GIOHO PeCypCcOCHPOMOICHOCINT NEPCOHATLHO20 KOMN 1omepa.
Knrouogi cnosa: onoxuetin, ananiz 0anux, 0eyeHmpanisayis, coyianbHi Mepexci.

Introduction. Modern social media platforms have become an integral part of the
global information environment, where users actively interact, exchange information,
and shape public opinion. However, the growing influence of social media on society
is accompanied by a number of challenges, including issues related to security, privacy,
and content verification. The spread of fake news, fake accounts, and automated bots
poses serious threats to users and trust in these platforms. Moreover, privacy violations,
particularly through the collection and use of personal data without adequate control,
remain one of the key problems faced by modern internet platforms.

In this context, traditional approaches to ensuring security and content verification
based on centralized systems prove to be insufficiently effective. Blockchain technol-
ogy, with its properties of decentralization, transparency, and immutability of data,
offers new opportunities for creating more secure and reliable platforms. The use of
blockchain in combination with machine learning methods, particularly algorithms for
detecting anomalous activity and automatic content analysis, can significantly enhance
the effectiveness of addressing the issues arising in social media.

The use of blockchain technology in combination with a Federated Learning model
allows for the avoidance of third-party interference in the process of data processing
and analysis. Federated Learning enables training machine learning models without the
need to transfer raw data to centralized servers, keeping the data stored locally on users'
devices. This ensures privacy, as personal data does not leave the boundaries of local
devices.

In the context of systems combining blockchain with Federated Learning for data
analysis in social media, blockchain serves as a decentralized platform to ensure the
security, transparency, and immutability of machine learning model parameters. In envi-
ronments where user privacy and data protection are paramount, blockchain ensures that
all changes and updates to the model are authentic and verifiable, increasing trust in the
learning outcomes.

One of the key roles of blockchain is ensuring data immutability. All contributions
from individual devices are recorded as blocks in the chain, preserving the history of
model changes. This means that all model updates are viewable and cannot be altered
without a trace. This approach allows for tracking the sources and chronology of model
parameters, creating a consistent and secure chain of updates.

The transparency and trust provided by blockchain are significant advantages for
social media platforms aiming to handle user behavioral data correctly. Thanks to
blockchain, all participants in the system can verify contributions to the model, which
enhances trust in the learning and data processing results. In social media, this ensures
transparency in data processing and protects against manipulation.
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Furthermore, the decentralized structure of blockchain prevents unauthorized
changes during the model training process. Any modifications or updates to the param-
eters require approval from the majority of nodes in the network, ensuring the system's
resilience to external interference and maintaining the integrity of the model.

Blockchain also contributes to privacy protection by allowing only the updated
model parameters to be stored, without the need to transmit raw user data. This reduces
the risks associated with personal data breaches and complies with modern privacy
requirements.

The aim of the study. This article presents the results of a study on the use of block-
chain technology in combination with the Federated Learning model. The described
combination allows for avoiding third-party interference in the process of data process-
ing and analysis. Federated Learning enables training machine learning models without
the need to transfer raw data to centralized servers, keeping the data stored locally on
users' devices. This ensures privacy, as personal data does not leave the boundaries of
local devices.

Related work. Hybrid models of federated learning based on blockchain and machine
learning differ from the research presented so far in that they aim to integrate machine
learning algorithms directly into the federated learning process. While traditional studies
primarily focus on using blockchain for ensuring transparency, security, and decentraliza-
tion, hybrid models offer a deeper interaction between these technologies.

In particular, previous research emphasizes the technical integration of blockchain
with federated learning, focusing on addressing issues of scalability, privacy, and data
exchange efficiency. Hybrid models, on the other hand, leverage machine learning capa-
bilities to optimize the performance of the entire system, such as dynamically distribut-
ing tasks between nodes, predicting workloads, or automatically detecting anomalies.

Furthermore, hybrid models place a strong emphasis on practical applications, offer-
ing solutions for complex real-world scenarios such as medical diagnostics, smart cities,
or financial technologies. They enable high performance through the flexible integration
of modern machine learning algorithms with the advantages of blockchain, significantly
expanding their capabilities compared to traditional approaches.

Blockchain technologies have become an important tool for ensuring transparency,
security, and decentralization across many fields, from finance to data management.
Many studies [1, 2] highlight the potential of blockchain to ensure the immutability
of records, making it ideal for storing and verifying data, particularly in distributed
systems. However, for blockchain to be used in real-world applications involving large
volumes of data, scalability and transaction processing speed issues must be addressed
[3]. One approach to solving these problems is the integration of blockchain with other
technologies, such as machine learning.

Federated learning, introduced by Google in 2016 [4], is a promising technique for
training machine learning models on distributed data without moving the data to a cen-
tral repository. This allows for maintaining data privacy and minimizing the risk of
leaks. Federated learning is used to create models that are trained on local devices (such
as smartphones, sensors, etc.) and then aggregated to improve the global model. How-
ever, as studies [5] show, such a system faces challenges, including the efficient aggre-
gation of models and ensuring accuracy based on limited local data.

Recent research focuses on combining blockchain technologies and Federated Learn-
ing to improve security, privacy, and scalability. Blockchain can be used to verify and
store model updates, ensuring transparency and traceability of changes during the training
process. In studies [6, 7], the use of blockchain for storing model parameters, such as
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weights, has been proposed, allowing for the distribution and updating of models without
centralized control, while also enhancing resilience to attacks. Additionally, the combina-
tion of blockchain with Federated Learning minimizes the risks of data and model manip-
ulation, as each transaction involving model updates is immutable and transparent.

Intelligent data analysis, which includes methods of machine learning, deep lear-
ning, and statistical analysis, is also actively applied in the context of blockchain sys-
tems. Particularly promising are approaches that combine data distribution with intel-
ligent analysis for automatic anomaly detection and trend forecasting in large datasets
[8]. This analysis can be performed both on local devices and in a distributed network,
which helps reduce latency and improve prediction accuracy.

A comprehensive study on the integration of blockchain technologies and federated
learning [9] systematically analyzes existing approaches and examines the main tech-
nical challenges, including ensuring privacy, computational efficiency, and scalability.
This research helps to better understand the key use cases of these technologies across
different industries.

The paper [10] provides a detailed analysis of solutions combining blockchain tech-
nologies and federated learning, focusing on architectures, algorithms, and security
methods, as well as energy consumption and data storage efficiency.

The integration of these technologies in the context of edge computing is described

n [11], highlighting the advantages for distributed systems and proposing solutions to
address issues related to computational resources and data transmission delays.

Similarly, in articles [12], the use of blockchain technologies in federated lear-
ning for Internet of Things (IoT) security is discussed, particularly focusing on ensuring
privacy and protection against attacks, as well as secure data exchange between loT
network nodes.

The research [13] also reviews the literature on blockchain integration in federated
learning, emphasizing security and challenges related to attack resilience.

The article [14], which focuses on the integration of blockchain and federated learn-
ing in IoT networks for transportation systems, highlights data protection, reduction of
latency, and improvement in system efficiency. Traditional aspects of blockchain usage
are described in [15].

Presentation of the main research material. Regarding the methodological
approach for integrating blockchain technology with Federated Learning and intelligent
data analysis, the main stages, system components, and algorithms used to ensure secu-
rity, privacy, and efficiency in data processing are explained.

The system consists of three main components: local devices, the global model, and the
blockchain network. Each component plays a crucial role in ensuring decentralized data
processing, model training, and the storage of updates. The system model is shown in Fig. 1.

%

Local device
(Collection, Global model
processing data) (Data summary

and learning)

& =

Blockchain model
(Data summary
and learning)

Fig. 1. Hybrid system architecture with blockchain technology and Federated learning
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Local devices refer to the fact that each user has a mobile device or sensor that
collects data locally, allowing for processing without the need to transmit data to cen-
tralized servers. These data may include user behavior metrics, environmental parame-
ters, biometric data, or other types of input data, depending directly on the application
context.

The machine learning model (local) operates on each device, processing the col-
lected data without the need to send it to a centralized database. Models can be updated
locally, where only the parameters (model weights, gradients) are transmitted, reducing
the network load and ensuring a high level of privacy.

The global model is the result of combining the parameters of models sent from the
local devices. This allows for an improved model based on collective learning, which
aggregates knowledge from various sources. The global model is updated and sends
new parameters back to the local devices for further training.

To ensure transparency, verification, and immutability of model parameters, block-
chain is used. The model parameters sent from local devices are stored on the block-
chain, where each record is immutable and open for verification, preventing manipula-
tion and ensuring no third-party interference.

The system operates using a multi-step approach, ensuring secure collection, pro-
cessing, and exchange of data between local devices and the global model with the use
of blockchain. A local device, such as a smartphone or sensor, collects data about user
behavior or environmental information and processes it directly on the device. At this
stage, a local machine learning model analyzes the data and improves without the need
to transmit raw data to a centralized database.

To improve the global model, the local device only sends updated parameters, such
as model weights or gradients. These parameters are sent to the blockchain, where they
are verified and stored in a secure environment. These data are then used to aggregate
updates from various devices, allowing the global model to be enhanced. The updated
parameters of the global model are returned to the local devices, ensuring the system
adapts to new conditions and improves efficiency. This approach ensures confidentiality,
transparency, and data security while maintaining high system performance.

Ll Blockchain Parameters @ ; i
g Updated Model
device { pl\:s:adat{;)es Global model

(user data) (aggregahon of updates,
model improvement)

s
—

—] J

Blockchain
(storage of parameters,
wverification)

Data model

Fig. 2. Data Processing and Model Update Flow in Federated Learning with Blockchain
Integration

In the first stage, as shown in Fig. 2, the local device collects user data and sends
it for processing, while the data is processed locally, without the need for centralized
access. This helps maintain confidentiality, as the data never leaves the device. The
local model on the device processes this data and generates updates, which may include
changes in model parameters, such as weights or gradients, but not the actual user data.
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These updated parameters are then sent to the blockchain, where they are stored and
verified.

In this case, blockchain ensures that the transmitted parameters are correct and
belong to specific devices, which enhances transparency and security in the system.
The updated parameters are then incorporated into the global machine learning model,
which integrates them to improve accuracy and adaptability. After this, local devices
receive the newly updated parameters from the global model, allowing them to continue
training or use the model for further operations.

Thus, this approach ensures data confidentiality, as only model parameters are trans-
mitted at all stages, not the users' actual data. This helps maintain security and confiden-
tiality while simultaneously improving the model's effectiveness through aggregation
from various local devices.

Hybrid models that combine these two technologies provide a powerful platform
for addressing issues arising from large volumes of data and the complexity of veri-
fying users and content in real-time. Blockchain can be used for data recording and
verification, while machine learning helps detect anomalies. This approach ensures a
higher level of protection for users' personal information, increases trust in content, and
reduces risks related to fake accounts, bots, and fake news.

However, the implementation of hybrid models based on blockchain and machine
learning requires a deep understanding of both technological and ethical aspects. Speci-
fically, issues related to the effective integration of different systems need to be addressed,
ensuring data confidentiality, protection against abuse, and maintaining transparency in
decision-making processes. Therefore, the relevance of researching the effectiveness of
such hybrid approaches is extremely high, as they have the potential to transform the
paradigm of security and trust in social media ecosystems.

Enhancing privacy and data security: The use of Federated Learning (FL) combined
with blockchain significantly improves privacy levels and protects user data from leak-
age and tampering. This can be measured by the number of potential attack vectors
detected.

Blockchain combined with FL allows the system to scale without compromising its
security. This can be evaluated by measuring latency time as the number of participants
increases. The system is resilient to manipulation and attacks by malicious actors due
to the protective mechanisms embedded in the blockchain and machine learning algo-
rithms. This can be tested by evaluating the system under various types of attacks.

Thanks to decentralization, the system avoids overloading central servers, as compu-
tations are performed at the end-user level. This can be measured by monitoring central
server usage. All tests were conducted using a dataset taken from the YouTube social
network. The hardware used for the experiment had the following parameters: Intel
Core i5 processor, 32 GB RAM, Nvidia 1050ti graphics card. In the figure, a compari-
son is shown between the performance of the centralized system and the hybrid system.
The results indicate the system's CPU load, memory usage, and network usage. With the
hybrid system, resource usage is significantly reduced. The formula for calculating the
reduction coefficient of the load is:

load,4— Load ey,

Load reduction coef ficient =
fr Load,e,
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s Comparison of Resource Usage: Hybrid System vs Centralized System

Metrics
I CPU Usage (%)
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B Network Usage (%)

40

Resource Usage (%)

20

Centralized system Hybrid system (FL + Blockchain)
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Fig. 3. Comparison of Resource Usage in Hybrid System vs. Centralized System
Load Reduction Coefficient = (80—55)/80 = 0.3125

To calculate network bandwidth usage in systems combining Federated Learning
and blockchain, the following formula can be used:

N « Bandwidth U N . Data Size;
etwork Bandwidth Usage = Time Period

XX, Data Size; — amount of data (in bytes) transmitted between nodes over a spe-
cific period of time. In Federated Learning systems, this refers to the volume of param-
eters or updates transmitted from each device iii to a central node or blockchain. Time
Period — the time duration (in seconds or minutes) over which the traffic volume is
measured. It is important to consider that when multiple nodes simultaneously transmit
data, the traffic volumes from all nodes need to be summed, as each node may contribute
its part to the total amount of data transmitted. This provides an accurate estimate of the
overall traffic, which helps in network optimization and resource management. Moreo-
ver, if data transmission occurs in multiple stages, such as first from local devices to the
blockchain, followed by processing and returning results, each stage should be consid-
ered separately. Each stage may have its own traffic and resource requirements, so they
should be evaluated individually to ensure optimal performance and minimize delays.

Blockchain Processing Time:

Elivzl Tblocki
N
where Thlock; — The processing time (in seconds) for each block iii, which includes both

the time for block creation and block confirmation within the network, and N — the total
number of blocks created and confirmed during a certain training period.

Blockchain processing time =
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Conclusions. The integration of blockchain technologies, Federated Learning (FL),
and intelligent data analysis opens up significant prospects, but the implementation of
such hybrid models comes with certain challenges that must be addressed. One of the
primary limitations is the high complexity and resource intensity involved in developing
such systems, especially when dealing with large volumes of data and high processing
speed requirements.

For the effective use of blockchain data combined with machine learning algorithms,
particularly Federated Learning, it is necessary to optimize these algorithms, which
requires substantial computational resources. Federated Learning allows model training
without centralized data storage, reducing the risk of confidential information leaks.
However, it still increases the demands on computational efficiency and coordination
between different nodes. Blockchain, in turn, can become a bottleneck when processing
large data volumes, as storing each record in blocks may lead to delays and scalability
issues.

Another important aspect is ensuring data confidentiality and regulation, especially
in the context of processing personal data. Hybrid models that combine blockchain,
Federated Learning, and intelligent data analysis can significantly enhance security and
privacy in decentralized systems, as they allow users to maintain control over their
data and offer resilience against attacks. Intelligent data analysis, particularly through
machine learning and deep learning methods, can be used for automatic anomaly detec-
tion, trend forecasting, and process optimization based on distributed data, which signif-
icantly increases the effectiveness and accuracy of decisions.

However, the implementation of such systems in real-world conditions requires fur-
ther research, particularly to assess latency, performance, resilience to external threats,
and resource utilization efficiency. Experimental research results confirm that com-
bining blockchain, Federated Learning, and intelligent data analysis can significantly
improve process efficiency, reduce risks, and ensure a high level of confidentiality and
privacy for users, unlocking new opportunities for innovation in various fields.
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YV cyuacnomy ceimi, de ynpaeninna npoekmamu cmae 0eoani CKIaOHimuUM i 6azamoepanHi-
WM, mpaouyiiini RiOXo0u NPOEKMHO20 MEHEIICMEHNY 6MPaianms c8oi0 akmyanvhicms. Epex-
MUHe YNPasiiHHs pecypcamu, NPOSHO3Y8AHHS CIMPOKI@ BUKOHANHS 3a60AHb | OYIHKA NOmeHyil-
HUX PU3UKI@ € 3aNOPYKOI0 YCHIXYy 0VOb-K020 RPOEKmY. Y yux ymosax mexuonoeii umyunoeo
inmenexny, Habysaromv yce OLIbWIOI NONYIAPHOCMI, 3AB05KU IXHIT 30AMHOCMI AHANIZY8AMU
6eNUKE 00Cs2U OaHUX, I0eHMUPIKY8AMU NPUXOBAHT 3AKOHOMIPHOCIE MA pOOUMU MOYHI NPOSHO3U.

s cmamms npuceésuena pospooyi ma HaguanHI0 MOOeNi WMyuHO20 IHMENeKmy, AKa 30amua
asmomamu3zyeamu npoyec NIaHy8anHs NPOEKMIa i OYiHKU pusuxie. ¥ mexcax pobomu 0emanvho
PO32TAHYMO 8eCb YUK CMBOPEHHS MAKOL MOOeNi: 8I0 HANAWMYBAHHS cepedosunya 00 nodyoosu
HetponHoi mepedici ma i nHasuanns. Ocobnugy ysazy 6y10 Npudileno niocomosyi OaHux Ois
Mooeini, 8uboOpy ONMUMATbHOL apXimeKkmypu HeUpoHHOT Mepedci ma eKCnepuUMeHmanbHil oyiHyi
i echexmusrHoCmi Ha peanbHUX OAHUX.

Mooenv, onucana 6 cmammi, opieHmo8ana Ha eUpiweHHs 080X OocHOGHUX 3aday. Ilepwa —
ye NpoSHO3YBANHS. CIMPOKI6 BUKOHAHHS 3060AHb, WO O0380IAE ONMUMIZY8AMU PO3NOOLL pecypcié
ma yHukamu 3ampumox. Jpyea 3a0a4a — ye agmomamu3o8ana OyiHka pusukie, sAKa 0onomazae
3a30ane2iob 10eHmuiKyeamu nomenyitHi npoodiemMu ma 3anponoHyeamu 3axoou Ot ix MiHiMi-
sayii. 3a608KU BUKOPUCMAHHIO ANCOPUMMIE 2TUOOKO20 HABUAHHS MOOETb Modce 00poonsmu OaHi
3 Oaeamvox 0dicepen, MaKux AK CUCeMU YNPasaiHHa NPOEKMAMU, | A0ANNY8AMUCS 00 HOBUX YMOG.
Kniovosumu acnexmamu cmeopennss mooeni € il enyuxicms i aoanmuenicms. Hagims 3a ymos
00MednceH020 docmyny 00 OAHUX, MOOeTb OEMOHCMPYE 30aMHICHb 00 HAGYAHHSL | NPOSHO3YEAHHS.
Boonouac, i3 poswupennsam obcazie Oanux it npoOYKmMuUHICms i MOYHICIMb Tue NOKPAULYIOMbCAL.
Mooenv 30amua agmomamuiHo OHOGIIOBAMU NPOSHO3U MA KOPUYBAMU NIAHYEAHHS ) PEATbHOMY
yaci, wo 3HaYHO NIOBUWYE eheKMUBHICb YNPABGIIHHSA 6CTUKUMU MA CKAAOHUMYU NPOEKIMAMU.

Kniouoei cnosa: nnanysanmns npoekmis, oyinka pusuxis, wimyunull inmenexkm, Mawunue Has-
YAHHSA, HeUPOHHI MepediCl, NPOSHO3Y8AHHA MPUBATIOCMI, ONMUMI3AYia pecypcis, ananiz Oanux,
aneopummu nPocHO3YEAHHA, AGMOMAMU3AYIA YNPAGIIHHA NPOCKMAMU, YIPAGIIHHA PUSUKAMU,
inmenexmyanvui cucmemuy, a0anmueHe NAAHY6AHH, HAGUAHHA MOOeNnell, PeKYPeHMHI HellpOHHI
Mepedici, Hopmanizayisi 0aHux, ni02omoeKa Oanux 0isi MOOeIi.

Mpykhailov N. O. Designing and training an artificial intelligence model for project
planning and risk assessment

In the modern world, where project management is becoming increasingly complex and
multifaceted, traditional approaches to project management are losing their relevance. Effective
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resource management, accurate task duration forecasting, and risk assessment are crucial for the
success of any project. In this context, artificial intelligence technologies are gaining increasing
popularity due to their ability to analyze large volumes of data, identify hidden patterns, and
make accurate predictions.

This article focuses on the development and training of an artificial intelligence model
capable of automating project planning and risk assessment processes. The work examines the
entire cycle of creating such a model: from setting up the environment to building and training a
neural network. Special attention is paid to data preparation for the model, selecting the optimal
neural network architecture, and experimentally evaluating its effectiveness on real-world data.
The model described in the article addresses two main tasks. The first is predicting task
completion durations, which allows for resource optimization and the avoidance of delays. The
second task is automated risk assessment, which helps to identify potential issues in advance and
propose measures to mitigate them. By utilizing deep learning algorithms, the model can process
data from multiple sources, such as project management systems, and adapt to new conditions.
Key aspects of the model's design include its flexibility and adaptability. Even with limited access
to data, the model demonstrates the ability to learn and make accurate predictions. Moreover,
as the volume of data increases, its performance and accuracy improve further. The model can
automatically update predictions and adjust planning in real-time, significantly enhancing the
management of large and complex projects.

Key words: project planning, risk assessment, artificial intelligence, machine learning, neural
networks, task duration forecasting, resource optimization, data analysis, predictive algorithms,
project management automation, risk management, intelligent systems, adaptive planning, model
training, recurrent neural networks, data normalization, data preparation for modeling.

Beryn. YV cydacHux ymoBax mio6anizanii Ta mudposizaliii, ynpaBiiHHA IPOEKTAMH
MIOCTAE SIK CKJIQJHUH 1 6araTorpanHuil mporiec, mo morpedye MBUAKUX, TOYHHX 1 a/1ar-
TUBHUX pillicHb. TpaJuIiiHI METO/IN IJIAHYBaHHS Ta OLIHKH PU3UKIB, TaKi K PyYHHUH
aHaJIi3 JaHUX Ta BUKOPUCTAHHS CTaTUYHUX MOJIeJIei, 4acTo He BiJIMOB1Ial0Th CYYaCHUM
BUKJIMKaM, 30KpeMa 3pOCTaHHIO OOCSTiB AaHUX, MIBHUIKIHA 3MiHI YMOB i HEOOXiTHOCTI
BPaxXOBYBATH YHCJICHHI B3aEMO3aJICXkKHI (PaKTOPH. YCIIX MPOEKTY TENEP 3HATHO MIPOIO
3aJIe)KUTh BiJl 3[aTHOCTI €(EKTHBHO YIMPABIATH pPECypcaMu, TOYHO MPOTHO3YBATH
CTPOKM BUKOHAHHSI 3aBJIaHb 1 BYUACHO 1ICHTU(IKYBATH PU3HKH, SKI MOXKYTh BUHUKHYTH
MiJ] yac HOro peasizaiii.

VY 11bOMY KOHTEKCTi TEXHOJIOTIi IITyYHOTO iHTENEKTY, 30KpeMa HEHPOHHI Mepexi,
CTaJIA TIOTYXKHUM IHCTPYMEHTOM JIJIsi aBTOMATH3AIli] MPOIIECIB YIPABIIHHS MIPOEKTAMH.
BoHu 31aTHI aHami3yBaTH BEJIHMKI 0OCATH JaHHX, IICHTU(IKYBATH CKIIAJIHI 3aKOHOMIp-
HOCTI, 1110 HE 3aBX/A1 € OUEBUAHUMH JIJIS TIOAMHHY, Ta HaJ]ABaTH TOUHI IPOTHO3HU Y Peajib-
HoMy yaci. [IITy4HHii iHTEIEKT He JIUIIE JO3BOJISIE 3SMCHIIIMTH BUTPATH Yacy Ta pecypciB
Ha [UTaHYBaHHS, aJie¢ W CIPHSIE TMiIBUIICHHIO TOYHOCTI IPUUHSATTS PillleHb, IO B KiHIIE-
BOMY Hi/ICYMKY HOKpAIIy€ Pe3yabTaTUBHICTD 1 CTAa0LIbHICTh BUKOHAHHS IIPOEKTY.

HanamryBaHHsl cepenoBuia po3podku. HamamTyBaHHS cepenoBHINa I PO3-
POOKH MOJEINi MTYYHOTO IHTEIEKTY € KPUTUYHO BKIMBUM €TAIlOM, SIKHI BH3HAYAE
e(EKTUBHICTD 1 CTAOIIBHICTh YCiX MOAATBIINX HpoueciB. BoHo mMae O6yTH onTuMizo-
BaHUM i1 poOOTH 3 BEJIMKUMH OOCSTaMHU JIaHWX 1 BIJIOBITaTH BHMOTaM HaBYaHHS
Helipomepex. OCHOBHOIO MOBOIO MporpaMmyBaHHA oOpaHo Python 3aBmsku ii OGarariid
exocucTemi 0i0moTeK, 1o 3a0e3MedyoTh MOBHUN UK po3poOku Moxaeni. s mooy-
JIOBH HEHPOHHOT Mepeki BHKOPUCTOBYEThcs TensorFlow, 1mio J1o3Boisie cTBOprOBaTH
CKJIaJIHI apXiTeKTypu Ta MiITPUMYBATH arnapaTrHe NPUCKOpeHHs 3a gonomoroo GPU.
Bucokopisuesuit API Keras criporye cTBOpEeHHSI Ta HaJAIITyBaHHS apXiTEKTypH, TOAI
sk Pandas, NumPy i Scikit-learn BUKOpHUCTOBYIOThCS [Tt 0OpOOKH TaHUX, HOpMaJTi3aIlii
Ta poboTH 3 KaTeropiiiuumu 3minaumMu [1, c. 129-133].

AmnaparHe 3a0e31e4eHHS € OJJHUM 13 KIIIOUOBUX (DaKTOPIB, IO BITMBAIOTH HA MIBU/-
KicTh HaBuaHHs Mogeni. ['padivuni npornecopu (GPU) 103BoMSAIOTH 3HAYHO PUCKOPUTH
004YHMCIIeHHS TOPIBHIHO 3 HEeHTpaibHUMHU Iporiecopamu (CPU), ToMy iX BUKOPUCTAHHS
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€ 000B’SI3KOBUM JUISl BEJIMKHX 33J1a4 MAITMHHOTO HABYaHHS. Y pa3i BiACYTHOCTI MOTYX-
HOTO JIOKAJILHOTO 00JIaTHAHHS 3aCTOCOBYIOTLCSI XMapHi cepBicH, Taki sik Google Colab,
mo Hajgae OezkowmtoBHUI noctyn 1o GPU 1 TPU. Lle 0coGnuBO KOPUCHO AJISL TECTy-
BaHHSA Ta HABYAHHS MOJEJICH i3 MOMIpHUM HAaOOpOM MAaHUX. AJIBTCPHATHBHO BHKO-
PUCTOBYIOTHCSI KOMEPITiHHI XMapHi cepBicH, 30kpema AWS Ta Azure, sIKi IPOIIOHYIOTh
pecypcu ans macuiraboBaHux oOuuciens. Ilepen mouarkom pobotu 3 GPU mepesi-
PSETbCA KOPEKTHICTh BcTaHOBieHHs jpaiiBepiB CUDA Ta cuDNN, HeoOXigHUX UIst
po6otu 3 TensorFlow [2, c. 389—400].

s oprasizanii i30JIb0BaHOTO IIPOTPAMHOTO CEPEIOBHIIA CTBOPIOETHCS BipTyallbHE
cepenosuiie Python. Bono 3abesmeuye cTabigbHICTH poOOTH Ta YHHKae KOH(IIK-
TIB MK 3aJI©KHOCTAMH Pi3HHX TPOEKTIB. [lakeTH BCTAHOBIIOIOTHCSA 3a JOMOMOTOIO
(haiiny requirements.txt, y KoMy mepesidyeHo Bci HeoOxinHi OibmioTexn. Hanpuknan,
cepes1 000B’SI3KOBUX TaKeTiB 3a3Ha4aroThesi TensorFlow, Pandas, NumPy, Scikit-learn
i Matplotlib. Takox MOKITHBE BUKOPUCTaHHS Anaconda, sika Hajae 3pyIHUl iHTEpdeiic
IUTSL KepYBAHHS CEPEIOBUIIIAMH.

Jlyist OTpUMaHHS peaibHUX JaHUX PO 3aBIaHHS IHTETPYETHCS CUCTEMA YIIPABIIIHHS
npoektamu JIRA. 3a monomororo 6iomioreku JIRA Python Hamaromkyerbest aBToMa-
TUYHUHN 3061p iH(OpMaIIii Tpo 3aBIaHH, BKIIOUAIOUN TPUBAIICTH BUKOHAHHS, TOYAaTKOBI
OIIIHKH, MPIOPUTETH Ta iMeHa BUKOHABLIB. Lli maHi GopMyIOTs OCHOBY /ISl HAaBUAHHS
MOJICITi, JTO3BOJISIIOUM BpPaxOBYBaTH Crenu(iKy peanqbHUX MPOEKTIB. ABTOMATH3aIlis
oTpuMaHHs JaHuX i3 JIRA 3HmKye BUTpaTH 4yacy Ha py4Huil 30ip i 3abe3neuye pery-
TsipHE OHOBIIEHHS iH(opMarii [3, ¢. 295-300].

[Tepen 0CHOBHOIO pOOOTOIO 3 MOACIUTIO MMPOBOANUTHCS TECTYBAHHS HAJIAIITOBAHOTO
cepenosuia. HapaaeTsbes mpocTta Mojienb T epeBipku nparesaaTaocti TensorFlow
i podotn GPU. Okpemo TecTyeThbes cTabinbHICTh 3’€aHanHs 3 JIRA API mns rapan-
TOBAHOTO JOCTYITy 10 AaHuX. KOHTpoib Bepciil 3MiHCHIOEThCs 3a mormoMororo Git, 1m1o
JI03BOJISIE TOKYMEHTYBATH 3MiHU Ta 3a0e3Meuye MOBTOPIOBAHICTH MPOLECY HAaBYAHHS.
TakuM YMHOM, HAJIAIIITOBAHE CEPEOBHUIIE € OCHOBOIO JIJIsl YCIIIIHOT peaizaii Mojeni
IITY4YHOTO iHTesnekTy. Moro mpaBuiabHa KoH(Irypamis MiHiMi3ye TexHiuHi pU3MKH,
3abe3neuye IHTEerpalliio 3 pealbHIMU JAaHUMH Ta CTBOPIOE 3pYyUHY IIaTGOpMy AJIs HaB-
YaHHS ¥ ONTHMI3allii Mojei, sika Oy/ie BUKOPUCTOBYBATHCS JUTS TIAHYBAaHHS TIPOEKTIB
1 OLIHKU PU3HKIB [4, c. 436—-444].

Bub6ip na6opy nanux. /[ng ycminmrHOTO CTBOPEHHS MOJENI IITYYHOTO iHTENEKTY
KITIOYOBY POJIb BIJIrpae SIKICTh 1 pENpe3eHTATHBHICTh BHOPAHOTO HAaOOpY JaHUX.
OCHOBHHM JDKEPEJIOM JaHUX y LBOMY IPOEKTI € CHCTeMa YIPABIIHHS 3aBIaHHIMHU
JIRA, sixa Hajae netanabHy iHGOPMAIiio PO BUKOHAHHS 3aBJaHb Y MOMEPEIHIX CIPUH-
tax. L1i 1aHi BKIIIOYArOTh TPUBAIICTh BUKOHAHHS 3aB/IaHb, IXHI IOYATKOBI OI[IHKH, TIPio-
PUTETH, THUIIH, @ TAKOXK 1H(OPMALIiIO PO BUKOHABIIB Ta 3aJIEKHOCTI MK 3aBIaHHIMH.
Taki mapaMeTpu € Jay)Ke BKIMBUMHE JJIs1 HABYAHHS MOJIEITI, OCKIIbKA BOHH BIUIUBAIOTh
Ha MPOTHO3YBAHHS TPUBAJIOCTI 3aBJaHb 1 OLIHKY PU3UKIB.

Otpumanns ganux i3 JIRA Bukonyetscs 3a gornomororo 6i6miorexu JIRA Python,
1110 JT03BOJISIE aBTOMATU3YBaTH MPoIiec 300py Ta OTPUMYBATH HEOOXiTHI METPUKH Yepes
API. Leit miaxin 3a0e3nedye peryisipHe OHOBJICHHS JaHUX, 1110 € HEOOX1THUM ISl CTBO-
peHHs aganTuBHOI Moneini. KpiM Toro, /Ui TeCTyBaHHS Ta MEPEBIPKA MOJEIi MOXYTh
BUKOPUCTOBYBATHCS MyOTIYHO TOCTYNHI HAOOpHU AaHUX i3 miatdopM, Takux sk Kaggle
a00 OpenML, sKi IMITYFOTB pealibHi ClieHapii TUTAHyBaHHS MPOEKTIB.

s 3a0e3medeHHs IKOCTI TaHWX MPOBOAUTHCS IX momepenHs oOpobka. Bumas-
I0TBCS TIPOITYIIICHI 3HAYECHHS, aHOMaii Ta HEKOPEKTHI 3amucH. JlaHi HOpMami3yloThes
IUTS 3BEJICHHS BCIX TApaMETPiB 0 OJHOTO MACIITa0y, IO € BaYKITUBHM JIJISI CTA01TEHOTO
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HaBuaHHS Mojeni. KareropiiiHi gaHi, Taki SK iMEHa BHKOHABIB a0O THUIM 3aBJaHb,
KOJYIOTBCS B UHUCIIOBHM (OpMAaT I MOJAIBINIOI OOpOOKH HEHPOHHOK MEpEKEI0
[5, c. 88-92].

PetenbHuil BUOip i MiATOTOBKA JAHNX FAPAHTYIOTh, III0 MOJICJIb PAIIOBATIME KOPEK-
THO HAaBITh 13 BIJIHOCHO HEBEIHMKUMH OOcCsATaMH iHpopmalii. [HTerparis 3 peaqsbHUMH
nanumu 3 JIRA no3Bossie 3a0€31eUnTH TOYHICTh MMPOTHO3IB 1 3p0OUTH MOJIENb OLTBII
MPAKTHYHOIO JUTS 3aCTOCYBAHHS B YIPaBIiHHI MPOEKTAMH.

IMinroroBka nanux aas monesi. EQexkruBHiCTE poOOTH MOJEINI INTYYHOTO iHTE-
JIEKTY 3aJIeKUTh BiJl MPAaBUIIBHOCTI i PeTEIbHOCTI MiZITOTOBKH JaHUX. Y I[bOMY Tpoleci
KITIOYOBUMH €TallaMH € OYMIICHHS TaHUX, HOpMali3allis YUCIIOBUX 3HAYCHb, MIEPETBO-
PCHHSI KaTeropiitHUX TaHUX Ta (OpPMyBaHHS HABYAIBHUX 1 TECTOBUX BUOIPOK.

[Meprimm eTarnoM € OUUIICHHS JaHUX, SKE BKIIIOUAE BUSBICHHS Ta YCYHCHHS IPOITY-
IICHUX 3HAUYCHb, aHOMaJTiif a00 HEKOPEKTHHX 3amuciB. Hampukian, SKIo faHi mpo TpH-
BaJIiCTh BUKOHAHHS 3aBJaHb a00 MMOYATKOBY OIHKY Yacy BIJICYyTHI, Taki 3allUCH BUIa-
JSI0THCS 200 3aMIOBHIOIOTHCS CEPEAHIMU 3HAUYEHHSIMHU IS BIJTIOBITHOTO TUITY 3aBJaHb.
Tako)X BUAAISIFOTHCS] aHOMAJTi1, TaKi SIK HepealiCTUYHO BHCOKI OIIHKK Yacy abo my0ii-
KaT! 3aBIaHb, 1[0 MOKYTH CIIOTBOPUTH PE3yJIGTATH HABYAHHSI.

Jnsa 3abe3neyeHHs e(heKTUBHOIO HABYAHHS BC1 YMCIIOBI 3HAYEHHS, TaKi K OLIHKH
TPUBAJIOCTI Ta (aKTHUYHUM 4Yac BUKOHAHHS 3aBJiaHb, HOpMai3yrOThcs. Lle mo3Bose
3BECTH BCi 3HAYEHHS JIO OJHOTO MacIITady, 1o 3arnodirae J0MiHYBaHHIO TIapaMeTpiB i3
BEJIMKUMH YHCIOBUMU 3HaYeHHSIMH. HopMasizalisi BAKOHYEThCS 3a (hOpMYIIOLO:

x'= S Fmin_ ne
Fmax— ¥min

X — BHXigHE 3HAYEHHS, Xpmin Ta Xmax — MIHIMAJILHE Ta MaKCHMajIbHE 3HAYECHHS
y BubOipmi. [le# migxix mo3Bosisie Mojeni epeKTUBHO MPAIIOBATH 3 PI3HUMHU THITAMH
JAHMX 1 3HIDKYE PU3UK MOMIJIOK Mif] 9ac HaB4aHH [6, ¢. 315-350].

Kareropiitai jaHi, Taki sk BHKOHAaBINl 3aBlaHb, THIHX 3aBaaHb ("Bug", "Feature",
"Improvement") Ta iXHi IPiOPUTETH, IEPETBOPIOIOTHCS B UUCIOBUH (hopmar. [ns 1poro
BHUKOPUCTOBY€EThCSI MeTOA KoayBaHHs. Hampukian, Label Encoding mprcBoroe koxHil
KaTeropii yHikalibHe YrcioBe 3HaYeHHs, a One-Hot Encoding cTBoproe GiHapHi cTOBMII
JUTSL KOYKHOT KaTeropii, 110 Bijio0paxaroTs i HasiBHICTH. Lle q03Bodisie Moneni qoope rmpa-
IIIOBaTH 3 TEKCTOBUMH MapaMeTpaMH, IIEPETBOPCHUMH HA YHCIIOBI 3HAYCHHS.

HactymamM KpoKkoM € po3moaia o0poOIeHIX TaHuX Ha HABYaIbHY, TECTOBY Ta Bali-
Janiiiny BuOipku. Lle HeoOXinHO A MepeBipKyd MPOAYKTUBHOCTI MOJAENI Ha JaHUX,
SKUX BOHA panime He Oaumma. JlaHi posmoninsioTses y cmiBBigHomeHHi 70:20:10:
70% — s waByauHs, 20% — i TectyBanus, 10% — i Baminamii. [lepemimyBanHs
JIAaHUX TIepe]] PO3IO/IIIIOM TapaHTye, 0 MOJIENb He Oy/Ie 3aJ1eXkaTH BiJl IOPSIKY 3aHCiB
y Habopi.

Vi miAroToBieHi AaHi POPMYIOThCS Y BEKTOPH, JIe KOXKEH BEKTOP MPECTABIISE OJTHE
3apnanHa. Hanpukian: Task Vector=[Assignee, Priority, Type, Estimate, Actual Time],
Jie KOKEH €JIEMEHT € YHCJIOBUM 3HAYCHHSAM abo0 3aKomoBaHUM mapamerpom. Lle crpo-
IIy€ BBEJCHHS JaHUX Y MOJIENb Ta JO3BOJIsIE €PeKTUBHO iX 00poOmsiTh. PerenbHa minro-
TOBKa JIaHUX 3a0e3Medye BUCOKY SIKICTh 1 CTA0UIBHICT HABYAHHS MOJIEI.

IMo0ynoBa HelipoHHOI Mepe:Ki AJ1s1 HPOrHO3YBaHHS TPUBAJIOCTI Ta pu3uKiB. Po3-
poOKa HEHPOHHOI MepeXi sl IPOTHO3YBaHHS TPHBAIOCTI BUKOHAHHS 3aBIaHb 1 OI[IHKH
PHU3HKIB 0a3yeThCsl Ha OaraToapoBiil apXiTEeKTypi, sika A03BOJIsIE€ €(DEKTUBHO IMpPALlio-
BaTH 3 PI3HOPITHUMH JTaHUMH. MoJieib OpiEHTOBaHA Ha OJHOYACHE BHPIIIECHHS JBOX
3ama4: perpecii Ut OIiHKKA TPUBAIOCTI Ta KiacuMiKaIlii sl BU3HAYCHHS PiBHS PU3H-
kiB. Ha mepriomy etami BU3HauaeThCsl CTPYKTypa BXifHOTO mmIapy. JlaHi mpo 3aBraHHS
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(hopMyIOThCSl Y BUTIISIII YMCIIOBUX BEKTOPIB, M0 BKIIIOYAIOThH TaKi MapaMeTpH, K BUKO-
HaBEIlb, IPIOPUTET TA THI 3aBJAHHS, TOYATKOBY OILIIHKA Yacy, a TAKOXK 1HII XapaKTepH-
CTHKH, [0 MOXKYTh BILUTUBATH Ha pe3ysibTaTh. KOXKeH elIeMEHT Takoro BEKTOpa BiIIOBi-
Jla€ IIEBHOMY TIapaMeTpy 3aBlIaHHsI, SKHH TOTIepeTHRO 00pOOICHUH Ta HOpMaTi30BaHUH.

Jlami OymyroThCsl TPUXOBaHI IIapu HEHPOHHOI Mepexi. Y JaHild apXiTeKTypi BHKO-
PHUCTOBYETBCS JIBa OCHOBHI ITpUXOBaHi 1apu. [lepiwmii map, sKkuiit MicTUTh 64 HEHPOHH,
BIJINIOBIJIa€ 32 BUSBIICHHS 0a30BHX 3aKOHOMIPHOCTEH y BXiTHUX JaHuX. Jpyruii map i3
32 HelpoHaMU 3/1HCHIOE ORI IeTaTi30BaHUI aHaJTi3 1 IO3BOJISIE MOJICITI aJIalITyBaTHUCS
10 CKJIaTHUX B3a€MO3B’3KIB MK ITapaMeTpaMu. Y MPUXOBaHUX IIapax 3aCTOCOBYETHCS
¢ynkuis akrusanii ReLU (Rectified Linear Unit), sika 3a0e3meuye e(eKTUBHICTb 00UHUC-
JIeHb 1 03BOJII€ YHUKHYTHU IipobieMu "3HuKatodoro rpagienra” [7, c. 85-117].

BuxigHa yacTuHa MOJEIi CKIAHAETHCS 3 JBOX OKPEMFX mrapiB. [lepumii Buxin
MPOTHO3Y€E TPUBAIICTH 3aBIaHb, BUKOPUCTOBYIOUH JiHIHHY (YHKIIO aKTHBAIlii, sKa
3a6esneqye OTpUMAHHS Oe3mepepBHUX YHCIOBUX 3HA4YeHb. JIpyruil BUXiJ BiAIOBigae
3a OLHKY pU3HUKiB. i1 IbOTO BUKOPHCTOBYETHCSI CUTMOIIHA (YHKIIisI aKTUBAIIil, sTKa
MIePETBOPIOE BUXITHI JaHi y HIMOBIpHICTH pHU3NKy B Aiama3oHi Big 0 mo 1.

st 3a0e3nedeHHst cTabiTbHOTO HaBYAHHS MOJIEIi BUKOPHUCTOBYETHCS ONITHMI3aToOp
Adam (Adaptive Moment Estimation). Lleii anroput™ aganTuBHO PETYIIOE MBUAKICTD
HaBUaHHS Ta 3a0e3Iedye MIBH/KY KOHBEPIeHINIO HABITh Y CKIAJHUX 3aj7a4ax i3 BeJH-
KOFO KIJIBKICTEO TTapameTpiB. KpiM Toro, 171t KOXKHOTO BUXOJY MOJIEII 33/Tal0ThCSl OKpeMi
(yHKIIT BTpaT: ceperHbOKBAIpaTHIHA TOXHOKA IS peTpeciiiHol 3a1a4i IPOrHO3yBaHHS
TPHUBAJIOCTI Ta OiIHAPHA KPOC-CHTPOITIs /TS Kiacu(ikamiiHol 3a/1aui OIIHKHA PU3HKIB.

KirogoBoro mepeBaroro Takoi apXiTEeKTypH € i THydKicTh 1 GararodyHKIiOHAIb-
HicTh. MoJienb 3/1aTHA OOPOOIIATH Pi3HI TUITH JIAHUX 1 OJTHOYACHO BUPIIIYBATH JEKIJTbKa
3aj1a4. 3aBIsSKHU AANTUBHIN CTPYKTYypi, MOJeNb MOxe OyTH jierko MoaudikoBaHa s
BKJIFOUECHHS JIOAATKOBHUX XapaKTEPUCTUK abo0 3MiH y BUMorax [8, 450—460].

Hapuanus moneJii Ha icropuynux 1anux. HaBuaHHs HEHpOHHOT Mepexi 31IHCHIO-
€THCSI HA OCHOBI ICTOPUYHUX JTAHUX, SIKI MICTATH KIIOUOBY iH(OpMaIlito Mpo BUKOHAHHS
3aBJlaHb Yy TIONIEPEIHIX MpoekTax. [Ipoliec HaBUAHHS MOYNHAETHCS 3 PO3IUICHHS JTaHUX
Ha TPY YaCTUHH: HABYAJIBHUIN HAOIp JUI HANAIITYBAaHHS Bar HEHPOHHOI MEpeKi, TECTO-
BUW HaOIp U1l MepeBipkH i1 TOYHOCTI Ta BaligalidHU HaOIp, IO J03BOJISIE KOHTPO-
JIOBATH y3arajbHIOBAIbHY 3/IaTHICTh MOJIEN Ta YHUKATH TepeHaBYaHHs. Takui miaxina
rapaHTye, o Mojeh Oy/ie €EeKTUBHOIO Ha HOBHX JIaHUX.

s omruMmizanii Bar 3aCTOCOBYETHCSI aTOPUTM 3BOPOTHOTO TIOIIHUPEHHS TIOMUIIOK
y o€ THaHHi 3 ontumizatopom Adam. [eit MmeTon 3a0e3mneuye mBUIKE i cTaOlIbHE HaJla-
IITYBaHHS MOJIEJI HaBiTh Y BUMIAIKAX, KOJIH JaHI MAOTh 3HAYHI BIIMIHHOCTI B MacIITa-
6ax. OnrTumizallis BUKOHY€ETHCS uepe3 iTepatii (€noxu), MpoTsIroM SKUX MOJIENb aHai-
3y€ HaBYaJbHI IaHl i KOPUTYE CBOI ITApaMETPH [Tl 3MCHIIICHHSI TOXUOOK.

HaBuanus mojeni BpaxoBye JBi 3amaui. [lepmia — 1e mporHo3yBaHHSI TPUBAJIOCTI
3aBJIaHb, 0 € perpeciiHoo 3a1aueto. {1 Hel BUKOPUCTOBY€EThCS (DYHKILisl BTPAT Cepe-
HBOKBAIPATUYHOI MMOXMOKH, sIKA JIO3BOJIIE BUMIPIOBATH BIAXMICHHS MK (DAKTHUHUMHU
Ta MPOTHO30BaHUMH 3HAYCHHAMH. [lpyra 3a/1aua — 11e OI[iHKa PU3HKIB, IKa BUKOHYEThCS
AK Knacudixaris. st Iboro 3acTOCOBY€eThCS (PYyHKIIIS BTpAT OiHAPHOI KPOC-CHTPOIII,
sIKa OTITUMI3Y€E MOJIEITh JIJIsl pOOOTH 3 IMOBIPHOCTSIMH pU3UKIB [9, c. 60—75].

[Tig vyac koXHOI iTeparlii MOJENb MepeBIPAEThCS Ha BalliJamiiHOMy HaOopi JuIst
OIIHKHM 11 3IaTHOCTI J10 y3araibHeHHs. L{ell miaxix no3Bossge 3a0e3neYnTH CTaObUThbHY
MPOAYKTHBHICTH MOJIENI Ta YHUKATH MEPEHABYAHHS, 0 € KPUTHYHUM UIS YCITIITHOTO
BUKOPHUCTAHHS MOZIETi B peasibHuX mpoekTax [10, c. 12-25].

BucHoBkH. BHKOpHCTaHHS IITYYHOTO iHTETEKTY /ISl IUIAaHYBAHHS Ta OIHKH PU3HKIB
y TIPOEKTaX BIJIKPUBAE 3HAYHI MOMIIMBOCTI YISl TIBUIICHHS ¢()EKTHBHOCTI YIPaBIiHHS
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MPOEKTaMU. 3anpOIIOHOBAHA MOJIETIh TOOYI0BaHA HA OCHOBI HEHPOHHOT MEpEexi, siKa 3/1aTHa
MPAIFOBaTH 3 BEJIHMKAMH OOCSTaMHU JIaHWUX, OOpOOJISATH PI3HOMAHITHI XapaKTepHUCTHKU
3aB/aHb 1 3a0e3MedyBaTd TOYHICTH MPOTHO3IB HABITh Yy CKIQAHUX yMoBaX. OCHOBHUMH
repeBaramMmy po3poOJICHOTO MiIXOY € HOTO 3/IaTHICTh OJHOYACHO BUPIIITYBaTH JBi KITFOUOBI
3aj1a4i: POTHO3yBaHHS TPHBAJIOCTI BUKOHAHHS 3aBJIaHb 1 OITIHKA MTOTCHITIHUX PU3HUKIB.

V xoni pobotu Oysi0 JAeTaJbHO PO3IISHYTO BCl €Tanu CTBOpEHHs Mmojen. Hana-
IITYBAaHHS CEPEIOBHIIA J03BOIMIO 3a0€3MCUUTH CTAOIIBHICTD 1 JOCTYH A0 HEOOXif-
HUX IHCTPYMEHTIB JIJI1 MOJIeNItOBaHHs. ETan BHOOPY Ta IMiJrOTOBKU JaHUX OXOILTIOBAB
po0OTYy 3 ICTOPUYHUMH JaHUMH, HOPMAJIi3allil0 BXIJHUX XapaKTEPUCTUK 1 0OpOOKy
KaTeropiiHUX 3MIHHHX, II0 € BaYKJIMBUM aCIIEKTOM JIJIs 3a0e3Me4eHHs SKOCTi BXiTHOT
iHpopmarrii. [ToOymnoBa HeHpOHHOT Mepexi BpaxoByBajia MOTpeOy y JBOX BHXOZAX:
perpeciiiHoMy Jii IMPOTHO3YBaHHS TPUBAIOCTI Ta KiIacU(ikaliiiHOMY Ui OLIHKH
pm3ukiB. Hapuanus mMozeni Oyo CIIPOEKTOBAHO 3 BHKOPHCTAHHAM anroputMy Adam,
SIKHUH 3a0e31euy eeKTHBHY ONTHMI3AIliio Bar i aIalTalliio 10 pi3HUX THITB JTaHUX.

[oganpmuii poO3BUTOK MOAET MOXKe BKIIIOUATH 1HTErpaito OiIbll CKIAJAHUX apXi-
TEKTyp, TAKUX SK TpaHC(HOPMEpH, PO3IIUPEHHS HAOOpYy BXITHHX TMapaMeTpiB I
MOKPAIICHHS TOYHOCTI MPOTHO31B 1 IHTETPAIiFO 3 TOMYISIPHUMH IHCTPYMEHTAMH YITPaB-
JIHHS TPOEKTAMHU.
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Tosnomacuima6bni giticokosi 0ii, sxi iobysaromovcs 3 2022 poky 6 Vipaini, necamugno
BNIUHYIU HA 6CI Chepu eKOHOMIKU, GKIIOUHO 3 pecmopannum 0Oiznecom. Pecmopannuil 6isnec
BUABUBCS. OOHIEIO 13 MUX chep, sika Haubibue 8i0UYIa HA CODI He2amueHi HACTIOKU 8 YMO8AX
2nobanvhux kpuz ma Hecmaobinornocmi. [Ipome, nes3gadicaiouu Ha CKIaony cumyayiio, pecmopam-
Huil Oiznec ¢ Ykpaini nocmynoeo eionosmoemucs. Tomy akmyanvnocmi nadygaioms numarms
cmpamezii po36UmMKy pecmopanio2o 20Cno0apcmea 3 ypaxyeanHam yMos 60€HHo2o yacy. Mema
00CTIONCEHHS — GUIHAYUMU XAPAKMEPHT 0COONUBOCMT PO3GUMKY PECIMOPAHHO20 20CHO0APCMEd
6 ymogax Ootiosux Oill. Y cmammi 8UKOPUCMAHO MAKI HAYKO8I mMemoou sK: Oionioepagdiunuii
amanis, ananiz i cunmes, Spyny6ants ma NOpieHAHHA. [ aHAi3y 20MenbHO-PeCnOPaHHO20 CeK-
mopy Oynu euxopucmati oawui JlepocasHnoi cayxcou cmamucmuku Yxpainu. JJani oxonaowoms
nepioo 3 kinys 2018 poky oo nouamxy 2023 poxy. Oxpecieno npoonemu, 3 AKUMU 3iMKHYIUCS
nionpuemMcmea pecmopannozo eocnodapcmea Yrkpainu npomseom 2022—2023 poxkis. Buznauero
0COOMUBOCTI POZGUMKY 20METbHO-PECHIOPAHNO020 OI3HeCY ma CUCMeMamu308aHO YUHHUKU, WO
BNIUBAIOMb 1A POOONTY 20MENi6 Ma peCMOPanié 8 yMoeax Kpusu. Y medicax 0ocniodicents 0oge-
0eHO, W0 HABIMb 6 YMOBAX 6OEHHO20 CMAHY MOJICHA SUOLIUMU HANPSMKU PO3GUMKY MYPUCTIUY-
HOI ma 2omenvHo-pecmopannoi cgep, AKi 30amui niompumamu ix ma 30epeemu eKOHOMIUHULL
nomenyian Onia NiCIs80EHHO20 8IOHOGAeHHA. TaKuM YUHOM, 8 YMOBAX 2IOOANLHUX KPU3 A Hecma-
OinbHOCIMI 3 A8IAOMbCA HOBE CMpamezii po36UMKY 20melbHO-PeCmopanHno2o bi3Hecy, AKi € nepe-
saoicHo cumyamusHumu opicnmupamu. Ceped 6eKmopie po3gumky cucmemu po3gumky coCmuH-
HO-mypucmuynum 0iznecom 6 Ykpaini — a0anmueHicmo, iHmesposanicms ma iHHOBAYINIHICTb.
Iicasn 6iliHU eKOHOMIYHUIL NOMEHYIAN MEPUMOPIU MOdce Oymu oOMexnceHUll yepe3 pYUHYBAHHS
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ix ingppacmpyxmypu, 3meHuieHHs poOouOi CunU ma SUCHANICEHHS NPUPOOHUX pecypcis. OOHax
icHytoui pecypcu (npupoOHi pecypcu, npays, ingpacmpykmypa, mexnonozii, innosayii, oceima,
0xopona 300po8 s mowo) ModcHa 3bepezmu A NiCAABOCHHOI PEKOHCMPYKYIT ma gukopucmamu
07151 IX 3a2a1bH020 GIOHOBNEHHS 3a OONOMO20I0 KOHYENYill, BUKAA0CHUX OJis 30ePedcents eKOHO-
MIYHO20 NOMEHYIany ma CMEoPeHHs HOGUX MOJCIUBOCTEl 01 6CEOIUHO20 PO3GUINKY.

Knrouosi cnosa: cmpameeiss pozeumxy, comenbHo-pecmopannull OizHec, Kpusd, G0CHHULL
CMaH, IOHOGIEHHS, eKOHOMIYHUL NOMEHYIAL.

Brenych O. R., Neilenko S. M., Antonenko A. V. Development strategies of the hotel and
restaurant sector in the conditions of global crises and instability

The full-scale military operations that have been taking place since 2022 in Ukraine have
had a negative impact on all areas of the economy, including the restaurant business. The
restaurant business turned out to be one of those areas that most felt the negative consequences
of global crises and instability. However, despite the difficult situation, the restaurant business
in Ukraine is gradually recovering. Therefore, the question of the strategy for the development
of the restaurant industry, taking into account the conditions of wartime, is gaining relevance.
The purpose of the research is to determine the characteristic features of the development of the
restaurant industry in the conditions of hostilities. The article uses such scientific methodology
as: bibliographic analysis, analysis and synthesis, grouping and comparison. Data from the State
Statistics Service of Ukraine were used to analyze the hotel and restaurant sector. The data
covers the period from the end of 2018 to the beginning of 2023. The results. The problems
faced by the enterprises of the restaurant industry of Ukraine during 2022-2023 are outlined.
The problems faced by the enterprises of the restaurant industry of Ukraine during 2022-2023
are outlined. The peculiarities of the development of the hotel and restaurant business are
determined and the factors affecting the operation of hotels and restaurants in crisis conditions
are systematized. Within the framework of the research, it is proven that even under martial law,
it is possible to identify the directions of development of the tourist and hotel-restaurant spheres,
which are able to support them and preserve the economic potential for post-war recovery.
Thus, in the conditions of global crises and instability, new strategies for the development of
the hotel and restaurant business appear, which are mainly situational guidelines. Adaptability,
integration and innovativeness are among the development vectors of the hospitality and tourism
business development system in Ukraine. After a war, the economic potential of the territories
may be limited due to the destruction of their infrastructure, the reduction of the labor force
and the depletion of natural resources. However, existing resources (natural resources, labor,
infrastructure, technology, innovation, education, health care, etc.) can be preserved for post-
war reconstruction and used for their overall recovery through concepts outlined to preserve
economic potential and create new opportunities for comprehensive development.

Key words: development strategy, hotel and restaurant business, crisis, martial law, recovery,
economic potential.

Beryn. [IpoTsirom octanHIX pokiB YKpaiHa 3iTKHyIAcs 3 TAKAMHE III00aTbHIMU KPH-
3amu sk nanaeMiero COVID-19 ta noBHomMacmTaOHe BiliChKOBE BTOPIHEHHSI Ha CBOIO
TepuTopifo. Lle mpu3Beno He TIMBKY 10 BETMMUYC3HUX JTIOACEKUAX BTPAT, a i 10 3HAYHUX
BTpaT B €KOHOMIlli, 0COOJIMBO B roTeNbHO-pecTopaHHOMY Oi3Hecy. [Ipore, monpu Bci
CKOHOMIYHI BUKJIMKH, 3 IKUMH 3ITKHYJIacsl YKpaiHa B 1€l 1epiof], BITUU3HSIHA CKOHO-
MiKa MPOJIOBXKYE JIUBYBATH CBOEIO CTIHKiCTIO. He3Bakaroum Ha €KOHOMIYHI Ta YacTo
npsiMi (pi3WUHI 3arpo3u, pecToOpaHHUM Oi3HeC B YKpaiHi MOCTYNOBO BiTHOBIIOETHCA Ta
JI0JTa€ yCi BUKJIMKH SIKi OyJTU CIIpUYMHEHI BilfHOIO.

IMocranoBka mpodaemu. JocmikeHHIO TIPOOIEeM PO3BHUTKY TOTEIHHO-PECTOPAH-
HOMY Oi3HECy B yMOBaX BOEHHOTO CTaHy ITPUCBAYEHI Ipalli BiIOMUX HayKOBIIiB, 30KpeMa
I'. l'anonenko, O. €Brymrenko ta iH. (2021), T. [lonomapenko (2022). Bogrodac Haro-
JomyroTh HaykoBII M. Pyrtuncekuit Ta I'. Kymnipyk X (2020). mo okynamis Kpumy
ta mangemis COVID-19 npusBenu 10 3Ha4HUX 30UTKIB y MPOMHUCIOBOCTI Ta cdepax
MOCITYT Ha CXOfi YKpaiH! Ta COPUYMHIUIN KPU3U B YKpaiHCHKiil ekoHoMiri. Kpim Toro,
BueHi [. b. Pymsnanes ta 1. 5. Menaens (2024). 3ayBakuiid, 110 TOBHOMACIITa0OHE BTOP-
THEHHs pociiicbkoi apMii 03Hauano kaTacTpodivyHUi yaap Mo rotTelbHO-PeCTOPAaHHOMY
0i3HeCy, HAaCIiAKH SIKOTO MOTPeOyIOTh HeTaifHo1 po3po0Ky cTparerii po3BuTKy . CydacHi
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HAyKOB1 JIOCIIXKCHHSI 30CEPE/DKCHI Ha BUSBICHHI MOKJIMBUX MEXaHI3MiB BHXOIY
3 KpU3H Ta aOCTPaKTHOMY aHalli31 yKpaiHChKOTO JJOCBILy Ta MOXJIMBOCTEH cTa0imi3arii.

Merta gociigxennsi. MeToro poOOTH € OKpeclieHHsI 0COOMUBOCTEH cTparerii pos-
BUTKY TOTEJIBHO-PECTOPAHHOTO Oi3HeCcy YKpaiHH B Mepioj KPU3H Ha KOPOTKOCTPOKOBY
Ta TIOBTOCTPOKOBY MEPCIICKTUBH.

MeToa010ri4HOI0 OCHOBOIO TOCIIIKEHHS € aHali3 POOOTH rOTeIbHO-PECTOPAHHOIO
0i3Hecy B mepios OyMy TypH3My Ta TOCTUHHOCTI B YKPaiHCBKil €eKOHOMIITI Ta B YaCH KPU3H
(crmouarky nanaemiss COVID-19, mizHiie moBHOMaciTaOHa BIHCHKOBA BTOPTHEHHS ).

g 1OCATHEHHS IOCTABJICHOT METH Ta BUPILICHHS MOCTABJICHUX 3aBIaHb Y 1OCIHi/-
HHUIILKOMY ITPOIIECi BUKOPHCTAHO AU(EPEHIIHOBAHUHN TEOPETUKO-METONNIHHUH Ta IPaK-
TUYHO-aHAJITHYHUIA HAyKOBUH I1HCTPYMEHTapiH, IO IPYHTYEThCS HA BUKOPUCTAHHI
HACTYIHUX HAayKOBHMX METOJIB. 3a JOMOMOTror 0ibmiorpadiqyHOro ta mopiBHIBHOTO
aHaJIi31B IPOAHATI30BaHO JOCIKEHHS MPOOIEMHO]I TaTy3i yKpaiHCHKHX Ta iHIIIHNX BUe-
HUX. Y OCIHIPKEHHI BUKOPUCTAHO TaKi JaHi: HAyKOB1 CTATTi, MaTepialld Mi>KHAPOIHUX
KOHTPECiB, HAYKOBO-TIPAKTHU4YHI KOH(epeHlil, ctarucTuyHi nani JepxaBHOi ciyxoOu
crarucTuku Ykpainu (2018-2023 pp.), inrepHer-nopran Caiit bizHec.

AHaJi3 ocTaHHIX gocaixxkeHb i mybGaikaunii. [Ipobaema OCHTiPKEHHS PO3BUTKY
TOTeNbHO-PECTOPAHHOTO Oi3HECY MiJ Yac KPHU3H 3aJTHMIIAETHCS LIe aKTyaJbHOI0, 0CO-
6mmBo B mepiox BiHU. ToMy HEOOXiIHO PO3POOUTH KOHKPETHI cTabimi3amiiiHi 3axonu,
OCHOBOIO SIKAX Ma€ CTaTH CHCTeMa KOHIICTIIIIH PO3BUTKY TYPUCTHIHOI Ta TOTEIBHO-PEC-
TOpAHHOI Taly3eil YKpaiHu B yMOBaX BOEHHOTO CTaHy, OCKUIbKH BOHH JI03BOJISITH MaK-
CUMaITbHO 30eperTy IXHild eKOHOMIYHHI TIOTSHIIIAM JIIsI MiCISIBOEHHOTO BiIHOBIICHHSI.

Buxknax ocHOBHOTO MaTepiany qoc/ixkennst. [oTeipHa iHIYCTPIs € ramy3310 eKo-
HOMIKH, 5IKa OJ]HA 3 OCTAHHIX BiUyBa€ BIJIMB 30BHIIIHIX ()aKTOPiB KPHU3HU Ta 11 HACIIIKH,
BOHA UyHHO pearye Ha JUHAMIKY 3MiH Y TIOJITHYHOMY Ta EKOHOMIYHOMY JKUTTI, SIK TIeB-
HUX KpaiH, TaK i BChOTO CBITY, HA HEi BIUIMBAIOTh PO3BUTOK HOBUX TEXHOJIOTIH, EKOJIO-
riYHa CUTYyaIlisl Ta COLiabHI SIBUILA, IKi Y CYCHIIbCTBI.

VY 3B’S3Ky 3 BIMICHKOBHMH JIiIMH Ha TEPHUTOPii YKpaTHH OUTBIIICTh rayry3eil 3iTKHY-
THCs 31 3HAUYHUM MAIIHHSIM CIIOKHUBUOTO TOIUTY, 3POCTAHHIM OIEpaIiiHUX BHTpAT,
BHUCOKHUMH PHU3MKaMH Toio. PecTopanHuii 6i3HeC BUSBUBCS OJHI€IO i3 THX cdep, sKa
HalOinbIIe Biguynaa Ha coOi HEraTUBHI HACIIAKH. BIUTUB BiHU. [IpoTe, He3Bakaroun
Ha CKJIaJIHy CUTYallilo, pecTopaHHU Oi3Hec B YKpaiHi OCTYNOBO BiTHOBIIOEThCA. Llei
mporec Bif0yBa€eTbcs HEPIBHOMIPHO, BPAaXOBYIOUHM TEPUTOPiasibHI OCOOIMBOCTI (Ha
3axomi Ykpainu Ta B KueBi), a Takox BUJ IisTbHOCTI: HAWIIBUJIIIE BiJTHOBITFOBATIHCS
KaB’SipHi, MEKapHi, pECTOPAHU JIIOKCOBOTO CerMeHTy. Jleski 3aKiaau nepeopieHTyBaIn
CBOIO po0OOTy Ha MpUTOTyBaHHS ki 1 30poiinux Cun Ykpailnu, TepuTopiaabHoi 000-
POHU Ta BHYTPIIITHBO TMEPEMIIIEHUX 0CiO.

3a cnoBamu I. 'anonenko, O. €Brymenko 1a iH. (2021), ykpalHCbKHI pecTopaHHHHA
0i3Hec, He BCTUTHYBIIM OTOBTATHUCS BiJi KpW3HW, BUKIWKaHOI naHaemiero COVID-19,
3ITKHYBCS 3 IIe OUTBIIT CepHO3HUMHU TPoOIeMaMH BHACIIZIOK POCIMCHKOTO BTOPTHEHHSI.
BoaHouac BoeHHa Kpu3a MPaKTUYHO HE TOPKHYIACA 3aXigHUX obnacteidl Ykpainu, fKi,
OJTHAK, BIMYYJIM 3pOCTaHHS IiH, a TAKOXK € TPYAHOMIl 3 JoricTukor. CITiji 3a3HAYUTH,
110 3HAYHA YaCTHHA PECTOPAHHOTO OI3HECY TIEK0 UM THIIOK MIPOO MIATPUMYE YKpaiH-
cbKy apMito. OJJHUM 13 IUISIXiB BUPILIEHHS MUTaHb BiIHOBJICHHS PECTOPAHHOTO Oi3HECY
€ BIPOBAKCHHS JIOCBIY THX KpaiH, SKi TAKOXK MOCTPaKIANIN Bl BIHCHKOBHX JIiH.

I. PymsiaueBa ta 1. Mennena (2024) Takox 3BepTarOTh yBary Ha HEpiBHOMIPHICTb
BiJTHOBJICHHS PeCTOPaHHOro 0i3Hecy B YKpaiHi Ta aKIEHTYIOTb yBary Ha HEOOX1AHOCTI
Horo repeopieHTallil Ha HaIaHHS OFO/KETHUX IOCITYT B yMOBAX IMiCISBOEHHOTO BiTHOB-
JICHHSL.
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Kapantun, ukmikanuiit COVID-19, 3HauHO HEraTMBHO BIUIMHYB HA PECTOPAHHY iHIY-
crpiro. B pe3yisrari BiOysiocst CKopoueHHS KUTBKOCTI pecTopaHiB. M. Pytuacbkuii Ta X. Kym-
HipyK (2020). 3a3Ha4ar0Th, 110 YKPATHCHKUI PECTOPAHHMI 0i3HEC IBUJIKO MPUCTOCYBABCS 10
MIHJIMBHX YMOB, 3alPOBa/IUBIIH TOCITYTH TOCTaBKH, IPOIIOHYIOYH HOBI MO3HIL MEHIO, TaKi
SIK 0€3aJTKOTOJIbHE BUHO, BETAHCBhKI CTpaBH, KpaTOBI CTpaBU Ta HAIOI, CE30HHI MPOTYKTOBI
MEHIO, MOHOIIPOLYKTOBY Opi€HTAIli0, BIPOBa/PKEHHS TEMHOTO (hopMaT KyXHi TOLIO.

Hacninku manaemii Ta BifHM TPU3BEITU 10 3MEHIICHHS KUTBKOCTI MiAMIPUEMCTB, SKi
MPAIIOIOTH y CEKTOPi TAMYACOBOTO PO3MIIITyBaHHS Ta XapayBaHHs. 3a JaHUMHE JlepkaBHOT
ciryx06u ctatucTuku Ykpainu y 2018 poui cexrop XapuyBaHHs HanidyBaB 61761 cy6'exTiB
rocriofaproBanss, a Bxe B 2022 pori 57734 cy0'ekriB rocriogaproBanus (puc. 1).
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Puc. 1. Kinvkicmo 3ax1a0ie mumyacogoeo po3miugy8ants ma Xapuyeauts 6 Yxpaiui
npomseom 2018-2022 pp.

Iicepeno: cmeopeno 3a oanumu [epoicasnoi cyscou cmamucmuxu Yepainu

Kinpkicts roreniB B Ykpaini 3a 2018-2022 pp. Takox 3HU3UIACH, HAMOUTBIINI IPHUPICT
y TOTeNbHO-pecTopanHoMYy Oi3Hecy OyB y 2020 porti nepen nanaemiero COVID-19 i1 naniuy-
Bajio 71748 cy0'eKTiB TOCIIOTAPIOBAHHSI, ajle ¢ IIOBHOMACIIITAOHOTO BTOprHEeHH: y 2022 porti
KUIBKICTb TOTeNB B YKpaiHi 3HU3MIach 10 57734 cy0'ekTiB rocrofaproBaHHs (puc. 2).

3apa3 B Ykpaini npamroe He Oinbie 20% roremis (3 HuUX 90% OromkeTHOTO (POp-
Mary), a B IpOIIOBOMY €KBiBaJCHTI Ile MakcuMyM 2—3%. Bracmigok 6oifoBux niii Ta
TUMUACOBOI OKyTAaIil TepUTOpiii 0araTo 00’€KTiB 4YaCTKOBO 200 MOBHICTIO 3pyHHOBAHO.
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Puc. 2. Kinokicmo eomenie 6 Ykpaini npomsiecom 2018-2022 pp.

Hoicepeno: cmeopeno 3a danumu Jepoicasroi cyocou cmamucmuxu Yrpainu
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3riiHO aHaizy OO0CSTiB peai3oBaHUX MOCTYT 3aKiIaJaMH THMYacOBOIO PO3MIIy-
BaHHS Ta Xap4yBaHHs CIIOCTEPIraeThcs HEOMHO3HAYHA TeHaeH s, Y 2021 pori oOcsr
peati3oBaHUX MOCIYT Pi3KO 301IBIIMBCA, 1€ CBIIYUTH MPO aJamnTallii0 TOTEIbHO-peC-
TOpAHHOTO Oi3HECY /0 KapaHTUHHHUX OOMEXeHb (JacTka (i3UYHUX OCIO-TiAMPUEMIIIB
ckiana 55,2%) (puc. 3).
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Puc. 3. Obcse peanizosanux nociye 3aK1a0amu MUMACO8020 POIMIUYY8aAHHS MA
xapuyeanna 6 Yxpaini npomsazom 2018-2022 pp.

Lrcepeno: cmeopero 3a oanumu [lepocasroi ciyxcou cmamucmuxu Ykpainu

OTKe, peCTOpaHHUH CEeKTOP BUSIBUB CTiHKicTh 10 kpr3u COVID-19, mpote y 2022 pori
gepes3 MoYaTOK MOBHOMACIITAOHOTO BTOPTHEHHS, 00CAT peai3oBaHHX MOCIYT Pi3KO CKO-
POTHBCS Maike BIBiYi, a 4aCTKa (bi31/1q1—n/1x oci0-mianpuemIiB Braia 110 6,7%.

CporonHi 6arato roTemiB i pecTopaHiB MPUIMHIIN POOOTY 3 MlpKyBaHI) Oe3mexw,
BIZICYyTHOCTI ITOMUTY 200 TOMY, III0 BOHH HE MOXYTh NPALIOBATH 3 TEXHIYHUX MMPHIHH
(o Takox KomTye kpaiHi). Halikpama cuTyanis Ha 3axoni YkpaiHu: B IBano-®pan-
KiBCBKiH, JIbBIBCHKiH, TepHOMIIbCHKINA Ta 3akaprarchKiii 00IacTsAX TOTETl Ta pecTo-
PaHU MPAIOIOTh Ha TIOBHY NOTY)KHICT 1 HEMAae yMOB [UIS 3aKPUTTS UM MPUIHHEHHS iX
podotu.

Ha mymxy M. Cymnpyna (2022), 3 modaTKy 3araibHOi BiiHM B YKpaiHi BiIKpHIOCS
MOHAJA 2 THUC. HOBHX 3aKJaliB IPOMAJICHKOTO XapuyBaHHsI, ajie OMHM3bKO 7 THUC. TIPH-
MUHWIA poOOTy. 3aranoM pecTOpaHHUIl PUHOK BMaB MpUOMM3HO Ha 25% MOPIBHSHO
3 motiM 2022 poky. B okpemnx perionax maiHHs cTaHOBHUTH moHaa 50% (XapkiBchKa,
MuxonaiBcbka, 3amopi3pka Ta Jlyranceka oomacri); y Kuiseekiit, Onecrpkiit Ta [Jnimnpo-
MEeTPOBCHKill 00nacTsax maaiHHg cTaHOBUTH 10 30%. Ha mowarky niTa majfiHHS PUHKY
Oyno e outem BimuyTHUM. OnHak y Kuepi pectopanu movyain BiKpUBaTHCS B YSPBHI
(Kobunens, 2022). Haii0inpmr iHTEHCHBHO PECTOPAHHUI PUHOK pO3BUBABCs y JIbBOBI:
3 [IOYATKY BiifHN BinkpuTo moHax 500 HOBUX pecTOpaHiB.

Po3msinaroun npoOieMu po3BUTKY TOTEIBHO-PECTOPAHHOT IHIYCTPil B YKpaiHi cbo-
TOIHI, BAPTO 1X PO3IITUTH Ha EKOHOMIYHI, COIIIOKYJIBTYPHI Ta JIFONICHKI:

1) V 3aranbHOEKOHOMIYHOMY CEHCi MpobjemMa TOTeIbHO-PECTOPAHHOTo Oi3Hecy
B YKpaiHi nepeOyBae B KpU30BOMY CTaHi uepe3 (PaKTHUHY 3yIHHKY HOPMaJIEHOI €KOHO-
MIYHOT JTisTIbHOCTI (EKOHOMIYHHK Crajl y IUIOMY, MTOPYIICHHS JIOTICTUKH, BTpaTa Kili-
€HTCHKOI 0a3¥, MaiHHs JOXOIIB), [0 HETATHBHO BIIMBAE HA HOrO PO3BUTOK;

2) Y COmiOKyIsTypHOMY BUMIpi KpH3a HPOSBISIETHCA Yy NMpSIMili HETOCTYITHOCTI
rayy3eBux 00’ €KTiB (OKyIallis, BTpaTa BIACHOCTI Ta peCypciB, OOMEKCHHS JIOCTYITY) Ta
KaJpoBoMy AedinuTi (emirpaiis, MoOii3alis MEHeKepiB Pi3HOTO PiBHS:);
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3) Y moachKoMy KOHTEKCTI KpHU3a OXOIUTIOE TaKi aCHEKTH, SIK BiICYTHICTh YMOB IS
cTaJIoro (a THM OUTBIIE IHHOBAIIHOTO) PO3BUTKY Ta HETATUBHUM MOPAaIbHO-TICHXOJIO-
TYHUAN KITIMaT.

YV 2022 pori 3’sBUIMCS TEPII TOCTiPKEHHS 1010 BILTUBY OOHOBHX Jiii B Ykpaini
Ha c(epy TOPTIBII Ta IMOCIYT, SKi 3arajoM OKPECIIHIN PpoOIeMH B YCiX acrekrax 0i3-
HECY, BKJIIOYHO 1 ToTeNnbHO-pecTopannuil 6i3nec (Kobuneup, 2022). 3rigHo 3 oHJaiH-
ONIUTYBAHHSM, IPOBEICHUM Y paMKax JocmipkeHHs y 2022 poui, 61mu3bk0 24% mignpu-
€MCTB TOCTHHHOCTI B YKpaiHi Oy/H 3MyIIIeHi IPH3YIHHUTH JisTTBHICTD, a 54% CyTTEBO
00OMeXXUIIM HaZaHHA nocayr (puc. 4).

HesBaskatoun Ha pU3NKOBaHy Ta HemepeadadyBaHy CUTYalLlio B KpaiHi, yKpaiHChKUT
TOTENLHO-PECTOPAHHMI O13HEC HAMAraeThCs aJalTyBaTUCs, BUXKHBATH Ta HABITh PO3-
BUBaTHCA. THM HE MEHII, CEKTOP TOCTHHHOCTI MPOIOBKY€E OOPOTHCS 3 TPYAHOIIAMHU
1 Mae ONTUMICTHYHI Ha/il HA MOXKBABJICHHS CBOET MisUIBHOCTI. [yt BUXOMY 3 KpU3H
TOTENLHO-PECTOPaHHA THAYCTPIs MOTpeOy€e MIATPUMKH 3 OOKY JepKaBH Ta MapKEeTHH-
TOBHX MIXOJIB JI0 3aJTy4€HHs KIII€HTIB.

¥ )KoaHNX 3MiH HEe BHECEHO

® 3aKpuTTa
54%
OOMeXEeHHs 11010 HAJIaHH
oCiyr

Puc. 4. Bnius 6ocnnoco cmany na indycmpiio cocmunHocmi 8 Yxpaini

Lorcepeno: cknadeno na ocnogi (Kobuneyw, 2022)

3a mizicyMKaMH1 aHaIi3y, HaBiTh B yMOBAaX BOEHHOTO CTaHy TOTEIBHO-PECTOPAHHUIN Oi3HeC
HAMAaraeThCsl BITHOBUTH CBOIO JISUTLHICTD, OHAK I1€ 3HAYHO YCKIIQJHEHO aKTHBHUMHE OOHO-
BUMH [TisIMU Ha TepuTopii Yipainu. ToMy B JaHOMY TOCITIDKEHHI Ul 30epEeKEHHST €KOHOMIY-
HOTO MOTEHIIiaTy TICISBOEHHOTO BI/IHOBIICHHS MPOTIOHYIOTHCS TaKi PEKOMEH/IAIIiT:

1. IIpoBemeHHs EPEroBOpiB Ta TOAAJBINA CITIBIPAI 31 CBITOBUMH TOTSILHUMH
MepekaMu. BaxxinBo po3novaTH Taki MeperoBoOpu ChOTOMHI Ta 3aIPOCUTH MIKHAPOIHI
TOTeNbHI Mepexi NpuiiTu B YKpainy, mo0 OyayBaTu cTparerii pO3BUTKY IiCIs BIHHH.
JocmimkeHnst miarBepkye npomno3uilii Bernthal (2022). e momrykoBe nOCIiKSHHS
O3Hayae, 110 CTparerii criBmnpaili 103BOJSIOTh MIXKHAPOIHUM MEpEKaM TOTeIiB KOHKY-
pyBaTH Ta yCIIIIIHO PO3BUBATHCS HA CBITOBUX PHHKAX. B yMoBax BiifHM Taka criBIparts
MOYE CTaTH IHCTPYMEHTOM ITiCJSIBOEHHOTO BIJTHOBJICHHS TOTEJILHOTO Oi3HECY.

2. CTBOpEHHSI BUTTHAX YMOB JUIs IPOKUBAHHS 1HO3eMHHX rpoMajisiH. /1. T'ypcoii Ta iH.,
(2022). 3azHaymmy, mo npromusHo 90% IHO3EMIUB, SKi paHille MPUDKIKATH B YKpaiHy,
3apa3 BiIMOBJISTIOTLCS Yepe3 BiUyTTs HeOe3MeKH (HaBiTh Y PerioHax, /e He BTy ThCs aKTHBHI
06oiiosi aii). HaffonmumarpHilia cutyanis Ha 3axoni Ykpainu (ue OesrevHila YacTuHa Kpa-
um). Lle moTpiObHO JeMOHCTpYBaTH 1HO3EMITSIM ITPH ()OPMYBaHHI1 IMIZKY TOTEIIB.

3. [IpoBeneHHs MHAPOKOMACIITAOHOT MAPKETHHIOBOT KaMITaHii Ha 30BHIIIHIX PHH-
kax. Taka MapKeTHHroBa KaMIIaHis JO3BOJIUTH YKpaiHi 3MIHUTH CBOE CIPHHHATTS
3 Miclisl BIHHHM Ha Oe3Me4YHe MicIle [T TTOJ0POKEH.
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4. Anani3 puHKy. lle mpaBuio 3aBKau akTyalbHe, 0COOIMBO B mepion kpuzu. Kom-
NaHil MOBUHHI OyTH MaKCUMallbHO MOOUTPHUMHU Ta THYYKHUMH, 100 aaanTyBaTHCS 10
MOTOYHMX YMOB Ta BaXKOTrO 4acy. KepiBHUKHU TOTEJIB MOBHHHI MOCTIHHO CTEXKUTH 32
pyxoM 30H 00MOBHX Jiif 1 peakiiero CIOKUBaviB HAa cuTyamio. Lle mpaBumno giso me
mig gac nmangemii COVID-19. JlocnikeHHsT oroukyeTbes 3 dimimonosum (2021),
SKUH M1AKPECTUB BaXKIMBICTh aIallTUBHOCTI B 1HIyCTPil TOCTUHHOCTI i Yac KPU3H.

5. LHudporizamis. Ludposizamis € oqauM i3 (haKkTOpiB, IKUH MOXE JOIOMOITH 30e-
PErTH MOCIyTH TOCTHHHOTO Oi3Hecy B YKpaiHi Ta 3a0€3MeYNTH IIBUIKE BiIIHOBICHHS
BTpadeHoro norenuiany (Bernthal 2022)

3 onmHOTO OOKY, II€ CYTTE€BO ONTHUMI3Y€ YIIPABIIHCHKY IISUTBHICTB, MiABHILYIOUH ii
e(heKTUBHICTH 1 Oe3IeKy, aje 3 IHIIOr0 — TaKi pealiii CTAHOBIISAThH 3arpo3y JOICHKOMY
(hakTOpy ympaBiiHHS, OCKIJIbKM B TaKMX YMOBaX BHHHMKA€ KaapoBa mpobiema (a Tou-
HillIe Bi/ICYTHICTh ITONTUTY HA poOodi Miclis B il chepi, GpyHKHii SKuX OyIyTh 3aMiHCHI
UG POBUMH TEXHOJIOTISIMH).

CBO€PITHUM Y3TO/DKYBaJbHUM IIUISIXOM JUIS PO3BUTKY TYPHCTHYHOI Ta TOTEIBHOT
IHAYCTpii B KOHTEKCTI PO3BUTKY IH(POBOTO MOTEHIlATy Ta HEOOXiTHOCTI 30epeKeHHS
poOOYMX MICIIb € KOHIIETIIisl aBTroMaTr3aiii rarysi (IBanoB Ta iH., 2022). Takuii miaxina
nepeadavae akTUBHE BIPOBAPKEHHS HUGPOBUX Ta iHGOpMAIIMHUX TEXHOJOTIH, aie
SIK IHCTPYMEHT (KepOBaHHMI THMH X MEHEKepaMu), a He K aJbTCPHATUBY YH MTOBHY
3aMiHy 3BUYHOT YIIPaBIIHCHKOT isSITBHOCTI.

6. Po3BUTOK OIOKETHHUX TOTEJIIB 1 PECTOPAHIB, Y TOMY YHCIIi B JOKAJIBHHUX Oe3meu-
HUX 30Hax i Bayrpimmnix Cxigaux Kapmnarax, abo mepexis icHyrouux 00’€KTiB Ha IO
KOHIICTII[IFO CJIIJT pO3MIAATH B KOHIICMIIIT 30€pEeKeHHSI EKOHOMIYHOTO TIOTEHINAY TTic-
JISIBOEHHOTO BiTHOBJIEHHSI, Y 3B’SI3Ky 3 ACIKUMH (DAKTOPHU, CEPEN SIKUX:

1) ckopoueHHsI TEPMiHIB CTPATEriYHOTO IAHYBaHHS Ha O1IIOCTI 00’ €KTIB (110 HE
MICPEBHIILYE THKHS);

2) Tpanchopmallisi 0CHOBHOTO KOMEPIIIMHOTO 3aBAaHHs Jyisd Oi3Hecy (Hapasi 11e 30e-
PEeKEHHS KHUTTE3NATHOCTI B HOBUX peaisix, Jie AesiKi 00’ €KTH (i3UYHO 3HHUIICHI, BHY-
TPILIHBO MepeMillleHi B O€3MeuHi PeriOHH TOIIO);

3) 3aranbHe 3HMKCHHS PiBHS JKUTTS HACENCHHS (30KpeMa, 3TiHO 3 ONUTYBaHHAM
nmociiaauibkoi kommanii Gradus Research, monan 70% ykpaiHiiiB uepe3 BiliHy CKOpPO-
TUIH J0X0AH, a 66% BinuyBaroTh noTpedy 3a rpouui) (Cait bizuec, 2022).

Tomy A71s1 TOJATBIIOTO PO3BUTKY TOTENBHO-PECTOPAaHHOT iHAYCTpil B YKpaiHi Heo0-
X1JIHO pO3BHBATH (POpPMATH MiIsUTBHOCTI, SIKI MOXKYTh 3a0€3IEYUTH JOCTYITHI IIHU Ha
IpOXKUBaHH Ta xapuyBaHHs. [1[00 mocsArTH FOT0, MOYKHA BXXHTH HACTYITHUX 3aXOJiB:

Po3BUTOK OFO/PKETHHX 3aKJIaJ1iB PECTOPAHHOTO TOCTIONIAPCTBA MOXKE 3A1MCHIOBATHCS
B TaKuX (opmarax: kade-0icTpo, hynkopta, Gact-pym, mnepii, KaB'sipHs, 3aKJIa1 TPO-
MAaJICHKOTO XapuyBaHHsI (caM000CITyroByBaHHs). Himkue mogaHo XapaKTepUCTHKY MOXK-
JIMBUX HATPSIMIB PO3BUTKY OIOMKETHUX (hOPMATiB 3aKJaiB PECTOPAHHOTO rOCroaap-
CTBa, SIKi HCOOX1THO PO3BHBATH B yMOBaX BOEHHOTO CTaHY 3 BiJIIIOBITHUMH OIUCAMH Ta
xapakrepuctukamu (tadum. 1).

Konrenist po3BUTKY 3aKJIaaiB OIOIKETHOTO PECTOPAHHOTO FOCIIOIAPCTBA B YMOBAX
BiIiHU CIIPsIMOBaHa Ha 3a0e3IeueHHs SKICHUM 1 JOCTYITHUM XapuyBaHHSIM HaCEJICHHS,
sKe MPOKUBAE B 30HaX KOHMIIKTY abo moTpedye THM4YacoBoro nepeceieHss. [lepumm
KPOKOM JI0 peai3alii KOHIIEMIl € MOIIyK ONTUMAaJILHOTO TPUMIIICHHS, K& MOXXHA
BUKOPUCTOBYBATH SIK PECTOPAH Y KYXHIO PiBHSI, IO BiJIIOBia€ BUMOTaM OIOIKETHOI
cthepu. [dani ciix opieHTyBaTHCs Ha 3a0€3MeUeHHs] MiHIMAIbHUX BUTpAT Ha Oy/iBHUII-
TBO Ta OCHAIIICHHS KyXHI Ta pecTopany. L[boro MoxHa HOCATTH 32 PaxyHOK MPOCTUX
TEXHOJIOTH Ta IHHOBAIlIHHUX PIllICHB.
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Hactynnwmii kpok — 3a0e3nederHHs ehekTuBHOI poOOTH KyxHi Ta pectopany. L{poro
MOYKHA JTOCSITTH, 3aJyYUBIIHA BOJIOHTEPIB 200 CHEIIaICTIB 3 MICIEBHX TpOMaj, SKi
MaloTh JIOCBiJ MPUIOTYBaHHS Ta 0OCIYroBYBaHHS roctel. J{is 3abe3rneueHHs MaKcH-
MaJIbHOI €()eKTHMBHOCTI PECTOPaH MOXKE 3aIPOINOHYBATH MPOCTi Ta AOCTYIHI CTPAaBU
3 MICIIEBHX ITPOIYKTIB Ta pecypciB. KpiM Toro, MicIieBi rpoMaii MOKYTh OyTH 3ay4eHi
JI0 BHPIIICHHS IMUTaHb, ITOB’3aHUX 13 MIATPUMKOIO PECTOPAHY, TAKHUX SK ITOCTaYaHHSI
MPOIYKTIiB Ta YTHJII3aIlisl BITXO/IB.

2. PO3BHTOK OFO/DKETHUX 3aKJIaJiB PO3MIIIEHHS B 1HIYCTPil TOCTHHHOCTI MOXE
BKJIIOYATH Taki (JOpMaTH: recTxaycH, MOTelll, XOCTENN, KeMITIHTH, OI0/IXKETHI KBapTUPH,
KarcynbHi ToTeni. Hmkde HaBeqeHO XapaKTePUCTHKY MOKIMBUX HANpsIMiB PO3BHUTKY
Oro/KeTHUX (POPMATIB PO3MIIIIEHHS B 1HIyCTPIl TOCTUHHOCTI (Ta0I. 2).

Konuenuis po3BUTKy OromxeTHUX (OpMATiB 3aKiIa(iB TOCTUHHOCTI Y BOEHHUH 4ac
CIPSIMOBaHA Ha 3a0€3MEUEHHS SIKICHUM Ta JOCTYITHUM XXHUTIIOM JIIOACH, SIKi TOTPeOyIOTh
THMYACOBOTO MPOKUBAHHS, Y TOMY YHCII TOCTPAKIAAIUX BiJ BIHCHKOBUX KOH(IIIKTIB.

Tabmus 1

Onuc noTeHUiiiHUX HANPSIMKIB PO3BUTKY Ol0/zKeTHUX opMaTiB 3aKJjialiB
PecTOPaHHOI0 rocNoapcTBa B MexKax o0aacTi

dopmar 3akaany

Onuc

Oco0.11BOCTI 0101:K€THOTO (hopMaTy

Kage-6ictpo

11i 3akmagm opieHTYIOTbCS Ha
HIBUJIKE OOCITyTOBYBaHHS Ta
HM3BKI [IIHK

Hesenuki kade 31 CTiKOIO U1 3aMOBIICHHS
Ta 00CIYrOByBaHHSIM 3a CTiliKor0. MeHIO B
OCHOBHOMY CKJIQJIA€ThCS 3 IPOCTHUX CTPAB 3
MiHIMaJbHUMH BUTPATaMH IHTPEIIEHTIB.

Oynxoprr i 3aknaam crienianizytorbest | DyakopTyn 3a3BHyail po3TalOBaHi HA BYJIULISX,
Ha MPHUTOTyBaHHI acTdymy o063y o¢iCHAX IEHTPIB, BOK3aiB. MeHIo
a00 CHiIaHKY 3a JOCTYITHUMH | CKJIQIA€THCS 31 CTPAB IIBUAKOTO XapyyBaHHS,
LiHAMH TaKuX SIK CyIIH, CCHBIUI Ta caJjiaTu.

Dacrdhyn i 3axmam ciemianizyrotecst | Y X 3aKJIaJaX MOXKYTh OyTH MpeCcTaBlIeH]
Ha IIPUTOTYBaHHI IBUAKUX MEHIO 3 00MEKEHHM HaOOpOM CTpaB i HaIoiB,
CTpaB SIKi MOYKHA IIIBHIIKO IIPUTOTYBATH 1 TTOJATH.

YacTo Taki 3aKiIa i MaroTh HEBEIHUKI PO3MIpH
Ta HU3bKI [[IHU HA CTPaBH.

Minepii i 3akmagu crienianizytorsest | i 3axmagu MOXKyTh IPOIOHYBAaTH 0OMEKEeHHUH

Ha MPUTOTYBAHHI ITiIH. BUOIp MK Ta IHIIUX 3aKyCOK, TAKUX 5K
caJiaTH, ajie 3a HU3bKUMH I[iHaM{ Ha CTPaBH.
Taxi 3aKiau MOXKyTb IIPOIIOHYBATH ITOCITYTH
JOCTaBKH a00 OTPUMAaHHS 3aMOBJICHb Ha
MicCIIi.

Kag'spus i 3akmaam crienianizytoTsest | Ka'sipHi MOXKYTh IPOIIOHYBaTH OOMEKEHY
Ha MIPUTOTYBaHHI KaBU Ta KIUTBKICTh KaBH Ta 1HIIMX HAIOIB, TAKUX
IHIIMX HAIOiB. SIK Yaif, CiK 1 KOKTei (a TaKkoXK JecepTH

Ta 3aKyckH). Taki 3aKJIa i MOXKYTb MaTH
HEBEJHKI pO3MipH Ta HU3bKI LIIHU Ha HATO1 Ta
3aKyCKH.

Camoobciry- L1i 3akIaam Opi€HTYIOTHCS 3akiraan rpoMaJICEKOTO XapuyBaHHSI MOXKYTh

TOBYBaHHS HA KJII€HTIB, SIKi CAMOCTIMHO | BKJIFOYATH IIBEACHKUII CTI 3 pi3HUMHU

CKJIQJIAIOTh CBiif 0011 4K
BEUEPIO 3 PI3HOMAHITHUX
KOMIIOHEHTiB a00 BUOUPAIOTH
foro 3i crieniaibHUX BITPHH.

CTpaBaMH Ta HAIMOSIMH, sIKi KJIIEHTH MOXYTb
B3STH caMi, 800 MPUIIABKHU 3 TOTOBUMH
CTpaBaMu, Ki MOKHA CIIOXKHUTH Ha MiCIIi
a0o B3sTH 3 coboro. Li 3aKkanu MOXyTh
MAaTH pi3Hi KyXHi, BKIIFOYAIOUH MICIIEBY Ta
MDKHAPOJHY KYXHIO.

Hoicepeno: enacna pospobka
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Tabnur 2
XapakTepucTHKA MOKIUBHUX HANMPAMKIB PO3BUTKY OlO:KeTHHX hopMaTiB
roTeJILHUX 3aKJIAAIB

dopmar 3akiaany Omnnc Oco0auBocCTi 0101:KeTHOTO hopMaTy

ToctboBi Oynuuku | [TpuBarHi OynuHky a60 | 3a3BH4Yaii MArOTh HIDKUY L{HY TIOPIBHSIHO
KBapTHUPH, SIKi BIIACHUKH | 3 TOTEIISIMH Ta IIPOIOHYIOTh MOXKIIUBICT

37aI0Th B OPCHITY. 3aTUIIUTUCS B 3aTHIIHOMY ITPUBATHOMY TIPOCTOPI.

Moreuni Veranosa posramoBana | 3abe3neute 0a30Be PO3MIILEHHS VISl TYPUCTIB, SIKi
Ha OKOJIMIISIX MICT a00 | IIYKaroTh 3pydYHE SKUTIIO MiJT 9ac CBOIX MOIOPOKEH.
Tpacax.

XocTenu 3akiaau posminieHHs, | Hamarorh GrofukeTHE KHTIO VISl TYPUCTIB, 4acTo
JIe TOCTI MalTh 3HAXOAATHCS B IIEHTPI MiCTa, MAIOTh CITUTBHI KyXHi
CHiJIBHE MicLe IS Ta BaHHI KIMHaTH, MOXXYTh MaTHu pi3Hi KaTeropii
CHY Ta BIJNIOYHHKY, HOMEDIB.
Ha3UBAIOTHCS
TYPTOXKHTKaMH.

Kemminru 3axnaj, SKui YacTo po3TaiioBaHi B IPUPOJAHUX 30HAX, BOHH
HaJla€ MOXIIHBICTb MaroTh OCHOBHI 3pyYHOCTI JUISl IPO’KMBAHHS Ta

PO3MIIIEHHS TYPUCTIB | MOXYTh MaTH CIiJIbHI KyXHi, JTyIIOBI Ta TyaJeTH.
y HaAMETax Yu

BaroH4MKax.
Ksaprupu Kgaptupu a6o Oyauukw, | Bonn 3a6e3neuyioTs Oinblie mpoctopy Ta
110 3/1al0ThCS IS ABTOHOMHOCTI JUISl TOCTEH, MOXYTh MaTH ITOBHICTIO
KOPOTKOCTPOKOBOT'O 00J1aiHaHy KyXHIO Ta IIpaJIbHy MAIlMHY, a IliHa

NPOKUBAHHS TYPHCTIB. | MOYKE 3MIHIOBAaTHCH 3aJIXKHO BijI PiBHSI KOM(DOPTY.

Karncynmpai roteni | 3axuian i3 po3mimieHHsM | HagaioTs MOXKIIMBICTD IPOKUBATH B

y By3bKHX KarcyJax, KOM(pOPTHHUX YMOBax 3a JOCTYITHOIO I[IHOIO, 4acTO
PO3TALIOBAHUX Y po3TalIoBaHi B IIEHTPi MicTa, TOCTI MOXYTh MaTH
CITIJIBHOMY ITPOCTOPI. JIOCTYII IO CIIIIBHUX BAaHHHUX KIMHAT 1 KyXOHb.

Hoicepeno: énacna pospobka

OCHOBHMMH NPUHIUIIAMH ITi€] KOHIETIii MAaIOTh OyTH €KOHOMIsI KOIITiB, BAKOPHCTAHHS
THUMYACOBHX PIllICHh Ta THHOBAI[IMHUX TEXHOJIOTIH, IO JO3BOJISIFOTH CTBOPHTU KOM-
dhoptHi ymoBU nipoxkuBanHs. [lo-iepiie, HEOOXiqHO 3a0e3neunT e(DeKTUBHE BUKOPH-
CTaHHS HAaABHUX PECYpCiB, TAKUX SK MPHUMIIICHHs, IHBECTUIII] Ta TEXHIUHI PillICHHS,
SIKI 3MEHIIIYIOTh BUTPATH Ha OYIIBHUITBO Ta peMOHT. KpiM Toro, BakiMBO 3a0e3re-
YUTH ONTUMAaJbHUNA PO3MOALT (PiHAHCOBUX PECYPCIB, Y TOMY UHMCII 3aJIy4eHHs TPAHTIB
Ta JTOHOPCHKOI foroMorH. J{Jist po3BUTKY OIO/PKCTHHX (hOpPMaTiB 3aKiIa/liB TOCTHHHOCTI
y BOEHHHUH Yac CIiJl 30CepeIUTH yBary Ha PO3BUTKY TUMYACOBHX JKUTIOBUX KOMILICK-
CiB, siKi 3a0€31e4y0Th HeOOX1IHUI KOM(OPT MEIIKaHISIM 32 MiCLIEBUMH CTaHAAPTAMHU.
Taki KOMIUIEKCH MOXYTh OyTH Pi3HUX THIIB BiJl THMYAaCOBHUX HAMETOBUX MICTEUOK 10
MIPUMIIICHB TIepenpodiIbOBAHOTO MPU3HAYCHHS.

BucnoBku. JlocnipkeHHS TPOBOAMIOCS B YMOBaX MOCTIMHUX 3MiH B YKpaiHi, OB’ s~
3aHMX 3 BificbkoBUME mismH. [locTilHicTs cuTyarii Oyna OB’ s3aHa SIK 3 €KOHOMIYHOIO
KPHU30I0 Ta HEBM3HAYCHICTIO, TaK 1 3 DIUOIIMMHU NpoOiieMaMu (30KpeMa, TepPHTOPiaiib-
HHUM acCIIEKTOM OKYIOBAaHHMX TEPUTOpIii, MepeMillleHHsIM TOCTUHHOTO Oi3HEeCy Ta Maco-
BOIO MITpaIli€lo KepiBHUITBA). TaKUM YHHOM, Pe3yIbTaTH JOCIIKEHHS B OCHOBHOMY
OKPECIIOIOTh TPOOTIEeMH, 3 SKUMH CTHKAETBCS TYPHCTHYHA Ta TOTEIHHO-PECTOpPAaHHA
rajgy3b YKpaiHu. Y paMmKax JOCIIKEHHS IT0Ka3aHO, I10 HaBiTh B yMOBaX BOEHHOTO 4acy
MO)KHA BH3HAYUTH HATIPSIMU PO3BHUTKY TYPHUCTUYHOI Ta TOTEIBHO-PECTOPAHHOI TaTy3eH,
SIKI MOXKYTh 1X MIATPUMATH Ta 30eperTH CKOHOMIYHHMN MOTEHINAM IS MiCIIBOEHHOTO
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BiJTHOBIICHHS1. BBaskaeMo, 1110 /1711 ajanTaiiii 3 METOIO MTiCISBOEHHOT BiI0OYI0BH YKpaiHU Ta
3a0e3medeHHsl 11 TIONAIBIIIOr0 PO3BUTKY TOTEIHHO-PECTOPAHHOTO Oi3HECY MOYKHA 3aIpo-
MOHYBATH TaKi 3aXOJIH: CIIIBIPALIS 31 CBITOBUMHU FOTEILHIMH MEPEKAMHU; 3aITy4eHHS 1HO-
3EMHHUX TPOMAJISTH Ta CTBOPCHHSI JJIsl HUX BUTIHUX YMOB [UIsl IPOYKHUBAHHS; TPOBEIACHHS
MIUPOKOMACIITAOHOT MApKETHHTOBOT KaMIIaHii Ha 30BHINIHIX PUHKAX; aIanTyBaTUCS JO
MOTOYHUX YMOB B KpaiHi; BOPOBaPKEHHs LU(PPOBUX Ta iH(POpMaLiHUX TEXHOJOTIH;
PO3BHBATH OFOKETHI TOTENLHO-PECTOPAHHI 3aKJIa i JUIS HACENICHHS, SKi TPOXHBAIOTh
B 30Hax koHQuikTy a00 BITO. ITicns BiiHM €eKOHOMIYHHHN TOTEHITIAN IIUX TEPUTOPIH MOXKE
OyTu oOMexxeHH yepe3 pyHHYBaHHS iX 1HQPACTPyKTypH, 3MEHIIEHHS poOOUOi CHiln Ta
BHUCHaXCHHS MPHUPOAHUX pecypciB. OMHAK iCHYI0YI pecypcH (IPUPOJIHI PeCcypCH, Tparls,
IHpPACTPYKTypa, TEXHOJIOT], IHHOBAIIii, OCBITa, OXOPOHA 3I0POB’S TOIIO) MOXHA 30e-
PErTH UL MiCISIBOEHHOT PEKOHCTPYKIIT Ta BUKOPUCTATH IS iX 3araJIbHOTO BiTHOBICHHSI
3a JIOTIOMOTO0 KOHIICTIIIIi, BUKIIAJICHUX Jisi 30epeKeHHS €KOHOMIYHOTO TIOTEHITIaIy Ta
CTBOPCHHS HOBUX MOYKJIMBOCTEH JUISI BCEOITHOTO PO3BUTKY.

HaykoBa HOBHM3HA OJIp)KaHMX PE3YyJIBTATIB MOJATa€ y 3MiHI cTpaTterii po3BUTKY
TOTENBEHO-PECTOpaHHOTO Oi3Hecy YkpaiHi, siki (pakTH4HO (POPMYIOTHCS Ha aJanTHB-
HOCTI, THTErPOBAHOCTI Ta IHHOBAIIMHOCTI. TOMy HOBHHKA Ma€ TEPEBAKHO OINEPATHB-
HO-TIPAKTUYHUN XapakTep, M0 CYNPOBOMKYETHCS MIOACHHUMH TpaHC(hOopMAaIisiMu
YIPaBIiHCHKOI MISTIBHOCTI pecTopaHHOro Oi3Hecy B HecTaOimpHHUX ymoBax. llpax-
TUYHE 3HAYCHHS OJICP)KAHUX PE3YNbTaTiB BHUSBILSIETHCS Y BUKOPUCTAHHS PECOpaHaAMU
Ta JIep>KaBOIO 3aIPONIOHOBAHUM CTpaTerid pO3BUTKY TOTEIHHO-PECTOPAHHOTO Oi3HECY
VYkpaiHi micIsIBOEHHE BiTHOBJICHHS. [lepCieKTHBY NOAABIINAX JOCIIKEHb MOJISTAI0Th
Yy BHKOPHCTaHHI pO3pPOOJICHUX PEKOMEHAIH 1 KOHIEMIiH s (opMyBaHHS CTpaTerii
PO3BUTKY TYPHCTHYHOI Ta FOTENILHO-PECTOPAHHOI C(hep B yMOBaX BOEHHOTO CTaHY, sKa
JIO3BOJIMTH 30€perTH X EKOHOMIYHHMI TIOTSHINAI JIJIs MiCISIBOEHHE BiTHOBJICHHSI.
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L cmamms npucesuena gueueHHIO NpudUH ma HAcIioKie eMoYitiHo20 8USOPAHHS, A MAKOIC
NPAKMUYHUM 3aX00aM U000 1020 NPOQInaKkmuxu ma noooianHsa. Emoyiiine ueopanHs npo-
AGAECMBCA Y 6UTAOT DI3UUHO20 MA NCUXTYHO20 BUCHAICCHHS, YUHIZMY Ma 3HUNCEHHS 0cOoOU-
cmoi epekmugnocmi, wjo He2amuHO NO3HAYACMbC He Tulle Ha 300p08 T npayieHuKie, ane i Ha
3a2anbHil RPOOYKMUSHOCHT RIONPUEMCTIE.

Cmamms demanbHo ananizye 0CHOBHI )aKmopu, wo cnpusiiont PO36UMKY eMOYiliHO20 6UOPanHs,
MaKi sIK UCOKI UMO2U OO NPOOYKIMUBHOCHIE, CE30HHT KOMUBAHHS, KOHKYPEHYIA Ha PUHKY, HEOOCAmHsl
coyianbHa NIOMpUMKA, QIHAHCOBI MPYOHOUYi, MOHOMOHHICMb 3a60AHbL MA He2AMUBHA OP2aHI3aYIlHA
Kymmypa. Yeaea npudiissiempcs 8aicau80Ci NIOMPUMKU NCUXOTOSIYHO20 ONA2ONONYYYsL NPAYIGHUKIE
07151 3aN00I2AMHSL BULOPAHHIO, A MAKOXHC HEOOXIOHOCII CMBOPEHHS 300POB020 POOOU020 CepedosULd.

Oxpemo 062060pHOIOMbCSL Pe3yTbmamu Q0CII0NCeHb, WO NIOMBEPOAICYIOMb AKMYANbHICHb
npoonemu emMoyitiHo2o 8UOPAHHsL, 8 Momy Yucii pobomu maxux ¢gaxisyis, sk Kpicmina Macnau,
KA po3poduULa WKay OJis UMIPIOBaHHs pieHie eucopanns, i T. K. Moxameo, sikutl ananisye eniue
OpeaHizayitinoi Kyibmypu Ha 3anobicanHsa eucopanuio. B cmammi nasoosmuvca pexomenoayii
1000 3aNPoBaOICEHHS NPOSPAM NIOMPUMKU NPAYIGHUKIE, AKI BKIIOUAIOMb HABUAHHS A PO36U-
MOK, opeanizayiio pooouoco npoyecy ma CmeopenHs YMos 0Jisl 2HyUKo2o epagika.

3okpema, cmamms nponorye memoou npoQiaKkmuru, cepeo AKUx ocoonusa ysaza npuoi-
JISIEMBCA BANHCIUBOCTNT NCUXOEMOYIUHOI NIOMPUMKU, HABUAHHA MEXHIKAM YNPABIIHHA CIMPECOM,
PopMyBanHIO NO3UMUEHO20 MUCTEHH MA PO3GUMKY KOMaHOHo2o Jyxy. Taxi mpeuineu cnpus-
10Mb POPMYBAHHIO HABUUOK eEeKMUEHO20 NOOONAHHS CIMPECOBUX CUMYayitl I 3MiYHIOIOMb NCU-
XONO2IYHY CMIIKICMb NPAYIGHUKIE.

YV niocymxy, cmamms naconoutye na 8asjicauocmi KOMIIEKCHO20 Ni0X0dy 00 NPOGiIakmuKu
Ma NoOONAHHS eMOYIIHO20 BULOPAHHS, WO 0036OTAE He Juue 30epeemu 300po8's npayieHUKIs,
ane u 3abesneuumu epekmueHy OIIbHICIb NIONPUEMCIME ) YMOBAX BUCOKOL KOHKYpenyii. Bona
cnpusie popmysartio OiNbUL CBIOOMO20 CMABIEHHSA 00 NCUXOEMOYIUHO020 O1a20NONYYYsL HA POOO-
YoMy Micyl ma 8I0KpUBAE HOBL NePCnekmueu OJisk ROOATbULUX OOCTIONCEHD ) Yill ALY 3I.

Kniouogi cnoga: emoyiiine ucopanns, npoQinaxmuxa i NOOONAHH, Xapyoea NPOMUCIOGICMb,
NCUXON02IUHe OIA2ONONYYYsL, NCUXOEMOYIUHA NIOMPUMKA, CImpec, poboue cepedosuuye, KOMaHO-
HULl OYX, NCUXONO2IUHA CIMILIKICTb, MemoOu YNpAaeIiHHA CIMpPecom, NPOQecilina OisibHICMb.

Varnavska I. V. Prevention and overcoming of emotional burnout of specialists of food and
processing industry enterprises

This article is devoted to the study of the causes and consequences of emotional burnout, as
well as practical measures to prevent and overcome it. Emotional burnout is manifested in the
form of physical and mental exhaustion, cynicism and a decrease in personal effectiveness, which
negatively affects not only the health of employees but also the overall productivity of enterprises.

The article analyses in detail the main factors that contribute to the development of emotional
burnout, such as high productivity requirements, seasonal fluctuations, market competition,
insufficient social support, financial difficulties, monotonous tasks and negative organisational
culture. Attention is paid to the importance of maintaining the psychological well-being of
employees to prevent burnout, as well as the need to create a healthy working environment.

The results of studies confirming the relevance of the problem of emotional burnout
are discussed separately, including the work of such specialists as Kristina Maslach, who
developed a scale for measuring burnout levels, and T. K. Mohamed, who analyses the impact
of organisational culture on preventing burnout. The article provides recommendations for the
implementation of employee support programmes, including training and development, workflow
organisation and flexible working arrangements.
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In particular, the article suggests prevention methods, with a special focus on the importance
of psycho-emotional support, training in stress management techniques, positive thinking and
team spirit development. Such trainings contribute to the development of skills to effectively
overcome stressful situations and strengthen the psychological resilience of employees.

In summary, the article emphasises the importance of a comprehensive approach to preventing
and overcoming emotional burnout, which allows not only to preserve the health of employees
but also to ensure the effective operation of enterprises in a highly competitive environment. It
contributes to the formation of a more conscious attitude towards psycho-emotional well-being
in the workplace and opens up new prospects for further research in this area.

Key words: emotional burnout, prevention and overcoming, food industry, psychological
well-being, psycho-emotional support, stress, work environment, team spirit, psychological
resilience, stress management methods, professional activity.

Beryn. CydacHi yMOBH BeJieHHs Oi3HECY B Xap4oBiid 1 mepepoOHiil IPOMHUCIOBOCTI
BHMAararoTh BiJI MPAI[iBHUKIB BUCOKOTO PiBHSI BiJJIaHOCTI, €(DEKTUBHOCTI Ta a/1alTHB-
HOCTI JI0 IIBUAKO 3MiHIOBAaHUX YMOB. Pa3oM 13 3poCTaHHsIM BUMOT J0 MPOXYKTUBHOCTI,
3pocTae i pU3UK BUHUKHEHHS EMOIIITHOTO BUTOPAHHS — CTaHy, IO CYHIPOBOKYETHCS
(b13MYHUM 1 NCUXIYHUM BUCHA)KCHHSM, IIMHI3MOM Ta 3HMKEHHSIM 0COOUCTOI e(heKTHB-
HOCTI. Y IiHf cTarTi po3mIANAIOTHCS NMPUYMHHM BUHUKHEHHS €MOLIHHOTO BHTOpPaHHS
y (axiBIiB MiIMTPUEMCTB Xap4yoBoi 1 IepepoOHOT MPOMHUCIIOBOCTI, & TAKOXK 3alPOMOHO-
BaHi MPAKTHYHI PIlICHHS Il HOTo MPOQIIaKTUKHY 1 TOJJONaHHSL.

B ymoBax, ko iHTEHCHBHA po00Ta, cTpeC 1 HeCTaOlIbHICTh PUHKY CTAOTh 3BHY-
HUMH, BaXXJIMBO 3BEPHYTH YBary Ha IICUXOJIOTIYHUN J0OpoOyT mparliBHUKIB. EMortiiiHe
BUTOPAHHS HE TIIbKY HETaTHBHO BILUIMBAE HA 370POB'a (paxiBLIiB, asie if 3HMXKYE 3aranpHy
MPOINYKTHBHICTH TIANPHEMCTB, MMPU3BOAMTH JO IiIBUIICHHS TUIMHHOCTI KaJIpiB 1 3HH-
JKeHHs sKocTi podotu. Tomy muTaHHS TPODITAKTUKYA 1 MOAOJNAHHS EOTO CHHIPOMY
€ HaJ3BUYalHO aKTyaJIbHUM.

VY crarti OyyTh pO3DISIHYTI OCHOBHI (DaKTOPH, 110 CIIPUSIOTH PO3BUTKY €MOIIHHOTO
BUTOPAHHS y MPAIiBHUKIB XapuoBOl Ta MepepoOHOi MPOMHUCIOBOCTI, a TAaKOXK BKa3aHi
e(eKTHUBHI cTpaTerii Ta IHCTPYMEHTH, 110 MOXYTh JOTIOMOITH SIK 1HJHMBiTyanbHO, TaK
1 Ha piBHI opraHi3arii.

MeTa nocitigKeHHsI: BU3HAYCHHS KIFOYOBUX ACIEKTIB, IO MOXYTh CIPUSITH (QOp-
MYBaHHIO 37I0POBOTO poOOYOr0 CepeloBHINA, SKE MiITPUMYE NPaIliBHUKIB Y O0POTHO1
3 eMOIIMHUM BHTOPAaHHSIM. TakuM YMHOM, CTATTS HAJIA€ TMPAKTUIHI PEKOMEHIAITIT TSI
(haxiBIiB 1 KePIBHUITBA MiANPUEMCTB, CIIPIMOBaHI Ha CTBOPEHHS OLNBII e(EKTUBHOI
1 marpumytodoi pobodoi armochepu.

AHaJIi3 HAyKOBUX JOCTIUKeHb. AHAII3 OCTAHHIX JOCTIKEHb MPOOJIEMH eMOITiH-
HOTO BUTOpaHHs (PaxiBIUiB MiIPUEMCTB Xap4yoBOi 1 MepepoOHOT MPOMHUCIOBOCTI MOKa-
3y€, IO 1Ie sIBUIE Ha0yBae Bce OLIBIIOT aKTYalbHOCTI B KOHTEKCTi Cy4aCHUX BHKIIUKIB
Ha pUHKY Tpaii. JlociipkeHHs] eMOIIITHOTO BUTOPaHHs, 30KpeMa B KOHTEKCTI (paxiBIliB
MiANPUEMCTB Xap4yoBOi Ta MepepoOHOi MPOMHUCIOBOCTI, aKTUBHO MPOBOAATH (axiBLi
3 Pi3HUX TUCHIUIUIIH, BKIIOYAI0YH TICHXOJIOT1I0, YIPABIiHHS, COIIIONOTII0 Ta EKOHOMIKY.
Tak, Kpictina Maciad po3poOuiia KOHIIEMIIiF0 BUTOpaHHs i crBopuia Lllkamy Buro-
panHs Maciad, 1110 BUKOPUCTOBY€EThCS ISl BUMIPIOBAaHHsI PiBHIB BUTOpaHHs y mpode-
CiffHHX Tpymax, BKJIIOYAIOUM BUKJIAAaviB i MeANYHNX mpaniBHUKiB. K. bennep akuen-
Ty€ yBary Ha COIlIaJIbHO-TICUXOJIOTTYHUX (haKTOpax, sKi BIUTMBAIOTh HA EMOIIHHUH CTaH
MpaIiBHUKIB.

T. K. Moxamen anaitizye 0COOIMBOCTI €MOIIHOTO BUTOPAHHS B KOHTEKCTI XapdoBO1
MIPOMHCIIOBOCTI, 30KpeMa 30CepeHKYIOUH YBary Ha BIUTHBI OpTaHi3amiiHOi KyJIbTypH Ta
cTparerii ympaBiiHHS Ha 3anobiranHs suropansio, O. C. bapaHoB qociiKye crenu-
(hiky eMOmifHOTO BHUTOPAHHS y MPEACTaBHUKIB Pi3HUX Mpodeciii, 30KpemMa B XapuoBii
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MIPOMUCIIOBOCTI, aKIIEHTYIOUH yBary Ha mpo(iTakTHYHUX 3axo1ax. PodoTu nux gociiz-
HUKIB HA/IAlOTh IIHHI IHCAWTH B pO3yMIHHS MPOOJIEMH EMOIIIMHOTO BUTOPAHHS Ta MOX-
JUBOCTI MOTO MOAONAHHSA. BOHU (OPMYIOTH OCHOBH JUISi OAANBIINX JOCIIIKCHb Ta
MPaKTHYHUX peKoMeHAaniil y cdepi mpodinakTHKY i MOJ0NTaHHS BUTOPaHHS (DaxiBIIiB
MIAMPUEMCTB Xap4yoBoi Ta IepepOOHOT IIPOMHUCIIOBOCTI.

OT:Ke, OCTaHHI JOCIIKEHHS MiATBEPAKYIOTb, 110 eMOLliiiHe BUTOpaHHS € Cepho3-
HOIO Tpo0OaIeMoro s (haxiBIiB MiIPHEMCTB XapdoBOi 1 MepepoOHOi MPOMUCIOBOCTI,
10 MOTPedy€e KOMILICKCHOTO MiAX0Y 0 MPO(UIAaKTHKY Ta IMOI0JaHHs. BaxxuBo Brpo-
BaJKyBaTH €(PEKTUBHI CTpaTerii Ta mporpamMu MiITPUMKH MPALiBHUKIB JJIS1 CTBOPEHHS
3II0pOBOTO poboUoro cepeaoBumia. JlocaiHKeHHS BiIKPUBAIOTh HOBI TICPCIICKTHBH IS
PO3YMIHHS ITi€T MPOOJIEMU 1 BKa3ytOTh Ha HEOOXIAHICTh TOCTIHHOT yBaru J10 MCUX0EMO-
1iiiHOrO 100pOOYTY MpalliBHUKIB.

Buxknan ocHoBHOro marepiany. Emoriiine BUropaHHs — 11¢ CKIIaJHHH IICHXOEMO-
[iffHAH cTaH, MO0 BUHUKAE BHACTIJOK TPHBAJIOTO 1 IHTEHCHBHOTO CTPECY, OB’ SI3aHOTO
3 poceciiiHoro aisbHICTIO. Llel cTaH xapakTepu3yeThes BIAUYTTAM (Pi3UYHOTO 1 IICH-
XIYHOTO BUCHAKCHHS, IIMHI3MOM Ta 3HWKEHHSM ocoOuctoi edekruBHocTi. Ha 3apas
TIOCTIIDKEHHS B il ramy3i aKkIeHTYIOTh yBary Ha KUTBKOX Ba)KIMBUX acIEeKTax, IO
JIOTIOMAraroTh IIHOIIE 3pO3YMITH IPUPOAY EMOIIITHOrO BUTOPAHHSI.

Emorifine BUTOpaHHS € HE JIUIIE HACIIIIKOM MepeBaHTaKEHHS MPalliBHUKA, a 1 BiJI0-
OpaskeHHSIM HOTO 0COOMCTICHUX XapaKTePHCTHK i MICHXIYHOTO CTaHy. Y bOMY KOHTEK-
CTi BOKJIMBO BPaXOBYBATH Taki (PakTOPH, SIK: TOYYTTSI KOHTPOJIIIO: JIFOAH, K1 BIIUyBalOTh
cebe Oe3CHIIMMU TIepel TPYAHOIIAMH, MiIIAI0ThCS OUTBIIIOMY PU3UKY PO3BUTKY €MO-
IITHOTO BUTOPAHHS; CAMOOIIIHKA: HI3bKa CAMOOI[IHKA MOYKE TIPU3BOAUTH 0 HAIMIpHOT
CaMOKPUTHKH 1 Bi4yTTsl O€3HaIITHOCTI, 1110 MiIBUIILy€ HIMOBIPHICTh BUTOPAHHS; CTUIIb
KOITIHTY: CITOCI0, SIKUM JIFOJIMHA pearye Ha CTPeC, TAKOX Ipa€ BaKIMBY posib. HerarnsHi
CTHJII KOIHTY, TaKi sIK YHUKHCHHS a00 arpeCcHBHA PeaKilisi, MOXKYTh 30UIBIITUTHA PU3UK
BUTOPaHHSI.

B3aemonist 3 OTOUCHHSM MOXE CYTTE€BO BIUIMBAaTH Ha PO3BHTOK €MOIIITHOTO BUTO-
paHHs. BBakaemo 3a HEoOXiqHE BH3HAUYUTH OCHOBHI (DAKTOPH: MIATPUMKA KOJIET Ta
KEpiBHUIITBA, 30KpeMa HASBHICTH COIIaJIbHOI MIATPHUMKHM Ha POOOUOMY MICIi MOXKe
3MEHIIMTHU CTpeC 1 3armo0irTu BUropanHio. Komanu, mo GyHKIIOHYIOTh SK TATPHMY-
104l Mepei, 37laTH1 Kpallle CIPaBIATUCS 31 CTPecOBUMH cuTyauismu. Oprasizaiiiina
KyJlbTypa: CEpellOBHIIE, B SIKOMY MPAIIO€ JIOANHA, TAKOXK I'PA€ BAXKIUBY Poiib. Kyib-
Typa, 10 MATPUMYE OallaHC MK pOOOTOIO Ta OCOOMCTUM KHUTTSAM, MOXKE CYTTEBO 3MEH-
IINTH PU3HK BUTOPAHHSI.

Emoriiine BUropanHs Mae Takox (hi3ioJ0TiuHi MPOSBH, 110 MOXKYTh OyTH HACIIiIKOM
TpuBaoro crpecy. Lli mposBu BKII0YatOTh: (hi3WIHE BUCHAKEHHS (XPOHiUHA BTOMA, SIKQ
HE MUHAE MicTIsl BIATIOUYMHKY, € OTHUM 13 OCHOBHUX CUMIITOMIB €MOLIII{HOrO BUTOpaHHS ),
COMATHYHI CUMITOMH (O1Ib y CITHHI, TOJOBHHH 01J1b, MPOOIEMH 3 TPABICHHIM MOXYTh
OyTH O3HAKaMU BUTOpPaHHS), MOPYIICHHS CHY: JIto/H, SKi CTpakJIatoTh BiJl BUTOPAHHS,
4acTO CTUKAIOTHCA 3 IpoOieMaMy CHY, TAKUMH SIK 0€3COHHS a00 HaJMipHA COHJIMBICTb.

Emorifine BUTOpaHHS € CEpHO3HOI MPOOJIEMOIO JUIsl TPAI[iBHUKIB MiJIPUEMCTB
XapyoBoi 1 TepepoOHOT MPOMHCIOBOCTI. Lle siBUIlle He JuIlle HEraTUBHO BIUITMBA€E HA
ocoOuCTe XKUTTS MPAIiBHUKIB, ajie i Ma€ 3HAYHI €KOHOMIYHI HACTIJKU JUIsl TIiIpH-
eMcTB. JloCHiPKeHHS TOKa3yI0Th, IO MIPUYUHU EMOI[IHOTO BUTOPAaHHSI MOXYThH OyTH
PI3HOMAaHITHHMH 1 BKJIFOUATH SIK 1HIMBIIyalibHi, TaK 1 opraHizamiiai GpakTopu.

OpHi€l0 3 OCHOBHUX MPUYUH E€MOILIMHOTO0 BUTOPaHHS € BUCOKI BUMOTH JIO0 MPO-
JYKTUBHOCTI, SIKi CTaBISATh pOOOTOABIN IMepell CBOIMM MpaliBHMKaMu. Ha migmpu-
€MCTBaX Xap4oBOi Ta IMEpepoOHOi MPOMHUCIOBOCTI MPALIiBHUKH YacTO CTHKAIOTHCS
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3 HEOOXiHICTIO BUKOHAHHS BEJHMKOTO 00CATY poOOTH 3a KOPOTKHI TepMiH. Llei Tuck
MOYXe OyTH 3yMOBJICHUH PI3HUMHU (PaKTOPaMH, TAKHMH SIK:

— CE30HHI KOJIMBaHHS: BUPOOHMULITBO XapyOBUX MPOAYKTIB 4acTO MiANOPSIKOBaHE
CE30HHUM KOJIMBAHHSM, II0 BUMAarae Bijl MPaliBHUKIB iHTEHCHUBHOI pOOOTH B CTHCII
TEPMIHH;

— KOHKYPEHLI51: BUCOKAa KOHKYPEHLIis Ha PUHKY 3MYILY€ MiJIPUEMCTBA MIPALIOBATH
Ha MEXI1 CBOIX MOXKITUBOCTEH, 1110 IPU3BOAUTH JI0 301IbIIIEHHS HABAHTAXXCHHS Ha Ipa-
LIBHUKIB;

— BUMOTH SIKOCTi: CTaHAAPTHU AKOCTI MPOLYKIil B Xap4OBili MPOMUCIOBOCTI HaJ3BU-
YaifHO BUCOKI, 1 HEBUKOHAHHSA IIMX CTaHJIAPTIB MOXKE MaTH CEpHO3HI HACITIIKH, SK IS
KOMIIaHIi, TaK 1 JJIs CIIO)KHUBaYiB.

Li dpaxropu CTBOPIOIOTH MOCTIMHUH CTpec, AKHiA, AKIIO He Oyae HaJeKHUM YHHOM
YIPAaBISITUCS, MOXKE TIPU3BECTH JIO EMOIIITHOTO BUTOPaHHSI.

Hacrymamii BasknuBuii (hakTop — coliaiibHa MIATPUMKA € BaXKIUBUM YHHHHKOM,
110 BIUIMBAE Ha PIBEHb CTPECY 1 eMOLIHOr0 BUTOPaHHS MPALiBHUKIB. Y CepeloBHILI
HiAPUEMCTB XapuoBoi i mepepoOHOT MPOMHUCIOBOCTI COIialIbHA MiATPUMKA MOXKE OyTH
HEIOCTAaTHROIO Yepe3 HeJOCTATHE CIIIKYBaHHs: y 0araThoX ITiIPUEMCTBAX ICHYE TPO-
Onema 3 HeJJOCTAaTHIM BiIKPUTUM CHUIKYBaHHSIM MiX Mpal[iBHUKaMH Ta KEPIBHULITBOM.
Ile Moxe TpU3BECTH JO BIMYYTTS i30JA1iT Ta OS3CHILIsL B MpaliBHUKIB. BiacyTHICTH
KOMaHIHOI poOOTH, 30KpeMa BUPOOHHMYI IPOLIECH MOXKYTh OyTH OpraHi3oBaHi Tak, IO
MpAIiBHUKY NPAIOIOTh Y 13071s1ii, He Malo4d MOXKJIMBOCTI OTPUMATH MIATPUMKY Bin
koner. HeratuBHa armocdepa: KOH(UIIKTH MK TpaliBHUKaMH, BiICYTHICTh JIOBIpH
B KOMaH/li MOKYTb CIIPHSATH 3POCTaHHIO PIBHS CTpECy Ta BUTOpaHHs. BaximBo, mo0
oprasizaiiii CTBOPIOBAJIM MO3UTHBHE CEPENIOBHUILIE, A€ MPAI[iBHUKU MOTIIH O OTPUMYBaTH
HEOOXIIHY I ITPUMKY.

Tpeba HaromocuT Ha QiHAHCOBUX MPOOIEMaXx, IO TAKOK MOXKYTh OyTH CYyTTEBUM
YUHHUKOM PU3UKY eMoliifHoro Buropants. Ha mignpueMcTBax xapuoBoi i nepepoOHoi
MIPOMHUCIIOBOCTI YaCcTO CITOCTEPITaeThCsl: HU3bKa 3apO0iTHA TUIaTa, TOMY 0araro mpaiiB-
HUKIB OTPUMYIOTh HEJIOCTATHIO KOMIICHCAINIO 338 CBOIO IPALI0, IO MOXKE BUKIHKATH
BIZTUYTTSI HE3aI0BOJICHHS 1 OE3BUXOI. A TaKOX HECTAOUIBHICTh 3aHHATOCTI — y Tepi-
0T €KOHOMIYHOT HEBU3HAYEHOCTI 0arato MpariBHUKIB CTHKAOTHCS 13 3arpO30F0 3BiJIb-
HEHHsI, 10 CTBOPIOE J0AATKOBUH cTpec. Lli eKoHOMIYHI YNHHUKHK MOXKYTb BIUIMBAaTH Ha
3arajJbHUN MOpPAJILHUI CTaH MPaLiBHUKIB 1 TPU3BOJUTHU 10 BUTOPAHHS.

Tako)k MOHOTOHHICTP 1 pyTHHHICTH 3aBIaHb MOXYTh CYTTEBO BIUIMHYTH Ha TICHXO-
JIOTIYHUI CTaH MpaliBHUKIB. Y XapuoBiil 1 mepepoOHill MPOMHUCIOBOCTI MpaliBHUKH
4acTO BUKOHYIOTh OJTHOTHIIHI Jii POTATOM TpUBAIOro vacy. Lle Moke mpu3BOAUTH 10
3HIDKCHHSI MOTHBAIIii: OJTHOMAHITHICTh 3aBJaHh MOXKEC BHKJIMKATH BTOMY 1 3HFDKCHHS
1HTepecy 10 POOOTH: IICUXOJIOTYHOT BTOMU: MOCTiiiHA pyTHHA 6€3 MOXKIIMBOCTI 3MIHUTH
00CTaHOBKY 200 3aBJaHHS MOXKE CHPUYNHHUTH BITIyTTS €MOLIHHOTO BUCHAXEHHS.

OpranizaiiiiHa Kyi1sTypa Ha TiANPHEMCTBAX Xap4oBoi 1 mepepoOHOT POMHUCITIOBOCTI
MOK€ MaTH SIK IO3UTUBHUM, TaK | HEraTUBHUI BIUTUB HA €MOLIHHUN CTaH MPAI[iBHHUKIB.
HerartuBHa oprasizariiifHa KyJIbTypa MOXKe BKJIFOYATH i€papXidHa CTPYKTypa: HaIMipHa
(hopmautizarlis 1 )KOPCTKa iepapxisi MOXKYTh TIPU3BOIUTH IO BITUyTTs Oe3BIas Y Mpa-
uiBHUKIB. HeanekBaTHe BM3HAHHS JOCATHEHb: MPAIiBHUKKM MOXYTb BiI4yBaTu cebde
HETIOMIYeHUMH, SKIIO iXHI 3yCHIUISI HE OTPUMYIOTh HAJIC)KHOTO BU3HAHHS.

Bci i actiekTit MOXKYTh B3a€EMOJIISITH, IMiIBUIIYIOUN PH3UK €MOIITHOTO BUTOPAHHSI.
EmouiiiHe BUrOpaHHS Ha MiANPUEMCTBAX XapyoBOi 1 MEpepoOHOT MPOMHUCIOBOCTI
€ CKJIaJHUM 1 OaraTorpaHHUM SIBUIIEM, SIKC BUKIMKAHE PI3HOMAHITHUMH (DaKTOpamu.
Bucoki BUMOTH JIO MPOJXYKTHUBHOCTI, BIJICYTHICTh COIIATBHOT MiATPUMKH, (DIHAHCOBI
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TPYAHOILi, MOHOTOHHICTh POOOTH Ta HETATHBHA OpraHi3aliiiHa KyJIbTypa € KIFOUOBUMHU
NPUYMHAMY, 10 CHOPHUSIIOTH BUHUKHEHHIO HOTO CTaHY. Y IBOMY KOHTEKCTI Ba)KIIMBO
PO3IVISTHYTH Pi3HOMAHITHI CTpPATETii 1 MiJXOU JI0 MMOI0JIAHHS EMOIITHOTO BUTOPAHHSI,
K1 MOXXyTh OyTH peasli3oBaHi Ha piBHI opraHizariii, a TAKOXX iHIUBITyaIbHO.

[lepen TiM sk TIEpEUTH 1O METOJIIB MOJOJAHHS €MOIIHHOTO BUTOPAHHS, BaXKIIUBO
BU3HAYHTH, IO XK TaKe eMoliiiHe Buropanus. Lle cran, skuii BUHUKA€ BHACTIIOK TPH-
BaJIOrO CTPECY Ha POOOTi, XapaKTepU3y€eThCS eMOIIHHIM, (DI3MYHHUM 1 IICUXIYHUM BHC-
HaKCHHSAM. BOHO MOXKe TIPOSIBISTHCS Yepe3 3HIKESHHS MPOIYKTUBHOCTI, BITIYTTS 0€3-
MOPAJHOCTI, IIMHI3MY, a TAKOXK (PI3UUHI CHMITOMH, TaKi SIK TOJOBHUH 0171 M IpoOIeMu
3 NUTyHKOM. PO3yMiHHS MeXaHi3MiB BHHUKHEHHS €MOIIHHOTO BHTOPAHHS JIOTIOMArae
y po3po0ili e(h)eKTUBHUX CTpaTeTiil JuIs HOro MOM0IaHHS.

[IpodinakTuka € BaXXJIMBUM €TanoM y OopoTh0i 3 eMOLiifHIUM BUropaHHsM. Bona
nepeadavae BIPOBAHKCHHS PI3HOMAHITHUX 3aXOJ[iB Ha PiBHI MiIIPUEMCTBA, IO JOTO-
MAararoTh 3HH3UTH PH3WK BHHUKHEHHS HBOTO cTaHy. OCHOBHI 3aXOmU MPOQITaKTHKA
BKJTIOYAIOTh!

— opranizaiisi po00o4oro npouecy, HalpHuKIaa, po3podKa YiTKUX TUIaHIB poOoTH,
3MCHIICHHS HaJHOPMATHBHOTO HAaBAaHTAXXCHHS, 3a0e3leueHHs KOM(OPTHHX YMOB
npari;

— THy4YKd# rpadik, Io MOoXe TOIOMOTTH IMpalliBHUKAM Kpamie 0axaHCyBaTH MiX
POOOTOO Ta OCOOMCTUM KHUTTSIM, IO 3HIKYE PIBEHb CTPECY;

— HaBYaHHSI 1 PO3BUTOK, 1110 320€3MeYUTh MOXIIMBOCTI JIst MPO(eCciiHOro 3pOCTaHHS,
HABYAHHS HOBMM HABWYKAM, IO ITiIBUIIY€ BiIIyTTS KOHTPOIIO HAJ CBOEIO Kap'epoIlo.

HeoOxiHO HAroJocuTH Ha 3a0e3MeYeHH] TICHXOJIOTIYHOT MATPUMKH MPAaIliBHUKIB,
SIK BaXKJIMBOIO CKJIAIOBOIO B OOPOTHO1 3 eMOIIHUM BUTOpaHHSM. [IpaliiBHUKU TOBUHHI
BiJTYyBaTH, IO MOXYTh 3BEPHYTHCS 3a JOIIOMOTOIO y pasi morpedu. I[lepepaxyemo
KUTbKa OCHOBHHX KOMITOHEHTIB ICHXOJOTIYHOT MiATPUMKH: KOHCYJIbTAIl Ta Tepartis,
10 NONATae y 3a0e3MeUeHH] JOCTymy 10 (axiBLiB, IKi MOXKYTh HaJaTU MCUXOJIOTIUHY
MiATPUMKY, JJOTIOMOT'TH B YIIPABIIIHHI CTPECOM 1 TTO/I0JIAHHI eMOIIIHOTO BUTOPaHHSI.

CTBOpEHHS TPYI MiATPUMKH Ha IiIIPHEMCTBAX, 1€ MPALiBHUKH MOKYTh 00rOBOPIO-
BaTU CBO{ MEPEKUBAHHS, NITUTHUCS TOCBIIOM 1 OTPUMYBATH MIATPUMKY Bi Kouer. Kyib-
Typa BIAKPUTOCTI: CIIPUSHHS KYJIBTYPi, /I TIPAIliIBHUKHA MOXXYTh BIJIBHO BUCIIOBITFOBATH
cBoi eMolii Ta nepexxuBaHHs 0e3 cTpaxy OyTH 3aCyIKEHUMHU.

Ocp KiJbKa NPHUKIAAIB TPEHIHTIB, SIKI JONOMAraroTh y MNpoQiIakTHIi Ta MOI0-
JIaHHI eMOIIITHOTO BUTOPAHHS: TPEHIHT 3 PO3BUTKY €MOIIMHOT cCaMOpPeryJIsilii, TpEHIHT
3 YIpaBIiHHS CTPECOM 1 TallM-MEHEIKMEHTY, KOMYHIKaTUBHMH TpEeHIHr Ta poOora
3 KOH(ITIKTaMH, TPEHIHT 3 PO3BUTKY HAaBHYOK CaMOOOCIYrOBYBaHHs Ta PECypCHOTO
IiXOTY, TPSHIHT 3 TICUXOJIOT1YHOI CTIKOCTI Ta iHII. Ha Hamry gymKy, OUTbIT JOpEYHO
BUKOPUCTOBYBAaTH TPEHIHT 3 TICUXOJIOTIYHOI CTIKOCTI, KOMILJIEKC MPaKTHYHUX 3aXO0JiB,
COpsSMOBaHMX Ha (HOpPMYyBaHHS HaBUYOK €(EKTHBHOTO TMOJONAHHS CTPECOBUX CHTYya-
Iil, PO3BUTOK EMOIIIHOT CTIMKOCTI Ta BIIEBHEHOCTI Y BIIACHUX cHJIax. MeTa I1boro Tpe-
HIHTY — JOTIOMOTa TIPAIliBHUKaM y PO3BUTKY 3IAaTHOCTI IIPOTUCTOSITH HETATUBHUM €MO-
IiSIM 1 30BHINIHIM YHHHHUKAM, III0 MOXKYTh IPU3BECTH A0 BUCHAKCHHS a00 eMOIIiifHOrO
BuTopaHHs. Tak, MPaKTUYHI 3aHATTS 3 PO3BUTKY IIO3UTHBHOTO MUCIICHHS TOIIOMAraroTh
3HAMTU MO3UTHBHI MOMEHTH HAaBiTh Y CKIAIHUX CHUTYyallisX. 3alpOIMOHOBATH HOPEYHO
BUKOPHUCTAHHS MOJCHHUKA JTOCSATHEHb 3aBJaHHS JUIS BEICHHS 3allUCIiB MPO MIOACHHI
YCIIXHW 1 TIepeMOTrH, HaBiTh He3HauHi. Lle crpusie po3BUTKY BIIEBHEHOCTI Ta OadycHHS
nporpecy. llle nieBoro € podoTa 3 BHYTPIlIHIM KOHTPOJIEM, HAIpUKiIal, Moaeisb «Koio
BIUIMBY» — BIIPAaBU HA PO3JIUICHHS CUTYaIlil, 0 3HAXOASTHCS ITiJ1 KOHTPOJIEeM (Ti, Ha SIKi
YYaCHUKU MOXKYTh BIUTHHYTH), 1 1038 HUM (Ti, Ha SIKi HE MOXYTB).
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OuiKyBaHi pe3y/bTaTH BiJ TPEHIHTY:

— IMJIBUIICHHS CTPECOCTIHKOCTI Ta TICHXOJIOTTYHOT BUTPUBAIOCTI — PAIliIBHUKHU CTa-
I0Th MCHIII CXHJIBHHMH JI0 CTPECY 1 3MOXKYTh (EKTUBHIIIC pearyBaTd Ha Herependa-
qyBaHi CUTYyaIlii;

— 3MCHIICHHS TPUBOXHOCTI Ta CTPaxiB — YYaCHUKH TPEHIHTY KpaIle KOHTPOIIOBa-
TUMYTbh CBOI €MOIii, III0 JOITOMOYKE 3HU3UTH PiBEHb TPUBOKHOCTI Ta YHUKATH CUTYaIii
EMOIIIHHOTO BUTOPaHHS;

— (hopMyBaHHS TTO3UTHBHOTO MHUCJICHHS — 3POCTE PIBEHb ONTHUMI3MY, IO CHPHUSE
OB 33JTOBOJICHOCTI Bl poOOTH Ta MiIBUIIICHHIO TPOQECiiiHOT €()eKTUBHOCTI;

— TOJINIICHHS] HABUYOK CAaMOKOHTPOINIO 1 CaMOOpraHizamii — po3BHHEHI HaBUYKH
JIOTIOMAraroTh OUTBII €()EKTUBHO YIPABISATH CBOIMH €MOIISIMH Ta poOOYMMH 00OB'sI3-
KamH;

— 3MIITHEHHSI KOMaHTHOTO TyXy — YYaCHUKH HABYATHCS MiATPUMYBATH OJTUH OJTHOTO,
IO CIIPUSATHME CTBOPECHHIO MIO3UTUBHOTO POOOUYOT0 CepEIOBHIIA.

Taxuii TpeHIHT MO>KHA MPOBOJUTH SIK OKPEMHM 3aXiJl a00 y BUINISAL KIJIbKOX CECiid
3 PETYIAPHAM MOHITOPHHTOM YCIIXiB YYaCHHKIB, IO JO3BOJHUTH Ha MPAKTHUI 3aKpi-
MIUTH HABUYKH IS TOJOIAaHHS TIpodeciiftHOro BUTOpaHHsI.

OpuH 13 BaXJIMBUX aCTEKTIiB MOAOJIAHHS €MOLIITHOrO BUTOPaHHS TAaKOXK € HABYaHHS
TexHiKaM ympasminas. [IpamiBHUKY MOBUHHI MaTH 3HAHHS PO Pi3HI METOIH, IO AOTIO-
MOXKYTh IM CIIPABIISITHCS 31 CTPECOBUMHE CHTYAIlisiMA. OCHOBHI TEXHIKH BKJIIOYAIOTH —
METO/IM pellakcallii: BIpaBU Ha MIMOOKe JMXaHHSA, MEAUTAIlsl Ta Hora JOMOMararTh
3HHM3UTH PIBEHb CTPECY 1 MiABUIIUTH 3araJIbHUH PiBEHD OJarononyyys; GisudHa akTHB-
HICTh: PeryisipHi (pi3W4HI BIPABH, TaKi K OIr, TJIaBaHHs a00 3aHATTS CIIOPTOM, CITPHSI-
I0Th BUBUIBHEHHIO €HI0P(iHIB, 1110 MOKPAIIly€e HACTPiil 1 3HMKYE PIBEHb CTPECy; TBOPUE
CaMOBHUPAKCHHS: Xy/I0XKHI TPAKTUKH, My3HUKa a00 MMCHMOBI BIIPAaBH MOXKYTh CITyTyBaTH
BUXOJOM JJIsI €MOLIiH, 3HIDKYIOUH PiBEHb HAIIPYTH.

BBaxkaemo, 1110 000B’SI3KOBO BpaxoBYBaTH 1 Takux (akrop: GanaHC MiK pOOOTOIO
Ta 0COOMCTHUM >KHUTTSIM, aJKe BAXKIIHUBO, MO0 MPAIiBHUKKA 3MOTIM 3HAUTH OallaHC MiXK
pobourMu 30008’ I3aHHAMHU Ta 0COOUCTUM KUTTAM. Lle Moke BKITIOuaTH:

— yac JuIsi BiANOYMHKY: Bu3Ha4EeHHS 4iTKOrO Yacy JUIs BiIOYMHKY Ta 0COOHCTHX
CTpaB, 00 YHUKHYTH EPEBTOMH;

— BIAIIYCTKM: 3a0XOYEHHS IMpPaliBHUKIB BUKOPUCTOBYBATU CBil BIAIYCTKOBMIA yac
JUTSL BiTHOBJICHHS CHJI 1 eMOIIIHHOTO CTaHy;

— 3axXOIUICHHS Ta IHTEPeCH: MIATPUMKA PO3BUTKY 3aXOIUICHb Ta IHTEPECiB, MO HE
OB’ A3aHi 3 poOOTOI0, JorIoMarae 30epertTi eMouiiHui OanaHc.

Po3BHUTOK KOMaHAHOI pOOOTH € KIIOYOBUM (haKTOPOM YCHIITHOCTI Oyb-SKOi OpraHi-
3arii, OCKUTbKH e()eKTUBHI KOMaH/IM 37aTHI OCSITaTH pe3yJbTaTiB MBUJIIE, SKICHIIIE
Ta 3 MCHIIUMHU BUTPAaTaAMH PECypciB. B yMoBax migBHIIEHOTO pOOOYOro HABAHTAKEHHSI
Ta eMOLINHOTO BUTOPAHHS MPAIiBHUKIB, OCOOIMBO y CTPECOBUX TaNy3sX, SIK XapdoBa
9y nepepoOHa MPOMHUCIIOBICTh, KOMaH/HA po0OTa CTa€ IHCTPYMEHTOM, IO MiATPHMYE
MIpaIliBHUKIB, 3a0€3MeYyr0YH 1M CepEeIOBHUIIIE MiITPUMKH Ta B3a€MOAOIIOMOTH. OCHOBHI
1T PO3BUTKY KOMAHAHOI pOOOTH: 3MIITHEHHS pPOOOYHX B3a€MO3B'SI3KiB — IMOKPAIICHHS
KOMYHIKaIlii MK y9aCHUKaMH KOMaHJH, 10 JTO3BOJISIE 3MEHIIIMTHA HEMOPO3YMIHHS Ta
cnpusie 0inblI eheKTUBHOMY PO3MOALTY 3aBaaHb. DOpMyBaHHS €IUHUX LiJeH 1 HIHHOC-
cax Ta 3HAYYIIOCTiI BHECKY KOJKHOTO.

[TigBuIeHHs] MPOIYKTUBHOCTI Ta 3HWKEHHS CTPECY — 3aBISIKH MIATPUMIN OIUH
OJTHOTO KOMaHJa JIeTIIe J[ojae poOodi BUKIUKK Ta PO3MONiIsSe HaBaHTaKeHHS. CTBO-
PEHHS CIPHUSTIMBOTO KJIIMaTy B KOJEKTHBI — 3MEHIICHHS KOH(MIIKTIB 1 HampyTH,
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(hopmyBaHHsT aTMOcdepy JOBIpH Ta B3a€MOIIOBATH. 3HIDKEHHS PU3UKIB €MOIIHHOTO
BUTOPAHHS — WICHH KOMaHIN MOXXYTh TiITPUMYBaTH OIUH OJHOTO Y CTPECOBUX CHUTYa-
1isIX, [0 MOJIETIIY€E POOOYHIA MpoIiec.

KomanmHa poboTa € BaKIMBUM €JIEMEHTOM JUIS 3HIDKCHHS PH3HMKY EMOIIHHOrO
BUTOpaHHs. [liInpueMcTBa MOXYTh peali3yBaTH CTparerii, M0 CIPHUSIOTh PO3BUTKY
KOMaHJTHOT poOOTH:

— TPEHIHTY 3 KOMaHHOT poOOTH: MTPOBEICHHS HABYAIILHUX POTPaM, 10 J0roMara-
I0Th TpaIliBHUKAM PO3BUBATH HABUYKH €(EKTHBHOT KOMYHIKAIl Ta CIIBIIpAIli;

— CHUIBHI MPOEKTH: 3a0XOYEHHS CHUIbHOI POOOTH HAaJ| MPOEKTaMH, L0 3MILHIOE
KOMaHIHUHN TyX 1 3HIDKY€ BIAIYTTS 13051111}

— KOMaHJIHI 3aXOJM: OpraHizaiisi He)opMallbHUX 3YCTpiYei Ta 3aXOIiB JJIS 3Mill-
HEHHSI MI>)KOCOOUCTICHHX 3B'SI3KIB Y KOJICKTHUBI.

He MeHII akTyaabHHM aclieKTOM € BIIPOBAKCHHS KOPIOPATHBHUX IHIIIATHB, IO
MOYKYTb 3irpaTH BaKJIMBY POJIb y ITO0IAHHI eMOLIITHOTO BUTOPAHHS Ha ITiIPHEMCTBAX:
Iporpamu 30pOB s, THYy4YKi YMOBH Ipalli, BU3HaHHS JOCsATHeHb. KoprioparusHi iHilia-
THBH, CIPSMOBaHI Ha MATPUMKY J0Op0oOYyTy MpaIiBHUKIB, CTAIOTh BAYKIUBOIO CKIIA0-
BOIO e(DEKTHBHOTO YIIPABIIiHHS CydacHOI0 KoMmiaHier. OkpiM 3a0e3rnedeHHs: KoMpopTy,
TaKi 1HILIaTUBY CIPUSIOTH 3HIKEHHIO PIBHS CTPECY, MiIBULICHHIO MOTHBALli Ta 3MEH-
IICHHIO PiBHS €MOIIHHOTO BUTOPAHHS cepel NpaIliBHUKIB. [y KoMmaHii y ramysi xap-
YOBOI 1 mepepoOHOT MPOMHCIOBOCTI, JIe YACTO CIIOCTEPIratoThCs 3HAYH1 Pi3udHi i eMo-
L[ii{H1 HaBaHTa)KEHH:, BIIPOBA/PKEHHsI TAKUX 1HILIaTHB Ma€e 0COONMBE 3HAYCHHS.

[TononanHs eMOIIHOTO BUTOpaHHs (HaxiBIliB MiANMPHUEMCTB XapuoBOi 1 mepepoOHOi
MIPOMHCIIOBOCTI € BRKJIMBHM 3aBIAHHSM, SIKE BUMarae KOMIDICKCHOTO miaxomy. [loen-
HaHHS NPO(ITAKTUYHUX 3aXO0/iB, TICUXOJIOTIYHOI MIATPUMKH, TEXHIK yIPABIiHHS CTpe-
COM 1 PO3BUTKY KOMaHJHOI pOOOTH MOXKE CYTTEBO 3HM3HMTH PU3HKH, ITOB’SI3aHI 3 €MO-
IIHHUM BUTOpaHHsAM. Peanizaiisi ux cTpaTeriii He TUIBKU MOKPAILY€e SIKICTh YKUTTS
MpAIiBHUKIB, ajie if HO3UTHBHO BIUIMBAE HA MPOLYKTUBHICTh MiANPUEMCTB, CTBOPIOIOYH
3JI0pOBE Ta MIATPUMYIOUE podoUe cepeIOBHIIIE.

BucnoBku. OTxe, eMoIliiiHe BHTOPAHHS € CepHO3HOI0 HpO6J'IeMOIO IO BILTUBAE
Ha e(l)eKTI/IBHICTL pobotu cpaxuamB HiAPUEMCTB XapyoBoOi i nepepo6H01 TPOMHCIIO-
BOCTI, CTBOPIOIOYH HETaTUBHI HACTIIKHU SK JUT CAMUX TMPAIliBHHUKIB, TaK 1 OIS OpraHi-
3aliid B LiioMy. Y mpoueci aHajizy uiei npoOieMu Oysl0 BUABICHO KilbKa KIIOUOBUX
ACTIEKTIB, SIKi MiIKPECIIOI0Th BYKJIUBICTh BIPOBAPKEHHS 3aXO0/IiB TS TPOQiIaKTHKY Ta
TIOIOJIAaHHS €MOIIIHHOTO BUTOPAHHS.

EmouiiiHe BUrOpaHHs, 10 BUHMKA€ BHACIIJIOK TPUBAJIOTO CTPECY, MOHOTOHHOCTI
poOOTH Ta BUCOKMX BUMOT Ha IiIPHEMCTBAX XapuoBOi i mepepoOHO] MPOMUCIOBOCTI,
Ma€ 3pOoCTardy akTyajdbHICTh. BOHO HETaTWBHO BIUIMBAE Ha 3JI0POB'S MPAIlIBHUKIB, 1X
Onaromosyyyst Ta 3arajbHy IPOLYyKTHBHICTb.

BripoBamkeHHS MPOQIIAKTUIHNX MPOTpaM, sIKi BKJIIOYAIOTh OpraHi3amiio podouoro
IpoIIecy, HABYaHHsI, ICHXOJIOTIYHY MiITPUMKY Ta PO3BUTOK KOMaHIHOI pOOOTH, € KpH-
TUYHO BaXUIMBUM JUIsl 3HWKEHHSI PU3MKIB eMoliliHoro Buropanus. KopropartusHi iHi-
I[iaTUBH, IO CIIPUSAIOTH CTBOPEHHIO 3J0POBOTO POOOYOT0 CEpelOBUINA, MOXKYTh CTAaTH
OCHOBOIO JUIsI IMiJIBUINICHHS 3arajbHOTO PiBHS 3aJI0BOJICHOCTI MpalliBHUKIB. HaBuaHHs
MPaLiBHUKIB METOJIaM YIPaBIIiHHS CTPECOM, TAKUM SIK pesiakcanis, (hisuyHa akTHBHICTh
Ta MCUXOJIOTIYHA CAMOPETYIIALLiS, JOTTOMAarae He JIMIIIE MTOI0JIaT! BXKE HasSBHI CHMITOMH
BUTOpPAaHHS, aJiec i 3HU3UTH UMOBIPHICTh 1X BHHUKHCHHS B MailOy THHOMY.

CTBOpeHHS KYJIbTYPH BIIKPUTOCTI, /1€ PalliBHUKA MOXYTh JUIMTHCS CBOIMH Tepe-
’KMBAaHHAMHU Ta OTPUMYBATH MiATPUMKY, € BaXJIMBUM YHHHHKOM Yy 3armoOiraHHi eMo-
[iifHOMY BUTOpaHHIO. [ pymy MiATPHIMKH Ta KOHCYIBTAIlll MOKYTh 3HAUHO ITOKPAIIUTH
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MICUXOEMOIIHHIN CTaH MPAIiBHUKIB. BaXXIMBUM € CHCTEMaTHYHE OLIHIOBaHHS e(eK-
THUBHOCTI BIIPOBAJKEHUX 3aXOJIB Uepe3 ONMUTYBAHHS, aHaJi3 MPOILYKTHBHOCTI Ta 301p
3BOPOTHOT'O 3B’S3KY BiJ NpaliBHUKIB. Lle 103BOMs€ HE JMIle BYaCHO BHUABISATH MPO-
Omemu, aje it aganTyBaTH IPOTPAMH JI0 PEATBHUX TOTPEO KOJICKTHBY.

[TuTanHs eMOIIIHOTO BUTOpAaHHS TOTPpeOye MOAAIBIIOr0 BUBUCHHS, 30KpeMa B KOH-
TEKCT1 crielu(iKy rary3i Xxap4oBoi 1 mepepoOHOi IPOMUCIOBOCTI. BaxkInBO HOCHIINTH,
SIK1 IHHOBAIIWHI MIXOAX MOXKYTh OyTH BIPOBAKCHI JJISl MOKPAICHHS TICUXOEMOITii-
HOTO KJIIMaTy B KOJICKTHBAX.

Takum 4yrHOM, T €(PEKTUBHOTO IMOJOJNAHHS €MOIIHHOrO BHTOPaHHS Ha IiATPH-
€MCTBAaX Xap4oBoOi i MepepoOHOi MPOMHUCIOBOCTI BaKJIMBO BIIPOBAIKYBAaTH KOMILICK-
CHUI MIXiJ, MO BKJIHOYAE MPOQPUIAKTUYHI 3aXOIH, MIATPUMKY TCHXOJIOTTYHOTO 3]10-
POB’sl MPaLiBHUKIB Ta CTBOPEHHA CIIPUATIMBOIO poO0UOro cepenoBuia. JIniie 3aBasku
3YCHIUISIM, CHPSMOBAHMM Ha BHSBICHHS Ta YCYHEHHS NPUYMH BUTOPAHHS, MOXHA
3a0e3MeYnTH 0J1aronoayyys MPaiBHUKIB 1 MIABUIIATH 3arajbHy MPOXYKTHBHICTb ITij-
MIPUEMCTBA.
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Y cmammi npedcmaeneno enubokuii amaniz MOMCIUSOCMI BUKOPUCHAHHS B000POCMEl,
MAaKux K Xa10peid, Cnipynina ma 1aminapis, K aibmepHamueHol cuposunu 0Jis Xap4o8oi npo-
mucnosocmi. Iliokpecieno, wo yi 8000pocmi MOXCyms cmamu eg)eKmusHo 3aMiHOW mpa-
QuyitiHum Odicepenam OLIKA, OCKIIbKU OHU MAIOMb 3HAYHO BUWY XAPYOBY YIHHICMb, MICMSAmMb
bazamuii Komniexc simaminie (3okpema epynu B, a maxoowc C ma E), minepanis (kanvyii, 3auiso,
Maznity) ma anmuokcudoanmis. Le pooums ix npusadnusum inepedienmom 0is 30a2a4ens xap-
YOGUX NPOOYKMI6, WO CNpUsc niOMpumyi 300p06020 payiony. 3a60aKu_BUCOKIll KOHYeHmpayii
binka, 6000pocmi MOdCYmb UKOPUCMOBYEAMUCY Y GUPOOHUYMSI NPOOYKMI6 O1sl 100€, SKi
nompeobyoms 000amKo8o2o OLIK0B020 NIOKPINAEHHS 6 PAYiOHi, AK-0M CHOPMCMEHU, 6e2aHu Yl
00U 3 OOMEJICEHHAMU ) CHOACUBAHHT M'Aca.

Jocnioscenna makosc 6UCBIMIIOE MOXCAUBOCI BUKOPUCTIAHHA 8000POCMEN SIK HAMYPalb-
HUX 0apEHUKI6 Ma NIOCUNIOBAUTI8 CMAKY, WO € BANCIUBUM OJI5I CIBOPEHHS eKONO2IUHO Oe3NeUHUX
npodykmis. Hanpuxnao, cnipynina 000ae Hacuuenull 3eleHutl Koup KOHOUMEPCbKUM 8UPOOAM,
a 1aMinapis — npuemMnuLl MOpcoKull npucmax. Taxa npooykyis mne auuie no3umueHo cnpuima-
EMBCS CROJACUBAUAMU 3AB0SKU HAMYPATLHUM CMAKOBUM Md KOTIPHUM XAPAKMEPUCIMUKAM, dle
U cnpusie nonyIApusayii 300p06020 XapuyeanHs 6e3 6UKOPUCMAHHSA cunmemuyHux 0obasox. Le
6IOKPUBAE MOJICIUBOCTE ONISL WIUPOKO20 3ACIOCY6AHHS 6000POCMEl Y DISHUX XAPHOBUX NPOOYK-
max, 30Kpema y eupoOHUYmsi Hanois, X1ibooyN0uHuUx aupoobie ma Cynie.

Taxkum uurom, pe3yromamu OOCIIOHCEHHST NIOMEEPONCYIOMb, WO SUKOPUCIAHHS 8000POC-
mell AK anbMepHAmueHoi CUpoSUHY O XapU080i NPOMUCIOBOCTI € NEPCNEKMUBHUM | GAICTU-
BUM HANPAMKOM PO36UMKY. Booopocmi cnpusiioms YOOCKOHANEHHIO ACOPMUMENNTY NPOOYKMIs,
1o 8ION0BIOAIOMYb GUMOAM CYUACHUX CHOICUBAUIE OO0 AKOCTI, Oe3neKU ma 6UCOKOI NOICUBHOT
yinHOCmi. BoHU mMakooic € eKOHOMIYHO BUSIOHUM I eKOLO2IUHO CMILIKUM Odicepelom OLIKA, uo
3abe3neyye 00OCmMynHicmsb Xapuo6oi npoOyKyii 0N pi3HUX 6epCmeE HACeNeHH .

Kniouogi cnosa: sodopocmi, anbmepHamuena cuposuHd, xapioa npOMUCLO8ICMb, OLIKU,
BIMAMIHU, HAMYPALLHI OAPEHUKU, eKONO2IYHA CIMILIKICMb, CRIPYTIHA, XA0pend, 1aMiHapis.

Vohnivenko L. P, Kachur H. M. Use of algae as an alternative raw material for the food
industry

The article presents an in-depth analysis of the possibility of using algae such as chlorella,
spirulina and kelp as an alternative raw material for the food industry. It is emphasized that
these algae can be an effective substitute for traditional protein sources, as they have a much
higher nutritional value, contain a rich complex of vitamins (in particular, B, C and E), minerals
(calcium, iron, magnesium) and antioxidants. This makes them an attractive ingredient for food
fortification, which helps to maintain a healthy diet. Due to its high protein concentration, algae
can be used in the production of products for people who need additional protein in their diet,
such as athletes, vegans, or people with restrictions on meat consumption.

The study also highlights the potential for algae to be used as natural colorants and flavor
enhancers, which is important for creating environmentally friendly products. For example,
spirulina adds a rich green color to confectionery, and kelp adds a pleasant sea flavor. Such
products are not only positively perceived by consumers due to their natural taste and color
characteristics, but also contribute to the popularization of healthy eating without the use of
synthetic additives. This opens up opportunities for the widespread use of algae in various food
products, including beverages, bakery products, and soups.
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Thus, the results of the study confirm that the use of algae as an alternative raw material for
the food industry is a promising and important area of development. Algae contribute to improving
the range of products that meet the requirements of modern consumers in terms of quality, safety
and high nutritional value. They are also an economically viable and environmentally sustainable
sourcle of protein, which ensures the availability of food products for different segments of the
population.

Key words: algae, alternative raw materials, food industry, proteins, vitamins, natural dyes,
environmental sustainability, spirulina, chlorella, kelp.

Beryn. CyvyacHu# CBIT CTHKA€ThCS 3 HOBUMH BUKJIMKAMHU Y 3a0€3TeUCHHI 30aJ1aH-
COBAHOI'0 XapuyBaHHs, 1I0 € OCHOBOIO 3/I0POB’Sl HaceJeHHs. Y 3B’S3KYy 3 UM XapyoBa
MIPOMUCIIOBICTh 3iIITOBXY€ETHCS 3 HEOOXIAHICTIO PO3POOKU IMPOAYKTIB, sIKi O 33 J0BOJIB-
HSUTH HE JIAIIEC CMaKOBI YIIO00aHHS CIIOKHABaUiB, a i BIIMOBIIaN Cy9acHUM BHMOTaM
JIO SIKOCTI, TTOKUBHOT I[IHHOCTI.

CriokuBaui Jiefaii Oiiblie HaalTh IepeBary MpoIyKTaM 3 HaTypaIbHUM CKIIAI0M,
0e3 IKiUTMBHUX JTI00ABOK 1 3 ONTHMAaJIHHUM BMICTOM ITOKUBHUX PEUOBHH.

AKTyajbHicTh TeMH. BogopocTi MaroTh yHIKadbHI IOKUBHI BIACTHUBOCTI, IO
pOOUTH iX 0COONMBO KOPUCHUMHM JUIS 37I0POB'S JTIOAMHA. BoHM Oarari Ha 010K, BiTa-
Minu (30kpema C, E, rpynu B) ta minepaim (kaiblliid, 3a1i30, MarHii), a TaKOX aHTH-
OKCHUJAHTH, SIKi 3MILIHIOIOTh IMyHHY CUCTEMY Ta 3aXHUILAI0Th OPraHi3M BiJl HEraTUBHOTO
BILIMBY HABKOJIMIITHHOTO CEPEIOBHIIA. Y 3B'SI3KY 31 3pOCTAIOUNM MOMMUTOM Ha TPOTYKTH
IUTSL 3I0POBOTO XapuyBaHHS Ta MOMYJISPU3AIIEIO MI€T 3 BUCOKIM BMIiCTOM POCIHHHHUX
KOMITOHEHTIB, BOJOPOCTI CTalOTh BCE OUIBLI MOMYJISAPHUM IHTPEII€EHTOM Y XapyoBid
MPOMHCIIOBOCTI.

IMocranoBka mpodsemu. OHa 3 OCHOBHHX IPOOJIEM, 3 SIKOIO CTUKAETHCS CydacHa
XapuoBa MPOMHUCIIOBICTD, MMOJIATAE Y 3a0€3MeUeHH] HaceIeHHs MPOAYyKTaMH, IO MO€-
HYIOTh BHCOKY Xap4OBY IIIHHICTb. Y 3B’43KY 3 IIUM ITOCTA€ HEOOXiAHICTh MOIIYKY aJIb-
TEPHATUBHHX JKEpeIT O1TKa, sIKi O 337I0BOJILHSUIA TIOTPEOH Y Xap4OBUX MPOIYKTAX.

HactymnHoro BaxxIMBOIO NpoOJIEMOIO € HECTaya BiTaMiHiB, MiHEpaIiB Ta aHTHOKCH-
JAHTIB y MOBCSAKICHHOMY pallioHi 06araTbox Jrofel, ocodnnBo y Mmictax. Uepes obme-
JKSHHH JOCTYII 0 CBIKHX 1 HATYPaJbHHUX MPOIYKTIB, TAKUX K OBOYI Ta ()PYKTH, 4acTO
BHHHUKAE NeDIUT HEOOXiTHUX MIKPOETIEMEHTIB, 1110 PU3BOAMTH JIO MOTIPIISHHS 3aralib-
HOTO CTaHy 3I0pOB's Ta 3HIDKEHHS iIMyHITeTy. BomopocrTi, sk-0T Xj0pena, cripyiiHa Ta
JaMiHapis, € 0araTuMU JpKepeaMu BiTaMiHiB (ocoOmBo rpymnu B, a Takox C i E), MiHe-
pautiB (KaJbllifo, 3a1i3a, MarHito) Ta aHTHOKCHIAHTIB, SIKi JOMOMAaratoTh MiATPUMYBaTH
HOpMallbHE (DYHKIIIOHYBaHHS OpraHi3My. BKITIOYeHHS BOJOPOCTEH Y CKIaJ XapuoBHX
MIPOYKTIB JIO3BOJISIE 3HAYHO 30araTUTH PaIlioH, 320€3MeUy0UYH OPTraHi3M HEOOX1THIUMHU
MOXXUBHUMHU PEYOBUHAMHE 0e3 TOTpeOH B JOAATKOBUX BITaMIHHUX JO0aBKaX.

Kpim Toro, croromHi icHye mpoOrema HaaMipHOTO BHKOPHCTAHHS CHHTETHYHHX
0apBHHKIB Ta IiCHITIOBAYiB CMaKy y XapYOBHX IPOMYKTaX, sIKI MOXKYTh MAaTH HETaTHB-
HUI BIUIMB Ha 3710pOB’s. barato BUPOOHMKIB JONAIOTh Y MPOAYKIIIO IITY49HI KOMIIO-
HEHTH IS TOJIIIIICHHS 30BHIITHHOTO BUIVISITY Ta CMAaKOBHX XapaKTEPHUCTHK, IO YacTo
CTa€ MPUYMHOIO AJIEPTIYHMUX PeakIliii Ta iHIMX HebakaHUX HaciakiB. BomgopocTi, 3aB-
JISIKU CBOIM MIPUPOJHUM OAPBHUM 1 CMAaKOBHM BIACTHBOCTSM, MOXKYTh CTaTU €KOJIOT1U-
HOIO aJIbTEPHATUBOIO MTYYHUM OapBHUKAM Ta IMiJICHIIIOBaYaM cMaky. Hampukoan, cmi-
pyliHa Mae SICKpaBHA 3€JICHUN KOJIIp, MO0 MOXKE BUKOPHUCTOBYBATHUCS SIK HATYPAIbHUIHI
0apBHUK y KOHIUTEPCHKUX BHpOOax, a JaMiHapis 37aTHa HAJABaTH MPOAYKTaM MOp-
ChKHH TIPUCMAK, TPUBAOIUBUH JUIsl 0araTbOX CIOKHBadiB.

OmHAM 3 KITIOYOBHX BUKIIHKIB € TAKOXK EKOHOMIYHA JIOCTYITHICTh XapUOBHX MPOIYKTIB,
30arauennx OikoM. TpaauiiiiHi mKepena Oika, Taki K M IO Ta MOJIOYH1 IPOTYKTH, 4aCTO




| Taspiliceknit HaykoBui BicHHK Ne 5

152 |

€ JIOPOTUMH uYepe3 BUCOKY cO0iBapTiCTh BUpOOHHUITBA. Lle poOuTh iX HemoCcTymHUMH JUIst
0araTb0OX BEpCTB HACEINICHHS, OCOONMBO B KpaiHax, IO PO3BHBAIOTHCA. Bomopocti € exo-
HOMIYHO BHTIJIHUM JDKEpeNoM Oifika, OCKUIBKM BOHM MalOTh BUCOKI IMOKa3HHKH MPOIYK-
TUBHOCTI i He MOTPeOYIOTh BEIMKMX BUTPAT /IS Ky/IbTHBALLi. [X BUKOPHCTaHHS y CKJIai
MIPOIYKTIB MOXKE 320€3IEUTH JIOCTYITHICTh OLTKOBUX MPOMYKTIB JJIsI IIMPIIOTO KOJIA CII0-
JKMBA4iB, 3MCHIITYFOUH TIPH [IEOMY BHTPATH HA BUPOOHHIITBO XapPIOBOI MTPOTYKIIII.

OpHaK JUIsl yCHIITHOTO BITPOBA/KEHHS BOJIOPOCTEH y Xap4OBY TPOMHCIIOBICTh HEOO-
X1JIHO MPOBECTH JTOJATKOBI JOCIIPKCHHS II0JI0 iXHBOT CyMICHOCTI 3 IHIIIMMH 1HTpEeIi-
€HTAaMH, BIUIMBY Ha CMaKOBi BJIIACTHBOCTI MPOJAYKTIB Ta €(h)eKTUBHOCTI BUKOPUCTAHHS
y Pi3HHUX THUIax MPOTYKIIii.

MeTta gocaizxenHs. MeTor0 JaHOTO TOCTIKEHHS € BUBUCHHS ITOTEHIIIaTy BHKO-
pHCTaHHS BOAOPOCTEH, TAKKX SIK XJIOpeNia, CIIpyJIiHa Ta JIaMiHapis, K aJbTePHATHBHOL
CUPOBUHH ISl BAPOOHUIITBA XapUOBHX MPOYKTIB, IO 330BOJBHIIOTH BUMOTH CyYac-
HOTO CIIOKHBAYa IO 37J0POBOTO XapuyBaHH:I, Ta €KOHOMIUHOI JOCTYIHOCTi. OCHOBHHI
aKLEHT y JOCIHIDKeHHI poOUThCS Ha aHali3i MOXKUBHHUX BIIACTHUBOCTEH BOAOPOCTEN,
iXHBOI 37aTHOCTI 3aMIHIOBATH a00 JIOTIOBHIOBATH OUTKOBI KOMIIOHEHTH TBapHUHHOTO
MIOXOKCHHS Ta MOJKIIMBOCTI BKJTFOUCHHS IUX IHTPEII€HTIB IO CKIIAIY IIHPOKOTO acop-
TUMEHTY NPOJYKTIB XapuyBaHHA. BaxIIMBOIO CKJIaJJOBOIO METH € OLIIHKa BIUIMBY BOJO-
pocTeii Ha OpraHOJIENTHYHI BITaCTHBOCTI IIPOAYKTIB, IO TO3BOJIUTH 3PO3YMITH, SIK BOHH
BILIMBAIOTh HA CMAKOBI SKOCTI Ta 3arajbHy MPUBAOIMBICTh MPOAYKIIIT JJTs CIIOKHBAUIB.

[le omHUM BaKJIUBUM 3aBIaHHSAM JIOCII/DKEHHS € OILlIHKa €KOHOMIYHOI e(eKTHB-
HOCTI BHKOPHUCTAHHS BOJIOPOCTEH y Xap4oBii NMpOMHCIOBOCTI. OCKUIBKH BOJOPOCTI
€ BITHOCHO HEBMOATIMBUMH JI0 YMOB BUPOIIYBAaHHS Ta MIBUIKO POCTYTh, BOHH MOXKYTh
CIIyTyBaTH JACIHIEBUM 1 CTIHKUM JiKepenoM O1Ika, BiTaMiHIB i MiHEpaiB.

AHaJi3 ocTaHHIX A0CTiIKeHb Ta mydJikaniii. OcTaHHIM YacoM 3HayHa KiJIbKICTh
HAyKOBHX JOCIIIKCHb MPHUCBSIYCHA BHBUCHHIO BOIOPOCTEH SIK [DKEpeia MOXKHBHUX
PEUOBHH, a TAKOXK TXHBOT POJIi B Cy4acHOMY 3JJ0POBOMY XapuyBaHHi. Hanpukmnan, noci-
JoxeHHs [Banosa 1. 1. Ta Koanenka O. M. nokasai, 1110 CripysiiHa Ta Xjaopesia MiCTSTh
omm3bKo 60—70% Oinka B cyxiit Maci, o0 POOHTS X YHIKAJIBHAM JKEPEIIOM POCIUHHOTO
017Ka, 31aTHOTO 33JOBOJIBHUTH IOTPEOU OPraHi3My B YCiX HE3aMiHHUX aMiHOKHCIIOTAX.
Ile BaxJIMBO, OCKUTBKK 0arato pOCIMHHHUX OLIKIB HE MICTSATh MOBHOTO aMiHOKHCIIOT-
HOTO CKJIaJy, HEOOX1THOTO s 30aJJaHCOBAHOTO XapuyBaHH:I, TOAI sIK OLJIOK BOMOPOCTEH
Ma€ BCl BXKJIMBI aMiHOKUCIIOTH. Taki JjaHi cBiI4aTh MpO 3HAYHHNA MOTEHITiall BOIOPOC-
TEH SIK aJIbTEPHATUBHOTO JDKepelia O1Tka y Xap4oBiid mpoMHCIOBOCTi [1].

[Tetpos B. C. y cBoiii poOoTi 10CHiAKyBaB aHTUOKCUJAHTHI BJIaCTUBOCTI BOAOPOC-
Tei, 30Kpema iX 37aTHICTh 3aXHUILaTH OPraHi3M BiJ OKCHAATHUBHOTO CTPECY, SIKUl CIIpH-
YUHSIE PI3HOMAHITHI XPOHIYHI 3aXBOPIOBAaHHS, BKIIFOYAIOYH CEPIICBO-CYIMHHI XBOPOOH
Ta pak. AHTHOKCHJIAaHTH, IO MICTSThCSI B BOJOPOCTSIX, TaKi K cyibpopadan ta ¢iko-
[iaH1H, 3/1aTHI HEWTpali3yBaTh BUIbHI paguKaid, 3armo0iralodr iIXHbOMY PYyHHIBHOMY
BILIMBY Ha KJIITHHU opraHiamy. Bomopocti Takox micTsth Bitaminu C i E, sKki € moTyx-
HUMH aHTHOKCHIAHTaMH, IO 3MII[HIOIOTh IMyHHY CHCTEMY, MiJBHUIIYIOUH ii 3MaTHICTh
0OopoTHCS 13 3aXBOPIOBaHHAMM [2].

JlocnmipkeHHSIM  XIMIYHOTO CKIJIaJy BOJOPOCTEH 3aiiMaroThesl 1 3apyOi’kHI BUEHI.
Hanpnmazx, P06epTc0H E. i Xeiic [x. npoananizyBaiu MiHepaﬂbHHﬁ CKJIaJ| XJIOpEIn
Ta JIaMiHapii, BiI3HAYaI041 BUCOKHH BMICT TAKHX €JIEMEHTIB, SIK 3aJ1i30, KaJbLIil Ta Mar-
Hiit. IxHe nocnimKkenHs mokasaso, o BOAOPOCTi MOKYTh CITyTyBaTH BAX/THBIM JUKEpe-
JIOM MiHepaiB, 0 YacTo Ae(ilnTHI B MOBCAKACHHOMY palioHi jtoaeid. OcoOnuBo 11e
CTOCYETBCS 3aJi3a, SIKe € HEOOXITHUM ISl CHHTE3y TeMONIO0iHY, a TAaKOXK KaJbIlilo Ta
MarHito, 1110 BIIMOBIIal0TH 3a MMIITPUMKY 3I0POB'st KICTKOBOI cucTeMu [3].
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Hocmimxennst dynxina M. C. i llenkynosa JI. @. mokasanu, 1o cripyliHa 31aTHa
Ha/IaBaTH MPOAYKTaM HACHUCHHN 3eJICHHI KOJIIp 3aBIKHA BMICTY XJIopodiy, 110 poOHUTh
il mpupomHuM 6apBHUKOM. L{e BiTKpHBa€e MOMKIINBICTD 3MEHIIICHHS! BUKOPUCTAHHS [ITYY-
HUX OapBHUKIB, SIKi MOXKYTh HETaTHBHO BIUIMBATH HA 3/I0POB’sI CIIOKMBaviB. Bogopocrti
SIK HaTypaJibHI OapBHUKH CTaJIM 0COOIMBO MOMYJISPHUMHU B KOHIUTEPCHKIN Ta XJi0ore-
KapChKill raiy3sx, ¢ BOHU HE JIMIIC HAJaloTh MPOIYKTaM MPHUBAOIMBUN BHUIISL, aje
it 320e3nedyI0Th JOaTKOBY Xap4yoBYy LIHHICTH [4].

BaxuBicTh BOIOpOCTEH y BUPOOHMIITBI CIICIIai30BaHUX MPOIYKTIB JII BETaHiB Ta
BereTapiaHIliB Takox Oylia JOCIiKeHa BITYM3HAHUMH 1 3apyOiKHUMH BYeHUMU. OCKUIbKA
OLIKM BOIOPOCTEH MArOTh MOBHUI aMiHOKHCIOTHHN CKJIaJl, BOHH € ONTUMAJIbHUM 1HIpe-
JUEHTOM JUTS 3aMIIlIeHHST TBAPUHHKX OUIKIB y mieTi. Jocmimkenns Kosanenka O. M. moka-
3aJ1H, 1110 POIYKTH, 30arayeHi BOIOPOCTAMHU, 3a0€3Me4yI0Th OPraHi3M yciMa HeOOX1THUMHU
MOKMBHUMY PEIOBUHAMH, [IPH [[bOMY 3HIDKYIOUH CIIOKHBAHHS HACHUICHUX JKHPIB 1 X01ec-
TEPHHY, IO BOYKIIIBO TS MPOPITAKTHKI CEPLICBO-CYIIMHHIX 3aXBOPIOBAHE [5].

Hocnimkennss Kapnienko I1. O. crocyBanocss Takok BIUIMBY BOIOPOCTEH HAa TpaBHY
cructeMy. Bomopocri, sk BioMO, MICTSITh 3HAYHY KUTBKICT KITITKOBHHH, IIO CIIPHSIE HOPMATi-
3a11ii poOOTH MIUTYHKOBO-KHUIITKOBOTO TPAKTY Ta ITATPHUMITI 30POBOT MIKPO(IOPH KUIIICYHHKA.
KiiTkoBHHA [oMOMarae MOMIIIIHATA TEPUCTAIBTUKY KUIICUHUKA, 3HIDKYE PU3UK PO3BUTKY
3aKperiB 1 maTpuMye OaaHc KOPUCHUX OaKTEpil, 10 BaXIIMBO IS 3arajlbHOTO 37I0POB’SI.
Lle ocoOMmIBO aKTyaJ bHO B YMOBAX CYYaCHOTO CIIOCOOY JKHTTS, KOJM Oararo JIFONneH BEmyTh
MAaJIOPYXJIMBUI CHOCIO KUTTS Ta HE OTPUMYIOTh IOCTATHBO KIIITKOBUHU 3 BKEIO [6].

Bukiaan ocHoBHoro marepiaiy. CripyniHa, XJopena Ta JiaMiHapis € HaWIOIIu-
PCHIIIMMU BUJaMH BOJOPOCTEH, 1[0 BHKOPHCTOBYIOTHCS Y XapyOBil MPOMHUCIOBOCTI
3aB/SIKM 1XHIA BHUCOKIM MOXKMBHIN IIHHOCTI. Y CKJIaAi CyX0i Macu BOAOPOCTEH 010K
Moke cTaHoBUTH Bif 60% 10 70%, mo poOHUTH IX KOHKYPEHTOCIPOMOKHUMH HaBiTh
i3 TAKMMH TPAJUIIHHUMHU JDKepelaMu Oifika, sk cost Ta ropixu. OcoOIMBO BaXKIUBO,
mo OLTOK BOAOPOCTEHl € MOBHOIIHHUM, MICTUTh YCi HE3aMiHHI aMiHOKHCIIOTH, HEO00-
X1JIHI JUTS opraHi3my JroauHA. e poOuTh BOJOPOCTI MEPCIIEKTHBHOK CHPOBUHOIO IS
BUPOOHUIITBA TIPOAYKTIB, OPIEHTOBAaHHMX Ha BETeTapiaHINB 1 BEraHiB, a TAKOXK IS THX,
XTO IIIyKa€ aJbTepHATUBH TBAPHHHOMY OLIKY [9].

Oxkpim OijKa, BOJOPOCTI € BaXIIMBUM JDKEPEIIOM BiTaMiHIB Ta MiHepamniB. Bwmict
KaJbIli{0, 3aJ113a, MarHit0 Ta IHIIMX MIKPOEJIEMEHTIB Y BOAOPOCTIX 3HAUHO BUIIMH, HIXK
y 6ararbox iHIIMX POCTUHHUX MPOIYKTax. 30KpeMa, 3ai1i30, 110 MiCTHThCS B XJIOpeli Ta
CHIpYJIiHI, JIETKO 3aCBOKETHCS 1 MOXKE OyTH KOPUCHUM ISl JIFONIEH, SIKi TTOTPeOyOTh Tij-
BUIIICHOTO CIIOKUBAHHS IIHOTO €IIEMEHTA, 30KpeMa BEereTapiaHIliB, BariTHUX XKIHOK Ta
cnioprcMeHiB. Kanbliiid Ta Martii, NpucyTHI B JIaMiHapii, € BAXKJIMBUMH JIJISl 3MIITHCHHS
KICTOK, MiITPUMaHHS HOPMaJbHOI POOOTH HEPBOBOI CHCTEMH Ta CEpPIEBO-CYIUHHOI
CHCTEMH, 1[0 POOUTH BOJOPOCTI I[IHHAM KOMIOHEHTOM 3I0POBOTO XapuyBaHH:.

Tabmus 1
Cxky1ag MOKUBHUX PEYOBUH, 10 MiCTSITH BOIOPOCTI
MoxuBHi . . . . .
KOMITOHEHTH Cuipyaina | XJjopeaa Jlaminapis Cosn Topixu
Bimox (%) 60-70 55-60 15-20 36 15-25
Kupu (%) 67 8-10 1-3 20 50-70
Kanpiit (mr) 120 95 60 277 132
3aizo (Mr) 28 21 15 15.7 2.7
Birawmin C (mr) 10 8 6 0 1.3
HNox (Mxr) 30 20 400 2 4




| Taspiliceknit HaykoBui BicHHK Ne 5

154 |

BomopocTi Takox BiZj3HAYalOTHCS BUCOKUM BMICTOM aHTHOKCH/IAHTIB, TAKUX SIK BiTa-
Mminu C 1 E, a Takok BITOXIMIYHHX CTIONYK, TAKHX SK cyJIb(opadan Ta pikomiaHid. AHTH-
OKCHJIAHTH 3aXWIAIOTh KJIITHMHU BiJI OKCHUJATHBHOTO CTPECy Ta HEWUTpPAi3yloTh BUIbHI
paluKany, 1o 3HWKYE PU3HK PO3BUTKY CEPIIEBO-CYJTHHHUX 3aXBOPIOBaHb, PaKy Ta IHIINX
XPOHIUYHHUX 3aXBOPIOBaHb. BayKIIMBHM acIeKTOM € Te, IO TPHPONHI aHTHOKCHIAHTH
3 BOJOPOCTEH Kpallle 3aCBOIOIOThCS OPraHi3MOM, Hi’K CHHTETHYHI, 1110 pOOUTh BOAOPOCTI
HE3aMiHHUM KOMIIOHEHTOM JUI BUPOOHMITBA (hyHKI[IOHATBHUX MPOAYKTIB XapuyBaHHS,
OpIEHTOBAHMX Ha MPOQIAKTHKY 3aXBOPIOBaHb Ta MIATPUMKY 310pOB’s [9].

3aBasSKM BHCOKIM KOHLEHTpauil xjopodiny, cripyiaiHa Mae MPUPOIHUNA 3esIeHHM
KOJip, IO JO3BOJISIE€ BUKOPHCTOBYBATH ii SIK HATYpaJdbHUI OapBHHUK Y KOHIUTEPCHKIN
1 xJ1i00MmeKapchKiit MpoMHCIOBOCTI. Lle € BaxkuBUM (hakTOpoM y CTBOPEHHI SKOJIOTTYHO
YHCTHX MPOAYKTIB, OCKUIBKH TO3BOJISIE YHUKHYTH BUKOPUCTAHHS [ITYYHUX OApBHHUKIB,
SKI MOXXYTh MaTH HETAaTHBHHUH BIUIMB Ha OpraHi3M. JlamiHapis Mae mpupomHU Mop-
CBKHUH TIPHICMAK i apoMaT, IO T03BOJISIE BUKOPUCTOBYBATH 11 JJIsI HAJaHHS YHIKaJIbHUX
CMaKOBHX BJIIACTUBOCTEH MPOYKTaM, OPi€HTOBAHUM Ha CIIOXKHBAUIB, sIKi IIYKAIOTh HOBI
KyJTiHapHi Bpa)KEHHS.

OpraHoJenTHYHI A0 CTiPKCHHS MiATBEPIKYIOTH, IO IPOIYKTH 3 T0AaBaHHIM BOIO-
pocTeil CIpUMalOThCS CIIOKMBAaYaMH IO3UTHBHO, OCOOJIMBO 3aBISKA HACHYEHOMY
CMaKy Ta MpUBAaOIIMBOMY 30BHINIHbOMY BUIIIsAY. CIIOKKBaul HAJIAl0Th MepeBary mpo-
JyKTaM 3 HaTypaJIbHUMH IHTPEII€EHTAMH, 110 BiJIMOBIIA€ 3aralbHUM TEHACHIIISM 310-
POBOTO XapuyBaHH. Bozlopocn MOXKYTb 3aCTOCOBYBATHCS Y ITMPOKOMY ACOPTHMEHTI
HpO,Z[YKTlB BiJ] HAIlOiB 1 CyTIiB 10 CHEKIB i BUITIUKH. HaanKna;:x, JaMiHapis MOXKe Ha/ia-
BaTH YHIKaJIBHOTO CMaKy MOPCBKUM CTpaBaM, a CIIpyTiHa JOIAE KOJIbOPY Ta MOKHUBHUX
BIIACTUBOCTEH (PPYKTOBUM COKaM 1 CMy3l.

ExoHoMiuHa €(eKTHBHICTh BOJOPOCTEH TAKOXK € BAXIIMBOKO IMEPEBaroro, 1mo ooy-
MOBJIO€ iX 3aCTOCYBaHHS y XapuoBill IPOMUCIOBOCTI. 3aBISKHU IIBUAKOMY 3POCTaHHIO
Ta HU3BKMM BUTpaTaM Ha BUPOILYBAaHHS, BOAOPOCTI € JOCTYIIHUM JDKEpesloM Oijka
1 TOKMBHUX pedoBHH. Lle 103BoJIsIE BUPOOHHMKAM 3HU3HUTH COOIBAPTICTH MPOIYKTIB, IO
€ 0COONMBO BaXIUBHM Ha T IIOOANTBHOI MPOIOBONIEIOI KpH3u. BomopocTi MOXYTh
BHUKOPHUCTOBYBATHUCS SIK Y IPOMUCIIOBUX MaciuTadax Jisi BAPOOHMIITBA Xap4OBUX 100a-
BOK, TaK 1y CKJIaJli TOTOBUX MPOYKTIB.

KiiTkoBHHA BOZOPOCTEH € BaXKIMBHM KOMIIOHEHTOM, IO CIPHUSIE€ HOpMAai3amil
pPOOOTH NUTYHKOBO-KHMIIIKOBOTO TpakTy. BoHa mMoOKpallye MepucTaibTHKy KUIICYHHUKA
Ta CHPHSE MITPUMII 3T0POBOI MIKpO(IOPH, IO € BAXKIUBUM ISl 3aralbHOTO CTaHY
30POB’Sl. YMOBH CY4YaCHOTO JKUTTS, 1110 CYIIPOBOKYIOTHCS CTPECOM Ta HEMPaBUIbHUM
Xap4ayBaHHIM, 4aCTO MMPU3BOIATH 10 MOPYIICHb TPABJICHHS, 1 IPOAYKTH 3 T0JaBaAHHIM
BOJIOPOCTEH MOXKYTh CTaTH €(DEKTUBHUM PIIICHHSIM 11 30€pEeIKSHHS 370POB’ S LTy H-
KOBO-KHIIIKOBOTO TPaKTy [9].

Pucynox 1 nemMoHCTpye TOpIBHSHHS OUTKOBOI IIHHOCTI BOJOPOCTEH MOPIBHSHO
3 TPAJAULIHHUMH JDKEepeliaMu O11Ka, TAKUMH SIK COsl Ta TOPiXH. 3TiHO 3 JaHUMH, BOJIO-
pocTi, Taki SK cHipyliHa Ta XJIOpela, MaloTh piBEHb OiKa, M0 MOXXE KOHKYpYBaTH
3 HaMKpaImuMH POCIMHHUMH JPKepeslaMH, ajie 3 MCHIIIOI0 €KOJIOTTYHOIO BAPTICTIO.

BpaxoByrouu BCi mepeBary, 1o HaJalTh BOAOPOCTI, BOHH MOXYTh OyTH BHKOPH-
CTaHi y Pi3HUX CETMEHTaX Xap4yoBOi MPOMHCIOBOCTI. Lle BKitouae He yuie BUPOOHH-
IITBO XapyOBUX 00aBOK, a i CTBOPEHHS CIICIiali30BaHMX MTPOIYKTIB JIIs CIIOPTCMEHIB,
JFONCH TIOXHUITIOTO BIKY, @ TAKOXK IS JIFONCH 3 OOMEKEHHSIMU Y XapayBaHHI.
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BucHoBku. 3acTocyBaHHS BOIOPOCTEH Yy XapyoBii MPOMHCIOBOCTI BiJIKpUBA€E
IIMPOKI MOXKJITMBOCTI JUIsl CTBOPEHHS MPOIYKTIB 3 BHCOKOI MOXXUBHOK IIHHICTIO, 110
BiJINIOBIJIAalOTh BUMOTaM Cy4aCHUX CIIO)KHMBauiB, OPIEHTOBaHUX Ha 3/I0pOBE Ta 30ajaH-
coBaHe Xap4yBaHHs. BomopocTi, Taki sik cripyiiHa, Xjopesa Ta JiaMiHapis, Bija3Havya-
IOTHCSl BUCOKMM BMICTOM OijIKa, BITaMiHIB, MiHEpaiB 1 aHTHOKCHAHTIB, 1110 POOUTH 1X
HE3aMiHHUM KOMIIOHEHTOM Yy PAaIliOHi JIFOTUHH.
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Y cmammi posenanymi akmyanvui numants 6iomexHon02il 8 Cy4acHil Xapuosii npomMucio-
socmi, ix po36UMOK Ma poib Y 8USOMOBILEHHI Xapyuoeoi npodykyii. Bupobnuymeo xapuosux npo-
OyKmig I Hanois 3acnoeane na nepepodyi cupoGUHU, 8 OCHOBHOMY CLIbCLKUM 20CHO0APCHIGOM.

Po3zsumox 6iomexnonoziii 3HAUHO 6NAUBAE HA XAPHOBY NPOMUCTOBICHb, OONOMALAIOUU CINBO-
prosamu Oinvwt AKicHi ma cmiki npodykmu. L{i innosayii oxoniooms 8upoOHUYMEO Xapyosux
NPOOYKMIB, NONINUEHHS AKOCIME NPOOYKYLL MdA 8NPOBAONCEHHS eKOLOSIUHUX PIllleHb, KT BANCTUBT
6 YMOBAX 3POCMAHMsL HAceleHtsl | nompeb y npodogonbemsi. biomexnonoeii mpancgopmyoms
Xapuo8y npoMUCIOBiCmb, NPONOHYIOUU THHOBAYINHI PileHHs Olisi CMBOPEHHS AKICHUX, eKONI02IY-
Hux i 6esneunux npodykmis. OCHOBHI HaNPAMKU OIOMEXHON02IT GKOUaAIOMb & cebe: anbmepha-
mueHi 0dicepena OiIKa (POCIUHHI AHANO2U M 'ACa A KYTbIMUBOBAHE M SICO GUPIULYIOMb NPOOTemy
Oeiyumy OiIKa, 3MEHWLYIONMb eKONOTUHULL 6NAUG T 3a0e3neyyiomb emuyHe CnoJiCusanhs), gep-
MeHmayiro (8UKOPUCMAHHA NPOOIOMUKIE /i1 NIOMPUMKU 300P08 s MA CMBOPEHHS HAMYPALbHUX
KOHCep8anmis 071 NOOOBICEHHS MEePMIHY NPpUOAmHOCMI), eKolo2iuna cmiukicmos (nepepooxa
Xapuosux 8i0X00i8 y KOPUCHI NpOOYKMuU Mda 3HUMCEHHS 8y2leye8020 Clidy 3a 00noMo20t0 0io-
nakysantst), MO ma 36aeaueni npoOykmu (2eHemuyuno MOOUDIKOBAHI KYIbMypu ni08UULY oMb
BPONCALIHICMb | XAPUO8Y YIHHICMb, a 30azaveri npodykmu donomazaioms 6opomucs 3 deiyu-
TOM NOJICUBHUX PEUOBUH), MatiOymHi mexHonoe2ii (nepconanizogane xapuyeanns na ocrnogi JJHK
ma 3D-0pyk idci Ok cm8OpeHHsL YHIKATbHUX NPOOYKMIB).

Y emammi posensinymo, sk 6iomexnono2ii 3MiHIOIONb XApuo8y NPOMUCIOGICMb, KL IHHOBAYIT
3 ’A6NIAIOMbCA HA PUHKY A AKI MONCIUBOCHI OISt PO3GUMKY 2ANY3i 6OHU GIOKPUBAIOMb.

OcHogHoito 3a0auero € 03HAUOMIEHHsl 3 NePCNeKMUBAMU CYYACHUX OIOMEeXHON02il, X Modic-
JUBUM GUKOpUCTNANHAM ma nonyaapusayii' y nacenenns. Taxoolc, pos3ensio nepesazc ma HeoONiKi6
Y BUKOPUCIMAHKE MAKUX THHOBAYIIHUX MEXHONL02IAX 6UPOOHUYMEA XAPUOBOT NPOOYKYi.

Knrwwuosi cnosa: 6iomexuonoeis, xapuosa npooyKyis, sUpoOHUYmME0, CUPOSUHA, IHHO8AY],
eKOJLO2IUHI PIUEHHSL, SIKICMb NPOOYKNLY.

Vognivenko L. P, Litvynova K. S. Biotechnology in the food industry: innovations and
opportunities

The article discusses current issues of biotechnologies in the modern food industry, their
development and role in the production of food products. The production of food products and
beverages is based on the processing of raw materials, mainly by agriculture.

The development of biotechnology has a significant impact on the food industry, helping
to create higher quality and sustainable products. These innovations include food production,
product quality improvement and the implementation of environmental solutions, which are
important in the face of population growth and food needs. Biotechnologies are transforming
the food industry, offering innovative solutions for creating high-quality, ecological and safe
products. The main areas of biotechnology include: alternative sources of protein (vegetable
meat analogues and cultured meat solve the problem of protein deficiency, reduce environmental
impact and ensure ethical consumption), fermentation (use of probiotics to maintain health and
create natural preservatives to extend expiration date), environmental sustainability (recycling
food waste into useful products and reducing the carbon footprint with bio-packaging), GMOs
and enriched foods (genetically modified crops increase yield and nutritional value, and enriched
foods help fight nutrient deficiencies), future technologies (personalized nutrition based on DNA
and 3D printing of food to create unique products).
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The article examines how biotechnology changes the food industry, what innovations appear
on the market and what opportunities they open for the development of the industry.

The main task is to get acquainted with the prospects of modern biotechnologies, their
possible use and popularization among the population. Also, consideration of the advantages
and disadvantages of using such innovative technologies for the production of food products.

Key words: biotechnology, food products, production, raw materials, innovations,
environmental solutions, product quality.

Beryn. BiorexHosorii B Xap4oBili MPOMHUCIIOBOCTI — 1€ 00JacTh, AKa 3a OCTaHHI
KiJTbKa JECATUIIITH CTalla OAHICIO 3 HAWOUIBIN JUHAMIYHUX Ta IHHOBAIHHUX. PO3BUTOK
010TEXHOJIOTTYHUX TPOIIECIB JO3BOJISIE 3HAYHO I IBUIIIMTH €(EKTHBHICTH BUPOOHHUIITBA
MPOJYKTIB XapuyBaHHs, 3MCHIIUTH HETATHBHUI BIUIMB HA HABKOJIHUIIHE CEPEIOBHUIIE,
a TakoX 3a0e3MEeYNTH BUCOKWI PIBEHb OC3MEKHM Ta SKOCTI MPOAYKIii. Y KOHTEKCTi
CY4YaCHHX I100aIbHUX BUKJIMKIB, TAKUX K 3pOCTAHHS MOIMYJIALIIT, 3MiHa KJliMary, oOMe-
JKeH1 PECYPCH 1 3pOCTar04i BAMOTH JI0 3[I0POB’S 1 XapuOBHUX CTaHIAPTiB, O10TEXHOJIOTI]
BiJIKPHBAIOTh HOB1 MOYKJIMBOCTI JUISl CTAJIOTO PO3BUTKY Xap4OBOT IPOMHUCIIOBOCTI.

s rajy3b OXOIUTIOE IIAPOKUI CIICKTP TEXHOJIOT1H, BKITFOYAI0UN TeHETHIHY MOANQi-
KaI[il0 OpTaHi3MiB, BUKOPHCTAHHI MIKpOOprasi3miB u1st (pepMeHTalii, po3poOKy (byHK-
[IIOHAJIFHUX TIPOAYKTIB 3 TMOKPAIIEHHMH TIOKHBHUMH BIACTHBOCTSIMH, & TAKOK iHHO-
BaIliifHI METOJH MEPEepPOOKH XapuoBUX BiIxomiB. BomHouac 6i0TeXHOMOTIT JO3BOISIIOTH
CTBOPIOBATH HOBI MPOAYKTH, 1110 HE JIMIIE 33JJ0BOJILHSIOTH 0a30B1 IOTPEOH CIIOKHBaUiB,
ajie ¥ mMATPUMYIOTh iX 3110pOB's Ta JOOPOOYT.

[Mpore, pazom i3 OE3:TIYTI0 MOKIHBOCTEH, BIPOBAIKEHHS 010TEXHOIIOTIH y XapuoBy
MIPOMHUCIIOBICTh CTUKAETHCS 3 MEBHUMH BUKIUKAMH, CEpe SAKUX — €TUYHI MUTAHHA,
HEOOX1HICTh BIOCKOHAJICHHS HOPMAaTHBHO-TIPABOBOI 0a3| Ta IMiJBUIIECHHS JJOBIpH CITO-
JKHMBadiB JI0 HOBUX TPOJIYKTiB.

Mertoro 1€l cTaTTi € po3TIIs OCHOBHHUX 1HHOBAIIIH, SIKi BUHUKAIOTh 3aBASKH 3aCTO-
CYBaHHIO 0I0TEXHOJIOTIH y XapuoBiil MPOMHCIOBOCTI, @ TAKOXK aHAaJ3 IXHIX MOXKIIUBO-
cTel Juid MailOyTHBOTO PO3BUTKY Tally3i, 30KpeMa B KOHTEKCTi YKPaiHChKOi EKOHOMIKH.

AKTyaJbHicTh TeMH. bioTexHomorii B XxapuoBiii MPOMUCIOBOCTI € HAI3BUYANHO
aKTyaJbHOIO TEMOIO B CyJacHUX yMOBAaX, OCKUTBKM BOHA BiIKPHBA€ HOBI MEPCIICKTHBA
JUTSL 3a0€3IIeUCHHSI CTIMKOTO PO3BUTKY Ta MJABUIIEHHS SIKOCTI MPoyKTiB. CydacHi 0io-
TEXHOJIOTIYHI 1HHOBAIi{ TO3BONAIOTH HE JIHIIE PO3pOONIATH Oe3MmedHiln i KOpHCHIII
Xap4oBl MPOIYKTH, & i 3HAXOIUTH HOBI CIIOCOOHM BUPOOHUIITBA, [0 3MEHIIIYIOTh Hera-
TUBHHI BIUTUB Ha TOBKULIA. L{e 0cOOMMBO BaXKJINBO B YMOBAX 3pOCTaHHSA YHCIIEHHOCT1
HACEJICHHS, 3MiH KJIiMaTy Ta 3MCHIIICHHS npnpoz[mx pecypcm

HaHpHKna,u, BUKOPHCTAHHS (pepMEHTaIlii, MIKpOOPraHi3MiB, Ta TEHETUYHO MOIU]IKO-
BAHHX OPraHi3MiB CIPHSE PO3BUTKY (PYHKIIIOHAJGHUX XapUOBHX MPOMYKTIB i OI0aKTUBHHX
no6aBok. KpiM Toro, 610TeXHONOTi JO3BOISIOTH BUPOOISITH aNbTepPHATHBHI JpKepera OiKa,
TaKi sIK IITy9IHE M’SICO, SIKS OIOMarae 3MEHIIINTH HaBaHTaKSHHST HA TBAPHHHHUIITBO 1 3a0e3-
Trievye HOBI JpKepesia XapuyBaHHs1. [HHOBALIT y ramy3i TaKoX JI03BOJISIFOTH BIOCKOHAJIUTH yTia-
KOBKY Ta 301JIbIINTH TePMiHH 30epiraHHs IPOIYKTIB, III0 3HAYHO CKOPOUYE XapIOBi BiIXOMH.

3aBISIKH PO3BHUTKY Oi0TEXHOJOTIH XapdoBa MPOMUCIIOBICTh MOXKE JOCSTTH HOBHX
PiBHIB €(EeKTUBHOCTI, SIKOCTI i CTalOr0 PO3BUTKY, IO POOUTH LI0 TEMYy HaJA3BUYAKHO
MIEPCIIEKTUBHOIO W BXKIIMBOIO JIJISl CYYaCHOTO CYCITIBCTBA.

IMocTanoBka nmpobdsiemu. [IpoGraema BUKOpHUCTaHHS 010TEXHOJIOT1H Y XapyuoBiit mpo-
MHCJIOBOCTI MOB’S13aHa 3 HEOOXIAHICTIO 3HAXO/PKEHHS €(hEeKTUBHUX Ta CTIHKUX PIllICHb
JUTSL 33JTOBOJICHHS IIIOOAIBHUX MOTPeO B SKICHIH TKi.

bBioTexHOMOTIT MPOMOHYIOTH MOTEHITIHHI PIIIEHHS /T KOXKHOT 3 IIUX MPOoOJeM, Hajia-
04U MOKJIUBICTB CTBOPIOBATH O1JIBII €KOJIOT1YHO YUCTI, O€3MeuHi Ta pecypco30epiraroui
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croco0u BUPOOHMIITBA Xap4OBHUX MPOAYKTiB. IIpoTe, Ha NUIAXy IXHBOTO BIIPOBAKCHHS
€ 3HAYH1 BUKIIUKU: BUCOKA BAPTICTh JIOCIIKEHB 1 PO3POOOK, PETyasSTOPHI OOMEKECHHS
Ta HEOOX1IHICTh CyCHUILHOTO NPUIHATTS 010TEXHOJIOTIYHUX MPOAYKTIB.

Merta gocigkeHHs. MeTo0 TOCITiIPKEHHs € aHai3 Ta OI[iHKa poJii G10TeXHOIOT1H
Y Xap4oBiif MPOMHUCIIOBOCTI, @ TAKOK BU3HAUEHHS IXHBOTO IMOTEHITIATY JIJIsl BUPIIICHHS
Cy4yacHHUX NpoOJieM, MOB’S3aHUX 13 BUPOOHUITBOM, SKICTIO Ta OE3MEKOI0 XapuOBUX
HPOAYKTiB. JlOCTi/KEHHS TakoX CIPsIMOBAHE Ha BHUBUCHHS IHHOBAIIWHUX Ol0TEXHO-
JIOTIYHUX PIllIeHb, SIKI MOXKYTh CHPHUSATH CTAJIOMY PO3BHUTKY Xap4oOBOi MPOMHCIOBOCTI,
30KpeMa dYepe3 3HMKECHHS EKOJOIIYHOTO HaBaHTaXEHHs, 30€pEeKEHHS NPUPOTHUX
pECypCiB 1 CTBOPEHHSI HOBHX JIKEPEN XapuyBaHHSI.

AHaJi3 ocTaHHIX JocaizKeHb Ta myoikaniii. OcTaHHI TOCHIHKEHHS B Taly3i 0io-
TEXHOJIOT1 y Xap4oBiii MPOMHUCIOBOCTI (POKYCYIOTHCS Ha CTBOPEHHI aJIbTepPHATUBHUX
O1nKiB (IITyYHE M 5ICO, TPOAYKTH 3 KOMAax i pOCIHH), BUKOPUCTaHHI epMeHTawii 1is
(DYHKIIIOHAJIBHUX MPOAYKTIB, reHeTHyHOMY penaryBanHi (CRISPR) mis mokpanieHHs
KYJBTYp, pO3poO1i OionakyBaHHS JJIs1 3SMEHIICHHS IJIACTUKOBHX BIJIXOJIB Ta 3aCTOCY-
BaHHI1 HAHOTEXHOJIOT1# st 30epexeHHs cBixkocTi. [1i iHHOBaIiT MAIOTh BETMKHIA TTOTCH-
ITiaJT ISl eKOJIOTIYHOTO Ta €(PEeKTUBHOTO BUPOOHUIITBA, IPOTE TOTPEOYIOTH ITONAIBIIIOTO
JOCITIPKEHHS! IS 3HUKESHHS PU3HKIB Ta PO3POOKHU BIAMOBIIHUX PETyIsLiil.

Hayxosmi JI. B. Bame-Ilpununko, M. B. ITlatuka, b. 1. Jleonora, E. P. Crapkosa,
A. 1. bpona TPOBOIHIIH JOCIIDKEHHS HAIPSIMIB, TOCATHEHB Ta TEPCIEKTHB 010TEXHOIIO-
rily Xap‘{OBII/I l'IpOMI/ICJ'IOBOCTl B cBoiif po0OOTI BOHM 3a3HAYMIIN IO 3aCTOCYBAHHsI OioTex-
HOJIOT{ Ta TeHHOI 1H>KeHep11 TMPH3BOIUTE JIO CYTTEBUX iHHOBAIIHN Y xapqomﬂ TIPOMHCIIO-
BOCTI, 30KpeMa, JI0 IMiIBHIIECHHS SKOCTI Ta OE3MEYHOCTI Xap4OBHUX MPOIYKTIB [1].

I. B. KipninusoB, M. 1. Konomst ta C. B. IleTpenko npuidiy 10 6araTbox BUCHOB-
KiB, OJIHUM 3 SIKHX € T€ IO y TMOPIBHIHHI 3 XIMIYHHMHU TEXHOJOTISIMH O10TEXHOJIOTI]
MaroTh OLIBINICTh TIepeBar. Hampukiiaa, MOKIMBICTh OTPUMAHHS CHCIU(IYHUX Ta YHi-
KalbHUX MPHPOAHIX PEUOBHH, NMPOBEICHHSA O10TEXHOIOTIYHMUX MPOLECIB MPH MOPIB-
HSHO HEBHCOKHMX TeMIleparypax 1 THCKY, BUCOKa MIBHJKICTh POCTY MIKPOOPTaHi3MIiB,
sika 0araTto pasiB IEPEBHUIIY€E IBUAKICT POCTY TBAPHH 1 POCIHH, a TAKOXK, TC IO SIK
CHPOBHHY B IIpOIlecax Oi0TEXHOJOTil MOXKHA BUKOPHCTOBYBAaTH JICIICBI BiIXOAU CiJib-
CBKOT'O TOCIIOJIAPCTBA Ta TPOMHCIIOBOCTI [2].

O. I. FOneBuy, C. I. Koryn, M. 1. I'unb qocnigunm BCi MOXIIUBI PU3UKH BUTOTOB-
JISTHHS ITPOJYKIi 3a TOTIOMOTOI0 O10TEXHOJOT1H 1 IPOBEIN TOCTIKEHHS B 00J1aCTi po-
MHCJI0BOI O10TE€XHOJIOTIT 3a3HAYMBIIIH i1 BeJTUUYEe3HUH HoTeHIiam [3].

Taxox, cepell OCTaHHIX AOCIIIKEeHb 1 MyOiKaliil o0 3acTOCyBaHHs 010TEXHOJIO-
il y Xap4oBiil TPOMHUCIOBOCTI € pOOOTH IO CBiUaTh PO iIHTEHCUBHUI PO3BUTOK ITi€]
raysi, CIpsSMOBaHHWH Ha CTBOPEHHS HOBHUX TEXHOJIOTIH I O€3MEYHOT0, €)eKTHBHOTO
Ta CTAJIOT0 BUPOOHHIITBA XaPUOBUX IIPOIYKTIB.

3aranom, OcTaHHI JOCTIKSHHS Ta MyOJiKalii JeMOHCTPYIOTh BUCOKUN TOTEHITiAT
OloTexHOJIOTIH /Ui TpaHchopMallii XapyoBoi MPOMUCIIOBOCTI. BogHouac, 10CiTHUKN
3BEpPTAIOTh yBary Ha HEOOXiJAHICTh MOJAIBLIOIO BUBYEHHS €KOJOTTYHHUX, COIalbHUX
Ta EKOHOMIYHUX HACTIJIKIB IIUX TEXHOJIOTIH, a TAKOXK PO3POOKY YITKUX PEryislliid, 1o
3a0e3redaTh Oe3MeyHe Ta eTHYHE BIIPOBAPKCHHS 1HHOBAIIIH.

V cBoemy ninpyunuky C. A. Kypra BuaiauB aBa HalOUIbII YCITINTHI B3a€MO3aJIexKHI
HAIMpsIMKHA PO3BUTKY O10TEXHOJIOTII:

Iepuwuii: Ha 3MIHY TPAJAHMIIHHUAM CITOCOOaM BI/Ip06HI/I]_ITBa ki TOCTYTIOBO npnﬁ;{yTb
OiopeakTopH, y SIKUX 6y11yTL POCTH KIIITUHM TBAapHH 1 pocimH a00 K MIKpOOPTaHi3MH.
CrpaBa B TOMY, IO BUXiJ HpOJIYKHII IIpU BUKOPHUCTAHHI (bepMeHTu; abo GiopeaxTopin
MOke OyTH iCTOTHO BHIIE, HIK Y CUTBCHKOMY TOCIIOIApCTBI: TPOLIECH, IO HAYTH Y HUX,
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Ha0arato OUIBII IHTEHCUBHI. PO3BUTKY 11bOTO HANpPsSIMKY CHpHSIE i BCei 3pocTaroda KOH-
KYpEHIIis 32 HasiBHI 3eMeJIbHI PECYPCH.

Jlpyeuii: ansTepHATHBHA TEXHOJOTIS Oyle craBaT yce Oiiblie NpOJYKTUBHOO 3aB-
JISIKU BUKOPUCTAHHIO METO/[iB TeHCTUYHO] iH)KEHEPii, sIKi JO3BOJISIOTH O/IEPXKATH MOJII-
IICHI JIiHIT KIITHH 1 ITaMiB MIiKpOOpraHi3miB [4].

BukJiag ocHoBHOro martepiany. bioTexHoorii € pyiIieM 3MiH y 6ararbox rauyssx,
1 Xap4yoBa IPOMHUCIIOBICTh He € BUHATKOM. CydacHi iHHOBaI y il cdepi BiIKPUBAIOTh
HOBI TOPH30HTH JUTSI CTBOPESHHS SKICHUX, OC3IEYHUX Ta SKOJIOTIYHO YUCTHX MPOYKTIB.
Ochb KJIIOYOBI HANPSMKU Ta MOXKJIMBOCTI, Ki BOHH MPOIIOHYIOTh:

1. AubTepHATHBHI IXKepeJia OlIka

Pocnunni ananocu m'saca. bioTexHONOT{ JO3BOISIIOTE CTBOPIOBATH IPOAYKTH, SIKi 32
CMAaKOM 1 TEKCTYPOIO HaraJayloTh M’sICO, BUKOPUCTOBYIOYM OOOOBI, TOPOX, COIO UM 1HIII
POCIIMHHI KOMIIOHEHTH. Ha ChOTOHIIIHIN JICHb BYKUBAHHS HACETICHHSM O1IKa € NediuT-
HUM SIK B KUIBKICHOMY, TaK 1 B sKicHOMY BijiHOmIeHHI. Cepell MOXIJIMBUX IIDISIXIB BHPI-
LIEHHS Li€T TpoOJIeMHU OJIOBHE 1 BUpIIAIbHE MiCLE HAJIEKHUTh 3aTy4EHHIO pe3epBy OUIKIB
POCIMHHOTO MOXO/pKeHHs. HecTady 0iiKka B parfioHi MOXKIMBO JIKBiTyBaTH 3a paxyHOK
BUKOPHCTAHHS HETPATHUIIITHIX HKEPET POCIHHHOTO MOXOMKEHHs. [Ipy BIpoBaKeHHI
HOBOIO BUY OUIKOBHX MPOJYKTIB XapuyBaHHS, KPIM Xap4oBOi Ta 010JI0TYHOI LIHHOCTI,
HEOOXi/THO OILIHIOBATH iX AKICTb 3 TOYKH 30pYy TEXHOJOTIYHHX IMOKA3HHUKIB Ta (Di3MKO-
XIMIYHHX BJIACTHBOCTEH, SIKI MAarOTh Jy)K€ BEJIMKE 3HAYCHHS. 3a OCTaHHI pOoKH 0000Bi
cTany 30a71aHCOBAaHUM JKEPENIoM KUBMIIBHUX PEUOBHH JJIS XapuyBaHHs Ta kopMy. Hosi
COPTH, TaK 1 SIK TIOJIBOBHI TOPOX, 3BHYAIHA KBACOJISl T COUEBUIIA BCE OiNIbIIE CIIOKUBA-
I0Th ¥ BChOMY CBITi. Lli KyJBTypH TAr0Th MEPCIIEKTUBHY aJIETCPHATHBY HOBUM IIPOIYKTaM
XapuyBaHHA Ta KOPMOBHX ITPOIYKTIB 3 BUCOKOIO KOMEPILIHHOIO IIHHICTIO.

Kinbkictb 6inka B 100r NpoAyKTiB POC/IMHHOTO NOXOAKEHHSA

30
25
20
15

10

KinbkicTb 6inka B 100r NpoAyKTiB POCAMHHOIO NOXOAMEHHA
Apaxic Fopox Bobn Con Couesuua Mpuén Tody

Puc. 1. Kinokicms 6inxa ¢ 100 e npoOykmie pociuHH020 NOXOONCEHHS

Kynomusosane m’sico. 3aBASKHA KIITHHHOMY KYJIBTHBYBaHHIO MOKJINBE BHPOOHH-
1TBO M'sica 6e3 3a0010 TBapuH. Lle He nuIIe 3MeHIIye eKONOTYHHI BIIMB, aje i BHUpi-
nrye eTH4Hi nuTaHHs. KynsTuBoBaHEe M’sico, TAaKOXK BiIOME SIK JTabopaTopHe abo KiIi-
THUHHE M5ICO, — II€ PEBOIIOIIIIHUI MTPOIYKT, SIKUH CTBOPIOETHCS MIITXOM BHPOIIYBaHHSI
TBapUHHUX KJIITUH y KOHTPOJIbOBAaHUX yMOBax 0e3 nmorpedu y 3a601 TBapuH. Lls TexHo-
JIOTisl Ma€ 3HAYHUIA MTOTEHITIaI ISl 3MiHH XapuoBOi iHAyCTpii.[5].

2. MepMeHTANIs AJIs1 310POB’SI TA CMAKy

DyHKUIOHAIBbHI MPOXYKTH. BrukoprcTanHs npoOioTHKIB 1 (pepMeHTIB ornomMarae CTBO-
proBaTH HOTYpTH, CHPH Ta HAIOI, SKi MiATPUMYIOTb 310POB’s IITyHKOBO-KHIIIKOBOTO TPAKTY.
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KinbKicTb 6inkis, *umpis Ta Byrnesoais 8 100r npoayKTis
30

20
15

10

, 1 O |

Worypt aomaluniit 2.4% Kedip 2.5% CmetaHa 15% Cup TBepauin

W binkun Kupu Byrnesoau

Puc. 2. Kinekicms 6i1xi8, scupis i gyenegodis y 100 2 npooykmis

Hatypaabhi koHcepBaHTH. bioTexHoIOrii crpustorh po3poOii (epmeHTiB Ta
aHTHOAKTEpiaJbHHUX CIIONYK, SKi TOJOBKYIOTh TEPMIH 30epiraHHsi MPOIYKTIB.

Hamypaneni xoncepsanmu — 11¢ PEUOBHHH, SIKi MOJOBXKYIOTh TEPMiH MPUAATHO-
CTI Xap4oBUX MPOAYKTIB, 3aM00Iratoud pocTy MIKpOOpraHi3MiB ab0o OKHCICHHIO, TIPU
FOMY 3JTUIIAIOYHCH OC3MEYHUMHE IS 30pOB’s JitonuHu. Ha BimqMiHy BiJ CHHTETHY-
HHUX KOHCEPBAHTIB, BOHU MAIOTh IPUPOJHE MOXOMKEHHS, 110 POOUTH IX 0COOIUBO MPH-
BaONMBUMH JJIS Cy4acHOTO PHHKY.

Jlo HaTypabHUX KOHCEPBAHTIB BiTHOCITHCS: OPraHIYHI KUCIOTH (OI[TOBA, MOJIOYHA
1 TMMOHHA KUCJIOTH), e(ipHi Macna (oJist 4epeOIfto, po3MapuHy, JJaBaH I, MAcIo yaii-
HOTO JiepeBa), MIPUPOIHI aHTUMIKPOOHI OUTKH (HI3HH, JII30IIUM), CIEIii Ta eKCTPaKTH
(KypKyMma, YaCHUK 1 nuOyIIs, mepelsb i rBo3auKa), Bitaminu (Bitamin C, BitamiH E).

3. Exosoriuna criiikicTb

Ilepepodka xap4yoBux BiaxoaiB. [HHOBAIIIITHI TpoIIecH JO3BOJISIOTH BUKOPHCTOBY-
BaTH 3AJIMINKH TKi JUIsi BAPOOHUIITBA OiomanvBa ab0 KOPMIB ISl TBAPUH.

[lepepobka xapyoBHX BiJXOMIB — II¢ KJIIFOYOBUH aCMEKT Cy4acHOro MiJAXoay A0 CTa-
71010 po3BUTKY. LI{opiuHO y CBITI yTBOPIOETHCS MOHAN 1,3 MiIbsipaa TOHH XapYOBHX BiJl-
XOJIiB, IO HE JIMILE CTBOPIOE €KOJIOTI4HI MPOoOJieMH, a i BTpadae LiHHI pecypcu. [HHO-
BaIliliH1 TEXHOJIOTI{ 1al0Th 3MOTY TIEPETBOPIOBATH I1i BiIXOJM HA KOPUCHI MPOIYKTH Ta
MIHIMI3yBaTH 1X BIUIMB Ha JIOBKIJLJIS.

3HMIKEHHS BYIJIELEBOI0 CJIiay. 3acToCyBaHHs 010TEXHOJOTTYHUX MPOLECIB, TAKUX
K QepMeHTalis 4M OiomaKyBaHHS, JOIOMAarae 3MCHIINTH HETaTHBHUN BIUIMB Ha
JIOBKULTSA. 3HIKEHHS BYIVICIICBOTO CIIIAY — [I€ HE JIUIIEC BUKIIHK, & i MOXIIUBICTD JIISI
100aJIbHOTO CHiBPOOITHUITBA Ta PO3BUTKY. [lo€qHAHHS 1HANBIyadbHUX 3YCHIIb, AEP-
’KaBHOI TTOJIITHKY Ta 1HHOBAI[IH TOTTOMOXE 3a0€3NECUNTH CTaje MaOyTHE U HACTYII-
HUX TIOKOJIiHb.

4. I'enernuno moaugikosani opranizmu (F'MQO)

Moxpameni kyasTypu. MO 103BOJISIOTH OTPUMYBATH BpOXKai, CTIHKI 710 IIKiTHU-
KiB, TOCYXH Ta XBOPOO.

Toxpaweni kynomypu — 11e POCIUHH, K1 OyJIM FeHETUIHO MOAU(iKoBaHi a00 cenek-
1il{HO BJIOCKOHAJIEH] ISl TOCATHEHHS KPAIMX XapaKTePUCTHK. [X BIPOBaIKEHHS CIIps-
MOBaHE Ha IMiIBUIICHHS BPOXXaHHOCTI, CTIHKOCTI /10 XBOPOO 1 MIKITHHUKIB, aanTailii 10
KIIIMaTUYHUX 3MiH, @ TAKOXK MOJIIIICHHS Xap40BOi LIHHOCTI.
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36araueni npoaykTu. Hanpukias, «3010THIA pucy — 30aradeHuii BiTaMiHOM A JUIs
0opoThOH 3 JedinuToM y pamioHax. 30aradeHi MPOIYKTH — 1€ Xap4oBl MPOAYKTH, 1O
SKHX LJIECTIPSMOBAHO JI01aI0Th BITaMiHH, MiHEpaJIX YH 1HIL KOPUCHI PEYOBHHH 3 METOIO
TMOJIMIIIEHHS 1XHBOI Xap4yoBOi HiHHOCTI. BoHu momomaratoth Oopotucs 3 jaedinuroM
MIO)KMBHUX PEUOBHH Y pallioHaX HACEJICHHS Ta CIIPUSIOTH 3MIITHEHHIO 37I0pOB’s [6].

5. Maii0yTHi nepcrneKkTUBH

IepconanizoBane xapuyBanHs. 3apsaku ananizy JJHK moxHa cTBoproBaTH iH1U-
BiJlyaJIbHi JIIETH, SIKI BPAXOBYIOTh OCOOIMBOCTI META00II3MY KOXKHOT JTFOTUHH.

Ilepconanizosane xapuysanus — 1e MiIX1a, MO 0a3y€ThCS HA aJlanTallii pariony Jo0
IHIMBIyallbHUX OCOOIMBOCTEH JFOJMHM, TAKHX SIK TEHETHKA, CIOCiO JKUTTS, piBeHb
(hi3MYHOT aKTUBHOCTI, CTaH 3/I0POB’s Ta HaBiTh MiKpoOioM. L{e o/IuH 13 MPOBITHUX TPCH-
IiB y chepi 310pOBOTo CrIOCO0Y KUTTA Ta XapuyBaHHS.

3D-apyk ixki. biorexHosorii B KOMOIHAIT 3 1HKEHEPI€I0 JT03BOJISIIOTH CTBOPIOBATH
DKy 3 YHIKQIBHIMH XapaKTePUCTHKAMI.

3D-0pyx ixci — e peBONIOLIMHA TEXHONOTIs, SIKa BUKOPHCTOBYE TPUBUMIPHI TIPUHTEPH
JUISL CTBOPEHHSI XapUOBHX MPOMYKTIB 13 XapuoBHUX iHrpemieHTiB. L{s Meronuka noeaHye tod-
HICTb, TBOPYHIA ITITX1]T 1 MOXKITMBICT aJIalITyBaTH DKY JI0 1HIUBITyTbHUX TIOTPEO CIIOXKHBaYA.

BucnoBku. biorexHosorii B Xxap4oBiii IPOMHUCIOBOCTI € HEBiJI’€MHOI YaCTHHOIO
IHHOBAIIHHOTO PO3BUTKY, IO 37aT€H TpaHC(HOPMYBATH ITiJXiJl O BUPOOHUIITBA TPO-
IYKTiB, IXHBOTO 30€pEeIKCHHS Ta CIIOKUBAHHS. BOHU HE JIHIIIE CIIPUSIOTH 33 0BOJICHHIO
notrped Cyd4acHOro pUHKY, aje W (QOopMylOTh CTiiike MailOyTHE AJisi BCHOTO JIIOJCTBA.
3aBasKy O10TEXHOJIOTISM 3’ SIBJISFOTHCS IHHOBAITIMHI PillIeHHS! JU1sT 00pPOTHOH 3 TOIOIOM,
Je(IIUTOM PECypCiB 1 BIUIMBOM Ha HABKOJIMIIHE CEPEIOBHIIIC.
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Poszwupenns acopmumenmy npodykyii 3 Kypauozo m'saca 6 YKkpaini € nepcnekmueHum
HANPAMKOM PO3BUMKY XAPYOBOI NPOMUCTOBOCTI. 3a80AKU NOEOHAHHIO CHPUANAUBUX MAKPO-
EKOHOMIYHUX YMO8, 3DOCMAIOY020 NONUNTY CNOHCUBAUI8 MA PO3BUMKY MEXHON02IU, YKPAIHCHKI
BUPOOHUKY MAIOMb 8CI MONCIUBOCMI OISt YCNiWHOL peanizayii yboeo nomenyiany. /s posuiu-
PeHHs acopmumenmy eupo0ie 3 KypsAmuHi NPONOHYEMbC BUKOPUCTIAHHS MAPUHAODIE V U2AOI
Keghipy ma tiocypma.

Buxopucmanms KUCTOMOLOUHUX MAPUHAOIE Y BUPOOHUYMEBE KYPAUUX HANiepadbpuxamis 6io-
Kpusae HoGi nepcnekmusu 0jisk 2ACMPOHOMIL Ma Xapuoeoi NpOMUCIOB0CMI 3A80AKU CBOIU 30am-
HOCMI NOKpAWy8amu cCMaxko8i AKOCmi M ’scd, poonsiuu 1020 HIDCHIWUM, COKOGUMIWUM I 000aroyu
NPUEMHY KUCTUHKY, AKA 30anancogye ma 36aeauye cmax. OKpim ybo2o, KUCI0MONOUHT bakme-
Il cnpusiioms niosuwenHio 6ion02iunol YyinHocmi npoOyKNy, NOKPAUYIOHUU 3ACE0EHHS OLIKIS,
8imaminie i MiHepanie, wjo € eaxcaueumu Ouis opeanizmy. Takooe maxi MapuHaou ymeoprowms
3AXUCHY NIIBKY HA NOGEPXHI M ’cCa, AKA 0ONOMA2A€E 3anodiemu pO36UMKY NAMOLEHHUX MIKPO-
OP2AHI3MI8, MUM CAMUM NOO0BICYIOUU MepMIH 30epicants. BooHouac HO6I cmaku il apomamu,
OMPUMAHT 3080AKU KUCTIOMOIOYHUM MAPUHAOAM, SHAYHO POUUPIOIOMb ACOPMUMEHM NPOOYKYii,
3a0080TbHAIOUYU BUMO2U HABIMb HAUBUOALIUBIUUX CROJNCUBAYI6. Bukopucmansa KUuciomMoiouHux
NPOOYKMI6 NO3UMUEHO 6NAUBAE HA 300P08 5l 3A60SKU IX KOPUCHUM LACMUBOCMAM OJi MPAs-
JIeHHL, W0 poOUms Kypsaui Haniegabpuxamu Oinbus diemudHumMu ma Kopucrumu. ¥ pezynomami
BNPOBAOIICEHHSL KUCTOMOLOYHUX MAPUHADIE CMAE He NPOCMO HOBOIO MEHOEHYIEI0, A 6ANCTIUBUM
KPOKOM 00 CMBOPeHHs Db CMAYHUX, 300POBUX | PI3HOMAHIMHUX NPOOYKMI6 XAPYYBAHHSL.

B cmammi onucano doyinbricms 6UKOPpUCMAHNS 3aNPOROHOBAHUX MAPUHAOIE MA HABEOEHO
pe3yIbmamu 00Ciodcenb 6NAUGY GUKOPUCTNANHA OAHUX MAPUHAOIE HA AKICMb 20M068020 NpPO-
OyKkmy. 30Kpema noKasanHo GNaue SUKOPUCTAHHS 3aNPONOHOBAHUX KUCTOMOIOUHUX MAPUHAOIE
Ha AKICHI NOKA3HUKU 20M08020 NPOOYKIMY, ceped AKUX KUCTOMMICb, 60J102iCHb Ma 0p2aHoien-
MUYHI NOKA3HUKU AKOCMI. 3p00IeHO 8UCHOBKU NPO OOYITbHICTIG MA NePCReKMUGHICMb GUKOPU-
CMAaHHs 3aNPONOHOBAHUX MAPUNADIS.

Kniouogi cnosa: xypsmuna, mapunao, xegip, tiozypm, KUCI0MHICIb, 80102ICTb, SAKICHb.

Koval O. A., Klisch N. M. Research on the influence of fermented milk marinades on the
quality of chicken semi-fabricated products for restaurant establishments

Expanding the range of chicken meat products in Ukraine is a promising direction for the
development of the food industry. Thanks to the combination of favorable macroeconomic
conditions, growing consumer demand and technological development, Ukrainian producers
have every opportunity to successfully realize this potential. To expand the range of chicken
products, it is proposed to use marinades in the form of kefir and yogurt. The use of fermented
milk marinades in the production of chicken semi-finished products opens up new prospects for
gastronomy and the food industry due to their ability to improve the taste of meat, making it more
tender, juicy and adding a pleasant sourness that balances and enriches the taste. In addition,
fermented milk bacteria contribute to increasing the biological value of the product, improving
the absorption of proteins, vitamins and minerals that are important for the body. Also, such
marinades form a protective film on the surface of the meat, which helps prevent the development
of pathogenic microorganisms, thereby extending the shelf life. At the same time, new tastes and
aromas obtained thanks to fermented milk marinades significantly expand the range of products,
satisfying the requirements of even the most demanding consumers. The use of fermented milk
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products has a positive effect on health due to their beneficial properties for digestion, which
makes chicken semi-finished products more dietary and useful. As a result, the introduction of
fermented milk marinades becomes not just a new trend, but an important step towards creating
tastier, healthier and more diverse food products.

The article describes the feasibility of using the proposed marinades and presents the results
of research into the impact of using these marinades on the quality of the finished product. In
particular, the impact of using the proposed fermented milk marinades on the quality indicators
of the finished product, including acidity, moisture and organoleptic quality indicators, is shown.
Conclusions are drawn about the feasibility and prospects of using the proposed marinades.

Key words: chicken, marinade, kefir, yogurt, acidity, moisture, quality.

BeTtyn. M’sico nTHiii poTsSroM HACTYITHOTO JISCSTHIIITTS 3aJTHIITIATUMETHCS HAMIITBH/IIIE
3pocTarounM puHKOM M’sica 1 10 2031 p. 3aiime 47% cnoxkusanus [1]. Ha nymky excnep-
TiB, JOBIOCTPOKOBHII IEpexia 10 M sica NTUIL POJOBKYBATHUME 3MIIIHIOBATHCS, YACTKOBO
gepe3 IepeBary OUIoro m’sica cepesl KpaiH i3 BUCOKMM piBHEM JoXomy. Lle mosicHIoeThCs
TUM, 110 M’SICO NTULI BBAXKAETHCS JIETKUM Y MIPUTOTYBaHHI, 3A0POBIIIUM 1 CIIPUAMAETHCS
K Kpanmii BuOip. Y kpaiHax i3 cepenHiM 1 HU3bKHM pPiBHEM JIOXOTY NTHILT PO3IIISIAETHCS
SIK JICTIICBINA aJBTEPHATHBA 1HIIIOMY M’SiCy. Y pe3yibTari MpOrHo3yeThes, 1o o 2031 p.
JIOCTYITHICTB OlTka 3 TrTutli 3pocte Ha 16% 1 10 Toro yacy cranoButume 47% CrOXUBAHOTO
M’sica, 3a SIKMM CJTilyBaTUMyTh CBHHHHA, BiBIli Ta BEJIMKA porara Xyooa.

3arajyiom CBITOBa MPONO3HILIS M’sica Oy/e 30UIbITyBaTHCS, OO 3a7I0BOJILHUTH 3PO-
cTatouuii monut, gocarayBum 377 Ml T 10 2031 p., ane ue Oyzne MoBuIbHIIIE, HIX 32
OCTaHHE necAaTumiTTs [1].

MapuHyBaHHS KypsTHHU — 1€ TEXHOJIOTTYHHUI MPOIieC, SIKUH HamTae M'sICY 0COOIH-
BOTO CMaKy, apoMary Ta COKOBUTOCTI. 3aBIsSKU LIbOMY, MAaPUHOBAHA KYpSTHHA € HAyXKe
TIOMYJSIPHUAM TPOJYKTOM CEpPEJI CIIOKHMBAYIB.

MapuHyBaHHS KypsTHHH Ma€ BEJIHKI TEPCIIEKTHBH PO3BHTKY Y CydacCHOMY M'sic-
HOMY BUpoOHMLUTBI. [TocTiiiHMIT MOIIYK HOBUX pillleHb Ta ajanTalis A0 MOTped cro-
KUBAYiB JIO3BOJISIFOTh BAPOOHUKAM CTBOPIOBATH KOHKYPEHTOCIPOMOXKHY MPOMYKITIIO Ta
3aBOMOBYBAaTH HOBI PHHKH.

Orasa giteparypu. I3 M'sca nTuii BUPOOISIOTh IIUPOKUN aCOPTUMEHT IPOIYKTiB,
TaKuX K HaTypaJbHi, MAapUHOBAHI, MocideHi HamiBhadbpukaTH, M'sico ITUI (acoBaHe,
MeJIbMEHI, PaBioJii, MAHTH, KOBOACHI BUPOOH Ta KOHCEPBHU. Y BUPOOHHUIITBI HamiBpadpu-
KaTiB BUKOPUCTOBY€ETHCS BCS TYIIKA MTHUII.

Harypanpai HamiBpaOpUKaTH BUPI3HAIOTHCS BUIIOKO SIKICTIO MOPIBHSIHO 3 1HITUMH
BHJAMH HamiB(paOpHKaTiB, OCKUILKA BOHU TOTYKOThCS B OCHOBHOMY 3 HAHWIIHHIIIUX
YACTHH M'ACHOI TyIIi. BHIydeHHS KiCTOK, CyXOXKHJI 1 XPSIIiB MiABUIINY€E XapuoBY IiH-
HICTh M'sica, 1 TOMY HaTypaybHi HamiBpaOpUKaTH MalOTh BUCOKHH BMICT O1JIKIB 1 HEBe-
JIUKY KUTBKICTh JKUPY.

Jlnst HaaHHS MSICY KPAIUX CIIOKUBYKMX BIACTUBOCTEH, 30KpeMa 3a paXyHOK IOJIiN-
IICHHS KOHCHCTEHIIii BUKOPHUCTOBYIOTHCS Pi3HI METOMIH, SIK HAIPHKJIA TOCOJ Ta MapH-
HyBaHHS [2].

ITocon M'sicHOT CHPOBHHHU — OJlHA 3 HAMBAXKIIMBIIINX TEXHOJIOTTUHHUX OIEpallii, ska
BHACJIIJIOK IPOHUKHEHHS, PO3IIOJILTY Ta HAKOITUYCHHS Y M'SIC1 TOCOJIOUHUX PEUOBHH 1Hi-
IIO€ PO3BUTOK CYKYITHOCTI (Di3UKO-XIMIUHHX, (PEPMEHTATUBHHAX Ta MiKPOOIONIOTiYHUX
MPOIIECiB, 110 3a0e3MeuyoTh (POpPMyBaHHS y TOTOBUX BUPOOIB HEOOXITHUX MMOKA3HHUKIB
SIKOCTI (CMaK, apoMar, KoJIip, KOHCUCTEHIIis ), CTIHKICTh TPy 30epiranHi i T.II.

V KIIACHYHUX TEXHOJIOTISIX M'SCHUX TPOAYKTIB ITiJl TOCOJIOM PO3YMIIOTh IMPOIeC
00pOOKM CUPOBUHH TOCOJOYHHMHU PEUOBHHAMH 3 HACTYIHOK) «ITACUBHOKO» BHTPHM-
KOIO HOTO MPOTATOM TIEBHOTO i, SIK IPaBHUJIO, JOCUTH TPHBAJIOTO YACy B PETyIbOBAHUX
TEeMIepaTypHO-BOJIOTUX YMOBaX.
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VY cyuacHHX IHTEHCHBHUX TEXHOJIOTISIX MPUCKOPEHHS AU(y31iHO-0CMOTHYHOTO Ta
(hinpTpaIiifHOrO PO3MOILTY IMOCOJOYHUX PEYOBHH Yy M'scCi 3a0e3leuye 3acTOCyBaHHS
METO/IIB 1H'€KTYBaHHS PO3COJY 3 HACTYIHOIO MEXaHIYHOI (MacyBaHHs, TyMOYyBaHHS)
00pOOKOI0 CHPOBHHY;, AKTUBYBAHHS 010XIMIYHMX Ta KOJOIAHO-XIMIYHUX MPOLECIB Bif-
OyBa€THCS 111 BIUTBOM BHCOKOC(DEKTUBHHUX XapUIOBHX JOOABOK, III0 BXOSTH JI0 CKIIa Iy
po3coiiB. Y IESKUX TEXHOJIOTIAX OIMEpalilo MOCOy MOEIHYIOTh 3 ONepauisiMu TyMOy-
BaHHS Ta omaaw [3].

[Tpu 11bOMY B 3aJIEXKHOCTI BT 0COOTHMBOCTEH TEXHOJIOTIYHOTO MPOIieCcy BUPOOIB, 110
00pOOIAIOTHCS, IPY BUPOOHHUITBI LITHHOM'SI30BUX 1 PECTPYKTYPOBAHUX M'SICHHX BHPO-
01B BUKOPHUCTOBYIOTh Pi3HI CLIOCOOH MOCOITY.

3aBIsIKK 1TOCONY 1 (PePMEHTATUBHUM 1 MIKPOOIOJIOTIYHUM TIPOLIECaM, IO BiIOYBAIOTHCS
npH HOro 3idCHEeHHI, TPOyKT HalyBae XapakTEePHOrO CMaKy, apoMary 1 komsopy. o Toro
K, 3a3HAYCHI opraHonenmqm BJIACTHBOCTI MOYKHA aKTHBHO KOPHUTYBAaTH, BBOJSTYM B CyMIIlIi
TIOCOITY Pi3Hi criewii Ta Jo0aBKu. Y Cy4aCHHX TEXHOJIOTISIX BUPOOHHUIITBA CYIILTEHO-MSI30BIX
BUPOOIB (BapEeHHX, KOMTUEHO-BAPEHHX) KUTBKICTh PO3COITY, III0 BBOAUTHCSA B CUPOBUHY, MOXKE
cranoBuTH 10 100% 1m0 Horo Macu. Y 1bOMy CTYIIHB YTPUMYBAHOCTI PO3COIY, SIK 1 TpUBa-
JICTB MOCOITY, 0araTo B YOMY 3aJISKHUTh BiJl IIIBUIKOCTI (Y311 TOCOIOYHBIX PEUOBHH [4].

Buxozsium 3 cydacHUX YsBIEHb PO MIKPOCTPYKTYPY M'sica Ta pe3yJbTaTiB YHUCIICH-
HUX JIOCTIPKCHb KIHETHKH (PiIbTpaniiiHo-AnQy3iiHOrO Mponecy HAKOMUYEHHS Ta PO3-
MOZILTY TIOCOJIOYHUX PEYOBHH, MOYKHA CTBEP/KYBATH, IO 32 OYIb-SKOTO CIIOCO0Y ITOCOITY
(cyxuit, MOKpUii, 3MillIaHUIT) YTBOPIOETHCS CUCTEMA «PO3CLI-M'SICO», B sIKiil BiOyBaeThCs
MacoOOMiH Yepe3 CUCTEMY MIiKpO— Ta MaKpOKaIiIspiB, MEMOpPaHU Ta EPETUHKY. [HaKIIe
Ka)Ky4H, ClJTb IPOHUKAE B M'SCO TUPY3IHHUM IIUIIXOM Yepe3 CHCTEMY TI0p 1 KaIIspiB, M0
MPOHU3YIOTh TKAHMHU, 1 OCMOTUYHHM IIISIXOM Yepe3 YUCIICHHI 30BHIIIHI Ta BHYTPIIIHI
MeMOpaHH, 1110 TIOKPUBAIOTH BOJIOKHA Ta X MyYKH, MPHIOMY B3IOBK BOJIOKOH CHCTEMOIO
KaruIsipiB CilIb TIPOCYBAETHCS MBUAMIE. [IpH 1IbOMY PYIIIHHOIO CHIIOKO MOCOIY K qu]y-
31{HOTO MPOLECY € PI3HUI KOHLIEHTPALH coMi B PO3COML Ta CUPOBUHI, (DUIBTpAIliiHINA
Xapaktep MacooOMiH HaOyBa€ 3a HASIBHOCTI B CUCTEMI Pi3HHMIII THUCKIB.

Croci6 mocoiy iCTOTHO BIUIMBAaE Ha TPHUBATICT TEXHOJOTIYHOTO IIPOIECY, Ha
OpraHoNIENTHYHI MOKA3HUKHU Ta BEJIMYUHY BHXOAY TOTOBOI MpoAyKii. 30kpeMa, mpu
MOKPOMY ITOCOJTi 3HAYCHHS BUXO/Y Y IIMHKN KOMTIEHO-BapeHOi cTaHOBUTE 70—72%; ipn
MOCOJI 3 MONepeHIM 1H'ekTyBaHHAM y cupoBuHi 10% poscony — 78—-89%, a mpu BuKo-
puctanHi 1Boda3Hoi 00poOku (iH'exTyBaHHS 36% PO3COTY 3 MOJAIBIIMM Maca)KyBaH-
HSIM) BelTMUWHA BUXOMy focsirae 112—115% [3].

HeoOxiaHO BiJI3HAUYMTH, 1110 TEXHOJOT1YHA PE3YJIbTATUBHICTh Ta EKOHOMIYHA e]eK-
THUBHICTh HPOLECY MOCOMy Oe3yMOBHO 3ajie’kaTh HE TIJIBKH Bif 0OpaHOTro CIocoly
MOCOITY, & ¥ BiJI CKJIa Ty PO3COJIiB, IO BHKOPHUCTOBYIOTHCSI.

Po3conu Bu3HAualoThCs K HEBiA'€MHa YacTHHA CYYaCHUX TEXHOJOTiH 00poOKH
M'SICHMX BUPOOIB Ta MOIUISIOTHCS HA KiJIbKA TUIIIB 3aJICKHO BiJl TOCTABICHUX TEXHOJIO-
TIYHUX 3aBJaHb Ta CKJIaJLy: MPOCTI, CKIIa/IHI Ta 0AaraTOKOMIIOHEHTHI.

[TpocTi po3conu — 11e pO3YMHU COJi 3 JIOJIABAHHSM PI3HUX IHTPENIE€HTIB, TAKUX SIK
HITPUT HaTpiro Ta 1ykop. IlpocTi po3conu momoMaraioTh cTabimi3yBaTH MPOTYKTH Ta
3a0e3MeuyIoTh BUXiJ TOTOBOTO BHPOOY Ha piBHI 75-100%.

CxJtaziHi po3coiiy — 11l PO3COJIM MICTATH IIUPIIUI CIIEKTpP IHIPEAI€HTIB, BKIIOYAI0YH
6inok, pocdaru, aHTHOKCUIAHTH Ta iHIII 106ABKU. [XHE BBEIEHHS B M'CHY CHPOBUHY
MIBHIILY€ BUX1Jl TOTOBOTO MPOAYKTY 10 105-125%.

bararokoMIIOHEHTH1 PO3COJIM TOTYIOTHCS Ha OCHOBI KOMILJIEKCY IHTPEAi€HTIB Ta
3maTHi 3a0e3nmeunTr HaMOuTbmmi BuXig mpoaykmii (mo 125-150%), ocobmmBo mpu
BHKOPHUCTAHHI TiJIPOKOJIOTIIB Ta CTab11i3aTopiB.
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binpmr HarIsITHUN BIUIMB 1H €KTYBAaHHS PO3COJTY Ha BHXiJ FOTOBOI MPOMYKIIT HaBe-

eHo B Ta0i. 1.

KpiMm Toro, BapTo 3a3Ha4UTH, IO CKJIAJ Ta CTPYKTypa PO3COINIB Oe3mocepeHbo
BIUIMBAIOTh HA OPTaHOJICITUYHI Ta (Di3UKO-XiMiUHI BIACTHBOCTI FOTOBOT MPOIYKIIii.
MapuHoBaHi HanliBpaOpUKaTH BIIPI3HAIOTHCS Bl HATYPAIBHUX HE JIUIIIE 30BHINTHIM
BUIJIJIOM, aJle i CMAaKOBHMH SKOCTAMH. TeXHOJIOTis IX IPUTOTYBaHHS BKJIIOYAE JTOAAT-
KOBI omepartii, Taxi K CONIHHS, Maca)XXyBaHHS 1 BUTPUMYBAHHS B PO3COJI.

Tabmus 1

3arajbHa XapaKTepHCTHKA KOMIIO3MIIHHOTO CKJIAY PO3COIiB,
110 BUKOPHCTOBYIOTHCSI B TEXHOJIOTII HIIbHOM I30BHX i peCTPYKTYpPOBaHHX
M’SICHUX POAYKTIiB

Bua m'sicanx
NPOAYKTIB

PiBeHb iH'ekTyBaHHS
po3coay, %o macu

CxJiax po3coury

Buxinx roroBoi
nponykuii, % 10 macu

MiICHITIOBaYl CMaKy
1 3amaxy

CHPOBHHH CHPOBHHH
Bapeni, BapeHo- .
PCH, Bap . HirpurHo-
KOITYEHi, 3areyeHi,
ONMYCHO3AICYCH MOCOJIOYHA
IMYCHO-3aIICYCH .
, . ? 10-20 cyminr (HIIC), 100
CHPOB'sUIeHI
. , L IyKOP, €KCTPAKTH
LUTEHOM'S130B1 M'SICHI .
TMPSIHOLIIB
MPOYKTH
HIIC, myxop,
PecTpyKTYDOBaHi ¢docdaru, OinKoBI
, PYKIYP 2040 npenaparu, 120
M'sICHI BUpOOH .
cTabinizaropu,
T ICHITIOBAYi CMaKy
BapeHi, BapeHo- .
PEHI, Bap HIIC, cymim
KOITYEeH 1 .
. ¢ocaris, myKop,
KOITYCHO-3aIIeueHi . .
. 6inKOBI Hpemnapary,
pecTpyKTypoBaHi
. \ . 3aryCHUKH,
M ITBHOM'30B1 40-60 .. 140
. crabinizaTopu,
HPOIYKTH, TIPU3HAYCHI
AHTHOKCHIAHTH,
JUISL TPUBAJIOTO
. . crieii,
30epiranus i
apoMaTH3aTOpH
3aMOPOXKYBAHHS
Bapeni, 3aneueni . .
peHl, i HIIC, 6iikoBi
CMa)keHi, KOITYeHO-
. npernaparu,
3aredeHi BUpoon AHTHOKCHIAHTH
3 BUKOPUCTaHHAM 60-80 .. ’ 170
. crabimizaropu,
CHUPOBHHH, 00pOOIICHOT
oo 3aryCHHUKH, CIIelil,
TEPMOCTIfiKUMHU
apoMarH, KpoxMalb
(bepmeHTamu
HIIC, umyxop,
cymim
Bupobu cTabimizarTopis,
€CTPYKTYPOBAHOTO AHTHOKCH/IaHTIB o
PECTPYKTYP 100-120 JIAHTIE, 175 i Ginbie
THITY JJIsI CMA)KSHHSI, KOHIIEHTPATIB,
miny Ta iH. MIPSIHOIIIIB,
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BuroroieHHs MapHHOBaHUX HaMiB(GaOpUKaTiB BKIIOYAE B ce0¢ BUKOPUCTAHHS BCiX
BHJIIB M'sica IITHIII Ta 3aCTOCYBaHHS MapHHAIHUX CyMiliei 1 coyciB. Lle He muire mpu-
3BOJUTB JIO 3MiHHU 30BHIIIHBOTO BUIVIAAY HAaTypajIbHUX HamiBhaOpHUKaTiB, aje i J03B0-
JIsl€ 3HAYHO PO3LIMPHUTH IX CMaKOBIi SIKOCTI.

MapuHaau JOCTYIHI Y PITKOMY Ta CyXOMY BHUIVISIII, @ B OCTAHHROMY BHIIAJIKy iX
MOYKHA 3MIIIyBaTy 3 BOJOIO Mepes BUKOpUCTaHHAM. [Ipolec BUpOOHHIITBa MapUHOBA-
HUX HaniB(paOpUKaTiB y MAPHHAAAX aHAJIOTIYHUH TEXHOJIOT1{ BUTOTOBJIEHHS BUPOOIB i3
coxeHoro m'sica [5, 6].

MapunoBaHi HamiBhaOpuKaTy 3 KypsS4oro m'sica BUPI3HAIOTHCS CBOEIO YHiBEpCalb-
HICTIO Ta MOXKITUBICTIO JI0/IaBaHHsI PI3HOMaHITHUX CIIEIiil Ta MPSHOUIIB y perentypax,
10 POOUTH X ACOPTUMEHT JYXKE PIZHOMAHITHUM.

CyuacHUil acCOPTHUMEHT BITYM3HAHUX M'ACHUX HamiB(paOpHUKaTiB IMpeacTaBiICHHUH
IIMPOKOIO PI3HOMAHITHICTIO, BKIIIOUAIOYH SIK TPAAWIIHHI MPOTYKTH, TaK 1 HOBI BUAX
nponykiii. CrenudigHo JUIS CerMEeHTY M'ICHUX HarmiB()aOpHUKaTIB 3 NITUIN Y MapyuHAII,
TaKUX K KPWIbLS, CTEICHIS Ta MIANUTUKH, BHKOPUCTOBYIOTHCS Cy4acHI TEXHOJIOTII Ta
HOBI PEIENTYPH 3 BUKOPHUCTAHHSIM IIUPOKOTO CIIEKTPY Xap4OBUX 100aBOK [7].

MOXITHBOCTI PO3IIMPEHHS ACOPTUMEHTY HaIiB(paOpUKaTiB 3a0€31euyThCs 3a J0TO-
MOTOI0 pi3HMX MapuHaJiB. MapuHOBaHi HamiB(haOpUKaTH BiAPI3HAIOTHCS Bl 3BHYAMHUX
HATYpaJIbHUX HE JIUIIE 30BHIIIHIM BHUITISIOM, alle i CMaKOBUMH BIACTHBOCTSIMU.

MeTor0 Hammx IOCTIHKEHb OyII0 HaJaHHS BHPOOaM HOBHX CMAaKO-apOMATHUHIX
XapaKkTepUCTUK. [|Jis bOro 6yno 31 ICHEHO MapHHYBaHHS M’sica 3a JOIIOMOT0I0 KHCIIO-
MOJIOYHHMX MapuHaiB Ha OCHOBI HOTypTy Ta Ke(blpy

Marepiann Ta Meroam. Marepianyd JOCIIKCHHS, CHPOBHHA, IO BXOIUTH IO
peuentypu.

— Kypsue ¢ine. ICTY 3143:2013 «M'sico nruui. 3aranbHi TEXHIYHI yMOBH»;

— Horypr «ammumna 3%» JICTY 4343:2004 «Morypru. 3aranbhi TexHiumi
YMOBUY;

— Kedip «Kapnarcekuii 2,2%» JICTY 4417:2005 «Kedip. Texuiuni yMoBI».

Pe3ysnbTaTH Ta ix 00roBopeHHsi. B X0l BH3HAYECHHS BIUTHBY JOJABAHHS 3aIpo-
MOHOBaHMX MapWHAJIB Ha AKICHI MOKa3HUKU MPOLYKTY OylI0 MPOBEIEHO BU3HAYECHHS
TuTpoBaHoi kuciaoTHOCcTI (3rigHo JACTY ISO 2917-2001).

TurpyBaHHS M'sca 3 MAPUHAIOM € HEOOX1IHUM 3 KIJTBKOX TPUYMH:

— BusHayeHHs KHCIOTHOCTI € BaXKJIMBUM MOKAa3HUKOM JUIs OLIIHKH SKOCTI M'Aca Ta
MapuHaay. TUTpYBaHHS MOXKE BUKOPHUCTOBYBATHCS U BU3HAUEHHS KHCIOTHOCTI X
3pasKiB, 0 Ja€ THPOPMAIIito PO IXHIO KUCIOTHICTH a00 TYXKHICTb.

— Kourpons sikocti: TuTpyBaHHS MOXKe JOMOMOITH B KOHTPOJI AKOCTI M'sica Ta
MapHHay, BUSBIISIOUN Oyab-sKi 3MiHHU y IXHBOMY XiMi4HOMY CcKyafi. Hampuknaza, BoHO
MOYKE BHSIBUTH HAsBHICTH 200 BIJICYTHICTh KOHKPETHHX PEYOBHH, SIKI MOXKYTh BKa3y-
BaTH Ha MPOOJIEMH 3 SIKICTIO 200 OE3IMEKOI0 MPOIYKTY.

— Ominka e(eKTUBHOCTI MapHHyBaHHS: TUTpyBaHHS MOXKE JOMOMOITH OIli-
HUTH €(PEKTHBHICTh MapHHYBaHHS, BUMIPIOIOYN 3MIHH Yy XIMIYHOMY CKJali M'sca Ta
MapuHaay Hepesa Ta Micis npolecy MapuHyBaHHs. Lle Moke JOMOMOrTH BHU3HAYUTH,
HACKUIBKH JI0Ope MapuHa/I MPOHUKAE B M'SICO Ta 3MIHIOE HOTO XapaKTEPUCTHKU.

— Omrrumisanis perentis: TUTpyBaHHS MOXE JJOTIOMOTTH KyXapsiM Ta BAPOOHUKaM
ONTHUMI3YBAaTH PELENTH MapuHa/iB, BUMIPIOIOYH BIUIUB PI3HUX IHIPEIIEHTIB HA XIMiU-
HUH CKIIaJ Ta SKICTh KiHIIEBOTO MPOAYKTY.

OTXe, THTPYBaHHS M'Aca 3 MApPUHAIOM MOXKE OyTH Ba)KTUBHM IHCTPYMEHTOM IS
KOHTPOJIIO SIKOCTi, OLIHKK €(EeKTUBHOCTI MApUHYBaHH: Ta ONTUMI3alliil peLenTiB y Kyii-
HapHi# cdepi.
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Pe3yneraT BU3HAYECHHS TUTPOBAHOI KUCIOTHOCTI M’sica JI0 Ta MIiCIIs PUTOTYBAHHS
3 IOJIaBaHHSAM MapuHaJiB Ta 0e3 HUX HaBeleHI B Ta0. 2.

Tabmurs 2
IMoka3HMKH KUCIOTHOCTI T0CiAKyBaHUX 3pa3KiB
. Iloka3nuk pH no IToxasnux pH micas
HajimenyBanus
MPUTOTYBAHHS TMPUTOTYBAHHS
3pa3ox MapHHAIY 3 HOrypTOM 5,6 7,0
3pa3ok MapuHAIY 3 Kedipom 5,1 6,5
3pa3ok 6e3 MapuHATY 6,0 7,0

Pe3yneraTu IMpOBEAEHUX JOCIIMXKEHb MOKA3alH, IO J0AaBaHHS Kedipy B SKOCTI
MapHHaIy NPU3BOAWIO AO MiIBUIIEHHS KUCIOTHOCTI cepenoBumia Ha 1,0 oguHHIIO
HpHUIagy y KOHTPOJIBHOMY 3pasKy, K IIepes, TaK i IMicJisl MPUTroTyBaHHA. Bukopucrannsa
forypra B SIKOCTI MapHHaay TAaKOX MPU3BOIUTH O MiABUIIECHHS KHUCIOTHOCTI MPOTE
B MEHIIIH Mipi, SIKIIO TTOPIBHIOBATH 31 3pa3KOM 3 BUKOPUCTAHHIM Ke(ipy.

BuzHaveHHs1 BOJIOTOCTI B M'ACHHX NMPOAYKTAX € Ba)KIMBUM €TarioM KOHTPOIIIO SIKO-
cTi. PerynsapHuii KOHTPOJIb BOJIOTOCTI A03BOJISIE 3a0€3MEUNTH BUCOKY SIKICTh MPOTYKIii
Ta JOBIPY CIIOKHBaUiB.

PesynbTaTy 1OCIIDKEHHS MIPE/ICTaBIeH]I B Ta0I. 3.

Tabmuns 3
Pe3ysibTaTn BU3HAYEHHSI BOJIOTOCTI JOCTiTHUX 3pa3KiB
HajimeHyBaHHs Bincorok BoJioru
3pa3ok MapuHaay 3 HoryproM 70,6
3pa3ok MapuHaIY 3 Kedipom 70,0
Kontpons 53,3

3riIHO pe3yNbTaTiB JOCHTIHKEHb BH3HAYCHHS BOJIOTOCTI MPOAYKTY 3a JOMOMOTOO
JeTiipaTopa BUILIUBAE, IO 3pa3Kd 3 HOTypTOM Ta Ke(ipoM y poili MapHHAIY AAl0Th
oi0HI MOKa3HUKHU BojorocTi, a came 70,6% ta 70% BiamoBigHoO.

OpraHoienTu4Hi BUMOTH JI0 SKOCTI Kyps9oro (hijie MPUrOTOBJICHOTO CY-BiJI BKIIO-
YarTh PSIIl XapaKTEPUCTHUK, SKi MOXKHA OIIIHUTH 32 BUIVIIIOM, 3aIIaXOM, TEKCTYPOIO Ta
CMaKOM MPOAYKTY. XapaKTepUCTHKA OPTaHOIENTHYHUX TTOKa3HUKIB JIOCIITHUX 3Pa3KiB
HaBeIeHo B Ta0I. 4.

OpraHoJenTHYHA OLiHKA € BaKIMBUM IHCTPYMEHTOM JIJIsl BU3HAYCHHS CIIOXKUBUMX
BIIACTMBOCTEH M'Aca 3 MapHHAAOM. BoHa /103BOJIsIE OTPUMATH 3BOPOTHHH 3B'S30K BiX
MOTEHIIHHUX CIOKMBAYiB Ta BU3HAYNTH, SIKI aCTIEKTH MOTPeOyIOTh MoKpameHHs. [lei
METOJ] € BXIIUBUM HE JIMIIE JJIsI HAyKOBHUX MOCITIIDKEHb, alle i JJIsI PO3POOKH HOBUX
MPOJYKTIiB XapuyBaHHS.

3a pe3ynbprataMu JOCITKEHb 0yJ10 BCTAHOBIICHO, IO AOCIITHUH 3pa30K 3 BHKOPHC-
TaHHSIM HOTYpTa B SIKOCTI MapHHAJy Ma€ HAWKPaIll OPraHONCNTHYHI TTOKA3HUKH SKO-
CTi, 1[0 MEPEBHUIYIOTh MTOKA3HUKH 3pa3Ky 3 BUKOPUCTAHHIM Ke]ipy Ta KOHTPOIBHOTO
3pasKy.

IIpodinorpama nocnipkyBaHuX BUpoOiB 3a3HaueHa Ha puc. 1.
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e 3pa3oK 3 KehipoM  =====3pa30K 3 forypTom KouTtpoins
30BHIIIHIH BATIIALL
5
4.8
Koncucrenuis » Komip
CmMmax 3amax
Puc. 1. IIpoginoepama docniodxncysanux 3pasxie
Tabnuns 4
OprasosenTH4Hi NOKAa3HUKH BUPOOiB
Haiimeny- 3oBHilHii
y Cmak Tekcrypa 3amax
BaHHS BHUIJIS]
Kypstae ¢ine Bapene M'sico, Bapenoro Ho6pe BinBapene |IIpuramanuuii
6e3 mapuHany | Omimo-poxkeBoro | M’sica ¢ine BapeHOMY M’siCy
KOJIbOPY
Kypsiue ¢ine ®ine mae nixkno- | Kedip nonae |Kedip nonae Hixuwuii
3 Ke(ipHUM 6inmii abo MIPUEMHY HDKHOCTI Ta KHUCIUH apoMaT
MapHHAJA0M KPEMOBHH KOJIp, |JIeTKY M'SIKOCTI 10 keQipy, SIKUi €

SIKUH 3aJIEKUTH

KHUCIIMHKY 10

¢bine, pobmsun

BiITIyTHHM, ajie

Bix THmy Kedipy |cMaky Mm'sica. |HOro ocodbnMBO | HE TOMIHYIOUYUM
Ta TPUBAJIOCTI HIKHHM.
MapHHYBaHHS. MapuHyBaHHS B
OnHopigHa kedipi gormomarae
TEKcTypa 0e3 30epertu
O3HAaK PO3May TIPUPOHIO
abo nedopmarii. COKOBHTICTH
M'sca.
Kypsue ¢ine dine mae HiXkHO- | M'sico Mae MapunyBaHHS Hotku
3 HorypToBUM | Oinuit abo TIeBHUI B HorypTi MOJIOYHOTO
MapuHAIOM KpEeMOBHHI KOJIip, | BiITIHOK JIOTIOMarae apomary, gKi
SIKUH 3aJIeKUTh MOJIOYHOTO | 30eperTu MIPUCYTHI B
BiJl THITy HOTYPTY |CMaKy TIPUPOJIHIO HoryproBomy
Ta TPUBAIOCTI BHACIIIIOK COKOBHTICTH MapuHaII
MapHHYyBaHHS. MapHUHYBaHHS | M'ica.
OpnHopinHa B HOTYPTi.

TEKCTypa 6e3
O3HaK po3Many
abo nedopmarrii
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BucHoBku. BukopucraHHs BU3HAYEHOTO HOTYpTy Ta Kedipy B SKOCTI MapHHAIY
IUTSL KypKH JIUTSI PO3IIMPECHHS aCOPTHMEHTY M SICHAX BHPOOIB Ta HaJaHHS JaHUM BHPO-
0aM yHIKaTbHUX OPTaHOJENTHYHUX BIACTHBOCTEH IMOKA3aj0 CBOIO C(PEKTUBHICTH Ta
MepCcreKTUBHICTh. KpiM TOro, pe3yiasTaTd eKCHepHUMEHTAIBHHUX JOCTIHKECHb BIUIUBY
3aMpOIIOHOBAHMX MAapWHA/IIB Ha SKICTh TOTOBOTO MPOIYKTY TIOKa3aJi He3HAYHE ITi/[BH-
IICHHsI PIBHS TUTPOBAHOI KHCIOTHOCTi. BUKOpUCTaHHS NaHUX MapUHAIIB MPAKTUYHO
PIBHO3HAYHO BIIMBAE HA PIBEHBb BOJIOTOCTI TOTOBOTO MPOIYKTY.

ToMy 3 BIIEBHEHICTIO MOXKHA CKa3aTH, [0 BUKOPHCTAHHS 3allPOMIOHOBAHUX Kedipy
Ta Horypra B IKOCTI MApHHAIIB € IEPCIEKTHBHAM Ta TAaKUM IO MOTPeOy€e MONATBIINX
JIOCIIJUKEHbD.
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Veniwmnicms ma pesyromamusnicms OisiibHOCMI pecmopaHHol iHOycmpii cymmeso 3ajie-
AHCUMB L0 MONCIUBOCMEU 3AKAA0Y WOOO CMBOPEHHSL YIHHOCMI OJis CROJcusayd. Bionogiono 0o
npunyunie lean production upoOHUK MOdice quwe nponoHyeamu YiHHiCMy 8UpPOOIEH020 Npo-
OVKMY YU NOCIYeU, peanbHy 1020 YiHHICMb 8U3HAYAE CRodcuea. Busnayeno, wo oouicio 3 nony-
JISIPHUX 2PYN MEHI0 Y 3aK1A0aX pecmopanHoi iHOycmpii € cmpasu 3 HepubHOi 0OHOI CUPOBUHU.
Ane Ons akmusHO20 6NPOBAOICEHHS YIEL pynu Cmpas € eKOHOMIYHI Mma MeXHON02iuHi 0bMe-
JICeHHs (8UCOKA 6apmMicmb, HeCMAOITLHICIbL MEXHONO0IYHUX XAPAKMEPUCIUK CUPOBUHU NiO Yac
30epicanns mowo). I[Iposedenuil ananiz OCMAaHHIX OOCTIONCEHb 3a OAHUM HANPSMOM CEIOUUNMD
npo OOYINbHICMb NOULYKY ANIbIMEPHAMUBHUX OdCepel CUPOBUHU, AKI IMImyoms Kpabose M sico
6 20Mo8itl nPOOYKYIl.

Ha ocnosi ananimuunux 00ciodicerb po3pooieHo nPUHYUNU CROXCUBYOT YIHHOCMI 3 8UKOPUC-
MAHHAM THCMPYMEHmi8 owaonueo2o supobrnuymea (lean production) ma Haykogy pobouy 2ino-
me3y y 6uenadi IHHOBAYIIHO2O 3a0yMYy O/l pO3POOIEHHS MeXHON02I] Kpah-KelKié 3 NOBHOK 3aMi-
HOW Kpab0so2o m’sca. 3a memodom diacpamu Icikasu meopemuuno 00IpyHmMoBaHo 6UU OCHOBHOL




| Taspiliceknit HaykoBui BicHHK Ne 5

172 |

CUPOBUHU 07151 KPAO-KElIKi6 (XeK, KalbMap, KPesemKa), BUSHAUEHO il ()YHKYIOHAIbHY Polb Y peyen-
mypHitl cymiuti, NPOBEOEHO NEPEPAXYHOK 34 OCHOGHUMU NOJNCUBHUMU PeyoguHamu (OLIKU, dHcupu
gyenesoou). Tloxazano 0oyinbHicmb 6UKOPUCTNAHHS CIPYKIMYPOYMBOPIO6ayi6 Ol 6HYMPIUHbO20
Ma 306HIUHBLO2O CIMPYKIYPOYIMEOPEHHS PeYennypHol cymiui (KpoXmanio Mooupikoeanozo, nami-
pysanvHux cyxapie). ExcnepumenmansHo o0IpyHmMoSaHo peyenmypruil cKiad ma mexHono2iuHul
npoyec GUpOOHUYMBA KpAO-KelKi6 3 6UKOPUCTIAHHAM AlbMePHAMUSHOT Kpabosomy M acy cupo-
BUHU, NOEMANHO NOKA3AHO 6NAUG CKIAOY peyenmypHoi CyMili Ha MEXHON02IuHI Ma opeanonen-
MUYHI NOKA3HUKU KPAO-KeliKig. [Iposedeno HopMySaHHs NOKA3HUKIE NONCUBHOL YIHHOC.
Knrwwuoei cnosa: 3axnaou pecmopanHoi inoycmpii, Kpao-Keuix.

Kolesnikova M. B., Iurchenko S. L., Andreeva S. S., Cheremska T. V., Shevchenko C. V.
Substantiation of the technology of crab cakes based on seafood analogues using the principles
of lean production

The success and effectiveness of the restaurant industry depends heavily on the ability of the
establishment to create value for the consumer. According to the principles of lean production,
a manufacturer can only offer the value of a product or service, while the consumer determines
its real value. It has been determined that one of the most popular menu groups in the restaurant
industry is dishes made from non-fish aquatic raw materials. However, there are economic and
technological limitations to the active introduction of this group of dishes (high cost, instability
of technological characteristics of raw materials during storage, etc.) The analysis of the latest
research in this area shows that it is advisable to search for alternative sources of raw materials
that imitate crab meat in finished products.

On the basis of analytical research, the principles of consumer value using lean production
tools and a scientific working hypothesis in the form of an innovative idea for developing crab
cake technology with a complete replacement of crab meat were developed. The types of main
raw materials for crab cakes (hake, squid, shrimp) were theoretically substantiated using the
Ishikawa diagram method, their functional role in the recipe mixture was determined, and the main
nutrients (proteins, fats, carbohydrates) were recalculated. The expediency of using structurizers
for internal and external structuring of the formulation mixture (modified starch, breadcrumbs) is
shown. The recipe composition and technological process for the production of crab cakes using
raw materials alternative to crab meat have been experimentally substantiated, and the influence of
the composition of the recipe mixture on the technological and organoleptic characteristics of crab
cakes has been shown step by step. Nutritional value indicators were standardized.

Key words: restaurant industry establishments, crab cake.

ITocranoBka nmpodsemMu. BUMOrn cy4acHHX CHOKHBAYiB 10 XapuoBOI MPOTYKILT
€ Ioy)ke 0araTOBEKTOPHUMH Ta IMOBHHHI 33IOBOJBHSATH OPTAaHONCNTHYHI OYiKyBaHHS,
BIJINIOBiJIaTH KPUTEPisIM Xap4yoBOi Oe3MedHOCTi, 3a0e31euyBaTi KOPUCHICTD Ui Opra-
Hi3My TOIIIO.

[Tpu o1iHIN CTYMEHs HOBU3HH Xap4yoBOi MPOAYKINi HalJacTilIe Hae MoBa Mpo yio-
CKOHAJICHHS BXKE ICHYIOUMX TEXHOJOT1M IIJISIXOM BUKOPUCTAHHS HOBUX IHIPEJIEHTIB,
Croco0iB MEXaHIYHOTO Ta/a0b0 TEIUIOBOTO 0OPOOIICHHS, BAKOPUCTAHHS IHHOBAIIIH B ara-
parypHOMy 0(OPMIICHHI TEXHOJOTIYHOTO mportiecy. Ha TenepiniHii yac aye akTHBHO
PO3BUBAETHCS TEHACHIIIS 1110JI0 TOMYIIPU3allii raCTPOHOMIYHOTO Typu3My. Bizomo, 1o
3HAMOMCTBO 3 KYJIBTYpOIO Oylb-sKOi KpaiHU HIKOJIHM HE 00XOMUThCs Oe3 3HaiioMcTBa 3 ii
raCTPOHOMIYHUMH CIICHIaTITETAMU TOMY, IO TICBHI OCOOJUBOCTI IHIPEIIEHTIB Ta TEX-
HOJIOTii MPUTOTYBaHHS, MOJIaBaHHS Ta CHOXKUBAHHS KYJIiHAPHOI MPOAYKII BiATBOpIO-
I0Th HE TUTBbKHU yronoOaHHs HaceleHHs. BoHM € BitoOpaKeHHSIM BCi€l KyJIbTypH HaIlii,
reorpadii KpaiHu, IPUPOIHUX OCOOINBOCTEH, HAllIOHATBHUX 3BUYOK TOIIO.

MOHITOPHHT CIIOXKHBAILbKUX II€PEBar BUSBUB, IO TPATUIIWHO MOMYISIPHUMHU
€ CTpaBW Ta BUPOOM iTamiiichkoi (HANpHKIIAJ, Iila), TPY3HMHChKOI (HAIIPHUKIAM, XiH-
KaJi, Xxauamypi), SAMOHCHKOT (CyIlIi, calliuMi, poJik) Ta aMepUKaHChKOI KyXOHb (OyprepH).
TakoX BETMKUM IMOITUTOM KOPUCTYIOTHCS CTPaBH 3 puOM Ta HepHOHOT BOJHOT CHPOBHHHU.

Aute po3poONeHHS Ta BIPOBAIDKEHHS Ky IiHAPHOI MPOMYKIIl 3 MOPEIPOIYKTIB (30Kpema
3 BUKOPUCTaHHAM KpaboBOTO M'sica, OMapiB, YCTPHIIh) Ma€ HU3KY OOMEKYFOUMX YMHHHKIB:
BEJIMKI TEXHOJIOTIYHI BTPaTH Ha €Talli MEXaHIYHOTO Ta TEIUIOBOTO OOPOOICHHS, CKJIAIHOLII
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y 3a0e3MeueHHi yMOB TPaHCIIOPTYBaHHS Ta 30epiraHHs, BUCOKY cOOiBapTicTh cTpaB. biib-
IIICTh MOPETPOYKTIB HE PEKOMCHIOBAHO ITi/IIABaTH HU3BKOTEMITEPATYPHOMY OOPOOIICHHIO
3 MOJAJBIIAM PO3MOPOKYBAHHSM, III0 MOYKE CYIPOBOIKYBATUCS TIOTIPIICHHSM OpTaHOJIeTI-
THUYHHUX MTOKA3HUKIB, TEXHOJIOTTYHHUX BIIACTUBOCTEH M'sica Toro. OIHaK MOMPH I1e, TIONUT Ha
MPOYKIIIIO 31 CMAKOM KpabOBOro m'sica € IOCUTh BUCOKUI Ta cTabuIbHUM. ToMy OOIpyHTY-
BaHHSI TEXHOJIOT1T KpaO-KeHKiB Ha OCHOBI aHAJIOTIB MOPETPOYKTIB € aKTyaJTbHUM 3aB/IaHHSIM.

AHaJji3 ocTaHHixX aocaiizkeHb. MopenpoayKTH € 0araTuM JpKepernoM OiNika, KITiT-
KOBUHH, aMIHOKHCJIOT, BITAMIHIB 1 MiHEpaJIiB, a TAKOXK OMETa-3 MOJIHCHACHYEHUX XKUP-
HUX KHCIIOT, TAKUX sIK eifko3aneHTaeHoBa kuciota (EPA) 1 noko3arekcaeHOBa KUCIIOTA
(DHA), sixi 3a6e311euyoTh aHTHATEPOTeHHI Ta AaHTUTPOMOOTHYHI BIACTUBOCTI, 1110 TIPH-
BalII0€ 0araTbOX CHOKMBAUiB.

AJBTepHATHBA MOPETIPOAYKTaM MAIOTh ITOTCHINAaN I 3a0e3leueHHs TaKoi K
KIJIBKOCTI TIO)KUBHHUX PEUOBHH, 0COOIMBO OIJIKiB, 32 JOTIOMOTOI0 BKJIIOYECHHS OaraTux
O1JIKOM POCITMHHMX MPOAYKTIB, TaKuX sIK 0000Bi (Tadn. 1). bararo BUpoOHUKIB, TaKUX
sk Good Catch Foods i New Wave Foods Takox iHIIiFOBaJIM pO3pPOOKY albTECPHATHB
MOPENPOYKTIiB, BKIIOYAOYX pUOHI Oyprepu, KpeBeTKH Ta TyHellb. L1 mpomayKTH iMiTy-
I0Th CEHCOPHI, TOKUBHI Ta TEKCTYPHI XapaKTePUCTUKH 3BUYAHUX MOPETPOAYKTIB Ha
puHKY [1]. Lli moOGoroBaHHS MPU3BENIH 10 TOSBH POCIUHHNAX AIBTEPHATUB MOPETIPOIYK-
TaM, sIKi IMITYIOTh TEKCTYPHI Ta CEHCOPHI XapaKTEPUCTUKH MOPEIIPOAYKTIB (pHc. 1).

OpHUM 3 BapiaHTIB 3aJI0BOJICHHSI CIIOKUBUOTO TOTHTY € BUKOPHCTAHHS aHAJIOTIB
JeNiKaTeCHOI CHPOBUHU, HATIPUKJIAJ, IIPOAYKTIB 3 (apiry cypimi [2].

[NHO¥O anbTepHATHBOK HATYPalbHIM HEpHUOHIM BOIHIM CHPOBHHI MOXYTh CTaTH
HamiBpaOpHKATH POCIMHHOTO MOXO/KEHHSI HA OCHOB1 TEKCTYPOBAHUX OLJIKIB MIICHHUII
Ta rOPOXY, TOOTO «pOCIHHHE M'sico» [3].

[leBHa yacTka po3poOOK MPOIYKIII, siKa peali3yroThbcs B PECTOPAHHIN 1HIYCTPIi,
SIK TPaBUIIO, BUPIIIY€E JIOKAIbHI 3aBIaHHS: PO3LIMPEHHS aCOPTHMEHTY, MOKPAICHHS
CHOKMBYHMX BIACTUBOCTEH, ONTHMI3allisi TEXHOJOTTYHOTO MIPOLECY BUPOOHMLITBA Ta iH.
Ane cydyacHU# CBIT, SIKHH CTPIMKO 3MIHIOETHCS, JUKTYE HEOOXiTHICTH OaraTtoBEeKTOp-
HOTO PO3BUTKY JUIS YCHIITHOTO PO3POOJICHHS Ta BIPOBA/KEHHS a00 YIOCKOHAJICHUX
HOBHX Xap4OBUX MPOAYyKTiB. Lle o3Hauae, 110 Xap4oBy MPOAYKIII0 HE MOKHA PO3IJIs-
JIATH TUTBKH K JDKEPEIO BTaMyBaHHsI TOJIONY a00 HOBY FaCTPOHOMIYHY €MOIIIFO.

Increased
Comsmmer
Awaresess

Puc. 1. Cxemamuune 00TpyHmy8anHs HeoOXiOHOCMI po3pPOOIeHHS albMePHAMUBHUX
MOpenpooykmis

Lrcepeno: [1]
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BinnoBiHO /10 CBITOBHX TEHJIEHIIIH TEXHOIOTIO XapuoBOi MPOAYKIIii TOMITEHO PO3-
IJISIaTH SIK O13HEC: CYKYITHICTh METO/IB, PUHOMIB, IHHOBAIlIM, TEXHIYHHUX 1 PO3YMOBHUX
pILICHB, SIKi CHPUSIOTH PO3BUTKY, PO3IIMPIOIOTH MOXKIIUBOCTI Ta CTBOPIOIOTH HOBI TIep-
CIICKTHBH.

OcHoBHA yacTHHA. B Mexax JaHOTO JOCHTIJKEHHS O0COOJIMBUEN IHTEpeC CTaHOB-
JSATH Tapsidi CTpaBy 3 puOH, HEpUOHOT BOAHOI CHPOBUHU Ta MPOAYKTiB-aHAJOT1B. | K10
paHille BiAHOLICHHS CHOXMBA4YiB 10 MPOAYKTIB-aHAJOTIB Oyn0o BKpail HeraTuBHE
(HarpuKITa], O1IKOBA «iKpay, «KaBa» Ha OCHOBI IIUKOPIIO), TO 3 PO3BUTKOM TEXHOJIOTI4-
HO{ HAayKH TaK 3BaHi iMiTOBaHi MPOAYKTH MEPEBEPIIYIOTh OPUTiHAT (Hapasi 110 TeHCH-
IiI0 IEMOHCTPY€E PUHOK iKpPH iMITOBaHO{).

Binmomo, mo kpa®oBi MaJWYKK MarOTh 0€3JiY MOMIOHUX CMAaKOBHX XapaKTEPHCTHK
3 KpaboBHM M'SICOM 32 PaxyHOK BILTHBY apOMAaTH3aTOPa, SIKUI HAJIAIITOBYE CBiIOMICTh
CTIIO)KMBAYa HA CTIOKMBAHHS CTPABH 3 MOPEIPOAYKTIB. AJie 6arato crio)xuBadiB Hamara-
IOThCSl YHUKATH CMaKy KpaOOBHX MaJHYOK, 00 0OMEXHTH cede BiJl iMiTallil He HaTy-
PaJILHOTO TIPOIIYKTY.

st BupimeHHs 1iel mpoOieMu HaMH BUPIIIEHO PO3POOUTH MPOAYKT, SIKHH MaTHMe
BCl CMaKOBi SIKOCTI KpaOOBOro m'sica, YHUKarOUd BHKOPUCTaHHS (apiry cypimi. [lpn
[[bOMY 3aIJIAHOBAHO PO3POOUTH CTPABYy ISl CIIOKUBAHHS B rapsuoMy BHIVISLII, IO
nie Oinbine Oyae MiATBEpIKYBaTH, 110 CTpaBa MPUTOTOBaHA 3 HATypalbHOI pUOHOT Ta
HEpUOHOI CUPOBUHHM (MOPETIPOAYKTIB) [4].

Jis cTBOpeHHS 1HHOBAI[IHHOTO 33JyMy CKOPUCTAJIMCS MPUHLUUIAMH (OpPMYBaHHS
CIOKHMBYOI IHHOCTI, K1 cpopMoBaHi KoHIemIi€eto lean production (puc. 2), BIAIOBITHO
JI0 SIKOT IIHHICTh — KOPHCHICTh, BIIACTHRA NIPOIYKTY 3 TIOTVISTY KIIEHTA 1 3HAXOAMTh CBIi
BiZIOMTOK y LiHI MPOAAXKY T4 PUHKOBOMY IOTIUTI.

3

1. KimpKicTh BTpAT y BaluX IIPOIECaxX HE BIUIMBAE HA I[IHHICTH IS
CIIO)KMBAYB

A\

2. IiHHIiCTb Cy0'eKTHBHA

3. CiokuBayi IIaTATh OLIbIIe, HiXK TIIBKU IPOLI]

4. KitieHTH He TUBIATHCS HA LIHHICTH OKPEMO

( | 5. IliHHiCTh He palioHaIbHA
/ -

Puc. 2. IIpunyunu cnooxcusuoi yinnocmi (lean production)

Haif6inpm moOMmuMpeHNMH TapsduMMH CTPaBaMH 3 MOPCEIPOAYKTIB € 3aIiKaHKH,
MYIUHTH, KOKUTBi. AJie 3 OIVIAI0OM Ha MOTPEOH CYyYacHOTO CHOKMBada BU3HAYEHO, IO
OJHUMHM 3 HAWMOMYJSPHILIMX CTPaB € TaCTPOHOMIYHI Bapiallii Ha TeMy TpaJauLiHHUX
AMEPHUKAHCHKUX MaHKEHKIB, 30KpeMa IMAaHKEHKH 3 JIococeM, KpaO-KeHKHM — CMaKeHi
a00 3aredyeHi BUpOOU OKpYIII0-0BalIbHOI (hOpMU 3 cideHOTO M'sica Kpada 3 10JJaBaHHIM
LS, KPOXMaJllo, OOpOLIHA Ta 1HIIMX HarmoBHIOBayiB [5]. Takoxk, Oararo amepukaH-
CBKHX TEXHOJIOT1H MO3UIIIOHYIOTh KPaO-KSWKH SIK OJTHOTIOPIIIHHY 3aIliKaHKY, sKa SBIISE
MO€THAHHS KPaOOBOTO M'sica 3 I€THO-BEPIIKOBOIO CYMIIIIIITIO Ta OBOYAMH.
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Ha nactynHOMy eTamni po0iT BU3HAUEHO iIHHOBAIHHUIM 3a/IyM /U1l pO3POOICHHS TEX-
HOJIOT'11 KpaO-KeWKiB 3 IIOBHOO 3aMiHOI0 KpaboBoro M’sica (puc. 3).

Meta po3podiacHnOd: BHIOTBOJSHIT
kpal-reiikis v 3PT. mo  smawTh
LACHTHYHI OPArHOICITTHHHI
TMOEATHHEN 13 AHATOTOM CTpaER 3
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Puc. 3. Innosayitinuil 3a0ym 01 pO3pO6AEHHS MEXHON02IT KPpaO-KelKié 3 NOBHOK 3AMIHOI0
Kpabosoeo m ’sica

BukopucranHas kpaOboBoro m'sica B TEXHOJIOTISIX KYJIIHAPHOT MPOAYKIIi Mae Oararo
SKOHOMIYHHX Ta TEXHOJIOTTYHUX 0OMEXeHb: BHCOKA BapTiCTh, BTPATH 32 MEXaHIYHOTO
KyTiHapHOTO 00poOneHHss moHax 60%, HeTOUITBHICTh 3aMOPOKYBAHHSI-PO3ZMOPOKY-
BaHHJA [6]. YcmimHOMY BHPIIICHHIO TaHOI TUJIEMH MOXKE CTaTH PO3pOOICHHS Kpad-Keii-
KiB 3 MIOBHOIO 3aMiHOI0 KpaboBoro m'sca Ha puOHY CHPOBHHY 3 JOAABAaHHSAM IHIIUX
MOPENPOYKTIB, SIKi € O1IbII peCypCHUMH (TEXHOJIOTIYHO Ta €KOHOMIYHO).

s mepeBipku qaHoi poOodoi rinoTe3n 0OrpyHTOBAHO KpHUTEpii BHOOPY pHOHOI Ta
HEepUOHOI BOJHOI CHPOBUHU AJIsI BUPOOHMIITBA Kpab-KeHKkiB 3a MeTofoM aiarpamu Ici-
KaBu (puc. 4).
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A1noniied pexEnel

uimtoct] cpabasat wara

Puc. 4. Kpumepii subopy pubu ma mopenpooykmis 015 6upodHUYmMaea Kpao-Keiie

Jl1s IpOEKTYBAaHHS pelieNTypHOI CyMilli, SIK aHanory KpaOoBOro m’sica, 3ocepe-
JWJIM yBary Ha CIIOIy4YyBaHOCTI OPTaHOJIEIITHIHNX KOMITOHEHTIB 32 CMaKOM, apOMAaToM,
TEKCTYpOIO, a TAaKOXK 3a BMicTOM Ounka. OOTpyHTYBaHHS CHPOBHHH JUIsi BUPOOHHIITBA
Kpab-KkeiikiB HajaHo B Tab. 1.

Tabmuis 1
OOrpyHTyBaHHSI CHPOBUHHU Il Kpad-KeiikiB

HajiMmeHyBaHHSI CHDOBMHH Y

. .. .o Henoaixku
CKJIAJi penenTypHoi cymimi

IepeBaru

OCHOBHa CHpOBHHA
Bucoxkuii BMicT Oisika, HE Mae
BHUPaXEHOTO PHOHOTO CMaKYy,
MICIIST TETIOBOTO OOPOOICHHS
XapaKTePU3y€EThCSI B Mipy
COKOBHTOIO MIPY)KHOIO
KOHCHCTCHITIEIO

Xex cpibmsacTnit Huspka Bonoroyrpumyroua
3J[aTHICTB TICIIS

PO3MOPOXKYBaHHS

dine xanpMapa [IlirpHa KOHCHCTEHIS,

JIOCTaTHIN piBeHb OinKa

€ IpOOICMHHM 3 TOUKH 30Dy
(hopMyBaHHS KOHCUCTEHIIIT

3a TEIIOBOTO 0OPOOIEHHS
(HampuKIIam, >KOPCTKICTH),
KOHCEpPBOBAHE M'ICO KajbMapa
BOJIOJIi€ CIIENN(ITHUM CMAKOM
Ta apOMaTOM

Mictuth Ha 2% Oinbine Oinka
y MOPIBHSHHI 3 KPaOOBUM
M’sICOM, Ma€ MoIi0HY 10
M’sica Kpaba BOJIOKHHCTY
CTPYKTYpY
CTpyKTypOyTBOpIOBaYi

M'sico kpeBeTok

[TixBuIy€E piBEHD BYIJIEBOAIB Y
peuentypi

IMonicaxapuaHi KOMIIOHEHTH,
SIKI 371aTHI 3B’S13yBaTH BOJIOTY
HAa eTari yTBOpeHHs (apiry
(xonogHOHAOPSAKAIOUHH
kpoxmaiab TM «HoBoxim»)

I'apHo noruHae Boiory

Ha eTarni (opMyBaHHS
(hapury, HU3BKa TeMIIepaTypa
KJIelcTepu3allii, BUCOKa
BOJIOTOYTPHMYIOUa 3aTHICTh

HarypainpHi cmako-apoMaTnaHi
KOMITOHCHTH

DopMyrOTh OMU3BKHIT 10
MPUPOHOTO CMaK Ta apoMar
KpaboBoro m’sica

BigHomIeHHS CIIOKHUBAYIB 10
BI/IKOpI/ICTaHHH apOMaTI/I‘IHI/IX
peYOBUH
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Jlnst BU3HAYEHHS TEXHOJOTIYHUX BIACTHBOCTEH XOJOTHOHAOPSKAIOUMX KPOXMaJliB
JIOCITIJPKEHO ITOKa3HUK BOJIOTOYTPUMYIOUOT 34aTHOCTI ITiJ] 9ac KiieHcTepu3ariii Ta BU3Ha-
YEHO CTaOUIBbHICTh OKJICHCTEPU30BAHUX KPOXMAJIbHUX TUCHEPCii MiCis OXOIOMKEHHS

(puc. 5).

KinbkicTh pinunu,
110 BUALIHIIACS, %

P —

- TpuBanicts

15 25 35 45 55 65 75 85 95 105115 125 30epiraHHs, XB

Puc. 5. Cmabinvuicmo kieticmepie 6i0 mpuganiocmi 30epieamnmsi.
1 — Kkpoxmans KapmonsAHUL HAMUGHULL, 2 — KPOXMALb KYKYPYO3SHUL HAMUGHULL
3 — Kpoxmanb KapmonasAHUull MOOUPIKo8anuil, 4 — KPOXMans KyKypyO3aHul Mooupikosanul

SIK BUIHO 3 HaBEJICHUX JIAHUX KpOoXMalli MoAH(IKOBaHI MalOTh CYTTEBI IEpPEeBary 3a
MOKAa3HUKOM CTa0UIbHOCTI I 3%-HUX OKIIEHCTePU30BaHUX KPOXMAIBHUX JUCIIEPCiid,
sKi mpoTsiroM 1,5 ron mposiBIisuM cTabiIbHICTh 0€3 BUIUICHHS BOIOTH. Toji sSIK OKJIekc-
TEPHU30BaHi1 KPOXMaJIbHI AUCIIEPCii Ha OCHOBI HATUBHUX KPOXMAJTiB TIOYMHANIN BiJICIKATH
BOJIOTY BKe 4epe3 25 XB 13 BUAUIEHHSIM BoJiory Bia 8 mo 15%.

MonenoBaHHS Bapialliif penenTypHOro CKIamay Kpad-KeikiB (Tadn. 2) T03BOINIO
BU3HAYUTH ONTHMAJBGHUI BapiaHT Uil 3a0e3MEUeHHS TEXHOJOTIYHUX Ta TEKCTYPHHUX
BJIACTUBOCTEH KyNiHApHOI MPOLyKii. AHaIi3yl0un eKCIIepUMEHTANbHI JaHI BU3HAUCHO,
10 KPOXMallb KapTOIUISTHUI MOIM(IKOBaHWH 3B’S3yIOE€ BOJOTY Ta YTPUMYE ii Becepe-
IIFHI, 8 OITUMAJILHAM BMICTOM KpoxMautto oopano 3,0% (pu 301bIIeHHI BMICTY (hapI
HaOyBae HEXaPaKTEPHOT JIUITKOCTI).

TpamumitHO y TEeXHOJOTii CMa)XeHHX BHPOOIB CTPYKTYPOYTBOPIOBAdi BHKOHYIOTh
JIBI (DyHKIIT: COPUSIOTH BHYTPINIHBOMY Ta 30BHIIIHBOMY CTPYKTYPOYTBOpPEHHIO. Tomy
Ha HACTYIHOMY €Tari 0OIpyHTOBaHO BUKOPUCTAHHA MaHIPyBalIbHUX cyxapiB «llaHko»
(pi3HOBUI AMMOHCHKKX TAaHIPYBaJbHHUX CyXapiB i3 Oijoro xmiiba 6e3 CKOpUHKH, rpy0o-
JIUCTIEPCHI, 3 BUCOKMM BMICTOM KJICHKOBHHHHUX O1JIKIB) B TEXHOJIOT1] KpaO-KeHKiB.

Jlnst o0rpyHTyBaHHS BMICTYy cyxapiB «IlaHko» B CKJIajl pelenTypHOi CyMili Joci-
JUKEHO BOJIOTOyTpUMYytouy 3matHicTh (BY3), xupoyrpumyrouy 3matHicte (OKVY3),
a TaKoX PIBEHb TEIJIOBHX BTPAT MpH cMaxkeHHI (Tadi. 3). [loapiOHeHy pHOHY OCHOBY
(puba xek, KaTbMapH, KPEBETKM), 3MIITyBaJIN 3 STHIIEM KypsiUUM, KPOXMAaJIeM KapTOIJIs-
HUM i1 cyxapsimu «Ilankoy», 3anumann Ha 30 XB 3 METOK HaOpsSKaHHS KPOXMAJIIO Ta
OinkiB cyxapiB «IlaHkKo» micis goro ¢opMmyBanmu KpaO-KeHKH, TaHIpyBaId y cyXapsx
«[Tanko» i cmaxwunu 3a Temneparypu 170+2°C nporsarom 12 xB. 3a gaHuMH 10CHi-
JUKeHb BH3HaA4YeHO, mo cyxapi «[laako» 3a Bmicty 12%, yrpumytors Bosory mo 80%
TUM CaMHUM 3MEHIIYIOTh BTPATH 3a TEIIOBOTO 0OPOOIECHHS.
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Tabmnurs 2

Hocainxennsi pyHKIIOHATHHO-TEXHOJIOTIYHUX BJIACTUBOCTEH MoIeIbHUX 3pa3KiB
3 BHUKOPHCTAHHSIM KPOXMAJII KAPTOIISTHOT0 MOIN(iKOBAHOTO

. BY3, | KVY3, . .
Cku1aja MoesIbHUX 3pa3kiB % % TexeTypHi BaacTuBocTi papuy
Mopnenbauii 3pa3ok Ne 1 (KOHTpPOIIb):
Puba — 63% . .
Kabmap — 20% 610 | 210 Dapi He TUIACTHYHIH, He 30epirae
Kpeseria — 10% (hopMy, HeoTHOPITHUH
Siine kypsae — 7%
MonenbHuii 3pazok Ne 2:
Puba — 60% .
Kaomap — 20% Dapmr mae OJIHOPITHY CTPYKTYDY,
Kpeserka — 10% 672 | 280 IUIACTUYHHMIA, ane i 4ac GopMyBaHHS
ngme S ;(y ’ ’ B H/(p «KpaOkelik» oxpasy miraerbes
- 0
Kpoxmanp xapTomisHui, Aepopmanii
mMonudikoBanuii — 3%
MopnenbHuii 3pasok Ne 3:
Puba —57% .
Kamsmap — 20% ®Papi mae JIOCTAaTHBO KICHKY
Kpeserxa — 10% 692 | 290 |TEKCTYDY, B Mipy MUIACTHHHMUI, Mix yac
}Ig e Kvsae — 7% ’ ’ MOPIiOHYBaHHS foTo Ha H/(, 3 METOIO
KpngManyb KapTon;)MHI/II‘?I HaHipyBaHHsI, M€ JIUMKICTh
MoudikoBaHU — 6%

Tabmung 3

Hocaigxenns pyHKIiOHAIbLHO-TEXHOJIOTIYHUX BJIACTHBOCTEI MOJIeJILHUX 3pa3KiB
3 BUKOPHCTAHHSIM KPOXMAJII0 KAPTOIJISIHOTO MOAN(PIKOBAHOIO Ta cyxapiB

Sitne xkypsde — 7%
Kpoxmaib kapTOIIsSHUH,
MouGikoBanui — 3%
Cyxapi «[larko» — 16%

«ITanko»
CxkJ1a MoJeJIbHIX BY3, | KKY3,| Brparu Texcrypni . Koncucrenuis
3paskis % % |32 TO. % BJIACTHBOCTI MO/ TLHOTO 3pa3Ky
> papury nicasa TO
MogaenbHuii 3pazok Ne | ®dapui € 3pa3ok mija yac
(KOHTpPOIB): OIHOPITHUM, CMa)KCHHS Ma€ HEBEJIHKI
Puba — 60% ajie B’SI3KHM, 110 | TPIIIIMHH, aJie CKOPHHKA
_ 0, o . .
Eam,Map 19@ 652 | 33+1 2541 YCKIIAQTHIOBAJIO Xpycrka i minbHa. ix
pesetka — 10% npolec yac po3pi3aHHs BUPIO
Siine kypsde — 7%; (dopmyBaHHS it OfIpasy MiJIaBaBcs
Cyxapi «[TaHko» st NaHipyBaHHS nedopmartii 3a paxyHOK
naHipyBaHHSI — 12% BHCOKOTO BMICTY BOJIOTH
Mopnenbuuii 3pa3zok Ne 2: Dap € 3pa3ok mig yac
Puba — 50% OJTHOPITHAM CMaX€HHs HE 3MIHUB
Kanbmap — 18% TUIACTUYHHM, (hopmu, 6e3 TpiluH.
o . .
KECBGTK& 10% , 7322 | 4042 16£2 noope T JUIA€TBCS CKOpHHKA MiCIIs
Situe xypsaue — 7% (opMyBaHHIO i MMiJT | CMa)KeHHsI TOHKA,
Kpoxmais kapTorisHul, yac maHipyBaHHS | XpycTka. [lig gac
moaudikoBauuit — 3% HE TTi/17[aBaBCsI po3pizaHHs BUPIO MaB
Cyxapi «Ilarko» — 12% nedopmartii OJTHOPIIHY PHXITy Macy
MonensHuii 3pa3ok Ne 3: ®dapir HaOyB 3pa3soK i yac CMaXkKeHHS
Puba — 46% ofipa3y IMUTBHOCTI | He 3MiHUB (opMmH, Oe3
Kanemap — 18% i puxnocTi TpitmH. CKOpUHKa
— 0, 3
Kpeserka — 10% 7843 | 42+1 1542 ITICIIs CMAYKEHHS TOHKA,

xpycrka. ITix gac
Ppo3pi3aHHs BUPIO MaB
OJTHODI/THY HE COKOBHTY,
pHXITy Macy
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Tabmnus 4

VYiaranbHenuii Ximiunuii ckiiag kpaod-keiikiB (aHanory Ta iHHoBauii)

Onunuus BwmicT, 1151 kpad-KelKkis: Binxisenns y nopiBHsHHI
IToka3znuk
BUMipHOBaHHS aHaJior | iHHOBaNis 3 aHAJIOTOM, O/1. BUMIp.
[To>kHBHI peYOBHHU
Bona 22,41 43,94 21,53
Binku 11,66 14,52 2,86
Kupu 11,02 6,17 -4,85
Hacuueni xupHi 0.28 0.47 0.19
KHCJIOTH
Byrnesonu . 11,48 12,07 0,59
Mono- Ta 1,23 1,5 0,27
JCaxapuIn
Kpoxmaib 3,08 4.4 1,32
XapuoBi BOJIOKHA 0,41 1,33 0,92
OpraHiuHi KHCIOTH 0,09 45,46 45,37
3ona 0,44 0,78 0,34
Kasnopiitricts KKaJ 191,29 162,55 -28,74
Bitaminu
A MI 0,09 0,03 -0,06
B, Mr 0,04 0,08 0,04
B, MKT 0,56 0,1 -0,46
B, Mr 0,08 0,09 0,01
B, Mr 0,19 0,09 -0,1
B, MKI' 16,29 8,66 -7,63
C Mr 5,84 1,12 -4,72
D MKT 0,2 0,15 -0,05
E Mr 3,97 2,03 -1,94
H MKT 2,09 1,59 -0,5
PP Mr 1,66 1,08 -0,58
MinepasbHi pedoBHHH
AmomiHii MKT 93,92 21,68 -72,24
Bop MKT' 24,15 10,84 -13,31
3amnizo MT 2,75 0,93 -1,82
Von MKT 2,27 78,87 76,6
Kauiit Mr 225,57 231,49 5,92
Kanbmiit Mr 70,86 40,95 -29,91
Kobansr MKT 1,57 26,72 25,15
Marsiii Mr 32,75 36,81 4,06
Mapranenp MKT 55,14 106,50 51,36
Mins MKT 21,96 397,00 375,04
Monibaen MKT 1,14 7,65 6,51
Harpiii Mr 137,85 102,86 -34,99
Py6ipuiii MKT 53,38 25,79 -27,59
Cipa MT 27,00 121,10 94,1
Dochop Mr 170,38 137,59 -32,79
drop MKT 9,64 311,34 301,7
Xnop Mr 18,31 783,64 765,33
Xomix MT 27,49 18,13 -9,36
Xpom MKT 0,70 28,41 27,71
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Jis ocTaTtouHOro 3aBepIIeHHS (OPMYBAHHS CMAKOBHUX IIOKa3HHKIB KpaOOBOTO
M’sica 3IHCHEHO MiA0Ip CMaKo-apoOMaTUYHOI KOMITO3uIlii. JIns oTpuMaHHs Kpab-Keii-
KiB 3 HaTypaJbHUM apoOMaTOM KpaboBOro M’sica 0OpaHO HATypalbHUH apoMaTH3aTop
«Kpab» (TM «EBpoiMIieKe»), KUl BUPOOICHO NUISIXOM (PEePMEHTATHBHOTO TiAPOi3y
naHupy kpaOy [7] Ta BU3HAUEHO WOTO ONTHMAJIBHHHA BMICT 32 OPraHOJCIITHYHUM
CIIPUMHSTTAM.

Po3paxyHOok XiMi4HOTO CKiamy KpaO-KeHKiB y MOpIBHSHHI 3 aHajoroM (tabm. 4)
MOKa3aB, MO CTPaBa-iIHHOBAIlIS XapaKTePU3YEThCS OLTBITUM BMICTOM O1JIKY, MEHIIIO
KUTBKICTIO JKUPY Ta 3HMKEHOIO Ha 15% KanopiiiHicTIO y MOPIBHSAHHI 31 cTpaBolo-aHa-
JIOTOM.

BwMicT Oinky B KpaO-KeiiKy, sSKuil po3poOneno, mocsrae o 14,52% 3a paxyHOK
BMICTYy M’sca XeKy. BmicT ByrieBoniB ctaHoBUTh 12,07 T 32 paxyHOK BMICTYy CyXapiB
«ITaHKOY», 3 HUX BMICT MOHO— Ta JUcaxapuIiB ckiagae 1,5 T, a kpoxmanb — 4,4 1. Bita-
MIHHHH CKJIaJl PO3pOOKH BMIIIy€e y ceOe MPAKTUIHO YCi BITAMIHH 32 PaxyHOK BMICTY
M’sica XKy, KPeBETOK Ta stiiug Kypsiaoro. Takox B kpaO-kelKy mpucyTHii Bitamin C
(1,12 mr) 3a paxyHOK BMiCTy ITUOYITI.

B xomi po3paxyHKy MiHEpaIbHUX PEUOBHH BH3HAUCHO, IO 32 PAXYHOK BMICTY XEKY,
KalbMapy Ta KPEBETOK BMICT TAKMX MIHEpaJbHUX PEUOBMH SIK: HOx, MarHii, Mifis,
MomiOneH, HaTpii, hocdop, GTop # XpoM MAIOTh ONITHMATBHUHN BMICT TSI parioHasb-
HOTO TIpUHOMY TKI.

BucHoBKH. B pe3ynbsraTi aHaIITHYHUX Ta €KCIIEPUMEHTAIBHUX POOIT 00IPyHTOBAHO
peuenTypHHU CKiIax Kpad-KeHkiB, a came: M'ssco pudbu xex — 41%, m'saco xanpmapiB —
16%, M'sico KpeBeToK — 8%, st Kypstai — 7%, ulyns pimuacra — 5%, apoMaTusaTop
«Kpabd» — 0,6%, kpoxmMasp KapTOILUIIHUM, Moau¢ikoBaHuil — 3%, cyxapi «Ilanko» —
12%, cinp xyxapceepka — 1,3%, mykop Oinmit — 1,0%, nepens gopuuii, menernii — 0,3%.
Po3po6inieHo TeXHOIOTIYHY CXeMy BHPOOHHUIITBA KPaO-KeHKIB, IPOBEICHO HOPMYBaHHSI
OPTaHONENTUYHUX MOKA3HUKIB, BU3HAYCHO TMOKUBHY LIHHICTH CTPABU Y NOPIBHSIHHI
3 @aHAJIOTOM.
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Cmamms npuceésuena 00CaioNHCeHHIO 6NAUEY CHOCOOY OMPUMANHA PE3UCTNEHMHO20 Kapmo-
NIAH020 KPOXMATIO HA NOKA3HUKU AKocmi. Pesucmenmuuii kpoxmans muny RS3 € oonum 3 nep-
CNeKMUBHUX HANPAMIE PO3GUMKY iHEPEOIEHMIG OISl Xapyo8UX MexHon02ill ma 3a60aKu 61acmu-
60CMAM OAHUIL KPOXMATIb NOGLILHO NEPempasIIOEMbCS, WO HAOAE UOMY DION0CIYHUX nepesas K
Xapuosux 60N0KOH ONIsl Op2aHizmy 100uny. Binbw nowupenum npomuciogumu cnocobamu 1o2o
OMpUMAanHsl € mepmiune 06pobIeH s KpOXMALbHOIL cycnensii. Qumano 0ocnioicenb npucesueHo
memnepamypHomy 06poOIeHHIO came KPOXMANIo, KiTbKOCI YUKI6 HASPIBANHS | OXON0OICEHH.
Jloseoeno, ujo 3acmocyeants OeKibKOX YUKII6 HASPIBAHHSL U OXOI00NCYBAHHSL 30LIbULYE CIYNIHD
pempoepadayii Kpoxmanro. BooHouac mano yeazu npudinsiemuscsi OOCIIONCEHHIO U020 81aACHU-
socmell, W0 PO3KPUBATIONb NEPCHEKMUBHICIb OAHO020 NPOOYKMY 01 XAPYOBOi 2ay3I.

Hocniooicysanu AKicms pe3ucmenHmmo20 KpoxXmano, OmpumMano2o 3d pisHUMU cnocooamu:
MemMnepanmypHo2o 00pOONEeHHs KPOXMANbHOI CyCnensii, memnepamypHoco 00poonenHs Kpo-
XManio ma 0BOYUKIINHO20 MEMnepamypHo20 00pobaeHHs Kpoxmanio. 3a noKasHUKAMU AKOChi
MAaKUMU K 8000— MA MACLOIUHATLHI 30AMHOCMI, HAOYXAHHS A PO3YUHHICTIb KPAWUM € 3Da-
30K, OMpUMAHUL MeMnepamypHum 0OpOONeHHAM KPOXMATLHOI CYCReN3ii. maKui 3pasoKk mac
Kpawgy po3uuHHICMb | HAUMeHUe YMEOPIOE Kanamymuicms 6 posuuni. Oyiniorouu axicms 3pas-
Ki6 Pe3UCmenmno20 KpoXmano, 6IOMIEeH0, wo meMnepamypie o6pobienHs KpoXmano cnpusic
VIMBOPEHHIO KANAMYMHOCI 8 PIOKUX XAPYOBUX cucmemax i mum Oinvie yum Ointvuie Yuriiu-
Hicmb memnepamypno2o oopoonenns. [lpome, 30inbulenis pigHa memnepamypHozo oopoonents
30LIbULYE NOKAZHUK PE3UCIEHMHOCIE KPOXMALI0 Md CAPUSLE YMBOPEHHIO OLlbul MIYHIUUX 36 53~
KI6 «3UUUMUX» 8V2NeB00HUX CUCTEM, WO NPOABIAIOMb 000pe niduac OpazieymeopeHHs. 3a 060-
YUKATUHO20 HAZPIBAHHS OMPUMAHULL 3PA30K KPOXMATIIO MAE HAUOLIbuly Miynicms opaenio. Takum
YUHOM, NPU OBOYUKTIYHOMY HASPIBAHHT KDOXMANIO OMPUMAIOMb PE3UCHIEHMHUL KPOXMATb MUNY
RS3, wo mae eapri opeanonenmuuni i Pi3uUKO-XiMIUHI 61ACMUBOCI, MA KPAWT NOKASHUKU PE3UC-
meHmHocmi i MiyHiCmob Opaziio.

Kniouogi cnosa: wacmouku, cycnensis, KpoXmanb, pe3ucmenmuicms, memnepanmypHe oopo-
Onenus.

Kuznietsova 1. V., Kasamara A. S. Research of resistant potato starch RS3

The article is devoted to the study of the impact of the method obtaining resistant potato starch
on quality indicators. Resistant starch of the RS3 type is one of promising areas development
ingredients for food technologies, and thanks to the properties of this starch, it is slowly digested,
which gives it biological advantages as a dietary fiber for the human body. The most common
industrial method of its production is heat treatment of starch suspension. A lot of research
is dedicated to the temperature treatment of starch itself, the number of heating and cooling
cycles. It proven that the application several cycles heating and cooling increases the degree
retrogradation starch. At the same time, little attention paid to the study properties, which reveal
the prospects of this product for the food industry.
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The quality of resistant starch obtained by various methods studied temperature treatment
starch suspension, temperature treatment starch and two-cycle temperature treatment of starch.
According to quality indicators, such as water- and oil-absorbing abilities, swelling and solubility,
the sample obtained by temperature treatment starch suspension is the best. Such a sample has
better solubility and creates the least turbidity in the solution. Evaluating starch samples oresisted
quality, noted, that the temperature treatment of starch contributes to the reduction of turbidity in
liquid food systems, and the more the temperature treatment cycles. However, an increase in the level
temperature treatment increases the resistance index starch and contributes to the formation smaller
bonds "cross-linked" carbohydrate systems, which manifest themselves well during gelatinization.
During two-cycle heating, the obtained starch sample has the highest gelling strength. Thus, during
two-cycle heating starch, resistant starch the RS3 type obtained, which has good organoleptic and
physicochemical properties, and better indicators resistance and jelly strength.

Key words: particles, suspension, starch, resistance, temperature treatment.

IocranoBka npodiiemu. BupoOuunrso pesuctenTHoro kpoxmano (PK/RS) e ognum
3 IEPCTIEKTUBHUX HAMPSIMIB PO3BHUTKY iHIPEIIEHTIB TS XapUIOBUX TEXHOJNOTIH. PesucTent-
HHH KPOXMaJTh 32 BIACTHBOCTSMH MOIULIETHCS Ha I1'SITh TPYIT Ta MICTUTHCS SIK Y (PpyKTax
1 0BOYAX, TaK 1 € OJJHUM 3 IHTPEAIEHTIB U1l BAPOOHUIITBA Xap4OBUX MPOAYKTIiB. 3a CBOIMHU
BIIACTHBOCTSIMU PE3WCTEHTHUI KPOXMaJIb MOBUTBHO MEPETPaBIIoeThes [ 1, 2], HiK 3BHYA-
HHH KPOXMaJlb, IO 1a€ O10JIOTIYHI IepeBary SIK XapIOBUX BOJIIOKOH JUISI OPTaHi3MYy JIFOIUHH.
CroXUBaHHSI PE3UCTEHTHOTO KPOXMAJTIO, 110 MICTUTHCS B XapUOBUX MPOMYKTAX IS KOXK-
HOI KpaiHUu € pi3HUM. Y OUIBIIOCTI €BPOICHCHKHX KpaiHaX HOro CIIOKWBAHHS CTAHOBUTH
3,2-5,7 r/nensb [3], a HaNpUKIIA, 7S ITATIAIIB OMU3bKO 8,5 r/neHs [4].

AHaJni3 ocTaHHIX H0cTi1sKeHb. {715 BUTOTOBICHHS PE3UCTEHTHOIO KPOXMAJTIO BUKO-
PHUCTOBYBAJIHCS Pi3HI METOIU: TepMidHE 0OpOOIICHHS KPOXMalto abo CycreH3il, XiMiuyHy
Mo diKalliio, (hepMEHTATUBHE PO3TaIyKCHHs, TEMIICPATyPHO-IIUKIIUYHY peTporpasa-
I[iI0 Ta ONMPOMiHEHHS [5]. BinbI MOmMpEeHUM NPOMUCIOBHMHU CIIOCOOAMH € TepMidHE
00pOOIIeHHST KpOXMAJIBHOT cycrieHsii [6]. BogHowac mepcrneKTHBHUM € 3aCTOCYBaHHS
Croco0y TepMIiYHOro 0OpOOJICHHST KPOXMAITIO 3 HACTYITHHM HOTO OXOJNOMKEHHsM. Lle
MIPU3BOAUTH JI0 YACTKOBOI peTporpajamii KpoXMalbHUX TPaHysl Ta YTBOPEHHS PO3ITY-
IIeHOT CTPYKTypu. BBaxkaeThcs [7], 110 3aCTOCYBaHHS JCKUIBKOX ITUKITIB HAarpiBaHHS
H OXONIOMKYBaHHS 30UIBIIYE CTYHIHBb peTporpagamnii kpoxmamto [6]. us moBHOTH
OIIIHKH CMOCO0Y TEPMIYHOTO OOpOOJICHHS BKIMBHUM € 3IIHCHUTH aHAII3 MMOKa3HUKIB
SIKOCT1 OTPUMAHHX BHJIIB PE3UCTEHTHOTO KPOXMAITIO.

MeTo10 poGoTH € TOCIiPKEHHS MOKA3HUKIB AKOCTI OTPUMAHMX 3pa3KiB PE3UCTEHT-
HOTO KapTOIJISTHOTO KpoxMaJto rpynu RS3.

MeTtoau aociimkenb. J[OCTIDKCHHS TPOBOAWIM y BUUIUN TEXHOJIOTIl IyKpY,
LYKPOBMICHUX MPOIYKTIB Ta IHrpeAieHTiB IncTUTYyTY npogoBonsunx pecypcis HAAH.
OTpuUMyBaIIK 3pa3Ku PE3UCTEHTHOTO KAPTOIJITHOTO KPOXMAITIO:

Hocain 1. ['otyBanmu KpoxXMalibHy CyCIICH3IIO 3 KapTOILITHOTO KPOXMAJI0 KOHIICH-
Tparieo 35%. 3miiiCHIOBAIM JIBOIUKIIIYHE HArPIBAHHS 3 OXOJIO/KEHHSIM 3a TeMIlepa-
Typ: 120 —»60 —120 —60 °C. OTpuMaHuii pe3UCTEHTHUN KPOXMaJlb Hapi3ajiH, BUCY-
IIyBaJIH, TOAPIOHIOBAIM Ha JTAOOPATOPHOMY MIIMHI Ta MPOCIFOBAIN Yepe3 KarpoHOBE
cuTo 3 iamMerpoM oTBopiB <0,2 MM (3pa3ok 1).

Hocaix 2. 3pilicHIoBamM TeMmIeparypHe OOpOOIEHHS KapTOIULTHOTO KPOXMAIIO
3 HACTYITHUM OXOJIOJDKEHHSIM JIBOMa crioco0amMu: a — HarpiBaHHs 120 °C Ta 0XOIOHKEHHS
10 60 °C; 6 — nBorukitiuHe HarpiBanHs jo0 120 °C, oxonomkenns 10 60 °C, HarpiBaHHs
1o 120 °C Ta oxonomkenHs 10 60 °C. OrpuMaHi 3pa3ku (3pa3ku 2a i 20) pe3uCTeHTHOTO
KPOXMAJTIO TIPOCIIOBAIN depe3 KaIlPpOHOBE CHUTO 3 AiaMeTpoM oTBOPiB <0,2 MM.

OCHOBHHMU NIOKa3HUKAMU SIKOCTI €: BoJoricTh 1 pH [8], BomonoruHanbHy 34aTHICTD
[9], macnonornuHaNBHY 31aTHICTH [9], HaOyXarouy 3AaTHICT [9], 1HIEKC POZYMHHOCTI
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[9], cTyminb mpo3opocTi [9], pesuctenTtHicTs [10], mpoda Ha >kenrorouy 31aTHICTh [15].
KoHTposbHUH 3pa30K — HATUBHUHI KpOXMallb KapTOIULTHUNA. MIIHICTh IpariiiB BH3HA-
yanu Ha Penetrometer condroller Mk.V.Seta-matic. JlocmimkeHHsT MTPOBOAMIHA Y TPO-
€KpaTHIll TOBTOPIOBAHOCTI.

OcHoOBHI pe3yabTaTH J0caizkeHb. OTpUMaHi PI3HUMH CIIOCO0aMU 3pa3Ku Pe3uc-
TEHTHOTO KapTOIUITHOTO KPOXMAJIIO 32 30BHIITHEOMY BHUIVISIIOM BiJIIIOBIIAaI0Th BEMOTaM
JACTY 4380:2005 i matots Oinnit komip, 6€3 CTOPOHHIX 3amaxiB, CMaK BIACTUBHH KPO-
XMaJIo.

OCHOBHI TIOKaQ3HUKH SIKOCTi 3pa3KiB PE3UCTCHTHOTO KapTOILITHOTO KPOXMAJIIO MIPe/i-
crapiieHo B tabmuui 1. Hocmimkenas nokazamu [11, 12], mo 30inbmeHAs Temrepa-
TYPH MPOIIECy MPHU3BOAUTH O 3MIHH CTPYKTYPH KPOXMAIIIO i 32 BHIIHX TEMIICPATyp
(120 a60130°C) yTBOpIOIOTHCS OibII MILHIIII CTPYKTYPU 3a PaxXyHOK pyHHYBaHHS
BOJIHEBUX 3B SI3KIB .

BinmoinHo, 11e BIDIMBAE Ha BIACTUBOCTI OTPIMAaHUX 3pa3KiB pE3UCTEHTHOTO KapTo-
IUISTHOTO Kpoxmaito (Tabi. 1). 3okpema, MOKa3HUK BOIOMONIMHAIBHOT 3aTHOCTI 3pO-
CTa€ MpH TeMIIepaTypHOMy 0OpOOIIeHHI, 1 TIepeBaXkHO Ui 3pa3ky 1 Ta 3pasky 20.

Tabmus 1
BaacTuBocTi pe3ucTeHTHOTO KapTOIIsiHOro kpoxmauio (p = 0,05, n=3)
Jocainauii 3pa3ok
Tapawerp Kourpous 3pa3ok 1 | 3pa3ok Zap 3pa3ok 20

Macosa yactka Bojoru, % 9.8 7,7 7,2 7,0
pH 6,5 6,5 6,5 6,5
BoponommnaansHa 30aTHICTB, T/T 1,68 1,92 1,76 1,79
MacrononiHaabHa 31aTHICTh, I/T 1,09 1,13 1,10 1,11
[Toka3HUK pO3UYUHHOCTI, T/T 0,124 0,191 0,185 0,180
Habyxaroua 31aTHICTb, I/T 3,25 5,14 5,04 5,10
Crymiae npo3opocTi, % 1,77 1,65 1,65 1,69
Pe3ucTeHTHICTH (B TIepepaxyHK
v Chy o (B nepepaxyHKy 144 52,9 653 68,2

Ile BimOyBaeTbcs BHACHIJOK 3POCTAHHS YTBOPEHOI KUIBKOCTI MPOCTHX Caxapis.
Binbiy mMacionomMHanbHy 34aTHICTh BUSBIISIOTH OTpI/IMaHi 3pasku 112 6, mo cBig-
YHMTh PO yTBOPEHHS O1IBIIOT KITBKOCTI BUIBHUX 3B A3KiB MicTs TEMIIEPATypHOTO o0po-
onenns. Lle miaTBepmKYye pe3ynbTaTH MOCTIHKEHb 3 TAKUX MTOKA3HUKIB K ITOKAa3HUK
PO3YMHHOCTI Ta HaOyxaHHA. [Ipy YoMy JaHi TOKa3HUKH MalOTh BHILE 3HAYECHHS B 3pa3-
Kax PEe3UCTEHTHOTO KPOXMAJIIO 13 OUTBII «M SIKHMH» YMOBaMHU TEMIIEpaTypHOTO 00po-
OneHHst. 30KpeMa, 3aCTOCYBAHHS JBOIMKIIYHOTO HATPIBAHHS KPOXMAITIO JICTIO 3HIKYE
3HAUYEHHS IMX MOKAa3HHUKiB, 0COOJIMBO MOKa3HUKa pO34MHHOCTI. Lle cBiAuuTh Ipo Te,
III0 TIPUTOTYBAHHI PO3YMHIB 3pa30K 20 Oyae BUSBIATH OiNBITY KaJaMyTHY 3AaTHICTh,
10 BIUTMBATHME HA MOKA3HUK CTYIEHS MPO30pOCTi. TakuM YHHOM, 3a MOKa3HUKAMHU
SIKOCT1 OTPUMaH1 3pa3Ki PE3UCTEHTHOTO KPOXMAJIIO MEepeBaXKaroTh 3a HaTUBHUMN. [IpoTe,
croci0 MpoBeICHHS peTporpajaiii iICTOTHO BIUIMBAE HA 1XHI BIACTUBOCTI, 1 BiJIO-
BiZTHO, pEKOMEH/IAIII] TSI TIOaIBIIIOTO 3aCTOCYBaHH. 30KpeMa, 3pa3ok 1 Moke 3acTo-
COBYBATUCh fK cTa0LIi3aTop piakoi XapuoBoi cuctemu. B Toi e dyac, K 3pa3ok 2a
MOYK€E 3aCTOCOBYBATHCH SIK JJIsl PIIKUX TaK 1 HE PIIKUX XapUYOBUX CHCTEM. 3 TOUKH 30pY
OCHOBHOTO TTOKa3HHKA SIKOCTI — PE3UCTEHTHOCTI, 3pa30K 2 a € Kpallum, HiXk 3pa3ok 1.
HaiiBumumii noka3HUK pe3UCTEHOCTI Mae 3pa3ok 20 (68,2%), BomHOYAC TaKi HOKa3HUKH
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SIK TIPO30PICTh 1 PO3UMHHICTH CBIAYATH NP0 3aCTOCYBAHHS I[LOTO 3pa3Ky Y BUPOOHUIITBI
HE PIJIKUX XapYOBHX MPOAYKTIB.

AHaNi3yloud OTpuMaHi 3pa3ku kKpoxmairo RS3, chmig BiAMITUTH IXHIO 3a10BUIBHY
JpYTICy TBOPIOBAIBHY 3/1aTHICTH (Tab. 2).

Tabmnurs 2
BruinB cnoco0y oTpUMaHHS KPOXMAJI0 Pe3HCTEHTHOT0 HA MIllHICTh pariio
(p = 0,05, n=3)

. MiuHicTh KPOXMaJIBHUX APALIiB, I/CM
HajimeHnyBaHHs -
NOBePXHEBE HATHCKAHHS pYiiHyBaHHSI Ipariio
3pazoxk 1 205 270
3pa3ok 2a 210 310
3pa3ok 26 220 315

SIKII0 MpW MMOBEPXHEBOMY HATHCKAaHHI 3HAYCHHS MIIHOCTI € OJM3BKUM JUIS YCiX
3pasKiB, TO IIPU TOBHOMY PYIHYBaHHI CTPYKTYpH JParIo OiIbII MIIHIIINM € IIPU ABO-
IUKJITIYHOMY TeMIlepaTypHOMy oOpoOieHHi. HaitOinpin crabky MIIHICTh JpariieyTBO-
PIOIOYOI 3/JaTHOCTI Ma€ KPOXMajb, OTPUMAHUH IUIIXOM TEMIEPATYPHOro 00pOoOIeHHS
KpPOXMAaJIbHOI CYCIIeH3Il.

OT1xe, TeMIiepaTypHe 00poOJIeHHS KPOXMAJIIO CIIPHSIE YTBOPEHHIO O1IbII MIIHIIINX
3B'SI3KIB «3IIUTHX» BYIIEBOIHUX CHUCTEM, IO MPOSABIAIOTHECSA JOOpe Iiadac aparie-
YTBOpPEHHA. 30KpeMa, MII[HICTh ApariiB O1IbITy MaroTh 3pa3ku 2a i 20.

BucnoBku. [TokazaHo, o crocid TemreparypHoro oOpoOIeHHsS Ma€e 3HAYHUH BILTHB
Ha TOKA3HUKH SIKOCTi TOTOBOTO PE3UCTEHTHOr0 Kpoxmaio Tury RS3. HaliBumi moka3sHUKH
BOJIOTIONIMHAIBHOI 3[[aTHOCTI, MAacCJIOIIONMHAIBHOI 3[aTHOCTI, MTOKa3HUK PO3YMHHOCTI Ta
HaOyXarody 37aTHICTh BUSBIIIE 3pa30K, OTPUMAHUH IIISIXOM TEMIIEPaTypHOTO 00pOOICHHS
KpPOXMaJIbHOI cycrensii. BomHowac, croci6 TemmeparypHoro oOpOOIeHHS KpOXMAIo
CIIpHsi€ MiABUIIECHHIO PE3UCTEHTHOCTI MPOAYKTY Ta MIIHICTh JpariiB KPOXMasro. AHali3
Pe3yJIbTaTiB IOCIiKeHb JO3BOJISIE PEKOMEH/yBaTH OTPHMaHi 3pa3Ki PE3NCTEHTHOTO Kap-
TOIISTHOTO KPOXMAJTIO y BUPOOHHUIITBI PiIKMX Ta HE PIAKNX XapUOBUX MPOIYKTIB.
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AHANI3 CUPOBUHU ONA PO3POBKH HICTI/I_‘.-IHOII' KOBBACH
3 IHAWYKKN 3 OOABAHHAM POCJIMHHOI CUPOBUHU
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Y ecmammi pozenanymo axmyanvny npoonemy cyuacroi m'asconepepobHoi npomuciogocni,
30KpeMa HAOMIPHE BUKOPUCHIAHHS HACUYEHUX HCUPIB | 000aBOK Y MPAOUYItIHUX KOBOACHUX BUPO-
bax, wjo mooce He2amusHo 8NIUBAMU HA 300p08'sa cnoxcueauie. Cmanoapmui Kogbacu 4acmo
MiCmAamb GUCOKULL piGenb KAOPIl, JHCUpy ma Xapioeux 0006asokK, wo CIPUAEC pO36UMKY XPOHIY-
HUX 3aX8OPI06AHb, MAKUX SIK OJCUPIHHSL, CEePYeso-CYOUNHI 3aX60piogants ma diabem. Y 6iono-
8i0b HA 3pOCMAIOYULl NONUM HA 300PO8I MA Oi€EMUYHI NPOOYKMU, MEMOK OOCTIONCEHHS CIAN0
CMBOPEHHsL KOBOACHO20 BUPODY HA OCHOBL M 5ica THOUUKLL, WO MAE GUCOKY XAPUOBY YIHHICMb Md
SHUICEHUTL PIBEHb KANOPIl.

OcHosHoI0 10e€to € NOEOHAHHA M ca THOUYUKU 3 000A8AHHAM POCIUHHOI CUPOBUHU, 30KpeMd
bpoxoni, wo 3abesneuye npodykmy QyHkyionanvui eracmueocmi. M'saco iHOuuku € daicepenrom
J1€2KO3ACB0I08AHO20 DLIKA 3 HUZLKUM GMICIOM JHCUPY, A OPOKOLL MICMUMb 8eluUKy KLIbKiCmb
BIMAMIHIB, MIHEPANi8, AHMUOKCUOAHMIB | KIIMKOBUHU, AKI NO3UMUBHO GNIUBAIOMb HA MPABHY
cucmemy ma 3a2anbHull Cmam 300pos ’s. 3ae0saKu ybomy, po3pobiena dicmuyna Kosoaca € ioe-
AILHUM NPOOYKIMOM OJisl CROMCUBAUIB, AKI NPACHYMb NIOMPUMYBAMU 300POSUL CNOCIO dcumms,
KOHMPONIO8AMu 642y ma 3HUICY8AMU PUUK SUHUKHEHHS 3AX60PI06AHDL, NOG'SI3aHUX 13 Henpa-
BUTLHUM XAPUYBAHHAM.

Pospobra peyenmypu exnouac ananiz AKOCmi m’sica IHOUYKU, Xapakmepucmux 6poKoni, ix
HOJNCUBHUX GNACMUBOCTNEN, A MAKOJMC ONMUMI3aYilo npoyecy GupooOHuymea 3 memoio sbdepe-
JICEHHSL BCIX KOPUCHUX PEYOBUH MA OOCACHEHHS 30a1aAHCOBAHO20 CMAKY NPOOYKmY. JJo0amKkoso
00CNIONCEHO MEXHONORIUHI npoyect, HeOOXIOHT i 3a0e3neueHHs MpuUeaio2o 30epicanHs K-
bacu 6e3 UKOPUCMAHHS WKIONUBUX KOHCEPBAHMIB, 3A805IKU NPUPOOHUM LACMUBOCMAM OPOKOLL
ma iHWUX HAMYPAIbHUX IHepeOieHmis.

Taxum yurom, y cmammi npeocmagieno pe3yavmamu 00CTIONCEH S, Ke OeMOHCPYE MOJiC-
AUBICMb BUKOPUCMAHHA POCTUHHOL CUPOSUHU 0TI NIOSUUJEHHS OI0N02TUHOT YIHHOCMI KOBOACHUX
6Upobie ma ix 0300posuux eracmusocmeti. [Ipodyxkm, po3pobreruil Ha OCHOBI M Sica IHOUUKU Ma
OpoKkoni, GI0N0BIOAE BUMO2AM CYHACHO20 CHOJICUBAYUA, OCKINLKU NOEOHYE GUCOKY XAPYOBY YiH-
HICMb, NPUBADIUBT CMAKOBL AKOCMI MA 3HUNCCHUTE BMICT KANOPILL, W0 POOUMDb 1020 BANCIUBUM
KPOKOM Y HANPAMKY PO3GUMKY 300P06020 XAPUYBAHHS.

Knrwwuosi cnosa: diemuyna xoebaca, m'saco iHOUUKU, POCIUHHI 006asKU, OPOKONI, HU3bKA
Kanopiunicmo, Xapuoei 60N0KHA, 30a1aHCO8ANE XAPYYBAHHS.

Novikova N. V., Proscenko G. Yu. Analysis of raw material for development turkey-based
dietary sausage with the addition of plant-based ingredients

The article addresses a current issue in the modern meat processing industry, particularly the
excessive use of saturated fats and additives in traditional sausage products, which can negatively
impact consumer health. Standard sausages often contain high levels of calories, fat, and food
additives, contributing to the development of chronic diseases such as obesity, cardiovascular
disease, and diabetes. In response to the growing demand for healthy and dietary products, the
aim of this research was to develop a sausage product based on turkey meat, which has high
nutritional value and a reduced calorie content.

The main idea is to combine turkey meat with the addition of plant-based ingredients,
specifically broccoli, which provides the product with functional properties. Turkey meat is a
source of easily digestible protein with a low fat content, while broccoli contains a large amount
of vitamins, minerals, antioxidants, and fiber that positively affect the digestive system and overall
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health. As a result, the developed dietary sausage is an ideal product for consumers who strive to
maintain a healthy lifestyle, control their weight, and reduce the risk of diseases associated with
improper nutrition.

The recipe development includes an analysis of the quality of turkey meat, the characteristics
of broccoli, their nutritional properties, as well as the optimization of the production process
to preserve all beneficial nutrients and achieve a balanced taste. Additionally, technological
processes necessary to ensure the long-term storage of the sausage without the use of harmful
preservatives were studied, utilizing the natural properties of broccoli and other natural
ingredients.

Thus, the article presents research results demonstrating the possibility of using plant-based
ingredients to enhance the biological value and health benefits of sausage products. The product,
developed based on turkey meat and broccoli, meets the needs of modern consumers by combining
high nutritional value, appealing taste, and reduced calorie content, making it an important step
toward the development of healthy eating.

Key words: dietary sausage, turkey meat, plant-based additives, broccoli, low calorie content,
dietary fiber, balanced nutrition.

Beryn. Ha choropHimHiil 1eHB cepe XapuoBHX MPOIYKTIB BEIUKOIO MOITYIISIPHICTIO
KOPHCTYIOTBCS TIPOAYKTH, 110 MAIOTh 30a/laHCOBAHUH CKJIa]] Ta 3a0e3Meuyr0Th 3710pOBe
xapuyBaHHA. TpaaumiiiHi KoBOACHI BUPOOH, SIKi MICTSTh BUCOKHI BMICT KHPIB i Kajo-
piif, 9aCTO BBAYKAIOTHCS MIKIUTMBUMH JIJISI OPTaHi3My, 0COOIUBO MTPH TPHBAJIOMY iX CIIO-
suBaHHI. CaMe TOMY aKTyalbHOIO € PO3pO0Ka A1€THUHUX KOBOACHUX BHPOOIB, II0 Mic-
TSATHh HU3BKUH BMICT JKHDY, ajie 30epiraloTh BUCOKY Xap4dOBY IIHHICTb.

IHmuuka BioMa cBOiM OaraTuM BMiCTOM OLIKa, SIKUH € OCHOBOIO JIJIsl 3pOCTaHHS Ta
PO3BUTKY M’sI31B, @ TAKOXX HU3BKUM BMICTOM JKHpY, II0 POOUTH 11 OAHUM 3 HaiOLnbII
KOPHUCHHX BUAIB M'sica TSl criokuBaHHA. OHAK /UIsl 301TbIICHHS KOPUCHHUX BIACTHBOC-
TeH Ta MiJBUINEHHS Xap4yoBOi IIHHOCTI JIETUYHOT KOBOACH MPOMOHYETHCS TOAaBaTH 10
Hel pOCITMHHY CHPOBHHY, 30KpeMa Opokosi. bpokoni € mkepenom 6ararbox KOpUCHUX
pedoBwHH, BKIFoYaroun Bitaminu C, K, A, XxapuoBi BOJIOKHA, aHTHOKCHIAHTH, 10 POOUTH
el OBOY i/I€aJIbHIM JTOTTOBHEHHSIM JI0 M'SICHHX IPOAYKTIB, OPi€HTOBAaHHUX HA 370pOBE
Xap4ayBaHHSI.

AKTyaJbHiCTh TeMH. 3 OISy Ha Cy4YacHi MOTPeOH CyCIibCTBa y 30alaHCOBAHOMY
Ta 3J0POBOMY XapuyBaHHI, BUHUKAE HEOOXITHICTh Y PO3POOII MPOIYKTIB, SIKi TIOETHY-
I0Th Y c00l BUCOKY Xap4OBY LIHHICTb, 3HWKEHY KaJIOPIHHICTh Ta MO3UTUBHUHI BIUIUB
Ha oprafi3M. KoBOacHI BHpOOM € BaXKJIMBOIO YAaCTHHOIO palioHy OaraTbox Jozei,
ajie OUTBIIICTh TPAAMUIIHHUX KOBOAC MICTHTh BHCOKY KUIBKICTh JKUPIB, IO HETaTHBHO
BIUIMBAE Ha 3I0POB's, 30KPEMa MOXKE CIIPHUSATH PO3BUTKY OXKUPIHHSI, CEPIIEBO-CYTUHHUX
3aXBOPIOBaHb Ta iHIINX XBOPOO.

Po3poOka nmieTruHOi KOBOACH HA OCHOBI IHIAMYKHU 3 JIOJaBaHHSIM OpPOKOJI € aKTy-
aJbHOIO 3 KiNbKOX MpuuMH. [lo-mepiie, iHAUYKAa € 4yJOBUM JDKEpelIoM Oifka, 10
€ OCHOBHHM Oy/TiBeTIbHIM MaTepialioM JIJIsl KIIITHH 1 TKaHUH opranismy. [To-apyre, 6po-
KOJIi € 0araTuM JHKEperioM aHTHOKCHJIAHTIB 1 BITAMIHIB, 110 MAtOTh BaKJIMBE 3HAYCHHS
JUISL MATPUMKH IMyHHOT CUCTEMH Ta 3arajbHOro 310poB's. Kpim Toro, 6pokomni MicTUTb
KIIITKOBUHY, SIKa CIIPUsIE€ HOPMaIi3allii TpaBJIeHHS, 3HIKY€E PU3HK PO3BUTKY Nia0eTy Ta
CEepIEBHUX 3aXBOPIOBAHb.

IHocranoBka npodaemu. CyyacHa XapuoBa MPOMHUCIIOBICTh CTHKAETHCS 3 YHUCIICH-
HUMH BUKJIUKAMH, OTHHAM i3 SKHUX € 3a0e3IIeueHHs] HACSNCHHS SKICHUMA Ta KOPUCHUMHA
MPOIYKTAMH, SIKi BIAMIOBIIAIOTH 3pPOCTAIOYMM BUMOTaM JI0 30POBOT0O XapdyBaHHs. Tpa-
JUILIIHI KOBOACHI BUPOOH, SKi € OAHUM i3 HAHMOMYNSPHIIINX BUAIB XapuoBOi MPOTYKIIi,
4acTO MICTATh BUCOKHI BMICT HACHUCHHUX KHUPIB, XapUuOBHX J00ABOK, COJII Ta KOHCEPBaH-
TiB. Lle cnprunHse 3aHETIOKOEHHS Cepesl CIIOKUBAYIB, SIKi BCe OlIbIIIe TparHyTh 3MEHIIUTH
CTIO’KMBAHHS IIK{ITTMBUX KOMIIOHEHTIB Ta TIEPEUTH Ha OLIBII 37I0POBHIA paIlioH. Y 3B'SsI3KY
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3 IIMM, BUHHUKAE MMOTpeda y po3poOIli HOBUX BUJIIB KOBOACHUX BHPOOIB 3 MOMIIMIIEHUMA
BIIACTHBOCTSIMH, 5IKi O BIIMIOBIAJTM CYYaCHUM BUMOT'aM JIO JI€THYHOTO Xap9ayBaHHSI.

[Ipobnema nonsirae He JMIlEe B BUCOKOMY BMICTI JKMPIB Ta KaJlopiH, ane il y Hezo-
CTaTHIM KITBKOCTI BiTaMiHIiB, MiHEpaliB Ta iHIINX KOPHCHUX PEUOBHH y KOBOACHUX
BHUpOOax. BuTbIIicTh TpagUIIHHIX KOBOAC MICTATH MAJO XapYoOBHX BOJOKOH 1 TMpaK-
TUYHO HE 3a0e3MeUyl0Th OpraHi3M BaJIMBUMH MiKpoeaeMeHTaMHu. ToMy CIIOKUBaHHS
TaKUX MPOAYKTIB, OCOOIMBO B YMOBAX CHASIOTO CIIOCOOY KUTTS, IPU3BOANUTH A0 HAKO-
MMUYCHHS 3alBUX KaJOpii, MIJBUIICHHS PIBHS XOJECTEPHHY Ta PO3BHTKY XPOHIUHHUX
3aXBOPIOBaHb, TAKUX SIK OXKUPIHHS, LIyKPOBUH 11a0€T 1 CepLIeBO-CYINHHI 3aXBOPIOBAHHS.

Cepen 30BHIIIHIX (HaKTOPiB, M0 BILTMBAIOTH HA 3I0POB'S JIFOAWHHU, BUPIZHAIOTHCS
MOTIPIICHHS EKOJIOTIYHUX YMOB, MAJIOPYXJIMBHH CIOCIO KHUTTS Ta HEMpaBHIIbHE Xap-
YyBaHHSI, AKe 0a3y€eThCsl Ha HAJAMIPHOMY CIOXKHBAaHHI MPOYKTIB, OaraTux Ha HaCUYeH1
KHUPH Ta MIKTUBI 100aBKH. BiJICyTHICTB y paIioHi 10CTaTHROI KUTbKOCTI KIITKOBUHH,
AHTHOKCHUJIAHTIB, BITAMIHIB 1 MIKPOCIIEMEHTIB CTa€ OCHOBHHM YHHHHKOM PO3BUTKY
JIe(iuTy KOPUCHUX PEUYOBUH B OPraHi3Mi, 1[0 HEraTUBHO BIUIMBAE HA 3arajibHUI CTaH
3JIOPOB'sl Ta IMyHHY CHUCTEMY.

OKpiM 1IHOTO, CYyYacHI CITOKUBAYl BCe OUIBIIE 3BEPTAIOTh yBary Ha (yHKI[IOHATIbHI
BJIACTHBOCTI MPOAYKTIB XapuyBaHHs. BOHM MparHyTh OTPUMYBATH HPOIYKTH, SKi HE
JIMINE 32JI0BOJIBHSAIOTH MOTpedy B TKi, aje ¥ CHpUsIOTh MiATPUMII 30POB s, ITiJBH-
MICHHIO IMYHITETY Ta MOJIIMIICHHIO 3aralbHOr0 caMoIodyTTs. Lle cTaBuTh meper Bupoo-
HHUKAMU 3aBJaHHS PO3POOKU MPOAYKTIB, SIKi BIAMOBiAAIM O UM BUMOIaM, OAHOYACHO
3a0e31euyrouH 3HIDKEHHSI KalTOPIHHOCTI Ta MOKPAIICHHS Xap4oBOi IIIHHOCTI.

BpaxoByroun 1i (hakTopH, aKTyaIbHAM € CTBOPCHHST HOBUX BHUJIiB KOBOACHHX BHPO-
0iB, sIKi O MOEIHYBAIN BHCOKY Xap4yOBY LIHHICTh, HU3bKY KaJIOPilHICTh Ta BEIHKHN
BMICT KOPUCHHUX PEYOBHUH.

MeTta pociimkeHHsI. METOIO IIHOTO JOCHTIKEHHS € po3poOKa TEXHOJIOTii BUPOO-
HUITBA JIETUYHOT KOBOACH HA OCHOBI M’sica 1HAMYKM 3 AoAaBaHHAM Opokoii. OCHOBHa
yBara TPUAUISETbCS aHAII3Y MOXKJIMBOCTSH BHKOPUCTAHHS OpOKOJI JIJISl 3HFDKCHHS
KaJIOPIHHOCTI MPOAYKTY, 30UIBIICHHS BMICTY BITaMIiHIB i MIHEpaiB Ta MOKpAIICHHS
3araJlbHUX XapuoBHX BIIACTHBOCTEH KOBOACH.

AHaJji3 ocraHHiXx xociaizkeHb Ta myoOsaikamiii. OcTaHHI HayKOBI JOCIIKCHHS
y cepi xapuoBoi MPOMHCIOBOCTI CB114aTh PO 3pOCTAIOUUI IHTEPEC 0 PO3POOKH Jlie-
TUYHUX TPOJYKTIB, 30KpeMa M'ICHUX BUPOOIB, 10 MOETHYIOTh Y CO01 BUCOKY Xap4OBY
IIHHICTh Ta KOPUCHI BIACTUBOCTI. BUeHI MpPOJOBXKYIOTh BHBYATH BIUIUB POCIMHHHUX
KOMITOHEHTIB Ha SIKICTb M'ICHUX NPOAYKTIB, X OPraHOJENTHYHI XapaKTePUCTUKH Ta
MOXUBHY IIHHICTh. OHUM 13 KJIIFOYOBUX ACIEKTiB TAKWUX JIOCHIHKEHb € TOMIYK CIO-
co0IB 3HIKCHHS KaJIOPIHOCTI Ta KUPOBOTO CKJIAJy KOBOAC, 30epirarodu MpH IbOMY
BUCOKY KIJIBKICTb OUIKIB Ta 1HII Ba)JIUBI AJIS 310POB'S pEUOBUHH.

HayKOBm taki sk IBanoB I. I1., KoBanenko O. M., ta [lerpos B. C., l'[pOBO}:[I/IJII/I
JOCTIDKEHHS IIO0 BIUIMBY POCTHHHHX KOMITOHEHTIB Ha ITOKpAIIEHHS XiMIYHOTO
CKJIaJly Ta 3HWKECHHS €HepreTUYHOI IIIHHOCTI KoBOacHUX BUPOOiB [3; 5]. Bonu miiinum
BHCHOBKY, 10 JIOJIaBaHHsI OBOYEBHX KOMITOHEHTIB, TAKHX SIK OpOKOII, 10 KOBOAC 3HH-
KY€ KaJOPIWHICTh MPOAYKTY, IMiJBUIINYE BMICT aHTHOKCHIAHTIB Ta IHIIMX KOPHUCHUX
PEUYOBHH, 1110 CIIPUSIOTH MOKPAIICHHIO 3arajibHOTO CTaHy 3/10POB's CIIOKUBAYiB.

[pauesa JI. B. BuB4ana MOXIUBICTH 30aradyeHHs] M’SICHUX MPOAYKTIB XapIOBHUMHU
BOJIOKHAMH Ta aHTHOKCHAAHTAMH 3a JOMOMOTOI0 POCIHHHHUX KOMIIOHCHTIB, TAaKUX SIK
OpokoJIi Ta iHIII OBOWI. Ti mocmimkeHHs TTOKa3alTH, 110 OBOYi, 3aB/ISIKH CBOIM TPUPOJI-
HUM BIIACTHBOCTSIM, JIOTIOMAraroTh 3HU3UTH PIiBEHb IIKIIJIMBHUX JKUPIB Ta MOKPAIIUTH
3aCBOIOBaHICTh MPOIYKTY opranizmMom [1].
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Kpim Toro, B pobotax Jlo6poBoabscekoro B. @. mocmimkyBaiocs BUKOPHCTAHHS
OBOYCBUX KOMITOHEHTIB Yy JIETHYHUX M'SCHUX MPOAYKTax JJIsl 30aradeHHs iX BiTa-
MiHaMK Ta MiKpoeneMeHTaMu. Moro D0CiiKeH s MM ATBEPIKYIOTh, 10 J0JABAHHS
TaKHUX OBOYIB, SIK OpOKOJIi, 3HAUHO MiABHINYy€e BMIcT BiTamiHiB C, K i aHTHOKCHIaHTIB
y KIHIIEBOMY MPOJYKTi, MOKPAIIYIOUN HOro (PYHKIIIOHATBHI BIIACTUBOCTI Ta XapuoBY
LiHHICTS [8].

Taxox, dynkin M. C. ta lllenxynos JI. ®. [2] npoBoauiIn AOCHIHKEHHS, CIIPSIMO-
BaHI Ha TONIYK 1HHOBAI[IHHUX TEXHOJIOTIA BHPOOHHUIITBA M'SICHUX MPOAYKTIB 13 BKIIIO-
YEHHSIM OBOYEBUX KOMIIOHEHTIB, 1110 HE TUIbKU 3HIKYE KaJIOPIHHICTb, alie i 3a0e3neuye
Kpally 3aCBOIOBAHICTh KOBOACHUX BHPOOIB Ta MOKPAIICHHS CMAKOBUX XapPAKTECPUCTHUK.

TakuM YMHOM, aHaJTi3 OCTAHHIX JIOCHI/HKEHb BKa3ye Ha Te, 0 BUKOPUCTAHHS POC-
JIMHHOT CUPOBUHH, 30KpeMa OpPOKOJIi, y HOE€AHAHH] 3 M SICOM 1HIUYKH € NEPCIEKTUBHUM
HaMpsSMOM Y po3poOii JieTHIHUX KoBOac. Takuid miIxia JT03BOJISE 3HIKYBATH KaJOpiii-
HICTh TIPOIYKTY, 30epiratouu MpH I-OMY HOT0 BUCOKY Xap4oBY LIHHICTb, IO MiATBEP-
JUKYETbCA JOCTIIKEHHAMHU BITYU3HAHUX Ta 3apyOIKHUX HAYKOBIIIB.

Buxknax ocHoBHOro marepiamay. Po3poOka nieTnanoi KoBOACH 3 BHKOPHCTaHHSIM
M'sica IHAMYIKH Ta OPOKOJII BUMArae JeTalbHOTO BUBYCHHS KOKHOTO KOMIIOHEHTA, HOTO
MOKUBHUX BJIACTHBOCTEH Ta TEXHOJIOTIYHUX XapaKTEepUCTUK. MeToro 1iei poboTu
€ CTBOPEHHSI IIPOAYKTY, SIKUH 3a0e3redyBaB OM BUCOKY XapyoBY IiHHICTh, OyB KOpHC-
HUM JUIsl OpTaHi3My, ajie BOJHOYAC MaB 3HW)KEHUI BMICT KaJIOpil Ta )KupiB [4].

OCHOBHMM M’SICHUM iHTPEAI€HTOM Yy JAHOMY BUIAJKY € M'sico iHau4KkH. Lle onuH i3
HaMOUIBII NOKUBHUX 1 BOAHOYAC MIETUYHUX BUIIB M’sca. [HaMyKa MICTUTH BUCOKUM
piBeHb Oinka — 710 24% y 3aJIe)KHOCTI BiJl YACTHHH TYIII, 10 POOUTH ii YyTOBUM JIKe-
PENIoM IIbOTO MAaKpOEIEMEHTa JUIsl OpraHi3My. Bilnok IHAWYKM MICTUThH yci HEOOXiJgHi
aMIHOKHCIIOTH, SIKI HE CHHTE3YIOThCS B OPraHi3Mi, TOMY OCOOJHMBO BaKJIMBO BKUBATH
el IPOAYKT y parioHi. OKpiM IIbOT0, M'SICO IHAMYKH Ma€ HU3BKUI BMICT KHUPY — IPH-
6mu3Ho 1-2%, 1110 poOUTH OTO ONTUMATIBHUM IS Ai€THUHOTO XapuyBaHHs (Puc. 1).

Binok 1HAMYKHK JIETKO 3aCBOIOETHCS OPTaHi3MOM 1 CIIPHUSE POCTY Ta BiTHOBJICHHIO
M’S130BOi TKAHWUHH, 1[0 POOUTH [EH MPOMYKT BaKIMBUM JUIS JIFONCH, SIKi 3aiiMaroThCs
CIIOPTOM ab0 CTEKaTh 3a CBOEIO (Pi3muHOIO popMmoro. Kpim Toro, M’sco iIHANYKHY € JKe-
pesioM OararboX BaKJIMBHX BITaMIiHIB Ta MiHEpasiB, TakuX SK BiTaminu rpymu B (B6
i B12), siki miATpUMYyIOTh HOPMAIIbHY pOOOTY HEPBOBOI CHCTEMH, a TAKOXK 3aJ1i30, IIHHK
i pocop, 10 € BaXKINBUMHU AJISI KDOBOTBOPEHHS 1 3MIITHEHHS KiCTOK.
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Binku Kupu Byrnesoau BitamiHu  MiHipanu

Puc. 1. Ximiunuii cknao m’sica inOuyku
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OnHUM 13 KIIFOYOBUX IHTPEII€HTIB po3po0IeHol AieTHUHOI KoBOacu € Opokoii. bpo-
KOJIi — II€ OBOY, SIKUH € HaA3BHYAHO KOPUCHUM JIJISI 3I0POB’ ST 3aBISTKH BUCOKOMY BMICTY
BiTaMiHiB, MIHEpaJliB Ta aHTUOKCUJAHTIB. 30KpeMa, OPOKOJIi MICTUTh BEJIMKY KUIbKICTh
Bitaminy C (89,2 mr Ha 100 T IpORyKTY), SIKUH € MOTY>KHUM aHTHOKCHIAHTOM 1 JI0TIO-
Marae 3MIIHIOBATH IMyHHY CHCTEMY, 3aXHIAI04d OpraHi3M BiJl Pi3HUX 3aXBOPIOBAHb.
Oxkpim nporo, 6poxoini 6arara Ha Bitamin K (101,6 mxr Ha 100 1) [7], sikuii Bigirpae
B)XJIMBY POJIb Y MIATPUMIL 30pOB’S KICTOK Ta HOPMaJIbHOT 3ropTaHHs KpoBi (Puc. 2).

Binkun Hupu Byrnesogu  KnitkosBuHa BitamiHn Minepanu
Puc. 2. Ximiunuii cknao 6poxoni

Takox ciiJi BiI3HAYMTH BUCOKUH BMICT KJIITKOBUHH Y OpOKOJII — MPUOIM3HO 2,6 T Ha
100 r mpoxykTy. Xap4oBi BOJOKHA € BaXJIMBUMH U1 HOPMAJIbHOTO (PYyHKIIOHYBaHHS
[ITYHKOBO-KHIIIKOBOTO TPaKTy. BOHM CIIpUSIOTH TOMIIMIICHHIO TPaBICHHS, MOTepeKa-
I0Th 3aKpeNu Ta MATPUMYIOTh 30POBY MIiKpO(MIOpY KHIICUYHHUKA. 3aBISIKH BHCOKOMY
BMICTY KJIITKOBUHH KOBOaca 3 JoJaBaHHSAM OpOKOJIi MaTuMe He JIUIe MPUEMHHUM CMak,
ane i T0ToMoKe HOPMaTi3yBaTH OOMiH PEUOBHH 1 3HU3UTH PU3UK BUHUKHCHHS Ceplie-
BO-CYIMHHUX 3aXBOPIOBaHb. KITITKOBIMHA TaKOXK TOITOMAarae KOHTPOIIOBATH PIBEHB IITFO-
KO3U B KPOBI, [0 POOUTH MPOAYKT KOPUCHHUM JUISL JIFONEH, SIKi CTEKATh 32 PIBHEM LIYKPY
a0o0 CTpaxkJaroTh Ha aiader [4].

Kpim Toro, Opokosi € JukepelioM BaKJIMBUX aHTHOKCHIAHTIB, TAKUX SIK CyJb(popa-
(han, sIKi JONOMArarOTh 3HU3UTH PIBEHb OKCHAATUBHOTO CTPECY B OpPTraHi3Mi Ta 3aXH-
[Ial0Th KJIITUHH BiJl YIIKO/DKeHb. 1[e MOXe CIpHSATH 3MEHIICHHIO PH3HKY PO3BHUTKY
OHKOJIOTIYHHX 3aXBOPIOBaHb Ta MIATPUMIII 3I0POB’S Ha KIIITHHHOMY piBHi. [ToeaHaHHs
M’sica IHIUYKU Ta OPOKOII JO3BOJISIE CTBOPUTH TPOAYKT, IKAH € OJHOYACHO TTOXKUBHUM
1 KOPUCHUM JUTS 3A0POB S, IO € BaKIIMBUM JUISI CY9aCHUX CHIO)KHBAYIB.

XiMIYHUIA CKIIaJ 1HIWYKH Ta OPOKOJIi JTOTIOBHIOIOTE OJUH OJHOTO, CTBOPIOIOYH 1]1e-
aJbHy KOMOiHAIiI0 AJIs JieTHYHOT KoBOacH. [Hauuka 3a0esnedye KoBOacy BUCOKOSKIC-
HUM OUIKOM, KM BaKJIMBHH JIJISI POCTY M S30BO1 MacH Ta BIHOBJICHHS! TKaHUH, TOJI
sIK OpPOKOJTI JI0Za€ BITAMiHH, MiHEpAIH Ta aHTHOKCHUIAHTH, K1 MIOKPAIYIOTh 3arajbHHUMA
CTaH 3/10pOB’sI Ta MiATPUMYIOTh IMYHITET. BaskJIMBO TakoX 3a3HAYUTH, 1[0 OOHBA KOM-
MIOHCHTH € HU3BKOKAJIOPIHHIMH, IO JO3BOJISIE CTBOPUTH MPOIYKT 3 HU3HKUM BMICTOM
SHeprii, aje BUCOKOIO 0i0J0TiYHOIO HiHHICTIO [3].

JlomaTkoBO 10 OCHOBHHX IHTPEIEHTIB — M'sica IHAWYKH Ta OPOKONI — Y penenTypi
JUETHYHOI KOBOACH BUKOPUCTOBYETHCS Psifl JONIOMIKHUX KOMIIOHEHTIB, sIKi 3a0e3rmedy-
I0Th HAJIS)KHY TEKCTYPY Ta CMAKOBI SIKOCTI MPOMyKTy. Hampukiam, st JonaroThes Ui
MOKPAIICHHS TEKCTYPH KOBOACH, OCKUIBKH BOHH € MPUPOIHUM JIXKEPEIIOM E€MYIIbraTo-
PpiB, 1[0 JIOTIOMAraroTh IMOETHYBATH M'SICO Ta POCIUHHI KOMITOHCHTH B OJHOPITHY Macy.
Sl TakoXk € TOJATKOBUM JKEPEIIOM O1JIKa Ta KUPIB, SIKi HEOOX1AH1 Jyist 3a0e3eueHHS
MPaBUILHOI CTPYKTYPU BHPOOY.
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Cinbp BUKOPUCTOBYETHCS JUIS MiJICUIICHHSI CMaKy MPOAYKTY, @ TAKOXK BiAIrpae Bax-
JIMBY pOJIb y 30epeKeHHI KOBOACH MPOTATOM TpUBAIOro Yacy. COHSIITHUKOBA OJIisl JI0/a-
€THCS Y HEBEJIMKHMX KUIBKOCTSX JUIS TIOJIIITIIIEHHST CMAKOBHX SIKOCTEH MPOIYKTY Ta 3a0e3-
MEYCHHS KOBOACH KOPUCHUMHU HEHACHUCHUMH KHUPAMHU, SIKi CIPUSIOTH 3HIKCHHIO PiBHS
XOJIECTEPUHY B KPOBI.

Tabmums 1
Bumoru 10 IKOCTi CHPOBUHM /IJIsI BUTOTOBJIEHHS TIETUYHOI KOBOACH
3 iIHAMYKHU 3 Opoxoi

HajiMenyBaHHSI CHPOBUHH Bumoru 10 iKocTi CHPOBMHHU
M’sco iHauYKH JCTY 4427:2005
Bpoxkoi JACTVY 5030:2008
Siins JACTY 5028 : 2008
Cinb JCTY 3583:2015
OJ1ist COHSALIHUKOBA JACTY 4492:2017

TexXHOJIIOTIYHMIA TIPOIIEC BUTOTOBJICHHS IIETHYHOT KOBOACH 3 1HIMYKH 3 JIOJIaBAaHHIM
OpOKOJII BKJTFOYAE KIJTbKA KITFOUOBHX €TaIliB, SIKi CIIPSMOBaHI Ha 30€peKEeHHS BCIX KOPHC-
HUX BJIACTUBOCTEH 1HIPEAIEHTIB 1 3a0e3MeueHHs HaJeKHOT IKOCTI KiHIIEBOIO MPOAYKTY.
[lepm 3a Bce, M'sICO THIMYKK MiJIAETHCS MOJAPIOHEHHIO 0 HEOOX1IHOT KOHCHUCTEHIII.
OnmHUM 13 BXJIMBUX €TaliB € BUOIp MPAaBUIBHOTO PEKUMY MOAPIOHEHHS, OCKLIBKA
3aHaATO JApiOHa a00 3aHaATO BenuKa (hpakilisi M'sica MOJKE HEraTUBHO BIUVIMHYTH Ha TEK-
CTYypy KoBOAacH.

Bpoxkoni nepen ogaBaHHSIM 0 KOBOACH IIPOXOAUTH MPOIiec OIaHIIyBaHHS IS 30e-
pEeKeHHS HOT0o MOKMBHUX BIACTUBOCTEH 1 TOMIMIIIEHHS OPTaHOJIENTUYHUX XapaKTepHucC-
TuK. [licns OnaHIryBaHHS OPOKOIIi TAKOXK MOJPIOHIOETHCS IO HEOOX1HOT KOHCHCTEHITIT.
[TotiM nmoapiOHEH1 iHrpeiEHTH 3MILIYIOThCS Pa3oM 3 SUISIMH, CIJUTIO Ta IHIIUMH 100aB-
KaMU JIJIsl CTBOPEHHS OJTHOPITHOT MacH.

OjHI€10 3 BAXJIMBUX CKIIAJ0BUX MPOIIECY € TepMiuHa 00poOKa KOBOACH, sIKa TOBUHHA
OyTH BHKOHAHA TaKUM YHMHOM, 11100 HE BTPAaTUTHU KOPHCHI PEUYOBHHU OpOKoOIi Ta 30e-
pErTu HOKHY TeKCTypy M'sica iHIuYKH. TepmiuHa 00poOKa MOBHHHA MTPOBOJIUTHUCS MTPH
MOMIPHHX TeMIIEpaTypax Julsl 3aro0iraHHs pyHHYBaHHIO BITAMIHIB Ta 1HITUX Yy TIUBUX
JI0 TEMIIEpaTypy PEUOBHH.

TakuM 9MHOM, IPABUIBHO MiiOpaHi IHTPEIIEHTH Ta TEXHOJIOTIYHI IIPOIECH JT03BO-
JISTFOTh CTBOPHUTH JIETHYHY KOBOACY 3 1HAMYKH 3 JIOJAaBAaHHIM OPOKOJI, siIKa BiIOBIA€E
BUMOT'aM Cy4aCHOTO 3JI0POBOTO Xap4yBaHH

BucnoBku. B xomi gociipkeHHs: OyJI0 BCTAHOBJIICHO, IO JIOJABaHHS OPOKOII 10
JUETHYHOI KOBOACH 3 1HAWYKH JIO3BOJIIE 3HAYHO 3HU3UTH KaJOPIHHICTH MPOAYKTY Ta
MiABUIIUTH HOTO XapuoBy LiHHICTh. Taka koBOaca Moxe OyTH PEKOMEHI0BaHa AK IJisi
TOJIeH, K1 TOTPUMYIOTBCS 3JI0POBOTO CIIOCOOY KHUTTS, TaK 1 JJIsl TUX, XTO MparHe 3HU-
3WUTH CIIOKUBAHHS KAJIOPiil Ta HACHUCHHX XHUPiB. BUKOpHCTaHHS pOCIHMHHOI CHPOBUHH
B MOEHAHHI 3 M'SICOM 1HIMYKH BiIKPUBAE HOBI MOXKJIMBOCTI JIJIsS CTBOPEHHSI KOPUCHHUX
1 CMAQUHHX MPOIYKTIB XapayBaHHS.
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B cmammi nasedeno pezynvmamu 00CaioxHcenb w000 YOOCKOHANEHHS MEXHON02i] XON0OHUX
3aKYCOK Ma NOKPAWEeHHs iX peyenmypHo2o CK1aoy.

OckinbKu npu weUOKOMy pOSWUPEHHI PUHKY NOCTY2 PECIOPAHHO20 20CN00apCmed 3 s6s-
emubcsi 6ce Oinble 3anumie K 6i0 8i08i0Y8auie 3aK1adis, K POFUUPEHHS ACOPMUMEHMY NPOOYKYT,
cmpasu, wo 6 8i0N08idaU KOHYEnmy 300p06020 Xapuy8anHs ma 3a00801bHANU NOMPeOU opea-
HI3MY Y NOJICUBHUX PEUOBUHAX, MAK 1 810 GIACHUKIG 3aK1A0I8 PECOPAHHO20 20CHOO0APCMEA, 1O
XOUyms 3a00801bHUMU NOMpedU 20Cmetl, npu YbOMy MaAmu MOXCIUBICIb POSWUPUMU ACOPMU-
MeHm cmpagam, wo € OOCMYNHUMU, YHIBEPCATLHUMU, MOJICYMb 30epicamucs mpueanuil MmepmiH.

Tomy y 00Cni0HCEHHAX BUKOPUCTNOBYBANU KIACUYHY PeYenmypy XyMycy i3 MAaxiHO8010 ACMOI0
LU0 0y1a 0bpana K edce 00CUmMb YHIBEPCAlbHA peyenmypd, 00 Kompoi 000asaiu iHHOBAYIliHI
inepedicumu, a came 0OAINUX08Y OO, BUCIEKU KOHONISAHI MA JUISIHL.

Byno obrpynmogano doyinbHicme ix GUKOPUCMAHHSA OIS BUPIUEHHS GUABTICHUX NPOOIEM, @ MOY-
HOCHI, NOKPAWEHHsL XIMIUHO2O CKAAOY, 30LIbUeHHsT MEPMIHI6 MA NOKPAUeHHS SIKOCMI 20MO80L
NPOOYKYIi, BUSHAUEHO NOJMCUBHY MA OION02IUHY YIHHICMb YOOCKOHANEHOT peyennypu Xymycy.

Yoockonanenns xknacuunoi peyenmypu Xymycy 3 maxinoeoro nacmoio, WIAXOM GHECEHHs
Kynasicy obninuxosoi ma onuexkoeoi oniu, y cniegionowenHi 50:50, 8i0onogiono ma cymiwiiiro
KOHONJIAHUX MA JUISIHUX BUCIBOK, Y KinbKocmax 25 na 75% 6i0nosiono, 003601u10 NOKpawjumu
NOJICUBHY, 30KpeMa 3a paxyHoK 30invuenHs Oinkie 0o 18,9% ma xknimkosunu 0o 10,1% i 6io-
JI02IUHY YIHHICTb, NOKPAUWUIMIL HCUDHO-KUCIOMHO20 CKAA0, 30iMbuumu 6Micm 6imaminie ma
MIHEPANbHUX PeHOBUH. BHecenHs 6 peyenmypy cymiuti KOHORIAHUX MA JAHUX 6UCIBOK NOKDPAU[YE
MeKCmypy, 00NOMa2aiomv Ympumyeamu 60102y ma oaiio, Wo CNpuse NOKPAuWenHI0 Cmiukocmi
oucnepcHoi cucmemu nio uac 30epicanHsi.

Taxooic npedcmasnena peyenmypa, ocoonu8oCmi mexHono02ii 6upodHuUYmMea ma pekomeHoayii
U000 OP2AHONENMUYHUX NOKAZHUKIG AKOCMI pO3pobNeHol IHHO8ayitiHOT cmpasu «Xymyc i3 maxi-
HOB010 NACMOIO0 3 CYMILUULIO ONliLl A BUCIBOKY.

Knrwwuogi cnoea: mexnonoeis, xon00Hi 3aKyCKu, Xymyc, iHHO8ayis, 0ONINuUx08a onis, KOHO-
NIAHI Ma JAAHI 6UCIGKU.

Pavlyuchenko O. S., Hanziy O. O. Improvement of the assortment of cold appetizers based
on plant-based ingredients for restaurant enterprises

The article presents research results on improving cold snack technology and enhancing their
recipe composition.

As the restaurant service market rapidly expands, there is a growing demand both from customers—
who seek a broader selection of dishes that align with healthy eating concepts and satisfy their
nutritional needs—and from restaurant owners, who want to meet guests' needs while also expanding
their menu with accessible, versatile dishes that can be stored for an extended period.

The study used a classic hummus recipe with tahini as a base, chosen for its universality,
and added innovative ingredients, specifically sea buckthorn oil, hemp bran, and flax bran. The
feasibility of these ingredients was substantiated for addressing identified issues, particularly
enhancing the chemical composition, extending shelf life, and improving the final product's
quality. The study also assessed the nutritional and biological value of the enhanced hummus
recipe.
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Improving the classic hummus recipe with tahini through the addition of a blend of sea
buckthorn and olive oils in a 50:50 ratio and a mix of hemp and flax bran at 25% to 75%,
respectively, increased its nutritional value by boosting protein to 18.9% and fiber to 10.1%.
It also improved the biological value by enhancing the fatty acid composition and increasing
vitamin and mineral content. Adding hemp and flax bran enhanced the texture and helped retain
moisture and oil, which contributed to improved stability of the dispersed system during storage.

The article also provides the recipe, production technology specifics, and recommendations
regarding the organoleptic quality indicators of the newly developed innovative dish, "Hummus
with Tahini, Oil Blend, and Bran Mixture."

Key words: technology, cold appetizers, hummus, innovation, sea buckthorn oil, hemp and
flax bran.

IHocTanoBka npodiemu. B ymMoBax >KOpcTKOi KOHKYpEHII1 cepell 3aKIafiB pecTo-
PaHHOTO TOCIOJIAPCTBA 3’ ABJSETHCS BCE OLIbIIE 3aMMUTIB, SIK Bijl Bi/IBilyBadiB 3aKJIa/iB,
IOJI0 PO3MIUPEHHS ACOPTUMEHTY KyJiHApHOI MPOIYKIIii, sika O BiMOBigaIa KOHIICTITY
3JJ0POBOTO XapuyBaHHSA, 33J0BOJIbHSIIA TOTPEOU OpPraHizMy y MOKUBHUX PEUYOBHHAX Ta
MaJia BUCOKI OpTaHOJICTITHYHI MOKa3HUKH SKOCTI, TaK 1 BiJI BIACHHUKIB 3aKIIa/IiB PecTO-
PaHHOTO TOCIONAPCTBA, IO XOUYTh 3aJ0BOJLHUTH MMOTPEOH TOCTEH, IPH EOMY MaTH
MOYJIUBICTh PO3MIMPUTH ACOPTUMEHT MPOAYKIIii, 1110 € JOCTYIHOI0, YHIBEPCAILHOIO Ta
Moye 30epiraTucs OiIbII TPUBAIHIA TEPMiH 30epiraHHs.

Tomy KITACHYHY TEXHOJIOTIIO XOJIOAHOI 3aKYCKH, IO BXKE € JTOCHTh yHiBepcanLHOIo
(sSIK camMOCTiiHOO, TaK 1 JOMOBHEHHSM [0 1Hu101) Ha npuma):u Xymycy 3 TaxiHOIO
MaCTOr0, BAPTO MOKPAITHTH 1 3 00Ky O10JIOTIYHOT IIHHOCTI, 1 MOXKIIUBOCTI 30epiraHHs,
TOOTO, CTIHKICTh CUCTEMH, JJIsl AOCKOHAJICHHS 11 YHIBEPCATBHOCTI.

MeTa q0c/IizkeHHS. YIOCKOHAJICHHS! aCOPTUMEHTY Ta TEXHOJIOTIT XOJIOIHHX 3aKy-
COK Ha OCHOBI POCJIMHHOI CUPOBUHH, 30KpeMa XyMYCIB.

AHaJti3 ocTaHHIX TocTiTKeHb i myOaikaniii. HuHi Ha pHHKY pecTOpaHHOTO TOCIIO-
JapcTBa YKpaiHu ONMM3bKOCXigHA KyXHs HAOupae Bce OLIBIIOT MOMyISIPHOCTI.

XyMyc — X0JI0/IHA 3aKyCKa OJIM3bKOCX1THOT KyXHi, SIKa € JIOCTaTHhO MOMYJISIPHOKO, ITPO-
CTa y IPUrOTYBaHHI, CKJIaJa€ThCs 3 HATYPAJIbHUX IHIPEIIEHTIB POCIUHHOTO MTOXOKEHHS,
MIPY 1IbOMY, XapaKTePU3YETHCS MPUEMHUMH, HETPAUIIIMHUMH JJ1s1 YKPAiHCHKOTO CTIOMKH-
Baya, CMAaKOBUMH BJIACTUBOCTSIMH, KOPHCHICTIO Ta YHIBEPCAIIBHICTIO, aJKEe MOYKE TI0/1aBa-
THUCS SIK CAMOCTIil{Ha XOJIO/IHA 3aKyCKa, COyc, 3allpaBKa J10 CTpaB ado CIpes.

Huni npoBomuThCst JOCUTH 0araTo T0CHIHKEHB 1010 PO3MIMPEHHS aCOPTUMEHTY Ta
VIOCKOHAJICHHS TEXHOJIOTII ioro BUpoOHMITBA. [0 puKkiamy, B YKpaiHi MpamiBHUKH
KoMIaHii 3 BupoOHuiTBa npoaykuii 3 HyTy @OIT « {umbanicT» cTBOpUIM IHHOBALIHHY
MPOAYKIII0 — ACTiApOBaHUHN Xymyc «Xymyc-cHekn TM Frango», 1mo € eHepreTuaHo
IIHHUM MTPOJYKTOM Ta He MOTpedye CremiaabHiX YMOB 30epiranss [1].

KonekTiBoM HayKOBLIB pO3pOOIeHO TeXHOJOrI0 Xymycy «I[apOy3oBuid» 3 BUKOPHC-
tansiM THERMOMIX. O’I‘pI/IMaHI/II/I XYMYC XapaKTepU3yeThCsl MOKPAICHUM BiTaMiHHIM
CKJIJIOM, ITiIBUIIICHOIO TIO)KUBHOIO ITiHHICTIO, Kparmmi SIKICHIIMU TTOKa3HUKAMH Ta BOJIOIIE
BUpaXXEHUMH (DYHKIIIOHATEHUMH BIACTHBOCTSAMH B MOPIBHSIHHI 3 KJIIACUYHOIO CTPaBolo [2].

Takox IPOBOJAUTHCS OaraTo JOCIIKEHB M0JI0 YOCKOHATICHHS TEXHOJIOTIT XyMyCy
y BUIIUX HABYANBHHUX 3aKiIajax, 30KpeMa Ha Kadeapi TEeXHONOTiH pecTopaHHOI Ta
atopBenuuHoi nponykuii y HYXT nin xepiBaunteom mpod. @ponosoi H.E. npoBoau-
JIUCh JOCIIKSHHS I10JI0 MOKIIMBOCTI PO3IIMPEHHS AF0OPBEAMYHOT MPOAYKIIT 3 TPUPOI-
HUMH POCITUHHUMU JpKepenamu [3].

ExcrniepuMeHTanbHO MiATBEPIKEHO JOIIIBHICT BAKOPUCTAHHS XYyMYCY B TEXHOJIO-
rii M’sicHUX pyneTiB. BHecenns xymycy B kinmbkocTi 10%, 103BOJIsSE OTPUMATH TOTOBY
MPOIYKIIIO MOKPAIEHOT TOYKUBHOT IIIHHOCTI, 30araueHy BiTaMiHAMHU Ta MiHEpaIbHUMU
pEeYOBHHAMHU, OUTBII COKOBUTOI TEKCTYPH Ta HOBUMH CMaKOBUMH BIACTUBOCTIMH [4].
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Bukian ocHoBHOro marepiany. Slk 0a3oBy pelentypy XOJOIHOI 3aKyCKH OyIio
00paHO KITaCHYHY PEIEnTypy XyMyca 3 TAXIHOBOIO MacToo (Tadmuir 1).

Tabmuis 1
KaacuuHna penentypa xymyca 3 TaXiHOBOIO NacToIo [5]

Burparu cupoBunu B 1 Ha
Ne 1 kr roroBoi npoaykuii TexHos0riYHI BUMOTH
CupoBuHa .
3/m J0 SIKOCTi CHPOBHHH
BpyrtTo, T Herro, r
1 |Hyr 240 544* JACTY6019:2008
2 |Iacra TaxiHi 250 250 ISO 22000:2007
3 |YacHuk 5 3 JICTY 3233-95
4 | JIumoHHMH ciK 25 25 JCTY ESK OOH FFV-14:2007
5 | OnuBkoBa oist 160 160 JICTY5065:2008
6 |Cinp 4 4 JACTVY 3583:2015
7 |Hlepeus Hopruii 3 3 ISO 959-1(2):2008
MeJeHU I
8 |IMampuka menena 4 4 1S0972:2008
Buxin 1000

[Tpumitka: * — Maca BiZIBApEHOTO HYTY.

Po3pobneno QyHKIiOHANTBHY CXeMy BUPOOHMITBA 3aKYCKH «XyMYyC 3 TaXiHOBOIO
macTor» (puc. 1), Mo CKIAAAETHCS 3 €TaliB: MiATOTOBKH CHPOBHHU, MEXaHIYHOT KyITi-
HApHOI OOpOOKH; 3aMOYyBaHHS Ta BapiHHS HYTY; O€3IIOCEPENHBOrO MPUTOTYBAHHS
3aKyCKH; TIOPLIOHYBaHHS Ta 0()OPMIIEHHS FTOTOBOTO XyMYyCYy.

Hyr 3amouyrore Ha 2...3 TOm, a TOTIM Bapsath npu Temreparypi 100°C
1,5...2 roauHu, crenii mpocCiro0Th KPi3b CHTO, Y4CHUK OYHIIYIOTh, 3 THUMOHA BHYABIIIO-
0T CiK.

(am [ reren ) ) e )it )0 )t ) )

L1 ] | | |

’ Tpocitosanns d=107 u ‘ 3amouysants ’ MKO H MKO ‘
Z.I.3 ron

Bapinus BruapiroBaHHs
t=100°C; COKY

=(90...120)x6

B ’ 3minryBaHHs "—
|

’ ITepebuBanns 6ienaepoM t=(3...5)x60c ‘

«XyMmyc i3 TaxiHo10»
W= 65-70%

’ OdopmiteHHs Ta peatizaitist ‘

Puc. 1. @ynxyionanvha cxema supobHUYMEA 3aKyCKU XymMyc i3 maxinoio
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[Tincucrema B Bkitouae B cebe came MPUTOTYBAaHHS 3aKyCKH, a caMe, 3MIIIyBaHHS
pelenTypHUX THIPEIIEHTIB Ta IepeOuBaHH 1X y OJeHaepi.

[Migcucrema A «OdopmiteHHs Ta peaiizallisi X0J0AHOI 3aKyCKH» BKJIIOYA€E B cede
MpoIIeC MOPIIOHYBaHHS, 0(OPMIICHHS TOTOBOTO XyMYCY, BUKJIQJIAHHS Ta MPUKPAIIaHHs
Ha Tapiii. Buxojaom mijcucTeMu € TOTOBa 3aKycka «XyMyC 13 TaXiHOBOKO TaCTOIO»
oopmIteHa Ta TOTOBA 10 CLIOKUBAHHS.

KonTponpHuil 3pa3zok — Xymyc 3 TaxiHoBoio macrtoro. lle momidasna aucmepcHa
CUCTEMa, OCKIJIbKH Mae 0araro CKJIaJoBHX. TakoX CHCTEMa € MIKTPOreTepOTreHHOIO,
a came 1ie cycreHnsis. Lle BiibHOgMCTIEpCHA cCHCTEMA.

bazoBa mpomyxkitisi, TOOTO XyMyc i3 TaxiHOBOIO MACTOI0, Ma€ JIOCUTh 0arato Kopuc-
HUX BIIACTHBOCTEH JJIsl OpraHi3My Ta ITepeBar, ajie € 1 KiIbKa HEeJIOMIKIB, 1110 BapTi YBary.

omo cTpyKTypH, MPOOIEMH MOXKYTh OyTH 13 KOHCHCTEHIIIEI0, TaK SIK XyMYC 4acTO
MOYK€ MaTH HEOIHOPIAHY CTPYKTYPY, 10 MOXKE BIUIMHYTH Ha CIIPUAHSATTS CIIOKHBAUCM.
HanmipHo rycTuii a00, HaBITaKH, PiIKUH XyMyC MOXE HE BIIIOBIIaTH OYiKyBaHHSM.

Le Mmoxxe OyTH BUKIMKAHO HEBiIIOBITHUM CITiBB1IHOIIEHHSIM OCHOBHHUX 1HTpE/li€H-
TiB, TAKUX SIK HYT Ta OJIMBKOBA OIisl. Ta TeKCTyporo, ake, Ko HYT He OyB JIOCTaTHBO
no0pe MiATOTOBICHUH (HAIPUKIIA[, HEJOCTAaTHRO MMPOBAPEHHN ), 1€ MOYKE TIPU3BECTH JI0
Oisb1I rpy0O0i TEKCTYPU TOTOBOTO XYMYCY.

Hlomo iHmMX MpoOIEMHUX TOYOK y TEXHOJOTIi XyMycCy 3 TaxiHOBOIO NACTOI0, 1€
MOXYTb OyTH:

1. HasBHICTb aJiepreHiB Ta BUCOKHUM BMICT >kupiB: Xoda TaxiHOBA IacTa € JKepe-
JIOM 3HAa4YHOT KUTBKOCTI OCHOBHHMX HYTPIEHTIB Ta O10JIOTIYHO aKTUBHUX PEYOBHH, BOHA
€ aJIePreHOM, a TAKOXK 3HAYHO MIIBUIILY€E 3aTaTbHUI BMICT )KHUpPY B TOTOBIN IPOIYKIIIi.

2. HemocrarHiii BMICT JESIKUX MIKPOEJIEMEHTIB: X04a XyMyC € TapHUM JIKEPEIOM
OlJIKa 1 KJIITKOBHHH, BiH MOX€ MaTH HEJJOCTaTHIM BMICT JISSIKUX BITaMiHIB 1 MiHEpaiB,
TaKKX [K BiTaMiH B ,, KanbLii Ta 3a1i30.

3. O6mexeHi TepMiHU 30epiranHsa: XyMyc Ma€ BiIHOCHO KOPOTKUH TepMiH 30epi-
TaHHS HaBiTh B OXOJIOJKEHOMY cTaHi (+2...+6°C). Lle moB'sa3aHO 3 BUCOKUM BMiCTOM
BOJTY 1 HASBHICTIO CBIKMX IHTPETI€HTIB, SIKi IIBUIKO ICYFOTHCS.

Tabnur 2
Ximiunuii ckiajx Ta oiosoriuna ninuicts 100 rpamis 06JinuxoBoi oii [7]
IMoka3zuuk 3HaYeHHs
Kupu, r 99,8
Byrnesonn, 0
Binku, r 0
KanopiitHicTh, KKa 900
Biramin E, mr 160...260 (70 1700% Eg; ﬁ;I;OMeH)JOBaHOI J1000BOT
Biramin K, wir 100...110 (125-140% Bin pekoMeH10BaHOT 1000BOT
HOPMH)
Biramin A, mr (6eTa-kapoTHH) 30...50
Bitamin C, mr 168
Owmera-3 KUpHI KACIOTH, T 1...2
Owmera-6 )XUpHi KHCIOTH, T 30...35
Owmera-7 >KUpHI KACIOTH, T 30-35

Owmera-9 »XupHi KHCIOTH, T 20-24
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ITpoananizyBaBIIM yci HEAOMIKK OyJI0 MPUHHATE PILICHHS MIPAIIOBATH HaJa TOKpa-
IICHHSAM XIMIYHOTO CKJIaJy Ta MOKUBHOT IIIHHOCTI, & TAKOK MOJAOBKEHHSIM TEPMIiHIB Ta
Oe3rieku 30epiraHHs NMUISIXOM JIOJIaBaHHS OPraHIYHUX 1HHOBAIIMHUX 1HTPEMIE€HTIB, 110
Oynu 6 TOCTYITHUMU Ta JOCUTh OITUPEHUMH, TPOCTUMH JIJISI CHIPUHHSTTS CIIOKHBAYCM.

Omxe, ISl BHpPIIIEHHS MPOOJIEeM Yy BUTOTOBJICHHI Ta peaizaiii 3aKyCKH «XyMyc
3 TaxiHOBOIO MMACTOIO» MK 00paiu 3 IHTpeieHTa, IO JOTIOBHATH OCHOBHY PEICTITYY.

OO6minuxoBa oJisl € BUCOKOKAJIOPIHHIM MPOAYKTOM 3 BUCOKMM BMICTOM MONiHCHA-
CUYCHUX )KHUPHHUX KHCIIOT, 0COOINBO: JTHONIEBOKO (18:2m-6) Ta siHoneHoBoo (18:3m-3),
YMICT KuX 3a3Bu4ait cranoBUTH 30—40 1 20—35% BignosigHo [6], 1110 poOUTS 11 IHHUM
JIOTIOBHEHHSM JI0 panioHy. BoHa € mpupomHiM aHTHOKCHAAHTOM. XIMIYHHN CKIax Ta
0ioJIoriuHa iHHICTE OOIIIUXOBOT 011 HaBeAEeHO B Ta0II. 3.

Tabmuig 3
Ximiunuii ckiaaa Ta 6ionoriuna nindicrs 100 rpamiB BuciBok koHomi [8]
IMoka3HuK 3HauyeHHs

Binku, r 35,0
Kupu, r 15,0
Byresoau, r 45,0
KritkoBuHa, T 25,0
KanopiitHicTh, KKa 380
Bitaminamii ckian:
Biramin E, mr 0,8 (5% Bix pexoMeH10BaHOT 1000BOT HOPMH)
Biramin B, mr 1,3 (87% Bix pekoMeHI0BaHOT T0OOBOT HOPMH)
Biramin B,, mr 0,3 (17% Big pekOMEHIOBaHOI JOO0BOi HOPMH)
Biramin B,, mr 10 (50% Bix pekoMeHAOBaHOI T0O0BOi HOPMM)
Biramin B, Mmr 0,3 (15% Bix pexoMeHIOBaHOI J0O0BOi HOPMH)
MiHepanbHAN CKIIAJ, MT:
Marnii 700 (175% Bixg pekoMeHAOBaHOI T0OOBOI HOPMH)
Docdop 1100 (157% Bin pexoMeH10BaHOI 1000BOT HOPMH)
Kamiit 900 (25% Bin pekoMeHI0BaHOT TOOOBOT HOPMH )
3aizo 10 (56% Big pexoMeHJ0BaHOT JOOOBOT HOPMH)
Huuk 7 (47% Bix pekoMeHI0BaHO1 1000BOT HOPMH)

B iHHOBaNiiHI# penenTtypi oOIIIIX0Ba OJisl 3irpae POk MPUPOIHOTO KOHCEPBAHTA,
1110 CIPUATUME NTOJJOBKEHHIO TePMiHy 30epiraHHs, a TAKoXk MOKPAIIUTh XIMIYHUH CKIIaj
Ta O10JIOTIYHY I[IHHICTH TOTOBOTO XyMYCY.

KoHOIUISIHI BUCIBKH € KOHIIEHTPOBAHHM JKEPEIIOM KITITKOBUHH, MICTSATh BUCOKUHN
BMICT 3aJ1i3a, MarHio, UueKy, Gpocdopy Ta Bitaminy B, Ta B,. Ximiunuii ckiaj ta 6io-
JIOT1YHY LIHHICTh BUCIBOK KOHOILII HaBEACHO y TalI. 4.

KoHOIUTSIHI BHUCIBKH CHPHUSIOTH OYUINEHHIO Ta O3IOPOBICHHIO OPraHi3My, OMOJIO-
JOKCHHIO IIKipU. € aHTHOKCHUAAHTOM, BUBOJATH PaJiOHYKIIAM, MOOUTI3YIOTh 3aXUCHI
CWJIM OpTaHi3My, iIBHIIYIOTh OMIPHICTH 10 XBOPOO. YIIOBIIBHIOKOTH MPOIIECH CTAPIHHS
Ta MOKPAIIyOTh CTaH IMyHHOI CUCTEMH 1 HaBITh MaM’sATh [9].

JInsHi BUCIBKY € BIAMIHHUM JKEepeioM anb(a-niHoiaeHoBoi kucnotu (ALA), Garari
Ha JIITHAaHW, SKi MalOTh aHTHOKCHIAHTHI Ta MPOTUPAKOBI BIACTUBOCTI, MOMIIMIIYIOTh
pOoOOTY IIIYHKY Ta MPOIEC TPaBIeHHs. XIMIYHUN CKJIaj] Ta O10J0TIUHY IIHHICH JUITHUX
BHCIBOK HaBEJICHO y TalI. 5.
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Sk 6GaurmMo 3 TaONUITE 13 XIMIYHUM CKIIaJI0M 00paHuX iHrpesieHTiB (Tabm. 3, 4 ta 5)
BCl BOHM MArOTh PI3HUI XIMIYHHAN CKJIaJ] Ta JOCHTH IMPOKHUN HAOIp BITAMIiHIB Ta MiHe-
paiiB, 110 JOMOBHATH KJIACUYHY PELENTYpy Ta YPi3SHOMAHITHATS ii XIMIUHUH CKJaja Ta
6i0JIOTiUHY I[iHHICTb.

Xap4oBi BOJIOKHA, SIKI MICTATHCS Y KOHOTUITHUX 1 JUITHUX BHUCIBKAaX XapaKTepH3Yy-
I0ThCSI HACTYITHUMU (PyHKIIIOHATbHUMH BIIACTHBOCTSIMHU:

— BUCOKa 3B's13yl04a i BOIOyTpuMyro4a 31atHicts — 1:3...1:7;

— e()eKTUBHHMIA 3aT'yCHUK;

— 3HW)KYE MITPaLilo BOJIOTH 13 HAUMHKHU B IPOJYKT;

— nob6pwuii crabdinizarop;

— HAJIa€ CUTIKICTh CyMilllaMm;

- 36araqye MPOAYKTU JOAATKOBHUMU PEYOBUHAMMU,

—3HIKY€ CHEPTeTUYHY IIHHICTb.

Tabmuus 4
Ximiunuii ckiaan Ta oiosoriuna uinxicts 100 rpamiB BuciBok abonHYy [8]
Ioka3Huk 3HavyeHHsA
Binku, v 20,0
Kupu, r 45,0
Byrnesoau, r 30,0
KnitkoBuHa, T 28,0
KamnopiitaicTs, KKan 534

BitaMiHHMI CKJIa, MT:

Biramin E

Biramin B, (Tiamin)

Birawmin B,

0,31 (2% Bizx pexomMeH10BaHOi 1000BOT HOPMH)
1,64 (109% Bix pekoMeHI0BaHOT 100OBOT HOPMH)
0,47 (23% Bix pekoMeHI0BaHOI J0O0BOT HOPMH)

MiHepaibHU CKIIaj, Mr:

Maruii
dochop
Kamit
3ami3o
Kanpmiit

392 (98% Bin pekoMeHI0BaHOT T0OOBOT HOPMH )

642 (92% Bin pekoMeH0BaHOI 10O0BOT HOPMN)

813 (23% Bix pexoMeHI0BaHOT TOOOBOT HOPMH )

5,73 (32% Bix pexoMeHA0BaHOI T000BOi HOPMN)
255 (26% Bin pekOMEHIOBAHOT HOPMH)

Tabmnuug 5

TeopernyHe 00IPYHTYBAHHA BUOOPY iHHOBAUiHHUX iHIpeieHTIB 1A
YAOCKOHAJIEHHSI 200 po3p00JieHHsI HOBOI TeXHOJIOT Il

InnoBauniiinmii
iHrpegienT

DOYHKUIOHAJBHO-TEXHOJIOTYHA
POJIb B TeXHOJIOTii BUPOOHHMIITBA
NPOayKIii

®diziosoriuyHa posas

O0ninuxoBa oist

30ara4eHHs XIMIYHOTO CKJIaLTy,
TTOJTOBXKEHHS TePMiHIB 30epiraHHs.

30araueHHs BiTaMiHHOIO

CKJIaJly CTPaBH, CMAKOBUMH,
ApPOMaTHYHUMH BJIIACTHBOCTSIMH,
MIOJIOBXKEHHSI TEPMiHY 30€piraHHsi.

Xap4oBi BOJIOKHA
(BUCIBKH)
KOHOILTI

IToxpareHHsT KOHCHCTEHITIT,
MTOJIOBXKEHHS TEPMiHIB 30epiraHHs,
30aradeHHs XiIMIYHOTO CKJIa Ty

36aradyeHHs MOKUBHOT
Ta 010JIOTYHOI LIIHHOCTI,
MOKPAIIICHHS KOHCUCTCHIII

Xap4oBi BOJIOKHA
(BUCIBKH) JTHOHY

IToxpareHHsT KOHCHCTEHITIT,
MTOJIOBXKEHHS TEPMiHIB 30epiraHHs,
30aradeHHs XiIMIYHOTO CKJIaJLy

36aradeHHs MOKUBHOT
Ta 010JIOTYHOI LIHHOCTI,
MOKPAIIICHHS KOHCUCTCHIII
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— MOXYTb OyTH HEpO3UHHHI Yy BOJ1 i XHpi, TEPMOCTAOIIBHI, BOJIOJIIOTE aAre3i€ro,
HEHTPAIBHICTIO CMaKy H 3araxy.

JertanpHimie npo poiib iIHHOBAIIHUX IHIPEMI€HTIB HABEICHO y Tabmui 6.

OTxe, BUKOPUCTAHHS JIaHUX IHTPEieHTIB (Tabn. 6) y CKiali XyMyCiB CIPHATHME:
0O0JTINIXOBA OJTisl — JUTS 30aradeHHs XIMITHOTO CKJIA Ty, 30epEKEHHS SKOCTI Ta MOIOBKCHHS
TEpPMiHIB 30epiraHHsI; BUCIBKH KOHOIUISHI, JUITHI — JUTS TOJOBXKEHHS TEPMiHIB 30epiraHHsl
Ta 30arayeHHs XapuOBIMH BOJOKHAMH Ta TIOKPAIICHHS 010JI0T1YHOT IIHHOCTI.

OfHUM 3 OCHOBHHX ITOKa3HUKIB XyMYCIB SIK JHCIIEPCHOI CUCTEMH € ii 37aTHICTb
MaKCHUMaJIbHO 30epirat CBiil ckiiaJ He3MIHHUM, KOJIM KOHIIEHTpallis TUCIepcHOi (a3zu
1 PO3IOJILT YaCTOK 32 PO3MipaMHK 3aJIUIIAIOTHCS MOCTIHHUMY B Yaci.

JlocmipKkeHHsT CeTUMEHTAIIHHOT 3IaTHOCTI MOJETBHUX CHCTEM XyMYCIB 3IIHCHIO-
BaJIM METOJIOM IIEHTpU(YryBaHHs MPOoTsaroM 30 XBUIUH. 30BHILIHIA BUIVIS TOCITITHUX
3pasKiB micis MeHTpu(yryBaHHs HaBeIEHO Ha puC. 2.

a) 0) B) T)

KontponbHuit 3pasok 3pasok xymycy 3 3pa3sok Xymycy 3 TaxiHOBOIO 3pasok xymycy 3

Xymycy 3 TaxiHOBOIO TaxiHOBOIO MACTOO Ta TacTOK 3 10JaBaHHAM TaXiHOBOIO MACTOIO 3
MacToio cyMilui BUCIBOK (6%) oGminuxosoi oxii (100%) JI0/1aBaHHAM CyMilmi
OJIMBKOBOI1 Ta
001inMX0BOI Ot TA
cymimi BUCIBOK
Puc. 2. 306niwniil 6ueisio MOOeNbHUX 3PA3KIE
nicis yeHmpughyy8anHsi

SIK BUJTHO 3 PUCYHKY 2, BHECEHHS CyMIllll BUCIBOK IIO3UTHBHO BIUTHBAE HA CTIHKICTh
cucTeMH. BimapoByBaHHS Ol y JOCTITHUX 3pa3kax, 32 PaxXyHOK BHCIBOK, IIOMITHO
3MEHIIMIOCH B 3pa3kax 0 Ta I' MOPIBHSHO i3 KOHTPOJIEM.

IloBHa 3amiHa OMMBKOBOI OJii HAa OOJINMMXOBY HE JO3BOJISE 3a0€3MEUUTH CTAOIIb-
HICTh CHCTEMH, CITOCTEPITaeThCs 3HAYHE BiAIIapyBaHHs ouii (puc. 2B). B xoni excriepu-
MEHTaJbHUX JIOCIIIKEHb BCTAHOBJIEHO, IO B PEIETITYPi XyMICIB 3 TaXiHOBOIO MACTOIO,
30arayeHor0 1HHOBAIIMHUMHU 1HIPEIIEHTaMH ONTHUMAIbHUM CITiBBiTHOLICHHS O €:
oJIMBKOBa: o0minuxoBa ojis — 50:50 BiamosigHo. JlaHe CIiBBIAHOIICHHS OJIifl Ta BHe-
CEeHHs CyMillll BUCIBOK 3a0e3medye HeoOXiJHy CTaOlIbHICTE CUCTeMH (pHC. 2T).

OyHKIIOHABHI BIACTUBOCTI 1HHOBAIIMHUX 1HTPEIIEHTIB M00pe MiIXOASTH IS
BUPIIICHHS TOCTABICHUX 3a71a4.

Tabnuus 6
Penentypu MoeJbHUX CHCTeM XyMYCiB 3 iHHOBaliliHMMH iHrpegienTamu, %
Inrpegient MopenbHi cucTeMu

MC1 MC2 MC3 MC4 MCS5 MC6
OuuBKOBa OJ1ist 50 25 75 50 50 50
OO6minuxoBa oist 50 75 25 50 50 50
BuciBky koHOILII - — - 3,0 3,2 2,8
BuciBku 160HY - - - 3,0 2.8 32
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Jig mojanbux JOCHTIKeHb HaMH OyJiOo CKIIQJICHO MOJICJIbHI CUCTEMH 3 PI3HUMH
CHIBBITHOIIICHHSAMH 1HHOBAIIMHUX 1HTPEAIEHTIB Y PEENTypi XyMyciB (Tadi. 6).

J1g TOUHIMKX TOCIHIIIB Ta iX 3py4HOCTI OyJI0 NPUIHATE PIlIEHHs CIIOYaTKy 00paTH
CHIBBiHOIIEHHS OJIiil. MM 3MilllyBany OJIMBKOBY OJif0 3 OOJNIMMXOBOIO y Pi3HUX Bif-
COTKOBHX CITIBBIJIHOIIICHHSIX, HE 3MIHIOIOUW KIHIIEBY Bary JIOJIaHOI OJIii y IOpiBHSHHI
13 KOHTPOJIEM, OCKUIbKH caMe TOMNEepeaHe 3MIIIyBaHHs OJil € HalKpaiuM crocoOoM
BHECEHHSI 1X 10 pEeLEeNTypH.

HactynHuM kpokoM Oyno J01aBaHHS PI3HUX CITIBBIJHONICHH XapYOBUX BOJOKOH
JI0 BKe 00paHoi KITbKOCTI 01ii. B X011 TOoCHiPKeHb OyJI0 BCTAHOBIIEHO, IO JI0/IaBaHHS
20 r cymili BHCIBOK KOHCHUCTEHIIIS TOCIITHUX 3pa3KiB CTAa€ 3aHAATO TYCTOI0, HEOIHO-
PIZIHOI0, KPIM TOTO TOTIPIIYIOTHCS OPraHOJENTHYHI BiacTUBOCTI. OTxe, Oyo mpu-
HHaTe pienHs 3ynuHuTucs Ha MK 6 3 kinbkicTio BUciBok 151 (6%) Ha 250 T Xymycy.

Tabmums 7
OpraHoienTHYHA OLiHKA MOAYJIbLHUX CHCTEM
. XapaxkTepucruka
Ne monenbHol EY—— P P
BHIIIHii . .
CHCTEMH CMmak Ta 3amax Kouip Koncucrenuis
BUIJISA]L
[TpuemHi, mpuTaMaHHi
TTactomoniOHa, |BXIAHUM IHTpEIi€HTAM .
. L gl o\ o Fp i\ > OJ:[HOpl}:[Ha,
OJIHOpiJTHA Maca |Jierkuit apoMar SlckpaBo .
MC 1 . - . | mactomoniOna,
MTOMapaH4YeBOrO | OOIMHUXH, IPUCYTHIH | MOMapaH4eBHUit HiKHA
KOJIbOPY MPUCMaK OOIIMUXOBOT
otii
ITacromoniona S
IIpuTaManHi BXiTHHUM
Maca, ICKpaBo | . . .
IHTpeicHTaM, OnnopinHa,
MIOMapaH4eBOro L SckpaBo .
MC 2 3apI3KUH 3amax Ta . | macromoni6Ha,
KOJIbODY, 3JIeTKa . .. MOMapaHueBHid | .
apoMar o0IimIXOBOT HIXKHa
MaCJISIHHCTA Ha
ot
BHIJISIT
IMacrononiona | [IpuemHi, mpuTamMaHHi
OJTHOPIiTHA BXI1JIHUM IHTpeJliEHTaM Brizo OpnHopinHa,
MC 3 maca, 0J11710 apomar Ta pucMaKk .. | mactomomiOHa,
. oMapaH4eBUi | .
ITOMapaH4YeBOro | OOIINHUXH JIeh HIXKHA
KOJIbOPY BiJT4yTHO
[TpuemHi, npuTamMaHHi
ITacTononiOHa, |BXigHUM IHrpeai€eHTaM, [TacTomonioHa,
OJTHOpIJTHA Maca | JISTKUil apomar .. | HETOCTATHBO
MC 4 AHOPLL . P .. |IlomapanueBuit Aoct
TOMapaH4eBOro | OOIINMUXH, PUCYTHIH OJTHOpIiJTHA Ta
KOJIbOPY MpUCMaK OOIINMUXOBOT HI)KHA
outii
ITpuemni, npuTamManHi
TTactomoniOHa, | BXiTHUM IHTpEIi€HTaM, ITacromomibHa,
OJTHOpIJHA Maca | JISTKHi apomMar .. | BiT4yBa€ThCs
MC 5 JIHOPLL . P .. |TomapanueBuit ATYBa
MOMapaHYeBOro | OOMIMUXH, TPUCYTHIN HEpIiBHICTb
KOJIbOPY MPUCMaK OOTIMUXOBOT TEKCTYpH.
ot
[TpuemHi, mpuTamMaHHi
ITactomoniOHa, |BXIAHUM IHIpEIi€HTAM .
. JI ] Z[ o l—\p I[ 9 OZ[HOplZ[Ha,
OJTHOpIJIHA Maca | JISTKUil apomar . .
MC 6 . .. | [TomapanueBuii | macromnoaiona,
MOMapaHYEBOrO | OOIMUXH, IPUCYTHIN HiKHA
KOJIbOPY MpUCMaK OOIINMUXOBOT
outii
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OTKe, CIIUPAOYKCh HA TPOBEJEH] JOCIiKeHHS, OyJl0 BU3HAUEHO, 10 HaWKparii
OpraHOJICNITHYHI BIIACTUBOCTI MalOTh MOJICIIBHI cUcTeMu 1 Ta 6, TOOTO OMiF0 OOIIMUXU
3MILIYIOYM 3 OJMBKOBOIO 1:1, Ta GUIbILIY KOHIEHTPALIO XapuOBHX BOJIOKOH JILOHY. 32
OpraHOJNICNTHYHUMH TOKa3HUKAMU I1¢ HalKpallll BapiaHTH PELeNTypH, 110 3a0e3rnedy-
IOTh SIKICHI 30BHIIIHIN BUIVISI, KOHCHCTEHIIFO, 3a1aX Ta CMaK.

Jlanuii penenTypHUI CKJIaja 1HTPEAIEHTIB Ja€ Ham 301IbIICHHS MAacOBOi YaCTKH
BOJIOTH 110 56%. BimmapyBanHS ol y Takux KOHIIGHTpAISIX IHIPENIEHTIB TaKOX
€ 3 HAWMEHIIIUM BiJICOTKOM, @ TOMY CIIPUSITUME TIOJIOBKEHHIO TPUBAIOCTI 30epiraHHs.

Ha mincraBi npoBefeHUX A0CIIHPKeHb, HAaMU O0yJ10 PO3p0O0IEHO TEXHOJIOTII0 IHHOBA-
1iifHO1 3aKyckn «XyMycC 3 TaXiHOBOIO IACTOIO, 3 CYMIIIIIIO OJIiif Ta BUCIBOK». Peren-
Typa sIKo1 HaBeJIeHa y Taod. 8.

Tabmums 8
Peuentypa 3akycku «XyMyc 3 TaXiHOBOIO MACTOI0, 3 CYMIIIIIIIIO 0JTili Ta BUCIBOK)»
No Butparn cupoBuHH, I HA TexHonoriuni
N /1-1 CupoBuHa 1 Kr roroBoi mpoaykmii BHMOTH [0 IKOCTI
BpyrTo, T Hetro, r CHPOBUHH
1 |Hyr 240 544 JACTY 6019:2008
2 | OnmuBKOBa OIis 60 60 JACTY5065:2008
3 | ObninuxoBa oJis 60 60 ISO 22000:2005
4 |Ilacra Taxini 250 250 1SO 22000:2007
5 | BUCiBKH KOHOILITI 28 28 JCTY 7695:2015
6 | BuciBku 150HY 32 32 JACTY 4967:2008
JCTY ESK OOH
7 | Jlamion 60 30 FFV-14:2007
8 |IMampuka meneHa 6 6 ISO 972:2008
9 |Cinb 3 3 JACTY 3583:2015
10 |I[epems gopHUIT MeneHUIT 3 3 1S0959-1(2):2008
Buxin 1000

IIpumitka: * — Maca BiJBApEHOTO HYTY.

Jis mpuroTyBaHHS 3aKyCKH «XyMYC 3 TAXiHOBOIO ACTOI0, 3 CYMIIIIIIIIO OJIiH Ta BUCI-
BOK» MOTPIOHO MOTIEPEIHBO 3aMOYUTH HYT Ha 2...3 TOI, BiIBAPUTH HOTO Ta OCTY/IHTH.

Hani mgo darm OneHmepa JOmaTé BiABapeHUH HYT, MACTy TaXiHi, MANpPHKY, Cilb,
nepels, NoAPiOHEHNH YaCHHK, CiK TUMOHY Ta MOMepeIHO 3MilllaHi 0llii, BUCIBKH, Bij-
Bap 3 HyTy. [lepeOuBaemMo 10 OJHOPIIHOT MacH, 3a IOTPEOU MOXKHA, JIOJIATH IIIe HYTO-
Boro BinBapy. CTpaBa 3aKycka roToBa JI0 CEpBipyBaHHS Ta CIIO)KUBAHHSI.

Po3pobnena 3akycka «XyMyc 3 TaXiHOBOIO MACTOO 3 CYMIIIIIO OJIilf Ta BUCIBOK»
3a OPraHOJICNITUYHUMHE TIOKA3HIKAMHU Ma€ BiIIIOBIIaTH BUMOTaM 3a3Ha4eHUM y Tao. 9.

CroXMBYI BIIACTUBOCTI OYIb-SKOi Xap4oBOi Ta KyJIiHAPHOI MPOAYKINi BHU3HAYAE
HacaMIepes BMICT B Hilf OCHOBHUX IMOXHBHUX Ta OiOJOTIYHO aKTMBHUX PEUOBHH.
[ToxxuBHA MIHHICTH PO3POOJICHOTO XyMyca 3 TaXiHOBOKO TACTOX0 3 CYMIIIIIIIO O Ta
BHCIBOK HaBeJieHO y Tabi. 10.

Po3pobnena perentypa XymMycy HE TibKH BiJNOBiZae BUMOTaM SIKOCTi, a 1 3a70-
BOJIbHWJIA TTIOCTABJIEH] 3a1a4i — 301IbIIIEHHS [IOKUBHOI Ta 0107I0rYHOT LIIHHOCTI.
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[TopiBHSHO 13 KOHTPOJIEM, XIMIYHHHA CKJIa/l TOKPAIIUBCA, 30KpeMa, 3a MOKa3HUKaAMH
BMICTY KIIiTKOBUHH Jio 10,1%, BiTamiHIB, MiHEepaiB, )upiB Ta OUIKIB 10 18,9%, 1m0
3YMOBJICHO 30aradeHHsAM PEIenTypy OOMIMUXOBOIO OJIEH0, KOHOMISHUMH Ta JUITHUMH
BHCIBKAMHU.

BucHoBku. Ha cygacHoMy eTarmi po3BHTKY pECTOPAHHOTO TOCIIOIAPCTBA YIOCKOHA-
JICHHS TEXHOJIOTH Ta pO3IIUPEHHSI ACOPTUMEHTY XOJIOIHHUX 3aKyCOK Ha OCHOBI POCIIHH-
HO{ CHPOBHHH € JIOCTaTHHO aKTyaJbHUM.

VInocKoHAJIEHHS KJIACHYHOI PELENTYpPH XyMyCy 3 TaXiHOBOKO MACTOO, IIJISIXOM BHe-
CEHHS KynaKy OOJIITMXOBOI Ta OJMBKOBOI Oii, y cmiBBigHOMmEeHHI 50:50, BiAMOBIIHO
Ta CyMINIIII0 KOHOIUITHUX Ta JUISTHUX BUCIBOK, y KUTBKOCTSX 25 Ha 75% BIINOBIIHO,

Tabmus 9
OprasosenTHYHi NOKA3HUKH AKOCTI cTpaBu «XyMyc i3 TaXiHOBOIO 1ACTOKO
3 CyMIIIILIIO OJIili Ta BUCIBOK»

Ioxa3Huk XapakTepucTHKA
30BHIIIHIN ITacTononiOHa, OAHOPIIHA Maca SICKPaBOro MOMapaHYeBOro KOJILOPY.
BUIJIST
Komip [TomapanueBuit
Cmax [TpueMHuwii, npuTaMaHHU{ BXIJHUM IHTpeAieHTaM, 63 CTOPOHHIX

MIPUCMAKIB, BMIPY COJIOHHIA, BITYYBA€ThCS KACITYBATUI MIPHUCMAK
OOJIIINXY Ta CHELIH

3amax [IpuemMHwMiA, TPUTAMAHHHUIA BX1IHUM IHIPEIi€eHTaM, 0€3 CTOPOHHIX
3anaxiB, BIIYYTHUH JIETKUI apoMar YaCHUKY Ta OOINUXH
Koucucrentis Hixwa, moBkoBa, OJHOpiTHA, 6€3 TPYA0UOK
Tabmuns 10

Ximiunuii ckiaax 3akyckn «Xymyc i3 TaXiHOBOIO MACTOIO0 3 CyMIlIIIIIO OJTii
Ta BHCiBOK», Ha 100 r

IToka3zHuk 3HaueHHs
Binku, r 18,9
Kupn, 243
Byriesoau, r 40,6
KuitkoBuna, r 10,1
KanopiitHicTb, KK 450
Biraminauii ckiaj, Mr:
Biramin C 10,0
Biramin E 2,0
Biramin B, 0,5
Biramin B, 0,5
Biramin B, 0,5
Birawmin B, 0,4
MiHepasibHUi CKIIaj, Mr:
Kanpiii 150
Marmii 120
Dochop 250
3aizo 4
Huak 2
Harpiii 300
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JIO3BOJTUIIO TTOKPAIIUTH TIOKUBHY, 30KpeMa 3a PaxyHOK 30inbiieHHs OuikiB 1o 18,9% Tta
kiiTkoBUHU 710 10,1% 1 Gi0JIOTIYHY HIHHICTB, TOKPALIUTH JKUPHO-KUCIOTHOTO CKJIAJ,
30UIBIIMTH BMICT BiTaMiHIB Ta MiHEpaJbHUX PEUOBHH. BHECEHHsS B pelentypy cyminii
KOHOIUTSIHUX Ta JUITHUX BUCIBOK MOKPAIIYE TEKCTYPY, JOMOMAraloTh YTPUMYBAaTH BOJIOTY
Ta OJIIF0, IO CIPHSIE MOKPAIIECHHIO CTIMKOCTI TUCIIEPCHOT CHCTEMH ITiJ] Yac 30epiraHHsl.
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Y emammi nposedeno meopemuuni ma excnepumeHmanbHi 00CIIONCEHHS U000 PO3POOIEHHS
0OPOUIHANO020 KOHOUMEPCLKO20 HANIBHAOPUKAMY HA OCHOBI POCIUHHOT CUPOGUHU CREYiATbHO20
NPUSHAYEHHSL.

B pesynomami nposedenoeo nimepamyproco 02150y 6y10 niomeepoiceHo aknyaibHicmb i 00yiib-
HICIMb PO3UUPEHHsL HA PUHKY YKpainu acopmumenmy npooykyii O6e3 anepeeris, 30kpema besenome-
HO60I, 6e31aKmo3HoI, 6e3 CKIAOHUKIE MBAPUHHO20 NOX00JCeHHs, T m.O. Bcmarnosneno moocnusicms
NOBHOI 3aMIHU NUWEHUYHO20 DOPOWHA HA CYMIUL PUCOBO2O MA MU20ANLe8020, NiJIOPAHO AbmepHa-
MUBHI 0dHcepea 3aMiHU CUPOBUHU MBAPUHHO2O NOXOOMHCEHHS HA POCTUHHI THEpeicHmiL.

Peyenmypruii ck1a0 IHHOBAYIIHO20 O0CIIOHO20 3PA3KA HANIBHAOPUKANTY MICIMUE HACMYNHI
iHepedieHmu: onilo COHAUWMHUKOBY PAPIHOBANY, epUMPUMO], CyMIiuL OOPOUIHA PUCOBO20 MA Mu2-
0ane6o20, CUpoOn azagu, poNYuLyeay ma Mueoanesull Hanii.

Ha ocnogi ompumanux 0anux 6usHa4uIy OnmumMaibHe CRi6IOHOUEHHS PUCOBO20 Ma MU20a-
71€8020 OOPOWHA Y KOMNOZUYITHIL CyMiudi. 3amityeHHs NUEHUYHO20 HA CYMIUL PUCOBO20 Ma Mue-
0anegozo OOpowIHa 003601UN0 OMpUMamu Oe32IoMeHo8Ul Hanigghabpukam, a 3aMiHa AEYb HA
0110 COHAWHUKOBY PADIHOBANY MA YYKPY HA epUMPUMOI | CUPON a2asu, 00380UN0 OMPUMATNU
bopownanul naniegadpuxam, 0ocmynnuil 015 OiTbWOL KITbKOCMI HACENeH s, KI MAlomb NegHi
Xapuosi 06MediceHHs ma po3uuUpumu acopmumMenm eupooie cneyianbHo20 npUsHayens.

Ha ocnogi npogedenoi decycmayiiinoi oyinku 6opownsano2o Hanigghabpuxamy, 6yio ecma-
HOGIEHO me W0, OMPUMAHUL 3PA30K MAE 3A008INbHI OP2AHONENMUYHI NOKAZHUKIL: C8IMI0-KO-
PUYHeUIl KOTIP, NUUHY, NOPUCTY MA e1ACMUYHY CIMPYKMYpPY M SIKYWKU, NPUEMHI, 3 20PIX08UMU
HOMKAMU apomam i cmax, Mae 0obpe po3suneny nopucmicmo. Bonozicme naniepabpuxany —
31,7%. Iooicusna ma enepeemuuna yinnicme na 100 e comogoco nanigghabpukamy ckraoae:
oinkie — 9,4 2 ; acupie — 33,7 2; gyenesodie — 30,1 e ma 455,1 kkan.

Knwwuogi cnosa: 6opownsnutl KOoHOumepcoKuil Hanigghabpurxam, pucose 60pouwHo, Mueoda-
J1eee ODOPOUIHO, CUPON A2asU, epumpumoi, iHepedicHmu poCIUHHO20 NOXOOIICEHHS, MEXHON02IA,
peyenmypa, noACUBHA YIHHICMb.

Pavlyuchenko O. S., Sabirov O. V., Prokhorenko D. M. Organization and technology of
production of semi-finished flour for special purposes for restaurant establishments

The paper contains theoretical and experimental research on the development of special-
purpose flour confectionery semi-finished products.

As a result of the conducted literature review, the relevance and expediency of expanding the
range of allergen-free products on the Ukrainian market, in particular gluten-free, lactose-free,
without ingredients of animal origin, etc., was confirmed. The possibility of completely replacing
wheat flour with a mixture of rice and almond flour was established, and alternative sources of
replacing raw materials of animal origin with plant ingredients were selected.
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The recipe composition of the innovative experimental sample of the semi-finished product
contained the following ingredients: refined sunflower oil, erythritol, a mixture of rice and almond
Sflour, agave syrup, baking powder and almond drink.

Based on the obtained data, the optimal ratio of rice and almond flour for the recipe was
determined. The replacement of wheat flour with a mixture of rice and almond flour made it
possible to obtain a gluten-free semi-finished product, and the replacement of eggs with refined
sunflower oil and sugar with erythritol and agave syrup made it possible to expand the range
of special purpose products and obtain confectionery products available to a larger population.

Based on the tasting evaluation of the obtained semi-finished flour product, it was established
that the obtained sample has high organoleptic indicators: light brown color, lush, porous and
elastic pulp structure, pleasant aroma and taste with nutty notes, well-developed porosity. The
moisture content of the semi-finished product is 31.7%. The nutritional and energy value per 100
g of the finished semi-finished product is: proteins — 9.4 g; fats — 33.7 g; carbohydrates — 30.1 g
and 455.1 kcal.

Key words: flour confectionery semi-finished product, rice flour, almond flour, agave syrup,
erythritol, ingredients of vegetable origin, technology, formulation, nutritional value.

Beryn. Huni cTpykTypa XapuyBaHHS 3HAYHOI YaCTUHHM HACCNICHHS HAIIOi KpaiHW
B 3HAUHII Mipi ge()eKTHA, a XapuOBHUil CTaTyC Mae CYTTEBI BiIXMIeHHs Big Gopmynu 30a-
JIAHCOBAHOTO Xap4yBaHHS, TOMY NPIOPUTETHUMH 3aBIAHHSIMU Cepel] HAyKOBIIB 1 BUPOO-
HUKIB 3QJTUIIAETHCS PO3POOJICHHS XapuoBOl MPOJIYKIIii, sika O 31aTHa Oyia 3aI0BOJIEHUTH
notpedy CIOXKHMBayiB y OCHOBHUX MOKUBHUX, O10JIOTTYHO aKTMBHUX PEYOBUHAX, EHEPrii
Ta BOJHOYAC 3aJIMINAIACh TPUBAOIUBOIO 32 OPraHONCITHYHIMH TTOKa3HUKAMH.

BopourHsHI BUpoOW — OJIHI 3 HAWYIFOOJICHIIINX COJIOMOIIIB, TOMY MOCIIaI0Th 0CO-
OnmBe MiCIle B aCOPTUMEHTI KOHAUTEPCHKOI MpOAyKIii. BoHM XapakTepu3yroThbes
BHUCOKUMH CMaKOBHMH BJIACTHBOCTSIMH, ITPOCTOTOI0O BHPOOHHITBA, (DYHKI[IOHATBHI-
CTHO, IPIOHOMOPUCTOIO CTPYKTYPOIO, sIKA TAPMOHIMHO MOETHYETHCS MMPAKTHYHO 3 yciMa
BUJIAMH KPEMIB 1 CHPOIIIB .

bickBiTHMIi HamiB(haOpHKAT € OCHOBOIO AJISI HAWPI3HOMAHITHIIINX TOPTIB, TICTEYOK
1 OICKBITHOTO TIEUHBA, KEKCIB 13 KpeMoM, (ppyKTaMH, BapeHHsM, abo i 6e3 HaYMHKH.
Hagite HeoOpoOneHuid GiCKBIT, a JHIIe MOCUIAHHUNA LYKPOBOIO MYIPOIO, BXKE CaM IO
c00i € IIJKOM JOBEPIICHUM Ta CMaYHUM BUPOOOM.

OjHOYaCHO, BPaxXxOBYFOUM OCHOBHI TMO3HIIIT HYTpilioorii, OiCKBiTHI HamiBhadpu-
KaTH XapaKTePU3YIOThCSl HEBUCOKOIO 010JIOTIYHOO LIHHICTIO, OCKIJIBKU MICTSTh BEJTUKY
KiJIBKICTh BYTJICBOJIB, 30KpEMa IyKpiB, HE3HAYHY KiJBbKICTh OUIKiB, MOJIHEHACHICHUX
JKHPHHUX KHCIIOT, MAKPO- Ta MiKpPOEJIEMEHTIB.

Kpim Toro, BUpoOHHUIITBO OiCKBITHUX HamiB)aOpHUKATIB 3a KJIACUYHOIO PELETTYPOIO,
00MeXye X CHOKMBaHHS PSAAOM HOTCHIIMHMX CIOXKHBAYiB, SIKi BIIAIOTH IEpeBary
BEreTapiaHChKOMY Xap4yBaHHIO, JTOTPHMAHHIO IOCTIB, JI€T Ta OOMEXKYIOTh CIIOXKH-
BaHHS IYKPY.

[TpomyKTH crieiabHOTO MPU3HAYCHHS — MPOJAYKTH 31 33JaHUM XIMIYHUM CKIIAIOM,
TIpU3HAYEHi [y OKpeMHX TPyH HacejJeHHs. IX CrpsMoBaHa MOXHMBHA I[iHHICTH 00Y-
MOBJICHA JOAATKOBUM BKIIOUEHHSIM a00, HABNAKU, BUAAJICHHSIM 3 MPOAYKTY OKPEMHUX
HYTPIEHTIB, IO TPYHTYETHCS Ha (Hi310JIOTIYHUX MOTPeOaX KOHKPETHOT IPYIH HACEICHHS
B XapUYOBHX PEUOBHHAX 1 eHeprii [1].

ITocrae 3agada po3poOUTH aHATOTIYHUI 10 GICKBITHOTO, OOPOLIHSIHUI KOHIUTEP-
ChbKHH HamiBpaOpHKaT CrerialbHOTO MPU3HAYCHHS, JJIs 33JI0BOJICHHS TTOTpeO OLIbIIOT
KUTBKOCTI TPy HACEIICHHSI.

IlocTanoBka mpodiemu. B cydacHOMy CBiTi ayke pPO3MOBCIOKEHa Mpodiema
ajieprii Ha MPOJYKTH XapuyBaHHs. CIIMHUM CIIOCOOOM JUTS 0C10, CXMIIBHUX JIO XapuoBOi
ayeprii, KOHTPOJIIOBATH ii — 116 YHUKATH CIIO)KUBAHHS XapPYOBHX IPOIYKTIB — AJIEPreHIiB
Ta MPOAYKIIi, IKa IX MOXe MICTUTH.
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AKTyanbHICTb 1 JIOIIIBHICTh HAYKOBOTO JOCIIIKEHHSI 00OYMOBJIEHa BY3bKHM acop-
THMEHTOM Ha PUHKY YKpalHW MpoAyKiii 0e3 ajepreHiB, HapuKial, Oe3nII0TCHOBOT,
0e311akTo3HO1, 0€3 CKJIaJHUKIB TBAPUHHOTO MOXOMXKEHHS, 1 T.1., TOTPeOOoI0 HAyKOBOTO
OOTpYHTYBaHHS, YAOCKOHAJCHHS TEXHOJOTl OOpPOIIHSHUX KOHIUTEPCHKUX BHPOOIB
CTEUiaTBbHOTO TPU3HAYCHHS.

MeTo10 10CTiI7KeHHS € YIOCKOHAICHHS TeXHOJIOT11 OOPOLIHAHOIO KOHUTEPCHKOTO
HamiBpaOpHKaTy CreniaabHOro MPU3HAYSHHS HAa OCHOBI POCITMHHOT CHPOBHHH.

AHaJi3 ocTaHHIX AocimKeHb i mydaikaniii. Y BcboMy cBiTi moHaa 250 MiIbHOHIB
JoNiel CTpaXKAaloTh Ha Xap4yoBy alleprito, 30kpema B €Bporni — 17 minbiioHiB. 3a mia-
paxyHKamu, OiIbIlle TPHOX BIJICOTKIB JOPOCIHX Ta J0 IIECTH BiJICOTKIB AITEH MaroTh
XapyoBy ayeprito [2].

3rigHo 31 CTaTMCTUYHUMHU JAaHUMH CEPEIHbOPIYHMNA TEMIl 3POCTaHHS 3aXBOPIO-
BAHOCTI Ha aJIepTiyHi 3aXBOPIOBAHHS B YKpaiHi cepex AiTeil Ta TOpOCINX CTAaHOBHUTH
0,3%. XapuoBa amepris peectpyerbest v 0,1-7% miteit, mpu oMy ii mommpeHicTh
Ounpiia cepen aitell — MemkaHuiB MicT [3]. 3a ocTaHHI POKHM BiA3HAYA€THCS CYTTEBE
301JIBIIEHHS KUTBKOCTI 0Ci0 13 aJepriYHNME 3aXBOPIOBAHHSIMM, B OCHOBI SIKUX — Xap4yOBi
ajeprii — oxHa 13 mpoBigHUX podaem XXI crt.

HuHi Ha pUHKY Xap4oBUX NPOIAYKTIB Ta MPOAYKUIT 3aKIaiB PECTOPAHHOIO rOCIO-
JapCcTBa, cepell CydacHUX TacTPOTPEHAIB JIIAUPYIOUi MO3HUIlT BIEBHEHO 3aiiMae Ipo-
JYKITiSl «370pOBOTO XapuyBaHHs». [Ipn po3po0lini skoi HAayKOBIlI Ta BUPOOHWKH HaMa-
raloTbcsl MaKCHMaJbHO BpaxoOBYBAaTH 30allaHCOBAHICTh PalioOHY Y CIIiBBIJIHOLIEHHI
OCHOBHHX HYTPI€HTIB Ta 0i10JOTIYHO aKTHBHUX PEUOBHH: OIJIKiB, KHPIB, BYITIEBOIIB,
MIKpO— Ta MaKpO-EJIEMEHTIB, BITAMIHIB, 3MEHIIIUTH YaCTKY I[YKPY Ta COJIi Ta 30UIBIITHTH
KUIBKICTh XapuyOBHUX BOJIOKOH y TOTOBiH mpoykitii [4].

Jlnist BUpiIIeHHs] TUTaHHS PO3POOICHHS MPOAYKIl BEreTapiaHChKOTO CIPSIMYBaHHS
aKTyaJbHUM TI0CTA€ MMUTAHHS MMOIIYKY HOBHX BHJIIB CHPOBUHH, 5IKi O I03BOJIHIIN 3a0€3-
MEYUTH CTIHKY SKICTh MPOAYKILIi, pO3MMUPUTH aCOPTUMEHT BUPOOIB Ta BiAMOBigaIN O
Cy4YacHHUM TCHJICHIIISIM XapuyBaHHSI.

Biomi HaykoBi TOCITIPKEHHS, SIKI BKa3YIOTh HA MOKITUBICTH TTOBHOT 3aMiHH B pelier-
Typl MICOYHOTO MEYKMBa MEJNaHXKy HAa OaHaHU, MaprapuHy — HAa KOKOCOBY OJIif0, MOJIOKa
3TYIIEHOTO — Ha KOKOCOBWI Hamii. Tako MiATBEpKEHO IOIIIBHICT 30aradyceHHS
TICYHBA TTICOYHOTO JULTHAM OOpoIIHOM [5].

Ha mMoxnuBicTh yacTkoBoi 3aMinu (10 50%) nieHnYHOro OOPOIIHA Ha JIJISTHE Y TeX-
HOJIOTI1 ITiCOYHOTO IIEYNBA, sIKa CIIPHSIE 3MiHI KOJTBOPY IIOBEPXHI Ta MOSIB1 TPIIUH, TPOTE
CYTT€BO HE MOTIPIIye OPraHOJICITUYHI TTOKa3HUKH BKA3YIOTh PSII TOCIIIKEHB [6].

MOXIHUBICTh MOBHOI 3aMiHM OOpOIIHA MIIEHUYHOTO B pelenTypax OOpOIIHSHUX
KOHJUTEPCHKUX BUPOOIB MiATBEp/KEHA PSIOM HAYKOBHUX PO3POOOK i KEPIBHUIITBOM
A. M. Jlopoxosuuy, K. I'. Ioprauosoi, B. B. Jlopoxosuu, O. B. Camoxsanosoi, T. I. FOxi-
Hoi., B. B. €Biam, Hiroyuki Yano ta iHmmx.

3HauHa YacTHHA HAyKOBLIB JUIS 3aMiHM MIIEHHYHOTO OOPONIHA BHKOPHCTOBYIOTh
pHucoBe OOPOIITHO Ta KOMITO3UITIHHI cymimIi Ha Horo ocHOBI [7, 8, 9, 10].

3apyOi>KHUMU HAayKOBISIMH OyJIO BCTAHOBJICHO, IO IPH 3aMiHI MIIEHUYHOTO
0opomIHa Ha PUCOBE Ta MUTTAJIBHE y MICUHUBI MiABUIYETHCS PIBEHb MiHEPAJIbHUX PEUO-
BHH, OUIKa Ta XapyoBHX BOJIOKOH. TakoXk, aBTOPH JIOCII/PKEHb CTBEP/DKYIOTh, IO IS
CTBOPEHHS I1€YNBA 13 BUCOKMMHU CEHCOPHUMH OKa3HUKaMH BapTO PETENbHO Migioparu
CHIBBIJTHOIIICHHS OCHOBHOI CUPOBUHH, 100 JOCATTH HEOoOXiaHO1 cTpykTypH [10].

KonekTHBOM HayKOBIIIB BCTaHOBJICHO, IO JUIS 3a0e3MeYeHHsT HEOOXiMHOI SKOCTI
OOPOIIHAHUX KOHAUTEPCHKUX BUPOOIB — OE3IIIOTEHOBUX Ma(iHiB JOUIJIBHUM € BKIIIO-
YeHHS N0 X peUenTypH MIKpOOHHX MOJicaxapuIiB TaKUX SK KCAHTaH, TellaH Il
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ctabimizaliii CTpyKTYpH M’SKyIlIa Y BiICyTHOCTI IJIIOTEHY Ta MOKPAIIEHHS MMOKa3HUKIB
BHUPOOIB, TAKHX SIK TUTOMUH 00’ €M, MOPUCTICTh Ta 1HMHX [11].

BukJiajg ocHoBHOro Marepiany. BupoOHHIITBO OOPOIIHAHUX KOHAUTEPCHKUX BUPO-
0iB 1 HanlB(ba6p1/1KaTlB 3a KJIACHYHOIO PEIICTITYPO0, 0OMEXKY€E iX CIIOKMBaHHS cepernt
0ci0, sIKi BiATAIOTH TIepeBary BereTapiaHCHKOMY XapuyBaHHIO, JOTPHMAHHIO TOCTIB,
0e3n1I0TeHOBOT 11€TH, 0OMEXYIOTh CIIOKUBAHHS I[yKpY TOLIO.

B Xomi ekcrepuMEHTaIbHHUX AOCHIIKEHb HAaMH Oyllo po3poOIcHO OOpOIIHSIHUI
HamiBpaOpuKar, SKHid 3a MMOKa3HUKAMH TOPUCTOCTI, HAMOYYBAHOCTI Ta IHUTOMOTO
00’eMy MaKCUMaJIbHO HAOJMKABCS 10 KJIIACMYHOTO OICKBITY, L0 1a€ MOMKJIMBICTD PEKO-
MEH/IyBaTH HOTO 10 BUKOPHCTAHHS B TEXHOJIOTIi TOPTIB 1 TICTCUOK.

B sikocTi 6a30BO1 perentypu i TEXHOJIOTIT 00paHO perenTypy OOPOIIHSIHOTO HATTiB-
(habpukary, B sKiii Al Kypsidi OyJ0 3aMiHEHO Ha OJ1it0, IIYKOp, 3 YPaxyBaHHSM COJIOA-
KOCTi, OyJIO 3aMiHEHO Ha €PUTPHUTOIN 1 CHPOIl araBu, JOAATKOBO BHOCWIIM MHTIJIATICBHIA
HaITii Ta po3IMyNIyBad. 3aMiHy MIIEHUYHOTO OOPOIIHA Ha CyMIIl PHCOBOTO Ta MHIIa-
neBoro OopourHa. [lopiBHAJIBHA XapaKTEPHCTUKA PI3HUX BHUIB OOpOIIHA HABEIECHO
y Tabmmmi 1.

Tabmus 1
IopiBHsIIbHA XapaKTePUCTUKA Pi3HUX BU/IB OopomiHa [12]
Hasea BwmicTt, 1/100 r
Imennyne 6opomiHo | Pucose 6opomno | MurjaaJjieBe 60poLIHO

Binku 10,8 6 18,6
Kupu 1,3 1,4 53,7
ByrneBoan 69,9 77,7 13
Hyxpu 1 0,1 6
Xap4oBi BOJIOKHA 3,5 2.4 7
Bona 20 11,9 4
PHE 515 mr 400 mr 1100 mr
KaunopiitaicTs 327 kxan 366 kxan 609 xxan

AHani3yroun naHi Tabn. 1 ciij 3a3HAYUTH, MO0 MHTIAIeBe OOPOUTHO € HAHOUIBII
KaJIOpiiiHUM, Ma€, B TOPIBHSAHHI 3 IBOMA 1HIIUMH BUAAMHU, HAHOUTBIITY KUTBKICTh KHUPIB,
O1JIKiB, XapUOBHX BOJIOKOH Ta IIYKPIiB B CBOEMY CKJIA]II.

PurcoBe 60poITHO B CBOIO Yepry Ma€e HaHOUTBIITY KiJbKICTh ByDIeBOIB. OTKe, MOXKHA
3pOOKTH BUCHOBOK, II[0 CYMIIll PUCOBOTO Ta MUTIATIEBOr0 OOPOIIIHA 30araTuTh FOTOBHMA
KOHJUTEPChKil BUPIO OLIKaMu, )KMpamu, BYIJICBOJAMH Ta XapYOBHMH BOJOKHAMH 32
PaxyHOK CBOTO CKIIajy, X0ua i 3p00UTh HOTO ORI KaTOPIHHUM.

Jlnis BU3HAYCHHS ONTHMAJIBHOTO CIIBBITHOIIECHHS OyJIO CTBOPEHO KOMIO3UIIiHHI
CyMIII 13 PUCOBOTO Ta MHIJIAJIEBOTO OOPOIIHA y PI3HUX BiJICOTKOBUX CITiBBITHOIICH-
HAX: MOJACTbHMI 3pa3ok 1: pucose: muraaiese OopoirHo 30:70; MoaenbHUIA 3pa3ok 2:
pucose: murnaiese Oopourso 50:50; MoaenbHHN 3pa30K 3: pUcoBe: MUTANIeBE OOPOIIHO
70: 30; MmomenpHMI 3pa3ok 4: prcose 6opontHo - 100% (Tadm. 2).

TexXHOJIOTYHMIA IPOIeC BUPOOHMIITBA TOCITITHHX 3Pa3KiB CKJIAIABCS 3 HACTYITHUX CTaITiB:

— IligroroBka cupoBuHH. Bkitodana B cebe HpOCiIOBaHHSI 60pOH1Ha (pI/ICOBOFO Ta
Mnrz[aneBoro) I posmynryBaua. [MpomimxyBanHs piAKUX KOMHOHEHTIB. [lami mpocisne
OOPOIITHO 3MINTYBAIU Mi’K COOOFO Ta OAABAIIU 10 HHOTO PO3IMYIITYBaY.

— BamimryBanHs Ticta. Ha mowaTkoBiit crafii g0 ofil gomaBaid epUTPUTON Ta 30H-
Bamu 3+2 xB. [lami, mpomoBXKyoun 30MBaHHS, ITOCTYIIOBO JOJABAJH CHPOIl araBH Ta
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MPOJOBXYBAIN 30MBaTH IIE MPOTAroM 2+2 XBUIMH. HacTymHMM eTamoM BHOCHIH
cyMinn OOpoIITHa 3 pO3MyIIyBaueM Ta MPOJIOBKYBaJIM 30MBaTH 3MEHITY0uH 00epTu. Ha
OCTaHHIN cTajll NPUTOTYBaHHA TicTa, HE MPUIIMHSAIOUM 30MBaHHS MOBUIBHO BIMBAIN
MUTTIAJICBUHA Hamiil Ta mpofoBKyBaiau 30uBaHHA mpoTsaroM 30+2 cexyna. Otpumane
TICTO TIEPEJIMBAJIM B TIONEPETHBO MIITOTOBICHY (hopMy (miamerpom 220 Mm).

— Bunikanns. Bunikanu 6opomssHuid HaniBpaOpukar npu temneparypi 165 £2 °C
npotsiroM 2542 xeuiuH. OTpuMaHuil HamiB(haOpHKaT 0X0JIOKYBaIH IPH TEMIIEPaTypi
20...25 °C 20...25 xa.

JlocnipkeHHS OPraHOJMENTUYHUX MOKA3HUKIB MPOBOAMIM IIUIAXOM JIETyCTYBaHHS.
Pesynbratu qociimKeHb MpeacTaBieHo B Ta0. 2.

Tabmnuis 2

OpraHosienTHYHA OLIHKA JOCIiIHUX 3pa3KiB 00POLIHSIHOrO HaniB(padpukary

XapakTepucTHKA NOKAa3HUKA
Bumoru MK1 MK2 MK3
Hasgpa .. . . (pucoBe:
HOKA3ZHMKA HOpMaTl/IBHOl (pucose: (pucoBe: -
JAOKYMeHTAaNii MHI/IaJIeBe MHIJaJIeBe Gopommno
6opouno 30:70) | Gopourno 50:50)
70:30)
®dopma [TpaBuibHa, Ge3 [TpaBuibHa, 6e3 | IIpaBuibHa, 6e3 | lemo
TIOIIKO/’KCHb. TTOIITKO/PKCHb. TIOIIKO/PKCHB. Oyrpucra, 6e3
Biamosinae Bigmosimae Bigmosigae MTOIIKOIKEHD.
hopmi, y AKii bopwmi, y kil bopmi, y AKii Binmosimae
MIPOBOIUIIOCH MIPOBOIUIIOCH MIPOBOMIIOCH dopmi, y sKiit
BUITIKAHHS BUITIKAHHS BUITIKAHHS MIPOBOIUIIOCH
BHITIKAHHS
Cran PiBna, 6e3 TpinwH |PiBHa, 6€3 PiBHa, 0e3 Byrpucra, 6e3
MOBEPXHI TPILIMH TPILMH TPIIIUH
Bun na PiBHOMIipHMI PiBHOMipHMI PiBHOMIipHMI HepisHomipauit
po3pisi 3a TOBILUHOIO, 3a TOBIIMHOIO, 3a TOBIIHUHOIO, 3a TOBIIMHOIO,
MOPHUCTHH, T0Ope | TOPUCTHIA, 10Ope | HTOPHUCTHH, JOOpE | HETIOTaHO
[IPOIICYEHUH NIPOIICUEHUH IIPOTICYEHUH IIPOINICYEHUH
Komip “KosryBaruii KopnuntoBaruii | Kopuuntosatuii | KopnunroBatuii
CMmak Ta XapakrepHui XapakTepHuit XapakTepHuit XapakTepHuit
3amax JTAHOMY BUPOOY, JaHOMY BUpOOY, |ZIaHOMY BUPOOyY, |JgaHOMY BHPOOY,
0e3 CTOPOHHBOTO |3 HE3HAYHUM 3 HE3HAYHUM 3 IPUCMAaKOM
3amaxy Ta TIPUCMAKOM TOpiXOBUM pucy
MIPUCMAKY CHpOro ropixa Ta PUCOBUM
MIPUCMAKOM

Amnanizyroun faHi (tabm. 2) MOXKHa JIIHTH BHCHOBKY, IO HAMKpaIli MOKa3HUKU
(nmopiBHsHO 3 KOHTpodeMm) MaroTh MK 1 Ta MK2, ane npu po3pizanHi 0yJ10 IIOMITHO 110,
MK 1 3aHanTo po3cumyacta, uepe3 BUCOKUN BMICT MUTIAIEBOTO OOpPOIIHA B CBOEMY
CKIIaf.

OTmxe, HAWKpaIlli OPraHOJCIITUYHI MOKa3HUKHU XapaKTePHi JIISl MOJICIIBHOT KOMITO3H-
1ii 2 (CHiBBIIHOIIIEHHS PHCOBOTO Ta MUTHANEBOro OoporrHa 50:50).

ITpu Bu3HaueHHI (Pi3UKO-XIMIYHUX TMOKAa3HUKIB SKOCTI AocmigHoro 3paska (MK2)
OyJI0 BCTAHOBJICHO, IO MPOBEICHA 3aMiHa PEIENTYPHUX KOMITIOHEHTIB, Y TOMY YHUCII
i 30LIBIICHHS] YaCTKH MHIJAJICBOr0 OOPOIIHA, BIUIMBAIOTH HA 3MCHIICHHS BOJOIOCTI
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(o 3%) Ta HamouyBaHOCTI (Maitxke y 1,5 pa3u) roroBux Bupo6is. CiaiJ BIAMITHTH, IO
3HIDKCHHS BOJIOTOCTI TOTOBHX BHPOOIB TOB’S13aHO 31 3MIHOKO PEHENTYPHOTO CKIIaY,
30UIBIICHHIO XHPIB Ta POCIMHHUX OLIKIB, SKi MCHIIEC NOMIUHAIOTH 1 YTPUMYIOTh
BOJIOTY. YIIKaHHS B Pe3y/bTaTi TEIUIOBOT 00pOOKH 3MEHITYETHCS 10 6%.

3aMiHa sS€Ib Ha OO0 COHSAINIHUKOBY Ta BUKOPHCTAHHS MHUTJAJICBOTO HAIIOIO CIIPHSIE
YTBOPEHHIO OUIbII TOHKOT, OHOPIAHOT HOPUCTOCTI Ta MEHILTH KPUXKYBAaTOCTI TOTOBUX
BupoOiB. 1o Moke OyTH MO3UTHBHHUM TIPH MOAATBIIOMY BUKOPUCTaHHS HamiB(haOpH-
KaTy SIK OCHOBH TOPTIB Ta TICTEUYOK.

Bupo6uuirBo 6opoiHsHoro HamiBhadprukaTy Ha OCHOBI pOCIMHHOI CHPOBHHU J103-
BOJISIE 3MEHIIIUTH BMICT BYIVIEBOIB, 30LTBIINTH BMICT JKHPIB TA KAJIOPiitHICTH TOTOBUX
BHUPOOIB (pHc. 1).

80
60
40 B binkn

m Xnpu
20 —

Byrnesoau
0 4
KoHTponb Huit MK1 MK2 MK3
3pasoK

Puc. 1. Buicm 6inkis, scupis, 8y2negoois

Lrcepeno: pozpobra asmopa

3 ypaxyBaHHSM ITOXHBHOI IIHHOCTI Ta KaJOPIHHOCTI OTPUMAHOTO OOPOIIHSIHOTO
HaniBpaOpHuKaTy MOXKHA PEKOMEHAYBaTH MOE€JHATH HOro 3 OLIbII HU3bKOKAJIOPIHHUMU
O1TKOBUMH, (PPYKTOBUMH, 3aBAPHUMH TA CHPHUMH KPEMaMH.

BucHoBKM i mepcneKTUBH NMOAAJIBLINNX J0CTiAAKeHb. BUKOpHCTaHHS POCIHMHHOT
CUPOBUHHM B TEXHOJOTil OOpOLIHSHUX HamiBpaOpukariB € JouiibHUM. OTpuUMaHHUN
OopomrHsHui HamiBpaOpUKaT Mae BHCOKI OPTAaHOJENTHYHI IMOKA3HUKU: CBITIO-KO-
PUYHEBHH KOJIp, MUINHY, MOPUCTY Ta ENACTHYHY CTPYKTYpPYy M SKYIIKH, TPHEMHI,
3 TOPIXOBUMH HOTKaMHU apoMar i cMak, Ma€ 100pe pO3BHHEHY MOPHUCTicTh. Bomoricth
HaniBdabpukary — 31,7%. [TokuBHa Ta eHepreTHyHa IiHHICTh Ha 100 T TOTOBOTO HaIiB-
(habpukary ckiaaae: 6ukiB — 9,4 1; xupiB — 33,7 1; BymieBoaiB — 30,1 r Ta 455,1 kkai.

Po3pobrnenuii OopomrHsHui HamiBpaOpUKaT HA OCHOBI POCIMHHOI CUPOBHHH Mae
HU3KY TIO3UTHBHUX XapaKTCPHCTUK: HECKIIAIHWWA TEXHOJOTIYHHU IMPOIEC BUPOOHH-
1ITBa, QYHKIIOHAIBHICTD, 33J0BIJIbHI OPTaHOJCITHYHI MOKa3HUKH SKOCTI, TIOKPAICHY
MOXKUBHY I[IHHICTh, TOMY Ma€ BCl MEPCHEKTUBU JIsi TOAAJBIIOT0 BUKOPUCTAHHS SIK
OCHOBH PSITy OOPOIIHSHNX KOHAWTEPCHKUX BHPOOIB CIIEIIaTbHOTO MPU3HAYCHHS IS
3aKJIaliB PECTOPAHHOTO TOCIIOAPCTBA.
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Y oaniti pobomi posensanymo komnaexcHuti nioxio 00 OYiHKU MAWUHHO-ANAPAMYPHO20 3a0e3-
neueHHs GUPOOHUYMBA CUPY KUCTIOMOLOYHO20 3 MOYKU 30PY CIMAL020 PO3GUINKY.

Memorto pobomu 6y8 ananiz MauwunHO-ANApaAMypPHUX cxem SUPOOHUYMBA CUpPY KUCTIOMOLOY-
HO20 3 MOUKU 30pY CIANI020 PO3GUMKY.

06’exm 0ocnioxcenb: 8NIUE BUPOOHUYMBA CUPY KUCTOMOJIOYHO20 HA CROMCUBAYUA ) 83AEMO-
383Ky 31 cgheporo 11020 icHy8ans ma 3a0e3neueHHs AKOCMI HCUMmA.

OCHOGHUMU NOKA3HUKAMU Y KOMNJIEKCHOMY RIOX00T 00 OYIHKU MEXHOI02IYHO20 npoyecy mda
11020 MAWUHHO-ANAPAMYPHO20 3a0e3neyents ¢ NOMOKOBUX JIHIAX 6UPOOHUYMEA NPOOyKmy Oyau
00pani Hacmynui. AKiCMb 20mM06020 NPOOYKMY, CAHIMApis, 6UPOOHUYMBO NPOOYKIY 3 0OUHUYL
CUPOBUHU, 3ampamu eHepeopecypcie, 6NaUE GUPOOHUYMEA HA HABKOIUWHE cepeoosuue.

Tloxasnuku sikocmi npodykmy i canimapii' BiOHOCAMbCsL 00 CbO20OeHHs | 3a0e3neuyIomvcs
AKICMIO CUPOBUHY, OOMPUMAHHAM GUMO2 MEXHON02TUHO20 Npoyecy ma 6udOpomM MawUHHO-
anapamypnoeo 3abesneyenns. Ocnosny yeazy 6yno npudileno makum nOKA3HUKAM K 3ampamu
CUpOBUMU | eHepeopecypci6, 6NaUE BUPOOHUYMBA HA HABKOIUWHE cepedosuiye.

Ak ocHosHI pozensinymi 081 cxeMu MAWUHHO-ANAPAMYPHO20 3a0e3nedeH s 6UPOOHUYMEa Ha
OCHOGI GUKOPUCTNANHSA 6AHH 0151 OMPUMAHHA CUPHO2O 3ePHA MA 3aKPUMUX anapamie 20pu3oH-
MATLHOO YU 86EPIMUKATLHO2O THUNY.

IIposedenuii ananiz 00360116 3p0OUMU HACHTYNHI GUCHOBKU.

3 mouxu 30py cmanoeo pozeumxy (AKicv, canimapis, 6mpama cupogunu) Oasl CK8AULYBAHHS
MONIOKA | YMEOpeHHs, CIMPYKMYpU cupy nepeeazy HeoOXiono Haoasamu 3aKpumum anapamam
20PU3OHMATLHO2O MUTNY.

Mexanizayis npoyecie 6upoOHUYMEA NPU3EOOUMb 00 NIOBUWLEHUX BMPAN CUPOSUHU Y BUTIAOI
cupnoi nuntoxu. Tomy Hagimv npu He6eIuKUx 00’ eMax 8UpOOHUYMBA OOYITLHO NPOBOOUMU OYU-
WeHHs CUpPOBAMKU 810 CUPHOT NUNIOKU.

3 mouku 30py 8uMO2 CMan02o po3sUMKY (€K0102is, CUPOBUHA) HeODXIOHO 3abe3neyumu Heoo-
XIOHO 3a6e3nequmu nosHe nepepoodieHHs NoYamKo68020 MONOKA (8 NOOATLUIOMY CUPOBAMKU)
30LIBULYIOUU KOHYEHMPayiio eupoOHUymeda, abo CMEOPEHHIM OKpeMux 3a800ie O/ nepepo-
O1eHHs CUpOBAMKU.

JoyinbHo pozeusamu HOBI MexHON02il | 001a0HaKHS OJisl BUPOOHUYMEBA CUPY KUCIOMOTIOUHOZO
Ha 0CHOBI yIbmpadinempayitino2o 00podIeHHs MOIOKA, d MAKONMC THUUX NPOOYKMIE 3 6UKOPUC-
MAHHAM CUPY KUCTOMOTIOUHOZO.

Kniouogi cnoea: cmanuii po36umox, cup KUCI0MOIOYHUL, CUPOBUSOMOBTIOBAY.
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Paperniak R. V., Shynkaryk M. M., Kravets O. 1., Lukiyanchuk B. Ya. A comprehensive
approach to the evaluation of cottage cheese production equipment

This work considers a comprehensive approach to the evaluation of equipment for cottage
cheese production from the point of view of sustainable development.

The purpose of the work was to analyze the equipment for the production of sour milk cheese
from the point of view of sustainable development.

The object of research: the impact of the production of fermented milk cheese on the consumer
in relation to the sphere of his existence and ensuring the quality of life.

The main indicators in the integrated approach to the evaluation of the technological
process and its provision of equipment in the flow lines of product production were chosen as the
following: quality of the finished product, sanitation, production of the product from a unit of raw
materials, energy consumption, and the impact of production on the environment.

Indicators of product quality and sanitation relate to the present and are ensured by the
quality of raw materials, compliance with the requirements of the technological process and the
choice of machinery and equipment.

Two schemes for providing production equipment can be considered: the use of tubs for
obtaining cheese grain and closed devices of horizontal or vertical type.

The analysis made it possible to draw the following conclusions.

From the point of view of sustainable development (some, sanitation, loss of raw materials),
for the fermentation of milk and the formation of the structure of cheese, preference should be
given to closed devices of the horizontal type.

Mechanization of production processes leads to increased losses of raw materials in the form
of cheese dust. Therefore, even with small volumes of production, it is advisable to clean the whey
from cheese dust.

From the point of view of the requirements of sustainable development (ecology, raw materials),
it is necessary to ensure complete processing of the initial milk (in the future, whey) by increasing
the concentration of production, or by creating separate factories for processing whey.

It is advisable to develop new technologies and equipment for the production of cottage cheese
based on ultrafiltration processing of milk, as well as other products using sour milk cheese.

Key words: sustainable development, cottage cheese, cheese maker.

Betyn. Cup KHCIIOMOJIOYHMI MOYKHA BIIHECTH JI0 HALlIOHAJIBHUX MPOIYKTIB MOJIOU-
HOIo pUHKY YKpaiHH, SIKHH CHOXKHUBAETHCS Y CBIXKOMY BHIVISI/l, & TAKOXK € CKIIJI0BUM
y IpOAYKTax XJi000yI09HOT 1 KOHAUTEPCHKOT IPOMHCIOBOCTI [1]. Sk MoxouHwMit mMpo-
JYKT PEKOMEHJIYETHCS JJIsl BCIX BIKOBHX I'pYI HAaCEJIEHHS — XapaKTepPHU3YEThCs ITi/IBU-
meHnM BMmicToM Oinky (14—-18%) mopiBHsHO 3 MomokoM (3,2-+0,5), BMiCTOM KHpY
1o 18% ta mictuth kambiid (120...160 mr/100 1) 1 dpocdop (189 ...224mr/100 1) [2],
K1 HEOOX1JHI JUIT yTBOPEHHs KiCTKOBOI TKaHUHHU [3]. CHpOBUHOIO 11 BUPOOHHIITBA
cUpy € He30MpaHe MOJIOKO, 3HEXKHPEHE MOJIOKO, MaclIsTHKa (200 1i CHPOBUHH B CyXOMY
BUIJISINI), SIKI B TPOIECI CKBallyBaHHs BIJAMOBIIHUMHU MperapaTaMd KOAryJtOHTh.
Heo6xinHuii BMICT %UpY Y TOTOBOMY MpPOIYKTI 3a0€3Meuy€eThCs MiATOTOBKOIO MOYaT-
KOBO1 CHPOBUHH, a00 JTOOABISIHHAM JKUPOBOI (pakilii y CHpHY Macy Ha 3aBepilaibHil
ctaaii BUpoOHHUIITBA [4, 5]. BMICT 01Ky TOCSTa€ThCs BiJIIJICHHSIM CHPOBATKH 13 KOary-
JOBAHOTO 3TYCTKY.

Anaji3 myomikamiii. MammHo-anaparypHae 3a0e3nedeHHs] BUPOOHUIITBA B OCHOB-
HOMY BH3HAYA€ThCS CIIOCOOOM CKBAITyBaHHS, BiJIUICHHS CHPOBATKU Ta OXOJOKEHHS
npoaykTy [6, 7]. 3a cmocoOOM CKBAIlyBaHHS PO3PI3HAIOTH CHUYXHUMN, KHCIOTHO-CH-
YY)KHUI Ta KHCIOTHHIA;, BIIMOBIIHO JIO CIIOCO0Y BIUIUICHHS CHPOBATKU BiJPi3HSIOTH
TpagumidiHui Ta po3nutbHui [§8]. Po3ninbHuil cnocid nependavae BiAIIICHHS CHPO-
BAaTKH SIK O1IBII JICTKOI (hpaKIlii cenapyBaHHIM 3HESKUPEHOTO KOAryJIbOBAaHOTO MOJIOKa,
OJICpXKaHHS IaCTOMOJIOHOTO MPOAYKTY Ta IMOJANbIIe BHECCHHs BEPIIKIB 1 BHMarae
BCTAQHOBJICHHSI 3HA4YHO! KITBKOCTI JOJATKOBOTO OOJIQJHAHHS, KPIM IOTO ITaCTOIO-
Ji0HAa KOHCHCTCHIIIS 3HAYHO 3MCHIITYE MOAATIBII MOXKIIMBOCTI BUKOPUCTAHHS MPOIYKTY
B KOHJUTEPCHKIN 1 XI1000yIOUHIN TTPOMHCIOBOCTI Ta 32 CTPYKTYPOIO HE BIAIOBiIa€e
BCTAQHOBJICHOMY IMOHSTTIO «CUP KuciomonouHuii». [Ipu Tpagumiiinomy criocobi cupo-
BaTKa BiTUISETHCS] CAMOBLIBHO B PE3YNIbTATi MOPYIICHHS TEPMOJMHAMIUHOI PIBHOBATH
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KOaryJbOBaHOTO MOJIOKA IPH po3pi3aHi 3TycTKy Ta miairpisi[8]. B mogamsmomy Heob-
X1JIHO BUIUTMTH CHPOBATKY BiJl IUCIIEPCHOI MaCH CHPOBATKA-CHP, IO € OIHIEIO 13 TPY-
JIOMICTKHUX 1 TPUBaJIUX B yaci onepariii. [Ipu cuuykHOMY CKBalllyBaHH1 JWCTIEPCHY Macy
JUTSL BIIJTITICHHST CUPOBATKH (caMonpecyBaHHﬂ) PO3JIMBAIOTH Y JTABCAHOBI MIIICYKH, 1110
HE 3aGe3net{ye HaJIC)KHUH piBEHb CaHiTapii, BUMAarae BEINKUX 3aTpar py4HOi mpari Ta
HE MiJIa€ThCs MeXaHi3alii, ToMy el croci0 BUKOPUCTOBY€ETHCS PiAKO, IPU HEBETUKUX
00’emax BupoOHuITBa [9, 10].

Ha manwmii 9ac miampuemMcTBa HAIalOTh NEpeBary KUCIOTHOMY CIOCOOY 3aKBalIy-
BaHHS, iHTeHCUIKaLil PoLeCy CHHEpe3UCy UUISIXOM MiJirpiBy, sKUi Ha cTajaii yTBO-
PEHHS 3epHa IMiIIA€ThCSl MEXaHi3alii 1 aBToMaTn3allii, JO3BOJISE TiABUIIUTH TPOIYK-
TUBHICTb JIIHIH Ta e()eKTHUBHO BUKOPHCTOBYBATH BUPOOHWYI TLToIi [8].

CyuacHi IOTOKOBI MalIMHHO-AIIapaTypHi JIiHiT BUpOOHMIITBA TOOYJ0BaH1 3a 3MillIa-
HOKO CXEMOI0, TIPH SIKiH 3AKBAUIYBAHHS 3TYCTKY Ta yTBOPEHHS CUPHUX 3€PEH POBOATH
y neplozquOMy npouem B amaparax €MKICHOTO THILY, SIKIX BCTAHOBJIOIOThH JCKITbKA.
[Ipu 1pOMY BiAIUIEHHS CHPOBAaTKH Ta IMPOLEC OXOJOKEHHS 3IIHCHIOIOTHCS Here-
pepBHO.

@opMyTIOBaHHSI METH JOCTiTKeHHsI. MeTa DOCHTiIKeHb: aHalli3 MaIlHHHO-aIa-
paTypHUX CXeM BUPOOHHIITBA CHPY KHCIOMOJIOYHOTO 3 TOUKH 30PY CTAJIOr0 PO3BUTKY.

O0’€eKkTOM B JAHOMY BHIIAJIKy € BILUTHB BUPOOHHIITBA CHPY KHUCJIOMOJIOYHOTO Ha CIIO-
JKFBada y B3a€EMO3B 513Ky 31 c(heporo Horo icHyBaHHs Ta 3a0€3MEUCHHS SIKOCTI JKUTTSI.

Pesyabrarn. OCHOBHUMH MOKa3HUKAMH Y KOMIUIEKCHOMY MiJXOZ1 IO OLIHKH TeX-
HOJIOTIYHOTO TIPOIECY Ta HOTO MAaIIWHHO-aapaTypHOTo 3a0e3MeYeHHs B MOTOKOBUX
JHISIX BUPOOHUIITBA MPOJYKTY OyJIM 0OpaHi HACTYIIHI: SIKICTh TOTOBOTO MPOAYKTY, CaHi-
Tapis, BUPOOHUITBO NPOAYKTY 3 OJMHUII CHPOBUHH, 3aTPAaTH €HEPropecypciB, BIIUB
BUPOOHHMIITBA HA HABKOJIMIITHE cepeioBuie (puc. 1).

Cup KucnomonoyHut
Cmanuili po3sumok
l ! | 4
‘ caHimapia ‘ ‘ﬂm'cmb ‘ {eﬁepaosumpamu ‘ ‘ CUpPOBUHE }——«— l ekonoais ‘
CUPCEL- * *

20Mos.,

’cupoeamxa ‘ ‘ npodykm ‘

|
yucma cuposamka |

nlakmosa,
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Puc. 1. Brox-cxema 63a€m038 "a3Ky NOKA3HUKIE CMANO20 PO3GUIIK)
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IToka3HUKH SKOCTI MPOAYKTY 1 caHiTapii BiAHOCATHCS A0 CHOTOJCHHS 1 3a0e3meuy-
IOTBCS AKICTIO CHPOBHHH, TOTPUMAHHSIM BUMOT TEXHOJIOTIYHOTO MPOIIECY Ta BUOOPOM
MAllMHHO-ANapaTypHOro 3a0e3Me4YeHHs! Ta He MAlOTh BIUIUBY HA JOBKIILIA.

MoskHa pO3MISLAATH ABI CXeMH MAIIMHHO-aNapaTypHOTo 3a0e3NeucHHsS BHUPOOHM-
IITBa: BUKOPUCTAHHS BaHH Ul OTPUMAaHHS CHPHOTO 3¢pHA Ta 3aKPUTHX arapariB TOPH-
30HTAJILHOTO (PHC. 2) UM BEPTUKAIBHOTO TUILY (pHc. 3). Bike Ha nepuioMy etarmi BUpoo-
HHUIITBA TIEpeBary BiJNAIOTh 3aKPUTHM amaparaM — CHpOBHUroToBimoBadaMm [11], siki
3a0e3Meuyr0Th Kpallli CaHiTapHI YMOBH BUPOOHUIITBA Ta 3MEHIIIYIOTh BUTPATH HA ITifi-
IpiB MOJIOKA JI0 3aKBalIyBaHHS Ta B IIpolieci 0OpOOICHHS 3a paXyHOK 3MEHILICHHS BTPaT
TETUIOTH 3 BiAKpHUTOI moBepxHi. s miairpiBy MooKa 10 CKBAIlyBaHHS Ta iHTCHCH(I-
Kallii BiJJIIJICHHS CHPOBATKHA BUKOPHCTOBYEThHCS TEIIIO0OOMiHHA copouka [12], Minmanku
3a0e3MeuyroTh PO3pi3aHHs 1 MepeMillyBaHHs 3rYCTKY, TOOTO (hOpMyBaHHS BiAIOBITHOT
CTPYKTYpH IOTOBOIO IpoAykry [13, 14].

Puc. 2. I'opusonmanvruii sucomosniosau cupy gipmu «llacinaxy [11]: 1 — kopnyc,
2 — mennooOMIHHA COpOUKa, 3 — pi3anbHull IHCmpymenm, 4 — nonamka; 5 — ean

Puc. 3. Cuposucomosnrosau eepmuxanvioeo muny [15]: 1 — pezepeyap, 2 — onuwe;
3 — kpuwika,; 4 — npusio; 5—7 — miwanku; 8 — nampyoox 0iisi nooaui MonoOKa

KoHCTpyKTHBHE BHKOHAHHS KOPITYCY CHPOBHTOTOBIIOBaYa (FOPU30HTAIBHUH, BEp-
THUKAJBHUI) Ta MIIIAJIKK BILTUBAE HA SKICTh 0OPOOJICHHS 3TyCTKY Ta YTBOPSHHS IP1OHUX
YaCTUHOK OiJKa (CUPHOT MUJIIOKN). BepTukanbHi CUPOBUTOTOBIIOBAY1 3aiiMalOTh MEHIII
BUPOOHMYI IO, OAHAK y TOPU30OHTAIFHUX CHPOBUTOTOBIIOBAYaX 00pOOKa 3TyCTKY
MIPOXOJNTH B MEHIIIOMY Iapi, Mo 3ade3revyye MEHII BTpaTi CHPOBHHU. KOHCTpYyKITis
TOPU30HTAIBHUX CHPOBHUIOTOBIIOBAYIB 3a0e3Meuy€e poOOTy MIlIAIKU B KOJHBAJIHHOMY
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PEKUMI, a TAKOXK PLKYUl HOXI 1 IepeMilIyrodi 3ac00M He 3aHYPEHi y 3TYCTOK, IO JIa€
MOYJIMBICTh YHUKHYTH ITOYaTKOBHX BTPAT OUIKY B pe3yabTaTi aaresii 10 MOBEPXOHb
IHCTPYMEHTY.

OcHoBHy Macy cupoBatku (40-50%) BigBOAATE OE3MOCEPEAHBO 3 Araparty, a pemTy
Ha 1epdopoBaHUX MOBEPXHAX (pHC. 4), K MOXXYTh OyTH BUKOHaHI Y BUTJISIJII TIpEC Bi3-
KiB, nepopoBanux OapabaHiB, a y JiHisAX [16] 3 BUKOpUCTAHHIM TPAHCIIOPTEPIB 3 JIpe-
HA)KHOIO CTPIYKOIO.
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l —— - 1
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Puc. 4. Brox-cxema mawuno-anapamypHozo 3abe3nedents upoOHUYmM8ed cupy
KUCTIOMONIOYHO20

BaskJIMBHM € 0X0JIOKEHHSI CHPHOT'O 3€PHA, SIKE IIPOBOAATH Ha KIHIIEBOMY eTaIli BUpOO-
HunTea [17, 18]. 3 miero MeTor0 BUKOPUCTOBYIOTH BiZIBEACHHS TEILIOTH IPU KOHTAKTI CUPY
3 OXOJIOJDKYFOUOI0 TIOBEpXHEH (KOHIYKTHBHUH CITOCIO) Ta BiJBEJCHHS TEIUIOTH Oe3To-
CEpPEeIHBOI0 MOMAYE0 MONEPEAHBO OXOJIIOAXKEHOI CUPOBATKU y CHPHY Macy, ado 0Xoo-
JUKCHHSI CHPY B CHPOBATII 1HIIUM XOJIOA0AreHTOM (KOHBEKTHBHHMIA CIOCIO0).

Jlo mepmioro THUIy MOXHa BiiHECTH oxoiomKyBadi ity /15-OTE (puc. 5) Ta OT/I.
B oxomnomxysaui JI5-OTE [11] Ha 30BHILIHIO TOBEPXHIO ABOCTIHHOTO OapabaHy TOH-
KHM IapOM MOJAETHCS CUP MICIS BIABEACHHS CHPOBATKU. MiX 30BHIIIHIM 1 BHYTpilI-
HIM IHJITHAPaMH PO3MIIICHA TEIIIO0OMIHHA COPOUKA, IO SIKIH [IUPKYITIOE PO3CIIL.

JloTuKaouuch 10 XOJIOJAHO1 IOBEPXHI CUp MPHUMEP3a€, OXONOKYEThes 3a 12—13 ¢
1 3pi3a€ThCs MapayeNbHO BCTAHOBICHHUM JI0 TIOBepXHi HOoxeM. Hemonikom Takoro ama-
pary € BiIKpUTa TIOBEPXHS OXOJIOJKCHHS, [0 3HIKYE CaHITapHI MOKa3HUKH 00aj-
HaHHs. B oxonomkysaui tuny OTJL (puc. 6) npouec 0XoJI0MKEHHS TPOXOAUTH B 3aKPH-
TOMY MOTOIIl Ha BHYTPIIIHIH TOBEPXHI ABOX MapajelbHO PO3MILICHUX IMIIIHIPIB
3 TEIUIOOOMIHHOIO COPOYKOKO, B SIKY IOJAETHCS PO3CIIL.
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Puc. 5. Oxonooorcysau cupy xkucromonournoeo /5-OTE:
1 — 06ocminnuil bapaban, 2 — winek, 3 — npugio,; 4 — eanux;
5 — 3asanmadsicysanvHull OyHKep; 6 — Hidc

1352

7

Puc. 6. Jeoyunindposuii oxonooxcysau OT/]: 1 — konycnuii nampyoox,
2 — pazganmaoicysanvhi eumiu, 3 — nynom, 4 — menioobminHa copouka,; 5 — OVHKep,
6 — nputiManvbha Yacmuna, 7 — Cmanuna

B cepenauHi 1uitiHApIB pO3MINIEHUH BUTHCHIOBAJILHUEN OapabaH, KW KOHCTPYK-
THUBHO PO3IIJICHUN HA TPU YaCTUHM. Y ICHTPAIbHINA YaCTUHI PO3MIIIEHO /1BA HOXI JUIsI
OYMCTKH MOBEPXHI TEINIO0OMiHY 1 YHUKHEHHS IPUMEP3aHHs CHPY, B IEPEAHiH 1 3aqHii
YACTUHI BUTKH IIHEKY Ul TPAHCIOPTYBAHHS MPOAYKTY. Takwii CIoci® OXOJIOMKEHHS
NPU3BOJNUTE 10 PYHHYBAaHHS CTPYKTYpH 1 BUKOPUCTOBYETHCS B JIIHISX PO3ALIHHOTO
BUPOOHHMIITBA.

3abe3neueHHsT KiHIIEBOI BOJIOTOCTI i TEMIEPATyPH NPOyKTY 06Me)Ky}0TL MIPOIYK-
TUBHICTB JIiHIH, TaKk 00pOOJICHHS 3rYCTKY 3 omuiei 10 TOHHOI €eMHOCTI 3aiiMae npH-
63O 3 romuau. ToMy B CydacHHX JIHISX MPOMOHYIOTh KOMOIHOBaHUHN MPOIEC Bif-
JIJICHHSI CUPOBATKH — OXOJIOJDKCHHsI a00 1X cyMinieHHs. Tak B JiHil tewes bis cymimn
CUpY 1 CUPOBATKHU CIOYATKY TOMAETHCS HA TPYOUACTHH OXOJIO/DKYBAY, 1Al BiATIICHHS
CHPOBATKH IIPOXOIUTH HA CTPIYKOBOMY TPAHCIOPTEP] B 3aKPUTOMY IOTOL i KiHIICBE
OXOJIO/KEHHI Ha IBOIIHEKOBOMY OXOJIO/KYadi, III0 CYTPOBOMKYETHCS JACTKOBUM PYii-
HYBaHHSIM CTPYKTYpH.

YV mammHi DONI Coolmatic [19] BijutiiieHHs: CHPOBAaTKH MPOXOJUTH OHOYACHO 3 0XO-
JIO/DKCHHSIM Ha CTPIYKOBHX TPAHCIIOPTEpax, PO3MIIICHUX OJIMH HaJ OMHUM (pHC. 7).
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Puc. 7. Mawuna DONI Coolmatic 0ns 00HOUaACHO20 BIOOLNEHHS CUPOBAMKU
ma oxon00xceHHs npodykmy:. 1 — openasxcha cmpiukosa cucmemu, 2 — KOpnyc;
3 — nampy6ox 015 nodaui xon00Ho20 nogimpsi; 4 — mpybonpoeoou cucmemu CIP-mummsi;
5 — eyson nodaui npooyxkmy

IIpomykT nepecumnaeTses 3 BEPXHBOI CTPIUKK Ha HUXKHIO, OTHOYACHO TPOAYBAETHCS
OXOJIOJKEHUM MOBITPsIM. Takwuii poIiec BU3HAYAETHCSI BACOKOIO eHeproeMHicTO. [IpoTte
B 000X BHIIQJIKAX BUHUKAIOTH IPOOJIEMH SIK i3 3a0€3MECUCHHSIM KiHIIEBOI TEMIIepaTypu
TaK 1 3 KIHIIEBOIO BOJIOTICTIO TOTOBOTO MpOAYKTY. [Iporiec caMOBiIbHOTO BiJIiICHHS
CUPOBATKH B1JI OiJIKa 3HAYHO CITOBLIBHIOETHCS TIPU OXOJIOJIKCHI MacH JI0 TeMIIepaTypu
Hiwkae 25 ‘C ToMy HE0OXiTHE TOOXOIOMKEHHsI TPOIYKTY B KaMepi.

Po3misiHyTI MammHo-anaparypHi JiiHii He nepeadadaloTh KOMILICKCHY MepepoOKy
cupoBrHU. CHpOBaTKa, YTBOPEHA TPH BHPOOHHUIITBI OCHOBHOTO MPOIYKTY, CTBOPIOE
3HAYHE CKOJIOTIYHE HABAHTA)KCHHs HA OBKIUUIA, ajlie¢ € IIHHOK CHPOBUHOI OCKUIBKH
MICTHTbh 3HAUHY KUJTbKICTh JTAKTO3H 1 OUIKY [2, 3], IKUi 3HAXOMUTHCS Y BUIJISIL JHCTIEP-
cHOI (ha3u ka3einy (cupruid i) [20-22] 1 anpOymiHy. B Toii ke yac cupoBaTKy MOXHA
MOBHICTIO MEPEPOOIIATH 32 BIIOMUMHU TEXHONOTisIMU [23—-25], AKi BUKOPUCTOBYIOTHCS
MIpU BUPOOHUIITBI TBEPIUX CHUPIB 1 EKOHOMIYHO OOIPYHTOBAHI MPH BEIUKUX 00 €Max
BHUPOOHHMIITBA.

IligBuIIeHHS CTENeHI MeXaHi3allii TEXHOJIOTTYHOTO MPOoIeCcy MPU3BOAUTE 110 301J1b-
IICHHSI MaCH CUPHOTO THITY (pHC. 8) B pe3ynbTari Jiii MepeMillyrounX i TPaHCIIOPTYHO-
9HX 3aC00iB, TOMY Ba)KJIMBUM 1 MIEPIIIAM €TAIIOM IIEPEPOOKH CUPOBATKH € ii OUHIICHHSI
Bijl cupHoro nuy [7, §].

Puc. 8. @omo cupnozo nuny, 6i00ineno2o i3 cuposamxi,, OmpumManoi npu eupoOHUYMsi
CUpY KUCTIOMONOYHO20
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Bininenuii 610K € MOBHOILIHHOK CHPOBHHOIO 1 MOYKE B MOJAJIBIIIOMY BUKOPHUCTO-
BYBATHCh TIPH BUPOOHHUIITBI IUIABIIEHUX CHPIB Ta IHIIMX MPOAYKTiB. ToMy HaBiThH IpH
HEBEJIIMKUX 00’eMaxX BUPOOHMIITBA JOLUIBHO BHIUIMTU OUIKOBY nucrepcHy (asy, ska
YTBOPIOETHCS B PE3yJIbTaTi MEXaHIUHOI JIii yCTaTKyBaHHS Ha MPOAYKT ((PiIbTpyBaHHS,
cerapyBaHHs).

[lepcrieKTUBHUM € BUKOPUCTaHHs ynbTpadiabrpamii a1 BUPOOHULITBA CUPY KHC-
JIOMOJIOYHOTO. SIK BioMo cupoBaTka cTaHOBUTH 80-90% mepironoyarkoBoro 06’emy
CUPOBUHHU. Pa3oM i3 CHpOBATKOIO BiJIBOIUTHCS YaCTHHA JKUPY, IPH BUPOOHHIITBI JKUP-
HUX COPTIB CHUpPY KHCIIOMOJIOYHOTO Ta 3HayHa KiAbKICTh LIHHUX OUIKIB. Yibrpadiib-
TpaLisl T03BOJISE 3MEHIINUTH BTPAaTH, 301MBIINTH BHUXiJ{ TOTOBOTO MPOXYKTY i 3pOOUTH
MPOMYKT OLIbII O10JOTIYHO IIHHUM. HalOimbII MepCcrneKTHBHUME B JIAHOMY BiJIHO-
LIEHHI € MPoLecH yabTpa 1 MUKpodinbTpalii. MoJoKo KOHIEHTPYIOTh Ha yCTaHOBKaxX
yAbTpadinbTpanii, mcis HFOro MACTePU3yIOTh, OXOJIOKYIOTh 1 CKBAIIYIOTh. B manomy
BUTIAJKy BUXIJ] CHPY KHCIOMOJIOYHOTO Moke ctaHoBUTH 100% Bim 3aTpadeHoi cupo-
BUHH, 1, TAKAM YMHOM, CUpoBaTka Oyae BiACyTHs. Tak mpu TpaauiiiHoMy crmocoOi
3arpadaetsest 4,6—4,7 KT MOJIOKAa Ha BUPOOHMIITBO 1KI MPOAYKTY, a IPH BUKOPHCTaHI
yaerpaduibTpanii — 3,2-2,5 kr. OnHaye, yTBOPSHUH CHPHHUE 3TYCTOK BiJPI3HAETHCS
CMaKOM 1 KOHCHUCTEHLIEIO BiJ TPAIULIIITHOTO CUPY KHUCIOMOJIOYHOTO.

BucHOBKH. 3 TOUKH 30py CTalOr0 PO3BHUTKY (SIKiCh, CaHiTapis, BTpaTa CHPOBUHH)
IUTSL CKBAITyBaHHS MOJIOKA i YTBOPEHHSI CTPYKTYPH CHpY IiepeBary HeoOXiTHO HaJaBaTH
3aKpUTHUM anaparaM rOpU30HTAIBHOTO THITY.

MexaHi3allisi mporeciB BUPOOHUIITBA MPHU3BOANUTE JIO IIJBUIIEHUX BTPaT CHPO-
BUHH Y BHIVISII CHPHOI MITIOKH. TOMy HaBiTh IPHU HEBEIMKUX 00’€MaxX BHPOOHUIITBA
JIOLIJIbHO POBOAMTH OYUIICHHS CUPOBATKU BiJl CHPHOI MIITIOKH.

3 TOYKH 30py BHMOT CTaJIOTO PO3BUTKY (EKOJIOTisl, CHPOBHMHA) HEOOX1THO 3a0e3re-
YUTU TOBHE IEePepOoOIeHHs TOYaTKOBOTO MOJIOKA (B MOAATBIIOMY CHPOBATKH) 3017Ib-
IIYIOYM KOHIICHTPAILlil0 BUPOOHUITBA, a00 CTBOPEHHSIM OKPEMHUX 3aBOIB IS TepPepo-
OJICHHSI CHPOBATKH.

Po3BuBaTH HOBI TEXHOJOTII 1 00NAHAHHS JAJIs1 BUPOOHUIITBA CUPY KHCIOMOJIOYHOTO
Ha OCHOBI ynbTpadiIbTpaliiHOro oOpOOIEHHS MOJOKA, a TaKOX IHIIUX MPOAYKTIB
3 BUKOPHUCTAHHSIM CHPY KHCIIOMOJIOYHOTO.
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PO3POBKA BAP’€EPHOI TEXHONOT I KOHCEPBYBAHHS
HATYPAJNIbHUX KULWKOBUX OBOJIOHOK

IMpuninko T. M. — 00KmMoOp CinbCbKo20Cn00apChKUX HayK, npogecop,

3aeidysay kaghedpu xap4os8ux mexHosnoeil supobHuymea U cmaHOapmus3au,ii xap4oeux
npodykmis 3aknady suwoi oceimu «[1odinbcbKuli depxasHull yHieepcumemy

ORCID ID: 0000-0002-8178-207X

Hagedeni pezynomamu 0ocniodcensb 3 po3pooKu mexnonozii KOHCep8yeanHs KUMKOBUX 000-
JIOHOK 3 BUKOPUCMAHHAM DPEYO8UH, WO 3anodicailomv Nosei 6ad ma CHpusoms NONINUEHHIO
OP2AHONENMUYHUX XaPAKMEPUCIUK KUWOK Y npoyeci 30epieatts npu HeKOHMpOoIbO08aHUX mMem-
nepamypHux ymosax (0o +25°C), a makodc oyiHKU 6NIUSY KOHCEPBYBAHMS KUWOK HA AKICHI
Xapaxmepucmuxy 20moeux Ko8OACHUX eupodis. JocniodiceHHs c8idcux KUWKOBUX 000I0HOK
NOKA3aMU, WO 30 OP2AHONENMUYHUMY, MIKPOOIONO2iUHUMY, MIKPOCMPYKMYPHUMY MA CIMPYK-
MYPHO-MEXAHIUHUMU XAPAKMEPUCTIUKAMU BOHU GION0GIOAOMb OTIOYUM MEXHIUHUM YMOBAM Md
6EMEPUHAPHO-CAHTMAPHUM BUMO2AM 00 XAPYOBUX NPOOYKMIe. Bcmarnosneno, wo yci 0ocaioni
3pA3KU KUWLOK, KOHCEPBOBAHI CLLIIO 3 000ABAHHAM JUMOHHOI KUCIOmuU 8 KOHyeHmpayii 1 ma
2% 00 macu coni (Oocnio 1, 2), monounoi xucnomu 6 konyewmpayii 2 ma 5% 0o macu po3-
cony (docnio 4, 5), copbinosoi kucnomu (1%) (docnio 3) ma oymosoi kucnomu (0,5% ma 1%,)
3 KonmuabHum apomamuzamopom (1% macu poszcony) (docnio 10, 1), 3a écima docnioxcenumu
nokazuukamu eionogioanu eumozam TY. Jlocnioui 3pasku Kuwiox, oopodieHi KOHCep8youuMu
cymiwiamu 3 sukopucmannam monounoi kuciomu «PURAKy eupoonuymea ipmu «bioximy
(1i2%) y noconanni 3 konmunvnum apomamusamopom (1%,) ma xyxonnoro ciinio (docuiou 6, 7),
a maxkodic 3 suxopucmanusam monounoi kucnomu. «PURAKy» (1 i 2%) y noconanui 3 xnopuoom
Hampiro (Oocniou 8, 9), manu He3HAUHI O3HAKU NCYBAHHS (MOMYMHIHHSA MA OCIUSHEHHS. PO3COTLY),
SKI 1€2KO YCYBANUCS NPOTUBKOIO KUUIOK 800010, 3PA3KU, KOHCEPBOBANT NOCOLOYHUMU CYMILUAMU
3 gukopucmauuam monounoi kucromu « PURAK» y noeonanmi 3 konmunasHoio piounoio ma Kyxom-
HOM cinno (0ocaiou 6, 7) ma KOHCEPBOBAaHI CLI0 Y NOEOHANHI 3 MOLOYHOW Kuciomoio « PURAK»
Konyewmpayii 1 i 2% (docniou 8, 9), uepes 3 micayi sbepicanus npuobanu 3amxiull SHULbHUL
3anax, cau3bKuil HAim, 6eIUKi KOIOHIT Yl 3e1eH020 Ma YOPHO20 KONbOPIE, 000IOHKU PEAIUCS
npU HeGeNUKOMY MUCKY 600u. Yci 3pasku 6yno suamo 3i 30epicanns. Ceunsaui ma bapanaui uepesa,
3AKOHCEPBOBANT NOCONOUHOIO CyMiwuiio, wjo micmums 2% monounoi kuciomu 3a I OCT 490-79,
1% konmunvroeo apomamuzamopa, 25% KyxoHHoi coni ma 600y (00ceio 4), a makodwc 5% yiei
arc kucromu, 2% KonmuabHhoeo apomamuzamopa, 25% coni ma 600y (0ocnio 5), uepes 3 micayi
30epicanns npuodANU 3amMXAUL SHUNLHULL 3aNaX, PO3Cil NOMYMHIN0. KuwKu 6Kpunucsa niicHagoo
1 3uAAU 3 eKkcnepumenmy. Anoeuui uepesu i CUHIO2U, 3AKOHCEPBOBAHI MUMU CAMUMU CYMILUAMU,
Manu KopuuHego-Oedcesull Kouip, ClaOKuil 3anax MONOYHOI KUCTIOMU, KOHCEPEYIOUULl PO3UUH
y 8I0CYMHOCMI 8UOUMUX OeheKmie AKOCI.

Kniouogi cnosa: noconouna cymiwi, 00010HKU, KUWKOBA CUPOBUHA, Yepesl, CUNIO2U, MOTOYHA
Kucioma, ko8oaca, KOHCep8yIoUUil po3dun.

Prylipko T. M. Development of barrier technology for preserving natural intestinal
membranes

The results of research on the development of technology for preserving intestinal casings
using substances that prevent the appearance of defects and contribute to the improvement of
organoleptic characteristics of casings during storage under uncontrolled temperature conditions
(up to +25°C), as well as the assessment of the impact of preserving casings on the quality
characteristics of finished sausage products are presented. Studies of fresh intestinal casings have
shown that in terms of organoleptic, microbiological, microstructural and structural-mechanical
characteristics they comply with the current technical conditions and veterinary and sanitary
requirements for food products. It was established that all experimental samples of intestines
preserved with salt with the addition of citric acid at a concentration of 1 and 2% by weight of salt
(experiments 1, 2), lactic acid at a concentration of 2 and 5% by weight of brine (experiments 4, 5),
sorbic acid (1%) (experiment 3) and acetic acid (0.5% and 1%) with smoke flavoring (1% by
weight of brine) (experiment 10, 1), in all investigated indicators, met the requirements of the
Technical Specifications. Experimental samples of intestines treated with preserving mixtures
using lactic acid "PURAK" produced by the company "Biohim" (1 and 2%) in combination with
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smoke flavoring (1%) and table salt (experiments 6, 7), as well as using lactic acid. "PURAK"
(1 and 2%) in combination with sodium chloride (experiments 8, 9) had minor signs of spoilage
(turbidity and sliminess of the brine), which were easily eliminated by flushing the intestines with
water. Samples preserved with salt mixtures using "PURAK" lactic acid in combination with
smoking liquid and table salt (experiments 6, 7) and preserved with salt in combination with
"PURAK" lactic acid in concentrations of 1 and 2% (experiments 8, 9), due to After 3 months of
storage, they acquired a musty rotten smell, a slimy coating, large colonies of green and black
mold, the shells broke at the slightest water pressure All samples were removed from storage.
Pork and lamb bellies preserved with a salt mixture containing 2% lactic acid according to
GOST 490-79, 1% smoking flavoring, 25% table salt and water (experiment 4), as well as 5%
of the same acid, 2% smoking flavoring, 25% salt and water (experiment 5), after 3 months of
storage acquired a musty rotten smell, brine got cloudy The intestines became covered with mold
and were removed from the experiment. Beef bellies and blue cheese preserved with the same
mixtures had a brownish-beige color, a weak smell of lactic acid, and the preservative solution
had no visible quality defects.

Key words: salting mixture, casings, intestinal raw materials, bellies, blues, lactic acid,
sausage, preserving solution.

IHocTanoBka mpodiaemu. B ymoBax MacoBoro BHUPOOHHUIITBA KOBOACHHX BHPO-
01B 3aCTOCOBYIOTh IIUPOKUH CHEKTP KOBOACHMX OOOJOHOK: KHIIKOBHX, IICIIONO3HUX,
(hibpoy3HUX, OUTKOBHX, MOJIaMiIHAX Ta iH. Xo4a MTYy4HI OOOJOHKH MaroTh 0Oararo
HepeBar, y T.4. 103BOJIIIOTh MEXaHI3yBaTu Ta aBTOMATH3yBaTH Mpolec GOopMyBaHHS Ta
KJIICyBaHHS KOBOAC, MPOTE TPAIUIIHHO T BUPOOICHHS KOBOAC BUCOKOI SIKOCTI BHKO-
PHCTOBYIOTh KHIIKOBI 0000HKH. [IoNHUT HAa HUX 3 KOYKHUM POKOM 3pPOCTAE, OCKUIBKH
3pOCTal0Th 0OCITH BUPOOHHUIITBA TpaauliiiHux koBoac [1, c. 4, 2, c. 107, 8, c. 85].

BiTun3HsHA MPOMUCIIOBICTh HE MOXKE 3a/I0BOJIBHUTH HOTO Yepe3 HelOCTATHIO KiJlb-
KIiCTh TOTOJIB'sI 3a01HHUX TBApWH, HU3bKUI TEXHIYHUH PIBEHb KUIIKOBHX IIEX1B, 3aCTa-
plly TeXHOJOriI0 0OpoOKH Ta KOHCEpBYBaHHS, Ae(ilUT (axiBuiB y wiif ramysi, Bii-
CYTHICTh OXOJIO/DKYBaHUX Kamep sl 30epiranHs. ToMmy B aHUi Yac BeNHMKa KiIbKICTh
KHIIKOBOI CHPOBMHU 3aBO3UTHCS 10 YKpaiHH 3-3a KOpAOHY [5, c. 310, 7, c. 43].

AHani3 ocTaHHix gociifkeHb i myOaikauiii. ITutanusM nepepoOkH, KOHCEPBY-
BaHHS Ta 30epiraHHs KUIIKOBOI CHPOBHWHH MPUCBSIYCHO HHU3KY POOIT BITUM3HSHUX Ta
3apyOiKHHX aBTOPIB [2, ¢. 67, 3, ¢. 100, 4, c. 105]. Bararo 3 uX BUCHHUX J0CITIHKYBaIIH
SKICHI XapaKTePUCTUKH KUIIKOBOI CHPOBHHH, KOHCEPBOBAHOI 3 BUKOPUCTAHHIM Pi3HUX
OpTraHIYHUX PEYOBUH Y CKIIAJII MTOCOJIOYHOI CYMIIII, 1 IOBENIN €(PEKTHBHICTh 1X 3aCTOCY-
BaHHS, IPOTE OUIBLIICTD 13 LUX MpenapariB AOPOTi, B IPOMUCIOBOCTI HE BUKOPUCTOBY-
I0ThCA, a X BIUIUB HA SIKICTh Ta Oe3MeKy KOBOACHUX BHPOOIB 30BCIM HE BUBUCHO.

Ha mpakrtuiii B 1aHuii 9ac Juisi KOHCEPBYBaHHS KHIITKOBOT CHPOBHHH 3aCTOCOBYIOTh
MOCOJI, Y TIOOAWHOKUX BHIAKaX — CyHIiHHS a00 3aMopoxxyBaHHs. OIHAK MPU TOPY-
IIeHHI yMOB 30epiranHs a0 TPUBAJIOr0 TPAHCIOPTYBAHHS MPH IiJBUILCHUX TEMIIE-
paTypHUX pexuMax oOpoOJIeHI KHAIIKOBI 0O0JIOHKH, KOHCEPBOBaHI MOBAPEHOIO CIILTIO,
HaOyBae TaKuX MOPOKiB, K KpacHyXa, IUTICHABIHHSA, THUTTS Ta iH1Ii. KpiM Toro, yacto
IIpU TPUBAJIOMY 30€piraHHi COIOHUX KHUIIOK MOTIPIIYIOTHCS 1X OpPraHOJICITHYHI XapaK-
TEPUCTUKHU (KOJIp, 3amax). 3aMOpPOKEHI KHUIIIKOBI OOOJIOHKH ITICJIS BiJTaBaHHS BTpa-
YalOTh BJIACTHUBOCTI MIIIHOCTI uepe3 pyWHYBaHHS CTIHOK KHUIIOK KpHCTaNaMi JIONY.
ny1 00OJIOHKYM BUMAararoTh IEBHUX TeMIIepaTypHO- BOJIOTICHUX PEXKHUMIB 30epiraHus,
{HaKIIIe BOHH yPaXKarOThCS IUTICHSABOIO, KPIM TOTO, iCHYE PH3HK IOLIKOUKECHHS CYXHX
000JIOHOK KOMaxamH, OCOOJMBO B TEITy Mopy poky. CHpOBHHA 3 TaKUMH BaJaMH HE
JIOITYCKA€ETHCSl Y KOBOACHE BUPOOHUIITBO 1 Mae OyTH yTHIIi30BaHa, a BUPOOHHK, BiAIO-
BiIHO, 3a3Ha€ 30uTKIB [3, ¢.99, 4, 112].

IlocTanoBka 3aBaaHHs. Y 3B'SI3Ky 3 UM npoOsiema e(heKTUBHOIO KOHCEPBYBaHHS
KHINOK, 30epiraHHsi Ta TPAHCIIOPTYBAaHHS IMPH HEKOHTPOJIBOBAHHMX TEMIIEPATypHHUX
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peXruMax, MOJIMNIIEHHS OPTaHOJENTUYHUX BIACTUBOCTEH KHUIITKOBOI CHPOBHHH 3 BHKO-
PUCTAaHHSM PEYOBHH, IO HE BIUIMBAIOTh HAa SKICTh 1 Oe3leKy KOBOACHHX BUPOOIB,
B JaHUI Yac € aKTyaJIbHUM 3aBIaHHsIM. MeTa Ta 3aBIaHHs JOCTIHKEHb Oyaa po3poOka
TEXHOJIOTiT KOHCEpPBYBaHHS KHIIKOBHX OOOJIOHOK 3 BHUKOPHUCTAHHSM PEUOBHH, IO
3aro0iraroTh MOSBI BajJ Ta CIPHSIOTH IOJIMIICHHIO OPraHOJICNTHYHUX XapaKTepHC-
TUK KUIIOK y Tpoleci 30epiraHHs IpU HEKOHTPOIbOBAHUX TEMIICPATYPHUX yYMOBAX
(mo +25°C), a TakoXX OIliHKA BIUTUBY KOHCEPBYBAaHHS KHIIIOK Ha SKiCHI XapaKTePUCTHKU
TOTOBUX KOBOACHHMX BUpOOIB [6, c. 17,9, ¢. 163].

Bukiaa ocHoBHOro marepiajy aociaizxeHHs. KoHcepByBaJibHI CyMillli FOTYBajH
B 1a00OpaTOPHUX YMOBaX MUISXOM TEPEMIITyBaHHS KyXOHHOT COJIi 3 KUCJIOTO (JIOCIian
1-3) abo 3minTyBaHHS COJIi 3 KONTHIILHUM apoMaru3aropoM (ociija 13) y meBHOMY CITiB-
BiJJHOILIEHHI, IIOCOJIOYHI PO3YMHHU TOTYBAJIU LUIAXOM MOCHTIJOBHOTO PO3YMHEHHS 1HTpe-
JieHTiB y Bomi (mocnian 4—12) mpu temmeparypi + 25°C. IlpudoMy, npu NpuUroTyBaHHI
CyMiITi 3 BUKOpUCTAHHM 70% OLTOBOT KHCIOTH IPOBOIMIIN MIEPEPaXyHOK KOHIICHTPAIIii
Ha 100% 1 micist 1bOro po3paxoByBaIv HEOOX1IHY KINbKICTh KMCIOTH JUIS IPUTOTYBaHHS
1%-no0r0 po3unHy. [Ipu 1iif ske TemmepaTypi 3aKOHCEPBYBAIN KUIIKH KyXOHHOIO CLILTIO
(mocmin 0). KoHTposeM CITy»KHiIM KHIIKH, KOHCEPBOBaHI KyXOHHOIO CULITIO 1 30epiramcs
npu remneparypi 0...10°C, BianoigHo 10 Aitounx TexHiyHUX yMOB (TY).

Binibpany cBiXy KHIIIKOBY CHPOBHHY JOCIIIKYBAIN 32 OPraHOICITHYHIMH, MiKpO-
0i0JIOTIYHUMH, MiKpOCprKTypHHMH Ta CrpyKTypMO- -MEXaHIYHIMHU TOKa3HUKAMH,
HOTIM 6yJ1n chopMOBaHi JOCIIHI Ta KOHTPOIBHI napTu sIKi OyJIM 3aKOHCEpPBOBaHi
BIZIMIOBITHUMH TTOCOJIKOBUMH CyMIIIaMH Ta 3aKJIAJACHI Ha 36ep1raHH;1 y CKISIHY Tapy
3 MIUTFHO 3aKyMOPEHUMH KpUIIKaMu eMHicTIo. Uepes 3, 6 1 9 MicsmiB 30epiranus mpo-
BOAMBCS BinOip mpo6 miast gociimpkeHs. [Totiv Ha 6a3i TOB «XyTopstHCBKI KOBOACH
3 IOCITIJTHUX 3Pa3KiB KOHCEPBOBAHHUX KHUIIOK OYyJI0 BUPOOIIEHO KOBOACHI BUPOOH.

JlocmimkeHHS CBKUX KHIIKOBHX OOOJOHOK ITOKA3alIH, IO 32 OPraHOJICITHIHUMH,
MIKpOOi0JIOTTYHUMH, MIKPOCTPYKTYPHUMH Ta CTPYKTYPHO-MEXAHIYHUMH XapaKTEpHUC-
THKaMHU BOHH BIJIITOBI/IAlOTh JIFOUUM TEXHIYHUM yMOBaM Ta BETEPHUHAPHO-CAHITAPHUM
BUMOT'aM JI0 Xap4OBUX IIPOAYKTIB.

OpraHoienTU4Hy OLIHKY SUIOBUYHMX YEPEB TA CHHIOT, CBUHIYMX Ta OapaHsIuuX YepeB
TIPOBOJIMIIH ITiCTIs 3BUTBHEHHS X B1JI COMI MIJISTXOM TPOTIONTICKYBaHHS Y BOJI ITPH TEMIIE-
parypi 15...20°C, 3 noganpuM 3aMouyBaHHAM Npu Temneparypi 20...25°C npotsirom
3 TOJMH 71 HaJIaHHS CTIHKaM KHUIIOK eJacTUYHICTh. J{J1sl BUSBJICHHS O3HAK ICYyBaHHS
OISl TIPOBOMIIM 13 30BHINTHBOI T4 BHYTPINIHBOI CTOPOHHU. EJIACTHUHICTH CTIHOK Ta
HAsIBHICTh JIPOK BH3HAYAIM IIPH IPOJIUBAHHI BOIOIO. Pe3ynbraru OpraHojenTHYHOT
OIIIHKH CBUHSYMX, OapaHIuUX Ta SUIOBUYMX YEPEB Ta CHHIOT CB1IYaTh MPO TE, 110 Yepe3
1 wmicsip 30epiraHHsl KHAIIKW, KOHCEPBOBAHI JIMIIIE KyXOHHOKO cunto (ocmin 0, KoH-
TPOJIb) HE MaJl BUIMMUX O3HAK IICYBaHHS Ta BiAMOBigaIN BUMOraM TeXHIYHHX YMOB.
Vi mocnmiHi 3pa3ky KUIIOK, KOHCEPBOBAHI CULIIO 3 OJaBaHHSAM JTHMMOHHOI KHUCIOTH
B KoHIeHTparii 1 Ta 2% 1o macu comi (ocmifa 1, 2), MOJIOYHOT KUCJIOTH B KOHIIEHTPAITI
2 ta 5% no macu po3scoiy (nocin 4, 5), copbinoBoi kucnoru (1%) (mocimin 3) Ta oro-
Bo1 kuciotH (0,5% Ta 1%) 3 konTuiabHEM apoMaruzatopoM (1% macu po3cody) (mocmin
10, 1), 3a BciMa TOCITIDKEHUMH ITOKa3HUKAMHK BiJIoBiainu BuMoram TV.

JocniaHi 3pa3ku KUIIOK, 00po0JIeH] KOHCEPBYIOUMMH CyMIllIaMH 3 BUKOPUCTAHHIM
mozouHoi kuciotu «PURAKy BupoOHuiTBa dhipmu «bioxim» (1 1 2%) y moeanansi
3 KONTWIBHUM apomaruzaropoM (1%) Ta KyXoHHOIO cunto (mocmimu 6, 7), a Takox
3 BUKOPUCTAHHAM MoJ04HOT Kucinotu. «PURAK» (1 1 2%) y moenHaHHi 3 XJI0pUIOM
Harpito (mociinu 8, 9), Maiu He3HAYHI O3HAKHU TICYBaHHS (IIOMYTHIHHS Ta OCIIM3HECHHS
PO3COITy), SIKi JIETKO YCYBAJIHCS MPOIUBKOIO KUIIOK BOJOIO.
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Kuiku, KoHCepBOBaHI KONTUIBHOK PiAMHOIO B KOHIEeHTpanii 15% no macu comi
(mocumin 13), a TakoXk KONITHIIBHAM apoOMAaTH3aTOpoM y KoHIeHTparii 1% 10 Macu Boau
(mocnin 12), Mau HEOJHOPIIHUH, AyKe TEMHHH (KOPUYHEBUI) KOMip, CUIIBHUH 3amax
JUIMY 3 BIATIHKOM 3aTXJIOCTi, HOKPHJIHCS IUTICHSBOIO, & TAKOXK Oy/H CHIIBHO 3HEBOIHEHI,
TOMY ITOJIJIBII €KCITIEPUMEHTH 3 HUIMHU HE MTPOBOIMIINCE. Uepe3 Tpu micsii 30epiranHs
3pa3Kd CBUHSYHX, SUIOBHYUX YCPEB Ta CHHIOT, KOHCEPBOBAHI TPaIHLiHUM CIIOCOOOM
KyXOHHOIO clIuTrO (Jroctiz 0), mpu 30epiranHi B yMOBaX MO3UTHBHUX TEMIIEPATYP MOTEM-
HIJIH, TOKPHITUCS TUTICHSIBOO Ta KPACHYXOI0, UEPEBH Ta CHHIOTH MaJld CTOPOHHIH 3amax,
HE BIIACTUBUI KUIIIKAM; CTIHKU KHUIIIOK HE BUTPUMYBAIIU THCK BOIH MpU mpouBii. [Jani
BaJIM HE YCYBAJIMCS MPOJIMBKOIO Ta 3aMOYYBaHHM, 3pa3Ku OyJI0 3HATO 3 EKCIIEPUMEHTY.
V 3paszkax OapaHS4MX YepeB Taki BaJu OyJu BHSBICHI yepe3 4—5 MicsIiB 30epiraHHs
1 IOTIM TaKoXK OyJIH 3HATI 3 €KCIIEPUMEHTY. 3pa3Ku, KOHCEPBOBAHI MOCOJIOUHUMH CyMi-
IaMy 3 BUKOpPHCTaHHSM MoJo4HOI kucinoTu «PURAKY y moenHaHHI 3 KONTHIBHOIO
PIAMHOIO Ta KyXOHHOK CULIIO (Iochiaw 6, 7) Ta KOHCEPBOBaHI CULIIO y IMOETHAHHI
3 MosiouHO0 kucnoror «PURAK» konnentpaii 1 1 2% (mocniau 8, 9), uepes 3 micsaui
30epiraHHst MpUIOay 3aTXJINK THUIBHAN 3amax, CIM3bKUNA HAJIIT, BEJIMKI KOJIOHIT IBLII
3€JICHOTO Ta YOPHOTO KOJNBOPIB, OOOJOHKH PBAIIUCS TIPH HEBEIHKOMY THUCKY BOIH. YCi
3pa3ku OyJ10 3HATO 31 30epiraHHs.

CuHsAY1 Ta OapaHsUi YepeBa, 3aKOHCEPBOBaHI MOCOIOYHOK) CYMIIIIIIIFO, 1110 MICTHTh
2% monounoi kucnotu 3a FOCT 490-79, 1% xonTHIIbHOTO apoMaTu3aTopa, 25% KyXoH-
HO{ comi Ta BoAy (0cBix 4), a Takoxk 5% i€l & KUCIOTH, 2% KONTUIBHOTO apOMaTH-
3aropa, 25% comi Ta BOLY (/:Iocmz[ 5), gepe3 3 Micsmi 36ep1raHH;1 nppm6ann 3aTXITUH
THHJIBHUH 3armax, po3cin HOMyTHmo Kumiku BKPHITHCS IUTICHSIBOIO 1 3HSUTH 3 €KCIIe-
pUMEHTY. SIOBUYI YepeBHU 1 CHHIOTH, 3aKOHCEPBOBaHI THMH CAMHUMH CyMIllIaMH, MaJIH
KOPUYHEBO-0CIKEBUH KOJIIp, CIaOKHIA 3a11aX MOJIOYHOT KUCIIOTH, KOHCEPBYFOUHA PO3YHH
Y BIJICYTHOCT] BUIUMHUX JIe(DEKTIB AKOCTI.

3pa3ku KUIIOK, 3aKOHCEPBOBaHi 3 JIMMOHHOO (mocimif 1, 2), copbinoBoi (mocmin 3)
1 OLITOBOT KUCIIOT y TIOEJHAHHI 3 KONTHILHUM apomarusatopom (mociia 10, 1) Biamo-
Bimanu Bumoram TY. Uepe3 miictb Ta JeB'SITh MICAIIB 30epiraHHs JTOCIIIHI 3pa3KH,
KOHCEPBOBAaHI MOCOJIOYHUMH CyMIIIaMH, 110 MiCTATh 1% cOpOiHOBOI KUCIOTH 10 MacH
comi (mocmin 3), 1 Ta 2% JIUMOHHOT KHCIOTH 10 Macu coiii (mocsin 1) Ta 1% omroBoi
KHUCJIOTH Yy moenHaHHi 3 1% xonTuieHoOro. apomarusaropa (gociin 11), a Takox KOH-
TPOJIbHI 3pa3KH BiJINOBiIaik BUMOTaM TeXHIYHUX YMOB Ha KUIIIKH CBUHSYI Ta SIIOBUYI
00pobneni. bapanoBi depeBu depe3 9 wmicsiiB 30epiraHHs OyJd CHJIBHO 3HCBOJHEHI.
Kpim toro, Bci 00010HKH, KOHCEPBOBaH1 CyMILIIIIO JUMOHHOT KUCJIOTH B KOHLIEHTpALii
2% macu codi (mocmif 2), micns 9 MicsIiB 30epiraHHs TakoX OyJIM CHIIBHO TepEeCyIIeHi,
OJTHAK 1HITUX JAC(PEKTIB SKOCTI HE CIIOCTEPIraiocs.

SlmoBHYi YepeBH Ta CHHIOTH, 3aKOHCEPBOBAHI PO3YMHOM MOJIOYHOT KHCIOTH B KiJlb-
KoCTi 5% J10 Macu HaCHUYEHOTO PO3COITY, & TAKOXK YCI BHJIU KUIIOK, KOHCEPBOBaHI PO3-
YIHOM OIITOBOI KHCJIOTH B KinbkocTi 0,5% y moemHanHi 3 1% KONTHIFHOTO apOMaTu-
3aTopa, yepe3 6 micsuiB 30epiraHHs MOTEMHUIM. THUIBHUH 3arax, po3cij MOMYTHIJIO.
KHIITKaX YiTKO MPOMIISIIATHUCS KOJOHIT IB1JTi 3€JICHOTO KOJIBOPY.

ExcrniepuMmeHTanbHl JaHi OPraHOJENTHYHOI OIIHKA 3aKOHCEPBOBAHOI KHIIKOBOT
CHUPOBUHHU ITOKA3aJIH, 110 HAMOLIBII e()eKTUBHUMHU CYMIIlIAMU, [0 KOHCEPBYIOTh, LIS
30epeKeHHS SKOCTI KUIIOK B IpoIieci 30epiraHHs Mpy MO3UTHBHUX TEMIIEpaTypax €:
PO3YHH, III0 MIiCTHTH OLITOBY KHCJIOTY B KOHIEHTpAIlii 1%, KONTWIEHUI apoMaTH3aTop
B KinbKocTi 1% 1 25% kyxonHoi coni (mocain I), a Takoxx koHcepByroyi cymimi — 1%
JMMOHHOI KUCIIOTH JI0 MacH codi (mociia 1) ta 1% copOiHOBOT KHCIOTH 0 MacH COJi
(mocmin 3).
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Pesynerat MiKpOOiONOTIYHUX JOCTIKEHb 3aKOHCEPBOBAHOI KHIIKOBOI CHPO-
BHHU 4epe3 3 Micsii 30epiraHHs MOKa3aiu, 110 3pa3ki KUIIOK, KOHCEPBOBaHI 3 BHKO-
pucTaHHAM KyXoHHOI coii (gocmuia 0) ta monouHoi kucinotu «PURAKY y noennansi
3 KONTHJIBHUM apoMaTru3zatopoMm (mocmigu 6, 7) i 6e3 Hporo (mocuiam 8, 9), a Takox
3aKOHCEPBOBaHI BOJHUM PO3YHMHOM KONTHIBHOTO apomartu3aropa (jocmin 12) Ta cymi-
LIIII0 apoMaTHU3aropa 3 KyXOHHO cimtto (nociia 13), mManu o3Haku ncyBaHHsA. Y 1T
noApiOHEHNX KUIIOK Oylo BUSIBICHO OakTepii IpymH KHIIKOBOI MATWYKH, IUTICHSIBU
Ta JPLKIDKI, BMICT SKHX HE JIONMYCKAEThCS CaHITAPHO-TITi€HIYHUMHE BUMOTaMu. Buxo-
JISTYU 3 PE3yJIbTaTiB MIKPOOIOJIOTIUHUX JOCIHIKEHb PI3HUX BHJIIB KHIIOK BT PI3HUX
BUIiB 3a01HUX TBAPHH, MOXHA 3pOOUTH BUCHOBOK, II[0 KUIITKOBA CHPOBHHA, KOHCEPBO-
BaHa KYXOHHOIO CIJUTIO 1 3a3HAYCHUMH CYMIIIIAMH, 1110 KOHCEPBYIOTh, IPU TEMIIepaTypi
+23...4+25°C moxHa 30epiratd He OijblIe OJHOrO Micsld, 0 OyJ0 MiATBEPIKEHO Ta
OpPTaHOJNICNTHYHUMH JI0CIT1KSHHSIMH.

Beci inmmi 3pasku uepe3 3 Micsiii 30epiraHHs BiAMOBIad BUMOTaM TeXHIYHUX YMOB,
Oyna BifCyTHs CaHITapHO-NIOKAa30Ba Ta MaroreHHa MikpodJopa. 3araibHa KiJIbKiCTh
Me30(iTpHIX aepOOHHUX Ta (aKyIBTAaTUBHO aHAEPOOHUX MIKpOOpTraHi3MiB mepedyBaia
B ME)KaxX HOPMH.

Pe3ynbratt MikpoOioIOTiYHUX AOCTIKEHb Yepe3 6 MicsIiB 30epiraHHs MOKa3ajH, 1110
3pa3KH, 3aKOHCEPBOBaHI IMOCOJIOYHOK) CYMIIIIIITO, III0 MICTHTh MOJIOYHY KHCJIOTY B KOHIICH-
Tpaisx 2 1 5% (mociiau 4, 5), a TaKOXK OLITOBY KUCIIOTY B KOHIIEHTpalii 0,5% Ta KONTHIIb-
HUIA apomaru3arop y kinbkocTi 1% (mocmia 10) He BiAMOBIAAIOTH CaHITAPHO-TIrEHIYHIM
BUMOTraM. Y HUX OyJH BUSIBJICHI IUTICHSIBY Ta JPLKIKI, OHAK Y HAX OYyJIU BiZICYTHI OakTe-
pii TPYIH KHIIKOBOT MAJIIYKK Ta MaToreHHa Mikpoduiopa. Buxomsran 3 oTpUMaHUX JTaHUX,
MO)KHa 3pOOUTH BUCHOBOK, 1110 MOJIOYHA Ta OITOBA KUCIIOTH Y 3a3HAYCHUX KOHIICHTpAIILsX
MaroTh OAKTEPIOCTATUYHY JIiF0 MPOTH OAKTEPild TPYITH KUIIKOBOI MAJMYKH Ta MaTOreHHOT
MiKpodIOpH, ajie He MEepPeNIKO/PKAKTh 3POCTAHHIO IUTICHSIBU Ta IpLKIKIB. JlaHi 3pasku
KHUIIOK OyJT BU3HAHI 311ICOBAaHUMM, 3HATI 3 XPOITIHHS 1 IaJIi HE JIOCITIKYBaJIHCSL.

Mikpo0io0oriuHi TOKa3HUKH KHIIKOBOT CHPOBHMHH, 3aKOHCEPBOBAHOI IOCOJIOY-
HUMH CyMIIlIaMH, 10 MICTITh 1 Ta 2% JTUMOHHOT KMCJIOTH JI0 Macu comi (rocmiau 1, 2),
a Takox 1% copOinoBoi kucnotu (nocmia 3) Ta 1% onroBoi kucnotu y noeananti 3 1%
KOIITHJIBHOTO apoMaTH3aropa JIo Macu coii (mociix 1), a TaKo)K KOHTPOJIbHHX 3pa3KiB 8
npoueci 30epiranHs B yMOBaxX BUCOKMX MO3UTUBHUX TeMnepatyp (+23...25°C) uepes 6
1 9 MicsiB 30epiranHs, BiINOBiAaIN BUMoraM TexHiYHuX yMoB, B Hux Oyna BiaCyTHS
CaHITapHO-TIOKAa30Ba Ta TMATOTCHHAa MiKpodopa. 3arajbHa KUIBKICTh Me30(IITbKUX
aepoOHUX 1 aHaepOOHMX MIKPOOPraHi3MiB 3HaXoAMIIAC B MeXax HOpMH. JloCiiKeHHs
3aKOHCEpPBOBAHMX KHUIIOK Ha 0-My Micsimi 30epiranHs mokasaid, 1o mpu ix oOpoodui
CYMINIIIIO CyXoi KyXOHHOI COJi 3 JMMOHHOI (mociia 1, 2) ta omroBoi (mocmim 11)
KHUCIIOTAMH, Y HEBEJIMKIN KUTBKOCTI BUSIBIISTFOTHCSI IPIXKJIKI, IO HE JIOYCKAETHCS CaHi-
TapHO-TirieHiYHUMH BUMoramMu. OfHAK Bi3yaJbHO O3HAKM IICYBAaHHS HE MPOXKUINCS,
naroreHHa mikpoduiopa ta BI'KIT Oynmu BigcyTHi. Y 3pa3kax CBHHSYOI YePEeBH, KOH-
CEpBOBAHOI TUMH K CyMillIaMH, TUTICHSIB BUSIBJICHO HE OYI10.

OTxe, MOKHA JINTH BUCHOBKY, III0 KOHCEPBYIOUi CYMIIlli COJIi 3 JTMMOHHOI 1 OITO-
BOT KHCJIOTAaMH MAarOTh JIOCTaTHIM aKTEPHOCTATHYCCKUM e()EKTOM IMPOTH IPIXkJIKIB
muie 10 9 micauiB 30epiraHHd KUILIOK MPU AOCHIKYBaHUX Temreparypax. Biamo-
BiZTHO IO CXEMH €KCIICPHMEHTY Ha HACTYIHOMY €Talli JOCHTiHKCHb BU3HAYAIN XiMITHUN
CKJIaJ] 3aKOHCEPBOBAHUX CBHHSIUMX, OapaHSIUYNX, SUIOBHYHX YEePEB Ta STIOBUYUX CHHIOT
3aJIeXKHO B1JI IOCOJNIOYHOT CyMillli Ta TEpMiHy 30epiraHHs..

JocmipkeHHsT XIMIYHOTO CKJIaly JOCHIAHUX 3pa3KiB KUIIKOBHX OOOJOHOK ITOKa-
3aJIH, 10 He3aJEeKHO BiJ CKIaTy KOHCEPBYIOUOi CYMIlli Ta BUAY KHIIKOBOI OOOJIOHKH
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IPOTATOM YCHOTO TEPMiHy 30epiraHHs CHOCTEepirajgocs iX YacTKOBE 3HEBOJHEHHS.
BMicT BOJIOTH B CBUHSIYMX YepeBaxX MOPIBHSIHO 3 BUXITHOK CHPOBUHOIO TICIIS 3-Micsd-
HOTO 30epiranHs 3HWKyBanocs Ha 24,8-35,6%, y Gapansuux yepeBax — Ha 19,7-27,3%,
y SUTOBMYMX YepeBax Ta cuHiorax — Ha 10, 7-17,4% ta 13.0-15,2% BiamosigHo.

VY CBUHSUMX 1 OapaHSYUX YepeB BMICT BOJIOTH OyJi0 BHIE B cepenHboMy Ha 14,3
i 16%, nnst soBHUYMX YepeB Ta CUHIOT — Ha 8,5 Ta 6,8% BiamosinHo. JlocmiaHi naHi
CBiUaTh MpO Te, M0 BMICT BOJIOTH Oyo OiibIIe y 3pa3kax KHUIIOK, 3aKOHCEPBOBAHUX
y 25%-HOMY po34mHiI KyXOHHOI comi. Pa3om 3 TUM BHIHO, 10 10 9 MicsIiB 30epiraHHst
y 3pa3zkax (mocmia 3 ta 11), 3akOHCEPBOBAHUX CYXOH0 KYXOHHOIO CIJUTIO 3 JIOJIaBaHHSIM
1% copOiHOBOI KHCIOTH Ta KOHIICHTPOBAHUM PO3YMHOM KyXOHHOI comi 3 1% omrToBoi
KACIOTH Ta 1% KONTHIBHOTO apoOMaTH3aTopa, BMICT BOJIOTH OyB BHIIMM, HIX y 3pa3-
kax (mocmin 1 1 2), 3aKkOHCEPBOBaHI CyXOI0 KyXOHHOIO CI/UTIO 3 aonaBaHHsIM 1% Ta
2% numoHHOT KucnoTu. Ll maHi cBig4aTh Mpo Te, 10 JIMMOHHA KHCIIOTa 3HEBOIHIOE
KHIITKOBY CUPOBUHY CHIIbHIIIIE, HI’XK COPOIHOBA Ta OITOBA. BCTaHOBIICHO, IO MPOTITOM
YChOTO TEpMiHy 30epiraHHsi BHACIIIOK MOCTYIIOBOTO BHUIIAPOBYBaHHS BOJIOTH Y KOH-
CEpBOBAaHUX KHUINKAX IiABHUIIYETHCS BMICT JKHpY Ta Oika y MEepepaxyHKy Ha CyXy
PEUOBHHY. Y KOHTPOIBHUX 3pa3Kax KHUIIOK TAKOXK BiI3HAYAECTHCSI BUCOKHU BMICT JKUPY
1 OinKa npu OLIBII 3HAYHOMY 3HEBOJHEHHI.

Tabmuis 1
Mikpo0ioioriyHi MOKa3HUKU KMIIKOBOI CHPOBHHHU
KMA®A Marorenni, | Stap. Aureus Txicusen, | Mpiscoii,
uM, BI'KII, B T.4. Blr Ir B1r
3paszku KOE/r, Blr CaJIbLMOHEJIH NPOAYKTY
B1rHe | mpoaykry B25r
oinbie MPOAYKTY
Hopmu 3 MBT|  5x10° HO e JIOIYCTUMI | HE JOMyCTHMI He He
JIOITy CTUMI JOIYCTUMI | TOITyCTHMI
aposma | ¥ |- : : : :
3 micsiii 30epiraHas
Jocmig 0 4x10° BHSBJICHO - - 530 15
Hocnin 6 3x10* BUSIBJICHO - - 8 6
Jocmig 7 4x10? BUSBIIEHO - - 6 3
Tocmia 8 5x10° BUSBJICHO - - 15 6
Jocmin 9 6x10° BUSIBJIICHO - - 14 8
Tocminx 12 2x10? BUSABIIEHO - - 9 12
Tocming 13 3x10° BUSIBIIEHO - - 10 4
6 MicsiiiB 30epiraHs
Hocnin 4 1x10? - - - 7 15
Hocnin 5 1 x10? - - - 1 2
Hocmix 10 1x10? - - - 9 5
Hocmin 11 1x10* - - - - -
10 micsmiB 30epiranHs
Tocmin 1 3x10° - - - - 1
Tocmig 2 2x10? - - - - 3
Jocmin 3 1x10? - - - - -
Tocmix 11 6x10* - - - - 2
Konrposns 3x10* - - - - -
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[Ticns 3 MicsAwiB 30epiraHHs MaKCUMallbHa KIJIBKICTh COJTi 3a()ikCOBaHa B KOHTPOIIb-
HHX 3pa3KaX KHMIIOK KOHCEPBOBAHUX TLNbKU KyXOHHOIO CLIIIO B JTOCHIIHUX 3pa3Kax ii
BMICT Ha 1-2% wmeHnue. 3 yacoM 30epiraHHs KiIbKICTh COJIi B KMIIKaX TPOXH 3011bIIY-
€TBCS, OCOOJMBO y 3pa3kax, KOHCEPBOBAHUX CYMIIIIIIIO COJIi 3 JIMMOHHOIO KHCIIOTOIO
(mocumin 1, 2), 3a paxyHOK au(y31HHOTO MTPOIECY IPOHUKHEHHS COJIi B TKAHWHY KHIIIOK,
SIKMH TIPOTIKa€ THTEHCUBHIIIE TIPYU CYXOMY MOCOJI. BU3HAUCHHS IEPOKCHIIHOTO YHCIIa
JKHPY KOHCEPBOBAHUX KHUIIIOK IOKA3aJI0 BiICYyTHICTh OKHCHHX 3MiH y BCiX €KCIIEpUMEH-
TaJbHUX 3pa3Kax MPOTATOM YChOTO TEPMiHY 30epiraHHs.
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Cmamms npucesyena akmyaibHOMY NUMAHHIO pO3POOKU HOBUX XIO0DYI0UHUX 6UpoDi6 che-
YIanbHO20 NPUSHAYUEHHS, a came 01 MYPUCTHUYHUX MA GIIICLKOBUX NOMPed a0 Y 6UNAOKY GUHUK-
HeHHs Ha03euyanux cumyayii. Ilpomomunom y ybomy 0ocniodxcenti cmas «Ipranocokuti Xaioy,
peyenmypa K020 6a3yemvpCs HA BUKOPUCMAHHI Xapuoeoi coou ma naxmu. Y npoyeci 30iiic-
HeHHs eKCnepuUMennty 3anponoHO6aHo 0eKilbKa KOMOIHAYIU CUPOBUHHO20 CKAAOY Mda 8PAX0O6AHI
empamu i 6i0X00U y 6UpOOHUYMEI, Wo cKaadaioms 35,9%.

V 36’s13Ky 3 yinboeum UKOpUCMAHHAM 3aNPONOHOBAHOT NPOOVKYIL OOYITbHO SUKOPUCANU
CUPOBUHY, KA NIOSUWUMb OION02TUHY YIHHICMb KAACUyHo20 Xaiba. Tomy nponoHyemucs 30itic-
HUmMu 3aMiny Keipy Ha naxmy ma cupo8amky, a yykop nicoK Ha namoxy ma oexcmposy. Jus
30a2aueHHs MAKoHC PeKOMEHO0BAHO 000AMU HCUMHE Ma KyKypyossiHe bopowHo. V sakocmi poc-
JUHHUX HCUPIE BUKOPUCIAHO KYKYPYO3ZAHY ONi0.

Jlabopamopni 0ocniodicents noxkazanu epekmueHicms maxux piwiensb. 3pasku xapakmepu-
3Y8ANUCH GUCOKOIO MA PIBHOMIPHOIO nopucmicmio, ska ckaadae 50%. Bmicm eonoeu ¢ m sakyuti
cmanosums 46%. Ilpu ybomy ynikanmsa 3pasxie 3Haxoounocs na pismi 8%. 3a opeanonenmuynumu
BLACMUBOCMAMU HATTINUWULL OMPUMAHULL eK3eMIIAP € OLIbUL YIKABUM Y NOPIGHSHHI 3 KOHMPO-
nem. Buwjeekazani noKasHuKU 8i0N08i0aomsb 8UMO2AM HOPMAMUEHOI OOKymeHmayii Yxpainu,
a came JICTY 4583:2023. Tomy ompumana peyenmypa 0y1a npeocmasiend y 6i0COMKOBOMY
CNi6BIOHOUIEHHT KOMNOHEHMIE Md 3 PO3PAXYHKY HA OOHY MOHHY 20MO080I NpoOYKYil.

s 30epedicents AKICHUX Xapakmepucmux ompumanoi npooykyii pekomeH0oeano 30iicHumu
KOHCEPBYBAaHHA Yy MEPMOCMINIKUX Naneposux banxax (po3pooxu Aximomo Howwuxixo, Anomnis)
3 nocrioyiouoio cmepuaizayieio abo y IET sakyym nakemax 3 nacmepuzayicio. [Ipu yvomy mep-
MiIH peanizayii Xai6a 30i161umscs 810 wecmu Micayie 00 00Ho2o poky. Ilepcnekmusamu nodansb-
WX QOCHIONCEHD € 30TUCHEHHSL MIKPODION02IUHO20 KOHMPOTIIO Y NPOYeCi Mpueaio2o 36epieanHs.

Knrouoei cnosa: xnibobynouni eupoou, cneyiaivhe npusHadeHHs, peyenmypa, mepmin 30e-
pieanms.

Rezvykh N. 1., Akhtemenko T. P. Development of recipe composition of special purpose
bread with extended expiration date

The article is devoted to the topical issue of the development of new bakery products for
special purposes, namely for tourist and military needs or in case of emergency situations. The
prototype in this study was "lrish bread", the recipe of which is based on the use of baking soda
and buttermilk. In the course of the experiment, several combinations of raw materials were
proposed and losses and waste in production were taken into account, amounting to 5.9%.

In connection with the intended use of the proposed products, it is advisable to use raw
materials that will increase the biological value of classic bread. Therefore, it is suggested to
replace kefir with buttermilk and whey, and sugar with molasses and dextrose. For enrichment, it
is also recommended to add rye and corn flour. Corn oil was used as vegetable fat.

Laboratory studies have shown the effectiveness of such solutions. The samples were
characterized by high and uniform porosity, which is 50%. The moisture content in the pulp
is 46%. At the same time, the baking of the samples was at the level of 8%. According to the
organoleptic properties, the best sample obtained is more interesting compared to the control.
The above indicators meet the requirements of the regulatory documentation of Ukraine, namely
DSTU 4583:2023. Therefore, the obtained recipe was presented in percentage ratio of components
and based on one ton of finished products.
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To preserve the quality characteristics of the obtained products, it is recommended to preserve
them in heat-resistant paper cans (developed by Akimoto Yoshihiko, Japan) with subsequent
sterilization or in polyethylene vacuum bags with pasteurization. At the same time, the expiration
date of bread will increase from six months to one year. Prospects for further research are the
implementation of microbiological control in the process of long-term storage.

Key words: bakery products, special purpose, recipe, expiration date.

Beryn. Ynponosxk 2023 poky B Ykpaini 3apeectpoBano 109 Haji3BUYaliHUX CUTYya-
uidd. [ls mocTaTHbO BeNIMKa KUTbKICTh HEOE3MEUHUX IO/ CYIPOBOIKYETHCS HEOOX1/1-
HICTIO 3a0€3MeUNTH MPOIOBOILCTBOM HACENEHHs. Y TOi e Jac Bifomi motpedu Biii-
CHKOBHX Ta TYPHCTIB, SIKHM HEOOXITHO MaTH CBIXKI IPOIYKTH 3a Oy/Ib-IKUX YMOB. Tomy
TEXHOJIOT14HI PilIeHHS AJIS JOBrOCTPOKOBOTO 36epiraHHs[ xapqOBo'l' MPOAYKLIl € Haf-
3BHYA{HO KOPUCHUMH Ta HOTpe6yIOTI> PO3BUTKY Y BiJINIOBITHOCTI JI0 YMOB Cy4aCHOCTI
Ta TEXHIYHOTO PO3BHUTKY TalTy3i.

IocranoBka mnpobdaemu. BupoOineHHS NpomyKuii creuialbHOrO NPU3HAYSHHS
Hapasi € OJIHMM 3 HaWaKTyalbHIIINX MHUTaHb ChOTOACHHS. TaKki aCOPTUMEHTH MarTh
BiJINIOBiIaTH 0araThbOM BUMOT'aM, 30KpeMa MaTh BUCOKY O10JIOT1UHY I[IHHICTh Ta JIOBIHH
CTPOK IPUIATHOCTI MPU BiJICYTHOCTI OCOOIMBHUX YMOB. Lle CTOCY€TBCS TaKoX TaKoro
0a30BOTO IS CIIOKUBAHHS MPOAYKTY K X110. BpaxoByroun BHCOKY ITIHOBY HONITHKY
IMITIOPTOBAHOI TMOJIOHOT TPOMYKIIi, BBAKAEMO HEOOXITHUM PO3POOUTH JIOCTYITHHA
ACOPTUMEHT LIMPOKOMY KOJIY CIIO)KHBAUiB.

MeTa fpocaizaeHHs. MeToI0 CTaTTi € JOCTIDKEHHS Ta po3po0Kka peuenTypHm KOM-
MO3HUIIi1 XTiba 3 BHCOKOIO O10JIOTIYHOO IIHHICTIO Ta MPOJIOHTOBAHUM TEPMiHOM IIPH-
JATHOCTI.

AHaJii3 ocTaHHIX JocHiKeHb i myOaikaniii. locTaTHRO BesMKa KibKICTh BYCHUX
JIOCITI/DKYOTh MOXKIIMBOCTI TTOJIOBXKEHHSI CTPOKIB MPHAATHOCTI XJi0a. 3okpema ["apa-
menko J1. B. Ta Tapactok H. B. po3misigatoTs TUTaHHS ICHYIOUUX METO/IIB MTOJJOBKECHHS
CTPOKIB TPUIATHOCTI, 30KpeMa BHKOPHCTaHHS Oi0/erpagoBaHUX MaKyBaJbHUX Mare-
pianiB [1]. Typkor JI. mpu 1pOMy po3DIIsiAae 3aCTOCYBAHHS KPYITHOAMCIEPCHUX IIPO-
MDKHHX IPOJYKTIB ITOMENY 3€pHa, a caMe AYHCTIB, K OJIMH 3 IEPCIEKTUBHUX Y IIbOMY
nuTanHi HanpsmKkiB [2]. Jlo npukiany Yopra A. I. 3anpornonyBana 30araqyBatu Xap-
YOBi TUTIBKM OaKTEPUIUIHAME O10JOTIYHO aKTHBHAME PEYOBHHAMU [UIS 3MCHIICHHS,
iHriOyBaHHS a00 3aTPUMKHU POCTY MIKpOOpraHi3MiB Ha moBepxHi mpoxykuii [3]. [po-
oot B. I. Ta Cuipuyk T. A., ne BukopuctoByBanu ctpymu HBU 3 meroro 3amoOiranHs
IUTICHSBIHHIO JI0 KIJIBKOX MICSIIB y MOEIHAHHI 13 (hepMEeHTHHM TpenapatoM Hoamin
y peuenrypi [4].

Bukiaa ocHOBHOro Mmarepiajiy Aoc/izKeHHsl. Y TIporieci po3poOKH pelenTypH
nepen0adeHe TECTYBaHHS JEKUTHKOX KOMOIHAIIH pelenTyp, ¢ TOCTiKyBalach MOXKIIU-
BICTh 3aMiHHM JICAKUX KJIACUYHUX KOMIIOHEHTIB 331715 TOKPAILIEHHS OTO BIACTUBOCTEH:

1. 3aMiHa LyKpy Ha JEKCTPO3Y, Matoky ado ix cymim (1:1) [5];

2. 3aMmiHa Keipy Ha IMaxTy, CHpoOBaTKy abo ix cymim (2:1) [6];

3. 3aMiHa COHSIIHUKOBOI OJNii Ha IHIII BHIYU 3 OLIBIIO GI0JOTIYHOO IIHHICTIO.

OCKIiNIBbKH TPOJYKT, IO PO3POOISETHCA, IPU3HAYCHUH 10 BYKUBAHHS T1i]] 4aC aKTHB-
HUX (I3MYHUX HaBaHTaXEHb (TyprcTaM abo BiiChKOBHM) a0o i Yac HaJ3BHYAHHUX
CHUTYallli, BBaXKa€EMO 3a JIOLIJIbHE 00paTH OCHOBHOI CHPOBHMHOIO MIIEHUYHE I[1JIbHO-
3epHOBE OoporHo. Takox BapTo 30araTUTH HOTO 1HIIMMHU BUAAMH (XKUTHE Ta KyKypy-
JI3STHE) 3 METOXO ITiJIBUIIICHHS 010JIOT1YHOT IIIHHOCTI.

[Tig yac po3poOKM pelenTypu BpaxoBaHO, IO CepelHs KUIbKICTh BTpaT 1 BIAXO/IB
y xJ1i00neKapchbKoMy BUPOOHUIITBI CTAHOBUTH BiJ 5,9 10 6,5%. Y 11bOMy BUMAAKY TPH-
HMaeMO HIDKHIO TPAHUITIO IHOTO TIOKa3HHKA.
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ITix yac excepUMEHTANbHUX AOCTIKEHb MPOTOTHIIOM pO3poOKH cTaB «lpmann-
CBKHHU XJTI0», OCKUTBKH BHPOOISETHCS BiH BHKJIFOYHO Ha TMaxTi. Jl0aTKOBO y TaKkoMy
BUPOO1 HE BUKOPUCTOBYIOTH AP1KIIKI. [10 TOTO %k BUKOPUCTAHHS XapuoBOi COJM Y BUPOO-
HUYUX YMOBaX 3HAYHO CHPOIIYE TEXHOJIOTIUHUI mpouec [7].

OTpuMaHi 3pa3Ku XJ11000yT0YHUX BUPOOIB 3 BMICTOM MaXTH Ta CHPOBATKHA MaJTH Hal-
JIMIIy TOPUCTICTh, HA BIAMIHY BiJl €K3eMIUISPIB BUKIIIOUHO Ha MaxTi, Kedipi 4 cupoBa-
tii. KomOiHalis i€l CHpOBHHH J]a€ MO3UTHBHUNA PE3yNIbTaT MUIITHOTO M siKy1a. Yepes
3aMiHYy y CKJIJll KJIACHYHOTO I[YKPY-IIICKY Ha MaTOKy Ta JIEKCTPO3y 4ac MiadoMy TicTa
IiJ] 4ac BUIIKAHHS Jenlo 301bIIMBCS, NPOTE HE BIUIMHYB Ha 4ac BUITIKAaHHS B LIJIOMY.
Baxkaemo, 1110 3aMiHa IPOCTHUX BYIVICBO/IIB HA CUPOBUHY 3 OaraTuM CKJIaJoM JOIiTbHA
Ta CIPUSE MiIBUIIEHHIO 010JIOTTYHOT IIIHHOCTI BUPOOY.

PeuentypHuii ckiaa Hailkpamioro BapiaHTy po3poOiieHuX XJ1i000ynouyHuX BUPOOiB
HaBesieHo y Tabmuii 1. YrikaHHS 3pa3KiB, BUTOTOBIEHHUX 3T1HO 3alPOTIOHOBAHOT KOM-
no3uiii, ckiano 8%. Boyoricte M’sikyma cranoBuiia 46%, a mopuctictb 50%. Sxiio
MOPIBHIOBATH 13 MOKA3HUKAMHM KUTHBO-MIIIEHUYHOTO XJi0a 3TiTHO KOHTPOJIO Ta HOP-
MaTHUBHOT IOKYMEHTAIlii, BBA)KAEMO OTPUMAHUH pe3ybTaT CEHCOPHO O1JIbIN PHUBAOITH-
BUM. BiIMOBIHO SKICHUM MapameTpaM 3alpolOHOBAaHWK XJIi0 BIAMOBIAaEe 0a30BUM
Bumoram JICTY 4583:2023 [8].

Tab6muns 1
PenentypHa KoMIO3H1Lisl 3alIPONIOHOBAHOIO XJI1i0a
. Hopma ButparnalT BincorkoBe
HaiimeHyBaHHSI CHPOBHHH . . o
roToBOi MPOAYKUii, KT cniBBiTHOIEeHHS, Y0
[MmennyHe IEHO3EPHOBE 282,12 26.64
OOpOIITHO
ITaToxa 1,76 0,16
JexkcTposa 1,69 0,15
JKutHe OopoIHO 49,37 4,66
CupoBarka 105,79 9,99
Henpopoiene xosrte 40,91 3.86
KYKypYyA3sHe OOPOIITHO
XapuoBa cozia 5,15 0,48
[TaxTa 205,17 19,37
Cimp 5,57 0,52
KykypyazsiHa outis 7,76 0,73
Bona 352,65 333

Jnst 30epekeHHS SIKICHUX XapaKTePHCTHK PO3POOIEHOT0 XJ1i0a Ta MPOIOHTYBaHHS
HOro TepMiHy MPUIATHOCTI JIJIS CTICHiaIbHUX I[1JICH (TypHUCTIB Ta BIHCHKOBHX, Y BUITAKY
Ha/I3BUYAHUX CUTYalliil) peKOMEHIYEMO BUKOPUCTATH OJHE 3 HACTYITHHUX MTaKyBaHb Ta
METOJIUK:

— mactepu3anis Ta nakyBanus y [IET Bakyym-makerax [9];

— YKYyNOPIOBAaHHS Y NAepoOBUX TEPMOCTIMKHIX OaHKaX (po3poOku AKIMOTO Womm-
xiko, SnoHis) 3 HacTymHO crepuiizariero [10].

Bapro 3a3HauynTH, M0 3aIPOIIOHOBAHA PELENTYpa JO3BOJSIE OTPUMATH MPOLYKIIIIO
JUIS. MAaCOBOTO BUPOOHUIITBA, aJKe JO3BOJIsIE€ HOro iHTEHCH(DiKyBaTH 3a PAXyHOK CKOPO-
YeHHSI Yacy BUPOOJICHHSI TAPTil y MOPIBHAHHI 3 KIIACHYHOIO TEXHOJOTiEr. TakuM YHHOM
3MEHINYIOTHCSI BUTPATH Ha poOOYy CHIIy Ta €HEeproHOCii, IO JO3BOISE 3aCTOCYBATH
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O1JIbII BapTiCHY 3alPOIIOHOBAaHY CUPOBUHY a00 TTaKyBaHHS JUIS IPOJIOHTOBAHOTO 30epi-
ra"Hs. ToOTO BUPOOHUIITBO TAKOTO XJ1i0a OyJie TOMITbHIM.

BucnoBkH i mpono3umii. 3a pe3yspraraMu IPOBEACHOTO JOCTIHKEHHS 3aIPOIIOHO-
BaHa perentypa xiai600yI04HOro BUpOOy CHeiaJbHOrO MPU3HAUYSHHS 3 TiIBUIICHUMU
OlosoriyHUME BIACTHBOCTSIMH. OTpHMaHi 3pa3Kd MarOTh IMOKA3HUKHU SKOCTI, IO Bij-
MOB1IalOTh YMHHIA HOPMATUBHIN JOKyMeHTalii. 3anpornoHoBaHi IMUIISXHA MMOJOBKEHHS
CTPOKY MPUIATHOCTI PO3POOJICHOTO ACOPTUMEHTY, IO BKIIFOYAKOTh 3aCTOCYBaHHS TEX-
HOJIOT'IYHUX IHHOBAIIN y Taiy3i.
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Ha conogi npogedenoco ananimuunoeo 02na0y nimepamypu 6CMAano8IeHO AKMYaIbHICHb
HayKogoi pobomu, a came: po3uUpens. dcoOpmumMenny pudnux cmpas 3 GUKOPUCHAHHAM POC-
JUHHOT CUPOBUHU, WO O0OYMOBIEHO HASAGHICIIO MAKUX [HePeOIEHMIB, K He3AMIHHI aMIHOKUC-
J0Mu, NONTHEHACUYEH] IHCUPHT KUCTIOMU, NEKMUHOBL, MIHEPATIbHI PeYOBUHU, XAPYOEI 80JIOKHA.

Tomy payionanshum 01 po3podIeH s KYIIHAPHOT NPOOYKYIL € NOEOHAHHS PUOHOT CUPOBUHU
y AKocmi Oxcepena 1e2Ko00OCmMYNHUX OIIKi6 3 NPOOYKYIEN POCIUHHO20 NOX0OHCeHHsA O 30a2a-
YeHHS XapHo8UMU GOTOKHAMU, GIMAMIHAMU MA MIHepanamu. 3 Memor po3uupenis acopmu-
MeHmy pUOHUX cmpag 6 AKocni 00CIIOHO020 3pa3Ky 0Oparo giubonu.

Excnepumenmanvno eécmanosneno, wjo emicm 0iikie y m'sici munmas ckiaoac 15,9%,
a orcupy — 0,9%. Onmumanvuum 3a 30a1AHCOBAHICMIO AMIHOKUCTIOMHO20 CKAAOY BUZHAUEHO
Gapw 3 munmaro. Ha ocnogi nposedenozo ananimuuno2o 02140y ma eusueHHs iHghopmayitinux
oorcepen npu ni0OOPi CUPOBUHHUX TH2PedIEHMIE PO3POOIEHO MOOENbHI KOMNO3UYIL 3 BUKOPUCTNAH-
HAM niope MOniHamMOypy, NUEHUYHUX UCIBOK MA O/lii Pinakosoi.

Tpu onmumizayii npoyecy yOOCKOHANEHHs PUOHUX CIYEHUX CIMPA8 3 000A8AHHAM POCTUHHOL CUpO-
BUHU 6PAXOBAHO A ONMUMIZ08AHO NApamempu mexHonoiunozo npoyecy. Ha ocnosi nposeoenux
00CTIOAHCEHb POPOONEHO MEXHONORIIO | BUSHAUEHO MEXHONOLIUHI PECUMU NPUSONYSanHsL (iubomnie
3 GUKOPUCTANHAM MUHMAIO MA POCIUHHOT CUPOGUHU (TUCS ecmpazony ma moninamoypy). B mex-
HONORIT NPUSONMYBAHHA BUTYYEHO NPOYEC 0OCMAXCY8aHHsL (iuiboNie neped 3anikaHHAM, NOGHICHIIO
3AMIHEHO X0 Ha POCTUHHY CUPOBUHY, d 8 SIKOCHI NAHIPOBKU BUKOPUCTIAHO NUUEHUYH] UCIBKU.

B yoocronanenux ciuenux naniepabpuxamax 6ioMiuanu NOKpaujenus OpeaHOIenmuyHUX
enacmusocmetl, cokosumocmi, 30inbuients Kinbkocmi 0inkie Ha 25,6%, xapuosux 6010KOH &
5,5 pasie. Ilokpawyemocs minepanoHuil ma simaminnuil ckaao. bionoeiuna yinnicme pospobne-
HUX pUOHUX CIUeHUX Cmpas 3 000A6aAHHAM POCIUHHOT CUpOSUHY cmaHno8ums 78%, a 6 KOHmpob-
HOMY 3pasky — 56,1%. Komnnexchuil nokaznux akocmi pubHux @iubonie 3 poCiuHHOW cCupo-
sunoro cmanosums 0,73, a konmponvrozo 3pasxy — 0,66. Ompumani nosumueHi pesynomamu
00380715110Mb PEKOMEHOYS8amu po3pooneny peyenmypy 0s peanizayii y 3akiadax pecmopanioo
2ocnodapcmaa.

Knwwuogi cnosa: pubna cuposuna, munmai, pubnutl paput, piuboau, 6UCi6KU, MORIHAMoOYp.

Stukalska N. M., Kuzmin O. V., Ustynska K. Ya. Improvement of chopped fish dishes with
the addition of vegetable raw materials

On the basis of the conducted analytical review of the literature, the relevance of the scientific
work was established, namely: the expansion of the assortment of fish dishes using vegetable
raw materials, which is due to the presence of such ingredients as essential amino acids,
polyunsaturated fatty acids, pectin, minerals, dietary fibers.

Therefore, it is rational for the development of culinary products to combine fish raw materials
as a source of readily available proteins with products of plant origin to enrich them with dietary
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fibers, vitamins and minerals. In order to expand the assortment of fish dishes, fishballs were
chosen as a test sample.

It was experimentally established that the protein content in pollock meat is 15.9%, and the
fat content is 0.9%. Pollack minced meat was determined to be optimal in terms of the balance
of the amino acid composition. On the basis of the conducted analytical review and study of
information sources during the selection of raw ingredients, model compositions were developed
using Jerusalem artichoke puree, wheat bran and rapeseed oil.

When optimizing the process of improving chopped fish dishes with the addition of vegetable
raw materials, the parameters of the technological process were taken into account and optimized.
On the basis of the conducted research, the technology was developed and the technological
modes of cooking fishballs using pollock and vegetable raw materials (tarragon and Jerusalem
artichoke leaves) were determined. In the cooking technology, the process of frying fishballs
before baking has been removed, bread has been completely replaced with vegetable raw
materials, and wheat bran has been used as a breading

Improved organoleptic properties, juiciness, an increase in the amount of proteins by 25.6%,
and dietary fibers by 5.5 times were noted in the improved chopped semi-finished products. The
mineral and vitamin composition improves. The biological value of the developed chopped fish
dishes with the addition of vegetable raw materials is 78%, and in the control sample — 56.1%.
The comprehensive indicator of the quality of fish balls with vegetable raw materials is 0.73,
and that of the control sample is 0.66. The obtained positive results allow recommending the
developed recipe for implementation in restaurants.

Key words: fish raw materials, pollock, minced fish, fishballs, bran, Jerusalem artichoke.

[lepen cydacHMM CyCHUIBCTBOM TOCTAa€ MpOOJIeMa HEIMOBHOIIHHOTO Xap4dyBaHHS,
00yMOBIICHAa TAKIMH YHHHHUKAMH, SIK HECTaua eHeprii, OAep:KyBaHOI 3 IPOAYKTaMU Xap-
qyBaHHS; Opak MOXMBHUX PEUOBMH 1 MIKPOEIEMEHTIB, Y TOMY YHCHi 3aji3a, Homy Ta
BiTaMiHy A, BiJI IKOTO CTpaKJa€ OJM3BKO JIBOX MUIBSP/IIB KATEIIB TUTAHETH; IIIBHJIKE
3pOCTaHHS YMCIA JIIOAEH 13 HaJAMIPHOIO Macolo Tila Ta XBOpoOamH, MOB'S3aHUMU
3 MOPYIICHHSIM XapuyBaHHS.

TaknMm YHMHOM, ITOCTAE 3a7a4a HE TIIHKH TapaHTOBAHOTO OTPUMAHHS 3 DKEI0 T0CTaT-
HBOI KIJIKOCTI KaJlopiH, ajne 3aJ0BOJICHHS NOTPEO y MOKUBHUX Ta O10JIOTTYHHX peyo-
BuHax. lle MOXIIMBO peasnizyBaTu HUISXOM CTBOPEHHS HOBHMX HPOIYKTIB, sIKi OymyTh
30aJJaHCOBAHUMHU 32 CBOIM XIMIYHHUM CKJIQJIOM, MATUMYTh MOJIMIIEH] (hi3UKO-XIMIYHI Ta
OpraHoJIEeNTHYHI MOKAa3HUKHU. 3BaKalOUH Ha 11e 6araro BUCHUX HaMararoThCs YI0CKOHA-
JIUTH TEXHOJIOT1I0 IPUTOTYBaHHS Ta PO3IMINPUTH ACOPTUMEHT CTpPaB i3 puou.

[TepcrIeKTHUBHOIO CHPOBHHOIO JUIS 30arayeHHs pHOHUX CTPaB € POCIMHHA CHPOBUHA.
Hayxkosui Mensaukos K. O., Konicandenko T. O., Manyk FO. A. gocmiiniam neperek-
TUBHICTh BHKOPHCTaHHS TOPOMUIKIB i3 JUKOPOCIMX ATIM JUIS BUTOTOBICHHS CTPaB i3
pubu. Po3pobieHo TeXHOJIOTII0 BUPOOHUIITBA prOO-pocinHHOl cTpaBu «KHemi 3 puo-
HOTO MYCIIIHY 3 )KYPaBJIMHOIO» IIUIIXOM BBEICHHS IIOPOIIIKY 13 BUYABOK JKypaBiauHH [1].
Buecenns (yHKIIIOHANEHUX 0OABOK y BUIVISIIII POCIMHHOT CHPOBUHH, @ CaMe TIOPOIIKY
13 )KypaBJIMHH, € e)EKTUBHUM, aJDKE CITPHSIE MTiBUIICHHIO O1010T19HOT Ta Xap4oBOT IIiH-
HOCTI BUX1IHOI CTpaBH, 1[0 CIIPUSITINBO BIUIUBATUME Ha OPTaHi3M JIOIUHU.

K. CBigmno po3misiiae BBeACHHs KOMITIEKCY 3 (h0oc]OIinmiIHOTO KOHIICHTPATY, HIPOTY
3 rapOy30BOT0 HACIHHS, IUCTO3IPH Y CideHY pUOHY Macy 3 METOIO TIOKPAIIEHHs OpraHo-
JIENITUYHUX, MIKPOOIOJIOTTYHUX [TOKA3HUKIB Ta HaJaHHS KyJIiHApHINA NpoayKIii QyHKI-
OHaITLHOTO Mpodiso [2].

AmHaui3 mitepaTypHHX IHKEpe MO0 CIOKUBAHHS pUOW HaCceICHHIM YKpaiHH CBif-
YUTh MPO 30UIBIIEHHS PUOHUX CTPaB B IIOJCHHOMY DAIiOHI, OCKIJIBKH II€ JXKEPEIo
MOBHOIIIHHKX OUIKIB. JloCHIKEHHS pO3p00O0K BITUM3HSHUX Ta 3aKOPJIOHHUX HAYKOBIIIB
IIOJI0 CYYaCHOTO CTaHy BHPOOHHUITBAa pUOHUX CIYCHUX CTPAB CBIMYHUTH MPO MEPCICK-
TUBHICTb ITO€AHAHHS PUOHOT Ta POCIUHHOI CHPOBUHH. 3 OINISAY Ha AaH1 IPOMUCIOBOTO
BIJIOBY PHOH B YMOBaX BiMCHKOBOI arpecii MepCcrieKTHBHUM € BUKOPHUCTAHHS IPOIYK-
1ii, SIKY HaJalTh CIeliajbHI TOBapHiI pHOHI rocnonapcTBa. Ha ocHOBI onpaiboBaHOi
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JiTepaTypy MEepCrleKTUBHUM € BUKOPUCTAHHS MUHTAIO Ta TPICKU. A B IKOCTI pOCIIMHHOT
CHUPOBUHM 00paHO POCIIMHHY KIITKOBUHY Ta TOIIHAMOYDP.

3 oniAay Ha BUILEHaBeIeHY iH(pOpMallilo METOI0 HayKoBOI poOOTH € HayKOBO-ITpaK-
THUYHE OOTPYHTYBAHHS Ta yIOCKOHAJCHHS PHOHMX CIYEHHX CTPaB 3 AOJABAHHSIM POC-
JIMHHOI CHPOBUHH JJISI 3aKJIa/IiB PECTOPAHHOTO TOCTIONApCTBA.

O0'eKT D0CHIIKEHHS: TEXHOJIOTiA PUOHUX CTpaB 3 BUKOPUCTAHHSIM POCIMHHOI
CUPOBUHH.

Ipexvern npocaimkenHs: puba (munTait, Tpicka) (ACTY 4379), ectparon
(ACTY 1919-91), toninam0Oyp (ACTY 8046:2015), mwenuuni Bucisku (TM «Cto
[Tynow», Ykpaina TY VYV 82.9-31641954-003:2013), mozespHI XapyoBi KOMIO3HIIIi,
(himbomu. Best cupoBrHA BiIMOBIIa€ YHHHOMY 3aKOHOJIABCTRY.

MeTtoau J0CITiKEHHS: OPraHOJENTUYHI, TEXHOJOI14Hi, CTPYKTYpPHO-MEXaHi4Hi,
MaTeMaTH4Hi, a TAKO)K METO/IM JIOCIIPKSHHS MOKUBHOI IIHHOCTI yA0CKOHAJICHUX pUO-
HUX CIYCHUX CTPaB.

BukJjag ocHOBHOro marepiajy gociigxkeHHs. B sSKocTi KOHTPOJIBHOTO 3paska
BUKOpucTaHo perentypy Ne 237 «Kyneku pubni» [3].

Tabmuis 1
Peuentypa 6a3oBoi npoaykuii — KyJIbKU puOHi (KOHTPOJIb)

Maca cupoBUHH, T
CupoBuHa
OpyTTO HETTO
Puba (MuHTaH, TpicKa) 163 89
X110 NIIeHNYHUHA 13 13
Moioxo abo Boma 20 20
IuGyust pimuacra 21 17
Ouist pocauHHA 5 5
Situs 24 10
Cinp 0,3 0,3
Cyxapi NIeHn4Hi MeJeHi 7 7
Ilepens wopHUil MeneHMi 0,01 0,01
Buxin 120

AHAJTITHYHI JTOCTIHKSHHS CBIYaTh, O paIliOHATBHUAM I pO3pOOJICHHS KyJIiHAp-
HOI IPOAYKIT € MO€eHAHHS PUOHOI CHPOBHUHU Y SIKOCTI JKepesia JIETKOAOCTYIHUX Oi1-
KiB 3 MPOAYKII€I0 POCTHHHOTO MMOXOPKCHHS IS 30aradeHHsi XapIOBHMHU BOJIOKHAMH,
BiTaMiHAMH Ta MiHEpaTaMHU.

3 METO0 PO3UIMPEHHS ACOPTUMEHTY PUOHHX CTPaB, 5IKi 0 com00aIich CyyacHOMY
CIOXKHMBAYY B SKOCTI JOCTITHOTO 3pa3Ky oOpaHo ¢imOonu. PUOHI KyJlbKH TOMYSpHI
y Cxinniii Ta [TiBnenHo-CxinHii A3ii, kpaiHax €Bpory jie iX MoaawTh SK 3aKyCcKy abo
JIOAI0Th y rapsiui CTPaBH.

3a OCTaHHI POKM IMOPIYHHNA MPOMHCET MUHTas CKIaaae ONM3bKO 3,5 MIIH TOHH,
3aiMalOvM JIMPYIOYl MO3HUIIT B CBITOBOMY PHOHOMY TPOMHCII, 3a0e3reuyroud puo-
HUMH TIPOAYKTAMH, B TOMY 4YHCHi, Taki Mepexi ik McDonald's, Nordsee.

MuHTal, K 1 Tpicka, BIIMIHHE JKEPEsO MOBHOIIIHHOTO TBApUHHOIO OijKa, BiH
TakoX OaraTuil Ha BITAaMiHH i aMiHOKHUCIIOTH, JIETKO 3aCBOIOETHCS OpraHi3MoM. MuH-
Tail TPOXH XUPHIMNI 3a TPICKY, TOMY 32 TEKCTYPOIO BiH TPOXH M'AKIIHU, Tpicka x
TPOXM TWIUIBbHIMA. 32 BMICTOM JIMiAIB MUHTal MICTUTh OiJbIlIe MOTIHECHACHUCHUX
JKUPHUX KHCIIOT.
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BiaMiHHOCTI y CMaKoBUX SIKOCTSIX 30BCiM He 3Ha4yHi. 3a XapyoBOIO Ta 010JI0T1YHOI0
IIHHICTIO MUHTAl Maiike HE BIJPI3HSIETHCS BiJ TPICKH, & B YOMYCH 1 MEepeBepInye ii,
MPOTE Ma€ BEJIHKY MEPEeBary 4epe3 CBOO OUIBII TOCTYIHY BapTicTh. TOMY AJIsI TOAab-
MIUX JOCTIKEHb 00paHo (ijie MUHTAs CyXOro 3aMOpoXKyBaHHS. Lle HaamBuaKa 3aMo-
po3Ka, IpH SAKid MIHIMAIBHO TOMIKOJUKYETCS CTPYKTypa M'sca puOH, 1 MAKCUMAIIbHO
30epiraroTbcs KOPUCHI Ta CMAaKOB1 BIACTUBOCTI pUOU.

JlocmimpkeHo mapaMeTpy aMiHOKHCIIOTHOT 30aJ1aHCOBaHOCTI puOHOTO (hapiry 3 MUH-
Taro Ta TPICKH (Tadi. 2).

Tabmurs 2
AMiHOKHCJIOTHHI cK/1aJ pUOHOTO (hapuly 3 MUHTAIO
AMIHOKHCIOTH Bwmict aminokuciior, r/100 r 6inka
DAO/ BOO3 MunTai Tpicka
[3ometinun 4 4,84 438
Jlewnun 7 8,83 8,13
Jlizun 5,5 9,71 9,38
MeTioHHH+LMCTHH 3,5 4,78 6,88
DeHiaaHIH+HTHPO3UH 6 7,81 8,75
Tpeonin 4 5,05 5,63
Tpunrtodan 1 1,31 1,31
Banin 5 5,31 5,62
Cyma 36 47,64 50,08

BukopucTanns ¢apiry 3 TPICKH B XapuoBHX KOMITO3HIISAX € HEJOPEUHUM 3 ypaxy-
BaHHSM HHU3BKOTO 3Ha4eHHS Koe(illieHTiB pamioHansHOCTi 0,787 1 BHCOKHMX ITOKAa3HUKIB
nopiBHAHHOI HaaMipHOCT 9,735, Koedimient dimepa 1uist Tpicku cTaHOBUTH 1,80 o1

OnTUManbHUM 32 30aJIaHCOBAHICTIO aMIHOKHCIIOTHOTO CKJIAJy BH3HA4YE€HO (apir
3 MHUHTAl, [0 Ma€ 3HaueHHs KoedilieHTa parionanbHOCTI 0,803, moka3zHUKa MOPiB-
HSHHOIT HajMipHOCTI 8,859 Ta koedinienta Dimrepa 2,08. Takum yuHOM, 3 ypaxyBaHHIM
aMIHOKHCIIOTHOI 30aJJaHCOBAHOCTI Ta THIIMX IMOKA3HUKIB JUII BUKOPUCTAHHS B SKOCTI
OCHOBHOT'O KOMIIOHEHTa XapUuOBHX KOMIIO3HIIIH 00OpaHO MUHTAM.

Cmiepigromennst [THXXKK:MHXK:HXK y munTai cranouts 1:0,4:0,4. Binamo-
BijHO 10 BUMor ®AO/BOO3 cmiBpimnomenss [THXK: MHXKK: HXK mae 6ytn 6:3:1,
ajie Jmiau M’ S30B0i TKAHWHU pUOM HE BIIMOBIIAIOTH UM BUMoOTraM. ToMy JOIITBHAM
€ BBEJICHHS B XapIOBY KOMITO3HIIIIO )KHPOBOTO KOMIIOHEHTY — POCIHHHOI OJTii.

HesBaxkaroun Ha BHCOKI 3HAUEHHSI aMIHOKHCIIOTHOTO CKOPY OUTKIB MUHTAIO, € MOX-
JIMBICTH MOJIIIICHHS X BIAMOBITHOCTI 10 «ijeanbHOro» oinka ®AO/BOO3 npu cTBO-
PCHHI 0araTOKOMIIOHEHTHUX PUOHUX (hapiieBUX BUPOOIB.

3a pesyabpraraMy aHANI3y JITePaTypHUX IPKepesl BU3HAYCHO BMICT IMOJiHEHACHYe-
HUX KUPHUX KUACJIOT B PI3HUX OJisIX (TA0I. 3).

Tab6mursa 3
7KupHi Kucj0TH B Pi3HUX 0JTisIX
Outist ®-6 ®-3 CuiBBigHOIIEHHS
Pimaxosa 19,6 9.4 2:1
OnuBKOBa 8,3 0,9 9:1
CoHSsIIHUKOBA 63,0 0,5 126:1
Kyxypynzsna 55,3 0,9 61:1
Coena 53,1 7,7 7:1
JInsna 17,1 7,2 2,3:1
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Bizmomo, 110 Ha/UIMIIKOBA KUTBKICTh -6 € MIKIITMBOIO IS OpraHi3my. | Bupimanb-
HUM (aKTOPOM BBKAIOTh CITIBBIIHOMIECHHS -6 :-3 B pinakoBiii oJii MiICTHThCS Haii-
OlbIna KUTBKICTh ©-3 Y (hopMi anbda-IiHOIEHOBOT KHCIOTH. 3a CBOIMH 010XiMIYHUMHA
BJIACTUBOCTSAMH PiMlaKoBa OJIisl HE BiJICTA€ Bi/l OJMBKOBOT, a IOJI0 OKPEMHUX CKJIAIHUKIB,
HaBITh ITEPEBEPIIYE Ti: 30KpeMa 0-JIIHOJICHOBOT KUCIIOTH B PillakoBii omii Ouikine. Bona
Mmictuthb BiTamil E 2,4 mr (16% RDA), Bitamin K 10 mMkr (9% RDA). Mae npuemauii
ropixoBuil cMak. Y 3B’A3Ky 3 I[UM JOLITBHO B MOJCIBHUX KOMITO3HIISX BUKOPUCTATH
pINIaKoOBY OJIiF0 3aMiCTh COHSIITHUKOBOI.

OcTraHHIMH POKaMM B PECTOPAHHOMY TOCIONAPCTBI HAOyBa€e MOITYJISIPHOCTI JIOKaBOP-
CTBO — Xap4yBaHHS 32 reorpagidHuM NpuHIUIOM. Bee Oibie pecTopatopiB po3poOisioTh
MEHIO BPaXOBYIOUH TIEPENTiK TIPOYKTIB MIiCIIEBOIO BUPOOHHIITBA Ta JIOTPHUMYIOUHCH TIPHHITU-
1B ce30HHOCTI [4]. BakIMBO BUKOPHUCTOBYBAaTH HOBI HETPAIULIIIHI CMAKOBI MOEJHAHHS Ta
MOKPAIIyBATH MPH IIbOMY XIMIYHMI CKJIaJT cTpaBH. basyrounch Ha JaHNX TpeHAax mpH ¢Gop-
MYBaHHI MOJICJIBHIX KOMITO3HUIIIH BHKOPHCTAHO JIOKATbHY CHPOBHHY — TOMIHAMOYp, apKe
3a OCTAQHHIMHM JIJaHUMH B YKpaiHi CTPIMKO PO3BHMBAETHCS BHYTPIIIHIA PHHOK TOMHAMOYDY.
ToninamOyp Oaratuii Ha KIIITKOBHHY, IEKTHH, OPraHiYHI KHCIIOTH, HE3aMiHHI aMiHOKHCIIOTH
i MikpoenemeHTH. OCOONMBO BHCOKHI BMICT KPEMHIO Ta Kallifo, 3amiza. Y TOIMHAMOYpi
MICTUTBCS B 5 paziB Ouiblue 3aimi3a, HiK y Oarari. ToninamOyp micTuTb 3,9 Mr 3amiza, Tozi K
comnozka kaprorrst MicTuTh 0,69 mr: ToriHamMOyp Bipi3HAETHCS Bift iHIIMX OBOYIB IiABHIIIC-
HHM BMICTOM OLJTKa Ta 3HAYHOIO KUTBKICTIO 1HYJIIHY, SIKHH JIETKO 3aCBOFOETHCS OPTraHi3MOM.

B nmanwmii vac icHye mpo0Giema padinyBaHHs 0araThbOX >KATTEBO HEOOXITHUX IS
OpTaHi3My JIIOIUHH XapIOBUX MPOAYKTIB, IO MTOCTYIIOBO MPUBEIIO 10 ACDIIUTY B Xap-
YyBaHHI TpyOOBOJOKHUCTHX OAaJaCTHUX PEUOBHH — Xap4yOBHUX BOJIOKOH. J[epesom
XapuoOBUX BOJIOKOH € POCJIMHHA KJIITKOBHMHA, SIKA MICTHTBCA B POCIMHHIM CHUPOBHHI.
OcCo0IMBICTIO TEXHOIOTIi OTPUMAHHS POCIMHHOI KIITHHU € MOBHA BiJICYTHICTH BIUTUBY
XIMIYHHX pearcHTiB, TOMY POCIMHHA KIIITKOBHHA € TIOBHICTIO HATYPAJIBHUM MTPOLYKTOM.

[Tpu poBeeHH] MOPIBHAIBLHOI XapaKTePUCTUKU XIMIYHOTO CKJIay BiBCAHUX, IIE-
HUYHHUX Ta PHCOBHX BHCIBOK OyJI0 3p0OJICHO BHCHOBOK, 1[0 HAHOLNBII KaJOpiHHUMHA
€ PHCOBI BUCIBKH, BIBCSIHI HAWOUIBIIT 30aradeHi OUTKaMU Ta BYIJICBO/IaMH, a MIIECHUYHI
BUCIBKH MICTATh HaWOUIbIIY KUIBKICTh Xap4OBUX BOJIOKOH. Y BIBCSHUX BHCIBKax Mic-
TATHCS BiTaMiHM Ipynu B, Hianun Ta kanbuiid. KpiM 1iporo, npoayxt Oararuii Ha ¢oc-
(op, TiamiH, MarHii, 3aJ1i30, IMHK, Kaii 1 ppdoQiasid. 3 orisIy Ha MOKUBHY I[IHHICTh
BUCIBOK OOpaHO came MIIEHWYHI BUCIBKH, SIKI € JDKEPeJIOM HEPO3YMHHHUX XapuOBUX
BOJIOKOH. [TmeHnYHI BUCIBKY MaIOTh JISTKHUI TOPIXOBUH CMaK.

B sIKOCTiI KOHTPONBHOTO 3pa3Ky Ui MPOBENEHHS HAYKOBUX JTOCIIIKEHb BHKOPH-
crana peuentypy Ne 237 «Kynbku pubHi» (Tadin. 1). OCHOBHOIO CUPOBHHOIO I pUO-
HUX cideHHX cTpaB € muHTail (Alaska pollock). Bmict pubHOi cupoBuHE penenTypi
cknagae = 74,16%.

3 metoto 30arauenns kyninaproi npoaykiii [THXXK B pubo-pociunny macy ponaBa-
nach pinakosa onist. [TormepeqHiMu mpopoOKaMu BCTAHOBJICHO MAKCUMAIBHO MOXKIIUBY
KUTBKICTB oMil — 5,6% 1o Macu pubu. PimaxoBa omist oOpaHa depe3 nepeBaKHUN BMICT
niHoNeBo1 KUcnotu (26%) ta ninoneHoBoi (10%) Bix 3araiabHOT KiBKOCTI KUPHUX KUC-
noT. CrIiBBiJTHOIICHHS JIIHOJIEBOT KMCJIOTH JI0 JTIHOJIGHOBOI € CIIpUATINBUM (2,5:1).

JlonaTkoBUMH 1HTpENi€HTaMH, SKi TOKPAIyKTh XIMIYHHUN CKJIaJ Ta OpraHoJel-
THUYHI TOKa3HUKH € TONiHaMOyp Ta MIIEHUYH1 BUCIBKH (Tald. 4).

[Ipu BUTOTOBIICHHI MOAETHHUX KOMITO3HUIII BUKOPHCTAHO TIOPE 3 TOIIHAMOYpPY
B PI3HHX CIIBBIJTHOIICHHX J0 Macu puOu. [Ipu mpurotyBaHHi mope TormiHaMOyp more-
penHpoMy 3arikaiu. Lle 103BoIuII0 pO3KPUTH TOPiXOB1 HOTKH, SIKi TAPHO TOEAHYIOTHCS
B CTpaBi 3 TOPIXOBUM NPHCMAKOM PillaKOBOI OITii.
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Tabnuusg 4
Pubo-pociiuHui MoeIbHI KOMIO3UILIT
CupoBuHa KonTposabuuii 3pazox MK1 | MK2 | MK 3 | MK 4

Mumnrait 89 89 91 92 92
TominamOyp - 14 16 18 20
X110 nIeHuYHUR 13 8 4 - -
Moioko/Boza 20 10 10 10 0
nOynst pimuacra 17 17 17 17 17
Jlucts ecrparony - 1 2 2
STidnst 10 10 9 8 8
OJ1ist COHSILIHUKOBA 5 - - - -
Outist pinaxkosa - 5 5 5 5
Cyxapi nmeHnIHi 7 - - - -
TTieHnyHi BUCIBKU - 7 7 7 7
Maca naniBpaOpukary 120 120 120 120 120
Buxig roToBoi cTpaBu 100 100 100 100 100

Jlnist 30araueHHs cMaKy 1 apoMaTy MpH IPUTOTYBaHHI MOJCITBFHUX KOMITO3HUINIH 101a-
BaJIN JIMCTSI CBIPKOTO ecTparoHy. BoHO Mae sICkpaBo BHpakeHy aHTHOKCHIAHTHY BIIac-
THBICTB, IOKPAIIYE MiSIIbHICTD CEPIICBO-CYTMHHOT CUCTEMH, MTPOIIECIB TPaBICHHS 1 MO3-
KOBOT aKTUBHOCTI. JIUCTSI MICTSITh acCKOpOIHOBY KHCIIOTY, KAPOTHH, BITaMiHU rpynu B,
PP, D. Takox BCTaHOBIICHO HasBHICTH MEKTHHIB, O1IKa 1 KOPUCHUX MiHEpaIiB: KaJii,
3aJ1i30, ceJieH, MarHii, gocdop.

IIpu npoekTyBaHHI pHOHHUX CIYEHUX CTPaB 32 OCHOBY MPHUHATA TPaAMIiiiHA TEX-
HOJIOTIs1 Ta po3po0ieHo (indonu, 16 OCHOBHIMU JKepeaMu OijKa BUCTYIIAIOTh MUH-
Taif, MOJIOKO, XJI1i0. BpaxoByroun MOXJIMBICTH BIOCKOHAJIEHHS TEXHOJIOTIT 3a paxyHOK
JIOJIaBaHHSI KOMITOHEHTIB 10 MOJAEJHHOI KOMITO3UIIil, AJIsl MOKPAIIeHHsI HyTPi€EHTHOTO
CKJIaJly 3MEHIIEHO KUIBKICTh XJ1i0y Ta MOJIOKA, BUITY4€HO cyXapi miieHndHi. Haromicts
BUKOPUCTAHO MIOpE TOMiHAMOypy Ta MIIEHIYHI BUCIBKH.

BcranoBneHo, 1o rigparaiiisi IIIEHUYHUX BUCIBOK Y CIIBBIAHOIICHH 1:8 m03BOIISE
JIOCSITTH BEITMYMHU BONOTIONTMHAHHS =95%. JIns BUKOpUCTaHHS MIIICHUYHUX BHCIBOK
B pelENnTypi MOIILHO TPOBOJNUTH TipaTaiiero MOJIOKOM. lle moKpamuTh KOHCUCTECH-
IIF0 TOTOBMX CTPaB Ta IMiJIBUIIUTH 3aCBOIOBAHICTH OlJIKA.

Beexmennst onii 1o dapury y KimeKocTi 5,6 % moKparrye CIriBBiTHOIICHHS JTiHOJIEBOT
Ta JIIHOJIEHOBOT KUCIIOT (Ta0II. 5).

Busnaueno, mo po3poOieHa MOjeNbHA XapyoBa KOMIIO3HUINsI HA OCHOBI PUOHOTO
(hapury Mae BIACTUBOCTI IUIACTUYHO-B A3KMX MarepiaiiB (3a piBHSAHHAM [epruens-
Baxui). Bona mpencraeinsie cob6or0 O1IKOBY IUCHEpPCIHHY CHUCTEMY, LIO CKIIAJa€ThCS
3 nucnepcHoi (asu (rigpaToBaHUX OUTKOBUX MIIEN) )KUPOBUX YACTHHOK Ta AUCIEp-
ciifHorO cepenoBuIa (Po34rHy OiKiB Ta HU3LKOMOJIEKYIApHHUX O1KiB). Lle nae 3mory
CIPOTHO3YBaTH CTPYKTYPHO-MEXaHIYHI BJACTUBOCTI XapuoBOi KOMIIO3HIIIi.

Tabmuuug 5
Bwmict ITHXKK y po3po0/ieHnx pudo-pocIMHHUX KOMIIO3ULIIAX
Bwmict ITHXKK Kountpoabhnuii 3pazok | MK1 | MK2 | MK3 | MK 4
Jlinonesa kuciora ®-6, T 2,90 11,81 11,85 | 11,90 | 11,92
JliHosleHOBa KHCIOTA ®-3, T 0,27 2,16 2,18 2,19 2,20
CriBBigHOMICHHS ©-6 : ®-3 10,7 : 1 5,47 :11]545:1|543:1[541:1
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3 METO JIOCTI/DKEHHS OPTraHOJENTHYHHUX TMOKa3HUKIB OyJ0 BUKOPHUCTAHO METOJ
npoditro GIIeHBOpY — BpaxoBye BCi IECKPHUIITOPH, sIKi (OPMYIOTH 3arajbHe BpaXKCHHS
BiJ crpaBu. Lle koMOiHOBaHMI MOKa3HUM ISl MOPIBHAHHSA CMAaKOBUX BJIaCTUBOCTEH
CTPaBH, aPOMATUYHOIO CIIPUUHATTS Ta 3arajbHOr0 BUIIISALY. JlJisi MOPIBHSHHS JOCITI-
JUKyBaHUX MOJACTHHUX KOMIIO3HUINH OyJ0 BU3HAYCHO «ilCaNbHUI» OpPraHONCITHIHHUH
npodins (eranoH). Opranonentuuni nokazHukd MK 1 ta MK2 naGnuxaioTbes 10
MOKA3HUKIB KOHTPOJILHOTO 3pa3Ky, ToMy B fociikenHi posmisinann MK 3 ta MK 4.

30BHIIIHI# 30BHIIIHIH
BHIJISL BHIJIST
Komi MaK Komi; MaK
Komncucre KoncucreHiy
. arax amax
ist A
=®=Eranon ==®=KoHTpons =®-==Ertanon =®=KoHTposb

Puc. 1. IIpoginoecpama preiieopy pubo-pociunHux MOOCIbHUX KOMNO3UYIl

HaiiBuIi MOKa3HUKU OPraHOJCNTHYHOI OI[IHKM Mae€ MOJAEIbHA KOMIO3HIliss Ne 3
B SIKIH X110 MIICHWYHUH TOBHICTIO 3aMIHEHO Ha ITFOpe TOMHaMOypa, a B SKOCTI TaHi-
POBKM BUKOPHCTAHO BiBCSIHI BHCIBKH, JJIsl apOMaTy — €KCTparoH. MojiesbHa KOMIIO3H-
it Ne 4 mae Tipii MOKa3HUKH 3a KOHCHCTEHINE€ cTpaBu. HarmiBdaOpukar 3iuInimid,
neopMoBaHHUii, morano Tpumae hopmy Ta Mae 1aMani kpai. Bupaxenuit pubHuit 3amax
3 JISTKMM apOMaTOM TOTIHaMOypa.

3 ommaay Ha mpodimorpamy QreiBopy s MOJANBIIOTO AOCHTIHKEHHS 00paHo
MojienbHy Kommosuilito Ne 3 (MK 3) — BupoOu kpyrioi ¢ppopMu 3armaHipoBaHi y MIIeHNY-
HUX BHUCiBKax, 100pe nporeveHi. CTpaBa Mae MIKaHTHUH MPSHUI apoMmar 3a paxyHOK
BUKOPUCTAHHS JIMCTSI €KCTPAroHy, SKUH J0Ope MOEMHYETHCS 3 PHOHOI0 CHPOBHHOIO.
Hamisdabpukar BUTOTOBICHHUI 32 MOAETHHOIO KOMIIO3HIII€I0 3 Ma€ rapHi peoJIoriuHi Ta
OpTaHONENTHYHI TOKA3HUKH, 30aradeHui 010JI0TI9HO-aKTHBHIMH PEUOBHHAMH.

Ha ocHOBI npoBeIeHUX JAOCHIKEHb PO3POOIEHO TEXHOOTII0 1 BU3HAUCHO TEXHO-
JIOTIYHI PEXHMMHU TPUTOTYBaHHS (PIimIOONIB 3 BUKOPHCTAHHSM MHHTAKO Ta POCTHHHOL
CHPOBUHHU (JIMCTSI €CTPAroHy Ta Ton1HaM6ypy) B texuosorii TPUIOTYBAHHS BHITY4CHO
mporiec 00CMaKyBaHHS (1)1m60n113 Tiepen 3armikaHHsIM, TOBHICTIO 3aMiHEeHO XJI1i0 Ha poc-
JIMHHY CHPOBHUHY, a B SIKOCTI ITAHIPOBKU BUKOPHUCTAHO MIIICHUYHI BUCIBKH.

Ha ocHOBI y3araipHEHUX MMOKAa3HUKIB PO3PaXOBaHO KOMIUICKCHUH IMOKAa3HUK SKOCTI
puOHMX (imOOoNiB 3 10JaBaHHIM POCIMHHOI CHPOBUHU. KOMIUIEKCHMIT TOKA3HUK SIKO-
CT1 PO3paxoBaHO 32 TAaHHMHU:

— XximiuHoro ckiany (mokasHuk A): Al-Bmict OinkiB, r© A2-BMICT XHPiB,
A3 — xanblii, A4 — Xap4oBi BOJIOKHa, AS — 3a11i30;

— EHepreTM4Hoi HiHHOCTI (MoKka3HuK B1);

— Opra”oJIeNITHYHUX Moka3HuKiB(roka3Huk C): C1 —3oBHIinmHIMA BUMIsA, C2 — cMak,
C3 —3amax, C4 — xomip, C5 — KOHCHCTEHIIis,

— 30anaHCOBaHICTh AMIHOKHCIIOTHOTO CKIIay (rmoka3Huk D): D1 — GionorivHa 1iH-
HICTb.
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Puc. 2. Komnnexcnuti nokazsHux axocmi puonux ¢iwibonie 3 poCiuHHo0 CUposuHoio

3a JaHUMHU PO3PaxyHKIB KOMIUIEKCHHH MOKAa3HHUK SKOCTI puOHUX (imboniB 3 poc-
JIMHHOIO CHPOBUHOIO CTaHOBUTH 0,73, a KOHTPOIBLHOTO 3pazky — 0,66.

BucnoBku. Ha 0CHOBI IpOBEIEHUX TEOPETUYHHUX Ta MPAKTHIHHUX JOCITIHKEHb PO3-
POOICHO TEXHOJIOTIIO MPUTOTYBAHHS pUOHUX (iIOOIB 3 BUKOPUCTAHHIM POCIHUHHOL
CUPOBUHM (TOMiHAMOYpa, MIIIEHUYHNUX BUCIBOK).

B ynockoHaneHuX cidyeHHMX HamiBpaOpHKaTrax BiIMIiYalii MOKPAIISHHS OpraHoJIe-
TUYHUX BIACTUBOCTEH, COKOBUTOCTI, 30UTBIICHHS KUTBKOCTI O1IKiB Ha 25,6%, Xap4oBUX
BOJIOKOH B 5,5 pasiB. [lokpaliyeTbcs MiHepalbHUN Ta BiTaMiHHUE ckiaja. biomoriyna
IIHHICTh PO3POOJICHUX PUOHMX CIUEHUX CTpPaB 3 JOJaBaHHSIM POCIUHHOI CHPOBHHU
cTaHOBUTH 78%, a B KOHTpPOJbHOMY 3pa3ky — 56,1%. KommiekcHuil moka3sHUK SIKO-
cTi puOHHX (ImOOIIB 3 POCIUHHOI CHPOBHHOIO CTaHOBUTH 0,73, a KOHTPOIBHOIO
3pasky — 0,66. OTpuMaHi MO3UTHBHI PE3YJIBTATH JIO3BOJISIOTH PEKOMEHIYBAaTH PO3PO-
OneHy perentypy Juid pealizallii y 3akiiajiax pecTOpaHHOTO TOCTIOIapCTBa.
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Y ecmammi cmucno okpecneno neobXioHicmb YOOCKOHANEHHS MEXHONO2I MA PO3ULUPEHHS
acopmumenmy 6e3210meHO8UX X1i000y104uHUX 8Upodie. Bcmanosierno, wo 00HuM i3 npiopumen-
HUX HANPAMIE pO36UMKY MEXHONO02Il € PO3pOONeHHs IHHOBAYIIHUX MEXHON02il XN10a 6ImYU3H-
HO20 8UPOOHUYMBA 8 KamMe2opii «Hucmi emukemkuy 0e3 WmyuHux xapuosux 0006aeox. Li saoaui
MOdICYmb Oymu epekmuno GUPILUEHT WISIXOM SUKOPUCTIANHAM 3AK8ACOK 31 CINAPMOBUMU KY /b~
mypamu MIKpOOP2aHizmie ma 60POUIHAHOT CUPOBUHU NIOBUWYEHOT Xap1u0BOi YIHHOCMI HA OCHOBI
3EPHOBUX KYTIbIYP MICYe8020 8UPOOHUYMEA. Po32nsiHymo numanHs po3pooneHHs: mexHono2ii yux
8UPODIB 3 BUKOPUCIAHHAM PUcosoi 3akeacku Ha cmapmogii kynomypi LVI1 Livendo™ ¢pan-
yy3wroi komnanii «Lesaffre», bopowna copeosoco ma KaiimkoGUHU KAPMONL K HAMYPAarIbHO2O
CMPYKmMypoymeopioea4a i 0dicependa Xapiosux 6010KoH. 3anponoHo8ano mexmHoio2iuHy mooen
npoyecy OmpuMants, COpeo-puco8o20 Xaiba Ha 3axeacyi 3i cmapmosoro Kyibmyporo LV I, sxuil
MOdice BUKOPUCTOBYBAMUCA Y PAYIOHAX XAPYYBAHMS OCIO 13 2IOMEHOB0I0 (HENEPEHOCUMICTIO.
Hasedeno pezynbmamu 00CAiONCeH s KIHeMUKU SUNIKAHHS COP2O-PUCOB020 XAIOA HA 3aK8ACYI
31 cmapmosoio kynvmyporo LVI1 ma xknimxosunoto kapmonni. Buznaueno payionaneni napame-
mpu BUNIKanHs 0E32N10MeEHOB020 COP2OBO-PUCOBO20 XNIOA HA 3aK6ACYI: meMnepamypa neKapHoi
kamepu 190-200 °C, mpusanicme eunikanus 25-30 x8. JJocnioscerno opeanonrenmuuui nokas-
HUKU COP20BO-PUCOBO20 XNI6A HA 3aK6ACYl MAa PO3POOIEHO MEXHONO02IYHY cXeMy 11020 6Upoo-
Huymea. O0eporcari sUpOOU XapaKxmepuzyomscs NPUBAOIUBUM 3068HIUHIM 8ULTISAOOM, 13 cepeo-
HbONOPUCTUM M "AKYULEM CEIMILO-KOPUYHEBO20 KONIbOPY, 3 O0CMAMHbO elACMUYHOI0 MEKCMYPOI0
ma ACKpaso GUPANCeHUM KUCIOMHO-CRUPMOGUM NPUCMAKOM Ma XAiOnum apomamom. Bnpoea-
Odicen st po3pPOOOK Y BUPOOHUYMBO 00380UNb OMPUMAIU OOCTYNHUL SIMYUSHAHUIL De3enome-
HOBUIL X716 8 KamMe20pii «HUCma emuKemKa» 3 NOKPaueHUMU CHOICUSHUMU GIACTHUBOCTAMU.

Kniouosi cnosa: yeniaxis, eniomen, 6eseniomenoguil xiio, copeoge, pucoge bopowHo, 3aKea-
CKa, NOKA3HUKU AKOCMI, XaP406l 6010KHA, KIIMKOBUHA KAPMONIIL.

Fedorova D. V., Lanska V. D. Technology of gluten-free sourdough bread with potato fibre

The article briefly outlines the necessity of improving technologies and expanding the range
of gluten-free bakery products. It has been established that a priority direction in technology
development involves the creation of innovative technologies for domestically produced bread
within the ‘clean label’ category, devoid of artificial food additives. These objectives can be
effectively addressed by utilizing sourdough starter cultures of microorganisms and flour raw
materials with enhanced nutritional value based on locally produced cereals. The article
discusses the development of a technology for these products using a rice starter culture, LV
Livendo™ (produced by the French company Lesaffre), in combination with sorghum flour and
potato fiber as a natural structure-forming agent and source of dietary fiber. A technological
model for producing sorghum-rice bread using the LV1 sourdough starter culture, suitable for
individuals with gluten intolerance, is proposed. The study also presents the results of kinetic
analysis for baking sorghum-rice bread incorporating the LVI1 sourdough starter culture and
potato fiber. Rational baking parameters for gluten-free sorghum-rice bread with sourdough
starter have been determined: baking chamber temperature 190-200 °C, baking time 25-30 min.
The organoleptic properties of the sorghum-rice sourdough bread have been evaluated, and a
technological scheme for its production has been developed. The developed products have an
attractive appearance, medium-porous crumb of light brown colour, with a fairly elastic texture
and a pronounced acidic-alcoholic taste and bread aroma. The introduction of the developments
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into production will allow us to produce affordable domestic gluten-free bread in the clean label
category with improved consumer properties.

Key words: celiac disease, gluten, gluten-free bread, sorghum flour, rice flour, sourdough,
quality indicators, dietary fibre, potato fibre.

Beryn. Po3po0ka TexHoIor i 6e3MTF0TEHOBOTO XJTi0a € aKTyalbHOO 3a/1a4€k0 Cydac-
HO{ Xap4yoBO1 HAyKH, BPaXOBYIOUM 3POCTAHHS MOIMUTY Ha MPOAYKTH CHELiaJbHOIO Jie-
THUYHOTO IPU3HAYEHHSL. 3a pi3HUMHU OLliHKaMH, 6:113bK0 10% HaceICHHS CBITY CTpaXIae
Ha 9y TJIMBICTH JI0 TIIIOTEHY, a 1% Mae 1erniakito — 3aXBOPIOBAHHS, 1[0 CYTIPOBOIKY€ETHCS
a0COJIIOTHOIO HENEePEeHOCUMICTIO OUIKIB MIIeHHML, )KUTa Ta auMmeHto [1, 2]. €aunum
e(eKTUBHUM METOJIOM Teparii 1erniakii € CyBope JOTpHUMaHHs OE3IIIOTEHOBOT 1€TH.

3poCTaHHS MOMUTY Ha MPOAYKIIO CIEIaTBHOTO JIETUYHOTO MPU3HAYCHHS B YKpa-
Hi akTyanizye moTpedy y BUCOKOSKICHOMY O€3IIIOTEHOBOMY XJ1i0i MicLIeBOTO BHPOO-
HUNTBAa. Hapasi pHHOK NepeBakKHO 3alOBHEHHI JIOPOTOBAPTICHOK IMIOPTHOIO TPO-
IYKII€T0, IO pOOHUTH Taki BUPOOW MaJOIOCTYITHIMU JIISI IIUPOKUX BEPCTB HACEIICHHS.
YpaxoByrouH 3Ha9yIIICTh XJ1i0a SIK OCHOBHOTO MPOAYKTY B PalliOHI YKpaiHiiB, po3poOka
KOHKYPEHTOCIIPOMOKHHUX BITYM3HSIHUX TEXHOIOTIH OE3TIIIOTEHOBUX XJI1000YIOUHMX
BHUPOOIB € HE JIUIIIE aKTYaJIbHUM, a i COIIaJIbHO BaXKJIMBUM 3aBJIaHHSIM.

AmHaJgi3 ocTaHHiX gocaixxKeHb i myoaikaniii. Cepen TpaJuLiiftHUX NPOJYKTIB, BUTO-
TOBJICHUX 13 36PHOBOT CHPOBUHH, HAHOUTBIII CKIIQTHUM JIJIS aflanTallii 10 0e3TITI0TCHOBUX
yMOB € XJ1i0. Crio)KMBadi OiKYIOTh, III0 TaKi BUPOOW MaTUMYTh 3BUYHI OPTaHOJICIITHIHI
BJIACTUBOCTI, BKJIFOYHO 31 CMaKOM, apOMaTroM 1 TEKCTYpOlo, MPUTaMaHHUMHU MIICHNY-
HoMy Xi0y. [IpoTe cydacHmit acOpTUMEHT OE3TTI0TEHOBOT0 XJTi0a MepeBaskHO 0a3y€eThCs
Ha BHKOPHUCTaHHI KPOXMAJIB (PUCOBOTO, KYKYPYA3SHOTO, KapTOILITHOTO, TalliOKOBOTO
TOIIO), AKI XapaKTepU3yIThCSd HU3BKOIO XapyOBOIO IIHHICTIO Ta BUCOKHM DIIKeMiy-
HUM iHAeKcoM [3, 4, 5]. KpoxmaneBMicHa CHPOBHHA, 3 SIKOT CKIIQJA€THCS OUIBIICTh
perentyp OE3MIIOTEHOBOTO XITi0a XapaKTepPH3yEThCsl HU3BKIMU XJII0OTICKapCEKUMH Ta
CHOKMBYMMH BJIACTUBOCTAMHU 1 He 3a0e3Ieuye yTBOPEHHS TicTa 3 HEOOX1THUMHU Peoio-
TIYHIMH BIIACTHBOCTSIMH, IIIO JJO3BOJISIOTH OTPUMATH BHPOOH BUCOKOI SIKOCTI 3 JOCTAT-
HBO PO3MYHICHO0 M SIKymKoro [5]. st 3a0e3nedeHHs BIAMOBITHUX CTPYKTYPHO-ME-
XaHIYHUX BIACTUBOCTEH M SKYIIKH XJ1i0a BUKOPUCTOBYIOTh XapuoBi JOOABKU, HEPIKO
XIMIYHOTO TIOXO/KEHHS. PernmaMeHToBaHa TEXHOOTIS BUTOTOBICHHS OC3TIIOTEHOBOTO
xJ1i0a, Ha BIZIMIHY BiJI TPAUIIIHOTO 3 MIICHHYHOTO 1 JKUTHHOTO OOpOIITHA, Tiepeadadae
JIMIIIEe BUCTOIOBAHHS TICTOBHMX 3arOTOBOK 1 BIJICYTHICTh MpPOIECY OPOAiHHS TicTa, TOMY
BAPOOM XapaKTEPU3YIOThCS TPICHUM CMAaKOM 1 CIIa0OBHpakeHHUM apomaroM. Tpasu-
[iifHI peenTypy, 3aCHOBaHI Ha KPOXMAlbHUX KOMITOHCHTaX, HE 3IaTHI 3a0e3MeuuTH
HEOOXiIHI CIIOXKMBYI SIKOCTI, [0 HAOIMKYIOTh BUPOOH J10 TIIIEHUYHOTO XJ1i0a [4, 5]. Bei
HaBelleHI (DaKTOpU CTUMYITIOIOTH TOIIYK HANpPSIMKIB BIOCKOHAJICHHS TEXHOJIOTI 0e3-
IJIIOTEHOBOIO XJIi0a 3 METOI0 YCYHEHHs BHUSBICHHMX HEIOJIKIB: HEBUPAKEHOI'O CMaKy
Ta apomarty, ONiZioi CKOPUHKH, CyXOi KOHCHCTEHI1 M’ SKYIIKH, HHU3bKOI KHUCIOTHOCTI
TiCTa Ta IMIBHJKOI PETpOrpajarii KpOXMaro 1, IK HACHIOK, KOPOTKHX TEpMiHIB 30e-
pirannsa. OQHUM 13 HaNpsAMIB MOKPAIIaHHS SKOCTI OE3MII0TEHOBOrO XJiba Moxe OyTH
BUKOPUCTAHHS 3aKkBacoK. HuHi y xi0onekapchKiil MPOMUCIOBOCTI ISt IPUTOTYBaHHS
TPaIUIIHHOTO OE3NIIOTEHOBOTO X102 BUKOPUCTAHHS 3aKBACOK HE PErIaMEHTOBAHO Ta
HE BUKOPUCTOBYETHCS, TOMY aKTyaJbHICTh TAKUX PO3POOOK HE BUKIMKAE CyMHIBIB [6].

BukopucTaHHS 3aKBaCOK y TEXHOJOTi OE3MMIOTCHOBOTO XJ1i0a € OMHUM i3 Haimep-
CIICKTUBHINIUX HAIPSIMIB, OCKUILKA BOHU MOKPAIIYIOTh OPTaHOJEITHYHI BIIACTHBOCTI,
3HWKYIOTh TJIIKEMIYHHUN 1HAEKC Ta MOJOBXKYIOTh TepMiHM 30epiranns xiuida [7]. Kpim
TOTO, BKJIIOUCHHS 33aKBACOK 13 MOJIOYHOKHCIMMHU OaKTCPiIMH JTO3BOJISE ITOKPAIINUTH
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TEKCTypy M SIKYIIKH Ta 3017IbIINTH IOPUCTICTh BUPOOIB, 110 3a0e31euye OiIbII BUCOKY
CIIOXKHMBYY IIHHICTS [0, 7].

VYV Hammx nomnepenHix AocHiKeHHAX [8] Oyno oOrpyHTOBaHO NOUIIBHICTH BHKO-
PHUCTaHHS 3aKBacKM Ha OCHOBI cTapToBoi KyasTypu LV1 Livendo™ y BupoOHHIITBI
0e3mTIoTeHOBOTO XJTi0a. BUKopuCTaHHS pHCOBOi 3aKBacKd B KibKocTi 40% 1o macu
OopoIIHa 103BOIMIIO OTpUMATH X110 13 pIBHOMIPHOIO MOPHUCTICTIO, IIOMIPHO BOJIOTOIO
M’ SIKYIITKOIO Ta MPUEMHUMH CMaKOBUMH XapakTepucTUKamu. OJHAK 3aTHIIAITHCS TPO-
Onemu, 1MoB’si3aHi 31 cT1a00BUPAKEHUMH CMAaKOM 1 apOMAaTOM, HEITPUPOIHUM KOJILOPOM
CKOPHHKH Ta MIIBULICHOIO KPUXKICTIO OE3IIIIOTEHOBUX BUPOOiB.

OnHMM i3 TEPCHEKTHBHUX PIlICHh B PO3BUTKY TEXHOJOTIH OE3MIIOTEHOBOTO XJida
€ BUKOPUCTAHHS CUPOBHHH 1 IBUIIICHOT MOKUBHOT IIIHHOCTI, 30KpeMa CyIiITbHO3EPHOBUX
BUAIB OopoIHa. BOpolIHO 13 CYLIIBHOIO 3epHa COPro Ma€ BUCOKY NOXKHUBHY L[HHICTb,
30KpeMa XapaKTepU3yEThCsl BUCOKAM BMICTOM Xap4OBHX BOJIOKOH, MiHEpaJiB Ta BiTaMi-
HiB [9]. Kpim TOTO, COPTO € MOCYXOCTIHKOIO KYJIBETYpOIO, BUPOIYBAHHS SIKOi € TIePCIIeK-
TUBHHUM JJ1s1 YKpaiHu 3 ypaxyBaHHIM KJIIMaTHYHUX 3MiH. Hati nonepenHi 10CiHKeHHS
[10] mokazanu, o moeJHaHHSI PUCOBOTO Ta COPrOBOTO OOPOIITHA Y TEXHOJOTT Oe3rIroTe-
HOBOTO XJ1i0a TO3BOJISE HIBEIIOBATH TipKHUH IMICISICMAaK, XapaKTePHUH JJIsI COPrOBOTO
OopolllHa, Ta TOKpAllyBaTH OPraHOJENTHYHI BiacTUBOCTi. Hamu Oyno excrepumeH-
TaJBHO MINTBEPKEHO, Mo aofaaBaHHs 40% pHCOBOT 3aKBACKU 10 OOPOLTHSIHOI CyMiIli,
MPUTOTOBJIEHOI 3i CTapTOBOKO KYITYPOIO LV1, ta 3% KIITKOBHHH KapTOIUTi O Mach
60p0HIH${H01 CyMillIi B TiCTi 5IK HaTypajbHOIO CTPYKTYPOYTBOPIOBAYa, CYTTEBO MOKPAIILye
peororiuHi # (izuKo-XiMiuHI BIaCTHBOCTI OE3IIFOTEHOBOTO TicTa 3 GopomHa copro. Bera-
HOBJICHO, IO JTOJIABaHHS PUCOBOI 3aKBACKU IHTEHCH(IKYE KHUCIOTOHAKOITUYCHHS, ITiJ-
BUIILY€ Ta30yTPUMYBaJbHY 31aTHICTh, MTUTOMHIA 00 €M 1 MOPUCTICTH COPrOBOTO TiCTa Ta
3a0e3neuye GopMyBaHHsS HEOOXITHUX PEOJIOTIYHUX 1 OPraHOJICITHYHHX XapaKTEPUCTHK
[10]. I'ipkyBaruit mpucMak xiiba, MpUTaMaHHUKA COPrOBOMY OOpOIITHY, BIAJIOCh HIBEIHO-
Bary nipu gonaBanHi 30% Ta Oinblre 3akBacku pucosoi [10]. Lli pe3ynbrati cTBOPIOIOTH
MePEIYMOBH ISl TOAATBIINX AOCIIKEHb, CIIPIMOBAaHNX Ha OOTPYHTYBaHHS PELICITYPH
Ta MapaMeTpiB TEXHOIOTIYHOTO MPOIeCy BUPOOHHIITBA OS3NIIIOTEHOBOTO XJ1iba i3 copro-
BOr0o OOPOIITHA HA PUCOBIH 3aKBACIIi, 10 BiJMOBIIa€ BUMOTaM CIIOKUBAYIB IIOAO SKOCTI,
CMaKOBHX XapaKTEPUCTHK Ta TIO)KUBHOI IIIHHOCTI.

Po3poOka TexHonorii 0e3rII0TeHOBOro XJ1i0a, aaanToBaHOl 10 MICHEBUX yYMOB, Ta
il BIpOBA/PKCHHS HA YKPaTHCHKUI PHHOK BIJIOBIAA€ JEPXKABHUM IIPIOpUTETAM II0/10
I IBUIIEHHSI TTPOIOBOJIBIOT Oe3MeKH, €(heKTUBHOTO BUKOPUCTAHHS PECYPCIB 1 PO3BUTKY
BHCOKOSIKICHOT MPOAYKIii HA OCHOBI JIOKaJIbHOI 3€pHOBOI CHPOBMHH, 30KpeMa COpIo.
Peamizariiss 1b0T0 3aBAAHHS BiIKPUBAE MOMJIMBOCTI AJISI PO3IIMPEHHS aCOPTHMEHTY
JIOCTYITHOTO OE3TIIFOTEHOBOTO XJ110a 3 MOKPANCHUMHU XapaKTePUCTHKAMHU SKOCTI, Opi€H-
TOBAHOTO Ha MOTPedU 0¢il 13 PepMeHTONATISIMU, XapUOBUMH AJIEPTiIMHU Ta XPOHIYHUMHU
3aXBOPIOBAHHSIMH, TTOB’I3aHUMH 3 HETIEPEHOCHUMICTIO ITTIOTCHY, & TAKOXK CIIPHsE OLIbII
pamnioHaTbHOMY BUKOPUCTAHHIO XapuOBOTO ITOTEHITIAy MiCIIEBUX 3€pHOBUX KYIBTYP.

V3aranpHeHHs iH(popMalii JOpoOOK HAYKOBIIB 3a UM HANpPSAMOM, a TaKOXK BIIACHI
TEOPETHYHI I eKCIICPUMEHTANBHI JOCTIIKCHHS CTAIH MEPEAYMOBOIO IS CTBOPEHHS
TEXHOJIOT1T HOBUX BUJIIB XJIi0a OE3MIFOTEHOBOTO HA OCHOBI PHCOBOT 3aKBACKH 31 CTapTO-
BOIO KynbTyporo LV-1, OopoirHa copro ta KIITKOBHHHU KapTOILIi, BUKOPUCTAHHS SIKUX
JIACTh 3MOTY PO3UIMPUTH ACOPTUMEHT XJI1000yI0YHOT IPOMYKITiT CIIeiaTbHOTO JIi€THY-
HOTO MTPHU3HAYCHHS, 30KpeMa IS 0Ci0 13 HECTIPHHHATTSAM TIIIOTCHY.

Merta aocJigkeHHs. MeToro T0CIiIKEHHs € OOIPYHTYBaHHS Ta pO3pOOJICHHS TeX-
HOJIOTii OE3rMIOTEHOBOTO XJ1i0a Ha OCHOBI OOPOIIIHA COPTo 3 BUKOPHUCTAHHSIM PHUCOBO]
3aKBaCKH 31 CTAPTOBOIO KYIBTyporo LV-1 Ta HOCHTiIKeHHS SIKOCTi TOTOBOT TIPOIYKIIii.
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Mertoau nocnixenns. [1ix yac mpoBeneHHs 1ab0paTOPHUX AOCHTIIKEHb Ta BUPOO-
HUYUX BUIPOOYBaHb BHUKOPHCTOBYBaJlacs HACTyITHA CHPOBHHA: OOPOIITHO pPHCOBE
T™M «Ms. Tally» (TOB «Kackany», Ykpaina) 3rigao 3 TY YV 10.6-31680679-003:2013;
OoopomHo coproBe TM «Ms. Tally» (TOB «Kackan», VYkpaina) 3rimHo 3
TY ¥ 10.6-31680679-003:2013 [11]; craproBa kynsrypa LVB-1 Livendo™ («Lesaftre»,
Opanuis) 3a ceprudikarom ionizamii 100132/01:2022 [12]; xapToruigHa KIiTKOBHHA
«Potex» (IlIBemis); apiXpKi XyTibomeKkapchki npecoBaHi KpHBOPi3pKOTo ApiHKOBOTO
3aBoay «Pexopm» 3a JICTY 4812:2007; cinb kyxonHa 3rijgHo 3 JICTY 3583:2015; omis
coHsmHUKOBa padinoBana BianoBigHo g0 BuMor JICTY 4492:2005; Boga nutHa, sika
Bignosigae pumoram JICTY 7525:2014. IIpenmetamur TOCIiPKEHHS TAKOK € MOJICITbHI
CHUCTEMH TiCTa i TOTOBHH XJ110 Ha OCHOBI OOPOIITHA COPTO 3 PHCOBOIO 3aKBACKOIO 31 CTap-
TOBOIO KyJIbTYpoto LV 1, BunedeHi 3a pisHuX TeMiiepatyp repmoodpodnenns 190-210°C,
10 BUTOTOBJIEH] 32 PO3POOICHOI0 MOJIEIBHOIO perenTyporo (Tadam. 1).

Tabmuis 1
MopnenabHa perentypa 0e3nII0TEHOBOIO TicTa i3 GOPOIIHA COPTo 3 PHCOBOIO
3aKBacKo10, % 10 Macu OOPOIIHAHOI cyMmiLui

HaiimeHyBaHHSI CHDOBUHU Hocuin
Pucose 6opormrHo 19.0
CraproBa KynsTypa JIB1 0.08
Iyxop-micok 1.92
Bona nutHa 19.0
Beroro maca H/¢ 3akBacku 40.0
Coprose 0OpOIITHO 24.0
Iyxop-mricok 0.90
KiiTkoBuHa KapTori 1.30
Bopna nurHa 30.30
Jlpix/pKi ipecoBaHi 0.80
Cimp xapuoBa 0.80
Outist pociMHa COHSIIITHUKOBA 1.90
Bcboro maca Ticra 100.0

s mpuroTyBaHHS 3aKBacKH CTapToBy KynbTypy LV-1 B kimbkocti 0.4% mo macu
GopolirHa B 3aKBacli 3MilITyBaJIN 3 YaCTUHOIO BOHU TemmepaTyporo 35-38°C Ta nepemi-
IIyBaJIM IPOTATOM 1—2 XB. JI0 YTBOPEHHS OJJHOPIIHOT cycrieH3ii. B iy ruraneTapHoro
Mikcepa BHOCHIN OoporrHo prucose, 10% mykpy 1o Macu O0poIHa Ta CyCHEH3I0 cTap-
TOBOI KyJIBTYpH y BOJI, pEIITY BOAM TeMrepaTyporo 35-38°C; 3amimryBaiu Ha TepuIii
MIBUJIKOCTI MpoTsroM 3—5 XB. TpuBamicTh OpOMIHHS PUCOBOI 3aKBACKH 1-TO CTyTCHS —
24 ron. npu Temmeparypi 24-25°C. Ilo 3akiH4eHHIO Tporecy OpOIiHHS 3aKBacKy i3
BOJIOTICTIO 56% Ta kucnotHicTio 10°H BuKoprcToByBanu Aj1s 3aMillyBaHHs TicTa [6].

TicTo TOTyBaNM 3a TPAJAMIIHHOI TEXHOJIOTIEI XJi0a MIIEHUYHOTO Oe30TmapHUM
npucKopeHuM crtocodoM [13]. V TicToMiCHIbHIN MAIIMHI 3MIITyBaJIl 3aKBACKY PHCOBY,
OOPOIIHO COPro, KINITKOBHHY KapTOIJIi B KiNBKOCTI 3% 10 Macu O0poIlHa i BOILY TeM-
nepatyporo 20°C, Bce mepeminryBaiv B IiaHetapHomy Mikcepi Kenwood mpotsirom
4-5 xB 3 4acToTOK 00epTaHHs MicwibHOro oprany 1 ¢'. TicToBi 3arotoBKu (opmy-
BaJIM BPyUHY Ta yKjiajgamu y ¢opMu ams BunikaHus. HaniBpaOpukatu niggasamu 6po-
JiHHIO B (hopMax y BHcTOrOBanbHIM madi mapkun UNOX nporsrom 30-50 xB 3a Bif-
HOCHOI Bojorocti noBiTpst 75-80% Tta Temmneparypu 30...32°C [10]. dns Bu3HAUCHHS
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palioHaJbHUX MapaMeTpiB TepMOOOPOOIEHHS 31IHCHIOBAIN TPOOHI BUKAHHS TICTOBUX
3aroToBOK B napokonBekiiHii nedi UNOX npu Temreparypax 190...210°C.

Bonoricts HaniBaOpuKariB Ta TOTOBOrO X1i0a BU3HAYAIU €KCIIPEC-METOIOM BHCY-
IryBaHHS Ha mpuiafi Yrkosoi Ta npuckopernm meronoM B nedi CEII-2M 3a 3arans-
HOB1JIOMHMH MeToauKamMu [ 14]. OpraHonenTHYHI MOKa3HUKH (30BHIMIHII BUTIIS, KOJIP
1 CTaH CKOPUHKH, CTaH M SKYIIKH, CMak, 3amax) ominroBanu 3a JJCTY-II 8536:2015.
KonTponem o0pano xi1i0 0e3rTroTeHOBUI Ha pucoBomy OoporHi [13].

Bukian ocHoBHoro marepianay. Ha migcraBi cepii momepeiHix €KCIEpUMEHTIB
[6, 10] Ta 3 ypaxyBaHHSM BiJJOMOCTEH, 1110 MICTSITHCSI B HAYKOBO-TEXHIUHIN JiTEpaTypi,
PO3pOOIICHO TEXHOIOTIUHY CXeMy MPHUIOTYBaHHs OE3TIIIOTEHOBOTO XJIi0a i3 PHCOBOIO
3aKBACKOIO 31 CTAapTOBOIO KyJbTyporo LV1 Ha OCHOBI CYIIJIbHO3EPHOBOTO OOpPOIIHA
copro (puc. 1). Y po3pobieHiii TexHoJOriT epeadaueH0 BUKOPUCTAHHS PEIENTYPHIX
KOMITOHEHTIB: 40% 3aKBacKM Ha OCHOBI OOpOIITHA PUCOBOTO 3 BUKOpUCTaHHAM 0.4%
craproBoi kyasTypu JIB1 i 10% mykpy mo macu GopomrHa y 3akBacIii, OOpomrHa i3
CYLIJIBHOTO 3€pHa copro, 3% KIIITKOBUHU KapTOIUIl 10 Macu OOpOIlHA B TIiCTi, APIXK-
JUKIB, COJII, OJ1iT COHSIITHUKOBOI.

Po3poOka TexHOIOTIi 0E3MTIOTEHOBOTO COPrOBO-PHCOBOTO XJ1i0a Ha OCHOBI PHCO-
BOT 3aKBAaCKH MOTPeOy€e AETaIbHOrO OOIPYHTYBAHHS BCIX €TaliB TEXHOJOTIYHOTO MpO-
1ecy. BaximmBo BpaxoByBaTH KOXKHY OIEpallito, T B3aEMOJII0 3 MOMEPETHBO0 Ta BIUIUB
Ha KIHIEBHI MPOIYKT. BiIMOBIIHO 10 TEOPil CHCTEMHOTO aHai3y, TEXHOJOTII XJ1i0a
MOXKHA MPEJCTABUTH Y BUIVISII CKIAIHOI CUCTEMH, CKIAJOBUMH SIKOT € EKiIbKa Iif-
CHCTEM, III0 B3a€MOIIIOTH OIHA 3 OMHOI0. KiHIIEBUM €TarmoM B3aeMOIil IUX IiICHCTEM
€ YTBOPEHHS HOBOTO TOTOBOTO MTPOIYKTY.

DyHKIIOHYBaHHS CUCTEMH B IIIOMY 3a0€31e41yeThCs (DYHKI[IOHYBaHHAM OKPEMHUX i1
KOMITOHEHTIB 3T1JTHO IMOCTaBIeHOl MeTH. [lapamMeTpu TeXHOIOT19HOT CHCTEMU BUPOOHH-
IITBA BUPOOHHUIITBA OE3MIIOTEHOBOTO XJ1i0a Ha 3aKkBacili 3 KiiTkoBrHOIO Kaptormii (KK)
B MEXKax BUIUIEHUX MIICUCTEM HaBeAeHI B Ta0. 2.

Sk cBimyarh OTpUMaHi JlaHi, pe3yJabTaToOM MOCHIJOBHOTO niepexony miacucremu C,
B nigcucremu B,, B,, B, € popmyBanus nmigcucremu A 3 0TpEMaHHAM 0€3MII0TEHOBOTO
COpPrOBO-PHUCOBOTO Ta PHUCOBOTO XJ1i0a 3 pUCOBOIO 3aKBACKOIO 1 KIIITKOBHHOIO KapTOILII.

[Mincucrema C «lliocomoska peyenmyprux xomnowenmisy. B pamkax migcuctemMu
C 3milCHIOETHCS IPOCIIOBAHHS CyXHMX pernentypHux koMmoHeHTiB (d = (2...3)-107 m;
d=(1,4...1,5)-10*m) 3 METOO BHIAIEHHS CTOPOHHIX IOMIIIOK Ta PyHHYBaHHS arioMe-
pOBaHUX YacTOK (OOPOIIHO COProBe Ta PUCOBE, KApTOIUISHA KIITKOBHMHA). Pinki Kom-
MOHEHTH (OJIisl COHSAIIHUKOBA) PO IKYIOThCS 3 po3mipoM cut d = (0,2...0,3)- 107 m.

Hincucrema B, «Iliocomoska naniegabpuxamisy. [OTYIOTb APLKIKOBY CYCIIEH31IO
3a CHIBBITHOIICHHS APiXJUKi: Boga — 1:3. [i GineTpyroTh Ta 103yI0Th HA BUPOOHUIITBO.
Pozuun comni roryrors 26 %— HOi KoHIeHTpaii (ryctuHa po3uunny 1,2 r/em?). Po3unx
LYKPY TOTYEThCS KOHICHTpalieo 45 % (rycrtuna posuuny 1,2 r/cm?®). Pozunnn disb-
TPYIOTBCS Ta HAMPABIIAIOTHCS HA BUPOOHUIITBO.

Ilincucrema B, «Vmeopenna micmay. B paMkax HiICHCTEMH 3IHCHIOETBCS 3'€11-
HaHHS peLeNTYPHUX IHIPEIIEHTIB Ta 3amillyBaHHsA TicTa (1=3...5-x8, t=20...22°C).

[lincucrema B, «Bupobruymeo besaniomenosozo xniva na saxeacyi 3 KK». 3asep-
IIaJIbHUM €TalloM BHPOOHUIITBA OC3MITFOTEHOBOTO XJIi0a 3 ()OpMyBaHHSIM OPTaHOJIeII-
TUYHHUX, (P13UKO-XIMIYHUX Ta PEOJIOTIYHUX MOKA3HUKIB, 10 00YMOBIIIOIOTH SIKICTh FOTO-
BUX BUPOOIB, € TepMOOOpOOIEeHHS. [0IOBHOIO METOIO IILOTO MPOLIECY € 3aCTOCYBAaHHS
ONTHMAJIBHUX TIApaMETPiB BUIIKAHHS (TEPMiHY Ta TEMIIEpaTypy OTOUYKOUOTO Cepello-
BUIIIA), 10 CIIPHUSIOTH HAJAHHIO BUPOOAM BUCOKHUX ITOKA3HHKIB SKOCTI MPU HAMEHIINX
BUTpAaTax eHEpropecypcis.
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Tabnurs 2

IMapameTpu TEXHOIOTiYHOI CHCTeMH BUPOOHUIITBA 0€3IVIIOTEHOBOTI0 XJIi0a

Ha 3akBacui 3 KK

. Mera
in- . - Ilapamerpu, mo
(dyHKuiony- TexHostoriuni onepanii
CHCTEMH BAHHS KOHTPOJIIOIOTHCSI
1 — mpocitoBaHHS PHCOBOTO Ta Crra d=(2...3) 10 m
coproBoro 6opomrHa
2 — no3yBaHHs OOpOITHA -
3 — 03yBaHHS LYKpY UL i
IMPpUIroTyBaHHsA YKPOBOT'O PO3YHHY
4 — no3yBaHHS COJIi JUIS IPUTOTYBAHHS i
COJILOBOTO PO3UYUHY
IligxroroBka 5 — mporipKyBanHs ol corstaukoBoi | Cura d = (0,2...0,3)-10° M
C peuentypHux |6 — npociroBanHs KK Cura d=(1,4...1,5)-10°m
KOMIIOHCHTIB |7 — nosypanmst KK -
6 — 3BUIBHEHHS CTApTOBOI KYJIBTYPH BiJ| i
CIIO)KUTKOBOT TapH Ta OIS
7— N03yBaHHs CTapTOBOI KyJIBTYPH JUIS )
HPUTOTYBAHHS 3aKBACKH
10 — 3BiNTBHEHHS APIKIKIB Bl CIIOKHT- )
KOBOI Tapy Ta Bi3yaJbHHUI OIS
11 — mo3yBaHHS IPiIXNKIB -
W=56+0,5 %;
1 — mpuroTyBaHHs 3aKBacKH 3 PUCOBOTO K=10+0,5 rpazx;
OoporHa Ha cTapToBii KynsTypi JIB-1 T=24..26ro0x;
[IpuroryBanus - - t=30...32°C;
B, Hal‘{iB(baﬁpH- 2- TPUTOTYBAHHS APHIKOBOI Tpiicx : Bofta=1:3
Karis cycIeHsii
3 — IPUrOTYBaHHSI IyKPOBOTO PO3UNHY C=45 %; 6= 1,17 r/em®
4 — IpUrOTyBaHHS COJIbOBOIO PO3UUHY C =26 %; 6=1,2 r/ecm’
5 — PO PKyBaHHS PO3UHHIB Curad=(0,2...0,3)-10°m
1 —3’eTHaHHSA penenTypHUX
B y,TBOpeHHﬂ KOMITOHEHTIB )
2 TiCTa - -
2 — 3aMilllyBaHHs TiCTa T=3..5x8,t=20...22°C
nomin 420+£5 ¢
BupoGuumreo | - dopmysanns norpe0dye
B, 6631‘)H0"I“€HO- > _ Bunikanms 0OTpyHTYBaHHS
BOTO XJi0a
YTBOpeHHs 1 — oxXonomKeHHs t=20...24°C
A FOTOBOTO JI0
CITOKUBAHHS 2— TaKyBaHHs -
HPOJYKTY
1 — 30epiranHs [ToTpebye 00rpyHTYBaHHS

IlepeTBOpeHHS TiCTOBOI 3arOTOBKM y TOTOBHI BUPIO 3yMOBJICHO TEIIO(I3HIHIMH,
KOJIOiTHUMH, O10XIMIYHUMH MIPOIIECAMH, 1110 BiJOYBAIOTHCS ITi]] Yac BUITIKAHHS, & TAKOX
TEIIOMACOOOMIHHUMU TIPOLIECAMH, SIKi CYIPOBODKYIOTHCSI BTPATOIO BOJIOTU. B 0CHOBI
BCIX MPOILIECIB JISKUTH TETDIOOOMIH Y TICTOBIHM 3arOTOBIII ITi]1 9aC MPOTPiBaHHA ii B eKap-
ChKil Kamepi. BimoMo, 1o XapakTep Ta MIBUAKICTH MPOIECY HATrpiBaHHS MPOAYKTY
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00yMOBIIIOIOTh HOro TertodizuyHi BIacTUBOCTI. UMM OiNbIIe BOJIOTH Y 3pasKy, THM
MIBUJIKICTh TIPOTPIBaHHS MEHIIA, 00 CHCTeMa HAaKOIUIye eHeprito. [t oOrpyHTyBaHHS
palioHaJIbHUX NapaMeTpiB TEPMOOOpOOIeHHs Oe3mToTeHOBOoro XJi0a Ha 3akBacii 3 KK
Oy/o TOCTIKEHO OPraHOJCNTHYHI MMOKa3HUKU Ta KIHETHKY 3MiHH TeMIIEpaTypH LICH-
TPaAILHUX MIAPIB M’ SIKYIIKH BHIIEYCHUX BUPOOIB.

TpanuuiitHo xi6 pekomenayetbes Bumikaty 3a t = 180...210°C, Tomy npoBoaniIu
JOCIIJDKEHHS TIPH IuX Temneparypax [13]. TpuBamgicTe BUIIKAHHS 3a1€XKUTh BijJ Baru
Ta PelenTyPHOTo CKJIaay XJiba i KomuBaeThest B Mexkax 20...40 xB.

JocnikeHHsT KIHETUKUA 3MiHU TEMIIEpaTypHu LEHTPAJIbHUX ILIapiB M’ SKYLIKH Bij
TPUBAIOCTI BUIIKAHHS IPOBOAMIN 32 HACTYITHUX YMOB:

— TeMIieparypa noBiTps nekaproi kamepu — 210°C, 200°C, 190°C ta 180°C.

— Bara TicTOBOi 3aroToBku — 420+5 1.

®DopMH 3 TICTOM CTaBWIIN y TICKapHY KaMmepy, SIKy IONEpeAHBO HarpiBalu A0 3a1a-
HOT TeMIIepaTypH Ta MPOTATOM BUITIKAHHS MiATpUMYBaid. [1i1 yac BUMKaHHS KIHETHKY
3MIHH TEMIIEPATYPH IEHTPATBHUX IAPiB M’ SIKYIIKH JI0CITIPKYBAaHUX 3pa3KiB BU3HAYAIN
3a JIOMIOMOTOI0 aBTOMATHYHOTO IOTEHITIOMETpa. SIK MaTduky TeMIeparyp 3acTOCOBY-
BaJIM XPOMETb-KaIleJIeBl TEpMOIIapH, SKi SBISIFOTH COO0I0 TOHKHHA, THYYKUH CTPUKEHB,
110 JIETKO BBOJIUTHCS B TICTOBY 3arOTOBKY Ha Pi3Hill BUCOTI. 3aKiHUEHHS MIPOLIECy BUIIi-
KaHHS BU3HAYAJIH 32 TEMIIEPATypOIO IEHTPATBHUX MIAapiB M’ SKYIIKH, KA Y BUIICICHUX
XJIIOHUX BUPOOax ctaHoBHTH 95...97°C (Tadm. 3).

Tabmnust 3
KineTrnka 3MiHU TeMnepaTypH y HeHTPAJbHUX HIapax M’ SIKYIIKH
0e3rII0TEeHOBOT0 COPTOBO-PHCOBOTO XJIida Ha 3akBaci 3 KK

TpusasicThb Temneparypa y HeHTPaJIbHUX mapax M sakymku, C
BUNiKanus, xB [t  =210C | t =200C t . =190C t =180°C
15 90.1 88.1 85.5 80.3
20 93.4 92.2 89.2 86.2
25 96.5 94.0 93.4 90.4
30 98.1 96.1 95.1 94.1
35 99.6 98.3 97.8 96.0
40 99.8 99.3 99.5 98.6

IIpu Temneparypi Bunikanus 200 °C 3a TpuBanocti TepMooOpobaenns 30 xB. Bid-
MOBIJTHO, TEMIIEPATypa Y HEHTPATIBHUX IIapax M SKYIIKH PO3POOICHOTO TicTa 1ocsrae
96.1°C, 1110 rOBOPHUTH MPO MOBHY TOTOBHICTH BUP0OiB. OTpuMaHi 63MII0TEHOBI BUPOOH
Ha 3akBacii 3 KK MatoTh rapHi crioykuBui Bi1acTuBOCTI (Tabi. 4) — hopma BUpOOiB LIETIH-
HOIO; TIOBEPXHS TPOXHU BUIIYKJIA, CBITIIO-KOPUYHEBOTO Ta KOPUYHEBOTO KOIbopy. Ilpn
temneparypi Bunikanas 190 °C 3a TpuBanocTi TepMooOpodieHHs 30 XB. BIINOBIIHO,
TeMIeparypa y IeHTpaJlbHUX IIapax M’ SKyIIKH po3po0ieHux BUpoOiB gocsrae 95.1°C,
110 TOBOPHUTH PO TOTOBHICTH COPTOBO-PUCOBOTO XJT10a. OTprMaHi 0e3NII0TEHOBI XT10H1
BHUpoOU Ha 3akBacili 3 KK MaroTh 3a/10BUTbHI CIIOKKBYI BIACTUBOCTI (Tabdi. 4) — popma
BUPOOIB LIETIMHOIO; TOBEPXHS TIOMIPHO-0MYKJIA, CBITIIO-KOPUYHEBOTO KOJILOPY, 3 HAsB-
HICTIO HE3HAYHUX TPIIIHH.
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Ta0nuns 4
OpraHosienTHYHI XapaKTepPHUCTHKH 0e3IJII0TEeHOBOI0 COProBO-PUCOBOro XJida
Ha 3akBacui 3 KK, Buneudeni 3a pisHux remmneparyp

Opranoaentu4ni 3pa3ku x1i0a, Buneyeni 3a nacrynuux napamerpis T,°C; 7, xB
XapaKTepUCTHKH s ., R .,
Bﬂﬂpe‘leﬂﬂpx 3pa3KiB tnunik= 210 C; tBMI‘IiK= 200 C; tnunik= 190 C; tBMHiK= 180 C;
xniGa =25 XB =30 xB =30 xB =35 xB
CraH M’KyILIKH, Enactuuna Enactuuna Enactuuna Enactuuna,
CTPYKTypa M’SIKYIIKA, M’SIKYILKA, M’SIKYyILKA, M’SIKYIIKa,
TTOPHUCTOCTI, MTOPHCTICTh MIOPHCTICTh MIOPHCTICTD MOPHCTICTD
PO3KOBYBaHICTh cepeHs, cepesHs, cepeHs, cepeHs,
TOHKOCTIHHA, TOHKOCTIHHA, TOHKOCTIHHA, TOBCTOCTIHHA,
pO3BUHEHA, PO3BUHEHA, PO3BUHEHA, MEHII
piBHOMIpHa, piBHOMIpHa, piBHOMIpHa, PO3BHHEHA,
PO3KOBYETBCS POKOBYETBCS | POIKOBYETHCS piBHOMIpHA,
nobpe nobpe nobpe PO3KOBYETBCS
n06pe
Cmaxk Ta 3amax Bupaxenuit SckpaBo SlckpaBo Cnabko
KHMCIIOTHO- BUpa)XKEHUI BUpa)KEHUI BUPa)KEHUI
CIHMPTOBUH KHCIIOTHO- KHCIIOTHO- XJIIOHUI apomar
MPUCMaK Ta CIIUPTOBHH CIIUPTOBUH
XJIIOHUH apomar, MIPUCMAK MIPUCMAK Ta
ripKyBaTHit Ta XJIOHUH XJIIOHUI apomar
MIPUCMaK CKOPHHKH | apoMar
[IpaBUIBHICT [TomiTHO [TomiTHO ITomiTHO ITnocka
(opmu, 30BHINIHIN | OIyKJIa BEpXHS OITyKJIa BEPXHs | OMyKJIa BEPXHS MOBEPXHS
BHTIISIT CKOPUHKH CKOPHHKA, TEMHO- | CKOPHHKA CKOpPHHKA, CBITJIO- | BEPXHBOT
KOPUYHEBOTO KOPHUYHEBOTO | KOPHYHEBOIO CKOPHHKH,
KOJIBOPY, TIOBEPXHS | KOIBOPY, KOJILOPY, IIOBEPXHSI | CBITIIO-
13 HE3HAYHUMH MOBEPXHS 13 13 He3HAYHUMH KOPHYHEBOTO
TpillIMHAMH HEe3HAYHUMHU TpIlIHAMH KOJIbOPY,
TpIMIMHAMH MOBEPXHS 3
BUPaKEHUMU
TPIlITHAMHU

ITpu TepmoobpodnenHi 3a Temneparypu 180 °C ta 210 °C opraHoiaenTHUYHI Xapak-
TEPHUCTUKH 3Pa3KiB MOTIPIIYBAINCH, BHPOOU HAOYBaIM HEXapaKTEPHOTO KOJILOPY, a iX
CMaKOBI BIIACTHBOCTI Oy/ir He3a0BiIbHI. TaKUM YHHOM, 33 pe3yJIbTaTaMH MPOBEICHUX
JOCITI/KEHb BU3HAYEHO palliOHAJbHI MapaMeTpH BHIIKAHHA OE3NIIOTEHOBOTO Xiiba
Ha 3akBacii 3 KK: temneparypa nekaproi kamepu 190-200 °C, TpuBamicTh BHITIKAHHS
25-30 xs.

ExcrniepumeHTanbHO BCTAHOBJICHO, 110 OE3MTIOTEHOBI BHpoOM Ha 3akBacii 3 KK
MaroTh OLUTBIII HACUYECHUH KOMip MOPIBHSAHO 13 KoHTposieM (puc. 1). HaitGinpm Bupa-
JKEHUH KOJIp — KpEMOBO-KOPUYHEBHIA Ma€ X110 COProBO-pUCOBHUI HA PUCOBIH 3aKBaci
3 KK. Caix BigmiTuTH, 10 po3pobieHi BUpoOu HayiexXaTh 10 TPYIH MPOXYKIii «9HCTi
CTHUKETKIY, SIKa XapaKTePU3y€EThCS BIICYTHICTIO Xap4OBUX JOOABOK Y CKIIAJII.

[Tincucrema A «YTBOpPEHHsI TOTOBOTO A0 CIOXHBAHHA NMPOAYKTY». [oTOBUil XJ1i0
ITICJIS BUTIIKAHHS MiISATae OXOJIOHKEHHIO 10 Temiiepatypu 20...22°C.
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a) O0e3nTIoTeHOBHH | 0) Oe3NIIOTEHOBUIH B) O€3TITIOTCHOBUI

XJ1i0 prUCOBHUit XJ1i0 coproBo- XBB coproso-
(KOHTPOJIB) pHUCOBHI1 Ha PHCOBHI HA 3aKBaCII
3akBaci 3 KK, 3 KK Buneuenwuii npu
BUIICUEHUH ITpH temmneparypi 200°C

temreparypi 190°C

Puc. 1. Lughposi 300padicenns copeoeo-pucosoeo xniva na zaxseacyi 3 KK

Ha mincraBi cepii momnepeHix eKCIIEPUMEHTIB Ta 3 YpaxyBaHHIM BiJOMOCTEH, 110
MICTATBbCA B HAayKOBO-TE€XHIYHIH JiTepaTypi, OyJ0 po3poOIEHO TEXHOJIOTIYHY CXEMY
oJiepaHHs 0E3MITFOTEHOBOTO COProBO-prcOBOTO Ximiba Ha 3akBacii 3 KK. V po3pobie-
HIH TEXHOJIOTIi Tepea0adyeHo BUKOPHUCTAHHS OOpOIHA 3epHa COpro, OOPOIIHA PHUCY,
3aKBACKM Ha OCHOBI OOpOIIHA pHCY 31 CTAPTOBOIO KyNIbTyporo LV 1, KIiTKOBUHU Kap-
TOILTI, IyKPY, OJIil COHSIIHMKOBOI, COMi, APIK/DKIB, KA BIIPI3HAETHCSA THUM, IO B SKO-
cTi OOpOIITHA BUKOPUCTOBYETHCS CyMIIl OOPOIIIHA 13 CYHIJIBLHOTO 3epHa COPro Ta PHUCY,
a B IKOCTI HATYyPaJIbHOTO CTPYKTYPOYTBOPIOBaYa — KJIITKOBUHY KapToIuti. TeXHOIoriuHa
cxema oJiep)kaHHs 0e3nroTeHoBHX BIpoOiB Ha 3akBacii 3 KK nmonana Ha puc. 2.

Crioci6 onepaHHs O€3MIIOTEHOBOIO COProBO-pHUCOBOrO XJiba Ha 3akBacii 3 KK
(puc. 2) 3nilCHIOEThCS HACTYITHUM YHHOM: JIJIs1 BAPOOHUIITBA COPrOBO-PUCOBOIO XJ1i0a
BHUKOPUCTOBYETHCSI HACTYITHA CHPOBHHA: PHCOBE OOPOIIIHO, COPTOBE OOPOITHO, KITITKO-
BHHA KapTOILTi, CTapTOBa KynbTypa LV 1, Bojia muTHA, IyKOp OUTHI KpUCTATIYHUM, ClITb
KyXOHHA XapyuoBa, JPIXKIxKi IPECOBaHi, OJIisl COHAIIHUKOBA.

[Ipu mpuroTyBaHHiI TicTa y JBI CTalii MIATOTOBJIEHY T'YCTY PHCOBY 3aKBacKy
(W=56+0,5%) 3MIiIIyIoTh i3 OPIXHKOBOIO CYCIIEH3I€I0, COTBOBUM Ta I[YKPOBHUM pO3-
YMHAMH, MMOTIM 3aCHUIAIOTh CyMilll COPTOBOTO (PHCOBOTO) OOpOIIHA 3 KapTOILUISTHOIO
KITITKOBUHOIO Ta BHOCSITH BOJTY 3 OJII€I0, TIPOJIOBXKYIOTh 3aMic 3 XB Ha NEPIIii ITBUIKO-
cTi Ta 4-5 XB Ha JIPYTii MIBUAKOCTI O OTPUMAHHS OJHOPIAHOT MacH. TicTo MiISATh Ha
TICTOBI 3aroTOBKH Baroro 420 r BiAIMBaIbHOIO MAIIMHOIO B METaJICBi (POPMH, 3MAICH]
OJTI€I0 1 HANPABJISIFOTh HA BUCTOOBaHHA B I1ady. TpuBamicTh BUCTOIOBAHHS CTAHOBHTH
45-50 xB mpu Temmeparypi 36-37°C 3 Bomorictio 70-75%. Bumikanns xmida BigOy-
BA€THCS B POTalilHIM medi i cTaHoBUTH 25-30 XB IIpH TeMIepaTypi MeKapHOoi KaMepu
190...200°C. IToTimM roToBUH XJ1i0 OXOIOKYIOTH JI0 Temreparypu 22+2°C, makyoTh Ta
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peanizytors. OnepskaHi BUPOOH XapaKTEPH3YIOThCSl MPUBAOIMBUM 30BHIIIHIM BUIIIS-
JIOM, BUITYKJIOIO TTOBEPXHEIO 3 HASBHICTIO HE3HAYHUX TPIIIMH 1 PO3PHUBIB, SKi HE 3Mi-
HIOIOTh TOBAapPHOTO BHAY BHPOOY, CEPEAHBO MOPUCTUM M SIKYILIEM CBITIIO-KOPUYHEBOTO
KOJILOPY, 3 IOCTaTHBO eJIACTHYHOIO TEKCTYPOIO Ta SICKPABO BUPAXKEHUM KHCIIOTHO-CIIHP-

TOBHM ITPHCMAKOM Ta XJIIOHHM apoOMaToM.
Kaitkonima Clian kyxoima Omis
Kapromai Ko @ COHSITHITRORY

Jpiwmxi
xaifonek.

EBopoume
coprone Ta
prcone

Craprona
KYILTYpa
Lv-1

NpecoRani

C
[prroTveaHHa Ipuroryeanns
TIpaci - . . i
a3} 10.3 - POFHIHY posuy Tpurorysanns DiznTpyRasg
d=(2...3) 10-3m Tpecilonanng (26 %) (50 %) cycnensii (I:B=1:3) | rd=(2...3)10-3n
d=-(1.4.. . 15}10-3m 3 T
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i ;
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uyxpy

TIakeTi-rnisgin
(FE)3
MeTANeBiil ocHORL
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i

TIaKYBAHHA COPIOBO-PUCOBOIO X1IGA 3 KAPTOMIHHOK K1 TROBIHOK

100K H

S [ W [ N

Puc. 2. Texnonoeiuna cxema 00epoicants 0e3210meH06020 Cop208O-PUCO8020 Xaibd
Ha 3axseacyi 3 KK:
4,B, B, B, C — niocucmemu

BucHOBKM i mepcrnieKTHBY MOAAJIBLIINX AOCTIIAKeHb. 3a pe3yasTaTaMy IpOBeEe-
HUX JIOCITIJPKEHb OOTPYHTOBAHO TTApaMETPH TEXHOJIOT11 OE3TITFOTEHOBOTO COPTOBO-PUCO-
BOTO XJ1i0a Ha 3aKBaclli 3 KIIITKOBUHOIO KapToILIi. BripoBamkeHHs po3po0oK y BUPOOHH-
IITBO JIO3BOJIUTH OTPHMATH JOCTYITHHH BITUM3HSHUM OC3MMIOTCHOBHUH XMi0 B KaTeropii
«UHCTa €TUKETKA» 3 IOKPAIICHUMH CTIOKUBHUMH BJIACTUBOCTSIMA. HacTymHuM eTarmom
poboTu Oyze TOCIHiHKEHHS OPraHONIENTUYHUX, (P13UKO-XIMIYHUX, CTPYKTYPHO-MEXaHi4-
HHUX Ta IOKa3HHUKIB 0E3MEeYHOCTI pO3pOOICHUX OE3IMIOTCHOBUX XJ1IO0OYIOYHUX BUPO-
01B, OOTpYHTYBaHHSI TEPMIHIB iX 30epiraHHs.
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The study of physics by students of the Kherson State Agrarian and Economic University is
based on listening to a course of lectures, performing laboratory work, practical classes, as well
as independent work on mastering the course. Nowadays, a lot of attention is paid to independent
work. Independent work gives an opportunity to deepen the knowledge gained during classroom
classes, allows you to more fully and deeply master practical skills and theoretical knowledge.
Solving theoretical problems contributes to: consolidation of acquired skills and abilities, acquired
by students with the participation of the teacher. Development of the ability to independently
solve theoretical problems based on the fundamental laws of physics. Understanding the essence
of basic physical laws, the possibility of their application in further professional activity. Solving
problems contributes to the analysis along with the systematization of knowledge, helps to find
out which laws and regularities of physics can be used to solve this problem,; Acquiring skills
in the practical application of mathematical apparatus to solve this problem; In the process
of solving problems, put forward certain assumptions, find the limits of the application of the
laws of physics, put forward certain simplifications when building a physical model; Establish
parallels of the application of physical laws to real physical processes that exist in the proposed
problem; To acquire skills of independent search, use of intuition when searching for a solution
to a problem,; Also, solving problems requires clear and logical thinking and explaining one's
steps in the process of solving problems; Do not focus on theoretical principles, but also develop
practical skills of verification with the help of a physical experiment. Solving theoretical problems
in physics gives students the opportunity not only to master physical laws, but also to develop
important cognitive and practical skills: mathematical, analytical, logical, as well as the ability
to think independently and communicate. This is an important step on the way to a future scientist
or engineer, where not only knowledge is important, but also the ability to apply it in practice.

Key words: physics, problem solving, practical skills, problem solving algorithm, dynamics
of a material point.

3asooannuit B. B. Camocmiiina podoma nio uac nHasuauua pizuyi i3 3acmocysanuam
PO36’°A3KY RPAKMUYHUX Ma MEOPEMUYHUX 3A0ay

Buguennsa ¢hisuxu 3000ysauamu oceimu XepcoHcbKko20 0epiucasHoeo azpapHo-eKOHOMIUHO20
yHigepcumenty 0a3yemvbCsi HA CIYXAHHI KYPCY JIeKYill, UKOHAHHI 1aO0pamopHux pooim, npax-
MUYHUX 3AHAMb A MAKOXHC CAMOCMIUHOI pobomu HAO 3aceoeHusm Kypcy. Ha cbo2oOHiwmiil
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Odenb camocmitiniti pobomi Haoaemvcs eenuka ysaea. Camocmitina poooma 0ae MOICIUBICb
noeauba08amu OMPUMAHi 3HAKHHA NI YAC AYOUMOPHUX 3aHSAMb, 00380JAE OLIbUL NOBHO | 2lu-
00KO 0607100IMU NPAKMUYHUMYU HAGUKAMU MA MeoOpemutunumMu 3Hanuamu. Pose azyeanuns meo-
PEeMUUHUX 3a0ay CNpUsc: 3aKpPIiniIeHHIo HAOYMux YMiHb Ma HAGUYOK, OMPUMAHUX CTYOeHmamu
3 yuacmio euxaaoaua. Po3eumxy eéminb camocmiuno po3e’sa3yeamu meopemudni 3a0aui, cnu-
Paouucs Ha QyHOameHmanvHi 3akonu Qizuku. Pozyminnio cymi OCHOBHUX DI3UYHUX 3AKOHIS,
MONCTUBOCMI IX 3ACMOCYBAHHA Y Nodaibwiill npoghecitinitl disnvHocmi. Po3e ’si30k 3a0au cnpusie
ananizy pasom 3 CUCMeMAamu3ayiclo 3Hanb 0ONOMA2ac 3 'acy8amu, SKi 3aKOHU Md 3aKOHOMID-
HoCmi QI3UKU MONCYMb OYMU BUKOPUCTAHHT 0151 036 513Ky 0aHoi npodremu, Habymms nasuuox
NPAKMUYHO2O 3ACMOCYS8AHN MAMEMAMUYHO20 anapamy 0Jia po36 A3Ky 0anoi npoonemu, B npo-
yeci po36’A3Ky 3a0au euUcysamu Neeui Npunyujents, 3Haxooumu Mexici 3acmocy6anis 3aKoHie
Qizuxu, sucysamu negHi cnpouyerts npu nooy0osi gisuunoi mooeni, Becmanosniosamu napaneni
3acmocysantsa QizuuHux 3aKoHi@ 00 peanvHux QizuuHux npoyecis, wo icHylomv 6 3anponoHo-
eaniil 3a0aui;, Habyeamu HA8UYOK CAMOCMIUIHO20 NOULYKY, BUKOPUCIIAHHS ITHMYIYIL npu noutyky
Ppo36’a3Kky 3a0aui; Takodc po36’sA3anHs 3a0ay 8UMAa2ac 4imKo2o ma ji02i4Ho20 MUCIEeHHs i nosc-
HeHHi c80IX KpOKi8, 8 npoyeci po3g a3ky 3aoau; He 3ayuxirosamucs Ha meopemudnux 3acadax,
ane i po3eueamu NPaKmMuyHi HAGUUKU NepegipKu 3a OONOMO2010 (i3utuH020 eKCnepuMeHnty.
Po36's13y6anns meopemuunux 3a0au 3 QizuKu 0ae MONCIUBICHL 3000y68a4aM He TUUe ONAHYEAMU
@i3uUYHI 3aKOHU, A Ul PO3BUBAMU BANCIUBI KOCHIMUBHI MA NPAKMUYHI HABUYKU: MAMEMAMUYHI,
AHANIMUYHIE, TO2IYHI, A MAKOIC 30AMHICMb 00 CAMOCMIUHO020 MUCTIeHHs | KomyHikayii. Le eadic-
JAUBULL KPOK HA WIAXY 00 MAUOYMHbLO2O HAYKOBYS YUl iHMHCEeHepd, 0e 8aXCIU6l He Tuue 3HAHMA,
a U YMIHHA 3aCmMocy8amu ix Ha npaKmuyi.

Knrwowuogi cnosa: gisuxa, po3s 130k 3a0ay, Npakmudti HABUUKU, AICOPUMM PO38 A3KY 3404,
OUHAMIKA MAMePiaIbHOI MOUKU.

Introduction. The study of physics by students of the Kherson State Agrarian and
Economic University is based on listening to a course of lectures, performing laboratory
work, practical classes, as well as independent work on mastering the course. Candidates
learn the basic concepts of regularities and laws of physics at lectures. Also, application
of theoretical knowledge in practice is obtained in laboratory classes. Understanding
of theoretical laws is achieved in practical classes. Also, independent work on physics
plays an important role in mastering the material.

Analysis of recent research and publications. Nowadays, a lot of attention is paid
to independent work. Independent work gives an opportunity to deepen the knowledge
gained during classroom classes, allows you to more fully and deeply master practi-
cal skills and theoretical knowledge. It also plays an educational role: it promotes the
development of will, self-discipline, develops the ability to find and learn new material,
which in the future leads to the desire of students to improve themselves [1].

Solving practical and theoretical problems is one of the main components of the educa-
tional process. When solving problems, students acquire the necessary skills, namely [2]:

— Ability to analyze natural phenomena, processes.

— Compare objects, phenomena and find their interrelationships.

— Independently draw correct conclusions and their justification.

The purpose of the study. The purpose of the article can be the analysis and eval-
uation of the effectiveness of approaches to the study of physics, as well as the creation
and application of algorithms for solving typical physics problems.

Presentation of the main material. Students learn how to solve practical problems
in physics during laboratory work. The solution of theoretical problems is included
in the independent work of students during the course of physics. Solving theoretical
problems contributes to:

— Consolidation of acquired abilities and skills acquired by students with the partic-
ipation of the teacher.

— Development of the ability to independently solve theoretical problems based on
the fundamental laws of physics.
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— Understanding the essence of basic physical laws, the possibility of their applica-
tion in further professional activity.

In the process of solving problems, the winners acquire a number of important skills
and abilities that can be applied in further professional activities. Namely:

— Analysis together with the systematization of knowledge helps to find out which
laws and regularities of physics can be used to solve this problem;

—Acquiring the skills of practical application of mathematical apparatus to solve this
problem;

— In the process of solving problems, put forward certain assumptions, find the lim-
its of the application of the laws of physics, put forward certain simplifications when
building a physical model;

— Establish parallels of the application of physical laws to real physical processes
that exist in the proposed problem;

— To acquire skills of independent search, use of intuition when searching for a solu-
tion to a problem;

— Also, solving problems requires clear and logical thinking and explaining one's
steps in the process of solving problems;

— Do not focus on theoretical principles, but also develop practical skills of verifica-
tion by means of a physical experiment.

Theoretical problems in physics can be conditionally divided into three groups by
complexity:

— Reproductive type — requires the student to determine the fundamental law by
which the problem is solved and to find an unknown quantity (a problem in almost one
step) that corresponds to a low level of knowledge.

— Algorithmic type — requires the student to solve the problem using an appropriate
algorithm or sequence of actions that must be performed for the correct solution, corre-
sponding to the average level.

— Creative — searching type — requires a creative approach from the student to solve
non-standard problems, which corresponds to a high level of knowledge. Since the larg-
est number of students have an average level of knowledge, in my opinion, great atten-
tion should be paid to the creation and familiarization of students with algorithms for
solving typical problems during the physics course. We offer the following algorithm for
solving problems on the topic "Dynamics of a material point":

1. Carefully read the condition of the problem. Determine to which section of phys-
ics the problem should be assigned.

2. To clearly understand which quantities are known from the condition of the prob-
lem, which can be taken from reference books, as well as the quantities that must be
found.

3. Make a short note of the condition of the problem.

4. Write down all physical quantities and necessary constants in the SI system.

5. Make a schematic drawing.

6. Choose a reference system (coordinate axes, reference point, time) convenient for
solving the problem.

7. Show the direction of the body's speed.

8. Show the direction of acceleration of the body:

a) if the acceleration of the body is zero, it should not be shown in the figure;

b) if the movement of the body is uniformly accelerated, the acceleration is directed
in the direction of the speed;

¢) if the movement of the body is uniformly decelerated, the acceleration is directed
in the direction opposite to the direction of the body's speed.
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9. Consider all the forces acting on the body.

10. Show the direction and points of application of forces acting on the body (forces
are shown in the figure by vectors): a) take into account that the force of the earth's grav-
ity is directed perpendicularly down to the horizon line, and its magnitude is equal to the
product of the mass of the body by the acceleration of free fall P =m-g (g=9,81m/c?);

b) take into account that the friction force is directed in the opposite direction to the
direction of the body's speed, and its value is determined as for the sliding friction force,
the product of the friction coefficient by the support reaction force F =k -N ;

¢) take into account that in the case of an inextensible thread (cable), the force of
tension of the cable on both sides is the same in magnitude and is directed along the
thread (cable).

11. Show the projections of the forces applied to the body on the coordinate axis of
the selected coordinate system.

12. Write the force equation in vector form.

13. Write down the force equations in projections on the selected coordinate axes.

14. Determine the number of unknown forces or quantities included in the force pro-
jection equations.

15.1f the number of unknown values in the force projection equations is greater than
two:

a) pay attention to paragraph 10 of part a) and b) and write down the relevant forces
as indicated in these paragraphs;

b) to pay attention to the fact that the acceleration of a body during constant motion
is related to kinematic quantities (path, time, initial and final velocities of bodies) by the
formulas given below:

a-t? vZ-v{ Vv,
2 = 2-30 ' a:To'

16.Solve the system of equations in projections and find the unknown quantity.

17.Record the answer in the SI system.

18.1f in the problem it is necessary to consider the interconnected movement of a
system of bodies, then, as a rule, it is necessary to consider the movement of each body
separately, obtaining a system of interconnected equations, which must be solved and
the desired quantity found. Let's consider an example of the application of the given
algorithm for solving the problem of the dynamics of a material point:

Example: A car with a mass of 3t moves from rest along a horizontal path for 10s
under the action of a traction force of 3000N. Determine with what acceleration the car
moves during acceleration and what speed it reaches during this time? The coefficient
of movement resistance is 0.02. Solution:

S=v,-t+

Data: Y
m=3t Cl
t=10c m=3000kr N a
Fr=3000 9=9.81w/c? Ly
T F —_
k=0,02 1] Fr
Vo=0 X
7
m

Consider the forces acting on the car. Gravity and road reaction force act vertically.
During acceleration, the force of traction and the force of friction directed against the
direction of movement act. The acceleration vector is directed in the same direction as
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the velocity and thrust vector, because the motion is uniformly accelerated. Newton's
second law in vector form looks like this:
N +F;+mg+F,, =méa 1)

In the projections on the X and Y axes, equation (1) takes the form:
OX: F-Fp =ma

OY: N-mg=0 N=mg
Using the definition for the force of friction, we write:
Fr=k-N=k-mg
Therefore:
F, -k -mg=ma
Where do we get:

a:Fr—k-mg

m
The speed of the car at the end of the movement can be found using the speed for-
mula for uniformly accelerated motion:
v=v,+at
Since the initial speed is zero, the expression for the speed at the end of the move-
ment takes the form:
y = af
By substituting numerical values in the SI system from the condition of the problem,
we get:
_310°-0,0210-3-10°

> =0,8 m/c?
3-10

a
v=08-10=8wm/c

Respond: a=0,8m/c?; v=8m/c.

Conclusions and prospects for further research. Therefore, the study of physics
using a complex approach, namely lectures, laboratory and practical classes, and inde-
pendent work on mastering the material allows you to gain theoretical knowledge and
the ability to apply it in practice. Allows to develop practical and critical thinking. It is
also possible to suggest further research into interactive learning methods, optimization
of independent work on mastering the physics course, and the use of digital technologies.
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Bapukan — ye nanienpogionuxosuii 0iod, 0is K020 3ACHOBAHA HA BUKOPUCIIAHHI 3A1EHCHOCTII
EMHOCMI 810 360POMHOI HANPY2U | AKULL RPUSHAYEHUIL OJIA 3ACMOCY8AHHS K €IEMEHM i3 eNeKMPUIHO
KepoBanolo emuicmio. Ak Kepoeana eMHICHb GUKOPUCHOBYEMbCS bap'epHa (3apa0oea) emuicmy
p — n nepexody. Jugysitina emuicms He nioxooums 015 Yiei yini, max sAx 60HA NPOAGIAEMbCA NPU
NPAMOMY 3MIUeHHI P-n nepexody, Kou pieetb NpsamMoeo Cmpymy yepes 0io0 Genukuil, omoice, Ol
KepyBamHs 8eUUUHON0 OUQY3IUHOT EMHOCMI HEOOXIOHO UMPAYamu 3HAUHY NOMYHCHICMb 0dcepena
JrcuBIeHHsl. B motl dice uac Ha 3MiHy 8euyuHu 6ap '€pHOT EMHOCI NPU 360POMHOMY 6KIOUEH] 8apu-
Kany umpa4acmucsi 306CiM He3HAYHA NOMYICHICTb 0JICepeia JICUBTIeHHS.

O0Hax ne36axicaiouu Ha WUpoKe 3acmocy8anhs, Gapmicms apuKanis 3a1Uuacmsvcs nopie-
HAHO BUCOKOIO [3-30 HU3bKO20 6UXO00Y NPUOAMHUX BAPUKANIE, WO BUSHAYAECMbCA ICHIOMHONO
BANEHCHICMIO 360POMHUX XAPAKMEPUCMUK 8APUKANIE 810 WINbHOCMI CIMPYKMYPHUX Oehekmie
i OOMIWOK 6aXHCKUX Memanié 6 iX akmueHux obnacmsax. B cmammi posensinymi npuuunu ma
Mexanizmu 0ezpadayii 360pOMHUX Xapakxmepucmuk eapuxana. Bcmanogreno, wo 2on06morw0
NPUYUHOIO HUZLKO2O BIOCOMKA 8UXO0Y NPUOAMHUX OOCIIONCYBAHUX BAPUKANIE € OKUCTIOBANbHI
Oeexmu ynaxKy8anms, w0 Ymeoplolmuvcsa 6 KpeMHIC8ux CmpyKmypax 8 npoyeci npogeoeHHs
BUCOKOMEMNEPAMypPHUX MexHoNo2iunux onepayitl. /[na sanobicanns ymeopenunio OHYV, saxi
Oynu 8UAGNLEHI 8 enimakcillHuxX CMpyKmypax nicisi mepmiuHo20 OKUCTeHHS, b0 3MeHUeHHs ix
winbrocmi Heobxiono Oyno eubpamu epexmuenuii memoo cemepysanns. Tax sk OLY ymeopio-
FOMbCA, NOYUHAIOYU 3 NePUuLOl BUCOKOMEMNEPAMYPHOI MEXHON02IUHOI onepayii — mepmiuHo20
OKUCJIeHHS, MO 04€BUOHO, WO CIIOYE BUKOPUCTOBY8AMU 2EMEPYBAHHSL YIHCE HA CAMOMY NOYAMKY
MEXHON02TUHO20 MAPUPYMY 8UcomogienHts eapuxana. IIposedeni 0ocniodicenHs noxkazan, wo
HAUOIIbW ePeKMUEHUM MEMoOOM 3anoOieants YMeopeHHIO CIPYKIMYPHUX 0eqheKkmie 6 enimakx-
CIANbHUX WAPAx € CMBOPEHHS 2emepyroyol 001acmi Ha 360pOMHOMY 60Yi NIOKIAOOK 3a OONOMO-
2010 npogedents OuQysii bopy 6 Hepoboyy CHOPOHY NAACHUH neped iX MepMiuHUM OKUCTEHHSIM.
Poboma npucesauena 00cniodnceHH1o NopieHANLHOL epekmueHocmi GUKOPUCIAHHA MemOody 2eme-
PYBAHHI NPOBEOCHHAM 000AMKO80I Oughy3ii 6opy 6 Hepobouwy Cmopony NiACMuH: CMAaHOApn-
HO20 Memooy, AKUU 30IUCHIOEMbCA NICAA MEPMIYHO20 OKUCTEHHA NIACTUHN, A MOOEPHIZ08AHO020
Memooy, AKuil 30IUCHIOEMbCS Neped MEPMIYHUM OKUCTEHHAM NAACMUH, HA DIBEHb 360POMHO20
CMPYyMY 8apUKANHUX CIPYKIYP Md 8I0COMOK 8UX00y npudamnux npunadis. Haseoeno excnepu-
MEHMAbHI Ppe3yIbmamu 00CII0NCeH s, GNAUGY HA 360POMHY XAPAKMEPUCTNUKY 6aPUKANA KOC-
HO20 3 O0CTHIONCYBANLHUX NPOYECi6 2emMepySaHHs, a MaKoiC NPOAHANI308aHO MOJICTUBL Mexa-
HI3MU Yb0O2O GNIIUBY.

Knrwwuoei cnosa: sapukan, eemepyeanns, ouqyysisi 6opy, oeghekmu ynaxyeaHHs, 360pOmHuULL
cmpym, OOMIWKU.

Litvinenko V. M. Study of the efficiency of heterogeneity of structural defects by diffusion
doping in the production of silicon diodes

A varicap is a semiconductor diode whose operation is based on the use of the dependence
of the capacitance on the reverse voltage and which is intended for use as an element with an
electrically controlled capacitance. The barrier (charge) capacity of the p — n junction is used
as the controlled capacity. Diffusion capacitance is not suitable for this purpose, as it manifests
itself'in the direct bias of the p-n junction, when the level of direct current through the diode is
large, therefore, to control the value of diffusion capacitance, it is necessary to spend significant
power of the power source. At the same time, changing the value of the barrier capacity when the
varicap is turned on in reverse consumes very little power from the power source.

However, despite the wide application, the cost of varicaps remains relatively high due to the
low yield of suitable varicaps, which is determined by the significant dependence of the inverse
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characteristics of varicaps on the density of structural defects and heavy metal impurities in their
active regions. The article discusses the causes and mechanisms of degradation of the reverse
characteristics of the varicap. It was established that the main reason for the low percentage
of yield of suitable investigated varicaps is the oxidation defects of the packaging formed in
silicon structures during high-temperature technological operations. In order to prevent the
formation of ODEs, which were detected in epitaxial structures after thermal oxidation, or to
reduce their density, it was necessary to choose an effective method of heterization. Since ODUs
are formed starting with the first high-temperature technological operation — thermal oxidation,
it is obvious that heterization should be used at the very beginning of the technological route of
varicap production. The conducted studies showed that the most effective method of preventing
the formation of structural defects in epitaxial layers is the creation of a heterogenous region
on the reverse side of the substrates by diffusion of boron to the non-working side of the plates
before their thermal oxidation. The work is devoted to the study of the comparative efficiency of
using the heterization method by carrying out additional diffusion of boron to the non-working
side of the plates: the standard method, which is carried out after thermal oxidation of the plates,
and the modernized method, which is carried out before thermal oxidation of the plates, on the
level of reverse current of varicap structures and the percentage of output of suitable devices.
The experimental results of the study of the influence on the inverse characteristic of the varicap
of each of the researched heterogenization processes are presented, as well as the possible
mechanisms of this influence are analyzed.

Key words: varicap, heterogenization, boron diffusion, packing defects, reverse current,
impurities.

IMocTanoBka nmpo6aemu. [IpobaemMor0 BUpOOHUIITBA KPEMHIEBUX HAIiBIIPOBIIHU-
KOBHX JIOZIB € MOPIBHAHO BHCOKA iX BapTICTh, IO MOSCHIOETbCS HU3BKUM BHUXOJIOM
MPUJATHUX JIOJIB 13-32 BUCOKOTO PiBHS 3BOPOTHOTO CTPyMy MpHiIafiB. Sk mokazamu
JIOCTIHKEHHS, TPUYNHOI0 HU3BKOTO BHUXOIY HIONIB SIBISIETHCS CYTTEBUI BIUIMB Ha iX
3BOPOTHI XapaKTEPUCTUKU CTPYKTypHHX Ie(PEKTiB 1 MOCTOPOHHIX aomimok [1, 2].
Cepen CTpyKTypHUX J1e(DeKTiB, 110 YTBOPIOIOTHCS B AKTUBHHUX OOJIACTSIX BapHUKaITHUX
CTPYKTYp B TIPOIECi TIPOBEICHHS BHCOKOTEMIIEPAaTypHUX OIEpaliii, B MEpIIy Yepry,
ciijl BiAMITUTH OKucIoBajbHI Aedextu ynakyBanuia (OLY) [3]. He nmexoposani
nomimkamu OJ]Y mpakTUYHO HEe CTBOPIOTH BIIMBY HA 3BOPOTHI XapaKTEPUCTUKHU Ii0-
niB. Bzaemonist OJ1Y 3 nomilkamMu MeTalliB, SIKi MOMAIAl0Th HA KPEMHI€BI TUTACTHHH
3 TPaBUJIBHUX PO3YMHIB Ta KBAPIIOBOT OCHACTKH AU(Y31HHUX MeUeld, a TAKOXK B3aEMOIis
JedeKTiB 3 MaTepiaJaMu OMIYHAX KOHTAKTiB, HIpUKIaa Ni ta Al, mpu3BOAUTE 10 3011b-
IICHHS PIBHS 3BOPOTHOTO CTPYMY JiOiB. JIJIsi 3MEHIIIEHHS IIIJIBHOCTI CTPYKTYPHO-]10-
MIIIKOBUX J€(PEKTIB B KPEMH1i BUKOPHCTOBYIOTbCS Pi3HI METOIU reTepyBaHHs [4], ane,
SK TIOKa3aJia MpaKTHKa, 0arato 3 HUX BHABISIOTHCS MaIOC(EKTUBHUMU ISl 3HIDKCHHS
PIiBHS 3BOPOTHOTO CTPYMY JIIOJIB.

Mertoro 1aHo1 pobOTH € JOCITiIKEHHS MOPIBHAIBHOI e(peKTUBHOCTI BIUIMBY CTaH-
JApTHOTO Ta MOAEPHI30BAHOTO METO/IIB FeTCPyBAHHS IPOBEICHHAM J0AATKOBOT quy3ii
0opy B HEpOOOTy CTOPOHY IUIACTHH HA PIBEHb 3BOPOTHOTO CTPYMY NIOIHUX CTPYKTYP
Ta BIZICOTOK BUXOJy IPUJATHUX TPUIIaIiB.

ExcnepumenTanbHi 3pasku. JlocmiKyBaH1 BApUKaIHI CTPYKTYPH BUTOTOBJISITHCS
3a CTaHJAPTHOI TUIAHAPHO-CMITaKCiaIbHOK TexXHOorie [7] Ha neroBaHux Qocdo-
POM KPEMHi€BUX EIMITaKCIHHUX CTPYKTypaxX N-TUIY MPOBITHOCTI 3 MUTOMUM OHOPOM
1,8 OM-cm ToBIIMHOKW 10 MKM, BHPOIICHHX Ha OPIEHTOBaHIN B KpHcTaaorpadiaHOMY
Hanpsmky (111) xpemHuieBid migknazami. Jljasi BUTOTOBJICHHS BapHKallHUX CTPYKTYP
MIPOBOMIINCS] HACTYIHI OCHOBHI TEXHOJIOTI4HI ONEpalii: — TepMiuHE OKUCIICHHS ILIac-
THH B mapax Bomu 3a temneparypu T = 1050°C i3 mopaibIiuM BigmalioM B cepejio-
BUIIII apTOHY 3a TEMIIEPaTypH MPOIECY OKHUCICHHS; — HAHECCHHS HAa POO0Uy CTOPOHY
IJIACTUH 3axucHOro mapy doropesucra PI1383 i Bunenenns wapy SiO, 3 Hepobouoi
CTOPOHU TUIACTHHU TPABJIEHHSIM B TUIABUKOBIM KHCIIOTI. — MPOBEACHHS MUdy3ii Oopy
B Hepobouy cropony miactuH mpu T= 1200°C Ha mpoTszi 1 ron B cymimi aproHy
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(120 n/r) i kucnro (S n/ron) i3 TBEpOTO HKEpena B,O,; — Bunanenns 60poCHIIiKaTHOrO
CKJIa B pO3uWHI IIaBuKOBOI Kuciotu; — (I) ¢ortomitorpadist A BiIKpUBaHHS BIiKOH
y api A10KCULy KpeMHIto miJ Judy3io 60py; — 3aronka 60py B podouy CTOpOHY Iiac-
THH METOJIOM BiIKpUTOI TpyOu 3 miepena nomimku B,O, 3a remneparypu 1100°C mpo-
TsTOM 25 XB y cymiti aprony (100 ji/rox) i cyxoro KucHio (3 J1/Toxn); — BUmaIeHHs 00po-
CWJIIKATHOTO CKJIa B PO3YMHI IUIABUKOBOT KMCIIOTH; — PO3TOHKa OOpy 3a Temieparypu
1150°C 3 mopmanbIIMM YepryBaHHSM IUKIIB: PO3TOHKA B CEPEAOBHIII CYXOrO KHCHIO
(20 XB) — pO3roHKa B CEPEIOBHIII BOJIOTOTO KUCHIO (3,5 rog) — pO3roHKa B cepelio-
Bumli cyxoro kucHio (40 xB); — (II) otomitorpadis ns BiAKpUBaHHS BIKOH Y LIapi
JIOKCHTy KPEMHIIO 7SI CTBOPCHHSI OMIYHOTO KOHTAKTy 3 po0O040i CTOPOHH IUIACTHHY;
— 0CaJPKEHHSI TUTIBKH aJIFOMIHIIO B BaKyyMi Ha poOO4y CTOPOHY TUTACTHH, TIPOBEICHHS
(horomitorpadii mo mapy anaOMiHIIO 1 BifMajd KOHTAaKTy B 1HEPTHOMY CEpEIOBHILI 3a
temneparypu 550°C Ha mpoTsi3i 15 XBuIuH; — nutiQyBaHHS TUIBHOT CTOPOHU TUIACTHH
Jo ToBmHA 190-210 MKM; — (hOpMYyBaHHSI OMIYHOTO KOHTAKTy 3 HEp0oOOUYOi CTOPOHH
IJTACTHHHU: XIMIYHE 0ca/pKeHHs Ni 3 IOJaJIbIIUM BiJITAJIOM IUTIBKH HIKEIIO 33 TeMIIepa-
Typu 680°C y cepenosui aprony (200 i/rox) mpotsarom 25 XB.

[Tpumitka. JlogarkoBa nudy3is 60py B 3BOPOTHY CTOPOHY IJIACTHHH ITICIISI TIPOBE-
JIEHHSI TEPMIYHOTO OKHUCJICHHS IUIACTHH € TeTepyBaJbHUM TEXHOJOTIYHUM MPOLIECOM,
III0 TTPOBOAUTHCS 3 METOIO JIKBiAawii cTpyKTypHHUX nAedekTiB Tumy O/1Y B akTMBHUX
00NacTsX BapUKAITHUX CTPYKTYpP. 3aCTOCYBaHHS METOAY TETEPYBAHHS IPOBEICHHIM
noaatkoBoi nudysii 0opy AOKIaaIHO PO3MISHYTO B [8].

VY pesynbrati Oyia oTprMaHa CTPyKTypa BapHKama, HaBeaeHa Ha puc. 1.

Al
5103
LG - aaaRRaSaN
p
n+
Ni
Ni

Puc. 1. Cmpyxmypa sapuxana, wjo 6ucomosnena 3a 6a306010 mexHon02i€o

JocaigxeHHst cTPYKTYpHUX AedexriB. /g 3°scyBaHHS NPUYMH HU3BKOTO Bif-
COTKa BHUXOJY HPUAATHUX BapuKamiB Oyau MPOBEACHI MeTajJorpadiuHi JTOCIiIKESHHS.
[ BUSABICHHS CTPYKTypHHX Ie(EKTiB BHKOpPHCTOBYBaBcs TpaBHHK CipTia. Bun
CTPYKTYpHHUX JIe(DEKTIB 1 iX UIIIBHICTH OI[IHIOBAIIUCS 32 IOTIOMOTOI0 METaIorpadhivHOrO
mikpockona METAM-1. Ha nmiacTuHax micis HMpOBEACHHS TEXHOJOTIYHOI omepaii
«TepMiuHE OKWCIICHHS TUIACTHH» OyJI BUSIBIICHI JIe(DEKTH yIaKyBaHHS IMIJIBHICTIO 70
7-10* cM ™%, ipH [[bOMY YaC TpaBJeHHs CTPyKTyp y TpaBHuKy Ciptia ckias 20 ¢ (puc. 2).

Bubip TexHoJiorii rerepyBaHHs. 3 MeTOI0 3armo0iraHHs YyTBOPEHHIO Ta JIIKBijaii
CTPYKTYpPHHX JIe(DEeKTIiB y CTPYKTypax KpPEMHIEBUX JIOJIB, 3a3BHYal, 3aCTOCOBYIOTh
reTepyBaHHs — TEXHOJIOTIYHHIA MPOLEC, U0 MIHPOKO BUKOPUCTOBYETHCA y Cy4YaCHOMY
BUPOOHHUITBI KPEMHI€BUX HAMIBIPOBIJHUKOBUX MPHJIAAIB Ta IHTETPAIBHHX CXEM.
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T'eTepyBaHHs 1ae€ MOXIIMBICTh HAKOMTUYYBAaTH HeOaXKaHi JIOMIIIKKA B HEPOOOUMX JIIISH-
Kax TUTACTHH 1 TIOBHICTIO JIKBIAYBaTH CTPYKTYpHI JedekTn a0o 3HAYHO 3MCHIIUTH
HIIBHICTH JIe(EKTIB B aKTUBHUX 001acTAX MiofiB [4—6].

Puc. 2. Mikpogpomoepadhis nogepxri enimakcianbHoi cmpykmypu nicis mepmiuHo2o
OKUCTIEHHSL | NPOBEOEHHSI CENeKMUBHO20 MPAGILEHHS

[ 3ano6iranss yrBopeHHto O/1Y, siki Oyii BUSIBIICHI B €ITAKCIHHUX CTPYKTYpaXx MiCTIst
TEPMIYHOTO OKHCIICHHSI, 200 3MEHIIIEHH 1X IIUTHHOCTI HEOOXiIHO OYJ10 BUOpaTH CPEKTHBHHUIA
Metof retepyBanHs. Tak sk OLY yTBOPIOIOThCS, TOYMHAIOUH 3 TIEPILIOi BUCOKOTEMITEpaTypHOT
oriepartii — TepMIiYHOTO OKHCIICHHSI, TO OYEBHTHO, 1110 CITiTy€ BUKOPUCTOBYBATH T€TEPYBAHHS
yKe Ha CaMOMY TOYaTKy TEXHOJIOTTIHOTO MapIIpyTa BUTOTOBJICHHS BapHKama. 3a 6a30BOO
TEXHOJIOTIEI0 B TEXHOIOTTYHOMY MapILpyTi BUTOTOBIICHHS BAPHKAITHUX CTPYKTYP BUKOPHCTO-
BYETBCS] METOJI TeTepyBaHHS MPOBECHHAM TU]y3ii 00py B HEpOOOTY CTOPOHY TUTACTHH ITiCIIst
X TepMIYHOTO OKHUCIICHHS (JIMB. PO3ILT «EKCIIEPUMEHTAIbHI 3pa3Ku» ), IO JIAJI0 MOMKITUBICTD,
SK TIOKa3aJId JIOCIIDKEHHS, MiIBUIMTH BUXIJ MPUAATHUX AIOAHUX CTPYKTyp Ha 10-15%.
3 MeTO¥O T IBHIIICHHS €(DEKTHBHOCTI TeTepyBaHHS JIS(EKTIB i JOMIIIIOK B aKTHBHHX 00JIACTSIX
TIOTHUX CTPYKTYP 1 TTiIBUIIICHHS BIXOMY MPHIATHAX BApUKAIIiB OyIa IpOBEIeHa MOJICpHI3a-
1lis1 TIPOLIECY TeTepyBaHHs1 AUQY3IHHAM JISTYBaHHSM, sIKa 3aKIIF0YANIACh B HACTYITHOMY. [lepern
TEPMIYHIM OKHCIICHHSM Ha pOOOYYy CTOPOHY IUTACTHH METOIOM OKHICJICHHS MOHOCHIIAQHA
OCaKy€ThCA 3aXucHa TiBka SiO, TopuHo0 0,35MKM 1pu Temneparypi mikiaku 350°C.
Terepyrounii poriec audy3ii MPOBOIMBC 13 TBEPIOTO HKEPENia B BAKYYMi IIPH 3AITHIIIKOBOMY
tucky 1,3 I1a pu remmeparypi 1100°C Ha nipotszi 40 xB.

[IpoBeneni nepen GopMyBaHHSIM OMIYHUX KOHTAKTIB MeTaJorpadivHi JI0CIiKEHHS
Ha BapHKAITHUX CTPYKTypax, BUTOTOBJICHHX i3 3aCTOCYBaHHSIM MOICPHI30BAaHOIO METONY
reTepyBaHHs POBeNIeHHIM Au(y3ii 00py B HEpoOOdy CTOPOHY IIIACTHH Tepe]] TEPMIYHUM
OKHCJICHHSIM, TTOKA3aJTH BIJICYTHICTh B HUX OKUCITIOBAJIBHUX Je(DEKTIB yraKyBaHHS (pHC. 3).

S50 wim _|
——

Puc. 3. I[losepxua sapukanuoi cmpykmypu, 8ueomoeneHoi 3 BUKOPUCAHHAM cemepyeanHs
OuQy3itiHUM N1e2y8aHHSM
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HocainxeHHs: epeKTHBHOCTI po3podiaeHoi TexHoJorii. s BUNpoOyBaHHS
MOJICpHI30BaHOTO croco0y rerepyBaHHs MU(Y3iHHUM JieTyBaHHAM Oynn copMoBaHi
eKCTIepUMEHTANbHI MapTii BApUKAIHUX CTPYKTYp, KOXKHA 3 SKHUX ALTMIAcs Ha JBI PiBHI
YaCTHUHM: OJJHAa YAaCTHHA NapTii OyJa BHTOTOBJICHA 3 BHKOPHCTAHHSIM CTaHAAPTHOTO
METOJy reTepyBaHHs JU(y31HHUM JIeryBaHHsM, 1HIIA — 3 BUKOPHUCTAHHSAM 3aIPONIOHO-
BAaHOBAHOTO MOJIEPHI30BAHOTO METONy reTepyBaHHSA AU(Y3iHHUM jeryBaHHsaM. Edek-
THUBHICTh BUKOPHCTAHHS 3aIIPOTIOHOBAHOTO CITOCOOY OIIIHIOBAJIACS 32 BiJICOTKOM BUXOTY
NPUJATHAX BAPUKAIHUX CTPYKTYP HA iX KOHTPOJI MO PiBHIO 3BOPOTHHX CTPyMiB (I ).
Kpurepiit npugarnocti: [ <0,2 MkA nipu 380poTHiii Hanpy3i 35 B.

VY tabnuii 1 HaBeJeHI MOPIBHIIBbHI PE3YJIBTaTH KOHTPOJIO 32 3BOPOTHUM CTPYMOM
BapUKaITHUX CTPYKTYp, LLI0 BUTOTOBJIEHI 3a 0a30Boto (maptii Ne 4—6) 1 po3pobiaeHoro
(maprii Ne 1-3) TexnomnorismMu. BuaHo, 1110 BUKOPUCTAHHS 3aIIPOIIOHOBAHOT TEXHOJIOT1]
Ja€ MOYKJIMBICTD TIIBUIIUTH BUXIiJ MPHIATHUX BapUKAITHUX CTPYKTYP Y CEPEIHHOMY
Ha 5,7%. IIpu 11boMy BapHKamHi CTPYKTYpH, BUTOTOBJIEHI 3 BUKOPUCTaHHSAM po3pooiie-
HOTO METO/Y TCTEePyBaHHS, MaJIH PiIBEHb 3BOPOTHUX CTPYMIB B 2 pa3u HIDKUUIL y MOPiB-
HSHHI 3 BapUKAITHUMH CTPYKTYPAaMH, BUTOTOBJICHUMH 3 BUKOPHCTAHHSIM CTaHIAPTHOTO
METOJy TeTepyBaHHSI.

Tabmums 1
[opiBHSIBHI pe3yJIbTATH KOHTPOJIIO 32 3BOPOTHHM CTPYMOM BapHKAITHUX
CTPYKTYP, 110 BUTOTOBJIEH] 32 62a30BOI0 i po3p00/IeHOI0 TEXHOJIOTisIMU

Crroci Homep Buxin npuaaTHuX BapuMKAIHUX
1OCi0 BUTOTOBJICHHS . . . .
BAPHKANHEX CTYKTYP eKcriepuMenTaIbHOI CTPYKTYP Ha KOHTpoJI pl;nm ix
napTii 3BOPOTHHUX CTPYMiB, %

3 BHKOPUCTAHHAM 1 93

PO3pOOIICHOTO METOLY 2 92

reTepyBaHHS 3 93

3 BUKOPHCTaHHIM 4 87

CTaHIIAPTHOTO METOIY 5 88

reTepyBaHHA 6 86

OtKe, BUKOPUCTAHHS 3aIIPONOHOBAHOTO CIOCO0Y reTepyBaHHS JIO3BOJISE CYTTEBO
HiABUIINTH BUXiA NPUIATHUX BAPUKAIHUX CTPYKTYP HA KOHTPOJI PiBHS iX 3BOPOTHUX
CTPYMIB, iICTOTHO 3HU3UBIIIH ITPH 1TLOMY PiBEHb 3BOPOTHUX CTPYMIB BapHKAITiB.

Ha puc. 4 npuseneni 380potHi BAX BapukamHuX CTpyKTyp, BUTOTOBJIEHHX 3 BHKO-
PHCTaHHSAM CTAaHAAPTHOTO Ta PO3pOOJIEHOTO METOAIB reTepyBaHHs. BuaHo, 1mo Bapu-
KalHa CTPYKTYpa, BUTOTOBJICHA 3 BUKOPUCTAHHIM PO3POOICHOTO METOIY TeTepyBaHHS
Mae 3a 3BOpOTHOI HarpyrH 35 B piBeHb 3BOPOTHOTO CTPyMy NMPUOIN3HO B 2 pa3u MEH-
M, a TakoX OLIBIIY MPOOMBHY HAINpyTy y HMOPIBHSHI 3 BapUKAIHOIO CTPYKTYPOIO,
BUTOTOBJICHOIO 3 BUKOPUCTAHHSIM CTaHAapPTHOTO METOIY TeTCPYBaHHS.

OneprkaHi €KCIIEpUMEHTAIbHI Pe3yJabTaTH MOXKHA IOSCHUTH HACTYITHUM YHHOM.
[Tpy BUKOpHUCTaHHI CTaHIAPTHOTO METOAY TeTEepyBaHHS B MPOLIECI NMPOBEICHHS Tep-
MIYHOTO OKHCJICHHS IUIACTHH B KpeMHii yTBOprotoThcst OJ1Y, Tak sk mepe TepMidYHUM
OKHCIICHHSI B KPEMHI€BHX IUIACTUHAX 3HaXOmAThes 3apoaku OJ1Y, siki MOXKYTH yTBO-
pIOBATHCh B KPEMHIi IIPH BUPOIIyBaHi 3MUTKIB 1 B mporieci emitakcii. YTBopeni O/1Y
MTOBHMHHI JIIKBIJIOBYBaTHCh B TIOCIIIyFOUOMY MTPOIIECI reTepyBaHHs MPOBEACHHAM JUDY-
3ii Gopy B HepoOOYy CTOPOHY ILTACTHHU Tpu Temmneparypi 1200°C B cymimn aprony
1 kucHio. IIpu 11bOMy TIOBHE OUMIIICHHS 00'€My KPEMHI€BOT MJIACTHHHU Bil CTPYKTYPHHUX
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nedeKTiB He rapaHToBaHO. [Ipu BHKOpPHCTaHHI PO3POOJIEHOTO METOAY TIeTepyBaHHS
IuQy3iHAM JIeTyBaHHIM ISl 3aXHCTy po0O0Y0i CTOPOHH IUIACTHH BHKOPHCTOBYIOTH
MiPOJIITUYHY TUIIBKY ABOOKHCY KPEMHII0 TOBIIMHOIO 0,35 MKM, ocaJlKeHy 3a TeMIiepa-
Typu miaknaaku 350°C, 1o BUKIIOYA€E YTBOPEHHS CTPYKTYpHHUX JIE(EKTIB B KPeMHil.
B mporieci retepyBaHHs, sSIKe IPOBOAUTHLCS B BakyyMi rpu Temrieparypi 1100°C BinOyBa-
eTbes nikBiganis 3apoakis O/1Y. e 3anobirae yropennro OJY B mporieci TepMidYHOTO
OKHCIICHHS MJIACTHH Ta MOCHTIYI0YNX TepMidHuX omeparliit. Kpim toro, B mporeci Tep-
MIYHOTO OKHCJICHHS 1 MOCIIYIOYHX TEPMIYHHUX OIepaliidi o0iacTh rerepa eheKTHBHO
MOTTIMHAE HEKOHTPOJIOEMI TOMILIKM 13 00'€eMHOI 1 mpunoBepxHeBoi obnacteil miac-
THUHU, 3MEHIIYIOUYH THM CaMHUM 3BOPOTHI CTPYMH BapHKaIliB.

Is.t.. MEA

2

15

0

0 5 10 15 20 25 30 35 40 45 50 55 60 Ux, B

Puc. 4. Tunosi 36opomni BAX eapuxannux cmpykmyp: 1 — éapuxanna cmpykmypa,
6U2OMOGIEHA 3 BUKOPUCIAHHAM CIAHOAPMHO20 MEMO9y 2emepy6ants, 2 — 6apukania
CMpYyKmMypa, 8U20MOBNEHA 3 BUKOPUCIAHHAM PO3POOIEHO20 MEMOOY cemepy8anHs

BucnoBKkH. 3a pe3ynsraTaMu IPOBEACHUX JIOCITIPKEHb MOXKHA 3pOOUTH BUCHOBOK,
II0 IPUYMHOI0 HU3BKOT'O BiJICOTKA BUXOMY MPUIAATHUX BAPUKAITHUX CTPYKTYP MPU KOH-
TPOJFOBAHHI iX 3BOPOTHOTO CTPYMY € OKHCIIOBaJbHI JE(PEKTH yITaKyBaHHSI, SKi yTBO-
PIOIOTHCS B aKTUBHHX O0JIACTSIX iO/IB B MPOIECax MPOBEICHHS BUCOKOTEMIICPATyPHHUX
TEXHOJIOT1YHUX OTeparliil.

[leperara po3poOICHOTO METOMY TeTepPyBaHHS Yy TIOPIBHSHHI 31 CTAHIAPTHUM METO-
JIOM 3aKJIFOYAEThCS B CIIAYIOYOMY: BUKOPHCTAHHS PO3POOIEHOr0 METO/y TeTepyBaHHS
MPaKTUYHO TapaHTye BiAcyTHiCTs O/]Y B mmacTHHAX KPEMHIIO, TaK K MEepes] MPOBEACH-
HSIM TEPMIYHOTO OKHCIICHHS 3 00'€My KPEeMHIEBUX TUIACTHH BUIAISIOThCS 3aponku OJ1Y.
B Toii ske yac BUKOPUCTAHHS CTAaHJAPTHOTO METOMY TeTepYBAHH MMPOBEACHHAM JUQY3il
60py B HEpOOOTy CTOPOHY IIACTHH ITiCISI TEPMIYHOTO OKUCIICHHSI TaKOi rapaHTii He 1ae.

TakuM YMHOM, PO3pOOJIeHA TEXHOJIOTIS TeTepyBaHHS MPOBEACHHAM Audy3ii 6opy
B HEPOOOUY CTOPOHY IIACTHH Iepe/] iX TePMIYHUM OKUCIICHHSM J]a€ MOXIIUBICTD 3ar10-
OirTH YTBOPEHHIO OKHCTIOBATIBHNX AS(DEKTIB yIIaKyBaHHs B AKTUBHUX 00JIaCTAX IiOIB,
110 3a0e31euye 3HKEHHS PIBHS 3BOPOTHUX CTPYMIB J10JIB 1, SIK HACIIIIOK, ITiIBUIIICHHS
BiZICOTKa BHXOJy IPUJIATHUX HPUIIAJIIB.
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