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Conducting experiments in which only one factor is varied
is the easiest way to establish the optimal conditions of produ-
cer cultivation. Usually, in such studies, a consistent determi-
nation of the nature and concentration of the carbon and nit-
rogen source, pH, temperature, duration of cultivation, as well
as the method of inoculum preparation is carried out. Such
single-factor studies remain an effective tool for the initial de-
termination of the most critical factors which cause the greatest
impact on the biosynthesis process and require additional opti-
mization.

Further optimization of producer cultivation conditions using
multivariate studies involves the use of various methods of ma-
thematical planning of experiments, one of which is the Plac-
kett-Burman design, which allows determining the level of in-
fluence on the process of a large number of variables while con-
ducting a smaller number of experiments.

For the combined analysis of factors which have the grea-
test influence on the process of exopolysaccharides biosynthe-
sis, other more complex mathematical models are usually used,
in particular, the Box-Wilson method, the central composite de-
sign, or the Box-Behnken design. A significant advantage of
the Box-Behnken design is that it does not contain combina-
tions for which all factors are at the highest or lowest levels at
the same time.

The analyzed literature data of recent years regarding ways
to increase the efficiency of microbial exopolysaccharides tech-
nologies proved the need to use an integrated approach to solve
this problem. So, at the first stage, it is necessary to establish the
optimal composition of the nutrient medium. At the same time,
the most modern approach is to conduct multifactorial studies
using complex mathematical models, which take into account
the interrelationship of various studied factors and make it pos-
sible to more accurately establish the optimal conditions of the
cultivation process, which ensure increasing the concentration
of microbial exopolysaccharides by 2—10 times compared to
that before optimization.

DOI: 10.24263/2225-2924-2023-29-1-3
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BIOTEXHOJIOTTI

LWNAXU NIABULLEHHA E®EKTUBHOCTI TEXHOJIOIIN
CUHTE3Y MIKPOBHUX EK3O0MNOJNICAXAPUAIB.
YACTMHA 1. BCTAHOBJIEHHA ONTUMAJIbHUX YMOB
BIOCUHTE3Y

T. IL. Ilmpor, A. A. Boponenko
Hayionanvnutl ynisepcumem xapyo6ux mexnonoz2it

IIposedenns excnepumenmis, 6 AKUX OOHOUACHO 30IUCHIOEMbCS BaAPTIOBAHHS TUULe
OOHI€I0 3MIHHOI0, € HAUOLTLUL NPOCIUM CHOCODOM BCIAHOBNEHHS YMOS KYIbIMUG) 8AH -
H5l NPOOYYEHMA, MAKCUMAILHO HAOTUICEHUX 00 ONMUMATTbHUX. 3a36uyatl, Y makux 0o-
CTIOMNCEHHSIX NPOBOOUMBCSL NOCTIO0BHE GUIHAYEHHSL NPUPOOU MA KOHYeHmpayii dice-
pena gyeneyio i azomy, pH, memnepamypu, mpusaniocmi Ky1emuey6ants, a makoic
cnocody nid2omosku nocienoco mamepiany. Taxi 0OHOGaKmMopHi OOCHIONCEHHS 3aaU-
WAOMbCsl eqheKmUBHUM THCIPYMEHMOM O/ NEPEUHHO20 BUSHAUEHHS HAUOLIbW KPU-
MUYHUX (DAKMOPIE, K CNPUYUHAIOMb HAUOLIbWULL 6HIUE HA npoyec Oiocunmesy i
nompeoyoni 000amK080i onmuMizayii.

Tooanvwa onmumizayis ymoe Kyibmuey6arHs npoOYYeHma 3 GUKOPUCMAHHAM 0a-
2amogaxmopHux 00CniOHceHb Nepeodayac UKOPUCAHHSL PISHUX Memooie Mamemda-
MUYHO2O NAAHYBAHMSL eKCHEPUMEHmMI8, 0OHUM 3 SKUX € ousatin I naxema-bBypmana, wo
0ae 3Mo2y GU3HAYUMU PiGeHb 6NIUEY HA NPOYEC BENUKOI KIIbKOCHI 3MIHHUX NPU NpO-
6€0EHHI MEHUIOT KIIbKOCHE eKCRePUMEHMIS.

na kombinosano2o ananizy axmopis, AKi CNpUYUHAIOMb HAUOLILUWUL 6NIUE HA
npoyec biocuHmesy eK30noaicaxapuoie, 3a36Utail, 6UKOPUCHOBYIOMb [HU KOMNIEKCHI
MamemamuyHi mooderi, 30kpema memoo boxca-Bincona, yenmmpanvHuii KomMnosuyi-
Huti naan abo ousaiin boxca-benkena. Cymmesa nepeeaza ousatiny boxca-benxena
NOJIA2AE 8 MOMY, WO 6iH He MICIMUmMb KOMOIHAYIU, 015l AKUX YCi (hakmopu 0OHOUACHO
nepedyeaioms Ha HAUGUUOMY AO0 HAUHUNCHOMY PIGH.

Ipoananizosani nimepamypHi 0aHi OCMAHHIX POKIE W00 WLISXIE NIOGUWEHHS
epexmusHocmi mexuonoeiu mikpoorux EIIC 3aceiouunu HeoOXiOHICmb 3aCMOCy8aH s
KOMNJIEKCHO20 NiOX00y OJisl BUPIUERHS yb02o 3a80anHs. Tak, Ha nepuiomy emani Heoo-
XIOHUM € 6CMAHOGTIEHHA ONMUMANLHO20 CKIAOY NOXCUBHO20 cepedosuwya. [Ipu yvomy
HAUOIbUL CYYACHUM NIOXO0OM € NPOBEOEHHS 6A2amopaKMopHUxX OOCTIONCEHb 3 BUKO-
PUCMAHHAM KOMNIEKCHUX MAMEMAmuyHux mooenetl, sKi 8paxogyionb 63d€M038 30K
PIZHUX 00CTIONCYBAHUX hakmOopig I 0aiomb 3M02y OibU MOYHO BCMAHOBUMU ORI -
MaNbHI YMOBU NPOYecy KYIbMUGY8anHsI, Wo 3a0e3neuyroms nioGUIWEeHHS. KOHYeHmpayii
MIKpOOHUX ex3ononicaxapudis y 2—10 pa3zie nopisHano 3 maxoo 00 onmumizayii.

Knrwouoei cnosa: mikpobui exzononicaxapuou, onmumizayis npoyecy diocunmesy,
00HOPAKMOPHE DOCTIOIICEHHS, 6A2AMOPAKMOPHI eKCRePUMEHMIL.

IMocTranoBka npodaemu. [1lopidHO y CBITI BiIKPUBAIOTHCS HOBI Ta MOTIHOJIEHO
JIOCITIJKYIOTBCSI BXKE BiZIOMI MPOyLieHTH MikpoOHuX ex3omomicaxapuis (ETIC) (Rih-
mann, Schmid, & Sieber, 2015; Zayed Ta in., 2021). 3Ha4unuit iHTEpPEC 10 MPAKTUYHO
IIHHKX TTOJIIMEPIB 3yMOBJICHHI 3[ATHICTIO IO 3MIHEHHS PEONIOTTIHUX XapaKTePUCTHK
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BIOTECHNOLOGIES

BOJHHUX CHCTEM 1 HASIBHICTIO PI3HOMaHITHHUX Oi0JIOTYHUX BIACTUBOCTEH (OaKkTepHIuI-
Ha, TpoTH3aNaIbHa, mpoTuityximaHa Toro (Moscovici, 2015; Yildiz, & Karatas, 2018;
Saadat, Khosroushahi, & Gargari, 2019; Chaisuwanra ix., 2020), 3aBIsSKH SKAM BOHH
3HAXOJIATh 3aCTOCYBAHHS B PI3HOMAHITHUX Tally3sX MPOMHUCIIOBOCTI —BiJT XapyoBOIl JI0
HadronepepoodHoi (Donot, Fontana, Baccou, & Schorr-Galindo, 2012; Barcelos, Ves-
permann, Pelissari, & Molina, 2020).

HesBaxkatoun Ha 11e, BIPOIOBXK JECATUIITH B OCHOBHOMY ITPOJIOB)KYIOTH BUKOPH-
CTOBYBATHCSI OJTHI i Ti cami KomepiliiiHo ycrmimmi 6ionomimepn (Freitas, Alves, & Reis,
2011; Barcelos, Vespermann, Pelissari, & Molina, 2020). Tak, o6csru BUpOOHHIITBA
JmIe ofaHoro Haoub Bimomoro EINC kcaHTaHy cTaHOBJATH MOHAA 6% BiJl CBITOBO-
ro puHKY MikpoOHux momicaxapunis (Barcelos, Vespermann, Pelissari, & Molina,
2020). Pemrry mixk coboro moaiysiots aexctput (Diaz-Montes, 2021), renan (Fialho Ta
in., 2008), amerinar (Ahmad Raus, Wan Nawawi, & Nasaruddin, 2021), nesau (Sri-
kanth Ta iu., 2015), mynynan (Cheng, Demirci, & Catchmark, 2011), cykuuHorrokaH
(Jeong, Kim, Hu, & Jung, 2022).

VY Toit e yac OubiicTs HOBUX MikpoOHuX EINC, oxpim (Martins, Vieira, Gaspar,
& Santos, 2014), npomoBxKyOTh epedyBaTH Ha MOYATKOBUX CTAIisAX (yHIaMEHTTab-
HHX JIOCJT/DKEHb 1 CTAaHOBJISITh BUKITIOYHO HayKoBHii iHTepec (Zayed Ta iH., 2021). Ha-
BiTh HasBHICTb YHIKIBHHMX MPAKTHYHO [IHHKMX BractuBocteit (Roca, Alves, Freitas, &
Reis, 2015; Saadat, Khosroushahi, & Gargari, 2019; Mohd Nadzir ta iu., 2021) He ra-
PaHTy€ IXHBOrO YCIIIIHOro MpoMHUciioBoro Brposamkenns (Rana, & Upadhyay, 2020;
Fukuda, & Kono, 2021). OcHOBHUM JiMiTytOulM (aKTOPOM IPU IIOMY € BUCOKA CO-
01BapTICTh LIHOBOIO MPOAYKTY, SIKa B OlIOTEXHOJNOTiYHOMY BHPOOHHIITBI MPOIYKTIiB
MIKpPOOHOI'O CHHTE3Y r'OJIOBHUM YMHOM BU3HAYAETHCS KIHIICBOIO KOHIICHTPAIIIEIO TTOJTi -
Mepy, a TaKOXX BapTICTIO Ta eEKTUBHICTIO CIIOKMBAaHHS JpKepena Byrieio (Freitas,
Alves, & Reis, 2011; Rahman, Venkatachalam, & Karuppiah, 2020).

OntrMizarlisi 610TEXHONOTTYHUX MIPOLIECIB € ePEeKTUBHIM 1HCTPYMEHTOM /ISl 3HU-
JKeHHs c001BapTOCTi MIKPOOHMX €K30IT0MicaxapriB Ta MiJBUIIEHHS iXHBOIO BUXOLY B
Tporieci BUPOOHUIITBA B TTPOMHUCIOBOMY MacIiTadl, 110 3arajioM MPU3BOIUTH A0 TijI-
BUIICHHS KOHKYPEHTOCIIPOMOKHOCTI Ha CBITOBOMY PHHKY IIMX IIPAKTUYHO I[IHHUX I10-
mimepiB (Rana, & Upadhyay, 2020). YV KOHTEKCTi MPOMKCIIOBOrO BUPOOHHUIITBA HABITH
HE3HAYHE IiIBUILCHHS ITOKa3HHUKIB CHHTE3Y IIJIbOBOrO MPOIYKTY a00 3HIDKEHHS HOro
BapTOCTI MOYKE MaTu iCTOTHY (PIHAHCOBY BHTOIY, OCOOJIMBO B JIOBI'OCTPOKOBIH Iep-
CIEKTHBI.

Bigomo, o konuentpauist EIIC 3rauHOI0 MiporO Bapitoe 3aJIeHO Bijl yMOB KyJIb-
THBYBaHHS IpoxyleHTa. [Ipy mpoMy BiacHe IMpolec KyJIbTHBYBAaHHS € CKJIAJHUM 1
KOMIIJICKCHHM, a Ha HOro e(h)eKTUBHICTh OJTHOYACHO BILIMBAIOTH Psij O10JIOriYHUX 1 (hi-
3uko-ximMiunux (akropis (Freitas, Alves, & Reis, 2011; Singh Ta in., 2017; Sengupta,
Datta, & Biswas, 2018; Barcelos, Vespermann, Pelissar, & Molina, 2020).

VYMOBH KyJbTUBYBaHHS, 3 SIKUX JIOCSTAIOTHCS MAKCUMAJIbHI TTOKAa3HUKH CHHTE3Y
ETIC, BCTaHOBIIOIOTHCS 1HAWBITYaTBHO JIJIST KOYKHOTO TIPOTYIICHTa KOMOIHAITi€r (isu-
KO-XIMIUHHX (pakTopiB (TIpHpo/a 1 KOHIIGHTpAIisl [Kepelia BYIJIEIO Ta a30Ty, CITiBBiJI-
HomeHHs1 C/N, MiHepa bHHI CKIa]] TIOKUBHOTO CEPEIOBHINA, TemriepaTypa, pH, Tpu-
BAJIICTh KYJIBTUBYBaHHs, €(PEKTUBHICTH MAacCOOOMIHHHX TIporieciB Tomo) (Singh Ta iH.,
2017). Benmka KiIbKIiCTh (haKTOPIB MPHU3BOAUTH JI0 TOT'O, 1[0 OMTHMI3AIlist POLECy HEe
MOXe OOMEKYBAaTHCSI BapIFOBAHHIM OJTHIEI0 3MIHHOKO 200 BCTAHOBJICHHSM ONTHMAJIh-
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HMX 3Ha4YeHb BUKIIOUHO JUI1 omgHoro ¢akropa (Barcelos, Vespermann, Pelissari, &
Molina, 2020).

JInst BUpIIIIEHHS [THOT'0 3aBAaHHS HEOOXIiJHE MPOBE/ICHHS IPYHTOBHUX CKCIIEPHMEH-
TaNIBHUX JIOCTIPKEeHbB, SIKI 32 MiJX00M JI0 TJIAHYBaHHS MOXKHA YMOBHO TIOIUIMTH Ha
omHO(AKTOPHI, MiJT Yac SKAX MPOBOAWTHCS BUBYEHHS BILIMBY IapaMeTpiB OIHOTO
(hakTopa BapiroBaHHs, Ta 0Araro(akTopHi, KOJIM OJHOYACHO JTOCHIIKYETHCS B3AEMOJIST
JIEKITbKOX (haKTOpiB Ta iXHil BIUMB Ha miporiec KyisTuByBanHs (Franceschini, & Mac-
chietto, 2008; Mandenius, & Brundin, 2008; Kumar, Bhalla, & Rathore, 2014).

Mera cTarTi: y3aragbHeHHS Cy4acHHX JaHUX JITEpaTypH MPpO BUKOPUCTAHHS Pi3-
HHUX METO/IB, 10 BUKOPUCTOBYIOTHCS JIJIs1 BCTAHOBJICHHS ONTUMAJIBHIX YMOB O10CHH-
Te3y MIKPOOHHX €K30IOJTiCaxapy/IiB.

Marepianu i meToqu. MatepianamMu JOCHIIKEHHS CTalld Cy4acHi HayKOBi IyOti-
Karlii 3apyOi’>KHUX YYCHUX Y TIPOBITHUX MEPIOMYHMX i CIIETialli30BaHIX CBITOBUX BH -
JIAHHSIX, 110 CTOCYIOTHCS TTIBUIIICHHS €()eKTUBHOCTI TEXHOJIOTIH MIiKPOOHHX €K30IOTi-
caxapH/IiB Ha OCHOBI OJTHO- i 0araTo)akTOpHUX EKCIIEPUMEHTIB JUIsl KOMILUIEKCHOI OI -
TUMIi3aIlii YMOB Ipoliecy 0i0CHHTE3Y IIJIbOBOrO IIPOIYKTY.

BuknajieHHs1 OCHOBHUX pe3yJbTATiB NOCJHLKeHHs. [loemanna onmumizayis
biocunmesy nonicaxapudig 3 GUKOPUCIAaHHAM 0OHOpaxmopHux docaidicens. TIpoBe-
JICHHSI CKCIIEPUMEHTIB, B SIKHX OIHOYACHO 3/IHCHIOETHCS BapilOBaHHS JIMIIE OITHIEIO
3MIHHOIO € HaWMPOCTILIIMM CIIOCOOOM BCTaHOBJICHHSI YMOB KYJIGTHBYBaHHsI, MaKCH-
MaJIbHO HAaOJIVDKEHUX JI0 ONTUMAIBHUX. 3a3BHYal, Y TAKKX JOCIIKSHHSX TIPOBOIUTH-
Cs1 TIOCJIIOBHE BH3HAYCHHSI PUPOIH Ta KOHIIEHTPALIil [pKepera ByrJento i a3oty, pH,
TeMIIepaTypy Ta ONTUMAIIBHOI TPUBAIOCTI KYJIETHBYBAHHSI.

Tax, Elova 3i criBasr. (Elova, Kutliyeva, Zakiryaeva, & Bekmukhamedova, 2021)
BCTaHOBHJIH, 10 ONTUMATTBHUM Ju1s cuHTe3y EIIC MonoyHokucmMu Gakrepisimu Lac-
tobacillus plantarum Eb-2 e npoBenenns kynbruByBanHs npu pH 5,5 Ta Temmeparypi
37 °C y cepemoBwui 3 caxapozor (2%) ta nerntonoMm (1%) ynpomosx 48 romun. 3a
TaKUX YMOB KYJIbTHBYBaHHs KOHIIEHTpALlisl omicaxapuay Oyna y 3,6 pasa BUIIOO 3a
MIOKa3HUKK Ha 0a30BOMY CEpelOBHUIII. 3a3HaYMMO, 110 IPH LEOMY JJIsl BUPOLTYBAHHS
NPOJIYIIEHTa BUKOPHCTOBYBAIIM CEPEIOBHIIE, TIPUTOTOBAHE HA MOJIOYHIM CHPOBATIIL,
SIKE 33 PAXYHOK HAasSBHOCTI KaTiOHIB Mn? CHpHSE AONATKOBOMY ITiIBUIIICHHIO O10CHH-
TETHUYHOI aKTUBHOCTI MOJIOYHOKHUCIIUX OaKTepiii.

Cxoxi pe3ynbraty Oyja0 OTPHMAHO IMpPU AOCHIIKEHI BIUIMBY CKJIALy MOXUBHOIO
cepenoBuIna (IPUPOIH Ta KOHLICHTPAIIIT JDKepesia BYIJIeHo Ta a30Ty), pH Ta Temrepa-
TypH Ha cHHTe3 Toricaxapuy mramom Bacillus sp. ZBP4 (Ergene, & Avci, 2018). V
pe3yJIbTaTi MpOBEACHHS OJHO(MAKTOPHUX JTOCIIIKEHb BCTAHOBJICHO ONTHUMAIbHI 3HA-
YeHHS JIOCI/PKYBaHUX (akTOpiB, MpH SKkux KorieHTpaiiiro E[IC Oymo migsumeHo y
7,5 paza OpPIBHSHO 3 MTOKa3HUKAMH JI0 ONTUMI3aIlii.

V naBenenux Buiie npaisix (Ergene, & Avci, 2018; Elova, Kutliyeva, Zakiryaeva,
& Bekmukhamedova, 2021), He3Baskaroum Ha iCTOTHE ITiABUIIEHHS ITOKA3HUKIB CHHTE-
3y IUTLOBOT'O MPOAYKTY, KOHIICHTPAITisl OTPHIMAHOT0 ToTicaxapry Oyiia He3HaYHOKO 1
craHoBwia ~ 1 /7. Big 1UX OCTi/PKeHb BUTITHO BUPI3HSIOTHCS JtocuikeHHs (Here-
her ta in., 2018; EI-Ghonemy, 2021), B sikux kinbKicTs cuate3oBanux ETIC mgocsrana
8—26 1/

Hereher 3i cniBaBt. (Hereher Ta iH., 2018) mpoBOAMIM CKPUHIHT BUAICHUX 3 Pi3-
HUX 3pa3KiB IPYHTY MEPCIEKTUBHUX MPOAYIICHTIB MiKpPOOHUX MoJicaxapuis. BeraHo-
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BJICHO, 1110 ceper 16 i3omsriB Gaktepii MiCroCOCCUS rOSeUS HaKOMUYyBaId HaHO1bIIY
kimbkicts ETIC (1,8 /m). i yac moganbInoi onTumizartii CKJIa Ty TIOXHMBHOTO CEPesIo-
BUII[A Ta YMOB KyJIbTHBYBaHHS (pH, Temreparypa Ta TPUBAIICTD ITPOLIECY) KOHIICHTpa-
IO IIJTEOBOTO TIPOZYKTY BIANIOCS I0ATKOBO MiIBHIIATH 710 8 T/71. Y pe3ynbrari no-
JOHOr0 CKPHHIHTY 31 3paskiB IpyHTy Oyso BumineHo rram Aspergillus sp. DHES,
SIKUH TICIA ONTUMI3aIlii yMOB KyJIbTHBYBaHHs BIpoAoBx 240 rom BUPOITyBaHHS Ha
CEpeIOBHILI 3 TITIOK03010 (4%) Hakom4ayBaB 26,1 1/, o Oymo y 3,6 pa3a BUIIMM 3a
BUIXi/IHI TOKa3HUKK Ha Oa3zoBomy cepenosuiii (EI-Ghonemy, 2021).

VY mpai (Petrova Ta iH., 2021) nponeMOHCTPOBaHO MOXKJIMBICTD iHTEHCH (iKaLil
cuHTe3y nomicaxapuis mramom Bacillus licheniformis 24 zaBasku peaizartii KyJabTH-
BYBaHHSI 3 IIIJDKUBJICHHSIM Ha ONTHMI30BaHUX CEPEIOBHIIAX 3 IIIFOK03010 a00 (PpyKTO-
3010 y 4,9 Ta 3,3 pa3a BianosigHo. [1oka3aHo, 1110 ONTHMAILHUN PEKMM BHECCHHS CY0-
CTpaTiB 3aJIe’kaB BiJl BAKOPUCTOBYBAHOTO JKepelia BYrJielto. Tak, mpy pocTi Ha IIIo-
K031 OJTHOpa30Be BHeCEHHs cyOcTpary Ha 40 To/ BUPOIIYBaHHS MPHUBOIUIIO JI0 ITi/IBU-
IIEHHSI KUIbKOCTI CHHTE30BaHOro nosicaxapuay Ha 30%. Y Toii xe yac pyu BHECEHH1
TPHOX JONATKOBUX MOpIiH (pykTo3u Ha 28, 36, 54 ron KyIbTUBYBaHHS IPU POCTI
mraMy 24 B cyOCTpaTi CYNPOBOPKYBAJIOCS TMIIBUINICHHSIM TTOKa3HHUKIB cuHTe3y EINC
mame Ha 12%.

HesBaxaroun Ha MpOCTOTY TUIAHYBAHHS Ta MPOBEACHHS OAHO(MAKTOPHHUX JIOCIIi-
JDKEHb, BOHM MAIOTh DS/l CYTTEBUX HEIOJIKIB, 30KpeMa MOTPeOYIOTh 3HAYHUX TPY/I0-
BUTpAT 1 JONMATKOBUX €KOHOMIUYHHMX BHTpAT BHACIITOK HEOOXiTHOCTI MPOBEICHHS BeE-
JIMKOI KUTBKOCTI €KCIIEPUMEHTATILHUX JIOCITIPKEHB [Tl HAJISKHOTO OLIHFOBAHHSI BILJIH -
BY KOXXHOT'O ()aKTOpa Ta BU3HAUCHHS HOr0 ONTHMAJILHUX 3HAYCHb.

3BakarouM Ha 3a3HadyeHe, e()eKTUBHIIMMH € OararoakTopHi JOCIIHKeHHS, SKi
JIat0Th 3MOT'Y HE TUIbKM OJIHOYACHO BHBYATH BIUIMB OLNBIIOI KUTBKOCTI (JaKTOPIB MpH
MPOBE/ICHHI MEHIIOI KUIBKOCTI MPaKTHYHUX POOIT, @ i BPaXxoBYIOTh iX KOMOIHOBaHY
B3aEMOJIIIO TTiJT Yac BIUMBY Ha mporiec KyisTuByBaHus (Bas, & Boyaci, 2007; Stein-
berg, & Bursztyn, 2010; lbrahim, & Elkhidir, 2011).

Buxopucmanna 6azamogaxmopnux 0ocniodncens Onsi KOMIAEKCHOT ONMuMizayii
ymo8 Kynbmugyeants. JIns eeKTUBHOI ONTHMI3allii YMOB KYJIGTHBYBAaHHS 3 BUKOPHC-
TaHHSIM 0araTo)akKTOPHUX JIOCIIIKEHb CIIEPIIY JOLUIBHUM € BU3HAYEHHS HaHOUIbII
KPUTUYHUX (aKTOPIB, SIKI HOTPEOYIOTH OLIBII AIETAIBHOrO JOCTiKkeHHs. EQekrnBHuM
THCTPYMEHTOM JIJIs1 BUPIIICHHS IIHOT'O 3aBJIAHHS € BUKOPUCTaHHS METOIY MaTeMaTH4-
HOro IUIaHYBaHHS €KCIIEPUMEHTIB 3a TulaHoM (au3aiiHoM) [lnmakera-bypmana, sikuit
Jla€ 3MOr'y OOYMCIIMTH PiBEHb BIUTUBY Ha MPOLIEC BEJMKOL KUTBKOCTI 3MiHHUX TIPH TIPO-
BEJIEHHI MEHIIIOI KiJibkocTi excriepumentis (Bhat, Vaid, Habib, & Bajaj, 2020). 3a3Ha-
YUMo, 1110 X04a ju3aiiH [Tnakera-bepmana € 3pydHUM IHCTPYMEHTOM Ha MOYaTKOBOMY
erari OnTUMI3allii, IpoTe BiH HE BPaXOBY€E B3a€EMOJIl, SKI MOXKYTh BiIOYBaTHCS MiX
pisaumu nocipkyBanumu (akropamu (Oleksy-Sobczak, & Klewicka, 2020).

3BaXKarouM Ha IIe, JUTs MOAATBIITOr0 KOMOIHOBAHOTO aHAI3Y PaKTOPIB, K CIIPUIHN-
HSFOTh HAWOLTBIINK BIUIMB HA MPOIEC, 3a3BMYald, BAKOPUCTOBYIOTH 1HIII OiJIBIIT KOMII-
JIEKCHI MaTeMaTH4Hi MOZIei, 30KpeMa, MeToxx bokca-BincoHa (MeTo] moBepxHi BiATY-
Ky) (Bas, & Boyaci, 2007; Steinberg, & Bursztyn, 2010; Ibrahim, & Elkhidir, 2011),
meron Tarydi (Rao, Kumar, Prakasham, & Hobbs, 2008; Bhati, Baghel, & Singhal,
2021) Tomro. IIpu 11poMy AJIS TUTAHYBAaHHS €KCTIEPUMEHTIB 3aJIe)KHO BiJ] TOCTABIICHIX
3aBJ/IaHb, 3a3BHYal, BUKOPUCTOBYIOTh IICHTPAJIbHUN KOMITO3UIIIHHKN TUIaH abo TU3aiiH
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Bboxkca-benkena (Ferreira ta in., 2007). Tak, Hanpukiaz, ian bokca-benkena Oibi
e(eKTUBHHHN, HIXK [EHTPATEHAN KOMITO3UIIMHAN JTU3aiiH TIPU JOCIIKEHH] BILTHBY
TphoX (hakTopiB Ha BHOpaHi Biaryku. Ille ogHa nepesara mu3aiiny bokca-benkena mo-
JITa€ B TOMY, 1110 BiH HE MICTUTh KOMOIHAITIH, A1 KX yci ()akTOpH OJHOYACHO Iie-
pebyBaroTh Ha HaBHIIIOMY 200 HalHIkKIoMY piBHI (Ferreira Ta iH., 2007). Takum umn-
HOM, TIPH TIaHyBaHHI JIOCHIIPKEeHh MOXKHA YHUKHYTH TIPOBEICHHS €KCIIEPHMEHTIB 3
BHUKOPHUCTaHHSM «KPaiHIX» 3HAYE€Hb MTApaMETPIB, 32 KX 3 BUCOKO WMOBIPHICTIO 0y-
JTyTh OTPUMaHI HE3a/I0BUIbHI PEe3YIbTATH.

HezanexHo BiJT BAKOPUCTAHOTO /IS TTPOBEACHHS TOCHIKEHB ITiIXOY, TIepIIodep-
TOBMM TIPH TIPOBE/ICHI ONTUMIi3allii YMOB KYJILTUBYBAHHSI € BCTAHOBIICHHS ONTHMAIh-
HOro BMICTy KOMITOHEHTIB TIOKMBHOTO cepemouiia (Barcelos, Vespermann, Pelissari,
& Molina, 2020). 3a3Buyaii, mpu 1-OMY OCHOBHUMH (haKTOpaMu BapifOBaHHS € IIPHPO-
Jla Ta KOHIICHTpAIIisl JUKepelia BYTJIIIIO Ta a30TY, & TAKOXK BMICT MIKpO- Ta MaKpoelie-
MEHTIB, SIKi MOKYTh BIuBaTH Ha cunTe3 EINC.

3a3HauMMOo, 1110 BU3HAYEHHS ONTUMAIILHOTO CKJIAAy MOKMBHOT'O CEPEeIOBUINA Y Ta-
KUX JTOCITIJIKEHHSIX TIPOBOMISATH 3 BUKOPHCTAHHSIM OIHO(MAKTOPHUX EKCIIEPUMEHTIB, 3
HOJAJIBIINM YTOUHEHHSM iXHBOTO ONTUMAJIBHOTO BMICTY B 0araro(hakTOpHHUX €KCTIepH-
MEHTaX.

Taxk, y mpaui (Vinothini, Latha, Arulmozhi, & Dhanasekaran, 2019) BcranomneHo,
1110 ONTHUMAJILHAM JDKEPESIOM BYIJIELHO 1 a30Ty uist Streptomyces griseorubens GD5 e
rajakTo3a Ta JIpiK/HKOBHI €KCTPAKT BiIIOBITHO. 3a X HAsBHOCTI Y CKJIaJli CEPEIOBU-
1a kouneHtpailis EIIC cranosuna 4,8—5,2 1/71. Y pe3yibTari MoJaibliioro BCTaHOB-
JICHHSI ONTHMAJILHOI KOHIICHTPAIIIT Ta CIiBBITHOIICHHS JDKepena BYIJICIO Ta a30Ty, a
TaKO)X YTOYHEHHS BMICTYy MiHEpaJIbHHX CONEH KiJIbKICTh CHHTE30BaHOTO TOJlicaxapy-
Ity OyJ10 TTiIBUIIICHO Maibke BABivi (10 9,5 1/i).

[pu BuKOpHCTaHH] aHATIOTYHOrO MiAXOoMy AJs inTeHcudikanii cuatesy EINIC mra-
mom Klebsiella oxytoca ICCF 419 micnst BU3HaY€HHST ONTHMAIGHOTO CITiBBITHOMIEHHS
C/N (23,45) KOHLIEHTpALiIO LIJILOBOTO MPOAYKTY OyIo miasumero ao 17,4—20,5 r/n
(Tomulescu Ta in., 2020).

Irmui gocmigauku (Suryawanshi, Naik, & Eswari, 2019) nponemoHcTpyBaim 31at-
HICTh MOJIOYHOKHCIIX Oaktepii Lactobacillus sp. Ha cepenoBuiLi 3 AEKCTPO30KO CUH-
tesyBati 60 /1 momicaxapuay. 3a3HauMMO, IO PE3YJbTATH € ACII0 CYMHIBHHMH,
OCKIJIBKM KOHIICHTpALIiS JUKepena BYIVICHIO B CEPEIOBUIL KYJIbTHBYBaHHS CTaHOBUIIA
yme 1,5%, a npornozoBanuid Buxig EIIC 3rigHo 3 po3pobaeHor aBTOpaMu MOACILIIO
Ha OCHOBI LITY4HOTrO iHTENeKTy cranoBuB 30,17 /.

Dhagat 3i cniiBast. (Dhagat, & Jujjavarapu, 2021) BcTaHOBHIIM, 1110 HAWBHIL TTOKa3-
HHUKH OJTHOYACHOrO CHUHTe3y Tonicaxapuy (17,6 /i) Ta 6ioemynbraropa (6,1 1/m) mra-
mom Brevibacillus borstelensis criocrepirammcs 3a HasBHOCTI 2,2% Timokosu, 1,4%
ryramaty Harpiro Ta 0,6% ApLKIKOBOrO €KCTPAKTy B CEPEOBHUINI KyJIHTHBYBAHHS.
Ha ocHOBi oTpuMaHUX pe3yJbTaTiB aBTOPaMU 3 BUKOPHICTAHHSM IITYYHOTO iHTENEKTY
Oyno po3pobIieHO MaTeMaTHYHy MOJIENb, SIKY TMJIaHYEThCSl BAKOPUCTATH TIiJT Yac Ipo-
BE/ICHHSI YaCTKOBOI 3aMIHM KOMIIOHEHTIB MOKWBHOTO CEPEIOBHIIA Ha BiXOIU arpo-
MPOMHCIIOBOTO KOMILIEKCY.

IMpoBeeHHs aHAJIONYHUX JOCIKeHb OMMCcaHo y npaisix (Srinivas, Naga, & Pad-
ma, 2016; Moghannem, Farag, Shehab, & Azab, 2018; Roncevi¢ Ta in., 2020). Tax,
Moghannem 3i ciBaBT. (Moghannem, & Farag, 2018) noBinomuim mpo cuntes 7,9 v/n
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EIIC na cepenouimi 3 Messicoro (12%). Y mpari (Srinivas, Naga, & Padma, 2016) mo-
CITIIDKEHO MOITMBICTD 3aMiHH CaXapo3H Ta JAPIKIKOBOrO €KCTPAKTY Ha CiK I[yKPOBOT
TPOCTUHHU Ta YOPHY YEUEBHUINO (YpI) BIAMOBIHO ITiJT YaC CHHTE3Y JIEKCTpaHy OaKTe-
pismu Weissella confusa. V pesysbrarti mpoBeieHHst 0ararohakTopHHUX JTOCIIPKEHb 0y-
JIO HE TUIbKK BCTAHOBJIEHO MOXJMBICTh cuHTe3y EIIC Ha anbTepHaTHBHIN CUPOBHHI, a
W JTOCSTHYTO MiIBUIIICHHS MOKa3HUKIB CHHTE3Y JIEKCTpaHy y 2,6 pasa (no 33,5 1/m) no-
PIBHSIHO 3 pe3yJIbTaTaMu, OTPUMAHUMHE Ha 0a30BOMY CEePEIOBHIILL.

Inmi mocmimamkm (Gojgic-Cvijovie Ta iH., 2019) BCTaHOBHIIH, IO IS ONTHMAITb-
Horo cuHTe3y Jeany tmramom Bacillus licheniformis NS032 wa wmersici, HeoOXiTHO
CIIEpIIY MPOBECTH ii KOMIUICKCHY 00POOKY KHUCIIOTO Ta aKTUBOBAHUM BYTiULIsIM. [Ipu
1ILOMY KUIBKICTh CHHTE30BaHoro nojicaxapuay (10,4 r/n) Oyna y 4—5 pasiB HHXKUOLO,
Hi)K 32 BUKOPHMCTAHHS aHAJIONYHOI KOHIIeHTpallii caxaposu (200 r/m). ITix yac nmoxanb-
1101 ONTUMI3ALli CKIaay MOKMBHOTO CEPEIOBHUIA BCTAHOBJICHO, 1110 JUIS JOCSTHEHHS
MaKCUMAaJIbHUX [TOKa3HUKIB CUHTE3Y JieBaHy (53,2 /i) 1o o6pobienoi memsicu (12,5%
3a ByIJIEBOZIaMH) HEOOXiIHO JOIATKOBO BHOCUTH caxapo3y (7,5%) Ta docar (0,47%).

VY Toit ke yac € nosimomieHHs mpo cunte3 80,1 /i momicaxapumy mramom \Weis-
sella confusa XG-3 (Zhao Ta in., 2020), sikoro 0yIio TOCSATHYTO ITiCIIst 3HWKEHHS BMicC-
Ty caxapo3u (3 10% mo 8%) Ta auerary Harpito (3 0,5% no 0,37%) B cepemoBui
KyJIBTUBYBaHHS Ta MiIBUIIEHHS To4aTKoBoro pH KynbsTypanbHoi pinunu (3 5,5 1o 5,8).

[lix yac omTuMizarlii BMIiCTy KOMIIOHEHTIB TTOXXMBHOI'O CEPEIOBUINA JIJI CHHTE3Y
KcaHTaHy mramoM Xanthomonas campestris ATCC 13951 BctaHoBIE€HO, 1110 HaifBHIIa
KOHIIeHTparlis moicaxapuny (12,95 /i) cioctepiranacst 3a HaSBHOCTI Y CEPEIOBHIILI
KyJIbTUBYBaHHSA 3,3% rhinepony, 0,055% menrony ta 0,073% NH4NOs (Roncevi¢ Ta
iH., 2020). Y Toli ke yac 3HVDKSHHsI KOHIIEHTpallii Jkepena Byriemto mo 1,6%, a
TaKOK OPraHivHOro Ta MiHEepaJbHOro JpKepela a3oTHoro kusyeHHs 1o 0,018% Ta
0,067% BiATIOBIAHO, TAJI0 3MOT'Y 3HU3UTH 3AJIMIIKOBY KOHIICHTPALIIIO TIIIEPOITy Ta 3a-
TalbHOTO a30TY B KYJIbTypasbHii pimuHi Ha 73,77 Ta 58,9% BiIMOBIHO, IO CYTTEBO
CIPOLIY€E BUAIJIEHHS Ta OYMILIEHHS L{IJILOBOTO MPOAYKTY. IIpH 11bOMY KOHIIEHTpALIis
EIIC 3amkyBanacs e Ha 9,19%.

3a3HaynMO, 110 BCTAHOBJICHHS ONTUMAJBHUX YMOB KYJIBTHBYBAHHS ITPOIYIIEHTA
EIIC nependayae He Jie yTOYHEHHS ONTUMAIBHOTO BMICTY KOMITOHEHTIB CEPE/IOBH -
11 KyJI6THBYBAHHS, a i BU3HAYCHHS MapaMeTpiB KyJIbTUBYBaHHS, 3a SIKUX 3a0e3rmeqy-
I0TBCSI HAMBUILI TIOKa3HUKH CHHTE3Y LUIbOBOrO mpoaykry. Tak, y npami (Ermis, Poy-
raz, Dertli, & Yilmaz, 2020) npoaeMoHCTPOBaHO, 10 ONTHMi3allisi IApaMETPiB KyJIb-
TUBYBaHHSA (Temrieparypa, pH 1 TpuBamicTs mporecy) mia 4ac pocTy MOJIOYHOKUCIAX
6axrepiii Lactobacillus brevis E25 na crangaprHomy cepenouiii MRS 3 nonaBaHHsIM
1% caxaposu npusouIIo 1o migsuinenHs cuaresy EIIC no 35 r/m.

Jlnsa mramy Lactobacillus plantarum SP8 temmepatypa i TpuBasiicTh KyJIbTHBYBaH-
HS pa30M 3 BMICTOM DJIFOKO3HU Ta JIPIKIKOBOTO €KCTPAKTY, CIIPUYUHSITN HANOTBIHIA
BumB Ha cuHte3 EIIC (Zhang, Zhao, Liu, Yang, 2020). /lonaTkoBe JOCTiIKSHHSI
KOMIIJIEKCHOI B3aeMOJIIT TaHUX (pakTopiB 3a qormoMoror Merony bokca-Bincona cripu-
SUTO TIJIBUINIEHHIO KIJIBKOCTI CHHTE30BAHOTO Tojicaxapuay y 18,7 pa3a mopiBHSHO 3
KyJIbTUBYBaHHSIM Ha CTaHAapTHOMY cepenosuiy MRS.

V npoueci  kyssruByBanHs Lactobacillus rhamnosus MTCC 5462 na cepemoBuiii
3 rmok03010 (1%) piBens BBy pH Ha cunHTe3 nonicaxapury OyB Ha 8% BUILMM, HIXK
BIUIMB KOHLICHTpallii [pkepena asory (Bhati, Baghel, & Singhal, 2021). 3aranom, 3a ori-
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TUMaJIBHUX YMOB KynbTuByBaHHA KoHLEeHTpauisi EIIC nocsiranma 10,7 r/m. ns iHmmx
NPEICTAaBHUKIB MOJIOYHOKUCIMX Oaktepiit, Lactobacillus acidophilus LA5 Ta Bifido-
bacterium animalis subsp. lactis BB12, npu BHpolilyBaHHI Ha MOJIOYHIi CHPOBATIIi,
KPUTHYHUM BHSBHJIACS KOHIICHTPALiS JDKepesa a30Ty (IPIKIKOBOTO EKCTPAKTY), TEM-
neparypa i TpuBaiicTs mporecy (Amiri Ta iH., 2019). I[Ipore HaBiTH 32 ONTIMATEHIX
YMOB KYJITHBYBaHHSI MOHO- YH 3MIIIIAHOI KyJIFTYPH MPOIYIIEHTIB KOHIIEHTPAITisI TIOJTi-
caxapuIiB OyJna JTy’ke HU3bKOIO 1 He nepesuiyBana 0,19—0,35 r/m.

V mpami (Bhat, Vaid, Habib, & Bajaj, 2020) nocmimkyBami KoMOIHOBaHHI BIUIMB
YMOB KyJIbTUBYBaHHS (CKJIaJ1 MOXKUBHOTO CEPENIOBHILA, TPUBAIICTH BUPOLITyBaHHsI, pH)
Ha cunre3 EIIC Gakrepismu Enterococcus faecium K1 Ta Lactobacillus paracasei M7.
HesBakaroun Ha Te, 10 B pe3yJIbTaTi ONTUMI3AIlii MOKA3HUKK CHHTE3Y ToJIicaxapy/IiB
mramie K1 Ta M7 Oyio migsuiieso Ha 101,4% Ta 79,6% BiaoBiIHO, KOHIICHTPAIis
[THOBOTO MPOJYKTY 3aJIHIIAJIACS HE3HAYHOIO 1 He repeBuiyBaia 0,7 r/m.

[Ticrist BCTAaHOBJICHHS ONTUMAJILBHUX YMOB KYJIbTUBYBaHHS IPK/DKIB Lipomyces star-
keyi VIT-MNO3 na cepenouii 3 caxapo3oro (2%) nokaszuuku cunresy ETIC minasu-
HIyBaJMCh y 6 pasiB i gocsram 4,86 r/n (Farinazzo, Fernandes, Mauro, & Garcia,
2021). Inmni aBropu (Ragavan, & Das, 2019; Xiong, 2020) B pe3ynbTaTi aHaTIOTYHOT
ONTUMI3AILiT IpoIlecy BCTAHOBIWIM YMOBH KysbTuBYBaHHs Glutamicibacter halophyto-
cola KLBMP 5180 ta Leuconostoc pseudomesenteroides JF17, tipu sikux 3abe3medy-
erbest cuaTes 2,89 Ta 50,56 /1 monicaxapyiiB BiIIOBITHO.

V xomi mocmimxenns cuntedy EINC momounokucmmu Gakrepismu Lactobacillus
rhamnosus EOCK 0943, £.OCK 0935 ta OM-1 BCTaHOBIIEHO, 10 HE3AJIEHKHO BiJ IIITa-
MY ONTHMAJILHAM JHKEPEIIOM BYTJICITIO BUSBHIIACS cyMil ¢ppykro3u (20 /1), TIIHOKO3U
(20 /) Ta caxaposu (20 r/m) (Oleksy-Sobczak, & Klewicka, 2020). ¥ mogansumx 10-
CIT/DKEHHSIX BILUIMBY TapaMeTpiB KyJbTUBYBAaHHSI BCTAHOBJICHO, 110 ONTHUMAJIbHI 3HA-
yeHHs Temmneparypu (25 °C), pH (5,7) Ta KiJbKOCTI BHECEHOTO TIOCIBHOTO MaTepiairy
(5%) € omHAKOBUMH JIJISI TPHOX MPOAYILIEHTIB. Y Tol ke yac mrtaM LOCK 0943 miz yac
KyJITHBYBaHHs oTpeOyBaB nonatkosoi aepauii (Oleksy-Sobczak, Klewicka, & Pie-
karska-Radzik, 2020).

Hao 3i cniBaBt. (Hao Ta iH., 2019) y mociiioBHUX AOCTIIKEHHAX BIUIMBY CKJIALy
HOXUBHOTO CEPEIOBHIIIA Ta MAPAMETPIB KyJIbTUBYBAHHS MOPCBKHX Oaktepiit Pseudo-
alteromonas agarivorans Hao 2018 BcTaHOBMIM YMOBH, 110 3a0€3ME4yBaId MaKCH-
manbaui cuate3 EINC (2,6—3,0 r/m). OnTuMizoBaHe cepeoBHUILE KYIbTUBYBaHHS Mi-
CTUJIO 3HAYHY KUTBKICTB (3,5%) MOPCBHKOI COJli, 110, OYEBUIHO, 3yMOBJICHE IIPUPOIHIM
MicleM icHyBaHHs TpoAyueHTta. Y Toi xe yac y (Sun Ta in., 2020) B xomi moci-
mxenns cunte3y EINC apkridanuM i3omsitom Polaribacter sp. SM1127 BcranoBieHo
MOKJIMBICTB 3aMiHU 3% MOPCBHKOI COJIi B CepEeAOBHUILI KyJIbTUBYBAHHS HA 3HAYHO MEH-
mry kijekicte NaCl (0,4%) 6e3 3HMKEHHS MTOKa3HHUKIB CUHTE3Y LiJIbOBOTO MPOLYKTY
(6,27 t/m). Iig yac momanbpInoi peanizarlii KyJbTHBYBaHHS 3 IMiPKUBJICHHSAM KOHIICH-
tpamito ETTIC 6yno momarkoso misuineHo y 3 pasu (no 19,25 r/m).

[po nmocsirHeHHsT BUCOKWX MOKA3HUKIB CHHTE3Y IMOJlicaXxapyy B pe3yJbTaTi ONTH-
Mi3alii yMOB KyJIbTUBYBAaHHS Takoxx moBimomiisiersest B mpani (Okoro ta iH., 2021).
Tax, mposeMOHCTPOBaHO, 110 AoxaBaHHs 5,1% caxaposu Ta 14,7% cynbdary amoHiro
nix yac BupouryBanas Rhodotorula mucilaginosa sp. GUMS16 Ha kapToruisiHO-/IeK-
cTpo3HOMY OyibifoHi (MicTuTh 2,4% nexctpo3n) mpu pH 5 cynpoBomKyBanocs CHH-
Te3oM 134,8 1/n1 nomicaxapumy.
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VY3aranpHeHi aHi moao (QakTopiB BapilOBaHHS, JOCHIIKYBaHHX ITijl 4ac BCTaHO-
BJICHHS ONITHMAJIGHAX YMOB KYJIETUBYBaHHSI, Ta ITOKA3HUKIB CHHTE3Y MMOJIiCaXapuIiB 3a
TaKWX YMOB HaBeJleHO B TaOmwmili. HaBemeHi &aHi cBiquaTh Mpo Te, MO ONTHMI3allis
YMOB KyJIETHBYBAHHS [IPOYLICHTA 3a6e3neqye TiJIBULICHHST KOHIIEHTPAIIil M1Kp06HHx
€K30M0JTiCaxapuiiB y cepeiHboMY B 2—10 pa3iB MOPIBHSIHO 3 TAKOKO JI0 ONTHMI3ALLii.

Tabauys. Y3araabHeHAa XapaKTepHCTHKA (paKkTopiB BapiloBaHHS Ta MOKA3HHUKIB
CHHTe3y MiKPOOHHMX Mo.IicaxapuaiB 3a ONTHMAJIBLHUX YMOB KYJIbTHBYBaHHS

Cy0ctpar 3HayeHHs KOHHeHTp/aHM EIIC,
uis1 GioCUH- dakrtopu napameTpa T/ .
Tpoxynent te3y EIIC, onTuMizari’* ITCJIA OT1- | 110 ONITH- | TICIIS OTI- Jlireparypa
% THMBALIl | wmizamii | Tumizauii
KonrenTpariis
TITFOKO3H 4%
KonrenTpariis
JPDK/DKOBOTO
. EKCTPaKTy 0,15%
Asspp%ﬂ'E"és Tmioxo3a, 4 pH 6,0 72 26,1 'fr']yegggi
) Temnepatypa 30°C '
IIBuakicTh
nepeminryBanHs | 150 06/xB
TpuBamicTh
KYJIbTHBYBaHHS 240 rox
. ['mroxo3a.
Bacillus > | BHECeHHS ITIOKO3H1
licheniformis | 20 (HosaT- na 40 rox B 2226 | 12,61 RetrCJz\(/)::\le"a
24 KOBA KOH- KYJIbTHBYBaHHS T
LICHTpAILLis)
Bacillus DpykTo3a, BHecenns
licheniformis | 20 (Modat- | gpykrosnHa28, | 1199 591 703 | PeUrOVam
o4 KOBA KOH- 36, 54 rox iH., 2021
LEHTpaLis) | KyJbTHBYBaHHS
Bypsixosa Konuentpariis 12,5(3a
Bacillus MeJrica, OypsIKOBOT MEISCH | BYIJIEBO- Gojgic-Cvi-
licheniformis 12,5 (sa Byr-| - Kouuenpari ﬂ?gﬂ) 104—10,9| 53,2 jovic Ta iu.,
NS032 JIEBOJIAMH) caxaposu , 2019
Caxapo3a, Konnentparnis
75 docdaty 0,47
Konnentparis
bypsikosa MeJIICH 6%
Bacillus sp. Mesica, 6 KonneHTpamis 014 107 Ergene, &
ZBP4 (3a ByrJIeBO- TPUIITOHY 0,5 % ' ! Avwvci, 2018
JIAMH) pH 50
Temmepatypa 45 °C
Konnentpartis
Bacillus Meisca, 12 K MEJLICH 12% Moghannem,
velezensis | (3a ByryieBo- ngmgﬁl: 410 7,90 sh eir:t?, &
KY471306 | nammu) eRCTpAKTY 0,6 % Azab, 2018
Temnepatypa 30°C
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Konnentpariis
Bifidobacteri- JPLKIHKOBOTO
um animalis | Jlakroza, EKCTPaKTy 2% 0.10 016 Amiri Ta
subsp. lactis 4,64 Temnepatypa 382°C : : i, 2019
BB12 TpupamicTh
KYJIbTHBYBaHHS 41,6 rox
KonneHnTpariis
TITIOKO31 22 %
Konuentparrist . 13,5 17,6
I TIyTaMaty 14 % (ETIC) | (EIIC) | Dhagat, &
%r(f;’;tz?ecr']'s'gs r”*‘z"‘z‘m’ Kormentparis 4,6 (6io- | 6,1 (6io- | Jujjavarapu,
' APDKDKOBOTO EMYJIb- eMyJIb- 2021
EKCTPAKTY 0,6 % raTop) rarop)
Konnentparis
MgSO4 0,06 %
Konnentparis
JIAKTO3U 1,07 %
Konuentparis Bhat, Vaid,
cperomets| o || oz | o | o2 | v s
’ pH 54 Bajaj, 2020
Tpusainicts
KyJIbTUBYBaHHS 94,05 rox
Konnentpariis
MaabTO3U 0,37 %
KonneHnTpariis
Glutamici- COJIOZIOBOTO
bacter halo- | Mamsro3a, CKCTPAKTY 0,99 % 074 289 Xiong
phytocola 0,37 KonnenTparis : ' Ta ., 2020
KLBMP 5180 MnClz 0,14 %
pH 75
Temmepatypa 28 °C
IIBuakicts 06eprie | 200 06/xB
Konuentpariis
JIAKTO3H 3%
Konnentparis
KYKYpPYZI3HOTO
Klebsiella CKCTPAKTY 134% Tomul
oxytoca ICCF | Jlakrosa, 3 | CrisBinomenns 150 |[17,4-205 | OmMwesT
KonrenTpariis
KH2PO4 0,1%
Konuentparris
mmmonnoi kucotr | 0,1 %
KonneHTpariis
. JPDKDKOBOTO
ngtggp?ﬁillltlgs Tlaxctosa, eKCTpaKTy 2% 013 035 Amiri
LAG 4,64 Temmneparypa 42°C ' ' Ta in., 2019
Tpusanictb
KyJIbTHBYBaHHS 12 rox,
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Lactobacillus KonrenTpais
acidophilus JPLKKOBOrO
LAS Ta JlakTo3a, EKCTPaKTy 2% 0.08 019 Amiri
Bifidobacterium| 4,64 Temneparypa 42°C : ' Ta iH., 2019
animalis subsp. TpusaticTs
lactis BB12 KyJIbTHBYBaHHSI 24 rox
pH 6,5 Ermis, Poy-
Lactobacillus | Caxaposa, 1 Temnepatypa 35°C 10.0 35.0 raz, Dertli,
brevis E25 | T'moko3sa, 2 TpuBaIiCTh ' ' & Yilmaz,
KYJIbTUBYBaHHSI 18 rox 2020
Konuentpartist
: TITFOKO3H 1% Bhat, Vaid,
Dot My | Tmoxosa, | pH_ 76 038 | 068 | Habib, &
TpuBanicTh Bajaj, 2020
KYJbTUBYBaHHS 48 rox
KonnenTparrist
caxaposu 2% Elova,
: KonmenTpartist Kutliyeva,
Lactobacillus ;
plantarum | Caxaposa, 2 ner&(fny %05@ 0,25 0,91 %ga;llggykar%ﬁ,
Eb-2 Temmepatypa 37°C khamedova,
TpuBaiicth 2021
KYJbTUBYBaHHS 48 roxx
KonnenTtparris
[JIFOKO3U 22%
: KonnenTparrist Zhang,
L%?;%?:?JHWUS I'imroko3a, JIPDK/DKOBOTO 0.09 028 Zhao, Liu,
Spg 2,2 EKCTPaKTy 3% ' ' & Yang,
Temmepatypa 35,6 °C 2020
TpusaiicTs
KyJIbTUBYBaHHsI 22 rox
KonnenTtparis
(bpykTO3U 2%
KonnerTpartis :
TJIFOKO3U 2% S %Ef;g &
Koruertpauis 0 Klewicka,
Lactobacillus | dpyxtosa,2| Caxaposu 2% 2020;
rhamnosus | [iokosa, 2 OHLICHTpaLLl 0,1 0,9 Oleksy-
LOCK 0935 | Caxaposa, 2 | “PPKDKOBOTO 0 Sobczak,
CKCTpAKTY 0.4 % Klewicka, &
THoKyzsT 5% Piekarska-
H 57 :
TeMngaTypa 2350 Radzik, 2020
TpusamicTh
KYJIbTUBYBaHHS 24 ron
Konnentparris
(bpyKTO3U 2% Oleksy-
Konnentpanis 0o Sobcz gk
TITIOKO3HU 0 1
KonnenTtparis Kl%vzlgka’
Lactobacillus | ®pykrosa, 2 caxaposu 2% Oleksv-
rhamnosus | I'mokosa, 2 IHOKy AT 5% 0,09 1,14 Sobcza)llk
LOCK 0943 | Caxaposza, 2 pH 57 Klewi cké
Temneparypa 25°C & Piekars.
Tpusarics, ka-Radzik
KyJIbTHUBYBAaHHSI 30 rox 2020
HIBuakicTs
TICPEMILITYBAHHSI 80 06/xB
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Konnentparnis
[JIFOKO3U 1%

. KonnenTparrist Bhati,
L?r?;?r?r?géﬂgs T'moxoza, 1 ATPAty 03% 111 43| 1097 |Bagel&
MTCC 5462 J Kinbkicts ' ' ' Singhal,

IHOKYJIATY 3% 2021
pH 7,0
Temneparypa 37°C
Konuentpartist
bpykTO3M 2% Oleksy-
KonreHTpartis Sobczak, &
TJTEOKO3H 2% Klewicka,
. KonnenTtpartis 2020;
Lactobacillus | ®pykro3a, 2 caxaposu 204 Oleksy-
rhamnosus | I'mrokosa, 2 KintbkicTs 0,13 0,99 Sobczak
OM-1 Caxaposa, 2 iHOKyIATY 5% Klewicka,
pH 57 & Piekars-
Temnepatypa 25°C ka-Radzik,
TpuBaiicth 2020
KyJIbTUBYBaHHS 24 ron
KonnenTtparis
[JIIOKO3HU 15%
Konnentparnis
IUTPATy AMOHIIO 0,15 % Suryawan-
Lactobacillus | Tmioxosa, | Komuentparis 10.0 600 | SN Naik, &
sp. 15 NaH2POs 0,3% ' ' Eswari,
KonueHTparist 2019
KH2PO4 0,25 %
KonnenTtparris
MgSO4 0,025 %
KonnenTpariis Farinazzo,
L[?S%Z%T)?ZEC Caxapo3a, caxaposu 18% Fermnandes,
. ’ pH 73 9,8—10,6| 50,56 Mauro, &
sent-eroides 18 5 -
TemmepaTypa 20 °C Garcia,
JF17 2021
KonnenTparrist
caxapo3u 2%
Lipomyces KonnenTparrist
0
starkeyi VIT- | Caxaposa, 2 o ! 3 082 | ags | RO &
MNO3 ° ’
TemmepaTypa 25°C
Tpusaiictsh
KyJIbTHBYBaHHS 720 ron
KonnenTtparis
caxaposu 45 %
. KonnenTtparis
Micrococcus | Caxapo3a, (NH2)2S04 0,02 % 18 80 Hereher
roseus 45 Temnepatypa 25 °C Ta iH., 2018
TpusaiicTs
KyJIbTUBYBaHHS 96 rox

18
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Polaribacter
sp. SM1127

Caxapo3a,
3,65 (movar-
KOBa KOH-
LCHTPALLisT)

BHecenns caxapo3u
Ha 72, 96, 120 rox
KyJIbTHBYBAaHHS
Konnentpanis
MENTOHY
KonnenTtparris
JPDKDKOBOTO
EKCTPAKTY
KonunenTtparris
NaCl
Kinekicth
IHOKYIIATY
pH
Temmepatypa
TpuBaiicth
KyJIbTHBYBAaHHS

3,65 %

0,94 %

0,5 %
0,4 %
2%
75
11,25 °C

144 ron

211

19,25

Sun

Ta iH., 2020

Pseudoalte-
romonas
agarivorans
Hao 2018

I'moko3a, 3

KonnenTtparis
[JIFOKO3U
Konnentparris
JIPDKIDKOBOTO
EKCTPaKTy
KonnenTtparis
MOPCBKO1 coti
KinbkicTs
IHOKYJIATY
Temmepatypa
HIBuakicTs
TIePEMILITY BAHHSI
TpusaiicTs
KyJIbTHBYBaHHSI

3%

0,45 %
35%

8,79 %
25°C

171 06/xB

33,78 ron

0,55—1,1

2,6—3,0

Hao Ta in.,

2019

Rhodotorula
mucilaginosa
sp. GUMS16

Caxapo3a,
51
I'imroko3a,
24

Konuentpartist
caxaposu
KonnenTtpartis
(NH4)2SO4
pH

51%

14,7%
5

68,4—81,3

134,8

Okoro

Ta iH., 2021

Streptomyces
griseorubens
GD5

TanakTo3a,
0,75

KonnenTtparis
rajaKTo3u
KonnenTtparis
JIPDKDKOBOTO
EKCTPaKTy
KonnenTtparis
NaCl
Konnentparnis
CyMiIIi Mikpo- Ta
MaKpOEeJIeMEHTIB

0,75%

0,25%

0,2 %

10 ma/n

4,65

9,50

Vinothini,

Latha,

Arulmozhi,
& Dhanase-
karan, 2019
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Konnentpartist coky
IYKPOBOi TPOCTUHU 5%
KonnenTtparris
YOPHOT YeUEBHII .
Weissella Cic (ypany) 25% SNrgg;/a 852
confusa IyKpOBO{ KonueHTparist 13,0 33,5 Padma
TPOCTHHH, 5 MgCl2 0,25 % 2016
KonueHTparist
MgSOa4 0,25 %
KonunenTtparris
K2HPO4 25%
Konuentpartist
- caxaposu 8% .
c o\rll\f/ﬁlsszfe)l(lg-S Caxapo3a, 8 KonnenTtpartis 33,6 97,5 Zhaz%z'%lﬂ.,
aneTaTy 0,37 %
pH 58
KonnenTtpartis
Xanthomonas | . . roiuepory 16% -
campestris l"nuieé)on, Konnentparris . 7.08 1125 ancev1c
ATCC 13951 , TENTOHY 0,02 % 1a iH., 2020
Konnentparris
NH4NO3 0,07 %
BucHoBKkM

[IpoananizoBaHi JiitepaTypHi JaHi OCTaHHIX POKIB MIOAO NMUIIXIB MMiABUIICHHS eeK-
TUBHOCTI TexHouorii MikpoOHux ETIC 3acBimumimm HEOOXiHICTh 3aCTOCYBaHHS KOMII-
JIEKCHOT'O TMiIXOy JIJIsl BUPIIIICHHS 1TLOT0 3aBaHHs. Tak, Ha MepIioMy eTami HeoOXi-
HHUM € BCTAHOBJICHHSI ONTUMAJIGHOTO CKIIAJTy TOKUBHOTO CepeIOBHIIA (IPUpOJIAa Ta KOH-
LISHTpAITiS JPKepesia BYTJICIIO Ta a30Ty, MiHEPaJbHUX COJICH Ta IHINMX KOMITOHCHTIB)
Ta YMOB KyJIbTUBYBaHHsI (pH, TeMmiepaTypa, TpHBaIicTh MPOIIECY TOIO) MPOAYIICHTA.
Ipu upoMy HaOLTBII ePEKTUBHUM MiAXOIOM € IPOBENCHHS 6araro(akTopHMX J10CIi-
JUKEHb 3 BUKOPUCTaHHIM KOMILJIEKCHUX MaTeMaTudHux Mozenedt (Meron Bokca-Bii-
coHa, Merof Tarydi Ta iH.), 110 BPaXOBYIOTh B3a€MO3B 30K PI3HUX JIOCIIJIKYBAaHUX
(akTOpiB 1 1arOTh 3MOry OLIBII TOYHO BCTAHOBUTH ONTHMaJIbHI YMOBH Tpoiecy 0io-
CHHTE3Y LILTHOBOIO POAYKTY.

Y T0ii e 9ac oqHO(AKTOPHI JOCITKEHHS B KOMIUIEKCI 13 Cy9acCHUMU JU3aiiHaMU
MPOBEJCHHS EKCIIEPUMEHTANIbHUX JTOCTiIKeHb (Hanpuknas, [lnakera-bypmana) 3aim-
HIAIOTHCA €(DEKTUBHUM 1HCTPYMEHTOM IS IIEPBUHHOTO BU3HAUCHHS HAHOLIBIL KPUTH -
YHUX (PAKTOpIB, SIKi CIIPUYMHSIOTh HAHOUTBIIMI BIUTMB Ha MPOLEC 1 MOTPeOyIOTh J0-
JIaTKOBOI ONTHMI3aLlil.
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Plasticizers are used in the production of various polymers.
They give these materials flexibility, strength and elasticity. Dif-
ferent groups of compounds are used for obtaining plasticizers
in particular acids, phenols and alcohols. They can be obtained
both by chemical synthesis and by using microorganisms. In-
formation in this article is focused on the microbial synthesis of
various compounds that are the basis for the production of
plasticizers.

Organic acids such as oleic, linolenic, linoleic, adipic, etc.
are used in the production of plasticizers. Among the producers
of these acids are bacteria of the genera Bifidobacterium, Lacto-
bacillus; yeast Rhodosporidium, Saccharomyces; fungi Tham-
nidium, Mucor; microalgae Botryococcus etc. The second gro-
up of compounds used in the production of plasticizers consists
of phenols and their derivatives. Phenols can be obtained by
cultivating recombinant strains of bacteria, in particular Esche-
richia coli. Metacresol is phenol derivative which is used for
the production of plasticizers. It can be obtained using geneti-
cally modified cells of Saccharomyces cerevisiae and Aspergi-
llus nidulans.

The main raw materials for the production of plasticizers
are alcohols — hexanol, glycerol, butanol, isobutanol. Hexanol
is synthesized by both natural and recombinant bacteria and
yeast. 2.5% of the total percentage of alcohol in production of
plasticizers is hexanol. Glycerol is used less often in the pro-
duction of plasticizers. The share of the use of this alcohol is
1.8%. The persentage of isobutanol in the production of plas-
ticizers is 4.5% of the total amount of alcohols used for this pur-
pose. This alcohol is obtained by cultivating recombinant bacte-
ria Escherichia coli, Corynebacterium glutamicum, Zymomo-
nas mobilis and yeast Saccharomyces cerevisiae. The largest
percentage of the use of alcohols in the creation of plasticizers
is butanol — 36%. Bacteria of the genus Clostridium are distin-
guished among the natural producers of butanol. Recombinant
strains of bacteria capable for synthesizing butanol have also
been constructed — Escherichia coli, Clostridium tyrobutyri-
cum, Clostridium cellulovorans and the yeast Saccharomyces
cerevisiae.
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BIOTEXHOMOr4YHI OCOBJINBOCTI OTPUMAHHA
OPrAHIYHUX CNONYK, WO BUKOPUCTOBYIOTbLCA ¥
BUPOBHMLUTBI NNMACTUODIKATOPIB

O. L. Ckpoupbka, K. O. LiBerkoB
Hayionanvnuii ynieepcumem xapuogux mexHonozii
0. M. llenuyk

Kuiscokuu nayionanvruii ynieepcumem imeni Tapaca Illesuenka

Iacmugixamopu euxopucmosyioniv npu eupoOHuymsi pisnux noaimepie. Came
B0HU HAOAIOMb YUM MAMEPIANam SHyuKoCmi, MiyHocmi ti enacmuynocmi. /s ompu-
MaHHs nAACMUQIKamopie 6UKOPUCMOBYIOMb PI3Hi SpYRU CNOIYK, 30KpeMd KUCIOMU,
enonu i cnupmu. Ix mosicna ompumyseamu K XiMiuHUM CUHIME30M, MAK i 3 BUKOPUC-
MAaHHAM MIKpoOpeanizmie. Y cmammi npudinena yéaza came MIKpOOHOMY CUHME3Y
PI3HUX CROMYK, SIKi € OCHOBOI NpU BUPOOHUYMEE Naacmu@ixamopis.

Tlpu supobrUymMEi naacmugixamopis 6UKOPUCMOBYIOMb MAKi OP2AHIYHI KUCTOMIL:
0/1eiHO8Y, NIHOAEH08Y, NiHOAe8y, aouninogy mowo. Ceped npooyyeHmie yux Kuciom
suodinsroms 6axmepii podie Bifidobacterium, Lactobacillus, opisxcoxci Rhodosporidi-
um, Saccharomyces, spu6u Thamnidium, Mucor, a maxooic mikposodopocmi Botryo-
COCCUS mowyo.

Jpyey epyny cnonyk, wo 6uKopucmogyionms npu GUPOOHUYMSE naacmugixamopis,
cknaoarome enonu ma ix noxiowi. DeHonu MOAICHA OMPUMATU NPU KYTbIMUGY8AHHT
pexombinanmuux wimamie baxkmepiti, 30kpema Escherichia coli. Cepeo noxionux ge-
HOJI6 01 BUPOBHUYMEA Naacmugikamopie ukopucmogyioms memarpeson. Hozo mo-
JICHA OMPUMAMU 3 BUKOPUCIAHHAM 2eHHO-MOOUpiKosanux kiimun Saccharomyces ce-
revisiae ma Aspergillus nidulans.

OcHo8HOW0 CUPOBUHOTO ONIsL BUPOOHUYMBA NAACMUDIKAMOPI6 € cnupmu — 2exca-
HOZ, 2niyepon, 6ymaron, i300ymarnon. I ekcanon cunmesyioms K NpUPoOHi, max i pe-
KOMOIHanmHi Oaxmepii 1 Opiocooici. Yacmxka sUKOpUCMANHS 2eKCAHONLY Y 8UPOOHUY-
mei naacmugixamopis cmanoeums 2,5% 6i0 3azanvhozo éiocomka cnupmis. I iiyepon
MeHule BUKOPUCHOBYIONYb Y SUPOOHUYMET naacmugixamopis. Yacmka euxopucmarms
yvozo cnupmy — 1,8%. Bukopucmanns i3o0ymarony y eupobnuymei niacmugixamo-
pie cknaoac 4,5% 6i0 3a2anvHOI KinbKocni ChUpmie, Wo UKOPUCMOBYIOMbCS OISl YbO -
2o. Leti cnupm ompumyoms npu KyibmueysaHHi pexomoinanmuux baxmepiv Escheri-
chia coli, Corynebacterium glutamicum, Zymomonas mobilisi opiorcoscie Saccharomy-
ces cerevisiae. Haubinowuii 6i0cOMOK BUKOPUCMAHHSL CRUPMIE ) CMEOPEHHI NIACU-
@ikamopie 3atimae 6ymarnon — 36%. Ceped npupooHux npooyyenmise 6ymaHony 6uoi-
ssiome 6axmepii pody Clostridium. Taxoowe ckoncmpytiosani pekombinanmmi wmamu
baxmepil, siki 30amui cunmesysamu 6ymanon — Escherichia coli, Clostridium tyrobu-
tyricum, Clostridium cellulovorans, a maxoatc opiscooxci Saccharomyces cerevisiae.

Knrwouoei cnosa: nracmughixamopu, opeaniuri KUCIOMU, eHOaU, CRUPMU, MIKPOO-
HUU CUHME3.

IocranoBka npo6aemu. [Inactudikaropu 3aiiMaroTh CBOIO BArOMY YaCTHUHY Y BH-
POOHMYIN Tamy3i, 10 3yMOBJIEHE iX BIACTHBOCTSIMH 1 MOTPeOOI0 HA PUHKY IJIaCTMAC,

26 —— Hayxosi npayi HYXT 2023. Tom 29, Ne 1 ——



BIOTECHNOLOGIES

JI0 CKJIaAy SIKMX BXOISTH IUIACTU(IKATOPH, SIKI CAYryioTh CTaOimi3youuM (akropom
yCIX TUIACTMAC, HaJJAl0uH ITUM MarepiajiaM THyYKOCTi, MIITHOCTI ¥ enacTuaHocTi. [1nac-
TUQIKATOPH 3HWKYIOTH HApyTy AedopMariii, TBEpIiCTh, NUTbHICTh, B’I3KICTh Ta €JeK-
TpOCTaTI/I‘{HPII;'I 3apsi noniMepy, MPH [IbOMY BOHH OJTHOYACHO Hi,Z[BI/IH_[yIOTL rquKiCTL
MOJIMEPHOTO JIAHIIOTa Ta OITip pyHHYBaHHIO. YTIPOIOBK ocTaHHiX 10—I15 pokiB cBi-
TOBE BUPOOHMIITBO IIaCTH(IKaTOPIB CKIIaano OIM3bK0 5 MITH T Ha le Cami x rurac-
TU(IKATOPH BHUKOPHCTOBYIOTH MPH BUPOOHMIITBI ONM3bK0o 60 momiMepiB i OUIBIT HiK
30 rpym mpoxykriB (Biatecka-Florjanczyk, & Florjanczyk, 2007).

OCKUIBKH T1JIACTMACOBA TPOMHUCIIOBICTH MOCTIHHO PO3BUBAETHCS, TIOMUT Ha IJIACTH-
¢ikaTopy Takox 3poctae. CydacHUI PHHOK TPOTIOHYE Oe3JiY BapiaHTiB miacThdika-
TODIB 3 PI3HUMH XapaKTEPUCTHUKAMHU, SIKi MOKHA BUOpaTH JJIsi KOHKPETHHX 3aCTOCY-
BaHb, 1100 33J0BOJILHUTH KPUTHYHI BAMOTH JI0 MaTepiaiB.

Jns orpuMaHHs TUIacTU(IKATOPIB BUKOPUCTOBYIOTH Pi3HI TPYITH CIIONYK, 30KpeMa
KUCTIOTH, ()EHOJH 1 CITUPTH, SIKI MOXKHA OTPUMYBATH SIK XIMIYHUM CHHTE30M, TaK i MiK-
POOHMM IUIIXOM 3 BUKOPUCTAHHSM TPO- Ta eykapioT. [1pu iboMy CrosTyku, siKi OTpH-
MYIOTb 3 JIOTIOMOT'OF0 MIKpOOHOTO CHHTE3Y, € €KOJIOTIYHIMH, a ITiJT Yac KyJIETHBYBaH -
HSI MIKPOOPTaHi3MiB Y CKJIaJli TOKUBHHUX CEPEIOBHUIIL YACTO BUKOPHCTOBYIOTh BiIXOIH
PI3HUX BUPOOHHIITB, IO JIA€ 3MOTY OTPUMYBATH I[iHHI IMPOYKTH, BUKOPHCTOBYIOUH
MiHIMYM KOIITiB. TOMY MeTOI0 IbOT'0 OIJISIAY € aHaJli3 Cy4acHOi HayKOBOI JTITepaTypu
IIOJI0 TTPOMYLICHTIB OPraHiYHUX KUCIIOT, (DEHOMIB Ta iX MOXIJHHUX, & TAKOK CIHPTIB,
SIKi BHKOPUCTOBYIOTBCS SIK OCHOBA P BUPOOHHIITBI IJIACTU(IKATOPIB.

Marepiamm i meronu. Marepiajamu JOCTIPKEHHS CTallM Cy4acHi HAyKOBi ITyOJIi-
Kalii 3apyODKHUX 1 BITYM3HSHUX BUCHUX Y MDKHAPOTHUX Ta YKPATHCHKUX BUIAHHSX.
IpoananizoBaHi myOiKallii CTOCYIOThCS BAKOPHCTAHHS Pi3HUX TPYIT OPraHiuHHUX CII0-
JIYK, SIKi MOYKHA OTPUMATH 32 JJOTIOMOT'OF0 MiKpOOPraHi3MiB Il BUPOOHHIITBA TUIACTH-
¢ixatopi. [lomryk myOmikariii 3nilicHIOBaIM 3 BUKOPHCTAHHSM CBITOBHX HAayKOMET-
puunux 6a3 nannx PubMed ta Google Scholar.

BuxiiaieHHs1 OCHOBHUX pe3yJibTAaTiB JocaimkeHHs. 17151 BApOOHULITBA CKIaIHO-
e(ipanx miactu(ikaropiB BAKOPUCTOBYIOTH Pi3HI MPOAYKTH MIKPOOHOIO CHHTE3Y
(Tabm. 1).

Tabnuysa 1. PeqyoBuHN MiKPOOHOr0 MOXO/:KeHHS 11 BAPOOHHMITBA IU1acTH(ikaTOpiB

Opraniyna L . .
OpraHiuHi peuoBUHU I'pyna nnactudikaTopis
CIIOJTyKa
Oneitiosa KiC10Ta CknagHoedipHi mactudikaropu Ha
- JIaTH Hi M1acTH(IKaTOpH H:
JliHoNIeHOBA KHCJIOTA A P P
- OCHOBI JKUPHUX KUCJIOT
Kucnotu Jlinonesa kucnota
AJTMITIHOBA KUCIIOTA [nacTugikatopu Ha OCHOBI aipaTHIHIX
CebariHOBa KHCIIOTa KUCIIOT
Denonu Ta ix ®DeHon . .
R DocdoposmicHi miacTudikatopu
MOX1/1H1 MeTakpezon
I'ekcanon
Cromm [ninepou CrutagaoedipHi macTudikaTopy Ha
P [300yTanon OCHOBI CITHPTIB
ByTtanon
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PosrisiHeMo feTanbHiIe OKpeMi TPy OpraHiqHUX CIIONYK, 10 BHKOPUCTOBYIOTH-
csl' y BUPOOHHMIITBI TUIACTH(IKATOPIB, @ TAKOX IPYIH MIKPOOPraHi3MiB, SIKi 37[aTHI CHH-
TE3yBaTH JIaHi CTIOTYKH.

Opeaniuni Kucnomu sIK OCHO8a 015 8UpobHUYmMea niacmugixamopie. Opraniuti
KUCJIOTH MOXKHA OTPUMYBATH 3 BUKOPUCTAHHSIM MIKpOOPraHi3MiB, siKi, KpiM OCHOBHO-
IO LIJIBOBOTO MPOAYKTY, MOXYTh CHHTE3yBATH CIIEKTp IHIIMX PEUYOBHH, 1[0 BUKOPHC-
TOBYIOTHCS HE TUJIBKH y BUPOOHUIITBI TUIACTU(IKATOPIB, & i B IHINHX Tally3saX MPOMH-
croBocTi. [leperik MpOMyIEeHTIB, MO 37aTHI CUHTE3yBaTH OpPraHivHi KHCJIOTH, HaBe-

JIeHO B Ta0II. 2.

Tabnuys 2. TIpoxyneHTH OPraHiYHUX KHUCIOT

Kontentparrist Oco06ymBOCTI
[Iponyuent Tun npoxyueHTa KHCHOTHL, T/ GiocumTesy Jbxepeno
Oneinosa xucioma
TemmepaTypa
Botryococcus . . mi?zlm(zi’cliljnée,;;- Choi, Kim, Ahn,
braun5||7;JTEX MikpoBOIOPOCTI 0,193 My sass — 100 & Oh, 2011
00/xB, Oe3nepeBHe
OCBITJICHHS
;56 I\;ﬂéepag%pg Marwani, &
Botryococcus sp. | MikpoBoopocTi 0,00503 . - PHL S, Kurniawan,
IHTEHCHBHICTh
. 2019
cBiia 5200 mroke
Temmepatypa Yazawa, Kami-
Saccharomyces T'enno- o a
cerevisiae Mo iKoBaHHiIT 0,424 30 C pH 6,0, saka, Kimura,
YHU3046-4A T AP TNepEMIIITYBaHHS Yamaoka, &
40 00/xB Uemura, 2011
Jlinonenosa xucrioma
- Temmepartypa Zikou, Chatzi-
Jgg;?]r;lt(j:lgrp_ [pupomuuit 1014 28 °C, pH 6,0, fragkou, Kouti-
1465 IITaM rpuodiB ' HepeMIlTyBaHHS nas, & Papani-
180 06/xB kolaou, 2013
Mucor Temrmepartypa Shah,
- - Tpupomamuit 28 °C, pH 6,5, Mohamed,
circinelloides . 0,48 ;
PRR3 ITaM rpuodiB MepeMillyBaHHS Zhang, & Song,
150 06/xB 2021
- TemmnepaTtypa
Rhodosporidium . o .
toruloides DSM Tpupomamii 0,633 28°C,pH5.5, Diamantopoulou
4444 [ITaM JAPLKIKIB TIepEeMIITyBaHHS Ta iH., 2020
180 06/xB
Jlinoneea xucnoma
Temmepatypa
Bifidobacterium [pupoaauit 042 37 °C, pH 6,7, Coakley Ta iH.,
breve 2258 Irram OakTepii ' aHaepoOHi yMOBH 2003
KYJIbTHBYBaHHSI
. Temreparypa Ribeiro,
La?;c;]?:::l:lr:qus [pupomuuit 001 30 °C, pH 6,0, Stanton, Yang,
pL3C1E8 rram OakTepii ' aHaepoOHi yMOBH Ross, & Silva,
KYJIbTHBYBaHHS 2018

28
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Temmepatypa !

Lactobacillus n . 28 °C,pH 6,5, Ogawa, I_\/Ia_t Su

- X pUpOHUIA . mura, Kishino,
acidophilusAK U mTam Garepii 49 IIBAKICTE omura, &

1137 HeplezMOm;g/B::H” Shimizu, 2001

SIK mIpomyIeHTH ONETHOBOI KUCIOTH OyaH JOCTiHKeHI MIKpOBOAOpOCTi pomy Bot-
ryococcus (Choi, Kim, Ahn, & Oh, 2011; Marwani, & Kurniawan, 2019). Hocmi-
JOKEHHSI CTOCYBAJIOCS BIUTMBY Ae(IIUTY JKepesia a30Ty B MOKUBHOMY CEPEIOBHII Ha
pict Ta po3BuTok Botryococcus braunii UTEX 572, a Takox Ha 3[aTHICTh LUX KITITHH
MPOIYKYBaTH MEBHUM CIEKTP JIMIIB Y CTPECOBUX CUTYalisiX. ABTOPH JOCIII>KEHHS
BCTaHOBWJIM s KOHLIGHTPALI JUKeperia a30Ty, IpH SKUX CIOCTepirajach HaifHIKIa
Ta HAWBHITIA KOHIIEHTpAITisl BHYTPIITHHOKIIITHHHMX JIITIJIB, 2 TOYHIIIE, JKMPHUX KHCIIOT,
3 SIKMX CHHTE3YIOTHCSI JIIiIN: HaWBHIIA KOHIICHTPAIlisl BHYTPIIIHHOKIITHHHUX JIITi/iB
JIOCSITAETHCS TIPU BUKOPHCTAHHI TIOKMBHOTO CEPEIOBUINIA, B CKJIAJII SIKOTO MICTUTHCSI
0,04 MM HiTpary; HalHIWKYA KOHIIEHTPAITis JIiTiJ[IB CIIOCTEPIraeThesl MPH BUKOPUCTAH-
Hi HITpaTy y KijbKocTi 3,66 MM. IIpu 1ibomy 86% yCixX JKMPHUX KHCIIOT B KYJIBTYpallb-
HIl piMHI CKIIazae oNieiHOBa KMCIIOTA, a eKcrpecist reHy creapoin-ACP-gecatypasu
Oyna B 2,6 pa3a BHIIIOO B YMOBaX JIIMITYBaHHS JUKEpela a30THOTO KUBJICHHSI, HIXK ITPH
BHKOPHUCTaHHI Horo moctatHbol Kibkocti (Choi, Kim, Ahn, & Oh, 2011).

Byna mocnimkena 3natHicTs MikpoBogopocTel BOtryococcus Sp. cuHTe3yBarH sKUpHi
KHUCJIOTH Ha CepEIOBHIIAX, 10 CKIIAAy SKUX BXOIWIA Pi3HA KUTBKICTB JDKEpena a3ory:
5, 28, 55 Ta 350 Mr/n, 110 MpU3BENO 10 OTPUMAHHS OJISTHOBOI KHUCJIOTH Y KUIBKOCTI
2,29%, 24,52%, 26,99% Ta 8,81% Binx 3araipHOi KIILKOCTI KHPHHUX KHCJIOT BiJIOBIJI-
HO. OCHOBHOIO METOI0 JIOCII/DKEHHS OyJI0 BU3HAYEHHS TaKOl KOHIICHTpAIl pkepesia
a30TYy, IpH SKil OyJIe CHHTE3yBaTHCs HAHOLIbINA KUTBKICTh YKHUPHHUX KHCJIOT, III0 BUKO-
pucroByerbest Botryococcus sp. s OioneperBopeHHs Ha Oiomusenb (Marwani, &
Kurniawan, 2019).

Bonnouac HaykoBii 3 HaykoBo-1ocmiHOro iHCTUTYTY Olonmpomykiii y SmoHii s
OTPHMAaHHS 0JIETHOBOI KUCIIOTH BUKOPUCTOBYBAJIM T€HHO-MOAM (PIKOBAHMI IITaM JpisK-
mwkiB S. Cerevisiae YHU3046-4A. Jlyst oTpyuMaHHsI JaHOi KUCJIOTH JIOCTiHHUKAMHU Oy-
JIO TIPOBEACHO Pl TECTIB, IO BKIIFOYAIN B ceO€ BUPOILYBAHHS JIPiXkK/DKIB HA TTOXKHB-
HUX CEPEIOBHIIAX, SKI MiCTHIA €TaHOoN Y KoHIeHTparisx Bix 0 1o 8%, Ta BH3HAUYECHHS
TaKol KUJIbKOCT1 €TaHOy, IPH AKii JOCATaeThCs HANOUIBIINI BUXi OJE€THOBOI KUCIIO-
TH. B pe3ynbrari qociimkeHHs O0yi0 BU3HAUCHO, 1110 TP BUKOpHCTaHHS 8% criupTry B
MOKUBHOMY CEPEIIOBHILI KIJIbKICTh CHHTE30BaHOI OJIETHOBOI KHUCJIOTH € HAHOLIBIION
(Yazawa, Kamisaka, Kimura, Yamaoka, & Uemura, 2011).

Jns GiocuHTe3y JiHOIEHOBOI KUCTIOTH MPOTIOHYETHCS BUKOPHCTOBYBATH JMKI IIITA-
mu 1pubiB T. Elegans CCF-1465 ta M. circinelloides PRR3. JlocitimkeHo 6i0THHTETH-
yny 31atHicTh T. Elegans CCF-1465 cunTe3yBaTi BayKIMBY [UI METMITHHH Ta Xapyuo-
BOI r'ally3i JIHOJICHOBY KUCJIOTY Ha CEPEIOBHUINAX, CKIIAT SIKMX 3MIHIOBABCS [Tl MAKCH -
Mizanii OlocuHTe3y wi€l ®UpHOI KUCIoTH. OCHOBHHM KOMIIOHEHTOM CyOCTpary, 110
T IaBaBCs 3MiHi, OYI10 IPKePeIio BYTIIEIIEBOr O KUBJICHHS, 0 CKIIAAIIOCs 3 TIFOKO3H 1
kerno3n. KoMOiHyrOUHM 11i PEUYOBHHHM Ta BHKOPUCTOBYIOUHM TINBKH OHY i3 HUX, OYJIO
BU3HAYCHO, 1[0 HAWBUIIA KOHIICHTPAITisl JIIHONEHOBOT Kuciotu 1,014 1/ mocsraerbes
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Ha paHHil cTarionapHii ¢asi pocTy Npu BUKOPUCTAHHI TIIFOKO3H SIK €IMHOTO JDKepesia
BYIJIELTIO, 200 B CyMIIlli 3 KCHJIO3010, /I YacTKa KOKHOTO KOMITOHEHTY CTAaHOBHTb TP -
6m3H0 50%, MO MPU3BOAUTH 10 010CHHTE3Y JIIHOJICHOBOI KHCJIOTH y KOHIICHTPALIii
0,936 /. S0 X BUKOPUCTOBYBATHU SIK €JJMHE JKEPEJIO BYTIICIIO KCUIIO3Y, TO KOH-
LEHTpAITisl JTIHONEHOBOI KUCIIOTH He riepeBuiye 0,339 /1, 1110 1moB’s3aHo 3 0CO0JHBO-
CTSIMH METabONITHYHUX NULIXiB OiocuHTe3y kuciotu B mramy CCF-1465 (Zikou,
Chatzifragkou, Koutinas, & Papanikolaou, 2013).

Bueni 3 [llaapayHCHKOT0 TEXHOJOTTYHOrO YHiBepeuTery (KuTait) mocmimxyBam
30aTHICTD PI3HUX IPyH TPUOIB CUHTE3yBaTH BHYTPILIHBOKIITUHHI Jiniau. bymo Bigi0-
pano 51 3pa30k 3 HABKOJMIIHBOTO CEPEIOBHUIIA, 3 KX JIMIIe 13 Mamu BUCOKUHN TO-
Ka3HUK OilocuHTe3y mimixiB. Cepel IMX MPOMYIEHTIB OyJI0 BUOPAHO IITaM Millelliaib-
Hux rpudiB M. circinelloides PRR3, mo cuHTe3ye HallOUIbIIy KiJIBKICTh JIHOJICHOBOT
KUCTIOTH, PEIlITa ITaMiB, X0 1 XapaKTepU3yeThes OUTBIIOK O0I0CHHTETUYHOKO 3/aTHi -
CTIO BIJHOCHO JIIIIiB, ajleé YacTKa JIHOJIECHOBOI KHCIOTH B IMX JIIZaX € MEHIIOK0,
HiXK 1pu BukopucrtanHi mramy PRR3 (Shah, Mohamed, Zhang, & Song, 2021).

JlocmpKeHo 3aTHICTh qUKoro mTamy apbkmkiB R. toruloides DSM 4444 cunte-
3yBaTH Iy (B TOMY YKCIHi 1 JIIHOJIEHOBY KHCJIOTY) Ha HEOUHMIICHOMY TJIEpPUHI B
CYMIlIli 3 KCHJIO300 Ta OKPEMO OJIMH BiJl OJTHOTO, 10 JaJI0 TIEBHUI CIIEKTP pe3yJibTa-
TiB: HAMBHUIIY KUTBKICTb JIHOJEHOBOI KUCJIOTH OYJIO CHHTE€30BAaHO 3 BHUKOPHUCTAHHSIM
TJHIEPUHY SIK €IMHOrO Jhkepena Byrierto — 0,633 r/m; HaltHmKYy KOHIISHTPAITO Ji-
HoeHoBoI kucyotet — 0,055 1/71 0y710 OTprMaHO Ha CEPEIOBHIIT, B CKIIAJT SIKOTO BXO-
miio 75% rminepuny ta 25% ko3 (Diamantopoulou ta iH., 2020).

Y BUPOOHMITBI TIACTU(HIKATOPIB TAKOK BUKOPHCTOBYIOTH JIIHOJNEBY KHCIIOTY, SIKa
CHHTE3YEThCS 3a JonomMororo oakrepiii B. breve 2258, L. plantarum L3C1ES ta L. Aci-
dophilus AKU 1137 i BUKOPHCTOBYEThCS TIEPEBKHO y KOH toroBaHiii ¢opmi. Cepen
JIOCTIPKEHUX OaKTepialbHUX MPOMYIEHTIB JIHONEBOI KUCIOTH caMe KiituHu B. Bre-
ve 2258 nepeTBoproBai 10 65% JIIHOIEBOI KMCIIOTH B HEOOXIJHY KOH FOrOBaHy (op-
My. ICTOTHUM HEMOMIKOM ILOr0 METOAY O10CHHTE3Y € Te, IO CaMa KYJBFTypa HE MOXKe
CHHTE3yBaTH JIIHOJIEBY KUCJIOTY 1 1i HEOOXiHO BBOAUTH 3 TIOXKUBHUM CEPEAOBUILIEM
(Coakley Ta in., 2003).

Takoxx OyJI0 JOCIIIKEHO 37aTHICTh MOJIOYHOKHUCIIMX OaKTepiil 3iificHIoBaTH 0i0-
TpancgopMaLiio BUTbHOI (JOPMH JIIHOJIEBOI KUCIIOTH B ii KOH IOTOBaHy GopMmy. ABTOpH
HpoaHaTi3yBaiK JiBa mtamu Oakrepiii L. plantarum, mo BupoiiyBammcst B OMHaKOBUX
YMOBaX 1 IOPIBHIOBAJIUCS iXHi BIIACTUBOCTI, 30KpeMa IiApodoOHICTh KIITHHHOI ITIOBEP-
XHI, 3/IaTHICTB JI0 aBTOArperallii, BIUMB Ha PIiCT KOBYHUX COJICH, TTaHKPEaTHHY, HH3b-
KOro 3Ha4eHHs pH i 371aTHICTh CHHTE3yBaTH KOH IOroBaHy (hopMy JiHOJIEBOI KHCIIOTH.
Haiikpammm nipomgyrientom BusiBuBes mram L3C1ES, mo Mae HalBHUIIMIA MOKA3HUK
6iocunTesy JsinoseBoi kucoru 0,01 r/n (Ribeiro, Stanton, Yang, Ross, & Silva, 2018).

Kpim Toro, SmoHChKi BYEHI TIPOBEIM JOCHIKEHHSI CTOCOBHO 3IaTHOCTI OakTepiit
pony Lactobacillus cunTesyBatu koH’toroBany Gopmy JiHOIEBOI KMCJIOTH. Tak, Ipu-
POIHUI IIITaM MOJIOYHOKHCTIHX Oaktepiit L. Acidophilus AKU 1137 3natHuii cuHTE3Y-
BaTH 1110 KUCJIOTY B KOHIIEHTpaIlii 4,9 r/11. Bucoka mpoayKTHBHICTb IHOT'0 IITaMy IIO-
JIO KHCJIOTH TIOB’S3aHA 3 YMOBaMH KYJIFTUBYBAaHHS, 010CHHTETHYHUMH IIIISIXaMHA CAMOT'O
IITaMy Ta CKJIAJIOM TTOXXUBHOTO CepefoBHINa. Tak, Oyiio BUSBJIEHO, IO A O10CHHTE-
3y JIHOJIEBOI KUCIOTH HeoOXiaHe HakonmdeHHs 10-riapokcu-iuc-12-okTaaeKkacHoBoi
kucnot Ta 10-rigpokcu-Tpanc-12-okranekacHoBoi kuciotd. Buminena 10-rigpokcu-
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1uc-12-okTagexaeHoBa KrcjoTa Oyiia epeTBOpPeHa B KOH FOroBaHy (opMy JiHOJIEBOI
KUCTIOTH TTiJT Yac 1HKyOarii 3 mpoMutiMu KimitiHamu mramy AKU 1137, mo cBigunth
PO Te, IO 11 KACIIOTA € OJJHUM 13 MPOMIXKHUX IPOIYKTIB O10CHHTE3y KOH FOrOBaHOi
(hopMH JTIHOJIEBOI KUCTIOTH. B ckiaii moskuBHOTO cepeoBuina Oyria HasBHA BiTbHA JTi-
HoseBa kucnora. Came ii MPUCYTHICT Y KyJIBTYpajbHIN piIuHI iHAYKYE OioCHHTE3
KOHF0roBaHoi (hopMH, PO 10 MOXKE CBITYMTH BIJICOTOK 3aJTy9EHOCTI IILOTO TIOMEPe]T-
HHKa B Tporeci OiocuHTe3y — 95%, a 3arajbHMil BiJICOTOK CHHTE30BaHOI KOH IOT0O-
BaHOi )OPMH JIIHOJIEBOI KHCJIOTH 3-TTOMIXK THIIMX KUCIIOT ckiianae 80%, mo it mosicHroe
TaKy BUCOKY 1i KOHLIEHTPALIIO B KyJIbTYpaJbHIN PIAMHI MiJ KiHELb KyJIbTUBYBAHHS
(Ogawa, Matsumura, Kishino, Omura, & Shimizu, 2001).

Jliist cTBOpeHHs 1acTH(IKaTOpiB Ha OCHOBI KMPHHUX KUCIIOT HEOOXIiTHA JJOCUTh Be-
JIMKa KiJIBKICTh X KUCIOT. [pr 11boMy MiKpOOHHIA CHHTE3 KHCIIOT Ma€ HU3BKY edek-
TUBHICTh (Ta0M. 2). Takox ciiji HArOJOCUTH Ha HEOOXITHOCTI BUKOPUCTAHHSI CIICIH-
(hiuHHX TIOTIEpe/THUKIB OI0CHHTE3Y, IO MPU3BOAUTH JI0 BUCOKUX BUTpAT HA iX OTpH-
MaHHSI, ITiJBUIIYIOYH TAKUM YHHOM BapTicTh camux Iuactudikaropis. [Ipu mpomy
rracTH(MIKaTOpu HA OCHOBI OPraHiYHUX KUCIIOT MAlOTh HIKIY SIKICTh, HiXK OTpHMaHi
Ha OCHOBI (DEHOIIIB 1 CITUPTIB.

Buxopucmanns ¢ghenonie ma ix noxionux y eupoonuymei niacmugixamopis. Ilnac-
TUQIKATOPU Ha OCHOBI (DEHOJIB MAIOTH CXOXKI MOKA3HUKH €JaCTUYHOCTI, MIIJHOCTI 1
AKOCTI 3 TuacTrikaropamu Ha OcHOBI ciupTiB. [IpoTe BiCOTOK X BUKOpUCTaHHS TPU
BUPOOHMIITBI IIACTH(]IKATOPIB € JOCUTH HU3BKUM CaMe Yepe3 CKIIJHICTh OTPUMAaHHS
camux (enomis. [Ipu npomy peHom MOXKyTh OYTH OTpUMaHi 3a TOMOMOTOIO Pi3HUX
TPyI MiKpoopraHi3miB (tabir. 3).

Tabnuys 3. OcobmmBocTi dioTexHosorii peHOTIB Ta IX MOXiTHIX

KoHLeHTDalLis Oco06BoOCTI
IIponyuent Tun npoxyueHTa HeHTpan OlocuHTE3y xepeno
(henomy, /1
e (denony
Memaxkpeson
. Temmnepatypa
Saccharomyces rg.{mlz)‘;a . 018 30 °C, pH 6,7, Hitschler, &
cerevisiae JHY 162 “;J% o ;ng ' nepemimrysanns | Boles, 2019
ApLIA 180 06/xB
I Temmepatypa Wang, An,
Aspergillus nidulans (ixopari 203 37 °C, pH 6,5, Yao, Meng,
FGSC A1145ASTAEM szfa . F°H6';B““ ' nepeMilTyBaHHs & Gao,
P 250 06/xB 2021
Denon
Temmepatypa
Pseudomonas T'enHo- o
taiwanensis Mo bikoBaHHii 032 nioeﬁiﬁ HBZI,{]I;SI Wil}-ll na;glsgm
VLB120A5-TPL36 1Tam GakTepiit p200 O6y o .
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Escherichia coli TeHro- Temmepatypa
Eoterichiacoli | Mowdbiomamai | 0283 | S AL EL GO
UY2R:DY2-3 wrmam GaxTepili 250 06/xB
Escherichia coli Temo- "lézlvincepaIT{yg%f Kim, Park,
PreBLol MomixoBaHmit 3,79 » PTG, Na, & Lee,
¢ mTam OakTepin MICPEMIIILY BAHHA 2014
200 06/xB

Jns orpumanHs GpeHotiB, 1110 OYIyTh BUKOPUCTOBYBATUCS Y BUPOOHHIITBI TIACTH-
¢ikaTopiB, MOKHA BUKOPHCTOBYBATH Pi3Hi TPYIH MIKpOOPraHi3MiB, a caM CHEKTp BH-
KOPHCTOBYBaHHUX ()EHOJIB Ta 1X MOXIHUX JOCUTh 3HAYHUM, ajle HAOUIBII YacTo BIKH -
BaHUMH MOYKHA BB)KATH METaKpe30Jl i peHol.

JlocmpKeHo 31aTHICTh pekoMOiHaHTHHX Apik/pkiB S. Cerevisiae JHY 162 cuntesy-
BaTH METaKpe301 3 IyKpy. [1pn KOHCTPYrOBaHHI reHHO-IH)KEHEPHOr o mTaMy OyB pea-
JI30BaHUM TETEPOJIOTIYHNHN IIIIX, 10 IPYHTYETHCS Ha IEKapOOKCHITYBaHHI MOJIKETH -
Jy6-METHIICATIIMIIOBOI KUCIIOTH, SIKHI € MOMEePEeJTHUKOM MeTakpe3oiy. [lpn mpomy
KOHIICHTpAIlisl 6-MEeTHIICATIIIMIIOBOI KUCIIOTH Y KYJIBTYpaJIbHIN PiUHI J0CsTala IoHa]
2 v/n. Takoxx aBTOpU TOKa3ajd, 110 MPH HAAMIPHIA KOHLEHTpalii MeTakpe3oiay B
KyJNBTypasbHiK piauHi (mpuodmm3ao mpu 450—750 mr/im) BimOyBaeThCs IPUTHIYCHHS
POCTY 1 PO3BUTKY JPI’KIKIB, IO IOB’S3aHO 3 TOKCUYHOIO JIIEF0 CAMOTO0 METaKpe30JIy
(Hitschler, & Boles, 2019).

ITokaszaHo GiocuHTE3 MeTakpes3ony 3a gormomororo rpubiB A. nidulans FGSC
A1145ASTAEM, KITHHM SIKOTO CIIOXKUBAIOTH KPOXMaJlb SIK JDKEpesio Byrnemto. s
0i10CHHTE3y METaKpe30Jy TPUOHOIO KYJIFTYPOIO TeH Pat, 1o KOIye CHHTa3y 6-MeTHI-
CAIUIIOBOI KHCIIOTH, 1 TeH pat G, mo Koaye JekapOOKCHIIa3y 6-MeTHIICATIIHIOBOT
KHCJIOTH KOeKcrpecyBasu B kimituaax A. nidulans. [Iyist miiBUIIEHHS CHHTE3y METaKpe-
3011y OyJI0 3aCTOCOBAaHO KUIbKa CTpaTerii, BKIIIOYAIOUH MPOMOTOPHY 1HXKEHEPIIO, KIIO-
HYBaHHsI TeHiB Ta ()epMEHTALIIO 3 IHKUBIICHHSIM, 1110 PU3BENIO A0 CHHTE3Y METaKpe-
30Jy Y BUCOKMX KOHIeHTpamisx — 1,29 r/m ta 2,03 r/n (Wang, An, Yao, Meng, &
Gao, 2021).

HacryrmayM Ba)XMBUM KOMITOHEHTOM Y BUPOOHHITTBI POcHOPOBMICHUX MIacTU(i-
KaTopiB BUCTYMA€E (DEHOI, SKAH MOXKHA OTPUMATH 32 JOMOMOT'OI0 PEKOMOIHAHTHIX
Oaxrepiii. Tak, Ha ocHOBI kiiTuH P. taiwanensis VLB120, ckoHCTpyiioBaHO mITam
TICEBIOMOHA/, 1110 Ma€ 3/IATHICTh CUHTE3yBaTH (DEHOI 3 BUKOPHCTAHHSIM BiJHOBJIOBA -
HUX JoKepen Byremto. J[ist GiocHHTe3y BHKIIOYHO (peHOIy OYIlo iHAKTHBOBAHO YH-
CIICHHI KaTaOONiYHI NULSIXK Jerpajarlii apoMaTHYHUX 1 CTHIOPIJTHEHNX CIIONYK, TAKHM
ypHOM orpuMaiy mram P. Taiwanensis VLB120AS5-TPL36, ne3natHuii poctu Ha 4-
rigpokcnden3oarti (4pobA), Tuposuni (Ahpd) i xinati (AquiC, AquiCl, AquiC2). Taka
MaHIyJISITist Oyia HeoOXiiHa JUIs ieHTH(IKAIlT TEBHOTO TeHY, IO CIPUSE KIHATHOMY
karabomizmy — qUIC2. Tponykiist ¢eHomy Oyna 3abe3rneyeHa TeTepoOIOriuHO eKC-
TIPECI€I0 KOIOH-ONTUMI30BaHOrO Ta iHTerpoBaHoro y renom P. Taiwanensis reny Pan-
toea agglomerans AJ2985PaTPL2, 1o komye THpo3uH-peHom-1iasy. ['enHomHa Momudi-
Kallis eHIOreHHHX TeHiB, Mo Koayiots TrPEP290S, AroF-1P148L i PheAT310l, i me-
neris PyKA migsunpm cuHTe3 (eromy B 17 pasiB. JlomarkoBa HaieKcHpecis y
P. Taiwanensis okpemux reniB Escherichia coli, mo komyrore neBHi (pepmeHTH
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(AroGfbr ta TyrAfbr), e Gibiie mocHMIa KOHIIEHTpALiO (EHOTY y MPOLECi HOro
6iocuaTe3y (Wynands Ta iH., 2018).

JloctimpKeHo 30aTHICTh TeHHO-MoaubikoBanux kmituH. E. Coli cuntesyBatu deHon
Ha CepeJIOBHII 3 TITIOKO30I0 SIK €IMHUM JpKepesioM ByrJewio. [1pu oMy Oy cTBO-
peni mramu entepodaktepiii (E. coli UY3R:DY1-3 ta E.coli UY2R:DY2-3), mo
MaJIH JIBa He3aJIexkH1 IIUIsIXY OlocuHTEe3y QeHoTy Yepe3 4-TiMpOKCUOSH30aT i THPO3VIH.
[pu oMy aBTOpY MOKa3alw, M0 HAWBHINA KOHIIEHTpaIis (peHOIy B KyIbTypasibHIi
PIOMHI CIIOCTEPIra€eThes MPH iX cyMiCHOMY KynbTuBYBaHHI (Guo T1a iH., 2019).

Cuntesyroth (heHOI i KiniTHHE TeHHO-MoaudikoBanoro mramy E. Coli PheBL21.
HanmipHa ekcripecist TeHiB, 0 3aTydeHi 10 NUIIXY 010CHHTE3Y THPO3HHY Pa3oM i3 TH-
posuH(eHOTIa3010 B KiTiTHHAX E. COli, mpu3Bena 10 31aTHOCTI OaKTepiabHUX KIITHH
cuHTe3yBatu QeHoun 3 rmokosu. [lin yac kynpruByBaHHs mramy PheBL21 cunaTe3y-
€TBCS TONEPEHUK (EHOYy — TUPO3UH, a KIITHHH LIHOTO IITaMy XapaKTepH3YIOThCS
BUCOKOIO aKTUBHICTIO THPO3UH(DEHOIUTIa3H 1 CTIHKICTIO /IO BUCOKMX KOHIIEHTpAIIil de-
Homy (Kim, Park, Na, & Lee, 2014).

[Npyr BUKOpPHCTAaHHI OPraHIYHUX KUCIIOT, ()eHOMIB Ta iX MOXIAHUX MOXHA OTPUMY-
BaTH TIACTU(HIKATOPH Pi3HOI MIIHOCTI 1 siKocTi. OCHOBHUM HEIOIIKOM BUKOPHUCTAHHSI
IIUX OPraHIYHKX CIIONYK € BUII[A BAPTiCTh, IIOPIBHSIHO 3 IUIACTU(IKATOpaMH Ha OCHOBI
CIHUPTIB, OCKUTBKHA MIKPOOHUI CHHTE3 KHCIIOT, ()eHOMB Ta 1X MOXiTHHUX € IOpOroBap-
TICHUM Yepe3 MaJIMi BUXiJ] LIUTLOBOTO MPOAYKTY, & TAKOK HEOOXiTHICTh T ATPUMaHHS
CrienM(iYHIX YMOB KYyJbTUBYBAaHHS JUISl HAJICHHTE3Y LIUX CIOIYK i BUCOKY BapTiCTh
TIOKMBHUX CEPEIIOBUIIL IMTOPIBHSHO 3 KYJIBTHBYBAaHHSM MPOAYLICHTIB CITUPTIB, SIKI MOX-
Ha KyJbTUBYBaTH Ha BIIXOJaX Pi3HUX BUPOOHHMIITB i TIPU IIbOMY OTPHMYBATH BUCOKY
KOHIICHTPAIIIFO I[LJTHOBOT'O TIPOIYKTY.

Crnupmu MiKpOOHO2O NOXOONHCEHHSL SIK OCHO8A OJISL XIMIYHO20 CUHME3Y NAACHui-
kamopie. OCHOBHOIO CHPOBHHOIO JUTS BAPOOHUIITBA IJIACTU(IKATOPIB € CITUPTH, aJIKe
came Ha X OCHOBI, IIJISIXOM KOHJICHCAIIii, CHHTE3YEThCS 2-€THITCKCAHOJI, SIKMI € CKJIa-
JIOBOIO YaCTHHOIO O1IBIIOCTI MIacTH(IKaTopiB.

T'excanon. OgHUM 31 CIUPTIB, 110 BUKOPUCTOBYETHCS IS BUPOOHHUIITBA TJ1ACTH]I-
KaTopiB € rexkcanos. YacTka BUPOOHUITBA TIACTU(]IKATOPIB HA OCHOBI TEKCAHOIY
cknanae 2,5% Bin 3arajgbHOrO BiZICOTKA CHMPTIB, IO 3aCTOCOBYIOTHCS ITPU OTPUMAaHH1
wiactugikaropis (Wypych, 2004). IIponyieHTr TeKcaHOIy XapaKTepH3YIOThCS CHH-
TE30M BEJIMKOI KIIBKOCTI MOOIYHUX MPOAYKTIB, 110 OB’ SI3aHO 3 META0OIITHIHUMH
HUIIXaM# OI0CHHTE3y TeKCaHOJIy, 30KpeMa HasBHICTIO aJbTEpPHATHBHUX IUISIXIB CHH-
TEe3y BIAMIHHMX BiJl TEKCAHOY CIMPTIB, IO 3HIXKYE BUXiJ] LHUILOBOro mponykTy (Kot-
tenhahn, 2021; Phillips, 2015; Cheon, 2014). J{yist 6iocHHTE3Y OO CITUPTY BUKOPHC-
TOBYIOThCS pi3Hi mrramu Oakrepiit pomy Clostridium, a Takox mramu ApOKIKIB POILY
Kluyveromyces (ra6i. 4).

Hemonaro Oy Buitenuii mrram Clostridium carboxidivorans P7, 3natauit cun-
TE3yBaTh TeKCcaHoJ. bylo MocmieHo BILTHB Pi3HUX KOHIIEHTPAIH CyMilli ra3iB
N2:CO2:CO:Hz Ha GioCHHTETHYHY 31aTHICTB IIbOr0 MPOIYLEHTA. Takok Oyio BU3HA-
YEHO JIIMITYIoUni (hakTop O0IOCHHTE3y reKCaHOJy, 30KpeMa TOKCHYHICTh CamMoro Ii-
JHOBOTO TIPOAYKTY. EKCIIepMMEHTAIBHIM [IUIIXOM aBTOPH MTOKA3aJIH, IO JO/aBaHHS
ONETHOBOTO CIIMPTY SIK €KCTPAryrouoro pO3YMHHHKA 1 MiATPIMaHHS TEMIEpaTypH Ha
piBai 30 °C miBHIIy€e BUXII TeKCAHOTY B 2,5 pasa. 3acTOCYBaHHS IHIIMX PO3YNHHHKIB
HE JIaJI0 HEOOXITHOTO pe3yJibTaTy, a MpH MiABHIICHI TeMieparypu 1o 37 °C B3araii
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BIIMIHSIETHCSL TTO3UTHBHMIA eDeKT TIpH foaBaHHi oeiHoBoro crimpty (Kottenhahn, Phi-
lipps, & Jennewein, 2021).

Tabauys 4. OcodMBOCTI KyIbTUBYBAHHS HPOAYLEHTIB CUPTIB, 1110 MOKYTh BUKOPHCTO-
BYBAaTHCSI IPH BUPOOHUITBI mui1acTugikaTopin

Konnen-
Tum JIxeperno Tpauist | Bincotok Buko-
_ | ByryeLieBoro Ta | UUIbOBO- | PUCTAHHS y BU- .
Tponynent Hp;ii[[ya a30THOTO IO po- | POOHMIITBI ILIAC- Jlirepatypa
H KUBJICHHS IyKTy, | TH]ikaTopis, %
/1
I'excanon
JpibrmKoBuit
| CKCTpAKT, Kottenhahn,
TpupomHuii| XITOpUI AMOHIFO, Philipps, &
C. carboxidivorans P7 |  mrram CyMilIr Ta3is: 24 Jenn ewéin
Gaktepiii | 65% CO, 15% 2021 '
N2, 15% COz, 25
5% H2 '
['enno-
Mo (DiKo- .
K. marxianus H4TM BaHUI T'anaxtosa, 0,15 Cheon m im,,
cepenosuie YP 2014
mTaM
JIPDKDKIB
Iniyepon
TIpupoaHwuid Wang, Zhuge,
S. cerevisiae 2-1190 ITam Meisica 80 Fang, & Prior,
JIPDKDKIB 2001
. Mikposo- | Cepenoswuiue Chow ta iH.,
D. tertiolecta LB-999 fopocti |ATCC-1174 DA 58 2013
Mgzi:l;{;go- CepenoBuiiie 18 Hi_r okawa,
S. elongatus PCC 7942 arit mam BG11 13 ' Maki, Tatsuke,
GaxTepiii & Hanai, 2016
I .| I'moxoza,
C. magnoliae bB | P I;Jp;ﬁmn ApiamkoBHi | o o Sahoo, &
(NRRL YB4226) o IDKIB eKCTPaKT, ' Agarwal, 2001
AIpDIIDK CEeYOBHHA
1300ymanon
['enno-
Mo diKo- I'rokoza, .
E. coli BLPLISOpNtAB|  sanmii | spiwcoxosmii | 2,4 -
Tam eKCTPaKT
OaxTepiii 45
I'enHo- r '
. JIIOKO03a,
C. glutamicum mozmdiko- CeYOBHHA Hasegawa,
“BALPK-4 BaHHIA P 20,7 Jojima, Suda,
mram | SPUR & Inui, 2020
GaxTepiit eKCTPaKT
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IIpoooeoicenns mabauyi 4

T'enno-
.. Mo diko- F.H}OKOSa’ . Zhao Ta iH.
S. cerevisiae YEZ167-4 parii wray| AP PRIPKOBHI 8,5 2018
S EKCTPaKT
I'enno-
MOTHOIKO- I'mroko3a,
Z. mobilis ZM4 sari rra JPDKIDKOBHIA 4,0 4,5 Qiu Ta iH., 2020
GaxTepili eKCTPaKT
T'enno- . .
E. coli BFA7.001(DE3) | momdpio-| L "OK03 Tlr '”h'h""
pCT13 Banuii mram| P KOBHH 19 Blanch, &
GaxTepii EKCTPaKT Clark, 2011
bymanon
C. saccharobutylicum Tpnpormmit Tapomizat 8.05 Gao, Orr, &
DSM 13864 6;;;?& BOTOpOCTEit ' Rehmann, 2016
[pupomuuii I'moxo3a, .
C. beijerinckii YBS3 | mram | apbiprosuii | 12,32 Zh"z‘;);% in,
OaxTepiit EKCTPAKT
C. acetobutylicum PTCC| Ilpupomsi I'mroko3a, Anlfi?irag\ls?(;ol-
1492, Nesterenkonia [ITAMA JPDK/DKOBHIA 13,6 lahi ‘& Sho-
sp. F OaxTepiit EKCTPaKT . T
jaosadati, 2020
C. saccharoperbutyla- Hpﬁ’:aﬁ u rhf;gﬁgzz’ 119 Zhou, Liu,
cetonicum N1-4 .\, ' &Yuan, 2020
OakTepiit KHUCJIOTa
reH;?' | T'moxosa, Saini, Hong
E. coli BUuT-3EA Bl\;gf[ﬁ IJ_I'I;E.M CepeIoBHIIE 6,2 Chen, Chiang,
Gaxcrepi MY & Chao, 2015
M(l; eH;:ic-o- ['mroko3a. 36 Ferreira,
E. coli BW25113 BaHﬁ”ﬁ wrran cepenosi e’TB 30 Pereira, Wahl,
sartepili PEHOBHILL & Rocha, 2020
T'enno- I'mroko3a, Santos, Azam-
S. cerevisiae UFMG- | momudiko- rigposizat 0042 buja, Avila,
CM-Y267 BaHMI1 IITaM IIPOTIB ' Pacheco, &
JPDKIDKIB | CYONpPOIYKTIB Goldbeck, 2020
[Ipupomumii . . i .
C. acetobutylicum YM1 IITaM rmponm? 59 Al S horgani Ta
Gaxcrepili PHUCOBHX BUCIBOK iH., 2019
T'enno- Jlyxuuit
C. cellulovorans DSM MOZ[I/IV(l)lKO- CKCTpaKT 347 Bao ta ifr, 2021
743B BaHUIi IITaM| KayaHiB
GakTepiit KyKYpYyI3d
C. cellulovorans 743B, | TIpupommi gfma?; Wen 1a i
C. beijerinckii NCIMB |  mrramu P 83 otd
8052 GaxTepiii Katanis 0
KYKypyI3u
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IIpoooeoicenns mabauyi 4

T'enno-
C. tyrobutyricum momacdiko- |  Tigpomizat 157 Yu, Xu, Tang,
(Aack)-pTBA BaHUH IITaM| JTyIIIHUHHS COl ' & Yang, 2015
OaxTepiit
36 CKpOLBKUH,
Ipuponuuit XOMEHKO,
C. acetobutylicum SS-2 | wtam XKurtHiii 3aTop 11,2 Boituyk, &
OakTepiii [Minropcekui,
2018

IMokazaHo 31aTHICTB 0 CHHTE3y I'eKCaHOy pekoMOiHaHTHHX apixmkiB Kluyvero-
myces marxianus H4TM. Knituau apixmpkiB MoaugiKyBaM IIIIXOM IHTErpallii 1’ siti
KoMOiHariii cemu reHiB — AtoB (komye anernin-KoA-arermrpancdepasy), BKIB (ko-
nye B-kerorionasy), Crt (komye kporona3sy), Hbd (komye 3-rigpokcubyrnpri-KoA-me-
rigporenasy), MCT1 (komye TpaHcaiiiasy), Ter (komye TpaHc-eHoia-KoA-pemykrasy)
ta TES1 (komye anmn-KoA-tioectepasy), 3a paxyHok yoro mrtam H4TM cuHTe3ye rek-
canon y koHuentpanii 0,15 r/n. [lns oTpuMaHHs 1TUX T€HIB BUKOPUCTOBYBAIH ITAMHU
E. coli (st orpumanns reny AtoB), Ralstonia eutropha (nist orpumanns reny BkiB),
Clostridium acetobutylicum (@ orpumannst renis Crt i Hbd), Treponema denticola
(w1 orpumanHst reHy Ter), S.cerevisiae (mis orpumanns reny MCTL), ren TES1
MicTUThCs y TeHOMi apibkmkiB K. Marxianus (Cheon ta in., 2014).

BukopucTanHs IuX MPOAYIEHTIB 1 X TEXHOMOT1H 010CHHTE3Y reKCaHOoIy Ja€ 3MO-
Ty OTpUMaTH [UILOBUI MPOAYKT Y BITHOCHO HEBUCOKIN KOHIEHTpalii (Tabmn. 4). Lle
MOSICHIOETBCS THM, 1[0 TIPUPOJHUX MIKPOOPraHi3MiB, sIKi MOXKYTh CHHTE3YBaTH IIeH
CIIUPT y BUCOKMX KOHIIEHTpAIIiSAX, TOKK HE BUSBIICHO, a Ti, IO BiJJOMi, CHHTE3YIOTh
TeKCAHOJ JIMIIIE SIK YaCTHHY IIMPOKOrO CIEKTPa Pi3HOMaHITHUX BTOPUHHHUX METa00Ti -
TiB.

I'niyepon. IHIIMM CIIUPTOM, 1II0 BUKOPUCTOBYETHCS AJISI CHHTE3Y IIacTU(IKaTOpPIB,
€ nnuepon (Tada. 4). YacTka BUKOPUCTaHHS LOrO COMPTY Y BUPOOHUITBI IutacTudi-
karopiB craHoButh 1,8% (Wypych, 2004). Sk mpomyLeHTH IJiepory MOXKHA BHUKO-
PUCTOBYBATH IPEJICTABHUKIB MPOKAPIOTUYHUX KYIBTYP 1 €yKapiOTUUHHUX OpraHizmiB
(Sahoo, 2001; Wang, 2001; Chow, 2013; Hirokawa, 2016; Semkiv, 2020).

JochimkeHo Kijbka cTpaTeriid 610CHHTE3y IIILEpoy Ha BYIJICBOAHEBIH CHPOBUHI
3 BUKOPUCTAHHSIM JIPIKIKIB: YTBOPEHHS KOMILIEKCY MIXK alleTajbAerizioM i 0icybgit-
10HaMH, 110 YIIOBiJIbHIOE BUPOOJIEHHSI €TAHOTY Ta BiJHOBIIFOE OKHCIIIOBATLHO-BIHOB-
HUI OaJIAHC IUTSIXOM CHHTE3Y TIIIEePOITy; BUPOITYBaHHS JIPIKIKIB ITPU 3HAUeHHIX pH
O6mm3pKo 7 a0 BHIIE; BUKOPUCTAHHS OCMOTOJNIEPaHTHUX JAPiKINKIB. Haiikparioro crpa-
TETi€r0 BUSBHUIIACS OCTaHHS, IO BKJIIOYA€ B ce0e BUKOPHCTAHHSI OCMOTOJICPAHTHUX
npixmkiB Saccharomyces cerevisiae 2-1190, npu Ky/IbTUBYBaHHS SIKHX MOYKHA OTPH-
Maru 110 130 1/1 rineposty. AJie TOCSTHEHHS Takol KOHIIEHTPAIT MOMKIIMBO JIHIIIE TIPH
BUKOPHCTAHHI Ta0OpaTOpHUX METOJIB ()epMEHTallii, B TPOMHUCIIOBY MaciiTabi Hai-
OisIbIlIa KOHIIEHTpAIIiS TiiTepony ctaHoBUTh 80 T/, Jie SIK cyOCTpar BUCTYIAe Mesca
(Wang, 2001; Semkiv, 2020).

JTocmipKeHO 31aTHICTh JI0 CHHTE3Y Tiiepoiy MikpoBogopocteii Dunaliella tertio-
lecta LB-999. TTpoaytieHT He OoTpedye reHeTHYHMX Mo DiKaIliid 1 3AaTHHH CUHTE3Y-
BaTH TJIIEPOIT 32 IOMIOMOr'OI0 BIIACHUX CUCTEM CHHTE3Y. byJio BUSsIBIICHO, 110 KIITHHU
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mramy LB-999 cunresytors sk BHyTpimHbOKTITHHHUHN (18%), Tak 1 MO3aKIITHHHUIMA
(82%) ruitepost HABITH IPU Mi3epHIil KOHIIEHTPALlil TOKUBHUX PEYOBHH 1y (pasi 3aru-
6emi kmituau (Chow ta im., 2013).

CtBopeHo reHHO-MOmu(DiKOBaHHH IiTaM IianoOakTepiii Synechococcus elongatus
PCC 7942, xniTiHU SKOrO CHHTE3YIOTh Iilepoi. [IpoayeHT KyasTUByBaad 3 A04a-
BaHHsM BiTaMiHy B12 i 6e3 Hporo. B pesynbrati Oyo BUSBIIEHO, IO HAsBHICTH IIHOTO
BITaMiHy CYTTE€BO HE BIUIMBAE Ha BUXIJ TIIIEPOTY, OCKIJIbKM T€HETHIHI MaHITYISIIII,
1110 Oy TIPOBEJICHI Ha/T IIMM IIITaMOM, JIaf0Th 3Mory kimitiHam S. elongatus PCC 7942
CHHTE3YBaTH TIIIEPOJT HE3aJIEI)KHO BijI HAsIBHOCTI BiTamiHy B12. Takoxk Oyio mposee-
HO PsiJT IOCHIIB, MO OYyJIM HalpaBJiCHI HA BCTAHOBJICHHS ONTHUMAaJIbHOI KOHIIEHTpAIi1
BYTJIEKUCJIOTO ra3y s inTeHcudikallii 6iocunTe3y riinepoiy. B pe3yibrati 0yiio
BCTaHOBJICHO, 1110 TIpH mofadi 3% ra3y KOHIIEHTpAIIisl CIIUPTY B KYIbTYpaJbHIA pinHi
Oyuna HaitBuoro — 1,3 /i (Hirokawa, Maki, Tatsuke, & Hanai, 2016).

[poBeneHi qocTiPKeHHsI CTOCOBHO BILIMBY YMOB KyJIbTHBYBaHHS Ha BHXiJ TIIiIle-
poity mpu BUKopucTaHHI ocModineHux Apibkmkie Candidamagnoliae 1:B NRRLYB-
4226. Y pesynbrati Oyi10 BUSBIICHO, 1110 Ha O10CHHTE3 TIHLIEPOITY BIUTMBAOTH TaKi (hak-
TOPH: TTOYATKOBA KOHLICHTPALIisl TIIFOKO3H, SIKa CYTTEBO BIUIMBAE HA PICT CaMOi KyJIbTY-
py, 1 i 37aTHICTH 10 HAJCWHTE3Y TIIIEPOy; Yepe3 IMiJIBUINEHHS IMBHIKOCTI POCTY,
CIIOXXMBAHHS TJIFOKO3H Ta 30UIBIIEHHS KUTBKOCTI BUPOOJIEHOro TILEPOTy CIIiBBiIHO-
mreHHst C:N HeoOXximHO minTpuMyBaty y criBBigHomeHHi 20:1, ockinbku #oro 30ib-
IIICHHS TIPU3BOINTH JI0 3MEHIIICHHS 010CHHTE3Y TJIIIEPOITY; IS iIHTeHCH(iKaIlii Iporte-
Cy PO3YMHEHHSI KHCHIO IIBUJIKICTH aeparlii Mae cranoButu 500 06/x8 (Sahoo, & Agar-
wal, 2001).

Io6ymanon. HacTynHuM CIIUPTOM, 110 BUKOPUCTOBYETHCS Y BUPOOHHMIITBI ILIAC-
TUQIKaTOpiB, € 1300yTanoin. Moro BukoprcTanus ckianae 4,5% Bin 3aragbHOI KiTbKO-
CTi CITMIPTIB, 1[0 BUKOPHCTOBYFOTHCSI [Tl CTBOpeHHS 1uiacTudikaropie (Wypych, 2004).
Sk mpoayneHTH 1300yTaHOTY BUKOPUCTOBYIOTECS Pi3HI IITaMK OaKTepii 1 APiKIKIB
(Qiu, 2020; Song, 2020; Hasegawa, 2020; Zhao, 2018; Trinh, 2011).

VY 2020 p. cTBOpeHO reHHO-iHkeHepHuii mTam Corynebacterium glutamicum
iBALPK-4, sikuii mpu HecTawi KUCHIO 3AATHUIA CHHTE3YBAaTH JIOCUTh BEIUKY KUJIBKICTD
1300yranony. s inTencudikauii npouecy 6i0CHHTE3y OYI0 IPOBEICHO ONTHUMI3ALI0
AKTUBHOCTI KOXKHOTO ()epMEHTY, 110 Oepe ydacTh y MPOIyKyBaHHI IMMH OaKTepisMu
i300yTanouy: 30utbieHHs ekcrpecii reriB AHAS i KDC; inakTuBariist reny pPckA st
3MEHIICHHS! TOOIYHOr0 BUPOOHUIITBA CYKLIMHATY Ta MOKPAILEHHS BUXOAY 1300yTaHoO-
Jy; BBezieHHs reHy EDP 1ist 30ibIeHHsT CIOXKMBaHHS TIIOKO3U Ta BUPOOHHLITBA 130-
OyraHoJ1y; Hajgekcnpecis reny PTS Ta inaktuaris reny iIVE mist inaktuBaitii cuaTesy
MOOIYHUX MPOYKTIB 1 MiIBUIIEHHS MPOYKTHBHOCTI 1300yTanoiy (Hasegawa, Jojima,
Suda, & Inui, 2020).

Byro mocmipkeHo BIUMB CBITJIA HA CHHTE3 1300yTaHOTY PEKOMOIHAHTHUM IIITAMOM
Saccharomyces cerevisiae YEZ167-4. V winitiau IpibKDKIB OyiTi BBECHI HOBI T'eHe-
TUYHI IIDIXH, 110 320€3IMeUnIH TIepeXil KIITHH Bix (asu pocty, sika crocTepiranach 3a
HasIBHOCTI CBITJIa, 710 (pa3u GiocHHTE3y CIMpTY, IO BiOyBaack y TeMpsiBi. B pe3yiis-
TaTi 1bOro 3’SIBUJIACH MOXKJIMBICTH KOHTPOJIO TIpoIecy OiOCHHTE3Y JIHIIE TIPU BHKO-
pUCTaHHI 3MiHH OCBITJICHHS B (DepMeHTaIliiiHOMY 00aHanHi (Zhao Ta iH., 2018).

CkoHcTpyiioBaHo mtaMm Zymomonas mobilis ZM4, B reHomi sIKOro NpUCYTHI# re-
tepomitnunmii ren kdc ALactococcus lactis, 1o koaye 2-keroizoBanepar aeKapOOKCH-
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7103y. Takox OyJI0 BU3HAYCHO, 1110 HAJIEKCIIPECis reTeposoriynoro rexa als i 1Box Ha-
tiBHUX TeHiB iIVC 1 ilvD, siki 6epyTh ydacTh y MeTabOM3Mi BaliHy B peKOMOIHAHTHO-
My mrrami ZM4, 1o excripecye KACA, Moske 3a0JI0KyBaTH MepeTBOPEHHS MMipyBaTy Ha
€TaHol 1 THM CaMHM TIPUBECTH JI0 O10CHHTE3y 1300yTaHoiy. BeTaHoBIEHO, 1110 peKoM-
OiHanTHi Ktituan Z. mobilis ZM4, 1o mictsats cuaTeTHYHMi onepoH, als-ilvC-ilvD,
kepoBanuii Ptet, tak i ren KACA, kepoBaHHiT KOHCTUTYTHBHAM CHJIGHUM ITPOMOTOPOM
Pgap, cunresyroth i300yTanon y KoHIeHTpaitii 10 41/ (Qiu Ta iH., 2020).

Kunitiau pexom6inantaoro mramy E. Coli BFA7.001 (DE3) pCT13 cunresyroth
1o 1,9 r/n i300yTanoy. IIpu oMy OCOOJIMBICTIO MPOLIECY 3 BUKOPUCTAHHSAM L[OTO
mraMy € Te, 1o OlocuHTe3 1300yTaHoly BinOyBaeThCS B aHACPOOHUX YMOBax i MpH
IIOMY CHHTE3Y€ThCS MiHIMaJIbHA KiJIbKICTh 00iuHuX rpoaykTiB (Trinh, Li, J., Blanch,
& Clark, 2011). Ha ocuogi mitun E. coli, sxi cuaTe3yI0Th 1300yTaH0I, CKOHCTPYHO-
Bano mram BLpLISOpnt AB 3a paxyHOK BBE/IEHHS! B TEHOM KJIITHH I'€TEPOJIOTYHOrO
CHHTETHYHOI'O OIIEPOHY, 110 KOAYE CHHTE3 MOJIriipokcuOyTupary. BemeHHns ornepo-
HY CTBOPHJIO METa0OJIiuHI MepeBart Jisi CHHTE3Y 1300yTaHOy 33 PaXyHOK KOHKYpEH-
Iii 32 BUKOPUCTaHHS JpPKepea BYIJICIIO Yepe3 BIIMIHHOCTI B cvili mpoMoTopiB. [Ipu
I[bOMY 1300yTaHON € €K30reHHIM METa0O0ITOM, a MOJITAPOKCHOYTHPAT CHHTE3YEThCSI
B caMiii KITITHHI, 10 JTa€ 3MOTY JIETKO PO3IUIATH i /1Ba pomykTu (Song Ta iH., 2020).

[poxyuenTtu 1300yTaHoy XapaKTepU3yIOThCS Pi3HOI0 OI0CHHTETHYHOIO 3aTHICTIO
JIO TIPOAYKIIii IIbOTO CIUPTY (Ta01. 4), 10 3yMOBJICHO OCOOJMBOCTSMU O10CHHTETHY-
HHUX CHCTEM JIaHWX KIITHH. biocuHTe3 1300yTaHoy BiOyBa€ThCs JMILE MPU TTEBHUX
YMOBaX, SIKi JOCUTb BKKO MITPUMYBAaTH B CTaOLIBHOMY CTaHi, i TOMY MiJ] 4ac KyJb-
THBYBaHHS CHHTE3YEThCS IEBHHUI CIIEKTP PEYOBHH, 1110 TIEPETATYIOTH OUIBITY YaCTHHY
MIOKMBHUX PEUOBHMH Ha BJIACHUI OIOCHHTE3, HE JI0O3BOJISIFOYHM TAKAM YMHOM OTPHMATH
1300yTaHOJI y BEJIMKUX KOHIICHTPAITisIX.

bymanon. BuilieHa3BaHi cIMPTH BUKOPHCTOBYIOTHCS JIJIS CTBOPEHHS TLIACTU(iKa-
TOPIB JIMIIIE B MaJliii KiJIbKOCTI, 1[0 pOOUTH MacIITabyBaHHs iX BUPOOHUIITBA HA TPO-
MHCJIOBHI piBeHb HeBUT1AHUM. HailOinbImil BiACOTOK BUKOPHUCTAHHS CIIMPTIB Y CTBO-
peHHi mwiactudikaTopis (Maibke 36%) 3aiimae Oyranon (Wypych, 2004). st KyabTu-
BYBaHHS IPOAYLICHTIB OyTaHOy MOYKHA BUKOPHCTOBYBATH Pi3HI MOKUBHI CEPEIOBH -
112, 1110 MOXKYTh CKJIAIATUCS 3 HA0OPY IEBHUX BIZIOMUX PEYOBHH (TJIFOKO3a, TIIIIEPUH,
Pi3Hi comi TomIo), a00 3 KOMIIEKCHUX CYOCTpaTiB HEBU3HAUEHOI'O CKJIaAy (€KCTPaKTH,
T1poITi3aTH TOLIO).

VY nocnimxeHHsAX 3 6iocHHTE3y OYTaHOIY JOCHIIHUKU 4acTO BUKOPHUCTOBYIOTH Ce-
PEOBHINIA BU3HAYEHOT'O CKIIATy, @ IPOIyIIEHTaMU OyTaHOJy BHCTYIAIOTh TIEPEBAKHO
pi3Hi npeacraBauku poay Clostridium (ta6i1. 4), a Takox reHHO-MOIM(iKOBaHi IITAMH
Escherichia coli (Gao, 2016; Saini, 2015; Zhou, 2020; Ebrahimi, 2020; Ferreira, 2020)
ta Saccharomyces cerevisiae (ITorarnenko, & Cxkporbka, 2020). Asne BUKOPUCTaHHS
JIOPOTHX CHHTETUYHHX CEPEIOBHII [ KYJIbTHBYBaHHS MTPOMYLICHTIB OyTaHOITy € He-
BUITPaBIaHUM, TOMY 1[0 KOHIIEHTpALIisl IIbOT0 CITUPTY HE TaKa BHCOKA, SIK ITPU BUKOPH -
CTaHHI CepeNIoBHII] 3 MpUpoaHrMHU KomroHeHTamMu (Ckporpkuid, 2018). Jlo peui, BoHU
XapaKTePU3YIOThCS BiTHOBIIIOBAHICTIO, JICIIEBH3HOIO 1 BHCOKAM CTYIIEHEM 3aCBOEHHS
LITaMaMH1 KJIOCTPUALH, IS SIKUX TaKa CUPOBHHA € THIIOBOIO. Y JWKiM MpUpoAl i MiK-
POOpraHi3MH sIKpa3 1 BAKOPUCTOBYIOTh SIK CyOCTpaT Takl Jepena Byriemto. Came To-
My B HAX PO3BHHYJIMCS TIEBHI MEXaHI3MH, IO AIOTh 3MOT'Y IMIBUIKO TepepoOIFOBaTH
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MPUPOIHI CyOCTpaTH B MOXUBHI PEUOBUHU, sIKi HaAajli BKIIIOUAIOTHCS Y MeTabOomi3M
KIIOCTPHJIiaTbHAX KIIITHH.

Taxk, mocmimkeno 3naraicTs Kaitua Clostridium saccharobutylicum DSM 13864 no
cuHTe3y OyTtaHomy. [Ipu bOMy SIK JIKEpENo BYTJICII0 BUKOPHCTOBYBAJH TiIpoJIi3ar
BOJIOPOCTEH, sIKI 00pOOJISIIM TeKCaHOM. Y Pe3yJIbTaTi BUBIJIBHSBCS BEJIMKUIN CHEKTP
BYIJIEBO/IB, sSIKI BUKOpUCTOBYBamMch mramoM DSM 13864 nnst pocty Ta GlocuHTE3y
cnupry. Taka TexHomNOris moTpedyBana AeTOKCHKAITll Yepes3 MiABHUIIEHY KHUCIOTHICTh
TTCIISE TIAPOJI3Y. ABTOPH TaKOXK MEPEBipriIi O10CHHTETUYHI MOMITHBOCTI KIIOCTPHTI i
NpH KYJIBTHBYBaHHI Ha CEpeJOBHILI 3 BUKOPHCTAHHSM TiApOii3aTy BOLOpocTed 0e3
MoTnepeHbol IeTOKCHKaIlii. B pe3ynbTraTi KoHIeHTpallisi 0yTaHOTy 3MEHIMIacs Ha
17% (Gao, Orr, & Rehmann, 2016).

B iHI10MY JTOCITIIDKEHH] aBTOPH ONTUMI3YBAIIM CKJI]| TIOKUBHOI'O CEPEIOBHIIA Ta
yMOBH KyssTuBYBaHHs Kitoctpumii Clostridium beijerinckii YBS3. Ipu tpomy mocii-
JIWJIM BIUIMB OKPEMUX KOHIIEHTPAIiH Pi3HUX JpKepes BYTJICII0 Ha BUXi OyTaHOIy MpH
BupoiyBanHi mrramy YBS3 (Zhou ta iH., 2020). BcraHOBIICHO BIJIMB Pi3HUX KOHIICH-
Tparliii TTIFOKO3M Ta MaCJISTHOI KUCIIOTH B CKIIaJli TIOXKMBHOT'O CEPEIOBUIIIA Ha O10CHHTE3
OyraHouy npu KynpTEBYBaHHI mtamy Clostridium saccharoperbutylacetonicum N1-4
(Zhou, Liu, & Yuan, 2020).

[poBeneHi 1ocitiHKEHHS CTOCOBHO 3AaTHOCTI KJIOCTPUALN MPOAYKYBAaTH OyTaHOI B
MPUCYTHOCTI KMCHIO. B pe3ynbrati Oyiio BUSBICHO, IO IITAMU KJIOCTPU/IiH HE MOXKYTh
POCTH B TIPUCYTHOCTI KUCHIO, ajie MPH CMiIbHOMY KyJIbTHBYBaHHI BOX mitamiB Clos-
tridium acetobutylicum PTCC 1492 Tta Nesterenkonia sp. F MoxxHa d0CsIrTH MEBHOT
cTabiIBHOCTI MpoLieCy HaBiTh y mpucyTHoCTi kucHio. [ltam Nesterenkonia sp. F, 3nar-
HUH CUHTE3yBaTH OyTaHOI, CIIOKMBA€E KUCEHb 3 aTMOC(EpH, BUPOOIIIOUN TaKUM YH-
HOM OyTaHOI Ta iHII MEeTa0OMITH, 10 MOXKYTh OYTH 3aCBO€HI 1 TepepoOIeHi ITaMoM
KIOCTpUii. Y pe3ynbTari KoHIEHTparlisi OyTaHOTy B KyJIbTYpaIbHIN PiJIMHI CTAHOBH -
na 13,6 r/n (Ebrahimi, Amiri, Asadollahi, & Shojaosadati, 2020).

Cepen pekoMOIHAHTHUX TPOAYIEHTIB OyraHomy mociimkeHi mramu Escherichia
coli BUT-3EA ta Escherichia coli BW25113. Lli npoxyiieHTH Ky/lIbTHBYIOTh Ha Bil-
HOCHO JTOPOTMX KOMIUICKCHHX CEpEelIOBHINAX, ajie P IIHOMY KOHIICHTPAIlisl CaMOro
OyraHony B KyJIbTYpaJibHil pifiiHi € Z0cUTh BUCOKOI0 — 30 /71 1t uramy BW25113
(Saini, 2015; Ferreira, 2020).

AIBTEpHAaTUBHUM BapiaHTOM OlocMHTE3y OyTaHOMY € BUKOPUCTAHHS SIK CyOCTpaTiB
PI3HOMaHITHUX BiX0/iB. 1le €KOHOMIYHO BHTiTHO, OCKLIBKH BapTICTh BiTHOBIFOBAHIX
KOMITOHEHTIB BiTHOCHO HU3bKa. TakoK BUKOPHCTAHHS BiIXOMIB Y Oi0TeXHOJIOTii OyTa-
HOJTY € EKOJIOTIYHO JIOILJIFHUM.

Sk GlonorivHi areHTH, 10 BUKOPHCTOBYIOThCS JIJIS OionepepoOKH BIIXO/IB Pi3HUX
BUPOOHHIITB Ta Oi0CHHTE3y OYTaHOITY, BUKOPUCTOBYIOTH TIPHPOJIHI IITAMH Ta TEHHO-
MOM(IKOBaHI KIITHHU KIOCTPUIiH 1 ApixkiB. LI mpoaymieHT! 30aTHi 3aCBOOBATH
TIOKMBHI PEYOBUHH 3 PI3HUX TiIPONIi3aTIB 1 MIPOTIB, MO BUCTYMAIOTh €UHUAM JDKepe-
JIOM BYTJICITIO Ta a30TY, OCKUIBKU KJIIOCTPU/IiT MOXKYTh POCTH HaBiTh IIPH BiJJTHOCHO HE-
BEIMKWX KOHIIEHTPAIIisIX HEOOXIJHUX MIKpOeleMeHTiB. | 0JIOBHOIO yMOBOO IS iX
MPOIYKTUBHOTO POCTY 1 PO3BUTKY € TIOBHA BiJICYTHICTh KUCHIO Y (pepMeHTaIliiTHOMY
CEpEJIOBUIL, TOMY 1[0 BOHH HAICKATh JI0 00JIIraTHUX aHaepoOiB. Tako KOHCTPYFO-
F0Th PEKOMOIHAHTHI IITaMU JPLKIKIB, M0 30aTHI CHHTE3yBaTy OyTaHOI Ta POCTH Ha
CCPEIIOBMIIIAX, B CKJIAJI SKMX € BIAXOAW Pi3HUX BUPOOHHMIITB, aJic TIPH [IbOMY KOHIICH-
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Tpallist CIUPTY B KyJIBTYpasibHil pifnHi € Haaro Hu3bkoro (Wen, 2014; Wen, 2019; Al-
Shorgani, 2019; Bao, 2021; Santos; 2020).

Po3pobieno TexHosorito KynpTuByBanHs Kioctpuin (Clostridium acetobutylicum
SS-2 i Clostridium acetobutylicum SS-5) nist onepkants OyTaHOIy, 1€ K JKepeia
BYTJICIFO ¥ a30Ty BHKOPHUCTOBYIOTH KUTHIN 3aTop. BKazaHi mraMu He I1i1aBaincs
TEHETUYHUM MaHIMYJSIisaM 1 OyNM BUALIEHI 3 HABKOJIMITHROIO CEPEOBHUINA; IITaM
SS-2 — 3 kypsaoro mocmizy, a mram SS-5— i3 cunocHuX siM. HaiiBuia KoHIeHTpa-
1ist OyTaHOITy TIPU KYJIBTHBYBaHHI 000X IIITAMIB JIOCATAETHCS MPH 3Ha4YeHHI pH, 1110 €
Omi3bKKM J10 Hefitpasisroro — 6,5). Kmituau C. acetobutylicum SS-2 i C. Acetobutyli-
cum SS-5 cuHTE3yI0Th BIIHOCHO BEJIMKY KUIBKICTh OYTaHOIy B KYJIbTYPaJbHIN piuHi,
HE TIPOIYKYIOUH TIPY 1IbOMY BEJIMKY KiTBKICTh TOOIYHUX MPOAYKTIB, 1110 BUT1THO BUIi-
€ i ITaMK 3-ToMDK iHImmX kioctpuaiil (Cxporpkuii, Xomenko, Boituyk, & Ilia-
ropcbkuit, 2018).

Sk mKepesio BYTIIEIEO i yac 6iocuHTe3y OyTaHOITy MOYKHA BUKOPHCTOBYBATH Tijl-
pomizar mymmuHH coi (ITupor, Ckponpka, & Ckporbkuid, 2019), sikuii OTpUMYIOTh
NIITXOM KUCJIOTHOTO TiIpOJTi3y JYIIIUHHS COi CONSHOKO KucyoToro nipu 121 °C. Tpu
kysisTuByBanHi Clostridium tyrobutyricum (Aack)-pTBA Ha cepemoBHIIl 3 1M JpKe-
peioM BYTJICII0 CHHTE3Y€EThCsl OyTanon y koHnenrpamii 15,7 r/m (Yu, Xu, Tang, &
Yang, 2015).

I[epenik nmepcrneKTHBHUX MPOAYLIEHTIB CIHUPTIB, SIKI BUKOPHCTOBYIOTHCSI Y BUPOO-
HUILITBI TIIacTU(IKaTOPiB, HABEIEHO B Ta0I. 4.

[pu kKynbTHBYBaHHI TIPOAYLIEHTIB OYTAHOTY MOKE CHHTE3yBaTHCS TIEBHA KiIBbKICTh
1300yTaHoIy, KU MOJKHAa BUKOPHUCTOBYBATH IS OTPUMAaHHS OYTaHOJY IIJIIXOM 130-
MepH3allii, 10 MiBHUIYE IIHHICTh I[HOTO MOOIYHOIO MPOAYKTY MOPIBHSHO 3 IHIIUMHU
CIHPTaMH, sIKi CHHTE3YIOTHCS MiJl Yac KYJIBTUBYBAHHS PI3HHUX IITaMiB KJIOCTPUIH.
Taxk, mig gac kyaeruByBanusa Clostridium beijerinckii YBS3 Tta Clostridium tyrobuty-
ricum Acatl:adhE2 cunTe3yerhest i300yTaHO y KOHIEHTpallii 2, 5 Ta 1 /1 BiamoBigHO
(Zhou, 2020; Wen, 2019).

Ormxe, cepen ycix CHMPTIB, SIKi € OCHOBOIO IpH BUPOOHMUTBI IIacTU(IKaTOpIB,
CIIiT BUOUIMTH OYTaHOJI, IPUPOAHI MPOAYLEHTH SIKOTO CHHTE3YIOTh HOr0 Y BHCOKHX
KUTbKOCTSIX. Takox y mporieci Ky/IbTUBYBaHHS POIYLIEHTIB OyTaHOITy MOMIIMBUIN CHH-
Te3 1300yTaHoMy, SIKUH MOXKHA BUKOPUCTOBYBATH /ISl OTpUMaHHs came OyraHoiy. [Ipu
BOMY IIACTU(]IKaTOPH Ha OCHOBI OyTaHOJY XapaKTepH3YIOThCS BUCOKOIO MIIHICTIO,
€JIACTUYHICTIO Ta CITPABE/JIMBUM BiJHOMICHHSM I[iHU JIO SKOCTI 3-TIOMDK 1HIIIMX CIIO-
JIyK, sIKi BAKOPUCTOBYIOTH IIPH BUPOOHHLITBI IIIACTU(IKATOPIB.

BucHoBkM

Jnst BupoOHHMIITBA MIACTH(IKATOPIB BUKOPUCTOBYIOTh Pi3HI TPYITH CIOIYK — Op-
TaHIYHI KUCTIOTH, (PEHOJM Ta X MOXijHi, 8 TaKoX crupTh. [Ipu boMy CITUpTH Hak -
OLJIBII YacTO BUKOPHCTOBYIOTHCS SIK OCHOBA JIJIs1 BUpOOHHMIITBA TuiacTr(ikatopis. [i
yac 0I0CHHTE3y CIHPTIB 3 BUKOPUCTAHHIM MIKPOOPTaHi3MiB iX MOXKHA OTPUMYBATH Yy
BHCOKHMX KOHIIEHTpAIlil, BUKOPHCTOBYIOUH NPH IIBOMY SIK JDKEpesa BYTJICIIO Ta a30Ty
Pi3HI BiIXOMH MPOMHUCIOBOCTI, IO POOUTH GIOTEXHOJOTII0 CIMPTIB HAI3BUYAKHO Jie-
IEBOIO F €KOIOTTYHOIO.
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A key factor of success for modern companies is the
timely restructuring of business processes, considering the
penetration of digital technologies in all spheres of society.
Approaches to the definition of terms "digitization", "digita-
lization" and “digital transformation” are analysed. Attention
is focused on the need to implement digital technologies in
the activities of business structures for their successful func-
tioning. The main stages of the business digitalization process
are outlined, the need to adjust the architecture of solutions in
accordance with the specifics of companies and business con-
ditions is emphasized. The measures of implementation of di-
gitalization in the business processes of companies that lead to
tracking the parameters of all production operations, their
control and making timely decisions on the need for correc-
tive actions are revealed. On the example of leading compa-
nies, it is proved that the challenges of recent years have
contributed to the restructuring of business processes, changes
in business models, the use of digitalization to ensure the
sustainable development of business organizations in today’s
changing external medium. It is emphasized that the effecti-
veness of business structures largely depends on the innova-
tive and technological potential of each country, the level of
technology development, the ability of the country’s economy
to develop in the context of digital transformations, which are
increasingly taking place every year. The rating of countries
by the level of network readiness is analysed, the place of Uk-
raine in this rating is determined. It is emphasized that despite
the complexity of modern economic conditions in Ukraine,
the government is working to increase the cyber resilience of
the state and further improve digital technologies in all sphe-
res of life. Such measures show that digitalization in Ukraine
is gaining momentum and is the key to the survival and furt-
her development of domestic business structures.
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AIDKUTANI3ALUIA BIBHECY AAK 3AMNMOPYKA
3POCTAHHA KOHKYPEHTOCINPOMOXHOCTI TA
yCcnIWHOro PO3BUTKY KOMMNAHIW Y AUHAMIYHOMY
CEPEAQOBMULLI TOCNMOAAPIOBAHHA

H. C. Cxonenko, O. M. Kupuuenko

Hayionanonuil ynisepcumem xapuoeux mexHonozii

I. B. €BceeBa-CeBepuna

Kuiscokuu nayionanonuu ynieepcumem imeni Tapaca Llleguenxa

Kmiouosum paxmopom ycnixy cywachux KomMnauii € e4acha nepebyoosa OizHec-
npoyecis, 6pAxX06yIOUU NPOHUKHEHHS! YUPPOBUX MEeXHONO02I 8 YCi cihepu scummsi Cy-
cninvemea. [poananizoeano nioxoou 00 GUIHAYUEHHs. MEPMIHIE «OUUPDPYBAHHSY), «YU-
Pposizayisy, «diddcumanizayisy ma «yu@posa mpancopmayisy. Akyenmosaro yea-
2y Ha HeOOXIOHOCE IMIIEMEeHMAYIl YuPPosUX MexHoNozIl y JistbHicmb Oi3Hec-cmpy-
Kmyp 07151 ychniunoeo ix ¢ynxyionyeanns. OKpecieno 0CHOBHI emanu npoyecy 0iodicu-
manizayii Oi3necy, HACONOUIEHO HA HeOOXIOHOCMI NPOBeOeHHsT KOpU2yeahsv apxime-
Kmypu piuiens 6i0nosioHo 00 cheyudhixu JisibHOCMI KOMIAHIT Ma YMO8 20CH00apio-
eanms. Poskpumo 3axoou imnaemenmayii yugposizayii' y OizHec-npoyecu KOMNAHIL,
Wo npu3600ams 00 GiOCMENCEHHS NApamMempie YCix sUpOOHUUUX onepayill, iX KOH-
MPOJIFO MA NPULTHAMMSL 4ACHUX PIeHb NPo HeoOXIOHIcMb Kopueyrouux Oiil. Jioocu-
manizayis 3a6e3neuye nionpueEMCmedm KOHKYPEeHmHI nepesazu y 6Cix Hanpamax Oisio-
HOCHI, WO Gi000PANCAEMbCSL 8 ONMUMI3AYTT BUPOOHUYUX NPOYECis, NPUCKOPEHHI 00-
CIY208Y6AHHSL KIIEHMIB, NOKPAWEHHE IKOCMI 20m0o60i npodykyil (nociye). Ha npuxiadi
NPOGIOHUX KOMNAHIN 008E0CHO, WO GUKIUKU OCMAHHIX POKI6 Cnpusiiu nepedyoosi Oi3-
Hec-npoyecis, 3MiHi OizHec-Mooenell, 3aCmoCcy8antio Oioxcumanizayii 0s 3abe3neueH-
H5l CMIEIKO20 PO36UMK) DI3HEC-0peaHiz3ayiil Y CYyHACHOMY MIHIUBOMY 306HIUHbOMY Ce-
peoosuwi cocnodaprosanns. Haeonoweno, wo eghexmugnicme OistnoHocmi Oiznec-
CMPYKIMYD 3HAYHUM YUHOM 3AIeHCUMb Bi0 THHOBAYIIIHO20 MA MEXHOIO2IYHO20 NOMEH-
yiany KOJICHOI KpaiHu, pIiGHs PO3GUMKY MEXHON02IU, 30AMHOCHI eKOHOMIKU KpaiHu
POo36UBAMUCS 8 YMOBAX YUPDPOsUX mparchopmayill, sKi 6i00yearomucs 0edani aKkmus-
Hiwe. [Ipoananizoeano pevimune Kpait 3a piGHeM MePedce8oi 20mo6HOCHI, BU3HAYEHO
Micye Ykpainu 6 ybomy peumunzy. AKYyeHmosaHo yeazy ma momy, woypsio npayroe
HAO NIOBUWEHHAM KiDepCmilikocmi 0epiicasu ma nooaibuuM YOOCKOHANEHHIM Yu-
@posux mexHonoeiti 8 yCix cgpepax sHcumms, He38aANCAUU HA CKAAOHICHb CYYACHUX
YMOo8 20cnodapiosantsi 8 Yxpaini. Taxi 3axo0u ceiouams, wo dioxcumanizayis 6 Yx-
paini Habupae 06epmig i € 3aNOPYKOI0 BUINCUBAHHS MA NOOATLUIO20 POZGUMKY GImMHYU3-
HAHUX DI3HEC-CIMpPYKmyp.

Kniouogi cnosa: oiosicumanizayis, yugposizayis, yugposa mpancgopmayis, 6iz-
Hec-npoyec.

INocranoBka npodsemu. /luHami3M i HeCTaOLTBHICTH 30BHIITHBOTO CEPEIOBHIIIA,
Herepen0avyBaHICTh BIUIMBY 3HAYHOI KUIBKOCTI YMHHHKIB Ha JiSUTbHICTD Oi3HECOBHX
CTPYKTYP IPU3BEIIH JIO0 CYTTEBUX 3MIH Y ITPOLIECAaX T'OCIIOAAPIOBAHHS OLTBIIIOCT] BITUH-
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3HSHMX MianpueMctB. [IIBUIKiCTh amanTarlii rapaHTye BTpUMaHHS JOCSTHYTHX TTO3H-
IiH 1 MOXKITMBICTB ITOJAJIBIIIONO iICHYBaHHS Ta PO3BUTKY CYO’ €KTIB TOCIIOIAPIOBAHHSI.

Buxmkn chOroieHHs Ta TUHAMIYHICTD 30BHIIIHBOIO CEPE/IOBHUINA CYTTEBO BIIJIN-
BarOTh Ha 3MIHY TIJXOJIB 10 BeleHHs Oi3Hecy. /[ BTpUMaHHS Ta PO3BUTKY KOHKY-
PEHTHHX TIO3UIIIH Ha PUHKY CYO’ €KTH TOCTIONAPIOBAHHS IPAIIOIOTh Y HAMIPSIMKY OIMTH-
Mi3alii BAPOOHUYUX TPOIIECiB, TPUCKOPEHHS 00CITyrOBYBaHHS KITi€HTIB, TIOKPAICHHS
SIKOCTI TIPOIYKITIT IIITXOM Tepe0yIoBH Oi3HEC-TIPOIIECIB.

Mera 6i3Hecy TpaHc(OpPMYEThCS Bijl OTPUMAaHHS MTPUOYTKY /IO MPOIIOH yBaHHS HAl-
Kparoi NpoHo3uLil KIIEHTY B MAKCHMAJIbHO KOPOTKHUI Nepioz Yacy Ta 3abe3nedeHHs
IIHHOCTI JUIS BCIX CTEHKXOJIECPIB KOMIIaHii.

Haii6inpmiMuy 3MiHaMu U BeJIEHHI Oi3HECY MPOTSATOM OCTaHHIX POKIB, BiIMOBiJI-
HO 110 nocimkeHb komnadii ACC (Pesynbsraru onutyBanHst, 2021), € 3anpoBaKeHHsT
TiOpUAHOrO POOOYOro Mporecy, Ai/PKATATI3AIlS POOOUYHX TPOIECiB, po3podKa HOBUX
CTpaTeriii aHTUKPU30BOIO YIIPABJIIHHS, BIIPOBA/KEHHS CTIHKUX Oi13HEC-MOJIeIeH.

AHaJgi3 ocTaHHiX JocaiTKeHb i myQmikamiii. JlociipKeHHIO ADKATATI3AI, 1H-
(pogiii mepeOy0Bi Oi3HECY MPHUCBIMEHO 3HAYHY KIJIBKICTB ITpallb 3apy0iKHUX 1 BITUH-
3HSHHUX BYEHUX CHOTOJICHHS.

3apy6ikai BueHi (Kraus ta iH., 2022) npuIiJsItOTE OCOONIMBY YBary aHamizy KaTero-
PiaJIBHOTO amnapaTa, CAHOHIMIYHIM BHPAa3aM, 1110 aCOLIIOIOTHCS 3 TiIKUTANI 3a1i€ro 013-
HECy Ta JIOCJIi/PKSHHSM TTONMPEeHHS [upoBi3allii Ha Oi3HeC-CepeIOBHIIIE.

JocniqHUKY PO3KPHUBAIOTH MiJIXOAW 10 BU3HAUEHHS TEPMiHIB «OLH(PYBaHHSI,
«umpoBizaLlisy, «IKATAT3aID Ta «IudpoBa TpaHcopMallis», M0 YaCTO BUKO-
PUCTOBYIOTBCS SIK B3a€EMO3aMiHHi. Po3yMiHHS BiIMiHHOCTEH MiK OLM(pYBaHHIM Ta
udposizamieto (onudpyBaHHs Ta TDKATANI3ALIN) € KPUTUIHO BAXKJIMBUM TIPU PO3-
poOIIi cTparerii KOMITaHii.

OumndpyBaHHs — 1ie Mpolec nepeTBopeHHs iHpopmarii 3 ¢izuuHoro ¢popmary B
1QpoBY BepCiro, TOMI K JIHKATANIZAIS — 1€ MPAKTHKA BUKOPUCTAHHS TEXHOJIOTIH
JUTSL TIOKPAIIIeHHsI KOPIMOPAaTHBHUX TpotieciB. To0To ommdpyBaHHS CTOCY€EThCS iHOOP-
Mallii, TOZi SIK Ji/pKUTaII3aLis cTocyeThes nmpoueciB. Lludposa Tpancdopmariis nepes-
Oavae 3MiHy A1JI0BOI aKTUBHOCTI, MOJIEJI Ta KOMIIETEHLIIH 3 METOI0 BUKOPUCTaHHSI HO-
BUX JIOCTYITHHUX TexHOJorii. Opranizauii npoxoAsaTs HupoBy TpaHCPOpMALIii0, KOJIH
BIPOBA>KYIOTh HOBI Ta KpeaTHBHI 013HeC-MO/Ieli, 3aCHOBaH1 Ha TEXHOJIOTTYHMX JI0CS-
rHenHsx. [{udposa Tpanchopmartis — 1e Ge3nepepBHAIN MTPOIIEC, IO CTOCYETHCS TIe-
peTBOpeHHs MU(POBUX JAaHWX HA JI€BI i/1€l, 3ampoBaKeHHs] HOBUX Oi3Hec-Moeneit i
3MIHU crioco0y BeaenHs 0i3uecy (Malak, 2022).

¥ rocapii (Gartner, 2022) 3a3Ha4a€ThCs, 0 onU(pyBaHHSI — IIe TIPOIIEC IepeXo-
Iy 3 aHAJIOroBOi (hopMHU B IU(PPOBY, TAKOK BIIOMHUI K U POBE 3a0e3meueHms. Inak-
IIe KaKy4dd, onudpyBaHHs Oepe aHaJIOrOBHI IIPOIEC 1 IIEPEBOAUTE HOTO B ITU(GPOBY
(dhopMy 0Oe3 OyIp-IKMX IHINMX 3MIH y caMoMy Iporeci. JimKuram3aris — Ii€ BUKO-
PHCTAHHS IU(GPOBUX TEXHOJOTIH I 3MIHH Ol3HEeC-MOIEN Ta 3a0e3IeUeHHsT HOBUX
MOXKJIMBOCTEH OTPUMAHHSI JIOXOIIB 1 cTBOpeHHsI iHHOCTI. [le mporec nepexomy J1o mu-
(posoro OizHecy.

OuundpyBaHHs 03HaUa€ CTBOPEHHS LM(POBOrO MPEACTABICHHS (PI3UYHUX 00’ €KTIB
abo arpubyriB. [{udposizaris — 1e 3abe3rneueHHs a00 BJOCKOHAICHHS MPOIECIB IS -
XOM BUKOPHCTaHHS MU(POBUX TEXHOIOTH Ta orpidpoBannx nanux. [udposa TpaHc-

46 —— Hayxoei npayi HYXT 2023. Tom 29, No 1 ——



ECONOMY, MANAGEMENT AND MARKETING

(hopmartiss — 11e hakTHUHO TpaHchopMartist Oi3HeCy 3a JormroMororo udpogizartii (Gup-
ta, 2020).

Jimxuramsarisg (mudposizaris) nepegdadae, 1o gai 3 yciel opragizarii Ta 11 ak-
THUBIB 00pOOJISIIOTECS 3a TOIIOMOI'OI0 IEpeIoBUX MUGPOBUX TexHomorii. Ile cruprun-
Hsie pyHIaMEHTAIBHI 3MiHN B Oi3HEC-TIpOIIecax, siKi MOXKYTh ITPU3BECTH JI0 HOBUX 0i3-
Hec-MOJIeJIeH 1 comianpHuX 3MiH. 3a TONOMOror0 aBTOMATH3aLii Ta HUPPOBUX TEXHO-
JIOT1H TTIPHEMCTBA MOYKYTh PO3KPUTH HOBY IIHHICTH JAHUX, SIKi OYyJIM arperoBaHi 3a
JIOTIOMOT'OF0 OIE(ppYBaHHS, CTUMYJIFOBATH OpraHizaIiiHI 3MiHH Ta CTBOPIOBATH HOBI
0i3Hec-Mozeni. 3aranpHui epekT nudpoBizalii B opraHizawii Ha3UBaEThCS U(POBOIO
Tpanchopmartiero — e OisbIie mporiec, Hixk pe3yastat (Prause, 2020).

VY npari (Heavi, & Power, 2018) aBropu HarosomryrotTh Ha HEOOXiTHOCTI iMIIie-
MEeHTaIlii MU(POBUX TEXHOJOTIH Y MISIBHICTh Oi3HEC-CTPYKTYp ISl YCHINIHOTO X
(GYHKITIOHYBaHHS, aKICHTYIOTh yBary, 1o mudposa TpaHcopMallis CIpusie TiIBuU-
HIEHHIO e()eKTUBHOCTI Ta Pe3yJIbTaTUBHOCTI JisUTbHOCTI KOMITaHiH.

VY BITYM3HSHIA HAYKOBil JHiTepaTypi TEpMIHM «IM(POBI3AIisH Ta «IiJPKHTAII3a-
IS € CHHOHIMAaMH, 1110 OOTPYHTOBYETHCS MOMUIMBICTIO Tiepekany nonstts «digitali-
zation»3 aHIJIiiChKOI MOBH.

Bitumsssi mocmimaviku (YcreHko, & Pycpkux, 2019) BBaXKarOTh, 110 JIiPKATAT-
3a1list sIBJIsIE€ COOOI0 KOPIHHI MEPETBOPEHHS, SIKi 3HAXO/SITH BUSIB Y TTIMOOKOMY MTPOHHK -
HEHHI TU(POBUX TEXHOJIOTIH y Oi3HEC-TTPOIIECH, X ONTHMI3aIlii, MTiABUIICHH] TPOIyK-
THUBHOCTI Ta TOJIITIIEHH] KOMYHIKaliiiHOi B3aeMoii 31 cokuBadamu. Kirouoa o3Ha-
Ka moAiOHMX TpaHchopMarliii — 3HauHI MOKPAIIEHHS B epeKTUBHOCTI (PYHKIIOHYBaH -
HsI Oi3HEC-TIPOIIECiB, CKOPOUCHHS TPOLIIOBUX 1 YACOBHX BUTPAT Ha 1X MIITPUMKY.

Takoxx 3a3HauaeThes (JlironeHko, Xpinko, & J{omancekwii, 2018), mo mimkuTam-
3allis € HeOOXITHMM TIPOLIECOM PO3BHUTKY CYYacHHX IMiAMPHEMCTB B YMOBaX HEOCKOHO-
Miku. BoHa MOKJIMKaHa CIIPOCTUTH Ta MIPUCKOPUTH POOOTY 3 BEJIMKUMU 0a3aMH JIaHUX,
3a0e3MeYNTH aBTOMATHU3AII0 BCIX BUIIIB MisSUTBHOCTI (OCHOBHOI Ta JIOMOMDKHOI, Ortepa-
LiiHOI, IHBECTUILIIHHOI, iHAHCOBOT), OKPAILIEHHs] KOMYHIKaLil 3 KJIieHTaMu, rocraya-
JbHUKAMHU Ta MApTHEPaMH Ta BCIMa IHCTUTYTaMH 30BHILIHBOTO CEpeOBUILA, (HOpMY-
BaHHS HOBHX 3aCaJl B3a€MOJIii B MEXKax MiAMPUEMCTBA — MK MAPO3IiIAMY, TIPAITiB-
HHKaMH, MEHE/PKMEHTOM, ITEpPEeXiJl 10 HOBHX OpraHi3alliiHuX ()OopM rocrofaproBaHHs
(MepexeBa Ta BipTyaJlbHa €KOHOMIKA).

VY mpaui (Ycrernko, & Pycwkux, 2019) BU3HaIOTh, IO JiDKUTAI3aLis Oi3HECY CTa€e
HEBiIBOPOTHOIO TEH/ICHIIIEI0, ITHOPYBAHHS SIKOI € O3HAKOKO BiJICTAJIOCTI i HEBIIOBIJI-
HOCTI cy4acHMM BuMoram. CTpaTerivyHi 3aX0my OO IMiIBUIIEHHS KOHKYPEHTOCIIPO-
MOXKHOCT] OyJIb-SIKOTO €KOHOMIYHOIO CyO’€KTa MOBMHHI Peasli3oByBaTUCA B IUIOIIMHI
Horo g poBoro BUMIpy.

TonoBHOMO ocobmuBicTro mipkuTamizarii (I'yperko, & [amnyrina, 2018) Ha3uBaroTh
CTBOPEHHS YMOB JIJIs OUTBIT KOM(OPTHOI 1 OrepaTUBHOI B3a€MOIii Oi3HECY Ta CIIOMKH -
BauiB.

VY cydacHHX yMOBaxX TOJNIOBHHMHM YHHHHUKAMH PO3BUTKY TPOIIECIB JIIJHKUTAITIZAIIT
cratoth (I'ypenko, & lamryrina, 2018): mosiBa HOBITHIX IU(POBUX TEXHOJOTIH, Qop-
MyBaHHS HOBHX TIOTPeEO 1 3aIUTIB CTIIOKMUBaUiB (Opi€HTAIlisl HA €KOHOMIFO Yacy, IMOIIYK
1 mpuaOaHHS TOBApIiB 32 YITKAMH ITapaMeTpaMHu); CTBOPEHHS HOBHX IIHHOCTEH, BIIac-
THUBOCTEH TOBapiB; 3MiHa yMOB KOHKYPEHTHOTO CEPEIOBHIITA.
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Merto10 A0CTIZKEHHS € BH3HAYCHHS 3[aTHOCTI €KOHOMIKHM KpaiH pO3BUBATHCS B
yMOBax uncbpom/lx TpaHC(bopMaum BUSIBIICHHS TIEpEBar TpaHC(bopMaun (mepedymo-
BH) JsUTBHOCTI KOMITaHiH 3a paxyHOK TipKATaI3aIii Oi3HEC-TIPOIECiB IS yTPUMAHHS
JOCSTHYTHX PHHKOBUX TTO3HIIIH 1 3a0€3MeUeHHs TOJJAIBIIOrO PO3BUTKY.

Marepiamm i MeTonu. Y mporeci J0CTiIKEHHS BUKOPUCTAHO CYKYITHICTh 3arajib-
HOHAYKOBUX 1 CIIEIIaJTFHUX METO/[IB HAYKOBOT'O Mi3HAHHS, 30KpeMa: aOCTPaKTHO-JIOT1-
yHUU (JUIs1 OOTPYHTYBaHHSI TCOPETUUHHX y3arallbHeHb, ()OPMYITIOBAHHS BHCHOBKIB);
CHCTEMHO-CTPYKTYPHOTO aHalli3y, ()OpMajbHOI JIOMKMA Ta HAyKOBOI abcTpakmii (s
BU3HAYEHHS CYTHICHOI XapaKTEPUCTHKHU KIIFOUOBUX MOHSITH); 1HIYKTHBHUI METOII 1 Me-
TOJI TPYIYBaHHs — Y TIporieci 300py Ta 00poOkH iHpopMallii; eKOHOMIKO-CTaTHCTHY-
HUM, IHISKCHUI METONH (1)1 OIIHFOBAHHS ITOKA3HUKIB Ta IHIUKATOPIB MEPEIKEBOI I'0-
TOBHOCTI KpaiH).

Jnst 300py HEOOXiTHUX IaHUX I0/I0 HAIPSIMKIB IHHOBAIIHOTO Ta TEXHOJIOTIYHOT O
TIOTEHIIIaNy KpaiH, piBHS PO3BUTKY TEXHOJIOTIH, 3IATHOCTI EKOHOMIKH KpaiH po3BHBa-
THUCS B YMOBax IU(POBUX TpaHCQOpMAIliid OMpar-oBaHO iHPOPMAITit0 TIPO PIBEHb Me-
pexeBoi TOTOBHOCTI KpaiH cBiTy 3a 2019—2021 poku (Network Readiness Index,
2019—2021).

BuxJiaieHHs1 OCHOBHHX Pe3yJbTaTiB A0C/iKeHHs1. PO3BUTOK iHHOBAIIIHHNX TeX-
HOJIOTIH 1 3aC00iB KOMyHIKalliil, IPOHUKHEHHS [U(POBUX TEXHOJIOTIH, aBTOMATH3ALII]
Ha BCi PiBHI JKUTTS Ta €KOHOMIKH, TOPH30HTAIbHA Ta BEPTHKAJbHA iHTerpallis iHdop-
MaIliHUX TEXHOJIOT1H, IIOETHAHHS PiI3HUX TEXHOJIOTIH, CTBOPSHHS HOBUX KiOepCHUCTEM
Ta IITYYHOTO HTENEKTY 3MiHIOE Oi3HEC-MOozesi Ta crocoOM BEAEHHS Cy4acHOro 0i3-
HECy.

AKXTyaJlbHUM HaIpsIMKOM € JiJDKuTasIi3allist 0i3Hecy, To0To «idposa TpaHchop-
Mallisp» CyCHiJIbCTBA I €KOHOMIKH, POHWKHEHHS iH(opManiiiHuX Ta nuppoBUX TEX-
HOJIOTIH B ycCi Oi3HecC-Tporiecy Ta chepy KHUTTS CYCIIJIBCTBA 3 METOIO 1X ONTHUMi3aIlii
Ta aBTOMATH3allil, IMiABUIICHHS MPOIYKTUBHOCTI, ITOKPAIIIEHHS KOMYHIKaIlil, PUCKO-
pEeHHs 00CITYTOBYBaHHS KJTi€HTIB, 30UTBIIIEHHS 1X JOSITHHOCTI /IO KOMTIaHil.

[pouec mimxuranizanii 6i3necy BinOyBaerses B Tpu eranu (['ycesa, & Jleromino-
Ba, 2018):

1. Anani3 xommaHii, HocTaHOBKa METH 1 po3poOKa crpaterii. [IpoBeaeHns ananizy
BCiX Oi3HEC-TIPOLIECiB 1 CTPAaTEriYHUX aKTHBIB KOMIIaHIi: BUSBJICHHS OCHOBHUX MPUYHH
HEeJOOTPUMAaHHsI LIHHOCTI, BU3HAYCHHsI e()eKTUBHOCTI PoOOTH BCiX i BiALIIB, BUPOO-
HUILITBA, BHYTPILIHIX 1 30BHIIIHIX KOMYHIKallil, OLIHIOBAHHS CTPATETTYHOIO PEe3yJIbTa-
Ty BiJ] 3aCTOCYBaHHSI Ji[XKUTAJI-TEXHOJIOT1i, B OCHOBI SIKUX CITPOIIIEHHS O13HEC-TIPOIIe-
CiB, BpaxyBaHHSI PU3HKIB, PO3pOOKa JIiPKUTAII-METOMOJOTIT MO0 OTPUMAHHS IIiH-
HOCTI.

2. BripoBapkeHHS TiDKATAT-TEXHONOTH. BUOIp AiKuTan-iHCTpyMeHTIB, BIPOBa-
JOKSHHSI SIKUX TIepe0avac M poBi eKCIIEPUMEHTH JIIS IBHUIKOTO, KTl EHT-IIEHTPHIHO-
TO IHHOBAIIHHOTO PO3BUTKY 3aJUTS TIONIMPEHHS IHHOBAI[IMHOI CIIPOMOXKHOCTI, 3aIpo-
BaJpKeHHs TuiatdopM mporpaM 3 low-code, ski Iar0Th 3MOT'Y IIBUIKO PO3rOpTaTH Ta
MacmrTaOyBaTH eKCIIepUMEHTaNbHI Oi3Hec-noaaTku. TpaHcdopmartiitai miathopMu
3a0e3Mevyr0Th BUIUMICTD Oi3HECY, MOKPAIyIOTh 00CIYrOBYBaHHS KJIIEHTIB Ta BUCOKY
eKCILTyaTalliifHy e(heKTHBHICTh HOBOBBE/ICHb.
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3. AHani3 orpumanux pe3ynbTariB. [IpoBeneHHs aHaizy eeKTHBHOCTI HiKUTAII-
pillieHb, 3MiHHM JTUHAMIKA OTPHMAHHS JIOJATKOBHX JIOXOIB Y pa3i HeOOX1THOCTI Kope-
T'YBaHHSI apXITEKTYpPH PillICHb.

CydacHa Tparcgopmaltist 6i3Hecy HeMOXIHBa Oe3 JifpKUTati3arii 0i3Hec-TporieciB
mianpuemctBa. [lin mimpxuranizariero (udpopizariero) Gi3HEC-TIPOIECiB PO3yMIIOTh
aBTOMATH3AIlII0 KITFOYOBUX (OCHOBHUX), JOMIOMDKHUX (IIATPHIMYIOUHX, 3a0€3edyBa-
TEHKX) Oi3HEC-TIpoIieciB 1 Oi3HEC-TPOIECIB YITPABJIIHHS 33101 1X ONTUMI3allii Ta -
BUINCHHS e(peKTHBHOCTI (PyHKITIOHyBaHHS ITiIMPHEMCTBA, y SKIH BiOyBaeThes Oi3HEC-
nporiec (JTazeonuk, & Boitrenko, 2020).

Hudpogizaris okpemMux Oi3HEC-TIpoIIeciB Nepeadadae MoCiJOBHY IMIUIEMEHTALIIF0
TaKUX 3aXOJiB: 30MpaHHs iH(OpMaLii Mpo Oi3HEC-IIPOoIIeC, HOro MOJICIIFOBaHHS, 1/ICH-
TUQIKaIlis; BUSBJICHHS MiCIIlb BUHHKHEHHS, 00OpOOJIEHHs Ta CIOKUBaHHSI 1H(OpMallii;
MOJIeNIOBaHHs iH(opMaIliitHuX Oi3Hec-TIpoIeciB y paMkax Oi3Hec-TporeciB; Moaudi-
Kattist iH(OpMaIIiiHOI CUCTEMHU 3 YpaxyBaHHSM IIi€i MOJIENi; CTBOPEHHSI aBTOMATH30-
BaHOI iH(pOPMAITIHOI cUCTeMH (32 JTOMOMOTOF0 arlapaTHO-IIPOrpaMHUX 3ac00iB); KOH-
TpodiHT Oi3Hec-porieciB ((ikcarrist mapameTpiB Oi3Hec-TporieciB B iHGopMariiiHili cu-
creMi, ITOCTaHOBKA IUIaHIB, CTBOpeHHS 3BiTHOCTI Tomo (JIazeOnuk, & Botirerko, 2020).

JimxvTarmizariis 0i3Hecy € Oe3rmepepBHUM IIPOLIECOM: BIIPOBAIKEHHS B POOOTY KOM-
MaHIli OyIb-SIKOro IIPOrpaMHOro 3a0e3rneueHHs! O0IPYHTOBYE HEOOXIIHICTE MOro MOCTI-
HOTO OHOBJICHHSI Ta TIOKPAIIICHHSI BiJIMOBITHO 10 HOBUX HAIPSIMKIB HA PHHKY TEXHOJIO-
riyHuX po3po0ok. OpHak mugposizamis Oi3HEC-TIPOIECIB CTa€ HEBIUILILHOK YaCTH-
HOIO YCHILITHUX TiINPHEMCTB.

3acTocyBaHHS JiKATANI3aALi1 CTBOPIOE HU3KY KOHKYPEHTHHX MepeBar MiJprueMC-
TBa B PO3pi3i OnepaniiHuX NpOIEeciB, MiJBUIIYIOUN TXHili PiBeHb TPAHCIIAPEHTHOCTI Ta
MOXKJIMBOCTI BYaCHO MPUHHSATH YIPABJIHCHKE DIllIeHHsI, MUTTEBOro 0OMiHy iH(opMma-
Ii€10 MK KOMIIETEHTHUMH CITiBPOOITHUKAMH, 311 ICHEHHSI IPEMKATUBHUX MapKETHH -
TOBMX JIOCIIDKEHb 1 CTBOPEHHSI CUCTEMHHUX ITIIXOMIB 10 pearyBaHHs. OpraHizamiiHi
BITOBIZII HA CHUTHAIM PU3MKOBUX 3MIH 32 paXyHOK AlIKHTaimzamii (opMyroThCs Ha
MPUHIMIIAX Y3rOLKEHOCTI, BYACHOCTI, IIEBOCTI, 3armo0iranHi kpu3oBux craHosu (I'y-
ceBa, & Jlerominosa, 2018).

Knayc I1Isad (Schwab, 2016) ctBepmxye, M0 JiHKUTATI3ALIST COPUSITHME POCTY
CBITOBOro 06ararcTBa Ta 3MEHIICHHIO HEPIBHOCTI MK PO3BUHYTUMH Ta 1HIIUMH Kpai-
HaAMH.

V (Schwab, 2016; FOpuak, 2017) Bu3HAYEHO OCHOBHI ITEpPEBATH [T [HKHTAII3aIi1:

1. BesnpeneaentHe (MO €KCIIOHEHTI, a HE JHIMHE) 3pOCTaHHS MBHIKOCTI, 00’ €My
Ta BIUIMBY iHHOBAL[, 10 3a0€3M€YNTh 3HAYHE MiABUIICHHS e(heKTUBHOCTI, MPOTYK-
TUBHOCTI T2 CKOPOYCHHS BUTPAT.

2. BesnpenieieHTHE 3pOCTaHHS TAHUX 1 MOYKIIMBOCTEH TX BUKOPUCTAHHS JUTSI HOBHX
TEXHOJIOTIH, 110 OOTPYHTOBYE Kpallle 3aTy4eHHs] Pi3HUX BEPCTB PO3POOHUKIB — KO-
pUCTyBaUiB — KINEHTIB U CIPUsE PO3BUTKOBI.

3. lItydnuii iHTENEKT CTa€ peabHICTIO (MacoBa poOOTH3Allis, PO3BUTOK OI0TEXHO-
JIOT1H).

CyuacHi nocnigauku (BeperennnkoBa, & Ycrumenko, 2021; Jlironenko, Xpirko,
& Jlomancekuii, 2018) Bim3HAYArOTH ¥ 1HIII TIEPEBAry JIiHKATANI3AI] Oi3HEC-TIPOIeciB
(omrTMMI3aITiS TA CIIPOIIEHHS MU(PPOBHX TAT(HOPM; YIOCKOHATICHHS METOJIIB PO3p00-
KU CTparterii BeleHHs Oi3HECY; CIIPOILCHHS POOOTH 3 iH(POPMAIII€r0, IBUIKUI TOCTYII
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JI0 OyIb-SIKUX JTAaHWX ITiIPUEMCTBA, SIKICHA, IIBUKAa 00poOKka Ta (hopMyBaHHSI 3BITiB,
MIJIBUINCHHST PIBHS KOHTPOJIFO Ta SKOCTI aHAJITHKH; 3POCTAHHS MPOJAYKTUBHOCTI Ta
3MEHITICHHST BUTPAT; MiIBUIICHHS e()eKTUBHOCTI pOOOTH MPAIliBHUKIB; TPUIIIBUIIIICH-
HSl JIMCTAHITIHOI KOMYHIKAIIl TIPAI[iBHUKIB 1 KJIEHTIB (HASBHICTH 4aT-0OTIB); MiHIMi-
3aI1isi TOMIJIOK y PO3paxyHKaX, aHAJITHUII Ta TUITAHYBaHHI, BUCOKHH PIBEHb 3B’SI3KY 3
KITIEHTAMH Ta IUTHOBOKO AyAWUTOPIEI0; 1HAWBIIYyaLHUN MiIXiA 0 MOTpeO KITEHTIB,
MOKPAILCHHS Ta TIPUCKOPEHHS 00CITyrOBYBaHHS KITIEHTIB; TiIBUIIIEHHST KOHKYPEHTO-
CIPOMOYKHOCTI Ta MOKPAIIEHHS IMIJPKY MiANPUEMCTBA BKa3yIOTh HA MOXITMBI HEJOII -
ku 1u(posizanii (TpuBane oundpyBaHHS JAHUX, HEOOXITHICTH PErYISIPHOrO IiJBH-
nieHHs kBautiikaiii mpaniBHUKiB y cdepi [T-Texnomnoriit, morpeda y ssKiCHOMY TeXHi4-
HOMY OCHAIIICHHI Ta CBOEYACHOMY OHOBJICHHI JaHUX, HEOOXIiJHICTh ITOCTIMHOI TeXHIY-
HOI IATPUMKH, TMOCTiHA yBara J0 HOBOBBEJICHD Y Tajly3i, CKOPOUCHHS IEPCOHAY;
BIJICYTHICTh €JUHOI MJIATQOPMH IIOAO YIPABIIHHS MiIIPUEMCTBOM; 30epeKEHHS Jia-
HUX Yy PI3HUX cHcTeMax 1 0azax; BUCOKI BUTpATH Ha iHTErpaliio pisHUX iH(OpMaIliii-
HHX CHCTEM, HEOOXITHICTh y OB 0013HAaHOCTI PO KibepOe3reKy Ta KoHQiIeHIIik-
HICTb JIAHUX).

Tpanchopmariii B TisUTBHOCTI KOMITAHIH MOXKYTh TIPOXOJIUTH 32 JIBOMA CIICHAPI SIMH:

1. IT Transformation — 1ie 3amoBHEHHs MpOraauH MiXx Oi3Hec-(yHKItisMu Ta IT-
(GYHKUISIME, L0 TIOJISITae B PETENbHOMY aHalli3i Oi3HeC-MpoLEeciB, iX MepeocMHUCIICHH,
niepeOyIoBi Ta (hOPMYBaHHIO CTPATETIT MOAAIBIIION0 PO3BUTKY KOMITaHIH.

2. Digital Transformation Service moB’si3aHuii i3 MOKPAIIEHHSAMH iCHYIOUHX MIPOLIE-
CiB, sIKi paHie Oynu nepeBeeHi B TUPPOBUI MPOCTIp, ane MoTpeOyIOTh Py BIOCKO-
HaJICHb, 0a3YIOUMCh Ha JJAHUX aHA3Y 3a IIEBHUH MpoMiKOK Yacy. [ndposi Hampalio-
BaHHS, BIIMOBIIHO 10 criendiku OizHec-omepariii, MOXyTh OYTH CIIpsIMOBaHiI B Ha-
NPSIMKY TIPUIIBHIIICHHST 00CITyrOBYBaHHS CIIOKMBAYiB, POSIIMPEHHS MOCTYT OHJIAHH
3aMOBJIEHb, IIBUKOI peaKilii (3BOPOTHOrO 3B’ A3KY) «BUPOOHUK-CIIOKUBAY.

Edexr Bin nudposoi TpanchopMariii MOXHa OLIHUTH 3a JOIOMOI'OI JOCSTHYTHX
pe3ynbTaTiB poObOTH KOMTMaHi1 (ITiIBUIIIEHHS IHBECTHIIIHOI TPUBAOIMBOCTI, 3MEHIIICH-
HS pYTUHHHX 3aBJIaHb 31 30MpaHHsI Ta arperauii JaHuX y 01K BUKOHAHHS aHAJITHIHUX,
CKOPOYEHHS TEPMiHIB iArOTOBKH KOHCOJIJOBaHO! (DiHAHCOBOI 3BITHOCTI TOLLO).

Bomnodac nmdpoBa Tparchopmaltiss — I1ie He JIMIIIE TEXHONOTI1, a i 3MiHa KYyJbTY-
pu BeepeauHi kommadii. Tak, Ha 0COOJMBY yBary 3aciIyroBY€E i DKUTANI3ALIsI TPOLe-
ciB ['pynu MerinBect. BoHa yHikajipHa THM, 1110 KOMIIaHi€0 30y10BaHuMi 1 TiATPUMY -
€THCSI OJIVH 13 HAWCKJIQTHIIIMX 1 HAaWKOMITIeKCHIIMX SAP-nmanamadriB He mwme B Yk-
paini, a #i y Llenrpanpniit i CxigHiit €Bporni. Y cucremax SAP nparroe monay 18 tuc.
MpaliBHUKIB. ApXITeKTypa BIpOBaKeHUX Yy MeTinBecTi pimiens SAP oxommoe Bci
OCHOBHI 0i3Hec- Ta BupoOHMYI Tiporiecu (Benmka TpaHchopMaltis: TEXHOMOTIT st eek-
TUBHOTO Oi3Hecy, 2022):

- CHCTEMH YIIPaBJIIHHS PECYPCaMH ITiIPUEMCTB Bijl (PiHAHCIB 10 BUPOOHUIITBA,;

- YIIpaBJIiHHS KOHTEHTOM 1 MaliCTep-IaHiMU;

- YIpaBIiHHS TIEPCOHATIOM BiJl KaJJpOBOTrO aJIMIHICTPYBaHHS /IO BCTAHOBJICHHS I1i-
JieH Ta OIiHKY e(peKTUBHOCTI;

- CHCTeMH IDIaHyBaHHS 30yTY, JIOTICTUKH Ta BUPOOHHUIITBA;

- MOO1JTBHI TIAT(OPMU JIJIS yIPaBIHHS PeCypCaMu;

- CHCTEMH 3BITHOCTI, O13HEC-aHATITHKH TOIIIO.
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BripoBamkeHHsT eNeKTpoHHOI 3aKymiBenbHOi miatdopmu Ha 6a3i pimenHs SAP
Ariba Ha 20 mimmpueMcTBax TPYITH a0 3MOT'Y, OKPIM TTIBUIIICHHS ITPO30POCTi TPO-
1ecy Ta CKOpPOYECHHS PYTHHHUX OIepallifi, onTuMi3yBaT OIOIDKET 3aKyIiBellb IpH-
6m3Ho Ha 10%. Y mepepaxyHKy Ha aOCOMOTHI IU(PH — I1e MUIBHOHH JT0JIapiB.

Cucrema SAP Success Factors BigcTexxye Bech IIISAX CHIBPOOITHHKA: BiJ BCTa-
HOBJICHHSI IIUJTel 10 OIIHKK Pe3yJbTaTHBHOCTI. Y cucteMi mpamroroTs 6mm3sko 50000
¢axiBuis rpymu. SAP Success Factors ckopouye yac it GopMyITIOBaHHS 3aBIaHb Ta
ominku pe3ynbrariB Ha 50%. HR ¢axiBi, siki axMiHICTPYIOTH I1i IPOLIECH, EKOHOM -
75T O13BKO 25% uacy (Bemka TpaHchopMaris: TEXHOONIT A7 e()eKTHBHOrO 0i3-
Hecy, 2022).

3aciyroBye Ha yBary MpoeKTH JikuTaitizanii ['pynu kommnaniii YkpieHadapMiar
(Ukrlandfarming 3LC). BnpoBampkeHHs U pOBUX TEXHOJIOTIH 3 OJHOYACHUM IIPOBE-
JICHHSIM PeiHXUHIPHHTY BCiX Oi3HEC-TPOIIECiB 1a€ 3MOTY BIOCKOHAJIMTH YIIPABIIiHHS
XOJTMHTOM, a TaKOXK 301JIBIIUTH MPO30PICTh Ta eeKTUBHICTH Oi3Hecy. Cucrema ympa-
BIIHHS XOJTMHTY CTa€ IUTICHUM OpraHi3MoM, a MPOLEC YIPaBJIHHS Ta KOHTPOIIO
JUSsUTBHOCTI 0a3yeThesl HAa JIOCTYITHUX, JIOCTOBIPHHX 1 BCEOCSHKHUX JIAHUX. Y XOJJIUHTY
PO3POOIISIIOTHCS BIIACHI TIPOrPaMHI PIIICHHs], a TAKOXK BIIPOBA/IKYIOTHCS TOTOBI Cydac-
Hi [T-po3pobOkw, 110 a0 3MOry CTBOPUTH OJIHY 3 HAHKPAIUX TEXHOJIOTTYHUX CUCTEM
B arporaiy3i YkpaiHM Ta CTaTH YacCTHHOI TJI00AIBHOI IMGPOBOI €KOHOMIKH
(UKRLANDFARMING PLC, 2022):

- cUcTeMa 300py i aHaji3y JaHHuX TeneMeTpil 3 yciel TexHiku kommadii TETRA —
BJIacHa po3poOka. Brmovae TexHomoriuni Momaymi: cucrema «CBil-4y>Kuid» KOHTPO-
JIFO€ Bech Mporiec 300py 1 mepeMillieHHsT BPOXKaro BiJi KOMOAHHA/MoMsI 0 €J1eBaTopa;
IIOJICHHA 3BITHICTH MPO BUKOHAHI CLIBCHKOrOCMOAAPCHKI POOOTH Hagae MOXKIMBICTD
BYACHO Ta IIBH/IKO IPUHAMAaTH HEOOXIi HI PIIICHHS; CHCTEMa KOHTPOJTIO BUKOPHCTAHHS
nansHoro Bix A3C 1o 6aka TEXHIKH;

- TEXHOJIOTSI CYITyTHUKOBOI'O Ta O€3ITiJIOTHOI'O MOHITOPUHTY TIOCIBIB JIJIsI CITOCTEpE-
JKEHHS 32 BET€TALI€IO0 1 PO3BUTKOM KYJIBTYP JOIIOMArae BUaCHO pearyBaTy Ha pi3HOMa-
HITHI CUTYaIlii Ha ITOJi;

- €IMHAa HOPMAaTHBHO-IOBIJIKOBa cUCTeMa Ha OcHOBI pimeHHs «Master Data Mana-
gement» HaJlae BCIM CITIBPOOITHUKAM ONEPaTUBHUI AOCTYII 10 1H(pOpMaLlii;

- cucrema TUiaHyBaHHs i OropkeryBaHHs « TEID» mae 3mory ynpaBistu BciMa Tex-
HOJIOTTYHUMH OTIEPALlisIMU Ha BCIX PIBHSX BEPTUKAIBHO-OPIEHTOBAHOI'O XOJIMHTY;

- inopmariiina cucrema Ha 0asi «[H-AI'PO: Ynpasniaas Arpoxoniuarom» 00’ €-
HYE BCi T IIPUEMCTBA IPYIH 1 3a0€e3euye IPUIHATTA MPaBUIbHIX (HiIHAHCOBUX PIllIEHb;

- eauHa cuctema «LleHTpanizoBaHe Ka3Ha4eHCTBO» aBTOMAaTH3yBasia BCi (pyHKIIT
Ka3HayuercTBa 3 Oi3HEC-TpOIecaMyl KOHTPOIO TUIATEXIB 1 3a0e3neunna 1miaHyBaHHs
(hiHAaHCOBHX TIOTOKIB;

- BijleokoH(epeHI3B’ 30K B Cisco Jae 3MOory CIUTKYBaTHCS 3 KOlleraMu 3 ycix 22
perioHiB Ykpainu 1o Bifeo. Crucrema o0’ emaye 350 KopucTyBadiB, a B OHJIAHH-KOH(e-
peHIIisx 6epyTh yyacTh Oibiiie 40 yIaCHUKIB OJJHOYACHO.

Omxe, IipKATai3aMis — 1€ JOBIOCTPOKOBI BKJIAJICHHS B 1HBECTHIIIHY IpUBad-
JIMBICTh KOMIIaHii.

EdextrBHICTD MisUTHOCTI 0i3HEC-CTPYKTYP 3HAYHHM YHHOM 3aJICKHTh BiJl IHHOBA-
IIITHOTO ¥ TEXHOJIOTTYHOTO TIOTEHITIaTy KOYKHOI KpaiHH, PIBHS PO3BUTKY TEXHOIOTIH,
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371aTHOCTI €KOHOMIKM KpalHW PO3BUBATHCS B YMOBax HU(POBUX TpaHChOpMALIii, SKi
JieNaili aKTHBHIIIE BiIOYBAOTHCSI 3 KOXKHAM POKOM.

Incruryt Toprynanc (Portulans Institute) i BeecpiTHilt anbsire iH(GOpMAIiiHAX TeX-
Honorii 1 mociyr (World Information Technology and Services Alliance) mopiuHo Bu-
TyCKAOTh 3BIT, y SIKOMY aHani3y}0TI> TH/IEKC MEPEKEBOI TOTOBHOCTI — KOMIUIEKCHUN
TIOKA3HHK, IO XapaKTePH3ye plBeHL PO3BUTKY lH(i)OpMaLIII/IHO KOMYHIKaLIII/IHI/IX TEXHO-
JIoTiil KpaiH CBITY. ABTOPH JOCII/DKCHHS BUXOJTH 3 i71ef, 10 iCHY€ TiCHHH 3B 30K
MK PO3BHTKOM iH()OpMALIfHO-KOMYHIKAIlIHHIX TEXHOJOTIH Ta €eKOHOMIYHIM OJ1aro-
MOJTyYdsIM, a/IK€ TEXHOJIOTI] BiirpatoTh ChOrOHI TPOBIAHY POJb Y PO3BUTKY KpaiH,
M1IBUIIIEHHI TPOIYKTUBHOCTI T4 KOHKYPEHTOCITPOMOKHOCTI, TUBEPCH(DIKYIOTh €KOHO-
MIKy 1 CTHMYJIOIOT JIJIOBY aKTHBHICTh TPOMAJISIH, CIIPHUSIOYM TaKMM YHHOM ITi/IBHU-
IIEHHIO PiBHS KUTTS Jmozieit (PelTuHT KpaiH mo piBHIO MepeskeBoi roToBHOCTI, 2021).

Excriepru po3paxoByBaymu iHzexc mepexxeBoi roroBaocTi (Networked Readiness
Index — NRI) Ha mizncrasi 60 pi3HUX OKAa3HUKIB, SIKi 00’ €IHAHI B YOTHPHU IPYITH:

- ekoHOMiKkH. Came TOMY 11eii KOMIIOHEHT Ma€ Ha METi OI[IHUTH PiBEHb TEXHOJIOTIH,
SIKUiA € 000B’SI3KOBOIO YMOBOIO YUaCTi KpaiHH y CBITOBIM €KOHOMIII];

- MOJICHKUIA ()aKTOp — HASIBHICTH 1 PiBEHb TEXHOJIOTIH B KpaiHi Mpe/ICTaBIsie iHTe-
pec nmire B Tilk Mipi, B sAKii 11 HAaCENIEHHS Ta OpraHizailii MaroTh JOCTYI, PECYpCH Ta
HABUYKH JUTSI TX IPOYKTUBHOTO BUKOPUCTAHHS,

- YIPaBMHCHKI HABUYKU — HACKUIbKM OE€3MEeYHIMH € OKpeMi ocobu Ta Qipmu B
KOHTEKCTi MEpesKeBOi €KOHOMIKH, PeryJIFoBaHHs Ta IM(POBOI 1HKITIO3;

- BIUIMB — BiI0Opaka€ TOTOBHICTh JJO MEPEkKEBOi EKOHOMIKH SIK 3aci0 JIJIs TIOJII-
LIEHHS 3pOCTaHHSA 1 JOOpOOYTY B CYCIIJILCTBI i €KOHOMILT.

VY 1abn. 1 HaBeneHo pedTuHr 10 HaMKpalIux KpaiH 3a piBHEM MEPEKEBOI TOTOB-
Hocti y 2019—2021 pp. Ta Ykpainu.

Tabnuya 1. NRI 10 xpain-nifepis Ta Ykpainu

2021 2020 2019

1. °E . . °z | . j

Kpaitn g | gE53 | 2 s:§% ¢ 2

o= g | 2853 = 5 | 2B 53 = =1

g © |75Eq & © |T&5EF & S

B E S=

Hinepnanmn 1 82,06 0,69 4 81,37 -0,41 3 81,78
IBenis 2 81,57 -1,18 1 82,75 0,1 1 82,65
Hanis 3 81,24 -0,95 2 82,19 111 6 81,08
CIIIA 4 81,09 2,18 8 78,91 -1,41 8 80,32
DI s 5 80,47 0,31 6 80,16 -0,18 7 80,34
Iseiinapist 6 80,2 -0,21 5 80,41 —-0,67 5 81,08
Cinramyp 7 80,01 -1,38 3 81,39 -0,74 2 82,13
Himeuunna 8 78,95 1,47 9 77,48 -0,75 9 78,23
Hopsgerist 9 78,49 -0,9 7 79,39 -1,91 4 81,30
Besmika bpuranis 10 76,6 0,33 10 76,27 -1,96 10 78,23
Vkpaina 53 55,7 6,27 64 49,43 0,51 67 48,92

Jlxepesto: ckianeHo asropamu 3a ganumu (Network Readiness Index, 2019—2021; Peiitunr
KpaiH 10 PiBHIO MEpPE:KeBOi rOTOBHOCTI, 2021).
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3 1abn. 1 BuaHO, 10 HakBrHiA pesynsrar NRI 31 Beix kpain mporsrom 2019—2021 pp.
orpuMana [lIseris y 2020 p- (82,75 Oaia). I1IBerris1, 3Bakar0un Ha BHCOKI TIOKa3HUKU
MEpEeKEBOI TOTOBHOCTI, IOCIaja MepIie Micle B PEHTHHTY JBa POKM TOCHUIb — Y
2019 p. Ta 2020 p., y 2021 p. NOKAa3HUKK JEMIO 3HU3WIMCS 1 KpaiHa TOCTYIHIIACH
MictieM Himepmarmam.

Hinepmanmn y 2021 p. mocimm mepmie Miclie B PEUTHHTY 3 TTOKa3HUKOM
NRI = 82,06 6ana, mo Bumie Ha 0,69 6ana mopieHsHO 3 2020 pokom. Hinepnanam
3HAYHO TOKPANWII PIBEHb PO3BUTKY 1H(POPMAIIITHUX-KOMYHIKAI[IHAX TE€XHOJIOT1H
MPOTATOM OCTaHHIX POKiB: KpaiHa y 2019 ta 2020 pp. nocina 3 1 4 micue 3 nMoka3HuU-
kamu 81,78 Ta 81,37 Oaa BiAmoBigHO.

Tpere micie y 2021 p. nocisa Janis 3 nokasaukom 81,24 6ana, npuaomy y 2020 p.
MoKa3HUK OyB kpamuM Ha 0,95 Oana 1 BoHa mocina apyre micie B pedTunry. [Ipore
TIOKa3HUK MEpekeBOi TOTOBHOCTI 3a miepion 3 2019 p. no 2020 p. nokpammsces 1 HaHist
niepemicTriacs 3 6 MicIl Ha Jipyre.

VY 2021 p. CHIA nonimmumna piBeHb MepexkeBoi roroBHocTi (NRI 30ubmmBes Ha
2,18 Gama), 1o a0 3MOry MocicTH 4 Miclie B peHTHUHTY, TIOPIBHSHO 3 8 MicIieM, Ha
SIKOMY BOHA OyJia JiBa pOKH IOCHiJib. Bapro 3a3HaunTH, 0 B Ton-10 CBITOBUX KOPITO-
pariid, sKi JIOMiHYIOTh Ha PHHKY 1H()OpPMAIIHHIX TEXHOJIOTIH, BXOAATH CIM aMEpHKaH -
cekux IT-kopropartiii: Apple, Microsoft, Alphabet, Meta, Amazon, Tesla ta Nvidia.
PuHkoBa kamitaimizamis 3a3Ha4eHUX ceMH amepukanchki IT-kommaHiéi cknagae
8,03 Tpmu mon. CHIA (cranom nHa 24 >xoBTHS 2022 p.), 1m0 cTaHOBHUTH Olybine 48%
purky (Companies Market Cap, 2022).

Cinramyp, HaBMaky, 3Ha4HO moripumB mokazauk NRI mopieasHo 3 2019 p. (2 mi-
crie) Ta 2020 p. (3 micrie) 1 mociB 7 Miciie y pedTHHTY.

HiMeyunHa /iBa pOKH MOCHLITb HE 3MIHIOBAJIA MICIIE B PEHTHHIY, TOKa3HUK Mepe-
JKeBOI TOTOBHOCTI 3HM3MBCA Jiiie Ha 0,75 6ana y 2020 p. TOpIBHAHO 3 TIOMEPEHIM,
npore y 2021 p. NRI 3pic Ha 1,47 Gana, 1110 1a10 3MOTy KpaiHi HepeMiCTHTUCS Ha 8 Mi-
CIIE Y pEUTHHTY.

Hopgerist y 2021 p. nmoripimna cBoi MOKa3HUKH, 1110 XapaKTepU3yIOTh PiBEHb Mepe-
JKeBOI TOTOBHOCTI, MOpiBHSHO 3 2019 p. (4 micue) Ta 2020 p. (7 micue) Ha 1,91 Ta
0,9 Gasa BiaMOBIAHO 1 MOCiNA 9 MicIe B PSHTHHTY.

Bemika Bpuranis Tpu poku mocninp mocinana 10 micue y cnmcky, npore abco-
JIOTHE 3HAYCHHS [TOKa3HUKA MepexkeBOl ToTOBHOCTI y 2020 p. 3MEHIIMIIOCS TIOPIBHIHO
32019 p., ay 2021 p., HaBnakwu, 3pociio, ane Bce )k NRI 3ammmmBest MEHIINM HiX Y
2019 porri.

VYxpaina nocigae 53 micre (3 omiakoro NRI =55,7 6ama) cepen 130 kpaiH, BKIItOUe-
Hux 10 NRI-2021. [Toka3Huky KpaiH-JiiepiB 3HAYHO TIEPEBUILYIOTh 1HIEKC Mepeke-
BOI TOTOBHOCTI YKpaiHH, MPOTe cepel KpaiH 3 JOXOAO0M HIDKIUM 33 CEepeNHil, Hala
Kpaina nociiae 1 micrie. HeoOxiaHo 3a3HaunTH, 10 YKpaiHa 3HAYHO ITiIBUIIHIIA CBOE
Miclle B pelTHHry Ta migHsacs 3 67 mictg y 2019 p. 10 53 — y 2021 pori. 3a e
niepioz] abcomotHe 3Ha4eHHs NRI 3pocnio Ha 6,78 oquHwmIIi.

HetanpHime ckianoBi (IHAUKATOpPH) 1HIEKCY MEpPEKeBOi T'OTOBHOCTI YKpaiHM 3a
2019—2021 pp. npeacTasieHo B TadI. 2.

[potsrom 2019—2021 pp. YkpaiHa 3Ha4HO MOKpalyia OLIHKK Ta MicLe B peii-
TUHTY 32 KO)KHUM CKJIaJIOBUM 1HJIEKCY MEPEKeBOi TOTOBHOCTI. HaliBuiuii pedTHHT y
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2021 p. criocTepiraeThCs 3a MOKa3HUKAMIU «BIUTMBY Ta «HACelIeHHD. [Ipore Hai01Ib-
111e MOKJIMBOCTEH JIJISI BIIOCKOHAICHHS € y chepi YIIpaBIiHHSL.

Tabnuys 2. Tnpeke Mepe:keBoi TOTOBHOCTI YKpaiHu Ta iforo ckianosi y 2019- 2021 pokax

Cromanoni NRI 2019 2020 2021
. Peiitiar OmiHka Peittiar OriHka Peiituar OriHka
A. TexHoJorii 71 43,01 62 41,51 50 49,2
1-i1 mippiBeHs: JocTyn 78 53,72 79 54,12 60 67,15
2-i migpiBeHb: 3MICT 56 48,74 46 39,90 42 45,53
3-id ninpien: Texo- 82 26,57 53 30,50 57 34,92
Jioru MaI/I6yTHI>OFO
B. Hacenennst 63 42,05 65 48,87 48 54,29
L-ii minpisenn: Qisuani 68 53,88 63 56,22 17 74,62
ocoou
2-H minpiseHs: mipu- 48 35,69 52 48,53 50 46,44
€MCTBa
3-1i miipiBeHb: ypsam 87 36,58 71 41,85 71 41,80
C. Ypasitus 67 58,32 58 58,19 57 58,93
1-i nizpiBeHb: 10Bipa 70 53,00 49 50,66 55 49,57
2-i ninpisen: peryo- 72 61,26 83 61,48 61 65,02
BaHHS
fl; TIVIPIBCHE: THICTIO= 70 60,69 72 62,42 65 62,19
D. Bums 65 53,31 79 49,16 47 60,40
1-ii mixpibens: exoHo- 75 15,76 62 26,17 42 46,73
MIKa
2-1 minpisens: AKicTs 82 54,97 77 62,86 57 69,01
KUTTA
3-H minpisers: wiri cTa- 43 86,22 91 58,46 53 65,45
JIOTO PO3BUTKY
NRI 67 48,92 64 49,43 53 55,7

Tpumitka: cknaneHo asropamu 3a ganumu (Network Readiness Index, 2019—2021; Peiitunr
KpaiH 10 piBHIO MepeskeBoi rotoBHocTi, 2021).

3 KOXXHUM POKOM JIi/PKATANTI3a1isi HAOUpae oO0epTiB y HaIlli KpaiHi, i HaBiTh BIACH-
KOBI JIii Ta KPHU30Bi SIBHIIA HE 3yITUHSIOTH LIEH Mporec. Y psagoM YKpaiHu po3po0iieHo
Mporpamy 3axof(iB IIOJI0 BiIHOBJICHHS KPaiHH BiJl HACII/KIB BiliHH, B sIKili mependaye-
HO PO3BHTOK IM(POBOI €KOHOMIKH Ta MiABUIIEHHs KibepcTiiikocTi nepxasu ([Tpoext
[Mnany BimHOBIIEHHS YKpainu. Matepiamm po6odoi rpymu «Jlimpkuramizarisy, 2022).
3anporoHoBaHi KPOKU CIIPUSTUMYTH iHTerpallii YKpainu B €MuHUI U(poBUil pHHOK
€C, pedopmyBannst IT-ocBiti Ta rapanTiii GyHkmionyBanus [T-6i3Hecy.

BucHoBkM

JipkuTanizanisi € iHHOBaIiHHIM TPEHIOM ChOTOJICHHSI, 1110 ITO3UTHUBHO BIUIMBAE HA
MPOIYKTUBHICTE BUPOOHUYMX TPOIIECiB, 3a0e3meuye eheKTUBHICTD (HYHKIIIOHYBaHHSI
Ta PO3BUTKY MimnpueMctB. Jlimpkurani3aris Oi3Hecy cripuse (GOPMYBaHHIO OUTBII J10-
CKOHaJMX Oi3Hec-TpoIeciB, 3a0e3Meuyoun THYUKICTh, aJalTHBHICTb 1 Kpallly IpHCTO-
COBAHICTh Cy0’€KTa TOCHONAPIOBAHHS JO IIBHIKMX 3MiH 30BHIIIHBOTO CEPETOBHUIIA,
PE3yJBTaTOM YOT0 € MiJBUILIEHHS HOro KOHKYpeHTOCIpoMOoXxHOCTI. EdexTuBHICTD 111-
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(poBoi TpaHCchoOpMarii JisLTBHOCTI 013HEC-CTPYKTYP 3aJISKUThH Bijl IHHOBAIIHHO-TEX-
HOJIOTTYHOT'O TIOTEHITIATY KpaiHW, PiBHS PO3BUTKY CyYacHUX iH(OpMaIliitHO-KOMYHiKa-
IIMHUX TEXHOJIOTIH, 3aTHOCTI HACEJICHHS Ta OpraHi3allii 0 MPOXYKTUBHOTO BHKO-
puctanss IT.

[lepcrieKTHBOO MONANBIMX JOCIIHKEHb MOXKE CTaTH BUBYEHHS JIOCBIITY ITPOBII-
HUX KpaiH CBITY, SIKi 3aiMaIOTh JITUPYIOU1 TTO3UIIIT B PEHTHHTY MEPEKEBOI TOTOBHOCTI,
Ta IDITXIB PO3BUTKY KOMITaHiH, MO (YHKIIIOHYIOTh B iXHROMY PO3BUHYTOMY ITPOCTOPI,
JUTSI IMILIEMEHTAITT HaHKpaIX MPaKTUK [U(POBUX TEPETBOPEHb (TpaHcdopmartiii) y
JUSUTBHICTD CY4aCHUX BITYM3HSHUX O13HEC-CTPYKTYPI KUTTS CYCIILIBCTBA.
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The article describes that the rapid development of digi-
tal technologies, globalization of the economy, digitization
of the population, the Covid-19 pandemic, russia’s war aga-
inst Ukraine and many other reasons have activated a deepe-
ned interest in finding ways of forming marketing communi-
cation in the Internet. As a result, enterprises use various
marketing tools to influence the consumer audience, inclu-
ding event marketing tools. This research is dedicated to
studying of the peculiarities of the organization and con-
duction of marketing events in the Internet. The prospects
for the development of the event industry in the Internet
were substantiated and the main trends that changed the
organization and holding of online events were studied: free
attendance of events with prior registration, the hybridity of
the format of holding events, the use of the presence effect
(holography), Face ID for contactless registration at physical
events, technology development and investment in creating
virtual studios for the possible participation of large number
of people. The interpretation of the concept of “online mar-
keting event" has gained further development, which inclu-
des a list of approaches to attract the target Internet audience
with the aim of forming positive emotions in it. The advan-
tages and disadvantages of holding online events are also
studied in this article.

A model of organizing an online event is proposed, in
which the main role is focused on attracting the target
audience through various online marketing tools in order to
create positive emotions in the target audience and increase
brand recognition among consumers and the formation of
consumer loyalty.

During the research, the main negative points during on-
line events, which should be avoided, were described: it is
unacceptable to follow the performance regulations, to write
a lot of information in the chat, to hold online events without
pauses, to use nicknames instead of real names, not to
exclude third-party notifications on devices.
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OPIrAHI3AULIA MAPKETUHIOBUX IBEHTIB Y MEPEXI
IHTEPHET

JI. B. Kaminyc, I. A. Boiiko, O. O. Jlejeka
Hayionanvnuii ynieepcumem xapuosux mexnonozii

Cmpimkuil po3eumox yuposux mexronozit, anooanizayisi eKOHOMIKU, YUGPosiza-
yis Hacenenns, nanoemiss Covid-19, eitina pocii npomu Yxpainu ma inwi npuvunu
AKMUBI3Y8ANU NO2TUONEHUL THMepec 00 NOWLYKY ULLAXIE (POPMYBAHHA MAPKEMUHE0BUX
KOMYHIKayii y mepeoici Iumepnem. YV 36 3Ky 3 yum RIONPUEMCIGA NOYANU BUKOPUC-
MOBY68amu PIBHOMAHIMHI MAPKEMUH206I ITHCIMPYMEHMU GIJIUGY HA CHONCUBYY AYOUMO-
piito, 6 momy uucii incmpymenmu igenm-wapkemuney. Lle docnioscenns npucesyeno
BUBUEHHIO OCODIUBOCEN OP2aHI3ayii Mma NPOedeH s MAPKEeMUH20B8UX 16eHMI8 Y Me-
pearci Inmepnem. ObIPYHMOBAHO NEPCREKMUBU PO3GUINKY I8EHM-THOYCMPIL 8 MepeiCi
Inmepnem ma 6ugueHo OCHOGHI Mpenou, sKi 3MIHUIU OPeaHi3ayiio ma NpoeoeHHs
OHNIAUH-I6eHMiB. DE3KOWMOBHE BI0BIOYEAHHS 3aX00I8 34 NONEPEOHLOI) PeECMPaYiero,
2ibpudHicmes popmamy npoeedeHHs I6eHMI8, BUKOPUCMAHHS eheKmy NpPUCymHoCmi
(econoepaghis), Face ID onsa beskonmaxkmmuoi peecmpayii Ha Qi3uuHUX i6eHMAX, pO36U-
MOK MEXHON02IU MA THBeCMY8AHHS 8 CIMEOPEHHS GIPMYATIbHUX CTTYOIll 0I5t MONCIUBOT
yuacmi éenuxoi kinexocmi modetl. Habyno nooansuiozo po3eumky mpaxmyeaHHs no-
HAMMA «MAPKEMUH0BULL OHAAUH-3aXI0Y, WO GKIOYAE 6 cebe nepelix nioxodis Ons
3AIYYeHHs YIb0BOI THMEPHEM-AYOUmopii 3 Memorw (OpMYSaHHs 8 Hei NO3UMUBHUX
emoyiil. Busuero nepesazu ma HedoniKu nposedenHs OHIAUH-NOOTI.

3anpononoearo modens opeawizayii nposedeHHs: OHIAUH-I6eHNTY, 8 IKOMY OCHOBHA
POJIb 30CEPEONCEHA HA 3ANYYeHHI YINbosoi ayoumopii uepe3 pISHOMAHIMHI iHCmp)-
MEHMU OHAAUH-MAPKEMUHZY 3 MEmOoI0 CMBOPEHHs NOUMUBHUX eMOYil y Yilb0ogoi
ayoumopii ma ni08UWeHHs 6NI3HABAHOCMI OPeHDY ceped CRoXCUBAYi8 I hopMYEaHHs.
CHOJCUBHOL TTIOSTLHOCTI.

YV x00i docnioocenna eusneneno ocnoéHi HecamueHi MOMEHmMU Ni0 Yac NPO6eoeHH s
OHJIAUH-I6EHMIB, AKUX CIIIO VHUKAMU. HeOONYCIMUMO He O0MPUMYBAMUCS PeIAMEHMI8
sucmynie, nucamu 6azamo ingopmayii 6 wami, NPOEOOUMYU OHIAUH-I6eHmMU 6e3 nays,
BUKOPUCIMOBYBAMU HIKHELIMU 3aMICMb PEanbHUX IMeH, He BUMUKAMU CIOPOHHI CHOBI-
WjeHHsl HA NPUCHPOSIX.

Kniouogi cnosa: isenm-mapxemune, OHAAUH-3aXI0, YiTb0oa ayOumopis, mpeHou,
OpeHo.

IocTanoBka npod.aemMu. 3BaKarouy Ha CyJacHi CBITOBI BUKJIMKY (TJI00ai3alis Ta
JiDKUTATI3ALls CYCIIbCTBA) Ta 3arpo3u (emigemist Covid-19, BiiiHa pocii nporu Yk-
paiHn), opraHizallisi OHJIAWH-TIOAIN Ha CHOTOHI € Ay’Ke 3aTpeOyBaHUMHM IMOCITyraMH B
iBeHT-inmyctpii (Taxa, & Jlsmenko, 2022; Reshef et al., 2020). Yce Ginblue 3°sBisi-
€ThCsl IHHOBAIIHKX PillleHb 1 M1aT(opM, SKi MATPUMYIOTH MOMKIMBOCTI TIPOBEICHHS
3aX0j1iB B OHJIAH-cepeaoBuIli. TenepiniHi iHPopMaIifHO-KOMyHIKAIliiHI TEXHOJOT11
JIat0Th 3MOTY HE JIMIIIE OPraHi30ByBaTH BUCTYITH CIIIKEPIB, ajle i TOBHICTIO 3a0e3meuy-
BaTH PO3BAKAIBHY YACTUHY 1HTEPaKTHBAMH, [II0Y, BUCTYIIAMH BEyYHX Ta apTHCTIB.
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Po3ymiHHS HEOOXITHOCTI Ta MEPCHIEKTUBH PO3BUTKY iIBEHT-MAPKETHHTY HA OHJIAMH-
PHHKY IIITOBXYIOTH HAYKOBLIB 0 PO3BUTKY TEOPETUKO-IIPAKTHYHUX OCHOB JOCJI-
IDKEHHSI Oprafizaril Cy4acHMX MapKETHHIOBUX OHJIAWH-3aXOIB U1 PO3B’sI3aHHS IIPO-
Onemu TiBHIIEHHST e()eKTHBHOCTI MAPKETHHTOBUX KOMYHIKAIli OpeHIy 3 MiJbOBOO
ayAUTOPIETO.

AHaJi3 ocTaHHIX JocaiKeHb i myOmikauniii. YrpaBiiHHS moxisMu HaOymo po3-
BUTKY B akajieMiuHili 1 mpukiagniid cdepax 3a ocranni 30 pokiB SK caMOCTIHHUI
iHcTpymeHT miapy (Backman, 2018). V' nmociiukeHHsIX, TPUCBSMEHNX OpraHizaiii Ta
MPOBEJECHHIO 1BEHTIB, BUCHI PO3IJISANAIOTH SIK TEOPETHYHMI acTieKT MPOBEICHHS 3aX0-
B, Tak i nmpakTn4yHuid. [1Iupoknii peTpocnieKTUBHUI aHalli3 PO3BUTKY Ta YIPABJIIHHS
nofisimu TipoBiB K. bexmeH. JloCmiIHUK 3a3HauuB, 1110 YIIPABJIHHS MOISIMHU CTAE IiKa-
BUM HAIPSMKOM JIJISI akaJieMidyHOl chepr Ta HAYKOBIIiB, a TAKOXK 3alpOIIOHYBaB Ha-
OPSIMOK YTIPABJIIHHSL TOisiMK TTpoTsiroM HactyrmHux 30 pokis (Backman, 2018). ®op-
MYBaHHsI iBEeHT-c(hepyl € YACTUHOK €KOHOMIYHOT'O, COLIATLHOTO, KYJIETYPHOIO Ta Ji-
noBoro ceperoBuina. [IOHATTS «HOMisH» TPaKTYEThCS HAYKOBLSIMU SIK HECTAHIApTHA
TOCTIyTa, e 3HAHHS, TIOBE/IIHKA Ta JIOSUTHHICTh TYOJIIKH € KPUTEpisIMU BUBYCHHS eek-
TUBHOCTI MPOBEJICHHS 3ax0my. KpiM Toro, oTHUM 13 TIOKa3HHKIB OITIHIOBAHHSI €)eKTHB-
HOCTI TPOBEICHHS 3aX0/y BUOKPEMJICHO TaKHM, SIK 3aJJ0BOJICHICTh y4acHHKIB. [leit
MTOKa3HUK BPAaXOBY€E B3aEMOJIIIO KITIEHTIB, MICIIe TIPOBENICHHS iBEHTY, JM3aiH JIOKAITii
Ta OKPEMHX EJIEMEHTIB Yy CIeHapii, CHCTEMY YNpaBJIiHHS, SKICTh POOOTH BOJIOHTEPIB,
MIEPCOHAITY, TIOEJHAHHS SKUX YCKIIQJHIOE OLIHIOBAHHS SIKOCTI MPOBEICHHS 3aXOIy.
[TigmpreMcTBa MarOTh BPAaXOBYBAaTH THITH KJEHTIB, O SIKUX BOHM 3BEPTAIOTHCS 3
HOBMIMH TOJisIMH, TOMY ITOBHHHI PO3POOJISITH HOBI 3aX0Mu a00 Ypi3HOMaHITHIOBATH
Bke mpoenieHi iBenTn (Moise et al., 2012). Bueni po3po0isisin cTparerii Ta TAKTUKA
MapKETHUHTY MOiH, 11100 301IBIINTH A0XIT Bijl IPOAaXKy KBUTKIB. Txi KinbKicHi HoCTi-
JDKSHHS 3 BUBYCHHS IIUTbOBOI ayIUTOPIl Jal0Th 3MOTY OOMpaTH IHCTPYMEHTH yIpaB-
JHHS To1ieBMM MapkeTHHTroM (Sun et al., 2022).

VY (Werner et al., 2022) mocnikeHO MaiOyTHI HaBHYKH TPhOX TPYN YYAaCHHKIB
3axofy (mpodecioHaniB, BUKJIAAA4iB 1 CTyAEHTIB) y TpboX KpaiHax: Kurai, Himeuunni
Ta ABctpanii. Pe3ynsratu mokasyrors, 1110 A7 OpraHi3aTopis, siki OyayTh 3aiiMaTHCs
CTBOPEHHSIM TOJii y MalOyTHbOMY, BayK/IMBO MaTH TaKi HABUYKU: 3HaHHS IU(POBUX
TEXHOJIOT1/, BMIHHS CTBOPIOBATH KOMYHIKalliiiHi 3B’ SI3KU, ParHEHHS 10 BTLICHHS 1H-
HOBALlili, HASBHICTb JiAEPCHKUX 3A10HO0CTeN. J{7151 TOro, 1106 3po3yMiTH MPaKTUKY YII-
PaBIIIHHS NOISIMHU, pO3pO0JIeHa MOJIEIIb YIPaBIiHHS IBEHTAMH, SIKA BKJIFOYAE PO3TIIST
HIepeTyMOB, YIIEPEIKEHb, TPUTEPIB 1 PI3HUX MPOIIECiB. Moeh MOKe BHKOPUCTOBYBA-
THCS B CydacHOMY yrpaBJjiHHi momgismu (Thomas, & Stephens, 2022).

VY namnpamtoBanHsax B. MUCHK BUOKpPEMIIEHO i 0XapaKTEpU30BAHO KITFOUYOBI YHHHU-
KM BIUIMBY Ha (JOPMyBaHHS Ta PO3BUTOK 1BEHT-MEHEPKMEHTY B JIISITEHOCTI TTiJIITPUEM -
crBa (Mucuk, 2020). B. HoBikoBa, H. Bornap, JI. [llapan y cBoiX Imparisx TOCipKy-
BaJIM TIUTAHHS PO3BHUTKY 1BEHT-MAapKETUHTY B YKpaiHi, Jie aKIEHTYBAIN yBary Ha TOMY,
110 caMe TIOJIEBUIA MapKETHHT Ma€ BEJIMKE 3HAUCHHS JIl KOMEPIIIMHUX ITiPUEMCTB,
ITI0 HAIJIEH1 Ha OTPUMaHHS MPHUOYTKY, a TAKOX Ha JOIMUIFHOCTI BIPOBA[YKEHHS 1BEHT-
MEHE/DKMEHTY B AisutbHOCTI mianpremcts (Novikova, 2019).

Ynmarno HampaloBaHb HAYKOBIIIB CIIPSIMOBAHO Ha BUBYEHHS 3MiHU CTHIIIO TIPOBE-
nenrst nomii mix gac Covid-19 (Coles, 2022). 11106 3abe3neunTn GanaHc Mix poOOTOr0
Ta OCOOMCTUM JKHUTTSIM, a TaKOXK 30epertH 3mopoB’s mia yac nanaemii Covid-19, mo-
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LTBHO OPraHi30BYBaTH caMe OHJIaWH-KOH(epeHLil, SKi MaroTh TaKi NepeBark: 0e3Ko-
IITOBHA Y4acTh, TJI00AJILHO JIOCTYITHA 3yCTpiv, aJKe HI yJacHUKaM, Hi CIlikepaM He
noTpiOHO BUTpavaTH 4ac i Koty Ha jgopory (Reshef, 2020).

Hespakaroun Ha TEBHUI BHECOK HAYKOBIIB 1 MPAKTHKIB y PO3TIIS] TEOPETHUKO-
MPAKTUYHUX OCHOB JIOCIIDKEHHS 3aXO/IB, 3aJIMIIAIOTECS HEJJOCTATHRO PO3IIISTHYTHMH
MUTAaHHS Oprafi3arii Ta IPOBE/ICHHS OHJIAWH-IBEHTIB 3 METOK 3aITydEeHHS IILITHOBOL
ayauTopii.

Mera nociinkeHHs1: BUBYCHHS MapKETHHTOBHX IMIXOMIB IIOIO OpraHizamii Ta
MPOBEJCHHS OHJIAHH-3aX0/1IB 3 METOIO 3aTy4EeHHS LILTLOBOI ayUTOPII.

Marepianu i meToau. B ocHOBY JToCIiI>KEHHST TOKJIaIeHO 3arajbHOHAYKOBI METO-
JIA: CTPYKTYPHO-TIOPIBHSUTGHUI Ta HAYKOBOTO y3araJbHeHHS (/15 yTOUHEHHS MOHSTTS
«MapKETUHIOBMI OHJIAMH-3aXi/» ); HAYKOBOr'O a0CTparyBaHHs (0OIpYHTYBaHHS HEOOXiI-
HOCTI MIPOBEJICHHS! MAPKETHHTOBUX OHJIAHH-IBEHTIB Y CY9aCHOMY KUTTI); TIOPIBHSIb-
HOro aHajIi3y (IpY BUBYEHHI TEXHIYHMX IHCTPYMEHTIB /IS TIPOBEJICHHS OHJIalH-1BEH-
TiB); CHCTEMHOTO aHai3y Ta CHHTe3y (111 (hopMyBaHHSI MOJIEII OpraHizalii OHJIaKH -
3aX0/ly 3 ypaxyBaHHSM IHCTPYMEHTIB 3alydeHHs BiJIBiyBadiB); aHKETHOIO OHJIAHH-
OIUTYBaHHS (TP JOCTIPKEHH] OpraHi3allii mpoBe/IcHHs OHJIAH-1BEHTIB).

3 MeTOr0 BUBYECHHSI BUMOT BiJIBITyBadiB IIIO/I0 OPraHi3allii Ta MpoBeICHHS OHJIAH-
iBeHTiB Oyno mpoBeneHo GOOgle-onuTyBaHHs THX PECIIOHICHTIB, sIKi X0U pa3 Opasu
y4dacTh B oHmaiH-nonii. st 30opy 1 0OpoOku KibKicHOI iH(opMallii BUKOPUCTAHO
cydacHi iHpopMaIliiiHi TEXHOJIOTI] Ta IporpamMmHe 3a0e3MeueHHsI.

BukiiajeHHsI OCHOBHMX Pe3yJIbTATIB JOCTII:KeHHsl. 3 PO3BUTKOM OHJIAWH-TEX-
HOJIOTiH 30UTBLIYETHCS KUTBKICTh IHTEPHET-KOPHCTYBaviB, OCOOJIBO B COLIIAILBHUX Me-
pexax. bararo MapkeTHHIOBUX MMOJIiil POBOAUTHCS OHJIAMH — IMpe3eHTallil, moy, ¢e-
CTHBaJI, BUCTaBKU. BipTyasbHi iBEHTH HaJal0Th MOXKIIMBICTh YUaCHHKAM CITUIKYBaTH -
Csl, HABYATHUCS, IEPSIKUBATH EMOIIHHMI JOCBII, @ MiMPHEMCTBAM — O3HAMOMITIOBATH
MOTEHINIHY IIJIbOBY aylUTOpito 31 cBoiMu OpeHaamu (Adenuenko ta LllymisHcbka,
2017; My#ntsH Ta iH., 2021; [Tiynk, 2016).

MapKkeTHHroBUi OHJIAIH-3aXi] — BUJ 1BEHTY, SKHH MPOBOAUTHCS B OHJIAWH-(OP-
MarTi 3 BUKOPUCTaHHSM Pi3HOMaHITHUX iH(OpMaLiiiHO-TEXHIYHMX 3ac00iB 1 KpeaTHs-
HUX MIIXOMIB Y CLEHAapisX, IO CIPIMOBYIOTHCS HA MaKCUMAaJIbHE 3aTy4€HHS LIJIbOBOT
ayZIuTopii 3 METOIO IIpe3eHTaLii ToBapy (ITociyr) iHTepHeT-BiaBiyBadyam. OHnaliH-pop-
Mar Mae GaraTopyHKIIOHAIbHI MOKIMBOCTI 1 MAXOAUTH JUISl BCIX MAPKETHHIOBUX OH -
JaliH-3aXO/IiB 3 IPOCYBAHHS TOBApPIB MiAPUEMCTBA.

Benvkum HemoikoM OHJIAWH-TIONIN € BiJICYTHICTh MOMKIIMBOCTI CITUTKYBaTHCS Ha-
*wuBo. Cepest rmepeBar BapTo BUALUTUTH: MOXUIMBICTh CITLIKYBAaTUCS HA BiJIalli, €KOHO-
Mis KOIITIB (HE MOTPiIOHO OPEHIYBATH JIOKAIIiIO 1 BUTpavYaTHCs HA XapayBaHHS), MO-
JKIIUBICTh TIPOBECTH iBEHT, HABITh KOJIM € OOMEKEHHS Ha MacOBI 3aXO/IU Y1 32 YMOBH
BIJICYTHOCTI MOITMBOCTI 310paTH y4aCHHUKIB 3axo/y B oqHomy Mmictii (Reshef, 2020).

OpHi€rO 3 TOIOBHUX BUMOT ITIOJT0 TIPOBEJICHHSI YCIIIIITHOTO OHJIANH-1BEHTY € BU3HA-
YeHHs1 MeTH roaiil. Hanpukian, 1ie Moxxe OyTH Ipe3eHTallisi HOBOro ToOBapy, 3aIy4eHHs
HOBHX KJTi€HTIB, 1HQOPMYBAHHS TPOMAJICBKOCTI TIPO BIJKPUTTS HOBUX TOPrOBEIILHUX
TOYOK, B SIKMX MOXKHA TIPU0AaTH OpeH/I, TIOUTTS MiJICyMKIB pOOOTH 3a KaJleHIapHU
piK, Bi3HaYeHHs mpodeciiiHoro cBsara tomo. ToOTO MOTPiIOHO BUPOOUTH yHIKAITLHY
TOPrOBEJbHY TPOIMO3UIIIFO JIs iH(OpMAIIiHHOTO TPUBOJTY.
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VemimHuid OHNaWH-1BEHT MOXKJIMBHM JIMIIIE TOl, KOJIM YiTKO BH3HAYEHA I[iIHOBA
aymuropis OpeHry. HeoOXiTHO po3yMiTH MOBEIIHKOBI OCOOJIMBOCTI CIIOKUBAYiB OpEH -
Iy, 3HATH IHTEPHET-3aCO0M, B SIKMX AHOHCYBATH TIOJIIIO, IO BiI0yACTHCSL.

OHnaifH-IBeHT — 1€ MOTYXXHUI IHCTPYMEHT Tiapy. HairomoBHima miHHICTE TIO-
i — 1€ Ti MOYyTTS Ta eMOIlii, sIKi CTBOPIOIOTECS iHTEepHET-ayuTopieto. Came Tomy
OpraHi3aTOpH YacTO 3BEPTAIOTHCS /IO 3aKOHIB MUCTEITBA Ta HOro Pi3HUX KaHPIB, 00
3MYCHTH BiJIBi/lyBauiB CITiBIEPEIKUBATH: OOSTHCS, CTPAXKIATH, CMISTUCS, BiA4yBaTH
1acTs, paaicth. Branmii oHNmaiiH-IBEHT — 11e MaJICHBKU CTIEKTAKIIb, SIKUH 3a0e3reuye
TO3UTHBHI eMollii y BimBigyBauiB. Tak MOTEHUIHHMI MOKYIELb 3aHYPIOETHCS B CTaH
I1acTs 32 JOMOMOT'OF0 OPTaHi30BaHOI OHJIAWH-TIOMIT, 1 B TOJATBIIOMY MOYKE TIO3UTHBHO
cripuiiMaT OpeH I, SIKHii PeKJIaMyBaBCsl Yepe3 IO MO0, Ta JIOSUIbHO CTaBHTHCS 10
HBOTO.

OHnaifH-iBeHT Mae OyTH IHTErPOBaHHH y 3arajibHy MapKETHHIOBY CTpATETiro IiJI-
npremctsa (Openny) (ITosamiii, & Caitaiino, 2021).

XapaKTepuCTUKA OCHOBHHMX TEXHIYHHMX 1HCTPYMEHTIB JJIsI OpraHi3allii OHJIaiH-T10-
il y3arajbHEeHO B TaOJHIII.

Tabnuys. TexHiuHi iHCTPYMeHTH /i1 opraHizanii oH1aliH-iBeHTIB

IlocunanHs Ha OHIAMH-

IncTpymenT maThopmy

XapaKTepUCTHKA

[Tnatdopma s oHnaitH-3ycTpiveis 1 BebiHapiB. Zoom y
3B’s3Ky 3 manaemiero Covid-19 i mmpokomaciitabHIM
BiliCEKOBHMM BTOPTHEHHM pocii Ha TepuTopito Ykpainu
3Hs1B 40-XBIIMHHE 00OMEXEHHsT Ha KOH(EepeHIIii 3a y4a-
CcTIO OlTbIIIe TBOX 0Ci0 y CBOiii Oe3KOIITOBHOT BepCii

Zoom https://zoom.us/

Microsoft
Teams

https://products.office.
com/.../micro.../group-
chat-software

[natdopma 115t KOPHOPATHBHOTO CIUTKYBaHHS (B 0CO-
OHMCcTHX 1 TPYNOBHX YaTax), 0OMiHy (aiinamu, mpose-
JeHHs Hapa]. JIoCcTymHa TakoX y MOOLTBHIN Bepcil

Youtube
Livestream

https://clickmeeting.com/

[Tnatdopma anst npoBeieHHs BeOiHAPIB, HAPA, TIPE3CH-
Talii B onnaiH-popmari. [lepesara nepen Z0om — He
MOTPiOHO HIYOTO 3aBAHTA)KYBATH, OCKUIBKHU CEpPBIC ITpa-
1roe B Opay3sepi. Hamaetsest 30 HIB 6€3KOILITOBHOTO
TECTOBOTO IIEpioLy, 4aT 3 MATPUMKOIO (YHKLII nepe-
KJIaay Ha 52 MOBH Ta MOXUIMBICTh IPOBOJIUTH OIUTY-
BaHHS Oe3MmocepeIHbO Ml Yac iBeHTY

Crowdcast

https:/Avww.crowdcast.io/

[porpama, 110 nepeTBoproe BeOiHApH 1 BIpTYaIbHI KOH-
(epeHLIil Ha iHTepaKTUBHI 3axoau. Hanpukian, 3 11 10-
TIOMOT'OF0 MOYKHA CTABUTH 3alTUTAHHS CITIKepaM, IIpoBO-
JTH OIIATYBAHHS ayAUTOPIT

RingCentral

https:/Aww.ringcentral.
com/

[TnaTHU# XMapHUNA TOIATOK JUIsl A3BIHKIB ITO BCHOMY
CBITY (B TOMY YHCJIi B pe:KHUMi KOH(EPEHI-3B 3KY).
Oco01mBO aKkTya bHUHA TSI MDKHAPOIHUX KOMITaHIN

6connex

https://iwww.6connex.
com/

[TnaTdopma st npoBeAcHHS BIPTYaJIbHUX 3aX0/iB
(TOproBesbHUX, OCBITHIX). 3 Ti JOMOMOr 00 MOXKHA Opra-
HIi3yBaTH Maibke Oy/ib-sIKy OHJIAWH-TIOJII0: BiX criBOeci-
I 1 KOPHOPAaTHBHOTO HABYAHHS JI0 BipTyaIbHOI BUCTAB-
kH abo camiTy
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https://zoom.us/?fbclid=IwAR21RxWvZiR3pIb917LBQQBZjRSBoauq4ku1hfwZ7BhBrxUdGL0ACchZmaI
https://products.office.com/%E2%80%A6/microsoft%E2%80%A6/group-chat-software
https://products.office.com/%E2%80%A6/microsoft%E2%80%A6/group-chat-software
https://products.office.com/en-us/microsoft-teams/group-chat-software?fbclid=IwAR3v5u_q_kiwTXpGcPH1qpZT4xOkNCLvXMiqstGXzoXrB_f9tcGHBJvd45E
https://products.office.com/en-us/microsoft-teams/group-chat-software?fbclid=IwAR3v5u_q_kiwTXpGcPH1qpZT4xOkNCLvXMiqstGXzoXrB_f9tcGHBJvd45E
https://products.office.com/en-us/microsoft-teams/group-chat-software?fbclid=IwAR3v5u_q_kiwTXpGcPH1qpZT4xOkNCLvXMiqstGXzoXrB_f9tcGHBJvd45E
https://clickmeeting.com/
https://www.crowdcast.io/?fbclid=IwAR3hOsHR7VJzP30RdH7IN2jLCtyHchfKWkJacSOi6BZgQWAtrhxuXtMDOkQ
https://www.ringcentral.com/?fbclid=IwAR0rtIpE9e-AzCclTVCapj41v2HxeGmo4DTnZ5KSNjD-zufv1ubQmM0QSyQ
https://www.ringcentral.com/?fbclid=IwAR0rtIpE9e-AzCclTVCapj41v2HxeGmo4DTnZ5KSNjD-zufv1ubQmM0QSyQ
https://www.6connex.com/?fbclid=IwAR0_QlAr5ujgh4dXgVxx3YnQEXJZXEGAWGARN8tQDZQWTOYkNfPI-Z1zfbM
https://www.6connex.com/?fbclid=IwAR0_QlAr5ujgh4dXgVxx3YnQEXJZXEGAWGARN8tQDZQWTOYkNfPI-Z1zfbM
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IIpooosoicennss mabauyi

[ae 3Mory opraHi3yBaTH iBEHT (BKJIFOUHO 3 IIPOJIAYKEM
KBUTKIB), KEpYBAaTH HUM 1 IOTIM IiIOUTH MiICYyMKH 3
HeySummit | https://heysummit.com/ | yciero HeoOxinHO0O cTaTHCTHKOI. KoManma HeySummit
TPOITOHY€ OE3KOLITOBHY JOIIOMOTY 3 BipTyasizarii 3a-
XOJIB, sIKi OYJIM CKacOBaHi 4epe3 KOPOHaBIpyC

[TnaTdopma anst npoBeeHHs BeOiHAPIB 3 IHCTPYMEHTA-

Demio https://demio.com/
MH JIJIT MAPKETHHTY

[Tnatdopma, sika Haia€ MOXKITMBICTH POBECTH OHJIAMH-
nofito 1yt Beykoi aymaropii (o 1000 ocib). Lle mo-
Shindiig https:/Awww.shindig.com Ky Th OyTH BiICOJIEKIIiL, Bineoxombepeguﬁ totwo. ['s-

Jladi MaloTh 3MOT'y OOrOBOPIOBATH MOMIIO B IIPUBATHHUX
YaTtax. [BEHT MOXKHA TPAHCJIFOBATH B IpsiMoMy edipi 3a
nomomororo YouTube i Facebook Live

CrpiMiHroBHit cepBic 3 6araTOMUTBHOHHOIO ay U TOPI€rO.
[ounnanu 3 TpaHCIsALii OHNaiH-Irop i KibepcropTUB-
Twitch https:/Amww.twitch. tv/ HHX TypHIpiB. AJle 3apa3 TeMaTHKa TPAaHCIALIH mupIa
(xa, MoIopoKi, My3nuuHi BUCTYTH). TakoX 3 SIBUIUCS
IHCTPYMEHTH JUTS BipTyaIbHOTO HETBOPKIHTY

Hoga mnatdopma s THX, XTO IIyKae MPOCTi PillIeHHSL.
https://runtheworld.today/ | [Tae 3Mory opraHi3oByBaTH OHJIAHH-3aX0/IH, BUKOPHCTO-
BYIOYH TOTOBI MIA0JIOHA

IMpumitka: chopmosano 3a (Cremrosa, 2020; penakiist «HappyMonday», 2020).

Run the
world

Jly»e BaXXJIMBO KOPUCTYBATUCS HE JIMIIE TAKAMH TIOMIMPESHIMH OHJIAlH -TUaTdop-
mamu, sik Z0om, GoogleMeet torto (quB. Tabu. BHIIE), e i BAKOPUCTOBYBATH Oara-
TOo(YHKIIOHATBHI MaT(OpMI: KOHCTPYKTOPH LTSI OHJIAHH-3aXO/IiB 1 cTpuMiB. Baskm-
BO, 11100 OHJIAKH-TUIAT(opMa Maya JIeKiJIbka MOBHUX BEpCiH, IpalffoBajia Ha BCIX ra-
JDKeTax (HOyTOyKax, KOMIT'IOTepax, cMapTdoHaX, IUIAHIIETax), Maja MOXIIMBICTh
OpeHtyBatH 1uaTdopMy ITiJT KOIbOPU TOBApPY, SIKHI TPE3EHTYETHCS, I0AaBaTh OJIOK i3
TaMIHTOM 3aXOJTy, MOJICPYBATH IO/III0 B OHJIAWH-YaTi, MATH irPOBi MOMKIIMBOCTI (Tei-
Midikarlito), cTpiMiHroBI aThopMu, BimeokiMHaTH. KpiM TOro, BasKIMBO MaTH Ha
iaThopMi CHHXPOHHHUI TIEpEKIIaJl, MOHETH3AIII0 (MPOJiaXK KBUTKIB), (hOpMH peecTpa-
1ii Ta 30MpaHHs KOHTAKTIB, 3amrc i MOHTax edipy, TeCcTH (OHJIalH-ONMHUTYBaIbHHUKH,
e-mail-po3cuiKy, OHJIAMH-KBECTH Ta KBi3H).

IIpoTsaroM OCTaHHIX POKIB B IBEHT-IHAYCTPIi ChOPMYBAIUCS HOBI TPEHIH, SIKI BU-
3HAYaTUMYTh YIIOI00AHHS OHJIAIH-BI/IBilyBauiB OHJIAHH-TIONIM HAHOMMKINM YacoM:

1. Livestreaming — MOXJIMBICTb OHJIAWH-TPAHCIISIII 3aXOMiB, IO CTAE HOPMOKO
udposoro xutTd. Ak npuxian, National Theatre Live B JIonmoHi 3amycTuB mpsami
TPAHCIIALIT CBOIX BICTAB Yy CBITOBI KIHOTEATPU 3 BUKOPHUCTAHHSAM CEMHU Kamep JjIs 3a-
Oe3nedyeHHsT BpaKeHHS! IIOBHOTO 3aHyPEHHS BIpTyallbHOTO Tisiada. Excrieptu BBaxka-
I0Th, 110 B HAlOMMKIOMy MallOyTHROMY BUKOpHCTaHHs livestreaming Oyne omHuMm i3
TOJIOBHUX TPEH/IIB B IBEHT-IHAYCTpil.
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2. Edextu mpucyTHOCTI — YMOXKIMBICHHS MAKCUMAIEHOIO CKOPOYCHHS JUCTaH-
il MK CITIKepaMH, TOCTSIMU Ta OHJIAWH-TIISIa4aMy 32 JIOTIOMOTOK0 HOBUX iH(opMa-
HIAHO-KOMII’ FOTEPHUX TEXHOJIOTIH.

3. CmpaBxHai eMoLil B IPIOPUTET] — MIABUILEHHSI OOPOTHOM OpEeH/IiB 3a CIOKUBY1
emorii. ToMy B OCHOBI MapKETHHIOBHX OHJIAHH-3aXOJIB — CTBOPEHHS CHJIBHUX €MO-
ITi#A, TII0 MArOTh COIiaJIbHE 3HAYEHH Ta CIIPSMOBAHICTh Ha SAKICHY 3MIHY YKUTTS JIFOTH -
HH.

4. 3nopoBuil cnoci6 xuTTs HaOupae momyssIpHOCTi. BpeHau mparHyTh Makcuma-
JIHO acolfifoBaTrcs 3 arprOyTrKor 3CXK.

5. CmiBrpalis 3 oprasizaTopaMy 3ax01y — 3pPOCTaHHs OaKaHHS JIFOJICH OTPUMY-
BAaTH CBIli Oe3rmocepe/IHill JOCBII Ha 1BEHTI1, OYTH ITOBHOLIIHHAM YYaCHUKOM IO,

6. «PomuHKN I JIFoeH [U(POBOro CBITY — CTBOPEHHS I[IKaBUX HE3BHUUANHIX
MOMEHTIB TIiJT Yac ITPOBEACHHS OHJIAH-IBEHTIB, SIKI MalOTh PSUTHHT Y COMIATEHIX Me-
pexxax. Kom ygacHuky 6adarh I10Ch HE3BHYAKMHE, MOXKYTH IIPO 1€ IyOIIKyBaTH Ha
CBOIX CTOpIHKAaX COMIATBHUX MEPEXKi, 0 HA/IAE MTOIMYJIIPHOCTI TOBAPY, SIKUH TMpe3eH -
TYEThCSL.

7. IntepHer pedeii — BUKOPUCTAHHS HOBHMX TEXHOJIOTIH 1 3aCTOCYHKIB /IO CMapT-
(hOHIB, II10 BiTKPUBAIOTH HOBI MOYIIMBOCTI JIJISI OPraHi3aTopiB MOJIH.

8. VR/AR-rexHoiorii — iHHOBaLiHHI IHCTPYMEHTH UL IHTEPAKTHUBY, 34 JOIIOMO-
T'OI0 SIKMX MOKHA POOOTH IIiKaBl Ipe3eHTAaIlil ToBapy I YY4aCHUKIB. 3BICHO, TaKi TEX-
HOJIOTT ITOTpe0yrOTh GaraTo BUTpaT, ajie 3a Humu MaiioytHe (Kypuenko, 2020).

3BakarouM Ha TCOPETUYHI HAMPAITIOBAHHS Ta JOCBIJ MTPAKTHKIB y cepi iBeHT-TI0-
CIyT, TPOMOHYEMO TEOPETHYHY MOJICTbh OpraHi3allii OHJIaiH-3aX01y 3 ypaxyBaHHAM
IHCTPYMEHTIB 3aIy4eHHs BiIBiqyBadiB (puc. 1).

Mozenb cKIagaeThes 3 JBOX OJIOKIB: IIaHYBAHHS OHJIAMH-3aXOAy Ta IPOBEACHHS
onnain-mnoxnii. [TnanyBanus oHIaiiH-3ax00y nepeabdadac BU3HAYECHHS 3aBJaHb OHJIAMH -
rmoii, po3po0JIeHHS KOHIIEIIIIT OHJIAliH-3aX0/My, PO3PO0IEHHS OI0KETY OHJIAMH-3aX0-
JIy Ta pO3pOOJIEHHS 1 3aTBEP/IKEHHS CLICHAPIIO OHJIAHH-3aX0/Iy 3 OISy Ha BUMOTH Ii-
JILOBOI ayaUTOpPi. BBaskaeThCs, 10 BpaXyBaHHS MOTPEO MUIHLOBHMX BiABIAYBAdiB IMOIii
Ta HU3KA JONATKOBUX IHCTPYMEHTIB Ha OHJIAWH-TUIAT(OPMI COPUATUMYTD MiJBUIICH-
HIO 3aIy4€HHS I1JIL0BOI ayIUTOPII.

IIpoBenennst oHmaiH-moAil — Iie OUIBII BiAHoBizagbHa dacTtuHa. Cromm BigHO-
CHUTBHCS aHOHCYBaHHS Ta PEeKJIaMHa MiATPUMKA OHJIAMH-3aXO0/y, TeHEpaIbHa PEIICTHIILSA
OHJIAH-3aX0/Y, KOOPIMHAIIIS JTiH TiJ] Yac MPOBEICHHS iBEHTY Ta MOHITOPUHT e(heKTH -
BHOCTI TIPOBEJICHHS OHJIAWH-3aXO11Y.

Y Hamiii Mozierni Tpy TUTaHyBaHHI iBeHTY € eTar «Po3po0iieHHs 1 3aTBep/KEHHS Clie-
Hapilo OHJIAH-3aXO0/Ty 3 YpaxXyBaHHIM BUMOT I[iJIbOBOI ayUTOpii». MU Hamaraucst
3’sicyBaTH, SIKI HETATUBHI MOMEHTH TIiJ] Yac OHJIAMH-TIONIN BiquysM BigBimyBadi. s
1poro OyIo nposeneHo Google-omuryBaHHs Yyepe3 Mepesky [HTepHET THX PEeCIIOH/ICH -
TiB, AIKi Xoua 0 pa3 Opan y4acTs B OHJIAKH-iBeHTi. Beworo Oyso onmrano 119 oci6 3
pisHUX perioHiB Ykpainu BikoM Bif 18 710 50 pokis.

B oCHOBY [IOC/IIKEHHS IOK/IAACHO YSBICHHS IIPO T, 10 KOXKEH IBEHT Ma€ Opi€H-
TYBaTHCS Ha CBOTrO I[JIbOBOI'O BiJBiIyBaua, 1 OpraHizaTopy IIOBUHHI YHUKATH HEraTHB-
HHUX MOMEHTIB ITiji Yac IIPOBENCHHS OHJIAHH-IBEHTIB. BBajkaeThes, 110 TaKUH ITiIXiJ
JIOTIOMO>KE ITiIBUIIIMTH 3Ty4YCHICTD BiJIBiTyBadiB.
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Puc. 1. Opramnizauis oniaiiH-3ax0y 3 ypaxXyBaHHsAM iHCTPYMEHTiB 3a1y4eHHs BiBixyBauiB

V xomi AOCHIKEHHS BHSBJIEHO HEraTHBHI MOMEHTH, Ha sIKi 3BEpPTad yBary pec-
IIOHICHTH, KOJIM OpailM y4acThb Y PI3HMX OHJIAMH-3aX0MaX, 1 sIKi BBAKAIOTh HEIOIYCTH-
MHMH IpU 1IpoBeieHH1 momiid. Tak, 88% pecrnoHACHTIB 3a3HAYMIN, IO HEIOIMYCTHMO
HE JOTPMMYBATUCS PErJIaMEHTIB BUCTYIIB; 60% PECIIOHIEHTIB 3asBUIIH, 1110 IM HE I10-
JobaeThest, KoM 3abaraTo iHdopMariii IPONKCYIOTh Y 4ati; 67% pecrioHIeHTIB BBayKa -
10Th, 110 HEIOMMYCTHMO IIPOBOIUTH OHJIaHH-IBEHTH 0e3 may3; 58% pecIioHICHTIB Bijl-
OB, 1[0 HEAOIMYCTHMO BHKOPHCTOBYBATH HIKHEMMM 3aMiCTh pealbHuX iMeH; 68%
PECIIOH/ICHTIB BiJITIOBUIH, 110 HE TIOM00AETHCS, KOJIM TIiJT Yac 3aX0Ay HE BHKIIIOYAIOTH
CTOpPOHHI CIIOBILIICHHS Ha TIPUCTPOSX (pucC. 2).

OtpumMaHi pe3yNbTaTH JIOCIIIKEHHSI MAFOTh BPAXOBYBATHCS B 3aIPOIIOHOBAHIH MO-
JIeTT TIpY TUTAHYBaHHI 1BEHTY Ha €Tarti PO3pOOIIeHHS 1 3aTBEPKEHHS CIIEHAPIF0 OHJIAMH-
3aXO0[y 3 OTJISIY Ha BUMOTH IIJIbOBOI Ay IUTOPIi.
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Puc. 2. HenonycTumi aii i yac mpoBeieHHsI OHJIAH-iBeHTIB, CTBOPEHO aBTOPaMI

BucHoBkM

Y X0/l TeOPETHKO-TIPaKTHYHOT0 JTOCIIPKEHHS BUSIBIICHO, 1110 OHJIAHH-TIONIT Ha ChO-
TOIHI € 3aTpeOyBaHNM MAapKETHHIOBMM IHCTpyMeHTOM miapy. HaOyrno mopmambioro
PO3BUTKY MOHSTTS «MapKETUHTOBUI OHJIAIH-3aX1/ SIK BUII IBEHTY, 1110 IIPOBOIUTHCS B
OHJIalH-(hopMaTi 3 BUKOPUCTAHHAM Pi3HOMaHITHUX 1H(GOpMAIiiHO-TEXHIYHNUX 3aC001B
1 KpeaTHBHUX PIllIeHb Y CLICHAPIfX, SKi CIIPSMOBYIOTHCS HA MAKCUMAIBHE 3aJTy9CHHSI
ITHOBOI ayIUTOPIi 3 METOIO MTPE3eHTAallii ToBapy (IIOCIYT) iIHTEpHET-Bi/IBilyBayaM.

BuzHaveHo Tpenau opraHizaliii OHJIaiH-1BEHTIB: IOMEpe/THS PeeECTpallis YYaCHHKIB,
IO HaJIa€ MpaBo OE3KOMITOBHOI y4acTi, MipsaHICTh GopMaTy MpOBEICHHS iBEHTIB;
edekT npucyTHocTi; ckanyBaHHS 3D-hopmu oci0 1 GE3KOHTAKTHOI peecTparlii Ha
(Gi3UYHUX iBEHTaX; PO3BUTOK IHHOBAI[IMHIX TEXHOJIOTIH Ta 1HBECTyBaHHS B CTBOPECHHS
BIpTYaJILHUX CTYIiH 1 OHJIAMH-MaliIaHIUKIB ST MOXIIMBOI Y4acTi BEIMKOI KUTBKOCTI
JEOAEH.

3arpoIrtoHOBaHO OpraHizalliiiHy MOJIENb POBEACHHS OHJIAMH-IBEHTIB, B SKii 3HAY-
Hy yBary npuziieHo eramy «Po3poOieHHs 1 3aTBepmKeHHsI CIICHAPII0 OHJIAHH-3aX0Ly
3 ypaxyBaHHSIM BUMOT IIJIbOBOI ayIUTOPID» Ta 3aTy4EHHIO IJIbOBOI OHJIAHH-ayIUTOPI T
4yepe3 HU3KY OCHOBHHX TiIXOJIiB: CTBOPSHHS IIKABOT'O CIICHAPIIO JIJIS TIPSIMOTO OHJIAH-
edipy, 3aydeHHs CIiKepiB, BAKOPUCTaHHS YHIKaJIbHUX CTUJIICTUYHO 1 TpadhivyHo CTBO-
PEHHX Mpe3eHTaliil 3 aHIMalli€ro, 3aCTOCYBAaHHS HECTAaHIAPTHUX TEXHIYHUX PIllICHb 3
BUKOPHUCTAHHSIM MporpamMHoro 3abesnedeHns Zoom, GoogleMeet a6o BracHux po-
3po0ieHuX mIatdopmM, BipTyallbHUX KIMHAT JUIS CIIJKYBaHHS yYacHUKIB, BIIPOBA-
JDKEHHS KBI31B IS aKTHUBI3alll YIaCHUKIB IBEHTIB.

V xomi TOoCIiayKEHHS BUSBJICHO HETaTHBHI MOMEHTH IIiJ] Yac IIPOBEACHHS OHJIAHH-
IBEHTIB, SIKHUX CJILI VHMKATH IS YCIIIIHOI peami3aril 3aX0ny: HEIOIYCTUMO HE JOTPH -
MYBaTHCs peETJIaMEHTIB BUCTYIIIB, IHCAaTH Oarato ingopMarii B 4aTi, IIPOBOIUTH OH-
TaiiH-iBeHTH Oe3 Tay3, BUKOPHCTOBYBATH HIKHEHMU 3aMiCTh PeaslbHUX iIMEH, HE BUMH-
KaTW CTOPOHHI CIIOBIIIICHHS HA TIPUCTPOSX.
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[Nonmanbun HayKoBi TOCIIIKEHHSI OyIyTh CIIPAMOBaH] Ha BUPILIEHHS MUTAHHS BU-
KOPUCTaHHS 1HCTPYMEHTIB IU(POBOro MapKETHHTY JUIS OpraHizaiii Ta MpOBEICHHS
MapKETHHTOBHX iBEHTIB.
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The main results of the enterprises activities of the do-
mestic oil and fat industry in 2020—2021 are shown in the
articles. The profitability indicators of the production of oil
crops of agricultural enterprises and farms of Ukraine by re-
gions in 2020, the sown area under soybeans and sunflowers
by regions of Ukraine for the 2021 harvest are studied, as
well as the export of oilseeds in 2020/2021 compared to the
2019/2020 marketing year. It was emphasized that oilseed
crops in Ukraine are traditionally the most profitable of all
plant products, which is due to their high liquidity and de-
mand from both exporters and the processing sector. export
of vegetable oil and protein grist from Ukraine during the
specified period was investigated, and the main reasons for
changes were determined.

The production of oil and fat products in Ukraine in
2020—2021 was analyzed, the the supply/demand balances
of sunflower seeds and vegetable oil, the main trends in the
functioning of the relevant market were determined and the
priorities of future development were substantiated.

The price policy of industry enterprises and the reasons
for the increase in the price of oil were studied. The process-
sing capacities of the main types of oil crops, oil and deep
processing products were evaluated, and the leaders of the
respective markets were determined.

It was emphasized that the further market development
of oil and oil-fat products of Ukraine will take place in the
direction of improving the quality of manufactured products
in terms of their safety and expanding exports. This is due to
the further application of international standards at the en-
terprises of the industry and their timely reaction to changes
in the regulatory and legal framework. New changes in
FSSC 22000 scheme (version 5.1) are highlighted.
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CYUACHUMU CTAH | NEPCNEKTUBHI HANMPAMMU
PO3BUTKY BITYUUZHAHOIO PUHKY OJli TA OJNNIIKHO-
XXUPOBOI NMPOAYKLIIi: AKICHUU ACNEKT

B. I. Crpammmncekmuii, O. O. Hlepemer, JI. B. Crpamuncbka
Hayionanvnuii ynieepcumem xapuogux mexHonozii

Y cmammi posensinymo ochoeri pezyromamu OisIbHOCII NIONPUEMCME GINYU -
3HAHOI onitiHO-0icupo6oi 2anyszi y 2020—2021 pokax. /{ocniodiceHo nOKA3HUKU peH-
MabenbHoCmi BUPOOHUYMBA OTIUHUX KYAbMYD Y CLTbCbKO2OCNO0ap CoKUX NIONPUEM-
cmeax i gpepmepcwvkux 2ocnodapcmeax Yxpainu 3a pezionamu y 2020 p., nocigni
naowi nio Co€r0 i COHAUHUKOM 3a pe2ioHamu Yxpainu nio epoxcau 2021 p., a ma-
Kooic ekcnopm Haciuua onitunux xynemyp 2020/2021 nopisnano 3 2019/2020 map-
KemuHeo8um poxom. Haeonoweno, wo onitini kynemypu 6 Ykpaini mpaouyitino €
HaubO bW peHmabenrbHuMU 3 YCiei npooyKyii poCIUHHUYMEA, WO 00YMOBIEHO iX 6U-
COKO10 JIKBIOHICHIIO | NORUMOM K 3 DOKY eKchopmepis, mak i nepepooHo2o ceK-
mopy.

Tpoananizoearo eupoOHUYMEo onitiHO-dcupoeoi npodykyii 6 Yipaini y 2020—2021 pp.,
00CNi0JICEHO eKCNOPm POCIUHHOL Ol ma npomeinosux wpomis 3 Ykpainu npo-
MA20M 3a3HAUEH020 NEPiody I GU3HAUEHO OCHOBHI npuyunu 3min. Ha ocnosi baran-
ci6é nonumy/npono3uyii HACiHHA COHAWHUKY MA POCTUHHOL OiT GUBHAYEHO OCHOGHI
meHnOenyii PYHKYIOHY8aHH 8I0N0BIOHO20 PUHKY Ul OOIDYHMOBAHO HpIOpUmMemu
NEePCReKMUBHO20 PO3BUNIKY.

LocniooceHo yino8y nonimuxy nionpuemcme 2any3i ma npudUHU NoO0PON*CUAH-
Hs onii. OyineHo nomyscHOCI 3 NepepoOKU OCHOBHUX 8UOIE ONIUHUX KYIbMYP, Ol
ma npooykmie 2muboKoi nepepodKu, a maKodiC SUHAYEHO Ji0epié GiON0GIOHUX
PUHKIB.

Hazonoweno, wo nodanvuiuii po36umox punKy ouii ma OJMitiHO -JCUpo8oi npo-
Oykyii Yxpainu 0yoe 6i00ysamucsi 6 HANPAMKY NIOSUWEHHSL AKOCTI BUPOOTIIOBAHOT
npooykyii 6 acnekmi ii besneku ma poswupenus excnopmy. Lle nog’szano 3 no-
OanbUUM 3ACMOCYBAHHIAM MINCHAPOOHUX CMAHOAPMIE HA NIONPUEMCIBAX 2ATY3I
Ma C80EHUACHOIO IX PeaKyicio Ha 3MIHU 8 HOPMAMUBHO -NPasosil ba3i. Hazonowero
Ha Hosux 3minax 6 cxemi FSSC 22000 (sepcis 5.1).

Knrouoegi cnosa: purox onii, penmabenvricms upoOHUYMEA ONTUHUX KYAbMYD,
paginosarna ma Hepaginosana onis, nPooyKkmu 2iuboxoi nepepooOKu, SAKicmov i
besnexka xapuo8oi npooyKyii, eHymMpIwHIl PUHOK, MidCHapoOHi cmandapmu 1SO
22000.

Formulation of the problem. The oil market is particularly important for Ukraine,
since its effective functioning is of primary importance for ensuring the country’s food
and energy security, on the one hand, and the economic component, on the other hand,
due to the fact that Ukraine is one of the largest players today on the world market of
vegetable oil and occupies a leading position in the volume of exports of oil crops.
Therefore, the modern development of the oil market requires finding ways for further
functioning in connection with the situation in Ukraine, taking into account the modern
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realities of today, as well as increasing the level of provision of oil raw materials for the
annually growing needs of processing enterprises. In this regard, the analysis of trends
in the current state of the market and the determination of prospects for its development
become especially relevant.

The development of the oilseed market also directly affects agricultural production
and is one of the most important economic and food components of the agro-industrial
complex in Ukraine. Unfortunately, the economic situation in Ukraine has a negative
impact on the agrarian sector of the economy. This led to changes in the structure of
manufactured products and changed the vectors of agricultural production.

Analysis of recent research and publications. In recent years, a number of do-
mestic scientists have devoted their scientific assets to researching the markets of oil-
seed crops, oil and products of its deep processing. In particular, such Ukrainian econo-
mists as I. Chekhova, V. Tymchenko and A. Pylypchenko, V. Tsikhanovska studied the
problems of the formation and development of the domestic market of oilseed crops in
general, as well as the state and prospects for the development of soybean production
in Ukraine. It was established that the structure of the acreage of the main oil crops is
undergoing changes, namely, the amount of sunflower acreage remains unchanged, the
area under rapeseed is reduced in favor of areas under soybeans. Sunflower oil is the
main vegetable oil market in Ukraine, an important raw material for many sectors of
the food industry, and occupies the first positions in the export structure. The develop-
ment of the sunflower market in Ukraine is possible due to the cultivation of high-oleic
crops, the demand for which will constantly grow in the world. To revive the market of
oil crops, it is also necessary to develop the production of oil from "niche" crops, in
particular mustard, flax, hemp, pumpkin, sesame (Tumuenko, & ITummmuenko, 2012;
IixanoBcbka, 2016; Uexoa, & Hexo, 2020). The current state, the main trends in the
production and export of sunflower oil were reflected in the works of Y. Barsuk,
O. Kucherenko and M. Talavyri. The analysis of the conducted research demonstrates
that the oil and fat industry of Ukraine is one of the leading processing industries of the
domestic economy, which even in conditions of global financial instability and econo-
mic crisis shows significant growth production and export of products (bapcyx, 2017;
Kyuepenko, 2015). Modern sunflower oil exports will be affected by the following fac-
tors: instability of production at Argentine enterprises, imperfect price-setting competi-
tion in India, war with russia, raising the price on the domestic market in Ukraine in
connection with the increase of fuel prices. The listed factors will have negative con-
sequences for Ukraine through the rise in the price of sunflower oil. In the formation of
macroeconomic equilibrium, from the point of view of demand and proposals, the
"sunflower oil index" indicator will have a significant impact, which characterizes the
well-being and food security of Ukrainians (Tanasups, 2022). The marketing potential
of innovations in the oil-fat subcomplex and the features of competition at the sun-
flower oil market are considered in the works of V. Lutsyak, T. Duranova and M. Ka-
tran. The results of market studies of sunflower oil showed that the market has signs of
an oligopoly, moderately concentrated. Therefore, the domestic market of sunflower
oil needs a comprehensive study in order to improve its structure and ensure state pro-
tection of competition in business activities (Iyparosa, 2013; Karpan, 2018; JIyrysik,
2020). Research of 1. Sarafonova was devoted to the formation of a mechanism for re-
gulating the activities of enterprises on the market of oil and fat products (Capadonosa,
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2018). However, the dynamic development of the oil market and the radical change of
external factors associated with the instability of the situation in the country require the
justification of further priorities for the functioning of the market of oil and oil-fat pro-
ducts in view of the existing realities of today.

The purpose of the study: to disclose the main results of the activities of enterpri-
ses of the domestic oil and fat industry and to characterize the general trends of the oil
market as a whole and to justify the prospective directions of its development in view
of the changes in the military-political, socio-economic and financial situation in the
country, which have advantages in the long-term perspective.

Materials and methods. The purpose of the research in the article was achieved by
using a number of methods of scientific research. According to the classification of sci-
entific research methods by the level of methodological analysis, the following me-
thods of general scientific level are used in the article: analytical-synthetic, systemic-
structural, logical, factorial. Considering concrete scientific methodology, typological
methods (descriptive, normative, structural) were used in the article. Based on the ge-
nerally accepted classification of scientific research methods, which are divided into
general scientific and specific scientific (empirical), the following general scientific re-
search methods are used in the article: analysis and synthesis, induction and deducti-
on — in the assessment of sown areas under soybean and sunflower by regions and
Ukraine as a whole; system analysis — when developing the supply/demand balance
of sunflower seeds and vegetable oil; ranking— when determining the rating of the
main producers of oil (refined and unrefined) and oil and fat products; generalizati-
on — when developing directions for the use of new international standards by enter-
prises of the industry; systematization — when calculating the export of oilseeds, vege-
table oil and protein meal from Ukraine; argumentation— when substantiating the
evidence and persuasiveness of the conclusions. Among the empirical methods of rese-
arch, the following are used in the article: measurement — when determining indica-
tors of the profitability of the production of oil crops of agricultural enterprises in ge-
neral and farms; comparison — in the evaluation of processing capacities of the main
types of oil crops and oil, as well as the evaluation of the production of oil and fat
products in Ukraine and the price situation in the industry.

Presentation of the main results of the study. In 2020/2021 marketing year (MY),
the total production of the main types of oilseeds amounted to 18.466 million tons, in-
cluding sunflower seeds— 13.111 million tons, soy — 2.798 million tons, rapeseed —
2.557 million tons.

Oil crops in Ukraine are traditionally the most profitable of all plant products, which
is due to their high liquidity and demand from both exporters and the processing sector.
(Cymenn, 2014). After a long period of declining profitability, which began in 2016,
positive dynamics resumed in 2020. Compared to the previous year, the profitability of
sunflower seed production increased by 1.7 times, soy — by 2.3 times, rapeseed — by
1.8 times. (Uexosa, Yexos, 2020).

The profitability of the production of oil crops in Ukraine by region in 2020 is pre-
sented in the table 1.

According to the State Statistics Service of Ukraine, in 2020, the profitability of
sunflower production was the highest among other major types of oil crops, reaching
39.4% in agricultural enterprises, and 37.3% in farms. The profitability of sunflower seed
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production reached the highest level for the period of 2008—2020 in 2015 (80.5%) and
in 2016 (63.0%). Regionally, the highest profitability of sunflower seed production in
2020 was demonstrated by Zhytomyr, Zaporizhzhya, Sumy, Rivne, and Chernihiv re-
gions.

Table 1. Production profitability of oil crops in agricultural enterprises and farms in
Ukraine by regions in 2020

Soy Rape (s_prlng and Sunflower seeds
Region - - winter) -

agr |cultyral farms agrlcultgral farms agr |cultgral farms

enterprises enterprises enterprises
Ukraine 30.2 335 17.2 23.9 39.4 37.3
Vinnytsya 5.0 234 21.7 16.3 35.9 35.2
Volyn 49.8 36.2 26.2 27.2 43.2 30.8
Dnipropetrovsk 17.9 19.8 38.7 47.7 35.5 38.3
Donetsk X X 37.9 415 43.2 42.6
Zhytomyr 29.0 47.1 13.9 16.2 50.4 58.3
Zakarpattya 62.1 118.0 X X 25.6 61.2
Zaporizhzhya 44.3 72.4 23.6 27.5 53.8 49.7
lvano-
Erankivsk 26.3 34.4 0 31.9 9.0 333
Kyiv 18.2 24.0 6.9 6.9 38.6 29.7
Kirovohrad 11.2 19.7 19.1 20.3 338 29.6
Luhansk X X 353 34.1 39.1 36.3
Lviv 36.2 435 9.9 21.7 25.9 23.0
Mykolayiv 25.0 28.2 20.5 24.9 32.2 31.0
Odesa 3.2 X 16.4 17.4 19.9 16.9
Poltava 26.9 312 30.4 316 35.1 457
Rivne 34.3 35.6 10.5 23.9 47.7 54.9
Sumy 48.1 414 38.6 37.3 49.7 66.6
Ternopyl 33.6 31.2 17.8 16.0 45.8 46.7
Kharkiv 32.8 42.6 24.0 211 44.5 40.6
Kherson 21.6 34.1 24.5 32.3 29.6 284
Khmelnytskiy 417 35.0 14.9 23.9 44.9 335
Cherkasy 10.8 134 17.6 7.0 49.2 35.6
Cherniutsi 33.6 438.1 18.3 52.6 355 46.0
Chernihiv 39.8 53.9 20.2 34.8 47.2 52.5
Kyivcity 43.5 X X X 20.6 313

Note: calculated by the authors based on the State Statistics Service of Ukraine.

In 2020, profitability in agricultural enterprises processing soybeans also increased
significantly compared to 2019, amounting to 30.2%, in farms — 33.5%. The maxi-
mum rate was observed in 2016 (52%). The analysis of the profitability of soybeans by
regions of Ukraine showed the highest profitability in 2020 in Zakarpattia, Zaporizh-
zhya, Sumy and Chernihiv regions.

The profitability of rape production in 2020 in agricultural enterprises increased
compared to 2019 to 17.2%, in farms— 23.9%. The minimum level since 2008 was
observed in 2013 (8.6%), and the maximum — in 2008 (51.3%). Dnipropetrovsk, Do-
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netsk, Sumy, and Chernivtsi regions stood out among the leading regions in terms of
rape profitability in 2020.

The production of rape (856.2 UAH/cwt) and soybeans (759.9 UAH/cwt) was the
most expensive among the mentioned oil crops in 2020, while the production of sun-
flower (710.0 UAH/cwt) was the least expensive.

In the second half of June 2021, sunflower and soybean sowing was completed in
Ukraine. According to operational data of the Ministry of Agrarian Policy of Ukraine,
as of June 24, 2021, sunflower and soybean sowing in Ukraine was completed. On the
specified date, 6479.72 thousand hectares were sown under sunflower, which is 1%
higher than the predicted value, as well as 1391.89 thousand hectares under soybeans
(99% of the predicted value) (OxoHOMMYECKHE TIOKa3aTEM PabOThl MACIOKUPOBOTO
KOMIUIeKca YKpauHbl B ceHTss0pe-utone 2020/21MT, 2021).

In terms of regions of Ukraine, the largest areas under sunflower are occupied in
Dnipropetrovsk, Kirovohrad, Kharkiv and Zaporizhia regions, and under soybeans —
in Khmelnytskyi, Zhytomyr and Poltava regions.

Sown areas under the main oil crops in a section of the regions of Ukraine are pre-
sented in the table 2.

Table 2. Areas sown under soybeans and sunflowers by regions in Ukraine for the 2021
harvest, as of June 24, 2021

Region Sunflower seeds, thousand ha Soy, thousand ha
2020 2021 % 2020/2021 2020 2021 % 2020/2021

Vinnytsya 288.6 305.4 105.8 101.6 109.3 107.6
Volyn 39.7 41.0 103.3 34.8 36.0 103.4
Dnipropetrovsk 617.8 601.0 97.3 2.8 3.0 107.1
Donetsk 331.1 347.6 105.0 0.0 0.5 100.5
Zhytomyr 138.2 147.6 106.8 118.0 133.4 113.1
Zakarpattya 2.8 29 103.6 13.2 11.2 84.8
Zaporizhzhya 524.6 530.9 101.2 10.2 9.7 95.1
lvano-Frankivsk 23.3 26.8 115.0 38.3 34.2 89.3
Kyiv 183.8 197.4 107.4 94.9 104.1 109.7
Kirovohrad 596.9 576.1 96.5 74.2 70.8 95.4
Luhansk 389.6 451.4 115.9 0.0 0.0 —

Lviv 30.2 35.0 115.9 76.9 85.0 1105
Mykolayiv 507.1 490.0 96.6 6.3 6.0 95.2
Odesa 353.1 425.0 120.4 58 5.2 89.7
Poltava 381.8 384.0 100.6 129.4 120.4 93.0
Rivne 35.8 42.0 117.3 66.4 67.0 100.9
Sumy 278.2 289.2 104.0 70.4 73.0 103.7
Ternopyl 88.6 86.5 97.6 72.9 80.9 111.0
Kharkiv 596.9 543.7 91.1 20.7 20.9 101.0
Kherson 331.2 325.0 98.1 72.2 75.0 103.9
Khmelnytskiy 164.7 180.0 109.3 132.5 150.0 113.2
Cherkasy 218.9 205.0 93.7 75.4 84.5 112.1
Chernivtsi 19.3 21.4 110.9 56.1 59.8 106.6
Chernihiv 239.1 224.9 94.1 49.6 52.0 104.8
Total 6381.3 6479.7 101.5 1322.6 1391.9 105.2

Note: calculated by the authors based on the data of the Ministry of Agrarian Policy of Ukraine.
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As evidenced by the data in the table 2 in 2021, compared to 2020, the cultivated
area under sunflower increased by 1.5%. With the exception of some regions, the area
planted under sunflower increased almost in all regions. The greatest increase in area
was observed in Luhansk (+15.9%), Lviv (+15.9%), Odesa (+20.4%) and Rivne
(+17.3%) regions. The largest decrease in sunflower area was observed in Kharkiv
(—8.9%), Cherkasy (—6.3%) and Chernihiv (-5.9%) regions.

In 2021, compared to 2020, the sown area under soybeans also increased by 5.2%
in Ukraine as a whole. The largest increase in cultivated area was observed in Zhyto-
myr (+13.1%), Khmelnytskyi (+13.2%) and Cherkasy (+12.1%) regions. The area un-
der soybeans decreased the most during the specified period in Zakarpattia (—15.2%),
Ivano-Frankivsk (—10.7%) and Odesa (—10.3%) regions.

A feature of the 2020/2021 MY is the lowest level of transitional stocks of all oil
crops in recent seasons. According to the State Statistics Service of Ukraine, at the
beginning of the season, the stocks of sunflower seeds were the lowest in the last three
seasons and were almost twice smaller compared to the beginning of the previous
2019/2020 MY — 809.7 thousand tons compared to 1524.0 thousand tons.

As of July 1, 2021, there were totaly 943.8 thousand tons of sunflower seeds (1.5 ti-
mes less than in the same period of the previous year), including 559.2 thousand tons in
agricultural enterprises, and 384.6 thousand tons in enterprises, which are engaged in
processing and storage.

At the same time, the comparability of volumes in agricultural enterprises and pro-
cessors confirms that since the beginning of the season, in conditions of dynamic price
growth, agricultural producers have kept the available volumes of sunflower, expecting
further price increases, which led to a reduction in processing volumes and the full or
partial suspension of a number of powerful processing enterprises. (LlixanoBcbKa,
2016).

Soybean stocks in Ukraine at the beginning of the 2020/21 MY were also minimal
in the last few years and more than 2 times less compared to the beginning of the pre-
vious season. As of July 1, 2021, they amounted to 302.9 thousand tons, which is sligh-
tly lower than last year's amount of 338.4 thousand tons, including in agricultural enter-
prises — 183.8 thousand tons, in processing enterprises— 119.1 thousand tons. Agri-
businesses, judging by stocks that exceeded 1.5 times the volumes available to proces-
sors, also held soybeans in anticipation of higher prices on the domestic market.

Rape stocks, which at the beginning of the 2020/21 MY were more than 3 times lo-
wer than last year, by the time of its end as of July 1, 2021, were practically exhausted
due to active export of 46,000 tons, and were mainly stored only in agricultural enter-
prises (42.1 thousand tons), were practically absent at processing enterprises (3.9 thou-
sand tons), since processing was impractical for factories due to completed export con-
tracts.

According to the data of the State Statistics Service of Ukraine as of July 1, 2021,
from the beginning of the 2020/21 MY, 4,019.9 thousand tons were exported from Uk-
raine to foreign markets, including sunflower — 0.189 million tons, soybeans — 1.433
million tons, rape — 2.398 million tons.

The export of oilseeds is presented in table 3.

The specific weight of the main types of oilseeds in the total export from Ukraine
was: sunflower seeds — 4.7%, soybeans — 35.6%, rape — 59.7%. It should be noted
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that in the 2020/21 MY, the export of soybeans decreased by almost 2 times compared
to the previous season. One of the features of the 2020/21 MY is the rapid increase in
the export of sunflower seeds of the 2020 harvest from Ukraine at the beginning of the
season. In September-June 2020/21 MY, 193.3 thousand tons of it were exported from
Ukraine, which shows an increase 23.1 times compared to the corresponding period of
2019/20 MY. The situation, when such a volume of sunflower seeds was exported ab-
road in the first months of the marketing year, happened for the first time.

Table 3. Export of oilseeds 2020/2021 compared to 2019/2020, as of July 1, 2021

2019/2020 MY 2020/2021 MY
Name thousand otal average thousand otal average

tons am(_)u_nt, $ price, tons am(_)u_nt, $ price,

million $/ton million $/ton

Sunflower seeds 47.5 20.4 429.8 189.0 68.2 360.0
Soybeans 2623.8 860.7 328.0 1432.6 661.7 462.0
Rape 2996.0 1213.2 405.0 2397.8 1016.0 423.7
Total 5667.3 2094.3 369.2 4019.9 1745.9 434.3

Note: calculated by the authors based on the State Statistics Service of Ukraine.

The main importers of Ukrainian sunflower were EU countries, where 64.9% were
shipped (including Bulgaria — 55.1% and Turkey — 31%). Soy was exported mainly
to the EU (26.7% of the total volume), Turkey (39.2%), Belarus (18.5%), Egypt (7.5%).
The EU countries were also the main market for rape (94.6%).

According to the State Statistics Service data, from the beginning of the 2020/21
MY as of June 1, 2021, 11.865 million tons of oil crops (64.2% of the gross harvest)
were processed into oil in Ukraine, including sunflower — 10.8 million tons (82.4% of
the gross harvest), soybeans — 0.820 million tons (29.3% of the gross harvest), rape —
0.245 million tons (9.6% of the gross harvest). In the volumes of total processing, the
specific weight of sunflower seeds was more than 91%, the lowest volumes of proces-
sing were observed for rape.

The dynamics of production and stocks of vegetable oil shows that for the second
year in a row the beginning of the season was characterized by the lowest transitional
stocks of vegetable oils, as well as raw materials for their production. However, by the
end of June 2021, the volumes of stocks of produced unrefined sunflower oil in the
warehouses of manufacturing enterprises significantly exceeded the previous indicator
for the same date (126.33 thousand tons compared to 94.27 thousand tons — 1.3 times
more) with a significant reductions in production (242.89 thousand tons compared to
465.2 thousand tons — almost 2 times less). Soybean oil stocks at the end of June 2021
amounted to 16.6 thousand tons compared to 11.88 thousand tons in June 2020, and
production volumes for the specified period amounted to 21.4 thousand tons and 23.14
thousand tons, respectively.

The production of the main types of oil and fat products in Ukraine during
2020—2021 is presented in the table 4.

As evidenced by the indicators given in the table 4, in the 2020/2021 MY, a decre-
ase in the production of all types of oil and fat products, especially soybean and rape
processing products, as well as margarine, is observed. This was due to the active ex-
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port of oilseeds and high prices for them, as a result of which most of the powerful plants
partially or completely suspended processing.

Table 4. Production of oil and fat products in Ukraine in 2020-2021, thousand tons

September—June
January—June (for rape: July—June)
Deviation Deviation
Product name 001 | 2020 from | 2020/2021 | 2019/2020 |  from
2021to MY MY 2020/2021 to
2020, % 2019/2020, %
gi?ref'”ed sunflower | 53049 | 32146 | 717 450.1 5488.1 82.0
Unrefined soybean oil | 116.2 149.4 71.8 176.7 244.6 72.2
Unrefined rape oil — 18.1 — 16.2 16.5 66.2
Refined sunflower oil 338.5 492.0 68.8 643.7 790.0 81.5
Soybean grist 505.9 616.2 82.1 777.8 992.3 78.4
Sunflower grist 2416.1 | 3062.1 78.9 4598.9 5191.9 88.6
Margarine products 487.9 592.7 82.3 133.9 206.6 64.8
Sauces and 73.0 74.6 97.9 1333 133.6 99.8
mayonnaise

Note: calculated by the authors based on the State Statistics Service of Ukraine.

The production of refined sunflower oil decreased by 21.6% in the reporting period
of 2020/2021 of the MY compared to the same period of the previous season (Sep-
tember—June), and by 30.2% according to the results of the 11 half of 2021.

At the same time, the stocks of the specified products in the warehouses of manu-
facturing enterprises exceeded last year’s amount by 1.6 times (21.3 thousand tons
compared to 13.43 thousand tons) and are 2.3 times higher than the initial stocks of the
2020/2021 MY season (21.02 thousand tons compared to 9.32 thousand tons).

This situation is associated with a reduction in the volume of sales of products on
the domestic market, mainly due to sales in trade networks, due to high prices during
the season. For the same reason, for the first time in the last 5 years (2017—2022), ve-
getable oil stocks at wholesale trade enterprises amounted to about 1.5 times more than
average seasonal indicators.

The production of protein grist (sunflower, soybean) for the period 2020—2021 de-
creased proportionaly to the volume of processing of oilseeds.

As for products of deep processing of vegetable oil (margarine, mayonnaise), the
production of which is traditionally seasonal, the production of mayonnaise was practi-
cally comparable to the production of the previous year, and the production of marga-
rine products decreased by 40.2%, which was associated with a decrease in consump-
tion both on the domestic market and by reducing exports. This situation was a conse-
quence of the rise in prices for the finished product.

The export of vegetable oil from Ukraine during 2020—2021 is presented in the
table 5.

Indicators of export of vegetable oil from Ukraine from the beginning of the
2020/2021 MY to June inclusive, were observed to be 19% lower than in the previous
corresponding period. Totally 5045.7 thousand tons of vegetable oil was exported. Per-
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centage of export of sunflower oil showed the smallest decrease (—17.6%), rape oil
was delivered to foreign markets almost twice more than in the same period last sea-
son, and soybean exports decreased by 31%.

Table 5. Export of vegetable oil from Ukraine during 2020—2021, as of July 1, 2021

January—June September—June (for rape: July—June)
Deviation Deviation from
Product name 2021 | 2020 | from2021 |, 220 2013\2(020 202012021 to
to 2020, % 2019/2020, %
Unrefined sunflower oil | 2562.8 | 3760.6 68.1 4746.1 5763.3 82.4
Soybean oil is unrefined | 120.7 | 175.5 68.8 194.9 283.0 68.9
Unrefined rapeseed oil
(MY July—June) 11 355 31 104.7 183.7 57.0
Total 2684.6 | 3971.6 67.6 5045.7 6230.0 81.0

Note: calculated by the authors based on the State Statistics Service of Ukraine.

During 2020/2021, sunflower oil was shipped to more than 130 countries of the
world, and the main importers were India (31.3% of the total volume of exports) and
China (21.4%), the total share of which in the total volume of Ukrainian exports
reached 52.7%. A significant part of sunflower oil (25.6%) was exported to the EU, the
main importers of which were the Netherlands (10.2%), Spain (5.5%), Italy (4.1%).

The export of protein grist from Ukraine in 2020-2021 is presented in the table 6.

Table 6. Export of protein grist from Ukraine in 2020-2021, as of July 1, 2021

January—June September—June (for rape: July—June)
Productname | 5051 | 2020 fr(()jr?VIZa(}IZOlnto 2013[%21 201184/\2(020 2(?;(\)/;232;] Wm
2020, % 2019/2020 MY, %
Soybean grist 2478 | 3355 73.8 436.2 620.7 70.3
Sunflower grist | 2302.0 | 3036.5 75.8 4046.3 4669.6 86.7
Total 2549.8 | 3372.0 75.6 44825 5290.3 84.7

Note: calculated by the authors based on the State Statistics Service of Ukraine.

In September—June 2020/21 MY, Ukraine exported 4,482.5 thousand tons of pro-
tein grist (table 6), which is 15.3% lower than for the same period of the previous year.
The export of sunflower grist decreased by 13.3%, and soybean grist — by 29.7%. The
main importer of Ukrainian sunflower grist is China, whose share in the total volume
of exports was 44.1%, as well as EU countries (31.4%). Among the largest importing
countries of the European Union are France (11.0%), Poland (8.0%), Italy (3.9%), the
Netherlands (3.3%), Spain (3.0%). Turkey (7.4%), Morocco (4.3%) and Belarus (4.2%)
also entered the TOP-10 largest buyers. During September-June 2020/2021, Belarus
reduced the import of Ukrainian sunflower grist by 42% compared to the same indi-
cator of the previous season. This situation is due to the fact that during the reporting
period, Belarusian buyers preferred cheaper Russian products, the purchase of which
ultimately significantly reduced the volume of Ukrainian grist. During the specified pe-
riod of 2020/2021 of the MY, deliveries of Russian sunflower grist to Belarus increa-
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sed by 16% compared to the same period of the 2019/2020 MY. As a result, the share
of Russian products in the Belarusian market increased to 57% compared to 40% in the
previous similar season. Accordingly, the share of Ukrainian grist was 43% compared
to 60% in the previous season. Thus, for the first time, sunflower grist of russian origin
dominates the belarusian market.

Soyhbean grist was supplied mainly to Poland and Belarus (about 60% in total).

Demand/supply balances of oilseeds and vegetable oil (without taking into account
the temporarily occupied territories of the Republic of Crimea, the city of Sevastopol
and the Donetsk and Luhansk regions), according to expert assessments of the Ministry
of Economy, the State Committee of Statistics, the State Customs Service and the asso-
ciation "Ukroliyaprom" as of September—June 2020/2021 of the Ministry of Economy
are presented in the table 7 and table 8.

Table 7. Balance of demand/supply of sunflower seeds in September—June 2020/2021 MY,
thousand tons

2020/2021 MY September—June 2021/2022 MY
(predicted) 2020/2021 MY (fact) (predicted)
Product offer 13976 13944 16527

Internal market— 13946 13920 16500
everything, including:

production 13136 13110 15100

inventories at the

beginning of the period 810 810 1400

foreign market (import) 30 24 27

Demand for products 13976 13944 16527
Internal market — 13570 12220 15560
everything, including:

processing 13150 11800 15000

other consumption,

including: 420 420 560

feeds and losses 350 350 430

seed 70 70 80

foreign market (export) 250 189 150
Invgntory at the end of the 156 1535 817
period

Note: calculated by the authors on the basis of expert assessments of the Ministry of Economy,
the State Committee of Statistics, the State Customs Service and the association "Ukroliyaprom".

The production of sunflower seeds in the 2021/2022 is expected to exceed the indi-
cators of the 2020/2021 MY and will amount to 15.1 million tons compared to 13.1
million tons, and transitional stocks will be sufficiently high.

Therefore, the production and export of sunflower oil is expected to increase.
2020/2021 MY, which began in Ukraine in September, demonstrated an uncharacteris-
tic sharp increase in the prices of oilseeds and, accordingly, processed products, which
continued until the end of March. Thus, for the period from the beginning of the MY to
March, according to the State Statistics Service, the average sale prices of sunflower
seeds by agricultural enterprises of Ukraine (without VAT, transport, shipping and
overhead costs) reached their maximum in March, having increased by 2 times during
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this period (from 10,041.1 UAH/ton to 20,868.6 UAH /ton). Prices for rape continued
to rise until the end of the season and reached a maximum in June (15,916.4 UAH/ton),
increasing by 1.5 times. The price for soybeans increased by 1.5 times by May (from
10,613.9 UAH/ton to 17,765.2 UAH /ton). After the specified periods, prices began to
decrease.

Table 8. Balance of demand/supply of vegetable oil in September—June 2020/2021 MY,
thousand tons

20202021 MY September—June 2021/2022 MY
(predicted) 2020/2021 MY (fact) (predicted)
Product offer 6328 5534 7518

Internal market —
everything, including: 6108 5316 7298
an p_roc'luctlon of ail, 6248 5505 7908
including:

sunflower 5920 5200 6750

rape 100 120 230

soybean 220 177 310

other 8 8 8
Stock change —140 -189 —
Foreign market (import) 220 218 220

Demand for products 6328 5534 7518
Internal_ mar_ket — 570 480 540
everything, including:

consumption fund 540 450 540

sunflower oil from it 400 340 400

other consumption 30 30 —
Foreign market (export) 5758 5054 6978

sunflower oil from it 5380 4747 6350
Consumption per capita, kg
per year 12.9 12.9 12.9

Note: Calculated by the authors on the basis of expert assessments of the Ministry of Economy,
the State Committee of Statistics, the State Customs Service and the association *Ukroliyaprom™.

Selling prices of unrefined and refined sunflower oil increased from the beginning
of the season until May, inclusive, after which they began to decrease. Over the speci-
fied period, the price of unrefined sunflower oil increased by 1.7 times (from 22,615.47
UAH/ton to 39,082.28 UAH/ton), and refined deodorized oil — by 1.6 times (from
28,950.37 UAH/ton to 45,502.57 UAH/ton). Accordingly, sunflower oil also became
more expensive in retail chains — average prices rose from UAH 35.1/1 in September
to UAH 64.95/1 (including VAT) or 1.9 times. The reasons for the increase in the price
of il in 2020-2021 are quite objective — high prices for sunflower due to the reducti-
on of the harvest and the increase in its export at the beginning of the marketing year,
the increase in world prices for vegetable oil and, accordingly, the binding of domestic
prices for them, taking into account the export orientation of its sales (at least 95%), as
well as the constant increase in tariffs for all components of the cost of its production.
(Macmusnstii ce3oH 2020/21 — ucrbITaHie Ha IPOYHOCTD IS POU3BOAUTENIEH MO -
COJTHEYHOro Macya Ykpaussl, 2021).
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The processing capacity of the main types of oil crops in Ukraine today is estimated
at the level of 24 million tons. The most powerful producers of unrefined sunflower oil
are agricultural holdings that unite several enterprises, in particular the company "Ker-
nel™ (which includes seven enterprises: Prydniprovskyi, Bandurskyi, Vovchanskyi, Pe-
resichanskyi, Poltavaskyi, Kropyvnytskyi oil extraction plants (OEP) and Ukrainian
Black Sea Industry), the specific weight of which in the national production is 26.5%,
«BUNGE» (Dnipropetrovsk Oil Extraction Plant and European Transport Stevedoring
Company (Mykolaiv Oil Extraction Plant) — 12%, Vioil industrial group (Vinnytsia
and Chernivtsi Oil and Fat Combine) — 5.5%, Myronivskyi Hliboproduct Holding
(MHP) — 4.3% (XapakTtepucTHKa OJiHHO-)KHPOBOro KoMIuiekey Y kpainu, 2019).

Refining capacity in Ukraine is estimated at 1123.18 thousand tons per year (3690
tons/day). The most powerful producer of refined ail is "Delta Wilmar Ukraine" LLC,
whose specific weight in national refining is 42%. The second-ranked manufacturer is
«BUNGE» (PJSC Dnipropetrovsk Oil Extraction Plant). According to the results of
September—June 2020/2021 MY, the largest producers of refined sunflower oil were
the Dnipropetrovsk Qil Extraction Plant with a share of 19.6% of the national volume
of production, Delta Wilmar Ukraine (14%) and Poltava Oil Extraction Plant Kernel
Group (12%). In total, these enterprises produced 45.5% of the specified products.

According to the results of September — June 2020/2021 MY, the largest produ-
cers of soybean oil in Ukraine were the Katerynopil elevator, which is part of the MHP
holding, the Globinsky processing plant (agro-industrial holding "Astarta”) and Trans-
postach, whose combined share in total production was 52.4 %.

The main volume of rape oil production (87.8%) for the specified period was pro-
vided by four enterprises: Allseeds Black Sea, Oliyar, Vinnytsia OSCF and Delta Wil -
mar Ukraine. At the same time, at the end of May 2021, within the framework of the
adopted strategic decision regarding the diversification of the raw material base, the
Allseeds company imported 64,501 tons of Australian canola for the first time, which
had a positive effect on the work of the processing plant and on the turnover of the Piv-
denny seaport, which is a strategic Allseeds partner. The Linden Trader vessel arrived
at the port on May 1 and completed the shipment on May 15, 2021, the raw materials
were processed at the facility and the manufactured products were exported.

Among the producers of margarine products and special fats according to the results
of 2020/2021 MY, Zaporizhzhia OFP (TM Shchedro) is the undisputed leader, provi-
ding 43.8% of total production. It is inferior to Delta Wilmar (13.5%). In total, these
enterprises produced more than 60% of the national volume of production.

The main producers of mayonnaise and sauces, namely: Lviv FP, Volyn-holding
(TM "Torchyn"), Viktor and K (TM "Korolivskyismak™) and Chumak (TM "Chu-
mak"") together produced 61.1% of the total volume of these products in Ukraine. (ITo-
Ka3aTeN KaueCcTBa MallOHE30B U MallOHE3HBIX COYCOB. Pacuer sHepreTH4ecKol v mu-
IIIEBO IIEHHOCTH MaioHe30B, 2021).

Further development of the market of oil and oil-fat products of Ukraine will take
place in the direction of improving the quality of manufactured products in terms of
their safety and expanding exports (ITosepisik, 2013). This is due to the further appli-
cation of international standards at the enterprises of the industry and the improvement
of their regulatory and legal framework. Nowadays all enterprises engaged in export
activities are guided in their work by the requirements of the international standard 1SO
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22000 — this standard is the basis for the FSSC 22000 certification scheme. On March
22, 2021, on the official website of the International Organization for Standardization
(1SO) there were published new Guidelines for the implementation of 1ISO 22000:2018.
This document contains a large amount of information on the development, implemen-
tation and support of a food safety management system (FSMS) in accordance with the
requirements of the international standard 1ISO 22000:2018 "Food safety management
systems. Requirements for all organizations in the chain of production and consump-
tion of food products”. New Guidelines ISO 22000:2018 "Food safety management
systems. The practical guidance, published by 1SO in conjunction with the United
Nations Industrial Development Organization, provides detailed information to help
organizations to implement FSMS in accordance with the requirements of 1SO
22000:2018. (Capadonosa, 2018).

Having such a system in place can greatly benefit any food manufacturing organi-
zation as it can help to reduce the risk of contamination and harm to the final consu-
mer. However, its implementation is not always a simple task and may require signi-
ficant costs.

From April 1, 2021, the new version 5.1 of the FSSC 22000 certification scheme
came into force. FSSC 22000 (Food Safety System Certification 22000) is a food safe-
ty management system certification scheme that includes the 1ISO 22000 standard, as
well as technical industry specifications and additional requirements certification sche-
mes. The scheme is recognized by the Global Food Safety Initiative (GFSI) and is ba-
sed on ISO 22000, I1SO 9001, ISO/TS 22003 standards. (HoBbie Mex1yHapoIHbIE
CTaHapThI TSt MUIIEBOM mpoMbiiiuienHocTr B 2021 ., 2021).

The new version 5.1 of the FSSC 22000 scheme was published in November 2020
and is functioning since April 1, 2021. The main reasons for making changes to the
new version of the FSSC 22000 certification scheme were:

- inclusion of requirements for comparative analysis of GFSI version 2020.1;

- strengthening the licensing process and integrity program;

- minor editorial changes or amendments to the requirements of the V5 scheme;

- a process of continuous improvement.

The FSSC 22000 scheme (version 5.1) consists of six parts and supplements. All
these documents also contain mandatory requirements of the Scheme. There are also
guidance documents on several topics for additional support. A feature of the transition
to version 5.1. is that reissuance of certificates is not required, and audits according to
version 5.1 are carried out from April 1, 2021.

Major changes in version 5.1. relate to:

- new additional requirements;

- new requirements for "multi-site™ certification;

- the duration of the audit;

- food safety culture.

The main changes are presented in Table 9.

However, the implementation of international standards at the enterprises of food
industry should be balanced and justified in accordance with today’s conditions.
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Table 9. Major changes in FSSC 22000, version 5.1

Name of the section The main changes

- requirements for the internal laboratory were added,;

- the need for a procurement procedure in cases of emergency
situations;

- the need to control prohibited substances for slaughter animals;
- the need to analyze the specifications

- conformity of labeling with all applicable legislative and
regulatory requirements in the countries of intended sales;

- the need to take into account the requirements regarding the
presence of allergens;

- the need to take into account the individual requirements of
consumers

- the need to organize the inventory circulation system in
accordance with the principles of FEFO (First Expire, First Out)
Storage and FIFO (First In, First Out);

- added new requirements for the time and temperature of cooling
or freezing products after slaughter

Management of services
and procurement materials

Product marking

Hazard control and cross- - the need to develop special requirements in the case of using
contamination prevention active materials;

measures - the need to inspect animals during slaughter

Verification of PP - the need to carry out regular inspections of the object and check
(prerequisite programs) the PP (for categories C, D, G, |, K)

- the need to establish, implement and maintain product design and
development procedures for new products and product changes or
manufacturing processes to ensure the production of safe and legal
products

- the need to implement a procedure of guarantees regarding the
Health status of personnel absence of an adverse effect on the health of personnel on feed
production operations (for category D)

- the need to introduce a culture of food safety — a new require
from ment of GFSI. Food safety culture according to GFSI is the
shared values, beliefs and norms that influence the way of thinking
and behavior regarding food safety within the organization

Note: compiled by the authors based on (Uexosa, & Yexos, 2020).

Product development

Culture of food safety

Thus, the Order of the Ministry of Economy "On establishing metrological requi-
rements for packaged goods™" No. 969 of July 5, 2017, which was about new require-
ments for labeling food products in Ukraine and the existence of a transition period
regarding the introduction of packaged products into circulation, deserves attention
does not meet the requirements of clause 1 of this order. According to the Order of the
Ministry of Economic Development of Ukraine "On Amendments to Clause 3 of the
Order of the Ministry of Economy" No. 462 dated March 5, 2021, from this date, food
manufacturers had to switch to a new format for putting information on the packaging
of packaged goods in accordance with Order of the Ministry of Economy No. 969. But,
taking into account the fact that in 2020 the consumption of certain categories of food
products decreased significantly and, accordingly, their sales decreased, companies
created significant stocks of packaging materials. In such a situation, companies would
have to write off prepackaged food products and packaging materials in large quanti-
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ties only because of the non-compliance of some minor labeling components with the
new rules. Losses for the business could be significant, and moreover, unjustified, since
it is only about the label and does not affect the safety and quality of the product itself.
Costs could reach several million hryvnias for individual companies. This would create
additional problems for business, which it is already difficult to work for in the condi-
tions of the deterioration of the economic situation in the country and the strengthening
of challenges caused by the COVID-19 pandemic and the war in Ukraine. In such con-
ditions, companies were faced with the lack of opportunities for timely adjustment of
production lines. For example, checking the correctness of setting the criterion of the
number of packaged goods in the package and its deviation from the nominal value,
which is mandatory in accordance with the Order of the Ministry of Economy. Service
departments located in other countries do not provide guarantees of arrival in Ukraine
before the end of the transition period to check the operation of the equipment, as well
as due to military operations. In addition, some food enterprises in Ukraine have
restrictions on the presence of outsiders in production during the imposed quarantine to
ensure the safety of employees.

Conclusions

Fierce competition in the market of vegetable oil, not only in the domestic market
of Ukraine, but also in the global market, obliges manufacturers to modernize produc-
tion and introduce technologies that allow to increase its efficiency, reduce costs and
ensure the enterprise’s energy independence from external sources, as well as improve
the quality of the finished products to expand its sales markets. The functioning of en-
terprises in the conditions of the global financial and economic crisis and strict quaran-
tine measures caused by COVID-19 complicated situation on the market during
2020—2021, which became a real challenge for the enterprises of the food industry.

Despite all the difficulties, enterprises of the oil and fat industry of Ukraine conduct
a balanced price policy, ensuring priority deliveries of sunflower oil to the trade net-
work. Producers of bottled sunflower oil are currently actually subsidizing the domestic
market, regardless of the world prices for this product, since, with the high cost of raw
materials, they maintain prices on the domestic market which are lower than economi-
cally justified.

In the future, the market development prospects will be related to the improvement
of the quality of final products (oil) and products of its deep processing based on the
cultivation of high-quality raw materials. This is possible through the implementation
of new norms of international standards, in particular 1ISO 22000, which contain new
requirements for food safety management and guarantee its high quality.
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Increasing reliability of bolted electrical contact connec-
tions is an important problem in power engineering. Such
connections are very common and their damage can lead to
serious consequences. One of the ways to increase reliability
of bolted electrical connections is the use of special devices
based on shape memory alloys (SMAs). This article contains
an analysis of four devices that destroy films (oxides, sulfi-
des etc.) which form on a contact surface of bolted electrical
connections during operation. Destruction of such films slows
down process of a contact connection degradation and, ac-
cordingly, extends its service life, thereby increasing reliabi-
lity of a contact connection. The following devices were
analyzed: a conical washer made of SMA, "Detachable con-
nection of conductors with a contact crown nut", "Terminal
lug" with shape memory effect (SME) element. These devi-
ces have SME elements which during activation increase a
contact pressure in an electrical connection and, accordingly,
destroy films on a contact surface. Another "Terminal lug"
with SME element was also analyzed. This device has SME
element which during activation displaces one contact rela-
tive to another. This motion cleans a contact surface from
films without affecting a contact pressure. Analysis of these
devices, in particular using the finite element method, which
was implemented using Ansys 2020 R2 Academic software,
showed the following disadvantages and features of the
above-mentioned devices: the need to manufacture specially
designed contact connection elements, the locality of a pres-
sure increase on a contact surface, and the need to disas-
semble contact connections when installing SME elements.
Based on the conducted analysis, a new design of a contact
connection was proposed. This new design does not have
indicated disadvantages and its principle of operation is
based on a combined destruction of films on a contact sur-
face by increasing a contact pressure and by the relative
displacement of the contacts.
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MPUCTPOI HA OCHOBI CMINABIB 3 EGEKTOM NAM’ATI
®OPMU ANA NIABULWEHHA HAOIMHOCTI PO3BIPHUX
ENEKTPUYHUX KOHTAKTHUX 3’€AHAHb

B. T. Pomaniok
Hayionanvhuii ynisepcumem xapuoux mexnono2iu

Hiosuwennsa Hadivnocmi po30IpHUX eLeKMPUYHUX KOHMAKMHUX 3 ECOHAHb € 8aDiC-
JIUBOI0 NpobIemolo 6 enekmpoenepeemuyi. Taxi 3’ €OHanus dysice nowiupeHs i ix nowko-
ODICEHHSL MOdICe NPU3BOOUMU 00 8adXCKUX Hacniokie. OOuum i3 cnocobie niosuuyeHHs.
HAOIUHOCMI  PO3DIPHUX ELEeKMPUUHUX 3 €OHAHb € BUKOPUCIANHS CNEeYIaNbHUX Npu-
cmpois Ha ocHOGi cnaasie 3 egpexmom nam simi popmu (EIID). Y cmammi npoananizo-
6aHO YOMUPU NPUCMPOI, SKI PYUHYIOMb CHOPOHHI NIIEKU, WO YIMEOPIOIOMbCS HA KOH-
MAKMHIL NOBEPXHI PO3DIPHUX eeKMPUYHUX 3 €OHAHb Y npoyeci pobomu. Pytinyeanus
CMOPOHHIX NIBOK YHOBLIBHIOE Npoyec 0espadayii KOHMAKMHO20 3 €OHAHHA I, BION0BIO-
HO, NO00BJICYE MePMiH 1020 eKcnayamayii. Y makuti cnocio niosuuyyemvscs Haoil-
HICMb KOHMAKMHO20 3 €OHAHMAL.

Ananizyeanuce maxi npucmpoi: KouiuHa waiba, eueomosiena 3i cnuagy 3 EIND,
O3 ‘€MHe 3 €OHAHHA NPOBIOHUKIG 3 KOHMAKMHOK KOPOHKOBOIO 2aliKOI0, ANApamuuil 3a-
muckay 3 enemenmom 3 EII®, 6 axomy npu cnpayrosanti enemenmu 3 EIID 30invuy-
10Mb KOHMAKMHULL MUCK 8 elIeKIMPUYHOMY 3 €OHAHHI I PYUHYIOMb CIMOPOHHI NII6KU HA
KOHMAKMHILU NOBEPXHI, ma 3amuckay anapamuui 3 enemenmom 3 EIID, ¢ axomy npu
cnpayrosanti enemenm 3 EII® 3viugye 00un KOHMAKm 6I0HOCHO IHUI020, NPU YbOMY
6I00y8aeEmMbCa 3aUUUeHHs] KOHMAKMHOI NOBePXHI 610 CIMOPOHHIX NIBOK De3 8niusy Ha
KOHMAKMHULL MUCK.

Y pezynomami ananizy euwesaznaueHux npucmpoie, 30kpema 3 GUKOPUCIAHHAM Me-
Mooy CKIHUeHHUX elleMeHmis, wo 6Y8 peanizoeanuti 3a605KU GUKOPUCIAHHIO NPOSPAM-
Hozo 3acoby Ansys 2020 R2 Academic, 6ymu sussneni maxi nHedonixu ma ocoonueocmi
pobomu 8uwe32a0anux nPUCmMpois: HeoOXIiOHiCmMb GUCOMOGIEHHS eneMeHmMi6 KOHMAK-
MHO20 3 €OHAHMA OCOONUBOI KOHCMPYKYIL, PO3OUPAHHA KOHMAKMHO20 3 €OHAMHA NPU
ecmaHoanenni enemenmis 3 EII® i noxanvricms 301iben s MUCKY HA KOHMAKMHIL
noeepxui. Ha ocrosi nposederozo ananizy 6yna 3anpononoéana KOHCMpYKyis KOHMAK-
MHO2O 3 €OHAHHA, WO He MAE 6KA3AHUX HeOONIKI8 i npunyun Oii AKoi 3acHosanull Ha
KOMOIHOBAHOMY PVUHYB8AHHI CIOPOHHIX NIIBOK HA KOHMAKMHILL NOGEPXHI UISIXOM 301Tb-
UieHHs KOHMAKMHO20 MUCKY Ma 8I0HOCHO20 3CY8) KOHMAKMIB.

Knrouosi cnosa: cnnag 3 eghexmom nam simi gpopmu, HAOIUHICMb, eIeKMPUYHULL KOH-
MAaKm, KOKMAKMHUL ONIp, MemooO CKIiHUeHHUX elemenmig, ANSYS.

IocTanoBka npodiaemu. EjekTpiuHi Mepexi MarOTh BEMKY KUTBKICTh €JICKTPUY-
HUX KOHTAaKTHUX 3 €HaHb (30KpeMa po30ipHHX). IX MONIKOIKEHHS MOKe TPU3BOIUTH
JI0 BXXKUX HACHTIAKIB, TOMY aKTyaJIbHUM € 3aBIaHHS IIBUINCHHS HAIIHOCTI X
3’emHanb. CrmaBu 3 epekrom mam’ati popmu (EIID) maroTe yHiKanbHI BIACTHBOCTI,
ITI0 JTAF0Th 3MOT'y BUKOPHCTOBYBATH iX ISl BUPIIIEHHS 11010 3aBAaHHs. EI1D, sxuit po3-

—— Scientific Works of NUFT 2023. Volume, 29, Issue 1 —— 85



MEXAHIYHA TA EJIEKTPHYHA IH/KEHEPIA

DISIAETHCS, Tiepedadae, o Marepiai, SKUi HUM BOJIOIE, TTicis aedopmartii moBepra-
€ThCS JIO CBOET OpPUTIHATILHOT (hOpMY BHACITITOK HArPiBaHHS.

Meramu (CIJiaBU) MarOTh KPUCTAIIUHY CTPYKTYPY, TOOTO aroMH B 00’ €Mi MeTaly
posraioBasi B ieBHOMY mopsiiaky. CrumaBu 3 EIT® MOXXyTh 3HaXOMUTUCH Y JIBOX Pi3-
HUX (azax — aycTeHiT (BUCOKoTeMIieparypHa (a3a — KyOIUHUIA THIT IPaTKH) Ta Map-
TEHCUT (HM3bKOTEMITeparypHa ()aza — rekcaroHaubH1i a00 MOHOKITIHHUM TUIT TPATKH).

HarpiBaHHs Ta BiTHOBIEHHS (HOPMH

OXOJIOKCHHSA

a)
Puc. 1. CipoieHe 300paskeHHs1 KpUCTAJIYHHX IPaToK y ciasi 3 ETIdD:
a) ayCTeHiT; 0) ABIHMKOBUI MapTEHCHUT; B) Ie(hOPMOBAHUI MAPTEHCUT

Ha puc. 1, 6 BuaHO, 110 eneMEeHTH MapTeHCUTHOI (pa3u MOXYTh OyTH OpiEHTOBaHi
TiBOpyY abo mpaBopyy. [Ipu nedopmariii Marepiany B MapTeHCHTHIN ¢a3i ii eneMeHTH
3MIHIOOTH CBOIO OpieHTait0. Ha puc. 1, B moka3aHuii BapiaHT CTPYKTYpH Marepiaty
micyst iedpopmartii, Jie BCi eIeMEHTH CTPYKTYpH Opi€EHTOBaHi JiBopyd. Bapro 3ayBaxu-
TH, 1110 TIpH AedopMmarlii B TAKOMY MeXaHi3Mi He BiIOYBA€THCSI MOPYIIEHHS! OpUTiHATb-
HHMX MDKaTOMHHX 3B’s13KiB. SIKIIIO Takuii ae(hopMOBaHMIA 3pa30K HArPIiTH BHIIE TEMIIC-
parypu As (puc. 2), MapTeHCHUT TIOBHICTIO TIEPETBOPIOETHCS Ha aycTeHiT. [lpu oMy
aTOMH TIOTPAIULIIOTH Ha CBOI MOMEpeIHi Micls (OCKLUTBKY OpHUTIHATBHI 3B’ SI3KM MiX aro-
MaMu He Oynu mopyiieHi). Ha MakpockomivHOMY PiBHI CIIOCTEPIraeThCsl MOBEPTAHHS
(opmu Marepiany 10 Ti€l, IKy Marepiai MaB 110 Aedopmarii (puc. 1).

| & 2 1

-T
Mf Ms As Af
Puc. 2. liarpama ¢a3oBux nepersopens y ciiasi 3 EII®:

0, — YacTKa MapTEHCUTY B 00’ eMi MaTepiaiy; 1 — obepHeHe MapTEHCHUTHE ITEPETBOPSHHS, TIPU
HarpiBaHHi; 2 — MpsiIME MAPTEHCUTHE ITEPETBOPEHHS, TIPH OXOJOMKeHH]; As, Af — TeMrepartypu
MOYaTKy Ta KiHIIsl 00EPHEHOr0 MAPTCHCUTHOIO epeTBOpeHHst; Ms, Mf — TemnepaTypu mo4yaTky ta
KIHLIS IPSIMOTO MapTEeHCUTHOI'O EPETBOPEHHS
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[Ticna oxomomkeHHs BinOyBaeThes e ofHe (a3oBe MEepPeTBOPEHHS — ayCTEHIT Te-
PETBOPIOETHCS Y IBITHUKOBUIT MapTeHCHT. [Ipu 11boMy Ha MaKpOCKOITIYHOMY PiBHI Hi-
YOro HE CIIOCTEPITAEThCS, OCKINBKU JBIHHUKOBHIA MapTEHCUT 3aiiMae TaKWH CaMUii
00’eM, SIK 1 ayCTEHIT. 3pa30K CTae TOTOBHMM JI0 HOBOTO IUKITY JieopMartis — BiTHOB-
nennst popmu (Arun, Chakravarthy, Arockiakumar, & Santhosh, 2018).

¥ mporeci podoTr po30ipHi KOHTaKTHI 3’ €THAHHS IETPaTyIoTh. Lle BUSBISETHCS e-
pe3 30UIbIIEHHS KOHTAKTHOTO oropy. J1o OfHi€eT 3 OCHOBHUX ITPUYHH, Yepe3 sKi 301IbIITy-
€ThCSl KOHTAKTHHUH OIMIP €NEKTPHYHOrO 3’ €THAHHS, MOXKHA BiJJHECTH TIOSBY CTOPOHHIX
IUTIBOK Ha KOHTAaKTHIN OBEPXHi, TIEPIIT 32 Bee uepe3 mporiecu okrcHennst (Slade, 2014).
OnHUM 13 MOXKIMBUX CIIOCOOIB TIBUIIICHHS HAIHHOCTI PO30IPHUX CJICKTPHYHUX 3’ €11-
HaHb NUITXOM BUKOpUCTaHHS cruiaBiB 3 ETID € pyiiHyBaHHSI CTOPOHHIX IDTiBOK, IO BH -
HUKAIOTh Ha KOHTaKTHil MOBEpPXHi B mporieci podoTu. IcHye nekinbka BapiaHTiB pealti-
3arlii IIbOTO CIIoco0Y, /YISt 4oro po3pobiieHi BimoBiIHI pUcTpoi. B 11iii crarTi BUKoHY-
€ThCSI aHAJII3 Ta MTOPIBHSAHHS YOTHPHOX TAKUX MPUCTPOIB, & TAKOXK PO3POOKa HOBOI KOH -
CTPYKIII MPUCTPOIO aHAIOTIYHOrO MPU3HAYEHHS. AHAII3 HAsBHUX 1 PO3poOKa HOBUX
HPUCTPOIB CIIPUSIE X MOMIMPEHHIO, YIOCKOHAICHHIO 1 BIIPOBA/PKEHHIO, 1110, CBOEIO Yep-
TOI0, CITPSIMOBAHE Ha TTiJIBUIICHHS HAJIIMHOCTI CUCTEM €JIeKTPOo3a0e3eueHHS B IILIOMY.

AHauni3 ocTaHHiX JociaimkeHsb i myouikamiii. OxauM i3 crioco0iB HopMaimizarii
EJIEKTPUIHOTO KOHTAKTY TPH HarpiBaHHI po30ipHOTO €JIEKTPHYHOIO 3’ €IHAHHS € 3011h-
IICHHSI KOHTAKTHOTO TUCKY. 301IbIIICHHS KOHTAaKTHOTO TUCKY 3MEHIIY€ KOHTaKTHHI
OITip, TEMIIEpaTypy KOHTAKTY Ta 301JIbIlIye pecypc KOHTAaKTHOTO 3’ €HAHHS. 301JIbIICH -
H$ KOHTaKTHOTO THCKY PYHHYE CTOPOHHI TUTIBKY HA KOHTaKTHIN MTOBEPXHI.

VY niteparypi nOMMpeHNM TPUCTPOEM ISl aHAJI3Y € KOHIUHA 11aii0a, BUTOTOBIICHA
3i craBy 3 ET1D, sika ipu HarpiBaHHi CTBOPIOE JOMATKOBHI KOHTAKTHUH THCK.

PosmistHeMO ocTiIKeHHS IIBEICKKUX HAYKOBIIB Ha 1[I0 TEMY, JIe BUBYAETHCS MOXK-
JIMBICTh BUKOPHCTAHHS KOHIYHOI 11aiiou 3 EI1D nuis migBuIeHHs HaliiHOCTI 3’ €/THaH-
HS Ta SIK €IMHE JHKEPEJIO 3yCHUIA B 3’enHaHHI (puc. 3). B pesynsrari BUSBHIIOCH, 1110
obuBa Bapiantu € nonmyctumumu (Oberg, & Nilsson, 1993).

[T 11 5 [T T

KOHiYHA 11aiida,
BHTOTORIEHA 31 crunary 3 EI1@

a) 6)
Puc. 3. IlppuHun BUKOPHCTAHHSA KOHIYHOI 11aii0u, BUTOTOBJIEHOI 3i cruiaBy 3 EIID B
eJIEKTPUIHOMY 00JITOBOMY 3’ € THAHHI
a) 3’ HAHH 32 HOPMAIILHOI TeMIlepaTypH; 0) 3’€JHAHHS 32 IiABUIICHOI TeMIIepaTypH uepe3
HarpiBaHHs CTPYMOM IepeBaHTaXEeHHs 200 KOPOTKOI0 3aMUKAHHS

V nporeci nocmimkents BukopuctoByBascs cruiaB CUAINI. Koniuna mrait6a cruc-
KaeThesl IPH KIMHATHIN TeMrieparypi. BoHa BitHOBIOe popMy MpH HATpiBaHHI 10 TEM-
neparypu (temmeparypa As) Bumie 75 °C (puc. 3, 6). Ilpu BigHOBICHHI CBO€I TIOMTE-
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penHboi hopmMu 11aiida 301TbITye KOHTAKTHUN THUCK 3’ €THaHHS. KoHTakTHUI ortip B 000X
BUIAJIKaX IicIs crpairoBanns enemenTta 3 EI1D OyB MeHIIMM, HIXK y KOHTPOJIBHOMY
3pasky 0e3 mmaiiou 3 EI1® (Oberg, & Nilsson, 1993).

Binbi perenbHe NOCTiKEHHS aHAIOTTYHOI 32 KOHCTpyKITieto maiou 3 EIND mpo-
Beru BueHi 3 Kanamu. J{ocmimkysasces cruta CUAIMN. TecTyBaHHST TIPOBOIMIIOCS 3HAY-
HO JIOBIIIE Ta 3 AKIIYHOIO TIOa9ei0 CTPyMY (Ha BiZIMiHY BiI IIIBEACHKUX BUeHHX). Pe-
3yJIBTaTH TIOKa3aly Oe33arepedHuid TO3UTHBHII BIUMB 11aiiou 3 EI1D Ha sKicTh 3’€-
HauHs1. [TopiBHSHO 3 iHITUMU 3ac00aMu, SKi BUKOPHCTOBYBAIHCH JUTsl YTBOPEHHS 3310~
BLIBHOTO KOHTAKTHOTO 3’ €1HaHHsI (1aiiboro I'poBepa Ta KOHIYHOO 1ai00t0), maiida 3
EII® BusBrnacy HalOUIBII eeKTUBHOIO. ABTOPH 3a3HAYAIOTh, 1110 HABITH TIPH HU3b-
KOMY ITOYaTKOBOMY KOHTaKTHOMY THCKY (I HENPAaBHJIbHIN YCTaHOBII OOITOBOIO 3’€/1-
HaHHS), maiioa 3 EI1® npu HarpiBaHHi HOpMatizye KoHTakT. Lle, Ha qymMKy aBTOpIB,
Ma€ BEJMKY MPaKTUYHY LiHHICTh, OCKUTBKU TIONIbOBI JTOCTI/PKEHHS TTOKA3aJIH, 110 JTyXKe
4acTo 3’€HAHHS BUXOIATH 3 JIaJly came Yepe3 HelpaBuIIbHY iX ycTaHoBKY (Braunovic,
& Labrecque, 1995; Braunovic, & Labrecque, 1996).

IMpoBomusioch Takok HociipkenHHs mait6 3i craBy CUAINIMNTI, siki mokasamu cxo-
i pesynbrary (Labrecque, Braunovic, Terriault, Trochu, & Schetky, 1996).

YkpaiHChKi aBTOpH MTPOITOHYIOTH BUKOPUCTOBYBATH CXOXKY KOHIUHY a0y, sIka BH-
roropiena 3 marepiany 3 EII® (cruaBy CUAIMN). Ti pexomenayeTbes Brimrouaru B
OonroBe 3’€HAHHS, SIKE 3aTSITHYTE 10 HOMIHAJIBHOTO 3yCHIUIS. TakuM YMHOM Inaiida 3
EII® Oyne BigHOBMIOBaTH CBOKO ()OPMY Ta CTBOPIOBATH THCK JIMILE Y Pa3i MOSBH Jie-
(opmariii i 3HIKEHHS KOHTAKTHOTO THCKY B 3°emHanHi (Kosupepkuii, Tkauayk, & Cryri-
Huii, 2018).

[poBeaenuii aBropaMu po3paxyHOK MOKa3aB BUCOKY €(EeKTHBHICTh 3a3HAUYCHHX eJle-
MmeHTiB 3 EI1®. [1pu BuKoprcTaHHi iX B eJIeKTpHYHNX OOJITOBHX KOHTAKTHHX 3’ €JJHAH -
HSIX 30UTBIIYIOTHCS TPAHUYHI TEPMiHU ITPOBEICHHS PEMOHTHHUX POOIT 1 TEPMiHU CITYXK-
6u xouTaxTiB y 3—4 pazu (Kosupcekuii, Tkauyk, & Crymamid, 2018; Kosuperkuii, Tka-
uyk, BonoumH, & Crymanid, 2019).

Merta gocJtiKeHHsI: TPOAHAJi3yBaTH IPHUCTPOi, BUTOTOBJICHI Ha OCHOBI CILIABIB 3
EII® nns niguineHHs: HAAIHOCT] PO30ipHUX €NEKTPUIHUX 3’ €JHAHD LIIIXOM PyHHY-
BaHHsI CTOPOHHIX IUTIBOK Ha KOHTAaKTHIHM MOBEPXHI MpH CHpalfoBaHHi eieMeHTiB 3 EI1D
Ta pO3pOOHTH JAM3aliH HOBOTO IPHUCTPOIO, IPYHTYIOYHCH HA BUSBICHHUX P aHAIi31
0COOJIMBOCTSIX 1 HEJOMIKAX HASIBHUX IIPUCTPOIB.

Marepiamm i meronu. KomnaparuBHuii aHasi3, METO CKiIHICHHHX €JIeMEHTIB (pea-
Ji30BaHMiA 32 JOMOMOTOIO IporpamHoro 3aco0y Ansys 2020 R2 Academic).

BuxiiaieHHs1 OCHOBHUX pe3yJIbTariB JocJaiIKeHHsl. SIK BUIHO 3 aHAMi3y JiiTepa-
TYpH, KOHIYHI 111aii01, BUTOTOBJIEHI 3i craBiB 3 EI1D aiist BUKOpHCTaHHS B €JICKTPHY -
HUX pO30ipHHX 3’ €MHAHHSX, JOCUTH J00pe JOCHIPKeH] B YKpaiHi Ta 32 KOpAOHOM
(Oberg, & Nilsson, 1993; Braunovic, & Labrecque, 1995; Braunovic, & Labrecque,
1996; Labrecque, Braunovic, Terriault, Trochu, & Schetky, 1996; Kosupcekuii, Tka-
uyk, & Cnymauit, 2018; Kosupeekuit, Tkadayk, Bonomms, & Coyrmwuii, 2019; Trochu,
& Terriault, 1998; Braunovic, Myshkin, & Konchits, 2006; Slade, 2014; Chen, Fang, &
Tian, 2014; Li, Liu, Xie, Liu, & Long, 2017; Li ta ix., 2019). TyT BapTO 3a3Ha4YUTH, 1110
B 0ararbOx MPOBEICHUX JOCTI/PKEHHSX TTPOMOHYETHCSI BUTOTOBIISITH KOHIUHI MIAH0H 31
craBiB 3 EIN® Ha ocHOBI Mizi. Lleit Bubip Mmoke OyTi 00T pyHTOBAaHUM €KOHOMIYHUMH
Ta BUpoOHMuMMH MipKyBanHsMH. Crutau NiTi, mompu Te, 1o € JOPOKIUMH Ta OUTBII
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Ba)KKOOOPOOITFOBAHUMH, BUPI3HSIOTHCS Kpalmmu xapakrepuctukamu (Alaneme, &
Okotete, 2016). 3acrocyBaHHs KoHiYHKX 111ai0 3i cruiaBiB NiTi y 6onToBuX 3’ €1HaH-
HSIX 3aJIMIIAE MICIIe JUTS TONABIINX TOCIipKeHb. Kibka poKiB TOMY KUTAHChKI BYCH1
TIOYaJTH TIPOBOIMTH JAOCIKEHHsI B Iibomy Hanpsimky (Li, Liu, Xie, Liu, & Long, 2017;
Li rain., 2019).

IcHYrOTh TakOX aJETEPHATUBHI PO3POOKH, SIKI TIOTPEOYIOTH OUTBII JIETATBHOTO BU-
BUcHHs1. Po3nsHeMO 1X.

301IbIIyBaTH KOHTAaKTHUH THCK MOYKHA IPUHIIMITOBO 1HIIIAM CIIOCOOOM (ITaTeHT Yk-
paiau Ne 17429 «Po3’emHe 3’€IHAHHS TPOBITHUKIB 3 KOHTAKTHOIO KOPOHKOBOO Taii-
KOI0») (pHcC. 4).

m

Puc. 4. 3aranbHuii BUIJISA IINAJIbKOBOTO 3’ € THAHHS:
1 — xopoHkoBa raika; 2 — cunonuii enemeHT 3 EI1®; 3 — nrnminbka; 4 — KOHTaKTHA TTOBEPXHS

VY 1pomy pasi cuioBuii enemenT 3 EI1® 2 nipu miBUILIEHH] TeMIieparypu CTBOPIO-
BaTMMeE KPYTHHUI MOMEHT 1 3aKpydyBaruMe raiky. Lle, CBoero 4eproro, 301IbIINTE KOH-
TaKTHHUN THCK, 3pyHHY€E CTOPOHHI IUTIBKM HA KOHTaKTHIM MMOBEPXHi Ta 3MEHIIUThH KOH-
TaKTHHUHA OIIip.

KonivHa maii6a Ta cHI0BUil €IEMEHT Y KOHTAKTHIM KOPOHKOBIH raidlli BIJIMBAIOTh
Ha pobory Gosra (abo sk Ha puc. 4 — MNWIBKK). 3 MPOaHATI30BAHUX Y JiTeparypHO-
MY OIJISIZII AOCHIIKEHb 3p03yMiJIo, 0 cTymiHb BusineHHsA EIID (i, BigmosiaHO, CTBO-
PIOBAHOr'0 HEIO 3yCHILISA) B KOHIUHIM IIai01 3aJ1eKUTh BiJl TPUKIIAACHOTO J0 Hel 3yCHI-
71s1. Takox Mpy 3MEHILICHH] TeMIepaTypH A0 HOPMaJIbHOI KOHIYHA Iaiida Oijbiie He
Oyne CTBOPIOBATH JOOATKOBOTO 3yCHILIA 1, BIAMOBIJHO, KOHTAKTHUN TUCK 3MEHIIIUTHCS.
Koponxosa raiika micis cnpaitoBanns enementa 3 EIID zakpyuyerscs, npu mbomy
KOHTAaKTHUH THUCK JAEIIO 30UTBIINTHCS Ta 3aUILIATUMEThCS MiABUIICHAM IIPU CHaJaHHi
TEMIIEPaTypy 10 HOPMAJILHOI.

IcHye BapiaHT npUCTpOIO, B sikoMy eneMeHT 3 EIID BijpineHuit Bi 601TOBOIO 3’€11-
HaHHS Ta CTBOPIOE THCK Ha KOHTAKT HE3aJIe)KHO BiJl CTBOPEHOTO OONITOM 3yCHILIA (T1a-
TeHT Yipainu Ne 8909 «Anaparauii 3aTHCKaw») (puc. 5).

TepmouyTuBuii enemenT 1 Mae dirypay dopmy. B HOpManbHUX yMOBaX BiH BHU-
NPSIMIIAIETHCS Ta BCTABISIETHCS B 1a3 2. [lpu minBUILEHHI TeMIepaTypy, TePMOTyTIIH -
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BUIA €JIEMEHT HarpiBa€eThCs 0 TeMIEpaTypH 3BOPOTHOrO MapTEHCHTHOTO IEPETBOPEH -
HSI, BIZTHOBJIIOE CBOIO (IrypHY (hOopMY, Pi3KO 30UIBIIYFOUM KOHTaKTHHUM THCK. Lle pyii-
HY€E CTOPOHHI ITIBKH HA ITOBEPXHI KOHTAKTIB, 3MEHIITY€ KOHTAKTHHH OITip, TEMITepary-
pa KOHTAKTy 3MEHIIIYEThCS 1 BIH TIOBEPTAETHCS 10 HOPMATILHOTO PEIKUMY POOOTH.

O O =
\\J == ) O

g g

Puc. 5. AnapatHuii 3aTCKa4 3 TEPMOYYTIMBUM €J1€MEHTOM:
1 — TepMOUyTJINBHIA €IEMEHT; 2 — T1a3

OCKiJIbKY BHIIE3ra/IaHi MPUCTPOi CTBOPIOIOTH CHJIOBHI BIUIMB HA €JIEMEHTH KOH-
TaKTHOTO 3’ €IHAHHS, JUTSI KPaloro po3yMiHHS iX poOOTH MOYKHA MPOBECTH aHai3 3 BU-
KOPUCTaHHSM METONY CKIHYCHHHUX €JIEMEHTIB. SIKk reoMeTpito AJIs aHai3y 00paHo Oc-
TaHHIH NpecTaBIeHUi MPUCTpiii — amaparHuii 3aTtickad 3 enemenToM 3 ET1®. Buko-
puctanmii TiI aHamizy — Static Structural. Posmipu kortaktiB —100x40%x10 Mm. Bor-
i — M14. Marepian koHTakTiB — Mins (Monynb FOnra: 110 I'Tla, koediuient [lyac-
cona: 0,35), marepian OonTiB i raifok — cranb Mapku 20 (Mmomyms FOnra: 200 I'Tla,
koedirient [Tyaccona: 0,28). HanamryBaHHs CITKA: METOJ TeHEpaIlil CITKH JIjIs KOHTa-
kTiB — Hex Dominant 3 po3amipom efieMeHTiB 5 MM; METOI TeHepaltii CITKA 11t 00JITiB
i ratiok —Multi Zone 3 po3mipom enementi 3 mwm. Li mapameTpu 0OpaHi 3 ypaxyBaH-
HSIM TOTO, TI00 3pOOUTH CITKY SIKOMOTa JETaBHINION, He BUXOMSIIN 32 OOMEKEHHS,
HaKJIa/IeH] akaJieMiqHO Bepeiero porpamu Ansys. Konrakru (Connections) mix 6071-
TaMH Ta raiikamu oopaHo Hepyxomumu (bonded), Bei iHIIN KOHTaKTH MK OKPEMHMHE
yactHHamMu Mozesi oOpano 6e3 teprs (frictionless). Mozenb HaBaHTa)KeHa Tak: ToOrIe-
penHe HaBanTaxeHHs 6ourris (bolt pretension): 18860 H; cuura, 3 sikoro eniement 3 ETTD
IPY CHPALOBaHHI TUCHE HA BEPXHIO Ta HIHKHIO TOBEPXHIO 11a3a, B SKOMY BiH 3HAXOIH -
Thest ipuryctaMo 3000 H. [onepenxe HaBaHTakeHHS OONTIB 00paHO SIK MOJIOBUHA Bil

KPUTUYHOIO iX HaBaHTaxXeHHs F SIKe PO3PAaXOBaHO TAaKUM YMHOM. SIKIO pajiyc

Gonra r =7 MM, a mioma mepepizy S = w2 = 153,94 MM?, To, BPaXOBYIOUH TPAHHIEO
wmHHOCTI 245 MITa (s crami 20), F_— =245-153,94 = 37,72 kH. IonosuHa Bix

IILOr0 3HaueHHs cTaHOBUTH 18,86 KH. Takox Ay cTabiIbHOCTI MOIENb 3aKpilJicHa 3
JIBOX CTOpIH 3a joroMororo Hepyxomux omop (fixed support), mo BcraHoBIeHi Ha Mic-
151X, B IKMX KOHTAKTH MPOIOBKYIOTHCS, alle He OepyThCs 0 yBary Py MOJCTIOBAHHI.

HanamrryBannst mozeni Ta il reoMeTpist 300paxkeHi Ha puc. 6.

TepeBipsutich TPU BUMAAKH:

1. Be3 BrumBy enemenTa 3 EIID Ta 3 HOpMaabHUM TOMEPEIHIM HaBAHTAKEHHSIM
OonTiB.

Kpum.
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2. be3 BBy enementa 3 EIND, ane 31 30i1b1eHMM NONEpeIHIM HABaHTAKEHHSIM
OonriB Ha BemmuuHY Aii enemenTa 3 ET1I® (o 6000 H Ha koxen 6our).

3. 3 ypaxyBaHHsM BILMBY esieMenTa 3 EIID Ta 3 HopMasbHIM monepeiHiM HaBaH-
Ta>KeHHsIM OOJITIB.

A: Static Structural
Static Structural
Time: 1, s

. Bolt Pretension: 18860
. Bolt Pretension 2
. Force: 3000, N 4
B Force 2: 3000, N
. Fixed Support

B Fixed Support 2

0,00 20,00 40,00 (mm)
— —
10,00 30,00

Puc. 6. 'eomeTpist Ta HAIAIUTYBAHHS MoJei

Iepmmii BUMaoK € KOHTPOJIBHUM, JPYTHil MOYKHA PO3IISIIATH SIK HACTITOK BHKO-
pUCTaHHS KOHIYHHX 1ai0 3 Marepiany 3 EII® abo KOHTaKTHOI KOPOHKOBOI TaiiKH, Tpe-
Tilf BUIIAJI0K CHMYJTIO€ pOOOTY araparHoro 3aThckada 3 enemeHTom 3 ET10.

SIK pesynbTar OLIHIOBAIOCH HOPMaJbHE HANPYKEHHS B Marepiall 3a HalpsSMKOM
oci Z. Pe3ynbraty 3HIMAIICH TI0 JIiHii, IO TPOBE/IeHa 0111 KOHTAKTHOI IIOBEPXHI BEpX-
HBOI'O KOHTAKTY B3I0BX Oci Y, SIK IIOKa3aHO Ha PHC. 7.

10,00 30,00

Puc. 7. Jlinisi, B300B& sIKOI 3HIMATUCh II0KA3M HANPYKEeHb HAa BEPXHbOMY KOHTAKTI

Pesynsrarn MonemoBaHHS NOKa3aHi Ha rpadiky (puc. 8).

IMprGmi3Ho 3 Toukm x = 28 MM 110 x = 42 MM Ta X = 72 MM /10 X = 86 MM crioc-
TepiraeTsesi 3HaYHE 30UTBIICHHST HATIPY>KEHB, MM OOJIACTSIM BiJITOBIAI0TH 3HAYECHHS Ha-
npyxeHb y 6onrax. CTprOKH Bill HETAaTUBHUX 3HAYEHb JI0 TO3UTUBHUX OOYMOBIIEHI Pi3-
HUMH HaIpsIMKaM# CHJT y OONTax i Marepiail KOHTaKTYy.
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Hampy>xennst B mpaBomy OOJITI MatOTh TaKHI BUIISI Yepes3 Crienr(piuyHy TeoMETpito
naza juist extementa 3 EI1D. STk 6aurmo, Harpy»keHHsI B HhOMY BHPIBHIOIOThCS TIPH CIIpa-
oBanHi exemenTa 3 EI1O.

350
——Ge3 eneMeHTa 3 EIID

3 enemeHToM 3 ETTD

Ges enemenTa 3 EITD, 31 301IbIeHIM HABAHTAK EHHAM OOJNTIB
200 - Ha G000 H.

150 +

100 -

50 + ' ‘I

MITa.

\ A
0 gauses i T T T T Pedggr T [T T 1 semEiimpsess

T T T
50 5010 15 20MR3 |30 35 40 L.gs-"?o 55 60 65‘“,(& 75 80 85 90 95 10
o ] 1 ]

-100 -

BIZICTAHD BT JIIBOTO KP a0 KOHTAKTA, MM.
Puc. 8. Pe3ynbTaT MoaeioBaHHA

30inbIIeHHS] HABaHTaKeHHsI OONTIB TPU3BOAUTE A0 301IBIICHHS HAIIPY>KEHb y Ma-
Tepiani KOHTAKTY, ajie, K BUIHO 3 rpadika Ha puc. 8, HanpyXeHHs 301IbIIYIOTHCS M -
11e 10cuTh Onu3bKo Ao Ooirra. [pu BignanenHi Bin Oonra mpubiamsno Ha 10 MM monar-
KoBe 30UIbIIICHHSI iX HaBAaHTAXEHHSI MaJIO BIUIMBAE HA HAMPY)KEHHS B Marepiali KOH-
takty. [Ipu criparroBanHi enementa 3 EIID (uepBona minist Ha rpadiky) BinOyBaeThes
301JIBIICHHS HAIIPY)KEHb B TUX OOJIACTSIX KOHTAKTY, Jie paHiiie ix He Oyno abo mpakTuy-
HO He Oy1o (TIPHOJIM3HO 3 TOYKH X = 89 MM 710 X = 98 MM), TAKOK 0a4MMO 30LIBIICHHS
HaIpy>KeHb y TOUKaX BiJ x = 63 MM /10 x = 65 MM 1 HaBiTh OJIM3BKO 10 TOUKU X = 53 (Ha
rpadiky He JdyKe IIOMITHO).

AHani3 3 BUKOPUCTaHHSIM METOAY CKIHYEHHHMX E€JIEMEHTIB CBIIYUTH PO TeE, 110 B
yCIX PO3IIIHYTHUX MPHCTPOSIX TUCK HA KOHTAKTHIN MOBEPXHI NP CIIPALOBaHHI eje-
MeHTIB 3 EIID cTBOprOEThCS AOCUTH JIOKanbHO. TOOTO B yCiX BHITAJKaX KOHTAKTHHUI
TUCK TIpH crpatioBaHHi eneMeHTiB 3 EIID 30inbiiyersest B 30H1 Ail IUX €IEMEHTIB.
o6 po3mmpHuTH 30HY CHIIOBOTO BILMBY eneMeHTiB 3 EIID moxna 30ubmIyBaTn 3y-
CHJUISL, SIKe TEHEPYEThCSA LIMMH eJIeMEeHTaMH (HalpHKJIIaz, Yepe3 mialip CIijiaBy Ta po3-
MipiB 1 Gopmu enemenTis 3 EIID), ane npu npoMy moTpiOHO 3BaKaTH HA MOXKJIMBOCT1
MarepialiB KOHTaKTiB BUTPUMYBATH JIONATKOBE 3yCHIUIS Oe3 TIACTUYHOI Jedopmartii.
Jlns po3misiHyTOl MOJIeTt 301IBIITYBaTH 3yCHILIS BKE HEIOPEYHO, OCKINIEKU HaIlpy>KeH-
HS B Marepialli KOHTAKTy TepeOyBatoTh MPAKTUYHO HAa MEXKI MIIHOCTI JUIS Mifi, a JJIst
ATFOMIHIIO 00MEXeHHsI OyIyTh Iie )opcTKinmmu. OTke, MOKHA 3pOOUTH BUCHOBOK,
110 BapTO 30UTHIIATH HE 3yCHIUIA, & KUTbKICTh TOYOK MIPHKIIAIaHHS 3yCHIDIS, 10 3HAXO-
JMTUMETHCS B JIOIYCTUMUX TSI MaTepialy KOHTaKTIB MeKax.

Takox BapTo BinmmiTHTH iHIIMH TiaxiA (mareHT Ykpainu Ne 10817 «3aruckad ama-
paraui») (puc. 9). Llei npucTpiit npr3HAYeHNH PyHHYBATH OKCHTHI IDTIBKA Ha TTOBEP-
XHI KOHTaKTiB Oe3 BIUTMBY HA KOHTAKTHUM THCK. BiH TakoX Mpaltioe He3aIeKHO BiJT 3y-
CHJUISI, CTBOPIOBAHOT'O GOJITOM.

92 —— Hayxosi npayi HYXT 2023. Tom 29, Ne 1 ——



MECHANICAL AND ELECTRICAL ENGINEERING

3a TakMX yMOB IpY HarpiBaHHI KOHTAKTHOrO 3’€fqHaHHS eieMeHT 3 EIID BigHOB-
JOBAaTUMeE CBOIO (hOpPMY Ta YMHUTHME THUCK Ha KOHTAKT. KOHTAaKT pH 1IbOMY Iiepemic-
TUThCA Ha He3HauHy Bincranb — 0,1—0,3 mM. lle cipuumHHUTh pyHHYBaHHS TUTIBOK
OKCHJIiB HA KOHTAKTHHX TIOBEPXHSX 1 3MEHIIIUTL KOHTAKTHHH OITIp.

1

NN @ ;

gy /
AL

Puc. 9. KontakTHHIi 60JIT 3 TEPMOYYTIMBUM MPUCTPOEM:
1 — 6ont; 2 — KOHTaKT; 3 — TepModyTHBHii enemeHT 3 EI1D

Taxuii nprHIMIT PyHHYBAaHHS CTOPOHHIX IUTIBOK HAa KOHTaKTHIH MOBEPXHI, & TAKOXK
IHTepIIpeTallisl pe3y/bTaTiB MOIEIIOBAHHS Ta JESKi iHII HEJOMIKH BHIIIE3raJaHuX TIPHC-
TpoiB (HEOOXiIHICTh Y BUTOTOBJICHHI €JIEMEHTIB KOHTAKTHOIO 3’ €IHAHHS OCOOIMBOL
KOHCTPYKIIiT, HCOOXITHICTh Y pO30UpaHHI €IEeKTPUIHOrO 3’ €/THAHHSI /151 BCTAHOBIICHHS
eneMenTa 3 EI1®) BpaxoBaHi B HACTYITHOMY JTM3aiiHi pO30ipPHOrO €JEKTPUIHOrO 3’ €]1-
HaHHsA 3 eneMeHToM 3 ET1D.

3aranbHUI BUITSA 3a1IPOIIOHOBAHOTO ABTOPOM L€l CTAaTTi 3’ €IHAHHS NOKAa3aHUH Ha
puc. 10, ne 1 — tepmouyrmBuii enemenT 3 EI1D; 2 — BepXHiil KOHTAKT; 3 — HIDKHIN
KOHTaKT; 4 — OOJITH, SIKi 3’ €IHYIOTh KOHTAKTH 2 1 3.

Puc. 10. 3araibHUii BUIVISA/ 32alIPOIIOHOBAHOTO IIPUCTPOIO
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TepmouyTimBuii enemenT 1 BuroroBnsieTses 31 craBy 3 EIID ta mae ¢opmy npy-
JKUHH, 1110 OTOPTA€ KOHTAKTHE 3 €aHaHHsA. [Ipy BUTOTOBIICHHI Ta HamaHH] TePMOUy TITH -
BOMY €IICMEHTY 1 BuxigHOT (1)0pM1/1 BiH BUTOTOBJISIETHCS TiJ] rabapuTH MEHIII Ha KiJlb-
Ka BIJICOTKIB, HiX rabapuTH 3’€JHaHHs. BiANoBiaHO, MY BCTAHOBICHH] TEPMOTYTIIH-
BOTO €JleMeHTa | Ha KOHTaKTHE 3’€JHAHHsI, BiH IMOMEpeHBO Ae(opMy€eThCs (pO3MIH-
proethest). Temreparypa MOBHOTO CITpaIFOBaHHS TEPMOUYTIMBOTO eneMeHTa 1 (Temre-
parypa KiHIlsl 00epHEHOTO MapTEeHCUTHOTO TIEPETBOPEHHS ) OOMPAETHCS 3 YPAXyBaHHAM
MaKCUMAJIBHO JIOITyCTUMOI TEMITEpaTypr KOHTAKTHOTO 3’ €HAHHS.

[pucTpiii mpaioe TaKUM YHHOM: Y TIpoLieci poOOTH Ha KOHTAKTHIM MOBEPXHI MiXK
KOHTaKkTaMu 2 Ta 3 BilOYBa€ThCs PICT CTOPOHHIX TUTIBOK, ITPH IIHOMY 301IBIIIYETHCS KOH-
TaKTHUH OIIp 1, BIATIOBIHO, TEMIIEpaTypa KOHTAKTHOTO 3’€THaHHS (KOHTAKTIB 2, 3 Ta
3’ €IHYBaJIGHUX €IeMEHTIB — O0NTiB 4 1 raiiok 5). OCKiIBKH TEPMOTYTIIMBUIN €l1eMEHT
1 oroprae koHTakTH 2 Ta 3, IpH iX HArpiBaHHI BiH TaKOK HarpiBarumeTbes. [Ipu mif-
BUIICHHI TEMIIEPaTypH 10 TEMIIEPaTypy 3BOPOTHOIO MapTEHCHTHOTO MEPETBOPEHHS
TEPMOYYTIIMBOTO elleMeHTa 1, BiH «3rajyBaTuMey CBOIO BUXiIHY (HOpMY, CTUCKYBaTH-
METHCS Ta YHHUTHME THCK Ha €IEMEHTH KOHTAKTHOTO 3’€JJHaHH (epeayciM Ha KOH-
TaktH 2 Ta 3). BiAnoBiHO, KOHTAKTHAM TUCK 30UTBIITUTECS, 10 PHU3BE/E 10 3MEHIIICH-
HSI KOHTaKTHOTO OTOpY, 30KpeMa BHACITIJIOK pyHHYBaHHS CTOPOHHIX TUTIBOK Ha KOHTAKT-
Hiit moBepxHi. KpiM TOr0, OCKINMBKM 3yCHIIISL, IO CTBOPIOETHCS TEPMOUYTIMBUM €Jie-
MEHTOM | CIIPSIMOBYETHCS HE JIUIIIE MEPIEHANKYISIPHO 10 KOHTAKTHOI TOBEPXHi, e
edeKT AOAaTKOBO CIPUATHME PYHHYBaHHIO CTOPOHHIX IUTIBOK Ha KOHTAKTHIN MOBEPXHI
BHACIIJIOK BIZTHOCHOT'O 3CYBY €JIEMEHTIB KOHTAKTHOTO 3’ €/THAHHA (3CYBY KOHTAKTiB 2 Ta
3 omuH BimHOCHO ofHOTro). ITicis crparroBaHHs TepMOYYTJIMBOTO €IeMeHTa 1, KOHTaKT-
HUH O 1, BIATIOBIIHO, TEMITEpaTypa KOHTAKTHOTO 3’€JHAHHS (TeMIeparypa BCix Horo
€JIEMEHTIB 2—35) 3MEHIINThCS 1 BiH Tiepelizie B HOpMaIbHUIA peskuM poOoTH. TepModayT-
TIMBUH eneMeHT | BHACHIOK OXOJIOMKEHHS IMepeii/ie B HU3bKOTEMIIEpaTypHUil CTaH,
BHYTDIIIHI HAPY>XEHHSI B Marepiali 3MEHIIIAaThCs 1 BiH Oyfie TOTOBHIA JI0 CTIPAIFOBAHHSI
IpY MOJAJIBIIOMY BUHHUKHEHHI CTOPOHHIX IUTIBOK Ha KOHTAKTHIM MMOBEPXHI Ta, BiIIO-
BI/IHO, 3pOCTaHHI KOHTAKTHOT'O OIOPY 1 TeMIIepaTypy 3’ €AHAHHS. 3aporIOHOBaHA KOH -
CTPYKLIisl He BUMarae po30MpaHHs! KOHTAKTHOTO 3’ €IHAHHS [U1S1 BCTAHOBJIEHHS TEPMO-
YYTIMBOIO EJIEMEHTA, 10 CIPOIILYE IIPOLIEC MOHTAXY.

BucHoBkM

Konivna maii6a 3i cruiaBy 3 EIID, po3’eMHe 3’ €THAHHS MPOBIJIHUKIB 3 KOHTAKTHOIO
KOPOHKOBOIO FaiiKOIO Ta anaparHuil 3aThckad 3 eneMeHToM 3 EIID renepyrors 3ycuin-
T8, siKe 301JIbIIIye KOHTAKTHUH THUCK 1 CIIPAMOBaHE Ha PyHHYBaHHS CTOPOHHIX ILTiIBOK
Ha KOHTaKTHIl TTOBEpXHi. AHaI3 3 BUKOPHCTAHHSIM METOy CKIHUCHHHX €JIEMEHTIB I10-
Ka3as, IO IIi TPUCTPOI CTBOPIOIOTH JIONATKOBHH KOHTAKTHUI THUCK JIOKAIBHO. Takok
TpOaHaTI30BAHUIA TIPUCTPIH «3aTHCcKay araparHuin 3 enemeHToM 3 ET10, B sikomy erte-
MeHT 3 EI1® nipu cripairoBaHHi 3MIIIye OMUH KOHTAKT B KOHTAKTHOMY 3’ €IHAHHI BiI-
HOCHO THIIIOTO, TP ILOMY BiZIOYBAEThCS 3a4UIIICHHS] KOHTAKTHUX ITOBEPXOHb Ta BUJIA-
JIEHHSI CTOPOHHIX TITBOK Oe3 301IbIIIeHHs] KOHTAKTHOTO THCKY. Bci BKa3aHi pICTPOi 110-
TpeOyIOTh PO30MPaHHS HAsIBHUX €JICKTPUYHMX 3 €HAHB ISl BCTAHOBIICHHS CJIECMEHTIB
3 EI1®. Takox yci mpucTpoi, OKpiM KoHIUHOI 1maiiou 3i crtaBy 3 ET1®, notpeOyrots BU-
TOTOBJICHHS €JICMEHTIB KOHTAKTHOIO 3’ €IHAHHS OCOOIMBOI KOHCTPYKITI.
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Ha ocHoBi mpoBeieHoro aHajmizy 3aporoHOBaHa KOHCTPYKIsI pO30ipHOTO eeKTpry-
HOro 3’€fHaHHs 3 eneMenToM 3 EIND, sika xapakrepu3yeThest THM, IO ii TPHHIMIT Jii
TMOJISITa€e B KOMOIHOBAaHOMY PYHHYBaHHI CTOPOHHIX IUTIBOK Ha KOHTAKTHiH TTOBEPXHi IILIS-
XOM 301JTBIIICHHSI KOHTAKTHOTO THCKY Ta BiZITHOCHOTO 3CYBY €JIEMEHTIB KOHTAKTHOTO 3’ €]1-
HaHHS; MMIJBHUIIEHHS KOHTAaKTHOTO TUCKY B pasi crpartoBaHHs enemenTa 3 EI1O BinOy-
BA€THCS OUTBINT PIBHOMIPHO (depe3 Te, o eneMeHT 3 EIID ctrckae koHTakTHE 3’€-
HaHHS T10 BCil OTO JIOBKWHI ); 3aIIPOIIOHOBAHUH MIPUCTPIi HE TOTpedye eNeMEHTIB KOH-
TaKTHOTO 3’ €THAHHS OCOOJIMBOI KOHCTPYKIIii; Tporiec MOHTaxy eneMenTa 3 EIID e ta-
KUM, SIKWI He BUMarae po30MpaHHs HASsBHUX €JICKTPHYHUX 3’ €THAHb.
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Both rice bran (RB) and defatted sesame flour (DSC)
areby-products of agricultural processing, they are rich in
dietary fiber. In modern society, dietary fiberis increasingly
being paid attention to for its health benefits. This paperis
aimed onstudying the properties of kefir added with RB and
DSC, including content of dietary fiber, pH, titratable acidi-
ty, viscosity, amount of Lactococcus spp., Lactobacillus spp.
and yeast. Three different kefirs were investigated(control
sample, kefir with 0.1% RB, kefir with 2% DSC) and stored
for 28 days at 4+1 °C. The content of dietary fiber in sam-
ples of kefir, pH, titratable acidity, viscosity, amount of Lac-
tococcus spp., Lactobacillus spp. and yeast were determined
at 1st, 7th, 14th and 28th days of storage. Results showed
that the introduction of RB and DSC increased the content
of dietary fiber in kefir samples by 300% and 680%, com-
pared to control sample, improved the viscosity by 6 times
and 25 times compared to control sample, and acidity — by
9% and 75%, stimulated growth of probiotics including
Lactococcus spp. (content increased by 6% and 8% compa-
red to control sample), Lactobacillus spp.(content increased
by 16% and 4% compared to control sample) and yeast
(content increased by 7% and 1% compared to control
sample on the 7™ day of storage). The increase of dietary
fiber content and probiotics quantity could improve the
health properties of kefir, the increase viscosity make kefir
more popular with consumers (according to the data from a
survey of consumers, they tend to prefer thicker kefir) and
the increase of acidity would shorten fermentation time and
reduce production cost. To reach better quality of kefir, RB
and DSC should be pretreated: crushing, decolorization,
deodorization. And adding largeramount lead to bad taste, so
the urgent problem which needs to be resolved is to decrease
the adverse effect of RB and DSC on properties of kefir.
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BB XAPHOBUX BOJTOKOH PUCOBUX BUCIBOK |
SHEXXUWUPEHOIO KYHXXYTHOIOo sOPOLWLHA HA
KMUCNOMOJIOYHUU HANIN

CroanbcyaHb HI/IHLl’Z, M. M. Camimuk’, SInxe J1y02
' Cymcwkuitl nayionanshuii azpapnuii ynieepcumem
2 Vuisepcumem Xeuocoy, I'vanci, Kumaii

Taxi nobiuni npodykmu nepepodKu CillbCbKO20CNOOAPCbKoi NPOOYKYIL, SIK PUCOBI
suciexu (PB) i snedcupene kynocymue bopowro (3Kb) 6azami na xapuosi 6010KHa,
KOPUCHI 015t 300p08 st iroounu. Y cmammi eusuascs enaue PB i 3Kb na xegip. Byno
00CniOHCceHO mpu pisHi 3pasku Ke@ipy (konmpoavhutl 3pasok, kegip 3 0,1% P5 ma
ke@ip 3 2% JICK), wo 36epicanucs 28 ouie npu memnepamypi 4£1 °C. Buicm xap-
408UX BOJIOKOH Yy 3paskax keghipy, pH, mumposany xucnomuocmi, 8’si3xicms, Kiib-
kicmo Lactococcus spp., Lactobacillus spp. i opidcoocie susnauanu wa 1-u, 7-ti, 14-u
ma 28-1i OHi 30epicanns. Pezynomamu nokazanu, wo esedenns PH i JJ[CK niosuwye
eMICm Xapuosux 80J0KOH Y 3paszkax xeghipy na 300% i 680%, 6’asxicmb—y 6 i 25
pasie, kucnomuicms — Ha 9% i 75%, akujo nopigHaAmu 3 KOHMPOAbHUM 3paskom. Kpim
moeo, 0odasanuss PB i JICK cmumynoe 3pocmarus npoOiomuKie, GKIOHArOUU
Lactococcus spp. (na 6% i 8%), Lactobacillus spp. (na 16% i 4%), i Opisicoacie (a 7%
i 1% Ha 7-il OeHb), NOPIGHAHO 3 KOHMPOJbHUM 3PA3KOM. 30IIbWEHHS BMICIY XAPYOBUX
60NIOKOH [ KInbKOCmi npobiomuxie nioguwye yinwicmo Ke@ipy 011 300p08’s.
Tiosuwenns 8’s;3xkocmi 3podums Keghip OiIbUL NONYIAPHUM Y CHONICUBAYIE (32IOHO 3
OQHUMU ONUMYBAHHA CRONCUBAYI, SIK NPABUIo, 6i00aioms nepeeazy Oiibul 2yCmoMy
Ke@ipy), a niOGUWeHHs KUCIOMHOCMI CKOpOMUmMb Yac OpOoOiHHA [ 3HU3UMb
cobisapmicme npoodykyii. LLlod docsemu kpawoi sxocmi kegipy, RB i DSC noeunni
6ymu nonepednvo 00podneHi (Opobnenns, 3Hebapeanents, 0e3odopayis). 3’acoeano, uwjo
dooasanms 6invwoi kinekocmi PB i JJCK noziputye cmax npooykyii, momy Ha2aabHo0
npobReMoIo, sIKA NOMpedye GUPDIUICHHS, € 3MEHUWIEHHS HEeCNPUSMIUGO20 GHIUBY
000a80k Ha Kegip.

Knrwouoei cnosa: pucosi suciseku, KyHicymte 60pouiHo, kegip, Xapuosi 6010KHA.

Formulation of the problem. With the improvement of people’s living conditions,
the health problems brought by excessive intake of products especially high-calorieare
becoming more and more seriously. Obesity, hypertension, hyperlipidemia and hyper-
glycemia seriously threaten people’s health, it is nessesary to control the excessive
intake of products to keep health.

Dietary fiber is known as "the seventh nutrient", it has several physiological func-
tions. According to well- documented studies, dietary fiber plays a significant role in
risk reduction of several chronic diseases. Diet with a high content of fiber has a po-
sitive effect on health and its consumption has been related to a better management of
blood sugar, lowering blood cholesterol, improving health, and reducing risk of coro-
nary heart disease, as well as several types of cancer, particularly colon cancer (Aune et
al., 2012).These functions enable dietary fiber to meet the health needs ofpeople.
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Rice bran (RB) and defatted sesame cake (DSC) areby-products of agricultural pro-
cessing, they are rich in dietary fiber. In view of benefits of dietary fiber, the introduc-
tion of RB and DSC into kefir would be a very significative attempt. But there is little
study about the introduction of DSC or RB into kefir.

Thus, innovative facets regarding the usage of these wastes as co-products for fur-
ther production of food additives, supplements or value-added products with high nut-
ritional value are gaining increasing interest. Furthermore, their recovery and utilization
are economically and ecologically attractive.

Analysis of recent research and publications. Dietary fibers are naturally present
in a variety of grains, legumes, fruits, vegetables. Based on intestinal solubility (fer-
mentability), dietary fibers are also classified as insoluble and soluble fiber. Soluble
dietary fiber (SDF) partially dissolves in water. It undergoes metabolic processing via
fermentation, yielding end products with significant health effect such as modulation of
blood glucose and lipids, as well as improvement of colonic mediumand regulation of
immune responses (Otles, & Ozgoz, 2014).

Dietary fiber could not be digested and absorbed by human body, and their intake
could give the feeling of fullness, these characteristics could avoid the excessive intake
of energy. Studies have shown that dietary fiber could promote the growth of probio-
tics (Ozcan, & Kurtuldu, 2014), which is also beneficial to human health. Dietary fiber
had a strong water holding capacity, which helped to improve the consistency of fer-
mented dairy products, so that dairy products would be more favored by consumers.

The effect of substitution of skim milkpowder and milk fat by high performance
and native inulin on rheological, textural and sensory properties of kefir were studied
(Glibowski, & Zielinska, 2015). Results showed that both native and high performance
inulin can be successfully applied as a skim milk powder substitute. Kefirs with diffe-
rent types of inulin revealed similar rheological and sensory properties. Rotational
rheometry revealed that the studied kefirs exhibited thixotropic and shear thinning
behavior. Substitution of skim milk powder by inulin allowed reducing 12% and 35%
of caloric value in comparison with skim milk powder and whole milk powder kefir,
respectively.

Kefir enriched with applefiber (AF) and lemon fiber (LF) was studied (Goncu, Celi-
kel, Guler-Akin, & Serdar Akin, 2017). Results showed thatthe water activity values of
kefir samples were between 0.93—0.99, control sample had the highest water activity
(Aw). Addition of DF reduced Aw of kefirs. Fiber concentration affected Aw negati-
vely (p<0.01). Lactic acid bacteria (LAB) counts were between 9.79—10.89 log
cfu/mL™* during storage time. The number of LAB were found to be higher in samples
with DF than in the control sample (p<0.01). Addition of DF had significant effect on
the sensory characteristics of kefirs (p<0.01).

The effects of quinoa flour and inulin on some propertiesof kefir, including pH,
syneresis, viscosity, Streptococci and Lactobacilli counts, total phenolic content, anti-
oxidant activity, titratable aciditywere investigated (Kef, & Arslan, 2021). In samples
produced with both types of milk, inulin addition significantly (p<0.05) increased vis-
cosity and decreased syneresis. The lowest pH value was obtained in kefir with cow
milk produced with 0.5% quinoa flour. Various formulations of kefir samples had sig-
nificant effects on the syneresis, viscosity, Streptococci and Lactobacilli counts, total
phenolic content, antioxidant activity andtitratable acidity. Antioxidant activities in ke-
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fir with cow milk and goat milk varied between 15.27 and 33.71 and between 9.00 and
20.45 (umolTrolox Equivalent/L), respectively. Quinoa flour addition led to a decrease
in the general appreciation score. The highest taste-aroma and general acceptability
scores were obtained with the sample that included 1% inulin in both milk types.

The effects of milk supplementation with mango peels on the growth rates of kefir
microorganisms during fermentation as well as the antioxidant properties of the ob-
tained fermented products were evaluated (Vicenssuto, & de Castro, 2020). The results
were comparatively evaluated between fermented samples withthe presence of mango
peels (KMP) and without them (KC). Significant increases (p<0.05) in antioxidant
activities for KMP were observed for all methods: 113% for DPPH-radical scavenging
(10 h of fermentation), 153% for the Ferric Reducing Antioxidant Power (FRAP) assay
(8 h of fermentation), 21% for ABTS-radical scavenging (6 h of fermentation) and
43% for Total Reducing Capacity (Folin-Ciocalteu method) (8 h of fermentation)
compared to those of KC fermented samples. According to microbiological analyses,
the KMP samples allowed microbial growth of up to 3-fold higher than the growth of
KC samples, reaching counts of up to 108 CFU/mL for lactic acid bacteria.

DSC is a kind of by-product commonly discarded or utilized for feeding animals.
The process of sesame oil extraction leads to the production of semidefatted sesame
flour (SDSC), which containing 50% protein, high content of calcium (1.5 g/100 g),
and crude fiber (10.8 g/100 g) (Maset et al., 2022).

RB is a by-product of rice milling industry and constitutes around 10% of the total
weight of rough rice. It is primarily composed of aleurone, pericarp, sub aleurone layer
and germ. Each year 90% of the RB produced in the world is utilized cheaply as a feed
stock for cattle and poultry, and the rest is used for extraction of RB oil (Sohail, Rakha,
Butt, Igbal, & Rashid, 2017). The improper handling lead not only environmental pol-
lution, but also wasting of resources.

The purpose of the study is to determine the impact of DSC and RB, which are
rich in fiber, on properties of kefir, including physicochemical properties (pH, total
titratable acidity, apparent viscosity) and microbial viability (Lactobacillus, Lactococ-
cusand yeast).

Materials and methods. Kefir grains were obtained from private households in
Tibet, China. Cow milk was supplied from Mengniu Dairy Group Co, Neimenggu,
China. All chemicals were of analytical grade.

Sesame seeds (white) were procured from local market (Hezhou, Guangxi, China).
DSC was obtained from sesame seed which was roasted at 120—130 °C for 10 min
and pressed the fat. The flour was finely powdered and homogenized by sieving thro-
ugh fine screen (100 mesh). RB were procured from local market (Xingtai, Hebei,
China). RB was homogenized by sieving through fine screen (200 mesh). RB was
steam sterilized at 121 °C for 15 minutes before used.

Kefir was used as start culture at a ratio of 10% (v/v). In view of the significant
negative influence of DSC and RB on the sensory quality of kefir, a small introduction
ratio of DSC and RB were selected, namely 2% and 0.1%, respectively. Three samples
were investigated: cow milk without additives (control sample), cow milk added with
2% amount of DSC, cow milk added with 0.1% amount of RB. All mixtures were
fermented at 28 °C for 22 h until pH reached to 4.7, kefir samples were stored at 4 °C
for 28 days.
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The content of dietary fiber in all samples wasstudied. Microbial viability (Lactoba-
cillus, Lactococcus and yeast) and physicochemical properties (total titratable acidity,
apparent viscosity and pH) were studied for all samples. All the indexes were studied
after 7, 14, 21, 28 days.

Proximate composition. The content of dietary fiber was measured according to
(AOAC, 2000). The dried samples were digested with heat-stabilized a-amylase, pro-
tease and glucosidase to remove protein and starch. After ethanol precipitation and
filtration, the residue was washed with ethanol and acetone, dried and weighed, which
was the total dietary fiber residue. The total dietary fiber content in the sample can be
calculated by deducting the corresponding protein, ash and reagent blank contents in
the dietary fiber residue. The set for the test is dietary fiber determination system
(CSF®6, ltaly).

The pH value was determined by a pH meter (METTLER TOLEDO LE438, Swit-
zerland). The titratable acidity was measured by titrating 10 g of sample with 0.1 N
NaOH using phenolphthalein indicator. The apparent viscosity of the samples was
measured with a digital viscometer (NDJ-8S, Shanghai, China) (Putri, Setiani, &
Warya, 2020). An appropriate rotor was selected, according to the viscosity of kefir,
then the rotor was inserted into the kefir samples, and then an appropriate speed was
selected. The torque generated by the rotor during rotation will be displayed by the
instrument in the form of force, then the data obtained.

Microbiological analysis: 25 ml of sample was suspended in 225 ml sterile normal
saline (0.85%, v/v) solution in a ratio of 1:9 (w/w) in a sterile bag. The mixture was
homogenized in orbital shaker (Guansen 200JR, Shanghai, China) at 400 rpm for 1.0
min. Then, serial dilutions in normal saline (0.85%, wi/v) were prepared, and proper
dilution was transferred onto the appropriate media for each microorganism. The mic-
robial loads of Lactobacillus were determined on Man-Rogosa-Sharpe agar, Lacto-
coccus on M17 agar, yeast and molds on Potato Dextrose Agar. The plates were then
incubated at 30 °C for 72 h for the detection of Lactobacillus, at 37 °C for 48 h for
Lactococcus, at 28 °C for 5 days for yeast and molds. All microbiological incubations
were carried out in incubators (BPC-150F, Shanghai, China). Colony counts were con-
verted to log CFU/mI. Each sample for all measurements was replicated in twice
(Goncu, Celikel, Guler-Akin, & Serdar Akin, 2017).

Statistical analysis. All experiments were replicated in three flasks and the data are
presented as the mean and standard deviation of three independent experiments. Tu-
key’s multiple range test (Du, 1985) was used to determine the significant differences
among mean values at the P = 0.05 level. Statistical analyses were carried out using the
Data Processing System soft-ware (DPS version 7.05, SAS Institute, Inc., 2000).

Presentation of the main results of the study. The introduction of RB and DSC
could significantly improve the content of dietary fiber in kefir. Research data are
shown in table 1.

Table 1. Content of dietary fiber in samples with additives of fiber

Samples Control sample | Sample with 0.1% RB Sample with 2% DSC

Content of fiber, % 0.01+0.00 0.03+0.002 0.68+0.11
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The content of dietary fiber improved significantly (P<0.05). Compared to control
samples, the dietary fiber content in kefir added with 0.1% RB increased 3 times, and
in kefir added with 2% RB increased 6.8 times.

The changes of pH and titratable acidity in different samples during 28 days are-
shown atfigure 1 and figure 2.
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Figure 1. The changes of pH in samples with additives of fiber during 28 days

In the figure 2, K presented control samples, A presented kefir added with RB, B
presented kefir added with DSC. The more amount of additives was added, the lower
the value of pH was, the higher the value of titratable acidity was. pH of samples
ranged between 3.93 and 5.01.
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Figure 2. The changes of titratable acidity in samples with additives of fiberduring 28 days

The titratable acidity ranged between 67.78 T and 163.52T. These dependences co-
uld be related to stimulation of lactic acid bacteria by fiber. The results have an agree-
ment with previously obtained results by other scientists (do Espirito Santo, Perego,
Converti, and Oliveira, 2012) who produced yoghurt with passion fruit fiber. Previous
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studies have also demonstrated that kefir as a probiotic (Guzel-Seydim, Kok-Tas, Gree-
ne, & Seydim, 2011) and dietary fiber had a potential prebictic effect (Shah, Li, Sab-
bah, Xu, & Mraz, 2020; Wu, et al., 2020).

The results of apparent viscosity areshown in figure 3. Compared tocontrol sample,
2% amount of DSC increased the apparent viscosity of kefir (p<0.05), so do as 0.1%
amount of RB, which was caused by the adding amount of dry matter and the hyd-
rophilicity of protein and fiber in DSC (Mudgil, & Barak, 2013; llyas, & Atalar, 2019).
This is the most probably due to the effect of coverage of caseins with polysaccharides
such as b-glucan, pectin etc. and stabilizing casein aggregates. These results are in
agreement with findings of other scientists (Tseng, & Zhao, 2013) who reported that an
increasing levels of addition wine grape pomace as prebiotic in yoghurts decreased
apparent viscosity values. Also, there was stated (El-Batawy, Ashoush, & Mehanna,
2014) that increasing the concentration of pomegranate peel extracts decreased the vis-
cosity values and these results areassociated with effect of pomegranate peel extract on
the aggregation of network in yoghurts via electrostatic interactions. On the other hand,
there was reported (Guler-Akin, Ferliarslan, & Akin, 2016) that the yoghurts added
with inulin had significantly higher apparent viscosity than the sample without it. Vis-
cosity is an important technological property of fibers whichprovides rheological cha-
racteristics to food systems. SDF becomes viscous when mixed with water. Fibers,
such as pectin, gums, B-glucans extracted from algae, form highly viscous solutions.
Theyare used as thickening agents in foods at low concentrations. In the case of beve-
rages and drinks, the addition of dietary fiber increases viscosity which leadsto increa-
sed stability.

The apparent viscosity was the highest on the 7™ day, and then kept steadyduring
storage period (p >0.05), this might be explained by the balance of sedimentation and
hydrophilic interaction of DSC.
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Figure 3. The changes of apparent viscosity in different samples in 28 days:
K — control samples; A — kefir added with RB; B — xefir added with DSC
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The changes of the population of Lactobacillus, yeast and Lactococcus during 28
days areshown in figures 4—6.The Lactobacillus counts were between 8.04—9.15 log
CFU mL™ during storage time; The Lactococcus counts were between 7.51—10.45 log
CFU mL during storage time; yeast counts were between 7.95—10.11 log CFU mL*
during storage time. The introduction of DSC made no difference on the microbiologi-
cal count, which may be due to the combined effect of the promotion of dietary fiber
and the bacteriostasis of sesame phenolic substances on the growth of microorganisms.
Scientists (Alfuraydi, Devanesan, Al-Ansari, AlSalhi, & Ranjitsingh, 2019) reported
that DSC showed high activity against bacteria, authors also indicated that antimicro-
bial properties originate from phenolic compounds in DSC. Another reason of this re-
duction may be antagonistic effect of higher yeast content against lactic acid bacteria.
The cocultured organism may compete for nutrients or produce metabolic products that
stimulate or inhibit each other’s growth (Santos, Libeck, & Schwan, 2014). Similar
results were reported by (Montanuci, Pimentel, Garcia, & Prudencio, 2012).

11
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Figure 4. The population of Lactobacillus of kefir samples

Although there were differences in all samples for viable counts of lactococci du-
ring the first week of storage (P<0.05), these differences weren’t obvious, which indi-
cated that the introduction of RB made little difference on the population of Lacto-
coccus. The results were compatible with (Demirci, Aktas, Sozeri, Oztiirk, & Akin,
2017), who reported a slight decrease of S. thermophilus during storage of yoghurts
added with RB. Storage period significantly affected the amount of Lactococcus (P<0.05).
As the prolonging of storage period, the amount of Lactococcus significantly decreased
(P<0.05) in the first two weeks, and kept steady in the following two weeks. The popu-
lation of Lactococcus never declined less than 7.0 log CFU/mL.

Yeasts play an important role during kefir fermentation, because of end-products
such as ethanol and carbon dioxide which would give kefir unique taste. The increase
of population of yeast was more obvious in samples added with RB than control
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sample during storage period. Such data indicated that RB positively stimulated growth
of yeasts.
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Figure 5. The population of Lactococcus of kefir samples
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Figure 6. The population of yeast of kefir samples

Storage period apparently affected yeast counts in all samples (P< 0.05). Although
insignificant differences were noted in samples during the first week, significant diffe-
rences were found during the rest period of storage time (P< 0.05).
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Conclusions

This study reported to application of DSC and RB in kefir formulations. Results
showed that the introduction of DSC and RB improved the acidity by 9% and 75% and
viscosity improved 6 times and 25 times, compared to control sample, mainly because
of the dietary fiber in their recipe. Also, the introduction of DSC and RB improved the
probiotics properties, Lactococcus spp. increased by 6% and 8% Lactobacillus spp.
increased by 16% and 4%, and yeast increased by 7% and 1% compared to control
sample on the 7th day. This study demonstrated that RB and DSC are appropriate by-
products with desirable properties such as prebiotic potential and antioxidative contri-
butions for functional dairy product manufacturers.
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The influence of parameters of pumpkin seeds pretreat-
ment with enzyme preparations of proteolytic and cellulo-
Iytic activity on the yield of press oil, its composition and
quality parameters were studied in this work. The enzyme
preparation PENICILOPEPSIN (Enzym Biotech, Ukraine)
with proteolytic activity and CELLULAD (Enzym Biotech,
Ukraine) with cellulolytic, hemicellulase and xylanase acti-
vity were used for pretreatment. Enzymatic treatment of seeds
was carried out with a mixture of these preparations at a
ratio of 7:3 for 2 h at a pH 5.2 and 48—54°C. The following
parameters of enzymatic pretreatment were studied: the
amount of the enzyme mixture, which varied from 0.3% to
2.4% of the weight of the seeds and the amount of moisture
added together with the enzymes — from 15% to 50%.

It was established that the rational parameters of the en-
zymatic treatment of pumpkin seeds are the mass of the en-
zyme mixture of 0.6% and the amount of moisture added
with enzymes — 35% of the seed mass. Under such techno-
logical parameters, the yield of press pumpkin oil was
65.6%, which is almost 6% higher than in the control
sample. The acid and anisidine value of the control oil
sample and the oil extracted after the enzymatic treatment of
the seeds did not differ significantly. However, the content
of peroxide compounds in the oil extracted after enzymatic
treatment of seeds was lower. The total antioxidant activity
of the oil, determined by the reaction of the 2,2-diphenyl-1-
picrylhydrazyl radicals quenching within 30 min, was higher
in the oil samples after seed pretreatment at the maximum
tested moisture (50%).

The obtained results indicate that the enzymatic pretreat-
ment of pumpkin seeds with proteolytic and cellulolytic en-
zyme preparations is a promising method of oil yield increa-
sing.
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BMNMUB NAPAMETPIB ®EPMEHTATUBHOI OBPOBKU HA
BUXIA NMPECOBOI rAPBY30BOI onli TA 1l
BJIACTUBOCTI

I'. O. BoBk, T. T. Hocenko
Hayionanvnuii ynieepcumem xapuogux mexHonozii

Y emammi oocnidocerno ennus napamempis nonepednvoi 0opooKu 2apby306020 Ha-
CIHHSL (hepmeHmHuMu npenapamami npoOmeoimuyHol ma yemonomimuytol Oii Ha
suxopucmani enzumuuii npenapam HEHILAJIONETICHH («Ensum biomexy, Yxpai-
Ha) 3 npomeonimuyroro akmusricnio ma LIEJIFOJIA] («Ensum biomexy, Yxpaina) 3
YeONONMUYHON0, 2eMIYEeNIONA3HOI0 A KCUNAHA3HOIO akmugHicmio. Pepmenmamus-
HY 00pOOKY HACIHHA NPOBOOUNU CYMIUUIO YUX NPenapamie npu cnissioHowenti 7.3
npomsizcom 2 200 npu pH 5,2 i 48—54 °C. Jlocniosiceno éniue maxux napamempie
epmenmamueroi 00poOKu: Kitbkocmi (hepMeHmHOoi Cymiuti, Ky IMIHIOBATU 8 MENCAX
6i0 0,3%, 0o 2,4% e6i0 macu HACIHHA, Ma MACU, 6HeCeHOl pazom 3 ¢hepmenmamu
60.1102u 6 OianaszoHi 6i0 15% oo 50%.

Bemanoeneno, wo payionanshumu napamempamu gpepmenmamueHoi 06pooxu eap-
0306020 HACIHHA 8 QOCHIOJCeHOMY OIAnAa3oni € maca Cymiuii ghepmeHmHux npena-
pamis IIEHILJWJIONEIICHH i [[EJIFOJIA/ 0,6% 6i0 macu HaciuHa ma KinbKicmo
eHeceHoi 3 hepmenmamu gono2u 35% 6i0 macu HACIHHA. 3a MAKUX MEXHONI0IUHUX NA-
pamempis 6uxio npecogoi eap6y3060i onii cmanosug 65,6%, wo maiixce Ha 6% suuye,
Hioe y koumpoii. Kucnomue 1l aHi3uOUHO8e YUC0 KOHMPOIbHO20 3pA3KA Ol ma Ol
BUTIYUEHOT NICTISL (hepMeHmamueHoi 00poOKU HACIHHS, CYmmMEBo He GIopistsuiuce. [lpome
BMICH NEPOKCUOHUX CNOLYK 8 OJlii, BUIYUEeHIl Nicis hepMmeHmamueHoi 0OpobKU HACIH-
HS, 0)8 HUNCUUM. 3a2a1bHA AHMUOKCUOAHMHA AKMUBHICIb 0111, BUSHAYEHA 34 PeaK-
yiero eacinns paouxanie 2,2-ougenin-1-nixpineiopasiny npomseom 30 xe, Oyna euworo
6 3paszKax ol nicist 0OPOOKU HACIHHSL 30 MAKCUMATIbHOL 00CiOx0ceHol sonoeocnii (50%).

OOepoicani pe3ynomamu ceiouamo, wio NOnepeoHs pepmeHmamusHa oopooka Ha-
CIHHSL 2ap0y3a NPOMEOTTMUMHUMU MA YeTON030TIMUUHUMU (PepMEHMHUMU Npenapa-
mamu € nepcneKmuGHUM Memo0oM NIOBUUEHHS BUXOOY OJIi.

Kniouogi cnosa: 2apbysosa onis, npomeasu, yemronasu, aHMUOKCUOAHMHA 30am-
Hicmb.

IHocranoBka npodaemMu. AKTyaJIbHUM 3aBAaHHSIM [IEPEPOOKH HACIHHS ONIHHHUX
KyJBTYp € TiIBUIIEHHA e(eKTUBHOCTI MpecoBoro BuitydeHHs omii. [lepepoOka omiii-
HOT0 HACIHHSI IPECYBAHHSIM — TEXHOJIOTISI CTAJIOr0 PO3BUTKY, OCKUIBKH 151 100yBaH-
Hs1 OJTii He BUKOPUCTOBYETHCSI OPTaHiuHUHA PO3UMHHUK (TEKCaH, YA eKCTPaKIiHHIHA
OeH3MH), CHEPreTUYHI BUTPATH CYTTEBO HIDKYI MOPIBHSHO i3 €KCTPAKIi€r ol po3-
YMHHHUKOM, MiJIBUIIYEThCSI OC3MEUHICTh BUPOOHUIITBA (BHOYXO- Ta TOXKEKOOE3Nned-
HicTh). KpiMm Toro, mipecoBa ommisi Ta MaKyxa He MICTSTh 3JIMIIKIB PO3YMHHHUKA, TaKa
omist He ToTpeOye 000B’s13K0BOrO padinyBaHHs. OIHNAM i3 METOMIB ITiIBUIIICHHS BUXO-
Jly TIPECOBOI OJIii € BUKOPUCTAHHS TTOIEPEIHB0I 0OOPOOKH ONIHOrO HACIHHS TTEKTOJMi-
TUYHUMH, POTEOIITUIHIMH, TEMILIETIONIONTUYHIMH Ta LETIOJIOMTHIHIMHU (PepMeH-
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TaMH, SIKi T1IPOJTI3YIOTh BYIJIEBOAM KIITHHHUX CTIHOK 1 IPOTETHN MeMOpaH, CIIPUSIOYN
«3BULHEHHIO» OJIEOCOM 3 POCIMHHHX KJiTHH. [IpoTe TexHomorii Takoi 00poOku mo-
TpeOYIOTh PO3POOJICHHS JJIsl KOYKHOI OJIIHOI CUPOBUHU 3 YPaxyBaHHSIM OCOOJIMBOCTEH
XIMIYHOTO CKJIJy KJIITHHHHX CTIHOK, OlOJIOriYHUX MeMOpaH 1 crienudiqHocTi dep-
MEHTHUX ITpenapariB.

AHaJi3 ocTaHHIX Joc/TiTkeHb i myOaikamiil. Y HaykoBux nparsx OyJio 3amporo-
HOBaHO BUKOPHCTaHHS €H3WUMIB Ul PyHHYBaHHS KIITHHHUX CTIHOK HACIHHS KaHOIHU
nepen ekcrpakiiero oxii (Sosulski, Sosulsky, & Coxworth, 1988, Sosulski, & Sosuls-
Ky, 1993), koxocosoi konpu (Cintra, Lopez-Munguia, & Vernon, 1986), coeBux 600iB
Ta HaciHHs consHuKy (Dominguez, Nunez, & Lema, 1993). BukopuctaHHs 11b0ro
METOIy Tepe/l TPecyBaHHIM HACIHHS col Briepiie 3armpornonoBano y (Smith, Agrawal,
Sarkar, & Singh, 1993). 3rogoM 0coOIMBOrO PO3BUTKY HAOY/IM JOCIIKEHHS MIOI0
BUKOPHCTAaHHS ()epMEHTATHBHOI 0OPOOKH JJIsl TT1IBUIIICHHSI €(DeKTUBHOCTI TaK 3BaHOTO
BogiHOTO (bpakiionyBanHs oniitHoro marepiainy (EAAE). MexaHi3Mm Takoro mporiecy
TIOJISITaE B €KCTParyBaHHI OJil 3 OJIMHOrO HACIHHS 32 PaXyHOK i30JIFOBAHHS OJIEOCOM,
BUJIUICHHSI OUIKIB OJIIMHOTO HACIHHSI ¥ TBEPIOTO HEPO3YMHHOTO 3QJIHINKY HACIHHSI.

Bucokoro Buxony excrparoBanoi omii (88—99%) B mpucyTHOCTI IpoTeas 3 eKc-
TPY/IOBaHUX PO3MEJICHUX COEBHX 000iB abo miacTiBiiB Oyno nocsrHyTo B (Lamsal,
Murphy, & Johnson, 2006; de Moura ta in., 2008; de Moura, & Johnson, 2009;
de Moura, Almeida, & Johnson, 2009; de Moura Ta in., 2010; Freitas ta iu., 1997).
MexaHi3M Aii mpoTeas Moisrae B ripoii3i HEepO3YMHHUX OUIKIB, IX PO3UMHEHHI, BHA-
CIIIIOK YOr0 3BUTBHSETHCS TOAATKOBA KiJIbKICTh OJii, 3a0JI0KOBAaHOI B OKPEMHUX KOM-
naprMenTax (Jung, & Mahfuz, 2009; Jung, Mahfuz, & Maurer, 2009). V (Yoon, 1991)
ABTOPH BBAXKAIOTh, 1110 MIPOTEAa3U PYHHYIOTh MPOTETHOBHIA KapKac, KM OTOYYE JIIO-
comu. Y (Campbell, & Glatz, 2009) 30imbiieHHs BUXOMY Ol Mij] €0 MpoTeas mo-
SICHIOETHCS THUM, 1110 BOHH 3aI100iraloTh YTBOPEHHIO aICOPOIIIMHIX [IapiB HA MMOBEPXHi
JinocoM abo X y pasi yTBOPEHHS HU3bKOMOJICKYIISIPHUX TIETH/IIB IBHUIIIE q(YHITY -
I0Th 3 MDK(a3HMX MOBEPXOHb 1 TAKMM YHHOM CHPHYMHSIOTH PyHHYBaHHS >KMPOBHUX
kpareib. OTke, BOXIMBY POJib Y IMPOLIECi BOIXHOIO eKCTparyBaHHs OMii 13 coeBUX 00-
01B Bizirpae pO34MHHICTH OLIKIB.

V pasi BUKOPHCTaHHSI IIEIF0JIa3 JIJIsi BOIHOTO €KCTparyBaHHs OJlii 3 €KCTPYIOBaHUX
iacTiBLiB y gocimkennsx (de Moura, 2008, Freitas, 1997) He Oysio BUsIBIIEHO 30115~
mieHHs1 Buxofy odil, a B (Rosenthal, Pyle, & Niranjan, 1998) BusiBiicHO 3MeHIIICHHS
YaCTKU EKCTPAroBaHOi OJIii i OLIKIB Imij Jli€r0 00pOOKH TEIT0I03aMu 3a 3HaueHHs pH 5,
1110, OYEBUIHO, TIOSICHIOETHCSI HE3BOPOTHOIO JCHATYPALII€I0 OLIKIB.

HesBaxxaroun Ha 3HaYHY KUIBKICTh JIOCHIKEHB 100 BUKOPUCTAHHS TiPOTITHY-
HUX (DEpMEHTIB y Mpoliecax BOAHOrO (Ppaki[ioHyBaHHs OJIHOrO HACIHHS, Hapasi I
TEXHOJIOT1S He 3HAHIIUIA TPAKTHYHOT O BUKOPHUCTaHHSL.

INomepenns eH3UMHa 00pOOKa ONIHOrO HACIHHS MOXKE OYTH BUKOPHCTAHA TaKOXK
JUTS TTITOTOBKK Matepiainy 710 TIPeCOBOro BHITydeHHs oii. [103UTHBHMI BIUUB Tiapo-
JTTUYIHUX (PEepPMEHTIB Ha BHUXIJ MPecoBOi OABOBHsHOI 0J1ii OyB BusiBieHuit y (Taha, &
Hassanein, 2007), msioi omii (Anwar, Zreen, Sultana, & Jamil, 2013), OypsaHuKy
(Soto, Chamy, & Zuniga, 2007), pimakoBoi (Cherstva, Lastovetska, & Nosenko, 2016),
rapoOy3oBoi (Nosenko, Vovk, & Koroluk, 2019), adpukocoux kicrouok (Candan, &
Arslan, 2021; Rajaram, Kumbhar, Singh, Lohani, & Shahi, 2012). V Toii ke vac y
(Candan, & Arslan, 2021) He BusIBIEHO 301IBIICHHS BUXOMY OJIii XOJOMIHOTO BiIKAMY
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Ticys monepeanboi 00poOKK HACIHHSA JIbOHY 1 BUHOIPAJAHMX KICTOYOK MEKTONITHIHH -
MH, [IEJTFOJIONITHYHUMH Ta TeMILIENTFOIONiTHYHUME (hepMEHTaMHU.

MeTa cTarTi: po3po0JieHHsI palliOHATFHUX MapaMeTpPiB MPECOBOTrO BIUITYUEHHS Tap-
Oy30BOI OJlii 3 BUKOPUCTAHHSM TIOMEPEIHLOI OOPOOKH HACIHHS TapOy3iB CYMIIIIIITIO
(hepMEHTATUBHUX TIPEMapaTiB 3 MPOTEONITHYHOO, HEMOIOITHIHO, TEMITIEIFOIIONI-
THYHOIO Ta KCHJIAHA3HOIO aKTUBHICTIO.

Marepiamm i meroau. [lenimuionencus — cyxuii epMEHTHHUI mpenapar rpud-
HOI TIpOTea3u, OTPHMAHOI IUISIXOM CIIPSIMOBaHOI (hepMEHTAIlii CENEeKI[IHHOro Mmramy
Pen. canescens 3 momanbliMM OYMIIEHHAM 1 KOHLIEHTpyBaHHSM («En3umbiorex»,
VYkpaina). [leHinuonencud karamisye riapoii3 BEICOKOMOJIEKYIISIPHUX OiJIKiB 3 yTBO-
PEHHSIM HU3BKOMOJICKYJISIPHUX TENTHIIB, € CTAOUTBHUM Y MPUCYTHOCTI XeNaTYFUurX
areHTiB, Takux sk EDTA, 1 Ma€ HU3bKY CIIpUHHSATIMBICTH 110 TpHMomidocdartiB, HasB-
HICTh 10HIB KaJbllit0 301IbIIYye cTabimbHicTh ipr 30 °C. Pobounit fianazoH Temmnepa-
Typ Ta pH — 20—60 °C 1a 3,0—6,0 BiANOBIIHO, ONTUMAIIBHI Jlialla30HU TeMIIepary-
pu ta pH — 40—50 °C ta 4,0—5,0 BiqmoBiaHO, akTUBHICTE — 50 O/T.

Lemonax — cyxuii pepMeHTHHI mpenapar, ofepkaHuid 3rigHo 3 TY VYV 24.1-
32813696-016:2008 («En3um», Yipaina). KpiM ocHOBHOI aKTHBHOCTI LIEITIONIA3H, TIpe-
napaT TaKoK MICTHTh 3HAUHI KIJTbKOCTI TeMITIeNoNasi Ta Keuianasi. Pobouwnii jiamna-
30H Temreparyp ta pH — 40—50 °C ta 5,5—6,5 BiANOBiAHO, aKTUBHICTh — HE MEH-
e 10000 om/r.

JocimKeHHs TPOBOMIIHCE 31 3pa3kaMy HaciHHS rapOy3a 3BUYaifHOrO.

BustyuenHs onii 3 HaCIHHSI IIPECOBUM METOZIOM IIPOBOAWIIM 32 JOMOMOIO0 1abopa-
TOpHOTO MIHeKoBoro npecy «Macmsraox» [THTY -4. [pecyBaHHsS POBOANIHN 32 TEMITE-
patypu (80 + 20) °C 3asexHO Bi BUAY OMHHOr0O Martepianay Ta Croco0y Horo more-
peaHboi 00po0KH. BrutyueHy o0 3BaKyBaM Ta BU3HAYAIA BUXiJ OJIii y BiJICOTKaxX
JI0 MacH HAaCiHHS B TIEpepaxyHKy Ha OJIIHHICTh HACIHHSL

BuzHaveHHs1 omiidHOCTI HACIHHS MPOBOAMJIM BUYEPITHOIO €KCTPAKINEIO B amapari
Cokcknera NZ 45/40 3 BUKoprcTaHHsM nieTponeiiHoro edipy. TpruBamicTs ekcTpakiii
CTaHOBWJIA 8 TOIMH.

Kucnorne aucno onepskanoi rapOy3oBoi omii BuzHauamm 3rigao 3 JCTY EN ISO
660:2019 «Kupu TBapuHHi 1 pociMHHI Ta ofii. Bu3HaueHHs KUCIOTHOrO YMcia Ta KH-
CIIOTHOCT1».

Iepokcuane urcno npecoBoi rapOy30Boi ol Bu3Hawam 3rigHo 3 ACTY 4570:2006
«OKupu pocnmHHI Ta oitii. MeTos BU3HaYaHHS IIEPOKCUTHOTO YHCIIaY.

AHi3urHOBe ncio rapOy30Boi onii BusHadamm 3rigao 3 JICTY EN ISO 6885:2019
«Kwupu TBapuHHI 1 pocMHHI Ta oJ1ii. BU3HaUSHHS aHi3UITHOBOTO YMCIIay.

BusHavyeHHsT aHTHOKCHJAHTHOI aKTHBHOCTI OJIepyKaHOl rapOy30Boi OJ1ii IIPOBOIMITN
3a peakIliero raciHHs pajgukaniB 2,2-mudenin-1-nmikpinrinpasiny (DPPH) (Hocenko,
Mysuka, [{urankoBa, Jlepuyk, & Mapunuenko, 2019). Jlist peakiiii BUKOpHCTOBYBaIH
posurH 2,2-mudeHin-1-mkpimiapasiny KoHnenTparieo 3 mr/100 M1 B eTHianeTari,
SIKUIA MaB 3HAUCHHSI ONITUYHOI TYCTHHY Ha JIOBXHHI xBUJi 520 HM B Mexkax 0,7—0,9.

st mpurotyBaHHS peakiiiiaoi cymirm 1o 100 mr omii qomaBamm posurH DPPH B
eTUJIAIIeTaTi, PETENIHO TePEMILTyBaJI Ta BH3HAYAIM TIOYaTKOBE 3HAYECHHS ONTHUYHOL
TYCTHMHHM peakIiiHoi cymirm Ha noBxuHi xBrm 520 uM (Do). PeakmiliHy cymirn BUTpH-
MyBaju 03 IOCTYIy CBITJa Ta BU3HAYaIM OnTHYHY ryctuHy Ha 520 M (D1) uepes
3aJIaHWi IHTEepBal Yacy. AHTHOKCHJIAaHTHY aKTHBHICTh (A) pO3paxoByBalH 3a 3MIHOIO
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ontruHoi ryctray npotsirom 30 xB (Hocenko, Mysuka, Lurankoa, JleBuyk, & Ma-
puH4eHKo, 2019):
A= 1—% 100 .
0

BuknageHHss OCHOBHMX pe3YJIbTATIiB H0CJiMKeHHs. J[OCTIKEHO BIUMB TaKUX
napameTpiB TONepeHboi (pepMeHTaTHBHOI 0OPOOKH TapOy30BOTO HACIHHS, SIK KiJb-
KICTh ()epMEHTHOI CyMIIlll Ta BOJOrOCTi, IO BHOCHIMCH JJis1 0OpoOku. Bojora —
BOXIMBUH (paxTop, HEOOXITHHI HE JIHIIIE /IS BOJIOrO-TEIIOBOI OOPOOKH HACIHHSI, aie
1t 6e3 sikoro Oynia 6 HEMOXKIIMBOIO PeaKilisi TiAPONi3y KOMITOHEHTIB KITITHH HACIHHS i
yac Horo oOpoOKH MpoTeazaMu Ta Iesroa3amMy. BoqHovyac HaMipHa KiJIbKiCTh BHECe -
HOI 3 (pepMEHTaMHU BOJIOTH € BKpail HeOaKaHOK, OCKUJIBKA BOHA 3HAYHO 301IBIIHTH
BUTPATH Yacy Ta €Heprii Ha BUCYIITyBaHHS Marepiaiy, abu JI0BECTH HOro 10 HeoOXi-
HOTO JUIsl TIPECYBaHHs 3HAUCHHs BOJIOrocTi. Uepes Iie mpolec cTaHe TEeXHOJIOITIHO
CKJIQ/IHIIIIAM 1 €KOHOMIYHO HEBUT1THHM.

Jocniani 3pa3ku moApiOHEHOTo rapOy30BOro HACIHHSI IoNiepeIHbo Oyan 00pobiie-
Hi BOIHMMH PO3UYMHAMH CyMillel ()epMEHTHUX TperapaTiB 3 MPOTEONITUIHOIO Ta 11e-
JIFOJIONIITUYHOIO aKTUBHICTIO TIPH CHiBBigHOIIEHH] 7:3 mpotsiroMm 2 rox mipu pH 5,2 ta
48—54 °C. byno mocnigKeHO BIUIMB KiIBKOCTI ()epMEHTHOI CyMillli Ta BOJOIOCTi,
BHECEHOI JUI TIONEPeAHb0I 00pOOKH TapOy30BOro HACIHHA, HAa €(PEKTUBHICTh MPECy-
BaHHS Marepiaty. KimbkicTh GepMeHTiB kommBaiack B Mexkax Bif 0,3%, mo 2,4% Bix
MacH HaCiHHS, KUIbKICTh BHECEHOI pa3oM 3 epMeHTaMu Boiord — Bin 15% n0 50%.
[Ticnsa dhepmeHTaTHBHOI OOPOOKM HACIHHS BUCYIIYBAJIM Y CYIIMIBHIHN madi 3a Temre-
parypu 100—105 °C npotsrom 30—150 XB 710 KiHIIEBOI BOJIOrOCTI MOAPIOHEHOrO Ha-
cinasg 6—7%. KoHTponbHi 3pa3ku HaciHHs Oyim 0OpoOJieHi 3a THX caMHX YMOB, aJie
0e3 BHeceHHS pepMeHTIB. KiTbKOCTI MPOTEONITUYHMX 1 IO THIHNX (DEPMEHTIB,
BHECEHUX JIJII 00pOOKK TapOy30BOrO HACIHHS, a TAKOX KiJbKOCTI BOJIOTH, BHECEHOT
pazoM 3 epMeHTaMH, HaBeIeHO B Tab. 1.

Byno BusiBieHO, 1110 HaWBHIIMA BHXix ofil (65,6%) AOCSTHYTHIA MpH 3arajibHii
KUTbKOCTI omaHoi mif yac oOpoOku depmentroi cymimi (0,6 %) Bin macu 3paska
HACIHHS Ta KUTbKOCT1 BHECEHOI 3 epMeHTaMu Bostoru (35 %).

Tabnuysa 1. BiuiuB nonepeanboi (pepMeHTATHBHOI 00POOKH rap0y30BOro HACiHHSI Ha BHXiJI
MPecoBoi 0.Iii

Maca (bepMteITHOlOC YMIL 2ot KinbKicTh BHECEHOI 3 Buxix onii, % Bing BMICTY ouii
00po6ku HaciHHS, % Bix Macu A
. (epmenTamu Bostory, % B HaCiHHI1
HaciHHS
1 2 3
0,3 50 60,5+01
0,6 50 63,001
1,2 50 62,2+0,1
18 50 62,6 £0,2
24 50 61,6+01
0,6 35 656+0,1
1.2 35 60,0+01
0,6 25 62,8 +0,1
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IIpooosoicenns mabn. 1

1 2 3
12 25 60,5+0,2
0,6 15 60,4+0,2
12 15 60,7+0,1
0 50 59,9+0,1
0 35 59,9+01
0 25 60,1+01
0 15 60,3+0,2

Bigomo, 1110 TprBanmii KOHTAKT OJIHHOrO MaTepiaty 3 BUIBHOIO BOIOIOK MOYKE BU-
KJIMKATH MPOLIECH TiPOJIi3y OJii, [0 HEraTMBHO BIUIMBAE Ha SIKICTh OJi. Y Oararhox
JOCHIIKEHHSIX, TIPUCBSMEHUX PO3pOOLIi TEXHOJIONI monepeansoi pepMeHTaTHBHOI 00-
POOKH mepes pecyBaHHM U1 HACIHHS Pi3HUX OMIMHUX KYJBTYP, KUIBKICTD JOIaHOT
JI0 cyOCTpaty BOJIOTH TiJ] Yac )epMEHTATUBHOIO TiIPOJIi3y HAMArajancsi MaKCUMAaIbHO
CKOPOTHTH, 30KpeMa, 10 CHIBBiIHOLIEHH: cyocTpar:Bora — 1:1, abo 10 45—50% Bin
macu cyoctpaty (Kaseke, Opara, & Fawole, 2021; Kubaychuk, Nosenko, & Cherstva,
2016; Latif, Anwar, & Ashraf, 2007; Bargale, Sosulski, & Sosulski, 2000; Latif, &
Anwar, 2009). OneprkaHi JaHi CBiqyarh, M0 MPU 3MEHIIEHHI KUTBKOCTI BHECEHOI 3
depmenTamu Bosoru Bif 25 10 15% Buxia ofii HOCTYIOBO 3HIKYeEThCS 3 62,81% 110
60,41% BiMOBITHO, TOMI SK TPH TiJBUIIECHHI KUIHKOCTI JOJaHOI BOJOTH Bif 35 1O
50% 30iblIeHHsT BUXOMY 0Od1il He crioctepiranocs. Y (Rajaram, Kumbhar, Singh, Lo-
hani, & Shahi, 2012) npoBouimi morepeHo hepMeHTAaTHBHY 00POOKY aOpPHKOCOBUX
KICTOYOK MEKTOJITHIHUMH Ta LETIONONITHIHUMA (pepMEHTaMH TIPU KiJIbKOCTI BHECe-
HOI mijg vac rigpomni3y Bonoru Bin 20% a0 32%. HaiiGinbire 3pocTanHs BUXOAY Ol
(2,53%) Oyno oxeprkano ipu 23% BHECEHOI BOJIOTH IIO0 Macu cyocrpary. depMmen-
TaTUBHUH Tiponi3 HaciHHs OopiiBHKKa dhepMenTHUME TipenapaTamu Olivex Ta Cel-
luclast 3niicHroBamm 3a Bostorocti Bix 20% 1o 50% (Soto, Chamy, & Zuniga, 2007).
HaiiBummii Buxin omi 85,5% OyB BUsIBIICHHMH NPU KiJBKOCTI AomaHol Boyiord 20%.
ITix gac depmeHTaTHBHOI OOPOOKK HACIHHS PIMaKy, COHSAIIHKUKY, KYHKYTY, OaBOBHH,
xonorut, Moringaoleifera ta Moringaconcanensis 6yi1o BCTaHOBJICHO, 110 ONTHMAJTh-
HOIO JJTs OUIBIIOCTI 3 TIMX KYJIBTYP BHSBHJIIACS KUTBKICTH BHECEHOI BOJIOTH TIiJ| Yac Tiji-
poui3y B mianasoni Bix 35 10 45% (Candan, & Arslan, 2021).

[HIIMM BaXKITMBHM MapamMeTpoM MONepeHbO0I (ePMEHTATUBHOI 00OPOOKH HACIHHSA €
KUIBKICTh 1ofaHoi (epMeHTHOI cyMili. Bimomo, mo 31 30ijblIeHHsIM KOHLIGHTpaLii
(epMEeHTY MBHIKICTH 1 TIMOWHA MPOXOIKEHHsI PeaKllii, Ky BiH KaTali3ye, 3pOcTae.
OnHak 1151 3aKOHOMIPHICTh 30€pira€ThCs JIMIIE 10 MOMEHTY TTOBHOT'O HAaCH4EHHS (ep-
MEHTOM BIATIOBITHUX XIMiYHMX 3B’SI3KIB CyOCTparty, Micisl 4Oro 30UIbIIEHHS KITBKOCT1
(depmenTy Bxe He Oyne edekrrBHuM (Kumar ta iH., 2017). Jlo Toro >x HagMipHe -
BUILICHHSI KOHLIEHTpallil (hepMeHTiB Oy/ie eKOHOMIYHO HEBUTIIHUM Y 3B’SI3KY 3 IX BHCO-
KOIO BapTicTio. HainmikoBa KiJIbKiCTh (PepMEHTY TaKOK MO>KE IIPH3BECTH A0 TiApoti-
3y MOJCaxapujIiB Ta YTBOPEHHS BUTBHUX PEIyKYIOUH ITYKpIB, SIKi OyIyTh Kapameizy-
BaTHCS TiJl Yac CYIIIHHS OJNIHOro Marepiaily Oe3rmocepe/THbO Mepe MPeCyBaHHM 1
MOXYTb TTEPEIIKOKATH BUITYYSHHIO OJIii, 1110, BiAMOBITHO, TPU3BEIE 10 3MEHITIEHHS 11
Buxony. KpiM Toro, HagMipHe 301TbIICHHS KOHIICHTpAITii (hepMEHTIB MOXE MPH3BECTH
JI0 TIOTipIIEHHS OPraHOJISITHYHUX BJIACTHBOCTEN T'OTOBOTO MPOIYKTY, CIIPUYHMHUTH
BUHMKHEHHSI CTOPOHHIX 3aI1axiB 1 TIpKOTH.
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Sk cBiguaTh ofiepxkaHi pe3ysbTaTH AOCIIHKEHHS (Tabi. 1), B AoCHiIKeHOMY Jtiara-
30HI ONTHMAIBHOIO KiJIbKICTIO BHECeHOI (hepmenTHOI cymimi € 0,6% Bix Macu HaciH-
Hs. 30UTBIICHHS UM 3MEHIIIEHHS KUTbKOCTI JIOMaHUX (PEpPMEHTIB CyNpOBOIKYBAIOCH
3HIDKEHHSIM BUXOJTY OJIii. AHAJIOTNYHO, TiJ] Yac MmonepeaHboi pepMeHTaTHBHOI 00po0-
KM Tiepel IPeCYBaHHIM HACIHHS PIllaKy 3 BUKOPUCTAHHSAM CyMillli (hepMeHTHHX Tpe-
napartiB Protolad ta Celulad B kimbkocti Bix 0,4% 1o 1,4% Bin macu cyOcTpaty Haii-
OLTBII ONMTUMABHOIO BUSIBUJIACH KOHIIEHTpalist (hepmenTiB 0,4%, BUXi Ol IpH 1150-
MY KOJIMBAaBCS B Mexkax Bia 32,2 10 45,9% 3aiexHo BiJ| IHIUX MapaMeTpiB, TAKUX K
TpUBaIiCTh pepMeHTarlii Ta BMicT Bosiorn mepe npecyBantsm (Cherstva, Lastovetska,
& Nosenko, 2016; Kubaychuk, Nosenko, & Cherstva, 2015). ¥ npaui (Nosenko,
Vovk, & Koroluk, 2019) nonepenHio pepMeHTaTHBHY 00pOOKY rap0y30BOro HaCiH-
Hs OYJI0 3[IMCHEHO 13 3aCTOCYBaHHAM KOHIIEHTpallil hepMeHTHOI cymirti 0,6% Bix Ma-
CH HAaCiHHS, OfIep KaHUH BUXiJ] IpecoBoi oii craHoBUB 28,2%.

JocimkeHHst Gi3nKo-XiMiYHHX MTOKA3HUKIB OJICp’KaHOi IPecoBOi o (Tadut. 2) mo-
Kazajm, 10 TonepenHs epMeHTaTHBHA 00poOKa rapOy30BOro HACIHHS HE Ma€ iCTOT-
HOT0 BIUTUBY Ha KUCJIOTHICTB OJii T2 BMICT KapOOHUTBHIX CIIONYK (2HI3UIMHOBE YHUCIIO).

Tabnuysa 2. Biiine nonepeaHboi ¢pepMeHTATHBHOI 00p0o0KH rap0y30Boro HaciHHs Ha
(iznko-ximMiuHi moka3HMKH sIKOCTI 0OJIil

Maca depMeHTHOI KiTbKicTs Di3uKO-XIMIYHI TOKAa3HUKH AKOCTI NPECOBO] OJIil
cymiri st 06po06- BHECEHOI 3 .
KU HACIHHS, % BiJT depmentamu | KUCTOTHE 9H- | MIGPOKCH/IHE YHCIIO, aHDBUIMTHOBE
MACH HACIHHS BotorH, % cio, mr KOH/r MMOJb Y2 O/kr YHCIIO
0,3 50 120+0,13 0,55+ 0,07 1,60 + 0,04
0,6 50 1,30+0,11 0,67 +0,04 1,20 +0,03
12 50 1,50+ 0,08 0,47 + 0,05 1,40 +0,05
18 50 1,30+0,10 0,38 + 0,08 1,30 + 0,02
2,4 50 160+0,11 0,97 £0,02 1,30 £0,03
0,6 35 1,30+0,13 0,62 + 0,06 1,20 £0,02
12 35 1,40+0,12 0,51 +0,03 1,10 £ 0,02
0,6 25 1,20+0,13 0,64 +0,04 1,20 + 0,04
12 25 1,50+ 0,09 0,54 + 0,05 1,30 + 0,06
0,6 15 120+0,11 0,70 + 0,06 1,00 +0,03
12 15 1,30+0,10 0,49 +0,02 1,10 +0,05
0 50 160+0,12 0,98 +0,02 1,60 +0,02
0 35 1,30+0,13 0,74 +0,07 1,50 + 0,04
0 25 1,20+0,10 0,83 0,03 1,40+ 0,03
0 15 1,30 +0,09 0,69 + 0,05 1,40 £ 0,02

Bapro 3a3HaunTH, 1110 B TIparsx, MPUCBIICHUX (EepMEHTATHBHIIN 00po0Ili pirmako-
BOro Ta rapOy30BOT0 HACIHHS Tepe]l PECyBaHHIM, He OyJIO BUSBJICHO CYTTEBHMX 3MiH
KHCIIOTHOTO YHUCTIa OJIep>KaHUX OJIii MOPIBHSHO 3 OJNISIMH, OACP KaHUMU TPa Ui HHIM
criocobom mipecyBants (Cherstva, Lastovetska, & Nosenko, 2016; Nosenko, Vovk, &
Koroluk, 2019). BoxmHo4ac criocTepiraerbcst He3HaYHE 3MEHILICHHST TIEPOKCHIHOTO Y-
cla B 3pa3kax ofiii, ofepykaHoi 3 hepMEHTOBAaHMX 3pa3KiB HACIHHS, TIOPIBHSIHO 3 KOHT-
posbHUMY 3pa3kaMu odii. Lle Moske OyTH 1MOB’S3aHO 3 IMOBIPHUM ITiBHUIIICHHSIM aHTH-
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OKCHJIAHTHUX BJIACTUBOCTEH OJIii BHACIIIOK nonepe)lm,o'i (hepMeHTaTUBHOL o6po61<1z1
HACIHHS, OCKIUJIBKH, TIiJT yac (hepMeHTallii, K BiJIOMO, pyI/IHyIOTLc;I KOMIUIEKCHI CITOITy-
KH, YTBOpEHI ToicaxapyiaMu H ToKo(peposiaMi HaCIHHS, sIKi € TOTY)KHUMH MPUPOLI-
HUMH AHTHOKCHJAHTAMM, II0 CHPHYHHSE BUIyYCHHs TOKOQEpOliB y omiiHy a3y
(Latif, & Anwar, 2009).

[Tin yac BU3HAYECHHS 3arajibHOT aHTHOKCHIAHTHOI aKTUBHOCTI OJIIT 32 PeaKIliero ra-
ciHHs pajukaniB 2,2-mudeni-1-nikpinrigpasiny (DPPH) nporsrom 30 xB Oyi0 BHsB-
JICHO, 1[0 3MEHIICHHS KiJIbKOCTI BHECEHOI (DEPMEHTHOI CYMIIIl Ta BOJIOTH OTHOYACHO
TIPU3BOINTH JI0 3HKEHHS aHTHOKCHUIAHTHOI aKTHBHOCTI (Tab. 3).

Tabnuys 3. Biiime nonepeaHboi ¢pepMeHTATHBHOI 00p00KH rap0y30Boro HaCiHHS HA
AHTHOKCHUIAHTHI BJIACTHBOCTI OJIil

Maca depmenrrof CYMILIL VA KinpkicTh BHECEHOT 3 AHTHOKCHIAHTHA aKTHBHICTh
0/0 6906”[ FACTHHA, (hepmeHTaMH BOJIOTH, %0 omii (DPPH micxs 30 xB), %
0 BiJT MACH HACIHHS

0,3 50 26,61 +0,03
0,6 50 33,14 +0,08
12 50 30,56 +0,05
18 50 32,35+0,03
2,4 50 22,84 +0,03
0,6 35 18,79 £0,04
1.2 35 20,45 +0,01
0,6 25 22,18 +0,04
1,2 25 27,15+0,05
0,6 15 19,88 £0,02
12 15 19,93 £0,02

0 50 29,74 £ 0,06

0 35 16,26 £0,01

0 25 26,97 £0,01

0 15 20,11 +£0,03

30UIBIIIEHHS aHTHOKCHUIAHTHOI aKTMBHOCTI OJTii, Ofiep kaHoi TicTs TorepetHboi (hep-
MEHTATHBHOI 00pOOKH rap0y30BOr0 HACIHHSI, MiJATBEPPKEHO TAKOXK KIHETHKOIO peakx-
il racinas BimbHHUX paaukaiis DPPH' pozunHamu onii, ojepkaHoi 3 KOHTPOJIBHUX 1
npoepMEHTOBAHUX 3pa3KiB rapOy30BOr0 HACIHHSI TIPH KiJIbKOCTI BHECEHOI 3 epMeH-
TaMu BoJyioru 35% (IuB. PUCYHOK).

AHTHOKCHJIAaHTHA aKTHBHICTh OJil, OJleprkaHoi MUIIXoM (hepMeHTarlii rapoy30Boro
HACiHHA (KUTbKiCTh BHECEHOI Bomoru 35%), Ta KOHTPOIBHUX 3pa3KiB ouiii Oyna mpak-
TUYHO OJIHAKOBA IMPOTATOM MEPIIOl (KIBHIKOI») CTafli peakili Ta BHUINA B KOXKHII
TOYIII BUMIPIOBAaHHS B Ol 3 TIPO()epMEHTOBAHOTO HACIHHS MOPIBHSIHO 3 KOHTPOJIEM
i1 Yac apyroi («IOBUTHHODY) CTaIil.

Le, iMOBipHO, TTOB’5I3aHO 3 THM, IO AJI PyHHYBaHHS KOMIUIEKCIB TOJTiCaXapH/IiB 1
TOKO(EPOITiB HACIHHS HEOOXiTHUM OLTBII IHTCHCUBHMI Iepedir peakIlii riIpoi3y, 1o,
Y CBOIO Yepry, BUMarae BHECEHHsI /IO PEaKIiiHOl cyMimii OijbIIoi KijJbKoCTi GepMeH-
TiB 1 BOJIOTH.
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== KiHeTHKa PeaKilii raciHHsI BUTBHIK pagHKaTies DPPH posTHHOM 01, 0JepKaHIM 3
KOHTPOJBHIE 3pasKiB rap5y30B0T0 HaciHHA (%0)

—i— KiHeTHKa PeaKilii raciHHsI BUTBHIK pagHKaTies DPPH po3THHOM 01, 0JepKaHIM 3
po(pepMeHTOBAHI 3pasKiB rapiy30Boro HaciHHA (%6)

Puc. Kinetuka peakuii racinust BiibHux pagukanis DPPH pozuunamun oiii, onep:kannmu 3
KOHTPOJIbHUX i Mpo¢)epMEHTOBAHMX 3pa3KiB rapoy30Boro HaciHHsI MPH KiJIbKOCTI BHECEHOI
¢depmentHoi cymimi 0,6% Ta Bosorn 35%

BucHoBkM

3 ormsioy Ha ofepKaHi pe3ylbTaTv, PalliOHATPHUMH TapamMeTpaMu [Tl Tonepe-
HBOI (hepMEHTATHBHOI 00pOOKM HACIHHS TapOy3iB CyMIIIIIO (pepMEHTHMX MpenapaTis
3 TIPOTEOTITHYHOIO Ta LEIFOJIOMTUYHOK aKTHBHICTIO TP CiBBiIHOMIECHH] 7:3 mpoTs-
rom 2 rox nipu pH 5,2 ta 48—54 °C €: kinbKicTh BHECeHOI hepMeHTHOI cymimt 0,6%
Ta KUTBKICTh BHECEHOI 3 epMeHTamu Boyoru 35% Bij Macu HaciHHA. BukopucraHHs
TaKUX TEXHOJIOTIYHHMX MapaMeTpiB HANAJI0 MOXJMBICTH BHIyduTH 65,6% omii, mo
Maibxe Ha 6% Bule, HiX y KOHTpodi. ['apOy30Ba oist, BUIydeHa 3a TaKUX yMOB, Maja
BUILLY OKUCHIOBAJIbHY CTIMKICTb.

Orxe, nonepenss pepmeHTaTUBHA 00pOOKa HACIHHS TapOy3iB MPOTEONITHIHUMU
Ta LEMOJIO30JITHYHUMY (DEPMEHTHUMH IIPENapaTaMy € EPCIeKTUBHIM METOIOM TTiJI-
BUIIICHHS BIXOJTY OJii.

Hoasika. Pobora BukoHaHa 3a (iHaHCOBOI minTpuMku MiHicTepcTBa OCBITH 1
Hayku Ykpainu (JJorosip Ne M/51-2022, 24.05.2022).
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Today, the manufacturers of the confectionery industry in-
creasingly focus on the production of products with the addition
of various types of fruit and berry raw materials, which are cha-
racterized by a high content of physiologically valuable nutri-
ents. Traditionally, such raw materials are used in the technolo-
gies of marmalade and paste swirls in the form of pastes, purees
and stews. Technologies for obtaining such products involve
the use of preservatives, the excessive entry of which into the
human body is undesirable. Also, during their production, high
temperatures are used (boiling, pasteurization, sterilization),
which leads to a decrease in the content of some vitamins, cau-
ses the destruction of polyphenolic compounds and the loss of
the product's original taste and aroma.

Considering this, it is relevant to study the possibility of
preserving the natural properties of fruit and berry raw materi-
als by using gentle technological modes for its processing, in
particular, low-temperature processing.

The quality of the developed jelly-fruit marmalade techno-
logy with the replacement of 30% of the recipe fruit puree with
a multi-component fruit and berry paste was evaluated. The
fruit and berry paste is a blended composition of apple-quince-
blackcurrant (40:50:10) concentrated in a rotary film apparatus
under gentle conditions (temperature 45...50 °C), which
contributes to the maximum preservation of the substances of
the derived raw materials.

The physico-chemical parameters of the studied marmala-
des are characterized by close values and are at the level regu-
lated by regulatory documentation. Also, the new product has a
higher content of pectin substances (1.5 times), vitamin C (4.8
times) and polyphenols (5.4 times) compared to the control
sample. According to the value of the integrated quality asses-
sment index, which took into account group indicators (organo-
leptic, physico-chemical, biological value), the proposed mar-
malade exceeds the sample made by classical technology by
39%. Thus, the improved marmalade technology is competi-
tive.
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OLIIHKA SAKOCTI MAPMENALY 3 OOOAABAHHAM
BAFATOKOMMOHEHTHOI NNOAOBO-AriAHOI NACTHU

0. B. CamoxsasioBa, K. P. Kacaoosa, O. I'. Illugakopa-KameHioka,
0. €. 3aropyasko, A. M. 3aropy.bko
Jepoicasnuil 6iomexnon02iunuil yHigepcumem

Ha cboeooni 6upobHuku KoHoumepcokol eanysi 6ce Oinbule aKyeHnyoms yeazy Ha
BUCOMOGTIEHHI NPOOYKYIL 3 000A8AHHAM DI3HUX 6UOI6 NII0O0BO-ALIOHOI CUPOGUHY, KA
Xapaxkmepusyemvcst GUCOKUM GMIiCoM (i3ionociuno yinnux Hympienmie. Tpaouyiiino
MaKa CUpoBUHA 3aCMOCOBYEMbCSL 8 MEXHONO2ISX MAPMENAOHO-NACIUTLHUX 8UPODi8 Y
euensadi nacm, niope i niogapox. Texnonocii ompumanHs maxkux npooyKkmis nepeo-
bayaroms GUKOPUCMAHHSL KOHCEPBYIOUUX 000AB0K, HAOMIPHE HAOXOONCEHHSI SKUX OO
opeaHizmy moounu € Hebaxcanum. Taxooic nio yac ix 6UeOMOGIEHHsL 3ACMOCO8YIOMb
BUCOKT memnepamypu (y8apiosants, nacmepusayito, Cmepuiizayiro), wo npuzeooums
00 3HUDICEHHST GMICTY OesIKUX BIMAMIHIG, CNPUYUHAE PYUHYBAHHS NOTIQEHOTLHUX CNO-
JIYK [ 8mpamy npoO0yKmom NEPEUHHO20 CMAK) U apomManty.

3eaoicarouu Ha ye, AKMYATbHUM € GUBHEHHSI MOJICIUBOCHI] 30€PediCeH S NPUPOOHUX
GIACMUBOCHEl NI00060-SI2IOHOL CUPOBUHU ULTSIXOM BUKOPUCTIAHHS OTISL 1T nepepobKu
WAOHUX MEXHONOTYHUX PENCUMIB, 30KpeMa HUSbKOMEMNepamypHoi 00pooKu.

Y emammi nposedeno oyinxy sxocmi po3podaenoi mexnonozii mapmenady iceneti-
HO-@pyKkmoe6o2o i3 3aminoro 30% peyenmypHozo pykmosozo niope 6azamoxomno-
HEHMHOIO NI00080-S2I0HON NACOI0, OMPUMAHOI0 3 SOTYK, AU6U | YOPHOI CMOPOOUHU
vy cniggionowenti 40:50:10, sixa cKOHYEHMpPOBara 8 POMOPHOMY NAIBKOBOMY ANapami
3a waoHux pescumie (memnepamypa 45...50 °C), wjo cnpusie MaxcumanbHoMy 30epe-
JICEHHIO PEYOBUH NOXIOHOI CUPOBUHUL.

Bcemanoaneno, wo po3podaenuii mapmenad O0euwjo nepegepuiye KOHMpOIbHUlL 3a
CMAKOBUMU MA KOJbOPOSUMU Xapakmepucmukamu. Dizuxo-XimiuHi nOKA3HUKU 0OCII-
O2HCYBAHUX MAPMENAOI6 XAPAKMEPUIVIOMbCS ONUILKUMU 3HAYEHHAMU | 3HAXOOSMbCS
HA PiGHI, pe2lameHmo8aHoMy HOPMAMUEHOI OOKYyMeHmayiero. Takoic HogoMy eupooy
&nacmusuLl UL, NOPIGHAHO 3 KOHMPOAEM, GMICI ReKMUHOBUX peyosur (v 1,5 pasa),
simaminy C (y 4,8 paza) ma nonighenonie (v 5,4 pasa). 3a 3HaueHHAM NOKAZHUKA KOMN-
JIEKCHOI OYIHKA SIKOCMI, W0 8pAX08y8ala epynosi NOKA3HUKU (OpeaHOienmuyHi, Qi3u-
KO-XIMiuHi, OIONI02IUHY YIHHICMB), 3aNPONOHOBAHUL MAPMENAO NEPEBUUL)E 3DAZ0K, BU-
20MOGNIeHUL 34 KIACUYHO mexHonociero, Ha 39%. Omoice, 600CKOHANEHA MEXHOORIs
Mapmenaody € KOHKYPEHMOCHPOMONCHOIK).

Kniouogi cnosa: mapmenad pyxmosgo-scenelinuii, nio0oo-sa2ioHa nacma, nokas-
HUKU SIKOCMI, KOMNJEKCHUIL NOKA3HUK, OI0/I0214HA YIHHICMb.

IocTanoBka npodJemu. 3Ha4HYy pollb y GOPMYBaHHI 3I0POB’S JIOJAUHU BiJirpa-
I0Th COIaJIbHI YMHHHUKH, 10 SIKMX BIJJHOCHUTHCS CTaH HaBKOJMIIHBOTO CEPEIOBHUINA Ta
CHOCIO YKUTTS, 110 OXOILTIOE M XapdyBaHHS. 30UIBIICHHS TEXHOTCHHOIO HABAaHTAKEH -
HS Ha HABKOJIMIITHE CEPEIOBHIIIE CIPUUMHSIE HOrO KOHTAMIHAIO pajTiiOHyKJIiIaMH, CO-
JISIMH BQ)YKKHUX METAJIIB Ta IHIMMH TOKCHIYHUMU PEUOBHHAMH, SIKi HaIXOIATh 0 Opra-
Hi3MY JIIOJIMHY Ta YUHSTH HA HBOIO HEraTMBHUH BIUMB. OIHUM i3 IIUIIXIB HiBEIIOBAH -
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HsI IIbOT'0 BIUIUBY € CIIOKMBAHHS XapuOBHX MPOIYKTIB, IO MICTATH IHIPE/Ti€HTH, 3/1aT-
Hi azicopOyBaTH TaKi CLIONYKH, HAMPHIIaJL, MEKTHHY (Mehrandish, Rahimian, & Shah-
riary, 2019) abGo 3B’s3yBaTh iX y HEUIKIITUBY (1)0pMy, HaTPHKITAL, noJi)eHOTH
(Ghasemzadeh, & Ghasemzadeh, 2011). 3 ornsiay Ha MiABMINEHHS PiBHS Xap4oBOI
TPaMOTHOCTI CIIO’KMBAYiB Taka MPOIYKIis KOPUCTYETHCS BCE OUIBIINM ITOITUTOM, II0
HE MOXYTh HE BPaXOBYBaTH BUPOOHHKH, SIKi BCE OLIBIIIE YBaryk MPUALISIOTH CTBOPEH -
HIO TPOAYKTIB XapayBaHHS 3 JIOJABAaHHSM PI3HUX BHIIB TUIOOBO-STITHOI CHPOBHHU,
ITI0 XapaKTePU3yETHCSI BHCOKMM BMICTOM 3a3Ha4€HUX HyTpieHTIB. KpiM Toro, 10 ckia-
Iy IUIOMIB 1 STiA BXOAATH BiTaMiHM, MiHEpaIbHI PEYOBHMHH, OPTraHiuHi KHCIOTH, IO
TaKOX ITO3UTHUBHO BIUTMBAIOTh Ha (Pi310JIOriUHI MPOLIECH B OpraHi3Mi JIOAUHH.

OCKiJIbKY TUIOAM Ta STOAM OOMEXKCHI CE30HHICTIO BUPOOHUIITBA T4 HE3HAYHHMHU
TepMiHaMu 30epiraHHs, HaluacTime iX BUKOPHCTOBYIOTh y MEpepOOICHOMY BUTJISI
(Trope, MiZIBapKH, TPHUIIACH TOIIO). TeXHOOTII OTprMaHHsI TAKUX TPOAYKTIB repesda-
Yal0Th BUKOPHUCTAHHSI KOHCEPBYIOUMX J100aBOK (OCH30iHA, CIpYrCTa, CaliUIoBa KH-
CIIOTH TOIIO), HAIMIPHE HAJIXOKCHHS SIKMX JUIsl OpraHi3My JIFOJMHU € HeOaXKaHWM,
TaKOX i 9ac 1X BUTOTOBJICHHS 3aCTOCOBYIOTH BHCOKI TeMmIiepaTypu (yBaprOBaHHS,
nacTepu3allisi, CTeprJIi3allis), IO TPU3BOIUTH JIO 3HIDKEHHS BMICTY JISIKUX BiTaMiHIB,
CIPUYMHSE PYHHYBaHHS MOTI(EHONBHUX CIIOIYK 1 BTpaTy MPOIYKTOM MEPBUHHOIO
CMaky ¥ apomary.

3BaKalOuM Ha 1Ie, aKTyaJJbHUM € BUBYCHHS MOKIMBOCTI 30€pEKSHHS TPUPOIHIX
BJIACTUBOCTEH ILIO0BO-STIIHOI CHPOBUHHU (BMICT KOPUCHHX PESUOBHH, CMAKOBI Xapak-
TEPUCTHKH, apoMaT) IUISIXOM BHKOPUCTAHHS JUIA ii MepepoOKH IIaJHUX TEXHOJIOTY-
HUX PEKHUMIB, 30KpeMa HU3bKOTEMITEpaTypHOI 00POOKH.

[MponykTn mepepoOKH TIONOBO-STIIHOI CUPOBHHH TPAIHUIIIHO IMPOKO BUKOPHC-
TOBYIOTBCSI B KOHJIUTEPCHKi MPOMHCIIOBOCTI, 30KpeMa i/l 4ac BUTOTOBJICHHS 3e(ipy,
MacTWIM Ta MapMenany. Hapasi came mMapMenan € OMHUM 3 HAHOUIBII MONIMPEHUX 1
JIOCTYITHUX KOHAMTEPCHKUX BUPOOIB, 1110 ITOB’S3aHO 3 IOr0 BUCOKUMHM OPraHOJICIITHY-
HUMH BJIACTUBOCTSIMU T4 MEHILOKO EHEPreTHYHOIO LIIHHICTIO MOPIBHAHO 3 1HIIMMH BH-
namu koHauTepebkoi mponykiil (Wolf, 2016). TpamuitiiiHi TexHOIOri GpyKTOBO-ATI -
HOTO Ta KeJIEHHO-(PPYKTOBOr0 MapMernay rnepeadayaroTh BAKOPUCTAHHS SIK OCHOBHOT
CHPOBHHH SI0JTy9qHOr0 TIOPE MTPOMHICIIOBOrO BUPOOHHUIITBA (HEIOJIKHU SKOTO PO3IIISHY -
TO BHIIIE), @ TAKOXK 3aCTOCYBaHHS CHUHTETUYHHMX OapBHUKIB 1 apomaTu3aTopiB. Sk Ha-
CIIIOK, Taka MPOAYKLIs, 3a3BUYall, XapaKTepH3Y€eThCsl HU3bKUM BMICTOM (izioJoriy-
HO-(DYHKIII OHATLHUX 1HTPEMI€HTIB. Y 3B’S3KY 3 IIUM aKTyaJIbHUM € JTOCHIPKEHHSI MOXK-
JIMBOCTEH MOKPAILCHHsT HYTPIEHTHOTO CKJIAAy MapMeJiaJJHUX BHPOOiB, 30KpeMa 3a pa-
XYHOK 3aMIHIOBaHHSI PELENTYPHOI KIIACHYHOI TIOOBO-ATITHOI CHPOBHHH HETpaJIH-
IITHOFO, 3 OITBIIIMM BMiCTOM KOPHICHHX PEUOBHH.

AHaJgi3 ocTaHHIX qocaimkeHb i mydsikamiii. Ha croromni nocmigauky He oOMe-
JKYIOTBCSI BUBUCHHSM MOMKIMBOCTI BUKOPUCTAHHS B TEXHOJIOTT MapMenay IIOI0BO-
SATIHUX J00ABOK TIOKpAIIeHO! XapyoBoi Ta O10MOriYHOI I[IHHOCTI. 3HAYHA yBara mpu-
JUIISIETHCS. TAKOXK PO3POOIIi TEXHOJIOTIH TaKol POAYKIIT 3 BUKOPUCTAHHSM ITPOIYKTiB
nepepoOKK OBOYEBOI CHPOBHHM, JIKAPCHKUX POCIMH, Bomopocteit Tomro. [lapanemsao
3 TIOKpaIIEHHAM HYTPIEHTHOTO CKJIay O0araTo HayKOBIIIB CTaBIISITh 32 METY 1 BHPIIIEH-
HsI IEBHUX TEXHOJIOTIYHUX 3aBJaHb — BIUTYYEHHS 3 PELIENTypH MapMeriay CHHTETHY-
HUX O2PBHUKIB 1 apOMaTH3aTOPIB (32 PaXyHOK apOMATHYHHX 1 320apBIIOBAHUX PEUO-
BUH HETPaMILIAHNX T00ABOK), 3HIKCHHS BUTPAT IYKPY, KUCIIOTH Ta JParjicyTBOPIO-
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BadiB (3aB/IIKU MPUCYTHOCTI TAKUX KOMIIOHEHTIB y CKJIaJli CHPOBHHH, 1110 JTOAETHCS)
tomo (Matias, Kambulova, & Goncharuk, 2018; Dorohovich, Goncharuk, Matias, &
Kambulova, 2018).

Tax, y nparii (I'opo6ets, [1leBuenko, & bopomaii, 2020) mpornoHyeThest 3aMiHIOBa-
TH TTiJ] 9ac BUTOTOBJICHHS MapMenany 50% s0:1yqHoro mope Ha 00JIIMIX0BE, IO JACTh
3MOT'Y BUKJIIOUMTH 3 PELIENTYPU MOJIOYHY KHCIIOTY Ta Ha 50% 3MEHILNTH peLenTypHi
BUTpATH TTaTOKH.

Sk GapBHHK Ta JKEPEITO MEKTHHIB 1 mosmideHoMbHIX cronyK gociiaauka (Moham-
madi-Moghaddam, & Firoozzare, 2021) pekOMeHIyIOTh BUKOPHCTOBYBATH IIKIPOYKY
3 yopHOCTMBY. OfIHAK Taka TEXHOJIOTisI Mependadae JOCTaTHRO CKIIQJIHUIN Mporiec 00-
POOKH TIKIPOYKH — 3aMOPOKYBaHHSI, PO3MOPOXKYBAHHSI, Ti[paTailito, TOMOTeHI3aIlii0
Ta QUIBTPYBaHHSL

VY mpaui (Pins, & Muxaiimik, 2017) npornonyersest 3amina 10 80% s6irydHOro
HIOpE Ha MIOPE 3 XyPMH, 110 AACTh 3MOT'y OTPHMATH MapMesajl IPUEMHOTO IIOMapaH -
9YeBOr0 KOJILOPY, 3HIKEHOI ITyKPOEMHOCTI Ta 30araTUTH HOro -KapoTHHOM 1 Xap4OBH -
MH BoJOKHamu. [IpoOeMHIM MOMEHTOM TEXHOJOTIT MOYKe BUSIBUTHCS BHUCOKA COOi-
BapTICTh XYPMH.

[NepcriekTMBHUM € BUKOPUCTAHHS 1]l YaC BUTOTOBJICHHSI MapMEJIaTHOI TPOTYKIIil
MPOIYKTIB MepepoOKH OBOYEBOI CUPOBHHH, IO 3yMOBJICHO ii HIKYOIO (TIOPIBHSHO 3
(pYKTOBOIO) COOIBAPTICTIO 1 perioHANIBHICTIO TOXOMKeHH. Y mpatsix (Belovic, Pajic-
Lijakovi¢, Torbica, Mastilovi¢, & Pecinar, 2016; Kamiloglu, Pasli, Ozcelik, Camp, &
Capanoglu, 2015) po3risiHyTO MOKIMBICT 3aCTOCYBaHHS B TEXHOJIOTiT MapMenaay
MIOPOIIKIB 3 TOMaTHUX BUYABKIB 1 MIOpPE 3 YOPHOI MOPKBH. BiaMiueHO cTaOiMbHICTH
KOJIbOPY TakWX BUPOOIB y Tporieci 30epiraHHs, MiJBUIICHHS BMICTY MEKTHHOBHUX pe-
YOBHMH Ta aHTHOKCHIAHTIB. HeoqHo3HaYHUM € Jienio cnenriyHui MpucMaKk Takol
MPOAYKIIii.

Buenumu (PibnoBa, & IBaHoBa, 2012) pekoMeHI0BaHO BUKOPHCTOBYBATH TIiJl Yac
BUT'OTOBJIEHHSI MapMerany mope toniHamOypa (10% Bix Macu CHpOBHHM), CIK BHIIIHI
(2,5% Bix Macu CHPOBUHM), EKCTPAKTH 3 TIATOHIB YOPHHUIII Ta JICTSI YOPHOI CMOPOIIH -
HH. BHeceHHs mrope ToninamMOypy HaZae MOXIIMBICTb 3HW)KYBAaTH PELENITYPHUNA BMICT
IYKpy i arapy, Cik BHIIIHI € HE JIMIIE 3aMiHHUKOM CHHTETHYHHX CMaKO-apOMaTHYHUX
PEUOBHMH, a I JKepesoM MiHepaiiB, MOMi()eHOIB 1 OpraHiYHUX KHUCIIOT, & POCIMHHI
EKCTpaKTH 30aradytoTb BUPiO 010JI0r4HO-aKTUBHIUMH CIIOTYKaMH.

Jns minBUIEHHS Xap4oBOi LIHHOCTI JKeJIeHHO-(PPYKTOBOTO MapMeliaay Ta PO3LLIH-
peHHs HOro acOPTUMEHTY 3allpOIIOHOBAHO BUKOPHUCTAHHS ILIOJO0BOYEBUX KPiogoda-
BOK (KpiOMacTu 3 aiBu, S07TyK, MOPKBH, TapOy3a, BUHOIPa Ly Ta KPiOMOPOLIKH 3 IIHII-
mMHM, oomnuxu Ta BuHOrpaay) (Shmatchenko, Artamonova, Aksonova, & Oliinyk,
2018). Hosi Bum MapMenay MposBIISTIOTh BUCOKI aHTHOKCH/IAHTHI BIIACTHBOCTI B Ha-
CITIIOK MaKCUMAJIbHOTO 30epeskeHHsI 010JI0TYHO-aKTUBHHX CIIONYK Y TTOXIiHINA CHPO-
BuHI. [le 3yMOBIICHEe MATHUMH PEKMMaMK OTPHMAHHS TTACT 1 MOPOIIKIB — 1X KOH-
LEHTPYBaHHS BiIOYBA€THCS 32 PaXyHOK BHIATICHHS BOJIOTH BUMOPOXKYBaHHSM (Kpio-
TEXHOJIOTii), a He CYIIHHSM, SIKe, 3a3BUYail, YNHUTH OLIBII pyWHIBHAN BIWMB Ha Opra-
Hi4H1 pedoBuHH. [Ipore 3acTocyBaHHS IIHX 100aBOK € OOMEKEHNM Yepe3 CKIIATHICTh 1
BHICOKY BapTICTb X OTPHUMaHHS.

V npami (Henmouarux, & Illepemer, 2018) po3podiero criocid BUpoOHHIITBA (pyK-
TOBO-AIT1IHOrO MapMeaay Ha OCHOBI rapOy30BOro mope (3aMiCTh SOJIYyYHOr0) 3 10/a-
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BaHHSIM TNopouiKy Jaminapii (5% Big macu mope). Bupié xapakrepusyerbcs pHeM -
HUMH CMAaKOBUMH BIIACTHBOCTSIMH, BiJICYTHICTIO CHHTETHYHHX CMaKO-apOMaTHYHUX
JI00ABOK, TTiJIBUIIICHUM BMICTOM KapOTUHY Ta HOMY.

JUts OTpUMaHHS MapMenay 0310pOBYOTO MPU3HAYEHHS PEKOMEHIOBAHO BUKOPHC-
TOBYBATH MijI Yac HOro BUIOTOBJIEHHS IMIOpE peBeHIo (1o 75% Bim Macu S0JydHOro
IIOpE), COKY TUIONIB Oy3WHH (SK JKepelia aHTOIlaHiB) Ta BOJHO-CIMPTOB] €KCTPAKTH
4yeOpelto, MAaTEPUHKH Ta (iaTKH (K JPKepelio KOMIUICKCY 010I0rYHO-aKTUBHHUX PEYo-
BiH) (mateHT Ykpainu Ha BuHaxig Ne 105716 C2. OpykroBo-keneiiHHi MapMena
037I0pPOBYOTO MTPU3HAYCHHS).

3 orJsiay Ha BHUIIEBUKJIAJCHE, MOXHA 3pOOMTH BUCHOBKH, IO BCE OLIBIIE YBAard
MIPUILIAETHCS TOCIIIDKSHHSM, TIOB’I3aHUM 3 BUKOPUCTAHHIM Y TEXHOJIOT1T MapMeial-
HOT TIPOILYKIT OIHOYACHO JIEKUTHKOX 30arauyBalbHUX KOMIIOHEHTIB, sIKi B3a€MHO J10-
HOBHIOIOTH OZIH OJTHOT'O 32 HYTPIEHTHUM CKJIaZIOM, OpPraHOJENTHYHUMU MOKa3HUKaMHU
a00 3a TEXHOJIOTIYHUMH BJIACTHBOCTSIMHU.

VY crarTi 3anpornoHoBaHa TEXHOJIOTIS BUPOOHUIITBA MapMenaay KeleiHo-(QpyKTo-
BOTO Ha arapi 3 BHECEHHSM PO3pOOJICHOI Y TIONEePEeTHIX JTOCHIKEHHX OararoKoMIIo-
HEHTHOI IJI0ZI0BO-STIHOI ITACTH Ha OCHOBI SI0JTYK, aiiBu, YopHOI cMopomuau (Samokh-
valova, Kasabova, Shmatchenko, Zagorulko, & Zahorulko, 2021).

Jns omiHKM po3po0sIeHoi TEXHOMOTIT Ta MPOrHO3YBaHHA 1 KOHKYPEHTOCITPOMOXK-
HOCTI Ha PUHKY KOHIWTEPCHKUX BUPOOIB BBAKAJIM 32 JIOUIIBHE MMPOBECTH BU3HAUCHHS
KOMIIJIEKCHOTO TIOKa3HMKa SIKOCTI HOBOI MPOAYKIii, SIKWH Ja€ 3MOry BpaxoBYBaTH il
¢i3uKO-XIMi4Hi, OpraHOJENTHYHI BJIACTUBOCTI Ta MOKA3HMK Ol0JOrivHOi 1 XapuoBoi
LIIHHOCTI.

Merta nocinskeHHsi: BU3HaYEHHSI KOMIUIEKCHOI OIIHKK SKOCTI MapMmenany Gpyk-
TOBO-)KEJIEHHOro 3 6araTOKOMIIOHEHTHOIO TI0JIOBO-SITiAHOI0 MACTOI0 MOPIBHSIHO 3
KOHTPOJILHUM 3Pa3KOM.

JI1st noCSATHEHHST METH HEOOXiIHO OYJI0 BUKOHATH TaKi 3aBIaHHs: BU3HAYMTH Opra-
HOJIETITHYHI Ta (PiI3MKO-XIMIYHI TOKA3HUKH SKOCTI PO3POOJIEHOr0 i KOHTPOJIBLHOTO 3pa3-
KIB MapMeJiaay, OLIHUTH X O10JI0riuHy LiHHICTh, PO3pPaxyBaTH 3HAYEHHS KOMILJIEKC-
HOT'O TIOKA3HHUKA SKOCTI TIPOTYKIIIi.

Marepiamm i MeToau. 3a KOHTPOJIBHUI 3pa3oK 0ys10 0OpaHO MapMeTa KeIeHHO-
¢dpykroBuil «HopHa cMopoauHay. PenientypHuil ckiaa boro MapMmenaay rnepeadadae
BHECEHHSI ST THOI YACTUHU — YOPHO-CMOPOAMHOBOTO TIPUIIACY, Ta SIK CTPYKTYPOYTBO-
proBau — arap. JlociaHumM 3pa3zkoM OyB Mapmeraj skeJleHHO-(DPyKTOBHI Ha arapi i3
3amiao 30% perenTypHOro (ppyKTOBOTO IMOpe 0araTOKOMITOHEHTHOO TUIOIOBO-SITi/T-
HOIO NIACTOI0, TEXHOJIOTIS AKO1 O0IPyHTOBaHA MONEPEIHIMH TOCTiKeHHAMHU (Samo-
khvalova et al., 2021). TTi0m0BO-sri/IHA MacTa, sSKa OTPUMaHa 3 S0JTyK, alBH 1 YOPHOT
cMmoponuay y criBBiaHOImeHH] 40:50:10, CKOHIIEHTpOBaHA Y POTOPHOMY ILITIBKOBOMY
arapari 3a ImaJHuX pekumiB (Temreparypa 45...50 °C), mio crprisie MaKCUMAITEHOMY
30€peKEHHIO PEYOBHH TIOXITHOI CHPOBUHH.

OpraHorenTHYHI TIOKa3HUKU SKOCTI MapMerany Bu3Hadam 3rigHo 3 JICTY 4683.
Di3UKO-XIMIYHI BIIACTUBOCTI MapMeJIaay OIIHIOBAIH 32 TOKa3HUKAMH MAaCOBOI YaCTKHU
CyXHX Ta PeAyKYIOUHX PEYOBHH i KHCIOTHICTIO. MacoBy YacTKy CyXWX PEYOBHH
BcTaHOBMOBAM pedpakromerpuanuM meronoMm (IACTY 4910), kucioTHicTb — THT-
pomerpraauM MetonioM (JICTY 5024), macoBy 4acTKy peayKyrodnX pedoBHH — (e-
puttiadiqauM MetoaoM (JICTY 5059).
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Bionoriyny miHHICTh MPOMYKIi OLIHIOBAIM 32 BMICTOM TEKTHHOBHX PEYOBHH, Bi-
taminy C Ta rmomi)eHoiB (30KpeMa aHTOIIIaHIB 1 KaTexiHiB). BMiCT NEKTHHOBHUX pedo-
BUH BH3HAYAJIM KaJIbLIH-TIEKTaTHUIM METOJIOM, HI3bKOMOJIEKYIPHUX (DEHONBHUX CII0-
TyK — KosopuMmetpraanM MetonoM 3a JICTY 4373:2005. Bmicr karexiHiB — Xpoma-
TorpagiyauM MetoioM. KinbKiCHMH BMICT CyMH OKHCIIOBAHHX MOJi()CHOIBHUX
CIONTyK BW3HA4YallM METOIOM TepMaHTaHaToMeTpii 3a meroaukoro JI® XI. MacoBy
4acTKy BiTamiHy C BU3HAYaJIM 3a JIOMOMOT'OF0 TUTPOMETPHIHOTO METO/TY.

Bemmunna nmoxuOky A7t BCIX AOCHIIKEHb CTaHOBUIA 3...5%, YMCIIO MOBTOPIOBA-
HOCTe# JtociaiB — N =5, imoBipHicTh — P > 0,95.

KoMmmiekcHy OIiHKY SIKOCTi JIOCIIDKYBaHHX 3pa3KiB MapMernaaly BU3HAYAIH 33 Me-
TOJaMH KBJIMETPIi uepe3 y3araJlbHEHUH NOKa3HHUK, 1110 BPaXOBYE OMMHUYHI Ta TPYIIO-
Bi nmokaszHukw sikocTi (Cadonosa ta iH., 2000).

BuxnaneHHs1 OCHOBHHX pe3y/bTaTiB Aoc/ilkenns. Ha nepmomy erami moci-
JOKEHB 3/1IHCHIOBAJH OIIHKY OpraHOJENTHYHIX TTOKa3HHUKIB SKOCTI 3pa3KiB (Tadm. 1).

Tabnuya 1. OpraHojaenTHYHI MOKA3HUKH SIKOCTI A0CTiIKYBaHUX 3pa3KiB MapMeIaxy

XapaKTepuCTHKA TIOKa3HUKA JUIT MapMeTiaTy SKeleHHO-(DPyKTOBOTO
ToxasHuk . 3 0araTOKOMIIOHEHTHOIO IIJIOI0BO-
KoHTponsHUi 3pa3ok .
STITHOIO [TACTOIO
BnactuBuii BupoOy 6e3 .
. 3 IPUEMHUM IPACMAKOM 1 3aI1aXOM
Cmak i3amax CTOPOHHBOTO MPUCMAKY Ta .. . .
YOPHOT CMOPOJIMHH, OUTBII BUPAKSHUI
3amaxy
Komip dioneroBwuit ®dioneToBwuii, OUTHIIT HACHYSHUN
Koncucrenis [parnenioniOxa, He 3aTsHKHA
dopma [IpaBunbHa, 3 YITKUM KOHTYpOM, 6e3 nedopmartii

BcranosneHo, mo mofaBaHHs 6araTOKOMITOHEHTHOI TUTOOBO-STTHOI TTACTH TIOKpa-
LIy€e OPraHOJIENTHYHI MMOKA3HUKH SIKOCTI MapMesaay: HaJae BUpoOaM KHCIIO-CONOIKO-
IO CMaKy, 3 IPUEMHUM MIPUCMAKOM 1 3a11aX0M YOPHOI CMOPOAWHM, HACHYEHOTO (hiote-
TOBOT'O KOJIbOPY, AparjernogiOHol, He 3aTsDKHOI KOHCUCTEHLIT Ta MpaBWiIbHOI (GOpMH 3
YiTKUM KOHTYPOM.

Ha nactymHoMmy etarti Tociii»keHb 30iHCHIOBAIM TIOPIBHSHHS TOCJIDKYBaHHUX 3pa-
3KIB 32 (Di3UKO-XIMIYHHUMH XapaKTepUCTHKamMHu (Talt. 2).

Tabauys 2. Oi3MKO-XiMiTHI MOKA3HUKH SIKOCTI TOCTIIKyBaHHUX 3pa3kiB Mapmenaxy (N =5,
P>0,95 6 =3..5%)

3HayeHHs IOKA3HUKA JJI1 MapMealy JKeJIeHHO-(PYKTOBOro

Iloxaznux srigao 3 JICTY KOHTPOJBHUI 3 6araTOKOMIIOHEHTHOO
4333:2018 3pa3oK 1aCTOI0
Macopa JacTka CyXux
pesoBHt, % 76...85 88,0 88,0
Macoba uactica PAYKYIO™ | yo G e 25% 10,0 11,1
YnX pe4oBHH, %o ' '
KucnotHicTs, Tpaj 7,5...22,5 10,2 10,0
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BcranoBneHo, 110 32 IOKa3HUKaMH BMICTY CyXHUX PEYOBHH 1 KHCIOTHICTIO MapMe-
7az 3 6araTOKOMITOHEHTHOIO TIJIOIOBO-ST1THOIO TTaCTOI0 3HAXOUTHCS Ha PIBHI KOHT-
POJIBHOTO 3pa3Ka, aJie IenIo MEePEeBHUIIYE HOro 3a BMICTOM PEIyKYIOUHX PEYOBHH.

OnHak 3a Qi3UKO-XIMIYHUMHU TIOKa3HUKaMH OOHJIBA JTOCTIPKYBaHI 3pa3Kd BiJITOBI-
JIAt0Th BUMOTraM HOPMATHBHOI JIOKYMEHTAIIIi.

Ha tpethomy eTarmi poOOTH OIIHIOBAIM OIONIOTIYHY [IHHICTH MapMenaty 3 JI0JaBaH-
HSIM 6araTOKOMITOHEHTHO] TUTOJ[OBO-SIT1THOI ITACTH Ta KOHTPOJIBHOTO 3pa3ka (Talur. 3).

Tabnuys 3. Biosoriuna WiHHICTH TOCTKYBaHHX 3pa3kiB Mapmenany (n =5, P> 0,95,

6=3..5%)
Mapmenaz (KOHTPOIBbHUI Mapwenan 3
6araTOKOMITOHEHTHOFO
Cepenabo- 3pasox) MacToI0
Peuosuna noboBa ] % Bin ] % Bin
notrpeba BMIeT cepeHbO- BMIcT cepeHbO-
PCHOBHI Y 000BOT petioBiH n0060BOT
100T y100T
noTpedu noTpedu
[lexTHHOBI peYOBHHU, T 10,0 1,55 15,5 2,32 23,2
Biramia C, mr 70,0 4,56 6,5 21,8 31,1
[osnideHonu, Mr 50,0 51,0 102,0 2745 549,0
AHTOIIaHH, MT 200,0 — — 92,3 46,2
Karexinu, mr 100,0 - - 67,2 67,2

BcranoBneHo, 1110 joaBaHHs 0araTOKOMITOHEHTHOI TIIOI0BO-SITITHOT ACTH JI0 pe-
HENTYPHOTO CKIIAy MapMeliajly MiJIBUIILY€E BMICT YCiX (i3ioNoriyHo ()yHKITOHAITBHUX
IHTPE/IIEHTIB TIOPIBHSHO 3 KOHTPOJBGHUM 3pa3koM. Tak, BMICT TEKTHHOBUX PEUOBHH
migBuIyersest v 1,5 pasa (2,32 1), mo 3a ymoB crioxkuBanHs 100 T POAYKTY 3310~
BOJIbHSIE cepeHbOA000BY noTpedy moauHu Ha 23,2%. Bwmicr Bitaminy C 3poctae y
4,8 paza, mo ckmagae 31,1% cepenHbpOMO00BOI MTOTPeON JIFOAWHH, BMICT TOMi(heHO-
JiB — y 5,4 paza. OcoOymBICTIO TOMI()EHOIBHOrO CKIaay po3po0JIeHOro BUPOOY €
HAsBHICTh 3HAYHOI KIJIBKOCTI aQHTOIIIaHIB 1 KaTeXiHiB, SIKi BIJICYTHI B KOHTPOJHHOMY
3pasky, — 46,2 Ta 67,2% Bix 1060B0i OTPEOH BiIIOBIAHO.

Jns yzaranbHEHHS OTPUMAaHUX JAHUX MO0 SIKICHUX TTOKA3HUKIB JIOCHIIKYBaHIX
MapMellaJJHIX BUPOOIB MPOBOIUIM PO3PAXyHOK KOMILIEKCHOT'O MOKA3HHUKY SIKOCTI.
PospaxyHok 31iliCHIOBANH 13 32aCTOCYBaHHSIM MPHHIIMITIB KBATIMETPIi, sIKi epedaya-
I0Th peaizallito TAaKKX KPOKIB: CKIIaJaHHs «JepeBa BIACTHBOCTEI» MapMenany 3 BiJo-
Opa)KeHHSIM OIMHUYHUX 1 TPYMOBUX BJIACTHBOCTEH Ta iX KOe(ilie€HTIB BaroMOCTi; BU-
0ip 6a30BUX 3HAYEHb OMHUYHHX TIOKA3HUKIB SKOCTI; TIEpEeBEICHHS OTPUMAaHHX 32 pe-
3yJIBTaTaMH JIOCHIIKeHb a0COMOTHUX 3HAUYEHb OJUHUYHHMX MOKA3HHUKIB Y BiJJHOCHI;
PO3paxyHOK I'PYIOBHUX i KOMITJIGKCHOTO TIOKa3HHKIB SIKOCTI.

Po3zpobieno (puc. 1) «IepeBo BIaCTHBOCTEI» KeNeHHO-(DPYKTOBOrO MapMernay,
SIKe BiZIOOpaka€e OITIHCHI BHINE OJWHHWYHI SKICHI ITOKa3HUKH. OCKUIBKH BJIACTHUBOCTI,
SIKi BKJTFOUCHO J10 JIepeBa, Pi3HI 32 3HAYMMICTIO, €KCIICPTHOO I'PYyIIO0 HAayKOBIIB Jlep-
JKaBHOTO O010TEXHOJIONTYHOrO YHIBEPCHTETY BHU3HAUYEHO KOS(II[iEHTH BaroMocTi Of-
HUYHHUX 1 TPYMOBHX MOKa3HUKIB sKocTi. [liz yac BcTaHOBIEHHST KOeillieHTiB BaroMmo-
CTi Bpax0OBaHo, 110 TXHsI CyMa B MEKax IPyIHY BIACTHBOCTEH MMOBHUHHA JJOPIBHIOBATH 1.
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I'pynoBi moka3zHuku OIMHUYHI MTOKa3HUKHU
Komo- | Koedi- Kono- | Koedi-
. BaHe ieHT . B ieHT
Halivenysatt | oo | paro- Haiverysamt | oo | paro-
YEHHSI MOCTi YeHHsI | MOCTi
Cwmak i3anax Pa 0,20
Oprasoner- Komip . Pp 0,20
TYHI BIACTHBOCT P4 0,30 | KoncucreHuist Ps 0,20
Popma Puaa 0,20
SIkictb IoBepxns Pus 0,20
MapMernay MacoBa 4yacTka CyXux P 035
DBUKO-XIMIUHI DCAOBHH
BIACTHBOCT Ps 0,25 | MacoBa 9acTka pemyKyIOoqux P 035
PEYOBHH
TurpoBaHa KUCJIOTHICTh P 0,30
ITeKTHHOBI pe4OBHHH Pa 0,25
Bionoriuna Ac1<9p6iH013a KHCJIOTa Pc 0,25
— Pc 045 | Honipenonu Pc 0,20
AHTOlIaHn Pc 0,15
Karexinmn Pcs 0,15

Puc. 1. «/IlepeBo B1acTUBOCTEi» MapMesay :KejleiiHO-PPyKTOBOro

Po3paxyHOK KOMITJIEKCHOTO TIOKA3HHKA SIKOCTI MapMeliaay MOYMHAIN 3 BU3HAYECHHS
TPYNOBHX ITOKa3HUKIB. Br3HaueHHs1 abCOMOTHNX 3HAY€Hb OPraHONIENTHYHUX BJIACTHBO-
creii (rpymna P.) IpOBOAMIN B paMKax eKCIIePTHOI TPpyTH 3a 50-0abHOO KO,

AOCOMOTHI 3Ha4eHHsT (i3UKO-XIMIYHUX TIOKA3HUKIB SIKOCTI JIOCIJKEHUX 3pa3KiB
MapMmenay (rpymna Pp) Ta TIOKa3HUKIB, [0 XapaKTepHU3yIOTh 010JIOTIYHY IIHHICTB IPo-
nykuii (rpyna Pc), HaBeneHo y Tadi. 2 ta Tabm. 3 BimmoigHo. BigHocHi 6e3po3mipHi
BEJIMYMHN OIMHUYHMX TTOKa3HUKIB SIKOCTI MPOMYKIIi BCTAHOBITIOBAJIM 3a BiHOIICH-
HsIM X a0COMOTHHX 3Ha4eHb /10 6a30oBuX (CadoHosa Ta iH., 2000). Sk Ga30Bi BuOHMpa-
JM MaKCUMaJIbHO JOIYCTHME 3HA4YEeHHS 3a HOPMATHBHOIO JTOKYMEHTAI€r0 a0 Haii-
Kpallle 3Ha4eHHS 3 OI[IHIOBaHMX, 200 SIK y KOHTPOJBHOMY 3pa3Ky (Taoin. 4).

Tabauya 4. ba3oBi noka3HMKH V1A BiacTuocTeil rpyn B ta C

I'pyna BnactuBocTeit [Tokaznux 3HayeHHs 6a30BOr0 MOKa3HUKA
P Pn—Ps 50 GaniB
Pr® 85,0%
Ps Pr? 11,1%
Pt 10,0 rpan
Pc? 2,321/100
Pc? 21,8 mr/100 T
Pc Pc? 274,5 Mr/100 T
Pos? 92,3 Mr/100T
Pcs? 67,2 Mr/100 T

MpumiTKK:! — MaKCUMAIBHO JIOMYCTUME 3HAYCHHS 3a HOPMATUBHOK JOKYMEHTAIIIEH; 2 —
HalMKpalle 3HAYCHHS 3 OLIHIOBAHNX; 5 — SIK Y KOHTPOJIILHOMY 3pa3Ky.
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Pesyneratn nepeBeneHHst aOCOMOTHUX TOKAa3HUKIB SKOCTI Y BiIHOCHI 06€3po3MipHi
BEJIMYMHU HAaBEJEHO Yy TaO. 5.

Tabnuys 5. Bu3HaAYeHHS BiTHOCHUX MOKA3HUKIB AKOCTI JOCTII)KyBaHUX 3pa3KiB MapMeJiany

O Ki-ii MOKa3HMKH SIKOCTI BigHOCHI IOKa3HUKU SIKOCTI
BEMIpIO- Mapwmenan 3 Mapwmenan 3
BAHHSI Kon | Kontpoinb| GaratokommnoneHnT- | Kox | KonTponb | GaraTokOMIOHEHT-
HOIO TTIACTOIO HOIO TIACTOI0
Banu Pan 48 50 Ka 0,96 1,00
Banu P 45 50 Kep 0,90 1,00
Bbanmu Pas 50 50 K 1,00 1,00
bammn Pu 49 49 Kaa 0,98 0,98
bamm P 49 49 K 0,98 0,98
% Pn 88,0 88,0 Kn 0,96 0,96
% Pg 10,0 11,1 Kg 0,90 1,0
T'pan Pgs 10,2 10,0 Kas 0,98 1,00
r/100r Pa 1,55 23,2 Ka 0,66 1,00
mr/100r Pa 4,56 31,1 Ke 0,85 1,00
mr/100r Pc 51,00 549,0 Keas 0,10 1,00
mr/100r Pa 0,00 46,2 Ko 0,00 1,00
mr/100r Pcs 0,00 67,2 Kcs 0,00 1,00

OLiHKY TPYIIOBUX BJIACTUBOCTEH MPOBOIMIIM 3 ypaXyBaHHSM BITHOCHUX BEIHMYMH
TOKa3HHUKIB SKOCTI B Mexkax rpymu (Tabn. 5) Ta koedimieHTiB Baromocti (puc. 1)
TIPOBOAMITH 32 (HOPMYJIOFO:

n
Ky=Y MK,,
i-1
ne M, — koedillieHT BaroMocTi i-Oro MOKa3HWKa;, N — YUCIIO TOKA3HUKIB SKOCTI
nponykiii; K; — BiJHOCHHI TOKa3HUK SKOCTI.

Ha ocHoBi po3paxyHKy 1o0yJ0BaHO MOJIEIb SIKOCTI MapMenaJty 3a TPyHOBUMH BIIac-
THBOCTSIMU (pHC. 2).

Mapwmenan 3
Kontposs 06araToKOMIOHETHOIO
3 T1acTO0

Puc. 2. MopeJib sIKOCTi A0CTIZKYBaHUX 3pa3KiB MapMeJIay 3a IPyNOBUMH BJIACTHBOCTSIMM:
1 — opranosenTiyHi; 2 — ¢i3uko-XiMiuHi; 3 — GloJIorivyHa IIHHICTH
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[kana oriHroBaHHS po3moinserbess Ha iHTepBam: 1,00...0,80 (myxe mnobpe);
0,80...0,60 (mobpe); 0,60...0,40 (SaI[OBiI[BHO)' 0,40...0,20 (morano). ToOTO sKITO 3a
OpraHoJIENTUYHUMH (TpyTa PA) 1 izuKo-XiMiYHUMH (Tpymia Ps) BIACTHBOCTSIMH KOHT-
POJIBHHIT 3pa30K MapMeray 1 3pa3oK 3 J00aBKOIO 3HAXOTHCS Maike Ha OIHOMY plB-
Hi 1 XapaKTepHU3yIOThCS OLIHKOK «Iy)Ke 100pe», TO 3a MOKa3HUKOM O10JIOTIYHOI IIiH-
HOCTi (rpyna Pc) TpaauiiiHUI MapMenaa CyTTEBO IOCTYHAEThCS PO3POOJICHOMY —
3HAYEHHSI Oro TPYIOBOrO MOKA3HUKA SIKOCTI 3HAXOUTHCS Ha MEXKI OLIIHOK «TIOTaHO» 1
«33JI0BUTGHOY, 1110 3HAWIDIO BiOOpaKEeHHS 1 TMiJ] Yac po3paxyHKy KOMIUIEKCHUX TO-
Ka3HMKIB SIKOCTI JIOCIIPKyBaHHX 3pa3KiB MapMesiay (Taoir. 6).

Tabauys 6. KoMmniiekcHa oLiHKA SIKOCTI JOCTIIXKYBaHHMX 3pa3KiB MapMeJiaxy

. . KommekcHuit
OHIHKa SIKOCTI1 3a BJIAaCTUBOCTSIMHU
3pazok - . —— - - TOKA3HMUK
OpraHoJienTHYHi | (Pi3UKO-XIMIuHI GioJroriuna K
MaK4 M3pK3p winHicTs McKc
Mapwmenaz xeneitHo-
(hpykTOBHI (KOHTPOIB- 0,3:0,96 0,25-0,95 0,45:0,40 0,71
HHH 3pa30K)
Mapuenaz i3 barato- 0,3-0,99 0,25:1,0 0,45:1,00 0,99
KOMIIOHEHTHOIO [IACTOIO

3 TabmMIli BUIHO, 110 KOMIUICKCHUH MOKAa3HHK SKOCTI KOHTPOJIBHOIO 3pa3ka BiIo-
Bijiae omiHti «1o0pe» (0,71), ToMi K KOMIUIEKCHHH TIOKa3HHK SKOCTI MapMenay 3 0a-
TaTOKOMITIOHEHTHOIO TacTOl0 — OLiHII «ayxe aoope» (0,99). TobTo poszpodrenuii
MapMenaj] 32 KOMIUIEKCHUM TIOKa3HUKOM SIKOCTI TIepeBepLLye TpaauLiiiHuil Ha 39,4%,
IO CBITYMTH PO KOHKYPESHTOCTIPOMOKHICTh HOBOI TEXHOJIOT 1.

BucHoBkuM

[IpoBeaeHo OMIHKY SKOCTI MapMenany (PpyKTOBO-)KEJICHHOrO 3 0araTOKOMITOHEHT-
HOIO TUIOAOBO-AT1AHOIO MACTOIO (3 SI0MYK, aiflBU Ta YOPHOI CMOPOAMHM) MOPIBHSHO 31
3pa3KoM, BUTOTOBJICHHM 32 KJIACHYHOK TEXHOJIOTi€r0. BCTaHOBICHO, 1110 pO3p00sIeHN i
MapMernajl IeTI0 epeBepIIy€e KOHTPOJIBHHIN 32 CMAKOBHMH Ta KOTBOPOBHMH XapaKTe-
puctukaMu. Di3WKO-XIMiYHI MOKA3HUKU JOCTI/PKYBAHUX MapMelajiiB XapaKTepu3y-
I0ThCSl OJIM3BKUMU 3HAYCHHSIMU 1 3HAXOAATHCS HA PiBHI, 10 PErJIAMEHTOBAHO HOpMa-
TUBHOIO JIOKyMeHTali€ero. OriHka 61010riYHOI MIHHOCTI BUPOOIB MMOKa3aa, 1o 3aB/isi-
KM JIO/IaBaHHIO 0araTOKOMITOHEHTHOI TIOIOBO-ATITHOI MACTH 0 PELeNTyPHOro CKJia-
JIy MapMeTany sKelleHHO-(PYKTOBOIO B HHOMY 3HAYHO TTiIBHIIYETHCS BMICT MTEKTHHO-
BUX peuoBuH (y 1,5 pasa), Bitaminy C (y 4,8 paza) Ta momidenounis (y 5,4 paza).

BcraHoBIeHO, 1110 KOMIUIEKCHA OIIHKA SKOCTI MapMenay KeJlelHO-(hpyKTOBOro 3
0araToKOMIIOHEHTHOIO TIJIO/IOBO-SITITHOIO TIACTOO 3 YPaXyBaHHSM I'PYIIOBHX TTOKa3HH-
KiB (OpraHoJeNTUYHUX, (PiI3UKO-XIMIYHUX, OIOIOTTYHOI IIHHOCTI) MEPEBUIIYE 3pa3okK,
BHTOTOBJICHHMH 33 KJIACHYHOIO TexHOomoricro, Ha 39%. Omke, BIOCKOHAJIEHA TEXHOIIO-
Tist MapMenajy € KOHKYPEHTOCTIPOMOYKHOFO.

[NepcriekTrBY MOAANBIINX HAYKOBHX JIOCHIJKEHD TIOJISTAI0Th Y BUBYCHHI MOMIIH-
BOCTI BUKOPUCTaHHSI 0araTOKOMITOHEHTHOI IIJIOJOBO-STIIHOI TACTH B TEXHOJIOTIAX 1H-
IIUX BUPOOIB MapMeNao-acTHIEHOT TPYITH JUTS TIOKPAICHHS iX HYTPIEHTHOTO CKJia-
Jly, BUWIYYCHHS 3 PEUENTyp CHHTCTUYHUX CMaKO-apOMaTUYHUX JI00aBOK 1, MOXKIIMBO,
3HIDKEHHSI LIyKPOEMHOCTI 1 BMICTY JIparyieyTBOPIOBayiB.
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Nutrition as the factor to determine the physical endurance
and the intellectual level of a human, growth and development
of a young organism, the eagerness to active and creative longe-
vity, always attracted and still will attract the increasing interest
in scientists (biologists, physiologists, hygienists etc), technolo-
gists and the average consumers. The need of a live body in
essential biocomponents such as proteins can be finally defined
as its need in amino acids (indispensable as well as dispensab-
le). Definitely, only the valuable proteins can provide the corre-
lation of amino acids in proportions correspondent to proteins
of our own tissues.

The analysis of nutritional structure in Ukrainian people
evidences the constant deficit of food proteins that can be fore-
cast for the nearer future. Therefore, the search for the new
sources, the enlarged output and the reformed structure of food
proteins is one of the most important and complicated tasks to
nutrition, first of all healthy one.

The solution to this problem, from our viewpoint, should be
accomplished two ways in two parallel trends. The first one is
to gradually intensify the agricultural and other traditional met-
hods to produce the proteinaceous foodstuffs; the second one is
to elaborate the innovative technologies for obtaining the prote-
in foods from the new and untraditional sources, including the
edible mushrooms.

The authors of this article, having based on the literary sour-
ces and experimental results, proved the preference of using the
cultivated mushrooms over the wild ones in terms of their bio-
logical value and safety for consumers. The regularities of for-
ming the consumption properties of cultivated mushrooms half-
products, obtained by low-temperature drying, according to the
indices of protein digestibility, correlation between amino acids
in free and constrained forms, fractional composition of prote-
ins in different methods of mushroom procession. The conclu-
sion about the perspectives of obtaining the mushroom half
products for using in various areas of food industry was made.
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®OPMYBAHHSA CMOXUBYUX BIIACTUBOCTEM
BUCOKOBITIKOBUX HAMIB®ABPUKATIB I3
KYJIbTUBOBAHMUX F'PUBIB

I'. O. Cimaxina, H. B. Haymenko, O. M. Mexy0OoBcbkuii, C. B. Kamincbka
Hayionanvnuii ynieepcumem xapuogux mexHonozii

Xapuyeanms sK YUHHUK, WO 3YMOGNIOE hi3uuny npaye3oamHicmb, iHmenNeKmyaib-
HULL pi6eHb TOOUHU, PICM | PO3GUMOK MOJI00020 OP2AHI3MY, 30AMHICMb 00 AKMUBHO20
MBOPU020 00820NIMMA, 3A6HCOU BUKIUKAILO Ui BUKTUKAMUME NIOBUIEHULL IHmepec yye-
Hux (bionoeis, @izionozie, eicicHicmie mowo), MexHoN02i6 i NEPeciuHUX CHONCUBAUIB.
Tompeba s#cueo2o0 opeaizmy 6 eceHyianbHUuxX OIOKOMNOHEHMAax — OLIKax, ypeuimi-
peuim, 3600UmuCsi 00 1020 NOMpPedU 6 AMIHOKUCTIOMAX — 3AMIHHUX MA eCeHYIATbHUX.
1 nuwe nosuoyinki OinKu 3a06e3neuyoms CHiBBIOHOUEHHS AMIHOKUCIOM ) NPONOPYIAX,
wo ION0BIOAIOMb OILIKAM HAWUX GIACHUX MKAHUH.

Amnaniz cmpykmypu xapuyeants HaceieHHs YKpainu ceiouums npo nocmitHul Oe-
Qiyum xapuoeoeo Oinka, wo npoeHo3yemvcs U Ha manoymue. Tomy nowyx Ho8ux tlo2o
ovicepen, 30iNbUeHHs BUPOOHUYMBA NPOO0BOILYO20 OILIKA | POPMYBAHHS 11020 CIPYK-
mypu € OOHUM i3 HAUOLILUWL ICMOMHUX MA CKIAOHUX 3A60AHb XAPYYBAHHS, Nepul 3a
6ce — 300pP0B6020.

Bupiwenns yici npobnemu, 3 nawoi mouku 30py, Mae 30MCHIOBAMUCL 080MA ULTS-
xamu, 8 080X napaneivrux Hanpamax. Ilepwuii — ye nocmynosa inmeHcugixayis
CITbCbKO2OCNOOAPCHK020 MA THUUX MPAOUYIIHUX CNOCoDI6 supodHUYMEa OLIKOGMIC-
HUX npooykmis. [lpyeuti wiax — ye po3poONeHHA [HHOBAYIIHUX MeXHOA02Il Ompu-
MaHHs OIIKOBUX NPOOYKMIB 3 HOBUX | HeMPAOUYIUHUX Odcepel, 8 MOMY HUCTI 3 icmig-
HUX 2puois.

Y cmammi na ocnosi nimepamyprux doicepen ma eKCnepuUMeHmanbHuUx 00CiONCEH
NOKA3GHO Nepesazy GUKOPUCIANHS KYIbIMUB0BAHUX SpUdi6 neped OUKOpocIuMu 00 ‘€k-
mamu 3 Mo4Ku 30py ixXuvoi Gionociunoi yinnocmi ma besnexu oasi cnodcusadis. Q6-
IPYHMOBAHO 3AKOHOMIPHOCI (DOPMYBAHHA CHONCUBHUX G1ACIUBOCHEN HANIBPaOpU-
Kami6 KyIbMueo8aHux epuoie, ompumanux Hu3bKomemnepamypHum CyuiHHIM 3d no-
KA3HUKAMU NepempagiosaHochi OLIKI6, CHiGBIOHOWEHHIM AMIHOKUCTIOM Y GLIbHIU I
36’s3amitl popmax, Gpakyitnozo ckiady OLIKI6 npu PisHUX Memooax nepepoodneHHs.
epubis. 3pobneHo 8UCHOBOK W00 NEPCNeKMUBHOCI HANPAMY 3 OMPUMAHHS BUCOKO-
OLIKOBUX SPUOHUX HANIEHAOpUKAMIE 0Nl BUKOPUCHAHHS 6 PI3HUX 2ATIY3SX XAPY08Oi
NPOMUCTIOBOCHIL.

Knrwowuoei cnosa: 0inkosi KOHYeHmMpamu, amMiHOKUCIOMU, NPOMeONis, QpaKyiony-
6aHHS, KYILIMUBOBAHT 2PUOU, HUZLKOMEMNEPANYPHE CYUWTHHL.

IocranoBka npodJiemu. BueHi nepekoHaHi, 0 Bke HAHOIMKINM 4acoM OLTKOB1
MPOAYKTH 3 ICTIBHUX TPHUOIB BIIrPAOTh BAXKIMBY POJIb B ICTOTHOMY 30LTBIIIEHHI pe-
cypciB Oiska B cBiTi. [limpaxoBaHo, 1110 CydacHi MiMPHEMCTBA 3 BUPOIILyBaHHS IPHOiB
orpuMytoTh 60...80 T Ha pik cyxoro 0inka 3 1 ra miomr. A mTyJHe PO3BEICHHS TPHUOiIB
BB)KAIOTh HAWBUTTHIIIINM 3 YCiX CLIIBCHKOTOCTIONAPCHKIX BUPOOHHIITB.
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Humni cBiToBe mpomucioBe BUPOOHHLTBO T'pUOiB — MOHA] 7 MJIH TOHH Ha PiK.
CrnoXvBaHHS ITYYHO BUPOIICHUX I'PHOIB HEBIMHHO 3pocTac. Tak, y KpaiHax €Bporu
i CIIIA crio>xviBaHHSI TpUOIB Ha Iy HACEJICHHS CTAHOBHTH OJM3BKO 4 KT Ha pik. B
Vxpaini 1g mudpa vHe niepeurye 300...400 T, ToMy A8 HAC TpoOsieMa ITYYHOTO
KyJBTHBYBaHHS TpUOIB Jyxe akTyaipHa. Lle MmoB’s3aHo 13 3arajJbHUM TMOTiPIICHHM
€KOJIOTIYHOI CHTYaIlii, BHACTIJOK YOr0 IUIOOBI Tila rpubiB, 310paHNX Y MICIISIX TPH-
POIIHOTO 3POCTAHHS, HAKOMAYYIOTh COJIl BaKKWX METAIB, PAXiOHYKIIIN 1 CTalOTh
MIPOCTO HEOE3NEYHNMU HE JIUTIIE TS 30POB’ S, & ¥ JJIST KUTTA.

3naBanocs 0, He3BUUaiiHa cutyauis. Hac mikaBisaTs rpubu, i 00’ €KTH MPUPOIH,
sSIKI HaJIe)KaTh JI0 HMYKYMX POCIIMH, M03asK 11030aBJICHI XJI0podiay. A KOKHA 3ejieHa
pociiiHa — 1Ie MiHiaTiopHa (aOpurKa, sika, MOMIMHAIOYH COHSYHY €HEpPrito, 3 ByTJe-
KUCTIOTH, BOJM Ta iHINMX CIIONYK, CHHTE3Y€E Pi3HOMaHITHI opraHiuHi cromyku. Llei
TPOIIEC, SIKWM Ha3MBA€ThCs (DOTOCHHTE30M, CBIMUMTH MPO TE, MO 3eJIeHI POCIUHH
BMIIOTh CTBOPIOBATH JKHBi PEYOBHHH 3 HEOPraHIYHHUX.

I'pubu Ha 1ie HeznatHi. ba Oisbliie, BOHN KUBIISATHCS 32 PaXyHOK T'OTOBHX CITONYK,
II0 MICTATBCS 200 B MEPTBUX OpraHiYHUX 3aJHMIIKaX (Tpudu-carpodita), abo B KUBHX
pocimHax (rpubu-rapa3uTh). IcHye Takok 6e31i4 nepexiiHux GopM rpuoiB.

OnHak Tpruby BUKJIMKAIOThH BEJIMKHIA 1HTEpeC 1 HAYKOBIIIB, 1 MPAKTHKIB came 3aBJIs-
K{ HasBHOCTI B HUIX 3HAYHOI KUTBKOCTI Oika. Y CBIXHX TprOax BMICT OUIKIB jgocsarae
7...8% 3a Macoro OLIKIB, a B CyXUX MOpPOIIKaXx 3 rpudiB — 10 50%, i npaktiaHo 70%
BOr0 O1JIKa 3aCBOIOETHCS OPraHi3MOM JIFOIUHU.

OcranHiM YacoM jaeiaiti OUTBIIOTO PO3MOBCIOHKEHHS! HaOyBarOTh KYJIHTHBOBaHI
rpulK — reuepuili Ta rmMBH. HesanepeuHnM € Te, 1o MpaBWILHO BUPOIIEHA 1 100pe
MPUTOTOBAHA TIMBA HE MOCTYNAETHCS 33 CMAKOBUMH SIKOCTSIMH 1 3HAUHO TIepeBakae 3a
IUTFOIIMMHY BJIACTUBOCTSMH JIiCOBI TPUOH.

[limnpuemMi 3 KyabTUBYBaHHS TpubiB TIEPEKOHAH1, 10 BUPOOHUIITBO TPUOIB — I1e
IIJIKOM Oe3BiAXomHui Oi3Hec, 00 CUPOBHUHOIO IS IIbOTO € TaKi BIAXOMM CLIBCHKOTO
TOCTIONIAPCTBA, SIK COJIOMA, JIYIIITAHHS COHSIIHUKA, 0aBOBHH TOM[O. PeHTa0enbHICT
Takoro 6i3Hecy craHoBuTh 50...100%. [1le omHiero OE3yMOBHOIO MTEPEBArOK0 KYJIETHBO-
BaHUX TpUOIB € Te, L0 16 — EKOJNOrYHO 4rcTa cupoBuHA. [Ipu iX BHUpOLIyBaHHI
OTPYTOXIMIKaTH, IECTULIMAN MPAKTUIHO HE BUKOPHCTOBYIOTHCSL.

BomHouac X mmpoke BOpoBaKeHHs! y BUPOOHHUIITBO 1 IIPOCYBAHHS HA CIIOKHBYO-
My PUHKY SIK €KOJIONYHO YHCTHX MPOIYKTIB, MPOXYKTIB VIS 30POBOIO XapayBaHHS
00OMEXYEThCSI HEJIOCTATHROIO KUIBKICTIO Tpallb, Y KX BUBYAIOTHCS HAYKOBI OCHOBH
TEXHOJIOTTH TiepepoOIieHHst TprubiB. ToMy BUBUEHHS TEOPETHUYHHX 1 MPAKTUYHUX aCTICK-
TiB MepepoOJIeHHS i BUKOPHUCTAHHS TPUOIB Ta IPUOHOrO MPOTEiHy — npodiieMa Haj-
3BHYaifHO OaraToIIaHOBA 1 MICTKA.

AHaJgi3 ocranHix gochaimkens i myomikamiii. HarionansHuii meHTp 6ioTeXHOIO0-
riunoi iHdopmarii CILIA me y 2014 p. mokazas, mo 61m3pk0 90% 10pocimx ycBimoM-
TMOIOTH TiepeBard Takux mpomykTiB (Global, 2020; Mubiana, Keumbo, & Kadhila,
2022; Shu, & Wasser, 2012). TpeHIOBUM HAMPSMOM € BUPOOHHUIITBO OLTKOBMICHHX
MPONYKTIB 13 coi B KpaiHax As3ii, 30kpema Kurai, a B ocranHi1 poku — 1 B €Bpori, 3aB-
JSIKA €KOJIOTIYHIM 1e0JIorii Ta MOIMPEHHIO BereTapiancTBa. € MMl P HAyKOBUX
PO3pO0OK 3 BUKOPHUCTAHHS TPUOHOI CHPOBUHM sIK 3amiHHMKA M sica (Ilaciunmit, YKabi-
Ha, & Slctpeda, 2009). DakTHYHO 1€ CTaJI0 OHIEI0 3 OCHOBHUX TEHJICHIIIH XapyoBOl
raiysi IpoTATOM OCTaHHIX POKIiB, 1 BOHa Hajam moriuoiroBatumerhbest (Bakratsas et
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al., 2021). Haiibinbina yacTka mpunagae Ha rpuOu medepuii (Agaricusbisporus) Ta
mmirake (Lentinulaedodes) (Martinez-Medina et al., 2021; Stojkovic et al., 2014).

[pobniema MITYIHOTO KYJILTUBYBAHHS TPUOIB JTyXe aKTyallbHa, OCKIJbKU IUIONOB1
TiJIa JTICOBUX TPUOIB HAKOIMUYYIOTh COJi BOXKKUX METANIB, PaiOHyKIiH TOIIO, CTAI0-
4y HeOE3MEYHHMH I 370POB’Sl Ta JKHUTTS crioxkuBaviB (Struminska, Falandysz, &
Moniakowska, 2021). Tomy B MaiilOyTHEOMY, 32 MPOrHO3aMH BUCHUX, MOHAJ 2/3 TO-
TpeOu JTFOAMHM B OLIIKax 3a0BONBHITHMETHCS IPOMUCIOBUM BHPOOHHIITBOM iCTIBHUX
rpu6iB (I{u3b, 2014). BoHM €KONOriYHO YHUCTI, MalOTh TPUEMHHUNA TMIKAHTHUA CMak
3aB/ISIKM HASBHOCTI HATPI€BUX Coyel rimoramMiHoBol kuciotd (Shu-Ting, 2006), 3natHi
ITi IBUIIYBATH IMYHITET 70 IH(EKIIHHUX Ta OHKOJIOTIYHUX 3aXBOPIOBaHbL (SIIICHKO,
2012).

BiokoMNoHEHTH KyIBTUBOBAHMX TPUOIB YMHATH KapIiOMpPOTEKTOPHY, MPOTHUITYX-
JIMHHY, aHTH1la0eTHYHY, TernaTonpoTekTopHy aito (Martinez-Medina et al., 2021; San-
ket, & Pravin, 2021). BoHu opraHi4HO BKJIOYAIOTBCS B MPOIIECH META0O0Ii3My Ta HE
MAaroTh KyMYJBITUBHOI 30aTHOCTI (Srenko, 2012; Cultivation, 2021). Komruieke riro-
KaHiB 3 O1JIKaMU TPUOIB PEryJIFOe BMICT TIIFOKO3W B KPOBI, a OJirocaxapuay 3 mpedio-
TUYHUMH BJIACTHBOCTSMH aKTHUBI3YIOTh TIPHPOIHY MIKpOQIIOPY HILTYHKOBO-KHUIIIKOBO-
ro Tpakty (Synytsia, Mickova, & Synytsia, 2009).

PerynspHe crioxuBaHHS TIEUEPHUIIb 3HAYHO 30LTBIIYE BMICT aHTHOKCHIAHTHUX Map-
KepiB Ta 3HIKYE piBeHb okcuaatiBHOro crpecy (Calvo et al., 2016; Glamoclija et al.,
2015). I'pubu MOXyTh CTaTH €IWHUM JDKEpPEIoOM BiTaMiHy D HeTBapuHHOrO MoXxo-
mwkenns (Bernas, & Jaworska, 2017; Cardwell et al., 2018). BuporyBanms rpu6iB i3
3aCTOCYBaHHSIM YABTPaioIeTOBMX TEXHOJIOTIH € O3MEYHUM IS CIIOKMBadiB (Simon
et al., 2013), 6a Ourbie, HaykoBi ycTaHOBH CITy»KOU CLIBCHKOrOCIIONAPCHKUX JIOCITI -
mokeHb CIIIA Ta ABcTpastiiichbkoi acortiarlii TpHOHHKIB POBEIH JIOCIIKSHHSI, SKi T10-
Ka3ajm, 10 0i0JOCTYMHICTh BiTaMiHy D2 i3 Tpu0iB, OTpUMaHUX TaKUM CIIOCOOOM, HE
BiZIpi3HA€ETBCS Bl eekTHBHOCTI (hapmakosoriyaux npenapartis (Urbain et al., 2011,
Turck et al., 2021). Ls indopmarist 10AATKOBO MiATBEPILKYE MPUIATHICTD i Oe3MeKy
TEXHOJIOTI1 yJbTpadioneToBoro OnpoMiHeHHs KyJIbTHBOBaHUX TpubiB (Simon et al.,
2011; Guan et al., 2016).

Takum urHOM, MTPOGIIEMa IITYYHOTO KYJIBTUBYBaHHs IPHOIB 1 301JIbIICHHS 00CATY
iX CIIOXUBaHHS € HAYKOBO OOTPYHTOBAHOIO 1 aKTyaJIBHOIO y CBiTi. Pazom 3 Tum, moren-
LiiHI MOXJIMBOCTI TPUOHOI CHPOBUHHU CHOI'OZIHI BUKOPUCTOBYIOTHCS TAJIEKO HE ITOBHi-
ctro. Metses nepeyciv npo GIIKOBY CKIIanoBy rpudis, sika i BU3HaUae XHIO Giomo-
TYHYy LIHHICTb, TOOTO € MOKAa3HUKOM SKOCTiI Xap4oBOro Oijka, 0 BigoOpa)ae CTy-
TiHb Bi/IMOBITHOCTI 10r0 aMiHOKHMCIIOTHOIO CKJIAy TIOTpedaM OpraHi3My B aMiHOKH-
CIIOTax JUIs CHUHTE3y BIIACHHUX OUIKIB. J[0 TOro » OUIKM € HAMBKIMBIIIAM KOMIIO-
HeHTOM Dki. Came BOHM 3a0€3MeuyIoTh PiCT, YTBOPEHHSI HOBUX 1 BiJTHOBJICHHS YIIIKO-
JOKCHUX TKaHWH, yci GepMEHTH Ta Jiesiki TOPMOHH € OLTKkamu. | nviie moBHOIIHHI OiJ1-
KM 3a0€31e"yI0Th CITiBBITHOIMECHHS aMiHOKHCIIOT Y MPOIMOPIIISX, 110 BiIMOBINAIOTh T0-
TpebaM opraizMy JIFOJIHH.

Ha »xaib, 11i mUTaHHs JOCHTIHKEHO JOCUTh ()parMeHTapHO. Y Tparsx ACSKUX Hay-
KOBIIIB 1JIETHCSI JIMIIIEe TIPO 3aralbHUN BMICT OifIKa y TJIHBI, TEYEpHUIlsIX Oe3 BUBUECHHS
HOro aMiHOKHCIIOTHOTO CKJIaJTy Ta CITiBBiIHOIICHHS HE3aMIHHUIX 1 3aMIHHIX aMIHOKH -
coT; 6€3 TIONIYKY CITOCc00iB T IBUINIEHHS 010JI0TIYHOI IHHOCTI TPUOIB TOIIIO.
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Merta crarTi: Ha OCHOBI €KCIIEPUMEHTATIBHHUX JOCIIKEHb OO PYHTYBATH 3aKOHO-
MIpHOCTI (hOPMYBaHHSI CIIOXKHWBYMX BJIACTUBOCTEH HamiB(paOpHKATIB KyJIbTHBOBAHUX
rprbiB, OTPUMAHKX HIU3BKOTEMITEPATYPHHM CITOCOOOM, 33 TIOKa3HUKAMH TTEPETPABITIO-
BAHOCTI OLJIKIB, CHiBBIJHOIICHHSM aMiHOKUCIIOT Y BUIBHIN Ta 3B’s3aHii Gopmax, dpak-
IIFHOrO CKIIay OLIKIB P Pi3HUX METOJAX MepepoOIeHHS TPHOIB.

Marepiamu i Mmerogu. s HOCTiKEHh BUKOPUCTAHO CBIKI TpHOM TIeUepwIll 3a
JACTY ISO7561-2001 Ta rpuOGHMIT MOPOIIIOK HU3bKOTEMITEPAaTYPHOT' O CYIIiHHS. BmicT
CYXUX PEUOBHMH BH3HAYaJM 32 3arajbHOBimoMoro Meromukoro 3a JICTY 7804: 2015.
3arajibHui BMICT OUIKIB, SIKICHHMH 1 KIJIbBKICHUH CKJIAJ aMiHOKHCJIOT BU3HAYaJIM 3a Me-
tomukoro (Redwejk et al., 2012) 3 BUKOpHCTaHHSIM KaIliJIIPHOTO eJeKTpodopesy.
3arajgbHUA BMICT BYIJICBOIB BU3HAYAIM METOIOM i0HHOrO aHam3y (Metrohm) 3a mo-
nomororo xpomarorpada Bioscan 817 dipmu Metrohm. [Inst migroroBku mpodu 10
a”ai3y TprOH PO3TUPAIOTH A0 OTPUMAHHS OJHOPIHOI MacH 1 BBOJISTH B aBTOMATHY-
HUH poOoBiI0ipHUK XpoMaTorpada. BMICT KIITKOBHHN BH3HAYAINA METOIOM MIPSIMO-
T'O BaroBOro aHajli3y, CYTHICTb SIKOTO ITOJISITa€ B OKUCIICHHI, pYHHYBaHHI Ta pO34MHEH -
Hi PI3HUX XIMIYHHX CIOJYK, KPiM KIIITKOBHHH, SIKY ITOTIM BUIAJIIIOTh, BUCYIITYIOTh Ta
3BaxyroTh (Kumar, & Turner, 2015). Bmict 30 Busnagam 3a JICTY ISO2171: 2009.

BuknajeHHs1 OCHOBHUX pe3y/bTaTiB AocJilzkeHHs. [Ipu Bubopi rpubHOi cupo-
BUHH JIJIs1 OTpUMaHHs HariBabprkaTiB HeoOXiJHO, HacCaMIIepe, IaTH XapaKTepHCTH-
Ky O10XIMIYHOTO CKJIaJly TPHOIB 32 THMH KOMITOHEHTaMH, SIKi CKJIJIAFOTh X OCHOBHY
Macy i BU3HAYAKOTh XapyoBY Ta OIOJNOriUHY IIHHICTh, & TIOTIM JONOBHHUTH OTPUMaHi
JlaHi 3’sICyBaHHSIM OPraHOJISITHYHUX BIIACTUBOCTEH TIPEAMETIB JIOCIIIKESHHSI.

3a miTepaTypHUMH JAHUMH 3p00JIEHO BUCHOBOK, 110 Pi3Hi YACTHHHM IIJIONOBOTO Tijia
rprOiB — IIIATKa i H’XKKK — JICIIO BIAPI3HAIOTHCS 32 XIMIYHAM CKJIaJIOM, 1110, OYCBU/I-
HO, JTOIJILHO BPaxOBYBaTH MpPH BUOOPI TEXHOJIOTYHHUX CIIOCOOIB MepepoOIeHHS TPH -
0iB. [lopiBHSIBHI OCTIPKEHHS] MPOBENM ISl KYJIBTUBOBaHHX TPHOIB Ta OlmMX (SK
KOHTPOJILHOTO 3pa3ka). Pe3ynbraTn HaBeeHi B Taom. 1.

Tabnuys 1. OcHOBHI 6i0JIOTiYHI MOKAZHUKH AHATOMIYHHMX YACTHH IUIOI0BOTO Tijia rpubiB

By rpubiB Ta aHATOMIYHI YaCTHHU
IMoka3HuKN Ou1i rpudH TIeYCPHII IJIMBa 3BHYaiiHa
HDKKa IIanka HDKKA Ianka HDKKa IIanka
Bona, % 87,0 85,5 86,0 84,2 91,0 90,5
Cyxi pedyoBuny, % 13,0 14,5 14,0 15,8 10,0 9,05
Binku, % 6,8 8,5 7,5 8,6 4,0 51
Byrnesoau, % 3,22 3,03 2,4 2,4 1,2 1,0
Kuirkosuna, % 2,33 2,0 3,0 16 4,7 3.2

I3 HaBeIeHNX JaHUX BUJTHO, IO 32 BCiMa TIOKa3HUKAMH TIePeBaYKaOTh ITEUESPHIIL: 1 B
HiKKaX, 1 B IIANKaxX MICTUTHCS Outbilie Oiika, HiX B IHIMX BUAAX TPUOIB, HaBIiTh
Oimx. BMict Oika B Iamkax nedepullb CTaHOBUTH 8,6%, y Olmix rpudax — 8,4%, y
B — 5,1%. BioXiMiYHHX CKJIa HKOK YCiX TpUOiB JCIIO Bipi3HAETHCS BiJT IITAIIOK
y OiK 3MEHITICHHsI MAaCOBOI YacTKU OUIKIB (Hanpukia, y 0imx rpudax 3 8,4 10 6,8%).
VY mankax Tako)k MEHIIE KIITKOBUHH, 1 I1e XapaKTEPHO JJIsI BCIX JOCIIHKSHUX TPUOIB.
Crig 3a3HAYUTH, IO B TJIMBI KIITKOBUHU Maibke BJIBIYI OIS, HDK y TICUSPHUILSX, 1
MOXKHA ITPOTHO3YBAaTH, 1110 TJIMBA BaXK4e NEPETPABIIOBATHMETHCS B OPraHi3Mi JIFOIUHH,
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OCKIJIbKH KJIITKOBMHA TPECTaBJICHA HEPO3YMHHUMU CIIOMYKaMH — TPOTONEKTHHOM,
TEJTFOII03010, TEMIIIEITOI03aMH, SIKi JIOCUTh CTIHKI JI0 JIiT IPOTEONTHYHNX (DEPMEHTIB.
ITepeBary ne4yepHisiM HaIAKOTh 1 3apyOixHi BueHi (Simon et al., 2011).

3BaXKarouM Ha TaKy HEOJHOPIIHICTh OI0XIMIYHOI0 CKIIaTy MIATIOK 1 HIXKOK, BBEJICHO
TIOHSTTS CTYTICHSI HEOTHOPITHOCTI aHATOMIYHMX YaCTHH TUIOIOBOTO Tijia TPHOIB 3a ABO-
Ma OCHOBHHMMH CKJIaJIOBUMH — BMICTOM OiJIKa Ta KIITKOBUHH. Lleii TOKa3HUK OIiHFO-
10Th 3a Koeittienrom Ks = B/Kn, ne: b — Bwmict Oiska, %; K1 — BMICT KIITKOBHHH, Y.

Jnst mocmipkeHnX BUIIB TpUOIB KoediieHT K CTAHOBUTS:

Juist Olmix TpuOiB:  Hikku — 3,5;  manku —4,2;

JUTS TICUCPUIII: HDKKA — 2,5,  manku — 5,4;

JUTSL TJIABU. Hixkn — 0,85; manku — 1,6.

3 OTpUMaHUX JIAaHUX 3PO3YMLIIO0, 1[0 UMM BHIIMM € KoedimieHT Ko, THM Olblia y
rpubax yacTka OiJika i MeHIa — KITKOBUHU. Lleit koedirieHT HalOiIbIT MTOKA30BH
JUISI TIATIOK TTeUeprIth — 5,4. Y HKKax INIMBH, HATPUKIIA], OiJIKa MEHIIIE, HiX KITITKO-
BUHHU.

Taka pi3HUIISA B CTYIIEHI HEOTHOPITHOCTI PI3HMX aHATOMIYHUX YaCTHH TpUOIB CBijI-
YUTh TIPO TXHI Pi3HI CTPYKTYPHO-MEXaHI4HI BIACTUBOCTI, MIITHICTh TKAHWH. 3BaXKAIOUH
Ha Te, 10 1 32 OCHOBHUMH O10XIMIYHIMU MTOKA3HUKAMH HIKKU 1 TIATIKA BiIPi3HSIOTH-
Cs1, MO’KHA 3pOOWTH TaKWil BUCHOBOK: ITPU PO3POOIIEHHI TEXHOJIOTIT OTPUMaHHS TPHO-
HUX HamiBhaOpUKaTiB He3aJIe)KHO Bil BUIY TpHOIB iX JOLITEHO TIepepoOIsTH, Tore-
PEIHBO BiIIUIMBIIM HIKKU BiJ| IIAIIOK, 1 11 KOKHOI 3 ITUX aHATOMIYHUX YaCTHH J0-
OupaTH ONTHMATbHI 3HAYCHHS ITApaMeTpIB MPOLIECY.

PazoM 3 TrM, Taky OATKOBY OMEPAIliFo JOIIIEHO TPOBOIUTH NIPH OTPUMAaHHI BH-
COKO001MKOBUX HamiBabpuKatiB. SIKIIo Takoi yMOBH HeMae, TO BUPOOHUK MOXKe o0pa-
TH Oyb-5IKWH i3 IBOX BapiaHTIB TepepoOieHHs TPHOIB.

3 orAAy Ha TOPIBHSUTBHUK BMICT OUKIB 1 KIITKOBMHM Y PI3HMX BHIAX TpHUOiB
(tabm. 1) 3po0JICHO MPHITYIIIEHHS], 10 1€ BIUTMBATUME Ha €(heKTUBHICTh TIEPETPABIIIO-
BaHHS rpu0iB B OpraHi3Mi JHOJUHH, 1 110 BUIIOKO € YaCTKa KJITKOBUHH, TO Ba)K4€ Bif-
OyBaTuMeThCs Lie pouec. Take MPUITYILeHHs TEPeBIPHIM B OCTIIKEHHSX 3 TPOTE0-
T3y O1JIKIB Pi3HUX BU/IB IPHOIB IPOTEOMITHYHUMH (PePMEHTAMH.

YMOBH npoTeoni3y, BU3Ha4YEHI B pe3ybTati miadopy pepMeHT-CyOCTpaTHOrO CIiB-
Bi/THOIIICHHSI, ONTHMAaJIbHA TPUBAJIICTH MPOBEJCHHS PeaKIlii Ta KUCIOTHICTD CEPEeIOBH -
11 BIJIIOBIIAF0Th YMOBaM Y IIUTYHKOBO-KHIIIKOBOMY TPaKTi JIFOIUHH.

J1o HaBa)KKU JTOCIIPKYBAaHOTO MaTepiaty JOJaBaJld BOAHUN PO3UHH TETICHHY, Ti/-
kucneHoro HCI o pH 2, y cniBBigHomienHi ¢pepment:cyoctpar = 1:12,5. Tpusaiicts
rigporizy — 3 rox, Temmneparypa — 37,5 °C. Ilicns 3a3HaueHoro yacy pepMeHT iHak-
TUBYBAH J1071aBaHHSM 20-BiJICOTKOBOTO PO3YMHY TPUXJIOPOITOBOI KHUCIOTH. [Ipodu
BUTPUMYBIM Tiie Jiesskuid dac. [lotim iX meHTpudyryBamm i HAWMOBHIIIIONO oca-
JOKSHH:I OUTKIB 1 BU3HAYAIM B IICHTpUQYTaTax iX BMICT.

INeperpaBmoBaHiCTh TPUTICHHOM 3HAXOIMJIM TAKHM K€ YMHOM, TIPUIIMBAIOYH JI0 Ha-
BaXKKM 3paska 1-BincorkoBuii po3unH depmenty B 0,05 M docdatnomy 6ydepi pH 7,0.
INoTimM BU3HAYAM CTYIIHB MENTHAA3HOTO Tipoi3y. Pe3ynbraTi HaBesieHi B Ta0I. 2.

3 HaBEJEHUX JaHUX BUJHO, IO HAa BCIX CTAMisAX MPOTEONI3y MEPETPaBIIOBaHICTh
OLIKIB TIEUEpHIll TPOXU OUbINA, HiX OITMX TPUOIB, i HAOIMKAETHCS IO aHAJIOTTYHUX
MOKa3HMKIB KOHTPOJIBHOTO 3pa3ka — OikiB Moroka (29,32 mmons NH2/1 T Ginka mo-
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piBasiHO 3 30,3 Mmonbs NH2/1 1 6inka). 3aransauii nporeoni3 OuikiB rmBu Ha 10,4%
MEHIIIe, HiX Tieuepuili. ToMy oOuIBa 11l BUM TpubiB MPUIATHI IS TepepoOICHHS.

Tabauys 2. KiapkicTs rigpoizoBanux in vitro 6iikiB y 1oc/aiKyBaHux MaTepianax,

mmosib NH2/1 T Ginka

Cragist mpoTeotizy

Bun matepiany

3araJlbHAN

HETNCHHOBA TPUIICHHOBA HenTuaa3Ha .

MPOTEOII3

Mornoko 3,54 +0,7 11,32+1,9 1544 +2,6 30,3+0,2

Bini rpubn 326+18 11,00 £0,2 14,95+0,9 286117

[euepuui 316+272 11,27 +0,9 14,89 +0,5 29,32+11
I'uBa 255+14 10,6 £0,7 1344 +1,38 26,59

CBixi rpulK BiOpi3HSAIOTHCS BUCOKUM BMicTOM Boisord (10 90%), ToMy TepMmiH ix
30epiraHHs He3HAYHMH, 30KpeMa 4epe3 Te, L0 y BOJIOroMY CEpeJOBHILI IIBUIKO PO3-
BUBAIOTHCS MIKpOOpraHi3Mu. ToMy iCTOTHE 3HKEHHSI BMICTY BOJIOTH Y TpUOax HUIIXOM
BUKOPHCTAHHS MEXaHIYHUX, (DI3MYHMX, XIMIYHUX BIUIMBIB HaJa€ MOKIIMBICTH TIOJIOBKH-
TH TepMiH 30epiraHHs rpu6iB 06e3 3HKEHHS TX Xap4oBoi Ta 6100 YHOI IIIHHOCTI.

OnHuM 13 HAWOUTBII eDEeKTUBHUX 1 PaIliOHATBHHUX CIIOCO0IB OTPUMAHHS TPHOHUX
HaniB(haOpHKATIB € CYIIIHHI CHPOBUHH JI0 3aJIMIIKOBOI BosorocTi 12...14%. Ipu msomy
CITiJT MaTH Ha yBa3i, IO MPX BUCOKOTEPMIYHOMY OOpOOJICHHI CBIXKMX IpUOIB y KiHIIe-
BOMY IPOJYKTI TOPYIIYETHCSI OallaHC MIHHUX TEPMOIAOLILHUX OIOJNOTiYHO AKTUBHUX
PEYOBHH YHACIIJIOK 1X YaCTKOBOrO a00 MOBHOTO pyHHYBaHHS. TOMY B IIbOMY JIOCITi-
JDKeHHI MU Bi/IZJTa€EMO TIepeBary HU3bKOTEMIIEpaTypHOMY CYIIIHHIO cHpoBHHU. LIin-
KOM OUYEBHIHO, 110 MaiOyTHE B XapuyOBHUX TEXHOJOTISAX HAJIEKHUTH KOMOIHOBaHUM
BHCOKOE(DEKTUBHUM TIpOIIeCaM Ha OCHOBI BUKOPHCTAHHS HU3bKHX TEMIIEPaTyp.

Jyist oTpUMaHHs CyXoro TprOHOro HamiBhaObpHUKaTy AOCIIIMIM Pi3HI TeMIepaTy-
pH cyiriHHA B miamazoni Big 25 °C 1055 °C. Ha ocHOBI aHaT3y KIHETUYHUX KPUBUX
CYIIIHHS BCTaHOBHWJIU, IO JIJISL JIOCSATHEHHSI ONTHUMAJIBHOI 3QJIMIIKOBOI BOJIOTOCTI
(10—14%) koxkHiit TemIepaTypi BiIOBiIa€ IEBHA TPHBAIICTH MTPOIIECY:

i Temrieparypu 25 °C — 610 xs;

nuist remrieparypu 35 °C — 420 xs;

nuist remrieparypu 45 °C — 340 xs;

quist remrieparypu 55 °C — 260 xB.

Pesynerarn HaBezeHi B Ta0. 3.

Tabnuysa 3. BioxiMiuHmii ckIaj cBiXkKKX i CylIeHNX NMeYyepuub

Caixki Temneparypa cyminns, °C/t, XB
Hoxasrukn rpuGH 25/610 35/420 45/340 55/260
Bwict Bonoru, % 876+06 | 144+0,6 11,6 £0,9 10,8+1,3 10,4 +0,6
Cyxi peyoBunu, % 12,4 +0,9 856+14 88,3+2,0 89,2+ 0,6 89,6 +1,8
Binok, % na 100 CP 228+32 | 232+£09 21,6 +32 21,2+15 16,2+ 0,4
Kupwu, % na 100 CP 27+£18 2631 29+£0,8 2,7%£0,6 26%0,2
Byrresoan, % na 100 CP 38,4+44 | 388x0,7 402+11 26+14 434 +1,3
Kunirkosuna, % na 100 CP | 30,2+06 | 305+12 | 290+09 | 274+13 | 255+06
3oma, % Ha 100 CP 55+£24 56%0,7 6,0+£04 59%£15 57%28
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BcranoBneHo Taky 3aNe:KHICTh: Y MEpiof MOCTIHOI IBUAKOCTI CYLITIHHS BUAAJICH-
HS BOJIOTH HE3HAYHO 3aJICXUTh BiJI TemriepaTypH Tiporiecy. [Iporsrom 180 xB 3ammm-
KOBa BOJIOTA JUJISl PI3HUX TEMIEpaTyp CTAaHOBUTB:

qust remrieparypu 25 °C — 62%;

1t Temreparypu 35 °C — 47%;

1t Temreparypu 45 °C — 44%;

1t Temreparypu 55 °C — 41%.

VY mepion criagarodoi MBHAKOCTI CyIIiHHS (depe3 220 XB IMicis MoYaTKy MpoIecy)
edeKT BUIaTIeHHS BOJIOTH 1CTOTHO 3aJIeKHUTh BiJ Temneparypu. Yepes 260 xB pu TeM-
nepatypi cymiinas 55 °C fpocsiraeThes BHIQJICHHS TPAKTUYHO BCi€l BiLHOI BOJIOTH
(3aymmikoBa Bosiora 10,4%); npu Temmneparypi 45 °C 3ammmikosa Bojoricts 10,8%
nocsiraeTbest uepe3 320 xB, a pu 25 °C — e yepe3 600 XBUIIHH.

3 ToukH 30py iHTeHCH((IKAITT Mpoliecy CYIIiHHS JAOUTBHO € Temmeparypa 55 °C,
OJTHAK TIPU ITbOMY YaCTHHA OiJIKa MiIA€ThCs HebakaHOMY TPOIIECOBI — JIECTPYKILIi
(sactka Oinka mpu nepexoni Bix 45 °C no 55 °C 3menmyersest 3 21,2% 1o 16,2%), 1
TOMY 32 OIITHMAJTbHY ITPUHAMAaEMO TeMriepaTypy cymrinas 45 °C.

Ha ocHOBI BUKOHaHWX JIOCTI/PKEHb, aHAITI3Y JITepaTypHUX JKEped, JIOTTYHUX MIPKY-
BaHb ILJIKOM 3pO3YMIJIO, IO JUISI OTPUMAaHHS BUCOKOOIJKOBUX TpUOHUX HariB(adpu-
KaTiB 3 TOYKH 30py OPraHOJICNITHYHIX XaPAKTEPUCTHUK MTOTPIOHO BUKOPUCTOBYBATH JIN -
11 3I0POBi, 0e3 MeXaHIYHHUX 1 MIKpOOiOJOTTYHHX YHIKOKEHb TPUOH, OaKaHO OTHOTO
PO3Mipy, BiAMOBIAHOIO KOJIBOPY, apOMaTy, CTaHy OBEPXHi, 3’€MHOI 3pijiocTi. ToOTo
MO>KHA TOBOPHUTH PO KOMIUIEKCHUI MOKAa3HUK OPTraHOJISITHYHUX BJIACTUBOCTEH SK
OJIMH 13 BaKJIMBUX KPUTEPIiB BUOOPY CUPOBHHU. AJKEe KOXEH YIIKODKEHUH Ta ypa-
JKeHHH 00’ €KT He JIMIIIE MOTiPIIYE SIKICTh TOTOBOI IPOYKIIiL, a i € HeOe3MeUH!M 3 TOU -
KH{ 30pY MiKpOOi0JIOTYHOr0 3a0pyAHEHHS; 11€ ITiABUIIYE TPYIOMICTKICTh TiIrOTOBYMX
orepailiii, 301JIbIITy€e KUIBKICTh BiJIXOIB, 3MEHIIIY€E BHXIJI MPOAYKIIii Ta MiABUIIYE 1i cO-
0iBapTiCTB.

Leit xpurepiii Mae nepioyeprope 3HaYE€HHS 1 IPU IepepoOIeHHI CUPOBUHH, 0CO0-
JMBO SIKIIO WAEThCA mpo Hu3bKoTemriepatypHi (—25 °C...—35 °C) abo cyOmimariitai
texHosorii. Bimomo (Cimaxina, KoayOeii-JlutBunenko, & Kaminceka, 2022), mo mpu
3aMOpPOYKYBaHHI CHPOBUHU BHHHUKAE MOYKIIMBICTh PYWHYBaHHS ii TKAHWH Ta CTPYKTYP-
HHUX KOMITOHEHTIB KPHCTaJlaMHd YTBOPEHOTO JIbOIYy, B pe3yJbTaTi mpu nedpocrarrii
BTpPava€eThCsl KIITUHHUNA CIK 3 PO3YMHEHMMH Y HHOMY 010KOMITOHEHTaMH, 10 iCTOTHO
3HIDKY€E O10JIONYHY HiHHICTb IPOIYKIIIi.

VY tabmn. 4 3anpornoHOBaHO Mepesik OCHOBHUX KPUTEPIiB BUOOPY NeYepHLIb ATl OT-
pUMaHHS BUCOKOOLTKOBUX HaIliB(aOpHKATIB.

Tabnuys 4. OcHOBHI KpHUTEpii Ta IXHA XapaKTepPUCTHKA MPH BUOOPI meyepuub I
nepepodIeHHsA

Ne
o3, Kpurepii XapaKTepUCTHKA KPUTEPIiB
1. Bucoxkuii BMicT Oinka IcToTHE MKEepeno MOBHOLIHHOTO OIKa 332 BMICTOM HE3aMIHHHUX
(6...8% 1 GinbIre) aMIHOKHCJIOT Ta X CMIBBITHOIICHHS i3 3aMIHHUMU; BaYK/THBE

JDKEpEIIo JI3NHY, eHUTAaHIHy, JISHIUHY, TPEOHIHY

2. bionoriyna 1iHHICTH BinnoBigHiCTh aMIHOKHCIIOTHOTO CKJIaly MOTpeOaM opraHizmMy
JIFOJIMHHU JUISl CHHTE3Y BJIACHUX OUIKIB, CTYIiHb EPETPaBIOBa-
HOCTi OWIKIB Ha PiBHI OUIKIB MOJIOKA

—— Scientific Works of NUFT 2023. Volume 29, Issue 1 —— 137




FOOD TECHNOLOGY

IIpooosaicenns mabn. 4

Koegiuient criBBigHO-
IIEHHS MACOBUX YaCTOK
OiKa i KITiTKOBHHH (4,5

CTymiHb HEOXHOPIAHOCTI AHATOMIYHUX YAaCTUH IUIOJOBOTO Tila
rpu0iB 3a CIHIBBIAHOIIEHHSAM BMICTY OUIKIB 1 KJIITKOBUHHY, 110
BILTMBAE Ha MIePETPABIIOBAaHICTh HamiB(aOprKaTiB B OpraHizaMi

i OlTpIIe) JIOIMHA
OnTrManbHUH BMICT Hanesxnwuii cTymiHb HiepeTpaBIOBaHHS 0IOKOMIIOHEHTIB B Opra-
KJTIITKOBUHH Hi3Mi JIFOJJUHH (TIpH 30UTHIIIEHOMY BMICTI KJTITKOBUHH TIPOIIEC

YCKJIQJHIOETHCS) IPH OZHOYACHOMY 3a0€3MeUeHHI JeKoproparil
BAXXKHX METAJIB, PaAiOHYKIIi/liB, iHINMNX TOKCUKAHTIB

JocTtaTHiit BMIiCT ByTJIe-
BOJIiB

3aTHICTh CTUMYJIIOBATH CHHTE3 aHTUTLI, IIBUIILYBATH IMyH-
HUI 3aXUCT, BUSBILITH OHKOIIPOTEKTOPHI BIACTHBOCTI (TI0JTica-
XapHm)

BignocHa nmoyatkosa
BooricTs 80...86%

3a0e3nedeHHs JOCUTh IHTEHCHBHOT'O TIPOLIECY CYILIHHS I'PHOIB,
6mu3bK0 90% BOJIOrH IIPEICTABICHO BUTHHOIO (hPAKIIEI0, sIKa
JIETKO BUJIAJISETCS

BincyTHICTh TOKCHUHHX
CIIONYK, BAYKKHX METAJIIB,
KaHIIEPOreHiB, MIKpOOp-
raHi3BMIB

besnieka st CHIOKMBaYiB, €KOJIOTIUHICTE BUPOOHHUIITBA,
OXOpOHA TPHPOIH

OprasoienTu4Hi MoKas-
HHKHA

T'puOu 11ii, CBXKI, 3IOPOBI HA BUJIS, HOKKH BiIJIUIeHI a00 He
BIIVIUICH], 3a1aX XapaKTepHHI 1711 CBDKHUX NEYEPHULIb, TOBEPXHS

manku Oina abo KpeMoBa, TpUOH OJIHOPI/IHI 3a CTYIICHEM 3pillo-
cTi, 1o6pe chopmoBaHi

JoTpumaHHs 3aIpONOHOBAHUX KPUTEPIiB 3a0€3MeUnTh BUOIp CHPOBUHH, HAHOLIBII
pUAaTHOL A7l mepepo0sieHHs Ha HamiB)aObpuKaTH Ta JIETHYHI 100aBKH 3 BUCOKUM
BMIiCTOM TIOBHOIIIHHOT'O JIETKO3aCBOIOBAHOTO OiJIka Ta iHIINX BAKIMBUX 010KOMIIO-
HEHTIB.

BucHoBkuM

BaxximiBuM 3aBiaHHsIM opraHizailii BApOOHHIITBA TPUOHMX HariBpaOpUKaTIB € 10-
0ip BUXITHOI CHPOBHMHHU; JUIS IIOT'0 JOLJIBHO BUBUUTH (hOH]T KYJIbTHBOBAHUX I'PHOIB.

CrienuQivgHICTh TEXHOJOTTYHOrO BUPOOHHUIITBA TPUOHUX HariB(aOpHKaTiB 3yMOB-
JIFO€ 1CTOTHI BUMOTH JI0 CHPOBHHH: BUCOKH BMICT OlJIKa, iHIIMX O10KOMITOHEHTIB, Bijl-
CYTHICTh TOKCHYHHX CITOJIYK, JIOCTaTHS KOAryJisilis OUTKOBOI (ppakilii, BIACYTHICTH Jie-
CTPYKLil BHCOKOMOJIEKYJISIPHUX CIIOJTYK TP CyIIiHHI TowIo. ['prbu 3a cBoiM Oioximiy-
HUM CKJIaZIOM € JOCUTDH L[IHHUM, MOPIBHSHO 3 1HIIMMH Xap4OBUMH IIPOAYKTaMH, BHU-
JIOM CHPOBWHH 3 BUCOKUM HPHPOIHUM BMICTOM (DYHKII1OHAJIBHUX 1HTPE/TIEHTIB.

Haii6ineim edextnBHIM criocoOoM nepepoOsieHHs TPUOiB Ha BUCOKOSIKICHI TTPOTY-
KTH (DYHKIIOHATBHOTO MPU3HAYEHHSA € X CyIIiHHS. MaifOyTHE y XapuOBHX TEXHOJIO-
TisIX, y TOMY YHCIIi B TEXHOJIOTISIX CYIIiHHS TPU0iB, HAJIEKUTH KOMOIHOBAHUM TE€XHO-
JIOTTYHUM TpoLiecaM Ha OCHOBI BUKOPHCTaHHS HU3bKHUX TeMIEparyp 3 OaraTOuYrMHHH-
KOBUMU III2THIMH BIUTBaMH Ha 0i0KOMITOHEHTH BHXiHOI cupoBruHH. Came 11e 3a0e3-
nevye iX MakcuMasibHe 30epexeHHsI, OTPUMAHHS TOTOBHX MPOAYKTIB TTiJIBUIICHOI 010-
JIOT1YHOI I[IHHOCTI, IO JIa€ 3MOT'Y BUKOPHCTOBYBATH iX Yy chepi 0310poBUOro, (HYHKITIO-
HAJIBHOTO XapuyBaHHS.

Cymieni rpubu MO)kHa Oy/ie BUITYCKAaTH 3 PI3HUM CTYIIEHEM MOAPIOHEHHS Ta BUKO-
PUCTOBYBATH B Pi3HUX Tay3sX: IS IPOMHUCIIOBOIO BUTOTOBJICHHS CYITiB-KOHIIEHTpA-

138 ——— Hayxosi npayi HVXT 2023. Tom 29, e 1 ———




XAPYOBI TEXHOJIOT'IT

TiB, y PECTOPaHHOMY T'OCTIONIAPCTBI — SIK MPHIIPaBY 10 M’sica i IHIINX CTpaB, SIK J0-
0aBKy J10 HariB(haOpHKaTiB, KETYYIIIB, MAINTETIB, IK CMAKOBHIA MaTepiall TOIIO.
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The protein substances of the recipe components of bre-
ad determine not only its biological value, but also the struc-
tural characteristics of the dough for bakery products. In
connection with the military aggression of the russian fede-
ration, the ecological, economic and food situation in the
world has significantly worsened. This caused exacerbation
of diseases, including those of the gastrointestinal tract, such
as inflammatory bowel disease.

According to the recommendations of nutritionists, it is
necessary to increase the content of complete protein with
the maximum limitation of fiber in the diet of such patients.
For this purpose, rice flour is a promising raw material with
a low dietary fiber content.

Rice flour contains less amount of total protein than
wheat flour, but it is more complete. It was established that
the limiting amino acid of wheat flour is lysine, the amino
acid score of which is 0.44, in rice flour it is 6.92. The
limiting amino acid of rice flour is tryptophan, the amino
acid score of which is 1.61. This indicates that rice flour is
complete in terms of amino acid composition, since the ami-
no acid score of the limiting amino acid is more than 1.

The difference in the protein composition of wheat and
rice flour affects the structure of the dough. The content of
raw gluten decreased when replacing part of the wheat flour
with rice flour by 21.6—55.6% with an increase in the per-
centage of replacement. The elasticity, hydration capacity of
gluten and its extensibility also decreased.

The limiting amino acid in all bread samples is lysine,
but in the control sample its amino acid score is 0.46, while
with an increase in the percentage of replacement of wheat
flour with rice flour, it increased to 0.82—2.10. In the sam-
ple with the replacement of 20% flour and more, the amino
acid score for lysine exceeds 1, which means that the protein
of these samples is complete.

Considering the obtained results, it is worth replacing
about 20% of wheat flour with rice flour.
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BINNKOBI PEHOBMHU PUCOBOI0 EOPOLWIHA TA UOro
BUKOPUCTAHHA B TEXHONOrII NWEHUYHOIO XJIBA

A. O. llleBuenko
Hayionanvnutl ynisepcumem xapyo6ux mexnonozit

binkosi peuosunu peyenmypHux KOMNOHEHMIB X1iOA 3HAYHOK MIPOI0 8U3HAYA-
10mb He auuLe 1020 6IoN02IuHY YIHHICMb, A 1 CPYKMYPHI XapaKkmepucmuky micma
07151 Yyux 6upodis. V 36 A3Ky 3 GiliCbKOBOI aspecielo pocilicokoi ghedepayii y caimi
SHAYHO NOZIPUIUNACH eKOJIO2IYHA, eKOHOMIYHA ma npodosoavia cumyayii. Lle cnpuyu-
HUIO 3G20CMPEHHS 3aX60PI06AHD, 8 MOMY YUCTL ULTYHKOBO-KUWKOBO20 MPaKmy, ma-
KUX K 3anaivbHi 3aX60PI0BAHHS KUMUEYHUKA.

3zioHo 3 pexomenoayismu diemonozie y payioni maxkux Xeopux apmo niosuusy-
6amu 6Micm NOBHOYIHHO20 OLIKA NPU MAKCUMATBHOMY 0OMENCEHHT KIIMKOSUHU. 3
YIEI0 MEmoio nepcneKmueHoI0 CUpOBUHOIO 3 HUZLKUM BMICINOM XAPYOBUX 80JIOKOH €
pucose 60pouiHo.

Pucose bopouwno micmums menue 6iIKa, HIdIC NUeHUYHe, ale 6iH OLIbUL HOBHO -
yinHul. Bcmanoeneno, wo 1iMimyoyo0 amMiHOKUCIOMOI0 RUEHUYHO020 DOPOWHA €
J3UH, amiHoKucromuutl ckop axoi 0,44, y pucoeomy 6opowni — 6,92. Jlimimyro-
YOK AMIHOKUCTIOMOIO PUCOBO20 OOPOWIHA € MPUNMOQaH, AMIHOKUCTOMHULL CKOP —
1,61. I]e ceiouumob npo me, wjo pucose GOPOUWHO € NOBHOYIHHUM 34 AMIHOKUCION -
HUM CKIAOOM, OCKITbKU AMIHOKUCIOMHULL CKOP JEMIMYOU0i amiHoKucaiomu oinvue 1.

Piznuys 6 binkogomy cxiadi nueHuuHo20 i puco6o2o bopowHa GNIUBAE HA CIMPYK-
mypy micma. Bemanoaneno menoenyiio 3menuents micmy cupoi’ KietkosuHu npu
3AMIHI yacmury 60poOuHA NueHUYHO20 pucosum Ha 21,6—55,6% 3i 30invuenHsIm
8I0COMKA 3aMIHU. 3HUIICYEMbC MAKONC NPYICHICMb, 2IOpAmMayiiHa 30amHicb
KetiKo8UHU ma ii po3msicHiChb.

Jlimimyo4or amMiHOKUCIOmMOIO 8 YCIX 3paskax Xaiba € i3uH, 0OHAK Y KOHMPOJL
tioeo aminokucromuuii ckop 0,46, 6 motl wac K 3i 30i1bUEHHAM Gi0COMKA 3aMiHU
NUEHUYHO20 OOpOWHa pucosum, 6iH s0inbutyemuvcs 0o 0,82—2,10. 'V 3pasky 3
saminoro 20% bopowna i Ginbule AMIHOKUCIOMHUL CKOP 3 NI3UHOM nepesuuye 1.
L]e o3nauae, wo OINOK Yux 3pasKie € NOBHOYIHHUM.

3easicarouu Ha ompumani pesyrbmamu, 8apmo nPosooumu 3amitny oausexo 20%
NUEHUYHO20 OOPOUHA PUCOBUM.

Knrwuoei cnosa: xnio, pucoge 60pouiHo, 3anaibHi 3axX80PI06AHHs KUWEYHUKA,
AMIHOKUCAIOMA, KIIEUKOBUHA.

Formulation of the problem. The protein substances of the recipe components of
bread determine not only its biological value, but also the structural characteristics of
the dough for bakery products (Sivam, Sun-Waterhouse, & Quek, Perera, 2010). In
connection with the military aggression of the russian federation, the ecological, econo-
mic and food situation in the world has significantly worsened. This caused exacerba-
tion of diseases, including those of the gastrointestinal tract, such as inflammatory bo-
wel disease (IBD).To slow down the development of these diseases and maintain he-
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alth, it is recommended to follow diet therapy (Burisch, & Munkholm, 2013; Stepanov,
Skyrda, & Petishko, 2017).

According to the recommendations of nutritionists, it is necessary to increase the
content of complete protein with the maximum limitation of fiber in the diet of such
patients (Forbes Ta in., 2017). For this purpose, rice flour is a promising raw material
with a low dietary fiber content.

Analysis of recent research and publications. One of the effective ways to reduce
the amount of dietary fiber in the diet is to replace recipe components with a high fiber
content for raw materials with a reduced amount. Rice and its processed products con-
tain little dietary fiber, but at the same time their protein is complete.

In addition, rice germ contains phenolic compounds and tocopherols, tocotrienols
and y-oryzanol which are lipophilic antioxidants. These substances extend the shelf life
of products and protect from free radicals (Esa, Ling, & Peng, 2013).

Rice flour is widely used in gluten-free bread technologies. Protein, fat and fiber
content was determined in bread made from traditional rice flour and high-proteinflour.
An organoleptic evaluation of gluten-free bread was carried out. Sensory evaluation in-
cluded the analysis of appearance, aroma, texture and taste of bread. The protein con-
tent of bread made from traditional rice flour was 9.25%, with increased content —
10.1%. According to organoleptic indicators, both types satisfied the needs of consu-
mers (Paz, King, & Prinyawiwatkul, 2021).

Studies evaluating the influence of rice nutritional compounds on consumer charac-
teristics and sensory evaluation of bread showed that the content of arginine in different
types of rice flour (from long-grain rice, polished round-grain rice and black rice) was
higher by 44.19, 21.74 and 34.78% respectively, than in wheat flour. When the added
amount of rice flour exceeds 15%, the prepared bread gradually loses its elasticity and
has a lower specific volume (Tian, Wei, & Chen, 2022).

The main nutrients (crude protein, fat and carbohydrates) and nutritional compo-
nents (vitamins A, C, E, minerals, amino acids and fatty acids) of rice flour were ana-
lyzed. The content of crude protein, fat, and carbohydrates in rice flour was 6.80 g,
0.14 g, and 84.43 g, respectively. No vitamin A was detected, and vitamin C and E
were 8.30 and 0.3467 mg/100 g, respectively. The content of calcium, potassium, mag-
nesium, iron and sodium was 6.23, 65.05, 9.78, 0.17 and 2.84 mg/100 g. A large amo-
unt of potassium contributes to the excretion of sodium. Rice flour contains eight
essential amino acids. As for essential fatty acids, the content of linoleic acid was 41.01
mg/100 g, and linolenic acid was 2.20 mg/100 g (Lee, Jung, Jo, Back, Kim, & Park,
2018).

The effect of replacing wheat flour with 5%, 10% and 15% protein concentrates
from natural and yeast-fermented rice bran on the rheological properties of dough and
bread was studied. The specific volume of bread from 100% wheat flour did not differ
significantly from bread with up to 10% protein concentrate replacement. The optimi-
zed composite bread contained higher total amino acid content, radical scavenging acti-
vity and iron reducing capacity than the control sample. The springy indicators of wheat
bread did not differ significantly from composite bread. Scanning electron microscopy
revealed that the composite bread has a surface with embedded granules similar to pro-
tein deposits with small pores (Chinma, llowefah, Shammugasamy, Mohammed, &
Muhammad, 2015).
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Since it is not recommended to completely exclude gluten from the diet during diet
therapy for people with IBD, replacing wheat flour with rice flour is a promising direc-
tion. The relationship between the properties of rice flour with different degree of da-
mage of starch grains and the specific volume of bread made from a mixture of rice
and wheat flour was studied. The best quality flour was obtained by fine grinding and
the absence of a large number of damaged starch grains to make high quality bread
(Araki, 2009).

The purpose of the research is to determine the content and completeness of pro-
tein substances of wheat bread with rice flour and their influence on structural properti-
es of dough and sensory characteristics of bread.

Materials and methods. Sample preparation. Dough samples were prepared from
wheat flour with the addition of pressed baker’s yeast (3% by weight of flour) and salt
(1.5% by weight of flour). Wheat flour was replaced with rice flour in the recipe in the
amount of 10% and 20%. The control was a sample without rice flour.

Essential amino acid (EAA) composition. For determination amino acid compositi-
on method of ion exchange chromatography was used (Litvynchuk et. al., 2022). The
qualitative determination of amino acids was carried by hydrolysis of proteins. The de-
termination of quantitative estimation of amino acids was held using an automatic ana-
lyzer of amino acids, T-339 (Czech Republic), using polystyrene sulfonate ion exchan-
ge resins of "Ostion LJ ANB" in Li-citrate buffer one-column mode. The elution of
amino acids from the column was conducted, in turn, by Li-citrate buffers from pH
2.75+0.01; pH 2.95 £0.01; pH 3.2 £0.02; pH 3.8 £0.02; pH 5.0 £ 0.2. Amino acids
were detected by rectification with a ninhydrin solution using photometer (Unicam SP
800, Britain) at a wavelength of 560 nm. The results of detection in the form of the
peaks of absorption of light of ninhydrin positive substances in an eluent that count the
direct ratio concentrations of this substance in solution were registered by a variplotter.
The correlation of the solution of ninhydrin reagent and eluents was 1:2; the temperatu-
re of thermostatic T: = 38.5° C; T2 =65 °C. The prototype was diluted in Li-citrate buf-
fer by pH 2.2 £ 0.02 and inflicted on an ion exchange column. The gquantitative estima-
tion of chromatograms of the pre-production model settled in relation to the Bio-Rad
standard mixture of amino acids. The mass of every amino acid in the investigated so-
lution was calculated and expressed as g per 100 g protein. Amino acid score is expec-
ted according to the certificate scale of THEO/WHO (Choi et. al., 2012).

Wet gluten content. Wet gluten content of the dough samples was determined accor-
ding to methods stated in SR 1SO 21415-1:2007 and in Manual de gradarepentru se-
minte de consum (2008) and through GIM (AACC 38-12.02 method) using the
Glutomatic 2200 system (Perten Instruments AB). The moisture content was determi-
ned according to the SR ISO 712:2005 method, the protein content by the NIR
technique (Inframatic, model 8600, Perten Instruments AB), and the gluten
deformation according to the SR ISO 90/2007 (lonescu, Stoenescu, Vasilean, Aprodu,
& Banu, 2010).

Gluten deformation index. The gluten deformation index values for all samples
were determined using Gluten deformation index device. 4 g of sample of wet gluten
was left for keeping for 15 min in distilled water. Then it was put on the table of the
device. The rod of the device lowered and the device fixed the value of the
deformation (Tamba-Berehoiu, Lambrache, & Popa, 2019).
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Statistical analysis. The statistical processing of the result values was performed by
sequential regression analysis using the Microsoft Excel XP and Origin Pro8 software
calculating correlation coefficients (Hinkle, Wiersma, & Jurs, 2003).

Results and discussion. Rice flour contains less amount of total protein than wheat
flour— 6 Ta 11,3 g/100 g of flour, respectively. However, despite this, the content of
the majority of essential amino acids (EAA) is higher (Table. 1).

Table 1. Amino acid composition of rice and wheat flour

EAA EAA content, g/100 g of raw material
Wheat flour of premium grade Rice flour
Valine 0.42 421
Isoleucine 0.36 3.31
Leucine 0.71 6.20
Lysine 0.23 2.59
Methionine 0.40 3.00
Threonine 0.28 241
Tryptophan 0.13 0.10
Phenylalanine 0.52 6.62

To assess the completeness of protein substances, the amino acid score of each ami-
no acid was calculated. It was established that the limiting amino acid of wheat flour is
lysine, the amino acid score of which is 0.44, in rice flour it is 6.92. The limiting amino
acid of rice flour is tryptophan, the amino acid score of which is 1.61. This indicates
that rice flour is complete in terms of amino acid composition, since the amino acid
score of the limiting amino acid is more than 1. The introduction of this raw material
into the recipe of wheat bread is not able to increase the total protein content, but an
increase in the degree of balance of essential amino acids in relation to the physiologi-
cally necessary norm is expected. It is also predicted that protein will be used more
fully for anabolic needs by the body.

The fractional composition of the protein of rice flour also differs from that of
wheat flour. It was established (Shevchenko, & Litvynchuk, 2022) that the content of
glutelins and globulins is higher in rice flour, but the composition of glutelins is diffe-
rent. In wheat flour, it is glutenin which forms the gluten of the dough (Huang, Tsai, &
Chen, 2011).

In rice flour, the representative of glutelins is oryzenin, which is not a gluten protein
(Jayaprakash, Bains, Chawla, Fogarasi, & Fogarasi, 2022). The content of albumin,
prolamin and insoluble proteins prevails in wheat flour.

The difference in the protein composition of wheat and rice flour affects the structu-
re of the dough, changing the basic structural units of dough and bread with these com-
ponents in the recipe.

An important indicator of the structural and mechanical properties of the dough is
the amount and quality of gluten washed from it. Since there are no gluten proteins in
rice flour, a change in the structure of the gluten framework of the dough is predicted
when part of the wheat flour is replaced by rice flour (Table 2).
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Table 2. The quantity and quality of gluten washed from the dough

Amount of
Sample rice flourto | Amount of ':r?c;ﬂzgf Value qf Hydrfation Extensibility,
replace wheat | wet gluten, % % ' | GDI, units | capacity, % sm
flour, %

Control - 25.30+1.23 85 70 1955 15.2
sample

10 19.82+1.18 6.72 89 186.7 15.1
Sample with 20 15.46+1.02 5.25 94 182.1 14.8
rice flour 30 13.20+0.93 4.48 101 175.2 14.2

40 11.24+0.43 3.82 107 169.3 13.8

The content of raw gluten decreased when replacing part of the wheat flour with
rice flour by 21.6—55.6% with an increase in the percentage of replacement. The elas-
ticity, hydration capacity of gluten and its extensibility also decreased. Rice flour wea-
kens gluten. The decrease in hydration capacity occurs as a result of the physical ob-
struction of rice starch particles to hydration and the development of the gluten net-
work. The strength of the dough is related to gluten proteins, and replacing wheat flour
with rice flour causes their dilution, which can disrupt the integrity of the protein mat-
rix (Ahmad et. al., 2017; Pu et. al., 2017).

The maximum weakening of protein was observed when replacing wheat flour with
rice at the level of 40%. This can be explained by a greater disruption of the protein
matrix, as replacing wheat flour with rice flour reduces the gluten content. The absence
of a gluten protein network in rice flour prevents the formation of a strong viscoelastic
structure.

Wheat flour contains more bran, which is a source of the endogenous starch-hydro-
lyzing enzyme alpha-amylase, while replacing wheat flour with rice flour reduced the
enzyme content (Gujral, Sharma, & Singh, 2019; Kaur, Singh, Pal, & Kaur, 2018).

The amino acid composition of raw materials determines the biological value of fi-
nished bakery products. The amino acid profile of bread baked with the replacement of
part of wheat flour with rice flour was determined. The results are shown in Table 3.

Table 3. Amino acid composition of bread baked with the replacement of part of wheat
flour with rice flour

EAA Control Rice flour to replace wheat flour, %

sample 10 20 30 40
Leucine 0.71 1.00 1.33 1.68 2.08
Isoleucine 0.39 0.64 0.92 1.23 1.58
Methionine 031 0.52 0.76 1.03 132
Lysine 0.23 0.41 0.61 0.83 1.08
Phenylalanine 0.68 1.09 1.56 2.07 2.65
Threonine 0.28 0.50 0.73 1.00 1.29
Valine 0.43 0.71 1.02 1.37 1.76
Tryptophan 0.09 0.09 0.10 0.10 0.11

The amino acid score of each amino acid in bread samples was calculated (Table 4).
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Table 4. Amino acid score of amino acids in bread baked with the replacement of part of
wheat flour with rice flour

EAA Control Rice flour to replace wheat flour, %

sample 10 20 30 40
Leucine 111 1.56 2.05 2.59 3.19
Isoleucine 1.06 174 249 3.32 4.23
Methionine 0.97 1.63 2.35 3.16 4.05
Lysine 0.46 0.82 1.20 1.63 2.10
Phenylalanine 1.23 1.98 2.81 3.72 474
Threonine 0.77 1.34 1.98 2.68 3.46
Valine 0.93 154 221 2.95 3.78
Tryptophan 0.98 1.02 1.06 1.10 115

Since the percentage of wheat flour in the bread recipe is the highest, its chemical
composition will largely determine the biological value of the bread. The limiting
amino acid in all bread samples is lysine, but in the control sample its amino acid score
is 0.46, while with an increase in the percentage of replacement of wheat flour with rice
flour, it increased to 0.82—2.10. In the sample with the replacement of 20% flour and
more, the amino acid score for lysine exceeds 1, which means that the protein of these
samples is complete.

Trial baking (Figure 1) and expert evaluation of products with the participation of
tasters were carried out. The results were processed by the method of mathematical sta-
tistics (Table 5).

12 3 4 5

Figure 1. Samples of bread with the replacement of part of the wheat flour with rice flour:
1 — control sample; 2 — replacement of 10%; 3 — replacement of 20%; 4 — replacement of 30%;
5 — replacement of 40%

Table 5. Sensory assessment of the bread on a 100-point scale taking into account the
weighting factor of quality indicators

. Weighting Control Rice flour to replace wheat flour, %
Indicators factor sample
10 20 30 40
Specific volu-
me of bread, 0.15 4.6+0.3 4.740.3 3.5+0.3 2.5+0.3 2.0+0.3
cm3/100 g
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Continuation of table 5

Shape stability convex up- convex convex convex convex
of bread, baked 0.15 per crust | upper crust | upper crust | upper crust | upper crust
without form 5.0+0.3 4.340.3 3.540.3 2.540.3 2.0£0.3
Color of the 0.05 light yellow | light yellow | light yellow pale pale
crust ' 5.0+0.3 5.0+0.3 5.0+0.3 4.0+0.3 3.0+0.3
smooth, with with large | with large
Surface without | with cracks | significant g g
o 0.05 cracks cracks
condition cracks cracks
5.0£0.1 4.640.1 3.940.1 3.0+0.1 2.040.1
Color of the 0.05 light light light light light
crumb ' 5.0+0.1 5.0+0.1 4.7+0.1 4.5+0.1 4.0+0.1
Porasity even, small even, small even, small not not
structure 0.09 thin-walled | thin-walled | thin-walled | developed | developed
4.8+0.3 4.8+0.3 4.8+0.3 3.540.3 3.0£0.3
Elasticity of the 012 elastic elastic elastic not elastic | not elastic
crumb ' 4.8+0.1 5.0+0.1 5.0+0.1 4.0+0.1 4.0+0.1
inherentin | inherentin | inherentin | inherentin | inherentin
Aroma 0.11 the product | the product | the product | the product | the product

4.6+0.3 4.840.3 4.8+0.3 4.8+0.3 4.8+0.3
inherentin | inherentin | inherentin | inherentin | inherentin

Taste 0.13 the product | the product | the product | the product | the product
4.8+0.3 4.8+0.3 4.8+0.3 4.8+0.3 4.8+0.3
good good good good good

Chewiness of

0.10 chewiness | chewiness | chewiness | chewiness | chewiness
the crumb

5.0+0.1 5.0+0.1 5.0+0.1 5.0+0.1 5.0+0.1
97.2+0.2 96.0+0.2 90.0+0.2 77.2+0.2 69.2+0.2

Score (out of
100 points)

The analysis of baked products indicates the appearance of cracks on the surface of
samples with 20—40% replacement of wheat flour with rice flour. There is also a de-
crease in specific volume, porosity and dimensional stability, which was established in
previous studies ([Ipo6or, LlleBuenko, & JlitBunuyk, 2021).

Expert assessment and sensory indicators of the products indicated that in order to
obtain bakery products of high quality and complete in terms of amino acid composi-
tion, it is worth replacing about 20% of wheat flour with rice flour.

Conclusions

Rice flour contains less amount of total protein than wheat flour, but it is more com-
plete. It was established that the limiting amino acid of wheat flour is lysine, the amino
acid score of which is 0.44, inrice flour it is 6.92. The limiting amino acid of rice flour
is tryptophan, the amino acid score of which is 1.61. This indicates that rice flour is
complete in terms of amino acid composition, since the amino acid score of the limi-
ting amino acid is more than 1.

The content of raw gluten decreased when replacing part of the wheat flour with
rice flour by 21.6—55.6% with an increase in the percentage of replacement. The elas-
ticity, hydration capacity of gluten and its extensibility also decreased.

The limiting amino acid in all bread samples is lysine, but in the control sample its
amino acid score is 0.46, while with an increase in the percentage of replacement of
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wheat flour with rice flour, it increased to 0.82—2.10. In the sample with the replace-
ment of 20% flour and more, the amino acid score for lysine exceeds 1, which means
that the protein of these samples is complete.

Considering the obtained results, it is worth replacing about 20% of wheat flour
with rice flour.
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In this article, the experience of using gluten-free flour
for special-purpose confectionery products for restaurants
was analyzed. Fortified cupcakes have high customer appeal
and a higher nutritional value. A mix of rice and almond
flour as an alternative to wheat flour, and cottage cheese
with a fat content of 5% as source of protein were selected.

The nutrition value, energy content, and biological value
of the chosen raw materials (rice flour, almond flour and
cottage cheese) were determined. A recipe for low-fat (less
than 2,3 times) cupcakes with high protein content (more
than 1,7 times) was created. The possibility of replacing
wheat flour with other types of flour, such as rice flour and
almond flour, in the ratio 2:1 was confirmed. The possibility
of replacing a portion of the butter with cottage cheese in a
1:2:3 ratio was established.

In the process of analyzing organoleptic properties, pro-
file-graphics compositions for various properties like color,
smell, shape, taste, and texture were made. The result shows
that the new cupcakes have high-quality properties; the main
difference is 24% due to the fact that the products have dif-
ferent taste, structure, and amount of water when compared
to the control sample.

Indicators for new cupcakes, such as moisture content
(increasing to 5%) were determined. New cupcakes have a
reduced fat content (43%)compared to the control sample.

As a result of the experiments, the recipe for new fortifi-
ed cupcakes for restaurants with high customer properties,
nutrition, biological value, and low energy value was resear-
ched and justified. The new fortified cupcakes have good
nutrition value with a high level of essential amino acids,
which proves that the balance of essential amino acids is
about the physiologically necessary norm.
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TEOPETUYHI ACNEKTUN AOUIJIbHOCTI CTBOPEHHA
BE3rnNIOTEHOBUX KEKCIB, 3SBArAYEHUX CUPOM
KUCJIOMOJMOYHUM, AnA 3AKNAAOIB PECTOPAHHOIO
rocnoaAPCTBA

A. C. Iloropeabcbka, O. C. IlaBmouenko, O. B. Ky3bmin, B. B. Ilo1boBuK,
I. M. Cunka
Hayionanvnuu ynisepcumem xapuoeux mexnonoziu

Y emammi npoananizoeano 0oceio suxopucmanis 6e3210meHo8Ux 6Udie 6OpPOUHA
8 MEXHON02ii BOPOUIHAHUX KOHOUMEPCHKUX BUPODI8 CReYiaibHO20 NPUSHAYEHHS, 30Kpe-
Ma OOPOUHAHUX KOHOUMEPCHKUX GUPODIB 3 BUCOKUMU CHONCUBYUMU &TLACTUBOCHISIMU
ma NOKPAweHor Xap1oeoro U Oion02IuHOI0 YiHHICMIO.

Busnaueno xapuosy, emepeemuuny ma 0iON02IUHY YIHHICIb OOPAHUX CUPOBUHHUX
iHepedienmie ma 3 ’ACO8AHO, WO PUCOBE OOPOUHO, NOPIBHAHO 3 NUUEHUYHUM, MICHILUMb
Oinvuty Kinekicms 8y2nesodie (00 80%), menuy na 2% uacmky binka ma maiiice He
GIOPI3HACMbCA 8I0 NUEHUYHO20 3a éMicmom dcupis (bauzbko 1%). Mueoanese bopow-
HO, HA 8IOMIHY 6I0 NUEHUYHO20, XaPAKMEPU3yEMbCs 3HAUHUM emicmom Oinkie (39%) i
arcupie (8,4%) ma 3Hauno meHwum evicmom 8yenegodis (13%). Bcmanoeneno, wo
ceped OOCTIOHUX 3PA3Ki6 OOPOUIHA HAUBUWY KATIOPIIHICMb MAE PUCOBe, A HAUHUICHY
mueoanese bopowno — 365 ma 283 kxkan 6i0nogioxo.

Jocniooceno Gionoeiuny yiHHICMb pUCco8020, MU20ANe8020 OOPOWIHA, CUPY KUCLO-
MonoyHo20 dncupHicmio 5% sax 30azavyeaua OLIKa ma 6CMAHOGICHO, WO HALOLIbULY
KINbKICMb He3AMIHHUX AMIHOKUCTIOM MICIMUMb CUP KUCTOMONOYHUL dcupHicmio 5%
(5572 me/100 2 binka), sakull 3HAYHO NepesuUye pucose BOPOUIHO 34 BCIMA HE3AMIH-
HUMU AMIHOKUCTOMAMU, NPOMe XAPaKmMepusyembCs 0ewjo MeHWUM, NOPIGHAHO 3 Mu2-
oanesum 6OPOUIHOM, GMICIOM JIetyuHYy, i30aeuyury ma mpunmogany — na 76, 18 ma
24 m2/100 2 binka 6i0nosioHo.

Bemanoaneno moorcnugicms nognoi 3aminu @ peyenmypi xexcy « Cmonuynuily 6o-
POWIHA NUWEHUYHO2O0 HA CYMIUL PUCOB020 MA MU20ane8o20 y cniggionouienHi 2,2:1
BI0NOGIOHO MA YACTKOBY 3AMIHY MACIA 6EPUKOB020 HA CUP KUCTOMOTIOHYHUL HCUPHI-
cmio 5% y cniggionowenni komnonenmie 1:2,3. Busnaueno, wo sukopucmamHs puco-
6020, MU20AIE8020 OOPOUIHA A CUPY KUCTIOMONIOUHO20 JHcupHicmio 5% y peyenmypi
Kekcy « CmoaudHuily cnpusie 30ibUeHHI0 801020CHi 20mosux 8upooie Ha 5%. Ompu-
MaHi 8UPOOU XAPAKMEPUSVIOMbCS IMEHWEHUM emicmom dicupie v 2,3 paza ma 30i1b-
WIEHOI0 HacmKoto OLIKI8 Y 1,7 pasza nopieHAHO 3 KOHMPOJIEM.

Yoockonanena peyenmypa oae 3moey ompumamu Kekcu 3 6UCOKOH OION0IUHON0
yinnicmio i Koegiyienmom ymumimaprocmi 1, wjo 00600ums 30a1aHCOBAHICHb HE3A -
MIHHUX AMIHOKUCTIOM 30 CRIBBIOHOWEHHAM 00 (Di3i0102iuH0 HeoOXIOHOT HOpMuL.

Kniouogi cnosa: pucose 6opouino, muedanese 60powiHo, Kekcu, 6e32momeHos6l
KeKCU, CUp KUCTOMOJIOUHUIL.

IMocranoBka npodaemu. OCcTaHHIME POKaMU JITUPYIOUi TIO3MIIIT cepell CydacHUX
TacTPOTPEH/IIB BIIEBHEHO 3aiMa€ MPOAYKITisl 3/I0POBOT0 XapuyBaHHSL, IPH PO3pOOLI SKOT
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HAyKOBIII Ta BUPOOHWKH HAMararOThCs MAaKCUMAaIbHO BPaxoBYBaTH 30ajlaHCOBAHICTb
paIliony y CITIBBIJHOIIICHHI OCHOBHHMX HYTPI€HTIB: OLIKIB, KUPIB, BYTJICBOMIB, MIKPO-
Ta MaKpOEJIEMEHTIB, BiTAMIHIB, 3MEHIIIUTH YaCTKYy IyKPY Ta COMi i 30UIBIIATH KiJlb-
KICTh Xap4OBHX BOJIOKOH Yy TOTOBIH mponykiii (Uymak, 2022). KpiM Toro, BpaxoByrOTh
Te, IO CIIOKMBAYi 3aKJIA/IiB PECTOPAHHOTO T'OCMIOIAPCTBA OCOONIMBY YBary 3BepTaroTh
Ha HAsBHICTh B aCOPTHMEHTI MPOYKIIii BEereTapiaHChKIX, OS3rIIOTEHOBUX 1 Oe3nak-
TO3HUX CTPaB 4¥ BUPOOIB.

Kekcn € ymobieHnMu KOHIUTEPCHKIMI BUPOOaMH OLTBITIOCTI YKPAiHITB, aipke iM
BJIACTHBI PUBAOJIMBHUI 30BHILLIHIN BUTJIAA, COJIONKUH CMaK 1 mpueMHuid apomar. Came
TOMY BOHH 3aliMarOTh BaroMe MicCIie B aCOPTUMEHTI Kade-KOHIUTEPChKUX, Kade-TieKa-
peHb, JiecepT-0apiB, KUIBKICTh SIKMX HA PUHKY PECTOPAHHOrO OCTIONAPCTBA, HE3BaXKa -
FOUM Ha BOEHHUU CTaH, JIMIIE 3POCTaE.

VY cepenabomy Ha 100 TpamiB KeKCiB, BUTOTOBJICHUX 32 KIIACHYHOIO PEIETITYPOIO,
npunanae OM3bpKko 54 Tpamu BYTJeBojiB, 19 rpaMiB xKupiB, sKi MpeCTaBlICHI HACHYe-
HUMH TBapUHHUMH JKHUpamu Ta 6,5 rpama OinkiB. Kanopiiitaict — 416 kkan Ha 100 T
BUPOOY, 110 ckianae 20% Bix AeHHOI HOpMH. TakoX 3 TOYKU 30py HYTPHUIIONOTIT Ta
paIlioHALHOTO 30aJIaHCOBAHOTO XapuyBaHHSI KEKCH HE MOXKYTh OyTH BUpOOaMH II[0-
JICHHOTO BXKUTKY, aJpKe JUIsl HUX XapaKTepHa HU3bKa 010JI0TivHA IIHHICTh Yepe3 HU3b-
KUH BMICT O1JIKiB, Xap4OBHUX BOJIOKOH, BiTaMiHIB 1 MiKpOeJeMeHTiB. BikuBaHHS Takux
BHPOOIB Ha TIOCTIHHIA OCHOBI MOXKE MPU3BECTH JI0 Py TPOOJIEM i3 3MOPOB’SIM: PO3-
BUTKY CEpILICBO-CYIMHHUX 3aXBOPIOBaHb, MPOOJEM i3 MITyHKOM, IIKIPOI, OXXHPIHHS
(Konar, Gunes, & Toker, 2022). Kpim Toro, HasBHICTb y PelIENTypHOMY CKJIafi KEKCiB
MIIEHAYIHOr0 OOPOIITHA 0OMEXKYE X CTIOKUBAHHSI JIFOJBMU XBOPUMH HA LETAKIFO.

Paniire BBakasioch, 1o 1ermakis — Iie Ay>Ke PiKICHE 3aXBOPIOBAHHS, Ha SIKE XBO-
pitoTh Tibku AitH. Ilicns Toro, sik Becepenuni XIX cT. 3°sIBUJIACH MOMKIIMBICTD JIiarHOC-
TUKH IIEMTiaKii 3a JJOMOMOT'OF0 CIICIIAIBHAX CEPOJIOTIYHUX JIOCHIKEHb KPOBI, ysBa PO
1€ 3aXBOPIOBAHHS CYTTEBO 3MiHMJIACh. BCTaHOBIIEHO, IO TiemiaKist (TJIF0TeHOBa eHTe-
poraTisi) — JIOCTaTHhO PO3IMOBCIOKEHE 3aXBOPIOBAHHS Cepell PI3HUX TPyH HaCENeH-
Hs. L{g maTornorist 3ycTpidaerscst HE TUIBKM B JITEH, ajie H y IOpPOCIIOro HaCeJeHHS
(Babich, & Vikhot, 2016).

Ockibk €1MHAM €(DeKTUBHUM METOJOM JIKyBaHHS Ta NPO(IIAKTHKA 3aXBOPIO-
BaHHS € JIOTPUMAHHS JI€TH, TO OJHHUM 3 aKTyaJIbHUX HANpsiMiB JUIS 3aKJIaJiB PECTO-
PaHHOT'0 T'OCTIONIAPCTBA 3AJHIIAETHECS PO3POOKA OE3ITIOTEHOBUX KOHIUTEPCHKUX BUPO-
6iB (Makharia, Singh, & Bai, 2022).

Otxe, KeKCH HaJIekKaTh 710 BUPOOIB, B PEIIENTYPi SKUX OMLITBHO 3aMIHUTH IIICHH-
YHe OOPOIITHO Ha aATLTePHATUBHI HOro BUM, 30araTuTy OLJIKOM, 3MEHITIUTH, HACKITEKH
1€ MOXKJIMBO, BMICT HUPIB 1 I[YKPYy Ta 3 ypaxyBaHHSM PEUENTYPHIUX KOMIIOHEHTIB
YIOCKOHAJMTH iX TEXHOJIOTIIO.

AHaJi3 ocTaHHIX JA0ocJaiKeHb i myoutikaniid. MoXIHMBICTE TOBHOT 3aMiHK OOpOIII-
Ha TMIIEHUYHOTO B PelenTypax OOPOMIHSHUX KOHAUTEPCHKUX BUPOOIB MiJTBEpIKEHA
HAyKOBUMH po3poOkamu i kepiBHUIITBOM A. M. Jlopoxosud, K. T'. Ioprauosoi,
B. B. lopoxosud, O. B. Camoxsanosoi, T. 1. FOginoi, B. B. €snam, Hiroyuki Yano ta
THIINX.

JlomifbHICTh BUKOPUCTAHHS PHUCOBOTO, TPEYAHOT0 Ta KYKYPYyA3sHOro OOpOIIHa B
TEXHOJIOT1i OICKBITIB Oyyia JIOBEICHA PSIOM JOCTIKCHb, B SIKUX aBTOPH CTBEPIKY-
0Th, 1II0 BHECEHHSI JI0 PEIENITYPH PUCOBOr0 OOPOIITHA HE MOTpe0ye BUKOPHCTAHHS T10-
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JHIIIYBaYiB, OCKIJIBKH OTPHMaHi BUPOOM XapaKTEPU3YIOTHCS BUCOKOIO SIKICTIO. Y TOMN
e Jac JO3yBaHHS KyKypYI3SHOTO Ta IpedaHoro OOpOIIHa BUMArae 3aCTOCYBaHHS J10-
JTATKOBUX KOMITOHEHTIB [T ITOJIITIIEHHS CTPYKTYPH IIEUMBA: KYKYPYA3SHOTO KpOXMa-
JIFO JJTs1 TPOYKTIB 3 Tpeyanoro 6opomxa ta inysniny BENEOTM ST — auist GickBity 3
KyKypym3siHoro 6opomrHa (bacait, & IlaBmouenxo, 2017; Jlopoxosud, I'pineBrd, & Ica-
KoBa, 2015).

PesynsraTy poBeeHNX JTOCTIPKEHb KOMITIEKCHOT OIIHKH SIKOCTI Ma(iHiB IIOKO-
JAJHAX 332 METOIOM XappiHTTOHA MiATBEPIKYIOTH MOMKIIMBICT ITOBHOI 3aMiHH IIIIIe-
HUYHOrO OOpOIIIHA Ha KOKOCOBE Ta OOPOIIHO 3 KOPUYHEBOTO PUCY B CITIBBIIHOLICHH1
40:60% sigmosiaHo (Shapovalenko, Pavliuchenko, & Kuzmin, 2020).

Takox BCTAHOBJICHO, 110 BUKOPHCTAHHS B TEXHOJIOTI XJ1iba prcoBOro OOpoIHa 3
HHU3BKUM BMICTOM KPOXMAJIO JIA€ 3MOTY OTPUMATH TOTOBI BUPOOH 3 BUCOKMMH ITOKa3-
HUKH SIKOCTI 0e3 oaaTkoBuX cTadiizaropis. (Yano, Fuku, & Villeneuve, 2017).

[pu 3amiHi MIIIEHKYHOro OOPOIIHA HA PUCOBE Ta MUTJIABHE B TEYUBI ITi/IBUIILY-
€ThCSl PIBEHh MiHEPATLHUX PEYOBHH, OLTKa Ta XapUOBHX BOJIOKOH. TakoX CTBEPIKY-
€TBCS, 10 JJIs CTBOPEHHS MEYMBa 3 BUCOKUMHU CEHCOPHUMH TOKa3HUKaMH BapTO pe-
TENBHO TIOpaTH CITIBBIJHOIIEHHST OCHOBHOI CHPOBHHH, 100 JTOCSATTH HEOOXIiTHOT
crpykrypu. (Yildiz, 2021).

[pu po3pob1i Oe3rIFOTEHOBUX BUPOOIB Ha OCHOBI KOMITO3UIIIHOI CyMillli, 1110 CKJIa-
JIA€ThCS 3 KYKYPYI3SHOTO Ta PHCOBOIO BHUIIB OOPOIHA Ta MOJIOYHO-OLIKOBOrO KOH-
IEHTpaTy CKOJIOTHH SIK 30aradyBaya, OyJIO BUSBIICHO, 11O JIOIIJIEHO BUKOPHCTOBYBAaTH
caMe CyMilll JJBOX BHIiB OopomiHa. Taki kekch OyayTh MaTH BHWILI OpPraHOJENTHYHI
TTOKA3HHUKY 3 TiIBUIICHOK XapuoBoro IiHHICTIO (FOnina, bespyuenko, & IlaBnroueH-
ko, 2019).

Psin HaykoBHX JoCHiIKeHb TeXHONIOT T MadiHiB HA OCHOBI OE3rIIOTEHOBOrO OOpO-
IIHA MiATBEPIPKYE HEOOXiIHICTh BKIFOYEHHS JI0 PEUENTYpH MIiKpOOHHX MOJicaxapH -
JIB, TAKWX SK KCAHTaH, TeNlaH JyIsi cTalimi3alii cTpyKTypyd M’sKyIla 3a BiJCYTHOCTI
TJIFOTEHY Ta MOKPAILEHHS IMOKa3HUKIB BUPOOIB (MUTOMHI 00’€M, MOPUCTICTH TOLIO)
(Mykhaylov, Samokhvalova, & Choni, 2019).

UactkoBa 3amina (10 50%) MmIeHudHOro OOpoITHa Ha JUTTHE B TEXHOJIOTI] MCOYHO-
TO TIeYMBa MTPU3BOAUTH J10 3MIHU KOJIBOPY ITOBEPXHi Ta CTBOPIOE TPILIMHKH, aJie CyTTe-
BO HE TOTIPIITY€E OPraHONENITHYHI MOKa3HUKH, TOMY TaKi BUPOOM MOYKHA JIOITyCKATH 0
peamizarii (€Bmnamr, ['a33ai-Porosina, & CeHoronosa, 2021).

Sk 30aradyBay KekciB OiJIKOM MOXe OyTH BHKOPHCTaHO CHp KHCJIOMOJIOYHHH 3
BMicToM Oinka 15...20%. Ilix 9ac yToCKOHAICHHS pELIENTYPU CJIiJ] BPaXOBYBaTH, 1110
JI03yBaHHS 30aradyBajbHOrO iHTpeieHTa TOBUHHO 3a0e3meuyBatu 20...50% moboBoi
noTpedu B HHOMY.

B0k cupy KHCIOMOJIOYHOTO CKIIAJA€ThCs TMIEPEBAKHO 3 Ka3eiHy Ta CHPOBAaTKOBHX
OLJIKIB, SIKI JIETKO 3aCBOIOIOTHCSI OPraHi3MOM JIFOJMHHU. BiH MiCTHTh He3aMiHHI aMiHO-
KHUCJIOTH, SIKI TIO3UTHBHO BIUTMBAIOTh HA HEPBOBY CHCTEMY, KPOBOTBOPEHHS, TPABHY
cucremu (Henderson, 2011).

3akiazaM pecTOpaHHOrO rOCIIOAAPCTBA BAPTO MEPEIVISIHYTH JAEsIKI ITO3ULIT 3 HasB-
HOTO B)KE aCOPTHUMEHTY IPOIYKIIii Ta BHECTH KOPEKTHBHU B PELENTYPHUI CKIIaJ 1 TeX-
HOJIOT'1F0 BUTOTOBJICHHSI 3T1THO 3 BUMOTaMH{ TIOTEHITIHHIX crioxkvBaviB (Mensins, [nm-
noBceKa, & Jlouenko, 2020). BupoOHHILITBO GE3MIFOTEHOBUX KOHIUTEPCHKUX BUPOOIB,
30araueHnX OUIKOM, 332 PaXyHOK BHKOPHUCTAHHSI CUPY KHUCIIOMOJIOYHOTO JacTh 3MOTY
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PO3IIMPUTH ACOPTUMEHT TIPOAYKIIii Ta 3ATy4UTH 0 3aKJIa/iB JONATKOBI IIOTOKH BifBi-
JTyBadiB, sIKi BIIIIAIOTh [IEPEBAry 3710pOBOMY XapuyBaHHIO.

Merta cTarTi: BUBUCHHS BIUIMBY CHpPY KHCJIOMOJIOYHOTO Ha TIOKa3HUKH SIKOCTI 0e3-
TIIOTEHOBUX KEKCIB 3 METOI0 YJOCKOHAJICHHS IXHBOTO PELENTYPHOrO CKIIaay Ta TeX-
HOJIOT11 BUTOTOBJICHHSI JIJIS 3aKJIa/IiB PECTOPAHHOI O TOCTIONAPCTRA.

Marepiamm i Mmeroau. O6’eKTOM TOCTIIKEHHS OyIa TEXHOIIOTs KeKCiB. Sk mpen-
MET JOCHIKeHHSI 00paHO PHCOBE Ta MHTJAJIbHE OOPOITHO TOPrOBEIHHUX MapoK
«World’s Rice» Ta «SoloSvit» BiANOBIIHO, CHP KHCIOMOMOUHU 5% SKHPHOCTI TOPro-
BEJIbHOI Mapku «bifio», KEeKCH BUTOTOBJIEHI 32 TPAAMLIKHOIO Ta YAOCKOHAJICHOIO pe-
HENTYPOIO 3 TOBHOKO 3aMiHOIO OOpOIITHA MIIIEHWYHOr0, 30aradueHi CHpoM KHCJIOMOJIOY -
HHM.

OpraHorienTiuyHi MOKA3HHUKIB SKOCTI JOCTIAHUX 3pa3KiB KEKCIB MPOBOAWIMN DTS-
XOM JIETyCTallii 3 TOAAIBIIKM OLiHIOBaHHM 3a 10-0anpHoro 1kaioro. BiamosimHo 10
sumor JICTY 4683:2006 «Bupobu xoHauTEpChKi. MeToiu BU3HAUSHHS! OpraHojIer -
TUYHHX ITOKA3HUKIB SIKOCTI, PO3MIPIB, MacH HETTO 1 CKIIAJIOBHX YaCTHH.

Bomnoricts i myxHicts BuzHavam 3rigHo 3 JICTY 4910:2008 «Bupobu xoHam-
TepchKi. MeToa BU3HAUYEHHST MACOBHX YacTOK BOJIOTH Ta Cyxux pedoBun» Ta JICTY
5024:2008 «Bupobu koHauTepchki. MeTony BU3HAYEHHST KHCIIOTHOCTI Ta JIY)KHOCTI»
BI/IMOBITHO. Xap4yOBY Ta EHEPreTUYHY LIHHICTh IIPOBOAWIIH PO3PAXYHKOBUM METOIOM.

Bionoriyny iHHICTh OUIKIB CHPOBHHM Ta YIOCKOHAJIEHHX KEKCIB MTPOBOVIIN LIS~
XOM TIOPIBHSIHHS BMICTY KOXHOI HE3aMiHHOI aMiHOKHCIIOTH Y CKJIa/ii OiJIka 3 BMICTOM
ITi€1 caMoi aMiHOKHCIIOTH Y TaK 3BaHOMY «i/IcaJTbHOMY» €TaJIOHHOMY OLITKY aMiHOKHC-
norHoi mkam Komitery @AO/BOO3 (Litvynchuk Ta in., 2022).

CraTUCTHYHE OIIHIOBAHHS PEe3yJIBTATIB POBOIMIIOCS METOIOM ITOCIIITOBHOT'O Per-
peciitHoro aHai3y 3a goriomoror Microsoft Excel.

Pe3ynbTarn i 0droBopenHs. BilnoBiIHO 10 Cy4acHUX YSBJICHB PO palliOHAIBHE
XapuyBaHHs Oyna po3pobiieHa perenTypa arfloTeHOBUX KEKCiB, 30araueHnx OLTKOM 3a
PaxXyHOK BHECEHHSI CHPY KHCIIOMOJIOYHOTO.

Jns po3poOku OOPOIIHSHUX KOHIUTEPCHKMX BUPOOIB BUKOPHUCTOBYBAIN O€3TIIFO-
TEHOBI PHCOBE Ta MHUTJAIBHE 3HEKHUPEHE OOPOITHO. BOHM € JerKOIOCTYITHUME Ha PHH-
Ky Ta BIOPI3HAIOTHCS KPAIIMM HYTPIEHTHUM CKJIAJIOM TOPIBHSHO 3 MIIEHUYHUM 0OpO-
1IHOM (Tab. 1).

Tabnuys 1. BMicT HyTpi€HTIB y pi3HMX BHJaX GOpOLIHA

Bwict y 100 rpamax
Hyrpient nmeHn4yHe 6oporr- | pucose 6opouHo TM | Muraanese G0pOITHO
HO TM «XyTOpOoK» «World’s Rice» TM «SoloSvit»

Binku 10 8 39
Kupu 0,9 1 8,4
Byrnesoau 74 81 13
Lyxpu 1 — 3
Xap4oBi BOJIOKHA 4 0,8 9

Cinb 0,01 - 0,03

PHE 515 mr 400 mr 1100 mr
KanopiitHicTs 327 kkan 365 kkan 283 kkan

IIpumiTka: naHi 3 BITKPUTHX JDKEPEIL.
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Amnaniz maanx Tabn. 1 Bka3ye Ha JOMUIBHICTh CTBOPEHHS KOMITO3UIIIMHOI CyMili 3
PHCOBOrO Ta MUT/IAJIEBOTO 3HEXUPEHOro OoporHa. Bukoprctanns prcoBoro 6oporr-
Ha JIACTh 3MOTY TIOKPAIIATH PEOJIOTIUHI BIACTUBOCTI TOTOBUX BUPOOIB 3a paXxyHOK 3HA4-
HOI KUTBKOCTI BYTJIEBOAIB 110 81%, 1110 Ipe/icTaBIIeH] MepeBaXHO KpoxmMasieM. Murnasb-
He OOpOIIHO CIIpUATHME 301JIBIIEHHIO BMICTY OLJIKIB, IKMX Ha 29% Oiblie MOpiBHAHO
3 TIIEHNYHUM OOpoITHOM. TakoXk MUTHAIBHE OOPOIITHO MICTHTH IOHAT 8% KHUPIB, K1
TIPEZICTABIICH] TTePEBKHO HEHACHYESHHMH >KUPHUMH KHCJIOTaMH, Ta 10 9% XapuoBHX
BOJIOKOH.

VY xoni monepenHix AOCHiIXKeHb OyJI0 MiATBEPIHKEHO MOKIIMBICTH TTOBHOI 3aMiHU
IMIIIEHUYHOro OOPOIIIHA HA MIKC PUCOBOI'O 1 MUTIAILHOIO Ta JIOIILHICTH BUKOPUCTAH-
Hs 711 30aradeHHs KekciB OinkoM cupy kuciomosouHoro (IlaBmouenko, & Iloro-
penbcbka, 2021; [TaBmouenko, & Tloropenbcbka, 2022). bionoriuHy miHHICTE 00paHOi
CHPOBHHH HaBEJICHO B Ta0. 2.

Tabnuys 2. TlopiBHsILHMIA aHAJII3 6ioJI0riYHOI HiHHOCTI 00paHoi cupoBuHH, Mr/100 T Oinka

Haspa aminokucnoru Ixana AK s | Pucose Goporumo Nég;il)amﬂ;ge MSJII/ICI)JI{I:{MI/IC; g%
DAO/BOO3
Bwict | Cxop, % | Bmict| Ckop, % | Bmict| Ckop, %
JledinmH 7000 488 7 1192 17 1116 15,9
I30neinmn 4000 244 6,1 609 15,2 591 14,8
MeTioHiH+HIMCTHTH 3500 251 7.2 327 9,3 355 10,1
Jlizun 5500 207 38 460 8,4 934 17
DeHinanania +THPO3UH 6000 631 10,5 956 15,9 1181 19,7
TpeoHin 4000 210 53 487 12,2 500 12,5
Banin 5000 348 7 693 13,9 748 15
Tpunrohan 1000 72 7,2 171 17,1 147 14,7
Cyma: 2451 4895 5572

IpumiTka: Iafi 3 BIDKPUTUX TKEpedL

3 JaHMX, HABEJICHUX Y TaOJI. 2, MOXKEMO CIIOCTepiraTy, 1o OLTOK HOBOI CHPOBUHU
MICTHTh yCi He3aMiHHI aMiHOKWCIIOTH, 30KpeMa HalOibllia YacTka mpunazae Ha de-
HiNlaJaHiH, JTeHuH 1 TpuntodaH. AMIHOKHCIIOTH TTO3UTHBHO BIUTMBAIOTH HA PO3YMOBI
3i0HOCTI Ta Mam’siTh, OEpPyTh y4acTh Y MPOAYKYBaHHI KoJareHy, CHHTE31 psity 0iomno-
TIYHUX aKTHBHUX PEYOBWH, TIOMIMIIIYIOTh CTaH IIKiPH, BIJIIOBIIAIOTH 3a IIBHJIKE Bij-
HOBJIFOBaHHS Ticis (i3MYHMX HaBaHTaXKEHb 1 KOHTPOIIb piBHA IyKpy B KpoBi (Kubala,
2022; Olsen, 2019).

BignoBimHO 10 AaHUX Ta0J. 2 HAHOLIBII KOHIIEHTPOBAHUM JIKEPEIIOM aMiHOKHC-
JIOT 3a iX CYMOIO € CHp KHCJIOMOJIOUHHH, 3aB/ISKH YOMY IIsl CHPOBHHA 1 Oyna obpaHa
JULst 30araueHHs 38 BMiCTOM O1JIKIB.

BuzHaueHo, 1110 11 pUCOBOTr0O Ta MUTIAILHOTO OOPOIITHA JIMITYIOYOK aMiHOKHC-
JIOTOIO € Ji3WH 3 IOKa3HUKOM 3,8% Ta 8,4% BiMOBIAHO, JU1s1 CUPY KHCIIOMOJIOYHOTO 3
YACTKOIO JKUPY 5% JIMITYIOUO aMiHOKHCIIOTOIO € METIOHIH 1 ITUCTEIH 3 MOKa3HUKOM
B 10,1%. Hactka 1ux amiHokucsior Ha 100 rpamiB CHPOBHHH € HAWMEHILIOO.

st ymocKOHaNIeHHs PEIenTyPHOro CKJIAY ¥ TEXHOIOTIi KEKCIB 0yJI0 BUKOPHCTa-
HO TPaJUIiiHY PEerenTypy KEKCiB, sIKi BUTOTOBIISFOTECS 13 3aCTOCYBaHHSAM XIMIYHHX

posmynryBadis (Tad. 3).
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Tabauys 3. Tpapuuiiina penentypa kekcy «CTOTHYHUI Y BiACOTKOBOMY CIiBBiIHOLLIEHHI

BwmicT y Bup0oOi y Bincot- HopmatuBHa 1oKyMeHTallis, sSKa
CupoBrHa . o :

KOBOMY CIIiBBITHOIIICHHI, % periaMeHTye SKIiCTb CHPOBHHH
bopourso nuexnny- 2% I'CTVY 46.004-99 bopomuHo nieHu4He.
He, BUIIMI cOpT TexuiuHi yMOBH

- JACTY 4623—2006. Lyxop Ounwii.
[yxop Ginuii 19 TexuiuHi yMOBH
JACTY 4399:2005. Macno Bepmkose.
Macro Bepiikose 19 Texniuni ymoBH. 3i 3MiHamMu Ta
MONPaBKaMH
STius kypsi 16 gg(”l;[?; }51?28: 2008. Sitg Kypsadi XapyoBi.
YMOBHU
JCTY 8661:2016. ®pyKTH CyIeHi.
Pomunku 19 IIpaBuna mpuiitMaHHA Ta METOU
BUIIPOOYBaHb
T'OCT 2156—76. Hatpiii 1BOBYTJICKUCIHIA.
Posnymrysas 05 Texuiuni ymoBH. 3i 3mMiHamu Nel—4
. JACTY 4399:2005. Macino Bepuikose. Tex-
Cinb 0,5 . A
HiuHi yMOBU. 3i 3MIHAMH Ta MONPAaBKAMH
Buxin: 100

IpumiTka: 1aHi 3 BIIKPUTHX JDKEPEIL.

3 maHux TabM. 3 BUJHO, IO HAMOUIBITY YacTKy Y PEIENTypi CTAHOBISATL OOPOIITHO
NIIEHWYHE BUIIOTO COPTY Ta 3700HA YaCTWHA: IyKOp O1JIMiL, Maciio BEepuIKoBe. Y pe-
3yJBTATI MPOOHUX JTA0OPATOPHUX BUITIKAHH BCTAHOBJICHO ONTUMAJILHE CITIBBITHOIICH -
HSl THTPE/IIEHTIB YIOCKOHAICHUX KEKCIB, 30araueHuX CUpOM KHCIIoMONoYHuM. Ha 3a-
MiHy OOpOIIHA IMIIEHMYHOr0 BHUKOPHCTOBYBAJIM MIKC PHCOBOTO Ta MUITAJIEBOTO Yy
criBBiHOIIEHHI 2,2:1 BiJITIOBITHO Ta YaCTKOBY 3aMiHy Macjia BEPIIKOBOIO 3 MaCOBOKO
YJacTKOI Xupy 82,5 % Ha cHUp KHCIOMOJIOUYHHM 3 MAacOBOIO YacTKOIO Xupy 5% y
CITIBBITHOIIIEHH]I KOMITOHEHTIB 1:2,3.

TexHoOrisl MPUTOTYBaHHS JTOCHITHIX 3pa3KiB KEKCIB CKIIaJIaiacs 3 TaKUX CTaJIiil:
MiJI'OTOBKA CHPOBHHM, IIPUTOTYBAHHS TiCTa, BUITiKaHHs. [Ipy mpuroryBaHHi TicTa 110
posirpiroro 1o Temneparypu 18—20 °C macna BepIIKOBOro A0/1aBaji IPOTePTHil ue-
Pe3 CUTO CHP KUCTIOMOJIOYHHH KUPHICTIO 5%, Menamk. [lai mocTynoBo BHOCHIM Cy-
MIIIl CUITKUX KOMIIOHEHTIB 1 peTeJIbHO MepeMillyBaiy 10 onHopiaHocTi. [Ticns nporo
JIONIABAJT TTiATOTOBIIEH] POJI3UHKY, e Pa3 MEPeMIlTyBaH Ta 3aTIOBHIOBAIH T[T OTOB-
JieHi (hOpMH TOTOBUM TicTOM Ha % 00’ eMy. BumnikanHs BUpo0iB 3/1iiICHIOBAIN B €JIEKT-
puuHii ryxoBii madi «Electrolux» mpu Temnepatypi 175 °C nporsirom 25—30 XBUIHH.
I'oTOBI KekcH Tepen peatizalli€ro C OXOJOAUTH 0 KIMHATHOI TeMITepaTypu. 30B-
HIIHIN BUTIIST TOCTITHAX 3pa3KiB KEKCiB HaBEJICHO Ha puc. 1.

Taki opraHoNenTH4HI MMOKA3HUKH, SK (hOpMa, CTaH IMOBEPXHi, KOJIip, CMakK, 3amax i
BUJ Yy 37aMmi (XapakTepu3ye MOPUCTICTh BUPOOY), BU3HAYAIM 3TITHO 3 BUMOraMU
HOPMAaTHBHOI JJOKyMEHTAITi1.

JI1st KibKiCHOTO BU3HAYEHHS 3MIHU TIOKA3HUKIB SKOCTI JIOCIITHUX 3pa3KiB KEKCIB
po3podri 10-0anbHy IIKaTy Ta BAKOPUCTOBYBAJIM KOS(IIIEHTH BarOMOCTI JIJIsl KOX-
HOTO TIOKa3HUKa. BimnoBinHi mpodinorpamu HaBeieHo Ha pucC. 2.
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a 9]

Puc. 1. 3oBHinnHiii BUIJISIA 10CTIIHUX 3pa3KiB KeKciB: (OTO Ha 3pi3i KEKCIB PI3HUX MOJEIBHHUX
3pas3KiB: a — KOHTPOJIb, 0 — y/IOCKOHAJICHUI

IMimicHicTL ITimicHICTh

CMaK . CMak .
TOBEPXHI TOBEPXHI
/
. Kom .| Komi
Kpixkicts P Kphxkicth /J P
MOBEPXHI AN -~ MOBEPXHL
Bupg onip BugH ~Kouip
posmoMi M SIKYILIKH PO3IOML M’ SIKYIIKHA
a 7]

Puc. 2. Ipodisiorpamu sikocTi A0CTTHUX 3pPa3KiB KEKCiB: 8 — KOHTPOJIb, 0 — y/IOCKOHACHHU

Jlnst 3paskiB po3paxoBaHO KOMIUICKCHHH IMOKA3HUK SIKOCTI (puc. 3).

800 -
700 -
600 -
500 H
400 -
300
200
100 -

0 T y
Konrponn Y nockoHnaneHui

bamu

Puc. 3. KomnuiekcHuUii NoKka3HUK KPUTePiiB IKOCTI
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3 puc. 3 BUAHO, MO AJIsI KOHTPOIIO KOMITIEKCHUM MOKAa3HUK SIKOCTI ckianae 800
OatiB, 171 YIOCKOHAJIEHOT O 3pa3ka KekciB — 612 GaniB, mo Ha 24% MeHIIe.

Kexcn, BUTOTOBIIEHI 32 yIOCKOHAJICHOIO PELIENTYPOIO, MAIOTh TapHy (opmy, mpu-
€MHWIA, 3 TOPIXOBUMH HOTKaMH apOMaT, PiBHY IMOBEPXHIO Ta IPHEMHUM, 3 BITIYTHUM
MPHCMAKOM TOPIXiB Ta CHPY KUCIOMOJIOYHOTO, CMaK, JIEIIO OUTHII BOJIOTY Ta MEHII
PO3BHHEHY M’ SIKYIIKY MTOPIBHSHO 3 KOHTPOJIEM.

Jinst Takux OOPOIITHSHUX KOHJAUTEPCHKUX BUPOOIB, SIK KEKCH 0€3 HAYMHKH BaYKII-
BUMH TTOKa3HUKaMH € MacoBa YacTKa BOJIOTH, MacOBa YacTKa JKHPY, IO 00YMOBIIIO-
€TbCS BEJIMKOIO KUIBKICTIO Macja BEPLIKOBOTO, Ta JIYXKHICTb, 5IKA& KOHTPOIIOETHCS
4epe3 BHECEHHS B PEIENTypy XiIMiYHUX po3mylryBadiB. J[omaTKOBUMU TOKa3HHKAMU
SIKOCTI MOKe OYTH TYCTHHA TiCTa, ITUTOMHI 00’€éM BUPOOIB. Pe3ynbTatu 10CIiIKeHb
HaBeJIeHo B Tl 4.

Tabuys 4. Pizuko-xiMiuHi mokazHuKH sAkocTi kKekciB 3rigHo 3 JICTY 4505:2005. Kexkc.
3aranbHi TeXHiYHI YMOBH

3rigHo 3 HOPMATHBHOIO Pesynbrar
Tlokaznux .
JIOKyMEHTAIIIEI0 BHUITPOOYBaHb

Macosa gacTtka BoJioru, % 10,0..31,0 21,0+£0,5
Macoga YacTKa XKUPY B MEpPEpaxyHKy 22 342 75+0.1
Ha CyXi pedoBHHH, %o e T
Jly>KHICTB, Tpaj 2,0..3,0 24+0,1
I'yctuna TicTa, r/cm® He pernamMeHTyeThCS 0,95+ 0,01
Iuromuit 06°eM BEpoOy, cM3/r He pernamenryetscst 14+01

Amnamiz Tabn. 4 BKa3ye Ha Te, 10 B YJJOCKOHAJICHUX KeKcaxX Ha 5% 301JbIIyeThes
BMICT BOJIOTY TIOPIBHSIHO 3 KOHTPOJIGHUM 3pa3koM. Lle MosiCHIOEThCSI BHECEHHSIM JI0 pe-
HENTypH CUPY KHCIJIOMOJIOYHOTO XUPHICTIO 5%, SKW Mae BHCOKY BOJIOTICTH (10
55%), Ta MUTIATBHOTO OOPOIIIHA, IKOMY XapaKTepHa OiIbIla BOJIOrOMOrIMHABHA Ta
BOJIOTOYTPHMYBaJIbHA 3/IATHICTH MOPIBHSHO 3 MIIEHMYHUM OOpOIIHOM. 3aMiHa B pe-
uenTypi kekcy «CTONMYHUI» Macia BEPLUIKOBOrO Ha CHP KHCIOMOJIOYHUH >KUPHICTIO
5% 3H1IKy€e BMICT kupiB Ha 43% (3riAHO 3 AaHAIITUYHUMH PO3PAXyHKAMH), IO MOXKE
BIUIMBAaTH Ha TEPMiH MPUAATHOCTI, 30KpeMa Ha TOJOBKEHHsS LbOr0 MEpiomy vacy.
Ioka3HUK JTy>KHOCT1 HE IEPEBUIIYE€ HOPMATUBHE 3HAYCHHS.

KoprcHi B1acTHBOCTI Xap4oOBOI0 MPOAYKTY XapaKTepHU3YIOThCS HacaMIepes CTy-
neHeM 3a0e3nedyeHHs (iziooriyHuX moTped JFOIMHN B OCHOBHUX XapuOBHX PEUOBH-
Hax Ta eHeprii. Xap4oBa i eHepreTHyHa iHHICTh JIOCJITHUX 3pa3KiB KEKCIB HaBeJeHa
B Ta0m. 5.

Tabnuysa 5. XapuoBa Ta eHepreTHYHA HiHHICTDH A0CHiAHUX 3pa3kiB, Ha 100 r npoaykTy

BmicTy 1001 B Bwmicty 100 T B ynoc- BwmicT Ha nopitito
IlokazHuk 0 .
KOHTPOJIBHOMY 3pa3Ky KOHAJICHOMY 3pa3Ky (10% nenHOi HOpMM)

Binku, r 52 89 72
Kupwu, 16,9 7,3 59
Byrnesoam, T 52 52 40,2
Erepretiriia 381 301 201
LIHHICTb, KKaJl
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Amnaniz qaHux Tabi. 5 BKasye Ha Te, M0 YIOCKOHAJICHI KEKCH MICTATh OLIBIIE Ha
70% OinKiB 3a paXyHOK HOBHOI 3aMiHH IIIEHUYHOTO OOpOIIHA Ha MIKC PHUCOBOTO Ta
MUTIATBHOTO, 3 OUTBIIM BMICTOM OiJIKa Ta BHECEHHS JI0 PEIENTYPH CHPY KUCIOMO-
JIOYHOTO SKUPHICTIO 5%. 3a paXyHOK yZOCKOHAICHHS PELENTypy BHAIOCS 3HU3UTH
BMICT JKHpIB 1 KaJopiifHOCTi kekciB Ha 43 Ta 20% BianoigHo. Bmict OinkiB B ymoc-
KOHAIIeHNX Kekcax jocsrae 8,9 r Ha 100 rpaMiB BHpOOY, 110 TIEPEBUIITYE KOHTPOIBHU I
3pa3ok B 1,7 pa3a, 3HIDKEHUI BMICT XUpIB y 2,3 pa3a BIUIMBAE HA 3MEHITICHHS 3arajb-
HOT KaJIOPIHOCTI Ta GBI HACHYEHY IMTyXUPISMH MOBITPSI CTPYKTYPY M’ SKYITIA.

CrisignomeHHs1 b:JK:B KOHTpoJIBHOrO Ta yAOCKOHAIEHOTO 3pa3KiB CTAaHOBHUTH
1:3,25:10 Ta 1:0,8:5,8 BiamosiaHo. Lle CBITIHMTE PO HAOMYKEHHS BIAMIOBIAHOCTI y10C-
KOHAJICHNX KEKCIB BUMOraM 30aJIaHCOBAaHOTO XapuyBaHHSI, 3 ONTUMAILHUM CITiBBiJHO-
IIEHHSIM OLIKiB, *upiB 1 ByrieBomiB 1:1:3,5 BimmopigHo (Kpydanuis, Mupontok, &
Kim, 2019).

®izionoriyHy IIHHICTh OLIKa BU3HAYAE HE JIMIIIEC CYMapHHUH BMICT HE3aMiHHHX aMi-
HOKHCJIOT, a ¥ 610JI0riYHa HOro I[IHHICTb, SIKa BU3HAYAETHCS 3a BEMMYHMHOIO aMIHOKHC-
JIOTHOTO CKOpY. AMIHOKHCIIOTA, CKOp SIKOi Ma€ HalMEHIe 3HAUCHHs, Ha3UBAETHCS
TMIEPIIO0 JIMITYFOUYOK aMiHOKUCIIOTOI. 3HAYEHHS CKOPY 1Ii€1 aMiHOKHCIIOTH BU3HAYAE
OioJIoTiuHy IIHHICTG 1 CTYIIHB 3aCBOOBaHOCTI OUIKIB (Maxunbko, [Ipodor, & Coko-
JIoBChKa, 2017).

Jliist TOro, 11100 BIIEBHUTHUCS B JONUIBHOCTI YIOCKOHAJICHHSI PELICTITYPH KEKCIB 3 BH-
COKOIO O10JIOTYHOO I[IHHICTIO BapTO MPOpaxyBaTh 3aralbHUN BMICT aMiHOKHCIOT Y
BHUPO0ax Ta aMiHOKHMCJIOTHHM CKOp, SIKWH IiATBEPIKYE, 110 OHOBJICHA PELENTypa €
MIPUIATHOIO Ta JIOIIBHOKO I BUKOPUCTAHHS. BioJIOrivyHy IHHICTE OE3rTIFOTCHOBHX
KEKCiB, 30araueHuX CHpOM KUCJIOMOJIOYHHMM, HaBE/IEHO B Ta0lL. 6.

Tabauys 6. Biosoriuna HiHHICTH 0e3rTI0TEHOBUX KeKCiB, 30araueHuX CHPOM KHCJIOM0J104 -
HUM, MI/T OiTka

aMiHEIif/I}Z?wm g‘:oﬂ%%%éa rﬁ)ﬁ?}g Pb Mb | CK | JK ) MB P Cyma
Teiimm 7000 | 14,00 | 12,00| 53,00 | 28,40 | 39,60 | 0,06 | 0,30 | 133,30
Ioneiimmn 4000 | 10,00 | 6,00 | 27,10 1500 24,40 | 004 | 030 | 72,80
Merioriric- 35,00 | 13,00 | 610 | 560 | 850 | 23,70 | 002 | 040 | 44,50
Tisun 5500 | 12,00 | 510 | 2050 | 23,70 33,20 | 005 | 030 | 82,90
i‘;ﬂaﬂaﬂiﬁm‘ 60,00 | 1400 | 1550|4070 30,00 | 42,90 | 0,06 | 0,10 | 129,30
Tpeonin 40,00 700 | 510 | 20,30 | 12,70 | 20,30 | 0,06 | 04 | 588
Bauin 50,00 | 10,00 | 850 | 30,80| 19,00 | 31,30 | 004 | 03 | 90,0
Tpunrodan 10,00 3,50 180 | 7,6 3,7 6,1 | 0,01 0,4 19,6

Mpumitka: Pb— pucose 6oporrao, Mb — murpansae 6oporao, CK — cup KucIoMonovHui,
SIK — siiing kypsdi, MB — macio Bepiikose, P — poa3usku.

BpaxoByroun npuHnun Mitdena-biioka mpo JoMiHAHTHUI BIUIMB MIEPIIO] JIMITY10-

40i He3aMiHHOI aMiHOKWCIIOTH Ha CTYITiHb YTHJI3aIlii pelTH He3aMiHHUX aMiHOKHC-
JIOT, YHUCEJIbHY XapaKTePUCTHUKY 3aCBOFOBAHOCTI HE3aMIHHMX aMiHOKHUCIIOT Oijka Oyiio

160 ——— Hayxosi npayi HVXT 2023. Tom 29, e 1 ———



XAPYOBI TEXHOJIOT'IT

PO3paxoBaHO UIIXOM BU3HAUCHHS KoedilienTa Ixupoi yrumitapHocTi (Shevchenko, &
Litvynchuk, 2022).

BiamosiHO 10 TPOBECHUX PO3PaxyHKIB (Ta0J. 6) KoeillieHT YTHITAPHOCTI CTa-
HoBUTH 1. Ile moBOAMTH 30as1aHCOBaHICTh OE3MITIOTEHOBUX KEKCIB, 30aradeHux CHPOM
KUCJTIOMOJIOUHUM, 32 CITIBBiJJHOIICHHSM HE3aMIHHHX aMiHOKHCIIOT BiIMOBIIHO 10 (i-
310JI0rYHO HEOOX1THOT HOPMH.

BucHOBOK

BaxxmuBicTb cTBOpeHHsI O€3rMIOTEHOBUX BUPOOIB 00YMOBITIOETHCS] HU3KOIO (DaKTo-
PiB, cepen SIKUX MOLIMPEHHS LeMiaKii, YyTJIMBICTb [0 TJIFOTEHY Ta MOMYJSPHICTH 3110-
POBOrO CIIOCO0Y XapdyBaHHS 3 YaCTKOBUMH OOMEKEeHHSMU. Po3po0sieHHsT OOpOIITHS-
HUX KOHJUTEPCHKHUX BUPOOIB, SIKi 30aradyeHi OLIKOM 3a paXyHOK BHECEHHS CHPY KHCJIO-
MOJIOYHOT 0, 3AJIUIIAETHCS AKTyAIbHUM Yepe3 JOCTYIHICTh CHPOBUHH, BUCOKOTO BMICTY
He3aMiHHHMX aMiHOKHCIOT J1o 5572 mr/100r Gijika Ta J1erkoi 3aCBOIOBAHOCTI ITOPIBHIHO
3 IHIIMMH BUAMU JIETEPHATUBHOI CHPOBHHH.

VY pe3ynbTaTi MpoBEACHUX JOCHIKEHb OyN0 OTPHMaHO OE3rITIOTEHOBI KEKCH Ha
OCHOBI CyMIllli pPHCOBOT'O Ta MUTIAJIGHOTO OOPOIITHA Y CHiBBiAHOIIEHH] 2,2: 1 BiIMOBI-
HO, 3 YaCTKOBOIO 3aMiHOIO MacJjia BEPIIKOBOIO Ha CHP KHCIOMOJIOUHHMIT XKUPHICTIO 5%,
y CITiBBITHOIIIEHHI KOMITOHEHTIB 1:2,3.

OtprmaHi KeKCH XapaKTepU3YIOThCS! BECOKHIMH OPraHOJICIITHIHIMH TTOKQ3HUKAMH,
MaroTh KOMIUIEKCHUH TOKa3HHK SIKoCTi 612 OaniB, MacoBy yacTka Bosord 21%, 1mo
BIJINOBI1a€ BAMOraM HOPMaTHBHOI JIOKyMeHTallii. /it HUX XapakTepHa BUCOKa Xapyo-
Ba LIHHICTh, MAcOBa YacTKa OiJika Oijblla BiJi KOHTPOJILHOTO 3pa3ka B 1,7 paza, koedi-
IIEHT YTUIITApHOCTI cTaHOBUTH 1. ToMy MOKHa CTBEpIKYBATH, IO OE3ITIOTEHOBI KEeK-
cH, 30aradeHi CUpOM KHCJIOMOJIOYHHM, € TAPHOIO ATBTEPHATHBOIO TPAUIIIHHAM KeK-
caM y 3aKJiaJiax pecTOPaHHOT O TOCHOIAPCTRaA.
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Minerals dissolved in water have an important effect on
the overall chemistry of the brewing process. lons from the-
se minerals affect the pH of water, its hardness, alkalinity
and mineral composition. These parameters are the most im-
portant factors in determining the suitability of water for
brewing, in particular for the mashing process. For that rea-
son, it is very important to study the ion-salt composition of
mash water and its influence on the quality of beer.

The method of regulating the ion-salt composition of
water, which is necessary for its use in the mashing process
in order to obtain high-quality beer is discussed in the artic-
le. Prepared water obtained by reverse osmosis is free from
ions as much as possible, which enabled to prepare water
with the necessary ion-salt composition for rubbing by ad-
ding appropriate salts. Using prepared water in the mashing
process, beer samples were obtained, which were evaluated
according to sensory and physicochemical indicators.

The effect of ion-salt composition of mash water on beer
quality indicators was studied. It was found that calcium and
sodium cation complexes, as well as a mixture of sulfates
and chlorides dissolved in the water used for the mashing
process, have the most significant impact on beer quality.
Concentrations of individual ions in such water do not show
any pronounced dependence on beer quality indicators.

It was studied that the increase in the ratio of cations
Ca?*/Na* and sulfates and chlorides SO42/CI- in the mash
water has a positive effect on the sensory and quality indica-
tors of beer: the ratio of key ions affects hop bitterness to the
greatest extent among the quality indicators of beer. In addi-
tion, the ratio of Ca?*/Na* cations has a positive effect on the
foam resistance of beer, and the ratio of sulfates and chlori-
des SO4Z/CI- leads to an increase in the share of alcohol in
the finished drink. According to the tasting evaluation of
beer, samples with a higher ratio of key ions have a brighter
taste and aroma.
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BryiMB IOHHO-COJIbOBOIO CKNAAQY BOAU HA AKICTb
MUBA

A. M. JIynun, B. B. Peyrcbkmii
Hayionanvnuii ynisepcumem «JIv6iecvka nonimexmixay

Posuuneni y 600i Minepanu maromp 8axciusull 6NUE HA 3a2aibHy XIMit0 npoyecy
nueosapinua. lonu 3 yux minepanie eniusearoms Ha pH 600u, it scopcmkicmo, 1ydic-
Hicmb § MinepanbHull cknao. Lli napamempu € HAt6aNCIuGiuumu pakmopamu y 6U3Ha-
ueHHi npudamHocmi 600U OJisl NUBOBAPIHHA, 30Kpema OJis npoyecy 3amupants. 36a-
AHCAIOUU HA Ye, BANCTUBUM € NUMAHHA BUBYEHHS IOHHO-COMLOBO2O CKAAOY 3AMOPHOT
600U 1 iT 6NIUGY HA SKICMb NUEA.

Y emammi poszensrymo cnocib pezymiosanms ioHHO-COTb0BO2O CKAAQY 800U, HEOD-
XIOH020 07151 BUKOPUCMAHHSL iT 6 NPOYeCi 3aMUPAaHHs 3 MEemOoI0 00ePHCAHHSL IKICHO20
nusa. Iliocomoanena 6o0a, 00epicana WIIsIXOM 360POMHO20 OCMOCY, MAKCUMATLHO
36IIbHEHA GIO I0HIB, WO OAE 3MO2Y ULTSIXOM 000AB8AHHSL GIONOGIOHUX CONEll 20MY8amu
600y 3 HEOOXIOHUM 0TI 3AMUPAHHS IOHHO-COTLOBUM CKIA0OM. Bukopucmosyrouu nio-
20MOGIEeHy 800y 8 NPOYeCi 3aMUPanHs, 00ePICATU 3pA3KU NUBA, SIKI OYIHIOBANU 3a Op-
2AHONENMUYHUMU WA DI3UKO-XIMIYHUMU NOKAZHUKAMU.

Busueno énius ionHo-conw08020 cK1ady 3amopHoi 600U HA NOKAHUKU SKOCTE Nul-
6a. Buseneno, wo HaugiowymHiumil 6nius Ha SKIiCHb RUGA YUHSMb KOMNJIEKCU KAmio-
Hi6 Kabyiio I HAMpiro, a MAKOIC CyMiud Cybghamis i Xa0puodie, pO3UUHEHUX Y 6001, KA
BUKOPUCMOBYEMBbCS O npoyecy 3amuparis. Konyenmpayii' inOugioyanvuux ioHie y
MaKiil 6001 He BUARTISIOND SKOICh BUPANCEHOT 3AIEHCHOCTIE HA NOKAZHUKU SIKOCTIE NUGA.

Jocnioxceno, wo spocmanns cnissionowenns kamionie Ca* INa* ma cynogpamie i
xnopuoie SOZICI V 3amOpHIl 600i NO3UMUEGHO 6NIUBAE HA OP2AHOIENIUYHI A SKIC-
Hi noxasuuxu nuea. Haubinbuie 3 IKICHUX NOKA3HUKIG NUBA CNIBBIOHOUEHHSL KITTOYOBUX
ioHie enausac Ha xmenesy cipkomy. Kpim yvoeo, cniegionouwiens Kamiomis Ca**INa*
NOUMUGHO BNIIUBAE HA NIHOCMIUKICING NUBA, A CNIBBIOHOWIEHHS CYIbpamia i X1opudia
SO ICI™ npuzsodums 0o 36inbuienns wacmiu cnupmy 8 20mosomMy Hanoi. 3a dezyc-
MAayitiHO0 OYIHKOI NUBA ) 3PA3KI6 3 GUWUM CHIBGIOHOUEHHAM KIFOYOBUX [OHI8 CHO-
cmepieacmobcsi OLIbLUU ACKPABULL CMAK | APOMAM.

Kniouogi cnoea: ionno-convo6utl ckiaod, 360pOmuitl 0CMOC, 3amopHa 8004, CNiG6Io-
HOUWleHHS1 IOHI8, XMeNe6a 2ipKoma, eKCmpakm, RIHOCMIUKICb, poyec 3amupaHHs.

IocTanoBka npoodsieMu. Po3unHeHi y Bojli MiHepalli MarOTh B)KIIMBHUI BILUIMB Ha
3arajibHy XiMilO TIpoIecy NMBOBapiHHA. [0HH, B OCHOBHOMY, MOTPAILLIIOTH Y BOIY 3
IPYHTY 1 KaM SIHUX MiHEpaJiB, 3 SKUMUA BOHA KOHTAKTYE, 1110 BIUIMBAE HA MiHepaiza-
1o TiI3eMHOT Boau. Bosia, 110 mpoTikae uepe3 BaIHsK 1 TINCOBI YTBOPEHHSI, 3a3BHYA
€ OUTBIT KOPCTKOFO, HIXK BOJIA, IO MPOTIKa€e Yepe3 rpaniT abo BarmHsK. [oHU 3 1HX Mi-
HepaliB BIUMBaIOTh Ha pH Bomy, 11 KOPCTKICTh, JyXHICTh 1 MiHepanbHuil ckiaz. Li
napaMeTpy € HallBKMBIIIMMH (DaKTOpaM¥ y BU3HAUCHHI MPUIATHOCTI BOIH JUTS TIH-
BOBapiHHsI, MPUUOMY 3MiHA OJHOTO MapaMeTpa MOKe BIUIMHYTH Ha iHiii. Pi3Hi ioHHI
CKJIJIOBI BOJIM MOYKYTh BIUTMHYTH Ha MPOIIEC 3aTHPAHHS | CMaKOBI BiTYYTTS B TOTOBO-
MY ITHBI.
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Taxum 9MHOM, 10HHO-CONTBOBUI CKJIaJT BOJIM, SIKA BUKOPUCTOBYETHCS ISl TMBOBA-
PIHHS, 30KpeMa /Il TPOLeCy 3aTUpaHHs, Ma€ BENMYE3HE 3HAYEHHS UL OICpKaHHS
SIKICHOT MPOAYKIIi1. 3 Ti€l MPUYMHH 3aJIUIIAETHCS AKTYATEHHM BHBYEHHS 10HHO-COJIHO-
BOT'O CKJI3JTy TaKOl BOJI 1 11 BIUTMBY HA SIKICTh TTHBA.

AHaJi3 ocTanHixX AocaiKeHb i myosikanii. Skio Bona, sika Oy/ie BUKOPUCTOBY-
BaTHCh y BUPOOHUIITBI NIFBA, MA€ HEZOCTATHIO SKICTh, TOJ 3IMCHIOETHCA 11 JOTATKOBA
miaroroBka. Taki crrocoOu, sIK TUCTHIISAIISI, 3BOPOTHHN OCMOC, BYTUThbHA (hibTpartis,
TOM’SIKITIEHHSI BOZM TaIlleHnM BartHoM (peakirist Kiapka), Kurm’ STiHHS, T0AaBaHHS Mi-
HepasiB MOXKYTb TOJIMIIINUTH SKICTh Boau 11l muBoBapinus (Briggs et al., 2004). Comni
KaJIBIIiI0 Ta MarHilo — II€ €JIEMEHTH, 110 NepeBakatoTh y Bozi (Kadlec, 2002).

BaxmBrM MOKa3HMKOM, IIO BIUIMBA€E Ha TIpoliec 3aTupanHs, € pH 3atopy, Bin
SIKOTO 3aJIeKaTh KOJIp, MPO30PICTh, CMaK Cyclia, a TOoTiM 1 nuBa. Jlenp kucnmit 3aTop 3
pH Bix 5,2 1o 5,8 (npu KiMHATHIK TeMmiepaTypi) MOKpaIlye eH3UMHI TIPOIIECH TIiJT 4ac
sarupanHsl. [lpu 3atupanni pH 3HWKyeThCs 32 paXyHOK aKTUBHOCTI ()EPMEHTIB COJIO-
Iy, SIKi BUBUIBHSIIOTH (ocdaTy 3 HyKIJIETHOBUX KHUCIIOT. Y TIpolleci BapiHHsI Cyclia KHC-
JIOTHICTP CyCTIa IiJJBUITYETHCS IIIITXOM Oca/KeHHS (ocariB y MpUCYTHOCTI 10HIB Ka-
TIBITiFO 1 MarHiro. [ipKi KHCIIOTH XMEITFO Ta MPOIYKTH peakilii Masipa J01aTKOBO CIIpH -
stoTh 3HWKeHHIO pH. Il yac 6poninas pH 3HWKYeEThCS Yepe3 MisUTBHICT APIKIKIB,
SKi CTIOKMBAIOTh aMiHOKHCIIOTH Ta BUPOOJIIOTH OpraHiuHi kucjioTd. PiBens pH Takox
3MIHIOETBCS Yepe3 MPUCYTHICTh BYIJICKHCIIOrO Ta3y, SIKMH PO3YUHSETHCS B PO3UYMHI
(Basarova et al., 2010; Puncocharova, 2019). PerynroBannst pH 3atopy nae 3mory mu-
BOBapOBi OTPUMYBATH CYCJIO 3 MOTPIOHNM XapaKTepoM, HEOOXiTHUM Il TOTOBOTO TIH-
Ba. Y OUIBIIOCTI BUMAJKIB PEKOMEHIYEThCS yTpuMaHHsl pH 3aTopy B 3HAYEHHSAX MK
5,315,5 (EBlinger, 2009).

Kampuiit 6narotBopHo BrjMBae Ha (hepMEHTATHUBHI MIPOLIECH TPH 3aTUPaHHI 1 € Ba-
JKIIMBUM JUTSL KJITHHHUX CTIHOK JPDKIDKIB. Kanbilil mokparye ocakeHHs JPLKIKIB,
3MEHIIIye IOMYTHIHHS TIMBa, TIPUCKOPIOE TIporiec BibTparlii i TPOMUBKH 3aTOpY, a Ta-
KO’K TIO3UTHBHO BIUIMBAE HA CMaK XMENI0. Y 3aTopi Kbl pearye 3 (pocharamu co-
nony (¢itunn), 3arKye pH 3aropy 1 Bumazae B pozuuH y BUrIEil Gocdary Kanbito,
BUBUIBHSIOUN TIPY LIOMY IIPOTOHHM. SIKIIO BOJA Ma€ HU3BKUI BMICT KaJIBLIiO, TO J0-
CTaTHS KUTbKICTh HOro Jj1st pOOOTH JIPi’KIDKIB MICTUTECS B STAMEHI 1 MITIEHUITL. AJie B -
KOPHCTAHHS TaKOi BOAM MOYE BUKJIMKATH TOTIPIICHHS! OCA/DKEHHS APIKIKIB 1 yTBO-
peHHsI MMBHOTO KameHro. KaspIiii Mae craOkuii BIUTMB HA CMaK NHBA, ajie MPH BHCO-
KMX KOHLICHTpALISIX YTBOPIOE CIIOIYKH 3 aHIOHAMMU, SIKI MOXYTh Ha/IaTH oMy MiHepa-
JLHOTO MpUCMaKy. IHia mpobiema, 3 KO MOXKHA 3ITKHYTHCS TPU BUCOKIH KOHIICH-
Tpallii KalbIlifo, TIOJIATaE B TOMY, IO KaJIbIIH 3aMiHIOE MarHii y MeTa0oIi3Mi JipixK-
JUKIB, 110 HETaTUBHO BILIMBAE HA 1X CTaH 1 MPOJYKTUBHICTh. PekoMeH1oBaHmi fiara-
30H KaJblifo cTaHoBHUTh Bif 50 mr/m mo 150 mr/n (Karbassi, 2000; Ganbaatar et al.,
2015).

MarHiii — TOXMBHA PEUOBHHA JUTS JPIK/DKIB 1 BOXKIIMBUAN CynyTHIN (hakrop Jist
JesKiX epMeHTIB. SIK 1 KaJbIliid, MarHii pearye 3 CoJIo/IOM, alie Ma€ cla0mmi eexT
TIpH TIOPIBHSIHHI 3 TIepinM. MiHIMabHe 3HaYeHHS MarHiro (5 Mr/J1) MO3UTUBHO BILIH -
Ba€ Ha OCA/KEHHS JIPIK/KIB — sTMiHb a00 TIIIEHUITS B 3aTOpI JIETKO 3a0e3mevars Ta-
Ky KOHIIEHTpAILIif0. Y TIOMIpPHHUX KIJIbKOCTSIX MarHii miKpeCItoe CMakK MHBa, ajie SKILIO
piBeHb MUBOBApHOI BOAM mepeBuntye 30 Mr/i1, cMak muBa OyJie KUCIVM 1 TEPITKHM
(Briggs et al., 2004, Karbassi, 2000).
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Harpiif Hanae muBy Kuciumii 1 CONOHMI CMaK, ajie BiH OTPYHHUI I APDKIKIB 1 B
HaJUIMIIKY POOHMTH CMaK ITUBA METAJICBUM 1 pi3kuM. 3a3BHYali, peKOMEHIOBaHHH Jiia-
nas3oH HaTpito cTaHoBUTH 10...70 MI/i, Xo4ua Jyisl JOCSTHEHHS! HABMUCHOTO COJIOHOTO
a0o kucoro eekTy MoKHa BUKOPUCTOBYBATH HaBiTh 150 MI/1. Y MpUCYTHOCTI XIIOpYy
HaTpiii Hasae Haroro «okpyrmicTby. (Kadlec, 2002; EBlinger, 2009).

XJOpHI BUKOPHUCTOBYIOTHCS ISl HAJTAHHS HATIOKO0 HACHYEHOTO COMOAKOIO CMaKy
Ta HACHYECHOT'O COJIOZIOBOTO BIATIHKY. XIIOPH/IHU, 3a3BUYAH, TONAOTE Y (hopMi XJI0puIy
KaJIBIIIF0 200 XJIOpUIY HATPit0. BOHN TakoX CIPUSIOTH CTA0IBHOCTI TiJT Yac Mporecy
3aThpaHHs. PerynboBaHe CHiBBIIHOIICHHS XJIOPUIB 1 CyJb(aTiB MOXE BPIBHOBaKUTH
COJIOZKICTH 1 XMeJIeBy ripkoty y Haroi (Briggs et al., 2004; Karbassi, 2000).

CynbdaTt BUKOPUCTOBYIOThCS, 11100 HAAATH MUBY 0a)KaHOr'O XMiJIBHOTO CMaKy.
KoHIeHTparlii 1ux couiei, siKi mepeBUIIyOTh HEOOXiAHNI piBEeHb, IPUBHOCSTH Y TTHMBO
cipumcTi apomary. Y BOJi 3 BUCOKOIO KOHIIGHTPAIIIEIO CyIb(haTiB HATPii MOBHHEH Oy-
TH 3MEHIICHUM JI0 MiHIMAJILHOTO JIJIS TOTO, 00 YHUKHYTH Pi3KOCTi 200 MiHEpaJIbHO-
ro npucMaky. KinbKicTh goManux cynb(ariB pisko 3MIiHIOETHCSI 3aJIKHO Bifl OaykaHO-
ro piBHS XMemmo. TaM, Jie MoTpiOHa TipKOTa, MOYKHA BUKOPHUCTOBYBATH CYIb(ATH, 00
TIOCHJIMTH T1eH cMakoBUid Tipodisb. Uepes BUCOKI KOHIIEHTpaIlil CyIb(aTiB MPUTITyITy-
€ThCSL BUTIYTTS CONIOIOBOTO CMaKy, SIKE € XapaKTepHHM JUisi 0araThOX COpPTIB MHBA.
SKuio KoHLEHTpauis cyab(aTy € HaATO BUCOKOI, BIH MOXE BCTYIHUTH B PEAKLIlO 3
JPDKIKaMH Ta YTBOPUTH CIPKOBOJEHB 3 Horo HempuemMHuM 3amaxom (Briggs et al.,
2004).

Kapbonartu Ta OikapOOHATH € BaXIMBUMU YIS OFCPKaHHS SKICHOIO TTHBA, OCKLIb-
KU BOHH Bu3HauatoTh pH 3aTopy. IX cunbHa mysHicTh 3am06irae miIBUIEHHIO KMCIOT-
HOcTi pH, 110 MPU3BOAUTE JI0 TEPIKMX CMAKiB 1 HACHYEHOTO TaHIHAMU 1UBa. BoHu Ta-
KOX CITPUSIIOTH KPYTJIOMY, COJIOJIOBOMY CMaKy B TIHBI, @ IPH BUCOKHX PIBHSIX MOXYTb
HAJIaTH TipKOTH, OaXKaHOi 111 TeMHUX copTiB. OHAK, SIKIIO PiBESHb KapOOHATIB HE pe-
TYJAOBAaTH TiJl Yac OPOJiHHS, ICHYE PU3MK MiABUILEHHS pH MUBa BUIIOTrO 3a HOPMH,
10 TIPU3BENIe JI0 OcTabIeHAs ()epPMEHTaTUBHIX MPOIIECIB 1 3pOOUTH CMaK XMEITIO OLITII
rpyoum. KonTpods i perysroBaHHs BMicTy OikapOOHATIB y BOJI € AyKe BasKJIMBUM IS
nocsrHeHHst Oaxkanoro pH mpu 3atupansi (Briggs et al., 2004; Basatova et al., 2010).

Y nuBOBapiHHI iCHYIOTh 10HH, SIKi MOXYTb 3ilICYBaTH MMBOBapHY BoAy. Tak, XJop,
SKU BUKOPHCTOBYETHCS SIK Ae31H(]iKyIounii 3aci0, MOXKe pearyBaT 3 aMiakoM 3 yTBO-
peHHsIM Xxyopaminy. | xJ1op, 1 XJopamiH NCYIOTh CMaK M1Ba, a TAKOXK 3aBaXKatoTh Opo-
ninmio. 3anizo (Fe* i Fe™) nikomm He € GakaHUM iOHOM Y THBi: BOHO HAJA€ IHBY
YOPHUJILHUH MPUCMAK 1 TIEPEIIKOIKAE MpaBuiibHOMY OpoainHio. Bevoro 0,05 mr/m 3a-
Ji3a y BOJI MOXKe 3iICyBaTH TOTOBWU Harmii. MapraHerp, K0 KOHIICHTpAIlisl Oro
nepesuirye 0,01 Mr/s1, BHOCHTB y TUBO METAJICBUH 1 HEPUEMHMIA TipricMak. loHun Map-
TaHITIo, SIKi YacTO 3YCTPIYarOThCS B TIOEIHAHHI 13 3aJ1i30M, BIUIMBAIOTH HE TUILKH Ha
CMakK, ajie i Ha TPO30PICTh NMUBA Ta XKUTTEMSIIBHICTL OPKMKIB. Hemomyctumumu y
BOJII JIIS MPUTOTYBaHHS JOOpPOro muBa € HiTparu Ta Hitputn (Briggs et al., 2004,
Basatova et al., 2010).

Mera cTaTTi: JOCIIPKeHHS BIUTHBY 10HHO-COTFOBOT'O CKJIA/Ty BOJH, SIKA BUKOPFHIC-
TOBYETHCS JIJIA TIPOIECY 3aTHPAHHS Y BUPOOHHIITBI ITBA, HA TIOKA3HUKH SIKOCTI MTMBHOT
TIPOAYKIIIi.

Marepiamm i MeToau. OCHOBOO JOCTIPKEHHS € BOJIA, 110 BUKOPHUCTOBY€ETHCS IS
3arupaHHs. BomonposinHa Boia, 10HHO-CONBOBHIA CKIIa 1 SIKOI TPE/ICTABIICHO B Tabu. 1,
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BUSIBIJIACH HETIPUIATHOIO IS TIPOLIECY MMBOBAPIHHSL: TPUCYTHICTb Y Hild coeit 3ajmis3a,
HITPATiB 1 HAJIMIPHA KIJIbKICTh T1JpOKapOOHATIB HETATUBHO BILIMBAE HA SIKiCTh TOTOBO-
TO MPOJIYKTY.

Tabnuys 1. loHHO-COJIHLOBHIA CKJIA/X BOTOMPOBiHOI BOAH

Karionun Buict AHioHU Buict
Mmr/In MI'-€KB M/ MI'-€KB

Hampiit 23,99 1,04 Xopumm 17,75 0,50
Kasnbwiii 70,14 3,50 Cynbdartu 46,51 0,97
3aiizo 0,28 0,01 Hirpatu 5,50 0,09
Marniit 12,16 1,00 Hirputn
Mapranens — — KapGonartu — —
Mins — — TiapokapOoHaT 244,00 4,00

Pazom 106,57 5,56 Pazom 313,76 5,56

JInst momanbIioro JIOCHiPKEHHST OpatH ITiIr0TOBIICHY BOJTY, OJCpKaHy IIUITXOM 3BO-
porHoro ocmocy. Taka Bojia MaKCUMAITLHO 3BUTBHEHA BiJ| 10HIB, 1110 JaJ10 3MOT'Y TILJIsI-
XOM JIOJTaBaHHS BiATIOBITHHX COJICH TOTYBAaTH BOJY 3 HEOOXITHAM ISl 3aTHPAHHSI i0HHO-
CONILOBHM CKJI3JIOM. 3 Mi€I0 METOI BOMOIPOBIIHY BOLY TOTYB&JIM Ha YCTaHOBIII
3BopoTHOro ocMocy ECOSOFT MO36000 3 MmemOpanuum enementom tumy Ecosoft 4"
ELP-4040. IliaroTroBka BOJM Ha BKa3aHOMY OOJIaJHaHHI 3MiMCHIOBAJACh 3T1IHO 3
TY ¥ 29.2-31582737-001-2003. Yepe3 BMICT i0HIB 3aj1i3a 1 HITPATIB y BOAOIPOBIIHIHI
BOJIi TIepes; MeMOpaHoIo 1i miamaBamm o0poOIi iI0HOOOMIHHUM (DUTETPOM, y pe3ysbTaTi
YOro y BOJi CITOCTEPITaBCs ITiABUIIICHUI BMICT HATpit0. [OHHO-COILOBUH CKJIaa BOMIM,
o7IepKaHOl NIJISIXOM 3BOPOTHOTO OCMOCY, HaBe/IeHO y TalI. 2.

Tabnuys 2. I0HHO-COJILOBHIA CKJIA/I BOIH, 0€PKAHOI IISIXOM 3BOPOTHOIO OCMOCY

Kationu Buicr AHiOHH Buicr
MI/71 MT-€KB Mr/JT MT-€KB

Hampiit 10,39 0,45 Xnopumu 3,55 0,10
Kanbiit 6,01 0,30 Cynbhati 16,88 0,35
3aiizo — — Hirpatn — —
Marwiit 2,43 0,20 Hirputu — —
Mapranenp — — Kapbonatu — —
Mins — — TippokapOoHaTH 30,50 0,50

Pazom 18,83 0,95 Pazom 50,93 0,95

Ha ocHOBi miaroroBneHoi Boau roTyBajMCh I’ ATh 3pa3KiB BOMIH, SIKa BAKOPUCTOBY-
€ThCS Y TIPOIIEC] 3aTHPaHHS 3 METOKO OJICPKaHHS PI3HUX THIIIB MMUBA. 3pa3ok 1 — st
OZIep>KaHHS JIETKOTO CBITJIONO MHBA; 3pa30K 2 — I OJEPKaHHS CBITIIOTO MHBa BEp-
XOBOT'O OPOJIHHS Ta CEPEIHBOI OXMEINICHOCTI; 3pa30K 3 — ISl ofiepyKaHHs Oy PIIITHHO-
BOT'0 ITBA BEPXOBOT'0 OPOIIHHS Ta BUCOKOI OXMEJCHOCTI; 3pa30K 4 — JUIS OIEpKaHHS
TEMHOT'O TTMBa BEPXOBOT0 OPOIiHHS Ta HEBUCOKOI OXMEJICHOCTI; 3pa30K S5 — JIJIs ofiep-
JKaHHS TEMHOT'O ITUBA BEPXOBOT0 OPOMIHHS Ta CEPEAHBOI OXMEIICHOCTI.

st oneprkaHHST BKa3aHUX 3pa3KiB BUKOPUCTOBYBATMCH BiMMoBimHI comi. Jlmst min-
BUIIICHHS KOHIIGHTpAIlii 10HIB MarHito Ta Cyib(]arTiB go7aBaBcs cylb(har MarHiro, i0HiB
KaJIbLIIO Ta XJIOPUIIB — XJIOPH[ KaJIbLiI0, 10HIB HATPiI0 — XJIOPKA HATPIIO (XapuoBa
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cinb), OikapOoHaTiB Ta i0HIB HaTpit0 — OikapOoOHAT HaTpiro (XapuoBa cona). Kpim Bka-
3aHHUX COJICH, JJIs 301JIBIIICHHS] KOHIICHTPAIlil i10HIB KaJIbIIiF0 BUKOPUCTOBYBABCSI TiIIC.
Konmnenrpartii coneit Bu3Hauamm 3a (HakopueBchbka, Aprarenko, 2000). loHHO-cOMBO-
B CKJTaJl OJiepKaHHX 3pa3KiB 3aTOPHOI BOIU HaBeIeHNH y Tao. 3.

Tabnuys 3. IoHHO-COJIHLOBHIA CKJIAX BOIH /ISl MPOLeCy 3aTHPAHHSI 3 METOIO O/IePKaHHSI
pi3HEX THNIB MMBa

3pa3ok BwicT i0HIB y BOAI IS 3aTHPAHHS, MI/JT
3al;r(c))§;0'1' Ca?* Mg | Na* SO2 cr HCOs- Ca?*/Na* | SO+*/ ClI
1 19,0 25 10,4 17,0 27,0 109 1,83 0,63
2 76,0 7,0 35,0 77,0 63,0 44 2,17 1,22
3 55,0 7,0 16,0 83,0 46,0 31 3,43 1,80
4 56,0 50 21,0 50,0 46,0 108 2,67 1,09
5 57,0 5,0 16,0 62,0 46,0 82 3,56 1,35

JUt oxepkaHuX MpoO TOTOBOrO NMMBAa MPOBOIMIM OPraHONENTHYHUM aHawi3, J1e
OLIIHIOBAJI CMaK, apOMar, IIPO30PiCTh, MIHOYTBOPEHHSI, XMENEBY TiPKOTY, a TAKOX ¢i-
3MKO-XIMIYHHHA aHaji3, ¢ BU3HAYaJIM TUTPOBAHY KUCIIOTHICTH, BUAUMHN EKCTPAKT,
BMICT CIIUPTY, MIHOCTIMKICTb.

OpranorenTUyHi TOKa3HUKU 3pa3KiB nuBa Br3Havam 3rigHo 3 JACTY 7103:2020.
XmMeneBy TipkoTy aHam3yBamM 3a 10-0anpHO0 cucTeMoro. TpUBaIicTh iCHYBaHHS T1i-
HH, TOOTO MHOCTIHKICTP (Yac, SIKHi MUHYB 3 MOMEHTY BUHUKHEHHS TiHH J0 il pyiHHY-
BaHHSA), BU3HAYAIM y XBHJMHAX. Jlerycraiiito mpoBOAMIN Y T0Ope MPOBITPIOBAHOMY
npuMmilieHHi 3 Temmeparyporo 22 °C, TemmepaTypa NHBa MpHU I[bOMY CTaHOBHJIA
12 +2 °C. Tlepeaycim JieTycTyBai CBITIIi COPTU MHBA B MOPSJIKY 3POCTAHHS KOHIICH-
Tpaii MOYaTKOBOr'O CYCJIa, a MOTIM Y TOMY K MOPSAKY — TEMH.

BuzHaueHHst TUTpoBaHOI KUCIOTHOCTI poBoAriM 3riaHo 3 ACTY 4852:2007. Bmict
CIHPTY Ta €KCTPAKT y NHBi BU3Ha4dam 3riguo 3 JACTY 7104:2009.

BuknageHHs1 OCHOBHMX Pe3yJIbTATIB JOCTiIKeHHs. SIK TTOKa3amy TOCTiHKEeHHS,
KOHIICHTpALlii 1HAUBIAyaIbHUX 10HIB Y BOI HE MPOSIBISIIOTH SIKOICh BUPAKEHOI 3aJICK-
HOCTIi Ha TOKa3HWKHU SKOCTI MMBA. BUSBIICHO, 1110 HAWBIMUYTHIINI BIUIMB HA SIKICTh
TOTOBOIO HAIIOI0 YMHSTH KOMIUIEKCH KaTiOHIB KaJIbLIIO Ta HATPIIO, a TAKOXK CYMIII
cynb]aTiB 1 XJIOPHUIIB, PO3YMHEHHX Y BOJI, SIKa BUKOPHUCTOBYETHCS Y ITPOLIEC 3aTHPAH-
. ToMy NpoBOIMBCSA aHAJI3 BILMBY CHiBBigHOMEHHs KaTioniB Ca”*/Na* Ta cymbha-
TiB i x71opunis SO+ /CI™ y 3aTopHiii Boii Ha pi3Hi MOKA3HUKM SKOCTi MHBA, OJIEP/KAHO-
TO Ha OCHOBI BI/IMOBIJTHOTO 3pa3Kka BOMU. Pe3ynbraTté aHamizy SIKOCTi 3pa3KiB IMHBa
npeJicTaBieHi B Ta0L. 4.

3riHO 3 JaHVMH, HaBEeJCHUMH B TaOl. 1, Oymyemo Tpadikul 3aJIe)KHOCTI MOKa3-
HVKiB SIKOCTi TTMBA BiJ| criBBimHOmenHs ionis Ca”*/Na* ta SO4*/CI™ y 3atopHiit Bozi.

3 puc. 1 BUIHO, 110 TUTPOBaHA KUCIIOTHICTH MHBA 3pOCTA€ 3i 30UTHIICHHAM CITiB-
BiJTHOIIICHHS 10HIB y 3aTOPHIH BOAI JIO SIKOTOCh MaKCUMyMY (IIpU CITiBBIJHOIIICHHI
S04 /CI neit Maxcumym ckanae 1,22, mipu criiBeinsomenni Ca*/Na™ — 2,17), micis
SIKOTO TTOYMHAE 3MEHIITYBATHC.
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Tabnuys 4. lloka3HUKH IKOCTI MMBA, 0JEPKAHOIO i3 3pa3KiB A0CTIIKyBaHOI 32aTOPHOI BOAN
3 pi3HUM iOHHO-COTBOBUM CKJIAIOM

Crispignomenns SOZ/Cl

CuisBignomenns Ca?*/Na*

ChiBBIIHOLIEHHS . . .
. e . TMoka3HUKHM SKOCTI MHBA 3 IOCIIKYBAHOT BOIH
pasox | IQHIB Y 3aTOpHiit Bozii . : .
g 1B Bumummii | Kucmotnicts, | XMeneBa ITino- Bwmict
ca’*/Na" | Sos/Ct exctpakT, | Mr 0,1 ® NaOH| ripkota, | CTiliKicTh, | CIHMpTY,
% mac. | B 100 mut muBa Oatn XB % Mac.
1 1,90 0,63 13 1,85 15 2,03 4.8
2 2,17 1,22 12,5 3,40 2,3 2,25 5,0
3 3,43 1,80 16,5 2,40 72 2,66 71
4 2,67 1,09 12,5 2,60 3,0 2,40 5,2
5 3,56 1,35 16,0 2,80 4,6 3,08 6,2
00
g Tpadi 1 = Ipadix 2
E . padik % .
. = = s
E § ’ S E i /\\/
g, iz
z E 2
= E®,
S0 S 190 217 267 343 356
E 0,63 1,09 1,22 1,35 1,80 &z

. .. . CL - 2y -

Puc. 1. 3aiexkHicTh THTPOBAaHOI KUCJIOTHOCTI MUBa Bij cniBBinHowenHs ionis SO4 /Cl
. 2+ + . . .

(rpagix 1) Ta Ca” /Na (rpadik 2) y 3aTopHiii Boxi

Crissimnorrenns karionis Ca?*/Na* ta criBBigHOMICHHS Ccynb}aTiB 1 XJIOPHUIB
S04 /CI” oHaKOBO HE3HAUHO BILIMBAE HA BHIMMUIA KCTPAKT IMBHUX 3pa3KiB: TTiXTpH-
My€eThes Ha piBHI 12,5...13,0% Mac., micns gocsraenns 3nadends SO4~/Cl™ 1,22 (mus

Ca**/Na* —2,67) ekcTpaKT Tpox 3pocTae (puc. 2).

= =N
o o o o

Bumumuii ekcrpakt, % Mac.
o

I'pagik 1

R R ™ i B

0,63 1,09 1,22 1,35 1,80

Crispignomenns SOZ/Cl

I'padix 2

20

15

10

o g

Buaumuii ekeTpakt, % mac.

1,90 2,17 2,67 343 3,56

CuisBignomenns Ca?/Na*

. S - 2=y - .

Puc. 2. 3ajekHicTh BHANMOI0 €KCTPAKTY NUBA Bix cniBBigHowenHs ioniB SO4 /Cl (rpadix 1)
2 . - .

Ta Ca +/Na+(rpa(l)nc 2) y 3aTopHiii Boai

3 puc. 3 BUIHO, IO HA MHOCTIWKICTH MTUBA BIUIMBAE 301JIBIIICHHSI CITiBBITHOIICHHS
. . 2+ + ™ . . . . o 2— _
karioniB Ca”/Na” y 3aropHiii Bomi. 30UibieHHs criBBigHOMmEHHs cojeir SO4” /Cl
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CIPUYMHSIE 3POCTaHHSI MHOCTIHKOCTI, aje TiMbKK 0 3HaueHHs 1,35, micns sIkoro BoHa
HE3HAYHO 3HIKYETBCS.

T'padix 1 T'padik 2

35 35
@ @
g 30 % 30
2 25 g 25
9 o—
g 20 Z 20
= 15 E 15
g 10 g 10
= =
£ 05 £ 05

0 0

063 109 122 135 180 1,90 217 267 343 3,56
CnisBignomenns SO,Z/Cl CniBBignomenns Ca?*/Na*

. . . . . - S 2~ .
Puc. 3. 3anexnicTs miHocTiiiKocTi NuBa Bijx cniBBinHOoWeHHs ioniB SO /Cl (rpadik 1) Ta
2 . - .
Ca’”'/Na'(rpadix 2) y 3aTopiii Boxi

Cnispimnomenns Ca”/Na* ta SO4”/CI” HeomHAKOBO BILTMBAIOTH i HA BMICT CIIUPTY
y HBHHX 3paskaX: 3pocTaHHs criesigHomenns SO4° /CI™ Besie 10 36ibIIEHHS Maco-
BOT YaCTKM CHHUPTY B TIHBi, TOJi SK 30iblIeHHs criBpignomenns Ca®*/Na* cnprunnse
3pOCTaHHS YaCTKW CIUPTY TiJIbKK IO 3HaueHHs 3,43, MICNsl YOro MOYMHAETHCS 3HH-
>keHHs (puc. 4).

I'padik 1 T'padik 2

//‘—____/\.

Bwmicr ciupry, % mac.
O R N WU OO~ 0

Bwmicr ciupry, % mac.
O R, NWRMOOO N ©

063 109 122 135 180 L% 217 267 343 3%

5 3 2+, +
CniBBignomenns SOZ/Cl Cnissinnomerts Ca®'/Na

Puc. 4. 3ane:xHicTh BMiCTY CIMPTY Y MUBI BiJ ciBBiAHOIEHHS iOHIB S0.”/Cl” (rpadik 1) Ta
Ca2+/Na+(rpa(biK 2) y 3aTopHiii Boai

I'padik 1 I'padik 2

Xwmenera rinkora. fanu
O P N W b U1 O N @

XmeJieBa rinkorTa. 6aau
o P N W b OO N

0,63 1,09 122 135 1,80 1,90 2,17 2,67 343 3,56

CniBBignomenns SOZ/Cl CniBBignomenns Ca?*/Na*

. .. . - - 2y~ .
Puc. 5. 3anexHicTh XxMe1eBoi ripkoTn nuBa Bix cniBBignowmenHst ioniB SO4 /Cl (rpadix 1) ta
2 . - .
Ca +/Na+(l“pa(l)ll€ 2) y 3aTopHiii Boai
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Sk mokaszanmu pes3yNbTaTH JOCTiIKeHb, HalO1NIble 3 SIKICHUX MOKa3HHWKIB IMHBA
CIIBBIIHOINICHHS KITFOYOBHX 10HIB BIUIMBAE HA XMEJIEBY TiPKOTY Ta Ha IHIII OpraHo-
JNenTHyHi mokasHuky. ko criseinHomenns SO /Cl 3naxomuThcs B miamasoni [0 —1],
TO TipKOTa MuBa Oye HU3bKOIO; Ko [1 —1,25] — ripkora miBa € CepeHbOoro 1 clia-
OoBUpaXkeHOt0; diarna3oH [1,25 —2,0 i BuIe] BIAMOBIAAE 32 CUITLHO OXMEJICHEe Ta TipKe
muBo. JIna criBBinHOmeHHs ioniB Ca®*/Na’ BimmoBinHi JiamazoHu € iHaKIIEMU:
[0 —2,7] — ripkora € crmabkoro, [2,7 —3,4] — ripkora pi3ko 3pocTae, [3,4 1 Buie] —
XMeJleBa TipKoTa ciadinae.

36imsmenns chipigsomenHs SO4*/Cl™ Bese 10 3pOCTAHHS YACTKH CIIAPTY B THBI
(ma 25%) 1 Bumumoro excrpakTy (Ha 15%). Taki MOKa3HHUKH, SIK TUTPOBAaHA KHCIIOT-
HIiCTb i THOCTIHKICTh TaKoX 3pocTaroTh 3i 36inpmennam SO /CI | ane 1o meBHOro
sHauenns (1,22 — npns excrpakry i 1,35 — I MiHOCTIMKOCTI), MICHSA SIKOTO
3MEHIIYIOThCs. OCOONMBO YIiTKO TMPOTTISIIAEThCA TOYKA MAaKCUMyMy Ha Tpadiky 3a-
JNIeKHOCTI KMCTIOTHOCTI B criiBBimHomenHs SO4”/CI,

36inbmienns cripBigHomenns Ca®*/Na* mo3uTHBHO BIUTMBAE HA MIHOCTIHKICTH MHBA
(301mbIIYe HA 25%) 1 IPUOIM3HO OIHAKOBO BIUIMBAE HA BUAWMMUI €KCTPAKT Ta BMICT
CIUPTY B MHBI: TIPH JOCSTHEHHI 3Ha4eHHs 3,43 11i TIOKa3HUKH 3pocTaroTh Ha 20%, mic-
TS [IHOT'O MTOKA3HUKH 3MEHIIYIOTHCSI. BIUTMB CITIBBiJHOIIICHHS IIMX KATiOHIB Ha THTPO-
BaHY KUCJIOTHICTb € HECYTTEBUM.

BucHoBkM

HocrimkeHo Boay, ofepKaHy IUITXOM 3BOPOTHOTO OCMOCY, Ta PO3TIISHYTO CIociO
peryimoBaHHS ii 10HHO-COJILOBOTO CKJIATy, HEOOXIHOTO JUIsI BUKOPUCTAHHS ITi€l BOIU
y TIpolieci 3aTUpaHHs 3 METOIO OfIEPyKaHHS SIKICHOTO MUBA. BUSBIEHO, 1110 HAMBITIYT-
HIIIMI BIUIMB HA SIKICTh MMBA YUHSTH KOMIUICKCH KaTiOHIB KaJbIliF0 Ta HATPItO, a Ta-
KO CyMillI cynb(aTiB 1 XJIOpU/IiB, PO3UMHEHUX Y BOJI, SIKa BUKOPHCTOBYETHCS IS IIPO-
1iecy 3atupanHs. KoHIeHTpallii IHAMBIyalbHUX 10HIB Y BOJII HE MPOSIBIIAIOTH SIKOICH
BUPaXKEHOI 3aJIeKHOCTI Ha TIOKA3HUKH SKOCTI TIHBA.

JloctimkeHo, mo Ginbiue criBBigHOMmeHHs KationiB Ca®/Na* ta cymsgaris i xJo-
puzis SO4/CI” y 3aTopHiii BOJi TTO3UTHBHO BILTMBAE HA OPraHONENTHYHI Ta JesKi
SIKICHI ITOKa3HUKHU [IMBa; HalOUIbIIE 3 SIKICHUX ITOKA3HMKIB IIMBa CIIIBBIIHOIIEHHS KIIFO-
YOBHX 10HIB BIUIMBA€ Ha XMeJieBy ripkoTy. KpiM 1poro, 3011bIeHHs CiBBIAHOICHHS
karioniB Ca?/Na* mo3uTHBHO BIUIMBAE HA MHOCTIHKICTH IKBA, a 301IBIICHHS CIIIBBI/I-
HomeHHs cynbdaris i xnopusis SO4”/CI™ Benie 10 3pOCTaHHS YACTKH CIIUPTY B FOTO-
BOMY Haroi. 3a JIeTyCTalliifHOIO OLIHKOIO MMBA Y 3pa3KiB 3 BUIIMM CITiBBiTHOLICHHM
KITFOYOBHUX 10HIB CIIOCTEPIra€ThCst OLTBIIT ICKPaBUI CMAaK 1 apoMar.

VY mepcnekTHBi MIaHYIOTHCS TOCTIIKEHHS 3 BUBUYEHHS BIUTMBY BCIiX 1HAWBITyalib-
HUX 10HIB ITMBOBAPHOI BOIM, a TAKOXK CITIBBIJIHOIIICHHS 10HIB KaJIBIIiF0 Ta MarHir0 Ha
SIKICT TIMBA 3 BUKOPUCTAHHSIM ITPH I[bOMY PI3HOMAaHITHHUX CITOCOOIB ITiITOTOBKH BOIIH.
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The purpose of the research is the scientific substantiation
of the effect of vegetables with an increased content of soluble
pectin on the quality indicators of low-calorie milk ice cream-
technology. The object of the research is low-calorie milk ice
cream technology.

The technological and functional properties of pectin-conta-
ining purées from vegetables (carrots, beets, tomatoes, zucchini
and broccoli) as part of ice cream with their varied content in
the range from 10 to 35% were studied. Sensory indicators,
mass fraction of soluble pectin, water activity, active acidity,
overrun and resistance to melting were chosen as the quality
criteria of the obtained ice cream samples with vegetables. A
higher yield of soluble pectin was found in fermented vegetable
purées compared to purées subjected to thermal-acid treatment.
It was found that fermentation and thermal-acid treatment of
purée reduce the water activity in vegetables due to the increa-
sed content of soluble pectin. It was proved that the solids of ve-
getables increase the resistance to melting of ice cream. Based on
the set of quality indicators of ice cream samples with vegetables,
it was determined that vegetable purées from carrots, beets and
zucchini have the highest technological activity, broccoli purée is
a bit lower, and tomato purée is the lowest.

Based on the comparative analysis of the research results,
recommendations were developed for the preparation of basic
recipes of ice cream with vegetables in the ranges of their con-
tent for the enzymatic processing method: carrots — 20—25%,
beets — 15—20%, zucchini — 20—30%, broccoli — 15—20%
and tomatoes — 25—30%; for thermo-acid processing: car-
rots — 15—20%, beets— 10—15%, zucchini— 15—209%,
broccoli — 10—15% and tomatoes —20—25%. The introduc-
tion of vegetable purees in a lower amount than the recommen-
ded values gives the ice cream samples unexpressed sensory in-
dicators, while exceeding the norms leads to uncharacteristic
taste, aroma and consistency of ice cream. Carrot, beetroot and
zucchini purée of various pretreatment methods can be used as
separate vegetable multifunctional fillers, and broccoli and to-
mato purée is recommended to be used in combination with
other vegetables.

DOI: 10.24263/2225-2924-2023-29-1-16

—— Scientific Works of NUFT 2023. Volume 29, Issue 1

173




FOOD TECHNOLOGY

BrysivB OBOYEBUX NMIOPE PIBHUX CNOCOEIB
OBPOBJIEHHA HA OPrAHOJNIENTUYHI TA ®I3UKO-
XIMIYHI NTOKA3HUKN MOPO3MUBA MOJIOYHOIo

B. 1. Camira, I'. €. Hoaiugyk
Hayionanvnuii ynisepcumem xapuosux mexHonoziti

Y ecmammi nayxoso o6ipyHmMoeano eénius 06804ie 3 NIOGUUECHUM GMICIOM PO3YUH-
HO20 NEKMUHY HA NOKAZHUKU SAKOCIE MOPO3UBA MOJIOYHO20 HU3LKOKAIOPIUHOZO.

Jlocniosiceno yHKYIOHATLHO-MEXHONO02IYHE GIACMUBOCIE NEKMUHOBMICHUX NIOpE 3
0604i8 (MOPK6U, OYpsKa, MOMAMmIe, Kabaukis i Opoxoni) y ckiadi Mopo3uea 3a ix eapi-
tiosaroeo emicmy 6 dianasoni 6i0 10 0o 35%. 3a Kpumepii skocmi ompumanux 3pasKie
MOpO3uU6a 3 0604amu 0OPAHO OP2AHONENMUYHI NOKAZHUKU, MACOBY 4YACHIKY PO3YUH-
HO20 NeKMUHY, AKMUBHICMb 800U, AKMUBH)Y KUCTIOMHICMb, 30umicmb ma Onip maHeH-
HI0. Bemanoeneno Ginvuauti 6uxio po3yuHHO20 NEKMUHy )y (PepMeHmosanux 0604e6ux
niope, NOPIBHAHO 3 Niope, Wo Nid0asanu MepMOKUCIOMHOMY 00pobdienHio. Buseneno,
wo pepmeHmy6ants i MepMOKUCIONHEe 0OpOOIEHHS NIOpe 3HUIICYIOMb AKMUSHICIb
600U 8 060YAX 30 PAXYHOK NIOBUWEHO20 BMICINY PO3YUHHO20 nekmumy. [JosedeHo, ujo
CYXi peuosuHYU 0804i6 NIOBULYIOMb CIILIKICHL MOPO3UBA 00 MAHEHHA. 304 KOMNILEKCOM
NOKA3HUKI@ AKOCMI 3DA3KI6 MOPO3UEA 3 060UAMU BUSHAYEHO, WO HAUOIILUIOI0 MEXHO-
JIOZIYHOI0 AKMUBHICMIO BON0OTIOMb 060YEBl NIope 3 MOPKEU, OYPsKy ma Kabaukis, a
0ewo HUHCYO — nrope 3 OPOKOII I HAUHUNMCYOIO NIope 3 MOMAMIG.

Ha ocrogi nopieusanbHo20 auanizy pe3yismamis 00CIiOHNCeHHs po3pOOIEHO PeKo-
MeHOayii Wooo CKIa0aHHsA 6a3068UX peyenmyp Mopo3uea 3 0804aMu 8 Olana3oHax ix
emicmy 0115 pepmMeHmamuerHo2o cnocody obpobnenns: mopkea — 20—25%, Oypsik —
15—20%, xabauxku — 20—30%, 6poxoni— 15—20%, momamu — 25—30%, ons
MEPMOKUCTIOMHO20 Chocody 0bpobnenns: mopkea — 15—20%, 6ypak — 10—15%,
kabauxu — 15—20%, oporoni — 10—15%, momamu — 20—25%. Buecenns ogoue-
UX NIOpe Y HUMCUILL KITbKOCMI 30 PEKOMEHOOBAHT 3HAUEHHS HAOAE 3pA3KaAM MOPO3UEA
HeGUPADICEHI OP2aHONENMUYHI NOKA3HUKY, 6 MOl Yac K NepesuuyeHHs HOpM Npueo-
Oumb 00 HexapaxkmepHux CMaxy, apomamy ma KoHcucmenyii moposusea. 1lope mop-
K6u, OYpsKy i Kabaukie pisHUX cnocobig NONEpeoHb020 0OPOOIEHHSI MOJICHA 3ACTNOCO-
8yeamu Ik OKpeMi 0604esi NONIPYHKYIOHATbHI HANOBHIVBAY, a niope 3 OPOKOI i mo-
Mamamu peKoMeHOO08aHO 3aCMOCO8Y8amU Y CROTYYEHHI 3 THUUMU 080YAMU.

Knrouoei cnosa: mopo3uso 3 o60uamu, NeKmMuH, OpeaHoIenmuiHi NOKA3HUKY, 30u-
micmy, onip mauenHIo, 6a3o6i peyennypu.

ocranoBka mpodaeMu. Mopo3uBO OYIIO Ta JMIIAETHCS OMHUM 3 HAUITOIMYJISPHI-
IIMX 3aMOPOKEHHX JIECEPTIB Y BCHOMY CBITI cepell CIIOKHMBAIB YCiX BIKOBHX 1 COIIi-
anpHuX rpym. OcranniM yacoM y CLIA Ta xpaiHax €Bponu NpUCKOPEeHUMHU TEMIIAMH
3pocTae MOIyISIPHICTh HU3bKOKasIopiiiHOro Moposusa (Sipple, Racette, Schiano, & Dra-
ke, 2022) 3 miABHIIIEHOO OIOIOTYHOO MIHHICTIO, SIK-TO MOPO3HMBO 31 3HWKEHHM BMiC-
TOM JKHPY, 3HEXHpeHe, (PpyKToBe, OBOUEBE Ta TOPIXOBE, MIEPOETH, 3aMOPOKEHHN
voryprra iHmi 3amopoxeni npoxaykru (Kilara, & Chandan, 2015; Chuck-Hernandez,
Garcia-Cayuela, & Méndez-Merino, 2022).

174 ——— Hayrxosi npayi HYXT 2023. Tom 29, Ne 1 ——



XAPYOBI TEXHOJIOT'IT

Otxe, po3UIMPEHHS] aCOPTUMEHTY HU3bKOKAJOPIHOTO MOPO3HBa MOJIOYHOTO 3
OBOYaMH, 0OPOOJIEHOIO Pi3HUMH CIIOCO0AMH, € aKTyaJIbHIM HAIPSMOM HAYKOBOTO J10-
CITI/PKEHHS TIPUKJIATHOTO XapaKTepy.

AHaJi3 ocTaHHiX AocaimxkeHb i myOuikaniii. UncieHHi TOCTiKEHHS BITIH3HSI-
HUX 1 3apyOi>KHIX BUCHUX MPUCBSYCHI PO3POOJICHHIO OPUTIHATIGHUX PELENTyp MOPO-
31Ba 3 0BOYaMH. 30Kpema, B YKpaiHi po3po0sIeHO CKJ1al MOPO3UBa TUIOMOIPHOI rpynu
xupHicTIo 12,5% 13 mrope 3 cenepu 1 mmmHATY. SIK cTabiimizaTop CTPYyKTYpH 3acTO-
COBaHO rap0y30Be OOpOIIHO y KuTbKOCTI 2—4%. HaToMicTh, XIMIYHHIA CKIIaa TaKOTO
MOpO31Ba, 30KpeMa 32 BMICTOM CYXOr0 3HEKHPEHOI'0 MOJIOYHOT'O 3AJIHIIKY, SKHH J10-
csirae 20%, 3HAYHO NIEPEBUIILYE ICHYIOUI HOPMATHBH 1 HE € JOIILHNAM SK 3 TOYKH 30py
JIOCSTHEHHSI XapaKTepPHUX JUIS MOPO3HMBA OPraHOJIEITHYHUX Ta (Pi3UKO-XIMIYHUX T10-
Ka3HMKIB, TaK 1 32 BUCOKOI COOIBAPTOCTI TOTOBOrO MPOAYKTY. JIyist IIiIBUILICHHS BMICTY
PO3YMHHOTO MEKTHHY POCIIMHHE MIOPE i IaI0Th TEPMOKUCIOTHOMY riapomisy (Slyvka,
Bilyk, Dronyk, & Nagovska, 2021), sikuii € MeHIII €(heKTHBHUM, TIOPIBHSHO 3 ()epMEH-
TaTUBHUM TiportizoM. Mopo3uBo TIIOMOIpHOI Tpynu 3 migBuieHrM BmictoM C3M3
Ta 3 MEKTHHOBMICHOIO CUPOBHHOKO MICTHTh HaliMEHIIIE BUTLHOI BOJIH, Y TOH e Yac MO-
PO3MBO HU3BKOKAIIOPIHHE MOJIOYHE, 3 IMTiIBUIICHAM BMICTOM BLUTGHOI BOJH, TIEPELyCIiM
noTpedye yIOCKOHAICHHSI PElENTYPHOTO CKIIaay, 0 HE BHUPIIIEHO B ILOMY JIOCIIi-
JKEHHI.

B Vkpaini po3po01eHO TEXHOIOTIF0 MOPO3UBa MOJIOYHOT'O 3 IPOAYKTaMU Iepepo0-
KU rapOy3a — MOPOIIKOM, OTPUMAHUM KOHBEKTHBHO-BAKYYMHHM CYLTIHHSM (M.4.
2—6%) 1 mope, TepMiYHO 00po0JIeHHM 1 romMoreHizoBanuM (M.4. 26—50%) (3rypch-
kuii, [omimyxk, & Kpornusaunpka, 2011), ane BUpOOHHIITBO TIOPOIIKY € TOBOJII 00Me-
YKSHUM, a TETUIOBE 0OPOOJICHHS OBOYEBOI CHPOBUHH HE € TEXHOJIOTYHO €PEKTUBHIM.

[omynsipHrMEU OBOYaMH y CKIIajii MOPO3MBA € TAKOXK KAPOTHHOBMICHI rapOy3 i Mop-
kBa. HaykoBoO /10BeIcHO JTOMIIBHICTE 3aCTOCYBAHHS IIMX OBOYIB y CKJIaJli MOPO3KBa Ha
OCHOBI POCITMHHOTO MOJIOKa y KimbkocTi 15% (Hassan, & Barakat, 2018). Onuax BapTo
PO3IIIHYTH 3aCTOCYBAaHHS M 1HIIMX ()YHKLIOHATBHO-TEXHOIOITYHMX OBOUIB y CKIAJl
MOPO3HUBA KJIACHYHOTO BUAY Ha MOJIOUHIH OCHOBI.

Tak, y (Jhansi, & Sucharitha, 2013) BuBuaBcs BIUIMB JOAaBaHHSA TOMATHOTO COKY
Ha CEHCOPHY CIIPUHUHSATHICTh MOPO3WBA, ayie (Pi3MKO-XIMiUHI BJIACTUBOCTI IIOTO TIPO-
JYKTY HE JIOCIT/PKYBaJUCS.

VY (Moreno, 2015) nociiiKeHO CEHCOPHY MPHHHATHICTH KabaukoBoro mope (Cu-
curbita Maxima) 3a Bmicty Bix 2,2 10 8,8% Juisi BATOTOBJICHHST MOpO3UBa. ICTOTHOI
PI3HHLI B PiBHI MPUIHATHOCTI BUKOPUCTaHHS KabOauKOBOrO MIOpPE ISl BUTOTOBJICHHS
MOpO3MBa 3 TOYKH 30pYy CMaKy i TEKCTYpH HE BUSBJICHO, OTHAK XapyoBa LIHHICTh IO~
TOBOT'O POYKTY HE BU3HAYCHA.

Taxum YMHOM, TEXHOJIOTiSI MOPO3UBA 3 OBOYAMH MOTPeOYe MOAATBIIONO PO3BUTKY,
3BaKAIOUM Ha BOKJIMBE Miciie 0Bo4iB y partioni groauan (Silva Dias, 2010). OBoui B
MIOJICHHOMY PAIliOHI CIIPHSTIOTH MOKPAIECHHIO 3I0POB’sI, pOOOTI IITyHKOBO-KHIITKOBO-
TO TPAKTY Ta 30pY, 3HUKYIOTh PU3HK JISKHX (JOPM paKy, XBOpOO cepIls, IHCYIBTY, Jia-
Oety, aHeMil, BUPa3KH IIUTYHKA, PEBMATOITHOTO apTPHUTY Ta IHIIMX XPOHIYHHUX 3aXBO-
proBanb (Gemede, Ratta, Haki, Woldegiorgis, & Beyene, 2015; Keatinge et al., 2010).

OBoui y BCiX CBOIX pi3HOMaHITHUX (popMax 3a0e3MedyIoTh IOCTAaTHE CIIOKUBAHHS
OLIBIIIOCTI BITAMIHIB 1 MOYXKWBHHUX PSYOBHH, XapUOBUX BOJIOKOH 1 (PITOXIMIUHHX pevo-
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BUH, sIKi MOXYTh TTOBEPHYTH HEOOXITHY Mipy TXHBOTO OaslaHCy B PaIliOHI XapayBaHHS
(Kunnumakkara, 2014; Dias, 2012; da Silva Dias, & Imai, 2017).

3acTocyBaHHS OBOYIB i MPOIYKTIB 1X MEepepoOKH Y CKIIaJi MOJIOYHHX MPOMYKTIB
BIUIMBAE Ha iXHi (DI3MKO-XIMIYHI Ta CEHCOPHI BJACTUBOCTI. Jlesiki OBOYEBI BOJIOKHA €
XapuOBUMH IHTPEI€HTaMHU, SIKI BUKOHYIOTH (DYHKIIIi 3aMiHHHUKIB JKHPY, BOJIOT03B’sI3y-
BaJIbHUX areHTIB, 3aryllyBadiB, TeJieyTBOPIOBayiB, IpedioTHkiB. OTxe, 30aradeHHs MO-
JIOYHUX TIPOMYKTIB OBOYAMH ITIABHIIYBATHIME iX XapyOBY I[IHHICTH 1 MPUIHATHICTH
cnoxuBauamu (Manzoor, Singh, Gani, & Noor, 2021; Salehi, 2021).

Po3urHHMI NIEKTHH Yy CKIIaJl OBOYIB € HaHOUIBII TEXHOJIOTIYHO aKTUBHUM CTPYK-
TypHUM reTepo nomicaxapuaom (Hanani, Yee, & Nor-Khaizura, 2019), sikuii mmpoko
BUKOPUCTOBYETHCS B XapuOBiii IPOMHCIIOBOCTI SIK T€JICYTBOPIOBAY, EMYJIBIaTOP i IOJTi-
Mep-HOCiH il 1HKancCymsilii Xap4oBUX IHTpeNi€HTiB. [ eneyTBOprooUi BIACTHBOCTI
MEKTUHY 00YMOBITIOIOTHCSI BMICTOM TaJIaKTyPOHOBOI KHCIIOTH, CTYIICHEM eTepudiKariii
ta cryneHeMm meruiyBannst (Perussello, Zhang, Marzocchella, & Tiwari, 2017). Cepen
MPUPOIHHUX MEKTHHOBHX PEYOBHH OCOOJIMBE Miclie 3aiiMae HEpO3UMHHHHN Y BOJII MPO-
TOIEKTUH — BUCOKOMOJIEKYJIIPHUM NEKTHHOBUM KOMIUIEKC, SIKMA pa3oM 3 LEIIHOJI0-
3010 Ta TeMIIeNONIO3aMHU YTBOPIOE KapKac KIITHHHOI CTiHKH. J{ist necTpykiii mpoTo-
NEKTHUHY Ta MiJABUIIEHHS BMICTY PO3UYMHHOIO NEKTHHY, 3a3BHYai, 3aCTOCOBYIOTh KHC-
JIOTHUH, Ty>KHUH a0o depmenTaruBHui Tiaponi3 (Kamnosceka, Obonkina, & Kusau-
1, 2013).

Kucnorauii rifponi3 mporonekTiHy mpoBoasith pu pH B mianazoni 1,5—3,0 omu-
auip nporsroM 0,5—6,0 rox 3a temneparypu 60—100 °C (Bhardwaj, Degrassi, &
Bhardwaj, 2017). TTpote Taki yMOBH XapaKTepH3yIOThCS JKOPCTKMMH YMOBaMH 0000 -
JICHHSI OBOYIB, 1110 MOYKE TIPU3BECTH JI0 YACTKOBOI BTPATH TXHIX CTPYKTYPYIOUHX BJIac-
TUBOCTEH.

Binbi edekTuBHUMY € GI0TEXHONOTYHI METOIM 00POOJICHHS OBOUIB, 30KpeMa (hep-
MEHTaTHBHHM TiIpOJIi3, SIKUH 3IIMCHIOIOTHCS 3a JOMOMOrOI0 IMEKTOMITUIHUX (hepMEH-
TiB: TIEKTHHA3M, TPOTONeKTHHA3M Ta niek Tasu (Patidar, Nighojkar, Kumar, & Nighoj-
kar, 2018). ABTOopamMu JTOBEICHO JOLIJIBHICTh 3aCTOCYBaHHS (DEPMEHTATHBHOIO TiIpO-
JI3y MPOTONEKTHHY B MIOPE 3 MOPKBH, OypsiKy, kabaukiB, OpOKOJi 1 TOMATiB, MOPIBHA-
HO 3 KUCJIOTHHM TiJIpOJIi30M, 32 YMOBH iHaKTHBawii (EpPMEHTY IIJIAXOM KOPOTKOYAC-
HOr'O TEIJIOBOTO 0OPOOJICHHS JJIs 3a00iraHHsI Ha/[IMIIKOBOI IECTPYKIIIT MEKTHHY 32
30epEe)KEeHHS] MaKCUMAJIbHOI KITBKOCTI OiooriuHo-akTUBHHX cronyk (Sapiga, Polis-
chuk, Breus, & Osmak, 2021). Came ToMy B CKJIajli MOPO3HBA MOJIOYHO-OBOYEBOIO J10-
LITBHO 3aCTOCOBYBATH (pepMEHTATHBHO 00pOOJIEH] OBOUEB MIOPE 3 MiJBUIICHUM BMic-
TOM PO3YMHHOTO MEKTHHY, IO i BU3HAYA€ aKTyaJIbHICTh MPOIMTOHOBAHOI'O HAYKOBOI'O
JIOCITI KEHHS.

Merta aociTiTKeHHsI: BUBUCHHS BIUIMBY OBOYIB 3 ITiIBUIICHUM BMICTOM PO3UHH-
HOTO TIEKTUHY Ha MTOKa3HUKHU SKOCTI HU3bKOKATIOPIHHOIO MOJIOYHOT'O MOPO3HBA.

JInst ocsSTHEHHST METH HeOOX1THO BUPIIITUTH TaKi 3aBIaHHS:

- BUBYHTH (i3UKO-XIMIYHI ITOKA3HUKH OBOYEBHUX ITIOPE PI3HUX CIOCOOIB 00p00-
JICHHS;

- JIOCJITUTH OPraHOJNENTHYHI Ta (i3UKO-XIMIYHI TTOKA3HUKH MOPO3HBA MOJIOYHOT'O
3 PI3HUMH OBOYaMH 32 iX 3MIHHOTO BMICTY;

- Ha OCHOBI MOPIBHSUTRHOTO aHAN3y OJEPYKAHUX PE3YNIbTATIB AOCIIHKEHHS PO3PO-
OMTH peKOMEH/Iallii MO0 CKIaaaHHsI 0a30BUX PEIENITYP MOPO3KBa 3 OBOYAMH.
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Marepiamm i meToau. Sk oBoueBy cupoBHUHY OyJ10 00paHO OBOYI, SIKi MiCTATH TIEK-
TUHOBI PEYOBMHH, MITMEHTH, MIKPO- T4 MAaKPOEJIEMEHTH, € JICIEBUMH 1 JIOCTYITHUMU
Ha BITYM3HSIHOMY IPOJIOBOJIFYOMY PHUHKY, 30KpeMa MOPKBY CTONIOBY copTy «Kopoie-
Ba OCeHI», OypsiK cTomnoBuit «/lenikaTecHuit», Tomatn «Actepikc F1», kabauku «Kasi-
TIi» Ta Opokon copry «Sryapy.

JItst oepykaHHS TOMOTEHHOTO ITIOPE 3 TiABUIIIEHHM BMICTOM PO3YHMHHOTO IEKTHHY
OBOY1 MM, OYHIIYBAJIH, PO3PI3YBAJIM Ha IIMATOUKH posMipamu 20x20 mm, OmaHTITy-
BaIM 0 PO3M’SIKIIEHHS 10 5 xB, moapiOHIoBamu 3a temmeparypu 50—55 °C no
OIHOPIZHOI Macu 0 pO3MIpY YacTOYOK He O1bInX 32 1—2 MM.

3 METOI0 TiJBUIIIEHHS] BMICTY PO3YMHHOTO MEKTUHY B OBOYEBUX MIOpE OYIIO MpPHIA-
HSTO JIBI CXeMH iX 00pOOJICHHS:

- TEPMOKHCJIOTHUH Tijpomi3 npotonektuHy (pH = 3,0 ox., Temmneparypa 90 °C,
TpuBaJticTh 00pobIieHHs 40 xB) (Canteri, Moreno, Wosiacki, & Scheer, 2012).

- (hepMEHTATUBHUI TiJPOIII3 MPOTOINEKTHHY (MacoBa yacTka (epmeHty «llexTo-
nany («Ex3umy», Ykpaina) — 0,1%, Temneparypa ¢epmentatiii 40 °C, gac 00poOku —
2 rom). [Ticnst 3aBepiieHHs (hepMeHTAIlii IEKTHH a3y IHAKTHBYBAJIM HATPIBAHHIM 3pa3-
kiB 110 Temriepatypu 90 °C 6e3 ButpumMku (Ilomimyk, Camira, Ocemak, & [lleBdyenko,
2021).

bazoBwuii ckiax cymimei mis BUpOOHMITBA MOpO3uBa: M.4.K. 3,5%, C3M3 10%,
uykpy 15%, amprinar Harpito 0,2%. ANbriHaT HaTPilO 3aCTOCOBAHO y MiHIMAIIBHO JI0-
MYCTUMIH KUJIbKOCTI SIK T1IAPOKOJIOI/, SIKMH BHUSBIISIE CHHEPri3My MPUCYTHOCTI IEKTHHY
(Gonhil, 2011).

Mor1104HO0-0BOUEBI CYMIIII OJIep>KyBaIH MTOCJTIIOBHAM 3MILITYyBaHHSIM PELIETITYPHUX
IHTpeieHTIB 3 MoAaNbIIo X mactepuzamiero (85 +2 °C, 3 XB), TOMOreHi3alli€0
(12,0 £ 1,0 MITa), oxonomxkenHsm (4 + 2 °C), nonaBaHHsIM OBOYEBUX ITHOPE, IEpeMi-
UTyBaHHSM BIPOAOBXK |—2 XB Ta BUTPUMYBAHHAM YIpoaoBXk 2 roauH. [IpuitHsaTHUHA
Jliara3oH BMICTY OBOYIB Y MOPO3HBI 0YJ10 3a1aHO B Mexkax Bif 10 10 35%.

3pa3Kku MOpO3MBa OJIEPXKYBAJIX 32 JoNoMOrorw ¢pusepa nepionnunoi aii GIIM-
3,5/380-50 «Ems0pyc-400» i3 3aKI1aIKO0 CyMIIIIei Macor0 4 KT.

[pouec dhpuzepyBaHHs NPOBOIMIIN Y 2 €TaIIH:

- 1 etanm — OXOJIOMKEHHS CyMilIeH BIPOAOBK 2-3 XB 332 4aCTOTH OOEPTiB MilIAIKH
ukpe6koBoro tury 270 x8™ 10 Temneparypu —2 °C;

- 2 eran — 30MBaHHS OXOJIOPKEHUX CYMIIIICH BIIPOIOBXK 3 XB 33 YaCTOTH 00EPTiB
mirmasku 540 xs™,

M’ sike MOPO3HMBO BUBaHTaXKyBaJH 3 Oapabana (hprsepa y MmojiMepHi EMHOCTI 00’€-
MoM 110 100 cM?, TepMeTHYHO 3aKpHBajy i 30epirai B MOPO3HUJIbHIHM KaMepi 3a Temrie-
patypu minyc (18 £ 2 °C).

OpraHoyienTHYHI MOKa3HUKA MOpPO3KMBa OIIHIOBAIM BIAMOBIIHO IO CTAHIAPTY
ISO 22935-3:2009 (ISO 22935-3:2009/IDF 99-3:2009, 2009). Kowmicis 3 12 excniepris
BU3HAYAIA SIKICTh 3pa3KiB MOPO3WBA 3a T'eOHICTHYHOIO ImKanow (1 — morano, 2 —
NpUAHATHO, 3 — 100pe, 4 — aysxke 100pe, 5 — Bigminao) (Elsamani, 2016) 3a taku-
MU 1HIWBITyaIb-HIMH CEHCOPHUMH aTpHOyTaMy: KOHCHUCTEHIIIS, CMaK, apoMar, KOJip,
30BHIIIHII BUTIII.

bamm 3a okpemuMu aTprOyTamMu BiIMIYali Ha OCAX JiarpaM Ui OfepKaHHS CEH-
COpPHUX MPOQiJTiB KOXKHOTO 3pa3ka MOPO3WBA. BIMB KOXHOro arpulyTa Ha BU3HAYCH-
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HSI 3arajibHOI CEHCOPHOI SIKOCTI MepepaxoByBajv 3 ypaxyBaHH;IM KoeQilli€HTiB Baro-
MOCTI 32 MPHUIHSATOO OAJTBHOIO MKAJIOK0, SIKi HABESJICHO B Ta0IL. 1.

Tabnuys 1. KoegimieHTH BaromMocTi Ta MaKCHMAJIBLHO MOMINBI 0411 3 IX ypaxyBaHHSIM /TSI
OL HKM OPraHoJIeNTHYHUX MOKA3HUKIB 3pa3KiB MOpPO3HBa

banoBi onino4Hi Koegimient MaxkcumaiasHO
Tlokazuuk . .

KA BaroMocCTi MOYKJTHBI OaJin
Koncucrenmis 5,0 0,3 75
CmMmak 5,0 0,3 75
Apomar 5,0 0,2 5,0
30BHILIHINA BUTIIAL 50 0,1 25
Komip 5,0 0,1 25
3araapHAN 3BaXKEHH Oai 25,0 1,0 25,0

Cepenni Oanmu 711 KOXKHOTO aTprOyTa 3aCTOCOBYBAIM AJISI PO3PaxyHKY 3araibHOT
CEHCOPHOI SIKOCTI, sIka BU3HAYaJIacs SIK CepeTHbO3BAKEHE 3HAUCHHS OaltiB. 3pa3Kku MO-
po3uBa JEpepeHIIIIOBAIH 3a PIBHEM SKOCTI BiIITOBIIHO JI0 PO3Pax0OBaHOI0 3arajbHOrO
3BaKEHOr0 Oajla TaKUM YMHOM: BinMinauit (20—25 6aniB); no6puii (16—19,9 Gana);
3anoBinmbHUE (11—15,9 Gana); npaktuyno HenpuiHsITHUN (6—10,9 Oana); HempwHii-
HsaTHAN (MeHIue 6 GaniB). IIpoOu Mopo3uBa mepes OLiHIOBaHHIM TONEPEIHBO OTEll-
JoBaM 10 Temiieparypu Minyc (13 + 2) °C.

30uTicTh MOPO3KBA y BiICOTKaX Bu3Havam BarosuM metonoM (Rybak, 2013), omip
TAHEHHIO 32 TUHAMIKOI HaKOIIMYEHHS PiaKol (ha3u MOPO3HMBa B YMOBaxX OTEIUICHHS 3a
temneparypu 20—22 °C (Nateghi, Rezaei, Jafarian, & Ghofrani, 2018), akruBHy kuc-
JIOTHICTh — 3a 3araJibHOBIJIOMHM ITOTCHI[IOMETPHIHAM METOJIOM.

AXTHBHICTD BOI (AW) y CyMiIIax MOPO3¥Ba BH3HAYAIM 32 JJOIMTOMOTOFO TIPUJIAILY
«HygroLab 2» (Rotronic, I1IBeiirapist) 3a Temmeparypu 18—20 °C 3 TO4HICTIO BHMI-
proBarHs 1,5% Bix 3HaYeHHS. AKTHBHICT BOJIM BUpaKaeThes 3HaueHHsME Big 0,00 1m0
1,00 Aw (0...100% rh) (Ky3emuk, bacc, & Mukonis, 2020).

MacoBy 4acTKy pO34MHHOIO MEKTHHY B OBOYCBUX IMIOPE BU3HAYAIM KAJIbIIii-TIeK-
tarHum Metonom (Wang, Du, Chen, Shi, & Li, 2021). OOpoOKy CTaTUCTHYHHX JaHHX
MPOBEJICHO 3a JoNoMororo mporpamu Statistika 10, moOymoBy miarpam 3/iliCHEHO Yy
Microsoft Excel 2016.

BuxnajeHHs: OCHOBHUX Pe3yJIbTATIB A0CTiKeHHs1. [ MiIBUILEHHS BMICTY PO3-
yuHHOro niektrHy (PIT) B mrope 3 pi3HMX OBOYIB 1X MOMEPEHBO MijiaBaii GepMeH-
Tarii i TEPMOKHUCIIOTHOMY OOPOOJICHHIO BIMOBITHO J0 ICHYIOUMX PEKOMEHJIAIIH, 10
HaBeJIeHi BrIle. MacoBy YacTKy pPO3UMHHOrO TIEKTHHY B OBOYEBHUX ITFOPE, 00POOTICHUX
PI3HMMH CIIOCO0aMHU, HaBeJIEHO Ha pHc. 1.

3a manumu puc. 1, 6impmmii Buxig PIT BusiBieHo y pasi 3acrocyBaHHs (hepMeHTarii
OBOYCBHX ITIOPE, MIOPIBHSIHO 3 X TEPMOKHCIIOTHUM 00pOOJIeHHSIM. 3acTocyBaHHS (hep-
MEHTOJTI3y Ma€ TO3UTUBHUI e(DeKT IIe 1 3 TOYKU 30py MEHIIMX TEIUIOBUX BUTpPAT Ta
BIJICYTHOCTI arpecCUBHOT'O BIUTUBY BHCOKHX TEMITEPATYP i KHCIOTHOCTI CepeIOBHIIA Ha
010J10TYHO-aKTUBHI CTIONYKW OBO4iB. BojHOUAaC TEPMOKHCIOTHHH TiIpoIti3 MPOTOIeK-
TUHY € OUIBII JJOCTYITHUAM 32 JIOBOJI OJIM3BKOTO CTYIICHS HOro ACCTPYKILil, ITOPIBHSIHO 3
(epMEeHTaTUBHUM OOpOOJICHHSIM, TOMY BiH TaKOXX MOXe OyTH PEeKOMEHIOBaHHUHN s
MOJAJIBIIIOrO MPAKTUYHOTO 3aCTOCYBaHHS. 3BaXKAI0UX HA 1I€, Y MPOIIOHOBAHOMY JI0CITi -
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JOKEHHI 3aCTOCOBAaHO OBOUi, 0OpOOJIeHi sIK ()epMEHTAaTUBHO, TaK i 32 BUCOKHX TEMIIe-
paTyp Ta KUCIOTHOCTI.

25 r

MEeKTHHY, %

MacoBa gacTtka PO3YHUHHOTO

05

*
*
*
*
*
*
*
*
*
*
*
*
*

Mopxksa Bypsik

B8 depmenroniz

B TepMOKHCIOTHHI TiApOIi3

Kabauku

Bpoxoni

Tomatu

Puc. 1. MacoBa yacTKka po3YHHHOI'0 NEKTHHY B OBOYEBHX IMIOPe 32 Pi3HHUX cMOCcOo0iB rigpotizy

NPOTONEKTHHY

Cymimi Mopo3uBa 3 BapiiOBaHHMM BMICTOM OBOUYEBHX IMIOPE JOCIIHKyBasH 3a (i-
3UKO-XIMIYHHMH Ta OPraHOJICIITHYHUMH TOKa3HUKAMH SIKOCTi. AKTUBHY KHCIIOTHICTb
CyMiIeii 3a 3MIHHOTO BMICTY OBOYEBHUX ITFOpE, 110 OyiM (hepMEHTOBaHI ¥ TepMiuHO
TiJJpOJTI30BaHi, HaBe/IeHO y Tabu. 2 1 3.

Tabnuys 2. AKTHBHA KHCJIOTHICTh CyMillleii MOPO3HBa 3 Pi3HHM BMiCTOM OBOY€EBHUX IMIOpe,
o GyJu miani pepmentoiizy (P>0,95, n=3)

Bun oBoue- MacoBa gacTka OBOUEBOro Iope, %o

BOTO TMIOpe 10 ] 15 20 25 30 35
Korrrpors 6,440,32

(6e3 mrope)

MopkBsiHe 6,47+0,23 6,48+0,32 | 6,48+0,32 | 6,48+0,32 | 6,49+0,32 | 6,49+0,32
BypsikoBe 6,51+0,33 6,52+0,33 | 6,54+0,33 | 6,56+0,33 | 6,56+0,33 | 6,58+0,33
Kabaukose 6,51+0,33 6,51+0,33 6,53+033 | 6,54+0,33 | 6,54+0,33 | 6,54+033
3 bpokoni 6,50+0,33 6,49+0,32 | 6,49+0,32 | 6,48+0,32 | 647+0,32 | 6,47+0,32
Tomathe 6,21+0,31 6,14+0,31 | 6,03+0,30 | 5,96+0,30 | 5,89+0,29 | 5,83+0,29

Tabnuys 3. AKTHBHA KHCJOTHICTH cyMillleli MOpPO3uBa 3 pPi3HUM BMiCTOM 0BOYEBHX MIOpe,
1o OyJu miyiani KucaoTHomy rigpoisy (P>0,95, n=3)

Bun oBoue- MacoBa gacTka OBOYEBHX ITIOpe, %

BOT'0 IIOpE 10 | 15 | 20 | 25 30 35
KonTpons 5,67+0,28

(6e3 mrope)
MopxkpsiHE 5,18+0,26 4,91+0,25 4,87+0,24 | 4,73+0,24 4,5240,23 4,4940,22
Bypsikose 5,27+0,26 5,02+0,25 4,89+0,24 | 4,71+0,24 4,60+0,23 4,48+0,22
Kabaukose 5,1620,26 5,00£0,25 4,91+0,25 | 4,79+0,24 4,67+0,23 4,65+0,23
3 Opokoni 5,07+0,25 5,00+0,25 4,85+0,24 | 4,74+0,24 4,62+0,23 4,49+0,22
TomaTHe 5,00+0,25 4,90+0,25 4,71+0,24 | 4,54+0,23 4,39+0,22 4,22+0,21
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3a mannmMu Tab6m. 2 i 3 MOXKHA 3pOOUTH BUCHOBOK, III0 3aCTOCYBaHHS OBOUYECBHX ITHO-
pe TicIsl KUCTIOTHOTO TiIPOoiIi3y NOTpe0ye OCOOIMBUX YMOB iX MOETHAHHS 3 MOJIOYHOKO
OCHOBOIO. 30KpeMa, 3 METOIO 3ar00iraHHsl TEPMOKHCIIOTHOMY 3CiJTaHHIO OLIKiB MOJIO-
Ka B CyMiIlIax MOpO3HBAa MOJIOYHY Ta OBOYEBY OCHOBU PEKOMEHJJOBAHO 3MiIIyBaTH
TUTBKH TICTS IX OKPEMOro TEIUIOBOTO OOPOOIIEHHS Ta OXOJIOMKEHHS 10 TEMITEpaTypr
BU3PIBaHHS, SIK II€ TIPUAHSTO B TEXHOJIOTI] MOPO3WBA 3 TIOIOBO-SITITHOI0 CHPOBHHOIO
(Karaman et al., 2014).

Ha puc. 2 Ha npukIai MOPKBSIHOTO ITFOPE HABEJIEHI 3HAYEHHS aKTUBHOCTI BOIH Y
3pa3kax CBLKOro, PEpMEHTOBAHOrO 1 TEPMIYHO 0OPOOIIEHOrO ITIOpe, a TAKOXK CyMiIIei
MOpO3HBA MOJIOYHOT'O 3 OBOUEBUMH TIOpE Y KijtbkocTi 20% 1 6e3 HuX.

6 0.962

0.959

968

Howmep 3paszka

0.989

0,94 0,95 0,96 0,97 0,98 0.99 1
Aw

Puc. 2. AKTMBHICTL BOIM B 0BOYEBOMY NIOPE Ta CyMillIaX MOPO3UBAa MOJIOYHOI'0 3 0BOY€EBHM
mope: 1 — miope cBixe; 2 — mope GpepMeHTOBaHe; 3 — IMIOpe TiapoTi3oBane; 4 — CyMill
MOJIOYHA; 5 — CYMIII MOJIOUHA 3 (hepMEHTOBAHUM IIOPE; 6 — CYMIII MOJIOYHA 3 T1APOJII30BaHUM
mrope

BianoimHO 10 puc. 2, HAWHMKYI 3HAYESHHS aKTUBHOCTI BOJAW BHSIBJICHI JUIS CyMi-
nreii Mopo3uBa (MacoBa 4acTka CyXuX pedoBHH 28,5%), ski JomaTkoBo MictaTh 2,4%
CYXHX pe4OBHH OBOUiB. HaliBuilia akTHBHICTh BOJIM BHSIBIICHA JIJISl CBI)KOT'O OBOYEBOTO
mrope (MacoBa 4acTKa CyxuX pedoBuH 12%) 3a HaMOLIBIIOrO BMICTY BLIBHOI BOAM.
®depMeHTYBaHHS 1 TEPMOKHUCIIOTHE 00POOJICHHS! MOPKBSIHOTO TIFOPE 32 PaXyYHOK ITi/IBHU -
IIEHHSI BMICTY PO3YMHHOIO MEKTHHY JEII0 3HIKYIOTh aKTUBHICTh BOAU B oBovax. Ile-
KTHH y CKJIJli OBOYIB SIK aKTUBHUI BOJIOr03B’SI3yBaJIbHUI 1HTPEIIEHT MPU3BOIUTH JI0
MEBHOI'0 KOHIIEHTPYBAHHS PO3YMHHHUX CHONYK Y 3QJIMIIKY BiJIbHOI BOIHM, IO 1 3HIKYE
TIOKa3HUK aKTHBHOCTI Boau. OTKe, OMOCEPEeIKOBAHO JOBECHO MIO3UTHBHHUM BIUIMB Ha
cTaH BOAHOI (ha3u MiIBHUILIEHOrO BMICTy PO3YMHHOIO MEKTHHY B OBOYEBHX IIIODE,
30KpeMa B CKJIaJIi CyMilllel MOJIOYHOIO MOPO3UBA.

BrumB neKTHHOBUX PEUOBHMH Ta iHIINX CKJIAJOBHX OBOYEBHX MIOpE Ha (Pi3HKO-Xi-
MiUHI BIACTMBOCTI MOPO3HMBa BUBYAIIM HIISIXOM BH3HAUESHHS 30MTOCTI Ta ONOpPY TaHEH-
HIO MOPO3HMBa MOJIOYHOT'O 33 3MIHHOT'O BMICTY OBOUiB Pi3HMX CHOCO0IB OOpOOJICHHS B
MPOAYKTi. 30UTICTh M’SIKOTO MOPO3KBa 3 OBOYAMHU HABEJICHO Ha puC. 3 1 4.

3a pe3yabTaTaMu aHajlizy puc. 3 i 4 OYEBUIHOIO € TSHICHIIIS IOCTYIIOBOTO TTi/IBHU-
meHHs 30nTocTi MoposuBa Bin 50% mo 75—77% Iyt BCiX OBOUIB 3a Pi3HHUX CIIOCO01B
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X 06p06JICHH$I, 10 MOXKHA ITOSACHHUTHU INO3UTHBHHM BILJIMBOM FiZ[paTOHeKTI/IHy Ta iH-

X CKJIaJOBHUX OBOYCBUX ITHOPE.
80

s}

70

36uricte, %0

0 5 10 15 20 25 30 35
MacopagacTka oBotiB, %o
—¢—Mopkea  — B Gypak Kabatox Bpokom TOMaTH

Puc. 3. 30uTicTh M’SIKOr0 MOpPO3HBa 3 Pi3HUM BMICTOM 0BOYiB, i /IAHNX TEPMOKHUCIOTHOMY

00podIeHHIO

=

=

&
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MacopasacTka OBOHIB, %o
—+—uopkea  —B— Gypak kabatox Gpokom TOMATH

Puc. 4. 30nTicTh M’SIKOr0 MOpPO3HUBa 3 Pi3HUM BMICTOM 0BOYiB, INJIAaHNX ()epMEHTATHBHOMY
00po0/IeHHIO

V Toit e Yac, Imicisl TIePEeBHILEHHS IEBHOI'O TPaHUYHOI0 BMICTY CYXHX PEYOBHH
oBouiB (20—30%), 1110 criocTepiraeThest TUTbKH 11 ()epMEHTOBAHUX ITFOpE, CIIOCTEPI -
raeThcsl He3HAYHE 3HM)KEHHS 30MTOCTI MOpo3uBa. Takuii eekT, IMOBIpHO, CIIpHYHHE-
HUH HAJJMIIKOBIM CTPYKTYPYBaHHSIM CyMIIllel 3a MiZBUIIEHHS 3arajbHOTO BMICTY
CYXHMX PEYOBHH, 30KpeMa OiomosiMepiB. JIis JTOBEACHHS TAaKOrO MPHUITYIIICHHS HE00-
X11HO OyJie TOJaTKOBO JOCIIIJIUTH PEOJIOTIYHI XapaKTePUCTUKU CYMIIIEH MOJIOYHO-
OBOYCBHX.

CrabinizamiiiHy 31aTHICTh CyXHUX PEYOBHH OBOYIB, Ky MO)KHA BH3HAUUTH K 4ac
MOSIBY MIEPIIOl KPATUTMHY Pikoi (a3u, M0 BiIAUIIEThCS 3 00° €My TpoOH OTETIIIEHOTO
MOpO3HBa, HABEIEHO B TA0L. 4.
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Cyxi pe4oBHHH BCiX OBOYIB MiJBHIIYIOTH 3AaTHICTh MOPO3MBA YMHHUTH OMIp Ta-
HeHHro. Clil BiIMITHTH OUTBIIME BIUIMB Ha Iel MOKa3HUK OBOYIB ()epPMEHTOBAHUX,
TIOPIBHSHO 3 OBOYAMH TICIIST TEPMOKUCIOTHOTO 00pobieHHs. CTyIiHb BIUTMBY OBOYIB
Ha CTaOUIBHICTh CTPYKTYPH MOPO3HMBA CIIBBITHOCHTHCS 3 TXHIM BIUTMBOM Ha 30UTICTh
I[Or'0 MPOAYKTY. TaKuM YHMHOM, BUSBJICHO SIK Halle)EKTUBHIIMHN CTa01Ti3yI0UHi KOM-
TIOHEHT (PepPMEHTOBAHE ITIOPE 3 MOPKBH.

Tabnuys 4. Yac nNosIBM NePIIOI KPATLTHHH PiAKoi (a3u mix yac oTerieHHsI 3pa3KiB MOpPO3uBa 3
BapilioBaHUM BMiCTOM OBOYiB, xB, P>0,95, =3

Bun MacoBa JacTka 0BOYEBOI'O Mope, %
0BOYIB* 0 10 15 20 25 30 35
Mopxsa | 1] 9,1+0,4 | 12,3+0,5 | 14,6+0,6 | 16,0+0,6 | 17,4+0,7 | 18,0+0,7
2 11,1+04 | 13,5+0,5 | 15,7+0,6 | 17,2+0,7 | 18,0+0,7 | 19,2+0,8
Bypsik | 1] 8,3+0,3 | 10,2+0,4 | 13,005 | 152+0,6 | 16,3+0,7 | 17,4+0,7
2 93+0,4 | 11,3+0,5 | 14,2406 | 16,2+0,6 | 17,4+0,7 | 18,6+0,7
KaGauox | 1] 71403 8,2+0,3 | 10,804 | 13,6205 | 159+0,6 | 16,7+0,7 | 17,4+0,7
2| T 9,8+0,4 | 11,8+0,5 | 14,8406 | 16,7+0,7 | 17,5+0,7 | 18,9408
Bpokoni | 1] 7,9+0,3 8,7+0,3 | 10,504 | 11,6+0,5 | 13,4+0,5 | 15,7+0,6
2 9,0+0,4 | 10,004 | 11,305 | 12,2+0,5 | 14,5+0,6 | 16,3+0,7
Tomatu | 1] 7,2+0,3 7,5%0,3 7,8+0,3 8,4+0,3 8,8+0,4 9,2+0,4
2 7,5+0,3 8,0+0,3 8,8+0,4 9,1+0,4 9,4+0,4 9,9+0,4

IpumiTka: 1 —TtepMoKucIOTHE 00pOONCHHS; 2 — (pepMEHTATUBHE OOPOOICHHS

[TpoBeneHo KOMIUIEKCHY OpPraHOJISNTHYHY OLIHKY 3pa3KiB MOPO3WBa 3 OBOYAMH
pi3HUX croco0iB 00poOJIeHHS 3a iX 3MiHHOrO BMicTy. IlonepenHbo Oyso 3podieHe
MPUITYLIECHHS, 1110 OPraHOJICNTHYHI XapaKTePUCTHKN MOPO3UBA CYTTEBO 3aJICKATUMYTh
BiJl BUY OBOYIB Ta iX BMICTY B MOPO3HBi. 32 HU3bKOTO BMIiCTy OBOYIB Y MOPO3HUBi
OpraHoJICNITHYHI TIOKa3HUKH IILOT0 TIPOYKTY MOXKYTh OyTH HEBHPAXKEHI, ajie 3a mepe-
BUIIICHHS TICBHOI MEXI OBOYI MOYKYTh HaJIaBaTH MOPO3MBY HEXapaKTEpHI CMak, apo-
MaT, KOHCHUCTEHIIIIO.

[podinorpamu 3pa3kie MOpO3KBa 3 OBOUSBHM ITIOPE PI3HUX CITOCO0IB 0OPOOICHHS
Ha TIPUKJIAJII MOJIOYHO-MOPKBSHOTO ITPOIYKTY HaBE/IeHO Ha puc. 5 1 6.

Koucucreniis
5

Kouip (NN 3 CmMmax

30BHIMTHIMH
BUTIISAL

20 — -+ =25 ====m- 30 —=- 35

Puc. 5. IIpodinorpama opraHojieNTHYHAX NMOKA3HUKIB MOPO3UBA MOJIOYHO-0BOYEBOI0 3
Pi3HHM BMiCTOM MOPKBSIHOI'O II0pe, 00P00JIEHOr0 TePMOKHCIO0THUM CIIOCOO0M
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30BHIIIHIH

Koncucrenirist

BUIJIS

20 —--

CMmaxk

Puc. 6. [Tpodisiorpama opraHo/ieNTHYHAX MOKA3HUKIB MOPO3HBA MOJIOYHO-0BOYEBOI0 3
pi3HHM BMicTOM (pepMEHTOBAHOTO MOPKBSIHOI0 MIOpe

[opiBasAnBHMI aHaNi3 mpodiyorpam Ha puc. 5 1 6 HAOUHO AEMOHCTPYE TIEBHY Tiepe-
Bary 3aCTOCYBaHHS MIOpe epMEHTOBAHOTO. Taka 3aKOHOMIPHICTB T ITBEPIKYETHCS 1
TS 1HIIAX OBOYIB.

3arajpHui 3BKCHUI Oal OpraHOJISIITUYHOI OITIHKY BCiX 3pa3KiB MOPO3MBA 3 Pi3-
HUMH OBOYaMH HABEJICHO y Ta0JI. 5 1 6.

Tabnuysa 5. 3aranbHUH 3BaKeHHI 6aJ1 OPraHOIeNTHYHOI OLiHKH Ta PiBeHb SIKOCTI
MOPO3HBAa 3 0BOYeBHMH MIOpPe, 00P00IeHUMH TePMOKHCIOTHUAM CII0CO60M

Bux MacoBa yacTka OBOYEBHUX ITIOpe, %
OBOYEBOI'O
wanopiopasa | 10 15 | 20 | 2 30 35
3aranbpHUN 3BaXKeHUH Oan

Mopksa 19,5 22,5 24.6 19,5 15,7 13,3

Bypsik 21 22,0 19,1 15,2 10,3 8,1

Kabauok 19,7 21,3 21,4 19,0 14,8 12,9

Bpokori 20,3 20,1 19,7 155 13,8 10,1

Tomatu 16,6 17.0 19,5 18,7 15,2 10,1

PiBeHs sIKOCTI

Mopksa Jo0puii | BIIMIHHUHT Jo0puii 3a/10BUTHHUIH

Bypsik BIIMIHHU \ J00puii | 3aI0BUTbHU |  NMPAKTHYHO HEPUHAHATHHUIT

Kabauox no0puii BIIMIHHUHT no0puii 3a/10BUTbHUIH

Bpokoni BIIMIHHUI | BIIMIHHUH | 10Opuii 3a/10BUTHHUH HPAKTITIHO
HENPUHHITHAN

Tomatu no0puit 3a/I0BUIbHUIH [PAKTHIHO
HENPUHHITHAN

VYci nmpoananizoBaHi 3pa3ku Mopo3uBa He BiapizHsumcs (P>0,95) 3a piBHeM sikocTi
Ha |- i Ha 30-i IeHb AOCTiIKEHHSI.
3a maHrMu TaOI. 5 1 6 BCTaHOBJIEHO PEKOMEH/IOBAaHWI BMICT OBOUEBHUX IMIOPE Y
CKJIaJli MOPO3HBa MOJIOYHO-OBOYEBOIO, 1110 HAaBEJICHHH Yy TalI. 7.
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Tabnuys 6. 3arajabHuii 3BaKeHUH 621 OPraHoJeNTHYHOI OLiHKY TA PiBeHb IKOCTI
MOPO3HBa 3 ()epMEHTOBAHUMH OBOYEBUMH IIOpe

Bus 0BOYEBOTO MacoBa JacTka OBOUEBHUX ITope, %o
HaIlOBHIOBA4a 10 15 20 25 30 35
3arajpHAM 3BaXkKEHUI 0a
MopkBa 19,5 19,9 25 24,5 19,7 15,3
Bypsik 19,5 22,6 22,8 19,2 15,2 11,5
KaGauok 14,4 15,5 19,1 21,9 22,0 19,6
Bpokorti 19,2 20,7 20,8 18,9 15,2 13,1
TomaTtr 13,8 15,5 19,4 19,8 19,5 15,7
PiBeHE sSIKOCTI
MopkBa Jo0puid ‘ BIIMIHHUH Jo0puit | 3a10BUILHAM
Bypsik nobpuit | BIIMIHHUH Jo0puii 3aI0BUTHHUH
Kabauok 33/10BUIbHUIH Jo0puii BIIMIHHUH | Jo0puii
Bpoxkori Jo0puii | BIIMIHHUHN | BIIMIHHUN To0puii | 3aI0BUILHUN
TomaTn 3aJOBUTPHIH Jo0puit | 3a10BinbHMI

Tabnuys 7. PexoMeH10BaHUI BMiCT OBOYEBHX MIOPe Y CKJIaJi MOPO3UBa MOJIOYHO-0BO-
4eBoOro, %

. Crioci6 00poOieHHs 0BOUIB
Bun oBouis
DepmeHTAITIS TepMOKVCIOTHHIA TiIpOITi3
Mopkaa 20—25 15—20
Bypsix 15—20 10—15
Kabauku 25—30 15—20
Bpokomi 15—20 10—15
Tomatu 25—30 20—25

[limcymKxoM TTpoBEIEHOrO TOCHTIKEHHS € PeKOMEH/IAITIT 00 CKIIAIaHHS 0a30BUX
perienTyp MOpo3ruBa MOJIOYHO-OBOYEBOr0. Tak, ceper] 3pa3kiB MOpPO3UBa, sIKi OfIeprKa-
T HAWBWIIII 3arajibHi 3Ba)KEHI1 Oalld CIIJ BII3HAYWTH TakKi, 10 MICTHIH MOPKBSHE
(22,5—25,0 GauniB), 6ypsikose (21,0—22,8 Gana) i kabaukose (21,3—22,0 6aym) mro-
pe, 00pobiieHe pizauMu criocodamu. DepMeHTOBaHI IMope 3ade3neuyBaid GopMyBaH-
Hs1 OLTBII OJHOPITHOI KPeMOIOMiOHOi KOHCUCTEHIIii, TOPIBHSIHO 3 OBOYAaMH, 10 OyITH
i1aH1 TEPMOKUCIOTHOMY Tifpoinizy. Mopo3uso 3 6pokodi (20,1—20,8 Gana) i Toma-
tamu (19,5—19,8 6anma) 3 METOO IMOKpAIaHHs CMaKy, apoMary Ta KOHCHUCTEHIIIi pe-
KOMEHJIOBaHO TOEJHYBaTH 3 1HIMMMH oBouamu. Came Iie 3aBJIaHHSI BH3HAUEHO SIK
TIOATBINHN HAIPSIM HAYKOBOT'O JIOCITI IPKEHHSI.

BucHoBkM

1. Bumbmmii BUXiJl pO3UMHHOrO TIEKTHHY BUSIBIICHO y pa3i 3acTocyBaHHs (pepMeH-
Tallii OBOYEBUX ITFOPE, MTOPIBHSHO 3 TX TEPMOKUCIOTHUM 00pobneHHsM. [TiiBuineHa
KHCJIOTHICTh OBOYEBHUX IMIOPE, 00POOJICHNX TEPMOKHCIOTHIM CIIOCOOOM, TOTpedye
HHM3BKOTEMITEpaTypHHUX YMOB iX TIOETHAHHS 3 MOJIOYHOIO OCHOBOIO. DepMeHTyBaHHS 1
TEPMOKHCIIOTHE OOpOOJICHHS JEI0 3HIKYIOTh aKTUBHICTh BOJIM B OBOYAX 33 PaxXyHOK
TTiIBUTIIEHOTO BMICTY PO3YHHHOIO MIEKTHHY
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2. 3a KOMIUICKCOM MOKa3HHUKIB SKOCTI 3pa3KiB MOpPO3HBA 3 OBOYAMH BH3HAUYCHO,
10 HAMOUIBIIIOI TEXHOJIOITYHOK AKTHBHICTIO BOJIOMIIOTH OBOUYEBI IMOPE 3 MOPKBH,
OypsIKy Ta KabauKiB, IO HAKIO — ITIOpe 3 OPOKOJT 1 HAHIKUOKO TTFOPE 3 TOMATIB.

3. Ha ocHOBI MOpPIBHIILHOTO aHATI3Y Pe3yNBTATIB JOCIIIKEHHS pO3POOJICHO PEKO-
MEeHZaLIl 100 CKIIaJaHHA 0a30BUX PeLENTYp MOPO3UBA 3 OBOYAMHU. 30KpeMa, IS 3a-
CTOCYBaHHSI ¥ pelienTypax MOpO3MBa PEKOMEHIOBAHO TTFOPE OBOYEBE PI3HHUX CIIOCO01B
00pobnenHs y kinbkocti: 15—25% — ms mopkeu; 10—20% — nnst Oypsky;
15—30% — nnsa xabaukis; 10—20% — mst 6pokodi Ta 20—30% — juist TOMATIB.
[Trope 3 MOpKBH, OYpsKY Ta KabauKiB MOKYTh 3aCTOCOBYBAaTHCS SIK OKpeMi MomipyHK-
IIIOHAJIbHI HATIOBHIOBAYI, a IMOpe 3 OPOKOJIi 1 TOMaTaMH PeKOMEH/IOBAaHO 3aCTOCOBYBA-
TH y CIIOJTy4€HHi 3 IHIIIMMH OBOYAMH.
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The wide use of starches in the food industry determines
their comprehensive study over many years. One of the key
problems that need to be solved for the improvement of food
technologies in which starch is used is the definition of the
basic laws of the Kinetics of the gelatinization process of
starches. The purpose of this work was to determine the ki-
netic parameters of the gelatinization process of native po-
tato starch with excessive water content in the reaction mix-
ture (the modulus is 10 g/l) and to select the appropriate ki-
netic model. It was found that the kinetics of the gelatiniza-
tion process of native potato starch is described by the Kru-
ger-Ziegler equation. It is shown that the dependence of the
rate constant of the gelatinization process on the temperature
in Arrhenius coordinates has the shape of a convex curve. It
can be assumed that at a temperature below 70 °C the
process proceeds in the Kinetic region with the limiting stage
of the chemical reaction at the interface of the phases and
when the temperature increases then transition to the diffu-
sion region occurs. It is assumed that the essence of the spe-
cified chemical reaction means the formation or destruction
of hydrogen bonds during the interaction between water mo-
lecules and amylose. The values of the imaginary activation
energy of the gelatinization process calculated from experi-
mental data are 191.3 kJ/mol in the temperature range of
60—70 °C and 22.2 kJ/mol in the temperature range of
80—90 °C. The high values of the activation energy at a
temperature below 70 °C can be explained by the energy
spent on breaking hydrogen bonds between the OH groups
of amylose macromolecules. It is proposed to intensify the
process of gelatinization of starch by increasing the tempe-
rature and using a catalyst at temperatures below 70 °C. If
the process is carried out in the area of high temperatures,
then its intensification can be achieved by grinding starch
granules and increasing the mixing speed of the starch
suspension.
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KIMEUCTEPU3ALIA KAPTONNAHOIO KPOXMAIIO
CNMOCOBOM /N VITRO 3A HAOAMIPHOIO BMICTY BOAM.
1. KIHETUKA NPOLIECY B IBOTEPMIYHUX YMOBAX

I. B. Cxknap, B. /I. Mupropoacbka-Tepentbena, C. C. Jonxukos,
M. B. HikoJieHKO
JBH3 « Yxpaiucekuii 0eparcasHuti XiMiko-mexHonr02iYHuti yHigepcumemy

L Iupoke 6uUKOpUCIAHHSA KPOXMATIG Y XAPHOSIti NPOMUCTIOBOCHI] 0OYMOGTIOE 6CeOiy-
He iX eusueHHs1 6npo0oexc bazamvox poxie. OOnuM i3 KI0H06UX 3a60aHb, WO HOmMpe-
O6y1Iomb GUpiUeHHs 0151 B0OCKOHAICHHS XAP1OBUX MEXHON02IH, 8 AKUX BUKOPUCTOBY-
EMbCA KPOXMAb, € 6CMAHOGNIEHHS OCHOGHUX 30KOHOMIPHOCMEL KiHemuKu npoyecy
Kleticmepu3zayii Kpoxmanie. Y cmammi 6U3HAYeHO KIHeMU4Hi napamempu npoyecy
Kaelicmepusayii HAamueH020 KapmonisiHo20 KpOXmMaio npu HAOMIpHOMY emicmi 600U 6
peakyitiHii cymiwi (iOHOWeHHs macu Kpoxmano 00 00 ’emy eoou 10 e/n) ma eubip
6i0n0GIOHOI KinemuyHOi Modeni. Bcmarnoeneno, wjo Kinemuka npoyecy Kieticmepuzayii
HAMUBHO20 KAPMONJIAHO20 KPOXMAN0 Onucyemvcs pieHannam Kprozepa-Luenepa. 1lo-
KA3aHO, WO 3AIeJICHICMb KOHCMAHMU WEUOKOCMI npoyecy Kieticmepusayii 6i0 mem-
nepamypu 6 apeHiyco8CbKux KoopouHamax mae ¢popmy onyknoi kpusoi. Mooicna 6ésa-
arcamu, wo npu memnepamypi nudicue 70 °C npoyec 6i06ysacmvbcs 6 KiHemuuHiu 0o-
aacmi 3 JIMIMyoyor0 cmaodicro XiMiunoi peakyii Ha medici po3oiny ¢as, a npu 30i1e-
wienHi memnepamypu 8iobysacmucs nepexio 8 ougysitiny ooracme. Ilepedbauacmocs,
Wo CYmHICMb 3a3HA4eHOT XIMIYHOI pearyii nonseae 8 ymeopeHHi abo pyuHy8anHi 600-
HesUX 36 S13Ki6 Npu 83A€MOO0IL MOJIEKYl 600U 3 aminosoro. Pospaxoeani 3a excnepumen-
MANbHUMU OAHUMU 3HAYEHHS VABHOI eHepaii akmusayii npoyecy Kieticmepu3ayii cma-
Hoensims 191,3 k/oic/mons 6 inmepeani memnepamyp 60—70 °C ma 22,2 k/[oc/mons 6
inmepeani memnepamyp 80—90 °C. Bucoxi 3uauenns enepeii akmueayii npu memne-
pamypi Hudicue 70 °C modcHa noscuumu 3ampamamu eHepeii Ha po3pus 600HEeGUX
36 s13xi6 miore OH-epynamu maxpomonexyn aminosu. 3anponoHoeaHo iHmeHcupixKysa-
mu npoyec Kaeticmepuzayii KPOXMAuo WIAXOM NIOBUWEHHS MeMnepamypu ma 6UKo-
pucmanns kamanizamopa npu memnepamypax Huxcue 3a 70 °C. 3a ymosu npoeedenns
npoyecy 6 061acmi UCOKUX memMnepamyp to2o iHmeHcugikayis mosice 6ymu 00CAHy-
ma wisxom NOOPIOHEHHs. KPOXMANE8UX 2pamyil i 30LMbUeHHS. WBUOKOCHI nepemiuLy-
BAHHA KPOXMATILHOI CYCNeH3ii.

Knwouoei cnosa: xapmonisHuii Kpoxmanv, Kielucmepu3ayis, KiHemuxd, MoOeib
Kprozepa-Lluenepa, enepeia akmusayii.

IocTanoBka npodjemu. He3akaroun Ha TpUBally iCTOPiI0 BUBUCHHS HATHBHUX
Ta MOIM(IKOBAHUX KPOXMAIIB, JIOCI TX JIOCIIDKEHHS HE BTPAvatOTh CBOET aKTyaIbHO-
CTi y 3B’S13KY 3 IIMPOKHM 3aCTOCYBAHHSM KPOXMAJIIB Y XapuOBUX TEXHOJIOTisX. OCHOB-
HOIO TX TEXHOJIOTIYHOIO BJIACTUBICTIO € 3[ATHICTH JI0 TeNICYTBOPEHHSI, 1[0 HA3MBAETHCS
crieLiabHIM TepMiHOM — KiieiicTepu3artis (Apriyanto, Compart, & Fettke, 2022; Ka-
ur, Kaur, & Kennedy, 2022). CrorozHi 3araJbHONPHUIHATO PO3IIISIATH KIeHCTepH3a-
IO y BUTTISI CYKYITHOCTI TAaKWX CTafii, SIK HACHUEHHS KPOXMAIBLHUX TPaHyI BOIOIO
31 301UIBLICHHSM X 00’ eMy (cTazist HAOyXaHHS) 10 PO3PHUBY IXHBOI 30BHIIIHBOI 000-
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JIOHKH (MeMOpaHH ) BHACIITOK MTiABUILEHHSI OCMOTHYHOI'O TUCKY, EKCTPAKLIisl aMiJIO3U
3 TpaHyJl y BOJHUI PO34MH, YTBOPEHHS 301110 Ta Horo nepexija y renb (Donmez, Pinho,
& Campanella, 2021; Majzoobi, & Farahnaky, 2021; Chavan, Tta cmisast., 2021;
Amagliani, O’Regan, & O’Mahony, 2016; Li, 2022; Stefano, Irene, & Ruud, 2021).
Po3pi3HsArOTH 1Ba CIIOCOOU KJleHcTepr3altii: in Vitro — kiefictepu3artisi 3 BAKOPHCTAH-
HSIM YMCTOr0 KPOXMAJTFO Ta iN Situ — 3 BUKOPHUCTaHHSM LIBHOrO 3epHa. Y pasi Kileii-
crepu3artii in Vitro Mixk rpaHyIaMi KPOXMAJTFO Ta MOJIEKYJIaMH BOIM BiJCYTHIH (i3ud-
Huit Oap’ep, 1 Kpoxmais Jierko noctynHuii it Boau (Turhan, & Gunasekaran, 2002).

[pouec kieiicTepusaiii 3a1eKUTh BiJ 0ararbox (paKTopiB BIUIMBY, TAKUX SIK YJIBTPa-
3BYK, MPUCYTHICTh TOJicaXxapuiB, OUIKIB, TIEKTHHY, IyKpPiB i COJi, BMICT aMiJlo3d B
rpaHyJiax, po3Mip TpaHyJl KpOXMaJIo, HIBUJIKICTh HArpiBaHHS KPOXMAIO Y BOMI, CTY-
MiHb IJIABJICHHS KPUCTAIIB KPOXMaJIo, a TAKOK MOYaTKOBUH BMicT Bosiord. Taka Be-
JIMKa KiJIBKICTH (hakTOpIB, 110 BIUTMBAIOTH Ha MPOIEC KIEHCTEpH3allil, TOBOPUTH TIPO
CKII3JIHICTh I[HOTO MPOLIECy Ta HEOOXIIHICTh CUCTEMaTH3aIlii YMOB HOro eKcriepuMeH-
TaJIBHOrO JIOCIPKeHHSI. BoweBH;1b, HEOOXiIHOIO YMOBOIO KEPOBAHOT'O BILIMBY Ha KIICH-
CTEpH3AIII0 KPOXMAIIIB € PO3YMIHHS XiMi3MY 1 HASIBHICTh MOJICTIFHOTO OTHCY KiHETHKH
II6OT'O TIPOLIECY.

AHaJti3 octaHHiX pocaimkeHb i myouaikaniit. Y (Turhan, & Gunasekaran, 2002)
JIOCITIKYBAJIH KIHETHKY KJIecTepr3allii KpOXMaITiB TBEpOi Ta M SIKOI MIleHuIIi in Situ
Ta in Vitro mpu BapinHi y Boxi B iHTepBai Temmeparyp 60—100 °C. Byso 3naiizieHo,
IO KJIEHCTepH3allis KPOXMao B 000X BUMAKaX CJiTyBasia KiHETHUII PeaKiii mepiio-
TO MOPSKY. YCcepeaHeHa A BChoro BUBYEHOTO TEMIIEPATYPHOro iHTEpBaTy €HEprist
axtuBarlii (E.) mis kiedctepusartii in Vitro ckiama 76 x/lx/mons. Ha Hamry gymky,
TaKe yCepeIHCHHs 3HaUeHb F. HE MOYKHA BU3HATH KOpPEeKTHUM. Harpukiias, 11 aBTopu
PO3IIISIHYIIM MOYKJIMBICTh OIMUCY €KCIIEPUMEHTATIbHUX JIAHUX YIS KIeHcTepH3allii 1BO-
Ma 3HadeHHsMH: 137 x/[x/Monb mpu Temmeparypi Hukde 75 °C 1 79 xJhx/Monb npu
Temriepatypi Buine 75 °C. Byno BUCIOBIEHO MPUIYIIEHHS], 10 PANTOBE 3MEHIICHHS
Ea Bume 75 °C Bka3ye Ha JIesKi CTPYKTYPHI 3MiHH, 1110 TPU3BOIATH 0 O1JIbII BUCOKOT
IIIBHU/IKOCTI TIEpEHECSHHST BOM TIOPIBHSHO 31 IIBHIKICTIO TIporiecy Kirericrepu3artii. [Tpo-
T€ TIPUYUHM 3MiHU CITiBBiJHOIIICHHS IIBUAKOCTEH X MPOIIECIB HE3PO3YMLTI 1 HE KO-
MEHTYIOTBCSL.

Anasoriuti pe3ynbrati omy0ikoBano aBropamu (Spigno, & De Faveri, 2004).
Bonwn nokazanm, 1110 SKIo eKCepruMeHTaIbHI JaHi 3 KIHSTHKA KIIeHcTepr3allii Onucy-
BaTW B KOOpAMHATAaX PIiBHSIHHA ApeHiyca OJHIEIO JIHIHHOI KOPEJLLi€ro, TO 3 Koedi-
IIEHTOM KOPEJISIIii R? = 0,76 BuxoauTh 3Ha4eHHs E, Om3bKe 10 26 k/[x/Monb. OmHak
SKIIO €KCIIEPUMEHTAIBHI TOUYKU OIUCATH ABOMA JIHIHHUMH KOPELisMu (3 Koediri-
eHTamMu Kopessiii Oinbie 0,9), To BUXOAATH pi3HI E. I Pi3HHUX TeMImeparyp: I0
79 °C E. =144 x]lxx/Monb, Buiie 79 °C E. =14 xJIx/monb. BoueBuap, 3HaueHHS Eq,
3HaliJIeHe y MepIIoMy BapiaHTi alpoKCHMAIlii IJAHUX 13 HACTUTBKA MaTUM 3HAYCHHSIM
KoeillieHTa KOpeIsIiii, HeMae CEeHCYy.

Inest onvicyBaTH KiHETUKY KIIHCTEpHU3allii JBOMa CHEPrisiMU aKTHBAIlii Briepiie 0y-
ma BucioBieHa y (Suzuki, Kubota, & Hosaka, 1976), ne BusBieHo, 110 3Ha4eHHS Ea
JUT KIeiicTepusaltii 61J1oro pucy mpH Temriepatypi Buine i Hikde 75 °C CTaHOBIISTh
83 i 37 x/x/Monp BimnosigHo. Edekt 3anexHocti E. mporecy kielcrepusarii Bia
TEMIIepaTypy CIOCTEpIrajii TaKoK Oarato iHIMX aBTopiB. Hampukiaz, st kiecre-
pu3arii in Vitro psay xpoxmajiB 3HaWJCHO TakKi 3HAYEHHS €HEepriii akTUBAIlii:
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234 xJx/mons utst inTepBany Temreparyp 67—386 °C (Okechukwu, & Rao, 1996),
110 x/Ix/monb aus intepBaity 53—65 °C (Shiotsubo, 1983), 42 k/Ix/moins 1ist iHTEp-
Baity 73—92 °C (Kubota, Hosokawa, & Hosaka, 1979).

Psint aBTOpiB 0OrOBOpPIOIOTH eeKT 3MiHM E. B Tporieci KieicTepusalii BUIIE 32
TIEBHY TEMIepaTypy B TEPMiHAX IEBHOI «TOYKH PO3PHBY» B KIHETHII TIPOIECY — TaK
3BaHOI KPUTHYHOI TEMITEPATYPHOI TOUKH (PA30BOTO MEPEXOY «TBEPIIE TLIO — PiAUHAY,
sIKa JIUTATB TIPOIIeC KIeHCcTepr3altii Ha /i cTatii: HabyxaHHs aMop(hHOI YaCTUHHU Ta PyH-
HYBaHHS KPHCTAIIYHOI YaCTUHH TpaHyI Kpoxmaio (Zhou, Robards, & Blanchard, 2010;
Calzetta, & Suarez, 2001; Ojeda, Tolaba, & Suarez, 2000; Yeh, & Li, 1996; Bakshi, &
Singh, 1980). Io cyTi, nependayvaerses, MO CIIOYATKY KielicTepr3ailist BiOyBaeThes 10
amopHUX AUTSHKAX, a MICIS TOYKA PO3PHBY — TO KpcTamiyHux. OmHaK Juis BCixX
BUBUCHUX KPOXMAaNiB E, CIOYATKy BUIIE, a MOTIM TICNIsl JOCSATHEHHS TeMIepaTrypy
«TOYKU PO3pUBY» ii BEJIMUMHA Pi3KO 3MEHITY€EThCsl. BoueBnib, amophHi yTBOpeHHS B
rpaHyJiaX KpOXMaJlio JIeTTe «3pYyHHYBaTH», HXK KPUCTaJiYHi, TOOTO 3 TOYKH 30Dy TO-
CITIIIOBHOTO PO3YMHEHHS! aMOP(MHUX 1 KPUCTATIYHUX YaCTHH TPaHyJd Ma€e CriocTepira-
THCS] 3BOPOTHA 3aJIEXKHICTh — CIoYatKy K, MeHIe, a moTiM Ouibie. Takum 4uHOM,
YABJICHHS TIPO «TOYKY PO3PUBY» B KIHETHIII IIPOLIECY HE 1€ 3MOTU TTOSCHUTH 3aKOHO-
MIpPHOCTI, 1110 CIIOCTepiraroThes. Ha Hamy ayMKy, ySIBJISHHS PO KPUTHUYHY TeMIiepa-
TYpHY TOUKY (ha30BOro Mepexory IpaBOMIpHO TUIBKH I HUIbHUX Tpany.l. Pid y Tomy,
IO TPU BHIUICHHI KPOXMAJTIO 3 POCIIMHHOI CHPOBUHU YaCTWHA TPaHyJl PYHHYEThCS.
Od4eBUIHO, IO VIS 3pYHHOBAHHUX TPaHyJI CTaJlisl iX HAOyXaHHS 3HAYHO TPHCKOPIOETh-
Csl, IO TTOSICHIOE CITOCTEPEIKYBaHE 3HIDKEHHS TEMIICPATypH MOYaTKy KIeHCTepu3allii.
L5 3aKkOHOMIpHICTH JOOpE MATBEPAKYETHCS BITOMUMH (DakTaMu MOXKIIMBOCTI 4acT-
KOBOI KJIeHCTepr3allii KpOXMaIi0 NPU TEMIIepaTypaxX, HIKUMX 32 «TOYKY PO3PUBY»
(Ojeda, Tolaba, & Suarez, 2000).

VY (Li, 2022) Haronouryerscsl, o OUTBIICTh BUBYEHUX KPOXMaJliB B YMOBax oOMe-
’KEHOT'0 BMICTY BOJIM TTOKa3aJIM IOPSIOK peakilii KieicTepu3artii, ommsbkuii 10 2,5. Le
BIIPI3HSIETHCS BiJ KIEHCTEpU3aLlil KpOXMAIIIO B 130TEPMIYHHUX YMOBaX IPH HALJIUILKY
BOJIH, sIKa cItijiye Kinetui nepiroro nopsiaky (Turhan, & Gunasekaran, 2002).

Omxe, KIHETHKA Ta MEXaHi3M MPOLIECIB KJeHcTepr3allii KpoXMaiB J0ci € mpeaMe-
TOM IHTEHCUBHHX JOCII/DKEHb. J[MBHO, 1110 eeKT 3aJIe)KHOCTI €Heprii akTHBAIlil 1TuX
TPOLIECIB BiJI TEMITEPATYPH J10CI HE 3HAKIIIOB CBOT'O TIOSICHCHHS.

Merta noc/tixKeHHsI: BCTAHOBJICHHS KIHETUYHOI MOJIEIl TIPOLiecy Kiieicreprzanii Ha-
THBHOTO KapPTOILUBTHOIO KPOXMAIIFO CIIOCOO0M iN VItro B i30TepMIYHMX YMOBaX MU Hajl-
MipHOMY BMicTi Boi. OCHOBHUMU 3aBJaHHSAMU OyJIM BU3HAYEHHS KOHCTAHT IIBHIKOCTI
Ta eHeprii aKTuBauii mporecy kiuekcrepusaii B inTepsali remneparyp 60—90 °C.

Marepiamm i metonu. B ekcniepiMeHTax BUKOPUCTOBYBAJIM KapTOIUITHUN KPOX-
maib Bumoro raryHky (JICTY 4286:2004) 3 macooro yactkoro Bonoru 19,9% 1 3a-
ranpHOI 3011 0,30%. Ha neitrpanizamiro 100 T kpoxmao (B epepaxyHKy Ha CyXy pe-
4oBHHY) BHTpadanock 8,5 cm® 0,10 M posumry NaOH. Tlix yac posrismaHHs Heos-
OPOEHNM OKOM KiJIBKICTh BKpaIUieHb KPOXMATO Ha | M° piBHOI MOBEpXHi CKIanana
164 mrykw.

Juist mocmipKeHHST KIHETHKY KIIeWCTepr3allii B KPYIJIOMOHHY KOJIOY 3 JIOMATEBOIO
Mimmankoro Hameam 400,0 M muctiiboBanoi Boay. Konly posmilyBaim B TepMO-
CTaTi Ta HarpiBajiM J0 3a7aHoi Temmneparypu B iHtepanm 60—90 °C. Tlotim y po3unH
NpH TIOCTiifHOMY TiepeMinryBanHi (He MeHI 150 00/XB) J0qaBaii HaBaXXKy KpPOXMAITO
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macoro 4,00 r 1 nepioguuHo BigOupamu no 1,5—2 mi1 po3urHy cycneHsii B LIeHTpH-
¢byxai ipobipku. [Tpobipku 3 PO3YMHAMH OZIpa3y TIOMIIIAJIA B XOJIOMHY BOJY JUIS 3Y-
MIMHKY TIPOLIeCy KIIeWCTepu3alii, TOTiM ITiaBaim ueHTpI/I(byryBaHH}o BrIpozoBX 10 xB
npu 3000 06/xB. Jam 3 KOXHOT Hp061p1<1/1 BIZIOMpaJK AJIKBOTH MPO30PHX PO3UYHHIB
00’emom 1,00 mu1, mepeHocu ix 'y MipHi konou Ha 100,0 mu1, nomaamu 0,25 mi 0,05 1
PO3UMHY HOMy, TOBOAMIIM IO MITKH AWCTHIHOBAHOI BOJOIO 1 JOOpE TepeMilTyBalId.
BumMiproBaHHS CBITJIONOTIIMHAHHAS PO3YMHIB MPoBOMH depe3 30 XB 3a TOMOMOTOI0
crnexrpodoromerpa CD-46 npu gosxuHi xBuim 610 HM. 3 METOIO BU3HAUCHHS MaKCH -
MaJIbHOTO (PIBHOBa)KHOI'0) HACHYEHHS PO3YMHY aMiJI03010 KPOXMaJIbHY CYCIIEH3110 TPO-
JIOBKYBJIM BUTPUMYBATH B KPYIJIONOHHIM KOJOI 32 THX € TEMIIeparyp BIPOIOBK
6 ros1, MOTIM BiIOMpaIM ajJiKBOTH PO3UHHY Ta BUMIPIOBAIIM CBITJIOMOMIMHAHHS PO3YH -
HY aMiJIO31 3 HOI0M 32 OIMCAHOIO BHIIIE METOIUKOIO.

Cryninp KielicTepr3aliii po3paxoByBaJM 3a JAHUMH TPhOX MapalieIbHUX BUMIpIO-
BaHb SIK BIJHOIICHHS ITOTOYHMX BEJIMYMH CBITJIONOIIMHAHHS {i pO3YMHIB 3 HO10M 110
HOro MaKCMMaJIbHOTO 3HAUCHHST JUIS JIAHUX YMOB i30TepMIYHOro ekcriepumMenty. O0paHi
YMOBH €KCTIEPHMEHTY JaBATM 3MOTY OZIEp)KYBAaTH PO3UYMHH aMiJIO3U B KOHLICHTpaLlisiX,
SKI HE BUXOIMJIM 32 MEXI JIHIHHOI 3aJ1eKHOCTI CBITJIONOTTIMHAHHS 1i KOMIIJIEKCIB 3
Homom Bij koHIeHTpartii: 0—2,2 Mr/miL.

3HaueHHs eHepriil aKTUBaLi] KIeHcTepr3aLii KapTOIIITHOrO KPOXMAITIO PO3paxoBy-
BaJM 13 3HAYCHb TAHTEHCA KyTa HAXHJITY MPSMOJIIHIHHMX BIATHHKIB, MOOYIOBaHUX y Ha-
niBorapuMiYHUX KOOPAMHATAX PIBHAHHA ApeHiyca:

- Aexp( Fij %

ne K — KoHCTaHTa IBHIKOCTI Mpoliecy; 4 — NepeieKCIOHCHITIHHNI MHOYKHUK; Fo —
eHepris akTuBallii; R — yHiBepcasibpHa ra3oBa crana; 17— TeMmeparypa.

MIiKpOCKOITIYHI TOCTIKEHHS ITPOBOIMIIN 3 BUKOPHCTAHHSM OITHYHOT O MIKPOCKO-
na NU-2 (Carl Zeiss, Jena, Germany) i CKaHyrOUYOro eneKTpoHHOro mikpockorna JEOL
JSM-6510 (JEOL, Tokyo, Japan).

BuknageHHs1 0CHOBHUX Pe3yJIbTATIB AOCTTKEeHHsI. 3 METOK BUOOPY MO TIPo-
necy Kieiicrepuzanii Hamu OyJI0 MPOBEIECHO MIKPOCKOIIUHI TOCIIHKEHHS KPOXMAITIO.
Ha puc. 1 npexncraBnena ¢ororpadis HATUBHOTO KapTOIUITHOIO KPOXMAIIO TIPU
850-kparHOMY 301sbIIeHHI. SIK BUITHO 3 poTorpadii, 3pasku, IO JOCTIHKYIOTHCS, Mic-
TATh HE TUIBKU LJICHI TPaHy/IM Pi3HOTO po3Mipy OKpYIIIoi (hOpMH, aje TaKOX 1 4acT-
KOBO 3pyHHOBaHI rpanyid 3 0e3muuro npiOHImmMX ockokiB. Ha 3a3y0imHax 3pyiHO-
BaHUX IPaHyJI BUPa3HO BUJIHO, 110 BOHU BKPHUTI TOHKOIO OOOJIOHKOKO (MEMOPaHOI0).

Ha puc. 2 nokazano ricrorpamy po3rojily YaCTHHOK KPOXMAJIIo 3a po3MipaMu. Y
PO3paxyHKax BHKOPUCTOBYBAJIM SIK IIUICHI, TaK 1 3pyHHOBaHI I'paHyjv, a YACTUHKH 3
pO3MipaMH MEHIIIE 5 MKM Y PO3paxyHKaxX He BpPaXOBYBAM. Pe3ynbraTtu mipaxyHKiB
YHClia YaCTHHOK Ha MikpodoTorpadisx Oy arpoKCMMOBaHI rayCOBUMH (DYHKITISIMU.
3rimHO 3 MU alPOKCUMAITISIMH, HAHOLIBIT IMOBIPHUIA PO3MIp YaCTHUHOK BUBUYCHOT'O
3paska KpOXMATKO CTAHOBUTH 24,4 MKM 3 HaITIBIIMPUHOIO TayCOBOI KPUBOI POITOILITY
25,1 MKM.

TakuM 9MHOM, TIPF MOJIETIFOBAaHHI MTPOIIECY KJIEHCTepr3allii KPOXMAIIO CJIiT Bpaxo-
BYBaTH, 1110 YaCTUHA HOro TpaHyJ1 3pyiHHOBaHA. SIKITO JUTS LIJIMX TPaHYyJI ITPOLIEC KIIek-
cTepu3allii MOYNHAETHCS 3 MOMEHTY PYHHYBaHHS iX MEMOpaHHUX O0OOJIOHOK (a 11 BH-
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Marae 4yacy Juis 1udysii MOJIEKyJ BOAM BCEpEUHY TPaHydl), TO AJIs 3pyHHOBaHUX Ipa-
HyJI BiH TOBHHEH MOYMHATHCS MPAKTUYIHO MUTTEBO MTPH X BHECEHHI B rapsdy BOLY.

Puc. 1. MikpodoTorpadiss HATHBHOr0 KapTOILISIHOTO KpoxmaJaio (Macmrad 1:850)

351

304

20 -

W, %

15 4

10 1

d, MKM

Puc. 2. Ticrorpama ta KpBa po3moAily rpany.J KapTOILISTHOT0 KPOXMAJII0 32 po3MipaMu

OckiJIbKH CMIBBIIHOMIEHHS! LUTHX 1 3pyHHOBaHHUX I'paHyJl KPOXMaJiB MOXKE 3MiHIO-
BAaTHCh Y PI3HMX 3pa3Kax, TO iX KIHETHYHI MOZIEI MOXYTb BifIpi3HATHCS. MOXIIMBO, 1€
MOSICHIOE PI3HOMAHITHICTh BUCHOBKIB PI3HUX aBTOPIB LIOI0 MOMJIMBOCTI 3aCTOCYBaH -
H1 /IO ONHCY €KCTIEPUMEHTANIbHUX JaHUX PI3HUX KIHETUYHUX MOJIEIICH.

[IpoBeaeHi gociiHKEeHHS] KIHSTHKY MTPOIIECY KIICHCTEepr3allii oKa3aIl 3aKOHOMIp-
He 30UIBLIEHHS KUTBKOCT1 aMiIO31 B PO3YMHI 31 30UIBLIEHHAM TPUBAJIOCTI 130TepMivHOT
BUTPHMKH 1 TeMrieparypy po3unHiB. [ padiku B koopaunarax X(t) MaroTh BUIVIS OMyK-
JIMX KPUBUX, sIKI HAOMMKAIOTHCS 10 HACUYEHHS 31 3pOCTaHHSIM TPUBAJIOCTI MPOIECy

(puc. 3).
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Puc. 3. 3anexkHicTh cTyneHs BUIy4eHHst amisio3u (X) Bin yacy izorepmiunoi BuTpumki (t) mpu
Temnepatypi, °C: 1 — 60; 2 —66; 3 — 69; 4 — 80; 5— 90

Jns aHaiizy eKCrieprMEHTAIBHIX Pe3yJIbTATIB BUKOPUCTOBYBAN Psifl KIHETHIHUX
PIBHSIHB, SIKi 3aCTOCOBYIOTHCSI JUIsI OIUCY TIPOIIECIB Y CUCTEMaX «TBEpIE TiIO0 — Pijv-
Ha». Haiikpami pesymstatu (R? > 0,99) oTpuManm Tpy Onmci KiHETHYHHX JaHHX PiB-
HsHHsIM Kprorepa-Lluriepa:

1/3 )2
kInt=(1-a-X 2}, @)
ne X— CTymiHb BHJIyYEHHsI aMijIo3d; K — KOHCTaHTa MIBUIKOCTI HPOIECY, IO CIIO-
cTepiraeThest;, t — gac i30TepMidHOT BUTPUMKHL.

PesysbraTty 00poOKM OTpUMaHMX KIHETUYHHX JIAHHX MPOLIECY KIIeHCTepH3allii KapTo-

TUITHOTO KPOXMAJIIO B KoopauHaTax piBHsHHsI Kprorepa-1{uriiepa nokaszano Ha puc. 4.

0,304 5
0,25

0,20 4 o

1/3)2
4
*

< 0,151 -
s °

< 0,10 . A

0,054 ¢ P

E sl

0,001 . i

Int

Puc. 4. KineTnuni nani uis npouecy kieiictepusanii KapToILUISTHOI0 KPOXMAJII0 B
KoopauHaTtax piBHsiHHsA Kprorepa-Iuraepa, moayms m/V = 10 r/i; temnepatypa, °C: 1 — 60;
2—66;3—69;4—80; 5— 90; yac i30TepMiUHOT BATPUMKH BHPAXKEHO y XBHIIMHAX

Y mozemn Kprorepa-llurnepa po3nisaaeThes reTeporeHHUH XiMIiqHUA MPOIeC Mix
TBEPIIIM PEAreHTOM A 1 PO3YMHHMM peareHToM B 3 YTBOPEHHSIM TBEPAOro MPOIYKTY
peakuii AB. Y HabmkeHHi 11i€i Mofei 1 cheprHyHOi YaCTHHKH TBEPIOTO PEareHTy 3
eeKTUBHIM paJiiycoM Io 32 MPOMDKOK Yacy t BHACIIIOK XiIMiYHOI PeaKIlii yTBOPHUTHCS
1ap MPOAYKTY PeaKilii TOBIMHOKO Z:
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r=r-z, 3)
e fo— BUXITHUI pajiiyc; Z— TOBIIMHA IIapy MPOXYKTY peakilii; I — pajiyc TBepaoi
YaCTUHKH Ha MEeBHHUI MOMEHT 4acy t.
CrymiHb TIepeTBOPEHHSI TBEPAOro peareHTy (X) MOXKHA BUPA3UTH Yepe3 BiTHOMICH-
Hs1 FI0r0 00’ €MiB B MOMEHT 4acy t i 1o movaTKy nepeTBOpeHHSI:

(1-X)= (gjn(ro il _fo=2)

4 8’
(3)”(% poow)
3 BOTO PIBHAHHS BUILIMBAE, TIO:

2=n(1--X)*?), ©)

Kprorep i Lurnep 3anpornonyBam po3risigaTi reTeporeHHui XiMIYHUIA Mpotiec 3i
3MiHHUM KoedillieHTOM AMQy3ii YaCTHHOK peareHTy, 110 TePeHOCSThCS Yepe3 map mpo-
IykTy peakiii: D=k, /t . BukopuctoByrour Mozernb SIHaepa (3 mapaboiyHuM 3aKOHOM

(4)

3aJIE’KHOCTI BiJl Yacy MOCTYIIOBOTO HAPOCTAHHS APy MPOIYKTY Peakilii), IBHIKICTh
3MIHHM TOBIIUHY APy MPOAYKTY PEaKIlii BOHU MPEICTABHIIN B TAKOMY BUTJISIIL
dz _ DVmCO _ k]_VmCO 6
a  z otz ©)
ne D — xoedimient audysii; Vm — MosbHUI 00’ €M npoaykTy peakitii; Co— KoHIIEH-
Tpallis PO3YMHHOrO PearceHTy Ha MOBEPXHi.
[Ticng mozinmy 3MiHHUX Ta IHTETPYBaHHSI IIbOT'O PIBHIHHS:

dt
J.ZdZZJ-VmCole , (7)
OTPUMYEMO:
22 =2V, Coky Int . @)

06’ emnaemo piBasiaHS (5) 1 (8):
r2=(1-(1-X ** =2V, Coky Int . )

JUyist CTIpOILCHHS BUPa3y JOOYTOK MOCTIHKMX BEIMYMHU TO3HAYMMO KOHCTAHTOR K
1 orpumaemo piBasHHS Kprorepa-Lurnepa:
kint=(1—(1-X "} . (10)
[paBomipHicTs BukoprctanHs moaeii Kprorepa-Liurmnepa mis omucy npotiecy Kiei-
cTepH3aLlii KpOXMaJIro MOKHA IPOIEMOHCTPYBATH CXEMOIO JJIsl CTa/il rigpaTanii Kpox-
MaJo:
A(ms.) + nH0—A*nH20(ms.),
ne A(me.) — amizio3a B TpaHyll KpOXMaJi0 B aMOPPHOMY ab0 KPUCTATIYHOMY CTaHi;
A*nH20(ms.) — rigparoBaHa amijioza B TpaHyJi KPOXMAJIIO (BOIHEBI 3B’S3KH MiXK
MaKpOMOJIEKYJIaMH aMiJIo31, 3pyHHOBaHI i YTBOPEHI HOBI 3B’I3KH 32 YUACTIO MOJICKYTT
BOJIN).
OueBnIHO, MOYKHA BBKATH, 11O CTAIs TiIpaTallii aMiJIo3H XapaKTepU3yeThCs 3MiH-
HUM KoeditieHToM udys3ii MOJeKyl Bomu yepe3 map nponykry 4A*nH:0(ms.) yHac-
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JIOK 3MiHU KOH(POPMAIIHHOI CTPYKTYpH HOMIMEpY MPpU PyHHYBaHHI MDKMOJEKYIISIpP-
HUX 3B’s13KIB B 00’ €Mi KPOXMAITbHUX I'PaHyL.

Omxe, MpUHIMTIOBA BiaMiHHICTH Moneii Kprorepa-Ilurnepa Bix iHImxX mozeneit
TeTepPOreHHNX XiIMIYHUX MPOIIECIB TIONISATAE B TOMY, IO KoedillieHT audy3ii YaCTHHOK,
ITI0 TIEPEHOCATHCS, PO3TILIIAETECS HE TTOCTIHHO0, 2 3MIHHOIO BEJIMIHHORO, STKa 00EepHE -
HO TporiopuiiiHa yacy. CTOCOBHO MPOLECY BHITYUEHHS aMiJIO3H, KOJIM HE WAETHCS IO
XIMIYHY peakKllito MiJK peareHTaMH, 10 3HAXOJATHCS B PO3UMHI 1 B TBepIii (asi Kpox-
MaJIbHUX TPaHyJl, BUKOPUCTAHHS MOZEJNel TeTepOreHHMX XIMIYHHMX IPOIECIB MOXKE
NpeacTaBIATACS CyMHIBHUM. OIHAaK, SIKIIO BpaxyBaTH, IO BWIIyYE€HHS aMmijo3u He-
IpaHyJiM), TO MOJENb FeTEPOreHHOI Peakilii MOXHA 3aCTOCYBAaTH 1 JO KPOXMAIbHHUX
TpaHyJ: MOJIGKYJI BOAW 3 piAKoi (a3u qudyHIyIOTh ycepeuHy TBEPAUX TPaHyll, a
YTBOPEHHS a00 pyHHYBaHHS BOAHEBHX 3B SI3KIB 32 Y4acTIO MOJIEKYJI BOJM MOXe OyTH
aHaJIOroM XiMiuHOI B3a€MOIiT MK BOZIOKO Ta amisio30r0. OCKIIBKY TiipaTaliis 30BHIII-
HIX IIapiB KPOXMAIBHUX TPAHYIT 3MIHIOE apXITEKTYpy iX MIKMOJICKYJIIPHHX 3B’ SI3KiB,
TO HETOCTIHHICTh KoedirieHTa audy3ii MOJIEKya BOIH SIK peareHTy B Iii MOJIe ITiJI-
koM 3po3ymina. [pumymenns Kprorepa i Lprnepa, o koedirient audysii Moxe OyTu
00epHEHO MPOMOPIIIMHIM Yacy, B IIbOMY BHNAJIKY J00pE BUKOHYETHCS: UMM OLTBILIHA
yac rifpararii, THM TOBILMH IIap TipaToBaHUX MAKPOMOJIEKYJ i THM MEHIIHH Koedi-
ieHT Tudys3ii.

TanreHcH KyTiB HaXWJTy OTPUMaHUX MPSIMUX Y KOOpAWHATaX piBHsAHHS Kprorepa i
[urnepa mamy 3MOry BH3HAUUTH KOHCTAHTHU IIBHUIIKOCTI, sIKi OyJI BUKOPUCTaHI IS
noOyaoBu rpadikiB y KOOpAHHATAX PIBHSIHHA ApeHiyca Ta pO3paxyHKY YSBHHUX €Hep-
Tl aKTHBAIll JOCIIKYBaHOrO Tiporiecy (puc. 5). BcraHoBEHO, 10 B KOOPIMHATAX
Ink —1/T 3aneHicTh KOHCTAHTH IBUIKOCTI TIPOIIECY KJICHCTepr3allii BiJ] TeMIepaTypu
Mae GopMy OMYKJIOi KPUBOI, sIka J00pe BiZloMa B TEOpii reTepOreHHMX XiMiYHHUX MPO-
ECiB 1 CBITUMTH MPO 3AJEKHICTh EHEprii akTHBAIlii Bijl TEMIIEpaTypH peati3allii mpo-
LIeCy: 32 BITHOCHO HU3BKHUX TEMIIEPATYP MPOLIEC BiAOYBAETHCSA B KIHETUUHOMY PEXUMI
3 JTIMITYIOUOIO CTJIi€l0 XIMIYHOI peakilii Ha Mexi po3aity a3, a 3a BiTHOCHO BUCOKHX
TEMITEpaTyp MPOLEC NEPEXOANTD Y TUPY3IMHIIA PEKUM, TOMY 1110 MIBUAKICTH XIMIYHOT
peaxuii 31 3pOCTaHHSIM TEMIEPATYPH Pi3KO 30UTBIIYETHCS 1 JTIMITYIOUOO CTAIIEI0 TPO-
ecy crae npouec Audysii peareHTiB (a00 MPOAYKTIB PeaKiii).

Po3zpaxyHku 3a januMu puc. 5 nokasanm, mo B inTepsaii 60—70 °C ysiBHa eHepris
aKTHBAIlil mporecy Kiercrepusanii cranoButh 191,3 k//Moinb, a mpu Temmneparypi
80—090 °C 3menmryerses 10 22,2 kJx/mMoinb. Li 3Hauenns E. 1o0pe miaTBepIKyoTh
BiJIOMI JIiTepaTypHi JaHi JuIs pi3HUX BUIB KpoxmaiiB. Hampuknan, 3a manumu (Spig-
no, & De Faveri, 2004) 3nauenns £, npu t < 79,5°C cranomsts 144—230 x/lx/Monb,
npu t>79,5°C — 3menniyroteess o0 14—30 x/[x/Monb. Y mili Ta 6aratbox 1HIMX
nparisix 3aexHocTi Ink—1/T armpokcuMyBaHi 1BOMa TPSIMUAMH, a iX MEPEeTHH PO3rJsiia-
JM SIK SIKYCh XapaKTEPHCTUYHY TOYKY Ipollecy Kiercrepu3aitii. OfHak 15 ToYKa He €
TOYKOIO «3JIaMy» Ha KpPUBIi y KOOpMHATAaX PiBHIHHS ApeHiyca, OCKIIBKH Iepexi Bij
KIHETUYHOTO PEeXUMY 110 AUPy3iiiHOro BiIOyBAETHCS HE CTPHOKOMOAIOHO, a MIIaBHO
Yepe3 MepexiTHUN PeKUM XIMIYHOTO ITPOLIECY.
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Puc. 5. 3icTaB/ieHHS] KOHCTAHT LIBUAKOCTI Npouecy KieiicTepu3auii KAPTOIUIAHOr0 KPOXMATI0
3a pi3HHUX TeMIIepaTyp y KOOPAMHATAX PiBHIHHS ApeHiyca

OueBUAHO, 10 OCHOBHOO TPOOJIEMOIO B MOSICHEHH] e()eKTy 3aJIeKHOCTI eHeprii
aKTHBAllil mporecy KielcTepusallii Bil TeMIiepaTypu € BUCOKE 3HA4YeHHS E. Mpu
HU3BKUX TeMIeparypax. SKIIo 3HaueHHs eHeprii akrusarlii Ha piBHi 22 k/[x/Momb
0e3 KOIHUX CYMHIBIB MOJKHA BiIHECTH A0 mpouecy mudysii, To Benuunan E, 1o-
panky 200 kJIx/MoJb MOXKYTh OYTH 3pO3yMIUTHMH TUILKU 32 YMOBH, 11O BOHU Xa-
PaKTEPU3YIOTh XIMIUHY B3a€EMOJIIFO.

Ha namnry mymKy, BHXi i3 IBOTO TApagoKCy MOXIIMBHI 32 JOMOMOTOI0 YSBICHHS
PO YHCIICHHI BOJHEBI 3B’ S3KH MK MaKpOMOJICKYJIaMH aMilio3u. SIKIO Jist po3puBy
OJTHOT'O BOJTHEBOT'O 3B’ sI3KY, HAPUKJIIA], B TUMEPI BOAM MOTPIOHA SHEPTis MOPSAKY
21 x/Ix/MoIb, TO ISt lecsiTKa Takux 3B s13KiB MbK OH-rpymamm MakpoMOJIeKysT ami-
JIO3U E€HEprist po3puBy MoBUHHA OyTH Ha piBHI 210 kJ[/Moib. OCKiIBKH BOTHEBI 3B’ 513-
KM BiJIIrpatoTh TOJIOBHY POJIb B KPUCTAITI3ALT aMiJIO3H i aMiJIONEKTUHY, CIIiJ] 3pOOUTH
BUCHOBOK, 1110 BOHW MAIOTh Bi/IirpaBaTH TOJIOBHY POJIb 1 B PyHHYBaHHI KPOXMaJIbHUX
rpaHyJ1 y IpoLeCi KieiHcTepr3altii.

Po3paxoBani 3HaueHHSI €HEPriii aKTUBAIIIl MOKA3YIOTh, 1110 MTPOIIEC KJeHCcTepr3artii
CTIOYATKY TPUBAE Y KIHETUIHOMY PEXUMI, TOMY HOro iHTeHCcHDiKallis MOXJIMBA 32 pa-
XyHOK 30UThIIEHHS KOHCTAHTH IIBUJIKOCTI TIPOIIECY PyHHYBaHHS MIKMOJICKYISIPHUX
BOZIHEBUX 3B’s13KiB. OueBHAHMI crOCiO MiABUIIEHHS KOHCTAHTH MIBUKOCTI — I1€ ITiJI-
BUILICHHS TEMITEpaTypH Ta BUKOPHUCTaHHs Kararizaropa. [Ipore xke micist 70 °C mipo-
1ec Kieiictepu3allii mourHae nepexoauty B qudysiiiauii pexkuM. [nTencudikartis mpo-
uecy B u(y31HHOMY PeKIMI MOKITUBA TIPU TOAPIOHEHHI KPOXMAaIEBUX TPaHyJI 1 301716
LIEHH] IIBUIKOCTI TIEPEMIlTyBaHHS KPOXMaJIbHOI CyCTICH3i.

BucHoBkM

BcranoBrneHo, 1110 3a51€KHOCTI CTYIIEHsT BUITyYeHHS aMiJIO3H BiJl Yacy MpOBEICHHS
npolecy KIeHcTepr3allii KapTOIITHOrO KPOXMAJIIO JIIHeapu3YIOThCS B KOOpIUHATAX
piBHsHHS Kprorepa-Llurnepa. BuznauenHs eHepriii akTuBailii B apeHiyCOBCHKUX KOOP-
JIMHATax MoKasaio, mo B iHTepBani 60—70 °C ysBHa eHepris akTHBAaLlil MPoLecy KIek-
crepuzanii cranoButh 191,3 kJlx/mMonb, a mpu Temneparypi 80—90 °C 3meHmIyeThCs
no 222 xJlx/monb. [lepenOavaerses, Mo 3a BiJHOCHO HHU3BKHX TEMIIEPATYp IMPOIIEC
KieiicTepu3anii BiTOyBa€eThCs B KIHETHYHOMY PEXKUMI 3 JIIMITYIOUOIO CTA/1i€r0 XIMIYHOT
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peaxilii Ha Mexi po3auTy (a3, a 3a BiJHOCHO BUCOKUX TEMIIEpaTyp Iiei mporiec mepe-
XOIMTh B 00nacth quy3idHuX oOMexeHb. [1il XIMIYHOIO pEaKIlier0 MPOMOHY€ETHCS
PO3TIIIATH B3AEMOJIIIO BOIIM 3 aM1JIO3010 32 PaXYHOK BOJHEBHX 3B’ S3KIB.

3anporoHoBaHo iHTEHCH(IKYBATH MPOIIEC KIICWCTEPH3allil KapTOILUITHOIO KPpoXMa-
JIFO TIUTSIXOM TT1IBUIIIEHHS TEMITEPATyPH i BUKOPHICTAHHS KaTaiizaTopa Ipy peam3anii
nporecy 3a Temneparyp Huxde 70 °C Ta MIIXoM MoNepeaHboro NoApiOHEHH KPoX-
MaJIeBUX TPaHyJ 1 30UTBIICHHS MIBUAKOCTI MEPEMIITyBaHHS KPOXMAIBHOI CyCHeH3il
MpH TIPOBEJICHHI TIpoLiecy B 00NacTi BUCOKUX TEMITEpATyp.
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JI0 BZIOMA ABTOPIB

IllanoBHi koern!

Penaxuiiina xouneris xypHany «Hayxkosi npari HanioHanmsHOTO YHIBEPCUTETY Xap4OBUX TEXHO-
JIoTiiiy 3amporiye Bac 1o my0uikarii Haykosux npaus (http://sw.nuft.edu.ua).

Jlo npyKy mpuiiMaloThcs pYKOIIMCH, SIKi paHilie He Oyiu omyOJiKoBaHI B IPYKOBAaHHUX Ta eleK-
TPOHHHX BUAAHHIX. ABTOP, KU 0J]a€ MaTepiaiu 10 APYKY, 30epirae 3a coO0¥0 BCi aBTOPCHKI MpaBa
Ta HaJa€e BIANOBITHOMY BHIAHHIO NPaBO MepLIoi MyOikallil, T03BOJIIOUN PO3IOBCIOKYBATH Mate -
pian i3 3a3HaYCHHSIM aBTOPCTBA W JpKepena TMEepBHHHOI MyOITiKallii, a TaKOXK IMOTOKYETHCS Ha PO3-
MilleHHs 11 enekTpoHHOT Bepcii Ha caiiti HanionanbHoi 6i6miotexu im. B. 1. BepHasacekoro Ta y Bin-
KPUTOMY JIOCTYTIi B €JIEKTPOHHINA Mepexki yHIBepCHTEeTy. ABTOp HaJa€ MpaBoO peNakIiifHii KoJerii Ha
peleH3yBaHHS Ta BIOXWUJEHHA TOJaHHUX Ul OIyOJiKyBaHHA MarepialiB. B omHOMy HOMepi mMoxke
OyTH BHaHa JIMIIIE OJIHA CTATTs aBTOpa (K BJACHA, TaK i B CIIIBABTOPCTBI).

Ha enexrponny anpecy sxypHaiy (npnuht@ukr.net) HeoOxinHo HamicIaTH Taki JOKYMEHTH:

- (baiin crarri;

- peleH3ilo JOKTOpa HayK IIeBHOT rajy3i (3a TeMaTH4HOIO CIIPSIMOBAHICTIO cTatTTi). SIKII0 ouH i3
aBTOPIB CTATTI € JOKTOPOM HayK, TO PELEH3is HE0OOB’ I3KOBA;

- 3asBy 3 mignucamu aBTopa(-iB) Mpo Te, IO HAaJiCliaHa CTAaTTsS paHille He APYyKyBajiacs i He
HosiaHa 10 OyIb-sIKMX IHIINX BUJIaHb.

BUMOI'M 10 O®OPMJIEHHS CTATEM

CrarTi MOJAIOThCS Y BUITIAAI BHYMTAHUX PO3JPYKIBOK Ha mamepi ¢gopmary A4 (momst 3 ycix
cropin o 2 cM, Time New Roman, kerus 14, intepsan 1,5) ta enekrporHoi Bepcii (pemakrop Microsoft
Word). YV TekcTi cTaTTi He TOBUHHO OYTH MOPOXKHIX PAAKIB. MK CIIOBaMHU O CKA€THCS JIHMIIE OANH
mpoOLL. Y¢i CTOPIHKK TEKCTY MarOTh Oy TH MPOHYMEPOBaHi.

O6csr gocmigHunbKoi cratri Mae OyTu He MeHmie 10 cropinok (0e3 ypaxyBaHHs aHOTAIliH Ta CIUCKY
BHKOPHCTAHHX JUKepen). Y TOCIIIHUIBKIN cTaTTi Mae OyTH MpoaHali3oBaHo He MeHiue 15 mkepen. O6csr
OTJIIOBO1 cTaTTi Mae OyTH He MeHIIe 25 cTopiHoK (0e3 ypaxyBaHHS aHOTALK Ta CIIICKY BUKOPUCTAHHX
Iokepen). B ormsimosiit crarti noBHHHO OyTH MpoaHatizoBaHo He MeHie 40 mxepent.

NOC/IAOBHICTDb CTPYKTYPHUX EJIEMEHTIB CTATTI

1. Innexc VK.

2. Ha3Ba craTTi (aHTTIHCHKOO Ta YKPaiHCHKOIO MOBaMH).

3. IHimiamy Ta npi3BUIIA aBTOPIB aHTITIHCHKOIO Ta YKPAiHCHKOIO MOBaMH.

4. AHOTamis aHTJIICHKOI0 Ta yKpaiHCbkoo MoBamu (He Menmre 1800 cuMBOIIB 3 mpoOinammu).
AHoTanis Mae OyTH MakCUMaJIbHO iH(OPMATHBHOIO, [I6 OKPEMHH TEKCTOBHUH IOKYMEHT, Y SIKOMY
JaKOHIYHO BHKIAJEHI pe3yJbTaTH AOCITIKEHHA. Y TEKCTi aHOTalii He BapTO BHKOPHCTOBYBATH
3araibHi (pasu, BKa3yBaTH HECYTTEBI AeTaji il 3arajbHOBiIOMI MoJjokeHHsA. Takok Ciif yHHKaTH
OPSIMHUX HOBTOPIB Oy Ab-SIKHX ()PArMEHTIB CTATTI.

5. KimouoBi cioBa (5—6 CItiB/KITi0U0BHX CIIOBOCIIONYYCHB aHTIIIHCHKOIO TA YKPAiHCHKOI0 MOBAMH).

6. CTpyKTypa TEeKCTOBOI 4aCTHHU:

- I0OCTaHOBKA NMPOOJIEMH B 3arajIlbHOMY BUIVII Ta 11 3B’ 430K 3 BAXIMBUMM IIPAKTUYHUMH 3aBJia-
HHSIMU;

- aHaJli3 OCTaHHIX JOCIIIKEHb 1 MyOiKanii, Ha SKi CIIUPAETHCS aBTOD;

- (opMyIOBaHHS METH CTaTTi;

- BUKJIa[ICHHS OCHOBHHX PE3YJIbTATIB JOCTIIKEHHS;

- BUCHOBKH 1 IEPCIEKTHBY NMOJAIBIINX HAYKOBHX JOCIIIKCHb.

7. Ilicnst TeKCTy CTaTTi B anaBiTHOMY MOPAAKY HABOJUTHCS CIIUCOK JiTepaTypHux. bidmiorpadgiuni
omucHu ohopMIISIOTHCA 3rigHO 3 MixkHapoaHuMm cTujieM APA. bibmiorpadiyauii onuc momaeTses
MOBOIO BUIaHHS. He momyckaeTscs mocuIaHHS Ha HEOIyONiKOBaHI MaTepiai. Y HeperiKy IKeper
MAalOTh TepeBaKaTH MOCWIAHHA Ha HAYKOBI Npali OCTaHHIX pokiB. HampukiHmi koxHOI myOumikamii
HaBoauThCs ineHTudikarop DOI y ¢opmari https://doi.orgl......., skimo BiH €, a00 TMOCHIaHHSA Ha
myOumikatiro. Takoxk ciin 0OMEXUTH TTOCHIAHHS HA BIACHI MyOJTiKallil, OCKUTEKH 1€ 3HIKYE HayKOBY
IIHHICTh CTATTi Ta iHACKC IMTYBaHHS aBTOpa. He MOXHa MOCHIATHCh HA HAI[IOHAJBHI CTAHIAPTH,
TEXHIUYHI YMOBH, MIPYYHUKH, KOHCIIEKTH JIEKIiif, TaOOpaTOpHi MPAaKTUKYMU Ta IHIIY HEHAYKOBY
miteparypy. [locunaHHs Ha maTeHTH CiIig POOMTH B TEKCTI CTATTi, BKA3aBIIM JIMIIE HOMEp Ta Ha3By
MaTeHTYy.
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V crarTi MaroTk OyTH NpoaHasIi30BaHi HalpamlOBaHHS BYCHHUX 3 YChOTO CBiTy. Ha ocHOBI aHanizy
CyJaCHHX CTaTell 3 AHIVIOMOBHHX JXKypHaJiB Mae OYyTH JOBEICHA aKTYalbHICTb TEMH Yy CBITI,
BH3HAYCHI NUTaHHA, IKi TOTPEOYIOTh BUPIMIECHHS, CYOPMYITbOBaHA METa JOCIIKSHHS.

8. Tabmuui (y Word a6o Excel) MoxHa monmaBaT SIK y TEKCTi, Tak 1 B okpeMuX (ainax (Ha
OKpeMux cropiHkax). Koxna T1a0muus NOBHHHA MaTH TEMAaTHYHUI 3aroJoBOK, HaOpaHH
HaIBXUPHUM MIpUPTOM, i HOpsaKoBuii HoMep (6e3 3Haka Ne), sikmo Tabuuie Kineka. CloBo
«Tabnui» 1 HOMEp JPYKYIOThCS KypCHBOM, 3aroJIOBOK — HAIMiBXUPHUM mipudrom. Tabmuii
MOBHHHI MaTH KHIDKKOBHUI ()OpPMAT 1 BUTBHO BMIIIATHCS y BHCOTY 1 IMUPHHY KYPHAJIbHOT CTOPIHKH.

9. Imroctpanii (KpeclieHHs, PHUCYHKH, CXEMH, jdiarpamMH) MarmTh OYTH PO3MIINICHI B TEKCTi.
O00B’s13K0B0I0 BHMOTOIO € HAJICHJIAHHS OPUTiHAIBHUX (ailIiB pUCYHKIB, CTBOPEHHX y Iporpamax-
penakropax Corel Draw X6, Origin. Bci enemenTH pucyHKa (THUIH, TOBIIMHA 1 KOJIp JiHIA, pUPT
TEKCTIB TOILIO) MAIOTh BUIBHO PElaryBaTHCh y HasBHOMY IporpaMHoMy 3abesnedeHHi). PUcyHku B
pactpoBux Qopmarax (bmp, gif, jpeg, tif) a6o y dopmari pdf me npuiimaroTecsi n0 posrisy,
OCKUTIBKH HEe MOXKYTb BiIbHO pefaryBaTucs. Bumorn 10 ogopmiieHHsI PUCYHKIB: BiCh KOOpAHHAT —
0,2 MM, Ge3 ciTku, caM pUCYHOK (Hampukiaza, kpusa) — 0,35 MM, TekcT B pucyHky — Times New
Roman 9,5, mupuna pucynka — no 13 cm. Bcei pucynkn marots Oyti yopHo-6immu. Iligmicu no
PUCYHKIB HAOMPAIOTHCS Oe3MocepeIHbO il PUCYHKaMH IPSIMUM HaIliBXXUPHUAM MIPA(TOM.

dotorpadii maroTe Oyt uitkuMu Ta koHTpacTHUMH (dopmatu TIF, JPG 3 po3sainbHOIO
sparnictio 300 dpi), po3mipamu 6x9. ®ororpadii ApykyroThcs B pasi KpallHboI moTpebH, SIKIO
HaBeleHa Ha HuX iH(OpMALs Mae 3HAYHY HAYKOBY IIHHICTb. ABTOpaM Kpalle 3aBaHTaKUTH
(dotorpadii y XMapHHUii cepBiC 1 B CIHUCKY JTEpaTypH JaTH HA HUX IMOCUJIAHHS.

10. MaremaTn4Hi (OpMyJIM HOBUHHI OyTH PO3APYKOBaHI 3 NMPAaBHWIGHUM BHUUICHHSIM BEPXHIX 1
HIDKHIX iHAekciB. HyMmepariis ¢opmyn 3ailicHIOETbes apaOChKUMU IU(paMu y KPYTIIHX Ty’KKax Oinst
HPaBOTO T0JIs CTOPIHKU. [HAEKCH BiZ CKOPOYEHHX YKPATHCHKHX CIIIB JPYKYIOTBCS HMPSMUM MIpUGTOM
MaJlIMH JitepaMu. B iHIekcax, IO CKJIAQNAIOTECS 3 JBOX CKOPOYEHMX CIIIB, MIiCI IEPIIOro CKOpo-
YEHOTO CJIOBA CTABUTBCS Kparika, MiCJisl IPyroro — Kparnka He craButbes. Lludpu B iHAEKCAX TaKOXK
IPYKYIOTBCST OpsMHM MpupTOM. I[HIEKCH, NO3HA4YeHI JATHHCHKUMH JITepaMH, JPYKYIOTHCS
KypcuBoM. Y (opMysiax JITepH JAaTHHCHKOTO aidaBiTy HaOHMPalOTHCS KypCHBOM, TPELBKOTO i
YKpaiHChKOTO — HPSIMUM LIPHPTOM.

XimiuHi GopMyam HaOuparoThcs HpsMUM MpUGTOM. MaTeMaTHYHI CUMBOJH, IO BXOJISTBH IO
CKJIay XIMIYHUX (OPMYJL, — KypCHBOM.

DopMyH BCTaBIAIOTHCS Oe3mocepeHbo B TeKCeT. [IpocTi popmym HabuparoTees 3 KJIaBiaTypH, a
ckiagHi — 3a gonomorow penakropa ¢popmyn Microsoft Equation 3.0 object a6o Math Type 5,6.
Iammi Bepcii penakropiB hopmyn € HenpuAHATHUME. CUMBOJIM BCTAaBISIOTHCS TUIHKH Yepe3 TaOIHITIo
cuMBoOITiB. CKOPOUYCHHS TI03HAYCHb OJUHHUIL (DI3MYHHUX BEIMYMH MAIOTh BiAmoBinatu MibKHApOIHIN
cuctemi oauHUIB (SI).

11. BigoMocTi mpo aBTOpPIB CTATTi MOBHHHI OYTH HAaBEJCHI 3a €IMHIM 3pa3KOM Yy BKa3aHOMY IO -
PAOKY: mpi3BHIIe (MPOIHCHAMHU JIiTEpaMu), iM’sl Ta iM’s 1Mo OaThbKOBI (TIOBHICTIO); HAYKOBE 3BAHHS;
nocaza uu npodecis, micie podoru; Tenedon, E-mail.

12. Jlata HaAXOJPKEHHS CTATTi A0 PEeAAKLT (ITiCis TEKCTY HaPyKOBAHOTO MaTepiaiy).

BuxopucTaHHA aBTOMAaTHYHOIO IIEpeKiafy HayKOBOTO TEKCTy (CTarTi, aHOTAIii, KIFOYOBHX
cIliB) He JomyckaeTbest. [lepexnan Mae OyTH HaJI@KHOT IKOCTI.

BixcyTHicTh Oyab-SIKOTO 3 IyHKTIB IEpeITiKy, 3a3HaYEHOT0 BUINE, PeleH3ii, HeBIAMOBINHICTE BH-
Moram 10 o(OpMIICHHS, HasIBHICTh opdorpadiuHuX, rpaMaTHYHHX, CTUITICTUYHUX MOMHUIOK, aBTOMA-
TUYHUN IIepeKJIajl eeMEHTIB MaTepiajy € HiACTaBOO AJSA BiAMOBM B IPUUHATTI CTATTi A0 APYKY.

ABTOp Hece BiINMOBiTaJbHICTH 3a 10/IepKaHHS BUMOT YHHHOTO 3aKOHOJABCTBA IPH IiATOTOBII
MarepiaiiB, y TOMYy YHCIIi HOPM aBTOPCHKOTO IMpaBa i JOCTOBIPHICTh HaBEeACHHX (PAKTHYHUX HAHHX
(uMTaT, MoCHIaHb, IMEH, HA3B TOIIIO).

Anpeca pegakuii:

HanioHanbHUH yHIBEPCUTET XapyOBUX TEXHOJIOTIH
ByJI. Bomonumupceka, 68,
xopnyc b, k. 412,
m. Kuis, 01601
KonrakTHi Tenedonn: micekuii — (044) 287-92-95, uytpimmniit — 92-95.
E-mail: npnuht@ukr.net
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SUBMISSION GUIDELINES

Dear colleagues,

The editorial board of the Journal “Scientific works of the National University of Food Techno-
logies” invites you to the publication of your manuscripts (http://sw.nuft.edu.ua).

Only the manuscripts that have not previously been published in print and electronic media are
accepted. The author who submits materials for publication reserves the copyright and provides the
right of first publication to the Jourmal, allows to distribute the manuscript indicating the authorship
and the primary source of publication and agrees to placing the electronic version of the manuscript
on the website of the V. I. Vernadsky National Library of Ukraine, publicly available electronic network
of the University. The author gives the right to the editorial board to review and reject the material
submitted for publication. The author can publish one manuscript (of his/her single authorship or co-
authored) per every issue of the Journal.

The following documents are necessary to be sent to the e-mail address of the joumal
(npnuht@ukr.net):

- Electronic version of the manuscript;

- A review of the manuscript by a doctorate of the corresponding branch of science. If one of the

authors is a doctorate him/herself, then a review is not necessary;

- A statement signed by the author(s) that the manuscript has not been published and is not sub-

mitted for publication.

REQUIREMENTS FOR MANUSCRIPTS

The electronic version should be submitted in a Microsoft Word document (margins of 2 cm,
Time New Roman, type size 14, spacing 1.5). There should be no blank lines in the manuscript. No
extra spaces are allowed between the words. All pages of the manuscript should be numbered.

The number of pages of the research article should be at least 10 (excluding abstracts and refe-
rences). At least 15 references should be analyzed in the research paper. The length of the review
article should be at least 25 pages (excluding abstracts and references). At least 40 references should
be analyzed in the review article.

The use of automatic translation for any part of your text (manuscript, abstract, keywords) is not
allowed. Translation must be of good quality.

The editors reserve the right to edit the manuscript scientifically and literary.

SEQUENCE OF STRUCTURAL ELEMENTS OF THE MANUSCRIPT

1. UDC index.

2. The title of the manuscript (in English, Ukrainian).

3. Full names of the authors in English, Ukrainian (not more than four authors).

4. An abstract in English, Ukrainian (not less than 1800 characters with spaces). The abstract
should be highly informative, it is a separate text document in which the results of the research must
be summarized. General phrases, insignificant details and well-known provisions shouldn’t be written
in the abstract. Direct repetitions of any parts of the article should be also avoided.

5. A list of keywords (5—6 words or key phrases in English, Ukrainian).

6. The structure of the text:

- Problem definition and its relationship with important practical tasks;

- Analysis of recent studies and publications related to subject matter of the manuscript;
- Problem statement (statement of purpose of the manuscript);

- Presentation of the main material;

- Conclusions and recommendations for further research.

7. A list of references of their quotation should be presented after the text of the manuscript.
Bibliographic descriptions should be made according to international style APA. Bibliographic
descriptions should be submitted in the language of their edition. Links to unpublished materials are
not allowed. The list of references should contain links only to recent and relevant studies. At the end
of each reference, the DOI identifier is provided in the format https: //doi.org/. | if it s, or a link to
the publication. National standards, specifications, textbooks, lecture notes, laboratory workshops and
other non-scientific literature must not be referenced. References to patents should be made in the text
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of the article, indicating only the number and title of the patent. In the list of references, the
sources should be presented in alphabetical order.

The investigations of scientists from all over the world should be analyzed in the article.
Based onthe analysis of modern articles from English-language journals, the relevance of the
topic in the world should be proved, the issues which need to be solved should be identified,
and the purpose of the research should be formulated.

8. Tables (in Word and Excel) can be submitted both in the text of the manuscript and in
separate files (on separate pages). Each table should have a title, typed in bold, and its serial
number if there are several tables. The word “Table” and number are printed in italics; the title
is printed in bold. Tables should be in book format and fit freely in the height and width of the
journal page.

9. Figures, images and tables should be performed in Corel Draw, Origin on white paper
and placed both in the text and in separate files. Captions should be typed in bold directly under
the figures. Images must be clear and contrasting (TIF, JPG with a resolution of 300 dpi); the
size 6x9. Photos are printed in case of extreme necessity, if they provide information of the
significant scientific value.

10. Mathematical formulas should be typed with the correct placing of upper and lower
indices. The formulas should be numbered by Arabic numerals in parentheses at the right
margin of the page. The indices of Ukrainian abbreviated words should be typed in bold and in
lower case. The first word of an index, consisting of two abbreviated words, should be
followed by a dot, and the second word has no dot. The numbers in the indexes are typed in
upright font. Indexes should by typed in Latin letters and in italics. In formulas, the letters of
Latin alphabet are typed in italics; Greek and Ukrainian letters are in upright font.

Chemical formulas should be typed in upright font. Mathematical symbols that make up the
che- mical formulas should be typed in italics.

Formulas should be put directly into the text. Simple formulas are typed from the keyboard,
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