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The ukrainian cosmetics industry does not have modern
regulatory and technical support, which causes a lack of proper
control and stagnation of production. The non-transparency of
trade rules in this area contributes to the chaotic distribution of
any brands and counterfeit products. This is, in particular, due
to outdated norms and requirements of current legislation.

Therefore, the urgent need today is the introduction of Te-
chnical Regulations aimed at improving the safety of cosmetic
products in Ukraine and harmonization of technical regulation
of cosmetic products with European legislation, removal of le-
gal, administrative and technical barriers to trade with the Euro-
pean Union.

The Technical Regulation requires all cosmetic products
placed at the ukrainian market to comply with the rules of good
manufacturing practice established in the standard DSTU ISO
22716:2015 “Cosmetics. Good Manufacturing Practices (GMP).
Guidelines on Good Manufacturing Practices”.

This standard was prepared in cooperation with the relevant
Association and promotes best practices in the industry. The
scope of the standard is not limited to production activities, it
also includes physico-chemical and clinical research, storage and
sale, compliance, legal advice and product labeling.

The main provisions of the international standard DSTU ISO
22716:2015 “Cosmetics. Good Manufacturing Practices (GMP).
Guidelines on Good Manufacturing Practices” are analyzed in
the article. The benefits of implementing good manufacturing
practices for manufacturers and consumers of cosmetic products
are shown.

The process of verifying compliance with the GMP standard
was described. It takes the manufacturer about two years, when
the whole company provides internal documents, including
information about raw materials, equipment, sales agreements,
and employees take exams for professional suitability.

DOI: 10.24263/2225-2924-2021-27-5-3
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BE3IIEKA XAPYOBHUX IIPO/YKTIB I OXOPOHA ITPAIll

BMPOBAOXEHHA HANEXXHOI BUPOBHUYOI
NMPAKTUKU Y KOCMETUYHINA rANy31 YKPAIHM

O. II. MeabHuk, L. T'. PaagzieBcbka
Hayionanenuil ynieepcumem xapuo8ux mexnonozii

Yxpaincoka kocmemuyna 2anysb He MAae CyuacHo020 HOPMAMUBHO-IMEXHIYHO20 3a-
be3neuents, uo NPOBOKYE BIOCYMHICIb HAJIEHCHO20 KOHMPOIO Ma 3ACMILU PO36UMKY
supobnuymea. Henposopicme npasun mopeieni y yiil eany3i CnpuyuHaE Xaomuyte no-
wupents 0yOv-sKux opendie i hanvcugixosanoi npodykyii. Lle, 30xkpema, 3yMmo61eHo i
3acmapinumMu HOpMamy ma BUMO2AMU YUHHO20 3AKOHOOAB8CMEA, MOM)Y HA2AIbHONO
nompeboio cb0200eHH s € 68e0eHHs 6 Jit0 TexHIUH020 peciamMeHmy, Wo CNpsMOBAHUI HA
nioguwenHs be3neyHocmi KOCMemuyHoi nPooyKyii 6 Ykpaini ma eapmoHizayito mex-
HIYUHO20 pe2ynto8anHs KOCMEeMUYHOL NPOOYKYIL 3 E6PONEICOKUM 3aKOHOOABCMBOM, YC)-
HEHHS1 FOPUOUYHUX, AOMIHICMPAMUSHUX | MEXHIYHUX Oap €pie y mopeisni 3 kKpainamu
Esponeticvrozo Coro3y.

Texniunutl peeramenm sumazac, woob yci KOCMEmMuyHi nPOOYKmMu, wo po3miugy-
FOMbCA HA YKPAIHCOKOMY PUHKY, 8ION0BIOANU NPABULAM HAJIEHCHOI 8UPOOHUYOT NPAK-
muxu, ecmarnogienum y cmanoapmi JJCTY ISO 22716:2015 «Kocmemuxa. Hanexcna
supooruua npaxmuka (GMP). Hacmanosu 3 HanesicHoi 6upoOHUMOT npaKmuKuy.

Leii cmanoapm 6ye niocomosnenutl y cnisnpayi 3 npoghinbHor Acoyiayicro ma
nponazye Hauikpawi npaxmuxu eanysi. Cghepa 0ii cmandapmy He 0bMedHCcyemvcs 6u-
POOHUYOI OISLILHICMIO, GIH MAKONC BKIIOYAE I3UKO-XIMIYHI Ma KATHIYHI 00Cai0NCe-
HH3, 30epieanta ma peanizayiro, 0OMPUMAHHI 3AKOHOO0ABYUX HOPM, IOPUOUYHI KOH-
cyrbmayii ma MapKysants npooyKyii.

Y cmammi npoananizo8ano OCHOBHI NONONCEHHS MINCHAPOOHO2O CHMAHOAPHLY
HCTY ISO 22716:2015 «Kocmemuxa. Hanexcna supobnuua npakmuxa (GMP). Ha-
CMAHOBU 3 HATLEAHCHOT BUPOOHUUOT NPAKINUKILY A NOKA3AHO NEPedacy 6NPOBAOICEHHs.
HANEHCHOI BUPOOHUYOI NPAKMUKY 0I5 BUPOOHUKIB I CROXMCUBAHIB KOCMEMUYHOI Npo-
OyKYii.

Onucano npoyec niomsepodicenns gionogionocmi cmanoapmy GMP, wo 3atimae y
BUPOOHUKA OAU3LKO 080X POKi6, KOIU 6Ce NIONPUEMCIEO HAOAE GHYMPIUHI OOKY-
MeHmu, SIKi 8KI0UAIOMb IHpopmayio npo cuposury, 0OAAOHAHHA, Y200U KyNieili-
npooasxcy, a CRiBpOOIMHUKY CKIAOAIOMb iCRUMU HA NPOQeCiliny NPUOAmHiCmb.

Knrouoei cnoea: xocmemuunuil npooykm, Oe3neuHicmyv, HAAEHCHA SUPOOHUYA
NPaKmuxa, Cmanoapm.

IlocTanoBka mpobiaemu. KocMeTnyHmiA AOTIISAN HE € TIPEIMETOM PO3KOIII, a
MOBCSIKICHHOK HEOOX1THICTIO /IS IMBIJII30BAHOTO KUTTS, TOMY IO JIFOAMHI Oy b~
SKOTO BiKy BJacTWBe OakaHHS OyTH OXalHOIO i rapHO Burisgatd. [Ipu3HadeHHs
KOCMETHKH — HAJIATH HIKipi 00JIHYYs Ta PYK, 3y0aM, BOJIOCCIO 1 HIT'TSIM PUBAOIMBOTO
BUIJISAY, CIIOBUIBHUTH MPOLIEC CTAPiHHS.
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CyJacHuil pUHOK KOCMETHYIHOI MPOAYKIii B YKpaiHi THHAMIYHO PO3BHBAETHCS
(1obpoBonscrkuii, 2018), mpoTe aHANI3 YMHHOTO 3aKOHOJABCTBA Y cepi 00iry Koc-
METHYHOI MPOIYyKILii BHUSBUB HaraibHy MOTpe0y B yIOCKOHAJEHHI HOPMAaTHBHO-
MIPaBOBOI 0a3H MO0 PETYIIOBAHHS 00Ty KOCMETHIHOI IMTPOAYKIIii.

Hapasi B YkpaiHi BiICYTHI periaMeHTOBaHI BUMOTHY JI0 iHIPEAIEHTIB KOCMETHYHOT
nponyKuii (3a0opoHa, 0OMeXeHHsI, JO3BLJI Ha BUKOPUCTaHHS OapBHUKIB, KOHCEPBaH-
TiB, YD-inbTpiB i HaHOMaTEpialiB), XIMIYHUH CKJIa]] KOCMETUYHOI IPOTYKITii BAYKKO
JOCIIIUTH Ta TPOaHaNli3yBaTH Yepe3 BEJHMKY KiUIBbKICTh KOMIIOHEHTIB, CKIAAHICTh Xi-
MIYHHX TIPOLIECIB 1 3aCTApLITICTh METOIIB BUITPOOYBAHB.

3 ni€ero MeToro MiHICTepCTBOM OXOPOHH 310pOB’ s YKpainu po3pobieHo TexHiuHuit
pernameHt, BianoBiaHo 1o Permamenty €C Ne 1223/2009 Ha KOCMETHYHY ITPOIYKIIitO,
1m0 Habepe YnHHOCTI B ceprHi 2022 poky.

TexHiuHMIA peraaMeHT BUMarae, mo0 yci KOCMETHYHI MPOIYKTH, SKi PO3MIIILY-
FOTBCS Ha YKPATHCEKOMY PHHKY, BiATIOBITAIN TPAaBHIaM HAIEKHOI BUPOOHMUOT TTpaK-
Tukd, BctaHoBieHUM ctangaptom JACTY ISO 22716:2015 «Kocmeruka. Hanesxxna
BupoOHKua npaktuka (GMP). HactanoBu 3 HasnexHOi BUPOOHMYOT TPAKTHKNY.

AHaJi3 ocTaHHIX T0CTiIKeHb | myOaikanii. Y myomikamisx (baitmap & Kopmisika,
2015) npoananizoBaHO OCOOIMBOCTI 00y KOCMETHYHOI MPOAYKLIl HA BITYM3HIHOMY
pUHKY Ta pobiemy 60poThOH 13 panbcr(iKOBaHUMHU TOBapaMH, TOCIIIHKEHO CTaH
HOPMAaTHBHOI 0a3H 3 SIKOCTI Ta 0€3IMeKH KOCMETHYHUX 3aC00i1B 1 MePCIIeKTUBY ii TapMo-
Hi3awii BiAMOBIIHO 10 BUMOT €BPOIEHCHKOTr0 3aKOHOJaBCcTBa. [IpaBoBOMYy peryitoBa-
HHIO pUHKY KOCMETOJIOTIYHHX MOCIYT MpHcBsiueHo mpailo (UexoBcrka & binoycrok,
2019). Y cratri (Tepemenpkuii & Canosenko, 2020) mpoaHaai30BaHO OCHOBHI aJ[Mi-
HICTPaTUBHO-TIPABOBI 3aco0u (cTaHmapTH3aLis, cepThudiKais KOCMETHIHOI MPOTYK-
11ii) BIDIMBY HAa PUHOK KOCMETOJOTIYHHX IMOCIYT 1 po3poOJIeHO MPOMO3UIIil MI0A0
YIOCKOHAJICHHsI BITYM3HSHOTO 3aKOHOIABCTBA Y NOCIIKYBaHii cepi.

Merta aocIiTKeHHsI: TPoaHaTi3yBaTH OCHOBHI ITOJIOKEHHS MIDKHAPOIHOTO CTaH-
napty JACTVY ISO 22716:2015 «Kocmeruka. Hanexna Bupobnuya npakrrika (GMP).
HacranoBu 3 HasIeXHOT BUPOOHIYOT TIPAKTUKID) Ta TIOKA3aTH ITePEBark BIPOBAHKECHHS
HaJIeXKHOI BUPOOHWYIO! MPAKTHKX TSI BUPOOHUKIB 1 CIIOKMBAYiB KOCMETUYHOI TIPO-
JYKIIii.

Marepianu i MeToau. BukoprictaHo MeTOIN aHAITI3y, TOPIBHIHHS Ta y3arajbHe-
HH:. [HpopmauiiiHOO 0a3010 JocHiKeHHs Oy Hpalli BITYM3HIHUX 1 3apyOiKHUX
BYEHHX, OIyOIiKOBaHI Y NEPiOANYHUX BUAAHHAX, Ta HOPMATHBHO-TIPABOBI JOKYMEH-
TH.

BukianeHHs: 0CHOBHHX pe3yJIbTaTiB HocTimkenHs. Hajgexxna BUpoOHUYA TIpak-
THKa B Tajy3l KOCMETHKH BHCYBA€ QYK€ BUCOKI BUMOTH 010 3a0e3eUeHHs OC3IeKH
CTOKUBaviB. BifMOBiAHO A0 LUX BUMOT, yCsl KOCMETUYHA TMPOAYKLIs, IO MPOIOHY-
€TBCSI CTIIO’KUBAa4YaM, IOBUHHA BUPOOJISTUCS BIATIOBIAHO 0 HAJISKHUX KOCMETHYHUX
MIPaKTHK BHPOOHUIITBA, BKIIIOUEHHUX 10 cTaHmapty ISO 22716.

Mera GMP mnonsirae B MiHiMi3awii MiKpoOioJdoriyHuX, (Hi3NYHUX 1 XIMIYHUX He-
Oe3IeK 1111 yac BUPOOHHUIITBA, TPAHCITIOPTYBAHHS Ta peati3arii KOCMETHIHOI IPOTyK-
uii. Ha Ge3neyHicTs KOCMETHYHOI MPOAYKII] BIUTMBAIOTh: CKJIall, SIKICTh CUPOBHHH,
TEXHOJIOTIUHUI mpolec, acyBaHHs i TaKyBaHHs, YMOBH 30epiraHHs Ta MpoAaxy,
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YMOBH CIIO)KMBaHHS, TOMY KOMITaHii-BUPOOHUKH, TUCTPHUO FOTOPH, KOMITaHii-IMITOp-
TepH, eKCITIOPTHI KOMITaHii, TOOTO BC1 y9aCHHKH ITHOT'O JIAHITIOKKA, OepyTh Ha ceOe HOBI
000B’s3ku 3a ctannaptom ISO 22716 (Uckaya, Uckaya & Demir, 2016; Engasser,
Long & Grey, 2007).

Crangapt ISO 22716 oxoruitoe BUpOOHUIITBO, 30€piraHHs, YIAKOBKY, IPOIECH
TECTYBaHHS ¥ TpaHCTIOPTYBaHHsI, AOCIIIKEHHS 1 PO3pOOKY, TUCTPHOYLIIIO TOTOBOT
KOCMETHKH, Oe31eKy poOiTHHKIB, 3aXUCT HABKOJHUIITHEOTO CEPEIOBHITIA.

OnHUM i3 MOJIOXKEHb CTAaHJAPTY € BHYTPILIHIA ayAuT — cUCTeMaTH4Ha i He3a-
JIe)KHA eKCIIePTH3a, MPOBeICHa KOMIIETEHTHUM MIEPCOHAIIOM BCEpeIMHI KOMITaHii, Me-
TOIO AKO1 € BU3HAUEHHS TOTO, YW BiANOBINAIOTH 3aX0/H, 3a3HAa4YEHI BUILIE, CIIPaBKHIM
KepiBHUM IIPUHLIMIIAM i HACKUJIBKH BOHM €()EKTUBHO 3aCTOCOBYIOTHCS AJIsI TOCATHEHHS
e

VYci 3ayBaskeHHS, 3po0IIeH] il Yac BHYTPIIIHBOTO ayAUTY, OLIHIOIOTECS KOMICI€l0
GMP i1 HamaroThCs KePiBHUITBY, BiUILTY KOHTPOIIO SIKOCTI Ta IepcoHamy labopartopii
JUTS 3M1MCHEHHS KOPETryBalbUX [Iii.

[Tpu BeneHHI TOKyMEHTAIIIi Ha i IIPUEMCTBI 3aNFICH IOBUHHI MICTUTH JOKJITHUH
OIIHC OIepalliif, MPoIeayp, BiIXWICHb BiJl MPOIEIyp, OOTPYHTYBaHb, 1HCTPYKIIiit
(BKJIFOYAIOUM HABYaHHS), crieludikalliii, MpOTOKOIIB, 3BiTiB, METO/IIB, BUIIPABJICHD Ta
iHIMX 3ax0miB, 0B’ s3aHuX 3 GMP. Lli 3anwcu MOXyTh BKITIOYATH BiJOMOCTI TIPO
MOXOJDKEHHSI, eKCIIePTH3Y, TECTYBaHHS, YTUII3ALII0 Ta BUKOPUCTAHHS KOCMETHYHOT
npoaykuii. BUpoOHUK MOBUHEH BECTH 3aITUCH KOHTPOIIO CEPiifHOr0 BUPOOHUIITBA, 110
BKJIFOUAE: JOKYMEHTAIlII0 BCiX IHTPEIi€HTIB (Ha3Ba, KOJ, HOMEp MapTii, KiIbKICTh
TOIIO), TOKYMEHTAIIiI0 BCIX €TariB BUPOOHHUIITBA (HANPHKIAl, 00poOKa, repemilie-
HHS, 30epiranHs), KOKeH KPOK 3 BiI0OpY Ta KOHTPOIIIO MPOIECY BUPOOHHUIITBA, KOH-
TPOITIO TOTOBOT MTPOIYKIIii.

3riJiHO 13 cTaHAAaPTOM BUPOOHHK KOCMETHUKH 3000B’ I3aHUH JOTPHMYBATHCSI ITPABIIT
JUTSL OONTATHAHHS: MiATPUIMAHHSA B YACTOMY 1 BIIOPSIKOBAHOMY CTaHi, e3iH(EKIis B
HaJIe)KHUH Yac, peryispHi KaniopyBaHHsS a0o0 mepeBipKa BIAMOBIAHO 710 CTAaHIAPTHHUX
orepariitHux podouux mpouenayp (T0KyMeHTanbHO ohOpMIICHHH HAOip IHCTPYKITiit
a00 TIOKPOKOBHX JIiH, sIKi Tpeba 3aiicHUTH, 00 BUKOHATH Ty YH iHIIY poOOTY) 3
JOKYMEHTAJIbHO TiITBEPKEHIUMH PE3yIbTATAMH.

YBech mepcoHan KoMIaHii TOBUHEH MaTd BIIOBIIHY OCBITY, AOCBIJ IJIsi BUKO-
HaHHS CBOIX pOoOOYUX O0OB’SI3KIB, TOOTO KOXKEH CIIBPOOITHHK, TIOUMHAIOYH BiJ| ABIp-
HUKa J0 XiMIKa-TeXHOJI0Ta, Ma€ MOBHICTIO BIAMOBIAATH CBOIH 1mocai. Yci criBpoOiT-
HUKY [TOBHHHI TIepeOyBaTH ITi/1 HATIISZ0OM Ha BUPOOHUIITBI.

OkpiM TOTO, TIEpPCOHA, IO B3aEMOIi€ 3 KOCMETHYHOI CHPOBHHOIO Ta MaTepiaiaMu
y Tpotieci BUpOOHHUITBA, TOTOBOIO MPOIYKLI€I0, TOBUHEH OyTH B YHCTOMY 3aXHCHOMY
oJIs131: YHIOpMa, 3aXHCHI OKYJISIPH, PYKaBHYKHU TOMIO. T1IBKH YIOBHOBAYKCHUI TIep-
COHAJI IOBUHEH MAaTH JIOCTYI Y BUPOOHUYI, CKIIAJICHKI TIPUMIIIICHHS 1 30HH KOHTPOITIO.
3a00poHsEThCS CIIOKUBATH Ky Ta Hamoi y Oe3nocepeHiii OIM3bKOCTI BiJ MicIb I1e-
pepoOKku Ta 30epiraHHsi KOCMETHYHOT IPOYKIIIi.

Oco0n1Bi BUMOTH BHCYBAIOTHCS 1 10 CHpOBUHHM. Tak, CHpOBHHA MMOBUHHA 30€pi-
raTUCs 1 mepepoOSITHCS, MO0 3amo0IrTH: MOMUIKaM (HAIPHUKIIA, TIOMUIKHA TIPH
nepeMilieHHi a00 TOMUIIKKA BUOOPY), 3a0pyIHEHHIO MIKpOOpraHi3Mamu a00 1HIIMMHU

10 —— Hayxogi npayi HYXT 2021. Tom 27, Ne 5 ——



FOOD PRODUCTS SAFETY AND OCCUPATIONAL HEALTH

XIMIYHAMHU PEUOBMHAMH 1 JAETpajallii i/l BIUTMBOM HAaJMIpHHUX 30BHIIIHIX YMOB (Ha-
TIPHKJIA]], TETIa, X0JIOMY, COHTIHOTO CBITIIa, BOJIOTH TOI0) CHpOBHHA Ma€e HAICKHIM
YMHOM 1eHTH(IKYBaTHCS 1 KOHTPOJIOBATHCS 3 METOIO 3al00iraHHsi BUKOPHUCTaHHIO
MaTepiaiB, SKi HE BiTOBITAIOTh TEXHIYHUM yMOBaM IIPHHMAaHHS.

Bona, sika BUKOPHCTOBYETHCS IK KOCMETUYHHI 1HIPEiEHT, TOBUHHA OyTH 00p00-
JIeHa Tiepe]] BUKOPUCTAaHHAM (HAIpUKiIa, JeiOHI3allis, TUCTUIAIISA a00 3BOPOTHUI
0CMOC), TIEPEBIPATHCS Ta KOHTPOIIOBATHUCS PETYIIIPHO, 100 BiAMIOBIIATH BCIM XiMid-
HUM, (Di3UIHAM 1 MIKpOOIOJIOTTYHUMH CTIeHU]IKaIlisIM SIKOCT] Ta OE3MEeKH.

BupoOuukn KocMeTHYHOI NMPOAYKIIi 3a CTAaHZAPTOM MAlOTh BHUKOPHCTOBYBATH
TIBKU JO3BOJICHI OapBHUKH 1 KOJBOPOBi JOOABKH Yy KOHKPETHUX KOCMETHYHHUX MPO-
nyktax. bapBHHMKM 1 KOJTBOPOBI A00aBKH, IO MiAJATalOTh cepTH(ikaiii, MOBUHHI
OyTH MapKOBaHI HOMEPOM MapTii, 1[0 TPHUCBOEHUH BIILITOM cepTu(hiKaIlii KOIsopy.

BianosigHo 10 HaneKHOT BUPOOHHYOT MPAKTUKU Y BUPOOHHKIB KOCMETHYHOT IPO-
IYKIIii MatOTh OyTH CTBOPEHI BUPOOHNYI Ta KOHTPOJIbHI CTaHAAPTHI po0OUi Mporieypr
(HampuKa, cKiaa NpoayKIii, IHCTpYKLii 3 00p0OKH, METOM KOHTPOJIIO Y MPOIIECi
BUPOOHMITBA, 1THCTPYKLII OO0 YMAKOBKH, 1HCTPYKIII 3 eKciutyaranii o0i1aaHaHH).
[Iponienypr OBHMHHI BKJIFOYATH TOJOXKEHHS, IO 3a0€3MedyroTh BHOIp, 3BAKyBaHHS,
BUMIPIOBaHHS CUPOBUHU, Mae OyTH BU3HaYeHe OCHOBHE OOJIafHAHHS, JIiHil Tiepeaadi,
KOHTEHHEpH 1 IUCTEpPHH, SIKi BUKOPHCTOBYIOTHCA I 0OpoOKH, 30epiraHHs abo
HaTNOBHEHHSI, ISl imeHTrdikarii naprii. Marote OyTH po3po0IieHi BIAMOBIIHI 3aX0TH
JUTS 3ar00iraHHs 3apasKeHHIO MIKpOOpraHi3MaMH, XiMiYHUMH pEYOBHHAMH a00 iHIIIHK-
MU CTOPOHHIMH MaTepiaramu, BAPOOHNYI 3ac00M KOHTPOITIO, III0 320€311e9yI0Th O/THO-
PiIHICTH KOCMETHYHOTO MPOJYKTY, HOTO LIUTICHICTh (HalpUKIIa/, Bara mapTii), TOUHE
HATIOBHEHHS! KOHTEHHEPIB [T 3MIITyBaHHS W aJeKBATHICTH 3MIIITyBaHHs, 30€piraHHs
Ta TIOBODKEHHS 3 TAKyBATBHUMU MaTepiallaMy, sKi MPU3HAUYeHi 111 Oe3110cepeIHboro
KOHTaKTy 3 KOCMETHYHUM HPOIYKTOM.

BasxJmBOIO CKIIaJJOBOIO CTAaHIAPTY € JIAOOPATOPHUI KOHTPOJIb, SKUH BKIIFOYA€E Me-
TOIIM 300pY 3paskis, crenugikallii, MeTo 1 BUIPOOYBaHb, naGopaTopHe oOnagHaHHs 1
KBai(iKalilo TEXHIYHOTO MEPCOHAITY. CHpOBI/IHa iroroBa r[poz[yKum JOCTIDKY€ThCS
Ha MiKpoOHe, XiMi4He 3a0pyIHEHHS, IICHTHYHICTb 1 BiJIIIOBITHICTh CrielU(iKalisaM
(Hanpukiaj, Qi3MIHAM 1 XIMIYHIM BIACTHBOCTSIM) TOLIO.

Icnye psig mpaBu, siKi nepeadaydaroTh PO3IIILA CKapr, peKIaMalii i BIAKIMKaHb Bil
MOKYTIIB KOCMETHKH 3 METOIO 3aXHCTY iX 3710pOB’s. 3a MpaBUiaMH BiI0yBa€eThCs aHa-
J1i3 IPUYUH HEBIAMIOBITHOCTEH, po3po0Ka KOPUTYBAITbHUX 1 3alIOO1KHUX JIid 3 BUSIBIIC-
HHUX HEBIAMOBIIHOCTSX, PETYJIPHUMA IX HEperisia Uil BHABJICHHS crieln(piuHux abo
MOBTOPIOBAHUX TPOOJIEM, 1110 BUMATAOTh YBAar'H 1 KOPUTYBAaHHS.

3rinHo 3 TexHiYHMM periiaMeHTOM cepThdikalisi KOCMETHYHOTO BUPOOHHILITBA B
VYkpaini He € 000B’SI3KOBOI0 BHMOTOO, NPOTE BOHA CIIPHSE KOHKYPEHTOCIPOMOXK-
HOCTI KOCMETHYHOT MPOJYKIIii Ha PUHKY Ta peryTallii BUpOOHHKaA, CIIPSIMOBYE HOTO
Ha MiJBUILEHHS SKOCTI BAPOOHHIITBA Ta JOTPUMAHHS 3aKOHOJABUUX HOPM.

[porec ceprudikarii miampueMcTBa CKIIAIAETHCS 3 YOTUPHOX eTartiB. [lepenceptu-
(bikamifHMi eTamn BKITIOYa€e B cebe momady 3asBKH Ha cepTh(iKallito, OMiHKY BapTOCTI
poOiT i3 ceprudikamii ¥ ykiIagaHHA JOroBOpPY Ha MPOBEACHHS cepTUdiKaLii, miaro-
TOBKa KOMILIEKTY IOKYMEHTIiB 3aMOBHHMKOM 1 (hopMyBaHHs KoMmicii i3 cepTudikarii.
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[TonepenHs OIiHKa CHCTEMH MEHEKMEHTY OpTaHi3allii BKIIOYAE aHaJI3 HaJaHIX
BIIOMOCTEH 1 mAroToBKy 3BiTY. IlepeBipka it OIliHKa CHCTEMH MEHEKMEHTY IIOB’SI-
3aHa 3 TOMEPETHHOI0 B3aEMOJIIEI0 13 3aIBHUKOM, PO3POOKOIO TUTAHY ayIUTy Ta HOTO
3aTBEPHKEHHAM, PO3ITOALIOM 000B’3KIB MiXK WICHAMH KOMICIi, i ATOTOBKOIO PO0O-
YKX JOKYMEHTIB, IPOBEJICHHS ayAUTIiB Ha MiCIli Ta MiTOTOBKOIO aKTa 32 pe3yIbTaTaMu
ayuTYy, pilICHHS 10 aKTy Npo BUAavy (HeBHady) cepThdikaTy BiAMOBIAHOCTI, oop-
MJICHHS JIOTOBOPY Ha MPOBEJICHHS 1HCIEKIIIITHOTO KOHTPOIT0, BUAAYEIO JO3BONIYy HA
BUKOPHCTAHHS 3HAKY BiIOBIIHOCTI.

1 3axsTFOUHMIA, 1HCTIEKITIHII KOHTPOITH CEPTH(IKOBAHNX CHCTEM MEHEIPKMEHTY Op-
raHi3aIlii BKJIFOYa€E TUIAHOBUIA 1 MO3aIIaHOBUI 1HCTICKIIIHHIIA KOHTPOJIb.

BUCHOBKM

Hanexxna BupoOHMYA TIPaKTHKA y KOCMETHYHIHN Tary3i — 1i¢ 3a0e3MeYeHHs IKOCTI
Ta OE3MEeYHOCTI Ha BCIX eTanax BUPOOHHUIITBA: BiJI MOMEHTY HAJIXOJKCHHS BHIXIIHOI
CHUPOBHHH 1 TaKyBaJLHUX MaTepiajliB HA I AMPUEMCTBO 10 BiIBAHTAKEHHS TOTOBOI
MpoAyKIlii Ha ckiaa. Bona BKodae HaOip MPAKTHYHMX PEKOMEHAIliH, eKCIuTyaTa-
IIHHKUX TIPaBHJI T2 OPraHi3aIliifHUX BKa3iBOK, 30CEPEKYIOUH YBAry Ha JTFOJICHKHX, TEX-
HIYHMX Ta aIMIHICTPAaTHBHUX (DaKTOpaXx, IO BIUTMBAIOTH HA AKICTh Ta Oe3MeKy MPOIyK-
mii.

[TianmpremcTBa-BUPOOHNKN KOCMETHYHOT PO TYKIIii CepTHU(IKOBaHi 32 CTAHAAPTOM
ISO 22716, matoTs Taki epeBaru: KOHTPOJIb HEOE3MeK 1 PU3UKIB, SKi MOXKYTh OyTH
MOB’s13aHi 3 BAPOOHULITBOM KOCMETUYHHX TIPOAYKTIB, YIIPABIIiHHS JIAHIFOTAMH [IOCTa-
BOK, III0 J]a€ 3MOTY TiATPUEMCTBY KEPYBaTH SIKICTIO Ta 6€31eKor0 y cdepi mocTavyaHHs
KOCMETUYHHX MPOJYKTIB, TOTPUMAHHS 3aKOHOJIABCTBA, K€ PO3IIISIAETHCS PETYIIOI0-
YMMU OpTraHaMH B YChOMY CBITi Ta JIeTKa peajizaiisi — Oy/ab-iKa opraHi3alis MOXKe
BripoBaxuTu ISO 22716, B TO#1 e vac Horo Oy/e 3pyvIHO iHTEerpyBaTH 31 CTaHIapTaMHu
ISO 9001.
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The entirety of physico-mechanical and physico-chemical
properties of monolithic and microporous polyacrylic and poly-
urethane coating was studied. The decrease in the strength, ela-
stic modulus, and microporous polyurethane tensile elongation
coating in comparison with monolithic ones were 5.0—S5.6;
3.1—4.5 and 1.3—1.4 times, respectively. The maximum stren-
gth and tensile elongation have coating obtained from polyure-
thane acrylic dispersion, which reach the tensile strength of
22 MPa and breaking stretch of 820%.

A comparative analysis of the performance properties of coa-
ting formers based on polyacrylic and polyurethane polymers
revealed that the most promising compositions are water sys-
tems. Thermodynamic instability of polymer aqueous dispersi-
ons makes it possible to realize the variety of their properties and
related processes of structure formation when priming a leather
semi-finished product and coating formation on its surface
during finishing. A correlation was established between the phy-
sical and mechanical properties of microporous and monolithic
polymer coating and polyurethane and polyurethaneacrylic coa-
tings on leather semi-finished products.

The advantages of sanitary and hygienic properties of leather
with polyurethane acrylic coating over leather with polyacrylic,
modified with alkylcarboxyethanolamines of natural naphthenic
acids, kerosene-gas oil fraction, and polyurethane coating were
established. Furthermore, polyurethane acrylic coatings are su-
perior to polyacrylic in terms of the complex of physical and
mechanical parameters, in particular in terms of adhesive stren-
gth —2.6—4.0 times more, resistance to wet friction — 5 times
more, and multiple bending — 17 times more.

Given the complex of physical, mechanical and hygienic
properties of polyurethane acrylic coatings their use can be
considered to be promising for the formation of resistant elastic
leather materials to mechanical deformation.
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MOKPUTTA HA WKIPAX
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Hayionanenuti mexuiynuil ynisepcumem Yxpainu
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Y cmammi oocriooceno komnaexc Qisuko-mexaHiuHux i (PiuUKo-XIMIUHUX G1ACMU-
socmetl MOHOJIMHUX MA MIKPONOPUCMUX NOJIAKPULOBUX [ NOALYPEMAHOBUX NIGOK.
Bcmanoesneno 3uudicenns epanuyi MiyHocmi, MOOYIs enacCmU4HOCMI Ma PO3PUBHO20
NOO0BIHCEHHS MIKPOROPUCUX NOJILYPEMAHOBUX NAIBOK NOPIGHAHO 3 MOHOJIMHUMU 8I0-
nosiono 6 5,0—5,6; 3,1—4,5 i 1,3—1,4 paza. Ilpu yvomy Hatlbineuioro miyHicmio i
PO3PUBHUM NOOOBHCEHHAM XAPAKMEPUIVIOMbCS NAIGKU, OMPUMAHT 3 NOTTYPEMAHAKPU-
710801 ducnepcii, axi 0ocsieaioms epanuyi miynocmi 22 MIla ma nodosoicents npu po3-
pusanni 820%.

TopisHsnbHuii ananiz pe3yibmamie 00CIIONCEHHS eKCNLYAMAYIUHUX G1ACMUBO-
cmell NBKOYMBOPo8adi6 Ha OCHO8I NOJIAKPUIOBUX | NONIYPemaHo8Uux nouimepie 0as
3MO2Y GCMAHOBUMU, WO HAUNEPCNEKMUBHIUUUMY KOMNOZUYIAMU € 600HI CUCTEeMU.
Tepmoounamiuna HecmitiKicmb 600HUX OUCHEPCIll NONIMEPIB HAOAE MONCTUBICTND pea-
J3Y8amMu PiHOMAHIMHICIG X g1acmugocmelt i N08 A3aHUX 3 HUMU NPOYeCcie CIMpyK-
MYypPOYMBEOPEHH s NPU [PYHMYBAHHI WIKIPIHO20 Hanieadpuxamy ma niiekoymeopeHHi
Ha 1i020 no8epxHi npu 030001eHHI. Bcmanoseneno Kopenayito Migc Qizuxo-mexaniy-
HUMU 81ACMUBOCIAMU MIKPONOPUCIUX | MOHOJIMHUX NOJIIMEPHUX NII60K Ma NOJLype-
MAHOBUX T NONLYPEMAHAKPUIOBUX NOKPUMMIG HA WIKIDAHOMY Hanieadbpukami.

Buznaueno nepesacu canimapmo-eicieHiunux nracmugocmetl WKip 3 noaiypemam-
AKPUTOBUM NOKPUMMAM NEPeO WKIPAMU 3 NOTLAKPUTIOBUM, MOOUDIKOBAHUM ANKIIKAD-
OOKCUEMAHOIAMIHAMU NPUPOOHUX HAGDMEHOBUX KUCTIOM 2ACO80-2A3011e80i (hparyii i
noiypemanosum noKpummsam. Boonouac noniypemanakpuiogi Nokpumms nepesaica-
10Mb NOTAKPUTIOBT 30 KOMIAEKCOM QI3UKO-MEXAHIUHUX NOKAZHUKIE, 30KpeMd 3a adze-
3itHoI Miynicmio 6 2,6—4,0 pasu, cmitikicmio 00 MOKpo2o mepms 8 5 paszis, bazamo-
pazosum ueurom oinew widic y 17 pasis.

Bpaxosytouu komnnexc izuxo-mexaniunux i cieieHiYHUX 81ACMUoCmell noaiype-
MAHAKPULOBUX NAIBOK | NOKPUMMIG, MOJICHA 86ANCATNU NEPCNEKTNUBHUM IX BUKOPU-
cmants 07 hopMYBaAHHS CIMILIKUX 00 MEXAHTYHUX OeopMayill enacmuyHux WKIPIHUX
mamepianis.

Knrouoei cnosa: nonimepri xomnosuyii, wkipanuti Hanisgabpuxam, nomiakpu-
Jamu, noaiypemanu, opmyeanHs ROKPUMMS, 61ACIMUBOCHII.

IocTanoBka mpodaemu. QiHiNTHI poliecH i orepariii (hopMyBaHHS TOKPUTTS Ha
HIKipsTHOMY HartiBpaOpuKarti BiIirparoTh CyTTEBY POJib Y OararocTyrneHeBii TeXHOIOTi1
BUTOTOBJICHHS IIKIpSHUX MatepiamiB. [Ipu 1boMy BelmKe 3HaAYSHHS Ma€ K XIMiYHHN
CKJIIa/1 TOKPUBHOI KOMIIO3HIIi1, TaK i c1ocio ii edekTuBHOTO BUKOpHUCTaHHS. Lle 3Ha-
YHOIO MipOI0 00YMOBIICHO OCOOJIMBOCTSIMU CTPYKTYPH JIMIIOBOT MOBEPXHI MIKiPSHOTO
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HarniBaOpuKary, BiJ sIKOT 3aJI€KUTh CTaIIHHICTh (JOPMYBAHHS MOKPUTTS Ta HOr'O TPH-
BayticTh. CiIiJt BiA3HAYUTH, IO TICH MTOCTAMIMHNH TPOIIeC BU3HAYAETHCS HEOOXITHICTIO
OTPUMaHHS IIKIPH 3 KOMIUIEKCOM HEOOXiTHUX (Di3MKO-XIMIYHMX BIACTHBOCTEH SIK MO~
BEPXHEBOTO I1apy, Tak 1 00’ €My BChOTO MIKipsSHOTO Matepiany. [Ipu mpomy HeoOXimHO
MaKCHMaJIbHO 30€perTH CTPYKTYpY 1 (hi3UKO-XiMiuHi BIacTUBOCTI HamiBadpukaty. Y
BUNAKY LIKIPAHOI CUPOBHHH 3 MIIBUILECHUM CTYIEHEM Je(DeKTHOCTI, Ha MOYaTKOBIH
CTafii bOTO TIPOTIECY MICHA BUAAJICHHS Ae(EKTHOI YaCTHHH JIUIIHOBOTO IIapy JAepPMHU
npy nuTiQyBaHHI HamiBQaOpHKaTy BUKOHYETHCS HOTO IPYHTYBAHHS 3 BUKOPUCTAHHSIM
BOJHUX nucrepciit momimepiB. Llei mporec 3abe3mnedye CKpiruIeHHs] TOBEPXHEBOTO 1
PO3TALIOBAHOTO HIDKYE CITYACTOTO LIapiB IepMH. BoHOUaC CTBOPIOETHCSI OCHOBA IS
(hopMyBaHHS MOKPUBHOI MMOMIAPOBOI TUTIBKY 3 KOMILIEKCOM HEOOXiTHUX TEXHOJIOTIU-
HUX 1 eKCIUTyaTaliiHIX BIACTUBOCTEH.

AHai3 ocTaHHIX JOCTiKeHb i my0Jtikaniii. Y npoiieci 6ararocTyneHeBoro Gop-
MyBaHHS ITOKPUTTIB Ha IIKipaX BUKOPUCTOBYETHCS IMIMPOKUIA aCOPTUMEHT MOTiMEPIB 1
KOMITO3HUIIIH Pi3HOTO XIMIYHOTO CKJIaay Ta CTPYKTYpH NIEPEBAKHO Y BOAHOMY U opra-
HiuHOMY cepenoBuLIax. Tak, 11 GopMyBaHHS IOKPHUTTIB HA IIKipSHOMY HamiBhadpu-
kati B (Winter, Schultz & Gutterres, 2015) po3riIsTHyTO MOXKJIABICTh BUKOPUCTAHHS 1
BJIACTUBOCTI MOJIIaKPHUJIATIB, MONiypeTaHiB i Kazeiny. [Ipu npoMy 3a3Ha4aeThCsl, IO
TOJTiaKPHIIATH BiJ3HAYAIOTHCA CBITIOCTIHKICTIO, BOAOCTIHKICTIO 1 (hOPMYBaJIBHOO 3/1aT-
HICTIO TIpY HATpiBaHHI i TUCKY, TO/I K TONiypETaHH — CTIHKICTIO /IO TEPTs, OTIOPOM
JI0 HU3BKUX TEMIIEPaTyp 1 JIETKUM 3’ €THAHHSM, a Ka3eiH — aAre3iiHoI0 31aTHICTIO,
OTIOPOM IO TiABUIIIEHUX TEMIIEPATyp, IITHIIEBOIO MOBEPXHET0. BioMo BUKOpHCTaHHS
KOMITO3UIIii Ha OCHOBI MOAM(IKOBAHOTO KalpONaKTaMOM Ka3eiHy 1 BOAHOI Aucrepcii
MoJIiypeTany py BUPOOHUIITBI pi3HUX MaTepiatiB, 30Kkpema i mkipu (Jianzhong, Qun-
na, Danggae, Jianhua & Jing, 2012). ¥V mpani (Hukomaenko, Kynesios & CrenuH,
2012) po3risiHyTO BUKOPUCTAHHS TIOJIiypETaHOBUX MONIMEPIB Y BOJHOMY M OpraHiu-
HOMY CepeJIOBUIIAX JIsi pOpMyBaHHS TIOKPHUTTS Ha IIKipsTHOMY HariBhabpukari, 30-
KpeMa I'PYHTYBaHHS Ta (DiHIIIHOTO 3aKpirvieHHS. BogHouac HaBeACHI BUMOTH 70
MOKPHBHUX KOMITO3UIIIHHUX MaTepialliB il (POPMyBaHHS 3aXHCHOTO TIOKPUTTS Ha
mkipax. L{e cTocyeTbest TEpMOCTIMKOCTI MOKPUTTSL, HOTO CTIMKOCTI 10 6aratopa3oBoro
BUTHUHAHHS, CyXOT0 # MOKPOTO TEPTS, 1O JIil OpraHiYHUX PO3UMHHHKIB, PO3TATYBAHHS
1 BUTMHAHHS 32 HU3bKHUX TEMIIEPaTyp, aaresii HOKPUTTS A0 cyXoi i MOKpOI MIKipH.
ABTOpaMH OMMCaHi TEXHOJIOTYHI 0COOIMBOCTI HOPMYBAHHS IIOKPUTTS Ha IIKIPSTHOMY
HarmiBpaOpuKaTi 3 HATYPAITBHOIO 1 IILTi()OBAHOIO JIUIIOBOIO IOBEPXHEIO.

VY mpami (Kacesn, 2016) mocmimkeno Brums exzonoiiakpminaminy (EITAA) Ha
(i3MKO-MeXaHivHi BIACTUBOCTI MOJIIaKPUIIOBUX i TIOJIIypETAaHOBHUX ILTIBOK Pi3HOI TBEp-
JOCTi. BcTaHOBIIEHO TiIBUINIEHHS X MIITHOCTI, MOJTYJISl €TACTHYHOCTI 1 3HKEHHS PO3-
puBHOTO NoioBkeHHsL. [1pu oMy EITAA 3HIKY€E BOJIOCTIHKICTB MONTIMEPHOTO TIOKPH-
TTs. IS MiBUIIEHHS BOJOCTIMKOCTI MOKPUTTSI PEKOMEHIYETHCSI BUKOPUCTOBYBAaTH
aKpUITypeTaHoBi Komno3uLii 3 BMictoM 5—7% EIIAA 1 2—3% ocHoBHOTro cynbdary
xpomy Macu nonimepy (Konmpatiok & KackstH, 2017). MonudikoBaHi akpuioypera-
HOB1 KOMITO3HLIii BUKOPUCTaHI B TEXHOJOTII 03100EHHS IIKip AJS BEPXY B3YTTA
(Kacpsa, CMmina & Jlimyk, 2012). IIpu 1boMy oTpuMaHi IIKipHA XapaKTePH3YIOTHCS
T ABUIIIEHHSM aJire3ii MOKPUTTS 10 MOKpOi mKipu Ha 38—47%, CTIKOCTI 10 MOKpPOTO
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TepTs 1 6araropa3oBoro BUTMHAHHS BiAMOBITHO Ha 15% 1 59—64%, BuIriMuy OKa3HU-
KaMH TepPMOCTIHKOCTI Ta maporpoHuKHocTi Ha 25—27°C 1 12—20%.

B ormani (Fan, Ma & Xu, 2019) ommcaHo CHHTE3 OpPTraHIYHUX 1 HEOPTaHITHHUX
HaHOKOMITO3UTIB Ha OCHOBI MOJIIMEPIB Pi3HOTO XIMIYHOTO CKJIaay Ta iX BUKOPUCTaHHS
B TEXHOJIOTI1 03001eHHs mKipsHUX MartepianiB. Y npami (Hu, Ma & Deng, 2008)
BUKOPHUCTAHO HAHOKOMIIO3UT MoJiakpuiaT/Hano-SiO; s GopMyBaHHS MOKPUTTA Ha
mKipssHoMy HariBdabpukati. [lokprBHY KOMITO3H1IiI0 TOTYBaIH eMYJIbCIHHOIO IOJTi-
MepH3aIicro 6e3 eMynbpraropis. [lpu mboMy TUHAMIYHHIM JIA3€PHUM PO3CIFOBAHHSIM
BCTaHOBJICHO 301JIbIIEHHS PO3MIPY YaCTHHOK mostiakpuiat/Hano-SiO; Ha 59% 3 Bin-
MTOBITHAM 3MEHIICHHAM ( TOTEHINATy Ta MiIBUIIECHHAM TEMIIepaTypy CKIIyBaHHS
kommo3umii Ha 5,4°C. BoxHouac copOrisi Boan 3HMWKyBanack Ha 17,9%, a mapo-
MPOHUKHICTH WIKipH MigBHUITyBajiack Ha 7,8%. Bimomo BuKopucTanHs rinpodinbHOro
noJiypeTany 3 JUCyIb(iIHUMU 3B’ s13KaMu B ocHOBHOMY JaHmory (Liang, Wang, Fan,
Xiang & Chen, 2020) mist popmyBaHHS (HIHIIIHOTO MOKPUTTS, 34aTHOI'O CAMOBIIHO-
BIFOBATHCH MPOTATOM 12 rop 3a Temmneparypu 60°C micist MOMKOKEHHS.

Otxe, He3BAKAIOUN HA 3HAYHY KUIBKICTh Mpallb, Y SKUX JAOCTIIKYBaIOCs GopMmy-
BaHHs TIOKPHTTIB Ha IIKipaX, MPaKTUYHO HE3HAYHA IX KUTBKICTh CTOCYETHCS HAYKOBO
OOIpyHTOBAaHOTO CKJIaAy W ONTHMAIbHUX YMOB iX (popMyBaHHS. Y 3B’SI3KY 3 LM
aKTyaJbHUM MOKHA BB)KaTH PO3IIMPEHHS ACOPTHMEHTY ILTIBKOYTBOPIOBAaYiB Ha OC-
HOBI1 KOMITO3HIIIf ITOJIlypeTaHAKPHIIOBUX TOJIIMEPIB.

Merta cTartTi: HochimKeHHS (i3UKO-XIMIYHHX BJIACTHBOCTEH MOMIaKPUIOBHX 1
MOJIlyPETAaHOBHX TUTIBOK /ISl BU3HAUSHHS BHUIY IDTiIBKOYTBOPIOBaYa IS ()OPMYBaHHS
MOKPHTTIB Ha LHKipﬂHOMy HartiBpaOpHKari.

MaTepla.Jm i meToam. I[JI;[ (bopMyBaHHﬂ HOKpI/I”[TlB Ha LHKlp;{HOMy Hachpa6p1/1—
KaTi IOCTTIDKCHO (pi3HKO-XIMIYHI BITACTHBOCTI MOHOMITHHX ILTIBOK, OTPHMAHHX 3 IO~
AKpWIOBUX AMCIEPCii 1 momiypeTaniB ToBIMHOI 100—150 MKM, Ta MIKpOTIOPHCTHX
IUTIBOK ToJiiypeTaHiB TOBIMHOKW 200—250 MKM. AKPWIIOBI ILTiIBKA OTPHUMaHi 3 JTUC-
nepcii Ha OCHOBI MeTHIOYTHIIAKpHIIaTy 3 BMICTOM cyxoro 3anuiky 38,9% i pH 6,6
BuxigHOi (AB) i MmomudikoBanoi (AM) akpunkapookcueranonamiHoM (AKEA) mpu-
POAHMX Ha()TEHOBUX KUCIIOT racoBO-Ta3oiyieBoi ¢pakuii 3 BMicToM 28,3% mominm-
KIIIYHUX KUCJIOT i CEPeqHhOI0 MONeKyIsipHOt0 Macoro 280. [lomiypeTaHoBi TutiBKH
OTpHMaHi 3 BUKOPHUCTaHHAM 4,4'-mu(eHiIMeTaH/ii301[iaHaTy Ta MOJieTUIICHTITIKOIIO 3
BMICTOM allMJICEMHKapOO3UITHHX 1 T1IPOKCHUIIBHUX TpyIL, Mac. % BinnosinHo 11,2 10,2
ta nonidypury I[1D-1000 — 3,4% (ITY-1) i nomiectepy (I1Y-2). MikponopucTi mosmi-
ypetanosi mriBku [TY-111 1 [TY-2I1 oTpuMyroThCst METOJOM KOHAEHCAIIHHOTO CTPYK-
TYPOYTBOPEHHSI B IPUCYTHOCTI MapiB BoAu. [loiypeTaHakpHIiIoBi TUTIBKM OTpUMaHi i3
BoaHoi aucnepcii [TYA-/] ma ocHOBI OiHmepa momiyperany i akpunaty Lepton SPC
kommanii BASF (Himeuunna) i3 cyxum 3amumikom 38%, pH 8.

st opMyBaHHS TOKPHUTTSI BHKOPHCTAHUI HIKipsiHWiT HamiBaOpuKar, OTPHMAHHH
13 LKy BETMKOT POraToi Xy 1001 — sUIOBHII CEPETHBOT Ha IPHBATHOMY I1iIIPHEMCTBI
AT «Yuubapy» micns CTPYTaHHS Ha TOBIIMHY 1,8 MM Ta CHHTAHHO-TaHiJTHOTO HAaIlOB-
HIOBaHH:. BukopucTanmii mxipsHuit HarnB(ba6pm<aT XapaKkTepH3yBaBCs TipOTepMid-
Hoto cTiiikicTio — 106°C i Bonorictio 14,3% Ta BMicTOM, Mac. %: OKCHUILy XpOMY
(IIT) — 3,8, PEOP (6e3 momimepanx criomyk) — 15.9.

lNaportepmiuna cTiliKicTh HamiBaOpUKaTy BCTAHOBIIOETHCS 33 TIOUYATKOBUM CKO-
pOUYEHHSIM 3pa3ka TpW HOTOo HarpiBaHHI B CyMIIlli TJTIEPUHY Ta BOJU 3 BaroBUM
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criBBigHoIeHHsIM 4:1 31 mBuakicTio 2—3°C/xB (ASTM D6076-18 ta DSTU 2726-
94). Temnepatypa CKIyBaHHS aKpWJIOBHX IUTIBOK — HA CKaHYIOUOMY MiKpPOKaJIOpH-
metpi (l"opoBckui, 1976). XimiuHuii aHasi3 mKipsHOTo HariBpaOpHUKaTy, BUIIPOOOBY-
BaHHs OTPUMAHHX IUTIBOK 1 03100JICHHX IIKIP BUKOHYIOThCS 3a MeToauKkaMu ([laHu-
koBu4, 2006). IIpu poMy BH3HAYAIOTHCS TyOMIIbHI PEUOBHHHU Y HEPEPaxyHKY Ha
okcun xpomy (II) flomomMeTpHIHIM METOIOM; PEIOBHHH, 1[0 EKCTPATyIOTHCS Opra-
HivanMu pozunHHuKaMy (PEOP), — y npumani 3aiiuenka 3 BUKOPUCTaHHSM TETpa-
XJIOpPMETaHy 1 TPUXJIOPETWICHY Ta MOJANBIIAM AOBEACHHIM JI0 MOCTIHHOI MacH 3a
temneparypu 128—130°C 3anumiKy micis BUIaIeHHS PO3YMHHHKIB.

Di3UKO-XIMIYHI BIACTHBOCTI IUTIBOK 1 MIKIP 3 TIOKPUTTSM BCTaHOBITIOIOTHCS TiCTIS
iX KOHAWLIIOHYBaHHs 32 HOPMaIbHHX YMOB. 30KpeMa, HMapOIpOHHUKHICTh 3pa3KiB,
MI/(CM?-TOJT), BCTAHOBIIOETHCS EKCHUKATOPHUM METOIOM 32 BTPATOK) MAaCH 3aIlOBHEHHUX
BOJIOIO CTICHIATBHAX CTAKAHYMKIB IPH BHKOPHCTAHHI KOHIICHTPOBAHOI Cip9aHOI KHC-
7101, TTOBITPOIPOHMKHICTE, cM*/(cM?*TOT) — 3a 00’ €MOM IOBITPS, IO AU(YHIYE Yepe3
3pa3ok 1pu pizHuii TUcKiB 1 kIla mporsrom 1 rox. dizuko-MexaHiuHI BIACTHBOCTI
MTOJTIMEPHHX TUTIBOK BU3HAYAIOTHCS Ha po3puBHiM MammHi PMVY-0,05-1 (P®) npu
mBHAKOCTI AedopmyBaHHs 50 MM/xB. CTIHKICTh OKPUTTS 40 TEPTH 1 omip GaraTo-
pa30BOMY BUTHHAHHIO — BiAmoBimHO Ha npmiagax «UITK-1» ta «UTTK-2» (PD).

BuxianeHHsi 0CHOBHUX pPe3yJbTATIB A0CTiMKeHHsl. Moaudikaris akpruIoBoro
nonimepy AKEA cynpoBomKy€eThCs T IBUIIIEHHSIM (Di3UKO-MEXaHIYHHX TTOKA3HUKIB, ¥
TOMY YHCITI MOpO30CTikKocTi (Tabm. 1).

Tabnuysa 1. @izuko-XiMiuHi BJaCTHBOCTI NOJTiaKPHJIOBUX ILTIBOK

TToka3uuk TToniakpuiioBa nucnepcis
AB AM
Mojysb e1acTUYHOCTI G0, MITa 0,9 0,5
I'paHuLs MIIHOCTI P PO3pUBaHHI Gp, MIla 2,8 3,3
ITonoBXeHHs X pO3pUBaHHI &y, %0 1280 1540
Temmneparypa ckiayBanus Tg, °C -8,0 -23,5

MoHomniTHI mosiypeTtaHoBi miBku [1Y-2 XapakTepu3yloThCsl BUIIMM 3HAYEHHSIM
MitHocTi nopiBHsHO 3 ITY-1 Ha 17,9% npu neskoMy 3HWKEHHI MOy €aCTHYHOCTI
(tabm. 2). [omiypeTaHu Ha BiMiHY BiJI HOJTIAKPUJIATIB MAIOTh CYTTEBO BUILI 3HAYCHHS
Gp 1 O100 TIPH 3MEHIIIEHNX 3HAYEHHSX €p. MoHoMiTHI ttiBku [1Y mopiBHSIHO 3 mopuc-
TUMH [IHOTO TIOJTIMEPY XapaKTePHU3YIOThCS BUIIMME 3HAYEHHSIMHU Gp 1 Gioo BIAIOBIIHO
B 5,0—5,6 1 3,1—4,5 paza Ta MEHIINMH 3HAYCHHAMH &, Ha 29—41%. [LniBkH, oTpH-
MaHi 3 MOJiypeTaHAKPHUIOBOI IHCIIEPCii, MalOTh TOMIKHI 3HAYEHHS TOCIIHKECHUX
(hi3MKO-MeXaHIYHUX TTOKA3HUKIB.

Tabnuys 2. @izuKko-MexaHiyHi BJIACTHBOCTI MOJIiypeTaHOBUX IJIIBOK

IMokaszHuk Iy-1 ny-2 Iy-1IT1 | TIY-2IT | TIVA-JI
G100, MIIa 8,6 6,5 1,9 2,1 1,6
Gp, MIla 36,5 60,0 6,50 11,8 22,0
€, % 580 550 450 390 820

MiKpOTOPHUCTi TUTBKH BiAPI3HAIOTHCSA JOCUTh BUCOKUMHU 3HAYCHHSIMHU TOKa3HUKIB
TTapPOBOJIOTOTIPOHUKHOCTI (pHC. 1). 3HAUEHHS TTOKA3HUKIB MTAPONPOHUKHOCTI 3yMOBIIE-
Hi MEXaHi3MOM TPaHCIIOPTYBaHHS MApiB BOJH Yepe3 HOPUCTY CTPYKTYPY IUTIBKH, KU
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BU3HAYAETHCSI IPUPOAOIO TOJIIMEPY 1 PO3NOALIOM TOp 3a po3MipaMu. Y BHUNAIKY Ti-
IpooOHOTO MoNiypeTany MIBUAKICTH JecopOilii MoJieKysl Boau Oyze OUIbIIO 3a
BiTHOCHO OUTBI TimpodinpHMM TIoTiMep. [IpH 1ThOMY BILTHUB XiMITHOTO CKJIAIY TDTIBOK
Ha X ()i3UKO-XiMiuHI BIACTHBOCTI CBiJYUTh PO aA€KBaTHI 3MiHM APONPOHUKHOCTI Ta
copOrii mapiB Boau. Ciifl 3ayBa)KHTH, 10 MAKCUMAITbHI 3HAYE€HHS TTOKa3HUKIB AOCS-
raetbest i miBok [TYA-J1.

BiacTuBicTh IUIIBKH
[\

ITy-111 IIy-211 IIYA-I

Bun nonimepy
Puc. 1. 3anexHicTb ¢izuko-xiMivHUX BJACTHBOCTel NJIiBOK Bif BUAY MoJiMepy:
a — MapONPOHUKHICTh, O — copO1is mapiB BOAM

Toxx Monudikarist akprIOBHX AUCIIEPCIH a€ 3MOTY IiABUILUTH €JIACTHYHICTD Ta
MOPO30CTIHKICTh TTIBOK, OACP)KaHNX Ha iX OCHOBI, 8 BUCOKA MIITHICTh IO ypeTaHiB —
eKCIUTyaTaliiiHi OKa3HUKH MOJIlypeTaHaKPHIOBHX ITIBOK, OTPUMAaHHX 13 BOIXHHX JTHC-
TIepciii, MPH MaKCUMATBHUX 3HAYEHHSX X MApPOIPOHUKHOCTI 1 COPOITii MapiB BOMIM.

Pe3ynbraTy nociimkeHHS KOMIUIEKCY (Pi3UKO-XiMIYHUX BIACTUBOCTEH MOJiypeTaH-
aKPWJIOBHX TUTIBOK TTOCTY KHJIM OCHOBOIO JIJIsl POpPMyBaHHSI MOKPUTTIB HA MIKIPIHOMY
HamniBgpadpukati. ChopMoBaHi MoNIMEPHI MOKPUTTA Ha MIKipax MOKa3yoTh (Tadi. 3),
110 [TY -IOKpHUTTS 32 KOMITIIEKCOM (hi3MKO-MEXaHIYHUX BIACTUBOCTEH, SIKI BITHOCSATHCS
JI0 HalBayKNMBIMIMX €KCIUTyaTaliiHUX XapaKTePUCTHK MIKiPIHUX BUPOOIB, CYTTEBO
MIEPEBUIIYIOTH MTOJIIAKPUIIOBI, OCOOJIMBO 32 MIITHICTIO X B3a€EMO/II1 3 CyOCTpaTOM, OI0-
POM 3HaKO3MIHHUX HaBaHTaXEHb 1 CTIHKICTIO 10 TEPTL.

Tabnuys 3. @izuko-XiMiuHi BJaCTHBOCTI NOKPUTTIB HA MIKipi

TToka3Huk ITokpuTTSI HA OCHOBI
AM ITy-2I1 IIYA-J
Onip BUTHHAHHIO, TUC. IIUKJIIB 28,5 >500 >500
Anresis nokpurts, H/m, 10 mkipu cyxoi 460 1550 1200
MOKpOI 235 1040 950
CTilKICTh 0O MOKPOTO TEPTsl, 00epTH 260 5600 1300
TMaponpOHUKHICTb MKipH, MI/(cM>rox) 2,1 1,5 2,9
TToBITPONPOHKKHICTH KipH, cM*/(cM*-To) 72 37 83
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OTtpuMaHi pe3yabTaTh CBIIYIATh PO Te, 0 hopMmyBaHHs [1Y-IOKPUTTIB Ha HAIIIB-
(habpuKaTi KarmIsIpHO-TIOPUCTOI CTPYKTYPH CYIIPOBOKYETHCSI HU3KOIO TTPOIIECIB, SKi
3yMOBJIIOIOTH 3MiHY BJIACTUBOCTEH SIK KOJAreHOBOi CTPYKTYpH, Tak i mokputrs. I1Y-
KOMITO3HITis, 3aJ7Ie)KHO BiJ 11 CKIIaAy Ta BIACTHBOCTEH CyOCTpaTy, MPOHUKAE B HOTO
MOpH, 1O 3MinHIOE WKipy. [Ipy HpOMy YTBOPIOIOTBCA MillHi aAre3iiiHi 3B’sI3KU HO-
KpUTTA 3 cyOcTpaToM. Oco0n1BO 11€ BaXKIJIMBO IS 03400JI€HHS MAIIOMILIHOTO LIKips-
Horo HammiBdabdpukary. [Ipo 11e CBiTIUTh XapakTep 3MiHA KOMIUTIEKCY (hi3MKO-MeXaHid-
HUX BJIaCTUBOCTEH OKPUTTSL, 3aJIEXKHO BijI HOro ckiiamy. 3okpema, mokpurTs [1Y-2111
ITY A-]] BiAPI3HSAIOTHCS BiJT MOTIaKPHIIOBOTO TTOKPUTTSI, MoaudikoBanoro AKEA, miz-
BUIICHUMH 3HaYCHHSIMH TMOKa3HHUKIB OMOPY BUTHMHAHHIO Ta aAre3iiHoi MilIHOCTI 10
MOKpOI HIKipH BigmoBiguo B 17,5—21,5 paza i 4,0—4.4 paza. [Ipu upomy nmapomnpo-
HUKHICTB 1 MMOBITPONPOHHUKHICTH MIKipH 3 MOKPHUTTAM 1Y A-JI € HaiiBummm, a 3 mo-
kputTaMm [1Y-2 naitamkanm. [IpucyTHICTD Y BOOKHUCTIN CTPYKTYpi HaniBabpukaty
BOJIOTH O1ITBIIOI0 Mipoto cripusie (POPMYBaHHIO MTOPUCTOTO TOKPUTTSI MIPH BUKOPH-
CTaHHI NOJiypeTaHoBoi Aucnepcii. Jlemo HKYi 3HaYeHHS MapOIIPOHUKHOCTI IIKIpH 3
[TY -moKpUTTSAM MOPIiBHSIHO 3 BIJIBHUMU TUTIBKAMH € HACIIIAKOM BUCOKOI aJire3ii Takux
MMOKPHTTIB JI0 KOJAT€HBMICHOI OCHOBH Ta HE3HAYHOTO YIIIILHEHHS CTPYKTYPH TIO-
KPHTTIB IPH NPECyBaHHI HIKIPH.

OTxe, aHaITi3 OTPIMAaHUX PE3yJIbTATIB YKa3ye Ha IepeBary MmojiypeTaHOBUX OKPH-
TTIiB MIO/I0 TIOMIAKPHIOBHUX 1 JTa€ 3MOTY PETYIIIOBAaTH CTPYKTYpPY 3aXHCHOI TUTIBKU B
HIMPOKHUX MEXaxX NUISIXOM 3MIHM XIMIYHOTO CKIIaay i peXuMy ()OpMyBaHHS TOKPUTTSI.
HesBaxkaroun Ha repeBaru mojiiypeTaHOBUX IOKPHTTIB, MTOJIiypeTaH aKpHIIOBI TUCTIEp-
cil HagalTh MOXKITMBICTG (POPMYBATH MOKPHBHI IUTIBKM Ha HIKipsiHOMY HamiBdadpu-
KaTi 3 HEOOXiTHUM KOMITIEKCOM (Di3MKO-MEXaHIYHHX 1 TITi€HIYHUX BIACTUBOCTEH.
BopmHouac MakcumManbHO 30€epiraloThes OPraHONENTHYHI TOKa3HUKH MOTU(IKOBAHOTO
B TEXHOJIOTIYHHX Mpoliecax MKIpSHO-XyTPOBOTO HariBpaOpHKaTy.

BucHOBKM

JocnimxeHo KOMITTEKC (Pi3HKO-MeXaHIYHHX 1 (Hi3UKO-XIMIYHUX BIAaCTUBOCTEH MOHO-
JITHAX Ta MIKPOITOPHUCTHX TOTIaKPUIIOBHX 1 TIOJIIypEeTaHOBUX TUTIBOK. BCTaHOBIIEHO
3HIKECHHSI TPAHUIN MIITHOCTi, MOIYJISI €TaCTHYHOCTI Ta PO3PUBHOTO ITOJTOBKCHHS
MiKpPOIOPUCTUX MOJIIyPETAHOBUX TUTIBOK MOPIBHSHO 3 MOHOJIITHUMH BiJIMOBiTHO B
5,0-5,6; 3,1—4,5 1 1,3—1,4 paza. IIpn npoMy HaiOIIBIIO MIITHICTIO 1 PO3PHBHAM
MOJIOBKEHHSIM XapaKTePU3yIOThCs IUTIBKM, OTPUMAHI 3 MOJIypeTaHaKpHUIIOBOI AHUCTIEp-
cii, siKi TocsATaroTh rpanulli MirtHocTi 22 MI1a Ta nogoxeHHs nipu po3puBanHi 820%.

Y pesynbTarti OpiBHSIIFHOTO aHAJli3y pe3yabTaTiB JOCIiHKEHHS eKCILTyaTarliiHIX
BJIACTHBOCTEH IUTIBKOYTBOPIOBAYiB HA OCHOBI MOJTIaKPHJIOBHX 1 TOJIYpETaHOBHX MOJTi-
MepiB BCTaHOBJICHO, IO HAWTIEPCIIEKTUBHIITIMH KOMIIO3HIISIMA € BOJHI CHCTEMH.
TepMorHAMIYHA HECTIHKICTh BOJHHUX JUCIEPCiH MOJIMEPIB HaJla€ MOXKIIMBICTD pea-
Ji3yBaTH Pi3HOMAHITHICTh X BIACTMBOCTEH 1 MOB’A3aHMX 3 HUMH IPOLECIB CTPYK-
TypOYTBOPEHHS IPH IPYHTYBaHHI MIKIPSHOTO HarliBGaOprKaTy Ta IUTiBKOYTBOPEHHI Ha
Horo moBepxHi IpH 03100JIeHHI. BCcTaHOBIIEHO KOPENALi0 MiXK (Qi3MKO-MEeXaHIYHUMH
BJIACTUBOCTSMH MIiKPOIIOPHCTHX 1 MOHOJITHMX MOJIMEPHUX TUTIBOK Ta MOJiypeTaHo-
BHUX 1 OJIiypeTaHAKPUJIOBUX MTOKPHUTTIB Ha IIKIPSHOMY HarliBpaOpHKaTi.
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BusznaueHo mepeBarv caHiTapHO-TITIEHIYHHAX BIACTHBOCTEH IIKIp 3 TOJIIypETaH-
AKpUJIOBUM TOKPHUTTSM TIEPE.T MKipaMH 3 TOJTIaKPIIIOBUM, MOAM(IKOBAHUM aJIKiJI-
KapOOKCHETaHOIaMIiHAMHU TPUPOAHUX HA()TEHOBUX KHCIIOT TacOBO-Ta30iMIeBol (pak-
Iii 1 TOJIIypeTaHOBUM TIOKPHUTTSM. BomHOYAC TOJTiypeTaHAKPHUIIOBI TIOKPHUTTS TIepeBa-
YKAIOTh MOJIAKPHIIOBI 32 KOMIUIEKCOM (hi3MKO-MEXaHIYHUX MOKa3HUKIB, 30KpeMa 3a
ajre3iiHoi MilHICTIO B 2,6—4,0 pasu, CTIHKICTIO IO MOKPOT'o TepTs B 5 pa3iB, Oararo-
Pa30BUM BHTHHOM OitbIe HiX y 17 pasiB.

BpaxoBytoun komIutekc (hi3MKO-MeXaHIYHUX 1 TIT€HIYHUX BIACTUBOCTEH Momiype-
TaHAKPUJIOBUX IDTIBOK i TIOKPHUTTIB, MOXKHA BBYKATH MEPCIICKTUBHUM X BUKOPUCTAHHS
Iu1st QOpMYBaHHS CTIMKHMX IO MEXaHIYHUX JedopMaliiil enacTHIHUX IIKIPSHAX MaTe-
piasis.
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The article presents the analysis of literature and personal
research data on the content of sulfur in different categories of
wool fibers in general and in particular, in their individual stru-
ctural components, as well as the role of this element in the for-
mation of their physicochemical properties.

The obtained data were processed in Excel, determining the
arithmetic mean (M), the statistical error of the arithmetic mean
(m), the probability of the difference between the arithmetic me-
ans of two variation series (P <). Wool contains from 0.7 to
5.0% of total sulfur. Sulfur in wool is found in various sulfur-
containing compounds, but cystine holds its largest amount
(about 74%). Because of this, cystine plays a crucial role in the
synthesis of keratin and the formation of physic mechanical, and
therefore technological properties of fibers, in particular their
strength. The content of sulfur in wool reflects all possible chan-
ges in the wool fiber under the influence of various factors (UV-
rays, the action of acids and alkalis, nutritional factors, etc.), and
its balance becomes negative after the level of cystine decreases
in wool. The fiber structure contains up to 3% of lipids, which
are both free and bound to protein. These structural lipids are
components of the cell membrane complex and are composed
of ceramides, cholesterol sulfate, cholesterol, fatty acids and
sulfolipids.

Wool with high sulfur and sulfolipids content is characte-
rized by better indicators of physical and mechanical properties,
in particular the tensile strength of fibers. The high content of
cholesterol sulfate in the lipid composition of the wool indicates
that this component is an important determinant in maintaining
the integrity of the fiber structure. Numerous studies conducted
on different gender-age groups of sheep indicate that sheep fee-
ding with Sulfur always has a positive effect on the intensity of
wool growth and its physicochemical properties.
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CYJIb®YPBMICHI CMOJIYKU BOBHM I iX POJIb
Y NPOLLECAX BOBHOYTBOPEHHA TA ®OPMYBAHHI
®I3UKO-XIMIMHUX BJIACTUBOCTEM BOJIOKOH

II. B. Cranaii, H. II. Craxis, O. O. CmoasninoBa, O. C. I'padoBcbka
Incmumym 6ionoaii meapun HAAH

0. C. TIOTIOHHUK

Kam saneywv-Tlodinbcoxuii nayionanvruuil yrisepcumem imeni leana Ocienka

Y cmammi npedcmaesneno ananiz oanux aimepamypu i 61ACHUX OOCAIONCEHb PO
emicm cynb@hypy y pi3HUX KAmMe2opisax 608HAHUX BOJ0OKOH 83a2dJli I, 30KpeMa, 8 OKPeMUx
IXHIX CMPYKIYPHUX KOMIOHEHINAX, MA POlb Yb02o eleMenma y hopmyeanni ix gizuxo-
Ximiynux enacmusocmeti. Ompumani dani 0opobasnu 8 Excel, susnauarouu cepeone
apupmemuune (M), cmamucmuuny noxubKy cepedHb020 apu@dmemuinozo (m), imo-
8ipHicmb pisHuYi cepednix apupmemuynux 080x sapiayitinux psoie (P <). Ilpedcmas-
JIeHT OaHi ceiduamy, wo Cyab@hyp 8idiepac 8adciusy poib y NPOYecax 606HOYMBEOPEHHS.
ma opmysaHHi QizuUKO-XIMIMHUX | MEXHON02IYHUX éracmusocmetl 6010KoH. Cam CuH-
me3 KepamuHy Hegi0OiNbHO N08 A3aHUL 3 THMEHCUBHUM BUKOPUCMAHHAM CYIbQyD-
BMICHUX CNONYK, 30Kpema yucmeiny. Ilpoananizosani oani ceiouamo, wo nicjis none-
PEOHBbO20 OKUCHEHHSL aDO0 GIOHOBIEHHA KEPAMUH B0BHU MOICHA PO3OLIUMU HA O8I 2pynu
NPOMEIHIB. 3 BEIUKOIO MOAEKYISPHOIO MACOIO T HUSLKUM GMICIOM CYyib@ypy — piopu-
JAPHA cmpykmypa (Kapboxkcumemuikepamuiny abo o-Kkepamosa) ma 3 MeHULO
MOAEKYNAPHOIO MACOI0 T GUCOKUM 8MICMOM CYTbypy — 2100VAApHA CIMPYKMYpa
(kapbokcumemunkepamuiny abo y-Kepamosa,).

Y empyxmypi 6onoxna micmumocs 0o 3% niniois, aKi € AK y 6iIbHOMY, MAK i 36 '51-
3aHoMy 3 npomeinom cmaui. L[i cmpykmypHi niniou — KOMHOHeHmU KIIMUHHO-
MEMOPAHHO020 KOMNIIEKCY, CKIA0AIOMbCA 3 Yepamiois, Xoiecmepoil cyibghamy, xoiecme-
pony, sicuprux Kuciom i cyavghoninioie. Cynbghoniniou ymeopioroms pizHi 3a MIYHICMIO
KomnoHenmu 3 npomeinamu. Tlokazano, wo 808HA 3 BUCOKUM 8MICTIOM CYabDYpPY i
CyabDoRinioie xapakxmepuszyem s KpauwuMu NOKA3HUKAMU (Di3UKO-MEXAHIUHUX 6]1a-
cmugocmeti, 30Kpema MiyHOCmi 8010KOH HA po3pu. Benukuii emicm xonecmepo cyib-
Gamy 6 ainioHomy cK1adi 606HU 6KAZYE HA e, WO Yell KOMNOHEHM € BaANCAUBOIO
OemepMiHaHmor y NIOMPUMAHHI YILICHOCMI CIMPYKMYpU 8010KOH. Hucnenui ooci-
0d1CeHHsl, NPOBEOEHT HA PI3HUX CTNATNEBO-BIKOBUX SPYNAX 08eyb, CEI0Yamy npo me, ujo
nio2o0iensa oseys CyIbhyPoOM 3a824COU NOUTNUBHO NO3HAUAEMbCS HA IHIMEHCUBHOCTI
pocny 806HU MA i (YI3UKO-XIMIYHUX GIACMUBOCIISIX.

Knrouosi cnosa: sisyi, éoena, cyivpyp, yucmun, cyavgoniniou, cmpykmypa,
izuxo-ximiuni enacmusocmi.

Formulation of the problem. Due to the spinning and felting properties of wool,
wool fibers are ideal for the production of various types of clothing, technical fabrics,
felted footwear, felt products, and therefore wool continues to be an important textile
raw material for light industry.

The purpose of the research is to analyze data of ukrainian and foreign scientific
literature and own research on the role of sulfur-containing compounds in the pro-
cesses of wool formation and the formation of physical and chemical properties of
sheep wool fibers.
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Results and discussion. Wool is the main raw material for receiving fiber of animal
origin. Despite significant advances in the chemical production of synthetic fibers, these
fibrous materials cannot fully reproduce all part of wool. It only has properties such as
the lowest thermal conductivity, softness, lightness, high hygroscopicity, sanitary and
hygienic properties, sound insulation, theability to transmit ultraviolet rays, etc.

Wool, the fibrous coating from sheep, is the most important animal fiber used by the
textile industry. It has been used continuously for several thousand years, the earliest
type of fabric made from wool probably was felt. Although the relative importance of
wool as a textile fiber has declined with the increasing use of synthetic fibers, it remains
important in some sectors of the market (John, et al., 2016). The main substance of hair
fiber is solid keratin — a complex protein compound which differs from other pro-
teins by its high content of Sulfur. In addition, keratin is characterized by high density,
poor solubility in water, resistance to many chemical factors and enzymes (Maxap,
1992; Kpuuesckuii, 2001; Langbein & Schweizer, 2005; Moll, Divo & Langbein,
2008).

Wool fiber after cleaning is more than 96% composed of protein — keratin, which
includes the following chemical elements (in%): carbon — 50.3—52.5; hydrogen —
6.4—7.3; nitrogen — 16.2—17.7; oxygen — 20.7—25.0; sulfur — 0.7—5.0. In addi-
tion to sulfur, sheep wool contains a significant amount of macro-and micro elements.
Thus, 1 kg of dry matter of wool contains 4.2 g of ash, including (mg): calcium — 2300;
sodium — 305; iron — 60; potassium — 45; manganese — 25 and copper — 25. More
than 30% of ash is Silicon. The latter is found even in the hair of newborns (Karnnan-
ckuii, 1931; WimueB & Cnasoe, 1997; Mkenbschbkast & Jlapckuii, 1983). The average
content of micro elements in the hair according to various authors is as follows (mg / g):
copper — 9.1—55.6, zinc — 80—228, nickel — 0.19—4.21, magnesium — 26.6—
85.7, manganese — 1.40—2.93, mercury — 3.71—29.6, lead — 6.0—26.7, cadmi-
um — 0.94—2.76, iron — 15.3—40.0.

Sulfur dyes have been traditionally used for dyeing cellulosic materials, in particular
for dark navy and black shades on cotton. Sulfur dye can be used to produce a deep
black shade on wool that is comparable with chrome black dyestuff (Jackie et all, 2011).

Wool fibers are made of keratins of two types. The first one is inherent to the fibers
in the normal unstretched state. It is known as a-keratin, in which the polypeptide chain
is twisted in a spiral and forms a so-called a-helix structure. The second type is B-kera-
tin, in which the peptide chains are in a straightened state by more than 50% (Gillespie,
1990; Barba et al., 2008). Keratin dissolves in slightly alkaline solutions after breaking
the disulfide bonds. The study of the structure of wool keratin is based on its solubility,
which is achieved by oxidation or reduction reactions of disulfide groups (Maxap,
1977). These keratins are able to pass from one form to another under certain conditions.
This is the basis of the elasticity of wool fibers (I"aBpunsixk & Cenino, 2012).

In addition to a- and B-forms, wool keratin is characterized by a three-phase struc-
tural composition. That is, sequentially treating wool with various reagents which break
or block disulfide bonds, keratin is divided into three fractions: alpha-, beta- and
gamma-keratoses or so-called kerateins. Keratoses are polypeptides which are linked
by disulfide bonds (Feughelman et al., 2003). During oxidation, cystine disulfide bonds
are oxidized to two cysteic acid residues, and the use of reducing agents leads to the
rupture of cystine disulfide bonds with the formation of cysteine (Gong, 2012).

Thus, the bulk of the wool (80%) dissolved after pre-oxidation or reduction can be
divided into two groups of proteins: high molecular weight and low sulfur — fibrillar
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structure (carboxymethylkeratin, or alpha-keratose) and lower molecular weight and
high sulfur content — globular structure (carboxymethylkeratin, or gamma-keratose)
(Feughelman, 2002; Rogers et al., 2004a; Rogers et al., 2004b; Powell et al., 1997).

Wool keratoses correspond to different structural components of the fiber. In parti-
cular, a-keratose (S-S-carboxymethylkeratin-A) corresponds to the protein of macro-
and microfibrils; B-keratose (insoluble fraction of wool fiber) — cuticula and cell mem-
branes; y-keratose (S-carboxymethylkeratin-B) — between the fibrous substance, i.e.
the cementitious substance, or the fiber matrix. The quantitative ratio of keratoses in
wool is different, but the a-fraction accounts for an average of 55%, and y and B-frac-
tions 25 and 16% respectively (Makap, [lIsenp, Cramaii & Hosocan, 1995; Rogers
et al., 2006). Alpha-keratose is characterized by a low content of Sulfur (~2%), and y-
keratose is a protein with a high content of this element (in average 6%) (Tkauyx,
Cramait & [aspuiak, 2011; Chao Yuan et al., 2017).

Another group of proteins can be distinguished from wool fiber, which contain a
large percentage of the amino acids of tyrosine and glycine and a small amount of
lysine, histidine, isoleucine, glutamic acid and almost complete absence of methionine.
These proteins are part of the non-fibrillar matrix and are directly related to the plasticity
of wool (JIuko, 2003; Eichhorn, Hearle, Jaffe & Kikutani, 2009). It was found out that
wool contains 17 amino acids, of which the largest percentage is aspartic acid, cystine,
leucine, arginine, and the smallest — isoleucine, histidine, methionine. Different groups
of ' wool keratin proteins, as well as its morphostructural components, differ significantly
in amino acid composition, as evidenced by the data in tables 1 and 2 (Fraser, McRae
& Rogers, 1972; Orwin & Woods, 1985).

Table 1. Amino acid composition of wool, low- and high-sulfur proteins, as well as
proteins withhigh tyrosine and glycinecontents (amino acid residue per 100 residues)

Proteins with | Proteins with | Proteins with high
Aminoacid Wool low Sulfur high Sulfur glycine and tyrosine
content content contents
Alanine 5.5 6.4 2.9 2.1
Arginine 6.6 73 6.7 4.5
Asparticacid 6.5 8.1 4.1 3.5
Cysteicacid 11.4 6.8 17.9 0.8
Glutamicacid 11.3 14.1 6.4 3.1
Glycine 8.8 8.8 54 30.8
Histidine 0.8 0.7 0.9 0.4
Isoleucine 34 3.7 3.0 1.0
Leucine 7.8 10.3 5.0 8.3
Lysine 3.0 4.1 0.7 0.8
Methionine 0.5 0.6 — —
Phenylalanine 2.9 3.0 24 6.2
Proline 6.0 4.2 13.6 4.2
Serine 9.6 7.3 11.9 12.6
Threonine 6.1 4.4 10.4 2.0
Tyrosine 4.1 43 1.9 17.9
Valine 5.9 5.9 6.7 2.1
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Table 2. Amino acid composition of morphostructural components of merino wool
(amino acid residue per 100 residues)

Amino acid Cuticula Orthocortex Paracortex
Alanine 5.7 5.7 6.0
Arginine 4.8 6.9 7.1

Asparticacid 3.9 7.3 7.6

Cysteicacid 14.8 8.7 7.5

Glutamicacid 8.9 13.1 12.1
Glycine 9.6 8.0 9.3
Histidine 1.0 0.9 0.8
Isoleucine 2.5 3.4 3.2
Leucine 6.0 7.7 8.7
Lysine 2.9 2.9 2.7
Methionine 0.4 0.4 0.5
Phenylalanine 1.9 2.8 3.1
Proline 9.3 6.7 6.1
Serine 13.6 10.2 10.0
Threonine 4.9 6.7 6.2
Tyrosine 2.9 2.9 3.6
Valine 6.6 5.7 5.6

Sulfur in wool is apart of various sulfur-containing compounds, but the largest amo-
unt is in cysteine (about 74%). Cysteine is amino acid which plays a crucial role in the
synthesis of keratin and the formation of its mechanical properties, and, consequently,
the technological properties in general. Only a small part of Sulfur is in another sulfur-
containing amino acid — methionine — 2.4—4.8% of total Sulfur. According to avai-
lable data, the balance of Sulfur in wool consists of sulfur-containing compounds such
as cystine, cysteine, methionine, lantionine, cysteic acid, sulfates and sulfur oxidized by
bromine (Zahn, 1995; Reis, 1965).

The lantionine and cysteic acids contents in wool are considered as a result of the
influence of a number of reducing and oxidizing agents. In particular, cystine is oxidi-
zed to cysteic acid (HO3;SCH>CH(NH,)COOH — cysteic acid) under UV-rays. The
cysteine sulfonic and cysteine sulfonic acids are intermediate product of this reaction
is. Hydrogen sulfide is released from unstable cysteic acid, which in turn is oxidized to
sulfates with a certain loss of total sulfur. In an alkaline medium, which creates sweat,
in addition to cysteine forms lantionine, which contains one sulfur atom less than cys-
tine, but similarly forms a bond of the type R—S—R(HOOC(NH,)CHCH,—S—
CH2(NH2)COOH — lantionine.

Sulfur in wool reflects all possible changes in the wool fiber under the influence of
various factors and any change in its balance will depend primarily on cystine, although
the redistribution of other sulfur-containing compounds may have a corresponding ef-
fect. Indeed, the balance of Sulfur becomes negative immediately after the level of cys-
tine in wool decreases (Kiipker, 2002; Zahn & Gattner, 1997).
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Table 3. Content of sulfur-containing compounds in wool (Fletcher, Robson & Todd,
1963)

Sulfur-containing compounds, % M=Em Persent (%) to total Sulfur
Total Sulfur 3.18+0.03 —
Cystine 8.76+0.13 73.54
Methionine 0.59+0.05 4.01
Cysteicacid 0.63+0.04 342
Lantionine 0.06+0.003 0.28
Cystathionine 0.05+0.002 0.22

Wool is like a net of polypeptide chains connected by cystine disulfide bonds ac-
cording to the scheme:
| |

CcO NC

I |
CH-CH,-S-S—-CH>—CH

NH co
| |

However, there are opinions that the inclusion of cystine in the macromolecule of
wool keratin occurs in another scheme, in particular, that wool has two types of disulfide
bridges. The first is called the “fraction (A + B)”, which reacts rapidly with alkalis and
forms lentionine. The formation of lentionin during protein processing was firstly detec-
ted in the study of keratins. The second type “fraction (C + D) is much worse exposed
to alkali. The first type forms bridges between individual polypeptide chains, and the
second — between sections of the same chain. It was found out that the destruction of
the “fraction (C + D)” causes rapid protein breakdown, and the destruction of the
“fraction (A + B)” does not lead to this. It was recognized that the value of disulfide
bonds in wool was very large, as their ruptures led to a sharp decrease in fiber strength,
rapid swelling of keratin, and its breakdown products were easily digested by enzymes.
Thus, the physicochemical properties of wool are closely related to the presence of cys-
teine in it. In particular, the resistance of wool and human hair to stretching under load
is well known, especially in the wet state at elevated temperatures, which is widely used
in the textile industry and in hair perming. The dependence of the strength of wool on
its content of sulfur and cysteine in it is evidenced by the data in table 4.

Table 4. The content of sulfur and cystine in fine wool

Sulfurcontent (%) Cystine (%) Strength (km)
2.90 8.70 6.30
2.95 8.64 6.31
3.00 9.10 7.30
3.10 9.40 7.50
3.20 10.11 8.00
3.30 11.84 8.60
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The presented data show that sulfur plays an important role in the processes of wool
formation and the formation of physicochemical and technological properties of wool
fibers. The synthesis of keratin itself is inextricably linked with the intensive use of
sulfur-containing compounds, mainly cysteine. Keratinization of wool fiber is accom-
panied by oxidation of sulthydryl groups into disulfide bonds. It is known that 0.71%
of total sulfur extracted from hair follicles is in disulfide form. Sulfur-containing com-
pounds, in the molecule of which there are SH-groups, are a plastic substrate for the
construction of hair fiber keratin, and on the other hand — determine the activity of
enzymes which catalyze metabolic processes in hair follicles. It was found out that the
conversion of the total quantity of SH-groups to disulfide bonds during keratinization
releases energy capable of synthesizing approximately 1% of keratin peptide bonds. As
for the mechanism of inclusion of Sulfur in growing hair fibre, it is still completely
unknown. Sulfur enters the fiber exclusively in the keratinization zone, and not through
the papilla, as previously thought (I"aBprisik, Makap, Cranaii & Cenino, 2006).

It has long been shown that the content of sulfur, and hence its balance of dry wool
can vary widely depending on various factors (Fletcher, Robson & Todd, 1963). Thus,
the content of Sulfur in wool is influenced by exogenous and endogenous factors. The
exogenous factors affect the wool fiberoutside the hair follicle: the sun's ultraviolet rays,
adverse weather conditions, some chemical factors, especially alkalis. In particular,
washing wool in a traditional soap and soda solution is accompanied by an increase in
the amount of lantionine and a corresponding decrease in cystine. Carbonization of
wool has a similar effect. Endogenous factors affect the process of fiber formation
directly in the follicle.

Breed and individual characteristics of animals, and, their physiological and feeding
conditions (especially feeding sheep with sulfur), have a significant impact on the ba-
lance of Sulfur in wool. Thus, from the data in table 5 it is obvious that the balance of
sulfur in wool in different periods of its growth is different. The largest, and therefore
positive, it is in the summer-autumn period, i.e. the period of the best supply of nutrients
to animals. Slightly lower sulfur content was found in the early winter period, and the
lowest (deficient) — in the early spring. In parallel with the decrease in the content of
total sulfur in wool during certain periods of its growth, the content of cystine, cysteic
acid and lantionine also decreased.

Table 5. Content of sulfur-containing compounds in wool during its growth (% on dry
matter) (Cenino, Makap, I'aBpuisik & I'ymentok, 2009)

Sulfur-containing Periodsofwoolgrowth
compounds Summer-autumn Early winter Early spring
TotalSulfur 3.12+0.04 2.97+0.03 2.79+0.03
Cystine 9.17+0.1 8.53+0.12 6.39+0.1
Methionine 0.44+0.04 0.57+0.05 0.35+0.03
Cysteicacid 0.64+0.05 0.54+0.04 0.30+0.03
Lantionine 0.08+0.004 0.04+0.003 0.02+0.002
Cystathionine 0.04+0.003 0.05+0.003 0.02+0.002

The hair structure contains up to 3% lipids, which are in both free and protein-bound
state. The lipids amount in the free state is almost twice lower than linked ones. These
internal lipids differ significantly from wax lipids (surface lipids) and skin lipids (Ahn,
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Hwang & Choi, 1999), as they do not originate from sebaceous glands, but originate
from cell membranes of still functioning follicular cells (Schwan, Herrling & Zahn,
1986; Ponec, Weerheim, Lankhorst & Wertz, 2003). Free lipids are localized mainly in
the cuticula, which is quantitatively. It is possible that the proportion of these lipids
comes from surface wax, but the main ones are lipids have lost contact with fiber pro-
teins during its keratinization or other factors.

It is known that different structural components of the fiber contain different amo-
unts of lipids. Most of them are in -keratose. Gamma keratoses contain only fractions
of non-esterified cholesterol, but it is rich in other classes of polar lipids, and a-keratose
is characterized by a relatively low content of lipids (Cramaii & Maxap, 1978).

It was specified that the structural lipids of the fiber are components of the cell mem-
brane complex (CMC), which bind the cuticula and cortex cells (Korner, Petrovic &
Hocker, 1995). Structural lipids of CMC contain ceramides, cholesterol sulfate, chole-
sterol and fatty acids. Hair fibre lipids form a continuous structure — the lipid layer
(F-layer). Due to the lipid configuration, keratinized fibers perform a barrier function.
The lipid F-layer plays a key role in determining the surface properties of the fibers,
maintaining their integrity, namely hydrophobicity and strength (Lee & Chang, 1992).

All keratinized fabrics contain of ceramides, cholesterol sulfate, sulfolipids and
other components (Bertrand, Doucet, Simionovici, Tsoucaris, & Walter, 2003). Sulfo-
lipids forms different by strength components with proteins. It was specified that wool
with a high content of Sulfur and sulfolipids is characterized by better indicators of
physical and mechanical properties, in particular the tensile strength of fibers (Brosche,
Platt & Dressler, 2000; Brosche, Platt & Dressler, 2001).

Sheep wool is characterized by a complex structural organization. The main part of
the fiber falls on the cortex, which is the most important in the formation of physical
and mechanical properties of hair fiber. Cortical cells consist of several tiers, tightly
pressed together spindle-shaped cells, which are oriented along the axis of the fiber
(Plowman, Deb-Choudhury, Clerens, Bryson & Dyer, 2009; [emyk, basika, & [lemi-
noB, 2007; I'aBpusk, 2011; Boulos et al., 2013). The cortical layer of fine wool is cha-
racterized by a bilateral structure, i.e. it consists of ortho- and paracortical cells. The
asymmetry of the cortex is associated with the tortuosity of the fiber, which is charac-
teristic of the wool of fine-wool sheep. Orthocortical cells, which are characterized by
a lower content of Sulfur, are located closer to the core of the fiber and paracortical
cells, which contain more sulfur, on the contrary — from the outside (I"aBpmisik, Cenino
& Cranatt, 2013).

A striking example of the fact that sulfur plays an important role in the formation of
physical and mechanical properties of fibers is the peculiarity of the structure of the
skeletal fibers, which are characterized by the existing core or brain layer (Caldwell,
Mastronade, Woods & Bryson, 2005). The main component of the core is sterols and
an insignificant amount of Sulfur, which negatively affects the technological properties
of these fibers (Deedrick, 2004). Over hair fibers contain the lowest amount of cystine
and sulfur compared to other categories of fibers (9 and 2.8%, respectively).

The high content of cholesterol sulfate in the lipid composition of the hair fiber in-
dicates that this component is an important determinant in maintaining the integrity of
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the fiber structure, i.e. serves between the cell “cement” in keratinized tissues. Chole-
sterol sulfate, which is found in the lipids of cell membranes of wool and other keratin
fibers, is an additional component with amphiphatic properties required to build a dou-
ble lipid layer. Cholesterol sulfate may be present in lipids in both unbound and bound
state (Bouwstra et al., 1998).

Conducted studies on lambs of Ascanian multiparoustype of caracul, which were
additionally fed with rapeseed meal, elemental sulfur, selenium, iodine and silicon in
the main diet, showed that the most significant changes were recorded by cholesterol
sulfate and the fraction, which is dominant among these classes of lipids, i.e. ceramides.
Ceramides quantity in the keratin wool of experimental animals is probably lower, and
the concentration of cholesterol sulfate, on the contrary — higher. It is still difficult to
explain the fact that ceramides decrease under the influence of the used factors, but the
increase in cholesterol sulfate is associated with mineral elements of the diet, including
sulfur and obviously rapeseed oil meal, which is also rich in sulfur-containing amino
acids. The plausibility of this assumption was confirmed by the fact that another fraction
of polar lipids, which in its structure contains sulfur (sulfolipids), also showed a ten-
dency to increase (Table 3) (Cramaii, Tkauyk, Cenino & Oropoanuk, 2019).

Seasonal fluctuations in lipid components are a reflection of the corresponding chan-
ges in metabolism. The influence of the season is associated with the impact on the
body of many factors, including such as photoperiodism, feeding level, ambient tempe-
rature, etc. All these factors cause changes in metabolic processes in sheep in general
and wool formation processes in particular (Ocran’rok & Cramnaii, 2004).

Studying of the influence of seasonal factors on the strength of the fibers show that
they are lowest in winter period. With the onset of spring, the strength of the fibers
begins to increase and reaches its highest levels in the summer-autumn period, i.e. the
period of the best basic provision of animals.

Conclusions

In wool, which grew at different times of the season, a different quantity of sulfur-
containing classes of lipids is recorded. Thus, the largest amount of sulfolipids was
characteristic of winter wool. With the onset of spring and throughout the summer-
autumn period, their quantity gradually decreased, and the content of cholesterol sulfate
in all seasons was almost the same and only in the spring there was a decrease and
especially in ewes. In wool contains 0.7—35.0% of total sulfur, which is found in various
sulfur-containing compounds, in particular cystine holds its largest amount (about
74%), that’s why, cystine plays a crucial role in the synthesis of keratin and the for-
mation of physic mechanical and therefore technological properties of fibers — their
strength. The sulfur balance in wool is made up by sulfur-containing compounds such
as cystine, cysteine, methionine, lanthionine, cysteic acid, sulfates and bromine-oxidi-
zing sulfur. The lanthionine and cysteic acid content in wool is the result of exposure to
anumber of renewable and oxidizing agents. Sulfur content in wool reflects all possible
changes in the wool fiber under the influence of various factors (UV-rays, the action of
acids and alkalis, nutritional factors) and its balance becomes negative after the cystine
level in wool decreases.
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Mass exchange An energy-saving technology of cyclic rectification with a
Plates continuous supply of heating vapour and liquid to a mass-
Rectification exchange column apparatus equipped with flake plates is pro-

posed. The innovative method allows to prolong the time of
contact of vapour and liquid on plates up to 40—60 s and to
reduce the time of overflow up to 1.5—1.7 s. In order to im-
plement the technology, a rectification column design was pro-
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requisite for spilling liquid through barbotage holes was an
instantaneous reduction of the vapour velocity in the holes to
1.5—1 m/s due to the instantaneous change of the free cross-
section of the plate from 2.6 to 51.7% and more.

Research of efficiency of the offered technology was carried
out in industrial conditions in processes of distillation of alco-
hol-containing fractions and epuration of alcoholic fermenta-
tions distillates in the experimental column. This technical solu-
tion made it possible to provide complete purification of ethyl
alcohol from ethers, methyl acetate and isopropyl alcohol, to in-
crease the degree of extraction of higher alcohols of sour oil and
methanol by 38%, to increase the multiplicity of the concentra-
tion of head impurities by 25%, the upper intermediate impuri-
ties — by 38%, the end impurities — by 37%, as well as incre-
asing the liquid throughput of the column by 34%. Lack of drain
and receiving devices on the plates made it possible to increase
the contact area between vapour and liquid by 15—20%. The
coaxial arrangement of the flakes on the plate web eliminates
the possibility of formation of stagnant zones and allowed to
intensify the mass transfer between vapour and liquid.

Under these conditions, the specific heating vapour con-
sumption is reduced by 40% compared to typical installations:
in the rectificational column it decreased from 25 to 15 kg/dl of
anhydrous alcohol introduced on the acceptance plate, and in
the epyurating column — from 15 to 8.2 kg/dl of anhydrous
alcohol.
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EHEPFO3BEPIFAIOYA TEXHONOrIA PEKTU®DIKALLI
3 KOHTPOJIbOBAHUMMU LUUKITAMUN MACOOBMIHY
MIXK PIAVUHOIO | NTAPOIO

1O. B. byuiii, A. M. Kyn, A. B. ®opciok, C. M. UymaueHko
Hayionanvnuii ynieepcumem xapuogux mexHonoziti

3anpononosana enepeosdepicaiona mexnono2is yuknivnol pexkmuixayii 3a be3ne-
peperoi nodaui epitoyoi napu ma pioury 8 MacoOOMIHHUL KOTOHHUI anapam, oCHauje-
HULl NPOBATLHUMU mapinkamu. Innogayiiinutl cnocib 0ae 3mMozy No00BACUNU YAC KOH-
maxmy napu i piounu Ha koxcrii mapinyi 0o 40—60 ¢ ma ckopomumu uac ii nepeaugy
0o 1,5—1,7 c. [lnsa peanizayii mexnono2ii 3anponoH08ana KOHCMpPYKYis pekmuika-
YIUHOI KOJIOHU, OCHAWEHOI TYCKONOOIOHUMU MAPIIKAMU i3 3MIHHUM GLIbHUM Nepepi-
30M.

Busnaueni 2iopoounamiuni pesxcumu podomu mapiiox: HUNCH KPUMUYHA WEUO-
Kicmb napu 6 omeopax cimyacmux mapilox cmanosums 5,4 m/c, 1yckonooioHux —
6,5 m/c; eepxus kKpumuyHa weuokicmo — 8 ma 16 m/c 8ionosiono. s 30iicHeHHs
nouepeosux yukiie ma iHmencugixayii nepenugy piouHu HeoOXiOHOW YMOBOIO € MUM-
mese 3MeHUeH s WBUOKOCMI napu 6 omeopax abo wirunax 0o 1,5—I1 m/c 3a60saku
MUMMEGIL 3MIHI 8LIbHO20 Nepepizy mapinku 6id 2,6 0o 51,7% i binvuwe.

Hocnioscenus nposoounucs y UPOOHUYUX YMOBAX 8 NPOYECax PO320HKU CRUPMIO-
emichux gparyiti i entopayii opasicnozo oucmunamy. Cnocib oae 3moey 3abe3newumu
Nno8He BUOAIEHHS eCmepis, Memuiayemamy ma i3onponiio802o CRUpmy, 30i1buumu
CMynitb GUOANCHHS BUIUX CNUPMIE CUBYUHO20 Macaa | memanony Ha 38%, niosuwu-
MU KpAmuicms KOHYEHMPYBAHHS 20108HUX OOMIUOK Ha 25 %, 6epXHIX NPOMIdNICHUX 00~
Miwox — Ha 38%, kinyesux — na 37%, a maxodic nidguumu NPONYCKHy 30amuicmy
KOJIOHU 1o piouni Ha 34%. BiocymHicmb 31ueHUX | NPUUMATLHUX NPUCMPOI8 HA NOJION-
HAX Mapinox 0ac 3mo2y 30inbiuumu niouy Konmaxmy napu i piounu va 15—20%. Ko-
axcianvbHe po3mauty8anHs IyCOK Ha NOJOMHI MAPLIKU HA0AE MONCIUBICTND BUKTIOUUMU
OOHOCHPAMOBAHICTIL NOMOKIE nApU | PIOUHU Ma NIOSUWUMU eeKMUBHICb MACO0D-
MIHY Midic piOuHoIo i naporo.

3a makux ymos numomi umpamu 2piro4oi napu smenuiyromoca Ha 40% nopiguano
3 MUROBUMU YCMAHOBKAMU: 6 PO32iHHINl KONOHI 8i0 25 00 15 xe/dan 6e3600H020
cnupmy, 66e0eH020 HA MAPIIKY JHCUBNEHHS, a 8 eniopayitinii — 6i0 15 0o 8,2 ke/oan
0e3600H020 cnupmy.

Knrouosi cnosa: macooomin, mapinku, pexmughikayis, Yukiu, KOTOHHUL anapam
napa, OOMIWKYU CRUpmy.

Problem statement. The use of cyclic rectification technology in the columns of
bragorectificational plants is a relatively new approach for the intensification of the
mass transfer process in alcohol production. Implementation of controlled cycles of
liquid retention on the plates allows to prolong the time of its contact with vapour,
to create conditions in order to achieve a phase state close to equilibrium and to bring
the efficiency of each real plate closer to the theoretical one (Maleta, Shevchenko,
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Bedryk & Kiss, 2105). In such conditions, the driving force of the mass transfer
process increases due to the increase in the concentration gradient of volatile com-
ponents, improves the diffuse characteristics of contact devices, increases the effi-
ciency of their operation and reduces the specific flow rate of heating vapour (Bulii,
Kuts & Shyian, 2019). These advantages of cyclic rectification are very attractive
for implementation in production.

Analysis of recent research and publications. Research of physical and che-
mical conditions of separation of multicomponent systems in the process of cyclic
rectification, development of rational methods of calculation and design of cyclic
rectification columns on the basis of laws of thermodynamics, works on computer
modeling of cycles with the purpose of intensification of mass exchange began in
60 s—70 s of the XX-th century. The scientific works of Whirter and Cannon, Som-
merfield, Chien, Robinson and Angel, Schrodt, Helperin, Beiron, Frezer, Thomson,
Schioni, Anton Kiss, Matsubar and others are devoted to solving this problem (Kiss,
2015; Kiss, Flores, Landaeta & Zondervan, 2012; Nielsen, Huusom & Abildskov,
2017). The results showed that in cyclic mode vapour consumption in process of
mass transfer between liquid and vapour was reduced by 38-40%. A lot of scientific
works of outstanding scientists are devoted to energy saving, increase of efficiency
of mass exchange on cyclic plates and nowadays. The studies conducted by V. P. Krivo-
sheev, A. V. Anufriev, M. 1. Farakhov, S. B. Azizov, H. R. Flodman, M. Matsubara,
M. Petrus, etc. are noteworthy (Flodman & Timm, 2012; Lita, Bildea & Kiss, 2012,
Krivosheev & Anufriev, 2015). At department of processes and devices of National
university of food technologies under the direction of professor Taran V. M. theo-
retical bases of cyclic rectification are developed, designs of column apparatuses are
offered, which action allowed to provide separate movement of phases in a rectifi-
cation column, to intensify process of mass exchange by retention of liquid on plates
(Maleta, Taran & Maleta, 2010).

Despite the obtained positive results on reduction of energy consumption, known
methods and models did not find wide practical application due to lack of mass
transfer during overflow of liquid, dependence of operation of overflow devices on
vapour pressure, pressure fluctuations in a collector, impossibility to stabilize hydro-
dynamic mode of plate operation, liquid mixing on adjacent plates during its over-
flow, low throughput of column mass exchange apparatuses and complexity of con-
structive decisions.

Innovative rectification technology (patent UA 141245. Method of owerpouring
the liquid on the plates of mass-exchange column apparatus) excluded mentioned
disadvantages and ensured periodic liquid pouring from one plate to another at con-
tinuous supply of liquid and heating vapour into the column. The design of a recti-
fication column equipped with plates with variable free cross-section was developed
(patent UA 139228. Column mass-exchange apparatus of cyclic action) to implement
the technology. These include mesh, tubular, wavy, scaly and other plates. Simplicity
of design, low cost of manufacturing and installation, rather small hydraulic resis-
tance are advantages of perforated plates. The main drawback is the short interval of
change of speeds of vapour and liquid within which their steady and effective work,
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insufficient time of contact of phases, and also mixing of liquid on adjacent plates is
supported.

Energy-saving rectification technology involved the implementation of contro-
lled liquid retention cycles on the perforated plates and its periodic overflow through
all holes from the top plates to the bottom plates due to instantaneous changes in
vapour velocity. While the liquid was on the plates, there were a mass- exchange
between the liquid and the vapour, which goed through the contact device holes.
During this cycle period, the movable valve closed the overflow port and the liquid
is held on the plate. When the overflow hole was opened, the vapour velocity in the
barbotage holes becomes lower than the critical speed at which it is held on the plate
and the liquid is transferred to the lower plates. The versatility of the ope—ration of
the barbored-perforated plates was in the alternation of the vapour velocity in the
contact device holes by changing the free cross-section of the plates in a given range
of values according to a given algorithm (Buliy, Shiyan & Kuts, 2016).

Purpose of the article was the definition of the hydrodynamic mode of operation
of barbotage perforated plates and determination, of the efficiency of the technology
of cyclic rectification in the mass-exchange columns equipped with barbotage
perforated plates with variable free cross-section and determining the consumption
of heating vapour in the rectificational and epyuratin columns.

Materials and methods. Analytical, chemical, physical and chemical methods
of analysis were used, using instruments and methods that are used in the production
of rectified ethyl alcohol. Liquid consumption was controlled with the help of flo-
wmeter RM, air velocity in the free section of the column — by anemometer MS-
13, in the holes of the plates — by calculation method. Analysis of research samples
was performed according to the State Standard of Ukraine 4222:2003 “Vodka, ethyl
alcohol and water-alcohol solutions. Gas chromatographic method for determination
of microcomponents content” (Plutowska & Wardenski, 2008). The concentration of
volatile impurities of alcohol was determined on a gas chromatograph with a column
HP FFAP 50 m % 0.32 m.

Presentation of the main material. Efficiency of operation of barbotage perfo-
rated plates in the conditions of cyclic rectification depends on the adopted hydro-
dynamic regimes that determine the boundaries of constant operation of columns
mass exchange apparatuses. The necessary condition for their determination is the
establishment of the maximum allowable vapour velocity (upper and lower critical
velocity) in the free section of the column and in barbotage holes.

The lower limit corresponds to the vapour velocity at which the “sink” of the
liquid from the upper plates to the lower ones stops, the upper limit corresponds to
the vapour velocity at which the liquid from the lower plates begins to drift to the
upper ones, which leads to a reduction of the phase contact surface. The research
was carried out on an experimental rectification column equipped with replaceable
contact devices — meshes and scales in the water-air system. Characteristics of the
column were as follows: diameter — 300 mm; number of plates — 5 pcs.; distance
between plates — 300 mm; diameter of barbotage holes — 2.4 mm; area of section
of holes of arched type scales — 19.42 mm?; thickness of the cloth of the plate —
2 mm; free section of a plate — 2.6%; height of a layer of liquid on plates — 35 mm.
For the meshes plates the air flow rate was changed in the range of 1—15 dm?/s,
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which corresponded to the change of speed in the barbotage holes of 1.5—10 m/s,
the irrigation density fluctuated in the range of 4—11 m*/(m?/h). For scales plates
the irrigation density varied from 5 to 15 m3/(m?/h).

It is known that in order to increase the efficiency of plate of various designs it is
advisable to delay the liquid on their canvas by organizing the flow of separate vapor-
liquid jets with mutual collision of jets or additional installation of partitions and
reflectors. The studies conducted in this direction by V. P. Krivosheev, A. V. Anu-
friev, M. 1. Farakhov, S. B. Azizov, A. A. Kiss, H. R. Flodman, M. Matsubara,
M. Petrus and others deserve attention (Buliy, Shiyan, Kuts & Melnic, 2019; Van
Gerven & Stankiewicz, 2009). Devices in the form of orifices, nozzles, etc. have
been proposed to inhibit fluid movement. The free cross-sectional area of the holes
with counter vapour flow was 2—3% of the total area of the plate. Vertical baffles
were installed in parts of the plate to increase the duration of vapour-liquid contact
and intensify mass transfer. Contact devices with partial compensation of direct flow
were first studied by A. N. Prokhorov.

The above described technologies and models, justified by mathematical mode-
lling methods, did not exclude the shortcomings of known methods, so they did not
find wide application in production conditions.

Innovative technology of cyclic rectification (patent UA 136560. Method of mass
transfer between liquid and vapour in a column apparatus) allowed to exclude these
disadvantages and to solve the task. The design of columnar mass-exchange appara-
tus equipped with perforated plates of cyclic action was developed (patent UA 136561.
Mass-exchange contact plate) to implement the technology. The method ensured a
continuous supply of vapour and periodic overflow of liquid from plate to plate by
means of forced operation of overflow devices containing moving elements connec-
ted to drive mechanisms. The column apparatus was equipped with mesh or flake
plates with coaxial arrangement of scales. Such technical solution allowed to exclude
unidirectionality of vapour and liquid flows over the whole area of the plate, and in
case of separation of mixtures containing suspended particles (for example, in the
distillation column), to exclude the possibility of formation of stagnant zones, sti-
cking of suspended particles on the surface of the plates and thus to increase their
service life without stopping for preventive work.

Plates of the experimental column were equipped by the rotary segments equip-
ped with microprocessor pneumatics FESTO (connected to standard pneumocylin-
ders of bilateral action of type DNT 63-50-PPV-A) which moved in turns according
to the program of controller M340 (manufacturer “Schneider Electric”) for realiza-
tion of the offered method and carrying out research. Movable segments opened and
closed the overflow holes of the plates in such a way that the liquid overflow occu-
rred periodically from top to bottom in the height of the column (Fig. 1).

The column includes plates 1 and rotary segments of plates 2 associated with the
drive mechanisms 3. On the plates 1 and segments 2 flakes 4 are placed in such a
way that the direction of the flakes arranged in one row is opposite to the direction
of the scales located in adjacents rows. The mass exchange contact plate works as
follows: liquid enters on the sheet 1 of plate No. 1 through the overflow hole, which
is formed after the opening of the rotary segment 2; during this period, the rotary
segment of the web 1 of the plate No. 1 is closed for a specified period of time; from

Scientific Works of NUFT 2021. Volume 27, Issue 5 37



MEXAHIYHA TA EJIEKTPUYHA ITHKEHEPIA

the bottom upwards, heating vapour flows continuously through the flakes’ slots and
comes into contact with the liquid on the plate web. Mass exchange between liquid
and steam takes place in barbotage mode. After the set time of liquid delay, the mo-
ving segment 2 of plate No. 1 is opened, and the liquid is poured to the bottom of the
plate through the hole, which was formed, and spilled through all the slots of the
flakes (Krivosheev & Anuftriev, 2015).
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Fig. 1. Flake plate of cyclic action with coaxial arrangement of scales
and a variable free cross section:
1 — plate; 2 — rotary segment; 3 — drive mechanism (FESTO pneumatic cylinder); 4 — flakes

At the first stage of research hydrodynamic modes of constant work of mesh and
scaly plates in a mode of controllable cycles of a delay and overflow of liquid were
established, maximum admissible values of speed of air in barbotage apertures and
in a free section of a column at which the liquid was kept on plates and at which its
carrying away (ejection) on the top plates began were defined. It was established that
the lower critical air velocity in the barbotage openings of meshes plates (Violc) Was
5.4 m/s; the linear air velocity in the free section of the column (Vin) — 0.25 m/s.
For scales plates: Viole Was equal to 6.5 m/s; in barbotage mode of plate Vi, was 0.5—
0.9 m/s, in transition — 0.9—1.3 m/s and in jet — 1.3—2.0 m/s.

At the second stage the air velocity in the barbotage holes (Vair) was determined,
at which the entrainment of liquid onto the upper plates began. In the columned
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apparatus with meshes plates Vain was 8 m/s; while Vi, was equal to 0.7 m/s; the
relative value of liquid entrainment (e) did not exceed 0.01 kg per 1 kg of air. In the
column with scales plates Vin was equal to 1.3—1.5 m/s; in mode of barbotage —
not more than 0.1 kg/kg, in jet mode — 0.2 kg/kg. Intense liquid overflow was ob-
served at vapour speeds below critical. For perforated plates the vapour speed should
not exceed 1.5—1 m/s. The obtained experimental data can be used in the develop-
ment of mass transfer apparatus with perforated plates operating in a cyclic mode of
rectification.

Research of efficiency of the offered technology was carried out in production
conditions in processes of distillation of alcohol-containing fractions and epuration
of distillate in a hydroselection mode. An experimental cyclic column with perfo-
rated plates was mounted for research (Fig. 2).

[

Fig. 2. Experimen‘tﬂ column with controlled mss exchange cycles
between liquid and vapour

The column had a diameter of 950 mm and was equipped with 30 flake plates.
The distance between the plates was 300 mm. Rotating segments of the plates were
connected to mechatronic subsystems, which were controlled by modern computer-
integrated means.

During the periodic movement of the rotating segments overflow holes of the
plates were alternately opened and closed according to the given algorithm in such a
way that the overflow of liquid occurred cyclically along the height of the column
from top to bottom with the continuous movement of vapour from bottom to top.
When the overflow hole was opened by the movable segment, the free area of the
plate instantly changed from 2.6 to 51.7%. As a result, the steam velocity in the
barbotage openings became less than 1.5—1.0 m/s, and the liquid simultaneously
overflowed through the overflow opening and all flakes. The technical solution made
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it possible to intensify the overflow process, reduce the overflow time to 1—1.7 s
and increase the throughput capacity of the column apparatus.

The main fraction of ethyl alcohol and the alcohol-containing fractions from the
condensers of the distillation column, carbon dioxide separator, fusel alcohol, fusel rin-
se water and streams from alcohol traps were given to the power plate of the experi-
mental overclocking column. The total supply volume was 688.3 dm’/h or 250 dm’/h
in terms of anhydrous alcohol (a.a). The upper plate of the column continuously re-
ceived hot softened water in the amount of 4050—4500 dm?/h for hydroselection of
impurities. The specified water consumption provided concentration of ethyl alcohol
in a cube liquid within the limits of 3.5—3.8% vol. Under such conditions, the rec-
tification coefficient of all impurities of alcohol (including higher alcohols of fusel
oil) exceeded one, and impurities were effectively released. The cube liquid released
in the process of distillation from volatile impurities was supplied to the upper zone
of the concentration part of the epyurating column for double hydroselection of main
impurities and effective extraction together with the head fraction of isopropyl alco-
hol. Such a solution allowed to reduce the consumption of hot softened water for
hydroselection of impurities to 2000 dm*/h. The retention time of the liquid on the
plates was 40—60 s, the time of its overflow was 1—1.7 s. The pressure in the cub
part of the column was maintained within 1.15—1.20 meters of the water column,
the temperature was 100.5—101°C, the temperature above the upper plate was
93.5—94 °C. Aldehyde-methanol concentrate was taken from the upper stage con-
denser in the amount of 7—9 dm?/h. Esters and higher alcohols of fusel oil were
taken out from the upper decanting zone in the form of ester-fusel concentrate in the
amount of 2—3 dm’/h after the separation of the water-alcohol mixture. Aldehyde-
methanol and fusel ester-aldehyde concentrates were mixed in the admixture con-
centrate collector.

During the research, samples of feed (£), cube liquid (CL), impurities concentrate
(IC), epyurate (£), main fraction (MF) and rectified ethyl alcohol (RA) were taken.
The results of chromatographic analysis of the research samples and calculated
values of the extraction degree (o) and multiplicity of concentration (f) of volatile
alcohol impurities at the operation of the perforated plates in the selected hydro-
dynamic mode, and the rectificational column at the above technological parameters
are given in Table 1.

Table 1. The results of the chromatographic analysis of the test samples and the
calculated values of the degree of extraction (o) and the multiplicity of concentration (p)
of volatile impurities of alcohol

A group of Concentration, mg/dm? in terms of a.a. o B
impurities F CL IC E MF RA
Ethanol, % vol. |  30.5 3.7 67 30.1 92.5 96.5 8.2 2.2
Aldehydes 318.6 2.75 2302 0.29 1135 | 0.18 1159 7,2
Esters 40.5 — 448615 — 2395 — o 11077
Methanol, % 0.18 0.0003 2.69 0.0023 | 0.49 | 0.0003 | 600 14.9
Fusel oil 105882 | 7269 | 726463 | 1179.8 | 3113 | 0.88 145.7 6.9

The analysis of the received results showed that at prolongation of time of stay
of liquid on flakes plates up to 40 s esters and isopropyl alcohol were completely
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removed. It is known that the quality and power of distillation installations are esti-
mated by the content of isopropanol. The degree of extraction of higher alcohols of
fusel oil and methanol increased by 38%, the multiplicity of concentration of main
impurities increased by 25%, of upper intermediate impurities — by 40%, of final
impurities — by 37% in comparison with a typical installation operating in stationary
mode. It was established that in the cyclic mode of rectification the specific con-
sumption of heating vapour in the process of distillation of alcohol-containing frac-
tions decreased from 25 to 15 kg/dl a.a., introduced on the feeding plate, and in the
process of epyuration of distillate — from 15 to 8.2 kg/dl a.a. in comparison with
column apparatuses operating in stationary mode. After inclusion of an experimental
rectificational column in the scheme of distillation installatioin the output of distilled
ethyl alcohol increased by 3.8%. According to all indicators, the obtained ethyl di-
stilled alcohol met the requirements for the variety “Lux” (Maleta, Taran, Maleta,
2010).

The rectificational column of cyclic action operates effectively in the specified
hydrodynamic mode and the specified technical and technological parameters under
production conditions and at the present time. The expected payback period of the
rectificational column with controlled mass exchange cycles between liquid and
vapour does not exceed 5 months.

Conclusion

1. It is advisable to equip rectificational columns of cyclic action with barbotage
plates with variable free cross-section, the segments of which are connected to me-
chatronic systems. Experimental data of the maximum permissible vapour velocity
in the free section of the column and in barbotage holes of meshe and flakes plates
during the period of mass exchange and liquid overflow were obtained.

2. It was established that the increase of the time of liquid stay on the plates up to
40—60 s in the chosen hydrodynamic mode allowed to increase the degree of ex-
traction and the multiplicity of concentration of main, intermediate and final impu-
rities by 25—40%, and the instantaneous change of the vapour speed in the barbo-
tage holes below the critical one allows to reduce the liquid overflow time to 1—
1.7 s and thus to increase the throughput of the column apparatus by 34%.

3. Due to the increased phase contact time, the specific heating vapour consump-
tion in the processes of distillation of alcoholic fractions and epuration of fermented
distillate was reduced by at least 36% in comparison with column installations ope-
rating in stationary mode.

4. The expected payback period of the proposed energy-saving mass transfer
column apparatuses of cyclic action does not exceed 5 months.
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Heat and mass transfer equipment has been improved, na-
mely the design of a heater and a rotary film evaporator for
processing vegetable raw materials into a paste. The heater on
the basis of bilateral heating by a flexible film resistive electric
heater of radiating type (FFREHRT) allows to eliminate a con-
structive component of steam heat carriers in the conditions of
providing stabilized and uniform heating of raw materials. The
device can be used in the temperature range of food proces-
sing — 15...110°C. The heater is characterized by a decrease in
technical and technological parameters, namely 6 times the
specific metal content compared to the basic design (26 kg/m?,
respectively, up to 160 kg/m?). It provides a reduction in heat
consumption for heating the device, which is — 1372.8 kJ,
compared to the basic heater — 8448 k.

An improved model of a rotary film evaporator (RFE) with
the proposed cutting blade, equipped with an autonomous hea-
ting system of the reflective surface by converting the energy of
the secondary vapor of Peltier elements into the supply voltage
of the heaters. The area of the reflective surface of the advanced
cutting blade is 0.06 m? and requires ~15...20 W of power for
autonomous operation of FFREHRT. This will provide addi-
tional heating, mixing and trapping of the layer of raw material
to be cut.

The calculated resource efficiency indicators were obtained:
specific energy consumption for heating the volume of the unit
of product in RFE — 408 kJ/kg, in comparison with the basic
vacuum evaporator (VE) — 1019 kJ/kg. This provides the fol-
lowing duration of heat treatment: RFE — 60 s and 1 hour in
the base VE, respectively, which has a significant reduction in
temperature exposure to raw materials.

The introduction of advanced equipment in the production
line of vegetable semi-finished products will ensure high-qua-
lity products, reduce resource costs and expand the range of
products of organic origin.
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YAOCKOHAJNEHHA TEMJIOMACOOBMIHHOIO
OBJIAOHAHHA NEPEPOBKU POCJIMHHOI CUPOBUHM

O. 1. YUepesko, B. M. Muxaiinos, A. M. 3aropyJisko, O. €. 3aropyJbko
Jlepoicasnuii Giomexnonociunull ynigepcumem

Y cmammi yoockonanerno mennomacoobdminue 0O1AOHANHSA, 30KpeMA KOHCIMPYKYIIO
niodiepisaua ma pomopHo20 NIi6K0BO20 BUNAPHUKA OJi NePepoOKU POCIUHHOT CUPO-
sunu 6 nacmy. Ilidiepieay Ha 0CHOBI 080CHOPOHBLO2O HASPIBANHSL SHYUKUM NAIBKOBUM
pe3ucmusHuM erekmpornazpieavem gunpominiosanvrnoeo muny (I TIPEuBT) dae 3mozy
JIKGI0Yy8amu KOHCMPYKMUBHY CKIA008Y NApO8UX MenioHOCTie 6 yMosax 3abe3neveHHs
cmadini306aHO-pPIBHOMIPHO20 HASPIBAHHS CUPOBUHU. Anapam Modice GUKOPUCIMOBY8a-
MUcs 8 memnepamypHomy 0ianasori oopooxu xap1oeoi cuposurnu 6 medxcax 15...110°C.
TTidiepisau xapaxmepu3syemucsa 3MeHUEHHAM MEXHIKO-MEXHOI02IUHUX NOKAZHUKIE — )
6 pazie numMoMoi MemanoeEMHOCHI NopieHAHO 3 6a306010 KOHCmpYKyicio (26 K/,
6i0no6ioHo, 00 160 xke/M?). 3abesneyyemvcs smeHwenHa eumpam meniomu Ha Hazpi-
eéanus anapama, sike cmanosumv — 1372,8 xllc, nopieuano 3 6azosum nidiepi-
sauem — 8448 x/c.

Yoockonanena modenv pomoprozco nniekosozo sunapnuxa (PIIB) i3 3anpononosa-
HOI0 3Di3Y8AbHOI0 TONAMMIO, 3a0e3neUeH0l0 A8MOHOMHOIO0 CUCIEMOI0 00iepi8aHHs
8i00UBAILHOI NOBEPXHI 3a PAXYHOK NEePemBOPeHH s eHep2il 6MOPUHHOL napu eleMeH-
mamu Ilenvmove 6 Hanpyey scueienns Haepisadis. Ilnowa iobusanvbroi noeepxti 600-
ckonanenoi 3pizyiouoi nonami cmarosums 0,06 M’ ma nompebye ~15...20 Bm sncus-
nennst ons asmonomuoi pooomu I'TIPEuBT. 1]e 3abe3neuums 0odamkoee Hazpieamsl,
nepemiuysanHs ma 671068I08AHHIO WAPY CUPOBUHU, WO 3DI3YEMbCAL.

Ompumani po3paxyHKo8i NOKA3HUKU peCcypcoedeKxmusHOCHi. NUmomi umpamu
eHepeli na nazpisanms 06’ emy oounuyi npooykmy 6 PIIB — 408 k/]ic/ke, nopieHsno 3
bazosum saxyym-sunaprum anapamom (BBA) — 1019 kl{xc/ke. Ilpu yvomy 3abe3neuy-
emuvcs maxa mpusanicms mepmiunoi 06pooxu: PIIB— 60 ¢ ma 1 200 y 6bazoeomy BBA,
BIONOBIOHO, WO MAE CYMMEBO SHUNCEHHS MEMNEPAMYPHO20 6NIUBY HA CUPOBUHY.

Bnposaodoicennsn yoockonanenoeo obaaoHanms 8 MiHii 8UPOOHUYMEA POCIUHHUX
Hanigpabpuxamis 3abe3neuums OMPUMAHHS BUCOKOAKICHOT NPOOYKYIl, 3MEHULEeHHS
pecypcosumpam i po3utUperHs ACOPMUMEHNY NPOOYKYIT OP2AHIYHO20 NOXOONCEHHSL.

Kniouosi cnosa: konyenmpysanns, nioiepis, pecypcoegekmusHicms, meniomaco-
00OMIHHe 0OIAOHANHS, POCUHHA CUPOBUHA.

IlocTanoBka nmpodsemu. Po3BuTok xapuoBoi iHaycTpii YKpaidu i3 3anpoBaike-
HHSIM 1HHOBaIiHHUX PillleHh BUPOOHUITBA PI3HOMAHITHOT IPOYKIIii 3 MiHIMAIEHUM
BHECKOM OpPraHIYHOi CHPOBHHHU Ha ChOI'OIHI HE 3a0e31e4y€e TIOBHOO MipOIO ITOIHTY Ha
Hel HacesleHHs! YKpaiHu Ta €BponeichKuX Kpail. Lle moB’s3aHo 3i oJeHHUM 3pocTa-
HHSIM [TOTpeO HACENICHHS! B IPUPOJHUX OPTaHiYHUX MPOAYKTaX XapuyBaHHS. 3pocTa-
HHSsI [TOTTUTY Ha CTIOKUBAHHSI BUCOKOSIKICHOT IPUPOIHOT OPTraHiYHOi CHPOBHHH 00yMOB-
JIFO€ TOTTEHICT MOITYKY iIHHOBAIIMHUX MiAXO0/iB 3 IHTeHCH(DiKAIll TEXHOIOTIYHIX
TETIOMacOOOMiHHMX TpoLeciB Ta oOnaaHanHs s peanizauii (Lkypartos, ApeboT &
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Uynoscrka, 2014; KoBanenko, 2014). BupoOHHUIITBO MPOIYKTIB XapdyBaHHS 3 TaKO1
CHUPOBHHH TIOTPeOy€e OCOOIMBOTO MMIAXOMy 0 HEl opasy Xk micis ii 30upaHHs y 3pi-
nomy cradi. HemoTpuMaHHS TEXHOJIOTIYHUX PEKUMIB, TIOUMHAIOYH 3 TIEPEBE3CHHS Ta
3aKiHUYIOUHM peallizali€ero KiHIeBol NpOAyKIii, IPU3BEAE 10 HEMUHYUOi BTpaTH KOpHC-
HUX IpUpoaHUX BiactuBocTer (Hazaposa, 2014). Bix KOHCTPYKTHBHO-TEXHOJIOTITHHAX
0COOJTMBOCTEH TEIIOMACOOOMIHHHX TIPOIIECIB 3aJICKUTH ITOIaJIbIa XapuoBa IiHHICTh
OTPUMYBAHOI MPOILYKIIi1.

J1o HalOLIBII MONIMPEHNX TETIOMACOOOMIHHMX TIPOIIECIB 13 IepepOOKH IIPUPOTHOT
OPraHiYHOI CUPOBUHH HAJISKATh: BUTPUMYBaHHS, OJIAHITyBaHHS, YBapIOBaHHs, PO3Ba-
PIOBaHHSI, PO3UMHEHHS Ta KOHIEHTpYBaHHs. KoxHa 3a3HaueHa onepatist € 0coOIMBOIO
3 TOYKM 30pY il peamizauii. ¥ OUIbIIOCTI BUMAJKiB BOHA MOTpeOye BUKOPUCTAHHS
BHCOKOTIPOJYKTHBHOTO Ta METaJoeMHOro obnanHanHs. [IpoTe iHKoIM Take obatHa-
HHS He 3a0e3Meuye BUCOKOI SKOCTI OTPUMYBAaHOI NPOAYKLii Ta MOTpeOye CKIaTHNUX
IHKEHEpHO-TEeXHIYHUX KOMYHIKaLIiH.

ToMy akTyanbHUM 3aBJIaHHSM € KOHCTPYKTHBHE PIllICHHS Cy4aCHOTO €HEpPro- Ta
pecypco30epiraro4oro 00JaIHaHHS [JIs IPOBEJACHHS TEIIOMACOOOMIHHHX IMPOIIECIB
npH riepepoO11i TPUPOIHOT OpraHigHoi cupoBuHU. Lle, y cBoto uepry, 3a0e3neunTs KOH-
KypPEHTOCIPOMOKHICTh OpraHiYHOI BUCOKOSIKICHOT IPOIYKIIii, 3MEHIIIEHHSI BTPaT CUPO-
BUHH T4 PECypCOBUTPAT HA BUPOOHHIITBO, 0 3HAYHOIO MIpPOIO CIIPUSTHME PO3IIH-
PEHHIO aCOPTHMEHTY MPOAYKIIIT OPraHigHOTO MTOXO/UKEHHS B PI3HOMAaHITHHX MPOIYK-
Tax Xap4yBaHHSL.

AHani3 ocTaHHIX H0ocaiTKeHb i myOaikamiii. Opraniudi MpOAyKTH XapuyBaHHS
MaroTh BEJTMYE3HUH TIOTIUT Ha PUHKAX €BpoIeichkuX KpaiH. Lle 00ymoBiroe mozep-
Hi3aIlif0 iCHyFOUOTO TEXHOJIOTIYHOTO 00IaHAHHS B YMOBaX PO3BUTKY HEBEIMKUX (hep-
MEPCHKUX 1 TOTENIbHO-PECTOPAaHHHUX MIANPHEMCTB. [ 0JOBHOIO TIPOOIEMOI0 Tij Yac
MIEPBUHHOI MTepepOOKH OpPraHivHOT CHPOBHUHH € TEIIOMAacoOOMiHHA 0OpoOKa 31 30epe-
’KEHHSIM KOPUCHUX PEYOBHH. BaXkIMBY pojb y TAKOMY pasi Ma€ BUKOPHUCTOBYBAaHE
o0JamHaHHS, sIKe B OUTBIIIOCTI BHIMAKAX € OJHOOIIEPAIIIHAM, 10 3HAYHOIO MipOFO
YCKIIQIHIOE YHIBEpCaJIbHICTh HOTO BUKOPUCTAHHsI. BUpilIeHHs IbOro MUTaHHS 00Y-
MOBJIFO€ HEOOXiTHICTh B iHHOBAIITHOMY MiAXOJi O BUPIMIEHHS TEXHOJOTiYHO-
KOHCTPYKTHBHHUX 3aBJaHb 31 CTBOPEHH: pecypcoedexTrHoro obnannanus (Tenexen-
ko & Besycos, 2004).

ChOTo/IHI BUKOPUCTOBYIOTHCS PI3HOMAHITHI BUAU 00JIaTHAHHS JIJIsl IPOBEACHHS
TEIUIOMaco0OMIHHUX TPOIIECiB MPUPOTHOT CHPOBUHH, CEpeI HAX: MiAirpiBadi, OraH-
LIyBadi, BATPUMYBadi, BUTIApHIi anmapatu. Y OUIbLIOCTI BUIIAAKIB 1€ 00JaIHAHHS Ma€
BUCOKY MPOIYKTHBHICTb 1 XapaKTepHU3y€eThCsl O3MEPEPBHICTIO MPOBEACHHS TEXHOIO-
TIYHUX TPOIECiB 31 CKIIAJHUMH TEXHIYHIMH KOMYHIKAI[isIMU Ta CKJIQIHICTIO 00CIyTo-
ByBaHH# (UepeBko & [lomepeunwuii, 2002).

Ornepariist po3BapIOBaHHs BUKOPUCTOBYETHCS TSl PO3M SIKILIEHHSI IPUPOJIHOT CTPYK-
TypHY CHPOBHHH, IIIO CTIPHSIE 30epEKEHHIO0 TKAHUHHOI ITUTICHOCTI, COKOBHTOCTI, SICKpa-
BIIIIOTO 3a0apBIeHHS M SIKOTI MTepe/T MPOTHPAHHSM ISl BUTOTOBJIEHHSI B ITOJATBIIIOMY,
Hanpukiaj, mopenonionux HamiBgadpukaris. Y (I'magymmnsk, 2015) HaBeneHi pesy-
JBTaTH JOCHIIKEHHs HOT0 peajizamii HUIsiXoM MoJaBaHHs apu B poOdody eMHICTb Ta
BCTAHOBJICHO, 1[0 BTPATH TEIUIOTH Yepe3 BUTIK TEIUIOHOCIS CTAHOBIIATH Y CEPEHBOMY
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5...95% 3anmexHO BiJ KOHCTPYKTHBHOI OCOONIMBOCTI amapatiB. ToX 3aJIAIIFITHCS
HEBUCBITJIICHMMH IMTaHHSA MO0 MOXJIMBOCTI IUIAXiB iHTeHCH(DIKaLIl mporiecy 1 J10-
CSITHEHHSI 3HIDKEHHSI EHEPro- Ta METAJIOBUTPAT. Yce Lie Ja€ 3MOTy CTBEPIKYBaTH, 110
JOLIIBHUMH € MOJAJBIII HAYKOBO-TIPAKTHYHI AOCIIKEHHS B HAIPSIMKY 3HUKCHHS
€HEpro- Ta pecypcoBUTpaT.

Buirie3a3HaueHe CBITYUTh, 10 OLIBIIICTh TEIIOMACOOOMIHHUX IPOLIECIB Ta iICHY-
104€e TEXHOJIOrTYHEe 00JaJHaHHs IJIsl HOro peaizalii XapaKTepru3yloThCs 3aralIbHUMU
KOHCTPYKTHBHO-TEXHOJIOTTYHUMH HEJIONTIKaMH, CepeJl SKUX OHOOIEPAIiiHICTh, EHEPro-
Ta METAJIOEMHICTb, CKJIIHICTh TEXHIYHHX KOMYHIKAIlii, BAKOPUCTaHHS 1 00CITyTrOBY-
BaHHA. OAHUM i3 IUISIXiB BUPIICHHS LUX TPYIHOLIB € BIPOBADKCHHS CyYaCHHX
IHHOBAaLIHUX KOHCTPYKTHBHO-TEXHOJIOTTYHUX PIILIEHb CTOCOBHO PECYpcOe(eKTUBHO-
T'O MiIXOY /IO CTBOPEHHS CYYaCHUX BUMOT Ha MiIMPUEMCTBAX XapuOBOi TPOMHUCIIOBO-
CTi 151 BUPOOHHMIITBA BUCOKOSIKICHOT, KOHKYPEHTOCTIPOMO>KHOI npoaykuii. Lle Moxm-
BO JIOCSITTH LIUIIXOM 3aIPOBaPKEHHS TEINIOMaco0OMiHHOTO 00JIafHAHHS TEPEPOOKH
POCIIMHHOI CHUPOBHHU 31 3MEHIICHUMH Ta0apUTHO-BAarOBHUMHU XapaKTEPUCTUKAMH Ta
CHPOIICHUMH EKCILTyaTalliftHAMU BIaCTHBOCTSIMHU.

MeTo10 F0CTiIZKEHHS € YAOCKOHAICHHS TeIJIOMacOOMIHHOTO OOJIagHaHHS AT
nepepoOKH POCITMHHOT CUPOBUHU 31 3MEHIIICHOI0 METAJIOEMHICTIO 33 paXyHOK 3MiHH
CIoCO0Y TETLIOMNIIBEICHHSI, 1110 CIIPUSITUME 3HKEHHIO CHEPropecypCiB 1 i IBUITICHHIO
SIKOCT1 MPOJYKLI{, III0 BUTOTOBJISETHCSL.

BuxiiaieHHs1 0OCHOBHHMX pe3yJbTaTiB Aoc/aipxeHHsi. HasBHe Ha puHkax YKpaiHu
TEMmIoMacoo0MiHe 00JIaTHaHHS TIEPEBAKHO Ma€ TEBHI KOHCTPYKTUBHO-TEXHOJIOTYH1
HEJOJIKH, TTOB’3aHi 31 301IBIIIEHOI0 METANIO- Ta EHEPTOEMHICTIO TEXHIYHUX MEPEXK,
HasIBHICTIO 0OO0JIOHOK i TerIoreHepaTopiB s MiATPUMAHHS BIACTUBOCTEH TEILIOHO-
ciig. Ile, y cBotO uepry, mae 3MOry BU3HAYMTH IHHOBAI[IHHI pecypcoeeKTUBHI mepe-
JIyMOBH JIJISl HOTO BJIOCKOHAJICHHS TIPH JTIKBIIaIlii TETUIOHOCIIB 3 TIOAAJIBIINM 3aCTOCY-
BaHHIM TEMIIEpaTypHO-CTaOlTbHUX THYYKHX IUTIBKOBUX PE3NCTUBHHX E€IIEKTPOHATPi-
Bayelt BunpomiHtoBasibHOTO THITy (I TIPEHBT) 3 6€3- 1 TepMOi30MsIIiifHOI0 TIOBEPXHEIO
(3aropynbko & 3aropyinbko, 2015).

s peanizamii mporecy miAirpiBaHHS POCIUHHOTO ITIOPE Tepe HOTo KOHIIEHTPY-
BaHHSM BJIOCKOHAJIEHO MOJIETPHAN IBOTPYOHHH MiAirpiBad THITY «Tpyda B TpyOi» 3
BUKOPUCTAHHSAM sIK HarpiBaibHuX noBepxoHb [ TIPEHBT Ta 30ibI1eHO0 TOBEPXHEIO
terooOMiny. [TinirpiBau (puc. 1), o Mae rOpU30HTAILHO PO3TANIOBAHI IMITIHIPUYHI
Tpyou 1, 30BHIIIHS moBepxHA sAKuX o0irpiBaerbes ['TIPEHBT 2 3 TepmoizonsmiiiHo0
noBepxHero. s 3a0e3nevueHHs 30UIbIICHHS TOBEPXHI TETUIOOOMIHY Ta ITiABUILICHHS
AKOCTI TMPOBEJCHHS MpOollecy BHYTPIIIHS YacTHHA TOPH3OHTAIBHUX TPYO JOAATKOBO
oOagHaHa MOPOKHUCTUMH TpyOamu 3, BHYTPILITHS MTOBEPXHSI IKUX 00IrpiBa€ThCS J10-
natkoBo 0e3 i3omsmiiianM [ TIPEHBT 4. 3’ emnants ropu3oHTaIbHUX CEKITii 1 3iii-
CHIOETHCS 32 PaxXyHOK KOJiH 5 3 TYMOBHMH YIILUTEHIOBaYaMH Ta 00ATOBUMH (hikcaTo-
pamu 6.

[TigirpiBay ocHameHN TEXHIYHIMH yTpUMYyBadaMu cekiiid 11 Ta mae maTpyOku
JUIS TIOJIaBaHHA 7 Ta BiBeACHHs 9 XapuoBOi CHPOBHHH, YTBOPIOIOUM TAKUM YHHOM
Oe3mnepepBHICTh 1 IpsiMOTedito 00poboBabHOT ponykuii. s ¢ikcyBaHHS Ta LEeH-
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TPYBaHHS BHYTPIIITHS TIOPOKHKUCTA TPpyOa 3 pO3TaIIoBy€ETHCS HA TPUMadax 8, sIKi OCHa-
IIEHI PO3UTIOBaYaMy PiTUHHOTO ITOTOKY, 3a0€3MeUyIou y TaKUi CIociO J0JaTKOBY
TypOyi3arito MOTOKIB.

3a paxyHOK MOBTOPEHHSI T€OMETPUYHOT (pOPMHU LUITIHAPUYHHUX MOBEPXOHB 1, 3 —
I'TIPEHBT (2, 4) 3a0e3neuyeThcst 4iTKe CTaOL1i30BaHO-PIBHOMIPHE TEILIOBIABEACHHS
JUTS IPOBEIICHHS SIKICHOT'O ITPOIIECY B YMOBAX 3MEHIIICHHS METAJIOEMHOCTI Ta 301/IbI1Ie-
HHi MTOBEpXHi Ter10oOMiHy. Tak 3MEHIIYIOThCSI BUTPATH Ha MiAIrpiB TEIUIOHOCIIB,
X TpaHCTIOPTYBaHHS 1 OOCIyTOBYBaHHSI.

1

Puc. 1. Cxema BI0CKOHAJIEHOTO MifirpiBaya Tumy «Tpy6a B Tpy0i»: 1 — ropu3oHTabHI
LWITIHAPUYHI TpYOH; 2, 4 — rHYYKHUH TUIIBKOBUM PE3UCTHUBHUN €JIEKTpOHArpiBay
BUIPOMIHIOBaJIBHOTO THUITY 3 TEPMO- Ta Oe3izossuiiinoro nosepxHewo (ITIPEHBT);

3 — BHYTpIllIHA HOPOXKHUCTA TPYOa; 5 — 3’€HyBalIbHI KOJIiHa TOPU30HTAILHUX CEKIIIH 3
TYMOBHMH YILiJIbHIOBaYaMu: 6 — 0onToBi ¢ikcaropu Quaniis; 7, 9 — natpyOKu mogaBaHHs Ta
BiZIB€JICHHS CUPOBHHU; 8§ — TpUMad BHYTPIIHbOI TpyOH (3) 3 po3AintoBauaMy PiAMHHOIO
noToky; 10 — yMOBHE TIO3HA4YEHHsI PO3pi3y KOJIIH 1 HMIIHAPUIHUX TPYO (OCKITBKH MOXKE OyTH
pi3Ha KUIbKICTb CEKIIiH, sIKi He MO3HAUYEHI Ha PUC. 3aJIEXKHO BiJl MOTPiOHOT NPOJYKTUBHOCTI);
11 — TexHIYHUIT TpUMaY CeKIii

Po3paxyHKOBUM LUISIXOM BCTaHOBJICHO, IO MMMTOMAa METAIOEMHICTD YIOCKOHAJIE-
HOTO TifirpiBaya y 6 pa3iB MeHIIa MOPiBHSAHO 3 6a30BOI0 KOHCTpYKUi€to. TpuBaicTs
igirpiBaHHs mope 3a Temreparypu 45...50°C ctaHoBuTh 28 ¢, a B 6a30BOMY amapari
50 ¢ BiznoBiznHo, mo y 1,8 pasa menmie. CKOpOUEHHS TPUBAIOCTI TepMiuHOT 00pOOKH
JacTh 3MOTY OTPUMYBATH SIKICHY MMPOAYKLIIO B YMOBaX 3MEHILICHUX BUTPAT TEIIOTH
Ha HarpiBaHHS KOHCTPYKIIi arapata — 1372,8 k]I HOpiBHAHO 3 0a30BUM amapaTom
(8448 x/Ix). OCHOBHI TeXHIYHI MapaMeTpH BJOCKOHAICHOTO MiJirpiBada Ha 0asi
I'TIPE=BT HaBeneHo B Tabm. 1.
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Tabnuya 1. TexniuHi napamMeTpH BAOCKOHAJIEHOro Oe3nepepBHOro migirpisaya

TexHiuHUHA Hapamerp 3HaueHHs
ITnoma HarpiBaibHOT HOBEPXHI, M2 2,0
[TpoayKTHBHICTB KI/C 0,024...0,32
TemmnepaTypHuii 1iana3oH TeonepeIaBalbHOI TOBEPXHI 3 Big 15...110
I'TIPEHBT, °C
[IIBUAKICTh CUPOBHHHOTI'O MOTOKY, VL, M/C 0,03...0,40
Bara (0e3 3aBaHTa)KeHHS ), KT 52

OtpumaHi HayKOBO-NPAKTUYHI pe3yJIbTaTH JOCIIHKEHb Aal0Th 3MOTI'Y HABECTH OC-
HOBHI TE€XHIKO-CKCILTyaTaIliifHi ITOKa3HUKU BIOCKOHAJICHOI Oe3MepepBHOI yCTaHOBKH
«Tpy0a B TpyOi» Ha 6a3i nBocTopoHboro obirpiBanHs [ TIPEHBT, siki miaTBepIKyOTh
e(heKTUBHICTH 3aITPOIIOHOBAHUX IHYKEHEPHUX PIllIEHb 3 TAPAHTOBAHOIO MOMIIMBICTIO
[OJAJIBIIOTO BIIPOBAPKEHHA KOHCTPYKTOPCHKOI PO3POOKH B PI3HUX HAIPSMKAX Xap-
4OBUX 1 (papManleBTUUHUX ramy3eid. Ciix BiI3BHAUYNTH, IO TaKa KOHCTPYKLIS MOXe
OyTH BUKOpHCTaHA SIK MiAIrpiBad piquHANX (a3 y MeKax TEMIEepaTypHOTO /ianaso-
Hy — 15...110°C i3 3a0e31e4YeHHSM IIBH/IKOCTI MMOTOKY, 0 00POOJIAETHCS B MEXKAX
0,03...0,40 m/c. BukopucranHs anpoOoBaHOi KOHCTPYKIIi BAOCKOHaNEHO1 Oe3mnepeps-
HOI YCTaHOBKH «Tpy0a B TpyOi» cmocodom nBocTopoHboro obirpianus ' TIPEHBT
3a0e3neunTh pecypcoeeKTHBHE KOHCTPYKTHBHO-TEXHOJIOTIYHE MepeoCHaIlIeHHs Oara-
THOX MIAMPUEMCTB B YMOBaX JOCSTHEHHS CTa0171i30BaHO-PIBHOMIPHOTO MACTepH3alliii-
Horo nporiecy. Lle, y cBoto uepry, AacTh 3MOTy MiANIPUEMCTBAM OTPUMYBATH BUCOKO-
AKICHY MPOJYKLIi IS [ ITPUMYBaHHs KOHKYPEHTOCIPOMOKHOCTI PUHKOBHX BiTHOCHH.

Js peamnizarii mporiecy KOHIIEHTPYBaHHsI BIOCKOHAJIEHAa MOJIETh POTOPHOTO TITiB-
KOBOTO BUIIApHHUKA (pHUC. 2a) i3 3alpOIIOHOBAHOIO 3Pi3yBAIBHOIO JIONATTIO, 110 3a0e3-
TedYeHa aBTOHOMHOIO CHCTEMOIO OOIrpiBaHHS BiIOMBANBHOI TIOBEPXHi, TIPE/ICTABIICHA
Ha pHc. 2B. BukopucTanus sik 00irpiBaroua BepTHKaIBHOT po0040i KamepH 1, THyYKOTo
TUTIBKOBOT'O PE3UCTUBHOTO €JIeKTpoHarpiBaya BurpomintoBansHoro Tumy (I TIPEHBT) 2,
3aMiCTh MapoBOi OOOJIOHKH Ta BIATIOBIMHUX TEXHIYHUX MaricTpaieit 1o Hel, 3a0e3me-
YHUTH eHeproe()eKTUBHICTh KOHCTPYKIIIi Ta mpouecy. s miaBuiieHHs KoedimieHTa
TEMI000MiHY MPOLIECY KOHLEHTPYBAaHHS 3alPOIIOHOBAHO BHKOPHCTOBYBAaTH BIIOCKO-
HaJICHY 3pi3yt04y JIONaTh, OCHAIIICHY aBTOHOMHOIO CUCTEMOIO O0ITpiBaHHS BiJI0OMBAIIb-
Hoi noBepxHi (II, puc. 26), 32 paxyHOK BUKOPHCTaHHs BTOPHHHOI €Heprii mapu yTBO-
PIOBaHOI IIpU KOHLEHTPYBaHHi. BToprHHa mapa HaIXoAuTh 13 BHYTPIIIHBOIO IPOC-
TOpPY 3 BEPTHKAJIBbHOI pobodoi kamepu 1 70 cemapyrodoro mpoctopy 6, akuil mae
BHYTpIILIHE KOHCTPYKTUBHE 3BYKEHHS JJIs1 po3MillleHHs eneMeHTiB Ilensthe 9. Ene-
MeHTH lesIbThe mepeTBOpIOIOTh TEIUIOTY BTOPUHHOI ITApH B HU3BKOBOJIBTHY HAIPYTY
KUBJICHHS JIJISl IOJATBIIOTO 1i BUKOPUCTAHHS B aBTOHOMHIM po0OOTi 3 00irpiBaHHs
BiZI0MBaNBHOT HOBEPXHI 3aIPOIIOHOBAHOT IIAPHIPHOI JIoNaTi 3 B yMOBaX BUKOPUCTaHHS
I'MIPEHBT 2.

JlocniHO-KOHCTPYKTHBHUM LIUISIXOM BHUSIBIICHO T€HEPYBaHHS HAPYTH KHUBJICHHS
enemenTamu IlenbThe pu AOCATHEHH] TeMIIEpaTypy BTOPHHHOI eHeprii Ha piHi 30°C.
Takox BcTaHOBIJIEHa e()eKTHBHA ILIOMIA BiJOMBAIBHOI TOBEPXHI PO3POOIICHOT MapHip-
HOIT JlonaTi s 3a6€3MeYeHHs paioHaabHOro Koedimienta Terooominy (0,06 M2, 3
notyxHictio xusneHns: [ TIPEHBT ~15...20 Br). [Ipu npomy 3pizyroua nonarts map-
HIpHO po3MillieHa Ha POTopi 4, o 00epTaeThCs Bi KIMHO-ITACOBOI Mepenadi 8 Ta
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3a0e3medye pyIIiiHy BiIIICHTPOBY CHITY IUTIBKOBOI Tedil cupoBUHU. I LmiBKOBHI mIap
CHUPOBUHH YTBOPIOETHCS HATHITAHHAM 11 Kpi3h maTpyOok 10 Ha po3momiapuuii Mexa-
Hi3M 5 s hopMyBaHHSI HEOOXITHOI TOBIUHU IIapy KyHaxkoBaHOTO mmrope. KoHIeH-
TPYBaHH IMOPE 3MIHCHIOETHCS TTpr THCKY 12...15 kI1a y BepTuKambHii pobodiii kamepi
3 TIOAAJIBIINM BiJIBEICHHIM KOHIICHTPATY Kpi3b MaTpyook 11, a 3auiiku BTOPHHHOI
Mapy HAJAXOJSITh JI0 MaricTpai BiJIBe/ICHHS KOHICH ATy 7.

Puc. 2. YnockoHaneHuii poTopHuii IUIiBKOBUI BUIIAPHUK: 2 — CXeMa MOJAEIBHOL
KOHCTPYKIIi: 1 — poboua kamepa; 2 — IHy4YKHi IIIBKOBUH Pe3UCTUBHUII eleKTpOHArpiBay
BUIPOMIHIOBAJIBHOTO THITY 3 TEILIO130JIF0F0UO00 30BHIIHBOK noBepxHeto ([TIPEHBT);

3 — mwapHipHa JionaTh 3a0e31eueHa aBTOHOMHOIO CHCTEMOIO 00IrpiBaHHS BilOMBaJIbHOT
MOBEPXHI; 4 — POTOP; 5 — PO3MOAUTBYNI MEXaHI3M; 6 — cenapyruuii MpocTip;

7 — MaricTpaib BiBeICHHS KOH/ICHCATY; 8§ — KJIMHO-NIAcOBa Mepeaya; 9 — elIeMeHTH
IenbTbe; 10 — naTpyOOK HATHITaHHA KyHIa)KOBaHOTro Mmope; 11 — naTpyOok BiBeJCHHS
KOHIICHTpaTy; 12 — OJI0K KepyBaHHS TEXHOJIOTIYHHMH ITapaMeTpaMu amnapata; 6 — 0azoBa
KOHCTPYKIIisl IPSIMOKYTHOT JIONaTi; B — 3pi3yloya JIonaTh 3a0e31eueHa aBTOHOMHOIO CUCTEMOI0
o0irpiBaHHs BiIOMBaNILHOT TIOBepxHi: | — 3pi3aroua kpomka; I — BinOMBaIbHA OBEPXHS, 110
aBTOHOMHO 00irpiBaeThCs

KepyBanHs TennomMacooOMiHHIM IMPOLIECOM 3AIHCHIOETBCS 32 PAXYHOK OJIOKY Kepy-
BaHHA 12, 1m0 3a0e3nedye JiTKe peryiroBaHHS: 4acTOTH OOepTaHHS poTopa (—--—),
THUCKY (- ), TeMIepaTypH (- - ), KOHIEHTPYBaHHS MIPU BUKOPUCTAHHI aBTOMATUYHUX
3ac00iB KOHTPOITIO «OBEHY.

st Bu3HaYeHHS €()eKTUBHOCTI BJOCKOHAIEHOT'O POTOPHOTO IJTIBKOBOTO BUMIAp-
HHUKa TPOBEJICHO MOPIBHIBHY XapaKTEPUCTUKY BUTPAT €HEprii Ha KOHICHTPYBaHHS
KyTa)XOBaHOI IMOPENOAiOHO1 CyMIIITi Ha OCHOBI: SI0TyKa, TOXHHU Ta KU3MITY 3 TOYaTKO-
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BHM BMicTOM cyxux pedoBuH 12% no kinmeBoro — 30%. [1ix yac po3paxyHKiB BXij-
HHMH JJaHAMH € BUTpATa MPOAYKTY, MTUTOMA TEIJIOEMHICTh CHPOBHHH Ta MaTepiary
poboUoi OBepXHi anapara (HepKaBilo4a CTalb), a TAKOXK KOHCTPYKTHUBHI NTapaMeTpu
0a30BorO BakyyMm-punapHoro amapata (BBA) Ta PIIB (Bara, mmoma HarpiBajgbHOI
noBepxHi). Po3paxyHku npoBoauimcs 6e3 ypaxyBaHHS BUTPaT Y HABKOJIUILTHE CepeJIo-
BUILIE.

YcTaHOBJIEHO, 10 OCHOBHHHN MTOKA3HUK pecypcoeeKTUBHOCTI, 30KpeMa IMUTOMI
BUTpaTH eHeprii Ha HarpiBaHHs 00’eMy oaumHuui mpoxykty B PIIB, ckianmatoTsb
408 xx/kr (Tabm. 1). OrprManwii MTOKa3HUK MOPiBHAHO 3 6a3zoBuM BBA (1019 xJIx/kT)
CBiTYMTH TIPO 3MEHILICHHS BUTPaT y BAockoHanernomy PIIB B 1,97 pasa.

[Ipu upomy 3a0e3meuyeThest Taka TPUBATICTh TepMiuHOi 00poOku: PIIB — 60 ¢ ta
1 rox y 6a3oBomy BBA, BinmmoBigHO, 0 Ma€e CyTTEBO 3HMKEHHS TEMIIEPATYPHOTO
BIUIMBY Ha CHPOBHUHY.

[1ix gac excriepuMeHTAILHO-TIPAKTUYHUX JTOCIIIKEHb OTPUMaHi OCHOBHI TEXHIKO-
eKCIUTyaTaliiiHi MOKa3HUKH (Talll. 2) BAOCKOHAJIEHOTO POTOPHOIO IITIBKOBOTO BHIIAp-
HUKA, OCHAILIEHOTO 3Pi3yBaJIbHOIO JIOTMATTIO 3 ABTOHOMHOIO CICTEMOIO 00IrpiBY BiJl-
OMBaIBHOI TIOBEPXHI.

Tabnuysa 2. OcCHOBHI TeXHIYHI XapAKTePUCTUKH i TeXHiko-ekoHOMiuHi noka3Huku PITB

IIpolyKTUBHICTb IO BUXiTHOMY IPOILYKTY, KI/TOJ 100
I11o1a noBepXHi TENI00OMiHy, M 0,82
BuyrtpimHiil giamerp, M 0,2
Tuck B anapari, klla 12...15
Temmnepatypa pobodoro cepeosuiia B anapati, °C, He OUIbII 63...68
Yucno 00epTiB pOTOpa anapara, XB | 180...200
Hanpyra, B 220£10%
PeryntoBaHHS MOTY)XHOCTI €JICKTPOHATPiBayiB TUTaBHE
I"abapuTHi pO3MipH: A:LI:B, MM 330:280:1680
Maca, kr, He OinbII 43
KK 0,85
MeTanoeMHICTb, 11, KI/M? 52,5
[TuTOMI BUTPATH TEILIOTH, ¢, KJIK/KT 517

OTtpumaHi JaHi MATBEPIKYIOTh ehEKTHUBHICTD HOTO MOAANIBIIIOTO BIPOBAIKCHHS B
TEXHOJIOT1YHi JIiHii BUPOOHHLITBA IJIOI00BOYEBHX HarliBpaOpHKAaTIB.

BUcHOBKM

Y nockoHanieHa KOHCTPYKIis Oe31epepBHOTo MiJirpiBaya Ha OCHOBI IBOCTOPOHBOTO
narpiBanns [ TIPEHBT, mo nae 3Mory JikBigyBaTH KOHCTPYKTHBHY CKJIAIOBY HEOOXi/I-
HO{ HassBHOCTI PiJIMHHUX 1 MMAPOBHX TEILIOHOCITB B YMOBaX 3a0e3MeUeHHS CTa0LIi30BaHO-
PIBHOMIPHOTO HATrpiBaHHS BCHOI'0 00’ €My CHPOBHHH. AapaT MOXe BUKOPUCTOBYBATH-
csl SIK MiAIrpiBad i3 3a0e3MeYeHHsIM TeMITEPaTypHOTO iara30Hy TEIIOMaco00OMiHHOT
00po0OKH XapuoBOi CHPOBHHH B MEKax TeMIlepaTypHoro fianasony — 15...110°C. Ili-
JirpiBay XxapakTepu3yeTbcs 3MEHILICHHSAM TEXHIKO-TEXHOJIOTYHUX TTOKA3HUKIB — Y
6 pasiB MMTOMOI METAIOEMHICTI TIOPIBHAHO 3 6a30BOK KOHCTPYKIEH (26 Kr/M>%, Bijl-
noBiHO, 110 160 Kr/M?). 3a6e3meuyeThest SMEHIIEHHS BATPATH TEIUIOTH HA HArPiBaHHS
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amapara, sike cTaHoBUTh 1372,8 kI, MOPIBHAHO 3 BUTPAaTaMH B 0a30BOMY ITiTiTpi-
Baui — 8448 x/[x.

Brockonanena MoJiesib pOTOPHOTO IUTIBKOBOTO BHUITAPHHKA i3 3aIPOIIOHOBAHOIO
3pi3yBAILHOIO JIOTIATTIO, 3a0€3IIeUeHOI0 aBTOHOMHOIO CHCTEMOIO OOIrpiBaHHS BiIOH-
BaJIbHOI MOBEPXHI 332 PaxXyHOK IEPETBOPEHHS €HEPTii BTOPHUHHOI NapH eIeMEHTAMH
[lenbThE B HAIPYTY >KUBJICHHS HarpiBauiB. [1noma BigOnBansHOI MOBEpXHi BIOCKOHA-
JIeHOT 3pi3yrouoi sonari cranosuth 0,06 M* Ta moTpebye ~15...20 BT uBIeHHS 11
aBronoMHoi pobotu ['TIPEHBT. Lle, y cBoto uepry, 3a0e3meunTs J01aTKOBE HarpiBa-
HHS, TIEPEMIITYBaHHS i YJIOBIIOBAHHIO IIAPY CUPOBUHH, IO 3PI3YETHCS, 1 TPU3BOIUTH
710 3MEHIIEHHsI KOPUCHOT TOBepXHi poOouoi kamepu Ha 7%.

OtpumaHi po3paxyHKOBi IOKa3HUKH pecypcoeeKTUBHOCTI: IMTOMI BUTPATH €HEp-
rii Ha HarpiBaHHA 00’eMy onuHUI poaykty B PIIB — 408 x/[x/kr, mopiBHIHO 3
6azoBuM BBA — 1019 kJIx/Kr, XapakTepu3yr0uH 3MEHIICHHS BUTPAT y BJOCKOHAe-
Homy PIIB B 1,97 paza. [Ipu ibomy 3a6e31edyeThes Taka TPHBATICTh TEPMIYHOT 00p00-
ku: PIIB — 60 ¢ ta 1 rox y 6a3oBomy BBA, BifMOBITHO, IO M€ CYTTEBO 3HMKCHHS
TEMIIEPaTypHOTO BIUIMBY Ha CUPOBUHY.
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The article analyzes the results of research of mass transfer
processes during water extraction of dry substances from me-
dicinal plant raw materials, namely — calendula officinalis,
which is a rich source of biologically active substances. The data
of the last researches concerning problems of carrying out the
process of extraction of biologically active substances from ve-
getable raw materials, traditional and more modern methods
were analyzed. The data of the scientific literature on the pro-
spects of using hydrodynamic cavitation for the highly efficient
extraction of biologically active components from plant raw
materials are summarized.

The results of experimental studies of the kinetics of mass
transfer processes in obtaining aqueous extracts from medicinal
plant raw materials of calendula (Calendula officinalis) with
different parametric characteristics of the maceration process
with mechanical compression are presented. Research was per-
formed at hydromodules 1:6, 1:9, 1:12 and 1:15 at temperatures
0of 20 £2°C, 40 + 2°C, and 60 + 2°C, the duration of maceration
lasted 24 hours and samples were taken after 5 min, 25 min,
60 min and 24 h. Analysis of the research results showed that
the highest yield of dry matter in the extract is characterized by
a test sample obtained by maceration of raw materials for
25 minutes at hydromodule 1:15 and a temperature 40 + 2°C.
The application of the subsequent short-term effect of hydrody-
namic cavitation in the Venturi nozzle with internal diameters
showed an increase in the dry matter content in all samples. The
highest yield of dry matter is observed at a nozzle diameter of
0.006 m.

The conclusion is made based on the studies that during the
extraction of calendula officinalis hydrodynamic cavitation in-
creases the efficiency of mass transfer processes, improves the
conditions of the process, and increases the number of water-
soluble substances in the extract.
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AOCNIAXXEHHA MACOOBMIHHUX NMPOLIECIB NPU
EKCTPAIrYBAHHI KBITOK KAJIEHAYNU NIKAPCbKOI

JI. 10. ABneeBa, A. A. Makapenko, E. K. Kykorcbkuii

Tuemumym mexuiunoi mennogizuxu HAH Yxpainu

B. 1O. ITaBaik

HTYY «Kuiscokuil nonimexuiunuil incmumym im. leops Cikopcbko2o»

Cmammsi npucesyena ananisy pe3yibmamie 00CI0NCeHb MACOOOMIHHUX NPOYeci8
nio yac 600HOI eKCMpPAKYIl CYyXUX peyosun 3 TiKApCbKOi pOCIUHHOL CUPOBUHU, A came —
K8IMOK HA2IOOK JIKAPCHKUX, SIKI € bazamum 0xcepeom DION0SIHHO AKMUBHUX PEYOBUH.
Tpoananizosarno 0ami 0OCMAaHKIX 00CAIONHCEHD WOOO NPODIEM NPOBEOEHHS NPOYEC) eKC-
mpazyeanHs OI0I02TUHO AKMUGHUX PEUOSUH 3 POCIUHHOI CUPOBUHU, ICHYIOUUX MPAOU-
YitiHux [ 6L CyuyacHux memodis. Y3aeanvheno Oaui HAYKOBOL aimepamypu ujooo
NepCneKmuHOCI 3ACMOCy8anHsl 2iI0POOUHAMIUHOT Kasimayii 018 GUCOKOeheKmUBHo-
20 eKCmpazy8anHs Oi0N02ITYHO AKMUBHUX KOMHOHEHMIE 3 POCIUHHOI CUDOBUHUL.

Haseoeno pezynomamu excnepumeHmanbHux 00C1ioHCceHb KIHemuKY MAcCOOOMIHHUX
npoyecie npu OMpUMAHHI 800HUX eKCMPAKmMIE 3 NIKAPCbKOI POCIUHHOI CUPOBUHU
kanenoynu aixapevkoi (Calendula officinalis) npu pisnux napamempuynux xapaxme-
pucmuKax npoyecy mayepayii 3 MexauiyHum npecysanHam. [ocniodicents nposoou-
aucy npu 2iopomodynsax 1:6, 1:9, 1:12 ma 1:15 npu memnepamypax 20 £ 2°C, 40 £ 2°C
ma 60 + 2°C, 3aeanena mpusanicms mayepayii mpueana 24 200, 3pasku 8i0oupaiucs
uepes 5 xs, 25 x6, 60 x6 i 24 200. Ananiz pezynvmamie 00CIIOHCeHb NOKA3A8, WO HAll-
OLILUUM BUXOOOM CYXUX PEYOBUH 8 eKCIPAKMI XAPAKMEPU3YEMbCSL OOCTIOHULL 3DA30K,
OMPUMAHULL Y pe3yTbmami Mayepayii cuposunu 8npoooeic 25 xe npu 2iopomooyii
1:15 i memnepamypi 40 + 2°C. 3acmocysants nooamwulo2o0 KOPOMKOYACHO20 GHIUBY
2i0poounamiunoi kasimayii 6 conni Benmypi 3 piznumu oiamempamu 20plouHY Conid
NOKA3a10 30L1bUleHHS 6MICIY CYXUX PEeUO8UH 8 YCiX 00Caionux 3paskax. Haubinbuui
BUXIO CYXUX peuosur cnocmepicacmobcs npu diamempi 2opnoguru conaa 0,006 m.

Ha ocnosi npogedenux docniosicenv 3p06aeHO BUCHOBOK, WO NP eKCTPACYBaHHI
KaneHOyu JKapcyKoi 2i0poOuHamivHa Kagimayis nioguwye eqhekmusHicms Macooo-
MIHHUX NpoYecie, NOKpawye yMo8u npogedeHHs npoyecy i 30i1buye KilbKicmbs 8000-
PO3UUHHUX PEUOBUH 8 EKCIPAKIN.

Knrwuoei cnoea: pociunni excmpaxmu, 2iOpoOuHamiuHa Kasimayis, maccoo-
MIHHI npoyecu, cono Benmypi, xanenoyna nikapcoka.

IHocTanoBka npodaeMu. PoCIiHHI €KCTPAKTH XapaKTEePU3YIOTHCS BUCOKOKO ehek-
TUBHICTIO J1ii, HU3bKOK TOKCHYHICTIO 1 BIJHOCHOO JIOCTYIHICTIO JUTsS criokuBauiB. [le
00yMOBITIOE 3HAUHHH IHTEpEC 0 CTBOPEHHS IHHOBALIIMHUX TEXHOJIOTIH iX BUPOOHHU-
1rTBa. ['0TOBHMMYI BUMOTaMU 15 BIIPOBAKEHHS IHHOBAIIHHUX TEXHOJIOTii BUPOOHH-
LTBa TaKoi NPOAYKIIi € BUKOPUCTaHHS Cy4acHHX METOZIB 0OpOOKH MatepialiB, pa-
LiOHANBHUX PEXHUMIB eKcTpakuii 1 eHeproedekTuBHOro obnanHanHs. CTBOpEHHS 1
HayKOBE€ OOTPYHTYBaHHS Cy4aCHHUX TEXHOJIOTIH OTPUMaHHS €KCTPAKTIB 3 IIKAPCHKIX
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POCIIMH € aKTyaJbHUM 1 BUMarae IpPOBEICHHS KOMIUIEKCY aHATITUYHUX Ta EKCIIepH-
MEHTaJIbHUX JIOCIIIIKEHb.

AHaJni3 ocTaHHiX goc/ixKensb i myoaikauniii. [Tporec ekcTparyBanHs JTiKapcbKOi
pociuuHOi cupoBunH (JIPC) Mae cxnagauii hi3uKo-XiMiYHUHA XapakTep, OB’ I3aHUI
3 IOBEPXHEBUMH SIBULIAMH Y€PE3 B3aEMOJII0 MOJIEKYJI €KCTPAareHTy — PO3YHHHUKA 3
Mostekyiamu KmituHHEX cTpyKTyp JIPC. Ilponec excrparysanss JIPC 3anexurts Bif
0araTbOX YMHHMKIB, HAWBKIMBIIINMH 3 SIKHX € TiAPOAWHAMIYHI YMOBH, IJIOIIA MO~
BEepXHI po3auieHHs (a3, pi3HUIT KOHIIEHTpPAIii, METOJ] EKCTparyBaHHs, B’ SI3KiCTh
eKCTpareHTy, TeMrieparypa i TpuBastictb. KpiM Toro, e)eKTHBHICTh €KCTpaKIIii 3aie-
KUTh BiJl (PI3MKO-XIMIYHHX BIACTUBOCTEW camoi pocinHHOI cuposunu (boHmapeHko,
Hem’saenko, ['magyx & Korenko, 2011; [Tonosa & Jluteunenko, 1995).

LinauM pKepeoM 01010 YHO aKTHBHUX PEYOBHH € KaJieH 1yJ1a Jiikapchka (Calen-
dula officinalis), sika MIPOKO BUKOPUCTOBYETHCS SIK OQiLlifHIH, TaK 1 B HAPOJHIN Meau-
uuHi. CHPOBHUHOIO [Tl OTPUMaHHS 010JIOTTYHO aKTMBHUX KOMIUIEKCIB € BCSl HAI3eMHA
YacTHHA POCIIMHM B TIiepiof UBiTiHHs. KaneHmyna mikapchka MicTHTh (pi1aBoOHOINHM, Ka-
POTHHOIIN, TPUTEPIICHOBI CaIllOHIHM, TyOWJIbHI PEYOBHHH, OPTaHivHI CMOJH, TIPKOTH,
CITU3H, CIIJM aJKaJoiniB, MikpoeneMeHTH Ha choroHi KajueHayna BXOOUTh B IECATKY
HaMOLIBII BUPOIIYBAHUX JIKAPCHKUX POCIHH B PI3HUX KpaiHax €Bpomu i YKpaiHi
(Konogasnosa & Pribanko, 1990). OnHak MOXIIMBOCTI i chepr 3acTOCYBaHHS KaJleH-
IyJIH JIIKapChKOi 10 KiHIS HE BUBYEHI, TOMY PO3POOIECHHS HOBUX M YIOCKOHAJICHHS
ICHYIOUMX TEXHOJIOTiH ii mepepoOKu Ayl BUPOOHUIITBA 0AraTOKOMITOHEHTHUX JIiKap-
CbKHX TIPEenaparis i JI€ETHYHUX JOOABOK € aKTYaILHUM 1 IIEPCIIEKTHBHUM.

IIpu oTpuMaHHI BOAHUX E€KCTPAKTiB BUKOPHCTOBYIOTH SIK TPaluLiiHI Mpouecu
(Mamepariiro, TEPKOIALIO, PETIEPKOJIALIO TOIIO), TAaK i OiBII CydacHi (iMITyIIbCHA,
BaKyyMHO-IMITYJILCHA 1 €JIeKTPOIMITYJIbCHA 00pO0Ka, MIKPOXBHIIbOBA EKCTPAKILiS, KC-
TparyBaHHs 3a JIOTIOMOTOI0 BUKOPHCTAaHHS YIbTPa3ByKy a00 HaJKPUTUYHUX (IFOiIiB
tomro) (Da Silva, Rocha-Santos, & Duarte, 2016; Pouliot, Conway, & Leclerc, 2014).
EdextuBHNM MeToOM ekcTparyBaHHs BAP 3 pocnmuHHOT cHpOBUHU MOXKe OYTH Ti-
nponuHamivHa kasiTailis (NPCE — Negative Pressure Cavitation Extraction). I1pu 3a-
CTOCYBaHHI METOJTy TiIpOTMHAMIYHOI KaBiTallii MOKHA BUIUTATH PsIIT TIEpeBar, mopiB-
HSTHO 3 TPaIUIiHHIMHA METOIaMH eKCTparyBaHHs. Lle eKoIori4HiCTh, EKOHOMIYHICTb,
eHeproe(peKTHBHICTh, MacIITaDOBaHICTh, IIBUJIKA TPUBAITICTH MPOIIECIB 1 BITHOCHO M SIKi
KEepOBaHi YMOBH eKCILTyaTallii (BiIHOCHO HU3bKa TeMIieparypa npotiecis) (BiTenbko &
3apenpka, 2012; Jlonincekuii, ABneeBa & Maxkapenko, 2020). I1ix yac BUHUKHEHHS
KaBiTalii criocTepiracThCs NOPYIICHHS PiBHOBATH ra30piANHHUX CHCTEM 3 yTBOpE-
HHSIM PO3PHUBIB CYLINBHOCTI PiAUHM, (POPMYBAHHSM 1 CXJIOMYBaHHIM KaBiTalliHUX
myxupiiB. CymepuBHAKICHAN KyMYJISITUBHIA MIKPOCTPYMiHb, III0 BUHUKAE, XapaKTe-
PHUBYETHCSI BETMKOIO MOTYKHICTIO BILUTHUBY i MOXITUBICTIO PYHHYBaHHS MIXKMOJIEKYJISIP-
HHX 1 MHYTPIITHBOMOJICKYJIPUX 3B’SI3KIB TUCTICPCHUX YACTUHOK. TakuM YMHOM J0CS-
raeThCs IMIIBHUINECHHS IHTEHCUBHOCTI BIDIMBY Ha CKJIAIHI T€TEPOTE€HHI CHCTEMH IIPpU
ekctparyBauHi (Dominguez & Gonzalez Munoz, 2018).

MeTo10 cTATTI € ZOCHTIPKEHHS MaCOOOMIHHHX TPOLIECIB MIPH €KCTparyBaHHI CyXUX
KBITOK KaJICH/TYJIY JIIKapCHhKO1 TpaAULIiHHUM CIIOCOOOM-METOA0M Marepallii 3 mpecyBa-
HHSM 1 T1APOIMHAMIYHOIT KaBiTarTii.
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Marepianu i meToau. [l ocimimpKeHHs Oy BUKOPHCTaHI IMTONIEPEIHBO TOAPio-
HeHi 10 0,1—2 MM cyXi KBITKH KaJICHIYJIH JIiIKapchkoi. ExcTparenTom O0yio oOpaHo
JMCTWIBOBaHY BOAY IIPH TiAPOMOIYJ CyXa CHpOBHHA:BOa, K 1:6, 1:9, 1:12 ta 1:15.
Jist npoBeieHHs JOCTIKEHHS eKCTparyBaHHsl METOIOM KaBiTallil BUKOPUCTOBYBABCS
EKCIIEpUMEHTATHFHINA KaBITAIIMHANA CTCHI, SIKHH CKJIATAETHCS 3 MYJIBTY YIIPABIIiHHS,
3MIHHOTO KaBITaIliIHHOTO peakTopa, 00’ €MHOTO MIECTEPSHHOT0 HACOCY 13 3amipHOI0
apMaTypor, MaHOMETpIB, BUTpaToMipa, TepMOMETpa 3 BUHOCHUM JAaTYHKOM, LIUJIiH-
JPUYHOT EMHOCTI, 3’ €JHYBILHOT'O TPYOOTIPOBOIY Ta BHUBiJHOTO narpyoka. Kasita-
LIAHAN peakTop MpelCcTaBise co00r comio BeHTypi 3 reoMEeTpUYHUMH PO3MipaMu:
niameTp BXigHOTro 1 BuxigHoro kanaiy 0,042 m, KyT po3kputTs KoHy30pa 90°, Kyt
poskputts qudysopa 120°, noxuna ropnosunu corma 0,020 m. ocipKeH s IpOoBo-
JAJTUCH TIPH JllaMeTpaxX MOpJIOBUHH COILIa KaitaliitHoro peakropa 0,006 m, 0,008 m,
0,010 m 1 0,012 M. BMmicT cyxux pedoBUH JOCTIDKYBalId METOAOM BHCYILIYBaHHS B
cymmisHiA madi 3a JCTY 8004:2015.

BuknageHHst OCHOBHMX pe3yJbTaTiB J0CHiIKeHHs. ABTOpaMu OyJI0 IOcCTia-
JKEHO IPOILIEC BOIHOT €KCTPaKIIii KBITOK KAJICH I JIIKAPCHKOT TPAAUIIHHIM METOIOM
Mariepaiiii 3 MeXaHIYHIM TIPECYBAHHSIM i METOJIOM TiIpOAMHAMIYHOI KaBiTarlii. SIKicTh
EKCTPaKIIii OLIHFOBAJIM 32 BMICTOM CYXUX PEUOBHH.

J7ist BU3HAYCHHsI ONTHMAITBHOTO T1APOMOJIYJIIS i TEMIIepaTypH MPOIIECy eKCTpary-
BaHHs OyJI0 MPOBEIEHO BiAMOBIIHI TocIimkeHHs. JlocmiaHi 3pa3ku i3 TigpoMoryieM
1:6, 1:9 mpu Bcix TeMmepaTypax XapakTepu3yBaJHCh YK€ BHCOKOIO T'YCTHHOIO i
OyJIM IOCTaTHHO HEMPHUIATHUMH IS OJCPIKAaHHS BOJTHUX €KCTPAKTIB, TOMY OB
JOCTIDKEHHS TPOBOIMIIMCE Ha TOCIIAHHUX 3pa3kax 3 rigpomoaynsmu 1:12 ta 1:15.
AHari3 pe3yapTaTiB JOCIIHKEHHS PUPOCTY CyXUX PEUYOBUH Y MTPOIIEHTHOMY CITiBBiJI-
HOIIICHHI B 3pa3kax 3 Trigpomoxynsmu 1:12 ta 1:15 mokaszas, 110 3pa3ok 3 TiIpoMo-
nynem 1:15 npu temmneparypi 40 + 2°C noka3as HaHOUIBIINIA PUPICT CYyXUX PEUOBUH
(16%) micna manepanii Big 5 xB 10 25 xB. Lle MOXHA MOSICHUTH THM, IO 3 T1IpO-
Mozmynem 1:15 mporec ekcTparyBaHHS IPOXOTUTD BiJl BIUTMBOM HAHOLIBIIOT pi3HHII
KOHIICHTpAIlil BiTHOCHO 3pa3KiB 3 IHIIUMHU TigpoMoaysisimu. [lomaikiine 301bIICHHS
TPUBAJIOCTI BUTPUMKH MTOHAJT 25 XB MPU3BOAMIIO O HE3HAYHOTO 301ITBIIIEHHS CYXHIX
PEUYOBHH, TOMY € HEIOLIBHUM.

Jis gociimpKeH s BIUIMBY TiApOAWHAMIYHOT KaBiTallii BAKOPUCTOBYBAJIH 3pa3okK 3
rigpomogynem 1:15. OrpumaHny cycrieH3ito onepeaH0 BUTPUMYBAJIH TIEpe eKCTpa-
TYBaHHSM, 3IMIIAIN Ha 25 XB i1 Marepaitii npu temmepatypi 20£2°C. I'padik 3a-
JIEKHOCTI 3MIHH BMICTY CYXUX PEUOBHH BiJ] KIIBKOCTI IIUKIIIB €KCTPAaryBaHHS TPH
PI3HUX JiaMeTpax TOpJIOBUHH corlla TpyOku BeHTypi npencraBnenuii Ha puc. 1.

OTtpumaHi pe3ynbTaTH CBiqYaTh (pHc 1), mo 30inbIIeHHS TpI/IBaJ'IOCTi eKcTpary-
BaHHsI TIPU3BOIUTS 110 301IbILIEHHS BMlCTy CYXHX PEUOBUH B ycix 3paskax. HaiiGinb-
LIMH BUXI1] CYXHX PEHOBHH CIIOCTepIraeThes IpH maMeTpl TOPJIOBHHHU COILIa 6 MM BiKe
B pe3yNbTaTi MEPIIOro MUKy MpoxomkeHHs cycnensii. [licas 60 mukiiB 00poOku
(4 XB) mpUpicT CyXnX peuoBHH 301UTBIIMBCS B 1,7 pasa MOPiBHSHO 31 3pa3kamu, eKCTpa-
TOBaHUMH METOJIOM Mariepariii.
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Puc. 1. 3anesxnicTb 3MiHUM BMIiCTy CyXHX PeYOBHH BiJ HUKJIY eKCTParyBaHHsl NPH pi3HUX
JaiaMeTpax comia

BUCHOBKM

HaBeneni pe3ynbTaTi eKCIIEpUMEHTATFHUX JTOCIIKEHD TOBEIH, 110 KaBiTaIiiHa
00poOKa € eheKTUBHOIO TIPH OTPHIMAHHI BOJHUX €KCTPaKTiB. JlOCIimKEeHHS KIHETHKHI
MacCOOOMIHHHX TIPOLIECIB MPH €KCTparyBaHHI BOAOPO3YMHHUX PEUOBHH KaJlCHAYIH
JIKapChKOi TIOKa3ajIy, 10 TiApoIuHAMIYHA KaBiTallisl MiIBUIIYe e(EeKTHBHICTh Maco-
00MiHy, MOKpalllye YMOBH HPOBEIEHHA MpOLECY 1 301IbIIy€e KiNbKICTh BOAOPO3-
YHHHUX PEYOBHH B EKCTPAKTI.
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For a long time, in the heyday of the achievements of elec-
tronics, people had no idea that their vital activity is essentially
provided by the separation of charges (electrons, protons and
ions). But unlike electronic devices, these processes occur di-
rectly in the cells, tissues and organs of living beings.

For a long time, the hydrogen molecule was perceived as
chemically and biologically inert due to the strength of covalent
bonds between H atoms. The simplest path of hydrogen to the
body is recognized with drinking water enriched with H2 mo-
lecules. The anti-inflammatory properties of hydrogen water
and its unique selective antioxidant properties were also revea-
led: the ability to effectively neutralize the most active radi-
cals — hydroxyl (H) and peroxynitrite (ONOO"). It is these ra-
dical active oxygen species (AOS) that are responsible for most
diseases and pathological conditions of various organs and sys-
tems of the body. However, the vast majority of studies do not
explain how chemically inert hydrogen molecules can partici-
pate in redox reactions, ensuring that the water acquires a redu-
cing electron-donor state with an redox potential value of
—200...-300 mV.

The scientific idea that the chemical and biological activity
of hydrogen molecules in water can be achieved by their ac-
tivation was confirmed. It has been suggested that the decay of
hydrogen atoms directly in mitochondria creates the probability
of the participation of their electrons and protons in bioenergetic
processes in cells, positively affecting their physiological state.

A physicochemical bioelectronic model of the process of
obtaining a reductive electron-donor state bywater enriched
with hydrogen molecules was formulated. A new method of
obtaining hydrogen water by biochemical method has been
developed by enriching the aquatic bioenvironment with hydro-
gen of metabolic origin from natural microbial cultures on sub-
strates of plant origin.
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BIOEJIEKTPOHIKA | 3AKOHOMIPHOCTI HABYTTA
03[0POBUYMX BJIACTUBOCTEM NUTHOIO BOAOIO,
3BArAYEHOIO MOJIEKYJIAMU BOOHIO

[FO. B. Boabmak], A. I. Mapunin, P. C. CesiTHenko, B. B. Illmak
Hayionanonuil ynieepcumem xapuo8ux mexnonozii

Heszeaoicarouu na posxeim docsaenens enekmpoHixu, moou ti 2a0Ku He MAu, Wo
IXHS JICUMMEDISILHICMb, NO CYMi, 3a0e3newycmbCsl pO30LIeHHAM 3apsaoie (e1eKmponis,
NpOMOHI8 ma UOHI8). Ane, Ha GIOMIHY 8I0 eNeKMPOHHUX NPUCIPOLB, Yi npoyecu 8i0-
bysaromvcs 6e3n0cepeoHbo 8 KIIMUHAX, MKAHUHAX MA OP2AHAX HCUBUX ICTNOM.

Tpusanuti yac monexyna 800HIO Yepe3 MIYHICINb KOBANEHMHUX 38 SI3Ki6 MIdC amo-
mamu H cnputimanacs sk ximiuno ma 6ionoeciuno inepmua. Hatinpocmiwuii uiisx 00-
HIO 00 Op2aHizMy BU3HAHO 3 NUMHON 800010, 30azauenoro monekyiamu H. Byno
BUSBIIEHO MAKOIC NPOMUZANALbHI 81ACHMUBOCME B00HEE0T 600U A VHIKAbHI i1 celleK-
MUBHI AHMUOKCUOAHMHI 8AACTUBOCMI. 30AMHICMb 00 eheKmueHoi Hetimpanizayii
Habinbul akmuenux paouxanie — 2iopokcuny (H) ma nepoxcunimpumy (ONOO').
Came yi paduxanvni akmugui popmu xuchio (ADPK) sionosioarvhi 3a Oinbuicms
X80p00 i NAMONOZIUHUX CIMAHIB PI3HUX Op2anie ma cucmem opearizmy. B nepesaoichiii
Oinbuocmi 00CIiONCEeHb NPOMe He NOSACHIOEMbCS, SIK XIMIYHO THePMHI MOAEKYIU 800HIO
MOdHCYymb Opamu y4acmy 8 OKUCHO-IOHOGHUX pearyisx, 3a0e3neyyiouu nadymms 60-
0010 BIOHOBHO20 eIeKMPOHOOOHOPHO20 cmary 3 geauyunoro OBIT—200...—300 mB.

Y cmammi niomeepoiceno nayxosy ioero npo me, wjo XimivHa ma 6i0102iYHa aK-
MUBHICMb MOIEKYL 800HIO ¥ 00T MOodice docsieamucs wiasaxom ix axkmusayii. Ilpu-
nyujero, wo po3nao amomis 800HI0 6e3n0cepeonbo y MimMoXOHOPISX CMBEOPIOE tMO-
8ipHICMb yuacmi iX eleKmporie i NPOMOHI8 Y bioeHep2eMUYHUX NPoYecax y Kiimu-
HAX, NO3UMUBHO BNAUBAIOYU HA IXHIl (i3i0102TYHUL CIMAH.

Chopmynbosarno pizuxo-ximiury OioerekmporHy MoOesb npoyecy Habymmsi 600010,
30a2a4eHor MOIEKYIAMU 800HIO, BIOHOBHO20 eNeKMPOHOOOHOPHO20 cmaHy. Po3poo-
JIEHO HOBULL MEMOO OMPUMAHHSL BOOHEBOI 800U OIOXIMIYHUM MEMOOOM, ULIAXOM 30aea-
YeHHs1 B00OH020 DIocepedosua B00HEM MEMADOIUHO20 NOXOONCEHHS 8I0 NPUPOOHUX
MIKPOOHUX KyTomyp HA CYOCMPAMax pocauHHO20 NOXOONCEHHSL.

Knrouoegi cnosa: bioenexmponixa, 600eHb, eleKMpoHY, NPOMOHU, AKMUGHI (hopmu
KUCHIO, OKUCTEHHS, 600He8A 600d.

I[MocranoBka nmpodiaemMu. B enoxy eneKTpoHIKH Ha KOXHOMY KPOIli MU MaEMO
CIIPaBy 3 BCCOXOTUTIOIOYMM BHUKOPHCTAHHSIM CJICKTPUIHOI eHEeprii, 63 sSKOi BaXKKO
ySIBUTH KOM(OPTHE iCHYBaHHS Cy4acHOI JitoauHu. TpuBanuii yac, He3BaXKa04X Ha JI0-
CSITHECHHS €JICKTPOHIKH, JIFOM 1 TaIK¥ HE MAaJH, IO IXHS JKUTTEISUTbHICTE 3a0e31edy-
€THCS TUMU K PO3JIUICHHSM i IEPSHECCHHSM 3apsJliB, ajle HE B POTaX 1 eNCKTPUUHUX
TIPUCTPOSIX, a B KIITHHAX, TKAHWHAX Ta OpraHaX >KUBUX iCTOT. 3’ SIBUIIHCS TaKi camMo-
CTiliHi ramy3i 6ioizuku, sk OioeHepreTrka Ta OioeneKTponika. Bugatauii ¢pyHmarop
X Hayk, JaypeaT HoGemiBerkoi ipeMii Anpoept Cent-Jlpepani mucas: «L{iakoM iMo-
BipHO, 110 KMBUI OPraHi3M MPOCIKHYTHI «HEBUJIUMHUM ITOTOKOMY, YACTUHKH SIKOTO —
€IeKTPOHN — OUIBIT pyXOoMi, HXK MOJICKYJIH, HECYTh y co0i eHeprito, 3aps Ta iH-
(hopmallito i € MATEHUM JUIsI BCiX )KUTTEBUX MPOIeciB. MOXKIIMBO TaKOX, IO caMe 3a
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JOIIOMOTOI0 LTUX EJIEKTPOHIB MOJIEKYJIH 00’ €IHYIOTHCS B OPTraHi30BaHi CTPYKTYpPH 1 Bif
HUX ke (EIEeKTPOHIB) 3aJISKUTh JIUBOBIKHA JOCKOHATICTH OIONOTIYHHUX peaKiii»
(Cent-llpepmpn, 1971). A. Cenr-/pepani Ta I1. MiTden po3poOmim Momeb IKepena
BCi€i eHeprii B KIIITHHAX 1, BIAMOBIAHO, [Kepena eHeprii B ycboMy Tijli. BignosigHo a0
ITi€1 MOJIEIT, BOACHB BiJIITpa€E TOJIOBHY Poilb y BUpoOHUITBI AT®D, a HeoOXiTHa eHepris
TeHEePYETHCS TOJISPU3ALIIEI0 T CHHTE30M aTOMIB 1 MOJIEKYJI BOAHIO BHACTIIOK (POTOH-
HOi HoHi3amii. bioeHepreTrka Ha TUTaHETI MOYMHAETHCS 3 POTOCHHTESY 1 Iie SBUIIE €
B)XIMBUM HAOYHUM CBiTYEHHSM HEPO3PUBHOI €THOCTI O10€HEPTeTHUKH Ta 610€IeKTPO-
HIKH.

AHai3 ocTaHHIX T0CTiIKeHb i my0Jtikaiiii. bioenekTponika Ta GioeHepreTrka B
Tporiecax KUTTEMISIIFHOCTI Ha 3eMJIl TIOYWHAIOTHCS 3 SBHII (POTOCHHTERY. 30aradeHi
CHepriero POTOHIB ENEKTPOHHU 3apsHKAIOTh MOBEPXHIO MEMOPaHH TiJIaKOIiB MiHYyCO-
BUM 3apsiIOM, a IPOTOHN HAKOITMYYIOTHCS BCEPEINHI Tijla KOJIOINIB, 3apsKarodr BHY-
TPIIIHIO TOBEPXHIO MEMOpaHU MO3UTHBHO. [IpH JOCATHEHH] KPUTUYHOI Pi3HHLI TOTEH-
tianiB npotoHr H' mourHaIOTh POTHUCKATUCS Kpi3h KaHau ATd-cuHTa3u, IpH 1b0-
MY BUBLITBHIOETECS eHeprist 11 cuate3sy AT®. Came TyT MaeMo repeTBOPEHHsI €Heprii
COHSTYHOT'O CBITJIa B TIpoIieci (hOTOMI3Y.

[1ix wac porocunTE3y MOJIEKyIIa XJIOPOPTy TOTNIMHAE KBAHT CBITIa 1 IEPEXOIUTh
y 30ymKeHni ctaH. [Ipr oMy eJIeKTpOH BUOUBAETHCS 3 MOJIEKYIH Xitopodiry (CeHt-
Hbepnbu, 1960). 30aradeHi eHEpriero eIeKTPOHH HAIXOIATh 0 OCOOJIMBOTO JAHITIOTa
TIEPEHOCHHUKIB 1 TIEpeIaloTHCS Ha 30BHIITHIO TIOBEPXHIO MEMOpAHH TiJIa KOJIOIIB, 1e
BOHH HAKOMHYYIOThCS i MeM6paHa 3apsiKaeTbes HeratieHO (Cumopos, 2020). Mode-
Kyna xnopodnny BIJTHOBITIOE CBIH €JIEKTPOH 32 PaXyHOK (I)0T0n13y (mucomiartii) MoJe-
KyJI BOJIM TIiJ Aiero kBaHTa cBiTiia Ha H Ta OH™ (Ohsawa Ta iu., 2007). I[Ipotonu
HAKOMUYYIOTHCS BCEPEIMHI TiJIa KOOIy, cTBOproroun H' -pe3epByap, BoHOYAC BHY-
TPIIIHS TIOBEPXHS MEMOpaHH 3apsiKAeThesl MO3UTHBHO. [IpH TOCSTHEHHI KPUTHYHOT
Pi3HHUII TTOTEHIANB 3 000X OOKiB MeMOpanu npoTonn H™ HaOyBarOTh 34aTHOCTI IIPO-
TUCKaTHCS Kpi3b KaHamu AT®-cunTasu. [Ipu boMy BUBITBHIOETHCS €HEPTis ISl CHH-
Te3y ATO.

Iporonu H' Ha 30BHiIIHBOMY 0011l MEMOpaHH MPUETHYIOTH CICKTPOHU MOJICKYITH
xJ0podiry, BiTHOBITIOOUM aToM H, sikwif 3a gormomororo Hocis HAJI®D (mikoTuHaMiTa-
JeHIHaHYKIeoTuIPocdaT) HAAXOIUTH IO CTPOMH XJIOPOIUIACTY JUISl CHHTE3Y [IIFOKO-
3U:

H+e—>H; 2H + HAI® = HAJI®.H..

TakuM 9MHOM €Heprisi COHSTIHOTO CBITIIa IOPODKYE YOTHPH (hyHIAMEHTAIbHI TIPO-
uecu: 30yPKeHHS] MOJIEKYJl XJI0podiy, yTBOPEHHSI KUCHIO BHACTIIOK (OTOII3y BOAH,
cunte3 AT®, yreoperHs atoMis BoxHio ¢hopmi HAJID.H,.

TemHoOBa (ha3a BinOyBa€eThCS B CTPOMI XJIOPOILIACTY SIK Ha CBITJI, TaK i B TEMpsIBi 1
SIBIISTE COOOTO PSIIT TIOCIINOBHUX TiepeTBOpeHh CO,. MepMeHTH 3B’ SI3YIOTh 11’ ATUBYTIIC-
LEBHH IIYKOP 3 BYTJIEKHCIIAM Ta30M MOBITPs. [Ipy IbOMY MOCITiZOBHO BiTHOBITIOIOTHCSI
710 MOJIEKYJTH TITFOKO3H.

V cBiTnoBiii (azi GoTocHHTE3y €Heprisi COHSYHOro CBiTNA #ae Ha 30yKEeHHS
XJIOpodiTy Ta yTBOpEHHS 30yKCHHUX EICKTPOHIB, EHEPTisl CBITIIa — Ha (OTOJII3 BOIH,
YTBOPEHHSI KUCHIO Ta MPOTOHIB, EHEPTisl 30y/KEHNX €JIEKTPOHIB MEPETBOPIOETHCS B
enepriro AT® ta HAJI®.H,, okucue dhochoprmroBaHHs.
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VY MITOXOHIPIAX KINITHH eHepris, HeoOxigHa 1 cuHTesy AT®, ogepxyeThes B
mpoteci OKUCHOTO (ocopHIIOBaHHS, BUBUIFHAIOUHUCH MPHU PYCl €IEKTPOHIB MO €JIeK-
TPOHHO-TPAHCTIOPTHOMY IaHIOTy. L{st eHeprist BUKOPHCTOBY€ETECS UL [IePeKATyBaHHS
MPOTOHIB 3 MITOXOHAPIATEHOTO MAaTPUKCY Kpi3b BHy’[’le.IHIO MeMOpaHy 10 MDKMEM-
OpanHoro mpoctopy. BogHowac o o6uasa 00Ky BHYTPIIIHBOT MEMOpaHH 301IbIIY-
€THCS ETMECKTPOXIMIYHUHN TPATIEHT 1 PI3HUIIA SIEKTPUIHHX IMOTEHITianiB. ToOTO HaKO-
MUYY€EThCSI €HEPTisl, SKa BUBIIBHIOETHCS MPH MOBEPHEHHI MPOTOHIB O MAaTPHKCY.
[ToBepHEHHS IPOTOHIB A0 MAaTPUKCY MPOXOIUTH KPi3h OCOOIUBUI OIIKOBHI KOM-
miekc — AT®-cunTasy, a cam mporiec moBepHeHHs H™ 10 MaTpuKCy Ha3MBAETHCS
xemiocMocoM. AT®-crHTa3a BUKOPUCTOBYE BUIUICHY TIPH XEMIOCMOCI €HEprito I
cunresy AT® 3 AJI® y peakiiii okucHoro (ochopumopanns. Ls peakiiis 3amycka-
€ThCsI IpH 00epTanHi yacTUHOK AT®-cuHTa3M 1 MATPUMYETHCS TOTOKOM IPOTOHIB.

VYci xiMiuHi peakiii B KIiTHHAX OpraHi3My BiOyBalOThCS Y BOAHUX pPO3YHHAX 200
IIPU PO3KJIAIl MOJIEKYJI BOAM. MOJIEKY/IM BOAY IOTPAILISIOTH 10 OpraHi3My 330BHi, a00,
sk goBonuthes y (Liu, Sun & Tao, 2012), Takok CHHTE3YIOThCS Y BHYTPILLIHBOKIII THH-
HOMY CEpeIOBHIII. SIKIIIO IPHUITYCTHTH, 10 BECh KUCEHB, SIKUI HATXOIUTH 0 OpraHi3-
My, iiie Ha CHHTE3 MOJIEKYJI BOAHU JUIS IOTIOBHEHHS BOIHOTO PO3YMHY KPOBI, TO MoJIe-
KyJIIpHUH OanaHCc CHHTE3Y BOAM ISl BiAHOBICHHS BOJHOTO PO3YMHY KPOBI Matume
takuii Buriia (Cumopos, 2020):

2,0x10?! mostekyin O, + 2,7x10* monexyn 2H, =1,6x10* monexyn 2H>0. (1)

Kucens moauHa 0TpUMYyeE 3 JIETEHb 3aBISKU JTUXAHHIO, @ OT BOJCHD Y KIIBKOCTI
2,7x10%** MoneKkyn HEOOXiTHO BUPOOIATH B IpoIEci 0OMiHy PEUYOBHH IIPHU 10Hi3awii
MOJICKYJ BOJIH. 3a TAKUM MEXaHi3MOM KHCCHb Iepe0yBa€e pa3oM 3 MOJICKYJIaMH BOJIHA B
CpUTPOLUTI 1, IPOHUKAIOYM KPi3b MEMOpaHH KIIITHH, IPUCYTHIH 1 30BHI KIiTHH. J{is
CTBOPEHHS LILOI'O CIUJIBHOTO PyXY B CUCTEMi OOMIHY PEYOBHH MICIi HEOOXIHE HaBe-
JICHHSI 30BHIIIHIX Ta BHYTPIIIHIX €HEPreTHYHUX NOTEHIIANB MarHiTHO-EJIEKTPUIHIX
rroitiB. [Iporecy rigpatarmii myisraroTh SIK MOJICKYJIH KACHIO, TaK 1 OKpeMi HOHH po3-
YUHEHO1 y BoIi Oymb-s1K0i pedoBHHU. [ imparartist 00yMOBITIOE XiMIYHY CTIHKICTh HOHIB
y BQJICHTHOMY 3B’S13Ky 3 MOJICKYJIAMH BOJIU B PO3YMHI KpPOBI, II0 HE MEPEIIKOIKAE
00’ €THAHHIO HOHIB y OLIBINT CKJIATHI XiMiYHI CITOJYKH B IPOIIECi CHEPTETHIHHUX B3a-
€MOJIIl pO3UMHEHMX €JIEMEHTIB y BOJHUX MMOTOKAX KpoBi. ['igparaitis MOJIEKyJ KHCHIO
crpusie 30epeKeHHIO KHCHIO IPH HOTO TPAHCTIOPTi B MOTOKAaX KPOBi O CIIO>KMBAYiB
KHCHIO.

Monekymna H, Moxxe icHyBaTH JHIIe TIPU MapaieibHil Opi€HTAaIlli CHiHIB 11 enek-
tpoHiB (Cumopos, 2020, Vkpainernp, bompsmrak, Cearaenko & Ilpoxopenko, 2018).
Towmy nmtre 25% aToMiB BOIHIO (B CTaHI MapaBOAHIO) MOXKYTh CHHTE3yBaTHCS Y MOJIe-
Kynu Hy a71s moaneIioro CHHTE3y iHIKUX CHOYK. [HIIN aToMu pyHHYIOTBCS Ha HOHU
H* ta H™ 3 wacom nepeckoky 10712 ¢. I1I1X0M 3aIy4eHHs] IPOTOHOM Ha BUIbHY 0p0i-
Tajb EIEKTPOHA CHHTE3YEThCS HOBHUH (BIIHOBIICHHUI) aTOM BOAHIO. TOXK MOYKHA BBa-
JKaTH, 1110 MOJICKYJIH BOJIHIO € IOHOPaMH HOH-MOJICKYJISIPHAX KOMITICKCIB (HOHIB Tipo-
KCOHIIO0), sIKi O€pyTh yUacTh y TeHepaIlii eIeKTPOCTaTUIHOTO OIS — JHKEepelia CHIT
Jlopents. I1{um TBepKEeHHSAM MM BU3HAYa€MO IE OJHY BaXJIHBY (i3WYHY pOIb
BOJIHIO B MEXaHi3Mi 3a0€3MEeUCHHS )KUTTEMISIIBHOCTI OpraizMy JitouHu. OJTHOYaCHO
PO3KPHUBAETHCS MEXaH13M HAPOPKEHHS aTOMIB 1 MOJICKYJI BOJHIO IIISIXOM peKyIepartii
BIJIbHUX MIPOTOHIB, AKi BUAUISIOTHCA 3 aTOMIB 1HIIMX €JIeMEHTIB (IpHu IX CHHTE31) Ta
€JIEKTPOHIB, SIKUX HaI3BHYAHO Oarato B 30HI WOHi3aIlii, Ta YTBOPECHHS 3apsHKEHUX
YaCTHHOK.
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Anpbept Cent-Jlpepapi micaB Mpo BOACHb K €MHUA SHEPrOHOCIH KUTTENISITb-
HOCTI: «...TUIO JIFOJMHH 3HA€E JIUILIE OJWH €HEproHociii — BojAeHb. [IpoaykTu xapuy-
BaHHS, SIKI MICTSITh ¥ c001 BYTJICBOIHI, € TTOCTaYaIbHUKAMH BOJIHIO 1 TOJIOBHUH y 4aci
TIPOLIEC 3rOPAHHSA BYTJIEBOJIIB — L€ BIAIEIUIEHHS BOHIO BiJl ByTJIEBOJIHIB [I0)KHUBHOTO
cyoctpary. Moro 3ropaHss (pyiHaIlis Ta CHHTE3) € EHEProloCTavYalIbHOIO PEAKITIER0»
(Cumopos, 2020). 98% ycroro opranizmy ckiaaaerbes 3 atomiB C, O, H, N. B opra-
Hi3Mmi BusHaueHo 4,22x10%” aromis Boamro, 1,61x10%” — xucHro; 8,03x10°° — Byrite-
ro; 3,9x10% — azoty. To6TO nepeBaXkaroTh BoaeHs i kucens (Cumopos, 2020). oo
pOJIi €JIEKTPOHIB y TIPOIIECt XKUTTEMISITLHOCTL, TO A. CeHT-/pepapi mrucaB: «AToM —
11 CUCTEMa EIICKTPOHIB, CTa0LIiI30BaHa SIPOM, a MOJISKYJTH — I1¢ HIIIIO iHIIIE, SIK ATOMH,
SIKI yTPUMYIOTBCS pPa30oM TOMUIEHHMH MK HUMH eleKTpoHamu. Te, mo Mu
Ha3UBa€EMO XIMIYHOIO EHEPTi€l0, SIKa YIpaBIsie >KATTEBUMHU MPOLIECAMH, — 1€ €HEprist
enextponiB» (Cent-pepnbu, 1971).

BonHeBa Bozia € BOJI00, 30aradeHOI0 MOJICKY/ISIPHUM BOTHEM, SIKUH € I1apoGoOHUM
ra3oM, clabOpO3UMHEHNM Yy BOJIi (HACHYEHHS Py BMicTi 1,8 MI/i) 1 10 TOTO % XiMiYHO
1, BIATIOB1THO, Oio00oTivHO iHEpTHUM. Uepes me TpuBaiui 9ac He OyII0 MOTHBAIIN IS
JOCTIKEHHS BIUTMBY BOJIHIO Ha MOKA3HUKH 3[IOPOB’ s OpraHizMy moauau. Jlume y
2007 p. iHHOBaIiHHI JOCIIPKSHHS AMOHCHKAX BYSHUX HECTIOAiBaHO MiITBEPIMIIH, 10
H, BubipkoBo pearye 3 BHCOKOpEaKTHBHUMH IMTOTOKCUYHIMU OKCHJ] aHIOHAMH, TaKH-
MU SIK Tigpokcunbauil pagukan (OH*) ta nepokcuniTpur (ONOO™) 6e3mocepesHbo y
BHYTPIITHBOKITITHHHOMY cepenopuili (Ohsawa Tta in., 2007; Liu, Sun & Tao, 2012).
Came 1i paaukanbHi akTiBHI popmu KucHio (APK) BianosigasibHi 3a OLIBIIICTE XBO-
po0 1 MaTONOTIYHKUX CTaHIB Pi3HUX OPraHiB Ta CUCTEM opraHizmy. [Ipu npomy Toii ke
BOJIEHb YKOTHUM YHHOM HE BIUTMBA€E HA MEHIII aKTUBHI CUTHAITBHI MoteKkynu ADK, ski
BHUKOHYIOTH B OpraHi3mi (hi310J10r14HO KOPHUCHI (GYHKIIT 1 HASBHICTD SIKHMX y KIITHHAX €
HEOOX1AHOIO 711 IX HOPMAJIBHOTO KIITUHHOTO MEeTaboIi3My. 3 MOMEHTY BiJKPHUTTS
nmo3uTUBHAUN BIUTHMB H) Ha 3710pOB’S MOAMHU MIATBEPHKEHO YHUCICHHUMHE JOCIIIKe-
HHSMH B 0arathox Kpainax cBity. A B Smonii, [liBnerniit Kopei Ta Kurai rigporeno-
Tepartisi Ha0yJa MOBCIOAHOTO BIPOBA/LKEHHS B JIIKYBAIBHUX 1 NPOQITAKTUIHIX MEIH-
YHUX yCTaHOBax. Ha puHKax MIMPOKO IMpe/CTaBleHa sIK caMa BOJHEBA BOJA, TakK i
YHCIICHH] MOJIeNi reHepaTopiB BoAHeBOi Boau. CyTh MapaZoKCcy BOIHEBOI BOJH MOJS-
ra€ B TOMY, IO MPH OYEBU/HIH TepaneBTHYHIA e()eKTUBHOCTI BXKUBAHHS BOAHEBOI
BoaM (hi3uKO-XiMidHi Ta (izionorivni eheKTH ii 0370pOBUOI (AHTHOKCHIAHTHOT, IIPOTH-
3anajbHOl, AHTHAJIEPTiYHOl Ta aHTHATIONTUYHOI) [l Ha KIITHHHOMY PiBHI CYy4acHOIO
HAYKOIO PO3KPHTO AJIEKO HE TIOBHO Ta MEPEKOHINBO. Lle BUTTIsAIae IiTKOM JIOTIYHO Ta
Y3TODKYETHCS 3 XIMIYHOIO Ta 010JI0T19HOI0 IHEPTHICTIO MOJIEKY IIpHOTO BOHO. [IpoTe
BIZICYTHICTh YiTKOTO (hi3MKO-XIMIYHOTO TIyMaueHHS MPOLecy HaOyTTsl BOAHEBOIO BO-
JIOT0 VHIKQJIFHUX BIIACTHBOCTEH 00’ EKTHUBHO CTPUMYE IPOTPEC Y TAKiH MEPCIICKTHBHIM
HOBIiH ramy3i 610JI0Til Ta MEIULIMHY.

[epcriekTHBHUM HaMPsSMOM Y BUPILLIEHHI BKa3aHOT'0 MapaJ0KCy € HAYKOBa i/1esl Ipo
ICHYBaHHS SIBHINA aKTHBAIIi (ucoITiarii, foHi3aIli) MOJIEKYJ Ta aTOMIB BOJTHIO 0e3-
MOCEepPEeIHBO Y BHYTPIIIHBOKIITHHHOMY cepenoBuuli (bonpimak, Ykpainens, Mapunin
& Cesaraenko, 2019; Jlnxades & Meiciusert, 2007). Y 11b0My JOCTIHKEHHI TTOKa3aHO,
110 HAaOyTTS BITHOBHOTO €JIEKTPOHHO-IOHOPHOTO CTaHy KaTOJITY (TIPOAYKTY €JIEKTPO-
XiMiuHOI akTuBauii Boawn) 3 BenumurHoo OBIT —200...-300 MB moxe Oytu pe3yins-
TaTOM JHUCOITiaIii (aKTUBAIlil) MOJICKYJT BOIHIO, SIKUMH €JICKTPOXIMIYHO 30aradeHuit
KaTOJIIT. YTBOPEHi MpU [IbOMY /IBA aTOMH BOJIHIO € JOCTaTHHO PEaKUiiHO 3AaTHUMH,
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o0 OpaTH y4acTb y NOAAIBIINX OKHUCHO-BIJHOBHUX PEaKLisiX. ATOM BOJHIO JIETKO
BiZlTa€ BOJi €JIE€KTPOH, 3 YTBOPEHHSIM XiMIYHO aKTHBHOT'O T1IpaTOBAHOIO EIEKTPOHA —
BU3HAHOTO aKTUBHUM BiJJTHOBHUKOM, IPOTOH JIETKO TPHETHYETHCS JIO OJHIET 3 Haii-
OMIDKYIMX MOJICKYJI BOIM 3 YTBOPSHHSIM CTIHKOr0 XiMidHO HOHY rifipokcoHiro (H30) —
MIIIHOTO aKBakoMIUIeKCy. Boxa, 30arauena monexynamu Hy, akTHBOBAHUMU 3aBISKU
ix mucortiarii. JIOTi9HO MIPHUITYCTHTH, IIIO PO3MaT ATOMIB BOJTHIO O€3MI0CEPEIHBO B MITO-
XOHJpisX 3a0e3mnedye HMOBIPHICTD ydacTi X eJIEKTPOHIB 1 MPOTOHIB y OioeHepreTny-
HUX TIpoIiecax y KIIITHHAX, TO3UTHBHO BILTUBAIOYH Ha iXHIH (i310IOTIIHIIA CTaH.

VY nparii (JIuxaueB & Meicnuser, 2007) moka3aHO TaKoxX, IO XiMiYHA aKTUBHICTh
MOJIEKYJISIPHOTO BOJIHIO Y BOJHOMY PO3YHHI TPOSIBIISIETHCS HE O/Ipa3y Micis BBECHHS
BOJHIO Y BoAy (IO MiATBEPDKYETHCS HAIIMMH BIACHUMH JOCTIIKEHHSIMH), a Yyepes3
neBHUA vac (Big 9 1o 24 rop), mo SKICHO MOSICHIOETHCS aBTOPaMU B3aEMOJTIE0 MO-
JIEKyJl BOJHIO y BOJIi 3 KBaHTAMH BHCOKOPEAKIIHHO3/IATHUX YaCTHHOK KOCMIYHOTO
BUIIPOMIiHEHHs Ta pasianiitHoro ¢ony 3emii (Crapkos, 2009). Binomo, mo ximivHii
IHEPTHOCTI MOJIEKYJ1a BOJHIO 3000B’sA3aHa MIiIIHOCTI Monekyiau Ho, mo obymoBneHa
KOBaJICHTHUM XiMIYHHM 3B’S13KOM, SIKHI MIITHO TIOB’SI3Y€ ABA aTOMH BOIHIO. XiMidHHIMA
3B’SI30K aTOMIB BOJHIO B MOJIEKYJII KOBJICHTHHH, HE MOJISIPHUIN, OCKUTEKH MOJICKYJIa
YTBOpEHA aTOMaMH 3 OIHAKOBOIO €IEKTPOHETaTHUBHICTIO (ATOMU OTHOTO BUy). Yepes
VIIIBHEHHS €JeKTPOHIB aTOMiB MOJIEKyJia BOAHIO CTiHKilla, HIXX aTOMH BOJIHIO
okpemo. Enepris aucouianii H, mocuts Bennka — 436 kJIx/Moitb. XiMidHY aKTUBHICTh
H; cnig ouikyBatu npu Horo aktuBauii (auconianii). ¥ BHYTPIIIHBOKIIITHHHOMY Cepe-
JOBHILI TEOPETUYHO B TEIFIOBOMY PYCi MOJICKYJI IIPH 3ITKHEHH] (POTOXIMIUHO 30ymKe-
HUX (KBaHTAMH BUCOKOEHEPTeTUIHHX (DOTOHIB) MOJIEKYIT 3 MOJICKYJIAMH 1HIIIOTO BHIY
(mampuxotan H,) iHOmI criocTepiraeThest MUCOMIAIliS OCTaHHIX. SIKIO mepemaHa mpu
3ITKHEHHI eHepris 30y HKEHHs BUSBUTHCS OLIBIIO0, HiXK CHEPTis JUCOIIallii, Taki MO-
JIEKYJTH PO3MaAAIOThCs Ha aToMHU (yIap Apyroro poAy, a AUCOLIaLis BHACIIIOK TAKOTO
yaapy Ha3WBAEThCsI CEHCHOUTI30BAaHOIO AWCOINIAIi€0). B mpuHInII, qucomiiioBaHi
aTOMH 3 IEBHOIO HMOBIPHICTIO MOXYTb HEraitHO acOLIIIOBATHCS B MOJICKYITY, aJi¢ TIeBHA
YacTHHA aTOMiB BOJHIO — MPOAYKTIB aucouianii Hy — 3anmuimarotses BinbHUMHU. Ham
IIKaBUH TaKW{ MEXaHi3M JTUCOIIaIlii MOJIEKYJI BOJHIO TOMY, IO CIIOPIAHEHICTH 10
CJIEKTPOHA aToMa BOJHIO CKiiaaae juiie 67 k/IkK/Moib mpy eHeprii aucoriamii Moje-
Kymu BonHIO 436 k/[x/Monb. ToOTo aucomiamis H, cTBOproe Ba aTOMH BOJHIO, & HE
BHCOKA €Heprist HoHi3aIlil OCTaHHIX pOOUTHh BUCOKOMMOBIPHIM TIEpeXif] y BOY BHACTI-
JIOK HOHi3aIii aToMa BOJHIO €JIEKTPOHA Ta MPOTOHA. SlkuM Om He OyB IUIAX BOIHIO IO
aTOMapHOTO CTaHy Y BOAi, ajie mojabiie GOopMyBaHHS BiIHOBHOTO PEIOKC-CTAHY
BOJIM BHACIIIIOK TIPHCYTHOCTI B Hill came aTroMa BOAHIO BiIOYBa€ThCsl BHACTIZAOK HO-
Hizari H 3 mogasIinoro rijipaTaii€ro eJIeKTpoHa Ta mpoToHa. IIpudaoMy BUpilIaTbHUM
st GopMyBaHHsI BiTHOBHOTO PEIOKC-CTaHy BOIM € Te, IO TPH TiAparaiii mpoToHa
YTBOPIOETHCS MIlIHHUI aKBaKOMILIEKC — HOH riipakconito H3O'. Ha Binmminy Bix yTBO-
PEHOTO TiAPAaTOBAHOTO €JICKTPOHA, HOH TiPaKCOHIIO MMPAKTHYHO HE 3AaTHUH 10 Y9IacTi
y TIOAANBITUX OKHCHO-BITHOBHUX PEAKITSAX Y BOII. A BXKE 3a CaMHM O3HAYCHHSIIM
TiapaToBaHi €JIeKTPOHAMH € EHEPTETUYHO AKTUBHIMH B YMOBaxX BOJHOTO CEPEAOBHIIIA.
I'impaToBaHi €EKTPOHH BiAPI3HAIOTHECS BiJl BUTBHUX €JICKTPOHIB MEHIIOI0 PYXJIHBI-
CTIO, aJie OUTBIIOI0 TEPMOAUHAMIYHOIO CTIMKICTIO 1 HAraIyIOTh COJIHBATOBAHI aHIOHM.
BoHu MaroTh KOPOTKUIA Yac )KUTTSL.
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3arasiom, riipaTOBaHUN €NEKTPOH 3HAYHO OUTBII NOTYXHHUU BiHOBIIOBAY, aHIXK
OLIBLIICTD BitoMUX XiMiuHHX. [IpH B3aemonii 3 opraHiYyHMMH PEUOBHHAMH BiH € Hal-
OLTBIII CHUIBHUM HYKJICO(DUTEHUM peareHTOM, IPHIOMY MICIIeM HOTro B3aEMOIii, SIK
MPaBUIIO, € ETIEKTPUYHO TJIFOCOBUI LIEHTP MOJIEKY . T0oX i0Hi3allis aToMa BOJHIO
CTBOPIOE OTHOCTIPAMOBAHUH HACIIITOK — KPOK Y HANPSIMKY MiZBUIIECHHS €IEKTPOHHOT
AKTUBHOCTI BOJTHOTO PO3YMHY.

JloriuyHO MPUITYCTHTH, IO PO3Iaj aTOMIB BOAHIO OE3MOCEPENHBO B MITOXOHAPISIX
KJIITHH 3a0e31edye HMOBIPHICTE Y9aCTi €JICKTPOHIB 1 IPOTOHIB — MPOMYKTIB 10HI3aIii
H — y po3riissHyTHX BHIIE SISKTPOXIMIYHUX IPOLIecax OKMCHOTO hochopriiroBaHHs i
cuntesy AT®, mo MycuTh miaBUILYBaTH €heKTUBHICTh O10€HEPreTHIHHX MIPOLIECIB 1,
BITIOBIIHO, (Di310JIOTIYHMIA CTaH KIIITHH, TKAHUH 1 OPraHiB Ta OpraHiamy B mijomy. Lle
MOXe OyTH CYTTEBHM JOTIOBHEHHSM JI0 TEPANleBTHYHOTO eeKTy Bixg HAOyTTs BOIHE-
BOIO BOJIOIO BiIHOBHOTO €IEKTPOHOAOHOPHOTO CTaHY, 3 SIKUM IOCTEMEHHO OB’ I3yIOTh
AHTHOKCHUIAHTHI, TPOTH3aNaIbHI, aHTHAJICPT1dHI, aHTHAIIONTO3H] BIIACTUBOCTI BOJTHE-
Boi Boau (Ohsawa, 2007).

Cepen METOMIB OJIepKaHHS BOAHEBOI BOIU JOMIHYE E€IIEKTPOIII3 BOIU B TIPUCYT-
HOCTI KaTajri3aTopiB. BUpoOHWKH reHepaTopiB BOIHIO HE PO3KPHBAIOTH TOHKOIIIIB TEX-
HOTr'0 MeTOoAy 30araueHHs BOAU BOJIHEM 3 NPUHHATHOIO AJISI MAaCOBOI'O CIIO)KHBAaHHS
BOJTHEBOI BOAU PEHTA0EIBHICTIO 3aIUIIAETHCS BXKIIMBUM Ta aKTyalbHUM 3aBIaHHSM.

Merta crarTi: 3 MO3MLIM cydacHOI Oi0ENEKTPOHIKA JOCTIIUTH (i3UKO-XiMIUHHUN
MEXaHi3M HaOyTTS BOJIOIO, 30araueHoi MOJIEKyJIaMH BOJIHIO, BIJTHOBHOTO €JICKTPOHO-
JOHOPHOTO CTaHy, BPaxOBYIOUH XiMiUHY Ta 010JI0T1YHY IHEPTHICTh MOJIEKYJ BOJHIO
[PU CEHCaLIIHUX TepaleBTUYHUX e(eKTax B)KUBAHHS BOAHEBOI BOJM.

Marepianu i meToau. O0’e€KT AOCHIIPKEHHS — MUCTIIILOBaHA BOJA SIK Giocepe-
JOBHILIE U1l NPUPOAHUX MIKPOOHUX KYJBTYp (OMKUX APLKIXKIB) HA POCIMHHHX CYO-
CTpaTax i IUCTHUIbOBaHA BOJA Ta BOJAHI PO3YMHU OIOT€HHMX OPraHiuHUX KHUCIIOT SIK
XIMIYHHAH peareHT y MPOIECi TiAPOi3y MarHio.

st BuOOpy HanpsiMy MOIIYKY HOBOTO METOIY NMPOAYKYBaHHS BOAHIO Oyna B3siTa
JI0 yBar# iH(GOpMaIlis Mpo y4acTh BOJHIO B MeTaOOJIYHMX MPOIIECaX OpraHi3My JIo-
nuHU. Binomo, 1o BoAeHb 1 METaH YTBOPIOIOTHCS B KHIIKIBHUKY BUHATKOBO BHACIIJJOK
OaktepianpHUX MeTaboniyaux npoueciB (Kosmos, 2011). Otxe, Haml opraHism Bixg
HapOPKEHHSI BKE 3HAHOMMI 3 JIi€0 HA HhOTO MOJIEKYIISIPHOTO BOJHIO. [IpHupoHO, 1110
3’sIBHJIAcs iesl MiKpOoOiOIOriyHOTO OAepKaHHA BOAHIO JUISl IPOIYKYBaHHS BOAHEBOI
Bozu. [Ipo ocoGmuBOCTI Ojiep’KaHHS BOJHIO HA POCIMHHHX CyOCTpaTax WIeThes B
(Mapxkog, 2007). Bimomo Takox, 1110 HaIoi, oJepkaHi 3a TEXHOIOTi€r0 OpoaiHH (KBac,
YepBOHE BUHO, ITMBO i HABITH TOPLJIKA), & TAKOXK JIEsIKI KUCIIOMOJIOUHI IPOAYKTH Xapak-
TEPU3YIOTHCS TIEBHOIO aHTHOKCUIAHTHOKO akTUBHICTIO (AOA). Bemmunna OBII Takux
HanoiB ckianae —70...—200 MB 3anexxHo Bix THITy Hamow Ta Horo OpeHay. ABTOp
BuHaxoxy (Mapkos, 2007) mponionye nocumtoBatd AOA KBacy IUISIXOM JOAATKOBOTO
HacH4YeHHs BojHeM iz TrckoM (Mapkos, 2007). OTxe, JIOTIYHOI BUIAETHCS cripoba
BUKOPHUCTATH NpoOLeC OpOMiHHS AJS OJEpKaHHS BOAU 3 BIAHOBHHMH E€JIEKTPOHO-
JNoHOpHUMH BriacThBOCTsIMH (3 OBII i3 3HaKOM MiHYC) 3aB/ISIKH BOJTHIO METa0OJIIYHOTO
moxokeHHs1. TakoXK JOCIIPKeHa TOBEIiHKA B 4Yaci BOJAHOIrO OiocepeoBHIa Ha
OCHOBI cyOCTpaTy — 3epHa psily LiHHUX 3€pPHOBHUX KyJbTYp, 4aiB i ¢iTouaiB. Y Bcix
BHIAJIKaX 3 yacoM Ouibiie 10 roa crocrepiraaocs HaOyTTs BOJOK BiJHOBHOTO €JI€K-
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TPOHOAOHOPHOTO peokc-cTany 3 Benumuunoo OBIT —400...-500 mMB. I[Ipouec 6po-
JiHHS BigOyBaBCsl 3aBASKKA NPUPOAHUM IPLKIKOBUM KyJIbTypaM (IUKI IpDKIKI), K1
HPHCYTHI y 36pHOBUX Ta HIINX POCIMHHUX CyOCTpaTax MPHUPOIHHUM IIIIIXOM.

BuknaneHHs ocHOBHHMX pe3yabTaTiB gociigzkenns. Ha puc. 1 HaBeneHo pe3ynb-
TaTH JOCITIHKEHHS KIHETUKH (TOAMHM) MpoLecy HaOyTTS BOAHUM OiocepeoBUILIEM
(mamiBabpukar BIBCSIHOTO 3€pHA TUTIOC AUCTHILOBAHA BOJA) IUITXOM KOHTPOJIIO
Takux mokasHukiB Boau: pH; OBII, MB; 3aransHuii coneBMicT, MI/JT; BMICT y BOI
MOJICKYJIIPHOTO BOZHIO, MI/JI. [IpsiMe BU3HAUCHHS MOJICKYJISIPHOTO BOIHIO TIPOBOJIH-
JIOCh 3a JIOIOMOTroro Tectepa BoaHio y Boai «Hx Blue, CIIIA». BMicT BoHIO BU3Ha-
Ya€eThCsl Bi3yalbHO 3a KUTBKICTIO BBEACHHUX JI0 AOCTIIKYBaHOI BOJH Kpareidb TECTOBOT
pigwaA 32 epekToM 3HEOAPBIIEHHS TECTOBOI BOAW B MipHIM MEH3YPIII ITPH ITEPEMIIITy-
BaHHI MPoOH Bou. 3HEOAPBICHHS PO3YHHY, 320apBICHOr0 OHIEI0 KPATICIO TECTOBOT
pedoBHHH, Biamosinae BMicTy y Bofi 0,1 Mr/im BoxHIo, 3a0apBieHol ABOMa Kparuis-
mu — 0,2 mr/i H, Tomo.

400 — — 6,8 | -
— 0,20
300 6,6 L
|- 0,18
200 6.4 |
100 6.2 I— 0,16
0 | K
6,0 — 0,14
-100 L
5.8 I— 0,12
-200
-300 %8 L 0.10
54 | i
-400 L 0,08
-500 5.2 ii
4 n - 0,06
-600 T | T | T | T | T | T | T | T | T 5,0 | a
0 5 10 15 20 25 30 35 40
—v¥— OBII, —¢—Ph, —®— PPm, —8—H, yac, rop

Puc. 1. Kinernka npouecy 30araueHHsi BOAHOI0 6iocepeoBHIIA MOJIEKY/ISPHUM BOJHEM
MeTa00iYHOr0 MOXOAKEeHHS Bil NPUPOAHUX MIKPOOHHMX KYJIbTYP HA POCIHHHOMY
cybcrpari

Sk BiOMO, HACWYCHHS BOJU BOJHEM BiJOYBA€THCS MPU KWOTO KOHICHTpAIl
1,8mr/n. SAx BumHO 3 puc. 1, Bemruman OBII Ta pH BogHOTO 6i0p034MHY MPaKTHYHO
HE 3MIHIOIOThCs mpoTsiroM 10,5 rof 3 movaTky mpotiecy (BBeISHHS CyOCTpary y BOAY),
1110, IMOBIPHO, OB’ sI3aHO 3 aJaNTAL[IHHUM IIEPiOA0M MEPEX0Ly MIKPOOHHX KYJIBTYP BiJ
MOBITPSTHOTO JI0 BOAHOTO JIOBKULIA 3 HAOyXaHHSAM CyOCTpaTy i €KCTPAKIIIE0 3 HHOTO Y
BOJIi MTO’KUBHUX AJIs1 MiKpoOiB peuoBuH. Takuii TpuBanuii agantauiiHuil nmepiof cro-
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CTepIiTaeThCs IS OLTBIIIOCTI BUKOPUCTAHUX POCIIMHHUX CyOCTpaTiB 1 Maibke HE 3aje-
JKUTP BiJl XIMITHOTO CKJIaIy BOAM. Y BCIX BHITQJKaX BUKOPHUCTOBYBAJIACH TUCTHIHOBA-
Ha BOJa 1 Bojia MUTHOI sKOCTi. B inTepBani yacy Bix 10,5 mo 12,5 rox Bix movatky
TIPOIIECY CITOCTEPIracThCs MBH KA 3MiHa BemarHA OBII 6i0po3unHy B OiK BiTHOBHUX
3nauens OBII Bix +204 MB 10 —220 MB. To0T0 cioctepiraemo 3miny Benmnunan OBIT
Ha 424 MB. fIkOu MM 3MiHIOBaJIM PEJOKC-CTaH BOAM EJIEKTPOXIMIYHUM METOIOM, TO,
BIJIMTOBITHO, 10 KOBAPiaHTHOCTI (B3a€EMOTIOB’ I3aHOCTI ) ITMX MTApaMETPiB B €IEKTPOXi-
MIYHHX OKHCHO-BiIHOBHHX Mpoliecax 3aKOHOMIpHO criocTepiraiu 3miny pH Ha 6 oau-
HUIIb Y JTyKHOMY HanpsaMKy (tipu 3MiHi Benmmanan OBII Ha 60 MB Bemmumaa pH noBu-
HHa 3MIHIOBATHCh 32 MPUHIUIIOM KOBapiaHTHOCTI HA OIMHUIIIO 1 HABMAKH). Y HALIOMY
BUNAAKY NpH 3HauHii 3MiH1 Berunau OBII Benmmumna pH npakTHYHO HE 3MiHIOETHCS,
0 IPUTaMaHHO 010EIEeKTPOHHOMY MeXaHi3My ()OpMyBaHHS BiTHOBHOTO CTaHy BOJIH,
30arayeHoi MoJieKyJaMy BOJTHIO, B YOMY MU BIIEBHUMOCS Jaji. 3a MM MEXaHi3MOM
MOJIEKYJIH BOJHIO (HE3aJI€KHO BiJI IX MOXO/HKEHHS) TUCOIIFOIOTH Ha aTOM BOJIHIO, SKi,
y CBOIO Yepry, BiJJIaI0OTh BOAI CBOI CKJIaJIOBi: €JIEKTPOHH Ta MPOTOHH. BinCyTHICTH Yy
BOJI1 BOJIHIO JIO JAOCATHEeHHs Bojor Benmunau OBIT — 220 mB, Bka3ye Ha Te, 110,
WMOBIpHO, BECh BHJUIEHUI MiKpoOaMH BOACHP iae Ha (OpMyBaHHS BiTHOBHOTO
peNoKC-CTaHy BOJHOTO Oiocepeopuiia. Taka TeHIESHIS TOSCHIOETHCS TUM, IT10 TIPO-
TOHH, YTBOPIOIOUH 3 MOJIEKyJIaMU BOIM aKBAKOMIUIEKCH HOHY TiIPOKCOHIIO, BTpaya-
I0Th XiMIYHY aKTHBHICTb, 3AJIUIIAI0YH T1IPaTOBaHNUM €JIEKTPOHAM BH3HAYATH OCTATOY-
HUW PeIOKC-CTaH BOAM.

AHaJti3 pe3ynbTartiB (puc. 1) mokasye, 1o 4epes 100y 3 MovaTKy Ipolecy i Maibke
IO ABOX Hi0 MOCSTHYTa 1 Jajii He 3MIHIOETHCS MaKCHMajbHa BiJHOBHA BEITMYHMHA
OBIT — —500MB, nipu He3HAYHIN TEHACHIIIT 0 3HKEHHsI Benn4uHu pH.

Hame GaueHHs MexaHi3My IbOTO SIBUINA TOJISITA€ B TOMY, IO 1€ MOXKe OyTH
HACIIIIKOM YIOBUTBHEHHS IPOIECy MPOTOHYBAHHA BOAW (HIOMTO HACHYEHHSM BOIHU
MPOTOHAMM), sIKa 30aradeHa sSiK MPOTOHAMH, TaK 1 eJIeKTPOHAMH i TiPOKCH]] HOHAMHU.
Ha xopucTb Takoro npumnyiieHHs BKa3yoTh ¢aktu, HaBeneHi B (218.016.483B, «Ksac
C BBICOKOW aHTHOKCHAAHTHOW aKTHBHOCTBIO»). BapTo 3a3HaunTH, 110 Y BOJHOMY PO3-
YKHI Maibke BC1 KaTiOHU TijipaToBaHi. BogHovac mpu ripaTailii IpOTOHA yTBOPIOETHCS
MIIHHI aKBAKOMILIEKC — HOH Tigpokconito H3O". J[o HbOro MOXKyThb MPUEIHYBATUCS
1€ TPY MOJIEKYJIM BOJM, YTBOPIOIOUM aKBAaKOMIUIEKC 3 YOTHUPMA MOJIEKYJIaMH BOJIU
(218.016.483B, «KBac c BBICOKOI aHTMOKCHIAHTHOW aKTHBHOCTBIO»). DopMyBaHHS
YUCJICHHUX aKBAaKOMIUIEKCIB T1IPOKCOHIIO MOXE 3MIHUTH JIOKAJTBHI YMOBH IS Tipa-
Talii MPOTOHIB 1 ralbMyBaTH YTBOPEHHSI HOBUX aKBaKOMIUIEKCIB HOHIB T1POKCOHIIO.
[punyckaemo, 10 TPUBAJICTH KUTTS MIPOTOHA 0 MOMEHTY HOro B3a€MOJIi 3 MoJe-
KYJIOI0 BOIM U YTBOPEHHS HOHY T1APOKCOHII0 MOKE ITOJOBKHTHCH HACTIIILKH, IO
CTaHe MOXKJIMBOIO acoliallisi MPOTOHA 3 €JIEKTPOHOM 3 YTBOPEHHSM (BiJHOBJICHHSIM)
aToMa BoJHIO. Ha HIMOBIpHICTB TaKOTO PO3BHUTKY MO BKa3ye MOsBA y BOII MOJIEKYJT
BOIHIO TIPH JOCSTHEHHI MakcHMaibHOI BimHOBHOI Bemmanuu OBII po3unny. BusHa-
geHo 0,15 mr/n BomHio B po3uunHi mpu BenmmuuHi OBIT —515 MB. Sk 6aunmo 3 puc. 1,
KOHIICHTpAITisI BOJHIO IMCISI HOTO TIOSBH HaJlasli 3pOCTa€E 1 CTa€ BABIWI OUIBINIOI Ha-
NpUKiHLi nponecy. Hesnaune 3MeHmeHHs Benmuunay pH B KiHII nporiecy Moxe OyTH
MOB’si3aHe 31 301IBIICHHAM KUTBKOCTI PEaKUiiHO 3IaTHUX MPOTOHIB Y PO3UHMHI MPH
ycTaneHi MmakcuManbHii BenmmurHi OBI, ki He yBIHIDIH 3 TEBHUX IPUYHH J0 CKIIaTy
HOBOYTBOPEHHX HOHIB TAPOKCOHIIO.
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[Tpo ocobnuBHiA XapaKTep TiapaTailii aHiOHIB 1 KATIOHIB Y BOJII CBiYMThH HOBA TEO-
pis, ctBopena y Hero-MopkcbkoMy yHiBepcuTeTi. 3TiIHO 3 TEOPI€l0, B3aEMOZIS IPOTO-
HIB 1 TIAPOKCH/T aHIOHIB, YTBOPEHUX BHACIIJIOK IUCOIIAIl] MOJICKYJI BOIH, 3 OTOUYIO-
YUMH X MOJIEKyJlaMU BOAM, 30BCiM pizHa. [IpOoTOHM Ta TiapOKCHIT aHIOHH PYXaIOThCS
Y BOJIi TO-Pi3HOMY, 10 BiATIOBiIA€ TEOPETUYHIH MOJET PO3KIIay y BOJIi aToMa BOAHIO
3 HA/IXO/PKEHHSAM y BOZYy NPOTOHA Ta €JIEKTPOHA 3 MOAAIBIION0 iX CHElM(IiKO0 B3a-
emonii 3 Bonoro. | s cnenmgika € KpuTHIHUM (HaKTOpoM, 110 BU3HaYae (HopMyBaHHS
y BOI 1i BIIHOBHOTO €JICKTPOHOOHOPHOT'O CTaHY, BiATIOBIJATFHOTO 32 aHTHOKCHIAHT-
Hi, MPOTH3aIaNIbHI, aHTHAJICPT1iHI, IIPOTHATIONTHYHI BIACTHBOCTI BOJHEBOI BOJIH.

BUCHOBKM

OTke, IIUIIXOM MIPUCKITUTMBOTO aHAJI3y i y3arajJbHEHHS BUCOKO(DAXOBHX JiTepa-
TYPHHUX JKEPEIT Ta Pe3yJIbTaTiB BIACHUX JOCIIHKEHb COPMOBAHO (i3UKO-XIMIYHY
010€NIeKTPOHHY MO/IEITh TIPOLIECY HAOYTTS BOJIO0, 30araueHol MOJICKYJIIPHAM BOJTHEM,
BiJTHOBHOTO €IEKTPOHOIOHOPHOT'O CTaHYy.

Po3pobiieHo HOBUI TIEPCTIEKTUBHUI METO OZIepKaHHS BOJTHEBOI BOAM 010XiMid-
HUM METOIOM IIUISIXOM 30aradeHHs] BOJHOTO 0l0CepeIOBUIIA MOJICKYIISIPHUM BOJTHEM
METa0O0TIYHOT0 MOXOIXKSHHS BiJl PUPOIHUX MIKpOOHHX KYJBTYp Ha CyOCTpaTax poc-
JIUHHOTO TTOXO/KEHHS, IKUH XapaKTepU3YEThCS BUHITKOBOIO MaJOBUTPATHICTIO Ta
JOCTYITHICTIO.
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Theoretical and experimental studies of the processes of he-
ating and melting of hydrocarbon mixtures, such as solid fats,
oils, vaseline, lanolin, etc. were conducted using the local ther-
mal contact method. The traditional and widely used method of
melting hydrocarbon mixtures is their heating through the heat
transfer surface. The influence of regime parameters (heater
temperature, pressure on the surface of the substance, initial
temperature of the hydrocarbon mixture) on the speed of the
heating and melting processes to determine the optimal para-
meters was investigated. This method means supplying heat
directly to the front of the phase transformation by means of a
disk heater. An experimental stand was created and a research
method was developed, which allowed to obtain kinetic regu-
larities of the heating and melting processes. The developed
simulation of the melt flow in the annular gap, describing the
laminar flow under the action of the pressure drop and the velo-
city of the tank wall relative to the heater made it possible to
calculate the average melt velocity through the gap. As a result
of simulating the flow of melt under the heater, which is direc-
tly related to modeling the flow of melt through the annular
gap, because the melt passes from the disk to the annular gap
as a single continuous flow, the pressure at the entrance to the
annular gap between wall and heater.

Based on the obtained data, an innovative energy-efficient
installation for heating and melting of hydrocarbon mixtures
was created. The plant combines several technological opera-
tions, which allows to intensify the melting process and reduce
energy consumption. As a result of the conducted researches it
was established that the use of the proposed method and in-
stallation allows to reduce energy consumption by 1.2...1.7 ti-
mes in comparison with other methods.
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IHTEHCUO®IKALIA TENJNMOOBMIHHMUX NMPOLIECIB NMPU
TEPMOKOHTAKTHOMY HAIrPIBAHHI TA NMNABJIEHHI
XXWUPIB | OJIA

O. M. Hexabaiiso

Hayionanvnuti ynieepcumem xapuoux mexHonozil
0. €. CrenanoBa, H. b. CuiabHsirina

Incmumym mexniynoi mennoghizuxu HAH Yxpainu

Y emammi nposederno meopemuuni i ekchepumeRmanbHi 00CAi0NCEHHSA NPOYeCie
HazpieanHs ma NAAG/eHHs 8Y21e800HeBUX CyMiutel, maKux AK meepoi Hcupu, oii, 6a-
3eiHu, TAHONIHU MOWO NPU 3ACMOCYBANHI TOKATLHO20 MEPMOKOHMAKINHOZ0 MEMOOY.
Tpaouyitinum i WUPOKO 3aCMOCO8YBAHUM CNOCOOOM NIABIEHHS 8Y21€800HEBUX CYMi-
wietl € ix HA2piBaHHs uepe3 NOBEPXHIO MenI00OMIHY. JlOCniOHceHO 8nauU8 pedcuMHUX
napamempia (memnepamypa Hazpieayd, MucK Ha NOBEPXHIO PeuoBUHU, NOUYAKOBA
memnepamypa 8y2ne800He80i cymiuii) Ha weUoKicms nepebizy npoyecié HacpieaHHs i
NIAGLEHHSL OISl BUSHAYEHHS ONMUMATBHUX NAPAMEmPIE.

Cnoci6 nonsaeae y niosedenHi meniomu 6e3nocepednsbo 00 hpoumy azoeo2o ne-
PEMBOPEHHsL 3a OONOMO2010 OUCK08020 Hazpisaua. CIMEOpeHO eKchnepumMeHmMAalbHUll
CMeHO i po3pOOIEHO MEMOOUKY NPOBEOEHHS OOCTIONCEHD, WO OAI0 3MO2Y OMPUMAMU
KiHemuuHi 3aKOHOMIpHOCI nepebiey npoyecie Hazpieanusa ma niagneHHs. Pospobiene
MOOeN0B8AHHs meyii po3Niagy 6 Kilbye8oMy 3a30pi, W0 ONUCYE NAMIHAPHY meuito nio
dieto nepenady mucky i WEUOKICMIO PyXy CIIHKU EMHOCI 8IOHOCHO Hazpisaya 0aio
3MO2Y PO3PAXy8amu cepeoHio WUBUOKICHb PO3NIAs)y uepe3 3a30p. Y pesyivmami mooe-
J08aHHA meuii po3niagy nio Haspisauem, wo 6e3n0cepeoHbO Nnog sizane 3 Mooemo-
BAHHAM meyii po3niasy uepe3 Kilbyesui 3a30p, 60 po3nias nepexooums i3 OUCK08020
6 Kilbyesull 3a30p AK 00HA Hepo3pUeHa meuis, 010 GUIHAYEHO MUCK HA 6X00i 8
KLTbYesuil 3a30p Midc CIIHKOIO 1 Hazpieayem.

Ha niocmasi ompumanux 0anux cmeopeno iHHO8ayiliHy eHepeoeheKmusHy ycma-
HOGKY OJ151 HAZPIBAHHA Ma NAAGNIEeHHS 8Y2Ne800Hesux cymiutell. B yemanosyi 06’eonarno
O0eKibKa MexXHONI02IUHUX onepayil, wo 0ae 3moay iHmeHcugiKyeamu npoyec niasie-
HHSL Ma 3MEeHWUmy eumpamu enepeii. B pezynomami nposedenux docniodicenv ecma-
HOBJIEHO, W0 BUKOPUCTHANHS 3ANPOROHOBAHO20 CROCOOY MA YCMAHOBKU 0A€ 3M02Y 8
1,2...1,7 paza ckopomumu sumpamu eHepeii NOPIiBHAHO 3 ITHUUMU MEMOOaMU.

Kntouosi cnosa: 8yenesoonesi cymiuii, HazpisanHts, NiasieHHs, IHmerncugikayis,
Menio0OMIiH, MEePMOKOHMAKMHUL cnocio, ¢azosutl nepexio.

IMocTranoBka npodaemu. TermrooOMiHHI TPOIECH MAIOTh BETWKE 3HAUYCHHS JIJIs
3IiiCHEHHS TEXHOJIOTTYHMX ollepaliil y 0araTbox raiy3sx, 30kpeMa y (apManeBTud-
HilA, Xap4oBii 1 HadTOTIEpepOOHil MPOMHUCITOBOCTAX (pHc. 1). Oco0IMBO BEIHKE 3HA-
4YeHHsI npobiieMa iHTeHcudiKalii mepeHocy Teria Mae il CTBOPEHHST BHCOKOEHEPTo-
e(eKTUBHOTO 001 THAHHS.

IMporiecu HarpiBaHHS Ta IUIABJICHHS € TPYIOMICTKHMH i €HEpro3aTpaTHUMH, TOMY
10 HEOOX1THO MEepPEeBECTH PEUYOBHHU a00 CyMilli 3 TBEPJAOrO CTaHy A0 IOCTaTHHO
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IDIMHHOTO, 00 3a0e3MeYnTH iX MoJaibllie TPAaHCIIOPTYBAHHS O HACTYITHHUX CTaIii
BHPOOHUIITBA.

TpaautiiiiHo Ha MANMPUEMCTBAX JJIs HATPiBaHHS Ta IUIABICHHS BYTJICBOTHEBHX CY-
Millleld BUKOPHUCTOBYIOTh PEAKTOPH 3 PI3HUMH KOHCTPYKITISIMH MIIIaJIOK, BAHHU 13
3MiHOBHKaMH, €JIeKTPOTKaHHI HarpiBayi, HarpiBaJibHi KaMEepH TOLIO.

( N\
XapuoBa
(TIaBJICHHS Y KUPOILIABUTEIIAX )
/ s <
Ipouecu 7 dapmarieBTHUHA

, .
HarpiBaHHs Ta (BUI'OTOBIICHHS M’SIKMX JIKapChKUX (opM)

\ <Z
TUTaBJICHHS \ ( )
HadronepepoOHa

(31uBaHHA HAQTONPOIYKTIB 3 UCTEPH)

N
J

[lepepobka nomimepis
(nnaBieHHs NOJIMEPIB B EKCTPYIEPax)
\ J

Puc. 1. I'anysi 3acTocyBaHHs npoueciB HArpiBaHHs i IUIABJICHHS

Taki MeTON € TPUBAIMMH i CHEPrOEMHUMH, CIIOCTEPIraloThCS BENUKI TPaJi€eHTH
TEMIIepaTyp, 0 HAHYaCTilIe MPU3BOIUTE 10 NIEPErPiBY O/HI€T YACTUHN PEUYOBUHU Ta
HemorpiBy iHmoi. KpiM Toro, mpo6iieMaTHIHUM 1 KOHTaMiHAIIHHO HEOS3eUYHUM €
MpolLieC 3aBaHTAKEHHS CyMillleH y KOTJIU Ta MmoJajiblie X BUBaHTaxKeHHsI. [lepeBaxHo
Take 00JIaJHAHHS 3aKYIIOBYETHCS 32 KOPJOHOM, Ha MPHI0AHHS SIKOTO BUTPAYaIOThCS
BeJIMKI KOmTH. BpaxoByroun Bce 1ie, po3poOKa i BIPOBa/XKSHHS BITYM3HIHUX 1HHOBA-
LIHHUX TEXHOJIOTiH Ta 00 JHAHHS JUTS 3/IICHEHHS MTPOIIECIB HArPiBaHHS Ta ITJIaBJe-
HHsI ByTJICBOJTHEBUX CYMIIIIEH € aKTyalTbHUM 3aBJaHHSIM.

MeTo10 cTaTTi € BCTAaHOBJICHHS TETIO(i3MYHOro OOIpyHTYBaHHS KiHETHYHHX
3aKOHOMIpHOCTEH 1mepediry mporeciB TePMOKOHTAKTHOTO HArpiBaHH Ta IUIABICHHS
BYIJICBOJIHEBHX CYMIIIICH, IHTEHCU(IKAIIiS TEIIIO0OMIHY 1 po3poOKa eHepro3oepiraro-
401 TEXHOJIOT1i Ta 00JIaTHAHHS.

Martepianu i metoau. OHIM 3 HANTTOIIUPEHIITIX TPOIIECIB Y XapUuoBiH, Gapma-
LEBTUYHIH, TepepoOHil, XIMiYHIH Ta IHIIUX TaTy3siX IPOMHCIOBOCTI € MPOIIEC HArPiBy
1 TUTaBIIEHHS BUCOKOB’ SI3KMX PEYOBHH 3 HU3HKUM KOE(IIliEeHTOM TEIUIONPOBITHOCTI,
TaKWX K XKHUPIB 1 0Jii Tomo. BinbuiicTs oiif 1 KHUPiB € TepMOoNIa0iTbHUMH PEUOBHU-
Hamu. BoHM HE BUTPUMYIOTh BUCOKUX TEMIIEpaTyp i TpuBajioro HarpiBanss. Kinerrka
MpOIIeCy HArpiBaHHS Ta IUIABJICHHS 3aJI)KHUTh HE TUTHKH BiJl BIACTUBOCTEH PEUOBHHH,
a ¥ Bijl 3aCTOCOBYBaHOTO MeTO/y IuiaBjieHHsI. CTPYKTYpHi i MOp(OJIOTiuHI 3MIHU pe-
YOBWH, SKi BiZIOYBAOTHCS TIPH IIUX MPOIECaX, MAlOTh BETUKE 3HAYCHHS, TOMY IO BU3-
HAYarOTh SAKICTh KiHIIEBOTO MPOIYKTY. Bee 11e 00yMOBITIOE pi3HI BUMOTH JI0 TIPOIIECY
TUIABJICHHS] KOYKHOI PEYOBHHH, a OTXKE, 0 PEKUMY HOTO TPOBEICHHSI, i BUMArae po3-
poOxu BigmnosinHoro obmagHanHsa (O6omoBuy, 2021).

Bumorn 1o obnagHaHHS AJsL HATPiBY Ta TUIABJICHHS BUCOKOB’SI3KUX PEYOBHH 3
HU3BKUM KOE(DiIliEeHTOM TETIONPOBITHOCTI BU3HAYAIOTHCS HE TUTBKH TAKHMH 3araib-
HUMH BUMOTaMH, SIK eKOHOMIYHICTh, MPOCTOTA, 3pYUHICTh OOCITyrOBYBaHHS, a U Crie-
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IU(IYHUMH BUMOT'aMH, SIKI € BU3HAYaJIbHUMU, — 30€pEKEHHs OYaTKOBUX BJIACTHU-
BOCTEH IIPOIYKTY: 30BHINIHHOTO BUTIISAY, KOIBOPY, CMaKy, 3araxy, 010XiMi9HHX Ta
Xap4OBHX BIaCTUBOCTEH, 30UTbIICHHS TEPMiHY 30epiranHs, 3a0e3me4eHHs BiAmoBiI-
HUX OaKTepiaIbHUX HOPM.

Otxe, OCHOBHI MapaMeTpH TEIUIOBOTO BILUTMBY Ha PEUOBHHY, B TOMY YHCII 1 TpU-
BJIICTh, HE MOXXYTb OyTH 00paHi ZOBUIHHO, a TOBUHHI BCTAHOBIIIOBATUCS AJIsI KOYKHOT
KOHKPETHOI peYOBHHHU Ha OCHOBI JTOCIIKEHH IPOIIECIB TEIUIOMACOOOMIHY, SIKI Bifl-
OyBalOThbCs B IPOLIECT HATPIBAHHS Ta TUIABJICHHSL.

ByrieBonHi, Taki sk TBepai )KUpH, OJIisl, Ba3ediH, mapadiH, 1iepe3nH, BicK, HadQTO-
MPOIYKTH TOILO, a TAKOXK PI3HOTO THITY MOJIMEpHI MaTepiali Ta OKpeMi BHIH Xap-
YOBHX MPOAYKTIB € CKJIATHIMH CYMIIlIaMH TBEPAUX, PIAKHUX Ta MiBPiIKMUX BYTJICBOAHIB
13 pi3HOIO MOJIEKYIISIPHOIO MacOI0 1 TOMy He Ma€ BH3HAYEHOI TeMIIepaTypH Mepexoy 3
OJTHOTO arperaTHOro CTaHy B iHIIHH. Y Ci 1l pEYOBHHH € HEHbIOTOHIBCHKIMH PiINHAMH
1 XapaKkTepu3yIOThCs CHIIBHOIO 3aJIeKHICTIO B’s3KocTi Big Temmeparypu (Hendrik,
Romp., 1937; Jly3ru# Ta iH., 2018; ['padoB 1a in., 2010). Brums Temneparypu Ha peo-
JIOT1YHI MOKA3HUKU Ta Ha arperaTHUH CTaH TaKUX MPOAYKTIB BiAIrpae BaXKINUBY POIIb
IpH X TPAHCTIOPTYBaHHI Ta EKCIUTyaTallil, o poOUThH MPOMHUCIIOBI TIPOIIECH HarpiBa-
HHSI T TUIABJICHHS 3aHa/ITO TPYIOMICTKMMH Ta eHeproBuTpatHuMu (Atume Emmanuel
Terhemen, 2020).

Ha mignpremcTBax i1t HarpiBaHHS Ta TUIABJICHHS BYTJICBOHEBUX CyMIilllel 3aCTO-
COBYIOTh TEIJIOOOMIHHI armapaTty MMepiouyHoi Jii 3 Milmankamu. [lepenaya TeroTu B
IIUX araparax 3IiHCHIOETHCS B HECTALIOHAPHOMY PEKHMI 3 BEJMKUM IIEPETIajoM TeM-
reparyp, 1o MPU3BOIUTH 10 HeOakaHWX 3MiH BJIACTUBOCTEH KIHIIEBOTO MPOIYKTY i
camux pedoBuH. [Ipu poOoTi Ha TakoMy 00IaTHAHHI HEMOXKIIHBO TOMOTTHCS PiBHO-
MIpHOTO TIPOTPiBaHHS BCi€l MACH PEYOBHHH, a OTXKE, 1 SIKICHOT TETIIOBOI 0OPOOKH.

TpanuiiiiiHa TEXHOJIOTiSI BUTOTOBIICHHS JKUPIB CKIIAJIAEThCS 3 TAKUX CTaIii: mij-
TOTOBKa OCHOBH, ITII'OTOBKA BOJHO-MOJIOUHOT (pa3u, BBECHHS iX B OCHOBY Ta OTpPH-
MaHHS TOTOBOT TIPOJTYKIIii.

Ha craaii miaAroToBKM OCHOBH 3/IHCHIOIOTHCS TIPOLIECH HATPIBAHHS Ta TUIABICHHS.
BoHna ckitaaetses 3 Takux erarmiB (pHC. 2): TpaHCTIOPTYBAHHS 31 CKIIA/Ty B Tapi 3aBOILY-
BUPOOHWKA, 3aBAHTA)KCHHS B TIPUCTPIiil /IS TD1aBIICHHS, [IPOLIEC TUIABJICHHS, BUBAHTA-
YKEHHSI 3 IPUCTPOIO, T03YBAHHSI, TPAHCIIOPTYBAHHS PiIKOi pEYOBHHHU.

Tpancnopry-
P Py 3aBaHTa-
BaHHs
. JKEHHS B Busanraxen- Tpancnoprty-
31 CKIany B . Ipouec Jo3y- S
. TIPUCTPIN HSl PEYOBUHH 3 BaHHs P1IKO1
Tapi 3aBoy TUIABJICHHS BaHHs
Tt MPUCTPOIO PEYOBHHU
BUTOTOBJIIO-
IJTaBJICHHS
Baya

Puc. 2. Tpaguuiiina TexHo10riyHa cxeMa HarpiBaHHsl Ta IUIABJIEHHS HA cTalii MiATOTOBKHU
BYIJ1eBOJHEBOI OCHOBH

B InctuTyTi TexHiuHOT Temnodi3uku po3poOsICHO TEXHOJOTIIO i YCTaHOBKY TpH-
CKOpPEHOT'0 HarpiBaHHs Ta IUIABJICHHS BYTJICBOTHEBHX CYMIIIEH 3 HU3BKUM KoeiITi-
€HTOM TEIUIONPOBITHOCTI 32 paXyHOK KOHTAKTHOT'O Ta KOHBEKTHBHOTO TIEPEHOCY TeIIa,
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110 1a€ 3MOTI'Y IHTCHCH(IKYBaTH MPOLIEC 1 IPU3BOAUTD 10 3MEHIIICHHS CHEPrOBUTPAT
3aBJIIKH [TO€THAHHIO TIPOIIECIB 3aBAHTAKCHHS, TUTABJICHHS, JO3YBaHHS, BUBAHTAKCHHS
1 TpaHCTIOPTYBaHHS PO3IUIABIEHOI pEYOBHHH B OJHOMY TEXHOJIOTIYHOMY LIMKJIi (puc. 3).

YcraHoBKa mis TCPMOKOHTAKTHOI'O HarpiBaHH}I Ta IJIABJICHHA

|
|

|

|

Tpancnopry- B :
BaHHJ 31 S Tpancriop-

. 3aBauTa- Iporec HKCHHA 3 TyBaHHs :

CKJIajy B Tapl JKEHHS B POt npuctpoto | Ho3ysauns L '
3aBOTy- o TUIABJIEHHS p1aKol !
OPUCTPIN IJIA pCYOBUHHU €YOBHHU |

BHTOTOBJIIO- IUIaBIICHHS P |
BaJa :

|

Puc. 3. TexHosoriuna cxema nNpucKOpPeHOro HArpiBaHHS Ta MJIABJEHHS BYIJeBOIHEBUX
cymilneii

CtBopeno excniepumenTainbHul creHy (I'padboB Ta iH., 2005; JomiHChKHH Ta iH.,
2011) nanst BU3HAYEHHS PaIlioHATIBFHOT KOHCTPYKIIii YCTAHOBKH Ta ONTUMAJIBHUAX PEXKH-
MiB ii po6oT (puc. 4). CTeH] CKIIaIa€eThCs 3 TAKUX SJIEMEHTIB: EMHICTb JUIS IOCHIIKY -
BaHOI BYIJIEBOAHEBOI OCHOBU |, IMCKOBHI HarpiBau 2, ruatdopMa s AOAATKOBOT
HaBaXKU 4, MyJIbT KepyBaHHA 3.

Crioci0 1utaBieHHsI TBEPAOI BYTIICBOIHEBOI CYMIIIIl MOJISTAE Y MiABEACHH] TETUIOTH
6e3mocepeHbo A0 (PppoHTY (pa3oBOro MEpEeTBOPEHHS 32 TOTIOMOTO0 AUCKOBOTO HArpi-
Baya, KW KOHTaKTYE i3 30BHIITHBOIO TPAHUIICIO HEPO3IUIABICHOI PEYOBHHH, 11O IO~
CTYIOBO MEPEMIIILYy€EThCS B HIH ITiJT JI€I0 CHITH TSOKIHHS Ta IEPETiKaHHs PO3ILIABICHOT
CyMiIIi gepe3 3a30pH Mi>k OOKOBHMH MTOBEPXHAMH HarpiBada Ta CTIHKOIO eMHOCTI. [Tpn
IBOMY TEMIEepaTypa AUCKOBOTO HarpiBaya B 30HI KOHTAKTYy 3 PEYOBUHOIO MiATPHMY-
€THCS HIDKYOIO 32 TEMITepaTypy il JecTpyKIii. B ToBMIi po3ruiaBy migTpiuMaHHs TeMIIe-
paTypu IJIaBIeHHS BiI0OYBAETHCS 32 paXyHOK KOHBEKTHBHOI TeTIonepeiadi Bi BepX-
HBOI IOBEPXHI HarpiBaya.

—— Scientific Works of NUFT 2021. Volume 27, Issue 5 ——— 71



MEXAHIYHA TA EJIEKTPHYHA IH’KEHEPIA
P A

Puc. 4. 3aranpHuii BUTJIAI CTEH/1A /IS €KCIePUMEHTAJIBLHOIO 0CTi/IKeHHS poneciB
HArpiBaHH{ Ta IUIABJEHHS BYIJIEBOIHEBHX CyMillleii: | — €MHICTh 3 pEUOBHHOIO;
2 — eneKTpUYHU HarpiBay; 3 — MyNbT KepyBaHHs; 4 — mu1aTdopMa A J0JaTKOBOI HaBaXKU;
5 — ananoroBo-un(poBHii epeTBoproBay; 6 — nepcoHanbHuit komm torep; AT1... IT4 —
TepMoIapu

JList mpoBeaeHHs! JOCTIHKEHb Ha EKCIIEPUMEHTANLHOMY CTEH/Il €EMHICTB 3aIlOBHIO-
€TBCS TOCITIKYBAHOIO BYTJICBOIHEBOIO CyMilo. Ha moBepXxHIO peYOBHHH OMyCKa-
€ThCS TUCKOBUH HarpiBady. SIKIIo 3a mporpaMoro TOCIiKeHHS Iepe10adaeTbess Heoo-
X1IHICTB JOJATKOBOI'O MiABUIICHHS TUCKY HA IOBEPXHIO PEUOBHHH, HA TUIATPOPMY
BCTAHOBJIOETBCS JOJATKOBA HaBa)kka. Ha enekTpuuHy cripais HarpiBada MoAaeThest
HEeoOXiJIHA EIEKTPUYHA HAIpyTa JUTs 3a0e3MeueHHs 3a/IaHol MiJIBEeJICHOT MOTYKHOCTI.
[1ix yac mpoBeeHHS AOCTIHKEHHS 3a TOTIOMOT 010 KOMIT I0Tepa 3allUCyI0ThCs T0Ka3a-
HHS TEPMOIIap Ta PEECTPYETHCS MBHUAKICTh 3aHyPEHHS HarpiBaya y pedoBHHY, 110 J10C-
JDKY€ETBCS.

Ha crenai anst ekciepuMeHTansHOTO JOCIIDKEHHS IPOLIECiB HarpiBaHHS Ta IUIaB-
JICHHSI BYTJICBOJHCBHX CyMiIllel JOCTPKEHO BILTUB TEIDIO(iI3HIHUX MapaMeTpiB (TeM-
nepaTypa Harpisaya, THCK Ha IOBEPXHIO PEYOBHHH, [IOYATKOBA TEMIIEPATypa ByTie-
BOJHEBO{ CyMillli) Ha IBUIKICTH nepe61ry MPOLIECIB HArPiBaHHS 1 IUIABICHHS IS
BU3HAUCHHS ONTHUMAJIBHHUX IapaMeTpiB.

[Ipouecu HarpiBaHHS Ta IUIABJICHHS MO>KHA PO3IUIMTH Ha 4 etanu (puc. 5).

“—

Puc. 5. ETanu npouecy ILIaBJIeHHS Ba3esliHy HA eKCIIePHMEHTAILHOMY CTeHai: 1 —
MOYATOK TUIABJICHHS Ta MEPEXiJl PO3ILIaBy Yepe3 KUIbIEBHI 3a30p MiK HarpiBaueM Ta CTIHKOIO
€MHOCTI; 2, 3 — mpolec Iu1aBieHHs (MepeTikaHHs PO3ILIaBy Yepe3 3a30p Ha BEPXHIO IIOBEPXHIO
HarpiBaua); 4 — rnepeTBOpEHHs TBEP0i Ba3u y piKy
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Pe3ynbTaTu i 00roBopeHHs. 3aBIaHHAM TOCTIKEHDb Ha CTCH/L IS TIPOBEICHHS
TIPOIIECIB HArPiBaHHS Ta IUIABJICHHS OYJI0 3HAXOKEHHS ONTUMATLHUX MTapaMeTpiB iX
nepediry IIIIXoM 3MiHM TEMIIepaTypH HarpiBaya Ta BEIMYMHU THCKY Ha IMTOBEPXHIO
PEUOBHHMU.

OTprMaHO 3aJIeKHICTE ITBUAKOCTI TUTABJICHHS Ba3eIIiHy BiJ THCKY Ha HOTO TTOBEPX-
HIO TIPY PI3HUX TeMIIepaTypax HarpiBada (puc. 6). SIk BUIHO 3 pUCYHKA, 32 PaXyHOK
ITiIBUITICHHS THCKY Ha TIOBEPXHIO PEUYOBMHH Ta TEMIIEpaTypH HarpiBadya MOXKHA JJOMOT-
THUCS IHTeHCH(DIKaIIIT TpoIiecy.

0,044 -

0,04
0,036
0,032
0,028
0,024

0,02

0,016
0,012
0,008

0,004 T T T T T T T 1
0,8 1 1,2 1,4 1,6 1,8 2 2,2
Tuck Ha peyoBuny, klla

IIBuAKICTH IUIABIEHHS, KI/XB

Puc. 6. 3ayexxHicTh IIBUAKOCTI IJIABJIeHHS Ba3eJdiHy Bil TUCKY HA {i0ro NoOBepXHIO IpH
pizHux TeMnepatypax HarpiBaua: 1 — 7= 60°C; 2 — T'=70°C;
3—T=80°C;4—T=90°C;5—T=100°C; 6 — T=110°C; 7— T'=120°C;

8§ —T=130°C

[IpoBeneHO mocmimKeHHS i OTPUMAaHO 3aJIeXKHICTh TEMIIEpaTypy pO3ILIaBy IiJ] Ha-
rpiBaueM 3 ypaxyBaHHSIM TEMIIEpaTypH HarpiBada py Pi3HUX 3HAYEHHSIX TUCKY (pHC. 7).
Bxpaii BayumBo, o0 pedoBHHA ITiJT HarpiBa4eM BCTUTAIA PO3IUIABIISTHCE 1 YTBOPIO-
BaJIach IUIiBKa PO3IUIABIICHOI PEYOBHHU. SIKIIO HArpiBad Oyne BUIABIIOBATH PEUOBHU-
Hy, BOHa HE BCTHUraTHMeE JI0 KiHIS PO3IUIaBUTHCH abo Oyze meperpiBaTuch. 3 ypa-
XYBaHHSM TOT'O, III0 TEMITEpaTypa IUIABICHHS Ba3eyliHy JICKUTh B iHTEpBaJIi Big 37 1O
55°C, Oy1o BH3HAYEHO ONTHMAIIBHY 00JaCTh TEMIEPATYp 1 PeXKUMHI MapaMeTpH, He-
00XiJHi 1A TOro, 1100 BYIJIEBOJHEBA CYMILI MiJ] HArpiBaueM BCTHUIaJa PO3ILIaBIIs-
THUCh, aJic HE MePerpiBaIach.

Jlist migTpUMaHHs TEMITepaTypH IDIaBIICHHS BaseliHy B iHTepBayi Bix 37 1o 55°C i3
3aCTOCYBaHHAM HarpiBada, HarpiToro 10 90—100°C, 1ocTaTHHO BCTAHOBHUTH BEITHYH-
Hy Tucky Big 0,8 mo 1,7 klla.
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Temnepatypa posruiaBy mij HarpiBauem, °C

90 95 100 105 110 115 120 125 130 135

Temnepatypa Harpisaua, °C

Puc. 7. 3mina TemnepaTypu po3ILIaBy Ba3eJliHy il HarpiBayeMm 3aJiesKHO Bij
TeMIlepaTypH HArpiBaya NpHU pi3HUX THCKAX HA NOBepPXHIO peyoBunn: 1 — P = 0,8 kIla;
2—P=1klla;3—P=14«xlla;4 —P=1,7«lla; 5— P=2klla

ExcniepumeHTabHi JOCIIHKEHHS MPOLIECiB HArpiBaHHSI Ta IJIABJICHHSI BYTJICBOAHIB
TIPOBOIMIIFICS Ha JTA00OPaTOPHOMY CTEH]I, CXeMAaTHIHO IPEACTaBICHOMY Ha puc. 8. J{ist
aHaNi3y pe3yNbTaTiB EKCIIEPUMEHTY CTBOPEHO MaTeMaTHIHY MOJIEIb, SIKa OTIIHCYE OCO-
OJMBOCTI TiAPOIMHAMIKH, TETUIO- T MACOOOMIHY B MpOLIeCi HAarpiBaHH: Ta IUIABJICHHSL.

Marematndaa MOJeNTb 0a3yeTHCS Ha TAKUX TPUITYIIICHHSX : CTAIllOHAPHICTH MTPOIIe-
Cy HarpiBaHHS Ta IUIABJICHHS; PO3IUIaB — B’s3Ka HECTHUCIIMBA HBIOTOHIBCHKA 200 He-
HBIOTOHIBCBKA PIMHA; TEINIO(MI3WYHI BIACTHBOCTI PO3IUIABY IMOCTIHHI; pPyX pO3IUIaBy

B 3a30pax — JyaMiHapHuil (Re < 1); Ha cTiHKax BiACyTHE mpocim3anas (O0omoBHd,
2021).

__I__ pﬂ
._“__ T P, W"T
1 EL, T Vh
I !
v Yz —— &DD — P
e —————ee —— . ———— .
9z
T
2 [ P

Puc. 8. Cxema 10 Moaei npoieciB HarpiBaHHs Ta MJIaBJEHHS 3 MPUMYCOBMM BUIAJIEHHS
po3miaaBy: [ — nositpst; Il — po3mnnas Hax HarpiBadem; IIl — HarpiBaHHS Ta IOMJIABICHHS Y
Kisb1ieBoMY 3a30pi; IV — HarpiBaHHs 1 IJ1aBlIeHHS B IMCKOBOMY 3a30pi; V — TBep/a peuoBHHA
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Monens npecTaBieHa 0a30BUMHI PIBHAHHSAMHA TEIUIOTIPOBITHOCTI, HEPO3PUBHOCTI
Ta 30epekeHHs KUTBKOCTI pyxy (1)—(5).
PiBHsiHHS TeruTonmpoBigHOCTI B ocboBOMY (1) Ta B pagianbHOMY Harpsmi (2)

2
T
2T w0 n
pC e 0z
2
T
A 222 =0. 2)
PiBHSIHHS HEpO3PHUBHOCTI:
G, =pSv=const. (3)
PiBHSHHS 30€pekKeHHS KUTBKOCTI PyXY:
dv, dp d*v.
v Z—Z‘FH(T)W*'P& “4)
PiBHSHHS HarpiBaHHs Ta TIABJICHHS PCUYOBUHU:
d\mCT) ¢4
= % dm Lmelt (5)

I3 3acTocyBaHHsIM MX 0a30BUX PIiBHSHD PO3IIIAAAETHCS TEUis pO3ILUIABY B KilbIe-
BOMY 3a30pi IiJ Ji€f0 Iepernany THCKY 1 pyXy CTIHKHA Ta B JUCKOBOMY 3a30pi i
HarpiBayeM.

B’s3ka pimpHa Teue y By3bKOMY KUTBIIEBOMY KaHaIi MK JBOMA CITIBBICHUMH ITH-
JHApaMU Mij Ai€r0 Tepenaay TUCKY Ha KiHISIX KaHaTy 3 ypaXyBaHHSIM CHJIH TSOKiHHSL
B nipuitHATIN cHCTEMI KOOPMHAT CTIHKA 30BHINIHBOTO MUIIH/PA PYXAETHCS 31 MIBUJI-
KICTIO HarpiBadya w,, B HAIPSAMKY NPOTUIIEKHOMY I'DaJi€HTY THCKY, a BHYTPIIIHIN
tiHzp (Harpisay) € HepyxomuM (puc. 9, a). 3aj1a4a nonirae y BUSHa4CHHI pOBHO):[lJ'IlB
HATPY)KCHHS 3CYBY i IIBUIKOCTI MOTOKY IO IIMPHHI 3a30py, @ TAKOXK CEPEeIHBO]
LIBUAKOCTI MOTOKY.

e
Poznnae
W, easesniny
P. .
W, b
[ - ;
wl|—r 1
G
21 AP H |
5 |
© Harpisau .
E |
5 : -
z | |
P"__ y . |
r Q0 ' |
W, Teepdul I
b ° easesin '

Puc. 9. Cxema Teuii po3niiaBy B KiJibLieBOMY 3a30pi (a) Ta pO3MOALT IUBHAKOCTI V, (8)

i 3cyBHHMX HaNpyXeHb T, (6) no wupuHi 3a3opy (0)
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Mopenp onucye 1aMiHapHy Tedilo B 3a30pi MiJ JI€I0 Iepenany THCKY p, — p,, a
TaKOX ITiJI €0 PyXy CTIHKH €MHOCTI BITHOCHO HAarpiBaya i3 IBHUAKICTIO W .

JList BupimieHHs 3a1a4i Tpeba BU3HAYATH PO3TIOAUT HAITPY>KEHHS THCKY TIO0 IIAPHHI
3a30py dt,, /dr . B 3amadax Tedii pilyHu B MIUTHAPUYHIX TPYOax i KITbLIEBUX 3a30pax
PIBHSHHS PYXY 3aIUCYETHCS Y BUTIISIL

d(l”Crz)__d_p:pl—pz‘ (6)

dr dz H
3aeXHiCTh HANPY>KEHHS THCKY Bifl pajiiycy 3aBIu mpsiMa JiiHis (puc. 9, 6), a Tomy

noxinHa dt,_ /dr € nocriiiHoto, ane HeBiTOMO0 BemdrHO0. CrucTeMa piBHSHB Tedii B

TpyOax abo 3a30pax Ma€ BKIIIOYATH PIBHSHHS B’SI3KOCTI JJISI HBIOTOHIBCHKOI ab0 He-
HBIOTOHIBCHKOI pifguHU (7), AKE TIPH 3a/1aHii B S3KOCTI |1 TTOB’SA3y€ HANIPY>KEHHS 3CYyBY

t,. Ha Oyab-sKili BifcTani 7 i3 mBHAKiCTIO MOTOKY v_ (7) B Wil Touui (puc. 9, 6).
J171s1 HBIOTOHIBCHKOT PiANHY PiBHAHHS B SI3KOCTI Ma€ BUTIISAL;

dv
= —u—= 7
Hampy>keHHs 3CyBY BU3HAYAETHCS 3 PIBHSHHS:
Ap
T (r)=——(r-r). 8
rz ( ) H ( 0 ) ( )

h
Y pisusnni (8) ams T, = f(r) MicTHThCs HeBinoMuit mapametp 7, (puc. 9, 6), Bu3-
HAYCHHS SKOT0 HeOOXiTHO TSl BUPIIICHHS i€l 3a/1a4i.
Iarerpyroun piBastHES (7) 3 ypaxyBaHuaM (8), ogepskumo piBHSHHA (9, a, 0) ams
LIBUIKOCTI IOTOKY B OyIb-sIKiil TOULi 7 3a30py, SIKi TAKOK MICTATh HEBU3HAUCHUIH
napameTp 7, :

2
v.(r)= ;,LAI-llyh (ror—%j npu r <7 ; (9a)
22
vz(r)=Wo—MA:h'(ro(8—r)—STrj npn 7, <r<8. (96)

PiBnsnns (9a) onucye niBy rinky napadonu (31iBa Bifl 7, ), a piBHAHHA (96) — npaBy
riky (puc. 7, 6). O6uasa 11i piBHAHHS MICTATh HEBIIOMUII TapaMeTp 7, . 3pO3yMiJo,
110 B TOYIll 7 =7, 3HAYEHHs MIBUAKOCTI 3 PiBHAHB (9a) 1 (90) OyayTh OHAKOBUMHU.
ToMy npHUpIBHIOIOYM NIBUIKOCTI B 000X PIBHAHHAX 3HAXOIMMO 7, 1 JaJli pO3B’A3yEMO
3ajaqy:

S5, NH
=—d 4 . 10
=5 Ap-§, o (19)
Po3paxoByeMO cepeIHIO MIBHUIKICTH PO3IIABY B 3a30Pi:

\7=vd=w0(8_ro)+(pl_pz){i—(ﬁ—ro)-ro] (11)

V4
) M, 3
V piBHAHHAX 1Li€] MOJIET] HEBU3HAYEHUM 3IMINAIOTECS TUCK P, Ha BXOJI B 3330,
BIJIHOCHI HIBUJIKICTB PYXy CTIHKH W, 1 B’SI3KICTb PO3ILIaBY Ll .
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JL1st 3HaXOHKEHHS ITUX BEJTMYMH MOJIENb KUTBIIEBOTO 3a30py Tpeba 3B’ S3aTH 3 MO-
JIEIDTIO Tedii IMij HarpiBadeM 1 3 MOJICIDIIO TUTABJICHHS, SIKi 1 CKJIaIaloTh 3arajibHy MO-
JIeTTh arapara.

MonemroBaHHS Tedii PO3IUIaBY B TUCKOBOMY 3a3opi (puc. 10, a) oB’s13aHe 3 Moje-
JIIOBAHHSM Teuil po3ILIaBy JUTS KUTBIIEBOTO 3a30py, 00 po3IuiaB Oe3mocepeHbo mnepe-
XOJIUTh 13 IMCKOBOI'O B KJIbIIEBUH 3230 SIK 0/THa Hepo3prBHa Tedist. Lle HeoOXiTHO 1y1st
BU3HAUCHHS HEBIJIOMOT'O THCKY p),, 0€3 SIKOr0 HEMOIIMBO OyJIO PO3IVIIIATH Il Tedii.

3aranpHe MepeMillieHHsT pO3IUIaBy B arapaTi BiZOyBa€eThCs BHACHTIIOK il BiIOMOTO
THCKY 3 OOKY HarpiBaua Ha BXO[i i aTMOC(EepHOro TUCKY Ha BUXOII.

Harpisay

R —»

M xir T

[ [T g —

'[P R R
T 1+ 1 1

Wo Wg w, W, W

Teepgwi easeniH

a 0

Puc. 10. Cxema Teuii po3n/iaBy B AMCKOBOMY 3a30pi A HarpiBayem (a) Ta cxema po30UTTs
JUCKOBOI0 3230Py Ha eJleMeHTapHi 30HH (0)

3ammcyeThbes cTalioHapHe PIBHSHHS PyXy PO3IUIaBy B AUCKOBOMY 3a30pi IMiJ HATPi-
BaueM y BUIVISI piBHAHHA bepHyiut 1y cranioHapHux notokis. [lupuna 3a3opy §,,
npuiiMaeThes nocTiitHoto. Lle BiacTaHb Mixk HIDKHBOIO TOBEPXHEIO HarpiBaya i oBepX-
HEIO TBEPAOTO Ba3elliHy, TOMY BBXKAETHCS, 10 PO3ILUIAB BUTIKAE 13-T11/1 3230y B HANIPsI-
Mi 7 MDK ABOMa TBEpAUMHU NOBepXHAMHU. [Ipu BUTiKaHHI po3ILIaBy i3 3a30py O, Ha
Horo MicIe 3 MOBEPXHi TBEPAOTO Ba3eliHy HaJXOAUTh HOBA MOPLs PO3ILIABICHO Ba-
3€NiHy 13 MIBUJAKICTIO W,, TOOTO 3 IOCTIHOIO MIBUAKICTIO OIyCKAaHHs Harpiaya.
3rigHO 3 PIBHSHHSIM HEPO3PUBHOCTI KUTBKICTh Ba3elliHy, 10 HAXXOAWUTH Y 3a30p B OJTU-
HUITIO Yacy, JOPIBHIOE KiJTBKOCTI Ba3elliHy, sika BUXOAMTSH i3 3a30py. BpaxoByeThcs
TaKOK BTPATa HAIlOpy B TeUil B 3a30pi BHACITIZIOK TEPTS HA BEPXHIH Ta HIKHIN OBEPX-
Hi 3a30py.

PiBHsIHHS pyXy Tedii Ha JUITHIN MK » Ta 7+ dr (puc. 10, 6):

2
p@+p(r)=p%+dr)+p(r+dr)+dWﬂ. (12)
Burpara eHeprii Ha B’s13ke TepTs Ha ITiH JUTSTHIT:
v(r) ds, W,r

dW, =u——= =u——dr. 13
»=H 8 dS, H 28} (13)
[IBuaKicTs Teuii B 3a30pi:
W,
=0 14
V)= (14)
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3 ypaxyBanusam (13) Ta (14) piBHSIHHS pyXy Ma€ BUTJISII:

2
Ip wy - mr-dr W,
———dr=p- + dr. 15
e r p 482 M263 r ( )

m m

[Tics inTerpyBaHHsS B MeXax Bix 10 0 10 » OJEPKUMO:

2 2 2 2
W, - Ttr W, r /N4 TPW,
0 n o W po+ pQ

T = 16
T T TS (10
[MincraBnsroun B (15) » = R, , 3HaX0AUMO TUCK p, Ha BUXOJI 3-IiJ] HarpiBaya:
2 2 2 2
W, - TR, Wy R; W,R [ mpw,
=Py—P- - =Py~ + 17
T TN ST B

[TpuiiMaeThes, 0 B LIEHTP1 AUCKOBOro 3a30py (7 =0) Ha po3IIaB i€ THCK p,
(Bara HarpiBaua), a Ha BUXOJIi — HEBLIOMUM THCK p, < p,. Tediss Moxe BinOyBaTucs
JMILE NIPH Nepenaji TuCKY Ap = p, — p,. Alle THCK p, — IIe TUCK Ha BXO/Ii B KiJIb-

LEBHH 3a30p MK CTIHKOIO €EMHOCTI 1 HarpiBayeM, sIKMid IPUCYTHIN y pIBHAHHAX MOJEN1
JUTSL KUTBIIEBOTO 3a30py. B pesynbraTi BUpIMIEHHS PiBHSAHL TE€Uil B IUCKOBOMY 3a30pi
(12)—(17) 3 octannbporo piBHsHHA (17) OCTaTOYHO BU3HAYAEMO TUCK p, , IKHIA BXO-

JIUTh y CUCTEMY PiBHSHb MOJEIII.

ExcriepuMeHTabHI Ta TEOPETHYHI TOCIIIPKEHHS AT 3MOTY PO3pOOUTH Ta BUTOTO-
BUTH ycTaHOBKY «Tepmobat-M» (puc. 11), B sKil 3CTOCOBaHO CHOCIO TEPMOKOHTAKT-
HOT'O HarpiBaHHS Ta IUIABJICHHS BYIJIEBOAHEBHUX CyMillel. Y CTaHOBKA AJIS IUIABJICHHS
pedoBHH «TepMobaT-M» CKIagaeThesl 3 TAKKUX BY3JIiB: KOPITYC | 3 BAHTaXKOMIAHOMHAM
MEXaHi3MOM 1 ymopoMm 5 AJisl HeHTPYBaHHS OOYKH 3 TIPOJYKTOM; IIUT YIPaBIiHHS 2;
eJIeKTpOHArpiBATGHI amapar 8.

VY xopryci | BcTaHOBIIGHUH BAHTKOMIJHOMHHN MEXaHI3M VISl T THOMY Ta OITyCcKa-
HHS €IeKTPOHArpiBATFHOTO amapara .

BanTaxkonmigifoMHuii MeXaHi3M MICTHTh JIEOIIKY 3 pYUKolo 4 i mepeMuKademMm
migfomy/omyckanHs 3 1 TpocoMm, 3’€JHAHUX depe3 OJOKH 3 HUKHBOIO KapeTKO0, HaJl
SIKOIO PO3TaIllOBaHa BepXHs Kaperka. KapeTku mepeMilnaroTeesi Mo HanpsMHuX. Ha
BEpPXHill KapeTIli 3aKpilUIeHni HarpiBaJbHUIA anapar 8.

HarpiBanpHuii amapat 8 nmpr3HadeHwi 15l HArpiBy TEPMOKOHTAKTHOTO HarpiBayda 6
1 IJTaBJICHHS PEYOBHHY, a TAKOXK BiIOOPY PO3IUIABY i3 30HU KOHTaKTY. TepMOKOHTAKT-
HUI HarpiBad 6 amapara 8 3aHYPIOETHCSI B pEUOBHHY MM ii IJIaBICHHI Ha 3aJaHy TJId-
6uny. Temneparypa Ha MOBEpXHi PO3ILIABY MiITPUMYETHCS BHIIE TEMIIEPATYpPH IIJIaB-
JICHHsI PEYOBHHH 32 PaXyHOK KOHBEKTUBHUX TIOTOKIB B PO3ILIABI.

HarpiBansawmii anapat 8 (puc. 11) MicTHTB: eNeKTpUYHIA TPOTOYHMMA KoTel 13 3
TpyOUYacCTUM eNIeKTPOHArpiBa4eM, pO3IMUPIOBATEHUM 0aukoM 11 1 mUpKyIsIiitHM Ha-
cocoM 15; TepMOKOHTAaKTHHI HarpiBad 6, BUKOHAHUH y BUIIIAI TETNTOOOMiHHHKA,
3’€IHAHOTO ABOMA HapalieIbHUMH TpyOaMu 7 3 €JIeKTPUYHUM KoTiIoM 13; kpuiika
YCTAaHOBKH, aJIaToBaHa 10 OOYKU 3 MPOAYKTOM 1 Ma€ MOXKIIUBICTD TIEPEMIIIATHCD
Y310BK Tpy0 7 mizBeleHHS 1 BiABEICHHS TEIUIOHOCIS; HpO):[yKTOBI/II/I Hacoc 14 nns
Bl,I[BO,I[y pO3IIaBy, PH LILOMY BHXi/IHa Tpy0a BUKOHAaHA y BUIJIAl THYYKOI'O LIJIAHTa
3aKpIMLUIIOEThCS Ha mrynep. [IpoaykToBuii Hacoc Mae pesxuM peepcy. Hacoc Bin-
nosinae BumoraMm GMP 1 mae ipogykTuBHicTb ipH 750 00/XB — 23 11/XB.
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Puc. 11. YcranoBka «Tepmo6aT-M»: 1 — KOpIIyC 3 BAHTKOMIIHOMHAM MEXaHI3MOM;
2 — UIWT YNpaBIiHHS; 3 — MepeMHKay BAHTAXOIIIHOMHOTO MEXaHi3My; 4 — pyuka Je0iKu;
5 — ynop; 6 — TepMOKOHTAKTHUI HArpiBay 3 KpUILKO0; 7 — TPyOOIPOBiA TEILIOHOCIS;
8 — enleKTpoHarpiBanbHUil anapar; 9 — WTyLep Ul 3aIUBY TEMIOHOCIS;
10 — noBiTpoBiABiIHUK; 11 — po3muproBanbHuil 6ayok; 12 — mTynep KOHTPOJIIO NEPEIUBY
temtoHocis; 13 — enexkrpokoren; 14 — rBuHTOBUIl Hacoc; 15 — HUPKYISIIHHUA HacoC

Pe3ynpraTy nociimkeHb TEPMOKOHTAKTHOTO HarpiBaHHsI Ta IUIABJICHHS Ba3elliHy Ha
MPOMHUCIIOBOMY 3pa3Ky B IHcTuTyTi TexHiuHOl Temnogizuku HAHY npu temneparypi
Harpisaya 70...90°C ta TeMreparypi HaBKOJIHIIIHBOTO cepenopuiia 16...20°C mokasa-
7ML, 10 TIpu TemmepaTypi HarpiBaua 70...80°C mporec MmIaBieHHs € TOBIOTPHUBAIIM,
a iHTeHcH(iKyBaTH MPOIEC MOXKIMBO 332 PAXyHOK MiJIBUIICHHS TEMIEpaTypu IO
85...90°C. 3 ypaxyBaHH;IM LbOTO BUIIPOOOBYBAaHHS NPOBOAMIMCEH IIPU TEMIIEPATY-

pi 90°C.
100 7
B -0() © 7=80 °C = o
%0 =90°C =099t =035+
80 - V=278 -85 °C
= r=1,321 =70 °C
= 70 1 V=0,771
<
E 60 -
g 50 ~
2 40 -
©
O 30 A
20 +
10 - TeMmIeparypa oTouyr4oro ceperosuina 16...20 °C
0 T T T T T T T T T

0 10 20 30 40 50 60 70 8 90 100 110 120
Yac, xB

Puc. 12. 3anexnicts 00’°eMy po3miiaBy Bill TeMnepaTypu HarpiBaua
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BumnpoGoByBaHHS YCTAaHOBKY IS HATPiBaHHS Ta TUTABJICHHS MPH Pi3HUAX ITOYATKO-
BUX TEMIIEpaTypax PEUOBUHH ITOKA3aIM BHCOKY e(DEKTHBHICTH POOOTH YCTAHOBKH,
TOMY 110, TOPIBHSHO 3 iCHYIOUMMH, BAajocs po3masutu 200 1 BazeniHy 3a 2,5...3 roq
Ta OTPUMATH SIKICHMHA pIBHOMIPHO PO3IUIABIICHHUH Ba3eiH Y EMHOCTI.

BUCHOBKM

[IpoBeneHi exciepuMeHTaIbHI JOCTIHKEHHS 1Al 3MOTY OTPHUMATH 3aJICKHICTh
IIBUAKOCTI TUTABJICHHS BT TEMITEpaTypH HarpiBada i TUCKY Ha TIOBEPXHIO PEYOBHHH
3aJIeKHO BiJl TEMIIEpaTypH Uil pO3pOOKH MOZETI.

[IpoBeneHO MoAEMIOBAaHHS MPOLIECIB HArPiBaHHS Ta IUIABJICHHS BYTJICBOJAHEBUX CY-
MilIel 3 MPUMYCOBUM BHIAJICHHSM PO3IUIAaBYy (MOJEIh TeUil PO3IUIaBy B KiTBIIEBOMY
3a30pi Mif i€l Mepenany TUCKY 1 pyXy CTIHKH Ta MOJIENb Te4ii pO3IUIaBy B TUCKOBOMY
3a30pi mig HarpiBauem), Mo Jajio 3MOTY PO3POOUTH Ta BUTOTOBHTH YCTaHOBKY. B
YCTaHOBII 00’€IHAHO JCKUTbKa TEXHOJIOTIYHUX ONepallil, 10 HaJa€ MOXKIIUBICTD 1H-
TeHcH(iKyBaTH MpolieC IUIABJICHHS Ta 3MEHIINTH BUTpaTH eHeprii. B pesynbraTi
MIPOBENICHUX JOCITIPKEHh Ha BUTOTOBJICHIA YCTaHOBIII BCTAHOBJICHO, III0 BHKOPHCTA-
HHS$ 3aIPOTIOHOBAHOI0 METOTy Ta ycTaHOBKHU B 1,2...1,7 paza ckopodye BUTpaTH CHEp-
rii MOPIBHSAHO 3 IHIMMH METOIAMH.
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A promising area is the development of resource-saving
food technologies, namely the development of innovative pro-
ducts using raw materials of plant and animal origin.

The study of the fermentation duration process was carried
out in terms of water activity, active acidity, degree of syneresis
and changes in shear stress depending from the rate of deforma-
tion of clots. It was found that at the beginning of the fermen-
tation process, active acidity (pH) was 6.2, water activity —
0.992. The sample was characterized by uniform, viscous con-
sistency. During 6 h of fermentation, the active acidity decrea-
sed by 1.4 pH units, and the activity of water was 0.982. A
strong, dense clot was formed, serum was not separated. After
8 h of fermentation, the active acidity and activity of water re-
mained unchanged.

According to the results of the study of the degree of sy-
neresis, it was found that the indicator decreased with increasing
duration of fermentation of the mixture, there was a tendency to
reduce the amount of separated serum. During 8 h of fermen-
tation, the value of syneresis was 10%, which is almost three
times less than the duration of fermentation for 2 hours. The
shear stress increased.

The structuring process was analyzed by the results of the
constructed rheological curves of the dependence of shear
stress and strain rate of the studied samples. After 8 h of fer-
mentation, the shear stress reached 160 Pa. At this value, the
shear stress of the structuring was sufficient to prevent spon-
taneous serum separation. This is because sublimated apples
and bananas contain a solution of fiber which retains free mois-
ture. The presence of dry whey protein concentrate gives a de-
licate plastic consistency to the sour milk dessert due to the high
dispersion of whey protein micelles and the peculiarities of the
gelation process.

Therefore, the duration of fermentation of the milk mixture
is 6—8 h at a temperature of 40+2°C, followed by cooling for
8—16 h to the temperature of 4+2°C. As a result of the inter-
action of milk proteins and functional ingredients, a dense con-
sistency of sour-milk dessert was obtained. The strength of their
bonds will affect the consistency, the degree of syneresis, the
rheological properties and the stability of the quality during
storage.

DOI: 10.24263/2225-2924-2021-27-5-11

Scientific Works of NUFT 2021. Volume 27, Issue 5

81




XAPYOBI TEXHOJIOT'II

OBI'PYHTYBAHHSA TPUBAJNOCTI CKBALUYBAHHSA
MOJIOYHOI CYMILII B TEXHONOIIi KUCITOMONMOYHUX
AECEPTIB

Y. TI'. Ky3bMuk, O. O. bace, H. M. FOmenko, A. M. Maxmyaos, I. M. MukouiB
Hayionanenuii ynieepcumem xapuo8ux mexnonozit

Y cmammi onucano npoyec mpueanocmi ckéauty8anHa MONOUHOI CyMiwi 6 mex-
HO02i] KUCTIOMONIOUHUX Oecepmis. Jlocniodcents 30iUCHI08ANU 30 HOKA3HUKOM aKMUG-
HOCMi 800U, AKMUBHOI KUCTOMHOCMI, CIYNEHs CUHePe3UCy A 3MIHU HANDYIICEHHS]
3cyey 610 weuokocmi oepopmauii 32ycmkis. Buseneno, wo na nouamky npouecy
CKBAUIYBAHHA AKMUBHA KUCIOmMHicmb cmanosuaa 6,2 00 pH, akmugnicms 800u —
0,992. 3pazox xapakmepusyeascs 0OHOPIOHO, 8 13K010 KoHcucmenyiero. ITlpomsazom
6 200 cK6aUlY8aAHHS AKMUBHA KUCIOmMHicmy 3uusunacs Ha 1,4 00 pH, a axmuenicmy
6oou cmanosuna 0,982. [lpu ubomy ymeopuscsa MiyHul, WinbHUL 32YCIMOK, CUPOBANKA
He 8i0okpemmoeanacsy. Ilicns 8 200 ckéautygants akmMueHa KUCIOMHICMb Ma aKmue-
HICMb 800U 3AIUWANUCL DE3 3MIH.

3a pezynomamamu 00CiONCEHHA CMYNEHs CUHEPE3UCY BCMAHOBIEHO, W0 NOKAZHUK
BMEHULYEMBbCS NPU 30LTbUEHH] MPUBATIOCIE CKBAULYBANHSL CYyMIWI, CNOCEPieacmbCsl
MeHOeHYIsA 3MeHUeN s Kilbkocmi i00inenol cuposamku. Ilpomseom 8 200 cxeauiy-
6aHHs 3HAUeHHA cuHepesucy cmarnosuno 10%, wo matidxce empuui MeHuie Hidc npu
mpueanocmi ckeautygants npomseom 2 200. lpu ybomy 3pocmano HanpysHceHHs 3CY6).

IIpoyec cmpyxmypysanus npoananizo8ano 3a pe3yrsmamamu no6y008aHUux peoio-
2IUHUX KPUBUX 3ANEIHCHOCIIE HANPYICEHHS 3CY8Y Ma WeUoOKocmi degopmayii 0ocuio-
JHcy8anux 3paskie. Yepes 8 200 cxeauty8anHs NOKA3HUK HANPYICEHHS 3CY8Y 00CA2A8
160 Ila. 3a makozo 3Ha4eHHs NOKA3HUKA HANPYIICEHHS 3CY8Y CIPYKMYPY8anHs 6)10
docmamHtim Ol 3an0ieanHs CHOHMAHHO20 8I00iNeHHs cuposamku. Lle nog’sizano 3
MUuM, Wo cyonimogani I6yKo ma 6aHan MiCmams pO3HUHHY KIIMKOGUHY, KA YMPUMYE
8ibHY 601102)y. IIpucymuicmo cyxo2o KOHYeHMpamy CUpo8amKo8ux OLIKIG Ha0ae KUCIO0-
MONIOYHOMY Oecepmy HidICHOT NIACMUYHOI KOHCUCTEHYIT 3 PAXYHOK 8UCOKOI oucnep-
CHOCMI Miyesl cCupoeamkosux OLIKie ma ocobIugocment npoyecy 2eaeymeopeHHs.

Omoice, mpuganicmos CK8AULYBAHHA MOJIOYHOL cymiwi cmanosums 6—38 200 3a mem-
nepamypu 40+2°C 3 nodanviium 000x0100%ceHHIM npomseom 8—I16 200 0o memne-
pamypu 4+2°C. 'V pesynomami 63aemo0ii MonouHUX OINKIG | YHKYIOHATbHUX iHepe-
OIEHmMi8 OMPUMAHO WIIbHY KOHCUCMEHYII0 KUCIOMOA0UH020 decepmy. Miynicmy ix
36 S3KI8 BNAUBAIMUME HA KOHCUCTEHYII0, CMYNIHb CUHEPe3UCYy, PeOIo2itHi 61acmu6o-
cmi ma cmadibHiCMb AKOCMI N0 Yac 30epieanHsi.

Kniouoei cnosa: xucnomonounutl oecepm, akmusHicms 800U, AKMUBHA KUCTON-
Hicmb, cyOnimoeani QpyKmu, peonoziuni 61acmugocmi.

IMocranoBka npodemu. [Ipu Bubopi criocody BUpOOHHUIITBA XapUOBOTO MPOAYKTY
HEOOXiTHO TepeI0avnTH 3aPOBAHKCHHS Pecypco30epiralounux TeXHOJOTiH, OTprMa-
HHSI IPOAYKTY BUCOKOI SIKOCTi, PO3pOOJICHHS! IHHOBAL[IMHHUX MPOIYKTIB 3 BAKOPUCTaH-
HSIM CHPOBHHHU POCIIMHHOTO i TBAPHHHOTO IOXO/UKCHHS, 3HIKCHHSI BUPOOHHYNX BH-
tpat (Kapetanakou, Passiou, Chalkou, & Skandamis, 2021).

JU1st pO3MIMPEHHS aCOPTUMEHTY MPOYKTIB XapuyBaHHS Ta ITiBUIIEHHS XapuoBOl
LiHHOCTI BUKOPUCTOBYIOTh POCIMHHY CUpOBHHY. [1110/10BO-sIriHA CUPOBHHA — i€
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JOKEpeIio 010JI0rYHO aKTHBHUX PEYOBHH, TAKHMX SK BIiTaMiHIB, (DEHOJIBHUX CIIONYK,
MiHEpaJbHUX PEYOBHH TOIMIO. Taki PEYOBHMHH BOJIOAIIOTH IMYHOMOJEIIOIYOI0,
PationpoTeKTOPHOIO, AaHTUOKCHIAHTHOIO BIACTHBICTIO. OKPiM TOTO, pOCIMHHA CUPO-
BHHA BOJIOZI€ TEXHOJIOTIYHIMH BIACTHBOCTSIMH, HAaJla€ KOMIIp MPOIYKTY, IPOSBIISE
cTabinmizyroui BnactuBocti Tomo (Iltorna & Ilaciunamii, 2019; IlaBnrok, [Torapceka,
Bepecrosa, Kpstuko & JlaBpunenko, 2010).

Haii6inbm 1ocTynHOIO Ta MOMyJISIPHOIO (PPYKTOBOIO CHPOBHHOIO € IUIOAU SIOTYK 1
OaHaH, 110 BIIPI3HAIOTHCS BUCOKUM BMICTOM OI0JIOIIYHO aKTUBHUX PEYOBHH (ACKOP-
0iHOBOI KHCIIOTH, J-KapOTHUHY, MiHEPAIEHUX PEUYOBUH, IEKTUHOBHX, JYOUIFHHUX peyo-
BUH TOIIO). JIoBEeNeHo, o came 3a paxyHOK BMICTY MOXXHBHUX PEUOBHH TakKa CHUPO-
BUHA IPOSABIIIE (HYHKUIOHATIBHO-TeXHONOruHi BnactuBocTi (Wang, Kristo & LaPointe,
2019; Yingyuen, Sukrong & Phisalaphong, 2020).

3acTocyBaHHS IUIOJOBO-ATITHOI CUPOBUHH y BUIJIAl MOPOIIKIB CyOmiManiiiHOro
CyIIiHHS HAa0yJIO MIHPOKOI MOMYJISIPHOCTI B MMPOMHUCIIOBOCTI. Brcoka skicTs 1 6io-
JIOTi1YHA MOBHOIIHHICTH TAKO1 CUPOBUHHU MOSICHIOETHCS TUM, 1[0 00POOIT MOXKeE Iif-
JaBaTHCS JIMIIE CBI)Ka CUPOBHMHA. bioyoriudi ta (i3uKo-XiMiYHI 3MiHH B IPOIYKTI
MiHiManbHi. [IpOAYyKTH JEerko MOrmuHAIOTh NPH BiAHOBIEHHI BOJOTY (MOXYTh BiJl-
HOBITFOBATHCS] HABITh Y XOIJIOJHIM BOJIi), 30€piratoTh MEPBUHHI BIACTHBOCTI, KOJIp,
cMak, 3amax (Tapacenko Ta iH., 2015).

[IpucyTHICTB CyXOro KOHIIEHTpaTy CHPOBAaTKOBUX O1JIKiB HaJa€ MPOILyKTaM HiK-
HOT TUTACTHYHOT KOHCUCTEHITIT 38 PaXyHOK BUCOKOI TUCTICPCHOCTI MIIIeI CHPOBATKOBHX
O17IKiB Ta OCOOMMBOCTEH refeyTBOPEHHS. TakoX BOHM MarOTh BUCOKY Oi0JOTiUHY
IIHHICTh, TOMY MOXXYTh CIIyT'YBaTH JIOJAaTKOBUM 30aradyrounM KOMIIOHEHTOM (OHO-
por & Ilonimyxk, 2018).

[Tix yac BUpoOHUIITBA MOJIOYHUX MPOJYKTIB 3aCTOCOBYIOTH CTa0LIi3yI0ui pevo-
BuHH. BoHM 3a0e3meuyroTh cTalinbHy KOHCHCTEHIIO, MiABUIIYIOTh CTIHKICTh MPO-
IOYKTY 10 Jii 30BHIMIHIX ()aKTOPiB MPOTITOM TepPMiHY 30epiraHHs IPOAYKTY, IO J0-
CSTaeThCs B PE3yJIbTaTi CYKYITHOCTI XIMIUHMX 1 (Di3MYHMX TpoLeciB. Sk HaTypaabHUiA
cTabLTi3aTop BHUKOPUCTOBYIOTh JKENIATHH, IO YTBOPIOE BHCOKOEGNACTUYHHN TEPMO-
3BOPOTHHUH Tr'elib 3 TOYKOIO IUIABJICHHS B MEXax PiBHS TeMIepaTypd Tija TOAUHN
(merte 37°C) K reneyTBOprOBad. [eni sxenaTuHy GOPMYIOTBCS 32 paxXyHOK 3B’sI3KiB
pi3Hoi mpuponu (BoIHEBUX, riApodoOHIX, enekTpocTaTnuHux) (Coraomon, HoBropoa-
ceka & bonmap, 2019).

3BaKarouu Ha BHIIIC3a3HAUCHE, C(HOPMYJILOBAHO OCHOBHI MOJIOKEHHS aKTYaIbHOCTI
JOCI/DKEHHST: HEOOX1IHICTh MOKPAIEHHS CTPYKTYPH XapuyBaHHs HACCIICHHS 3a Paxy-
HOK G10/IOTHO aKTHBHIX PEYOBHH POCIMHHOI CHPOBHHH; JOLIIBHICTB YIOCKOHAIE-
HHSI TEXHOJIOT1{ KUCIIOMOJIOYHUX z[ecepTlB

AHAaJI3 ocTaHHIX TocTiIKeHb i myOJikanii. KoHcHCTeHIis KHCITOMOIOYHHUX IPO-
IYKTiB OOYMOBIJIEHA CYKYITHICTIO 0araTh0X (PaKTOPiB: SKICTIO Ta XIMIYHIM CKJIaJIOM
CHPOBHHH, IOTPUMAaHHSIM PEKUMIB TEXHOJIOTIYHOTO TIPOIIECY, MEXaHIYHUM BILUIMBOM
Ha 3TyCTOK TOMIO.

JocnimkeHo BIIIUB pUCOBOTO OOpOoIHA Ha (hi3MKO-XiMiuHI TOKa3HUKH (pepMEHTO-
BaHUX MOIJIOYHUX MPOAYKTiB. OMpansoBaHO PElENTypH Ta CIIOCOOH 3aCTOCYBaHHS
pUCOBOTO OOpOIHA y CKJIaJli MPOIYKTIB, BUTOTOBJICHUX 13 MOJIOKA 200 BEpIIKIiB.
BceranoBiieHo, mo BUKOPWCTaHHS PUCOBOTO OopomrHa y Kiigpkocti Bixg 1,5 mo
3,51 /100 r mpoxyKTy He MOTIpIIye OpraHOJMENTHYHI BIACTHBOCTI Ta 3abe3mneuye op-
MyBaHHS CTIHKOT KOHCHCTEHIIi KHCIOMOJIOUHUX 3rycTKiB (Pomanuyk, Pymakosa,
MoiceeBa & T'onmap, 2016). [Ipote He HOCTIIKEHO MOKA3HUK aKTUBHOCTI BOAM, IIO
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Ma€ BIUIMB Ha (hOPMYBaHHS CTPYKTYPHO-MEXaHIYHUX BIACTHBOCTEH MOJIOYHOTO TPO-
IYKTY.

Po3pobaeno Monounuii gecept 3 HiHIKOBUM CHPONIOM 1 mopomkoM. 1Ipu Bukopu-
CTaHHI TaKOT'0 HATIOBHIOBaYa HE MOTPIOHO JTOJATKOBO BBOJWTH ITYKOP, IO HAACTh
NPOIYKTY Ai€TUUHHX BiacTuBocTel. [lo Toro x diniku (Phoenix dactylifera L.) mxe-
peno Gionorivao akTUBHUX peuoBuH (Djaoud etc., 2020). [Tpote y 11bOMY AOCHTIPKEHHI
BIUTMB HAIOBHIOBaYa Ha (Pi3MKO-XIMiUHi BIACTUBOCTI MOJIOYHOTO J€CEPTY HE BUBYAB-
csl.

HocnimkeHo, mo goaaBanHs 1% s01ydHOro mopouky nepes GpepMeHTamiero Hory-
PTy cripusie arperauii Mmimen kaseiHy. Sk HacliioK, COpHUYHHSE TTOYaTOK TelieyTBO-
PEHHSI IpH OLTBII BrCcOKoMYy pH (5,9) (Wang, Kristo & LaPointe, 2019)

OOrpyHTOBaHO JOIIIBHICTE BHeCeHHs1 OUTkOBHX KoHIeHTpariB (KCB-Y®-65,
KMBC-65) y xuciaomMonodHi Harmoi B KiJIbKOCTI Bif 3 10 5% 3 METOI MOKpallaHHSI
iXHBOI KOHCHCTEHII] Ta CTabimbHOCTI BpofoBk 30epiranns (Pymiok, IMaciunmii,
Xopynxa & Kpacyss, 2019). Ane aBTopamu He IOCHIIKEHO npolec ¢pepMeHTallii npu
BUPOOHUITBI MOJIOYHHX IMPOYKTIB.

[IpoBeneHO AOCHTIIKEHHS] MOXKITUBOCTI MTOE€THAHHS KOKOCOBOTO Ta 3HEKUPEHOTO
MOJIOKa B TEXHOJIOTi CHPY KHCIOMOJIOYHOTO. /{0 CKIIafy 1bOT0 MPOIYKTY BXOTUTH
3HEKHPEHE Ta KOKOCOBE MOJIOKO (9—12%), M’ sikoTh OaHana (6—9%). OTpumanmuii
MPOIYKT XapaKTEepU3yBaBCsl BMICTOM CyXHX pedoBHH 35,04%, Bonororo 64,96%, maco-
BOIO YaCTKOIO XHpPY 5,5% Ta Byriesoxis 23,1%, MiHepaJbHUMHU pedoBHHAMH 1%
(Kumar, Chauhan, Rajani & Sabikhi, 2018).

Binoma texnosoris orypty (Jayabalan, Magesh, Rajeshkannan & Rathakrishnan,
2020), axuii BUPOOISIOTH 3 MACTEPU30BAHOI CYMIIlli MOJIOKA, IYKPY 3 JOAaBaHHAM
MOPOIIKY M’SIKOTI OaHaHa Ta OaHaHOBUX cTeOen. ONTHMAIEHUM CITiBBiJHOIIICHHIM
CKITafoBuX € 82,6% moinoka, 9,98% myxpy, 2,03% nopomky M’ akoTi 6aHana Ta 2,25%
MOPOIIKY OaHAHOBHX CTEOE.

Amari3z HaykoBoi iH(opMarii ToKa3as, [0 PO3pOOIICHHS IHHOBAIIHHIX TPOIYKTIB
3 BAKOPUCTaHHSIM CHPOBHHH POCIMHHOTO i TBAPUHHOTO MOXO/HKEHHS € aKTYaJIbHHM.

Merta cTaTTi: TOCITIHKEHHS MIPOIIECY TPUBAIOCTI CKBAITyBAHHS MOJIOYHOI CYMIIII
B TEXHOJIOT11 KHCJIOMOJIOYHUX JIECEPTIB.

Marepianam i meToau. J{is ogepikaHHs JOCIITHUX 3pa3KiB AECEPTY KUCIOMOJIOY-
HOro 3 (hpyKTamu, 30araucHOr0 CHPOBATKOBUMH OiKaMu, 00paHO TaKy CHPOBHHY:
MOJIOKO 3HEKHPEHE 3 MAaCOBOIO YacTKO0 skupy He Buiie 0,05%, KHCIIOTHICTIO HE BUIIE
21°T, oTpuMaHe cenapyBaHHAM HE30MPaHOI'O MOJIOKA, KOHLEHTPAT CUPOBATKOBUX
O1KiB, oTpuMaHmid criocoboM yneTpadinsTpaiii (KCh-Y®), skenatuH MBHIKOPO3-
YMHHUM Xap4YoBHUH, MOPOIIOK sf0JyKa Ta OaHaHa CyOJiMamiifHOTO CYIIIHHS 3T1/IHO 3
YHHHUMH HOPMaTHBHUMH JIOKYMEHTAMH.

JlocimKkeHHsT akTUBHOCTI BoAM (AW) Y IOCHITHUAX 3pa3Kax 371iCHIOBATY HAa aHAi-
3aropi aktuBHOCTI Boau «HygroLab 2» (Rotronic, I1Beiinapis) 3a remnepatypu 20°C
B fianazoHi BuMiproBaHas 0...1 Aw (0...100% rh). BusHaueHHs1 akTHBHOT KMCIIOTHOCTI
(pH) 3miticaroBanmm Bimmosimuo a0 JACTY 8550:2015 (Ky3smuk, FOmenko, bace &
Mukormis, 2020).

CrymiHb CHHEPE3UCYy 3TYCTKIB BU3HAYAIU HEHTPUDYKHUM MeTozoM. JlocmiaHuit
3pa3oK Micysl IepeMilllyBaHHs BHOCWIN B LEHTPU(YXHI MipHI IPOOIPKH y KiTBKOCTI
10 cm® ta nentpudyrysanu npotarom 30 xB 3a wactotu 06eptis 3000 xB~!. Uepes
KOXHI 5 XB BM3Ha4anu 06’ €M CHPOBAaTKH, 10 Bugiasscs (cm’) (Pymiok, [Maciunuii,
Xopymxka & Kpacys, 2019).
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Peororiuni BIacTUBOCTI OTPHIMAaHWX 3TYCTKIB BU3HAYAIN HA POTAIIMHOMY BICKO-
sumeTpi «Rheotest 11» 3 BUMIpIOBAILHOIO CHCTEMOO IIHAP-THAP S/N IIIIX0OM
3HATTS. KpuBHX KiHeTwku nedopmauii (teuii) (Kochubei-Lytvynenko, Yatsenko,
Yushchenko & Kuzmyk, 2018).

BuxaneHHs OCHOBHHX pe3yJIbTaTiB J0CTilKeHHs. MoenbHi 3pa3ku MOJI04-
HOI CyMIIIli TOTYBaJId TaKMM YMHOM: y 3HEGKHPEHE MAaCTEPU30BaHE MOJIOKO ITiJT Jac
IHTEHCUBHOTO MEPEMIITyBaHHsI 10JIaBaJId CyXHi KOHLIEHTPAT CHPOBAaTKOBUX O1JIKiB
(4—6%), cybnimoBani Gppykru (4—7%) 3a Temmnepatypu 40£5°C, siKki IonepeHbO
nepemimanu ta npocisumu. XKematun (0,5—0,7%) nonepeqHp0 BUTPUMYBAIH B XO-
JoAHiH BoAi, He MeHuIe 30 XB, MOTIM pO34YMH HarpiBaau A0 Temmneparypu 60+£5°C npu
nepeMillyBaHHi 10 HOBHOTO po3YMHEHHS. OTpUMaHy MOJIOUHY CYMIlI MIPH MepeMi-
mryBaHHI HarpiBanu g0 80°C, momaBanmu po34uH >kenaTuHy 1 HarpiBamu g0 90°C 3
BUTPUMKOIO 55+5 ¢ anst mactepusauii. [loTiM cymim oxonomKyBanu 10 TeMIepa-
Typu 55£5°C, peTenbHO epeMillyBalli, OXOI0LKYBAIN 0 TEMIIEpaTypH 3aKBalllyBa-
HHs 40£2°C 1 BHocmnm 3akBacky mpsmoro BHeceHHs (0,3—0,5%), ska MiCTHUTh
MiKpooprafizMu 0i¢ifo- i JJakToOaKTepiid, 10 CKIamy SKHX BXOIUTH Streptococcus
thermophilus, Lactobacillus delbrueckii ssp. Bulgaricus, Lactobacillus acidophilus,
Bifidobacterium lactis, Lactobacillus casei, Lactobacillus rhamnosus, Lactobacillus
paracasei, Bifidobacterium infantis. Cymii nepeminryBanu 15—20 XB 1 CKBaIlIyBaIu
npoTsiroM 12 rog A0 yTBOPEHHS MiLTHOTO 3TYCTKY.

V mporieci cKBalIyBaHHs TOCHIXKEHO aKTUBHY KUCIIOTHICTh. Pe3ynbTaT HaBeaeHi
Ha puc. 1.

AKTHBHA KHCJIOTHICTB, 011 pH
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TpuBaNicTh CKBaLTyaHHS, TOJ

Puc. 1. 3miHa akTUBHOI KMCJIOTHOCTI MOJIOYHOI cyMillli B mpoueci CKBalIyBaHHSI

AHaJi3yroun OTpUMaHi JaHi, MOYKHA ITOOAYUTH, 10 HA ITOYATKY MPOIIECY CKBAIITy-
BaHHS aKTHBHA KUCJIOTHICTh CTaHOBMIIA 6,2 on pH. 3pa3ok xapakTepu3yBaBCs OIHO-
PiHO0, B’S3KOK KOHCHCTEHINE€. [IpoTsarom 6 Tox CKBallyBaHHS il BILTHBOM MO-
JIOYHOT KUCIIOTH, IO YTBOPIOETHCS BHACHIIOK MOJIOYHOKHCIIOTO OpPOJIHHS JaKTO3M,
aKTMBHA KMCJIOTHICTh 3HM3WIach Ha 1,4 o pH, yTBOpUBCS MIIIHUH, IIIJIBHUHN 3TyCTOK,
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CHpOBaTKa He BiokpemintoBasiach. [licis 8 rox ckBarntyBaHHs aKTHBHA KHCIOTHICTh

3ayuimanack 0e3 3MiH, TOMY JUIS TOCSATHEHHS MiHIMaJIbHO HEOOXiIMHOI aKTHBHOI KH-

ciotHocTi 4,8 o1 pH TpUBaITiCTh CKBAIlTyBaHHS MOXKHA PEKOMEH TyBaTH JI0 8 TOJ.
[NomiOHy 3aIeKHICTh CIIOCTEPIraiy 3a MOKa3HUKOM aKTHBHOCTI BO/H (pHC. 2).

0,995 -
-
5 !
[t
- froboid
= 0991 A
g A
g A .
= o ’
3) i ]
g 0985 1 Pz FAT
= A A . X - -
= A R : : : :
= AT I R [ [
= ] ] fomgmc] o]
2 008 1 S A R o = 3
= 0 A A 2R A a o
> A A PR A Y o
= A A PR A Y o
= A A PR A Y o
g 0975 1 FAH A PR A Y o
’ A A PR A Y o
< A A PR A Y o
a A A PR A Y o
A A PR A Y o
s T T T T T 1
2 4 6 8 10 12

TpuBanicTh CKBaLIyaHHS, TOJ

Puc. 2. 3anexxkHicTh NOKa3HMKA AKTUBHOCTI BOAU BiJl TPUBAJIOCTI CKBAILILyBAHHS

[Ipu 301nBIICHH] TPUBAIOCTI CKBAITYBaHHS MOJIOYHOI CYyMIIlIi ITOKa3HUK aKTHB-
HOCTI Boau 3MmeHnTyBaBcs 3 0,992 mo 0,982. Ile 00yMOBIICEHO BIACTUBICTIO BUCOKO-
MOJIEKYJSIPHUX CHOJYK OUIKIB 1 PO3YMHHOI KIITKOBHHHU 3B’SI3yBaTH BOJIOTY, IO
YIOBUIBHIOE MPOLEC BiJAIIIEHHS CHPOBATKH 33 PaXyHOK HAOPSIKaHHS CyXUX KOMIIO-
HeHTiB. [licns 8 rox ckBarryBaHHS ITOKa3HUK 3ajuIIaBcs 0e3 3MiH Ha piBHI 0,982.
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TpuBanicTbh CKBallyBaHHS, TOJ

Puc. 3. 3mina cTyneHsi cuHepe3ucy i 4ac CKBAlIyBaHHS

B3aemoist Mixk MOJIOYHUMH OLTKaMH Ta (QYHKIIOHATBHUMH 1HIPEII€EHTAMH BILIH-
Ba€ Ha AKICTh NPOAYKTY. MilHIiCTh iX 3B’s3KiB BIUTUBA€ HA KOHCUCTEHIIIIO, CTYIiHb
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CHHEPE3UCY, PEOJIOTIUHI BIIACTHBOCTI Ta CTAOUIBHICTH SKOCTI IMiJ Yac 30epiraHHs.
JlaHi pe3yabTaTy 3MiHH CTYTICHS CHHEPE3HCY ITiJT 9ac CKBAITYBAHHS MOJIOYHOI CyMi-
11l HaBEJICHO Ha puc. 3.

3a pe3ynbpTaTaMy JOCTIIKEHHsI CTYICHsI CHHEPE3HCy BCTAHOBJICHO, IO TIOKa3HUK
3MEHIIIYETHCS TPHU 301UTBIICHHI TPUBAJIOCTI CKBAITYBAaHHS CYMIIIli, CTIOCTEPITraeThes
TEHCHIIIS 3MEHITICHHS KUTBKOCTI BiTUIeHO1 cupoBatku. [IpoTsrom 8 ros ckpamryBa-
HHSI 3Ha4€HHsI CUHEpe3ucy cTaHoBUTH 10%, 1110 Maiike BTpHYI MEHILE HiX NPH TPHU-
BaJIOCTi CKBAIlyBaHHS MpOTSroM 2 roj. [Ipu mpoMy 3pocTae HampyKEHHS 3CYBY
(puc. 4), 3ryCcTOK XapaKTePU3Y€EThCS OLTBII IIITHHOK KOHCHCTEHIIIO.
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Puc. 4. 3anexxHicTh HAIPYKEHHS 3CyBY BiJl INBHAKOCTI JepopMauii 3rycTKiB NpoTSIroM
TPUBAJIOCTi CKBaLIyBaAHHS
(1—2ron,2—4ron,3—6rom,4—8ron, 5— 10 rog, 6 — 12 rox)

[Iponec cTpyKTypyBaHHS MPOAHATI30BaHO 32 pe3yibTaTaMu M00yI0BaHUX PEo-
JIOTTYHUX KPUBHUX 3aJISKHOCTI HAaNPyXEHHS 3CyBY Ta MIBUAKOCTI Aedopmarii gocmia-
’KyBaHMX 3pa3kiB. Uepes 8 ron CKBaIIyBaHHS IOKA3HHUK HATPY>KEHHS 3CYBY JOCSTA€e
piBas 160 Ila. 3a Takoro 3HaYCHHS MMOKa3HUKA HAIMIPYKCHHS 3CYBY CTPYKTYPYBaHHS
OyJI0 TOCTAaTHIM JUISl 3a1I00iraHHs CIIOHTAaHHOTO BiJUIUICHHS] CHPOBAaTKU.

[IpencrarieHi qaHi CBiAYATH, 10 IPH CYyMICHOMY BUKOPHCTaHHI MOJIOYHHUX OLIKIB
3 POCIMHHOIO CHPOBHHOIO TIOKPAIYIOTHCS PEOJIOTIYHI BIACTUBOCTI OTPUMAHOTO TPO-
IYKTY. Y TBOPIOETHCS I'€TEPOreHHA CHCTEMA 33 YJacTIO MOJIEKYJI BYIJIeBOIB 1 OLJIKiB,
110 301JIBIIYE KUTBKICTB 3B’ s13aHOT BOJIOTY Ta MILIHICTh CTPYKTYPH TOTOBOTO MIPOIYKTY.
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BUCHOBKM

Jnst oOTpyHTYBaHHS MPOLIECY TPUBAIOCTI CKBALTYBAHHS MOJIOYHOI CyMiIlli B TE€X-
HOJIOTi1 KUCJIOMOJIOYHUX JAECEPTIB AOCHTIPKEHO MTOKA3HUKN aKTUBHOI KHCIIOTHOCTI, aK-
TUBHOCTI BOJIM, CTYTIiHb CHHEPE3UCY Ta PEOJIOTIYHI BIACTHBOCTI 3TYCTKiB. 3a aHAIIi30M
TTOKa3HUKIB BCTAHOBJICHO, 1110 TPUBAJIICTh CKBAIITYBaHHS MOJIOYHOI CyMIIlTli CTAHOBUTH
6—=8 rox 3a Temneparypu 40+2°C 3 moanbIIMM JOOXOJIOKEHHSIM MPOTITOM 8—
16 rog no Temmepatypu 4+2°C, B pe3ynbTaTi 40ro OTPUMaHO LIiIEHY KOHCUCTEHILIO
KHCJIOMOJIOYHOTO JIECEPTY.

I[pu 30ibLIeHH] TPUBAJIOCTI CKBAIIyBaHHS MOJIOYHOI CyMillli MOKa3HUK aKTHBHO-
cTi Boam 3MmeHIryBaBcs 3 0,992 mo 0,982. lle moB’sa3aH0 3 THM, IO SOIyKO Ta OaHAH
MICTSTh PO3YMHHY KJIITKOBHHY, SIKa IA€ 3MOTY YTPUMYBATH BUIbHY BOJIOTY. BoHM Takox
3an00iraTUMYTh BiJIIEHHIO CHPOBATKH M1 Yac 30epiraHHs1 KUCIOMOJIOYHUX MTPOAYK-
TiB, III0 BAA€THCS 3aBISKU 3MEHIICHHIO CTYIEHS CHHEPE3UCY MOJOYHUX 3IYCTKIB.
[IpoTsirom § ron ckBanryBaHHS MOJIOYHOI CyMillli 3HAYEHHS] CHHEPE3UCY CTAaHOBUIIO
10%.

[IpucyTHICTH CYyXOT0 KOHIIEHTPATy CHPOBATKOBUX OUTKIB HAIaCTh KUCIIOMOJIOYHO-
My JiecepTy HKHOI INTaCTHYHO1 KOHCHCTEHII1, TPYKHY CTPYKTYPY 32 paXyHOK BUCOKOT
TUCTIEPCHOCTI MIIIeNT CHPOBATKOBHX O1JIKiB Ta OCOOIMBOCTEH IelIeyTBOPEHHS.
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The promising method to increase the biological value of
products based on curd is to enrich them with whey proteins,
which perform important biological functions and are precur-
sors of many biologically active peptides. However, basic
whey proteins, in addition to their high nutritional value, are also
one of the strongest allergens. The enzymatic hydrolysis of
whey proteins is most often used to reduce their allergenicity.
Therefore, the aim of the work was to develop a technology of
curd product enriched with low-allergenic whey proteins hy-
drolysate, obtained in conditions which provide preservation
of natural biologically active peptides. Whey proteins concen-
trate was used as a substrate to obtain a hydrolysate of whey
proteins. Proteolysis was performed by pancreatin in the con-
ditions with the maximum yield of biologically active peptides.
As a basis for the manufacture of curd paste, curd with a mass
fraction of fat 9%, made by traditional technology was taken.
To obtain the finished product, the introduction of low-aller-
genic whey proteins hydrolysate to the fermented milk base was
proposed. Samples of curd paste with different amounts of hy-
drolysate, 1%, 2%, 3%, 4%, and 5% from the weight of the base,
were used for the research.

Organoleptic and physicochemical parameters, as well as
the content of low molecular weight peptides were determined
in the obtained product. It is established that the finished product
is characterized by organoleptic and physicochemical parame-
ters which are characteristic of this type of product and depend
on the amount of hydrolysate. It is recommended to add flavo-
ring agents to samples with the maximum amount of hydroly-
sate to improve consumer properties. The results of chromato-
graphic studies show an increase in the obtained product of the
low molecular weight peptide fraction. Known natural biologi-
cally active peptides from whey proteins are characterized by
such molecular masses. Taking into account the composition,
results of organoleptic and physico-chemical analysis, chroma-
tographic and electrophoretic studies the proposed product may
be recommended for nutrition of persons with allergies to whey
proteins.
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TEXHONOrIA NACTU CUPKOBOI 3 raPONI3ATOM
BIJIKIB CUPOBATKM MOJIOKA

B. I'. lOkano, K. €. Jauumun, J. A. Ctopo:xk, I'. M. CeMmenuinux
Tepuoninvcokuil Hayionanvhuil mexniunuil ynieepcumem imeni leana Ilynios

Hiosuwumu bOionoeiyny yinnicms 6upodI6 HA OCHOGI CUPY KUCIOMOJIOYHO20
MOIHCHA WIISAXOM 30a2ayenHs iX CUPO8amMKOBUMU DIIKAMU, WO BUKOHYIOMb 8ANCIUBE
Oionoeiuni ynxyii ma € nonepeoHuKamu 6a2amovox Oio102IYHO AKMUBHUX Nenmuoie.
Oonax 0CHOBHI cUpOBaAmMKOGL OLIKU He MINbKU 80J100TI0Mb BUCOKOK XAPYOBOH0 YiH-
HICMIO, A MAKOHC € OOHUMU 13 HAUCUTLHIUUX aNlepeeris. [lIsl 3HUNCEHHS aNepeeHHOCE
Halluacmiule 6UKOPUCIOBYIOMb iX (hepMeHmamueHuLl 2i0ponis.

Y cmammi pospobneno mexnonozito cupxogo2o eupody, 30a2aueHo020 HU3bKO-
anepeenHUM 2i0poni3amom OLIKI8 CUPOBAMKU, WO OMPUMAHUL 8 YMOBAX 30epediCeHHs
NPUPOOHUX DIONIOZTYHO AKMUBHUX Nenmudig. st ompumants 2iopoaizamy OiIKie cupo-
8AMKU MOIOKA K CYOCMPam SUKOPUCHOBYBAIU KOHYEHMPAm CUPOBAMKOBUX OLIKI6.
IIpomeoniz npogoounu pepmenmuum npenapamom «llankpeamuny 6 ymosax maxcu-
MATbHO2O 8UX00Y Oi0NI02IYHO AKMUBHUX nenmudig. Ax ocHosy 0/ 8U2OMOBIEHHS
nacmu cupkog8oi 0Yi10 GUKOPUCIIAHO CUP KUCTOMONOUHUL 3 M.4.oc. 9%, sucomosnenuti
30 MPAOUYITIHOIO MEXHOA02IEI0. [N OompuMants 20Mmo6020 NPOoOYKmMy 3anponoHO8aHO
BHECEHHS HU3LKOANEP2eHH020 2ioponizamy OLIKI8 CUpOo8amKu 00 KUCIOMOIOYHOL
ocHosu. [ npogedents 00caioxcetb 0Y10 BUKOPUCIAHO 3PA3KU RACMU CUPKOBOT 13
pizHoM0 Kinvkicmio cioponizamy, 1%, 2%, 3%, 4%, ma 5% 6i0 macu ocrosu.

B ompumaromy npodyxmi npogoounu 8UHAYEHHs OP2aAHOAENMUYHUX | (i3uKo-
XIMIUHUX NOKA3HUKIB, @ MAKONC 6MICHY HU3bKOMOAEKYIAPHUX nenmudie. Bcmarnos-
JIEHO, WO 20MOBULL NPOOYKM XAPAKMEPUIYEMbCSA XOPOUUMU OP2AHONIENIMUYHUMU, d
Maxoc QizuUKO-XIMIHHUMU NOKA3HUKAMU, SKI 61acmuei 0Jisk maKko2o muny npooyKkmie
ma 3anexcamo 6i0 KilbKOCmi 8HeceHo020 2ioponizamy. o 3paskie i3 MaKCUMAaibHOW
KLTbKICmio 2I0ponizamy pekoMeHO08AHO 8HOCUMU CMAKO-APOMAMUYHI HANOBHIOBAYT
07151 NOKpawjeHHs CRodicusyux enacmusocmeti. Pezyiomamu npogedenux xpomamo-
epagiuHuxX 00CHIONCEHb NOKA3YIOMb NIOBUUIEHHS 8 OMPUMAHOMY NPOOYKMI HUZbKO-
Moaekysprol nenmuoHoi gpaxyii. Taxumu MOIEKYIAPHUMU MACAMU XAPAKMEPU3Y-
embcs OLIbUicms NPUPOOHUX DIONOCIYHO AKMUGHUX Nenmudié 3 OLIKI6 CUPOSAMKU
Monoka. Bpaxosyrouu ckiao, pezyrvmamu 0OpeaHoienmuiHo20 ma Qi3uKo-XiMiutHo2o
aHanizy, XxpomamozpagiuHux ma eiekmpogpopemutHux 00CIi0NCEHb, 3ANPONOHOBAHULL
npoOyKm Mmooice Oymu pekoMeHOO8aHUM O/l Xapyy8auHs 0cib 3 anepeiero Ha OLKu
CUPOBAMKU MOTIOKAL.

Knwowuogi cnosa: anepeis na Oinku cuposamk, cup KUCIOMOLOUHUY, NACMA CUp-
Ko8a, 2ioponizam OLIKI8 CUpOBAMKU MOJIOKA.

IlocranoBka npo0JjemMu. 3i 3pOCTaHHM MOIMYJISIPHOCTI 3J0POBOTO XapyuyBaHHS Y
BCBOMY CBITi CIIOCTEPIra€ThCs MOMUT Ha XapyuoBi MPOYKTH 3 BHCOKUM BMiCTOM OijKa.
Cepennpono00Ba HOpMa CIIOKUBAHHS OiIKa AJIsi MaJIOPyXJIMBOI JIFOAWHHM OBUHHA
cranoButH 0,8 T Ha KT MacH Tijla Ha AeHb (T/kr/no0y) (Kpydanuns Ta in., 2019). Lig
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KUTBKiCTh OlTKa He0OXiTHa TS M ATPHIMKH ITO3UTHBHOTO a30THCTOTO OaJlaHCy Ta HOP-
MaJbHOTO 0OMiHYy OUTKIB B OpraHi3Mi. He3aMiHHAM mKepeoM OiTka B parlioHi Xapay-
BaHHsI CIIOXKHMBAYiB Pi3HUX BIKOBHUX IPYII € CHP KUCIOMOIOYHHUNA. BiH BUKOpUCTOBY-
€TBCSl y XapuyBaHHI K CaMOCTiHHHMIA MPOAYKT a00 X SK OCHOBA AJIsi BUPOOHULITBA
CUPKOBHX BUPOOiB. CHp KHUCIOMOJIOYHHI 1 CUPKOBI BUPOOU MICTAThH yCi He3aMiHHI
AMIHOKHCJIOTH. Y TIPOIIeCi TPaBICHHS CUPKOBOI ITACTH YTBOPIOETHCS BETMKA KUTBKICTh
Oionoriuno aktuBHUX nentunis (BAIT) kazeiHoBoro moxomkenHs (FOkano, Ctopox
& HOxkano, 2012). BionoriyHo akTHWBHI MENTHIN 3 MPOTEIHIB CHUPOBATKH MOJIOKa
BOJIHOYAC MPAKTUYHO BificyTHi. [{e cyTTeBO 3HMKYE Oi0JIOTIUHY IIHHICTH CHPKOBUX
MacT MOPIBHSHO 3 MPOAYKTaMHM, L0 BKIIOYAIOTh OUIKM Ka3€iHOBOTO KOMILIEKCY i
cupoBatku. sl BUPIMIECHHS LHOTO MUTAaHHSI MOYXHA MPOCTO 30arauyyBaTH CUPKOBY
MacTy CHPOBATKOBHMH OUTKaMH Yy Pi3HOMY BUTIISAI (KOHIIEHTpAT, i30yAt). [Ipote
OCHOBHI OUIKM CHPOBATKH, 3-TaKTOrNIO0YJIiH Ta MEHILIOK MipOIO O-TaKTalbOyMiH €
CIIIbHUMH ayieprenamu, ocoonuso s giteit (Villa, Costa, Oliveira & Mafra, 2018;
Bu, Luo, Chen, Liu & Zhu, 2018). Y 3B’s3Ky 3 IIIM aKTyaJIbHUM MTATAHHSAM € PO3-
pobKa CHPKOBOTO MPOAYKTY, SIKAH MiCTUB O BC1 HE3aMiHHI aMiHOKHCIIOTH Ta 0i0J10-
TYHO aKTUBHI MENTHIM 3 YCIX NPOTEiHIB MOJIOKA Ta HE CIIPUYMHSAB aleprii y CIOXHU-
BadiB.

AHaJti3 ocTaHHIX JocaixKeHb i mydaikaniii. biTky cupoBaTky MOJIOKa Xapak-
TEPU3YIOTHCS XOPOLIMMH (PYHKIIOHATBHIUMH BIACTUBOCTSIMH 1 IIMPOKO BUKOPHUCTO-
BYIOTBCSl IIPH BUPOOHMLITBI Xap4OBUX MPOAYKTiB. CHpOBAaTKOBi Oinku € OaraTtum
JOKEPETIOM He3aMiHHMX aMiHOKHCIIOT, B TOMY YHCIII aMiHOKHCIIOT 3 PO3Tally’KCHUM
JIAHILIOTOM, TAKUX SIK JICHIIMH, 130JICMLIMH Ta BaliH, a TAKOX YUCICHHUX 010aKTUBHUX
nentuniB (Brandelli, Daroit & Correa, 2015; Mann, Athira, Sharma, Kumar &
Sarkar, 2019). Lli menTuau 31aTHI TO3UTHBHO BILUTUBATH HA Pi3HI CUCTEMH OPraHi3My
JMoauHA. 30KpeMa, TOBEACHUH IXHIH eeKT Ha ceplieBO-CyJUHHY, HEPBOBY, €HIO-
KpUHHY, TpaBHYy Ta iMmyHHY cuctemu (FOxano, Hanumun & HOkano, 2013).

OcHoBHUI OUIOK CHPOBAaTKH MOJIOKA, B-akTornoOymiH, ckiagae 50% cuposart-
KOBOT'O TIPOTEiHY Ta Oepe yJacTh y 3B’s3yBaHHI TAKHX MIHEPAIIiB, SIK [IUHK 1 KAITBIIIH, a
TaKOXX y TPAHCTIOPTYBaHHI KUPHHUX KUCJIOT Ta PETUHONY, BUKOHYE aHTHOKCUIAHTHY
¢yHnkuito. BeraHoBneno, mo B-1akToriaoOyiiH € MONepeIHUKOM YCiX BUAIB 0io-
AKTUBHHX TENTHAIB, OKPIM iIMyHOMOIYJISITOPHUX. (-IAKTATBOYMiH € XOPOIINM JDKe-
penoM He3aMiHHOT KMCIIOTH TpUNTodany, 1o € MonepeTHUKOM cepoToHiny (Mohanty
et al., 2016; Guo & Wang, 2019). Takoxx BCTaHOBIICHO, III0 CIIOKUBAHHS O-JTAKTANb-
OyMiHy Ta HOTO Ti/IpoJIi3aTiB MiJBHIILY€E 37aTHICTh OPraHizMy B OOpOTHOi 31 CTpecoMm.
3Ba)kalOuu Ha BUCOKHM CTYIIHB FOMOJIOTIT JI0 JIFOJCHKOTO O-TaKTaL0yMiHy, KOPO-
B’STUMH 0-JIAKTATEOYMIH JyKe T0OpE MiIXOIUTh [T BUPOOHHUIITBA AUTIYUX CyMilIeH.
CupoBaTkoBuil anbOyMiH Ma€ 34aTHICTH 3B’S13yBaTH >KUPHI KUCJIOTH ¥ Taki iMyHO-
rnoOyminm, sik IgA, IgM, IgG1 ta IgG2, mo crpusie po3BUTKY NACUBHOTO IMYHITETY
y cioxkwuBauiB (Deeth & Bansal, 2019; Shayanti & Sanjeev, 2020).

BaximBuM mpoTeTHOM CHPOBAaTKH MOJIOKa € nakrodepuH. Bin BriuBae Ha 3a-
CBOEHHSI 3aJ1i3a, BUKOHYE 3aXUCHI (PYHKIIIT, 30KpeMa MPOosBIIE€ IMyHOMOIYIISTOPHY
JIif0, IPUTHIYY€ PO3BUTOK MATOTCHHUX MIKpPOOPTaHi3MiB, € [PKEpesioM 0araTbox 0ioak-
tuBHUX nentuAiB (Korhonen & Marnila, 2011; Brandelli, Daroit & Correa, 2015;
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Fernandes & Carter, 2017; Shayanti & Sanjeev, 2020). OauH i3 TakuX NEHTHIIB,
JIaKTO(EPHIILH, MPOSIBIISE OLIBIITY aHTHOAKTEPUIIUAHY aKTHBHICTD, HIXK caM JIaKTO(e-
puH (Luna-Castro et al., 2017).

BpaxoBytoun ckazaHe, MOJKHa CTBEPIKYBATH, L0 MIPOTEOINi3 OIKIB CHPOBAaTKH Y
(hi310JIOTIYHIX YMOBAX, Ta€ 3MOTY OJTHOYACHO OTPUMATH CYMIIII IIPUPOTHUX O10aKTHB-
HUX TCNTHIB 1 3MCHIIMTH aJICPreHHICTh OUIKIB CHPOBAaTKU MOJIOKAa. BukopucraHHsa
TaKOTr0 HU3bKOAIEPIeHHOTO TiApoizaTy OiNKiB CHPOBAaTKH, SIKMH € JKepenoM 0ioo-
rYHO AKTUBHUX NENTUIIB, Y IOEAHAHHI 3 OCHOBOIO 13 CUPY KMCJIOMOJIOYHOT'0, HaJ1a€
MOXKITMBICTD OTPUMATH MPOJTYKT, IKUI MOXKYTb CIIO’KUBATH JIFOJTH 13 HETIEPEHOCUMICTIO
OLIKIB CHpOBaTKM MOJIOKA. Y TaKOMY MPOXYKTi OyqyTh MPUCYTHI Ka3eiHOBI momnepen-
uuku BAII ta mpuponni BAII 3 mpoTteiHiB cupoBaTKM MOJIOKA 1 BIICYTHI OCHOBHI
aJlepreHy 3 CUPOBATKH MOJIOKA.

Meta poctigKeHHs: po3poOKa TEXHOJIOTIT MACTH CUPKOBOI 3 JONABAHHSM Tigpo-
Ji3aTiB CUPOBAaTKOBHX OLIKIB, OTpUMaHMX Yy (i310MOrTYHMX YMOBax 3i 30epeKeHHAM
NPUPOJHUX O10JIOTIYHO aKTHBHUX TETITH/IB.

Marepianu i meTtoau. OCHOBY JJI TACTH CHUPKOBOI OTPUMYBAJIM 3 MOJIOKA T1a-
crepuzoBanoro (TM «Momokist»). i oTpUMaHHS TiIpomizaTy BUKOPHCTOBYBAIH
koHreHTpar cuposarkoBux OutkiB (KCB) (TOB «byuanpkuii cupzaBoa» (Ykpaina)
3rigHo 3 mpoekToM TY YV 15.5-00419880-XXX:2011 «KoHIeHTpaT cHpOBaTKOBUX
0inkiB (KCb-Y®). Texniuni yMoBH») Ta (PepMEHTHHH mNpemnaparT IaHKPEaTHH
(ITpAT «Texnomor» (Ykpaina)).

MacoBy dyacTKy Oilka BH3HA4YaJdl B TOTOBOMY IHIPOAYKTI BiIITOBITHO O
I'OCT 26889; macoBy wactky xupy — HACTY ISO 1211, ACTY ISO 488,
ACTY ISO 11870, ACTY 4941; macoBy wactky Bojoru — HCTY 8552:2015.
TurpoBany kuciaoTHicTh BuzHauanu 3a JJCTY 8550, BojmoroyrpumMyBaJIbHY 37aT-
HicTh — 3a Metoaukoio (ITmennyna, 2019). OpranosenTUYHY OIIHKY 3711 HCHIOBAH
srizno 3 ISO  22935-1:2009 (IDF  99-1:2009), ISO 22935-2:2009
(IDF 99-2:2009), ISO 22935-3:2009 (IDF 99-3:2009).

Jiis mpoBeicHHs eiekTpodopesy B moiakpuiaminaomy reimi (ITAT), Bukopucro-
ByBaJ JIyHy cuctemy (pH 7,9), mo Bkirouana 4,5 M ceuoBuHy. Bmict HU3BKO-
MOJIEKYJISIPHHX MENTHAIB Y TOTOBOMY NMPOAYKTI BU3HAYAIHN Telb-(DiIbTpamieio Ha Ko-
JIOHKaX 3 Habopy mjs piauHHOI Xpomarorpadii dipmu «Reanal» (Yropuuna). [Ipu
oMy OyB BHKOpHCTaHHH cedaneke G-25.

Pe3ynbTaTn i o6ropopennsi. Cup KHCIOMOJIOYHHIN ISl BUTOTOBJIEHHS NAcCTH
OTPUMYBAJIM 32 TPAJULIHHOI TEXHOJIOTI€I0 3 BUKOPUCTAHHSIM KHCIOTHO-CUYYKHOT
koaryismii. HopmaiizoBane 3a BMICTOM JKHPY MOJIOKO ITAacTEPU3YBAIH MPH TEM-
nepatypi 72+2°C 3 ButpuMkoro 15—20 xBunuH. Bubip Takux pexuMiB nactepusarii
CHPHSIB TOMY, LII0 CUPOBATKOBI OLIKH Yy MPOLECi MOJANBIIOT KOAryJsiii BIIXOIATh Y
CHpOBaTKy. TaKMM YMHOM MOKHA OTPHMATH CHpP KHCIOMOJIOYHHH, 1110 MiCTHTB y CBO-
€My CKJIaJli IPAaKTUYHO YMCTHH Ka3eiH. BinnpecoBanuii O1IKOBHI 3TyCTOK 3MilTyBalH
13 CyXHMM TiIpOJi3aTOM CHPOBAaTKOBHX OLIKIB KOPOB’SHYOI0 MOJIOKA, OTPUMAaHUM IPH
¢izionoriuanx 3HadeHHsx pH Ta temmneparypu (7,9 ta 37°C). st oTpUMaHHS Tiapo-
JiizaTy npoBoawiIx npoteoi3 15% po3unny KCb nankpeaTHHOM IIpH CITiBBIAHOMICHH]
em3um:cyoctpat — 1:20. Taki criBBIIHOIICHHS! BUKOPUCTOBYIOTHCS IIPU OTPUMAaHHI

— Scientific Works of NUFT 2021. Volume 27, Issue 5 ———— 93


http://www.frontiersin.org/people/u/368666
http://www.frontiersin.org/people/u/44596

XAPYOBI TEXHOJIOT'II

rigpomizatiB cupoBaTkoBux OuUTKiB (I"omoBau & Kypuenko, 2012; Illapkosa, XKykoT-
cekuit, ABneeBa & Jlekymra, 2013). Came B TaKuX yMOBax € HaiOUTbIa HMOBIPHICTE
yrBopeHHs npupoaaux BAIT (Madadlou & Abbaspourrad, 2016; Athira, Sharma,
Kumar & Sarkar, 2019). Tpusanicts nporeonizy — 120 xB. OTpumaHuii rigposizat
BHUCYIIYBAJIM 3 JIONIOMOTOI0 PO3NMUJIIOBANIbHOI cyinapku. [IpoBeaeHuit excnpec-enek-
Tpodope3 Tiapoi3ary MmokKa3aB BiJICYTHICTb Y HbOMY (paKiiiii MPOTEiHIB CUPOBATKH.
Ha erami 3minryBaHHS 3 TiApoJi3aToM CHPOBATKOBUX OLIKIB, 3 METOIO PO3IIUPEHHS
ACOPTHMEHTY, MOYKJIMBE JTOJTaBaHHs PI3HOMAaHITHHUX Xap40-CMaKOBHX T00aBOK (I[yKOp,
KOPHIS, BaHIIIH, KaKao TMOPOIIOK TOIIO) 1 cTadiIi3aTopiB CTPYKTYypH (IIEKTHH, arap,
KaMeJii TOIIO).

IigponizaT GiNKIB CHPOBAaTKM y MPOAYKT BHOCHJIM, BUXOJASYHU 13 CEpelHbOI Kijb-
KOCTI y MOJIOIIi OUIKIB CHPOBATKH, 10 CTAHOBUTHL 15—22% Bij ycix OUIKIB MOJIOKA.
[poayxru 3 rigposnizaTamu XapakTepU3yIOThCs AIbOYMIHHAM IPHCMAaKOM, 110 Oe3moce-
PEIHBO 3aJIEKUTH Bijl HOTO KiNBKOCTI, TOMY OCHOBHHM KpHUTEpIieM ISt OOTPYHTYBaHHS
KiJIbKOCTI BHECEHHS T1IpOITi3aTy OLIKIB CHPOBATKHU Y TIACTY CIIYT'YBaB OPraHOJICTITHYHUHA
anami3. J[is oOTpyHTYBaHHS KUTBKOCTI TipoJIi3aTy OUIKIB CHPOBATKH JIOCIIIKCHHS
OyJI10 IPOBEICHO 3 IT’ IThbMa 3pa3KaMU TacTH CUPKOBOI. | iIpomizaT BHOCHIIH B KLTEKOCTI
Bix 1 1o 5%.

Tabnuysa 1. OpraHoieNTHYHI MOKA3HUKYU MACTH CHPKOBOI 3 Pi3HUM BMicTOM
riapoJizary 0inkiB CHPOBAaTKH MOJIOKA

. XapakTeprucTuka
HaitmenyBanus
HOKA3HIKA nacra cupkosa 3 'bC
1% | 2% | 3% | 4% | 5%
Koncucrenmis, OpHOpigHa, IUIACTHYHA; KOJIIp O1Mnii 3 KpeMOBUM BiATIHKOM,
KOJIp 110 3aJIEXKUTh BiJl KiIbKOCTI BHECEHOI'O IiIpoilizaTy
XapakTepHUi KHCIOMOJIOYHUI
. anbOyMiHHMN N BiAYYTHUI 3HaYHUI
Cwmak i 3amax . HEe3HAYHU R L
MpHUCMaK Manxe N anpOyMiHHHE | anbOyMiHHMEI
. anbOyMiHHHUI TIPUCMAK
HE BiI9yBa€ThCS MIPUCMAK MIPUCMAK

BcranoBneHo, 110 HalKpayMy OpraHOJIENITUYHUMH TTOKa3HUKaMU XapaKTepu3y-
BaJIMCh AOCIiAHI 3pa3ky, mo MicTwid Bif 1 1o 3% I'BC. Hlono 3paskiB, sKi MicTHIN
4—5% I'bC, Oyno BimmiueHo, mo Taka KitbkicTb I'BC crpusie nosiBi anb0yMiHHOTO
MPUCMAKY, II0 YaCTKOBO 3HWKYE OPraHONENTHYHI TOKa3HUKH TOTOBOTO MPOIYKTY.
Boanowac Oyio 3a3HaueHo, 1m0 Ha KOJip, 3amax i KOHcHCTeHmio nomaBaHHs ['BC
HaBiTh y KUIBKOCTI 4—5% MpakTUYHO HE BIUIMBA€. B pe3ynbrati npoBeaeHoi opraHo-
JIEITUYHOI OLIIHKH BCTAHOBJICHO, 1110 OPraHOJICNITHYHI IIOKa3HUKH BCiX TOCHTIAHUX 3pa-
3KIB € XapaKTepHUMHU JUIsl CUPKOBHX BHUPOOIB Ha OCHOBI CHPY KHCIIOMOJIOYHOTO.
OcobuBicTio oTpuMaHoi nactu cupkoBoi 3 ['BC e kpeMoBHil BIATIHOK 1 HE3HAYHMIA
anbOyMIHHMI IPUCMAK, 110 3aJI€KUTH BiJl KUTBKOCTI BHECEHOTO TiIpOJIi3ary.

Y mporieci gociimKeHHs Oy/IM TaKOK BU3HAUCHI (HI3UKO-XIMIUHI TIOKA3HUKH MACTH
cupkoBoi 3 pizaum BMicToMm I'BC. lani Ta01. 2 MOKa3yOTh He3HAYHE ITiABUINCHHS
MacoBoi YyacTKH OijiKa i3 301IbIIEHHAM KITBKOCTI BHECEHOTO T1Ipoti3aTy OiKiB cu-
POBATKH Ta MiABUILIECHHS TUTPOBAHOI KUCJIOTHOCTI 3pa3KiB.
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Tabnuya 2. @izuko-XiMiuHi mokazHuku nactu cupkoBoi 3 ['BC (M+m, n=3)

Buicr Iloxa3zHuku
3pazok TEC. % Macosa yactka | MacoBa yactka | MacoBa yacTka TurpoBana
, /0 . .
oinka, % xupy, % BoJjiorH, % KHUCJIOTHICTB, °T

KonTpons — 15,19+0,05 9,0+0,01 70,6+1,5 140+1,78
3pa3zoxk 1 1 15,58+0,08 8,99+0,012 70,16+1,25 152+2,05
3pa3oxk 2 2 15,97+0,09 8,98+0,0,11 69,72+1,12 164+1,9
3pa3ok 3 3 16,36+0,06 8,97+0,01 69,28+1,05 177+1,68
3paszok 4 4 16,75+0,07 8,960,013 68,84+1,59 188+1,96
3pa3ok 5 5 17,14+0,045 8,96+0,011 68,4+1,36 191£2,0

3 ormsny Ha Bumoru JICTY 4503:2005 «Bupobu cupkoBi», TepMiH 30epiraHHs st
JOCITIKYBAHOTO TIPOIYKTY CTAHOBUB TpH M0o0m. IIpoTsaroM mporo mepioxy dacy y
MacTi CHPKOBIN 3 PI3HUM BMICTOM TiZpoiizaty OyJIo JOCTIIKEHO 3MiHY BOJIOTO-
YTPUMYBAJIBHOI 3aTHOCTI, TUTPOBAHOI Ta aKTUBHOIT KUCIOTHOCTI TIOPiBHSHO 3 KOH-
TPOJILHUM 3pa3KoM. SIK KOHTPOIIb IPY NPOBEICHH] AOCTIPKEHh BUKOPUCTOBYBAJIH CHP
KHCIIOMOJIOYHHI, BUTOTOBJICHUI 3a TICIO K TEXHOJIOTIEIO, 1[0 W OCHOBA IS IACTH
CUPKOBOI.

I3 pe3ynbratiB gociigKeHb, HABEACHUX y TalI. 3, MOXKHA 3pOOUTH BUCHOBOK, 10
JIOIaBaHHS TiIpolTi3aTy OUTKIB CHPOBATKH MPAKTHYHO HE BIUIMBAE HA BOJIIOTOYTPHMY-
BaJIbHY 3/IaTHICTH MACTH CUPKOBOI TIOPIBHSHO 3 KOHTPOJBHUM 3pa3KoM. Y Tporieci
30epiranHs BiIMi4€HO, IO i3 301bIIEHHAM KiNBKOCTI BHECEHOIO TiApoi3aTy Bil-
OyBaeThCsl MpoNopLiliHe 301MbLUICHHS! BOJIOTOYTPUMYBAIBHOI 34aTHOCTI Y 3pa3Kax.
Buecenns 'BC y HalOIbIIIN 13 3aITPOIIOHOBAHUX KUIBKOCTI, 5%, migsuinye BY?3
nponykty 1o 67,23%. Ilig yac 30epiraHHs criocTepirajaocs MiIBUILEHHS BOJIOTOYTPH-
MYBAJIBHOI 3aTHOCTI B YCIiX JOCHIAHUX 3pa3kax. [IpoTe y KOHTpossHOMY 3pasKy Bin-
MIYEHO 3HIKSHHS BOJIOTOYTPUMYBAIIBHOI 3/IATHOCTI Y TIPOIIeCi 30epiraHHsl.

Tabnuys 3. 3mMiHa BOJIOTOYTPUMYBAJIbHOI 3AaTHOCTi NACTH CHPKOBOI 3 Pi3HUM BMicTOM
I'BC nopiBHSIHO 3 KOHTPOJIEM NPOTATOM PeKOMEHI0BAHHOI0 TepMiHy 30epiranHs

. Tpusaticth 30epiranHs
3pasox r]?;hélcg/ Aenb 24 4 2

70 | L TOTOBICHHS Yepes 24 ron | Yepes 48 rox UYepes 72 rox
Kontpoib — 65,37+0,34 65,12+0,32 64,49+0,52 64,21+0,74
3pa3zoxk 1 1 65,44+0,45 65,5+0,38 65,53+0,31 65,57+0,25
3pa3ok 2 2 66,11+0,67 66,09+0,47 66,16:0,26 66,32+0,31
3pa3ok 3 3 66,49+0,32 66,58+0,21 66,99+0,53 67,38+0,34
3pa3zok 4 4 66,86+0,41 67,07+0,31 67,83+0,39 68,43+0,21
3pa3ok 5 5 67,23+0,28 67,56+0,23 68,67+0,25 69,29+0,28

[IpoTsiroM peKOMEHIOBAHOTO TEPMiHY 30€piraHHs aKTHBHA KHUCJIOTHICTH MAcTH
cupkoBoi 3 I'BC wmaiibke He 3miHIOeThCs (Tabu. 4). Lo crocyerbes TUTpOBaHOL
KHCJIOTHOCTI, TO TIOPIBHSIHO 3 KOHTPOJIEM, Y TIACTI CUPKOBIi 3 pizauM BMicToM ['BC ii
3HAUCHHS € B cepelHboMy Ha 23°T BUIIMM Ha TIOYaTKy TepMiHy 30epiranHs. J{o kit
TepMiHy 30epiraHHs pi3HUIIA 3pOCTaE A0 cepeaHboro 3HadeHHs 53°T. 3Haunuii npu-
piCT THTPOBAaHOI KUCTIOTHOCTI Y TOTOBOMY MPOIYKTI MOXKHA MOSCHUTH JOCUTH BHCO-
KOIO TUTPOBAHOIO KHCJIOTHICTIO CAMOTO T1JIpoJii3aTy OUIKiB CHpOBAaTKM MOJIOKa. I3
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pe3yNbTaTIB AOCTIPKEHb, HABSJICHUX Yy TaOl. 5, BUJIHO, IO HABITh Y 3pa3Ky i3 Haii-
OinpImmM BMICTOM Tiapomizaty (5%), HOKa3HUKH TUTPOBAHOI KUCIOTHOCTI B KiHIII
PEKOMEH/IOBAHOTO TepMiHY 30epiraHHsi 3HAXOAATHCS y Mexax po3oieHux JCTY
4503:2005 «BupoOu cupKoBi».

Tabnuys 4. 3MiHA NOKA3HUKIB AKTHUBHOI KUCJI0THOCTI IACTH CHPKOBOI 3 Pi3HUM
BMicToM I'BC nopiBHSIHO 3 KOHTPOJIEM NPOTATOM PeKOMEH/I0BAHHOI0 TepMiHY 30epiranas

. Tpusaiicth 30epiranHs
3pasox r]?sbg:w; Aenb Yepes 24 Yepes 48 Yepes 72

% | UrOTOBNCHEHS epe3 24 ron epe3 48 ron epe3 72 rox
KoHTpors — 4,28+0,025 4.25+0,058 424+0,01 4.23+0,078
3pasoxk 1 1 4,29+0,09 4,27+0,045 4.26+0.1 4,26+0,089
3pasok 2 2 430,01 429+0,089 | 4,290,069 4,29+0,088
3pasok 3 3 4,32+0,08 432+0,099 | 4,310,087 4,310,074
3pasok 4 4 4.33%0.1 4,33+0,05 4,32+0,059 4,32+0,057
3pasok 5 5 4,34+0,095 43340078 | 4,330,096 4,32+0,063

s mpoBeneHHs1 XpomaTorpadivHux Ta eIeKTpo(OpEeTHUHHUX IOCHiIKEHb OYI0
BUKOPUCTAHO JOCHIAHUM 3pa30K 13 BMICTOM TifjponizaTy OUIKiB cupoBatku 3%. Pesy-
JIBTATU eNeKTPOPOPETUIHOTO aHANi3Y, PEICTABIIEH]I Ha pHC. 1, Jal0Th MiICTaBy CTBEP-
JDKYBaTH, M0 B 3alpOITIOHOBaHOMY TpoayKTi «llacta crpkoBa 3 rimpomizaToM OiTKiB
CHPOBATKW» BIJICYTHI OUTKM CHPOBATKH, IO B OUBIIOCTI BUMAAKIB CIPHYHHSIIOTH
aJIepTilo y CIIOKUBAYiB Pi3HUX BIKOBUX TPYII.

w-CM i
B-CN
U.s;-CN ;
| BSA
og1-CMN | a-LA
| B-LG

Puc. 1. Enextpodoperpama 3arajsHoro kaseiny (1); 3rycTky A0 BiiijieHHs1 cupoBaTku (2);
3rycTky 0e3 cupoBatku (3); roroBoro npoaykty 3 I'BC (4), orpumana y jy:kHiii cucremi
(pH 7.,9), mo Brarouana 4,5 M ceuoBuny

OxpiM eneKTpoOPeTUIHNX AOCIiIKEHb, OyJia MPOBEACHA refb-PiIbTparis Ha
cedanexci G-25 KOHTPOIBHOrO Ta AOCIIIIHOTO 3pa3Ka, 110 MICTUTb 3% riapoi3ary.
Pesynbrati xpomaTorpadiyHoro aHamizy nokasanu 301bIeHHs Pppakiii Hu3bKoMoJIe-
KYJISIPHUX TETITH/IIB Y JOCTIHOMY 3pa3Ky MOPIBHSHO 3 KOHTPOJIBHUM.
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BpaxoByrouu cKiai, pe3yJIbTaTi OPraHoJICITHIHOrO0 Ta (Hi3UKO-XIMIYHOTO aHAJII3Y,
enekTpoopeTHIHUX 1 XpoMaTorpadidHuX TOCITiHKEHD 3aIPOITOHOBAHUM MTPOITYKT
«[Tacta cupkoBa 3 rigpo:i3aToM OLIKIB CUPOBAaTKI» MOXKE OYTH PEKOMEHIOBAHUM IS
XapuayBaHHS 0Ci0 3 ajepriero Ha 01K CHPOBATKH MOJIOKA.

BUCHOBKM

1. 3amponoHOBaHO TEXHOJOTIIO MACTH CUPKOBOI 3 TIAPOIIi3aTOM OUIKIB CHPOBATKH
MOJIOKa, OTPHMAHKM Y (hi310JIOTIYHUX YMOBAX, Ki 3a0€31eUyI0Th YTBOPEHHS Cepel
MPOAYKTIB MPOTEO0JIi3y MAKCUMAIIbHOI KUIBKOCTI IPHUPOJHHUX O10JIOTIYHO aKTUBHUX
TEITHIIB.

2.Y nocnimxyBaHux 3paskax «llacTi CHpKOBOI 3 TigpomizaToM O1IKIB CHPOBATKI»
OyJI0 OXapaKTepU30BaHO OPraHOJICNTHYHI, (Hi3UKO-XiMI4HI TIOKA3HUKH i BCTAHOBJICHO,
II0 BOHHU BIANOBINAIOTh HOPMAaTHUBHUM JOKYMEHTaM JISl TAKOTO THITYy NPOAYKTIB.
[Tokazano, mo BHecenHs: [ BC Hamae jerkoro mpucMaky ainbOyMiHy Ta KPeMOBOTO
BIITIHKY, ITIO 3aJI€XKAaTh BiJ KITBKOCTI BHECEHOTO TiApoizary. JloBeneHo, o BHECEHHS
rigpoiizaTy B KUIbKOCTI 2—3% NpakTUYHO HE 3MIHIOE OPraHOJENTHYHI NOKa3HUKU
TOTOBOTO NpoAyKTy. [Ipu moaaBanHi rigposizaTy B OinbLIii KinbkocTi (4—5%), pexo-
MEHJI0BAHO JOAATKOBO BHOCHTH CMaKO-apOMaTHU4HI 100aBKU AJIs 3a0€311€UeHHs CIIO-
JKMBYHMX BJIACTUBOCTEU MPOIYKTY.

Takox mocnmifHi 3pasKy 3alPONOHOBAHOTO MPOAYKTY OXapaKTEPU30BaHO 3 JIOIO-
MOTO0 €TIEKTPO(OPETUIHNX Ta XpoMaTOrpadiTHUX METOIB, IO MiATBEPLKYIOTh BijI-
CYTHICTb Y HUX OLJIKiB aJiepreHiB CHpPOBAaTKH MOJIOKA Ta 30UIbIIEHHS BMICTY (paKiii
HU3BKOMOJIEKYJISIPHHX TIETITH/IIB, SIKi BKIFOUaroTh BAIL
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The results of research of foreign and domestic scientists
prove the prospects for the use vegetable fiber processing in the
technology of combined meat products. This helps to expand
the range of meat products, distribute all ingredients, minimize
losses during production and provides a fairly high biological
and nutritional value of the product. Ultimately, such changes
lead to the production of products of constant quality.

Today, soy protein products are used in the production of
meat products, which in the production of restructured meat pro-
ducts are replaced by protein preparations obtained during the
processing of pumpkins, in particular pumpkin seed flour. It is
necessary to take into account the functional and technological
parameters of flour and minced meat systems with its use, its
biological and nutritional value.

The chemical composition as well as the nutritional value of
pumpkin seeds depends on various factors, including size, we-
ight and chemical composition of seeds.

Analysis of the fractional protein composition of pumpkin
seed flour allowed to conclude that these proteins contain a high
mass fraction of water- and salt-soluble fractions, which is close
to the corresponding index of muscle tissue of slaughter ani-
mals. The presence of albumins and globulins in pumpkin seed
flour is 75.5% of the total protein. This characterizes it as a
highly functional component which, together with muscle pro-
teins, forms a stable protein matrix of meat systems.

Analysis of the amino acid composition of the proteins of
pumpkin seed flour made it possible to determine that their pro-
tein fractions contain a complete set of amino acids, including
essential ones.

According to the results of the study of the fatty acid com-
position of pumpkin seed flour, the high biological activity of
lipids of the experimental samples was confirmed.
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AOCNIAXXEHHA BIONOriYHOI TA XAPYOBOI LIIHHOCTI
BOPOLWIHA 3 HACIHHA rAPBY3A ANA BUKOPUCTAHHA
B TEXHONOrII WMHOK 13 M'AACA IHOAUYKMU

0. O. I'anenko, B. B. Kpauyk, M. O. Meassauk
Hayionanenuil ynieepcumem xapuo8ux mexnonozii

0. 5. I'op6au

binoyepxiscoruii Hayionanvuuil azpapHutl yHieepcumem

Pesynvmamu 0ocniodcers 3apyOincHux i GIMYUSHAHUX GUEHUX 008005IMb NEPCNEK-
MUBHICMb BUKOPUCMAHHSL 8 MEXHONL02ii KOMOIHOBAHUX M 'SICONPOOYKMI6 NPooyKyii ne-
PePOOKU pOCTUHHUX BOJIOKOH. Lle cnpusc posuupenHio acopmumenmy m acHUX npo-
OyKmis, CMIUKOMY i PIGHOMIDHOMY PO3NOOLNY 6CiX iHepedienmis, MIiHIMIzayii empam
npomaA2oM 8UPOOHUYMSEA ma 3a0e3neyye 00CUmMy GUCOKY OION02IUHY MaA Xap4o8)y YiH-
Hicmb npooykmy. B ocmamounomy niocymxy came maxi 3minu 2apanmyoms aupoo-
HUYMB0 NPOOYKMY CMadiibHOi AKOCMI.

Ha cb0200Hi npu 8upoOHUYMEI M’ ICHUX NPOOYKMIE BUKOPUCMOBYIOMb COEGI OLIKOBI
npoOyKmu, AKi NPU 8USOMOBNIEHHI PECPYKIMYPOBAHUX M SACHUX 8UPOOIE 3aMIHAIOMb
OLIKOBUMU NPenapamamil, OMpUMarHuUMu nio yac nepepobxu 2apoysis, 30kpema 60po-
wiHOM 2ap6y306020 HaciuHa. IIpu ybomy HeobXioHo epaxosysamu PyHKYIOHATLHO-
MEeXHON0TUHI NOKA3HUKY OOPOWHA T dhapuiesux cucmem 3 020 BUKOPUCAHHAM, 0io-
JIO2IYHY A Xap4o6y YIHHICHb.

Ximiunuii cKao, a makoic Xapuoea YiHHICHb HACIHHS 2ap0y3a 3a1eHCUmb 6i0 Pi3HO-
MaHimHux paxmopis, 30Kpema 8i0 po3mipy, Macu ma XiMiuHO20 cK1a0y HACIHHA.

Ananiz @paxyiiinozo cknady Oikie 60powHa 3 HACIHHA 2apby3ie 0as 3mMo2y 3po-
Oumu BUCHOBOK NPO Me, WO Yi OLIKU MICIAMb BUCOK)Y MACOBY YACTHKY 8000~ MA COTle-
PO3UYUHHUX (ppakyill, a ye € OIU3bKUM 00 B8IONOBIOHO20 NOKAZHUKA M 30801 MKAHUHU
3abitinux meapun. Hasenicmv anvOyminie i 2n100yainie y 6opowHi 3 HaciuHs capbys3a
cknaoae 75,5% 6io ycicei kinbkocmi 6inka. Lle xapakxmepu3ye 11020 K UCOKOQYHKYIO-
HAbHUL KOMROHEHM, WO pa3om i3 M SI308umu OLIKaMU YMeEoproe cmadintvhy OiIKogy
MAmMpuyIo M sICHUX CUCEM.

AHnaniz amiHOKUCIOmHo20 ckaady OLiKie 6opouiHa eapby308020 HACIHHA 0A8 3MO2Y
suUsHauuUmu, wo ix OiAKosi ppaxyii micmsamo nOGHUN HADIP AMIHOKUCIOM, 30KpEMA
He3aMiHHUX. 3a pe3ynomamamut 00CHIONCEHHSL HCUPHOKUCTIOMHO20 CKIAa0y ODOPOuHA 3
HACiHHs 2apOy3a NIOMBEEPONCEHO BUCOKY OIONI02IUHY AKMUBHICMb MINIOI8 OOCTIOHUX
3pasKie.

Knrouosi cnosa: 6opowino 3 nacinms eap6ysa, Xap4osuii RpooOyKm, amiHOKUCIOM-
HUL CKIIAO, HCUPHOKUCTIOMHULL CKILAO.

IMocranoBka npodiemMu. [TOBHOLIIHHICTh IIOJIGHHOTO Xap4YyBaHHs BU3HAYAE CTaH
37I0pPOB’Sl YChOTO HACEJICHHS, BIUIMBAIOYH NPU LILOMY Ha PICT i (Pi3UYHHUI PO3BUTOK,
Mpale31aTHICTh Ta aJanTalliiiHi MOXJIMBOCTI, a TAKOX 3aXBOPIOBAHICTh 1 TPUBAIIICTh
KUTTS. BonHouac Bimome 3Ha4eHHS M’ SICONPOAYKTIB Yy 3a0e3MeUeHHi oTpeOu Hace-
JICHHSI B XapUOBUX PEYOBHHAX Ta EHEPTii.
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M’s1co € MPOIyKTOM Xap4ayBaHHS MTEPIToi HEOOX1THOCTI, SKHI HE Mae aHAJIOTIB, ITI0
3[IaTHI TIOBHOITIHHO HOTo 3amiHuTH. CaMe ToOMy M’SCOTepepOOHHI KOMITICKC — OJfHA
13 HAHBaXKIMBILIMX CKJIAIOBHX arpOIPOMHCIIOro KOMITIEKey Ykpainu. Lle Bu3HauaeTscs
CLITECHKOTOCIIOAAPCHKUM TTOTEHITIAIOM Y KpaiHH, MIHHICTIO M’ ICONTPOAYKTIB, IO 1a€
3MOTY MOBHOIO Mipolo 3a0e3nevyBaTy MoTpeOr HaceleHHs KpaiHu Ta 301IbIIyBaTH
HAsBHUY €KCIIOPTHUI MOTEHITIAN M’ ICONIEPePOOHOT ramys3i.

OmHak pUHOK M’sica 1 M’SICOTIPOIYKTIB 3aJICKHUH BiJl HASBHOI CHPOBHUHHOI 0a3u
M’SICONIEPEPOOHOT0 KOMIUIEKCY, TOMY HAMPSIMOK PO3BUTKY TEXHOJIOTTi BUTOTOBICHHS
M’ SICOTIPOYKTIB OTPeOy€e PO3MIMPEHHSI CUPOBUHHOI 0a3u, 30KpeMa IUITXOM BHUKO-
PHCTaHHSI POCITUHHOI CHPOBHHH.

AHaJi3 HAYKOBHX JA0CTiKeHD i my0sikamiit. PuHok iHmuuaTrau B YKpaiHi BXo-
IUTH 70 CTPYKTYPH 3aTraJTbHOTO BITYM3HSIHOTO PUHKY M’ SICOIPOAYKTIB, IO € CTpaTeTid-
HUM 1 HafO1Ib1I 3HAYMMHM 3 TOUKH 30pYy MPOAOBOILUOTO 3a0€3MEUCHHS ACPIKABH 1
(hyHKIIOHYBaHHS BCiel xap4uoBoi nmpomrcioBocTi (Peshuk & Galenko, 2011). Ha cko-
TOJHI PUHOK M’SICHOT MPOAYKLIl XapaKTepU3yeThCsl HU3bKOI HACHUEHICTIO PUHKY
came iHIM4oro m’sica. OJHaK iHTEpeC JI0 IHIUYOro M’sCa 3pOCTAE K Ha MIXHAPOJI-
HOMY, TaK 1 Ha BHYTpIIIHROMY puHKaX. Hampukman, y €Bpocorosi 3aBIsSKH BUCOKAM
CTMOKMBYHMM BIIACTHBOCTSAM 1HIUYATHHHU (BOHA TaM PO3TIIAJAETHCS K AI€THYHHUN 3a-
MIHHHK JIJIsI SUTOBHYHHU Ta € CHPOBHHOIO 3 BUTOTOBJICHHS moHaA 150 BumiB koBOac),
TIOTIHT € ay’ke BUCOKUM. B [3paini » omHa mromnHa TOPIYHO BXKWBae moHas 12 kr
ingnuatiay, B CILIA — nonag 8 xr, a B [Tonbini — nonan 6 kr. KoxkeH ke ykpaiHelh
3a migcymkamu 2020 p. crioxuBaB 23,7 KT M’sica IITHII, 3 HAX Ha iHIWYKY TpUTIagae
mume 800 rpamis. [ToB’si3aH0 1€ TIeperyciM 3 KyJIbTYPOIO CIIOKUBAHHSI HACETICHHS,
I[IHOBOIO TIOJTITUKOIO M’ SICHOT TIPOJTYKIIi1, @ TAKOXK HU3BKOIO KYITiBETBHOO CIIPOMOXKHI-
ctio Hacenenns (Serdaroglu, Ipek, Kavusan & Kerimoglu, 2017).

JliteparypHuii OIS MiATBEPIUB, IO HAMBATOMIIIIOIO Y CTPYKTYPI € YaCTKa CIIOKH-
BaHHs M’sica TULl — 46%. Y 3arayibHill CTPYKTYpi CIIOKMBAHHA M sica IHAMYaTHHA
3aiimae smie 3%. OcHOBHA YacTHHA iHIMYOTO MOTOJIB Sl B YKpaiHi po3MilyBaiach B
IHAMBIyalbHUX JIOMOTOCTIONApcTBax. BapTo 3a3HaunTH, 10 PUHOK iHIWYATHHU B
VYkpaiti JeMOHCTpYe CTabiIbHY IHBECTULIMHY MPUBAOIMBICTD: IOPOKY BiH 3pOCTa€ Ha
10%, a peHTa0EIBHICTD 1[OT0 Oi3Hecy cTaHoBHTH 20—25% (Galenko, Hasyuk, Krav-
chuk & Medianuk, 2021).

Barmransi, Ba BiZ]MiHY BiJT IHIIHX CIIBCHKOTOCIIOAAPCHKHUX KYJIBTYP, MalOTh YHIBEP-
caJibHe 3acTocyBaHHIM. Tak, rapOy3u nepepoOIsioThesl Ha KOHCEPBHHX ITiAMIPUEMCT-
BaX, 3aCTOCOBYIOTHCSI B MEAWLMHI Ta (hapMaKoJIorii, i3 HUX BUTOTOBIISIIOTH MIOPETIO-
NIOHI KOHCEPBH YISl IUTSIOTO XapuyBaHHS i 3aralbHOTO MMPU3HAYECHHSI, BUPOOIISIOTH
HamniBpaOpuKaTH (yBapeHe Mope ), BAKOPUCTOBYIOTh 1JIsl BUPOOHUIITBA COKY, TapOy30-
BHX HAIOiB KyMa)KOBaHHUX 3 a0pPUKOCOBHMHU YU SIOTyIHUM cokamMu Tomo. [ToGiuHmM ke
MPOJIYKTOM IIPH BUTOTOBJICHI ITEpepaxoBaHoi BUIIE IIPOIYKIIiT € came HAaciHHS rapOy3a,
sKe, 3a3BMYail, BUKOPUCTOBYEThCS Ha KOopM Xyn00i (Serdaroglu, Kavusan, Ipek &
Oztiirk, 2018). OnHak came HaciHHS TapOy3a BOJNOi€ YHIKATEHIM XiMiYHEM CKIIaI0M
i papmaxonoriuanmu BrnactuBoctsmu (Choi Ta iH., 2012).

B YxpaiHi i 32 KOpAOHOM TIOCTIHO BEAYTHCS PO3POOKH M’ SICOITPOAYKTIB 3 BUKOPH-
CTaHHsAM OoportHa 3 HaciHHA rapOy3a (Kim ta in., 2016). Y HarmionamsHoMy yHiBep-
cureTi 6iopecypciB i nmpupogokopuctyBanHs Ykpainu (Junpko & lTonaa, 2012)
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JOCTIIKEHO BIACTUBOCTI OOPOIITHA 3 HACIHHA rap0y3a B TEXHOJIOTII BapeHUX KoBOac.
PesynbraTi mux JOCTIHKEHb CBITYATh PO TE, IO JI0 CKJIaTy rapOy30BOTO rOJIOHAC-
HHOTO OOpOIIHA BXOJATH TaKi OCHOBHI HyTpieHTH: Ounku (43,2%), sxupu (17,3%), a
Takox ByraeBoau (20,9%), Bkmovatoun MoHocaxapumu (0,63%), caxaposy (1,84%),
kpoxmaib (4,21%), knitkoBuny (14,28%). Lli pe3yabTaTu AOCHTIKEHb JOBOASATD, IO
rapOy30Be rojioHaciHHE OOPOIIHO Yepe3 3BOJIoKeHHs rpu Temnepatypi 20°C nmormu-
Hae ¥ yrpuMye Maibke y 2 pas3u OUTbITIe BOJIOTH 3a CBOIO Macy.

BukopucTanss po3podiaeHoro rap0y30Boro roloHaciHHOTO OOpOIIHA 3aBASKU BH-
COKOMY BMICTY OLIKiB, KJIITKOBHHH, MiHEpAJIbHUX PEYOBHH, a TAKOX BiTaMiHiB (prOO-
¢naBiHy, IAHTOTEHOBOI KUCIOTH, MiPUIOKCHUHY, TOKO(EPOIIiB, KAPOTHHOIIB) T He-
3HAYHOI KUTBKOCTI KPOXMAJIKO JIA€ 3MOTY 3HAYHO 301IBIIMTH TIOXKUBHY I[IHHICTh Bape-
HUX KoBOacHUX BHpOOiB (Zargar, Kumar, Bhat & Kumar, 2014).

ABTOpamu mateHTy Oyna po3poOyieHa KoBOaca cupokomrueHa «[liBHiuHe caiiBOY,
IO CKJIaJAEThCA 31 CBUHUHM, COJNi, HITPUTY HATPIlO, MEPIF0 YOPHOTO MEIEHOTO Ta
BIJIPI3HSETHCS BiJ] aHAJIOTY THM, 110 JIOJIATKOBO OyJia BUKOPHCTaHA OJICHUHA, MEJI, Ha-
cinns rap0Oy3a. CriBBiIHOIICHHS KOMIIOHEHTIB: ojieHnHa 47—51%, CBUHMHA HaIiB-
xupHa — 42—46%, mex — 2—3%, HaciHasg rapOy3a — 2—3%, cinp — 3,4—3,6%,
HiTpuT Hatpito (B pozunHi) 0,0099—0,01%, nepeup yopHuit Mmenernii — 0,09—0,11%.
TexHiuyHUI pe3ynbTaT pO3pOOKH MOJSTAE B TOMY, IO OTPUMaHO 30aJaHCOBaHUi 3a
aAMIHOKHCJIOTHUM CKJIaJIOM MTPOIYKT 3 ITiABHITIEHOO O10JIOT19HOIO MIHHICTIO 1 3aITaHo-
BaHUMHU [JTHOBUMH OPTaHOJICTITHIYHUMH XapaKTePUCTHKAM.

Astopamu narenty (122109 «IInimens 3 ciueHoi HaTypaﬂLHo'l' MacH 3 HaCIHHIM
rap6y3a>>) OyB PO3pOOJICHUIA IITHILIENb 3 TIOCIYCHOTO M’SIca 3 HACIHHAM rap0ys3a, KUt
MICTUTh CBUHUHY, )KUP-CUPEIIb, BOJTY, stiTIst, cyxapi. [TpoJyKT Bipi3HAETHCS TOAATKO-
BUM BHECEHHSM MOIPiOHEHOTO HAaciHHA rapOy3a. CITiBBITHOIICHHS IHTPEIIEHTIB: CBH-
HrHa — 57—61%, cyxapi — 10—11%, Hacinns rapoy3a — 11—14%, sxup-cupers —
8—9%, siiusg — 4—5%, peira Boa.

TexHIYHUIA pe3yNbTarT i€l po3po0KH — CTBOPEHHS LIHIIENS 3 HATypaJIbHOI ocide-
HOI MacH 3 BUKOPUCTAHHSIM HaciHHs rapOy3a y kibkocTi Bix 11 no 14%, mo Hamae
MOXKIJTHBICTh BUTOTOBJISITH TOTOBUH MIPOJYKT 03/I0POBYO-NIPODIIAKTHIHOTO MPU3HAYe-
HHSI 3 TiBUILICHO XapUOBOIO LIHHICTIO Ta IMOKPAIICHOI CTPYKTYporo (Sharma, Shar-
ma, Chand, Khardiya & Yadav, 2013).

Ouist, oTpUMaHa 3 HaciHHs rap0y3a, 3aBHa Bifjoma B MeauiuHi (Teugwa, Boudjeko
& Tchinda, 2013). Bona Mae aHTHCENTHYHI, TPOTH3aNalbHi Ta peTCHEPATUBHI BIACTH-
BOCTI, @ TAKOX CHPHAE BiAHOBJICHHIO (DYHKILIHN MEYiHKU, IEPEAMIiXypOBOi 3aJ103H, CIIH-
30BOT 00OJIOHKH ITYHKOBO-KHIIIKOBOT'O TPAKTY Ta BUBOIUTH XonecTepuH (Illemanckast
& Ocetiko, 2012).

Merta A0CHiIKEeHHsI: BU3HAYEHHS XIMIYHOTO Ta ()PaKIIHOTo CKJiaay OOpoIIHa 3
HaCiHHs TapOy3a /Uil MOAAJIBIIOr0 JOC/IKEHHS HOTo BILIMBY Ha (Di3MKO-XIMiYHi I10-
Ka3HHMKHU IIHHOK 13 M’sIca 1HIWYKH.

Martepianu i Meroau. JlocaimkeHHs QpakIiifHOrO CKIaaAy OLIKIB MPOBOIUIN Me-
TOJOM eJeKTpodopesy B akpeauToBaHiii nadoparopii. Enextpodopes — 1e pyx 3apsia-
YKEHHX YaCTUHOK TI1JT BIULTHBOM €JICKTPUIHOTO T0J1s1. OCKUTHEKY Pi3HI YaCTUHKH MOXKYTh
MaTH Pi3HI BEIMYWHU 3apsAay, a TAKOXK BIIUYBATH MPH PYyXOBI HEOAHAKOBHUH OTIIp
cepeOBHILA, IIBUIKICTh MEepeMillleHHs iX Moxke OyTH pizHoo. Ha nipomy i ocHOBaHe
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3aCTOCYBaHHSI €IeKTpodope3y SIK METOMY TSI PO3IUICHHS PEIOBHH. 3TiIHO 3 METOTH-
KOI0, JUIs IPOBEJCHHSI AOCIIIPKEHb TOTYBAJIM T'ellb, SIKUH CKIIAA€ThCS 3 KUTBKOX OKpe-
MHX PO3YMHIB, OApBHUK Ta 3pa3KH.

BuznaueHHs1 aMiHOKHACIOTHOTO CKIIAy 3MIMCHIOBAIH 13 3aCTOCYBaHHSIM 10HHO-
oOmiHHOT Xxpomatorpadii Ha anamizatopi T339AAA (Yexis).

KinbkicTh aMiHOKHCIIOT OAEPXKYBAIN y MUTITpamMax IMpy MHOYKEHHI KUJIbKOCTI MiKpO-
MOJIel aMiHOKHCIIOTH Ha BiANIOBIIHY 1 MOJNEKYJSIpHY Macy. Bu3HaueHHs SKiCHOTO
CKJIay CyMillli aMiHOKHCIIOT MPOBOIMIIN, TIOPiBHIOIOYH XPOMATOTPaMH CTaHAAPTHOT
Ta JIOCHIPKYBAHOI CyMiIlli aMiHOKHCITOT.

Pospaxynok aminokuciorHoro CKOP npoBoauny 3rifHO 3 ZOBIJKOBOIO IIKAJIOK0
FAO/WHO. )XupHOKHCIOTHHHI CKIIa]l )KUPOBOI a3u OTpUMAHOTO OOpOIIHA TOCTi -
YKyBaJll METOAOM TazopiauHHoi xpoMaTorpadii. Takuit miaxia 3abe3meunB MOXKIH-
BiCTh BUBYCHHSI B3a€MO3B’ 13Ky 00’ €KTa JIOCIIKCHHS Ta BCIX TIOKA3HUKIB.

06’ exToM mocmixeHHs O0yio OOPOIIHO 3 HACIHHA rap0y3a, sike B MOAAIbIIOMY
3aIIAHOBAHO BUKOPHCTOBYBATH B TEXHOJIOTIT BUTOTOBJICHHS IIIMHOK 13 M’ICOM 1HIHYKH.

Pe3yabTaTu i 00roBopenns. BurorosieHe B 1abopaTopHUX YMOBax OOpPOIHO 3
HaCiHHS rapOy3a — Iie MOPOIIOK OYHIIEHOTO HACiHHS rapOy3a, Cipo-3eIeHOTO KOJIbO-
Py, MpakTUYHO Oe3 3amaxy, OJHaK MPH BXKHMBAHHI 3HAYHOI KIJIBKOCTI 3adiKcoBaHHH
3aJIMIIKOBUH TipKHUid iprcMak. [ omeprxanHst OOpoITHa HaCiHHS rapOy3a CIiouaTKy
MTPOMHUBAIIH, TIOTIM CYIIWIIM TIpU KiMHATHIN Temmepatypi (20...25°C) mo mocsrHeHHS
piBHs Bosorocti 4...6%, naji OYMINAIW BiJ IIKIPKK Ta IMEPEMEIIOBAIN Ha
TICTIEPTaTopi A0 TOCATHEHHS po3Mipy dacTok 0,1—0,5 mm.

JliTeparypHuil Orisiy MiATBEPAMB, 0 HAWOLIBII MPUBAOIUBUMY JUISI BUKOPHUCTA-
HHS Y BUPOOHHUIITBI M’ SICOTIPOIYKTIB MOXe OyTH HaciHHS rapOy3a TroJOHACIHHOTO,
OCKIJIbKM BOHO HE Ma€ 00O0JIOHKH, IO SIBJISIE COO0I0 A€PEB’ THUCTY, Ay’Ke ILUIbHY 32
KOHCHCTCHIII€I0 TKAaHWUHY, sIKa CKJIQJIa€ThCS, TIEPEBaXKHO, 3 BYTJIEBO/AIB BOIOHEPO3YH-
HHUX, 30KpeMa IelTtoio3u i reminemonos (Kpaescrka & Crenenko, 2013).

PesynbraTtu mpoBeIeHOro JOCHIKEHHS XIMIYHOTO CKJIay OOpOIIHA 3 HACIHHS
rapOy3a TOJIOHACIHHOTO HaBeJIeHi B Ta0uI. 1.

Tabnuysa 1. XiMiuHuUii ckJiax 6G0poLIHA i3 roJ10HACIHHOTO HaCiHHS rapoy3a

HaiiMeHyBaHHsI TOKa3HHKIB BopourHo 3 HaciHHs rap0Oy3a
Bwicr, %

OliIKa 34,240,1

KUPY 32,240,1

BOJIOTH 6,91+0,2
3011 4,7240,02

Byriesoau*, %, y Tomy umcii 21,4+0,1
1eroJ103a, % 4,240,02
PO34MHHI IyKpH, %o 17,2+0,02
Eneprernyna uinaicts 100 r npoaykTy, KKal 495,7

BcranoBIeHo, 1110 O0POILHO 3 HAaCiHHS rapOy3a — JIyre OaraTe JHKEpEeo IOBHOIH-
HOTO POCIMHHOTrO OiJika (HOro BMICT y MpoaykTi — 110 35,2%).

MacoBa yacTka OiJIKiB y HaciHHI rapOy3a He MOCTYMa€eThCs TPAAULIIITHO BUKOPH-
CTOBYBAHHM POCIMHHAM O1IKOBHM TOOABKaM 1, IIT0 HAWTOJIOBHIIIE, M SICY 3a01iHIX
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TBapHH, 110 BUKOPUCTOBYETLCS Y BUTOTOBJICHI KOMOIHOBAHHMX M’ SICHHX TPOIYKTIB.
BcraHoBIIEHO, 1110 CITIBBIIHOIICHHS OLTOK: KU Y JOCTIPKYBaHUX 3pa3kax OOpOIIHa i3
HaciHHs rapOy3a ctaHoBUTH 1,1:1, a 11e, y CBOIO 4epry, BiANOBiga€e 3aTBEPIHKCHIM
MEIMKO-010JIOTTYHIM BHMOTaM IIIO/I0 ONITHMAJTFHOTO CITIBBIIHOIICHHS OiIKa Ta XKUY
B nipoAykTax. ToOTo HaciHHA rapOy3a MO)KHA BUKOPHUCTOBYBATH B PELIENITYPHUX KOM-
MO3ULIAX KOMOIHOBaHMX M’ COIPOYKTIB O€3 3aBAaBaHH MIKOIU IXHBOMY XIMIYHOMY
CKJTafTy Ta Xap4OBii I[IHHOCTI.

OnHUM 13 HAHBAKITUBILIMX KPUTEPIiB, SIKi BU3HAYAIOTH TOLIBHICTH BHKOPHCTAHHS
HOBHX BHIB CHPOBHHH Y BUTOTOBJICHHI M SICONPOJYKTIB, € 3IaTHICTh IO CIIOTyYeHHS
i3 OikaM¥ M’sica, TOMY BaXKJIMBUM OYJI0 POBEACHHS AOCIiIKEHHA 3 (ppakiiiftHOro
poszineHHs OinkiB HaciHHS rapOy3a Ta iX KUIbKicHOTO aHamizy. PpakmidHui ckiman
O1NKiB HaciHHA rapOy3a HaBeeHuH y Tabu. 2.

Tabnuya 2. @pakuiiinuii ckjaaj 6lJkiB HaciHHA rapoysa

Macosa uactka (pakuiil 6inkis, %
AnpOyminn | I'moOyninm | I'moteninu | HepozuuHHi Oinku
BopoiHo 3 HaciHHs rapOy3a 27,2 48,3 19,9 4.6

HalimeHyBaHHS CHDOBUHHI

Amnai3 ppakiiiHOro ckaaay OLIKIB IiATBEPAUB, 110 OUIKK HACiHHA rapOy3a mic-
TATH Y CKJIaAi 3Ha4Hy (OJIM3bKY 10 TAKOTO K MOKa3HUKA M’ A30BOI TKAHUHH y 3a01iHUX
TBapWH) MAcOBY YacTKy BOZO- Ta COJICPO3UMHHMX (ppakiiiii. HasBHICTE anb0yMiHIB 1
ro0yiHiB y OopoiHi 3 HaciHHs rapOy3a cknaaae 75,5% Bij 3arab-HOrO BMICTY OiJIKa,
a Ie XapaKTepu3ye HOTo SIK AyKe BHCOKO(MYHKIIOHAILHANA KOMIIOHEHT, III0 Pa3oM i3
OinkamMu M’sica YTBOPIO€E CTaOUTbHY O1TKOBY MaTpHITIO M’ SICHOI cucteMn. BapTo 3a-
3HAYMTH, 10 HAHOUTBIIOO (hpakiieto y Oikax OopolHa 3 HaciHHA rapOys3a € cone-
po3unHHI 6i1kH 3 BMicToM 48,3%. HaBeneHi nani gpakuiiiHoro ckiamy OUIKIB HACIHHS
rapOy3a JOBOASTH MEPCIIEKTHBHICTH HOr0 BUKOPUCTAHHS Y XapUOBHX IJISIX SIK KOMITO-
HEHTA PerenTypy M SICHAX TPOIYKTIB.

BaxxiuBo BiIMITHTH, IO TEXHOJIOTIYHI XapaKTEPUCTUKHA M SICHOI CHCTEMH 3alie-
KaTh He JIMIIIE Bi/l MACOBOT YaCTKH Ta (PPaKIIMHOr0 CKIIaay OiJIKiB CHPOBUHH, aJie i BiJ
iX AKICHOTO CKJaay B caMoMy OinKy. Y 3B’S3Ky 3 UM Tpeda Oysi0o BUBUUTH aMiHO-
KHCJIOTHUH CK1aj] OUTKiB OopoliHa rapOy30Boro Hacinus (Tadi. 3).

Tabnuys 3. AMIHOKHCJIOTHHI ckJIa] OinkiB GopomHa rap0y30Boro HaciHus,
3He;KHPEHOr0 COEBOro GOPOIIHA Ta iHIUYOro M’sica

Bwmicr, r Ha 100 1 Oinka
e[ gy ] S 3 [ SIS Ty e

DAO/BOO3 I kar.

rapOysa OOpOIIHO

1 2 3 4 5
Heszaminni aMiHOKHCIOTH

Banin 5,0 4,86 4.8 4,71
[30meimn 4,0 3,65 4.4 4,76
Jlenmn 7,0 7,86 7,7 8,42
Jlizun 5,5 5,93 6,3 8,94
MeTioHIH+IHCTHH 3,5 2,67 2.9 2,92
Tpeonin 4,0 7,45 4.0 4,49
DeHinanaHiH+THPO3UH 6,0 6,67 14 7,28
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1Ipooosorcenns mabauyi 3

1 2 3 4 5
Tpunrodan 1,0 0,79 8,6 1,69
Cyma HAK 36,0 41,88 40,1 43,21

3aMiHHI aMIHOKHCIIOTH

AnaHin — 10,86 — 6,25
Aprinin — 8,53 — 5,99
AcrnapariHoBa KUCJIOTa — 5,71 — 10,30
Tictuaun — 1,51 — 2,77
I'minua — 7,82 — 5,83
['myramiHOBa KHCIOTa — 13,63 — 16,82
IIponin — 421 — 4,26

CepuH — 4,04 — 3,77

AHarti3 pe3ynbTariB JOCHIHKSHHS aMiHOKHUCIIOTHOT'O CKJIa Ty OUIKiB OOpoIiHa rap0y-
30BOTO HACIHHS TIOBOJHUTH, IO OUTKOBI (hpaKIlii BKIFOYAIOTH TTIOBHHN HAOip aMiHOKHC-
JIOT, B TOMY YHCIIi HE3aMiHHI, a Lle CBIAYMTH PO BUCOKY 0i0JIOTi4YHY LiHHICTB. Bera-
HOBJICHO, 1110 BMICT OKPEMHX He3aMiHHUX aMiHOKHCIIOT (30KpeMa JIeHInuHy 1 JTi3uHYy)
JIOpiBHIOE 3HaUEHHIO 3aTBepkeHoro etaioHa DAO/BOO3, a mokazHUKH (eHianaHiny
1 TpeOHIHYy HaBiTh NEPEBHUILYIOTH HOTO.

Takox y mocmigHOMY 3pa3Ky OyB BHSBICHHI BUCOKHI BMICT TITyTaMiHOBOI aMiHO-
KHCIIOTH, sIKa € XIMIYHOIO MOTIEPETHUIICIO YTBOPEHHS TPAAUIIMHOTO M’ ICHOTO CMaKy.
KoegirienT BiaxuneHHs: aMiHOKHUCIOTHOTO cKopy (Ha3uBaeThes mokasHuk KPAC, %),
SKUH XapaKTepu3ye HaIJUIIKOBY KUTBKICTb yCiX HE3aMiHHUX aMiHOKHCIIOT, CTAHOBUTh

31,4%.

Tabnuys 4. Tloka3HUKHU 6ios10TiYHOT HIHHOCTI O1IKOBOIro KOMIIOHEHTA HACIHHSA rapoy3a

HaiiMeHyBaHHsI TOKa3HHUKA BopomHo 3 HacinHs rap0y3a
AMIHOKHCIIOTHUH cKop, Yo
Banmin 97,2
[30eiun 91,3
Jletinun 112,3
Jlisun 107,8
MeTioHIHHIUCTHH 76,3
TpeoHiH 186,3
DeHinanaHiH+THPO3UH 111,2
Tpunrogan 79,00
KPAC, % 314
BII, % 68,6
U, on 0,66
G, MT' 35,48

3 pe3yabTaTiB pO3paxyHKIB BCTAHOBJICHO, IO OUIbII Hixk 60% aMiHOKHCIIOT Haci-
HHS TapOy3a MOXXYTh YTHII3YBaTHCS OpPraHi3MOM, a iXHil Koe(dilli€eHT yHITapHOCTI
cranoBHTh 0,66.

BinnoBigHo 10 NOKa3HKKa MOPiBHAHHOT HAAMIPHOCTI (Oc) MOPIBHIOIOTH 3arajibHy
KUTBKICTh BMICTY He3aMiHHUX aMiHOKHCIIOT OUIKIB 1 OUJIKIB, SIKI HE MOXYTh yTHIII3Y-
BaTHCh OPraHi3MOM JIFOJIMHU (Yepe3 He30aIaHCOBaHICTh BIIHOCHO €TAJIOHY). 3 JaHUX
Tab1. 4 BCTaHOBJICHO, 110 B AOCIJHOMY 3pa3Ky MOPIBHSHHA HaAMIipHICTb CTAHOBUThH
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35,48 mr. BcraHoBiieHo, 1110 O1IKK HACIHHSA rapOy3a XapaKTepPU3yIOThCs BUCOKOKO 0i0-
JIOT19HOKO HiHHICTIO — 70,5%.

3 MEeTOI0 MOKpAIIECHHSI aMiHOKUCIIOTHOTO CKJIALy pPO3pOOJICHUX BapeHO-KOMYEHUX
MIMHOK Y TTOJAJIBIIOMY 3aIUIAHOBAHO PETYJIIOBAHHS iX PELENTYPHOTO CKIIALY 3 ypaxy-
BaHHSM JIMITYIOUMX aMiHOKHCIIOT OOpOILIHA 3 HACIHHS rap0y3a.

[pu neranbHOMY OCHIIKEHHI XIMIYHOTO CKJIay OOpoLIHa HaciHHA rapOy3a BcTa-
HOBJICHO, III0 BMICT JIIMTi{iB KOTMBAEThCSI — OMm3bKO0 31,8%, 10 MiATBEPIKYE TyKE
BHCOKY €HEpreTH4Hy 1 010JI0Ti4HY IiHHICTH OOpOIIHA 3 HACiHHS TapOy3iB (Tadm. 1).

[Ipu mocmimkeHHi 610JIOTITHO]T 1 XapUOBOi IIHHOCTI CHPOBHHH BaXKJIMBUM € HE JTUIIIC
BU3HAYEHHS MacOBOi YaCTKH JIiMi/IiB, a i aHaNi3 IXHOTO JKUPHOKHUCIOTHOTO CKIIaAYy,
0CO0JMBO iIeHTU(IKALIS TONTiHEHACHYEHNX )KUPHHUX KUCTIOT (Tabm. 5).

Tabnuysa 5. JKUPHOKHMCJIOTHHIA CKJIA JinigiB HaciHHSA rapoy3a

. MacoBa yacTka XHPHUX KHCIOT, % 110

HaiiMeHyBaHHS )KUPHUX KHCIIOT .
3arajgbpHOi CyMH

Hacuueni (HXK), B ToMy uncni: 17,81
nasibMiTHHOBA Cig: (T€KCaIEKaHOBA) 11,31
creaprHoBa Ciz. (OKTaJeKaHOBA) 6,06
apaxinoBa Cy. (e¥iko3aHOBa) 0,44
Mononenacuueni (MHXK), B Tomy uucii: 41,46
oneinoBa Cig. (OKTae1ieHOBa) 41,46
Ioninenacuueni (ITHXXKK), B Tomy umci 40,73
niHoneBa Cis. (OKTaieKaiueHoBa) 40,49
ninoneHoBa Cs:3 (OKTaIeKaTpUEHOBA) 0,24

3 Tab11. 5 BUIHO, IO KUPHOKUCIOTHUIA CKJIa]T JIIITiTiB Y JOCIITHUX 3pa3KaxX HACIHHS
rapOy3a OyB IpeACTaBICHNH YOTHPMA KHCIOTaMH — MaJIbMITHHOBOIO, CTEAPHHOBOIO,
0JIETHOBOIO 1 J1iHONIEBOMO. [IpH IbOMY apaxiHOBa Ta JTIHOJIEHOBA KHCIOTH BUSIBIICH] B
Iy’kKe HEe3HAUHHUX KUTBKOCTSX. Y OCHITHOMY 3pa3Ky OyB TaK0>K BUSIBIICHHI 3HAYHMI
BMICT JIIHOJICBOI KHCJIOTH, MacoBa YacTKa K01 craHoBHIIa OinbIie 40%.

OtpumaHi pe3ynbTaTH MiATBEPANIN BUCOKY 010JI0TTYHY aKTHBHICTB JIMi{iB JOCIiI-
HUX 3pa3kiB. Pi310JI0TI9HO OOTPYHTOBAHMM CKIIAZOM JKUPOBOI (ppakiiii € CriiBBigHO-
menns HacmyeHnx (HXKK), a Takox mononenacnaennx (MHXKK) 1 monineHacuaeHIX
(ITHXXK) >kupHUX KHCIIOT, sike mopiBHIOE 3:6:1. CriBBIJHOIIEHHS JIiITi/[iB HACIHHS Tap-
Oy3a 2:4:4. SIx BUAHO 13 POBEACHUX PO3PAXYHKIB, CITIBBITHOMIEHHS IS KUPHAX
KHCJIOT Y JIiTTIaX HAaCiHHS rapOy3a He BiIIOBiAa€ 3aTBEPHKEHUM (Di310JIOTIYHUM BUMO-
ram, aje, peryJirol04H KiJbKiCTh KOMIIOHEHTIB y MOJENBHUX PelenTypax MIMHOK,
ICHY€ MOMJIMBICTh ONITUMI3yBaTH 1€ CITiBBIIHOIICHHS 3 OTJIsTY Ha PaKT, 110 B M’ SICHIT
CHPOBHHI CKJIa]] TIOJIIHEHACHYESHUX JKUPHUX KUCIIOT 3HAXOUTHCS HA 3HAYHO HU3BKOMY
piBHI.

BUCHOBKM

Bcranosneno, mo ¢pakiiiauil ckira OUTKIB OMM3BKUI 0 M’s130BOI TKAHWHU 3a-
OiliHux TBapuH. BuzHaueHo, o BMICT anbOyMiHIB i I7100yIiHIB y OOpOIIHI 3 HACIHHA
rapOy3a cTaHOBUTb 75,5% Bij 3arayibHOI KUIBKOCTI Ollika, TOMY HOTO MOXKHa BUKOPH-
CTOBYBATH SIK BUCOKO()YHKITIOHAJIEHII KOMIIOHEHT PELeNTypH.
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Ha ocHOBI poBeZIcHOTO AOCIIHKEHHS aMiHOKHCIIOTHOTO CKJIaay OiTKiB 60poIrHa
rap0y30BOI0 HaCIHHS TOBEICHO IXHIO BUCOKY O10JIOTIUHY IIHHICTh, a/pKe X O1IKOBI
(paxii BKIIIOYAIOTh IOBHUI Ha0ip aMiHOKHCIIOT, B TOMY YHCIII HE3aMiHHI.

[IpoBeneni mociimKeHHS BKa3yIOTh Ha aKTYaIBHICTh 1 MEPCIIEKTUBHICTE 0OpaHOol
CHPOBHHH, 30KpeMa OOpOIITHA 3 HACIHHS Tap0y3a, /IS MOETHAHHS 3 M’ SICOM 1HIUYKU B
KOITUEHO-BapeHHX IMHKaX. Y MOAaJIBIIOMY 3aIlIAHOBaHi JOCIILKEHHS (DyHKIIOHAIBHO-
TEXHOJIOTIYHHUX BJIACTHBOCTEH OOpOIIIHA 3 HACIHHA Tap0y3a Ta MOeIHAHHS HOT0 3 M’sI-
COM 1HINYKH.
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Milk and flour porridges are used as food for infants and
young children. There is a variety of such products. The main
raw material for such porridges is cow’s milk.

Dry milk and flour porridges are products of long storage.
Such products are multicomponent systems, so during their
storage there is a large number of changes, both physicoche-
mical and microbiological. Since these products are intended for
breastfeeding, the most important indicators of quality are
indicators of their safety.

Microbiological contamination and fat spoilage processes
may occur during the shelf life of dry milk flour. Fat spoilage is
associated with both chemical and biochemical fat oxidation.

Leading manufacturers of dry products for baby food have
a warranty period of 12 months. However, the studied products
are made on the basis of mare’s and sheep’s milk. Such milk
has different chemical composition, and therefore the processes
which take place in it during storage may also differ from those
observed during storage of cow’s milk. Therefore, it is consi-
dered appropriate to conduct research to determine the indica-
tors which affect the quality of the product during storage.

The article presents a study to determine microbiological
parameters, the values of acid and peroxide indicators. Accor-
ding to the results of the study, it was found that in the studied
products the development of exterior microflora during the
shelf life is within normal limits. And the processes of oxidation
of triglycerides and accumulation of peroxides occur similarly
to similar processes in the control sample. A small difference in
the samples is characterized by differences in the chemical
composition of the fat of different types of milk. It was found
that dry milk-flour porridges based on mare’s and sheep’s milk
can be stored for a certain period of time, provided that they are
stored in airtight packaging.
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AOCNIAXEHHA 3MIH CYXUX MOJIOYHO-
BOPOLWHAHMUX KALU AnNA AUTAYO0ro XAPYyBAHHA
B MPOLIECI IX 3BEPIFAHHA

K. O. Bejincbka

Kawm aueywb-Ilodinscoruti Hayionanvruil ynisepcumem imeri leana Ocienka
H. O. ®ajgenauiu

Hayionanvnuti ynieepcumem xapuogux mexnonozitl

Jna xapuysanns Oimeii epyOHO20 mMa PAHHLO2O BIKY NPUKOPMOM CIYIHCATND
MON04HO-00pouwiHANT Kawi. Ha punKy npononyemucs pisHoMaHimms makux npooyk-
mig. OCHOBHOIW CUPOBUHOTO OJisl BUOMOBNEHHS MAKUX KA € KOPOB 14e MOLOKO.

Cyxi MOOYHO-OOPOWHAHT KAl € RPOOYKMaMu mpusaio2o 3depieanns. Taxi npo-
OyKmu € 6a2amoKOMROHEHMHUMU CUCTEMAMU, TROMY NpU iX 30epieanti 6I00y8acmbcs
BenUKA KiIbKiCmb 3MIH (K Qizuko-Ximiynux, max i mikpoobionociunux). OcKintbku yi
npooyKmu npusHadeHi 0 6U20008Y8ants Oimell, HAUeONOGHIUUMY NOKAZHUKAMU
SAKOCMI € NOKAHUKU iX Oe3nedHOCMi.

Ynpooosorc mepminy 36epicants cyxux MoIOUHO-O0POUHAHUX KA MOJICYTHb MAMU
Micye npoyecu MIKpobioi02iuH020 3apadicents ma npoyecu ncysanus xcupy. Ilpoyecu
NCYBAHHSL HCUPY NOB S3AHI K 13 XIMIUHUM OKUCHEHHSIM JCUPY, MAK i 3 OLOXIMIYHUM.

Ipogionumu eupobHUKaMU CYXUX NPOOYKMI6 OJid OUMAHY020 XAPUYBAHHS 2aApPAH-
mitiHuLl mepMmin 30epicannsn gcmanosneno 12 micsiyis. [Ipome 0ocniooicysani npodykmu
BUCOMOBTIEH] HA OCHOBI KOOUNAY020 MaA 08e4020 Moaoka. Take monoxko mac inwu
XIMiuHULL CKIA0, a MoMy npoyecu, wo 8i00y8aromvcs 8 HbOMy Ni0 uac 30epieanis,
MAKOAC MOJNCYMb GIOPIZHAMUCS 610 MUX, WO CHOCMEPIearomvcs npu 30epicanii
KOpo8’sauoz2o monoka. Tomy nposedenHs 00CHiONHCEHb 3 BUSHAUEHHS NOKA3HUKIG, 5KI
BNAUBAIOMb HA SKICMb NPOOYKMY NpU 30epiearii, € OOYLTbHUM.

Y emammi npedcmasneno 0ocniodicents 3 GUHAUEHH MIKPOOIOIO2TUHUX NOKAZHU-
Ki6, 3HAYEHHs KUCTOMHO20 Ma NePeKUcHo20 ducel. Bemanosneno, wo 6 docaioicy-
BAHUX NPOOYKMAX PO3BUMOK CMOPOHHBOI MIKPOGhIopU 6npooosdc mepminy 30epi-
2aHus 8i00y8acmvcs 8 medcax Hopmu. A npoyecu OKUCHEHH mpueniyepudis i HaKo-
nuueHHs nepexkucie 8i006y8armvcsa NOOIOHO 00 AHANOIYHUX NPOYECcie Y KOHMPOJ.
Hesenuxa pisnuyst y 3pazkax xapakmepu3yemucsi 8IOMIHHOCHAMU XIMIYHO20 CKAAOY
JHCUPY PIZHUX BUAI6 MOIOKA. 3 ICOBAHO, WO CYXI MOJIOYHO-OOPOWHSAHI KAWL HA OCHOGI
KOOUNAY020 MA 084020 MOAOKA MOJICYMb 30epieamucs npomsaeom GUSHAYEHO020
MepMIHY 3a YMOBU 30epieants 6 2epMemUYHILl YNAKo8Yi.

Knrouoei cnosa: monouno-6opownani kawi, Oumsade XapuiyeauHs, KUCIOMHe Yul-
CI0, NEPEKUCHE YUCTO0, MIKPODIONOSTUHI NOKAZHUKU.

IMocranoBka mpo6aemu. Cyxi MOJIOYHO-OOPOITHSHI Kallli ISl TUTSYOTO Xapdy-
BaHHs € 0araTOKOMITOHEHTHUMH CHCTEMaMH, TOMY TIPH iX 30epiraHfi BinOyBaroThCs
(i3uyHi, XiMi4Hi Ta MiKpoOioNoTivHi 3MiHH. Be3yMOBHO, TOJIOBHIM KPUTEPIEM OIIIHKH
SIKOCTI CYXUX MOJIOYHO-OOPOIIHSHUX Kalll € OPraHOJICITHYHI MOKA3HUKH, 3MIHY KX
00YMOBJICHO CKJIaJIHUMH (DI3UUHUMHM, XIMIYHUMH, O10XIMIYHIMH, MIKPOO10JIOT TYHUMHU

——— Scientific Works of NUFT 2021. Volume 27, Issue 5 ——— 109



XAPYOBI TEXHOJIOT'II

mporiecamu, o Bif0yBaroThcs mpu 30epiranHi. OCHOBHUMY JIOMiHYFOUHMH TIPOIIC-
caMu, sIKi BU3HAYAIOTh TapaHTIHHUI TepMiH 30epiraHHs, € 3MiHa MiKpOOiOJIOrTYHHX
[IOKA3HUKIB, 3MIHH IIEPEKUCHOT'O Ta KUCJIOTHOTO YHCETL.

Jo cknaay MOJIOYHO-OOPOIIHSHMX Kalll BKIFOYEHO CyXe MOJIOKO Ta OOpOLIHO, SIKi
MICTATB 3HAYHY YaCTKY KUY, III0 MOXKE TIPKHYTH B MPOIieci 30epiranHs Ta BILTMBATH
Ha SIKicTh IpoAyKTy. CTaH JIiMiIHOT0 KOMIUIEKCY 3aJIEKHTh BiJl 3MaTHOCTI KHPiB OKHC-
nstucs. JKupu OKHCITIOIOTBCS 10 PI3HOTO CTyTNeHs. SIKIIO rmOWHa OKHMCITIOBAHHS
HEBEJIMKA, TO 3MiHIOIOTHCSI OPTaHOJIENITUYHI MTOKa3HUKH (CMaK, 3arax) — I XapyoBe
TIcyBaHHA Xupy. [Ipu rmmbokoMy OKMCITIOBaHHI 3MiHIOIOTHCS (Di3W4HI 1 XiMIUHI Bia-
CTUBOCTI JKHUPIB.

3ripKHEHHS JKUPIB CYIPOBOHKYETHCS TIPOLIECAMHU PYIHYBaHHS KOMIIOHEHTIB Xap-
YOBHX MPOJYKTIB, SIKi JIETKO OKHCIIOOThes. Le Bitaminm, ocobmmBo A i E, neski apo-
MaTH4HI PEYOBHHH TOIIO. SIKII0 ¥ BUPOOaX MICTUTHCS JKHP 1 BOAOPO3UHNHHI BiTAMIHH,
TO OCTaHHI IHAKTHBYIOTHCS MPOTIPKJIAM KHPoM. OCOOIHMBO Iie CTOCYETHCS BiTaMiHIB
rpymu B i 6iotuny (BiTamin H).

[Tpu 36epiranni BupoOiB, O MICTATh 3HAYHY KUJIBKICTH JKHUPY, KPiM XIMiYHOTO
OKFHICITIOBaHHS, MOXKe OyTH 0l0XiMiYHEe OKMCHEHHS, IO 3IMCHIOETRCS i miero dep-
MeHTIB Jiinas3u i inookcuaasu. (Koxan & Jlopoxosuu, 2014).

HakomudeHHs! BUTBHUX JKUPHHAX KHACJIOT Y TIPOAYKTAaX IMiJT Yyac 30epiraHHs MOXKe
BiZOyBaTUCs BHACIIIOK Mepediry Aekinpkox peakniil. OfHIEI0 3 HUX € TiApoi3 TpU-
riinepuiB. [lokasHuKOM, KU XapakTepHu3ye KiJbKICTh BUIBHUX YKUPHUAX KUCIIOT, €
kucnotHe umcno (Crenanosa, Pabuna & Mopo3os, 2011).

AHauni3 ocTaHHIX goc/ikeHb 1 myOaikamiii. Cyxi MOITOYHO-OOPOIIHSHI Kalli €
MPOIYKTaMH TpuBajoro 30epiranns. [IpoBiaHI BUPOOHHKH MPOIYKTIB IJISI AUTSIUOTO
Xap4yyBaHHS BCTAHOBIIIOIOTH TepMiH ix 30epiranus 12—18 micsmis. [Ipore mns Ta-
KOT'O TPUBAJIOTO TepMiHY 30epiraHHsi HeOOXiJHA BiIIOBIHA YIIAKOBKA.

[Tpu 36epiranHi IPOIYKTIB Y TEPMETHUYHINA YIIAKOBII MOXKIIMBHIA PO3BUTOK HeOa-
’KaHO1 Y1 HaBiTh WIKIIMBOI Mikpoduopu. [Ipu qocsrHeHH] 3Ha4YeHb MiKpOO10TIOTIHHUX
MOKa3HUKIB, BUIIMX 3 JOIYCTUMUH PiBEHb, TPOIYKT CTA€ HEMPHIATHAM JI0 CTIOKHBA-
HHSL

lapanTiitanii TepMiH 30epiraHHs, peKOMEHIOBAaHUH MTPOBiTHUMHI BHPOOHUKAMH,
CTOCYETBCSI CYXUX MOJIOYHUX MPOJYKTiB, IO BUTOTOBJICHI HA OCHOBI KOPOB’SIYOTO
MOJIOKa. A BiJIOBIIHUX TOCTI/KEHB 31 BCTAHOBJICHHS TepMiHy 30epiraHHsi CyxXux
MOJIOYHO-OOPOIITHSHUX Kalll Ha OCHOBI KOOMJISTIOTO i1 OBEYOTo MOJIOKA HE BUSIBIICHO.

MeTo10 q0CaiIKEHHsI € BCTAHOBJICHHs TepMiHY 30€piraHHs CyXUX MOJIOYHO-
OOpONIHSHHX Kalll Ha OCHOBI KOOMJITIOTO i OBEYOTr0 MOJIOKA IIISIXOM BU3HAYCHHS
3MiHU MiKpOOiOJIOTIYHIX ITOKa3HHUKIB, 3MiHU MEPEKUCHOTO Ta KUCIOTHOTO YUCEI.

Martepianu i MmeToan. J{ocmipKyBaiucs Cyxi MOJIOUHO-OOPOIIIHSHI Kallli Ha OCHOBI
KoOWJIsIYOTO ¥ OBedoro monoka. Kami mictunu 25% GoporiHa — KyKypyaA3sHOTO,
pucoBoro, rpedanoro (Hakas «[Ipo 3aTBepIDKEHHs Tiri€HIYHUX BEMOT 1O MPOAYKTIB
JATSYOTO XapuyBaHHs, TapaMeTpiB O3MeUHOCTI Ta OKPEMHX MOKA3HHKIB iX SKOCTI»).
Mixkpo0OioJoriuHi MOKa3HUKK BU3Ha4aiu 3riaHo 3 (Sert & Mercan, 2021), nepexucHe
yuco 3riaHo 3 (Al-Jobouri, 2020), kucnoTHe yucio 3rifaHo 3 (Abbas, Subaih & Saleh,
2020).

BuknageHHs 0CHOBHUX pe3yJbTaTiB qocaimkenns. Cyxi MOIOYHO-OOPOITHSHI
Kamni 30epiranics B KapTOHHMX MA4KaxX 3 BHYTPIIIHIM IaKeTOM i3 KOMOIHOBaHOTO
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nojxiMepHoro marepiany. IloBiTps i3 makera BUOAIIIM 1 3aMiHIOBAIM a30TOM, MAKET
TEPMETUYHO 3aKPHBAIIU LUISIXOM CHAalKH BEPXHBOTO KIIalaHa.

3amakoBaHi MPOAYKTH 30epirajiucs B TepMETHYHIHN Tapi IpOTATroM poky. Bpomosik
IFOTO Yacy JOCHTIPKYBAIHCS 3MiHM MiKPOOiOJIOTIYHUX MOKa3HKKIB. Y Ta0i. 1 mpen-
CTaBJICHO 3MiHU MiKpOOIOJIIOTTYHHX MMOKAa3HHUKIB CYXHX MOJIOYHO-OOPOIIHSHUX Kalll y
Tporieci 30epiraHssl.

Ipu 30epiranHi MOJIOYHO-OOPOIIHSHUX Kalll CIIOCTEPIraeThesl MPUPICT KUIBKOCTI
MIKpoOprafi3miB. Ypomosx 12 MicsiiiB 30epiranas kitbkicth MAD®AM, B. Cereu Ta
MIKPOCKOMIYHUX TpHOiB 30inbmmiacsa y 2,4—2,6 pasa. KinpkicTe ApDXIKIB 3a
nepumx 30 ni6 30epiranns 30inpmmnaca y 2,5 pasa. Uepes miB poky 30epiraHas
MOJIOYHO-OOPOIIHIHUX Kalll APIXKIKIB BUSABJICHO Iy)KE Mi3epHY KiIbKicTh. Lle mo-
SICHIOETBCS TOCTYTIOBUM BiIMHPaHHSIM JPLKIKOBUX KITITHH MPAKTAYHO O MMOBHOTO iX
3HuKHeHHs (Sert & Mercan, 2021).

JocmimxeHHs MIKpOOiOJOTTYHHUX MOKA3HUKIB JUTSIUX CYXHUX MOJIOUYHO-OOPOIITHS-
HUX Kalll IOKa3aJIo0, 1o OakTepii rpymnu KUIIKOBOI NATUYKH, E. coli, naToreHHi Mikpo-
oprasizMu Ta cradiJokok He Oyiau BuseicHI. BMict MADAM, MIKpOCKOIMIYHHX
rpu0iB, APLKIKIB Ta B. Cereu 3HAXOMUTHCS B TOMYCTHMUX Mekax. OTke, OTpUMaHi
Pe3yJIbTaTH CBiIYaTh PO MiKpoOionoriyHy O€3MeUHICTh 1 MPUIATHICT UX MPOLYKTIiB
IUISI BATOZIOBYBAHHS JiTeH POTATroM 12 MicsIIiB 30epiranus.

Tabnuya 1. 3mina Mikpo0ioJI0TiYHUX NOKA3HUKIB MOJIOYHO-00POIIHSIHUX KA JJIsI
AUTSAYOr0 XapuyBaHHs NPOTSTroM 30epiraHus

| O Tepwmin 30epiranHs
1 noba 1 mic 3 mic 6 mic 12 mic
Me3odinbHi aepoOHi i
(I)aKYHI.>TaTI/IBHO-E.lHaepO6H1 0.8 1.1 15 1.8 2.0
MIKpOOpIaHi3MH,
Mr/krx1000
B. Cereu, Mr/kr 16 22 27 36 41
MikpockorivHi rproH, 11 14 20 2 2%
MI/KT
Jpix ki, Mr/kr 2 5 4 0,05 0,05

Takox IOCHiKyBaJIM 3MiHY KUCJIIOTHOTO YHCIIa B TIpoIieci 30epiranHs. 3a KOH-
TPOJIb OYJI0 B3SITO CyXy MOJIOUHY Kally Ha OCHOBI KOPOB’TOTr0 MOJIOKa «MaJTHiIIKa.
Pe3ynpraTé gociipKeHb HaBeICHO Ha puc. 1.

Or1riHKa CTaHy JIITiTHOTO KOMITIEKCY MOJIOYHO-OOPOIITHSIHUX Kalll IoKa3aa, o
MPOTATOM TIEPIINX TPHOX MICSILIB 30epiraHHs B KalllaX aKTUBHO BiOyBajmCs Tigpo-
JITHYHI # OKKCITIOBaNBHI nporecu. depMeHT OOpOIIHA JTinasa, OKUCIIOIYHN KU 10
BUTLHUX *KUPHUX KHCJIOT, Y TIpoIieci 30epiraHas IMoCTyIIOBO BTpavajia CBOIO aKTUBHICTh
y BCIX JOCIIDKYBaHUX 3pa3Kax.

Y BCiX 3pa3kax CIOCTEPIraeThCs MOMIOHNN XapaKTep JMHAMIKA HAKOITUUCHHS BijTh-
HUX XHUPHUX KHUCJIOT. HakoImMueHHs BUIbHUX JKUPHUX KUCJIOT Y MOJIOYHO-OOPOLIHS-
HUX Kallax BiI0yBaeTbCsl HAMOUIBII IHTEHCHBHO B MEPILi TPU MicsLi 30epiraHHs npo-
IyKTiB. /1o KiHITA TepMiHy 30€piraHHs iHTEHCHUBHICTh YTBOPCHHS TPOIYKTIB OKHCIHIC-
HHS JAeUI0 3HWKYEThCS. Tak, 3a MepIux TpU MicsAwi 30epiranHs 3Ha4eHHs KUCIIOT-
HOTO uncia 3pocio Ha 15...17%, npu noganpiomy 30epiraHis HAKONMYEHHS BUTbHUX
KUPHHUX KHUCIOT ckiagaio 11...12%. B mporieci Bchoro nepioxy 306epiranHs HaliO11b-
MK BMICT MPOAYKTIB TiAPOMi3Y JKUPY CHOCTEPIraeThesl B KyKYpYA3sIHIN Kallli, 10
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Ha 27% Oinplie BiJ MOYaTKOBOTO 3HaueHHA. B rpeuaniid, pucoBii Kamii Ta Karri
«Manuika» 3Ha4eHHsI KUCIOTHOTO 4Hcia 3a 12 mic 30epiranHs 301MbIIMIOCH Ha
25...26%. OTpuMaHi IaHi CBiT4YaTB, 10 IHTEHCUBHICTh OKUCITIOBAILHIX IMPOIIECIB, SIKi
BiZIOYBalOTECS B JIMIAHOMY KOMIUIEKCI MPOIYKTIB, 3aJI€XKUTh Bil KUITBKOCTI KUY B
MPOIYKTI, HOTO >KUPHOKHCIOTHOTO CKJIaly Ta YMOB 30epiraHHsi IpOAYKTYy. Tak po3-
poOIIeHi IPOMYKTH 3IaTHI 30epiraTtucs mpotsarom 12 Mic.

Kucnorue uncio, mr KOH/1 1 xupy

L1 -

1,05 A

0,95
0,9
0,85
0,8
0,75

0,7

—— Kaia 3 pucoBuM GOpOIIHOM
4 1,07

Kara 3 rpeyanuM GOpoIIHOM

11,02
—— Kaia 3 KyKypya3siHuM
0,97
4 00pOIIHOM
—— Kamma "Manwumka"
i 7
0,72
0 2 THKHI 1 mic 3 mic 6 Mic 12 mic

Puc. 1. 3miHa KMCIOTHOTO YHCJIA B CYXMX MOJIOYHO-00POIIHSIHMX KAalax y mpoueci

30epiranns

ABTOOKHUCIICHHSI alWITIILIEPHHIB 1 BUIBHUX KUPHUX KUCIOT BiZOyBaeThCcA 4epes
yTBOpeHHsI BiTbHHMX panukaiiB (llaTarok Ta iH., 2010). 3MiHa TIEpEKUCHOTO YHCIIa B
poiieci 30epiraHHs CyXux MOJOYHO-OOPOIIHIHMX Kalll IIPEICTaBICHa Ha puC. 2.

TlepekucHe 4rciI0, MMOJIB/KT

6 A

—o— Ligans 5.8
Agnus 508 52
4.6
—+— MaunoTka 42—
(KOHTpOJIB) 4738

2,67
_+2,18

2,6
1,92

0 2 THXKHI 1 mic 3 Mic 6 mic 12 mic

Puc. 2. 3miHa NepeKHCHOr0 Yuc/Ia B CyXHX MOJI0YHO-0OPOINHSHUX KAIIAX y npoueci
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[Tepmri aBa THXKHI CHIOCTEPITAETHCS MTOBLUTHHE HAKOITUICHHS TIEPEKHUCIB, TIPH IIHOMY
BiIOYBa€ThCS 3aPOKCHHS 1 YaCTKOBO IMPOIOBXKCHHS JIaHIfOTiB. KpyTuit migitom Ha
rpagiky (IpOTATOM TPHOX MICALIIB) OB’ A3YETHCS 3 POTATYKEHHSM JIAHIIOTiB OKH-
CJIEHHSI, 110 IIPU3BOJUTH 0 NPUCKOPEHHS MIPOLIECY YTBOPEHH HOBUX PaIUKaJIiB, a
MOTIM 1 TIEPEKHCIB, Ta BIMOBIa€ BUPAKCHOMY XapaKTepy OKHCIICHHS )KUPHUX KUCIIOT
Ta alWITITIIEePUHIB.

HatitiaTeHCcHBHITIIE IPOIIECH OKHCIICHHS B KallaX Bi0yBaIOTHCS IPOTATOM IIEPIIIOTO
Micss 30epiranss. Jlani mBHAKICTh HAKOMMYEHHS MEPEKKCIB MMOCTYIIOBO MPUTHIUY-
eTbesl. KUIbKiCTh yTBOPEHHUX MIEPEKUCHUX CIOMYK Y KalllaxX Bapiroe B Mexax 2...6%.

[pakTHKa CBITYUTH PO T€, IO YIS CTIHKOTO MOJIOYHOTO YKHPY 3HAUCHHS IOKa3-
HUKA TICPEKUCHOI0 YHCIIa 3HAXOAATHCS B MeKax 2,34...6,24 MMOJIb aKkT. KUCHIO/KT 1 HE
nmoBUHHA OyTH BHIIE 7,8 MMOJIb aKkT. KUcHIO/KT (Cheng Ta iH., 2017).

OTtxe, B mpolieci 30epiraHHs CyXuX MOJIOYHO-OOPOIIHSHUX Kalll JUIsSl JUTSYOTO
XapdyBaHHS MPOTSToM 12 MicsIiB 03HAK TICYBaHHS MPOAYKTY HE BusiBIeHO. Karram
BJIACTUBI MPOLIECH OKUCIICHHS XKHPiB, MPOTe uepe3 12 MicsmiB MPOAYKTH € IpUAaT-
HUMHU Ta 0€3MEeYHUMH JI0 CTIOKHBAHHSI.

BUucHOBKM

[TpoBeneHi gociiKeHHST MIKPOOIOJIOTIYHUX MOKA3HUKIB CYyXUX MOJIOUHO-OOPOIII-
HSIHUX Kalll JJIs TATSTI0TO XapuyBaHHsI BKa3ylOTh Ha Te, 110 IIi IPOJYKTH € Oe3MeUHIMHI
JUTSL AWTSTIOTO OpraHi3My BIPOJOBK 3asBICHOTO TepMiHy 30epiranas. OCKUTEKA BUSB-
JIeHi MIKpOOPIraHi3MH 3HaXOATHCS Ha JOIyCTUMOMY PiBHI, HeOe3neyHrnx OakTepiii Ta
MIKpOOPTaHi3MiB HE BUSBIICHO.

JocnipkeHHs 3 BU3HAYSHHS! KHCJIOTHOTO Ta MEPEKUCHOTO YHCEIl MOKa3alu, 110
MIPOIIECH PO3MAAy TPHUIIIIEPHIIB | HAKOIMMYESHHS IEPEKUCIB Y AOCIIHKYBaHUX Kalax
JIETI0 PI3HUIIHCS, TIPOTE Pi3HUIL 13 KOHTpoJieM OyJia HEBEJMKa Ta JOIyCTHMA.

OTxe, mocHiKyBaHi NPOSYKTH MOXYThb 30epiraTucs mpotaroM 12 wmicsmiB 3a
YMOBH TEPMETHYHOTO ITAKyBaHHSI.
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ABSTRACT

The last decade was recognized as a time of rapid develop-
ment of gastrointestinal tract diseases, including inflammatory
bowel disease. The etiology of this disease is unknown. The age
peak of the incidence is 20—40 years, ie the working popula-
tion. This negatively affects the economic situation in the world.
The course of this disease largely depends on nutrition, because
the main approach to reducing morbidity is diet. According to
the recommendations of nutritionists the protein content sho-
uld increase in the diet with maximum restriction of fiber.
Bread, as one of the main food products, is an excellent product
for adjusting its chemical composition and nutritional value,
taking into account the recommendations of nutritionists. The
structural and mechanical properties of the dough for the
manufacture of bread were characterized by the gas-holding
capacity in terms of the specific volume of the dough and the
shape-holding capacity in terms of the spread of the dough ball.
Studies of conformational changes of protein substances were
performed in the near infrared region by IR spectroscopy in the
wavelength range 1330—2370 nm with a step of 10 nm.
Samples were prepared with lecithin and replacing part of the
wheat flour with rice. The use of rice flour reduces gas content
by 3.7—20.4%. The diameter of the ball of dough with rice flour
during fermentation decreased by 3.7—18.5%, depending on its
dosage. This indicated an increase in the viscosity of the dough
system due to its biopolymers. The introduction of lecithin and
rice flour significantly changes the protein complex of the
dough because the main function in the formation of gluten is
played by proteins. All reflection spectra of the studied samples,
except for the lecithin sample, have a similar character. Samples
of all types of raw materials in the analyzed wavelength range
preferably had a higher reflection intensity than samples of
dough made with their addition. Increasing the dosage of rice
flour reduced the specific volume and porosity of bread sam-
ples. The rational amount of application of rice flour to replace
wheat flour was set at no more than 20%.
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BNJiuB PUCOBOIro sOPOLLUHA HA CTPYKTYPHO-
MEXAHIYHI BJIACTUBOCTI TICTA TA AKICTb XINIBA

B. 1. Ipo6or, A. O. llleBuenko, C. I. JlitTBUHUYK
Hayionanenuii ynieepcumem xapuo8ux mexnonozit

Ocmanne oecamunimms 6USHAHO YACOM CIPIMKO20 PO3BUMKY X80POD ULTYHKOBO-
KUWKOB020 MPAKMY, 30KpeMd 3anaibHUX 3aX80p06ans Kuweynuka. Emionozia yux
3axeoprosans Hegiooma. Bikosuil nik 3axeoprosanocmi npunadae Ha 20—40 poxis,
mobmo Ha npaye3oamme HacelenHs. Lle necamusHo eniueae Ha eKOHOMIYHY CUMYayito
y ceimi. Ilepebie yux x6opob 3HAUHOIO MIPOIO 3anedCUmd 8I0 XAPUYBAHHA, AlCe
OCHOBHUM NIOX000M 00 3HUICEHHS. 3aX80PI0saHoCHi € diemomepanis. 32i0H0 3 peKo-
MeHOayiamu Jiemonozie y payioni eapmo nioguwyeamu emicm OinKa npu Maxcu-
MATTLHOMY 00MedIceH T KuimKosunu. Xiio, ik 00UH i3 OCHOBHUX NPOOYKMIG XapHyB8aHHs,
€ 4Y008UM NPOOYKMOM OJisl KOPe2y8aHHsi 1020 XIMIYH020 CKAAdy ma Xap4o8oi YiH-
Hocmi, bepyuu 00 yeazu pekomenoayii diemonoeis.

CmpyxkmypHo-mexaHiumi enacmusocmi micma npu 6ueomoeienti xuioa xapaxme-
PU3Y8ATU 30 2A30YMPUMYBATLHOIO 30AMHICIIO 30 NOKA3HUKAMU RUMOMO20 00 €My
micma ma opmMoOympumMy8aIbHOW0 30AMHICII0 3a NOKAZHUKOM POSHAUBAHHS KYIbKU
micma. Jlocniosicents KOHQOPMAYIUHUX 3MIH OLIKOBUX PEUOBUH NPOBOOUU Y ONUNCHITL
inpauepsonii obracmi memoodom I9-cnexmpockonii' y dianazoHni 006H#CUH X6Ub
1330—2370 um 3 kpoxom 10 um. 3paszku comyeanu 3 1eYyumuHoM ma 3aMiHOI YaACMUHY
NUWEHUYHO20 OOPOWHA HA PUCO8e. 3a BUKOPUCTAHHS PUCOBO20 DOPOUIHA 3HUICYEMBCSL
easoympumanna na 3,7—20,4%. Hiamemp Kynvxu micma 3 pucosum OOPouIHOM 3a 4ac
Gepmenmayii smenwugcs na 3,7—18,5%, sanexcno 6io dozysanns. Lle ceiouums npo
ni08UWEeHHS 8 SI3KOCII MICMO80i cucmemu 3a80saKuU tio2o biononimepam. OCKinbKu
OCHOBHY (YHKYIIO 8 YMBOPEHHI KNelKO8UHU GI0Iepaiomb OIIKU, GHECEHHS TeYUMUHY
ma pucogoeo OOpowHa 3HAYHO 3MIHIOE OLIKOGUL KOMNWIeKC micma. Yci cnekmpu
BI0OUBAHHSL OCTIONCYBAHUX 3PA3KIG, KDIM 3DA3KA ICYUMUHY, MArOMb NOOLOHUL XAPaK-
mep. 3pasku 6cix 8udi6 CUPOBUHU 8 NPOAHANIZ08AHOMY OIANA30HI O0BHCUH XEULbL Hepe-
BACHO MATOMb GULYY THIMEHCUBHICb GIOOUBAHHS, HIJIC 3PA3KU MICA, BUSOMOBTIEHOO
3 ix dodasanusam. Ilpu 30inbuleHHi 003YBAHHA PUCOBO2O DOPOUIHA ZHUNCYEMbCA NU-
momuti 06’em i nopucmicms 3paskie xuiba. Bemanosieno, wo payionanvha Kinb-
KiCmb 8HeCeHHs puco8o2o 6OpOUIHA Ha 3aMIHY nuteHUuHo20 He binbue 20%.

Knrouosi cnosa: xni6, pucose 60powHo, reyumu, cmpyKmypHO-MeXaniuti 6id-
cmusocmi micma, [9-cnekmpu, cnoscusyi 61acmugocmi.

IMocranoBka mpodaemu. OcTaHHE NECATUIITTS BU3HAHO YacOM CTPIMKOTO pO3-
BUTKY XBOpPOO IITYHKOBO-KHIIKOBOTO TPAaKTy, 30KpeMa 3amallbHHX 3aXBOPIOBaHb
kumeynnka (33K). o Hux BigHOCATH Hecneundiunuii Bupazkosuit komit (HBK) i
xBopoOy Kpona (XK). Posnoscromkenicts HBK konuaetses Big 28 mo 117, XK —
Bix 34 mo146 xBopux Ha 100 THC. HaceneHHs. ETiosoris mux 3aXBOpIOBaHb HEBIIOMA,
MpoTe HaWOLIbIIA IepeBara BiIa€Thcs IMyHOT€HETHYHIN Teopii BuHUKHEHHS 33K.

Bixoswii ik 3axBoptoBanocti Ha HBK npumanae sa 20—40 pokis, XK — Ha 20—
29 pokiB, TOOTO Ha Tpare3aTHe HacelneHHs. Lle HeraTHBHO BIUIMBAE Ha €KOHOMIYHY
curyanito y cBiti (CeiHminpkuii Ta id., 2009; Burisch & Munkholm, 2013; Stepanov,
Skyrda & Petishko, 2017).

——— Scientific Works of NUFT 2021. Volume 27, Issue 5 ——— 115



XAPYOBI TEXHOJIOT'II

[epeOir mux XBOpoO 3HAUHOIO MIPOIO 3aJICKUTh Bill XapuyBaHHS, aJyKe OCHOBHIM
MiAX0JJ0M JI0 3HIKCHHS 3aXBOPIOBAHOCTI € Z[iGTOTepaHiSI Ha punky Ykpainu npak-
THYHO HE HPEICTAaBJICHHI TaKui CErMEHT npo;[yKuu 30KpemMa XJ1i000ymouHOi, a
OTXe, BIICYTHI 1 MIX0AU 110 CTBOPCHHS BiANOBiAHUX BUPOOiB. TOMy aKTyaJbHUM
3aBJaHHSM € PO3POOJICHHS MiAXOAIB 10 Ji€TOTEpaMii 3a CIIOKUBAHHS XJ11000yI0UHIX
BHpOOiB ocobamu, xopumuy Ha 33K. 3rigHO 3 peKOMEHIAIISIMA IETOJIOTIB Y PAIiOHi
BapTO MiJIBUIILYBATH BMICT OiJIKa MPH MakcuMaabsHOMY oOMexeHH] kiiTkoBuHU (For-
bes Ta iH., 2017). 3 1i€0 METOI MEPCHCKTUBHOI CUPOBHHOIO 3 HU3bKHUM BMICTOM
XapUOBHX BOJIOKOH € MPOAYKTH TEPEPOOKH PHCY, 30KpeMa pHCOBE OOPOIITHO.

AHaji3 ocTaHHIX qocaimkeHb i myOaikamiii. Ha BimMiHy Bij pekoMeHmaIii
BOO3 BximrovaTy B MIOICHHWH PAIiOH XapvoBi BOJIOKHA, XBOPUM, SIKi CTPaXKIal0Th Ha
3anajbHi 3aXBOPIOBAHHS KMILIEYHHKA, BAPTO CIIOKUBATH LIMX HYTPIEHTIB IKOMOT'a MEH-
mre. OTHNUM 13 IUIAIXiB €(pEKTUBHOTO 3HIKEHHS B PalliOHi KUTBKOCTI XapuOBUX BOJIOKOH
€ 3aMiHa PEIENTYPHUX KOMITOHCHTIB 3 BUCOKHM iX BMICTOM Ha CHPOBUHY 31 3HIKEHOIO
KUTBKICTIO. 3 I[I€I0 METOIO MEPCIEKTUBHIM HAIPSIMKOM € 3aMiHa MIIIEHHYHOTO 00po-
IITHA Ha 1HII BHUIH, 30KpeMa prcoBe. BimoMo BUKOPHCTAHHS PHCOBOTO OOpOITHA B
TEXHOJIOTIi OE3TTFOTCHOBMX BUPOOIB.

JocimKeHHAME BIaCTUBOCTEH PUCOBOTO OOPOLITHA BCTAHOBJICHO, 110 BOHO MICTUTh
MEHIIIE BIIACHUX IYKPIB 1 XapaKTEpU3y€eThCd MEHIIOIO IyKPOYTBOPIOBAIBHOIO 3/1aT-
HICTIO, HIX MIIeHWYHE. | a30yTBOpIOBabHA 31aTHICTh 3HAYHO 3aJIEKUTh BiJl AUCIIEP-
CHOCTI yacTUHOK. Le BrmiBae Ha AOCTYMHICTD KPOXMAIIO 1 LYKPIiB Ail aMiIOMI THYHHX
(hepMeHTIB Ta TOCTYIHICTH ITyKpiB Aii hepmenTiB 1 apixmkiB (I'pumenko & Apodor,
2014).

JlocTimKeHo BIDIMB PUCOBOTO OOPOIITHA HA MTOKA3HUKH TEXHOJIOTIIHOTO ITPOIIECY Ta
SIKICTh BUPOOIB IIpY BUPOOHHUIITBI X1i0a 3 CyMillll KapTOILUISHOTO 1 KYKYpYI3SHOTO
Kpoxmaliro. BcTaHOBIIEHO, 110 TOLITBHO PHCOBE OOPOLIHO AOAABATH B PELICNTYPY BU-
PO0iB 3 KpoxMalo B KiTbkocTi 10 30% Ha 3amiHy kpoxmMaito. [Ipu 11boMy BCTaHOBJIEHO
IIABUILICHHS BMICTY apOMaTyTBOPIOIOYHMX PEYOBHH Y OC3TIIIOTEHOBOMY XJIi0i 3 PHCO-
BUM OopormHoM Ha 12,7% mopiBHAHO 3 X71i00M i3 cymimi kpoxmadiiB. Takox 3HaYHO
MIJIBUIIYETHCS XapuoBa IIHHICTH XJ1i0a, 30Kkpema B 2,5 pasa 301IbIIyeThCsl BMICT Ol
KiB, 3pOCTa€ BMICT KaJlito, MarHiro, 3aitia ta BitaMmiHiB (Muxonik & I'purienko, 2017).

BcTanoBneHo, 1110 MillHICTh MOJICJIBHUX CHCTEM 3 PUCOBUM OOPOIIHOM Y KiJIBKOCTI
30%, 25% Tta 15% Ha 3aMiHy KyKYPYA3SHOTO 1 KapTOILITHOTO KpoXMaliiB, 4yepe3 60 xB
¢depmenTaii 3meHmyerscs Ha 10 Ila. Po3nniBaHHs KyJlbOK O€3ITIIOTEHOBOTO TicTa 3
PHCOBUM OOPOIIIHOM 3MeHITYeThes Ha 8,1%. [TinBuIieHHst B’ I3K0OCTI TicTa BIUTMBATUME
Ha TIOKa3HUKH SKOCTI O6e3rimroTeHoBoro xiiba (pobdor & ['pumienko, 2013).

By1o BuB4YEeHO B3a€MO3B’ 130K MK BIIACTHBOCTSMH PUCOBOTO OOPOIIHA Ta MUTO-
MUM 00’ eMOM XJ1i0a, IPUTOTOBIIEHOTO 13 CYMIIIll pUCOBOTO OOPOIITHA 3 MIICHUYHUM.
Bukopucrane prcose O0pOIIHO B OCHOBHOMY CKJIagajiocsi 3 6araTorpaHHUX OAMHOY-
HUX TpaHyJl KPOXMAIIIO Ta TJIaJAKUX MOBEPXHEBUX KIITHH, OTOUYSHUX KIIITHHHOIO CTiH-
KOr0. PricoBe OOPOIITHO 3 BUCOKMM BMIiCTOM MOIIKO/DKEHOTO KPOXMAIIO CKIIAJIANIOCS
JvIe 3 ApiOHUX HEPIBHOMIPHUX YaCTHHOK 0e3 BUIMMOI CTPYKTYpH. MEHIMIA CTYiHb
MOMIKOJDKEHHST KPOXMAITIO Ta KINTUHHUX CTPYKTYP TPH MEHIIOMY PO3Mipi YaCTHHOK
Ma€ BHpIlIATbHE 3HAYEHHS Ul OTPUMAaHHs Kpalloro OOpOIIHA JJISl MPUTOTYBaHHS
xitiba (Araki Ta in., 2009).

OnHak HaBeIeHI JAOCHIKCHHS HE BPaxOBYIOTh PEKOMEHMAIll HE BHKIIIOUATH 3
pauioHy xapuyBaHHs xBopux Ha 33K riroreH.
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Takox BaKJIMBHUM y pallioHi € BxuBaHHsA (ocdoimiais, 30kpemMa ocharumni-
XOJTiHY, II0 € OJHUM 3 OCHOBHHMX MEMOpaHHHUX (ochOIIiIiIiB, 3a1100irae moIKomImKe-
HHIO BEpXHIX 1 HWKHIX BIAIUTIB HITYHKOBO-KUIIKOBOTO TPAKTy, Oepe ydacTb y Qop-
MYBaHHI 3aXHCHOTO MIapy KUIIKOBOTO MYLIMHY.

VY xBopux Ha 33K BmicT Mynuny 3mMenInyerbes (Jopodeer, Pynenko, Ilser; &
Hopodeesa, 2017). Ongaum i3 mKepen, baratux Ha GochHaTHIMIXONIIH, € JICIUTHH.

MeTo10 F0CHizKeHHS € BU3HAYECHHS BIUTMBY PHCOBOTO OOPOIIHA HA CTPYKTYPHO-
MEXaHIuHI BJIACTUBOCTI TICTa Ta SIKICTh TOTOBMX BHPOOIB 3 MIIIEHMYHOTO OOpPOIIIHA, 10
CKJIJLy SIKMX BHECEHO JICIIUTHH.

Marepianu i metoan. s gociipkeHb BUKOPUCTOBYBaNN OOPOIIHO MIIEHUYHE
BUILIOTO COPTY, JIGLMTHH COHSIITHUKOBUH 3 BMiCTOM 95,3% ¢ocdaruaunxomniny, 6opo-
IITHO PUCOBE.

3pasKu roTyBaJH 3 10JaBaHHAM JICIUTHHY y KiJIbKocTi 3% 1o macu 6oporHa. Take
JIO3YBaHHS 00paiy, BUXO/ISYM 3 PEKOMEH/IAIl JOOOBOI HOPMH JISIIUTHHY IJIs 0Ci0 3
33K (Partridge ta in., 2019). s BU3HAUEHHS pallioHAJIbHOI KiJIBKOCTI OOPOIIHO
pucoBe no3yBany y kinbkocti 10%, 20%, 30%, 40% Ha 3amiHy NIIEHUYHOTO OOPOIITHA
B peuentypi. Konrponem OyB 3pa3ok 06e3 10AaTKOBOI CHPOBUHH.

CTpyKTypHO-MEXaHiYHI BJIACTHBOCTI TICTa XapaKTepH3yBaIHU 3a Ta30yTpHUMYBa-
JILHOIO 3/IATHICTIO 32 TOKa3HUKAMU ITUTOMOTO 00’ €My TicTa Ta JOPMOYTPUMYBATEHOIO
3JTATHICTIO 32 TTOKa3HUKOM PO3IUIMBAaHHS KyJbKH TicTa. JlocmimkeHHs KOHpOpMAITii-
HUX 3MiH OUTKOBHUX PEYOBHH MPOBOAWIN Y OmmkHIN iH(QpauepBoHiil 001acTi MeTo10M
[Y-cniextpockorii B fiana3oHi A0BKUH XBWib 1330—2370 uM 3 kpokoM 10 HM.

Ioka3HuKK rOTOBUX BUPOOiB BU3HAYAIM 32 CTAHAAPTHUMH METOANKAMU.

CraructiyHy 00poOKy JaHUX MPOBOAMIIH 32 IONOMOIOI0 IPOrpaMHOro 3abesre-
yenHst Microsoft Excel XP.

BuxiiageHHs1 OCHOBHHMX pe3yJbTATIB JAOCTIIZKeHHsI. AHANI3 XIMIYHOTO CKIIaay
JOCIIDKYBaHOI CHPOBMHH II0Ka3aB, 10 OOPOIIHO PUCOBE MIiCTUTh Ha 88,5% MeHIe
XapYOBHX BOJIOKOH, TIOPIBHSHO 3 IMIIEHUYHIM (Tab:. 1).

Tabnuysa 1. XiMiuHUIi cKJIa pEUCOBOro 60POILIHA NMOPiBHAHO 3 MIIEHUYHUM OOPOIIHOM
BHILIOTO COPTY

Bwmict Ha 100r npoaykry ITiieHnaHe OOPOILIHO B.C. BbopourHo pucose
binku,r 10,3 6
Kupu,r 1,1 1,4
Byrnesoam, T 69,8 70
Bru XB,r 3,5 0,4

Xoda OOpOIITHO PUCOBE MICTHTH MEHITIE O1JTKa, OHAK BiH € OUTBIT ITOBHOITIHHIIM,
aJKe BMICT aMiHOKHUCIIOTH JIi3MHY, 1O € JiMITYI04YOI0 B OOPOIIHI NIIEHUYHOMY, BU-
wiA. AMIHOKHCIIOTHHI CKOp TeHnYHOro oopomrHa — 0,41, pucoBoro — 0,63.

KucnotHicTh GOpOIIIHA MIIIEHKYHOTO Ta PUCOBOIO OHAKOBA 1 CTAHOBUTH 2,1 rpar,
IO CBITYUTBH TPO T€, IO [IeH MOKa3HUK HE BIUIMBATHME HAa XapaKTEPUCTHKH TiCTa Ta
TOTOBHX BUPOOIB NPH 3aMiHi NILIEHUYHOTO OOPOIIHA Ha PUCOBE.

l"azoyTpumyBaibHY 30aTHICTh TiCTA XapaKTEpU3YBaIH 33 IOKa3HUKOM HOTo MUTO-
MOTO0 00’ €My MPOTITOoM 3 roJ] OpOIHHSL.
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Puc. 1. IInTomuii 06’em TicTa:
1 — KOHTpOJIb; 2 — 3pa30K 3 JEUUTHHOM; 3, 4, 5, 6 — 3 JICLUTHHOM 1 PUCOBUM OOPOITHOM
10%, 20%, 30%, 40% Ha 3aMiHy OOpOIIHA MIIEHUYHOTO

BcranoneHo, 110 32 BUKOPUCTaHHS PUCOBOTO OOPOIITHA 3HMKYETHCS Ta30yTprUMa-
HHA Ha 3,7—20,4% (puc. 1) 3a paxyHOK TOro, IO KJICHKOBUHHHMH KapKac TicTa
BTpauac €ITaCTUYHICTP 1 TTOCTAOIOETHCS, IO o6yMOBJIeHo BIIMBOM ITi€1 CHPOBUHH Ha
KJICHKOBHHY IMIICHHIHOTO 6opomHa e 3ymosneno BIZICYTHICTIO B prcoBomy 6opo-
IIHI O1JIKIB IITiaIMHY 1 TIIOTEHiHY, SIKi OepyTh y4acTh Yy (OpMyBaHHI KIIEHKOBUHHOTO
KapKacy.

BoHouac 3MiHIOETBCS B’ SI3KICTh TicTa. BIjIMB pi3HOT KIJIBKOCTI PUCOBOro OOPOIIIHA
Ha B’S3KICTh TiCTa XapaKTepU3yBaJH 3a PO3IUIMBAHHAM KyJbKH TiCTa B MpoLeci Horo
(depmeHTallii mpoTsrom 3 roj.
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Puc. 2. Po3nauBanHs KyJbKH TicTa:
1 — KOHTpOJIb; 2 — 3pa30kK 3 JeuuTHHOM; 3, 4, 5, 6 — 3 JICLIUTHHOM i pUCOBUM OOPOILITHOM
10%, 20%, 30%, 40% Ha 3aMiHy OOpOIIHA MIIEHUYHOTO

118 —— Hayxosi npayi HYXT 2021. Tom 27, Ne 5



FOOD TECHNOLOGIES

BcTanosneno (puc. 2), mo aiaMeTp KyJIbKH TiCTa 3 PUCOBHM OOpOIITHOM 3a Hac
(depmenranii 3MenmuBcs Ha 3,7—18,5%, 3anexHo Bix mo3yBanHs. Lle cBimunTh mpo
MiABUIICHHS B’SI3KOCTI TICTOBOT CHCTEMH 3aBISIKH HOro OiomosiMepaM (IEHTO3aHHU,
OLIKM), 110 3yMOBITIOIOTH BHUIIY BOJIOTIOTIMHAIBHY 3MaTHICTH PECOBOTO OOpOIITHA,
MOPIBHSHO 3 MIIEHUYHUM.

OcCKiJIbKM OCHOBHY (DYHKLIIO B YTBOPEHHI KJICHKOBUHHM BiJIrparoTh OiIKH, a BHE-
CCHHSI JICITATHHY Ta PUCOBOTO OOPOITHA 3HAYHO 3MiHIOE OLTKOBHI KOMIUIEKC TICTa,
BUBYAIIM KOH(OpMAaLiiiHI 3MiHH OIJIKOBHX PEYOBHH TicTa MeToaoM [Y-crieKkTpockorii.
ToTyBamu 3pa3ku Ticta 3 OOpOIIHA BUIIOTO COPTY, JCIUTHHY, JTOJATKOBO BHOCHIIH
pucoBe OOpOINHO Ha 3aMiHy MIIEHHYHOTO B KUTbKOCTI 20%. 3pa3ku aHamizyBan
0Jlpa3y MiCJis 3aminryBaHHs Ta dyepe3 3,5 roja Oponinas. Takox Oyio nmpoaHati3oBaHO
CHpOBHHY: OOPOIITHO MIIIEHIYHE, OOPOIIHO PHUCOBE Ta JEUUTHH (pHC. 3).
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Puc. 3. IndpayepBoHi cnekTpy BinOMBaHHA CHPOBHHU Ta 3pa3KiB TicTa:
1 — nieHnyHe 6OPOIIHO; 2 — JIEUUTHH; 3 — TICTO 3 JIELUTHHOM IIiCJIs 3aMilllyBaHHs; 4 —
TICTO 3 JICHUTUHOM uepe3 3,5 roj OpoaiHHs, 5 — pucoBe OOPOITHO; 6 — TICTO 3 PUCOBUM
GOpOLIHOM MicCJIsl 3aMilllyBaHHS; 7 — TICTO 3 pUCOBUM OOPOIIHOM depe3 3,5 roJ OpoJiHHs

Sk moka3aB aHaNi3 eKCTIEPUMEHTAIFHUX JaHUX, YCi CIEKTPH BiOWMBAaHHS JOCIi-
JOKYBAaHMX 3Pa3KiB, KPiM 3pa3Ka JICUTHHY, MalOTh OMI0HMH XapakTep. Llfo ocobmm-
BiCTh MOKHA TIOSICHUTH HOTO crieu(iYHIM XIMIYHUM CKIaI0M (JIeIHuTHH € hocdo-
JMiAHOIO CYMIMIITIO Y KOMOiHaLii 3 Tpranmnriinepuaamu). CreKTpH NIIeHAYHOTO Ta
PHCOBOro OOpOIlIHA MK COOOKO BiJPI3HAIOTHCS JIMIIEC 338 IHTCHCUBHICTIO BiIOMBAHHS
(CTIeKTp MIIEHHYHOTO GOPOIIHA PO3TANIOBAHMIA BHIIE). [X e eKCTPEeMyMH MOBHICTIO
36iraroteca. OCHOBHI MiHIMyMH BiIOMBaHHS CIIOCTEPITalOTHCSI Ha JOBKUHAX XBUJIb:
1460, 1770, 1930, 2110, 2280 uM, makcumymu — 1660, 1850, 2010, 2230, 2290 aM.
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3pa3ku BCiX BUIiB CHPOBUHH y IPOAHANiI30BAHOMY Jiara3oHi JOBXHUH XBUIIb I1e-
PEBaKHO MAIOTh BHILY iHTCHCUBHICTH BiJOMBaHHSA, HIXK 3pasKH TicTa, BUTOTOBJIE-
HOTO 3 iX JJOJJaBaHHSM, 10 CBITYHTH mpo KOH(bopMamHHl 3MiHU OIJIKOBUX pevoBuH
MpY 3aMillyBaHHI TicTa Ta B PE3yJIbTaTi MPOLECiB, sIKi BiAOyBalOTHCS i yac Horo
OpOJIiHHS.

CriekTpu BiZOWBaHHS TiCTa IMICIISA 3aMIITyBaHH 13 JI0JaBaHHSIM PHCOBOTO OOpOIITHa
a00 JeIMTHUHY Maiike 30iratoThes (X04a 3pa3okK TicTa 3 JISHUTHHOM PO3TallOBaHUN
nemio Hmwk4ge). [Ipote y mpomeci OpomiHHS mpoTsIroM 3,5 Tox iX iHTEHCHBHICTD Bij-
OMBaHHs 3HAYHO 3HIKYEThCS. Lle CBIAUUTH MO Mmepepo3noaia OLIKOBUX (pakiiiil y
npoueci OpoxiHHS.

3aKOHOMIPHICTH K€ BHIIIOTO PO3TAIIyBAHHS CIIEKTpa BiAOWBaHHS 3pa3ka TiCTa 3
JIOAABAHHSIM PUCOBOT0 OOPOIIIHA MTOPIBHIHO 13 3pa3KOM TiCTa 3 TOAABAHHSM JICLIUTHHY
crocTepiraerbes i micis ix OpoaiHHs. Y BCix 3pa3kax JOCHiHKYBaHOTO TicTa y MeB-
HHUX 00J1aCTSIX CIIOCTEPIraaocs 3MIIICHHs eKCTPeMyMiB Ha =10 HM ITOPIBHSHO 3 BU3-
HAYCHUMHU XapaKTEePUCTUYHIUMHU EKCTPEMyMaMH, SIKi MajJll CHIEKTPHU 3pa3KiB MIICHNY-
HOTO Ta PUCOBOTO OOpOIITHA.

3aKOHOMIPHOCTI 3MiHH TEXHOJIOTIYHUX XapaKTEPUCTUK TICTOBUX HariBhaOpHUKaTiB
1 BIUIMB CUPOBHMHH HA SIKICTh XJ1i0a BU3HAYAIH 3a MPOOHUM BHUIMIKaHHAM. Pe3ynbratu
JIOCITII’KeHb HaBeJIeHi B Ta0I. 2.

Tabnuys 2. TIoka3HUKHU SIKOCTi TOTOBUX BUPOGIB 3 pUCOBUM OOPOIIHOM

3 pucoBuM 60pOLIHOM, % Ha 3aMiHy OOpOILIHA
n K 3pazox 3
OKa3HUKH OHTPONb | | o yTHHOM MIICHAYHOTO
10 | 20 | 30 | 40
Ticro
Boutoricts, % 41,8 41,7 41,8 42,0 41,8 41,7
KucnorHicTs, rpaj|
I 1,8 1,8 1,8 1,8 1,8 1,9
5 2,4 2,4 2,5 2,5 2,5 2,5
6Tp1/1}.3achL 150
POJIIHHS, XB
Tpusaricts, 44 44 ) 40 39 36
BHCTOIOBaHHSI, XB
X116
Turomuii 06"em, | 55y 234 230 192 162 144
cm’/100 T
PopuaeitacTy, | .56 0,61 0,52 0,46 0,45 0,41
[opucricts, % 73 75 75 74 66 63
Kucrormicrs 2,0 2,0 2,1 2,1 2,1 2,1
KiHIIeBa, pajl
. . 3 31 3HAYHUMH | 3 BETUKHMHU
CraH noBepxHi rinagka, 6e3 TpiluH HEBEJIUKUMH |~ . ;
. TPIIIMHAMHE | TPiLIMHAMA
TpIIHAMH
Komnip M’sIKymKu CBiTIINI
Korip ckopunku CBITJIO-)KOBTUH
CprKTypa' piBHOMIpHA, IpiOHA, TOHKOCTiHHA HCPIBHOMIpHE, ApiOHa,
MTOPHUCTOCTI TOBCTOCTiHHA
Cmak pUTaMaHHUI BUpoOy
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3i 301IBIICHASM BiJICOTKA 3aMiHH OOPOIIHA MIICHUYHOTO PHCOBUM OOpPOIITHOM
CKOPOUYEThCA TPUBAJIICTh BUCTOIOBaHHS TICTOBHX 3aroTOBOK Ha 2—6 xB. Lle moB’s-
3aHO 3 MiJBUIICHUM Ta30yTBOPCHHIM y TICTI, MO CHPHYMHEHO OUIBIIOI MOJATIIN-
BICTIO KPOXMAITIO PHCOBOTO OopoliHa amiioni3y, Hik neHnyHoro. Le, Y CBOIO Uepry
3aJIeKUTh BiJl TPaHyJIOMETPUYHOTO Cckiany OopourHa. OCKITBKM pO3Mip YaCTHHOK
pHCOBOTO OOpOIITHA 3HAYHO MEHIIIE, Hi’K MIIICHNYHOT0, AaTAKOBAaHICTh 010IT0TIMEpiB
(depMeHTaMu OiJIbIIIA 1 JOCTYMHICTH IYKpiB OOpoInHa Halikpaia. [logatkoBa Ta KiH-
11eBa KHUCJIOTHICTh HE 3MIHIOIOThCS TPH BHECEHHI PHICOBOTO OOPOIITHA, aKe HOTO KH-
CIIOTHICTB HE BIAPI3HAETHCS BiJl KUCIOTHOCTI IMIIEHIIHOTO.

dopMocTiliKicTh X110a 3HAYHO 3HKYETHCS, 1110 TIOB’SI3aHO 3 0COOIMBOCTAMH (QOp-
MYBaHHSI KJICHKOBMHHOTO KapKacy B TICTi 3 JIOJXaHHSIM PHCOBOI CHpOBUHH. Kwucior-
HICTh M’SIKYIIIKH JOCHI/DKYBaHUX BUPOOIB MPAKTHYHO TaKa XK, SIK Y KOHTPOILHOMY
3pasKy.

3HIDKEHHS TITOMOTO 00’ €My Ta TIOPUCTOCTI 3pa3KiB XJ1i6a MOJKHA ITOSICHATH THM,
IO pUCOBE OOPOIIHO MAa€ HEBEIHUKY aKTHBHICTh aMiIONITHYHUX (PEPMEHTIB, TOMY
IHTEHCHUBHICTP MPOIIECY CTUPTOBOTO OPOMIHHS B TICTI 3HUKYETHCS, BHACIIIOK YOTO
BOHO ITOTaHO PO3IMYIIIYETHCS, @ TOTOBI BUPOOH MAIOTh M 00’ €M Ta OJTiy CKOPUHKY.
Takoxx 31 301IbLIIEHHSM JO3yBaHHS HA MOBEPXHI CKOPHHKH 3’ SIBISIFOTHCS TPILLIMHH.

[IpoBeneHi po3paxyHKH BMIiCTy Xap4OBHX BOJIOKOH Ta 3a0e3MeUeHHS HUMH TOOOBOT
notpebu opraizmy (Tad. 3).

Tabnuysa 3. BMicT XapuoBHX BOJIOKOH Y XJIi0i Ta 3a0e3ne4eHHs] HUMH 1000BOi MOTPeOH
oprasismy

3 pucoBuM O60poIIHOM, % Ha 3aMiHy GOpOIIHA
KonTpons IICHHYHOTO
10 20 30 40
Bwmict y 100 r npoaykry, © 2.65 242 2.18 1.95 1.71
InrerpanpHuii ckop, % 10.61 9.67 8.73 7.79 6.85
Iurerpansauii ckop, % 3a
PaxyHOK BXXHUBaHHsI J0OOBOT 29.38 26.78 24.17 21.57 18.97
HOpMH XJ1iba (277 1)
BucHOBKM

BcranoBneHo moniibpHICTE 30aradeHHs MIICHTIHOTO XJTiba TPOJLyKTaMH repepoo-
KH PHCY, a came 0opoIITHa, 3 OISy Ha HEOOXITHICTh 3HIKCHHS BMICTY KITITKOBHHU B
partioni xBopux Ha 33K.

3a BUKOPUCTaHHS PUCOBOTO OOPOIITHA 3HIKYETHCS Ta30yTpuManHs Ha 3,7—20,4%,
IO MOSICHIOETHCS BILIMBOM Ili€1 CHPOBUHH Ha KJIICHKOBHHY MIIIEHHYHOTO OOPOIITHA.

BcranosneHo miaBUIIEeHHS B’ SI3KOCTI TicTOBOI cuctemu Ha 3,7—18,5% 3a paxyHOK
30UITBIICHHS BOJIOTIOTJIMHAIIBHOI 3JaTHOCTI TicTa.

3HIKY€ETHCS MTMTOMUHN 00’ €M 1 TIOPUCTICTH 3pa3KiB. BcTaHOBIICHO, 110 parfioHaIbHA
KUIbKICTh BHECEHHS PUCOBOr0 OOPOIIIHA Ha 3aMiHy MIIEHUYHOTO He Oibire 20%.
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There is proven today that even the low doses of ionizing
radiation may cause the light form of radiation sickness, immu-
nity decrease and negative remote consequences. Upon being
taken in, radionuclides are able to accumulate in tissues and or-
gans, are removed from the organism very slowly, and therefore
lead to various diseases, including those oncologic. What is
more, the numerous updated studies show that nay the ultra-low
doses cause the sporadic breakages in DNA molecules. In other
words, DNA molecules are very labile to low and ultra-low ra-
diation doses that, in turn, are capable of affecting the genomic
activity.

Since the reduction of radionuclides (formed after the Cher-
nobyl accident and constantly emanating due to the nuclear fuel
cycle of nuclear power plants) to the natural level is seen to be
possible even in the distant future, more and more attention in
both medicine and nutritiology is paid to the measures to pre-
vent the human body from radioactive damage. Therefore, the
nutrients with radioprotective and adaptogenic actions are gai-
ning the priority. Because the low radiation doses affect the hu-
man organism constantly, constant should be protection from
them. Scilicet, the radioprotective substances should permanen-
tly fill the organism, which is possible in case of their intake
with foodstuffs. Owing to the fact that the essential role in for-
mation of radioprotective effect belongs to amplification of lipid
peroxide oxidation, the sufficient content of antioxidant compo-
unds in foodstuffs is of no less importance.

The authors of the presented article accomplished the scien-
tifically proven selection of plant-based compounds with obvi-
ous radioprotective, adaptogenic, and antioxidant actions. There
was shown that these compounds, alongside with mentioned
above, have high anti-histamine and anti-hemorrhage proper-
ties, help remove the radionuclides and heavy metals from the
organism, and normalize the certain links of metabolism. Hen-
ceforth, it would be expedient to use plant-based substances to
create various compositional mixtures with special purposes.
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CTBOPEHHSA KOMNO3ULIX PAOIONPOTEKTOPHOI Ali
Ansa 3AXUCTY OPrAHI3MY NMIOAVHU BIA MANUX 403
IOHI3YIOUOI PAOIALLII

I'. O. Cimaxina, O. M. Me:xxyooBchkuii, H. B. Haymenko
Hayionanvnuii ynieepcumem xapuogux mexHonoziti

Ha cvoeooni oosedeno, wo nasimos mani 003u nNOCMItiHO 0it04020 pAdiOaAKMUBHO20
ONPOMIHEHHSL MOICYMb GUKIUKAMNU 112Ky (POPMY NPOMEHEBOi X80pOOU, 3HUNCEHHS.
iMyHimemy i HecamugHi 8i00aneni Hacaioku. Padionyxniou, siki nompanuiu 6 opea-
HI3M JF0OUHU, 30aMHi HAKONUYY8AMUCH } MKAHUHAX | OP2aAHAX, OydHce NOBIIbHO 8UB0-
0SIMbCsl I CRPUYUHIOIOMb PI3HOMAHIMHI 3AX80PIOGAHHS, 30KpeMd OHKOA02TUHI. Binbuu
MO020, YUCTEeHHI HAYKOBI 00CTIOIICEHHS NOKA3AMU, WO I HAOMATL 003U PAOIOAKMUBHO20
ONPOMIHEHHS BUKTUKAIOMb NOOOUHOKL pospusu 8 moaekyrax JJHK. Toomo monexynu
JIHK oyoice uymaugi 00 manux i HAOMAux 003 ONPOMIHEHHS, d 6OHU, CBOEID UePeOl0,
30amHi pez2ynosamu aKMUGHICHb 2eHOM).

Ockinbku i 8 0aneKomy MatlbymHbOMy CKOPOMUmMU 00 HPUPOOHO2O PIBHSL HAOXOO-
JHcenHsa 8 ammocghepy padioHykuiois, axi ymeopuauca nicia asapii Ha YAEC i no-
CMIUHO BUHUKAIOMb 30 PAXYHOK sA0epHo2o nanusHo2o yukiy AEC, e sbawacmoca 3a
MOoduCIUBe, MO 6ce Oinbiue yeazu i 8 MeOUYuHri, i ¢ Hympuyionoeii npudiisiemocs npogi-
JIAKMUYHUM 30X00AM 3aXUCHY OP2AHI3MY THOOUHU 8I0 PAOIOAKMUBHUX VULKOONCEHD.
Tomy 6 maxiv cumyayii npiopumemHo20o 3Ha4eH s Habysamb HympieHmu padionpo-
mekmopHoi ma adanmoeennoi 0ii. Mani 003u onpomineHHs Oilomb NOCMILHO, MO U
3axucm 8i0 Hux mesic mae bymu nocmitnum. Tobmo padionpomexmopHi CHOIYKU HO-
BUHHI HAOXOOUMU NOCMITIHO 8 OPLAHIZM TTOOUHU, A Ye MONCTUBO JUULe ULTAXOM iX Yge-
OeHHs PA3OM I3 XaPHOBUMU CROTYKAMU. 38adxncaroyu Ha moti hakm, wo y popmyeanHi
Padiobionociunoco egexmy adCIu6a Poib HALEHCUMb NPOYECO8i NOCULEHHS nepe-
KUCHO20 OKUCIEHHS TINidi8, Mo CYyMmese 3HAUEHHsT MAE MAKONC HAAGHICHb ) XAPYO-
8UX NPOOYKMAX OOCMAMHbOI KIIbKOCII AHMUOKCUOAHMIB.

Y cmammi 30iticneno naykoso 06rpyHmosanuil 6UbIp pOCIUHHUX Odcepet CROTYK
i3 ni0BUEHUM BMICIOM KOMNOHEHMIE padionpomeKmopHOi, A0anmo2eHHol ma aHmu-
oxcudanmuoi 0ii. Bonu maioms aHmucicmaminti ma aHmueemMopaziumi 61acmueocmi,
CRPUSIONb BUBCOEHHIO PAOIOHYKIIOIS | 8ANCKUX MEMANIE, HOPMALIZYIOMb OKPEeMI JIAHKU
Mmemabonizmy. Ha ocnogi nidibpanux pociun MOXCHA CIEOPHOGAMU PI3HOMAHIMHI
KOMRO3UYIUHT CyMiui Yitb08020 NPUSHAYEHHSL.

Knrouosi cnosa: onpominenmsi, padionykuiou, 0ekopnopayis, padionpomexmopu,
aoanmoeeHu, AHMUOKCUOAHMU.

IocranoBka npodseMu. 3ax01u MPO(LTAKTHYHOTO Ta 030POBUOTO XapuyBaHHS
B 30HI XpPOHIYHOTO OIPOMiIHEHHS JKATTEBO BAYKJIMBi, OCOOJIMBO 332 YMOB, KOJH O1J1b-
ITiCTh HACEJICHHS Ma€ TOCTIHNN MIKpOSIIEMEHTHIIA, BITAMiHHUHA Ta aMiHOKUCIIOTHHI
JeMIlnT, HEJOCTATHE HAIXOPKEHHS TOJIIHCHACHUYCHUX JKUPHUX KUCJIOT Ta BITaMIHIB
IPY BYTJICBOHO-KUPOBOMY HAIJIHIIKY XapuayBaHHA. Taki XpoHivHi Aedopmaltii rome-
0CTa3y MPU3BOASTH 0 3aKOHOMIPHOTO 3HIKEHHSI PE3EPBHOTO IMOTEHIN ATy IMyHHUX
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(BiTaMiHHUH Ta aMIHOKUCIIOTHHH AedimuTH) Ta HEHPOSHIOKPUHHNX (MIKPOSIEMEHT-
Huit nedinut) QyHKIIH, 1110 Pi3KO MiACHITIOIOTHCS (POHOBOKO TOKCHUYHICTIO CEPEIOBHIIA
Ta xap4yoBux mpoaykTis (IluBoBapoB & Muxanes, 2004).

CyvacHa KOHIEIILA PaAioONPOTEKTOPHOrO XapyyBaHH:, TOOTO 3arajbHOrO Ai€THY-
HOTO 33aXHCTY, BKyTI 13 (HOHOBUM ITOTPUMAHHSM 3arajIbHUX HOPM 30POBOTO XapayBa-
HHSI, 0COOJTMBO IIIOJI0 JOCTATHROI KUTBKOCTI HATYPaTBbHUX aMiHOKHCIIOT, BITAMIHIB Ta
MiKpOEJIEMEHTIB I MPOQiTaKTUKN IMyHHUX Ta HEMPOESHAOKPUHHHUX AUCHYHKILIH,
OXOILTIOE TpU OcHOBHUX Hanpsimu (ITuBoBapos & Muxanes, 2004; Ykpainelis, Cimaxi-
Ha & Haymenko, 1018):

1. llonepeodaicernts HanXOMKEHHS PATiOHYKIIiAIB IUIIXOM HACHUEHHS OpTraHi3My
CTaOLIBHUMH CIIOTYKaMH 3a IIPUHLIMIIOM KOHKYPEHLT, KOJIM paliOaKTUBHI eIEMEHTH He
MOXYTh BKIIIOYATHCH JI0 CKIIaTy KIITHH oprafi3my. J{Js 1iporo HeoOXiMHa JOCTATHS
KUTBKICTh Opra"igyHoro ioxy. IlomoBHEHHS! KOHKYPEHTIB €310 (KaJlilo, MEHIIOIO Mi-
OO — HATPII0) Ta CTPOHIIIO (KaIbBIIiF0, MEHIIIOI MipOI0 — MarHir0 Ta MiJli) TAaKOXK
MMOBUHHO HAJXOIUTH 3 BIAMOBITHUMH MPOAYKTaMH, MiHEPAJILHOIO BOJIOI0, €KCTPaKTa-
mu (bamran, [Touepusiera, )Kykosa, Bacsko & JIsiMapp, 2016). Takum 4yrnHOM MOKHA
3aro0irT¥ BTOPHHHOMY BHYTPIIIIHEOMY OITPOMiHIOBaHHIO.

2. l'anbmysanns IpoIecy HAKOTIMYESHHS PaJIIOHYKITIIIB 1 TIOTIepeKEHHS IXHBOT pyii-
HiBHOI aKTUBHOCTI, BHYTPIIIHLOKJIITHHHE TaciHHS 010JIOTTYHOI arpecUBHOCTI pajiartii
IIUISIXOM BBEJICHHS B OPTaHi3M MeTaiB-MillleHeH, IepeXOILTIoBaviB (TIEpIII 3a BCE 3aTi-
3a, K0OaIbTy, MiJli, HIKEIlt0, KPEMHII0), CipKOBMicHUX TionoBux GepmeHTiB (UbpuH,
1997), cionyk-nacTok, aHTHOKCHJIAHTIB Ta aJaliTOTeHiB, 10 HE JIMIIE BEJIE JI0 JOCTO-
BIpPHOTO 3aXHUCTY, a 1 10 e(peKTy CTUMYITFOBaHHS 3arajIbHAX Oi0JIOTIYHIX, IMyHHHX TPO-
1ECIB.

3. Buoanenus panioOTOKCHHIB Ta iHIIMX KCEHOOIOTHUKIB 3 OpTaHi3My sIK mpogisiax-
TUYHMNA 3aXiJ 3aBASKH JOCTATHIM KUIBKOCTI B palliOHi Pi3HUX XapuOBUX BOJIOKOH,
TepIl 32 BCE HU3bKOMETWIILOBAHUX MIEKTUHIB, TA BYKUBAHHIO COPOYIOUHX KOMIIOHEHTIB,
30kpeMa arbriatiB (Ctoxapos Ta iH., 2000; Cimaxina, Crenenko & Haymenko, 2000).

Bapto 1mie pa3 migkpecinTH, 10 3a3Ha4eHi 3aX0/u OyayTh YCHIIIIHUMU B Pasi JI0-
TPUMAaHHSI 3aTAJIBHUX HOPM 3JI0POBOT0 Xap4dyBaHHsI, IEPeLyCciM HaIXOIKEHHS 3 DKEIO
JIOCTaTHBOI KUTBKOCTI TOBHOIIIHAMX OiNTKiB. Ll Jae 3MOTy mMiqBUIINTH 3arajbHYy pPe3nc-
TEHTHICTh JI0 XPOHIYHOTO BHYTPIIIHBOTO ONPOMIHEHHS Ta iH(EKIiH, a TAKOK 3HUKYE
piBeHb iHKOpPIIOpALii paJiOHYKITiIiB.

AHaJIi3 ocTaHHiX AocaiqxkeHpb i myGaikaniii. Came ToOMy TIpu KOHCTPYIOBaHHI
MPOAYKTIB PaioNpPOTEKTOPHOI Aii HEOOXiTHO 32 MOKJIMBOCTI 30aradyyBaTH He JIHIIC
iXHIi MIKpOEIEMEHTHUIA, a i aMIHOKUCIIOTHHUI CKiIaj. [lepcriekTMBHUME JKepeiaMu
(hyHKIIOHATEHIX 1HTPEIIEHTIB, OaraTux Ha aMiHOKHCIIOTH, € CITIpYyJTiHa, 3aPOIKH TIIIe-
HUIIi, TPOPOCIIE 3ePHO MIIIEHHUIII Ta 1HIITNX 36PHOBHX, KYJIETYPH MITIETIFO BUIITUX TPHOIB
(Cimaxina, Creuenko & Haymenko, 2016), a Takox JtorepHa.

Cepen mpiopUTETHUX 3aCTEPEIKEHB OO0 XapUIyBaHHSI B YMOBaX XPOHITHOTO OIIPO-
MiHeHHS (DaxiBIll HA3WBAIOThH TAKOXK HEMPUITYCTHMICTE 3JIOBKMBAHHS HESIKICHIMH YKH-
paMu, OCKIJIbKH BOHU SBJISIIOTH COOOI0 OCHOBY JUISI IIEPEKHCHOTO OKUCIICHHS JIMiiB,
OepyTh y4acTh B YTBOPEHHI PaIi0TOKCHHIB, PYHHYIOUH IMyHHY CHCTEMY, € IPOBITHH-
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KaMH B OpraHi3M Ta HaKONMM4IyBadaMH TiIpohoOHUX KCEHOOIOTHKIB, 30KpeMa TeCTH-
[UIB, IO TIOTEHIIIIOIOTE Mif0 i0oHI3yrodoro omnpomineHHs (Kopsyn & Hemoypos,
1995).

CucreMa aHTHOKCHIAHTHOTO 3aXUCTY OpPraHi3My 3a0e3redye HiiCHICTh HalBaKIIu-
BIIIMX CYOKIIITHHHUX 010CTPYKTYp — MEMOpaH Ta SIepHOro reHoMy. PedoBrHN-aHTH-
OKCHJIQaHTH Xap4yOBHX MPOIYKTIB IMiJCHIIOIOTh BHYTPIIIHI IPOTUIIPOMEHEBI peCypcH
OpraHi3My, YIIOBUIHHIOIOTh UM 3YITUHSIOTH PEAKITii BUTbHOPAIUKAITBHOTO OKHUCIICHHS 1,
0TXK€, 3MEHIYIOTh YTBOPEHHS CHAOTCHHUX Pali0CEHCUO1TI3aTOPiB, paIiOTOKCHHIB
(Jae-Young, Shanura Fernando & Jeon, 2016).

AHTHOKCHIIaHTHA NI (YHKIIOHATHFHOTO XapdOBOTO MPOIYKTY BEITUKOIO MipOIO
3a0e3MeuyeThCsl HAsABHICTIO BiTaMiHy A Ta KapOoTHHOIfIB, BitamiHiB C Ta E, a Takox
MikpoenemeHTy ceneny (Cimaxina, Crerieako & Haymenko, 2016). Kpim Toro, He-
00XiHa ONITHMAaJTbHA KUTBKICTh O10T€HHIX MIHEpAaiB.

KapoTtunoinu HanexaTb 7O He3aMiHHUX YMHHHKIB Xap4yyBaHHS, OCKUIBKH HE €
CHIOI€HHUMH CIIOJIyKaMu. BOHM MaroTh peryispHO HaJXOOWTH B OPraHi3M 3 DXKelo,
0COOJIMBO SIK aHTUOKCHIAHTH, OCKUIbKH 1HAKTUBYIOTH CHHIJIETHHI KHCEHb. Jominb-
Hillle BUKOPUCTOBYBAaTH KapOTHHOIH B SKOCTI MPOQLIAKTHYHOTO, a HE TepareBTHI-
HOrO pasionporekToproro 3aco0y (bamran, [louepnsesa, XKykosa, Baceko & JIbI-
Mapb, 2016). B-kapoTuH, 1O MiCTUTHCS 30KpeMa B rapOy3ax, MOPIBHSHO 3 PETHHOIIOM
(BiTamiHOM A) Ma€ BKpaif HU3bKy TOKCHYHICTh HaBiTh Y HAMBUIINX /103aX. JlOCITi THUKH
BiJI3HAYAIOTh MOT0 BAYKJIMBE 3HAUCHHSI JIJIsl JTIKYBAHHS BiJIJICHUX HACIIJIKIB pajiarmi i
PEKOMEHIYIOTh 30UTBIINTH CIIOKUBAHHS MPOMYKTIiB, OaraTHX KapOTUHOIOaMH, 3 Me-
TOIO 3MEHIICHHSI PH3WKY paialiiHOro 1 croHTaHHOTO Kanueporenesy (Kopsyn &
Henoypog, 1995). IIpu ipomMy HaBiTh HEBENHKY aliMEHTapHY HEOCTATHICTD 3-Kkapo-
THUHY a00 PETHHOITY, IO HE BeZe /10 SIKMXOCh KIIIHIYHHUX MPOSBIB TIIOBITAMIHO3Y, CITi
posrisigaTy sk (aKTop, MO MiABUINYE YyTIHMBICTh OPraHi3My J0 pajialii i 301IbIrye
kanueporennuit pusuk (Toor & Savage, 2006).

Xap4oBi BOJIOKHA PI3HUX POCIHH MOXKYTh TaKOX 3B’sI3yBaTU MEBHI Pajii0i30TOMH,
He BIUIMBaIO4X Ha iHm cronyku (Simakhina & Naunemko, 2018). ToMy BaxkiuBo
CTHOXKMBATH Pi3HI XapuoBi BOJIOKHA B 11031 25—40 r Ha 100y, 1110 3a0e3neuye (iziono-
TYHY JIETOKCHKAI[IO OpraHi3My. Yci iHII cOpOEHTH MOXYTb JIMIIE KOPETYBaTH HeJl0-
CTaTHE HAJIXOJDKEHHSI Xap4OBUX BOJOKOH. HemomikoM Xap4oBHX BOJIOKOH € BifICyT-
HICTB CEJEKTHUBHOI JIii: OZIHAKOBOIO MIipOIO BHIIy4YalOThCS, HAPHUKJIIA[, SIK CTPOHLIH Ta
LIe31#, Tak 1 KaJbI[iil Ta Kajiil.

[lepcrieKTHBHUM 1HTPEAI€HTOM U1l KOHCTPYIOBaHHS MPOAYKLIi 3 pagionpoTeKTOp-
HOIO JTi€0 € OypIITHHOBA KUCIIOTa, a00 Xap4oBa nobaska E 363 3a eBponelchKoro crc-
TeMor0 Koauikariiil. BypIiTHHOBa KMCIIOTa CIIPHSIE i BUIIICHHIO HeCTICTU(IYHOT IMyHO-
PE3UCTEHTHOCTI, MPOTEKLii KIITUHHUX CTPYKTYpP Bill MEPEKHUCHOTO i BUIHOPAIUKAIIb-
HOT'O OKUCIICHHS, HOpMaJi3allii HeWpOeHJOKPUHHOI PeryJsilii, 3HIKESHHIO CTYIICHS
MPOSBY TOCTPOTH CTPECOBUX PEAKLIi, MONEpeHPKEHHIO PO3BUTKY CTaHIB acTeHii 1 po3-
JaziB, 10 BUHUKAIOTH B IOCTCTPECOBHM MEpio; MPpOoQiIakTHI Jenpecii Ta 1HIINX
JUCQYHKIN [EHTPaIbHOI HEPBOBOI CHCTEMH TOILIO. BKpail BaIMBUM € aHTHUIIIO-
KCHYHHH e(eKT OypIITHHOBOI KHCIIOTH, IO YHOBUIBHIOE HAKOIIMYEHHS BUIbHOPAIU-
KaJIbHUX MPOIYKTIB Y KPOBI Ta MO3KY. BypIITHHOBA KHCIIOTa 3ar1o0irae nepeKucHOMY
okucnennto Jniniais (I10JI) B opranizmi, ke pi3ko aKTHUBI3Y€ETHCS PU ONPOMiHIOBAHH.
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PamionpoTekTopHa mist OypIITHHOBOI KHCIIOTH B OCHOBHOMY ITOB’s13aHa 13 BIDTMBOM Ha
MeTaboIIIYHI KIIITHHHI TPOoIecH (3MEHITICHHSI OKCHT'CHAITIl [IUTOIUIa3MH 1 sSApa, aKTH-
Ballis KIITHHHOrO AuxaHHsi, 30iutbmenHs uncia AT® i 6inkie) (IllaxmapmaHoBa,
I'ynesckas & Xananamsmmm, 2016; Koxxokapy, 2008).

MeTto10 cTaTTi € HayKOBO OOIpYHTOBaHHI BHOIp POCIMHHUX JKEpENl CIIONYK i3
MiIBUILIEHUM BMiCTOM KOMIIOHEHTIB paliONpOTEKTOPHOT, aJalTOreHHOI Ta AaHTHOKCH-
nmaHTHOI Aii. Ha ocHOBI miiOpaHix MaTepiaiiB MOYKHA CTBOPIOBATH Pi3HOMAHITHI KOM-
MO3HUIIIHHI CYMilli IJThOBOTO MPHU3HAYCHHSI.

BukiageHHs 0CHOBHHMX Pe3yJIbTATIB A0CTiTeHHs. BiamoBiqHo 10 mocTaBieHol
METH, 3IiHCHEHO aHaji3 0I0XIMIYHOTO CKJIAAy POCIMHHUX MaTepiatiB, SKi Big3Hava-
I0ThCS MTiIBUILICHUMHU KOHICHTPALISIMU CIIONTYK PaioNpOTeKTOPHOI, aHTHOKCUIAHTHOT
Ta aJlanToreHHoi Aii. J{o grcna Takux MaTepiaiiB MOTPAIIITH STOAN YOPHOI CMOPOTH-
HHU, 3apOJIKY MIICHHMLIL, JIIOIIEpHA, YOPHUH Niepellb, OypIITHHOBA KUCIIOTA.

HaBoammo netanpHUMiT onwic 610XiMIYHOTO CKIIQAY KOXKHOTO 3 IIUX MPEMETIB 10C-
JDKEHHS, aKIEHTYIOUH yBary Ha TUX KOMIIOHEHTaX, sIKi 0e3rnocepeIHb0 BU3HAYAIOTh
iXHi palioNpOTEKTOPHI BIACTUBOCTI.

Tak, sirony 9OpHOT CMOPOAWHY MICTUTH HACTYITHI O10KOMITOHEHTH:

1. BiodaBoOHOIM K AHTHOKCUIAHTH Y BUTJISI/II KATEXIHIB Ta ACKOPOIHOBY KUCIIOTY.
[oeanannst 6io¢hmaBOHOIMIB 3 aCKOPOIHOBOIO KHUCIIOTOKO IMOTEHINOE iXHi BIIACTHBOCTI
(Yxpainenp & Cimaxina, 2006). [{ns koMITo3uiii pagionpoTeKTOPHOI il CYyTTEBHM €
TakoX (hakT cuHeprii Bitaminy C Ta ceneHy 1 CIpUsIHHS BiJHOBJICHHIO Y KUIIKIBHUKY
ioniB Fe** no Fe?, mo € yMOBOI BCMOKTYBaHHS 3ajli3a — MeTaly-MilleHi pajio-
AKTHBHOTO CTPOHIIIIO.

2. llextran. Born BXOASTH 10 YMClia HyTPUIIEBTHKIB, IMPOKO BXKWBAHHUX Y PAIliOH]
3IOPOBOTO XapdyBaHHs SK ONWH 13 YKpai HEOOXiMHUX YMHHHKIB 3HWKCHHS BCMOK-
TyBaHHs1, HAKOITMYEHHSI 1 MMPUCKOPEHHS BUBEIECHHS KCEHO010THUHKX cronyk (Cimaxi-
Ha, Ctenenko & Haymenko, 2016). HasiBHICTh y TEKTHHOBHX PEYOBHHAX BUIBHIX Kap-
OOKCHJIBHHX TPYI TAIAKTYPOHOBOI KUCJIOTH 3yMOBJIIO€ IXHIO BJIACTHBICTh 3B’ S3yBaTH
B TPaBHOMY KaHaJTi iOHM METAJIiB 3 IOAATBIINM YTBOPEHHSAM HEPOZUMHHIX KOMILIEKCIB
(meKTHHATH, IEKTATH ), SIKI He BCMOKTYIOTHCS 1 BUBOASTHCA 3 opraHizMy (loH4eHko,
2000; Cmynbckuit, [Toszutie & Kiryckosckas, 1993). OTxe, MEKTUHU HAJEKaATh JI0
KOMIUTIEKCOYTBOPIOIOYHX CIIONYK (KOMIUIEKCOHH, XeJaTH), OCHOBHA BJIACTHUBICTh
SAKUX — 3[JaTHICTh YTBOPIOBATH CTiHKI KOMIUIEKCH 3 OaraThbMa JIBOBAICHTHUMH 1 TPH-
BUICHTHUMH BOKKMMH METajaMH 1 piIKO3eMeNbHUMH €JIEMEHTaMH, a TaKOXK IXHIMHU
COJISIMU.

3. LluHk i ceneH y 3HauHMX KinbkocTsX (Cmynbckuit, [Toszutne & KinyckoBckas,
1993) sk MOTYXHI aHTHOKCUAAHTH. PONb ymbTpaMikpoeneMeHTy celleHy cepen 0io-
JIOT1YHUX aHTUOKCHJAHTIB BapTO BUAIIUTH 0cobmnBo. CreKTp Iii celeHy JTOCHTh
mUpokui. BiH BUKOHY€E KaTaliTHYHY, CTPYKTYpHY Ta PETYISTOpHY QYHKIII, B3ae-
MOJIi€ 3 BiTaMiHaMH, epMEHTaMH Ta OiONOTIYHMMH MeMOpaHaMH, Oepe yJacTh B
00OMiHI >XUpiB, OUIKIB i ByryieBoaiB. I1ig #Oro BIULIMBOM BiZOYBAEThCS 3MiHA IIBU]I-
kocti yrBopeHHs AT®. Cenen (yHKIIOHYE B OKHCHO-BITHOBIIOBAIBHINA CHCTEMIi
KJIITUHHUX MEMOpaH 1 BXOIUTh J0 OJHOTO 3 HANMOTYXKHIIIMX aHTHOKCHIAHTHUX
¢depmentiB — rayrationnepokcuaasu (Illadamuna, MopryHnosa, Opiosa & Danees,
2011). Iloxi6HO M0 IMHKY 1 HA BiAMiHY BiJ| iHIIIMX METAJIIB 31 3SMiHHOIO BaJICHTHICTIO,
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TTOBOJTUTHCS SIK aHTHOKCHIAHT 1 Maie HiKoJIM — 5K TpookcuaanT (bamran, [Togep-
HseBa, JKykosa, Bacsko & Jlemmaps, 2016). Opraniuna popma celeHy B CHPOBHHI
O3HaYae, M0 e KPUTUYHUHA AT OHKOMPOQIIAKTUKY Ta PaAiONpOTEKIil eJeMeHT
0e3 moOIYHIX eeKTiB 3HAYHO IHTCHCUBHIIIIE HAKOITMIYBAaTUMETHCS B OpPTaHi3Mi JIi0-
munn (I'eopruesckuii, 2009). € qocToBipHI HAYKOBI JIaHi PO MPSAMUH 3B’ SI30K CIIO-
YKUBAHHS CEJICHY 1 3aXBOPIOBAHHSIMU IIUTONOIOHOT 3271031 Ta CHHEPTiUHY JIit0 HOTO
3 BiTaminamu A, C, E, B2, B6 Ta #iomom (Il1a6anmaa, Moprynosa, Opiosa & Daje-
eB, 2011). CejeH € aHTAaroHiCTOM Ba)KKHUX METAJIIB, 10 OCOOJIMBO BXKIUBO JIJIS JKH-
TEeJIB MICT 1 3a0pyAHEHUX TEPUTOPIH.

4. OpraniuHi KUCIOTH — OypIITHHOBA, TMMOHHA, SIOTyYHA.

5. YHiKanbHUHA KOMIUIEKC MaKpO- Ta MiKpOEJIEMEHTIB, Y TOMY YMCIi KOOAIBT, HEOO-
X1THAN TS IUTONOAIOHOT 3451031, OCKUTBKHM BXOJHUTH J0 CKIIaAy BiTaminy B12 Ta
BIUIMBA€E HAa CTaH CHCTEMH KPOBOTBOpeHH:. Lle crpusie 3M0poBOoMy HEMpOeHIOKPHH-
HOMY (DOHY B OpraHi3mi, IKHi 3a3Ha€ PyHHIBHOTO BIUTUBY XPOHIYHOTO Pai0aKTHUBHOTO
OTPOMIHCHHS.

HactynmHuM KOMIIOHEHTOM, KM MH TIPOITIOHYEMO BKIIFOUUTH A0 KOMIO3UIIHHOT
PamionpOTEeKTOPHOI CYMIIITi, € 32aPOJIKH TIICHHIII.

3apoky MIIeHHL € TOOIYHUM IPOAYKTOM y BUTOTOBJIEHHI MIIIEHUYHOTO OOPOIIIHA,
SIKFIA BUKOPUCTOBYETHCS B XapUOBiil IPOMHUCIIOBOCTI JyTs 30aradueHHs MpoayKiii. Mi-
CTSITh HACTYITHI KOMIIOHEHTH, CYTT€EBI [T IOCSITHEHHS PaioNpPOTEKTOPHOTO eheKTy:

- CeJIeH, IMHK Ta BiTaMiH E y 3Ha4Hi# KibKOCTI SIK MOTYKHI aHTHOKCHIAHTH;

- YHIKaJIbHUI KOMIUTIEKC HE3aMiHHUX aMiHOKHUCIOT (apriHiny — 1,867; BamiHy —
1,198; rictuauny — 0,643; i3onetinuny — 0,847; nevimuny — 1,571; MeTioHiHy —
0,456; Tpunrrochany — 0,317; Tpeoniny — 0,968; deninananiny — 0,928 v/ 100 1) Ta
3aMiHHHX aMiHOKUCIOT (amaniny — 1,472; acnaparinoBoi kucimotu — 2,07; TIiiim-
Hy — 1,424; rmyraminoBoi kuciaota — 3,995; nponiny — 1,231; cepuny — 1,102;
tupo3uny — 0,704; mucreiny — 0,458 v/ 100 r). BaxmuBicTs aMiHOKHCIIOT 17151 pajiio-
MPOTEKIIiT IEPEKOHIIMBO JJOBEICHO Ha IOCBI I HaciAKiB aBapii Ha YAEC, y Tomy uucii
kiiniyHo (bamran, IlouepnsieBa, XKykoBa, Backko & JIemmaps, 2016; Croxkapos,
2000).

- 3QJT130 SIK METaJI-MillIeHb, 1110 CIIPHUSIE TACIHHIO e(DEeKTy ONMPOMIHIOBAHHS IIIITXOM
3B’s13yBaHHS KaTalli3aTOPiB BUTbHOPAIUKAIBHUX IPOIIECIB;

- MiJIb, IO BUCTYIIA€ KOHKYPEHTOM Sr°%;

- {HIIIl MaKpO- Ta MIKPOEJIEMEHTH SIK YHHHHK 3arajbHOr0 HeHPOESHIOKPHUHHOTO 310~
POB’sT OpTaHi3My JIFOIWHHY;

- IOJTIHEHACHUYCHI XKUPHI KUCIIOTU (JIIHOJIEBA, JIIHOJICHOBA), 1110 3a0€3Me4yIOTh 3a-
CBOIOBaHICTh KAPOTHHOI/IB;

- BiTaMiHU rpynu B sk cHHEPricTH aHTHOKCHIAHTHOI /1i1 CeNeny.

OCHOBHUM YMHHHKOM KOMIUIEKCHOI i JIOLEPHH € YHIKaIbHUIA KOMIUIEKC MIKpO-
HYTPI€HTIB IIi€i POCIMHM, IO HOTO MPOCTO HEMOXIIMBO OTPUMATH 3 TOPOIUHU. Bu-
cTymae sk itoamantoreH Ta iMyHOCTUMYJIATOP, HOTY>KHHH (PaKTOP OUMILIEHHS Opra-
HI3My Ta HACHYEHHS HOTO OpraHiYHUMHU MIKpO- Ta MakpoeleMeHTaMH (0COOIHBO
KaJbItieM, (GocopoM, 3a1i30M, IUHKOM, MIJUII0, KATiEM, KPEMHIEM) 1 YHIKAIIbHUM
noniBitaminanM komiiekcoM (A, E, K, C, K, PP, B1, B5, B6, B9, H), B Tomy uucmi
TaKUMHU PIAKICHUMH TSl POCTIHH, SIK BiTaminu D2, D3 i naBiTe B12, HeoOXimHuM 1is
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HOPMAJTBHOTO (DYHKITIOHYBAaHHS ITUTOIOMIOHOT 3271031, MO CEPHO3HO CTPaKIae Bif
OTIPOMIHIOBaHHSI.

3aBIKM 3HAYHOMY BMICTY BiTaMiHy K, 1110 BUKOPHCTOBY€ETBCS TIEUiHKOIO IS TIPO-
JTyKyBaHHSI TOPMOHIB, BiIITOBINATBHAX 3a 3CIMaHHS KpOBi, pa3zoM 3 BitamiHamu C, E,
B1 nronepHa nomnepe xae KpOBOBIIIMBY i KPOBOTOUYHBICTB, 3CTOCOBY€ETHCS IIPH FEMO-
pariyHoMy CHHAPOMI, KOJIM MOPYLIYETHCS GOpMYyJia KpOBi BHACIINOK padialiiiHOTO
ompomiHeHHs. Lleit BiTamMiH cripusie TaKoX HOpMaJTi3arlii 3araTbHOr0 OOMiIHY PEYOBHH
B OprasiaMi. 3HaUHHI BMICT KaJiblilo 3a0e3Meuye KOHKYpEeHTHE 3aMillleHHS 1 BUAa-
JICHHS 3 OpPTaHi3My PaJiOaKTHBHOTO CTPOHIIIO. 32 TaHWMH BITYM3HSHUX 1 3aKOPIOH-
HUX JOCIITHHKIB, 30araueHHsi Xap4oBOTO PaLliOHy 3aCBOIOBAHUM KaJbLIi€M 3HUXKYE
HeOe3neKy BIUIMBY PagiOaKTUBHOTO CTPOHILIIO Ha OpPraHi3M JIOAWHH NPUOIU3HO B
niBTopa paszu (Cimaxina, Crenienko & Haymenko, 2016). UncneHHi opraHiqHi KHCIOTH
CIPUSIOTH TIOKPAIICHHIO (DOPMYIIH KPOBI Ta OYMIIICHHIO OpraHi3My. 3aj1i30 B aKTHBHIH
(hopmi cripusie 3armo0iraHAro0 aHeMii Ta MOKpaIye TPAHCTIOPT KUCHIO A0 YCixX KIITHH Ta
opraniB. HasBHicTh BiTamiHiB rpynu B goaatkoBo 3a0e3mnedye HOro MakcuMalibHe
3aCcBO€HHS. BMicT 1oy Ta Mijii CIIpUsi€ 3J0POB’ IO IIIUTOBUIHOL 3aJI03H.

JlrotiepHa MiCTUTh BETUKY KiTBKICTh O1IKIB (Y TOMY 9nCi 8 He3aMiHHUX aMiHO-
KHCIIOT), 1 came B SIKOCTi aJIbTEPHATUBH F'eHHOMOTM(iKOBaHii COl YCHIIITHO MPOJA€THCS
Ha CBITOBOMY PHHKY. XJIOpO(i JFOIIEPHH CTIPHSE TIOIOTIAHHIO XPOHIYHIX 3aMlaTbHIX
MIPOIIECiB Ta MiKO3iB, (DaKTHYHO BHCTYIIAIOYH B SIKOCTI MIPUPOIHOTO aHTHOIOTHKA.

YopHuii nepers BUCTYTAE K PAIiONPOTEKTOP 3aB/SKH BMIiCTOBI:

- 610 1aBOHOIIIB SIK aHTHOKCHIAHTIB Y BUMIIAAL JirHaHiB (barmran, [Toueprsesa,
Kykosa, Bacbko & JIsimaps, 2016);

- 341132 SIK METaIy-MillIeHi, IO CTIPHSIE TACiHHIO e(DEeKTy OTMPOMIHIOBAHHS MIUITXOM
3B’SI3yBaHHS KaTalli3aToOpiB BiTbHOpaauKaibHUX MpolieciB (CimaxiHa, CTerieHKo &
Haywmenko, 2016);

- KaJIi0 K KOHKYpPEHTa PalioaKTHBHOTO TIE3i10;

- KaJIBIIIIO Ta Mi/Jli IK KOHKYPEHTIB Pali0aKTUBHOTO CTPOHIIIIO;

- IIMHKY Ta CEJICHY SIK MOTYXHUX aHTHOKCHJIAHTIB,;

- BiTaMiHiB rpynu B sk CHHepricTiB aHTHOKCHIAHTHOI JIii CeeHy;

- BiTaminy K, 110 nonepepkae reMopariqHuii CHHAPOM TIPH OITPOMiHEHHI.

Sk eHzoreHHa criomyka OypIITHHOBA KHCIOTA Oepe ydacTh y Tak 3BAHOMY LIMKII
TpUKapOOHOBUX KUCIOT, abo 1ukii KpeOca, yHiBepcaabHOMY MeTabONIYHOMY MIISIXY
OKHCIICHHS B KJIITHHAX YKUBUX OPTaHi3MiB MPOJYKTIB PO3Maay KUPIiB, BYTJICBO/IHIB 1
OLIKiB, TP SKOMY BHUIIIIETHCS €HEPTis, HEOOXiAHA JUIS KUTTEMsITbHOCTI. KiTiHI9HO
JOBEJICHO, 110 B MAJIMX J103aX OyPIITHHOBA KUCIIOTa CTUMYJITIOE OPTraHi3M JIFOIAMHHU Oe3
KCEHOOI0THYHHX e()EKTiB TIOPIBHIHO i3 CHHTETHYHUMH TIperapaTaMH, 3armodirae cra-
PIHHIO, YHUHUTH OHKOIIPOTEKTOPHHUI, AaHTUBIPYCHHUI Ta aHTUMiIKpOOHHUH eheKT, HelTpa-
Ji3y€ MOJIOYHY KHCJIOTY y CIIOpTCMeHiB. Ha choroHi icHye Benrka KilbKiCTh BiTUH-
3HAHUX 1 3apyODKHUX (hapMarleBTUYHUX IpenapariB OypIITHHOBOI KHUCIOTH YH 3 il
BMicToM («JIumoHTapy, «Peambepun», «Mekcumom», «Lutodnasiny, «Kondepon»,
«Odran-Karaxpom» TOII0), a TAKOK XapuoBHUX A00aBOK («SHTaMuUpY, «SHAY, «SIHTO-
BUTY», «BU30HY, «SIHTapHBIN AIUKCHP»). BOHU MiIBUIIYIOTH aJanTaliiftHi MOXKIIBOCTI
oprasizmy 10 fii (akTopiB i CIPUSAIOTH MiATPUMLI TOMEOCTa3y, MPU LBOMY Oararo 3
HHUX MalOTh JOCUTh IIHUPOKY TEPAIIEBTHYHY IO 1, 10 BaXKJIUBO, € HU3bKOTOKCHYHUMH.
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OTOX, Ha OCHOBI JIITEPAaTYPHUX TAaHWX MU MiIiOpay Ti POCIWHHI MaTepiaid, sKi
3/IaTHI 3aXHUINATH KIIITHHA >KHBOTO OPTaHi3My Bijl pallOaKTHBHHUX YPaKCHb.

Linrormi BIacTUBOCTI OaraThOX POCITHH BiJIOMi JAaBHO, OJHAK iXHi Oi0JOTIYHO
AKTUBHI PEYOBUHH, SIKi i 3yMOBIIIOIOTE 1 PO ITAKTUIHIH, 1 JTIKyBaTHHIMA e(heKTH IIIe
HEJIOCTaTHO BUBUEHO. TOMy HEOOXiJJHO ISl CTBOPEHHS ()iTOKOMITO3ULIN OOUpaTH Ti
CHPOBHHHI Matepiany, Ol0XiMiuHHUH cKiIaf 1 papMaKoiIoriuHa akTUBHICTD SIKUX HE BU-
KIJIMKAIOTh CYMHIBIB.

Po3risiHeMo Ha KOHKpETHOMY MPUKIIA/L, SIK IPOBOAUTHCS MIPOTHO3YBaHHS Ta CTBO-
peHHs KOMIIO3uIii pagionpoTekTopHoi Aii. Taky (hiToKOMITO3UIIiT0 MOKHA BUKOPH-
CTaTH SIK OCHOBY JJisl 6anb3aMiB, 30araueHHs C1a00aKOTOBHHX, 0€3aTKOTOJIBHHUX,
COKOBMICHHMX HAIOIB Ta Xap4OBUX MPOAYKTIB.

Hacrostakn — 116 3a6apBieHi piiki ciupToBi a00 BOJHO-CIIMPTOBI BUTSKKH 3 JTi-
KapChKOi CHPOBUHM, OTPHMaHi Oe3 HarpiBaHHA 1 BUIaJIeHHs eKCTpareHTiB. Bonu Hae-
KaTh JI0 JIKapChKUX (HopM, AKi BBeIeHI 10 MeandHoi mpaktuku mie [lapanenscom
(1493—1541) i oci He BTPATHIIM CBOTO 3HAYEHHS. IX IIMPOKO BUKOPUCTOBYIOTh 5K Y
MEJIUIIMHI, TaK 1 B Xap40Biil MPOMHCIOBOCTI. [Ipr BUTOTOBIICHHI HACTOSIHOK 3 OJIHI€T
MacOBOi YaCTWHH POCIMHHOI CHPOBHHHU OTPUMYFOTB I SITh 00’ €MHHX YaCTHH TOTOBOTO
MPOIYKTY; 13 CHIIBHOAiI0Y01 CHPOBHHHU — 10 YacTHH MIPOIYKTY.

Hacrosaku MOxyTh OyTH pocTUMU (IX OTPUMYIOTH 3 OHOTO BUIY CHPOBHHH) 1
CKJTAIIHAMH, IO TIPEJICTABIISIOTH COOO0 CYMIII BUTSDKOK 3 KUTBKOX pociuH. [111st oTpu-
MaHHS HACTOSTHOK BUKOPUCTOBYIOThH 00 BUCYIIICHUI POCIMHHNN MaTepial, abo CBi-
K.

Y Mexkax 1IbOro JOCHTIIKSHHS 11 Mae OyTH 0araTOKOMIIOHEHTHA BUTSKKA 3 ITifTi-
OpaHHX MaTepialiB, M0 MAOTh MIUPOKHUN CIEKTP MPOPLIAKTHIHOTO Ta JIKYBATEHOTO
BIUIMBY, NEPEAYCiM 3aXMIIAI0Th OPraHi3M JIOAWHH BiJl HEBEIHUKHX 103 MOCTIHHOrO
PaIioaKTUBHOTO ONPOMIHEHHS, IKUM ITiJIA€ThCSl TPAKTHYHO BCE HACETICHHS Y KpaiHH.

HayxoBi mocmimkeHHs B rairy3i XiMiKo-(apMaleBTUYHUX HAyK, HyTPHUIIOJIOTiI,
(hapMaKOHYTPHIIIOJIOTI1, Xap4OBOi XiMii, BUKOPUCTAHHS PECYPCOOIIaTHNUX, BUCOKO-
e(eKTHBHUX TEXHOJIOTIH 1 HASBHICTh OOJIAJIHAHHS Ja€ MOXKJIMBICTh CTBOPIOBATH BCE
JIOCKOHAJTIII HAYKOBO OOTPYHTOBaHI (hiTOKOMIO3UIIIi 3 JOBEJICHUM TIO3UTHBHUM BILIH-
BOM Ha BCi Opranu Ta ()yHKIII opraHiamy JitoJuHu. Hampukiaz, s po3po0roBaHoi
HaMH{ KOMITO3HULIT BayKJIMBE 3HAYECHHS MalOTh MeMOpaHONPOTeKTOpHI (yHKIii 6ioda-
BOHOIIIB, OCKIJIbKH CaMe 3aBJISKH IM 30€pira€Thbcs IUTICHICTh KIITHHHUX MEMOpaH
HaBITh IPU HECTIPUATIMBUX €KOJIOTTYHUX BIUIMBAX. L[ rpymna 6iojorivHO aKTHBHHUX
CIIONYK, SIKa Ha CbOroAHI Hamidye moHan 350 pedoBHH Pi3HOI €(eKTUBHOCTI, Mpen-
CTaBJICHA B YCIX POCIIMHAX, SIKi BXOAATH JIO0 CKJIay HOBOI (hiTOKOMITO3HIII. X04a Haii-
Oibla 1X KiJIbKICTh MPUIIaJa€e Ha ArOU YOpHOI cMOpoAuHH. ToMy came 111 CHpOBHHA
CKJ1ajla OCHOBY JIaHOI KOMITO3HIIi1.

JlitepaTypHi JiaHi i BJIacHI eKCHePUMEHTAIbHI JOCIIPKESHHS CBi4aTh PO Te, 10
6io(h1aBOHOI M ST CMOPOAWHY NPEACTABIICH] KaTeXiHaAMH, JISHKOAHTOLliaHAMH, (PeHO-
KHCJIOTaMH, aHTOIlaHaMH, (raBoHOIaMu. KokHa 13 X CIIONYK Mae IeBHY MeMOpaHo-
CTa0LIi3yI04y aKTHBHICTh 1 3a1100ira€ HAKOMMYEHHIO PaliOHYKIIiIiB B OpraHi3Mi JIto-
muan (Laczké-Zold, Komlosi & Ulkei, 2018).

Bwict nefikoaHToIIaHIB Ta KaTEeXiHIB y OLIBIIOCTI COPTIB CMOPOJAWHU 3HAYHO BH-
LM, HDK 1HIIMX P-aKTUBHUX CHOJYK, IO 3yMOBIIOE 3HaYHY O10JIOTIYHY aKTHBHICTbH
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ix miomiB. Tak, BMICT KaTeXiHiB KOJUBAEThCS Big 856 mo 2712 mr%, a jeiikoaHToIa-
HiB — B MeXax Bix 72 1o 1696 mr%. CymapHuii BMIiCT KaTeXiHIB Ta JISHKOAHTOITIaHIB
KOPEJIIOE ISl BCiX BUBYEHHX HAMH COPTIB CMOPOJHMHH 3 CYMapHOIO KiJIBKIiCTIO TyOu-
JEHUX Ta OapBHUX PEYOBHH, SKi TAKOXK BII3HAYAIOTHCS 3IATHICTIO 3B’ SI3yBaTH 1 BUBO-
JIMTH 3 OpraHi3My JIIOJJMHU Pi3Hi 33 CTPYKTYPOIO KCEHOOI0THKH.

Sroau 4OpHOI CMOPOIVHY BiI3HAYAIOTHCSA TAKOK ONTUMAIbHUM ITOE€AHAHHSIM KOH-
HeHTpariii 6i0pIaBoHOIIB Ta aCKOPOIHOBOI KUCIOTH. [ [prraoMy 11i CIOTYKH MiCTAThCS
y PI3HUX BEreTaTHBHHUX OpPraHax POCIHHH, PO LIO CBiIYaTh OTPHUMaHi HAMH eKCIIepHU-
MEHTaTBHI maHi (Tadm. 1).

Tabnuysa 1. MacoBa 4acTKa OCHOBHMX I'PYIl BiTaMiHIB y BereTAaTHBHUX OPraHax
CMOPOIHHHU

Bererarusuuii MacoBa yacTka BiTaMiHiB, MT%
Opras C P B2 B5 B7
JINCT 469,0 5020,0 CIiau 2,42 0,02
OpyHBKH 5440 44220 0,53 3,54 0,056
SITOIK 580,0 2010,0 0,16 0,93 0,1

BararctBo sirim, ucTs Ta OpyHBOK YOpHOI cMopoauHy Ha BitTamiau C 1 P pobwuts ii
HaJ[3BUYAHO [IHHUM JDKEPEIIOM Il BUPOOHUITBA IPOAYKTIB 0310POBUOTO Ta Ipodi-
JIAKTHYHOTO PU3HAYCHHSI, 30KpeMa pamionporekTopHoi mii. [IpupoaHa komOiHaMis
LUX BiTAMiHIB Ma€ BUKIIIOYHO BUCOKY ()i310JIOTTYHY aKTUBHICTh, BOHU CIUJIBHO OEpyTh
y4acThb y nporecax 6iosoriunoro oxucnenns (Laczko-Zold, Komlosi & Ulkei, 2018).

Bimznageno cuaepriam nii P-akTHBHIX pedOBHH 1 aCKOpOiHOBOI KricaoTH. Came M
TIOSICHIOETHCS] BUCOKA e(peKTUBHICTH 010J10T1UHOT i1 IpHpOoAHKX uKepen BiTaminy C —
HPOIYKTIB POCIMHHOI'O IIOXOKEHHSI, 0COOIMBO YOPHOI CMOPOJUHHY, Y SIKUX HOMY 3aB-
JKIIM € CYIYTHIM BiTaMiH P, o criprisie 3aCBOEHHIO 1 HAKOIMMYEHHIO aCKOPOIHOBOT KHC-
JIOTH B TKaHWHAX Ta OpraHax.

[Ipu cTBOpeHHI HOBOI (HITOKOMITO3HITIT CITiJl TAKOXK YpaxOBYBaTH CHHEPTI3M il
ackopOiHOBOI KMCIIOTH 3 OypIITHHOBOO (Y criBBigHoIeHHi 10:1), mo cnpusie BiaTBO-
PEHHIO IPUPOJTHHX peakiliii MoOimizarii eHepreThaHoro 0OMiHy B oprasi3mi (Singh &
Gupta, 2008). Came nepeTBOpeHHsI OYPIITUHOBOI KHCJIOTH TIOB’sI3aHE 3 BUPOOJICHHIM
I IBUITICHOT KIJIBKOCTI €HEprii, HeoOX1THOT Jy1s 3a0e3MeUCHHS JKUTTENISIIBHOCTI Opra-
Hi3My B YMOBaxX HECHPHUSTIMBOTO €KOJOTIYHOTO JOBKLLIA. | mpy 3pocTaHH] HaBaHTa-
KEHHS Ha OyJb-sKYy 13 CHCTEM OpraHi3My miITpuMaHHs ii (QyHKIIOHYyBaHHS 3a0e3-
MEYYETHCSI EPEBAKHO 32 PaXyHOK OKUCIICHHs OYpPIITHHOBOI KUCIOTH. A B3a€EMOJIS 3
aCKOPOIHOBOIO KUCIIOTOIO JTA€ MOXKIIMBICTh 3HAYHO iIBUILUTH TTOTYXKHICTH CHCTEMH
CHEProBUPOOIICHHS, aKTUBI3YIOUH aaNTalliliHi Ta pe3UCTEHTHI BIACTHBOCTI OpTraHi3My
B YMOBaXx IIOCTIHHOTO palioaKTHBHOTO OMPOMiHEHHS MAITUMH 103aMH.

BpaxoByrouu yci 3a3Hau€HI YNHHHUKY, TIPOIIOHYEMO TaKUi SKICHUHN Ta KUTbKICHUH
CKJIa]] KOMITO3HUIIIHOI cyMmiIi (TI0 CBIXkii CHPOBHHI):

- ATOJY YOPHOI cMOpoanHu — 68%;

- 3apoaku mmeHuii — 10%;

- mouepHa — 15%;

- YopHUi niepens — 2%;

- OyprtrHOBA KHcinoTa — 5%.
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Y Takiii KOMIIO3HIIiT JOTPUMAaHO ONITUMATBHE CITIBBIAHOIICHHS MK BMiCTOM acKOp-
01HOBOI KHCIOTH Ta OiodaBoHoigamu (1:4) 1 ackopOIHOBOIO Ta OYPIITHHOBOIO KHUCIIO-
tamu (10:1).

PiBeHb MiKpOOi10JIOTIYHOT YUCTOTH TAKOI KOMIIO3HITIHHOI CyMIIlli y BHTJISII HACTO-
SIHKH SIK CBIKOIIPUTOTOBJICHOI, TaK 1 yepe3 3 micalli 30epiraHHs He MEePeBUIILYE TiTie-
HIYHMX HOPMaTHUBIB, TOOTO BOHA € OE3MEYHOI0 IJIsl CIIOKUBaiB (TadlI. 2).

Tabnuys 2. PiBeHb MiKpP00i0JIOriYHOT YHCTOTH HACTOSTHKH

TToka3Huk Tirientamnnit CBiXKOIIPUTOTOBJICHA Uepes 3 micsi 30epiranus
HOPMaTHB
MA®A=M, Cind 102 L 102
KYO/r 5,0 - 10 2,110 2,810
BI'KIT
(xomidopmu) |He nonmyckaerbest He BusiBneno He BusiBneno
BO,lr
Ilmiceni, KYO/r 5,0 - 10? He BusiBeno He BusiBieno
pixmxi, KYO/n 2,0 - 10? He BusiBneHno He BusiBnieHo
BUCHOBKM

Mari 1034 10HI3yI0401 pafiamii MiABHIIYIOTh YaCTOTY T€HETHYHHX ITOPYIICHD B
OTIPOMIHEHNX KIIITHHAX opraHizMmy. lle BuKIHMKae pi3HOMAaHITHI TeHETUYHI TEPEKTH,
110, OKPiM BUHUKHEHHS Pi3HUX 3aXBOPIOBaHb, IPU3BOANUTH O HAPOKEHHS AiTeH 3i
CTaJJKOBUMH aHOMAJTisIMA. BUKOpUCTaHHS IITYYHNX €HTEPOCOPOEHTIB Ta KIACHYHUX
MEIUKAMEHTO3HUX PaIioNpPOTEKTOPiB HeeheKTHBHE AJIsl MACOBOI MPOQITAKTUKH Pajii-
aniiHuX ypakeHb. binpir Toro, daxiBui-paaiodio’orn nepekoHaHi, o y BUPIILIEHHI
po0JIeMH IIEPBUHHOI Ta BTOPHHHOI MPO(D1TaKTUKHN 3aCTOCYBAaHHS TAaKMX TPETapaTiB €
{HKO/IM HaBiTh MIKi/UTMBMM. X BUKOPMCTAaHHS BUNPABIAHE JIMIIE B Pa3i FOCTPUX MPO-
MEHEBHX ypakeHb. ToMy Taky MpoQilaKTHKy TOULTEHO peatizyBaTh ajJiMEHTapHUM
unuigxoM. Lle mos’si3aHo 3 pO3p06JICHH§IM 1 BAPOOHHIITBOM O3[JOPOBYHX MIPOAYKTIB 3
ONITHMAJILHOIO KOHIIEHTPALIIEIO CIIONYK PaJioNpOTeKTOPHOI, a1anTOreHHO1, aHTHOKCH-
faHTHOI Aif. IX mocTiitHe HAIXOMKEHHS B OPraHi3M JTIOIMHH 3MCHIITy€ 1103y BHYTpI-
LIHBOTO ONPOMIHEHHS, TPUCKOPIOE MPOIIEC IEKOPIOpaLii palioHyKIIi/iB, MiABUIILYE
CTIHKICTh OpraHi3My J0 HECHPHUSTINBHAX 30BHIMIHIX BIUTHBIB. CiIbCHKOTOCIIOAAPCHKA,
JKapchKa, TUKOPOCIa CHPOBHHA, PO3MOBCIOKEHA HA TEPUTOPil YKpainu, € Oaratnm
IDKEPETIoM CIIONYK-TIPoTeKTopiB. HaykoBo 00rpyHTOBaHMH BUOIP POCITUHHUX KYJIBTYP
1 CTBOPEHHS KOMITO3UIII{ LTFOBOTO ITPU3HAYEHHS IA€ MOXITUBICTH PO3POOHTH pelier-
TypH HOBUX IIPOJYKTIB, HAMoOiB, €EKCTPAKTIB TOMIO I MAacOBOI MPOQITAKTHKH pajiia-
IHUX BIUIABIB.
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ABSTRACT

This research shows the nanobiotechnological basics and
regularities of the targeted enrichment of whey with magne-
sium, and manganese-containing particles due to the electro-
spark dispersion of metal granules directly in its medium. The
experimental device used for whey electrosparking treatment
was also described along with its technical characteristics. The
mechanism of formation of metal-containing particles under the
action of high plasma temperatures in the channel of electrospark
discharge, which occurs in whey and is, as it was found expe-
rimentally, 5.0...5.5 - 10° K between magnesium granules and
3.0...4.0 - 10’ K between manganese granules.

For manganese granules it was clarified and for magnesium
granules it was established using mathematical modeling, that
the rational values of the influential factors of electrospark di-
spersion, were: voltage (80...100 V) and capacitor capacity
(100 pF), at which the dominance of nanosized and ultrafine
fractions over the microfraction of metal-containing particles is
achieved. The results of researches of disperse characteristics of
the formed magnesium and manganese-containing particles,
their morphology, elemental composition are presented. The
practical significance of magnesium oxide for the technology of
dry dairy products as an anti-caking agent is noted.

The regularities of the process of enrichment of whey with
magnesium (1.8...4.1 times) and manganese (1.5...4.2 times)
due to the electrospark dispersion of conductive granules of the
corresponding metals depending on the duration of processing
(30...180 s) are studied.

The nature of the course of physicochemical and biochemi-
cal processes in whey treated with electrospark discharges is
clarified. The absence of the negative effect on the composition
and properties of whey was proved. The potential for the for-
mation of target functional and technological properties in it is
revealed, in particular due to the formation of nanoparticles of
biologically valuable metals, partial conversion of lactose into
lactobionic acid, formation of magnesium oxide as an anti-
caking additive.
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HAHOBIOTEXHOJIOr4YHI OCHOBM CNPAMOBAHOIO
3BArAYEHHSA MOJIOYHOI CUPOBATKM
MIHEPAJNIBHUMM EJIEMEHTAMM

0. B. Kouy0eii-J/InTBuHeHko

Hayionanenuil ynieepcumem xapuo8ux mexnonozii

K.T'. Jlonarbko

Hayionanenuii ynieepcumem biopecypcis i npupoookopucmysanus Yxpainu

Y cmammi possunymo nanobiomexnonoeiuni 0CHOBU Ma 3aKOHOMIPHOCME CRPAMO-
6aHO20 MIHEPATLHO2O 30A2AYeH ST MOJIOUHOI CUPOBAMKU MACHIE- | MAHSAHEMICHUMU
YACMUHKAMU 8HACTIOOK e/IeKMPOICKPOB020 OUCNEP2YB8AHHS SPAHYIL Memalie be3noce-
PpeoHbo 6 ii cepedosunyi. OnUcano eKCnepuUMenmanbHy YCMAaHo8Ky, Ha AKil peai-
308Y6a4JIU eNeKMPOICKPOBULL CHOCIO 0OPOONICHHS MONIOYHOT CUPOBAMKY A il MeXHIUHI
xapaxmepucmuxu. Iloenubneno mexaniam YmeopeHHsi Memano8MiCHUX 4acmuHoK
nio Oi€l0 8UCOKUX memnepamyp HAA3MU 8 KAHAL eeKMpPOoiCKPO8020 po3psady, ujo
BUHUKAE 8 MOJIOYHIL CUPOBAMYT | CMAHOBUMDb, 51K DVI0 3 SICOBAHO eKCNEePUMEHMAIbHUM
winsxom, 3,0...5,5-10° K mioic apanynamu macnio ma 3,0...4,0-10° K mixic spanynamu
MAH2AHY.

Mamemamuunum MO0ent08aHHAM OJi SPAHYI MAHEAHY YMOUHEHO, d 018 MAZHII0
6CTMAHOBNEHO PAYIOHANLHI 3HAYEHHSL NAUBOBUX YUHHUKIE eNeKmPOICKPO8o20 duchnep-
eyeanns, a came: nanpyeu (80...100 B) ma emnocmi konoencamopa (100 mx D), 3a sixux
00cs2aembCsi OOMIHYSAHHS HAHOPOIMIPHOL ma Yabmpaoucnepchoi gparkyii Hao
MiKpoghpaxyiero memanoemicHux wacmunok. Ilpedcmasgneno pesynomamu 0ocuiodicets
OUCNIEPCHUX XAPAKMEPUCTUK YIMEOPEHUX MACHIE- MA MAHSAHEMICHUX YACTMUHOK, iX-
HbOI Mopgonozii, eremenmuozo cknady. Biomiveno npaxmuune 3HaueHHs MAcHIl
OKCUQY OJ151 MEXHON02IE CYXUX MOOYHUX NPOOYKMIG K AHMU3NENHCYBATIbHOL PEUOBUHIL.

Busueno 3axonomiprocmi npoyecy 30azaueHHs MOJOYHOI CUPOBAMKU MACHIEM
(1,8...4,1 paza) i maneanom (1,5...4,2 pasa) ynacuioox enekmpoickpogozo oucnepey-
BAHHSL CIMPYMONPOGIOHUX SPAHYIL GIONOGIOHUX MEMATLIB 3ANENCHO 610 MPUBALOCME 00-
pobnenns (30...180 c).

3’scosano xapaxkmep nepebicy QizuKo-XiMiuHux i OIOXIMIMHUX NPOYeCis Y MOAOUHIT
cuposamyi, 06pooOerill enekmpoickpogumu pospadamu. J{ogedeno giocymuicms Heea-
MUBHO20 6NIUBY HA CKILAO T BIACMUBOCMIE CUPOBAMKU MOIOUHOL. Po3kpumo nomenyian
011 (hopMmyBaHHsL 8 Hill YINbOGUX (DYHKYIOHATILHO-MEXHONOSIYHUX 8IACMUBOCMEN, 30-
Kpema BHACTIOOK YIMBOPEHHSL HAHOYACIUHOK DION02TYHO YIHHUX MEMANi8, YACMKOBO20
nepepmeopenHs 1aKmo3u y IaKmoOioHo8y KUCIOMY, opMy8anHs OKCUJY MACHIIO, 5K
AHMUBNENCYBANLHOT 00DABKIL.

Knwowuogi cnosa: morouna cuposamia, 30a2ayents MiHEPATbHUMU eleMeHmamu,
MA2HII, MAHEAH, eIeKMPOICKPO8e 00POONECHHS, eNeKMPOICKPOBULL PO3PSO.

IMocTanoBka mpodJemu. J[o opranizMy JFOAWHH KUTTEBO HEOOXiTHI Makpo- Ta
MIKpOEJIEMEHTH HAaJIXOIATh 3 MUTHOIO BOIOIO, 1KEI0, a TAKOXK 3 MiHEPAIbHIMH Ta
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BiTaMiHHO-MiHEpAILHUMH KOMILUICKCAMH, 010JIOTIYHO-aKTUBHUME fo0aBKaMu. [IpoTe
mpobsieMa AeiluTy HUIOro psAAy MiHEpaIbHMX PEYOBHMH Yy PalliOHI Xap4dyBaHHS
CEpPEeIHbOCTATUCTUYHOI JTIOJMHY 3aJIMIIAETHCA HEJOCTATHBO BUPIIICHOIO W aKTyaib-
HOIO JJIsI BCi€T IPOAOBOIILYOI CHPOBHHM Ta Xap4yoBUX NpoAyKTiB. Ha ocobnuBy yBary
3aCJIyTOBYIOTh Tak 3BaHi OioeeMeHTH abo OlOTeHHI eIeMEeHTH, M0 3a0e3MeuyIoTh
KUTTEMSUTBHICTh OPTaHi3My JIFOJAWHHM, 30KpeMa, MarHii 1 mManrad (CkaapbHBIA &
Pynaxos, 2004; Cruprues, [1latarok & [lo3uskoBckuii, 2005).

CupoBaTka MOJIOYHA MICTHUTh MarHiit y cepeqabpomMy 1o 10...12 mr/ 100 r cuposart-
KH, a MaHrad — B cepeaabpomy 4 Mkr / 100 r (Xpamios, 2001). Jlo Toro s yHacIiaok
0apo- Ta eneKTpoMeMOpPaHHUX METO/IIB, III0 OCTAaHHIM YacOM Ha0YJIH ITUPOKOTO BUKO-
PHCTaHHsI il yac nepepoOIeHHS] MOJIOYHOI CHPOBAaTKH, Ha PiBHI 13 OakKaHUM 3 TEXHO-
JIOT1YHOT TOYKH 30PY BHIAJICHHSAM OTHOBAJICHTHUX HOHIB HATPIFO, KaJIito, XJI0pY TOIIIO,
CIIOCTEPIraeThCs 3HWKEHHSI BMICTY IMX OIOJIOTiYHO ITIHHUX EJIEMEHTIB 3aJIe)KHO BiJ
cenektuBHOCTI MeMOpaH (Chen, Eschbach, Weeks, Gras & Kentish, 2016; T'onnaps,
Pomanuyk & Munoposa, 2015; Kyrychuk, Zmievskii & Myronchuk, 2014; 3mies-
cekuit, 2017; umnymun, Ctpenbuenko & ducenko, 2012).

BpaxoByroun TEXHOIIOTIUHY POJIb MarHiro i MaHTaHy, SIKy BOHH 37[aTHI BiIrpaBaTu
B MoJiouHii cupoBuHi (Stehlik-Tomas, Zetic, Stanzer, Grba & Vahcic, 2004; IToxo-
MapeBa, Yepnsin & IIpoxopuuk, 2001; Walker, 1994; Birch, Ciani & Walker, 2003;
Pironcheva, 1998; beciomectnbix, 2014), mokpaniyrouu TakuM YUHOM 11 (hyHKITiO-
HAJILHO-TEXHOJIOT19HI BIACTUBOCTI Ta O10JI0T1YHY I[iHHICTb, IEPCTIEKTUBHIM € PO3P00-
JICHHSI IHHOBAIIMHUX CIOCO0IB CIIPSIMOBAHOTO 30araueHHs CHPOBATKU MOJIOYHOT IIiH-
HUMH MiHEpaJbHUMH EIIEMEHTaMH.

AHaJi3 ocTaHHIX JOCTiIKeHb i myOmikamii. AHaNi3 MOXIJIMBHX IIJISAXIB 1 CTIO-
c00iB MOMOBHEHHS IepilUTy MiHEpPATEHUX €JIEMEHTIB CBIAYHTH, IO TIEPCIICKTUBHUM
y IOMY HaIpsIMi € BUBYCHHSI IOLILHOCTI 30aradyeHHst MOJIOYHOT CUPOBATKU MarHieM
1 MaHTaHOM ITiJ] Yac eJIEKTPOICKPOBOTO TUCTIEPIYBAHHS CTPYMOIPOBITHUX TPaHyJT Me-
tauiB B ii cepenoBui (Jlonareko, Adranmimsai, 3azumko & Tpay, 2016).

Bararopiuni gociimkeHHs enekTpoickpoBux mnportiecis (Bepxotypos, [TomuepHsena
& Kownesmos, 2010; 3o10161X, 2003), MiarHOCTHKA ITa3MOBOTO KaHATy po3psay (Jloma-
ThKO, AdTarnisai, 3a3umko & Tpau, 2016; badud Ta in., 2010), BuBUeHHS (Pi3md-
HUX SIBULL, IO CYMPOBOKYIOTh €JIEKTPUYHHN pO3PS, BCTAHOBIICHHS B3a€MO3B’SI3KIB
MiX eJeKTpo(i3NIHUMH TIapaMeTpaMH Ta €pOo3i€I0 METAJIB, Jallk 3MOTY 3alpOIOHY-
BaTH croci® 00’ €MHOTO eIeKTPOiCKPOBOTO AUCIEPTyBaHHs CTPYMOIIPOBIAHNX TPaHyI
METAJIB JUIsi OTPUMaHHS YaCTUHOK O10JIOTIYHO aKTHBHUX METAJIiB B HAHO-, yIbTPa- Ta
MikpoposmipHomy nianazoHax (LLep6a, 3axapuenko, Jlonarsko, llleBuenko & Jlomko,
2010; JIonmateko, 2015; baitpamos, 2012).

Haykosisivu HamioransHoro yHiBEpcUTETY 6iopecypciB i IPUPOJOKOPUCTYBaHHS
YkpaiHu HaKOMMYEHO 3HAYHWI MPAKTUYHUN JOCBiJl peaiizallii croco0y eneKTpo-
ICKpOBOTO JHCIIEPTYBaHHS CTPYMOIIPOBITHUX TpaHyJ 3aii3a, Mifi, cpibia, IUHKY,
AMIOMIHIF0, KOOAITBTY, MOJIOEHY TOIIIO, 1110 JOBOIUTH YTBOPEHHS Y BOIHOMY CEepeJIo-
BHUIIII HAaHOPO3MIpPHOI i yibTpagucrnecpHoi (pakiii YaCTMHOK METaliB pa3oM i3
Mikpodpakuieto (Jlomareko, Adranninanu, 3azumko & Tpau, 2016; JlonaTbko,
2015). [IpraoMy BCTaHOBIICHO, III0 MACOBE CITIBBIHOIICHHS MK ITUMH (DPAKITISIMH 32
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YMOBHM PIBHOCTI 1HIUX €JIEKTPUIHHIX TTApaMETPIB PO3PSAIHOTO KOHTYPY 3aJICKUTH Bif
HaIpYTH 3apsAKK KOHICHcaTopa Ta Horo emHocTi (Jlonareko, AdTaHaiiaHI, 3a3UMKO
& Tpay, 2016).

Hnst Ginpriocti MeTaniB, K 3a3HadeHo B mpausx (Jlomateko, AdTaHniisH,
3asumko & Tpad, 2016; Jlonateko, 2015), B miamazoni mampyru Big 40 mo 80 B Ta
€MHOCTI KoHaeHcaTopa He Brie 500 MKD xapakTepHUM € MPAKTUIHO OJHAKOBE CITiB-
BIZIHOLIEHHS YaCTOK HaHO-, YJIBTpa- i MIKpopo3MipHOi ¢pakuiid. I3 30inbeHHsM Ha-
MpyTH 3apsiiky KoHaeHcaropa Bix 120 no 240 B i Buime ta eMHOCTI KOHJIEHCATOPA
noHan 500 Mk® criocTepiraeThCsi CyTTEBE 3MEHIICHHS YIIBTPAUCIIEPCHUX YACTHHOK
1010 YaCTUHOK MiKpO(hpaKIii.

3 orisAay Ha NEPCHEKTHBHICTD eNIEKTPO(i3NUHOI0 crioco0y 00poOIIeHHS AJ1s pea-
Jiizanii BaXJIMBOTO JUIs YKpaiHU KOHIENTYaIbHOI'O MiIXO0My A0 opraHizamii edek-
TUBHOTO MEPEPOOICHHS CHPOBATKH MOJIOYHOT Ta BiICYTHICTh AaHHX IIOJ0 paLlioHab-
HHUX IapaMeTpiB 0OpOoOICHHS MOJIOYHOI CHPOBATKH, L0 CIPUATHMYTH JTOMiHYBaHHIO
HAHO- Ta YJbTPa PO3MIPHHUX YACTHMHOK OIOJIOTIYHO I[IHHUX METaJliB, HOro BILIMBY Ha
CKJIaJT 1 BITaCTUBOCTI CUPOBUHH, aKTYJTbHUMH € JIOCHIJKSHHSI B [IbOMY HAIPSIMI.

Merta gocaigKeHHsI: TOCITIIUTH HAHOOIOTEXHOJIOTIYHI aCleKTH CIIPSMOBAHOTO
30arayeHHs CHPOBATKH MOJIOYHOI MarHii- i MAaHraHBMICHIMH YaCTHHKAMH Ta 3’sCYy-
BaTH MEXaHi3M IXHBOTO YTBOPEHHS BHACIZIOK €IEKTPOICKPOBOTO JMCIIEPTYBaHHS I1a-
PY CTPYMOIPOBIIHUX I'PaHyNl METATIB Y CEPEIOBHII MOJOYHOI CUPOBATKU; BUBUUTH
BIUTHB €JIEKTPOICKPOBOTO MiHEPAILHOTO 30araueHHs Ha CKIJIAJ 1 BIIACTUBOCTI MOJIOYHO1
CHPOBATKH.

Marepianu i MmeToan. BukoprcTaHo cTaHIapTH30BaHi Ta CHeiabHI OpraHoJer-
THYHI, (Pi3UKO-XiMivHi, Pi3U4Hi, IHCTPyMEHTaJbHI (TOTEHIIIOMETPUYHI, XpOMaTO-Mac-
CHEKTPOCKOIIYHI, aTOMHO-a0copOILIiiiHa CIEKTPOMETPIsi, eICKTPOHHA MiKPOCKOIIis,
eHeproJucIepciiiHa CrIeKTPOCKOIIisl, ONITHYHA eMiciiiHa CIIEKTPOCKOMisl, elNeKTpodo-
pe3) MeToau BH3HAYEHHS IUCIEPCHUX XapaKTePUCTUK, MOP(HOIIOTii, elIeMEeHTHOTO
CKIIQJly HAHO-, YIBTPAPO3MIPHUX YACTHHOK 1 MIKpO(hpaKIlii MeTalliB Ta MOKa3HUKIB
SIKOCTi CUPOBATKH MOJIOYHO1, 00p00IIeHO1 enekTpodiznuaum MetomoM. Jlist onparito-
BaHHS €KCIEPUMEHTAIBHUX JAHUX 3aTydalli MaTeMaTHKO-CTaTUCTUYHI METOM.

EnexTpoickpoBuii crioci®6 oOpoOIIeHHSI MOJIOYHOI CHPOBATKY pPeali3oByBalld Ha
eKCIIepUMEHTANIBHIN ycTaHOBLI, po3pobieniii HaykoBIsiMu HYBill Ykpainu (puc. 1)
Ta IpU3HAYEHIN AJIS €TIEKTPOiICKPOBOTO TUCTIEPTYBAHHS CTPYMOIIPOBITHUX TPAHyJT Me-
TajiB (3aii3a, Miai, cpibia, UHKY, ATFOMIiHII0, MATHII0, MAHTaHy TOIIO0). OCHOBHUM
eNIeMEHTOM JIa00PaTOPHOTO TEXHOJIOTTYHOTO KOMIUIEKCY € TeHEepaTop pO3pSIAHUX iM-
myneciB (gactoTa immyabeiB 0,2. ..2,0 k[ 1 iHAyKTHBHICTB po3psaHoro kKoutypa 1 MkI)
13 CHJIOBOIO YaCTHUHOIO, TOOY0OBAHOIO HAa TUPUCTOPHIH elleMeHTHil 0a3i, a K HaKOIIH-
qyBay €Heprii BAKOPUCTAaHO KOHAEHCATOP.

I'panynu merany (Marito i/abo MaHrany), o MiAJSTan AUCIEPryBaHHIO, PO3-
MillyBaIM Ha JHMIL po3psaHoi Kamepu (4) 06’ emom g0 1000 cm® Misk OCHOBHUMHE
eJIeKTPOIaMH1, BUTOTOBJICHUMH 3 BiIMOBiTHOTO MeTamy. KOHCTpyKIisi yCTaHOBKH JlaBa-
JIa 3MOT'Y TIOCITIIOBHO 0OPOOIISATH MOJIOUHY CHPOBATKY B KUTBKOX PO3PSIHIX KaMepax,
Ha JTHI SIKUX pO3MIIITYBAIA MarHiii i MaHTaH MK BIITIOBITHUMHE eJleKTpofamu. [1ix gac
JMCepryBaHHs rpany MarHito Oys 3agisauii I'PI (1), nonady Hanpyry Ha eneKTpOJHY
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cUCTeMy 3/IHCHIOBAITM 3a JIOIOMOTOKO MyJIbTa KepyBaHHs (2), a pU JHUCIepryBaHHi
manrany — ['PI (7) i mynbt kepyBanHs (8).

Puc. 1. ®oTo300pakeHHsI eKCIePUMEHTAJIbHOI eJ1eKTPOiCKPOBOi YCTAHOBKH:

1, 5—7 — reneparopu po3psanux immynbciB (I'PI) mwist pisHUX MeTaliB; 2 — MyJabT KEPYBaHHS
I'PI (1); 3 — KOHTPOJILHO-BUMIPIOBAIbHUM NpUIaj; 4 — po3psIHi peakuiiiHi kKaMepH 3i
CTPYMOIIPOBIJHUM ILIAPOM BiJINIOBITHUX MeTaliB, 8 — nynbT kepyBanHus [ PI (7); 9 — konekrop
JULSL pO3HOJLTY 1eHOHI30BaHOI BOAU a00 MOJIOUHOI CHPOBATKU MiX PeaKIiMHIMU KaMepaMu

Crauti Ta BapiaTHBHI XapaKTEPUCTHKH PO3PSIAHOTO KOHTYPY YCTAHOBKHU HABEIICHO Y
Tabm. 1.

Tabnuysa 1. BapiaTuBHi Ta cTaJi e1leKTPHYHI IapaMeTPH PO3PAIHOI0 KOHTYPY

HailiMeHyBaHHs ITapaMeTpa po3psTHOTO KOHTYPY 3HaueHHS
Hanpyra 3apsaku koHneHncaropa, B Big 40 1o 120 3 kpokom 20
€MHICTh KOHJIEHCATOpa, MKD Big 50 10 200 3 kpokoM 50
IHIYKTUBHICTb PO3PSAHOIO KOHTYPY, MKI'H 613bKO 1
Kyt dazoBunpsimisiua, © 155
CKBaXXHICTB, % 4
Yacrora, 't 100
TpuBaiticTh iMIyJIbCy, MKC 200
ITpoMixOK MiX IpaHyIaMH METaJliB, MM 10 0,1

Texnonoeiuni napamempu: excriozuitist — 30...180 ¢, TemMnepatypa cepe/loBHIIA,
mo oOpoOIIseThCA, 3ajekana Bill MOCTaBJICHOTO JOCIIAHULIBKOTO 3aBAaHHA 1 Bapi-
toBaiacs Bij 20 o 80°C.

BukiageHHst 0CHOBHMX pe3yabTaTiB A0CTiTKeHHsI. [CHYIOY1 BiZIOMOCTI 11010
nepediry eIeKTpOiCKPOBOTo MPOLECY BKAa3yIOTh Ha Te, IO MEXaHi3M pyHHYBaHHS
SNEKTPOMIB i CTPYMONPOBIJHUX I'PaHyJl Ta YTBOPCHHS HAHOYACTUHOK ISl Pi3HHX
METaJIiB Ma€ 3arajbHi 3akoHOMipHOCTI (JIomaTeko, AdTanaistHil, Bexmmy, boperpkuii
& Cipuxk, 2013). [IpoTte koxkeH MeTal Ma€e CBOi crienugivHi BiIMIHHOCTI, 1110 3yMOBJIEH]
nepeayciM MPHPOJIOI0 CaMOr0 METally, HOro Teruo(pi3HYHIUMH BIACTHBOCTSMH, Bifl-
MIHHOCTSIMHU TEMITEpaTyp IUIABJICHHS Ta BUIAPOBYBAaHHSM TOIIO. TOMY, MAIO4{ HA METI

138 —— Hayxosi npayi HYXT 2021. Tom 27, Ne 5 ——



FOOD TECHNOLOGIES

30aradeHHs MOJIOYHOI CHPOBATKH YaCTUHKAMH MarHif0 1 MAHTaHy ITePEBaKHO B HAHO-
PO3MIpHOMY Ta YIBTPAIUCIIEPCHOMY JTialla30Hi, IEPII 3a BCe BU3HAYAIH paIliOHATHHI
napaMeTpy pO3PSIIHOTO KOHTYPY.

Ockinbku OioyoriuHa JOCTYMHICTh 1 TEXHONOriYHA e()EeKTUBHICTh MiHEPaIbHUX
CJIEMEHTIB TI€I0 YM 1HIIOK MIPOIO 3aJICXKHUTh BiJ PO3MIPY OTpPUMaHHX YaCTHHOK, a
JOMIHYBaHHSI HAHOPO3MIPHOI (PpaKifii CIpHsie MOCUICHHIO IXHbOI 010J10T1YHOI (hyHK-
LiOHANBHOCTI, BaXJINBO Oyno migibpatu i oOrpyHTYBaTH palioHaJIbHI MapaMeTpu
CJIIEKTPOICKPOBOro 00po0ieHHs. OCKIIBKYU MO IUCIEPCHICTh MOJIOYHOT CHPOBATKH
MOK€ 3aBaXKaTH 00’ EKTHBHOMY OLIIHFOBAHHIO PO3MIPHOCTI OJICp)KaHNX YaCTUHOK METa-
JIiB, TOMY Ha I[bOMY €Tarli JIOCJiPKEHHs IPOBOIMIIM HA JCHOHI30BaHI! BOI, 110 Ma€e
HU3BKY €JIEKTPONPOBITHICTE 1 CIIPHUSIE CTBOPEHHIO ONTUMAIbHUX YMOB AJISl €IEKTPO-
ICKpOBOT'O IMCIIEPTYBaHHS TPaHyJI METaIB.

MaremMaTHIHUM MOJICTIOBaHHSM 32 TONIOMOT'OI0 JBO(AaKTOPHOI HEHIHHOI perpe-
ciitnoi moneni Ko66a-/[yrmaca ta MeToay HaMEHIINX KBAIPATIB ISl CTPYMOIIPOBiI-
HUX IpaHyJl MAaHT'aHy YTOUYHEHO, a JUIsl TPaHyJ MarHito BCTAHOBJICHO palliOHAIIbHI 3Ha-
YeHHsS BIUIMBOBHUX (DaKTOPIB €NEKTPOICKPOBOTO JUCIEPTyBaHHS, a caMe: Hampyra
80...100 B Ta emuicts koHmeHcaTtopa 100 MkD, 3a SKUX HOCATAETHCS JTOMiHYyBaHHS
HaHO- Ta YIBTPaAUCIIEpPCHOT PpaKiiii Hax MIKpO(PAKIIE€0 METATIOBMICHUX YaCTHHOK
(puc. 2—3). [Napamerpu 0OpoOIIEHHS, XapaKTepHi JUTs APYroro MKy Ha oTpuManii 3D
moneni, Harrpyra 80...100 B ta emuicTh xoHAEHCaTOopa 200 MKD OyII0 BUKITIOYEHO 3
YHCIIA PalliOHAIBHUX [TApaMeTPiB 3 OIJISIAY Ha 3pOCTaHHS €HEPrOBUTPAT 33 JOCATHEHHS
MaiiKe TOro CaMoro CITiBBiTHOIIICHHS HaHO-, yIbTpa- Ta MiKpOQpaKIiii METaTIOBMICHIX
YaCTHHOK.

N uL»J
T O
! !

N
[ )
/ !

—_

CriBBiJHOIIICHHS HAHO-, YJIBTpa-
i Mikpo(hpaKIfiif YaCTHHOK MarHito

1,0
0,5 .
200
0 150 Ewmmicts
40

100 xounencaropa,
100755750 MKD

Hanpyra, B

Puc. 2. I'pagiuna 3D mogesnb (a) Ta KOHTYPH NOCTiiiHMX 3HAaYeHDb (0) 3aJIesKHOCTI
CIiBBiTHOLIEHHSI HAHO-, YIbTPA- i Mikpodpakuiii YacTHHOK MArHilo Bix Hanpyru
Ta EMHOCTI KOHJeHcaTopa
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CuiBBigHOLIEHHS HAHO-, YIBTPa-
1 Mikpo(pakIiii YaCTHHOK MaHTaHy
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40 ~
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Hanpyra, B 100 199 50 MKD

Puc. 3. I'padiuna 3D mozeb (a) Ta KOHTYPH NOCTIHHNX 3HA4YeHDb (0) 3a/1esKHOCTI
CHiBBiIHOLIEHHS] HAHO-, YJIBTPA- | MiKpo(paKUili YACTHHOK MaHIaHY Bil HANPYTH
i emHOCTI KOHAEHCcaTOpa

JlucriepcHuiA aHali3 METAJIOBMICHUX YaCTHHOK J[aB 3MOT'y BCTAHOBHTH, III0 OTPH-
MaHi KOJIOTMHI PO3YMHM MATHII0 1 MaHraHy MajM YaCTWHKH B HAHO-, YJIbTpa- Ta
MiKpopo3MipHOMY aiana3oHax Bif 50...70 um 10 7 MM (puc. 4, a, 0).
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Puc. 4. Po3noaist yactTuHOK MarHiro (a) i Mmanrany (0) 3a po3mipamu
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3a J01oMOror0 CKaHyI4voi eleKTpoHHO1 Mikpockomnii (SEM) B pexumi InBeam i
JIOCHIJDKEHHSIM MOP(OJIOTii OTPUMaHUX YaCTHHOK Ta arperariB MarHito (puc. 5, a) i
MaHrady (puc. 5, 0) BCTaHOBIICHO, IO iXHA QopMa XapakTepHa AJsl KPUCTATIYHUX
yTBOpeHb. [IpoTe KoskeH MeTal MaB CBOi OCOOIMBOCTI, 11O TIOSICHIOIOTHCS Pi3HUIICIO
TEMNO(I3MIHNX XapaKTepUCTHK. Tak, YaCTHHKM MarHito OyJIM y BUTIISII TOIKOMOIi0-
HUX KPHUCTAJIIB, a MaHTaHy — Mali chepudny Gopmy.

MIRA3 TESCAN|

SEM MAG: 116 kx

4

& 5
SEM HV: 20.0 kV WD: 1.97 mm MIRA3 TESCAN]|
View field: 1.000 pm Det: InBeam
SEM MAG: 578 kx

Puc. 5. Mopgooris yacTHHOK MarHiio (a) Ta manrany (0)

Jlami TpoBeNieHO TOYKOBHUI aHaIIi3 MIKPOJUISTHOK, OOpaHUX Ha TIOMEPEIHbO OJIep-
’KaHOMY MiKp0300pakeHHi. 3a JOTIOMOT 00 BiJIOBITHOTO MPOrpaMHOTo 3a0e3neYeHHs
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U1 00po0OsIeHHS oAepkaHuX pe3ynbpTariB SEM i3 eHepro-aucnepciiHoo CeKTpo-
CKOIII€I0 (EDX) y I[OCJ'IiLDKYBaHI/IX KOJIOITHUX PO3YMHAX METaTiB PO3PaxyBald KiJb-
KICHHUI BMICT MarHir0, MaHTaHy Ta OKCUT'€HY B MAaCOBHX BiJICOTKaX (pHcC. F7) Pe3y-
JBTATU JO3BOJIMIIH 3p061/m/1 BHUCHOBOK TIpO (POpMyBaHHS SIK OKCHUIHHUX, TaK 1 MeTa-
neBux ¢as. [Ipore nominanTHOIO Oyna okcuaHa (paza, a Ui MaHraHy 1Ie i JiOKCUaHA.
CriBBiIHOIICHHS MeTally (MarHii, MaHIaH) Ta OKCUICHY Y IepepaxyHKy Ha €JICMEHT-
HUH CKJIAJ BiJNOBIJAI0 CTEXIOMETPUYHOMY CKJIAy IIUX €JIEMEHTIB Y BiJITOBITHUX
OKCHIHHMX 1 miokcuauux ¢azax MgO, MnO a6o MnQ,. Crnif BiAMITUTH MPaKTHYHE
3HAYEHHS MarHid OKCUILy JJISl TEXHOJIOTII CyXHX MPOAYKTIB, K aHTU3JICKYBaIbHOT
PECUYOBHHH.

10pm Eleciron Image 1

a)
Mg = 32,22% mac. O = 67,78% mac.

Elestron Image 1
0)
Mg = 43,46 % mac. O = 56,54 % mac.
Puc. 6. SEM-300pa:xenns i pesyabtatu EDX-ananizy exremeHTHOro0 cKaagy
MAarHi€eBMiCHUX YaCTHHOK Ta iXHiX arperatiB y HagocaaoBiii piauHi (a) i ocazi (0)
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Spectrum 7
g

b

10um = Eleciron Image 1
a)
Mn = 60,49 % mac. O = 33,66 % mac.

10pm ‘ Eleciron \ag
0)
Mn = 30,43 % mac. O = 65,75 % wmac.
Puc. 7. SEM-300pa:kenHs i pesyabtati EDX-anaui3zy eJleMeHTHOro cKIaxy
MAHTaHBMiCHMX YaCTHMHOK Ta iXHIiX arperatiB y HajgocazoBiii pinuni (a) i ocazai (0)

ONTUYHOI €MICIHOO CIIEKTPOCKOITIEF) BCTAHOBJICHO, 10, HE3BAXKAOUH HA BUIILY
CJIEKTPOIPOBIIHICTh MOJIOUHOT CHpoBaTKH (5,85+0,12 MCM/CM) MOPIBHSHO 13 ICHOHI-
3o0BaHoi0 Bo0t0 (0,001...0,003 MCwm/cM), mepedir eeKTPOICKPOBOrO JUCIICPIYBAHHS
B 000X piguHax OyB moniOHMM. Xo4a iHTEHCHBHICTh CIICKTPAIBHUX JIiHIH, 1110 BU-
ITPOMIHIOBAJIMCSI MarHieM 1 MaHT'aHOM, Y CHPOBATIIl MOJIOYHIH OyJia JEII0 BHUIIOK. 3a
MeToIoM JiarpaM bonbliMaHa, Ha MiACTaBl OTPUMAHKUX CICKTPIB BUIPOMIHIOBAHHS
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€JIEKTPOICKPOBOI TIa3MH BCTAHOBIICHO TEMITEpaTypy B KaHATI PO3PALy MK TpaHy-
JIaMHU MarHio 1 MaHTaHy y BOJIi Ta CHPOBATIII MOJIOYHIHN (TabJI. 2).

BimmiueHo, o TemriepaTypa Iiia3Mi MiXk TpaHyJIaMy MarHiro BKa3ye Ha CTBOPEHHS
YMOB JTs TOBHOI AWCOITiallii BOASHOI ITapH 3 YTBOPSHHSM MOJICKYJI Ta HOHIB OKCUTCHY
i rizporeny Oz, Hp, O, H", OH". BoHn, y cBOIO 4epry, MOXYTh CIyTyBaTH IIO-
TEHIIHHUMA YMHHUKAMH JJTs1 9aCTKOBOTO NIEPETBOPEHHS JIAKTO3H ¥ YTBOPEHHSI OKCHTY
MarHio, Tojli SK 3a Temneparypu riasmu o 4x10°...4,5x10° K, mo Hapocrae y 30Hi
PO3pSIIB MiX TpaHyJIaMH MaHTaHy, BOJISTHA TTapa TUCOIIII0E He MOBHICTIO. Lle mosicHioe
HasSBHICTh HAPIBHI 3 OKCUAHOIO (Pa30r0 MaHTaHy 3HAYHOI KITBKOCTI METAIOBMICHUX
YaCTUHOK Y MiKpodpakuii.

Tabnuysa 2. TemnepaTypa IUIa3MHU B KaHAJI eJIeKTPOiCKPOBOIo po3psily Mix rpaHyJIaMu
AOCTIKYBAHUX METaJIB

CepenoBulie MeTan rpaHys Ta eneKTpoIiB TemnepaTypa miazmu, K
Jleitomisosana Boa Marnii 5,0...6,0x10°
MaHsras 4,0...4,5x103
Cuposarka izcupia Marwiii 5,0...5,5x10°
MaHnras 3,0...4,0x10°

OTtpumaHi JaHi MOTIMOWIN 3HAHHS I0/I0 3aKOHOMIPHOCTEH 1 MeXaHi3My yTBOpe-
HHS MarHi€e- 1 MAHTAaHBMICHHX YaCTHHOK IIiJ] 9ac eJIEKTPOICKPOBOTO MHUCIICPTYBAHHS
TpaHyJl BIATIOBIIHAX METAJIB Yy IeHOHI30BaHiil BOAl Ta OyJIM BIIEPIIIE alalnTOBaHI 110
HOBOT'0 00’ €KTa — MOJIOYHOI CHPOBATKH.

BpaxoBytoun, 1110 MOJIOYHA CHUPOBATKa, 3aJE€KHO BiJ BUAY, XapaKTEPU3YETHCS
PI3HUMH 3HAYEHHSMH €JIEKTPOIPOBITHOCTI, I TOCTOBIPHOTO OITIHIOBAaHHS Xapak-
Tepy nepediry mpoiiecy Ta BIUIMBY Ha 11 CKJIaJ1 i BIACTUBOCTI 00’ €KTaMHu JIOCIIDKSHb
Ha 1bOMY eTami Oyno o0paHO CHpPOBaTKy 3-MiA CUPY KHCIOMOJIOYHOTO
(6,11£0,31 wmCwm/cm), migcupry (IIC) (5,85+0,12 mCwm/cMm), 3HECoJIeHY
(3,64+0,17 MmCwm/cm).

BcranoBneHo, 1110 3a YMOBH €JIEKTPOiCKPOBOro 0OpOOJIEHHS B YCiX JOCHTITHUX
3pa3Kax MOJIOYHOI CHMPOBATKH 30UIbIIyBaBCs BMICT MarHiio B 1,8...4,1 pa3a, maHra-
Hy — B 1,5...4,2 pa3a, 3aj1e:KHO Bij TPUBAJIOCTI 00poOieHHs. TeHAeHIs 10 IXHBOro
30UIBIICHHS 32 3POCTaHHS €KCIIO3HII] MaJia MOIOHUI XapakTep IUIs BCIX OCHTIIKY-
BaHUX BHUJIIB CHPOBATKH MOJIOYHOI. B Toif sxe yac crmocrepiranacst BiAMiHHICTb Mixk
JIOCITTHIMH 3pa3KaMH, IO TPOSIBIISUIACS Y PI3HHUII AUCTIEPCHUX XapaKTEPUCTHK OTPH-
MaHMX YaCTHHOK MeTajiB. BoHa cTaBana OinblI MOMITHOIO 31 301IbILIEHHSAM TPHBa-
socti 00pobnenHs. Tak, y cHpoBaTLi 3-11i1 CHPY KHUCJIOMOJIOYHOTO Ta MiACUPHIN BXe
gepe3 120 ¢ cyTTeBo 30inblTyBaacs 4acTka MiKpo(ppakxilii JUCTIeproBaHUX YaCTHHOK
METaJiB, OCOOJMBO MaHTaHy, sAKi OyJM CXWJIbHI JIO IIBUAKOTO OCAKCHHS, TOMI 5K Y
3HECOJIEHIH CHpOBATII YacTKa MiKpo(paKIiii MarHiro i MaHTaHy Oyiia He3HauHOO. Taka
BIJIMIHHICTh TIOSICHIOEThLCS PI3HUIICIO Y 3HAYCHHAX CJIEKTPOIIPOBITHOCTI TOCIIIHUX
3pa3KiB MOJIOUHOI CHPOBATKU Ta i 3pOCTaHHAM 3 yacoMm 00poOieHHs. OTxke, TpUBa-
JICTh eNEKTPOICKPOBOTO OOPOOIICHHS! MOJIOYHOT CHPOBATKH Ta 11 €JIeKTPONPOBiAHICTh
€ BOKJIMBUMH YMHHUKAMH BIUIMBY Ha CTYIiHb 30araueHHs MarHie- Ta MaHraHBMiC-
HUMH YaCTHHKAMH.
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BcraHoBIieHO, 110 i1 Yac eJIeKTPOICKPOBOrO OOPOOJICHHS MOJIOUHOI CHPOBATKH,
He3aJIeKHO Bin i BUIy, 3pocTaB moka3HUK pH 3paskis, nmpudoMy 1el edext OyB
BUPAKCHUH JIEII0 CUIIBbHIIIE 32 BUKOPUCTaHHS MaHT'aHOBHX eNeKTpoaiB. [loscHeHHIM
nboMy (pakTy Moxke OyTH B3a€MOJIISI METAJIIB 3 «KHCJIOI0» CKIIAOBOIO CHPOBATKH:
MOJIOYHOIO Ta JIMMOHHOIO KUCJIOTaMH Ta HACHYECHHSI METaJIOBMICHUMH YaCTUHKAMH.

3a BUMIpSHUMH 3HAYEHHSIMH MOTEHLIANIB [UIATHHOBOTO E€IEKTPOIY € IMiACTaBU
KOHCTaTyBaTH, IO B CHCTEMI BiI0OYBalOThCSA BIAHOBHI MPOIIECH, MPOTE 3HAYEHHS
MOTEHIliaTy 32 MAaKCUMAJIbHOT TpuBanocTi o0pobneHHs (180 ¢) He mepeBuUIyBaIO
OKHCHO-BITHOBHHI TTOTEHITiaJl CBIXKOT0 MoJioka (250 MB).

BusiBiieHO 3MiHM OKHCHO-BITHOBHOTO TIOTEHITiATy B 00pOOJIeHil cupoBariii 3 5 MB
1o 70...219 MB, 3anexHo Bi TpHBanocTi 0OpoOICHHS, BULy MOJIOYHOI CUPOBAaTKHU Ta
eNIEKTPOIHOI CUCTEMH eJIEKTpOpo3psHoi Kamepu. Lle 3acBimumiio K MPOXOmKEHHS
npoliecy HACHYEHHSI METATOBMICHUMH YaCTHHKaMH, TaK i KOMIUIEKCOYTBOPEHHS M
HOHaMH MarHiro, MaHraHy i OloJliraHIaMu CHPOBATKM MOJIOYHOI Ta, SK HACTIIOK,
(hopMyBaHHs 11 IIILOBUX (DYHKIIIOHATLHO-TEXHOJIOTTYHUX BIACTHBOCTEH.

IcroTHUX BimMiHHOCTEH y (hpaKLiiHOMY CKJIaJIi TOCIIDKYBAHUX 3Pa3KiB MOJOYHOL
cupoBatku He 3HaiineHo (KouyGeit-JlurBunenko, bimmk, /ly6iBko, Bucompkuit &
IBens, 2020). Tak, aHami3 ¢pakuii NpoTEiHIB y Jiana3oHi MOJIEKYISPHUX Mac
14,2...18,4 x/la, mo BimmosimaroTth o-LA Ta B-LG, 3acBimuuB 3HWKEHHS BiITHOCHOT
KinpkocTi nepimoro numre Ha 0,1...0,4 ym. ox, apyroro — Ha 1,0...2,5 ym. ox. Ode-
BUJIHO, 1I¢ Ma€ 3B’ 130K 13 HE3HAYHOIO JCHATYPAIII€I0 B 30H] €IIEKTPOICKPOBOTO PO3PSIITY.
Crig BiAMITHTH, IO CTYIIIHb 3HIKEHHSI IUX TPOTEiHIB Pi3HUBCS 3aJIEKHO Bij BHILY
MC, 110 MoXHA IOSICHUTHU CYKYITHHM BIUTUBOM XimiuHOTO (pH) 1 piznunorO (fIist eek-
TPOICKPOBHX PO3PSIIB) AEHATYPYIOUHX (DAKTOPIB.

[epexin necradimizoBaHMX CHPOBATKOBUX OuKiB ¢pakmiii a-LA Ta B-LG 3 po-
YUHHOTO Y HEPO3YMHHHHN CTaH, SIK BIIOMO, MOXKE CYNPOBOJKYBATUCS arperyBaHHSIM
MK cO00I0 Ta MilenaMu KazeiHaTKambiildochaTHOro KoMIuiekcy. PesymbraTtn aHa-
Ji3y (pakiii y miana3oni Mojekyispaux Mac 28,0...30 k/la miaTBepmKyoTh MOXKIIH-
B nepedir TakuX MO, IO 3aCBiIye HE3HAYHE 3pPOCTaHHs CyMapHOi YMOBHOI KiJlb-
KOCTI 130(pOpM Ka3eiHy ITiCIIs eNeKTpoicKpoBoro oopobienHs. Halibinpine 3poctanHs
(ra 1,0 ym. of) crioctepiranocsi B CHPOBATIII 3-I1i/I CHPY KHUCIOMOJIOYHOTO MicIisi 00-
POOJICHHS B €NEKTPOPO3PSIACHii Kamepi 3 MarHi€BOO €NEKTPOAHOI CHCTEMOIO, 10
MOSICHIOETHCSL POPMYBaHHSIM JIOJATKOBHX MAarHi€BUX MICTKIiB JIISl KOMILIEKCOYTBO-
PCHHSL.

VY nocnigHuX 3pa3kax CUPOBATKU MOJIOYHOI MICIS €JIEKTPOiCKPOBOro 00OpoOIeHHS
CIoCTepiraeThcs 3pocTaHHs ¢Gpakiiiii npoteinip y miamazoHax 56,0...90,0 k/la ta
150 x/a. IIpoTte, moaiOHO 10 monepeaHiX Gppakuii, 3MiHN OyJIM HE3HAYH.

XpoMaTo-Mac-CeKTPOCKOMIIYHIMH JIOCIT1DKEHHSAMH JI0OBEJICHO YaCTKOBE OKHCHE-
HHS JIAKTO3H Y JIakT0010HOBY KucioTy (Bix 0,2% mo 1,7%, 3aexHo Bij mapamerpinB
00pOoOJIeHHST) i1 Yac eJEKTPOiCKPOBOro 0OPOOIEHHSI CUPOBATKH MOJIOYHOI, PO3KPHUTO
MEXaHi3M i 0OIPYHTOBaHO YMHHUKM OKMCHCHHS, & CaMe: ITiABUILICHHS TEMIIEPaTypy B
TUTa3MOBOMY KaHaJli; TUCOITiallisl BOJSTHOI TAPH, OJTHUM i3 TIPOIYKTIB SIKOI € aTOMapHUI
KHCEHb, HACHYCHHS PEAKLIIHOr0 CepeOBHIa METATOBMICHUMH YacCTHHKAMH Ta
CIOJTyKaMH METaIiB i3 katamiThaauMu BiactuBocTsamu (Kochubei-Lytvynenko, 2018).

——— Scientific Works of NUFT 2021. Volume 27, Issue 5 ——— 145



XAPYOBI TEXHOJIOT'II

BucHOBKM

[IpoBeneni AOCTIHKEHHS PO3MIMPIIIN BIIOMOCTI PO 3aKOHOMIPHOCTI 1 MEXaHi3M
YTBOPEHHSI Marie- Ta MaHTaHBMICHHX YaCTHHOK y HaHO-, YJIBTpa- Ta MiKpOpo3Mip-
HOMY Jiana3oHax IiJl 4ac elIeKTPOiCKPOBOTO IUCIIEPTyBaHHS CTPYMOIIPOBITHOTO HIAPY
rpaHyJ BIMMOBITHAX METAIIB y JICHOHI30BaHIi BOI, SIKI BIEpIlie OyJI0 aaarnToBaHO JI0
HOBOT'O 00’ €KTa — CHPOBATKH MOJIOTHOT.

J71si rpaHys1 MaHTaHy YTOUYHEHO, a JUIsl MarHito BCTAHOBJICHO palioHaIbHi 3HAYCHHS
BIUTMBOBHUX (haKTOPIB eJICKTPOICKPOBOr0 AUCIIEPryBaHHs, a came: Harpyru (80...100 B)
Ta emHocti koHjeHcaropa (100 Mx®d), 3a SKUX JAOCATAETLCS JJOMiHYBAaHHS HAHOPO3-
MIpHOI Ta yJIbTpaAncIepcHoOl Pppakuiii Hag MIKpoQpaKLiero METaTOBMICHUX YaCTHHOK.

HaOynu nopansioro po3BUTKY eKCIEpUMEHTAJIbHI TOCTIIKEHHS! JUCIEPCHUX Xa-
PaKTEPUCTHK, MOPGOJIOTIi I €JIEMEHTHOI'O CKJIaTy MarHi€- | MAHTaHBMICHUX YaCTHHOK,
OTPUMaHHX EJICKTPOICKPOBUM AMCIIEPryBaHHSAM TpaHysl METAJIB y JCHOHI30BaHIH
Boai. OTpuMaHO HOBI JaHi MOA0 POPMYBaHHS OKCHIIHHX, JIOKCHIHUX 1 METaJIEBUX
(a3 meTaiis.

BuBYeHO 3aKOHOMIPHOCTI Tpoliecy 30aradeHHs MOJIOYHOI CHPOBATKH MAarHieM
(1,8...4,1 paza) i manranom (1,5...4,2 pa3a) yHac/IiZoK €JIEKTPOICKPOBOTO JUCIEPTY-
BaHHs CTPYMOITPOBITHIX TpaHyJI BiJIMOBIIHAX METAIliB, 3AJIKHO BiJI TPUBAIOCTI 00-
po6iienns (30...180 ¢).

JloBeeHO BiJICYTHICTh HETATUBHOI'O BIUIMBY Ha CKJIAJ 1 BIACTUBOCTI CUPOBATKU
MonouHoi. Po3kputo moreHmian s GopMyBaHHS B Hill IIUThOBUX (DYHKITIOHAITBEHO-
TEXHOJIOTTYHMX BIACTHBOCTEH.
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ABSTRACT

Ways to increase the nutritional value of pasta made from
legume flour are discussed in the article. The technology of
high nutritional value pasta in terms of protein, vitamins and
minerals was developed. The developed technology allows to
increase the biological value of the product and meets the goals
in the field of healthy eating. All this confirms the relevance of
the chosen topic, which is associated with the constant growth
of consumer demand for pasta.

The aim of the work was to improve the technology of pasta
by adding legumes, as well as determining the chemical com-
position of pasta and the amino acid composition of pasta.

Modern functional ingredients, such as chickpea and pea
flour, were used to implement the tasks. The results of the re-
search are presented in the form of research based on the ad-
vanced technology of high nutritional value pasta development.

The optimal amount for the replacement of flour was deter-
mined: 7.5% chickpea and 5% pea flour, as the means of pasta
enrichment. Analysis of the chemical composition of pasta in-
dicated an increase in protein content in the by 8.8%, in 3 by
8.35%, compared to the control in the first sample; fat con-
tent — by 2.8; 1.4% respectively, and the ash content — by
22.8; 17.1% compared to control (first sample). There was also
an increase in iron and calcium, B-carotene, vitamin E content.

Analyzing the amino acid composition of pasta, an increase
in the essential acids: lysine, methionine, tryptophan, threoni-
ne, valine, leucine, isoleucine compared to the control sample
without legumes was observed. A similar trend was observed
when examining substituted amino acids:

It was proved that the use of legumes in the technology of
pasta helps to increase the nutritional and biological value in
terms of protein, vitamins and minerals. The application of the
results will be reflected in the development of the new type of
high nutritional value pasta.
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NIABULWEHHA XAPYOBOI LIIHHOCTI MAKAPOHHMUX
BUPOBIB NPU BUKOPUCTAHHI 3EPHOBOBOBMUX
KYnbTYP

E. b. BepauieBa, C. Ko3ukan

Kaszaxcokuii nayionanvruti acpapuuii ynigepcumem, Aima-Ama, Kazaxcman

M. 3. ITacka, H. ®. I1aBjieHYNK

Jlveiecokuil OeporcasHuil yrigepcumem Qizuunoi Kyiomypu imeri leana bobepcvkozo

Y emammi posensnymo winisixu nioguujerHs Xxapuo8oi YiHHOCMI MAKAPOHHUX BUPO-
0i8 i3 bopowHom 3epHob0O08UX Kyremyp. Pospobreno mexnonoeiio makapounux 6u-
Ppobis niosuwenoi xapuosoi YiHHOCMI 3a émicmom OLIKaA, GiMAaMIiHIe ma MIHEPaIbHUX
peuosun. Pospobnena mexuonoeis dae 3moey 30inbuiumu 0ioN02iuHy YiHHICMb NPOOYK-
my ma gionogioac memi 300p08020 xapuysanhs. Bce ye niomeepoocye axmyano-
Hicmb 00parHoi memu, KA N0 A3aHA 3 NOCMIUHUM, CMAOLTLHUM 3POCMAHHAM NORUMY
CHOJCUBAYIB HA MAKAPOHHY NPOOYKYII0 ma 3a6e3neueHHAM HAceNeHHs NOBHOUIHHUMU
NPOOYKmMamu Xap4y8aHHs.

Mema docrioacenus nonseac 8 YyOOCKOHANEHH] MEXHON02ii MAKAPOHHUX 8UPODi6
WIAXOM 36a2aueHHs ix 3epHoO0008UMU KYIbMYPAMU, A MAKONC BUSHAYEHHI XIMIYHO20
CKA0Y MAKAPOHHUX 8UPODIE MA AMIHOKUCTIOMHO20 CKIAOY MAKAPOHHUX 8UPODIE..

na peanizayii nocmasnenux 3a860anb 3aCMoCO8Y8aIU CYUACHI (YHKYIOHATbHI iH-
epedieHmu, maxi ik 60POUWHO HYMY ma 20poxy. Busnaueno onmumanbHy KiibKicms Ha
3aminy 6opouwna: 7,5% Hymoeoeo i 5% 2opoxogo2o bopouina sk 36a2a4yeayie Maxa-
POHHUX 8Up006I8. AHANIZ XIMIUHO20 CKAOY MAKAPOHHUX 8UPODIE BKA3YE HA 30LNbUIeHHS
emicmy 6iika 6 nepuiomy 3pasxy Ha na 8,8%, y opyeomy — na 8,35%, emicmy sicupy,
8i0nogiono, na 2,8, 1,4%, emicmy zonu — 22,8, 17,1% nopieusano 3 KOHMponem.
Takoswc cnocmepieacmvcs NiOBUWEHHS BMICIY 3ai3a MA KAlbYito, -Kapomury, eima-
miny E.

AHnanizyrouu amiHOKUCIOMHULL CKIA0 MAKAPOHHUX 8UPODI8, CHOCMEPI2AEMO NiO8U-
WJCHHSL He3AMIHUMUX KUCTIOM JIZUHY, MEMIOHIHY, mMpunmo@any, mpeoHiny, 6aiiny, izo-
Jetiyumy, etiyury nopieHIHO 3 KOHmMpoaem. Jlosedeno, wo sUKopUcmants 3epHobooo-
BUX KYIbMYpP Y MEXHON02I] MAKAPOHHUX 8UPOOI8 CNpUsE NIOBUWEHHIO XAP1080i ma
bionociunoi yinnocmi 3a émicmom Oinka, simaminie ma minepanis. Pezymomamu do-
Ci0NCceHb 0)0e 8NPOBAONCEHO Y PO3POOYI HOBO20 BUDY MAKAPOHHUX UPOOIE nidsuuye-
HOI biono2iuHol YiHHOCI.

Knrouosi cnoea: maxapouni eupodu, pynkyionanvhi inepedieHmu, xapyoea yit-
Hicmb, 3epHOO0D06I KYyIbmMypU.

Problem definition and its relationship with important practical tasks. In mo-
dern world the problem of providing the population with high-quality products is the
most urgent. Food industry needs development of new products, the consumption of
which will provide the population with vitamins, mineral substances and dietary fiber,
which will promote public health. The most economically beneficial way is enrichment
of mass consumption products which include flour confectionery.
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In order to meet the demand, legumes and products of the flour processing indus-
try — flour from chickpeas, peas, beans, wheat germ flakes and bran, are used, as they
contain a significant amount of essential proteins, amino acids, polyunsaturated fatty
acids, vitamins B, PP, E, minerals — calcium, magnesium, phosphorus, iron, food fi-
bers, and have a low cost.

Analysis of recent studies and publications related to subject matter of the
manuscript. Grain legumes are more beneficial than cereal grains in term of human
health, being a rich source of nutrients. The risk of type-2 diabetes and cardiovascular
diseases decreases with consumption of legumes (Jayathilake, 2018), while another po-
sitive effect include a reduction in the relative risk of developing myocardial infarction
(Miller, 2017). The presence of fiber and phytochemicals in legumes lowers cholesterol
and helps to regulate blood pressure (Bazzano, 2011). Moreover, the consumption of
legumes improves health and assists in weight maintenance (McCrory, 2010). Legumes
are also source of anti-cancer peptides which can potentially assist in the prevention of
prostate and colorectal cancers (Luna-Vital & Gonzalez de Mejia, 2018).

The feasibility of using pea fiber in the production of rye-wheat bread by accelerated
technology was substantiated (Cwipuyk, Hazap, Kapmenko & Jlomenko, 2015). The
influence of fiber on chemical processes in the dough, which characterize the balance
of changes in sugars during dough preparation and gas-forming ability of the dough
during fermentation, was studied. The content of sugars in finished products was ana-
lyzed. It was established that the introduction of pea fiber intensifies the technological
process of bread production.

It is possible to make dietary and healthy pasta by introducing additives such pea
meal and gram flour. The advantages of plant-based additives include their complex
composition, the balance of individual components, and the presence of compounds in
the most physiologically digestible forms (Matseesa, 2012).

Problem statement (statement of purpose of the manuscript). The objective of
the research was studying the impact of leguminous crops’ flour on the biological and
nutrition values of pasta.

Comparative analysis on the composition of three types of flour, particularly, pea
meal, gram flour and first-grade wheat flour, showed that there were significant dif-
ferences in their protein, essential amino acids, vitamins, and macro and micro nutrients
content.

The protein content of pea meal and gram flour was 1.87, which is 2.26 times higher
than that of wheat flour. Flour from leguminous crops was not only richer in amino
acids, but also in essential amino acids as lysine and methionine. The content of lysine
in pea meal and gram flour was 5.7 and 6.36 times higher than in first-grade wheat flour,
and the content of methionine was 2.09 and 1.77 times higher. These type of flour from
leguminous crops are rich in minerals (calcium, iron) and vitamins (vitamin E, B —
carotene) (ITamenko & Kypuaesa, 2004).

Materials and methods. Investigation of the chemical composition of leguminous
flour and the effect of chickpea and pea flour on gluten and physical properties of the
dough, on the quality and nutritional value of finished products in accordance with
GOST.

In this regard, a research was conducted on the nutritional and biological value of
pasta from first-grade wheat flour with the addition of 7.5% of gram flour (Sample 1)
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and 5% of pea flour (Sample 2). Pasta without any additives was the control sample
Presentation of the main material. As the results of the study of the chemical com-
position of pea meal and gram flour meal, as well as their effect on the properties of
gluten, on the physical properties of the dough, and on the quality of the finished pro-
ducts, the optimal dosages were suggested: to replace flour 7.5% of gram flour and 5%
of pea meal as pasta fortifier.

In this regard, a research was conducted on the nutritional and biological value of
pasta from first-grade wheat flour with the addition of 7.5% of gram flour (Sample 1)
and 5% of pea flour (Sample 2). The chemical composition of pasta is shown in Table 1.

Table 1. Chemical composition of pasta

Indicators Content per 100 grams of product
Control sample Sample 1 Sample 2
Moisture content, % 13.0 13.0 13.0
Proteins, % 11.01 11.98 11.93
Fats, % 1.42 1.46 1.42
Carbohydrates, % 68.8 67.25 67.03
Fiber, % 0.20 1.20 1.13
Ash, % 0.70 0.86 0.82
Minerals, mg
Ca 30+ 6.4 39.0+7.5 33+£64
Mg 42.0+£9.0 44+09.1 40+8.0
Fe 2.5+0.5 2.62 +£0.52 3.18 £0.60
Vitamins, -carotene, mg 12.1 16.59 13.74
E 1.79 1.96 1.87
PP 2.23 2.24 2.15
Energy value, kcal 352 358 354

The results of the research analysis showed that the content of protein, vitamins and
minerals in pasta products using legume flour increased. Thus, in comparison with con-
trol sample, the protein content in Sample 1 increased by 8.8%, while, in the Sample 2 —
by 8.35%. The fat content increased by 2.8 and 1.4%, the ash content increased by 22.8
and 17.1% respectively.

Using flour from legumes in pasta dough the content of such elements as calcium
and iron in ready-made pasta products increased. It was found that, in comparison with
the control sample, the calcium content increased by 30% in Sample 1 and by 10% in
Sample 2. The iron content increased by 4.8% and 27.2 % respectively.

It is seen from Table 1 that vitamin content of pasta products with gram flour and
pea flour increased. In comparison with the control sample, the content of B-carotene
(in Sample 1) increased by 37.1% and (in Sample 2) — by 13.5%. The content of vi-
tamin E increased by 9.5% and 4.5%, respectively.

The composition of amino acids in flour, as well as in pasta made from this flour,
determines the protein value of the final product. In this case, essential amino acids
(isoleucine, leucine, lysine, methionine, phenylalanine, tryptophan, threonine and va-
line) are of a particular value, as they cannot be synthesized in humans body. Lysine is
one of the most important amino acids among other essential ones.

The results of the study of the content of amino acids in pasta from legumes’ flour
(Table 2) show that, in comparison with the control sample, the content of lysine in
Sample 1 and Sample 2 increased 1.33 and 1.36 times. Compared to the control sample,
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the content of methionine in pasta products with gram and pea flour was 1.05 times and
1.02 times higher. The content of following amino acids was higher in pasta products
with gram and pea flour: threonine — 1.17 and 1.2 times; tryptophan — 1.17 and 1.13
times; valine — 1.1 and 1.1 times; isoleucine — 1.27 and 1.17 times; leucine — 1.05
and 1.06 times.

Similar data were obtained for nonessential amino acids. The content of alanine
increased 1.08 times in the Sample land 1.13 times in Sample 2 in comparison with the
control sample. The same change was observed for other nonessential amino acids: ar-
ginine content increased 1.35 and 1.3 times, respectively.

Table 2. Amino Acid composition of pasta products

Amino acids Content per 100 grams of product
Control sample |  Sample1 | Sample 2
Essential amino acids, mg

Total amount 3488 3904 3949
Valine 550 582 589
Isoleucine 502 637 585
Leucine 941 982 996
Lysine 292 338 397
Methionine 179 187 183
Threonine 323 380 390
Phenylalanine 584 661 677
Tryptophan 117 137 132

Nonessential amino acids, mg

Total amount 7730 8701 8004
Alanine 386 415 436
Arginine 467 631 609
Aspartic acid 397 564 584
Histidin 233 287 258
Glycine 409 439 454
Glutamic acid 3596 3383 3438

Prolin 1133 1847 1109
Serine 584 530 522
Tyrosine 292 342 341
Cystinum 233 263 253

Total amount of amino acids, mg 11218 12605 11953

The content of aspartic acid increased 1.42 and 1.47 times; histidine — 1.23 and
1.1 times; and glycine — 1.1 and 1.1, 11 times.

Conclusions

Thus, the analysis of the presented data showed that the use of flour from legumes
is an appropriate way for enriching pasta such as proteins, essential amino acids, vi-
tamins and minerals. The application of the results will be reflected in the development
of the new type of pasta of high nutritional value.
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ABSTRACT

The article presents the results of the study of the effect of
joint application of by-products of oil production — oat germ
meal (OGM) and rosehip meal (RM) on the change of phy-
sicochemical and structural-mechanical properties of rye-wheat
bread during storage. OGM and RM are sources of dietary fiber
(28.8% and 60.4%, respectively). In addition, OGM contains a
significant amount of biologically valuable protein (23.0%), and
RM contains ascorbic acid (47 mg / 100 g), which is a baking
oxidizer. Meals of oat germ and rosehip were added in the amo-
unt of 16.0% and 4.2% of the total weight of flour. The storage
time of rye-wheat bread was 72 h.

It was found that the higher moisture content of the dough
from OGM and RM and the significant content of highly hy-
drophilic dietary fiber and protein (in OGM) contributes to the
fact that the products lose less moisture during storage. It was
shown that the rye-wheat bread with meals slows down the
hydrophilic properties and to a lesser extent increases the crum-
bliness during 72 h of storage.

The results of measuring the compressibility of rye-wheat
bread crumbs showed that the joint addition of meal helps to
improve its structure. During the experiment, the compressibi-
lity of the crumb of the test sample decreases more slowly com-
pared to the control one. As a result, this indicator in bread with
OGM and RM after 72 h of storage was higher than in the con-
trol sample after 48 h. This is due to the number of factors, in-
cluding the strengthening of wheat flour gluten under the action
of ascorbic acid contained in RM, slowing down the retrogra-
dation of starch with the help of meals hemicelluloses. In ad-
dition, bread with meals contains more protein, which denatures
much more slowly than starch ages.

The obtained results confirm the prospects of using oat germ
meal and rosehip meal in rye-wheat bread technologies with
extended shelf life.
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BNJiUB WWPOTIB 3APOAKIB BIBCA I nNnoais
WANWUHN HA 3MIHY NOKA3HMUKIB AKOCTI
XUTHbLO-NMWEHNYHOI O XJ1IBA

nia YAC 36EPIFrAHHA

C.T. OJgiiinuk, O. B. CamoxBaJjioBa

Jlepoicasnuii Giomexnonociunull yHigepcumem

H. B. Jlanunbka

Hayionanenuii ynieepcumem « Yepniciecoxuii koneziym» imeni T. I'. Illesuenka

Y cmammi npedcmaeneni peynsmamu 00CIiONCEHHS 6NAUBY CYMICHO20 BHECEHHS
ROOIYHUX NPOOYKMIE ONUHO020 BUPOOHUYMEA — wipomy 3apookie sieca (LLI3B) i wpo-
my nnooie wunwiuny (LTI na 3miHy @i3uKO-XIMIMHUX © CIMPYKINYDHO-MEXAHIUHUX
snacmugocmelt Xaiba JHcumubo-nueHUYHo20 npomszom 3oepicanus. LLI3B ma LTI
€ Ooicepenamu xap1osux 6onoxkon (28,8 ma 60,4% eionosiono). Kpim moeo, LLI3B mi-
cmumy 3Ha4Hy KLbKicmo bionoeiuno yinnoeo oinka (23,0%), a LUIIL mae y cgoemy
ckaaodi ackopbinogy kuciomy (47 me / 100 2), axa € xnibonekapcoKum noainuysaiem
oxuchoi 0ii. [lIpomu 3apooxie sieca ma niodis wiunuiunu dooaganu y kinekocmi 16,0%
i 4,2% 6i0 3azcanvHoi macu 6opowna. Tpusanicmo 30epicanHs Xi6a HCUMHbO-NUUEHUY-
HO20 Xiba cxkaadana 72 200.

Bcmanosneno, wo suwa eonocicme micma 3 LI3B ma LTI i 3naunuti emicm y
HUX BUCOKOLIOPOPINbHUX Xapuosux 6010KoH i biaka (y LLI3B) cnpusiome menwum
empamam gupobamu 8onocu nio uac 3o6epicanns. Iloxaszano, wjo 6 HCUMHbLO-NUEHUY-
HoMY X101 31 wpomamu npomseom 72 200 36epieanis NOGINbHIULE 3HUIICYIOMbCS 2i-
OpoghinbHi 61aCTMUBOCIT MA MEHUUOIO MIPOIO NIOBUULYEMBCS KPUWIKYBATNICD.

Pesynbmamu euznayents NOKA3HUKA CMUCKYBAHOCHIL M SKYUWKU HCUMHbO-NUIEHUY-
HO20 Xniba ceiduamb, wo cymiche 000ABAHHS WPOMIE CHPUSE NOKPAUWEHHIO U020
cmpyxmypu. [lpomsieom excnepumenmy CImMuCKy8aHicns M aKyuKu 00CIiOH020 3pA3Ka
NOPIBHAHO 3 KOHMPOALHUM 3HUNCYEMbCS NOGIbHIUWe. B pesynomami yeti nokazux y
xnioa 3 LLI3B ma LTI uepe3 72 200 30epicants 66 8UWUM, HIdHC Y KOHMPOILHOLO
yepes 48 200. Lle no8’sa3an0 3 HU3KOIW0 YUHHUKIB, ceped SKUX VKPINIeHHS KIetUKOGUHU
nuweHu4YHo20 6opowHa nio dier ackopbdiHoeoi kuciomu, wo micmumoca y LTI,
VNOBINbHEHHST pempocpaoayii Kpoxmamo 3a yuacmi cemiyeniono3 wpomis. Taxooc y
X76I 31 wipomamu niOBUULYEMbCA BMICH OLIKA, OeHamypayitiHi 3MiHU K020 8i00ysa-
FOMbCAL 3HAYHO NOBLIbHIULE, HINC Pempocpadayis KpOXMAIo.

Ompumani pezynrvmamu niOmMeepoOAHCyIoOmb NEPCNEKMUBU SUKOPUCIIANHS WPOMIE
3apooKie gisca ma niodi6 WUNWUHY 8 MEXHOL02IAX Xi0a HCUMHbO-NUEHUYHO20 NOo-
0082ICeH020 MmepMiHy 30epieants.

Knrouoei crnosa: scumnbo-nuieHudnuil Xaio, wpom 3apooKis sisca, wpom niooie
WUnWUHY, 30epieanis X1ioa, uepcmeints X1ioa, Xap4osl 6ONIOKHA, ACKOPOIHO8A KUCTO-
ma, CIMpPYKMypPHO-MeXaHi4Hi 61aACMU8oCHi, (I3UKO-XIMIYHI 61ACMUBOCHIL.

IocranoBka npod/emu. CTpiMKe HOIMPEHHS B CBITI ITI00AIEHOTO TPEHAY «3.10-
POBOTO CIIOCO0Y JKUTTS CIPHSIE MiABUIICHHIO MONMHUTY Ha XJIIO00YIOUHY MPOIYKIIiO
030POBYOT0 MPU3HAYECHHS. Y MIMPOKOMY aCOPTUMEHTI XJIiOHUX BUPOOiB, 10 BUPOO-
JISIIOTBCS B YKpaiHi, 000 IMBE MicCIIe TIOCiIae XJ1i0 13 CyMillli )KUTHBOTO Ta MIICHUYHOTO
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OopoIITHa, TOMY MIJIECIPSIMOBAHE ITiIBUIIICHHS HOT0 Xap4YOBOi I[IHHOCTI € aKTyaJIbHUM
3aBmaHHAM. J|JI1 BUpIIIEHHS IBOTO 3aBAAHHS OOTPYHTOBAHUM € HAYKOBHH TiJIX1I, IO
MOJISITA€ B 3aCTOCYBaHHI 1715 30araueHHs XJ1i0a HaTypalbHOI CHPOBHHH 3 BUCOKUM
BMiCTOM (hi310JI0TTIHO-(PYHKITIOHATHHIX 1HTPEIIEHTIB.

OcranHiM 4acoM B 0310pPOBUOMY Xap4yyBaHHI 3pOCTAE 3HAUCHHS OJIii, OTPUMaHUX
3 HETPaJULiHHOI CHPOBUHHM, TaKOi SIK 3aPOAKH 3€PHOBHX KYJIbTYp, HACIHHA MJIOIB
LIMIIINHY, KICTOYOK BUHOTPAJy TOLIO, IO CIIPUYMHSIE aKTUBHUI PO3BUTOK IX BUPOO-
nunrsa ([Ipoxopuyk, 2019; Kobeus, Apmyns & Jouenko, 2016). ITicas orpuMaHHs
TaKUX OJIii y 3HAYHUX KUTBKOCTSX HAKOMHMUIYIOTHCS TOOIYHI MPOTYKTH — MaKyXH Ta
IIPOTH, IO MICTATH IiHHI 0i10JIOTIYHO aKTHBHI PEYOBUHHU 1 € MIEPCIICKTUBHUMH IS
BHKOPHCTaHHSI SIK 30aradyBajIbHOI CHPOBHUHU JUIA X11000y10uHIX BHP0oOiB. Cepenn HuX
MIPUBEPTAIOTH YBary MIPOTH 3apOJKIB BiBCa Ta IUIOMIB IIUMIIIAHY SIK HKEPEI0O Xapdo-
BUX BOJIOKOH, BiTaMiHiB, MiHEPaJIbHUX PEYOBHH TOLIO.

BukopucTanss 30arauyBaibHOT CHPOBUHH HE TUTHKH CIPHSIE MIIBUIIECHHIO Xapyo-
BOi LIHHOCTI XJ1i0a, ane i Mo)ke BIUIMBATU Ha (POPMYBAHHS HOTO CIIOKMBYHX BIIACTHU-
BOCTEH, SIKi 3HAYHOIO MipOIO 3yMOBITIOIOTBCS] TEPMiHOM 30€pEKEHHSI CBIXKOCTI.

AHaJi3 ocTaHHIX A0CTiTKeHb i myOsikaniii. Binomo, 1o nmpoTsirom 30epiraHas
xJ1i0a Bif0yBaeThCst HOTO YEpPCTBIHHS Ta YCUXaHHSI, [0 CYTPOBOKYIOTHCS 3HMKEHHSIM
BOJIOTOCTI, @ TAKOX 3MEHIIICHHSIM €JTACTHYHOCTI Ta MiJBUIIEHHSM KOPCTKOCTI M’ SIKY-
LKA (I[p060T 2002). i 3minn 3YMOBJIIOIOTECS CKIIATHUM KOMILIEKCOM npoueciB
perporpajiauii Kpoxmallko, IeHaTypatlii OiIka, 3MiHOK GopM 3B’SI3KY 1 Mepepo3NnoiLy
BOJIOTH MiXK HIMH, a TaKOX TETIO- 1 MaCOOGMIHHHM npoIecaMy MiXK CKOPUHKOIO,
M’ SIKYIIKOIO Ta 30BHIiMHIM cepepoBuieM (Willhoft, 2007). [aTeHcnBHICT IUX TIpOIIE-
CiB 3HAYHOIO MipOIO 3aJISKUTH BiJI XIMIYHOTO CKyIajy Ta (hYHKI[IOHATTLHO-TEXHOJIO-
TIYHKX BIACTHBOCTEHi PELENTYPHIX KOMITOHCHTIB.

SIK cBi9aTh JaHi NTEPATYPHUX DKEpel, eEKTHBHAM IILITXOM YIOBUTEHCHHS TPO-
LECIB YCHXAHHs Ta YCPCTBIHHSA X106 € BHECCHHS B PCLIENTYPY BTOPHHHOI POCITHHHOI
CHUPOBUHU 3 BUCOKHM BMICTOM BHCOKOT1IpO(ibHIX OiomosiMepiB.

VY mpani (Canpuyk, ['omikoBa & Hazap, 2016) moka3aHo, 110 3aMiHa B peuenTypl
XHUTHBO-TIIIEHNYHOro xJ1i0a 3...7% NIIeHNn4YHOro 60pOH_IHa Ha KJIITKOBUHY KapTonm
a00 ropoxy 3 BUCOKMM BMICTOM Xap4OBHX BOJIOKOH TOJIIIIYE CTPYKTypHO-MEXaHiuHi
1 TIIpOQUTBHI BIACTUBOCTI M’ AKYIIKH, IO CIIPHSE TIOAOBKEHHIO TEPMiHY 30epiraHHs
BHPOOIB.

[NogowxeHHs TepMiHy 30€peKeHHS CBIXKOCTI MIIEHUYHUM XJ1i00M 32 PaXyHOK BHE-
CEHHS BOJIOTOYTPUMYBAJIbHOI CHPOBHHH, 30KpeMa KBAaCOJIEBOTO MOPOIIKY y CKIIaAi
KOMIUTIEKCHOTO XJIIOOMeKapcChKOTo TOiMmiryBada, Oymno goBeneHo y mpami (binmuk,
Xautikosa, I'peripuak & Mapwunin, 2015). locnigHukaMu BCTAaHOBJICHO TiJBUILIECHHS Y
JIOCITTHUX BUPOOAX KUIBKOCTI OCMOTHUYHO 3B’513aHO1 BO/IM, @ TAKOK MEHII IHTCHCUBHE
3HIDKEHHSI B HUX TPOTSATOM 72 TOJ 30epiraHHs TaKuX 1HIAKATOPIB YEPCTBIHHA XITi0a,
SK TIOKa3HUKH JedopMallii, KpHIIKYBATICTh 1 HAOPSIKAHHS M SIKYLIKH.

AHanoriyauii eeKT yHOBUIbHEHHSI YePCTBIHHA XJ1i0a MPOJEMOHCTPOBAHO MiJ Yac
JIOCTIKCHHS BIUTMBY Ha 11l TIporiecy ImeHuIHrX BUCiBok (Curti, Carini, Tribuzio &
Vittadini, 2015), BUCOKOO1IKOBOTO OOpOIITHA 3 PIlTAKOBOI MaKyXH, a TAaKOX IIPOTIB
HaCIHHsI JILOHY, SIIIpa ropixa, HaciHHs rapOy3a Ta HaciHHI KyHKYTY (Ipobot, MuXoHIK,
CemenoBa & @anenaui, 2018) ta koHomsiHOT MakyxH (Poji¢, Hadnadev, Hadnadev,
Rakita & Brlek, 2015).

IIpotu 3apoakis BiBca (I1I13B) Ta mioxiB mummmau (LIII) € moGivarMYU TIpO-
IDYKTaMH B TEXHOJIOTI1 BIBCSHOI Ta IIUIMIIMHOBOI OJ1iid. BOHH MiCTATh 3HAYHY KITBKICTb
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Xap4oBHX BOJOKOH (28,8 Ta 60,4% BinnosinHo), Bitaminu E, PP, rpymu B, momige-
HOJIM, MiHepaibHi pedoBrHHU. KpiM Toro, [1I3B MicTUTh 3HauHY KUIBKICTH G10JIOTTYHO
miHHOTO Oinka (23,0%), a LTI mae y cBoeMy ckiazii acKOpOiHOBY KUcIoTy (47 mr /
100 1), sixa € xJ100NeKapChbKUM MOJIIIIITYBaYeM OKHUCHOI Aii. PaHillie BCTaHOBIIECHO, 1110
noxasanHs 10...20% HI3B Ta 2...6% LI Bix 3aransHOi Macu OOpOIIHA i1 4ac
BUPOOHMITBA KHUTHBO-TIIIEHUYHOr0 XJ1i0a, MopsA i3 30arauyeHHsIM Horo (i3ionoriyHo-
(YHKIIOHAILHUMHY 1HTPEiEHTaMHU, TIPUBOJIUTH JIO0 TOKPAIEHHS EIACTHYHOCTI, TOPH-
CTOCTi, MUTOMOTO 00’eMy Ta (POPMOCTIHKOCTI TOTOBUX BHPOOiB. Lle 3yMoBIIO€ThCS
301JIBIICHHSIM NPY>KHO-EJIACTUYHHUX BJIACTUBOCTEH 1 ra30yTpUMyBaJIbHOI 31aTHOCTI TiCTa
3a paxyHOK YKPIIUICHHSI KJICHKOBHHH, a TaKOX MOKPAIIEHHSIM HOro po3IyNIeHOCTI Y
pe3yibTaTi iHTeHCUdiKalii MiKpoOioJIOTiYHUX Ta 010XIMIYHUX MPOLECIB Y MPHUCYT-
Hocti 3B Ta LTI (Oliinyk, Samokhvalova, Lapitska & Kucheruk, 2020; OmniiiHuk,
CamoxsaioBa & Jlanmiipka, 2019). Omxe, MOXKHA TTepeI0aYlTH BILIUB JIOCITITHUX IIIPO-
TiB Ha MIPOLIECH, 1110 CIPUYHHSIOTH 3MiHH MMOKa3HHKIB SIKOCTI XJ1i0a ITi/1 yac 30epiraHHs.

MeTa gocainKeHHsI: BABUCHHSI BIUIMBY CyMiCHOT'O BUKOPUCTaHHS IIPOTY 3apOJIKiB
BiBCa Ta LIPOTY IUIOIB LIMIILINHN Ha MPOLECH, IO BiAOYBaOTHCS B )KUTHBHO-IIILICHNY-
HOMY XJIi01 TiJ] yac 30epiraHHs.

J1s1 JOCATHEHHS MTOCTaBIEHOI MeTH C(OPMYIIbOBAHO TaKi 3aBAAHHS:

- BUBYUTH BILTUB CyMICHOTO BUKOPHUCTAHHS IIPOTIB 3aPOJIKiB BiBCa Ta TUIOIB IIIHII-
IIMHY Ha (i3UKO-XIMIYHI BIACTUBOCTI M’ SIKYIIKH JKUTHBO-MIIIIEHUYHOTO XJ1i0a 11 yac
30epiraHus;

- IOCIIIIUTH 3MIHY CTPYKTYPHO-MEXaHIYHUX BJIACTUBOCTEH >KUTHBO-TIIIICHUYHOTO
xJ1iba y IPUCYTHOCTI IIPOTIB 3apOJIKiB BiBca Ta IUIOAIB IIMIMIIMHU B MpoIieci 30epi-
TaHHS.

Marepianu i MeToan. Y 10CITiHKEHHIX BUKOPUCTOBYBAIM OOPOIITHO KUTHE 00UP-
He (JICTY 8891-2018), 6opomno nmennyne 1 copty (I'CTY 46004-99), xmibonekap-
ceki npecosani apixmxi (ACTY 4812-2007), cinb kyxoHHy xap4oBy (ACTY 3583-
2015), mutny Bomy (JCTY 7525-2014), CYXy XKHTHIO 3aKBACKY «Sapore Othello»
(Puratos Group, benbrist), mpoTn 3apoakiB BiBca Ta miuoziB mummuad (TY Y 15.8-
32062796-003:2008, Bupooruk HB TOB «KutomupbionpoaykT», Ykpaina).

KonTtponbauii 3pa3ok xmiba BUTOTOBISIIN OHO(A3HUM CITOCOOOM i3 CyMIIITi KHUT-
HBOTO OOJUPHOTO Ta MIIEHWYHOTO OOpOIIHA MEPIIOro cOpTy (Y CITiBBiAHOIICHH]
50:50) 3 momaBanHsM 2,5% cyxoi )kUTHBOI 3akBacky «Sapore Othello» (Puratos Group,
Benpris), 2,0% xmibomekapchKuX MpecoBaHUX APKIKIB, 1,5% KyxouHOT comi. I1ix gac
3aMIITyBaHHS TOCIITHUAX 3Pa3KiB TiCTa CyMICHO JOJIaBaJId IIPOTH 3apOKiB BiBca Ta
TUTOJIB IIUIMIIIMHA Y BU3HAYCHUX PaHillle ONTUMAIBHUX KUTBKOCTSX, SIKi ckiafgamm 16,0
Ta 4,2% Bij 3araqbHOI MacH JKUTHBOTO Ta MIIEHUYHOT0 OoporrHa BimoBinHo (YepeBko
Ta iH., 2021). Bomoricts Ticta ckiangana 48,7%. [lo3piBaHHS BCiX 3pa3KiB TiCTa 3MIiii-
cHioBasu npoTsrom 90 xB 3a temneparypu 30+£2°C, miciist yoro GopMyBaiu, BUCTO-
IOBAJIM Ta BUITIKAJIM TiCTOBI 3aroToBKH 3a Temneparypu 210+10°C npotsrom 25+2 XB.
BurieueHi 3pa3ku )KUTHBO-MIIIEHUYHOrO X110 ITiCIIs TIOBHOTO OCTUTaHHS (depe3 3 roj
TTicTIsl BUMIKaHHS) 3allaKOBYBAJIM B TIOJIIMEPHY HOJIIETUIICHOBY ILTIBKY Ta 30epirajiu 3a
temneparypu 19+1°C i BigHOocHOT BosiorocTi nosiTpst 70+5% npoTsirom 72 rox.

3MiHy (i3UKO-XIMIYHUX BIACTUBOCTEH XJ1i0a il yac 30epiraHHs OIiHIOBAJIH 32 110-
Ka3HUKaMH HOTO BOJIOTOCTi, BOAOTIOTIIMHAILHOI 31aTHOCTI (TinpodiIbHAX BIACTHBO-
CTeii) Ta KPUIIKYyBaTOCT.

MacoBy 4acTKy BOJIOTH B XJ1i01 BU3HAYa M CTAaHIAPTHUM METOJIOM IIUISIXOM BHCY-
HIyBaHHs 10 nocTiiHoi Macu 3a JICTY 7045:2009 (Ipo6oT Ta iH., 2015).
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BopomornmHanbHy 30aTHICTE M’ SIKYIIIKH XJ110a TOCTKYBaIN 32 METOIUKOIO, BH-
kiaaeHoo y (Ipo6ot Ta iH., 2006). M’ sIKyILKY MOAPIOHIOBAIIN Ta 3BAKYBAIH 3 T KPUX-
TH, AKY TIEPEHOCUJIU HA CUTO 1 IPOTATOM 5 XB 110 KPAIUIMHI J1oaBaiu 17 cM® IUCTHIIBO-
BaHOI BOIH. 3MOUEHY M’ SIKYILIKY 30Mpaliy i3 cuta i 3BaxKyBaji. KibKicTh MOriIMHYTOT
xiiboMm Bomu V (% Ha CP) po3paxoByBai 3a (hopMyIioro:

- (G, —-G,)-100-100
G,-(100-W)
ne G1 — maca xu1iba micis 3MouyBaHHs, T'; G2 — Maca HaBa)KKH XJ1i0a 0 3MOYyBaHHH,
r; W — MacoBa JacTka BOJIOTH y XJ1i01i, %.

KpumikyBaricts x1i0a BU3HaYaIM 32 BMICTOM KPUXTH, IO YTBOpHJIacs BHACTIIOK
CTPYILYBaHHS Ha BiOpauiifHOMY 3MilllyBayi BHACIIIIOK TEPTS ABOX IIMATKIB M’ SKYLIKH
(dpobort Ta iH., 2006). [Tokazank kpumkysatocti X (% 10 MacH M’SIKYIIKH) Po3paxo-
BYBaJIX 32 (POPMYIIOIO:

b

x =5 100,
G

2
ne G1 — Maca KpuxTH, T; G, — Maca HaBaKKH XJ1i0a, T.

CTpyKTypHO-MEXaHI9HI BIaCTUBOCTI X1i0a TOCIHKYBAIH 32 IOKA3HUKOM CTHCKY-
BaHOCTI (CTyleHeM MeHeTpallii), BU3Ha4e€HOTr0 Ha aBTOMAaTH30BaHOMY MIEHETPOMETPI
Labor, npuHumn xii IKOTo IpyHTY€ETHCS Ha BUMIPIOBaHHI OMOPY AOCIIAHUX 3pa3KiB
MIPOHUKAI0YOMY B HUX iHAEHTOPY (KyT o = 90°) (I'opaisuyk Ta iH., 2006).

BuxiiageHHs1 OCHOBHHX pe3YyJIbTATIiB A0C/i:KeHHs. Pe3ynbratu qociimKeHb
(13UKO-XIMIYHUX BIACTUBOCTEH JOCIIIHOTO Ta KOHTPOJIBHOTO 3pa3KiB YKUTHBO-TIIIC-
HUYHOTO XJIi0a MpOTsroM 30epiraHHs rnpejicTasieHi y Tadn. 1 ta Ha puc. 11 2. ITix yac
BUBUEHHS BIUIMBY IIIPOTIB Ha 3MiHYy BOJIOTOCTI BHPOOIB BCTAHOBJICHO, IO JOCTITHUH
3pa3oK XJ1i0a Ma€e BUILLY IOYATKOBY BOJIOTICTH MOPIBHSHO 3 KOHTPOJIBHUM 3Pa3KOM BiKe
miciist BuIlikaHas (Tabm. 1).

Tabnuys 1. 3mMiHa BOJIOTOCTI ;KUTHHO-NIIIIEHHYHOT0 XJ1i0a mix yac 30epiraHus
(n=3, p<0,05, 6=3...5%)

3pa3ku xiiba TpusanicTs 30epiranns xiuida, %
3ron 24 ron 48 ron 72 ron
Xni6 6e3 106aBOK (KOHTPOJIb) 46,0 434 40,3 38,6
X116 3 H3B-+IHITIHI 48,1 47,1 45,6 44,1

Le 3ymoBineHo sik GitbmIor0 BojoricTio Ticta 3 [1I3B Ta I, Tak i MeHIIUMU
BTpaTaMy BOJIOTH ITiJ] Yac BUIIIKAHHS 32 PAXyHOK 3HAYHOTO BMICTY Y IIPOTaX BUCOKO-
rizpodiTbHUX HEKPOXMAJILHKX ToJTicaxapuaiB Ta Oiika (y I1I13B). BeranosneHo, 1o i
npotsiroM 30epiranss xii0 i3 3B Ta [T Brpayae Boiory MEHII iHTEHCUBHO, HIX
KOHTPOJIBHUI 3pa30K: yepe3 72 ToJ] 3 HoYaTKy eKCIIEPUMEHTY HOro BOJIOTICTh 3HHU3HU-
nacst Ha 8,3% BiIIOBITHO, TO/I SIK BOJIOTICTh KOHTPOJBHOTO 3pa3ka — Ha 16,1%.

Taxa x TeHneHuis 30epiranacs i B 3MiHi TiApoQiTbHUX BIACTUBOCTEH KOHTPOIIb-
HOTO Ta JIOCJIiAHUX BUPOOiB. Sk CBiqUaTh npeacTaBieHi Ha puc. 1 naHi, KUIbKICTh MO-
TJIMHYTOT BOJM JOCIITHUM 3pa3KoM XJ1i0a 3a mepion 30epiraHHs 3uu3uiacs a 19,6%
BiJTHOCHO ITOYATKOBOI'O 3HAYCHHSI, TOJII SIK Y KOHTPOJILHOT'O 3pa3ka — Ha 39,1%.
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410 ~
390 A
370 A
350 4
330 -
310 A
290 A
270 -
250 A
230 A

210
3ron 24 ron 48 ron 72 rop

KinpkicTh nornuuyroi Boau, %

TpuBaicts 30epiraHHs, roJ

Puc. 1. 3mina rigpodinbHuX BIacTUBOCTEH M’ SIKYLIKH i Yac 30epiraHHs ;KUTHbO-
NIIEHUYHOro XJai6a: 1 — 6e3 nobaBok (KOHTpoub); 2 — 3 goxaBaHHsM LII3B+IITIII

Pe3ynbraTi BU3HAYCHHS 3MiHH KPHUIIIKYBATOCTI KOHTPOJIBHUX 1 JOCITITHIUX BUPOOiB
npoTsiroM 30epiranHs (puc. 2) TaKoX CBiAYATh MPO MO3UTHBHUM BIJIMB CYMiCHOTO JI0-
JaBaHHSI IIIPOTIB 3apOKiB BiBCA Ta IIOIB IMUTIIIMHN HA TIOKa3HUKH CBIKOCTI XJTi0a.

Tak, BelIMUMHA [ILOTO TOKA3HMKA JOCITITHOTO 3pa3Kka depe3 72 rof 3 IModYaTKy
JOCITJDKeHHs 30U1bImnacs y 3,8 pasa, Toi SIK KPUILIKYBaTiCTh KOHTPOJIBHOTO 3pa3ka
3pocina 3Ha4Ho Oinbire — y 6,0 pasis.

Binomo, 110 mponecu 4epcTBiHHS XJ1i0a MPU3BOISATH 10 MOTIPILICHHS HOTO CTPYK-
TypHO-MEXaHIYHHX BIaCTUBOCTEH. M’sKyIlIKa BUPOOIB YIINbHAETHCS, BTpavae ena-

CTHYHICTB 1 IPYXHiCTb.
4 -

/j

24 48 72

Kpukysaricts, %
o ' »
(9] —_ [0, [\S] (9]
| |

(e}
w

TpuBaiicTh 30epiranHs, ro

Puc. 2. 3mina kpukyBaTocTi M’AKYIIKH IiJ Yyac 30epiranHs ;KM THHO-NMILEHNYHOT0 XJIi0a:
1 — 6e3 106aBok (KOHTPOJIB); 2 — 3 nogaBanHsaM LII3B-+IITIIII
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Pe3ynbraTti BU3HAYCHHS 3MiHH CTPYKTYPHO-MEXaHIYHHUX BIACTUBOCTEH JIOCITHUX
Ta KOHTPOJILHOTO 3pa3KiB XJ1i0a 3a OKa3HUKOM CTHCKYBAHOCTI IPEICTaBICH y Ta0I. 2.

Tabnuys 2. 3MiHA CTHCKYBAHOCTI KUTHbLO-IILIEHMYHOTO XJ1i0a nix yac 30epiraHus
(n=3, p<0,05, 6=3...5%)

3pa3ku xiiba TpusanicTs 30epiranns xiuida, %
3rox 24 ron 48 ron 72 ron
Xni6 6e3 100aBOK (KOHTPOJIb) 40,0 35,0 27,0 19,0
Xni6 3 HI3B-+IITIIIT 47,0 44,0 38,0 30,0

BcranosneHo, 1m0 M’SKyIIIKa CBKOBHITCYCHOTO XJTi0a 3 JI01aBaHHSAM IIPOTIB MaJia
Ha 17,5% BuIIMI MOKA3HUK CTUCKYBAHOCTI, HK KOHTPOJIBHUI 3pa3oK, L0 CBiTYHUTH
po Kpamty ii enacTudHicTh. [lominmenHs CTpyKTypH JKHTHbO-TIIIIEHUIHOTO XJ1i0a 3Ha-
YHOIO MipOIO 3yMOBJICHO YKPITUICHHSIM KJICWKOBUHH MIIEHUYHOTO OOPOIITHA TIiJT €10
ackop0OinoBoi kuciotu LTI ITpoTsirom ekCepuMeHTY CTUCKYBaHICTh M’ SIKYIIKH
JOCITITHOTO 3pa3ka 3MEHIITYEThCSI MEHII iHTEHCHBHO: Ticist 72 Tox 30epiranus il Benn-
YrHa y XJ1i0a 31 MPOTaMH 3HU3MIIACS BiTHOCHO MOYaTKOBOI Ha 36,2%, TOmi SIK y KOH-
TpONBHOTO 3pa3ka — Ha 52,5%. Ciig 3a3Ha4uTH, 10 CTUCKYBAHICTh M’ SIKYIIKH J0-
CITITHUX 3pa3KiB xumiba gepe3 72 rof 30epiranHs Oyina BUIIO0, HIXK y KOHTPOIBHOTO
3paska uepes 48 rox. Lle, IMOBIpHO, MOB’SI3aHO 31 3HIKEHHAM MIBUAKOCTI peTporpa-
Jarii KpoXMairo OOpoIrHa 3a paXyHOK OOBOJIKaHHS MOJIEKYJ aMiJIO3H Ta aMLIOTeK-
TUHY HasBHUMHM Y IIPOTax reminenrono3amu. Kpim Toro, ngocmigHi BUpobu MaioTh
BUIINH, HDK Y KOHTPOJIBHOTO 3pa3Ka, BMICT OijIKa, A€HATypalliifHi 3MiHH SKOTO BijI-
OyBaroTHCS 3HAYHO MOBLUIBHIIIE, HIK CTAPiHHSI KPOXMAIIO.

BUCHOBKM

1. Becranosneno, mo cymicHe noxaBanHs 16,0% mpotiB 3apoakiB BiBca Ta 4,2%
LIPOTY TUIOAIB MIMIIIMHY CIIPUSIE MEHII iIHTEHCUBHOMY TOTIiPIIEHHIO (hi3UKO-XiMIYHUX
MTOKA3HUKIB SKOCTI JKUTHBO-TIIICHUYHOTO XJ1i0a 1M1 9ac 30epiraHHs, TAKUX SK BOJIO-
TiCTh, HAMOYYBAHICTh 1 KPUIIIKYBATICTh M’ SIKYTITKH.

2. [IpoTarom ycsoro TepMmiHy 30epiranHsi JOCHiIHI 3pa3KiB >KUTHBO-IIIIEHHYHOTO
XJ1i0a TIOPIBHSIHO 3 KOHTPOJILHUM 3pa3KoM 0e3 J00aBOK MalOTh BHII TTOKa3HUKH CTH-
CKYBAHOCTI M’SIKYILIKH, IO CBIIYNTH PO YIOBUILHEHHS MIPOLIECIiB YSPCTBIHHSI.

OneprkaHi pe3ysbTaTd BKa3yloTh HA 3HAYHUH MOTEHIial IIPOTIiB 3apO/IKiB BiBca Ta
TUIOZIB IIHMIIIMHA JJIS TIOJATBIION0 BUKOPHUCTAHHS Y TEXHOJOTIAX Xi0a >KUTHBO-
MIIICHUYHOTO TOJIOBXKEHOTO TEPMiHY 30€piraHHs.
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The article examines the domestic market of sauce products.
The market of sauce products in Ukraine has a diverse range in
composition and taste. However, the needs of the modern con-
sumer are growing rapidly. Market operators are constantly re-
viewing supply, responding to new needs and changing popula-
tion demand.

Ukraine has a fairly wide range of sauces. Fruit-based emul-
sion sauces became especially popular, as they add flavor to fi-
nished products, in particular, meat products, improve the appe-
arance of the finished product, and increase the biological value.
It was established that at the market of sauces there is a tendency
to increase consumer demand for products from high quality na-
tural raw materials, without the use of artificial components,
thus, the urgent task is to develop and implement new sauces.
The modern directions of development of technologies of sauce
production, the range of emulsion food systems which are used
to manufacture sauces of this category are analyzed. The ex-
pediency of using emulsion systems as the main component for
the production of multifunctional fat base of food products, the
use of which allows to increase the content of biologically active
substances in the finished product, was substantiated.

Six formulations of emulsion sauces were developed, refi-
ned sunflower oil was used as a fat base, silica and dry whey
were added to increase the emulsifying ability and stabilize
structure.

It was established that the use of silica and whey powders in
sauces increases the stability of emulsion systems. In the sample
with the introduction of the maximum amount of these additives
the highest rate of stability of the emulsion regardless of heat
treatment was observed. It is noted that the use of silica in the
amount of 1.5 and dry whey in the amount of 6.5 provides the
best organoleptic characteristics of the obtained sauces.
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AOCNIAXEHHA CTABIJIBHOCTI NOKA3HMKIB
nIoaoBUX EMYJIbCIMHUX COYCIB

3 BUKOPUCTAHHAM CYXOi MOJIOYHOI CUPOBATKM
TA NIPOrEHHOrO0 KPEMHE3EMY

B. M. Ilaciunmii, T. O. Xopyn:xa, O. II. ®ypcik, B. II. Pyxiok
Hayionanenuii ynieepcumem xapuo8ux mexnonozii

Y emammi docnidoiceno gimyusnsanull punox coycroi npodykyii. Punox coycnoi
npodykyii 6 Yrpaini mae pisHOMAHIMHUIL 30 CKIAOOM | CMAKOBUMU 8IACHUBOCHIAMU
acopmumenm. Ilpome nompebu cyuacnozo cnoscusava cmpimko spocmaioms. One-
pamopu punKy ROCIItIHO REpPenAaiomy HPONO3UYlio, peazylouu Ha HO8i nompebu ma
3MIHY HONUMY HACENEHHS.

B Yxpaini oocumw wupoxuii acopmumenm coycis. Ocobausoi nonynaprnocmi Haoy-
JIU eMYAbCIUHI cOyclU Ha PPYKMOBSI OCHOBI, adxce 60HU 000AIOMb 20MOBUM BUPOOAM,
30KpemMa M SICONPOOYKMAam, CMax, NOKpAuyyioms 308HIUHIN 8USTISI0 20108020 NPOOYK-
my, nidsuwyroms 0ioN02IiuHY YiHHICMb., Bcmanoeneno, wo Ha punKy coycie cnocmepi-
2aemvcs. menoeHyis 00 30iNbUIeHHST CHOHCUBH020 NONUMY HA NPOOYKYIIO 3 HAMYpa-
JIbHOI CUPOBUHU GUCOKOI AKOCMI, 6€3 BUKOPUCTHAHHA WIMYYHUX KOMNOHEHMIS, MOMY
AKMYQIbHUM 3a80AHHAM € PO3POOKA I 6NPo8adicents Hosux coycie. Ilpoananizosano
CYYACHI HANPAMU PO36UMK)Y MEXHOL02IN COYCHOI NPOOYKYIL, ACOPMUMEHT eMYIbCill-
HUX XQP4UOBUX CUCMEM, SIKi BUKOPUCIOBYIOMbCS NPU 8UPOOHUYMEI COYCig Yici kKamezo-
pii. ObrpyHmogano 0oyinbHicmb 3aCMOCyY8aAHHA eMYAbCIUHUX CUCTEM K OCHOGHOL
CKAa0080i 071 8UpOOHUYMEA OA2amOoDYHKYIOHANLHOT HCUPOBOL OCHOBU XAPUOBUX NPO-
OYKMiB, UKOPUCTANHSL AKOL 0a€ 3M0O2Y NEOSUWUMU GMICH OION02IUHO AKINUBHUX PEUO-
sun (bAP) y comosiii npodykuyii.

Pospobnerno wicme peyenmyp emynbCillHUX COyCi6 Ha CIUB08IL OCHO8I. K scupogy
OCHOBY BUKOPUCIMOBYBANU OJiI0 COHAUHUKOBY paghinosany, 0 30i1buweHHs eMYIbe)-
10401 30amuocmi ma cmabinizayii cmpykmypu 000anu Kpemnesem ma cyxy MOJIOUHY
CUPOBAMKY.

Bcmanoeneno, wjo sukopucmanus y cknadi coycie KpemHesemy ma Cyxoi MoaoyHoi
cuposamxu niogUWYe CMadiibHiCMb eMYIbCIHUX cucmem. Y 3pasky 3 6HeCceHHAM
MAKCUMATILHOI KilbKOCT 000a80K 0Y8 8I0OMIYeHULl HAIGULYULL NOKAZHUK CMADIIbHOCII
eMYbCIl He3aedcHO 8i0 memnepamypHoi 0o6pooxu. BiomiyeHno, wo uKOpUCMaHHA
KpemHezeMy 6 Kinvkocmi 1,5 ma cyxoi monounoi cuposamxu 6 xinbkocmi 6,5 3abe3ne-
Yye HAUKpawyi OpeaHoaenmuyti NOKA3HUKY OMPUMAHUX COYCIB.

Kniouoei cnosa: coyc, emynvcis, Kpemuezem, cyxa MOIOYHA CUPOBAMKA, CIUBO-
BULL oyem.

IMocTtanoBka npodjemMu. CbOT0JIHI 3pOCTAE TMOIYJIIPHICTD 1 MIOMUT HA COYCH Ta
MIPOAYKTH 3 iX BUKOpHCTaHHAM. Oco0irBa yBara mpUIlIIEThCS eMYyIBLCIHIM coycam
Ha OCHOBI (DPYKTIB, Arin Ta oBouiB ([psikoHoBa & Ctenanora, 2015). Bukopucranas
YKHPHOI OCHOBH 3HAYHO CKOPOYYE Yac Ha MPUTOTYBAHHS COYCHHUX BUPOOIB, TIOKpAIIye
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ii IKICTh, Aa€ 3MOT'Y BIIOCKOHATIOBATH 1CHYIOYI TEXHOJIOT1i BUPOOHUIITBA EMYITBCIHHIX
MIPOIYKTIB 1 pO3MIUPIOBATH AaCOPTUMEHT COYCIB, 3ampaBok, mact Tomo (Kykesud &
Pynasceka, 2012; MaeBcbkuii, 2019).

Coycu Ha OCHOBI IJI010BOi CHPOBHHHM KOPUCTYIOTBCS IOMUTOM y Oararbox KpaiHax,
HaOyBalOTh BCE OUIBITION TIOMYJISIPHOCTI 1 cepell CIIOKUBAYiB BITYM3HSHOTO PUHKY. B
YkpaiHi peami3yeTbCs TOCUTh ITUPOKUI aCOPTUMEHT COYCiB Ha OCHOBI TIIOJTIOBOI CHPO-
BUHHM — aHaHacy, KypaBJIMHH, KH3HWIY, JUMOHA, KOKOCA, MAHT'O TOLIO, 10 POOUTH
BapTICTh MPOAYKIIil JOCUTH BUCOKOIO 1 JUKTYE HEOOXITHICTH TIOHOBJICHHS aCOPTH-
MEHTY MPOIYKIIT MiIMPHEMCTB XapUOBOi MPOMHUCIIOBOCTI 32 PaXyHOK BHKOPUCTAHHS
CHPOBHHH MicLieBoro noxopkeHHs (Xopymxka & Ilaciunuii, 2020).

Coycu MIMPOKO BUKOPHUCTOBYIOTHCS MPH BUTOTOBJICHHI M’ siconmpoaykTi (Pasich-
nyi, Yushchenko, Mykoliv & Kuzmyk, 2015; Pourkomailian, 2000).

[MoTtpeOye GBI TOCKOHAIOrO BUBYCHHSI TUTAHHS BUKOPHCTaHHS (PPYKTOBOI Macu
SK OCHOBH JJISl COYCy JUIA iX 30arayeHHs: 010I0T1YHO aKTUBHUMH CIIOJYKaMH, TOMY
MEPCIIEKTUBHIM HAIPSIMKOM € PO3POOJICHHS TEXHOJIOTIT HOBUX BHIIB COJIOAKHX COY-
CiB, JIO CKJIaTy SKHX BXOISTH (PPYKTOBI OCHOBH, SIKi XapaKTCPU3YIOTHCS BUPAKCHIMHU
(YHKIIOHATEHUMH BIaCTUBOCTAMH. Lle 1acTb 3MOTy po3IIMPUTH aCOPTUMEHT COJIO.-
KHX COYCIB, MMOKPAIIUTH IX KOJIp, 3HA3UTH €HEPTeTHYHY IIHHICTh, BMICT I[yKpY Ta
3MeHIHTH BapTicTh (MakapoB & Bnaznesa, 2008).

AHaJi3 ocTaHHIX T0cTiTKeHb i myomikamiii. [IpodieMu po3mmpeHHs acopTUMeH-
Ty BUCOKOSIKICHUX MPOIYKTIB eMyJIbCiiHOTO TUIy, 30arayenux BAP, 3 Bupaxenum
BIUITMBOM Ha OpraHi3M JIOAMHHM JOCHIDKeHI y mpaisgx A. B. 3i0lKOBCBKOI,
. A. I'ponstroBa, O. B. Macsrinoi, A. B. XKmyns, M. A. Kamkano, O. C. [laypiHoi.
[IpoGremoro po3poOKH cOYCIB i3 MiABUIICHUMH NOKa3HUKAMH SIKOCTi, 30KpeMa 30epi-
T'aHHS BITaMiHiB, MIKDOESJIEMEHTIB, 010JIOT1YHO AKTHBHHUX PEUOBHH Ta 30aradeHHs HUIMU
MPOAYKTIB HAa OCHOBI IUIOIOBOATINHOI cUpoBHHHU 3aiimatoThesi P. FO. IlaBmioxk,
M. ®. Kpasuenko, A. A. [yb6inina, JI. M. Tenexxenxko. [Ipore anani3 icHytoumnx pe-
LENTYp COYCiB MOKa3aB, IO A0 IHOT0 Yacy acOPTHMEHT 3aJIMLIAETHCS OOMEXEHHUM,
BKJTIOYAE TIOMTUPEH] BUIM CUPOBUHH, HE BUKOPUCTOBYIOTHCS ITMPOKI MOYKITUBOCTI TTiJI-
BUIIICHHS Xap4yoBOi IIHHOCTI Ta 0i0JOTIYHOI aKTUBHOCTI 3a paxyHOK (QpykTiB (MaeB-
cekuit, 2019; Cnamea, [TonoBa & Knumenko, 2017)

Tox akTyajdbHMM IUTaHHSIM € CTBOPEHHS HOBHUX BHIIB COYCiB Ha ()pPYKTOBIH
OCHOBI, SIKI MAIOTh OJTHOPITHY KOHCHCTCHITIFO, IPUBAOIMBHI 30BHIIIHIN BUTJIS TA BH-
COKi (pyHKLIIOHAIbHI BIACTUBOCTI.

MeTo10 10CTiIKeHHS € PO3POOIICHHS OJHOPITHUX CTA0LTEHUX eMYJILCIHIX COY-
CiB Ha ()PYKTOBII OCHOBI 3 BHCOKUMH OPTaHOJICTITHIHUMH XapaKTCPUCTHKAMI.

Martepiaan i metoan. OnHi€r0 3 OCHOBHUX XapaKTEPUCTUK COYCIB € TEKCTYpa,
SIKICTD SIKOI 3aJIEKUTh HE TIIBKHU Bil OCHOBHMX 1HIPEII€HTIB, ajie i BiJ| 3aryllyBayis,
SIKI BUKOPUCTOBYIOThCS B perientypi (Xopynxa, [laciunnii & ApTtiox, 2020). Yepes
BHCOKHI BMICT )HUPY B eMYJIbCIHHUX COycax MOXKHA CIIOCTEPiraTd HEOAHOPIAHICTD
KOHCHCTEHLIT NpoayKTy. [ysi CTBOPEHHsI COYCiB Ha eMYJbCiHHIM OCHOBI BUKOPHCTO-
BYBaJIM CIIMBOBHH OIIET, SIK JKUPOBY OCHOBY BHKOPHCTOBYBAJIH OJIiF0 POCIMHHY padi-
HoBany TM «Illeapwuii napy». s crabinizanii eMynbCiiHOT CTPYKTYpH COYCY BUKOPH-
CTaJIi CyXy MOJIOYHY CHpOBaTKy Ta kpemHe3eM. Kpemueszem (ES551) — me xapdosa
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no06aBka (HAHOKOMIIO3WT), IO MEPEIIKOKAE 3ISKYBAHHIO 1 TPYIKYBaHHIO, aHTH-
CITIHIOIOYMIA areHT, OCBITIIOBAY. 3a 30BHIIIHIM BHUITBIIOM KpEMHE3eM — II¢ ITyXKHU
rony0OyBaTo-0inii HOpoLIoK abo MmyxKi rpanyiu 0e3 cMaky i 3amaxy (Xomud, Tkay &
Kupunsuenko, 2017).

OO0’ €exTOM MOCIIPKEHHS € TEXHOJIOTISI eMYyJIBCIHHUX COYCIB, 10 CKIIAmy SKHX BXO-
I4Th (HPYKTOBI OCHOBH 3 BUPOKEHUMH (DYHKIIOHAIBHUMH BIAaCTHBOCTAMH. [Ipenmer
JOCHIDKEHHS: eMYJIbCiiHI PPYKTOBI COyCH 10 Ta Micisl TETJIOBOTO HArpiBaHHA (Tia-
cTepu3ariii).

Y mporieci TOCHiKEHb BUKOPUCTOBYBAIH TPAIUIIIMHI METOIN 11 BU3HAYCHHS
CTabLIBHOCTI eMyJIbCii, OPTraHOJIENTUYHOTO OLIHIOBaHHA. BH3HAUEHHS pEOJIOTTYHMX
MOKa3HMKIB EeMYJIbCIHHUX COYCIiB MPOBOJIMIIN 3 BUKOPUCTAHHSIM POTALiHOTO BiCKO-
sumerpa REOTEST-2.

Penentypu pociigHux 3pasKiB cOyciB mpencTaBiieHi B Tao. 1.

Tabnuys 1. Penentypu coycis

Hocminmmii CnuBoBuii ouet, % | Kpemnuesem, % Cyxa MOJ'IO‘-I(I;I a . Oz
3pa3’ok cupoBaTka, % padinoBaHa, %
Nel 75 1,5 6,5 17,0
No2 60 1,5 6,5 32
Ne3 75 1,5 6,5 17,0
Ne4 65 0,5 2,5 32
Ne5 90 0,5 2,5 7,0
Ne6 90 1,5 2,5 6,0

[lepen mpoBeneHHIM AOCHIIIKEHb BUTOTOBIISUTN TOCTIIHI COYCH LIUISIXOM 3MiITy-
BaHHS IHTPEIIIEHTIB.

J1J1s BCTAaHOBJICHHS BIATIOBITHOCTI (PYHKI[IOHAJIBHUX XapaKTEPUCTUK IPOBENHU J10-
CITIIDKEHHS ITOKa3HUKIB €MYJIBI'YIOUOi 3TaTHOCTI Ta CTa01IFHOCTI eMYJIbCil, a TAKOXK
BU3HAYMIIA PEOJIOTIUHI BIACTUBOCTI OTPUMAHHUX cOYCiB. OCKIIbKM 3arpOnOHOBAHUI
MPOAYKT INTAHYETHCS B IOJATBIIOMY BUKOPHCTOBYBATUCh Y TEXHOJIOTIT M’ ICHUX BHPO-
01B MOIOBYKEHOTO TEPMiHY 30epiraHHsl, JOCIIININ CTa0LTBLHICTh €MYJIBCIH 1 PEOJIOTIYHI
BJIACTHUBOCTI JOCIITHUX 3pa3KiB MpU TepMiuHii 00poOui (mactepusawist mpyu Temie-
patypi 90°C i tpuBasnocti 120 xB). [licnst TepmiuHOi 06pOOKH AOCTIHI EMYJIbCIT 0X0-
JIOJIKYBAJIH JIO KIMHATHOI TEMITEpaTypH.

Jiist nocmipkeHb eMyNbCiiHOT 31aTHOCTI pO3pOOJICHIX KOMIIO3UIIIN BU3HAYMIN
MOKA3HUKH CTIMKOCTI eMyJIbCil IIISIXOM BUMIPIOBAaHHS KUJIBKOCTI OJIi1, L0 BiAiIMiIacs
IICJIsS BUTOTOBJICHHS €MYJIbCIT Ta MiCIs HarpiBaHHsA npu Temiepatypi 85°C.

Peororiuni BIacTHBOCTI XapaKTepru3yBav IIITXOM BH3HAUCHHS TIOKA3HUKIB eek-
THBHOI B’I3KOCTI Ta JOTUYHOTO HAIIPYKEHHS 3CYBY.

PesyabTaTn i 00roBopennsi. BayxmBuMy NOKa3HUKOM, KU BU3HAYAE rapame-
TPY BUKOPHUCTAHHS €MYJIbCIHHUX COYCIB Y TEXHOJIOTISI M’ ICHUX BHPOOIB, € iX cTabiib-
HicTb. s 11 BU3HAYEHHS IPUTOTOBaHI COyCH BUTPUMYBAJIHU NP KIMHATHIHN Temrie-
patypi 15 xB. IIpoTsirom 1poro yacy crocrepiraiy 3a po3roIiioM BOAHOI Ta JKUPOBOT
¢as3u y ckiazi eMyibcii Ta BU3HAYAIM YacTKy KOXHOI 3 BiamijeHux ¢as. Pesynbratu
OTPUMaHKX JaHHX JJIs COYCIiB HaBe/ieHi B TaOI. 2.
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Tabnuys 2. Po3moaia ckJIagoBUX eMyJIbCiliHHX coyciB B 06’ €Mi IpU BiIcTOIOBaHHI

Penenrypa Bonna dasa,% EmynbroBana ¢asa, % Kuposa daza, %
1 — 99,5 0,5
2 - 100,0 —
3 15,5 79,2 53
4 8,7 91,3 —
5 6,2 93,8
6 12,3 87,7 —

Ha ocHOBI OTprMaHUX JaHUX BU3HAYAIN 31aTHICT CKJIAJIOBUX KOMIIOHEHTIB COYCY
MOTTIMHATH Ta YTPUMYBATH MOJIEKYJIH BOJIH 1 )KUPY B YTBOPEHIN CTPYKTYPi.

HaiiBummuii moka3HUK eMyJbryI04oi 3JaTHOCTI BiIMIYEHUH AJIs JOCIIAHOTO 3pa3-
ka Ne 1. HaouHo omuicaHi gaHi MPOAEMOHCTPOBaHi Ha puc. 1.

X S, o e

Puc. 1. Emy.abciiiHi coycu 10 TepMiuHOro o6pod/ieHHst

Jlst BcTaHOBNCHHS 34aTHOCTI 30€piraTy CTabUTLHICTh YTBOPEHOT EMYJIBCil B IPO-
neci TepMiuHOi 00pOOKH (SIKa MOJIEINIOE IpoIlec MacTepu3allii M’ SICHUX BUPOOIB)
CHOCTEpITaIH 32 PO3MOAITIOM (a3 eMyIbeii micis il BATpUMYBaHHSI TIPH TEMIIepaTypi
0—4° i momanpmoro BijIcTOIOBaHHIO (Tab. 3).

Tabnuys 3. Po3nogiji ckiIagoBuX eMyJabCiiiHUX coyciB B 00’ €Mi npu BiicTOIOBaHHI micJist
TepMiyHOI 00p0o0KHU

Penenrypa Bonna daza,% EmynbroBana ¢asa, % Kuposa daza, %
1 — 84,9 15,1
2 — 100,0
3 — 74,7 25,3
4 — 86,2 13,8
5 — 62,8 37,2
6 — 75,8 24,2
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3HaYeHHs MOKa3HUKA CTIHKOCTI eMyJbeil uist 3pa3ka Ne 2 — He 3MiHHIIOCS 1 CKIla-
nae 100%. st pemTy coyciB MOKa3HUK eMyJIBIYI0U0] 31aTHOCTI MOTIPIIMBCS. 3 JaHUX
Tabm. 3 BUAHO, IO p03p06J'ICHi CKIIa1 KOMH03HuiI71 3 BMicTOM oJ1ii Ne 2 MarOTh Haii-
BHIILY EMYJIbIYIOqY 31aTHICTh i 30epirarots ii micis nacrepusanii. Le moscHioeTsest
BIIACTHBICTIO CHPOBATKH 0GBOJIIKATH JKHPH, 1O 3a100irae ix 31MTTIO Ta cTabinisye
emyIbciro. Takoxk BiCTEKYETHCS MO3UTHUBHUI BIUIMB KPEMHE3eMY Ha CTaOUIBHICTD
eMYJIbCIi Ta 34aTHICTD 10 eMynbryBaHHs. HaouHo onucaHi 1aHi IpoieMOHCTPOBaHi Ha
puc. 2.

Puc. 2. Emyabciiini coycu niciis Tepmiunoro oopodaenHs (macrepusanii)

OCHOBHOIO BIIACTHBICTIO, siIKa 00YMOBITIOE TIPUBAOIMBICTS HOBOT MPOIYKIT ISt
CIIO)KHMBAYiB, € OPTAHOJICIITHYH] OKa3HHUKH.

Byro npoBeieHo opraHoNIeNTHYHY OLIIHKY eMYJILCIHHUX COYCIB JIO Ta MiCIIS TeTUIo-
BOro 00poOIieHHs. B mporieci opraHojenTHYHOro OmiHIOBaHHS BU3HAYAM TaKi XapaK-
TEPUCTHKH: CMaK, 3ar1ax, KOJip, 30BHINHIH BUTJIST, OMHOPIAHICTE TeKCTypr. OTprMaHi
Pe3yJIbTaTH OPraHOJICNTHYHOTO OLIHIOBAHHS COYCIB JIO Ta Micis HarpiBaHHS MPe/-
CTaBJIeHO Ha puc. 3 Ta 4.

30BHINTHIN BATIIST
5

OnHOPIHICTD

Komip
TEKCTYpH

3amax CmMmak

Jocnigauii 3pazok Nel Hocniguuii 3pazok N2
Jocminauii 3pa3zok Ne3 Jocminauii 3pa3zok Ne4
Jocnigauii 3pa3ok Ne5 Hocnigauii 3pa3ok Ne6

Puc. 3. lIpodinorpama opranojienTHYHUX NOKA3HUKIB eMyJabCiiiHUX coyciB
A0 TepMi4HOro 00po0d/IeHHs
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Sk BUAHO 3 HpecTaBieHol npodigorpaMu (puc. 3), HAMBHIII OPraHOJCITHYHI
OIiHKH MatoTh perienntypu Ne 1, No 2, No 3 ta Ne 4. Ile, Ha Hamt o, oOyMOBICHO
THUM, 1110 TIPY HAsIBHOCTI B peLENTypax pOCIMHHOI oii B KifibKocTi 17—32% B noen-
HaHHI 3 MPOreHHUM KPEMHE3EMOM Ta CYXOI0 MOJIOUYHOIO CUPOBATKOIO IOCATAETHCS
cTalli3amist AUCTIEPCHOCTI MOJICIIEHUX COYCIB.

30BHIIHINA BUTJISA]
5

4
3 OpnHOpiAHICTh
Cmaxk JIHOPLL
TEKCTypH
3amax Koumnip
Jocnigauii 3pazok Nel Jocnimauii 3pa3ok Ne2 Jocnigauii 3pazok Ne3
Jocniguuii 3pa3ok Ne4 Jocnigauii 3pasok Ne5 —— Jlocniguuii 3pa3ok Ne6

Puc. 4. IIpodinorpama opraso/ienTHYHNX NOKAZHUKIB coyciB
nicJisi TepMivHOr0 00po0JieHHs (MacTepu3aii)

[Ticns TermoBoro oOpoOJICHHS Kpally OPTaHOJICITHYHY OIIHKY OTPHMaB COYC,
BUTOTOBJIEHUH 3a petenTyporo Ne 2. Takuii BapiaHT cOyCy HE BTPaTHUB OJHOPITHOCTI
eMybcii 1 micns nactepusanii. [Ipu npoMy coyc Mae rapHuii cMak, KOJIip Ta apoMar.

Jlis BU3HAUEHHS penentypHoro ckiany coyciB (ITaciunuit & Sctpeda, 2013) mo
Ta Mmicys macTepusauii BUKOpHCTaHo poranianii Bickozumerp REOTEST-2.

Ha puc. 5 ta 6 npeacTaBneHo 3MiHy epeKTUBHOI B I3KOCTi MOJICIIBHUX COYCIB BiJ
KyTOBOI IIBUIKOCTI JIO0 Ta IICJIsI POBEICHHS nacTepu3altii. Ha puc. 7 ta 8 mpencrag-
JICHO 3MiHYy 3HA4Y€Hb JIOTHYHOTO HAMPYXEHHS 3CYBY BiJ IpaJi€HTa HAIPY>KCHHS.

3 MpeACTaBICHUX Ha PUC. 5 3aJIeKHOCTEH BUIHO, IO BUILI 3HAYCHHS €()EKTUBHOI
B’SI3KOCTI BiJ] KyTOBOIO 00EpTaHHs LTI HApa pOoTopa MaroTh 3pa3ku Ne 1—4, 1o y3roxa-
KYETBCS 3 IOKA3HUKAMH 1X OPTaHOJETITUYHOI OI[IHKH.

[Ticns macTepusartii BinOynoch 301IbIIICHHS 3HAY€Hb €(DEKTHUBHOI B SI3KOCTI JIJIs
BCiX BapiaHTiB coyciB (puc. 6). OnHak HaHOLIBII eheKTUBHO 301IbIIYBaIack B’ SI3KICTh
y coycax Ne 6, Ne 4 ta Ne 2. XapakTepHO JUIs IMX 3pa3KiB OyJia HasBHICTb y pPeLer-
Typax OiIbIIOT YACTKHU MIPOreHHOT0 KpeMHe3eMy abo BMICTY OJTii.

Opnak coyc Ne 6 B mporreci TEeIioBoro oOpoOIeHHs 3HAYHO PO3IIAPOBYBABCS, 110
HE J1a€ 3MOTH PEKOMEH/TyBaTH HOTO JUTsi BAPOOHHIITBA.

[pencrasmeni Ha pric. 7 Ta § 3aJIEKHOCTI IOTHYHOTO HAMPY>KEHHS 3CYBY BiJl rpa/ii-
€HTa HalPY KEHH Y3TOIKYIOThCS 3 TIOKa3HUKaMH 3MiHH e(DeKTUBHOI B’I3KOCTI 1 OpraHo-
JICITUYHMMH TTOKa3HUKaMH eMYJIbCIHHUX COYCIB.
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25000,0

20000,0

15000,0

10000,0

EdexruBHa B's13KicTh, [Ta‘c

5000,0

0,0

y1=-15,105x3 +406,76x2 — 3687,3x + 12041 12 = 32138¢-0,358x

R*=0,9972 R2=0,9972
13 =—18391n(x) + 4634,6
R =09711
34 =1,5918x4 — 56,187x3 + 738,2x2 — 4417,5x + 11231
R>=0,9996
V5 =—732,3In(x) + 2046,1
=0,9745

y6 =—-6,8246x3 + 165,75x2 — 1368,5x + 4652
R>=0,9863

a2
— P,
‘\*\'\Fﬁr' S =

0,55 1 1,67 3 5 9 15 27 45 81 135 243
Yucno obeptis, 1/xB

©® JTocnimamii 3pa3ok Nel Jocmigauit 3pazox Ne2 ® JTocninamii 3pa3ok Ne3
® Jlocninamii 3pa3ok Ne4 ® Jlocmigauii 3pa3ok Ne5 Hocniganii 3pazok Ne6

Puc. 5. 3anexnicTh nokasHuka epeKTUBHOI B SI3KOCTi JOCTiTHUX 3pa3KiB eMyJIbCIHHUX

coyciB Biji unci1a 00epTiB poTopa 10 nacTepu3anii

8000,0
7000.0 o yl1=-1124In(x)+ 33273 y2=6873¢-0,257x
’ . =0,9624 R*=0,9953
Q y4=15081,2¢-0,186x
& 6000,0 13 =-4,7301x2 + 2,85 + 1082,3 R = 0.6666
; e - R>=0,6065
£ 50000 - @,
E 5 = 3452,2x-0,802
=X p . '.. Y= ,2X—Y,
= 4000,0 . O s R>=0,9588
T - 9 ()
£ ‘ BN ] ... R?*=10,9965
0 2 900
£ 2000,0 T g
......... ® "--...'-..‘.:,_.“ .'.-.._..
1000,0 o g G i
‘ ...... ‘ ..... .‘.xu...o.,‘ “."—%.-‘...!.‘.‘.6
0,0
055 1 1,67 3 5 9 15 27 45 81 135 243
Yucno obepris, 1/xB
® JTocnigauii 3pazox Nel ® JTocmignuii 3pazok Ne2 Jocninanii 3pa3zok Ne3

Jocninauii 3pa3ok Ned ® JlocninHuii 3pa3ok Ne5 ® JTocnigHuii 3pa3zok Ne6

Puc. 6. 3aaexnicTh nokasHuka epeKTUBHOI B SI3KOCTi JOCTITHUX 3pa3KiB eMyJIbCIHHUX

coyciB Bi unc/ia 06epTiB poTopa mic/si nacTtepusamii
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’ *xxu:x.l“:“:' ..... cerlgrriiier ()

0,0 [ 44444H iiiieos ) o

03333 06 10 1,8 30 54 90 162 27,0 48,6 81,0 1458
I'panient HampyxeHHs Ha 3pi3, 1/c
® JTocninnuii 3pazok Nel @ Jlocnigauii 3pa3ok Ne2 Jocnigauii 3pa3ok Ne3
® JTocninnuii 3pazok Ned @ JocminHuii 3pa3ok Ne5 Jocnimauii 3pa3ok Ne6

Puc. 7. 3miHa JOTHYHOT0 HANIPY:KEeHHS 3CYBY JJIfl eMYJ/IbCIHHHX COYCIB 3a/1e3KHO BiJ
rpajai€eHTa HaNpysKeHHs Ha 3pi3 10 nacrepusauii

5 9000 27052602 30.416x 59825 0= 1341360293
E 800,0 R2=0,977 R2=0.983
S ? »
E: 700,0
2 600,0 ¥3=2,6039¢0,4703x y4=9.9161¢0,3644x SLPGR,
g R2=0,9211 2 = 8 .-
2 5000 R*=0,8372 8 !
24000 5 =5,0646¢0,3886x - | SO
% R2= 0,982 y6 = 126_,1 1760,322X .
g 300,0 R>=0,9991 : "_..-"
[} i
E 200,0
5 100,0
=
0,0
S Q %
Gl "\ 61
™ S \b‘
I'papient HanpyxeHHs Ha 3pi3, 1/c
® JTocmignuit 3pa3zok Nel ® JTocnigHuii 3pa3ok Ne2 Hocmimauii 3pa3zok Ne3

Hocminauii 3pa3ok Ned ® Jlocninuuii 3pa3ok Ne5 ® JTocnignuii 3pa3ok Ne6

Puc. 8. 3MiHa JOTHYHOIr0 HANIPYKEHHS 3CYBY LISl eMYJILCIHHUX COYCiB 3aJI€5KHO Bijg
rpajiieHTa HANpPY:KeHHsI Ha 3pi3 micjas nacrepusauii

Taxk, mo macrepu3ariii HAWBHITI 3HAYCHHS JOTHYHOTO HAIIPYKCHHS 3CYyBY MaB COYC,
BUTOTOBJICHUIA 32 BapianToM Ne 2, a micnst mactepusaiii — Ne 4. OHak HEOOXiIHO
BIJIMITHTH, IO COYC, BATOTOBJICHHII 32 BapiaHTOM Ne 2, IpaKTHYHO HE 3MiHIOBAB CBOIX
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3HAYEHb 10 TOTHIHOMY HANPY>KCHHIO 3CYBY BiJ Hii mactepu3ailii, mo BKa3ye Ha BH-
COKY CTa0IITBHICTh PEOJIOTIYHIX MTOKA3HHKIB IIbOTO BapiaHTa PEIENTYPH COYCY.

BucHOBKM

JloCiKEHO BILTHB PEIENITYPHOTO CKIIaIy INIOAOBHX €MYJIbCIMHUX COYCIB 1 TEIUTO-
BOro oOpoOmeHHs1 Ha 3MiHY (PYHKIIOHATbHO-TEXHOJIOTTYHUX, PEOJIOTIYHUX 1 OpraHo-
JIEITUYHUX [TOKa3HHUKIB COYCIB [151 MOKIIMBOCTI BUKOPUCTaHHS B TEXHOJIOTIT MacTepH-
30BaHUX BUPOOIB.

Bu3zHaueHo, 1110 BUKOPHUCTaHHS B CKIIA/Ii €MYJILCIHHOTO COyCy MipOreHHOTO KpeM-
He3eMy B KibKocTi 1,5% i3 CyXOr0 MOJIOYHOIO CHPOBATKOIO B KUIBKOCTI 6,5% nae
3MOry e(peKTUBHO cTaliTi3yBaTH TEPMOCTIHKICTh, (PYHKIIIOHAJIHHO TEXHOJIOT14HI MO-
Ka3HHKH EMYJIbCIHHHUX COYCIiB, y CKJai SIKHX BHKOPHCTOBYEThCS padiHOBaHA pociu-
HHa 01151 B KubKocTi 17—32%.

[Mopanemn mocmimxeHHs: OyAyTh CIPSIMOBaHI Ha po3pOOJICHHS MacTePU30BaHUX
XapUOBHX MPOIYKTIB 3 BAKOPUCTAHHSIM PO3POOICHUX COYCIB.
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A0 BITOMA ABTOPIB

IllanoBHi KoJern!

Pepaxkuiiina xosnerist sxyprany «HaykoBi mpaii HarioHanbHOro yHIiBEpCHTETY XapuoBHX TEXHO-
JIoTiity 3ampourye Bac 1o myomikarii HaykoBux npans (http:/sw.nuft.edu.ua).

Jlo npyky npuiMaroThcsl pyKOITHCH, SIKi paHille He OyiaH OmyOiKoBaHI B APYKOBAaHUX Ta €JIEK-
TPOHHUX BUJIAHHIX. ABTOp, KU O/1a€ MaTepiain 10 APYKY, 30epirae 3a co6010 BCi aBTOPCHKI mpaBa
Ta HaJae BiMOBIIHOMY BUJQHHIO TPaBO nepuioi myOiikalii, J03BOJISI0YH PO3MOBCIOKYBATH MaTe-
piai i3 3a3HauCHHSIM aBTOPCTBA i JpKepena IMEepBUHHOI MyOJiKallil, a TAKOXK MOTOMKYETHCS Ha PO3-
MileHHst 11 eIeKTpOHHOI Bepcii Ha caiiti HanionansHoi 6i6miotexu im. B. I. Bepuaacekoro ta y Bif-
KPHUTOMY JOCTYIIi B €JIEKTPOHHIN MepexKi yHiBepcUTeTy. ABTOp HaJae IMpaBo pefakmiliHii kojerii Ha
peLeH3yBaHHs Ta BIAXHUJICHHS IOJAHUX [UIs OMyOiKyBaHHs MartepiaiiB. B oqHoMy HOMepi Moxe OyTH
BUJIaHA JIMIIIE OJHA CTATTs aBTOpPA (SIK BIIACHA, TaK i B CIIBaBTOPCTBI).

V penakuiiHo-BUAaBHUYMI BiZIi HEOOXiJHO MPEICTaBUTH:

- (haitn craTTi;

- peIeH3i0 JOKTOpa HayK IMEeBHOI raiy3i (3a TEeMaTHYHOK CHPSIMOBAHICTIO CTATTi). SIKIIO OAMH 13
aBTOPIB CTATTi € JOKTOPOM HayK, TO PELEH3is HEOOOB I3KOBA;

- PO3APYKIBKY TEKCTY CTaTTi, IO BiANOBiac HagaHOMYy (haiiiy;

- 3as1By 3 MiAnucaMu aBTopa(-iB) po Te, 110 Ha/AIC/IaHa CTATTs paHillie He APYKyBajacs i He mojaHa
110 OyIIb-SIKMX 1HIIMX BUJAHb;

- BHTAT 3 IPOTOKOJY 3aciianus kadeapu (miIpo3aiy) 3 peKOMEHAALIER POOOTH 10 IPYKY.

BUMOI'H 10 O®OPMJIEHHS CTATEM

CratrTi NOAAIOTHCS y BUTIISIII BUUMTAHHUX PO3APYKIiBOK Ha marepi ¢popmary A4 (mosst 3 ycix CTopiH
o 2 cm, Time New Roman, kxerns 14, intepsain 1,5) Ta enexrponnoi Bepcii (pexaxrop Microsoft Word).
VY TekcTi cTarTi He MOBUHHO OYTH MOPOXKHIX PsAKiB. MK CIIOBaMH JOMYCKA€THCS JIUIIE OAUH MPOOLT.
Vi cTopiHKH TeKCTy MatoTh OyTu npoHyMepoBaHi. OOcsr crarTi Mae OyTH He MEHIIH 15 THC. 3HaKiB i He
NIepEeBHIIyBaTH 24 THC. 3HAKIB (SIK BUHATOK, He Oinbie 40 Tuc. 3HAKIB).

NOCIAOBHICTD CTPYKTYPHUX EJIEMEHTIB CTATTI

1. ITapexc YAK.

2. HazBa ctatTi (aHIIIiCbKOIO Ta YKPATHCHKOIO MOBaMH ).

3. Inimiany Ta npi3BHIIA aBTOPIB aHTTTIHCHKOIO Ta YKPaiHCEKOIO MOBAMIL.

4. AHoTauisi aHINIHCHKOI0 Ta yKpaiHChbKolo MoBamu (He Menmre 1800 cuMmBomiB 3 mpoGinamu).
AHorarist Mae 6yTH MaKCUMAJIbHO iHPOPMATHUBHOIO, 11€ OKPEMHIl TEKCTOBHI TOKYMEHT, Y SIKOMY JIaKO-
HIYHO BUKJIQJICHI PE3yNIbTaTH JOCTIIKEHHS. Y TEKCTi aHOTaIil He BApTO BUKOPHCTOBYBATH 3arajibHi
(pa3su, Bka3yBaTH HECYTTEBI ACTai if 3aralIbHOBIOMI TTOJIOXKEHHS. TaKoXK CIiZi yHHKATH MPSIMUX [OB-
TOpiB OyIb-KNX (PparMeHTIB CTATTI.

5. KirouoBi cioBa (5—6 cItiB/KITF0Y0BUX CJIOBOCTIONYYCHb aHIJTiHCHKOIO Ta YKPATHCHKOIO MOBaMHK).

6. CTpyKTypa TEKCTOBOI YaCTUHU:

- IOCTAHOBKA MMPOOJIEMH B 3arallbHOMY BUIIISAI Ta 11 3B’530K 3 BOXKJIMBUMH HPaKTHYHUMH 3aB]a-
HHSIMU;

- aHaJi3 OCTAHHIX HOCTI/PKeHB 1 MyOiKallii, Ha SKi CIIUPAETHCS aBTOD;

- hopmyJIFOBaHHSI METH CTaTTi;

- BUKJIa/ICHHSI OCHOBHHX PE3yJIbTATIB JOCIIKCHHS;

- BUCHOBKH 1 IIEPCIICKTHBYU MOAJBLINX HAYKOBUX JOCIIXKCHb.

7. Ilicnst Tekery craTTi B aindaBiTHOMY MOPSAKY HABOIUTBCS CIIMCOK JITEpaTypHUX mKeper (He
MeHIe 11’1ty mpxepen). bibaiorpadiuni onncn odopmisiorses 3rigno 3 MizkHapoanum ctuieMm APA.
bibniorpagiunuii onuc nMoaaeThCst MOBOIO BHAaHHs. He nomyckaeThest MOCHIaHHs Ha HEOMyOIiKoBaHi
Marepianu. Y Iepemiky JKepen MaloTh IepeBakaTH MOCHIaHHS Ha HAYKOBI Mpalli OCTAHHIX POKIB.
Taxo citif 0OMEXXUTH IIOCHIIAHHS Ha BIIACHI MyOIiKallii, OCKLIBbKY I1e 3HIKY€E HaAyKOBY I[IHHICTb CTaTTi
Ta iHIEKC UMTyBaHHs aBTOpa. He MO)KHA MOCHIATHCh Ha HAL[lOHAJbHI CTAHIAPTH, TEXHIYHI YMOBH,
MiIpyYHUKY, KOHCIIEKTH JIEKIiH, JabOpaTOpHi pakTHKyMH Ta iHITy HeHayKoBY Jiteparypy. [locuia-
HHS Ha IIATEHTH CJIiJ poOMTH B TEKCTI CTATTi, BKa3aBIIHM JIMILIE HOMED Ta Ha3BY MATCHTY.

V crarTi MaroTh OyTH MMpoaHasi30BaHi HalpalIOBaHHSI BUCHUX 3 yCbOro cBiTy. Ha ocHOBI aHainizy
CyJacHUX CTaTeH 3 aHIJIOMOBHHX JKypHAIIiB Ma€ OyTH J0OBEIEHA aKTyaIbHICTh TEMH Y CBITi, BU3HAYCHI
MUTaHHSL, SKi MOTPeOYIOTh BUpPiLIeHHs, cHOPMYIbOBaHa METa JAOCIIPKCHHSL.
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8. Tabuuui (y Word a6o Excel) Mo>kHa momaBatTH sIK y TEKCTI, TaK i B OKpeMux (aiinax (Ha OKpeMux
cropinkax). KojxHa TabuIpst MOBUHHA MAaTH TEMaTHYHUI 3arojoBOK, HaOpaHUil HaMiBXXUPHUM HIpU-
TOM, i nopsiikoBuit HoMep (0e3 3Haka No), sikio Tabiuip Kinbka. CioBo «Tabauisi» i HoMep apyKy-
I0TBCSI KyPCHUBOM, 3ar0JIOBOK — HAIiBXXUPHUM MIpu(pTOM. TabiuIli NOBUHHI MaTH KHIDKKOBUH opmar
i BUTBHO BMILI[ATHCS Y BUCOTY 1 IIHPHHY JKYPHAJIBHOI CTOPIHKH.

9. ImrocTpanii (KpecieHHs, PUCYHKH, CXEMH, JiarpaMi) MaloTh OYTH pPO3MIlIEHI B TEKCTi.
O00B’S13K0B0I0 BUMOI0I0 € HaJ[CHJIAHHS OPHUTiHAIBHUX (haiiyliB pUCYHKIB, CTBOPEHUX y MpOTpamMax-
penakropax Corel Draw X6, Origin. Bci enemenTn pucyHka (THUMH, TOBIIMHA 1 KOJIp JiHIH, mIpUdT
TEKCTIB TOIL0) MalOTh BUIBHO PEJaryBaTHCh Y HasBHOMY NPOrpaMHOMY 3a0e3nedeHHi). PucyHku B
pactpoBux ¢opmarax (bmp, gif, jpeg, tif) abo y popmati pdf He npuiiMaroTecs 10 PO3TIAY, OCKITBKH
HE MOXXYTh BITBHO pefaryBaTucs. Bumorn 1o ogopmiieHHsl puCYHKIB: Bich koopauHat — 0,2 MM,
6e3 ciTku, caM prCyHOK (Hampukiaz, kpusa) — 0,35 MM, Tekct B pucyHky — Times New Roman 9,5,
mypuHa prucyHka — 1o 13 cm. Bei pucyrkn mMarots 6ytr wopHO-6immmu. [Tixnucu 1o pucyHKiB HaOu-
paroThest Oe3MocepeiHbO MMl PUCYHKAMHU MPSIMHM HAIiBXUPHUM IIPUPTOM.

®dotorpadii MaroTh OyTH 4iTKUME Ta KOHTpacTHUMH (popmatu TIF, JPG 3 po3ainbHOIO 31aTHICTIO
300 dpi), po3mipamu 6x9. dortorpadii IpyKyroThcs B pas3i KpaltHb01 MOTpeOH, SIKII0 HaBeJeHa Ha HUX
iHpopMalLis Mae 3HaYHy HAYKOBY LIHHICTh. ABTOpaM Kpallle 3aBaHTaXHUTH (oTtorpadii y xMapHUI
CEpBIC 1 B CIIUCKY JiTEepaTypH AaTH HA HUX IOCHJIAHHS.

10. Matemariusi (GopMyaH MOBHHHI OyTH pO3IPYKOBaHI 3 MPAaBWIFHAM BHIUICHHSIM BEpXHIX 1
HIDKHIX 1HAekciB. Hymepanis ¢popmyin 3xiiicHIoeThCsl apaOChKkUMH DU(paMul y KPYTIIUX TyKKax Oiist
[PaBOTO T0JI CTOPIHKK. [HIEKCH Bil CKOPOUCHUX YKPAiHCBKHX CIIIB IPYKYIOTHCS MPSAMHUM IIpUQTOM
MaJlMMH JiiTepamu. B iHmekcax, Mo CKIamgaloThCs 3 ABOX CKOPOYEHMX CIIIB, MICIS IEPLIOrO CKOPO-
YEHOTO CJIOBAa CTAaBHUTHCS KpalKa, ICIs IPyroro — Kparka He cTtaBuThes. L{udpu B iHIEKcax Takox
JPYKYIOThCS IpSIMUM IIpUdTOM. [HACKCH, TO3HAYCH] JTATHHCHKUMU JIITEpaMH, NPYKYIOThCS KyPCHBOM.
VY ¢dopmynax JiTepu JaTHHCEKOTO anaBiTy HAOUPAIOTHCS KYPCHBOM, IPENBKOr0 W yKpaiHCHKOTo —
IPSIMAM HIPHGTOM.

XiMmiuHi (opMynH HaOMPArOThCS NPSAMHM IIpudToM. MaTeMaTHYHI CHMBOJH, IO BXOIATH 0
CKJIaJly XIMIYHHX (OPMYIT, — KYPCHBOM.

®dopMyH BCTaBISIIOTHCS Oe3mocepetHbo B TeKCT. IIpocti Gpopmynn HabuparoThes 3 KIaBiaTypH, a
CKJIaJHI — 3a AOTIOMOT 010 penakropa hopmyn Microsoft Equation 3.0 object abo Math Type 5,6. Inmi
Bepcii perakTopiB GopMyl € HenpuHHATHIME. CHMBOJIM BCTaBIAIOTHCS TUIBKH Yepe3 TaOIUIIo CUM-
BoJIiB. CKOpOUCHHS MMO3HAYCHb OJMHHIL (DI3MYHHUX BEIUYUH MAKOTh BiINOBIAATH Mi>KHAPOIHIN CHC-
TeMi oauHUIb (SI).

11. BizoMocTi 1po aBTOpiB CTATTi HOBUHHI OyTH HaBEAEHI 3a €AMHHUM 3pa3KOM y BKa3aHOMY I10-
psinKy: npi3Buiie (IPONUCHUMU JIiTepamu), iM’sl Ta iM’st o0 GaThKOBI (IIOBHICTIO); HAYKOBE 3BAaHHS;
nmocasa uu npodgecis, micue podotu; Tenedon, E-mail.

12. Jlata HaaXOJPKEHHS CTATTI JI0 pelakilii (Micisi TEKCTY HaJIpYKOBAHOTO MaTepiay).

BuxopucTanus aBTOMaTHIHOTO IIepeKIaay HayKOBOTO TEKCTY (CTATTi, aHOTAil, KIIIOYOBHUX CIIiB)
He JonmyckaeTbes. [lepexnan mae OyTH HaneXHOI AKOCTI.

BiacyTHicTb Oynb-sKOTO 3 MyHKTIB IEpelliKy, 3a3HaUCHOTO BHIIE, PELleH3ii, HEBIIOBIIHICT BU-
MoraMm 10 0(OpMIICHHSI, HasiBHICTh opdorpadiyanx, rpaMaTHYHNX, CTHIIICTHYHHUX ITOMHJIOK, aBTOMa-
TUYHHI MTepeKiIaj] eleMEHTIB MaTepiaty € MiICTaBOIO AJIsl BIIMOBH B IIPHUHSATTI CTATTi 10 APYKY.

ABTOp Hece BiAMOBiAaIBHICTD 32 JOJEp)KaHHSI BUMOT YHHHOTO 3aKOHOJABCTBA MPH MirOTOBII
MarepiajiB, y TOMy YHCIi HOPM aBTOPCHKOTO TIpaBa i JOCTOBIPHICTb HaBeACHNX (PAaKTUUHHX JTAHUX
(umTaT, mocuiaHb, iIMEH, Ha3B TOIIIO).

Anpeca pegakuii:

HamioHanpHu YHIBEPCHTET Xap4OBHX TEXHOJIOTIM
Byl Bononumupceka, 68,
xopmyc b, k. 412,
M. Kuis, 01601
Konrakrhi Tenedonu: micekuit — (044) 287-92-95, BHyTpimmmHiit — 92-95.
E-mail: npnuht@ukr.net
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