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TEXHOJIOI'TYHI IEPEJIYMOBHU CTBOPEHHSI XAPYOBOI
MPOYKIII 3 IIHHOIO CTPYKTYPOIO HA OCHOBI
AKBA®ABHM HYTOBOI

€.B. Jlazypko, A.E. Paguenko, O.0. I'punyenko

Hocniooxceno ennue macosoi yacmku cyxux pevogun, pH ma cmabinizamopis
Ha NIHOYMBOPEHHS Xap408UX CUCMeM HA OCHOBI akgagpabu Hymogoi — 6 a3Koi piounu,
ompumanoi nio yac eapinks 60606ux, GUPOOHUYMEO 5IKOI 8i0N0GIOAE NPUHYUNAM
cmanozo possumky. Pospobreno moodens mexnHonoeiunoi cxemu 6upoOHuymea
Xap1o60i npoOyKyii 3 NIHHOI CMPYKMYPOIO HA iT OCHOBI.

Kntouogi cnoea: ninna cmpykmypa, pociunHi OLIKU, NIHOYMEOPIOBALbHA
30amHicmy, CMIUKICMb niny, akeagada Hymoea, mexHoN02iYHi YUHHUKU

TECHNOLOGICAL FOUNDATIONS FOR THE DEVELOPMENT
OF FOOD PRODUCTS WITH A FOAMY STRUCTURE BASED
ON CHICKPEA AQUAFABA

Y. Lazyrko, A. Radchenko, O. Hrynchenko

In recent years, plant-based proteins have garnered considerable attention
from researchers and practitioners due to their lack of allergenicity, alignment with
diverse consumer dietary preferences, and contributions to sustainability issues. The
article characterizes the features of the foaming process in food systems and
traditional foaming agents. The experience of scientists in utilizing plant-based
proteins is analyzed, with their functional properties as foaming agents in food
systems examined, emphasizing traditional sources (soy, peas, chickpeas, wheat) and
alternative raw materials—aquafaba. Aquafaba, a viscous liquid obtained during the
cooking of legumes, aligns with sustainability principles in its production and focuses
the attention of theorists and practitioners owing to its ability to replicate the
functional properties of egg whites.

The influence of extraction, protein modification, and optimization of
aquafaba’s foaming capacity depending on preparation conditions is considered. The
overall chemical composition of chickpea aquafaba under typical hydrothermal
processing parameters, which determines its surface-active properties, has been
investigated. The dependence of foaming capacity and foam stability in food systems
based on chickpea aquafaba on dry matter content, pH, and the presence of foam
structure stabilizers has been studied. The feasibility and appropriateness of using
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chickpea aquafaba as an effective foaming agent in food products have been
demonstrated. The obtained results enabled the development of a model technological
scheme for producing food products with a foam structure based on chickpea
aquafaba.

Keywords: foam structure, plant-based proteins, foaming capacity, foam
stability, chickpea aquafaba, technological factors

IMocTranoBka mpodjeMn y 3araabHOMY BHIJIsiAL. B ocranHi pokn
POCIMHHI O1IKM IPUBEPTAIOTH yYBary HayKOBIIB Ta MPAKTHUKIB 3 OTJISLY Ha 1X
0araTo(pyHKIIIOHATIBHICTh Y CKJIaJIi Xap4uoBuX cucteM. CTiiike BUPOOHUIITBO,
HU3bKA IiHA Ta BEJIUKI OOCSITH BHPOIIYBaHHS Ta NepepoOisiHHS 0000BUX
CHPHSIOTH TIPOMHUCIOBOMY BUKOPHCTaHHIO iX OINKIB B Xap4oBii iHAYCTpIi.
[HTEepec BHKIMKAHO TaKOX ITiBHIIICHAM YCBITOMIICHHS €KOJOTiYHOCTI Ta
30pOB’S K 3 TOYKH 30py CYYacHOro CIOKHBa4a, TaK 1 XapdoBOi
NPOMUCIIOBOCTI.  3aBISKM [MM BIACTHBOCTSIM  POCIHMHHI  OiTKH €
NEPCIIEKTUBHOI0 OCHOBOIO JJIsl CTBOPEHHS HOBUX XapyOBUX MPOJYKTIB,
30KpeMa, 3 IHHOIO CTPYKTYPOIO.

Xap4oBi NPOJYKTH 3 MIHHOI CTPYKTYPOIO IMPEICTaBJICHO B PI3HUX
rpynax KyJmiHapHOi Ta KOHIUTEPChKOi mponykuii. MycoBi IecepTd Ta
TICTEYKa, MOpO3UBO, caMOyKH, KpeMH OINKOBI Ta BEpIIKOBI SIK
03/100J1I0BaNbHI HariBhadpukaTH, OICKBIT, Cyduie /MyIuHTH OBO4EBi, pUOHI,
M'SICHI — JIaJIeKO HE TIOBHMH NEpesiK KyITiHAPHOI MPOAYKIIi1, TEXHOIOT YHU I
MPOLIEC YM OKPEMi TEXHOJIOTIYHI eTary BUPOOHHITBA SIKMX Iepen0adyaroTh
peadizaiiito npotecy mHoyTBopeHHs [1].

Ilponec miHOYTBOpEeHHS B XapyoBHX CHCTEMax IIOIsSrae B
JMCIepryBaHHi ra3oBoi (a3u (IepeBa)KHO TMOBITPS) Y piakii abo
KeJenoiOHIf MaTpuIll 3 YTBOPEHHSIM CTa0UIbHOI MIHHOI CTPYKTYpH, H€
MOBEPXHEBO-aKTUBHI PEYOBUHHU, TMEPEBAKHO OLIKA YU MOJicaxapHH,
aacopOyIOThCSI HA MEXI TOBITPSA-BOJA, 3HIKYIOUM TOBEPXHEBHHA HATST 1
3amobiraroun  KoajecueHiii auctepcHoi ¢asu [2]. OcobamBoCTi 1HOTO
MpoIecy BKIIOYAIOTH 3aJEXKHICTh BiJl TAaKMX YHHHUKIB, fAK BHI Ta
KOHIIEHTpalis moBepxHeBo-akTHBHUX pedoBuH (IIAB), pH, temmeparypa,
croci6 06poGIsTHHES (30MBaHHS, YIBTPa3ByKOBe 0OpoOIsiHHS Ta iHrr) [3].
Peamnizamist mpotrecy miHOYTBOPEHHS 3a0e3Ieuye JIETKy TeKCTypy, 00'eM Ta
CEHCOpPHY TpUBaONWBICTH MPOAYKTIB, aje BHMAarae JIOJepKaHHS
TEXHOJIOTIYHHX TapaMeTpiB IS 3armo0iraHHs PyHHYBaHHIO TIiHH BHACIIIOK
JpeHaxy abo koanecueHiti [4].

TpamumiitHo SK MMIHOYTBOPIOBadi B  Xap4OBHX  TEXHOJIOTiSX
BUKOPHCTOBYIOTBCSI IPOAYKTH TBAPHHHOI'O ITOXO/DKEHHS, 30KpeMa, S€UHU
O1JI0K, JKeNaTHH, MOJIOYHI KOHIIGHTPATH — MOJIOYHA CHPOBATKA, CyXe MOJIOKO
4y Ka3eiHoBi (pakuii. Ceper CHHTETHYHNX Y1 HaiBCHHTETHYHNX XapPUOBUX
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MIIHOYTBOPIOBAJIGHUX  JI00aBOK HAHOUTBII TMOIMIMPEHHMMH € JIaKTaTh
(HampHKIIaJ, HATPIKO YU KAJBIIiO JIAKTAT), METHIILE0I03a [2].

[lpote AuHAMIYHMII PO3BUTOK HOBHUX XapyOBHX MPOAYKTIB, SKHMH
CBOTOJIHI OpIEHTYETHCSI HAa TPHUHIOWIM CTaJIOCTi, BETraHChKi paIlioHH
Xap4yyBaHHA Ta KOHIICIMIIO '"YdHCTOI E€THUKETKH', MOTpeOye TOCITiKCHHS
PHUHKY (DYHKITIOHAJILHUX 1HTPEI€HTIB, BKIIOYAIOUH ANbTEePHATHBHI JpKepesa
CHPOBUHH, 110 JTO3BOJISIOTH 3HU3UTH €KOJIOTIYHE HABaHTAXEHHS Ta YCYHYTH
anepreHHi pu3uky [3]. Y 1bOMY KOHTEKCTi B OCTaHHI POKH YBary HayKOBIIiB
Ta IPaKTHKIB NPUBEPTAIOTh IMIHOYTBOPIOBAYl POCIMHHOTO TOXOJKEHHS,
cepen sSKMX Oinku OOOOBMX y BHIVIS/II KOHIIEHTPATIB 1 130JIATIB, SIKi
3a0e3neuyroTh MOKa3HUKK MiHOyTBOproBasibHOI 31atHocti (I13) 100-400%
ta criikocti minu (CIT) mo 90% 3aBnsku aM@idiibHUM BIACTUBOCTSIM
r100ymniHiB 1 anbOymiHiB. Taki KOMIIOHEHTH BXe IOCTYIHI Yy 3pYy4HHX
TOBapHUX (popMax, TaKMX SIK MOPOIIKH YU eMYIbCIl IJIsi MPOMHUCIOBOTO
3acrocyBanHs [4]. OcobnuBe Miciie cepe/; HUX Tocifae akBadada — mooiuHuI
NPOAYKT BapiHHA O00OBHX, sIKa JIEMOHCTPYE MiHOYTBOPIOBAJIbHI
BJIACTUBOCTI, MOMIOHI 10 si€eyHOro OijKa, 3yMOBJICHI BMICTOM PO3UYHMHHHX
6iskiB (0,95-1,50%), camnowiniB Ta moicaxapumis [5].

[opsin 3 umm, 3amikaBieHicTh B akBagabi sk pecypcoedeKTUBHOTrO
IHrpelieHTa 3yMOBJICHO 11 IOCTYIHICTIO, HU3bKOI €HEPreTUYHOIO I[IHHICTIO
Ta NOTEHI1aJI0M JUIS 3aMiHM KOMIIOHEHTIB TBAPUHHOTO TTOXOJKEHHS Y CKIIali
MEpEHTIB, MYyCIB, COYCIB IJIsl BEraHiB 3 IOKpAILEHHSIM CTaOUILHOCTI MiHK
TICIIsl YIBTPa3ByKOBOTO 00pOOIIEHHS UM BBeNleHHsI riipokonoinis [6]. [Ipote
BiJICYTHI CUCTEMHI JIaHi 1010 TIHOYTBOPIOBAIBHUX BJIaCTHBOCTEN akBahadu
y B3a€MO3B’SI3KY SIK 3 MapaMmeTpami il ofiepkaHHs (CIiBBIAHOIIECHHS 3€pPeH
70 BOXH, TeMIlepaTypa BapiHHA), TakK 1 3 MOAAIBIINM BHUKOPHCTAHHAM Y
cknmaai xapuoBoi mpoaykmii [7]. 3okpema, Opakye eKCIepUMEHTAIBHOI
OLIIHKY 1i 3/IATHOCTI IO MIHOYTBOPEHHS B TIOPHIHUX CHUCTEMaXx 3 IHIIMMHU
crabimizaTopaMy, OO0 YCKIATHIOE CTaHAAPTH3AINIO Ui TPOMHUCIOBHX
TEXHOJIOTIM 1 BHMMAarac KOMIUIEKCHMX HOCHIDKEHb I ONTHMIi3arii
TEXHOJIOTIYHUX TIEPEAYMOB CTBOPEHHS MMHHUX CTpyKTyp [5]. ITlpomec
MHOYTBOPEHHsI Ta ()OPMYBaHHS CTAOUTBHUX XapYOBHX CHCTEM € CKIIaJHUM
TEXHOJIOTIYHIM 3aBJaHHIM, BUPIIIEHHS SKOTO € KIIIOYOBOKO MEPETyMOBOIO
JUTS PO3pOOJICHHS IHHOBAI[IHHUX MPOIYKTIB.

AHaJi3 ocTaHHIX J0oCHiIzKeHb i myOaikamii. Y cydacHUX XapuoBHX
TEXHOJIIOT15X, CIIPSIMOBAaHHUX HAa CTBOPEHHS MPOIYKTIB 3 MIHHOIO CTPYKTYPOIO,
pocnuHHI OinkM HAOYBAIOTh CTATyCy KIFOUOBHX IHTPEOIEHTIB 3aBISKH X
JOCTYITHOCTI, HU3BKill €KONOTiuHiM Ba3i Ta MOTeHmiamy ajis Mommikarii.
Hakomm4eHo nocTaTHif TOCBi 3 BUKOPHUCTAHHS POCITWHHHUX OLIKIB, KW
y3aranpHeHo B pobotax [I. Jlx. Makkiementc, Pyt Ham0i Ta iHmmx y4eHux
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[8, 9]. Tpaaumitini maxoau M0 IX OTPHUMAHHS, 30KPEMa, JIyXKHA SKCTPAKIIiS 3
MOJANTBIIMM OCaPKEHHSM, JO3BOJISIFOTh OTPUMYBATH BHCOKO(YHKIIIOHATIBHI
1305I1TH, SIKI BOJHOYAC € TEXHOJIOTIYHO CKJIQJHUMHM Ta MaroTh 3Ha4HI
Henodiku. J[0 OCHOBHHX HEJOJNIKIB BiHOCATH BHKOPUCTAHHS XIMIYHHX
eKCTPareHTiB, 10 TPHU3BOAWTH JIO YTBOPEHHS BEJIHMKHX OOCSTIB
MIPOMUCIIOBUX CTIYHMX BOJA, Ta BTPATy IIIHHUX OIOJOTIYHO aKTHBHHUX
KOMITOHEHTIB, SIKi MicTsAThcsl B cupoBuHi [8-10]. Haiibinpm gociimkeHnMu
JDKepeslaMH POCIMHHUX OUIKIB € COsl, HYT, TOPOX Ta MIIEHUIIS, SKi MIUPOKO
3aCTOCOBYIOTBCSl SIK TIHOYTBOPIOBadi, €MYJIbIaTOpPHU Ta BOJIOTO3B's3y0di
kommoneHTH [11, 12]. JlocmipKeH s 30cepeKeHO Ha BUBUCHHI MEXaHi3MiB
MIHOYTBOPEHHSI Ta CTa0IIFHOCTI MHHUX CUCTEM Ha OCHOBI OUIKIB 3 Pi3HUX
pOCIHHHUX JpKeped. DYHKIIOHATBHICTh MUX OLIKIB 3yMOBJICHO 3aTHICTIO
IO mBHAKOI ajcopOuii Ha Mexi po3ainy (a3  «HoBiTpsA-BoAa» Ta
dbopMmyBaHHIM MiHUX Mbk(asHux twiiBok [2—4, 12]. JlocmimkeHHs
JEMOHCTPYIOTh, IO YJAbTPa3BYKOBE OOPOOJISIHHS, TJIIKO3WIIOBAaHHS Ta
BHCOKOTHCKOBAa TOMOTEHI3allisl 3Ha4yHO MOCHIIOIOTh  (YHKIIOHAJIbHI
BJIACTHUBOCTI, aj¢ BHMAraroTh ONTHMI3allil 3aJeKHO BiJi KOHKPETHOTO
JpKepena.

binku mniieHMI, MepeBaKHO IPOJIH Ta TIIOTENIH, TpPaIULiiHO
3aCTOCOBYETHCSI B XJIIOOMEKAPCTBI, ajie X MiHOYTBOPIOBaJbHI BIaCTHBOCTI
00YMOBJIIOIOTh TIEPCIIEKTUBHICTh IX BUKOPUCTAHHS JJIsI TPOYKTIB 3 MIHHOIO
cTpykTyporo. Y ayxHomy cepenouiui (pH Bumie 8,0) HaTHBHUI npoiaMiH
YTBOPIOE CTiHKI MiHM 3 BUCOKWUM IOKa3HUKOM [I3, a riiko3wiroBaHHS 3
(PYKTO3010 MOCHITIOE EMYJIbIYBaJIbHI BIACTUBOCTI Ta CTIMKICTH MiHH.

binox coi, 30kpema, ¢pakuii TIIUHIHY Ta P-KOHMIINUHIHY €
€TAJIOHOM Cepell POCIMHHHX JDKEpeN 3aBISKM BHCOKIH JIOCIIIKEHOCTI B
KOHTEKCTI XapuoBUX eMYJbCill Ta MHHUX cucTeM. [1iHn Ha OCHOBI OLIKa coi
MAalOTh BHCOKY CTa0UIbHICTh, OCOOJIMBO TMICISl TIIKO3WIIOBAHHS OUIKY 3
[JIFOKO30K0 YM JIEHTMHAHOM 3a JONOMOror Maiisipa 3 BUKOPHUCTaHHAM
YIIBTPa3ByKy. YIBTPa3BYKOBE OOPOOIISHHS MPUCKOPIOE TIIKO3MIIOBAHHS Y
5-10 pasu 3a temmeparypu 50-70 °C, mokpaimrye pO3YHMHHICTH OiJKa,
migsumrye 113, 110 mOKpamlye pO3YMHHICTE Ta TEPMIYHY CTiHKiCTB.
Henmomikamu y BuKOpHCTaHHI OiTKy COi € YyNIMBICTH JO BHCOKHX
TEeMIIepaTyp, W0 MNPH3BOOMTH 1O arperamii MOJEKYI Ta 3HWKCHHS
¢ynkmioHagpHOCTI [14].

3 ormAny Ha eKolorizamnito 6000Bi € CTIHKOI KYIbTYpOIO 3 HU3BKHM
BOJHUM CJIJIOM HOPIBHSHO 3 CO€I0, CIPHSAIOYH 3MEHIICHHIO BYIJICLEBOTO
CITiy B JAHIIOTaX MOCTadaHHs. |'opoxoBuii 010K HaOMpae MOIMTYISIPHOCTI
Yyepe3 TiMoaJepreHHiCTh Ta CTANICTh BHPOOHMITBA 1 PO3TISINAETBCS SIK
BEraHChKa allbTepPHATHBA MOJOYHUM OiJIKaM, OCKITBKH JIEMOHCTPYE BHCOKI
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MiHOYTBOPIOBANBHI BJIACTUBOCTI Ta crabimpHicTh miHM [15]. Onwnak,
(yHKIIOHAJBHI BJIACTUBOCTI OiNKiB 000OBMX MOXYTh BapilOBaTH 3aJI€KHO
Bil METOMIB CKCTPAaKINi Ta MONANBIIOro 00poOisHHA. JKOpcTki MeTomu
EKCTPAaKI1 3HIKYIOTh PO3UYNHHICT HATUBHOTO OijTKa (70 75% HEpO3UMHHUX
(bpakiiit), mo oomexye 13 mpu HedTpanmsHOMY pH, onTUMabHI TOKa3HUKA
JIOCSTAIOTHCS JIUIIE B KHCIIOMY CEPEIOBHIIII.

binox mepeBaxno 'y Qopmi i30JATIB  YM  KOHLEHTpATIB
xapaxrepusyerbest momipHoto 113 y miamazoni 30—47% st GopomHa Ta 10
228% 1151 3HEKUPEHOTO HYTOBOrO GoporiHa, 3 Brucokoro CIT (>91,8% mics
2 roauH 30epiraHHs) B IMIUPOKOMY TeMmIepaTypHoMy miama3oni (25-40°C)
[16]. HemomikamMu € 4YYTJIMBICTh JO METOMIB CYIIiHHA Ta MEHIIA
JIOCITIJKCHICTh TMOPIBHSIHO 3 COEXO.

OnHak, 3 OrJIAQy Ha CTajle BUPOOHHMIITBO Ta MIiHIMI3aIllf0 BiIXOJiB
CydacHi JIOCIIDKEHHsI 30CepePKEHO Ha ajbTepPHATUBHUX JpKepesax, 10 He
noTpe0yoTh TIIMOOKOro MepepoOssiHHS. Y 1bOMY KOHTEKCTI akBadabda, sk
No0iYHMH HPOAYKT BapiHHA O00O0BHX KYJIbTYp, BHSBISE BHCOKHH
(yHKI[IOHAJIBHUI MOTEHIlIANl Y Xap4YOBHX CHUCTEMaX 3aBISKH KOMIUIEKCHUM
eMYJIbI'YBaJbHUM,  IIHOYTBOPIOBAIBHHM  Ta  TeJICYTBOPIOBAIEHHM
BJIACTUBOCTAM. AKBadada MIiCTUTh 5-8% CyXUX pPEYOBHH, BKIIIOYAIOUYH
HU3BKOMOJICKYJISIpHI O1JIKM, BYTJIEBOJH, CAIIOHIHM Ta ()EHONBHI CIONYKH,
JIEMOHCTPYE 3/IaTHICTh YTBOPIOBATH TIiHH, eMYIbCii Ta remi [4, 5, 7, 17].

Hakonuyenuii  HaykoBuid  JOCBi  0a3yeThbcs Ha  0OaraTbox
JIOCITI/DKEHHSIX; BIEpIlle JaHe MUTaHHS BHUCBITIEHO B poborax Koens
Poccens [18], B sKHX HaBeIECHO PE3yNIBTATH TEXHOIOTIYHHX BiAMPAIFOBAHb.
OnepkaHi pe3yJlbTaTH CBi4aTh PO MYJIbTU(PYHKIIOHAIBHICT akBadaow,
alle TAaKOXK MIJIKPECNIIOIOTh HEOOXINHICTh  OmnTHMi3amii  MmapaMeTpiB
BUTOTOBJICHHs [UIs IOXONMaHHs oOMexeHb. ABtopamu [19] nerampnO
JIOCITIDKEHO Tpoliec POpMYyBaHHS CTIHKUX eMYJIbCIHHUX CHCTEM Ha OCHOBI
akBadabu. Y pobGori [20] oOrpyHTOBaHO TEXHOJOTIUHI TApaMeTpH, SKi
3a0e3edyfoTh  palliOHaNbHI TOKAa3HWKA  CTPYKTYpPHOI  CTaOimbHOCTI
MPOAYKTIB 3 TETEPOreHHOI CTPYKTYPOK 3 BHKOpPUCTaHHsSM akBadalOu
TOPOXOBOI. 3rifHO 3 OCTaHHIMH MyOJIKaIisSMH, ITIHOYTBOPIOBAIBHI
BIACTHBOCTI akBaabK 3ajnexarh BiJ HHU3KH YWHHHKIB, BKIIOYAIOYH
KOHIIEHTpaIlifo OinkiB Ta ByrieBoxiB, PH cepemoBmia, a TakoX YMOBH
oTpumanHs (TiPOMOIYJIb, TPUBAIICT Ta TeMIiepaTypa Bapinus) [3, 4—7, 12,
13]. TIpore mompu 3pOCTAOUHiA iHTEpEC, OUIBIIICTE HASIBHUX JIOCIIKEHD
30cepemKeHo Ha akBadali, IKy OTPHMaHO 3 KOMEPIIIHHIX KOHCEPBOBAaHUX
6000Bux [21, 22]. Hapasi Opakye meTanbHHX HAayKOBHX JaHHX IIOI0
(YHKIIOHATBHO-TEXHOIOT1YHUX BIIACTUBOCTEH akBagadwu, o
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HAKOMUYYETHCS MiJ] 4aC TEXHOJOTYHOro MPOILecy MPUroTyBaHHS 0000BHUX,
Ta i BIUINBY Ha ()OPMYBAHHS MIHHUX CHCTEM.

MeTta cratTti. MeToro mociikeHb, HaBeAECHUX B JaHIH CTATTi, €
BUBUCHHSl BIUIMBY TEXHONOTIYHMX YHHHHKIB (MacoBa YacTKa CyXUX
pedoBuH, pH XapuoBMX cHCTEM, HasIBHICTh CTaOUTI3aTOPiB MiHHOI
CTPYKTYpH) Ha MIHOYTBOPCHHS XapYOBUX CHCTEM Ha OCHOBI akBadaOu sk
nepeayMoBa MI010 BU3HAYCHHS TEXHOIOTTYHNX MPUHIUIIB 11 BUKOPHCTAHHS
y CKJIaZli Xap4oBOl MPOYKIIii.

Martepianu Ta MeTtomu. Y JOCHI/KEHHI BHMKOPHCTaHO 3pa3Ku
akBagadu, Ky OAEp)KyBalW Iija yac BapiHHA 3epeH HyTy (Tun «KaOyumiy,
copt «Po3aHHa», perioH BupoilyBaHHs [lonTaBchka 007acTh, YKpaiHa,
Bpoxaii 2024 poky).

s BusHauenns 113 ta CII Bukopuctano merox Bamra [23], CII
BU3Hayany uyepe3 30 XB. micis NpUroTyBaHHA. MacoBy 4acTKy CyXHX
peuoBuH B akBaali BU3HAYANH PePaKTOMETPUYHHUM METOIOM 3TiJHO 3
JCTY 8402:2015 [24] na aBTomatinaHOMY pedpakromeTpi Abbemat 200, Ha
nporpami Brix. 3nauenHs pH xapuoBuX cuCTeM BUMIpIOBAalM 3a
CTAaHJAPTHOIO METOOWKOIO, IIUIAXOM 3aHYpEHHS eJekTpoaiB pH-merpa
ioHOMeTpa B cymim 3a temieparypu 19,5-20,5 °C. MacoBy yactky Oijika B
3pa3kax akBagalu KiIbKiCHO BU3HAYAIIH 32 JIOIIOMOTOI0 crieKTpomeTpii. Y ®-
NorjauHaHHsA BuMiptoBan 3a 540 HM Ha crnektpomerpi UV-1200. Sk
KOHTPOJIbHHUH O1JIOK BUKOPHCTOBYBaJIM OWYa4Mii CUPOBATKOBHH allbOyMiH
[25]. MacoBy uacTky ByriieBomiB B akBadhabi BH3HAYAIH MTOISIPUMETPHIHAM
METOZOM, MACOBY YacTKy 30JIM — IIUIAXOM CIAJIOBaHHS HABaXKH 3pa3ka B
MyQerbHil nedi 3a Temneparypu 525-575 °C sriguo 3 JICTY ISO 928 [26].

AxBagaOy HYTOBY OTpPUMYBAJIM LUISIXOM BapiHHS 3€peH HYTY
OCHOBHHM CIIOCOOOM Y HAIUIMTHOMY TOCYIi. 3epHa HYTy MepeOHupaiu,
TIOIITKO/KEHI 3epHa BUAAJSIIHN, 3QJIAIIAI0YH Bi3yaIbHO OJHAKOBI 32 PO3MipOM
i ¢dopmoro. TimpomexaHiuHe OOpOONISHHS  3/AIHCHIOBANIM  HUISIXOM
3aMOYYBAaHHA 3€peH HYTy y Bomi OuTHiii mporsrom (7,0-8,0)-60% ¢ 3a
temnepatypu 15—18 °C. I'igporepmigHe 00pOOISHHS perigpaToOBaHUX 3epeH
HyTY 3naiiicHioBanu 3a temmeparypu 98—100 °C mporsirom (60-70)-60 c.
[Micns uporo akBagaly 3MHUBANIH, TPOLIHKYBAIH Ta BUKOPHUCTOBYBAIU IS
MONAIBIINX JOCHIPKEHD ITICIIST OCTUTaHHS.

Buxiax ocHOBHOro martepiajgy aocaimkennsi. IlepemymoBoro
CTBOPEHHSI HAYKOBO OOIDYHTOBaHHX PEKOMEHIALiil Ui BHUKOPHCTAaHHS
akBapabm HyTOBOI y BHPOOHHMITBI Xap4oBOi MPOAYKIIi 3 IIHHOIO
CTPYKTYPOIO € KepOBaHUH IIpoIiec MHOYTBOPeHH: Ta 3abe3neuenns CII, mo
MOXJIMBO 32 BH3HAYCHOrO BIUIMBY TEXHOJOTIYHMX YHHHHUKIB Ha
niHoyTBOpeHHs. IliHOyTBOpIOBaNbHI BIacTUBOCTI akBagaOl B OCHOBHOMY
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ITOB’SI3aHO 3 BMICTOM OUIKIB 3 HU3BKOIO MOJICKYISIPHOIO Macor0, 0COOIHBO
anp0yMiHY, TIOiCaXapuIiB 1 caroHiHy. Jl0CHiKEeHHs 3aralbHOT0 XiMI9HOTO
ckimany akBagaOM HYTOBOI IIOKa3ajo, IO 3a BU3HAYEHUX IapaMeTpiB
TipoTepMi4HOrO OOpOOJISIHHS MacoBa YacTKa CYXMX PEUOBHH CKIIaJae
5,1+0,2%. ITpu bomy MacoBa dacTka Oiska mopiBHioe 1,2+0,1%, ByrieBoziB
— 3,140,1%, minepanpaux peuoBun — 0,77+0,10%. 3a peamizamii THIOBUX
mapaMeTpiB  TepMOOOpOONsHHA y  ckiami — akBadaOpu  HYTOBOI
HaKOIHMYYIOThCSl CyXi pedoBHHH B iHTepBani 4,3-5,3%, npore AOUiNTBHICTH
BHU3HAYCHHS 3aKOHOMIpHOCTeH (OpPMYBAaHHS MIHHHX CHCTEM 3aJISKHO Bif
MacoBOi YaCTKM CYXHMX DPEUOBHH CIIOHYKajda J0 OnepikaHHs akBadadu 3
PI3HUM BMICTOM CYXHX PEUOBHH. 30KpeMa, JUIsl JOCIiXKEHHSI BUKOPHUCTAHO
akBa(aly (puc. 1) 3 macoBoro yacTtkorw cyxux pedoBuH Bix 2,0+0,1%, mo
7,0+0,1%.

Puc. 1. 3oBHimmiii BuriIsx akBadadn HyTOBOI 3 Pi3HUM BMIiCTOM CyXHX
pedvoBuH (3iBa Hanpaso — 2,0+0,1%; 4,3+0,1%; 7,0+0,2%)

JocmimkeHo 3a1eXHICTh TIHOYTBOPIOBAILHOI 3/IATHOCTI Ta CTIHKICTh
i akBaabu HYTOBOI 3aJIXKHO BiJl BMICTY CYXUX PEUOBHH B akBadadi Ta
pH cuctemu (puc. 2, 3).
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Puc. 2. [linoyrBoproBansHna 3natHicTs (I13,%) akBadadu HyToBOi 3a/1€5KHO Big
BMicTy cyxux peqoBuH (Ccp., %0) 3a pH cucrem: 1-4,0;2-55;3-6,7;4-75
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Puc. 3. CriiikicTs ninu (CII, %) akBadaéu HyTOBOI 3aJ1€3KHO Bil BMicTy
cyxux pe4oBuH (Cep., %0) 3a pH cucrem: 1-4,0; 2 -5,5;3-6,7;4-7,5

Opnepxani pesynbratu jpocmijpkeHHss 13 ta CII miH Ha OCHOBI
akBaabu HYTOBOI 3a pI3HOrO BMICTy CyxXMX peuoBuH Ta pH cucrem
JI03BOJISIIOTh  C(OPMYJIIOBATH 3aralibHi PEeKOMEHMAIl] II0JJ0 MOXIIUBOCTI
BUKOPHUCTaHHS akBaabu HYTOBOI sIK €(EeKTHBHOrO IMIHOYTBOpIOBaYa Y
cKJai xap4oBoi npoxaykii. Ilpore, He3BaXkato4uw Ha Te, 0 Y BUZHAYEHOMY
niama3oHi KOHIIEHTpAIlii CyXuX pedoBHMH B akBaabi cHCTEMH MaroTh
noctatHeO Bucoki 3HadeHHs [13 ta CII, BOHM 3a TEKCTYpHUMHU O3HAKaMH €
JIETKi, HEe MIIfHi, TyXKi, 10 HEJOLITHHO BUKOPUCTOBYBATH y CKIIAJl Xap9IOBOI
mpoxaykiii. IIpoBemeHO MOCTIMKEHHS UIOA0 MOXJIIMBOCTI 3a0e3IeUeHHS
Oimem Bucokux 3HaueHb [13 Ta CII (puc.4) Ta 3MiHM X TEKCTYPHHX
XapaKTEPUCTHK 33 PaXyHOK BBEACHHS TiAPOKONIOINiB (KaMeIb KCAaHTAaHOBA),
SIKi TOJaTKOBO 3MOXYTb 3B'sI3yBaTH BiJIbHY BOJIOTY T ITiABUIITYBATH B'SI3KICTh
CHCTEMH.
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ITin gac MONTyKOBUX TOCTIIKEHb TAKOBUMH OYITH KaMiJlb KCAHTaHY 3a
xontentparii 0,1-0,3%. BcraHoBieHO, 10 32 BUKOPUCTAHHS T1IPOKOIOITY
MiHHI CHCTEMH XapaKTepU3yloThCs JHekimbka MeHmow [13 (Ha 3-5%)
MOPIBHAHO 3 KOHTpoJeM, mpoTe ix CII cyTTeBO MiABUINYETHCS i KOJIMBATACh
B miama3oHi 85-97%. 3a mmMx yMOB MiHHI CHCTEMH Ha0yBarOTh MIIIHOCTI,
BEPILIKOBOCTI, 1[0 MOKE OYTH BHKOPHCTaHO SIK 0a30Ba TEKCTypa LIMPOKOTO
ACOPTHMEHTY XapyOBOi NPOAYKIII.

[IpoBeneni  fmoCHiPKEHHS ~ XapaKTePH3YIOTh  3aKOHOMipHOCTI
YTBOPEHHS TUIBKM MOJEIBHUX CHCTeM. [lil 4Yac CTBOPEHHS peabHUX
XapYOBUX TMPOAYKTIB J0 IX CKIaAy MPOTHO3YEThCS BBEICHHS 1HIIMX
IHIpeTieHTIB — moapiOHeHi 0000BI, OBOYEBI, IUIOJOBO-STITHI HAIOBHIOBAYI
Ta 1HII KOMIIOHEHTH.

I13, % CII, %
460 100 93 97
450 83 85
450 442 80
440 435 60
430
430 40
420 20
410 0
00 01 02 03 0 01 02 03
C kK., % C kK., %
1 2

Puc. 4. llinoyrBoproBanbHa 3natHicTs (I13,%) — (1) Ta CI1  (CIL%) — 2
axBagadu HyToBOI (C.p.=5,1+0,2%) 3a/1e:kHO Bix MacoBoi YacTKH Kamesi
kcanTany (C kk) 3a pH 6,7

3po3yMino, MO 3aJeKHO Bif PEUENTYpHOrO CKIAAy MPOAYKIIii,
¢i3myHEX (IITBHICTE, PO3MIPHI XapaKTEPUCTUKH YaCTOYOK CHPOBHHHU) Ta
¢i3uko-xiMiyHMX (MacoBa 4YacTKa CyXuX pedoBuH, pH, B’s3KiCTB,
BOJIOTO3B sI3yBajJlbHA T4/ UYMW BOJIOTOBHMIIISAIOYA 3JATHICTH Ta  IHII)
MTOKAa3HHUKIB OKPEMHUX iHTPEIi€HTIB MOKYTh 3MIHIOBATUCS TIOPSIOK BBEACHHS
IHTpei€HTIB, TIapaMeTpH ITHOYTBOPEHHS, MacoBa dYacTKa cTabini3aTopis.
Tox ocraTouHe po3poOIEHHS XapuoBOi MIPOAYKIIi] ¢ TIHHOI CTPYKTYPOO Ha
OocHOBI akBaabm HyTOBOI mMOTpPeOye TOAANBIINX JOCHKEHb 3

ypaxyBaHHSIM KOHKpPETH3aIlil XapuoBoi MPOAYKIIii, IKYy Oyze po3podieHo.
Ha mimcraBi mTpoOBENEHMX JOCHIHKEHb PO3POOJICHO MOJENb
TEXHOJIOTIYHOI CXeMHM BHPOOHHWITBA XapuoBOi NPOAYKIII 3 TIHHOIO
crpykrypoio (puc. 5). Bona nependauae MexaHivHe KyTiHapHe 0OpOOISHHS
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3epeH HYTY, SIKe MOJsrae B IPOMHUBAHHI Ta 3amouyBaHHi. Hamami mpomykr
HEOOXiHO MigmaTH TiAPOTEPMIYHOMY OOpOOJITHHIO 3  OJEpKaHHSAM
BiJIBapEHUX 3€peH HYTy Ta akBadaOu HyTOBOI. 3epHa HYTy MOTPEOYIOTh
MOApiOHEHHS] 3 OJEPKAaHHAM TOHKOMUCIIEPCHOI MIOPENOAiOHOI MacH.
AxBagaba HyroBa B30OMBA€THCS 3a JI0AaBaHHSA CTAOLII3aTOpiB MiHHUX
cucteM. Lle 103BOUTE OfiepKaTH CTIHKY MiHY 3 BU3HAYCHUMH TEKCTYPHUMHU
xapaxrepuctukamu. Hanmami mozapiOHeHi 3epHa HYTY MOXYTH 3'€THYBaTH 3
IHIIMMH PEleNTYPHUMH KOMITOHCHTAMH, HAMpPUKIIAJA, OBOYEBHMH IOpE,
M'CHUMH HATlOBHIOBA4YaMH, JO HHUX MOXE JOofaBaTucs 30uTa akBadaba.
Cucrema miajarae MepeMilllyBaHHIO 3 MOXIHBICTIO  JIOJaTKOBOI'O
TepMOOOpOOIISIHHA 4Yu J03yBaHHA, (acyBaHHs 1 peanizauii. Ilpore e
MPHUHIMIIOBA TEXHONOTIYHA cxema (puc. 5), sika GiIbIIOK MipOK BH3HAYAE
NOCJTIZIOBHICTh TEXHOJIOTIYHUX OIEepaliif, He BH3HAYAIOYM KOHKPETHI
TEXHOJIOTI4HI TapaMeTpH Ta pelenTypHi KOMIOHEHTH.

3epHa HYTy Boja mutHa

Mexaniune KysaiHapHe

00pOOIISTHHS
T
v
Tiaporepmiune 0OpOOISTHHS
(BapiHHsN)
I
H/d «3epua nyty H/}p «Axsadaba
BigBapeHi» HYTOBa»
. / “CraGinisatopn
TonpioHents — CTa61n13aTopn A
miHHKX cucTeM  /
| T —
y

~ - 0
. HarnosHrioBaui (0BoYeBi.
[TepemirryBanHst — ( ’

v

JlosyBaHHS

v

®dacyBaHHA

Xap4oBuii MPOAYKT 3 MIHHOI CTPYKTYPOIO

Puc. 5. Moaesab TeXHOJI0riYHOI cXeMH BUPOOHUIITBA Xap40BOi MPOAYKIIi 3
NMiHHOI0 CTPYKTYPOIO (3aKyCOYHA MPOAYKIList)
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BucnoBkn. KOMIUIEKCHUMH JIOCHI/DKEHHSIMH 13 3aCTOCYBaHHSIM
(i3MKO-XIMIYHMX METONIB BU3HAYEHO BIUIMB TEXHOJOTIYHWX YWHHUKIB Ha
TIpOLIeC MIHOYTBOPEHHS Ta CTIHKICTh MiHU HA OCHOBI akBadabdu. JlocmimkeHo
3arajJbHUM XIMIYHME ckimaj akBagaOM HYTOBOI, 3a THIIOBHX IapaMeTpiB
rizporepmiuHoro oOpoOnsaHHS. J[oBenEHO MOXIMBICTH 1 JOIUIBHICTH
BUKOPHCTaHHS akBaabu HyTOBOI 5K €(EeKTHBHOTrO ITIHOYTBOpIOBada y
CKJIaJli Xap4oBOI MPOTYKIIii.

JocmimkeHo 3a1exXHiCTh TIHOYTBOPIOBAJILHOI 3IaTHOCTI Ta CTIHKICTh
MIiHA Xap4OBHX CHUCTEM Ha OCHOBi akBa(aOM HYTOBOI 3aJIEKHO BiJl BMICTY
CYXMX peuOBHH B akBadabi, pH cucTeMu Ta HassBHOCTI CTa01J1i3aTOPIB MiHHOI
CTPYKTYpH. Y BU3HAYEHOMY Jiana3oHi KOHLEHTpAIiil CyXuX PEYOBHH B
akBagabi HYTOBI CHUCTEMHM XapaKTepH3YIOTBCS [OCTATHHO BUCOKUMH
3HAYEHHSMU MOKa3HHUKIB MMTHOYTBOPIOBAIBHOI 3/IATHOCTI Ta CTIHKOCTI MiHH,
NPOTE 338 TEKCTYPHUMH O3HAKaMH IiHH € JIETKUMU HE MIIIHUMH, ITyXKHMHU,
IO 3YMOBIIIOE HEJOUUIBHICT, BHKOPUCTAHHA iX Yy CKiIaal Xap4oBoi
NPOIYKI1. BilbIl BUCOKMX 3HAYEHBb CTIMKOCTI MHHUX cucTeM (93—95%) Ha
OCHOBI akBa(abM HYTOBOI Ta 3MIHM iX TEKCTYpHHUX XapaKTepUCTHK
JOCSITHYTO 33 paxyHOK BBEICHHS TiJPOKOJNIOIIB — KaMiJb KCaHTaHy Yy
konuenrpauii 0,1-0,3% ski Haganu iM IHIIOl LIJIBHOI TEKCTYpH, MiHHI
cUcTeMU HaOyJIM MIIHOCTI, BEPUIKOBOCTI, 10 € MPUIATHUM sl Xap4oBoi
MPOIYKIIT.

ChopMmynboBaHO 3arajbHi  peKOMEHAAIl IMIOA0  MOXJIMBOCTI
BUKOpHCTaHHS akBaaOu HYTOBOI SIK €(eKTHBHOrO IiHOYTBOpIOBaYa Y
CKJIaji xapuoBoi MpoxykKiii. PO3po0ieHo Mozenb TEXHOJOTIYHOI CXeMHU
BUPOOHHUIITBA XapUOBOI MPOAYKIIIi 3 MIHHOK CTPYKTYPOIO 3 BUKOPHCTAHHIM
MOAPIOHEHNX 3epeH HYTY, OBOYIB Ta IHIIIMX KOMIIOHEHTIB.
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BUKOPUCTAHHA MOANPIKOBAHUX KPOXMAJIIB
B TEXHOJIOT'Ti COYCIB MOJIOYHHMX TA BEPIIIKOBUX

AM. Jixtapsp, O.0. I'punyeHko

Jlocniosceno mexnonociynui nomenyian MoOU@DIKOBAHUX KpoXMAie Onsi
BUPOOHUYMBA MONOYHUX MA GepuKoeux coycie. Bcmanosneno, wo 6onu
3abe3neyyloms CmMEOpeHHs CMADIILHUX XAPYOBUX CUCHEM 3 KOHMPONbOSAHUMU
PEONOSIYHUMY  BNACIMUBOCAMU — HEHbIOMOHIBCbK020 — muny.  Mikpockoniuni
dociodncer st niomeepounu 30epescentst YiliCHOCmi KPOXMAIbHUX 3ePeH 3a 6NIUGY
MEXHON02TYHUX YUHHUKIE. OmpumaHi Oucnepcii Xapaxmepusyomscs ONMUMATLHOIO
6EPUIKOBOIO MEKCHYPOI0 MA  NIAUHHICHIO, WO NiOMEepOXCYe NepCneKmusHicmy
BUKOPUCTNAHHSL MOOUGIKOBAHUX KPOXMAIE O/1st PO3POOKU IHHOBAYIUHUX NPOOYKMIG.

Knouosi cnosa: moougixosani Kpoxmaii, MOIOYHI MA GePUIKOGI cOyCl,
eMYIbCis, Peonociuni 61acmugoCi, MmepmMoCcmabiibHiCIb, CIPYKMYPOYMEOPEHHS.
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USE OF MODIFIED STARCHES IN THE TECHNOLOGY
OF MILK AND CREAM SAUCES

A.M. Dikhtyar, O.O. Hrynchenko

Modern food industry is characterized by increased demand for sauce
products with controlled rheological properties and stable consumer characteristics.
Modified starches as functional ingredients open new opportunities for creating
innovative milk and cream sauces, which determines the relevance of studying their
technological potential. The aim of the work was to investigate the influence of
modified starches on the formation of rheological properties and structural-
mechanical characteristics of milk and cream sauces, and to determine optimal
technological parameters for their production. Rheological methods were used to
determine viscosity characteristics of starch dispersions, microscopic studies to
evaluate the structure of starch granules under different technological processing
regimes, as well as organoleptic analysis of textural properties of the obtained
systems. It was established that modified starches are effective structure-forming
agents for creating stable milk and cream sauces with controlled rheological
properties. The non-Newtonian nature of starch dispersions was experimentally
confirmed, with viscosity depending on shear rate and modified starch concentration.
It was found that with increasing starch concentration, the system viscosity increases
significantly, allowing regulation of sauce consistency according to technological
requirements. The influence of technological factors on rheological characteristics of
the systems was investigated. Prolonged thermal treatment leads to viscosity
reduction, while the combination of thermal and mechanical effects decreases
viscosity compared to control samples. Microscopic studies confirmed that applied
technological regimes do not lead to destruction of starch granules. Thermal
treatment increases the degree of granule hydration, while mechanical impact is
accompanied by system aeration with preservation of structural integrity. The
obtained starch dispersions are characterized by short creamy texture and light
flowability at room temperature, which meets technological requirements for milk and
cream sauces. Optimal concentrations of modified starches were established to
achieve necessary organoleptic and structural-mechanical properties of finished
products. Research results confirm the prospects of using modified starches as
functional ingredients for developing innovative sauce products in the food industry.
The established patterns of influence of starch concentration and technological
parameters on rheological properties of systems create a scientific basis for
optimizing the production technology of milk and cream sauces with predictable
consumer characteristics. The obtained results can be used by food industry
enterprises for developing production technologies of milk and cream sauces using
modified starches, which will ensure creation of products with controlled quality
indicators and increased stability during storage.

Keywords: modified starches, milk and cream sauces, emulsion, rheological
properties, thermostability, structure formation.
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ITocTanoBKa NMpo0aeMH y 3arajJibHOMY BHIJISIAI. PO3BUTOK pHHKY
coyciB BiIOYBa€ThCSl B YMOBaxX 3pOCTaHHS MOMKTY HA MPOLYKTH 3 BHCOKOIO
TEXHOJIOTIYHOIO Ta MiKpOOiOJIOT1YHOIO CTaOlIBHICTIO, TPHUBAJIIUM TEPMiHOM
30epiraHHs Ta MPOrHO30BaHUMH OPTaHOJIENTHYHUMH XapaKTepUCTHKaMu. 3a
0araToBEKTOPHOCTI BHUPILIEHHS IHOIO0 NUTAaHHS (IHIpeNieHTHHH CKJan,
TEXHOJIOTIS BUPOOHMIITBA, CIIOCOOM TMaKyBaHHS Ta BHIHM IAKyBAIbHHX
MaTepiajiB) OIHMM i3 IUIAXIB 3a0e3nedyeHHs CTaOiIbHUX BIIACTUBOCTEH
COyCiB B TEXHOJOIIYHOMY IIOTOLI iX BHPOOHHMLTBA Ta 30epiraHHs €

BHUKOPUCTAHHSA Xap4OBUX JI00aBOK 3 noniyHKIIOHATEHUMHU
BJIACTHBOCTSIMH  —  3aryCHHMKH,  CTa0UIi3aTopu,  BOJOTOYTPHMYIOYi
KOMITOHEHTH.

HaTuBHi kKpoxmai TpaJuLiifHO 3aCTOCOBYIOTBCS Y CKIIaJll COYCIB 5K
3aryCHUKH, NPOTE BOHM MalOTh OOMexaHi (hyHKIIOHAJIbHO-TEXHOJIOTIYUHI
BJIACTMBOCTI: HHW3bKa TEPMOCTIMKICTh, YYTJHMBICTH JI0 KONMBaHb pH,
peTporpajaiisi, 1o MPU3BOMUTL IO PO3MIAPYBAHHS MPOAYKTY Ta 3MiHH
peoJoriuHNX MOKa3HUKIB iJ| Yac 30epiranHs. Lle ocobnuBo KpUTHUHO IUist
MOJIOYHMX Ta BEpIIKOBUX COYCIB, SKi XapaKTepH3yIOThCs CKJIaIHOIO
OLJIKOBO-)KMPOBOIO MATPHICI0, CXWIIBHOIO J10 (Aa30BOro PpO3JIINICHHS Ta
KOAryJsiiii miJi yac HarpiBaHHs. Y 3B’SI3Ky 3 MM MOIU(IKOBaHI Kpoxmai
pO3MIIsAAlOThCsl SIK €(DEeKTHBHI CTPYKTYpOYTBOpIOBadi Ta CTadiuIi3aTopH,
31aTHI 3a0€3MEYUTH TEPMOCTIMKICTh COYCIB il 4ac mnacrepusaiii Ta
cTepuIizailii; cTablIbHICTh eMYNbCIHHOI CTPYKTYpH; HEOOXiOHHWIl piBEeHb
B’SI3KOCTI Ta TEKCTYpY; KOHTPOJIBOBAHY PEOJIOTIUHY TMOBEMIHKY IIijJ 4ac
00poOKH Ta 30epiraHHs; 3amodiraHHs CHHepe3ucy Ta perporpanarii. OTxe,
3aCTOCYBaHHS MOAM(IKOBAHUX KPOXMANTIB Yy TEXHONOrIT MOJOYHHX Ta
BEpIIKOBHX COYCIB € aKTyaJbHUM HANpPsIMOM Xap4yoBOI HAYKH Ta iHAYCTPil,
10 BiJITIOBI/Ia€ CBITOBUM TPEH/IAM.

AHaJni3 ocTaHHiX A0cHiTKeHb i my0dJikaniii. AHami3 BITIN3HAHOI Ta
3apyOiKHOI JIiTepaTypu CBiOUNTH, MO 3HAYHWKA MJOCBiL B IHAYCTpil
BHPOOHHUIITBA Ta peaji3allii COyCiB HaKOMUYEHO 3/eOiIbIIOr0 B CErMEHTI
MaloHe3iB, IpPECHWHTiB, KeTdymiB Ta iH. [li THUTaHHI pO3TISAHYTO B
nocrimkensx [ 1-5 ]. Benmuky rpyiry IpoayKTiB 3 eMyJIbCIHHOI CTPYKTYPOIO
CKJIaIal0Th COYCH, IO MAOTh KOHCHCTEHITIIO Bil TEKyJ0i B'SI3KO1 A0 TYCTOi,
macro- abo renemomiOHOI Ta BMICT kupoBoi ¢asu Big 5% mo 80%. Y
TEXHOJIOTI1 eMYNbCIHHUX MPOMYKTIB, Y TOMY YHCII MaiOHE3iB Ta COYCIB,
IIMPOKO BUKOPHCTOBYETHCS 3HEKHPEHE MOJIOKO, OIHAK 3a pPaxyHOK
BHCOKOTO BMICTY JIAaKTO3W Ta MiHEPaJbHOTO 3alUINKy ()YHKIIOHAIBEHO-
TEXHOJIOTIYHI BIACTUBOCTI HOT0 MOCTYMAIOThCA sienpoaykraM. OHi€ro 3
TOJIOBHHX NPOOJEM BHKOPHUCTaHHS MOJOKA JUIS OTPHMaHHS eMYJIbCIHHHX
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XapuoBHX CHCTEM € arperaTnBHa HECTIHKICTh Ka3eiHy MOJIOKa, IO CKIaJae
10 80% 3arampHuX OinKiB. ToMy ORI MEPCIIEKTHBHUM Ta TEXHOJOTIYHO
OOTpYHTOBaHMM € BUKOPHCTAaHHS TemIeparypo- Ta pH-crabinpHuX
CHPOBaTKOBUX  OUIKIB Yy  BUINSIAI  KOHIEHTpATiB,  OTPHUMaHHUX
yapTpadinpTpaniero. IX MMPOKO BUKOPUCTOBYIOTH SK €MyIbIaTOPU Y
BUPOOHMITBI MaiOHE3iB, HM3bKOKHMPHHUX CaJaTHHX 3alpaBOK Ta COYCIB
3HIKEHOI KajopiiHocTi [ 6 ].

Kazein Mmomoka y Qopmi kazeiHaTy HaTpilo XapaKTepH3YeThCS
MiJIBUIIEHOI0 ~ arperaTHBHOI0  CTaOUIBHICTIO, TOMY TaKOX IIMPOKO
BUKOPDHCTOBYETBCSl sIK emynbratop. OjHak coycHu Ha #oro OCHOBI
moTpeOyI0Th CTablIi3allii, /I YOro B HUX JIOAATKOBO BBOASATHCS 3aT'yCHUKHU.
VY TexHonorii coyciB eMyNbCIHHOIO THITy HIMPOKO BHKOPHCTOBYIOTHCS
NpOTETHH POCIMHHOTO MOXO/DKEHHS, MEpeBaXXHO OoTpuMani 3 coi. OmHak
BOHH XapaKTEPU3yIOThCsl HU3bKOIO PO3UHHHICTIO, 10 HE JO3BOJISIE MIOBHICTIO
3aMiHUTH SUIENPOIYKTH 200 MOJIOKO, TOMY COENMPOAYKTH KOMOIHYIOTH 3
6isb11 ehEeKTUBHUMHU eMyJIbraTopaMu ta/abo crabimizatopamu [7 ].

Coesi MoxudikoBaHi OinKM  JO3BOJIAIOTH OTPUMYBATU
BHCOKOCTaOUIbHI eMyJbeii 3 KoHueHTpauieto xupy 30...40%, criiiki no aii
BHCOKHUX TEMIIEpaTyp Ta THCKIB. SIk cTabinizaTopu eMysbCiHHUX TPOAYKTIB
OCTaHHIM YacoM LIMPOKO BUKOPHCTOBYIOTBCS MPOAYKTH IEpepoOKH
3epHOO000OBHX KYIBTYp, 30KpeMa Tropoxy, KkBacoii, Hyty. edimur
CTablIi3aTopiB  BITYM3HSHOTO  BHPOOHUIITBA  JMKTYE  HEOOXIIHICTh
3aCTOCYBAaHHS INPOAYKTIB POCIMHHOIO NMOXOKEHHS B POMi SIK CMAaKOBHX
HAIOBHIOBA4YiB, TaK 1 cTabimi3aTopiB y BHUPOOHUITBI HU3bKOKAIOPIHHUX
eMYJIBCIMHHUX MTPOAYKTIB.

Hus crabimizamii  Xap4oBHX  €MYINIbCIii  OCTAaHHIMH  POKaMHU
MaclTaGHOTO ~ IPOMHKCIIOBOIO  BIPOBa/DKEHHS  HaOyB  HampsMm 3
BUKOPHCTaHHA TiJPOKOJNOINiB, 1O SKHX, B OCHOBHOMY, HaJexXaTb
moJTicaxapuy — ryapoBa Kamelb, KaMeab ryMiapaliky, Tparakanry, Kapaii,
PIKKOBOTO ZiepeBa, reJlaHOBa KaMeb, KaMelb KCaHTaHy, BEJaHy, paM3aHy.
Ix BuCcoka cTabimizyloua 37aTHICTh MPOSABISAETHCA B YTBOPEHHI Y BOISHHX
pO3YMHAX TPHUBUMIPHOI CITYacTOi CTPYKTYpH, IO CYNPOBOUKYETHCS
M IBUIIEHHSAM B's3KOCTi. [Ipu bOMy OUIBIIICTE 13 HUX BHUCOKOTiApO(DiTBHI
Ta HI3bKOT1Apo(OOHi, 10 3HIKYE iX MOBEPXHEBY aKTUBHICTD, aJIe ITiIBUIIIY€E
BIIACTUBOCTI cTabimizyBatn emynbcii. BoOHM CXWmpHI yTBOpIOBaTH B
po3UMHaxX acomiaTh 3 OaraTbMa eMYNIbraTopaMH, CTBOPIOBATH CTaOiIbHI
IUTIBKA Ha PO3MOAiNi (a3, Mo € BAXIWBAM Ui OTPUMAaHHS XapuOBHX
MPOAYKTIB 3 TETEPOreHHOI0 CTPYKTYPOIO, SKi XapaKTePU3YIOThCS TPUBAIIM
30epiraHHsM.
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[upokuii cHekTp (YyHKIiIOHATbHO-TEXHOMOTIYHUX BIACTHBOCTEH
MII obymoBirO€e i 3aCTOCYBaHHS Y BHPOOHHMITBI Xap4OBHX NPOAYKTIB. Y
3apyOiKHIHN JIiTepaTypi HABOMUTHCS OE3J1iU peKOMEHAAIlid 3 BUKOPUCTAHHS
MII y BUpOOHHITBI KOHIUTEPCHKUX Ta XJT1000YI0UHNX BUPOOIB, AI€THYHNX
JDKEMIB, CaJlaTHUX NpUIpaB, O€3aJKOTrOJIFHUX HAMOIB, CYIIEHHX Ta
3aMOPOKEHUX TIPOYKTIB, iCTIBHUX 3aXUCHHUX MOKPHTTIB.

Y po0oti nociimKeHo MOKIUBICTE Bukopructanus M1 sk 3arycHuka
(DpYKTOBO-ATIIHUX KHCEIiB, CYIIiB, COYCIB; €Mylnbraropa y MaclsTHUX
cymilax Ta 3ampaBKax Juisi cajiaTis, ne 10 40% BepLIKOBOrO macia Ta J0
50% omii 3amiHIOIOTBCS 1-BigcotkoBuM pozunHom MII. Tlopsin 3 MII y
TEXHOJOTIT KyJIiHapHOI MPOMYyKIii IIMPOKO BUKOPHCTOBYIOTBCS W 1HIII
moximHi 1emono3u, 30kpema NaKMII,  oKCHIIpOMiIMETHIIIEION03a,
T IPOKUCIPONMIMETHIILIEI003a Ta iH. [8]. TpamuiiiiHo 1 Xap4uoBi J00aBKH
BUKOPUCTOBYIOThCSl Y BUPOOHHIITBI MOJIOYHHX Ta KOHAUTEPCHKHX BUPOOIB,
HU3bKOXKUPHUX €MYJIbCiH, 0€3aJIKOrOJIbHUX HAIOiB, AECEPTHOI MPOIYKIL.

OmHuM 3 HaAWOLIBII — MEPCICKTHBHUX  CTAa0LTI3aTOpiB IS
FE€TEPOr¢HHUX XapyoBUX CUCTEM € KpOXMallb. 3aBI[$IKI/I yHiKaJ'[I)HI/IM
OCOOJIUBOCTSIM L0 CHPOBUHY CIiJI PO3IIISIATH OKPEMO BiJ IHIIMX
TiIPOKONOIIIB. YHIKAJIbHICTh BIACTUBOCTEH KPOXMAIIO BU3HAYAETHCS HOTO
3JIATHICTIO MiJ| Yac HArpiBaHHs YTBOPIOBATH OKJICHCTEPU30BaHI KPOXMabHi
mucnepcii (OKJT), 1o MaroTh Bicoki ctabinizyroui BiaactuBocti. OnHak OKJ]
€ YYDIMBUMH JI0 HU3BKUX TEMIIEpaTyp, KUCIOT, (PEPMEHTIB, CXHJIBbHI 10
peTporpazaiiii, 1o He J03BOJISE iX BUKOPUCTOBYBATH B TEXHOJIOTIT MPOITYKIT
TpuBanoro 30epiranHs. PizHoro poay wmoxaudikaiieo QyHKIiOHANBHI
BJIACTHBOCTI KPOXMAJiB MOXYTh OYTH ICTOTHO 3MIHEHI 3 YTBOPEHHIM
MOXITHUX, BIIACTUBOCTI SIKMX CYTTEBO BIJIPI3HAIOThCS BiJl HATHBHOTO
kpoxmaio [9-10].

Biamosiauo mo Codex Alimentarius cratyc xapuoBux 100aBOK MarOTh
CBOT'OIH1 JEB'ITHAIIITE BUIIB MOIM(iKOBaHUX KPOXMalliB.
[lepcnekTMBHUMH BHAaMH MOIU(]IKOBAaHMX KPOXMANliB Ui Xap4oBOi
MPOMUCIOBOCTI € HalOyxarouW, OKHCIEeHi, cTabimi3oBaHi Ta  iHIII.
[IpomucnoBo BupoOJIEHI KAPTOIUIAHI Ta KyKYpYA3sSHI HATHBHI KPOXMali y
HU3I BUMAJKIB HE TIOBHOI MipOIO 33/I0BONBHSIOTh TEXHOJIOTIYHI MOTPeOH
XapYOBOi MPOMHUCIOBOCTI. Y TTOOYTOBMX YMOBaX HATUBHHNA KPOXMAaIlb MOXKE
3a0e3redyBaT 3aJOBiIbHI pe3yiabTaTH TPH NPUTOTYBaHHI 1Ki, OOHAK Yy
CyJaCHHX TEXHOJOTIYHUX IMPOIECaX MA€ CYTTEBI OOMEKEHHS.

OCHOBHHIM HEIOTIKOM HATHBHOT O KPOXMAJTIO € H10r0 HU3bKa CTIHKiCTh
JI0 KHCITUX 3HaYeHb pH, BHCOKHMX TeMIiepaTyp, MEeXaHI4YHOTO HaBaHTAKCHHS
(iHTeHCWBHE TIepeMilTyBaHHs, TOMOreHizamis Ttomo). [lim miero WX
YHHHUKIB BiZIOYBAa€ThCS PYHHYBaHHS KPOXMAJIBHUX TPaHyl, IO PH3BOIHUTH
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JI0 YTBOPEHHSI TATy4oi (HUTKOIOMIOHOT) TEKCTYpH, BTpaTH B’S3KOCTI Ta
TIOTIPIIICHHS PEOJIOTIYHUX BIacTUBOCTe. [1i1 9ac 0X0mopKeHHs, 30epiraHHs
a00 3aMOpOXKyBaHHS BiIOYBa€ThCS PETPOrpaiallisi KPOXMAIO: YTBOPIOETHCS
rejenoiOHa mMaca Ta CIIOCTEPIraeThCs BiMIIapyBaHHS BOAM. Taki 3MiHH €
KPUTUYHHUMHU JUTSl TPOAYKIT 3 TPOJIOHTOBaHNM TEPMIHOM 30€piraHHsl.

MopundikoBaHi KpoxMaii BiJirparoTh KJIIOUOBY pOJIb y CTBOPEHHI
CTabIIbHUX, SIKICHUX Ta TEXHOJIOTTYHO KEPOBAHHX Xap4YOBHUX cHUCTeM. BoHM
€ BKJIMBOIO IUIATQOPMOIO ISl PO3pPOOJICHHS IHHOBALIHHMX TPOMYKTIB,
30KpeMa 3 MIHHOI a00 eMYJbCIHHOI CTPYKTYPOIO, IO 3a/I0BOJILHSIOTH
MOTPEOH SIK CITOKUBAYIB, TaK 1 Xap4OBOi MPOMHCIOBOCTI.

MeTta cratTi. MeToo mociKeHb, HaBEICHUX B JaHii CTaTTi, €
BUBYCHHS PEOoTOriuHIX Ta MIKPOCTPYKTYPHHX MOKa3HHKIB
Moan(hiKOBaHUX KPOXMANTIB SK IepeayMOBa BHKOPUCTAHHA iX y cKmani
COYCiB MOJIOYHHX Ta BEPIIKOBHX.

Marepianm Ta MeToaM. Y JOCHTI/DKEHHI BHKOPHCTAHO 3pasKH
Kpoxmaitto moaudikoBanoro, cepis CLEARAM. [lns gocnimkeHb roTyBaiu
OK/I 3 konrentparriero kpoxmamo 1,0 — 10,0 %.

Peonoriuni xapakrepuctuku OK]Jl BumiproBamu Ha poTauiiHOMY
peomerpi Kinexus Prot+ (Malvern Instruments Ltd,. [{ns mocimimkeHHs
BUKOPHCTOBYBaJIM BepxHio reomerpito — C25 DIN L0142 SS, ska €
LWITHIPOM, Ta HIKHIO reometpito — PC25 DIN C0350 AL. Kpusi B'sizkocTi
Ta Tedii OTPUMYBAJIH IIUIIXOM 3MiHHU HIBUAKOCTI 3¢yBY B Mekax 0,1-100 1/s
i3 mpoBenenHsiM 10 BuMiproBaHb Ha Jekany. OCHMISLIAHI TOCIIIKEHHS
3aivicHioBany 3a 0,5 % koMIuiekcHoi nedopmartii 3cyBy B Aiana3oHi 4acTOT
10.0-0.1 I'g [11-12]. Hocnmimkenns 3aificaroBanuck 3a t = 20,0+0,5 °C.

OILiHKY MIKPOCTPYKTYPH KpPOXMallbHUX 3€peH  MPOBOJIM 3a
JIOTIOMOT'OI0  CBITJIOBOTO  MIKpOCKOIYy 3 IM(POBOIO (HOTOHACAAKOK 3a
30impmmeHas x40 pasiB. Jms mpuroryBanus npemnapaTiB 0,005 kr 3paskiB
MIETICI0 PIBHOMIPHO HAHOCHIM HAa TPEIMETHE CKIIO 1 MiKPOCKOIIIOBaJIM,
BUITQJKOBO OOMpAIOYM MOJS 30pY 32 BCI€I0 IOBEPXHEIO Ipenapary Juisi
OTpUMaHHS O0’€KTHBHHX, CTaTUCTUYHO MJOCTOBIPDHHX pE3YyJIbTaTiB Ta
¢dororpadysanu.

Buxiag ocHoBHOro wmartepiaiay pociimxenns.. IlepemxymoBoro
BHKOPUCTAHHS MOIU(IKOBAHMX KPOXMAIIB B TEXHOJOTiI COYCiB MOJIOUHHX
Ta BEPIIKOBUX € OCIIHKEHHS peonoriganx xapakrepuctuk OKJI 3a BrumBy
pi3Hux unHHWKIB (pHC. 1).
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Puc. 1. EdpexruBna B’si3koctb OK/I 3a7e:xH0 Bix KoHIeHTpamii Kpoxmaiio
MonudikoBanoro (3a meuakocTi 3cyBy 50 ¢2): 1 - t = 90,0+0,2 °C, =3*60 ¢
(KOHTPOJBbHMIA 3pa3ok), 2 - t = 90,0+0,2 °C, T=15%60 c, 3 - t = 90,0+0,2 °C,
t=15%60 ¢, n=1500c™*

ExcniepuMenTanbHo BcraHOBJIeHO, 1110 OKJl € HEHBIOTOHIBCHKUMH
piaMHaMu, B’SI3KICTh SIKMX 3aJISKUTh BiJ BUAKOCTI 3cyBY. [lopiBHSIbHUIA
ananis epexrusHoi B’sa3kocti OKJI 3a mBuakocti 3cyBy 50 ¢ nossonse
KOHCTAaTyBaTH, IO €()EeKTHUBHA B’SI3KICTh 3aJIKHUTh BiJ KOHIEHTpAIl
KPOXMaJII0 MOIU(IKOBAHOTO, TPHUBAIOCTI TEPMIYHOrO OOpOOJEHHS Ta
MEXaHIYHOro BIUIMBY. 3a JaHUMH puc.l, kpuBa 1, BUIHO, 10 B iHTepBaJi
KOHIIEHTpaLii kpoxmamo MoxudikoBanoro 1,0-4,0 % B’sskicte OKJ
MoCTyNoBo 30inbiryeTbes — 3 1,10 £ 0,05 [a-c go 2,05 + 0,05 Ila-c. Hapaini
Mae wicie Oinbln crpiMke mifBuineHHs B’si3kocti. Tak, mis OKJ[ 3
KOHIIEHTpAL€l0 KpoxMaio MoaudikoBanoro 6,0 %, 8 % ta 10 % BoHa
craHoBuTh 4,15+0,15 ITac, 8,01+0,20 ITa-c Ta 13,7+ 0,20 Ilac BiamoBigHO.

Awnanoriydi 3akOHOMIpHOCTI crocrepiratoteest 1 st OKJ, siki
nonatkoBo (t=15%60 c¢) migmaBanucs TepMidHii 00po0ti (puc. 1, kpuBa 2) Ta
MeXaHiYHOMy BILIMBY (iHTeHcuBHE mepemimysanus, n= 1500c?) (puc.l,
kpuBa 3). Tpusaine Tepmiune oopodnenast OK/l 3a KOHIEHTpaLii KpOXMaIo
1,0%, 3,0% Ta 4,0% npu3BoauTh 10 3MeHIIeHHs B si3kocTi Ha 3,0-3,5 %, 5-
10 % Ta 811 % BiINOBIAHO IEPBUHHOTO 3HAYEHHSI.

Tepmigre obpobierns OKJ] 3a omHOYAaCHOrO MEXaHIYHOTO BILUIUBY B
OLTBIIIH Mipi 3HIDKYE B’ 3KICTh: B IHTEPBAJIi BMICTY KPOXMAJIFO MOAH(IKOBAHOT O
1-4 % —na 7,0-8,0 %; 5-10 % — 110 20 % NOPIBHSHO 3 KOHTPOIBHIM 3Pa3KOM.

[Ipore He3Baxkatoum Ha 3HWKEHHS B’s3kocti OKJl BHacmimok
JecTpyKiii KpoxmanbHux momicaxapumi, OKJ[ 3a t=20,0£05 °C
XapaKTePHU3YIOTHCS KOPOTKOK BEPIIKOBOIO TEKCTYPOKO, JISTKOI IUTMHHICTIO,
IO € [ITKOM MPUHHITHAM JUISl COYCiB MOJIOYHHUX Ta BEPLIKOBHX.
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®dotomoniTopuar OK/I, onepkaHux 3a pi3HHX mapamerpiB (puc. 2)
MMOKa3aB, 1[0 HE3aJCKHO BiJl BIUIMBY TEXHONOTIUYHMX 4HHHUKIB Bci OK]J]
MICTATh HAOpPsKIIi HEe3pYyHHOBaHI 3epHa OBalbHOI (opMu. binmbin TpuBase
TepMiuHe 00pobieHHs (puc. 2, ¢poro 2) MpU3BOAUTH 10 OLIBII BHCOKOTO
CTYNEHsl TOIVIMHAHHS BOJOTM (KpOXMajJbHI 3€pHa CTaloTh OuTbINI 3a
po3MipoM ), MexaHiuHe 00pobieHHs (puc. 2, ¢poTo 3) HEe MPU3BOMUTH 10
pYHHYBaHHS KPOXMaJIBbHUX 3€pEH, MPOTE CYNPOBOUKYETHCS aeparicio (Ha
(hoTO BHIHO TOPST 3 KPOXMaJIbHUMU 3epHAMH MOBITPSIHY (azy).

1 2 3

Puc. 2. ®oromonitopunr OK/I: 1 —t=90,0+0,2 °C, 7=3*60 ¢ (koHTpOILHMIT
3pasok), 2 —t = 90,0+0,2 °C, 7=15%60 ¢, 3 — t = 90,0+0,2 °C, 7=15%60 ¢, n= 1500¢™*

Taxum YHUHOM, NpoBe/IeHI JIOCHIJOKEHHS JI03BOJIAIOTH
CTBEPKYBATH PO MOXITUBICT BUKOPUCTAHHS MOIU(IKOBAHUX KPOXMAIB
B TEXHOJIOT1i COYCIB MOJIOYHHX Ta BEPIIKOBUX.

BucnoBkn.  MoaudikoBani  kpoxMami €  eheKTUBHHUMHU
CTPYKTYPOYTBOpPIOBaYaMHU IJIsI CTBOPEHHS CTAaOUIBbHUX MOJOYHHX Ta
BEPIIKOBUX COYCIB 3 KOHTPOJBbOBAHMMH PEOJIOTIYHHMH BIACTHBOCTSMH.
BcTaHOBIIEHO HEHBIOTOHIBCHKY MPUPOY KPOXMAIbHUX TUCIIEPCIid, B'I3KICTh
SIKMX 3aJIKUTh BiJl MIBUAKOCTI 3CYBY Ta KOHIEHTpALil MOAMU(IKOBAHOTO
KpoxMmaito. 31 301bIIeHHsIM KoHIeHTpaiii Bif 1% mo 10% B's3kicTs 3pocTae
Bix 1,10+0,05 Ia-c no 13,7+ I1a-c. TexHomoriuHe 0OpOOISIHHS BILIMBAE Ha
peoJoriuHl  XapaKTepUCTUKU CHUCTEM: TpHUBaJe TepMiuHe OOpOOICHHS
3HIWKYe B'3KicTh Ha 3-11%, a MOeIHAHHA TEPMIYHOIO Ta MEXaHIYHOTO
BILIMBY — 110 20% TIOPiBHSHO 3 KOHTPOIBHIUMH 3pa3KaMHU.

MikpoCKOIiYHI ~ TOCTI/DKEHHS MIATBEPIWIN, IO TEXHOJOTIvHi
PeXHMMH HE NPHU3BOIATH IO PYyHHYBaHHS KPOXMAaJbHHX 3epeH. TepMmiuHe
00poOJIeHHS TiABHUINYE CTYIHb TigpaTtamii 3epeH, a MEXaHIYHHHA BIUTUB
CYNPOBOIKY€EThCS aepariero cucteMu. OTpuMaHi KpOXMallbHI aucriepcii
XapaKTePHU3YIOThCS KOPOTKOK — BEPIIKOBOKD TEKCTYpPOK Ta  JIErKO
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mwmHHICTIO ipu TemmepaTypi 20,0+£0,5 °C, 1o BiAMOBia€ TEXHOIOTTYHUM
BHMOT'aM JI0 MOJIOYHHX Ta BEPIIKOBUX COYCIB.

Pegynprat  mOCHiIUKEHb — IMIATBEPIKYIOTH  IEPCHEKTUBHICTH
BUKOPDHCTaHHS  MOOU(IKOBAaHMX  KpPOXMalliB 5K  (DYHKIIOHAJIEHHUX
IHTPEIIEHTIB I PO3pOOIICHHS IHHOBAIITHUX COYCHUX HPOAYKTIB Xap4oBOl
TIPOMHCIIOBOCTI.
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PO3POEKA MAKAPOHHHWX BUPOBIB ITIJIBUIIIEHOI
XAPYOBOI IIIHHOCTI

M.B. ApramonoBa, T.B. I'appum, A.O. Boponkin

Axmyanvhicms  pobomu  3ymMo6neHa  HEOOXIOHICMIO — pO3UIUPEHHS
acopmumenmy 300pOBUX XAPYOBUX HNPOOYKMIE HA YKPAIHCLKOMY PUHMKY Md
npooIeMOoIo HU3bKOI Xapyuo8oi YiHHOCHI MAKAPOHHUX UPOOIS, W0 GUSOMOBIIOMbCS
NepesaNtCHO 3 M IKUX COPMIB NULEHUYL.

Hocnioodiceno enaug wipomy HACIHHA AbOHY MA NOPOWKY WURWUHU HA
MakapouHi 8upobu. 3a pezynomamamu 00ciioAHceHb CMAHOBNEHO, Wo 000asanHs 5%
wipomy HACiHHA T6OHY ma 5% NopowKy WUnWUHYU 8i0 Macu 6OPOUIHA O03601UNMb
ompumamu MaxkapouHi 8upoodu 3 GUCOKUMU OP2AHOJIENMUYHUMU MA 6APUTLHUMU
eracmusocmamu. Bemanoeneno, wo 6sedennss 006a80K NO3UMUBHO BNIUBAE HA
Xapuosy yiHHICMb RPOOYKMY, 30aeauyiouu 1020 Xapyogumu GONOKHAMU, OLIKOM,
Omeza-3 srcupnumu kucromamu ma gimaminom C.

Knrwouosi cnosa: marxapouni eupobu, xapuosa yiHHICMb, WPOM HACIHHI
JIbOHY, NOPOWLOK WURWIUHY, QYHKYIOHANbHI 000asKu, xapyoei eonokna, Omeza-3
orcupHi kucromu, eimamin C, aHmuokcuoanmu.

DEVELOPMENT OF PASTA PRODUCTS WITH ENHANCED
NUTRITIONAL VALUE

M. Artamonova, T. Gavrysh, A. Voronkin

The article presents the study results of the development of functional pasta
products through the enrichment of receipts with flaxseed meal and rosehip powder.
The relevance of this work is determined by the need to expand the range of healthy
food products on the Ukrainian market and to address the problem of the low
nutritional value of pasta made mainly from soft wheat. The purpose of the research
is development and scientifically substantiation of optimal pasta receipt with
increased content of biologically active substances. During the experiment, control
and three experimental pasta samples were produced, with a total content of 10%
plant additives but with different ratios of flaxseed meal and rosehip powder. The
comprehensive analysis of the organoleptic and cooking properties of the obtained
samples was conducted. It was established that the incorporation of these additives
positively affected on the nutritional value of the product by enriching it with dietary
fiber, protein, omega-3 fatty acids, and vitamin C. On the base of the research results,
the optimal receipt contained 5% flaxseed meal and 5% rosehip powder. This sample
demonstrated the best balance between organoleptic characteristics (pleasant taste
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with a slight sourness, uniform reddish tint), cooking properties (shape retention rate
after cooking of 94.4%), and nutritional value. Laboratory analysis confirmes that the
developed product contains 10.73% protein, 6.1% dietary fiber, and 32.5mg/100g of
vitamin C, it allows its classification as a functional food product. The proposed
technology is promising for implementation in food industry enterprises for import
substitution purposes and to meet the growing consumer demand for healthy food.
Keywords: pasta products, nutritional value, flaxseed meal, rosehip powder,
functional additives, dietary fiber, omega-3 fatty acids, vitamin C, antioxidants.

I[MocranoBka mnpodieMu B 3arajbHOMY BHIIAA. MakapoHHi
BUPOOH € OJHUM 13 HaWNOMYJSPHIMIMX MPOAYKTIB XapuyBaHHs B YKpaiHi
3aBISIKM JIOCTYITHOCTI, MPOCTOTI TPHIOTYBaHHS Ta TPHUBAIOMY TEPMIiHY
30epiranns. [Ipore TpaguuiiiHO AJsl iX BUPOOHMITBA BUKOPUCTOBYETHCS
OOpOIIHO 3 M'SKMX COPTIB TIICHUI, [0 XapaKTePU3YEThCS HUIBKUM
BMICTOM OiKa, BiTaMiHIB Ta MiHEpaJbHUX peuOBWH. BopHOuac Ha pUHKY
CIIOCTEPITaeThCsl TEHIEHISI 10 CKOPOYEHHS BHYTPIIIHBOIO BUPOOHMIITBA
KITaCUYHUX MAaKapOHHUX BHpPOOIB Ha TJIi 3pPOCTaHHS IMIIOPTY, a SKICTbh
BITUM3HSIHOI IIIEHUII 33 IMOKa3HUKaMH OUTKa Ta KICHMKOBHHHU 3HIKYETHCS
[1]. V mmx ymoBax po3poOka TEXHOIOTiH, CIPSIMOBAHHWX Ha ITiIBHIIICHHS
Xap4oBoi I[IHHOCTI MPOMYKIii 3 BUKOPHUCTAHHSM JIOKAJILHOI CHPOBUHHU, €
HAaJ3BUYANHO aKTYyaJIbHOLO.

AHasi3 ocTaHHiX AocaikeHb i myoOsmikaniid. CBiToBa Hayka
NPOIIOHYE ~ YKMCIEHHI  IUISIXM  30aradeHHs  MakapoHHHX  BHpOOIB:
BUKOPHCTaHHsI OopoiHa 3 0000BUX (HYT), IICEBA03aKIB (KiHOA, aMapaHT),
JIOIaBaHHS CIHIPYJiHM, OBOYEBUX TMOPOMIKIB Ta MPOAYKTIB TMepepoOKu
(BuciBky, mipotn). Taki iHTpEIIEHTH AO3BOJSIOTH MiJBHUILMTH BMICT OllKa,
XapuoBUX BOJOKOH, BITaMiHIB Ta AaHTHOKCHJIAHTIB, a TAKOXK 3HH3HUTH
TIIIKEMIYHHUN 1HIEKC TOTOBOTO MPOIYKTY.

I'pyma BueHMX B OIJMSAOBIH CTAaTTI BiAMITHIM, IO CIIpyTiHA B
MaKapOHHHX BHpPOOax IMiIABHUINYE XapyoBY IIHHICT 1 € KOpWUCHA IUIf
3mopoB’si. CripylliHa Ma€ BHHSTKOBY ITOXKHBHY LIHHICT (BUCOKHH BMICT
0inka 3 He3aMiHHUMH aMiHOKHCIOTaMH, OMeTa-3 )KHUPHUX KHCIIOT, MiHEpalliB
Ta aHTHOKCHIAHTIB), SK IHHOBANIWHOTO IHTpeNi€HTa y BUPOOHHIITBI
(YHKIIOHATTPHUX ~XapYOBHX MPOMYKTIB, 30KpeMa XIi0oOyIoYyHMX Ta
MakKapoHHHX BHUpPOOiB. OrISHYTI MAOCTKEHHA CBiM4aTh, MO TpH
JOTPUMAaHHI ONTHUMAJIFHOIO PiBHA BHECEHHA CHIpyNiHU ii MOAaBaHHSA HE
TIOTipITye TEXHIKO-()YHKIIOHAIbHI XapaKTEPUCTUKU KIHIIEBOTO IMPOIYKTY [2,
¢ 105170]. BuxopucTaHHs OBOYEBUX HOPOIIKIB Y BUPOOHUIITBI MaKapOHHIX
BHPOOIB € eEKTUBHUM METOJOM IIiIBHIICHHS iXHBOI XapuoBOI IiHHOCTI.
30KkpeMa, MOCTIIKEHHS YKpPaiHCPKUX BYCHHX 13 JIONAaBAaHHIM ITOPOIIKiB
TOMara Ta IJIMBY MOKa3aly, 0 BHECEHHS IIMX JOOABOK 3HAYHO 301JIbIIyeE
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BMICT XapUOBHX BOJIOKOH y FOTOBOMY MPOJIYKTi, MIOKPAIIYIOYU TPU LEOMY
HOro 31aTHICTh 710 HAOyXaHHs. BcTaHOBIIEHO, IO ONTHMAaTbHA KOHIICHTPALIis
IMX OBOYEBHMX MOPOLIKIB CTaHOBUTH 1-3% Bix Macu OopolnHa, i Take
JI03yBaHHS IO3WTHBHO BIUIMBA€ HA MII[HICTh MAaKapoOHiB, CTaH IXHBOI
TIOBEpXHi Ta 30epekeHHs (OpMU Micisl TEpMiYHOI 0OpOOKH, a TaKOX JI07a€e
BupoOam mpuBabnuBuii komip [3, ¢ 72-78]. JlonaBaHHs S0JyYHHX BHYABOK
JO MaKapoOHHHX BHUpOOIB, HaBiTh Yy 3Ha4yHId KoHIEHTpauii - 1o 50%,
BUSIBWIIOCS ©(EKTHBHUM METOIOM 30arayeHHss MaKapOHHHMX BHpOOIB.
30KkpemMa, Takuil MiIXiJg NPHU3BIB 0 30UIBLICHHS BMICTY NHONi(EHONB Ta
XapUYoBHX BOJIOKOH y TOTOBOMY MPOAYKTi. Y MaKapoHHHX BHpobax i3
JIOMABAHHSM SIOYIHOTO JKOMY TaKOXK CIIOCTEPIranocs: 3HIKEHHs TBEPIOCTi
Ta MaKCHMAaJbHOI eHeprii pi3aHHs MOPIBHAHO 3 KOHTPOJBHHM 3Pa3KoM.
BuKOpUCTaHHS BHYaBOK CIPUYMHUIO 3HMXKEHHS TBEPIOCTI BUPOOIB, aje
iXHS BOIOIOMIMHANIBHA 3MATHICTh 3aJMINaigacs CTaOUIbHOI, HAaBiTh MpPHU
MaKCHUMaJbHIN mocmimxeHid koHueHtpamii 50%. Takum uuHOM, S0My4HI
BUYAaBKH BBKAIOTHCS MEPCIEKTUBHUM I1HTPEOIEHTOM IS ITiIBUIICHHS
(GyHKI[IOHATBHOCTI MakapoHHMX BHUpoOiB [4, c 804]. EdexrusHicth
30araueHHs MakKapOHHHMX BHpOOIB TICeBIO371akaMu Ta 000oBHMH Oyna
MiATBEp/PKEHA ICIIAHCPKUMHM BYEHHMH, SIKIi DPO3pOOHMIIM pi3HI 3pa3kwy,
JIO/IAI0YH JI0 MIIEHUYHOro OOpOIIHA MPOPOIIEHY KiHOa, KiBi1y Ta 60pOILIHO
Kymypo. JlociikeHHsT 1MoKa3ao, 1o JojaBaHHsA KomOiHamii mpopociiol
kiHoa (13%) 3 kymypo (8%), a Takox mpopocioi KiBidi (15%) 3 kymypo
(15%) npusBeno 10 3HAYHOTrO IIJBHINEHHS BMICTy OilKa, XHpY Ta
PO3YMHHHUX XapUOBUX BOJIOKOH Y KiHIIEBOMY TPOAYKTI, IO CBIYUTH IIPO
BHCOKUIA MTOTEHIIAN X 1HIPEAIE€HTIB ISl TIOKPAIIEHHS TI0KUBHOI IIIHHOCTI
MaKapoHHUX BUPOOIB [5, c. 4395]. Takoxk CTAaHOBUTH IHTEPEC BUKOPUCTAHHS
OoporiHa kepoOa. BueHi OLiHMIM PEOOriyHi BJIACTHUBOCTI TiCTa, TEKCTYPY
TOTOBMX MaKapOHHHX BHPOOIB, IX XIMIYHHMIl CKIIaJ, BKIIOYAIOUHM 3arajibHy
KHCJIOTHICTh, BMICT BOJIOTH, OiJKa, a TaKOX IIPOBENH CEHCOPHUI aHawi3.
KirouoBuM pesynpraToMm craino Te, mo aoxaBaHHS 10 4% OopormrHa kepoba He
JIHIIIE TIOKPAIIMIIO CEHCOPHI Ta (DyHKIIOHAIBHI XapaKTEePUCTHUKH MPOIYKTY, ajie i
3HAYHO 30araTrIIo Horo Oi0aKTHBHUMH CHIOTyKamH [6, ¢ 3788].

Oco0nuBuii iHTEpEC CTAHOBJIATH Taki (DYHKI[IOHATBHI TO0OABKH, SIK
LIPOT HACiHHA JIbOHY Ta MOPOIIOK IIHMIIIMHHU. JIbOH Ta MPOXyKTH iforo
TepepoOKH € IIHHNM JDKEPENIoM BaKIUBUX ()i310JI0Ti9HO-() YHKITIOHATEHIIX
IHTpei€HTIB, IO 3yMOBJICHO IXHIM OaratuM ckimagoMm. L{i mpoxyKTi MicTATh
Oimkn 3 TOBHOIIHHMM  aMiHOKHCIOTHHUM  TpodimeMm, He3aMiHHI
MIOJIIHEHACHYEH] JKUPHI KUCIOTH (30KpeMa, JIIHOICHOBY (®-3) KUCIIOTY), a
TaKOXX BENIMKY KITBKICTh Xap4YOBHX BOJOKOH Ta BOJOPO3YMHHHUX CIIONYK,
3MaTHUX yTBOpioBath cim3. OKpiM TOro, JbOH 30aradyeHuil BiTaMiHaMH,

31



[IporpecuBHI TexHika Ta TEXHOJNOTii Xap4OBHX BHPOOHUIITB PECTOPAHHOTO
rocroaapersa i Toprisii, 2025. Bum. 2 (38). ISSN: 2312-3990X (Print) 2519-2922 (Online)

MaKpo- Ta MIKPOECJIEMEHTAMH, a TAKOXK MOTY)XHHUMH aHTHOKCHIAHTAMH,
cepen SKUX BHIUIAIOThCA JirHauu [7, ¢ 76-81]. ABropu MOCITiIKEHHS
YCITIITHO YaCTKOBO 3aMiHWJIN OOPOIIHO TBEPUX COPTIB JULSTHUM HIPOTOM JUISI
30arayeHHs1 MaKapoHHUX BUPOOiB. BeTanoBieHo, 110 15 00aBKa, B po3mipi
17% Bin 3araabpbHOi Macu OOpOIIIHA, MO3UTHBHO BILIMHYJIA Ha TEXHOJOTIYHI
MOKA3HUKH: BOHA 3MEHIIMJIA BTPaTH CyXOi PEUOBMHH IIiJ| Yac BapiHHA Ta
301IBIIMIIA KIHIICBY Bary BUPOOIB IMicisl TepMiuHOI 00poOku. Hespaxkaroun
Ha Te, mO 30araueHi MakapoOHHI BUPOOM Mald 3HW)KEHY TBEPIICTh Ta
MEHINUH 1HIeKC OTM3HM, TXHS XapyoBa IIHHICTh 3HAYHO 3pOcya 3a paXyHOK
OiIBIIOro BMICTY OijKa, KUPY Ta KIITKOBHHH TOPIBHSHO 3 KOHTPOJBHUM
3paskoM. BaxinmBO 3a3HauWTH, IO TPU [OMY EHEpreTWYHa I[IHHICTh
36arayeHrX MakapOHHHX BUPOOiB CYTTEBO He 3MiHMNacs [8, ¢ 404].

3rifHo 3 JAHUMH JOCTIJAHUKIB, IUIOAM INUIIIMHA € 3HAYHUM
JoKepenioM sk momidenoniB, Tak i1 BitamiHy C. DeHONbHI CHONYyKH, L0
MICTAThCS B IIMIIIMHI, BIJ3HAYAIOTHCA INMUPOKUM CIEKTPOM Oi0XiMiuHOT
AKTHBHOCTi,  BKJIIOYAlOYM  aHTHUMYTAareHHI,  aHTHKAaHIEPOTeHHI  Ta
AQHTHOKCHIAHTHI  BjaacTuBOCTi. KpiM TOro, Haa3BHYailHO BHCOKa
KOHILIEHTpallisi ackopOiHOBOi kucnotu (426 mr Ha 100 rpam rioziB) Bigirpae
BUpILIAJIbHY POJIb Y BAXUIMBUX (i310JIOTIHYHUX Mpoliecax opraHizmy [9, ¢ 725-
733]. BaxxnuBUMH CKJIaIOBUMU IIOIB IIUITIIMHY € JIIHOJIEBA Ta JIIHOJICHOBA
KHCJIOTH, SIKI HAJNEXKaTh J0 E€CEHIIaJbHUX >KUPHHX KHUCIOT 1 BIAIrparoTh
MIPOBIJIHY POJIb Y peryJsiuii 6araTbox (hi3ioNoriYHMX MpOoLECiB B OPraHi3Mi.
VY 100 rpaMax IIUMIIKHA MICTUTBCS 1,78 rpaMa 3arajibHOro XUPY, IPHIOMY
3HAYHY YaCTHUHY I[OT0 JKUPY CKIAJAI0Th CaMe 11i MOTiHeHACHYEeHI KUCIIOTH:
JIHONIEBA KHUCJIOTa MpeicTaBieHa y KijgbkocTi 0,28 rpama, a niHOJIEHOBa
kucnora — 0,72 rpama [10, ¢ 1389-1384]. YkpaiHCbKi TOCIITHAKN BUBYAIN
MOXITUBICTh BUKOPHCTAHHS MOPOIIKY IIUIIIMHU Y perenTypi OIiCKBITIB i,
MIPOBIBIIM HU3KY €KCIIEPUMEHTIB, BCTAHOBWIIN ONTHMAJIbHE J03yBaHHS M€l
nobasku: 15% Bix Macu OopomnrHa. 3acTOCyBaHHS TaKOi KUTBKOCTI MOPOIIKY
J03BOIIsIE 30araTuTh OiCKBITHHN BHPiO, 3a0e3medyroun BMICT BiTaminy C Ha
piBHi 55,6 Mr Ha 100 rpamis roroBoi mpomykiri [11, ¢ 178-179].

Tomy, BUHHKae OOTpyHTOBaHA TIOTPeda B JOCITIHKEHHSX, CIIPSIMOBAHHX
HA BHUBYCHHS BIDIMBY KOMOIHAII] JUITHOTO MIPOTY Ta TOPOMIKY LIAIIIFHA HA
SIKICHI Ta (PYHKIIIOHAJIBHI XapaKTEPHCTUKA MaKapOHHUX BHUPOOIB.

MeTa cTaTTi - BUBYCHHS BIUIUBY LIPOTY HACIHHS JIbOHY Ta IOPOLIKY
OIWIIIAHA IO TEXHOJOTII MaKapOHHHX BHUPOOIB 3 METOI0 IIiJBUIIEHOI
XapYOBOi MIHHOCTI MAaKapOHHUX BHUPOOIB MUITXOM 30ara4eHHs MIICHHIHOTO
OopormrHa.

Marepianu ta meTogu. O0’€KTOM IOCIIHKEHHS OYyITH MIPOT HACIHHS
JbOHY, IOPOIIOK IIHIIIHHA 1 TEXHONOTIS BUPOOHHULTBA MaKapOHHHX
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BHpPOOIB, a MPEZMETOM - MAaKapOHHI BUPOOH 3 JOaBAaHHSM IIMX KOMITOHEHTIB
Ta iX ¢i3uko-XiMiyHI ¥ opraHojenTH4YHI BiacTHBOCTI. s aHami3y
BHUKOPHCTOBYBAJIHCh 3araJbHOIPUIHATI OpraHoJIeNTHYHI Ta
eKCIIEpUMEHTAJIbHO-CTATUCTHYHI ~ METOIM  JOCTI/UKEHHS  CHPOBHHH,
HamiB(aOpHUKAaTiB 1 TOTOBUX BHPOOIB.

OwiHKy SIKOCTI TOTOBUX BHPOOIB TPOBOAWIM 3a CTaHIAPTHUMH
Metoaukamu (JICTY 7348). OuiHoBaIM OCHOBHI OKAa3HUKH SIKOCTi: KOJIp,
3arax, CMak 1 TeKCTypy sIK CyXHX, TaK i BApEHUX MakapoHHUX BUpoOiB. [Tpn
ILOMY OCOOJIMBO BpaxoBYBaJM BIUIMB ()PYKTOBOTO apomary LIMIIIMHMA Ta
TOPIXOBHX BIATIHKIB JIbOHY Ha 3arajbHe OpPTraHOJENTHYHE CIPHHHSATTS
poayKTy. st KOXKHOro 3pa3ka TaKo)K BH3HAYaJld BapHIIbHI BIACTHBOCTI —
30epeskeHHs (POPMHU ITiCIIsl BapiHHS, CTaH BOJM ITICIIS BApiHHS, Yac BapiHHA Ta
koe(iieHT 30iblIeHHs Macu. Pe3ynbraTu MOpIBHIOBAIM 3 KOHTPOJBHUM
3paskoM Oe3 100aBoK. XapuoBy ILIHHICTh HAMKpaIloro 3pa3ka BH3HAYAIIU
nadoparopaumu Metogamu B TOB «EkcnepTHuWid LIEHTp AiarHOCTHKH Ta
naboparopHoro cynpoBony «bionaitcey m. TepHominb.

Buksiax ocHOBHOTro MaTepiairy gociizkeHHs. byno npoBeneHo aHaimi3
XIMIYHOTO CKJIa Ty MOpOIIKy mmmivad [12, ¢ 1591-1601,13, ¢ 325-328] (Tabmn. 1)
Ta MIPOTY HACIHHs JHOHY [ 14,¢ 1633-1653,15, ¢ 1857-1871] (tabmn. 2).

Tabmuns 1
YcepeaHneHuii XiMiuHuii ck1ag nopowky munmuHu (Ha 100r npoaykry)

INokazHuk Bwmicr
Binku, T 3,5-8,0
Kupwu, r 1,0-5,0
ByrieBoju (3arayipHi), r 50-65
Y T.4. IIYKpH, T 15-25
IXap4oBi BOJIOKHA, T 25-50
Bitamin C (ackopOiHOBa KUCIIOTA), MT 400-2500
Kaporunoigu (mpoBitaMin A), MT 4-15
dnaBoHOIMU (PYTUH, KBEPLETHUH), MT 300-1000

Ha ocHOBI npencraBieHUX NaHUX, TOPOIIOK IIMTIIHHH BUAIISETHCS
SIK TOTYXHHH TPHUPOOHAN KOHIEHTpaT Bitaminy C, mo pobuth #oro
BUHATKOBHM aHTHOKCHUJIAHTOM. BiH TakoXk € 3HaYHHM IDKEPEJIOM Xap4OBHX
BOJIOKOH Ta Oi0JIOTiYHO aKTWBHUX (UIaBOHOINIB 1 KaporuHoimiB. Illpor
HaCiHH JIbOHY € BHCOKOLIHHIM JDKEPEJIOM POCIMHHOIO O1IKa Ta Xap4OBHX
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BOJIOKOH. /0oro yHiKaJIbHICTb IOJIsIrae y BACOKOMY BMICTi JlirHaHiB Ta Omera-
3 JKUPHOI KUCIIOTH.

Tabmus 2
Ycepennenuii Ximiunmii ckJaax mwpoTy JboHy (Ha 100r mpoaykTy)
ITokazHuk Bwmict
binku, r 30-45
DKupu (3asmikosi), r 8-15
y T.4. o-JliHoseHoBa kucaota (Omera-3), 4-8
Byrnesou (3aranpHi), r 28-40
Xap4oBi BOJIOKHA, T 25-38
y T.4. pO34MHHI (CIm3), T 7-10
JlirHaau, mMr 600-800

JlocnipkeHHd XIMIYHOIO CKJIagy MHOpOIIKY MIMIIIMHU Ta MIPOTY
JILOHY TMOKa3aJd, M0 Il M00aBKH MICTATh 3HAYHHMK BifAcoTok BAP Ta
HE3aMIHHUX HYTPIEHTIB, TAKMX SIK BiTaMiHM, OUIKM Ta Xap4OBi BOJIOKHA.
Buxopucranas 1ux 100aBoK J03BOIUTH OEp>KaTH BUPOOH 3 IiJBHUILEHOIO
Xap4oBOIO Ta 01OJOTIYHOIO IIHHICTIO.

Ha ocHoBi BuIe3a3HaueHOro Oyn0 po3po0JIEHO TpU BUIU
MaKapOHHUX BUPOOIB 3 10JaBaHHSIM MOPOLIKY IIMIIIIMHY Ta IIPOTY HACIHHS
JIBOHY y criBBigHOUmeHHsx 3:7%, 5:5% ta 7:3% BianmoBigHO 1O Macu
OOpOIIHA MIICHUYHOr'0 BUIIOTO TaTYHKY. 32 KOHTPOJIb OOpPaHO TpaIuLidHy
pelenTypy MakapoHHUX BHPOOIB 3 OOPOIIHA MIIEHUYHOT'O BUIIOTO TaTYHKY
0e3 106aBOK.

[IpuroryBaHHs TiCTa BKIIOYAJIO 3aMIlIyBaHHS CyXHX IHIPEIIEHTIB 1
Bomu (Temneparypa 45°C) mporsrom 10 xB. T'oToBe TicTo mpecyBaiu Ha
MakaponHomy mipeci Fimar MPF 1.5 (Bupo6uuk Fimar SPF, Itamist) uepes
MaTpuio 3 ¢roporuiactoBuMu BecraBkamu (BupoOHuk TOB «®in’epkin i
Ko», Ykpaina), hopmyroun BupoOu 3amaHoi Gopmu (Cripaib Ta MYIUIs).
[Micns npecyBanHs Ta (OpMyBaHHS BUPOOH CYIIMIM B CYIIMIbHIN miagi
Klarstein (Bupoouuk Chal-Tec GmbH, Himewunna): 1 roguny npu 45°C 3
iH(ppavyepBOHUM BUIPOMIHIOBAHHSAM, a TOTIM mpu 35°C 1m0 JOCSTHEHHS
Bonorocti  13-14%. 3aBepmaneHuM eranoMm Oyna crabumizamiss mpu
KIMHATHi# TeMnepaTypi IpoTAroM 2 TOAWH.

Pe3ynpTaTi KOMIUIEKCHOTO aHaJIi3y OPraHOJIENTUYHHX Ta BAPHIBHUX
BJIACTUBOCTEH EKCIIEPUMEHTAJIBHHUX 3pasKiB INpEACTaBIeHO B Tabm. 3, a
30BHINIHIN BU Ha puc. 1.
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Tabmums 3

IopiBHAIBHMIA aHAJI3 AKICHHX XapaKTepUCTUK. OTPMMAHHUX 3pa3KiB

KouTponbuuii Peuentypa 2 |Penentypa 3
o, | Peuenrtypa 1 0 o
3pazok (100% | ., (5% (7%
[Toxazuux . (3% 1unmmHY,
XTiOoneKapeeKe| o UIUMIIAHA, | DIATIIAHH,
7% nboHY) o o
6oporiHo B/T) 5% nbony) | 3% nboHy)
L I'manka CeiTiuit L PiBHwmiA,
30BHIIIHIN . CaiTnuii o
CTPYKTYpa, KOPHYHEBUI . JIETKUN
BULJISIT JI0 . R . PyayBaTHA .
X PpiBHOMIpHHI BIITIHOK, Y pyayBaTHiA
BapiHHA S . . BiAITIHOK Y
CBITJIMI KOMIp | 3€pHHCTICTh BiAITIHOK
. . eKlIbKa
JHobpe 30epirae binbme Cepenns ﬂiCH X
30BHINIHIN ¢bopmy, TPICHYTHX [30€peXeHiCTh T]I:H 0};3
BUTJIS] MICIIst MiHIMyM BUPOOIB, thopmu, nre):FKa ’
BapiHHS PO3BaJIEHUX TIOMITHE HEBEITUKe .
. MYTHICTb
BI/IpO6lB 3JIMIIaHHA 3JIUIIaHHA
BOJU
N Jlerkuii
Maitxe Tpoxu Termmmi TyBaTHH
Komip micnst | He3MiHHHH, _poxi || Py
. CBITNIIIMI, | pyayBaTHH | BiATIHOK,
BapiHHA TPOXH . Y
., |KOpMYHIOBATWH| BiATIHOK TPOXH
KOBTYBaTHH A
CBITIILINI
Jlerkuii
rOpiXOoBHI .
P 3nerka OpykTOBUit
apomar, .
. . . ¢dpykroBuii | apomar
3amax Hetitpanpauit IPHUCYTHI
abo nepeOuBae
HOTKH N Y
HEUTpabHUI| BCI apOMaTH
¢dpyxroBoro
apomary
Binbm
. . | BHUpaXXeHUi Jlerknit Jlerkuit
Helitpansuuii, . N . . . o
Cmak . TOpiXOBUI | TOPiXOBHIl i | KHCITyBaTHi
THITOBUH .
CMaK, JIeTKa | KHCIIyBaTHH | THpPHCMaK
TipYMHKa
Koncucrernniss| OnHopinHa, ITomitHO Hocutb IMomipHO
TTiCIIS BapiHHS TIIajKa 3epHICTa IiJTEHA ITiJIbHA
IIpo3opa
_ posopa, Tpoxu .
MiHIMYM Ocamy, 3HayHO IMomipHO
CraH BOIM . KaJlaMyTHa,
. : [PUCYTHI KyCKH| KaJaMyTHa, . | xamamyTHa,
TicyIs BapiHHS L HEBENTMKHI "
MaKapoHHHX |TIOMITHHIA 0caj ocarn JIETKUH ocaj
BHpOOiB
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30epexeHHS 90,0 94,2 94,4 89,1
¢dbopmu
MaKapOHHUX
BUpOOIB, %
Koedirmient 2,39 2,24 2,24 2,32
301/IbIIEHHS
Macu

Ha ocHoBi Tabm. 3 BuaHO, MO0 peUENTypud 3 JIOJaBaHHIM
(yHKI[IOHAJIBHUX 1HIpENiEHTIB 30epiratoTh (hopMy Micist BapiHHS HE Tipiie
3a KOHTPOJIb. 30KpeMa, perentypH 1 i 2 1eMOHCTPYIOTh HAWBHIII TTOKA3HUKA
¢dopmocriiikocti. HaiiGinpmmii  koediumienT 30uTbIeHHS Macu  (2,32)
CriocTepiraBcsi y peuentypu 3, M0 MICTUTh HaWOibIe MUMIIMHK, TOMI 5K
peuentypu 1 i 2 MaroTh ofHaKoBe 3Ha4YeHHs 2,24. Yci BapiaHTH BapUIUCS
onHakoBo (5xB). BomHouac Boja micisi BapiHHS MakapoHiB i3 J100aBKaMu
Oyna OibII KaNaMyTHOLO, IO CB1TYUTH MPO BIIMIHHOCTI y CKJIaJ{i KPOXMAITO
Ta NEKTUHOBUX PEYOBHH Y PELENTYpi.

' L

Peuenrypa 1 Peuentypa 2 o Penenrypa 3 Konrpoaunni
0 IPAIOK

Puc. 1. 3oBHimmniii BUrasi 3pa3kiB MakapoOHHHUX BUPOOIB

Opra”onenTHIHANR aHami3 i TBEPIUB, 110 HaHO1abII
30aJ1aHCOBAHMM 1 IIPUEMHUM Ha CMaK € 3pa30K pelenTypy 2 (JofaBaHHS 10
peuentypu 5% munmmHA Ta 5% IMPOT HACIHHS JHOHY Bij 3arajbHOI MacH
6opomrHa). L{i MakapoHHI BUpOOHM MarOTh CBITIO-KOPHYHEBUH OJHOPIIHUI
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KOJIip, MpUEMHUHA (DPYKTOBO-TOPIXOBUI apomar Ta TapMOHIMHHIA cMak i3
JIETKOI0 KUCIHMHKOM0. Pementypa 1 Bim3Hauamacs Oifbpll  BHpaKEHHM
TOPIXOBHMM CMakOM 1 BHCOKMM BMICTOM Xap4yOBHX BOJOKOH, TOHi SIK Y
peuentypu 3 TpoOsBUBCA pi3kuil PpYyKTOBUI apomar i HWXKYa TEKCTypHa
OTHOpiAHICTE. BpaxoByrounm Bci AaHi, peKOMEHIOBAHO peLentypy 2 sK
OUTBII paIliOHANBHY, TOMY IO BOHA 3a0e3ledye IMOETHAHHS BUCOKHX
CMaKOBHX SIKOCTEH.

[IpoBeneni mabopaTopHi IOCIHiKEHHS, IpPEACTaBleHi y Taomn4,
CBiYaTh TPO MiJBUIIEHHS IX XapuyoBoi Ta OIOJNOTiYHOI I[IHHOCTI.
Bceranosneno, 1o BmicT Oinka ctaHoBHTH 10,73%, 11O € BaKIUBUM IS
MATPUMKH Ta BiJHOBJEHHS M'S30BUX TKaHMH opraHizmy. PozpaxyHkoBuii
BMICT Xap4oBHX BOJIOKOH (6,11/100r) BKazye Ha MOTEHILiHHE MOKpaIEHHS
NEPUCTAIbTUKU KHUILEYHHKA Ta HOpPMAl3allifo TPaBJEHHs, [0 POOUTH
NPOAYKT KOPUCHUM ]IS IIUTYHKOBO-KHIIIKOBOT'O TPAKTY.

Oco0n1BY LiHHICTb MPECTaBIIAE KUPHOKUCTIOTHUH CKIIa IPOAYKTY,
30KpeMa HasBHICTh HE3aMIHHHUX TOJIIHEHACHYEHHX JKUPHUX KUCiIoT: OMmera-
3 (30mr/100r) Ta Omera-6 (400mr/100r). L{i KOMIIOHEHTH, OTPUMaHi 3aBISKA
JIOIAaBAaHHIO HIPOTY JIbOHY, BIJIrpaioTh TOJOBHY poiib Yy (DyHKIIOHYBaHHI
CEepLEBO-CYAMHHOI CHCTEMH, CIPHAIOTH 3HIDKCHHIO PIBHS XOJECTEPUHY Ta
MAaloTh MPOTU3aNalbHi BIacTHBOCTI. KpiM TOro, TEOpPETUYHO po3paxoBaHHi
BMicT Bitaminy C (32,5mr/100r), mKepenoMm SIKOro € MOpoIIOK HIMIIINHY,
3a0e3rneuye aHTHOKCHAAHTHUN 3aXHCT OpraHiaMy Ta 3MIIHIOE IMYHHY
CHCTEMY.

Ta6muus 4
XiMiuHuii cCKI1ag MAKAPOHHUX BUPOOIB 3 101aBAHHAM NOPOIKY INUIIIIMHU
TA LIPOTY HACIHHSI JILOHY

TToka3Huk 3HaUYCHHS

Macosa vacTka 01Ky, % 10,73
MacoBa JacTka BYTJIeBOAiB, % 76,70
Enepreruuna uiHzicTb, Kkay/100r 355,75
Enepreruuna uinnictp, kJx/100r 1488,46
MacoBa gactka Bosoru, % 10,80
MacoBa JacTka xxupy, % 0,67
Macosa gactka 3014, % 1,10
MacoBa uyactka Omera-3 sxupHux kucior, mr/100r 30
MacoBa yactka Omera-6 sxupHux kucior, mr/100r 400
Macosa uyactka Omera-9 sxupHux kucior, mr/100r 130

BucnoBku. [IpoBemeHi MOCHIMKEHHS IOKa3aiw, IO HaWKparii
pe3yaBTaTH OTPHMAHO TPHU JOAABaHHI JI0 PEeNTypyu MaKapoHiB 5% mpory
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HaciHHS JIbOHY Ta 5% TMOpOIIKY MIMNIIMHK. Takuid CKIax Ja€e 3MOry
MiIBUIMUTA TIOXKWBHY I[IHHICTh MaKapoOHHHX BHpOOIB 3a paxyHOK
30inbmennass BMicty Oinka (10,73%), xap4oBux BoiokoH, Bitaminy C i
Owmera-3 xupHux kucior (30mr/100r). MakapoHHI BUpoOM 30aradyroThCs
KOPHCHUMH pEUYOBMHaMU Ta ao0pe 30epiraroTe (opMy micis BapiHHSA.
OtpuMaHi pe3yibTaTd MiATBEPPKYIOTh JOLIIBHICTH BHUKOPHUCTAHHS IIHX
KOMITOHEHTIiB  JUII CTBOPEHHS MAaKapOHHHX BHpPOOIB  0370pOBYOTO
MIPU3HAYEHHS Ta PO3IIMPEHHS iX aCOPTUMEHTY Ha YKPaTHCHKOMY PHHKY.
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IHHOBAL[IAHI IIIXO/I1 10 CTBOPEHHSI
TEPMOCTABLIbHOI JKEJENHOI HAUMHKY 3 TEKTUHOM

JI.K. Kapnenko, O.B. BoromoJios, I.B. IlnxanoBcbka,
0.B. Anexcanapos, A.C. Hikyain

Y cmammi  pozensioaiomvcs  inHosayitini  nioxoou 00  CMEOPEHHs
mepmocmabineHol  JiceneiiHoi  HaYuHKU HA  OCHOBL  HU3bKOEMepU@iKo8ano2o
YUmpyco6020 NeKMuHy 3 6UKOPUCMAHHAM KOMHILEKCHOI xapuosoi oobasku (KX/I).
Bcmanosneno onmumanwui  konyenmpayii  (nexmun 5%, KX/ 0,15 %), wo
3abe3neuyioms CmadinbHy 2enegy CMpYKmMypy, niosuueny mepmMOoCmiliKicme,
6000YMPUMYBANLHY 30AMHICIb | NOKPAUWEH] OP2aHONIeNMUYHi 8IACMUGOCHI, d
MAKOXHC eKOHOMIUHY OOYINbHICHb NPOMUCTIOB020 6UPOOHUYMEBA.

Kniouosi cnosa: mepmocmabineha sceneiina HayuHKd, yumpycosutl NeKmuH,
KOMNIEKCHA Xapyoea 000asKa, CMpyKmypa 2enio, 6000yMpuMy8anbHa 30amuicimy,
Op2aHoIenmuyHi 61acmMu8oCmi, KOHOUMePCyKi 6UpooOU.
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INNOVATIVE APPROACHES TO CREATING A HEAT-STABLE
JELLY FILLING WITH PECTIN

L.K. Karpenko, O.V. Bogomolov, I.V. Tsikhanovska,
O.V. Aleksandrov, A.S. Nikulin

The article discusses innovative approaches to the development of thermally
stable jelly filling based on low-esterified citrus pectin with the use of a complex food
additive (CFA). The problem is driven by increasing demands for quality, safety, and
nutritional value of flour-based confectionery products with jelly fillings. The main
objectives are to enhance the thermal stability of the filling, stabilize its gel structure
during baking and storage, and improve the organoleptic, physicochemical, and
functional properties of the product.

The study used model pectin systems with the addition of 0.1-0.2 % CFA and
experimental samples of thermally stable jelly fillings. Evaluations included
organoleptic characteristics, physicochemical properties, water-holding capacity,
thermal stability, storage changes, as well as biological and energy value of the
product.

It was found that adding 0.15 % CFA promotes the formation of a stable three-
dimensional gel structure, increases gel strength and thixotropy, enhances water-
binding capacity, and reduces moisture loss during thermal processing and storage.
The experimental samples exhibited improved organoleptic properties: transparent,
homogeneous structure, stable color, and pleasant aroma. The optimal pectin content
is 5 %, and the CFA concentration is 0.15 % of the total recipe mass.

The formulation and technological scheme for producing thermally stable
jelly filling were developed, and its biological, nutritional, and energy value were
determined. The economic feasibility of implementing this filling in industrial
production was demonstrated, ensuring increased stability, quality, and
competitiveness of confectionery products.

Keywords: thermally stable jelly filling, citrus pectin, complex food additive,
gel structure, water-holding capacity, organoleptic properties, confectionery
products.

IMocTaHoBKa mMpodiaeMu y 3arajbHoMy Burisigi. CydacHuil eram
PO3BUTKY Xap4oOBOi IPOMHCIOBOCTI, 30KpeMa KOHAWUTEPCHKOi Tamy3i,
XapaKTepPHU3yEThCS aKTUBHUM YITOCKOHAJICHHSAM aCOPTHMEHTY MPOIYKIUii Ta
MIBUIIEHHSAM BHMOT 70 il SKOCTI, OE3IEeYHOCTi, Xap4oBoi i OiomorigyHol
OiHHOCTI. 3HAYHy poIb y [BOMY TPOILECI BIIIrpae pO3MHUPEHHS
HOMEHKJIATYpH OOpOUIHSHUX KOHIUTEPCHKUX BHPOOIB 13 pi3HOMaHITHUMH
HAYMHKAMH, SKi CIIOKUBAYi JEAali YacTillle CIpUAMAIOTh HE JIHIIE SK
JICCepPTHUH TIPOAYKT, a SK ITOBHOIIIHHUI EJIEMEHT pamioHy. 3pOoCTaHHS
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MOMUTY Ha BUPOOHM 3 (PPYKTOBUMH, STIAHHUMHU Ta JKSNCHHUMH HAYMHKAMH
3YMOBJICHE TIParHEHHSM CIIOKHMBAdYiB 0 OTPUMAaHHSA MPONYKUii 3
NPUBAOIMBUMH ~ OPTaHONCNTHYHUMH — XapPAaKTEPUCTUKAMH, BHUPAKCHHM
CMaKOM, apOMAaTOM, aBTCHTHYHOK TEKCTYPOK, BHCOKOIO CBIXICTIO Ta
CTaOUIBHICTIO SIKOCTI .

CroromHi  0coONMBOI  aKkTyalnbHOCTI HaOyBae  BHPOOHHIITBO
OOpONIIHSHUX KOHIUTEPCHKUX BHPOOIB, 30aradeHuX TEpMOCTAOITBHUMH
HAYMHKAMH, TAKUMH SIK KEKCH, PYJICTH, KpyacaHH, MIEYMBO, TOPTH Ta iHIIA
3100Ha mpoaykiis. TepmocTaOiabHI HAYMHKA JO3BOJISIOTH 30epiraTu
¢dbopMy, CTPYKTYpY Ta CIOXHUBHI BIACTUBOCTI TMiJ Yac BUIKAHHA 1
nojaneiioro 36epiranHs. BakIMBHMH BHMOTaMH [0 TAKHX HAYHHOK €
30epeKCHHS  TPY)KHOI  TejenomiOHOi  KOHCHUCTCHINIi,  OJHOPiIHOCTI
CTPYKTYpPH, BiJICYTHICTh TIOPOXKHUH, TPILIIMH 1 pO3IaPYBaHBb MICIS TEPMi4HOT
00po0OKH, a TAKOXK CTAOLIBHICT KOJIBOPY H CMaKy IPOTATOM YChOI'O TEPMIHY
NPUIATHOCTI .

BoxHouac mpoiiec CTBOPEHHS SKICHOI TEPMOCTaOLIBHOI KeICHHOT
HAYMHKK € CKJIQJHUM 1 OararoakTOpHUM, OCKINBbKM Ha ii BIAaCTHBOCTI
BIUIMBAIOTH (DI3UKO-XIMIUHI XapaKTePUCTUKU (PYKTOBO-ATIHOI CHPOBUHH,
THII 1 KOHLIEHTPAIlisl CTPYKTYPOYTBOpIOBaua, KUCIOTHICTh cepenosuiia (pH),
MacoBa YacTKa PO3YMHHHX CYXHX PEYOBHH, TEMIIEPaTypHI PEKUMHU
TEXHOJIOTIYHOI 00pOOKH Ta yMOBH 30epiranHs. SIKicTh PPYKTOBOI CUPOBHHHU
BiJlirpa€ BUpIlIaTIbHY posib Y (hOPMYBaHHI CTaOLIBHOI CTPYKTYPH HaYMHKH,
OCKIJIbKH 11 XIMIYHHI CKJIaJ] MOXE CYTTEBO BapirOBaTH 3aJIKHO BiJ COPTY,
KJIIMaTUYHUX YMOB BHUPOIIYBaHHS, CIOCOOIB MepepoOKH Ta 30epiraHHs .

Kpim TOro, mporec BHITIKaHHS CYIPOBOKYETHCS 1HTEHCHBHOIO
MIrpaii€ro BOJOTH MK HAa4YMHKOI Ta TiCTOBUM HamiBdaOpukaTtom. Ha
MOYATKOBUX CTaJisIX TEPMIYHOI OOpPOOKHM YacTHHA BOJIOTH 3 KeJeHHol
HAYUHKMA TIEPEXOAUTh Y TICTO, & HaJajl M JI€l0 TpajieHTa TeMIeparyp
BimOyBaeThCs 1i 3BOPOTHE TEPEMIIIEHHS Ta BUAUICHHA y HABKOIHUIIIHE
cepenoBuine. Takuil NEpepo3NOALT BOJIOTH IMPU3BOAUTH IO 3MEHIICHHS
BOJOYTPHMYBAJIbHOI 3aTHOCTI HAYMHKH, TOPYLIEHHS CTPYKTYPH TelI0 Ta
TIOTIPIICHHS OPTaHOJENTHYHMX IIOKAa3HHWKIB, OCOOIMBO y BHpoOax
BiIKpHUTOrO TUIY. TOMY aKTyaJbHOIO HAYKOBO-TEXHOJIOTIYHOIO MIPOOIEMOIO
€ TIONIYK e()eKTUBHHUX CIOCO0IB cTabii3allil CTPYKTypH KeNeiHHOI HaUnHKA
Ta MiHIMi3aIlii BTpaT BOJIOTH i 9ac TePMIiTHOI OOPOOKH.

Y npomucmoBocti ans  (QOpMyBaHHS TeNnenomiOHOI CTPYKTypH
HAYMHOK ITUPOKO 3aCTOCOBYIOTH TiIPOKONOIAM — IEKTHHH, KapariHaHu,
arap-arap, MomuQikoBaHi Kpoxmaimi, kKameni Ta anbrinatd. Cepem HHX
NEKTUHU  3aiiMaroTh OCOOJNMBE MiCLe 3aBISKH CBOiM JOCTYIHOCTI,
OPUPOJHOMY  TOXOKEHHIO  Ta  BHCOKUM  TeJICyTBOPIOBAJIBHHM
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BJIACTUBOCTSIM. 30KpeMa, HH3bKOeTepr()iKOBaHHIl IMTPYCOBHH MEKTHH
XapaKTepPU3yEThCsl 3/IaTHICTIO YTBOPIOBATH CTiHKI TeJIENOAIOHI CHCTEMH Y
MIPUCYTHOCTI 1OHIB KasbIi0 1 MOXe OyTH e(eKTHBHO BHUKOPHUCTAHUH Y
BHUPOOHMITBI TEpMOCTAOIILHUX JKENEeHHNX HAauMHOK. BomHowac cam 1o cobi
MeKTHH He 3aBXAu 3a0e3redye HEOOXiNHY CTPYKTYpHY MIIHICTD 1
CTaOlIBHICTh y TPOIECI BUITIKAHHSA, OCOOJIMBO B YMOBAaX ITiJIBUIICHUX
TEMIIEpaTyp 1 3MiH BOJIOTOCTi.

Jnst  miaBuineHHS e(QEeKTUBHOCTI TIeNIEYTBOPEHHS Yy CY4acHHX
JOCITI/DKEHHSIX BCE 4YacTillle 3aCTOCOBYIOTHCSI CHHEPreTH4Hi KomOiHaii
PI3HHX TiIPOKOJOIAIB. 30KpeMa, ITOBEICHO MOIUIBHICTh BHKOPUCTAHHS
cyMmillleii Ha OCHOBI KapariHaHy i Kamelli KCaHTaHy, KaMeli pPi’KKOBOI'O
JepeBa Ta IHIIMX TMOJNicaXxapuiiB, SKi JIEMOHCTPYIOTh 3JaTHICTh [0
B3a€EMHOIO MIJICHJICHHS CTPYKTYPOYTBOPIOBANBHOTO edekty . BussieHo
TAKOX CHHEPreTHYHY B3a€MOJIII0 NIEKTHHIB 3 allbliHATaMH, 110 00yMOBJIEHA
CTPYKTYPHOIO CXOXICTIO IXHIX TOJITalakTypOHOBHX (parMeHTiB, sKa
crpusie arperanii Ta GopMyBaHHIO OLIBII MIIIHOI CITKH TEIO .

Oxpemy yBary B OCTaHHI pOKM TPHUIUIIOTH 3aCTOCYBAaHHIO
KOMIUIEKCHHX XapuoBux go6aBok (KXJ[) Ha OCHOBI KJIITKOBHHH Ta
pocnuHHUX OinkiB. Taki 100aBKM BiAIrparoTh poiib  (YHKIIIOHATBHUX
cTab11i3aTOPiB HOBOT'O TOKOJIHHS, OCKUIBKH 37[aTHI 3HAYHO MOKPAIlyBaTH
KOHCHUCTEHL}0 ~ NPOAYKTY,  MiABUIIYBATH  BOAO3B’SA3yBaJbHY  Ta
BOJIOYTPUMYBAJIbHY 3[@THICTh, 3MEHIIYBAaTH CXWIBHICTh TeJenoaiOHHuX
CHCTEM JI0 CHHEPE3UCY, a TaKOXK CHPHUSITH CTadumi3alii SKOCTI HaBiTh 3a
YMOBH KOJHMBaHb BJIACTUBOCTEH CHUPOBHHU a00 3MIH y TEXHOJIOTTYHOMY
npoteci. Oxniero 3 Takux no6aBok € [TPOTTEKT K4, mo sBnsie coboro
JPiIOHOMCIIEPCHUHT TOPOIIOK KOMIUIEKCY KIIITKOBHHH Ta POCIUHHOTO O1JTKa,
SIKMH 00pe HaOyxae y BOJIi Ta YTBOPIOE B’sI3Ki, CTa0lIbHI CUCTEMH, TIPUIATHI
JUIS 3aCTOCYBAaHHS y BUCOKOB’ SI3KMX HAYMHKAX .

BonHowac, He3BakalOuW Ha HASBHICTH TEOPETUYHHX IEPEIYMOB
moa0 e(eKTHBHOCTI 3acCTOCYBaHHS KOMIUIEKCHHX XapuoBHX JIO0OABOK,
MEXaHI3MH 1XHBOI B3a€MOJIII 3 KOMIIOHEHTAMH JKEITEHHOI CHCTEMH Ha OCHOBI
MIEKTUHY, 8 TaKOXK BIUIMB Ha TEPMOCTaOUIBHICTD, TEKCTYpHi, CTPYKTYpHO-
MEXaHIYHI Ta CEHCOPHI XapaKTEepUCTUKH TMPOAYKTY 3aHIIAOTHCS
HEIOCTaTHRO BUBYCHUMH. Y HAYKOBIH JiTepaTypi BiICYyTHI CHCTEMAaTH30BaH1
JIaHi MI0I0 ONTUMATHHUX J03YBaHb TAKUX J00ABOK, X BIUIMBY Ha O10JIOTiYHY
LIHHICTH Ta EKOHOMIUHY €()eKTUBHICTh TEXHOJOTii BUPOOHHUIITBA JKEICHHIX
HAYMHOK TSI OOPOITHSHIX KOHIUTEPCHKUX BUPOOIB.

TakuM 4YHHOM, aKTyaJbHICTh JAaHOTO JOCHIDKCHHS 3YMOBIICHA
HEOoOXiTHICTIO PO3POOKH HOBHX PELENTYPHUX I TEXHOIOTIYHUX PIIICHb JUIS
CTBOPECHHS ~ TEPMOCTAaOUIBHOI ~ KENCHHOI  HAYMHKM 13  3aJaHUMHU
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(GYHKIIOHATBHUMH BIACTUBOCTSAMHM, 3/IaTHOI BHTPUMYBATH il BHUCOKHX
TemriepaTyp 0e3 BTpatu CTPYKTypH Ta sikocTi. OcoOnmBuil iHTEpec
CTaHOBHTH BJIOCKOHAJICHHSI TEXHOJOIii Ha OCHOBI HHU3BKOETEpPH(IKOBAHOIO
[UTPYCOBOT'O MEKTHUHY i3 3aCTOCYBAHHIM KOMILUICKCHOI Xap4oBOi JO00ABKH,
o Moke 3a0e3MEeYHTH MiJBHUIIEHHS CTaOLIBHOCTI, Xap4oBOi I[IHHOCTI Ta
KOHKYPEHTOCIPOMOXKHOCTI TOTOBOrO MPOAYKTY HA CY4aCHOMY PHUHKY
KOH/IUTEPCHKUX BUPOOIB.

AHani3 ocraHmix mocaimkens i mybaikauiii. OCTaHHIMH pOKaMu B
HAYKOBUX JOCHIDKCHHSX Jeai OLTbIIe yBaru MPUILISETHCS PO3POOTICHHIO
Ta BIOCKOHAJICHHIO TEXHOJOTiH BUPOOHHMIITBA TEPMOCTAOITBHUX TUIOTOBO-
SITIITHUX 1 KETICHHUX HAYMHOK JJ1s1 OOPOIITHSIHUX KOHIUTEPCHKUX BUPOOiB. Lle
OB’ 13aHO 3 AKTUBHUM PO3BUTKOM PHHKY 3JJ00HOT MPOAYKIIii Ta 3pOCTAHHAM
NOMHUTY CIIOKMBAa4yiB Ha BHUPOOM 3 TMOKPALIEHUMU OpPTraHOJENTHYHUMHU
BJIACTUBOCTSIMHM, CTAOUIbHOI0 KOHCHCTEHIIIEIO Ta IMiJBHIICHOK Xap4YOBOIO
LIHHICTIO .

VY cydacHUX TEXHOJOTISIX CTBOPEHHS YKeJIeHHHX 1 (PPYKTOBO-STIAHUX
HAYMHOK IIMPOKO 3aCTOCOBYIOTh Pi3HI TPYIH TiPOKOJIOI/IIB, 30KpeMa arap-
arap, kapariHaHu, Kamesi, MoaudikoBaHi KpOXMaJli, MEKTUHH Ta aJIbI1HATH.
BcranoBiieHo, 1110 arap-arap € OfIHUM i3 HAUTIOTY)KHIIIIKX TeJIeyTBOPIOBAYiB,
Horo 3aaTHICTh 710 (OpMyBaHHsI reltto mpuodiu3Ho y 10 pa3iB nepeBuliye Iiro
XKenaTuHy. 3a koHueHrpauii 6;1m3bko 0,85 % arap dopmye cTabiIbHUIMA Telb,
SKMH € CTIHKUM JI0 HArpiBaHHs Ta MEXaHIYHOIO BIUIMBY, a TaKOX Mae
XapaKTEepHUH CKIONOAIOHUHN 3]1aM 1 KPHXKY CTPYKTYPY.

BaxiuBy poiib y pOpMyBaHHI CTPYKTYPH HAUMHOK BiJIrPalOTh TAKOXK
KapariHaHH, 3/1aTHI YTBOPIOBATH MPO30Pi, B'S3Ki Ta TEIUIOCTI#KI renenoaioHi
cucteMd. BcTaHOBJIEHO, IO JOJaBaHHS A0 HHUX IHIIMX TOJiCaxapuiis,
30KpeMa KaMmeJli KCaHTaHy abo Kame/li pi>KKOBOTO JIepeBa, CIPHSIE 3HAYHOMY
MOKPAIIEHHIO MIIIHOCTI Ta CTaliJIbHOCTI TEN0 3aBISKH CHHEPTETHYHOMY
edexry.

Huska mociimkeHb MPpUCBSIYEeHA BUKOPUCTAHHIO IIEKTHHIB SIK OCHOBU
JUTA TEPMOCTAOLIBHUX JKEeJIEHHUX cHcTeM. 30KpeMa, U HAYMHOK 13 BMiCTOM
cyxux pedoBuH y Mexax 45-60 % pekoMeHIyeThCsl 3aCTOCOBYBATH
HU3bKOMETOKCHJIbOBAHUN IEKTHH, TOAI SK JUIi BHUCOKOKOHIICHTPOBaHUX
CHCTEM JOLIJIbHIIIE BUKOPHUCTOBYBATH BHCOKOMETOKCHIILOBAHUH IEKTHH,
[0 Ma€ IiIBUIICHY TeMIIepaTypy TelleyTBOPEHHs Ta Kpamly CTIHKICTh IO
TEPMIYHOTO BILTUBY .

Oxpemi JIOCITi THAKH MIPOTIOHYIOTh TTOCHJICHHS
CTPYKTYPOYTBOPIOBAaJIbHUX BJIACTHBOCTEH 32 paxyHOK KOMOIHyBaHHS
NEKTUHY 3 IHIIMMH TigpOKOJNIOigaMH. BCTaHOBICHO CHHEPIreTHYHY
B3a€MOIiF0 TIEKTHHIB 3 aJbriHATAMHU JIAMIHApil, IO TMOSCHIOETHCS CXOXKICTIO

44



[IporpecuBHI TexHika Ta TEXHOJNOTii Xap4OBHX BHPOOHUIITB PECTOPAHHOTO
rocroaapersa i Toprisii, 2025. Bum. 2 (38). ISSN: 2312-3990X (Print) 2519-2922 (Online)

TIONIraJlaKTYpOHOBUX (parMeHTiB i 3maTHICTIO (opmyBaTH acouiaTHBHI
CTPYKTYpH y TeIenoAiOHii cucreMi .

[lepcrieKTHBHUM HampsiIMOM € 3aCTOCYBaHHS cTall1i3aTopiB HOBOTO
TIOKOJIIHHS — KOMIUIEKCHUX XapuoBux nobaBok (KX/I), 30kpema Ha OCHOBI
KJIIITKOBHHU Ta pPOCIMHHHX OinkiB. OJHMM 3 Takux CTabuTi3aTopiB €
MMPOTTEKT K4, sxuii Mae BHCOKI BOIO3B’SI3yBajibHi, eMYJIbIyBaJbHI Ta
cTallmi3yBambHI BJIACTHBOCTI, NOOpe HaOyxae y BOAI Ta 3abe3meuye
¢bopMyBaHHS ~ OHHOPIMTHUX  TEICMOMIOHMX  CHUCTEM,  CTIHKHX 10
TEMIIEpPaTypHOT0 Ta MEXaHIYHOI'O BILIHUBY .

HesBaxkatoun Ha 3HayHMH OOCSIT TIPOBENEHHMX JIOCIIKEHB,
MEXaHI3MH B3a€EMOJIi KOMIIOHEHTIB KOMIUICKCHHX  TIOJiCaXapHIHUX
CyMiIllel, OCOOMMBO B CcHUCTeMi «mekTHH — KXJI», 3amuimaroTbes
HEJIOCTaTHbO BUBUEHHUMH, IO 3YMOBJIIOE HEOOXIJTHICTh MOAAIBIINX
JOCITI/DKEHb Y IbOMY HaIIpsIMi .

MeTor0 podoTH € YIOCKOHAJIEHHS TEXHOJOTri TepMOCTa0iIbHOT
JKEJIeWHOI HAYMHKM Ha OCHOBI HM3BKOETEpH(]IKOBAHOTO IUTPYCOBOTO
NEKTUHY HIISIXOM 3aCTOCYBaHHsI KOMIUIEKCHOT XxapuoBoi nodasku (KX 1) nust
IiIBUIIEHHS i1 TEPMIYHOI CTIMKOCTI, CTaOIILHOCTI CTPYKTYPHO-MEXaHIYHUX
1 CEHCOpHHX ITOKA3HHUKIB, & TAKOX I IBUILICHHsI 010JIOTIYHOI Ta €KOHOMIYHOT
LIHHOCTI TOTOBOTO MPOAYKTY.

Jiisi nOoCATHEHHsT TOCTaBJIEHOI MeTH nependadanocss BHPILICHH:
TaKUX 3aBJ/IaHb:

— OOrpyHTYBaTH JOUUIBHICTh BHKOPUCTAaHHsS MEKTHHY Ta
KOMIUIEKCHOT Xap40BOi JTI00aBKH y CKIIa/Ii )KeNeHHOT HAaUNHKH;

— JIOCINIJIUTH BILIUB pi3HOI KoHueHTpawii KX/I Ha opraHonentuyHi Ta
¢i3uKo-XiMiYHI TapaMeTpu IPOAYKTY;

— BU3HaunTH ontuMainsHy no3y KXJ1 y perentypi;

— OIIIHUTHU CTaOIIBHICTh Ta TEPMiH 30epiraHHs TOTOBUX 3pa3KiB;

— TpoaHami3yBaTH OIONOTiYHY Ta EKOHOMIYHY e(eKTHUBHICTh
YIOCKOHAIEHOI TeXHOJIOT11.

Marepianu ta MeToau. [ TOCTiKEHP BUKOPHCTOBYBAJIHCS TaKi
kommoHeHTH: mykop-micok (JJCTY 4623:2006);mmmonna kucnota (E330)
(ACTY TOCT 908:2006); copbinoBa kmcmora (E200) (ACTY
4112.22:2003); nextun sOmyunuii ta mmrpycoBuit (ACTY 6088:2009);
riminepud (JCTY 6824:2006); matoka kpoxmambHa (JACTY 4498:2005);
KoMIuIeKcHa xap4oBa gobaBka (KX/I) — crabimizatop tumy IIPOTTEKT K4.

JocmimKkeHHs IPOBOMITKCS HA MOJICIIbHUX CHCTEMAaX: BOIHI PO3UMHU
MIEKTUHY 3 KoHIeHTpatieio 3,0-7,0 %; momenbHi 3pa3ku 3 qomaBaHHsaM 0,1
%, 0,15 % Ta 0,2 % KX]I; mocmigHi 3pa3kd TEPMOCTAOITFHUX XKEICHHUX
HAYUHOK.

45



[IporpecuBHI TexHika Ta TEXHOJNOTii Xap4OBHX BHPOOHUIITB PECTOPAHHOTO
rocroaapersa i Toprisii, 2025. Bum. 2 (38). ISSN: 2312-3990X (Print) 2519-2922 (Online)

HauyvHky  roTyBaiM  OUBSIXOM — TIOCHIZOBHOTO  PO3YMHCHHS
KOMITOHEHTIB, HaOyXaHHA cTaOLTi3ylouoi CHCTEMH, BapiHHA IIpH
temriepaTypi 95-98 °C ta yBaproBaHHS 10 BMICTYy CyxHx pedoBuH 71+1 %.

OIiHIOBAJIN: OPTAHOJICIITUYHI TIOKA3HUKU (BUTJISA, KOJIp, CMaK,
3amax, KOHCHCTEHIis); (Pi3MKO-XiMiYHI XapaKTEepUCTHUKH; 3MiHYy BOJOTOCTI;
BOJIOYTPUMYBAJIbHY 3/IaTHICTB; TEPMOCTAaOUIBHICTh;, 3MIHH B THpoIeci
30epiraHHs; NOKa3HUKK XapyOBOi Ta EHEPreTHYHOI IHHOCTI.

Bukiiax oCHOBHOTO MaTepiajy AOCTiIKeHHS. Y XOJi BUKOHAHHS
€KCIIEPUMEHTAJIbHOI YaCTUHH JIOCII/KEHHS OYJI0 BMBYEHO BIUIMB PI3HHX
KOHLIEHTpaliil KomIuiekcHoi xapuoBoi nobaBku (KXJ[) Ha dopmyBanHs
CTPYKTYPHO-MEXaHIYHHX, (bi3UKO-XIMIYHUX, OPTraHOJIETITHYHUX i
(YHKI[IOHAJIBHUX BIIACTUBOCTEH TEPMOCTAOUIBHOI KeJIeHHOI HAuYMHKH Ha
OCHOBI HH3bKOETEpU(IKOBAHOTO IMTPYCOBOrO MEKTUHY. JlocimimKkeHHs
3MIHCHIOBAIM y TIOPIBHSUIBHOMY AacCIeKTi MO0 KOHTPOJBHOIO 3paska,
BUTOTOBJIGHOTO 3a TPaJWIIHHOI perenTyporo 0e3 momaBanHs KX/, ta
nocmiaHux 3paskiB i3 BMicToM KXJT 0,1 %, 0,15 % Tta 0,2 % Bix 3araabHOl
MacH pelenTypHOI KOMITO3UII].

Ha nouatkoBomy etari Oysi0 MpoaHani3oBaHO 3aTHICTh TTEKTHHOBOT
CHCTEMH [0 TeJICyTBOPEHHS 32 YMOB BBEICHHS KOMIUIEKCHOI Xap4oBOi
nobasku. Bcranoieno, mo KXJI, 3aBisku BUpakeHUM TiIpodiabHUM
BJIACTHBOCTSIM, aKTHBHO 3B’513y€ BUJIbHY BOJIOTY Ta CIIPUsE€ O1JIbII IOBHOMY i
PIBHOMIpHOMY HaOyXaHHIO MIEKTHHOBHX YaCTHMHOK Y BOJHOMY CEpEIOBHILII.
e, y cBow uepry, NOpuBOAUTH A0 (OpPMyBaHHS OLIBII OZHOPIAHOI
JMCTIEPCHOI CHCTEMH, L0 CTBOPIOE IIEPEIyMOBH VISl yTBOPEHHS CTaO1IbHOTO
{ CTPYKTYPHO BIIOPSAKOBAHOT'O T'eJIF0 HA HACTYIHUX eTarnax TeXHOIOTi4HOl
00pOOKH.

Oco0nuBo noMmitHUM OyB edexT npu BHeceHHi KX/ y koHIeHTparllii
0,15-0,2 %. VY 1mmx 3pa3kax BinOyBasocsi YTBOPEHHS IIPOCTOPOBOI
TPUBHUMIPHOI CITKH 3 IIiABHIICHOI0 KUTBKICTIO MiXMOJEKYISAPHHUX 3B S3KiB,
mo 3a0e3medyBajo PIBHOMIpPHHI pO3MOAUT BOJNOTH y BCHOMY 00’€Mi
cUCTeMH. Y pe3yiabTaTi TelenoniOHa CTpyKkTypa HaOyBaja BHpPa)KEHOI
cTabiabHOCTI, a PH3UK BUHWKHEHHS CHHEPE3UCY il 9Yac TEePMIdHOTO
HaBaHTA)KEHHS Ta MOJANBIIOr0 30epiraHHs iCTOTHO 3MEHIITYBABCSL.

[lomampmma oOIiHKAa OPTraHONENTUYHAX TOKA3HWKIB IMiATBEpIMIIA
MMO3UTHBHUIN BIUIMB KOMIUIEKCHOI XapdoBOi OOaBKM Ha CIIOKHBYL
BIIACTUBOCTI TOTOBOTO MPORYKTY. KOHTpONBHNUH 3pa3oK KeneHHo! HAUMHKA
XapaKTepU3yBaBCI MEHII BHPAXKEHOIO TIPO30PICTIO, HECTaOLIBHOIO
KOHCHCTCHITI€I0 1 CXWIBHICTIO JO YacTKOBOTO PO3TPICKYBaHHA TIiCIS
OXOJOKeHHs. Moro moBepxHs Mala 31erka MyTHHI BiITIHOK, @ CTPYKTypa
Ha 3pi3i Oysa MEHII OJJHOPIAHOIO Ta JEII0 3ePHUCTOIO.
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Haromicte mocmimui 3pasku 3 gomaBaHHsM KXJI[ Big3Hawamucs
MOKPAIICHUMHU Bi3yalbHHUMH Ta CMaKOBHMH XapakTepucTHKamu. s Hux
Oynu XapakTepHi OlIbII IHTEHCUBHUI Ta pIBHOMIpHHH KOJip — Bij CBITIIO-
MOMapaHYeBOro [0 HACHYEHOro OypIITHHOBOro, TJIAJKa OJMcKyda
TIOBEPXHS, TPO30pa CTPYKTypa TeN0 Ta OJHOpiHA KOHCHCTEHIsl 0e3
CTOpOHHIX BKJIIOYeHb. OKpiM TOro, 3paskd Malil TPHEMHHUH, 100pe
BUpaXXeHHH (PYKTOBHIH apoMmaT 1 MOMIPHO COJOAKHUN CMak 0e3 CTOpPOHHIX
MIpUCMaKiB abo MicIsIcMaKxy.

HaiiBuii opraHonenTuyHi OLIHKY OTPUMAB 3pa30K 13 KOHIIEHTPAIli €10
KX/ 0,15 %. HesBakaroun Ha Te, IO MiIBUINCHHS BMICTy n00aBKH 10 0,2
% CHpHSJIO HE3HAYHOMY 30UIBILIEHHIO IIITBHOCTI T'elieBOi CTPYKTYpH, LEH
e(eKT y OULTBIIOCTI BHUIIAAKIB HE MaB iCTOTHOI'O TMO3UTHBHOI'O BIUTUBY Ha
CEHCOpHE CIPHUUHSATTS, @ B OKPEMHUX BHIIQJIKAX HaBITh 3HWKYBaB piBEHb
HI>)KHOCTI KOHCHCTEHIIII.

BaxnuBUM  eTamoM JOCTI/DKEHHS CTall0 BHU3HAYCHHS (Pi3HKO-
XIMIYHHX Ta CTPYKTYpPHO-MEXaHIUYHHMX IOKa3HHKIB HOCIITHUX 3pa3kiB. Y
IPOLIEC YBapIOBaHHS peLenTypHOi cyMili Oyno JOCATHYTO BMICTY CyXHX
pedoBuH Ha piBHI 71+l %, mo 3a0e3nedye ONTHMAIbHY TYCTHHY
renenonioHoi Macu Ta 1i CTIMKICTh 1O MEXAaHIYHMX HaBaHTAXKEHb. Takuil
PIBEHb CyXHMX PEYOBHH € XapaKTepHUM JUis CTaOLIbHUX TEPMOCTIHKUX
HAYUHOK 1 cripusie GOPMYBAHHIO IIBHOI, MPYKHOT KOHCUCTEHIIIT.

HonaBannus KXJI 0OymMOBHJIO 3pOCTaHHsI B’SI3KOCTI CHCTEMHU Ta il
cridikocti 10 aedopmanii. [TinBuileHHsT B’S3KOCTI MOSCHIOETHCS HE JIMIIE
JOJaTKOBUM CTPYKTYPYBaHHSAM BOIHOI (ha3H 3a y4acTIO TiAPOKOJIOITHHX
KOMITOHEHTIB, & W IOCUJICHHSM BTOPHMHHHUX MIKMOJIEKYJISIPHHX B3a€MOIii
MDK MakpoOMOJIEKYJIaMH IEeKTHHY Ta aKTHBHHMH CIONTYKaMH KOMIUIEKCHOT
xap4oBoi 100aBku. Y pe3ynbTaTi GopmyBasiacs OUTBII MillHA Ta cTabiIbHA
reneBa MaTpUIs.

OtpumaHi pe3yapTaTH TaKOXK CBIMYATh NMPO 3HAYHE IIiABUIICHHS
3aTHOCTI MOCTINHUX 3pa3KiB yrpumyBaTtu Boijory. lleii mokasHuk €
0COOJIMBO BaXKJIMBHUM Yy pa3i BUKOPUCTAHHS HAYMHKU Y CKIIaJi OOPOIITHSIHIX
KOHIUTEPCHKUX BUPOOIB, 1€ BiIOYBA€THCS IHTCHCUBHUH TEILIO- 1 MacOOOMiH
MDK TICTOBOIO OOOJIOHKOIO Ta HAYMHKOBOIO Macoro. lligBuineHa
BOJIOTOYTPUMYBaJIbHA 3/IaTHICTh 3a1I00irae mepecynryBaHHIO, BUTIKAHHIO.

OxpeMy yBary Oyio IpUAITICHO TOCITIHKEHHIO TePMOCTabiTFHOCTI Ta
BOIOYTPUMYBAIFHOI 3[JAaTHOCTI PO3pOoOIeHHX KoMmo3umii. Bimomo, mio
OIHIEI0 3 KIIOYOBMX NpoOIeM TPaguIiHHUX KEIeHWHUX HAYMHOK € iX
CXWJIBHICTB JIO BTPATH BOJIOTH, PO3TiKaHHA Ta AeopMarii i1 9ac BUITIKaHHS
abo TpuBayoro 30epiraHHsA. Y KOHTPOJIBHOMY 3pa3Ky IICIsl TepMidHOI
00poOKH Ta 36epiranHs Oyno 3adiKCOBaHO 3MEHIIEHHS BOJIOTOCTI /10 PiBHS
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10-11 %, mo CcympoBOMKYBAJIOCS YACTKOBHAM YIIUTFHCHHSM TIOBEPXHI,
YTBOPEHHSIM KipKH Ta [IOYaTKOBUMH O3HAKaMHU PYHHYBaHHS CTPYKTYpH.

Ha BigMmiHy Bix mboro, mociiaHi 3pa3ku 3 gomaBanusaMm 0,15 % KX
BTpavanu jumnie 2,9-3,3 % BOJIOTH, 110 CB1TYUTH IIPO X BUCOKY TiipaTamiiHy
3MATHICTh 1 CTaOUTBHICTh. TakuWii pe3ynbTaT TMOSCHIOETBCS MIilHUM
3B’3yBaHHAM MOJIEKYJl BOJIM y CTPYKTYpi TelI0 3a PaxyHOK (hOpMYBaHHS
PO3Taly’>KEeHOI TPUBUMIPHOI MEPEXI.

IpoBeneni BumpoOyBaHHS NPU TEMIEpaTypax, XapaKTepHUX st
Mpollecy BUMIKaHHS OOPOIIHSHHUX BHUPOOIB, MiATBEPIMIM, LIO 3pa3KH 3
KOMIUIEKCHOIO Xap4OBOIO J00aBKOIO HE PO3TiKAINCS, HE BTpavyain popMy Ta
30epirajiy HiTICHICTh CTPYKTYPU HaBiTh IPH TpUBAJOMY HarpiBaHHi. Lle
BKa3ye Ha MiJBUIICHY MIl[HICTh TelIeBOi CHCTEMH Ta ii aJanTOBaHICTh 10
YMOB IIPOMHCIIOBOI'0 BUPOOHUIITBA.

HocnimkenHs crabibHOCTI y mpolieci 30epiraHHs 3IiHCHIOBAIM 32
Temnepatypu (4+2) °C Ta BigHOcHOI Bosorocti moBiTps (75£2) %.
Ynpoznosx 90 1i0 y nocnmigHuX 3pa3kax He 3adiKCOBaHO ICTOTHHUX 3MiH
KONbOpY, CMaky abo koHcucreHuii. Takox He cmocrepiranocs
po3LIapyBaHHs, CHHEpPE3UCy Y TOSIBM CTOPOHHIX 3amaxiB. HaBiTe micis
TPbOX MICSIIB 30epiraHHs CTPYKTypa TeN0 3aiuiuanacs CTabiIbHOLO,
NPY)KHOIO Ta omHopiaHow. lle mo3BONSIE MPOTrHO3YBATH MOMXKIIHMBICTH
MOZIOBXKEHHsI TepMiHy 30epiranHs mnponykry no 180 ni6 3a ymoBH
JOTPUMaHHS BiIMOBIJHAX CAHITAPHO-TIT1€HIYHUX BUMOT.

OkpiM TEXHONOTIYHHMX IIepeBar, 3acTOCYBaHHA KOMILIEKCHOI
Xap4oBoi JOOABKHM IMO3UTHBHO BILIMHYJIO HA TIOXKUBHY 1 O10JIOTYHY I[IHHICTb
TOTOBOI MPOAYKIII. Y IOCHIAHUX 3pa3Kax CIoCTepiranocs 30LIbIICHHS
BMICTY Xap4OBHX BOJIOKOH, POCIIMHHUX OUJIKIB, O10JIOMYHO aKTHBHUX CIIOIYK
Ta MiHEepaJlbHUX eJeMeHTIB. Lle po3mmMproe MOMJIMBOCTI BHKOPHUCTAHHS
PO3pO0IIeHOI KeTeWHOT HAYMHKHU He JIUIIIE SIK TPAHII THOTO0 KOHJUTEPChKOro
KOMIIOHEHTA, a U K MPOIYKTY 3 eleMeHTaMH (HYHKIIOHaJIbHOCTI.

[lpy npOMy eHepreTHYHa WiHHICTh HAYMHKH 3pOCia HE3HAYHO —
mpuOIM3HO Ha 4 KKal TOpIBHAHO 3 KOHTPONIEM, IO € JOIYCTHMUM
NOKa3HUKOM 1 HE YHHHTh HETaTUBHOI'O BIUIMBY HA  CIIOXKHBYI
XapaKTEePUCTUKK FOTOBOT'O IPOIYKTY, BOAHOYAC ITiJIBUIIYIOYH HOTO XapuoBy
TIOBHOIIHHICTB.

BaxmuBuM  etamoM  JOCTIDKEHHS CTalo0 TaKOX OOTPYHTYBAaHHS
€KOHOMIYHOI e()eKTHBHOCTI 3aCTOCYBaHHS KOMIDIEKCHOI XapdoBOi JOOABKH.
Bymno BcraHOBiEeHO, M0 HEe3HAYHE 30iTBIICHHS COOIBapTOCTi, MOB’s3aHE 3
BBemeHHAM KX/, TOBHICTIO KOMIICHCYETBCS 3a PAaXyHOK TOJOBKECHHS
TepMiHy 30epiraHHs, 3MEHIICHHS TEXHOJIOTIYHHMX 1 JIOTICTUYHHMX BTpaT,
MOKpAIIEHHs CTablIbHOCTI MPOAYKINT MiT Yac TPAHCTIOPTYBAaHHS, a TaKOX
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MiABUIIEHHST i1 KOHKYPEHTOCIPOMOXKHOCTI Ha pPHHKY. Y pe3yibTarTi
BITPOBAKEHHS YIOCKOHAJICHOI PELENTYypH IPOTHO30BaHA PEHTaOENbHICTh
BHUPOOHMLTBA 3pocTae MpuOIM3HO Ha 35,43 %, 1110 € BaroMuM apryMeHTOM
Ha KOPUCTh NPAKTHYHOTO BUKOPHCTaHHS PO3POOIICHOI TEXHOJIOTIT B yMOBax
TIPOMHUCIIOBOI'0 BUPOOHUIITBA.

[NopiBHsNBHMIA aHAII3 TOCHIHUX 3Pa3KiB i3 PI3HOI KOHIIEHTPAIIi€I0
KOMIUIEKCHOI ~Xap4oBoi 100aBku jgo3BoyMB Bm3HauutH 0,15 % sk
ONTHUMAJBbHUHA pIBEHb J03YBaHHS 3 MOMISAY IOEAHAHHS TEXHOJOTIYHOL
eQeKTUBHOCTI, CTaOLIBHOCTI CTPYKTYpH, BHCOKHX OpPTraHOJENTHYHUX
MOKa3HUKIB Ta EKOHOMi4HOi pjomiibHOCTI. [lomanbmie 30inblICHHS
koHIenTpanii 10 0,2 % He 3a0e31euye CyTTEBOTrO TOJATKOBOTO MOKPAIIICHHS
BJIACTHBOCTEH MPOAYKTY, @& TOMY € MEHII paliOHAIBHUM 3 TO3MIIT
pecypcoeeKTHBHOCT.

Omxe, OTpUMaHi pe3yNbTaTH EKCIEPUMEHTAIBHUX JIOCHIHKEHb
NEPEKOHIMBO  CBiI4aTh, II0 TOEIHAHHA  HU3BKOCTEPU(IKOBAHOIO
[UTPYCOBOTO INEKTHHY 3 KOMIUICKCHOIO Xap4oBOKO J00aBKOW Y
koHunentpamii 0,15 % ¢dopmye epeKTHBHY CHCTEMY TeJICYTBOPEHHS 3
IiIBUIICHOI0 TEPMOCTIHKICTIO, CTaOLIBHOIO CTPYKTYPOIO, TOKpaIleHUMHU
OPraHOJNENTUYHUMH Ta (YHKIIOHATBHUMH XapaKTePUCTHKAMH, 10 POOUTH
TaKy >KeJIeHy HaYMHKY MEPCIIEKTHBHOIO JUI IMIMPOKOTO BIIPOBAKEHHS Y
BUPOOHHULITBO OOPOLIHSIHHUX Ta KOHJUTEPCHKUX BUPOOIB.

Bucnoskmn.

1. locnmiypkeHO BIUIMB BBEICHHS KOMIUIEKCHOI XapuoBOi J00aBKU
(KX 1) y xinekocri 0,1; 0,15 Ta 0,2 % Big Macu pelienTypHOi cyMili Ha eTari
(bopMyBaHHsI CTaOUTI3A[IHOT CHCTEMHU.

Bceranosneno, mo KX/I:

— YIOBUIBHIOE pYHHYBaHHs Tenenoaionoi crpykrypu y 1,12-1,19
pa3su Ta TPHUCKOPIOE BiHOBIEHHS TeNeBOI Macd MiCN NPHUIMHEHHS
MeXaHiuYHOro BIuBYy Ha 8,7-9,1 %, miABUIIYIOYH THKCOTPOIHI BIACTHBOCTI
reio B 1,41-1,48 pasu;

— I IBUIIIY€E MIIHICTh TEPMOCTAOIIBHOI JKeIeHHOT HAYMHKHA Ha OCHOBI
nuTpycoBoro nektuny y 1,10—1,46 pasu mopiBHIHO 3 KOHTPOJIEM;

— 30UIBIIye BOIO3B’A3YBAJIBHY 3/[aTHICTH TiAPOKOIOIMHOI CHCTEMH
«mextuH (5 %) + KXI» y 1,06—1,12 paswy;

— 3MEHIIy€ BTpPATy BOJOTM HAa4MHKA y 1,58 pasm Ta 3araipHy
kucnoTHICTh y 1,06—1,10 pa3u mopiBHAHO 3 KOHTPOJIEM;

— 3HIDKYE BOJIOTOBimmady minx dac 30epiramns y 1,08—1,11 pasm ta
YTOBIJIFHIOE MITPAIlif0 BOJIOTH Y TiCTOBY 3arOTOBKY IPH TEPMidHii 00poOIIi
y 1,07-1,12 pa3zu;
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— TIOKpallye sKiCTb HAUMHKH IIiJ] Yac BUITIKAHHS: BOHA 30epirae
(dopMy, HE pO3TIKAETHCS, HE IArOpae Ta B3aIMIIAETECS CMAdHOK I
MIO)KUBHOIO;

— TMIJBHIIyE UIUJIBHICT HAYMHKH, (OPMYIOUYM KOHCHCTEHIIIIO
B’SI3KOTEKY40l HEHbIOTOHIBCHKOI PiAVHH.

2. BusHaueHO oONTHMalbHY MAacOBY 4YacTKy TejleyTBOploBaua —
HU3BKOETEepU(IKOBAHOIO LUTPYCOBOI'O IEKTHHY, sKa ckiagae 5%, T1a
pauionanbHy koHneHTpauiro KXJ{ y Burnsai nopomky — 0,15 % Big macu
peuenTtypHoi cymiii.

3. Po3pobneHo penenTypy Ta TEXHOJOTIUHY CXEMYy BHPOOHHUIITBA
TEpPMOCTa0UILHOT KeJIeHHOI HAYMHKA Ha OCHOBI HHU3bKOETEepH(iKOBAHOTO
LIUTPYCOBOT'O NMEKTHHY 13 3acTocyBaHHaM KX]/I.

4. BcraHoBIeHO 0i0JI0T1YHY, Xap4OBY Ta €HEPreTHYHY IIHHICTh HOBOT
TEPMOCTA01IbHOI HAYUHKH.

5. JloBeieHo ~ eKOHOMIYHY  JONUJIBHICTH  BIIPOBAJDKEHHS
TEPMOCTa0IIbHOI JKeJIeHHOI HAYMHKM Ha OCHOBI HHM3bKOETepH()iKOBAHOIO
UTpycoBoro nektuHy 3 KX/ y TexHomorito BUpoOHULITBA.
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CUHEPTETUYHUI E(I)EK'llEKCTPYfSIi TA OBOYEBHUX
JOBABOK: IIOPIBHAJIBHUUN AHAJII3 3MIHHU B'SI3BKOCTI
KJIEMCTEPIB NIIEHUL]I, KYKYPY/3U TA AYMEHIO

.M. ®omina, T.B. I'appum, K.C. MaiikoB

IIpogedeno nopisusnvhull ananiz 3minu 8'a3xocmi Kieticmepie excmpyoamis
3 nuieHuyl, KyKypyo3u ma siumenio, 30azavenux Mmopkeoio ma oypsikom. Ilokaszano, wjo
0604€6i KOMNOHEHMU NO-PI3HOMY GRAUBAIOMb HA PEONO2IYHI 6ACMUBOCMI 3ANICHCHO
6i0 3epHos0i ocnogu. Jlooasanns OYpsAKy 00 SUMEHIO SUKIUKALO PI3Ke 3HUNCEHHS!
8's3K0Ccmi, WO CEIOYUMb NPO IHMEHCUBHY OeCMPYKYIIO.

Kniouogi cnosa: excmpysis, kpoxmans, 0ecmpyKyis, 8's3Kicmb, nuieHuys,
KVKypy03a, siumilb, 0804esi 000a6Ku, MOPKEa, OYpPsK.

SYNERGISTIC EFFECT OF EXTRUSION AND VEGETABLE
ADDITIVES: A COMPARATIVE ANALYSIS OF VISCOSITY
CHANGES IN WHEAT, CORN, AND BARLEY PASTES

I. Fomina, T. Gavrish, K. Malikov

The modern food industry shows a growing demand for functional extruded
products enriched with natural ingredients. However, the interactions within multi-
component systems, such as grain-vegetable blends, during extrusion are complex
and not fully understood. The purpose of this study was to conduct a comparative
analysis of the effects of extrusion processing and the addition of carrot and beet on
the rheological properties (kinematic viscosity) of pastes derived from wheat, corn,
and barley, in order to identify these synergistic effects.

Methods. Three types of grain (wheat, corn, barley) and their blends with
fresh carrot or beet puree (5% w/w) were processed using a single-screw extruder
under constant thermomechanical conditions. To evaluate the changes in starch
properties, aqueous suspensions of the ground extrudates were prepared. The
kinematic viscosity of the resulting filtrates was measured at a controlled temperature
using a capillary viscometer and compared with the viscosity of pastes from native
grains.

Results. Extrusion processing significantly increased the kinematic viscosity
of aqueous filtrates for all grain samples compared to their native counterparts, with
the most pronounced effect observed for barley. The addition of vegetable components
had a varied, grain-dependent effect. Carrot addition consistently caused a slight
increase in viscosity for all cereals, which is attributed to the thickening effect of
soluble pectins. In contrast, beet addition showed a complex behavior: it had a
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negligible effect on wheat paste viscosity, slightly increased it for corn, but caused a
dramatic decrease for the barley-based extrudate.

Conclusion. The study demonstrates that the impact of vegetable additives on
the rheological properties of extruded products is highly dependent on the specific
grain matrix. The results reveal a strong synergistic effect between the sucrose-rich
beet and the unique polysaccharide system of barley. It is concluded that sucrose
acted as an effective plasticizer, intensifying the thermomechanical degradation of
barley polymers during extrusion, which led to a significant reduction in paste
viscosity. These findings highlight the importance of selecting specific grain and
vegetable combinations to control the final product's rheological properties and
texture.

Keywords: extrusion, starch, destruction, viscosity, wheat, corn, barley,
vegetable additives, carrot, beet

ITocTanoBKa npodiaemMu y 3aranbHoMy BHrJIsigi. CydacHUN pUHOK
Xap4OBHX MPOAYKTIB Ta KOPMIB XapaKTEPU3yETHCS 3POCTAI0YHMM MTOITUTOM Ha
NPOAYKIIIO 3  MOKpPaeHUMH  (DYHKIIOHATBHUMHU  BJIACTUBOCTSIMU,
Ti/IBUILIEHOI0 XapyOBOIO IIIHHICTIO Ta "4MCTOI eTnkeTkoro". EkcrpysiiiHa
00poOKa 3epHOBOI CHPOBHHH € OJHHM 13 OCHOBHHX METOIB, IO J03BOJISE
3aJI0BOJIBHUTH 11l 3aIlUTH, CTBOPIOIOYM LIMPOKUI aCOPTUMEHT HMPOAYKTIB —
BiJl CYXUX CHIJaHKIB JI0 BHCOKO3aCBOIOBAaHMX KOpMiB. B OCHOBI 11bOro
NpOLIeCy JIOKHUTh TJIMOOKa TepMOMeXaHidHa Mojaudikaiis OiononiMepis,
HacamIiepe]] KpoxXMajio, IO IPH3BOAWUTH 10 3MiHM HOTO CTPYKTYypH Ta
PEOJIOriUHUX BJIACTUBOCTEH, 30KpemMa B's3kocTi. Came B'SI3KICTb € OJHUM 3
HAMBaXIIUBINIMX TOKa3HHKIB, 1[0 BU3HAYA€ CTPYKTYPY, CTAaOUIBHICTH Ta
OPraHOJNENTUYHI XapaKTePUCTHKU 0araTb0X Xap4oBUX CHUCTEM.

BonmHouac, akTyaJbHUM HampsMKOM Y pPO3poOIi TPOAYKTIB
30pPOBOT0 XapuyBaHHA € 30araueHHs 3ePHOBHX EKCTPYAATiB HATYpaJIbHUMU
POCIMHHUMM KOMIIOHEHTAMH, TaKMMH $K OBOYi, IO € JDKeperIaMHu
010JIOTIYHO aKTHBHUX PEYOBHH, BITAMIHIB Ta Xap4yoBHUX BONOKOH. OIHAK,
BBEJICHHS TAKMX 0AraTOKOMIIOHEHTHUX CyMIIIeH y MPOIIeC eKCTPY3ii 3HAaYHO
YCKJIAJHIOE  TNPOTHO3YBAaHHS  BIACTHBOCTEH  TOTOBOTO  MPOAYKTY.
KommnoHeHTH OBOUIB — MPOCTI IYKPH, NEKTWHH, KIITKOBHHA — AaKTHBHO
B3a€MOJIIOTh 13 3€PHOBHMH OiomoiiMepaM#, sKi BIUIMBAIOTh HAa YMOBHU
TEIIO- Ta MacOIIEPEHOCY, IO IAacTU(IKYe PO3ILIAB Ta KOHKYPYE 32 BOJIOTY.
Lle npu3BOAMTH 1O BHHHMKHEHHS CHHEPIeTHYHHX a00 aHTaroHiCTHYHMX
edeKTiB, SKi HE MOXHA TIepeadadynTH, PO3TIBIIAIOYH BIUIUB KOXKHOTO
KOMIIOHEHTa OKPEMO.

TakuMm 4rHOM, BUHHKA€ HAYKOBO-TIPAKTHYHA MpobieMa: BiICYyTHICTh
CHCTEMAaTHYHUX JaHHX Ta HayKOBO OOIPYHTOBAaHHX 3aKOHOMIPHOCTEH, IO
ONMCYIOTh KOMIUIGKCHWH BIDIMB THITy 3€PHOBOI CHPOBHHH (TIICHHUIL,
KyKypyZ3a, sdMiHB) Ta BHIY OBOUYEBOiI /J00aBKM (Ha MPUKIAIl MOPKBH Ta
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OypsIKy) Ha pCONIOTiYHI BIACTUBOCTI EKCTPYIOBAaHHX CHCTEM. ICHYyrodi
JIOCITIPKEHHS 3/1€01IBIII0T0 30CEepEIKeHI Ha MOHOKOMITOHEHTHUX CHCTEMax,
TOJI SK peajbHI TEXHOJNOTii BCe 4YacTille BUKOPHUCTOBYIOTH CKJIaJHi
peuenTtypu. BupimenHs miei  npobGleMH — IUIAXOM  MPOBEICHHS
MOPIiBHSUIBHOTO ~ aHAJli3y JO3BOJMTH 3pPO3YMITH MeEXaHI3MH B3aEMOMii
KOMITOHEHTIB Y ITPOIIECi eKCTPY3ii Ta € BasKIIMBUM HayKOBHM 3aBIaHHSM, L0
BIJIKpUBA€E IUIAX JIO IJIECOPSMOBAHOTO KEPYBAaHHS SIKICTIO Ta CTBOPEHHS
iHHOBAIIHHHUX 3€PHO-OBOYECBUX MPOMYKTIB i3 3aJAHUMH BIACTHBOCTSIMH.

AHaJI3 ocTaHHIX H0CTiKeHb Ta myOaikamiii. AHanmi3 cywacHOl
HAyKOBOI JIiTepaTypu CBIIYMTH TPO 3HAYHHMK IHTEpEC MOCHITHUKIB [0
MPOIIECY CKCTPY3iiHOI OOpOOKM K IHCTPYMEHTY Jyiss Monxudikarii
BJIACTHBOCTEH KPOXMaJIeBMICHOI CUPOBWHH. BiNbIIiCTh (yHIaMEHTaNbHUX
JIOCITI/PKEHb 30Cepe/PKeHI Ha BUBUCHHI BIUIMBY TEXHOJOTIYHUX TapaMeTpiB
(TemmepaTypu,  BOJIOTOCTi,  IIBHJIKOCTI ~ OOepTaHHsS  INHEKa) Ha
MOHOKOMIIOHEHTHI CHCTEMH, IIEPEBaXHO Ha Kpoxmaii abo OopomrHi
KyKYpyI3u Ta TIICHHII. BcTaHOBIEHO, IO MiJBUINEHHS TEMIEpaTypu Ta
3HW)KEHHSI BOJIOTOCTI CHPOBHMHH 3a3BWYAil MPU3BOIATH O iHTeHCH(iKaIil
MIPOLIECIB JKeNaTuHi3alii Ta JeKCTPUHI3ALil KPOXMaJo, 110 BUPAXAETHC Y
3pocTaHHi iHaeKcy po3unuHHOCTI y Bozti (WSI) Ta 3HMKEeHH] MTKOBOI B'SI3KOCTI
kneticrepi. Lli poboru cdopmyBanu MilHE TEOPETHYHE MIATPYHTS s
PO3YMiHHSI OCHOBHHX IIE€pETBOPEHb, IO BiJOyBAIOTBbCS 3 KpOXMaJeM B
eKCTpyiepi.

B ocraHHI poKr BEKTOp IOCHIPKEHb 3MICTUBCS B 01K BUBUSHHS O1TBIII
CKJIaTHHX, 0araTOKOMIIOHEHTHUX CHCTEM, 30KpEeMa, BILTUBY HEKPOXMaJIbHHUX
IHTPEIIE€HTIB Ha MPOIIeC eKCTPY3ii. 3HaUHa yBara MpuAis€Thes 30aradyeHHIo
3ePHOBHX €KCTPYIATiB Xap4YOBUMH BOJIOKHAMH, HAIlPUKIAJ, IIIIXOM
JonaBaHHs (PYKTOBUX Ta OBOYEBHX BUYABOK a00 BHCIBOK. BcTaHOBIIEHO, 110
HEpO34YMHHI BOJIOKHA KIIITKOBUHM 3a3BUYail JiIOTh SIK "pyitHIBHUKH"
Oe3mepepBHOi KPOXMaJIbHOI MaTpPHIli, KOHKYPYIOTh 32 BOAY, IO OOMEKYe
HaOyXaHHS KPOXMAJIO, 1, SIK HACIIJOK, MPU3BOIATh IO OTPUMAHHS OLIBII
IIUTBHUX, MEHII €KCIIAaHIOBAHUX MIPOAYKTiB. PO3unHHI % BOJOKHA (TIEKTHHH,
KaMeJli) MOXKyTb, HaBITaKH, ITiIBUIITYBATH B'S3KiCTh PO3ILIABY Ta BIUIMBATH HA
foro peomoriuHi BIacTHBOCTI. OKpPEMO OCITIKYETHCS BIUTUB IPOCTHX
IYKpiB (caxapo3d, TIOKO3M), SIKi JIFOTh SIK IUIACTH(IKATOPH, 3HIKYIOUH
TeMIepaTypy CKIIYBaHHS Ta B'S3KICTh CHCTEMH BCEPEIHHI eKCTpyAepa, IIo
TaKO)X BIUIMBA€ Ha CTYIiHb EKCHaH3il Ta IHTEHCHBHICTh MECTPYKIIi
Kkpoxmaito [3].

HesBaxkaroun Ha 3HAYHY KUTBKICTH ITyOJNiKalliil, MOXKHA BHIIITUTH
KiJIbKa HEJJOCTATHLO BUBUCHHX acTeKTiB. [lo-Tiepime, OibIIiCTh TOCTiHKEHb
NPOBOJIATh HAa OJHOMY BHII 3€PHOBOI CHUPOBHHHM (HaiuacTilmie 3epHa
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KYKYpY3i), Tofi Ik Opakye MOpiBHAIBHUX POOIT, Ki O B OHAKOBUX YMOBax
aHaJIi3yBaJIM ITOBEAIHKY KPOXMAJIO 3 PI3HUM OOTaHIYHUM TOXOKEHHSIM Ta,
BiJITIOBITHO, Pi3HOIO HATUBHOIO CTPYKTYPOIO Ta BiacTHBOCTSAMH. Oco0IMBO
LIE CTOCYEThCS STYMEHI0, KPOXMaITb SIKOT'0 ICHYE B KOMILIEKCI 3 B-ITIIOKaHAMH,
MOBE/iHKA SIKMX TMiJi 4ac eKCTPy3il B NPHCYTHOCTI IHIIMX KOMIIOHEHTIB
BHBYEHa HemocTaTHbO. [lo-nmpyre, podoTH 3 0BOYEBMMH jJ00aBKaMH 4acToO
OLIIHIOIOTH JIMIIE KiHIEBI BIACTUBOCTI MPOAYKTY (BMICT KJIITKOBUHH, KOJIIp,
XpYIKICTB), ane He (OKYCYIOThCS Ha TJIHMOOKOMY aHalli3i 3MiHH came
PCOJIOTIYHUX BIIACTHBOCTEH KpPOXMANbHOI CKIa70BOi. TakuM YHHOM,
3aJIMIIAETHCS BIIKPUTOIO MPOOIeMa PO3yMiHHSI CHHEPIeTUYHUX e(eKTiB Y
CKJIaJIHUX CHCTeMax "3epHO-0Boui", 16 OTHOYACHO MPUCYTHI 1 KJIITKOBHHA, 1
MpOCTi IYKpH. BiACyTHICTh TaKMX KOMIIEKCHUX MOPIBHSUTBHUX JIOCIIKEHb
YCKJIaTHIOE HAYKOBO OOTPYHTOBaHWiA BUOIp CHPOBHMHHM Ta IMPOTHO3yBaHHS
BJIACTUBOCTEH  iHHOBaliHHMX  OaraTOKOMIIOHEHTHHUX  EKCTPYAOBAaHHX
TPOIYKTIB.

MeTta cTaTTi € BCTAHOBJICHHS 3aKOHOMIPHOCTEH 3MIHH PEOJIOTTYHUX
BlIacTMBOCTe (Ha TpUKIagl KiHEMaTHYHOI B'SI3KOCTI  KieHcTepiB)
KPOXMAJIEBMICHUX CHCTEM Ha OCHOBI IIICHHMIN, KYKYPYI3U Ta SUMEHIO Mij
KOMOIHOBaHUM BIUIMBOM EKCTPY3il Ta OBOuYeBHMX 30arauyBadiB (MOpKBH,
OypsIKY).

Marepianu Ta Meromm. [y MOPIBHAJIBHOI OILIHKA TJIHMOMHU
CTPYKTYPHUX 3MiH, LIO BiJIOYBAaIOTBCS 3 KpOXMalleM I 4ac eKCTpy3ii,
MOXIIUBE BHKOPHUCTaHHS KaIllIIPHOI BICKO3UMETPIi 32 YMOBH CYBOpOL
CTaHAapTU3allii YMOB eKCIepuMeHTy. Po3yMiioum, 110 KpOXMasbHI
KJIeHCTepU € HEHbIOTOHIBCBKHUMHU DIJUHAMHE, 1 KalUIIPHUHA BICKO3UMETP
(nanpuxknaza, BIDK) He BUMiproe iCTUHHY JAMHAMIiYHY B'S3KiCTh, OTPUMaHI
JaHi (Yac BHTIKaHHS) MOXHA pO3MIANATH HE sIK aO0CONIOTHY (i3uuHy
BEIMYMHY, & SK YMOBHHH EMIIpHYHHMH IIOKa3HHK, IO XapaKTepH3YeE
rigpoguHaMiyHAN omip po3umHy. [lpm HOTpEMaHHI OIHAKOBHX YMOB
BHUMIpIOBaHHA, I MOKA3HUK J03BOJISIE TPOBOIUTH TOPIBHSUIBHAN aHAJi3
3pasKiB, OTPUMAHUX TIPH PI3HUX pexRUMax ekcTpysii [5, 6, 7].

Jns oTpuMaHHS JOCTOBIPHHX Ta BiJTBOPIOBAHHX PE3yJIbTATIB IMPH
BHUKOPHCTAaHHI KaIlIAPHOTO BiCKO3MMETpa HEOOXiTHO 3BEPHYTH OCOOIIUBY
yBary Ha cra0imi3armiro Ta yHi(iKaliro HaCTYITHHUX ITapaMeTpiB.

KonmenTparis cycrensii 1ie HaliBaxxmuBimmi mapamerp. HeoOxinHo
eKCIIePIMEHTAIFHO MiNiOpaTH TaKy KOHIICHTPAIIID PO3YHHY EKCTPYIary,
TIpH SIKif Yac BUTIKAHHA Oy/le 3HAXOAUTHUCS B PEKOMEHIOBAHOMY ISl TAHOTO
TUTy BICKO3WMeETpa Aiama3oHi (3a3Bmdaid, He MeHme 100-200 cexkyHn mis
MiHiMi3anii TOXHOKH) i IPH bOMY CYCIIEH31s 3aJIMIIAaTUMETCS CTa01TBHOO

56



[IporpecuBHI TexHika Ta TEXHOJNOTii Xap4OBHX BHPOOHUIITB PECTOPAHHOTO
rocroaapersa i Toprisii, 2025. Bum. 2 (38). ISSN: 2312-3990X (Print) 2519-2922 (Online)

MIPOTATOM Yacy BHMiproBaHHs. KoHIleHTparisi moBrHHa OyTH aOCONOTHO
OJTHAKOBOIO JIJISI BCIX JIOCHIPKYBaHHX 3Pa3KiB.

Jnist BCTAaHOBIIGHHS HEOOXiJAHOI KOHLEHTpAlii CYXHX pEUYOBHUH B
OopoONIHSHIH cyclieH3ii 3pa3KiB eKCTPyJ0BaHOI MIIICHHUII Ta HATHBHOT'O 3€pHa
OyJIO TPOBEACHO JOCTIPKCHHS 4Yacy BUTIKAHHA Ta Ha HOrO IIiJCTaBi
pO3paxoBaHO KiHEMaTH4YHY B’SI3KICTh BiJ(UIBTPOBAaHUX 1 MONEPEIHHO
KJIECTepPU30BaHUX PO3YHMHIB KpPOXMajbHOI cycrensii. JlocmimkyBanuch
3pa3KH ¢ KOHIICHTpallie cyxuX peuoBuH 1%, 5% ta 10%.
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Puc. 1. 3mina kineMaTH4HOI B’A3K0CTi PinbTpaTy KielicTepu30BaHoi cymimi
cycneHsii 3epHa MIIeHIi Ta eKCTPYA0BAHOI MIIeHUIIT
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Ha mimcraBi  BCTAaHOBIEHOrO 4Yacy BHTIKaHHI  (QUIBTpaTy
KJIeCTepU30BaHOi CyMiml cycneHsii 3epHa IIIEHMIl Ta il eKcTpynary
pO3paxoBaHO KiHEMaTHUYHY B’SI3KICTh. BiACTeXyeThbCs  301IbIICHHS
KiHEMaTHYHOI B’ s13K0CTi Ha 3 1% mij 9ac 301IbIIICHHS KOHIICHTPAITliT HABAKKH
3 1% 10 10% mist GineTpaTy Kieicrepe30BaHoi 3epHOBOI CYCIICH311 MIICHUIT
Ta Ha 53% i1 QiIBTpaTy KIEHCTEPE30BaHOI CYCHEHINT EKCTpymaTy
meHnni. EMmipudHEM  ouiixoM  Oyso  BCTaHOBJIEHO, IO  MPOILEC
(binbTpyBaHHS KIEWCTEPH30BAaHUX CYCIIEH31H SIK 3epHa TaK 1 eKCTpymaTy
JIy’Ke CIOBUTBHIOETHCS TMPH BUCOKHUX KOHIICHTPAIisX HABAXKH CYXOl
pPEUYOBHHH, TOMY OYyJ0 TPHHHATO DIIICHHS B MOJAIBIIOMY JOCIIIKESHHS
MIPOBOJIMTH 13 3acTocyBaHHAM 1% cycriensii. TakuM YMHOM, B HACTYIHHX
JIOCITI/DKEHHSIX BCl 3pa3KH FOTOBHJIMCH OHAKOBO: 1T CyX0i pe4OBUHHM 3€pHA
a00 eKcTpyAaTy 3aJIMBAIUCh OKPOIIOM JI0 IOCSTHEHHs MacH cycreHsii 100r.

Meroxa Ta TpHMBaNCTh QUCHEPryBaHHS Ta KieWcrepusallii 3pasKiB y
BOJIi MalOTh OyTH CTPOro OJHAKOBMMHU JJisl BCiX npo0. [[ns nporo mposemnu
JIOCITI/DKEHHsI Yacy TeMIEPYBaHHsI MiJrOTOBJICHOI CyCIIeH3ii Ha BOJIHIH J1a3Hi
y KUIUITYOMY cTaHi. Yac TemmnepyBaHHS KOJIMBAaBCA Bif 1 XBWIMHH IO 5
XBWINH, TIPY LIbOMY KiHEMaTH4Ha B’s3KicTh 30unblryBanack Ha 10+1%.
TpuBane TtemmepyBaHHS NPU3BOAWIO [0 30UIBLIEHHS KiHEMaTHYHOI
B’SI3KOCTI Ta /IO YCKIAJAHEHHS (inpTpyBaHHsA. ToMy st JIOCIHIiIKEHHS
0o0paHO TeMIlepyBaHHs IiJIrOTOBJCHOI CycleH3il Ha BOJHIW Ja3Hi Yy
KUIUITYOMY CTaHi mnpoTsaroM 1 XBWiIMHHM. BukopucraHHi okpomy Ta
KAM'SITIHHA ~ 3a0e3ledye  MakCHMallbHy — KIIeHCTepHu3allilo  HaTUBHOTO
KpOXMaJIlo, SIKMM TPHUCYTHIM y 3pa3kax monpiOHeHoro 3epHa. Ilicis
TEMIIEpyBaHHS TEPMIHOBO OXOJIOKYBAIIM Y XONOHI# Bofi 10 20°C.

HacrynHa onepamis — ¢QinbTpamisi, 5Ky MNOpOBOAWINA uepe3
¢inprpyBanbuuid namip. Ockibke (iNbTpallis MOXXe BHIATUTH YaCTUHY
HAOYXJIUX, MPOTE HEPO3UMHEHUX TOJIMEPIB, IO BIUIMHE HA PE3yNbTat, IUis
MIOPIBHSUIBHOTO aHaJIi3y TOJIOBHUM € OJHAKOBICTh TIPOBEACHHS IIi€i cTail.

[Micns mpurotyBanHs Ta QUIBTpaLii PO3YMH CJIJl BUTPUMATH
MPOTSATOM  OJIHAKOBOTO, CTPOro (hiKCOBAHOrO wHacy Juis cradimizatii
CTPYKTYpH IIepeA BHUMIpPIOBaHHAM. Y JaHOMY IOCTIKCHHI TPHUBAJICTh
BUTPUMYBaHHS cTaHoBmWiIa mpoTsaroM 30 xBunuH. OCKUIBKH B’SI3KiCTBH
KPOXMAaJIBHHUX KJIEHCTEepiB AyXe YyTJIHBa JO TEMIICPaTypH, BHMIpIOBaHHS
mpoBouu npu 20 + 0,1 °C.

Jnst oTprMaHHs pe3yNbTaTiB IPOBOIMIM HE MEHIIe 3-5 mapaneabHIX
BUMIPIOBaHb I KOXKHOTO 3pa3Ka Ta PO3PAXYHOK CEPEAHBOTO 3HAYCHHS.
Bucoka BiATBOPIOBaHICTh pe3yNbTaTiB (KOIMBAaHHS B MEXaxX JONEH CeKyHIH
NIpY Yaci BHUTIKaHHS Oinblle 2 XBWIMH) € IHAWKATOPOM TOTO, IO YMOBH
eKCTIEpUMEHTY cTall1i30BaHi yCHilIHO.
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TakuM YMHOM, HE3BAKAIOYM HA Te, IO KaMiJsipHA BiCKO3UMETPis HE
JI03BOJISIE BU3HAYUTU ICTHHHI peororiuHi XapaKTEePUCTHKH
HEHBIOTOHIBCHKHX KPOXMaJbHUX KJIEHCTEepiB, PU CyBOpiil cTaHmapTh3anii
BCIX YMOB MiJrOTOBKM Ta BHUMIPIOBaHHS 3pa3KiB, Ied METOA MOXe OyTH
YCIIIITHO BUKOPUCTAHUH K IHCTPYMEHT JJIsl IOPiBHSUILHOI OIIIHKH CTYIEHS
JECTPYKLii KPOXMajJro IiJ BIUIMBOM pI3HUX MapaMeTpiB eKCTpy3iiHOI
00poOKu. Bucoka BiATBOPIOBaHICTh OTPUMaHHX EKCTIEPUMEHTAIBHUAX JaHUX
MATBEp/XKYE  CTAOUIBHICTH ~ yYMOB  BHMIPIOBaHHS  Ta  JI03BOJISIE
BHUKOPHCTOBYBATH 4Yac BHUTIKaHHS K HAAIWHWN eMITipUYHUA KpUTEpid IUist
aHaJIi3y Ta ONTHUMI3aIlii POIIECYy.

Bukiang ocHoBHOro wmarepiainy aociaimkennsi Kpoxmanb, sk
OCHOBHHH 3aIlaCHUM ToicaXxapyj y 3epHi MILIEHUI, SIMEHIO Ta KYKYpY/.I3H,
Ma€ HHU3KY CHUTBHHX DPHUC y CBOiM XiMiuHiil OymoBi, mpoTe CYTITEBO
BIZIpI3HSIEThCS 32 (DI3UKO-XIMIYHMMHU Ta TEXHOJOTIYHHUMHU BIIACTUBOCTSMH
3aJeXHO Bix OoTaHiuHOro noxomxeHHA. Lli BiAMIHHOCTI 3yMOBIEHI
PO3MipoM Ta (POPMOIO0 KPOXMAJILHHUX TPaHYIl, CIiBBITHOIICHHSIM aMijo3U Ta
aAMUJIONIEKTUHY, & TAaKOK HAsBHICTIO 1HIIMX KOMITOHEHTIB, TaKHX SIK O1JIKH Ta
Jinigy, 1mo acouiiiopani 3 rpanyinaMu. Came 1i 0cOOJMBOCTI BU3HAYAIOThH
YHIKQJIBbHUNA TEXHOJIOTYHUH MOTEHIIA)I KOXXHOTO BUIY KPOXMaIIO Ta chepH
Horo HaiOLIbII e)EKTUBHOTO 3aCTOCYBAHHSI B XapUOBil IIPOMHUCIIOBOCTI.

KpoxManp mIIeHHII XapaKTepu3yeThesl OIMOAAIBHUM PO3MOALIOM
IpaHyJ 32 PO3MIpOM: BiH CKJIAJJA€ThCs 3 BENMKUX JIIH30NOAIOHNX Tpany (A-
Tur, giamerpom 20-35 MKkM) Ta 3HAYHO MeHIIHX chepruuHux rpanyi (b-Tum,
niamerpom 2—10 Mkm). Lle € #oro yHiKaJIbHOIO OCOOJHBICTIO MOPIBHSHO 3
IHIIMMY 3epHOBUMHU. TeMIieparypa Kielcrepu3aliii MIIeHHYHOr0 KPOXMAJIFo
€ BIJIHOCHO HU3BKOIO 1 3a3BM4ail 3HaXomuThesl B miana3zoni 58—64 °C. [Ipu
HarpiBaHHi y BOJl BiH YTBOPIOE KJIEHCTEp CepeHbOI B'S3KOCTI, SIKMH MiCIs
OXOJIOJDKCHHSI Jla€ M'SIKMH, HEmpo30puil refb. BaxinBOW 0COOIHMBICTIO
MIIEHUYHOTO KPOXMAJITI0, OCOOIMBO OTPUMAHOTO 3 OOpOIITHA, € HassBHICTH Ha
MIOBEPXHI TPaHyll agcopOOBaHMX OUIKIB Ta JIMIMIB, IO MOXKE BIUIMBATH Ha
IIBUKICTH T1ApaTalii Ta BIaCTHBOCTI KiIeicTepy. TeXHOIOri YHIiA TOTEHITial
MIIEHUYHOTO0 KPOXMAJI0 HEPO3PHBHO IOB'S3aHUM 3 HOro (yHITOHAIEHUM
3Ha4YeHHM B OOPOIIIHI, JI€ BiH pa30oM 3 KIICHKOBHHOIO ()OPMYe CTPYKTYPY TicTa
Ta BU3HAYAE SIKICTH XJIIO0OYITOYHUX Ta MaKapOHHHUX BHPOOIB.

Kpoxmanp saMeHto 3a 0araTbMa BIACTUBOCTSIMH € TIOMIOHHM [0
MIeHNYHOro. BiH Takox Mae GiMomaimpHHN PO3MOALT po3Mipy rpaHyd (A-
Tin Ta b-THI), He3BaXkarouM Ha TE IO CITIBBIAHOMIEHHS MK (Dpakmismu
MoXe BimpizHsTHCS. TemmepaTypa Kiedcrepu3amii SYMIHHOTO KPOXMAIIO
TaKOXX 3HAXOOUTHCS B HU3BbKOMY miama3oHi (59—65 °C). Omnak #oro
TEXHOJIOTIYHHIA TMOTEHIIal PO3KPUBAETHCS HE CTUIBKH y BHUKOPHCTAHHI B
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YHCTOMY BUIJISAl, CKUIBKU B IIPOIECi CONMOAYBaHHS sl nmuBoBapinHs. Ilin
Yac MPOpPOLILYBaHHS SYMEHIO B HhOMY aKTHBYIOTBCS aMUIONITHYHI (PepMEHTH
(- Ta B-aminasm), sKi B IPOIIECi 3aTUPAHHS COIOAY €PEKTHBHO TiIPOITI3YIOTh
KpoXMasb 10 30pO/PKYBaHHMX IIYKPIB, IO € OCHOBOIO JUISl OTPUMAaHHS
MMUBHOIO cycia. ToMy KIIOYOBHMH TIOKa3HHKAaMH SKOCTI STYMiHHOTO
KPOXMaJII0 € HE HOro B'S3KICTh YM TelieyTBOPIOIOYA 3JIaTHICTh, a HOro
JOCTYITHICTB 1151 JTii (pepMEeHTIB.

Kpoxmanp Kykypyna3u, Ha BiIMiHY BiJl MIIEHUYHOTO Ta SUMIHHOTO,
Ma€ TPaHylIu TEpeBaKHO OaraTorpaHHOI, MOJIrOHANBHOI (OPMH, PO3MIp
SIKMX Bapiloe B Mexax 5—25 MkM. BiH XapakTepU3yeThCsl 3HAYHO BHIIOIO
TemrepaTyporo kiedicrepuzanii (62—72 °C). Kykypyn3sHuil Kpoxmaib
YTBOPIOE BHUCOKOB'SI3Ki, HENPO30pi (OMaJieCleHTHI) KieHcTepH, sKi TpH
OXOJIOJDKEHHI (OPMYIOTH Iy)ke MilHi, miibHI remi. Ll 3pmatHicts 10
YTBOPEHHS MIIHUX TeJliB, 3YMOBIEHAa IHTCHCHBHOIO PETPOrpaalliero
am1iJI03H, 110 € HOro rOJIOBHOIO TEXHOJIOTIYHOO MEPEeBarok0. 3aBasku 1bOMY
KYKYPYI3sSHUH KpPOXMasb € "30JI0TUM cTaHmapToMm' i HaHOUIbII IIMPOKO
BUKOPHCTOBYBAaHHM 3alyCHHKOM y XapuoOBiif IPOMMCIOBOCTI Ui
BUPOOHUIITBA ITY/MHIIB, COYCIB, HAUMHOK JIJIsl BUIIYKH, & TAKOXK 3HAXOAUTh
LIMPOKE 3aCTOCYBaHHS B MAlepoBii, TEKCTHIBbHINA Ta (apManeBTUYHIN
raimy3six. ICHYIOTh TakoX CHelialibHi COPTH KYKYpYA3H, IO JaloTh
BockononiOHuit (maibke 100% amilONeKTHHY) Ta BHCOKOAMIIO3HMIA
KpOXMaJli 3 YHIKaJbHUMH BJIaCTHBOCTSIMU.

B mpomeci  JOCHi/UKEHHS ~— MPOBOIWIM  TEPMOIUIACTUYHE
eKCTpYAyBaHHS IIPU BUCOKUX TeMmIleparypax. JocmiIpKyBaauch HaCTYITHI
3pa3Ky: HaTHBHE 3€PHO IIICHHMIN, TIMEHIO Ta KyKypyI3H, a TAKOXK CyMil
3epHa 3 MOPKBOIO 200 OypsikoM (5T 0BO4iB Ha 95 T 3epHA) VISl JOCSATHEHHS
Bojtorocti cymim 17-18%. [lonaBanHs MOPKBH Ta OypsIKy — Lie BHSCCHHS B
CHCTEMY HOBHX KOMIIOHEHTIB, fIKi CYTTEBO BIUIMBATHMYTh Ha MpOLEC
eKCTPY3il Ta BIACTUBOCTI KiHIIEBOTO MPOAYKTY. BUKOpHCTAaHHS OBOYIB IS
JOCSTHEHHSI TOTPIOHOI BOJOTOCTI CYNPOBOIKYETHCA THUM, IO 3HAYHA
YacTHHA Ii€l BOJIOTU Nepe0yBa€ y 3B 13aHOMY CTaHi B CTPYKTYpPi OBOYIB, IO
MOJKe BIUIMBATH Ha ii JOCTYIHICTP MiJ 9ac eKCTPYy3il MOPIBHIHO 3 MPOCTO
JIOIAHOIO BOJIOIO.

Bypsk Oaratuii Ha caxapo3y, a MOpKBa MiCTHTh MIEPEBAKHO TITFOKO3Y
Ta ppykro3y. IlpocTi mMykpH HitOTH K IIACTU(IKATOPH i 9ac eKCTPY3ii.
BoHM 3HIKYIOTE TeMIIepaTypy CKIYBaHHS Ta B'S3KICTh PO3ILIABY, L0 MOXeE
MIPU3BECTH A0 3MEHIIEHHS CTYIEHS eKCIaH3ii (PO3IMIMpEHHS) MPOAYKTY.
To6T0, ekcTpymaTi 3 OBOUYAMH MOXKYTh OYyTH OUNBIN UIIIEHAMH Ta MEHII
TIOBITPSTHAMH.
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MopkBa, i OypsK € IDKepeTaMd MEKTHHOBUX PEYOBUH (PO3YMHHOI
KJIiTKOBHHM). KIIITKOBMHa KOHKYpye 3 KpOXMajeM 3a BOAY, IO MOXKe
BIUIMHYTH Ha CTYIIiHb WOTO jKenaThHi3allii. BoloKkHa KIIITKOBUHH MOXYTh
MOPYUIYBATH ITICHICTh KPOXMAJIBHOTO MATPUKCY, HIO TAaKOX 3MEHIIYE
€KCTIaH31I0 Ta 3MIHIOE TEKCTYPY MPOAYKTY (POOHTH HOTr0 MEHII XPYIKUM).

[pocti mykpu Ta amiHOKHCIOTH (3 OLNKIB 3€pHA) NMPU BUCOKHX
TeMIepaTypax eKcTpy3ii OyayTh aKTHBHO BCTYIATH B peakiliro Maiispa.
[lpoaykT cTaHyTh TEMHIIIUMH, HAOyIyTh KapaMelbHUX/CMaXKeHHnX
BiJTiHKIB. 3'SIBIISITHCSI HOB1, IPHEMHI apOMATHYHI CIIOJYKH.

Jnst  mpoBeneHHsT eKCIEpUMEHTY Oyno chopMOBaHO JeB'SITh
JnocmigHux 3paskiB. Ileprra rpyma 3pa3kiB (KOHTPOJbHA) SBJsUIA COOOMO
LTBHE 3ePHO KOXHOI 3 TPhOX KYJIbTyp Oe3 Oynb-sikux gomimiok. Jpyra ta
Tperst rpynu Oynu 0araTOKOMIIOHEHTHHMH CyMilllaMHW, MPUTOTOBAaHHUMH
HIISIXOM 3MIlIyBaHHS 95 4acTHH MOpiOHEHOr0 3epHa BiJNOBITHOT KYIbTYpH
3 5 yacTUHaMU OBOYEBOro MIope (MOpPKBH abo Oypsiky) 3a macoro. Take
CHIBBI/IHOIIEHHST JIO3BOJIMJIO HE JUIIe 30araTUTH cymim OioJoriyHo
AKTUBHUMHU PpCYOBHMHAMHU, ajiC 171 JAOCATTH ONTHMAJIBHOI'O JUIsI TIPOLECY
TEPMOIUIACTUYHOI €KCTPY3ii PiBHS BOJOrOCTi CUPOBWHH, 11O CTaHOBUB 17-
18%, 0e3 nomaTkoBoro BHeceHHs BoAu. KoxkeH 3 IMX 3pa3kiB IijgaBaBcs
eKCTpy3iiiHii 00poOli 32 OJHAKOBHX TEPMOMEXaHIYHHX YMOB IS
3a0e3MeueHHs] KOPEKTHOCTI MOPIBHSUIHOTO aHalli3y BIUIMBY THUITY 3€PHOBOL
CHUPOBUHHM Ta BUY OBOUYEBOI JI00ABKH Ha BJIACTUBOCTI KiHIIEBUX IPOAYKTIB.

3pa3ku, sAKi  IepenivueHi, BHECEHO JI0  CTPYKTYPOBaHOTO
TpU(AKTOPHUH EKCIIEpUMEHT, Y SKOMYy (aKkTopaMH -He3aJEeKHHUMHU
3MIHHUMU €:

— Tun 3epHOBOi cpoBUHH (3 piBHI): MIIEHUIIS, SYMIHb, KYKYpYI3a.

— Tun oBoueBoi noGaBku (3 piBHi): 6e3 100aBKK (KOHTPOIIb), MOPKBA,
OypsiK.

— Excrpysiina o0pobka (2 piBHi): 10 00poOKH (HATHBHE 3E€pHO) Ta
micis 06poOku (excTpyaar).

[IpoBeneni JTOCITIKEHHS KIHEMaTHYHOL B'I3KOCTI 1%
Bi(ibTPOBAHUX KIIEHCTEPIB 3 HATMBHOTO 3€pHA MIICHUII, KYKYPYI3U Ta
SIIMEHIO TTOKa3ain Onm3bKi 3a 3HaueHHsMH pesynpraté (1,02, 1,07 Ta
1,08cCr BiamoBimHO), 10 HE3HAYHO MEPEBUIIYIOTH B'S3KICTH BoaU (pucC. 2).
Lle cBiguuTh HPO Te, OI0 B YMOBAaX EKCIEPUMEHTY B PO3UHH IMEPEXOIUTh
oOMexeHa KIJBKICTh TmoiicaxapuaiB. HailBummii moka3HUK B'S3KOCTI IS
3paszka 3 sumeHto (1,08 c¢Cr), mo HMOBIpHO, MOSCHIOETHCS EKCTPAKIIIEID
BOJIOPO3YMHHUX [-TIIFOKAHIB, SKi € XapaKTepHUMHU I Ii€l KyAbTypH 1
BiJIOMi CBO€IO 3/IaTHICTIO CTBOPIOBATH BHCOKOB'SI3KI PO3UMHHU.
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Puc. 2. Kinemarnuna B'askocti 1% BinginsTpoBanux kieiicrepis

OtpuMaHi eKCliepUMEHTaJbHI JlaHi JIO3BOJISIIOTH 3pPOOMTH HU3KY
Ba)XJIUBUX BUCHOBKIB I1I0JI0 BIUIMBY €KCTPY31iHOI 00pOOKH, TUITY 3epHOBOT
CHUPOBUHH Ta OBOYEBHX J00ABOK Ha BJIACTHBOCTI BOJOPO34MHHOI (hpakii
knericrepiB. Jlyisi BCIX TpPhOX BHWJIB 3€pPHA CIIOCTEPIra€ThCsl 3POCTAHHS
KiHEMaTUYHOI B'SI3KOCTI MICIIsl eKCTPY31iHOI 00pOOKH MOPIBHSHO 3 HATUBHUM
3epHoM (mmreHur +20,6%; kykypynza+8,4%:; ssuminb+46,3%).

OtpuMaHi pe3ynbTaTd MiATBEPHKYIOTh OCHOBHY TillOTE3Y, 3TiAHO 3
SIKOKD) eKCTPY3is BHUKIUKA€E >KENATHHI3AII0 Ta YAacTKOBY JAECTPYKIIIO
KPOXMaJIl0, IO MPU3BOJUTH JIO MEPEeXOay 3HAYHO OUIBIIOI KUIBKOCTI
NOJIiICAaXapyuAiB Yy PO3YMHHHN CTaH IpU MNpUroryBaHHi 1% cycrensii.
Po3urHeHi MakpoMONeKylH BWU3HAYalOTh IiJABHINEHY B’SA3KICTh CHCTEMH,
NPUYOMY OiNTbII BUpaKEHHH e(eKT CIocTepiraeTbCst JUiss SUYMEHIO, 3
npupocToM Ha (+46,3%). Lle mosicHIoeTbCsl THM, IO OKpiM KieicTepu3anii
KPOXMAJII0, eKCTPY3isl crpusie OibIl eeKTHBHINA eKCTPaKIlii Ta YaCTKOBIi
JeroniMepu3amii B-TarokaHiB, sKi (OPMYIOTh BHCOKOB’SI3KI pO3UMHH. Y
HATHBHOMY 3€pHi Ii moiiMepu OyIM YacTKOBO «3aMKHEHD» Yy CTPYKTypi
KIIITHHHUX CTiHOK, TOJi SIK €KCTPY3is 3a0e3meuye iX BUBLIbHCHHS.

[punycTuMuii BIUTMB OBOYEBHX JOOABOK MOXE DO3TIISIATHCA SIK
edekt "pozbaBieHHA", TOOTO 3aMiHa 5% KpPOXMaIEBMICHOI CHPOBHHH Ha
0BOYi, a caMe B | T 3pa3ka Temep MICTUTh MEHIIE KPOXMAII0, SKHH €
OCHOBHHM areHToM, IO CTBOPIOE B's3KicThb. IIpocTi mykpu (ocoOmmBo B
OypsIKy) MOXKYTh TIOCHITIOBATH TEPMOMEXaHIYHY JECTPYKIII0 KPOXMAIIIO TTif
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Yac eKcTpys3ii. binblr iHTeHCHBHE pO3IIEIUIEHHS MOMNicaXapyuaHUX JIaHIIOTiB
MpU3BE/IC 10 YTBOPEHHS KOPOTIIMX MOJEKYJ, SKi CTBOPIOKOTH MEHII B'SI3Ki
po3unnu. [leKTHHH Ta KJIITKOBHHA, XO4a W MOXYTh YTBOPIOBATH B'SI3Ki
pozunHy, B 1% cycriensii ixHill BHECOK Y 3arajibHy B's3KiCTh, IMOBIpHO, Oyzie
MEHIIIUM, HiX BHECOK JKENAaTHHI30BAHOTO KPOXMANI0, SKHA BOHH
"p0o30aBIISIOTE" .

BB 100aBOK Ha MIICHUIFO BUSBHBCS MiHIMajdbHMM. He3HauHe
I IBUIIICHHS B’SI3KOCTI 32 HASBHOCTI MOPKBH, Ha HAIILY TyMKY, OSICHIOEThCS
eKCTPAKIIIEI0 MEKTHHOBUX PEYOBHH, 1O CIPUSIIOTH CTPYKTYPOYTBOPCHHIO B
cucTeMi. 3HWKEHHSI B’SI3KOCTI NPH JI0/laBaHHI Oypsika mepedyBae B Mexax
eKCIICPUMEHTANBHOT TMOXUOKH, aje VY3TOMKYEThCS 3 TIMOTE30K0 PO
IAcTU(IKYIOUY [0 IYKPiB.

Juist 3pa3kiB 3 3epHa KyKypy/I3H J0JaBaHHs SIK MOPKBH TakK i OypsiKy
NPU3BEIIO JI0 3POCTAHHS B'SI3KOCTI, IO CYIEPEYUTh TiOTEe31 PO 3HIKEHHS.
MoxuBo € MTOSICHIOETHCS  YTBOPECHHIAM KOMHHCKCiB INEKTHHOBHUX Ta IHIINX
PO3YMHHHX PEUYOBUH OBOYIB 13 KYKYPYA3SIHUM KpoxmajieM abo Oe3nocepeHe
BHECGHHS JONATKOBOi B’SI3KOCTI CHCTEMi, IO MEPEBAXHIO e(PEeKT
po36aBiieHHs] 200 YaCTKOBOI JIECTPYKIIii.

Jisi TUMEHI0 CHOCTEepIraeThCsi HAaWOUIbIIA PI3HHUIA, HPU LBOMY
JIOIaBaHHSI MOPKBH JICIIO MiJBUIIYE B’SI3KICTh, IMOBIPHO 4epe3 TEeKTHHOBI
PEYOBUHH, TOJI SIK IOAABAHHS OYPSIKY CIIPUYMHSIE Pi3Ke Ti 3HMKEHHSI.

Exctpysiiina 00poOKka 3HAYHO TiJBUILYE B'SI3KICTh BOJOPO3YMHHOL
(pakiii kinencrepiB A BCIX JOCTIDKYBAHUX KYIBTYP, IO CBIIYHUTH MPO
oKy TpaHcopMallito nonicaxapuais. HalioiumbI 4yTuBUM 10 eKCTpy3il
BUSIBUBCSL SIUMiHb, 1110, WMOBIpHO, TOB'SI3aHO 3 MoAM(IKAI[€0 HE JIHIIIe
KpOXMaJIto, a i J-TIItoKaHiB.

limore3a mpo 3HMKEHHS B’SI3KOCTI MiJl BILTHBOM OBOYEBHX JOOABOK
3a paxyHOK e(eKkTy «po30aBieHHs» Ta macTudikyrouoi aii IykpiB
MATBEPANUIACS YacTKOBO 1 JIMINE IS TOCTIDKYBAaHOTO 3pa3Kka sSUMiHb 3
OypsKOM.

BB MOpKBH y BCiX TphOX BHIAJKaxX IIOKa3aB, IO JOAAaBaHHS
MOPKBH IPU3BENIO 10 HEBEIUKOT'0, ajie CTa0lIbHOrO 3pocTaHHs B'si3kocTi. Le
JIO3BOJISIE 3POOUTH TPHUITYIISHHS, IO TOJIOBHUM €()eKTOM BiX JOHaBaHHS
MOPKBH € EKCTPAKIIisl IEKTHHOBUX PEYOBHH, SIKi caMi IO co0i1 € 3aTyCHUKaMHU
1 iXHI} BHECOK Y B'sI3KiCTh TepeBHITye eekT "po3baBieHHS".

BB Oypsiky BUSIBHBCS 3aJISKHHM BiJl THITy 3€pHa, a caMe Ha
TIIICHUITIO BiH MPAaKTUYHO HE BIUIMHYB, HA KYKYPYI3Y IiIBHUIINB B’ S3KICTb, a
Ha SYMIiHb CIIPUYIHHUB pi3Ke 1i 3HIKeHHA. Haibimbr mikaBuM pe3ylIbTaToM
€ 3HauyHe 3HIKEHHS B’S3KOCTI EKCTPyHaTy SUYMEHIO 3 OypsKOM, IO
TOSICHIOETBCS. CHHEPTEeTUYHUM e(EeKTOM, caMe BUCOKUH BMICT Caxapo3H B
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OypsKy (pyHKIIOHYBaB SIK MOTYKHHUH IUIacTH()iKaTOp JUIS TOJicaxapHuIHOL
CHCTEMH SIIMEHIO, JI0 CKIaJy SKOi BXOISTh KpOXMajib Ta [-TJIIOKAaHH, IO
TIPU3BEJIO JI0 IHTEHCHBHOI TEPMOMEXaHIUHOI JeCTPYKIii MoIiMepiB Imij] 4ac
eKCTpy3ii. YTBOPEHI KOPOTIII IMOJIIMEPHI JIAHITIOTH YTBOPIOIOTH MEHII B’ S3K1
PO3YHHH.

BucHoBKH. AHai3 pe3ybTaTiB MOKa3aB, M0 CKCTPY3iliHa 00poOKa
MPU3BOJUTH IO CYTTEBOTO IIJIBUIIEHHS KiHEMaTWyHOi B’s3KocTi 1%
Bi(IIbTPOBAHKUX KIIEWCTEPIB ISl BCIX BUJIB 3€pHA, NMPU 1IOMY HAaHOLIbII
BUpaxxeHe 3poctanus (+46,3%) crocrepiranocs sl sSIMMEHIO, 1110 HMOBIPHO
MoB’si3aH0 3 Monudikamiero [-TimokaHiB. BrmmB  oBoueBHX J100aBOK
BHSIBUBCS HEOJHO3HAUYHUM. J[onaBaHHS 5% MOpPKBH CTaOUILHO CIPUYMHSIIO
HEe3HaYHe TIJBUINEHHS B’SA3KOCTI BCIX 3pa3KiB, M0 TIOSICHIOETHCS
3arylryl4ol0 Ji€l0 eKCTParoBaHWX IIEKTUHOBMX pedyoBWH. HaiOinbi
3HAYyHIMH eeKT crocTepiraBcs 3a JoxaBaHHs 5% OypsKy A0 SUMEHI0, 110
NPU3BENIO /IO PI3KOro 3HWKEHHs B’s3kocti Ha 29,1% mopiBHSHO 3
€KCTPYIaTOM YHUCTOrO SUMEHIO, Ta CBIAYHMTH TPO Te€, IO BUCOKUHA BMICT
caxaposu B Oypsky ¢yHKLIiIOHYye 5K eQpeKTUBHUHM ImacTudikarop,
iHTeHCU(IKYIOUH TEPMOMEXaHIUHY JAECTPYKIIIO MONicaXxapuiiB SUMEHIO,
30KpeMa KpOXMAJI0 Ta B-TJIFOKaHIB, Mifl 4ac eKCTPy3ii.
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E®EKTUBHICTDb 3ACTOCYBAHHSA AJIbTEPHATUBHUX
BUIIB BOPOIIIHA AK ® YHKIIOHAJIBHUX CTABLII3ATOPIB
BLIKOBO-)KMPOBUX EMYJIbCINA Y CKJIAJI
M’SICHUX TAIITETIB

T.M. I'osi0oBK0, M.B. 7Kepeokin, .M. Kypmakona,
0.0. Yex, O.C. bonaap

Axmyanshicms 00CiOdNCeN s 3yMOGLEHA CYHUACHUMU MEHOEHYIAMU XAP4080L
NPOMUCTIO80CHI,  CNPAMOBAHUMU  HA  PO3POOKY — NpOOYKMIE i3  NOKpaujenum
HympieHmHumM npoghinem ma payionanvhe UKOPUCMANHS 8MOPUHHUX CUPOBUHHUX
pecypcig. [lepcnexmughum € GUKOPUCMAHHS KOLASEHEMICHOL CUPOBUHU Y BU2IAOL
6inkoso-sicuposux emynvciii (B)KE), cmabinizosanux Hempaduyitinumu euoamu
6opowna. Taxuii nioxio 6ionogioac NPUHYUNRAM YUPKYISAPHOL eKOHOMIKU Ma 003607151€
30azamumu 2omosuti npoOykm @yHKyionanshumu inepedicumamu. Memoro pobomu
6y10 HayKkoge 0OIpYHMYSaHHs ma po3pobKa MexHoNo2il NeviHKOBUX naumemis i3
uacmkogoio 3aminolo dcupy Ha BJKE ma Oocniodcenmsi iX sIKICHUX NOKA3HUKIS.
Jlogederno mexnonociuny Ooyinbhicms  euxopucmants pospobrenux BIKE ons
PAYioHANbHO20 BUKOPUCTNAHHS KOJIA2EHEMICHOI CUPOBUHU MA NOKPAUEHHS XAP1080i
YiHHOCMI nauimemia npu 30epexceHHi UCOKUX CHOHCUBYUUX G1ACMUBOCTELL.

Knouosi cnosa: m’scni 6upobu, mpaouyitinuii nevinkosuil nawimenm,
6IIKOBO-JICUPOBA eMYIbCISL, KONA2EeH, (YHKYIOHANbHI iHZPEOICHMU, AIbMEPHAMUGHE
60pOWIHO, SIKICHI XapPaKmMepucmuxu
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EFFICACY OF ALTERNATIVE FLOURS AS FUNCTIONAL
STABILIZERS FOR PROTEIN-FAT EMULSIONS IN MEAT PATE

T. Holovko, M. Zherebkin, I. Kurmakova, O. Chekh, O. Bondar

This research is driven by modern food industry trends toward developing
products with improved nutrient profiles and the rational utilization of secondary raw
materials. Traditional meat paté formulations are often high in fat, while the
significant potential of collagen-rich materials, particularly pork skin, remains
underutilized. A promising approach involves their use as protein-fat emulsions
(PFESs) stabilized by alternative flours (oat, buckwheat, and pumpkin). This method
aligns with circular economy principles and enriches the final product with functional
ingredients. The objective was to scientifically validate and develop a technology for
liver paté, partially replacing fat with these PFEs, and to evaluate their quality
characteristics. A control and three experimental samples were prepared. The
experimental samples incorporated 15% emulsion (50% pork skin, 15% oil, 25%
water, and 10% of the respective flour), replacing a portion of the raw fat and water.
Samples were assessed using standard organoleptic, physicochemical (moisture,
protein, fat, and ash content), and microbiological methods. The addition of PFEs did
not impair organoleptic properties (taste, aroma, texture). Furthermore, protein and
fat contents in the experimental samples showed no significant difference from the
control. A significant moisture reduction (from 66.4 g to 62.2-63.2 g) was observed,
indicating the high water-binding capacity of the plant-based stabilizers. The most
substantial advantage was the product's mineral enrichment: the ash content in the
test samples (2.65-2.85 g) was nearly double that of the control (1.45 g). All samples
met microbiological safety requirements. Consequently, the study confirms the
technological feasibility of using these developed PFEs, demonstrating a rational use
of collagen-rich raw material and enhancing the nutritional value of paté while
maintaining high consumer appeal.

Keywords: meat products, traditional liver pété, protein-fat emulsion,
collagen, functional ingredients, pumpkin flour, quality characteristics.

IMocTaHoBKa NpodaemMu y 3arajbHomMy Buriasaai. CydacHi xapdosi
CHCTEMH CTHKAIOTHCS 3 TIIO0AJbHHMH BUKIMKAMHM, 30KpeMa i3 3aBIaHHAM
3a0e3eYnTH TPOJOBOIECTBOM HACENEHHsS CBITYy, IO 3pocTtae [l], mo
BHMAarae IIONIYKY CTiHKkuX pimenb [2, 3]. Y mpoMy KOHTEKCTI BHOip
CIIO)KMBAYiB BCE YaCTillIe BU3HAYAETHCS HE JIUILE CMAaKOBUMH SKOCTSMH, ajie
1 eKOJIOTIYHOIO CTIHKICTIO MPOMYKTY Ta HOro BILTUBOM Ha 310poB's [4, 5]. Lle
CTHMYITIO€ Xap4YOBY IIPOMHUCIOBICTH A0 PO3POOKH MPOMYKTIB 13 MOKPAIIEHOIO
MTOXKMUBHOIO IIHHICTIO, 30KpeMa 31 30aJlaHCOBAaHNM CKJIAJIOM Ta 3HIDKEHOIO
KaJopiiHicTio [6].

[euiHKOBI MAIITETH 3aIHIIAIOTHCS TMOMYJSIPHAM IPOJYKTOM, OJHAK
iX TpaAWIiifHI pelenTypH YacTo KPUTHKYIOTH 3a BUCOKHH BMICT JXXHpPY Ta
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HU3BKHN "HyTpieHTHUH cain” (nutritional footprint) [7]. OqroyacHO rocTporo
MPOOJIEMOI0 M SICONEPepOOHOi Tajly3i € palioHalnbHe BHKOPHCTAHHS
BTOPUHHOI CHPOBUHU. [lepexis 10 MPHHIMUIMIB IUPKYISIPHOT CKOHOMIKH Ta
CTIMKMX BHPOOHMYMX CTpaTerii BUMarae e(QEeKTHBHOI'O 3aJTy4eHHS TaKHX
MOOIYHUX MPOAYKTIB, K KOJarecHBMicHa cupoBHHa [8, 9].

OmHuM 13 TEpCHEeKTHBHUX NUBIXIB BHUpPIINIGHHS 000X 3aBIaHb €
3actocyBaHHs '"3eieHMX" TexHonorid mepepoOku [10]. Bukopucranus
KOJIAareHBMICHOI CHPOBHHH (30KpeMa, CBHHSYOI LIKIPH) /IS CTBOPEHHSI OLJIKOBO-
xupoBux emyibciii (BXXE) no3Bomsie He mmie pariioHatbHO BHKOPUCTATH
MOOIYHMI POAYKT, aJie i IOKPAIINTH CTPYKTYpPHI BIIACTHBOCTI M'SICHHX CHCTEM,
3aMiHMBIIM YaCTHHY TBAPUHHOIO XHUPY. TakuM YHHOM, PO3poOKa TEXHOMOTIi
MAIITETIB, 10 MOEAHYE MPUHIMIH [UPKYISIPHOI €KOHOMIKH (BUKOPUCTAHHSI
BXE) Ta mnokpalieHHs Xap4oBOi IHHOCTI (30araueHHsi pPOCIMHHHMH
KOMITOHEHTaMH), € aKTYaJIbHOI HAyKOBO-TIPAKTUYHOKO 3a/1a4elo.

AHani3 ocTaHHIX AocjimkeHb i myOsikauiil. AHami3 HayKOBHX
JDKEpeN MiATBEP/PKYE TIIOOANBHUH TPEHJ Ha I1HTErpaiilo MPHPOIHO-
opieHTOBaHMX pimeHs (nature-based solutions) y xapuosi Texnodorii [11].
AXTHBHO BEIYThCSl JOCHII/PKEHHS 3 BUKOPUCTAHHSI POCIMHHUX 1HIPEIIEHTIB
JUISl TIOKpAIeHHs (YHKIIOHAIbHO-TEXHOJIOTYHMX BIIACTUBOCTEH M'SICHUX
nponykriB. Hanpuknaz, y po6oti [12] gociipKyeTbesi BAKOPUCTaHHSI Oypsika
SK TMPHUPOIHOrO JOKEpeda HITPUTIB Yy  TEXHOJNOril —cajisiMi, IO
MATBEPAKYETHCS IHIIUMHE JOCII JDKEHHSMH LI0/I0 BUCOKOI 010aKTHBHOCTI Ta
TEXHOJIOTIYHOI0 TOTeHIiany i€l cupoBuHu [13, 14].

Y  TexHojorii MAmTETIB TaKOXX BUBYAETHCS  3aCTOCYBaHHS
QIBTEPHATHBHUX OINKIB Ui CTBOPEHHS MPOIYKTIB CIEIialli30BaHOrO
xapuyBaHHs [15]. [Hmn mocmimpkeHHST 30Cepe/KeHI Ha BHUKOPHCTaHHI
HEeTPaJUIIHOT CUPOBHMHM, TaKoi sK OUIKM 3 paBJIMKIB, Ui 30arayeHHs
Xap4oBUX MPOAYKTIB [16].

OcobnuBuii iHTepec g crabimizamii M sicaux cucreM T1a BXKE
CTAaHOBHUTH BUKOPHCTAaHHS POCIMHHHX MPOTEiHIB Ta OOpolmHa. Y IbOMY
KOHTEKCTI TEPCHEKTHBHUM € BUKOPHCTAaHHA TrapOy30BOro OOpoOIIHa.
Hocmimkenns [17, 18] moka3anw, mo 6ok HaciHHA TrapOy3a Mae BHCOKI
(YHKI[IOHATBHO-TEXHONIOTIUHI ~ BIIACTUBOCTI, 30KpeMa 3[aTHICTh  JIO
reJeyTBOPEHHS Ta eMYJIbI'YBaHHS, 1110 € KPUTUIHO BAKIIUBHUM JUISI CTBOPEHHS
crabinpanx BXKE. Ii maHi miarBepmKyroTecs i B podorti [19], me meranpHO
BHUBYCHO (Pi3MKO-XiMiUHI Ta TeJIeyTBOPIOIOYi BIACTUBOCTI Oitka rapOy3a.

HesBakaroun Ha 3HAYHY KUIBKICTE pOOIT, TPHCBIYEHUX SIK
BukopuctanHio BXKE, Tak i 30araueHHIO M’SICHUX MPOXYKTIB POCIHHHAMH
KOMIIOHCHTAMH, BHAUICHHS HEBHPILICHOI paHillle YacTUHW 3arajbHOl
npoOJeMH IONsra€ B TOMY, LIO KOMIUIGKCHE IOCIHIJIKEHHS TEXHOJOTI
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MeYiHKOBUX mamTeTiB i3 BukopucraHHaM bBXKE 3i cBuHswoi mikipw,
CTablIi30BaHMX CaMe HETPAJULIHHUMH BHIaMH OopomrHa (BiBCSHUM,
rpeYaHuM, TapOy30BUM ), IPOBEICHE HEIOCTATHRO. BiZICYTHI TaHi PO BILUIUB
TAKOro IMOEJHAHHSA Ha (I3MKO-XIMiuHI, MIKpOOIOJIOTiYHI Ta, IO OCOOIUBO
Ba)XJIUBO, OPTaHOJENTHYHI IMOKa3HUKU T'OTOBOTO TPOAYKTY, OIIHKA SKHX
BHMAarae CHCTEMHOT'0 CEHCOMETPHUYHOr0 Tiaxomy [20].

Merta crartTi. MeToro naHOi poOOTH € HayKOBe OOTPYHTYBaHHS Ta
pO3po0OKa TEXHOJIOTil MEYiHKOBHX TMAIITETIB 3 BHUKOPHCTAHHSIM O1JKOBO-
xupoBux emyibcidi (BXKE) Ha ocHOBI cBHHS4YOI MIKipH, CcTabiIi30BaHMX
HEeTpaJuLIiiHUMU BUAaMHU OOpOIIHA (BiBCSHUM, IPEUYaHUM Ta TapOy30BUM).

Jnst nOocATHEHHs IOCTaBJIEHOI MeTH OyJ0 BHM3HA4Y€HO HACTYITHI
3aBJIaHHS:

1. Po3po0uTH perentypH MneviHKOBHX MAIITETIB i3 YaCTKOBOIO 3aMiHO0
xupHoi cupoBrHY Ha BXXE 3 pi3HUME BUaMu POCITMHHUX CTA0LTI3aTopiB;

2. JlochmiguTy BIUIMB BHECEHHX €MYJbCii Ha OpraHOJEeNTHYHI
XapaKTEePUCTUKH IOTOBUX MPOAYKTIB;

3. BusHauutu OCHOBHI (Pi3MKO-XIMiYHI NMOKa3HUKH (BMICT BOJIOTH,
OiKa, KHPY, 3011) pO3POOICHUX 3pa3KiB MAIITETIB;

4. OuiHuTH MIKpOOiOJIOTiuHY Oe3MeuHICTh HOBUX BHIIB MAIITETIB Ta
X BIIMOBIAHICTh HODMATUBHUM BHMOT'aM.

Marepianu Tta mMeroam aociaimxkennsi. OO0 €KTaMH JIOCIIPKEHHS
CIIYIyBald  KOHTPOJBHUEM 3pa30K M’SICHOrO TamTery (TpaiMiiiiHa
peuientypa) Ta TpH JOCHIAHI 3pa3ku 3 JOJABaHHSAM OLIKOBO-KHPOBUX
emynbciii (BXKE), crabinmizoBanux GopomrHoM. J[isi BUTOTOBJIEHHS 3pa3KiB
BUKOPHCTOBYBAJI CHPOBHHY, 3aKyIUIEHy y TOPrOBENbHIH Mepexi (M.
XapkiB): CBHHSAYY wIKipy (TOmepeaHbO 00poOJieHy: TMPOMHBaHHS,
3auuIIeHHs, OnaniryBaHHs mpu t =95 + 2 °C npoTsirom 15 XB, 0X0IOMKEHHS
1ot =10 £ 2 °C Tta nonpiOHeHHs HA BOBUKY, d = 3 MM), OOpOIIHO BiBCSHE
(BUImIMI TaTyHOK), OOpOmIHO TapOy30Be, OO COHANIHUKOBY padiHOBaHY
nesomopoBany Mapku «II» (JCTY 4492:2017), somy mumray (ACTY
7525:2014) Tta iHmI KOMIOHEHTH (TI€YiHKA, YXUP-CHpENb, LUOYIS, CLIb,
cremii), MO BiANOBiaMM YMHHAM HOPMATHBHHAM JOKYMEHTaM. BopormHo
rpevaHe (BUIIWI TaTyHOK) Biamosigano sumoram JJCTY 7702:2015.

Hnsa pocnmimaux 3paskiB roryBamu BJXKE 3a penenrtyporo (y %):
moapibHeHa cBuHAYA mKipa — 50, omis — 15, Boma — 25, BiAMOBiAHUIN BUA
6opomrHa — 10. TexXHOTOTi9HO MpOoIieC BKII0YAB 3MIIITYBaHHA Y KyTepi MIKipH,
OopomHa Ta BOaM (3 XB) 3 TMONANBIIMM EMYNbIyBaHHSAM (5 XB) Tpu
MOBUTFHOMY BHECEHHI ONil O JOCSTHEHHA Temrepatypu t <= 12 °C.
PenenTypy KOHTPOSBHOTO Ta JOCHIJHMX 3Pa3KiB MAIITETy HABEACHO Y
Tabmumi 1. Y nocmiganx 3paskax BHocwn 15 % BXKE, 3aminioroun yacTuny
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KHUPY-CHpII0 Ta BOAW. TepMiuHy o0OpoOKy (cTepmiizamiio) 3pa3KiB
TIPOBOJIMIIM B aBTOKJIaBi pH Temriepatypi 121 + 1 °C npotsrom 40 xB.

Ta6mums 1
PenenTypn KOHTPOJILHOIO Ta JOCTIAHMX 3pa3KiB mamrery (Y % Ha 100 xr)
Hocming 1 Hocmig 2 Hocnmin 3
KOMITOHEHT Kontpons, (BXKE- (BXKE- (BXE-
% BiBCsiHE), | Tpewane), | rapOy3ose),
% % %
Heuinia 50,0 50,0 50,0 50,0
(stmoBuua)
Kuap-cupets 20,0 10,0 10,0 10,0
(cBUHSUMIA)
Bona/0ynbiion 20,0 15,0 15,0 15,0
BE  (simio-| 15,0 15,0 15,0
BiJIHOT'O TUITY) ' ! !
L0y 6,0 6,0 6,0 6,0
macepoBaHa
Cijib KyXOHHa 15 1,5 1,5 1,5
Creuii (cyminr) 2,5 2,5 2,5 2,5
Pazom 100,0 100,0 100,0 100,0

JocnimkeHHs TOTOBHX 3pa3KiB MPOBOMIIN ITICIS TX OXOIOIKEHHS 10
4 + 2 °C. ®i3uko-XiMi4HI TIOKa3HHKM BH3HAYaJIM 32 CTaHAAPTHUMU
Meronukamu: MacoBy uactky Bonord (JICTY 8343:2015), Ginka (meron
K’enmpmana, JCTY 7170:2010), xupy (meroxm Coxcnera, JCTY ISO
1443:2005) Ta 3o0mu (JJCTU 8454:2015). OpraHonentuuHuii aHami3
MIPOBO/IMIIA JIeTyCTaliiHa KoMicist (7 eKcrepTiB) 3a npoIbHOI 5-0aIbHOI0
mxanoro [JCTY 4823.1:2007]. Mikpo06ionoriydi MOKa3HWKH BH3HAYAIH
srizio 3 JICTY: KMA®AuM (ACTY 8446:2015), BI'KII (ACTY
7274:2012), L. monocytogenes (JICTY EN ISO 11290), Salmonella (ICTY
EN ISO 6579-1), S. aureus (ICTY 7323:2013) Ta apixxmxki i ToricHsBI TproH
(ACTY 8447:2015).

VYci mocmimKeHHS TPOBOMWIN Y TPHUKPATHIH TOBTOpPHOCTI (n=3).
CratuctnuHy 0OpOOKY OTpHMaHMX AaHUX (TpeAcTaBieHuX sk M + SD)
3MIACHIOBAIIM Y TIPOTPaMHOMY TakeTi Statistica MeTomoM OJHO(paKTOPHOTO
nwucriepciitnoro anamizy (ANOVA) 3 mojaisImmM 3acTOCyBaHHAM post-hoc
tecty Thioki. Pi3HHIIO BBa)kanu CTaTUCTUYHO 3HAYYIIOK (IOCTOBIpHOIO)
mpu piBHi p<0,05.

Buknaa ocHoBHOro marepiany nociaimxennsi. Ha nepmomy erarmi
JOCII/DKeHHST OYyJIO TPOBEICHO OpPraHOJENTHYHY OLIHKY pO3pOo0IeHHX
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3pa3KiB IEYiHKOBUX IMAINTETiB. Pe3ynpTaT NOpIBHSUIBHOTO —aHAJI3y
nipezcTaBieHo y Taomumi 2.

Tabmus 2
OpranoJienTHYHI MOKA3HUKH 3Pa3KiB NAIITETiB Me4iHKOBHX
Hocming 1 Hocmig 2 Hocnmin 3
Ioxasuuk | KoHTpoms (BiBCsiHE (rpedane (rapOy3oBe
OopourHo) 0opouIHo) OopouIHo)
3opuim- | Yucra, cyxa, | Yucra, cyxa, | Uucra, cyxa, Yucra,
Hilt piBHa piBHA piBHA cyxa, piBHa
BHIJISIL MOBEPXHS MOBEPXHS MOBEPXHS MOBEPXHS
OnHopinna, | OnmHopinna, | OmHopigna, | OmHOpinHa,
pPIBHOMIpHO | PIBHOMIPHO | PIBHOMIPHO | PIBHOMIPHO
BujgHa | mepemimiana | rmepemimiaHa | repeMimiaHa | nepeMilaHa
po3pi3i | Maca  CBIiT- | Maca  CBIT- | Maca CBITJIO- | Maca  JKOB-
JI0-Ciporo JIO-CIpOro ciporo TYyBAaTO-CIpO-
KOJIbOPY KOJIbOPY KOJbOPY O KOJTbOPY
Bracrusi Bracrusi Bnactusi Bunactusi
JTAHOMY JTAHOMY JIAHOMY JTAHOMY
BUJTY BULY BUZLY BUZY
HPOIYKTY, TPOIYKTY, MPOIYKTY, MPOIYKTY,
CMaK y Mipy | cMak y Mipy | cMak y Mipy | cMak y
COJIOHHH, COJIOHHH, COJIOHHH, Mipy
6e3 0e3 0e3 COJIOHHI,
CMmaxk Ta . . .
sanax CTOPOHHIX CTOPOHHIX CTOPOHHIX 0e3 '
MPUCMAaKy Ta | MPUCMAaKy Ta | MPUCMAaKy Ta | CTOPOHHIX
3amaxy, 3 | 3amaxy, 3 | 3amaxy, 3 | IpHCMaKy
BUPaXXCHUM | BUPaXXCHHM | BUPa)XXCHHM | Ta 3amaxy, 3
apoMaToM apoMaToM apoMaTom BUpPaXKCHH
TIPSTHOIIIB TIPSTHOIIIB TIPSHOIIIIB M
apoMaTom
TIPSTHOIIIB
Koncucre | HixkHa, Hixna, Hixna, Hixmna,
HIList MasKa MasKa Ma3Ka MasKa

AHami3 JaHWX, HaBeJeHWX y TaOnwmili 2, 3aCBiMYMB, IO BCi 3pa3Kd
MaJi BHCOKI OpraHOJENTHYHI Mmoka3HukH. CMak, 3amax, KOHCHCTEHIIS Ta
30BHIMIHIA BUIIIAN JOCIHITHUX 3pa3KiB HE MOCTYHAIUCS KOHTPOIBHOMY.
KirouoBa BigMiHHICT CIIOCTEpiranacs y BHIUBIOI Ha po3pisi. 3pa3ok i3
nonasanHsM bXXE Ha ocHoBI rapOy3oBoro 6opormna ([ocnia 3) BupizHABCs
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XapaKTEpPHUM JKOBTYBATO-CIpUM BiITiHKOM. lle TIOSICHIOETHCSI HAsIBHICTIO Y
rapOy30BOMY OOpOIIHI IPUPOJAHUX IMITMEHTIB, 30KpeMa KapOTHHOIMIB, SIKi
3a0apBHIIH MAIITETHY MACy, IO € OYiKyBaHHM Ta IPUPOIHUM PE3YJIbTATOM.
Buecenns BJKE Ha 0CHOBI BIBCSHOTO Ta TpeyaHOro 0OpOITHa HE CIIPHYHMHUAIO
3HAYYLIMX 3MiH Y KOJIbOPI MOPIBHSHO 3 KOHTPOJIEM.

Jlis BU3Ha4YCHHS BIUIMBY pociuHHUX KoMIoHEeHTIB B)KE Ha xapuoBy
LIHHICTD TPOAYKTY OYJ0 NOCIIIKEHO OCHOBHI (i3UKO-XIMIUHI HMOKa3HUKU
Tabm. 3).

Tabmus 3
®i3uKo-xiMiuHI MOKA3HMKH 3pa3KiB NAIITETiB MeYiHKOBUX
(BmicT Ha 100 r npoaykTy)

Hocmig 1 Hocnin 2 Hocmim 3
. (rpeuane
Iloka3Huk Kontpons (BiBCsIHE 6 (rapOy3oBe
OPOIIHO
0OpOIIIHO) ) OOpOIIIHO)
Boora, r 66,4 +2,5a | 62,5+ 2,5b |63,2+2,5b|62,2+2,5b
binok, T 12,1+15a | 124+15a (126 +1,5a| 12,8 +1,5a
Kup, r 204+1,6a | 201+1,6a |20,1+1,6a| 20,2+ 1,6a
3ona, T 1,45+0,1c | 2,65+0,1b [2,75+0,1a| 2,85%0,1a

Ipumimxa: Pisni ximepu (a, b, c) 6 00HOMYy psiOKY 6KaA3YIOMb HA
CMAMUCMU4Ho 3HAYYWy pisHuYio Mixc cepeorimu snavennamu (p<0,05).

Awnaniz orpumanux naHux (p<0,05) 103BOJHMB BUSIBUTH HACTYITHI
3aKOHOMIPHOCTi. BCTaHOBIIEHO CTATHCTUYHO 3HAYYINE 3HIKEHHS MAacoBOI
YaCTKM BOJIOTM Y BCIX JAOCHiOHUX 3paszkax (62,2—63,2 r) HOpiBHSHO 3
KoHTpoieM (66,4 1). Ile MOXHa TOSCHHUTH BHCOKOI BOJO3B’A3YI0UOIO
3/IaTHICTIO TONicaXapuaiB (Xap4yoBHUX BOJIOKOH), IO BXOIATH A0 CKIAmy
BIBCSIHOTO, TpeYaHoro ta rapOy3oBoro OopormrHa, siKi eheKTHBHO 3B’s3a1Id
Bony B ctpykrypi BXKE. IIpu mipoMy He BHUSIBIIEHO CTAaTHCTHYHO 3HAYYIIOI
pizauti (p>0,05) y BmicTi Oinka Ta >KUPY MK KOHTPOJIBHUM Ta TOCIi THUMH
3paszkamu. [lonpu yacTkoBy 3aminy xupy-cupito Ha b)KE, 3aranpanit BMicT
KHUPY Ta OllIka B CHCTEMI 3aJUIINBCS eKBiBaeHTHUM. HaifOimbm cyTTeBi Ta
MMO3WTHBHI 3MiHM crHocTepiranmcs y Bwicti 3omu. Brecenns BXE 3
POCIMHHUMH KOMIIOHEHTaMH CIIPHYMHWIIO BIpOTifAHE 3pOCTaHHS OO
MMOKa3HHUKA Maibke y 2 pas3u. Tak, SKIIO0 y KOHTPOJIi BMICT 3011 CTaHOBHB 1,45
T, TO y 3pa3Kax 3 BiBCSHHM OopomrHoM — 2,65 T, 3 Tpedanmm — 2,75 1, a 3
rap0y30BuM — 2,85 1. OCKUIBKH 30JIbHICTh € HEMPSMHUM ITOKa3HUKOM BMiCTy
MiHEpaJbHAX pPEYOBHH, MOXHA CTBEpIXKYBaTH, MI0 BHKOPHCTAHHS
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po3pobiienux BXKE mo3Bonse CyTTeBO 30araTUTH IIEYiHKOBI MAINTETH
MiHepaJIbHIMHU KOMIIOHEHTaMHU.

KirouoBuM acriekToM Ipu po3poOlli HOBUX Xap4OBHX IMPOIYKTIB €
ixHst Oe3neyHicTb. MikpoOiOJOTiYHI JOCHI/PKEHHS! TPOBOJMIM 3 METOIO
MATBEp/DKEHHST  BIIIOBIAHOCTI  pO3pOOJEHMX  MAIITETiB  CaHITapHO-
ririeHivHuM HOpMaM (Tabu. 4).

Tabmums 4
Mikpobiosoriuni MOKa3HUKH Po3podJIeHUX 3pa3KiB MamTeTiB
Iy — ]IOHYCT?IMi Pe3.ynLTaT JIJ'IH.
piBHI JIOCIT THUX 3pa3KiB
L. monocytogenes B 25,0 r He He BusiBneHo
JIOITYCKA€EThCS
[TarorenHi mikpoopraniamu, B T. | He He BusiBneno
4. Gakrtepii pomy Salmonella B | momyckaerscs
250r
Staphylococcus aureus 8 1,0 ¢ He He BusiBiieHo
JIOITYCKA€ETHCS
Bakrepii  rpynu  kumkoBoi | He He BusiBiieno
nanuaku (BI'KIT) B 0,01 ¢ JIOITYCKA€ETHCS
[TniceneBi Tpubu Ta ApixmKi, | 1-10° <10
KYO/r
Me3sodinbHi aepobHi Ta ¢akynsT.- | 1-102 2,0-10
aHaepoOHi MIKpOOpraHi3Mu
(KMA®ARM), KYO/r

PesynmpTaTH mOCHIKEHb IIOKA3ald, IO Y JKOTHOMY 3 TpPbOX
JIOCITIZIHUX 3pa3KiB He OyJI0 BUSIBIEHO MATOr€HHHUX Ta YMOBHO-TIATOT€HHUX
MikpoopraHismis, 30kpema L. monocytogenes, 6akrepiit pomxy Salmonella ta
S. aureus. BI'KIT Ttakox He Oynu BusiieHi. KinbKiCHI IMOKa3HUKH
MIKpOOIOJIOTriYHOTO 3a0pyIdHEHHS OYyIM 3HAYHO HWXKYMMHU 32 JIOMYCTHUMI
piBHi. Kinbkicte KMA®AHM cknana 20 KYO/r, mo y 5 pa3iB Hibkue 3a
HopMmy (He Oinbie 100 KYO/r). Bmicr miiiceneBux rpudiB Ta mapix ki (<10
KYO/r) takox BifmoBigaB BuMoram. BHUCOKI MOKa3HUKH MiKpOOiOIOTrigHOl
YHCTOTH CBIUATh MPO HAIGKHY CaHITAPHY SIKICTh BUKOPUCTAHOI CHPOBUHU
Ta Tpo eeKTUBHICTH 00paHoro pexxumy creprurizamnii (121 °C, 40 xB), sxwuit
rapaHTye OE3MEeYHICTH TOTOBOTO MPOIYKTY.

BucnoBkn. HaykoBo OOTpyHTOBaHO Ta pO3pOOJIEHO pEUenTypu
MEYiHKOBUX MAIITETIB i3 YaCTKOBOIO 3aMiHOIO >KMPHOI CHpoBHHH Ha 15 %
6inmxoBo-xupoBoi emyinscii (BXKE), BUrorosiaeHoi Ha OCHOBI CBUHSYOI IIKipH
Ta crabinmizoBanoi 10 % HerpamuuiitHoro GopomrHa (BiBCSHUM, TPEYaHUM,
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rapOy3oBuM). Bcranosneno, mo BreceHHs BXXE w©e moripmye
OpPTaHOJIENTHUYHI TOKa3HUKH TOTOBOTO MPOAYKTY, 30epiraioum BIIaCTHBI
MamTeTy CMak, apoMar Ta HDKHY, Ma3Ky KOHCHCTEHIilo. €IuHO0
BiIMIHHICTIO CTaB 3pa3oK 3 rap0y30BHM OOpOIIHOM, IO MaB XapaKTEPHHUI
JKOBTYBATO-CIpMil  BIATIHOK, 3yMOBJIIEHHH IpPUPOJHUMHU IITMEHTaMH
CHUpOBUHH. AHaI3 (Pi3NKO-XIMIYHMX TOKa3HHUKIB 3aCBiIYMB, IO BMicT OilKa
Ta JKUpY B JOCHIJHUAX 3pa3Kax HE MaB CTATHCTHYHO 3HAYYHIOl Pi3HUILI
(p>0,05) mopiBHAHO 3 KOHTpoJieM. BomHo4Yac BUSBIICHO MO3UTHBHI 3MiHU:
BIpOTiTHE 3HWKECHHS MacOBOI 4acTKU BOJIOrH (3 66,4 T 10 62,2—63,2 1), 110
CBIIMMTH MPO BUCOKY BOJO3B’S3YIOUY 3JaTHICTH OOpOIIHA, Ta CYTTEBE
30arayeHHsi TNPOAYKTY MiHEpaJbHUMH pEYOBHHAMHM — BMICT 301U Y
JOCIITHUX 3pa3kax (2,65—2,85 r) OyB Maiike BIBiUI BUIMM 33 KOHTPOJIBHUN
nokazuuk (1,45 r1). JochijkeHHs O€3MeYHOCTI MIiATBEPAMIO BHUCOKY
MiKpOOiOJIOTiYHY YHCTOTY MAIITETIB: MaToreHHi Mikpoopranizmu ta BI'KIT
HEe BHSBJIEHO, a KiibkicHI mnokazHukn (KMA®M®AHM, miicHsBa/apixpKi)
OyJIM 3HAYHO HIKYUMH 32 JIOMYCTUMI PiBHI, 1110 MATBEPKYE €PEKTHBHICTD
obpanoro pexumy crepumizanii (121 °C, 40 xB). Takum 4uHOM, TOBEIEHO
TEXHOJIOTIYHY JIOLUIBHICTh BUKOpUCTaHHS po3podienux BXE s
paLioHaJIbHOTO BUKOPUCTaHHS KOJAreHBMICHOI CHPOBHHH Ta HMOKpAICHHS
Xap4oBoi I[IHHOCTI TOTOBOTO MPOAYKTY NpHU 30epeKeHHI BHCOKHX
OpraHOJIENTUYHUX ITOKa3HHUKIB Ta rapaHTii Oe3MeuHOCTI.
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TEXHO.IOI'IA I IKICTh COYCIB HA OCHOBI
KOMITO3ULIMHUX CYMIINEW

M.®. KpaBuenko, B.C. Muxaiinuk, LII. Januaok

YV cmammi nasedeni O0ami cmocosno po3pobrenoi mexwonoii coycie 3
MONOYHOI CUposamKu Ccyxoi O0eMmiHepanizoeanol ma KOMIOUYILHUX CYMIULEl.
Komnnexcni oocnioscenns 3 6UKOPUCAHHAM OP2AHOLCHMUYHUX, (DI3UKO-XIMIYHUX
Memooie 008enu MOJNCIUBICIb MA OOYINbHICMb GUKOPUCMAHHA — KOMIOZUYITIHUX
cymiuient 3 Oiemuynux 000a6ok (MOJIOYHA CUPOBAMKA CYXA OeMIHEePaniz08aHd, COE6d
6inK080-2icuposa dobasKa, cymiapabix, nekmur) 05 NiOBUWEHHS Xap4080i YiHHOCMI
ma noxKpawjeHHs AKoCcmi coycie.

Knwuoei cnosa: coycu, Mmonouna cuposuma, Ccupo8amia, emyNbCilHi
cucmemu, CmpyKmypHO-MexaHiuti NOKAZHUKI, KOMNOSUYILUHI CYMili.

TECHNOLOGY AND QUALITY
OF SOUCES BASED ON COMPOSITIONAL MIXTURES

M. Kravchenko, V. Mihailik, I. Danyliuk

The article presents a technology for sauces with incorporating a
compositional  mixtures.  Comprehensive  research  using  organoleptic,
physicochemical methods have proven the possibility and feasibility of using a
composition of dietary supplements (dry demineralized whey, soy protein-fat
supplement, gum arabic, pectin) to increase nutritional value and improve the quality
of sauces.

The developed mixture of dry whey and soy flour was added to the recipe of
the sauces instead of flour. The classic sauce recipe was used as the control sample.
New sauces with dry whey and compositional mixtures were prepared. Dry whey and
composite mixtures are characterized by a high protein content, which has certain
functional properties and play a major role in the process of structuring of sauce
emulsion.

The possibility and expediency of using the composition of dry whey and
compositional mixtures to improve the nutritional properties and quality of sauces
have been' experimentally proven. An important indicator of the structural and
mechanical characteristics of sauces is shear stress. The content of mineral
substances in the developed sauces increased: potassium - 1.25-4.3 times, calcium -
3.3-6.4 times, magnesium - 1.7-2.7 times, phosphorus - 1.2-2.9 times, iron - 1.6-8.5
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times compared to the control. Analysis of the vitamin composition of the developed
sauces revealed an increase in the content of vitamins. When studying the storage
periods of the developed sauces, the number of mesophilic aerobic and facultative
anaerobic microorganisms after storage (t = 4°C, 24 h) is 1.86-2.07-102, which is 6—
9% less compared to the control. No mold fungi and yeasts were detected in the
control and experimental samples.

Keywords: sauces, dairy raw materials, whey, emulsion systems, composite
mixtures.

IMocTaHoBKA MPodJieMH Yy 3aratbHOMy BUIJIsAA. Cepen npoayKiii
PECTOPaHHOTO TOCIOJAPCTBA BaXXJIMBAa POJIb  BIIBOJAMTHCS — COYCaM.
BiamoBinHO 10 cydacHMX KyJdiHapHHMX BU3HAauYeHb cOoyc — OaraTockialoBa
Xap4oBa KOMITO3MIIiSI, SIKa CKJIAa€ThCs 3 OCHOBU Ta CMAaKOBHX J00aBOK i
IOJAa€ThCA K AOIIOBHCHHS 0 CTaBU JIA l'IOJ'[il'H_HeHHﬂ CMaKy, apomary,
30BHIIIHBOIO BUIJIANY, MOXHBHOCTI B TIpOlieci BUPOOHUIITBA abo micis
HBOT0.

Cy4yacHe CBITOBe KyJiHapHE MHCTEUTBO  XapaKTePU3YEThCS
BIPOBa/PKEHHSIM HOBITHIX TEXHOJIOTiH COYCiB, BUKOPUCTAHHSM HOBHX BHIIB
CHUPOBUHH Ta CMaKOBHX IHTPEHI€HTIB Y IX BUPOOHHMIITBI, TOSIBOIO KPEATUBHHUX
MiAXO/IB 10 CMaKOBOi KOMOIHATOPUKH 1 COYCHOT KOMITO3HIIii.

[lepcnekTMBHUMH HampsiMaMH  YIOCKOHAJEHHS AaCOPTHMEHTY 1
MIBUIICHHST TOXHUBHOI I[IHHOCTI COYCIB € BHKOPHCTaHHSI HOBUX BHIIB
CHPOBHMHM, HATypaJbHUX CMAaKO-apOMATHMYHUX 1 MIETUYHUX HO0ABOK,
BBEJCHHS HANOBHIOBAYiB POCIMHHOIO 1 TBapHHHOTO IOXOMKEHHS,
3HW)KEHHSI €HEPreTHYHOI LIHHOCTI COYCIB CIIEeNiadbHOrO MPU3HAYEHHS (IS
JIETUYHOTO XapuyBaHHS, PO3pPOOJICHHS HamiBQaOpUKATIB COYCIB PI3HOrO
CTYIICHIO.

AHaJni3 ocTaHHIX goc/ixKeHsb i myOaikaniii. 3 HAyKOBOI TOUKH 30py
MIEPCIEKTUBHAM € BHKOPHCTAHHS B SIKOCTI JOAATKOBHX IHTPEII€HTIB B
penentypHOMy Ha0Opi HPUPOMHIX KOMIIOHEHTIB MiJBHUINEHOI Oi0M0TidHOT
LIHHOCTI 1 NPUHHATHUX 3 TOYKH 30pY (YHKIOHATHHO-TEXHOIOTTUHIX
XapaKTEepUCTHK [UIS BHUPOOHUIITBA COYCHOI MPOAYKIi, Yy TOMY YHCII
CHeLiaIbHOTO Ta (DYHKIIOHATBHOTO MPU3HAUCHHSL.

Jo Takux Hi€eTHYHHUX OO0O0ABOK MOXMUIMBO BiJHECTH TPOIYKTH IO
OTPUMAaHHI 3 BTOPHHHOI MOJIOYHOI CHPOBHHH, 30KpeMa MOJIOYHY CHPOBATKY
cyxy nmeminepanizoBany (MCCJI), GimkoBo-xupoBy mo0aBky 3 coi (BX]I)
«Cymep» €CO, rymiapabik (Fibregum), mekTHH HH3bKOETepH(iIKOBaHUI
GRINDSTED YF 738, nakraT KaiabLio.

BpaxoByroun BuIe3a3Hau€HE, PO3POOJICHHS HOBHX TEXHOIOTIH
COYCIB 3 BHUKOPHCTAHHSAM JIETHYHUX J00ABOK € aKTyaJlbHUM HampsMOM
PO3BUTKY Xap4OBUX TEXHOJOTIH.
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Meta craTTi - JOCTIKCHHS (i3UKO-XIMIYHHX 1 TEXHOJOTIYHHX
MOKA3HUKIB MOJIOYHOI CHPOBAaTKM CyXOi JeMiHepalli3oBaHOI, COEBOI
O1JIKOBO-)KMPOBOI  100aBKM, TrymiapaliKy, NEKTHHY Ta OOIpYHTYBaHHS
JOIIJIBHOCTI  IXHBOTO TIOEAHAHHS Ta BUKOPHCTAHHS Yy peHEeNTypHHUX
KOMITO3HLIISIX JJIs1 BAPOOHMIITBA COYCHOI MPOAYKIIIi.

OO'ekT  NMOCH/DKEHHS —  TEXHOJIOTiSt Ta  SIKICTb  COYCIB
(YHKI[IOHAJIBHOT'O MTPU3HAYEHHS 3 BUKOPUCTAHHSM KOMITO3HMLIHHOI cymimIi
NIETUYHUX J00aBOK.

Martepianu Ta MeToau. Y JOCHI/KEHHI BHMKOPHCTaHO 3pa3Ku
JMIETUYHUX 00aBOK, KOMITO3MIIIMHUX CyMIIIeH 3 HUX, eMYJIbCIHUX COYCIiB
Ha iX OCHOBI. J[JIs1 OINIHKM SIKOCTI COYCIB OyJ0 3aCTOCOBAHO KOMILICKC
¢i3nuHux,  (Pi3MKO-XIMIYHMX,  MIKpPOOIOJOTiYHUX,  OPraHOJENTHYHUX
METOMIB, MaTeMaTH4YHa OOpOOKa  CKCIEPHUMEHTAIbHUX  JaHUX 3
BUKOPUCTaHHAM  iHQOpPMAalifHNX  KOMITIOTEPHUX  TEXHOJOTid  Ta
NPOrPaMHOr0 3a0e3eUeHHS.

Bukiag ocHOBHOro marepiaay aociimxeHHs. Jlis BH3HAa4YeHHS
HaWOUIBII TPUHHATHOI CyXOi MOJIOYHOI CHPOBATKM JOCTiKeHi (i3uko-
XIMIYHI Ta OpraHOJENTHUYHI MOKA3HUKH OKpeMHUX il BUIIB Y MOPIBHSIHHI 3
BHUXiHOIO cupoBuHOO [1,2,3].
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Tabumrs 1
®Di3uKo-XiMiuHi MOKA3HHKH CYXHX MOJIOYHHX CHPOBATOK
CupoBatka . .
CupoBaTka JeMiHepaiizoBaHa cyxa
cyxa
< < <
= = =
a. =3 =8
S = S|
Q Q < Q <
o g = = g =
HaiimenyBaHHS | - =) =] s 8 =] s 8
; 2 g E o © 2 g © 2 g
MOKAa3HUKIB == E = ) g o =2 e o 2
g &| 85 = = IS = =™
g8 5 29 ) ] S] < ]
22| &E @ @ @) @ O
SE EEl BB 2
OF| O S S S5
@) @) @)
H® EJl H®/EJL

MacoBa yacTka
CYXHX 97.0 | 95.19 | 97.87 [95.06| 94.52 97 94.80
pedoBHH, %
MacoBa yacTka
JIAKTO3H, %0
Macosa wactka | 7 o7 | g99 | 510 | 1.55 | 2.82 | 2.63 | 2.72
304, %
MacoBa gacTka

74.5 | 73.03 | 76.20|82.60| 79.93 | 65.92| 63.73

150 | 160 | 05 | 0.5 1.0 1.0 1.0

KHUpY, %o
g’iliifﬁ‘/o“ama 127 | 110 | 156 | 88 | 9.7 | 272 | 26.0
Kucnoruicts, T | 14.0 75.0 95 | 80 | 25.0 | 12.0 | 18.0
Innexc

Eﬁi‘*“mm’ 03 | 05 [045| 01| 02 | 03| 01

CHPOTO 0cany

3a  pesympTaTaMH  aHAN3y  OPTaHONCNTHYHUX  ITOKA3HUKIB
BCTaHOBJICHO, IO TiJCHpHA MOJOYHA CHPOBATKa CyXa IEeMiHepaji3oBaHa
(MCCJ) mae cononkuii cMak, 6€3 CTOPOHHIX MPUCMAaKiB Ta 3araxiB, M0 1a€
3MOTy BHKOPHCTOBYBAaTH ii B XapuoBOMY BHPOOHHITBI, 30KpeMa B
TEXHOJIOTISIX COyCHOI mpoxykmii (Tabm. 2).
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Tabmmis 2

OpraHoJienTHYHI XapaKTEPUCTUKH CYXHX MOJOYHUX CHPOBATOK MiCJIsA
00poOKM Pi3HUMH MeMOPAHHMMHU METOAAMH

MornouHa cupoBaTtka cyxa
HopMa 1151 cHpOBaTKH JeMiHepai3oBaHa 3riJHO 3
s MOJIOUHOT CyXoi TY V 15.5-00419880-089:2014
E 3rigno 3 JICTY 4552:2006
§ «CrpoBaTKa MOIIOYHA CYXa» | (MorouHa cHpoBaTKa cyxa | Molouna
S JIeMiHepasTi3oBaHa CHpOBATKa
< (CA-HD) cyxa
g JCMIHEC-
E: paitizoBaHa
. . (CA-HD-
Ilincupna Kucna Ilincupna Kucna EJI)
Tlincupua
Cononkysat
Cononxy- N
W 3 JIeIb
9 BaToO- Kucnyga- . 3nerka N
o " BiTYyTHUM Conoakui,
E | conoHyBa- THH, 3 KHCITyBa-
S . COJIOHYBa- . 0e3
g THH, 3 MPHUCMaKOM THH, 0e3 .
- THUM TIpUCMa- . CTOPOHHIX
% | MPUCMAaKOM | XapakTepH CTOPOHHIX .
s KoM, 6e3 .~ |mpmcMakiB
= | xapaktep- UM IS . MIPUCMAaKiB .
) CTOPOHHIX . Ta 3amaxiB
HUM IS CHpPOBATKU . Ta 3amaxiB
MPUCMaKiB
CHpOBATKU .
Ta 3amaxiB
Toukomuc- | Tonkommc- | Tonkoauc- |ToHKOIHC-
TIEPCHUM TIEpCHUM MIEPCHUN NEPCHUH
= | TOpOMIOK, TTOPOIIIOK, MOPOIIOK, | IOPOMIOK, Torko
E /| HagBHICTH HasIBHICTH HasIBHICTb | HasIBHICTD e
= | rpymo4ok, TPYIOYOK, TPYIOUYOK, |TPYIOUYOK, HepCHM
= SIK1 JIETKO SIK1 JIETKO SIK1 JIETKO | SIK1 JIETKO P
T MOPOIIIOK
5 | po3cHMmaT | pO3CHMAIOT | PO3CHIAIOT PO3CHIAIOTH
= BbCA TIIJT BCA TIIJT BCS I cs T
3 BJIIMBOM BJIIMBOM BJIIMBOM BIIMBOM
MEXaHIYHOI | MEXaHIYHOI | MeXaHIYHOI |[MeXaHIYHOI
i mii mii il
g Bix 6imoro mo cBiTiio- Big 6imoro mo cBiTio- CsiTIio-
Q 3KOBTOT'O JKOBTOT'O JKOBTHH
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MoroyHa cuUpoBaTKa Ma€ BHCOKY Xap4oBY 1 OIOJIOTIYHY IiHHICTb.
BoHa € 6171KOBO-BYTJIEBOIHOIO CHPOBHHOIO, 1 3aB/ISKM XIMIYHOMY CKIIay Ma€e
YHIKaJIbHI BIaCTUBOCTI [4, 5].

MoroyHi Oinky 3aBISKH BMICTYy yCiX HE3aMiHHHX aMiHOKHCIOT
BiJTHOCSATHCS JI0 TIOBHOLIIHHUX TOMY €(DEKTHBHO 3aCBOIOIOTHCSI OPraHiZMOM
monunu [6, 7]. JonaBauuss MCCJ] 10 ckiaay COyCiB JJO3BOJIHUTH CYTTEBO
TIOKPAIINTH X SIKICHUH CKJIaJ] 32 TAKMMH JIIMITYIOYMMH aMiHOKHCIOTaMU SIK
METIOHIH + IIUCTHH, TPEOHiH, TpunTodaH, i3onenImH (Tadm. 3).

Ta6mums 3
AmiHokucaorHuii ckjaag MCCJ]
BwmicT He3aMiHHUX . .
AMIHOKICIOT, AM]HOKI/ICJ‘IOOTHI/II/I
/100 r Oinka cxop, %
AMIHOKHCITIOTa .
Eranon Oinka = =
(o 8 8
DOAO/BOO3) S b=
He3amiHHI aMiHOKHCIIOTH
Jlizun 5.5 10.7 194
Tpeonin 4.0 13.7 342
Banin 5.0 11.6 232
Merionin+I{uctun 3.5 2.6 74
Jleitnuu 7.0 9.4 134
I3oneiitun 4.0 8.0 200
Tuposun+deninananin 6.0 8.3 138
Tpunrodpan 1.0 2.8 280
Bevoco HAK 36.0 67.1 -
3aMiHHI aMiHOKHCIOTH

AcmapariHoBa K1CJI0Ta - 137 -
Cepun - 5.10 -
I'nyraminoBa Kuciora - 17.88 -
Mponin - 9.40 -
Imitua - 1.98 -
AunanHin - 5.80 -
Aprinin - 3.67 -
Tictuaua - 2.40 -
Bcevozo 34K - 59.9 -
CuiBBiHOIIEHHS ) 111 )
HAK mo 3AK o
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Bionoriuna 1innicTh Oinkie MCCJl nocTaTHRO BHCOKA, Cepen
He3aMiHHUX aMmiHokucioT y MCC/I Bi3HaYa€eThCsl 3HAYHUIA BMICT JI3UHY —
10.7 1/100 t, Tpeoniny — 13.7 /100 r, Baminy — 11.6 r/100 1.

B mornouHi#t cupoBartiii MictuTthes B cepenabomy 0,2...0,9 % xupy, a
B cemapoBaHiii — 0,05...0,2 %. Xup B cHpoBaTIli 3HAXOAUTHCS B OUIBII
JMCIIEPrOBaHOMY CTaHi, HDX B He30MpaHOMY MOJOII, IO IO3UTHBHO
BIUIMBAE Ha O10XiMiuHI mpomecH, siki BinOyBarOThCS B OpraHi3Mi JIIOJUHU
[8, 9, 10, 11].

B MomnouHiii cupoBaTIli MiCTHThCSI 3HaYHA KUIBKICTh BYIJIEBOJIIB, IO
TIPE/ICTaBIIeHI B OCHOBHOMY Y BUIJISA[I TUCAaXapyy — JIAKTO3H.

Jlakro3za B 5...6 pa3iB MEHII COJIOJKa 3a caxaposy, aye ii MmoxiiHi
(JlakTiTON, JAKTYN103a, TNPOAYKTH TigpOii3y) MaloTh OUIBII BHCOKY
COJIOZIKICTh 1 BUKOPHCTOBYIOTBCS MPH BUPOOHMIITBI HU3BKOKAIOPIHHMX Ta
JIIKYBaJIbHO-IETHYHUX MPOJYKTiB. BOHa TakoX BiI3HAYAETHCS OaraTHM
BITAMIHHMM CKJIaJIOM, HEPII 32 BCE BMICTOM JXHPOPO3UYMHHUX BiTaMiHIB
[12, 13, 14].

Omxe, BUCOKA XapyoBa i O10JOTiYHA IIHHICTh, MPU LOMY JOCUTBH
Husbka eHeproemuictb MCCJI, 3a paxyHOK BMICTY HH3bKOKaJIOpIHHMX
BYITIEBOIIB, IO MPEACTAaBICHI JIAKTO30l0, CIpPUATHME 30aJaHCYBaHHIO
HYTPIEHTHOTO CKJIJy COYCHOI MPOYKIIiI.

[poananizoBano Minepanbuuii (Tadu. 4) Ta Bitaminnuii ckiiag MCCJJ
[15]. 3a pesyabpraTamu aHai3y MiHEPaJIBbHOTO CKJIay BCTAHOBJICHI MepeBar
MCC/] B nOpiBHSHHI 3 IHIIMMH PELENTYPHUMH KOMIIOHEHTAMH, 32 PaXyHOK
BHCOKOTO BMICTy MakpoeiemenTtiB, a came Ca — 1510 wmr/100r,
K — 1270 mr/100r, P — 1270 mr/100r, Ta mikpoenemeHTiB, 30kpema 1 — 67.8
MKI/100r siki MOXYTh 320€3MeYUTH 3HAYHY X YaCTHUHY Bill I0OOBOI MOTPEeOH
(Tabm. 4).

Taomuus 4
Minepajubhuii ckiag MCCJI, na 100r
MCCA
Haiivenysars 3a10BOJICHHS
MIOKa3HHUKA . B
Bwmicr 1060BOT

notpedu,%

Maxpoenremenmu, me

Kauiii (K) 1270 51-25
Kanemiit (Ca) 1510 126

Marsiii (Mg) 250 83-50
Harpiit (Na) 980 25-16
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1 2 3

Doctop (P) 1270 105
Mikpoenemenmu, mxe

3amizo (Fe) 2660 13-30
Von (1) 67.8 26-34
Maprasens(Mn) 10 1
Mizms (Cu) - -
Morni6aen (Mo) - -
Drop (F) - -
Iuuk (Zn) 2100 19-21

3a pe3ynbTaTaMH aHaji3y BITAMIHHOTO CKJIQJy BCTaHOBIIEHO, IO
MCC/I Big3HayaeThcst BUCOKUM BMicToM: B12 — 2.4 mr, B2 — 1.3 mr, BS —
5.6 MI' 110 NOBHICTIO 33/I0BOJIbHsIE OOOBY MOTpeOy B HUX, a Takox B4 —
100.0 mr, 110 103BONUTH 3a0e3neunTH 10 67 % Bijx 1000BOT HOTPEOH B HHOMY
(Tabm. 5).

Tabmuns 5
Bitaminnuii ckiaag MCCJI, na 100r
MCCJ
HalimenyBanHs
MOKa3HUKA Buicr 3aoBONIEHHS
J1000BOI IOTPeOH,%

Tokodepon (E),mr 0.06 0.3
Ackop6iHoBa kucinora (C),mMr 5.00 6-7
[ipunokcun (B6),mMr 0.67 33-45
Kobanamin (B12),mMkr 2.40 120-200
Biotus (B7),MKr 37.0 12

Hiarwa (B3,PP),mMr 0.82 5-6
IManrorenosa kuciora (BS5),mMr 5.60 112
Pubodasin (B2),mMr 1.30 118

Tiamin (B1),mMr 0.21 7-21

Xomnin (B4),mMr 100.0 67

Takum uwmaOM, BuKopuctanHd MCCJ y TeXHONOrisIX COyCHOI
MIPOAYKIIi JacTh 3MOry 30ajaHCyBaTH ii HyTPI€EHTHHM CKIaj, 3a PaXyHOK
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3HW)KEHHS! KaJOpiHHOCTI, IiABHIIEHHS O10JIOTIYHOI HiHHOCTI, 30aradeHHs
MiHepaJIbHIMHU PEYOBHHAMH Ta BiTaMiHaAMH.

Pazom 3 TuM XiMiuHMH CKJa] CHPOBMHM BH3HAYa€ ii TEXHOJIOTIUHI
BJIACTHBOCTI, @ BI/IMOBIAHO Mepedir TEXHOJIOTTYHOTO MPOIIeCy BUPOOHHUIITBA
MIPOIYKIii 3 BUKOPUCTAHHSM I1i€i CHPOBHHH, SIKICTh BUPOOIB, iX CIIOXKHBYI Ta
(i310JI0TIYHI BITACTHBOCTI.

MCC]] xapakTepu3yeThCsl BUCOKUM BMIiCTOM OiJlKa, IO Ma€ TEBHi
(YHKI[IOHAJBHO BJIACTHBOCTI, SIKUM HAaJIEKHTh OCHOBHA POJIb B MpOLECi
CTPYKTYPOYTBOPEHHSI COYCHOI €MYIIBCIi.

BuBueHHs (YHKIIOHAJBHUX BJIACTHBOCTEH OUIKIB € KIFOYOBUM
HAayKOBMM HampsIMOM TIpOOJIEMH OJep)KaHHS HOBHX ()OPM XapuoBUX
MIPOIYKTIB, SIKMI Ja€ 3MOry PO3pOOJICHHS pelenTypy 0araTOKOMIOHEHTHHX
Xap4oBuX cucteM. Jlo HalOIIbII BXKIIMBUX (DYHKIIIOHATBHUX BIACTUBOCTEH
O1JIKiB BIZHOCATH PO3UMHHICTH, BOJO3B'I3YI0UY 1 )KUPO3B'A3yI0Uy 3[aTHICTb,
3IATHICTh CTAOLII3yBaTh JUCIIEPCHI CHCTeMH (eMyJbCii, TMiHH, CYCIeH3il),
yTBOPIOBATH Teji, aJre3idHi 1 peOoNOriyHi BIACTHBOCTI (B’SI3KICTb,
eNMacTHYHICTb, TNIACTHYHICTb), 3IATHICTh 710 TeKCTypyBaHHs [16].

Omxe, pe3yJbTaTH aHANI3Y JAaHHUX MiITBEPUKYIOTh NEPCIIEKTHBHICTD
BukopuctanHst MCCJ] B perienTypHOMY CKJIaJii COYCHOT MPOAYKIIIi.

VY sKoCTi [OAATKOBUX I1HTPEMI€HTIB y KOMIIO3ULIMHHUX CyMillax
BHUKOPHCTaHI CTPYKTYpOYTBOPIOBaYl — IMOJicaXapuid, 3 METOK0 YTBOPEHHSI
BIJIMIOBIIHOT CTPYKTYpHU: TrymiapaliK, IIEKTHH, COE€Ba OLIKOBO-)KHPOBA
nobOaBka, JnaktaT Kaiblito. Cepex  JOCHIDKYBaHMX TMOKa3HHUKIB —
rifparamiiHa 3JaTHICTh HYTPIEHTIB, IX BIUIMB Ha IOBEPXHEBUH HATHAT,
MOKa3HUKH €()eKTUBHOI BSI3KOCTI iX PO3YHMHHIB.

I'ymiapabix E414 (kamenp akarii; gum arabic, acacia) — HaTypaibHa
xapuoBa jgo0aBKa, J03BOJEHA JUIA 3acTOCYBaHHS B MiKHApOJHUX
CTaHIapTax Ha XapyoBi MPOAYKTH. Y KpaiHax €BPOCOIO3Y NOIYCKAETHCS
BHUKOPHCTAHHS KaMeJIi akallii 11 BUpOOHHIITBA XaPUYOBHUX MPOIYKTIB HABITh
JUTSL JIITeH TIepIioro poKy >KUTTA. JJomycrtiuMa 1060Ba HOpMa He BU3HAYEHA.
I'ymiapabik € pO3YMHHOIO KIITKOBHHOIO, $SKa HE BCMOKTYETBCS B
KAIIEYHUKY. 3rigHo 3 OQImifHUMH JaHUMH, XapdoBa go0aBka €
HETOKCHYHOK. ['ymiapaOGik BHKOPHCTOBYETECS B AKOCTI JpKepena
HEOOXITHOI [UIA OpraHi3My KIITKOBHHU Ui BHPOOHHIITBA IETHIHUX
MIPOAYKTIB Ta HATIOIB.

[poxykt 3 TymiapabikoM JO3BOISTIOTH 3HM3HTH  JAeDIlIUT
KIIITKOBUHH, HEOOXiTHOI IS MPO(ITAaKTHKH 3aXBOPIOBAHbB, IMOB'A3aHUX 3
MiABUIIEHHSAM DIBHSA XOJNECTEpUHY 1 LyKpy B KpoBi. Takox mocraTHE
HaJXOMKEHHsI PO3YMHHOI KIITKOBUHHU 3aXHIIAE OPTraHi3M BiJl BAHMKHCHHS
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3aXBOPIOBaHb ILTYHKOBO - KHIIKOBOTO TPAaKTy, OXHpiHHA. BiH BUsBIIsIE
cTabii3yroui BIACTUBOCTI. Horo BimHOCATH 10 PO3YMHHHX CMOJ, KaME/IiB,
SIKI OTpUMYIOTH 3 akalii Acacia Senegal L. Willdenaw abo Acacia seyal.
Bin € momicaxapumoM, SIKHi J0Ope pPO3YMHSETHCS Y XOJIOMHIM Bomi i1
YTBOPIOE PO3YHMHH 3 HU3BKOIO B’A3KICTIO, O€3 3amaxy i CMaKy.

3aBISIKM MM BJIACTHBOCTSIM I'yMiapaOik IIMPOKO BUKOPHCTOBYETHCS
y XapuoBHX BUPOOHUIITBAX i MO3HAYAEThCs kogoM E414. B mocmimkeHHsIX
BHUKOPHCTAaHUI ryMiapaliK y BUIIISI TIOPOILIKY CBITIO-KPEMOBOTO KOIIBOPY,
SIKHI TOOpE MOETHYBABCS 3 IHITUMH iHrPEIiEHTaMK KOMITO3HIIIHHOT CyMiIli,
CHpHSB IMTiIBUIIEHHIO OJHOPIIHOCTI TOMOT€HHOCTI COYCHOT €MYIIBCIi.

IMextun — (ACTY 6088:2009) po3uvHHAa y BOII PEYOBHHA, sKa
MICTHTBCS Y KIIITHHHOMY COKY IUTOJIB 1 0BO4iB. [IeKTHH € ckiagHuM edipom
METHIIOBOTO CIIUPTY 1 MEKTHHOBOI KHUCIOTH. BiH Mae BaknmuBi Oiomoriusi
BJIACTUBOCTI, SIKI OOYMOBJICHI HASBHICTIO BIJIBHHUX KapOOKCHIBHHX Ta
TiIPOKapOOKCUIIBHUX TPYI TalaKTypoOHOBOI KucioTtd. L{i rpymu 3matHi
3B'I3yBaTH Ba)XKKI METaJH, B TOMY YHCII, PaAiOHYKIIITH, 3 YTBOPCHHSIM
HEPO3UMHHHUX KOMIUIEKCIB, SIKI BUBOISATHCS 3 OpraHizmy. Sk riapodiabHui
KOJIOiJ] NEKTUH 301JbIIye B'S3KICTh PO3YMHIB, 3aBJISKH HYOMY ILIHPOKO
BUKOPHCTOBYETHCS Y Xap4OBHX BUPOOHHIITBAX.

V 10CIiKEHHIX BUKOPUCTAHUI IIEKTUH Y BUIJISI ITOPOLIKY CBITIIO-
KPEMOBOT'O KOJIbOPY. 3aBISIKM CXOKUM (hi3UYHMM BJIACTUBOCTSIM J100pe
MOEHYBABCSI 3 TymiapabikoM Yy KOMIIO3UIIHHIN cymimi. 3 Meror
MiJIBUIIECHHST BMICTy OiNKa 1 TOKpalleHHs aMiHOKHUCIOTHOTO CKOpY Y
PO3pO0JIEHUX coycax M0 IX CKIIajy BBEIU COEBY OLIIKOBO-KHPOBY 100aBKY
(BXD).

Jnst oOrpyHTYBaHHS PEKOMEHJAI M0 BHUKOPHCTAHHIO OIJIKOBO-
xHupoBoi 100aBku «Cymep» 3 coi Npu BHUPOOHHUIITBI COYCIB BaXKIIUBOIO
YMOBOIO € HE TIJIbKH XIMIYHHNA CKJIall, a OPTaHOJENTHYIHI Ta TEXHOJOTIdHI
BrnactuBocti.  OpraHonentu4Hi,  (I3MKO-XIMiIY4HI T2  TEXHOJOTIYHI
BIIACTHUBOCTI O1TKOBO-XHpOoBOi 1obaBku «Cymep» €CO. Bona mae kpemoBuit
KOJIp, CMaK CONOJKYBaTWH, 3amax HeWTpaipHHH, BMicT Oinka g0 42%,
ninigiB 10 20%, 3omu 10 5%, Bomoru 6%. Il xupos3s’s3yBanbHa 31aTHICTE
CTaHOBHUTH 10 2,4 T, eMynbryroua 3gaTHicTh 0,68%.

BcranoBneHi onTHManbHI  KOHIIGHTpamii  IMONiCaxapuaiB y
po3umHax: rymiapabiky 6,0% Ta mekruny 2,0%. B mpoueci rigparamii
MOJTiCaXapuliB  CIIOCTEPITaeThCsl 3HIDKCHHS IMOBEPXHEBOTO HATATY
posuuny 10 6,0-102 i 6,4:1072 H/M, 1110 MO3UTUBHO BILIMBAE HA YTBOPEHHS
CTPYKTYpH CYCHEH3II.

[Tpu B3aemomii rymiapabixky y konnentparuii 1-6% i nextuny 0,5-2%
3 piAMHOIO BiIOYBAETHCS iXHE HAOPSKAHHS 1 PO3YMHEHHS, 110 B CBOIO YEpry
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CYNPOBO/IKYETHCS  3HIKEHHSM TOBEPXHEBOTO HATSTY PO3YMHIB, IO
TIOJIETTIY€E AMCIIEPTyBaHHS IIOBEPXHEBUX CHCTEM. [I0Ka3HUKHM OBEPXHEBOTO
HATATY 3pOCTAarOTh 31 30UIBIICHHSM KOHLEHTpalii molicaxapumiB i
HaOyBalOTh TOCTIMHUX 3HAYCHb MPH KOHIEHTpamii rymiapabiky 6,0% ta
NeKkTUHy y Mexax 2% i 3HaxomsaThes Ha piBHi 6,0-102 i 6,4-102 H/m
BiMOBiTHO (pHcC. 1).

12
|| 1I 12 1 2 1 2
0 ‘ “ “ “
0 0 301 6 2 9 3 12 4

KonnenTpamin, %

IoBepXHEeBHI HATAT §+102a/m
[ w £ h (=] ~1

=

Puc. 1. IloBepxHeBuii HATAT () BOAHUX cucTeM rymiapadiky(1) Ta nekTuny(2)
B 3aJIesKHOCTI Bin ix koHuenTpauii (C)

EdexrtuBHa B’S3KICTh PO34MHIB T'yMiapadiKy 3 KOHIEHTpali€o Bif 0
10 6% craHoButh Big 7,3:102 H/M mo 6-:102 H/M, i Ha 30% HIDKUE HIX B
koHTpoIi (3% Kielcrep KpoxMaino). B's3kicTe po3unHy 3 KOMIO3HLIHHOT
cyMmili rymiapabiky 3 MeKTUHOM Yy criBBigHomeHHi 3:1 cranoButs 0,3 Tla-c
1 HaOJIMKEHA 10 KOHTPOJIBHOI'O PO3UHUHY.

Ipu po3poOr1ii TeXHOIMOTIT COYCiB BpaXOBYBAIH, IIIO COTIOKI COyCH MICTSTh
1o 10% 1ykpy, a i 1o 2,5% comi. HeoOxiaHo Oyo BU3HAYNTH, SIK BIUTMHYTS 11
PEYOBHHH Ha PEOJIOTIF0 COYCHUX CHUCTEM.

BcraHoBneHo, 10 3 MiIBHIICHHSAM KOHIEHTpALii HyKpy e(eKTHBHA
B’SI3KiCTH pO3UMHIB 361bIIyBanacs Maike 710 10 6,0-102ITa-c, a y po3anHax
3 mykpom (10%) edextuBHa B’ s3KicTh cranouia 3.5-107° a-c. (puc. 2, 3).
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Puc. 2. B'aA3kicTh BOIHUX PO3YHHIB NEeKTHHY (2%) 3a pi3HAX
koHuenrpaniii NaCl ta uykpy
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1 # Iyeposa 2 m Nacl C,%
Puc. 3. B'askicrb BOTHUX po3unHiB rymiapa6iky (696) 3a pisHux

koHuenrpauiii NaCl ta uykpy

Y  nmocmimKyBaHIM  KOHIIEHTpAIlii colmi  B’A3KICTh  PO3YMHIB
ToJTicaxapuiB BiIpi3HsAIACh He3HA4HO. /[l JOCSTHEHHS B SI3KiCHUX
XapaKTEePUCTUK MOJEIFHUX CHCTEM BIIACTHBUX TPAIHUIIHHIM coycaM JO ix
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CKJIally BBOJAWIM JIAKTAT KaNbIif0. AJDKE BIiIOMO, IO 10HU KAaJIBITIIO
CIPUSIOTH YTBOPCHHIO IEKTHHOBUX KOMILICKCIB — MIEKTATIB.

JlonaBaHHs JIaKTaTy KaJbIiI0 CIPHSIE YTBOPCHHIO Y TIEKTHHOBHX
po3umHax rmekTariB. lleii mpormec 3amexuTh Bim PH cepemoBumia i 3i
3HIDKCHHSAM PH criocTepiraeThesl MiBHUICHHS SPEKTHBHOI B’S3KOCTI, IO
00YMOBJIEHO 301JIBIICHHSIM peaKiiiHOl 3aTHOCTI 10HIB KalbIIO Y KHCIOMY
cepenoBwuii (puc. 4).

10 010 Mae, g
60 e
- - 5. 23E99% + 45,34
50 e e Ml
e - %
40 3T . =1 M TR - X2 AT+ 137,02
——=
h___f" 7 10,08 + 1634
30 D e
i ¥ = 1.2095%" - 20,275% + 105,38
20 A
10
0 I : - - -
0 5 3.5 0.0 0,5 7.0 7.5 2.0
1 *MIC ma ocrosi MonoRa 2 ® M Ha ocHOR GyneloHy H

4 4 MC Ha 0CHORI ¢IHBOBOTO WOpe 3 * MC HA OCHOBT AGTYTHOTO COKY
Puc. 4. EdpexTuBHa B’ SI3KiCTh MOeJILHMX CHCTEM 32 Pi3HUX
3Ha4eHb pH cepenoBuma

3a 3a3HaYEHUX YMOB B EMYIbCIHHIH cuUCTeMi BigOyBa€eThCs
IHTEHCUBHHI TIPOLIEC KOMILIEKCOYTBOPEHHST MK IEKTUHOM, T'yMiapabikoMm 1
JIAKTATOM KaJbllit0. BHACHIIOK YTBOpEHHS KallbI[IEBUX MICTKIB MiX 1X
MOJIEKYJIaMH YTBOPIOIOTHCS CTiHKi IO pO3IMIaPYBaHHS CHCTEMHU.

Jo ckimamy KOMIO3HMIIWHOI CyMilli UIsi COYCiB KpIiM MOJOYHOI
CHPOBATKH CYXOi [eMiHepali30BaHOi IONaTKOBO Oyia BBEIEHA COEBa
01IKOBO->KHpOBa H00aBKa i 3arajbHE CITiBBIJHOIIEHHS MiX KOMIIOHEHTaMU
CKJIaJIo — OLIKOBO-)KMPOBa J100aBKa: TyMiapalik: MEKTHH: JaKTaTy KaJbIi0
K 5:5:6:2:2, IO MO3BONMIO OTPUMATH €MYIBCIIO, sIKa 3a PEONOTIYHUMHU
XapaKTePUCTUKAMH OJIM3bKa 10 KOHTPOIIO.

JocmimkeHHsT Xap4oBoi MIHHOCTI COYCIB HA OCHOBI KOMITO3HUITIHHUX
cyMimed 3 MOJOYHOI CHPOBATKH CyXOi JeMiHepali3oBaHOI, OiIKOBO-
KUPOBOI 100aBKH, TyMiapaliKy, MEKTHHY, JIAKTaTy KaJbIII0 IO3BOJIIIIH
BCTaHOBUTH ITiJIBUIIEHHS SIKOCTi 1 TOKPAIEHHS XIMiYHOTO CKJIaly COYCiB 3a
BMICTOM OiJIKiB, HEHACHUEHNX KUPHUX KHUCJIOT, BITAMiHIB Ta MiHEpaJIbHUX
peuoBuH (puc.5-8)
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YAOCKOHAJIEHHA PELEIITYPHOT'O CKIIALY CUPHOI'O
MYCY XAPYOBUMM BOJIOKHAMMH TA iX BILIMB
HA OPI'AHOJVIEIITUYHI BJJACTUBOCTI

1.O. MaBawk, C.b. Omenbuenko, H.B. ®enak, O.0. JlicHiueHko

Hamypanvui xapuogi eonokna noxkpawyiomv cmpykmypy, cmabitbhicme i
xXapyosy yinnicme decepmis. Y cmammi npedcmaeneno pe3ynomamu yOOCKOHANEHHs.
peyenmypu CUpHO20 MyCy Yumpycogoio KIimKoguHow. Busnaueno, ujo onmumatsHum
€ enecenns 0,5—1,2 % wxnimkosunu. Po3pobneno moolenb peyenmyprozo cKiaoy
cupno2o mycy. Bcmamnoeneno, wjo came  000a6aHHA KAIMKOBUHU ) SUSHAYEHIN
KOHYenmpayii cnpuse cmabiibHoCmi meKcmypu ma 3anobieae CuHepes3ucy MooenbHoi
cucmemu.

Kniouosi cnosa: cupnuii myc, KImMKOBUHA YUMpPYCcoea, Xapyoei 6010KHA,
CMpYKmypa, mekcmypa, op2aHonenmuini NOKa3HUKuU.

IMPROVING THE RECIPE OF CHEESE MOUSSE WITH
DIETARY FIBER AND THEIR INFLUENCE ON ORGANOLEPTIC
PROPERTIES

l. Pavliuk, S. Omelchenko, N. Fedak, O. Lisnichenko

The article presents the results of research of the formulation of ingredient
composition for the dessert products production using cottage cheese mousse with
added dietary fiber as an example. The relevance of this work is determined by the
modern society's need for food products that combine high nutritional and biological
value with attractive organoleptic characteristics. Among various directions of recipe
improvement, particular importance is given to the use of natural functional
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ingredients, specifically plant-based dietary fibers, which positively affect the product
structure, its stability, and nutritional value.

Cottage cheese mousse was selected as the research object. It is characterized
by a delicate texture and high biological value due to the content of complete milk
proteins. Traditional cottage cheese mousse receipts have certain disadvantages
which are structural instability during storage, risk of whey separation, and elevated
fat content, which reduces their dietary appeal.

For enhancing the technological and consumer properties, citrus fiber was
incorporated into the receipt as a natural source of dietary fiber. Its main properties
include high water and fat absorption ability, emulsifying ability, ability to stabilize
consistency, and prevention of syneresis. The study demonstrated that the addition of
citrus fiber in the amount of 0.5...1.2% of the mixture mass allows achieving an
optimal balance between maintaining delicate and light texture and improving
structural and mechanical properties. At this concentration, the mousse was
characterized by homogeneous consistency, elasticity, and absence of moisture
separation during storage.

Increasing the fiber content above 1.5...2.0% resulted in undesirable
changes: excessive thickness, reduced airiness, and the appearance of a floury
mouthfeel, which negatively affected the organoleptic properties of the dessert.

A model of the recipe composition of cheese mousse with the addition of citrus fiber
was developed.

Keywords: cottage cheese mousse, citrus fiber, dietary fiber, structure,
texture, organoleptic characteristics.

I[MocranoBka mpodiieMun y 3aradbHomMy BHrJsiai. Tpaguiiiini
CONIOZIKI CTpaBH — MycH, cyduie, mapde Ta iH. BiI3HAYAIOTHCS BUTOHYCHOO
TEKCTYPOIO, PI3HOMAHITHICTIO CMaKOBHX BIJITIHKIB Ta TIOMYJISIPHICTIO cepen
CHOXKMBAUiB, MPOTE iX XapuoBa MLIHHICTH YacTO € JHCKYCIHHOIO dYepe3
HAUTMIIKOBUH BMICT I[YKpPY, *HpIB 1 BIJICYTHICTh 3HAUyIIUX OlOJOTIYHO-
AKTHBHUX KOMIOHEHTiB. lle 3HmXKye IXHIO pONb y palioHl Xap4dyBaHHS
JMOAEH, OpIEHTOBAaHMX HA 3OOPOBUM CIOCIO JKHUTTS Ta MPOQLIAKTHKY
3aXBOPIOBaHb, TOB’SI3aHMX 13 xapuyBaHHAM. OgHEM 13 HaWOUIBII
NEePCHEeKTUBHUX [ULAXIB  YAOCKOHAJIEHHS IECepTHOI MNPOAYKIii, 1o
JO3BOJINTh HAAATH i MI€THYHUX Ta TNPO(MIAKTHYHUX BIACTHBOCTEH, €
30arayeHHs1 XapuOBUMHU BOJIOKHAMH.

XapuoBi BOJIOKHAa — Ie Ipyla PEYOBHH POCIMHHOIO MOXOIKCHHS
(mepeBayKHO CKJIATHUX BYTJIEBOZIB), $AKi HE pO3IICIUTIOIOTECS 1 HE
3aCBOIOIOThCA ()epMEHTAMH TpPAaBHOI CHCTEMH JIOAWHH, aie BiirparoTh
Ba)XJIMBY POJIb Yy NPOLiecax TPaBJIeHHS Ta 00OMiHy pedoBHH. BOHU clpHsIOTH
HOpMaUTi3amii JisUTFHOCTI MUTYHKOBO-KHIIIKOBOTO TPAaKTy, YIIOBLIBHIOIOTH
3aCBOEHHS TJIFOKO3H, PETYJIIOIThH PIBEHb XOJECTEPUHY B KPOBI, CTBOPIOIOTH
BIUYTTS CHUTOCTI Ta JIONOMAararoTh y NMpodiTaKTUIll OKUPIHHS, IIyKPOBOTO
niaberTy W cepreBO-CyJUHHUX 3aXBOPIOBAHb. Y TEXHOJOTIYHOMY AacIeKTi
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XapyoBi BOJIOKHA 3JaTHi BIUIMBATH HAa BOJOTOYTPUMYIOUY 3HaTHICTB,
CTPYKTYpY Ta CTaOLIBbHICTD MPOIYKIi, 110 BiJKPUBA€E MIMUPOKI MOXKIMBOCTI
JUTS TX 3aCTOCYBaHHS Y pelienTypax JeCEpTHUX CTPaB.

OnHak BIPOBA/DKCHHS Xap4OBHUX BOJOKOH B PEIENTYPHHM CKIaj
JIECEPTHUX CTPaB CYMPOBOMKYETHCS HU3KOIO TPOOJIEM: MOXIUBUM
MOTIPIIEHHSM  HDKHOCTI  TEKCTYpH,  3MIHOIO  OpraHOJENTHYHHUX
XapaKTepPUCTUK Ta CKJIAJHICTIO 3a0e3NedeHHs] CTaOUIBHOCTI CTPYKTYpH
roroBux BupoOiB. Lle 3ymoBmtoe morpedy y rimOOKOMYy BUBYEHHI BIUTUBY
XapUYoBHX BOJIOKOH Ha X SIKICTH Ta y PO3POOJTECHHI HOBHX TEXHOJIOTTYHHX
pillieHb, SKi JO3BOJATH MOEIHATH KOPHCTH (DYHKIIOHAIBHOT'O IHIPEIEHTY 3
TPaaUIiIHOIO MIPUBAOIUBICTIO AECEPTHOI MPOTYKITI.

Takum uymHOM, (OpMYBaHHS IHTPEIIEHTHOr'O CKIaay JecepTHOI
l'lpOllyKI_[ill. 3 BUKOPHUCTAHHSAM Xap4YOBUX BOJIOKOH € BAXKJIMBHUM 3aBJaHHIM Y
chepi pecTopaHHOi IHIYCTpil, OCKINBKM CTBOPIOE MIAIPYHTS s
(hopMyBaHHsI HOBOT KOHIIENIIiT 1aHOT MpoAyKIiii, a came cMa4yHoi, Oe3rmedHol
Ta KOPUCHOT JJIsl 3110POB 1.

AHaniz ocraHHix pocaimkens i myOaikaniid. J{ocmimxeHHS
[NonboBuka B.B. [1] nmpucesiueHe 3acTOCYBaHHIO KYMaKOBaHOI CyMIIl IOpe
3 KM3WIIy Ta S0JyK Y TEXHOJIOT1T HU3bKOKAJIOPIHHUX 30UBHUX JIECEPTIB TUITY
«Cambyk». Y po0oTi OOrpyHTOBaHO, IO TOEJHAHHS IUX KOMIIOHEHTIB
MO3UTHBHO BIUIMBA€E HA ()i3MKO-XIMIYHI MOKA3HUKH CHCTEMH, Oepe ydacTh y
(opMyBaHHI CTPYKTYypH Ta 3a0e3ledye JOAaTKOBUI KOMILIEKC HYTpPIEHTIB,
MIBUIIYIOYH Xap4oBY LIHHICTh KiHIIEBOro BupoOy. Jlo Toro x y mrope 3
KU3MITY Ta SIOJYK MICTHTBCS KIITKOBHHA, IIO CIPUS€E 3HIKCHHIO PIBHS
XOJIECTEPUHY Ta TITIKeMIYHOTO 1HACKCY JAeCePTHOI MPOIYKIT.

Y cBoix nocmimkenHsx MakcumoB 0.0, ta Tyunun ILM. [2]
OOIpYHTYBaJIM JOIUIBHICTh BUKOPHCTaHHS OBOYEBOI CHPOBHHH, 30KpeMa
rapOy30BOro Mmrope, JJisi TiJBUILIEHHS OIOJOri4HOi LIHHOCTI MOJOYHHX
ITyJUHTIB. ABTOpaMH AOCIiIKEHO, M0 Tap0y3 XapaKTepU3YEThCS BUCOKUM
BmictoM Boam (85...94 %) Ta mictuts 8...12 % BYrIeBoOmiB, cepel SIKIX
JacTKa IyKpiB y OUIbIIOCTI cOpTiB cTaHOBUTH 4...8 %. BMicT kpoxmaito
KOJIMBA€ETHCS B MeXax 2,5...16 % i mijg yac 30epiraHHs BiH TpaHC()OPMY€ETHCS
Y PO3YMHHI IyKpH. Y CKJIami M’SKOTI TakoX BUsiBICHO 1,2 % KIIITKOBHHH,
0,7...1,2 % mnexrunoBux peuyoBuH, 0,1 % opraHiYHMX KHCIOT, 3HAYHY
KUTBKICTh aCKOPOIHOBOT KHCIIOTH, BiTaminu rpynu B, C Ta piakicHuil BiTamin
T, mo copusie MPUCKOPEHHIO OOMIHHMX TmporeciB. [apOy3 € mxepemom
MiHepanpHUX cojed (Mimi, 3amiza, (ochopy), MeKTHHY Ta [-KapoTHHY,
HEOOXITHOTO M 30py Ta HOPMAIbHOTO (YHKIIIOHYBAaHHS TKAaHWH.
BuxopucranHs rap0y30BOro IMIOpe B TEXHOJNOrI MOJOYHHX JAECEepTiB
3a0e3nevyye OTPUMAHHS MPOIYKTIB 31 3HWKCHHUM KaJopa)KeM, BHCOKOO
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XapYOBOO LIHHICTIO Ta NPUBAOITMBUMH OpraHONeNTHYHUMHU
XapaKTePUCTUKAMU. ABTOPOM 3a3HAUCHO, IO PErYISIPHE CIIOKUBAHHS TAKHUX
BHPOOIB MOKEe OYTH PEKOMEH IOBaHe JJIsl KOHTPOJIIO MacH Tija Ta B palioHax
JIETUYHOTO  XapyyBaHHS TpPU  TOPYIIEHHSX OOMIHYy pE4YOBHH 1
3aXBOPIOBAHHSAX OPTaHiB TPaBHOI CHCTEMH.

Hocmimkenns apropis [3] [erpumun H.3. Ta baing P.O. cnpsimoBaHo
Ha pO3pOOJIEHHs HOBHX JIECEPTHHUX CTpaB i KylTiHApHUX BHPOOIB Ha OCHOBI
KHCJIOMOJIOYHOI'O CHUpY, 30araueHoro He3aMiHHUMH aMiHOKHCIIOTaMH,
Xap4yOBHMH BOJIOKHAMH, MakKpo- Ta MiKpoeJleMeHTaMH 1 BiTaMmiHamu. Sk
KJIIOUOBY  IHHOBalidHy J00aBKy Oylno  BHMKOPHCTaHO  SIOJMYYHUI
KpIONOpOIIOK, SIKUH CIYrye IiHHUM JDKEPEIOM BiTaMiHIB, Xap4OBHX
BOJIOKOH Ta HEOOXIJHMX MiHEpaJIbHUX PEYOBHH, 110 J03BOJISIE CTBOPIOBATH
COJIOZIKI CTPAaBH 3 ONTUMAILHUM Xap4YOBHM 1 HYTPIEHTHUM CKJIAJIOM.

HayxoBusimu Crykanbscbkoro HM, Ky3eminum O.B., Ckpunnik 1. [4]
3aIpOIOHOBAaHO OE3NIAKTO3HUH JiecepT i3 ()PYKTOBUM ITIOpE, SIKMI HE MIiCTUTh
DIIOTEHY Ta TpH3HAYEHWH [UIs CHOXKHMBAHHA JIOMSIM 3 JIAKTO3HOIO
HENIePEHOCHMICTIO. ABTOpaMH TPOBEJCHO TIOPIBHIIBHY XapaKTePUCTHKY
XIMIYHOrO CKJIaJly JeCepTy 3 MHIJaIEBUM HAIOEM Ta IIIOpE TPYII.
[TinTBepmKEHO, 110 CaMe KITITKOBHHA IPYII CHPHSIE 3MEHILICHHIO BUKOPHUCTAHHS
CTPYKTYpo-(hOopMyBaJIbHOIO KOMIIOHEHTY. Llelf mecepT 103BOJISIE PO3IIMPUTH
(YHKIIOHATIbHUH aCOPTHUMEHT 3aKJIa/1iB PECTOPAHHOI 1HIYCTPil.

ABTOopoM [5] po3pobiieHO TeXHOJOriI aecepTy «Sunnysunny» 3
JOlaBaHHAM  aiiBu.  BcTaHoBneHo, 1m0  po3poOieHa  MPOLYKIis
XapaKTepU3yeThCsi BHCOKMM BMICTOM Xap4yOBHX BOJIOKOH, BITaMIiHIB Ta
MiHEpaJIbHUX PEYOBHH, IO MiJBHIIYE 1i MO3UTUBHUI BIUIMB HAa OpraHi3M
moquH. JlecepTHY NPOAYKIII0 PEKOMEHIOBAaHO IS BHKOPHCTAaHHSA B
JIKYBAJIbHO-TIPO(IIAKTHYHOMY Ta TUTSYOMY Xap4yBaHHI.

Y poboti [6] 3ampoITOHOBAHO TEXHOJOTiI0 BHPOOHHUIITBA IECEPTHOL
MPOAYKIii 3 BHUKOPHCTAHHAM TyMiapaliKy, sKa JJO3BOISE OTPUMATH
MIPOAYKIIIO 3 MiJBUIIEHOI0 XapUIOBOIO IIHHICTIO TMTOPIBHSHO 3 TPa WL HHIMIL
ABTOp 3a3Ha4aE, 10 BIPOBAPKEHHS ITi€1 TEXHOIOTI] y 3aKJIa1ax PeCTOPaHHOTO
TOCIIOAPCTBA € AKTyaJlbHIM Ta EKOHOMIYHO MJOIUTHHWM, OCKUTBKH HE
moTpedye HOmaTKOBOrO OONAgHAHHA YU CYTTEBUX BHTpaT Ha BHPOOHHHI
pecypcH, a BapTiCTh TyMiapaliKy MOpIBHSIHO 3 IHIIUMH 3aTyCHUKaMU HE €
BHIOI0. ABTOp HArojomrye, mo rymiapabik HE € allepreHOM, MiCTHUTh
NPUPOJHY KIITKOBHHY Ta CIIPHUs€E BHBEICHHIO 3 OPraHi3My COJeil BayKKHX
MetaniB 1 pamioHykminiB. ComianpHuil edekT 3acTocyBaHHSA PO3pOOICHOI
TEXHOJIOTIi IOJISTaE y PO3IMIMPEHHI aCOPTUMEHTY XapdoBOi MPOMYKINI s
XapuyBaHHS JOPOCTMX Ta JiTed 13 MOKPAICHUMH  CIOKUBUMMH
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BJIACTHBOCTSIMH, L0 CIPUATHME 30EPEIKECHHIO 37I0POB I HACETICHHS Ta 3aXUCTY
OpraHi3My BiJl HSTATUBHOT'O BIUTUBY HaBKOJIUIIIHBOTO CEPEIOBHIIA.

[IpoananizoBano TexHoMOrit0 [7] onep:kaHHS AECEPTHOI MPOAYKINT
IUIAXOM TIOETHAHHA OBOYEBOI (rapOy3, MoOpkBa) 1 srimgHOi (J4opHa
CMOpOJIMHA) CUpOBHHH. ['apOy3 € mKeperoM 3aitiza, a Horo M’siKOTh MiCTHTh
KapHITHH, [0 HEOOXiTHHUI JIIOJAM i3 aHeMi€ro Ta reModimiero. L1 cromyka
Oepe y4acTh y TPaHCIOPTYBaHHI KUPHHX KHCJIOT, CIpHSIE 30epeKEHHIO
[JIKOTeHY B KITITHHAX Ta BUKOHYE 3aXHUCHY (YHKIIIO MPOTH aTePOCKICPO3Y.
MopkBa XapaKTepH3yeThCsl BACOKMM BMIiCTOM [-KapoTHHY (ITpoBiTamiHy A),
MarHito, HMHKY, BiTaMiHiB E 1 C, a Ti perynsipHe crio)XHBaHHS 3HWKYE PUIUK
PO3BUTKY HHU3KH 3axBOproBaHb. COyC i3 YOPHOI CMOpPOAMHM OaraThii Ha
BYIJICBOJM, MEKTHHOBI PEYOBMHHM Ta KIITKOBHHY. ABTOp 3a3Hauae, IO
BUKOPUCTAHHS IMX IHIPENIEHTIB Yy CKJIaJi HHU3bKOKAJOPIHHHUX COJOAKUX
CTpaB CIIPHSIE 3MIIIHEHHIO IMYHHOI CHCTeMH, POQLIaKTHIII HAIMIPHOI Baru
Ta INIO3UTHUBHO BIIJIMBA€ Ha HCHXOGMOHiﬁHHﬁ CTaH JKOIWUHU.

Jocnigavkamu [8] po3po0ieHO TEXHOIOTI0 AeCeEpTHOI NPOLYKIiT i3
BUKOPDMCTAHHSAM  JIETHYHHUX  J00ABOK 1  POCIMHHOI  CHPOBHMHHU.
[epcrieKTHBHOIO CUPOBUHOIO JIJIsl BAKOPHCTAHHS y CKIIaJl JIECEPTHHX CTPaB
€ TOpOIIOK 3 (PYKTIB Ta amMNpOAyKTH, SAKI MICTATh 3HAYHY KIJIBKICTDH
BiTaMiHIB, MiHEpaJIbHUX PEYOBMH, XapyoBUX BOJOKOH. JloBemeHo
JOLJIBHICTh 1X BHKOPUCTaHHS 3 METOI IOKPAICHHS Xap4yoBOi Ta
IiABUIIIEHHS O10JI0TTYHOT LIHHOCTI IECEPTHHUX CTPaB.

TakuM YMHOM, PO3IJISIHYTI  JOCHIKEHHS  CIPSIMOBAaHO Ha
(OpMyBaHHsS CTPYKTYpH, 3HIKCHHsSI EHEpreTHYHOI I[IHHOCTI 3aMiHy
TPaJULIHHNX I1HTPENI€HTIB Ta 30aradyeHHs MPUPOAHMUMHU OlOJOTivYHO-
aktuBHUMH cnionykamu [9, 10, 11], mpore Oimpimicte i3 HEX
XapaKTepU3yeThCsi HEJOCTATHIM BMICTOM XapuoOBUX BOJIOKOH. BHBYeHHs
BUMOT JIO PO3POOJICHHS IECEPTHUX CTPaB, B PELENTYPHOMY CKIIAJl SKUX €
Xap4oBi BOJOKHAa 3 IUIOJJOBO-OBOYEBOI Ta IUIOJOBO-STIHOI CHPOBHHU
BHABIISIE MTOTPEOY CYIacHOTO CIIOXKIBada B HOBUX, IHHOBAIIIHUX PIIICHHSIX.
I 11e 3yMOBIIIO€ JOIIJIBHICTE PO3POOJIEHHS MOJEII PELEITYPHOIO CKIIaaAy Ta
MOJIeNli TEXHOJNOTIYHOI CHCTEMH OJEp)KaHHA JECepTHOi MPOAyKmii 3
BUKOPHUCTAHHIM Xap4YOBHX BOJIOKOH O3]J0POBUYOTO CIPSIMYBAHHS 3 HOBUMH
CHOXXUBHUMHU BJIACTUBOCTSIMH, MOKPAIICHUMH MiHEpAJIbHHAM 1 BiTaMiHHAM
CKJIaJIOM, CTaOULIBHUMH TTOKa3HUKAMH SKOCTI 1 Xap4oBOi Oe3IMeYHOCTi st
XapuyBaHHsS Y TOBCSAKICHHHMX paIliOHaX IIIOACH, M0 MpaIoTh Ha
BHPOOHHUIITBAX BAaXXKOI IPOMUCIOBOCTI, MPOXUBAIOTh HA EKOJOTIYHO
3a0pyIHEHUX TEPUTOPISIX Ta BCIX BEPCTB HaceleHHA. [loCmiKeHp MIOHO
OJICp)KaHHS JIECEPTHHUX CTPaB 3 BUKOPHCTAHHIM XapYOBHX BOJIOKOH HEMAE.
Takoxx HeMa€ TOCIIHKEHb, sIKi CIPSIMOBAHO HA BU3HAYCHHS BUIY TA BMICTY
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XapyoBHX BOJOKOH, a/DKE BBEICHHS X B PELIENTYPHHN CKJIaJ AECEPTHUX
CTpaB MaTHME HHU3KYy TEXHOJOTIYHHX IepeBar, a caMe Xap4doBi BOJIOKHA
CHPUATUMYTH CTaOUTI3alil i MOKPAlIEHHIO iX CTPYKTYpH, CTIHKOCTI Hpu
30epiraHHi, MOKPAIICHHIO OPraHOJENTHYHMAX BIACTHBOCTEH Ta BHXOIY
TOTOBOI MPOAYKIIT 32 PaXyHOK BOJIOTOYTPUMYIOUOI 3AaTHOCTI.

MeTo10 CTATTi € YJOCKOHAJIIEHHS PELENTYypPHOro CKJaxy NecepTHOI
nponayknii  (Mycy CHPHOrO) Xap4OBHMH BOJOKHaMH  (KIITKOBHHOIO
LUTPYCOBOIO), IO JIO3BOJIMUTH PO3UIMPUTH 1i acCOPTUMEHT, OTPUMATH
MPOAYKIIIO  TMiJBUIIEHOI  XapyoBOi  IIHHOCTI, 3 XOpOLIMMH
OPraHONENTHYHUMHU TIOKa3HHUKAMH.

Jist MOCSITHEHHSI ITOCTAaBIICHOT METH HEOOXiAHO BUPILIMTH HACTYITHI
3aBJIaHHS:

— BCTQHOBHUTH MEpPEBard BUKOPHUCTAHHS KIITKOBHHHU IUTPYCOBOI Y
CKJIaJli CHpHOT'O MYCY;

— BU3HAYUTH ONTUMAJBHY KiUJIBKICTh KIITKOBUHU IMTPYCOBOI Ta il
BIUIMB Ha OPTaHOJICNTUYHI TTOKa3HUKU CUPHOTO MYCY;

— pO3pOOUTH MOAENB PELENITYPHOI'O CKIIaly CHPHOTO MYCY.

Marepianu Ta meronu. J{ns peanizanii nocraBieHoi metu Oyio
BUKOPHCTaHO MaTepialli: CUp KUCIOMOIOYHUH 2, 5, 9% >KMPHOCTI, BEPIIKH
10, 20, 30% »xupHOCTI, HOTYypT HaTypalbHHH, Lykop Oimuii, ¢pykTo3a,
JKEJaTUH, BOJA IUTHA, KIIITKOBUHA LUTPYCOBA, IHYJIH, IEKTHH, a TaKOX
METOIH, sIKI BiZOOpa)KaroTh TEXHOJIOTIYHI BJIACTUBOCTI PO3pOOIEHOT
MPOIYKIIT.

JocmimpKeHHs IPOBOAMIIN 3 BUKOPHCTAHHAM KIITKOBHHHU LUTPYCOBOT
y kinbkoctsx 0,5; 1,0; 1,2, 1,5 Ta 2,0 % 10 Macu cupHOI cyMminri, o Jano
3MOT'y BCTAHOBHTH ONTHUMAaJIbHUII PIBEHb 11 BHECEHHSI.

Juns BigOopy npo0 /st BU3HAYECHHSI OPraHOJENTHYHUX TTOKA3HUKIB
neceptHux ctpas KopuctyBamuch JJCTY 4503:2005 [12]. OpranonenTHIHuU#H
aHaji3 roToBOi mpoaykiii mpoBoawnu BiamoBigHo xo Bumor JICTY I1SO
3972:2004. Tlix wac OpraHOJENTHYHOI OLIHKK JIECEPTHOI TPOAYKINT
3BEpTaId yBary Ha il 30BHIIIHIA BUIJIAN, KONip, KOHCHCTEHIIO, CMaK 1
apomar. 3O0BHIIIHIA BHTJISA OECEPTHOI MPOMYKIIl BHU3HAYANH MUIIXOM ii
OrIIAMy, 3BEpTAlOYM yBary Ha IimicHicTe ¢opmu. Komip, apomar i cmax
Bu3Havyanu nuisixom gerycrarii [13]. XapwoBy # eHepreTHUHy MiHHICTBH
JIeCepTHOI MPOIYKIIii pO3paxOBYBaM 3 BUKOPHUCTAHHIM TaOJHITh XiMiTHOTO
CKJIaJly Xap4OBUX IPOIYKTIB.

BuxkJjiax ocHOBHOT0 MaTepiaay q0ciIxeHHs. Y CydacHUX YMOBaX
PO3BUTKY PECTOPAaHHOI IHIYCTpii BaKIMBHM 3aBIAHHSAM € CTBOPCHHSA
JIECepTHOI TPOAYKINI IMiJBUINEHOI Xap4yoBOi IIIHHOCTI 31 30epeKeHHSIM
NPUBAOIMBUX OPraHONENTHYHUX MOKA3HUKIB. [3 IIMPOKOro piZHOMAHITTS
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JIECEPTHUX CTPaB yBary IpUBEPTAIOTH CHPHI MYCH, TaK SIK BOHU HOETHYIOTH
y co0i BHCOKY XapuoBy Ta OIOJOTIYHY I[IHHICTH i3 HIXKHOI, JIETKOIO
TEKCTYpOIO Ta TPHEMHHM CMAaKOM. 3aBJISIKH BHKOPHCTaHHIO MOJIOYHOI
CHPOBUHHM CHPHI MYCH € JDKEpPEJOM IIOBHOLIHHHMX OIKiB, KaJbLil0 Ta
BITaMiHIB, 1[0 POOUTH TX HE JIMIIIC CMAYHUM, aJIe¢ i KOPHCHUM MPOIYKTOM.
Kpim Toro, mst rpyma gecepTiB XapakTepU3yEThCsl YHIBEPCAJIbHICTIO: CUPHI
MYyCH MOXYTh TOEIHYBaTHUCS 3 (pPYKTaMH, STiAHAUMH HallOBHIOBaYaMH,
LIOKOJNAJIOM YH 3JIaKaMM, L0 PO3MIMPIOE MOXKIIMBOCTI Uil pO3pPOOIIEHHS
PI3HOMaHITHHX peLenTyp i 3aJ0BOJICHHS NMOTped CHOKUBAUIB i3 PI3HUMHU
CMaKOBUMH YNOJ00aHHSMH. Y Cy4acHHX YMOBax ITiZIBHIIIEHOTO iHTEPECY 10
3JI0POBOTO XapuyBaHHS CHUPHI MYCH € TEPCIHEKTHBHOIO OCHOBOKO JIJIS
PO3pOOJICHHS IECePTIB CHEIialbHOrO IPU3HAYCHHS. BBeneHHs 110 iX cKiamay
HATypaJbHUX IHTPEMI€HTIB, 30KpEeMa Xap4yOBHX BOJIOKOH, JO3BOJIIE
MOKPAIINTH TEKCTYPHI XapaKTepHCTHKH, MiIBUIUTH MMOKHUBHY I[IHHICTh Ta
HaJaTh TPOAYKIIi JOAATKOBUX KOPHCHHX BIIACTUBOCTEH. 3aBISKU IIbOMY
CHpHI MyCH MOXXHa PO3TJISIATH K JiecepT HOBOro (opmary, 10 MOETHYE
TpaJuLiiiHy pelentypy 3 IHHOBaIifHUMHM miaxoxamMu 10 (HOpMyBaHHS
IHTPEIEHTHOTO CKIIay.

OnmHuM 13 e(eKTHBHUX HANpsMIB YIOCKOHAJCHHS PEeLenTYpHOro
CKJIaly MyCiB € 30aradeHHs iX Xap4OBUMH BOJOKHAMHM LHUTPYCOBOI'O
noxo/pkeHHs. KIliTKOBHHA IUTPYCOBa XapaKTEPH3YEThCSI BUCOKOIO BOZO- Ta
YKUPOMOIIMHAIIBHOIO 3/IaTHICTIO, IO J03BOJISIE CTa6ini3yBaT14 CTPYKTYpPY
TOTOBOTO BHPOOY Ta 3amo0iraT BUAUICHHIO CUPOBATKY IIiJ Yac 36ep1raHH;[
[i BBEnEHHA 11O CKIIajly AECEpTY CPHATHME (opMyBaHHIO GUIBII OJHOPIAHOT
KOHCHCTEHL1, MMiABUIIEHHIO B A3KOCTI 1 3HI)KEHHIO PU3UKY CHHEPE3HCY, 10
0COOJIMBO BaXKJIMBO [UTS IPOAYKIIT 31 3HIKCHHM BMicTOM xupy [14].

AHaNITHYHAMHU JOCHIKEHHAMH BCTAQHOBJICHO, II0 BHKOPHUCTaHHS
KJIITKOBHHY [TUTPYCOBOI Y CKJIaJ{i CHDHOTO MYCY Ma€ HU3KY TEXHOJIOTIHHHX 1
CIIOKMBYHX IIepeBar:

— crabimi3amis CTpYKTYpH — YTPUMAaHHS KIIITKOBHHOIO BOJU U JKHUPY,
SK HACTIOK MyC CTa€ OUIBII OTHOPITHUM, 3MEHIIYETHCS PHU3HK
BiAIIapyBaHHS CHPOBATK;

— TIOKpAIIeHHSI TEKCTYypH — HaJaHHA MYCY HDKHOI, ane MpYKHOL
KOHCHCTEHIIi{, 3MEHIIEHHS KPUXKOCTI IiJ] Yac WOro 3aMOpOXKyBaHHS YU
30epiraHHs;

— eMYJIBI'YI0Ya 3/IaTHICTH — MO€THAHHS XKUPOBOI Ta BOAHOI (a3;

— 3HIKEHHS CHHEpE3nCy — 3a0e3MedeHHS CTIMKOCTI Mycy I dJac
30epiraHHs;

— JDKEpeNIo Xap4yOBUX BOJIOKOH — ITiJIBUINEHHS O10JOTiYHOI IiHHOCTI
MYCY, CIIPUSIHHS HOpMaJTi3allii TpaBJICHHS;
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— BUKOPUCTaHHS B pELENTYPHOMY CKJIAi SIK HH3BKOKAJIOPIHHOI
J00aBKM — 3a0€31eYeHHs] MOXKIIMBOCTI YaCTKOBOI 3aMiHHM JKHDY.

— MPUPOJHICTh — MiJKPECICHHS KOHLENI «4HCTa ETUKETKa», 3a
paxyHOK TOTO, IO KIITKOBHHAa IIUTPYCOBAa BBAKAETHCSI HATYpAIbHUM
IHTPEIEHTOM.

VY Xomi eKCIIepUMEHTAIBHUX OCIIIKeHb Ul OLHIOBAHHS BIUTHBY
KIITKOBHHU IMTPYCOBOI Ha SIKICHI TOKa3HUKH CHPHOTO MYyCy OyIio
BuKopHcTaHo 11 BMicT y Mexax 0,5...2,0 % mo macu cymimi. BusHaueno
BIUIMB KJIITKOBUHU LUTPYCOBOI HAa OPraHOJENTHYHI MOKa3HUKU CHPHOTO
Mycy. B Ttabmumi 1 Ta Ha puc. 1 HaBe#aeHO XapaKTEPHCTHKY
OpPTraHOJIENTUYHUX TIIOKAa3HUKIB: 30BHIIIHBOIO BUIIISAY, KOHCHCTEHIII,
CMaKy, 3aIaxy CUpHOI'0 MyCY 3 JIOIaBaHHSIM KJIITKOBUHH IIUTPYCOBOI.

Bu3HaveHo, 1110 ONTUMAaJIbHUM € BHECEHHS KJIITKOBHHU LIUTPYCOBOI y
kinpkocti 0,5...1,2 % mo macu cymimn. Takuil piBeHb 103BOJSIE 30€perTH
HIDKHICTB Ta TOBITPSIHICTh CHPHOT'O MYCY 0€3 HEeraTHBHOTO BIUIMBY Ha CMaK
Ta apoMaT. 3a YMOBH BHECEHHS KJIITKOBUHH Y BHIIMX KOHLEHTpAILIsX (TIOHA/
1,5...2,0 %) cnocrepiranocs HaaMipHE YIIUIBHEHHS CTPYKTYpU Ta TOsBa
Bi4yTTs OOpOIIHMCTOCTI Yy pOTOBiI MOPOXKHHHI, 110 3HWKYBAJIO
OPraHONENTUYHY OLIHKY IECEPTHOI CTPaBH.

0%- xomIpOTE
0,5%

Puc. 1. BlIuinB KJIiITKOBHHU HUTPYCOBOI HA OPraHo/IeNTHYHI
MOKA3HUKH CHPHOI'O MYCYy
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Tabmmrs 1

XapakTepuCTHKA OPraHOIeNTHYHUX MOKA3HUKIB CHPHOI'O MYCY 3 10IaBaHHAM
KJITKOBMHH IUTPYCOBOI

Bwmicr 30BHIIIHIH Koncuc- Cmak 3amax
KJIITKO- BUTJISA, TEHIS
BUHHU
0% - OnHopigna Kpemo- Bupaxenwuii Yucrtui,
KOHT- cucrema, noyioHa, CHUpHHH MIPUEMHMUH,
poIb MOBEPXHS HiJKHa cMak, 6e3 MOJIOYHH
Omuckyya, CTOPOHHIX
nobpe 30epirae MPUCMAaKiB
opmy
0,5% OnHopinHa, Kpemo- I'apmoHiii- [TpueMHuui,
crablipbHa rmoxioOHa, HUH, 3J1€TKa 3 JIETKOKO
cHucTeMa, noope OCBIKaIOYMH | IUTPYCOBOIO
MOBEPXHS aepyeThes, miciscMaK HOTOHO
OnucKy4a TpUMae
dopmy
1,0% OnHopigHa Tpoxu CMmax [Mpuemumi,
CHCTEMa, 3JI€TKa | INiIbHIIIA, 30ajlaHCOBa- JIenb
MaToBa MpY’KHa, HUM, 6e3 BHpa)KeHUI
MIOBEPXHS OJIHOpiIHA BIJUYTHUX | LHUTPYCOBHH
3MiH apoMar
1,5% OnHopigHa BiguytHo 3nerka MeH1
cucTeMa 3 IIiJIbHA, OOpOLIHUC- | BHPAKECHUI
MAaTOBOO TPOXH CyXa, AR MOJIOYHUH
MIOBEPXHEIO, MEHII HPHCMaK, apomar,
TIOBITpsTHA MEHII nepeBaxae
HIKHAN KITITKOBHHHA
HOTa
2,0% TemsiHa Hanmipuo | Bopomnucri | CroponHiit
TTOBEPXHS, [IJIbHA, CTh, C1A0KUH 3amax
BakKKa KpHXKa, CMakK CHpy | KJIITKOBHHH,
CTpYKTypa BITIYTTA cirabko
«CYXOCTi» BHpaKeHUH
MOJIOYHU I

AHANITHYHAMHA [TOCII[DKEHHSIMH BCTaHOBJIEHO [3], mo Ha#kparii
pe3YyABTATH JOCATAIOTHCA IIPHU TOEAHAHHI KIACHYHOI CHPHOI OCHOBH 3
XapYOBUMH BOJOKHAMHY Ta BUKOPUCTAHHAM IIiACONOKyBadiB. Lle mo3Bonse
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CTBOPHUTH TIPOAYKT i3 MPUBAOIMBUMHU OpraHoJEeNITHYHUMHU
XapaKTEPUCTHKAMU Ta XOPOIIOK TeKcTyporo. CImparodynch Ha TMPOIYKT-
aHAJIOT Ta JIOCHIHKCHHS OPTaHOJCITUYHHUX MOKA3HHUKIB MOJCIBHUX CHCTEM
3 JIOJJABaHHAM KIITKOBHHH ITUTPYCOBOI  3aIpPOIOHOBAHO  MOJIECIh
peLenTypHOro CKJIaaxy CUpHOTro Mycy (puc. 2).

Mopenbp cupHOTO MYCy 3  KIITKOBUHOIO  YAOCKOHAICHO 3
ypaxyBaHHAM Cy4acCHHX BHMOI JIO XapyOBHUX IHPOIYKTIB CIEIiabHOIO
MPU3HAYCHHS, TOOTO TAaKUX, II0 TOEMHYIOTH IMPHEMHI OPraHONCNTHYHI
BJIACTUBOCTI 3 IOMATKOBUMHU KOPUCHUMH BJIACTUBOCTSMH. Y PEIEOTYPHOMY
CKJIaJli BUKOPHCTOBYETHCS CHUP CEPEIHBOI JKAPHOCTI, BEPINKHA 3HIKECHOT
KUPHOCTI Ta (PPYKTOBO-STIAHUI HANOBHIOBaY, SKWi 30arauye NpPOIYKT
HATypaJbHUMU BiTaMiHAMH, MiHEpaJIaMHU i aHTHOKCUIAHTAMH, KJIITKOBHHA Y
kizpkocri 1,0...1,2%. YacTiHa BYrJIeBOIiB HAIXOUTh HE JIUIIE 3 I[YKPY, a i
i3 (pyKkTOBOrO TMIOpE, IO POOUTH CMaK JAecepTy OUIbIl HATYpaJIbHUM i
rapMoHidHUM. [l MOJATKOBOrO 30araucHHs Xap4YOBHMH BOJIOKHAMU
BBOJUTHCS Yy KijmbkocTi 0,8% iHymiH ab0 TNMEKTHH, SKUH TOEAHYETHCSA 3
KITITKOBUHOIO IIUTPYCOBOIO. Takuil MiAXiJl JO3BOJISE MiABHIIUTH BMICT
Xap4OBHX BOJIOKOH 1, BIJITIOB1THO, 3a0€31eunTr npedioTHYHUN eeKT.

CHp KICToMOIOYHHI 5 % A0%
AHDHOCTL
Bepmmsn 10% wnpHOCTI 15%
MpykTeBe abo AriIHE mHope | 20% |
Ilyxop Ginmii abo dpykrosa
o
‘ JKenaTHH EiTHORNERHIT | 1.5% |
‘ Bo;a miTHa 12.5%
KiTkoBHHA HUTPYCOBa 1,2%
| Inymin, nexTiH 0,8%,

Puc. 2. Mozeib peuentTypHoro cKJaay CHpHOro Mycy 3 BUKOPHCTAHHAM
KJIITKOBHHM LIUTPYCOBOL

JlonaTKOBUM MNO3WUTHBHUM €(EKTOM BHUKOPHUCTAHHS KIIITKOBHHHU
LUTPYCOBOI € TiJIBUIIEHHS XapyoBOi I[IHHOCTI Mycy (Tabm. 2). Xapyosi
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BOJIOKHa BHKOHYIOTH TNpEOiOTHUHY (YHKINIO, CHPHUSIOYN HOpMai3alii
pOOOTH KHUINIKiBHUKA, & TAKOX 3HIDKYIOTH CHEPTeTUYHY IIHHICTH TOTOBOTO
BHpPOOY 3a paxXyHOK YAacTKOBOI 3aMiHHM HPYy ab0 KpOXMaJlbHUX
crabimizaTopiB. TakuM YHHOM, 3aCTOCYBaHHS KIITKOBUHH Y peEIENnTypi
CHUPHUX MYCIB BIJIIOBia€ CyJacCHHM TCHCHIIISIM BUPOOHHUIITBA XapYOBUX
MIPOAYKTIB CIIEIiaIbHOTO MPU3HAYCHHS.

Tabmuis 2

XapuoBa Ta eHepreTHYHA HiHHICTH CHPHOTO MYCY 3 I0AABAHHAM
KJIITKOBUHHA IIP[prCOBOl

HaiimenyBanHus [NoxwuBHa (XapuoBa LIHHICTB) Eneprernuna
TPOIYKIIiT Ha 100 T IIHHICTh
(KaJIopiHHICTB)
buku,r | XKupm, | Byriesomw, | Kkax kJIx
r r

CupHnuii Myc 3 8,27 3,55 15,28 126 527,2
JIO/IaBaHHSIM
KITITKOBHHH
LIUTPYCOBOI

BucHoBkH. Ha 0CHOBI OpraHoNenTU4YHUX JOCIIKEHb BCTAHOBJICHO,
110 BHECEHHS Xap4yOBHX BOJOKOH y KinmbkocTi 0,5...1,2 % Bix macu cymimn
3abe3neuye CTaOiIbHICTh CTPYKTYPH, 30€peKeHHS HDKXHOI TEKCTypH Ta
3arobirae BUIICHHIO cupoBaTKH. [lepeBuilieHHs 103yBaHHs moHax 1,5...2,0
% npu3BOAUTH 10 HeOaKaHUX 3MiH KOHCHCTEHIIIT Ta MOSIBU OOPOIIHUCTOrO
NpUCMaKy, [I0 HEraTUBHO BIUIMBAa€ Ha OPraHOJCNTHUYHI IOKAa3HUKH
MOJIENIBHOI CUCTEMHU.

CdopMOBaHO MoOAENb PELENTYpHOro CKJIaxy CHPHOTO MYCy 3
BUKOPUCTaHHAM KIITKOBUHM LMTPycoBoi. BcraHoBineHo, 1m0 came
JIO/IaBaHHS KIIITKOBUHM Y BHM3HAY€HI KOHIEHTpAIl CHpusie cTabiIbHOCTI
TEKCTYPH Ta 3a100irae CHHEPE3UCY MOACITHHOI CHCTEMH.

IlepcnekTUBY MOAATBIIMX AOCTIMKeHb Iepe0avyaloTh BUBUCHHS
CTPYKTYPHO-MEXaHIUYHHX BIIACTHBOCTEI MOAEIBHUX CUCTEM CUPHOT'O MYCY 3
BUKOPUCTAHHSAM KIITKOBHHH LUTPYCOBOI Ta IX 3MiHy IIiJ] BIUIUBOM
TEXHOJIOT1YHUX YMHHUKIB.
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APPLICATION OF PHYSICAL AND MATHEMATICAL METHODS
AT THE EXAMINATION OF DRY BREAKFAST FOODS

A. Pak, A. Pak, M. Sofronova, T. Dmytro, K. Bohdan

The object of the study is the breakfast cereals from different manufacturers.
The aim of the article is to prove the possibility of using physical and mathematical
methods for studying the dispersed composition of breakfast cereals during their
commodity and customs examinations and expanding the possibilities of exporting
these products based on assessing their quality.

Key words: dry breakfast foods, commodity examination, differential
distribution functions of pores by radius

3ACTOCYBAHHS ®I3BUKO-MATEMATHUYHUX METO/IIB ITI
YAC EKCIIEPTHU3U CYXHUX CHIJAHKIB

A.B. Ilak, A.O. ITak, M.C. Codponosa, /I.0. Topsinuk, b.I'. Xanin

06’ exmom docaiodncentst € cyxi CHIOanKU 6i0 piznux eupobHuxie. «Nesquik»
TM «Nestle», "«Lion» TM «Lion», «Duo Balls» TM «Doctor Benner», «Start»
IIpAT «Lantmannen»,  «Mr. Croco»  IIpAT «/[ninponempogcokuii  Kombinam
Xapyosux KoHyenmpamiey. Memolo cmammi € 008eOEHMA  MONCIUBOCHIE
3acmocy8ants QizuKo-MameMamuyHux Memooie 00CaiONHCeHHsl OUCNEPCHO20 CKILAQY
CYXUX CHIOAHKI Ni0 4ac ix moeapo3Hasyux i MUMHUX eKCRePmus3.

Jlocnioscennsimu MaKponopucmoi cmpykmypu 3paskié cyxXux CHIOAHKI6 8i0
PDISHUX 8UPOOHUKIE 6CMAHOBNIEHO, WO HAUOINbLW HAOIUNHCEHY 00 MOHOOUCNEPCHOT
cmpykmypy mae 3pasok «Duo Ballsy. Bin mae natimenwiuti po3kuo y 3HA4eHHSIX
paodiycié Makponop ma HAuMeHuly OUcnepciio QyHkyii po3nooiientss MaKkponop 3a
paodiycamu — 0.881. 3paszox «Liony» eiopiznaemovcs 6i0 3paska «Duo Ballsy ne
CYmmeso, OUcnepcis 1ioeo ougepenyianvhoi QyHkyii po3noodinenHs MaKponop 3d
paodiycamu, sxa dopisnioe 0.948, eiopisusecmocs na 8 %. [ani iioyme 3pasxku «Starty
(D(r)=1.082) ma «Mr. Croco» (D(r)=1.131). Hauibinvw 6iddaneny  8io
MOoHOOUchepcHoi cmpykmypy mae 3pazok «Nesquik» (D(r)=1.333), oucnepcis saxozo
sidpiznacmovcs na 51 % 6io 3paska «Duo Balls».

3a isomepmamu copoyii 00Ci0NHCY8AHUX 3PA3KIE CYXUX CHIOAHKIB 8i0 PI3HUX
BUPOOHUKIE 6CMANOBIEHO 3HAYEHHS GIOHOCHOI 801020CMi OMOUYIOU020 2A306020
cepedoguya, 3a AKOL ModcIuge mpueane 30epicannsn yiei npooykyii 6e3 cymmesux
3MiH AKocmi. Lfi 3HayenHsa 8i0OHOCHOI 601020Cmi 01151 CYXUX CHIOAHKI6 cmaHo8nams, %:
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«Nesquik» — 68; «Lion» — 67; «Duo Balls» — 70; «Start» — 71; «Mr. Croco» — 62. 3a
BIOHOCHOI 8071020CMi  OMOYYIOYO20 2A308020 CePedOBUWA, AKA Nepesuyye yi
3HaueHns, mpueaie 36epicants ModiCIUGe uule y 2A30HenPOHUKHOMY YRAKYBAHHI.

3a oupepenyianvnumu @Gynkyismu poznodiny MiKponop 3a padiycamu
6CMAN0BNIEHO, WO HAUMEHWUL PO3KUO MIKPONOp 3a paoiycamu MAe 3pazox
«Mr. Croco», a natibinvwuti — «Duo Ballsy. 3pasku «Nesquiky, «Lion» ma «Starty
3QUMaioms RPOMICHE NOONCEHHS.

Biosuaueno, ompumani pezynomamu € 00 €KMuHUMU NOKAZHUKAMU AKOCMI
CYXUX CHIOAHKIB, SIKi MOJICYMb Oymu 6UKOPUCTAHT Ni0 Yac Mmoeapo3HA8YOi ma MUmMHoOT
excnepmu3u yiei npooyKyii.

Kntouogi cnoea: cyxi cuidanku, moeaposnasua excnepmusd, QyHKYis
PO3n00inenHs nop 3a paoiycamu

Problem statement in general terms. An important place in the agro-
industrial complex of Ukraine is occupied by the grain industry, which
includes industries engaged in the processing of grain crops: flour and cereal,
food and feed.

Ukraine occupies a leading position in terms of the volume of
cultivation and export of many agricultural crops: sunflower oil, sunflower
seeds, rapeseed, corn, wheat, barley. Exports of agro-food products from
Ukraine in January-June 2025 amounted to 11.3 billion USD [1]. The main
sales markets for domestic agricultural products remain three regions - the
countries of the European Union, Asia and Africa [2]. Their total share
amounted to 92% of the value of Ukrainian agricultural exports. However, it
should be noted that this is 9% less than last year's indicators for the
corresponding period [3, 4].

The importance of domestic cereal production for the food security of
the state and the peculiarities of the development of this market are devoted
to a number of scientific works by Ukrainian researchers [5-7]. In the vast
majority of these works, devoted to the consideration of the outlined issues,
there is an analysis and discussion of the development trend of the cereal
market in terms of supply formation, the degree of state intervention in
pricing and the integration of Ukraine into the world economic space.

Analysis of recent research and publications. Among the range of
cereal production products, such food concentrates as breakfast cereals
should be highlighted [8].

Breakfast cereals have long become an integral part of the diet of a
large number of people around the world. Convenience, minimal time
consumption and a variety of tastes — all this determines their popularity.
Recently, due to the awareness of the need for healthy eating and the
accelerated pace of life, the population of Ukraine has also begun to prefer
instant cereals and breakfast cereals [9].
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The use of breakfast cereals goes beyond simple nutrition; they are
convenient meal solutions, appealing to people who lead active and health-
conscious lifestyles.

Breakfast cereals are products that are used by the population to
quickly satisfy hunger «on the go» or for pleasure. Breakfast cereals are
products made from corn, wheat, rice and other crops in the form of sticks,
flakes, air grains, rings, stars, pillows, etc., which are consumed with milk,
yogurt or another product that suits the taste. To improve the taste properties
of the mixture, sugar syrup, caramel, nuts, dried fruits, pieces of chocolate
are added, and the mixture is often enriched with vitamins and mineral salts
of calcium, phosphorus, iron [10].

The global breakfast cereal market size was estimated at 40.3 billion
USD in 2023 and is projected to reach 52.58 billion USD by 2031, growing
at a CAGR of 3.38% from 2024 to 2031 [11].

The future of the global breakfast cereal market looks promising, with
expected growth driven by increasing consumer demand for healthy, organic
and high-protein options. Innovations in flavor profiles, packaging and
sustainable practices are expected to further enhance the attractiveness of the
market, given changing food preferences and environmental considerations.

The breakfast cereal market in Ukraine is saturated and can offer a
wide range of products, both domestically and internationally produced, to
the potential consumer [12]. A large share of the market is occupied by
foreign brands, the production of which is located in Ukraine. It should be
noted that the increase in consumption of products produced by national
manufacturers is limited by the presence on the market of a large number of
foreign analogues, which consumers prefer due to their reputation and
quality. That is, Ukraine, having a sufficient raw material base, produces an
insufficient amount of such products as breakfast cereals. The reason for this
is that when consumers choose breakfast cereals, the determining factor is to
a greater extent the reputation of the brand gained through high quality. Based
on this, the development directions of domestic manufacturers, obviously,
need to be adjusted in view of increasing the quality of the products obtained
to a level not lower than the quality level of well-known foreign brands. This,
obviously, will make it possible to satisfy domestic consumers and compete
with well-known foreign brands on the international market. The main
objective characteristics that provide an assessment of the quality of such
products as breakfast cereals are organoleptic and physicochemical
indicators. It should be noted that information on such physical indicators as
hygroscopic properties, porosity, dispersed composition, as well as their
compliance with regulatory documentation is not fully provided. At the same
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time, it should be noted the relevance of expanding the application of physical
methods of quality assessment and mathematical methods of processing the
obtained experimental data during commodity and customs examination of
breakfast cereals.

The aim of the article is to prove the possibility of using physical and
mathematical methods for studying the dispersed composition of breakfast
cereals during their commodity and customs examinations and expanding the
possibilities of exporting these products based on assessing their quality.

Materials and methods. The object of the study is the breakfast
cereals «Nesquik» TM «Nestle» (hereinafter «Nesquik»), «Lion» TM «Lion»
(hereinafter «Lion»), «Duo Balls» TM «Doctor Benner» (hereinafter «Duo
Balls»), «Start» PrJSC «Lantmannen» (hereinafter «Start»), «Mr. Croco»
PrJSC «Dnipro Food Concentrates Plant» (hereinafter «Mr. Croco»). The
breakfast cereal «Nesquik» is a product of foreign production. The breakfast
cereals «Lion», «Duo Balls», «Start» are products of a foreign manufacturer
with production facilities in Ukraine. The breakfast cereals «Mr. Croco» are
products of a Ukrainian manufacturer.

The macroporous structure was determined by microphotographs of
the internal structure of the studied products. Microphotographs were taken
using a HiView X4 1600X digital microscope.

The gyroscopic properties of the studied products were determined by
the strain gauge method.

Description of the main research material. One of the determining
indicators of the quality of breakfast cereals is their internal structure. The
internal structure determines, firstly, such a consumer quality indicator as the
appearance of the product, namely, the external surface. Secondly, it
determines the properties of breakfast cereals to absorb water from a gaseous
environment and under the condition of their wetting. At the same time, the
hygroscopic properties of this dried product, i.e. the ability to give off or
absorb water from the surrounding gaseous environment, are determined by
the microporous structure of the studied systems. And the appearance of such
products as breakfast cereals and the properties to absorb water under the
condition of wetting are determined by their macroporous structure.

The study was conducted in two stages. At the first stage, the
macroporous structure of breakfast cereals was studied, and at the second
stage, the microporous structure.

When studying the external surface and macroporous structure of
breakfast cereal samples, the initial data were microphotographs obtained
using a digital microscope. The products under study are glazed — samples of
breakfast cereals that have a spherical shape, covered with a layer of caramel.
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Based on this, photographs of the external surface and a flat section of the
samples were taken. The photographs obtained in this case are shown in Fig.
1 and Fig. 2.

From the photographs of the external surface, it can be seen that the
surface of the sample «Mr. Croco» is more heterogeneous (Fig. 1 €). On the
surface of this sample, there are inflows that can be identified by differences
in their color, with sizes of 2...3 mm. The surface of other samples
(Fig. 1 a—d) is visually more homogeneous with irregularities that do not
exceed 400...500 um.

Fig. 1. Microphotographs of the rating scale (f) and the outer surface of
samples of breakfast cereals from different manufacturers: a — «Nesquik»;
b — «Lion»; ¢ — «Duo Balls»; d — «Start»; e — «Mr. Croco»
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In order to identify the causes of the presence of inhomogeneities on
the outer surface of breakfast cereal samples, their flat section surface was
examined (Fig. 2). At the same time, the structure of the samples was studied.
The structure here means the differences in the sizes of the macropores that
the samples under study contain. The sample, which macropores differ less
in size from each other, was considered more homogeneous. Macropores
mean pores visible to the «naked eye», that is, visible without the use of
magnifying optical devices. The size of such pores is in the range of
200...1000 pm.

Fig. 2. Micrographs of the evaluation scale (f) and the surface of a flat section of
samples of breakfast cereals from different manufacturers: a — «Nesquik»;
b — «Lion»; ¢ — «Duo Balls»; d — «Start»; e — «<Mr. Croco»

112



[IporpecuBHI TexHika Ta TEXHOJNOTii Xap4OBHX BHPOOHUIITB PECTOPAHHOTO
rocroaapersa i Toprisii, 2025. Bum. 2 (38). ISSN: 2312-3990X (Print) 2519-2922 (Online)

Obviously, an objective assessment of the homogeneity of the
structure of such porous systems, which are the studied samples of breakfast
cereals, is provided by the analysis of the distribution of macropores by radii
in them.

The distribution of macropores by radii in the studied samples of
breakfast cereals was obtained by a statistical method.

From the micrographs of the surface of a flat section of each of the
studied samples, the number of macropores N1, N2, N3, ... Nn, was calculated,
which in size are, respectively, in the [0, a); [a, 2-a); [2-a,3-a) ...
[n-a, (n+1)-a). In this case, the value of the parameter a was equal to —50 pm.

The total number of counted macropores N was found as:

N=N1+No+Ns+...+Ny. (1)

The number of macropores for each of the N; ranges (where i varies
from 1 to n) was normalized to the total number of macropores and the
relative number of macropores whose radius is in the i-th range was obtained.

A histogram was constructed using the obtained data, where the
abscissa axis plotted the ranges of macropore radii, and the ordinate axis
plotted the relative number of macropores for each range. The envelope of
such a histogram is the differential function of the distribution of macropores
by radii for the studied sample.

The analytical form of the envelope, which is the differential function
of the distribution of macropores by radii for the studied samples of breakfast
cereals, was found by approximating the experimental points with a function
of the form:

f(r)=a-r*-exp(c'r), 2
where a, b, ¢ —approximation coefficients.
Fig. 3 shows the differential distribution functions of macropores by

radii for the studied samples of breakfast cereals. Table 1 shows the values of
the approximation coefficients for these differential distribution functions.
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Table 1
Approximation coefficients of the differential distribution function of
macropores by radii for samples of breakfast cereals from different

manufacturers
Sample a b c
«Nesquik» 0.918 6.361 -2.127
«Lion» 32.563 4.063 -2.772
«Duo Balls» 14.539 7.966 -3.652
«Start» 0.758 8.909 -2.948
«Mr. Croco» 3.208-10° 23.218 -4.81

Using the differential distribution function, the average radius of the
micropores of the studied sample was found by the formula:

<r>=Jr-f(r)dr. 3

The most probable radius ry of the macropores corresponds to the
maximum of the differential distribution function. Based on this, the
numerical value of the radius was determined by the roots of the first
derivative of the differential distribution function.

0.06

1), pieces of micropores/ pieces of micropores

0.05

0.04

0.03

0.02

0.01

0 1.8 33 4.8 6.3
Fig. 3. Differential distribution functions of macropores by radii for samples of
breakfast cereals from different manufacturers: 1 — «Nesquik»; 2 — «Lion;
3 —«Duo Balls»; 4 — «Start»; 5 — «Mr. Croco»
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Hucnepcist  mudepeHmianbaoi  (GYyHKIOIT po3moily Makpomop 3a
paiiycaMy BU3HauauIach 3a OpMyIIor0:

D(r)=I(r-<r>)2f(r)dr. (4)

The variance of the differential distribution function of macropores by
radii was determined by the formula:

D(r)=/(r-<r>)2f(r)dr. (4)

The variance of the differential distribution function of macropores by
radii was chosen as a criterion for assessing the homogeneity of the
macrostructure of the studied samples of breakfast cereals. Dispersion in
probability theory and mathematical statistics is a parameter for assessing the
dispersion of a quantity by its probability. In the case of the differential
distribution function of macropores by radii, it was chosen to assess the
dispersion of macropores by radii. Obviously, the macrostructure of the
sample should be considered closer to monodisperse, that is, one that consists
of macropores of the same radius, provided that the variance of the
differential distribution function of macropores of the studied sample is
smaller.

The variance of the differential distribution functions, the most
probable and average radii of the macroporous structure of the studied
samples of breakfast cereals are given in Table 2.

Table 2
Variance D(r) of the differential distribution function,
average <r>and most probable macropore radius rpr of breakfast cereal
samples from different manufacturers

Sample <r>-105 m ror- 106, m D(r)
«Nesquik» 378 299 1.333
«Lion» 207 150 0.948
«Duo Balls» 263 219 0.881
«Start» 359 306 1.082
«Mr. Croco» 517 486 1.131

From the form of the differential distribution functions of macropores
by radii for the studied samples, it is clear that in the studied range (from 50
to 700 pm) they are unimodal, that is, they have one extremum. This
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extremum corresponds to the most probable value of the radius of the
micropores of the sample rim. The differences in the nature of the obtained
distribution functions lie in the difference in the values of the most probable
and average radius and the dispersion of these functions, and, accordingly, in
the different dispersion of macropores by radii in the studied samples.

Based on the value of the dispersion of the differential distribution
function of macropores by radii, the sample «Duo Balls» has the structure
closest to monodisperse. It has the smallest dispersion in the values of the
radii of macropores. The dispersion for this sample is 0.881. The next sample
is the «Lion», the dispersion of which differs from the «Duo Balls» sample
by 8% (D(r)=0.948), which can be considered an insignificant difference.
The samples «Start» (D(r)=1.082) and «Mr. Croco» (D(r)=1.131) follow.
The most distant from monodisperse structure is the «Nesquik» sample
(D(r)=1.333), the dispersion of which differs by 51% from the «Duo Balls»
sample, which has a structure closest to monodisperse.

The «Nesquik» sample has the most heterogeneous structure of the
studied breakfast cereal samples, however, the average and most probable
macropore radii are smaller compared to the sample with the largest radii
«Mr. Croco». The average radius of the «Nesquik» sample is 1.37 times
smaller compared to the average radius of the «Mr. Croco», and the most
probable one is 1.63 times smaller. Based on this, although the sample
«Mr. Croco» has a structure closer to monodisperse compared to the sample
«Nesquik», however, the larger average and most probable radii, compared
to other samples, cause pronounced irregularities that are visually observed
on its surface (Fig. 1).

It should be noted that the distribution of macropores by radii in the
studied samples mainly determines the appearance of breakfast cereals. As
for the ability to absorb liquid when wetting, here the influence of the
distribution of macropores by radii is limited by the fact that the surface of
the studied breakfast cereals is covered with glaze. Based on this, the
penetration of liquid into the macropores is limited during the time required
for the glaze to dissolve.

However, regarding the absorption of water in the gaseous state, glaze
is not an obstacle. The characteristic, which is an assessment of the property
of dried products, such as breakfast cereals, to absorb water in a gaseous state
from the surrounding environment, is the sorption isotherm [13].

The sorption isotherms were obtained by the tensometric method.
Samples of breakfast cereals weighing 3...4 g were placed in desiccators with
different relative humidity of the gaseous environment in them. The relative
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humidity in the desiccators was discretely changed from 10 to 90% in steps
of 10%.

The samples were periodically weighed until they reached equilibrium
moisture content. Then the values of the equilibrium moisture content of the
sample at the corresponding relative humidity (sorption isotherms) were
constructed. The sorption isotherms obtained for breakfast cereals from
different manufacturers are shown in Fig. 4.

It should be noted that all the studied samples had a low initial
moisture content, which did not exceed 6...8-10-2 rel. units (kg water/kg dry
matter). Based on this, for the studied samples only sorption of water vapor
from the surrounding gaseous environment created in the desiccator was
observed.

The nature of the sorption isotherms for all the studied samples is
similar. There are two sections: a section corresponding to polymolecular
moisture sorption, and a section corresponding to moisture absorption by
micropores. These sections differ in different inclinations of the sorption
isotherms to the axis on which the relative humidity of the surrounding
gaseous environment is plotted. It should be noted that the sorption isotherms
of the studied samples do not have a section corresponding to monomolecular
sorption.

The polymolecular sorption area can be separated from the area
corresponding to moisture absorption by micropores by their linear
approximation, as shown in Fig. 4. The boundary between these areas
corresponds to the limit of relative humidity, above which it is not
recommended to store the studied product for a long time. If the relative
humidity of the environment increases relative to this limit value, water is
absorbed by micropores and the samples swell. This leads, firstly, to the
disappearance of such an organoleptic indicator of the quality of breakfast
cereals as crispness, and, secondly, to the acceleration of oxidation and
microbiological spoilage of this product during storage.
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Fig. 4. Sorption isotherms of breakfast cereal samples from different
manufacturers: 1 — «Nesquik»; 2 — «Lion»; 3 — «Duo Balls»;

4 — «Start»; 5 — «Mr. Croco»

For the studied samples, the boundary between the polymolecular
sorption area and the area corresponding to moisture absorption by
micropores is as follows, %: «Nesquik» — 68; «Lion» — 67; «Duo Balls» —
70; «Start» — 71; «Mr. Croco» — 62. Based on the results obtained, it is
possible to formulate the storage conditions of breakfast cereals: their long-
term storage is possible at the relative humidity of the gas environment, which
corresponds to the boundary between the polymolecular sorption area and the
area corresponding to moisture absorption by micropores. At the relative
humidity of the surrounding gas environment, which exceeds this limit value,
long-term storage is possible only in gas-tight packaging.

The reason for this nature of the sorption isotherms is obviously the
different microporous structure of the studied breakfast cereal samples. To
analyze the microporous structure of the studied breakfast cereals, differential
distribution functions of micropores by radius were obtained.

The method of obtaining differential distribution functions of
micropores by radius is described in detail in [14, 15]. It is based on the
approximation of sorption isotherms by a function of the form:

w43

R ®)

T A +A,wAs
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where Aq, Ay, As — approximation coefficients; w — moisture content.
Using approximation coefficients, a differential distribution function
of micropores by radius is obtained, which has the following form:

. 1 (n(R*)~mpg)?
fur) = e (- B ©)
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where mg and or — the parameters of the logarithmic normal distribution;

R" — the dimensionless radius of the micropore R* = (r* — dg)/dy; " — the

radius of the micropore, m; dp=0.3-10° m — the radius of the water molecule.
Differential distribution functions of micropores by radii for samples

of breakfast cereals from different manufacturers are shown in Fig. 5. Table 3

shows the average and most probable micropore radius calculated from the

obtained differential distribution functions [14, 15].

Table 3
Average <r"> and most probable r"pr micropore radius of samples of breakfast
cereals from different manufacturers

Sample <r>-10° m or-10°% m
«Nesquiks» 10.4 1.5
«Lion» 13.8 1.2
«Duo Balls» 13.9 1.6
«Start» 9.5 1.7
«Mr. Croco» 6.3 0.6

Differential distribution functions (Fig. 5) have one extremum, while
differing in the values of the micropore radii corresponding to these extrema
and the line width, and, accordingly, the average micropore radius (Table 3).
The samples «Nesquik», «Lion» and «Start» have a similar line width. The
«Mr. Croco» sample has the smallest line width, and the «Duo Balls» sample
has the largest. The line width indicates the size of the micropore dispersion
by radii, i.e. the larger the line width, the more micropores with different radii
the sample holds. As a result, a more developed microporous structure
contributes to a greater amount of moisture that such a system can absorb
from the surrounding gas environment. This is the reason why the isotherm
of the «Duo Balls» sample lies higher, and the isotherm of the «Mr. Croco»
sample lies lower compared to the other studied samples relative to the
moisture content axis. That is, the sample «Duo Balls» absorbs the largest
amount of moisture from the surrounding gas environment, and the sample
«Mr. Croco» the smallest. This result indicates that, obviously, the sample
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«Duo Balls» loses such an organoleptic indicator inherent in breakfast cereals
as crispness, at lower values of the relative humidity of the surrounding
environment, compared to other samples. As for the sample «Mr. Croco»,
given its sorption isotherm, it retains crispness at values of the relative
humidity of the surrounding environment that are higher compared to other
studied samples of breakfast cereals. This is a significant consumer advantage

compared to other samples.
(U4

. . Lo .
Jir'), pieces of macropores/ pieces of macropores

0,05

0.04
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Fig. 5. Differential distribution functions of micropores by radius for samples
of breakfast cereals from different manufacturers:
1 — «Nesquik»; 2 — «Lion»; 3 — «Duo Balls»; 4 — «Start»;
5 — «Mr. Croco»

It should be noted that although the sample «Mr. Croco» has the
largest average and most probable radius of macropores (Table 2), it has the
smallest average and most probable radius of micropores (Table 3) compared
to other studied samples. This indicates that the study of the distribution of
pores by radii, which determine the structure of such porous systems as
breakfast cereals, does not provide complete information with one method. It
follows that in order to obtain a complete picture of such a functional and
technological property as porosity, it is necessary to use at least two different
research methods.

Thus, the results obtained prove that the sample of breakfast cereals
«Mr. Croco», in terms of porous structure, is not inferior to products of
foreign manufacturers, and in terms of hygroscopic properties it even has
advantages in terms of storage requirements.
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The results obtained are obviously objective indicators that
characterize the micro and macro porosity of breakfast cereals. They were
obtained by physical and mathematical methods used in scientific research in
the food and processing industry. It should be noted that the results obtained
by fundamental methods are more acceptable compared to the results
obtained by express methods, which are most often used during commodity
and customs examinations.

The limitation of the conducted research is the incomplete commodity
expertise of the studied breakfast cereals. The disadvantage of the research is
the limited range of the studied products. Expanding the range of breakfast
cereals is a potential prospect for further research.

Conclusions. Studies of the macroporous structure of breakfast cereal
samples from different manufacturers have shown that the sample
«Duo Balls» has the structure closest to monodisperse. It has the smallest
spread in the values of macropore radii and the smallest dispersion of the
macropore distribution function by radii — 0.881. The sample «Lion» does
not differ significantly from the sample «Duo Balls», the dispersion of its
differential macropore distribution function by radii, which is 0.948, differs
by 8%. The samples «Start» (D(r)=1.082) and «Mr. Croco» (D(r)=1.131) are
next. The sample «Nesquik» (D(r)=1.333) has the structure furthest from
monodisperse, the dispersion of which differs by 51% from the sample
«Duo Balls».

It is noted that the distribution of macropores by radius in the studied
samples mainly determines the appearance of breakfast cereals. As for the
ability to absorb liquid when wetting, here the influence of the distribution of
macropores by radius is limited by the fact that the surface of the studied
breakfast cereals is covered with glaze. Based on this, the penetration of
liquid into the macropores is limited during the time required for the
dissolution of the glaze. It is noted that with regard to the absorption of water
in the gaseous state, glaze is not an obstacle. The characteristics that assess
the property of dried products, such as breakfast cereals, to absorb water from
the surrounding gaseous environment are sorption isotherms.

From the sorption isotherms of the studied samples of breakfast
cereals from different manufacturers, the value of the relative humidity of the
surrounding gaseous environment at which long-term storage of this product
is possible without significant changes in quality was determined. These
values of relative humidity for breakfast cereals are, %: «Nesquik» — 68;
«Lion» — 67; «Duo Balls» — 70; «Start» — 71; «Mr. Croco» — 62. If the relative
humidity of the surrounding gas environment exceeds these values, long-term
storage is possible only in gas-tight packaging.
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According to the differential distribution functions of micropores by
radius, it was found that the sample «Mr. Croco» has the smallest spread of
micropores by radius, and the largest — «Duo Balls». The samples «Nesquiks,
«Lion» and «Start» occupy an intermediate position. It was noted that due to
the more developed porous structure, the sample «Duo Balls» absorbs the
largest amount of moisture from the surrounding gas environment, and the
sample «Mr. Croco» the smallest, compared to other studied samples. It was
noted that as a result, the sample «Duo Balls» loses such an organoleptic
indicator inherent in breakfast cereals as crispness, at lower values of the
relative humidity of the surrounding environment, compared to other
samples. It was noted that the sample «Mr. Croco», given its sorption
isotherm, retains crispness at values of the relative humidity of the
surrounding environment that are higher compared to other studied samples
of breakfast cereals. This is a significant consumer advantage compared to
other samples.

The results obtained prove that the sample of breakfast cereals «Mr.
Croco» of the Ukrainian manufacturer PrJSC «Dnipro Food Concentrates
Plant», in terms of porous structure, is not inferior to the products of foreign
manufacturers, and in terms of hygroscopic properties it has advantages in
terms of storage requirements.

It is noted that the results obtained are objective indicators of the
quality of breakfast cereals, which can be used during commodity and
customs examinations of these products.

The study was conducted within the framework of the Erasmus+ Jean
Monnet program under the project «European concept of dynamic regulation
and coordination of examination of goods in customs affairs» (EDETMS) /
Project No.: 101127747 ~-ERASMUS-JMO-2023-HEI-TCH-RSCH, funded
by the European Union.
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TH)KEHEPHO-TEXHIYHE 3AFE3ITEYEHHA TEXHOJIOT'TH
XAPYOBOI IHYCTPII
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IMPROVING THE DESIGN OF MEMBRANE EQUIPMENT
FOR CONCENTRATING AND PURIFYING JUICES

G. Deinychenko, D. Dmytrevskyi, D. Honchar, O. Piddubnyi,
V. Lavreniuk

The article considers the theoretical principles of improving the design of
membrane equipment for concentrating and purifying juices. The current state of
membrane technologies is analyzed, the main problems of the operation of the devices
are identified, and a design concept with turbulizing inserts is proposed, aimed at
increasing the efficiency of mass transfer, reducing membrane contamination, and
improving the energy efficiency of the process.

Keywords: membrane filtration, fruit and berry juices, ultrafiltration,
purification, membrane selectivity, product quality, technological parameters

VJIOCKOHAJEHHA KOHCTPYKIIi MEMBPAHHOI'O
OBJIAIHAHHA 411 KOHHEHTPYBAHHA
TA OYMIIEHHSA COKIB

I'.B. [Jeiinnyenko, J1.B. ImutpeBcbkuii, /1.0. I'onuap,
O.A. IlignyoHuuii, B.B. JlaBpeniok

Y cmammi npedcmasneno meopemuune 00IpYHMY8aHHA YOOCKOHANEHHS
KOHCMPYKYIi MeMOPAHHO20 0ONAOHAHHA OISl KOHYEHMPYBAHHS MA OYUWeHHS COKIS,
WO € AKMYalbHUM HANPAMOM PO3BUMIKY Xapuosoi npomucrosocmi. Membpanmi
mexHonoeii  003601A10Mb  30IUCHIOBAMU  NPOYECU OYUWEHHA, OCBIMIEeHHs ma
KOHYEHMPYBaHHs NPOOYKMIE NpU  HUZLKUX MeMnepamypax, wjo sabesneuye
30epedicents 0i0N02IUHO AKMUBHUX PEHOBUH, aAPOMAMUYHUX KOMNOHEHMI8 mda
cmMakosux axocmetl coky. Boonouac icmytoui npomucnosi anapamu maiome neemi
00MedCeHH S, N0 A3AHI 3 HEPIGHOMIPHUM PO3NOOLIOM NOMOKY NO NOGEPXHI MeMOPAH,
YMBOPEHHAM KOHYEHMpAayiliHo20 wapy, 3a0pyOHeHHAM MemoOpan ma BUCOKUMU
enepeemudHUMU GUMPAIAMU.

V' cmammi 30ilicneno amaniz cyuachux munié MemMOpaHHUX Mooy —
CRIPANbLHO-36UMUX, MPYOUACMUX MA NOPOAICHLOBOIOKOHHUX — i GUBHAYEHO iXHi
nepegazu ma mneooniku. Ha ocnogi yvoco npogedeno ¢hopmyeanns konyenyii
YOOCKOHANEeHOT KOHCMPYKYIi MemOpanno2o anapama, ska nepedbaiac inmezpayiro
MypOyRi3yIOuUX 8CMAGOK Y KAHAAU Qinbmpayilinoco Mooy 011 3a6e3neueHHs
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PIBHOMIDHO20 pO3NOJINy MUCKy ma wieuokocmi nomoky. Taxa koHcmpykyis mae
nomenyian 3MeHWeHHs KOHYeHmpayiiHoi noxsapuzayii, nioguweHus Koegiyienma
Maconepenecents, 3HUIICEHHSI eHEeP2OCNONCUBAHHS Md TNOO0BCEHHS MepMiHy
CYAHCOU MEMOPAH.

V pobomi nasedeno cxemy maibymuvoeo anapama ma madoauyio OYiKy8aHux
MEXHIYHUX napamempis, NOPIGHAHO 3 MPAOUYIIHUMU YCMaHosKamu. Axyenm
3p0ONeHO HA HeOOXIOHOCMI NOOANbULO20 MOOETIOBAHHS 2IOPOOUHAMIYHUX YMO8
MemoooM 0OUUCTIBATbHOL 2IOPOOUHAMIKY, CMBOPEHH MO0 Ma 6USOMOGIeHHs
00CIOH020 3pA3KA Ol eKCNEPUMEHMATIbHOT NepesipKiL.

Ompumani  pe3yibmamu  CmMeopIOIOMb  HAYKOBO-MEXHIUHY OCHOBY  OJs
PO3pobKU  edhekmugHoi MeMOPaHHOi YCMAaHO8KY, WO CHpusmume RnioO8UUeHHIO
NPOOYKMUBHOCMI, NOKPAWEHHIO AKOCMI  KiHYe8oeco NpOoOyKmy, 30epexceHtIo
bioakmueHux —peuogun i  eHepeo30epediCceHHio  HA  NIONPUEMCMBAX — COKOBOT
NPOMUCTIOBOCMI, A MAKONC HAOAOYMb OCHOBY Ol BNPOBAONCEHHS IHHOBAYIUIHUX
MEXHON02I Y Xapyo8oMy UPOOHUYMEI.

Kniouosi  cnosa: membpanna  ginempayis,  ni0008052IOHI  COKU,
yaempaginempayis, OYUWEHHs, CEeLeKMUGHICMb MeMOpaH, SKICMb  RPOOYKNy,
MexHON0IUHI napamempu

Statement of the problem. The modern food industry, in particular
juice production, is actively developing in the direction of increasing the
efficiency of technological processes, preserving the naturalness of products
and minimizing energy costs. One of the key stages in the production of juices
is their concentration and purification, on which the quality of the final
product, stability during storage and transportability largely depend.
Traditional methods of concentration - evaporation or heat treatment - are
accompanied by significant energy consumption and lead to the loss of
biologically active substances, aromatic and flavor components. In this
regard, the scientific and technical community is increasingly paying
attention to membrane technologies as an effective alternative to classical
processes [1]. Membrane methods, such as reverse osmosis, nanofiltration,
ultrafiltration and microfiltration, allow for the purification and concentration
of juices at low temperatures, ensuring the preservation of their natural
composition and organoleptic properties. However, the implementation of
membrane processes on an industrial scale faces a number of problems,
including low productivity due to membrane contamination, high cost of their
replacement, difficulty in ensuring a stable hydrodynamic regime and uneven
distribution of flows in the module. That is why the issue of improving the
design of membrane equipment aimed at increasing the efficiency of mass
transfer, reducing the phenomenon of concentration polarization and
increasing the durability of membranes is becoming particularly relevant [2].
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In addition, modern requirements for food production include not only
technical efficiency, but also environmental safety and economic feasibility
of processes. The development of innovative designs of membrane devices
must take into account the optimization of energy consumption, the
possibility of automated process control and ease of maintenance [3]. Thus,
the current scientific and technical problem is the creation of improved
membrane systems for concentrating and purifying juices, ensuring high
product quality, energy saving and long-term stability of operation. Solving
this problem will help increase the efficiency of processing enterprises,
expand the possibilities of processing fruit and berry raw materials, and
reduce the environmental burden on the environment.

Review of the latest research and publications. In recent years,
membrane technologies for juice purification and concentration have
attracted considerable attention from scientists as an energy-efficient and
quality-friendly alternative to traditional thermal methods [4]. Review papers
summarize that micro- and ultrafiltration are effective for preliminary
classification and clarification of juices, while nanofiltration and reverse
osmosis provide increased removal of trace elements and partial
concentration at lower temperatures, which contributes to the preservation of
aromatic and biologically active components [5]. This general trend is
confirmed by a number of works that record the advantages of membrane
operations in terms of final product quality and energy consumption [6].

One of the key problems that is repeated in modern publications is the
fouling of membranes during juice processing (pectin, proteins, colloids,
sucrose), which leads to a rapid drop in productivity and the need for frequent
washing cycles [7]. Review studies classify the mechanisms of
contamination, indicate the factors (feedstock composition, temperature,
hydrodynamics, pressure) and describe existing approaches to control -
chemical and mechanical cleaning, mode optimization, pre-treatment of
feedstock [8].

A separate direction is the improvement of the design of modules and
elements that affect the flow distribution and intensification of mass transfer:
channel geometry, spacer network structure, the use of three-dimensional
printed spacer elements, as well as the modernization of flat-film and tubular
modules [9]. New studies show that optimized spacers and innovative module
configurations can significantly reduce concentration polarization and
contamination retention [10].

Another notable trend is the modification of membrane surfaces
(hydrophilic coatings, nanocomposites, antimicrobial layers) to increase
resistance to contamination and extend maintenance intervals [11]. Recent
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reviews also highlight the potential of thermal-membrane hybrids (e.g.
membrane distillation, forward/reverse osmosis combined with UF/MF) to
achieve higher degrees of concentration without significant energy penalties
[12]. Despite significant progress, gaps are identified in the literature: the
need for standardized tests for different types of juices, economic evaluations
of scaling up, and longer-term field tests of new designs [13]. Therefore, the
scientific and engineering challenge of integrating material science
approaches, hydrodynamic module optimization, and adequate fouling
management strategies remains open and determines the direction of further
research.

The objective of the research. The purpose of the article is to analyze
the current state of development of membrane technologies for concentrating
and purifying juices, to substantiate the directions for improving the design
of membrane equipment in order to increase efficiency, energy saving, and
quality of the final product.

Materials and methods. In the process of preparing the article, open
scientific sources were used, containing modern approaches to the design,
modeling and analysis of the operation of membrane equipment intended for
the concentration and purification of food liquids, in particular juices. The
main attention is paid to the methods of comparative analysis of scientific
works, technical standards and patent decisions, which allows systematizing
information on the principles of constructive improvement of membrane
modules and factors that determine their efficiency in the food industry [14].

The method of structural and functional analysis was used to
summarize information on the structure of membrane elements of various
types - tubular, spiral-wound, plate and capillary. This made it possible to
identify key structural parameters, such as the geometry of the channels, the
type of material, the thickness of the selective layer, hydrodynamic
conditions in the module, as well as to determine their influence on the mass
transfer resistance and the intensity of membrane surface contamination [15].

The critical review method was used to evaluate the technological
regimes used in ultrafiltration and reverse osmosis of juices. Based on the
analysis of scientific publications, the parameters that most often vary in
studies were considered: flow rate, pressure, temperature, turbulence level,
mechanisms for preventing fouling, methods of hydrodynamic amplification.

The comparative systematization generalization method allowed to
structure approaches to optimizing the design of membrane equipment: by
improving the movement of fluid in the channels, using turbulization inserts,
changing the configuration of the flow part, using the latest polymer and
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composite materials, increasing the resistance of the membrane layer to
colloidal and organic contaminants.

In addition, the classification generalization method was used to
organize the criteria for the effectiveness of membrane processes -
productivity, degree of selectivity, stability of filtration characteristics,
energy consumption and resource of membranes. This made it possible to
determine which parameters of the device design are the most promising for
further improvement.

Thus, the methods used provided a comprehensive overview of
existing engineering solutions and scientific approaches, which allows us to
form a holistic vision of the directions for improving the design of membrane
equipment for juice production.

Presentation of the research material. Membrane technologies are
currently one of the most promising areas for intensification of juice
purification and concentration processes, as they provide high efficiency at
low temperatures and allow preserving the natural properties of the product.
Unlike thermal methods, membrane processes allow minimizing the loss of
aromatic and biologically active substances, as well as reducing energy costs.
However, despite significant progress in this area, most industrial plants have
certain disadvantages, in particular, uneven flow distribution over the
membrane surface, high susceptibility to contamination, reduced productivity
during long-term operation, and significant costs for cleaning elements. That
is why the current study is aimed at theoretical justification and development
of a concept for an improved design of membrane equipment for juice
concentration and purification. At this stage, the work is mainly analytical
and design in nature and involves the creation of a model of a future plant,
which will later be manufactured and experimentally tested [16].

Analysis of existing types of membrane devices shows that the most
common are spiral-wound, tubular and hollow fiber modules. They are
characterized by compactness, high specific productivity and ease of
maintenance. However, during the operation of such systems, intensive
formation of a concentration layer on the membrane surface is observed,
which reduces the filtration rate [17]. Therefore, one of the main areas of
improvement is the optimization of the hydrodynamics of the flow in the
module channels, the creation of conditions for turbulization of the liquid
movement, which will prevent the formation of stagnant zones and reduce
the polarization effect [18]. The proposed conceptual scheme of the improved
membrane device has the following form.

Figure 1 shows the conceptual scheme of the improved membrane
device.
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The design involves the use of a flat-film or tubular module with
integrated turbulators (special perforated or spiral inserts), which ensure a
uniform distribution of pressure and flow velocity. This will improve the
conditions of mass transfer on the membrane surface and increase its
efficiency.

Juice inlet (pressure feed)

Distribution chamber

4

Membrane block with
turbulizing inserts

Filtrate collection chamber

v

Concentrate output

Fig. 1. Conceptual diagram of an improved membrane device

It is planned that the device will operate in reverse osmosis or
nanofiltration mode, depending on the task at hand — purification or
concentration of juice. The use of a combined approach (for example,
sequential use of ultrafiltration and nanofiltration modules) will allow
combining high transparency of the filtrate with an increase in the content of
dry substances in the concentrate [19].

For further development of the design, it is planned to conduct
modeling of the hydrodynamic characteristics of the flow using the
computational hydrodynamics method. This will allow determining the
optimal geometric parameters of the channels, the angle of inclination of the
inserts, the intervals between them, as well as the ratio of pressure and juice
flow rate.

In the future, it is expected that improving the design will allow
achieving the results shown in table 1.
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As can be seen, the predicted indicators indicate the prospects of the
proposed direction, since they allow to improve not only the technical, but
also the economic characteristics of the process.

In addition to hydrodynamic optimization, attention will be paid to the
selection of membrane materials and structural elements of the apparatus. To
minimize contamination, the possibility of using polymers with increased
hydrophilicity (for example, polyamide or polysulfone membranes with a
surface coating based on titanium or silicon oxides) is being considered. Such
materials have high antifouling properties and a longer operational life.

Table 1
Expected performance of promising equipment (compared to
traditional installations)

Indicator Expectgq resu]t (comp.ared to
traditional installations)
Uniformity of flow distribution +15-20 %
Mass transfer coefficient +25 %
Concentr_atlon polarlzatlon 20 %
intensity
Specific energy consumption -10-15 %
Membrane cleaning frequency -30 %
Expected membrane life +25-30 %
Filtrate transparency Improvement on 30 %
Preservation of bioactive 90-95 %
substances

The structural design of the apparatus provides for the possibility of
modular connection of elements, which will allow to easily adapt the
installation to different production volumes - from laboratory to industrial
scales. The modular structure also simplifies maintenance, repair and
replacement of individual membrane elements without stopping the entire
process.

Among the tasks of the subsequent stages of the study are the creation
of a model of the apparatus, calculation of operating parameters (flow rate,
pressure drop, membrane layer resistance) and experimental verification of
the obtained data. It is assumed that after confirmation of theoretical
calculations, a prototype of the device will be manufactured, which will be
tested on model juice solutions of different concentrations.

It is expected that the results of the experiments will allow to improve
the design of the device, determine the optimal operating modes and
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formulate practical recommendations for industrial implementation. In
addition, the data obtained can become the basis for creating an automated
control system for the membrane concentration process, which will increase
the stability and controllability of juice production.

Thus, this study lays the scientific and technical foundation for the
development of a new effective design of membrane equipment. At this stage,
an analytical review of modern approaches was conducted, the concept of the
future device was formed, the key parameters that affect its efficiency were
determined, and the expected results after the development were presented.
The next stage of the work will be the creation of a prototype and its testing
in conditions as close as possible to industrial ones.

Conclusion. The conducted research is of a theoretical and design
nature and is aimed at substantiating the concept of an improved design of
membrane equipment for concentrating and purifying juices. Analysis of
modern technologies showed that the main problems of existing systems are
uneven flow distribution, formation of concentration polarization and rapid
contamination of membranes. The proposed concept of the apparatus
involves the use of turbulators in the filtration channels, which should ensure
intensification of mass transfer, reduction of polarization and increase in
process efficiency. It is expected that the implementation of such a design
will allow to increase the mass transfer coefficient, reduce energy
consumption and extend the service life of membranes. Further research
involves the creation of a model of the apparatus, hydrodynamic modeling
and the manufacture of a prototype for experimental verification of the results
obtained.
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IHHOBALIMHI PIIIEHHS Y PO3POBIII [TAKYBAJIBHOI TAPH
JJISI MPOAYKIII XAPYOBOI TA IEPEPOBHOI
IMPOMUCJIOBOCTI

J.B. ImutpeBchkuii, O.€. 3aropyJsko, I.B. Jle6eannens,
B.M. Yepsouuii, /I.B. I'openkos

Y emammi posensnymo cyuwacui innosayitini piwenns y cgepi po3pobru
naxkysanibHoi mapu 0ns xap4oeoi ma nepepobnoi npomuciosocmi. Ilpoananizogano
mendenyii 3acmocygantsi OiopO3KIAOHUX, AKMUBHUX | «POZYMHUX» NAKYBALbHUX
Mmamepianis, ix nepesazu ma ocoonugocmi 6nposaodicents. Busnaueno nepcnexmuehi
HAanpsAmMu  YOOCKOHANEHHA KOHCMPYKYI mapu 3 YPAXyeaHHAM eKONO2IMHUX i
MexXHOI02IUHUX BUMO2 BUPOOHUYMEA.

Knwuosi cnosa: nakysanvna mapa, I[HHOBAYIUHI pilleHHsa, Xapyosa
nPOMUCTIO8ICb, NepepobHa NPOMUCTIOBICMb, eKONO2IUHA YNaKoeKka, biopo3K1aoHa
mapa, bap'epui enracmusocmi, CMitIKicmy, OU3aiiH YRaKogKu, 30epicarts npOOYKmie

INNOVATIVE SOLUTIONS IN THE DEVELOPMENT OF
PACKAGING FOR FOOD AND PROCESSING INDUSTRY
PRODUCTS

D. Dmytrevskyi, A. Zagorulko, I. Lebedinec, V. Chervonyi,
D. Horielkov

The article explores innovative approaches to the development of packaging
for food and processing industry products in the context of modern environmental,
technological and economic challenges. The current trends in the development of
packaging materials are analyzed, in particular the introduction of biopolymers,
active and intelligent packaging systems that are able not only to ensure product
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safety, but also to interact with it, responding to changes in the internal environment.
The advantages of using biodegradable materials based on polylactide, starch and
cellulose are considered, as well as problems associated with their mechanical
stability and production cost. Particular attention is paid to the concepts of “smart
packaging” and “active packaging”, which involve the use of sensory elements,
freshness indicators, RFID technologies and nanomaterials. The paper provides a
comparative characteristic of traditional and modern packaging materials, and also
presents a scheme for introducing innovative solutions into packaging production,
which takes into account the stages from material selection to environmental
efficiency assessment. The importance of combining the functionality of packaging
with the principles of sustainable development and circular economy is emphasized.

The results obtained allow us to formulate recommendations for further
improvement of packaging technologies for the food industry, aimed at reducing the
negative impact on the environment, improving product quality and efficiency of
logistics processes. The article has practical value for specialists, scientists and
manufacturers working on the implementation of environmentally friendly
innovations in the packaging industry.

IToctanoBka npo0iaemu y 3arajibHoMy BUrasiai. CygacHa xap4oBa
Ta TmepepoOHa TPOMUCIOBICTh IiepeOyBae Ha erami  aKTUBHOTO
BIIPOBA/DKEHHS 1HHOBALIIWHUX TEXHOIIOTIH, CHPSIMOBAHMX Ha IMiJIBUILECHHS
SIKOCTI, OE3MEYHOCTI Ta KOHKYPEHTOCIIPOMOXKHOCTI Hpoaykuii. OmHum i3
KJIFOUOBHUX ACIEKTIiB 3a0e3MeUeHHsI IUX [TOKAa3HUKIB € pO3po0Ka e(peKTHBHUX,
€KOJIOTIYHO OE3MeYHUX 1 eKOHOMIYHO JAOLIIBHUX NaKyBaJIbHUX MaTepiasiB i
KoHCTpyKuii Tapu [1]. Tpamuuiiini pimenHst y cdepi nmaKyBaHHs 4acTo He
BIJMIOBINAIOTh Cy4aCHUM BHMOI'aM CTajJOro PO3BUTKY, 30KpeMa uepes
BUKOPHCTAHHSI HEBITHOBIIOBAaHUX PECYPCIB, CKIIAJHICTh MepepodaeHHs abo
yTUITi3alil MaTepialiB, a TAKOXK HETOCTATHIN PIBEHb 3aXUCTY MPOIYKTIB BiJ
30BHIIIHIX BIUTUBIB [2].

3pocTaHHs 00CATIB BUPOOHHUIITBA XapUOBOI MPOAYKIii, 30UTBIIEHHS
TPHUBAJIOCT] JIOTICTHYHUX JIAHIIOTIB 1 MiJBHIIEHHS BUMOI CIIOXKHBAdiB [0
SIKOCTI TOBapiB (OPMYIOTh HEOOXIMHICTh TMOIIYKY HOBHX MIAXOMAIB [0
cTBOpeHHs1 makyBainbHOI Tapu [3]. OcobmmBoro 3Ha4ueHHS HaOyBalOTh
TEXHOJIOTI1, SIKi OEJHYIOTh () YHKI[IOHAIbHICTh, €KOJIOTIYHICTh 1 EKOHOMIYHY
edextuBHICTh [4]. BomHOYac akTyalsHIM 3aJMIIAETHCS TUTAHHS iHTErparii
«PO3YMHHX» 1 «aKTHBHHX» IaKyBaJIbHUX CHCTEM, 3JaTHHX pearyBaTH Ha
3MIHA CTaHy TNPOAYKTY, 3a0e3medyBaTH KOHTPOJIh YMOB 30epiraHHs Ta
inpopmyBaTu crioxkusaga [5].

TakuM umHOM, TpoOJeMa TONATae y HEOOXiTHOCTI pO3pOOIICHHS
IHHOBAIITHKX pillleHb y cepi maKyBaIbHOI TapH, SKi BpaXOBYIOTh CydacHi
TEHJICHIII] PO3BUTKY MaTepiao3HaBCTBA, EKOJIOTIYHI BUMOTH, TEXHOJIOTIUHI
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0COOJIMBOCTI Xap4yoBOi Ta MEepepoOHOI MPOMHUCIOBOCTI, & TaKOXK 3aIUTH
CIIOXKMBAYiB HA OE3MEYHY Ta 3pYYHY YIAaKOBKY.

AHayi3 ocTaHHiX [ociimkeHb i myOaikamiii. I[IpoOnemarnka
BJOCKOHAJICHHS NaKyBaJlbHOI Tapd ISl XapyoBOi Ta IepepoOHOL
MPOMHUCIIOBOCTI aKTHBHO JOCHTI/DKYETHCS B OCTAHHI IECATHIITTS Y 3B 513Ky 3
TIOCHJICHHSIM €KOJIOTTYHUX BUMOT, PO3BHTKOM O10TEXHOJOTiH Ta UPPOBUX
iHHOBaIli# [6]. Y mpaisix 3apyOi>kKHHX i BITYUM3HIHUX YICHHUX PO3TIISIAIOTHCS
MTUTaHHST BUKOPUCTaHHS 010pO3KJIaIHUX MaTepialliB Ha OCHOBI MOJIAKTHIY
(PLA), xpoxmamio, LeTIONO3M Ta IHOIMX MPUPOTHHUX TIOMIMEPIB SIK
QIBTEPHATHBY TPAIULIAHAM IUIacTHKaM Ha HadToBii ocHoBi [7]. Ll
JIOCTTi JUKEHHSI TTiITBEPIKYIOTh, 1110 BIPOBA/KEHHS TAKUX MaTepialliB CIIPHsE
3MEHIICHHIO HETaTUBHOTO BIUTHBY MAaKyBaJbHHX BIJXOMIB Ha JIOBKIJUIS,
IIPOTE CYIPOBOIKYETHCA HHU3KOKO TeXHOHOFi‘IHI/IX BI/IKJ'II/IKiB — 30KpeEmMa,
HHM3bKOI0 MEXaHIYHOIO CTIMKICTIO Ta YyTJIMBICTIO J0 BoJsorH [8].

CydacHi TeHJEHII1 PO3BUTKY MTaKyBaJbHOI Taly3i TaKOXK IOB’s3aHi 3
KoHIIemIisaMu «Smart packaging» ta «active packaging», siki nependadaroTs
BUKOPUCTAHHS IHTEJEKTYyaJIbHUX EJIEMEHTIB KOHTPOJIO SIKOCTi, CEHCOPIB
CBIXKOCTI, IHIMKATOPIB TeMIepaTypu abo ra3oBoro ckiaay cepeaoBuiia [9].
OcranHi JOCTIUKEHHS JOBOASTh €(PEeKTHUBHICTh TaKMX CHCTEM s
TIOZIOBXKEHHS TEpMIHY 30epiraHHs MPOYKIIii, 3SMEHILIEHHS XapUOBUX BTPAT Ta
3abe3neueHHs: po3opocTi JaHmtora nocrayanus [10]. Y oMy KOHTEKCTi
MepCrIeKTUBHUM HamnpsiMoM € inTerpauiss RFID-texnonoriid, QR-koniB Ta
HaHOMAaTepialliB y NaKyBaJbHI KOHCTPYKIIii, 1110 T03BOJISIE HOETHATH () YHKIIT
3axucTy, inenTudikarii ta inpopmyBaHHs cnoxuBada [11].

Bapro BiI3HAUNTH TaKOX JOCIIDKEHHS, CIPSIMOBAHI HA ONTHMI3aIli IO
KOHCTPYKILIIi Tapu 3 TOMJSIy ©pPrOHOMIKH,  eHeproe()eKTHBHOCTI
BUPOOHMIITBA Ta MiHIMIi3alii MacH yIMakoBKM Oe3 BTpaTu 11 3aXHCHHX
BnacruBocteii [12]. Po3BHBatOThCS MiX0MU 0 BTOPHHHOTO BUKOPHUCTAHHS
MAKyBaJIFHIX MaTepialliB, yIOCKOHANIOIOTHCA TEXHOJOTI COpPTYBaHHSA Ta
mepepoOIeHHAs IUIACTUKOBUX BiOXOIIB, MO Y3TOKYETHCS 3 MPUHIUIIAMHA
IUPKYJSIpHOT eKoHoMiku [13].

Omxke, OV HAYKOBUX JDKEpEN CBIAYHMTH PO 3pOCTAIOUY yBary Jo
CTBOPEHHSI 1HHOBAIIHUX, EKOJOTIYHO O€3MeYHHX Ta (YHKIIOHAIBHUX
makyBadbHMX cucreM [14]. BomHouac HemTOCTaTHBO IOCIIKEHUMH
3aJIUIIAIOTECA  IUTAHHA  IOEJHAHHA  CKOJIOIIYHOCTI,  E€KOHOMIYHOI
JOIUTBHOCTI Ta TEXHOJOTIYHOI aJalNTHBHOCTI HOBHX MaTepialmiB i
KOHCTPYKII# came a0 moTped xap4doBoi Ta mepepoOHOI MPOMHCIOBOCTI
VYkpainu [15]. Lle 3yMOBIIO€ aKTyadbHICTh MOJABIIAX HAYKOBHX PO3POOOK
Y 3a3HAYCHOMY HaIPsIMi.
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Merta craTtTi. MeToro cTaTTi € aHali3 CyJaCHHX 1HHOBAIIHHUX
MAXOMIB 0 PO3POOKH MaKyBaJbHOI Tapu JUIs MPOXYKLii Xap4yoBoi Ta
nepepoOHOi  IPOMUCIIOBOCTI, BU3HAYEHHS HANpsMIB  YAOCKOHAJCHHS
MaTepiayiB 1 KOHCTPYKLIH YNAKOBKH 3 YypaxyBaHHAM €KOJIOT1YHHX,
TEXHOJOTIYHUX Ta EKOHOMIYHUX BHMOI' CY4aCHOTO BUPOOHHUIITBA.

Marepiantn Ta Meromm. Y Tporieci JOCTIKCHHS 1HHOBAIliHHUX
pilieHb y po3poOIi MMaKyBalbHOI Tapu JUIs XapdyoBoi Ta mepepoOHOi
MIPOMUCIIOBOCTI OYJIO 3aCTOCOBAaHO KOMIUIEKC METOJIB, HIO JIO3BOJISIIOTH
BCeOIYHO OI[IHUTH BJACTHBOCTI CYYaCHHX MarepialiB, BHM3HAUUTH IX
(YHKI[IOHAJBHI XapaKTePUCTUKH Ta Y3araJlbHUTH TEHJCHII] PO3BUTKY
ramy3i. MarepiagaMd IS aHANI3y CIYTyBajdd OiomoJiMepu Pi3HOTrO
MOXO/KEHHsI, IOJTIMEPHI HAHOKOMIIO3WTH, AaKTHUBHI Ta IHTENIeKTyaJbHi
NaKyBaJbHI CHCTEMH, a TakoX TPaJUIiidHI MOJIMEpHI MaTepiaiu, MNIO0
IIUPOKO BUKOPHUCTOBYIOTHCS Yy XapyoBOMY BHUpPOOHHMUTBI. MeTomy,
BUKOPUCTaHI JUIs OIpaioBanHs iH(opmalii, 3a0e3nedmiin MOXIIUBICTh
CHCTEMHOTO OIJIS/Iy CYYaCHUX HAYKOBHUX IMTIAXO/IB i TEXHOJIOTIYHHUX PillIeHb
y cepi makyBanpHUX TexHOoriH [16].

OuiHioBaHHST  (DI3UKO-MEXaHIYHUX BJIACTHBOCTEH MaKyBaJbHHX
MaTepiajiiB 3IiHCHIOBAJIOCS Ha OCHOBI BHUBUEHHS METOAMYHUX MMIiAXOAIB 110
BU3HAYEHHS! MIIHOCTI, €JIACTUYHOCTI Ta OIOPY 3OBHIIIHIM YHHHUKAM.
3HayHy yBary NpuaiJICHO aHaNi3y 0ap’€pHUX XapaKTEPUCTHUK IOAO KHUCHIO
Ta BOJSHOI MapH, OCKIJIbKH caMe Ii MapaMeTpy BH3HAYAIOTh MPHIATHICTh
MaTepiajy 0 MaKyBaHHsS MPOAYKINI 3 PI3HOK YYTJIMBICTIO JJO OKUCHUX Ta
riiporepMiuHUX 3MiH. Takok y3araabHEHO METOAM  JIOCIiIKEHHS
010pO3KIAHOCTI MaTepialiB, sIKi BKJIIOYAIOTh BH3HAYCHHS IIBHKOCTI
JECTPYKIii y MPUPOAHUX a00 KOMIIOCTHUX YMOBAX, IIO JO3BOJISIE OL[IHUTH
€KOJIOTIYHU# MOTEHIiall TaKyBaJbHUX pileHb [17].

Y Mexax aHali3y aKTHBHHX MaKyBaJbHHUX CHCTEM pPO3IJIIHYTO
METOAM OWIHKH 3JaTHOCTI MaTepialliB B3aEMOMIATH 13 XapyoBUM
CEpelOBUIIEM IIUISIXOM TIOTJIMHAHHS KHCHIO, iHTiIOyBaHHS pO3BHUTKY
MiKpooprasi3miB abo HelTpamizalii HeOakaHUX MPOMYKTIB METa0OIi3My.
Taxi MeTomH Jal0Th 3MOT'Y BU3HAUYUTH €()eKTHBHICTh NAKyBaJIbHUX BCTaBOK,
copOeHTIB Ta aHTHUMIKpDOOHHX KOMIIOHEHTIB, IO BKIIOYAIOTHCS IO
CTPYKTYPH YIaKOBKM a00 JIONATKOBHX eJieMeHTiB. /[l BHBUCHHA
THTENEKTyaJIbHUX aKyBaJbHUX CUCTEM 3aCTOCOBAHO METOJMKH OLIiHIOBAHHS
CEHCOpPHUX 1 JIarHOCTHYHHX €JIEMEHTIB, 3JaTHUX pearyBaTH Ha 3MiHU CTaHy
mpoaykTy abo YMOB HaBKOJNHWIIHBOTO cepenoBuma. [IpoaHamizoBaHO
MPUHIMIHA POOOTH IHAWKATOPIB CBIKOCTI, TEMIIEpATypHUX CEHCOpIB Ta
MapKyBaJbHUX EJIEMEHTIB, sKi 3a0€3MeUyIOTh MOXKIIHMBICTH MOHITOPHHTY
SIKOCTI TIPOAYKIT Ha BCIX eTamax ii mepeMimeHHs. EKomoriui acnekTw
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OLIIHIOBAJIM Ha OCHOBI METOJIB aHaNi3y JKUTTEBOTO LHUKIY NaKyBaJbHHX
MarepiaiiB, IO JO3BOJSIFOTh BU3HAYKMTH BIUTHB YIIAKyBaHHS Ha JTOBKLLIA Ha
eTanax BUPOOHHIITBA, BUKOPUCTAHHS Ta yTHIII3alii. Y MeXax [bOro aHalizy
PO3TIISTHYTO MiIXO/AW 10 BCTAHOBJICHHS PiBHSI €HEPTOEMHOCTI MAaKyBaJbHUX
pilieHb, OOCSTIB BHKHIIB Ta MOXJIMBOCTEH YTHII3allli YW PELUKIIIHTY.
[NopiBHsANBHUIA aHATI3 MaTepialiB 3[IHCHIOBAaBCS INUITXOM BUBYEHHS IX
OCHOBHHMX XapaKTEPHCTHK, TaKHX SK MeXaHiYHa CTilKicTe, Oap’epHi
BJIACTHBOCTI, €KOJIOTiYHA O€3IeYHICTh, (PYHKIIOHAJBHICTh Ta EKOHOMiYHa
edexkTuBHiCTh. Lle 103BOIMIO BCTAHOBUTH KITIOYOBI IepeBard Ta HEJOMIKH
PI3HUX IPYI MaTepiaiB i BU3HAYUTHU MEPCIIEKTHBHI HANPSIMH iX TOJIAIBIIOTO
BHUKOPHCTAHHS Y Xap4OBiil IPOMHCIIOBOCTI.

TakuM YMHOM, cHCTEMa BHMKOPHCTaHHMX METOAIB 3abe3mnevna
MOKJIUBICTh KOMILIEKCHO OXapaKTepU3yBaTH CYYacHI TEHIEHLUI PO3BUTKY
NaKyBaJIbHUX TEXHOJIOTIHM, BW3HAUUTH IX TOTeHLian Ta chopMyBaTH
y3arajgbHEHI BUCHOBKH IOI0 ¢EKTHBHOCTI BIPOBAHKCHHS 1HHOBAIIHHHUX
pillieHb y BUPOOHHUIITBO MAaKyBAJILHOI TAPH JJISl XaPUOBUX MPOAYKTIB.

Buknan ocHoBHOro matepiany aociaimkenHs. [lakyBanpHa Tapa €
Ba)XJIUBOIO CKJIAJIOBOIO BUPOOHMYO-TEXHOJIOTYHOr0 MPOLIECY Y XapyoBiil Ta
nepepoOHid  MPOMHUCIIOBOCTI, OCKIJIbKM BOHa 3a0e3rneyye He JIHUIIe
30epeKeHHs SIKOCTI, Oe3neyHocTi W XapuoBOi IIHHOCTI Mponykuii, a i
BUKOHY€ (DYHKLII MapKyBaHHS, TPAaHCHOPTYBAaHHS, MApKETHUHIY Ta 3aXUCTY
BiJl 30BHIIIHIX 4WHHHKIB. CydyacHi TEHIEHIII PO3BUTKY IaKyBaJbHOI
IHAYCTpIi BigOOpa)KaroTh 3arajbHi MPIOPUTETH MPOMHUCIOBOIO PO3BUTKY —
ekolorizaito, udposizamiro Ta eHeproedekrTuBHicTh. Lle 3ymoBiIOE
HEOOXIMHICTh TepexoAy BiJ TPaJMIIHHUX MOJIMEPHHUX pIllIeHb 10
IHHOBAILII THUX TEXHOJIOTIH, SIKi BIANOBIAA0TH IPUHIIUIIAM CTaJIOr0 PO3BUTKY
Ta BUMOTraM 0€3IeKH XapuoBUX MpoAykTiB [18].

Po3BUTOK  TaKyBaJbHHX TEXHOJOTiIH HA  Cy4aCHOMY  eTarli
COpSMOBAaHMN HA CTBOPEHHS MaTepiamiB 1 KOHCTPYKIH, 3OaTHUX
BUKOHYBaTH KOMIUIEKC (YHKIIIH: 3axHCHY, 1H(pOpMaIliiiHy, EKOIOTIYHYy Ta
GbyHKIiOHaTbHO-1HTeNeKTya bHy [19]. OCHOBHEMU HanpsiMaMH iHHOBAIIIH €:
po3poOka  eKoJOoTiYHMX MaTepiamiB Ha  OIOOCHOBI, 3aCTOCYBaHHS
IHTENEKTYalbHUX CUCTEM KOHTPOIIO CTaHy MpOAYKTY (smart packaging), a
TaKOXX YIOCKOHAIIEHHS KOHCTPYKIIM Tapw 3 METOI MiHIMi3amii MacH,
€HEepProBUTPAT Ta BapTOCTi BUpOOHHUIITBA [20].

Cepen HaWOLNBIN TEPCIIEKTUBHAX MaTepialliB HHUHI pPO3TISAAIOTH
OiomomiMepH, sIKi 34aTHI TOBHICTIO a00 YacTKOBO 3aMiHUTH TpaIWIifHI
IUTACTUKHA Ha(TOBOTO MOXOKEHHS. [TomimaxTrg (PLA),
nomirigpokcuankanoatd (PHA), kxpoxMaiabpHI KOMIIO3UTH Ta OaraTomrapoi
HaHOMaTepialu 1eMOHCTPYIOTh BHCOKY €KOJIOTI4HICTh, 330BUIBHI Oap’€pHi
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BJIACTHBOCTI Ta CYMICHICTH i3 XapuOoBHMH TIpOAyKTaMH. BopaHowac ix
BUKOPHUCTAaHHS CYNPOBOKYETHCS MEBHUMHU TEXHOJOTiYHUMH BUKITHKAMH —
30KpeMa, YYyTJIMBICTIO /O BOJOTH, OOMEXKEHOI TEpMOCTIHKICTIO abo
BHCOKOIO co0iBapTicTiO [21]. 3BaXkaroun Ha IIe, aKTyaJbHUM € TIO€THAHHS
TaKUX MaTepialliB y 6araTomapoBUX CTPYKTYpax, A€ KOKEH IIap BUKOHYE
oKpeMy (pYHKIIiFO: 3aXHCHY, MIlHICHY, 6ap’e€pHY 4u ecTeTHuHy [22].

Hmwk4ye HaBeJeHO TIOPIBHIBHY  XapaKTEPHCTHKY  OCHOBHHX
IHHOBaliHHUX MarepiayiB, IO HUHI 3aCTOCOBYIOTBCSI Y BHPOOHMIITBI
MaKyBaJbHOI TapH ISl Xap4OBUX MPOAYKTiB [23].

VY Tabmuui 1 HaBeneHO XapaKTEpUCTUKY I'STH OCHOBHHX TpYII
MaKyBaJbHUX  MarepiaiiB, [0 pO3MSJAIOTECS K  MEPCHEKTHBHI
aNbTEPHATHBU TPAJUIIHHUM IUTacTHKaM. BoHa 103BONsE MOPIBHATH 1X 3a
OCHOBHUMHU BJIACTHBOCTSIMA — XIMIYHOIO MPHUPOJIOI0, EKOJIOTIYHICTIO,
nepeBaraMu, OOMexeHHAMH Ta cdepamu BukopucTanus [24]. [lawi
NIOKa3yI0Th, 110 HaHOLIbII 30aJaHCOBAaHUMHU 32 MOETHAHHIM EKOJIOTIYHUX 1
TEXHOJIOTIYHUX BJIACTHBOCTEH € MaTepiaiu Ha ocHOBI PLA 1 memosio3Hux
KOMITO3HUTIB 13 OIOMOKPHUTTSAM, sIKi 3aTHI 3a0C3MEUYMTH SIK MILHICTh, TaK 1
010pO3KIIAIHICTh TAPU.

Po3Burok  makyBanmbHOI  IHOYCTpii  TICHO  TIOB’s3aHUA 3
YIPOBAKEHHAM aKTUBHUX 1 PO3YMHHUX CHUCTEM IaKyBaHHS, SIKi JJO3BOJIAIOTh
IIBUIIXTH TEPMiH NPUAATHOCTI NPOJYKIIT, MIHIMI3YBaTH PU3MKH NICYBaHHSI
Ta MOKPALIUTH KOHTPOJb SIKOCTI Mij 4ac 30epiraHHs W TPaHCHOPTYBaHHS.
AXTHBHA YIMaKOBKa B3a€MOJI€ 13 CEpElOBHIIEM IPOAYKTY 3a PaxyHOK
CHeliaIbHUX ~KOMIIOHEHTIB: a0copOepiB KHCHIO, BOJIOTOPETYIIIOYHX
MaKeTiB, AaHTHUMIKpDOOHMX IUTIBOK a00 MOIU(]IKOBAHOIO  Ta30BOTO
cepenoBuina. Taki pimeHHs 0coOnMBO edekTHBHI i M’sica, puOH Ta
TOTOBHX CTpaB, Jie KIIFOYOBUMH YNHHUKAMH € CTaOUIBHICTh MIKpOGIIOpH Ta
BOJIOTOBMICT.

PosymMHa ymakoBka, Ha BiMiHy BiJ] aKTHBHOI, BHUKOHY€ (DYHKIIif0
MOHITOpHHTY. BOHa ocHamryeThcs ceHcopaMu abo IHAMKATOpaMH|, SKi
Bi10OpaxaroTh 3MiHU y CTaHI MPOAYKTY ab0 MOpyIIeHHs YMOB 30epiraHHs.
Jo HalmommMpeHIMX pilleHp HajeXaThb I1HIMKATOPH CBIXKOCTI, SKi
3MIHIOIOTh KOJIp MpH IIOSBI JIETKHX CHONYK, TEPMOIHIUKATOPH JUIs
KOHTPOJIO TEMIIEPATYpHUX pekuMiB, a Takok QR-komm ta RFID-4imm, mo
320e3MeuyroTh TPOCTEKYBAHICTE TPOAYKTY Ha BCIX eTamax JIaHIIoTa
rmocTavaHHs. [HTerparis TakuX TeXHOJOTIH y TaKyBallbHI CHCTEMH CTBOPIOE
mepeayMoBd i (hOPMYBAaHHS KOHIICIIII «iHTEIEKTYalbHOTO JIAHIFOTa
IIOCTAaBOK», KONHM CIIOXKUBA4Y, IUCTPHO’IOTOp 1 BHUPOOHWUK OTPUMYIOTH
aKTyaJIbHY 1H(OPMAIIIIO PO CTaH TOBAPY.

141



[IporpecuBHI TexHika Ta TEXHOJNOTii Xap4OBHX BHPOOHUIITB PECTOPAHHOTO
rocroaapersa i Toprisii, 2025. Bum. 2 (38). ISSN: 2312-3990X (Print) 2519-2922 (Online)

Tabmmrs 1
XapakTepuCTHKA I’ITH OCHOBHHX I'PYI NaKYBaJbHHX MaTepiajiB
.. . . Taiysi
. XimiyHa Exomnoriu- OcHOBHI . y
Tun marepiany . Henonixu 3acrocy-
OCHOBa HiCTB nepeBaru
BaHHSI
Biononime
pi3 IMakyBaHn-
KYyK - IIpo3opicts HS
YKYpYA Bucoxka, PO30PICTE, Husbka
PLA 35IHOTO . JKOPCTKICTb, .. | MOJIOYHHX,
. 6i0po3K- . TePMOCTIi
(moninakThm) KpOXMaJIo o 0e3rnevHicTh . KOHJTU-
JagHuN . KICTh
abo JUISL TPOIYKTIB TEPCHKUX
LyKpPOBOT BUPOOiB
TPOCTHHH
CyMicHicTb i3 .
. bionakeru,
PHA Biocunres Xap4OBUMH Bucoxka .
- Hdyxe . . TUTIBKH JIJISt
(monirigpokcuan- GakTe- HPOAYKTaMH, cobiBapric s
. BHCOKa M SIKHX
KaHOaTH) piaMH MOBHA Th .
. . NPOAYKTIB
Oionerpasartis
Kpoxmaib Husbka AV
. Hecriiikic Tapa nns
KomnosuTn Ha + BapTICTh,
. . Bucoka . Tb 110 CyXuX
OCHOBI KPOXMaJIO | mojiectep JIETKICTh .
BOJIOTH IPOYKTIB
" nepepoOIeHHs
Ionimepu .
P . M’sicHi,
+ Bucoki .
N . pubHI
. HaHOIJIMHA Gap’epHi Veknaane
Bararomaposi . BUPOOH,
abo Cepenns BJIACTUBOCTI, Ha
HAHOKOMITO3UTH A JUTSYE
HaHOo4Yac- aHTHOaKTe- yTHIII3amis
. . XapuyBaH-
THHKH pialbHICTh e
cpibna
ITameposo- Bioposknan-
POBO Lemonoza pe Dacrdyn,
KapTOHHI . . HICTB, OoOmexeHa .
. + Giomnoi- Bucoxka ; L cyxi
Marepianm 3 MO>KJIHBICTh MILHICTh
. Mep HPOTYKTH
OIOMOKPUTTAM JPYKY

BaxxnuBoro CKIIaJOBOIO 1HHOBAIITHOTO PO3BUTKY € EKOJIOTidHA
0e3MeYHiCTh MaKyBAIBHUX PillleHb. BiAMOBIAHO 10 MPUHIHUITIB TUPKYISPHOT
€KOHOMIKH, CyJacHa YIIaKOBKa Ma€ He JIUIIIe BUKOHYBAaTH (DYHKIIIO 3aXHUCTY,
aJie i OyTH YaCTHHOIO 3aMKHEHOT'0 JKHUTTEBOT'O IIMKITY IpoayKty. Lle o3Hauae
MOXITUBICTS i IepepoOIIeHH s, MOBTOPHOI'0 BUKOPUCTaHHS 200 610JI0r 4HOro
po3KiIamaHHA. Y IbOMY KOHTEKCTiI 3HaYHY yBary HpHAUISIOTH MaTepiaiam,
BHUTOTOBJICHUM 13 BTOPHHHOI CHPOBHHH, 30KpeMa MOJieTHICHTepeTaIaTy
(rPET), a Takoxx cucremam 30MpaHHs i COPTYBaHHA IMaKyBaJIbHUX BiIXOJIIB.
[IpoBeneHi AocmimKeHHsS IMMOKAa3yIOTh, II0 BUKOPHUCTAHHSA O10MOTIMEpHIX
MaTepianiB i BTOPHHHUX PECYPCIB J03BOJNSE CKOPOTHTH BYTIICIICBHNA CITif
BupoOHuIITBa 10 40% TOPIBHIHO 3 TPAAWMIiHHIMH IUTACTHKOBHMU
YIIaKOBKaMHU.
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BaxxnuBuM eTanoM po3poOJieHHs MaKyBalbHOI TAPH € KOMILICKCHHUI
aHaNi3 BUMOI JI0 MPOAYKTY, YMOB HOro 30epiraHHs, TPaHCIOPTYBAaHHS Ta
peadizamii. 3 €0 METOO JIOIIFHO 3aCTOCOBYBATH aTOPUTMIYHMH ITiIXi,
[I0 OXOIUTIOE BCi €Tamu — BiJl MOCIiDKEHHsS BIACTUBOCTEH MPOAYKIIi 10
BIPOBA/UKEHHSI TOTOBOIO pillleHHS y BHPOOHMITBO. Hukue HaBemeHO
JIOTIYHY CXeMy, SKa BiJoOpaka€ TIOCHIOBHICTh Jiif TPH CTBOPEHHI
IHHOBaMiHHOI MaKyBaJIbHOI TApH.

Cxema, MoOKa3aHa Ha PHCYHKY |, LTFOCTpYE TOCIIOBHICTH €TalliB
yIIpOBa/UKEHHsI 1HHOBaWiil y cdepi makyBaibHOi Tapu. Ha mowaTtkoBomy
eTarni 3/iHCHIOETBCS aHANi3 BUMOT PHHKY Ta XapaKTEePHCTUK MPOAYKTY, IO
J03BOJIsIE  C(hOPMYIIOBATH TEXHIUHI MapamMerpu MaiOyTHBOI yIaKOBKH.
Hactynuum KpokoM € BUOIp MaTepiaiy, sSIKHil Ma€e 3a0e3MeYnTH ONTHMANbHE
NOEJHAHHS MIIHOCTI, €KOJIOTiYHOCTI Ta (yHKuioHaNbHOCTI. [licns 1mporo
PO3POOISIETECS KOHCTPYKILiSI TApH, IHTETPYIOTHCS EIEMEHTH «PO3yMHOD»
YIIAKOBKH, TPOBOIATHCS BUMNPOOYBaHHS 3a (i3MKO-MEXaHIYHHUMHU Ta
MIKpOOIONOTIYHUMY ~ KPUTEPIsIMU. 3aBepLIaibHAM €TarnoM €  OIliHKa
€KOJIOTIYHOI'0 BIUTMBY Ta BAPTOCTI BUTOTOBJICHHS, MICISI YOTO 3/IHCHIOETHCS
MIPOMHUCIIOBE BIPOBA/KCHHS W TONAIBIIMA MOHITOPUHT e(EeKTHBHOCTI
piwens. Takuit miaxin 3abe3nedye KOMIUIEKCHICTh MPOLIECY PO3POOKH Ta
IiIBUIIYE HAIHHICTh KIHIIEBOTO MTPOIYKTY.

3 EeKOHOMIYHOrO  IOIVISAY,  BIPOBADKEHHS  IHHOBALIWHHX
MaKyBaJIbHUX TEXHOJOTIH € TOLIIBHUM, TONPH MIEBHE IMiJBUIICHHS BAPTOCTI
MaTepiaiiB. 3a pe3yabTaTaMU aHANTHYHUX JIOCIIIXKEHb, BUKOPHUCTAHHSI
OiomoniMepHoi Tapu ab0 aKTHBHMUX MAaKyBaJIbHHX CHCTEM JIO3BOIISIE
CKOPOTHUTH BTPATH XapyOBHX MPoAyKTiB HA 10...15%, 3MEHIINTH BUTpaTH Ha
TPAHCIIOPTYBAaHHS dYepe3 Jermi MaTtepiaqd Ta MiBUIUTH PHHKOBY
npuBabiMBicTh mpoxaykiii. Jlo Toro x, KoMmmaHii, sIKi 3aCTOCOBYIOTbH
€KOJIOTIYHI MaKyBaJlbHI pillieHHs, (pOPMYIOTh O3UTHBHUN KOPIIOPATUBHHIMA
IMIIDK 1 MalTh KOHKYpPEHTHY IIepeBary Ha €BpOICHCEKOMY pPHHKY, M€
MIUTAHHS CTAJIOrO PO3BHUTKY € BU3HAYAJIBHUM.
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AHANIZ BAMOT DHHEY

)

JocnigaedHa BnacTveoCcTel NPpogyETy

'

Bwubip maTtepiany (exonorivHicTE, MILHICTE,
dap'epHICcTE)

v

Po3podka KoHCTPYEUI TapK (dhopma,
TOBLMHA, DYHELIOHANEHT BNEMEHTH)

v

IHTErpaLis IHTeNeKTYaNLHWYE ENEMEHTIE
(CeHCOpM, IHOWKATORM)

v

. 1
IV ogenteaHHs Ta BUNPoDOEYEAHHA (MEXaHIdHI
MIKPOGIONOrivHl, KNIMaTUYHI TECTH)

\ r

v

QOUiHEa BKONOrYHOMD BNNWBY | BAPTOCTI

Puc. 1. Anroput™ iHHOBaLiiiHOro MiAXoAy 10 CTBOPEHHS NAKYBAJbHOI TApH

B Ykpaini ocTaHHIMH pPOKaMU CIIOCTEPIraeThCs i IBUIIICHHS 1HTEPECY
JIO EKOJIOTTYHUX Ta (DYHKI[IOHATTHHO THTENEKTYaIbHUX MaKyBaIbHUX PIllICHb,
30KpeMa y BHPOOHHMIITBI COKIiB, KOHAWTEPCHKMX BHPOOIB 1 MOJOYHOI
mpoaykiii. HaykoBi ycTaHOBM TPOBOASATH IOCIHIKEHHS, CIPSAMOBaHI Ha
Moau(dikalifo  HONIMEpIB  MPUPOJHOTO  TMOXOJPKEHHS,  CTBOPEHHS
010KOMITO3UTIB 1 OMIHKY iX Oap’epHmMX BrmactuBocTed. [Ipore mmpoke
BIIPOBADKEHHA TAaKAX TEXHOJNOTIH CTPUMYETBCS BIACYTHICTIO HYiTKOI
HOPMATHBHO-TIPaBOBOi 0a3W 100 MapKyBaHHS, TNepepoONieHHS U
ceprudikarmii 6iomarepiamis.

MaiiOyTHiii pO3BHUTOK NaKyBaIbHOI I1HIYCTpii BH3HAYATUMETHCS
IHTErpamiero HAHOTEXHOJOTiH, CEHCOPHHX CHCTEeM Ta OioimKEHEpHHX
miaxoniB. ITporao3yerscs, mo y HaWOMIKYI POKM dYacTka Oi10pO3KIaaHOL
Tapu y CTPYKTYpi makyBajbHMX MatepianiB y €Bpomi csrae 30...35%, a
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PO3yMHI CHCTEMH KOHTPOJIO CTaHYTh CTAaHOAPTOM [UISl MpeMiallbHOT
NpoAyKIii. YKpailHCBKUM TiNPUEMCTBAM BaXJIHBO aJaNTyBaTHCS JO LUX
rno0anpHUX ~ TeHACHNIM,  a[pke  [e  COPHUATHME  MiABUILICHHIO
KOHKYPEHTOCIIPOMOXXHOCTI, 3HM)KCHHIO EKOJIOTIYHOTO HABAHTAKCHHS Ta
(hOopMyBaHHIO CYJaCHOTO iMiDKy BUPOOHHKA.

TakuM unHOM, iHHOBaliiiHI pillleHHS y po3poOLli MaKyBaJlbHOI Tapu
CTAQHOBISITh KOMIUICKCHE TMOEMHAHHS MaTepiajo3HaBUMX, TEXHOJOT1YHHX,
eKOJIOTIYHMX Ta EKOHOMiUHMX ACHeKTiB. IX yMpoBakeHHs y XapuoBii i
MepepoOHil MPOMUCIOBOCTI 3a0e3Meuye HE JIMIIE MiBHIICHHS SKOCTI Ta
0e3reyHoCTi MPOAYKIii, aje ¥ rapMOHiiHE NOEJHAHHS BUPOOHUIITBA 3
MPUHIMIIAMH CTAJIOTO PO3BUTKY, IO € KIFOYOBOK) BHUMOTOK) CYYacHOI
€KOHOMIKH.

BucHoBKH. Y pe3ynbTaTi MPOBEICHOrO aHA3y BCTAHOBJIEHO, IO
IHHOBalliiHI pileHHss y cdepi NaKyBaJlbHOI Tapu JUIs XapyoBOi Ta
nepepoOHOi  MPOMHUCIOBOCTI €  KIOYOBHM YHWHHHAKOM  ITiIBHIICHHS
KOHKYPEHTOCIPOMOXHOCTI ~ IMiJINPUEMCTB,  3MEHILIEHHS  EKOJOTiYHOro
HaBaHTAXXEHHs Ta 3a0e3ledyeHHs SKOCTI mpoxykuii. Bukopucranus
OiomoyiMepHUX, AKTUBHHX 1 PO3YMHHUX MaKyBaJbHUX CHCTEM JI03BOJISIE
TIOETHATH 3aXUCHI, iH(pOpMalliiiHi Ta exonoriuHi GyHKiT Tapu. Po3pobients
Cy4acHMX  KOHCTPYKI[ii  YINaKOBKM 3  ypaxyBaHHSM  [PHUHIMIIB
€KOS(EeKTUBHOCTI Ta LUPKYJSPHOI EKOHOMIKH CIpHSE pPalliOHAILHOMY
BHUKOPHCTaHHIO PECYPCIB 1 3HKEHHIO KUIbKOCTI BifxoaiB. [lepcriekTiBHUM
HAampsSMOM  IIOAAJBLIMX JOCHIIDKEHb € BJOCKOHAJICHHS TEXHOJOTiH
BUPOOHUIITBA O10PO3KIIAHUX MATEPialiB, IHTErpailis HUPPOBUX TEXHOIOTI i
KOHTPOJIIO CTaHy MPOAYKIii Ta GOpMyBaHHs CTaHAAPTIB JJIsl BIIPOBAHKEHHS
IHHOBALlIHHUX MAaKyBaJIbHUX PIlIEHb Y Xap4OBIii raiys3i.
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YAOCKOHAJIEHHSI KOMIIOHOBKH CXEM ITPUBO/IB
BIBPAIIIMHUX CEITAPATOPIB

0.B. boromouaos, B.M. Muxaiinos, O.1. 3aBropoaniii, b.B. JIsmenko,
0.0. Boromouos, €.B. Boiiko

Posensanymi numanus yOOCKOHAIEHHA cXeM KOMNOHOBKU npueoodie po6o4ozo
Op2aHy HACIHHEOUUCHUX MAWUH, A Ccame CXeMu KOMNOHOBKU OBOXBANbHUX
oebananchux  6ibpo3Oyodcysauie  cnpsamosanoi  Oii  30yddicysanvhol  cunu 3
eNeKMPOOBUSYHOM POIMIWYEHUM 8 CUCHEMi KOIUBANbHOI HACMUHU Cenapamopa.
Tokaszano, wo 3anponoOHOBAHI cxeMu pe2yIr6aHHs Kyma CIpSMOBAHOCH KOIUBAHb
poboU020 OpeaHy cenapamopié Ha OaHuil Yac HeOOCKOHani i 6 Ointbuocmi
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cenapamopie KOHCMPYKMuUuHo CKIadHi. B pobomi 3anpononosano 06i cxemu
KOMNOHOBKU NPUBOOy pob0OY020 0peany HACIHHEOUUCHUX MAWUH 3 PO3MIUJEHHAM
eeKmpoO8USYHA HA Mmopyesitl abo 60K06it cmiHYyi 8iOP030Y0NHCYB8aAUa 6 3a1eHCHOCTIE
8i0 KOMNOHOBKU CcamM020 pob604020 opzany HacinHeoyuchnoi mawunu. Jlna 060x
eapianmie  KOMNOHOBKU 3ANPONOHOBAMI  3ANEINCHOCMI, 3ad  OONOMO20I0  AKUX
PO3paxo8ylomucsi cxema ma popma KOMHOHOBKU CANA30K NPUBOOd, WO 003601510Mb
cnpocmumu npoyeodypy pecyiio8aHHs KOma CHPAMOSAHOCMI KOAUBAHL poOOY020
0p2any HACIHHEOYUCHUX MAULUH.

Knrouogi cnosa. Hacinneouucni mawunu, cenapayis, npugoo, KOMNOHOBKA,
6i0p030yddcysau

IMPROVEMENT OF THE LAYOUT OF THE DRIVE SCHEMES
OF VIBRATION SEPARATORS

0O.V. Bogomolov, V.M. Mikhailov, O.l. Zavgorodniy,
B.V. Lyashenko, O.0O. Bogomolov, E.V. Boyko

The issues of improving the layout of the drives of the working body of seed
cleaning machines are considered, namely the layout of the two-shaft unbalanced
vibration exciters of the directed action of the exciting force with an electric motor
placed in the system of the oscillating part of the separator. It is shown that the
proposed schemes for regulating the angle of oscillation of the working body of the
separators are currently imperfect and in most separators are structurally complex.

The paper proposes two layout schemes for the drive of the working body
of seed cleaning machines with the placement of the electric motor on the end or side
wall of the vibratory exciter depending on the layout of the working body
of the seed cleaning machine itself. For both layout options, dependencies
are proposed, with the help of which the scheme and shape of the layout of the
drive sled are calculated, which allows simplifying the procedure for
adjusting the directionality of the oscillations of the working body of seed cleaning
machines.

Keywords. Seed cleaning machines, separation, drive, layout, vibratory
exciter.

IMocTaHoBKa NMpo0iaeMH B 3arajbHOMY BHIJsAAL. Bigomo, mo mis
SIKICHOTO 30€peXeHHs 3epHa IMicis 30MpaHHs MEePIIOYeprOBO0 33/1a4ei0 €
HOro OYHWINEHHS Bif JOMIIIOK OPTaHiYHOTO Ta MiHEPAaIHHOTO ITOXOKCHHS
[1 — 3, 8]. B ocranni pokn B YKpaiHi Bce GiNbllle MPHIIIAETHCS YBAaru
PO3p00IIi HACIHHEOYHCHUX MAIIIHH 3 BiOpaIiiitHuMI poOOYNME OpraHaMH, sIKi
MaroTh IICBHI IepeBard Mepex 3BHYANHUMHU KONUBAJIBHHMH POOOYMMHU
OpraHaM¥ 3a paxyHOK ORI iIHTEHCHBHOI Hii Ha 00poOIrOBaHHUN MaTepial
[5, 6]. OnHak, KOMITOHOBKAa MPUBOAY B CHCTEMI POOOYOro OpraHy TaKHX
MAIIIMH MA€ TIEeBHI HETOMIKH, SKi MONATAIOTH Y CKJIAIHOCTI PEryIIOBaHHS KyTa
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CIPSIMOBAHOCTI KONUBaHb poOodyoro oprany [4, 9]. ToOto nwurTaHHs
KOMITOHOBKH TIPUBOJY, SIKIIO B HAaCiHHEOUHCHIN MaIllMHI 3aCTOCOBYETHCS
JIBOXBaJBbHUH BiOp030ymKyBad cHpsIMOBAHOI Jii He BHpIllIeHi, IpOLeEC
pETyNIOBaHHS KyTa CIPSIMOBAaHOCTI € CKJIaJHMM, II0 1 € iX OCHOBHHM
HEJIOTIKOM.

AHaJi3 ocTaHHIX Jocaigxens i myOaikauniii. Bumesukianene
CBIIYMTH TPO TE€, WIO TPOIEC PETYITIOBaHHS K Ta CIPSIMOBAHOCTI
HACIHHEOYHCHHUX MalInH 3 BiOpO30y/PKyBaueM CHpSIMOBAHOT Mii € CKJIQJHUM.
[Ipobnemu peryiroBaHHS KyTa CIPSMOBAaHOCTI KOJHMBAaHb MifiMaucs B
OaraThox poborax [2 , 4, 7, 9], B AKUX TOKA3aHO, IO JIsl OYHUILCHHS 3EPHA
BHUKOPHCTOBYIOTh 0araTo BHAIB HACIHHEOUMCHMX MamuH. HaiOinbim
PO3IIOBCIO/KEHUMH € MalllMHH, B SIKUX POOOYMM OPraHOM € KOJMBAJIbHHN
Ky30B 3 peuieramu, abo 050k BiOpamiifHUX HereppOopoBaHUX MOBEPXOHb
[3,4,7].

OpnHak 3acTocyBaHHS IBOX BiOp030y/IKyBadiB JUIsl IIPUBOJ] pOOOYOTO
OopraHy HaCiHHEOUMCHHX MAIlH B 0araThOX BHIAJIKaX € HepalliOHAJILHHM,
Opyd 4YOMY ILie, SIK TPaBUIIO, EJEKTPOJIBUTYHH — BiOp030mKyBaui, IO
NPUBOAMUTL 1O 3aliBUX BHUTPaT EJIEKTPOSHEprii, CKIAJHOILIB B
00CITyroByBaHHI Ta PEMOHTI.

Meta crarTi — YZOCKOHAJEHHA KOMIIOHOBKM CXEM IpHIAAiB
BiOpalliifiHiX cenaparopis

Marepianu Ta Meroaum. B wmarepiamax crarTi 3acrocoBaHi
TEOPETHYHI Ta PO3PaxXyHKOBI METOM Ha 0a3i MONOKEHb BHIIO] MATEMATHKH
Ta TEOPETHYHOI MEXaHIKH 3 IMPOBEICHHSIM rpad)0aHaIITUYHOTO aHAIIZY.

Bukiaag ocHoBHOro Marepiaay gocaimxkenns. B pobori
MPOIIOHYEThCSL  JIBI  CXEeMH  KOMIIOHOBKM  NPHUBOJIB  BiOpaIiifHuUxX
HACIHHEOYHCHHX MAallIUH.

[epia cxema KOMIIOHOBKU TIPUBO/IB MpejicTaBlieHa Ha puc. 1. Taky
CXeMy MO)XXHa BHKODHUCTOBYBATH B  HACIHHEOYHCHHX  MallHWHAX,
B SAKHX BeIyddii Bain BiOpo3OymKyBada BCTAaHOBIEHHA B IIEHTpI
TSOKIHHA BiOpocTona.
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Puc. 1. Cxema KOMIIOHOBKH NIPUBOAA NMPH PO3MillleHHi Be1ly40ro Bajay
BiOpo30y1:KyBaua B HEeHTPi TAKIHHA YACTHHHU, 110 KOJHBAETHCA:
1 - BiOpo30ymKyBay; 2 — KOpHyc migmmMmHanKa; 3 — BidpocTis;
4 — eJIEKTPOABUTYH

I[Ipy KOMIIOHOBI TPUBOAA MANIMHH TPAKTUYHO 3pY4HillIe
KOpPHCTYBATHCS BIZICTAHHIO MIXK IIEHTPOM TSDKIHHS €JIeKTPOJIBUTYHA 1 BAJIOM
BiOpas3OymwkyBaua h, aHiX BiJICTAHHIO MK HEHTPOM TSDKIHHS IBHTYHA i
HEBH/IMMOIO TOYKOI — TOYKOK TOPKAHHS TUTHJIBHUX Kin miectepens di. 3
piBusiaHs (1) 1 puc. 1. crigye:

P,
h=d,+r,=1—

PB

P
+1,=1,G—

PB

+1). 1)

st mpocrotu y opmynu (1) 3amicTe BEKTOPHOrO MOHATTS «CHIIA
TsOKIHESY P MOXHaA 3acTocyBaTH CKamsipHEe MOHATTA «Maca» M. B mpomy
BUITAAKY piBHAHHA (1) 3ammmreTsbes Tax:

M
h=r,(—-+1), )
M
2
ne M; —maca 9acTHHH, 0 KOIUBAETHCSA (0€3 eIeKTPOIBUTYHA);
M, — maca enekTpoaBUTYHA.
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3 METOI0 PO3MIMPEHHS MOKIUBOCTEH KOMIIOHOBKH TIPHBO/IA 34 I[i€I0
CXEMOIO 1 JUTs MiJBUIICHHS KOMIIAKTHOCTI Cemnaparopa BiCh BEAYYOro Bajy
BiOp030ymKyBaua Moxke OyTH 3MillleHa BiIHOCHO OCi IIapHIpHOI Mi/IBICKU B
Oy/b-IKOMY HaIpsIMi Ha BiZICTaHb, III0 BU3HAYAETHCS 3 3AJICKHOCTI:

chm—:(ro+AM)+r(, ©))

ne Lc — BiAcTaHb BiJ OCI IIAPHIPHOI MiMBICKM IO OCi BEAYYOro Baiy
BiOpO30yIHUKA;
Awm — 3a71aHa MDKIICHTPOBA BiZICTAaHb PEMEHHOI TIepeIayi.

PerymioBaHHS KyTa HampaBlCHOCTI 3a PO3MIISHYTOK CXEMOIO
3MIACHIOETHCS HACTYIIHUM YHHOM. BidmyckarooTe OONTOBI 3'€THAHHS
MeXaHi3Ma PEeryJIOBaHHs KyTa HalpaBlIEHOCTI KOJHMBaHb, BIOp0O30OyIKyBau
IOBEPTAaIOTh Ha HEOOXiJHY BEIMYMHY 1 3HOBY 3aKpiIUIIOIOTE y HOBOMY
TIOJIOKEHH1 OOJITOBUMHU 3'€ THAHHIMH.

[pencraBieHa Ha puc. 2. cxeMa BUKOPUCTOBYETHCS 1715l KOMITIOHOBKH
IPUBOJIAa B TOMY BUNAJIKY, AKIIO BeAY4Hi Basl BIOpO30ymKyBaua HEMOXKIUBO
BCTaHOBUTH B IIGHTPI YaCTHHH, 110 KOJIUBAETHCS.

Puc. 2. Cxema KOMIIOHOBKH NPUBO/IA NPU PO30i2KHOCTI Beay4oro Bay
Bi0Op030yIHHKA 3 HEHTPOM TSIKiHHSI YACTHHU 10 KOJIMBAETHCS S
1 — BiOpo30ymKYyBay; 2 — KOpIYyC NiAMNHUKA; 3 — BiOpocTi;
4 — eJIEKTPOABUTYH, 5 — cana3ku
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3a mier0 cxemMol Beoyumil Bam BiOpo3OymkyBawa | Tak camo
3aKpIIUTIOETHCS B IOJATKOBUX MI/IIIMITHAKAX 2, BCTAHOBJIEHUX Ha BiOPOCTLII.
EnextponBuryH 4 3akpilUTFOETHCSI Ha KOPIYCi BiOpo30ymKyBadya Tak, 100
JiHiA il cwi, mo 30YKYIOTh BiOpO30YMKYyBad MPOXOAMIA Yepe3 ICHTP
TSDKIHHSL  eNeKTpojBuryHa. Jlims 3a0e3redeHHs] iIEHTUYHOCTI KOJIMBaHb
po0OYOTr0o OpraHy caixa3ku 5 KpIIUICHHS HIXKHBOI TOYKH BiOp030ymKyBada
BUKOHYIOTbH O KPHBIiH, SKy BU3HAYAIOTH 32 3AJICXKHICTIO:

X+r(L+r
- "(2 ‘)2— (L+r)* =", (4)
(L+r)"—x
Jie X, Y — KOOpJIMHATH KPUBOI;
hy — BiacTanb Bij OCi Y 70 LEHTPa TSHKIHHSA YACTHHH, [0 KOJIUBAETHCS,
L — BixcTaHb MK HWKHBOK TOYKOH KpIIUIEHHS BiOpO30ymkyBaua i
HarpsMOM Jii 30y/PKYI04Ol CHIIH.

[lpyn Takiii KOMIIOHOBLI TpPHUBOAA JIiHIS Aii 30yMKYOYHX CHII
BiOpo30ymKyBada, B Oyab-sAKOMY HOTO MONOXKEHHI IPOXOAUTDH Yepe3 LEeHTP
TsokiHHS Cyp 9acTMHM MalllMHH, 10 KOJIMBA€THhCS, UMM 3a0e3MeqyeThCs
IZIGHTUYHICTh KOJNMBaHb pPOOOYOro OpraHy IpU pPEryJIlOBaHHI KyTa
HAIPaBIICHOCTI.

PerymioloTb KyT HamnpaBlIeHOCTI KOJMBaHb HACTYIIHUM YHHOM.
Biamyckatotb  OonToBi  3'elHaHHS  KpIIUIGHHSIM ~ BiOpo3OymkyBaua i
IBUHTOBMM MEXaHi3MOM HEpeMilllyloTh BIOpO30y/[KyBad y370BXK pamu 3,
NIPY 1IbOMY HIDKHSI TOYKa KPIIUICHHS BiOp030y/KyBada MEpeMillyeThCs 10
OIOpHIN KPHUBOJMNIHINHIA TOBEpXHI 5, B pe3y/ibTaTi 4oro BiOpo3OKyBau
TIOBEPTAETHCS HABKOJIO BEAYYOrO Bajy, 1 KyT HANPABICHOCTI 3MIHIOETHCS.
[Micns 3MiHM KyTa HAampaBiCHOCTI KOJNMBaHb 3aKpIIUIIOIOTh OONTOBI
3'eJJHaHHS, MO QIKCYIOTh BIOPO30YIKyBay y BCTAHOBJICHOMY ITOJIOXKEHHI.

BucHoBku. TakuM YMHOM YIOCKOHAJEHHS TPHBOAY BiOpariiHUX
HACIHHEOYMCHHUX MAIIKH 3 BUKOPUCTAHHSIM BiOPO30YIHKYBaUiB CIPSMOBAHOT
Iii momnsrae B 3aIpPOIOHYBAaHHI CXeM Ta PO3PaxyHKY 3alle)KHOCTEeH (popMu
KOMIIOHOBKH CaJIa30K IPHBOY, L0 T03BOJISIOTH CIIPOCTUTH MPOLEAYPY KyTa
CIPSMOBAHOCTI KOJIMBAaHb pOOOYOT0O OpraHy HACIHHEOYHCHUX MAIIKH.
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JIO MIUTAHHA CENNAPAIII 3EPHOBUX CYMIIIEMR
BE3 BUTPAT EHEPI'Ti HA ITIPOIIEC CEIAPAIIIT

0.B. BoromoJioB, B.M. Muxaiiios, O.0. boromosios, €.B. Boiiko,
B.O. I1anos, 1.0. bouapnikos

Posensinymi numanmsi ouuyenHs 3epHo8uUx cymiuiell 610 HacinHs Oyp THUCMUX
POCIUH MA OOMIWOK, AKI NpU 30UPANHT 6POACAI0 NOMPANIAIOMY Y KYNY 3 HACIHHAM
ocnognoi kynemypu. Ilpoananizosano eubip 03nax nooitbHOCmi 3epHOBOL CyMmilui,
cnocobie ma mexHiYHUX 3aco0ié 3 Ypaxy8amHsAM GXIOHUX napamempie, sKi
BIOHOCAMbCSL 00 CUPOBUHU, WO OOPOOIAECMbCA, 4 MAKOHC KOHCMPYKMUBHUX Md
pedcumMHux napamempie pobomu sepnooyucrhux mawus. Ilokaszano, wo Hatibineul
ehekmusHUMY  cenapamopamu € 2pasimayitini cenapamopu, 6 AKUX Ha npoyec
cenapayii enepeisi He SUMPAYACMbCA. 3ANPONOHOBAHO CHOCIO  2pasimayiuHoi
cenapayii 3epHoUX cymiuieli 3a cuno mepms nio Oi€lo Curu MAXCIHHA npu pyci
YACMUHOK NO YUNIHOPUYHILL KDUBOIIHIUHIT noepXHi. Posensnymo pyx mamepiansHoi
YACMUHKU NO YUIIHOPUYHIL NO6epXHi epasimayitinoeo cenapamopa. Ilpusedena
PO3PAXYHKOBA CXEMA PYXY YACMUHKYU, MA OIS PISHOMAHIMHUX 3HAYeHb Koediyienma
mepnisi OMpUMani 3aex’CHOCMi Kymogoi KOOpOuHamu mo4ku 6i0pusy YacmuHKy 6i0
NnOGepXHI cenapamopa ma 3 YPAXy8aAHHAM UYbO2O NOPAOKY  8iON0BIOHO20
PO3MAULYBAHHS NPULLMAyié npodykmig posnodiry. I[lobydosani epaghixu 3anexcrnocmi
Kymie o ma [ 6i0 Koegiyicuma mepms HACMUHOK CYMIWI NO YULIHOPUYHIL
Gpuxyiiuniii  nosepxni. 3anpononosana NpUHYUNOSA cXemd — 2pagimayiliHo2o
cenapamopa 3 YuniHOPUYHOI QPUKYILIHOI NOBEPXHEID, WO CENnapye.

Knwuosi cnosa: cenapayis, sepHo, cymiw, epagimayiiiHuii cenapamop,
OoMiWKU.
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ON THE ISSUE OF SEPARATION OF GRAIN MIXTURES
WITHOUT ENERGY EXPENDITURES FOR THE SEPARATION
PROCESS

0O.V. Bogomolov, V.M. Mykhaylov, O.O. Bogomolov, E.V. Boyko,
V.0O. Panov, 1.0. Bocharnikov

The issues of cleaning grain mixtures from weed seeds and impurities that fall
into a heap with the seeds of the main crop during harvesting are considered. The
selection of features of grain mixture divisibility, methods and technical means is
analyzed, taking into account the input parameters related to the raw materials being
processed, as well as the design and operating parameters of grain cleaning
machines. It is shown that the most effective separators are gravity separators, in
which energy is not spent on the separation process. A method of gravitational
separation of grain mixtures by friction under the action of gravity during the
movement of particles along a cylindrical curvilinear surface is proposed. The
movement of a material particle along the cylindrical surface of a gravity separator
is considered. A calculation scheme of particle motion is given, and for various values
of the friction coefficient, the dependences of the angular coordinate of the point of
separation of the particle from the separator surface and, taking into account this
order, the corresponding location of the distribution product receivers are obtained.
Graphs of the dependence of the angles o and f on the friction coefficient of the
mixture particles along the cylindrical friction surface are constructed. A schematic
diagram of a gravity separator with a separating cylindrical friction surface is
proposed.

Keywords: separation, grain, mixture, gravity separator, impurities.

ITocTanoBKka npodJeMu B 3araibHOMY BULIsALi. B ocranHi poku B
VYkpaiHi B 3B’513Ky 31 3HW)KEHHSIM KYJIBTYPH 3eMIIepOOCTBA BUHHUKIIA KUTbKA
npo0JieM, MOB’SI3aHUX 3 TUM, IIO MOCIBH CIJIbCHKOTOCIIONAPCHKUX KYIBTYP
3aCMIYYIOTHCS BEIMKOIO KUTBKICTIO Oyp’sHIB, HACIHHA SIKMX NpH 30HMpaHHI
MOTPAIUISIE€ Y KYITy 3 HACIHHAM OCHOBHOI KylbTypH. Jiis cemapanii 3epHOBHX
CcyMiIlel 3aCTOCOBYIOTRCSI OaraTo BUAiB cenmapaTtopis [1, 2, 10].

[Ipu poMy BUOIp TEXHIYHUX 3aCO0IB OUMIIEHHS 3€pPHOBOI CyMIIi €
3aBKIM CKIAIHOIO 3a1adero. Lle MOsCHIOETBCS THM, IO Ul HUHIIIHBOT'O
BHpIIICHHS ITi€1 3a1a9i HAATO 0araTo BXiJHUX ITapaMeTpiB, SKi BITHOCATD 10
CHPOBHHHA IO OOpOONSETHCSA: BHI 3€pHA, HAABHICTH OPTaHIYHMX Ta
MiHEpaTbHHUX JOMIIIOK, X (pi3MKO-MeXaHI4HI BIaCTHBOCTI, BOJIIOTICTh TOIIIO,
a TaKO)X KOHCTPYKTHBHHX Ta PKHMHHUX IIapaMeTpiB poOOTH 3epHOOYMCHUX
MaIlHH.

Buximaumu ok mapamerpamMu  Oynu, K INIPaBWIO JBa, Lie
MIPOAYKTUBHICTE Ta SAKICTh Cemapamii He3BaKarouW 1HOAI Ha BHCOKI
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€HeproBUTpATH. AJie B OCTaHHIH Yac, B 3B’ 3Ky 31 CTPIMKHM HOJIOPO)KYaHHIM
eJIEKTPOEHEPTil, a B JISIKUX BUIAJKax ii BIZICYyTHOCTI BCE TOCTpIIIE OCTAE
MTUTaHHS PO3POOKH CermapaTopiB, y SIKMX Ha MPOLIEC ceraparii eHeprist 30BCiM
HE BUTPAYAETHCS, TAK 3BaHUX IPaBITALliHUX cenapaTopiB

AHaJti3 ocTaHHIX AocHiTKeHb | myOaikauii. [TpuHIMTN po3 TineHHs
3epHOBHX CYyMIIIEH y BCiX cemnapaTopiB 3aCHOBaHI Ha BIIMIHHOCTI (i3HUKO-
MeXaHIYHHUX BIIACTUBOCTEH 3€pHa OCHOBHOI KYJIbTYpH, Oyp’sIHIB Ta IOMIIIIOK.
[1-4, 11, 12]. OcHoBHi (hi3nKO-MeXaHi4Hi BIACTHBOCTI 3e€pHA Ta JOMIIIIOK,
3a SIKUMU 3]IICHIOIOTH PO3LUICHHSI IIe: JIOBXKHHA, IMPUHA, TOBIIMHA, popMma,
MIPYXKHICTh,  IIOPCTKICTh, KOGQII€EHTH TepTs, MLIUIBHICTh, KOJIp,
aepoanHaMiyHi BiactuBocTi. [lin yac BHOOpY O3HAaKM MOAIIBHOCTI Ta
croco0y cemapamnii CyMmimi, B Tepily 4Yepry BpaxOBYIOTh Ti O3HAaKH
HO/IIIBHOCTI, 32 IKUMH 3a0€3Me4y€eThCsl HAOTBIII TOBHE PO3ALICHHS CyMilln
Ha (pakiii 3 3aJaHUMM I[OKa3HMKaMM $KOCTi, IO-JIpyre BPaxOBYIOTh
C€HePrOBUTpPaTH Ha TPOIEC Ccermapaiii Ta JOMOMDKHI  IPOLECH
(TpaHCTIOPTYBaHHS, aKTHMBHE BEHTHIIIOBAHHS, CYIIiHHs Tomio). IlepeBaxHa
OLIBIIICTh 3€PHOOYMCHUX MAIIMH 31HCHIOIOTH CEnapaiito 3a BiAMIHHICTIO
PO3MIpIB YAacTMHOK CyMimli Ta iX aepoJuHaMiuyHHMX BJacTUBOCTeH. B
[THEBMOCOPTYBAJILHUX CTOJAaX, SIKI 3aCTOCOBYIOTBCS 3HAYHO PiAlIe Ui
CreLiabHOT OYMCTKH, Cerapailis 3/1iHCHIOEThCS 3a MIUIBbHICTIO. B ocranHi
POKH 3’ IBUJIMCH CEIIapaTopH JUIs cenapanii 36pHOBHX CyMilliel 32 KOJIbOPOM.
[ina X HaWOiNbIIA Cepe; YCiX, CHEProBUTpaTH ONHI 3 HaHOLIbIINX,
obcnyroByBaHHs ckiaaHe. J{is cenapariii 3epHOBHX CyMillel 3a MPYKHICTIO,
¢dopmoro, Kkoe(illieHTAaMH TepTs, WIOPCTKICTIO Ta eNeKTPO(i3HIHUMHE
BJIACTUBOCTSMH IIPOMUCIIOBICTIO OOJaHAHHS MPAKTUYHO HE BUITYCKAETHCA
32 BUKIIOYCHHSM ENIEKTPOMArHITHUX CENapaTtopiB Uil pO3JIUICHHS 3a
LIOPCTKICTIO, MPH [[LOMY TPH POOOTI 3 MATHITHUM MOPOIIKOM BHHHUKAIOTh
neBHi mpoGiemu. Jlnst cemapanii 3a eneKTpoQi3UYHUMHU BIIACTUBOCTIMHU
Hapasi He Po3pOOJICHO HABITH PEKOMEHAAIIN, 10 TOTrO X IiJ CYMHIBOM €
3axomu Oesmekd mpH poOoTi Ha OONagHAaHHI, B SIKOMY 3aCTOCOBYETBHCS
eNIEKTPOCTATHYHE T0JIE, T0JIe KOPOHHOTO PO3PSLY UM iHIIE.

A oT mns cemapallii 3epHOBHX CyMiIlIeil 3a MPYXHICTIO, GOpPMOIO Ta
koedillieHTaMH TepTs, a camMe 3a [UMH (PI3UKO - MEXaHIYHUMH
XapaKTePUCTUKAMH , SIK MPABHJIO BIAETHCS BHIUIMTH 3 BAKKOPO3IUIEHHX
cyMimield HaCiHHS Ba)KKOBiIOKPEMITFOBAaHMX Oyp’sSHIB MEBHI pEeKOMEHIAITi]
po3poOiieHi, CTBOpeHI 1 Jdeski BuAW OONamHAHHSA, HATIPHUKIAT,
BiOpodpiKmiiiHi cemapaTopy, yaapHi cemapaTopd, QpUKIiHI cenapaTopH.
[4-7, 11, 13]. Tlpm mpOMYy aBa OCTaHHI BHIOW Ha3BaHHX CEMapaTopiB
po3po0bIIeHi, sIK TpaBiTaliiHi, MPOCTI 32 KOHCTPYKII€I0, IO MPAIIOI0Th 0e3
BTpaT eHeprii Ha mporec cenaparii. OqHaK ynapHi cemapaTopu po3poOiieHi
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TITBKM B OCTaHHI POKHM, Ha HHX OTPHMAaHO BCHOTO JIEKiJbKa IATEHTIB,
HayKOBO-IOCITIZIHI pOOOTH B iX YIOCKOHAJIEHHI NPOAOBXKYIOTHCA. A IIOAO
(PUKLIHUX cermapaTopiB, TO X PO3POOJICHO YChOTO JBa BHIM, L€ MOXMII
CKaTHI MOBEpPXHi Ta TBUHTOBI cenapaTopy «3Milika». ToMy po3poOka HOBUX
BUAIB (PUKIIHHUX CEemnapaTopiB € Oe3NepeyHo aKTyalbHOK BaXKIIUBOIO
3aja4ero.

Metoro cratTri € OOIpyHTYyBaHHS Ta pO3poOKa (PUKIIHHOTO
rpaBiTaIliIHOTO cemapaTopa 3ePHOBHUX CYMIIICH.

Marepianu Ta wMeroam. B wmarepiamax crarTi 3acrocoBaHi
TEOPETHUYHI Ta PO3PaXyHKOBI METO/IM Ha 0a3i MOJOKEHB BHIIIOI MATEMATHKH
Ta TEOPETHIHOT MEXaHIKH 3 MPOBEICHHAM rpad0aHaTiTUIHOTO aHATI3Y.

Bukiax ocHoBHOro martepiaiy mociaimxennsi. Cepen OUTBIIOCTI
cernapaTopiB HACIHHS B Til M iHIIIN Mipi Ist cenapailii BAKOPUCTOBYEThCS
CHJIa TSDKIHHSL, SIK OJIMH 3 NTAapaMeTpiB, IO BU3HAYAE TOM YM IHIIUH BUJ PyXY
yacTuHKY (a0o rpymu yactiHOK). OHAK, MPAaKTHYHO Y BCIX BHMAJAKaXxX ek
napaMeTp MPUCYTHIH Yy MOEJHAHHI 3 IHIMIMMH (32 BUKJIIOUEHHSIM YyIapHUX
cenapartopiB). Hampuknan, B BiOpamiiHUX BHKOPHUCTOBYIOTBCS —Taki
napameTpy, K 4acToTa KOJIMBaHb, CWJIa TEPTS, KyT HaXWIy IEKd Ta iHIII.
Yacto 1e NpU3BOAUTH [0 CKJIAJHOLIIB B aHAN3l pe3y/lbTaTiB poOOTH
cernapatopa. B miif poOoTi MNpONOHYETbCS MNPOCTHH CemnapaTop Jyis
PO3[JIEHHST HACIHHS 32 CHJIOK TEpTs MiJ AI€I0 CHIM TSOKIHHS TPH pyci
YaCTHHKU 110 KPHBOJNIHIWHIM moBepxHi. HaiiOinemr mnpoctumu  3a
KOH(QITypalli€lo € MapoBa Ta IMJIIHIPUYHA TOBEPXHI, K HAHOIBII OCBOEHI
B IPOMHCIIOBOCTI. KiHEMaTHKH PyXy [0 TAKUM MOBEPXHSIM aHAJIOTIUHI, TOMY
3YMMHUMOCH Ha IUITIHAPUYHIH, sIK HAaHOLTBII TexHoNmoriuHii. Kpim Toro, 1
TIOBEPXHS JI03BOJISIE 3a0e3MeuyBaTH HEOOXIAHY MPOAYKTHBHICTH MIISIXOM
BuOOpy ii MOBXHMHU 1O yTBOprotouiid. Pamiyc ii mMae 3HaueHHs y BuOOpI
PO3IUIBHOT 3/1aTHOCTI cenaparopa. Po3risiHeMo pyx MaTepialbHOI YaCTUHKU
(HaciHMHM) 0 MWTIHAPWYHINA TOBEpXHi (IIOJIOBUHA LIUTIHAPA B po3pisi, a00
cyninpHOro, abo Tpyduactoro). Po3paxyrkoBa cxema HaBeleHa Ha puc. l.
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Puc. 1. Po3paxynkoBa cxema

YacTuHKa 3iCKOB3Yye 3 BEpXHBOI TOUKH IMITIHApPA paaiyca R minx giero
CHITM TSDKIHHS MQ, peakuis miapa Q ta cuna tepts Frp,. Crpoekryemo
CUJIM Ha pajialbHUN HAMIPSIMOK, TOOTO Ha HAIPSM JOLEHTPOBOI CHIIH:
mv?
R
ne: V — MBUIKICTh YaCTUHKH, M/C:

g —TIPUCKOPEHHS CUJIM TSKIHHS, M/C?,
B momenT Binpusy Q=0.
Tomi:

=mgcosa — Q,

my?
—~ = mgcosa. (D)
3a 3aKOHOM 30epeXeHHs] eHeprii MOTeHIIHA eHepris YaCTUHKH B
BEPXHill TOYIII IWITIHAPA JOPIBHIOE CyMi MOTEHIIHOI Ta KIHETHYHIN eHeprii

B TOYII PO3PHBY:
2
mgR = mgRcosa + % (2)

3 piBussb (1) 1 (2) MmaTumemo:

2 2 2
mgR = mgRcosa + %, mgR =R m: + m;/
[Ticns ckopoyeHHS HA M OTPUMAEMO
2
gR=V?+=, ®)

3 (3) orpumaemo:

vz 2

— =39 (4)
3Bincu 3 ypaxyBanHsM (1) orpuMaemo:

cosa = g (5)

Otxe, 6e3 ypaxyBaHHs TEpTS TOUKA BIPUBY Ha TMOBEPXHI LITIHIPY
B KyTOBOMY BHMIipIOBaHHI MOCTilHA 1 00YHCITIOETHCS BiAMOBIAHO (5).
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Bpaxoyrouun, mo (ﬁ = g - a), (a= g -B),
TOMI:
cos(; — B) = sin . (6)
3 (6) Oymemo MaTH:
B =arc sin§ =41,8°.

[Ipn upomy KyTi BimOYBa€ThCsS BiJPWUB YACTUHKH BiJl TOBEPXHI
mwtiHapa. Jlo nporo 3HaueHHs Kyra 4YacTMHKa KOB3a€ IO TOBEpXHi 0e3
BIJIpUBY, @ OKpPYIJIi YaCTHHKH CKOUYIOTBHCS, TIOTPAILIAIOYH Yy BIAMOBIAHUIA
npuiiMad.

[IpoekTyroun cuim Ha Bich X, OyaeMo Matu:

. mv? .
Fchosa+Qsma—Tsma—FTpcosa=0. @)
. _ mv? .
Maroun Ha yBasi, mo Q =0, F, = fTsm a,
FAB = mg sin @, OTpUMAEMO:

mv? my?
sina—f
R R

I
L

mgsina cosa — sina cosa

ne f — koedimient teprs.
[Ticnst BIANOBIAHUX MEPETBOPEHh MATUMEMO:
v? v? v?
gcosa—?—f;cosa =0, (y—f?)cosa

2
3(4) V? = gg, TOOTO
1 29 2

2
cosa =-g—5 = =— 8
3gg_f§g 3g-2fg  3-2f (®)

3 (8) BumunBae:

a = arc cos——. 9
3-2f

Bpaxoytoun (6) 6ymemo MaTH:
b4 2
B = 7 arccos——. (10)
Taxkum umaOoM, BiamoBimao (10), MaTHMeMO KyTOBY KOOpPAHMHATY
TOYKM BIiJIPHBY YACTHHKH BiJ TMOBepXHi ImmiHmpa. 3okpema mnpu f=0

OTPUMAEMO:
2
@ =arccos; = 41,8, mo nae
B =90°—41,8 = 48,2°
s pi3sHOMaHITHHX 3HA4eHb KOeilli€eHTa TepTs Ha puc. 2 MOKa3aHa
3aJIeKHICTh KYTOBOi KOOPAWHATH TOYKH BiPWBY, IO A€ MOXJIHMBICTH

pO3TalryBaTH IOJOKEHHS BIATIOBIIHUX MpHiiMadiB, (X - BUCXiJHA KpuBa, -
HU3XI1/THA KpHBa.
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Puc. 2. 3ane:kHicTh KyTOBOI KOOPAMHATH TOYKH BiAPHBY Bil
KoedinieHTa TepTst

Jesiki TpaexTopii pyxy 4YaCTHHOK [TOKa3aHi Ha puc. 2. BinoBiaHo um
BUILIEONMCAHUM MIpKyBaHHSM IPOIOHYETHCS CXeMa cernaparopa MokazaHa
Ha puc. 3.

Puc. 3. [IpuHuunoBa cxema rpasiTauiiiHoOro cenaparopa HaciHHs:
1 — 3aBaHTa:KyBaJIbHMIi OyHKep; 2 — po3ciloBay; 3 — MITIHAP L0 CeNnapye;
4 — npuiimaui
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[Iparrtoe cemapaTop HaCTYITHUM YHHOM. 3e€pHOBa cymimI 3 OyHKepa 1
Yyepe3 po3cikad 2, KU 3a1o0irae 3aTopy HACIHHS B 30HI BHCHITKH, TIOCTYTIA€
Ha HOWIIHAPUYHY MOBEPXHIO, IO cemapye. HaciHHS mepeMiltyroTbes 10
MicHs 3 KyToM =48,2° 6e3 BiApHBY, a OKPYIJIl CKOYYIOTHCS 1 MOTPAIUISIOTh
B BianoBigHi mpuitmaui c¢. [licns mpoxomkeHHs Micus 3 Kyrom [=48,2°
BiZIOyBa€ThCS PO3AUICHHS 110 TEPTIO, NPUYOMY YACTUHKM 3 MEHIINM
Koe(iIliEHTOM TepTs MOTPAILIAIOTH B MpUiiMadi 6, a 3 OUTHIIMM — B TIpUiMaYi a.

BucHoBku. TakuM 4MHOM NPOBEAEHHUH aHANI3 METOMIB Ta CIIOCOOIB
OYMIIECHHS 3€pHOBHX CyMilled BiJi HAacCiHHS Ba)KKOBiJIOKPEMIIIOBAaHHX
Oyp’sHIB TOKa3aB MOMJIMBICTh 11X O4YMINEHHS 3a (QpUKLIHHUMU
BJIACTHBOCTSIMH. 3aITPOIIOHOBAHA Ta TEOPETUYHO OOIPYHTOBaHA KOHCTPYKIIisI
rpaBiTaliifHOro (QpUKIiiHOrO cemaparopa 3epHOBUX cyMmimeid. OTpumana
3aJIeKHICTh KYTOBOI TOYKM BIJIpUBY YaCTHHKH, WIO PYXa€TbCs IO
IWJIHAPUYHIA TIOBEpXHI cemaparopa Uil pI3HOMaHITHMX 3HAYeHb
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