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poe — cpoka xpanenust (v =—0.84), maccosoii doau ackopbunoeoi xuciomol (¥ =0.91),
KOMUYeCmBeHHO20 codepoicanus uzomuoyuanamos (r = 0.93), obwezo codepaxcanus a- u
b-xnopogunna (r = 0.91).

Kniouegvie cnoea: IPOrHo3UpOBaHNUE, IPOTHO3UPYEMas MOJIEb, 0000IIEHHbIH
NoKa3aTellb, PyHKIHS KeTaTelbHOCTH, OBICTPO3aMOPOXKECHHAS KarycTa OPOKKOIIH.

IlocTtanoBka mpodJjeMu. ABTOMATH3AIliS TEXHOJOTIYHUX IMPOIIECIB
Ta IMOBIPHICTh BUHUKHEHHS 3HAYHUX MaTepladbHUX BUTPAT MPH MPUHHATTI
TEXHIYHO YU €KOHOMIYHO HEOOIPYHTOBAaHUX pIIICHb 3yMOBIIOE HEOOXif-
HICTh PO3LIMPEHHS c(epHu 3aCTOCYBaHHS METO/IIB IPOrHO3YBAHHS B Xap4o-
BIii TPOMHCIIOBOCTI.

Haii0inpn momupeHuMu MeTOAaMH, SKI BUKOPUCTOBYIOTHCS IS
MPOTHO3YBAaHHS SIKOCTI MPOAYKIli, € METOJ EKCIEePTHUX OI[IHOK, METO]
eKCTparnoJisiLli Ta MeToau MojentoBaHHsA. Kpurepisimu BuOOpy MeTony €:
JIETKICTh 3aCTOCYBAHHS; JOCTYITHICTh OTPUMaHHS (PaKTUYHUX JTAHHX; SIKICTB,
JIOCTOBIPHICTD, IOCTATHICTh OTPUMAHUX JIAHWUX; MOXKJIMBICTh 1HTEPIPETAILii;
HMOBIpHICTh OTPUMAaHHS PE3YJbTATIB 1 JOMYCTHUMICTh MOOYJOBAHOTO IPOT-
HO3Y Yy BU3HAUYEHOMY MPOMIXKKY 4Yacy, /Ui SIKOTr0O HOoro 3iHCHEHO.

Pi3H1 mMaTemaTHuHI METOJIM 3aCTOCOBYIOTHCSI SK MpPU BUBYEHHI Ta
onTHUMi3alli PeKUMIB 1 MapaMeTPIB PI3HUX TEXHOJOTIYHHUX MPOLECIB, TaK
1 IpY BU3HAYEHHI OKPEMHUX IOKA3HMKIB SIKOCTI Ta TEPMIHIB NMPUIAATHOCTI
rotoBux mpoaykTiB [1-3]. BiTuuzHsHuMU Ta 3apyODKHUMH JOCIITHUKAMU
PpO3p00IEHO MaTEMAaTUYH1 MOJIEIIL, 1110 YMOYKJIMBIIIOIOTH CIIPOTHO3YBaTH 3a3Ha-
yeHi Hanpsmu [4-9].

AHaTI3 ocTaHHIX gocaiKeHb i myOaikaniii. O. B. UepHumosa [4]
MaTEMaTUYHO OIHKCcalia 3aJeKHICTh BMICTY €KCTPAKTUBHHMX 1 JyOMJIBHHX
PEUOBUH B EKCTPAaKTaxX MPSHO-apOMATHYHUX POCIHH, IO YMOXJIUBHIIO
nigiOparu onTuManeHi pexkumu nponecy ekcrpakimii. K. JI. Ioparumom [5]
pO3p00JIEHO MPOTHO3HY MOJIENb BUXOAY OJIi 3 TIJI0/IIB OJMBKOBOTO JIEPEBa,
[0 J1aJi0 3MOTy pO3paxyBaTH BUXIJ OJIii 32 BMICTOM JIMIJIB Y CHPOBHHI.
M. Aamir, M. Ovissipour, S. Sablani, B. Rasco [6] 3ampomnoHoBaHO KiHe-
TAYHI MOJIEJII TEPMIYHOI 1HAKTUBAIIIl BIpYCHUX 1 OaKTepiadbHUX MMaTOTEHIB,
K1 BUKOPHUCTOBYIOTH JUIsl OIIHKK 3MIH SIKOCTI, III0 BiI0YBarOThCA TiJ 4yac
TepMiuHOi 00poOKku pociauHHOI cupoBuHH. V. Mitrevski, C. Mitrevska,
T. Geramitcioski, V. Mijakovski [7] criporHo3yBaiu 3MiHH SIKOCTI TUIOJO-
OBOYEBOI MPONYKIIi MiJ dYac i1HPPavyepBOHOIO BAKyyMHOI'O CYIIIHHS.
B. Ling, J. Tang, F. Kong, E. J. Mitcham, S. Wang [8] nocnimkeHo 3MiHU
SAKOCTI TPOMYHUX (PYKTIB MiJl Yac TEPMIYHOI OOpOOKM Ta pPO3pOOIIEHO
IPOTHO3HY MOJEIb SIKOCTI, SIKa ONUCY€ KIHETUKY 3MiHM C-BITaMiHHOI LIH-
HOCTI ¥ Jae 3MOTY CIpPOTHO3YBAaTH TepMiH 30epiraHHs ¢pykTiB. Moaemnb
AaKoCTi, po3poosieHa M. Giannakourou, P. Taoukis [9], ymoxnuBtoe nepe-
BIpKy O10JIOT1YHOI IIIHHOCTI NIBHUJIKO3aMOPOXXEHOTO IIMHHATY, 3€JICHUX
0001B 1 TOPOXY B JIAHITIO31 3aMOPOKYBaHHS.
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[Ipu 11boMy SIKICTB, SIK 00’ €KT IPOTHO3Y, PO3TISAAETHCS HAYKOBIISIMH
SK 3aMKHYTa CUCTEeMa JIEKUIbKOX IMACHCTEeM (puc. 1) [4; 6; 8; 9].

T~

ITotpeba } [ IIpoekt }
AKICTb

Peanizaris } [ Bupo6uunrso ]

N~ I

Puc. 1. CucteMHuil miaxig 10 MPOrHO3YyBAHHS SKOCTI Xap4OBUX MPOIYKTIB

Hagenene cBiqunTh, 110 moOy10Ba MPOrHO3HUX MOJIETICH SIKOCTI TiepeI-
0ayae rpyHTOBHE JTOCIIKEHHS XIMIYHOTO CKJIa/ly, BCTAHOBJICHHS 3B’S3KiB
1 3aJIEKHOCTEH MK MOKa3HUKAaMHU SIKOCTI W HEe MOXe OyTH YHIBEpCaTbHOIO
JUIA PI3HUX BUJIB XapUOBUX MPOIYKTIB.

[Ipy BuUKOpHUCTaHHI MaTEMaTUYHO-CTATUCTUYHUX METOIB (Qop-
MajbHa MOJEIIb, siIKa 0a3yeTbcs HA 0OpaHUX 3MIHHUX, 00OB’SI3KOBO IMEPEBI-
pseThes Ha 1i agekBaTHICTh. OILIHKY TOYHOCTI MPOTHO3Y 3A1HCHIOIOTH IS
BCTAHOBJICHHS JIOMYCTUMOI MOXUOKU. [Ipu HEBIAMOBITHOCTI MOJEIl BUKO-
HYIOTh KOpHUTyBasbHi aii [2; 3].

Mema pobomu — po3poOJICHHS TPOTHO3HOI MOJIEN1 SKOCT1 IIBUIKO-
3aMOpPO’KEHOT KaycTu OPOKOTi.

Marepiaau Ta metoau. OO0’ €KT TOCTIKEHHS — IIIBHIKO3aMOPOKEHA
kammycta Opokomi (III3KH) copry Illapmenon: KOHTPOJb Ta TMONEPETHBO
o0pobnena (mocinin) — Butpumka 20 XB y 3 %-My pO34MHHI KYXOHHOI COJIL.

[ToOynoBy mpOorHo3Hoi MoAeli Ta PO3paxyHOK CTATUCTUYHOTO KpUTe-
pito dimepa 3aificHeHo B cepepoBuli Excel.

30epeKeHICTh CIOKMBHUX BiacTuBocte [[/3KH ympoaoBxk 3amo-
POKYBaHHSI Ta HU3bKOTEMIIEPATYpPHOI'0 30€piraHHsl BCTAHOBJIEHO 3a y3aralib-
HEHOI0 (yHKIieo Oaxanocti XappinrroHa. CHoXHBHI BJIaCTUBOCTI
KalycTu OpOKOJII BHU3HAYEHO B CepeiHii MmpoOl 3a OpraHoienTHYHUMU
(30BHILIHIN BUTIAL, CMakK, 3amax, 3a0apBieHHS) Ta (i3UKO-XIMIYHUMU
(BmicT pozunHHUX cyxux pedoBuH (PCP), ackopOinoBoi kucnotu (AK), i30Tio-
iaHatiB, a- 1 b-xnopodiay Ta BTpaTH Macu) MOKAa3HUKAMHU i 4ac 3aMo-
POKyBaHHSI Ta BIPOJOBX HHU3BKOTEMIIEPATYPHOro 30€piraHHs MPOTITOM
1, 3, 9 mic. y 2015-2017 pp.

Jlnst moOy oM mikanu 6axkaHocTi (puc. 2) BukopuctaHo [10] rotosi
PO3paxyHKOBI TaOJMII BIAMOBIAHOCTI MDK MHapamMeTpamMu MepeBard Ta ix
YUCJIOBUMH XapakTepuctukami [15].
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3Ha4YeHHS OKPEMOro BIATYKYy, IMEPEBEACHOT0 B O€3MipHY IIKalTy
Oa)kaHOCTI MMO3HAYCHO Yepe3:

du(u=1,2,...... , ). (1)

Bubip BigmiTok 0.63 Ta 0.37 MOSICHIOETBCS 3pYUYHICTIO OOUYUCIICHHS:
0.63 ~1-1/e; 0.37 ~ 1/e (e = 2.71828182).

JI71s1 KOXKHOTO 3HAYEHHS MATPHIll HATypaJIbHUX BIATYKIB 3HAXOIUIH
BIJIMOBIIHY TPAHUIIIO 3 MATPUIIl IEPETBOPEHUX BIATYKIB.
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Puc. 2. lllxkana 6axxanocti Xappiarrona [10]

JIiHIMHY 1HTEPIIOJALIO JUIS 3HAXOKEHHS 3HAUEHHS BIATYKY 3a KOJIO-
BAHOIO ITKAJIOI0 HABEICHO B maobi. 1.

Tabnuys 1
CrangapTHi BiAMiTKHM IIKAJIX 02:KAHOCTI
Baxanicte BigMiTku Ha mkani
Hyxe nobpe 1.00-0.80
Hobpe 0.80-0.63
3a10BUILHO 0.63-0.37
ITorano 0.37-0.20
Jy>e noraHo 0.20-0.00

VY3aranbHeHa (yHKIlSE 0a)KaHOCTI 3ajaBajiach SIK CEPEIHE TeoMeT-
puuHe oKkpeMux Biarykis [10].

Pe3yabTaTn gocaixkeHHs. 3a po3paxyHKaMH BiANOBIIHUX 3HAYEHb
GbyHKIIH 6a)kaHOCT1 OTPUMAHO TAOJIHITIO TEPETBOPEHUX BIJTYKIB 1 TaHUX 3a
KOJIOBAHOO IIKaor0 GyHKIIT OaxkaHOCTI (maba. 2).
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Binryku neperBopeHHs 3a HIKAJI010 02:KAHOCTI JIs1 IIBHAK03aMOPOKEHOI KalycTH OpoKoJIi

Tabauys 2

Tpusaricts HerycramiitHa Bt Brpatu V3aranbHeHH
30epiraHHs, Z iHII<Ia ;I;CH BUIEVK baxanictb
Mic. B PCP AK | i3orionianaris | a- i b-xnopodiny e
Hocmig
0 0.782 0.678 0.928 0.067 0.743 0.324 0.817 Hyxe nobpa
1 0.627 0.534 0.887 0.049 0.655 0.438 0.713 Jobpa
3 0.321 0.467 0.862 0.038 0.531 0.518 0.698 Hobpa
6 0.299 0.321 0.377 0.933 0.248 0.669 0.498 3a10BUIbHA
9 0.107 0.118 0.018 0.018 0.055 0.847 0.348 [Torana
KonTpons
0° 0.827 0.698 0.789 0.843 0.723 0.327 0.773 Hobpa
1 0.474 0.497 0.523 0.607 0.498 0.438 0.495 3an0BibHA
3 0.253 0.563 0.341 0.369 0.387 0.517 0.321 [Torana
6 0.148 0.291 0.198 0.137 0.268 0.663 0.196 [y>xe norana
9 0.109 0.237 0.069 0.059 0.038 0.851 0.068 Hyxe norana

*CBIXKO3aMOpO’KEHa KaIycTa OpOKOTi.
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OtpuMaHi J1aHi CBig4aTh, IO 3a y3araJbHEHUM BIATYKOM CB1XO-
3aMOpOJKEHa Karrycta OpoKoJii JOCTiI)KYBaHOTO BapiaHTa Mae Jyke A00py
SKICTh, KOHTPOJILHOTO — 100py. IIpoTsirom 3-x MicsiiB 30epiranHsi BCTaHOB-
JICHO 3HIDKEHHSI PIBHSI SIKOCTI 000X BapiaHTIB KamyCTH, MPOTE AOCTIIKY-
BaHUI 3pa30K Ma€ 00y SAKICTh, a KOHTPOIBHUM — 3a0BUIBHY (UB. maoa. 2).
Came ToMy asist TOOYJOBH MPOTHO3HOI MOJIEIIl SIKOCTI IIBHIKO3aMOPOKEHOT
KaIryCcT OpoKoJi 00paHo JaHi TOCIiAHOTO BapiaHTa.

JInst BU3HaYeHHS HAMOLIBII BIUTMBOBUX IMOKA3HUKIB Ha SKICTh IIIBHIKO-
3aMOpOXKEHOI KammyCcTh OpOKOJIi BHUKOPUCTAHO METOJ MPSAMOro Bigbopy
(Forward Selection), 3rifHO 3 KM 13 MHOXHHH (aKTOpiB 0OpaHO Ti, 10
MaroTh HalOUIbIIY KOPEJALIO 3 TOKa3HUKOM (mabi. 3).

Tabnuys 3

KoedinienTn kopeasiuii Mixk MOKa3HUKAMHU AKOCTI KaNyCcTH OpoOKoJIi
Ta y3arajibHeHUM BiITYKOM

ToKa3HUK Koeq)igieHT KOpemsii
JUIS JOCIIIIKYBAHOTO 3pasKa
TpuBanicTs 30epiranss, Mic. —0.84
Jerycrariiina orinka, Oamis 0.28
BMmicT po3uMHHHX CyXHX pe4OBUH, % 0.56
Bwict ackop6inoBoi kuciotu, Mr/100 r 0.91
KinbkicHui BMICT 130TiOIiaHaTIB, % 0.93
3aranpHull BMICT a- 1 b-xmopodiny, mr/100 r 0.91
Brpatu macu, % 0.48

Kopensuiiini 3anexHOCTI HOCATh K 00epHEHUH, TaK 1 MPSIMUNA Xapak-
Tep, TOOTO 30UIBLIEHHS 3HA4YEHHS (PAKTOpy BHUKJIMKA€E BIANOBIAHE 3MEH-
IICHHS] MOKa3HMKAa Ta HaBMaku. HalOubll CyTTEBUMHU BHUSIBUJIMCS BILUIUB
TPUBAIOCTI 30epiraHHs, BMICTy aCKOpPOIHOBOT KMCIOTH, KiIJIbKICHOTO BMICTY
130TiOLIIaHaTIB, 3araJIbHOTO BMICTY a- 1 b-xjopodisy Ha 3HaYEHHS ITHOBOI
¢ynxkuii. Came ToMy 11 hakTopu 00paHO A7 PO3POOKH MPOTrHO3HOI MOJENi
SIKOCTI IIIBUKO3aMOPOKEHOT KalyCTH OPOKOJTI.

Haiikpamoro myis mporHo3yBaHHs 3MiH skocTi [[/3KH BusBUiacs
niHiiHA Monenb (Linear fit) 3 xoedillleHTOM AeTepMiHAIli R?=0.994.
PiBHsIHHS perpecii, sike BAKOPUCTOBYETHCS JJIsl IPOTHO3YBAHHS, MA€ BUTIISA:

y=417.9 —1.14x1+ 29.73x, + 0.73x3 + 12.24x4, (2)

Je ) — SIKICTh NIBHIKO3aMOPOXKEHOT KaIyCTH OpOKOJIi;
X| — TepMiH 30epiranss, Mic.;
X, — MacoBa 4acTka ackop0iHoBoi kuciotu, Mr/100 r;
X3 — KIIBKICHHAM BMICT 130TioIiaHaTiB, %;
X4 — 3aTaJIbHUM BMICT a- 1 b-xmopodiry, mr/100 r.
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Jlnst oIiHIOBaHHS aJIeKBAaTHOCTI OTPUMAHOI MOJENII BUKOPHUCTAHO
CTaTUCTUYHUN KpuTepid Dimepa, po3paxyHKOBE 3HAUEHHS SIKOTO CTaHO-
BUTb [0, = 58.934, Tabmuune — Flrye, = 5.591.

Ockinbku Fpop > Fryey, TO OTpHMana JiHIMHEA MOJETL (2) € aneKBaT-
HOIO 1 MOXX€ €()EKTUBHO BUKOPUCTOBYBATHCS Jisi MPOTHO3YBaHHS SIKOCTI
MIBUAKO3aMOPOKEHOI KaIyCTH OPOKOJTI.

BucnoBku. BeranosneHo, 110 BU3Ha4YaIbHUMU (PAKTOpPaMU BIUIMBY
Ha SIKICTh IIBHUKO3aMOPOKEHOT KaIyCTH OpPOKOJIi BIPOJIOBK HU3BKOTEMIIC-
paTypHOro 30epiraHHs € TPHUBATICTh 30€piraHHsA, MacoBa 4yacTka ackopOi-
HOBO1 KMCJIOTH, KIJTbKICHUM BMICT 130TIOIIIAHATIB 1 3araJilbHUM BMICT a- 1 b-
xJjopodimy.

30epeXeHICTh BUCOKOTO PiBHS SKOCTI HIBUIKO3aMOPOKEHOT KAy CTH
OpOKOJIi BIIPOAOBK TPUBAJIOTO HU3BKOTEMIIEPATYPHOTO 30€epiraHHs MOKITHBE
3a YMOBH CcTab11i3a11ii HaBeJCHUX BUIIE TTOKA3HUKIB.
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Levitska S., Belinska S., Moroz O. Quality prediction of frozen broccoli.

Background. Automation of technological processes and the likelihood of
significant material costs when making technically or economically unreasonable
decisions necessitates the expansion of the scope of forecasting techniques in the
food industry.

Scientists have developed different mathematical models for the optimi-
zation of modes and parameters of various processes and to predict the quality of
the investigated products at all stages of its life cycle.

The aim of this study is to develop a predictive model of quality of frozen
broccoli.

Material and methods. The object of research was frozen broccoli
varieties Parthenon (Control) and pretreated (Experiment). Preliminary processing
was carried out by soaking in 3 % sodium chloride solution for 20 minutes.

The construction of the predictive model and the calculation of the Fisher's
statistical criterion were carried out in the Excel environment.

The properties conservation of broccoli during freezing and low-tem-
perature storage were determined by the generalized Harrington desirability func-
tion. The consumer properties of broccoli cabbage are determined in the mean
sample for organoleptic (appearance, taste, smell, color) and physico-chemical (content
of soluble solids (PCR), ascorbic acid (AA), isothiocyanates, a- and b-chlorophyll
and mass loss) indicators during freezing and during low temperature storage for
1, 3, 9 months in 2015-2017.

To construct a desirability scale (Fig. 2), ready-made spreadsheets of cor-
respondence between preferences and their numerical characteristics were used.
The generalized function of desirability was given as the average compuond of
individual desires [10].

Results.The development of the quality model was preceded by the
identification of specific indicators (factors). The following indicators have the
highest correlation: storage time (»=-0.84), mass fraction of ascorbic acid
(r=10.91) and quantitative content of isothiocyanat (» = 0.93), total content of a -
and b-chlorophyll (»=10.91). Therefore, we chose them to build a predictive
model. Linear model with a coefficient of determination R =0.994 turned out to
be the best to predict changes in the quality of the research samples. The
regression equation used for forecasting is:

vy =417.9 — 1.14x, + 29.73x, + 0.73x3 + 12.24x4,

where y — quality of frozen broccoli;
x| — storage life, months;
x> — mass fraction of ascorbic acid, mg/100 g;
X3 — quantitative content of isothiocyanate, %;
x4 — total content of a- and b-chlorophyll, mg/100 g.

In order to evaluate the adequacy of the obtained model, Fisher's statistical
criterion was used, the estimated value of which 1SFq = 58.934, Fiap= 5.591.
Since Feae™> Fbl, the resulting linear model is adequate and can be
effectively used to predict the quality of the frozen broccoli.
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Conclusion. It is established that the determining factors of influence on
the quality of frozen broccoli during long low-temperature storage are the storage
period, mass fraction of ascorbic acid, quantitative content of isothiocyanate, total
content of a- and b-chlorophyll.

Keywords: prediction, predictive model, generalized indicator,
desirability function, frozen broccoli.
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