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AnnoTtauus. Crarhs NOCBAIICHA UCCICAOBAHIAM MPOLECCOB (POPMHUPOBAHHUS CTPYKTYPHI BHI-
MEKACMBIX TECTOBBIX 3ar0TOBOK HA MIICHUYHON H XMEJICBOH 3aKBACKaX U H3MCHCHHUAM CBOHCTB roTo-
BBIX M3AeIUH 1 ony(habpuKaTtoB B 3aBUCHMOCTH OT CIIOCOOOB BBITICUKH.

B TecToBOI 3aroToBKE NPU BBIMEUKE MOA BO3ACHCTBUEM TEINIA U BIATH MPOTCKACT LCTBIH KOM-
IICKC (PUBUYCCKHX, XUMIICCKUX H ONOXHUMUYCCKUX IPOLIECCOB, YTO BRI3BIBACT NTYOOKHE H3MCHCHUS
B TecTo-xnede. [IporomKkuTenbHOCTh H HHTCHCHBHOCTD NIPOLICCCOB, NPOTCKAOIIUX HA MOBEPXHOCTH
Y BO BHYTPCHHHX CJIOSX 3arOTOBKH MPH BBIICUKE, 3aBUCAT OT Temneparypsl. [loatomy coznanue omn-
TUMAIBHBIX PEKHMOB MPOrPEBA BBIMCKACMON TCCTOBOW 3ar0TOBKH HA PA3MHYHBIX 3TANax MO3BOJIICT
MOJYYHTh U3ICTUS TPEOYEMOro KaueCTBa.

g MonennpoBaHus nporeccos (GOPMHUPOBAHMUS MSIKHIIA, H3MEHCHHUS TEMIICPaTypPhl BHYTPH TECTO-
BOH 3aroTOBKH YIICKA, VACIBHOTO 00BbEMa C TCUCHHEM BPEMEHH MPH PA3NIHYHEIX CIIOC00axX BEACHHS TECTa
U BBINCYKH NPUMCHSIIUCH PEIPECCHOHHBIC MOJCTH, VUHTHIBAIOIIMEC BIMSHUAC KAMCCTBCHHBIX (PAKTOPOB.
Kakapiii kauecTBeHHBIH (DAKTOP, UMCHOIINK JBE IPAJalliu, 3aAMCHSUICS OTHON OMHAPHOW MEPEMCHHOM,
Perenne MHOrOKpUTEpHATBEHON 331241 ONTHMH3ALNH MTOKA3a710, YTO ONTHMATBHBIX 3HAUCHHH HCCeaye-
MBIC MOKA3aTCIM AOCTHUTAIOT TP BBINCUKE B KOHBCKTOMATE U IPUTOTOBJICHHH TCCTA HA XMEJICBOU 3aKBACKE.

KiiroueBbie cji0Ba: pOTALMOHHAS MEYb, MAPOKOHBCKTOMAT, XMEJICBAS, MINCHUYHAS 3aKBACKH,
VICK, IOk TPOTICUCHHOTO MSKHINA, TEMIICPaTypa
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Annotation. The article studies the processes of structure formation of baked dough pieces using
wheat and hop starters and changes in the properties of finished products and semi-finished products
depending on the baking methods.

A whole complex of physical, chemical and biochemical processes takes place in the dough piece
during baking under the influence of heat and moisture, which causes considerable changes in the
bread dough. These processes cause changes in the baked dough piece, that cause turning the dough
into bread. Duration and intensity of the processes occurring on the surface and in the inner layers
of the dough piece during baking depend on the temperature. Therefore, creation of optimal modes
of heating the baked dough picce at various stages allows you to get products of the required quality.

To simulate the processes of crumb formation, changes in temperature inside the dough piece of
baking, and specific volume over time with different methods of dough and baking, regression models
were used, that take into account the influence of qualitative factors. Each qualitative factor having
two grades was replaced by one binary variable. The solution of a multicriteria optimization problem
showed that the studied indicators reach the optimal values when baking in an air-o-steam and pre-

paring a dough using hop starter.

Keywords: rotary oven, air-o-steam, hop and wheat starters, oven loss, baked crumb area,

temperature
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Beeaenne. MuHu-niekapHu yBEPEHHO
3aBOEBBIBAIOT PBIHOK XJIEOOOYIOYHBIX H3-
JeNuH, BBITECHSS MPONYKIUIO KPYITHBIX
xJ1€003aBOIOB M3 MOTPEOUTENBCKON KOP3U-
Hbl. [losSBUIIHCE CeTeBBbIE KOHIUTEPCKHE U
NeKapHH, B KOTOPBIX BBINIEYKA MPOUCKXOIUT
HEMOCPEACTBEHHO TMepen npoaaxked. [lan-
HbIE NIEKAPHU OCHAILEHBI [TeYaMH [Ka(QHOTO
THIIA U TAPOKOHBEKTOMaTaMu. XJebonekap-
HBIE TIEYH SIBJISIFOTCSI OCHOBHBIM TE€XHOJIOT H-
YeCKMM OOOpYJIOBaHUEM, ONPENEeNSIOIINM
IIPOU3BOAUTENBHOCTD xJ1€000Y JTOUHBIX
W3JETUN.

OnHako u3ydeHHe MpoIecca BBIIEYKH
x71e000y TIOUHBIX M3ACNNN B JAHHBIX MMEYax
NPU TECTOBEJCHWH HA 3aKBACKAX OCTAETCS
HEZOCTAaTOYHBIM U TpeOyeT YTOYHEHHUs IO
PEKOMEHAINSM HX HUCTIONb30BAHUS.

Lens uccnenoBanuii: pa3padoTarh Ma-
TEMATHYECKNE MOJAETH TOKas3aTened Tex-
HOJIOTMYECKOTO MpoLecca MPOU3BOICTBA
x71e000y TIOUHBIX M3AENUN HA OCHOBE ONTH-
MaJIBHBIX PEKHUMOB BBITICUKU.

MarepuaJssl u MeToabl. MccnenoBanus
nposeneHbl B PI'BOY BO «Capartosckuit
rOCYapCTBEHHBIH arpapHbIil yHUBEPCUTET
uM. H Y. Basunosa» B nepuon 2017-2020 rr.

3a ocHOBy Oblta BBIOpaHa penenTypa
xJeba muennyuHoro Boicuiero copta (IOCT

P 58233-2018). Criocob TecToBeneHus AByX-
¢da3HBIl Ha NINEHMYHOM W XMEJEeBOH 3a-
KBackax. TecTOBble 3arOTOBKHU BbINEKaIu B
POTALIMOHHON I€YM U NapOKOHBEKTOMATE.
Temneparypa napoBO3AYILIHOM Cpeabl Ie-
kapHoi kameprl 220° C.

KonuuecTBeHHast oLieHKa BAUSAHUS CIO-
cOOOB BEZICHUSI TECTa U BBITICUKH HA TEMIIe-
paTypy BHYTpHU BbIIEKaeMOH TECTOBOM 3a-
rOTOBKM, IIJIOIIAIU MTPONEYEHHOT0 MSIKMINA,
yIeKa, yoeapHOro o0beMa IpOBOAUNIACH C
MOMOII[bI0 MATEMATUYECKUX MOJIENEH.

VYueT Tumna 3aKkBacku U THUIA M€4YU MpPU
MOCTPOEHUHN MOJENH MPOU3BOIMUIN BBeENE-
HUeM OWHApHBIX (PUKTUBHBIX MEPEMEHHBIX.
KauectBennble (pakToppl, MMEIOIINE IBE
rpajaiy, 3aMEHsUINCh ONHOH OwuHapHON
nepeMeHHo (tabnuna 1).

PesyabraTnl n o0cy:kaenus. Temmnepa-
Typa BHYTPH TecToBOH 3arotoBku (13), mo-
CTUTHYB IPENENbHOrO 3HAUEHUs], epecTaeT
yBEINUMBATLCA NPU AaJIbHEHIIEM IMporpe-
BaHWU B NEKapHON kamepe. [lns maremaru-
YEeCKOr0 OIMMCAHUSI 3aTyXarolUX MPOLIECCOB
HCTIOJIB3YEeM JIOTHCTHYECKY 10 (Py HKLIMIO BUAA

OueHku napamMeTpoB (QPYHKLUU Hakpae-
Hbl METOAOM HAaMMEHBIIUX KBAaJApPaTOB
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Tabauya 1
3aMena KavecTBeHHBIX (PAKTOPOB OMHAPHLIMU TIEPEMEHHBIMUI
Table 1
Replacing qualitative factors with binary variables
THn 3aKBACKH 3uavenne GMHAPHOIT MepeMeHHOIT ¥
MIICHUYHASL 0
XMEIeBast 1
Tun neun 3HavycHUE ONHAPHOH MIEPEMEHHON 7
POTAITHOHHAA IICYb 0
NAPOKOHBCKTOMAT 1
(MHK) u npusenens! B Tabnuue 2. I'pa- H3smeHeHue BenWYUHBI yIeKka, yaesb-
(buKHU TOTHCTHYECKUX KPUBBIX H300pake-  HOro o0bema, IIIOIaau IPOIEYEHHOTO Msi-
Hbl Ha pUCyHKe 1. KHILA, TEMIIepaTypbl BHYTPHU BbINEKAEMOM
Tabruya 2
OneHkn mapamMeTpoB JOTHCTHYECKHX (PyHKIMIT
Table 2
Estimates of the parameters of logistic functions
Koo puuments1 mogemn Kosdpduument
Cnioco0b1 BeieHHsI TECTA H BBINEIKH
a b ¢ KOPPeJISIiu
T3 Ha MIICHUYHOHN 3aKBacKe 0.100 127,695 4474 0.995
(poTauMOHHAS TEYb)
T3 Ha XMeIeBOH 3aKBaCKe 0.100 123.789 4,140 0.978
(poTauMOHHAS MEYb)
T3 Ha MIICHUYHOHN 3aKBacKe 0.100 171161 8.121 0.983
(TapOKOHBEKTOMAT)
T N
3 Ha XMETICBOH 3aKBACKe 0.100 124754 4628 0.986
(TapOKOHBEKTOMAT)
120%
1()1)# 1

80

0 5 10 15 20 25 30 35 40

Bpema BbINEKaHUA, MUH

1-TecToBble 3ar0TOBKH Ha Xivie/NeBoil 3aKeacke{poTauMoHHaA Nedb)

2 -TecToBble 3arOTOBKM Ha XMeneBoil 3aKeacke(NapoKOHBEKTOMAT)

Puc. 1. Mooenuposanie usmenenis memnepamypbi GHYmMpu mecmogoti 3a20moexu

Fig. 1. Simulation of temperature changes inside a dough piece
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TECTOBOH 3arOTOBKH MPOUCXONHUT IO 3a-
KOHYy 3aTyxarouiero pocrta. Takue mnpo-
LIECChl OMUChIBAatOTCS curmounaoi [1, 2]. Ha

filt.y,2)=a vrat+ayraz+at” ralfyvral’zvayz  k

20e t — TCMIICPATy pa BHINICKAHHS,
3}, z — OMHAPHBIC ICPSMCHHBIC THII 3AKBACKIDY, «THII TICYH» COOTBCTCTBCHHO. [T OIICHKH MApaMCETPOB
3TOr0 YPaBHEHU A UCIOJb3YETCI METOA HAMMEHBIINX KBaapaTos (MHK).

= Ly g

HEOONBIIIOM TPOMEXKYTKE BpeMeHH (QyHK-
LU0 OTKJIUKA I 3TUX MapaMeTPOB MOXKHO
MPEICTABUTH Cy MMOH CTETIEHHBIX (Py HKITHIA:

Tabnuya 3
O1eHKH MAPAMETPOB YPABHEHNS, KX 3HAYHMOCTH W PE3YJILTATHI POBEPKH AEKBATHOCTH MOJE/Ieit
¢ OMHAPHBIMH TI€PEMEHHBIMHU

Table 3
Estimates of the parameters of the equation, their significance and the results of checking
the adequacy of models with binary variables
2]
=
g &
§ ]
Huzxaue 95% Bepxume 95% | & 2| £
Hanvenopanme | PE—— rpaHuubI IPAHIIBI E § 2 =
nmoRrazarejist AOBEPUTEJIHLHOT O AOBEPUTETHLHOT O = o = S
HHTEPBAJIA HHTEPBAJIA =5 £ g
S & = =
e & %
o = . b
==0==1 -7 e
a0 2,801 0,147 5,455
4l 0,268 -0,313 0,849
a2 -0,155 -1,761 1,451
7o) 5 o
Vinex. % a3 -3,290 —4.,897 -1,684 ® A =
a4 0,036 -0,069 0,140 < A =3
as 0,000 -0,004 0,003
a6 0,004 0,000 0,008
a7 0,840 -0,849 2,529
a0 124,28 66,51 182,06
al 12,90 0,25 25,55
a2 -104,19 -139.16 -69,23
VrnenpHbI 00BeM, | a3 -28.28 -63,24 6.69 2 S =
(=) o
v/ ak 1,56 3.83 0.70 s | g | 2
a5 0,02 -0,07 0,10
a6 0,02 -0,06 0,11
a7 103,10 66,33 139,87
a0 1032.427 -1613,901 3678,755
al -561,443 -1141,014 18,129
- a2 1869,335 267,754 3470,916
HAARE a3 88,500 ~1513,081 1690,081 2 E | g
NPOIICYCHHOIO X - S
5 a4 163,614 59,793 267,434 =} ] =}
MAKHIIA, MM
as -1,782 —5,677 2,112
a6 0,237 -3,658 4131
a7 —450,600 —2134.745 1233,545
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Ipoooicenue mabaumysl 3

a0 22,798 6,867 38.729

al 1,206 2,283 4,695

a2 2,348 ~7,294 11,989
Temneparypa 2711 ~12.353 6,930
BHYTPH BbIICKAC- | 43 0,986394936
MOH TECTOBOU
S ad 0,376 ~0,249 1,001

as ~0,006 ~0,029 0,018

a6 0,009 —0,014 0,033

a7 ~2,400 ~12,539 —7-/739

0.986

61719

0.000

B tabnuue 3 nmpuBeneHbl OLEHKH KO-
s¢ppunmnentos monenu. Ha pucynkax 2—13
npencTaBlieHbl Tpad KU 3aBUCUMOCTEH IM0-
Ka3zaTejed OT BPEMEHM BBINEKAaHUs, TUIA
Me4yu, TUMA 3aKBACKH.

XMeleBast
3aKBACKa

I Imennanas
3aKBACKA

10 15 20

BpeMﬂ BELIIICKAHUA, MUH

Puc. 2. Jl[gymepnvie cevenus nogepxHoCcmy omrauKa

(napOKOH@@KMOMam) YUCHa Ha Kpuevlx —
3HAYeHUA ynexda, %

Cas13b MEXKTy TIOKA3aTEISIMH U Y ITPABJISIB-
muMH (HaKTOpaMu f Y, z MOXKHO CHUTATh J0-
CTaTOYHO TECHOU 17151 BCex Mozenel. Bee mo-
TN /IeKBATHBI TIPH Y POBHE 3HAYUMOCTH 5%.
Hawnbonee 3HaunMbIM sIBIIsIETCS KO3(DPUIUEHT

XMeleBast
3aKBagKa

[ Imennanasa
3aKBACKa

10

15

13,6

>

13

20

Bpewms BrIniekanust, MUH

13

Puc. 3. Jlgymepnvie ceueHiis n0GepXHOCMU OMKIUKA

(pomauuomta}z I’l@‘{b) YUcHa Ha Kpueblx —
3HA4YEeHU Ynexda, %

Fig. 2. Two-dimensional sections of a number

response surface (air-o-steam) on the curves
are the values of oven loss, %

Fig. 3. Two-dimensional sections of a number
response surface (rotary oven) on the curves
are the values of oven loss, %

I-napoxoHBeKTOMAT, 2- POTALIMOHHAS [1€Yb

Puc. 4. Obwuii 610 nosepxnocmu omiiuxa (ynex,%)

26

Fig. 4. General view of the response surface (oven loss,%)

2020; 15 (4): 22-31

Hosbie texHonoruy / New Technologies (Majkop)




BaneHtnHa A. Byxosey, TatesiHa B. Kupnnnosa, Hapgexga A. @okuHa, ViBaH B. Poma+os
MogenupoBaHme TeXHONOrUM NPON3BOJCTBa XJieba ¢ NCroNb30BaHNEM XMEIEBOM 3aKBacKu B NeYax pasfimyHoro tmna

240

XmeneBast o
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ITiennunas
3aKBACKA
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X
BperI BBINICKAHWA, MUH

Puc. 5. Jleymepnvie cevenus nogepxHocmuy OmMKIUKa
(napoxongexmomam) YUcaa Ha KPUgbix — sHa4eHUs
yoenvHo20 06vema, cm’/e

XmeneBas
3aKBACKa

ITimennunas

3aKBacKka

5 : 10 15 el 25
Bpems Boinekauus, MuH

Puc. 6. Jlgymeprvie cevenus nogepxHocmuy OmauKa
(pomayuonHas neyvs) YUCIa Ha KPUBHIX — SHAYEHU
YOenvHo20 06vema, cm’/e

Fig. 5. Two-dimensional sections of a number
response surface (air-o-steam) on the curves
are the values of oven, cm®/g

V neapHbIN
3
00BEM, CM /T

Fig. 6. Two-dimensional sections of a number
response surface (rotary oven) on the curves
are the values of oven, cm’/g
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Puc. 7. Obwuii 610 nogepxHocmu OMxIuKa (yoeivHulli 00vem, cm’/2)

Fig. 7. General view of the response surface (specific volume, cm’/g)
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ITmennunas
3aKBacKa
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Puc. 8. J/l[gymepnvie ceuenus nogepxHocmu omriuKa
(NAPOKOHGEKMOMAM)) HYUCAA HA KPUBLIX — 3HAYEHUS
MIOWAOU NPONEUEHHO20 MAKUULA, MM’

Fig. 8. Two-dimensional sections of a number
response surface (air-o-steam) on the curves are the
values of baked crumb area, mm’
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Puc. 9. /lgymepnvie cevenus nogepxHocmuy OmMrauKa
(pomayuonHas neyus) YUCAa Ha KPUGHIX — SHAYEHU
NAOULAOU NPONEUEHHO20 MAKUULA, MM’

Fig. 9. Two-dimensional sections of a number
response surface (rotary oven) on the curves are the
values of baked crumb area, mm’
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ITnomans
MPOTIEYEHHOTO
MsKHIIIA, MM2

Puc. 10. O6uuii 610 nogepxnocnmit OMKIUKA (NIOUAOL NPONEUEHHO20 MAKUULA, MM?)

Fig. 10. General view of the response surface (baked crumb area, mm? )
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Puc. 11. J[gymepnvie ceyenus nogepxHocmu
OMKIUKA (NAPOKOHBEKMOMAM) YUCIA HA KPUBLIX
— BHAYEeHUs. meMNepamypbl 6HYMpPU GblNeKaeMoll

mecmogoii 3aeomoski, °C

Fig. 11. Two-dimensional sections of a number
response surface (air-o-steam) on the curves are the
temperature values inside a baked dough piece, °C
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Puc. 12. /[gymepuvie ceuenus nogepxnocmu
OMKJUKA (POMAYUOHHAS NeUs) YUCIA HA KPUBHIX
— BHAYEHUs MeMNepamypsl 6HYMpU GblneKaemMoll
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Fig. 12. Two-dimensional sections of a number
response surface (rotary oven) on the curves are the
temperature values inside a baked dough piece, °C

dough piece, °C

Puc. 13. Obwuii 610 nogepxHocmu OMxIUKA (MeMnepanypa eHYmpu gvinekaemoti mecmogoti sazomogxu, °C)

Fig. 13. General view of the response surface (temperature inside a baked dough piece, °C)
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NPU TIPOM3BENICHNN OMHAPHBIX MEPEMEHHBIX,
YTO CBUACTECIILCTBYET O CUJIbHOM BJIMSITHUUN CO-
BMECTHOI'O HeﬁCTBHﬂ TUIIA 3dKBACKU U THUIIA
Me4Yr Ha UCCleyeMble Tiokasarenu. JlaHHbIe
MOIECIN MOT'yT 6bITb MPUroAHbI OJist OIITUMU-
321U TEXHOJIOTHUECKUX MPOLECCOB [3, 4].

Jns onpeneneHusl ONTUMAJbHBIX CIO-
co0OB BEIEHHs TECTA U BBITIEYKU MOCTPOUM
MaTEeMaTHYECKYI MONEb ONTUMHU3ALUH TI0
IBYyM KPUTEPHUSM: TOTOBBIC U3ENIUS TOJK-
Hbl UMETb MUHHUMAJIbHBIH Y€K U MaKCH-
MaJIbHBIN yAeTbHBIN 00beM [3, 6].

F(t,y,2)=2,801+0,268,t—0,155y-3,29z +0,036¢"°+ 0,004tz + 0,84z — min ;
St y,2)=12428+12,9,1—104,19y - 28 . z-1,56,1° + 0,021’y + 0,02/’ z +103,1 yz — max

npu orpanuueHusx 1 >0,y e {O,l}i, ze {O,l}.

3aaya MHOTOKPUTEPUAJIEHONW ONTUMH3AIUN METOIOM aJATUTUBHON CBEPTKH Mpeodpa-

3yeTCs B OJHOKPUTEPUATIBHYIO 3aauy

z=ayflt,yl ) £ty ) 2)+ o folt, y,2)] f(t,y/ z) > max,

rne o, +a, =1, a; 20, o, 20. fl*(l,y/z), f:(l,y/z)— ONTHUMAJIbHBIE 3HAUYEHUS KPU-

TepueB. BeKTOp BECOBBIX KOA(PUIIUEHTOB KPUTEPHEB X = (al,az,) onpenensieT NpUOPUTET

COOTBETCTBYIOILErO KPUTEPHUSI.

Ilpu o = (l/ 2.1/ 2) TMOJTy YUM OAHOKPUTEPUATBHYIO 3a/1a4y

2(t, y,2)=0,347+0,035¢- 0,206y 0,181, z — 0,002¢"* +0,000¢> y+ 0,000¢>z+0,231yz — max

npu orpaHuueHusix [>0,ye {O,l}ii, ze {O,l}. Pemiennem 3amaum SIBJISETCS TOYKA

1=25, y=l,z=1.

BeiBoabl. B pesynsrare nposenes-
HBbIX WCCJICOBAHWI OBLIO YCTAaHOBJIECHO,
YTO BbINIEKaHUE XJIeOOOYIOUYHBIX HM3NENTUN
B MAPOKOHBEKTOMATE UMEET CBOM OCOOEeH-
HocTU. CKOPOCTh M3MEHEHUS TeMIIePaTy Phbl
B [IGHTPE MSIKHINA HEOJWHAKOBA. B Hayalie
mpolecca BBINIEKAHUS TeMIiepaTypa MeHs-
eTCsl MeJIJICHHee, YeM B POTAILMOHHOM MevH,
3aTeM Bo3pacTaeT. XJieO, BBbITICUECHHBIN B

MapOKOHBEKTOMATE, UMEET IO CPaBHEHUIO
¢ npyrumMu obpasnaMu OOJBIIYIO ILIOMATh
MPOIEYEHHOr0 MsIKUIIa. B TecTOBBIX 3aro-
TOBKaX Ha XMEJICBOI 3aKBACKE MPOTrPEBaAHIE
1 GOPMUPOBAHUE MSKHUIIIA TPOUCKXOIHUT ObI-
CTpee, YIOeNbHBI O0BEM U YIEK MPU JaH-
HBIX CIOCO0AaX BENEHUsS TeCTa W BBITICUKHU
CTAQHOBHUTCS ONTUMAJbHBIM. PerieHuem 3a-
nauu sBysieTcs Touka =25, y=1,z=1..
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