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AnHoTaums. U1 paciMpeHus aCCOPTUMEHTA OTEUYECTBEHHOIO PhIHKA CIICLMA3HPOBAHHBIX MPOYKTOB (B TOM YHCIIE JIEYEOHOrO M MPOMUIAKTHYECKOrO XapaKTepa) st
KaTeropuu ToTpeduTeneii, CTpaaloNiX HelepeHOCHMOCTBIO TUTIOTEeHa MOMKET HMCIIONB30BaThCs rpeurxa. B nmpoMbIIuieHHBIX MaciTabax rpedniHsii conox B Poccnn He
TIPOM3BOJIAT, €T0 3aKyITAIOT B €BPOIEHCKHX cTpaHax. Jlyist PON3BOZICTBA IPEUHIITHOTO COJIO/IA HEOOXOIMMO 3HATh IapaMeTphl IepepaboTKH OTEYeCTBEHHBIX COPTOB rpeurxu. C
TOMOIIBI0 MAaTEMATHYECKHX METOZOB IUIAHMPOBAHMS NPOBOIWIM HPOTHOSMPOBAHHE BISHHE OCHOBHBIX (DAaKTOPOB IPOPAIMBAHMS IPEYMXU HA AKTUBHOCTH €€
TUIPOSUTHYECKHX (DEPMEHTOB IS MOy UCHHSI COJIOJIA C BBICOKOM (hepMEHTaTHBHOI CrIocOOHOCTEIO. MccenoBam rpedrxy copra JIuKyiib. 3aMaunBaHie [PeYnXy POBOIII
BO3YIIHO-BO/SIHBIM CrIocoOoM mpu Temmeparype 15-16 °C B BOZONPOBOIHOM BOZE /10 OTHOCHTENIBHOM BIaXHOCTH 46-50 %, mpuuém BO3AYIUHBIC W BOSHBIC May3bl
yepenoBany Kaxple 4 yaca. [IpopamiiBanne mpoBoawm B TeueHne 6—7 cyTok npu Temneparype 15-16 °C 10 10CTHkeHns: MaKCUMAIbHOH aKTMBHOCTH THAPOIHTHIECKHX
(hepMEHTOB aMIIOIIMTHYECKOTO U IPOTEOIMTHYECKOro AeiicTBus. [IpoporieHHoe 3epHO moBepraty GepMeHTALHH, 151 Yero OCTaB/UIM B IOKoe Ha 12-24 yaca 10 Tex nop,
TOKa TeMIIepaTypa B CPEIHEM CJI0e He MOBBICUTCs 10 5055 °C, BOPOLIMIN U MPOAYBATIN KOHIMIMOHUPOBAHHBIM BO3AYXOM C TAKOW MHTEHCHBHOCTBIO, YTOOBI BIIKHOCTH
coiozia 6b11a 50-52 %, a Temnepatypa Bo Beex cosix 67—68 °C B Teuenne 5 cyTok. CylIKy IPOBOIMIM C IOCTENIEHHBIM YBEIIYEHNEM Temeparypbl ot 6768 °C o 74-75 °C
B TedeHHe 16 4 0 JOCTHKEHHs] BEJIMUMHBI BIIXKHOCTH 5—6 %. TIpOrHO3MpOBaIH, KaK BIHSFOT OCHOBHBIE (JaKTOPBI IIPOPAIIMBAHMS IPEUHXH HA AKTUBHOCTb €€ THPOTMTHYECKUX
(epmerToB. OCHOBHBIC (DaKTOpBI, BIMSIOIIME HAa AKTUBHOCTh (DEPMEHTOB NP MPOpALIMBAHUK: TeMmrieparypa cononopaiieHus, °C; BIOKHOCTb CONOJOpAIleHHs, %o;
MPOJIOJDKUTEIIBHOCTE CONOZIOpAllieH s, CyT. KpuTepueM OLEHKH BIMSHMS BbIOPAHHBIX NApAMETPOB CIY)KWIM CIIOCOOHOCTH, €T CyXHX BEIIECTB: aMUJIOIMTHYECKAs,
OcaxapHBaroLas, ¥ IpoTeoauTHyYeckas. [ crarncTuyeckoi 00paboTKH JJAHHBIX HCCIIEI0BAHHs PUMEHSUIH LIEHTPAIbHOE POTaTabesIbHOe YHU(OPMILIAHUPOBAHHE, KOTOPOE
TO3BOJILIO B X0J1€ 20 9KCIIEPUMEHTOB B 3-X KPAaTHOH MOBTOPHOCTH MOJy4HTh YPABHEHHE PErPECCHH alIEKBATHO ONMCHIBAKOLIEE IIPOLIECC NIPOPAILMBAHMS TPEUHXH. J]J1 OLeHKH
aJIeKBAaTHOCTH MaTeMaTHIECKOM MOJIesH ObUT poBezieH cniepcrnorHsIii anams (ANOVA) sxcriepimenTa B iporpamme Design Expert (Stat-Easelnc.). ITosy4enst ciieyrore
3HAUYCHHS BBIXOMHBIX I1ADAMETPOB, €T CyXHMX BEIIECTB — aMWJIOJIMTHYECKas CIocoOHOCcTh 326,7, ocaxapuparomias crocodHocte 40,9 ¥ mpoTeoIMTHYecKast
criocobHocTh 381,9 €/1./T. K COOTBETCTBYIOLIMX BXOAHBIX: Temiieparypa 15 °C; BiaxHocTb 48%; IIPOI0IDKHTENIHOCTb COJIOIOpAILEHHs 6 CYT.

KiioueBbie ciioBa: rpednxa, Fpe‘[HUJHLIﬁ coJiona, 0e3rIITEeHOBOE IIATaHUEC, aMUJIOJIUTHYCCKasA CHOCOGHOCTB, ocaxapuBaronas CITIOCOOHOCTb.
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Abstract. Buckwheat can be used to expand the range of specialized products on the domestic market (including therapeutic and prophylactic ones) for the category of consumers
suffering from gluten intolerance. Buckwheat malt is not produced on an industrial scale in Russia. It is bought in European countries. The processing parameters of domestic
buckwheat varieties need to be known for the production of buckwheat malt. Prediction of the influence of the buckwheat germination main factors on the activity of its hydrolytic
enzymes to obtain malt with a high enzymatic capacity was carried out with mathematical planning methods. Buckwheat variety Dikul was examined. Buckwheat was soaked in
an air-water way at a temperature of 15-16 ° C in tap water to a relative humidity of 46-50%, with air and water pauses alternating every 4 hours. Germination was carried out for
6-7 days at a temperature of 15-16 ° C until the maximum activity of hydrolytic enzymes of amylolytic and proteolytic action was reached. The sprouted grain was fermented. To
do this, it was left still for 12—-24 hours until the temperature in the middle layer rose to 50-55 © C. Then the malt was agitated and blown with conditioned air with such intensity
so that its moisture content was 50-52%, and the temperature in all its layers was 67-68 ° C for 5 days. Drying was carried out with a gradual increase in temperature from 67-68
° Cto 74-75 ° C for 16 h until the moisture content of 5-6% was reached. The influence of the main factors of buckwheat germination on the activity of its hydrolytic enzymes
was predicted. The main factors influencing the activity of enzymes during germination are malting temperature, ° C; malting humidity,%; malting duration, days. The criterion
for assessing the selected parameters influence was the ability, unit / g of dry matter: amylolytic, saccharifying, and proteolytic. Central rotatable uniform planning was applied to
statistically process the survey data. It became possible to obtain a regression equation that adequately describes the process of buckwheat germination, in the course of 20
experiments in triple repetitions. Analysis of variance (ANOVA) of the experiment in the Design Expert program (Stat-Ease Inc.) was carried out to assess the mathematical model
adequacy. The following values of the output parameters, U / g of dry matter were obtained: amylolytic capacity 326.7, saccharifying capacity 40.9 and proteolytic capacity 381.9
U/ g. with appropriate input parameters: temperature 15 ° C; humidity 48%; duration of malting 6 days
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BBenenue

B HacTos1ee BpeMst Ha pOCCUICKOM pPBhIHKE TpanuiuoHHbIe BU/IBI COIONA — 5TO AYMEH-

colojla OTMeYaeTcs 3HAYMTEILHOE IPEBBINICHUE
00bEMOB HMMIIOpTa HaJ OOBEMaMH 3JKCIOPTA.
B oCHOBHOM pBIHOK C(OPMHPOBaH IOCTaBKAMH
3apyOeXKHOTO COJI0JIa, KOTOPBIA TMpEACTaBICH
OonpIIMM pa3HooOpasueM 31akoB [1-3].
Z[J'Iﬂ UTHPOBAHUA
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HBIH, p>KaHOU U NIIeHnYHbId. K HeTpaauMoHHbIM
BHUJIaM COJIOAA OTHOCST COJIOJ U3 3€pHA TPEUUXU.
I'peuniunbiii conon B Poccum B NpOMBINITIEHHBIX

MaciTadax He MPOU3BOMSAT, er0 3aKyNaroT B €BPO-
nenckux crpanax [4, 5].
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Bce wamie cpenu HaceneHHsl BCTpPEYaroTCs
JIO/M, KOTOPBIE CTPAJalOT HENePEeHOCHMOCTHIO
TIIIOTEHA. DTHM OOJNBHBIM 3alperiaeTcsl yrnoTpeo-
JISITh TIPOTYKTHI, IPOM3BEICHHBIE U3 TPAIUIIMOHHOTO
3CPHOBOI'O CBIPbA, TaK KaK J0JIA TTTFOTCHOBBIX 6€JIKOB
B HuUX coctaBiisieT noutd 80%. Takum oOpa3zom,
ACCOPTHMEHT THIIIEBBIX MPOIYKTOB Y JIAHHOM Kare-
TOPHHY HACENICHUS CHJIBHO OTPAHUYEH, YTO HE MOXKET
HE CKa3bIBAThCS HA KA4eCTBE X *KH3HU [6, 7].

DU3UKO-XUMHUYECKUE TOKa3aTeN 3€peH Ipe-
YUXH YCTYTIAIOT MOKA3aTeNsIM 3epeH piku (Tabmia 1).
AOcofoTHas Macca TPEUYNXH HIDKE aOCOIFOTHOMN
Maccel pku Ha 27,8%, a crmocoOHOCTh MpopacTaHus
MPAKTHYECKU UMEET OJIUH YPOBEHB C 3€PHOM PIKH.
ConeprxaHre Kpaxmana y rpednxu Hke Ha 10,2%
coJep)KaHUs Kpaxmaia y pxu. Poxxp mpeBbilaer
TPEUHXy I10 SKCTpakTUBHOCTH Ha 12,9%, 1o coxep-
xanuro Oenka Ha 20%, uHa 10% 1o comepiKaHKIO
Kkpaxmana [2, 7, 8]

Tabmuma 1.
KauecTBeHHbIE TOKa3aTENN 3epHA
Table 1.
Grain quality indicators
. I'peunxa |Poxsb
IMokaszarens | Indicator Buckwheat | Rye
Abcomornas macca 1000 3epen, T 233 323
Absolute weight of 1000 grains, g ' '
Copnepxanue Oenka, % CB
Protein content, % dry substances 12,0 150
Copnepxanue kpaxmaia, % CB
Starch content, % dry substances 52,5 98,5
DKcTpakTUBHOCTH, B% Ha BCB 675 775
Extractivity, in% on dry substances ' '
CnocobHOCTh IpopacTanus, %
The ability of germination, % 928 943

@OpaknuoHHBI ke cocTaB Oelka 3epHa
IpeYnXy MPEeACTaBIeH B OCHOBHOM IJIOOYJIMHAMU
1 anpOyMuHamMu (Tabnuma 2), Mpyu MOYTH MOITHOM
OTCYTCTBUH IPOJIAMHHOB U TJTIOTENTMHOB. B TO Bpemst
KaK BcocTaBe OejKa PiKH, TPaJULMOHHOTO CBHIPbS
IUIs IPOM3BOACTBA KBaca U xJyieba, Hao0opoT mpe-
00J71a1a10T TPOJIAMUHBI U TITIOTEITUHBI.

Tabnuma 2.
®pakiMOHHBIN cOCTaB OeliKa 3epHa rPeUnXU
u poxu [9-11]
Table 2.

Fractional composition of buckwheat and
rye grain protein

DOpaknus, % ot ob1Iero 3epno | Grain

conepkanus Oenka Ipeunxa | Pose
Fraction, % of total protein Bu%kwheat Rye
content
AunsGymunst | Albumins 21-24 0,4-0,5
I'no6ymunas | Globulins 42-45 1,7-2,2
IIponamusst | Prolamins 1,1-1,2 |37,2-41,6
T'morenunsl | Glutelin 10-12 |26,6-41,9
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[ToaToMy rpeurxa MOXKeET OBITH UCTIOJIE30BaHA
JUIL pacIIMpeHHs] acCOPTHMEHTa OTEYECTBEHHOTO
pPBIHKA CIEIUATH3UPOBAHHBIX MPOAYKTOB (B TOM
YyHUClle Je4eOHOTO W MPO(QUIAKTHYECKOTO Xapak-
Tepa) IS KaTErOpUH MoTpeOuTeseH, CTpaaaromx
HEMEePEeHOCUMOCTBIO TIIIOTeHa [7].

Jns co3manus mpOayKTOB U3 3€PEH TPEUNXHU
HEOOXOAMMO 3HATh MapaMeTphl ee NepepabOTKH.
B cBA3u Cc 3TUM 1IeNbI0 HAIMX HCCIETOBaHUMN
SIBJISIETCS] IPUMEHEHUE MAaTeMaTUYECKUX METOJIOB
TUTAHUPOBAHUS TS TIEPEPa0OOTKU TPEUNXHU Ha COJION
C BBICOKOW (DepMEHTATUBHOW CITIOCOOHOCTBIO.

MaTepI/IaJ'[bl U METOAbI

MartepuanamMu UCCIIeJOBaHUS SBISUTHCH POXKb
copta Boctok 2 (KOHTpOITh) 1 rpeunxa copra J{uKyib
(ombIT). AMunonuTHyeckylo crnocobHocts (AC)
coJo/la ONpeNeNsUIN KOJOPUMETPUIECKUM HOJI0-
METPHUYECKHM METOOM, OCaxapHBAIOIIYI0 CIO-
cobHocTh (OC,) — MOISIPUMETPHYECKUM METOJIOM,
nporeomutrdeckyio (I1C) — pedpakromerpraecknm
MmetozioM (1o [leTpoBy), BIaKHOCTH HCCIELYEMBIX
00pasIoB ONpeeIsIIA Ha BlIaroMepe TepMorpadude-
ckoM uH(pakpacHoM FD-610. DKCTpaKTUBHOCTB,
KHCJIOTHOCTh H I[BETHOCTh (PEPMEHTHPOBAHHOTO
conona onpenernsimi corsiacHo (TOCT P 52061-2003).

3aMaurBaHNE TPEYUXH H PXKU TPOBOJIMIH
BO3/YIIHO-BOJSHBIM CIOCOOOM IpU TEeMIIeparype
15-16 °C B BOJIOMIPOBOJTHOM BOJIE JIO OTHOCHUTEIBHOM
BrakHOCTH 46-50%, npr4éM BO3ILyIIHbIC U BOASHbIC
nay3bl uepezioBa kKaxpie 4 daca. [IpopariBanue
NPOBOAMIM B T€UeHHE 6—7 CYTOK HpH TemIepa-
Type 15-16 °C 5o MOCTHXKEHHS] MaKCHMAaTbHOW
AKTUBHOCTU THAPOJIHUTHYECKUX (PEPMEHTOB amu-
JIOJIUTHYECKOTO W MPOTEOIUTHUECKOTO JCHCTBHS.
ITpoporeHHoe 3epHO MoABEpraiv HepMeHTALMH, IS
YEro OCTABJIIM B IOKOe Ha 1224 yaca 70 Tex mop,
MOKa TEMIIepaTypa B CPEIHEM CIIO€ HE MOBBICHTCS
1o 50-55 °C, Bopommimm ¥ IpoAyBaIy KOHAWUIMOHH-
POBaHHBIM BO3IYXOM C TaKOH HHTEHCHBHOCTBIO,
YTOOBI BIAXKHOCTH coJio1a Obuta 50-52%, a Temnepa-
Typa Bo Bcex ciosix 67-68 °C B TeueHue 5 CyTOK.
Cy1ky pOBOJIMIIN C MIOCTETICHHBIM yBEITHUCHHEM
Temmeparypsl oT 67—68 °C no 74—75 °C B TeueHue
16 1 0 TOCTIDKEHTI BEJMUMHBI BiIaskHOCTH 5—6% [5].

Pe3yabTaThl u 00cy:xkIeHue

[Iporuo3upoBany, Kak BJIHSIOT OCHOBHBIC
(daxTopsl NPOPAIUBAHKS IPEUUXH HA AKTUBHOCTh
ee TUAPOIUTHYSCKUX (PepMEHTOB.

OcHOBHBIE (PaKTOPHI, BIHSIONINEC HA AKTUB-
HOCTh (DEPMEHTOB MPU MPOPALIUBAHUU: X1 — TEM-
neparypa comomoparmienus, °C; X2 — BIaKHOCTb
coJoftoparieHus, %; X3 — MPOJ0KUTEIIBEHOCTD CO-
JofopaiieHusi, cyT. Kpureprem ONEeHKH BIVSTHHUS
BEIOPAHHBIX MMAPAMETPOB CIIYKHJIM CHOCOOHOCTH:
ammonutrdeckas (Y1, en./r. CB), ocaxapuBaromias
(Y2, en./r. CB) 1 nporeonutryeckas (ys, en./r. CB) [12].
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Hns cratucTuyeckoil 0OpabOTKU NaHHBIX
WCCIIEZIOBaHUS MPHUMEHSIN LIEHTPaJbHOE poTaTa-
OenpHOE yHU(OPMILIAHUPOBAHHE, KOTOPOE MO3BO-
nmsuto B Xxoae 20 3KCIepuMeHTOB B 3-X KpaTHOM
NOBTOPHOCTH TOJNYYUTh YpPaBHEHUE pErpeccuu
aJIEKBAaTHO OIKUCHIBAIOIIEE IIPOLIECC IPOPAIUBAHUS
rpeunxu [13, 14-20].

Marematndeckas MOJEJIb U3y4aeMOro mpo-
1ecca MpejaCcTaBisIeTcsl B BUAE IOJIMHOMA BTOPOH
CTEIEHHU:

y=b0+ibixi+ib"xi2+ibijxixj (1)
i=1 i=1 i<j

rae bo— cBOOOMHBIN UCH ypaBHEHHS, PaBHBIH
CpeZlHEeH BEIMYMHE OTKJIWKA TPU YCIOBUH, YTO
paccMmatprBaeMble (paKTOpbl HAXOAATCS Ha CPelHUX,
HYIIEBBIX» YPOBHIX; X— MaciTabUpOBaHHBIC
3HaYCHUS (PAKTOPOB, KOTOPHIE ONPEACIIAIOT (hyHK-
U0  OTKJIMKa W MMOJJAIOTCS  BapbHPOBAHUIO;
bij — ko3 urmeHTH ABYX(aKTOPHBIX B3aUMOICH-
CTBHM, IMOKA3bIBAIOIINE, HACKONBKO H3MEHSIETCS
CTETIeHb BIMSHUS OJHOrO (hakTopa Mpy W3MEHEHUH
BEJTHUMHBI JPYyroro; Dii— xoadduimenTs kBagpa-
THUYHBIX 3()(PEKTOB, ONMpenesoNne HeMMHESHHOCT
BBIXOJTHOTO TapamMeTpa OT pacCMaTpUBaeMbIX (hak-
TOPOB; I, | — MHIEKCHI (PaKTOPOB; N —YKCII0 (PaKTOpOB
B MaTpHIIE MJIAHUPOBAHHUS.

Marpuna TUIaHUPOBaHMs — MPEJCTaBIICHA
B Ta0ymie 3. [Ipenensl u3MEeHEHUST UCCIICTyeMBIX
(haxTOpOB MPUBEICHKI B Ta0uIIE 4.

Tabnuna 3.
Marpuna miaHupoBaHUs SKCIIEPUMEHTA
Table 3.
Experiment planning matrix
X1, °C | X2, % | xs, cyt (day) |y1, ex./r. (ylj;]ﬁg/g) (yljr‘1 ff[g/g)
-1 -1 -1 137,2 16,6 163,9
-1 1 -1 137,6 19,3 190,6
1 -1 -1 136,9 20,6 181
1 1 -1 1535 20,6 202,9
-1 -1 1 246,08 | 331 325,2
-1 1 1 312,6 39,1 356,7
1 -1 1 298,9 37,5 330,2
1 1 1 2643 | 3546 | 3493
-1682] 0 0 196,8 254 | 260,1
1682] 0 0 259,8 33,2 341,6
0 [-1.682 0 2232 30 320,4
0 |1.682 0 257,8 32,7 338,9
0 0 -1,682 34,8 8,9 96,1
0 0 1,682 318,7 41,3 360,7
0 0 0 289,3 34,9 3456
0 0 0 286,3 34,5 3418
0 0 0 292,8 35,2 348,6
0 0 0 288,4 34,9 3443
0 0 0 287,1 34,7 342,3
0 0 0 289,4 38,4 | 3458

95
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Tabmuma 4.
OcHOBHEIE XapaKTCPUCTHUKU IlJIaHAa SKCIICPUMCHTA
Table 4.

Main characteristics of the experiment plan

v [penenst m3MeHeHHs PaKTOPOB
Cg&?}ﬁ?ﬂ“ggﬁgﬁﬁ“ Limits of changes in factors
g X1, °C X2, % | Xs, cyT. (day)
Hymnesoii yposens (0)
Zero level 15 48 4
BepxHuuii yposeHb (+1)
The upper level 16 21 6
Hwxuuii yposens (-1)
The lower level 13 45 2
BerHSISI «BBC3aHas»
Touka (+1,682) 17 53 7
+ "star" point
Hwxusas «3BC3HasAI»
Touka (-1,682) 12 43 1
—"star" point

JIIl OLEHKH aIeKBaTHOCTH MAaTe€MaTHYECKOM
Mozenu ObUT NMPOBEAEH AWCIIEPCUOHHBIA aHAJH3
(ANOVA) »okcnepumenta B nporpamme Design
Expert (Stat-Easelnc.) u momy4ensl ciemytomrue
ypaBHEHHS PErPECCUu:

y, = 288,88+11, 34, +5,73X, + 75, 72X, —10,61x,X, +1,87X X, -
~1,39%,%, — 21,38 ~17,07x,” — 39, 61, @)

Yy, =35,45+1,45% +0,77x, +8,97%, —1,34%,X, + 0,15%,X, —
-0,56x%,X; —2,25x%,> —1,52x,” — 3,73, ©)

Y, = 345,39+17,30X, +4, 26X, + 78, 20X, — 2,15X,X, +0, 25X, X, —
-3,98X,%, —19,79%,° —9,61x,” — 45, 41x,? (4)

Ananu3 ypasrenuii (2)—(4) mo3BossieT Bbie-
JTUTH (aKTOpHI, HAanbOJIee BIUSIIONINE HAa paccMaT-
puBaemblii mporiecc. Ha OmocuHTe3  (hepmMeHTOB
HanOoJbLIee BIUSIHIE OKAa3bIBAIOT KaK TEMIIEpaTypa,
TaK M NPOJOJDKUTEIBHOCT MpopaiuBanus. [Ipu
9TOM 3HaK «IUIIOC» Tepeln KoadduiumentoM npu
JMUHEHHBIX WICHaX YyKa3blBaeT HA TO, YTO MpHU
VBEIUYCHUH 3HAYCHUS TMapamMeTpa 3HA4YeHHE BbI-
XOJ/IHOTO TTapameTpa BO3PacTaeT, 3HAK «MUHYC» —
yObIBaeT. O0Opariaer Ha ce0si O0JbIIOe BHUMAHUE
3HAYCHUS K09 PULIUCHTOB KBa/IPaTHYHBIX
3¢dekToB, UYTO yKa3bIBaCT Ha CYIICCTBEHHYIO
HEJIMHEWHOCTh BBIXOJHBIX IAPAMETPOB OT pac-
CMaTpUBaeMbIX (DaKTOPOB.

OneHKa CTeNeH! BIMSHUS BXOJHBIX TTapamer-
poB X| Ha BBIXOJHBIC Yi NMpHBEJCHA Ha pHCYHKe 1.
AHaNM3 TaHHBIX YPaBHEHHI MO3BOJISIET BHIJICIHTH
(akTopsl, HaHOOIIEE BIUSIONIME Ha pacCMaTPUBACMBIN
npouecc (pucynkn 1-3).

TI'padrdeckast MHTEpIpeTaIms ypaBHerwit (2)—(4)
HPE/ICTaBlICHa KPUBBIMU PaBHBIX 3HAYCHHH JUTS BXO/I-
HBIX TapaMeTpoB B uHTepBasie [-1,682...+1,682]
(pucynku 4-6). JlanHble Tpadukd HECYyT CMBICH
HOMOTPaMM U UMEIOT MPaKTHYECKYIO 3HAYUMOCTb.
3Hast BeNIMYHHY ITapaMeTpOB, MOXHO ITPOrHO3UPOBAThH
IPOILIECC CONOAOPAIICHHUS TPEUNXH.
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Pucynox 1. BuusHue BXOOHBIX NapaMmeTpoB X

Ha BBIXOJHBIC  yj: (a)— ISl aMHJIOJHTHYCCKOMN
cocobHoct, en./r; (b)—  ams ocaxapuBaromieit
cnocobHoctH, ea./r; (C)— s MPOTEOIUTHUUECKON

CITIOCOOHOCTH, €]1./T

Figure 1. Influence of input parameters XI on output
parameters yj: (a) — for amylolytic capacity, units/g;
(b) — for saccharifying capacity, units/g; (c)— for
proteolytic capacity, units/g
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Pucynok 2. 3aBHCHUMOCTh  cIOcOOHOCTH: ()
aMHJIONUTHYECKOM, e./r; (D) ocaxapuBarome, ei./r;
(C) mpoTEOIUTHUYECKOH, €/1./T OT TEMIIEPaTyphl COJIOI0-
pamenus, °C Tpu BIAKHOCTH coJiogopalneHus, %0:
1-43; 2 — 45; 3-48; 4-51; 5-53

Figure 2. Dependence of the ability: (a) amylolytic,
units/g; (b) saccharifying, units/g; (c) proteolytic, units /
g on the malting temperature, °C at the malting humid-
ity, %: 1-43; 2 — 45; 3-48; 4-51; 5-53
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Pucynok 3. 3aBHCHMOCTB CIIOCOOHOCTH: (&) aMHIIONTUTHYECKOH,
en/r; (b) ocaxapuBaroreii, em./r; (C) IPOTEONUTHUECKOMH,
I1./T OT BIAXKHOCTH COJOAOPAICHNUsI, % TPU MPOIOTKUTEIb-
HOCTH cojiofiopaienus, cyt.: 1-1; 2-2; 3-4; 4-6; 5-7

Figure 3. Dependence of the ability: (a) amylolytic, units/g; (b)
saccharifying, units / g; (c) proteolytic, units/g on the humidity
of malting, % for the duration of malting, day.: 1-1; 2-2; 3-4;
4-6;5-7
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Pucynox 4. KpuBble paBHBIX 3HAa4€HHH 3aBUCHMOCTH
AMHIIOJTUTHYECKOW ~ CIIOCOOHOCTH,  €[./T OT:  (a) TeMIeparypsl
cononopamerus, °C ¥ IPOIODKATEILHOCTH  COJOIOPAIIECHHUS,
cyt.; (b) remneparypsr conomopanierusi, °C U BIQKHOCTH
conojopaienus, %;  (C) BIaxHoctd  conomopaiueHus, % H
MIPOIOJDKUTENBHOCTH COJIOIOPAIICHHS, CYT.

Figure 4. Curves of equal values of the dependence of amylolytic
capacity, units/g on: (a) malting temperature, °C and malting
duration, day; (b) malting temperature, °C and malting
humidity, %; (c) malting humidity, % and malting duration, day
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Pucynok 5. KpuBele paBHBIX 3HaYeHHWH  3aBUCHMOCTH
ocaxapuBaronieil crnocoOHOCTH, ex./r otr: (a) TeMmepaTypsl
conopopatenus, °C 1 MpoJOJDKUTEIBHOCTH COJIO0JOPALICHHUS, CYT.;
(b) Temnepatyps! coronoparuennst, °C 1 BIaXHOCTH CONOI0paIeHns, %o;
() BmaxHocTH conomopaiieHus, % W HPOIOJDKHTENBHOCTH
COJIOZIOPAILCHUS, CYT

Figure 5. Curves of equal values of the dependence of the
saccharifying capacity, units/g on: (a) malting temperature, °C and
duration of malting, day.; (b) malting temperature, °C and humidity of
malting, %; (c) humidity of malting, % and duration of malting, day.

[Mpenanoxkena uucnenHass u rpaduyeckas
NpoLenypbl ONTHMHU3ALMK JISl IPOTHO3UPOBAHUS
ONTUMAJIBHOTO YPOBHS BXOOHBIX (DAaKTOPOB U
MOJTyYeHUs] COOTBETCTBYIOUIMX MaKCHMaIbHBIX
3HAUeHUH (EpMEHTHBIX aKTUBHOCTEH, en./T.
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Pucynok 6. KpuBble paBHBIX 3HaY€HHH 3aBUCHMOCTH IPO-
TEOJIUTUIECKON CIMOCOOHOCTH, €11./T oT: (@) TeMmeparypsl
COJIOAOpalICHus, °Cu TPOJAOJDKUTEIIBHOCTU COJIOAOPAIICHNSA,
cyr.; (b) remneparypsl conomoparierus, °C ¥ BIaXHOCTH
conopopartenus, %; (C) BIaxHOCTH —cojonopamieHus, %
U TIPOAOJDKUTEIIBHOCTH COJIOAOPALIEHUS, CYT.

Figure 6. Curves of equal values of the dependence of the
proteolytic capacity, units/g on: (a) malting temperature, °C
and duration of malting, day.; (b) malting temperature, °C
and humidity of malting, %; (c) humidity of malting, % and
duration of malting, day

OO0m@ass MareMaTH4ecKkas IIOCTAaHOBKA 3aadu
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[Ipu pemieHuu 3aga4u ONTUMH3AINH OIpe-
eI 3HAaueHHe (QYHKUOUH  SKeNaTeIbHOCTH
(D —1,0) s HaXOXK/ACHHUST HHTEPBAJIOB OITH-

MaJIbHBIX 3HAYCHUHN BXOJHBIX nmapamMeTpoB,

Tabnuna 5.
Pemenus 3amaun onTUMHA3AIMN

Table 5.

Solutions to the optimization problem

o X3, CYyT 2, en./r|ys, en./r

Nel xa, °C | x2, % dag yi, en/r yunits/g yunits/g D

1115,081(47,689| 6 |326,691| 40,985 |381,963| 1,000
21(15,082|47,703| 6 |326,706| 40,985 (381,972| 0,999
315,077|47,714| 6 |326,728| 40,985 {381,967 (0,9985
4115,094|47,661| 6 |326,635| 40,985 |381,968| 0,998
5(15,095|47,696| 6 |326,677| 40,985 (381,987|0,9975
6(15,068|47,685| 6 |326,703| 40,985 (381,939| 0,997
7115,068|47,715| 6 |326,742| 40,985 |381,953|0,9965
815,061|47,746| 6 |326,787| 40,984 {381,951 0,996
915,103|47,654| 6 |326,609| 40,984 [381,978|0,9955
10{15,094 (47,752 6 |326,740| 40,984 |382,010| 0,995
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OKOHYATENBHO TOMYYUM CIICIYIOIIHE 3HAUE-
HUS BBIXOJHBIX [APAMETPOB — AMMIIOJIMTHYIECKAS
crniocobnocth Y1 = 326,7 en./r CB, ocaxapuparoras
cnocobHocTh Y2 = 40,9 en./r. CB u nporeonurnye-
ckas criocobHocTh Y3 = 381,9 exn./r. CB, ipu cooT-
BETCTBYIOIINX BXOAHBIX: X1 =15°C; X2 =48%;
X3 =6 cyT.

Jlns  mpoBEepKH TMPABUILHOCTH — BBIOOpA
ONTHUMAJIBHBIX YCIIOBHUI IPOIIECcCa COIOI0PAICHHUS
TPEUMXH OBLT TIOCTABIIECH ST MApaIIeTbHBIX IKCIIE-
prMeHTOB. COMOCTABIEHHE OIMBITHBIX M PACUCTHBIX

99

nosryueHo > 20 peueHuit, npuseaem nepsbie 10:
W3 Tabnuupl onpenesuM ONTUMAaIbHbIE UH-
TepBajbl BXOAHBIX IapaMETPOB AT JOCTHKCHUS
MaKCHUMaJIbHBIX 3HaYE€HHU CIIOCOOHOCTH (DEPMEHTOB:
x1 = 15,0-15,1 °C; xo = 47,6-47,7%; X3 = 6 cyT.
HaxnaznpiBast noiay4eHHbIE HHTEPBAJIBI JPYT
Ha JIpyra IOJly9uM OO0JIaCTh TEepeceyeHHs] OMNTH-
MaJIbHOTO pemieHus (Oenasi 30Ha) MpU 3aJaHHBIX
KPUTEPHUAX ONTHMHU3ALUY (PUCYHOK 7).

104

X3, CYT.
3

day

PucyHnok 7. O6nacts pemieHus 3aiaud ONTHMU3ALUH
B uHTepBaie [-1,682... + 1,682] ,

Figure 7. Area of solving the optimization problem in the
interval [-1,682... + 1,682]

JAHHBIX TI0KA3aJI0 JOCTATOYHYIO CXOJUMOCTDH pe-
3yJIbTaToOB. Bce TONydeHHbIE JAHHBIC JIEKAIH
B TIpe/ieiax PACCUUTAHHBIX JOBEPUTEIBHBIX HH-
TEpBaJIOB MapaMeTpoB ontumuzanmu. Cpeasss
KBaJIpaTU4Hast omunoOKa He rpessbiiana 2,3%.

3aKkiIioueHne

INomy4eHs! 3Ha4eHUS BBIXOJHBIX MApaMETPOB
COJIOAIOPAILIEHHS [PEUHUIIIHOTO COJIO/IA, O3BOJIIIOIIIE
HOJIy4UTh COJIOZ C HauOONBIIMMU OCaXapHUBArOILEH
Y IPOTEOIUTHUECKON CITIOCOOHOCTSIMH
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