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AunHoTtanus. Llens paboTbl — yCTAHOBUTH KHHETHKY IPOIIECCa HHTEHCHBHOCTH BOJIOHACHIICHHUS CEMSIH COU C YIETOM Pa3IMuHbIX (JaKTOPOB.
B npuBeneHHbIX HccienoBaHUAX OblUIa NPECTABICHA CXEMa, Pa3AeNAIoNIas TEXHOJIOTHYECKHE ONepaluy IOMyYeHUs] KOHIIEHTPUPOBAHHBIX
(dhopmM coeBoro Oenka Juist MPOSKTUPOBAHHS MUIEBBIX CUCTEM 110 HECKOJILKMM KJIaCCH(HKAIIMOHHBIM MPU3HAKAM: 10 BUY TEXHOJIOTHYECKOT0
BO3/ICICTBUS Ha CEMEHa COM, 110 THILY Pa3pyIIAIOIIEro BO3ACHCTBHUS, IO CIIOCO0Y BBIACICHHS U KOHIIEHTPUPOBAHMS OCIIKOBBIX BEIIECTB, 110
¢du3nueckoil opme KOHEUHOro mponaykra. JlaHHas cxema IOKa3bIBaeT Pa3iWyHble TPaHCHOPMHUPYIOLIME CTAAUM MOAM(PHKALMU COEBOIO
CBIPbS B TIPOM3BOACTBEHHOM IIPOIIECCE: HACBIIICHHE BOJOH, MpOpAlIUBaHKE, BHICYIIMBAaHHE, NPOXKapUBaHME, NpPONMApUBAaHUE, Bapka,
IUTIONIEHHE, Ipo0IIeHHe, ITepeMabIBaHNe, UCTUPAHKUE, SKCTPAKIUS U JPYTUe, NO3BOJSIONME B KOHEYHOM HMTOTe IpeoOpa3oBaTh UCXO/IHBIC
CeMeHa B HYTPHEHTOAJICKBAaTHBIC WHIPEIUEHTHI PAa3IMYHON (DM3MUCCKOH (OPMBI: Teib, 1MacTa, MyKa, TPaHYIST, TEKCTypaT, KOHIEHTpaT,
n3onaT, HavanbHbIM 3TanoM mporecca npeoOpa3oBaHUsl CeMsH COM SIBJISIETCS UX BOJOHACHILICHHE IMYTEM 3aMaudBaHUE B BOJHOH cpere.
OTMeuaeTcs, 4TO MPH TOTPYKCHUH CEMsSH COM B BOJY HAUMHAETCA MPOIECC BOJOHACHIIIEHHS, KMHETHKA KOTOPOTO XapaKTepusyeT
npupamieHne oobemMa, U3MEHEHHE T'€OMETPUYECKUX HapaMeTpOB M YBEIMYCHHE BIAXXHOCTH CEMSH BO BPEMEHH C YYETOM YIIPABISIEMBIX
TEXHOJIOTUYECKHX (PAaKTOPOB: TEMIIEPATyphl M CTEIIEHH MIUHEPAIN3AIMY BOJIBL, a TAKXKE 3aBHCUT OT OMOJIOTMYECKNX OCOOEHHOCTEH copTa con:
KPYITHOCTH CEeMSH, NPOHUIAEMOCTH O00O0IOYKH, (PU3MKO-XHUMHYECKHX CBOMCTB coeBOro Oenka u Jp. JlaHHBIH Hpolecc onpeneiuiv mpu
NIOMOIIM YPaBHEHUM, ONUCHIBAIONIMX KHHETHKY BOJOHACHIIIEHUS CeMsH cou. lIpuBeIeHHBIC HCCIEAOBAHUS MO CO3JAaHUIO MOAXOIOB K
MIOHMMaHHI0O MHOTO()aKTOPHOTO aHaM3a IPOLEcca BOJOHACHIIICHUS CEMSH COU JTAal0T BO3MOXKHOCTB YIPABIISATH OKHJIAEMBIM PE3yJIbTaTOM
IIPY 1I€JI€BOM IHIIEBOM IPOEKTUPOBAHUU.

KiiroueBble ¢JI0Ba: CEMEHA COM, BOJOHACHILIEHHE, 3aBUCUMOCTb, COEBLIM 0€JI0K, MUIIEBLIE CUCTEMBI.
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Abstract. The purpose of the work is to establish the kinetics of the intensity of water saturation of soybean seeds process, taking into account
various factors. In the research a scheme was presented that separates the technological operations of obtaining concentrated forms of soy
protein for the design of food systems according to several classification criteria: by type of technological effect on soybean seeds, by type of
destructive effect, by the method of isolation and concentration of protein substances, by the physical form of the final product. This scheme
shows the various transformative stages of modification of soy raw materials in the production process: water saturation, germination, drying,
roasting, steaming, cooking, flattening, crushing, grinding, abrasion, extraction and others, which ultimately allow converting the original seeds
into nutritionally adequate ingredients of various physical forms: gel, paste, flour, granulate, texturate, concentrate, isolate. The initial stage of
the soybean seed conversion process is the water saturation by soaking in an aqueous medium. It is noted that when soybean seeds are immersed
in water, the process of water saturation begins, the kinetics of which characterizes an increase in volume, a change in geometric parameters
and an increase in seed moisture over time, taking into account controlled technological factors: temperature and degree of mineralization of
water, and also depends on the biological characteristics of the soybean variety: seed size, shell permeability, physico-chemical properties of
soy protein etc. This process was determined using equations describing the kinetics of water saturation of soybean seeds. The studies on the
creation of approaches to understanding the multifactorial analysis of the process of water saturation of soybean seeds make it possible to
control the expected result in targeted food design.
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BBenenune

B nocneanne roasl KOHUEHIMN, ITOBEACHHUE
Y MOJIenH TIOTpeOIeHns MPOAYKTOB MHUTAHUS TIO-
CTOSTHHO MeEHsIOoTCsS. HOBBIE TpEHIBI B MHUIICBBIX
MIPEAMOYTEHHUIX CBSI3aHBI C YIIyUIlIEHHEM KadecTBa
MoTpeOIeHUsI, B TOM YHCIIE, CO CTPEMJICHUEM K JIO-
CTYIHBIM 3KOJIOTMYECKU YUCTHIM, 30POBBIM UCTOU-
HUKaM T[HIIM. YBEJIWYECHUE CIIPOCca HAa MUIIEBYIO
MPOYKIIMIO, CITIOCOOCTBYIOIIYIO MPH PErYIISIPHOM
BKJIFOUCHUM B MHIICBBIC PALMOHBI, O0CCIICUUTH
AKTUBHOE JIOJITOJIETHE ¥ JOPMUPOBAHKE 3 TaITAI[HOH-
HOT'O TIOTEHIMAaIa OPraHu3Ma, SIBJISIETCS] HICTOYHUKOM
TEXHOJIOTUUYECKUX  HWHHOBAllMH, MPOBOLUPYET

post@uestnik-vsuet.ru

TpaHC(OPMALHIO TPOU3BOJCTBA ¥ OOBEKTHBHO TPH-
BOJIUT K COBEPIICHCTBOBAHHIO M IEHEPAIMH HOBBIX
HarpasJIeHUI epepaboTku chipbst [1-7, 11-20].
OnHol 13 COBPEMEHHBIX TEHICHIMI B MUILIEBOM
TEXHOJIOTUH SIBJBIETCSI IMAPOKOS MPUMEHEHHE CEMSTH COU
B [IPOU3BOJICTBE Hy TPHEHTHOA/ICKBATHBIX HHIPENCH-
TOB, WCIOJB3yeMbIX B (DYHKIIOHAIEHOM, CIICIIUAIIU-
3MPOBAHHOM U TIEPCOHATM3UPOBAHHOM MUTAHHH.
CyIIecTBYIOT pa3iiMyHbIC CIIOCOOBI MO H(hU-
KallM¥ COEBOr0 OMOAKTHBHOIO CHIPHSI, TIO3BOJISIOLIIIE
MOCPEJICTBOM CJIOKHOM HMEpapXUueCcKOl CHCTEMBI
CHOoCOOOB M METOJUK, MOJYYHUTh KOHIEHTPHPO-
BaHHbIC (POPMBI cOEBOTO Oenka (pucyHok 1).

TexHonornyeckue onepanuu 1o IMpou3BOACTBY KOHIICHTPUPOBAHHBIX
hopm coesoro 6exnka | Technological operations for the production of concentrated forms of soy protein

Tlo BHy TEXHOJIOTHYECKOTO BO3eHCTBHs Ha cemena cou | According to the type of technological impact on soybean seeds
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Pucynok 1. Cxema knaccuguKanuyi OCHOBHBIX OTIEPAIINi MOJTYyIeHHUS KOHIIEHTPUPOBAHHBIX (JOPM coeBOTO Oerka
Figure 1. Classification scheme of the main operations for obtaining concentrated forms of soy protein
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[Ipomeccel, MPOUCXOISANIME TMPH  ITOM,
MOKHO Da3[eluTh IO HECKOJIBKHM KiacCU(pHKa-
LUUOHHBIM MPU3HAKAM: TIO0 BULy TEXHOJIOTUYECKOTO
BO3/ICICTBUS HA CEMEHA COM, II0 TUILy pa3pyLlaro-
LIEro BO3/ICHCTBHS, IO CHIOCOOY BBIIENCHUS U KOH-
[ICHTPUPOBAHMSI OCITKOBBIX BEIECTB, 110 (DH3HICSCKON
(hopMe KOHEYHOTO MPOAYKTA W MOKa3aTh Pas3iInd-
HbIE TpaHC(HOPMHUPYIOIINAE CTAANHA MOIU(PUKAIIH
COEBOTO CBIPBS: HACHIIIIEHHE BOJION, TIPOpAIFBAHHE,
BEICYIIIFIBAHHWE, TpPOXKapHUBaHWE, IPONapHUBaHUE,
BapKa, IUTIOIIeHHe, ApoOJeHne, mepeMablBaHue,
WCTUpPaHUE, SKCTPAKIUS U IPyTHE, MO3BOJISIONIIE
B KOHEYHOM WUTOre MpeoOpa3oBaTh HWCXOIHBIC
CeMEHa B MUILIEBbIE HWHIPEAMCHTH DPa3IHYHON
¢uznueckoii PopMsI: resb, nacta, MyKa, F[paHyJIr,
TEKCTYypaT, KOHIEHTPAT, U30JIAT.

Kak mokazano Ha pucyHke 1, HavaabHBIM
3TaroM JaHHOTO MPOIIecca sSBILSIETCS BOJIOHACHIIIICHUE
CEMsIH COU ITyTEM 3aMaduBaHus B BOIHOM cpeze. [pu
3TOM Ha 3()(EKTUBHOCTh JAHHOW TEXHOJIOTHYECKOMN
TpaHchopMaI K BIHSEOT pasuHble (haxtops [6, 8-10].
Lenp nccnenoBaHms: yCTAaHOBUTH KHHETHKY ITPOLIECCa
WHTEHCUBHOCTH BOJIOHACKHIIICHUSI CEMSH COH C
Y4ETOM pa3IndHBIX (PaKTOPOB.

MaTepI/IaJ'II)I H METO/bI

B paboTe MCronp30BaHBl METOBI H ITOJIOMKE-
HUSI MaTeMaTH4IecKoro aHaimsa. Breidop ¢akTopos,
BIIMSIOIINX HA KUHETUKY BOJIOHACHIIICHUS CEMSH
COM, TIPOU3BOJMJICS Ha OCHOBAHUHM COBOKYITHOCTH
UCCIIEYeMBIX SBIICHHH.

Pe3yJ'IBTaTI>I u 06cym}1eﬂne

HpI/I HaXOXIACHUN CEMSAH COH BO BJIAXKHOH
Cp€ac OHU NOTJIOMIA0T BOAY, UX OCIKOBBIE BCIIIC-
CTBa Ha6yxaIOT, 000JI0YKa CTAHOBHTCS MSATYe H
JICTYEC OTACIIACTCA. Ha ocHOBanum aHanmm3a JInTepa-
TYPHBIX HCTOYHHUKOB, a TaAKXE IMPAKTUYICCKOIO
OIlbITa YCTAHOBHWJIK, YTO MNPUPALICHUC TCKYILICTO

3HAYCHUS 00beMa CEMEHHU Vi NOAYHUHACTCA CICAY-
IOH.IGﬁ 3aBUCUMOCTH:

—\ ot
V,=V.e™, (1)
rae V, — HauaubHbIA 00beM ceMeHH; G, — SMITHpHHC-

CKmid KO3HIMEHT; t — BpeMs BOJIOHACHIIIICHHST CEMEHH.
[IpoomKUTETFHOCTD BOJOHACKIIIEHUS

CEMCHHU tk BbIpAa3uM Kak:

St
t,=——Ig| "
s g( v, )

rae V, — KoHe4HsIit 00beM CeMEHH.

(2)

[IpencraBuM Ha4danpHBIA 00BEM CEMEHHU
yepe3 ero reoOMETpPUYECKHE NapameTphl, MPUHSB
ceMs COM 3a IPAaBWIbHBIN 3JUIMIICOU]] BPAILLICHHUS:

4 )

2
V. =—rmab,
3
rae a,, b, — coorBercTByIOMME MONMYOCH Havab-
HOTO JJUTUIICOH/IA.

post@uestniR-vsuet.ru

Jlns xoHewYHOTO 3HAYCHHUS 00bEeMa CEMEHH
MeeM:

4
V, =—rzab?,
k=3 A

(4)

rae a,, bk— COOTBETCTBYIOIIHE TOJTYOCH KOHEY-
HOTO 3JUIHIICOMIA.

Torma, c yueTtom
HMEEM, 4TO

BeIpakeHuii  (2)—(4)
a,b;
i

(®)

C npyroii CTOPOHBI, B OTHOLIICHUW JAHHOTO
nporecca MPHHUMAEM, 4TO H3MeHeHne oobema V,

3€pHAa COU B IPOLECCCE €ro 3aMavyvBaHUA MPAMO
TMPONOPIUOHAIBHO YBCIIMYCHHUIO €I'0 BIAXKHOCTU — Wi,
T. €. CYIIECTBYCT 3aBUCUMOCTb, B COOTBCTCTBUU

€ KOTOpOH
V=FWw), (6)
JaHHYIO JTHHEIHYI0 3aBUCHUMOCTBH aIIpOK-
CHMHPYEM BBIPaKCHUEM CIIETYIOIIETro BU/A:
V=V, +kW,, (7)
rae K— smnupudeckuii koddduimeHt, paBHBII
AV/W, , a AV — obbeM mpupalieHus 3epHa U

t/ =2,3c,'lg

W, — koHeuHast BIa)XHOCTB 3epHa.
C y4eToM 3TOro MOXHO 3aIliCcaTh

V=v, + DNy ®)

W,

Wi
V, =V, + uwi
k
B 10 ke BpeMst umeeM, 4To
_ 4 2 2 2\ W,

V=g ab +(a,b? —a,b] )VTk . 9)
[pumem, uto W, =W e, (10)

rac Wn' Wk — COOTBC€TCTBCHHO HaydaJlbHasA W KO-
HCEYHas BJIa)XKHOCTh CEMCHH COH.

W3 eipakenns (10) umeem, uto

W
t' =2,3c'Ig| — |,
k v g W,

k

(11)

W \"
ITo ycnouro t,' =1, wmTorma

2
2,3¢,* g a—b2 =2,3¢ g le )

kM k
OTKyza
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N
G lg(a”b'f]
a b’
C = NS (13)

)

JlaHHOE ypaBHEHHE MOKHO IPHHSTH B Kave-
CTBE KMHETHYECKOH XapaKTepUCTUKH MU MOJIEIH
BOJIOHACHIIIEHUS CEMSIH COU.
VIHTEHCUBHOCTh  BOJIOHACHIIIEHUS —CEMSH
OTIpeIeMIN Kak
U V, -V, 47r(akbk2 —anbnz)
\

t 2
C o 3.2,3¢1g [ZEZJ
k~k

182, (ah? -a,b?)

o 2
by

Takum 00pa3oM HHTEHCHUBHOCTH BOJIOHA-
CBIIIIEHUSI CEMSH COM 3aBHCUT OT WX KPYITHOCTH,

a Tarke KodduimeHta C,, XapaKTepU3YIOIIETo
MIPOHHUIIAEMOCTh 000JI0UYKH — IYP(xi ) , IOKPBIBAIO-
IIel ceMs, TeMIepaTyphl BOIbI — t (Xi ) , CTETICHU
ee MuHepam3am — M (X,) 1 HU3UKO-XUMHYECKUX
cBoiicTs coesoro Genka — @XC(x,).

B cBoro ouepenb, 3aBUCUMOCTb BOJIOHACHI-
IICHHSI CEMSIH COU OT JIJaHHBIX (PaKTOPOB, B 00IIEM
BUJIE MOXXHO MPEJICTABUTh KaK

R(t)= £(V,:TIP(x, )it (% ):M (x,);®XC(x,))—>opt , (15)
C OHPIOﬁ CTOPOHBI NIPEACTABUM 3aBUCHUMOCTDH

V=f (V ) B BHJE BeIpaxkeHus (1), a ¢ Apyroi kak

n

post@uestnik-vsuet.ru
Ve =V [1-e 0], (16)

rae Vkmax — MaKCUMaJIbHO BO3MOKHBIM 00BEM BOIO-

HACBIIICHUS CEMEHH COW CIPABEINIUBBIN IS CITy-
Yasi OJIarONpPUATHOIO COYCTAHMS BCCH COBOKYITHO-

cTd (aKTOpOB R(t) .
CoBmecTHoe perieHue ypasaenuii (1) u (16)

JTAeT CIETYONIYI0 KHHETHIECKYIO MOZEh BOJOHA-
CBIIIEHUSA CEMSIH COH

Ve =V 1-e " |

-1

Ve =V e [1— e‘R“)]

vV _ -1 anbrf _ (17)
tk - 2, 3CV Ig 2——R(t) -
a, by [1— e ]

=2,3¢" |g{(anbf)(akbk2)[1_eR(I)T}

3akiIouyenune

IIpu norpy>xeHur ceMsiH COU B BOJly HaYMHa-
eTcs TPOLIECC BOIOHACHIILICHUS, KUHETHKA KOTOPOro
XapakTepHu3yeT NpHpalieHne o0beMa U yBEIMICHUEe
BJIQXKHOCTH CEMSH BO BPEMCHU C YUCTOM yIIpaBJIAa-
EMBIX TEXHOJIOTHYECKUX (HaKTOPOB: TEMIIEPATYPHI
Y CTETICHH MHHEPAITM3AIUH BOJIBI,  TAKXKE 3aBHCHUT
OT OMOJIOTHYECKUX OCOOEHHOCTEH copTa COW:
KPYIHOCTH CEMSTH, IPOHHUIIAEMOCTH 000JIOUKH, (PU3HKO-
XMMHYECKHX CBOWMCTB COEBOro Oeinka u ap. Takum
00pa3oM, IPOBE/ICHHBIE HCCIIEIOBAHMS I10 CO3/a-
HUIO ITOAXOA0B K IIOHMMAaHUIO MHOFOq)aKTOpHOFO
aHaJM3a Ipolecca BOJOHACHIIIEHHUS CEMSH COU
TIO3BOJISIFOT YIPABJIATh OXKUAAEMBIM PE3YJIbTaTOM
IIpU OCJICBOM IMUIIICBOM MPOCKTUPOBAHUH.
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