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AHnHomauyus

B cmamve paccmompenvt 6onpocol, cészanHvie ¢ uHmezpayuet
SHAHUIL «MeXHON02US MACHBIX NPOOYKIMO6 + KOMNbIOMmepbl + Ma-
memamuueckue mernoovt». I10ka3anvl 603MONCHOCTNU UCNONL30-
BAHUSL KOMNLIOMEPHOTI CUCTNEMDbL U MATHEMATNUYECKUX ME 0008
O7I5T ONMUMATILHOZ0 PeuleHust 3a0a4 6 06acmu nuwesoil 6uo-
MeXHONIOZUU U MeXHON02UU MACHBIX NPOOYKIOB.

Paspabomana u onucana npuxnaonas npozpamma SSS Bio, pe-
Anu308aHHAT 6 KoMNviomepHoti cucmeme. TIpu nomousu 00HO-
PaxmopHoz0 OUCNEPCUOHHO20 AHANU3A, ABTIAIOUL20CH OOHUM
U3 MoOysell cucmembl, NOLyueHbl UCHEPNDIBAIOU4EE KOTUHECBO0
CMamucmu4eckux OaHHbIX O/ UHmMepnpemayuu pesynvma-
mos. Modynu npozpammovl (KOPPeNTUUOHHDLTL U PeepeccUOHHbLIL
AHANU3) NO360IIOM YCMAHOBUMb CIPYKMYPy U napamempol
MOOenu, CBA3bI6AIOULell KOMUHECBEHHDIE  PEe3YTIbINUDYIOULY IO
u axkmopHuie nepemeHHble, U OUYEHUMDb CHNeneHb ee C02IACOBaH-
HOCHU € IKCNEPUMEHNATLHBIMU OaHHbIMU. DMOom U0 cmamu-
CIMUYecK020 AHANU3A NO3BOTAEM PeUIamb 2IABHYI0 3a0a4y IKC-
nepumenma 6 criyuae, ecnu HA6n0OAeMble U Pe3yNbIupyoulie
nepemeHHble ABATIOMCT KOIUHECHBEHHBIMIU.

Ha ocHose sxcnepumenmanvHvlx OAHHbIX NPU NOMOULU KOMNDIO-
mepHoti cucmempt SSS Bio paccuumarivs mamemamuueckue mooe-
7 enazocsszviearoueti (BCC), enazoyoepacusarowieii (BYC) u yeu-
pocsszvsaroueti (QKCC) cnocobrocmeil 6 papuie 0nst KONOACHbIX
u30enuti ¢ UCNONb306aHUEM COeB020 U30NUPOBAHHO20 benKa 6 3a-
BUCUMOCTNU O COOEPHAHUS HUPA U OENIKA C UCHOTL308AHUEM MO-
Oy MHOJMCECTBEHHOTI Peepeccuut KOMNbIOMEPHOTI CUCIEMDL.
Ilonyuennas cmoxacmuueckas 3asucumocmo usmenenus BCC
(Y) om codepucanust o6usezo benxa (X1) u xupa (X2) 6 xonbac-
HOM apuie noKa3vleaem, 1mo npu NOCMOTHHOM YPOBHE Hupa
yeenuuenue 00ujeeo codepicanus 6enka cnoco6cmeyem pocmy
BCC ¢apwa. Oonaxo pocm BCC na edunuyy benka ymeHvua-
emcs ¢ yeenuueruem Konu4ectea Hupa.

BBenenne

MscHon Q)apm SIBIISIETCS CTIOXKHOM CUCTEMOIt, 06pa-
3yeMOI1 B pe3ynbTaTe MHTEHCMBHOTO MEXaHNYECKOTO U3-
MeJIb4eH!Us TKaHell ¢ MOCHeAyIIUM IepeMellBaHlieM
¢ pobaBeHMeM NUINEBBIX MHTpefueHToB. [lomydaemast
IVCIIepCHAsA CUCTeMa COCTOUT U3 JUCIIEPCHOHHON cpe-
Ibl — TUAPATUPOBAHHBIX OETKOBBIX MULE/T U SKMPOBBIX
YACTULl Pa3/IMYHBbIX PasMepPOB U U3 AUCIEPCUOHHOM cpe-
bl — pacTBOpa O€/IKOB U HU3KOMOJIEKY/IIPHBIX BEll[eCTB.
B mscHolt amynbcuu 6enok 1 Bofa 06pasyioT MaTpuiy,
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Abstract

The paper examines the issues associated with the integration of
knowledge in meat product technology + computers + mathemati-
cal methods. The possibilities to use a computer system and mathe-
matical methods for an optimal solution to tasks in the field of food
biotechnology and meat product technology are demonstrated.
The applied software program SSS Bio realized in the computer
system was developed and described. Using the one-way analysis
of variance, which is one of the system modules, a comprehensive
amount of statistical data for interpretation of the results was ob-
tained. The program modules (correlation and regression analysis)
allow establishing the model structure and parameters that link
quantitative resulting and factorial variables, as well as assessing
a degree of their correspondence with the experimental data. This
kind of statistical analysis makes it possible to solve the main task
of an experiment when the observed and resulting variables are
quantitative.

Based on the experimental data obtained with the use of the com-
puter system SSS Bio, the mathematical models of moisture binding
capacity (MBC), moisture holding capacity (MHC) and fat bind-
ing capacity (FBC) in sausage meat were calculated for sausages
with isolated soya protein depending on the fat and protein content
using the module of multiple regression of the computer system.
The obtained stochastic dependence of changes in MBC (Y) on the
total protein (X1) and fat (X2) content in sausage meat shows that
at the constant level of fat, an increase in total protein favors a
growth in MBC of sausage meat. However, a growth in MBC per

unit of protein decreases with an increase in the fat amount.

Introduction

Sausage meat is a complex system, developed as a result
of mechanical mincing of tissues followed by mixing with
added food ingredients. The obtained dispersion system
consists of a dispersed phase (hydrated protein micelles
and fat particles of different sizes) and a dispersion me-
dium (a protein solution and low molecular weight sub-

stances). In a meat emulsion, protein and water create a
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KOTOpasi OKPY>KaeT >KUP, T.e. MHa4Ye TOBOPSI, CBIPOIL KO-
6acHbIl Gapil — 9TO IMY/IbCKS XKIPA B BOJIE, TP ITOM
CONIepacTBOPUMbIe OIKY SIBIAIOTCA CTabMIM3aTOpaMu
aMynbcun [1].

[Togo6HOrO posa MsCHBIE IMYIbCUU OTHOCAT K KOa-
TYJIALVIOHHBIM CTPYKTypaM, 4acTHUIIbI KOTOPBIX CBSI3aHbI
CMTaMM MeXMOJIEKY/IAPHOTO B3aMMOJIEIICTBUA B €AVHYIO
IPOCTPAaHCTBEHHYIO CETKY (KapKac).

IIpu mocnenymoleM TePMUYECKOM BO3JEVICTBUM B pe-
3y/IbTaTe B3aMMOJEICTBIS IeHATYPUPYIOLINX OEITKOB BO3-
HMKAeT IPOCTPAHCTBEHHBII KapKaC — TEPMOTPOIIHBIN
refib, IPOYHOCTb KOTOPOTO 3aBUCUT OT KOJIMYECTBA U CTe-
HIeH B3aMMOJEICTBIUA MUKPODUOPIULIPHBIX O€/IKOB.

ITon, modenuposaruem [2] moHMMaeTCs: Ipolecc Io-
CTpOeHNsI, U3y4YeHUs 1 IpUMeHeHus Mopierneit. OHO TeCHO
CBA3aHO C TaKMMM KaTeropusAMU, KaK abCTpaKius, aHa-
norus, runotesa u ap. Iporecc MomenupoBanus o6s3a-
TE/IbHO BKJIIOYAeT U MOCTPOeHue abCTpaKumii, ¥ yMmo3a-
K/TIOUEHNUA II0 aHAJIOTUM, ¥ KOHCTPYMPOBaHME HayYHBIX
runoTes. [laBHass 0COOEHHOCTb MOJENMPOBAHMS B TOM,
YTO 9TO METOJL OIIOCPEJOBAHHOIO MO3HAHMA C MOMOIIbIO
00BEKTOB-3aMEeHUTEIEI.

MopenupoBaHye — OfHO 13 (PyHAAMEHTa/IbHBIX ITOHSI-
THIT Teopuy MHGOPMALY, Ha KOTOPOIt 6a3upyeTcs moboit
MEeTOJl HAy9HOTO MCC/IeoBaHN (1o3HaHmsA). B cBoux 3Ha-
MEHUTBIX PacCyXXJJeHIAX ApIUCTOTeNb (TepBast kKHura «Me-
tapmsuka» [3]) o «amucTeme» (3HaHME, HAYKA) U «TEXHI»
(TeXHOMOTM, MICKYCCTBA)) OIpefenieT HeKOTOpble KIode-
Bble OT/INYVA, KOTOPbIE YaCTO IIUTUPYIOTCA M laXKe VICTIONb-
3YIOTCSA [/Is1 aHa/I3a COBPEMEHHOII HAYKU U TeXHUKIL.

OnHaKO HUKAaKOrO OTIMYMA, MO CYIIECTBY, MEXIY
HVYIMU HeT: «3MICTeMe» U «TeXH3» MO3HAIT o0lliee depes
IPUYMHBI, HO COLMATIbHOE pasinyye MeXAy HUMU MMe-
ercsi. OKaspIBaeTCs, HayKy, M0 APUCTOTENIO, He CITyXKaT
HJKAKOJ1 I0/Ib3e OOIIecTBa, a TEXHOMOTUN Clyxar. Tex-
HOJIOTUY CYIIECTBYIOT pajy KaKOWN-TMO0 BBITOABI VI
I0/Ib3BI, HayKa JKe CYIIeCTBYeT pajy cebsi caMoil, 3HaHIe
paiy 3HaHMA: U3 HAayK OOJIbIIENl MyAPOCTbIO Oobmajaer
Ta, KOTOpas >Ke/laTelbHa Pajy Hee CaMoil, HeXemn Ta,
KOTOpast >KeJlaTe/IbHA Pafiyl U3BJIEKaeMOll 13 Hee MOMb3bL.
B OCTanbHOM «TEXHOMOTHS» He OTIMYAETCS OT HAYKU:
OHa MOJHMMAeTCs HaJ OOBIYHBIMY [IOKA3aHWMSMU YYBCTB,
IpefonaraeT 3HaHye IMPUYMH 1 00Iero, ClocoOHO Ha-
y4anTb. MOXKHO CKa3aTh, YTO «TEXHI» — ITO «IMUCTEME»
B €€ IIPaKTUIeCKOM IPYMEHEHUN.

CoBpeMeHHass MapagMrMa HAyKM U TeXHOJIOTMIA
(Puc. 1) ropaspo cmoxxHee 1 pasHoOoOpa3Hee, 4eM BO Bpe-
MeHa Apucrorens [4-6].

B Hacrosiiee BpeMsi MPUMEHUTENIBHO K TEXHIYECKIM
HayKaM Pas/JINyaloT CJIefyIollyie BU/bI MOl POBaHMA:
— KOHUenmyanvHoe MoOenuposarue, Ipyu KOTOPOM COBO-

KYIIHOCTb Y>Ke M3BeCTHBIX (PaKTOB VIV IIPeCTaB/IeHII

OTHOCHUTE/IbHO VCCIeAyeMOro OObeKTa WM CUCTEMBI

MHTEPIIPETUPYETCsI C TOMOIIbIO HEKOTOPBIX CIIEI[/alb-

HBIX 3HAKOB, CUMBOJIOB, OIIepallMil HaJl HUMM WIN C TO-

MOIIIbI0 €CTECTBEHHOTO WM/IN VCKYCCTBEHHBIX S3BIKOB;
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matrix, which surrounds fat; that is, in other words, raw

sausage meat is an emulsion of fat in water; with that, salt

soluble proteins are emulsion stabilizers [1].

This kind of meat emulsions are assigned to coagula-
tion structures, which particles are connected in the united
spatial net (framework) by the forces of intermolecular in-
teractions.

Asaresult of the interaction of denaturing proteins dur-
ing the following thermal treatment, a spatial framework,
a thermotropic gel, is formed, which strength depends on
an amount and degree of microfibrillar protein interaction.

By the term modeling [2], a process of building, studying
and using models is meant. It is closely related with such cat-
egories as an abstraction, analogue, hypothesis and so on. The
modeling process necessarily includes creation of abstrac-
tions, inference by analogy and construction of scientific hy-
potheses. The main peculiarity of modeling is the fact that it is
a method of mediated perception by substitute objects.

Modeling is one of the fundamental concepts of the in-
formation theory, on which any method of scientific investi-
gation (cognition) is based. In his famous writings, Aristotle
(the first book Metaphysics [3]) about epistémé (knowledge,
science) and techné (technologies, art)) determines several
key differences, which are often cited and even used for
analysis of the modern science and technology.

However, virtually, there is no any difference between
them: both epistémé and techné cognize general through
causes; but, there are social differences between them. It
appears that sciences, according to Aristotle, do not serve
for the benefit of the society, while technologies do. Tech-
nologies exist for the sake of a profit or benefit; a science
exists for the sake of itself — knowledge for the sake of
knowledge. Among sciences, more wisdom has the one
that is desirable for the sake of itself than the one that is
desirable for the sake of an obtained benefit. As for the
rest, technology does not differ from science: it rises over
general evidence of the senses, assumes the knowledge of
causes and general, and is able to teach. It can be said that
techné is epistémé in its practical use.

The modern paradigm of science and technology
(Fig. 1) is much more complex and diverse than in the time
of Aristotle [4-6].

At present, with regard to technical sciences, several
kinds of modeling are distinguished:

— conceptual modeling, in which a complex of already
known factors or insights about an object under inves-
tigation or a system are interpreted by several special
characters, symbols, operations with them or by natural
or artificial languages;
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— usuueckoe moolenuposarue, TIPU KOTOPOM MOJIENb
Y MOJIe/IPyeMBlil 00BEKT IpefcTaBIIAeT cOOOI peasb-
Hble 00'beKThI VTN IIPOLIECCHI eVHOI, VI Pa3/INIHO
¢busMUecKoll MPUPOABI, IpUYEM MeXJy IpolieccaMm
B 00'beKTe-OpUTVHA/Ie ¥ B MOJIE/IV BBIIIOMHAITCA He-
KOTOpble COOTHOLIEHVs IOf00Ms, BBITEKAIOIUe U3
CXOXKeCTV PU3NIECKUX SABJICHNUI;
CMpyKmMypHO-PYHKUUOHATbHOE MOOenUposaHue, TIpU
KOTOPOM MOJE/ISIMU SIBJISIIOTCS CXeMbl (O7I0K-CXeMbl),
rpaduKy, YepTeXM, AMarpaMMBbl, TaOINIIbI, PUCYHKH,
JIOTIO/THEHHBIe CHEI[MaIbHBIMY IIPAaBU/IAMU UX 00be-
[VMHEHUs ¥ IpeobpasoBaHus;

mamemamuueckoe (710euKo-mamemamuqeckoe) mooe-
Juposarue, TIpY KOTOPOM MOJeMPOBAHNY, BK/II0YAs
IOCTPOEHMEe MOJE/N, OCYIIeCTB/ISETCS CpefCTBaMM
MaTeMaTVUKI ¥ JIOTUKI;

umumayuonHoe (npoepammuoe) modenuposarue, Ipu
KOTOPOM JIOTMKO-MaTeMaTi4ecKasi MOfie/lb UCCIeye-
MOro 00'beKTa IPeACTaB/IsAeT c060i aIropuT™M QyHK-
[VIOHMPOBaHMsI OODEKTa, peann3OBaHHbII B Bufe
IIPOrpaMMHOT0 KOMIUIEKCA JI/IsI KOMIIbIOTepa.
ITepeunceHHbIe BUBI MOJETNPOBAHNUA MOTYT IIPUMe-
HATBCS TIPY UCCIIEOBAHNUM CTIOKHBIX OOBEKTOB, KaK ca-
MOCTOATE/IbHO, TaK ¥ OHOBPEMEHHO, 160 B HEKOTOPOI
KOMOMHALI.

MaremaTndeckoe MOJeNIMpOBaHMe BKIIOYAET IBE OC-
HOBHBbIE CTA/INV — COCTaBJ/IeHe MaTeMaTI4eCKOI MOZe/N
U ee UCCIeloBaHIue.

ITpn MaTeMaTM4eCKOM MOJEIMPOBAHNUM BBINOTHEHNUE
OJIHOTO 113 OCHOBHBIX 9TAaIlOB — ITOCTPOEHNE MaTeMaTye-
CKMX MOJieieli IO 9KCIIepUMEeHTa/IbHbIM IaHHbIM — B Ha-
cTosilllee BpeMs MPOCTO HEMBICIMMO 0e3 COBpeMeHHOI
BBIYMC/IUTEIBHON TeXHUKY. KoMIbIoTep O/KeH BBIIOI-
HATb POJIb BCIIOMOTATeIbHOIO CPEACTBA JUIA PeLIeHMA
3ajiay, pelraeMbIX OOBIYHBIMY BBIUMCIUTETbHBIMU CPefi-
CTBaMM, aJTOPUTMAaMU, TE€XHOJOTYMAMM; PONb CPefCcTBa
IIOCTAHOBKY U pellleHNs] HOBbIX 3a/ja4, He pelllaeMbIX Tpa-
IVIVIOHHBIMY CPeJiCTBAMH, ITOPUTMAaMU, TEXHOIOTUAMU

— physical modeling, in which a model and modeling ob-
ject are real objects or processes of the common or dif-
ferent physical nature; with that, several similarity rela-
tions resulting from a similarity in physical phenomena
are executed between the processes in an original object
and in a model;
structural-functional modeling, in which models are
charts (flow charts), graphs, diagram, tables, figures
with added special rules for their combination and
transformation;
mathematical (logico- mathematical) modeling, in which
modeling, including construction of a model, is carried
out by means of mathematics and logic.
simulation (program) modeling, in which a logico-
mathematical model of an object under investigation is
an algorithm of object functioning realized in a form of
a computer program complex;
The listed types of modeling can be applied when study-
ing complex objects both individually and simultaneously
or in some combinations.

Mathematical modeling includes two main stages: cre-
ation of a mathematical model and its investigation.

Nowadays, execution of one of the main stages (con-
struction of mathematical models by experimental data)
in mathematical modeling is absolutely unthinkable with-
out modern computation technique. A computer has to
play a role of an auxiliary means for solving tasks that are
solved by usual methods, algorithms, technologies; a role
of a means for setting and solving new tasks that cannot

be solved by traditional methods, algorithms, technologies

Developments |
Paspaborku

Fig. 1. Relationships between science, investigations, developments and technologies
Puc. 1. OTHOLIEHNA MeX/Ty HAYKOIT, MCCTIe0BAHUAMY, Pa3pabOTKaMI U TEXHOMOTHAMN
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(ammapat He4eTKOIT JIOTHKY, POeBble, TeHeTIYeCKIIe a/Ir0-
PUTMBI); POJIb CPEACTBA KOHCTPYUPOBAHNUA KOMIIBIOTEP-
HBIX 00y4allie-MOJeMNPYIoINX Cpel (My/IbTHareHTHOe
MOJIeTPOBAHME).

[TepcrieKTVBBI  Pa3BUTHA MsAcCONepepabaThIBalOIIel
IPOMBIIITIEHHOCTY BO MHOTOM 3aBUCAT OT 3¢ ¢eKTus-
HOCTY HAay4YHBIX MCCIEOBAHNUI B OONTACTM IPUKIATHOI
OMOTEXHOIOT MY 1 BHEIPEHNEM WX Pe3y/IbTaTOB B IIPOMU3-
Bo#cTBO. IIpy pelreHuy 3ajad yrnpaBIeHNUs HAyIHBIMU
VICCTIEIOBAaHMAMM HEeOOXOAMMO OLEHMBATh MX IIE€PCIIeK-
TUBHOCTb, ONpPENEIATb BKIAJ, OTHEIBHBIX pPaspaboTOK
B pelLIeHuy IIOCTaBJIeHHBIX MHpoOieM, paspabaTbiBaTh
CTpaTernio BHeAPEHNMs MIONyIeHHbIX pe3yIbTaToB. B cBs-
31 CO CTIOKHOCTBIO 1 ITyOVHOII ITepedICIIeHHBIX IIPo6/IeM
VIS X paspelleHys TpeOyoTcsa CHelManucThl, obmasa-
IollVie 3HAaHVMAMM 110 KOHKPETHBIM TEXHOJIOIMAM Iepepa-
6OTKM MACHOTO ChIPbS ¥ YMEIOIIVIe CIIONTb30BaTh CPefiCT-
Ba BBIYMC/IUTEIBHOI TEXHUKIL.

BonpImMHCTBO pa3pabOTaHHBIX aBTOMATU3/MPOBAaHHBIX
Y KOMITBIOTEPHBIX MAKETOB MPUKIA[HBIX MPOTPaMM IS
00pabOTKM 9KCIIePUMEHTA/IbHBIX MUCCIENOBAHUI C MpHU-
BJIEYEHMEM CTATUCTUYECKUX MeTomoB (Statistica, SPSS —
Statistical Package for Social Science, MatLab, MathCad,
MuMath, Statgraf, ITaker anammsa 8 MS Excel u np.) un-
($OpMAIIOHHO U METOROIOTMYECKY HEe3aBMCHMBI OT II0-
CIeYIOIINX TEXHOTOTMYECKMX PacyeTOB ¥ IPOEKTHBIX
paspaborok. O630p YHMBEpCaTbHBIX CTATUCTIYECKNUX ITa-
KeTOB 10 OJHOMY V3 BaXKHENIINX MOKa3aTenell — QyHK-
L[MIOHAJIPHOCTY — IIPefCTaBjIeH B pabote [7].

Il KoMMepumanusalyuu U YCKOPeHMs BHeJpeHMs
Hay4YHO-VCC/IEJOBATe/IbCKUX Pa3pabOTOK B IPOMU3BOJ-
CTBO, IEPCHEKTUBHBIM SIB/sIETCA OOBefMHeHNe 3HAHUI
B 00/1aCTM MaTeMaTU4eCKOro MOJenuMpoBaHusa, MHOp-
MAalLMOHHBIX TEXHOJIOTMII ¥ TEXHONOIMU B KOMIIbIOTEp-
HOJl CUCTeMe ITaHMPOBAHVS SKCIEPUMEHTa C IIOJCHUC-
TEeMOJI TeXHOJIOTMYECKOTO pacyeTa MPOLeCCOB B €AVHYIO
KOMIIBIOTEPHYIO CHCTeMYy Ha 00Ieit MHPOPMAIMOHHOIM
U METOJIOIOTNYeCKOit ocHOBe. Paspaboranunas B PIBHY
«BHUVIMII nm. B.M. Top6atoBa» cucrema SSS Bio [8]
IpefHa3HaYeHa I OOpabOTKM MAHHBIX, ITOTYYEHHBIX
B xofie BbinonHenusa HVIP, n ontuMmusanum skcnepruMeH-
TaJIBHBIX MCC/IEJOBAHNIT IIPOLIECCOB HA CTA[UM UX M3yde-
HUA B TabopaTopHbIX ycnoBuaAx. Ilytem ¢opmammsanum
pAa 9TanoB KoMIbloTepHas cucTeMa SSS Bio mossonder
peIINTDb 3a7a4M ONTUMAIbHOTO IUIAHNUPOBAHNUSA KCIePH-
MEHTA, IPOBEMICHNA CTATUCTUYECKOTO aHA/IM3a Pe3y/IbTa-
TOB, MICCTIEJOBAHISI KMHETUKI Y IPOBeIeH s TeXHOIOT -
4eCKOTr0 pacyeTa, OIpe/ie/IeHHOTO MHOXKeCTBA BapMaHTOB
OpraHM3aIMM VICCIEAYeMOTo Ipolecca.

OpHako, IO MHEHMIO CIIeIMA/NNCTa, JMEIOLIETO
20-71eTHWIT OMBIT pabOTHI CO CTATUCTUYECKMMM ITaKeTa-
vy, University of California, Los Angeles (www.ucla.edu)
M. Murtuena [9], ecnu crienmyanuct He obamaer mocTa-
TOYHBIMM 3HAHVMSAMU ¥ KOMIIETEHIMSIMIY, TO JJaXKe CaMbli
COBEPLIEHHBIV IIPOrPaMMHBbII IPOAYKT HE ITO3BOJIUT IIPO-
BECTV KauyeCTBEHHBbIII aHa/IN3 TaHHBIX.
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(apparatus of fuzzy logic, swarm and genetic algorithms);
arole of a construction tool for computer training -model-
ing media (multiagent modeling).

Prospects for development of the meat processing in-
dustry to a large extent depend on effectiveness of scien-
tific investigations in the field of applied biotechnology
and introduction of their results into production. When
solving the tasks of managing scientific investigations, it is
necessary to evaluate their prospectivity, determine a con-
tribution of certain developments in solutions to set tasks,
create a strategy of incorporation of the obtained results.
Due to the complexity and depth of the listed problems,
there is a need for specialists with knowledge of specific
technologies of meat raw material processing and experi-
ence in using the means of computer technologies.

The majority of the developed automated and computer
packages of applied software programs for processing of
experimental data with the use of the statistical meth-
ods (Statistica, SPSS — Statistical Package for Social
Science, MatLab, MathCad, MuMath, Statgraf, analysis
package in MS Excel and others) are informatively and
methodologically independent of the following techno-
logical calculations and project designs. A review of the
universal statistical packages on one of the most impor-
tant indicator, functionality, is presented in [7].

To commercialize and accelerate introduction of re-
search developments into production, consolidation of
knowledge in the field of mathematical modeling, infor-
mation technologies and the technology in the comput-
er system of experiment planning with the sub-system
of process technological calculation into a united com-
puter system on the common information and method-
ological basis is promising. The SSS Bio developed in
FGBNU «The V.M. Gorbatov VNIIMP» [8] is intended
to process data obtained during experimental research
and to optimize experimental research processes at the
stage of their analysis in the laboratory conditions. By
formalization of the several stages, the SSS Bio com-
puter system allows solving problems of optimal experi-
mental planning, carrying out statistical analysis of the
results, studying kinetics and performing technological
calculations for multiple organization options for a pro-
cess under investigation.

However, according to M. Mitchell, a specialist with
20-year experience in working with statistical pack-
ages from the University of California, Los Angeles
(www.ucla.edu) [9], if a specialist does not have enough
knowledge and competence than even a perfect program
product will not be useful for high quality data analysis.
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Llenpio maHHONM PabOTHI — MOKa3aTh BO3MOXKHOCTHU
paboThl B KOMIIbIOTepHOII cucteMe SSS Bio, ocyjectss-
foeil 00pabOTKy CTATUCTUYECKUX HAHHBIX (IOTydYeHue
CTOXaCTUYECKOI 3aBUCUMOCTY (MaTeMaTyecKast MOJIE/b)
MEeTOJaMy aKTMBHOTO U NTACCYBHOTO 9KCIIEPVIMEHTA).

MaTepMamﬂ " ME€TOIbI

SSS Bio paspaboraHa B cpefie NpOrpaMMUpPOBAHMUA
Embarcadero Delphi 2010. IIporpamma mpouria tectu-
poBaHue ¥ anpobanyio Ha MepCOHAIBHOM KOMIIbIOTepe
¢ 64-X paspsAgHON OIepalnoHHOI cucTeMoit Microsoft
Windows 7. TIpu cosganuu SSS Bio ncnonb3oBancs cro-
pOHHMII Momynb Matrixes.pas. [laHHBII MOAyNIb peann-
3oBaH «JKCoders Team», nmeeT akTyanpHyto Bepcuio 1.0
U MICHOMb3yeTcA I peanmsannn Kmnacca TMatrix, koro-
PbIl TO3BOJIAET COBEPIIATh OCHOBHBIE JIEMICTBMSA HAJl Ma-
tpunamu. CTpyKTypHasi cXeMa CICTeMbl IpefcTaBlIeHa Ha
Pnc. 2.

O6paboTka 9KCHEepUMEHTAIbHBIX JAHHBIX JaeT BO3-
MOXKHOCTb IIOATBEPAUTDb peaJbHO CYLIECTBYIOLINE 3a-
KOHOMEPHOCTM MEXZY MCCIefyeMbIMU IIapaMeTpamiu,
3a(PMKCMPOBAHHBIMU B XOfie TIPOBEMICHN SKCIIEPYIMEHTA.

O6paboTka sKCIepUMeHTaTbHBIX JAHHBIX He0OXou-
Ma: JUIS1 OLJeHKY MICTMHHOTO 3HaYeHNsI M3MepsieMOll Bemy-

The aim of this work is to show the possibilities of
the work in the computer system SSS Bio that processes
statistical data (obtaining the stochastic dependence
(the mathematical model) by the methods of the active
and passive experiment).

Materials and methods

SSS Bio was developed in the programming environ-
ment Embarcadero Delphi 2010. The program was tested
on a personal computer with 64-bit operating system Mi-
crosoft Windows 7. When designing SSS Bio, the external
module Matrices.pas was used. This module was realized
by JKCoders Team, has the actual version 1.0 and is used
for realization of TMatrix class, which allows performing
the main actions on matrices. The structure diagram of the
system is presented in Fig. 2.

Processing of the experimental data allows confirming
the real regularities between studied parameters that were
recorded during an experiment.

Processing of experimental data is necessary to assess
the real value of a measured parameter and accuracy of pa-
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Fig. 2. The structure diagram of the SSS Bio system
Puc. 2. CrpykrypHas cxema cucremsl SSS Bio
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YVHBI; 715 OLIEHKM TOYHOCTHU M3MepPEeHUs BeMMIMHbL; IS
COIIOCTaBJIEHNA IBYX METOJOB aHA/IN3a WM CIIocoba 1po-
U3BOJICTBA; J/I1 YCTAaHOB/ICHSI KOPPE/IALMOHHON 11 PYHK-
IIMOHAIbHOM 3aBUCUMOCTEIN.

Bce akcriepuMeHTa/bHbIE UCCIENOBAaHNUA OODbeNuHA-
eT 0OLIHOCTD Tornyeckoit cxemel [10], IO KOTOpOIT OHM
CTPOSITCSL M KOTOPYIO MOXKHO IIPEJICTaBUTh B BUJIE CIIENY-
fojero anropurma (Puc. 3).

Coop nadopyannm ob obwerTe,
BBIIBIGKEHHE THIOTES,
MPE AN OIS BHBI AHANNS

'

[MpoekTHpOBAHNE CTPYETYPEL H
coCTaBa Moaene (nogamoaeneii)

¥

[MocTposHne Moaenm, paspadoTka
OTAENBHBIX TIOIMO IS,
HAeHTHPIKALNS NapaMeTpoR
MOZEAN (NOaMOaenH)

L 4
HCE.‘J'JE,I[“I]E‘HIHE MOOCITH Bh[ﬁi}r.l
METDIA HCCNeTGBEAHNA H
pazpadoTka ANropHTMA
(NporpaMsb) MOACIHPOBIHHA

L J

OueHKa a1eKBaTHOCTH,
YCTOD HunBOCTH,
UVBUTEHTCARHOCTH MOICIN

b J

Hurepnpertauna, ananms:
PEIVARTATOR MOACTHPOBIHNAA W
VETAHOBACHUE HEKOTOPBIX
NPHUHHHO-CAEACTREHHEX CEA3EI
B HCCHEaveMoi cucTeme

L J

Yrounenue MOICH, €CIH 3TO
HEQDXOLHME, | BOIBPAT K
HCE‘JI'E.II}'EH{lﬁ CHCTEME C HOBBIMH
SHAHHAMH, MOAYHMCHHBIMH C
MOMOULBEY MOICTHPOBIHHA

Puc. 3. ukn MopiennpyeMoit CUCTeMbL

Pesynbrarsl 1 06cyxeHme

B kavecTBe mpumepa pabOTHI CUCTEMbBI PaCCMOTPUM
HECKOJIbKO MOJLYJIEIL.

ITepBbiit U3 HUX — OO0HOPaAKMOPHDBLE OUCnePCUOHHDLLL
ananu3. [Tpyu mpoBefeHny 9KCIIepUMeHTaIbHbIX MICCTIENO-
BaHMII Ha BBIXOHYIO BeMM4INMHY (OTK/INK Y) OKa3bIBAlOT
B/IMsIHVE BXOJ{HBIE ITepeMeHHble (ITapaMeTpbl), He IMofa-
folyecs: KOMM4YeCTBeHHOMY omumcanuio. Takumn dakro-
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rameter measurement, to compare two methods of analy-
sis or methods of production, to establish correlation and
functional dependency.

All experimental investigations are united by generality
of a logical design [10], according to which they are build
and which can be presented in the form of the following
algorithm (Fig. 3).

gathering information about an
object forming a hypothesis
pre-model analysis

'

Planning of a structure and
composition of models (submodels)

¥
Construction of a model,
development of individual
submodels, identification of model
(submodel) parameters

v
Study of a model, selection of a
method for an experiment and
development of an algorithm
(program) of modeling

h J

Evaluation of model
adequacy, stability
and sensitivity

¥
Interpretation, analysis of
modeling results and
establishment of several cause-
effect relations in a system under
investigation

¥
Model refinement, if necessary,
and return to a system under
investigation with new knowledge
obtained using modeling

Fig. 3. Modeling system cycle

Results and discussions

Let’s consider several modules as an example of system
operation.

The first of them is the one-way analysis of variance. In
an experiment, the output value (the response y) is influ-
enced by the input variables (parameters) that defy quan-
titative description. These factors can be controllable and
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paMm MOTYT OBbITD yIIpaB/igeMble M HeyIpaBs/isieMble Iepe-
MeHHbIe. [l u3ydeHus BIusAHMUA GakTOPOB TAKOTO posia
Ha OTKIMK, UX OOIEero OIleHMBAaHMS, PAaH)XMPOBAHUA
U BBIJI/ICHNA CPelM HUX CYLIeCTBEHHBIX IPUMEHSETCH
[VCTIEPCUOHHBIN aHAJIN3.

IIpu orpabotke MOAyIsA OZHOPAKTOPHOTO AUCIIEP-
CMOHHOIO aHa/lM3a MCIOAb30Banu pngaHHble [11] maa
YCTaHOBJIEHUA BIUAHMA (3HAUMMOCTM) HUTATENIbHBIX
cpen Ha HakoIUleHMe macrepern. JlaHHble TpefcTaBiie-
HBl Ha Puc. 4. B cny4ae BbIAB/IeHMS JJaHHOTO (akTopa,
HeOOXOAMMO YCTAaHOBUTDb IUTATETIBHYIO Cpefy, obecre-
YMBAIOLIYI0 Hanbosblllee HaKoIUleHMe nactepet. OT-
K/IMKOM Y SIB/ISAETCS Be/IMYMHA ONTUYECKON IIOTHOCTH
(9KCTMHKINA), XapaKTepuU3yIolias HaKOIJIeHNe MUKPO-
opranusmMoB (macrepesnn). Yem 60blile BeTMYMHA ONITH-
4eCKOJl IJIOTHOCTH, TeM 60/Ibllle HaKOIJICHNUe [acTepesi
U, C/Iej0BaTe/IbHO, y4lllas MUTaTelbHas cpena. Vccre-
[yeTcsl BIMAHUE OTHOTO KadeCTBEHHOTO PacTBOpa, KO-
TOpBIII BapbuUpyeTcs Ha 4eTblpex ypoBHAX: A(1), B(2),
C(3), D(4) — i=1, 2, 3, 4. DKCIEpUMEHT MPOBOJUTCS
C 4eTBIpbMS MOBTOPHBIMU ombiTamy (m=4). Ob1ee Ko-
JINYEeCTBO OIBITOB PaBHO 16.

(@) DaHOPAKTOPHBIN AUCMEPCUOHHDIN 3HANU3
Mapamerpsi:

Yucno napannencHeix onsitos: 4
Konuyecreo ypoeHei dakropa: 4

Frput: 3,48 Gkput: 0,75

[ CoopmupoBaTb ] [ Paccuurare ]

uncontrollable variables. The analysis of variance is used
to study an influence of such factors on a response, their
total evaluation, ranking and selection of significant fac-
tors among them.

To refine the module of the one-way analysis of vari-
ance, we used the data [11] for establishing an effect (sig-
nificance) of culture media on accumulation of Pasteurella.
The data are presented in Fig. 4. In case of determining this
factor, it is necessary to find a culture medium that ensures
the highest accumulation of Pasteurella. The response y is
a value of optical density (extinction) that characterizes an
accumulation of microorganisms (Pasteurella). The higher
an optical density value, the higher an accumulation of
Pasteurella and, consequently, the better a culture medi-
um. An effect of a qualitative solution, which is varied on
four levels (A(1), B(2), C(3), D(4) —i=1, 2, 3, 4) is studied.
The experiment is carried out in four replicates (m=4).

The total number of experiments is 16.

A1) B(2) Cc(3) D(4)
Onuitl 1,30 2,70 2,20 2,10
OnuiT2 1,50 2,00 2,00 1,70
Onuit3 1,70 2,20 2,00 1,40
Oneit4 1,90 2,40 2,10 1,80
Cpeaxee
AOucn-5

Fig. 4. Single factor experimental design | Puc. 4. OpHodakTopHbIiT [71aH 9KCIIepUMEHTa

[Inan aKcrepuMeHTa TpefcTaBiseT co60i opHodak-
TOPHYIO KJIacCUPUKALUIO ANCIEPCHOHHOTO —aHaju3a:
9KCIIepMMEHTA/IbHbIE JJaHHbIE CTPYIIMPOBAHBL IO 4eThI-
peM ypoBHAM opHoro ¢axropa. Ilman cbamaHcupoBaH,
IIOCKOJIbKY YMC/IO TIOBTOPHBIX OIBITOB [ BCEX YPOBHEII
(akTOpa OIHO U TO Xe.

B pesynbrare npoBefieHNs AMCIEPCHOHHOTO aHA/N3a,
nporpaMma SSS Bio npefocTaBifgeT ucyepnbIBalee Ko-
JINYECTBO CTATUCTUYECKUX HaHHBIX (Tabr. 1).

Mopenb AMCIIePCHOHHOTO aHA/IN3a /IS OffHO(AKTOPHO-
TO 9KCIIEPVIMEHTA IIPefICTABIIACTCS CIenyoleil hopMyIIoit

V.=uta+te,

e y, — OTK/IMK, TONMydYeHHbI Ha i-oMm ypoBHe (axropa
A B m-011 MOBTOPHOCTY; |t — OOlIlee CpefHee, OTPaKalolee
001Nt YPOBEHb BCEX Pe3y/IbTaTOB (T.e. CpefHee 13 i Cpef-
HUX 3HA4YEeHMII 10 CTONMOIaM, IMOCTOSHHOE IS BCeX aH-
HbIX); @, — 9P deKT i-To ypoBHA daKkTOpa; €, — CaydaiiHas
om6bKa B 11-0M HaOMIOZeHNN Ha i-OM YPOBHe.

Ba>kHOIT 0COOEHHOCTDBIO BCEX CTATUCTUYECKUX 00pabo-
TOK SIB/ISIETCSI MHTEPIIPETALVs MIOMTYIYeHHbIX Pe3y/IbTaToB.
Cy1ecTByeT [JOBOJIBHO PacIPOCTPAHEHHOE MHEHME, YTO

The experimental design represents a single factor clas-
sification of the analysis of variance: experimental data are
grouped into four levels of a single factor. The design is bal-
anced as the number of replicates is the same for all levels
of a factor.

As a result of the execution of the one-way analysis of
variance, the SSS Bio program provides a comprehensive
number of statistical data (Table 1).

A model of analysis of variance for a single-factor ex-
periment is presented by the following equation:

yim:p’ + ai+ 8im’

Where, Vin
A in the m™ repeatability; p — the overall mean that reflects
the overall level of all results (that is, the mean of the i

— a response, obtained at the ith level of the factor

mean values by columns constant for all data); a,—an effect
of the i level of a factor; ¢, — a random error in the m™
observation at the i level.

An important peculiarity of statistical processing is an
interpretation of the obtained results. There is quite com-
mon opinion that the results of the analysis of variance in a
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Table 1. The results of the analysis of variance | Ta0r. 1. Pe3yprarsl gucnepcioHHOro aHaausa

A1) B(2) c(3) D(4)
Oner1 1,30 2,70 2,20 2,10
OnuiT2 1,50 2,00 2,00 1,70
OnuT3 1,70 2,20 2,00 1,40
OneiT4 1,90 2,40 2,10 vt L
Cpeanee 1,6 2,325 2,075 1,75

Aucn-5 0,067 0,089 0,009 0,083

Mean squared deviations (MSD) associated with dispersion by
parallel experiments on each level:

S[1]: 0.20 S[2]: 0.27 S[3]: 0.03 S[4]: 0.25 | CpennexBagpaTyHbIe
OTK/IOHEHN CBA3aHHbIE C pacCeBaHUEM 0 Mapa/lIeTbHBIM
OIBITAM Ha KOKJ[OM YPOBHe:

S[1]: 0,208[2]: 0,27S[3]: 0,03S[4]: 0,25

Mean squared deviations (MSD): | CpennexBagparidsbie
OTK/IOHEHUST:

Deviations associated with dispersion

relative to overall mean (Sm): 2.02 | OTKIOHEeH NS, CBA3aHHBIE

C paccenBaHueM OTHOCHTENbHO 0011ero cpeguero (Soct): 2,02
Deviations associated with dispersion between levels

of a factor — interlevel (Sfact): 1.27 | OTknonenns,

CBsI3aHHDbIE C pacCceNBaHNeM MEKY YPOBHAMHU paKkTopa —
MeXayypoBHeBbie (Sdaxr): 1,27

Deviations associated with dispersion inside sampling —
intralevel (Sr): 0.74 | OTk/10HeHus, CBAI3aHHbIE C PaCCENBAHNEM
BHYTPU BbIOOPKM IT0 yPOBHAM — BHYTpUYypoBHeBbIe (Sr): 0,74
G =0.3591 — dispersions are uniform | G = 0,3591 — aucmepcun
OXHOPO/IHBI.

Factor dispersion = 0.4242 | ®axropHas pucnepcus = 0,4242
Residual dispersion = 0.1834 | Octarounas gucnepcus = 0,1834
Repeatability dispersion = 0.093 | Jucnepcus
Bocnpoussopumoctu = (,0931

F=6.832| F=6,832

An effect of a factor is established. | BiusiHue ¢axropa ycranoeneno.

Pe3yIbTaThl AVCIIEPCYIOHHOTO aHA/IN3a B BUZIE 3HAUMMOCTHI
VIV He3HAYVMOCTY IO KpuTepyio Puimepa u MpoLeaypsl
MHO)XeCTBEHHOTO CPaBHEHVISI SIBJISIIOTCSI OKOHYATE/IbHBIMIL.
Ho 570 s1BHO o1mmm6ounoe MHeHre. KOHeYHBIM 9TAIIOM 10/~
KeH OBbITb ITepeBOJ] IOTYYeHHbIX Pe3y/IbTaTOB CO CTATUCTH-
YeCKOro SI3bIKa C €r0 YPOBHAMM 3HAYMMOCTY, OMIMOKaMM
HIepPBOTO 11 BTOPOTO POJIA, JIOKHOCTBIO HY/IEBON TMIIOTE3bI
(H,) n T.1. Ha cofiep>KaTenbHbIi A3bIK. OKOHYaTeTbHbIE BbI-
BOJIbI JIO/DKHBI OBITH CII/TAHBI B TEPMIHAX TOIT OO/TACTH VIC-
CJIeOBaHMsA, B KOTOPOIL ObUI IIPOBeZieH aKcIiepyMeHT [11].

M3 rabmunsl 1 cnemyer, 4YTO (HAKTOp 3HAUUM
(F=6,832> FKPMT =3,48). OT0 03HaUaeT, 4TO CpeA YPOBHEIl
(akTopa ecTb Takue, KOTOpbIe OT/INYAIOTCS APYT OT ApPyra.
[ onpepnenenys pa3manii MeXXAy ypOBHAMU (HaKTOPOB
VICTIONIb30BAH METOJ MHOXKeCTBEHHBIX cpaBHeHmit [lled-

e (Tabm. 2).

form of significance or insignificance by Fisher's F-test and
procedures of multiple comparisons are conclusive. How-
ever, it is an unsound opinion. The final stage should be
translation of the obtained results from the statistical lan-
guage with its levels of significance, errors of the first and
second kind, falseness of the null hypothesis (HO) etc. into
the comprehensive language. The definitive conclusions
are to be made in the terms of the field of investigations, in
which an experiment was carried out [11].

It follows from Table 1 that the factor is significant
(F=6.832>F_ =3.48). This means that among the levels
of the factor are those that are different from each other.
To determine the differences between the levels of the fac-
tors, the Shefte’s multiple-comparisons method was used
(Table 2).

Table 2. Sheffe’s multiple-comparisons method | Ta6n. 2 Muosxecrsennbie cpanenus no meroyy lledde

Factor level | YpoeHn ¢axropa Mean value |
A(1)
B(2)
C(3)
D(4)

3Be30YKOJl OTME€YeHbl Te Mapbl, BHYTPU KOTOPBIX
YPOBHM 3HaYMMO OT/IMYAIOTCA SPYT OT Apyra. VI3 pesynb-
TAaTOB IIAPHBIX CPAaBHEHMI CTPOUTCA CIIEAYIOIIMIA Psf
npennourutenpHocT A(l)=D(4) <B(2)=C(3). Hlnpuna
95% HOBEPUTENIPHOTO MHTEPBaja /I yPOBHell (akTopa
pasHa 0,27.

ITonmy4yeHHBIE JTaHHBIE TOBOPAT O TOM, YTO NNTATE/b-
HBbIe Cpefibl, COOTBeTCTBymoUMe ypoBHsAM B(2) n C(3)
obecrieunBaloT Oojblllee HAKOIUIEHME ITACTApeI, 4YeM
cpenst A(1) u D(4).

B TexHOMOrMYeCKMX MCCIENOBAHMAX YacTO pelLIaloT
3ajjaqy BBIAB/IEHNUSA (DAKTOPOB, OIPENE/AININX YPOBEHbD
U JVHAMUKY (KMHETHKY) IIPOTEKAHVA TeXHONOTMYECKOTo
mponecca. Takas 3ajiaya yalje BCErO penraeTcss MeTofaMu
perpeccuoHHOro aHanmsa. JJjida JOoCTOBEpPHOro oToOpaske-

CpenHee 3HaYeHMe Paired comparisons | Ilapubie cpaBHeHNs
1.60+ 1 2% 1 3 1 4
2.33% 2 3 2 4*

2.08+ 3 4

1.75+

The asterisk marks the pairs, within which the levels are
significantly different from each other. From the results of
the paired comparisons, the following row of preference
A(1)=D(4)<B(2)=C(3) is built. The width of the 95%
confidence interval for the factor levels is 0.27.

The obtained data suggest that the culture media that
correspond to the levels B(2) and C(3) ensure higher ac-
cumulation of Pasteurella compared to the media A(1) and
D(4).

In technological investigations, a task of revealing fac-
tors that determine a level and dynamics (kinetics) of the
technological process is often solved. This task is more fre-
quently solved by the methods of the regression analysis.
For the reliable reflection of the processes that objectively
exist in technology, it is necessary to find significant rela-
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HYISI OOBEKTUBHO CYILIECTBYIOMINMX B TEXHOTIOIMU IIPOLieC-
COB HEOOXOIMMO BBIABUTH CYLIECTBEHHbIC B3aNMOCBS3N
U He TOJIbKO BBIABUTH, HO M JaTh UM KOIMYECTBEHHYIO
OLIEHKY. DTOT NOAXOf, TpeOyeT BCKPBITYSA IPUIMHHBIX 3a-
BucuMocTeil. Ilof IpUYMHHONM 3aBUCHMOCTBIO IIOHMMA-
€TCsA TaKas CBA3b MEXJY IpolLleccaMy, KOITia M3MEHeHNe
OIJHOTO M3 HUX ABJIAETCSA CJIEICTBMEM M3MEHEHUA NPYro-
ro (HampyMep, BIMSHME MacCOBOVI IOV XJIOPUAA HATpUsA
Ha aKTMBHOCTDb BOJbBI B MACHBIX n3fienAx).C 9Toll Ie/bio
UCIIONb3YIOTCA [IBA MOJY/IA KOMIIbIOTEPHOI CUCTEMBI SSS
Bio — KOppenALMOHHBIN aHa/IN3; PETPECCYOHHBIN aHA/IN3.

Mopynb 2 — Pezpeccuonnuiii ananus. Ilponssenem pac-
94eT U BBIABMM 3aBUCHMOCTb MEXIY NPOLEHTOM 3aMeHbl
MSCHOTO CHIPbsI 6€JIKOM IIa3MBbl KPOBU M COEpPIKaHUEM
BJIaTU B MsCHOM (apite. VcxonHble JaHHbIE TIpeiCTaBIIe-
Hbl Ha Puc. 5.

(@) PerpeccuoHHbIM aHanus
Mapametpei:
Konusecreo perpeccopo 1 % Fkp: 5,99
O6wuém seibopkn: 5 Tkp: 2,57

Pacy&T N0 CPeaHHM SHa4eHUSM:)

u b WN -

Koadduumnentr koppensuun: 0.9

[ CoopmMupoBaTts ][ Paccuvrars ]

Fig. 5. Regression analysis | Pric. 5. Perpecciormsit amans

B pesynbrare mpoBefieHNA perpecCUOHHOrO aHa/IN3a 110-
JTydeHbl CIefyIole cTaTuctTideckre fanusle (Tabm. 3) Ha
OCHOBaHMM KOTOPBIX TEXHOJIOT MOXKET CIPOTHO3VMPOBAThb
HOBefIeHNe MSICHOVM CHUCTeMBbl U INPUHATH OOOCHOBaHHOE
pellleHye B KaKOM fialla3oHe pallyiOHajIbHee (JIydlle) OCy-
I[ECTBUTD 3aMeHY MACHOTO ChIPbs OTKOBBIMY T00aBKaMIL.

Cymma

tionships, and not only find but also give them quantita-
tive assessment. This approach requires detection of causal
dependencies.

A causal dependency is a relation between processes,
when a change in one of them is a consequence of changes
in another (for example, an effect of mass fraction of so-
dium chloride on water activity in meat products). To this
end, two modules of the computer system SSS Bio are used:
correlation analysis and regression analysis.

Module 2 — Regression analysis. Let’s carry out calcula-
tions and determine a dependency between a percent of
meat raw material replacement with blood plasma protein
and the water content in sausage meat. The initial data are
presented in Fig. 5.

X % X*X XY
10 67,9
15 69,6
20 71,3
25 72,4
30 73,1

As a result of the regression analysis, the following sta-
tistical data were obtained (Table 3), on which basis a tech-
nologist can predict a behavior of a meat system and make
a grounded decision regarding a range of the most rational
(the best) replacement of meat raw material with protein
additives.

Table 3. The results of the regression analysis | Ta6/1. 3 Pesynbrarsl perpeccuoHHOTo aHamu3a

Text Field «Information» | TexcroBoe mone «Vudopmas»

X Y X*X XY
1 10 67.9 100,00 679,00
2 15 69,6 225,00 1044,00
2 20 71,3 400,00 1426,00
4 25 72,4 625,00 1810,00
5 30 900,00 2193,00
Cymma [100,00 354,30 2250,00  7152,00

Coefficient a = 65.58 | Koadpuunenr a = 65,58
Coefficient b = 0.26 | Koa¢puuuent b = 0,26

Correlation coefficient: r=0.9857 | Koapdunuent koppemsummu: r=0,9857
Determination coefficient: R*= 0.972 | Koadduient perepmunarym:

R*=0,972

Additional Text Field | [JomonuuTensHoe TeKcToBoOE MOTE

Sampling variance X = 50.00 |
Boi6opounas pucnepena X =
Sampling variance Y = 3.59 |
Bri6opounas sucnepcus Y = 3,59

Standard deviation: S(x)=7.071 |
CpennexBagpaTinyeckoe oTKIoHeHue: S(x)=7,071
Standard deviation: S(y)=1.894 |
CpenHekBagpaTinyeckoe oTkroHenne: S(y)=1,894
Standard error of regression Sy= 0.412 |

CrangaprHas omm6ka perpeccun Sy= 0,412

Standard deviation of random variables a and b: |
CraHgapTHBIe OTKIOHEHIA CTyYaliHbIX BeIM4NH a n b:
Sa =0.5521

Sb =0.0260

50,00

Regression equation: Y = 65.5800 + 0.2640 * X | YpaBHeHue perpeccuu:

Y = 65,5800 + 0,2640 * X
Student test t, = 10.1438 | Kpurepuii Crorofenta t, = 10,1438
Student testt =118.7856 | Kpurepuit CTbIOlIeHTat =118,7856

Confidential interval for a and B:| ,[[onepmenbnme MHTepPBaIbI /1A o 1 [B:

0.197 < $ <0.331
64.159 < a < 67.001

The analyzed dependence is statistically significant! | Viccnenyemas

3aBMCHMOCTb CTATHCTIYECKN 3HAYMMa
F=102.8976
The model is adequate! | Mopennb agexBaTHa
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JIJIsT OLeHKM TOYHOCTM TPOBEIEHHBIX MCCIET0Ba-
HUI 60/IbIIIOe 3HAUEHVE MIMeeT 008epuUrnevHbLil uHmep-
sazn. ViccmemoBaHMsI CYUTAIOTCS JOCTOBEPHBIMMU, €C/IN
pe3y/IbTaTbl 9KCIIEpMMEHTa He BBIXOAAT 3a IIpeJieIbl
JIOBEpUTEIPHOTO MHTEepBaja. JTOT MHTEPBA/ ITOKa3bl-
BaeT, B KaKuX Ipefenax KomebaeTcss TOYHasl BeTndnHa
MICCTIeyeMOro TI0Ka3arte/isi B CPAaBHEHNY C TeHepalbHbIM
CpemHuM.

Baxxnoit ocobennoctpio SSS Bio sABisgerca BO3MOXK-
HOCTb IIOCTPOEHVS TPadUKOB CTOXaCTUYECKNUX 3aBUCU-
MOCTell (MaTeMaTu4ecKOll MOJENN), a TaKKe HaIIAZHOe
HpeficTaBeHne pacnonoxxenus Boibopku (Puc. 6). Jau-
Hasg QYHKIVS TI03BO/sIET BU3YalIbHO OLEHUTb KOppess-
IIVIOHHO-PETPeCCUOHHYIO0 3aBUCUMOCTD.

To assess the accuracy of performed investigations,
a confidence interval is of high importance. Investiga-
tions are considered reliable if the experimental results
do not exceed the limits of a confidence interval. The
confidence interval shows limits, within which a pre-
cise value of the studied indicator varies compared to
the universe mean.

An important peculiarity of the SSS Bio is a possibility
to construct stochastic dependency graphs (a mathemati-
cal model) as well as a demonstrative presentation of sam-
pling distribution (Fig. 6). This function allows a visual as-
sessment of the correlation-regression dependency.

-

= 5 711

g g 70 v & : =A2neHHE B

T © v MuHWA perpeccH

§ % B 1; ------------- NWHWA perpeccil = oT ¥

§ z e —_— - —_— — | b CpeaHAn Tovka (20,00:;70,.86)
8 § 10 12 14 16 18 20 22 24 26 28 30

VYpoBeHb 3aMeHbl MsicHOTO cbipbd, % | The level of meat raw material replacement, %

Fig. 6. Graphs of regression lines and sampling | Puic. 6 I'paduxut nmusumit perpeccuut u pacrpejienenie Bi60pKit

AHanmM3 TIONy4eHHBIX Pe3y/IbTaTOB IIOKAa3bIBAET, YTO
C yBeIMYeHNeM IPOLeHTa 3aMeHbI MACHOTO ChIpbsA Oer-
KOBBIMM J00aBKaMI yBeINYMBAETCA COAEp>KaHMe BJIaru
U yMEHbBIIAeTCsA COAep)KaHue >kupa 1 Oelka B MACHOM
dapie.

OnHaxko, COITIACHO COOTHOIIEHNIO Oe/I0K: BOfIa B TOTO-
Boit mpopykuyn B = (b x 4) +10, (B — MakCcMaIbHO JOIY-
CTVMOe COfiepKaHIe B/Iary B IpOAyKTe,%; b — MaccoBas
nons 6enka B IPOAYKTe, %), AEICTBYOLEMY B PsAle CTpaH
EBpocorosa u CIIIA npuMeHUTENbHO K IPYIIIIe MACOIPO-
JIyKTOB BBICIIVIX ¥ IIEPBBIX COPTOB, 4eM OOJIbIlIe MacCOBas
o 6enka B KOMOACHBIX U MACHBIX IIPOAYKTaX, TeM O0b-
1iIe BOZIBI B HUX MO>KeT cofiepKaTbces [1].

[lna 6ONbIIMHCTBA MACONPOAYKTOB TPagMILIMOHHBIX
peLenTyp ¥ TeXHOJIOIMil 3HaUeHMs COOTHOIICHMs BOJA:
6€JI0K HaXOATCA B uHTEpBase or 4,1 mo 5,0.

VI3ameHeHMs PYHKIIMOHATIBHBIX CBOMCTB (haplia Haxo-
IATCS B 3aBUCUMOCTH OT COfIepXKaHMs B HEM BJIari, Oeka,
XIMpa U ux cooTHoueHuit. KommnbrorepHas cucrema SSS
Bio 1mo3Bo/AeT IO 3KCIEePUMEHTAIbHBIM JAHHBIM IIOTY-
yuth MaTeMaTndeckre mogenu BCC, BYC u JKCC B xoi-
6acHOM (haplire ¢ MCIOIb30BaHMEM COEBOTO M30/IMPOBaH-
HOTo 6e/IKa B 3aBUCHMOCTH OT COfIep>KaHMs >Kupa u 6eka
(Mopnynb — MHoxcecmeeHHast pezpeccust).

Ha npumepe comepyxanus obutero 6emka (X1) u >xupa
(X2) B xonbacHoM dapire nmokaxem usmeHenne BCC (Y).
VcxonHble JaHHBIE IIpeICTaBIeHbl Ha Puc. 7.

B Ta65. 4 npepncTaB/IeHbl pe3ynIbTaTbl 00paboTKM Mc-
XOJTHBIX IaHHBIX.
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Analysis of the obtained results shows that with an in-
crease in a percentage of meat raw material replacement
with protein additives, the moisture content increases,
while the fat and protein content decreases in sausage
meat.

However, according to the protein: water ratio in the
finished products B = (bx4)+10, (B — maximum al-
lowable water content in a product,%; b — protein mass
fraction in a product, %) that exists in several EC states
and the USA for the group of meat products of higher
and first grades, the higher protein mass fraction in
sausages and meat products, the higher water they can
contain [1].

For most meat products of the traditional recipes
and technologies, the value of the water: protein ratio is
in a range from 4.1 to 5.0.

Changes in the functional properties of sausage meat
depend on the content of moisture, protein and fat, as
well as their ratio. On the basis of experimental data, the
computer system SSS Bio allows obtaining mathemati-
cal models of MBC, BHC and FBC in sausage meat with
isolated soya protein depending on the fat and protein
content (The module — multiple regression).

We will show the changes in MBC (Y) by the example
of the total protein (X1) and fat (X2) content in sausage
meat. The initial data are presented in Fig.7.

Table 4 presents the results of the initial data pro-
cessing.
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(@) PerpeccHoHHbIN aHanus X
MapamerTpbi: 1 10
Konwsecreo perpeccopo 1 L%,' Fkp: 5,99 B 15

3 20

O6:émM euibopku: S5 Tkp: 2,57 4 s

Pacy&T No CpeaHuM ZHaYeHnsM:) = s 20
Koadpuunentr koppensuun: 0.9 - CymmMa
[ CeoopmupoBaTh ] [ Paccuurare ]

Fig. 7. Multiple regression | Puic. 7. MHOXecTBeHHas perpecciis

X*X
67,9
69,6
21;3
72,4
73.1|

Table 4. Results of the multiple regression | Ta01. 4 Pe3ynprarsl MHOXKeCTBEHHOIT perpecc

Text Field «Information» | TekcroBoe none «/upopmamus»

Coefficient b, = -8.94 | Koadpumuent b = -8,94
Coefficient b = -39.69 | Koapdumuent b, = -39,69
Coefficient b, = 37.72 | Koappumment b,=37,72
Regression equation: | YpaBueHue perpeccu:

Y =-8.94-39.69 * X1 + 37.72*X2

Adequacy dispersion, $* = 0.98 | Tuciepcus aieKBaTHOCTH, Sza;[= 0,98
Factorial dispersion, Szfmz 0.44 | ®akropHas gucnepcus, S* q)m=0,

F=22.04
The model is adequate! | Mopens agekBarHa

3Hauenne K03bduueHTa MHOXXECTBEHHOI KOppes-
un (R=0,98) ykasbiBaeT Ha BBICOKYIO CTEIIeHb JIMHeETI-
HOJI 3aBUCKMOCTM Y OT ABYX OOBACHSIOMINX IepeMeH-
HBIX X1 1 X2.

V3 Tabmuupl 4 ciaegyeTr, 4TO MOJeNb ajjeKBaTHa
(F = 22,04 > FKpm: 6,94). OToO 0O3HaYaeT, YTO MOTYYEH-
HOe ypaBHEHIe Perpeccuy XOpOIlo COITIacyeTcs ¢ dKC-
MePUMEHTATbHBIMI JTAHHBIMU M MOXKET OBITh MCIIOJb-
30BaHO B JaJIbHEMIINX MCCIenoBaHusAX. [paduyeckoe
0TOOpakeHMe MOTyYEeHHOTO YPaBHEHUS INpefCTaB/lIeHO
Ha Puc. 8.

Y=-8,94 - 39,69X, +37,72*X,

44

Additional Text Field | JononuutenbHoe TeKCTOBOE MOTIE

Paired correlation coefficient between x1 and Y, Ryl=-0.41 |
Koa¢ ummrent napnoit koppensamym mexnay x1 n Y, Ryl=-0,41
Paired correlation coefficient between x2 and Y, Ry2 = 0.14 |
Koaddunuent napHoii koppemauun mexxpy x2 n Y, Ry2=0,14
Paired correlation coefficient between x1 and x2, R12 = 0.84 |
Koaduunent mapHoii koppemauun Mmexxpy x1 u x2, R12=0,84
Multiple regression coefficient, R = 0.98 |

Koa¢ punuent muoxxecTBenHoit perpeccum, R=0,98

The value of the multiple regression coefficient
(R=0.98) indicates the high degree of linear dependence
Y on two explicative variables X1 and X2.

It follows from Table 4 that a model is adequate
(F=22,04>F_,=6,94).This means that the obtained re-
gression equation is in good agreement with the experi-
mental data and can be used in the following investiga-
tions. The graphical reflection of the obtained equation
is presented in Fig. 8.

Y

-8.94-39.69X, + 37.72*X,

I - 220
B <214
I:]<204
] < 194
B < 134
-<174

Fig. 8. A response surface of an effect of the total protein and fat content on sausage meat MBC
Puc. 8. [ToBepXHOCTD OTK/IMKA BIMSHIA COflepKanust obmiero 6enka 1 xmpa Ha BCC xonbacHoro dapira
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AHanu3 MOTY4eHHOTO YpaBHEHMs IIOKA3bIBaeT, UTO
nsmerenre BCC 3aBucut ot comepxanusi obiero 6enka
" Xupa B KonbacHoM ¢apure. IIpy MoCTOSHHOM YpOBHe
XKVpa yBelIM4YeH1e o0IIero cofiep>kanms Oemka crocooct-
ByeT pocty BCC dapma. Ognaxo poct BCC Ha egunnny
6e/lka yMeHbILIAeTCsA C yBelIM4eHNeM KOIMYecTBa XKUPa,
4TOo cornacyercs ¢ fanubivMy CaaBarynmnHoit PM., JTwo6-
yenko B.J. [12, 13].

BriBogbr

HdopMaLMOHHbIe TeXHOTIOTMH, peanupyeMble ¢ I10-
MOIIIBIO TPOTPAMMHOTr0 00 ecIiedeH st KOMIIbIOTePa, MOTY T
MHoroe. OHI HeM3MepMMO YBeINYNBAIOT HALIN BbIYMC/IN-
Te/IbHbIe BO3SMOXXHOCTU. OHM MOTYT XPaHUTD U OIIePaTUB-
HO 06pabaTbiBaTh 607IbIINE 06 beMbI MHPOPMALUIL.

MeTonbl MaTeMaTMYeCKON CTaTUCTUKY, peannsyeMble
B KOMIIbIOTEpHOII IporpaMMe SSS Bio, pacmmpsioT Bo3-
MO>KHOCTM HayYHOTO IPOTHO3MPOBAHMA 1 LieJiecoobpas-
HOTO IPUHATHS pelIeHNI B YCIOBUAX HEOIIpele/IeHHOC T,
KOT7Ia MCCIeIOBATeN0 IPUHIVIINAIBHO He MOXeT ObITb
U3BECTeH BeCh KOMIUIEKC YCIOBUII IPOBENIeHNA SKCIIePH-
MeHTa. Ha mpumepax maccuBHOTrO skcrmepyMeHTa (OZHO-
(haKTOPHOrO AMCIIEPCHOHHOTO aHA/IN3a, MHOXKECTBEHHOI
JIMHEHO perpeccun) nokaszaHa pabora B SSS Bio.
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wasa A.A., MposotopoBa 0.B., ®poros H0.A., KoBanbckuii U.B.,
Yy6apos M.B. MepcneKTuBbl MUCMNOAb30BaHUA MNPOrpaMMHbIX
CpeACTB cTaTUCTUUECKOM 06paboTKu AaHHbIX B 6MOTEXHOAOTMYE-
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E.B. Cycb // CBUAETEALCTBO O perucTpauuu nporpamm ana 3BM
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Analysis of the obtained equation demonstrates that
changes in MBC depend on the content of total protein
and fat in sausage meat. At the constant fat level, an in-
crease in the total protein content contributes to an in-
crease in sausage meat MBC. However, an increase in
MBC per protein unit is decreased with an increase in the
fat amount, which corresponds to the data of Salavatu-
lina R.M. and Lubchenko V.I. [12, 13].

Conclusions

The information technologies realized with program soft-
ware can do many things. They immeasurably increase our
computational capabilities. They can store and operatively
process high volumes of information.

The methods of the mathematical statistics realized in
the computer program SSS Bio extend our possibilities of
scientific prediction and expedient decision making in the
uncertain conditions, when a researcher, in principle, cannot
know the whole complex of experimental conditions. The
work in SSS Bio has been shown by the example of the pas-
sive experiment (one-way analysis of variance and multiple
linear regression).
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