adaptation to sweet sorghum juice and syrup. The fermentation of sweet
sorghum juice from functioning plant in Sumy region was performed,
kinetic parameters of fermentation were determined, and volatile
substances were obtained and analyzed as components of gasoline mix.

The chemical composition of sweet sorghum juice (variety
"Mammoth") is carried out. Thus, juice contains heterogeneous
composition of sugars: sucrose 68% and 32% of invert sugar, which may
affect the kinetics of fermentation.

The anaerobic fermentation of sweet sorghum crude juice was
performed using commercial strain Saccharomyces cerevisiae M5. The
dynamics of ethanol concentration in fermented cultured broth was
investigated with full evaporation headspace gas chromatography
method. The maximal ethanol concentration (5 % v/v) was obtained in
15—16 hours after inoculation, ethanol productivity was 2.63 g I h™".

The content of volatile metabolites in the cultured broth before and
after distillation was analyzed by headspace gas chromatography
method. It was established that such components of fermented cultured
broth as acetaldehyde, acetone, isobutanol, and 1-propanol can be
distilled only 40-60 %.

The results demonstrated the possibility of sorghum sugars
fermentation by strain of S. cerevisiae M5 with high ethanol productivity.

Key words: fermentation, sweet sorghum juice, ethanol,
headspace gas chromatographic
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ANALYTICAL MODEL OF PARALLEL COMPLEX
SYSTEM OF MACHINERY OF PLANTING

Valeriy D. Voytyuk, Ivan L. Rogovskii
e-mail: vdv-tsim@ukr.net

Abstract. Optimization methods of parallel complexes occupy a
significant place in the complex of quantitative methods for optimization
of parameters of objects of standardization. Examples are parallel
complex parallel manufacturing lines, parallel connected elements,
schemes, etc. Parallel the complex production machinery of plant is a set
of several products of partial interchangeability.

Optimal parallel set of products should be chosen, taking into
account future changes in the conditions of production and use
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(operation) of the products. Thus, the standardization arise because
dynamic optimization models, not static. Using these dynamic models to
address issues related to optimal points of production statement on
manufacture, changes of modifications or withdrawal of production and
operation, etc. These issues should be resolved simultaneously with the
selection of the optimal parameters of the products. Static optimization
models appear as a result of simplifying the original dynamic model.
Static models are used to obtain approximate results. They are used
because they are easier to obtain this necessary and easier to build
computational procedure. However, this complicated interpretation of the
concepts representing the basis of the model, as these concepts can be
interpreted differently depending on the way information of the original
dynamic optimization model to static. Moreover, for the application of
statistical models is necessary to build complex, adapted to the specific
conditions of the procedures for determining the source data.

Key words: method, optimization, parameter, object,
standardization, system of machines, planting

Formulation of problem. Optimization methods of parallel
complexes occupy a significant place in the complex of quantitative
methods for optimization of parameters of objects of standardization.
Examples are parallel complex parallel manufacturing lines, parallel
connected elements, schemes, etc. Parallel set of products is a set of
several products of partial interchangeability. In other words, it is
sometimes possible instead of the i-th product to get around the j-th
species, but it may change the magnitude of the effects and costs.

Analysis of recent research results. If the effects and costs
associated with i-th element of the complex differ from the effects and
costs associated with j-th element of the complex only in magnitude, but
not the item in the vectors of effects and costs, no zero component), we
have the case of parametric next [1]. Thus, the parallel set of
homogeneous products is close to the parametric [2]. Elements of
parametric range can be distinguished by the value of one (main)
parameter, for example, motors of the same type vary in power or in the
case of multidimensional parametric number may vary according to the
value of the set of parameters [3].

Optimal parallel set of products should be chosen, taking into
account future changes in the conditions of production and use
(operation) of the products [4]. Thus, in standardization there is a
dynamic optimization model instead of a static [5]. Using these dynamic
models to address issues related to optimal points of production
statement on manufacture, changes of modifications or withdrawal of
production and operation, etc [6]. These issues should be resolved
simultaneously with the choice of optimum parameters of products [7].
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Static optimization models appear as a result of simplifying the original
dynamic model [8]. Static models are used to obtain approximate results.
They primenyaya because they find it easier to obtain this necessary and
easier to build computational procedure [9]. However, this complicated
interpretation of the concepts representing the basis of the model, as
these concepts can be interpreted differently depending on the way
information of the original dynamic model to a static optimization [10].
Moreover, for the application of statistical models is necessary to build
complex, adapted to the specific conditions of the procedures for
determining the source data [11].

Purpose of researches is to formulate an analytical approach to
static models of parallel optimization of complex systems of machinery
crop production.

Results of researches. Here sequential complexity of the simplest
model of optimization of the parametric series introduces the main
subject of interpretation in the application of the model concepts. The
result is a model that generalizes the model.

The product is defined by a set of characteristics. In this set, of
course, are the optimizable parameters. Parallel set consists of a finite
set of elements u;, i = 1, ..., n, and uniquely determined by them:

W= (uq, ..., uy, ).

With the help of the optimization is to determine the number of
types of products and their optimal parameters, i.e. n and u;, i =1, ..., n.
To optimize parallel set, it is necessary to form the objective function and
constraints. The objective function is constructed as a function of effects
n costs incurred for the selected complex.

In particular, accounted for total costs product development costs
for the readjustment of the production costs PA production, costs, and
effects — meet the needs in production, perform certain types of work,
improving certain technical characteristics, etc.

Effects and costs arising from the use of products, it is possible to
determine, knowing the conditions of its use and purpose, as well as the
volume of products used.

Specific condition of use of the product and its intended use
conform to the required parameters of products x, i.e., the parameters
that are optimal for the consumer, are not taken into account when
certain types of effects and costs, particularly production costs.

These are the required parameters of the products, in some cases,
accurately determine the magnitude of the effects and costs arising from
the use of products in the conditions in the appointment, the relevant x.

In the simplest optimization model of the parallel complexes
specified volumes of production in the conditions of the relevant required
parameters of products x: ¢(x). The function ¢(x) is called the demand
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function. When different formulations of the problem it is interpreted
differently, it could be average or total production volumes for a certain
period, extreme volumes, etc. to define it, often it is necessary to apply
appropriate methods. The assumption that demand is fully met, means
that with the possibility of replacement of products with required
parameters to x one of the types of products will be achieved specified
volume of demand ¢ (x).

Let us dwell on the case of one-parametric number u; € [a, b].
Suppose that instead of products with parameter x € [a, b] can be used
only products with the next highest parameter u;:

U1 <X S U, U < Uy <...< Uy

For example, if for the carriage of containers necessary cars of a
certain capacity x and operating costs grow with increasing load, it is
natural that there will be used cars capacity u;, u;_; < x < u;.

If such a change use the same quantities of products, it is possible
to determine the total volumes of products with parameter u;:

v = f;‘_l p(x)dx, uy, = a.

The total volume of products v i=1,.., nitis necessary to know
to estimate production costs for a given parametric range. Note that the
interpretation of V(¥ (average, total, maximum volumes, etc.) to the
interpretation of ¢ (x).

If we the cost per unit of production parameter u, produced in the
volume V, we denote c(u; V) is the total production cost will be:

Z(n)(W) =yn, c(ui, V(i)) @

Consider the case when operating cost is proportional to the
amount of used products. We denote the cost of operation of the unit
volume production settings u used in conditions characterized by
required parameters, x — g(u, x). Then the total operating costs are:

ZOW) =B [, 0()guy, ).

Note that the function g(u, x) is interpreted according to ¢(x)as the
total cost for a certain period, medium, etc.

As the target functions often take the total cost:

ZW) = Z@OW) + 2™ ).

The assumption that is the product with the x option can be used
only to produce the product with the next highest parameter u;, often
does not correspond to reality. To reflect a wide range of applications,
introduce features of applicability of £® (x, W). A function of £®(x, W) is
the proportion of the total volume of products used in the conditions
corresponding to the parameter x, satisfy produce parameter u;el.
Obviously:

i=1 f(i)(x; w)=1.
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If the demand is fully met, there is the following relationship

between the volumes and functions of the application:
VO = 7 o(x) €O (x, W)dx.

The value of the objective function in this case will depend not only
on optimized neighborhood of W, but also the functions of applicability. If
the functions of applicability is specified, the optimized number W. only
Possible formulation of the problem, when along with the optimization of
the range W can be optimized the functions of applicability. Function of
applicability reflect the distribution of products according to the conditions
of its use, in particular, the distribution of output between consumers.

Influence of character of distribution of products between
consumers on the value of the total cost until recently in the problems of
optimal choice of production parameters was not analyzed. The work
assumes the existence of an optimal distribution, this fact should be
taken into account when using models. Sometimes the distribution of
production is quite close to the optimum, this condition must be checked.
Note that best meet the needs of each consumer does not always
correspond to the optimum from the point of view of the total cost
distribution.

It is possible to consider the two in a sense the opposite of the
mechanism of distribution of products. One is a direct appointment by the
consumer of a particular product. In this case, together with optimal
production parameters must be determined and the optimal assignment,
i.e. a function of applicability should be arguments to the target function.
There are often some restrictions regarding the nature of product
distribution, for example, all consumers who require a product with a
parameter x supplied the same products. Such restrictions must be
recorded in the statement of the problem, and restrictions on the
functions of applicability.

Another mechanism of distribution of products — selling products.
This mechanism is influenced by the prices of traded goods, the price
change will change the distribution of products (even assuming that all
manufactured products will be purchased and used). Distribution of
products affects both the operational and production costs, then the
same can be said about prices. The price of the product can be
considered as one of the parameters, and technical parameters subject
to optimization. Above, when determining the volume V® it was
assumed that instead of some a given level of output with the required
parameter x uses the same amount of products with parameter u;. But it
is possible that instead of the unit volume of products with the required

parameter x can be used 8 (x, W) units of production on the parameter

w;eW. A function of 60 (x,W) is a function of the substitutability and
summarizes the coefficient of substitutability.
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Now in case of full satisfaction of demand:
VO = [7 o) - €O, W) - 09 (x, W)dx.
If g(u;,x) is the operating costs arising from the operation unit of

production by parameter u; to the conditions corresponding to the
desired parameter x, the total operating costs:
ZOW) = [ p(x) - D, W) - 6D (x, W) - g(u;, x)dx.

The function of the applicability &¢®(x,W), a function of
substitutability 6@ (x,W) and a function ¢(x), called the demand
function, allow us to construct the optimization model of the parametric
range of products. Function of unit costs c(u; V) and g(u;, x) are used to
construct the objective function in the optimization, or rather souls of
determining the production and operating costs. Thus constructed the
optimization model of one-dimensional parametric range needs to be
extended in several directions.

First, it is necessary to optimize not only a one-dimensional
parametric range, but also a parallel set of products, i.e. it is necessary
to return to the interpretation of the u; as a set of characteristics that
determine the type of product, in particular, in the case of
multidimensional parametric number u; = (ul@, ugm)), m -
dimensional vector.

Second, conditions may have not only the required values of the
parameters (in the case of multi-dimensional series x = (x@, ..., x(™)
but some other factors. For example, the effects and the costs arising
from the operation of the machine, not only depend on its parameters x,
but also on the load factor T, the set of factors characterizing the
operating conditions, in this case, T = (x,T).

The set of all possible required values of the parameters will
denote by X. It can be a finite set, especially if the function ¢(x), x € Xis
determined by the poll:

X = (X, e, X)-

The set X may be different, for example, be determined by the
restrictions:

a) < x < p),

Function of applicability ¢®(x, W), the substitutability 8@ (x, W),
demand ¢(x) and the value of the unit operating costs g(u;,x¥) and
specific production costs c(u; VW) can be defined in the same way, only
X € X is now a multidimensional quantity.

In the case of a full satisfaction survey total volumes:

VO = [ @@ D& W) - 00 (x, W)dx.
production costs:
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ZWW) =3k c(u;v®)-vo,
and operating costs:
ZOW) = [ @) -EDEW) - 0D W) - glu;, X)dx.
Note that if X is a finite set, then fx ..dx becomes }., cx.

Thus, the transition from the models of one-dimensional parametric
optimization of a number of parallel optimization model of the complex.
But there was not yet taken into account the fact that the terms of use of
the product can definitely not be characterized by the required
parameters, x. In principle, to characterize these terms of use, you can
consider a number of factors 7 € T. For example, the conditions
characterized by the kind of work you want to perform, and the demand
function ¢(7) is the volume of work of the kind 7.

The function ¢@(t), T € T can be interpreted differently depending
on the view factor 7. In particular, if the environment of the considered
factors are the required values of parameters t = (x,1), ¢(7) is the
volume of production parameter x in conditions characterised by factors
7= (%,7). In the other case, ¢(7) is the value of a certain effect in
conditions characterized by factors .

If the function ¢(7) interpreted one way or another, it is possible to
define functions applicability &@(z, W), function of substitutability
0@ (r,Ww) and the value of specific operating costs g(u;, ) analogously
as it was done above.

In this extended model, if you set function ¢(t), production
volumes and production and maintenance costs are determined the
same way as was done above:

VO = [ @ - ED@ W) - 09, W)dr;
Z(n)(W) — 1i1=1 c(ui; V(i)) . V(i);
zZOW) = [ o@D @W) -0V (r, W) - g(u;,)dr.
Conclusion. If ¢(7) is not set, i.e. is subject to optimization, then
turn to the General scheme of optimization of parameters of objects of
standardization, namely to determine the effects and the costs incurred.
from the use of products in conditions characterized by factors 7, form
the objective function and constraints and solve the corresponding formal
mathematical optimization problem. The objective function in this
approach, there may be some technical specifications that reflect the

operation of parallel complex W as restrictions there may be restrictions
on the total cost.
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AHANITUYHI MOOENI NAPANEJNIbBHUX KOMMNEKCIB CUCTEMU
MALUUH POCJIMHHULUTBA
B. []. Boumok, 1. J1. Po2zoecbkul

AHoTauia. Memodu onmumizauii napanerbHUX KOMIIIIEKCI8
3alMaromp 3Ha4YHe Micue 8 KOMIIIEKCI SIK KiNIbKICHI Memoou onmumi3auii
napamempie o06'ekmie cmaHOapmu3auii. [Nlpuknadamu napanesrbHo20
KOMIfiekcy € naparnesibHi mexHosio2iyHi  fiHii, napanesibHO 3'€OHaHi
eriemeHmu, cxemu i m.0. lNapanenbHuUl KoMrnekc rnpodykuii cucmemu
MawuH pocruHHUymea ue Habip Kinbkox eudie rnpolyKuii, wo eosodie
4acmKOB80H0 83aEMO3aMIHHICMIO.

OnmumanbHul napanenbHUl KoMneKke rnpodykuii cnid eubupamu
3 ypaxyeaHHsM MalubymHbo20 3MiHU yMO8  8upobHuumea i
guKopucmaHHs  (ekcrinyamauii)  npooyKuil. Takum  4uHOM, 'y
cmaHOapmua3auii BUHUKarome came OUHaMiYHi Modesii onmumisauii, a He
cmamuyHi. 3 00rnomMo200 makux OuHaMiYHUX mooerniel No8UHHI
gupiwysamucsi numadHsi, rnoe'ssisaHi 3 ornmumasibHUMU MOMeHmamu
rnocmaHosKu rnpodyKuii Ha supobHUUMEO, 3MiHU MOOUbiKauil, 3HAMMS 3
gupobHuumea ma ekcrinyamauii i m.0. Lli numaHHA Mmarome
gupiwysamucsi 0OHo4YacHO 3 eubopoMm onmumarsibHUX rnapamMmempis
npodykuii. Cmamud4Hi MoOesni onmumisauii 3'aensromscs K pe3yrbmam
CrPOWEHHSI  8UXIOHOI  OuHamiyHOi  moldeni. CmamuyHi  Mooerni
suKopUCMO8YMbCS O ompuMaHHs HabriuxxeHux pesyribmamie. BoHu
3acmocosyrombeCsi moMy, Wwo Ofs HuX npocmiwe ompumysamu
HeobXxiOHI OaHul U npocmiwe 6ydyeamu obuucnosasbHi rnpoyedypu.
llpome npu ubOMy yCKNaOHIEMbCS [HMeprpemauyis MnoHImMb, Wo
CKnadaromb OCHO8y MOOesni, maKk SK Ui rNoHImms Moxymb 6ymu
IHmepripemoegaHi rno-pi3HoMy 8 3ariexxHocmi 8i0 crnocoby 38e0eHHs
BUXIOHOI OuHamiyHoI modersi onmumi3auii 00 cmamu4Hoi. binbw moeo,
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011 3acmocyeaHHsI 20mo8ux cmamucmu4Hux mooesneu HeobXxiOHO
bydyeamu Oocumb cKnadHi, rnpucmocogaHi 00 KOHKPEemMHUX yMo8
npouedypu 8u3Ha4YeHHsT 8UXIOHUX OaHUX.

KniouoBi cnoBa: Mmemod, onmumi3auyisi, napamemp, o06'ekm,
cmaHOapmu3auisi, cucmemMa MaWwuH, POCJIUHHUUME0o

AHAJTIUTUMECKUE MOAENU NAPAJIJIENIbHBIX KOMIMJIEKCOB
CUCTEMbI MALLUH PACTEHUEBOOCTBA
B. . Boumrok, U. J1. Pozoeckul

AHHOTauma. Memodbl onmumu3ayuu rnapannernbHbIX KOMIMIEKCO8
3aHUMarm 3Ha4YumMesibHoe MeCmO 8 KOMIIIIEKCE KaK KOJIUYEeCMBEHHbIe
MemoObl onmumu3auyuu napamempos ob6bekmos cmaHOapmu3auuu.
lMpumepamu napannenbHO20 KOMII/IeKca S6rnsomcesi rnaparsnesbHble
mexHonoau4yeckue JuHUU, rnapanniesibHo COEOUHEHHbIE 3/1eMEHMBbI,
cxembl U m.0. lNapannenbHbil KOMANEKC rnpodyKuyuu cucmembl MawuH
pacmeHuesoOocmea 3amo Habop HECKOIbKUX 8udo8 rnpodyKuuu,
obnadaruwel Yacmu4yHoU 83auMO3aMeEHSIEMOCMbIO.

OnmumarbHbIl  napannesnbHbll KOMMNeKc npodykyuu credyem
8blbupamb ¢ y4yemom byOyuie2o UIMeHeHUs ycrosul rnpouseodcmea u
ucrionie308aHusi  (aKcrinyamauuu) npoldykyuu. Takum obpasom, 8
cmaHOapmu3auuu  B803HUKam UMEHHO OuHamu4deckue Modesu
onmumu3auuu, a He cmamu4deckue. C rnomMowbo makux OUHamMu4ecKux
mooersiel OO/MKHbI pewambCs 80MpPOCkl, C85i3aHHbIEe C ornmumMarsibHbIMU
MOMeHmMamMu [ocmaHoO8KU MpoOyKUuUU Ha pou3eodcmeo, CMEHbI
Moougbukayul, CHAMuUS ¢ rnpouseoocmea U aKcrayamauyuu u m.0. dmu
80r1poChkl OOIKHbI pewambcsi 0OHO8PEMEHHO C 8bI60pPOM ornimumMaribHbIX
napamempos npodykuuu. Cmamuyeckue Modenu onmumu3layuu
rosIBNISIOMCS  KaK pe3yribmam yrpouweHUss UCX00HOU OuHamMu4yeckou
moloenu. Cmamudeckue MmoOesiu Uucrofib3ytomcsi 0751 MoslyYeHUsi
npubnuxeHHbIx pedynbmamos. OHU NpuUMeHSUCsa nomomy, 4mo 0Orisi HUX
npowe rnony4yamb Heobxodumbie OaHHbIU U powe cmpoums
gblqucriumersribHble rpouedypbl. OOHaKo rpu 3MOM YCITOXKHAEemCs
UHmMepripemauusi nNoHAMuU, cocmasssrouux ocHogy mModesiu, mak Kak
amu rnoHsmusi mMo2ym Obimb UHMepPrnpemuposaHbl [o-pasHoMy 8
3asucumocmu om criocoba ceedeHusi UCXOOHOU OuHamu4yecKkou mooersu
onmumu3auyuu K cmamu4yeckou. bornee moeo, O0nsa npuMeHeHuUs
20moebiXx  cmamucmu4yeckux  molesnel  Heobxodumo  cmpoums
0ocmamoYHO CrI0XHble, MpucrnocobrieHHbIe K KOHKPEMHbIM yCrio8USIM
rnpouedypsbi oripedesieHUs1 UCXOOHbIX OaHHbIX.

KnioyeBble cnoBa: wmemod, onmumu3auusi, napamemp,
o06bexkm, cmaHOapmu3auyusi, cucmemMa MaWuH, pacmeHueeoodcmeo
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