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3. B MmomudumupoBannu ApeBECUHBI C 33JaHHBIMHU MTOKA3aTEIIMU KaueCcTBa 1
YIPABJICHHS KAYECTBOM KOHYCHOU MPOTYKITHH.

4. B HaydHOM OOOCHOBAaHHMH CO3/IaHWS KOMIUIEKCHBIX 3alUTHBIX JICCHBIX Ha-
CaXJIEHUI BBICOKOT'O KaueCTBA 3KOJOTO-PECYPCHOTO HA3HAYEHMUSI.
VYceneuHoe perieHre npoosieMbl CO3/1aHUs HACAKICHUN 3KOJI0r0-peCypCHOIO

Ha3HAYEHUS MO3BOJIUT pa3padboTraTh nmpoekThl opranuzaimu KJII ¢ K3JIH u npucry-
IUTh K CO3JaHUIO AJIEKTPOHHBIX KapT ¢ aBTOMATH3MPOBAHHBIMH HH(OPMAIIMOHHO-
MOWCKOBBIMU CHUCTEMaMHU, MO3BOJISIOLIUMH OCYIIECTBUTH TNIAHUPOBAHHUE U YIIpaBJie-
HUE KaYeCTBOM BOCIIPOM3BOJICTBA JIeCa U UCMOIb30BAHUS JIECHBIX PECYPCOB.
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OPTIMIZATION OF TECHNOLOGIES BASED ON GROWTH
SIMULATION

The work presents a quite general draft procedure of technology optimization, based
on new lessons learnt in the theory of the operational reliability of machines, technical lo-
gistics and qualimetric procedures of quality assessment. The methods are modified for the
requirements of manufacturing conditions in the Czech Republic and for expected model
situations, which provides for their fast responding to the special status of forest protection,
size of forest property and economic situation of the user. Combined with the commonly
used optimization procedures the submitted methodology may become a part of the decisi-
on-making process supporting expert system which links up with the SILVA 2.2 growth si-
mulator. The synergic effect from the interconnection of all information systems involved
will enable an entirely new approach to the system as it provides integral indicators to faci-
litate quick and correct decision making.
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YxkpaiHcbKHil Jep:kaBHHI JIiCOTeXHIYHUI YHIBepCHTET

[ToenHaHHsT 3aMpPOMOHOBAHOT METOIMKH 3 HANOUIBII BXXMBAHOK ONTHMI3aIiifHOO
MPOIIETyPOI0 MOXKE CTAaTH YAaCTHHOIO MPOIleCy 0a30BOT €KCTIIEPTHOI OIIHKH JIICOCKCILTyaTa-
[IAHOT TEXHOJIOTII, fIKa TMOB'A3aHa 13 MPOTPAaMHUMHU 3aC00aMU MOJCIIIOBAHHS POCTY JICO-
Bux HacamkeHb SILVA 2.2. [lepeBara 3ampornoHOBAHOTO MiAXOIy IMOJSTA€ B MPHUILIBUI-
IIEHH1 OTPUMAaHHSI MPABMJIBHOTO TEXHOJIOTTYHOTO PIIIEHHS.

KarwuoBi cioBa: jicoBa TexHoJoris, OararokpuTepianbHa ONTUMI3aIlis, MOIEIIO-
BaHHS POCTY.

Introduction

Most works published so far have gradually slipped into the optimization of
an actual problem, i.e. usually to the selection of technology optimal for the given
workplace by either assessing the technologies available (i.e. already used and
employing machines already purchased) or a problem has been focused on the cho-
ice and purchase of machines and equipment for the new technologies.

The submitted paper brings a draft general procedure based on the theory of
management and the theory of machine operational reliability with making use of
some technical logistics elements, those from the field of qualimetry in particular.

In the authors' opinion the presented draft procedure will facilitate an actual
optimization of technologies, which means not only to choose from the technologi-
es locally available but from the procedures known and used elsewhere and/or to
help in the formulation of task assignment for either purchase or development of a
brand new technology.

The procedure can become a constituent of an expert system to support the
process of decision making linking up with the SILVA 2.2 growth simulator. The
synergic effect from the interconnection of all information systems involved will
enable an entirely new approach to the problem solution providing integral indica-
tors for an instant and correct decision.

Draft procedure of optimization

Selection of the basic optimization criterion

Problem solution calls for the use of a multiple criteria optimization met-
hod which would include not only the economic and technical aspects as it was
common in the hitherto procedures, but also the biological, environmental, ergono-
mic, hygienic aspects, reliability, etc. and labour safety requirements.

In a process of optimization of the given character, the very first decision to
be made is that on the used optimization criteria whose individual parameters will
have to be quantified. It is also necessary to decide on the method for the inclusion
of qualitative indicators that cannot be quantified but rather expressed in another
way such as a verbal form. The most important step consists however in the selec-
tion of the main optimization criterion. The criterion should be cost minimization
per unit production, which can be at the same time added —with respect to the type
of activity- the requirement of maximum output which can be achieved through
proper log-making. Nevertheless, should we include also the other criteria menti-
oned above, in which parameters cannot be often precisely quantified and hence di-
rectly expressed in terms of costs or losses, it is advised to employ a so called in-
tegral indicator of quality, which in fact also indicates what technology is most
beneficial for the user.
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This is applicable at a full responsibility also in cases when we cannot ma-
ke a precise estimation of future yields and losses affected for example by the exe-
cution of tending measure when several options or alternatives of the technological
solution are to be compared.

Should we be unable to quantify e.g. a future production loss due to soil
compation, timber quality loss due to rots infesting trees mechanically damaged at
felling or extraction, etc., we can always make use of limiting conditions defined
as insurmountable (fixed) limits.

The limiting conditions will not concern only the adverse impact of machi-
nes on environment but also the labour hygiene and safety.

Quantitative criteria

® Quantitative criteria can be divided into two groups as follows:

® (riteria with a maximum or minimum limiting value (e.g. minimum tractive force,
maximum concentration of noxious substances in exhaust gases);

Criteria with an optimum value where deviation to both sides is considered
a disadvantage (e.g. debranching near the stem surface with neither branch stubs
being left behind nor the stem suffering a damage).

Quality level of the i" criterion for the first group is to be calculated as follows:

P.—-P..
K, =exp| +-1_-mi |
= esof 7, T

mi
where: K; — quality level according to the i criterion; P; — parameter of the i™ cri-
terion; P,,; — limiting value for the i criterion.

Positive value of the expression in brackets is to be used if the parameter is
desired to reach a value higher than the limiting value; it follows that negative val-
ue is to be used if the parameter is desired to reach a lower than limiting value.
This concept does not place a veto on the use of a machine or technology surmoun-
ting or not reaching the limiting value; it will however considerably impair quality
level in the overall evaluation. Should we actually wish to prevent the use of the
technology in the case that the limiting value is defined as insurmountable (fixed),
then we have to use a zero in place of the given criterion quality level.

Quality level of the i criterion for the second, much smaller group is to be
calculated as follows:

Pi _ Piet

K; =m, exp| — pet

where: m, — conventional value constant (e.g. m, = 0.8 if performance efficiency

required is 80 %); Piet — standard value, i.e. conventional value of the optimum.

Qualitative criteria

Where the criterion parameter cannot be expressed by any of the above
specified methods, it comes to the following verbal classification: Excellent — 1.20;
Good — 0.95; Satisfactory — 0.60; Unsatisfactory — 0.30.

In order to be optimized, the quality level must be expressed in such a way
that a group of experts from involved industries are inquired about the given crite-
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rion in kind of a public inquiry and by them expressed figures are to be used as the
only quality Figure expressed by arithmetic mean, i.e.

=— Z K
nl =1
where: n — number of experts; K;; — opinion of the jth expert.

And again — similarly as mentioned above, should the machine or the
technology be not included into the selection for the insurmountable (fixed) value
of the criterion — K; = 0.

Regarding the fact that a total quality level of the assessed machine or
technology is calculated as weighted harmonical mean, the machine or technology
is to be logically disqualified from the selection.

Determining the weight coefficients of individual criteria
a) Method of paired comparison

This method is to make a mutual comparison of two partial characteristics
(criteria) and to specify which of the two compared characteristics is more signifi-
cant. The assessment is to be made by a group of experts of whom each fills a pre-
printed table in such a way that the serial number of the criterion which is — by the-
ir judgement-more important is ertten into the respective windows.

The sought weight of the i characteristic can be calculated from the follo-
wing relation:

M; =— Z
n-Ij=1
where: M; — welght of the i™ product's characteristic; fij _ absolute freqh ency of the
occurrence of the i™ characteristic serial number in the table of the j= expert; n —
number of experts; I — number of opinions issued by one expert.
The number of opinions by one expert depends on the number of studied cri-
teria and equals the number of 2™ class combinations from the number of criteria.

k-(k—-1)
2

where k — number of assessed oil properties (criteria).

Should the method achieve a realistic expression of the mutual weight (sig-
nificance) of individual criteria, the number of experts to fill the table should be as
large as possible (20 as a minimum). The result is therefore affected both by the
number of experts and by their subjective opinions. If a suspection exists about the
statements of individual experts mutually differing so much that the variances
among the opinions are not only incidental, the objectivity of results can be chec-
ked by using the test of statements fit.

1=

”

b) Method of paired quantitative comparison

Where the weight of individual criteria is to be expressed not by mere de-
termination of which one of the two is more significant but also what is their mut-
ual ratio a method can be used which is not depending on a large number of ex-
perts; one assessor is enough for this method of paired quantitative comparison.
Criteria are to be mutually compared according to the following scale:
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Scale for the quantitative comparison of criteria

Mutual relation of the criteria Points (weight) v

Criteria of identical significance 1
Criterion of somewhat greater significance 3
Criterion of much greater significance 6
Criterion of much more greater significance 9

The mutual relation between the criteria is to be marked as s;; —i.e. as a re-
lation between the criterion i™ and j™. The relation will be expressed as follows:

S;i=—,
j v,

where: v; — number of points (weight) of the i criterion; v; — number of points
(weight) of the j™ criterion.

A table is to be constructed according to the number of criteria at a size of
m X m with m being the number of criteria.

Estimated weight value of the i criterion M; is to be calculated according
to the following relation:

R.
Mi = m ! N
2 R;
i=1
m—l
m
where R, = {HsijJ
=1

and where m — number of criteria.

Calculating the total level of quality

As it follows from the above paragraphs of this chapter, the total level of
quality can be calculated on the condition that the limiting values of individual cri-
teria (Pny;) and their weights (M;) have been determined.

It is also necessary to set up the quality indicators for each respective K;
criterion — either by calculation or according to the above presented conversion
table in the case of verbally expressed criteria. The level of total quality level (K)
will be then calculated according to parameters and weights of the respective crite-
ria by means of a relation as follows:

m m M
K=YM, !
i§1 ' i§1 K;’
where: M; — weight of the i criterion; K; — wear level (quality indicators) accor-
ding to the i" criterion; M — number of criteria.
In the practical use of results the calculated total numerical value of quality
is generally used for a verbal expression of quality degree according to the follo-
wing table:
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Ouality range/Quality degree Conversion:

Quality range Quality degree Quality degree — Verbal expression
K>1.1 I excellent

0.8<K<1.1 11 good
04<K<0.8 111 satisfactory
K<04 1\ unsatisfacto

Integral indicator of quality

A more detailed explanation and a definition should be given on the "integral
indicator of quality", which is to provide an aggregative information about the techno-
logical solution by a direct specification of money that can be saved or wasted over a
long time if we decide for a "correct" or "incorrect" technological alternative today.

The concept of quality:

Quality (optimum quality) is a comprehensive term for the capacity of a
product (machine, equipment, technology) to meet requirements of the user and
public concern under optimum economic conditions. Quality as a whole is therefo-
re to express both its economic and technical characteristics.

Understanding quality as an entirety of properties of the assessed object,
1.e. a totality of parameters according to the assessed criteria, we have to use a
system approach to its learning. Any characteristic improved according to any cri-
terion improves quality of the product as a whole and in purely technical terms the
product can be further improved up to a very top level of the present state-of-the-
art. There are some economic boundaries to the improvement, though. Surmoun-
ting of the optimum top technical quality limit is apparently useless and improve-
ment of only a single characteristic of the product may induce inadequately gro-
wing production costs and hence an increased purchasing price of the product.

This is a basis for the idea of an "optimum quality" where technical quality
level is being assessed in relation to manufacturing and operating costs, which is at
the same time a definition of the "integral indicator of quality".

The above statements can be formulated into the following two principal
conclusions:

1. There is a tight link between the technical and economic characteristics of the
product's quality. A product with high utility value but inadequate price would
not be able to fulfil the utility value at an optimal way.

2. A similar tight link exists between the individual partial properties which constitute
technical quality. Inadequate development of any product property at a cost of
another characteristic may impair the optimum quality of the product as a whole.
Summarizing the above facts, we necessarily arrive at a conclusion that a

basis for quality assessment must become the assessment of the level of complex
indicators in which changes of any product's characteristic will show. Being asses-
sed separately, any otherwise important partial property of the product cannot
express the quality of the entirety. Not being a system approach, such an approach
is not objective.

26 JlicoBa inkeHepisi: TexHiKka, TeXHOJIOTisI i JOBKiLIs



HaXKOBI(Iﬁ BicHuK, 2004, Bun. 14.3

Possible final evaluation of the quality

Regarding the fact that a machine or a technology optimally corresponding
with the set-up limiting values and standards will exhibit a quality value of K =
1 with a lower and higher level indicating a worse and better result, respectively,
the total integral indicator of quality can be expressed in such a way that costs per
unit production are multiplied by Indicator K, which makes all aspects studied
included in the optimization solution. It is a question of the gradual precision of the
method how its inclusion in the optimization solution will eventually show as it is
in any case just an optimization with the inclusion of subjective standpoints and
opinions of researchers.

Conclusion

Assessment of the quality of used technologies can employ data from the
existing economic information systems and data from the application of the SIL-
VA 2.2 growth simulator which is drafted as a computer programme with forest
stands being conceived as a set of individual trees whose coexistence can be il-
lustrated as a spatial and temporal dynamic system. The spatial and dynamic
system character of the forest stands is taken into account in the SILVA growth
model by modelling the spatial stand structure in 5-year time periods, with a quan-
tification of growth constatation for each tree. Changes in the stand structure that
would result from intentional tending operations (thinnings, juvenile thinnings) and
regeneration measures, disasters or from growth and mortality per se have therefo-
re a decisive influence on a further development of the trees including the stand
spatial structure. In such a system, the tree increment is then defined on the basis of
the growth constatation (competition) and on the basis of initial dimensions. Other
external variables conditioning the stand growth and structure entering the system
are: stand management methods, risks and site conditions. Integral indicator of
quality can then help to compare available technologies and/or do a draft model-
ling of new technologies. The expert system logically includes both biological and
environmental limits, providing within the framework of given possibilities an op-
timal economic effect expressed for example in the minimization of costs, maximi-
zation of profit or minimization of loss in the case of the negative economic result.
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Y/IK 634.31 Ilpop. M.I1. MAPTHHIIIB, 0-p mexn. HayK;
acucm. O.B. BOPATHHCHKHH — Yxp/UITY

AHAJII3 POBOTU MOBIVIBHUX KAHATHHUX
JIICOTPAHCIIOPTHUX YCTAHOBOK TA OIIHKA
HAIIPYKEHOI'O CTAHY IX OCHOBHUX EJIEMEHTIB

[Tomano anami3 poO6OTH MOOITPHUX KaHATHUX YCTAHOBOK 1 IMUISIXU BIOCKOHAJICHHS iX
KOHCTpYKLiN. O1iHEeHO HamNpy>KEeHWI CTaH KaHATHOI OCHACTKH, Koiic, O6J0KiB OapabaHiB i
HaBEJICHO PEKOMEH/IaLii U1 BUOOPY iX OCHOBHHUX IapaMeTpiB.

KawuoBi cjioBa: kaHaTHa OCHACTKa, HANpYy>KEHHs, MaTeMaTHYHA MOJEJb, OITH-
MaJIbH1 TapaMeTpH.

Prof. M.P. MARTYNTCIV; assist. O.V. BORATYNSKYY - USUFWT

Analysis of work of mobile cable forest transportation installations
and estimation of tense state of their basic elements
The analysis of work of mobile cable installations and ways of perfection of their
constructions are given. The tense state of the cable rigging, wheels, and blocks of drums is

appraised and the recommendations for the choice of their basic parameters are resulted.
Keywords: cable rigging, tension, mathematical model, optimum parameters.

I'ipebki sicu Ykpaincbkux Kapnar € gxepenoM LIHHOI AEPEBUHM IS Pi3-
HUX rajy3eu nmpomMuciaoBocTi. OgHaK, OCBOEHHS TPCHKHUX JIICIB Ma€ 31HMCHIOBATHU-
Csl HE TUIBKU 3 METOIO OTPUMAHHS LIHHOI JEPEBHHM, a i I 30€pEeKEHHS EKOCUC-
TeM, SIK B TIPCBHKUX, TaK 1 B MPUJIETJINX 0 HUX PIBHUHHUX paiioHax. bararopiuni
JIOCJIIJDKEHHS J11ICO3aroTIBEILHUKIB 1 JICIBHUKIB MOKAa3ajH, 110 HAWITOBHIIIIE BUMO-
ram BEeJICHHS JIICOBOT'O TOCIIO/IapCTBA, MPU OCBOEHHI TPCHKUX JIICIB, BIAMOBIIAIOThH
IiJBICHI KaHATHI JIICOTPAHCIOPTHI ycTaHOBKH [1-4]. nst ymoB Ykpaincbkux Kap-
naT, Jie HeJJOCTaTHhO PO3BUHYTA CITKA JOPIT, HAMOUIbIT €PEeKTUBHUM JIsl IEPBUH-
HOTO TPAHCTIOPTYBAHHS JICPEBUHU € 3aCTOCYBAHHS MOOUTBHMX KaHATHUX yCTaHO-
BOK [3, 4]. IligBumut e€heKTUBHICTh €KCILTyaTallli KaHAaTHUX YCTaHOBOK MOXKHA
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