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Modernization problems of known equipment now are actual enough for different branches of the
mechanical engineering. Therefore, a lot of time and efforts is spent on rationalization and automation of
synthesis and analysis of modernized objects. The known methods and the software tools for synthesis and
analysis of schemes of different equipment and technologies for the machine building production are not
enough universal and labor-intensive, because a significant part of work for their realization is fulfilled by
high-qualified specialists without of use of computers. There is an improved method of criterial synthesis and
analysis elaborated in this article. This method allows with relatively small expenses of time to receive effective
variants of different equipment with consideration of the all main initial conditions and parameters and with
a possibility of determination with help of simple formulas of the most important criterions of their evaluation
for founded selection of the most effective variant. Under realization of the proposed method as main initial
parameters of the projected equipment for machining, loading-unloading or transportation are used:
equipment destination, its admissible dimension, mass, working capacity, cost, power-consuming, accuracy.
Taking in consideration these initial parameters at the next stages are selected admissible variants of
modernization. Final evaluation and selection of the most prospective variants are made under criterions of
admissible dimension, mass, working capacity, cost, power-consuming, degrees of standardization, unification
and automation. At basis of the proposed method can be elaborated a computer program of automated
synthesis and analysis for high-effective modernization of modern equipment and technologies for the machine
building production.

Key words: method of criterial synthesis and analysis, initial parameters, high-effective
modernization.

F. 19. Fig. 1. Ref. 10.

1. Problem formulation

With a complication of technigque and technologies and in course of an acceleration their development
a task of improvement of elaboration methods of new technical processes and objects (so called methods of
engineering creativity [1]) became more and more actual [2, 3]. A significant part of engineering creativity
tasks is modernization tasks of known equipment and technologies. Main characteristics of the method
engineering creativity are: specific expenses of time for synthesis and analysis of certain number of variants
of a projected technical system; the number of criterions of their evaluation; quality and efficiency of the
selected system variant, a volume of information about this system, that we receive in the result of it analysis,
a possibility of computer realization of method. By these criterions majority of known methods of the
engineering creativity [3 — 7] have insufficient efficiency and demand improvement.

2. Analysis of last researches and publications
In particular, a predictor-corrector method [1, 2] is enough irrational and labor-consuming since it
based on an accidental enumeration of variants.
In a method of control questions [2, 5] is not considered a specific of a projected technical object or
process (are used the same questions for determination of improvement possibilities of different systems). All
the labor, connected with analysis of the received answers about possible system prototypes is fulfilled by one
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or several specialists, which solve the projection task and actually make it without of a help of computer
technique. This brings to increase of labor content of the process.

The methods of brain attack and senectics [2, 5] are realized on a base of collective discussion with
participation of specialists of possible variants solution of the creative task. For this reason the methods do not
provide of examination of a big enough number of prototypes and their analysis at basis of a great number of
criterions. Under use of these methods computers application is also limited.

In course of realization of heuristic devices method [5] is not considered the specific of task conditions
and properties of the elaborated system. Because of a great number of heuristic devices, task analysis with use
of the examined method demands a lot of time and in some cases does not provide problem solution.

One more labor-intensive method of the engineering creation is a cost analysis [5]. The method
foresees a division of the projected object at elements, a formulation of elements function and an improvement
of object structure at the expense of an abbreviation of excessive elements and an improvement of other
elements. This improvement is fulfilled on basis of cost analysis of elements functions. In course of this
analysis can be used flow block algorithms and computer calculations. Last provides a possibility for an
increase of method efficiency, but in spite of that, a main part of the projection works is fulfilled without of
use of computers. Moreover, in this method are used basically economic analysis and evaluation is paid not a
proper attention to technical criterions.

The most complete creative method of the heuristic group [5] is an algorithm of invention tasks
solution [5]. A main advantage of this method is assurance of the most rational search of task solution (without
of analysis of the all possible variants) on basis of an elimination of contradictions and with the maximal
approximation to an ideal final result (IFR) [5, 6]. At the fig. 1 is presented an algorithm of method’s sequence
stages [5]. There were attempts of creation of computer databases for method realization [6], but in spite of
this it is a labor-consuming method, that consists a lot of obligatory stages. Search of a solution goes on basis
of analysis of multiple ways of elimination of technical contradiction (TC) [5]. Therefore, this method also
demands of an improvement.

| Task formulation | 1

|
—*| Task analysis | 2

| Creation ofl:cask model | 3
l Definition oi IFRand TC I 4
Modification or Minimizatiorf of resources 5
substitution of task expenses. Modelling
Use of inforrtation fund 6
Analysis of way if TC elimination 7
No Was the task 8
resolved?
| Use of recieved solution | 9

Y

| Analysis of course of task solution | 10

Fig. 1 — Stages sequence of the algorithm of invention tasks solution
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Under realization of the method of automated analysis and synthesis of variants technical solutions [1,
2], that based on the method of morphological analysis and synthesis [1, 2, 5], there is need very much time
for an examination of prototypes of the elaborated system. This examination envisages system division on
units and elements, a definition of design characteristics of elements, a formation of demands list, a creation
of an evaluation model of the variants of technical decisions, an elaboration of a computer program of
automated analysis and synthesis. All this demands of significant expenses of an unproductive high-intellectual
labor, which fulfills without of computers use. Besides, the formulas of the evaluation model [1] do not allow
to determine the above indicated evaluation criterions.

Methods of computer-aided projection [4, 7] include some elements of the above examined heuristic
methods, means of physical and mathematical modelling, a modern software for computer-aided projection
and optimization. At the first stage of realization of these methods is carried out a division of the elaborated
system on elements with elaboration of a design documentation for each of these elements. There are found
and used a ready design documentation for standard elements and for elements of the other systems of similar
destination, which elaborated earlier with help of CALS-technologies. This allows to spare time and money
recourses. The next stage of methods realization is a mathematical modelling at the micro- and at the macro-
level at the foundation of multi-variant analysis (a determination of state parameters of elements, units and
whole system at the different stages of it functioning). Then are realized structural synthesis (a formation of
variants of the system composition and analysis of theirs) and parametrical synthesis (determination of
functional parameters of the variants and their parametrical optimization). There is leaded repeated analysis of
synthesized system variants at basis of the main optimization criterion for determination of the most effective
variant.

Powerful means of a computer projection of modern technological processes and objects are CAD-,
CAM-, CAE-systems [4, 7], providing: determination of technological and kinematical parameters of
elaboration process; tools selection; automated preparation of technological documentation (flow process
charts, operation sheets, control programs); 3D- and 2D-modelling of details, units and machines; automated
fulfilment of durability calculations.

The tasks of structural synthesis are solved mainly in an interactive regime and therefore they demand
a lot of time and engaging of high-qualified specialists. The computer methods allow to take in consideration
accidental factors, connected, for example, with unstable physical-mechanical characteristics of elaborated
material or with it supply. This is realized at the foundation of analysis of the one worst possible variant or
under results of statistic analysis of many possible variants. The system projection on the assumption of the
worst variant brings to it excessive mass and price, while statistic analysis demands of significant time
expenses.

On modern machine-building enterprises as a kind of the method computer-aided projection are used
virtual production systems (VPS) [4], which provide a multi-object technological projection with an
intellectual management in distributed production systems. Specific computer programs select a production
equipment (that can be the equipment of different shops and even various enterprises) for fulfilment
approximately similar production orders with minimal equipment readjustments, minimal production cost,
maximal equipment utilization and maximal productivity. These computer programs are used databases with
an information about production orders and available equipment.

As it is already above indicated, all the methods of the computer-aided projection are realized in the
interactive regime, under active participation of high-qualified designers, technologists and programmers.
Known methods of parametrical synthesis, parametrical optimization and determination of the main criterion
give not of universal approaches and general formulas for creation or modernization of different technological
objects and processes. Therefore, a task of these methods improvement for decrease of labor-intensity is
remained actual.

3. Aim of research
The aim of this work is elaboration on the basis of the known heuristic and computer-aided methods
of engineering creativity of a new effective method of criterial synthesis and analysis of variants technical
decisions, that provides a less number of iterations for elaboration of rational schemes of modernized
technological, loading-unloading or transport objects with consideration of specific conditions and parameters
subsequent utilization of theirs. Also the aim of creation of the proposed method is a minimization of a volume
of an interactive work for definition of object effectiveness criterions and the main valuation criterion of object
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variants for selection of most effective one. The proposed method, as it was indicated above, is intended, first
of all, for solution of modernization tasks.

4. Results of research

Main directions of metal-cutting equipment modernization are presented in the work [8].
Modernization directions for loading-unloading and for transport machines basically are the same as for
technological equipment. At present a wide spread method of the modernization is an increase of equipment
automation degree. For technological machines can be realized the automation of main processing operation
and helps operation (part blank loading, detail unloading, change of operation mode or tool). Equipping of the
object with a more modern control system (more productive and compact) also belongs to this type of
modernization. The next method of the modernization is a widening of technological possibilities of the
equipment at the expense of its equipping with additional technological aggregates (for machine tools —milling
spindle unit, boring head, power table with inclined guides and so on). In the tasks of the modernization can
be included an increase of machine accuracy at the expense of utilization of devices for a correction of
clearance in connections of details, installation of bearings of higher class or use of more rigid elements. For
an increase of equipment productivity are realized a mechanization and an automation of main and helps
functions fulfilment. The modernization program of machines also includes an application of means for an
improvement of operation parameters, for example, at the expense of use of wearproof materials and a coating,
hard-alloy cover plates at the worked surfaces of the executive elements, which can be quickly changed.

Thus, before the starting of problem solving with utilization of the proposed method there is need to
define the modernization directions of the examined object.

In course of preparation for problem solving is collected and systematized an information about the
projected object and about the conditions of its operation.

For a technological processing equipment such main characteristics and parameters are: destination,
carrying capacity, productivity, mass, dimension, accuracy and degree of automation. There is need to gather
more information about additional units and details, which are introduced in equipment structure with aim of
its modernization and can have an original or standard construction. That can be multispindle head, milling
spindle unit, boring head, power table with inclined guides. In these cases there is need to point out: a range of
rotation velocities of the spindle or table feedings; turning moment, rated force or capacity on the executive
element; allowable radial and end beats or an accuracy of lineal movement of this element; a control method
and a type of control system; allowable dimension and given location of the projected unit or the element
relatively other object elements. Also there is necessary to know main parameters of details, which are planned
to process at this equipment (their type, geometry, accuracy parameters, quantity); characteristics of an
equipment, that will work in complex with the projected machine; data about a premise for its installation
(dimension of area, disposition of communications).

For a loading-unloading equipment the main parameters are: mass, dimension, loading capacity; form
and dimension of working area; velocities of executive elements relatively datum lines of working area; mass,
form and dimension of objects, which this equipment will load and unload; type of control system; accuracy
of objects manipulations. New or modernized units of this kind equipment have drives for providing of
different movement of executive elements. Then there is need to indicate main parameters of these drives and
also parameters of surroundings.

In case of elaboration of improved transport machines there is need to point out for them: pulling
power, mass, dimension, necessary loading capacity, velocity of transportation, operation mode (continuous
or periodical), type of control system, parameters of transportation objects, characteristics of connected with
the projected transport machine a technological and loading-unloading equipment, parameters of a shop for
installation of the transport machine.

For a selection of prototypes are formed databases the known equipment (there are must be separate
bases of technological (TM), loading-unloading (LUM) and transport machines (TrM)) and also bases of
separate units of corresponding class of equipment from the bases TM, LUM, TrM and other separate
appropriate units. For the machine tools (base TMU) such units are: spindles, rests, speed gear-boxes, feeding
gear-boxes, milling spindle units, boring heads; for industrial robots (base LUMU) — electric motors, reducers,
gripping devices, transmissions screw-nut rolling, control elements; for transport machines (base TrMU) —
different variants of power and transmission units, conveyor bands of different wide).

Each variant in the bases TM, LUM, TrM receives a code, that corresponds to a destination of the
machine or of the unit. For example, a lathe provides fulfilment of such operations as: turning, boring, drilling,
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facing, threading, which are marked with corresponding letters: T, B, D, F, Th. And the first variant of the
lathe — VT M, in the database of technological equipment — TM has a description formula:

VTM; =T+ B+D+F +Th. (1)
Thus, in case of modernization of the lathe, at the first stage of problem solution with use of the
proposed method from the base TM are selected all the variants VTM,, VTM,,..., VTM,,, which have
designation and description, corresponding to the formula (1); m — quantity of equipment prototypes of the
corresponding destination.
Also all selected equipment variants must have technical characteristics, which correspond to
characteristics of a modernized object. Thus, a group of additional conditions for a selection of prototypes
variants for the second stage of the modernization are:

La.i < Lad: Ba.i < Bad' Ha.i < Had’ Mg < Maa, Na.i < Nadv Qa.i < Qad' da.i < dadi (2)

i=1+m,

where Ly i, Bgi,Hyiy Mai» Nai, Qi dgi — actual general length, width, height, mass, capacity of
electric motor and deviation of executive element in course of functioning of the i-variant of the prototype;
Lada, Baa»Had, Mad» Naa» Qaar daq — given (admissible) length, width, height, mass, capacity of electric
motor and deviation of the executive element in course of functioning of the modernized object.

For some kinds of equipment (machine tools, industrial robots) there is need to examine the condition

Ng; < N4 for all the driving electric motors.

The productivity Q,; can determine on the assumption of general time of fulfilment of main and helps
operations for processing, manipulation or transportation of production objects [10].

The condition d,; < d,4 is examined for all equipment executive elements (this can be a control of
radial or face motion variation, a control of parallelity or perpendicularity of reciprocal movements of
executive elements [9]).

Hereby, for a solution of specific problem of the modernization on the basis of TM, LUM or TrM at
the third stage, with use of the conditions (1, 2) is formed a database of the equipment — DBE.

As variants for bases TMU, LUMU, TrMU could be taken schemes of known units and elements for
the equipment from the bases TM, LUM, TrM. In the bases TM, LUM, TrM each variant also has its
designation: VTMU,, VTMU,,..., VTMU,, and provides a fulfilment of some operations (turning, boring,
drilling etc).

For example, the first variant — VT MU, of a milling spindle unit can be described with the formula:

VTMU, =M + D +F + Th. (3)

The number of variants of the units — n with some destination (VTMU,, VTMU,,..., VTMU,,) can be
different from the number m.

For solution of the specific problem of the modernization the database of units and elements (DBU) is
formed on the basis of TMU, LUMU or TrMU at the fourth stage, with provision for modernization directions
and group of additional conditions (2). For instance, with aim of a widening of technological possibilities of a
multi-head machine at the expense of ensuring of a milling procession at angle of 30 degrees to horizontal line
in the machine construction must be brought in a milling spindle (the description formula (2)) and a powered
(P) table with inclined at 30 degrees guide surfaces (IS + 30D), that can be described with the formula:

VTMU; = P + IS + 30D. (4)
Group of additional conditions for a selection of variants units at the fifth stage of the modernization
are the same as for the equipment (see inequalities (2)). But, depending from some unit destination, these
conditions can be extended. For example, for speed gear-boxes and feeding gear-boxes of machine tools there
are need to point out an arrangement of fastening elements (openings for bolts), a disposition of input and
output shafts for securing of possibility of its utilization in the construction of the modernized equipment and
its effective interaction with other units and elements.
If after the selection of variants units with the examination of their destination, modernization
directions and additional conditions their number amounts m, then at the sixth stage a general quantity of
admissible variants of modernized prototypes p can be determined as:
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p=m-n. (5)
At the seventh stage are realized a definition of assessment criterions of the admissible variants, a
selection and an analysis of most effective variants. On the basis of an examination of other methods of the
engineering creativity, the main evaluation criterions for technological, loading-unloading and transport
equipment are: production space, mass, power consumption, degree of standardization, degree of unification,
degree of automation, cost.
The production space for admissible object variants is determined with the help of the formula:

Sak = Lok Bax, k=1=+p. (6)

For the conducting of analysis of object variants by this criterion there is need to make up a computer

program for a ranking of the all p prototypes from the variant with minimal S, to the one with maximal S,.
The structural formula of such program algorithm has the appearance:

RANKING {Sq1,Sa2, »Sap} fTOM Sqmin t0 Sq.max- (7
The mass m, ., Of each modernized prototype can be calculated on the basis of the formula:

Mamk = Mak — X Mmy-ai t Zma.u—d.j' k=1+p, i=1+m, j=1+n, (8)
where m, ;, — actual mass of each prototype, that was selected from bases TM, LUM or TrM as basic
one for the modernization (see the inequalities (2)); > M, ,—q.; — SUmmary mass of the all standardized units
and details, moved off from the corresponding basic variant for its modernization;  mg,,_4 j — SUMmary mass
of the all standardized units and original details, added to the corresponding basic variant for its modernization;
m — quantity of moved off units and details from the k-variant; n — quantity of added units and details to the
k-variant.
For conducting of analysis of object variants by this criterion there is need to make up a computer
program for a ranking of the all p prototypes from the variant with minimal m,_,, to the one with maximal
mg . The structural formula of such program algorithm has the appearance:

RANKING {mg 1, Mg ma, - Mamp} FTOM Mg min €0 My mmax- (9)
The power consumption can be characterized by the actual total capacity of electric motors each of the
modernized prototypes, that can be determined by the formula, analogous to the formula for mass calculation:

Ngmk = Nakx — X Npasi +2Na.u.j' k=1+p, i=1+m, j=1+n, (10)
where N, ;, — actual total capacity of electric motors of some prototype, selected from the bases TM,
LUM or TrM as a basis for the modernization (see the inequalities (2)); Y. N;,, .. — SUmmary capacity of electric
motors units, moved off from the corresponding basic variant for its modernization; Y. mg,, j — summary
capacity of electric motors units, added to the corresponding basic variant for its modernization; m — quantity
of the moved off units from the k-variant; n — quantity of the added units to the k-variant.
The structural formula for the computer program algorithm, that provides the analysis of object
variants by the electric capacity and the ranking of the all p prototypes by this criterion has the appearance:

RANKING {Ngm1, Namz, -, Namp} fT0mM No g min 0 No o max- (11)
The degrees of standardization — D, unification — D,, ;, and automation — D, ;. can calculate with the
help of the formulas [10]:

_ Nyx—nok _ Nuk _Task 1.
Ds.k - N ) Du.k ~No Da.k T k=1~ b, (12)
sk Tk sk

where Ny, — general quantity of details in the structure of the k-variant; n, , n, , — quantity the of
original and unified details in the structure of the k-variant correspondingly; T, — the total duration of
automated operation in course of functioning of the k-variant; Ty, , — total duration of the all operation in course
of functioning of the k-variant.

The structural formulas for the computer program algorithm, that provides the analysis of variants by
Dg k., Dy i, D @nd the ranking of the all p prototypes by these criterions have the appearance:

RANKING {Dg;, Dsy, ..., Dy} from Dsmax t0 Ny min, (13)
RANKING {Dy1,Dy3, ..., Dy} from Dy max t0 Nymin, (14)
RANKING {Dg1, Dy, ..., Dap} fTom Dy max t0 Ny min. (15)
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The cost of the prototypes is determined as:

Vamk = Var — > Vinu-ai + ) Va.u—d.j' k=1+p, i=1+m, j=1+n, (16)
where V, , — actual cost of some prototype, selected from the bases TM, LUM or TrM as the basis for
the modernization; Y, V,,, ,—q.: — Summary cost of the all standardized units and details, moved off from the
corresponding basic variant for its modernization; ¥, V, ,,—q ; — Summary cost of the all standardized units and
original details, added to the corresponding basic variant for its modernization.
There is the structural formula for a computer program algorithm, that provides analysis of object
variants at the basis of the cost and the ranking of the all p prototypes by cost criterion:

RANKING {Vom1,Vamzr - Vamp} FTOM Vammin t0 Vammax- (17)

At the eighth stage is realized a selection of the one or the several best variants of prototypes. A

numerical score system is used for their valuation. The first ten prototypes in each ranking lists, formed after

variants ranking by the formulas (7, 9, 11, 13, 14, 15, 17) receive the numerical scores, corresponding to theirs

positions in the list: 1-st variant gets 10 scores; 2-nd — 9 scores and so on. The scores for each prototype in the
different ranking lists are summarized and as a result a rating (Ry ;) of each variant is calculated as:

Rsi=Rsi+ Ry + Ry + Rpsi + Rpyi + Rpai + Ryy, 1=1+10, (18)

where Rg;, Rim.i» Ry.i» Rps.i» Rowi» Rpa.i» Rvi — Scores, received for the i-prototype in the ranking lists,

formed after variants ranking with the consideration of their production space, mass, power consumption,

degrees of standardization, unification and automation, cost at basis of the formulas (7, 9, 11, 13, 14, 15, 17).

There is fulfilled a final ranking of the ten best prototypes by rating Ry ; in accordance with the
structural formula:

_ RANKING {Rs1, Rsz, -, Rg10} fT0m Ry max t0 Ry min. (19)
The first one or the several prototypes in the final ranking lists are accepted for a further elaboration
with aim of the problem elimination.

5. Conclusions

An actual problem for mechanical engineering is an improvement of methods automated
modernization of different equipment with a minimal expense of time and recourses, with synthesis of a large
enough quantity of prototypes and with their analysis under several main criterions for a well-founded selection
of the best variant.

The known methods and the software tools for synthesis and analysis of schemes of different
equipment and technologies for the machine building production are not enough universal and labor-intensive,
because a significant part of the work for their realization is fulfilled by high-qualified specialists without of
use of computers.

There is an improved method of criterial automated synthesis and analysis elaborated in this article.
The method allows at the basis of initial data about a modernized object (equipment for machining, loading-
unloading or transportation), a database of known equipment of the corresponding destination, a database of
its units, directions of modernization and several main criterions, to select from the databases all the admissible
variants of the modernization. A final evaluation and a selection of the most prospective variants are made
under criterions of admissible dimension, mass, working capacity, cost, power-consuming, degrees of
standardization, unification and automation.

In comparison with known methods and the software tools for the engineering creativity the proposed
method allows with relatively small expenses of time and intellectual labor to synthesize and to analyze a large
guantity of prototypes and to select well-founded a most effective variant.

On the basis of the proposed method can be elaborated a computer program of automated synthesis
and analysis for the high-effective modernization of modern equipment and technologies for the machine
building production.
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BUKOPUCTAHHS KPUTEPIAJIBHOI'O CUHTE3Y TA AHAJI3Y JJISI MOJAEPHI3AIIIL
OB'€EKTIB MAHNIMHOBYAIBHOI'O BUPOBHUIITBA

IIpobnemu modepnizayii 6i00M020 00IAOHAHHS 6 OAHUL YAC OOCUMb AKMYAIbHI 051 PI3HUX 2ay3ell
Mawunobyoysauna. Tomy bacamo wacy i 3ycuiv SUMPAYAMUC HA PAYIOHANI3AYII0 mMa A8MOMAMU3AYII
CUHmMe3y ma ananizy MoOepHiz08aHux 00'exkmie. Bioomi memoou i npoepamii 3acobu 0 cunmesy ma aHanizy
cxem pizH020 YCMAmKYSAHHs | MEXHOI02il 0151 MAWUHOOYOIBHO20 8UPOOHUYMEA HEOOCMAMHbO YHIBEPCAIbHI
ma mpyooMiCmKi, OCKIIbKU 3HAYHA YaACmuHa podim 3 ix peanizayii 6UKOHYEMbCS BUCOKOKEANIMIKOSAHUMU
Gaxieyamu 0Oe3 euxopucmanusi Komn'iomepie. Y Oamiti cmammi po3poOieHO BOOCKOHANEHUN Memoo
KpumepianbHo2o cunmesy ma ananisy. Memoo 0038015€ npu 8iOHOCHO HEBENUKUX BUMPAMAX YACY OMPUMAIMU
epexmugui  eapianmu pizHO20 YCMAMKYBAHHA 3 YPAXYBAHHAM 6CIX OCHOBHUX NOYAMKOBUX YMO8 Mda
napamempia i 3 MOJNCAUBICMIO GUSHAYEHHS 3d OONOMO20H0 NPOCHUX OPMYI HAUOIIbUL BAXCTUBUX KpUMEDIi8
ix oyinku 018 00TPYHMOBAH020 8ubOPY Halbinbw edhekmusroeo gapianmy. Ilpu peanizayii 3anpononosarno2o
Memooy 8 AKOCMI OCHOGHUX GUXIOHUX NAPAMEmpIi8 NpOoeKmoganozo o001a0HaHHA 071  0OpodKu,
HABAHMANCEHHS-PO3GAHMANCEHH AO0 MPAHCHOPIMYBAHHS GUKOPUCHOBYIOMbCIL: NPUSHAYEHHS 001A0HAHMS,
donycmumuii po3mip, maca, npaye30amuicms, apmicmys, eHePeOEMHICMb, MOYHICMb. 3 YPAXYBAHHAM YUX
BUXIOHUX RAPAMempi6 Ha HACMYNHUX emanax eubuparomvcs 0onycmumi eapianmu mooepuizayii. Ocmamouna
oyinKa i 6i00ip HAUOIILW NEPCNEKMUBHUX 8aPIAHMIE 30IUCHIOIOMbCA 34 KPUMEPISIMU OONYCIMUMO20 PO3MIDY,
macu, npaye30amuHocmi, 8aApmMOCHI, eHePeOCHONCUBAHHS, CHMYNeHs cmaHoapmu3ayii, YrHigixayii ma
asmomamuszayii. Ha ocnoei 3anpononosanozo memody modxce Oymu po3pobiena KoMn'tomepra npoepama
ABMOMAMU308AHO20 CUHME3Y MA AHANIZY O BUCOKOeheKMUBHOT MOOepHIZ3ayii Cy4acHo2o0 061a0HaHHs i
MEeXHON02T Mauuno6y0igHO20 UPOOHUYMEA.

Knwuosi cnosa: memo0 Kpumepianvhoeo cunmesy ma aHanizy, GuxioHi napamempu,
BUCOKOEPEKMUBHA MOOEPHIZAYISL.

@. 19. Puc. 1. JTim. 10.

HUCHOJIB3OBAHUE KPUTEPUAJIIBHOI'O CHHTE3A W AHAJIM3A JJIA
MOAEPHU3ALINU OBBEKTOB MAIIMHOCTPOUTEJBHOI'O ITPOU3BOJACTBA

IIpobremvl ModepHuzayuu u36ecmHo20 0060py008anus 8 Hacmosaujee 8pems 00OCMAMmMoOYHO AKMYalbHbl
0N pasmvlx ompacnei Mmawunocmpoenus. lloomomy MHO20 6pemeHu U YCUIUL MPAMUmMscs Ha
PAYUOHANU3AYUIO U ABMOMAMU3AYUIO CUHME3A U AHAAU3A MOOEPHU3UpYeMblx 00vekmos. H3zgecmmubvie
Memoovl U NPOSPAMMHYBIE CPEOCMEa OISl CUHME3A U AHANU3A CXeM PA3TUYHO020 000PYOOBAHUS U MEXHON02UL
Ol MAUWUHOCMPOUMENbHO20 NPOU3BOOCEA HEOOCTHAMOYHO YHUBEPCANbHLL U MPYOOeMKU, NOCKOIbKY
3HaAUUMenbHaAs  Yacmb  pabom No  UX ~ peanu3ayull  GblNOAHAEMCS  BbICOKOKEANUDUYUPOBAHHLIMU
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cneyuanucmamu 6e3 UCnOIb308aHUsl KOMNbIOMeEPos. B dannou cmamve paspaboman ycogepuiencmeosanmuiii
MemooO KpumepuaibHo2o cunmesa u anaiuza. Memoo no3eonsem npu OmHOCUMENbHO HEOOTLUUX 3amPaAmax
8peMeHy NOAYyuUmb IPPekmusHvle BAPUAHMBL PA3TUYHO20 000PYO0BAHUS C YHEMOM 6CeX OCHOBGHBIX
HAUANbHLIX YCAOBULL U NAPAMEMPO8 U C BOIMONCHOCIBIO ONPEOeleHUs ¢ NOMOWBIO HPOCHbIX QOpMYIL
Hauboee 8ANCHLIX KPUMEPUE8 ux OyeHKU 0Ji1 000CHOBAHHO20 8blOOpA Hauboee 3 pHekmusHozo eapuarnma.
Ipu peanusayuu npeonrazaemoeo mMemooda 8 Kauecmee OCHOBHbIX UCXOOHBIX NAPAMEMpPOos8 NPOeKmupyemozo
000py0o6anus 01 00pabOMKU, NOSPY3KU-GbICPY3KU UL MPAHCNOPMUPOBKU UCHONL3YIOMCS: HAZHAYEeHUe
000py0o6anus, OOnyCcmuMbvlil pasmep, Maccd, pabomocnocOOHOCMb, CMOUMOCHb, IHEPLOEMKOCHb,
mounocms. C yuemom dmux UCXOOHbIX NAPAMEMPO8 HA CAeOVIOWUX IMAanax evlouparomes 0onycmumole
sapuanmul  modepruzayuy. OKOHUamMenbHasi OYeHKa U omoOop Haubonee NepPCneKmuHbIX BaAPUAHIOE
NpoU3BO0AMCA N0  KPUMEPUIM OONYCIMUMO20 pasmepd, Maccsl, pabomocnocoOHOCmuU, CMOUMOCHU,
9HepeonompeOieHus, CcmeneHu cmanoapmuzayuy, YHuguxayuu u aemomamuszayuy. Ha ocnose
NPEONONCEHHO20 MeMOoda Modicen Oblmb papadomana KOMILIOMEPHAS. NPOZPAMMA ABMOMATMUZUPOBAHHO20
cuHmesa u aHanu3a Ojisl 8blCOK0IPHexmuHoU MOOEPHUZAYUU COBPEMEHH020 0OOPYOOBAHUSL U MEXHOLO2UL
MAWUHOCTPOUMETLHO20 NPOU3BOOCTNEA.

Knwouesvie cnoea: memoo KpumepuaibHo20 CUHME3d U AHAAU3A, UCXOOHble Napamempul,
8bICOKOI(hheKMUBHAS MOOEPHU3AYUAL.

@. 19. Puc. 1. JIum. 10.
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