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Abstract. The paper presents the results of optimization of the geometric parameters
of the heat exchange surface of water and air-heating heat exchangers of glass-making
furnaces and an analysis of their exergy efficiency. Ensuring the efficient operation of heat
recovery units in various thermal circuits is an urgent problem of heat power engineering.
The aim of the work is to establish the optimal areas of the geometric parameters of the
heat exchange surface of heat recovery units of glass-melting furnaces and to analyze
their exergy efficiency. The paper presents the results of solving the tasks necessary to
achieve the goal:

- using statistical methods for planning the experiment, determine the levels of
variation of the parameters of the geometric surface of heat transfer for the heat recovery
units under study and calculate the values of the criteria for evaluating the efficiency at
the points of the central orthogonal compositional plan;

- to obtain the regression equations for the investigated heat exchangers, to
determine the optimal areas of change in the geometric parameters of the heat exchange
surface and the corresponding exergy efficiency criteria.

To determine the optimal areas of geometric parameters of the heat exchange
surface, a complex methodology is used based on the methods of exergy analysis and
statistical methods of the theory of experiment planning. It has been established that when
designing heat recovery schemes for heating water in heat supply systems and for heating
blast air, heat recovery units with the following values of the areas of variation of the
geometric parameters of the heat exchange surface can be used:

- the values of the area of variation of the distance between the panels for heat
recovery units with a staggered and corridor arrangement of pipes in a bundle s; = 58.0-
62.0 mm.

- the values of the areas of change in the diameter of pipes for a hot water heat
exchanger with a corridor arrangement of pipes d = 41.0-43.0 mm and for an air heating
heat exchanger with a staggered and corridor arrangement of pipes d = 29.0-31.0 mm.
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- the use of the values of the ranges of change of other parameters is carried out
taking into account additional technological factors.

It has been established that the exergy efficiency of hot water heat recovery units is in
all cases higher than the exergy efficiency of air heating units. For hot water heat
exchangers, the values of exergy criteria are lower than for air heating ones: k — 2.0
times, € — by 7.5%, my — 1.9 times. The expediency of using the investigated heat recovery
units in heat recovery circuits of glass melting furnaces has been established, taking into
account the results obtained and in the presence of certain technological factors.

The results obtained and further developments in the field of optimization of the
operating parameters of heat recovery units for glass-melting furnaces will provide an
increase in the efficiency of heat recovery equipment for power plants.

Key words: exergy methods, experiment planning, heat recovery unit, optimal
parameters

Introduction. The development of efficient equipment for energy-saving heat
recovery technologies is an important problem in the heat power industry. The use for this
purpose of modern complex techniques based on a combination of exergy analysis
methods, statistical methods of experiment planning theory, structural-variant methods,
etc. allows solving the problems of optimal design of power plants and their individual
elements. For elements of heat recovery systems of boiler plants, such studies have been
carried out. However, there is a problem of optimizing the parameters and analyzing the
exergy efficiency of the equipment of heat recovery systems of glass-melting furnaces.
The use of these techniques to optimize the parameters of heat recovery units included in
the heat recovery systems of glass melting furnaces makes it possible to ensure their
efficient operation. Considering the above, studies aimed at optimizing the heat recovery
equipment of glass furnaces are relevant.

Analysis of recent research and publications. In the study of the exergy efficiency
of installations of various types, the exergy efficiency of both installations as a whole and
their individual elements is most often assessed by the loss of exergy, or exergy efficiency.
For example, to analyze the efficiency of the boiler house in [1], the balance method of
exergy analysis was used, with the help of which two main types of exergy losses
associated with irreversible combustion of fuel and heat transfer are considered. Studies
related to the analysis of exergy losses in individual elements of power plants are
considered in many works. Thus, the purpose of work [2] is to establish, with the help of

energy and exergy studies, individual components of a nuclear power plant that have high
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losses of exergy. Work [3] is devoted to a detailed exergy analysis of all elements of a
high-temperature combined cycle power plant. The system is analyzed from an exergy
point of view on the basis of an exergoeconomic model. The main purpose of work [4] is
to analyze the individual components of a power plant and identify the elements that have
the greatest energy and exergy losses. In work [5], it is noted that with the help of exergy
analysis methods it is advisable to determine those stages of the technological process for
which optimization is possible. Work [6] compares various heat recovery systems in terms
of exergy losses. To find the best system, an optimization algorithm is applied to all
proposed cycles and the system with the highest exergy efficiency is determined.
Optimization algorithms based on the use of techniques that use individual exergy
characteristics do not allow a complete assessment of the thermodynamic perfection of the
system. In the available publications, the exergy efficiency of installations is most often
assessed only by the exergy efficiency. This approach does not reflect some important
aspects of the processes under study. For example, the purpose of the process is not taken
Into account, there is ambiguity in the interpretation of beneficial effects and costs, and the
impossibility of establishing the localization of exergy losses.

If integrated techniques are used to optimize heat recovery equipment, the efficiency
of heat recovery technologies increases. This is demonstrated in [7, 8] devoted to the use
of an integrated approach based on exergy analysis methods to study the efficiency and
optimization of elements of heat recovery systems of boiler plants. However, the
optimization of the parameters of the equipment of heat recovery systems of glass-melting
furnaces has been insufficiently completed. Therefore, it is advisable to carry out studies
devoted to the optimization of the geometric parameters of the heat exchange surface of
heat exchangers of glass-melting furnaces using an integrated approach, including the
methods of exergy analysis, statistical methods of experiment planning and exergy criteria
of efficiency. Further research in the field of optimizing the operating parameters of heat
recovery units for glass-melting furnaces will provide the necessary information for the
development of optimal heat recovery schemes for power plants.

The aim of the work is to establish the optimal areas of the geometric parameters of

the heat exchange surface of hot water and air-heating heat recovery units of glass
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furnaces and a comparative analysis of the efficiency of heat recovery units. This will
allow the development of optimal heat recovery schemes for glass furnaces.
To achieve this goal, it is necessary to solve the following tasks:

- using statistical methods for planning the experiment, determine the levels of
variation of the parameters of the geometric surface of heat transfer for the heat recovery
units under study and calculate the values of the criteria for evaluating the efficiency at the
points of the central orthogonal compositional plan;

- to obtain the regression equations for the investigated heat exchangers, to determine
the optimal areas of change in the geometric parameters of the heat exchange surface and
the corresponding efficiency criteria.

Materials and research methods. The work considered hot water and air-heated
panel heat exchangers included in the heat recovery systems of glass furnaces. A hot-water
heat exchanger is used in circuits for heating water in heat supply systems, an air-heated
one - in circuits for heating blast air. The hot water heat exchanger consists of three
vertical modules, the hot water one - of two modules. The heat exchange part of each heat
exchanger module is composed of sections in the form of tube panels with a staggered and
corridor arrangement of tubes. The general direction of the heat carrier flows is
countercurrent. The flow diagram of the heat carriers is cross-flow with one-pass gas
movement and multi-pass movement of the heated heat carrier.

To determine the optimal areas of geometric parameters of the heat exchange surface
of heat recovery units and analyze their exergy efficiency, a complex technique is used,
including the methods of exergy analysis, statistical methods of the theory of experiment
planning and the choice of exergy efficiency criteria, which are the target optimization
functions. It is advisable to use such efficiency criteria, which combine the main exergy
characteristics of heat recovery units. This makes it possible to evaluate the efficiency of
heat recovery units from various positions: thermodynamic, heat engineering and
technological. The following exergy criteria for assessing efficiency were used in the
work: k = Ejosm / Q2 ,€=Ejs/ Qand my =m/ Q. Here E, is exergy losses, m is mass; Q -
heating capacity. The values of exergy losses Elos were calculated using the balance

method of exergy analysis. The use of several criteria makes it possible to more accurately
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determine the optimal ranges of variation of the parameters of heat recovery units and to
analyze their efficiency.

Research results.

Determination of the levels of variation of the geometrical parameters of the heat
exchange surface for the investigated heat exchangers and the calculation of the values of
the efficiency criteria at the points of the plan

The solution of the optimization problem for the heat recovery units under study
includes obtaining functional dependencies of the target optimization functions from
independent factors (regression equations). To obtain regression equations, statistical
methods of experiment planning are used. In this study, the target optimization functions
are the specified criteria for evaluating the effectiveness, and the independent factors are
the parameters of the heat exchange surface of the hot water and air heating panel heat
exchangers. These are the distance s1 between the panels in the direction transverse to the
direction of the gas flow, the distance s2 between the pipes in the panel in the longitudinal
direction with respect to the gas flow, and the value of the pipe diameter d. The main
levels of variation of the parameters of the geometrical surface of heat recovery units have
been determined (Table 1). The real requirements for the operational and design features
of heat recovery units made it possible, when determining the main levels of variation for
hot-water and air-heating heat recovery units, to take the same intervals of change in the
geometric parameters of the heat exchange surface. For each of the objects under study, a
planning matrix was built, in the construction of which an orthogonal central
compositional plan was used. The criterion for the optimality of the design is the
orthogonality of the columns of the planning matrix, which was achieved due to a
specially selected stellar shoulder, the value of which is used to transform the quadratic
factors and the free term of the regression equation. At each of the 15 points of the plan,
the values of the performance criteria were obtained. As an example, the values of
efficiency criteria at points of the plan for a hot water heat exchanger are given (Table 2).



1. The main levels of variation of the parameters of the geometric surface of heat
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recovery units

Variation levels Geometric heat transfer surface parameters
S1, mm Sp, MM d, mm

Main upper level 120,0 120,0 42,0
Main lower level 60,0 60,0 30,0
Zero level 90,0 90,0 36,0

Upper level of star points 126,5 126,5 43,3
Lower level of star points 53,6 53,6 28,7

Variation interval 30,0 30,0 6,0

2. Values of efficiency criteria at points of an orthogonal central compositional plan

for a hot water heat recovery unit

Ne plan Chess bunch Corridor beam
point k € Mo k € mo
1 0,643 0,329 1,96 0,712 0,341 2,14
2 0,735 0,332 2,32 0,841 0,345 2,39
3 1,270 0,358 3,53 0,912 0,360 2,48
4 1,315 0,359 3,58 0,937 0,351 2,71
5 0,580 0,309 1,82 0,609 0,319 2,03
6 0,661 0,311 2,09 0,698 0,321 2,31
7 1,198 0,358 3,29 0,749 0,340 2,32
8 1,190 0,349 3,41 0,778 0,334 2,39
9 0,911 0,345 2,62 0,751 0,348 2,22
10 0,969 0,338 2,82 0,823 0,329 2,53
11 0,581 0,309 1,90 0,690 0,331 2,08
12 1,268 0,361 3,49 0,821 0,342 2,39
13 0,959 0,349 2,72 0,826 0,350 2,41
14 0,868 0,334 2,54 0,681 0,309 2,21
15 0,911 0,346 2,62 0,752 0,308 2,31

When conducting experiments in each series of trials, the order of the experiments
was randomized. The homogeneity of variances at each level of factors was assessed
according to the Cochran criterion, the significance of the coefficients of the regression
equations was checked by the Student's test, and the adequacy of the obtained equations to
the data used was checked by the Fisher criterion.

Obtaining regression equations, determining the optimal areas of change in

geometric parameters and the corresponding performance criteria
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Regression equations were obtained for the investigated heat recovery units using the
values of the efficiency criteria presented in Table 2. As an example, regression equations
in code variables for a hot water heat exchanger are given.

Chess bunch:
k=899-10" + 2,53-10°X1 +2,93-10"X ;- 4,17-10°X; - 2,21- 10Xy, —
- 5,12-10°Xy3 - 6,37-10°Xp5+ 2,44 10%Xy; + 1,56- 107Xy, + 7,84- 1053,
€=341-10"-2,29-10°X1 +1,91-10°X 2 - 6,98+ 10 X3 —1,88- 10 X1z +
+1,25-10 %13 + 3,38-10 Xas + 2,17 10" Xa1 - 4,267 10 X2z +1,83- 10 Xas;
Mo=262+9,62:10 X1 +7,08:10" X 2-7,27-10"Xs - 4,88 10 X1z -
- 8,75-10°X13 - 2,63 10 X3+ 6,05+ 10" X1z +4,70-10 “Xz2 + 1,31+ 10 Xa3
Corridor bunch:
k=74310" +3,37:10°X1 +5,95:10°X 2 - 6,24:10 X3 - 2,20:10" X1z -
- 3,48:10°X13 - 9,77-10 X3+ 2,78:10 " X11 + 5,85:10 X2z + 4,83-10 " Xa3;
€=32910"-2,5910"X1 +54010°X 2 - 1,3410°X3 - 2,63:10 " X12 —
- 3,80:10 X3 - 1,20:10 X3+ 4,44:10°X11 + 7,18:10 X2z - 3,00:10 Xaa;
Mo=2,25 +1:10 X1 +1,4010 "X 2 - 9,36+ 10" Xs - 4,88-10 X1 -
- 37510 %13 -2,13-10Xo3+5,65-10 X1z + 1,25:10 " X2 + 1,59+ 10 Xa3

The transition in the obtained regression equations from the code variables X;; to the
physical variables xij is carried out in accordance with the formula: Xjj = (x;; - Xio) / i,
where Xio is the zero level of variation, dij is the variation interval. Figure shows graphs of
the most characteristic functional dependencies for the physical variables of the heat
recovery units under study with a staggered arrangement of pipes in a bundle.

As a result of minimizing the obtained functional dependencies, the optimal values of
the geometrical parameters of the heat exchange surface of the heat exchangers were
determined. On the basis of the obtained optimal values, the optimal areas of variation of
the geometric parameters and the criteria corresponding to the optimal values of the

geometric parameters were determined (Tables 3, 4).
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Figure. Dependence of the heat-exergy efficiency criterion on the distance

between the pipes in the panel s, and the diameter of the pipes d at the optimal

distance between the panels s; = 60 mm (checkerboard bundle):

a - hot water heat exchanger; b - air-heating heat exchange

3. Optimal areas of variation of the geometric parameters of the heat exchange

surface of heat recovery units

Criterion |Parameter | Hot water heat recovery unit| Air heating heat recovery unit
Chess bunch Corridor Chess bunch | Corridor bunch
bunch
S1, MM 58,0-62,0 58,0-62,0 58,0-62,0 58,0-62,0
k Sy, MM 70,0-74,0 57,0-61,0 58,0-62,0 58,0-62,0
d, mm 37,0-39,0 41,0-43,0 29,0-31,0 29,0-31,0
S;, MM 58,0-62,0 58,0-62,0 58,0-62,0 58,0-62,0
€ Sz, MM 90,0-94,0 89,0-93,0 118,0-122,0 118,0-122,0
d, Mm 41,0-43,0 41,0-43,0 29,0-31,0 29,0-31,0
S1, MM 58,0-62,0 58,0-62,0 58,0-62,0 58,0-62,0
Mo Sy, MM 63,0-67,0 58,0-62,0 58,0-62,0 58,0-62,0
d, MM 41,0-43,0 41,0-43,0 29,0-31,0 29,0-31,0
Optimal areas of variation of geometric parameters are determined taking into

account the technological features of heat recovery units.
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4. Criteria of efficiency corresponding to the optimal values of the geometric

parameters of the heat exchange surface of heat recovery units

Criterion Hot water heat recovery unit Air heating heat recovery unit
efficiency Chess bunch Corridor Chess bunch Corridor bunch
bunch
k 0,501 0,616 1,213 1,272
0,309 0,321 0,332 0,335
Mo 1,891 1,948 3,557 3,694

The lower values of the exergy efficiency criteria correspond to the greater exergy
efficiency of heat recovery units.

Discussion of research results. The values of the optimal ranges of variation of the
parameters, which are the same when using all efficiency criteria, can be taken when
designing heat recovery schemes. Such a parameter for heat recovery units with a
staggered and in-line arrangement of pipes in a bundle is the area of variation of the
distance s; between the panels in the direction transverse to the direction of the gas flow s;
= 58.0-62.0 mm. The values of the areas of change in the diameter of pipes d = 41.0-43.0
mm for a water-tube heat exchanger with a corridor arrangement of pipes, as well as for an
air-tube heat exchanger with a staggered and corridor arrangement of pipes d = 29.0-31.0
mm can also be used in the design of heat recovery schemes ... The use of the values of
other parameters is carried out taking into account additional technological factors.

The exergy efficiency of hot water heat recovery units when using all efficiency
criteria is higher than the exergy efficiency of air heating units. So for hot water heat
recovery units, the k criterion is 2.0 times, the ¢ criterion is by 7.5%, the mO criterion is
1.9 times lower than for air heating units. The thermal efficiency of heat recovery units
correlates with their exergy efficiency. More efficient and compact hot water heat
recovery units have advantages over air heating units in heat supply systems. When using
schemes with hot water heat exchangers, the heat utilization factor of the furnace fuel
increases, on average, by 20%. The feasibility of using air-heating heat recovery units is
currently determined by the presence of additional technological factors. These are the
need for a certain type of heat carrier, the cost of fuel, the possibility of using effective

heating surfaces, the possibility of long-term operation of air-heating heat exchangers,
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stable heat load, etc. When using schemes using air-heating heat exchangers, the
efficiency of the furnace increases, on average, by 12%.

For the first time, the optimal areas of variation of the geometric parameters of the
heat exchange surface of hot-water and air-heating heat exchangers of glass-melting
furnaces were established and an analysis of their efficiency was carried out.
Recommendations have been developed on the possibility of using the results obtained
when using heat recovery units in water heating schemes for heat supply systems and in
combustion air heating schemes.

Conclusions and perspectives.

1. For the investigated heat recovery units, the levels of variation of the geometric
parameters of the heat exchange surface are determined and the values of the efficiency
criteria at the points of the central orthogonal compositional plan are calculated.

2. The regression equations are obtained, the optimal areas of variation of the
parameters of the heat exchange surface of heat recovery units and the corresponding
efficiency criteria are determined.

It has been established that heat recovery units with the following values of the areas
of variation of the geometric parameters of the heat exchange surface can be used in heat
recovery schemes for heating water in heat supply systems and for heating blast air:

- the values of the area of variation of the distance between the panels for heat
exchangers with a staggered and corridor arrangement of pipes in a bundle s; = 58.0-62.0
mm.

- the values of the areas of change in the diameter of pipes for a hot water heat
exchanger with a corridor arrangement of pipes d = 41.0-43.0 mm, for an air heating heat
exchanger with a staggered and corridor arrangement of pipes d = 29.0-31.0 mm.

- the use of the values of the areas of change of other parameters is carried out
taking into account additional technological factors.

It has been established that the exergy efficiency of water-heating heat recovery units
when using all efficiency criteria is higher than the exergy efficiency of air-heating units.
For hot water heat exchangers, the values of exergy criteria are lower than for air heating

ones: k - 2.0 times, € - 7.5%, mp - 1.9 times. The expediency of using the investigated heat
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recovery units in heat recovery circuits of glass melting furnaces is established, taking into

account the results obtained and in the presence of certain technological factors.
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ONTUMIBALIIA TEOMETPUYHUX ITAPAMETPIB TA AHAJII3
EKCEPTETUYHOI EOEKTUBHOCTI TEILIOYTUJIIBATOPIB
CKJIOBAPHUX NTEYEM
H. M. ®ianko, A. I. Cmenanosa, P. O. Haspoocwvka, C. I. Illesuyk

AHoTtanisi. Hagedeno pesynemamu onmumizayii 2eomempuyHux napamempiea
NOBEPXHI MeNnI00OMIHY 8000~ | NOBIMPOSPIUHUX MENI0YMUNIZAMOPIE CKI08APHUX hedell
ma ananiz ix excepeemuuHnoi egexmusnocmi. 3abe3neuenms egexkmueHoi pobomu
Menioymunizamopie y pi3HUX Menjo8Ux cxemax € aKmyaibHow  NpoOIeMOr
MmenioeHepeemuKu.

Memoro pobomu € B6CMAHOBNIEHHS ONMUMANbLHUX —OOaacmell 2eoMempuyHuxX
napamempisé noGepxHi menio0OMiHy Menioymunizamopie CKI108apHux nevel ma aHaniz ix
eKkcepeemudnoi egpekmuenocmi. Y pobomi HAB0OAMbCsL pe3yIbmamu GUPIlLeHHs 3A80AHb,
He0OXIOHUX OJIs1 00CACHEHHS NOCABNIEHOI Memu:
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- 3 BUKODUCMAHHAM CMAMUCMUYHUX MemOoOi8 NIAHYB8AHHA  eKCNePUMEHIY
BUBHAYUMU 051 OOCHIONCYBAHUX MENIOVMUNI3AMOPIE DPIBHI B8apIl0BAHHA NAPAMEmpis
2eoMempu4HOi NOBEpXHi Menio0OMIHY ma po3paxyeamu 3HAYEHHs Kpumepiie OyiHKU
eheKmusHoCmi 6 MOYKax YeHMpAaibHO20 OPMO2OHANbHO20 KOMNOSUYIUHO20 NIAHY;

- ompumamu  piGHAHHA pecpecii 0Nl  O00CHIOANCYBAHUX  MENIOVMULIZAMOpIE,
BUBHAYUMU ONMUMANLHI 0071acmi 3MIHU 2e0MEeMPUYHUX Napamempie meniooOMIiHHOL
noGepxHi i 6IONOBIOHI iM €KcepeemuyHi Kpumepii eghexmusHoCH.

Jna eusnauenHs onmumanbHux oobaacmel 2eoOMempuyHUX napamempis No6epxHi
MeniooOMiHy — 8UKOPUCIMOBYEMBCS  KOMNIEKCHA ~ MemoOuKka Ha OCHOBI  Memoois
eKxcep2emuyHo20 aHanizy i CmamucCmudHux Memooie meopii niany8auHs eKCnepuMenmy.
Bcmanoeneno, wo 6 mennoymunizayitinux cxemax OJsl HASPIBAHHSA 800U CUCEM
MenjionoCcmayants i OJisl Ha2pPiBaHHs OYMmMbOBO20 NOGIMPS MONCYMb OYMU SUKOPUCAH]
Menioymuaizamopu 3 makumuy 3Ha4eHHAMY obaacmel 3MIHU 2e0OMempPUYHUX Napamempis
NOBEPXHI MENI00OMIHY:

- 3HayeHHs 00acmi 3MIHU BI0CMAHI MIdIC NaHersImu O Menioymuiizamopie npu
Uaxosomy i KopuooprHomy pozmautyeanni mpyo 6 nyuxky s, = 58,0-62,0 ymm;

- 3HA4eHHs1 obacmell 3MIHU diamempa mpyo OJis1 80002PIlIHO20 MeENI0YMUIUZAMOPA
npu xopudopuomy posmautysanui mpyo d = 41,0-43,0 mm i Ona nogimpocpitiHoco
Menjioymuiu3amopa npu ulaxo8omy i KopuoopHomy posmauiyeanHi mpyo d = 29,0-
31,0mm;

- BUKOPUCMAHHA 3HAYEHb oOnacmeli 3MiHU IHWUX napamempie 30IUCHIOEMbCS 3
VPAXyB8aHHAM 000AMKOBUX MEXHOJOCIYHUX (PAKMOPIS.

Bcmanoeneno, wo excepeemuyna eghexmugnicmes 60002pitiHuUX Mmenioymunizamopis y
8CIX BUNAOKAX BUWE eKCepeeMmUYHOI e(heKmUeHOCmi nogimpocpiuHHux. /s 60002piHUX
Menioymunizamopié  3HA4eHHs  eKCepeemuyHux  Kpumepiie  Hudicue, Hidc O
nosimpoepiunux. k — & 2,0 pasu, € —na 7,5 %, mg— 6 1,9 pazu. Bcmanoseneno ooyinvHicmo
3ACMOCYBAHHS  OOCAIONCYBAHUX MENIOYMUNIZAmopie 6 MeNnIoVMUNI3AYIUHUX CXeMax
CKI0BAPHUX Nedel 3 YPAXYBaAHHAM OMPUMAHUX pe3yIbmamie I 3a HAA8HOCMI NEeGHUX
MexXHON02TYHUX (haKkmopis.

Ompumani pe3yromamu ma noOAIbUi po3pooKu 68 06aacmi ONMUMI3AYLT PEHCUMHUX
napamempie  mMenioymuaizamopie  CKIO8ApHUX  nevyeu  003601amb  3abe3neuumu
niosuWeHHs: e@eKmueHoOCmi Menioymuli3ayiino2o O00ONAOHAHHA Ol eHepeemUyHUX
YCMAHOBOK.

KuawuoBi cioBa: exkcepzemuuni memoou, NIAHY6AHHA  €KCHEPUMEHMY,
Men10ymuau3amop, ONmuMmMaibHi napamempu

OINTUMMBALIUA TEOMETPHUYECKUX ITAPAMETPOB U AHAJIN3
SKCEPTETUYECKOU D®PEKTUBHOCTHU TEIUIOYTUJIN3ATOPOB
CTEKJIOBAPEHHBIX NMEYEN
H. M. @uanko, A. H. Cmenanosa, P. A. Haeépoockas, C. H. Illeguyx

Annomayun.  Ilpusedenvi  pe3yibmamvl — ONMUMUSAYUU — 2€OMEMPUUECKUX
napamempos no8epXHOCmuU MmenjioooMeHa 8000- U 8030YX02PEUHBIX MENIOYMUTUIAMOPO8
CMEKI08APEHHBIX Neyell U AHAIU3 Ux skcepeemuyeckou s¢hgpexmusnocmu. Obecneuenue
aghghexmusroll pabomvi MenIOyMuIU3aAmopo8 8 pa3iuiHblX Menio8blx cCXemax sA6aAemcs
AKMyanbHOU NPoOIeMOL MEeNnI0IHeP2eMUKU.
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Llenvio  pabomer  aensemcs  yCcmaHosleHue — ONMUMANBLHBIX — obaacmell
2eoMempuiecKux — napamempos NOGEPXHOCMU  MEeNI000MeHa  Menioymuiu3amopos
CMEKI0BAPEHHbIX Nneyell U AHAIU3 UX dKcepeemudeckou s¢pgexkmusnocmu. B pabome
NPUBOOSMC  pe3yibmamsl  peleHuss  3a0ay, HeoOX00UMbIX Ol OOCMUICEHUs
NOCMABNIeHHOU Yenu:

- C UCNONb306AHUEM CMAMUCIUYECKUX Memo008 NIAHUPOBAHUS IKCNEPUMEHMA
onpeoenums OJisl UCCLEOYeMbIX MEeNIOYMUIUZAMOPO8 YPOSHU BAPbUPOBAHUS NAPAMEMPO8
2eOMempuiecKkoll NOGEPXHOCMU Menlo00MeHad U pAccyumams 3HAYeHUs Kpumepues
OYeHKU d¢hhekmueHocmu 8 moukax YeHmpaibHO20 OPMO2OHAILHO20 KOMNOSUYUOHHO20
niana;

- NOAYYUmMb  YPABHEeHUs pezpeccuu Ons  UCCIeOYeMblX  Menjioymuiu3amopos,
onpeoenums  ONMUMANbHblEe  001ACMU  USMEHEHUs  2eOMeMmpUYEecKUx napamempos
MenI000MeHHOU NOBEPXHOCU U COOMBEMCMEYIoWUe UM IKcepeemuieckue Kpumepuu
aghexmusrnocmu.

s onpedenenusi OnMUMANLHBIX  obaAcmel  2eOMempPUdecKux —Napamempos
NOBEPXHOCU MENT00OMEHA UCNONb3YEeMCsl KOMNIEKCHASL MeMOOUKA HA OCHOBE Memo008
IKCEPeeMUYECKo20 aHAIU3a U CMAMUCMu4ecKux Memooo8 meopuu NIAHUPOBAHUS]
IKCHEPUMEHMA. YCmanoeieHo, ymo 6 menioymuiu3ayuoHHbIX cxemax Oisl Hazpesa 800bl
cucmem MeNnIOCHAONCEHUsT U 0N Hazpeda O0ymbegoco 6030yxa Mmoz2ym Obimb
UCNONIL306AHBL MENJOYMUIUZAMOPBL CO CACOVIOWUMU 3HAYEHUAMU 0bacmetl UsMeHeHUs.
2eoMempuiecKux napamempos n08epXHOCMU menjio0OMeHa:

- 3HaueHuss  001ACMU  UBMEHEHUsl  PACCMOSHUA — MedcOoy  naHenamu  Ois
MEeNIOYMUIU3AMOPO8 NPU WUAXMAMHOM U KOPUOOPHOM PACHON0NHCEHUU MPYO 6 nyuKe Sy =
58,0-62,0 ymm;

- 3HaueHus  obaacmel  U3MeHeHus ouamempa mpyo Ol 80002PEUHO20
MenIoymuIu3amopa npu KOpPUOOpHoMm pacnonodxceruu mpyo d = 41,0-43,0 mm u ona
8030YX02PElH020 MEeNnI0YMUIUIAMOPA NPU WUAXMAMHOM U KOPUOOPHOM PACNOTONCEHUU
mpy6 d = 29,0-31,0 mm;

- ucnonv3osamue  3HaueHul — obnacmeu  USMEHeHus  Opyeux — napamempos
0CYWecmenaemcs ¢ yiemom OONOIHUMENbHLIX MEeXHOI02UYECKUX haKmopoa.

Ycmanoeneno, ymo  9Kcepeemuueckas — IQPDeKmuUeHOCmMb  8000CPEUHbIX
MEenIoyMUIU3amopo8 680 6cex CAYuasx 6vlile IKcepeemuieckou 3ggexmuenocmu
8030yxocpetinvlx. [ 80002peliHblX Menioymuiu3amopos 3HAUEHUsl IKCEeP2emuyecKux
Kpumepues Hudice, uem 05l o30yxozpetinvix: k — 6 2,0 paza, € —na 7,5 %, mo — 6 1,9 pa3za.
Ycemanosnena yenecoobpasnocms npumeneHus ucciedyemuvix menjioymuiu3zamopos 8
MEeNIOYMUTU3AYUOHHBIX — CXeMAaX CMeKI08APEeHHbIX nedell ¢ YYemom MNOJYUEHHbIX
Pe3VIbmamos u npu HAIU4UU ONPeoeeHHbIX MeXHOI02UYeCKUX haKmopoa.

Tonyuennvie pesynomamol u OanbHeluiue paspabomku 8 001acmu ONMUMUSAYUU
DENCUMHBIX  NApaMempos Menjioymuiu3amopos CmeKI08apeHHbIX neyell Nno36071am
obecneuums nogvlulenue 3PHekmusHocmu menioymuiIU3ayuoHHo20 060py0osanus OJisl
IHep2emu4ecKux yCmaHo8oK.

KaroueBble cioBa: xcepeemuueckue memoovl, NIAHUPOGAHUE IKCHEPUMEHMA,
Menioymuau3amop, ONMuUMaibHvle Napamempol
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