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ABSTRACT

Projecting and construction of energy efficient buildings aims to use necessary
energy resources for power supply of buildings through innovative methods and
solutions. Implementation of the energy efficient measures shall be technically
feasible, economically justified and both environmentally and socially acceptable
with no changes in typical lifestyle.

While selecting energy-efficient technologies first priority is given to such
technical solutions that can contribute to the improvement as of microclimate of
buildings so protection of the environment at the same time.

There is generally discussed analysis of energy efficient measures of first and
demonstrative energy-efficient buildings constructed in 1972 in Manchester and in
1973 near Helsinki in Otaniemi.

Buildings’ shape, size and orientation shall be selected to maximize the benefit
of positive impact of the environment on thermal balance of the building and
neutralize negative influence.

Generally, the capacity of solar energy of having an effect on thermal balance
of the facility is positive during the cold period while in the warm period this impact
might be negative. The influence of the wind, on the contrary, is negative during
the cold period while it might be positive at nights of the warm period and negative
during the daytime of the same period. Especially important is the fact when the
influence of solar radiation and wind on thermal balance of the building depends on
orientation in case of the same useful areas, or the same useful volume. In fact, the
building, which is located in the south and has longitude direction, gets more heat
than the building with meridian direction. Moreover, the building facing prevailing
wind by developed surface loses more heat during winters. As a result, it makes sense
to discuss optimization issues of influence of solar radiation and wind.

By using of the method for determining optimal orientation for building,
example Tbilisi kindergarten building (rectangular form), for the purpose of
minimum heat loss from the building, is estimated optimum measures, which
significantly differ from the dimensions of the real building. To foresee mentioned
measure it would be possible to reduce by 31% the installed heating capacity. It
would be recommended to be consider the shape, size and orientation of buildings
during designing for purpose of the optimization of thermal losses.

Evaluation and study of external walls, insulation layer thickness and quality
are necessary for thermal technical calculation. Different type of materials have
different thermo physical properties. To know the thermo physical properties of
materials is important for calculating thermal processes. Materials in databases
mainly are given with dry thermo physical properties data. Humidity of utilized
material can be increased and significantly can be worsened the quality of its
thermal protection. Therefore, it is recommended to conduct measuring of the
thermal resistance for the wall fencing in the building for energy audit.

External wall thermal resistance measurement was carried out in typical
kindergarten building at Thilisi, energy efficiency potential was considered for this
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building and special insulation materials were selected. Thermal infrared camera,
laser thermometer and thermal resistance measurement precision device were used
in studies.

On typical Tbilisi kindergarten building energy audit basis were identified cause
of high heat loss and was worked out to be implemented energy efficiency measures
- fencing wall insulation. By implementing insulation of external walls,
kindergarten would save 8900 m3 of natural gas per year and reduce carbon dioxide
emissions 17 tons per year. Simple payback of 4.9 years.

There are also discussed thermal accumulation indicators of building materials
and constructions along with their impact on heating speed and values of thermo
physical indicators of materials. Thermo physical properties vary with different
types of material.

Designed experimental equipment, by which can measure the heat conductivity
coefficient of construction materials in range of required temperature. Device
calibration carried out by using exemplary substance - foam. Measurement error
range is 3-5%.

Studies were carried out of the thermal conductivity for next materials: red
brick, foam block, cardboard-gypsum tile, glass, glass-pack, PVC door sandwich and
composite panels, suspended ceiling and more.

Artificial or emergency heat “intermittent” mode conditions are characterized
in buildings. There are discussed as follows: optimization of energy expenses in order
to minimize energy costs on heating; heating regime management conditions; heat
balance equation content of buildings; thermo physical properties and thermal
accumulation indicators of building materials and constructions.

Heat transfer engineering calculation method has been developed for
heterogeneous attic roof systems, which gives possibility to identify and ensure
optimal thickness of insulation with necessary thermal resistance for any specific
task.

It has been researched and studied stationary, cooling, minimum temperature
and intense heating period’s patterns for building heating "intermittent mode". It
is estimated that during intense heating period the energy consumption
minimization can be achieved by using the full installed capacity.

Operational experience of thermal aggregates shows that, in some cases, boilers
may have some defects causing significant deterioration of the equipment’s
efficiency and reliability. One part of defects are explained by bad projects or poorly
executed installation and the other part by low-level exploitation of devices. Full
identification of defects is possible only through thermal-technical testing of boilers.

There are presented the boiler thermal performance testing results. Boiler
testing Experiment was carried out in GTU 8th building by using simplified method.
As aresult of debugging work was ascertained their periodical working regime maps,
which provoke to increase aggregate efficiency form 87.8% up to 93.5%. During
examination was used flue gas analyzer tool "TESTO 335" and laser thermometers.
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I1. 3965 -39035M3¢5M0 s53L30. Ry =, /(4,F), (3.2.2)

II1. 53965~ WsMGHYsl @ 35960L i9bs(ho39EH0w0)

R =M /(A F; (3.2.3)
Rees =Ny /(A F); (3.2.4)
R, =h, /A, =0.159k/g@; (3.2.5)
R, =0.15/F,; (3.2.6)
R, =0.15/F,; (3.2.7)

03965-5MEYS1 5 3596MH0L 53965(B539EH00) 459BHIMJOXOMDS:
/R, =1R, +1/R,, +1/R, +1/ Ry, (3.2.8)
Reots = 1 =R (3.2.9)
wl-3 /1&“1 1 L .
“el(F 4 F, )+—0.15(F2 +F,)

IV.  8965-6036030L Bsfoero s 3596m0b i39bs (Bo3zg@owo 56
396400693500)

603bogz0L Bofools Lodswmerg (Loldg) IV ggbsdo Mooy rv

Roog. v = Mooy ((Ase FL) (3.2.10)
Roog. vz = Mooy /(A5 F2): (3.2.11)
R, w3 =0.15/F); (3.2.12)
R, s =0.15/F,); (3.2.13)
VR, =1R, w, +1/R, s +1/R, vy +1/R, 1, (3.2.14)
R, = L =R, (3.2.15)

h/:j\l(Fl+F2 )+O'115(F3+F4)

V. 13965-6036030L Bofioero s MdMoBMEsEzool i3gbs.
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6.v

VL. g9bs-mOomdagomd@eto sggligzo

Ry =h, 1(4,F)
VIIL. WoMAYS 2 5 359600L 5396 (Bo39G0w0)
Rez = hy (Ao F);
R =M 1(A40F0);
R, =h, /1, =0.153k/ 3¢;
R, =0.15/F,;
R, =0.15/F;;
$3960L 39dBHIOIVEMDo:
1R, =1R,+1/R,,+1/R, +1/ R
1

Roos = =R
- ﬂ"\“z(F1+F4)+0115(F2+F3) "

VIII.  8965-0505006-0099o0
Rvm = h\/m /(ﬂvm F)

(3.2.16)

(3.2.17)

(3.2.18)
(3.2.19)

(3.2.20)
(3.2.21)

(3.2.22)

(3.2.23)

(3.2.24)

(3.2.25)

9w99963HOMo MRS MXROIEOL  XSIMMO  09MIMNwo  [obowmds

GHM0o

il

R=R, +R, +R, +Ry +R, +R, + Ry, + R, = z R;
i=I

(3.2.26)

3990bsbYgdq0do Jogdw0s 99990 50bodzbgdo a, —bogbogol Loysby;

a, — WsMAYs 1-0L bogsbg; a; —wsMGHYgoL dmMob 0bEHgM35w0; a, —bogbogydl

dm60l 06¢gM35¢0.
dobsoliosmgdgero 33900L Godomdo F =3, -a, (3.2.27)
dsbolinsmgdgEo 339000L Fomnmdo F, =a, - a, (3.2.28)
dsboliosmgdgero 339000L Bodrmmdo F, =a,-a, (3.2.29)
dsbsliosmgdgeo 339000L Bodonmdo F, =a, -a, (3.2.30)
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Lodw95m LOOEIJOO
0.11 5.68 83.3 2.0 1.9 8.9 0.6 0.94 89.5
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0.01 5.63 83.38 2.09 1.98 11.18 0.06 1.02 87.74
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doM0mo0  30BgHBgd0: ff3oLomzoL LyFomm 359MH0L BOJBH0MOO MoMmEIbMdOL
00 B0FoMdg (5OLHMOO MobsxgsOEOMds "0bgdMoz0 S0M0-359M0"); 30l
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3M03gLb-0b  565053530594MB0d)w0 bLMsm0; FoMBsg5¢0 506M9d0L Fomoo
A993965G M.

3bO0@0 IV .4 §ysep0853bgrgdgemo dBmog®ol 3sdsmmgol 858wy F30L 3Gm@vdégdol
99b3960096@ o IMbsEgdgdol sboerobo
0MmoE9mHo Nel dMoEgHo Ne2
02 co tgo ta P 530 0 co tgo ta P 531
% ppm °C °C 3 % ppm °C °C 3o
3.6 865 135.1 21.2 957760 4.1 56 143.2 26.9 95775
3.62 816 130.9 20.8 95762 4.09 50 147.3 26.6 95794
3.58 805 134.0 20.9 95755 3.99 49 139.9 27.1 95783
355 789 135 20.7 95749 4.3 42 134.8 27.6 95756
349 779 134.8 20.2 95747 4.5 39 136.7 27.8 95784
35 699 133.9 18.9 95739 4.56 37 138.1 27.7 95779
36 689 129.8 17.9 95775 4.65 31 130.1 27.8 95771
3.7 678 132.8 17.4 95765
Lo5dsm LOWOWJIdO

358 | 7650 | 1328 | 19.8 | 95757 | 431 | 434 | 1386 | 27.36 | 95777

BoGo690Mo  0mbolidogdom, 359MHoL  BoMLO3gGHOL  LosFoOm  mbgdoy
dobrMzom, MMIgwos 3MbGHOHMWoMadm®s (30l 3OMmEMJ@gddo sbydswols
9993339 mdom (bgelsfiymomo testo 335-om), IMGYME0OHES LomdMdOL (3oL
30390 3060 Mo LsFoOH™M 3M0dBH03Mwo  3596MH0L 3060HMdYdT0, Ms3s3
399m0f305 35900l LoFoMdoL  3Mn0E0gbGHOL  F9d306gds  (BMEMToErmE
L0OYdEY), HoMmdszowo 30l 3MMPMIBHIOOL MoMmEgbmdol F9d30Mgds s
d9Lsdsdolo  LOMDML B350 dOL  JobOTODoE0s. JoLTsMIMO  Lodwdomgdols
Bo@o6mgdolb 99909 00 gM9gdol 458mEol dmbs3gdgdo dmyzsbogos 3bGowdo
4.4, 255635600390900L 99092900 3BOOWgddo: 4.5 s 4.6.

3b®oo IV.5 a5856:m30L 99097 359635003900L 890093900, dmowgmHo Nel

co CO2 N2 o g2 a3 gs

% % % h % % % %
0.087 9.78 86.54 1.2 1.18 5.41 0.31 0.9 93.38
0.082 9.77 86.53 1.20 1.18 5.24 0.29 1.1 93.37
0.081 9.79 86.55 1.20 1.18 5.37 0.29 0.89 93.46
0.079 9.81 86.57 1.19 1.17 5.41 0.28 1 93.30
0.078 9.84 86.59 1.19 1.17 5.41 0.28 0.8 93.51
0.070 9.83 86.60 1.19 1.17 5.43 0.25 1.05 93.28
0.069 9.78 86.55 1.20 1.18 5.30 0.25 0.9 93.55
0.068 9.72 86.51 1.21 1.18 5.29 0.24 0.87 93.59

Lodw9om LOOEIYdO

0.08 9.79 866 | 12 | 12 | 54 | 03 0.94 93.4
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300 IV.6 go9:50m30L 898y 359635008980L 893900, dmowg®o Ne2
co CO2 N2 a (o}} as ds
% % % h % % % %
0.0056 | 9.5 86.4 1.24 1.22 5.73 0.02 0.95 933
0.005 9.50 86.40 1.24 1.22 5.93 0.02 1.02 93.03
0.0049 9.56 86.45 1.23 1.21 5.53 0.02 0.89 93.56
0.0042 9.38 86.31 1.26 1.23 5.35 0.02 0.86 93.77
0.0039 9.27 86.22 1.27 1.24 5.49 0.01 1.02 93.48
0.0037 9.24 86.20 1.28 1.25 5.57 0.01 0.81 93.60
0.0031 9.19 86.16 1.28 1.26 5.21 0.01 0.83 93.95
LodnoEm LOOWIJOO
0004 | 938 | 8.3 | 126 [ 123 | 554 | 002 | 091 | 935

3500w gdol (4.1-4.6) sbsewobo 5B39693L, MM 2535MM30L LHTMTomgdols
BoGotmgdol 99099 999;3060@: 359600l LOFsMOOL 3095030 gbEHOL LT SEM
8603369cmds- 1.9 sb 1.2 —9 (dmowg®o Ne1) s 1.99- b 1.23-00g (dmowgeo
Ne2); 130U 3000w 3H9gddo 556905000 Lodrsenm J9d339emds- 10.9 %-sb 3.6%-
©9 (dmowgmo Nel) o 11.03%-s6 4.31%-9 (d0mogmo Ne2); (o®dogowo
506900 LYFSM F9gd39EMsB M- 136.9 °C -sb 132.8°C -og (dmowg®o Nel) o
163.3 °C -6 138.6 °C -0 (3m0g®mo Ne2); Lomdml sbszstygdo FoMdsgswo
5069000~ 8.9 %-sb 5.4 %-g (dmowgmo Nel) s 11.22%-sb 5.54 %-g
(0m0o 9o Ne2).

LodME MM FJIR0 39TMObIES 5369253 9d0L 9BIJEIOMDOL SToeqdsdo 89.5
% -5b6 93.4 %-9 (dmogMo Nel) o 87.8%-qsb 93.5%-9 (dmoeg®o Ne2).

399625600390900 Bo@gM9dME0s FobslosmMGdgo 3565393 Mgd0l J989R0
960083690 mdgd0bsmgzol: C '=0.82; k =0.78; B =0.8; L =0.85; ta,y =2040°C; P =4240
3x/683% Qeo =1265035%/68%  RO2max =11.8%.

53693539008 ®dMEH9dbo3memo sbseobol gdudcgl Igomm®o (3OHMBILME
653060l 99gnm©o) boliosmgds 99smgdom LodsMEH0300 s bgwlsfiym testo
335 §30L 36MHMmJBHJOOL Tobobosmgdgo  356599FBHMGO0L  QoBMIZoL gBom

53692353 900L 95399BIOM™dOL YgboL L9 gdsls 0derg3s.
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4.2.0000153B5MMdol 3g5303096EGHOL BsBMTo EsbsEYSMOL

99965
00M5dBHOMOOL 300980309 EHOL BosbysModm gmEmIMWsL od3l Loby:
o
A= t —t, : (4.2.1)
172 _NR,
qd-vy,)
bos3

A - 960L 15330930  FobOEol  MOMPSTBHIMMOOL  309B03096E0  (B00Mgds
sbgomodom), 3¢/ (9°C);

q - ©5330gJB0MGIMWO B39O0 MO0 B53500, 3E/F? (0BMIYdS);

O - 6031dol Lolidg, 8 (0D™Igds);

t, - 609130l 3bgero Bgs30MmOL FH9gddgeo@®s °C, (0BMIYdy);

t, - 5odmdol 3030 Bgs30MHOL FH9YI3YMoGHMMS °C, (0DMIgds);

At=t, —t, - bodndol @Ebgwo ©s 3030 BYLI30MGOOL  3Hga3gMOEBHIMIMS
Ubbgomds  (8000gds sbysM0dom);

n- 6038l 306¢39d3Hgdol Mom©gbmds;

Ry :j—v- 3596M0L Bogmb@od@Hm Mol mgmdmwo (oboswmds, (3°C)/3¢);

v

v, :g_i- d9UHmE9ds  LodML  bs35DBY, ®MIgoi 035609y Bodmdol

33962000 Hgs3060H0s6 (Joomgds JgnsLgdom);
NR, - 99UHmEM9ds LO3MbGEHIJBH™ M9Dg, (AK)/3®), (Foorgds Fgg3sligdom).
LsBmdo  sbsys®ols  8gddbs.  sOLYOMBAL IG5 EOEbMgsbo
99396039630 MBOMYPSTBHIMMOOL 3:9R0E0I6EGHOL goLsBMmIo sbsYsGO,
HMIgms LoIMOZg 9353000 ME0s FYBEHOE JoBLLZ390E dmmbmzbow
3060MdJOMsb: MdMOO M9sg0d0, 603dol FMOTs s BMIYo0, FoBMIZ0L
&99396M53 MO0 06E9M3500, G9a39M9GIOMIWO s MOIMMO 2sDMAZ3900L
3900900, dsLogdoL IEAMTMGMDS, goBMIZ0L LoBMLEg s Ubbgs.
00MA5TBHIOMIOL 395303096 GHOL  JoloBMTs©  39dMmYygbadmEro dgommEgdo

0YmMagd M6 JoMO0MOQ X AINBSW: LAIE0MBIOIM s 0H5T03MM 8g0NMEYOS.
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L533gbgdEm o MOMLLIODBMWSEOM  ToBOGOOL IMASTEHIOMIOL
3M9803096@0L  Fo@owo  LOBMBGHo®  JOLYBMIsE  FoBIBAghHmboos
M 3HY90 BoOR0EOL BEGSEFOMBIOMEIO HBOBMEYEHIMO FJOMPOL godmygbgds
[40-42].

b39M0m0  MdNMG  bsgoo  0Bmdgds  gwgdBHOmbmwo  dBmdo
bogwbsfiymmo HTII_MI'4. bgwbofigm  aom3@owos  md9mo 65350900l
2oLsBMAs©, MMIgWoE ool ghHo b IOz IM06  73gbsdo. dolo
©56036gdss  99bmdgdol  9OHIM06 s  FMOZ5eIMH056  TgIMIBEOM©
3MBLEHOJ309080 253535¢0  LOMdMMO B5350gdOL LoD3IZMO30L QoDMAg..
bowbsfiymmo 0Bmagds 930939 Bgo30M0L  (3H9d3gMoGMgdo  MdMEMmO
6535000l 035NN gdom, o3 AOLIBMI0  3MBLEBHMJ300L  MYHINMWO
Dobomdol s MOMYSFEBHIOMO0L 309B0(3096GOL  TgoLgdOL Lo gdls
0dg935. 0dM0 653500L 393399 IMOL 4oHBMIZ0L ©0s35BMmbos  10-999
3¢/0%

d9Jdbocwo  ¥dMEYgwo FoO®RoEOL  LEHIEOMbIOMO  SBBMEYEHMMO
89000l ©sbsRMOL gdudgMH0dgbEHWo 4oBMBol bdgds 9dgy0o:

obd7He bajawo gbgsme %;]Qha 4ol
obyGo ba jamwol 3%bmda ; Ha33gGappol 3bmie

/

HE-H B [ LU LU ST B
Ly '3 1 gy g

ba ggemago
Bolyndo i‘—_-_"‘“-——..

e —
Fyapmo —"’L/ | | | ?ﬂaﬂi’o

" Vo= ‘ \

Faemolh

aodaoggbgene Goge ‘Bama}n(&:h
obyGe bajasge BHa83gGagGel 8bmIo

BobsBbo IV-1 0d3M0 Bo3ool dBmdo absas®ol bdgds (LEsgoMmbosGmwo
d90™MO)
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03MbI0BMESE0M  FoboErgdol  MOMYSTBHIMMIOL  3m9IBR03E095EHOL
LoBMIo BsEYMOL Lgqds dobl 30 °C —sb deronmls 25 °C 3Hgd3gcsd ol
©0535HmbTo dm399me0s 99009y bdgdsby:

399396 sGHrmGol

39939 sGHrmGol
;BdMEHo Bagso 363G mero

3MbGHHmero

ddGHOo Ba ool G395 MGOolL
aoMoadlbsbo aoMosdbabo

=

ba&g@gg} Boddo DHBMODBMEISEOS

DBMODBMEROEOS>

OGO

L5>Bs303G ™M 30976
-30°C ob -2°C-8p

BobsB0o IV-2 3360 65350008 IBMBo bs@AsMHOL bdgds -30°C —sb +25°C-0Y
©0535%Bmbdo

bgwbsfiymmo dglsdwrgdgeos d90mdboMo  30mbLEGMmWJ30900lL s
99b3MsGSE0sd0  Iymuo  9bgeyMmmdogdBHYdol  gMINmo  Fobswmdol
39BM335 02039 bgebsfgmb 4sdmygbgdom d9dgyo bdgdoo:

L ggengge mdoyddHo
(IAsgognTdmosho ggoaeno)
GO geob 7 %3395 G0l
a>Owsdbsbo aomwsdbsbo
aoMg - oc

. o
doas -"C

NdHEHO
bsgowols
Aot @sdbsbo
3&/ &

BobsBo IV-3 9Ju3ev)5@e30580 8gmgo mdMLE0BMEs30Mm 3MbLEMvJ30gdol
009960 6535000L FBMTo ©sbssMols bidgds

394060y ©@boPsMBg  godm3zzwgmiemo  odbs  890mIBOYI
3MbLEHOMJ309000 GoMmmmE 2odmygbgd o  bbgoolbgs 69350 IMH0s60
03MB0BMEIs30M Foboergdo (LMomo 14) S F9IRJd0 FmEgdmeEros 8999y
gb®owdo:
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3b®owo IV.7 0dmy503sOHMd0L 309530309630L 2oLsBMB0 b0
900900 bbgoolibgs doloergdol mdmG9dbozmMo dsh3z969dwgd0

Lo 0353wM0)

A t bsd q At At
30/ °C 30/0? °C °C
©3LbabYgdd @/K) | 60880 B93306 | 35960l
9oL
dmMols
1| 8gomb F960 0,017 | -10,924 | 64,058 32,853 53,201
2 | ugbogoBRo 2003 (1830 | 0,0316 | -5,171 44,988 28,115 55,712
Jox33@sbGom)
3 | @oddoto 2008 0,053 -7,883 52,436 20,071 52,123
(3960b o 1830
35960l ©MH9hM™O)
4 | 80bs3539¢0 2080 0,083 -4,534 62,123 15,012 53,122
(1209 35960
©0MH9hMmO)
5 | 396mdanmgo 0,094 -5,548 29,752 28,196 53,001
6 | 208LM35OEM®60 0,184 -5,093 97,849 6,397 54,101
7 | 8obs 400 0,342 -5,095 84,266 1,484 53,201
8 | sg960 (gmcol 0,387 -1,539 52,692 12,168 55,001

bmGsoo 14
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doM0md>Oo 336900

1.

BoGo®mgdmmos 3003900  9696mm9n39d@cmo d9bmdgdool  3M0@H03wmwo
365¢0B0o  9696MMYdBMY0 PMBoLd0gd9doL 3mmboom. 9bgMyMgRIBHIOO
©mbolid0gdgd0b  godmymxzowos  Jgbmodol  gm®mIol, DBmIobs o
609635300l o960l bygombo  4969dm 3¢0dsGol  BgdmddggdoL
39035¢0L{0bgdom.  ©s3w9ds390w0s  doMOMOIEO  3MOBE03900 o
©mbolidogdgdo  MMAIdLsE by 35LbMdgL  96b9MHYMIRIJBHIOO
d96md9d0;

Bootms  3Ho3omco 0099-0500l  (mdogroldo  #109 o 107)
9696025 0G0.  godmgwgbowwo 0dbs Jgbmdols omoero  dMEO
©965356M900L  2odmfiggzo  Jobgbgdo s  JgdmBs390v)emo  odbs
3oLOGHOMYOgo  9bgm9RgJBGHMIOO  WMbolidogdgdoEsb  JoMOMIIE
3o0mygmz0os  d99mdBOMOO 3900900l IMODGdS. JOO  doyo-
0500LsM30L  IMdMBYdOL  Mbolidogdol  BsGotmgdom  fgwoffsdo
©50DM90s 89003 db6gdMH030 s0M0 @S  6HIoOHMEbyoL 9gdoloos
9993060905 17000 33.-0m. FsOEGH030 3390 9950090L 4,9 {genb.
396030l m33H0dommo  MmMH09gbBHoEool  AobLyBM3MOL  dgom©ozol
3990ggbgd00  05g5-050l o3 Mmbs  Fgbmdolomgol  JgbmdoIb
806005000 3OO 65350930l 30MMd0m  Jowgdmos Fgbmdol
M3GH0domo Bmdgoo: LogMdg- 310 s Loasbg 239, 3590b GmiEs dobo
R9dGHoMM0  BMIGo0s: 520 s 138. FgLsdsdobIE PoMNdMOOL OYTMO
Loddegz6g 999306MYds 11433¢)-s6 7833%-09 (31%-0m). 89bmdgdOL
360994 GH0M7d0L O™ LolivyM39wW0s om3zseoljobgdmewo odbsl 9gbmdols
RMOIoL, Ddgdobs s MOO0Y6EHIE00L M3EH00BE00L Z0MMBY;
BoGo690mmos  bG¥-b 89-8 3mM3MBOL 450dMdOL gowgsdsbgwgdgwro
dMogmodol  LgJu3sESEOM  2odmi3Es  LoMdMOO  dosBLOL
3906bgd o Igomol  asdmygbgdom.  opqbowo  0dbs  Bsmo
dmdomdol M970dMwo ©93980, M5To3 2odmofj30s 3MIR9EHJOOL ToMRO
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94990900L  30983033096GOL AoBM©s 87,8%-s6 93,5%-9. 259m3JdOL
©OML 25dmygqbgdeo ogm 659730 gobgdol sboerobs@memo TESTO 335
5 WsHYHIo 09OHIMIYEHHO0;

. 8940boros  mdMBE0BMEsEom  dsloergdol  MdMYSTGHIMMdOL  Lsbmdo
LEogombormmo  Mgg0800m  8mI3Mdsgzg  ©obssmo  1s8dgbgderm
0bMLEG®05d0 go9mygbgdmwo #H9d39MoEIMME0 ©E0835HMboLIMZ0L.
39052560l 35¢0dMGdS  BoBo®gdriemos Lsbodmdm bogmogMgdol -
396Mm3sbBoL 499mygbgdom. 49HMmIZ0L (300MmB0gds 950096l 3-5%-U;
b0  LbgoLbgs  30m33MBoEoGmO  oboggdol  9B9JGHVIO
00059 3HoMMO0L 3m9530:309630L 4oBLEBOZMOL Bodmogdsls 0deg3s;
359339905 MOMYSIEBHIOMO0L 300953030963 gd0 893090 Foboggdol:
foogmo s3mM0, 396mdem30, 3999om-0505d0GMOL  Bogws, dobs, dobs-
353930, 1930h0, @sdd0MO  (FYEOM3slGTSLOL  35M0L o),
3930000 FJOHOL Gows s Bb3s;

. 99bFogaroos d96mdols 35000Md0 »19393H0wo 9s1090L"
UAOE0MbIOMEO, oo gdol, dobodswrmo  Hgddgmo@ ol s
0b@9bbomeo  gomdMdol 39600m©gdol  396mb6BmBogMgdgdo.
©53g60wo0s, MHMI  0bGHIBLOMOO  oMdMOOL  JgMomdo gbgeyool
906030%Bs30s  dooefigzs LoMdML  FyseOml  doosbo IO
boddws3zcOL 5dmygbgdoo.

. Q0509985390990  Fgbmdol  Lbggbol LobmMsgol 0bgobOmemo  mdmGo
399625009900l IgnMmE03s, MMIgEol Lsdmswgdomsi gLsdwrgdgEos
4m39o 3m6309G o sdmEsbolsmgzol LoFomm 0gmdmwo fobswmdol
BH639LOYMBE MIMODBMWH300L M3EH0Tow o LolJol oy9bos.
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11

12

13

14

15

16

399099bgd0 oBIMGHS

®oxun K.D. crpoutenbHas TEIIOTEXHUKA OTPAXJAIONINX JaCTel 3MaHHI.
M..:2006;

Borocnosckuii B. H. Ctpoutensnas Temnopusuka mocksa 1970;

0330560 g., 30390300 3., LoddgbgdM MOMBODBOZIS. , Q9B GdS*
1979;

bmbHotros 6., »0MIMToM599ds. 2obsonewgds. 1979;

CHull -3-79. crpoutensnas termnorexuuka. M. I'VII HIIII, 1998;
Hcauenxo B.II. Ocunosa B. A. Cyxorens A. C. Tennonepegaya MockBa
epeproumszarenscTBa 1981;

Wnsunckuit B. M. CrpouTtensHas Temnopusuka Mocksa 1974;

CrpaBOYHUK IO TEIUIOCHAOXEHUH U BeHTUJIAIUU U3aTeIbCTBO
“OymuBensHUK K1eBl976;

Manasuna E.I'. Temnonorepu 3panus Texuudgeckas 6ubmmorexa HIT
«ABOK». M. 2007;

Pomxepc T.C. npoexrupoanue rerrosamutsl 3nanuii// [lep. C arnra. M. :1968;
Knumar Toumucu, Cankr-Iletep6ypr ['mopomereonszgar, 1992. Ilox
pemakuueit Ceanupze I'. I'. U [Tanukamswim JI. K.;

MIxnmosep A.M. Temonepesaya Ipu IepHOZUYIECKUX TEIIJIOBBIX
BosgetictBuax. M.JKM-JI. 'oconenprousgat, 1961;

T'oct 7076-99. MaTepuasns! u usgenus crpouTenbHsie. MeToq onpeneneHus
TETIOTIPOBOTHOCTH M TEPMUYECKOBO COITPOTHBIEHUA IIPHU CTAlHOHAPHOM
TEIIJIOBOM IIKbIMe. - M.: u31-Bo crangapros, 2000;

Tabynmuxos I0.A., Bpogay M.M. Hay4yHble OCHOBBI ITPOEKTHPOBAHHA
sHeproaddexruBHbix 3ganuii// ABOK. 1998. Nel. C.5-10;

Tabynmukos I0.A., Bpogayw M.M., [lTunkun H.B. DueproaddexrusHsre
smaHua. Texumdeckas oubiamuorexa HIT «<ABOK». M. 2003;

Tl'omosckuit 1O. K. — Tenmodusnyeckre MeToABI HCCIELOBAHUA ITOTUMEPOB;
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17

18

19

20

21

22

23

24

25

26

27

28

Jumvurposuy A. [l. — Onpeznenenue Temnopu3nIeCKUX CBOUCTB CTPOUTENTBHBIX
MaTepHasoB;

Bapraptuk H.6. CmpaBoyHUK 11O TeII0PU3NIECKUM CBOHCTBAM Ia30B U
KUAKOCTeH MOCKBa TOCYJapCTBEHHOE U3/aTeIbCTBO (GU3UKO-MaTeMaTUIeCKOH
snureparypst 1963;

Konpgparses I'. M. Perynsapusiii rertoBoit pexxum. U3n-Bo Texuuy aut, M,
1954;

Tabynmukos IO. A., Bpogau M. M., Illunkun H. B. Dueproaddexrusuoe
3panust, M. Asok-npecc, 2003;

bpomau M.M. IToBsimenre TennoBoit 3¢ peKTUBHOCTH 3MaHUHI
onTUMU3ALMOHHBIMY MeTozamsl. JJuc.kanz.texs. Hayk. M.OK HUVC®,1988;
Olerones M.M.,, I'yces 1O. JI., uBanosa M. C. KorenpHbIe yCTaHOBKM MOCKBa
1972;

PaBuy M. B. TonuBo u 5eKTUBHOCTD €ro MCII0IB30BaHUS U3JaTEIHCTBO
"Hayka"' mocksa 1971;

5313960 ., 53533000 @., LoF0bs3s b. G96Md9d0L gbgMymomo@o
ENSI-ol 9900m@q00 s 0bbEHOMdnb@gd0. godmd390¢mds ,v96039Mbo0,
d0obo 2010;

056530dg L., 300M5d] ., 30VMSdg M. BogbmzMgdgero F9bmdol as69
39003D0©0 3MbBLEHMYJ30900L5 S Lolbzgbm yoIbM3900L bsFoMmMm
09030 §0bs0mdgd0 LoJoOM3geml BMYogHMO JerodsEwOo
50Mmbobsm30L// Fm@bowo ,,9bgMy0s” #1 (41), mdorolio 2007;

QMBS @. 2MOMDS O 396G HE0S. MBOOLO. Q9B gds. 1967;
QMBS @. 25MOMBS O 39BEOMSE0S. 1MI0WOLO. Qobsmengds. bsfoero II.
1970;

A9®03300 5., J0OO0MOEO BTG FolOgdO s 553900MdBO. MdOEPOLO
1990;
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29

30

31

32

33

34

35

36

4909 mE0 g. 1593509 93MIRIEHOL MOMFJJ603MM0 25TMEEOL dobBsbo,
3slbogn3s(305 s oo doBsbo“// 81-9 oo LogMmsdmMolm LodgaboghHm
30b6x396M96300. LY, 2014 MdOEOLO;

300)05dg M., JGIXoIEO @. ,d9bMdDY 2569 30dsEol Bgdmddgwgdol
0650660100 2056345600390900L gm0 30/ LaJoM Mz Ml
393609095  9MM3bIo 535009d0s, Fodmygbgdomo dgdsbozob,
9564965003d9b9g0mdob, 9696M9¢030U5 s FsGmz0l Loligdgdol
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