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ECOLOGICAL MONITORING OF CONSTRUCTION

Osypova A. A. ', Tugaj O. A.”, Savenko V. I.”, Giginejshviki J.Y.™
*KNUBA, UKRAINA, KIEV; **LTD “PROGRSS”, GEOTGIA, TBILISI

SUMMARY: The scientific substantiation of the organizational and functional structure of
environmental monitoring during the construction of industrial and civil structures has been
performed. Models of organizational and functional structures include the purpose of creation and
the main purpose (function) of the structure, organizational or functional schemes, as well as
logistics.

key words: environmental monitoring, Environment, construction, negative impact, urban
development features, air dust analyzer, vocalizations of negative impact, environmental Safety.

INTRODUCTION

The volume of construction in Ukraine, as a country with developed industry, is characterized as large-
scale, which is why the construction industry occupies an important place among the factors of
transformation and environmental pollution. However, existing organizational and technological solutions
and measures for environmental protection in the process of construction of industrial and civil objects are
insufficiently developed and de-tailored, not integrated into an orderly system, which significantly increases
the costs of construction entities for their reconstruction. The issues of operational environmental
monitoring and decision-making regarding the localization of identified negative emissions of substances
and impacts remain open.

Various aspects of the problematic question raised, concerning the improvement of the basics of
environmental protection measures in construction, including the organization of environmental
monitoring, are covered in the works of authors [1-5] and other works of scientists of the world community.

Developed by the author of the classification of factors [6] and major sources of negative impact [7], as
well as a system of typical organizational and technological solutions for the revitalization of construction
production processes, ordered by the importance of protected and restored environmental objects [8], are
sufficient only for effective use when designing technology and organizing the construction of facilities.
Therefore, the issues of prompt elimination of the effects of environmental pollution during construction
remain open.

The scientific substantiation of the organizational and functional structure of environmental
monitoring during the construction of structures was chosen for the purpose of this article. The purpose
of environmental monitoring is to respond promptly to changes in controlled parameters that describe
the current state of the environment where the construction takes place. Therefore, the task of
monitoring is, firstly, to receive timely information on the state of the environment and, secondly, to
localize the negative impact quickly.

1. Substantiation of the proposed organizational and functional structure of
environmental monitoring.

The substantiation of the organizational and functional structure of environmental monitoring is
carried out by experimental modeling of possible organizational and technological decisions; the
subject of modeling were:

A. Organizational structure of the environmental safety point (PEB) with an automated
environmental monitoring system (ASEM);

B. Functional structure of environmental monitoring.

Models of organizational and functional structures include: 1. The purpose of creating a
structure; 2. The main purpose (function) of the structure; 3. Organizational or functional scheme;
4. Logistical support.

A. Organizational structure of the environmental safety point (PEB) with an automated
environmental monitoring system (ASEM).
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1. The goal of creating and operating an environmental safety facility is to protect environmental
objects from the adverse effects of construction processes.

An environmental safety facility is created at each site and operates throughout the life of the
facility.

2. The main purpose of the environmental safety point is the immediate and rapid removal of
hazardous contaminants from the construction site and prompt localization of the negative impact
revealed by the environmental monitoring means.

3. Organizational scheme of PEB (Fig. 1).

The personnel of the point of environmental safety is appointed by order of the head of the
construction organization, whose staff is formed within the existing staffing of the construction
organization.

Head of PEB
the headman
|
v v
Responsible Performer
executor Electronic
master engineer

Fig. 1. Organizational chart of the environmental safety point (PEB)

The functions of the PEB chairman are given to the responsible contractor (superintendent, head
of the site), the responsible contractor to the master (superintendent), and the executor to the
electronic engineer who is involved in permanent work at the construction site.

Additional revitalization works and activities are performed by construction workers engaged in
construction and assembly work and are reimbursed at the expense of general construction costs.

2. Logistics of PEB.

Logistical support is provided on the basis of picking up of PEB with a complex of specially
selected inventory, devices and equipment and consisting of:

1. A complete set of equipment for immediate and quick removal of dangerous contaminants;
containers with sorbents, containers for the transport of radiation substances, containers with sand
for the collection of oil, fuel, chemical additives;

2. Complete set of instruments and laboratory equipment: - gas, dust and noise analyzers,
electromagnetic radiation and radiation meters, integrated into an automated information collection
and analysis system (ACEM) for ongoing monitoring of the state of degraded environmental
elements - extent pollution of atmospheric air, waters of reservoirs, soil and groundwater, levels of
noise impact, electromagnetic and radiation radiation, nature and levels of damage to vegetation and
fauna.

The structure of these kits by their composition and quantity depends on the volume of possible
release of hazardous substances, construction conditions, the nature of its distribution into
technological zones and the accepted composition of contractors - the number of simultaneously
working units of workers.

B. Functional structure of environmental monitoring regulates the interaction of the information
and control system with the sensor system and the object of construction (Fig. 2)
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The timely receipt of information about the state of the environment is ensured by the functioning of
an automated environmental monitoring system (ASEM), as an information and control system within
the hardware and software system in the form of a computer system of the required performance and a
system of connected sensors, fixing the magnitude of the controlled parameters (Fig. 2 ): 1) degree of air
pollution (gas and dust analyzers); 2) the degree of pollution of the waters of reservoirs, soil and
groundwater (analyzers of water, soil, sediments); 3) noise exposure levels (noise analyzers); 4) levels
of electromagnetic and radiation radiation (meters of electromagnetic radiation and radiation).

To automate the processes of gathering current information and its statistical processing, a developed
application subroutine implemented in MS Excel, PPMDovkilliaOsypovaAnastasia (see Fig. 3) is used.
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Fig. 3. Graphical shell of PPDovkilliaOsypovaAnastasia subroutine - statistical estimation of
environmental parameter
An example of the statistical processing of current information on the maximum daily sound pressure
levels measured directly at a construction site is shown in Fig. 4.
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Fig. 4. Dynamics of sound pressure (P, dB) at the construction site (noise

The analysis shows that on 21 and 27 and 28 December this year, sound pressures exceeded the
maximum permissible for residential development (up to 70 dB).

Operational localization of the negative impact is carried out by performing additional revitalization work
and measures, including the use of an existing set of equipment for immediate and rapid removal of
dangerous contaminants.

Additional revitalization works and measures, in the form of managerial influence (CV, see Fig. 2), are
formed by ODA on the basis of:

- information received on the current state of the environment, the presence and levels of exceedances of
MPC by environment (air, water, soil, etc.) and by the levels of negative impacts (noise, light, etc.);

- volumes of revitalization works and measures actually completed in the preparatory period;

- Databases (DBs) about typical OTP-complexes [14] and data on earlier performed revitalization
measures at other objects of the construction organization.

For example, an analysis of the dynamics of sound pressures at a construction site (see Figure 4) and the
sources of their origin (be it the work of hand-held perforators) need to equip jobs with sound-absorbing
screens.

The structure and quantitative composition of the sensor system and their location on a particular
construction takes into account:

1) there are negative emissions and impacts generated during the execution of the processes of selective-
extreme structure;

2) physical and geographical location, microclimatic, geological and hydrological characteristics of the
construction site; are determined according to the relevant sections of the EIA developed within the work
project;

3) urban planning features: the type of anthropogenic landscape that is being transformed (quiet or noisy
street, park area, etc.);

4) proximity to nature, residential and industrial areas, architectural and historical monuments and more.

An example of the location of the environmental monitoring system is shown in Fig. 5, and their
recommended typical structure - in Table. 1.

The location of the sensors takes into account the wind direction (sensor # 2 - Walcom HT-9600 air dust
analyzer) and the available natural terrain - sensor No. 6, which controls surface and groundwater located in
the monitoring well at the foot of the slope, and the sound level meter TM 103 .

Conclusion

Established and developed organizational and functional structures are applied bases of organization of
ecological monitoring of construction aimed at eliminating the causes of negative impact of construction
production processes on the environment.
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Table 1
Typical structure of sensors-devices is recommended of environmental safety

Appliance name and scope Notes

1. Gas analyzer testo 535,
industrial gas analyzer testo 350
Price*: 267,60 - 10 278,55 USD.
Control of air pollution by the exhaust gases

1. Walcom HT-9600 dust dust analyzer
Price *: 208,04 USD
Assessment of air quality by determining the reducing microdispersed dust
particles and inhalation dust particles in the air, as well as for measuring
temperature and relative humidity
1. Sound recorder with PC connection Tenmars TM-103
Price *: 7000,00 UAH
Control of noise pollution in the general frequency range 30 ... 130 dB

1. EZODO EM-191 industrial frequency magnetic field intensity analyzer
Price *: 2230.00 UAH

Measurement of magnetic induction in the low frequency range (EMF) from
30 to 300 Hz.
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1. MKS-05 "TERRA" dosimeter radiometer
Price *: 7896,00 UAH
Dosimetric and radiometric monitoring at the construction site

1. TSS PORTABLE analyzer

Price *: 7530,00 UAH

Surface water, soil and groundwater monitoring in ditches, vegetation and
sediment analysis

J o
Sy

* - the price is given at the beginning of April 2019
(the total cost of a set of devices - 36,2... 37,0 thousand UAH)

REFERENCES

1. Dzhigirey VS Ecology and environmental protection: textbook. manual / VS Dzhigirey. - 5th edition,

vypr. and ext. - K.: Knowledge, 2007. - 422 p.

2. Stolberg FV City Ecology: A Textbook for Students. high schools / Under the total. ed. F. W.
Stolberg. - K.: Libra, 2000. - 463 p.

3. Sugrobov NP Building ecology: Textbook. Benefit / NP Sugrobov. - M.: Academy, 2004. - 413 p.

4. Tetior AN Architectural and Construction Ecology: Textbook. manual / AN Tetior. - M.: Academy,
2008. - 361 p.

5. The effect of ecological resonance at the concentration of construction (real estate) / Telichenko V.I.
and other // Industrial and civil engineering. - 2010. - Ne6. - pp. 14 - 16.

6. Osypova A.A. Methods of research and systematization of factors of construction production that
negatively affect the state of the environment / A.A. Osypova // Modern problems of architecture and
town planning: Scientific and Technical Collection. No. 50 // Kiev, KNUBA - 2018. - P. 278-282.

7. Osypova A.A. Structural analysis of ecologically dangerous factors of construction production.
Sources of pollution / A.A. Osypova // Urban planning and territorial planning: Scientific and Technical
Collection. No. 67 // Kiev, KNUBA - 2018. - P. 356-365.

8. Osipova AA Research and substantiation of an orderly system of organizational and technological
solutions for the revitalization of construction production processes // Ways of improving the efficiency
of construction in the conditions of formation of market relations: collection. of Sciences. - K.:
KNUBA, - 2019. - Ne39. - pp. 57-70.

10



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”"BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

IO Rd3MGI6ISIR0 3J6(M3RILBOL J6I®MO(MIBIIBHIN0 LOAT)'IRTIS
00R5b63M3J500)0 RS N3MODLMIRKRNMISIKR(O dR(MA3JSNDM SLOdIS0
‘d36(M3IdOLOMZOL 33@3OLOL 3MBLBAGIIBNISOL 3OHNS6B IR
095635M03JdS RS 3500 BII6N3IM-I3(M6(MIN3IA0D 560 RNBO

@. Lobs®yanody
(Lodo@mggerml §g9dbogg®o 9boggdlodgdo, 3. 3mb@ogol 77, 0160, mdogrolso,
LoJo@mggenm)

@9b0289.  LBoGosdo  Logoodgbdolb  dogm  bgdb  bsbyerby  goigdaaro 35689639300
»O@d5B @m0l po@pobo  m3moboarodgdaamo  gowoby@mgol  goarobs”  [I] @
Lbobos@myaodol  jgegaro”  [2]  ©o3Gmg B9daaos  05b535@go35GH0B a0 Mo
JOSO o baano Gosol dgo@bs@mygarosbo dmbegrommGo @y0b539¢5mbols F9bmds, dgmy
d9bmdol  gowsbu@ggdo  BEHs@oomo  G0658965mbobs,  boanm  pgargdo  fowos
B950b0b. 35896300  wsaer  ymbbBGEJ3090d0  Jows  Rgbse  §odmygbgdaaros
296m3@rsbBo.  m@ogg  go@g0bol  ymI3onBg@H o gosbgo@modgdol  bsgadyger by
wsggbogros  bgdo  pmbbBE 309006 godmygbgdom  Gogmd;  S95mbbs o
S@I5G G5 by I bmgbogrgdol,  obggg  dgbmdol  5dmyz565 by @o@ydaengdomo
Isb39690argdols  d9di0093s,  oSbggg o 39bmiansbGol  qgbosbo Lo gan I
gowobamggdols o boggoary Sarmygdol mg@daao [obs@mds @ggsb bsdbs@smarol
bobgarmdolb  bobsds@mare  9b39GE0b0b  @wobygbol  bogmdygar by R=3.243505, @oi
gobarmgogds  Robymol, @sbool, oo dGodsbgmols s  89Hdsbool  be@dsBoman
Isb39690argdl s  wsbbggo@s dos  ga@mgogmmosbgdols  boddgbgderem  jor@gbydol
Jonbegbydmsb [3]

boggsobdem  bodgzgdo: 96908093976 900  ddgbgdermds, @ 0bs53g9Gmbo,  bsdggbosbo
gowobamgol  qoens,  m@R960560 030 bergro@ydaaro  darem o, M3 P80,
03 fobos@mds,  Jabowsb  bdsay@ dgmefageemds,  go@mosbBaaro  g3o5bg om0 dgds,
JMI09590 0 gmdiangfbo,  doGomswo  boddgbgdener  Jsboangdols  gp006mos,
ddgbgdermdol gy006030000 993945 9@ MSo.

1. FILO3OR0
aobomangdom s Jo@gBmdo gobensgo@m. 1984 (anosb gdydomodo LoddmygJdem s
15ddgbgdgrm m@ysbobsz0gddo. 9339 20 Fgaros gbganddwgebgermd 1sddgbgdbenem go@dsls
3L L, Lobos@geodols Goans®. Lodo@mggeml 0b@gegd@dgseygdo bsgombgdol gHmgbyemo
3960OL ,,bod353gbB0* hgdl Lobgenbg 2014-2020 Fangddo o393 gl bymo 3@ gbdo:
1. sbofymd-dmbmenomydo gowsbydgs — GEU 2014 1838 Y;
2. 5G35@ YO0l 3o 3obo mdmbsobmansizom aswsbymgs —GEU 2019 2016 Y
3. Lobo@ygeodol 3gogero — dowgdygmos ©ogdomo  goslygg@ommgds, Nel4993/2
06.02.2019 §gaoo

4. a@obyaol bowybo InFymbdogmds — Jomgdygmos ©ogdomo gosfygg@omgds
GEU 2019 2023 Y 05.11.2019 {gero
5. dofymdoenmds m®ggbosbo danmgols slsdbo@gdms® — Jowgdyeos o000
oo g39@ 080 9ds, Nel5097/2 30.05.2019 §geno
>0bodbyano 353 9b@gdowsb 3003900 L>do 0 3065893™bols 1>3dgbgdeom
30bLEHOYJ3E0ss, OmIgandoi Fgs ggbosw odmoygbgds 3gbm3gosliBo, o3 oydxmdglgdl
‘dgbmdgddo Lomdml dgbs@bybgdols o dagdosiEygemdbols 300MbgdlL aoMg Jeods@y®o
s bdoy@ologeb godmfggyero bgdmddgogdolsgsb.
dgmmbg o dgbymg  2odmambgds,  amobygmols  Lowebo  dmfgmdommmds® o
»00Fgmdogmds  m@Qgbosbo  danmgols  @obsdbogdmow®,  aswobydgol  Lodgygbosbo

11



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

goagdobs s ggoeols m®ygbosbo danmygdols 0bylE®oygmo dgnmegdomn sIbowgdsls
0mgo@olobgdl.  3dgbgoenmdbdsdo  domo  2o8mygbgdom  boggmmdgdols  sdbowgdoby
0bmygds ©AOM, dzoMgds dOMIomo  sbsboMxgdo, d30MEgds doGomswo  dsboagdols
dg®mbols s 5@IsHY@ols  bodxo. sbggg g3 geBoEool  3odmmbdgddo  dgbmdgddo
9dxmogbgds gbgdamdmTymdogmdgdowsb 25dmdydoggdbyao Lomdml b aopa®oagdols
®993g0odydgeo  Ygbo@bybgdols  dognsblo,  bmam  dag@s@oigrmdon  0]dbgds
3bmgegdols s d9domdols Iyydm go@gdem.

50b0dbygemosb dg@om ofByseydo aobs dmbsbengmdbdol dbodo Jmmbmgboengdgdols
©53dogmgomgdol  boko®mgdoon  3mdgm@@bg  dobgdol  mobsdgodmgg  Bgdbogy®do,
A9dbmmmaoyg®o s bogmggsbmgdgdm  Lodygogdgdols dmfymdogrmdgdom swdg@gols
Loko®mgdoms ©s bbgswsbbgs Bgdbogg®o Losbanggdols gomgosgolifobgdomsg.

3539998 Lodo@BgbBm ©m31dgbRgdmeb mobps@mym  asbdo@mBgdgddo, sa@gmgg hgdl
3ObLHOYJEoge  2oesVyzgBgodo  Losbanggdbmsb  gohmoe  gobbogoyanos  gibmgero
433209350950l sbogrmpoy®  bodOMIgdmob  dgoodgbom  aoblbgoggdyyammbszs @
M®030b50Mds(3.

d39bgdamdsdo gbgdamgngd® o Lodggbs Lo®mymdygs goobydggdol goagdols s
MGBgbs  Mdmobm@modgdygmmo  danmygdols godmygbgdom  mblG®YJaoge  Losbenggdmsb
JOMS  sEagbognos  doMomsw  boddgbgdarm  dobiogngdby  dgBmbls o  s@IoGHPAoby
domnbmgbogrgdol dgdiomgods, Goi dgedEodmgdls 3dgbgoemdbols mgommomgdyagdsl.

obggg  9b9Mam9%9dO M0  bodggbmgsbo  Lodmygadygs  aosbydgol  gogogdom
aooby@ggdols s mAgghs Loggoeng deomizgdom  ggoegdol dmfymdol dgdmbgggsdo
dgbmdgdol gJldenys@oiosdo domgdbobmsobsgg dgbsdbybgdyamo 0bgds d0bgdowsb Lomdmls
3o0bgdols o godgob  bdobgddo  bdoy@ol gy ggemdol  be@ds@Goyao
dohggbgdengdo. oy ®mAOGGhs  Mdmobm@odgdya  bsjgoemg  damggdl  dobgdls  dm@ols
39eagdols Fymdodoi  godmgoygbgdm, d5dob  Ladgbmdam g@moghmmdsdoi  9bdsyg®m
3oMgdm  dgbo@hybogds.  smbodbymo  gbgds  0bgglGmALsE.  Ibmgeoml  dmfobsogg
J3996963d0  dobol  gdbyowggengdls  gdenggom  Lops®sbGom  gogdo,  @mIgmoms
boggydggenbg 399bgdermdols @olidmygemgdols s dgbmdbdol  gJldeygs@oicosdo  dowgdols
d9dgao3 0639LAMM0  gogmgdamos  mogolo bo®xgdom  2sdmslm@ml  asdmgengbogeno
bodg9bgdo.

960030989590 Lodogmdgs poabygol gogrgools o gbgdamgBglhaco Loggeerg
danmygools  3dgbgdamdsdo  godmygbgdom  LOYms  jdogmgogogds  gg@mgsgdo@ols
J399696do dmdJdgeo 153dgbgdeom 3M©9Jlgbom oy 9boao donbmgbgdo
96902m005dbma39amdobyg, 2o@M9dmdiggero dybgdol ggmempyoy® s Ylog@mbmgdsby.

2. 30&00)0R0 65VOK0

hgdl dog® oIy doggdgmo 39bm3@sliGols dgoggbosbo gopsbydgols 3mblE®Myiogdols
2odmyggbgds ddgbgdemdsdo  sofym smompg (erol [ob, boam  0ndmobmero®gdygao
danmygoobs  [3], dmpgosbgdom. ©obgdagsl (ob gdomws dsmo  JmbLE® Yoo ©s
9306m30g9M0  slsdygmgdol,  Lodds@gb@ols s @ggeb  Lodbos@syaol  Lobsds@menm
9J390H0boll s Lbgoms LogJl3gd@dm  woliggbgdo s 0b3gLEmA ool wo®dybgds dom
93005¢gbmdsdo  godmgangbon  G@Aspogoye  jmblEOYJgogee  gowsfyg9@ 0 gdmab
Jgoo@gdom.  assbas®0dgogddo  godmoygbgdmes  0d  Fangdobsmgols  dowgdyeno
3033093 9O o 3md3ggdlgdo. Faogdbmeb gomow domo  Fgdbogydo  dglodgngdenmdgdo
by 9g36m ©s 9g6m obggfgoms. sdo@mdsi Loolgd@oom bsd®mddo gobgobognsg
sbogn  dogomomgdls  mobsdodo  3oMadgB@mgdol  IJmbg  Dgbmdgdols  Bmbmenomy@o

@ 30b5b9Bmbols 3o@goligdol ImFymdobg m@o go®osb@ols dobgogom:
L. LOyer  dmbo@onyg®  FAsooygm  3o@gobl,  dgoagboel @ 3obsdg@mbols

306LEHOYJ30900bogsb,  ©ox3ydbgd el Lado®gganol  gogsby, sdmygeboals  bggdgdby

12



1533G6036(™M-BII603360 JIG6SR0 ,,39T6IdR()dS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING® Ne4(53), 2019

HAYYHO-TEXHUYECKHUM )KYPHAJI«CTPOUTEJBCTBO»
%
2ob0go s a®dogo Moy g gdom. Lo®myedygs goagdbo @ 3obsdg@mboliss, Loljom 18 1d.
dgbmdols 3mbGyabg 39 LI Lobjol ggoagdol sdmygebs gomgomolifobgoymos dg@mbols
daomggdom bmdom 19X19X39 3 domo JmEgemdomno dobs dowmgdygaros 1200 66/833

2. LAy Jmboamonyg® gbghamgngdda® o®gobl, dgoagboml @jobsdg@mbols
306LEHOYJ30900bogsb, o ydbgd el Lado®yggenol  goasby, sdmygeboals  Lggdgdby
aobogo s a@dogo  Goagagdom,  Lodoygamdys  gbgdamgngddg®o  bsdggbmgsbo
aoobydgols R0 gd0m ‘d90 396m3asbEols 39600m. 39w gdols sdmygobs
aomgomolifobgdyaos 17 138 @3obsdg@mbols  gogom Lobjoo 4 13, dgdwgey dolby
s30ygao 13 d LolJol 3gbom3gsbos, jgomgdols sdmygebols gdpgy Fymdol ggeols
‘Jos dbodgby dopa@wgds dogmyoliogsb dmJlmgomo GMddolgd@o doggdo s omgligds
39996®-Jg0dmgobo blbsdmom. dmenosbo Lolijg aodmeols 19 1d.

bobobo 1. dgbmdodo 0dmygbgdbymo s@ds@y@ols 3o jolo mdbmobmeno®gdyao
aoobydgol goanobsmgol, GEU 2019 2016 Y [1]

aooby@gol  goanol  geblE®yJaogmo  sebspmds  3s@gbBol  GEU 2019 Y
»035BO0L oA 3olo Mmdmobmeo®gdymo gogolomngol” dmwgeopasbss dowgdymo (bob.
), bogom boggommg mmggbs damggdols 35@gbBowsb ,,Lobs@yeoadol g90geo0” (bob 2).
bog3o®gbBol d0g® dowgdymos o domo  aoesfygg@omgds. bogdds@gb@do aoblbogros
bogdg Ne15087/2, 30.05.20197. Lods@gb@m Lodogdm godmggengggdoi 94339 ©oldggmgdyaos.

13



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

bobobo 2. ,Lobs@yaodol 390ge0d0” m@B9bmgsbo darmggdom  3goeol dnFymdols
BMo2dgbB0 L 05@oz0l gogos; 2. bggdo; 3. @oygero ob kgdo; 4. 6 33 ©osdgBols
30byg@ologob odbowgdygmo dOHYgEo 3o 3obgdo, dog@Egdosh 05@ozls o Moygerdo ob
90do InFymdogan 2-2 bg@dgendo; 5. @ ggbosbo sbsfymdo dermzgdo — @306569BMmbols Gogos
LobJoon 4 L3 s 39bm3emsliGo LobJom 13 1d; 6. dows IbGowsb s3@Yeo @mIdoligdbdo
Qm@dol dogmygermgsbo dopggdo osdg@@om 1 3d; 7. (39996@-J30dmgobo blbs®omn bognglo

R96o.

Loolg@@oEom  bodOmdobomgols ©o3@mgdBgoge  m@ogg  goMosb@do  dgbmdgdo
LYm@ 90bs dmbsbyamdolos bmdgdom agadsdo 21X34,5 9, asbogo dods@myengdoon 3 dogns
3X7=21 3, a®dogo dodo@mnygangdom bymo dsgno 5X6,9=34,5 3 (bobsbo 3).

14



1533G603B(M-BII603IA0 TIH6OR() ,,39I6IIR(MdS”

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING® Ne4(53), 2019

HAYYHO-TEXHUYECKHUM KYPHAJI«CTPOUTEJIHLCTBO»
T ————————

840360
JMGLAAIIDNIING AI6EIBIMNL LIIMGAIIN bII2): A~ €I4IWI ]
2600
400
1 1s
| 412 ¢ 0 ‘/ﬂ_u | V2050
o 5 T g
Al i A R
I - IR
LR | V.13.90
4-21 —é— g
A-1.4 L DA AN A A w0
& 42 i B g
At d / IR 2
& = é-2 -2 —%— %
=l . / o] 400
3
A-1 1 o R N\ LJ6-1 AL § g o
...... V.0.00
- i w 'é_ §
V.-3.00
3 T A6
bﬂ;l/ g
1000 b 1000
2oo—++-zoo zw—szou m_TJ__m zoo_fl_zoo 200-“—200 . _H_m
5900 6900 6900 6900 6900
0] ® ® ® : ®
[1s]
[ e<namen
I 33€263430 FMGASACIIAN BASY: 3B-1. 0.00, 4.00, 7.30. 1050, 13.90. 17.20 R 2060 umeu?|
wasyenam
g 600 $700 & ioa! !'m.é‘o«" 5700 r»m
v17.20
f[ ............. V1390 g _]8‘
gt = jrw g____J; A—Jr: - o= ®
p AT > g g
'V 0.00
g . 5 o . & g
e L | ]
8 BTT = E= @
- ggzidklels w0 ; w2 L
|I=2 N i || 8 | LV 8
> > ; Il + g g
g
§—J— """"" o f : ;::gxt— """ 245 ------ g#i”*‘@
o { | =t L
1] Ll g ,
g
e S Q__
8= : L B a— ®©
e T, . T = g g
b 1400 §
" _{ 5700 5700 5700 {_ : 5700 5700 |oo0
R U S
zm_TLm m—TLm m-ﬁ—m zoa—ﬂLzoo m_+Lm zoov+Lzoo
6900 6900 8900 6900 8900
0) @ : ® ® ®
[7]

15



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

B
W 2060
v 17.20
i 100 L 100 g = 100 gii ﬂ |mi_ 1 1 100 : ’v 13.90
! ®12 AS00C (1 WV 10.60
() @12 AS00C ! 1 D V10,60
s 8 | = 8 AS00C V730
8 AS00C i bt 7—@ WV 4.00
g D s = i - R L e e SN OO0
s  p— f s‘jrj
NS N N N == RN §t g
— = & s s P 3
S, ®6 Al g e = b 5 r )
=% T4 e 8
SEASOOE / e 3 S ©8 A500C
S S ©6:Ad o e
(7)_@12A500C R NS
Q i G \\ @12 A500C
50/50 50/50, 5050 50j0)
1000 1
100 200 100 200 100 200 100
=] ez
W 20.60
v 17.20
¥ 13.90
()12 A500C W 1060
v 730
¥ 400
Vv _0.00
-
(D)-212A500C_ ,/®
1
30

bob. 2 go@0sb@yan 55bao®M0dgdsd0 2odmygbgdbyamo dgbmdols agads s a®dogo
£@0g00

3MbLAOJaogmo  mgogbsb@obon  dgbmds  aowsfyzgdogos  Gmam@E  ho®dhmligd®-
39800090560 3o@ 3oliger-dmbmeomygdo @30bsdgBmbol Lol@gds dgowo LoGmyaom, dom
dn@ol ghmo Ladmygao dofsdos how®ddsggdyeo. dobo bodsweng 3 3, I Lodmyeols 4 9,
bgos  bymobs 33-33 3. dognosbo  jmbldagJgogmo  Lodoweng 23,5 3, dofolbgos
bofoaols 20,5 3 (bsbsbo 3).

dmdJdgeo Loddgbgdam bem®dgdom [4] Lgoldmdgogamdsby dofolbgos 6 Lodmygesdog
350 3olgemo dgbmdgdols dgdmbgggsdo 8 dognosbo Lgoldymo dgogamdols dJmbg dgbmdgddo
©058OSAdYo g9 agdols yomgomolfobgds syEomgdgao o@ s@ol. sbiggg goMosb@yano
go@gdolols 5@ oMol syEoegdgeo  30dol Yxdgedo dgdogog  godol do@Tgdls o
b5J690%g (obobo, Eboos, sbognmyoyg®gdo 0dbgdosb) obosbodyxgdol wobyYLFdsG

303309 9O e-30bLEAG Y3090 2o5baoM0dgdolols wods@gdom dgdpgao Jmbozgdgdos
aomgoolifobgdygmo:  Lgoldy@mds 8  dogno, Lododdmgdol  bembs 5K64  Lgogools
dobgegon A=0,17 [4]; Jodols bm@ds@oygeo bgdmJdgogds 15 Fanosbo gobdgm@gdsmmdols
3g9Gomwon 60 dg)d/az, 0nmgeol  bags@ol  bo@ds@oygao  os@go®mgs 50 660/82 [5,6],
20960l 3o@gamaos Lbgoldydo mgobgdgdol dobgwgomn II. dgbmdols gydge dowgdyeos
00bboGo 3a96GH0 306mdom Losbyo®0dm Fobswmdom Re=2 30d/LF, Fgbmdols J399 gudgw
0039 §5M05bGHolomgol gFymds @ 30bsbdg@mbols dmbmeomnyg®o gogns LobJom 60 13.

MG0gg  goM05bEdo  dgbmdgdols s domo  Ibowo  gmbLE®YJcogmo  gergdgb@gdol,
AMAmA3  gOmosbo  Loghiomo  LolBgdol gosbyo®modgds ho@ods dgedog (Logyms®o
F0bgd0), ©@OMgdom, bobp@denogow bobdmgerg, mmgmol ©s dm@obmbRsgydo 0,17 g
shdo®gdol (L67 dTF) Jglododol Lgoldnd  bgdmdgogdgdby bgddogocodgdge  ©o
03960 gd e 3mI30Hgd e Jmddegdlby LIRA-SAPR-R3-0l godmygbgdom (obogengm
bobobo 4).

16



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”"BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

3X7=219 5X6,9=34,59

bobobo 4 3m3309HgOY@o gosbyo®odgdols dmwgeno
Losbpaos®odm  Lgdodo  pomgoeolfobgdyamos  dygedogo  ©s @Omgdomo  dmJdgogdols
©oB300mggd0, obggg, ULgoldy®d bgdmJdgwgdgdby 8 dogosb Ugolidyd dgbmdol ULsgymsdo
@bggoll smo gm@don Gmamaiz X obggg Y ©g@dgdols dods@myangdom. sdol dobgogom
godhs  dgbmdols godmgoliol dbowo mbLEOYJogeo  gegdgbBgdol 33gmgdo, B25 senslols
d9Bmbol A240C s AS00C s@do@yde.

30bLAOYJ30geo bobsbgdols dgoygbolisl m@ogg goMosb@do dobbsw wogobsby LggBgool,
a®dogo s aobogo  @oagagdol  3ggmgdols  Ygbo@bybgds, Goms  Aowsbydgol  Gogogdols
30bLAOYJGogmmo  asblbgoggdgmmdols  godm  asdmyggmogoym  dbmeme  s@IoG Aoy
Jmnbmgbogen gdsdo doe§gyao 9406mdos. gbowos ‘d99m3bpoosgo 39 gdols
2obLbgo3909@mdsdoz obodo@mds s@do@ ol bodxols dgdodgos.

0039 goM05bF0Lomgol Lado@ggenols gogools Lolidg 60 Ld-os [18], bggBgool 3gggmo 40X80
13, Goggengdols 40X60 1d. 30Mgge goMosb@do GEOsoEoymo OYwo dmbmonyg®o 33900b
dJmbg goblE® Yoy gagdgbBgddo yopsbydgol goangdols Loldg 18 13d-os, bmeom dgm@y
>  dgbodg  gomosb@gdol  gooby®ggddo  aodmygbgdymo  dmbmmonyg®o @ 3obsdg@mbols
Qo gdo  bodggbmgobos, doMo  @gobsdgBmboliss  Lobjom 5 13, dgo ggbs  FoMdmowagbls
396m3eslAL LolJom 10 L3 s Logsboom 20 1d, bgws gbs ggemeg @gobsdg@mbolss LolJom
5 13, goangddo gmblLEOYJgoygmo Loddgzoag doomfggs 39bm3aslBgdl dm@ols 20-20 LI
dgodo 10 13 Logsbol s 20 LI Lodowarol @30bsbg@mbols bmergdom dgglgdbyero ©s domdo

17



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

howgdagemo s@IsGH@ol go@3golo (bobsbo 1) Lodggbmgsbo po@sbydggdols 3mblE®yJGoygmsw
JO®M05b  Gobos® A0d5gOm0sbgdgdbeno hobs®mgdom, gggmom 10X20 Ld, Gmamai gl sbsfymd
3065093 ™Mbol OYFSbosh Qoangddos. sligmo @30bsdgBmbols hobs@mgdo  Fgbmdol 3o 3oLl
Log@Ezom LobolEglbmob ghmow s5bodgdl Lod@gocgl o bgwol @eubgoby, Ja®omdsl ©s
5dBobyboM05bmdslo(s.

bodx”ggbmgobo gosby®gol ool Loggmedo {mbs dgbmdols 1 82-%3 0Jbgds 0,14X2,5=0,35
(?)/82, bogem bLeOga Gobosbo/yopsby®dgol gogrols — 0,18X2,5=0,45 6/82, 3oblbgoggds momJmls
d30095,  dopa®od 3030y gageo  aoobgo@odgdolomgols  dgg@gdo@ds LG @IS
©5®300mg9dds Lodo®ggamol Gogrsbg mgomlohobm Jgrgagosdwg doggoggsbs, (obogngm bob. 5
©s> 6).

sbofygmdo  @30bsdgBmbols  @AYHSbosbo goangdols  sbogmmpoyg®o  badggbmgsbo
aooby®ggddoiz  Loggmos®o  dywdogo  Loddodol  dogrols  os@godMmggdo  obyo@modwgds
©oygobogo LoliJol dobgogom, GmIgmoi Jgoepgbl 14 13. 1 # godomddy dobo Lsggmso
Fobs 0d6gds 0,14X2,5=0,35 &/32.

AOSoE0YE  goMosbGdo  3mbH@ymo  3gagdols  aslfg®og  ggoagdol  Sdmygebs
aomgoolifobgdbymos dg@mbols d30cg deomizgdom 19X19X39 3. domo dmEyermdomo [mbs
dJomgoyaos 1,2 6/33—%3. od 30@mdom @oageols gom Igd@ Loag@dgbyg ggeeologsb Fmbomo
©5@g0Mmgs dowgdyaos 1X0,4X1,2=0,48 (?)/82.

dgmeg goM0sb@do  9bgMamgn9JHY® mORIbmgsb ggo@ols demydo @ gobsdgBmbol gomg
boFogmols Lolidg 4 bd-os, 39bm3gsldo — 13 1d, bomenm Lsdondsdm ggbs — 2 13 (bob. 2).
bodomdsdml  gomgommolifobgds  oyEoggdgero 5@ o@ol, gobsowsb danmggdom  dgglgdyemo
390gdo3  domdodpgds,  OMamA3  godg,  slggg  dos  dbGowsbsi.  smbodbymowsb
2odmIobotyg Lsggomyg damggdoli @o@godmgs Moagegdol bgwsdomols ghm dg@d® Logobgby
dgopgbl 1X0,045X1X2,2=0,099 @/3, B3 bymxg® bogamgdos dgBmbols dgomggdom sdmygsbogn

390 dby.

bob. 5 B@oozoymo 3odgobo: a@dogo dosgrgdo (N, @) Lado®igeol gognols
bgsdodol bodbyeby dobyl 3 dgB@o, LASGFYM0 ORAGOMZggooliogsb
(I9wdogote®mgdbomo)

b ¢

; : /282 ﬂ

[334 r : 263 "

r : 440 t 260
.|342 f : 410 ‘ i

r : 448 [ ~390

1243 f . Lae ﬂ $
e T ; ‘395 f

\TTYTITTTIT]TII!'--,}s(’o l’E ; ;
= 2

S 5 i
= - |
R

TTT‘TTT'TrTw. =

bob. 6 Lobo@geodol gbgdamgngddudo godgsbo: addogo dogrgdo (N, @)
Lbaodo® ggerols goanols bgessdo®ols bo'dbyanbg dobyl 3 dg@@o, LESGHZYOO
057 30003950Lo5b (IgedogotE®mgbomo)

18



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING*
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

Ne4(53), 2019

3033099@ 9O @0 aomgegbdols ‘dglsdodolmdom ‘dgagbogno 306LEOYJ3oyeo
bobobgdol  UL3gogogo@ogdowsh 1T s I go@osb@gdolomgols  odmg@gdognos

Jomnbmgbgdo d9B™mbby s oIS Y@oDY. xodyMo Lowowggdo dgHobognos 3bGoendo
L
Lo gdbg — d9@mbbgy s 5MI5FMH b Fmmbmgbgdol 9Fgolo go@osb@gdols

dobgogom
3bdogano 1
2 dg@mbo 563o@ M5 33 L = S ) o
3mBboadsoawo 3 S 3Jestio B25 23 ¢ &% 258
9wgdgbado s © P 3wabo Jamabo X380 € 9% 3 &
@ A240 A500c ® «© ®
2 3 4 5 6 7 8 9 10
B10 3@osbolb  dg@mboo
3edsfordgdgwo  ggbol | LILIII Bloggg’fb” - - _ _ _ _
dmfymdo bobjoor 10 LI
dmbogony6o I 504 192 92460 | 92652 - - -
3065093HMbol
Lodotzgamols BOWS
M5B Mol 65339Mgd0m
Ugghgdobs s dofsdo | I 504 192 72265 72457 -1 0 20195
Bow®353909o
300 gd0Lsmz0l
dmbmwom®o -
3065D9¢5B0b b3nHBO I 183 4979 22525 27504 - -
I 183 4979 20945 25924 II-1 0 1580
39603 doegdosh 3X7=21 -
09 s 9Mdog 85¢rgd0sb I 446 13379 60738 74117 - -
5X6,9=34,5 0 obogo o
3®dog0 M0g9gwgdo 3000l
OXOIQOL ©> ogHob 8474
990m3bOM©s3 I 446 13379 52265 65644 II-1 0
30390m56 gPms
2 3 4 5 6 7 8 9 10
dmbmwomn®o
63065093HM™bol  gowgdo I 776,4 1329 10883 110212 - - -
Lboljoo 18 11O
dmbmwom®o
©3000890mb0b gocwgbo | 1y 571,7 26857 64092 | 90949 II- I 204,7 19263
9580 396m3asbBol
3960m Lobidoo 1013
dofjsdo Bo08539090
63065093H™bol 390w gdo
Lsdogzg 3560563380 . ) .
(obr060s Somps | 1 55 68 5082 5150
Lomogol  139GJd0sb
9ODOQ©
dowosbo botxo I 1964,4 19947 289687 309635 - - -
39635L0L dmfjymdsby 2-7
3m%oEogdol  dobgwzom
06039 3560563380
Bdymbol dmdfmGgdmo I 1759,7 45475 214649 260124 II-1 204,7 49915
396 B10  3awsbol
093™mboo 8503




14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

dJomomgds: a®dog ©o gobog Moggengddo dgBmbols dmEyemds  gosbys®odgdyaos dobo
bAgeoo 3ggmom 40X60Ld, dobBol dgdmdboygosg gmdgddo 3ggmgdom 40X50 s 20X5009.
hggbo go@osb@ymo Igo@gbom  do@Momso  aoblbgoggdygmmds  pooby®gols  goangddos.
50bodbyyaols aode  dommgol dgBHmbols JmEyemdgdbo  @opgergdbdo s gmdgddo dgdogogo
Lboowggdo oG JgoOEgds. Aoobymggddo 35G9bBol [2] dobgogom ,,oMds@y@ols o gsbols
05m0bmeEo@gdygmo aoesbydgol goangdobsmgol™ dmenosbo Lobjoo 20 13, dom dm@ol 5-5
13 dobo Jggos s bgws 3obsdgdmbol Boangdol bosfoagdos, 3gbm3asliGols ggbss, LobJom
10 b3 o Lopoby 20-20 3. doo JmGol Jggos ©s bges @3obsdgBmbols 3mblE®MYJ3oyms©
Lodomagdo  aodogdmosbgdgemo  gmdgdos  Logsboo 10-10 13 ©s  Lodswenon 20-20 13,
Sbogmyoy@om @O YEsbosbo goggdobs.  os@bodbymol 2sdm @ 3obodgBmboli gowsby®gols
JoEygemdgddo  dg@mbols  Fogro  Lolijgdo 14 ULd—oo, bmeoem  39bmdansb@ols 613, @3
olAYOEds 353gbB0lL 2 a0dmygbgdols dgdmbgggsdo s@omdgBoggmo aosbas@odgdoms(s.

0o  g3mbmdos  @osRZoMmggdol  dgdi0Mgdolash S@obodbgds  Lado@ggeol  gognsdo
mEgbmbdom 92651,1-72256,6=20194,5 3o, Go3 21,8 301m396G0560 g30b6mT0ss.

3033093 9O YE0  3o5basM0dgdgooesb [omdmwagbogno m@o g@oxgoz o sdmbsdgkwom
bodo®ggenol gogools bgosdo®dby dgg@gdoeno Igedogo s WOMYdoMO  ©SEGOAOMNGI0m
AOsoogmo  3o®gobols s bobs®yaodol  gbg®amgangddydo  goggdom  dgbmdols
03900l dgdmbgggodo, (obogngm  bob. 5 s 6) oLEYA©Ygds hggbo  ImLob@gdgdols
49ddo@0@ gos.

30039e00 3bGoosh sdmgHgdoamo Imbszgdgdols dobgogom dgoagboemos e o y@-
Aglyalygmo bodxmomobggdo woygsbogro bo®yxgdol dobgwgom (Lodo®ggerols  gogos,
do{odo how@doggdyeo ggoegdo,  bggHgoo, oygengdo ©s assby®dgol Qoangdo) ©o
domo  dgs@gbomo sbogobol Lboggydgganbyg dgdmmsegsbgdbymos Gg3mdgbsizogdo dsmo
3odmyggbgdols  ¥300539bmdoby  930masgOmosbgdol  Jmmbmgbgdols  @goaobsiools
dods@mnygan gdom [3].

g0 3o @-@gLy@Lyeno bodxms@®oibggdom oy 9bo@o ©0M9dya gdgo0mo
dohggbgdangdo aygsboano bodxgdol dobgogom dgbmdgdols Loddgbgdanm

BoOMMdos 5975 & abGogoo 2
L53d9bgoM | 396 35L0L 930b6m3os
5 B5393ommd | BoODMMBOL |
Q 2 O AR € C
g 356056 900b bbby gds 0009090 10 2 %-uf%) 2 € o
> 5 5SSO QOO € A8 § ¢
@560 do oto/d? |
I d3000LsOMNY0sbo d9bmdob _
dmbmeomm®o 3oM3sbols 1185,73 198,84 B B
3MbBLEBHMW 30900l IMFymdaby
II 3300LsMMMosbo d9b6mdols
dmbmnwoom®mo  ©306589¢™bol
396 35L0L 3MbLE®wy30mgdols
dmfymdsby Lo dags .
n5obBag0d0  LobsGreodol 1082,57 181,18 II-1 | 103,16 | 8,7
969603 9x39JAHMO0  bsdRgbmgzsbo
239sbwe30l R0EgdoL
259mygbgdom

Lod@mgdBem  gos(390 g0l go®osb@gdol dgoodgds  Ggdbogy@msb  gz3mbmdogy@o
oM gdyegdomo  3md3mbgbGoli  330@s@glimdgdols  goblobmg@omn Fomdmgdl ©oygsbogro
bo@dxgdols dgmmwom, Omdgeno(3 39eolbdmdls Lod@mygJ@m M 3739635300056
Bgbowadgdgaro  3obbpGydaogmo  gegdgbyBadobomgol  Gom-gogeg  dshggbydegsols
o 9bols s dombyg by ganmodsl.



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

h3gbl dogogromdo I 3500560 L@ ge0dmbmenomny®o 0 30bodgBmbols
30bLHOYJE0go0bogsb  Fgoagbogn o@Dy owygbogro  Jmmbmgbgdols  sbogrobom
39B™mbbg o oMIsHYAsby o dgmdg goMosb@oli dobgogom (obogrgm  3bGogoo 1)
‘dgagbogoo o) joeny@-@ 9Lyl yeno bodxmsm®oibggdols dobggom ‘dgodangdo
©ogoliggbom, M3 Lodmymdygs  aowoby®ggddo  9bgmamgngdda®o  ,Lobs®ygaodols
ool aodmygbgds odgrggs  g30bmdosls ddgbgoermdol wo@dgdymgdom  dohggbgdengddo.
dgmeg  goMosbGol  dgdmbggzsdo,  @m@Es LEge  Jmbmwmomgdo  @gobsdg@dmbols
aooby®ggdols hoboigergds Lobo®yaodols dys  39bm3aslBol  gggbosbo  dmbmaomnyy®o
@30b569Bmbon LodmyaTdys 3o@golols sdmygobols wodgdyegds dzodgds 8,7%-0m.

969030989JBM0  Goagdols  2sdmygbgds  5I30MgdlL  Igbmdol  3mbLE @Yoy
9509396390y Loggmod [mbgdlsE, @oi sobobgds 3owggei d9@mboli dmEyemdsls ©s
sOI>FAY@0lL  Jmmnbmgbobyg dobogngdol  ggmbmdoom, oboggm @Ebdoao 1, dog@sd  dyo
Qgbo©  gdoBgos 39bm3@sliGo  Fodmmdbom 4914 P obyy 294 P, Amdenols  dglslygogo
©0® oy gds3 294X75=22050 E5M0S, 533 OOYMRB0MNSO NG b9dm Jdgegdls
0@ 9oy gdom 3Iohggbgoergdby. gOmMd@momdsTdo gogdm 0s@ogls s dg@l, @mIgams
5353000  dyg@MoyodBo@mbols o bdoyg@obopsb ©o@gmmdols dswsgno dohggbgdangdo
aoohbosm.

ombodbyamo  @oliGYdwgds  @ggeb  Lodbodoygaols  Lobgaomdol  Lobosdo@menm
9JL390F0bols gOMmgbyao doygdml LogJldg@@m ©slggbomss. Ladbo®yaol Lodggbmgsbo
goeolomgols 2odmygaggol dgogagdbomn mg@dyeds (obos@mdsd dgoaobs R=3,2 32 3/35¢0,
@53 Yobamggds Robgmol, ©sbool, oo d@o@sbgmols s gg@dsbools bm@ds@osye
36539990 @ mdomlg@gololsdgol (Logds@olos R=2,6 & y/g3580) 930masg6m0sbgdols
153ddgbgdem gmegd@gdols dJmmnbmgbgdls [3].

»bobs®@yganodol  boggoemg  m@dggbs  danmygdol®  asdmygbgds  Mg3mdgbgdygaos
350 3obygamo  Godol dgbmdgddo mgomdbopo g9 gdol ©sbodbymgdom. dolo bmdgdos
51X51 19, gepgds aomg s@do®gdymo deomgols LobJol gogs 4 13 s dolby dog@yeoo
396m3gsl@ol g3gbologsb Loljom 13 1d. Jbsgds Lofs®dm 3odmmbgddoi s 9dygomme
1oddgbgdemm  JmgEsbbys. gomo  denmyzol  odgdygmgds 5 @o®os  Ea-l oMy
oy g60mos Jobo mg@dnmo Fobswmdog R=3.2 8 y/3580. 3gerol 40 13 LolbJol dg@mbols
d3oMg  dgwmggdom  (bmdom  19X19X39  Ld)  sdmygoboenr  3geogdl,  @mdengdogs
bo®doB0ggoom  sdbowgdygmo  gbos  ogml  Abydydo  0bgdEYo  dobogngdolisysb
doEgeemdono dsbom s@oygdgdgl 800 66/83' aoMs bydygdo 3gdeodols, Lodo®mggemls
Lbbgs d9bgd@o0g0 Lodomgdo o6  goshbos, @ol godmi  bods@mggemdo  ©sdbowgdaen
d9BA™mbol  berm3gddo  0bg@OEYe  dobogngdo@  JoMomswsE  25dmoygbgdgh  b@gdls o
390 35b99@  Fool, Gmdgamms dnaygmmdomo {mbgdoi bdodse  swgds@gds 1500(3?)/83,
ddodge s 5O 53dogmBomgol mg®Iygao Fobommdols beo@ds@oyen dohggbgdangdls.

hggbls dogoeomdo  dgols@myeosbo  dgbmds  agadsdo  LFmaggmbs  gm@dobss
bmdgdom a9adsdo 21,4X34,9 3. JoFolbgos 6 Lodmygmol Lodsemengs 20,5 3. 3g®0dg@@o
Jgoeagbl  (214434,9)X2=112,6 a®dog dgBol, ggomgdol GoGmmdo dgbmdols  godyg
306d9@aby  112,6X20,5(h)=23083 &-0s.  dogomomol asbbogngol JoGmdgdom  dogowmm
390@agdol go®mmdo dobo 70%-ols mEgbmdon boam 30% ©ogymdmm  gomgdols s
BobxMgdol  @omdgol.  gbmdols  gmbRy®dbg  Sdmbsygebo  ggoegdol  GoGmmdo o3
‘dgdmbgggodo odbgds 2308,6X0,7=1616 92.

aobgoboansgm 3gegdols Fymdols 2 go@mosb@l:

. 3g9@gdols  3m{ymdolbols 39 LI  Loljol bg@mbols 3Eodg damggdoon  Lokodm
aobogds  1616X0,4=646 R dogygemdols dJmby  dermggdol  dgdgbs, @oi3  dgglodsedgds
646:0,2X0,2X0,4)=40375  @ogo 33009  bdenmgl. denmgol  bmds  19X19X391d-05, dopg@od
2oobyoM0dgdodo doowgds 20X20X401Ld, gobsowsb @omgbmdols wowygbsdo oyaolibdgds
doo [ymdsdo blbosdom dgglgdsc.



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

2.3900e950L  Fymdodo  m®ggbmgsbo @ 3obsdgBmbols  danmgygdol  asdmygbgdolisls
LobJoon 4 13, bemdom S5IX51 LI dobby og@yao 13 I LolbJol 3gbm3amslBol g9bom
gbodgbo 0dbgds 1616:(0,51X0,51)=6213 om0 gogos — dgomgo, @o3 6,5-xg6  bsjangdos
dg®mbols 3300y darmyzgdoll OomEgbmdoby.  ggegdols sdmygebol dgdwgy  Lodmeya-
bodmyger  dops dbGowsb g90gabg 9bos s03@sL @MIdolgdby@o dopg s dgoanglimls
(39996®-Jg0dmgsobo  blbs@omn 20 33 LolJgby. dos dbdowsb ULggdgdl dm@ol. gomyg
Ib@osboi  Lod@mgddm  aopsfyggdomgdgdol  dgbodsdolmdomn  gobswgdo  dodangds
‘dgoengbml ob dm30®39mgl (bobsbo 2).
M®039 3o0M056@ 0 dobgogom ‘dgpgbognos Fomdma gbogn gb®ogndo  Ne2

aobogobgdyao Jowgdyeo dgogygdo.

0 3o @-A9Lyg@dLygao badxms@mdoibggdol dobgogom dgBmbol dzomyg
danmggdoms s 9bgdaymgngddg®o Lobs®ygaodol m@yxgbmgsbo denmyzgbom sdmygsbogno
350 3oLols gdmIbeygosgo 3goegdols Bgdbogyc-93mbmdoggdo dohggbgdengdo

3gbGogno 2
mbmdos
Bodymbob 969603089362 030/ a
= 35B3B8 @b sbisbgargds L0060 3300 o0 T
30PIPRO° R 99 9609 wOo GOMI LobsGvyerodol
0 ™M3900M
0M3900m
1 doffobgs Lo gdoL 560 6 6 6
om©9bmds
2| Bgbodob  paty  3mBOIODY G 1616 1616 1616
50mboYy3560 390000l BoHOMdO
3 3000900l 50my3965%9 somsls
1538969d @™ b5egdsc0ns "l @0 154,46 95,58 -
QOOYRNLIVS &
4 030b6mdozmMo  0oMmgdMEgdOMO RN o) B 58.88 38.11
9893¢0 @sH0
8 G30MM3900 6039w9d0L
3Mdogs0  H0gHgdby  ghm
d9B® Log™Mdgby ) 1,3 0,27 1,03
0,4X2,7(h)X1,2=1,3%/0
0,045X2,7(h)X2,2=0,27&/0

ooz 4 LI gbgdamgngddydo ,,Lobs@geodols danmgyol™  s®dodgdygao danmgols
goaol  Lolidgs, 2,7 3 @opgegdl do@ol  ggoeol  Lodsweng, 39bm3@sligol  Fmbs
dbgggemdsdo 5@ s@ols dowgdyyano.

3b®oando ‘dgygobogro dohggbgdengdols Y39e0 396J@om 307 3d9bogdom
9690309539J3®0  Lobs®ygaodol damggdom  sdmygsbogro  3gomgdols  g3o®s@Ggbmdsdo.
39BA™bol  daom39dmsb, 5do@dmdsz  mAggbosbo  Loggoeg damggdo  Lobganfmogdom
969030959J3G0 L,Lobs@ygaodols 3g9ogeo Logdds@gb@ol dog@m Losg@m@m g gdomss
O53YE0. 53539 ©OML  dompsb  sdmygobogmo  jgo@gdo  dgbmdol  3mblE®YJGoym s
oModboE,  dog@sd  Loodgom  bofogom  a393am0bgds  @mam@ 3 dpadsmdols s
Lgoldmdgegamdol, obggg oag®ogsydds®mdol, Jyhosb bdsy@oli dgywfggomdols @
b0b96do dopamoglbols mdmsiygmmdol dohggbgdegdbomas(s.

3. Ld133636()
aobbognygano Lsgombgdo msobbgge@sdos Lodo@mggerml bsddgbgdarm Lgg@dmdo 2030

Verodeg  bogbmgmgdgar o Lobmpowmgd®og  dgbmdgddo  9bg@aymesdbmygganmdols
Loko@mgdom g30masg@m0sbgdols dmmbmgboms dglsl@ e gdeswe [3].

22




14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

obggg  Loobgob®m-3mblE®ycogmo  goobas®odgdgdoms s sboggdo  mdogddgdols
30bLHOYIGogRo  ©mggdgbHgoom  GoMmosbhgmo  Fgradydol  Logydzomby  ©pobegds
dJodomowo  boddgbgderm  dobogngdols  dg@Hmbols o  s@IsFY@oll  ggmbmdos,  sbiggy
bodgggbmgobo  Aoobydggboms s MmOPIbmgobo  boggoerg  daomggdom oy gdyao
dgbmdgdol  g3mbmBogy® @oMgdygmgdbomo  9B9JAYOMoSE. odogg O™ dgbmdsdo ©s
GO39 b0bgdbdoi  360dgbganmgbo  9Axmdglegds  dagds s mombsobmasiom
dohggbgdangdo, Mo WoEgdomsw S0lobgds IGsgobs@mnymosh Jgbmdgddo Imbsbangmdols
bodgbmdgom  jgmomasb{gmdabg  gbdoyg@m  aoMgdmdo  3bmgdgdol  3o@mdgdols
9bOYbggeymzom.

sbogmoboll  Ygegaow, obggg @ggeb  Lodbs@oygmols  Labgermdols  Lobods@merm
9JU390F0bols  gOmgbyamo  boy@ml  Logdl3g@dm  ©slggbomsi  wo@sliGydmgdyemos
Lodmgedys  bodggbmgobo  aoobydggbols s ®mOFgbmgabo  Loggoerg  danmygdols
aodmgganggol  dggygdom  Jowgdyamo  mg@dygao  Fobommds R=3,232(3/30(?)0, 53
9obamggds Bobgmol, ©sbool, oo dM0FSbgmol s 39Mdobool ggMmmasg@Omosbgdgdols
15ddgbgdeom 30©9JLgdom 05 gb0g beo@do@Gogyan dmbo39dgoL. 9L 30
96903©5dbmyggemmbols JodsGm e gbomn #9besdgbR® Lsgomboo swmoldgds [3,6]

KOBIOOBH IS

1. @935% Lobo@ygeodols Lobganby Logds@gb@ol dogd goigdymo 3s@9bGo GEU 2019
2016 Y ,,003589@0l  3o@3obo  mdmbom@modgdbyamo  asobydgol  gogolomgols,
mndognolio 20197 ;

2.4935b Lobs®yaodols Lobganbyg dmdbowgdyao 3539630 05095000

a0V yg9@0agds, Loddg Ne14993/2 06.02.20197. ,,Lobos@gerodol 3ggeo®,;

3. bogodmggenmls 1>3ddgbgdeom LgJBmado 30dgergo©osbo 2030F g0 odgog

3oLoBoMgdgao ©mbolidogogdogbg®amwsdbmyggmmdstby 969030590m05b9d0ls

dombmgbgdmsb dglodsdolmdsdo dmygsbols dobbom;

b o § 36 0L01-09 ,,lgoldmdgogao 39dgbgdermds™, mdogrolio 2009,

b o § 2.0107-85 ,,0o@g00mggdo s bgdmJdgogdgdo®, dmlzmgo, 1986,

36 01.05.08 ,,loddgbgdanm JanodsGmenmaos™ mdogobo, 20197,

36 01.02.01-08 ,,d9b6mdo-bsp9dmdgdols ¢1dggdo™ mdognobo, 20197,

36 01.02.01-09 ,,6306569@™bols 3mbLE®YJ30960“ mdognolo, 20097,

ddgbgdamdols dgdgxgsligdbganms 3ogdo®o — Lsddgbgdberem @gly@Lgdols gsligdo 2019

Feools IV 3300@ 0ol wmbgbyg, mdoanolo, 2019§;

10. Lobos@xmo@oibgm bo®ds@oggdo, dmbgmgo, 1983§.

A S SR



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”"BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

153336 3MBLAAHIICNISOL 3MA(IY0OIIRIDMIOL FIBILIdO

0. dgeoJody
(LoJodrmggenml @gdbogn®o 9bogg@lodgdo, 3.530LGsgsL 77, 0175 mdogoolio

baJothomggeom)
@9bondy.  bodmmddo  gobboeryaros  Logobsgder  Lodamsiogdol  dgdorbgggs do
bsd'dgbgdene J66EG g J09300 SO bosdgwegsmdols 99935930 990000, 0.
doz99ma0 00 Jodoa@o bsbosools dgbsdare 0g5M07930b d9@98 0@
359mbmsgobnaamgdaao derog@esdysbaggcro bsbogsmem bogmogmgdol gog@egargdols
@oonlbols s bol bygmbo, sbggg Loboggsmer bogomog@gdol gog@igergdol s@goen do
boddgbydarm JO66BG 309500 JG2boob bobgs@obs @0 S0 b0olks
JO6LEGaJ0me0  9e9d9603930L  goboyggm do o f9g0b  wowagbol by bgdo.
[o@dmwagbogros bod'dgbgderem J66EG 09300 S0 bosdgegsmds by
Bo0bgom0d9dobs s Jobo sdsmargdol mmbolidoydgdo.
boggsbdem  bodgggdo: dgbmds-boggdmdgdol  obosg@mbemgds; bogsbsgder  Lodasiogdob
@obyol ds@mgs; bsddgbyderm j006bB@30930; 3@ bosdgwgs mds.

1. ‘dILO3ORRN()
Lo obagdm  LodysiEogdols @olgol dosdmgs ©s g3mbmdogol mdogd@gdols dgbmdos-

652 g0mdoms  @o3MMmyJBgools 3@miEgldo dobo dgdEo@gdols aomgoolfobgds, Logsbygdm
Lo@yoiosdo 53 mdogddgdol LHsdogy@o dgdomdols s dJnbsbagmdols glog@mbmgdols
9bOYbggemymxzols  mgombsb@obom  3dbodgbgarmgsbo  Logombos.  Ladfybodme, bdodos
obgmo Lobols Logobygdm Lo@gsEogdo, @mdwgdoi ©s3o3do0gdygmos daog@osdygsbyogo
60300993960l aoMgdmdo  godmbmsogolyygegdslmsb, o3 mogol dbcog Loddgbgdanm
306LEHOYJ3E0g00L  ge@AmDbosl oho@mgdl s 0393k domo  LogJldgrgs@ocom  gowgdols
d99300955L.  3mAMbosdgogamdol  aoblabrg@ols  dJobbom, 3odgger  @oydo,  bpgds
Jgbodanm  Logobpgdm LogygsEogool dgogasm dgddbogno  Jodoydo bobosmol Lopobygdm
goms®gdols  dgaoligds.  ogo  aueolbdmdl  Lobogomm  Jodog®o  bogmog®gdgdols
253033980900l IoLIGodols s boby@dderogmdbol, sbggg ogomools dggas ©ogngdogno
©53dg5by39e00 Lobogsmm bogmog@gdgdols s domo 0mbgdol Lobgmdols s Gomgbmdols
2oblLob@g@sl. Jodoy®o Logobygdm gomo@dgdols dgxnoligds bogds 30Mabmbodgdols ©s
Jodoyg@o dmbo@m@obyols Imbszgdms dgxg®gdols boggydggm by.

0609JBdg dmbogmebgeo Jdogdo Logsbagom goms®gdols bobosmo ©sdm ogdygaos
o> dbm@me 0dsbg, M9 @mdgano Lobol Japog®dgebysgo bogmogdgdgdoli 33mbG®mam
2odmmogolyR@gdss dmbognmebgemo mdogddbyg, sbggg 03obg, my Gmdgeo Loddgbgdanm
dobogngdos  2odmygbgdygmo  gbmds-boggdmdgdoms  gmblE®YJ3ogddo: - @ommbols,
0 30b5dgBmbols, 3ensl@dobols s o.9.

2. d0000)0R0 65V0OR0)

Loddgbgogm  3mblEAOYJ30g00L  gom@Ombos begds:  Jodoydo, gagdBOmodoygdo s
domJodoy@o bgdmJdggdols ‘g 900 o 030 3ob30MMmdgdaymos dgBogools
0g®dM0b5d0g9y@0 ssdyMsmbom. sGImlggdymmo bgdmJdgwgdol dgogyom go®mbools
LobJo®g dgopagbl 1,6 3I/(F. 2obboggm@gdoon gm@mbool Lohdsgl bowol sy@gbogyao
500960 s saMgbogao bogmog®gdgdol dBg@ol bofogos39b0.

Loddgbgderm 3mblE®YJ30g00L gOMDosIggamdols Jggoligdols ©s dobo sdsmangdols
mmbolidogdgdol @obsbgols dobboom oyEoegdgamos dommgols oa0bogl g3mbmdo s
20doMmne 9oy m3Godogdo  Logdldenys@oGom  gopgdo. bowm, sm®mbosdgogamdols
sdopangdol  mgoglob@obom, LogJldemygs@oEom gowgdol aobdwols dobboom dg@dhgyen
9bos 0dbsl olgmo 989G M0 @mboldogdgdo, GMImgdoi gobsdoMmmdgdgdgb dm@sgydo
(33990L  gogdmsb dodosGmgdom Qobogy®o 3390m0L gowgbol dgdzo@gdsl. 53 Fymboom

1oddgbgdarm 3mblG®YJ30go0 0gmgs Vgdogy XA YRJOS©:

24



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

L. 3mbb@dOYJEogdo, Gmamgdoi  d9domdgb  dJmgeno  LogdLdgogs@ocom  3g@omools
2obdogemdsdo L@ odogoy@o 53 30Mmggd0ls 306 mdgddo. >d ‘dgdmbgggedo,
30b0sdgegamds gobdlsbwg@gaos;

2. 3oblbEOyJEogoo, O®Imgdoi  39domdgh  3gogdoo  (bOPL)  sEGoMMggdols
(B9dbmgmaong®o  306Omdgool  s@SLESd0EYAMdol,  bdodo (330 gdomdols  as3m)
300md9ddo. 53 dgdmnbgggedo, gmblLG®YJ3E0gool  LogJldmagedoEom  gows  swgds@gds
Aadbmemaog@o  dnFymdogmmdgdol  LogJldenygs@ozom  gosl.  gm@mbosdgogamds
3obdbobwg@dgero 5@ s@ol.

3. 3mbbE®YJ30gd0, OMIgeEoms 20dmMYggbgods 05353d0M b0 3063099
A9dbmermaon@  dmfymdoemdgdmsb, Gmdgmms gJldenys@oiool gowgdo dgglodsdgdosh
domo JOMYX JAS© SO 3odmygbgdols 300Mmd9dLs (D> d506900, L@ geroggdo,
dJognasygsboenmds,  glGogowgdo). o3 dgdmbgggedo,  Loddgbgoemem  3mblE®yJicogdo
2obLs 3gmA goygmse Loko®mmgdgh 3m@mMboologeb oigol bmdgbol ao@o@mgdsl.

L53dgbgderem @ommbol 3mblE®yYJEool 3m@Mmbosdgogamdol dggolgds ageolbdmdls:
@ommbols 306LEOYJE00l 306LEOYJEogE-29mIgB@ogeno dobslosmgdengdols
2dm 330 935ls; 3@ bosdggamdols Jobowgdo dgmmwols gdhggols s dols obsdymgdsl;
@ommbols s Lodo®m jo@mboobogeb ©odego bodyomgdols dg@hgge-aoobys®odgosl;
g 00mbols 306LHOYJ30gd0b 3Oboologsb 53300 dobbom 3oLdBoMgdgao
A9dbmmmaoygdo  3GmEgLgdol  s{g@sl;  gmblE®YJ3ogool  ©s  dobo  jmAMboobogsb
53308 5dbobggemo bobsbgdol s Uggdgdols FgJabsls wo  oyEomgdgeo ©m3ydgbdsiools
dmdbopgdsl.

Loddgbgderem  3mblE®YJ30g00L  go@dmbool  bodolbols dggoligdols 3odggen  g@o3l
Fo®dmoagbls  dgbodene  Jodoyg@o  bolosmols  sgo®ogdoomn  2odm{gguemo  sa®gboygano
20@9dmb  3oM0dgBMgool o gbs. 3gMdme, Jodog@ow Lobogsmm ®mdogddgool sgs@ools
Ygogaoe  goMgdmdo  godmymgogo  Lobogsmm  bogmogdgdgdols  gdgogeom gb@@o
MomEgbmdols dobgogom ©a0bwgds, sgs@ools dgogase  [o®dmJdbogro 3omggmswo s
dgmeso @AYol 253039 gdols dooybols 360dgbganmdgdo. bmanm, dob dgdwge, Ao
23obolobegdgds  sgodool  dgogase  Lobogosmm  bogmogdgdol  aog@3gegdol  bmbols
@o0ylgdo, OMamAE  3oMggmewo, sbggg dgmeseo OYdmols dobgogom, Loko@ms
aodmomgs@ml  Lobogomm  bogmog®gdols  aogd3gergdol  bmbol  bOgemo  @swoylbols
db0dgbgermds dgdpgao Rm@OIP@om:

R=Rl+05Rl,

bowo(s R — 3003g@oo s dgm@epo  OYdmagbols  dobggom  goblobwgdymo
Loboggomm bogmog@dgdols gogdi9egdol bmbols Gooylmoysb ywowglo;

R' — 30M3genoo s  dgmAseo  @@gdamols dobgogom  asblabmg®yao  Lobogsmm
603009Mgd0l 25303920 go0l bmbol Gooygbmspysbmagsb 9dizodglo.

Jodoygdo  Lobogosmem  mdogdgdol  ogodool  dgogase  ao®gdmdo  yodmymegogo
Lbobogomnm bogmogdgdols 9J30856096@ 9@ 0 oM bmds, 3003980500 @O gdaols
FomdmJdbols dgdmbgggsdo, aobolsbrmgmgds gm@dyamon:

QOS]S-I =K1.K3.Ksg.K7.Qp,

bogoe dgm@spo o@gdmmol §omdmJdbols dgdmbgggsdo gom@dgeom:

Qugs! = (1-Kp) . Ko . K3. Kq. Ks . Kg . K7. 2o,
9d3 h-d

ooz, K1 ool bobogomm  bogmogdgdols  dgbobgol  3o@mdgdols  3mggnoizogb@o,
9399390 so@gdobomgols K1=1; aombggemgdbymo so@gdolomgols dolo 360dgbganmdgdo

253M0mgen gds Bm@IYeom: Ky = ﬂp_,

ﬂH.\mﬁmrIrm



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

Lo@a(s, Cp—mb(‘]goggo d3db-0l bgge®0omo MmbMGI3o0Mds, 3N/ 38 BP0

AT — 53500539 ©> 535000l dgdegy mbggomo dddb-ols BHgddgaodydoms bbgomds, OC;
AHD(V)F)O);_-]@. — ombggoeo  dITb-0l smAMJmwgdols bggo@omo  Lomdm  sm@onJamgdols

®993905G @0l 300mdgdTo, x/ 3

Ko -  bsbogoom bogmog®gdols 130bogy®o S Jodoydo ngolbgdgools
aobomgogolifobgdgano  3mgnoiogb@o.  dolo  Ibodgbgermdgdo  bmase  dgdmbgggsdo
dgodergds 253m0mgsgml @Iy om:

Ko=8,1-106-P- J/u .

P o@0l 3mgdgee Ggdd3gaodysby bobogomm bogmogdgdol aoxg®gdoygmo oo Jeols
{6935, 3903ban. §y. Lg. 33-Jo;

M— bobogsmem bogmogdgdols dmengigag@o dsbs.

K3 = fq ;
H‘F)rﬂm
ooz Ky o@ol badosbobem  bogmogdgdol  3mbigb@@s@os  (%%-d0), @mdgeoi

bo@dogoy@®  5@IMLBgO@  3odmdgddo 0393 bobdo@domgabo gmenswols ge@mbosls
9JLBOgdoygdo  sa@gboygmo  as®gdmbomgols  owagboao  Lobds®om. (Jspqomomsw,
bo@doga®  5AINbBgOge  300mdgddo  0,2%-1%-05b0  Js@ogdgegs  bobDo@domgsbo
Go@ools Jm@mbosl obegbl LobJo®omn - 24 o 8/wg-©ody);

K603m. — bobogomm bogmog@gdol 3mbi3gb@@sios (%%-To), Gmdgeoi bo@dsgy®
>GHIMbgg@ g 306mdg6do 0{ 3930 bob'do@bomgsabo QM sEols 3MOmbosl
9JLB®gdoygdo sa®glogeo aomgdmbsmgols swagbogno Lobds@oon.

Kg = Jo®ol Lohdodol asdmgoemolifobgdgamo 3mga03096@0:.

Kg — 3d5900b  ggd@ogoeydo  dpa@smdol  bodolbbols  godmgsgmolifobgdgao
30980309630, 0bgg@Lool WML Kg=1, 0bmmng@dool w@ml K5=0.23 @5 3mbggdiool wdmls
Kg =0,08.;

Ke — 30980309630, Omdgmoi ©osdmizogdygeos  sgs@ools  dmbogboosb ol
Omby T1 o Lobogsmm b0gmogmgdol smGmmgdol wOmby T,. dmas T2 < 1 bom-by,
d5d0b Kg so@gds 1-0b @dmeno. Lbgs dgdmbggggddo, dolo 3b0dgbgarmdgdo gobolisbmg@gds
dgdgao Loboo.

T,)%,00gs T, < Ty; T; > 4bo
K, =
T %, 600 Ty > Ty; Ty > 4l
mogols  dbdog, T, - Lobogoomm  bogmoghgbol  sm@mmgdol  boba®daogmds
2obolobrgMgds Bm@dyaon:
h-d
K

T, =

K -K

2 4 7

Losi h wo@gdol bgesdodmby Lobogosmm bogmogmgdols d@ols Lobijgs 3-Fo. GmEglbsi
o000 5dgl Lobogomm  bogmogdgbol Loisgol odygmog  bgosdodbyg  (Jagboggdbg)
0530l R@s©  og@sl, dolo  db0dgbgermds  sowgds  0,05-0L  Geao,  beoao  0d
d98:mbgggodo, MmEglsig 0@gMgds dgdmbgobymo Lsiegowsb, 35dob h=H-0,2 3; Lowss, H
do{og®ogrol Lodswengs d;

K7 = 35960l 3g9d3g@s@g@ol golomgogolifobgdgano 3mgnoi309b@0.

Qo — v35M00l Ygwgao godmn@ddgggmo ob godmaggmo Lobogosmem bogmogdgdols
GomEgbmoss @-do. 0d ‘dgdmbgggedo, 0y ogodos dmbws dgz9ddgeo aobol Loiegdo,
45306 Qg — 2obolsbrgmgds m@Iyaom:



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

QO =d vV,
Los d = Lobogomm bogmogdgdols Lodgg@oggs 6/83;
V = ls@iogol dmEygamdss 39496.9-do.
0d dgdnbgggsodo, Gm@Es sgo®osl saomo o3l gobysygsbogrmdbols dopgolB®og by,

dodob Qg aobolobwg@gds dgdwgao Be@IYom:

QO _ dan*VblE

ﬂHbmﬁmrlrm
bowss, N— bobogsmm bogmogtgdols dybgd®og gobdo 3OM39bG Yo dgdggemds;
Vo — 3obyoygobogmdbol s3@mds@dyd godymygdl dm@ols dmmsogbgdyano Lgdiool
JoEyg@moss 39o6. d-do.
‘dglodanm  Jodoyg@o  bobosmol sgs@ogdom godmfgggemo  ao®gdml  3o®edg@d®gdols
dobgogom ©aobegds sa®Mglboyemdol bodobbo ©s dobgoeb godmdwobodyg sa®gloyao
2o@9dml  dobobomgdgano  gd3oMogmo  3mgR0i3096G0 L,C o  Fobogrols  Losbys®odm

r

Fobommdbols dgdsdi0mgdgemo 3mgn03096@9d0 ¢ . dsmo 360dgbgarmdgdo Fo@Imwygbognos
gbGogols Lobom:

2560900l s53MglomEmdols 53M9L0IEO 3569g0mls 155635608m {fobsnmdols
boMolbo dsbslloomgdgero 099533069090
9930Momo 319980309530 Yd“
37980309630 ,,C“

»db003bgerm© s  LLGo | 0,08 0,95

526M9L0o

L53vOME 53MgLOYIEO 0,18 0,9

96003690m3bs sgMgloriemo 0,3 0,85

dogh s 9du@®mgdscrMo | 0,45 0,8

5269B0vo

300mbools dgegaom gLyl gdgeo g gdgbRgdol  Lod@gogol do@mdol dgdm{dgods
bOygawgds  dmddgoo  bo@dgbol  dobgogom,  gargdgbBol  gobogggmol  IgiEgeoeno
dobobobomgdagdols  gomgogrolifobgdom.  jm@Omboygmo  ©sbosbgdgdol  asmgomolifobgds
bgds  20b0339m0l  Losbps®@odm  godmmdols  dgdzodgdom. o3  dgdmbgggedo,  @mEo
90 9dgb@gdols  aobogggmol  godmo  gm@mbools  godm  dgdzodgdygmos  25%-bg 9o
Lboowm ob domo ggoaol Lolidg gmOmbool dgogaoe odbs 5 93 ob ¢xem oGy,
do0m0  2o0bgoM0dgoolols Losbyo@odem [obosmmdol Lowowg 330M©gds 3m9R03096@) Yd - by
2odM 53 gd0m.

30OMb0sdggamds  sdmgoegdyammos  3mblE®@yJaogmo g gdgb@oli  gobogggmols
39M3gBM0sby Bm®Isbg s 2obolobrg@gds  gm@mbosdgogamdols  3mgno3E0gbEom,
g0 odmomngengds BmOIYEom

B =A/0,383+«P=2,6/K,

bowo A gangdgb@gools gobogggomol godmos;

P - sg@gbogan ao0gdmbmsb 3mb@od@omgdomo aoboigggmol 3g@0dg@®o;

0,383 - 3oAO®Mbosdgogymdols  3mgn03ogbdo 8 3d-00bo  Loljol  ggombemgsbols
33900bsmgols;

K., - 3mombooll Jgogase  gobogggmol  ggmoagdols  godmgomolifobgdgemo  oby
256033900l Bm@Iol Jngrosbmdols 3mggnoE0gbdo.

3063093 Yo,  mobsdo®o  gm@mboygmo  (33gmol  dgdmbgggsdo,  gergdgbBgdols
Losbao®odm 3060339000l GoOmo Aodmomgargds Bm@dyaom

A=(1 —K_ = A") * A,,



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING*
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

bogag,s

4y

9 996G g0l

aomgoolifobgdols ot gdy;

3ob0339m0ls

ROAMOS

Ne4(53), 2019

3MOmbogeo

obosbgools

Ksa— 560339006 g3e@dols dmgwosbmdols 3mgxnoEogbdo 3ggmol go®mols dobgogm, dolo

dbodgbgermds

Amos

53®gloge

350 gdmbmsb

3063 oJBomgdowo

3ob0339mols

39M039A@0l Job Ro@nmob Bodemdols; 3ymbmgsbgdolbomgol ogo sowgds - 2/t-0ls Fmeno.
ho3gBoeo 3Gmxgomgdolomngol - 1/6 dggangdgdo s m@Gglgddgdobomgols - 4/(t + d) (t ws d
5>@0l Jglodsdolo@ modmml s ggeaol Lolijggdo.)

3MOmbogeo
Fobo@mdols dmdgbGo godmomgagds ge@dyeom:
W:[:l - sz * ﬂ*) * WD >
oo Wy — 9a09d9b@9d0l aobogggmoli Fobs@wmdbols dmdgb@os 3m@mboymo ©sbosbgdols
2omgo@olifobgools ao®gdy;

(3390

‘dgdmbgggedo,

92 999bGgdols

boobyo®odm

Ksw — aobogggmol  ggem@dols  dognosbmdols  3mgxnozogb@o

dmdgbBol dobgogom. dobo

db0dgbgermdgdo 3bGoaodo dgBsbognos

3ob0339m0ls

33900L  obs@wmdols

939096900 | Ksw,x Ksw,y mOGLYOO0 | Ksw,x | Ksw,y
12 0,29 0,27 20 0,26 0,24
14 0,28 0,26 22 0,25 0,23
16 0,27 0,25 24 0,24 0,21
16a 0,25 0,24 27 0,23 0,20
18 0,26 0,25 27a 0,22 0,20
20 0,25 0,24 30 0,22 0,20
22 0,24 0,23 30a 0,21 0,19
24 0,23 0,22 36 0,18 0,16
27 0,22 0,20 40 0,17 0,15
30 0,21 0,19 50 0,15 0,13
36 0,18 0,17 60 0,13 0,10
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390bmgsbgdo) m@IbGogo jmAmbools dgdmbgggsdo, Goeos - 4/2. 4 - gangdgBol LolbJol
‘dgd0mgools  Lopowgs, G®dgeoi  Gmeos  gangdgBol  go@mbosdpg s go@mbools
g3 mdo Lolgms Lbgomdobes.

boposw, Jnamboymo 3ggms godmomgangds gddo@oyemo go@dymon 47= C+ 77,
oo T - gmblE®ydiaool Logdldameygs@oGom gomss s 0bmdgds Fangddo; C s n=1/3 -
sp@gboygao  ao@gdml  dobslbomgdgamo  gddoGoygmo  3mgR0309bGgdos. 0d  dgdmbgggsdo,
AmEs 36mbogos 3J®O®MDbool d0dEobs@gmdol Losbas®odm Lobdomyg, jm@Omboyao 339m
05b30M0dgds Go@IY@om

A =T+, *a,

oo T Loddgbgdanm 3mbl@®ydizool gJlidmmygs@oiool gowss Fangddo; V- go@mbools
Losbas®odm  Lohomg, /TY; a- jobldegdaool gobogggomol 3m@mbosdy@dbmdgamdols
309%803096¢0. Jolo dbodgbgermdgdo dmygsboaos 3b@oando.

33900L O —
B> 7\ T L — JL
o 1,75 2,1 2,1-2,3 2,7 3,1 3,5




14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

30OMbool  bosbyo@odm  Lobdodg (V) bobdo®dopmgobo  gymensgbdolsmgols
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16.42 2.08 0.12
24.72 0.52 0.01
1 (ock Z) 1 (09g®do Z)
11.11 0.18 0.03
13.43 0.39 0.03
16.42 1.45 0.09
24.54 1.34 0.03
2+ (ock Y)2+ (009®doY)
8.36 0.24 0.06
10.19 0.17 0.03
13.43 0.39 0.03

5Jbgemgeoma®sds 1+

o

o

-
-

sBhdatgds, [8/G0%]
o

-

0.01 { - | 1
15 2 25 3 35
@6, [§3]
bob. 14. Lado@gggenols gdmo oJbgan ghmy@sdols dogsomo
Lodo® gganols doJLodsg o Gbggols 3OS0 gd0ls Sd3g0 03 o

oM 9a0LEHM0Mgdgeos 1,04 33 Lobdomgby wo dgoeagbl 0,7 Jog@mdgd@l, Go@ bogergdos
bpgdyga dohggbgdgm by wowygbogo MgaasdgbBom 1 dog@mdgd@by.

bado®ggenol  obds®gdgemo  @bggol  doJlodogogdo  Lopowg  ©o@gaob@®mo®gdyemos
16,6633 Lobdodmgby o dgowygbls 2,61 88/\72, 653 bogamgdos brgdyan  dohggbgdge by
1099/§2.

dopomomobmgol,  domgdygeo  L3gdd®o,  UL3gddma®sds o oJlgemg@my@sds
390G0gom@o  @bgggdols  s@bbg 5 Ubgs ULododgganols  bobhggbgdos byd 14, 15,16
‘dgbodsdolo.

x 100 LIGASm SEFogro F-5-0bL 30DHMIBJ>Mm3d)dolL L3niHmado

e L L L L

B e

5

s

% Brzcrmero

> SRPGHPYBO  |-meremmmemremeend
7]

m

Q 2F-----

0 5 10 15 20 25 30 35 40 45
Lob3oéy, [Hz)
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Bob. 15. PM 9-0b Lsdo® 330l 396M@&035¢16M0 61953060900l b3gdGHeo Z 5 sGbby

666

L>3Mdom >Eoemo 9-5-0L Z0dHMIBRF>GHJBJBOL L3IJ]HHMEGHAS

514

tm, [§3]

171

R R TP < i i R it
5383crod s, [8/597%] x 107
Bob. 16. PM 9-0b 1sd0o6 339000l 39603560 ©95J300L b3gdGOHmacmados Z 5 sObby

m_— L53mT>m OO 9-5-0b Z0dGMIBI>GIBIBOL LIIOHGMFGHSI>
1] |

BB Jovcssisusovs frsvisissnasniguorvisansviviguisoyisyssyon SR Y

=
e
o)
A
&
]
-
S
w
o=
3
w
P! LS. (NS WS S A ]
1 1 1 1
'00%03 1005 m0m 11015 102 105
otm, [§9]

Bob. 17. Loddsm saoo 9-0b Z LsdoMm3zgeols  39MGH035¢wMH0 MHY3900L SJLgEgmMmams 2
00. @O0l 9goergdo dg-5 sGbDBY.

d9-9  Lodydom  saomol  badodggenol  god@sgogmo  godmgganggol  dgoge 900
‘dgBobogos 3bGogn 7 — Do.
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gb®ogro 7. 3g-9 Lodydom  segogls Z Lodo®ggeools 3903035 9M0  Abgggdols
doJLodog o shfo®gds 5 o@bby

LbobdoMy, 391mFoo 530G, | T390 ST3EOGHYIY, 2390053500905, 10-
Hz 10-%9/02 10-°9/? %0/

d9-9  Lodydom  saomol  Lododygmolbomgol  @ogoJlodws  dgdpgao  dpgmdsmgmds.
ohdomgdol  doJbodogny@o  sI3oByes X ©@g@dol  dodo@mymgdom  Log@dbmdensw
5393 90L @ohJo@mgdols dsJlods@y® sd3mod sl wgMdol dododmmygagdom (ob. bsb 18).
332093900l Abgengeomdolols ogm dgdmmsgsbgds, @md Jmzgdygeo g89]d0 3odm§ggyeros
@gbmbsbliol aodmlobgomn 16,67 33 Lobdodglmsb sbanml, @si3 dgglodsdgods d@sgsls 1000
6&/Fo. Y @g@dols dodo@mygangdon  Lado®gganol  0bg@ool  3mdgbdo  dg@os, gowdyg
0bgA ool dmdgbBo X @g@dol Jods@mygargbom. s@bodbymo  0bg®Eools  ImIghEgdols
2oblbgoggdol 2odm Ggbmbsblio 0339mgds dbmerme g@mo dods@nyen gdsdo.

1wg?

w? v

—_—
t
i

W

10?

; LA

w* + . + + } wt + + + —- + +
a s 10 15 2 25 30 33 ° s 10 15 20 23 30 as

23

Q
w

E
E
|

sBJs6igds, [8/507]
sBJs6igDs, [8/507]
|
L

w* ¢

+

Lobdo6y, [Hz] Lobdo6g. [Hz]
) @)
Bob. 18. 39-9 Lodxdom 50Ol LodoM3Zeol 3MOHODBMbESMEO sBJo0gdgd0L b3gdBHMo X
©9Mdob (5) s Y 09gMdol (3) 303600

RTeMIS xtractors@ma®sdol dgdggmdom dgbdygamws gJb3g®0dgb@yeno dmpasgy@o
obo@obo 39-9 Lodydom swyomol Lado®ggerolmgol, Gol dgogaswsi yodmgeobes, G™3
bodo@ gganol Loggmedo @bgggdol Lobdodg Y wg@dols dodo@myegboon dgoagbl 16,443,
bogoe X ©@g@dol  dods@mnygangdoon - 10,87333. dowmgdygards  dgogagods  @ossli@Gyes
goMoyo  sd3moyeols 16,67 33 Lobdodglomsb ssbarmgdygemo mdsggol dobgbo.

&bggol Lsbg X ®mgGIols ©bgzol bbby Y @y®dol
808s>60> 10,87 Hz 80ds>6G0o> 16,44 Hz

-~

Bob. 19. 89-9 Loddom 500l bsdoM 3300l MHHY39d0L BMMIGdO
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3380939095 ohggbs dgdwgao. Goasboi Lofomdm dwgdbo@gmdl Jogrsdol Lobwgmgddo,
Jg9degdgemos bmyog@mo ©mbol godMsiEoobash s gomgdml bgdmJdgogdolysb ©oige.
30dM5300l dgdog 30mI3mbgb@dL Jdbosh LEsEombs®ymo Fysmmgdo - dhsggdo, Gyddmgdo,
> bofo@dml Lbgs dmfymdoanmdgdo, sbenmdwgdstyg mbdogd@gdo. goddsEool (330a0gdo©
boFogols Jdboob sOSLGsE0mbsGymo Fyodmgdo - Jogsol G@SbL3m®E0 ©s Lofs@dmls
AOSbL3ME0. L3gJBOma®sdaby (gm. 20) bohggbgdos 3sbygbo [gdEogndo 3g-5-9 Lodydom
s 0o bado@®ggaol, dmdgamoi RoJlodwgdmes 10 Fymols yobdsgenmdsdo.

632

474

=
=
]
€
&
158
0
=y - : 1
1.5 2 25 35
583¢crodmes, [8/537] x 10'4
Bob. 20. 89-5 LsBMTom 5Ol Z BdoM33WOL  39MHEH03XMEMO M175d300L B3gGOMYMds 5
sMb%by

3obmdgol dmgao @OMol dobdognbyg, godmdobgdols aolabmd [gd@oaTdo 0dymezgds
sd3mo@ ol mfoggs 16,67 33 ©o 253 (3 Lobdomgby. mydis, sdmpgbody smgyero
Fodol  aobdogermdodo, @m@Es  gom®d3yglol g gnsbdo  Josammgdbwbyb  FH®obL3mAEL
9®04oL, b3gJd®do ogoJlodws @bggol s33mo@ ol mdoxgs bsd Lobdodgbyg, Lowss
Jomomgdbygao  mdsggs  seg  o@  dgobodbgoms s sA3oB s woxkolo®gdyeno
0Joxgol s@dmhbos 0sbsbmdopo @bggol sd3e@o@yslimsb LEsEombs®ygamo Fys®mgdols
b9dmJdgegdolsl.  sdagodo®, o9 doGomso @AMl  dobdognbg  Lado®ggenols @Gbggols
35M5d9BMgdo  0dymagds olisdggd bm®dgddo, 35Tdob bmpoghmo Amol  dmbsgggmdo
bado®ggenol  3mbl@®ygdzosby  dglodengdgemos  dJmbwgli  bgdmddgogds, @mdaoligebsi
ombodbyands  30M5dgBMgdds  glodangdganos  go@osdo®omb  @olodggd  bodbyml. gL
d0ob0dbgdls 0dobyg, M3 Lodo®3ggebg osbofymdo godos@myeo bgalisoFym dglodan gdgemos
odmhbegl  Fybosbo  oby  w@ofybgdymo.  sbgmo  LoGys@ogdol  yodmbsdoibowe
‘dglodgn gdogmos 35dmYggbgodyeo 0gbslbs Lodo@ 3gemols @bggols 3o65d9BMgools
LbEo@gombosgnyy®o  dmboGm@obyols Lol@gds.  dmfygmdogmdols  sFymdolols  Lodod ggarols
@bggol 30M0dgBMgdol yosdgdgool dgdmbgggedo, LolBgdsd dgbodengdganos yowslgl
Lo obaodm (3bmds m3g@sGm@L.
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4,

1.

2.

3. Rd14336J40)

999J09M0 0bLHOYIgbGo, GmIgaoi Lsdgomgdsl odanggs Jmbogl mdogd@ob
‘dglobgd 0bxgm@dszool  0bFga®Momgds, s@ols 0bgm®dsiogeo Jnwgmodgds.

. d9993oggoge0os Loddgbgdanm 3MbLE MY J30gd0L dembo@m@obyols

3033 gJby@o Aa9dbmanmyos, OmIganog ‘dgoogl: 0bgm@®Is> 30y
dogemomgosl, by dmwgemo®gdsl, gJl3gmodgbd e Jmpomy®d sbogmobl ©s
Lbgs  Loddgbgdenm  3mblE@ydiogdols 9JL39M03gbF gm0 wobsdogy®o
sbogrobols dgmmegdls.

‘4999 doggdgeos  3OMAMsd o  Jmeyeo, GO®Mdgeoi  Lodygomgdsl  odenggs
020l oo mdogddgdol by  Bmpgegdo  ANSYS-do  0bgm®dsiogeno

dogangdols Loggyydggen by,

35Mdmboggdol  0©9bF0%0 35300 gy gdyaos  5gBmIsGy® G ggoddo.

000963 093035300L  aobbogygao  Igmmeo gosbbm@ 09 gdbyaos 3G MMSdYero
9 9bggergme0m.

aobbognyamos  aossaoagdgdol  dowgbdols  Lodo  dgmmeo  ohfedgdols
3obmdggdols dgga9o0l  dobgogom:  m@dspo  0bFga®odgdol  dgmmeo,
L39O y@o  dgmnmo, Jodsbol  Gom@E@o. yggaes o3 Igmmels >3l
dbpaoglo @emdommgds, dog@sd 13gd@®ogydo dgmmeol  godmygbgds RGM
do™B0g0s ©> M9303gbwgdaaos 9JL39M0dgbE 0o dmbs(399960L
©5d9doggoologols.

SYITCHATORTOXI DN

J. Bakhtadze, M.Tsikarishvili. Fiber Optic Sensor for Oblaining Unrestored Omprint.
Conference proceedings ISFOC-93, Boston, 1993 pp. 328-332.

Y. melashvili, G. lagundaridze, M. Tsikarishvili. Controled structures with
Elektromechanikal and Fiber-Optikacal Sensors. “Nova Scilnce Publishers”, Boston,
2009, 250 pp.
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LBHIB03IAOR I@33J30 HI@HMIL F(M6BHSTOL 156303RISH(MSOL
000)30R0OLV 06380 3MBLBEIIGO0L R6JOSIR 3RDMISMIMdS>DHI

B. 35do@9s, ©. BddSGSIY, ©. Kobys@STgomo
(LoJodmggemml @gdboggdo gboggdlodgdo, Lsgs@mggemem, 0160, mdognolo, 3.
30LEgsL 77)

©39b02989. bBoBosdo [omdmwagboaros @,30653950m60b bBsdogamoe 9598 bo@ber do
dozbsgo  ddgbBgool  gobbs brgms  sagd0l  msbdodwgg@mdolbs s MG M0l
©@IROIGIS309306 gomgomolb[fobgdom. 30385030l ©9909@ds;0960b gomgogroliffobgds
bpgds  g.f.  wodggargdol  mgom@mool  boggmdyger by, Go@gobo  @065395mb0k
J6EGaJ;0930b5m50b 9L mge@os by gmgbow s@ols dobbyaaro.

boggobder boBgggdo: LBoBogams@ 9@5950 bo@be; (3093550035 ©@5d99er930L m90G05;
308900b m5bdodpgammds; @0R9G9b;05a @m0 856G mergdgdol Loldgds.

1. ‘AILO3OR0
030b5bgBmbols LGOI M 3393 ho®hmdo odsdyero Jymds®gmdols dgigeosl
(3M™Egombols  dmgengbols godm  0fgg3l dobo  Losbyo®odm  Ugdol dgigers @ gzo0-
dgolydo  ggnm@dszool  Jowgdol  dgdwgy.  Losbyomodm  Ujgdol  sbgmo  3genoggdols
aomgoeolifobgds  dglodangdgemos  ho@hml  oggdol  mobdodwggdmdbols  dbgoggermdsdo
dJomgdom, @slsi gdwgbgds dgdmmsgobgdyemo LEsE0o.

2. d0®00)d5R0 65VORKR0

53g0do  bAsGogg@o 9033930 ho®hml dmb@sgols g@m-gdmo  go3@039e0gdgeo  dgmnmeo
damdomgmols dgdegado: xg® bgds ©asMgdol hodog®gds Lsdo®gggendo bolidow, beagoe
‘d9dgy — @oagerols Imb@ogo. o3 @AML Moggaols mMogg degm mogolyResw (Lobltmgbow)
M0l oydEbmdogno  asMgdby @mdagdbys  Inddgogdl  @opgeols  Logyme®o  Fmbe,
@mdgeooi 0fg93L dom dg3xddgel (bob. 1). gdpgy brgds Goggmol m@ogg deoml bob@sw
‘39453900905 aM9dmob s M@ Loydgbby mogolygmsw dogbs®y gmdo go®wso]dbgds
ho@bml @oggams@ (bob. 2). @@mol t=0 dJmdgbFobosmgol Goggeols mogls s dmgmdo
dogbsgo dmdgb@gdo byanols Gmaos. ao@3397eo @Ml asbgmol dgdwgy, ®oygendo
(3ME3PMO0L  gBMAIS309d0l Asbgomsmgdol godm dol moglbs s dmgrmTo swodg@gds
dmdgb@o, OmIgamoi [omdmswaygbl @m0l gybjiosl. 53 Jmdgb@Gol aoblobwgms bogds
bEAoG0gYMo© 9033930 Ho@hml Losbas®odm Lgdom, mmmbe bws gogyeolbdmm, @md

od  Ugdsdo  H, @godaos s m,  @gojgoymo  dmdgbBo  Fomdmowygbgh @m0l
396J3090L (bob. 3).

I i

e Ja g( TR T,

bob. 1 bob. 2
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Alz /.q 7,11
R A N N N
Ll vl

6ob. 3

bLOygmo  ©gum@dsEos (M33oemMd0l  Jmgegbols yomgoolfobgdom s wodggangdols
0 ge@ools 353mygbgdom asdmolobgds:

de, (1) = de(t) + e()dp(t) , (1)
boogs
o) =9, (1-e") @
oMol 3m@Egoemdol  dobsbosmgdgano  @@EMolL t  dmdgb@Golomgol, ¢, — 3MEgdEM0L
doboboomgdenols Lodbmenmem (t = o -bomgol) d60dgbgermds [12]. (2) gm@dygmsTo dgdogogoo
d908030 Looggdo ¢, ©s B aobolsbwgtgds dglsdsdolo 36mdomgdowasb [3].

(1) gobdmangdols Logyand by dogrms JgmmEol 3obmbogn®o asb@mengds bsb. 3-b
dOOGHMEY B99gIe by dogo JOOEob 4 JAO0 3obHmwy J
Fomdmwy gbogno Losbyo®modm gdobomgols doowgdls Lobgls:

S5, X (1) + 8, X, (1) -dg (1) + 5,,dX, (1) + 5, X, (1) -do(t) = (A, - A, )do(t)
' (€)

21 1

6,dX (1) + 6, X (1) -do(t)+5,,dX (1) +5,, X, (t)-de(t) = (A, —AZRB)d(o(t)

boo3 6, oMol H, =1 dognol dogd godmfggyeo goposyoggds H,  dognols
dodo@mnygagdom; >0l m, =1 3dmdgbBol dogd asdm{ggygmo gooseyomgds H

12 B

dognols d0doGm e gdsby (s@gbodbmm, G®I 5, =15, ); §,, @0l m, =1 JmdgbGol Jog®
3odm(gggmo dmd@gbgds m, ImdgbBols Jododmymgdoby; A, s@ol gl ©osGgoGmgobogob
3odm{gggmo  go@oseyomgds  H,  dogol dodo@mgmabom; A, - ql  ©@s@AZoGmgoloyob

séols R, =ql/2

dogolisgob godmfggnmo gowoswpomgds H,  dogrols dodo@mygegdom; A, - R, = ql/2

odm{gggeo  Jmbdb@bgdols jymbg m, dmdgb@ols Jodo@myergdoby; A

1Rg

dogologob 2odm{gggeo dmddbgdol ggmbg m, dmdgb@ols Jods@mnyyan gdsby.
3584mm  39-3)  LobEgdol aobBmenrgdgdo de(t)-bg o gOmbobs  3mgn03096G9d0
25306 0bmm g@hboa gdls go@go:

(dX (1) ) (dX,(t) )
o, + X (1) |+, + X, (1) :AquAlR
kdqo(t) J qu)(t) J ’
4)
(dxl()+x()\+§ (dXZ(t)+ (t)\:A s
21L d(p(t) 1 J 22 d(p(t) 2 J 2q 2Rg
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o3 935boLgbgeols aoeoTyggBom gobolsbrmgdgdosh X (1) s X, (1) @AMl Gs0dy
25M 33990 360dgbgermdolomgol ws dgdwgy Ioybogo Jmdgb@gdo ho@hml as®gdls s

G0y ge0 do.

Logobygdme  9bps 5@0bodbml, @M (4) ©oxgdgbios@my® asb@dmamgdsms  Loli@gds
Fgodengds  2o©530435bmm  ao@gggmo  Labol  [Ogog  o@ygddygm  asb@megdoms
Lol gdodo, @mIamol  aosfyggde uOM  Jo@B0gos. @AMl t =« -Lomgol a39]b9d>

p(t) =9, ©> (4) LobEgds doowgdl Lobgls:

(1)
S X (D) +8,X, (1) = (A, AlRB)Llf WJ
e
%)
(1)
5, X (1) +68,,X,(t) = (A, 7AZRB)L17 “’k)
e

dgBmbols  3mEgomdol  WgRMAs30g00L  gomgoolfobgdol  dgaslgbol  dobbom
hoBods  gOmdogrosbo s gOmbo@mymosbo  ho@bml  aoobpo®odgds  oygdols
056303 g3mdol  gomgoolifobgdom. hHo@hml  3s@sdg@B@gdos: 1=8d; h =303 q=2036/d;
p, =05 (ob. bob. 4). bob. 1-bg (oddmeygbognr  damds@gmdon ho@hml  @oygero
Fomdmowagbl Mm@ Logdogbby dwgdsdyg LHsGogg®o @339350 3mdl (bob. 5, o), @mdgols

Bodliodomado dombsgo mdgbios M {'—J_ R, L0 160 468 (ob. Bob. 52). dombogo
2 8

2

B

2
dmdgb@gdols 930996950 ho@bhmTo (3M3E3PMb0L 3omgoeolifobgdols 3o09dg
Foddmopagbogmos bob. 6. o-bg, bmerem 3m3350Mmd0lL ©IRM@Is30go0l domgsaolifobgdom
— bob. 6. &-bg. @mam®3 UJgdgdbby Fomdmpagbogno dgogagdo ag0hggbgdl, dom dm@ols
aoblbgoggds d60dgbgenmgsbos.

— i q =20 46/3

Buawr ey Ml’HHU :
X =20 46/3 __,%

B by —_—
< t( o805 R=8046
A Ha=X4(t) TB 3) . 160 46-3
Me=Xa(!) w g /
RBZSOJS
bob. 4 bsb. 5
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90 dE'K\_}\ /1// 90 46-9
o)
70 46-3 /f
45 463 45 46:

126,5 369 \\_|@ 126,5 36-9

4) 34 369

17,5 46-3 7,5 468
bob. 6
3. R51336S

5b0dbygemo ho®dhml aosbas®0dgdsd ggohggbs, GmI dsJlbodsenyy@o dmdgbBo Goggeols
dogndo  oowgds, GmEglsi 030 MA03g dmmmno bsblOmgbs s@ol  ©s3o3d0®gdyano
©aMg0msb (bob. 5, &). doJlodogoydo doybsgo dmdgbBgoos Logtwgbgdby — Gmeglsg
g30mgoe0lf0bgdm 3mEgoEmdl ©gRMOIS309L (bob. 6, b). sdoFmd, @mwalsi ho@bmls
dob@ogo  d0dobs@gmdl  LEs@osdo  Foddmwagboao Fgbom, oyEomgdbmmsw  doygohbos
dobo 2o0bao®modgods bob. 5, o-bg o bob. 4-bg sbosbyeo gdgdols boggydgga by.

KOBIHOBH IS

1. Kmupus I'.B. Onpenenenune ycwiumii B KOMOWHHPOBAHHBIX KOHCTPYKIHMSX C Y4YE€TOM
nedopmanmii momydectu 6erona. Coodmenust AH I'CCP, T. XXVIII, Ne 3, 1962. c. 72-76.
2. Bemroackuit M.4.. CripaBounuk 1o Beiciield maremaruke. M3a. «Haykay, 1964.

3. DIN 4227. Berlin, 1953. p. 115.
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Hccaenosanue, MeToaoM rosiorpadpuyecko uureppepoMeTpruu, COBMECTHOM
PadoTHI cJI0eB ABYXCJIOMHBIX TenJ103(¢PeKTUBHBIX U3/1eJUid TPH MPUI0KEHNH
BHEIIHUX CHJI M TEMIIEPATYPHbIX BO3ACHCTBHUSX.

B.B Jloaanze, 3.1. Kapymua3se,

(I'py3unckuii Texunueckuit Yuausepcurer, yi. M. Kocrasa 77, 0175, Tounucu, I'py3us)
I'.B. Jlonamze (“KNAUF gips Thilisi”), A.T". Jlonagze (Craxep I'TY, Tounmcn)
Peztome. B cmpoumenvcmee, naubonee 2uepeopeccypcocoepecaiomumMu  ACUTUWHBIMU U
2PAdANCOAHCKUMU  COOPYIHCEHUAMU AGNAIOMCA 30AHUS C MENN0IPPEKMUSHBIMU  02PAACOAIOUUMU
KOHCmMpYKyuamu. B bonvuuncmee ciyuaes, makue KOHCMPYKYUU U320MAGIUBAIOMCA CLOUCTbIMU,
cocmoswue u3 HeCywux u meniou3onAYUOHHbIX cioes. Takoe couemanue 31eMeHmo8 CKa3bléaemcs
8 cneyuguxe pabomol KOHCMPYKYUll NpU OOHOBPEMEHHOM B030€UCMEUU HA HUX BHEUWHUX CUTL U
KAUMamu4eckux @Gaxkmopos. HM3yuenue pasiudnblMu Memooamu NnoeeoeHus MHO2OCIOUHbIX
KOHCMPYKYULl 6 npoyecce JKCNIyamayuu, HO360IAI0M YMOUYHUMb Memoovl pacuiema U
mexHon02uueckue napamempul ux uzeomoenenus. Cospemennas uccie008amenbCekas annapamypa
no3eossaem 0ecKOHMAKMHbIMU Memooamu Onpeoeisims No8eOeHUue MHO20CIOUHBIX INEeMEHMO8 6
WUPOKOM OUANA30HEe CUNOBbIX U MeMnepamypHvlx eozoelicmeuu. K maxum memooam omuocumcs
Jazepuas eonoepaguueckas uxmepgepomempus. Imum MemoooM, 6 npeoiazaemou pabome,
UCce008ano nogedenue 0opazyos U3 08YXClOUHbIX NOPU30BAHHBIX bemoHHblX uzderuu ([IIH1) npu

CMAamuyecKoM HA2PYACeHUU U MeMNepamypHoM 6030eUcmeul.
Kniouegwie cnoga: zonocpagpuueckas unmepghepomempus, ogyxciovinvie uz0enus, nopus08aHHblll
OemoH.

1. BBegenmue

[Ipumenenue Meroza ronorpaduyeckoil HHTepHepoMeTpun I u3ydeHus gedopManuii 6eToHa
[1, 2] umeeT B CpaBHEHHUH C JPYTHMHU METOJAMH TO IIPEHMYIECTBO, YTO ABJAACH OECKOHTAKTHBIM
MeTOZIOM, TT03BOJIZET Ha OoJlee paHHeM dTare (GUKCHPOBATh CTPYKTYPHbIE U3MeHEeHUA B GeTOHe.

B mpoBeZeHHOM MCCIeOBAHUH, PETHCTPAIUA TOJIOTPaMM PaGOThI JBYXCIOMHBIX ITOPU30BAHHBIX
Geronnbix wusgenuit (JIIM) mpu oxumaroomell Harpyske U TeMIIEpaTypHOM BO3[EICTBUH,
IIPOU3BOAMIIACE 110 rosorpaduueckoit cxeme Jletita [1, 3]. B akcnepumenTe, mis rosorpadguaecKux
HCCIIeOBaHUM, HCIIOIB30BaNCA Teaui-HeoHOBHIH sazep JII-215 mommocteio 50 MBr, mammoit
BostHBI u3nrydeHus 0,6328 mwm.

Perucrpanma m ¢ukcanusa romorpabrdeckux mHTepdeporpaMM, B IIpoIecce SKCIIEPUMEHTa,
IIPOM3BOZMIACH BBICOKOpaspemamomumu rosorpadpudeckumu poromnacruakamu [1OT- 0,3.

2. OcHOBHaf 4acTh

Uccneposanucy o6pasusr  ([IIM) cranpaprHoro pasmepa 4x4x16 c¢m, cocrosmue u3
tertonsonanuonHoro (T) u xorcTpykuuonHoro (K) cimoes. B xagectse T ci1os ciry>Xut s9enCTHIH
6eroH, B kauecTBe K c108 — IOpM30BaHHBIN OETOH IIOTHOH CTPYKTypbl. OGpa3ubl M3rOTaBINBAIKChH
METOZOM BHUOPOPACCIOEHUs efUHOM GEeTOHHOM CMecH, cozeprKalieil KOMIIOHEeHThI 06enx cioes [4,
5]. CooTHourenue tonmuH cnoeB coctaBmsmo 1:K = 1:1. MakcumanbHas KPYIHOCTh (ppakiiuii
3aII0THUTE I GeTOHA IUIOTHOM CTPYKTYPhI COCTaBIsIa 5 MM.

Mertopyka usydyeHus coBMecTHOH paboTsl cioes [IIIM, mpu cxxuMaromei Harpyske, 3aK/II04aIach
B ciexyiomeM. VcmsITyemblit oOpaser 3arpy’kajucsi IO CXeMe LeHTPaJbHO — CKAaTOTO JJIeMeHTa B
3arpy304YHOM IIpHCIOcoGieHuH, cM. Puc. 1-a. 3arpy3ouHoe npucnocoOneHne ¢ 00pa3oM KpemuTcs
Ha ToJIoTpadUIecKOl yCTAHOBKE M SIBIIIETCS 00BEKTOM B Tosorpadudeckoit cxeme Jleiira.

[Tony4yenue romorpadudyecknx HHTEp(EpPOrpaMM OCYIIECTBISUIOCH IBOMHBIM SKCIIOHHPOBAHUEM IO

cxeme Jleiita. OOpaszery 3arpyxkaincs Harpy3kod P, (kKoTopas, OOBIYHO, MEHBIIE HArpy3KH
TPEIINHOOOPA30BaHMs) U MPOU3BOIUIIOCH MIEPBOE SKCIIOHUPOBAHNUE, 3aTeM K 00pa3Ily IMPHKIIAIbIBaIaCh
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Harpy3ka AP U NpOU3BOJWIOCH BTOPOE SKCIIOHMPOBAHHE HA TOM € rojiorpaduueckoM HOCHUTENEe
(poromnactunke). Ilocme 3aMeHbl  (QOTOMIACTHMHKH MPOLECC MMOJNYyYEHUs Tosorpaduyeckux
uHTep(eporpaMM MpPOIOIDKAJICA CO CTYNEHYATHIM MOBBIIIEHHEM HArpy3kd 10 TOJHOTO pa3pyLICHHS
obpasma.

W3yuenue BO3neHCTBUS TeMIepaTypbl Ha COBMECTHYIO paboTy CJI0€B MPOBOAMIIOCH ONpEIeIIEHUEM
TEMIEpaTypHBIX TEepeMelIeHHH Ha TMOBepXHOCTH oOpasma. OOpasen  ycTaHaBIMBalICA Ha
rojorpauyecKoil ycTaHOBKE U 3arpy’kajcs Mo Cxeme MMOKa3aHHOM Ha puc. 1-a, yeM UMHUTHPOBAJACh
paboTa ABYXCIOWMHOTO AJIEMEHTa, HAlpUMEp, CTCHOBOW IMMaHeNn B COOpyXeHuH. Harpyska cocramisiia
P,-3,2 xI'c / em® (pasmeprocTs KI'c / cM? 371eCh HCIIONB30BAHA ISl TOYHOCTH SKCIIEPHMEHTA, BBHY
MaJIbIX BEJIMYMH HArpy30K, NMPHUKIAABIBAEMbIX MO CTYNEHSM K 00pas3ily B XOJA€ HCCIel0BaHMHN). JTa
Harpy3Kka Mrpaja Tak)Ke pojib HadaJbHOM “00)KMMarolieii”, yMEHbIIAoIeH BIUIHUE MUKPOAEC(PEKTOB
CTPYKTYpPbl Ha pe3yjibTaTbl JKCIIEPUMEHTa. TemmepaTypHOe BO3/EHCTBHE Ha HCIBITYeMblH oOpaser
IIPOU3BOAYIIOCH C IIOMOIIBIO 3JIEKTPOHATPEeBATEIBHBIX DJIEMEHTOB.

HarpesBarexpHBIH 3JIEMEHT YCTAHABINBAJICS BIUIOTHYIO K 3aJJaHHOMY TOpLly 00pa3la Ha pacCTOSHUU
1...2 MM OT MOBEpXHOCTH. TemmepaTypy HarpeBaTeJbHOIO JIEMEHTa PEryJupoBalld PeOCTaTOM. ITO
MO3BOJISUIO TOJIy4aTh TAaKyl0 CKOPOCTh HarpeBa IOBEPXHOCTH 0Opaslia, NMpU  KOTOPOH, BO BpeMs
IKCIIOHUPOBAHUs, TEMIepaTypa MOBEPXHOCTH OcCTaBajach IOCTOSIHHON. Temmneparypy HM3Mepsid Ha
nepesHeM OOKOBOM Tople o0paslia ¢ MOMOLIBK TepMopesucTopa ¢ TouHocTbio 10 0,1°C. Cxema
UCTIBITAaHUS TpuUBeJeHa Ha puc. 1- 6. ['onorpaduueckue uHTEpdeporpaMMbl HOIydaad JIABOHHBIM
IKCIOHUpPOBaHUEM. [Ipy epBoM SKCIIOHUPOBAHUY NTOBEPXHOCTH CJIOEB HarpeBallCh 10 TEMIEPATYpPhl £
OC, satem Temmepatypy yBemmunBanu Ha At °C ¥ NIPOM3BOMIM BTOPOE IKCIIOHUPOBAHHE.

B xone skcmepuMeHTOB, nedopManil MOBEPXHOCTH OOpaslloB H3Yy4YAIHUCh 10 CMEIIEHUSM
3apaHee NPOHYMEPOBAaHHBIX TOYEK HA IOBEPXHOCTH CJIOEB OeToHa M MO OOpa3oBaHHBIM Ha
HCCIIEyeMOH MOBEPXHOCTH OUEPTAHUAM U30JMHUN. Hymepanuu u pacnosnoxkeHue To4eK PUBEACHbI Ha
puc. 1-a nl-e.

Ha pHcC. 2-a n2-e6 IIpUBEAEHBI I/IHTep(l)EPOI‘PaMMBI O6P33HOB, TIIOJTy49€HHbIE IIPKU PA3IMIHBIX
ypoBHAX Harpy:xeHud. HambGompmwuii mHTepec IpeACTaB/ANa CpeJHAS 4YacTh, CBOOOZHAA OT
OIIOPHOTO CTeCHEHUA JedopMaliuii.

Ha puc. 3-a u 3—- ¢ moKa3aHbl CMELICHUS TOYEK IMOBEpXHOCTH cioeB obpasua JIIN B

HanpaBiieHu X ¥ Z (B TUIOCKOCTH HOPMaJbHOW K BEPTHKAIBHOM, MPOJOJBHOW OCH 00pasma), Mo
JNEHCTBHEM CKUMAIOILEH HArpy3KHu.
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Puc. 1- a. Cxema 3arpy>xeHus 00pasIoB IIpU UCCIeOBAaHUY JedOopMaIui
T u K cnoeB MeTozmom ronorpadpudeckoit uHTEpHepoMeTpun
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Puc. 1-6. Cxema wmcmbITaHHA OOpa3sLOB IIPU HCCIEZOBAaHUM TeMII€PaTypPHBIX

nepememenuii T u K cioes meromom ronorpadudeckoit uHTEpdepoMeTpun

Puc. 2—-a. Harpyska P= Po + AP
P = (21,06 + 0,69) xI'c/car?

Puc. 2— 6. Harpyska P= Po + AP

P =(21,75 = 0,69) xI'c/cas?

Puc. 2-@ wu 2- 6. Vutepdeporpanmmer odpazmor I (cpemmeii =actH oOpaszma.
CBOOOZHOH OT OIIOPHOIO CTeCHEHHA AedOpPMAIIHii) IPH PANIHIHBIX YPOBHAX HAaIPYKEHHA,
IPH HCIBITAHHH Ha IIPOJOIEHO-CKHMAOIIYVIO KPATKOEPEMEHHO IIPHIOKEHHVIO HATPY3KY
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Puc. 3 — a. I'papux cmeurenus Touek Ha noBepxuoctu T u K cioes o6pasia

B 3aBHCHMOCTH OT BO3pacTalolleii 10 CTyIIeHAM CXKMMalolleil Harpy3Ku
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Puc. 3 - 6. Ilepememenne Touek HaOIIOAeHNA B INIOCKOCTA HOPMaJIBHOMH
K BepTHUKAJIBHOI Oocu oOpasia

W3yuenune monydeHHBIX HHTEpdeporpamm U jaedopmanuii oOpa3loB TOJ HArpy3Koi
MOKAa3aJIM, YTO BIUIOTH JIO Pa3pyIICHHs — pa3apoOJIeHrs OMIOPHOTO CeUeHus1, oOpasel paboTaeT Kak
€IMHOE 11eJI0e, PACCIIOEHUE OTCYTCTBYET, CJIOU pabOTat0T COBMECTHO.

Ha puc. 4, 5 u 6 npusezens! mHTepdeporpammsr obpasunos JIIW mpu pasmuanbIx
YPOBHAX HarpeBa IIOBEPXHOCTHM CJOE€B B IIepUOZ UCCIeNOBaHUA ZedopMauuil  OT

TeMIIepPaTyPHOIO BO3Z,eHCTBHA.
TpaHHIIA CIOEB

)
=

- @ ®

Puc. 4 — a. VIeTepdeporpasnia Puc. 4 — 6. VIeTepdeporpasmia obpasia
obpasia IIpH pasHOCTH TeMIIepaTyp B IIpH pasHOCTH Temmeparyp B 1,5 °C
1°C MexAy SKCIIOZHIIHAMH MEXIY SKCIIO3HITHAMH

Puc.4—-a 14— 6. HuTepdeporparmisr cpegHeli 9acTH obpazuoe JI1H Ha HavansHOH
CTaZHH Harpesa

56



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

TrpaHHIIA CIIOEB

Puc. 5 — a. Uarepdeporparma obpasua Puc. 5 — 6. MuTepdeporparna obpasua

IIpH HarpeBe ero MOBEepXHOCTH IO 25 oC. IIpH HArpeee ero IMOBepXHOCTH xo 35 °oC.

Paznocts Temmeparyp 1 °C mexay Pasrocts Temmeparyp 2 °C mexay
SRCHOsEEGE (25 9C+1.9C) sxcrozumuazH (35°C = 2°C)
Puc.5-a@ 1 5 - 6. IeTepdeporparmer odpazuor 1M mpi Harpeee IIOBEPXHOCTEH

mo Tenmepatyp 25 ... 35 °C.

TpaHHIIA CTIO0EB

@ ° HapylIeHHe KOHTaKTa
MEXIY CAOAMH

Puc. 6 — @. urepdeporpayxmaa obpasua Puc. 6 — 6. Flurepdeporpaynsa oSpasua
IIpu Harpeee ero moeepxurocTH x0 45 °C. TIpH Harpese ero moeepxsocTH zo 54 °C.

Pasrocts Tenmepatyp 0,5 °C mexzay Pasumocts Texmreparyp 0,5 °C mexay

skcmosummsm (45 °C = 0,5 °C ) sxcmosammamu (54 °C = 0,5 °C)

Puc. 6 — @ 1 6 — 6. HEuTepdeporparnier odpaznoe JIIM npu Harpeee IIOBEPXHOCTEH IO
Tenmrepartypsr 45 ... 54 °C
Ha puc. 7, rpadmuecku moxasaHbl CMellleHUs TOUeK HabmiozeHus Ha mosepxHoct 1T u K

CJI0eB U Ha TpaHHIle MEeXAY CJIOAMU, B 3aBUCUMOCTU OT TeMIIepaTyphl HarpeBaHUs TOBEPXHOCTU
cnoes. IlpuBenennsie Ha puc. 4, 5 u 6 uHTepbeporpaMMsI 1 IIpUBeleHHbIe Ha PUC. 7 ITepeMeIleHI
TOYeK IIOKA3BIBAIOT, YTO IIPH TEMIIepaTypax ImoBepxHocTeit coes 1o 35 °C, o6pasusr JIIN paboratoT
6e3 HapyuIeHVs KOHTaKTa MeXxny cinosmu. Ceeure xxe 35 °C (cm. puc. 5 -6, 6 —a u 6 — 6), cyns no
n3IoMaM HHTepdeporpaMM, HaOIIOJAeTCAd HapylleHHe KOHTAaKTa MEeXJy CJIOSMHU. DTO TOBOPHUT O
HEO6XO,ZLI/IMOCTI/I IIpUHATHUA CII€IMaJIbHBIX MEpP, HallpHMEp CBHBefI, AJId O6eCHe‘IEHI/IH HaJde>XXHOoTro
KOHTaKTa MeXJy CJIOAMM B cilaydae dkciutyatanuu usgenuit us [IIIM B ycmoBuAX HOBBIMIEHHBIX
TeMmIiepaTyp. 4To Kacaercs medopMaluii OT[eTbHBIX CI0€B IO/ HAarPy3KOH U IIPU TeMIIepaTypPHBIX
BO3zeiicTBUAX, TO Zedopmaruu K cios npeBocxozaT medopmaryu T €108 1 KOHTaKTHO 30HBL.
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Puc.7—a. Hepe)ieu:exﬂm TO4YeK HabIoIeHHda Ha IIOBEPXHOCTH 4'576" ., 9"-npu t =54.5°C
T uK croeeH Ha IrpaHHIlE MEXIY CTOAMH B 3aBHCHMOCTH OT E InocKkocry HopMOe MOl
TeMIIEPaTypPhl HarPEBAaHHA CIIOEB ~ f‘gg’é’;’;,"" Syotocd
Puc.7-6

Puc . 7. cmemenna Touek HabIIOAEHNA HAa IIOBEPXHOCTH OOPA3I[0OB U MEX/Y CIOAMU B

3dBHCHMOCTH OT TEMIIEPATYPbI X HAI'PEBAHUA
kcn Y4€CTb, 9TO IIPH PABHOMEPHOM HAI'PeBE CIOEB 0eTOHAa B HUX BO3HUKAIOT HallpsKeHud,

06YyCIOBIEHHbIE Pa3InureM K03(h(UIINEeHTOB TEIIOBOTO PACUIMPEHUs Pa3HOPOLHBIX COCTABIIAIOMUX
Marepuajga WIN JeTald, TO O4YepTaHWe IIONYyYeHHBIX M30JHMHUN IIOKa3blBaeT HAIIpaBlIeHUE U
oYepTaHUe JBIDKEHUS TEIIOBOTO ITIOTOKA ITpU HarpeBe cyioeB 6erona JIIIN.

B ciydae xe ¢ mpunoxenuem Ha [IITV] BepTHUKaIbHO CXKHMAIOLIEil HATPY3KH, TO OYepTaHUe U
HallpaBJIeHUe ITOJyYeHHbBIX U30JIUHHUH 3aBUCUT OT MOZYJIA YIIPyTrocTu MaTepuasa cioes [QITH.

3. 3akmoueHue
ITpoBemenHsIMU HCCTemoBaHUAMU Ha oOpasmax JIIIM mokasaHO, YTO ABYyXCJIOWHBIE OeTOHHBIE
Teno3(deKTUBHbIe H3/eNNA JOCTATOYHO HAJeKHO, 0e3 paccaoeHHs pabOTAaoOT IIPU CKUMAOIIedH
HarpysKe B KJIMMaTH4eCKux ycaoBusax o Temmepatyp 35 °C. IIpu sKCILUTyaTallMOHHBIX YCIOBUAX C
Temmeparypoii cBeimre 35 °C, B Ipoliecce M3TOTOBJIEHUSA [IBYXCIOWHBIX H3JeNIUNA HEOOGXOZMMO
HCIIO/Ib30BaHUe CIeIMaTbHBIX CBA3ell MeXY CIOAMHU.
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bgeed30m0 bdo@oe 3m@mboygms sbosbydyaos.

sbgm  dgdmbgggsdo  gangdgbBgdols  3ggmols  35@odgBdgol  goblobmgdogl  ob
©m39dgbBoios ob gmenswol Lobijg. gl byogs bdodow ob dgydargdganos, ob aoshbos
J300g  sadommds  (m3ydgb@oEool  s@s@lgdmds). my  LaddmgJhm  w©miydgbdsios
bgandolofgomdos sbogrobolbsmgol, Lodogdgero 3oM5dgB®gdol aoblobwg@mols sendsmmds
YBO® Joogros.

09 3mblbE®Mmydzogdo gl gdygamos 39 gmgdolsgsb, sdImEobols  goslod@gensw
53080 9dgE0 0 LodEsdgbdgdols sOlgdmds s  obobo  9bws  gglodedgdmwbygb
300Mg0gdol sdbogdol 3g@omel.

dgbmdgdol  a0dmygergggdol o g@o@@sls s bm®ds@oggddo  dgodangds
d908b3gl Mg3039besi0s  3m@Mboygmo  ©sbs oMy gdols dgosmgbomo dgxslbgdol oGodo
dgmmwols dgbobgd. dobo s@OLo dEgdo®gmdl 3m@mboygmo sbosbgdol Lowowobs ©s
30OMbool 3OmEYJBgdol bgosdomols LobJol asblsbwg®msdo.

sbgmo  bgdbo  s@sboboms  dgdpgao  dobgbgdols  godm.  gomeol  Logyydgeosw
bogo@ogome  omgangds ol godBo, Gmd  3mdmbools 30mEY]Hgdl  aoohbosm  ygOMm
bogergdo L0dggMogyg, oMy obosbgdygm  @ommbgdl. dglodgrms  gogo@oygwmm, @md
3O0OMbogmo  oboobgdol  Lodggmogg  ybps  ogml  3-xg®  dEodg  gmeoswols
L0dggM03gbmob  go@gdom.  mydzs  aobmdgol  dgwgagdol  dobgogom, Lbgswslibgs
609JBg0bg gOMbool 3OmEydBgdol Lodgg@oggms dgxns®Mgds 033 gds ©0s35bmbdo
2.1+2.6.

smbodbyano B30 gdgmgds  dgodmgds  gogodsmogomm  0dom, @md  bgosdo@dby
Bo@Agdols o Ladsghm bogggmgdol s@lgdmdomn gm@mboygao 3@mwyddgdol Lolidg 3-
g0 5@gdo@gds  @ommbols sbosbgdym @gbsl. mydiEs LYmego odsdo dpymds®gmdls
000d0 dgmmols godmyygbgdemdols dgmeg dobgbo.

30OMbool 3OmEYJ@gdol Lodggmogg ©sdmgogdymmos bbgssbbgs goBm@gdoby. dom
25b939mgbgds  sa@gboygmo  ao@gdm: 0d  dog@mmaysbobdgbol  s@Lgdmds, @M@ gdogs
Fo®dmoeagbgb 3o@omobo@dmmgol ws Lbge.

LEo@ools  og3@m@gdo  s@ogtmbgen  bgogdmebgb  gOmo  Godol  3mbLE®yJioyero
90 9d96@gdols 330039000l 25blbgoggdyamo  LEA®yYJ@dg®ol  3m@mbools 3GmYJBgdb.
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dogogomsE,  gOm-gam  dgbmdsdo  JmOmboygmo  gobygol  Lodig@ogg, swdmhgbogno
Loy@egbols  Lgg@dgool ggoagdbg, g@Omdsbgmobogeb d33gmdo  as5blbgogogdmes.  sdols
Jobgbo 3o omgmgdbmes  @AY_moligdyg®o  oadmggds  sa®mgdol  Fymdbdodo.  0dogg
dgbmdols bbgs dmbsiggmgddbyg 3o go@Omboymo 4580890k ]bygao® bofomo 3o «xsddo
5.00+7.00 33 gemaswols Loldgdo (Ly®. 5).

L@, 5. ,,8396m3560” 30OMbogeo bogobyo, swgdgeo dgbmdols bggBgdol dod by

SdM000, 9bes 530bodbmm, M3 oModo dgmmeo dgodagds aodmgoyggbmo dbmeme od
d9d:0bggggddo, 09 godmbool 3GMmEY]Egdo a®MmgEgds LAY goOmboyge 3g@omwdo
©s o0 0fdobpgds [o®ImJIbol seaogdowsb. @os bgosdo®gdols dgdmbgggsdo (Lggdgdo,
@0mnmbols bgsdo®gdo), dgygdengdgaos godmbogmo 3Omey]@gdol xsdg@o Lodjzg@ogols
3obLobwg®e.

0B gAo@®@sdo  gobygbogrgga  jogy g0 3OMdagdo  omgmgds  asdmmgengdols
F9098900L Fodmdmwagbs (godmbobgs).

sOlgdmdl  dgdegao  goMosb@gdo: sdlmmodyg®o goOmgyegdo (39, 339); 3o 3gE00
90 9dg6@gd0l 33900l LolbJol 3Gm3gbRgddo  (memmgdo, ggoagdo); dmgeo  3ggmols
BoOmmdoll  30m3gb@gddo.  ©m3ydgb@dgddo  Slsbymo  sgo@oygeo  3®o@gMoydgdo
aodmobobgds 4339m0l Bo®mmdol 30m3gb@gddo  ©s  (339ms  obolobwgdgds @Oy
Ro@MMdols bgssdo®ols 25 %-om.

bgsdo®ygmo  asdmmgegdol  Iglobdyagdmosm  s@sbsgds®obos  3ggmols  godmmdols
sbogodpaol  dglobgd  0bgm@dsizools  Jmbs.  sbgmo  0bgm@dszos  Lsgds@obos  ©owo
Bo®Omol  3Jmbg  3mblAOYJ3ool  3m@mbools asblsbwgmolomgol; dop®ed Ikoem s

dobdogo  geblg®ydEogdol  goblsbmg@olomgols  syEoggdgamos  gggmol  yggeos
92093963 0L aodo®oBgools  (mo®m, 3gegeo, gymnbggdo)  mwbs.  yggas  gergdgb@ols
9Ombso@o  Lol{@sgom  go@mboobols  ©obsgadygdol  Lowowg odbgds  g@mbso®o

sdbm@o@y®o  bowowobs (3d), msb o3 @AMl 3GMEgbymo 3ggms  gombso®o 0dbgds
dbogmo 0d gagdgb@gdobomgol, Omdegdlsi dJmboomn gOmbsodo Lsfyolo Loldg.

L0gM 3000 Aobanoygdosb Aodmdobodyg, saMgmgg SpyMglboymo yo®gdmbs s gggmol
A030bgob  godmdobodyg 33900l bofogngdols  (339ms  goblibgoggdyao  odbgds.  mydis
JBg9®ol, bglRols s Lbbgs  @oJdm@gdol  aomgogolifobgbomn  dg@oe  ©sbosbrgds
bgsdo®ol bgos gg9bgd0.

3. R5L3360

bOygmymgzomo  Jgmmeema@mmgools  dgddbs  gm@mboygmo  (339000L  obowygbow
Lodygoemgdols  dmag3Egdl  Loo@mgganml  Bg@odm@osby  aobmsggdoygmo  ddsgsmo
Lo{o®dmb, Bg00msd{ggdl (3md@9ddo, Ggmdobogngdbyg, 3dgbgdemmdoby, Lofs@dmgddo wo
>.4d) 5 dogoliogbgdl, Lowo(s dbogw 3MbLEA®YJ30gdo© 35dmMYggbgdyeos
@0mnMbimblE®y]3ogdo o Pddogeglo domaobo  spgogmos  aolgeo  Loygybol  dys
Fangddo, gogboby@daogmm  gJld@gs@ocool  gows, o3 o  g3mbmdogd  989]BL

dmpag39dL.
SYITOHOBIOYI (UM

L. 3. (odododgogno, &. o0dgosdy.  gbmdo-bopagdmdgdols  ©obosbgdols  ©osgabmboge.
ndogolbo, ,,G9J603960 9bogg@Lodg@o*, 2009 §. ag. 104-122;

2. CHull 2.03.11-85. 3ammTa cTpOUTENBHBIX KOHCTPYKITHH OT Kopo3uu. — M.: "Crpoum3gat"., 1985;

3. P. Konakot. /lnarHoctuka nmospexacHun. — M.: "Mup"., 1989, ¢. 329-374.
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aV356J 33J6JdRMdIS0 IS IIIS IR0 35Rd3BIM300)
. 3obosbo, 0. Lgobodg, J Jm@dos, b. gHobmsgo
(LoJodmggemml @gdboggdo 9boggdlodgdo, Lsgs@mggmm, 0160, mdognolo, 3.
30ULEgsL 77)

@9b0ondy:  bBoBosdo  gobbogramemos  sbogno L, dfgsby  ddgbydermdol”  dybsbyd,
d9dbzdadadacmo  boGo g dmbobo  go@oba@gom,  dgdmmsgs bgdaaros  dgbmdol
JO66BEGaJz0ma00 S@[19@0, d96d0b BIJb0 - 90960m0,5 G0 deonbegbgdo,
JiOrmgondoe  bygms  boddybgdarm  dsbsargdobasb  @odbswydaaro  dbowo
JO66EGJ30980, 9163 9535300l 30GMmE930 S g30@mSBglbeIds.

boggsobdem  Lodgggdo: Ifgoby bobengdo, jo@psbo, Loboldyg, @gam@dscos, boddgoeg
SO bamgo.

1. JLO3OR0
JoensJddgbgdamds  LoJodmggarml o  Jogsdgdolomgol LY@sgs@  gomomogds;

Joensdgddo hbpgds sbosgo obsbagdymo 9dbgdo, GmIgmoi geodsbglbo dgbmdgdom

SO0l 20bodgbosbgdymo;  aod(gobgdyemo  gbmgdom,  L3mOFyYo,  bogdggoolomgols

23ob3gmgboao  Lomsdsdm dmgebgdoon s IMsgogo Lbgs. ao®s aoMgabymse @sdsbo

goliogdolbs, ‘dogo 063 g®0gM9d03 ‘dglobodbogo >@ols 0539395 gd g0,
300mgJBHodgdolols gomgs@olfobgdgemmos sbkogro I(gsbg Lobangdobsmgols  Lsob@gmglie
30m39Lgdo, dmdobs@gms 3mIBmAOR Yo 3bmgagdols Yb@Ybgge oymags.
2. 3000)15R(0 6oVOK0
d(gobg 3dgbgdarmds  gobansgm  hggyagd®ogo  dowenogo  Jo@goligero  dgbmdgdo,

@mdaol  gJl3gms@oiooll ML saogo o5zl 9bg@a0ol,  aomdmdol,  Fymol

dobdo@gdol  obmygol  L3ggosgydoe  dgddboano  ds@gagmodgdgeo  bganlsfym-

oboas®gdol Lodygoggdom.

Fomdmeygbognr  LEo@osdo aobbogyeos Ihsgobs@mygaosbo 3o 3olygeo 3306y
ddgbgdeomds dgalydadgdgeo Lodmygmmdm@olo asoby@gol dmfymdom.

350 gobygano  dgbmds 20 Lodmyeosbos, Laby®ogol gooby®gaby  dmfymdbogoos

oo, sobslggbgdgmo s  aobsdmmdo dmgobgdom.

1 — -1 — —
jun) nT) H 1m) N1 T —

funl
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T = = 1= I—
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bob. 1 2923
3obygeo dgbmds oy gadomgdymmos LobolEol do@mgom, GmIgaoi dnmsgbgdygeos
dgbmdols 396G s@y@ bsfoando, Lowsi aobmoglgdyamos jodols gx@go, LoGgo®mm ©s
bodabogem @og@o.
dVgobg ddgbgdemmds  Lbgs dgbmdgdoliogsb asblibgsggdymos, oty dgdmdboymsgo
90 9d96@gd0ls L3giEosgydo 3mblE®J3ogool JnFymbom, Gmdgemoi aodmomhggs Lomdml
©5bo 3™ 950l Lodxo®om. Ladnygmndm@obo aosbycgs gobemsgm ¢@oygem, ool
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Lboldg wosbgnmgbdom (22+25) LobGodgd®edwyg 033 gds, ©sdmowgdsemos dgbmdols dogols
©s doxols bowowgbyg.

.;;:31‘(‘ "i.. J

bob. 2. do@enogo d(go6g dgbmdgdo, Loby®sogby
3obmogligdyao dowom s [ymol Ggbg@gys@om
dVgobg  ddgbgdermds  aodmodbhggosh  gbg@dgools  Imbds@gdol  sbmggom,  Fyaols
dobdo®gdol Lodgo®om, OMdgeoi a9eolbdmdl dmbds@gdygamo Fymol aolyxnmsggdsls
©s dob bygedgmdge 253mygbgosl, Lo®wsxol Lodmygmdo gobmoglgdygmo b3giosgy@o
5bsEasMgdols Lodygsmgdoo.

‘dgdmdbeywsgo 3ObLEOYJE0gd0  (godg ggoegdo)  L3gEosgrydo  @ommbols
3MbLAOYJ30900L s aodomdybgdgano  gangdgbBgdolspeb  dgfdbogro  Loob@g@mglie
3MbLAOYJ309000 bodGoger©gds.

dVgobg 399b9demdols Ibowo 3mblE®YJEogdo Fo®dmewygbgbh gsmermaon®se byggms
Loddgbgderm  obsgmobispsb  dgddboen  3mbLEA®YJ3090L.  Bob@gdo s sdbdomy
306LEHOYJ30g003 (goMgdgdo,  Fobxmgdo)  9bps  ogml  ggmemmaoyg@s  Lygms
dobogroliogob wsdbowgdyano.

aooby@go  2sdmygbgdymos  dgdbygodydgdygmo  gHoggem  gosbydgs,  @mdmols
JoEgeemdsdo aobmsgligdgeos d9dsdlydydgdagemo gargdgbdgdo, L3gEosmyd sy gddo;
om0 25bmogligdol s Lod@gozol  gbeybggeymagobsmgols Lodkodmms g9Jl3gmodgb@gero
3320 93900L ho@o@mgds @ 30bodg@mbols @sdbm@s@m@osdo.

3. R5L3360
h3gbl  @gosdoasdl  ggds@s  gowgy  gomo  LoobBgtglbem  boggdmdgdo 373564
dd9bgdemdol  Lobow,  @mdgmoiz  gdbdemo@osEool  mgombsb@olbom  dognby
dodboEggeos, 300 29835M900, 39300 LoboMgoerm s g3mbmdoyg®o aowsfyzgdgdom,
sbogno  Lodydom  spaomgdom.  aoMgabymse @sdobos o Lyabmg@gdaswe
303x8mOFgao.  dgodobgm  dobs 37356y 3dgbgdamdols  dsbTdo” s ogbmgdgm
940b6m30G .
ROBIOOBIMS
L. x. glboosdgogno, @o.  3gobosbo, . Uygeoosgs. bgobdmdgogao  dgbmdol  aosbys®odgds
>®5§@5030  bHsEognmo  dgmmwon.  Lsdghogdm-gdboga®o  gu@bsgo 899650 mds
Ne3(26), mdognolo, 2012. 5 a3.
2. Kaxwanm JI. DKCrepUMEHTAIBHO-TEOPETUUECKUE HCCIIEIOBAHUS  CEHMCMOCTOMKOCTH  MHOTO3TaXKHBIX
KapKacHBIX 3/1aHUM, C Y4E€TOM NMPOCTPAaHCTBEHHOH paboThl KOHCTpYKIMH. MockBa, 1979. 273 c.
3. bodTgbgderem bm®dgdo s (glgdo. dgBmbols s @30bsdgBmbols 3mblE®yJizogdo (36.
01.09). 136 a3
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4. oo, 3obosbo, @o. dognsbhogedy, . (35305dg0gmo. Jmbmeomydo @ 30bsdgBmbols @0y genm
Lodmygendndolo gosbydgs. dgmmyg®o domomgds, @gdboggdo 9boggdlodg@o, 2018, 36

04
R340 3J6d®d(MIMMB(M360RIBOL dI6MIdOL FIFMIHLRIK()

3MBLSGIIB0ISOL (NdMBHII603IN0 3dbOLNSTTdR IS0
d. 3®dgemodgomo, 5. JM3>5e0560, 3. 6M3gMOS
(Lodo@mggerml §g9db039®0 9boggdlodgdo, 3. 3mb@ogsl 77, 0160, mdogrolso,
Lo Jo@mggenm)
@9b02989.  LSoBGosdo  gobbograaros  @sdoaro  gbgaamdmmbmgboargdols  FG9bmdgdols
993 dbomwogo  y06bBGf09006 03 bsobogrsoer  dmolb  Lobogjol  gogargbs  od

JO6LEGaJ006  m3mgo@ocgdol  bowowydby.  mdmgo@sigdol  pmg9303096089300
bo@gmdgbosom  bowowggdo dgbmdoms 96968939705 a0l yansbgdol Jobgwgom

woagboamos dobogmo dgdmdbwywo 306bBGyJ30900b Gedargdoi 9 b@Habggarymegb
br@d9300 gomgogrol[fobydaen mdmgowpsigdolb bowowyydl.
bogg56de bodgggdo: 96958 9395 1930, 03m859H5HM30, 0308505395
0300 brensz00, d9Imd b0, 206bB@Jz00.

1. 3JILsO3ORN()

1974 (ool dbomgeom  gbg@agBogyo 3Gobolbol dgdwgy boddgbgderm Lggdmdo
9oglo gg0eemgds 9dcgze Lomdmd-gbgdagdogymmo Oglydlgdols g3mbmdosl, Gmdgemos
25dm0ygbgds dgbmdoms mbmdmds®spgdols Jobbom.

0obodgdmgg  dgbmdgdl  goohbosm  3bodgbgaomgebo  Ggbg@zo  domo  mdy®o
9989JO9OMdol  gobOwol JbOYbggelbogmase. 333eggo0gdol dogd s YYMmRoS©
0odbs  Igbfogamoamo  mdydo  Gggodgdols gm@dodgdols  msgoligdy®gdgdo,  bmanm
©5330mJ9B 9o gdo o® 04gbgdgbh #YbsdgbG o dg3bogdgdols dow(gggol mobsdgw®mgy
SOsAMoooygmo  gbgdag@ogol  Igbodangdemmdsl s o@  gydemosmn  dgbmdgddo
Lomdmbs o dobiols bsgogdols m3@0dobsczos.

09 @y dgbmdoms gbgdmamdmmbmgbomgds 5@ oym  gobdolbrgdgmo  gsJ@mao,
emgolomgols ol omgargds 30mgdBol dJodoms  gowsdfyggd gO0@gMogdew, @obgoss
39043920 90L  93am3s@esdgbBols dmgero @opo wowygboagdgdo [1].

2. 3000)9R0 65V0R0

Jbmgeomdo yggemsby oo 9bgdamdmmbmgboagds (bob. 1) dJmwols dgbmdgdby,
@mdagdoz  doaosbo  gbgdymdmbdodgdols  40%  goeagbl.  odobmobsgg  ywowglos
dgbmdgdol dog® 5EAINLBIOMLo 2ox30 3990 Lomdyg@ol aobgool Momegbmds ©s 0o
db0dgbgermgbo  skoMdgol  ghmo  swgdymo  gzgms  Lobol  3@sbL3m@Fol  dog®

o8O J309m aobgol.

' TpaHcnopT
28%

pomMbilinieHH
31%

bob. 1

100



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

©505M5d5bg  (bob. 2) bobggbgdos gg@mmasdo gJldamegs@oiosdo dgmao dgbmdgdols
geooboggogoios domo gbgdymdmmbmgboagdgdols dobgogom.

400 ‘
350 1 ~ <O M Onextposkeprus, notpeGneman
: 5 AOMAWHUMK 3NeKTpoNpubopamMn —
300 3 SnexTposHeprus, notpetnaemas
i CUCTEMOW BEHTUASILMK :
250 - _{J M ropsyas sopa N3
¢ M Oronnenne 5
200 —
150 -+
100 —+
50
i<

bob. 2 1. dggamo dgbmdgdo (1950 (erodwyg), 2. 1950-1970 (.§. dgbmdgdo, 3. wsdsgno
96962 m3mmbmgboagdols gbmdgdo, 4. 3sboy@o dgbmdgdo

% dggeo  Ygbmdgdo,  @mImgdoz 1970 (ansdpgs  5dgbgdyemo  msgobo
39600606930 Lsmgols (3omdmdo-35308985) nbmuamdgb 300 358.b0/32§ gen.
9L LEsbpodBo go egbsi dmdgogdl LsJs@mgganmdo;

% obogno dgbmdgdo, @OmImgdoz odgbws ggmm3sdo 1970-2020 (eogddo — 150
(33@).1507/82%'393.

% Ygbmdgdo  gbgdyools dgody dmmbmgbomgdom — 60  338.Lo/Tge.  9bos
500b0dbml, @md 2002 Faowsb owo  gbgdymdmmbmgbgdols  dgbmdgdols
5dgbgds o3 dogagaos;

* 3oboy@o  Lobgro — 15 dg@).l;m/?ﬂ%’g@. 2019 (aopsb  gg®mgogdo®ols
B9O0BMA05bg 3sLog@o Lobarols bLEbsGGHDY 9BOM odsmo bEsbos®Eols
Lobaools 3dgbgdgrmds og@dogaeos;

* bymmgobo  gbgdaool  Lobgoo — 0 daé.lsm/H2V3Q. gl ogogg  3oboy@o
Lobangdos,  bogem  msgobo  gybjiombod@gdolongol  Lokodm  gbgdyosls

S0 bg39 20dm0dydoggol;

% Lobao 3emoygl gbgdaos, gl olgmo Lsbangdos, Gmdggdoi dsmdo dm{ymdogno
boo x0b®m  LobEgdgdol dog@ o8m0dydoggdl gudm dgf 9bgdosl gowmy
demobdo@ .
9L dmbogdgoo a30hggbgdl, GmI gJl3enysBoiosdo dgmey o ddgbgdodg Lobangddo

0ndy@0  gbgdaool  dmmbmgbs  3b0dgbganmgbo  dgodangdbs  dgdzodgl  dgbmdols

30bLEOYJEogmo g gdgb@gdol  mdm@Egdbogyg®o  doboliosmgdengdol  goydxmdgligdols
bo@xbg. 39Odme Ggadgmo Fobsswdwgamdbol 5+10-xg6 asb@wom dglodergdgano bogds

03 50539d0ls 3098030963 o0l sf g3 k=0,2+0,13@)/82 C°  lLowowgdwy, [ONTE

gobgnmggds 3sbog@o 5b bygmmgsbo gbgmaymdmmbmgboagdols (ZERO) Lsbengdl.
©05M5dobg (bob. 3) bohggbgdos dgbmdosms mdy®o Jmmbmgboengdols (3genoegdgbdbomls

©0bsdogs gg@m3ol Bg@o@dm@osby wosbarmgbomn 70 Yerols aobdsganmdbsdo (1977-2050.7.).

101



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING*
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

Ne4(53), 2019

= (o=
2
= S| B
| <<
[ — !
~ =
>
s -
= -
i
\
=5
& e
=
o
> ~
=
~
= [TW]
=2
-
=
S——
S
S \
o™~
[T e = = |
(=] J s T
> = [
- [T o
o
—
£
=]
&2
=
(=)
= =
o S
- =
o
=
T
=]
=
~
~
o [
- [l SO0
o L22)
—
]
(=g
£
T | T I T T \!\
(- [ S S e T
Lo = Ired (] [
bob. 3

AOamO3 53 s0a®sdosh  hobls  dgbmdoms 0ndgao  (bsb.  3)  9bgda00ls

dJombmgbogngds, @mdIgaoi  aolgeo  Laygygbol 70-006 Fangdobomgol dgowygbes 300
Jg@.bm/azv(‘]gm., 350°Mgdyg@o  mmboldogdgdol Igogyo, 2020 Ferolbomgol dgowpgbls
(10+20) 380-Lo/(gan.  obey 9306513690 40 Fenoli 8s56dognby  @dgGo  gbgdgools
dombmgbs dgdgodes (10+-15)-x96M, Go3 d9bgdbdogos 0§393L godmbsdbmeandggdols (653F 3030
aobol)  olgmogg @omegbmdon  dgdodgdol. Gmamai od  osa@sdosh  hsobl 2050
Ferolomgols 930m353do@0ls Loddgbgdenm }mbo 0Jbgds byermgobo
9690amdmmbmgboggdols Go3 gomobogds gg@m3s®esdgb@ol dglsdsdol wodgd@dogsl [1].
o3 woMgdBogol dglodsdolow gg@mmysgdodols Ggddodmmosby sdgbgdageo yggans dgbmds
2020 Faowsb gbos ogml  bymmgsbo  gbgdamdmmbmgboagbol, dgbmds  oby ZERO
LEobos®@ols  dglsdsdobo.  beam  Lobgedfogm  médyebmgdl  ©s]39dmgdodgdaeo
‘dgbmdgdo 3o od LEASbEs®AL ¢bps sgdogmaomgdwbgb 339 2018 (erowsb. @oi Lggbgds
9JL3ggo@o0sdo Iymey dgbmdgdls olbobo ZERO U@obpsd@l gbps s3dsgmeomgdwobyb
2050  Faoobomgol. o3 dbobom @opgadogos, @M  gyggefamoyg@o© 930 m3o3do®ols
Loddgbgdarm  gmbeoli 3% aobpgl  byermgsbo  gbgdamdmmbmgboggbobsmgol. b
50bmdbml, @md  Lododmgganmdsi  somm  gomegdygmgds s 9339 2022 Farowsb
50(ggos 9b9Mm9539]B M0 30mgdBgdol asbbm@zogmgds ddgbgdamdols Lgygdmdo.

od  gomEgdymgdgdol dglolGygangdmow 3o Lododm bpgds yggams s@OLgdygeo s
sbodgbgdgaro  dgbmdgdo  9d399gdogdbmebgb  g3®m3sdo  Jowgdyan  LESboMF oL,

102



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

Omdengdo3 Lo 3gma@o 96962m3mmbmgboa gdgdols 0533540 Bog gdsls 030mmbgy
9b@9bggaymagb >d dobbom 30 Loko@m bogds ‘dgbmdoms ‘39903bey©o
306LEAB9J30900L Fgbmdsms mdmysesigdol 3mgn030gbdgoo, k(gd/d?) dgglodsdgdmwbyb
bob. 4 (omdmwygbogr Lowowggdl.

bob. 4

sbgmo  mdm@Bgdbogyg®o  dobslbosmgdbangdols 3Jmbg  dgbmdgdo  doggymgbgdosh  g.y.
b5 gbgAamImmbmgboe gdgdols dgbmdgdls.

b0  9bgdamdmmbmgbogrgbols  Lobengdo  [o®dmowygbgb  olbgm  dgbmdgols,
@dgeoms Fanoyg®o mdydo ps@godmgs 48 63(2)/32%]93' dgoagbl, o3 wosbgrmgdomn 5 3
3oboll maagsbos. gl 0dsl bolbogl, @md 100 33.0 Lobanoli gobomdmdow §gerofswdo
Lodo®m 0d6gds 500 3 d9bgdcogo asbo, Goig momddol gdglxg® bogmgdos ooy
Lodo®mggermdo gl s@bgdyamo gbgdam@ggoo babagbol mdydo dmmbmgboargds (300
330/F§ ge.).

o3 Bodol Lobangdol og9d0l Fobsdo®mdss, Gmd domo ggogdol mdmaswsigdols
3098030963 go0  oyml 0,2 3@)/823)(4)059-%3 bogemgdo. obgmo  sdogro  mdmys©sigdols
3098030963900l dowTggs  go  Yglodangdgemos  aolomdmdo  dmEyemdols  go®yo
omMd4bgbdom.

05M5d5by (bob. 5) bohggbgdos 03 bs0bmesizom deols LolJggdo,
0dmbsobmensizom  dsbognols  bobgmdbols  dbgogom,  @Omdggdoz  9bOYbggaymaygh
0300539900 3M9n030gbHoL  bm@do@gdne  Lmwowgl, k=02  gd/Pk. gy  u9bos
500b0dbml, M3 o3 30MmMmdgdolomgol Jgoeol jmblE®gJcogeo dhol mdmyswsigdols
(6ob. 5) 3mgn03096¢0 9bws ogml k=12 3&/8 Kk @omo, @Gog goobswgds g@mbobggato
o39@0l Lobodol 3gogel. ©osg@®sdaby [o®dmagbogo mdmbsobmensizom  dobogngdols
0305330030l 3mgnoiogbdgdo  Algd/dK], swgdamos  [2]  dobjyrgom,  G®Imgdoc
dgdygmdls  A=0,02-0,07 3@)/82k QoM gddo, 53  YBO®M  ©3dSE0s  MIMYSIBSOM0ls
30980309630, dom bogargdos mdmbsobmensiom dGol Lolidy.

sbgmo  mdm@gdbogn®o  dsbobosmgdegdol  dJmbg  dgbmdgdo  dogznmgbgdosh A
geoobol 969Mamg89B9® d9bmdgdl @mdgmms Fmoyg®do mdydo gbgoymdmmbemgboa gds
Bogagdos 50 5@/ ga.

CRINGY 969@m3mmbemgboan gdols dJmby ‘d9bmdgomsb ‘dgomgbdbom
9602m9939]B O™l YROm  dswoemo  gesbo  aoohboso  3sLoy®d  Ygbmdgdl  (3sboyd
Lobangdly).

3oboyg®  Lobengdls  Fo@dmoagbgb  dgbmdgdo, @mIgams  bogsmbgddo  dog@ols
®993905G YA, Gmam® 3 bodBo®mdo, obggg bogbymdo doow{gge gomdmdobs s dog@ols
30bpoo®gdols  sBoydo  LolEgdgdol @ao®gdg by  dog@mieods@ol  3mIgm@@ygeo
35M5d9HMgbol  YbOYbggarymas  brgds  dgbmdol  as®@lbol, doboli  3mbLE®yJ3oywo

103



1533G6036(™M-BII603360 JIG6SR0 ,,39T6IdR()dS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING® Ne4(53), 2019

HAYYHO-TEXHUYECKHUM KYPHAJI«CTPOUTEJIHLCTBO»
T ————————

g0 9dgb@gdols  Lfm@o  dga@hggom, sbgmo  dgbmdgdols  Faoygdo mdydo  ©os@Ggodmgs
Bogegdos 15 338.bon /3T gem. @Go @olodggd mdg@ Jmmbmgboargdoby 85%-0m bsgemgdoo.
9L 0dsl bodbogl, @md 100 33.9 Jgbmdols Faoy®o mdy®do osGzodmgs bsgangdos 1500
336-bg, gl 3o dggbododgds 150 33 b9690@0g 2ol

um
olle
1ser
Iser

ork

5cm g A
10 cm 15 cm 20 cm 25¢m 30¢cm

bob. 5
Sligmo  Jgbmdgdols sy9d0l Fobo[o@mdss: Fgbmdols oo ©smdybgds, oby ®md K
0ol Gomo 0,1+0,15 3¢/ k.
> obx 930l mdmasesigdol gmgroiogbdo k<0,8 (;3/82 K;
> d9bmdgddo 3o9M0l byarmgsbo 0bgansizos;
> 3mb@Ommotgdso  boggb@ogsiom  Loli@gdgdo, doom  dm@ol oo gagddgdo
0929690 5309-0 93939053090 LoliGgdgdo.
©505M5d5bg (bsb. 6) bohggbgdos dgdmdbeymago 3mbLE®yYJEool mdmlsobmesizom
A0l 0dmgses3gdol gmggnocogbdols K [(;3/82 K] @sdmgogdgengds dob Loldgbmsb, bsdo
Lbgowlsbgs mdmlsobmensizom dobsgnolbomgol. Lodogg gl dslogos (spaceloft, WD0,32 o
WD0,42) Legmop  sgdsgmzomgdgh  ©sdo@o  mdgdo  9bgdamdmmbmgboamdgdols s
35Logg@o  Lobgols  mdmposi3gdol  3mggno3ogbdgdobowdo  Foygbgdyge  dmmnbmgbgdl.
Loyggmglbeo @9byam@s@l odanggs Spaceloft-o, @mdamols mdmysd@stimdol  3mggnoiE0gbGo
k=0,015 g&/@ k. gl dologms bgan @Gows 8+10 83 LoloJol 9bws oyml, Gmd Jogowemm
03M50539d0L  3mgR03096@ 0L Lalymggero 3bodgbgenmdbs, d5dob @mwglsig WD0,32 wo
WD0,41 mdmbsobmasizom dobogngdolbomgol gl Loligg 20-32 33 @meoos.

1.60 OB T e
Westehende Wand
1cm Innenputz et
25 cm Mauerwerk -
2cm Aussenputz __
U-Wert 1.6 W/m?K

1.50

1.40
1.30
1.20
1.10
1.00
0.90 U-Wert- Verbesserung mit 3 cm AGITEC SPACELOFT von 780
0.80
0.70
0.60
0.50
0.40
0.30

0.20
0.10

0.00 +—r

6 27 28 29 30 31 32
A Bmdber

o, W D (e
mstirke (EmS’

~-SPACELOFT —=-WD 032 ——WD 041

bob. 6

J3gdmm  gbGodo  Ho@dodgdymo  3ganggzgdols s sbao®odgbol  Logydggan by

NoLG) bogano 542l mdmloobmansizom doloanadols MmdMASIRSO®dol 3m99303096@ Ldo
©3IPOEO 33543 o33 @) RLL) 3MIBOGIbO

[

104



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”"BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

ol bopopggdo @mdgamms  godmygbgdsi o3 o9y 0d dgdmddboygosg  3mblE®YJiEosdo
9b@9bggeymnl  gbsdsdol  9bg@amgngdAYOmdols  esbols  Jgbmdols  Igdmdboeywo
3MbLEAMYJ30900L Mdmass3gdol 3mgno30gb@gdols K [39/ K] Loobgo@0Bm (6m@dsdomen)

Lboowggol.

96902309839]B 9O ™Mbl 0dO0 0dMa5dBoGMbols ‘dgbmdbols Loby
Jeosligodo dombemgbogngds 3095009660 A
380 bo/ 8¢ geo. o/ K
AT <10 0,014-0,02 3sLog@o
A" <15 0,021-0,027
A <25 0,028-0,031 05SSE0 0dG0
B <50 0,032-0,036 969@mdmmbemgboan gdols
C <100 0,037-0,04 B0309®0
D <150 0,041-0,045 yggeos dggero dgbmds
E <200 0,046<

od  @gboendo  domo@Rgdygmo  LoMgimdghbeszom  mdmysdGodmmdols  jmgxo3ogb@ol
dobgegom so®hggs  dgdmdbeygo  3mblE®yJEosdo  2sdmlsygbgdbgmo  mdmbsobmersizom
dobogns [ ]

3. Rd5L4336S

969030989]d M0  3dgbgdemds  mobodgodmgg  Lodlgbgderem oMol sbogno,
0bmgooyg®o Jods@yagdss o ay@olbdmdl dgbmdgdbdo dsJlods@yg@o  3mIgm@Fyeno
300mdg9b0lL dgJdbols dobodsgnyy@o  9bgdyg@ogyeo obsbo®xgdod, o3 Ib0dgbgermgbow
>9dxmdgligdl ao®gdml gzmermaoy® dymds®gmdsl.

96903mdmmbmgboangdols  Lgdgodgdols  syEogdgeo  Fobsdodmdss  dgdmdbeywo
3Mb6LEAOYJ30900L MdmRobogy@o dsboslosmgdangdols dsJlods@yy@o Mm3E0dobsios domdo
3o053989J09M0,  ggmmyogdo  bygms mombsobmmsiom  doboggdols  asdmygbgdoom.
969030959]dG0  gdmdbeyeo  3mblE®ydzogdol  ©sbgdags aodm@oibgol  dgbmds@s
2300dmdol Jobbom  [oswolgymo Lomdmdol godmygbgdols ©o obanggs gobobangdswo
96902009LOLgool 2odmygbgdols Godmm Jgbodengdbenmdsl, Goi3 Ao®Mgdml ggmenmpoy®o
g mdo®gmdols ao9dxmdglgdbol Loyzgmglm abos.

ROBIOOBH IS

1. EnEv-2010, 2014, 2018, Energieechspa. verordnung fur Gebduds. www. enev-online.de

2. Warmeleitfahigkeit von Dammstoffen, Mauerwerk, Sonstiges. Opera Web Document, 12/7/2019;
3. Die neue Generation von Hauserr — Ratgeber Niedrigenergiehaus Passivhause. Adobe acrobat
Document, 11/16/2019;

4. CIT 50. 13330, 2012 — TemoBas 3amura 3naunii , Mocksa, 2012 96 cr

5. Spacelift — Yreruenrens Ha ocHoBe Asporenuss HTML. Document 12/11/2019.1

3M6MRNMIA0 @30656IBMB0L  1SFIFOMISOL To®dI(MIdOL
0035@B (33506 HMB3NIHNO KM60LINISIS0

105




14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”"BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

0. 335615005, o. BO@ML3S60)T30R0

(Logotmggeml @gdbogato 960390 LoGgH0, Logsmggam, 0160, mdogolo, 3.
30LEgsL 77)

B9b0389:  bBoBosdo  gobboergemos  Jodoerolbdo  dd9bgdomy  g@m-gG0 30955 b
Imborgroma@o  G,0608905mbol  bodydsmydol  dybmgangdol  5ods@Bog950b  Jobbom
83 o@YSaeo bmgogmmo mmbobdogdgdo. j90dm@ Jmygsbogmos ysgrodgdolb Jemfymdol,
dsmo  bywssomydol  gosmbgob, 395mbol  Jofmwpgdol  w@o  bsfymdol  boobBygmgbe

o8 5@ 0mJ30.

bogg56dm bodgggdo:  3g5mbo, @060895mb0, gogrodo, S95mbBmddm, dowos,
JodGG@0,  b3gho,  J9@go, gobbG@ g z0s

1. GILO3OR0
dobm@onyg®o  @3obsdgBmbols  Lsdydomgdoll Igldyagdbol ©AML  ygosaodgdols
Job@Bogo s  ©gdmbBogo  dOmIol  obsbodxgdols  momJdol  55-60%-1  dgoygbl.
5bo®™hgbo  Mobodb@oe bofomwgds s@Jodgbols dmTymbdoby wo dgBmbol ho{ymdoby.
5do@Md, dogrosh oo 360dgbganmds o3l obgmo  Logsaodg LolLEgdgdol dg@bggsl,
Amdgeoms  dJmbGogo o ©gdmb@ogo  doJlodogny@se  Ao5de®M@Goggol  s@bodbye
30m3gll. bogdome oo Ggbgmggdo s@lgdmdl o3 dbdog 9y gomme ©sdgBmbgdols
Lodydomgdols Fomdmgdols OOML, Go05b5(3 OEOMO-OOY 0bOEgds S
dA5go@R9MHMgobo bogds 0obodgdmgy 9@ mbols dod{mwgdgano dobJobo-
JoFymodogmdgdols  3o@30. M30bsdgHmbols Lodydomgdol Fo®dmgdolisl, d@mdomo s
do@g@osmau®o  sbobodxgbol dgdiodgbom Loddgbgdemm 3md3sbogdby bogmgdoe o6
5M056  @o0bBgMglgdyymo  gogmodgdols @  b3ggosgydo  Loddgbgoemm B gdbogol
Io@mdmgdgano  3md3sbogdo.  smbodbyemo  dohggbgdangdols  goydxmdgligds  d33gm@o
bOols  dom  BofodIbg  Fmmbmgboangdols s o P30@sGHglmdsl  sbokgols
30639096 gdmeb Ygoomgbom.  ofgeb sdmdwoboty, Loddgbgdem 3Msd@ogsdo, Ly
9u6m  bdodos  dgdnbggzgdo, @mEgbsa  gogodgdols  IFs@Imgdgamo  3md3sbogoo,
ddgbgdemdol  ©ofygdedwyg oEygbgh  yg9eobg  Mm3Godognyy@o  Logognodg  LoliGgdol
3009l s dob dobgogom sbpgbgb yomodgdbol sdbswgdsls s dmfmwgdsl. LYmmgo
sbgmo  obmgsgoy®o  doamdon  aobbm@ogmgdymo  badygdomgdos s g@oao
bEoGosdo.
2. d0@00)O5R0O 65V0KR0
J-odoamolido, @olol @Fdol  dodpgds®yg  GgOodm@osbg, TBC-dsobgol  sbogno,

0obodgdmgg  BHodol  bobbgl-396@@0ls Idgbgoermdols 3GmgdBo gobsdgbosbgdols 14000
33:9-bg 398  RoOmbg  omgomolifobgol  Lomsm  mgolol, Lojdosbo  bmbobs s
39 B O dodol dmfymdsl.  dmboeomy@o  @30bsdgBA™mbol  go@gobol  doGomsw
boFogoli  (omdmopygbl  ao@oby®gol  gogos  3o30@gagdom, F@ogao  dJnbsbyammdols
13gBgoo, @og@dols s bsgmdygbogsiom Lolgdgdol dob@gdo. Lomsbopm gomgagdols
©>  go0dgdols  Lbgoslbgs  LJgdo@dycdo  gobofoamgdol  dgoodgdols  Logydgge by,
3bmdogds  ogb@@oyeds  go®ds  ,,DOKA*-3, 3ddgbgdgmms  ©s3390m00,  dmoygaeg@o
3M06(30300 oIy dogs  posbydgol  LobEgds ,,DOKADEK“-0l  3mfymdols  yggensby
M3@0dogy@o 30mgdBo, Gmdmols gasydgb@do Fomdmwygbogmos Ly@.1-bg. dobmsb gomow
2obLabgd o s Infmegdygeo ogm dGagomo bggdgdol, godo@gengdol, dsbGgool s
39 gdol  @olodgBmbgdgmo  yogodgdol  Loko®m,  gmggerdbdog  @slsdymgdygeo
GomEgbmds. domo dmbBogo ©o ©gdmbRogo Li®ogom ©s dodEogo bodEogenogds
(bye2 s Uby®d3). ©odgdmbgdol dowosao  bo@olbol  ¢b@dybggaymeslbosb gomsg,
J300©gds dOMIobs s MMOL sbobosdxgbo ©s Lodmgmme 9a@Gem  9306mdo y@ow
dmdggd05b0 aodmeols Ladydomgdols Fomdmygds.

106



1533G6036(™M-BII603360 JIG6SR0 ,,39T6IdR()dS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

i
"

p T e

7 ,
1] |

e
2

[B25();

)
¥

T ki

b luds

¥

4w e

ST
(A5 g

pravELans
m

b';-](ﬁZ L, DOKADEK*- ob 8(06@)030 15”3&)3 dggggmg?mb 309@06360

dobmgomy®o  G3065090™bols  Lodydomgbols  Fo®dmgdols godod@oggdol gOm-
9omo  3b0dgbgarmgsbo  GoJBm@os d9Hmbdodfmwgdgeo s dgBmbhodfymdo dobgobo-
d9J560b3gd0l s ImFymbdognmdgdols Lfmmse dg@bggs s godmygbgds. ombodbyeno
609]Bol oo  Go@wols  sALgomdol  aodm,  bmyoghom  syoegddo  bg@mbols
dJofmegds,  yggeoby oo  olGol  dgg@oll  IJmbg  o5gBMEYBMbEIbMgdols
3odmyggbgdomsiz 3o dgydangdgao  oym.  s30@m3d  dg@mbol  dofm@gdol 3G Mbangds
aooF 939080 odbs 153 o 183 olMosbo dg@mbasdsbsfoamgdgano  dmfFymdoammdols
2odmygbgdom, @mdgeoi dbm@me  dgBmbasdBo®gdmols  gubdiEosl Sl gdl o
00 3039 oMo LoMgdemdls 935bol3bger Fangddo (Ly®.4).

slobgangdygano  InFymdoenmds dognosh do@@ogos gJlsggs@oiosdo.  dzody
2000 Yo bmdgdol, LodlydyJol ©s Jo®Eogo Logdwgbo JmblEOyJiool  godm
503005 dolo gowsseaomgds s oEads 3f ol bodysgmgdom, mdogddol bydolidogd
Vgo@oado, Gmgmei  ggO@ogomygco, ol  3n@obmb@ogydo  dodstm e gdom.
b9B™bol dofmgds bmdEogmegds MmdogdBol godgm gobmoglgdygmmo LEsEombs@yao
39BHMbEGYIdMEsb  goygobogno  dgBmblogbo  doangdols  Lodygs@gdom. s@bsbodbsgos,
@md o3 Bodol g6 Id@sgdo  bg@mbysdebofomgdgmo  dmfymdogmdols
Lodygoagdom, dgbsdargdgammos  dofmegdymo dgBmbols yosbsfomgds momdols 509
@ooyglols godyengddo.

13gBgool slsdg@mbgdbensw doMomsws® godmoyggbgds aoydxmdgligdyamo Bodols
bo©0g9d0  dgBmbols  hobofymbdo  dmdbogno  dognomn s  dgHmbol  oEeols  dos@dEogo
d9do60bd0m, OMIgelsi bgdmwsb ssdosbo ds@moglh (bob.5).

107



1533G6036(M-B3I603900 TIB6SR0 ,,39I6IdBR (MBS

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING® Ne4(53), 2019

HAYUYHO-TEXHUYECKHUM )KYPHAJI«CTPOUTEJIbCTBO»
k-

Jobmmonyg®o  G30bsdgHmbols  Lodygdomgdol  Fo@dmgbol  asds®@oggdolomgols
oo d60dgbgermds oJgl goodol aoliodmb dobogrobsE. Go@ gu®m Js@sgnos dolio
bo@olbo, oo 9g®Mm bsgangdos gsgodol bgosdo@obs s d9@mbols dgko@yemds ©s
Jgbodsdolo  bogargdos  dOMIoL  oboba®xgdo  yoeodgbol ©gdmb@ogby o  dom
3oV89bobyg. sdobmob  godaoe dg@bgygmo  aolodmbo dobogs d3ggm@e 33060 90L
d9B™mbol  bgodo®by dbo@gdol, Lowmdygggdols ©o ULbgs ©989Jdgdol  aohgbols
Jgboda gdgrmdsl.  sdol oMo soliGymgdl, o3 mbogd@ by godmygbgdymo aslodmbo
dobogngdom domgdygeo dgBmbol Lyxgms bgosdo@gdo.

39030350 3mblR®yJcogddo  hofymdbdogmo  dg@mbols  omsmo  badolbo,
aobodmbo  dobogol  ao®s  2obdo@mdgdymos  shogro  Godol, 3mddsd@u®o  gocy
306@5@MO Yool 25dmygbgdom, o3 2oM3399er Losbargl Fo@dmowygbls (by®.6).

300M53mM@gdol 25dmygbgdom, @o3 aoMg399e bosbangl Tomdmowagbls (Ly@.6).

by@4. 59@mbyodsbsfomgdgero byy@.5. 1gg@gool wodgBmbgds

by@.6. oMy 300MSAMA0
3. 8H5L3360
1. dobmenonyg®o 03065393 mbols Lodgdomgdols
Fomdmgdols godo@@Boggdols dobbom, dognbyg 989G 9®0s ™mdogddby 9dyserme
goemodgbdols  I[o@dmgdgamo  3md3sbogdols  Fogd  ©odydoggdygmo  Logogody
Lob®gdgdol  dmfymdbols 30mgdBoom  Lomggdemmds.  opo  PbOYbggmymnls
g4oe0dgdol  bylgoe  Lako®m  @omegbmdom  dofmegdsl s Lodydomgdols
9406mdoyg@ o Fomdmgdsbs. >mbodbyeno doamds ROOMNME 069G 90

108



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

Loddgbgdarm  3@sdBogodo o dobo godmygbgdols Fo@ds@gdymo  dspsmomgdo
939 23b3Rgd>  bogodmggmmdog.

2. d60dgbgarmgbo  5FoMB0ggdl s shfomgdls
dJobmgomy®o  @30bsdg@mbols  Lodydomgdol  Fo@dmgdols  mobodgo®mgg o

dognbg  IMogomag@mgobo  dgH™mbJod{mwgdgena, 9B ™Mby sdsbofommgdgemo  ©o
9B ™bhsdTymdo  3sbsbs-3gdobobdgdol,  InFymdomdgdols s gobsdmbo

doboangdols LYmGow dg@bggs o 2odmygbgds. sdol 3ody dopsmomls odarggs TBC
b5630L sbogo d0bbgl-396@®0l 3dgbgdemdobyg d0dwobs®yg Lodydomgdo.

L0BIDSB IO
L o.dgodsos.  Loddgbgdeom  Fo@dmgdols  mobsdgodmgg  @gdbmamgogdo.
A9dboga®o 9bogg@lodgdo. mdognolo. 2018;
2. 0.Jgoc500. 03065090 ™bol  a99ddom-mo@mgobo  aooby®ggdol  Jmbofymdo
Lbogogmode  LboliGgdgdol  opgdoll  gomegdbo  ©s  domo  godmygbgdols
dogomomgdo. Bgdbogydo ¢6ogg@lo@g@o. mdogrolio. 2017;

109



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”"BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

308@0G0IR0 3@(MBILISOL RdOTOBOLNODTBIRO M30LISBIBOL SRVIMS
0. bgzodgogoo

(LoJodmggemml @gdboggdo 4boggdlodgdo, Lsgs@mggmem, 0160, mdognolo, 3.
30ULEgsL 77)

@9 bozdy: bog bom ymbbBGaf00b 3080500l Fo@dmfdbs bpgds ododmd, Gmd mommgaemo
bodmbol 93965  [o@mdmswagblb  goddmscogar  bobBgdsb. bydobdogmo  dgfsboyado  bobBgds
dgodargds d9slbgdaer ofbsl g0d@soaao@ mm Isb goshbos 0bgdzogarmdol, bodb oi0b,
bodgmog0l, 596090930 gargd965950.
boggo6de boByggdo: sbyoanBdgdmbo, j0b6bBG 300, 3036300

1. JILO3ORN)

Logbom  Lodmbol  ggbols dobol  Lowowg aobobsbmgdgds dmEyermdom @sdoi  dgool
@bgggool  3@m@Egbgdo  ©o  dobogool  Lodgg®ogg o3  ggbolbmgol. o3  @g9bol  Loddgzo3g
390G 035 @o© bolbosmnwgds wOggsEmbdols dmpygaols dobgogom. dslogrols dows bobybo o
Foboo@dpgamds 4b@ybggerymals wo@go®mgol gowsbsfoagdsls.

abol  gebla®ydaool  ggbgdo  Fo®Imowagbls  god@sgoyge  Loli@gdgdl  AmIangdogs
9O Iobgomolaob  aoblbgogogbosh — dsbom,  Loddgzocom  ©s  dobognsby  ©o@godmggdols
adoobsfomgdols @mbom. 53sl dogygsgo®m  0dsdpyg, @™ Log@mm  goddsaoge Lol gdsdo
396900 sbm® 309 gdgb mogobygeg Mbgggdl Lbgswslbbgs bofommmd@ogo Lobdo®ggdom.

2. d0®0MdR(N 65VOK0

mogolggsmo  dbgggdol  Lobdodg dmeosh jmblEOgdaosby, GmIgmos  goJlodwgds
9dgomme  Loggo®ol  bgosdo®dbyg, 9dbodgbgerme  aoblbgogwgds obogowysay®o ¢9bgdols
308M5309o0 Lobdo®ggdoliysh.

JoMomoo godMsiEoygmo gbgdaos bofomegds Loy bom Lodmbol 3mblEmydiool Lobdodol
b3gJp®do o InJIggdl  Logbom  Lsdmbol ygges ¢9bsby, LobTdodggdol  @omgbmds
300530030 M3mA 30905 Lodmbols 63gbgdols.

Lbbgoolbgs 6396900l bofommddogo ©s@go@mmggdo  Jdbol Lsg@om @bgggool 30mi3gLL,
booi  bogbom  g39bgdol w@ggo0mdosb  godmfggyamo  aopsswyomgdgdo  gdmbggge
5GH0BobY® ob o g @ 3mboiosl. 03 dgdmbgggedo Gmwalsi Bgbgool @bgggdol gobgdo
99dmbgggs  gOmsbgml, bEol godMsE0ol o  Sdeog®gdl  Logo@ol dbodgdol godmadfggg
dogngdl. my  Robgdo  YOHMogAmbsFobsomdpgame  gosseyomgds  ghmdsbgmols  dods@m,
d530b  ggbgdo  hoob@mdgh Log®mm  godMsiEogdl. god@sioygmo 3Om3glgdol g@sx030 5
}gbosbo  Lodmbols  3mbbE®@yjioobmgols  (o@dmpggbognos  bob.l  -by.  mogesdodggeno
dmbo(399900 dm@daols dog® godm{ggyao hobbgogrmdolmgols dgowygbls 0.0002 dgE@ L.

0o M5d5by Foddma gbogoos 3bols 3969600 hobbgJogmdgdols OAHMbY
©5dm 30w oy gdols M550 30. >OLgoyeno dobabosmgdan gdols dobggom ‘dgodan gdo
©5350206m0 AMI bsigangy abol dmbsgggmbg 0.5 Fodol aobdsgamdsdo yognodwgds bsgdome
39300 ©335HJb0m0 ©0bsF0YMO X Egbs, AMAMA(3 §odASE0Y@o WsFZoMmmgol dggyo.

doygbgoogo  0dobs Gmd  xgbs  Lopowon bogengdos  dm@deols  dogd  asdmgggeo
dogngdobs, Log@mem  xs3do  ©s@g300mggo0  9ds@gds  ©obo®hgh  ©s@g0Mmmggdls  @mdmgdoz
aomgoeolifobgdymos 30mgBodgdol @Aml. 5doGmd sds@gdomn  Lokodms 3Gmgd@odgdols
LEowosbg Logoge 3mbbE®yJcool ©0ogds@ml Losbas®odm dsangdols Mmgbgdgo.

053300390900 gogaoe  ©obsdoydo gomgamgdols Logydggerds agohggbs, @md  Logbom
Lodmbols  3mbla®yjaos @mdgenbei do@sgo obosbgdol Fgddo oJgl o bdodsw ¢fg3L

3gMomeygao  dg390gds  bobosmpgds  aoomgdon  YBO®m oo  sd3o@yols  dJmby

110



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

2O A0mgdgd0m Bgbgddo, GmIgaroi gdmbgggs OM0gOM0TSOM Y GE0m S50 gdols
Bobgol s bAol godb@sosl.

)

09009530909, 8.

BsBBgdommds, .

Bob.1: ©@O0ob-583¢rodiool o @HTo-BoVEgjocrdob
@OFM30@EIBCr ol 3350303980

bEAoB0g@o© 2ofmbolifmmgdyamo mommgyeo bogbom 9g3gbs sbm@d09egdl mogols mogmsb
d0do@mgdodo  qopospomgdsl.  obsdoy®do  @bgggdol gRm@ISE0gdo  bobosmegds
(3o gdoo  bodbgdom o  aoblbgogwgds 03 @gRmEAIsEogmo  Godobash  “s@godmge-
256330:035%,  @mIgeoi  BmOIoOgds  o5g3BMImdogols  dm@daol  gowsspaomgdols  Jg9d.
Lbobggmomo ©gnm@dsEos o6 ©s@godmgs sbm®Eogmgdl omommdoligsb aodm{ gy
SbBoEBogBmbol  M®gggel, @mdgmoi hbgds Loggs®ol  dogdm  dbodgdom, 3ggmom  ©o
>dgoom. 3bol  Logodol  Lod@dgosy bgmbgans 3Eod©gds, @53 dgbsdsdolow  0fgg3l
©od@ols 3@mEglol ohjo@gdols s d30Mmgdl LogJldgys@oEom gowsb.

s@sbolGo bogbom 3mblG®ydEool obys®odol @AM sbigsam@dgdmbols ggbgdols wsTanolbs
s aofgagol dmogo® Lobmd 3M0@gO0YIL Foddmowygbls wolisdggdo [gmgowmdol Lowogy.
oV gangol  dogngdds  dmbmeony®  ¢9bgddo @  9bs  Aoosko®dml  sliodggd  brgedls
9JL3g0gsB o300l 3gBomedo. §gagsmdbol dmeyaols dgdiomgdbomn gegdymmdls god®sEoyeno
x0gbgools bodolbo mygdEs moglh obgbl ©sds@gdomo  Po@ymBomo y39@©omo  dmgrgbgdo,
AMAMA0(355 dbo®Iggamdols s (3390539 gamdols dmeyaols dgdcomgds.

00mmggeo  3mblE®ygdaool g9bolngol goddszool bgysgargbs 0fgg3L Lbgowslbgebso®
5b0osbgools {g9d3l. Lodig@mogol dmeyeol dgdicogdgdom LogOmm ©osbosbgdols dohggbgodgemo
0bOEYds. 5b0sbgdgddo 0do@md s@ols aoblbgeggds, MM mommgymo ¢9bols Jgdoagbgrmds
oMols  goblibgoggdyao,  Lbgoswolbgs  ©mbgbg begds  ©odgodmggdo s  dgbsdsdobo
5@300m3g003 Lbgswslibgss.

bgdolidogd  @gbsdo  my  dggedizodgdbm  geoslBoy@mdols  dmwyel  dzoMgds  LogBmm
geosbBoyg@mools  dmeygmo  gobl@®ydaoobmgol. 89-2-g bobsbbg  Foddmwygboaros  slgmo
396J309M0  @sdmyopgdygmmgds. mgogbshobmgdolngol hggh aogssbosgmobgom s@s @oibgomo

111



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

d60d3bgarmdgdo oMy  3OM39bEYmS© d93°93009m  mo30830M390  gaosliGoy@mdols
doeyaols 360dgbgenmdbs.

gl Lodygoamgdol  agodenggl mdogdB o  dgg3oxobmm  obosbgdols gogangbols bs®olbo
000mm g0 Bgbolmgol s Log@mm xsddo bogbom 3mblE@ydiools Loddgoiolbngol.

LsgBorer gerslitomBedol Seguerol 99830690 LagBom LsBmlido %

" e, .. —tl—abalgglﬁnsn
268 L] P calre 5/ gbgogho
g% -...-‘.. =l oomo
2 T
<D§ . .."o-
| 9=
41 -
— S
g =
\ —~—u
\\

Bob.2  bagdorm gemsb@ommmdol dm@eperol G9dgomgdol @sdmzowgdmengds
anaoergepero gabol eroegemol gensliomtedsborst dodstiongdsdo

o0 2M093030006  godmdpobodyg  dgodargds  omdgol  @md  Logbom  Lodmbol  Loddgzosy
9geosBoyg@mdols Impyaols dgdio®gdom d3gMog slgoeB-dgBmbls s WMOEXMZgsb $965do,
306LEHOYJ300L Lod@goEol dobsbosmgdbangdo o@ 0(33@gds. dogoeoms: MMA®Mgsbo ¢gbols
geosbBoyg@mools  dJmygeols 22 %  dgdEodgdom  ob  oslgsa@Edg@mbols  ganslGoyg®dmdols
dogaol 40 % Jdgdzodgdom  Logbom Lodmbol jmblE®gjgool Logomem gaslGog®mdols
Jopymo  dEodpgds dbmgme 2 %-o0m. bsabom  Lodmbol  3mblE®ygdEool  asddengmdbols
@9bgMz0L aomgogolifobgdom, 3@mgdBodgdols gBo3bg Logdmem dmpyaol sligmo dgdEodgds
‘dgodangds hogmgogmo dobomgdog.

ROAMZobo  Sbgom@B-d9Bmbols  dgdmbgggsdo  ganslBoyg®dmdbol dJmoeo  yggaobyg IgBow
da@dbmdos@gs. 03 dgdmbgggsdo, my BOOMZeb sligomAl geslGoyg®dmdols Jmwyels 20 %-om
©5353@090m, 3530b mblE®YJEool Lsghmm gesb@oy@mdols dmeyeo dgdcodogds 82 % -
000. GO 3 3bmdogros, 53 ggbsdo AmEglsig brgds hobbgdgs, InEgdym ggbsdogg hbwgds
dbodgools Lofoboomdwgam @ommommdol 3mgn030gbGol bOws, @mdgmoi dgdgmd msgl
0hgbl Loiggem xgbobyg. godmmgangdds ohggbs, M3 Bo®Mgeb sbigsm@-dgBdmbdo  sydgmgy
RAdoOEgds Yyzgeoby glR®yJcogmo wobsdog®o dogngdo.

3. QS51336d
330930l Ygogas 0033935, AmI  Logbom  Lodmbols  mommgygao  3mbbE@yjcoyeo
39bobmgols god@Mszool bgyogangbs 0§g393L @obosbgdol Lbgswslibgsbso® @gd3l. ®ggomdols
doeygaol dgdEodgdom LogOmm ©sbosbydol dohggbgdgemo 0b@@gds. bgdolidogd @gbsdo mey
99359300900  gaoslGoy@mdol dmaal, dgoMEgds 3mblE®ydcool Loghmm gasl@oy@dmdbols
doyeo.

ROBIOIBIDS
1. Ocunosckas B.A. Meroguka IIPOEKTHPOBAHUSA HEXECTKUX [JOPOXKHBIX OAEXI, IIpU ydere
BHUOPALOHHOTO Harpy>KeHus //iETepHET-XypHAI «HaykoBenenme» 2012. Ne4 (13)

http://naukovedenie.ru/PDF/4vn412.pdf (mocTym cBo6ozHsIit). 3ari. ¢ skpana. f3. Pyc.

2. Kpacukos O.A. OGocHOBaHUE CTpaTerny PEMOHTA HEXXECTKHX JOPOXKHBIX OEX/: CIelNaTbHOCTD:
Iouc. ... JOoKT. Texs. Hayk / MAJIV. M., 2000. 438 c.

112



14533G60IM(M-B3I6033A0 JIM6OR() ,,336JdR(MdS*

SCIENTIFIC-TECHNICALJOURNAL,”"BUILDING* Ne4(53), 2019
HAYYHO-TEXHUYECKHH )KYPHAJI«CTPOUTEJILCTBO»

3. Hemuunos, M.B. ®usuka u muHamuka paGoThl ZOPOXKHON OZEXIBl aBTOMOOMIBHBIX ZOpor. M.:

Texnonurpaduentp, 2012. 102 c.
SUMMARIES

R. Sikharulidze. ALTERNATIVE CALCULATION OF FRAME STRUCTURES AND THEIR
FEASIBILITY ANALYSIS FOR ENERGY EFFICIENT INTERMEDIATE FLOORING ROOFING
WITH THERMAL INSULATED BLOCKS. Scientific-technical journal “BUILDING” #4(53), 2019
In the article based on the patents issued by Sakpatenti on my behalf, "Reinforcement bat frame insulated flooring
slab” [1] and "'Sikharulidze wall" [2] are designed with two frame-type seven-stage monolithic reinforced concrete
buildings, the second building has traditional reinforced concrete floors and the walls from concrete. In the patent-
protected constructions, foam plastic is used as the inner layer. Both computer-based calculator boards use my
structures to reduce both concret and reinforcement concret consumption, as well as the value on the building’s
erection, as well as the thermal impedance of the mid-foam laminate flooring and test blocks on the basis of the
forensic report by Levan Samkharauli R = 3.2 m/W that is close to the normative values of Finland, Denmark,
Great Britain and Germany and is in line with the requirements of the EU Construction Codes [3].
T.Melkadze. “Corrosion Resilience Assessment of Construction Structures”. Scientific-technical journal
“BUILDING” #4(53), 2019
The paper discusses the method of corrosion resistance assessment of construction structures in case of
emergencies. Paper identifies the method of determining the radius of distribution of highly oxidizing hazardous
substances released from possible chemical accidents. It also presents the methods of determining the corrosion
rate of corrosion of construction constructions and penetration in structural elements in the area of distribution of
hazardous substances. Measures for calculating and raising the corrosion resistance of construction structures are
presented.
L. Kakhiani, A. Tsakiashvili, L. Matitaishvili, G. Vashakidze. SKYSCRAPERS WITH PARKINGS,
KEEPING THEIR FIRE SAFETY. Scientific-technical journal “BUILDING” #4(53), 2019
In the presented article are considered skyscrapers in the basement of that are arranged parking; analyze and raise
of their fire safety issues. Specific examples are proposed to determine the degree of fire safety.
G. Madzagua, D. Tabatadze, D. Jankarashvili.SEQUENCE OF ERECTION OF STATICALLY
INDEFINITE FRAME TAKING INTO ACCOUNT THE STRESS STATE OF THE STRUCTURE.
Scientific-technical journal “BUILDING” #4(53), 2019
in the article is presented the determination of bending moments in a statically indefinite reinforced concrete
frame, taking into account the sequence of erection and creeping deformations. The providing of creeping
deformations are taken into account based on the aging theory, as this theory is best suited for reinforced concrete
structures.
V.V. Loladze, Z.I. Karumidze, G.V. Loladze. THE STUDY BY METHOD OF HOLOGRAPHIC
INTERFEROMETRY, JOINT WORK OF LAYERS OF TWO-LAYER HEAT-EFFICIENT PRODUCTS
WITH THE APPLICATION OF EXTERNAL FORCES AND TEMPERATURE EFFECTS. Scientific-
technical journal “BUILDING” #4(53), 2019
In construction, the most energy-saving industrial and civil engineering structures are buildings with heat-efficient
building envelopes. In most cases, such structures are made layered, consisting from load bearing and heat-
insulating layers. Such combination of elements is reflected in the specifics of the work of structures with
simultaneous impact of external forces and climatic factors. The study, by various methods, of the behavior of
multilayer structures during operation, gives the possibility us to clarify the calculation methods and technological
parameters of their manufacture. Modern research equipment gives the possibility of non-contact methods to
determine the behavior of multilayer elements in a wide range of force and temperature impacts. These methods
include laser holographic interferometry. This method, in the proposed work, studies the behavior of samples from
two-layer porous concrete products (DPI) under static loading and temperature impact.
F. Kvatsabaia, K. Gabechava. IMPROVEMENT OF REAL ESTATE CADASTRE (ON TBILISI
EXAMPLE). Scientific-technical journal “BUILDING” #4(53), 2019

The state cadastre of land and other real estate is an information system that ensures proper functioning of all
accounting and registration systems, creation of a basis for registration of various real estate - buildings and
facilities, production - organizations and others. The cadastral registration of real estate and improvement and
improvement of these processes provides solutions to the tasks of territorial management and planning, urban
planning, legal-economic and environmental problems.
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In order to improve the cadastral registration, the introduction of three-dimensional real estate cadastre will help
improve both the registration of real estate objects and provide solutions to various issues related to the
development of modern city areas.

D. Bakradze, T. Amkholadze, K. Jincharadze. PERFORMING OF REPAIR WORKS ON HYDRO-
TECHNICAL FACILITITS. CAUSES OF STRUCTURES FRACTURE, MAINTENANCE AND
OVERHAUL. Scientific-technical journal “BUILDING” #4(53), 2019

Hydraulic structures are the most complex operation of that require the timely and high quality performance of the
instructions provided in the technical standards. It is known that the operation of hydraulic structures is carried out
under the most difficult conditions of environmental and water impacts. With this in mind, the facility is subject to
severe changes in water levels and high water flow rates. It is particularly important to control the condition of the
underwater part of the structure, as minor damage can lead to lateral complications of rinsing and increasing the
magnitude of these damages.

I. Pipia, M. Moistsrapishvili. Development of Thilisi City Public Transport System with relay transport
integration. Scientific-technical journal “BUILDING” #4(53), 2019

The article discusses the development of the Thilisi city public transport system by integrating relay transport into
it, analyzing problems arising in the system, proposing effective planning and use of existing subway and relay
infrastructure, high-speed trams and auxiliary vehicles in Thilisi City. The expected effects and risks of their
implementation are identified and analyzed.

G. Bekurishvili. OPTIMIZATION OF HEAT TREATMENT MODES OF REINFORCED CONCRETE
PRODUCTS IN PLANT CONDITIONS. Scientific-technical journal “BUILDING” #4(53), 2019

In the article is considered the heat treatment technology at normal atmospheric pressure and temperature of 50-
97°C. Types of continuous-action heat exchangers, horizontal chambers, and cluster shapes are presented. Heat
treatment modes of reinforced concrete sleepers are considered, merchandise behavior during temperature rise and
fall, two types of temperature modes, based on cement consumption. Analysis is done at keeping product quality
and economic performance. In addition to the positive factors in the heat treatment process, factors that may
negatively affect on the formation of the sleeper structure may arise.

Our goal was to achieve the standard strengths to be delivered in the shortest possible time and to prevent the
emergence of destructive processes. We have done this by optimizing heat treatment modes and significantly
reducing the cement consumption.

I.Kvaraia. Reconstruction of the building with the preservation of their facades. Scientific-technical journal
“BUILDING” #4(53), 2019

The article considers the issue of performing reconstruction work of four famous buildings in Thilisi. As a result
of the reconstruction, each building changed its original function, but in different ways their old facades were
completely preserved.

G. Lotishvili, M. Maisuradze. Control of Buildings Construction Process and Approval. Scientific-technical
journal “BUILDING” #4(53), 2019

In Georgia there are more than one challenge in the field of construction that directly concern the quality of
buildings. Therefore, it’s very essential that these problems should be solved step-by-step at the stage of planning,
construction and building approval. In this article | have surveyed planning and construction process, as well as
their gaps and irrelevances found in business and public interests. There is demonstrated modern, different
methodology that will help to meet the challenges to the benefit of city municipality and private interests. This
method will set up a lot of new workplaces, improve the quality of buildings, make more comfortable the
construction process and guarantee the building approval.

M. Tsikarishvili, B. Kitiashvili. DETERMINATION OF CORROSIVE WEAR OF STEELWORKS.
Scientific-technical journal “BUILDING” #4(53), 2019

In the article is considered existing methods for corrosive depreciation of steelworks and raises the issues of
developing a comprehensive methodology. The creation of a comprehensive methodology for corrosive
depreciation will gives the possibility for many enterprises, cranes located on the territory of Georgia (ports,
terminals, construction sites, enterprises, etc.) and pipelines, where metalwork’s are used as spatial structures and
most of them were built in the middle of last century, to extend their operation. This is the term that will give us
great economic impact.

L. Kakhiani, i. Svanidze, K. Korkia, N. Eristavi. Green constructions with lightweight roofing. Scientific-
technical journal “BUILDING” #4(53), 2019
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In the article is considered the new "green construction" with weight reduced floorings, is proposes a structural
description of the building, the technical and economic requirements of the building, load bearing structures made
from environmentally friendly building materials, operating conditions and advantages.

M. Grdzelishvili, A. Kopaliani, V. Bokeria. Thermal-technical characteristics of low-energy consuming
buildings envelope. Scientific-technical journal “BUILDING” #4(53), 2019

In the article is considered the influence of the thermal insulation layer of low-energy consuming buildings on the
thermal conductivity of this structure. Reference values for heat transfer coefficients is determined by energy
efficiency classes of buildings have been identified as having mass-limiting structures that provide the heat
transfer values required by the norms.

I.Kvaraia, A.Pirosmanishvili. SOME ACTIVITIES TO SIMPLIFY PRODUCTION MONOLITHIC
REINFORCED CONCRETE WORKS. Scientific-technical journal “BUILDING” #4(53), 2019

The article discusses some of the measures taken to simplify the production of monolithic reinforced concrete
work at one of the construction sites in Thilisi. In particular, new examples of the construction of formwork,
lubrication of their surface, supply and laying of concrete are given.

H. Nekashvili. DESCRIPTION OF THE PROPERTIES CHARACTERISTIC OF VIBRATIONAL
PROCESSES. Scientific-technical journal “BUILDING” #4(53), 2019

The vibrations of the road structure occur because each layer of the garment represents a vibrating system. Any
mechanical system can be evaluated vibrationally if it has elements of inertia, strength, density, dissipation
elements.
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