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Road Preservation Management System (RPMYS)

P. Nadirashvili, T. menagarishvili, Z. Meladze, |. Urushadze
(Georgian Technical University, Georgia, 0175, Thilisi, Kostava st. 77)

Summery. Traffic intensively and axle load play vital role on motorway pavement layers lifecycle
characteristics. Thus, perfecting the pavement layers management systems become actively
discussed issue in the world. Article looks at the main criteria of assessment in order to improve
above-mentioned systems. Improving and perfecting given criteria gives a good opportunity to
better the motorway operation characteristics as well as to reduce the cost needed for construction
and also bring the vehicle operation expenses to the minimum.

Keywords: Road usability, traffic congestion, road visibility, system.

1. Introduction

The purpose of the Total RPM S is to highlight the importance of understanding the issues related to
Road Preservation Management.

Developments in microcomputers and pavement management technology have provided the tools
needed to manage roads economically. This article highlights the importance of issues related to Tota
Road Preservation Management System (RPMS) and why roads should be managed and not simply
maintained. The article also explains the RPM S system for performing condition surveys and condition
prediction and devel oping work plans with the objective of optimising resources.

2. Importance of (RPMS)
The key principles underpinning RPM S planning are:

e Preservation should be service outcome focused. The preservation effort should be linked to
specific road performance targets and more generally to agreed minimum service level outcome
targets

e Preservation should be based on analysis of demand and evaluation of delivery methods (Supply
Chain Management). Simply repeating past practicesis not good enough

e Preservation planning should encompass the broader issues of skill training and development,
information systems, organisational structure and culture in addition to technical matters

e RPMS requires Project Managers to seek out practices and develop specific procedures to meet
the particular needs within each contract length.

These criteria should be part of the performance based contract quality plan and the basis of
implementing RPMS services. Preservation management planning should be a synthesis of top down
leadership, and bottom up operational and supply chain management skills.

RPMS planning involves itemising the routine maintenance costs of the pavement section and
comparing the cost with alternative solutions such as corrective maintenance, resurfacing, rehabilitation,
and reconstruction to optimise the resource utilisation and satisfy the customers’ needs for the duration
of the contract.

EXCEL/Access spreadsheet database of the roading network (e.g. Location, GPS coordinates,
lengths, widths pavement types, traffic counts, digital photo, digital video) isagood starting point and
could be devel oped to include secondary referencing (e.g., preservation treatment quantity, costs, and
past CBR bearing capacity information etc.).

High-speed subjective condition assessment (e.g., road durability and deformation, based on
number of potholes, scabbing, rutting, cracking, shoving, and flushing, visibility, road usability, average
traffic speed & ride, road user comfort & safety, road & shoulder cleanliness, road & shoulder
vegetation road skid resistance) is good for primary condition assessment of the pavement.
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FIGURE 1: Flow Chart for RPMS Planning

Primary condition assessment of the pavement will be performed every month on the total Km

length in 250-m sections (if possible) based on the following criteria:
ROAD USABILITY (wt. =12)
AV TRAFFIC SPEED & RIDE (wt. = 11)
ROAD USER COMFORT & SAFETY (wt. = 12)
ROAD DURABILITY (wt. = 15)
ROAD DEFORMATION (wt. = 14)
ROAD & SHOLDER CLEANLINESS (wt. = 13)
ROAD & SHOLDER VEGITATION (wt. = 12)
ROAD SKID RESISTANCE (wt. = 11)

Maximum Total weight age = 100

Performance will be monitored every month the total Km in 250-m sections based on the above
criteria.

The measurement of pavement condition can be monitored by assessment of pavement surface
condition (ride, skid resistance, surface distress) and traffic congestion and road visibility.

Subjective assessment can be made by atrained observer in amoving vehicle by rating the
pavement surface characteristics and visibility on a comparative scale of 1 to 5 generally defined in road
user terms as:

1. Excellent: defect not present to any significant extent,
2. Good: defect causes a dight safety risk and some discomfort at environment speed, but an
experienced driver is not significantly affected.
3. Fair: defect compromises safety risk and discomfort to the extent that environment speed is not
reasonably possible, but immediate intervention is not yet necessary.
4. Mediocre: intervention required as soon as possible.
5. Poor: immediate intervention required to make the road safe.
For primary condition rating purpose, the surface characteristics, traffic congestion and road visibility
can be weighted (total weight age should be = 100) and multiplied by the impact scale (1 (good) to 5
(poor) and summed to arrive at a single score. Copy of EXCEL spreadsheet is shown below.

N A~A®WD R
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FI GU RE 3: EXCEL spreadsheet sample for RPMS Prlmary Condltlon Ass&sment

Primary condition assessment will give an indication at network level, the pavement sections that
need secondary assessment.

A distinction must be made between:

e Surface deterioration such as - stripping, flushing, scabbing, minor (surface) cracking and
pavement structural deterioration such as - rutting, shoving, fatigue cracking, depression, and
corrugation

¢ Edge defects such as - edge drop, and edge break

e Unsedled road surface deterioration, such as - scour, corrugation etc and structura
deterioration such as rutting, and shoving.

Furthermore, atrained observer in amoving vehicle can quantify the symptoms of the deterioration
or aguesstimate of the optimum treatment selection. EXCEL spreadsheet attached below can help you
to identify the quantities and costs of the maintenance work involved to successfully manage the supply
chain, to add real value for customers as shown in Figure 5A & 5B.

L] Mz M2 Mz L L3 L]

GEL 18375 | GELATAS | GEL 9235 | GEL M.50 | GEL 159.35 GEL .60 BEFORE I TER

ROAD ROAD ROAD oce [
DESIGN | DESIGN

REPAIR TOTAL FORM FORM  puoTol  vioeol

RAINGE GRAsS FursETURE
REFAIR | COMTROL | CONTROL | CLEANING | REFAIR

i;

FIGURE : EXCEL spreadsheet sample for RPMS guesstimate of the optimum treatment selection
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FWD Deflection (mm)
pCI Pl <35 35.50 >50 | High Traffic
Value Rating <45 =75 Low Traffic
100 Good i Structur al Condition
Excellent

80

Good
60 Chip Seal
Microswrfacing
40 2" Deep Patching and Chip Seal

FIGURE 5A: RPMS optimum preservation treatment solutions

Exchange rate GEL 2.45 Infilation 5% Intrest Rate

PAVEMENT
PERFORMANCE

Patch 2% | 1000] GEL2450 | § 163,800.00] GELA0T310.00 | § 16380000 GEL40%310.00
Crack Seal 050 GEL123 |§  2047500] GEL5016375 |§ 2047500 GEL50,163.75

Slurry Seal, Chip Seal, b 250 GEL6.13 - GEL 0.00 $ - GEL 0.00

Total ,225,428. $ 1,283,782.50

Rate PerLane
KM ,236. $ 5,486.25
Rate Per KM 10473.75] GEL2566069 [$  10,97250] GEL 26,882.63

FIGURE 5B: Sample RPMS optimum preservation treatment solutions per km cost estimate

Detailed engineering investigation must be carried out to establish the structural integrity of the
pavement prior to carrying out any maintenance treatment for structural deterioration (e.g., walkover
inspection, dynamic cone penetrometer (DCP) readings, test pits, thickness, physical characteristics of
pavement layers, laboratory tests on field samples).

3. Conclusions

Use of a knowledge-based expert RPM S system to predict the performance of the pavement will
take at least 24 months, depending on the quality of condition assessment and treatment selection
information.

In the broadest definition, RPMS system is an orderly process for providing, operating,
maintaining, repairing, and restoring a network of pavements. Over a period of 24 months RPMS
system will provide valuable information and strategies for network-level program and for specific
projects within the program. Furthermore, the system will provide technical information on programs
and project requirements as well as cost information for budgets and projections.

There are many barriers to overcome in order to implement effective RPMS to satisfy the customer and
fully optimise supply chain management to satisfy the stakeholder. But if al factors can be brought
together, customers and stakeholders can expect high rewards and success into the future.

Bibliography

1. AUSTROADS 1992 Pavement Design Guide, AUSTROADSPublication No AP-17/92,
Australia.

2. ARRB 1993 Unsealed Road Manual, ARRB Transport Research Ltd Publications, Australia,
website http://www.arrb.org.au.

3. Shain, M Y 1998 Pavement Management for Airports, Roads and Parking Lots, Kluwer
Academic Publishers, USA, website http://www.wkap.nl

4. TRANSIT New Zealand 1997 New Zealand SUPPLEMENT to AUSTROADS Pavement Design
Guide TNZ Publications, NZ.

18



15336603 (M-B3IF603IM0 JID6SR0 ,,3FI6IBR (MBS

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYYHO-TEXHUYECKUIN YXYPHAN «CTPOUTE/NICTBO»

AO3S5-RIHLIAOL GJBNMBOL LMBCOSRI®-I3M6MB303IA0 RS
R3IIMBdGSBOIRO 3RIMBOAHIMdO

0. dsbo@sTgoano, ©. dob@Eody
(Logodmggemml Ggdbogado 4bogg@dlodgdo, 3. gobEsgst J. 77, 0175 mdognolo,
LsJosomggeom)

@gbondy. bodHamddo gobbograanos  bofsGmgganml  gobm-gGmo  Jdmosbo  @gg0mbob,
@odo-arghbadol  Gogao  boyooe n@-g9,0b6mdoga@mo 05 ©gdma @0 a0
Iwg 235G 0 30.
boggobder  bodgggdo:  berosgram-g006m3oym@0  SGmdangdgdo,  dembsbengmdols
999300935, 9 99035, ©9IMEHSsR0ga0 dogMmds G mds.

1. ‘dILO3oR0
dogbgoogo  dmgm  Omol  3mbo@oyg®o  @gbpgbiools  @odo-gmghbyddo, olggy
Omama3  boodmgganml  Lbgs  dmosb  @gyombgddo, Logdome  @oygao  LmEosgy®-
93Mbmdogy@o  dpamdo@gmds  @hgds,  @oi3  ofgggl  @gpombol  saogmd®ogo
dolbobagmdolbasb @oamsl. oy  obepem  dmdsgsendo  LoRys@gos @  godmlfmeaes

dgbodan gdgemos, gl 3GmEgbo dgudaagewo asbogl.

2. 30®00)R0O 65VOKR0

LoJL@odol  dmbsigdgdomn  @gaombdo  g3mbmdogydse  sJ@oygdo  dmbsbargmdols
AomEgbmds 29,6 s;msll  (Ambobargmdols 62%), mgomwslsdgdymmms @omwgbmds 19,5
0oL, bogom 9d9dgg@mdol mbg 21%-I dgowygbl. 2011 gl @ga0mbdo sjodsggdom
slioddgdgems  Lodygsam  Faoydo  @omegbmds 1,965 ssdosbl  (Ggaombols
dolobagmdols  4,2%) dgopagbes, ®o3  ¢dbodgbgmme  segdsGgomes 2010 Fanols
sbognmyoy® dohggbgdganl. sdgweb, 133 swsdosbo dbbgogr, 938 — Lodygsenm, bmeonem 894 —
3300 Lofo®Imdo oym ©slsddgdyemo. obsddgdbygmms Gomgbmds omagdol dJobgogom
‘d99©9abo0@s @0l gobsfoagdyeo:

©obisddgdols wosGamdmogo LA YJBa@s (2011 §. LoJl@os@ol dmbszgdgdom)
3006seH0, begose®o © dghbmbaernho. . I 134
b6 0Eadob ©38 © bugoswnho @:bdshgds I 318
M396330900 90650 Jabgdoom, asts, deadd. . N 95
OH6bEMHG0 3 333006300 @nds | 4
babymdamgdo s fgbBmebgdo [l 29
2J6mbs; 33000, baymey. 635560, @3 306, mbd... NN 169
333690 ¢emds I 737
g@gddfeagbyhaack, safobs @ Fyeob f36dagds.. ll 25
©30d33989@0 869fggemds NN 308
Lydomdmdnggdomo dhgfiggends Il 39
baggeaob 8y966ymbdy. byomeds 3 bagyyge. . [N 107

©5JoM5390gms dOmdol Lodygogrem mgoy@o sbsbmsy@gds 2011 §geols 2598 coo@ls
‘dgoagbes (sEaommd®og 3g@dem Bobogy® ©o o0g@ooygm JoMgdmsb — 2402 ans@o,
93bmge/gboygd 396dm Bobogy® s ogdooyen 300gdmsb — 480,7 @os®o, s 2010
Faool obosgnmpoy@ dohggbgdgandyg 834 @os@om bogangdos. dOmdol Lodygomm  mgoy®o
Sbobog@gds dbbgogn  Lo(o@Imgddo 533,6 @o@l, Lodygoemm Lofo®dmgddo 314 goo@ls,
boam dgodg Lofo®dmgdbdo 1344 o@l dgowygbs. Lodygogmem mgoy®do obsbsy®gdols
M©gbmdom @odo-gghbyydo Lodo®mggerml @gaombgdls dm@ol dmgom saol 0353900
s 2,7-x9®  hsdmyzotegds  odogg  Fanol  Lododmgganml  sbognmyon@  Lodgogm
dohggbgdgenls (6909 gos@o).

19



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYUHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/IbCTBO»

Gga0mbdo  dognbg  dowognos  Lowo@®odol  dohggbgdangdo. 2012 (geols I gm
dymdo®gmdsdo dgmazo mxobgdol dmbsigdms gO®M0sh doboTo @gaobEdo®gdyeo ogm
123 somsbo mxobo, Gmdgemnsgsb d9dfgmdsl omgdes 7.2 smslo mxsbo. g@mosb dobsdo
@920LRA®0Mgdg@o mxsbgdoll GosmEgbmdols 3MM39bR Yo dohggbgdeom, @oks-anghbaydols
@ga0mbo  bodo@mggeml  @gaombgdl  dm@ol  dmem  saoml  035390L.  @o®06
dolobgogmdsl dm@ol, yggeroby dg@os 40-60 Fengdols o 70 Fgeols bggom sbsgmddogo
x3990L Fogo. 5dobmob, o3 935boL3bgems Mom@gbmds dbodgbganmgbow sko®™dgdls 0d
‘dHmdolybo@osbo dmbobengmdols @omgbmdsl, Gmdgmoi Los@lgdm dgdfgmdsls owgdl.
9L dohggbgdangdo bomens sbsboglh @gaombdo s@OLgdye Aoy goms®gdsl, Gmama;
slioddgdols, oy gdma@sgools Ib@og.

@920mb6do 0®oibgds Lodgblom ws LmEosgydo 3s3g@ol dodwgdo 10,9 smsbio 3o@o,
@53 dobobangmdol 23,4%-1 dgoagbl s 360dgbganmgbo® osmgdo@dgds Jggybol Lsdgognem
3003969 dshggbgogenls (19,05%). 53 mgoelsb@obomss, Gods-grghbeydo Lsdo®mggermls
@920mbgol dm@ol dmenm sEaoels 035g90L.

©JIIGsR0mao Jode bogngs

Aodo-aaghbeydol @ggombo dgoddbs 19957, @mdgols go®mmdos 4600 33.49. glyg ogo
J39960L Bg@o@m@ools 6,6%. dbodgdo Jgool 258 @obsbangdyao 39bJdo — 3 Joansgo, 2
505 s 253 bmggaro. dbs@ols dmbobergmdols 19,4% 3bmg@mdl Joasdgdls s ©obdgddo,
bogoe 80,6% Lemgergddo. do@odmosh slobemgdgdl dogznmgbgds 238 @obobangds dom
‘do@ol sddOm@syg@ols dgboiodsgodg@o 64 (800 3-bg bggom), mboli dygboiodsmo@g@ols
63 (1000 3-bg bggom), 30390l dyboiodso@gdol 53 (1000 3-bg bggom). dmbsbangmdols
Loddo®mgg @gaombol  Ggdodm@osby dgoagbl 10,2 sesdosbl  33.49-bg.  Ggaombdo
dmJdgegdl  Lsdo  mgomddsdmggano  ghmgygeo:  sddGmeEey@ol, w@gb@gbol s  m®bols
d9603035e0039H900. Lodbodgm ©mbgby Lobgadfogml s@dsldymgdga bgeroliygegdsls
Fo®dmoeagbls Lobgerdfogem @fdnbgdygeo — audg@bo@mco, @mdmols sdobolF@szos
J- 23bOm@sy@os  gobmoglgdygmo. J. sddGOmesy@o aesdssdosb 280 33-0m oMol
5@ gdyeno.

M93006T0  dgJdbogros Ao Pmo ©gIMAMSR0YE0  gomsMgds, @olisi 2obs3ommbgdls
Fdomdol sdsgmo s boggomosbmdols doesgro  dohggbgdangdo, @ g3dmediomeo
sbogol  dmlbobangmdbdols  LodEzodyg @  owbodbyen  sbogdo  oym@Fobgdgerms  ©owo
MomEgbmds, sbggg dogs o oty Joa®sEos, GmImol dohggbgdbangdo  Lodo®mggermls
domoadmosh  Mgaombgddo  aoblogygm@gdom  dowomos.  doa®szoygmo  3Gm3glgdo,
Jo@omosE,  aodmfgggmos  olgmo  @oJHm@gdom, @mam@oEss  Lodydom  swyogdols
bogegomds, Gmymo Logmasisbmg@gdm 30Mmbdgdo, Lmgaols dgy@bgmdolngol Gomyao
bodydom  aoMgdm s LybRow  aobgoms®gdyemo  Lm@Eosgydo  0bg®@sbEO ]G ydo.
dOmdolybo@osbo  dmbobagmds  bodygdoml  Lodogdgmse,  do@omspasw,  mdognolsdo,
Jamooldo o Lobwgodgomgon  dogdabogdgds.  doa@siEos  Yo@mymgzomsw  solobgds
920060l Imbobengmdols sbsjmddog LE®YJBG>Dby.

@ga0mbdo  dolobagmdols  @obmgbmdol  dgdiodgdol  dgmeg  3bodgbganmgsbo
BoJHm@0s Jnbosbrgmdols d9bgdb@ogo doGgdol yodymaomo Logwoem.

930060l ©gdmy@sgoymo dpamds®gmdols MgBOMmL3gJdogs: agbGogoo 1.
dbotg 0>M000 dobobengmdols Gomgbmds (smabo 3530) ‘dgbo‘dgbs
1770%. 51,2
1897%. 108,2 LE>AOLEH0 S0
19145. 149,6 dmgdgeo
Gogo-egbiio T1goeg 120,1 d0bo39990
f‘;g?gf)m 1939 126,2 Bomgomolifobgdgmos
3ob¢ 19596, 106 g§‘163€>obYE;)vao‘>60
19896, 786 I bsben gmdse.
20076 485

20



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018

HAYUYHO-TEXHUYECKUN XXYPHA «CTPONTE/IbCTBO»
.

Lodo®mggaoml  dsLdEodom  ©gdmydsgoygamo  mgosebsb@olbon  yggamsby Gmygeno
Joamdo@gmdss  @odo-gghbyyddo.  Lowsi  1926—1989  (angd@do  dmbobgogmds  momdols
MOxgO  dgdEods. bods@mggaml s@3 g0 obEm@oym-agma@sgoyga  3Gmg0b305d0
obg dobmd@ogo o6 doydmggdos ddmogron®o ggmby dgg00@ dJobobergmdsl. gl doom
YBO®  sbobsbos,  Gmd  @gpombols  bogagdols  dgBo  bsFoewo  dmolfobgols o
565 dm0s5b  bmbsdo  Jgdo®gmdl s dg@-bogargdoe  9bOYbggeymazogos  Lobbog-
Lomglbo  dofgdom. o3  dofgboll ©o Ubgs o9bgd@ogo  @gly@lLgdol  ambog@yesw
aodmygbgdols dgdmbgggedo, o 2-3 xg@ 9@ dmbobengmdsl dgydaros 9bOYbggayml
mogolbo  msgo  Ly@lomom s s@OLgdmdols Lbgs Lodygommgdgbom. Lodfygbodme  @ode-
@aghbyyddo  0dEgbo  Rodmem  bsbosmo  doowm  Foa®o30sd, G®MI  Ggpombo LGy
©g3m3YEoEosl - yobogrol  —  gmggefmogdoe  yodrsgimogas  Gogbgo  g3@on
bko@dmdl  odogdgems  MomEgbmdsl.  sbogasb@®omdol  dsbmd®ogo  doa@siools
Jgogaoe  Logmgddo  ©odhbgb  momnddol  Jbmenme  bobpsbdyangdo,  @ol  godm
dob0d9dsdg d9dods dmdosmds, Loggoogosbmds 3o 3339m@sm as0bes@s. sdo@md
70-0560  (aogdols dgmeg bobgg@owsb ©o(ygdymo, gmggefmoydoe ao@oo3geromns
A5mgbmds  Lbko@dmdl odowgdyamgdl. 10 Paool gobdogamdsdo (1979-19897.F.) @odo-
@aghbyyddo ondos 6517 d53d30, ao@EogEomms MsmEgbmdsd o dgopaobs 9256, by
2739-000 390 2o@Eo0(335s, §oMg ©o0dss. 0353 3gMomedo dygwdogo dmbsbgrgmdols
bog@mem  Gompgbmds  dgdgods 11612 3o30m, @53 030l dgogaos, @md  d9bgd@ogo
aod@sgamgdol  IgTyg9Bol  gods, @gaombo  s@mgs 8873 3ods.  LYmégo  olgmds
06®gbLoy@ds JoaMo30sd aodmofgos  sbsgmd®ogo LEHOYIBHOL I339mG 0 yogsmgligds
> 4mggeoeog@o ©0sdo©gd e gdmnsb dgoe@gbom ao®sigeomms dgBo Msmgbmds.
@53 Lodod@mggenml od ghom-gom 3ddggbogagl g9mbgl bLOgmo o@mol bododOmgdsls
«9J3bols.

db0dgbgarmgobos  dgbgdol  LEoJoydo  dmgargbgdol  godymgomo  gogangbs
dobobggmdol  ©obsdogoby.  Logdsme  bdodos  gesdofol  Lbgopolbbgs  3gmbgdo
350>LAOMP Yo dofoldg@gdom 2sdmggyeo Jmbobegrgmdol wowo sbsgerolo. 3 dbMog
20dmbs a0l 5@ (3 @odko-aghbyd — J3gdm Lgobgmols @gaombo Fo®dmowagbl. obE M@0y
Fodlbygando  s@ogdmbgan  dJmdbpods  odobpa®gggero  dofoldgds, oo ool
sbobodbogos 1350 (anvols  goghbeyd-Lgobgmols  dofoldgds, 1991  Faools 29 s3@oeols
dodbpodo  @skol dofolidg@s, @mdgeolsi 200-3pg  sesdosbo  gdlbgg@dans, ©sbosbws
46000 ULoibmgdgdgero  Lobeno, 1000  Lofo®dm, globemjso®me  ©o@hs 100 000-3pg
osdosbo, 1992 Fanols m@dmddgddo  Lmggen  ds@obsbmlb  dosdmgddo.  s@bodbyyands
20M9909b5d Lbgs BoJBm@gdmsb gomse yodmofgos  @gaombosb dJog@dszogmo @Gogmols
{omdmJabs.

sbarsbgaro ©gdemg@sxqoaao Jdogmds@gmds

egobsmgols  Ggaombols  Lmgemgddo s@{o@dmgbol  3GmEglo  dgdsdgmmgdgaos.
bogagdols 9dgBglemodsdo sgogmo o5Jgl ©gd3m3ygasiosl. basdlGodol dmbsigdgdomn mbols
dgbozodsmodgdol  Lemgamgdol w©gdma@sgoyemo dpamds@gmds 2013 Farols 0sbg®osb
Lgd@gdd@ols homgenom:

3gbGogno 2.

bomggao sho@Esds©gdyao 3OO WS(33E 000 499695 0g0 do@Ggdols
3298030960 -Yoom

0960 1 6 -5

Lomes 0 3 -3

O OEOS 2 5 -3

o0 0 3 -3

Voo 2 9 -7

bemdo 2 4 )

o shms 1 5 -4

21



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYUHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/IbCTBO»

Joob@glo 0 2 -2
3030g0 gm0 0 4 -4
bo 30900 0 3 -3
Lo gom 0 3 -3
©OM0 2 4 -2
30356 gano 2 2 0

sbogmyoyg®o Lodgsioss Lbgs 39boio3smo@ gBgddoi. dogomomsw J. 30890 do
dmgoem 10 Fanols gobdogmmmdsdo  oondows 214 oo go®@soigoms 560 ssdosbo. bmgnem
2013 Peools 1 05bg3@oob 1 oganoliodpg ©ondsws 16 s godsnigsms 192 swsdosbo.

dolobggmdol ©g3m3ygas3ool 3s@omgay@s© 03 gdls dmbfsgangms Oomwgbmds
bgmagddo, oo bESGHOLEgYOs  sbggg dgdsdgmmgdgao dmbsigdgdos.
@odksdo  Iygedogo  dgbmg@gdo  dmbobangmds  90-00b0o  Fangdols dgdogy  aobobggdwe.
dobsbagmdols  dgdEodgbol  asdm  bmgagbol  ¢ddsgmmglmdsdo  aogddes  LodgwoiEobm
3963900, woobyds  Lgmangdo, odsb o bgeo  gyfym oo  do@osbo  woimsl.
dbmgme mboll Gsombdo 11 Lmggeros, Gmdgedog s@(3 bogbymdo s oG bodms®do
5oM530b  3bmg@Mdl. 0039 dgeo gaol 03 bogagdbss, bowsi dbmerme dmbyisgdos
o@hgbogno.  Lodloby@ol  Lodmgbgaos  m9y  gobomangdoll  Jobomgdo  @odggao
sbogasbgdo o Jomsdgddo goowosh Loibmgdgdansw. 39300 dompsbo 306 s@wod3
dOYbpgdops s, dgbodsdobow, @gaombo dJmbobgrgmdol aodgdg @hgds. 3@mEglols sl
3oaMdgegbdols gdmbgggedo @ods 15 Fgaofomdo smo® 0o@lbgdgol.

3. RSL336d

dmene Fangddo dgodhbggs ao@g399eo 3mboBoyg®o dg@gdo. m9dzs gl xgO gowgs
M55 3do@olos 0dobmgol MM sEagl 53 Mgaombol LOYmo ©gdmy@osgoygmo dsaasblo.
5do@Md 5930 gdgmos YRO™M 0bFgbloyg@se yobbm®Eogmogl Lmgosmeyg®o 3GmgdHgoo,
AYO0bdo s ©obggbgds,  goydxmdglgl  0bx@SLEGYIH YD,  Gol  Ygegaswss
Jobobangmdsl aoghbpgds 0b@Ggmglbo ©@oyd@ybegl Ggaombl ©s oJGoydow hoghmml
Aodko-anghbeydols aobgoms@mgdsdo.

Godo-aaghbeydol  @gy0mbl ol dybgd@og-gemods@ydo,  Lalmgerm-lsdgyabgm,
AYO0LG Y- 930953090 30@Fgboseo s Aobgomo®gdols Ggoey@o 390L3g]@o0gs, Mo
bmEosgny@-9306mdo 300 S g3 >B0YE0 doamdodgmdols 3odmlfmagdols
Fobsdodmdoss.

RK0OBIOOBIDS

1 Logodmggerml dmog@mdols gobgotiynmgds: 1374 — @ods - @ghbygdols o Jggdm Lgsbgmols
930060l gobgomsdgdols LE@sGgyos 2014-2021 Fangdologols

2. xomdgogo gob@oby. LoJo@mggaml dmbobagmds; aodmdgdermds ,,d93609609ds 1996;
3. http://www.€litetravel .ge

4. http://www. government.gov.ge/ files 275-38379-941560-137419 09.13-1pdf.

5. www.nacres.org

6. www.wikipedia.org

7. http://www.apa.gov.ge

8. http://rachalechkhumi.blogspot.com/p/bl og-page.html

9. http://seismo.iliauni.edu.ge

10. http://catal og.edu.ge

11. http://www. government.gov.ge/ files/53-74-847928-racha-lechkhumi.pdf

12. http://www.geostat.ge

22



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING" Ne1(48), 2018
HAYYHO-TEXHNUYECKUIA XXYPHA « CTPONTENIBCTBO»
33BM60L dIRBIGOKRMBOL 355635®0TINOLS0)30L
ObOR() MI3MFI6RISIR(O BM@IIRISO
b. 2™ (3000dY, 0. 3m(3000dY
(d3L ,,3mEgbB -0l Loddgbgoerm GglGo@mgdols @sdm@sGm@os ,,d0byano®,
ndogolso)

@9 bondy.  dmigdaaos  ddody  S9Bmbol  Fawsgboermdol  ©s3Gmy 5930l  Sbogmo
g do,  gdys@yds  dgdogs  IG0b0398b.  B95mbdo  dbbgogro  dgdoglbydarols
boomogangl ogbgdlb Jboarm Feods o o@s 399960490 Job @amsdo, Gmdganbsc
0mgoaolbffobydl  gosbgomodygdol  sSbomaryBamo I aermdgdol  jansboymdo
A9 @0. 3oobgomGodgdol sSboaro Gg,m996@530930 MmIGodsgramoe bHwol Je0dol
G5 bm3sl  S95mb6d0.  S95mbols  bos@ggo  bpgds  @RGm  gomdymdglbydaero
BT mgonmo mgolydgdolb.

boggobder  bodgggdo:  [yoemigdgbBolb — pod5m@o, 9996606 EKC  jansbgdo,
0bg@B oo dsbogrol xodnGo Gomgbmdo.

L. ‘L300
dgBmbols gagboenmdols ©s3MMmgJBgdols Loggydgamew wgobsmgol omgdbyaos
SOLm@aAg®o dmEgemdols dgmmegdo, GmIgaoE 3odmdggybgdygeo ogm  Jodmggero
dg3b0gegdols dO™Igddo (3. bogMoggol Lgmans), xgd gowgg aobygeo boygybol 30-
056 (a0 gddo. dog®od gl No! ‘dgoden gds No! 35g0mgo@ol{obmm
930mLEbEsMGgbol M g3039bes(30900(3.

2. 30000 SR0O 65V0K0

23oobaoMm0dgdol  3oMggen  9Ho3bg  dogrosh  dbodgbganmgsbos  yoe(39996@0l
35JBmA0L  25blobrgms, @mIganoi dBsgsmo  QmEAIgmomss  asdmbabyao, dog@sd
4ggerobg  30sJBoggmo  asdmygbgds  03mgs  dggoodogeo  dg3bog@ol  dmemdgols
ROMAOIYe053:

W/C = AR./(Reon + 05.AR),

Lbooi A 3mgn030gb@os s  ©sdmgoegdagmos  dgdoglgdeol bodolbbg:  domoano
bodobbobomgols Bmaos 0.65; @opomo bo®olbolomgol — 0.6; psdsgno ba@olbolbsmgol
- 0.55.

Reon dgB™bol do@gos; Re (39996G0lL 3o 3o.

hggyegddog dgBmbdo, Gmazs W/IC > 04, go@dygmsdo gowgdo U, domogo
Lod@ ool d9d™mbdo, GmEs WIC< 04, gowgdbm ,.—.

od ML doGomswo Asdbobwg@dgeos Loddgoty ¢9ddgeby. dspomomsw, “400”
om0l (3999600 400 50/L3% (s67 40 33s); “500” ool go — 500 33/L% (5699 50 35)
©> o.4d.

930m30L (39996@ 0L sbmEosiool dogd wowagboamos (39996@0L EKC  sansligdo

EKC_32.5; EKC_42.5; EKC_52.5.
obgbEgdgmos (39996@0L geoslls o do@ygol dm@ol sdmgowgdbyangds (1)
Res==1.224.R. - 15.31
o0 odmogdgmgdols qomgosolifobgdom dmermdgols m@dygans dJoomgdl Lobgl:
WIC = A. (Res=+15.31) /(1.224.Rcon. + 0.5.A. (Res=+15.31) ) )

23



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYUHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/IbCTBO»

Tyemol bodxol goblobmgds begds d9@mbols badggol hofymdoswmdols dobgogom
gb®ogogdols  LoTdygogmgboo  (2). Jgdegy 3o 0sbgo®odgos  (39996HoL  bodxo
RQOAOIYE0m:

C=W:W/C

d9damd  gBo3by gerslogyg®o Igmmeon 0bg@Bgeo doboggdol aosbyo®odgds
9bs  dmbogl  Sobm@yRg@o  dmEyemdgdols  xodol  3@obiodom.  gogom, ™I
d9B™mbols  yggems  3mI3mbgb@gdol xodo  go@ol 1000 o®dl s my
2580mg5@0s{0bgdm, Gm3d Ilbgoeno Fgdoglgderols (@m®®o o6 bdgdo) Logs®ogagl
dgo3Lgol  (39996@0, Jgods o (yoero, dobo do@gangdol aofgg0m, gogdbymdm
@m@Eol 56 b®gdol Lokodm @omegbmdols gm@dyesl. dgdpgy 3o swgomos Jgodols
M5mgbmdols godmmgmsE. dog®sd o3 gogd g gdyao dgmmeon dowgdywmo {g@ogmo
©s dbbgogno  dgdoglgdeols mobogommds 3Mo]@oggeon  sMosds jdsgmegom gogen
Jgogal  a3odeggl. Gmamai Fgbo, d9H™mbdo  ogaos  Jgods. 5do@md  mgm@oyero
2oobaoM0dgds  gg@  3myemdl  3Gs]Boggm  aodmygbgdol.  bgdmbols  3356d9ddo
M390o@™MOgdo  0dygegdygmo  sMosb  0b@dyoioom,  aodmEogrgdols  dobgogom,
bEodJoydoe aobodmb b9Bmbdo  Jgodol @ompgbmds, Goi3  dgBmbol badolbby
9o@ymGomns dmJdgogdl.

SdoBm3d hggh 2mogobmdm  aosbas®m0dgdol 3GoBogedo  Aodo@mengdyen  shogn
dgomel, Gmdgeoi oggdgmos 3M@s oblbgoggdyer d9dogy 3M0b30396%g.

dgB™boll bodgal gygmam m@ bofomow: 0bg@@Ym (oo, Jg0ds) s [gdbme
(39996@0, Fgomo). oy s30@gdm Lodo®mggeml 0bg@@ger dolbo@gdby wodboswgdyemo
13963 690™mbol bodggol [mbols 23503y ©o 30039800 RMEAOIP@om goobys®0dgdye
(39996 0bs s Fymol @omgbmdsl, 35dob do@GHogoe aodmgmgmon  0bg@d@yeols
X090 (AQ) Gomgbmodsls

Ag: 2350_(C+W), 33 (2)

399960 Fgomb  g3mbmdools  dJobbowm  0bg®@yedo  dlbgogro  dgdoglgdenols
Logo®ogang dg3Lgdygeo gbos ogml Jgodoom dodigergdols gofg930L  3mga303096@0L
aomgo@olfobgdom s oMs  J30Te-3999630L  blbostom, @mdgebei  ggmogsbmdl
geobiogy@o aoobgo®odgds. 35Tob dogowgdm GHmemdsls

Ag=aV.CA+CA=CA.(aVtl)
>Jgwob
CA=Ag/(aVetl) 3),
oo CA @m®@ol Gomegbmdss; VCA @m@@ols Logs®ogang bogo® dwamds®gmdsdo;
a ooeOeol (bdgdol) dodmigargdol o930l 3mgxn03096G0s, 040 JoGomsws®
05dM 30 gbyges (39996300 H5M©gbmdoby. Lbbgowslbgs 093039bes300l
aoobogrobgdom dowgdyamo gg543L 53 3MgR03096B0L Aodmbomgmgao Bm@Igen.s:

a=1.1+0.0009.C (4)
Lbodmameme 05bgo®odgds Jg0dol @om@gbmds(s:

FA=Ag_CA (5)
d9B™bol  3m33mbgbBgdol  mgm@oygeo  assbyo®odgools Igdwgy  powodm{dgds
bpgds  dgBmbol  bodgzol  goJpmd®ogo  ImEygemdomo  Fmbol s Ladmenmme
dgdm§degds  bgBHmbols  3md3mbgb@gdols Rod@mdmogo sSobm@ GG  InEymmdgdols
x030, OMIgaoi Ao gbes ogml 1000 @o@@obs 5% Eemdogrgbom, 5by
Clpc + W + CA/pca +FA/pra = 1000+5%
o]  Pcy Pcas Pra dgbsdodobop 39996@ 0L, @m®mols s Jgodol Lodigdogggdos.

24



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018

HAYYHO-TEXHNUYECKUIA XXYPHA « CTPONTENIBCTBO»
T

3. RdL336d

093396 9dgao mAI e gdom (1-5) aosbyo®odgdygm dg@mboli dgwygbamdsdo
aobOwoos,  dopa®ed  m3Godogryg@os  Jgodol  Gompgbmds s gl dgmemo
Fomdo@goygamom  ©obgdpomo  LoJodmggeml  smgyemdbdon  dg@mbols  Jo@bsbsdo:
ndogolido, do@bgyado, osbogoJoasddo, ogymgmdo, hmbs@oy®@do, bgagshsy®o  ©s
Lbgo.

od  2o0bgoModgdom  2odmdggdygmo  b9Bmbol  bodolbbo dm@osboe  93sbybgol
39B™bols Mmobodgdmgg B9dbog9® s Ggdbmemyony® dmmbmgbgdl.

ROBIAOB IO

L amb@ 55224-2012, 399963 9%0 Lo@®obldm@@Em ddgbgogmmdolomgols.
&9dbogy®o 3odmdbdgdo. 2012,
2. o bhogmgsbo. dg®mbols  Bgdbmempos.  Lods@mggeml  Bgdbogyg®o

960390 LoGgBo0. mdogrolo. 2015.

25



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYUHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/IbCTBO»

e
350 (0)330MbS BORSTN 35dL03OR IGO0 BIRIB3OL
006LOBR3@S dIBMEOL GMGB3SRMBOL RIBM®3S>G0ISOL
00035R01¥063500)

b. 35d5@9s, ©. BHO05ESIY, ©. XSbgsMSTgomo
(Logodmggmml @gdboga®o 99bogg@lLodgdo, 3. gob@sgslt J. Ne 77, 0175, mdoaoobo,
bsJodmggeom)

@9b029dy. Fomdmwggboemos @,y065355060b Js@mymmbs Roans do dofbodsgr o
bowanbgolb s5bbs bwgmolb [abo Jobo sggdolb Gogol (o8930b msbsdodwpga@mdol)
@S B95mbol 3migoEm30L © RMGIS(30930L somgsarolifobgdom. 335503800
@IR0HI5(30930b  gosmgoaoliffobyds boyds zmigoemdol wsdggangdol mgm@Gool
bogyodagan by, Go@gsbs  G,065895mbol  y0b6bB@ fiz0900bsmg0b 96 ogmdos
boa9mgbore s@mob Jobbyaaro.

boggsbder  boBgggdo: dosmmynmbs  goans, (03550M3, ©@5d99ergdol mgmdos,

©IROIGIS(300.
1. IO39R0

b5dO™mIdo  pobobogrgds  do@mgygmbs gogools  sdmbFoggdol gOm-g@mo
25303980 gdge0 dgmmeo: ggeagdol sdmygebols (ool gmb@y®dols dmfymdol) dgdwgy
bgds gogols dmb@ogo. o8 @AM gogs mmbogg gowom mogobygmse (LoblGymswe)
o0l oydbmdogo (Ly®d. L) o Lobodagdbenem (LogJldenys@dozom) q ©os@gzo®mgols
dmJdgegdol dgdmbgggsdo, dodbodogy® homybgsl gl Lobyg (by@. 1,6,9).

9) Ay ﬁ y 4y

2| |—>

C 1 = X
» |

—
o}
n
o

uOSb

; S
—

]

%) ol

Jyi EW j

p J
b‘g]&)y.z 1

2. d06005R0 656VOR0

‘dglogoado s g@omo 3GmEgeYaol dgdpgy aMdgmegds ggomgdol sdmygabs ©s
gogns  mnbogg Jowom 9339 bobEowss hodog@gdbymmo (by®. 2,0). 20033990 @AMl
aolgaol gdwge (1>0) gomodo EmEgoEmdol ©gRm®Ads30gdol gobgoms®gdol godm

©535390m 500dgdgds W hoeebgs (byd. 2,8,), bome Logmo dsfbodsma@o howxbgs
Aol 53 Jmgb@olsmgol 0dbgds W, +W, . bEo@os 9dwgbgds o xodg@o dsdlodsggdo
hoybgol aoblaobmgdasb.

26



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYUHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/IbCTBO»

N) 4y1 ty fyz
VAP DRI NIEN

X2
Qo )
n N
=) ~ c ::
X X
o) ~ N
D0 0N N
S| 3
772727774 anrlh"}> 1
0,5a 0,5a
1
d) +~ :
j ;1 WA i §/2
byy@. 2

xg®  aobgoboemm W, -l gobbabwgdol {glo Loobyo@modm ULgdol  Jgglgdgdow
Foddmagbols Lodygomgdom. by@d. 1, &by Fo@dmwagboenos 9.f. dmizgdyeo Lolgds, g.o.
mmbogg  gowom  Lobl®mgbo  ©oydebmdogo  do@mgygmbs  gogos,  @mIganbgos
dmJdggdl mobsd@ow gobofommgdygamo q 0b@gbloy@mdol woRgodmgs. byd. 1, d-by
dogdgmos o3 goaool  339mo0,  @mdgemoi  doowgds X @g®@dbg  goBo@mgdygmo
390040 @0  Lod@@Yom.  OmamOE 9339  0ym  o@bodbymo, W,  s@ol  gogools

doJLodsgg@do ho@ybgs, bomm | 1 ©s |, —dmd@ybgdol sgmbggdo gbsdsdobow Y, s
Y, ©96dgools qo®dgdm.

W,-l  goblsbmg@olomgols  dmigdygeo  LobRgds  (by@. 1) Fo@Imgoaobmm

Loobyo®odm  Lggdom (L@, 3), Gmdgeoi  solbobgds o (X ©o h)  J3gbgdgdols
9ONMbomdom. X J3gbjgdol dobgogom goans oy@Ebmdogos doMxggbs s bomzbgbs
3099%0m, beam h-I dobgogom — [obs ©s 93565 30©0gg000. 05b5d@o 5bs{ o gdyemo
©53300mg> JmEgdygmos X J3gbdgdol gogsby. 53 woGgodmgols dmJdgogdom X Jaglijgdols
Jgbodsdolo goanols dod(zbgbs o oxggbs Jowggdoby ImdGYbgdbol 3ymbggdo 0dbgds
YBOM ©oEo, go®g gl Lobsdpgomgdos, Moysb oydbmds Fobs ©s ¢35bs Jowggdom
(byd. 3.h) bgaols 9ol homybgol ©s go. dmddYbgdol Jymbggdol  msgolbygeso
2obgoma®mgdsls X Jgglgdol  Igbodsdol gognsdo. gl bgerols dgddengeno  dognmgsbo
BoJH™O 960 5@gbodbmm M, s M, Msbsd@ow obsfomagdgmo dJmdgbdgdom. 3bswos, h

J39Ldgd5d0 53 FmIgbBgdl  g9dbgds X JggbJqgdols  dobggom  dmdgoo  ImIgbEgdols
Lofobsomdpgam 60dbgdo, @opasbsi dmEgdygmo LobEgdol osmeygbolsl (ob. by@. 1, o)
obobo  ¢bes  Sdomomgdbgb  gOMAsbgml. o3 dmIgb@ gl  gfmgds YO mogO®Jdgogdols
dognmgabo goJ@mdgdo. olobo BoJ@oydo 35@5dgB@gdos s oyeolibdgds, @md @mam® 3

X, obggg h J3gbdgdomn [o@mdmpagbog gomsbg ImJdgogdgh Gmam@@E ao®g dsgmgsbo
BoJHMDJb0.  ©gRMAIS30900L  Moglgdsmdols  3o@mdsls (o3 dgdmbgggedo  dmd@Ybgdols

39mbggool Ho@mdsl X s h Jggldgdgool dobgogom) goenol Y, w@g@dol gomTgdem
946905 Loby:

_j ;f]'myl"'q));g :j r;finmyl Q)
Loogabaz

27



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018

HAYYHO-TEXHNUYECKUIA XXYPHA « CTPONTENIBCTBO»
T

1
AT @
boog D)o@l Y, ©g@dol 3o03gdm  dmd@ybgdols gaobg X J3glidgdol dobgwgom,
Amdganoi 2odm{gggmos g 0bGgblog@mdols 3jmby mobod@oasbsf o gdyamo yomgysbo
stol Y, ©@g@dol ao®dgdm  Jmd@bgdols 3ymbg X Jgglgdols

dobgegom, GmIgmoi yodmfgggmos M, =1 dmdgbHologsb. s@gbodbmm, GmI Gmymas q,

©o®30GOmngologob. | "

yl

oby M, =1 x Jggbdgdol dobgogom of393L Gogol @ybgsl. JC{“ sl Y, @g®dols
2oMTgdem dmddYbgdol sgomby h Jagldgdol dobgogom, @mIgmoi sdmfgggmos M, =1
ImIgbBologob o h Jgglgdol dobgogom 0393k Kool ymgbsl.

LOgos  sbogmyoy@s  aobolobwgdgds My, o9  godgash  mobsd®ow

aobofoggdym ©s@go@mmgsl dmgogdm g Jggldgdol goasbyg (byd. 4). 53 dgdmbgggsdo
©9RmM3530900L Mogligdomdols 30MmMdsl (g.0. dmd®ybgdol 3ymbggdol Gmemdsl b ©s
g J39Ldqgdgdol dobgogom) X @g@dol as®dgdm g4bgds Loby:
- flm‘”kﬁq)if —J My A3)
Loogabacz
orti

My = %m> 4)
ARSI

oo DY s@ol X ©@g@dol 9o6Tgdm  dmd@9bgdols g9mby g Jagbdgdol dobyrogom,
Amdgaoi godm{gggmos  0bBgblog@mdols 3jmby mobod@o aobsfoagdyamo aomgysbo
©oRg0Mmgologsb. | o s®ol X @g@ddol 250Tgdm  Imd@gbgdol gymby g Jaglgdols

dobgegom, Gmdgaog yodm{ggyemos My =1 dJmdgb@oboysb.

Ly@. 3 Ly@. 4
o>0gbodbmm, @mI @dmameai g, oby M, =1 g J3gbjgdol dobgwgom 0f393L ool

bgol. j oM s@ols @dols a5®dgdm dmdA9bgdols oby b LJgd0L dobygom,
QIv3 x1 X Q) 0 J ‘J%9 3J”59 HHRHN J93

Omdgeoi  aodmfgggmos My =1 dmdgbBobsgsb ©s b J3gbgdol dobgwgom 03930
ool a®gbsl.

28



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYUYHO-TEXHUYECKU XXYPHAJ «CTPOUTE/IbCTBO»
. ________________________________________________________________________________________________
W,-I  @gomygdo  360dgbganmdols  aoblsbrg@olbomgol  goygbgdo  Ly@.  5-By
Fomdmeagbogr  Jg9LJqdgdl. Yy  Jggbdgdol  dobgwgom Goasbg Imgdbymos  @mamA3
399900 g 06396Lo@Mdol dJmby MobsdGop  asbsfomagdymo ws@gommgs, oby
06®gbLog@mdols  3Jmbg  mobsd@ow  aobsfoamgdygmo  gBmoghmJdgogdol  sEgoMmgs,
Gmdgaoi  BoJHoyg®o  3oMsdgB@os s J39bdgdgddo  Fo@mdmwygbogr  godmxo@gdby
Jmdgegdl  Gmama Aoty dogrmgsbo  god@m@o. W J3gbJgdom  Foddmwygbog
BoHBoBsdy  00mJdgegdl  Tbmmme gl d  06F96Lon@mdol  3Jmbg  Es@go@mgs. o3
935b5L3bgemols  goblsbmg@olomgol goygbgdm ©gRMAs30960L  Mmoglgbos@mdols 3o®Mdsls
(63 dgdmbgggodo € [goOBomol ggaRogom o  aooseaogdols Gmeomdsl Y ©s W
J39Ld99g9d0L dobggom):

—did +Ay =diq 5)
y
boosbs(s q = dyA—CdgN (6)

by, S

>d aam®J 3%0 A ,d) wsd” a@moqdond 60l 3m3d96R9d0l asmasanoli{obqdom
]G JLY ¢ U @l Y J JLJ 9509 HONGoY J

Jomgdueo ggMBH03oEYM0 o500 dgdos. 9.0
N =AY =AY o
dZ :d():/q_dym. déN:d;Nq—d;Nm.

Lowsz ALY s@ob  gomol € (godomols  gg@A0gom @0 aossyomgds  sby
doJLodogo o gooswaoegds Y Jggldgdol  dobgwgom, @mIganoi  aodm§ggyeos
063 gbloy@mdol 3Jmbg mobod@se gobsfoamgdymo o@gzo@mgolioysb; N™— goaols C
Vadgomol - g0Hogomyg@o  gorosepoggos,  Gmdgmois  podofgggmoes My @o M,
goddogmo  dmdgbdgdoom; A s dMT—gomol € {g@Gomol  gg@F0 o @0
Ao 0mgdgdo dglodsdolbop Y s W Jggligdgdols dobgogom, @mdganoi aodm§gggemos
=1 0639bLoy@mdols  3Jmby ®sbsd@o  gobofomgdnmo  wsBgodmgom;  dlM—cC
VaoHomol 59@H0gomgBo yowssmpomyds, Godgmog yodmfgggmos My =1 w5 m,=1
dmdgbBgdom Y J3gbjgdol dobgogom; d;’vm—C T90Bogols gg@G03oe0 M0 go055030agdo,
Omdgeoi godm{ggmos M, =1 o M, =1 dJmdgbdgdom W Jg9LJgd0l dobgwogom.

29



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018

HAYYHO-TEXHNUYECKUIA XXYPHA « CTPONTENIBCTBO»
T

(5)-0L  dodxggbs  bofogno  mobobdop, @mdgamoi  aodmlobog W, =W,-l, w
J39bdgdol dobgegom 3396900

W, =dq". ®)

od39 ©0gb0dbgm, GMI sdmiEebols LodgdMoygmmdols aodm X ©s Y ©gAdgdol dJods®m

(0b. Ly, o) 30608966980 [y = ||, [@]=[@,], [My|=|m,| o [my]=|m,|.

mmbogg jowom bolRse hsdog®gdbymo gogols (bob. 2, o) doJlodogoydo howybgols
2obLaobegms bpgds bgdmm Fo@mdmeagboeo gbom, dopa@sd (1)+(8) gm@Iygesdo dgdsgsgoo
3505393 M960 dggbodsdgdosh 2, o bobobbg [o@dmwpygboan LolEgdsl. Gmam® G bob. Lo-U,
obg by@. Lb-b dgbsdsdolbo gm@dgegdo dmzgdyaos [1] @ emdsdo.

O3 bgdmm ogm  s@bodbyeo, 3mEgoEMlL W RMMIS30gd0  gomsMEgdosh
boy@. 2,0-by aodmlobygeoo Lobi@gdols sOLgomdolisbs. od ©9BMAI>30900L
2omgo@olifobgdom  gobpgbm 3m@Egomdols  odggargbol mgm@ool  Logydgganbg. dolio
©00xgMgb3zosmy@0 2obGmamgdol gOm-gOmo doGomswo bobgs [2]

de’” =de, +ed,, ©)
s

oo de” omol LEgmo ©ggnm®dscool ggaomgds @Omol t dmdgb@olomgol; de, —

9

093500 ©IBMAOI>300l  3geomgds  Amol  0dsgg t JmdgbFobomgol; € @gzo©0
©9BMOIS(300
o=l @-e”) (10)
Mol mEgeEmdol  dobslosmgdgmo  @mol  t dmdgbdolomgols |, — mEgoRmb0ls
Lodmamm dobobosmgdgemo obyy | -0l 360Tgbgemmds, dmwglsg t=w; b — gmEgoemdols
bOol  Lobs@ol  gmggnocogbdo. | s b asbolobrg@gds gJl3g@odgb@gdom  ©s
(39999000 3b®ogn9ddo 9@ mbols sbsgols 5 sdbogdols 306Hmbgdols
aomgogolifobgdom [3].
d9-(5) LobEgds yowsg(gemo Jgdwgybso@a:
(d +d)q =AY (11)

t>0 @mobomgol 0 aoes0d3ggs ©Omol @ubjcosw, AL duwdogo Lowowys,

Ooyob53 oMy WoRZoAmgs dgpdogos.
sdo@md (9)-b gomgogolifobgdoo (11) doowgdl Lobgl:

(dY +d)dg; +(d? +d)gdj , = ALdj ., (12)
oby
(@ +) S @ +d)q <A (13)
| ¢
o0 ©0ggAgbEosYM0 gob@Gmagdols sdmblbs qf-b dJodosdm oMol

. N -
= ¢ _(1-¢e’). 14
4 =g g e’ (14

4 -b Lodmmemm 3608369mmdol, g.0. G.-b aoblsbwg@olomgol glo@agdamden dg-
(10) aob@magdom:

J e =)@ =) (15)
s (14) doowgdl Lobgls:
* Ay i
=——=—(1-¢e'¥). 16
LT dgv( ) (16)

30



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018

HAYYHO-TEXHNUYECKUIA XXYPHA « CTPONTENIBCTBO»
T

(8- mobobdo  (3m3goEMOL  aomgoolifobgdom  by®. 2,0-bg  [o@dmwagbogno
Lob@gdobomgols 3394690

W =d;" . (17)
bogoem goaols 49ddo@o@o dsJbodsenygdo homybgs 0dbgds
W, =W+ W (18)
3. RdUL336S

59Bmbol  3MmEgomdol  ©IRMMIs0go0l  gomgogolifobgdol  dgaslgdols dobbom
hoBodws  gogool  aoobgo®odgds  by@. Lo-bg [o@dmwpgboemo  Loli@Ggdol dobgwgom
V990900 boFgolo Imbszgdgdom: a=18 b=29; v=0,3; h=0,2 36/18? s> E =3000 ;6/1:3.
2oobaoM0dgds ho@ods (3m33oPMd0l ©IRMMIs30go0l aomgomolfobgdol go®gdy, 9.§.
©5030Omz0l  ©HY3oe-dgobogd  LAswosTo (1=0). 53 @mb gomol  dodlodomy@ads
ho@bgsd dgoaobs W, =0,921:3.

bygd.  2,0-bg  (o@dmeagbognds  LolBgdsd t=o0 ©@mobsmgol GmEgeemdol
©9BMOI530900L gogagbols godm Jooem WL =0,21 13 Lowpowol dsJbodsma@o howebgs.

SdGogo,  bodOmddo  aobbogoyao  do@mgymbs gogool odmb@oggdols
0obd0dpggamdol  aomgoaolifobgds, @53 gyolbdmdl  dgBmbol  3mEgombols

©gg8MOI>30gd0l  godmgangbsl,  doJlodo@aud  homybgol  bOwol  23%-0m.  sdo@md
(3M™GEgomMbols dmgagbols gomgogolifobgds dobsbdgfmboaaw doggohbos.

RK0OBIOOBIDS

L % dodopygs.  dodmggmbs  go®BoGgdol  gosbas®odgdol  gods®@@oggdygemo  dgmmo
aobofoagdygmmo o@godmggdols dmJdgogdolisl. @gaolE@odgdbyamos bEy-ol Lodgosjiom
Loddeml dog@. mdognolo, 2008.

2. Kusupus .B. OnpegeneHve ycunmii B KOMOMHMPOBAHHbLIX KOHCTPYKUMAX C YYETOM [edopmaumu
nonsy4yecTn 6etoHa. CoobueHnsa AH FCCP, 1. XXVIII, Ne 3, 1962. c. 72-76.

3. DIN 4227. Berlin, 1953. p. 115.

31



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018

HAYUHO-TEXHUYECKNN XXYPHAN «CTPONTE/IbCTBO»
L
1LS3BI6EM3B560 ROFMIBN BdSAHLOL BSS9635M0FIdS 356030 V6I30LS RO
&3J33I0SBH IO ©I3(MIFIRISOLSL
0. 256sxbsdg, 3. go@Psnbadyg
(sbogno gdoeglio Lobfsgangdgero, dymbpogaols J. N26)

Agbondy.  sodbol  s@S[HR0g0  @yRMGISGooL  SImobols  go@05;08m0
R20GI9@o@gd0l  3obsby  Jowygdaaros m@Isgo  bodmywolb  dfmby  bodngbmgsbo
aombobsmgols do@m3560 @ Loomdamo b99erd9wg930b5b @SS an-
@IRGI0G a0 dogmdsdgmdolbs s o dpgmds@ygmdol  dog@mowmdols
3oL bwgmol sdmsbols bobbaan 9argdgbdms Rm@Edgamon gmGdyaomydsh.
boggobder bodgggdo: sombo, Bgds9@msBams, [6gss, dog@ms@mds, [obbsgo.

1. 3O3R0
nbgaro goObo aogOgmgdgmo JobbHogdaes Hadbogol bogmaw aobbbgsgydgm
sMyg9ddo - 5305(305'do, 399:03dgbgbdbenmdsdo, Jodoy@ O 969029303980

35656003 gbgdmdodo,  Lodmgfggerem o  Lodmdomsgm  39gbgdbanmdsdo,  gmlidmliy®

Aadbogols s Lbg.

306LEHOYJE00L gargdgb@dgdol sdbowgdolsl, FMo@ozoymmsb gohmswe by ya®®
dgBo©  094gbgdgb  bgdRg03g  RI6Mgeb  3mI3mbogoyd  dobogrgdl,  @mIganms
2obdolibgoggdgao doboliosmgdganos — domo mgogdgdols sbobmE@m3os.

sbgmo  dobognobspsh  ULbgowolbgs dgommpom  0Jdbgds  dogomgsbo  3mbLE@yjiools
G039®o  gergdgbBo —  d@sgomagbosbo  ao®bo.  mydiEe  G®swoiogmo  dslomobogsb
sdbopgdygemo  Idogogmaagbosbo  ao®bogs 9989JH 9O 20dm0ygbgds  dognmgsb
306LEOYJ309ddo.

9JOM-g000 9dmogdglo 3OMdangds, AMIgeroz goobas®odgdsl sbansgl msb, gl s@ols
30b6L@ Y300l mbggo@ggoeosbo ao@lolgd@o gagdgb@gdol  dowa@s@mdol 3G Mbengds
d39ddogo  dodgol  o@OLgdmdoliols  obyy 3 gangdgb@gdol  Fbowo  dglodmgdaomdgdols
2oblobwg@s.

30b6LHOYJ300L bggagero gangdgbBgools Lod@goxols s dbowo dgbsda gdenmdgdols
aodmggamggobomgol  dmombmggds  939@ggegloe  domo  ©5dsdYer-© gRm@IoM oo
Joamdo®gmdol  aoblobmgas  —  @sbsi  dogysgo®m  ao@Olbms  mgm@ools  s@s{®gog0
Lolobeg@em 5dmobgdol sdmblibols g539]@g®0 dgommegdols ©sdydoggdsdwyg [1-6].

29mdgBOogms©  s@ofMx0g0, 3mblE®yJcogmsw  sbobmEM™MIgmo  dBsgomegbs
2o@Lobomgols dognmgsbo s Lomdydo bgdmddgogdolols 3mblE@dydaool dogmgsbo —
©g8MAdoMOgdg@o  dpamdo®gmbdols  aoblabmg@ols  ©s  0bgob®dyemo  gosbys®odgdols
9989J6 900 @oibgomo  JgmmEgdol ©sdydoggds, domo Mgogobozos  3md3oy@dgtby s
350 JBogodo obgdags oMol gnm®dodgdswo dgodo Lbgyeols dgdsbogols oJ@ysey@o
bodg3bog@me sdmsabe.

2. 30®00)0R0 656VOKR0

aobobogngds  Lodggbmgsbo  @oddgiEo godlo, ®mdgeoi  [oMdmopygbls R=320 39
aswoybols IJmby (OgfodTo hobsbyenr Fglogd gJlgFobbogol. ao@lbol Lsgmm@oobs@m
bgeed30M0 Jo@Msdbmy@o  bgosdo@os (by®. 1), Gmdgeroi dJmga 3mbGy®dbg boliFowss
hodog@gdyano [7-11].

hi=h,=1 33, h,=18 33 goenols LolJggdos.

aodkg00g5ag 396980l dgdobogydo s mdmgoboyg®o obslosmgdangdos:

P90 g9bs> — E=55000 33s, v=0,25, o;=8-10°

aokyg ¢gbs — E=91000 335, v=0,25, o=11-10

32



15336603 (M-B3IF603IM0 JID6SR0 ,,3FI6IBR (MBS

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYYHO-TEXHUYECKUIN YXYPHAN «CTPOUTE/NICTBO»

RQoEns GG PYEos msbodo®o dogs 0=0,1 33> [bggom ©s aoibgmgdymos dJmgen
LolJgbg (by®. 1).

hggbo sdm3obos: 20dM3033e0009m ON %sﬂ: = _~:_=_;,::¥:
530 30 ogEgdss 25@ Lol ©ododen- : " : .
080G dmm  doamdsmgndols ©s sdmbbgdol H O ko
ooyl do@ols H<16 33 Lobwgdmgddo. //"‘ B :';\\ l'“l
gogools Lol e 950939b@ Mo dogeo ' ST |".1
Fomdmowygbls OABCO 3mb@ydom  dgdmbsbmg®hygao / = ' “‘-‘ [
gogools Igmmbgel, dgdpgao Lobsbwg@m 3oMmdgdom: | i [ R }
> 0 ggobdo: U;=U,=0,=6,=0; \ L_,‘ :
£y / I
> OA §obbogo: U=0,=0; :

» OC (sbbogo: Ui1=0,=0; . oz
» AB {obbogo: bolBo hodopa®gods; 1 g T
ik /.’h‘

> CB {obboao: boldo hodoa@qds. I _'._ /

Fobbog §) 39 — o
aodmmgegdo dgbdgmes asblsboanggano l I (.

RB@53d9630L Mm@ LobOya gagdgb@oe ©oymayols {4 4
‘dgdmbgggsdo:
byg@. 1

> n=4, n=8;
> n=8, n,=16.

O9bagl  dmmmon  IgL{m@gdsd 53  dgdmbgggodo  dgoogobs  34%, obg, eI
Lodm@mm LobybEg 1%-ob godamgddos.

0d dgdmbgggedo, dmEgbs H=0 s godxz0dgdols Jmgeo gmb@y®o  bsolFswos
hodop M gdyano, bmeom Jogs §bggs e gdgeygmegomos, doJlodsgny@o ©ododygermdgdo
sm0dggds  dgbadg  ggbol  bgos  dmd3mgdby. gl odsdymmdgbo  yodmomgen gds
Sbo@oby®o gem@Igaon:

s Ea,T
' 1-n
0d039 Ly@osmby, dmigdyeo g dogs (bggolomgols bohggbgdos @odmgowgdaegdgdo
OA 3mbdydol  asligMog i  ©odsdygmmdgdols  0bGgblogmdols  gobsfoengdsls, T(E)
A993g0o@yaols s gogrols H 5dmbbgogrmdols Lbgopslbgs 360dgbgenmdsls dm@mol. sgge
dmgdygmo goaol dygodo gomebgol dglsdsdolbo ) 360dgbgammdgdo. Ly@omowsb hobls,
amd  H  s8mbbgJogmdbols  aob@olols  @ododyanmdols 063 gblogmds (3963 ®do
dobm@Bmbydo jegdygmmdl, boam jmbdyg@ol A (9O@omTdo dnbm@mby@sw o0b@ogds
ool 5dmbbgJogrmdols oldols m3@odsay®o dbodgbgamds 0<H<4 33 Lobmg®gddos.
3063 M by U,=U»=0, 0=0:=0,=0  Lolobrgmm 300t3950m ho@o®gdgeo
3ooba5M0dgdol dgogao 2 Lygdomby m@dspo IGgLomss bohggbgdo. o3 dgdmbgggsdo

Jggagoo  3OoBoggme o oMol sdmgogdbymo  H-by,  (Imzgdyer  bmdgddo
3oblbgoggds o@ sgds@gods 3%-U).

A (gopomdo goaol Lobmg®ol dbgdols golifg@og aowosegoggds s@ol 0,2 99,
boam A §goioemdo — 0,24 39.

bob@ow dJmd@sgo hodog@goolsl odsdygmmds 2-x9@  bogargdos, godg bol@owe
9d@530 hodopa®gdolsl.

=227933>

33



15336603 (M-B3IF603IM0 JID6SR0 ,,3FI6IBR (MBS

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYYHO-TEXHUYECKUIN YXYPHAN «CTPOUTE/NICTBO»

bob. 2

3. RdL336O

bodgygbmgobo  ©odMgao  Ao®@bol  o®of®gBogo  wgnm®dszoobsl  go@Mosioygero
ROAOIYmoagool  bogydgge by, dowgdymos  Lomdydo  bgdmgdgogdobol  @ododyen-
©g8mOIoMgdgmo  dpamds®@gmbol  Asblobmg@ols s  Fpamdo®mgmbol  dpa@smdols
3oobgomodgds §bggols s Ggd3g@s@y@ols bgdmJdgogdolsl.

539 doggdygmos  3M0Gog@o  s@goMmggdols s dpadopmdbols s oMag0l
3obaLob@gMgao  seram@omdgdo.  3OMEgRYAsms  doboby  dgoagbogros  mdogd@ydswe
M®0gbGoMgd e 3Oogm@sdomns  3539B0, Mmdgmoi  obegbl  odsdgmo  sdemEsbols
G go0bgodsb.

ROBIGSSH IO
1. Aleksandrov A.Ya, Borodin M.Ya,, Pavlov V.V. Structures with foam fillers. Moscow: Oborongiz. 1067. -218
p. (In Russian).
2. Ambartsumyan S.A. Theory of anisotropic plates. Moscow: Nauka, 1967, -268 p. (In Russian).
3. Bolotin V.V., Novichkov Y u.N. Mechanics of multi-layered structures. Moscow: Mashinostroenie, 1980. -375
p. (In Russian).
4. Kurshin L.MP. Review of works on analysis of sandwich plates and shells//Analysis of spatia structures.
Moscow: Stroyizdat, 1962, issue 7, pp. 163-192. (In Russian).
5. Mukhadze L., Kipiani G. Review of researches of thin-walled plates and shells in Georgia (1987-
1997)//Metsniereba da tekhnika, Thilisi, Metsniereba, 1997, pp. 4-5. (In Georgian).
6. Kipiani G.O. Review of works on the calculation of thin-walled spatial systems with discontinuous parameters
(1980-2013)//Actual Problems of Architect and Construction//Materials of V International Conference. 25-28
June 2013/Under editorship of E.B. Smirnov, SPBGASU. is. 2, part 1. SPB, 2013, pp. 262-267.
7. Kipiani G., Kvaratskhelia A. Variants of optimal design of single-layered and three-Layered circular
plates//Problems of mechanics, Ne 3(60), Thilisi, 2015. pp. 29-34.
8. Kipiani G., Abesadze B., Chachkhiani N. Deformability of two-dimensional Medium with cuts on the basis of
application of Generalized functions//Problems of Mechanics, Ne 3(64), Thilisi, 2916. pp. 55-59.
9. Vazagashvili M., Kipiani G. Research of Practical convergence and Accuracy of Algorithms for definition of
dynamical characteristics of structurally-Nonhomogeneous Prismatic Structures//Problems of Mechanics, Ne
4(61), Thilisi, 2015. pp. 49-54.
10. Kipiani Gela Deformability and stability of rectangular sandwich panels with cuts under in-plane
loading//Architecture and Engineering. Volume 1. Issue 1 March, 2016. SPSUAGE. p.p. 26-30
(agj.spbgasu.ru/index.php/AE/issuelview/3);
11. o. podwogbsodg, 3. ao®ogbsdg, o. goxgosbo. m®dsyo Loddgools IJmby gmdgd@oygmsw
5M5{Mx0g0 dMogomagbosbo ao@ligdol gnm@dsEoobs s Jpy@dsmdol bsgombgdo. 3GMRglma
2 4ogosbols @gesjizoom. ,,G9d603900 9boggdlodgdo”, mdoaolio, 2004 §, ag. 145

34



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018

HAYUHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/IbCTBO»
e ——————————————
330oR, GbIR IR0BoBI® 30H(M3IF0 JIL3RJS>BSGOOLSMB0L
3563303600 G306563BM60L 3MELE@IIG0IdOL dOS63>AHNTISOL
OB IIZRIS()

d. Ly aesdy g dobos@mdamody
(LoJoomggenml @gdboggdo 960390LoGgHo, LoJs@mggemmm, 0175, mdoaolo,
30LRsgsl 77)

@9b0ndy.  sobbogrmaros ©065895b0l  3006LBG 309006 ©@SIHM9BId0b
bogyodaangdo  @edaarms g /b3a 955 o300 bpyds Jddmsaro, bgaro o @35m0
BgI2905B a0l byderfdawgdol  J0Gm3gddo.  yg@mdem,  d9gbgds  G065895mbob
J60 77093, Gdengd by Lobdgdamoe  bgdmdawgdl gers@o  Bgdigmsdams
(o Jbodsgr o, Jo@oemo - 40°C s JgBo, bodgoanem Jsfbodsgrom@o  B9d39GsB 9@
Jogers by bgero mgobsmgols - 29... 30°C. dsgmol 9605635 50...55%- by bojargdo
@S @330 By fberermgondo 5933905 G0l -90...196°C) derzgdaaros  gBembols
BII39BSB @0 ©YRMIGIS0900b  osg@msds  gobamgdolbs o go;09930b5b
©065895b0l  y006LBEG 309006 gosbzs@modgdols  Lbogymdgangdo,  Gmdgarms
JJbIagoBo;00 bpgds Jdmsgro s bgaro yarods@olb So@md93 do.

boygo6der  bodgggdo: — @3065895mb0b  ymbbBG 0930, ©99mG35300, B95mbols

LodB 0:9: 395mbolb  yavsbo, sobm@gdo, BII39 S5 2 a0 90930,
3ORGMMJBS,  BIISYHBSBE S, JSbsd@HmB0ol jmg9303096¢50 @  F9bsdgde.

1. O30

b5dOmI o aobboanyganos 03060893 mbol  3mblE®YJ30go0l  s3Bmg]Bgdols
boggydgangdo,  Gmdgamms  gdb3anygs@oios bpgds  dd@ogo, @bgmo s sdsao
®993905@3 @0l bgdmJdgwgdols 306™dgddo. 39Mdme, ‘dggbgde 030659 mbols
3063 9J3090L, AmImgdoi goboawosh Ggmswo (dsJlodseny@o, domsao 40°C s dg@o,
Lodygoenm  doJbodognyg@o  Bgd3gas@g®s yggesbg @bgeo mgolbsmgols 29... 30°C. 3sg@o0ls
$9605bmds 50...55%-bg bogargdo s @odsaro @gdbmemmaoyg@o Hgddg@s@ ol -90...196°C)
®993905@ @0l LobEgdo@dy®d bgdmJdgwgdsl, Fomdmwygbogros dg@mbols Ggddg@s@d g geo
©gxBMOIS30gd0l  osa®sds  aoby®gdol s 253089000 OAHML,  dmEgdyeos
@ 30bodg@mbols 30b6LEOYJ30go0lL 3oob0M0dgdols bogyeydgemgdo, OMdegbdlogs
9JL3g @300 gbpgdom Id@smo o 3bgmo Jeods@ol 3odmdbgddo.

2. 30600)0R0 65VOK0

030G M0 BoJHmAgdo  goblE®yJaoygmo g gdgb@gdol  bowgol  gbs@ols
(I9domdol)  ©odggomgdaby  bgaogangbsls  obgbl  3oMsdo®m,  dgobogdow o6

05bosmsbmdom, shs@gdls @s 0bFgblog@aw wsdggomgdols 3@miEgLL. Lo Jo®mggamdo
M0l saomgdo, GmImgdoi bolosmwgds ddGsogo, 3bgmo geods@om. bogbymo of
oMol bobp@derogo @mol  aobdogermdsdo  (Fgamofoedo 100 mgbg dgBo) domseno
®993g0o@ydom s Jlbodsgnyydo 40°C s dgBo, Lodygsam  dofbodsayg@o  Ggddg@mo@dyms
yggemobg 3bgero mgolomgols 29... 30°C. o3 @OML dog@oli Fgbosbmds dgodangds  ogmls
50...55%-bg bogemgdo.

sbgmo 30 0d5@ @0 300mdgdolomgols 4306569 ™bols 306LEOYJ309d00
©530MgJBgds  0mgoolifobgdl  mogolgdydgdgdl, Gmdggdoz 9bws  agomgsolifobmm
b9B™bol dmdbogdols, hofymdols s hgdpamd aodgs®gdol 3GmEgLbol aobdsgammdbsdo. gls
3odm{ggg@os  doGomswse  0dom, @G®d  dd@sao, 3sbgmo  JaodsGol @@mL  [yaol,
d9Bmbol  ddos  dgdglgdo  dobogngdols Ggd3g@s@yds  Log@dbmdmow  dg@os, gowdyg

35



15336603 (M-B3IF603IM0 JID6SR0 ,,3FI6IBR (MBS

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYYHO-TEXHUYECKUIN YXYPHAN «CTPOUTE/NICTBO»

. ________________________________________________________________________________________________
beo@dogoy®  300mdgddo, @0l aodm@E  godmdd@seno  dgdglgdo  Ig@  Fyoml  dgofmgl,
0o (330056 d9BH™boli Lod@Egozolbs s WgBMMIszoygmmdbols dsbosbosmgdan gdli[1]

dgBmbols o  @3obsdgBmbols  3mblE® Y0900, GmImgdoiz  dYdomdgh  IdGsao,
gbgeo  3@ods@ol 300mbgddo, ¥bs 53dogmBomgoEbgb  Ao5bas®M0dgbol Immbmgbgdls,
Omym®3  boddgzoaol dobgogomn (30Mggmo  xagnol begdygeo Jymds®gmdgdo), olg
bo@dogygdo  gJbdengs@oioobsmgols  godaolbosbmdol  (Agmég  xaygol  begdgemo
doamdodgmdgdo) dobgogom.

0306589H™bols  3mblE®YJ3090L  goosbyomodgdgb  dog@oli  Bgd3g@s@y@ols o
B9bosbmdols  bgdmdgogdol  gomgosaolfobgdom  o@godmggdols  yggars  Iglsdanem
sMobganoy@gano dgbsdgdolbngol, dgdomdbols dgdwgy LEHsw0gdby:

300390 — 25Mg dogMol  bogbymol Losbao®odm  @9d3g@s@y@sdwg bobdmgay
aoby®gdos;

dgmeg — boby@darogo 3g@omeygmo goby®gds bogbymdo s go30390s bodme@ddo
3009 dogMol Jgbodsdobo Bgddgms@mgools bosbys@odm 360dgbganmdsdwy.

39GHMbobL $H9939M5GH IO M0 39RIMNMIOOL OYMSTS
€ — ft
‘é ‘ & B * 1. $993965¢ MO0 OBIMMYOS
P 4 uiu)‘ 2. 300390 gobMH9gdol IBMOT>30s
/ 3 //4 w t 3. 30390 25b- 9909y 35303 ©IBMOI>305
4

0 > G 39650 20bIM- O 35303+ IRMOTS30S
~
/ _ 5. Bg8396tmGnEo By3egds

5

3930905 | 35R35MON™M

bob. 1

0 30b569Bmbols  gangdgb@gdols bm@dogny@do o @osbGogno  3390m0L  goobas@odgds
3509 ©5H300m390bg o3 dgdmbgggzedo  bogds 0dsgg dgompom, @53 be@dsgy®o
30d5G YO0 300mogdolomgol.  aobogygm@gdon  3bgmo s dd@seo  jeods@®o
300md950L  aomgo@olifobgds  bpgds o0dom, @md  LoddgzoEol  godmbosbysmodgdgemo
RoOIg@gddo  dgdmbols Lod@zozol dobsbosmgdangdo dgidgogo  dgBmbol  Igdomdbols
300mdgd0l  aodmgoaot{obgdgue  jmgn0E0gbHgdby oddsgmgdgmo:  39ddgoby Vpr ©d
2o%0d35bg Ve (0b. 3b®ogno 1).

39803036AJ00 Y7 ©5 Vir 0mgogolifobgdl d9@mbols Lod@dgogol dgdzodmgdsl dbols
Mo005300l, 2oMgdem dogHol Ggbosbmdols s 3mbB® Y00l doboyg@mdologsbh. dg@mbols
ool  @ggoomdols  dmegel  3gddgols o  gokodzol ©AML  0@gdgh, GmamOG
hggyegdb@ogo  gmods@ol O™, goddsogagdgwl By 3mgB03096@bdY.  9gobsligbgemo
0mgomoliobgdls  dgHmbols  @gzoemdol  Imgmols  DgdGodgdsl  gbgao  gods@ols
300md9bdo. fp s00gds 3o@ggemo 3bGoanowsbh.

dodoboadyg, 03 @3obodgdmbols  3mbLEA®YJ30gd0l  goobyomodgds,  @mIgmms
93 go@o3E0s  bpgds dddogo, @bgmo  j@ods@ols 306Hmdgddo, [oMmImgdl Gmam®3
h3g9egdb®ogo 30Mmdgbolomngol, Mm@MbE Y7 309803096G0L gomgsmolifobgdom. [2]

dsgomomo,  @gbgoo  gangdghBols  goobao®adgds  LodBzogdy  Jo@mggmbs
bm@ds@y@o 33900l Jobgogom, Gmwgbei E<ép,- YoMmdmgdl Jodmbdowsb:

M<¥ 7 RpYby(ho-x/2)+ Rg Ay
bgo@@omy®o @g@dol 3pgdsdgmds gobalobogtgds 30MMbowsb:
Yb7RpYbx = RsAN-RscAy

36



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFLC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYUYHO-TEXHWUECKU XXYPHAJ «CTPOUTE/IbCTBO»
0y §>Eg, 35T0b B30 o bogangdo geosbols dg@mbolosmgol s A-II o A-II aosbols
>@do@By@obomgol Jgodengds  goloGagdarmm  3odmdom, mEmbo X 7bps Yg33go0mm
x=Ephy, by
Msyp7Rpbh3ER(1-0.58g)+ Rsc Ay (ho — @)

3gbGogno 1
Y3900y 399930y dyBmbol 5 Jomdols
3bgeo mgols 3mbLiE@9JG00l 0@mdgbol 30IBOGOAbE, — YHmgbyg
dog@0l BHgbosbmds | d9TBomdols LHowos h;ﬂﬁw&ﬁ-o:bm;;
W, % <10 >10
20 05 bogggdo 3003900 0,75/0,95 0,80/0,90
CHIQION) 0,70/0,80 0,75/0,85
20 30M 390 0,80/0,90 0,85/0,95
dgmy 0,75/0,85 0,80/0,90
€0 3003900 0,85/0,95 0,90/1,0
dgmdy 0,80/0,90 0,85/0,95
3003900 0,90/1,0 0,95/1,0
70 @2 8900 dgody 0,85/0,95 0,90/1,0

B9603g6s: 1. hyog g0 gdgb@ol 33gmols sygoboaro Lodomeang, Gmdgenoi Jmbd®ydiools
JoLoyg@mdsl  sbhobosmgdls s Fo@dmopagbl  339000L GoOwmmdl  aogmgoals  0d
3903930l bobggodby, MHmIganlsi dgbgds oJgb aodg 3ogdmsb.

2. dm@Egdygmos Ve 3M98030960g00  dnggdyeos  Fomoswols  Lobom,  bowss
ddoibggedos  3mga303096GH0 0d 3mblE®ydcoobsmgol, Gmdgmoi dbol Gswosioolsysb
5938900, I60U36gaTo jo 0d 3mbigb@ocoobasmgol, Gmdgenrog ©sEmos.

3. 3098039966900 Yer © Bp Joowgds oligmogy, Gmama3 Yp7-'dgdcod9dygao 0,05-00.

53 &r 3odmomgagds bm®dgddo dmygobogro gm@dgmmon, 0d goblbgeggoom, M3

a = 0,85 N 0, 008Yb7Rb

o Esp W Ecgp 3emoliBogg®do dggamgdobs s GHgbosbmdol gogm gbologob bmg@gao
ggemgdols ©gumEds30go0s s sowgds bm@dobols dobgwgom. obsmbgbo  Lowowggdo
6,01, @,0,Eg-50090s mam@ i hggremgd®ogo jeods@ido 300mdgdobsmgols.

M 30obadgHmbol  g9amgdgbBHol  Jmanosbo ¢ howybgs  Fmenos  dogrmgsbo
Y990 Jdgegdalogsb  9odmVggge P howebgol  wodsHgdgmo  dgAmbol  s@omobodoGo
aoby@gdoliogsb  godm{ggyao ¢y hopobgs:

¢=¢n +¢,

o Pmdognmgobo  hoybgs  godmomgmgds, Omym® i hggnegd®ogo  3e0ds@@o
306mdgd0bmgols, Losig gangdgbBol Lodd gl sbyo®modmdgh, Gmam®3 oydbomsago, ol
@odbo@ygemo  9dbgdolmgol, dopa@sd  Loosbyo®odm  gm@dygegddo  dgdogsgo  dg@mbols
Lod@goaobs ©s ggm@dszogmmdols dobslosmngdamgdo gbs asddsgemgls dglodsdols By,
Yb7 ©5 Ver 30983030963 90by. [3]

@5 dggbgds g gdgbBol  Loddywgl, @mdgoi  godmfggymos  gangdgb@ols
5M505b5d560 goby@gdom, 030 godmomggds GG om:

oo

r
oo ¥ gangdgb@ol 3ggmols godaagddo 9d3gas@yg®ol mebosd@mdbol jmga0i309b@0s
> aodmomgmgds be®dols dobgogom;

37



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018

HAYYHO-TEXHUUYECKU XXYPHAJ «CTPOUTE/IbCTBO»
e ——————————

Apt—(H9939M5B YO P00 ©gg8MOI>30 00l 3980309600, Omdgeno3 ddody

dgBmbobamgols s@ols
Api—(12..10)1076+c~ 15

Y1=11 - 9339@5@9cols dobgogom Lsodgommdol jmgaoiEogb@os.

3050 Bgd3gasd ol bgdmJdgogds @30bsdg@mbols  jmbLEMYJ3oobg dgodangds
504l 3@ods@dy® o  Fgdbmmmyond  bgdmJdgogdgde.  jerods@y®o  bgdmJdgwgds
dobogomebgemos  dgbmdgdls ©s  boggdbmdgdby  hOwommgmols  dgo®  eods@y®
300md98do. LoJodmgganml dmosh @gaombgddo o@ol  syomgdo, Lowsi bobyddenogo
bodmodo ool dgo®o  gobggdom.  sSLgm  300mMdgddo  Idgbgoermdolsl  bodm@ols
Losbgo®odm  Bgdsdg@s@yes doomgds yggemobg 030 byowegyeols Lodygsemm  Lowowg
dd9bgdemdol Mo0mbby sdmowgdygagbom. wsdsemo Ggdbmamayoy®o Bgd3gas@@ols (-
90...196°C) bgaogergbols Jg9d I9domdgh aombggowgdymo  so®gdol s Lbgs odggodo
dobogngdols Mgbg@gyedgdo.

hoBodmgdymds  gJl3g@odghb@gdds  ohggbs, ®md  JoMggmowo  asgobgol  Igogao©
d9B™bol Lod@gozg 0bOEgds. dgdpgmdo aombmdols ©s gogobgol ®sdwgbodg (303e0ols
9909, 30M0Jom — EoMEgds. gl 0dom Soblbgds, @MI dgBmbols Bm@ oo sOLgdyeo
Vyogo 0g4obgds, @mdgmoi goRs@mmgdols asdm  0f393L d9dH™mbdo  dog@mdbodmgodl. gl
dbodgdo g0 0bOEILs  Aogobgo-gombmdol  @sdwgbody  (ogerols  dgdrgy.  Lod@goiolb
‘d9330090s aoblogymdgdom 3d5dob begds 0b@gbLoyg@sw, @mEalsE gogobgs-gogbmdols
30m3gblL  gobogpol Fymomn aoxg@gdygmo dgdmbo. gl dmgegbs Losmsbopme  s@olb
sbobygano  be®dgddo  Lod@goaol  dgded30®gdgamo  Ype - godmygbgdom,  O™Age by
dAsgaegds dgBmbols Lod@gocol dobosbosmgdergdo (bMdogno 2).

3b®ogmo 2
G190 Jsatols 3M9BOG0I6GO Yeos
3MbLE®Y ool bi)ZBéJogo'HZ? ¢ 3MbLEO9JEo0bsmgot
9JL3@go@o3E00l JoMmdgdo ) 65 °C d9B™boliogsb
0993gO>G IO 3303 gdado

3900 Ym0 a594obgs ©d 6o gemgdo -40° 0,7 0,8
dobmds Fymon aoxgmgoge

dmdo®gmdsdo bogemgdo -20° 0,85 0,9

03089, OOE> e gdgbdol Yyeon bogen g0 -40° 0,9 1,0

3oX 900> brgds g30bmegse ~40°-%9 o 1,0 1,0

odobomgol, ®md  gdEodOEgl  ©sdsao  Fgd3gas@yg®ol  godygmgomo  gogagbs,
bmdgdol dowgds dgBmbdo [ymols dgdodgdolmgol. ddodm LEOYJG YOl dgBmbgdols
20dmyggbgds, MmIgendoz dgdglgdol do®ge0gol dm@ols Logdag ¥go30> (399963 0L Jgob.
sbgmo  6gBHmbol  sdbogbobomgols oty dggal odarggs bydg@3asliBogogsdmmgdols
3odmyggbgds. sbggg, 30Ms300gdobs ©s 3356dgo0l obsdmbmeromgdgero dgBmbols jansbio
9bs 0gml olgmogg, Gmam® i dgbogmgdgmo g gdgb@gdobs. [2]

@ 30bodg@mbols 3MbLE®YJ3090do 35dmygbgdyemo NOENCRION LN
®993905@ 9ol boba®danogo  bgdmJdgogdols  asdm,  bpgds  dbbgdggoo s dobo
gBEOOISEOYEMdS  33ggndoe  IEodEgds.  sdol  asdm  dmbsmebgammos  s@oG Y0l
2oV939Be ©o gangdgbBol dyoxg Meggg3s. s@Is@Gy@ols  (303dg@gbmds  (ILbg@ggomds
b0 Bgd3g@s@d ol M) ©sdmgogdygmos  geoamowol  geosllbs o do@goby,
2odmEbmdol bydbby, dgbswumo 30@s300950L sOLYdMdsbyg, oEGoMmMggdols bolosmby
o> bbg. @g@mgobo do@3ol, s®do@y@gdowsb godmoygbgds: A-1 geosbols, BCT3cm do@gol; A-
II gaoosbol, 18I2C jansbol,; A-III jeosbol, 25I2C do@zol (Ibmerme  bgamoon  dgge 9

38



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYUHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/IbCTBO»

. ________________________________________________________________________________________________
30M3oLgols s 65©g96d0). Ygbeyoygmop (t=-30°C) aodmoygbgds A-IV gaosbol, 20XI2C
do@ 3ol @s A-V janslols ,, A-VI janslbol, A-V geosbols,, Ap-V @5 Ap-VI 3anslols, s@3s@g@e.

dogmgeormgobo  s®Is@yds:  hggyargd®ogo s  dowogno  bod@gocol, genyggo @
OOOOYE0, 52@9m3g Loos®IsHYOm  dogodgdo  asdmoygbgds  dgyboymegew. -40...-30°C
®93390589@0l  AmML  hols@ebgdgano  g@oggdbolbomgols  LEsGogg®0  @oGgo®mgols
‘dgdmbgggedo godmoygbgds do@izol BCT3med bobdo@dsmosbo gmenswo, bmgnem ©obsdogy®o
> dOSgoXgM 35bdgm@Mgdoo s@30Mmggdolomgols — bobdo@dowosbo gmmawo do@gols
BCr3mc5.

@ 30b5dgBmbols  3mblB®YJ30900L  Wo3OMYJHHgoolsl, @mdgmms  gJldgge@oos
bgds  ©sdogo  Bgd3gaodgdol  bgdmJdgogdol  306Mmdgddo,  Lododms  ©@o0b0dbmls
d9Bmbol  gemoslio  Lod@gogol  dobgwgom, do@gzs  gobgodgogamdol  dobgogom, bomeom
Lodo@mgdol dgdmbgggedo — dodgs [yodgnm§ggmdols dobgogom.

Aoyl 2oMgdm  Jog@ols  Losbgo®odm  Fgddg@sdy®s  ©odsanos  -40°C-by,
(9339058 O Y bo3zg®mgdl dm@ol sdmAgds sSomgds bogargdo, godg hggymgd@ogo
®99390589M0l @OML. mEmbo 53 dgdnbgggsdo syEomgdgeros dbowo  3mbLEyJiogdols
®993905B YO Yo aoobyo®odgds dglisdsdolbo L3giosmy®o bm®dgdols  asdmygbgbdom.[4]

3. RdL336S

@30b5dgBmbols  3mblE®YJ30900L  ©o3OMgBgoolsl, GmIgmms  gJldays@eos
bpgds  IdGomo, @Ebgmo @S  ©odo@o B993905@ a0l bgdmJdggdols  3oMmmdbgddo,
5930 gdgeos dowgdymo 0dbsl dgbsdsdolo @mbolidogdgdo, @owasb o3 3mblE®Mydiosby
(30 BAgd3gde@d s Lol gds@dydse  bgdmddgogdl.  asby@gdols  ©s  go3039000b
dgegaoe dgHmbol  gRm@dsizools dJoygbgosge dgbmds @M doobi  ©3dogmaone gbogls
9Jb3gs@oool  30@mdgdls o gogdl,  gbps  gobgddwggbgmmem  dglsdsdolio
L3g0omyg®o bo®dgdom.

ROBIAOB IO

1. SApmaxosckuit B.H. IlpounocTHBIe M HedopMaTHBHbIE XapaKTEPUCTUKM OeTOHA IIPU HU3KHUX

OTpHIATeIbHBIX TeMIlepaTypax // beTon u >xene3oberon. 1971.
2. . xogoModg, o, bmbadg,  @30bsdg@mbols  3mblE®ydiogdo,  dmgang  gy@bo
dogolB®ab@goolbomgols, mbdognolo, 2003

3. Csupupos B.H., Manok B.[l. Ouenka noinroBeyHocTH 0eTOHAa B KOHCTPYKIIMAX MOPCKHUX
COOpY>KeHMUi1 1o ombITy cTpouTenbcTBa Ha JlanmsHem Bocroke // Tpygnst II MexayHapomHoit
xoH(pepeniuu «beToH u xene306eToH — B3rIAL B Oygyee». M., 2014.

4. Anexcangposckuii C.B. /lonroBe4HOCTs HapyKHBIX OTPXAAIOMMUX KOHCTpYyKiuit. M., 2004.

39



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018

HAYYHO-TEXHNUYECKUIA XXYPHA « CTPONTENIBCTBO»
T

306030 d3@OL dBOMOL 353R3I6S KRIBG3SR(N IRIFI6SOL
L03B®30CIBI A306063BMBOL AR3I30L 33dd6030L 3INMKISOL
009(MJd363400)

@. 35b0sbo, o. (35305dg0@o, 3. mdgSdY
(bododmggeml Bgdbogado 9boggdlodgdo, 3. 3mb@ogol J Ne77, 0175 mdogrolio,
LoJommgganm)

@9b0xdy. sobboeryemos G 065895mb0b @abgoo  gergdgbBgdol S bo@mdgwas mds,
3bo@mgdols  gobybo, (303930, so5bgom0d960b Jgoewgdo 96390089665 gan
Jbo39d93by  woym@bmdom.  Imygsboeros  gosbgomodydols  gm@dyamgdo o
bosbgomodm baladgdo ©065395b0s G0g59500 A9 560,00 Jgmerydols
Somgool[fobydoo.

bogg56de  boBggado: &wz955 dbs@o, bobobdyg, dsdgs, Loddjoig. Sbo@mdawgsmds,
ds850b 0b896Logmdols jm992003096050.

1. ‘L300

3bmdognos, M3 @30b5dgR™Mbo 5O gAMYgoMMgebo 1oddgbgderm dobognss, @MIganoz
3020 d9domdl 39ddgobg, o — gododgoby. m@ogg dgdmbggzolsl doli'do hbwgds
A9dbmermaoydo S ©053300m300 3odm§ 3990 dbomgdo. 3MbLE®YJzoye
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dbgoo, 3@0bmbFsmmy®o dognomn — aobogo dgdol dbodgdo.

bo@dsBoyga  dobogngddo  dmygobogro  gd3odogmo  3mgn03E0gbRgdo g gdgb@ols
dboMIgEgamooby aoobyomodgbolomngol s@sbs do@olos.

40



15336603 (M-B3IF603IM0 JID6SR0 ,,3FI6IBR (MBS

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYYHO-TEXHUYECKUIN YXYPHAN «CTPOUTE/NICTBO»

As

W

Lo gowgdo

h b7 1 As J\l
i

byg@.1 @ybgo gangdgb@ddo s@OLgdyemo dbomgdo:
1 - boo@doeny@o; 2 - wob®ogoo; 3 — aobogo dg@ols

h
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I bEswool @OML asbogo dg@ols dbomol Log®dg Ig¢ s@Fggl dgbsdangdgano Lowowols
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300mdom XM =0, doowgdl Lobyl:
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250500l ©dod - Rm®Io@gogmo  doamdstgmdols IV Lswosdo,  [o®dmodbgds
sbagno dm@obmbBosmado dbodo, Ygdpgy — sbogo dbsdo s agds MH3obsdgBHmbols

90939600l beg@gmo dpamdsdgmds. o8 bRswosdo Vg339d9ammo bmbs X < hg+a — s
bogm godmdomno Lodswmeng

f) =

+2.13(1 -

b ot
R he
&
MooV E Kiic (" bhwf (1)-1)(x-a’)
f/ - - (x=x;. )f O,
S N ) kficbm”?
—3— | ™ —————
\ ~ \Iz‘
= =] — D\
w'-é:*
T\h ;ﬁ e/2 e—" .
Iy ;
Lo TOW K‘fébn}ﬂ
‘Vrg ?Eb\lﬁ[czc _Ag
2}’; (zo,g,ao) =
i

S

byg@. 3 @ybgoo gergdgbBol beo@dsgoy®o 33gmols
Owgg30L IV Lgowos

IV LEowos o@ol @wgggol LEswos, Lopsi gagdgb@ol ®mgggs d03pobo®gmdls
dJomghge  2oM3399e0  ©AOmol  aobdogermdsdo,  s@dsGy@ol  ©gbsmdols  godm.
bgo@@omy@o mg@do aoeols bo®dseny@o dbo@ols dsbanmdens.



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYUHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/IbCTBO»

3. RL336o

M306589@™bol @ybgoo gangdgbBol aosbas®odgosd @wggzol dgJsbogzols dgmmegdols
aodmygbgdom,  Omdgmoi  @odys@gdygmos  gdb3g@odgbG o 3gemggol ggagdols
sbogobby,  ggobggbs,  GmI  FO®gggo  dognggdol  asdmbsmgmgen  gm@dyagddo
0930 gd@s© 9bs ogml aomgomolfobgdymo dm@Mobmb@ogmydo asbogo dg@ols dbomols
n. 05 BoGIs@a@o 3bs@ols Y. Lowogwy.

L 9db39®0396@gd00 @osbiyg@s, Gmd @ 30bsdgHmbols gagdgb@oli @wgggol bganls
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4. H30b5dgB™mbol  gergdgbBgdol  @wgggs  G®d  dghgdegl,  Lokodms  sbogno
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JIo@ESB a0 geGdgans.  sbgmo  bsbob  0bBgsGoangdol  womgerolbmgols
s gboaros ym83090690 a0 3G GsI9d0 Mathematica boddmeny@ 965 by.
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sdm@obs  (doo  dm@ol  Loddgbgdanm)  soygobgds  goblbogno  gmb@ydgdols  dgdg9e
Lobygeo®ygan  0bFga@omy®  aobRmagdgdby. o0bgobdgdolbomgol sbigmo  gobFmeangdols
bybBoe  03mblbgdo®  dognosh  dbgemos, SdoFmd  ©ggds  Lsgombo  domo  Goibgomo
sdmblbol dgmmegdols sdydoggdols dglobgd. dybgd®ogos, @mI 93omggaglo Lsgombos
0g0nmb o3 2ob@mangdsdo  dgdogomo  Lobyymo@dygemo  0b@ga®@omol  dosbgrmgdomo
2oIM!Ng@s 45M 339790 Bodol 3goE@s@Ymo gm@dyw gdom.

3Mdol  ayaosbo  Lobyyodygmo  0bGga®ogols  dosbgomgdomn  asdmmgen gdls
9903bg0s dMogogo bod@mdo. 2oblsgym®gdom dognrosh bgg@o bmdogno dgibog®ols (ob.
[3-4]) b5dOmdos  dodwgboaos  Lsgombolo@do oy Gemam@o  gmgsjaggs w©s dggeligds
doowgds 3350@5B @0 ROOIYm gdols 063 ga®0®gdols Fodol dmgomgdols
dobamdamdsdo,  @obsy geoglbo  db0dgbgermds  ofgl  slgmo  Lobyyasdygeno

0b@ga@omol  d9dig9e0  Lobyyms@yemo  0b@gadomydo  gobBmagdol  @oibgomo
sdmblibgdols dgbfogerolomgols.

2. d0@00)5R0 65VOKR0)

aobgobogrmm dgdegao Lobols Lobymms@ygmo 0b@ga@omo:

j p(t)(p(tz :jfo(x“) dt(-1 < x5 < 1)

(1)
oo pt) Fmbomo gubjioss. p(t) 9bws s33sgmgomgdogl gom3ggygee 0golgdgdls
[1], 0dolbomgol, GmI s@Lgdbmdegl (1) 0b@ga®ogy®o jmdols Jmsgsdo dbodgbganmdom.
[1].  sbgmo  0bGgadogolbmgol  gobgobogrmm  do®gmgol  @odol  3go@s@y@yero
R}mEAIgeos [5].
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f (t)(ﬂ() @ (x U)dt~ZAk(p(tk) @ (x 0)(—-1<x0<1)

2)
(0a9olbdgds, ®md p(t) — (mbomo gubjaoss ©s  s53d5gmgzomgdls  Logeygols
t
0gobgdsl. sdobmobsgg, dm@Es Xg = Ly, w —do ogyeolbdgds dglodsdolo
k~=Xo

bwgdao dbodgbgambs)
09 xg—ob 3dbodgbgermdsls  xy € (—1,+1) ‘dgomgooesh  dggodbggm  olyg, @3
Loy Egdmegl 30Gmds

+1 dt

_, P(®)

A
— =17 =0 ©)

t—xp

80‘806 xp-0b  slgmo  3b60dgbganmdgdolomgol  Loby s gmmo  0b@gy@smolngols
@t
-7 p(); (de dogogom gegs JgorGG YO Ym FoGIgmal:

dt
f ()fp(t) ZAkq)(k)D’ (1< x0 < 1)

booi Ay — d9wdogo  @oibggdos, Gmdggdoi  dggbodsdgds  do®gmgol  Godols

33°00M5@ YOI Fm@Adymsl. slgmo @Godol ggo@s@ydygemmo Fm@dgmgdol op9dsl
dasgogno dO™ds gdwgbgds [5-6].

3. R5L336S

bodOmIdo  sag0geos  sbogno  dosao  @oaol  LobylEol dos@zgmgol  Godol
335005 YO Ym0 Geo@dyas, Gmdgmoi sy9dxmdgligdl [5-6]-do dowgdye dggygdl.
RK0OBIOOBIDS

. Mycxenuwsunm H. Y. CuHrynspHble MHTerpanbHble ypaBHeHus // M: Hayka, 1968 r. 511 c.

Mycxenmwsuam H. Y. HekoTopble OCHOBHbIE 3afayun MaTeMaTMYecKoin Teopum ynpyroctn- M: Hayka,
1966 r. 707 c.

d. gyd@sdgoamo. bbo@gdols  3Jmby Lbgymgdol ©odsdygm-gam®do®gdygmo ©s Mg9g0l
30m39Lgdols  ggemggol  dgomegdols sdydoggds  Lobpyms®dya  0b@Gga®owydo
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3.0030dogml Ggol gohgbgs Lodyggm 96bgdbg, Lo@dygm 9Fygool bgds@mgol ot gdy;

4.gz9ems 5sOLgdya Lobbog 9dbgdbyg ho@omogl bgbs dbm@me dm@0bmbEse o, s03@dsamls
BIO©EMdgool bgbs;

5.0040dognml 9-100-bg  dgBo (30(350M R gOEMogdol bgbs s 25Tgbegl domby @womgdyero
d9aJ60l (bg-Aygol) x0dgdo (mgmols, 3ogerols ©s o. 9.).

b, bo@ygm-badgeom®szom  mboldogdgbo ©s RgOEMmogdols godog®gds Godmem  Lodygm-
Lodgenom@szom @mbolidogdgdols 3md3engJlowsb 3o@gger @ogdo ¢bws ho@osmogl dgdwgyo:
L9V gogl  bgosdodygao  Fymgdol dgofgge  wodgfydog  9dbgdbg  Lodmm  os@bgdols
2oygobom;

2.3000pM0gL 25-300-bg dg@o sb®ol IJmby (0G300M BgM©MdgbO.

& 3000mAgJbogg0o Lodydomgdo
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Lbopmob  dobsbgmgmo @  aodmbsbgmgmo  goemsdm@ol  dmfymds, dommgol  Jobmdols
dozgdom, Omdgeoi b ybggeymal jommsdm@do dmbggo@ogo bo@ogols o@obols bsgdom
dobdognbg  bopggdbmdol  Fodpgmgdl  ao@gm.  sdobmob  @ogegdoMgdom,  >y3ogdgen
dg3mbgg390do, begds bggzol s@lgdygeo goesdm@Bol ao(dgbos wo ho@®dsggds;

2.35@83m3 900l s 3mbygligdol godoa@gds assbysmodgdygao Lbohds®ggdols dglsdsdolow;

3.bomsb dobsligangen 3o s3m@do, Modwgbodg jodo@ogado Godol dodsggdols dmFymds;

4.d000mo©0 (3o30Gom @0 Godol) do®oggdols dmTymds Gomggaol dmger Loadgby;

5.9 dgdmbggzgddo  Logdegbo  ggoegdols  dmfymds  dam@Esgo  ggOmdgdols
2o lodogMgdas.

dgmtg ool Lodydsemgdo:

LALydgdo  dodoggdoll  mobdodpggdgmo  dJmfymds,  bodogol  @oengdgol  dobgogom,
JONEOMYms© bggol doga Inbsiggmbyg, MMIgmoE yogmRomos 3o30@s@@o do@oggdbom;

2.bggol aolLfgMog Loygdwgbo 3goegdol opgds, MMIganoi goodog®gol bygol bodomgdl.

dglodg @ogol bsdydomgdo:

bggol BgOMdgdol aodog@gds dghdmgsbo, Bgols s dognobmgobo Logs®ol godgbgdom
s oygi3omgdmmdols  dgdmbgggedo  Rg@Emdgdby  Bg@sbgool  dmFymds  (LoGygm-
Lodgeom@siom Lodydomgdo).

3. RdL3360

(boggdmdols gangdgb@gdols doGomso bmdgdols dg@bggol 3@0b3039d0)

dolsligen geno  3o@s3m@Egdo

bosdeg ©o  bowols dgdogy  gOmggedmgsbo  Jobmdbols  dgJdbols  dglodgrgdbanmdbols
>Obgdmdols dgdmbgggsdo, MmAgeoi JbOYbggmymyals dgo@do doboamgdol do@s@obsl, bowsdwg
Jolboligegano  goesdm@ol  godmo  dowgdygamos ogmlb  bopol goabogo 33900l bowowols
Gergoo.

>9300 gdembdol dgdmbgggsdo 3o, sEA0@mdM0g0 300Mdgd0sb aodmdpobs®yg, bowsdwyg
goadm@ol Jobmdo ogml dgBo, gowdg bopol J399 ©s bowol dolobigangao gogsdm@ol
Loaobg 060dbgds ggdm dgBo, gowdg bowol mabsmo 3ggmol Loasby, Goms dgbs@bhybogls
9Onbso®o LobJomg Gmam® i bowol Jg99, olg ol dobslggenmsb.

3o8053mE g0l wob®s 060dbgds 0dol gosbyo®odgdbom, @md gomo db@og, o6 dogomm
©olsdg9d Lowowgby 9uam dg@o bobds®g, @mdmoi 23m0fggglb bowoli Fomgibgsl, bmenm
dgmdg  dbdog, o dogommm  ©obsdggd  Lowopgby 9u®m  bogangdo  LobJomg, @mdgog
20dm0{ 393 bowol J39d bo@obols wogngdgsl.

©3o03mR e bogodo Jggool ©osdgB®gdols 360dgbganmdgdo, Gmdgemoi aoblsbmg®agl
3oa3m@ol osb®ol Jggos bwgs®dl, domgdagmos 0gml bsdoybyg Jggool saombg asbmdogno
©05dgB@0l Lodygoeml Fmero.

bools dobsbgagao gogsdm@ol Log®dg dowgdgemos — ogml 50-100 3. Log@dol Gemano,
bogom  bopol godmbsbgmgmo gogsdm@ol bopgddg — 40-80 3., spaommd@ogo 306mdgdols
5 d0M53@ 03900 A55ba5M0dgdols dobgogom.

RKOBIASBIDS

Lo.a9gogemsdg goodm@g@o bogogdo s domo dmd®omdols bmpog@mo msgoligdy®gds.
bodgibogdem  dOmdoms  gOgdyeo  393bogdgdol  3@mdagdgdo,  LogHmsdm@olm
369090, mdognobo. g@ggobo. Lbsy. 1999 §.

2. . bomosdgogro, 3. mg3zbody, b.sbgmos. ®goM3MmR ol s W3O EMPLSFobssmdwgym
6oy 936900l do®sgaogs. mbdogoolo, 1995 §.

3. 0.g@yodgoeo.  ©35M3MBJS0 S Jommsb ddmerols Jgmmgdo. mdoaobo, 2014 .

4. a. &9d56M00. bos@go@liogh bopagdmdsms  s3MMYgBgds  dmogmmosbo  @gaoggols
300md9ddo. 358-05 ,,Loddmms bodo@mggenm®, mdognobo, 1975.

6. bpununckuit A. JI., [opHbIe mOTOKH, UX IpUpOZAa U Mepsl 60pbsOBI ¢ HUMU, 1936.
7. Pounn Y. U. pod., bopsba c cenesivu notoxkamu ,,Mssectus TTTIM um. Jlesuna®, 8. 111, 1938.
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LO33M0)S 3IFOMROL LOGHMBMIBIRO dS653FI6NS6380L
15306(MBARIBR() 6MAIOBNIR(D d5Dbd

3 bmgg@os
(LoJodmggenml Bgdbogydo 9bogg@lodgdo, 3. golsgslt J. 77, 0175, mdognolo,
LoJo@mgganm)

@9 b0xd9. soboboaraaos bsddmms 39@0m@ol Jogmsdsgsdomgdomo  ddgbgdarmdols
bogobmbdwgdarer berbds@omaro 3o bol doGomswo J5G5d9BG @930, Jsmo  @opgdomo
@S B0 R0m0 dbs@g930.

boggobder  bodgggdo:  bor@mds@Gomaro  35bs,  gobo dgbosbydol 355995 @gd0,
boddgbgdarem boa@mdsgoggdo o [9bgdo, Lo bmg@gdaaro g5bs 996056955, bsds bobm
Ibs399930, b dgbosbydols @y emsz0930.

1. O33R0

Lboddmms  3g@omeols bogbmg@mgdgano  aobsdgbosbgdols  Lofgol  gBo3gdl  dogiumgbgds
mdodegao s mdoldgdpamdo  3gBomwgdo,  OmEglsa  XgO  Jogg oG o0l
hodmysgodgdbyamo 3Fgmd@o gg9adodgdomo bmds@oygmmo dobs o GmEglsi Jggysbs mdols
Vgogaoe oby@mgymmo Joasdgbol os@wagbom o0gm ©sgog9dgeo. doa®sd, 339 1950-0560
Fargdols dgmedg bobgg@owsb ©sofym hodmys@modgds JognsJddgbgdammdols ©o bmgowsw
ddgbgdemdol  bm@dsFoyeds ©m3ydgbdgods, @mdmgdoi  Iygdogogdmes  boddgbgdam
bodgibogdem  33amggom  obLEoGYBgddo. 1958  (gaol, (obodm@dgwo  3bmds@gdols
bogydggen by, dowgdyga odbs  Jogrodygads®gdomo aobsdgbosbgdols Laddgbgderem §gligdo
©> beo@dgdo ,,Lbosd -0 (CH 41-58).

2. 30®00)0R0 65VOKR0
3350 935do  gobbognyamos, Loddmms 3g@omeol bsddgbgoerm bem@dgdols o {gbgdols

,»603%-gb0L  hodmysemodgdol o aobgomedgdols mmbo  g@s30, GmIgdoi dowgdyeos
1958, 1966, 1975 wo 1989 (engddo.

1958 (g0l godmigdye ,,Lb03“do, Lodkmms ogmenmpoobasb aodmdpobodyg, dslido
dogdgeo  bem@dgdo s [glbgdo, 0d3g@s@oygae dmJdgogos Lle  3ogdo®ols dJmgen
B900dmMA05bY. o 30Mggmom wogoJlods Loabmgmgdgao 9.f. Lgmodgdydo bmbols
MO2560bgd0L Sbangdy@o, mogobygsmo ©oygads®gdols 3G0b3odo, Moo RodBmdMogow
dggoms,  o@g  s@Lgdygmo  gobsdgbosbgdol  3g@M0dgB@yemo o gadadgds,  dgoddbs
dogOm@sombymo  LobRgds, @sofos  2obsdgbosbgbols  Loddo@dmggd,  aohbps  dg@o
bogMm3mdMogo  mogolynmgds.  sdsbmsbsgg, ©m3ydgb@ddo  dgbs@biybgdymo ogem  [obs
3900mols JognsJddgbgdemdomo sb@Mgbgdol @yo0dgb@gdos.

Lbogbmg®gdgamo  dosbogol o6 dog@m@sombols dsLd@odbom  sbogrobols Hobis@o®gdansw
3Lbo@y9oemdm, bgdmbligbgdbyano 1958, 1966, 1975 s 1989 (angddo godmgdygeo
Loddgbgdam bm®Igdols o Fglgdol (Lbod) Lobgerddwgsbganmgdom (CH 41-58, CHul 1I-
K2-62, CHull I1I-60-75*, CHulM 2.07.01-89%) wo gobgoboansgm boibmgmgdgano dsboggdols
2ob5dgb0obgdols dm@gm@myools obdLobrgdgao doGomswo be@dsGoya dohggbgdangdls,
I gd0(3 EONYYBIOYL0s B9bJE0@-0golmddogo 3@obzodgdom.
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856596056930 535 bobim Jshg9693cmgd0: G b@ogro 1
N Lododm Johggbgdemgdol 3oModg@gdol Voo
Lobgmads 1958 | 1966 | 1975 | 1989
9-12-
o= nebrd. - - 9-12
1 | bodhmyerosbmde 4-5 5-9 14-16

Logzbma®adgero omols beo@ds
;I\’f)({;a lrl;;gi'] élts:lml’:j"=;]‘11;] (8% 9 o | 1518 e
Lbogh. godmols beo@ds g biygen dmbabangby
@9bgdgom, gobgoms@gdol 396L3g)Hog0m ()
dobogob (JogAmdoombob) godmo

@A960™) 1 g3y (3)

dabogols (dog@m@sombols) dmbsbengms
Aomgbmds (smabio goo)

dobiogols (dog@ma@sombols)

lltﬁﬁultil"‘]a”ﬁklﬁ(ai?l‘} ‘::‘f\ﬁl“”? (3‘\})
Lbozbmg®gdgeno gmbeoli Loddowdmgg dOAGEM®| 2400- | 2800- | 6600- | 6600-
(bogbmg@gdgero godmo 1 3s by #do 3000 | 4200 | 6900 | 6900
bogb. gmbeols Lodkoedmgy bydH™ 4400- | 4400- | 4400- | 4400-
(bogb.ggodmo 1 3o by dobogol godmbyg)  8%3s| 7000 | 7000 | 7000 | 7000
a0bodgboobgdols Loddowdmgg badAm(‘dgbmbdoms
20bs'd. Bodmmols % dsbogols bydHm) %

gbOogsb  hobl, @md 1958—1989 (angdol 3g@omedo  gobsdgbosbgdols  Lodmyegdols
A5 bmds 4-5 ©ob 9-12-16 LoGmyasdwg goobos@s. ghom bya dmbosbangby Ro@mmdols
beo@ds, do@omoo 9-12 39/ 0gm (Bogbgosgs odobs, Gmd sbGoado ds@gds 18 34/d
dgo). sdogeOmymse  Jog@mMsombgdols Godmmdo gHm  3o3dg (dOYBHE™M) 30O ds
3335/3-0b 22 39/3-30g, boam Loibmg®gdgao gmbool Loddodmgg (bgBB™) YEgergero

12 15 23 23

33-36 | 33-36 | 20-19 | 22

10-12 | 6-18 | 4-20 | 4-20

30-50 | 30-50 | 30-30 | 10-60

8

9 24 | 21-22 | 21-22 | 2122

@hgdos.
8565 d96056930L ber@dsBomaro o dm@ydgd0 d9bedydlb der@mob: Gboogro 2
N 3565396056330l bod3sGogemo {garo
;9.::'3(”)&36360 (30560;{{'360) 1958 1966 1975 | 1989
©dm@gds dgbmdgdol a@dog
L 3hsmgq3l Tosob (3) 3|08 s 2D
©dm@gds dgbmdgdol a@dog dbodggdls 3 2649 | 10
5 ©> HMOY396L dmaols (3) ke
3 0bbm@asiools bm@ds ©obpgds 25 | 25 | 25 | 25

bsby@danogmdom (Lm)

4 bobdo@lisfoboowdwgam

0bEs6G00 (3) 6-15 | 6-15 | 6-15 | 6-15

5 aob5dgboobgdols dobodogmgmo ©sdm@gds

Jabol Fomgeo babowasb () 36 | 36 | 36 | 36

6 |5°65d9b05bgd0l dobodogrgdo ©sBm@gds

doago@o Jghol Fomgmo bobowasb (d) 12 12 12 12

3ob65dgbosbgdols dobodsgrygmo sdma@gds

Logsgnadm abol (sgdmdsbo) jowowsh (d) 2001 50 | 30 2550
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3gbGogndo bohggbgdos 2obs5dgbosbgdsdo s@Lgdoymo bm@ds@oygmo sdm@gdgdo (3)-mbdom
slsdggdo  dsbdogno  dgbmboms a@dog Ibodggdl dm@ols 1958-wob 1975-dpg 0bOgds
30-49 9. bogm Sdmerm  dmbsgdoom  ogagdl 20 dg@@sdwg.  obbmensigools  bo®dgdo
(boomgddo)  s@0lL  LEAHboOF Yo 2.5  bo.  oslggg JdmEgdgeos  aobsdgbosbgdols
dobodsgny@o  sdm@gdgdo  Fomgeo  bobowsb, dmogedo Jabols s Logognsdm
©560dbyemgdol gbol (03@mdobo) Logogno bofoaol jowowsb, gl 3s®edgddgdoi s@ols
LbEodogog@o mmbogg 3g@omeol bea@ds@oggdom.

5065 d9b056930L bG8 emo g9argdabBgdol dsbsbosmydargdo: G boogro 3
N Lobgmds: L3MGG Yo wo Vosro
bomododm  dmyrbgdo 1958 | 1966 | 1975 | 1989

3w @gano ﬂmzlggﬁnh dob.
Bodmo ghom by by (3%) 152 | 12-2 | 12-2 2

lmlil;mg:'m ©> ls(_}frlgg.sﬂg\)ﬂgyn Lsmsdadm 07-11l 0.7
. dmgebgdol Badimo gam Ligeby () l l 7 ’

L3OO o dmgwbydob

dodboby@gmdols Gowoybio (d) 500 | 500 | 500 | 500

4 | d0bodsgydo sdm@gds L3m@E Mo

Jmgebgdowsb bagb. ggoby@gdsdwy (d) vl | Fb & R

5 | dobodogryy®o @odm@gds Lomsdsdm

Jmgebgdowsb bogb. gobx@gdsdwey (3) 15 25 25 | 1040

L3m@@mo dmgebgdols dobodsayg@o

o dm@gdo bobogygg d9bgg@gdedwy (9) 10 20 20 20

. LomodoWem dmgebydol dobodogg@o

©sdm@gds Lobopgg d9b39G0sdwy () 20 30 30 30

gb®ogdo  sbobyeos  Logbmgdgdgan  aobsdgbosbgdsdo  gobmogligdyao  Lbgowslbgs
©5b0dbyamgdol  L3mAOFYm@o s bogdgms  Lomodsdm  dmgebgdo, domo  bo@ds@Gogyao
QoAOMNMdgd0 9O by dmbobagbg, sbggg sdm@gdgdo s @oswoyglgdo Losabmgmgdbgano
30O3gbol  Robx@gdadeg s Lobspgg  d9bgg®gdsdrg. gl dmbszgdgdo  momdols
BEHodo@g@oe G g os.

o5p®M9m39  bm®IsBoggdom  MgaEo®gdmes  boaobdsbsmegdamm  mdogdBgool
JoM0mo0  35M3d9HMgdoi. doagdols o Lodogdgm dowgdol Laddmgddm  Fgdodm@ools
QoOMMdo  gho  bya  dJobobergby  dgopagbos  Lodyogrme 2540  35/3-L, Lgemanols
A9OoGm@ool  14-6033/3-L.  goblobEgdymo  oym  sgomms  GomEgbmdgdo 1 smols
Jolobegbg doge ©o Lodogdgm dowgdol 70-90 swaoeo, Lgmagdol 150-180 swaoao.
do0mo  Lbodmdbobydgm  bmbol @opoylgdo dogs s  Lodogdgm  domgdolbmgols 300-500
d90®0, Lgmagdolmgols 750—1000 dg@@osbo @swoylo. gbos s@obodbml, @md ,,Lbos*-o0
000go@ol{obgdes Lodmgbgmgm Gg@odmmool Go@mmdbdgdl, aobgomsmgdols 3g@L3gdogom.

dmdeggbem 3bdoado dJmygobomos sg@mboamdgdol aobmoglgbols be@ds@oggdo, o9
3005393 MgoL oo  gPdowgds  gmadmdmEs, g0bsowsh  sg@mImdogngdols  @smgbmbs
ymggemgol oym  agmdgd@oygeo  30myagloon bOwswo, dgbodsdobo ymggero sbogno
ber@doGoygao ©m31dgbBgdol dmdbowgdolsl bpgdbmws domdo (33eomgdgdols dg@obe.
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0B Imdoangdobs s sgGmbowgmdgdol 356m55b7935: G boogaro-4
N 53H™3mdogngdo ©s ¥ gm0
536mbspgymdgdo 1958 | 1966 | 1975 | 1989

1 536 0dmdogmobsools @mbols gablisboghs,

dbgogdo ogHmdmdogrols 1000 dolsbegby ((3) HE) 90T DLIRA 200230

2 390mdmdognbsgool pobol gablisbughe, 1020 | 20-50 | 50-70 |50-100
dmfoEogeol ©s dmdgooli 1000 dmbsbagby ((3)
3 5300dmdogngdols dyodngo bopamigbals 100 | 100 70 90

Gampgbmds dog@m@eombdo %
4 | 230Mdmdoggdols AMgdomo, @os Lopamdgbols
Gompgbmds do dmm@sombdo %

5 230mdmdogrgdols Lawamdgdols 0811 081|081 038
QoMo l';"(-;gg HI-’JIE.%I’)QL'U{'});] (92) ’ ¢ e .

- - 25 25

6 doduodogygdo Jobdogoa Lagbmghgdgemn jo@agliol | 350- s00 | 800 | 800
Yglisbgamgeasb sghmbspyndsdwpy  (3) 600

7 dogdliodagag@o dobdogna bagbmg@gdgmo jodigbols

Agbabgengmowsh sghmlisandswy () 10 100 100 100

] ooligabaos Lsgbmg@gdgeo gm@dgbowsh 15-50 | 15-50 | 10-50 | 10-50
sgHoliseamdsdoyg  (d)
9 ;51(11&{9)‘35{3(1‘3 E‘)a*{l.,o-?).\,;g;lﬁnggtsﬁ S 25.100| 25 5 | 15-50
bgmagdoeab sg@mbswpmidsdwg  (d)
3. R5L4336S

od@0p00, ho@o®gdygmo sbogrodogydo 33mgzol  dgogyom, oo gobadygden go,
Lboddmms 3g@omeol Loddgbgdam bm@dgdols s [glgools (Lbod) Lobgaddwgsbgermgdom,

aodmigdygao 1958, 1966, 1975 oo 1989 (¢ (CH 41-58, CHwull II-K2-62, CHwul II-60-75%,
CHulM 2.07.01-89%), ‘dgodangds dgdwgao ©olyggbol aozgmgds. Lsddgbgoerm bm@ds@ogemo
dobol Iggnolgdsdo  Dgbodgrms  20dmggmm  OOMamMAE  ©oEgbomo,  obg  PoBYmBomo
dbodggodo:

390dme, ol goddmeo,  @mI  s@Lgdymo  Logobmbdpgdmm  3s@odg@mgdo
SO YA 0Mgobgb  aobodgbosbgdol oy gade@gdol, s  Ygwgao  0d  3gdomwols
Joemsdagdodgosdo  momJdol  o@  dgobodbgds  agadedgdomo  Jombogdmds s  gbgdo
oMM3g3900, dgodagds hoomgomml ©sgdomsw.

ol godgdmgds,  AmI  Logbmg®gdgamo s Lobmpspmgd®ogo  ©sbodbyagdols
boggdmdgdo,  g3mbmdools  aodm, do@omswoe  dgbpgdmes  Godyg®o  LEsbps@Emo
300M9JHgoom, Gmdgmmsis 5O JodgdBaOge-glmngdogydo  mgombsb@olbom, s@sbso®o
Bolgyammds 5O goohbpom, goosgme  baddmms 3g@omeol 1sddgbgdam bm@ds@oygero
d5bols godymxzomo dbo@gs.

RK0OBIOOBIDS

1. Crpourensusie npasuna u HopMsr [lranupoBku u sactpoiiku ropogos CH 41-58. T'ocypapcrsenHoe
M3JIaTeIbCTBO JIUTEPATYPHl IO CTPOUTEIBCTBY, apXUTeKType U crpouTtenbHbiM MaTepuanaam, CCCP,
Mocxksa-1959;

2. Crpoutensusie HopMmsbr 1 npasuiaa CHull 11-K.2-62 . CCCP, Mocksa — 1967,

3. IlnaHupoBKa M 3acTpoiiKa TOPOJOB, IIOCETIKOB U celbCKUX HacemeHHbIX myHKToB CHull [1-60-75.
CCCP, Mocxksa, 1975;

4. Crpourensusle Hopmbl u mpasuiaa CHull 2.07.01-89* TI'pagoctpoutenscrBo. "IlnanupoBka u
3acTpoiika ropofckux u cenbckux nocenenuii’. CCCP, Mocksa, 1989.
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1LOO3BMIMBOKR() 3HIB0L LOSHGIRO LOIRMBHOL IBHI63IRIMBS
0. 8oJogs
(Losmmnggmeals Ggdbogado 9boggdlodgdo, 8. gob@sgst J. 77,
0175, mdognobo, LoJs@mggene)
A9b0239.  boB3Gsb6b3m@Em  bsygo@ol 33 BoMnbsH0sbmBs  sGol  gHm-9G
fobsdommds  gobgoms@gdaaro s Jmfymdoemo  bosgdmdmdogrem g bgdolb  Jbgarol
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HekoTopble NPUHLUMNbLI UHTErpasibHOro yrpassieHNs BOgHbIMUY pecypcami
py3un
M.BapTaHoB, 3. KeuxoLusunu
WHcTuTyT BogHOro xo3sicTea um. LI.E. Mupuxynasa "'py3MHCKOro TEXHUYECKOro
yHUuBepcuTeTa, np. .Yae4yasaase, 60°, r. T6unucy, ["py3ns
E-mail: v.martin.nm@gmail.com

Pesntome: B HacToOsAWee BpeMs W3BeCTHbl METOAbl YNpaBleHUs BOLHbIMU pecypcamu,
MO3BOMAOLLME CHU3U T UX LeMUMT, B ONPeAeneHHON Mepe penTb NpobaemMy 3KOM0rYeCKoi
cTabunmsauum pervmoHa. PGEKTUBHLIM CNOCOO0OM peLleHNs BOLHbIX BOMPOCOB MO>KeT
cTaTb METOL WHTErpasbHOro ynpas/ieHns BOAHLIMU pecypcamu, NpUMeHeHne KOTOporo Ha
BOZHbIX 06bekTax KO>kKHoro Kaskasa no3sBoAMT COKPaTUTb AedUUUT BOAHLIX PECYPCOB U B
KOHEYHOM cyeTe M36e>KaTb BOAHOr0 Kpusuca.

KnioueBble cfnoBa: BOAHble pecypCbl, pauMOHabHOE UCNONb30BaHWE, WHTerpaibHoe
yrnpas/eHve, yMeHbLUeHNe femumnTa.

1.BBEAEHWE

Bonpockl, CcBfizaHHble C HEOOXOAMMOCTHIO  PACLUMPEHHLIX KOMMMEKCHBIX  WUCCef0BaHWA,
OXBaTbIBAIOLLMX B3aVMOCBA3N BOL00OECMEUEHNS, IKONOMMN N IKOHOMUKKN HOXHOro Kaskasa TpebytoT
npoBejeHus (hyHLaMeHTaslbHbIX WCCNeA0oBaHU/A B3avMOCBA3e BCeX OTpac/ieil npeobpa3oBaHUs K
1CMNOJb30BaHMA BOAHbLIX PECYPCOB, MX B3aMMOAENCTBUA MeXAY CO60A M C OKpYXaroLlei cpefon C
YCTaHOB/IEHVEM KONMYECTBEHHbIX OLEHOK BO3MOXHbIX 3KOMOTMYECKUX HAPYLLUEHWIA W CO3LaHMeM
MPUPOLOOXPaHHbIX W BOLOOXPAHHbIX MeponpuATWin. Hapagy € 3TUM, Heo6XOAMMO pacLuMpeHve
MH(opMaLuy ¢ LeNbio (POPMMPOBaHNS O6LLECTBEHHOTO MHEHMSt B CTOPOHY OOBLEKTUBHOM OLEHKM
BOZHbIX OTHOLLEHWI Mexay pecnybnnkamu KOXHOro Kaekasa.

Ha coBpeMeHHOM 3Tarne Hay4HO-TeXHWYECKOro nporpecca Bcerga MoryT ObITb HafeHbl peLleHns
N OCYLLECTBNEHbl HEOOXOAMMblE MeponpuATAS MO pPasyMHOMY pacnpefenieHn0 BOLHbLIX pPecypcos
KOHOro KaBkasza M CTabunm3aumm 3KONOrMYecKori 06CTaHOBKM. Mpu peanu3auum 3Toi npobnembl
MEeTOAbl WHTErpasibHoro ynpas/ieHNs BOLHbIMWU pecypcaMu MOryT CTaTb 3(MEKTUBHbLIM CPELCTBOM
pelleHns npobnembl feuumTa BOAHbIX PECypcoB.  VIMEHHO Mpu TakoMm nopaxofe K npobneme
1CNOMb30BaHMA BOAHbIX PECYPCOB MOXHO He onacaTbCsi BOAHOro Kpumsuca [1].

2.0OCHOBHasa 4yacTb

XapakTepucTMKN reorpamyecknux 1 reoMopqoiormMiyecknx ycnosuin M'pysum onpefenstoT  Kak
cBoeoOpasne ruaporpagmMyeckoin cetu, Tak W CreunMguKy MCMOoMb30HMA BOAHBLIX PecypCcoB.
Heo6xoaMMo OTMETWUTb, YTO WUCMO/b30BaHWE BOAHbLIX PECYpPCOB OC/IOXHEHO MHOroobpasveMm TWUMOB
BOLOXO3AMCTBEHHbIX ~ CUCTEM  (MPPUrauMOHHbIe,  3HEPreTUYecKMe, CUCTEMbl  BOAOCHAGXEHWS,
peKpeauuoHHble K Ap.), a Takke TpeboBaHMAMM 06eCneyYeHns 3KONOrMYECKOW YCTOMYMBOCTM
0CBanBaeMblX TeppuTOpuii. CyLLeCTBEHHbIE OCNOXHEHWS BbI3bIBAOT TakXe MPUPOAHbIE (HaKTOpbl, B
YaCTHOCTK, 6ONbLIAA Ce30HHOCTb M HEpaBHOMEPHOCTb pacrpefesieHuss MHOTONETHEro CTOKa pek, B
OCOGEHHOCTW. B FOPHBIX YC/IOBMAX BOCTOYHOIO PervioHa CTpaHbl, rae B Mepuoj MnoLbemMa YPOBHA BOZ
CTOK peK 3a4acTyto gocturaet 90% mx rofoBOIN BENNUMH.

Pa3Hoo6pa3ve penbetHO-KNMMaTUYeCKMX YCNoBUIA 00YCNOBNMBAET MHOroobpasve UCTOYHUKOB
NMUTaHUA pek, 4To co3faeT OonblUMe pasnnuMs B pa3mepax W CPOKaxX HACTYM/eHWs NaBOLKOB W
HaBOAHEHWIA.

Ha Tepputopmu 3anagHon pysnn Ha BCeX YPOBHSAX MOTPe6IeHNs BOAHbBIX PECYPCOB HAPOAHbLIM
X03ACTBOM (KaK B rofJOBOM, TaK ¥ B CE30HHOM pa3pe3e) AeuumT BoAbl OTCYTCTBYET U B 6nvKaiLLel
nepcnekTvBe He npeauanTes (06wmii pecypc Bog 59,12 km?). MoTpeGHOCTL HAPOAHOTO X035MCTBA B
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BOZe CYLLECTBEHHO MEepPeKpbIBAaeTCA ee MPUPOAHbLIM CTOKOM. 34eCb MMEHTCA peasibHble BO3MOXHOCTU
A0N1A pa3MmeLLeHnss  BOLOEMKMX OOBEKTOB, B 4aCTHOCTW, BMOJIHE LiesIecoobpasHo  CTPOUTE/IbCTBO
BOZOXPaHW/IULL, 3HEPreTUYECKOr0 Ha3HauYeHs.

HanpsikeHHbIli BOAHbI GanaHc BocTouHoi pysum (o6wmii pecypc Bog 28,64  Km3), Bce
yBeNmumBaroLLaacs MoTpebHOCTb B OPOCUTENbHOM  BOfe, [eNnaeT  Heo6XOoAMMbIM — CO3faHue
rMAPOTEXHUYECKUX BOLOXPAHWINLLHBIX CWUCTEM, B OCHOBHOM, WPPWUrauyMoHHOro HasHayeHus. B
HacTosllllee Bpems Ha Tepputopum [py3uy pacnonaraetca 51 BogoxpaHunuwe (06Wwmii 06bem
3,482 MAH M3), 13 KOTOPbIX 32 - MetoT 06bem 6onee 1 MAH M.

Kak 13BecTHO, KpyrnHelillei pekoli BocTouHow Mpysun, Kak 1 Bcero KOxxHoro Kaekasa siBnsetcs
peka Kypa, 6acceiiH koTopoli (198300 km?) BK/touaeT Tepputopun Typuuu, VpaHa, Fpy3uun, ApmeHun
n AsepbarnmxaHa. Kypa, nepecekas rpaHuubl Tpex conpefenbHbIX rocygapcts (Typums, pysums,
AsepbaiigkaHa), npeAcTasnseT cobor NpMmep TpaHCTPaHUYHOro BOAHOIO MOTOKA.

Boabl Kypbl 1 ee NMPUTOKOB LUMPOKO WCMONL3YHOTCA A1 HYX[, HaUMOHaNbHOW 3KOHOMUKW B
LensX 3HepreTvKW, uvppuraumm, BOAOCHaGXKeHWs u T.4. OfHako Manas BOAHOCTb PeK BO BCEM
BOCTOYHOM o06nacTv HOxHOro Kaskasa Hapsgy C 60/bluMM BogonoTpe6neHnem, 00ycoBMBaeT
HanNpPsHXKEHHOCTb U AeUUUT B BOAOXO3ANCTBEHHOM GanaHce.

B HacTOfiLlee Bpems, Korga oulyllaeTcs AeduuuT BOLHLIX PECYpCcOB B 3akaBKasbe, 3ajaya
MONIHOTO 1 PaLyOHaIbHOIO X UCMO/b30BaHMA NPMOGpeTaeT 0CoBYH0 OCTPOTY. B 3TO CBSA3N BO3HMKAET
06beKTMBHaS HEeo6X0AMMOCTb  MPOBeAEHUSs pacLUMpPEHHbIX  KOMMIEKCHbIX — WUCCeA0BaHui,
OXBaTbIBAKOLLMX B3aMMOCBA3M BOLOOOECNEUEHNS, 3KOMOTUA WU 3KOHOMUKKM,  (PyHAAMEHTa/IbHOrO
13y4YeHns oTpacsiein npeobpasoBaHUA 1 UCMONb30BaHUA BOAHBIX PECYPCOB, UX B3aMMOLEWCTBUA MeXay
coboli M C OKpyXaloled Cpefoi C YCTAHOBNEHUEM KONMYECTBEHHbIX OLEHOK BO3MOXHbIX
9KO/IOMMYECKUX HapyLUeHWA 1 BO3MOXHOCTbKO OCYLLECTBNEHUA MPUPOLOOXPaHHbIX U BOLOOXPAHHbIX
MeponpuATWA. Hapagy ¢ 3TuM, C Le/blo (DOPMUPOBAHUA OOBLEKTUBHOIO OOLLIECTBEHHOrO MHEHWS, B
CTpaHax paccmMaTpyBaeMoro permoHa HeobxoaMMo CpeiCcTBamM MacCcoBOM MH(OPMALIMK LUMPEe OCBeLaTh
BOMPOCHI BOAHbIX OTHOLLEHWUIA.

OG6LLen3BeCTHO, YTO BOAA He NPU3HAeT aAMUHUCTPATMBHBLIX rpaHuy. OHa, COrnacHO 3aKoHam
(hM3MKKN, NPOXOANT CNOXKHBIVA LMK TMAPOIOrMYECKOro KpyrosopoTa — BbiNajaeT B BUAe OCAAKOB Ha
3eMHYI0 MOBEPXHOCTb, POPMUPYS BOAOTOKMN (PEKM), OTKYAA MOXET ObITb U3bATA AN1S UCMO/b30BaHMS,
ncnapsieTcs B aTMocepy, CHOBa MpeBpalLasch B 0Cafku. YacTb BOAbI, BbIMaBLUEA Ha MOBEPXHOCTb
3eMNM B BWAE O0CALKOB, MOMOSHAET CBOOOAHYKHD €MKOCTb 30Hbl aspauuv U (uabTpyeTcs B
HUDKeNeXallye ciow, rpyHToB, NpeBpaLLlasch B MOA3eMHble BOAbI, KOTOpble, B CBOK O4vepefb, TECHO
CBA3aHbl C MOBEPXHOCTHbIMY BOAOTOKaMU. Bofa BHYTpU rugporpaduyeckoro 6acceriHa HaxoauTcs B
MOCTOSAHHOM [IBVMDKEHUW U €CTECTBEHHbIM MyTeM NepecekaeT pas/iINyHble aMUHUCTPATUBHbBIE IPaHNLb,
KOTOpble YCTaHOB/IEHbI YeNIOBEKOM, MCXOAA U3 reonoIMTUYECKUX CO0bpaXKeHniA. Takum 06pa3om, CHO,
4yTO 418 YNpPaBfeHWs BCEMW BO3MOXHBLIMU (aKTopamu, BAUAIOLLMMU Ha TUAPONOTUYECKUIA LUK,
Heo6XoAMMO, 4TOObl BeCb PEYHON GacceilH HaxOAwncsA B MO/e 3peHUs YnpaBNeHYecKUX [AeicTBuin
eJUHOM OpraHM3aLmMn WM KOHCOpLMYyMa TECHO B3aUMOAENCTBYIOLMX OpraHu3aumin, npu 3ToM
KOOpAuHauus ux AeCTBUA [O/MKHA MPOUCXOAUTb Kak B TOPU3OHTA/IbHON, TaK WM BepTUKa/bHOW
MI0CKOCTAX.

Mpn ropu3oHTaNIbHOW (MEeXOTpac/ieBoil) KOOPAMHALMW, BOLOXO3AWCTBEHHbIE OpraHv3auun
[O/KHbI  CNpaBed/IMBO NPELCTaB/ATb MHTEPeCchbl BCeX BOLOMNO/b30BATE/IEN Pa3/IMYHbIX CEKTOPOB
9KOHOMMKM, a TaKxxe 06ecrneymBaTtb MPUOPUTETHOCTb BOLOCOEPEXKEHMA U COXPAHHOCTU OKPYXKatoLLen
cpefpl B rpaHuUax Kaxgow ruaporpadmyeckon eguHuupl. MNpobrema 3akioyaeTcs B TOM, 4TO
pasinyHble BWUAblI BOAHbIX PECYpPCOB YMpaBnAlTCA  pasMyHbIMX - BefoMcTBaMu.  Hanpumep,
MOBEPXHOCTHbIE BOAbI YNPaBAAOTCA MUHUCTEPCTBAMMU CE/IbCKOr0 XO3AMCTBA, SHEPreTUKW, APYrvMu
BegomcTBaMu. [lpy 3TOM MUHUCTEPCTBO CEMbCKOTO XO3AiCTBA  NpeXae BCero obecrneymsaeT
pean3aLnio MHTEPeCcOB OPOLLAEMOro 3eMfefenns, a MUHUCTEPCTBO TMAPOIHEPreTUKM — UHTepeChl
Npoun3BOAUTENEN 3NEKTPO3IHEPrK. icnonb3oBaHWe NOA3EMHBIX BOL KOOPANHUPYETCS reoormyeckumm
BegomcTBaMu. MnTbeBOe BOAOCHAGXeEHME HAXOAUTCA B BEAEHUN KOMMYHa/IbHBLIX CNYX6 MM MECTHbIX
opraHoB  BnacTu. [MpoMmbIWeHHOe  BOAOMO/b30BaHME  OCYLUECTBNAETCA  COOTBETCTBYHOLLMMM
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MUHUCTEPCTBaMU MPOMbILLIEHHOCTU. Kak npasusio, BCe BbllleyKa3aHHble Be4OMCTBA CBOU [eCTBUSA He
KOOPAMHMPYIOT MeXay c060i. B HacTosLLee BpeMs NPaKTUYECKN HUKTO He B/1afleeT CBOAHOW NO CTpaHe
MH(opmaumet, a CyllecTByroLLme (hOpMbl  OTYETHOCTW B KaXKAOM OTAENbHOM BeAOMCTBe
HeconocTaBMMbl C (hopmMaMun  Apyrux BefOMCTB. BBuay TOro, 4to rnaBHbIM YCI0BUEM MEXOTPAC/eBOM
MHTerpauum SBNSETCA COrflacoBaHWe WHTEPecoB oOTpacneii Ans  obecrneyeHUss BO3MOXHOCTM
COBMECTHOI0 MCNOMb30BaHWA O6LWMX BOAHBLIX PECYpCoB B COOTBETCTBUM C COr1acoBaHHbIMU
rpaukamm, a Takke COPOCOBbIX BOA OAHUX OTpacneid Apyrumu LO/MKHbI ObiTb pa3paboTaHbl
MEXaHU3Mbl peLleHns KOHPANKTOB NPy UHTErpupoBaH1N NPOTUBOPEUMBBLIX UHTEPECOB. DTOr0 MOXXHO
[JO6UTLCA yyacTMeM MpeacTaBUTeNeld BOLOMO/b30BATE/IEN pa3/IMUHbIX OTpacnei B 0O6LLEeCTBEHHOM
yrnpaBneHMn Ha TOM WU MHOM YPOBHE BOLOXO3ANCTBEHHON Mepapxmun. Co3faBaeMble Ha NapUTETHbLIX
Hayanax OOLLeCTBEHHble OpraHbl [O/MKHbI 06ecneynBaTb KOHCEHCYC Ha OCHOBE BbIPabOTKM
B3aMMOMNpPUEM/IEMbIX MPaBU/1 PerynnpoBaHns U B3aUMOLeNcTBusA. Mpyu 3TOM MHCTPYMEHTaMK YBA3KU
ABNAKOTCA: 06LLee MnaHMpPOBaHWE W COrnacoBaHWe MUCMOoJb30BaHUA BOAHbLIX PECYPCOB; KOOpAUHALWMSA
pa3BUTUS OTpacneil; WHPOPMAaLMOHHBIA OOMEH; y4yacTue B MNPeACTaBNAOWMX B3aVMHbIA WMHTEpec
maTtepuabHbIX M PUHAHCOBBIX 3aTpaTax.

YnpasneHve BOAHbIMY pecypcamu (N0 BepTUKa/IN) COBPEMEHHON BOAOXO3ANCTBEHHON CUCTEMBI,
OCOGEHHO nNpU OpOLUEHUN 3eMeflb, MpPeACTaBnseT CcoOO0M MHOrOYpOBHEBYKD CXeMy Mofayn W
pacrnpefeneHms BOAbl, HauMHasa C 6GacceliHa, MarucTpaibHOro nuTaHus, KaHanos Il n Il nopsaka,
OpOCUTE/IbHOM CeTM BOAOMNONb30BaTeNel 40 NOMMBHBLIX YHacTKOB hepMepoB. OCHOBHbIE NOTEPU BOAbI,
paBHO Kak 1 nepeboun B ob6ecneyveHnn BOAON, NPOUCXOAAT NPU HECTLIKOBKE YNPaB/eHNs Ha PasnyHbIX
YPOBHSIX Mepapxuu, 1 OHW OnpeaenstoT o6y Heath(heKTUBHOCTL paboTbl CUCTEM ynpaBneHus. Mbl
CTpajaeM He OT fehmumTa BOAbl, & OT feduumTta (KavecTsa) ynpasneHus. MoaToMy OA4HOW U3 rNaBHbIX
3a/ja4 UHTerpasibHoro yrnpaeneHUs BOAHbLIMW pecypcamn SBMSETCS NpaBubHas YBA3Ka LeATeIbHOCTU
pasINYHbIX YPOBHEW nepapxum.

Hago oTMeTUTb, UTO HapsAgy C WHCTUTYLMOHaNbHLIMUA MEXaHM3MaMun YBA3KN UMEKOTCA Takxke
ynpaBneHyeckue, Opuanyeckne u (UHAHCOBblE WHCTPYMEHTbI YyBA3KW. Cpean WHCTPYMEHTOB
ynpaBNeHnsa ciaepyeT OTMETHUTH [2]:

— CTPOruiA y4yeT BOAbl Ha BCEX YPOBHSIX CMCTEM OT bGacceiiHa A0 )epMepPCKOro X03iMCcTBa U XKECTKOe
HOPMUPOBaHVEe NOTPebIeHNs BOAbI;

— COCTaB/IEHME B3aMMOYBA3aHHbIX NNaHOB BOLopacnpeenieHns 1 BOLOMONb30BaHNSA A/15 BCEX YPOBHEN
nepapxuw, NpesycmaTpusatoLnx TMKBUAALMIO OPraHN3aLMOHHBIX NOTEPb;

— CMCTEMA OTYETHOCTU - He TONbKO KBapTa/JlbHOM WM TOA0BOW, HO W OMepaTMBHOM, OTBeYatoLlel
OnpefeneHHbIM MoKasaTeNnsam W KpuTepusM, W obecrneymBatolleil Mx cobntofeHne B npouecce
opraHu3aummy ynpasieHns ¢ NOMOLLbIO KOPPEKTUPOBOK pacnpesenieHns BoAbl M BOAONOAauN;

— COBepLUEHCTBOBaHME [AMCMETYEPCKOrO YnpaBneHus, ob6ecrneynBaroLlee BbINOSHEHWE KPUTEPUEB
ynpaBieHnsi — paBHYH BOZ00OECneveHHOCTb BOZLOMNO/b30BaTeNe M CTabUNbHOCTb BOAOMOLAYN Npu
COOMIOAEHNN  MpUOpUTETA  3KOMOTUYECKMX W KOMMYHa/IbHO-MPOMBILMEHHbIX — TpeboBaHWn 1
COO/OAEHNN OrPaHNYEHNi, CBA3aHHBIX C 6e30MacHOCTLIO TMAPOTEXHUYECKUX COOPYXKEHWIA;

— KOpPPeKTMpOBKa MnaHOB BOAOpacnpesefieHns U BOLOMO/b30BaHNA C UCMO/b30BaHWEM CreumasibHO
pa3paboTaHHbIX KOMMbIOTEPHBLIX MOAENEN B Cllydae W3MEHEHWUs TUAPOSIOrNYECKMX, KIMMATUYECKUX,
XO035MCTBEHHbIX UMW APYTUX YCOBUIA.

Bce 3TW WMHCTPYMEHTbI CBSi3aHbl C WHMOPMAaLMOHHO - YMNpaB/IEHYeCKON CUCTEMOW, KOTopas
ABNAETCA BaXHbIM 3/1eMEHTOM 06ecrneyeHUs MNPUHLMUMNOB WHTErpasbHOro ynpas/eHUs BOAHbIMU
pecypcamu. KOpugmyeckne n 3KOHOMUYECKME UHCTPYMEHTbI TECHO B3aMOYBA3aHbl U AOMNOSHAT Apyr
apyra. [epeuncsiMM OCHOBHble M3 HWX:  MpaBa Ha BOAY BOLOMNOMb30BaTeNeM M UX 3awmTa
rocyflapCTBOM; [OrOBOpPHble OTHOLUEHWS MeXAy BOAOMONb30BATENIIMA U BOLOXO3SACTBEHHLIMU
opraHuzaumsMun, a Takke MexXy BOAOXO3ANCTBEHHbIMW OpraHu3auusMy  pPasfiMuHbIX YPOBHEN
nepapxun; 3aKOHOAATeNbCTBO 06 OTBETCTBEHHOCTM 3a HapylUeHVWe npaB Ha BOAY M [OrOBOPHbIX
OTHOLLEHWIA; NnaTa 3a yCayru no nogaye BoAsl 1 apyrve ycnyru no o6ecrnevyeHnio BOAOMONb30BaTeNel
(audbdbepeHUMpoBaHHas B 3aBUCUMOCTY OT KayeCTBa YC/yr);
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nnarta 3a 3arpssHeHue; nsata 3a Bofy, Kak 3a Pecypc; rocyfapcTBeHHOe perynmpoBaHue npas v
06513aHHOCTEN  BOAOXO03AMCTBEHHbLIX O0OBLEKTOB W BOAONONb30BATE/IEN, a TakKke 06s3aTeNbCTBa
rocyfapctsa Mo noAjepXKe U Tex 1 ApYrux; noowpuTebHbIe U NIbFOTHbIE MEPbI MO paLMoHaIn3aLmMm
BOAOMO/b30BaHUA — KaK A5 BOAOMNO/b30BaTeNle, Tak U [N11 BOLOXO3AWCTBEHHbLIX OpraHu3aumii;
LTpadHble caHKLMK 3a Nepebopbl BOAbI.

UpesBbluyailHO BaXKHbIM  3/IEMEHTOM  peanin3aumMnm MNPUHLUMMNOB WHTErpasibHOro  ynpaB/ieHus
BOAHbIMM pecypcaMn  SBMISIETCS LUMPOKOE BOB/IEYEHNE OOLLECTBEHHbIX OpraHuM3auuii B Camo
ynpaeneHune. MNpobaembl ynpaBneHns BOAHbIMI pecypcaMn Heo6X04MMO pacCMaTpuBaTb B KOHTEKCTE
B3aMMOOTHOLLUEHWIA TPaXXAaHCKOro 06LWecTBa M rocydapcTBa. Y4yacTue O0O6LIECTBEHHOCTV MpPW3BaHO
co34aTb aTMocepy NPo3payHoOCTU U OTKPLITOCTU, MPU KOTOPOI BEPOATHOCTb MPUHATUA PELUEHWUIA, He
OTBeYaroLMX 06LLECTBEHHbIM MHTEpecam, CHUKaeTcs. UeM Bblille YpoBeHb OOLLECTBEHHOIO y4acTus,
Tem MeHee 6/1aronpusaTHbI YCNOBUA ANS KOPPYNUMU U MTHOPUMPOBaHUA 06LLECTBEHHbIX UHTEPECOB. ITO
nnatopma A9 CnpaBef/IMBbIX, OTBETCTBEHHbIX PeLUeHW N0 BOZOPACMpefeNneHnio B YCN0BUAX
HapacTaroLero feduumnta BoAbl, C y4eTOM o0becreveHnst 0XpaHbl NPUPOAbI Y pa3BUTUS 06LLECTBa.

3. BbiBoAbl

B HacTosLLee BpeMs, KOrja OLLyLLaeTcs AeduMUnT BOAHbLIX PecypcoB B 3akaBKasbe, 3a4aya NnosiHoro
M pauMoHaNbHOrO WX MCMOMb30BaHUA NpuobpeTaeT 0CO6YD OCTPOTY. B 3TOM CBSA3M BO3HMKaeT
06bEKTHBHAS HeobXx0AMMOCTb  NPOBeAEHNS PaCLUMPEHHbIX  KOMM/IEKCHBIX — UCCNeA0BaHWIA,
OXBaTbIBAKOLLMX B3aVMOCBS3M BOLOOGECMEUEHUs, 3KOMOTUM U 3KOHOMWKKM,  (PyHAAMEHTa/IbHOro
“3yyeHWs oTpacreli Npeobpa3oBaHMs 1 UCNOb30BaHNS BOAHbLIX PECYPCOB, MX B3aMOLEWCTBUA MeXay
CO60 ¥ C OKpyXaloweli Ccpedoil € YCTaHOBNEHWEM KONMYECTBEHHbIX OLEHOK BO3MOXHbIX
3KOMIOrMYECKUX HapyLUEHWA 1 BO3MOXHOCTbIO OCYLLECTB/IEHUS MPUPOA0OXPaHHbLIX U BOAOOXPaHHbIX
MepOnpUATIA

[na ynpaBneHus BCEMW BO3MOXHbIMU (DaKTOpamu, BAUSIOLLMMU Ha TUAPOMOTUYECKUIA LK,
Heo6XoAMMO, 4TOObl BeCb PEYHON 6GacceilH HaxOAwncsa B MO/e 3peHUs YnpaBNeHYecKUX [AencTBui
eJUHOM OpraHM3aLmMn WM KOHCOpLMYyMa TECHO B3aUMOAENCTBYIOLMX OpraHu3auuin, npu 3ToM
KOOpAuHauua uxX AeACTBUA [O/MKHA MPOUCXOAUTb KakK B TOPU3OHTA/IbHON, TaK WM BepTUKa/bHOW
MI0CKOCTSIX.

UpesBblyaliHO BaXKHbIM 3/1EMEHTOM peann3auy NPUHLMNOB WHTErpasbHOro  yrnpaBneHus
BOAHbIMW pecypcamyi  ABNSETCA LUMPOKOE BOBMEYEHME OOLLECTBEHHbIX OpraHmsauuii B CamMo
ynpasneHve. Mpobnembl ynpasneHus BOAHbIMW pecypcaMn Heo6XOAMMO pacCcMaTpuBaTb B KOHTEKCTe
B3aVIMOOTHOLLEHWI FPaXXAaHCKOro 06LLecTBa U rocyfapcTsa.
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hogmgenom,  @G®d ol Joggdymos  3oModgHdgmmo  Loboo T = ts) (s, =5 <
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Jarostaw Rajczyk

Jarostaw Rajczyk was born on May 27, 1958. He is a graduate of
the Technical Research Ingtitute of the Mining of the Family in
Czestochowa that he graduated in 1978. He completed his university
studies in 1978-1983. in the Leningrad Institute of Engineering and
Construction. Thetitle of PhD in technical sciences was awarded in 1998
by the State University of Architecture and Construction in St
Petersburg based on the paper: "Optimization of the elements of plate mechanical tools used in the
technology of processing precast concrete products’.

He obtained the postdoctora degree of habilitation in technical sciences a the State
Polytechnical University in Saint Petersburg based on his thesis on "Scientific basis for the
selection of geometrical structure and kinematics of disc working tools for concrete surface
treatment machines.

The general scientific achievements are 180 publications, including 18 compact items and 30
patents, including 3 foreign ones.

In scientific activity, he specializes in the following areas:

» comprehensive mechanization of technological processes including the technology of
molding and processing of concrete surfaces;

» mechanization of technological processes related to the construction and maintenance of
engineering structures - road construction;

« instrumental assessment of the quality of building technological processes and testing the
properties of concrete and asphalt-concrete composites.

In the 1989-1990 he completed a one-year internship at the Department of Architecture at the
State University of Architecture and Construction in Saint Petersburg and in 1992 a six-month
internship at the Institute of Economics and Construction Organization at the Vienna Technical
University. In 1993, he completed a scientific internship at the Technical University in Darmstadt,
Germany. He has building qualifications, to manage construction works in the construction and
construction specialty.

He has been employed at the Faculty of Civil Engineering since 1984. Since 2000, he has
been the Head of the Department of Building and Materials Technology in the years 2005-2012, he
was the Dean of the Faculty of Civil Engineering.

From 2012, prof. Jarostaw Rajczyk performs the functions of Deputy Dean for Science and
conducts classes in, among others, from objects. technology of construction works, construction
machinery and equipment, transport construction.

During his work at the Faculty of Civil Engineering at Czestochowa University of
Technology, he was the supervisor of over 200 engineering and master's theses as well as three
doctors of technical sciences who complement the creative achievements also outside the country.
He reviewed numerous doctoral and postdoctoral dissertations in Poland and abroad.

Since 2008, he has been an editor of the Scientific Bulletin of the Faculty of Civil
Engineering and a member of the College of Editorial Staff at the Technical University of Ostrava
and the University of Architecture and Construction in Yerevan. In the years 2005-2012 at the
Faculty of Civil Engineering he created a laboratory for the needs of road construction. Since 2005
he is member of editorial board of International Scientific Journal of Georgian Technical University
"Mshenebeli”. Since 2013 he is member of editorial board of International Scientific Journa of
Georgian Aviation University "Air Transport”.
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In 2017 Jarostaw Rajczyk was awarded by a diploma for successful cooperation with the
scientists of Batumi Shota Rustaveli State University, in particular in the preparation of young
scientific personnel in thisfield.

He is a member of International Scientific and Organizing Committees of | - X International
Conferences on Contemporary Problems of Architecture and Construction.

The confirmation of the recognition of achievements in scientific and research work and
didactics were numerous awards granted, including the First Degree Award of the Rector of the
Czestochowa University of Technology for the scientific activity Meda of Merit for the
Czestochowa University of Technology, Medal of the National Education Commission. In
recognition of his creative patent activity, he was awarded the Officer's Cross of the Order of

Invention awarded by the Greatest Regard of the Kingdom of Belgium, as well as the
Commander's Cross and the Grand Officer's Cross.

With his creative activity Mr. Jaroslav (Jarek) met his 60th anniversary. His friends, relatives,
colleagues, and disciples were once convinced that the Georgian people have a great friend, a great
person.

From the 60th anniversary of Mr. Jaroslav (larek), he has a precious family. Spouse Mrs.
Marlene, who was engaged and is engage her share, always |ooks proud.

We wish you a healthy, long life, Mr. Jaroslav with your beautiful family.

Editorial board of the Journal "M shenebeli"
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SUMMARIES

A. Sabakhtarishvili, D. Mkheidze, A. Védijanashvili, M. Tskarishvili, N. Rodonaia. METHODS OF
EXPERT EVALUATION OF ACTUAL COST OF CONSTRUCTION WORKS PERFORMED AT THE
SITE. Scientific-technical journal “BUILDING” #1(48), 2018

In the article is considered the methods of expert assessment of the actual expanses of the construction works
performed by the group of authors, which were considered the "construction of infrastructure" and "construction
inspection accreditation persons’ association as well as in various ministries. The article is presented in the form
for comprehensive consideration in wide civil engineering and scientific circles. The following will be presented
to the Government by considering the presented method (considering the comments) and issuing the Rules of
Procedure by the Government Decree.

I. Mshvidobadze, G. Chokhonelidze, Z. Kakulia, Sh. Kavsadze. ON SELECTION OF DESIGN VALUES
BUILDINGS IN THE CASE OF PARTIAL REINFORCEMENT OF FOUNDATION STRUCTURES.
Scientific-technical journal “BUILDING” #1(48), 2018

In the article is considered the case when occurs the partial reinforcement of the foundation. In such a case, it is
especially important to know how the ground-based features are selected so that they do not cause the building
cracking in reinforced as well as under reinforcing parts of building. In order not to originate a cracks, it is of
particular importance to select the ground characteristics of the soil - the internal friction angle of the ground ¢
and the specific cohesion C.

In the article as a conclusion is stated a method of selection of .9 force and foundation area where the deformation
of the reinforced base will not occur.

T. maxarashvili, D. bakhtadze. Socio-economic and demogr aphic situation in the Racha-L echkhumi region.
Scientific-technical journal “BUILDING” #1(48), 2018

The article discusses the difficult social-economic and demographic situation in Racha-Lechkhumi region of
Georgia.

G. Gotsiridze, I. Gotsiridze. New reccomended formulasfor calculating compostition of concrete. Scientific-
technical journal “BUILDING” #1(48), 2018

The article presents new methods of hard concrete composition based on the following principles: only sand is
able to fill the emptiness of thick filling, not the mixture of cement and sand, which is considered the classic
method of calculating the absolute volume. The new recommendations for calculation increase the amount of sand
in the concrete. The concrete mixture becomes more advanced with the technological properties.

Z. Madzagua, D. Tabatadze, D. Jankarashvili. DETERMINATION OF MAXIMUM DEFLECTION IN
RECTANGULAR PLATE WITH TAKING INTO ACCOUNT OF CONCRETE CREEPING
DEFORMATIONS. Scientific-technical journal “BUILDING” #1(48), 2018

In the paper is presented the rule for determining maximum deflection in the reinforced concrete rectangular plate,
taking into account the order of its construction (sequence of construction) and concrete creeping deformations.
The creeping deformations are taken into account based on the life cycle theory, because this theory is considered
as the best for reinforced concrete structures.

T. Gardapkhadze, M. Gardapkhadze. THE ANALYSIS OF THE SANDWICH DEPRESSED SHELL AT
ACTION OF TRANSVERSE PRESSURE AND TEMPERATURE. Scientific-technical journal
“BUILDING” #1(48), 2018

On the base of the variation formulation of the shell’s nonlinear deformation is derived the formula of the finite
elements formulation of the task of determining the mode of deformation of having double curvature sandwich
shell under action of force and heat influence.

B. Surguladze, K.Makharaoblidze. Basics for calculating reinforced concrete structures for use in dry, hot
climatic conditions. Scientific-technical journal “BUILDING” #1(48), 2018

When designing reinforced concrete structures that are operated in conditions of dry, hot and cold temperatures, it
is necessary to take appropriate measures, since they are subject to systematic influences of variable temperatures.
Due to reinforced concrete temperature deformations, we must follow the appropriate special rules to ensure that
the building meets the operating conditions.

L. Kakhiani, A. Tsakiashvili, M. Tavadze. INFLUENCE OF SHEAR CRACKING ON STRENGTH OF
BENDING ELEMENTS WITH APPLICATION OF REINFORCED CONCRETE FRACTURE
MECHANICS. Scientific-technical journal “BUILDING” #1(48), 2018

In the article are considered the crack growth resistance, cracks origination, their types, calculation methods based
on experimental data for the reinforced concrete bending elements. The design formulas and calculation schemes
are stated with taking into account the methods of reinforced concrete fracture mechanics.
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G. Kipiani. High order accuracy of quadratic formulas for singular integrals. Scientific-technical journal
“BUILDING” #1(48), 2018

In case of the contours opened for the weighted singular integration, the Markov type sguare formula of high-
order accuracy is constructed. Computer programs are designed to count such integrations on Mathematica
symbolic language.

G. Nozadze. EXPERIMENTAL RESEARCH OF BEHAVIOR UNDER LONG-TERM LOAD OF
REINFORCED CONCRETE COMPOSITE CROSS-SECTION BEAM SIMPLY SUPPORTED ON TWO
SUPPORTS. Scientific-technical journal “BUILDING” #1(48), 2018

Based on experimental studies was developed the methods of calculation of reinforced concrete composite cross-
sections structures with taking into account of probable nature of the concrete creeping deformation and is defined
ultimate characteristic of the creeping deformation as deviation boundaries for probability value calculation for
corresponding forces and stresses.

E. Machaidze. THE ANALY SIS OF THE ENCLOSED THE CONE SHELLS CORRUGATED PYRAMID
SHELLS. Scientific-technical journal “BUILDING” #1(48), 2018

The structure of the corrugated pyramidal shells close to the cone shell is developed that are composed from
planar elements and have a long rectangle shape. The middle surface of such a shell that has a constant curvature
in one direction and a break in the other direction.

D. Bedukadze. Frost Resistance Test of Samples of Asphalt-Concrete Based on Local Inert Materials

without Additionsand Sulfur Asphalt Concrete. Scientific-technical journal “BUILDING” #1(48), 2018

In article the frost resistance test of asphalt concrete, based on local inert materials without additions and of sulfur
asphalt concrete is described. Based on experimental investigation result there was established that the best frost
resistance revealed the sample of sulfur asphalt concrete with the 20-30% modified sulfur, comparatively to
samples without addition.

L. Janashia. Alluviums of mudflow. Scientific-technical journal “BUILDING™ #1(48), 2018

The aluviums of mudflow is formed as a result of mudflow. By its nature, this is one of the most dangerous
events from a natural catastrophic event that damages and destroys the road infrastructure.In many cases, people
themselves become victims. The fight against alluviums of mudflow is carried out by complex measures, which
include the division of work into two groups:. active and passive measures.

G. khoperia. The Legidative basis of the Living Development of the Soviet Period. Scientific-technical
journal “BUILDING” #1(48), 2018

The article concerns the basic features of the legislative basis of the urban planning development of the Soviet
period and their positive as well as negative sides.

Namely, the fact that the existed legidlative features regulated the planning of development and, as the result, the
planning chaos and evident errors have not been traced in the urban planning of that period, can be evaluated as
positive.

The circumstance that private and public buildings, because of economy, mainly used to be built in accordance
with standardized designs, which, from the architectural-aesthetic point of view did not have any value,
undoubtedly is the negative side of the constructive normative basis of the Soviet period.

I. Mikava. Provision of spatial smoothness on highways. Scientific-technical journal “BUILDING” #1(48),
2018

For a well-developed and organized network of highways one of the preconditions is a high traffic flow capacity.
The goal of spatial design is to increase the capacity of the highway and improve traffic conditions.Spatial design
for the most part is based on empirical rules of tracing and on the use of principles of descriptive
geometry.Checking and improving spatial smoothness is achieved by drawing perspective images of the road.

G. Sultanishvili. Principle of the multilayer concretemixture acceptance used of single-styage technology.
Scientific-technical journal “BUILDING” #1(48), 2018

Modern methods used for manufacturing of multilayer products and structures inter alia consider the multi-stage
technologies. Each of necessary layers is produced separately through such technology, and then, usudly in a
separate stand, they are combined into one item. Usually this is a rather expensive, energy-consuming, multi-
cycle and along processin terms of working hours.

For the manufacture of multilayer concrete products, we propose to use the technology of vibra-breakdown of
concrete mixture containing heavy and light fillers and binder within a single batching. Breakdown of a single
concrete mix occurs due to the difference of volume weights of fillers and thixotropy of the concrete- dilution at
vibration. Made of walling elements through such technology, economically significantly cheaper.
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T. maxarashvili, D. bakhtadze. Tourism and recreation development potential of Racha-L echkhumi region.
Scientific-technical journal “BUILDING” #1(48), 2018

The article deals with the state of the tourism infrastructure of mountain region Racha-Lechkhumi and its
development potential.

K. Makharoblidze. Questions of the durability of the structures of the overlap of large-span buildings.
Scientific-technical journal “BUILDING” #1(48), 2018

For maintenance and improvement of overlapping structures of large buildings, in particular, this is due to the
reliability of multifunctional systems (the whole complex), it is necessary to use high-quality building materials
and to take into account reserves and repairs. To reduce the failure rate of the structural elements of the large
dabs, as well as for the growth of the average indices of durability of the entire building structure and its
individual elements, it is necessary that with quality materials the quality of construction should be achieved with
the help of high-quality joints.

M.Vartanov. E.KechkoShvili. Some principles of integral management water resources of Georgia.
Scientific-technical journal “BUILDING™ #1(48), 2018

At present, methods have been developed for solving the problem of the distribution of the water resources of the
South Caucasus, stabilizing the ecological situation in the territory under consideration.When implementing this
problem, integrated water resources management methods can be an effective means of reducing the scarcity of
water resources. It is with this approach to the problem of using water resources that one can not be afraid of a
water crisis.

G. Kipiani. Numerical solutions of the singular integral equation of the first kind in case of open contours.
Scientific-technical journal “BUILDING™ #1(48), 2018

For the singular integra equation of the first kind, a high-order accuracy chart of numerical solution
corresponding to Markov's square formulas is built. Appropriate assessments have been received.

M. Tsalkalamanidze. Principals of Creating Special Harmony with Color in Architectural Design.
Scientific-technical journal “BUILDING” #1(48), 2018

It is important to consider not only decorative and esthetic, but also an associative aspect when choosing colors
for inner space of the building. Choice of color should help to create emotional connection with building’s design
and its function. Harmonious environments create socioemotiona mood, special climate that is better aligned with
the function of the given space.

Based on abovementioned, it is crucial, that interior design of public spaces, use colors that are chosen with nature
in mind. Colors used should be based on principals of associative and symbolic cues and be harmonious.

L. Avalishvili, |. Rtveladze, N. Nakvetauri. Factor analysis of the bearing capacity (strength) of reinforced
concrete beam dlabs. Scientific-technical journal “BUILDING™ #1(48), 2018

In this work the durability of a reinforced concrete beam slabs is theoretically studied. The impact of factors
influencing permanence was studied, differentiated with a quantitative estimate on the basis of variation of the
corresponding parameters in the real range. As aresult of the factorial analysis of the studied element — reinforced
concrete beam dabs, tables and graphics are obtained to facilitate work of the constructor, which determines the
practical value of this study.

104



L533G60IGM-BII603IO0 JIG6SR0 ,,39I6IdR (MO

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING® Ne1(48), 2018
HAYUHO-TEXHUYECKUNI XXYPHAN «CTPOUTE/IbCTBO»

AIQSIBH0: d9@gs 35 bsdy
3@3I(3S [o0dmgdst 15.04.2018

Jo@oarol beds 60X84 18, 105 a3.
BGomsgo 100 g5 %(733@000(60

105



