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In the present paper we have systematized and revealed regularities of climatic factors dynamic change
in mountainous conditions. Multifactor mathematical models were developed designed to assess deviations of
construction parameters in such conditions where the main parameters are duration of labor and technical
resources use, vehicle transportation, storage of production reserves, construction time.

Recommendations have been submitted for practical application of multifactor mathematical models in
organizational, technological and engineering solutions leading to construction efficiency increase.
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Analyzing operational experience of building organizations of Armenia and Nagorno
Karabagh, we have solved problems of systematization and revelation regularities of climatic factors
dynamic change depending on altitude above sea level (h), modeling of construction parameters
deviations, optimization of organizational management and etc. [1,3].

Factors of mountainous conditions are subdivided into the following groups.

1. Geomorphologic factors

1.1 Tortuosity of roads and ruggedness of relief — factor Xi.1. Criterion for estimation of this factor is a
coefficient determined by ratio of actual length of a road between two points to its shortest length on
the plan of locality.

This factor is determined by the following expression

X11=0,4604+1,411 x 10°h

1.2 Seismicity — factor Xi1.. With altitude rise a tendency to increase horizontal acceleration of soils is
observed. However, there is no strongly pronounced character of their development along the vertical,
since this index mainly depends on geological conditions of construction site. These conditions are
markedly distinguished by heterogeneity.

1.3 Hardness and stoniness of soils, relief complexity — factors Xis and Xi4. At the cost of these
factors construction duration increases on the average 1.08 times regardless of the relief altitude above
sea level.

1.4 Soils’ frost zone — factor Xis. Taking into consideration the difference of soils properties
conditioned some frost zone spread in values and is on the average 60 to 70 cm in height of
mountainous relief.

1.5 Falling - landslide processes — factor Xi6. Maximum development of these processes occur at
altitudes 800 to 1000m above sea level and 34 percent. No regular development the above processes is
observed.

2. Climatic and geological factors

2.1 Atmospheric precipitations — factor X».1. The rainfall amount for April to June period exceeds over
twofold average monthly figures as compared with the rest of months of the year. Average annual
rainfall amount depending on altitude above sea level is determined by the following formula
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X21=33.56+472.56 x 1024 -80 x 10°h?, mm.
2.2 Air temperature — factor X... Average annual air temperature below 800m of altitude above sea
level and has positive value. Within the altitudes from 800m to 2000m duration the weather with
temperature below zero is 3-4 months, and over 2000m above sea level is 5 to 8 months.

X2,=18.557-7.091 x 1024, C

2.3 Wind speed — factor X.3. Taking into consideration directivity of mountain and valley winds was
established dependence of change along the vertical of average annual wind speed:

X23=0.8236 + 0.836 x 1034, m/s

2.4 Barometric pressure — factor X,4. Barometric factor decrease along verticals is reflected on
adaptation (readaptaion) regimes of employees, productivity of labor, vehicle movement duration, etc.

X24=1000 — 0.11h+0.41 x 1024, GPa

2.5 Number of days with snow blanket — factorX,s. Snow blanket time in mountainous regions
depends on elevation, relief. form and exposition of slopes and is of form

Xo5=81.689 — 118.631 x 10°A +75.128 x 10 "°, days.

2.6 Air moisture — factor X»6. Depending on the season the relative moisture of air in mountainous
regions differs both in value and character of distribution. In summertime the air relative moisture
amounts to maximum values at 2000m above sea level. In winter relative moisture distribution pattern
has almost opposite to the picture as compared with summer months pattern.

X26=60.68 + 4.45 x 10k, %

3. Organizational, technical, technological and social factors

This group of factors involves: infringement of material and technical resources delivery
timelines, low level of methods of labor and production, building and assembly jobs organization,
changes of work organization technology, social and life conditions, etc.
Due to influence of these factors construction time increases in 1.16 times and has a constant character
along the vertical.

On the basis of revealed regularities and dynamics of climatic factors increase multifactor
mathematical models have been developed reflecting change of construction parameters in
mountainous conditions [4,5].

1. Time of labor resources use (K"mp). This parameter is formed under influence of a wide range of
climatic, organizational, technological, technical, social and other factors

K"p= 216-14Z51-2Z22-2Z23-Z2.4-TZ25-15Z2 3

2. Technical-organizational reliability of usage of technical resources (K,mx). This reliability is
evaluated as a ration of actual time of use of technical resources to normative one

Koy = 0.272+0.053 Z51+0.120Z,,+0.157Z,3+0.123Z,5+0.044Z, 6+0.222K",,,
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3. Time of vehicle movement (K",,,). This parameter is formed by conditions of impassibility of roads,
state of roads, dispersion of facilities under construction, climatic factors and etc.

K", = 0.190+0.469 Z;1+0.134Z,1+0.106Z,4+0.099Z, 1. Z6

4. Storage time of production reserves (K",,). Most typical factors having an influence on K", are
resource transportation conditions, seasonal nature of work, downtime caused by weather conditions
and etc.

K",= 1.964+0.238 K",,,+0,127Z11+0.204Z,,

In the above mentioned formulae coefficients of climatic factors’ development dynamics along the
vertical.

5. Construction time (K",,) is determined subject to coefficients of each factor weight using the
“Delfi” method [5]

K",,=1.45+0.250 & 1.1+0.222 5 21+0.186 § 22+0.113 & 23+0.133 & 24+0.059 & 25+0.037 S 26,

where 11, 021, 022, 023 024, 0250 26 are coefficients of weight influence of Xu.1, X2.1, X22, X2
Xa.4, X25, Xo.6 factors.

The presented multifactor models of construction parameters change is recommended for use
in organizational, technological and engineering solutions of construction efficiency increase in
mountainous conditions. Examples of solution of similar problems can be found in the works [2,6].

Conclusions

1. Regularities of climatic factors development in mountainous conditions along the vertical have
been systematized and revealed.

2. Multifactor mathematical models have been developed designed for determining deviation of
construction parameters depending on height of facilities under construction above sea level .

3. Recommendations were made of the use in organizational, technological and engineering
solutions for providing increase in construction efficiency in mountainous conditions.

References

1. Ucpaensu P. I'. “MoaenupoBannie OTKIIOHEHUN NMPOIOJKUTEIBHOCTH CTPOUTEIHCTBA B
TOPHBIX yCIOBUAX. AyauT u ¢puHancosbiit ananmus. N 2, 2015. M. C. 120-123

2. Ucpaensn P. I OcHOBBI OpraHu3aliii CTPOUTEIBCTBOM B TOPHBIX YCIOBHUSX.
VYuebnuk. Epesan, HYAuCA, 2015, 135 c.

3. HUcpaensu P. I “OueHka OTKJIOHEHMH MapaMeTpOB HCHOJIb30BAHUS PECYpPCOB
CTPOUTEIBHOIO TPOU3BOACTBA B TOPHBIX ycioBuax". Crenanakept, Apl'Y, 2011, 32 c.

4. Ucpaemssa P. T. “IIporHOo3MpOBAaHME MCIIOJIB30BAaHUS TPYAOBBIX PECYPCOB
CTPOUTENIbCTBA B TOPHBIX YCIOBUSAX . MexayHapoAHbIH COOPHUK HAy4YHBIX TPYAOB.
Crpoitnasect 2011, M; TAKXuC,2011.C253-256.

5. HUcpaenan P. . OcHOBBI OpraHu3allMi M YIPaBIEHUS CTPOUTENHCTBOM B T'OPHBIX
ycnoBusix. AHanu3. Mogenu. Pemenus.Crenanakept, Apl'Y 2011-160c.

45



ARCHITECTURE AND CONSTRUCTION

6. Israelyan R.G., Oleinik P.P., Barsegyan A.A. “Modeling of construction organizations’
mobility in the mountainous conditions”, International conference on the European
science and technology, October 2014, Munich, Germany P.87-91

References

1. lIsraelyan R.G. Modeling of construction time deviation in mountainous conditions. Audit and
financial analysis. N 2, 2015. M. C. 120-123pp.

2. lsraelyan R.G. Principles of construction management in mountainous conditions. Textbook.
Yerevan, NUA and CA, 2015, 135pp.

3. lIsraelyan R.G. Valuation of deviations of construction technology resources usage parameters
in mountainous conditions. Stepanakert, Nagorno-Karabagh, Artsakh State University, 2011,
32pp.

4. lsraelyan R.G. Prediction of construction labor resources use in mountainous conditions. Int’l
Collection of papers, Strojinvest, 2011, M. 253-256pp.

5. lIsraelyan R.G. Principles of construction organization and management in mountainous
conditions. Analysis. Models. Solutions. Stepanakert, Nagorno-Karabagh, Artsakh State
University, 2011, 160pp.

6. lIsraelyan R.G., Olejnik P.P., Barseghyan A.A. Modeling of construction organizations
mobility in mountainous conditions. International Conference on the European Science and
Technology. October 2014. Munich, Germany. 87-91pp.

L6NLU3hL MUSUULLEMNRYU ShLUrurnh6e-3uL UM3NhLU4GESNhE-3UL
PUrANUSUUL <Ursh 4t6NMUPGM3UL

MN.Q. bupwbywu, U.U. Mnnnujw
Cniphh plfutninghwlwt hwdwuwpw

Cwdwywpgyws U hwjwuwpbpdws Gu  Gnuwht  puwyhdwjwlywt  wwydwuubph  gnpdntiubiph
qupquguwu ophuwswihnieiniuubipp: Uwyjws tu pwqdwdwlnnpuiht dwpbidwnhlulwu dnnbjutp, upwd
wwjdwuubipnud  wpluwwnwupwiht, wbfuthlwlwu nbunipuubph b wynnunpwtuuwynpuwhtu - dhongubiph
ogunwgnnpddwl, wpuwnpnyjwi  wwwnpubph  wwhbunwynpdwu, ohtwpwpnypjwt  Gplupwnbinyejut
wwpwdbwnpbph thnihnfudwu quwhwndwu twywwnwyny:

Pbpdnwd £ wnwownpynugyniutbp  shuwpwpnipjwt  wpryniuwdbwnipjwtu pwpdpwgdwt  hwdwp'
pwquwdwyunnpwiht  dwpbdwwnpywlwu  dnnbjiubph  wpwlwhy  oguwgnpdiwt  Juqldwybpwswyw,
wbfuuninghwlwu b wnbuuthywywu |ndnwubipnud:

Pwuwih pwnbp. Yihdwjwlwu gnpdnuubip, wgnbgnip)niu, shtwpwpwywu wypngbtiuubip, sknnwiutp,
hupuwndtip, wpryniwybwnnyejniu:
K BOITPOCY O HOBBIINEHUU 2OPEKTUBHOCTU CTPOUTEJIBCTBA B I'OPHBIX

YCJIOBUSAX

P.I'. Ucpaensn, A.A. [lorocsin
L Iywunckuil mexHono2uyecKuli yHugepcumem

CucteMaTH3MpOBaHBl M BBISIBICHBI 3aKOHOMEPHOCTH Pa3BHTHS MPUPOTHO-KIUMATHIECKUX
(akTOpOB TOPHBIX ycloBHA. Pa3paboransl MHOTO(AKTOPHBIE MAaTEMATHYECCKHAE MOJICIH TIO OIEHKE
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OTKJIOHEHHH S3THUX YCIOBHSX IMapaMeTPOB HCIOIB30BAHUSA TPYIOBBIX M TEXHHYECKHUX PECYPCOB,
aBTOTPAHCIIOPTHBIX CPEACTB, XpaHEHUS NPOM3BOJACTBEHHBIX 3allacOB H IPOJOJDKUTEIHHOCTH
CTPOUTENBCTBA.

JlaHBI pEeKOMEHIAIMU TI0 TOBBIIICHUI0 A(P(GEKTHBHOCTH CTPOUTENBCTBA, C MPAKTUIECKUM
MPUMEHEHUEM MAaTEMaTHUYECKUX MOJIeNIed B OPraHU3alMOHHO - TEXHOJOTHMYECKUX M TEXHHUUYECKUX
peLICHUSX.

KiamoueBble ciioBa: OpUPOAHO-KIIMMATUICCKUC (paKTOpI;I, BO3I[CI\/'ICTBI/I$I, CTPOUTCIIbHBIC

NPOIIECChl, OTKJIOHCHHWS, MATeMAaTHYECKHE MOJIENH, ONTUMH3AINS, IapaMeTphbl, ceOECTOMMOCTS,
3¢ HEeKTUBHOCTD.
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