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Composite Materials Based on Cement Binders
Modified with SiO, Nanoadditives
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Abstract. Development of nanotechnologies allows to solve a number of problems of construction materials science: increa-
se in strength, durability, abrasion and corrosion resistance that determines operational reliability of building constructions.
Generally it is achieved due to nanoparticles that modify the structure and properties of the existing materials or products and
are entered into their volume or on a surface layer. It’s theoretically and experimentally proved that the modified water has the
bigger activity owing to the change of the ionic composition influencing the pH size and other parameters. As nanoparticles
have a high level of surface energy, they show the increased tendency to agglomeration, meanwhile the size of agglomera-
tes can reach several micrometers. In this regard an urgent task is to equally distribute and disaggregate the nanoparticles
in the volume of tempering water. The experiments on studying of influence of the nanoparticles of silica distributed in vo-
lume of liquid by means of ultrasonic processing on characteristics of cement and sand solution and heavy concrete have been
conducted. Nanoadditive influence on density, speed of strength development, final strength under compression of materials
on the basis of cement depending on nanoadditive mass percent has been established.

Keywords: hydrothermal solution, modifiers, nanosilica, equal distribution, durability

For citation: Khroustalev B. M., Leonovich S. N., Potapov V. V., Grushevskaya E. N. (2017) Composite Materials Based
on Cement Binders Modified with SiO, Nanoadditives // Science and Technique. 16 (6), 459—465. DOI: 10.21122/2227-1031-
2017-16-6-459-465
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Cmpoumenvcmeo

HAJISKHOCTh CTPOUTENBHBIX KOHCTPYKIHUIA, 4TO B OCHOBHOM JOCTHUTAETCSI 32 CYET MOJU(HUKAIINU CTPYKTYPhI U CBOUCTB CYIIE-
CTBYIOIIUX MATEPHAIIOB WM M3JE]Hi HAHOYACTUIIAMH, BBOJAUMBIMHU B HX 00BbEM MM HAHOCHMBIMH Ha MTOBEPXHOCTHBIN CIIOM.
TeopeTHYeCKH U IKCIEPUMEHTAIBLHO YCTAHOBJIEHO, YTO MOAU(UIMPOBAHHAS BOAa 00ianacT OOJbIIell aKTHBHOCTHIO BCIIE-
CTBHE M3MEHEHMsI HOHHOTO COCTaBa, BIHUSONIEro Ha Bennuuny pH u apyrue nmapamerpsl. IT0CKOIbKY HAHOYACTHUIIBI 00JIa1a-
10T OOJNBIION MMOBEPXHOCTHON JHEPTHEl, OHHM MPOSBISIOT MOBBIIIEHHYIO CKIOHHOCTH K ariOMEpanuy, IpH 3TOM pa3Mep
arJioMepaToB MOXKET COCTAaBIATH HECKOJIBKO MHUKPOMETPOB. B CBA3HM ¢ 9TUM aKTyalbHOW 3ajlaucil SBISETCS PaBHOMEPHOE
pacrpeielieHue | Jie3arperaiys HaHOYacTUIl B 06beMe BOJIbI 3aTBOPEHHS. [IPOBEIEHBI SKCIIEPUMEHTBI 110 U3YUEHUIO BIHSHUS
HAHOYACTHI[ KPEMHE3EMa, PACIIPEETEHHBIX B 00bEME HKHUIKOCTH € IIOMOIIBIO YIIBTPA3BYKOBOM 00pabOTKH, HA XapaKTepHCTH-
KM IIEMEHTHO-TIECYaHOTO PACTBOPA U TSKEJIOTO OETOHA. Y CTAHOBJICHO BIMSHUE HAHOJOOABKH HA IIOTHOCTH, CKOPOCTH HA0O0-
pa TIPOYHOCTH, KOHEUYHYIO TIPOYHOCTh Ha C)KATHE MAaTEPHaJOB HAa OCHOBE IIEMEHTA B 3aBUCHMOCTH OT MACCOBOTO IPOIIEHTA
HAHOI00aBKH.

KnwuesBbie ciaoBa: FPIZ[pOTepMaIIbeIﬁ pacTBop, MOZ[I/I(i)I/IKaTOI)I)I, HAaHOKPEMHE3EM, PABHOMEPHOE PaCIIpEACIICHUE, NOJIIO-
BCYHOCTb

Jas murupoBanusi: KoMo3nuonHsle MaTepraibl Ha OCHOBE IIEMEHTHBIX BSDKYIINX, MOIU(UIIMPOBAHHBIX HAHOMOOABKa-
mu SiO, / B. M. Xpycranes [u np.] / Hayka u mexnuxa. 2017. T. 16, Ne 6. C. 459—465. DOI: 10.21122/2227-1031-2017-

16-6-459-465

Introduction

According to GOST (State Standard)
ISO/TS 80004-1-2014, nanotechnology is a set of
the technological methods applied for studying, de-
signing and producing of materials, devices and sys-
tems including the focused monitoring and const-
ruction management, and interaction of the separate
elements of a nanodiapason (about less than 100 na-
nometers in one of the spatial directions). The appli-
cation of nanoadditives is limited due to their in-
creased cost and that leads to new approaches of their
production. Hydrothermal solutions are raw sources
for sols and SiO, nanopowders production.

Technology of nanosilica production
from hydrothermal solutions

Mutnovsky field on the Southern Kamchatka
is one of places where in the Russian Federa-
tion the hydrothermal resources (250-300 °C)
are located. Due to the water phase discharge of
the heat carrier of Mutnovsky geothermal power
plants (1100-1200 t/h) and the SiO, content in the
initial environment (650-800 mg/kg), the potential
capacity of one field of SiO, production reaches
up to 3-5 thousand tons per year. Hydrothermal
solutions are a nonconventional source of mineral
raw materials, including amorphous silicas. Sili-
con dioxide is formed in a natural solution of or-
thosilicic acids (OSA) molecules as a result of a
chemical interaction of solution with aluminosili-
cate minerals of breeds in a subsoil of hydrother-
mal fields. When the solution rises to the surfa-
ce through productive wells and its temperature
decreases, the solution becomes supersaturated
and there polycondensation and nucleation of
molecules OSA leading to formation of sphere-
cal silica nanoparticles with diameters of 5-100 na-
nometers occur [1-9].
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Silica sol has been received as follows: the wa-
ter environment containing orthosilicic acid (H4SiO,)
with concentration of 600-800 mg/dm’ is sent to
from the separators of geothermal power plant
(GeoPP) to the reinforced concrete tank (cooler)
where polycondensation of H,SiO, with formation
of silica particles (SiO,) is carried out at 63 °C.
After the cooler, the separator is delivered to a
baromembrane ultrafiltration installation (BMU)
to concentrate and produce a stable aqueous silica
sol. The technological scheme of installation
is presented in the fig. 1.

Characteristics of an initial separator: salinity —
702 mg/dm’, pH = 9.73, the total content of SiO,
C, =716 rng/drn3, concentration of dissolved silicic
acid (at 20 °C) — C, = 160 mg/dm’. Pressure differ-
rence on a membrane layer is 0.14 MPa, a con-
sumption of the solution passing through the instal-
lation — 1.2 m’/h. In the first concentration phase
silica sol with a density of 1015-1022 g/dm’ and
a Si0, content of C, = 28-40 g/drn3 is received.
In the second phase sol density is 1070 g/dm® and
content of SiO, C, =115 g/dm’.

Silica sol has been used for receiving the low-
aggregated nanodisperse powder with cryochemi-
cal vacuum sublimation [10, 11] (fig. 2).

This mode provides the process of receiving
the powders having a specific surface up to 500 m”/g,
the volume of a time is 0.20-0.30 cm®/g, the average
diameter of a powder time is from 2 to 15 nm, aver-
age diameters of particles are from 5 to 100 nm, den-
sity of superficial silanol groups is up to 4.9 nm~,
residual humidity is up to 0.2 wt%, temped density
is 0.035-0.300 kg/dm’. The chemical composition
of the powder received with cryochemical va-
cuum sublimation in % in weight: SiO, — 99.700;
ALO; — 0.173; CaO - 0.034; Na,O — 0.034;
K,0-0.069 [12, 13].
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-
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J

Fig. 1. Apparatus for producing a stable aqueous silica sol by ultrafiltration: 1 — hydrothermal cooling separators
in heat exchangers; 2 — polycondensation of orthosilicic acid and the growth of silica particles under certain temperature
and pH of the water; 3 — 3-stage ultrafiltration concentration of silica nanoparticles
in hydrothermal environment (membrane filters)

1 3 4 6

ilili

—

o, Y
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Fig. 2. The scheme of cryochemical equipment
for receiving nanodisperse silica: 1 — device for water sol
preparation; 2 — dosing pump; 3 — cryogranulator;
4 — tanker with fluid nitrogen; 5 — container for storage
of cryogranules; 6 — industrial cold-storage plant;
7 — sublimation dryer; 8 — storage cabinet for finished stock

Materials. Prototypes

The portland cement (PC) which is classified
as the CEM-I type in accordance with GOST (State
Standard) 31108-2003 was applied as a binder
of a class 42.5R. Diorite crushed stone of fraction
from 5 to 20 mm in accordance with GOST (State
Standard) 8267 (tempered density is 1300 kg/m’,
true density — 2.73 g/cm’®) and quartz feldspar sand
according to GOST (State Standard) 8736 (fine-
ness modulus (Mf = 3.4 and Mf = 2.9), true densi-
ty — 2.62 g/cm’) mixed with standard quartz mo-
nofractional sand have been used as fillers. Nano-
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silica powder with a specific surface of Sppr =
= 156 m%/g, the average diameter of a time
of d, = 7 nm, the total volume of a time of V, =
= 0.298 cm’/g and silica sol being an opalescent
liquid p = 1072 g/dm’, pH = 9.1, with a mass frac-
tion of SiO, = 115 g/dm3 have been used as mo-
difiers. The additives have also been used for the
improvement of mix characteristics: solution of a
superplasticizer (SP) with a density of 1099 g/dm’
with the content of a solid phase of 219.8 g/dm’;
complex additive “Relamiks T2” (technical condi-
tions 5870-002-14153664-04); additive — super-
plasticizer of polycarboxylates series having highly
effective abilities on the water reducing in the form
of water solution with a density of 1082 g/dm’ and
content of solid of 412 mg/g.

Silica powder was injected into a water phase
until equal distribution of its powder particles of in
the volume of liquid using the ultrasonic pro-
cessing. Then it was added to cement and sand
mix, preparing the solution. The solution was
poured into the prisms of standard square section
(40x40x160 mm) and then put on a vibrating table
and condensed. When the samples were prepared,
they were released from the forms and were stored
in bathtubs filled with water before reaching the
certain age. The durability tests of samples at com-
pression were carried out on the 3", the 7" and
the 28" day.
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Analysis of experimental researches results

The injection of the silica nanopowder (SN)

Table 1

Kinetics of compressive strength change (MPa)
of cement and sand samples

30 LA

into cement-sand-water system in the amount with silica nanopowder additive
from 0.001 to 0.200 wt% in cement (tab. 1) leads SN
to substantial increase in durability of the cement Cement, g | Sand, g | Water, ml | y f., MPa
. . . (V]
samples at compression up to 30—40 % in compari- Thres davs £
son with the control samples without a nanoaddi- d
. C . e 500.00 1500 200 - - 21.5
tive at the same age. Thus the injection of silica
. oe . . 499.96 1500 200 0.0375(0.0075| 32.7
nanoparticles facilitates not only the increase in
e . . 499.80 1500 200 0.2000 | 0.0400| 27.5
final durability at compression, but also in speed
. . 499.10 1500 200 0.9000 | 0.1800| 35.6
of strength development of samples with nanoaddi-
. Seven days
tives (fig. 3, 4). 500.00 1500 200 30.8
Generally the density of solid cement samples : _ _ :
. . 499.96 1500 200 0.0375(0.0075| 46.6
changed as well as the compressive strength: 7 " "
it increased with the strength increase. The excep- 99.80 1500 200 10200010.0400] 438
tion was a sample with additive of 0.04 wt%. 499.10 1500 200 109000]0.1800] 4738
Compressive strength with such mass additive was 28 days
i i ; . o/ _ 500.00 1500 200 - — 42.7
increasing, and density was decreasing: 0 wt%
o197 g’ 0007 ik p - 00 ks |0 |10 |0 Jamlamrl_ o)
0.04 wt% — p = 1920 kg/m’; 0.18 wt% — p = : : : :
_ 3 499.10 1500 200 0.9000 {0.1800| 59.0
=1990 kg/m".
70
©
o
= 60 =
] 0 % SN relative to cement
-'é) papm—1 ==V "
2 50 " A —m—0.0075 % SN relative to cement
7] [ P,
2 40 ﬁ ~® . 0.04 % SN relative to cement
[} [—
2 1
s | —<0.18 % SN relative to cement
§
e}

20[

6 9 12 15 18 21 24 27
Sample age, days

Fig. 3. Compressive strength of cement samples,
depending on amount of the nanodisperse silica added

=
N
o
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Fig. 4. Kinetics of strength development of cement samples in relation to the age of 28 days
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Effects of silica sol additive were estimated
according to the compressive strength increase
of M200 mortar. The experiments on equable mix-
tures were carried out: the W/C of control samples
without SiO, additive was equal to the W/C in so-
lutions into which the silica sol was injected. Silica
sol and superplasticizer solution were added to the
tempered water and mechanically mixed. However
at the equal W/C and equal amount of the added
superplasticizer, the level of slump was lower in
the solutions into which SiO, sol had been injected,
i.e. that the liquid nanoadditive increased the
viscosity and stiffness of a batch (fig. 5).

40

e
’s all _—
. _— /
. (/ 1 /

10

5

Compressive strength, MPa

o T T T T T T T T 1
3 [ 9 12 15 18 21 24 27 30
Sample age, days
Fig. 5. Kinetics of strength development at compression
of M200 mortar (W/C = 0.45):
1-1%SP;2—-1% SP+0.5 % SiO,

Gain of compressive strength with the different
amounts of nanosilica additive at W/C = 0.45 on the
3" day was AR; and on the 28" day — ARy (fig. 6).

Nanosilica sol increases the speed of strength
development, i.e. influences the hydration proces-
ses, therefore the relation of R,g/R; becomes lo-
wer in comparison with control samples without
a nanoadditive. At 3-days age the effect of the ad-
ditive becomes significant: when SiO, increases
from 0.05 to 0.50 wt% — R; strength monoto-
nously increases as well. At 28-day age Ras
strength at W/C water/cement ratio = 0.45, at the
Si0, flow rate = 0.05 wt% Ryg gain is insignificant.

50
45

40 ./._.-\.,?
35

30 \

s a

Compressive strength, MPa

70

~ 60

50
40

il

0.05 0.10 0.25 0.50
Amount of nanosilica additive, %

Relative gain, %

Fig. 6. Relative gain of compressive strength
on the 3™ and on the 28" day age with the different
amounts of Si0O, additive (W/C = 0.45)

B — AR;; M — ARy

The assessment of efficiency influence of SiO,
sol on concrete strength characteristics was esti-
mated separately and with superplasticizer. The re-
sults of samples experiments have shown that comp-
ressive strength gain at a SiO, dose of 0.01 wt% in
cement was + 14.76 %, and at SiO, dose of 0.10 wt%
in cement was +21.86 %. The concrete expe-
riments on compressive strength with injection
of large amounts of SiO, sol nanoadditive (in amo-
unt of 0.3 %), have been carried out with super-
plasticizer “Relamiks T2”, which 1.0 wt% in ce-
ment had been injected at the different W/C from
0.50 to 0.38. They have shown that the effect of
Si0, nanoadditive on concrete strength indicators
is stronger that at low W/C (fig. 7).

Thus, gain of compressive strength in compari-
son with a control sample for 72 %, at the decrease
of W/IC from 0.50 to 0.39 compressive concre-
te strength increased almost for 85 %, bending
strength — for 31 %, concrete density has increa-
sed for 7 %. At W/C = 0.38 and the given doses
of nanosilica and superplasticizer the batch had
the increased level of viscosity, could be barely fit
in the prisms and there was a decrease in comp-
ressive strength gain to 71.8 % and in bending
strength to 17.2 %. Generally the results have
shown the regular decrease in compressive and
bending strengths with the increase in W/C.
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Fig. 7. Concrete mechanical properties at different rates W/C
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The effect of the sol addition on equable mix-
tures (W/C = 0.61-0.71) was determined by testing
samples of concrete of the following composi-
tion: cement (SC 550) — (345 £ 5); quartz feldspar
sand — 400; standard quartz sand — 400; stone of
fraction 5-20 mm — 1060.

Silica sol was injected in the amount of 2 % of
cement weight. Sol dosage was calculated by the
formula:

Vi =[C - Si0,/100]/K, (D

where V,, — sol volume; C — cement consump-
tion, g; SiO, — given silica concentration, %;
K, — SiO, content in the sol, g/dm3 .

Equability of the concrete mixtures was achie-
ved with the appropriate dosage of the polycarbo-
xylate. The compositions of concrete mixtures are
presented in tab. 2.

Analysis of experimental data leads to the
conclusion that the additive of silica sol at a dose
of 2 wt% SiO, in cement in combination with
the superplasticizer on the basis of polycarboxy-
late (PCX = 2.2-2.6 % from cement mass) re-
sults in the strength increase up to the maturity in-
terval of 28 days for 37-40 % (compared with
compositions with no additive), and in the initial
the maturity interval (1 day), this indicator rea-
ched 90-128 % (tab. 3).

Data of researches determine the use of cement
systems of nanopowders and sols as modifiers,
received from the hydrothermal solutions. There-
fore, the mechanism of nanosilica action is com-
plex due to the fact that nanosilica can be a filler
and promote portlandit binding, form the addi-
tional centers of crystallization. Nanosilica takes
part in binding of the forming lime, increases the
density of system particles packing and is the cen-
ter of crystallization of hydrate new growths.

The nanosilica presence influences the concentra-
tion of Ca®" and OH ions in the liquid phase of port-
land cement pastes in the very first minutes of hydra-
tion in such a way that this leads to the reduction
of duration of the induction period or the induction
period does not occur at all. The formation of hydra-
tion products during the early period takes place with
the participation of a surface of nanodisperse particles
Si0,, and the surface of cement grains is blocked
in a less degree with new growths that intensifies the
hydrolysis process of cement phases [5].

Thus, hydrothermal nanosilica makes triple im-
pact on cement — it strengthens hydration, blocks
times, i. e. reduces water penetration, increases
the adhesion ability. The injection of silica sol makes
allows to increase in compressive and bending
strength, and therefore in durability of the products.

Table 2
Composition of concrete mixtures
Consumption per 1 m*
Series Compo- )
sition No Quartz Standard SiO,, SVC 5New, %
Cement feldspar sand | quartz sand Water % of cement | of cement of Si0,
66 350 400 400 225.00 - - -
1 67 343 400 400 245.25 2 2.33 1.165
68 343 400 400 220.55 2 2.58 1.290
5 69 350 400 400 217.00 - - -
70 343 400 400 209.23 2 2.23 1.110
Table 3
The results of experiment on concrete with the silica sol additive
= = e 19y
Ié g SVC;New, Slum Mixture Compressive strength, MPa “Imot/la(l R s/tlgen)gth,
g % g E f 0 f me Cmp’ dlfn/S it%]’ Steam N rornal1 -
:})3 3 Zo % 0\2 (I)neclft S?Oz e 1 day 2 days 28 days cuiing st((;rage Steam
1| 66% | — - — 10.643| 13 2345 6.8 12.0 26.6 - 26 -
67 2 | 233 |1.165/0.715| 10 2322 | 12.7 (+86 %) | 19.8 (+65 %) |33.6 (+26 %) - 38 -
68 2 258 (1.29]0.643 [18-20| 2320 [15.5(+128 %) - 36.4 (+37 %) - 43 -
2| 69*% | — - - 10.620| 16 2322 10.1 - 28.5 19.7 35 69
70 2 [ 223 |1.11]0.610| 18 2335 |19.2 (+90 %) - 39.9 (+40 %) | 26.6 (+35 %) 48 67

* Compositions No 66 and No 69 — control, in brackets — the performance criteria.
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CONCLUSIONS
1. The nanosilica extracted from hydrothermal

solution actively influences on compressive and
bending strength.

2. Due to the high specific surface of nanosilica

powder the nanoparticles have high chemical acti-
vity, and acting as nanofillers — fill micropores of
a cement stone that leads to the reduction increase
in density and strength.

3. Silica nanoparticles influence on the hydration

process, increase the speed of strength development
in early terms in comparison with the control samples.

4. The effect of silica sol additive is stronger

with a superplasticizer.

10.

11.
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Pedepat. PaccMoTpeHBI BOIPOCH NMPUMEHEHHUS M Pa3BUTHS WH()OPMAIMOHHBIX TEXHOJOTHH TIPH YIPaBIEHHH IPOEKTaMU
B cTpouTenbeTBe. Ha kauecTBO 1 3 GeKTUBHOCT YCHEIIHOW peann3alii CTPOMTEIBHOTO IIPOSKTa OKa3bIBAaeT BIMSHUE Opra-
HHM3aI[MOHHOE U TEXHOIOTHYeCKoe obecreueHre paboT Ha MPOTSHKEHUH BCETO €ro KM3HEHHOTO LUKIIA. JIjist ToCTKeHHs 1Ienu
MpOeKTa HEOOXOIUMO UETKO OPraHM30BaTh M CIUTAHUPOBATh PAOOTHI, PACTIPENCINTh POIU U OTBETCTBEHHOCTh YJaCTHHKOB
MPOEKTa, peTJIaMEHTHPOBATh COCTaB U COJEepKaHHe MPOEKTHON ToKyMeHTanuu. IIpy aHann3e TEXHUKO-3KOHOMHUYECKUX TTOKa-
3areyiell JeITebHOCTH CTPOMUTEIBHBIX OpraHHW3alui, a Takke CHCTEM YIpaBieHHs, JEHCTBYIOINX B THX OpraHU3aIVsX,
clieNaH BEIBOJI, YTO PHIHOYHBIN ONBIT (QYHKIIMOHUPOBAHMS CHCTEM OINIEPATUBHOTO YIIPABJICHUS HE HamIeld JOCTATOYHOTO IpH-
MEHEHUsI B IIPAKTUKE OTEYECTBEHHBIX CTPOHUTEIBHBIX oprann3anuii. Takum o0pa3oM, BHEPEHNE B IPAKTUKY WHTETPUPOBaH-
HBIX CHCTEM YIpaBJEHHs KadeCTBOM, M3JEP’KKaMH, BPEMEHHBIMH IIapaMeTpaMd CTPOUTENILCTBA OOBEKTOB, X PECYPCHBIM
obecriedeHreM OyAeT CIOCOOCTBOBATH YIYUIIEHHIO SKOHOMHYECKOTO ITOJIOKEHHSI CTPOMTEIBbHBIX OpraHu3aunuil. Pemenue
BUIUTCSI B MPUMEHEHWH HOBEHINNX HH(MOPMAIMOHHBIX TEXHONOTHH, MAKCHMalbHOM BHEIPEHUH KOMIBIOTEPHBIX CHCTEM
U TIporpaMM B chepy IPOU3BOACTBA, CO3AAHUN MPUKIATHBIX TPOrPaMMHBIX MPoAykToB. Ilokazana HE0OOXOAUMOCTE B pa3pa-
60TKE MOJEIH MPOTPAMMHOTO OOECHEYEH s, TPEAOCTABIAIONIETO BO3MOXKHOCTh KOMIUIEKCHOTO MPHMEHEHHSI HHCTPYMEHTOB
MH()OPMAIIMOHHBIX TEXHOJIOTHH B LEJISIX OCYIIECTBICHHS KOHTPOJISI HaJ XOAOM CTPOUTEIFHO-MOHTa)XHBIX paboT, B CHCTEMa-
TU3MPOBAHUH NPUMEHEHHs MH()OPMAIIMOHHBIX TEXHOJOTHH, MO3BOJIIIONINX KOHTPOJIMPOBATH OCHOBHBIE ITapaMeTphl CTPOH-
TEJNLHO-MOHTaXXHBIX Pa0OT, YCOBEPIICHCTBOBAHUN CHUCTEMBI o0ecTieueH s (paKTUIeCcKoi HH(pOpMAITUEl B Mpoliecce peann3a-
MU TpoekTa. J[aH mpuMep KOMIUIEKCHOTO IIPUMEHEHHs INpOorpaMMHBIX HpoaykToB Primavera P6 Professional R8.3.2
u ArchiCAD 17.0.0.

Knwuesrbie cioBa: I/IH(i)OpMaHI/IOHHLIe TEXHOJIOTUH, CUCTEMA KOHTPOJIA, CTPOUTCIbHO-MOHTAKHBIC pa6OTLI, MOJEJIb MIpOo-
T'paMMHOTO 06ecnequI/I${, HUHTEIpUPOBAHHBIC CUCTEMBI YIIPABJICHU S, IPUKIIAAHBIC [IPOTrPAMMBI, I/IH(i)OpMaL[I/ISI

Jist uuTHpoBaHusi: Pa3BuTHE CHCTEMBI KOHTPOIISI 32 XOAOM CTPOHMTEIBHO-MOHT@XKHBIX PaboOT Ha OCHOBE KOMIUIEKCHOTO
NpUMEHEHHsI TPOrpaMMHBIX MPoaykToB Primavera P6 Professional R8.3.2 u ArchiCAD 17.0.0 / B. II. I'paxoB [u ap.] //
Hayxa u mexnuxa. 2017. T. 16, Ne 6. C. 466—474. DOI: 10.21122/2227-1031-2017-16-6-466-474

Development of Control System for Progress of Construction
and Installation Works Based on Integrated Application
of Primavera P6 Professional R8.3.2 and ArchiCAD 17.0.0 Software Products

V. P. Grakhov", Yu. G. Kislyakova", U. F. Simakova", D. A. Mushakov"
YKalashnikov Izhevsk State Technical University (Izhevsk, Russian Federation)

Abstract. The paper considers application and development of information technologies while carrying out project mana-
gement in construction. Organizational and technological support of works throughout its life cycle exerts an influence
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on quality and efficiency of successful implementation of the construction project. In order to achieve the project goal it is neces-
sary perfectly to organize and plan works, distribute roles and responsibilities of the project participants, regulate composition
and content of the project documentation. While analyzing technical and economic indices of construction organization activity
and management systems operating in these organizations, conclusion has been made that market experience in functioning
of operational management systems has not been adequately applied in practice of domestic construction organizations. Thus,
introduction of integrated management systems for quality, costs, time parameters pertaining to project construction, their
resource support will contribute to improvement of economic situation of construction organizations. The solution consists
in application of up-to-date information technologies, maximum implementation of computer systems and programs in the sphere
of production, creation of application software. It has been shown that it is necessary to develop a software model that provides
a possibility comprehensively to apply information technology tools for monitoring progress of construction and installation
works, systematization of information technology application that allow to control key parameters of construction and installa-
tion works, improvement of system for providing actual information in project implementation process. An example
of complex application of software products Primavera P6 Professional R8.3.2 and ArchiCAD 17.0.0 is given in the paper.

Keywords: information technologies, control system, construction and installation works, software model, integrated control
systems, application programs, information
For citation: Grakhov V. P., Kislyakova Yu. G., Simakova U. F., Mushakov D. A. (2017) Development of Control System

for Progress of Construction and Installation Works Based on Integrated Application of Primavera P6 Professional R8.3.2
and ArchiCAD 17.0.0 Software Products // Science and Technique. 16 (6), 466—474. DOI: 10.21122/2227-1031-2017-16-6-

466-474

BBenenne

OnavH 13 OCHOBHBIX (DAKTOPOB BIMSHHS Hayd-
HO-TEXHUYECKOT0 Iporpecca Ha Bce cdephl aes-
TEJIBHOCTH 4YEJIOBEKa — IIMPOKOE HCIIOIb30BAHUE
HOBBIX HMH(OPMAUMOHHBIX TexHojorud. Cpeau
HanboJiee BaKHBIX M MAaCCOBBIX c(ep, B KOTOPBIX
MH()OPMALIMOHHBIE TEXHOJOTHUH HIPAOT pPeIlaro-
IIYI0 poJib, 0cO00€ MECTO 3aHMMaeT cepa ympas-
nenus. [lox BiMsSHMEM HOBBIX MH(OPMALMOHHBIX
TEXHOJIOTHH TPOUCXOMAT KOPEHHbIE M3MEHCHUS B
METO/IaX yIpaBlieHHsS (aBTOMATH3UPYIOTCS IPO-
1eccbl 00OCHOBAaHMS M MPUHATHSA PEIIECHHU, opra-
HU3aIHsd WX BBINOJHEHHUS), MOBBIIIAIOTCS KBAJIU-
¢bukanust ¥ podeccHoHaTN3M CHEIUAINCTOB, 3a-
HSATBIX YIPaBICHYECKOH JICSTEIBHOCTEIO.

Codepa npuMeHEeHHST HOBBIX HH(OPMAIIMOHHBIX
TEXHOJIOTHI BeCcbMa OOIIMpHA W BKIIOYACT Pasiny-
HBIC aCTIeKThI — OT oOecTieyeH s MpocTeHmmx QyHK-
IMH CITY>keOHOM MEepPercKy 10 CUCTEMHOTO aHAITN3a
Y TIOZIICPYKKH CIIOKHBIX 337144 IPUHATHS PELLICHUH.

VYuuThIBasi BCe BO3pACTAIONIYI0 KOHKYPEHIIHIO,
JUIsl YCTICIIHOW OpraHU3alllK CTPOUTENILCTBA HEOO-
XOAUMO MAaKCUMaJIbHO aBTOMAaTH3UPOBATh C UCTIONb-
30BaHHEM MH(POPMAIIMOHHBIX TeXHOIOTHH [ 1] mpo-
eKTHbIE, pacueTHbIe, OPTaHU3alMOHHBIE U YIPaB-
JieHYecKre paboTbl, COKOHOMHB BpEMs M 3aTpaThl
4eJI0BEYECKOro Tpy/aa.

WHdopMamoHHble TEXHOJIOTUU B CTPOHUTENb-
CTBE HAYMHAJIM MPUMEHATH JJISl PEUICHUs] pacyer-
HbIX 3a7ad. B Hacrodiiee BpeMs — 3TO CIOX-
HEHIIMEe CHCTEMBbl YHPABICHUS KOMIUICKCHBIMU
MPOEKTaMH, HaYMHASl C MPOEKTUPOBAHUS 3[aHUH,
COOpY>KEHHUH, MHXEHEPHBIX KOMMYHHKaLUN U 3a-
KaH4YMBasi aBTOMATHU3WPOBAHHBIMU CPEACTBAMH
KOHTPOJIsI 00BEKTOB TOCYJAPCTBEHHOTO HAJI30Pa.
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Lenp paboTel — pa3paboTKa MOJAETH IPOTpPaM-
MHOTO 00€CIIeYeHHs, TPEAOCTABISIONIETO BO3-
MOXXHOCTb KOMIUICKCHOI'O ITPUMCHCHUSA HHCTPY-
MEHTOB HMH()OPMAIMOHHBIX TEXHOJIOTUH B IENSIX
KOHTPOJISI 32 XO/I0M CTPOMTENIHO-MOHTaXHBIX pa-
6ot (CMP), obocHOBaHHE BO3MOKHOCTH, 3Hade-
HUsl, 3QPEKTUBHOCTH, YKOHOMUYECKOH Liesecoo0-
Pa3HOCTH JITAHHOW MOJIENIM B YCJIOBHSIX BO3pacTta-
IOLIei aBTOMATHU3alUH CTPOUTENBFHBIX MPOIIECCOB.

AHanmu3upysl TEXHUKO-3KOHOMHYECKHE IOKa-
3aTeNd JIeSATENbHOCTH CTPOUTENBHBIX OpraHu3a-
LU, CUCTEMBl YIIPABJICHUS, JEHCTBYIONINE B 3TUX
OpraHM3alMAX, MOXXHO CHEeJaTh BBIBOJ, YTO PBI-
HOYHBIH OIBIT (PYHKIIMOHUPOBAHUS CHCTEM OIlepa-
TUBHOTO YNpAaBJICHUS HE Hamel JO0CTaTOYHOTO
MIPIMEHEHUSI B IPAKTHKE OTEUYECTBEHHBIX CTPOH-
TENBHBIX OpraHHU3aIIHA.

B Poccuu u3BecTHa rpyIma KOMIIAHUH, ITpUMe-
HSIONX WHGOPMAIIMOHHBIE TEXHOJIOTHH: «ATpH-
ym», «COUC Jlab», UNK Project, «Dtanon»,
«BEP®AY Menmukan Wmxuaupuary (WERFAU
Medical Engineering), AO «I'pagocTpouTensHoe
poekTupoBanuey. OKUIaeTCs, YTO UX YUCIO0 Oy-
et pactu [2]. CoriacHoO 3asBICHHIO TVIaBBI Mu-
HHUCTEpPCTBa cTpouTenbcTBa PO Muxauna Mens,
caenanHoMy 14 centsops 2016 r., B 2019-m npu-
MEHEHHE TOJO0OHBIX TEXHOJOTUH MPU MPOCKTHPO-
BaHWU OOBEKTOB, KOTOPBIE (UHAHCHUPYIOTCA 32
CYET CPE/ICTB TOCYAAPCTBEHHOTO OIOKETa, MOXKET
CTaTh 00sI3aTENbHBIM.

Takum 00pazom, BHEJpEHHE B MIPAKTHKY HUHTE-
TPUPOBAHHBIX CHCTEM YIIPABICHUS KadeCTBOM,
U3JepKKaMy, BPEMEHHBIMH TapaMeTpaMu CTpOU-
TEIhCTBA OOBEKTOB, UX PECYPCHBIM 0OeCIIeYeHUEM
OyZeTr crmocoOCTBOBATH YIYUIICHHIO AKOHOMHUYE-
CKOTO TIOJIOKEHHS CTPOMTENBHBIX OpraHU3alui.
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Cmpoumenvcmeo

Pemennie BUINTCS B CO3MaHUM M BHEJIPEHHUU HO-
BEHIIMX UHPOPMALIMOHHBIX TEXHOJIOTUH, IPUKJIA/I-
HBIX TIPOTPaMMHEIX o0ecrieueHuil B chepy mpous-
BOJCTBA [3, 4].

CoBepIllIeHCTBOBAHME CHCTEMbI 00ecredeHust
axkTuyeckoii nugopmanuei
B NIpollecce peajn3aluu NpoeKTa

TlepBocTeneHHON 3ajayeil ABJISETCA CO3JaHUE
OPOrpaMMHBIX TMPOAYKTOB, CHOCOOHBIX «0e300-
JIe3HEHHO» MHTETPUPOBATHCA B YK€ HCHBITAHHBIN
Y HaJJaKeHHBIH pabounii mporecc.

BersiBrieHs! ciemyromue IpoOieMbl, BO3HUKAIO-
IMe B XO/€ BHEIPEHUS MH(POPMAIIMOHHBIX TEXHO-
JOTHA B YNpPaBICHHUE CTPOHUTENHCTBOM: YBEpEH-
HOCTh PYKOBOJIMTEICH, YTO IUIAHUPOBAHUE B CTPO-
UTENBCTBE HEBO3MOXKHO; HEYAayHbIE IMPHUMEPEI
UCIIOJIb30BaHMS 3alaJHbIX DPa3pabdOTOK, a Takxke
Oe3ycrienHoe TpUMEHEHHe OYXTalTepCKUX Ipo-
rpaMM IJIs YIpPaBIECHUS CTPOUTEIILCTBOM; CIIOXK-
HOCTh aJaNTalid K MPOEKTHBIM METOJO0JIOTHIM
pa3nUYHBIX MH(POPMALMOHHBIX CHCTEM; OpPHEHTa-
LUsl HA 3alaJHBIA OINBIT YNPABIEHUS IIPOECKTaMH,
3amaTHyI0 MOJIeNb BeIeHHs On3Heca.

OOBEKTHI KalUTAJIBLHOTO CTPOUTEIHCTBA UMEIOT
YpEe3BBIYAHHO CIIOXKHYIO CTPYKTYpy. Ilepenaua mx
omucanusg B 2D-opmarax mim ¢ MOMOIIBIO MPO-
CTOTO TEKCTa 3a4acCTYIO BBHI3BIBAET CEPbE3HOE He-
JONOHMMAaHNWE M HapylIeHHE B3aUMOJCHCTBHSA
CIy>X0 W OpraHu3aIfii, y9acTBYIOIIUX B BO3BEE-
HUA 00bekToB. HecMoTpst Ha 3T0, B OONBIIMHCTBE
KOMITaHUH TPEXMEPHBIC JAHHBIC MPAKTUYCCKU HE
UCIIOJIB3YIOTCS Ha MPOTSDKCHUU KU3HEHHOTO LIUK-
7a 0OBEKTOB, 32 MCKIIOUYEHHEM NPOCKTUPOBAHUS.
Kpome TOro, miaHupoBaHHE MNPOLECCOB CTPOU-
TCJIBCTBA 3a4aCTYyIO BBIIIOJIHACTCA HE OIITHUMAJIbHO.
Hampumep, ananu3 mokasbiBaet, 9To ToJIbK0 33 %
CBOETO BPEMEHH PabOYMii TPATUT HEMOCPEICTBEH-
HO Ha TPOLIECC CTPOUTENLCTBA, 35 % — Ha mepe-
MEILEHHs, MOArOTOBKY MHCTPYMEHTa M Marepua-
JIOB, TEpeBO3Ky uero-imbo, a eme 32 % — 310
OXHJIaHWEe W TPOCTOW. OTH IUOPHI OTHOCITCS
K TIPOIIECCY CTPOUTENHCTBA, HO CUTYyallUs] B HHKH-
HUPHUHTOBBIX KOMIIAHMSAX Takas K€ H3-3a Hempa-
BUWJIBHOTO TUIAHUPOBAHUS HAJIHYHMsI HEOOXOIUMBIX
JUTsl BBIMOJIHEHHS Tpoliecca MaTrepuaioB, MHGOp-
Mallii, HHCTPYMEHTOB. Pemars Bce 3TH MpoOaeMbl
C TIOMOIIBIO TPAJUINOHHBIX OYMaXKHBIX METOOB,
2D-naHHBIX W OOBIYHBIX CPEIACTB JTOKYMEHTO000-
pOTa M YyIpaBJIEHHS TPAH3AKIMAMH, KOTOPHIE BCE
elle MpeBaIUpPYIOT Ha pBIHKE, B CETOAHALIHUX
ycIoBUsX a0bconoTHO HedhdekTuHO. B ympasie-
HUM TPOEKTaMHU KalUTaJbHOTO CTPOMTENIHLCTBA
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JOJDKEH TPUMEHSATHCS  KOMIUIEKCHBIM  MOIXO[,
BKITIOYAIOLINH yIpaBlieHHE MpoleccaMi MPOEKTH-
POBaHUs ¥ KOHCTPYUPOBAHMUS, INIAHUPOBAHHUE MIPO-
LIECCOB CTPOMTENBCTBA, B3aUMOJEHCTBHE ¢ CyOnoa-
psAYMKaMH, BIaJeNbLAMH U 3KCIUTYaTHPYIOIIUMHI
OpraHu3alusIMU, yrpasiicHHe akTuBaMu. CrenaTh
3TO BO3MOXXHO TOJIBKO MpPU HAIMYHAW TPUHIHITU-
QILHO HOBOH TUIATGOPMBI AJIS YIPaBICHUS KH3-
HEHHBIM LMKJIOM IPOEKTOB KAaIHTAIbHOIO CTPOU-
TenbeTBa. [Ipu TpagMLIMOHHOM METOXE BBINOJIHE-
HUS TIPOEKTOB CYLIECTBYIOLIEE MOJIOKEHHUE BeIleit
TAKOBO: YTOOBI BBHIJCIUTH CIUHHILY MH(OpMAIINH,
HEOOXOJIMMO IMONYYHUTh JTOCTYN K MHOXKECTBY HH-
(OpMaIMOHHBIX CUCTEM, pPa3pabOTaHHBIX JJIS He-
3aBUCHUMBIX ApPYr OT Ipyra ILeJel; WHPpOpMaIus
ycTapeBIIasi U HELEJIOCTHAS; OTYETHI BBITOJIHSIIOT-
csl BpyuHYIO, HE B peajbHOM BpemeHu; 3D cyiue-
CTBYET TOJBKO JJIsl IIPOSKTUPOBAHUS, BCE B3aUMO-
neiictBue ocymecTBisercs B ¢popmate 2D wnu my-
TeM Iepeaadn TeKCTOBOM nHpopManuu [5].

VYuureiBas, uto B npouecce CMP BosHukarot
pasnuyHble HETOYHOCTH BO BpPEMEHHBIX OIICH-
Kax padOT, B UX TEXHOJIOTHYECKOHW B3aHMMOCBSI3H
U Apyrue, neperaBaeMyr HH(opMmaluoo, B 3aBU-
CHUMOCTH OT €€ BJIMSHHUS Ha PEaln3aluio POeKTa,
cienyeT Kiaaccu(uIMpoBaTh 110 MIPU3HAKAM, KOTO-
pBie TPEOYIOT:

— IIepecMoTpa CeTH, KOrAa IpPHU COCTaBICHUU
rpaguka HEKOTOpblE PadOTHl OBUIM HENOHSTHEI
B JETAIAX HU3-32 HECBOCBPEMEHHOI'O IIOTYyYEHHS
paboueil TeXHHYECKOW TOKYMEHTALMH, M 10 XOAY
CTPOMTENBCTBA BO3HUKIIA HEOOXOAUMOCTh MX YTOY-
HeHHA. B 3THX ciydasx MOTYT MOSBUTBHCS HOBBIC
paboThl ¥ COOBITHS, T. €. U3MEHUTCS TONOJIOTHUA Ha
OTACTBHBIX YYaCTKaX 3alPOCKTUPOBAHHOM CETH;

— IIepecMOTpa BPEMEHHBIX OLEHOK B CBSI3H
C BO3HMKHOBEHHEM HETPEABUACHHBIX 00CTOSTENb-
CTB (IIOJIOMKa CTPOUTENBHBIX MAILUH, HE3aIUIaHU-
POBaHHBIN POCT MPOU3BOAUTENLHOCTH TPYAA H JIP.);

— U3MEHEHHsI CPOKOB IOCTaBKU (OHANPYEMBIX
MaTepHajoB, CTPOMTEIbHBIX KOHCTPYKIHH, 000-
pynoBarms. Torma HeoOxoxmma ObICTpasi OIIEHKA
BIIMSIHUSL BO3HUKIINX HapylIIeHWH 3aIrulaHUpOBaH-
HOTO PUTMa Ha XOJ] CTPOUTENIbCTBA;

— MOJHOTO WJIM YaCTHYHOI'O 3aBEpLICHHS TeX
WJIM UHBIX paboT [6].

OuepenHas WHPOpPMALUSA OT OTBETCTBEHHBIX
WCTIONIHUTENEH 1O pa3iuYHbIM KaHajaM CBSI3H
B ONpEICICHHON MOCIEA0BAaTEIbHOCTH MOCTYIAET
B WH(GOPMAIMOHHYIO CHCTEeMYy g 00paboTKu:
CcHayajla COOOIIAIOTCSl JaHHBIE MO BCEM BBINOJI-
HEHHBIM paboTaM, 3aTeéM O HOBBIX paboTax H CO-
OBITHSX M, HAKOHEII, O HOBBIX BPEMEHHBIX OIIEHKAX
Y BOBHUKHOBEHUH HOBBIX paboT.
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Pesynbratel 00pabOTKH MOAETH MPOEKTa CTPO-
UTEIHCTBA WH(POPMAIIMOHHOW CHCTEMOH Tepena-
IOTCSl HA CTPOMKY HE IMO3/JHEE YeM Ha CIeayIOIIni
JeHb TIOCJIe TMOJY4YeHUs WHPOPMALUHU, TPH ITOM
UCIIONB3YIOTCSl T€ K€ KaHajibl CBSA3HM, IO KOTO-
peIM OblIa mepegaHa WHGOPMAIUS CO CTPOUKH.
Wudopmarus mo tem paboram, KOTOpbIE MMOMAIN
Ha KPUTHYECKUH W OJHM3KUHA K HEMY IyTb U yCKO-
peHuE KOTOPBIX 3aBHCHT HE OT PYKOBOJCTBA CTPO-
UTENIbCTBOM, a OT CTPOUTENBHOTO YIIPaBICHUS
B JIaHHOM paifoHe, MUHHCTEPCTBA, 3aBOJIOB-IIOCTAB-
IIMKOB W JIPYTHX, TEpPENaeTcss HENOCPEICTBEHHO
STHM OpPTaHM3AIHSIM U TPEATPUATHIM.

[Mocne 0oOpabOTKKM MOJENN Ha CTPOMKY IMOCTY-
MaeT CIenyromnas nHGOpMaIus:

— HOBBIE KPUTHYECKHUE MYTH, a TAKKE OJIM3KHUE
K HUM, T. €. BCE€ Te, KOTOPbI€ BBIXOJAT 3a T'PaHUIIBI
YCTaHOBJICHHOTO CPOKa BBOJa 00BEKTa B IKCILTYa-
TaIUIO WIIA COBIIAJAIOT C HUM;

— CIIBUTH B CPOKaX 3aBEPIIEHHS] KOHEYHOTO CO-
OBITHS 10 BCEM KPUTHUECKUM U OJIM3KUM K HEMY
MyTSM;

— pe3epBbl BpeMeHH 10 paboTaM, HaXOISIIINM-
Csl Ha HEKPUTHYECKUX MYTSIX;

— aHHble 00 WCIONB30BaHUU 1O OTAEIBHBIM
paboTamMm MHUHUMAITLHON MPOIOIKUTEIEHOCTH CTPOH-
TEJIhCTBA B3aMEH HOPMAJBHOW, €CIH 3TO HMMEJO
MECTO.

[Tocne momydeHnss OTBETHOW WHGPOPMAIINH
B yNpaBJieHUH B TEUEHHE OJHOIO AHS pa3padaThbl-
BalOTCA MEPOIIPHITHA COKPAIIESHUS JITUTEEHOCTH
paboT, TMOmaBmIMX Ha KPUTHYCCKHH W OIU3KHI
K HEMy IyTH. B Ka)XIOM OTZAEIBHOM cily4ae KOH-
KpPETHO pEMIaloTCs BOIPOCHI MEPEOPOCKH TeX WIIH
MHBIX MallMH M MEXaHU3MOB, YaCTUYHOTO H3Me-
HEHUSI TEXHOJOTHH cTpouTenbcTBa. llpm atom B
MIEPBYIO OYepelb CIEMyeT HCIIONb30BaTh PECYPCHI
no paboTaM, HMMEIONIMM 3HAYUTEIBHBIH pPE3epB
BpeMeHH. B HE0OXOMUMBIX CIIydasx PYKOBOJICTBO
CTPOMKHU JIOJKHO CBS3aThCA C 3aBOJAMU-IIOCTaB-
[IMKaMH, MPOCKTHBIMU HHCTHTYTAMH W IPYTUMH
OpTaHM3alMsIMA I YCKOPEHHS PEIIeHUs] BOIPO-
COB, CBSI3aHHBIX CO CPOKaMH BBITIOJHEHHs paboT
o rpaduky. PaspaboTaHHbIe MEPOTIPUATHS JOIK-
HBI OBITh KOHKPETHBIMH, PEaJbHBIMH U O0ecIeyu-
BaTh 3aBEpILIEHUE CTPOUTEIHCTBA B YCTAHOBIIECH-
HBIH CPOK. B oOTHenpHBIX ciydasx, Korja HeT
TBEPJOH YBEPEHHOCTH, 4TO pa3paboTaHHBIE MEPO-
MpHUATHS 00ECTeUrBalOT 3aBEPIICHUE CTPOUTEINb-
CTBa B NPUHSTHIH rpa)uKOM CPOK, CIIEAyeT MpoBe-
CTU JONOJHUTENIBHBIA KOHTPOJBHBIM pacyeT WuH-
(hopMaIMOHHOW MOJeNn O00BEKTa CTPOUTEIHCTBA
C YYETOM MPUHATHIX PEIICHUH.
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[Tocme pa3paboTKH MEPONPUATHI TTO COKpaIle-
HUIO KPUTHYECKOTO ITyTH Ha4aJIbHUK WU TJIaBHBINA
WHXEHEp CTPOUTENIbCTBA JIOJDKEH IMPOBECTH OIle-
paTHUBHOE COBEIIaHUE, KyJa B 00s3aTeIhHOM IIO-
pAAKE TPUTTAMAIOTCS PYKOBOAWTETH BCEX Opra-
HU3alMi, paboTa KOTOpPBHIX TMOMaja Ha KpHUTUYe-
ckuii myTh. Ha 3TOM coBemaHuu pyKOBOJUTEIIb
MpOeKTa KPaTKO JOKJIANbIBAET O pe3yibTarax 00-
paboTkn WMHPOPMAIMOHHONH Moenu W pa3pado-
TaHHBIX COBMECTHO C OTBETCTBEHHBIMM HCIOJIHH-
TeIsIMU Meponpuatusax. llpuHuMaemble Ha 3THX
COBEIIAHUAX PEIICHUS MO YCKOPEHHWI0 paboT, mo-
MaBIINX Ha KPUTHYECKUH IyTh, MOIKHBI O(popM-
JIATBCS TPOTOKONaMU. Takue perieHus sBISIOTCS
OKOHYAaTEJILHOW MIporpaMMoM AeMCcTBUS Ha Tpea-
CTOSIIIUNA TIEPUOJ JUIsl BCEX OpTraHU3allvi, 3aHATHIX
Ha cTpotike [7, 8].

Bce opranmzamum, npuHHMAIONIME ydacThe
B BBITIOJIHEHUH paboT, MOMABLUINX HA KPUTUYCCKUH
MyTh, B KOHLIE KAKIOW CMEHBI JOKHBI JTOKIa bl
BaTh PYKOBOAMTENIO MPOEKTa O X0/A€ paboT U MpH-
HATBIX Mepax I MPEOJ0JIEHUS] OTCTaBaHMsl, €ClIn
oHH WMenn Mecto. Kommnanwn, He WMEMOIIHE OT-
CTaBaHMs W TPETEH3UM K CMEXHHKaM, OT TaKHX
JOKJIaoB  OCBOOOXKIaroTcs. s  opraHuzanuu
YETKOW CHUCTEMBI YIIPAaBIICHUS TP PYKOBOIUTEINE
MPOEKTOB JIOJKHA OBITH CO37[aHa TPYIIa Clelua-
JUCTOB B COCTaBE IBYX-TPEX HYEIIOBEK, MPOIIE-
X CHEeNMaJbHYI0 MOJrOTOBKY MO IUIAHUPOBA-
HUIO U YIIPaBJIEHUIO CTPOUTEIHCTBOM C IOMOIIBIO
nH(popMaImoHHbIX TexHonoruii BIM (urdopma-
UOHHOE MOJEITUPOBAHUE 3AaHUS WM UH(OpMa-
nnonHas mojens 3aaans), ACYII (aBromaruzupo-
BaHHAsl CHCTeMa YTpaBJICHUs TpeAnpusituem) [9].
OTH pabOTHUKU JOJDKHBI 3a0JIATOBPEMEHHO H3Y-
YUTHh HE TOJIBKO KOHKPETHBIE YCJIOBHS MPOU3BOJI-
CTBa CTPOMTEIHHOM TUIOMIAAKH, HO U TEXHOJIOTHIO
BO3BOAMMOTO OOBEKTa C TEM, YTOOBI TPaBUIBHO
OTIPENETUTh OYEPEAHOCTh CTPOUTEITHHO-MOHTAXK-
HBIX paboT B 3aBHCHMOCTH OT TOCJEJOBaTEIHHO-
CTH BBOJA B 3KCILTyaTalldi0 OTAEIbHBIX YacTel
oO0bekTa. Takue CHenualnucThl B CBOCH MpaKTHYe-
CKOM AeATeNIbHOCTH 0053aHbI:

— NPUHUMATH OT OTBETCTBEHHBIX HCIIOJIHUTE-
neit uHpopManuio o xoae paboT W mepenaBaTh ee
0 COOTBETCTBYIOMIEH opme it 00paboTKH;

— pa3pabaThIBaTh COBMECTHO C OTBETCTBEHHBI-
MU HCIIOJIHUTENSIMA CTPOUTEIBHBIX OpTaHHU3alul
MEpOIPUITHSA 10 COKPALICHUIO JJIUTEIBHOCTH
KPUTHYECKHX ITyTEH;

— JIOKJIA/IBIBATh Ha OTEPATHBHBIX COBEIIAHUSIX
0 pa3pabOTaHHBIX MEPONPHSITHUSIX TI0 COKPAIICHHUIO
JUTUTEIILHOCTH KpUTHUecKux mytei [10].
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Kak yxe oTmedanoch, Ha X0J CTPOUTEIHCTBA
0oJbpIIIOe BIUSTHIE OKA3bIBAIOT 00ECIIEYeHNE CTPO-
UTEIIbHO-MOHTQXHBIX PabOT TEXHHYECKOH OKY-
MEHTaIeH, TIOCTaBIsIEeMbIMU MaTepUaIaMH, BCEMH
BUAaMU 000pydOBaHUs, T€ pabOTBl U COOBITHS,
KOTOpBIE B PAJIE CIIy4aeB 3aBUCAT OT OpraHu3alni,
HE IOJYMHEHHBIX PYKOBOJCTBY CTpPOMKOW. Takue
paboThI MPUHATO HA3BIBATH BHEIIHUMH, a CBEpIIC-
HHUE UX — BHEIIHUMH COOBITHSAMH.

B mpaBmibHO pa3paboTaHHBIX HHPOPMAIMOH-
HBIX MOICIIAX HeO6XOIII/IMO BBLJICIIATH BCE€ BHCIITHUC
paboThI U COOBITHSA, CTPYIITMPOBAHHBIE TIO MPU3HA-
KaM BO3ZICHCTBHS Ha XOJ| BBHIIOJHEHUS WX Pa3ind-
HBIMH YPOBHSIMH PYKOBOJICTBA CTPOUTEIHCTBOM.
HykHO 3apaHee yCTaHOBWUTH IepedeHb 4JacTeil WH-
(hopMaITMOHHON MOJIENTH, OTBEYAIOIININ Pa3TUIHBIM
YPOBHSIM PYKOBOJCTBAa. Tak, pyKOBOJACTBY YIIpaB-
JICHUSI TI0 CTPOMTENLCTBY HE CIEQyeT MepeaaBaTh
WH(POPMAITMIO O XOJ€ BBHIMOJHEHUS OTIEIBHBIX
yacTed 30aHUU U COOPYKEHH, OCYIIECTBICHUE
KOTOPBIX 3aBHCUT OT Mpopada, HayallbHUKA y4acT-
Ka. B cOOTBETCTByIOIIME OTAENBI YIIPABJICHUS IIE-
pemaercsi TONBKO Ta WHGOpPMAIHs, B KOTOPOH 3a-
TParuBaroOTCs BOMPOCHI, BXOJIAIINE B KPYT UX Jes-
TenbHOCTH. Hampumep, mepenaroTcsi cBeleHHS O
BHYTPHUOPIraHU3alMOHHBIX TOCTaBKaX CTPOMTEIb-
HBIX KOHCTPYKIIMHA W JETaleid, mocTaBkax o0opy-
JIOBaHMSA, 3aBHUCAIINX OT 3aKa34WKOB, O Iepeaade
Ha CTPOMKY TEXHMYECKOH JOKYMEHTAlUH, O He0O-
XOAMMOCTH TEpeOpOCKH Ha CTPOHKY AONOIHU-
TEeTHLHON pabodel cuibl, 00 yCHIECHUH paboT cy0-
NOJPSIHBIX OPraHu3alui U T. 1., a TAKXKe TaHHbIC
O BBINOJIHEHUH CPOKOB CTPOUTEIBLCTBA IO CTPYK-
TYPHBIM dJIEMEHTaM ity dtamam [11, 12].

i ycKkopeHust BO3ACHCTBHS PYKOBOJCTBA BbI-
MIECTOSIIUX OpPTaHW3allMi Ha XOJ CTPOUTEIHCTBA
ouepeaHas WHGOPMAIUS O TEX WM WHBIX OTKJIO-
HEHMSX OT rpauka AOIDKHA MOCTYNAaTh B OPraHbI
VIIpaBJICHHUS cpa3y XKe Iociie oopaboTku MHGOP-
MAaIMOHHON MOJIEIH.

Jns moctpoenns 3 GeKTUBHON CHCTEMBI OCY-
IIECTBIIEHUS] KOHTPOJISI HaJ peanu3anueid CTpOH-
TEJILHOTO MPOEKTa HEOOXOIUMO COOIIOCTH CIEIy-
fo1Imne TpeOOBaHMS:

—IJIaHBl JTOJDKHBI OBITH COZAEPIKATEIHHBIMH,
YeTKO CTPYKTYPHUPOBAaHHBIMU M (PUKCUPOBAHHBIMHU;

— 11000€ M3MEHEHHE MEePBOHAYATIBLHOTO H Clie-
IYIOIIETO 33 HAM IUIaHa JOJDKHO COTPOBOXKAATHCS
(huKCMpOBaHMEM BHECEHHBIX MTOTIPABOK;

— CHCTEMa OTYeTa 32 BBITOJHEHHBIE pabOTHI WITH
(hMHAHCHPOBAaHWE pACUETOB JOJDKHA OBITH SICHOM
Y TIOHSTHOH HCTIOJHHUTEISIM, OTpa)karolle CocTosi-
HIHE TIPOEKTa OTHOCUTEIHHO UCXO/IHBIX TUIAHOB;
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— CIleflyeT 3apaHee OIpeIeNIuTh MEePHOANI-
HOCTh IPEJICTABICHUS BCEX OTUYCTOB;

— Heo0X0ANMO TpeaycMOTpeTh 3(pPeKTUBHYIO
CUCTEMY pEarupoBaHUs, TO3BOJISIIONIYIO IIPEOI0-
JIeBaTh OTKJIOHEHHS OT 3alUIaHHPOBAHHOTO XO0ja
paboT, B TOM YHCIIE ITyTeM IepecMOTpa TUTaHa.

B pesynbrare Hcronb30BaHUS yKa3aHHOW CH-
CTEMBI KOHTPOJISA U yIIPABICHUS:

— OTCIIeKUBAETCS  (PaKTHYECKOE  COCTOSTHHE
MPOEKTa HAa KAXKIOW CTaJIMM U B KaXKJbIA MOMEHT,
3a KOTOPBIN IPOM3BOANTCS aHAIIN3 €T0 PEeaTN3allNy;

— BBIABIIAIOTCS. OTKJIOHCHHUS OT 3aIUIaHUPOBAH-
HOT'O XOJIa BHIMIOJTHEHUS TIPOEKTA;

— BBIpa0ATHIBAIOTCSI KOPPEKTUPYIOIIHE BO3ZICH-
CTBUS, HAaIPaBJICHHBIC HAa YCTPAHEHHE OTKJIOHE-
Huii [13].

Pa3pabotka monenun
MPOrPaMMHOI0 obecrneyeHust,
NPeA0CTABJISIONIEr0 BO3MOKHOCTh
KOMILIEKCHOT0 IPMMEHEeHN sl
HH(OPMALMOHHBIX TEXHOJIOTHI

B CTPOUTEJIbLCTBE

Ha cerogusmHuii 1eHbp B CTPOUTEILCTBE BCE
Oonbllie MOSIBISIETCS CHEeUHANTN3UPOBAHHBIX HH(OP-
MAaIMOHHBIX TPOrpaMM. JTO MHOXKECTBO CHCTEM
aBTOMATU3MPOBAHHOTO MPOEKTUPOBAHUS M depye-
HUSI, CMETHBIC pacdyeTHbIe KOMILIEKCH. B coBo-
KyIHOCTHU JaHHble MH(OPMALMOHHBIE TEXHOIOTUI
HaIpaBJICHbl Ha COKpAILEHHE CPOKOB HMPOEKTHUPO-
BaHUS, ABTOMATH3alMI0 TPYJOEMKHX 3TalloB IO
pa3paboTKe W BBIXOAY MNPOCKTHO-CMETHOH ITOKY-
MeHTalu. [IpoekTHass JOKyMEeHTauus AaeT IMOoJ-
Hy10 HHQOpMaum 006 o0beMax paboT, O CTOUMO-
CTH, pecypcax, HEOOXOAWMBIX U TNPEIBapeHHs
ee B XM3Hb. HO CTpOHMTENBHBIM KOMIIAHUSIM IS
YCIIETHON pean3allii MpOoeKTa HYXHO NPOBECTU
LEJBbI KOMIUIEKC MEpONPUATHH, B COCTAB KOTO-
pPBIX BXOJST IUIAHUPOBAaHWE, OpTraHW3alMs U
yIpaBJIeHHE CTPOUTEIIEHBIMH MIPOLIECCAMH.

[InanupoBanue BKIIOYaeT B ceds pa3paboTKy
KaJICHJApHBIX IUIAHOB CTPOMTENILCTBA, T'PadUKOB
MOTPeOHOCTH B pecypcax, KaleHJapHbIX TIpa-
(UKOB, KOTOpPBIE HEOOXOIUMBI Uil 0OecIieueHUs
HETPEPHIBHOCTH CTPOUTEIHHO-MOHTAKHBIX  ITPO-
LIECCOB U PAaBHOMEPHOCTH MNOTPEOJICHUS MaTepu-
QIBHBIX, TPYIOBBIX PECYPCOB B YCJIOBHSX YETKO
OIpEAEIECHHBIX CPOKOB U Ka4yeCTBa.

Oco060 Ba)XHO YMETh IUIAHUPOBATH B COBpE-
MEHHBIX YCIIOBHSX, KOT/Ia BEChbMa BBICOKA CTEIIEHb
HeomnpeaeneHHocTH Oyaymiero. [loBenenne KOHKY-
PEHTOB 3auyacTylo Hempeackazyemo. [lostomy npu
9KCIIEPTH3€ HMHBECTHLIMOHHOTO IPOEKTa B CHIY
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HECOBEPUICHCTBA PBHIHOYHBIX B3aUMOOTHOLIECHUI
TOYHO OLEHWTh HCXOJ| IUIAHOBOI'O pEIIEHHUS He
MIPEICTABIISIECTCS BO3MOXKHBIM [ 14].

CraKuBasiCh C HEONPEIEICHHOCTBIO U 3aKa3-
YHK, U YIPaBISIOUIMNA TPOEKTOM 0OBEKTUBHO IO
BEPrarloTcsi PHUCKY HACTYIJICHUS KaKoro-1ubo He-
OJIarONIPHUATHOTO COOBITHS, BIIEKYIIETO 32 COOOH
PasIn4HOro poja MoTepH. XOTS AN KaXAOTO
YYaCTHUKA WHBECTUIIMOHHOTO MPOEKTa MpOosBIIe-
HHUE PUCKa UHIUBHUIYaJIbHO.

Y4uuThIBas ONBIT MPOBEACHUS PEaIbHOTO MPO-
THO3HOTO aHajau3a WHBECTUIMOHHBIX MPOEKTOB,
MO>KHO MPUHTHU K BBIBOAY, YTO BCECTOPOHHUM y4yeT
PasHBIX BUJOB HEOIPEIEICHHOCTH HEOOXOIUM KaK
NPY OIIEHKE MHBECTUIIMOHHBIX MMPOEKTOB, TaK U UX
TUTAHUPOBAHWH, & TAaKKe MPU YIPaABICHUH peal-
3alMed INpOeKTa. Y4YeT HEONpEIECIeHHOCTH UH-
(hopmaruu 1 ero 3P PEeKTUBHOCTH HATIPSMYIO 3aBU-
CAT OT BBIOOpa MaTeMaTHYECKOro ammapaTa. JTai
000CHOBaHUS NPU YNPaBJIEHUH HHBECTHLHUSIMH H
BBIOOp TaKOro MaTeMaTHUYECKOTO armapara, KoTo-
phiii Oyzmer obecrieynBaTh npuemMiIeMyro Gopmanu-
3aI[UI0 HEONPEACICHHOCTH U aJIeKBaTHOE PEIICHUE
3a/a4, BeCbMa BaxKHHI [ 14].

Kak mpaBuiio, GOJBIIMHCTBO BBHIOPAHHBIX Me-
TOJOB (OPMANTH3YIOT HEONPENENIEHHOCTh TOJIBKO
B KauyecTBE pacIpelesieHuil BEPOATHOCTEH, IIOo-
CTPOCHHBIX Ha OCHOBE CYOBEKTHBHBIX OIICHOK.
B naHHBIX MeTOIax HEONpPENeIEHHOCTb, HE3aBU-
CHUMO OT €€ MPHPOJIBI, OTOXKACCTBISETCA CO CIYy-
YalHOCTBIO, TIO3TOMY OHH HE TO3BOJISIOT YYECTb
BCE BUABI HEOIPEICICHHOCTH, BO3JEHCTBYIOIINE
Ha MHBECTHULMOHHBIE IPOEKTH. Vcronbp3oBaHue
BEPOSITHOCTHOIO IIOJX0a B HHBECTUIIMOHHOM
aHaIu3e 3aTPYAHAETCS NPUYMHAMHM, CBSI3aHHBIMU
C OTCYTCTBHEM CTATUCTUYECKOHW MH(OpMAIMU WM
HEIOCTaTOYHOCTHIO BBIOOPKH IO HEKOTOPBIM Ma-
paMeTpaM HHBECTHIIMOHHOTO IPOEKTa, 4YTO O0Y-
CJIOBJICHO YHHKAQJIBHOCTBHIO Ka)IOTO HHBECTHILIU-
OHHOTO mpoekTa. KpoMe TOro, TOUHOCTh OLEHKH
BepoATHOCTEH (OOBEKTUBHBIX W CYOBEKTHBHBIX)
3aBUCHT OT MHOXecTBa (pakropoB. Hampumep, ot
JIOCTOBEPHOCTH  CTaTUCTHYECKOH WH(popManuy,
Ka4decTBa IKCIIEPTHBIX OLEHOK 3aBUCHT U KaYEeCTBO
WUTOTOBOH OIEHKH 3(PPEKTHBHOCTH M PUCKA WHBE-
CTHLIMOHHOTO mpoekTa. OTcioa BO3HUKAET HEIO-
BEepHUE K MOJY4YaeMbIM Ha X OCHOBE IPOrHO3aM
u pemenusM [15].

B cBsi3M ¢ 3THM B CTPOUTENBHHOM OTpaciu Mo-
SBUJIACh HEOOXOJMMOCTh B TPOTPAMMHBIX KOM-
IUIEKCaX IO IJIAHWPOBAHMIO U YIPABICHUIO MPOEK-
tamu. OHHM TpeOyroTCs U1 BEIOOpA ONTUMAIILHOTO
crocoba peanu3alMd MPOEKTa € MaKCHMAaIbHO
3¢ PEKTHBHBIM UCTIOIL30BAHUEM PECYPCOB.

Hayka
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B xome miaHupoBaHUS HEOOXOAMMO YETKO
0003HAYNUTh OCHOBHBIE 3Talbl CTPOUTEIHLHO-MOH-
TaQXHBIX PadOT, CPOKM WX peanu3anud. Kaxmpiid
3Tam pa30MBaeTCsd Ha OTACIbHBIC BHIBI PadoT,
C OTOOpaKEHMEM TEXHOJOTHYECKON IOoCIe0Ba-
TENPHOCTH WX BBHITIOJHEHUs (CeTeBble TpaduKH,
KalleHJapHble TIUIaHbl). HemamoBaxHO TaKke
YUY€CTh TaKM€ acCIICKTbI, KaK JOCTaBKa, XpaHCHHUEC
MaTepHajIoB, BbIBO3 CTPOUTEILHOIO Mycopa U Obl-
TOBBIX OTXOZOB. B cmty OOJNBINION CTECHEHHOCTH
3aJIEHCTBOBATh JJOCTATOYHOE KOJIUYECTBO TEXHUKU
HEBO3MOXHO. OTpaHUYEHHOCTh B IUIOMIA/IH, TIPE-
rmoJjiaraéMoi IoJ  CKJIaJMPOBaHUE MaTEpHUasIOB,
MIPUBOAUT K HCIIOJIB30BAHHUIO HX HEOOJIBIIOT0 KO-
nudecTBa (M3 pacyera MOTPpeOHOCTH HA OJIMH JICHb )
C BO3MOXXHBIM BBIBO30M OTXOJ/IOB B KOHIIE CMEHBI.

M3 coBOKymHOCTH 00O03HAaYCHHBIX OCOOCHHO-
CTel cJeqyeT BBIBOJ O HEOOXOIUMOCTH KOM-
IJICKCHOT'O, CUCTEMHOTO IMOAX0J[a K PEIICHHUI0 Ta-
Kux 3amad. VIMEHHO i 3TOro W HyxeH uH]Op-
MAaIlMOHHBIN, MPOTPaMMHBIM TPOAYKT, KOTOPBIH
CMOJKET pelaTh He TOJBKO 3aJadd 1O OIpesene-
HUIO COCTaBa, O00bEMa U CPOKOB CTPOUTEIHLHO-
MOHTXXHBIX Pa0OT, HO M COYETAaTh UX C MaTepH-
abHO-TEXHUYECKUM oOecredeHneM HeoO0Xoau-
MBIMH MaTepualaM{d B JaHHOE BpeMS B KOHKpPET-
HoM MmecTe [12].

Wudopmanmonnass cucremMa IUIAHUPOBAHUS
MIpeCTaBIsieT CO00 OPraHN3allMOHHO-TEXHOIOTH-
YECKHUH KOMIUIEKC METOJIMYECKHX, TEXHHYECKHUX,
MPOrPaMMHBIX M HH(DOPMAIMOHHBIX CPEJICTB, Ha-
MIPABJICHHBIX HA MOBBINICHUE A()(HEKTUBHOCTH TIPO-
[IECCOB IJIAHUPOBAHHUSA, B OCHOBE KOTOPOTO JIEKUT
KOMIUIEKC CIHENHATN3UPOBAHHOTO MPOrPaMMHOTO
obecneuenus [16].

OpHa U3 TIIABHBIX 33724 TUIAHUPOBAHUS — pa3-
paboTka kaneHnapHoro rpaduka. OH 3aKIaJbIBacT
OCHOBBI YE€TKOM, pUTMHUYHOM, COTJIACOBaHHOU pa-
OOTHI BCEX yYACTHHKOB IPOIECCAa PEKOHCTPYKIIUN
3/1aHusl, Y4eT 00€CIICUCHUs 3aIlyIaHMPOBAHHBIX pa-
00T BCEMHU TPYAOBBIMH M MaTEPHAJILHO-TCXHHUYC-
cknMu pecypcamu. ['padukn nBrKeHHS pabOUX
KaJpOB W OCHOBHBIX CTPOWTENBHBIX MAIIWH TIO
00BEKTY, BXONAIIUE B IMPOSKT MPOM3BOJCTBA Pa-
00T, pacCUMTBHIBAIOTCS B MPOTPAMMHOM MOJIYJe
KaJIEHApHOTO TUIAHUPOBAHUA. AHAJIOTHYHO Tpa-
(vkm ToCTymIIeHNsT Ha OOBEKT CTPOUTENBHBIX
KOHCTPYKITUH, M3/ICINi, MaTepuaaoB U 000PYI0-
BaHUsl — COBMECTHBIN pe3ysibTaT pad0oThl MOTyJIeH
KaJICHAApHOTO TUIAHUPOBAaHUA W MaTepHAIbHO-
TEXHHYECKOTO obecredeHns cTpoutenscTra [17].
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Buenpenne nHGOPMAIMOHHOW CHCTEMBI ILIa-
HUPOBAHUSI MOXKET KapAMHAIBHO MOBBICUTH (-
(DEeKTUBHOCTh peanm3aIuu MmpoekTa. OCHOBHBIMH
€€ MPEUMYLIECTBAMHU SIBJISIFOTCS:

— aBTOMAaTH3aLHsl BBIYUCIUTENBHBIX MPOLIECCOB;

— pa3BUTHE Bapualyy INIaHUPOBAHMUS;

— OIIpeleNieHHE U aHaJIU3 PaBHOMEPHOCTH (u-
HAHCHPOBAHHS MPOCKTA;

— [IEHTPAIM30BaHHOE XPaHEHNE HHPOPMALIH;

— BO3MOXXHOCTb aBTOMAaTH3MPOBAaHHOI reHepa-
IIUH OTYETOB.

XapaxkTepHasi 0cCOOEHHOCTh HH(POPMAIIMOHHBIX
CHCTEM IJIAHWPOBAHMS B CTPOUTEIBCTBE — 3TO TO,
YTO pacyeThl MPOBOSTCS TIO CPaBHUTEIBHO He-
CJIOJKHBIM aJITOPUTMaM, HO IOJydeHUE Pe3ysbTaTa
SIBIISIETCS. JOBOJIBHO TPYIOEMKHM B CBS3H C 0OJIb-
UM 00beMOM 00OpabaThiBacMO¥ HH(OPMAIIHY.
st aToro u cnenyer npuberath K UCIOIb30BAHHUIO
WH(POPMALMOHHBIX CHCTEM IIaHUPOBaHMA. B HuX
COJICPKUTCSI HEOOXOJUMBIH 00beM WH(pOpPMAIUH
ULl TIpoBeAeHHS paboT MO IUTAaHMPOBAHMIO, yCTa-
HOBJICHBI AITOPUTMBI OCHOBHBIX PAacueTOB U HaIJIsiA-
HO TIPEJCTaBJICHbl BBIXOAHBIC JaHHbIE B BUJE OT4e-
TOB, TEKCTOBBIX U rpaduueckux ¢opm. Tak, cokpa-
LICHHUE CPOKOB TNITAHUPOBAHHS MIPOUCXONT 38 CUET
9KOHOMHHU BPEMEHH Ha IMOMCK Tpebyemoit nHpoOp-
MallMM U Ha BBIYUCIUTENBHBIX onepanusix [18, 19].

[Ipunsite 0€30MMOOYHBIX PEIIEHUH B XOje
aHanm3a ¢pakTHdeckoi WHPOpPMAIMA OCHOBBLIBACT-
Cs Ha TIOJHOM MpPEACTaBICHUH OOBEKTa CTPOU-
TENhCTBA W JOCTOBepHOW MH(popmamwmu. s pe-
LIeHUs 3a7jad BO3MOXKHO KOMIUIEKCHOE IpUMEHe-
HUe nporpamMm Primavera P6 Professional R8.3.2
u ArchiCAD 17.0.0 (manee mo TekcTy — mporpam-
MBbI), HPEAOCTABISIOUINX BO3MOXXHOCTh aKTyald-
3ammMu rpaduka Npou3BOJACTBa paboT (majiee 1o
TEKCTy — TpaduK) U MPOEKTUPOBAHUS OOBEMHOMN
MOJIeNd 00BEKTa CTPOUTENILCTBA COOTBETCTBEHHO.
B3aumHoe wucnonb3oBaHue QYHKIWI Mporpamm
JOCTHraeTcsi 3a CYET «IPUKpEIIeHus» (u3nye-
CKHX 00BEeMOB pPadOT (KOHCTPYKIHH OOBEKTa) K
TUTAHOBBIM 3a7a4aM (JMPEKTHBHBIM CpPOKaM), yCTa-
HOBJICHHBIM B rpaduke npousBozacTsa padort [20].

[lepBonayansHO  paspabarbiBaeTcsi  rpaduk
npou3BojicTBa pabor B Primavera P6 Professio-
nal R8.3.2 (nanee no tekcry — Primavera). s ue-
Jieil KOHTPOJIsl MPOEKTa Pa3IMYHBIMH YYACTHUKAMHU
(MHBECTOPOM, 33aKa3UMKOM, I€HEPaIbHBIM MOAPSI-
YUKOM U CYOTIOAPSITUMKOM) pa3padaThIBacTCsl MHO-
TOYpOBHEBBIN rpahuk, cocTosIMiA U3 rpaduka:
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— 1 ypoBHS — rpaduka TUpeKTHBHBIX BexX (Tpa-
¢uKa MHBECTOpa), MpeIHA3HAYCHHOTO ISl OCY-
LIECTBICHUS KOHTPOJSI 32 OCHOBHBIMU JUPEKTHB-
HBIMHU BEXaMH IIPOEKTa;

—1II ypoBusi — rpaduka 3aKa3zyviKa I KOH-
TPOJIS AUPEKTUBHBIX CPOKOB;

— I ypoBHS — KOMIUTEKCHOTO TpaduKa BHIMOI-
HeHus paboT (rpaduka TeHIOAPSIAYMKA) JJIs IIa-
HUPOBAHUA U KOHTPOJI pabOT MOAPSIAYMKOB U CO-
OM0AeHUS] TUPEKTUBHBIX CPOKOB MPOEKTA;

—1IV ypoBHS — noKanpHOTO Tpaduka MO BUILY
pabor (rpaduka cyomompsgarka) i KOHTPOJIA 3a
BBITIOJIHEHHEM 00BEMOB, COOTIOIEHIEM CPOKOB.

PazpaboTka MHOrOypoBHEBOrO Trpaduka HauH-
HaeTcs ¢ rpaduka IV ypoBHs. Ha stoM srame
YCTaHABJIMBAIOTCSI CPOKH U 00BEMBI paboT, cBee-
HUSL O YUCICHHOCTH W KBaTM(UKAUH TPYAOBBIX
pEeCypCcoB, KOIMYECTBE TEXHUKH M aBTOTPaHCIIOP-
ta. B rpaduke Il ypoBHsS oTOOpakaroTcs Kymy-
JSTHBHBIE PalOThI, KOTOphIe OOBEIMHSIOT pabo-
1ol IV ypoBHs B rpymmel. B rpaduke II ypoBHs
ortobOpaxarorcss moJo0bekTel. ['paduk [ ypoBHS
¢uKcupyeT AaThl Hayala ¥ OKOHYaHHS PadOT Ha
Mo0OBEKTAX.

B Primavera pa3pabarbiBacTcsi MHOTOYpPOBHE-
Bt rpaduk, B ArchiCAD 17.0.0 mpoektupyercs
Monenb o0OBeKTa CTpouTenbcTBa. JlanpHeHmmm
9TaNoM CIeIyeT akTyalu3anusi rpad)ukoB — BHece-
HUE (paKTHIECKON HHPOpMAIIMK Ha OTUYETHYIO JaTy.

Ha oxonuatensHOM 3Tame oToOpakaeM BHU3Y-
QIBHOE BBINIOJHEHUE CTPOUTEIbHO-MOHTAKHBIX
padot (%). nsa storo B ArchiCAD Bximtoyaem
CJIOM B COOTBETCTBHH C:

— aKTyalu3WpoBaHHOW wH(popmanued rpadu-
KOB IPOM3BOJICTBA paboT;

— TUTAHOBBIMU 33/1a4aMH.

OTt4etsl st TpaWKOB BBIBOISTCS B COOTBET-
CTBUWU C WX neranu3anueit (puc. 1, 2, tabm. 1).

Puc. 1. ®axtuueckoe BbinonHeHue 1o rpaduky IV ypoBHs
Fig. 1. Actual execution according to diagram of IV level
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Brmonnenue
C orepexe-

Puc. 2. IInanosoe BeIoIHEHUE 10 rpaduky IV ypoBHS

Fig. 2. Scheduled execution according to diagram of IV level

Tabauya 1
OcBoenue pu3n4ecKux 00bEeMOB CTPOUTEIBHOI0 00bEKTA

Implementation of physical volumes for construction project

OxsienBaHue | YCTPOHCTBO MOKPBITHI

ToBepX-
HaumenoBanue HocTeit | U3 TIAPKET- | U3 KepamuHe-
oGosivu | HPIX IOCOK | CKHX ILITOK

Ilnau | ®akr |[1nan|Dakr | [Tnan | dakt

®dusnyeckuii oovem| 197 | 99 86 | 39 8 4

OcBoenne duznye-
ckoro oobema, % 100 |50,25| 50 | 45 33 50

BbIBO/IbI

1. Tlpu KOMIUIEKCHOM TPUMECHEHHH MPOTrpaM-
MHBIX TIPOJYKTOB PEAM3yeTCs CoryiacoBaHue (hyHK-
Ui TporpaMM — pa3padaThiBaeTcs MOJENb IMPO-
rpaMMHOTO 00ecTieueHrs] KOMIUIEKCHOTO TpUMEHe-
HUSI HHPOPMAIOHHBIX TEXHOJIOTHI C COXpaHEHHEM
CYIIECCTBYIOIINX pabOYMX MPAKTHK U HHCTPYMECHTOB
YYaCTHHKOB, 33JICHCTBOBAHHBIX B peaH3alliy Tpo-
eKTa (CTpouTeNbHasi W MPOEKTHAs OpTaHM3aIlvsd).
OTpakaroTcsi OCHOBHBIE OCOOEHHOCTH Pa3paboTKu
MHOTOYPOBHEBOTO I'paduKa M €ro CBS3H ¢ 00BbeK-
TOM CcTpouTeiabcTBa. DOPMUpPYETCS WHCTPYMEHT,
MO3BOJIIONINH YBETHYUTh 3PPEKTUBHOCTH pabOThI
B TIpOIIECCE H3MEPEHUS OCBOCHHS (DU3MUECKUX
00BeMOB 00BEKTa CTPOUTENHCTBA, TAKIKE TTOBBIIIIA-
€TCsl KaueCTBO PabOT MO Pa3pelIeHUI0 MpPoOIeM-
HBIX BOIIPOCOB ¥ KOHTPOJIIO UCIIOJHEHHS CPOKOB.

2. Hayynas HOBHM3Ha JAHHOTO HCCJIEIOBaHUA
3aKIII0YaeTCsl B TOM, YTO COBMELICHHE IMPOTpaM-
MHBIX TIpoykToB Primavera P6 Professional R8.3.2
u ArchiCAD 17.0.0 mo3BonsieT: Ha 60j1ee BEICOKOM
YPOBHE H B CXKaTble CPOKH BHEJIPHUTH HH(pOpMAIIU-

P Hayka
wTexHuka. T. 16, Ne 6 (2017)

OHHBIE TEXHOJOI'HH, CIIOCOOHBIE KOHTPOJIMPOBATDH
OCHOBHBIE TapaMeTpPbl CTPOUTEITbHO-MOHTAKHBIX
paboT; yCOBEpIIEHCTBOBATh CUCTEMY 00ECIEUEHUS
¢akTrueckoir MHGOpMAaIMEH B Mpolecce pearn3a-
MM TIPOEKTA; MPOBECTH OLEHKY IKOHOMHYECKOU
3¢ (GEKTUBHOCTH B OpraHM3alMd MOJIEIH Ipo-
rpaMMHOI0 00ecIeueHuUsI.
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Abstract. The aim of the study is to identify main trends in the development of space grid structures. In order to reach the
purpose it is necessary to conduct a review of the known structural concepts, nodal connections and specifics of the space
grid structures and to make conclusions on feasibility improvement of the considered structural concepts that make it possible
to develop new solutions without disadvantages residing in the analogues. Analysis of papers written by foreign and national
scientists and devoted to theoretical, numerical and experimental studies of stress-strain state, influence of different factors on
it and geometrical optimization and designing of space grid structures has been conducted in order to achieve the objectives.
Space grid structures and, in particular, flat double-layer grid and most frequent nodes have been studied in the paper.
The paper contains a short review of the history on development of space grid structures. It has been found that a rapid deve-
lopment of structural designs was caused by scientific and technical progress and, in particular, improvement of physical and
mechanical properties of materials, development of calculation methods, application of software systems for simulating be-
havior of the structure under load, which significantly increased the calculation accuracy and reduced complexity of design.
It has been also established that main parameters that have influence on effectiveness of a structural design are geometric
dimensions of its modular elements, ratio of its depth to the span. The world experience on development of connection com-
ponents has been studied in the paper. The paper presents general classification of nodal connections. Main advantages and
disadvantages of existing space grid structures are highlighted and it allows to determine possible methods for their improve-
ment. Theoretical research has permitted to establish that the main direction of spatial grid structures improvement consists in
development of new node connection types. Several methods for node improvement have been proposed while taking into
account the obtained results.
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Pedepar. Lleap paboThl — BBIAENUTH OCHOBHBIE HANPABIEHUS B PA3BUTHUH NMPOCTPAHCTBEHHBIX CTEPKHEBBIX KOHCTPYKILIHH.
Jlst 9TOTO MOCTAaBIEHH! 3aJaYl: IPOBECTH 0030p M3BECTHHIX KOHCTPYKTHUBHBIX PEUICHHH, Y3JIOBEIX COSIUHEHUH U 0COOEHHO-
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CTEP>KHEBBIX KOHCTpYKUUH. IIpoananu3npoBaHbl IPOCTPAaHCTBEHHBIC CTEPIKHEBBIC KOHCTPYKIUY, B YACTHOCTU CTPYKTYpHBIC
TUTHTBI U HauboJiee 9acTo BCTpeuaeMble KOHCTPYKIUH X y350B. IIpoBesieH kpaTkuii 0030p HCTOPUH Pa3BUTHSA CTPYKTYPHBIX
KOHCTPYKIHMH. YCTaHOBIEHO, YTO OBICTPOMY Pa3BUTUIO CTPYKTYPHBIX KOHCTPYKIHH CIIOCOOCTBOBAN HAyYHO-TEXHMYECKHN
Iporpecc, B YaCTHOCTH IOBHIIIEHHE (PU3UKO-MEXaHUUECKUX CBOHCTB MaTepHajoB, Pa3BUTHE METOAOB pacyera, HCIIOJIb30Ba-
HUE TSI MOJICIIMPOBAHUS YCIOBHH pabOTHI Ha pa3HbIe BUJBI HArPY30K IPOTPAMMHBIX KOMIUIEKCOB, YTO CYIIECTBEHHO yBEIJH-
YMBAeT TOYHOCTb PacyeTa M yMEHbIIAeT TPYAO0EMKOCTb IIPOEKTHBIX paboT. Takke yCTaHOBJICHO, YTO OCHOBHBIMH ITapamMeTpa-
MH, KOTOpbIE BIUSIOT Ha 3)(HEKTHBHOCTb CTPYKTYPHOH KOHCTPYKLMH, SBISIOTCS T€OMETPUUECKUE Pa3sMephl €ro MOAYJIbHBIX
3JIEMEHTOB, COOTHOIIECHUE €r0 BBICOTHI K INPOJIETY MOKPHITHS. V3ydeH MHpPOBOH ONBIT MO pa3pabOTKe Y3JIOB COCIUHEHUS.
[IpuBenena obmas kaaccu(UKaLusl Y3IOBBIX COSIUHEHUH. BhIIeneHbl OCHOBHBIC IPEUMYIECTBA U HEOCTATKH CYIIECTBYIO-
IIMX TIPOCTPAHCTBEHHBIX CTEP)KHEBBIX KOHCTPYKIHUH. B pe3ynbpraTe NpoBEJEeHHOIO TEOPETUYECKOTO UCCIIEOBAHUS YCTAaHOB-
JIEHO, YTO OCHOBHBIM HAaIPaBJICHUEM YCOBEPIIEHCTBOBAHUS MPOCTPAHCTBEHHBIX CTEP)KHEBBIX KOHCTPYKIIUH SIBISIETCS pa3pa-
00TKa HOBBIX Y3JIOBBIX COCJMHECHUH. YUUTHIBas IOJIy9E€HHBIE PE3yJIbTaThl, MPEIUIOKEHO HECKOIBKO CIOCOOOB yCOBEpIIEH-

CTBOBaHUS y3JIOB.

Knwuesble ciioBa: CTEPIKCHb, y3€J1, CBApKa, 60IIT, MOA4YyJib, IPOJICT, CTPYKTYpa, pCHICTKa

Jast murupoBanns: [acuif, I'. M. OcoGeHHOCTH KOHCTPYKTHBHBIX PEIICHHI W MPOEKTHPOBAHUS NIPOCTPAHCTBEHHBIX CTEPXK-
HeBbIx cucteM / I'. M. Tacwit // Hayxa u mexnuxa. 2017. T. 16, Ne 6. C. 475-484. DOI: 10.21122/2227-1031-2017-16-6-475-484

Introduction

In the construction of large-span buildings and
structures for various purposes often is a problem
of the complexity of work and waste of material
due to its inefficient use. This situation in the con-
struction has occurred through outdated industry,
properties and technical and economic indicators
of the existing designs that are a morally and phy-
sically outdated over time. These factors have
a direct impact on the overall cost and duration
of construction of the object, so there is a need to
improve and find new load-bearing structures,
in particular space frames that would have led to
significant savings in materials and reduce the
complexity of technological processes of manufac-
turing and installation.

That was the cause of the ideas to develop of
new space systems concept that would be able to
combine not only advantages of existing space
frames but would have their own original cha-
racteristics and their unique benefits and specifics.
For that the world experience of studies of space
grid structures must be carefully and thoroughly
studied.

General information and brief history
of the development of space frames

Today, the most well-known space frames sys-
tems are the space grid structures. These structures
are widely known and disseminated due to well-
shaping abilities, which is confirmed by a large num-
ber of original and unique objects worldwide [1].
These structures have many advantages and their use
provides good cost-effectiveness compared to other
more traditional structural solutions [2].
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The advantages of the space grid structures that
determine their effectiveness in comparison with
other designs include [3-5]:

1. Lightweight. It is the most important ad-
vantages of a space grid structure. It is mainly due
to the load transfer mechanism that is primarily
axial tension or compression and as a result all ma-
terial in any given element is utilized to its full ex-
tent. On top of that most space grid structures are
constructed from steel or aluminum parts which
even more considerably decrease their self-weight.

2. Mass productivity. Space grid structures
built from simple prefabricated units, which are of
standard size and shape. The units of the structures
are produced as usual in the factory so that they
can take full advantage of an industrialized system
of construction. These units usually are easily
transported and quite rapidly assembled on site by
semi-skilled labor and erection with conventional
equipment and machinery. Consequently, space
grid structures can be built at a lower cost.

3. Stiffness. The structures are usually suffi-
ciently stiff despite of its lightness. It is caused its
three-dimensional character and to the full partici-
pation of its components. The structures also have
the good rigidity and great stiffness and exceptio-
nal ability to resist unsymmetrical or heavy con-
centrated load.

4. Versatility. The space grid structures possess
a versatility of shape and utilize the modules to gene-
rate various space grids, latticed and even free-form
shapes. Moreover, the structures have the visual
beauty and the impressive simplicity of lines.

The specifics of space grid structures are that
they consist of modular mass-produced elements.
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Depending on the shape and relative position of the
modular elements, the space grid structures can be
single-layer, dual-layer lattice shells or flat plates,
etc. Using space grid structures allows creating
large-span roof system that has sufficiently small
depth, which is within the range of 1/16-1/25 of
the span. In addition, the space grid structures are
characterized as structures with a low weight and
reduced sensitivity to seismic actions, for the con-
struction of which small-sized modular standar-
dized elements are used. This greatly facilitates the
technological process of transportation, cargo han-
dling works and installation. In addition, the use of
modular components allows building architectural-
ly expressive and attractive geometric shapes and
surfaces. The advantage of the modular construc-
tion has been demonstrated more than a century
ago, when it was designed, manufactured and
installed the design for The Crystal Palace for
The Great Exhibition 1851 in London and The
Galleries des machines in Paris in 1889 [3].

Among the general class of space grid struc-
tures often highlight flat double-layer grids [6], but
there are numerous examples of the implementa-
tion of space grid structures with more complex
form: the scope, variety of shell, step plates, pyra-
mids, etc. [4, 7]. These structures show great op-
portunities for the use of steel in the construction
of large-span buildings namely, a variety of forms
and shapes of which is unlimited. The flat double-
layer grids are the most characteristic space grid
structures [8, 9]. In most cases for the construction
of such structures rods made from tubular steel
elements are applied. Less widespread are ele-
ments made of steel profiles of other cross sec-
tions, such as angles, channels, thin-walled profi-
les [10, 11].

The first major impetus to the development of
the space grid structures was due to the inven-
tor Alexander Graham Bell. In the first decade of
the twentieth century he explored the possibility
of octahedral and tetrahedral space shapes from
rods. He highlighted the double superior of three-
dimensional grid elements — it is high load capacity
and low weight. However, space grid systems of
the first generation have been patented at the end
of the 1930s, which later became known as the
Unistrut system [12]. Nevertheless, space grid
structures were not used widely in construction
until the Mero system was designed in the early
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40s of the last century in Germany. It should also
be noted that Mero system was the first com-
mercialized full spatial structure [13].

Wide implementation of space grid structures
had got in the middle of the twentieth century,
thanks to the researches in architecture and engi-
neering, whose main objectives were to find the
new and original forms and also alternatives to
existing joints. Great contribution to the develop-
ment of space structures was brought by American
architect, engineer and inventor Richard Fuller
who designed the geodesic dome [14].

In the late 1940s, K. Wachsmannand P. Weid-
linger developed a system of spatial structural
Mobilar. This system was substantially different
from the existing ones, in particular, from Mero
system and Unistrut system, so the nodes had not
been separated from the rods, and geometry of
connection parts were not so rigid and massive.
During the 1950s, these systems continued to be
improved, which has led to the development of
other systems [5, 15-19].

The development of structural designs has not
always been so rapid and intense as it is now. Ear-
lier, constraining factor of its development was the
degree of static indeterminacy that led to complex
and time-consuming calculation. These difficulties
were complicated for the analysis to a certain ex-
tent slowed down and limited the use of space grid
structures. However, the introduction of computers
has fundamentally changed the whole approach
to the design, which contributed to a new wave of
development of such structures. With the using
computer software it is possible to analyze very
complex dimensional structures with more accura-
cy and less time [20]. Because of this over the past
half-century the development of space grid struc-
tures came to an entirely different level. In addition
to the development of computer technology, there
are other important factors influenced on the rapid
development of space grid structures. Firstly, it is
the advanced equipment and great opportunities
to produce efficient structures. Secondly, it is the
requirement for large indoor areas, besides the
problem has always been timely and is particularly
acute in the design of buildings for mass sport and
cultural events, meetings, exhibitions, etc.

The problem of finding new structural forms
to cover large areas has always been the main task
of architects, engineers and scientists. A large
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number of theoretical and experimental stu-
dies were conducted by many universities and re-
search institutions in different countries. As a re-
sult, a considerable part of the results and deve-
lopments was implemented in practice. New and
creative solutions to the space grid structures most
commonly implemented in the construction of
sports arenas, exhibition halls, transport terminals,
computer rooms, hangars for planes [21, 22], etc.
There is a large number of different and interest
configurations have built worldwide. Each of these
structures has its advantages and disadvantages
relative to one other, but all are united by one
common difference. The difference is that the
space grid structures are collected from modular
elements which in only on axial compression or
tension [23].

Despite the obvious advantages and favorable
opportunities for the development space structural
systems have one major drawback — the complex
manufacture of nodal connections.

The general trend in the development of struc-
tural designs is the tendency to minimize the num-
ber of sizes of modular elements, reduce the com-
plexity of the technological installation processes
and reduce the complexity of the nodal connec-
tions.

Design, construction and investigate
the space grid structures

Design issues of space grid structures from
time to time attracted the attention of scientists all
over the world. Previously analysis of the history
of the structures development has shown that the
appearance and development of each new structu-
ral form is devoted to the desire to find the most
cost-effective structural concept. Significant num-
ber of works of foreign and domestic scientists is
devoted to this issue and the study of structural
designs. Most of the works are related to the ra-
tional designing and finding of relevant geometric
parameters [24]. In [25] constructive solutions and
schemes, methods of calculation and installation
methods have been studied, as well as investiga-
tions of the effect of the size and shapes of the
structural elements on the stress-strain state and the
mass of the structure. Research and further deve-
lopment of constructive solutions for the space grid
structures and methods of their calculation have
performed by M. N. Kirsanov, V.1 Trofimov,
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R. I. Hisamov, V.N. Shimanovsky, A.V. Shima-
novsky, J. Chilton, J. M. Gerrits, , Z. S. Makowski,
G. S. Ramaswamy [26—29] and others.

The main geometric parameters of structural
designs are height H and the size of the module M.
Height it is the distance between the top and bot-
tom chord, and the module it is the distance
between the two joints in the top chord (fig. 1).
Despite the fact that these parameters seem to be
quite simple, properly chosen values can signifi-
cantly influence the cost of the structure. In turn,
the height and size of the module is influenced by
several parameters: the mesh type, the distance
between supports, the form of the roof, as well as
the nodal system. In fact, the height and size of the
module are interconnected. The parameter that
connects them is the angle a between the rod of the
module and its horizontal projection. This angle
should be between 30°-60°, but advisory in nature
is equal to the angle of 45°.

Fig. 1. Basic geometric dimensions of module
for space grid structures

Common ratio of height H to the size of the
module M does not exist and, as a rule, is deter-
mined by practical experience. It is believed that
the structural height of the structure is relatively
small as compared with conventional structures.
However, one must consider the fact that a small
structural height with respect to the structures span
creates the need for smaller size modules, which
will promote the growth of their quantity, and
hence the number of nodes, the total weight of the
structure and cost structure. Structural optimizati-
on is the best way to determine the optimal ratio
of height to span. In [30], using the principles
of structural optimization the optimal ratio spans
search was carried out in the range of 24 to 72 m
and a height of the space grid structures. Seven
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types of gratings were investigated. The size and
height of the modules were taken as a variable, and
the total value was taken as the objective function,
which was the sum of the cost of the elements,
joints, roofing and enclosing materials. This ap-
proach made it possible to argue about the validity
of the data. It has been found that the optimum
design parameters for the various systems are dif-
ferent, and the module size generally increases
with span. In addition, empirical formula was ob-
tained to determine the optimal ratio of the span and
height. Based on these expressions, diagrams of de-
pendence between the span L and height H of the
space grid structures were built (fig. 2) [30]. Also
for comparison of the results fig. 2 showing further
research in this area, which are discussed in [31].

21
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Fig. 2. Relation between depth and span of double-layer grids:
—O— — bottom boundary by Chinese Academy;
—{1— —top boundary by Chinese Academy;

—A— — bottom boundary by Lan;

—O— — top boundary by Lan

Besides the optimal geometric dimensions of
the modular elements in the design of structural
designs the efficient and reliable constructive solu-
tion of the nodal connections occupies is also an
important place.

Review of existing nodal connections
and their research

As mentioned previously structural designs
consist of rod members of different cross sections,
which are joined at the nodes. Currently there are
a large variety of nodal connections solutions but
generally they can be divided into groups:
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Group I — the nodal connections are made with
mounting welding;

Group II — bolt connection or other modular
elements are made without any welding. Such con-
nection depend on how the bolts in, can be divided
into two subgroups, where nodes bolts working
in compression or tension bolts and bolts which
resist the shear;

Group III — combined nodal connections.
This group includes compounds in which welding
is carried out in the factory, and the assembly with
bolts on site.

In most cases, manufacturing the nodes re-
quires the use of special connection parts — con-
nectors [32], and they can be manufactured from
cast, forged or welded spheres, hemispheres, poly-
hedrons, and other forms [32].

Each group has its own advantages and disad-
vantages. The advantages of welded joints should
include the ability to combine different number
of rods from almost any angle. However, welded
joints have a number of disadvantages, among
which a large amount of welding; the complexity
of the alignment angles and hence higher probabi-
lity appearance of eccentricity; inability to reas-
sembling and disassembling; inhomogeneity resi-
dual weld and welding stress; stringent require-
ments for a length of rod. Given this, widely
spread welds have not received.

Welded node connections include Oktaplatte
system, Segmo, SDC and many others. The node
system Oktaplatte is the most known among
this class of connections. The German company
Manessman developed it, and its feature lies in that
the node consists of two hemispherical hollow
steel parts that in the joint with steel diaphragm
made as a disc. The most famous example of the
use of Oktaplatte system is a pavilion built for the
World New York Exhibition in 1964-1965.

Bolt node connections include Sarton system,
Premit, Triodetic, Mero, Space Deck, Envision,
Unibat, Nodus, NS, Zachod, Berlin, Pyramitec,
BpI'TY, System III, Pyramid Sphere System, He-
misperical Node System, Unistrut, Mostostal,
Newbat, TRIDI 2000; ONDDI, Uzay, Montal,
Spherobat, Axent, Wuppermann, Orbik and many
others.

As can be seen from a review of the existing
bolt nodal systems of structural designs in different
countries own systems have been developed,
which may be structurally differ from one another
through connection way of rod elements, cross-
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sectional shape and form of the connector core
elements. In the world practice of building space
grid structures a nodal connection with axial bolts
is widespread. The most popular among these sys-
tems as mentioned earlier is Mero system that was
proposed by German designer M. Mengeringhau-
sen. This system for connecting of rod shaped ele-
ments involves the use of the connector, which is
a solid steel spherical polyhedron shape with ar-
ranged in it threaded holes. This connector allows
you to connect up to 18 of rod shaped elements,
which are equipped with axle bolt and sleeve.
The node Mero system has a significant number
of modifications and improvements [33].

Analogues of Mero system are the Orona,
Cubotto, Vestrut, Villeroy and other systems. Con-
nectors of such systems may consist of several
parts, which are tightened a central bolt.

Based on the overall review of the known nodal
connections we can see that the overwhelming
number of them have bolts and designed to com-
bine elements with tubular section. In most
of these nodes bolts works in considerable axial
tension or compression force. However, assembly
errors, accidental damage or deformation can lead
to bending moments that can cause the destruction
of the bolts in the thread-free section. In [34]
it suggested that the node connection of the tubular
elements for space grid structures, which excludes
the risk of the destruction bolt must working on
a bend. The paper also refers to the universality
of the developed connection and the possibility of
its widespread use for covering various buildings
and structures, also in the construction of arch type
and domes, as well as in covers over the stands
of stadiums. The efficiency of the developed node
according to studies [34] is that it has been de-
signed to use standard bolts, which in double cross
shear that increases by 2.0-2.5 times the load-
bearing capacity in comparison with special bolts
used in Mero system.

After analyzing specifics of the existing nodes
of space grid structures and studies, from the per-
spective of ease of assembly, the most effective are
the nodal connections with welded sheet. Such
constructive solutions of nodes allow making their
shapes simpler, and hence to reduce production
costs. Less complex and more reliable are the node
elements what constituted a single solid part:
stamped, milled or bent because such nodes are not
weakened due welds.
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Complexity level of nodal connections signifi-
cantly influences on the total cost of space grid
structures, and consequently on the technical and
economic feasibility of their application, because
they account for 20 % of steel. Without exception,
all space grid structures consist of rods and junc-
tions, so the mass of bars and nodal elements
determines the total weight of the structure. Ac-
cording to [35], the total weight of the modular cell
of space grid structures is determined by multiply-
ing the construction coefficient of space grid struc-
tures and rods weight. Moreover, weight of rods,
depending on the type of lattice structure is defined
by different formulas [35]. Also, in the mentioned
work at graphs are displayed construction coeffi-
cients that were calculated for the most common
nodal solutions and were set their values depen-
ding on span of the structures. With these graphs
it is possible to define the geometric parameters
in which a particular type of node connections is
efficient to use, for example, according to [35] for
large spans covers Mero, Unistrut and KIBI are not
rational systems of nodal connections because con-
struction coefficients of these systems with in-
crease span have been rising, and when the span
more than 40 m is much greater than the coeffi-
cient for flat trusses.

The nodal connections, except weight, are
characterized by pliability that has effect on stress-
strain state of structures. In space grid structures
with a high degree of redundancy, pliability of
nodal connections leads to a deviation of the actu-
al behavior of structures from the design scheme
resulting in a redistribution of stresses in the struc-
ture. In addition, for the space grid structures,
which combine elements of bolt normal accura-
cy, pliability bolted connections should be consi-
dered also because it leads to increase a structure
deflection [36]. In this case, the total deflection,
which are obtained for a system with fixed con-
nections, it is recommended to increase by 30 %,
if the difference between the diameter of the bolt
and hole 2-3 mm, and 20 % when the difference
is 1.5 mm [37].

Also, the pliability of node connections, de-
pending on the type of space grid structures has
varying degrees and shape of influence on its be-
havior. Accounting pliability of nodal connections
for example for a mesh dome has allowed reducing
the stresses in rod elements up to 15 % [38], but in
the space grid slabs pliability has another effect.
It was found that the redistribution of stresses in
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space grid slabs is extremely uneven: in some ele-
ments pliability of bolt connection causes minor
changes, in others the change stresses can reach
up from 20 to 60 %, in addition in some elements
the stresses can change the sign [36]. Therefore,
the calculation of structures with bolted connec-
tions with their possible pliability should be taken
into account for the purpose to obtain realistic be-
havior scheme.

Pliability of nodal connections is possible to
taken into account in several ways: by replacing
the elastic modulus of the nodal connections;
installation of elastic elements on the ends of the
rods; modeling nodal connections as polygons.
Accounting pliability of nodal connections by any
of the methods shows the increase of structure de-
formability [38]. Pliability of nodes may also be
eliminated or reduced by improving the quality of
prefabricated elements or parts and the welded
joints [35].

In addition, the choice of node connections and
components of space grid structures should be
carry out based on the integrity and reliability of
the entire system. Errors that may occur during
the design lead to increased consumption of mate-
rials, erection difficulties, inefficient operation and
undesirable initial efforts. That is why the load-
bearing capacity of node connections should ex-
ceed the load-bearing capacity of the most stressful
rod member in tension thereby making the neces-
sary reserve load-bearing capacity of structure.
In this case, even in case of accidental failure
of most stressful element or node, the situation
is not dangerous, as there is a redistribution of
stresses. In the case where at designing have the
inequality that indicates the most stressful load
bearing capacity has more than load bearing capa-
city of node so there is overrun of steel [35].

That is why it is so important the choice of the
nodal connections need to make comprehensive
analysis of it in all points.

Analysis of the results of research
and the search for ways to improve the nodes

Considering the above and after a number
of various nodal connections of space grid struc-
tures have been considered. It was established that
the determining factor in the making of the cost
of the erection of the structures is the complexity
of the connection node. This statement has been
made based on that in general, the load-bearing
capacity of space grid structures is dependent on
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the bearing capacity of the node, and when
the node is designed with a significant reserve
of strength, it is accompanied by the overrun
of steel. Hence, than the node is simpler in to ma-
nufacture and assembly, the less time-consuming,
and therefore inherent safety factor will not cause
large expenditure of steel. In addition, a small
labor and material intensity positive effect on re-
ducing the total cost of coverage.

As noted above depending on the way of as-
sembly, the nodes are classified in bolted, welded
and combined, but bolted nodes are used widely
because they have factory readiness and faster as-
sembly procedure. However, it should be noted
that the welded joints can be used quite effective-
ly. For example, if the components made in lap
joint [39] instead of butt joints, it is possible to
reduce the accuracy requirements for the lengths
of rods. Also, for welded assemblies, at light loads,
as the rods of the lattice can be used steel rods
of round or square cross-section (fig. 3).

Fig. 3. Welded node of space grid structure: 1 — bottom chord,
2 —slanted rods; 3 — steel plate

It has been proposed several ways to improve
the space grid structures based on the information
received, that caused a development of a concept
new space rod system. The specifics of this system
are in providing collaboration not only grid modu-
lar elements, but also plates, made with durable
and efficient building materials, including translu-
cent. Constructively these systems consist of top
and bottom cords and space lattice. At the same
time, top chord is made of rigid plates that in com-
pression and transverse force, the bottom chord is
made of flexible linear elements [40]. It should
also be noted that this structure is modular, that is
assembled from space structural modules which
are completely produced at factory [41]. These
systems have three types of modules. They are
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support and span space modules and line modules
from which make a flexible chord. This structural
concept allows constructing cover with different
forms and shapes, including a variety of shells [42].
Structural concept of such systems involves usage
specially designed nodes for connection modules
in the integral structure [43, 44].

The results of theoretical, numerical and expe-
rimental studies of this system enable us to assert
about its efficiency and reliability, as well as re-
sources saving, which is especially relevant in to-
day's construction industry [45].

CONCLUSIONS

Considering the above, it was found that the
nodal connections are members of structures that
determine the cost of material consumption and
complexity of installation work for space grid
structures. Nodes are classified on bolted, welded
and combined ones. Bolted and combined nodes
are most widely used. It should be noted that a sig-
nificant number of existing nodes connections,
including welded, involve the use of special
steel connectors. Usage connectors, generally adds
weight and complexity of assembly, and also re-
quires the production of works with high accuracy.
The analysis of theoretical and experimental stu-
dies have established that the most effective nodal
connections are combined with gussets due to sim-
plicity of manufacture, low weight and absence
of axial bolts. However, these nodes have signifi-
cant drawbacks. There are a large number of bolts
and the complexity of using tubular rod elements
and in the case of welding there is a significant
total length of the assembly weld. Therefore, as a
result of the theoretical studies highlighted effec-
tive nodal connections, but it remains a certain
number of problematic issues that require further
research. Hence has been developed the concept
of the new space grid system, the constructive
solution that will save both material and human
resources in the construction of covers of different
forms and shapes for large-span buildings.

REFERENCES

1. Furche A. (2016) Tragkonstruktionen: Basiswissen fiir Ar-
chitekten. Springer Vieweg. 210 (in German).

2. Shimanovsky O. V., Bespalov. S. M. (2002) Peculiar Fea-
tures in Designing of Long Span Roof Structures on the
Basis of Structural Plates. Budivnitstvo Ukrainy [Construc-
tion of Ukraine], (5), 21-24 (in Ukrainian).

3. Chilton J. (2000) Space Grid Structures. Boston, Architec-
tural Press. 180. DOI: 10.4324/9780080498188.

4. Kancheli N. V. (2009) Building Space Structures. 3™ ed.
Moscow, Publishing House “ASV”. 112 (in Russian).

482

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25

.Lan T. T. (1999) Space Frame Structures. Boca Raton,

CRC Press LLC. 129. DOI: 10.4324/9780080498188.

. Allen E., Iano J. (2013). Fundamentals of Building Con-

struction. Materials and Methods. 6™ ed. Wiley. 1024.

. Parke G. A. R., Disney P. (2002) Space Structures 5.

London, Thomas Telford Ltd. 1613. DOI: 10.1680/ss5
v1.31739.

. Lubo L. N., Mironkov B. A. (1976) Plates of Regular Spa-

tial Patterns. Moscow, Stroyizdat Publ. 105 (in Russian).

. Morozov A. P., Vasilenko O. V., Mironkov B. A. (1977).

Space Structures of Public Buildings. Leningrad, Story-
izdat Publ. 168 (in Russian).

Gemmerling A. V. (2014) Structural Constructions from
Efficient Roll-Formed Sections. Saarbriicken, Lap Lam-
bert. 137 (in Russian).

Mitrofanov S. V. (2012) Operation of Unit-Forming Ele-
ments in Structural Construction. Metalevi Konstruktsii =
Metal Constructions, 18 (1), 17-25 (in Ukrainian).

Condit C. W. (1961) American Building Art: the Twen-
tieth Century. Oxford University Press. 427.

Schueller W. (1983) Horizontal-Span Building Structures.
John Wiley and Sons. 594.

Edmondson A. C. (2007) A Fuller Explanation: the Sy-
nergetic Geometry of R. Buckminster Fuller. Pueblo,
Emergent World Press. 339.

Bai Y., Yang X. (2012) Novel Joint for Assembly of All-
Composite Space Truss Structures: Conceptual Design
and Preliminary Study. Journal of Composites for Con-
struction, 17 (1), 130-138. DOI:10.1061/(asce)cc.1943-
5614.0000304.

Gerrits J. M. (1998) An Architectonic Approach of Choo-
sing a Space Frame System. Lightweight Structures in Ar-
chitecture, Engineering and Construction, 2, 992-999.
Makowski Z. S. (2002) Development of Jointing Systems
for Modular Prefabricated Steel Space Structures. Pro-
ceedings of the International Symposium. Warsaw, IASS
Polish Chapter, 17-41.

Andrade de S. A. L., S. VellascodaP. C. G, SilvadaJ. G. S.,
Lima de L. R. O., D’Este A. V. (2005) Tubular Space
Trusses with Simple and Reinforced End-Flattened No-
des-an Overview and Experiments. Journal of Construc-
tional Steel Research, 61 (8), 1025-1050. DOI: 10.1016/
jJjesr. 2005.02.001.

Yang X., Bai Y., Ding F. (2015) Structural Performance of
a Large-Scale Space Frame Assembled Using Pultruded
GFRP Composites. Composite Structures, 133, 986-996.
DOI: 10.1016/j.compstruct.2015.07.120.

Gorodetsky A. S., Evzerov 1. D. (2005) Computer Models
of Structures. Kiev, Fakt Publ. 344 (in Russian).

Liu X., Zhao Q., Liu H., Chen Z. (2011) Innovations in
Design and Construction of the New Stadiums and Gym-
nasiums for the 2008 Beijing Olympic Games. Journal of
the International Association for Shell and Spatial Struc-
tures, 52 (1), 39-52.

Kholopov I. S., Balzannikov M. 1., Alpatov V. Yu. (2012)
Application of Grid Metal Structures in Roofing of HPP
(Hydro Power Plant) Machine Halls. Vestnik Volgograd-
skogo Gosudarstvennogo Arkhitekturno-Stroitel'nogo Uni-
versiteta. Ser.: Stroitel'stvo i Arkhitektura [Bulletin of Vol-
gograd State University of Architecture and Civil Engi-
neering. Series: Civil Engineering and Architecture],
47 (28), 225-232 (in Russian).

Engel H. (2009) Structure Systems. Ostfildern, Hatje
Cantz. 352.

Tashakori A., Adeli H. (2002) Optimum Design of Cold-
Formed Steel Space Structures Using Neural Dynamics
Model. Journal of Constructional Steel Research, 58 (12),
1545-1566. DOI: 10.1016/s0143-974x(01)00105-5.

. Trofimov V. 1., Begun G. B. (1972) Structural Construc-

tions. Moscow, Stroyizdat Publ. 172 (in Russian).

Hayka
urexHuka. T. 16, Ne 6 (2017)



Civil and Industrial Engineering

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Kirsanov M. N. (2011) Static Calculation and Analysis of
Spatial Rod System. Inzhenerno-Stroitelny Zhournal
[Construction-Engineering Journal], 24 (6), 28-34 (in
Russian).

Shimanovsky V. N., Gordeev V. N., Grinberg M. L. (1987)
Optimal Design of Space Grid Roofing. Kiev, Budivelnik
Publ. 223 (in Russian).

Makowski Z. S. (1992) Space Frames and Trusses. Con-
structional Steel Design. an International Guide. London,
Elsevier, 791-843.

Ramaswamy G. S., Eekhout M., Suresh G. R. (2002)
Analysis Design and Construction of Steel Space Fra-
mes. London, Thomas Telford Ltd. 262. DOI: 10.1680/
adacossf.30145.

Lan T. T., Qian R. (1986) A Study on the Optimum De-
sign of Space Trusses-Optimal Geometrical Configuration
and Selection of Type. Shells, Membranes and Space
Frames. Proc. IASS Symp. Amsterdam, Elsevier, 191-198.
Chen W. F., Lui E. M. (2005) Handbook of Structural
Engineering, Second Edition. CRC Press. 1768. DOI: 10.
1201/9781420039931.

Inzhutov 1. S., Dmitriev P. A., Deordiev S. V., Zakha-
ryuta V. V. (2013) Analysis of Existing Interface Nodes in
Space Structures and Development of Pre-Assembled and
Dismountable Nodal Element. Vestnik MGSU [Moscow
State University of Civil Engineering Bulletin], (3), 61-71
(in Russian).

Stephan, S., Sanchez-Alvarez J., Knebel K. (2004) Reticu-
lated Structures on Free-Form Surface. Stahlbau, 73 (8),
562-572. DOI: 10.1002/stab.200490149.

Kaganovsky L. O. (2010) New Solutions for Nodal Con-
nections of Rods in Structural and Single-Layer Latticed
Constructions. Zbirnik Naukovikh Prats' Ukrains'kogo
Naukovo-Doslidnogo ta Proektnogo Institutu Stalevikh
Konstruktsii Imeni V. M. Shimanovs'kogo [Collection of
Research Papers of V. Shimanovsky Ukrainian Research
and Design Institute of Steel Construction], (5), 192—-198
(in Russian).

Khisamov R. 1. (1981) Calculation and Design of Space
Frames. Kiev, Budivelnik Publ. 79 (in Russian).

Zueval. 1., Zuev V. V. (2010) Effect of Bolt Connection
Compliance on Stress-Strain Strain of Structural Construc-
tions. Vestnik of Perm National Research Polytechnic
University. Stroitel'stvo i Arhitektura = PNRPU Construc-
tion and Architecture Bulletin, (1), 40-46 (in Russian).
Zueval. I, Ivanova S. L. (2013) Specific Features in De-
signing of TsNIISK-Type [Central Research Institute of
Construction Structures] Structural Constructions. Vestnik
of Perm National Research Polytechnic University. Stroi-
tel'stvo i Arhitektura = PNRPU Construction and Archi-
tecture Bulletin, (1), 91-97 (in Russian).

Tur V. I, Tur A. V. (2014) Influence of Nodal Joint Com-
pliance on Stress-Strain State of Metal Net Dome. Funda-
mentalnye Issledovania = Fundamental Research, (6),
1165-1168 (in Russian).

Storozhenko L. I, Gasii G. M., Gapchenko S. A. (2015)
Space Steel-Reinforced Concrete and Structural Cable Roof-
Poltava, Publishing House TOV “ASMI”. 216 (in Ukrai-
nian).

Storozhenko L. 1., Gasii G. M. (2016) Peculiar Features in
Structural Concept and Designing of Full-Length Expe-
rimental Model of Steel-Reinforced Concrete and Structural
Cable Roof. Zbirnik Naukovikh Prats'. Seriya: Galuzeve
Mashinobuduvannya, Budivnitstvo [Collection of Research
Papers. Series: Industrial Mechanical Engineering, Civil
Engineering]. Poltava, Poltava National Technical Yuri
Kondratyuk University, 46 (1), 52—60 (in Ukrainian).
Storozhenko L. I., Gasii G. M., Gapchenko S. A. (2014)
New Steel-Reinforced Concrete and Structural Cable Con-
structions. Zbirnik Naukovikh Prats'. Seriya: Galuzeve
Mashinobuduvannya, Budivnitstvo [Collection of Research

Hayka

wTexHuka. T. 16, Ne 6 (2017)

42.

Papers. Series: Industrial Mechanical Engineering, Civil
Engineering]. Poltava, Poltava National Technical Yuri
Kondratyuk University, 40 (1), 91-96 (in Ukrainian).
Gasii G. M. (2016) Fundamentals of form Making and
Designing of Space Roof Made from Steel-Reinforced
Concrete and Structural Cable Constructions. Stroitelstvo,
Materialovedenie, Mashinostroyenie: Sb. Nauch. Trudov
[Civel Engineering, Material Science, Mechanical Engi-
neering: Collection of Research Papers], (87), 48-53 (in
Ukrainian).

43. Gasii G. M. (2016) Analysis of Stress-Strain State of Tra-

44.

45.

[

e}

10.

11

12.

. Parke, G. A.R. Space Structures

. JIy6o, JI. H. Ilmuter

pezoidal Steel Plate in Node Used for Connection of Bot-
tom Chord Elements in Experimental Steel-Reinforced
Concrete Structural Cable and Barrel Shell. Zbirnik Nau-
kovikh Prats' Ukrains'koi Derzhavnoi Akademii Zaliznich-
nogo Transportu [Ukrainian State University of Rail-
way Transport Collection of Research Papers]. Kharkiv:
UkrSURT, (162), 41-47 (in Ukrainian).
Gasii G. M. (2016) Stress-Strain State of Rectangular Steel
Plate in Node Used for Connection of Rod Elements in
Steel-Reinforced Concrete Structural Cable and Barrel Shell.
Visnik Odes'koi Derzhavnoi Akademii Budivnitstva ta
Arkhitekturi [Odessa State Academy of Civel Enginee-
ring and Architecture Bulletin]. Odessa: Publishing House
“Zovnishreklamservis”, (62), 215-219 (in Ukrainian).
Gasii G. M. (2014) Experimental Investigations on Struc-
tural and Steel Cable Roof. Zbirnik Naukovikh Prats'.
Seriya: Galuzeve Mashinobuduvannya, Budivnitstvo [Col-
lection of Research Papers. Series: Series: Industrial Me-
chanical Engineering, Civil Engineering]. Poltava, Poltava
National Technical Yuri Kondratyuk University, 42 (3),
47-51 (in Ukrainian).

Received: 27.10.2016

Accepted: 06.01.2017

Published online: 28.11.2017

JINTEPATYPA

. Furche, A. Tragkonstruktionen: Basiswissen fiir Architek-

ten / A. Furche. Springer Vieweg, 2016. 210 p.

. nmanoBerkmit, O. B. OcoGMBOCTI MPOEKTYBaHHS BEJU-

KOIIPOTOHOBHX TIPOCTOPOBHX ITOKPUTTIB Ha OCHOBI CTPYK-
typaux it/ O. B. lllumanoscekuii, C. M. Becnianos //
ByniBaunreo Ykpainu. 2002. Ne 5. C. 21-24.

. Chilton, J. Space Grid Structures/ J. Chilton. Boston:

Architectural Press, 2000. 180 p.

. Kanuenu, H. B. CtpoutensHble MpOCTpaHCTBEHHBIE KOH-

CTpyKIMH. 3-¢ u3a., nomn. u nepepad. / H. B. Kanuenu. M.
ACB, 2009. 112 c.

.Lan, T. T. Space Frame Structures/ T. T. Lan. Boca Ra-

ton: CRC Press LLC, 1999. 129 p.

Allen, E. Fundamentals of Building Construction. Mate-
rials and Methods: 6" ed./ E.Allen, J.Iano. Wiley,
2013. 1024 p.

5/ G. A.R. Parke,
P. Disney. London: Thomas Telford Ltd, 2002. 1613 p.
peryjisipHO  IPOCTPAaHCTBEHHOM
ctpyktypst / JI. H. JIy6o, b. A. MuponkoB. M.: Crpoii-
u3aar, 1976. 105 c.

. Mopo3os, A. I1. [IpocTpaHCTBEeHHBIE KOHCTPYKIHHU 0O0IIe-

cTBeHHBIX 3nanuii /| A. I1. Mopo3os, O. B. Bacunenko,
b. A. Mupounkos. JI.: Ctpoituznart, 1977. 168 c.
T'emmepruar, A. B. CTpykTypHbIe KOHCTPYKLMHU U3 3dek-
THBHBIX THYTBIX mpodmreii / A.B.Temmepnunr. Caap-
oproken: Lap Lambert, 2014. 137 c.

. Mitpodanos, C. B. Pobora By3I0BHX €lI€MEHTIB CTPYyK-

TypHOi KoHCTpyKIii / C. B. MitpodaHnoB / Meranei koH-
crpykuii. 2012. T. 18, Ne 1. C. 17-25.

Condit, C. W. American Building Art: the Twentieth Cen-
tury / C. W. Condit. Oxford University Press, 1961. 427 p.

483



Cmpoumenvcmeo

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25

26.

27.

28.

29.

30.

31.

32.

Schueller, W. Horizontal-Span  Building  Structures /
W. Schueller. John Wiley and Sons, 1983. 594 p.
Edmondson, A. C. A Fuller Explanation: the Synergetic
Geometry of R. Buckminster Fuller/ A. C. Edmondson.
Pueblo: Emergent World Press, 2007. 339 p.

Bai, Y. Novel Joint for Assembly of All-Composite Space
Truss Structures: Conceptual Design and Preliminary
Study / Y. Bai, X. Yang // Journal of Composites for Con-
struction. 2012. Vol. 17, No 1. P. 130-138.

Gerrits, J. M. An Architectonic Approach of Choosing
a Space Frame System / J. M. Gerrits // Lightweight Struc-
tures in Architecture, Engineering and Construction. 1998.
Vol. 2. P. 992-999.

Makowski, Z. S. Development of Jointing Systems for
Modular Prefabricated Steel Space Structures/ Z. S. Ma-
kowski // Proceedings of the International Symposium.
Warsaw: IASS Polish Chapter, 2002. P. 17-41.

Tubular Space Trusses with Simple and Reinforced
End-Flattened Nodes-an Overview and Experiments/
de S. A.L. Andrade [et al.] / Journal of Constructional
Steel Research. 2005. Vol. 61, No 8. P. 1025-1050.

Yang, X. Structural Performance of a Large-Scale Space
Frame Assembled Using Pultruded GFRP Composites /
X. Yang, Y. Bai, F. Ding// Composite Structures. 2015.
Vol. 133. P. 986-996.

I'oponenxuii, A. C. KomnbloTepHble MOJEIH KOHCTPYK-
muii / A. C. T'opogmenxuii, U. . EB3epoB. Kuen: ®axr,
2005. 344 c.

Innovations in Design and Construction of the New Stadiums
and Gymnasiums for the 2008 Beijing Olympic Games /
X. Liu [et al.] // Journal of the International Association for
Shell and Spatial Structures. 2011. Vol. 52, No 1. P. 39-52.
Xomnormos, U. C. IlpumeHeHue pemeTryaTblx MPOCTPAHCT-
BEHHBIX METAUIMYECKHX KOHCTPYKIHMI B MOKPBITHSX Ma-
muHEeIX 3an0B I'DC/ U. C. Xonomnos, M. U. bans3an-
HukoB, B. 0. Annaro // Bectauk Bonrl'ACY. Cep. Ctpou-
TeIbCTBO U apxuTekTypa. 2012. T. 47, Ne 28. C. 225-232.
Engel, H. Structure Systems / H. Engel. Ostfildern: Hatje
Cantz, 2009. 352 p.

Tashakori, A. Optimum Design of Cold-Formed Steel
Space Structures Using Neural Dynamics Model / A. Ta-
shakori, H. Adeli// Journal of Constructional Steel Re-
search. 2002. Vol. 58, No 12. P. 1545-1566.

. Tpodmmos, B. 1. Crpyxryprsle konctpykmum / B. W. Tpo-

¢mmos, I'. B. beryn. M.: Crpoiinsnar, 1972. 172 c.
Kupcanos, M. H. Cratuueckuii pacder U aHaiu3 HpoCT-
paHCTBeHHOH cTepxHeBoil cucremsl / M. H. Kupcanos //
WmxenepHo-crpoutensusiil xkypHain 2011. T. 24, Ne 6.
C. 28-34.

[Humanosckuit, B. H. OnTuMansHOe  NpOEKTHPOBaHUE
MIPOCTPAHCTBEHHBIX pemerdaTsix nokpertuii / B. H. Iu-
maHoBckuii, B. H. F'opzees, M. JI. I'pun6epr. Kues: Byni-
BeNbHUK, 1987. 223 c.

Makowski, Z. S. Space Frames and Trusses/ Z. S. Ma-
kowski // Constructional Steel Design. an International
Guide. London: Elsevier, 1992. P. 791-843.

Ramaswamy, G. S. Analysis Design and Construction
of Steel Space Frames/ G. S. Ramaswamy, M. Eekhout,
G. R. Suresh. London: Thomas Telford Ltd, 2002. 262 p.
Lan, T.T. A Study on the Optimum Design of Space
Trusses-Optimal Geometrical Configuration and Selection
of Type/ T.T.Lan, R. Qian// Shells, Membranes and
Space Frames. Proc. IASS Symp. Amsterdam: Elsevier,
1986. P. 191-198.

Chen, W. F. Handbook of Structural Engineering, Second
ed./ W. F. Chen, E. M. Lui. CRC Press. 2005. 1768 p.
AHaJIM3 CYLIECTBYIOLIMX Y3JIOB CONPSDKEHUS MPOCTPAHCT-
BEHHBIX KOHCTPYKIHMHA M pa3paboTka cOOpHO-pa3dopHOTO

484

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

y3noBoro snementa/ U. C. UmxyTtoB [u ap.] // BectHux
MI'CV. 2013. Beim. 3. C. 61-71.

Stephan, S. Reticulated Structures on Free-Form Surface /
S. Stephan, J. Sanchez-Alvarez, K. Knebel// Stahlbau.
2004. Vol. 73, No 8. P. 562-572.

Karanosckuii, JI. O. HoBble pemieHus y3JIOBBIX COEIUHE-
HUH CTepKHEH CTPYKTYPHBIX M OJHOCIOHHBIX pelreTda-
TeIX KoHCTpYKumii / JI. O. Karanosckuii // 30ipHUK HayKo-
BUX Mpalb YKPaiHCBKOTO HAyKOBO-AOCTIJHOTO Ta IPO-
eKTHOTO IHCTHTYTY CTaJeBHX KOHCTpyKLii imeni B. M. I1Iu-
MaHoBcbkoro. 2010. Ne 5. C. 192-198.

Xucamos, P. 1. Pacuer u KOHCTpyupoBaHUE CTPYKTYPHBIX
nokpertuii / P. U. XucamoB. Kues: ByniBenpauk, 1981.
79 c.

3yesa, U. . BrnusHue momatiauBocTH OONTOBOTO COEAU-
HEHHMS Ha HaIpsHKEHHO-Ie()OPMHUPOBAHHOE COCTOSHHUE
CTPYKTYpHBIX KoHcTpykumii/ U. U. 3yeBa, B. B. 3yes//
Bectauk ITHUITY. CtpoutensctBo u apxurexrypa. 2010.
Ne 1. C. 40-46.

3yeBa, . 1. Oco0eHHOCTH TIPOEKTHPOBAHUS CTPYKTYp-
HeIX KoHcTpykmmid THma «LIHUUCK»/ U. W. 3yesa,
C.JI. BanoBa // Bectuux ITHUITY: Ctpoutensctso u
apxurektypa. 2013. Bem. 1. C. 91-97.

Typ, B. . BiusiHue nogaTtiauBOCTH Y3JIO0BBIX COCIUHEHUN
Ha HaNpsDKEHHO-IEe(OPMHUPOBAHHOE COCTOSIHHE METaJUIH-
yeckoro ceryaroro kymoia/ B. U. Typ, A. B. Typ // ®yn-
naMeHTalibHEIe uccaegoBanus. 2014, Ne 6. C. 1165-1168.
Cropoxenko, JI. I. TIpocTopoBi crane3anizo0eTOHHI CTPYK-
typuo-BanToBi mokputts / JI. I. Cropoxenko, I'. M. Taciii,
C. A. I'anuenko. [TonraBa: TOB «ACMI», 2015. 216 c.
Cropoxenko, JI. I.  OcobiauBocTi  KOHCTPYKTHBHOIO — pi-
IICHHS Ta IPOEKTYBaHHSA NOBHOPO3MIPHOTO EKCHEepUMEH-
TaJIBHOTO 3pa3Ka CTPYKTYPHO-BAaHTOBOTO CTase3alli300€TOH-
Horo mokpurrs/ JI. I Cropoxenko, I'.M.Taciii// 306ip-
HUK HaykoBHX mpamp. Cep. ['amyseBe MammHOOYTyBaHHS,
OyniBauurBo / IlonTaBchkuii  HAI[iOHANBHUIT  TEXHIYHUIA
yuiBepcuter ims IO. Konaparioka. TlonraBa: IToarHTYVY,
2016. Bur. 46, Ne 1. C. 52-60.

Croposxenko, JI. I. HoBi crane3anizo0eToHHI CTPyKTypHO-
BantoBi koHctpykuii/ JI. I. Cropoxenko, I'. M. Iaciii,
C. A. l'aruenko // 36ipHuk HaykoBux mpans. Cep. Iamy-
3eBe MammHOOynyBaHHsS, OymiBHUNTBO / [lonTaBchkuit
HallloHabHKIT TexHiuHuid yHiBepcutet ims 0. Konaparro-
ka. [Tonrasa: [TontHTY, 2014. Bur. 40, Ne 1. C. 91-96.
Taciit, . M. OcHOBH (OPMOTBOpPEHHS i IPOEKTyBaHHS
MIPOCTOPOBHX ITOKPHUTTIB i3 CTPYKTYPHO-BAHTOBHX CTalle-
3anizo0eronHux KoHCTpyKuiii / I'. M. I"aciit / Ctpoutens-
CTBO, MaTepHaNoBeIcHHE, MALTMHOCTPOCHHUE: €O. Hayd. Tp.
2016. Bum. 87. C. 48-53.

laciit, [. M. Amnani3 HanpyXeHO-Ie(OpMOBAHOTO CTaHY
TparenienofiOHo1 cTajaeBol IUIACTUHH By3Na 3’€JHAHHSI
eJIEMEHTIB HIKHBOTO MOsiCa EKCIIEPHMEHTAIBHOI CTPYK-
TYPHO-BaHTOBOI CTae3ai300€TOHHOI MIIHAPUYHOT 000-
nouku / I'. M. Taciit / 36ipuuk HaykoBux mpaip YkpAY3T.
Xapkis: YrpIV3T, 2016. Bun. 162. C. 41-47.

Taciit, I'. M. Hanpy»xeHo-nedopMoBanmii cTaH cTajieBoi mia-
CTHHH TPSMOKYTHOI (DOpMH By3Ja 3’€IHAHHS CTPIKHEBHX
€NIEMEHTIB CTPYKTYPHO-BAaHTOBOI CTajIe3ai300eTOHHOI M-
minapuaHoi obononku/ I'. M. Taciii// Bicank OJIABA.
Opneca: 3osHimpexnamcepgic, 2016. Bur. 62. C. 215-219.
Taciii, I'. M. ExcriepiMeHTanbHI TOCHIIKEHHS CTPYKTYp-
HO-BaHTOBHX TOKpHTTIB/ I'. M. I'aciii // 30ipHUK HayKo-
Bux mpanb. Cepis: ramy3eBe MamMHOOYIyBaHHS, OyIiB-
HUNTBO / [lonTaBchKkHi HALIOHANBHUNA TEXHIYHUN YHIiBEp-
curet ims lO. Konaparioka. Ilonrasa: TlontHTY, 2014.
Bum. 42, Ne 3. C. 47-51.

IToctynuna 27.10.2016
INoanucana B nedats 06.01.2017
Ony6nukoBana onyaifa 28.11.2017

Hayka
urexHuka. T. 16, Ne 6 (2017)



Civil and Industrial Engineering

DOI: 10.21122/2227-1031-2017-16-6-485-492

VK 625.745; 699.8

HccnenoBanue npouecca HaAABMKKHU CTaJIesKes1e300€TOHHOTO
NPOJIETHOT0 CTPOEHHUsI 00JIbIIMX MOCTOB

) )

Kanna. TexH. Hayk B. A. l"peqyxvm1 , MarucTp TexH. Hayk A. 1O. Joces’
1)Ee:nopyCCKI/Iﬁ HaIlMOHAJILHBIA TeXHUYECKU yHUBepcuTeT (MuHCK, Pecniybnmka bemapych),
I «Benrunponopy (Musck, Peciy6mrka Benapycs)

© benopycckuii HalMOHANBHBIN TEXHUYECKUH yHUBepcuteT, 2017
Belarusian National Technical University, 2017

Pedepat. MocTs! siBisitoTCA HanboJee CI0XKHBIMH, TPYAOEMKUMH M JOPOTOCTOSIIIUMHU IEMEHTaMU JOpOoXKHOU ceTn Pecmy0-
muku benapyce. I103TOMy HMX CTPOUTENBCTBO U 3KCIUTyaTalus JIOJDKHBL OCYLIECTBIISATBCS HA BBICOKOM TEXHOJIOTHYECKOM
ypoBHe. OJJTHUM N3 COBPEMEHHBIX MHIyCTPHAIBHBIX METOIOB SIBISICTCS IUKJINYHAS IIPOTOJIbHAS HA/IBIDKKA OONBIINX IIPONIET-
HBIX CTPOEHMH, JaroIas BO3MOXKHOCTh OTKa3aThCsl OT JOPOTOCTOSIIUX BCIOMOTaTeNbHBIX COOPYKEHUH M COKPAaTUTh CPOKU
CTPOHTENBCTBA. B 3aBHCHMOCTH OT YCIIOBHIA CYZ0XOACTBA U JUIMHBI MPOJIETa MPOJONbHYIO HAJ[BIKKY IPHMEHSIOT B HECKOIIb-
KHX BapHaHTax: 0e3 aBaHOEKa, C aBaHOEKOM, C «BEpXHHM)» INMPEHTeIeM B BUJE BAHTOBOI CHCTEMBI, CO INMPEHTENeM, pac-
TIOJIO’KCHHBIM TI0]] IPOJIETHEIM cTpoeHreM. [Ipy Mcnonp30BaHNN METOAa MUKIMYHON NPOJOIBHON HAaIBIKKH IIPOLECC U3TO0-
TOBJICHHSI MPOJIETHOTO CTPOCHHsI KOHLEHTpUpyeTcsi Ha Oepery. OCHOBHasi 3aja4da MCCICIOBAHUS — BBHIOOP IKOHOMHYHOTO,
OBICTPOTO M TEXHOJOTHMYECKH MPOCTOr0 BUIA LUKINYHON MPOJONBHON HAABHKKH C HAUMEHBIIUMH PECypco- U TpyLo3arpa-
tamu. [IpoBeneHO cpaBHEHHE HaJBIDKKH IIPOJISTHOTO CTPOCHUS C HCIIOJIL30BAaHHUEM CIEHHANTEHO COOPYKEHHBIX B IIPOJICTE
BPEMCHHBIX OIIOP M MO KallMTaJlbHBIM OIlIOpaM C IOMOIIBIO aBaHOeKa. BbIBO}lbI, CACJIaHHBIE Ha OCHOBAaHUHM PACHYETOB KOH-
CTPYKTHBHBIX 3JIEMEHTOB METAJUIMUECKOW YacTH MPOJETHOTO CTPOCHHS IO Hecylleil CIOCOOHOCTH CEYCHHH 3JIEMEHTOB
TIPU HAJ[BIDKKE, a TAKOKE B IIPOIECCE OMOHOIMYMBAHUS JKEJI€300€TOHHON IUINTHI M HAa CTaJUM SKCIUTyaTalluy, TTOKa3alH, 9TO
MOHTaX IIPOJIETHOTO CTPOCHUS C MPUMEHEHHEM BPEMEHHBIX OIOP HE CHIDKAET PacXoJ CTAHM IO CPAaBHEHHWIO C BapHAHTOM
6e3 Hux. Pe3ynbpTaThl NpoBEJEHHBIX HUCCIIEN0BaHUM anpoOupoBansl coBMecTHO ¢ [Tl «benrunponop» npu nNpoeKTupoBaHUU
mocra uepe3 p. Cox.

Knwuesrbie cioBa: MOCTBI, CTPOUTECIIbHO-MOHTAKHbIC pa60TI)I, HUKJINYHas OpoJAOJIbHasd HaJABHKKaA, BCIIOMOI'aTCIbHBIE CO-

OpY’KEHUs, aBaHOEK, CTaIesb, BDEMEHHBIE OMOPBI

Jas uutupoBanmsi: ['peuyxun, B. A. HccnenoBanue mporecca HagBIKKU CTaJeKeNe300€TOHHOTO MPOJIETHOTO CTPOSHMS
Oonpmmx MoctoB / B. A. I'peuyxun, A. 0. Jloces // Hayxa u mexuuxa. 2017. T. 16, Ne 6. C. 485—492. DOI: 10.21122/2227-
1031-2017-16-6-485-492

Investigation of Launching Process
for Steel Reinforced Concrete Framework of Large Bridges

V. A. Grechukhin”, A. Yu. Losev?”

YBelarusian National Technical University (Minsk, Republic of Belarus),
? State Enterprise “Belgiprodor” (Minsk, Republic of Belarus)

Abstract. Bridges are considered as the most complicated, labour-consuming and expensive components in roadway net-
work of the Republic of Belarus. So their construction and operation are to be carried out at high technological level. One of
the modern industrial methods is a cyclic longitudinal launching of large frameworks which provide the possibility to reject
usage of expensive auxiliary facilities and reduce a construction period. There are several variants of longitudinal launching
according to shipping conditions and span length: without launching girder, with launching girder, with top strut-framed beam
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in the form of cable-stayed system, with strut-framed beam located under span. While using method for the cyclic longitudinal
launching manufacturing process of span is concentrated on the shore. The main task of the investigations is to select eco-
nomic, quick and technologically simple type of the cyclic longitudinal launching with minimum resource- and labour inputs.
Span launching has been comparatively analyzed with temporary supports being specially constructed within the span and
according to capital supports with the help of launching girder. Conclusions made on the basis of calculations for constructive
elements of span according to bearing ability of element sections during launching and also during the process of reinforced
concrete plate grouting and at the stage of operation have shown that span assembly with application of temporary supports
does not reduce steel spread in comparison with the variant excluding them. Results of the conducted investigations have been
approbated in cooperation with state enterprise “Belgiprodor” while designing a bridge across river Sozh.

Keywords: bridges, building-and-erection works, cyclic longitudinal launching, auxiliary facilities, launching girder, building
slipway, temporary supports

For citation: Grechukhin V. A., Losev A. Yu. (2017) Investigation of Launching Process for Steel Reinforced Concrete

Framework of Large Bridges // Science and Technique. 16 (6), 485-492. DOI: 10.21122/2227-1031-2017-16-6-485-492

OkoHOoMHUueckoe pa3Butue PecrmyOnuku bena-
PYCh HaNpsIMYIO CBS3aHO C CO3JAaHHEM Pa3BUTOH U
3 dexTnBHO paboTaromieil TPaHCIOPTHOW CETH
aBTOMOOWJILHBIX W JKEJIE3HBIX JOpOr. MOCTHI sB-
JSIOTCS HAauOOJIee CIIOXKHBIMU, TPYAOSMKUMHU U
JIOPOTOCTOSIIIMMHU  IIEMEHTaMH, COOTBETCTBEHHO
UX CTPOUTENHCTBO M AKCILUTYaTalHs TAKXKE TOJKHBI
OCYIIECTBISTHCS Ha BBICOKOM TEXHOJIOTUIECKOM
ypoBHe. bosbmme mponersl W TUHAMHYECKHE
Harpy3kd Ha COOpY>KEHHS TUKTYIOT CBOU TpeOoBa-
HUS K UX BO3BeJeHHIO. Kpome Toro, paznuuHbIi
HAa0Op TEXHUKU B TOAPSIHBIX OPraHU3ANHAX TaK-
YK€ BIHSAET Ha TEXHOJIOTHIO CTPOUTEIHCTBA MOCTOB.

KadecTBeHHOE BBINOIHEHHE CTPOUTEIHHO-MOH-
TaXXHBIX PabOT CBSA3aHO C MIUPOKUM MPUMCHCHHUEM
TUTOBBIX KOHCTPYKIUHN, W3rOTOBICHUEM 3JIEMEH-
TOB B TPOMBIIUIEHHBIX YCIOBUSIX W MOHTaXOM
BBICOKOMEXaHU3UPOBAHHBIMA TPHEMaMHU.

Metoa UMKIMYHOM TMPONONHHOM HAIBUXK-
ku (LIITH) mponeTHBIX cTpoeHHi Ha CerOMHSIIHUMA
JeHb — OAMH M3 Hanboyee BOCTPEOOBAHHBIX NPHU
CTPOUTENBCTBE MOCTOB C OOJNBIIMMH TPOJETA-
mu. [Ipn ero mpuMeHeHMH OOECTIEUYMBAETCS BO3-
MOKHOCTH OJIHOBPEMEHHOTO CTPOUTENBCTBA OIOP.
B pesynbTare MOXHO OTKa3aTbCsi OT JOPOTOCTOS-
IIMX BCIIOMOTATEIbHBIX COOPYKEHHUM, COKPATHUTh
CPOKH CTPOWTENILCTBA U HE OTPaHUYHMBATH JBHKE-
HUE TPAHCIIOPTa Ha MEePHOJ CTPOUTEIHCTRA.

Kak moka3bpiBaeT NMpakTHKa, B 3aBUCUMOCTH OT
YCIIOBUHM CYAOXOJICTBAa U JUIMHBI MPOJIETA MPOIOIb-
Has HAJIBUKKA MOXKET MPUMEHSTHCS B HECKOJIBKUX
BapuaHTax: Oe3 aBaHOeKka, ¢ aBaHOEKOM, C «BEpX-
HUM» IITIPEHTeNIeM B BUJIE BAHTOBOW CHCTEMEI, CO
HINPEHTeNeM, PACIOJIOXKEHHBIM TOJ MPOJIETHBIM
cTtpoeHueM. [IpenMyIiecTBOM TakoW TEXHOIOTHUH
ABJIAETCS TO, YTO TPOJIETHOE CTPOCHUE COOHMpaeTcs
Ha Oepery. DTO 3HAYMTENHHO YIPOIIAET MPOIECC
KOHTPOJII KadecTBa W TIO3BOJISIET OPraHW30BaTh
KPYTJIOTOAWYHBIN MPOLIECC TPOU3BOJICTBA PAOOT.
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OCHOBHas 11eJib MCCIICIOBaHMS — BBIOOp ONTH-
MaJIbHOTO TUIIAa UUKJIMYHOW MPOJOIBHOW HaJIBHXK-
KH CTaJIeKeJIe300€TOHHOTO MPOJIETHOTO CTPOCHUS
0OJIBIIUX MOCTOB.

3aaun, MOCTABJICHHBIC B XOJIC UCCIICIOBAHMS:

— U3yYEHUE OCHOBHBIX METOJIOB IMPOJOJLHOM
HaJBIKK;

—pacueT W aHaJM3 CTaleXeIe300eTOHHOTO
MPOJICTHOTO CTPOCHHUS HA CTaJWH HAJIBWKKUA W
JKCIUTyaTallHu;

— ONpEJENICHUE N0 pe3ysibTaTaM PacdeToB OIl-
TAMaJIBHOTO METOJIa MPOAOIHHON HAJBIKKH TIPO-
JIETHOTO CTPOCHHS.

Pesynbrarel nccnenoBaHuid mporecca HaBUX-
KH CTaJICkKEJIe300€TOHHOTO MPOJIETHOTO CTPOCHUS
anpobuposansl coBMmecTHO ¢ [Tl «benrumpomop»
MIpU TIPOEKTHpPOBaHUK MocTa depe3 p. Cox (pac-
yeTHas cxema: 69 + 84 - 5+ 69 = 558 m).

HuknudHas mpomoibHasi HAIABMXKKA HCTIOIB3Y-
€TCSl TIPU COOPYKEHHH CTaliekene300€TOHHBIX
MIPOJIETHBIX CTPOCHUH B BUE HEPa3pe3HBIX OaloK,
M3rOTABIIMBACMBIX CEKIIMSIMH Ha CTaresie Ha OJHOM
u3 6eperos peku [1-11].

OcoGeHHoCTH MeTO1a!

— HaJBWKKY TTPOU3BOMST B IIOHI)KEHHOM YPOB-
He (Ha ypoBHE MOA(EpPMEHHHUKOB) 10 yCTPOWCTBA
mKaHOW CTEHKU YCTOos (I 00eCrieueHUs] MUHH-
MaJbHOW BEJIMYMHBI OMYCKAHUS MPOJICTHOTO CTPO-
SHUS TIOCIIC HAIBUKKH);

— mKadHYI0 CTEHKY OCTOHHPYIOT IOCIIe Haj-
BIDKKH TIPOJIETHOTO CTPOEHUS, a 3aTEM JOCHIMAIOT
HACBIIb TIOJIX0/13;

— IMPU HAJIBWXKKE MPUMCHSIIOT JICOSIKH, TIOJHC-
MAaCThl, TUIPABIUYCCKHE IOMKPAThl U CIICIIAATb-
HbIE HAKaTOYHBIE YCTPONCTBA.

IIpononbHas HaABMKKA TPOJETHBIX CTPOCHUMN
MPOU3BOAUTCS: C WCIIOJIE30BAHUEM CIICIHAIBHO
COOPYKCHHBIX B TIPOJIETaX BPEMEHHBIX OIIOp; IO
KalMTaIbHBIM OIIOpaM; C TIOMOIIBIO MTEPEKATOYHBIX

Hayka
urexHuka. T. 16, Ne 6 (2017)



Civil and Industrial Engineering

U IUIaBYYHX OIOp; MO CIUIONIHBIM ITOIMOCTAM (Ha
HepEeKaTOYHBIX TeNekKKaxX, IaTdopmax u 1. 1.).

B nanHOM mccnenoBaHUM MPOBECHO CPaBHEHHE
JIByX HanOoJee 4acTo IMPHMEHSIEMbIX pPa3HOBHIHO-
CTel HaJBIKKH TPOJIETHOTO CTPOCHHS: C HCIIONB30-
BaHMEM CIICLMAIbHO COOPY)KEHHBIX B MpOJIETe Bpe-
MEHHBIX OIop (BapuaHT 1) ¥ MO KanMTaJIbHBIM OIO-
paM ¢ ToMoIIIbI0 aBaHOeKa (BapHaHT 2).

MoHTa:K NPOJIETHOT0 CTPOCHUS!
1o Bapuanry 1

Ha texHonormyeckoi miomaake ycTpauBarOTCS
nepekartoynele omnopel. JByms kpaHamu PIIK-25
TPY30ITOABEMHOCTHIO TI0 25 T Ha COOPOYHBIX KIICT-
Kax coOHupaercs mepBasi CEKIUs MPOJETHOTO CTPO-
eHus JUIMHOM 58,9 M ¢ KOpOTKUM aBaHOEKOM. BbI-
BEPSAETCSI CTPOUTENIbHBIM MOJbEM U IPOU3BOIUTCA
MOHTaX TepeKaTOYHBIX ycTpoiictB. Ha omope 1
3aKPEMISIOTCS. YIOPHl Ul BOCHPUSTHA YCWIMN
ot pomkpatoB (puc. 1). Ha TeuitbHOM KOHIE Tep-
BOHl CeKIMM KpemuTcs TAroBas Tpasepca. [Ipoms-
BOJWTCSI YCTAaHOBKA TPEX IOMKpPATOB I'Py30MOAB-
€MHOCTBIO 185 T, 00bEeIMHEHHBIX OOIIMM Macio-
mpoBogoM oT HacocHod ctanuuu HCII-400.
JloMkpaTamMu rpy30nogbeMHOCTBIO 20 T mpoJeT-
HOE CTPOCHHE CHUMAETCSI CO COOPOYHBIX KIETOK H
OITYCKaeTCs Ha MePEeKaTOUYHbIE OTIOPHI.

B nponere 1 MoHTHpyeTcs BpeMeHHas omopa
W3 WHBEHTApHBIX MeTauokoHcTpykimin MUK-C.
JomMkpatamu rpy3onoaseMHOCTRI0 185 T mponet-
HOE CTpOEHHE IepemMeniaercs B mposeT 1 Ha pac-
crosiaue 34,5 m. IIpousBoauTes 3aKJIMHKA MPOJIET-
HOT'O CTPOCHHMSA Ha HAKAaTOYHBIX YCTPOWMCTBaxX H
JEMOHTHPYIOTCS TATOBBIE ycTpoiictBa. Ha c6o-
POYHBIX KJIETKaX BeIETCS MOHTaX OJIOKOB MpPO-
netHoro ctpoeHust 5x21 M. Ilomoxkenue OIOKOB
IPU MOHT@XE PETyIHpYyeTcs IOMKpaTaMu Ipy30-
norbeMHOCTRIO 20 T. 3aTeM 3aKperisieTcs] TOIKa-
IOIl[ee YCTPOMCTBO M KOHEI] MPOJIETHOTO CTPOEHUS

packpyXajluBaeTcsi ¢ YCTaHOBKOM Ha IepeKkaTod-
HBIC yCTpOlicTBa (puc. 2).

B nponere 2 MoHTHpyeTCS BpeMeHHas OMopa
W3 HHBEHTapHbIX MeTaiokoHCTpyKimid MUK-C,
IIPOJIETHOE CTPOCHUE IOMKpaTaMH IepeMeniaeT-
ci Ha 42 M M 3aKJIMHUBAeTCs HAa HAKAaTOYHBIX
YCTpOMCTBax. J[EMOHTUPYIOTCS TATOBBIE YCTPOM-
CTBa, U Ha COOPOYHBIX KJIETKAX MOHTHUPYIOTCS ABa
0JI0Ka TIPOJIETHOTO CTPOSHUS AiuHOM 1o 21 M. 3a-
KperuisieTcsl Tojdkaruiee ycrpoiictso. Koner mpo-
JIETHOTO CTPOEHUS PACKpy)KaJUBaeTCAd C yCTAHOB-
KOM Ha nepekaTodHble ycTpoiicTBa. Tonkaromumu
YCTPONCTBaMU MPOJIETHOE CTPOEHHUE NEPEMEIaeT-
Csl 10 OMOpPHI 3 M HAJABUraeTCs Ha HeEe IOCNE BBI-
OOpKHU TIporuda KOHCOJIH.

B nponere 3 ycraHaBnuBaeTcs BpeMeHHas
oropa, cMoHTHUpoBaHHas Ha tardgopme [IMK
W3 WHBEHTApHBIX MeTammokoHcTpykunid MMUK-IT
n MUK-C. IlponetHoe CTpoeHHE HaJBHUraeTcs B
MIPOJIET Ha paccTossHue 42 M 10 BPEMEHHOI OMOPHI.
[IpousBonuTcs 3aKIIMHKA MEPEKaTOUHBIX YCTPOMNCTB,
JEMOHTUPYIOTCSI TATOBBIE YCTPONCTBA W MOHTH-
PYIOTCSl YeThIpe OJIOKa MPOJIETHOTO CTPOSHHs. 3a-
TEM MOHTHPYIOTCS TSATOBBIE OOYCTPOWCTBA M ya-
JSeTcs 3aKJIMHKa IepeKaTOYHBIX OOYCTpOMCTB.
[ocne nepemernieHust MPOIETHOTO CTPOSHUS 10 OIIO-
pbl 4, BBIOOpKH TIporuba W HaJABWKKH IMPOJIETHOTO
CTPOEHHUSI Ha Omopy 4 NpOU3BOIUTCS MeEpeyCTpoii-
CTBO BpeMeHHOH onopsI Ha 1atdopme [IMK.

Jlanee MOHTa)K MPOJIETHOTO CTPOCHHUS HA TEXHO-
JIOTUYIECKOH IUIOIIAIKE BEAETCA CEKIUSIMU I10 YeTbI-
pe Onoka u paboThl MO HAJBHKKE C KOHBEHEPHO-
TBUTOBOI COOPKOM BBITTOTHSIFOTCS aHAJIOTUYHO.

[TonHOCTBIO COOpaHHOE IIPOJIETHOE CTPOCHHE
HaJBUTAeTCsl HAa OMOpY 8 W JAOMKpaTaMH Tpy30-
noaseMHOCThIO 500 T MOAHKMMAaeTCsl Ha OIMOpHBIE
kieTku. Ilocime 3Toro BpeMeHHbIE ONOPHI U HaKa-
TOYHBIE YCTPOMCTBA AEMOHTHPYIOTCS U MIPOJIETHOE
CTpOEHHME TEMH XK€ JOMKpaTaMH OITyCKaeTcsi Ha
OIIOpHBIE YaCTH.

Hanpabnenue Hadbuxky
flepexamonan Kapemka
nodbuxuan
Y 21000 21000 6900 0500 Abandex
Tonkanuee ycmpotcmbo [ —
« HH JURHNI W HH\WHH UM UAHANA
/
(Bopowan nrowaika | Huxrtd HOKGMOHeI] nYME Lxom
Tazobse ycmpotcmba

Puc. 1. COopka mepBoii IIIeTH NPOJETHOTO CTPOSHUS C KOPOTKUM aBaHOEKOM

Fig. 1. Assembly of 1% segment for span with short launching girder
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Puc. 2. Cxema HaJBUKKH NPOJIETHOTO CTPOEHUS B mpoJieTe 1

Fig. 2. Scheme of launching for span in bay 1

B 3axmrouenue mpom3BOAATCA JTOOETOHHPOBA-
HUE IIKaQHBIX CTEHOK M JIOCHIIIKA HACBINU. YKIa-
JIBIBAFOTCS TUTUTHI MPOE3KEH YacTu MocTa, Oero-
HUPYIOTCS CTHIKH, YCTPAUBAIOTCA TPOTYaphl, IIEPH-
J1a ¥ OTpaKJCHUE TIpoe3/a.

MoHTAak NPOJIETHOI0 CTPOCHUS
10 BAPMAHTY 2

Ha nmomanke aiisi cOOpKH M HAJBIKKUA TPO-
JIETHOTO CTPOCHUSI, PACIONOKEHHOW Ha Oepery,
MIPOU3BOAUTCS OOYCTPONCTBO CTallebHBIX OIIOP.
Ha cOopouHBIX KIeTKax coOMpaeTcs nepBast IIeTh
TPOJICTHOTO CTPOEHMS ¢ aBaHOSKOM JUTMHOH 31,5 M.
Oo6mas amuHa et 90,4 M (puc. 3).

Hanpabnerue Hadbuxku

93600 6500

Ha nponetHoe cTpoeHMe HaBemMBaeTCS TOJ-
Karolllee YCTPOMCTBO, Ha KIETKaX BBIKJIQABIBAIOTCS
3BEHbsSI TAT U yCTpaMBAaeTCAd MX aHKEPOBKA 3a aH-
KEpHOE yCTPOWCTBO, YCTAHOBIEHHOE HAa YCTOE.
[IponetHoe cTpoeHne cCHUMaeTcs cO COOPOUHBIX
KJIETOK M OITyCKaeTcsd Ha HaKaTOYHBbIE yCTpOWCTBa
JIOMKpaTaM#, KOTOpbIE Ha KaKIOW OIOpe JTOJDKHBI
paboTath OT cBOeW HacocHO# craHmmu. IIpemBapm-
TEJILHO Ha KpalHel JOMKpaTHOH Oalike MpOJIeTHOrO
CTPOCHHUsSI HEOOXOIUMO YCTAHOBUTDH JOMOJHUTENb-
HBle pebpa xkectkocTh. OIyckaHWe TIPOJIETHOTO
CTpOEHMs Ha MEpEeKaTOYHBIE YCTPOWCTBA NMPOU3BO-
ISIT TIOCTIEI0BATENbHO, HAYMHAsL C ONOpHI 1, 3aora-
My 110 10 cM Ha KaKIOM M3 YETHIPEX OMOPHBIX Y3-
JIOB JIOMKPATOB.

21000 21600

M\ Hxanosoe yompoicnbo

16900 31500 v

b

\ )

A i
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Puc. 3. Coopka IpoJIeTHOTO CTPOSHHUS C aBaHOCKOM Ha COOPOYHBIX KIETKaxX

Fig. 3. Assembly of span with launching girder in assembled casings
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IIpu omyckanuu (MOABEME) TPOJIETHOTO CTPO-
eHHs co COOpPHBIX KJIETOK Ha HAaKaTOYHBIE YCTPOU-
CTBa JIOMKpATHI JIOJDKHBI Pab0TaTh OJHOBPEMEHHO
TOJIBKO B IBYX TOYKaxX Ha OJHOW W3 OTOp, TAE OHU
YCTaHOBJICHBI, OMYCKaHHNE JTOJKHO MPOU3BOAUTHCS
paBHOMepHO 6e3 mepekocoB. llpu mpoBeaeHHUn
JMAHHBIX OIepaluid Ha OMOopaxX BBIKJIAIBIBAIOTCS
CTPaxOBOYHBIEC KIIETKH, HapallMBaHUE U paz0opka
KOTOPBIX TIPOM3BOJIUTCS TIOCTETICHHO II0 Mepe
MOIbeMa WM OIYCKaHHUS MPOJETHOTO CTPOCHUS.
JomMkpaTel (IIOMHMO  CTPaxOBOYHBIX  KIIETOK)
JIOJDKHBI OBITh CHA0XXEHBI TPEHOXPaHUTEILHBIMA
nonmykonbiiamu. [Ipu omyckanuu (mogbeme) IMpo-
JIETHOTO CTPOCHHUSI TPEBBIIICHUE OJHOTO KOHIA
HaJ JPYTUM B TIONEPEYHOM HAMpaBICHUU JOIYC-
Kaercs He Oonee yeMm Ha 10 MM.

CHsiTre cOOPaHHOTO MPOJIETHOTO CTPOCHUS CO
COOPOYHBIX KIIETOK M OMYCKAaHHWE €ro Ha HaKaTo4-
HBIE YCTPOMCTBA MPOU3BOAUTCS IOCIE TeoIe3uye-
CKOTO KOHTPOJISI CTPOHUTENHHOTO TMOJbeMa, ycTa-
HOBKH U 3aTSKKH BHICOKOTIIPOYHBIX OOJITOB BO BCEX
y3nax. [locne ycTaHOBKM Ha HAaKaTOYHBIE OMOPEI
MPOJIETHOE CTPOEHWE BBIABUTAETCS B Mpojer 1
Ha 31,5 M (cBec aBanOeka ot ocu omopsl 31,9 m).

[locne HanBMXKM COOpaHHOW CEKLWHU MPOJIET-
HOTO CTPOCHHMS B TIEPBBIA MPOJET A0 OMOPHI 2
NPOM3BOAMTCS 3aKJIMHKA MPOJIETHOTO CTPOSHUS Ha
NepeKaToOYHbIX omopax. ToJKarolee ycTpoicTBO
neMoHTupyeTcs. Bo wm3bexaHne MpogoIBHOTO
CMEILEHHSI TpoJieTa 3a0MBAIOTCS KIMHBS MEXKIY
calaskaMHd W BEPXOM HaKaTOYHOTO YyCTPOWCTBA
TIOJT TIOSICOM TIPOJIETHOTO cTpoeHus. Bo n3bexanne
MOMEPEYHOr0 CMEUICHUSI MPOJIET 3aKpervisieTcs B
0okoBEIX yropax. [log KoHen HaIBUHYTOM CEeKIINN
MOJIBO/ISITCS CTPaXOBOYHBIE KJIIETKH C JIOMKpaTaMu
rpy3onoabemMHocTbio 100 T.

Ha cOopounbpIx KieTkax coOupaercs BTOpas
wiete anuHON 105 M. Ilocnme obecmevenus yria
CTPOMTENILHOTO TIOAbEMa MEXIy HaJBUHYTOH H
BHOBb COOpaHHOU IUIETHIO (C TOMOIIBIO THAPO-
JIOMKpPATOB) MPOU3BOAUTCS OGOPMIICHHE 3aMBIKa-
IONIETO CThIKA. 3aTéM BHOBb MOHTHUPYETCS TOJIKa-
IOIIEe YCTPOHCTBO M MPOU3BOAUTCS OIyCKaHHUE
NPOJIETHOTO CTPOCHHUS Ha HAKaTOYHBIE YCTPOMCTBA.
CoOpaHHbIe CEKIMM HaJIBUTAlOTCS B Tpojer 2
JI0 JOCTIXeHUs1 aBaHOexoM omopsl 3. s Bbe3na
NPOJIETHOTO CTPOCHUSI Ha ONOpPY NPOU3BOIUTCA
BbIOOpKAa Mporuda KOHCOJH HaJBUraeMOM ILIETH
W HaJBWXKa 10 ocu omopsl. Ilo mocTmwkeHun
aBaHOCKOM OCH OTIOPBI HA/IBIKKA OCTAHABIIUBACT-
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csl, JOMKpaTHas IITaHra AeMOHTHpyeTcsa. Haaprk-
Ka 3TOro 3Tala 3aBEepIIacTCs IOCIE YCTaHOBKHU
KpaHEeW TOMKpaTHOW OaJIKM IPOJICTHOTO CTpOe-
HUS Ha ocHu omopkl 3. Tokaromee yCTpOHCTBO Je-
MOHTHpYETCSI.

[Tepen cOopkoii TpeThel IIETH MPOU3BOIUTCS
BBIOOpKa Tpornba XBOCTOBOM YacTH HAABHHYTOU
metd. Ha cOOpoYHBIX KieTkax coOupaeTcs TpeThs
IUIETh TIPOJIETHOTO CTpOeHws JuinHOH 42 M. BHOBB
coOpaHHas MIeTh 00BEANHSAETCS C paHee COOpaH-
HOM aHaJOIMYHO BBIIIEONMHCAHHOMY.

MoHTHpYyeTCS TOJKALIEe YCTPOUCTBO, U MPO-
JIETHOE CTpOEHUE BbLABUTacTcsa B mponet 3. Ilpu
MPOXOXIECHUU TOCIEeTHUX 25 M 3TOro ImpoJiera
MIPOBOSITCS MEPOTIPUATHS 10 JHKBUAAINN KOJe-
0aHMI KOHCOJIM, JUIS Yero Ha MpUeMHOW omope 4
MOHTHUPYIOTCSl CIIeMaIbHBIE 00yCTpOiCcTBa, M Ha-
JBIKKA JTOJDKHA TIPOU3BOAUTECS B TEUCHHE OJTHOU
cMeHbL. JleMOoHTax 00yCTpPONCTB /ISl JIMKBUAAIIUU
KOJICOaHWH BBITIONHSAETCS cpa3y MOCie PacKIMHKU
KJIIOBA T'YChKa Ha HAKATOYHBIX IMYTSX.

[locme momxoma aBaHOeka k omope 4 00y-
CTpOMCTBA ISl JIMKBUJIAIINN KOJEOAHMA TEMOHTH-
pYIOTCS M TEPEHOCATCA Ha CIEAYIOUIYIO OIOopYy.
[IpoBoasiTcs BbIOOpKa Mporuda KOHCOMH MPOJIET-
HOTO CTPOEHHUS W HAJBIDKKA MOCIEIHEro 10 yCTa-
HOBJICHHS JOMKpPaTHOH Oalku Ha ocu omopsl 4.
HagBmkka mposeTHOrO CTPOEHMs NMPOIOJIKAETCS
JI0 3aX0/1a KOHIIA aBaHOeKa Ha HAKaTOYHBIN IMyTh.
[on HmwxHUIA TOsic aBaHOEKa TIOABOASTCS Caja3Ku
U1 JaJIbHEUIIEN HaIBUKKH.

[logpeM ruApPOMIOMKpAaTaMH MPOU3BOJUTCS 3a-
jgoramu mo 125 MM ¢ yCTaHOBKOH Ha JAOMKpaThl
CTPaxOBOYHBIX Koyel. J[eMOHTaX IOMKpaTHOM
IITaHTH TPOU3BOIUTCS TIOCIIE Bhe3/aa aBaHOEKa Ha
OTIOPY M YCTAHOBKH €r0 Ha TPOe calla3oK IO Kax-
JIoi OaITKOiA.

HanBmkka B cnemyromme mpoJieThl OCYIIEeCTB-
JIIeTCSl aHAJIOTUYHO CXEMaM, OIMUCAHHBIM BBIIIE.
[Tocne 3aBepreHns 3Tana HAABWKKH JTOMKpPAaTHAS
[ITaHra IMOJAHUMAETCS B BEpPXHEE IOJOXKEHHE U
PpacKperisieTcsl BpEMEHHBIM KPETIJICHHEM.

Jus cOopku cenpMoil, TIOCeHE# TUIeTH TPo-
JIETHOTO CTpoeHHd JuInHOW 109 M ycTaHaBnIMBaeT-
Cs TOJKAlollee YCTPOMCTBO M OCYILIECTBISETCS
HaaBwxKa. IIpn Bbe3ne aBanOeka Ha OeperoBylo
OTIOpY TNPOM3BOAUTCS BHIOOp mporuda KOHCOIH,
MOHTHpPYETCSl apbepOeK W MPOJETHOE CTPOCHHE
HaJIBUTAeTCs 10 3aX0Jla OCU KpalHeH TOMKpaTHOM
0anKu Ha OCh OnUpaHud. JeMOHTHPYIOTCS aBaHOEK
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u apbepOek. [IponeTHOe cTpoeHNE ycTaHABIUBACT-
Cs1 Ha TIOCTOSTHHBIE OTIOPHBIC YACTH.

CpaBHeHHe BbIOPpAHHBIX
BapHAHTOB HAJIBHKKH MPOJIETHOTO CTPOEHUS
M0 PacYeTHHIM XapaKTePHCTHKAM

Meton IITH, kak mpaBuiio, UCTOB3YIOT MPHU
HaJBW)XKKE NpoJjieToB nHOW 32—54 M. Ero mpu-
MEHEHUE Jiisi 0oJiee JUIMHHBIX TPOJICTOB HElese-
c000pa3Ho, TaK KaK MPUBOIUT K MEPEepacxoy cra-
JIM Ha aBaHOCK M apbepOek. Mcxoms u3 aToro npu
MMPOEKTHPOBAaHUU MocTa depe3 p. Cox ¢ mporeTa-
MU JJIMHOU 710 84 M BCTaJl BOMNPOC 1iejecoo0pa3Ho-
CTH TPUMEHEHUS BapuaHTa 2 H HM3HAYAIbHO
B Ka4eCTBE OCHOBHOTO PacCMaTpPHBAJICS BapHaHT |
C IPUMEHEHUEM BPEMEHHBIX OIOp, ITO3BOJISIFOIIAN
YMEHBIIUTH JUIMHY MPOJICTOB B JiBa pa3a.

st obocHOBaHMS BRIOOpA OJTHOTO M3 IBYX Me-
TOIOB MOHTa)Ka TPOBEJCHO HCCIEIOBAHUE TIPO-
11ecca HaJBHXKKH MTPOJICTHOTO CTPOCHUS C UCIIONb-
30BaHHUEM PACUYETHOT0 KOMILIEKCA, KOTOPBIH OCHO-
BaH Ha METOJ¢ KOHEUHBIX aiteMeHToB (FEA/MKD)
¢ npumenennem [IK MIDAS CIVIL 2015.

BriBosibI, c/caHHBIE HA OCHOBAaHMM PAaCcuUCTOB
KOHCTPYKTHBHBIX JJIEMEHTOB METAJUTMYECKOW dYa-
CTH TIPOJIETHOTO CTPOEHUS IO HECYIIEeH CIIOCOOHO-
CTH CEUYCHMIU 3JICMCHTOB IPU HAJBUKKE, & TAKKE
B TIPOIlECCE OMOHOJIMYMBAHMS IKEIE300eTOHHON
TUTMTHI U Ha CTAJIUU AKCIDTyaTallld, TIOKa3alii, YTO
MOHTaX MPOJICTHOTO CTPOCHUS IO BapHaHTy 1 He
CHI)KAeT pacxXoJi CTaJU IO CPaBHCHHUIO C BapHaH-
ToM 2. CBsI3aHO 3TO C TeM, YTO Ha CTAIUH OMOHO-
JTUYMBaHUS W OKCIUTyaTallud KOHCTPYKTHUBHBIC
3JIEMEHThI METAJTHYECKOTO MPOJIETHOTO CTPOCHUS
10 TIPUHSTHIM CEYEHHSIM TJIaBHBIX OalloK HE 00ia-
JTAIOT HEOOXOIMMOM HECYIIeH CITOCOOHOCTBIO.

J:IO B o I0

WnnuBunyans- Musentap-  Jleco- Keneso-
HBIM METalI HBII METaI MaTepHasl  OCTOH

M Bapwuanr 1 B Bapuanr 2

Puc. 4. Pacxon marepuasnoB Ha crielMalIbHbIE
BCIIOMOTaTeIbHBIE COOPYKEHHUS U YCTpOiicTBa

Fig. 4. Consumption of materials
for special auxiliary facilities and devices
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CpaBHeHHE BADHAHTOB

M0 pPacxoJy MaTepuaJioB HA ClielMaJIbHbIe
BCIIOMOTATEJIbHbIE COOPYKEHUS

U YCTPOiiCTBa, TPYA0EMKOCTH PadoT

U YHCJIEHHOCTH PadoTaAIOIINX

B cBa3u ¢ TeM, 4TO HCCIEAOBaHHME IIPOLEC-
ca HaJBIKKH MPOJIETHOTO CTPOCHHUsI MOCTa Hepes
p. Cox He BBISIBIJIO IIPEUMYILIECTBA TOTO WIIM MHOTO
BapHaHTa, CJICYIOIIUM [I0Ka3aTesIeM Il CPaBHEHUs
ObLT IPUHAT pacxo] MaTtepuaioB. CormacHo mpose-
JICHHO! BBIOOPKE MOMTYYEHBI TAKHUE PE3yIbTaThI.

Bapuanr 1: uaauBHIyanbHBIH METalI Ha KO-
porkuii aBaHOex — 12 T, MHBEHTAPHBI MeTaII
(MUK-C, MUK-IT) — 14 T, necomarepuanst — 3 T,
XKene300eTOHHbIE CBau — 24 T.

BapwuanT 2: metamn Ha aBaHOek — 34 T.

U3 mnpencraBieHHON BBIOOPKHM MaTepHaloB
BUAHO, YTO IO BapuHaHTy 2 pacxo] MaTepualioB
MeHbIe. Takke CTOMT y4ecTb, YTO Ha BO3BE/ICHUE
W JIEMOHTa)X BPEMEHHBIX OMOp TPEeOYIOTCS KpaHbI
PJIK-25, BubpomnorpyskaTeib, IIAMKOYT C KPAaHOM
JUIS MOHTa)ka BPEMEHHOH OIOpHI B MpoJyieTe 3 U
KBaNM(pHUIIMPOBaHHBIE pabouue.

Ilo pesynbraTam cpaBHEHHS IO 3aTpaTaM Ma-
TEPUAIOB, TPYAOEMKOCTH PabOT M KOJUYECTBY
pabouux MpEANOoYTeHHE OTAAeTCSl BapHaHTy 2.
[IpomonpHast HaOBMKKA [0 KaMTAJIBHBIM OIIOpaM
C IpPUMCHEHHEM aBaHOEKa IMO3BOJHUT C3KOHOMHTH
35 % croumoctu martepuainos, 23 % 3apaboTHOM
mwiatel, 80 % CTOMMOCTH 3IKCIUTyaTallid MAIlWH U
MexaHnm3MoB, 31 % 3arpar Ha TpaHcmoptT. ['padu-
KM pacxofia MaTepHaJIOB Ha CIIELHaIbHbIE BCIIOMO-
raTelbHbIE COOPYXKEHUS M YCTPOWCTBA U CMeET-
HOM CTOMMOCTH MpH IHUKIMYHOW MPOAOIBHON
Ha/IBIKKE 110 BapuaHTaM | u 2 mpeAcTaBieHBI Ha
puc. 4, 5 COOTBETCTBEHHO.

600000000

400000000

200000000

Croumocts  3apaGoTHas Okcruryatauus TpaHcropT
MaTepualoB njaTa MallnH
1 MEXaHU3MOB
B Bapwuanr 1 B Bapuanr 2

Puc. 5. CmeTHas CTOMMOCTb LUKIMYHOM IPOJOIBHON HaABIKKH
110 BapyUaHTaM

Fig. 5. Estimated cost of cyclic longitudinal launching
according to variants
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CpaBHeHHe BADUAHTOB
MO MPOAOJIKUTEIHLHOCTH MOHTAKA
MPOJIETHOTO CTPOEHUS

['maBHBIM OTJIIMYMEM MOHTaXKa MPOJIETHOTO
CTPOCHHS TI0 BapuaHTaM | u 2 SBJIIETCS TO, UYTO
paboThI IO HAABIKKE MTPOJIETHOTO CTPOEHUS C Bpe-
MEHHBIMH  OTIOPaMH OTPAHHYCHBI TEPHUOJAMU
MeXIy TaBOJIKaMu (B mposieTe 3 BpeMeHHas oropa
yCTpauBaeTCsl TpH HHU3KOW Boje, a B IpoJe-
Tax 2,4,5,6 — Npu 3HAUYUTEIHLHOM PACUETHOM
YpOBHE BBICOKHX BOX). B CBSI3M C 3THUM MOHTax
MIPOJICTHOTO CTPOSHUS 110 BapUaHTy | HEBO3MOKEH

B TIEpUOJ BECEHHETO TOJOBOMABS, YTO YBEIWYH-
BaeT CPOKM MOHTaXa. TakKe CTOMUT OTMETHTb,
910 TpeOyeTcs Bpems Ha MOHTaX, AEMOHTaX W
MEPECTAHOBKY BPEMEHHBIX OMOP B IMOCIEIYIOLIUE
MIPOJICTHI.

B uenom BapuaHT 2 MMeeT MEHBIIHNE TPYIOEM-
KOCTb U BpEMs MOHTa)Ka IMPOJETHOTO CTPOCHMS.
Hcxons w3 kaneHmapHBIX TpadUKOB, MPEICTAB-
JICHHBIX B Ta01. 1, 2, MOHTaX MPOJETHOTO CTPOE-
HUA 1O BapUaHTy 2 3aKOHYMUTCS Ha TpPU Mecsia
paHbIlle, YeM 0 BapHaHTy 1, YTO COKPATUT CPOKH
CTPOUTENHCTBA MOCTA.

Tabauya 1
Kanennapublii rpaguk no papuanty 1
Schedule diagram for variant 1
Pacnpenenenne o6bemoB CMP o kBapranam
HawnmeHnoBanwue Buzia padbot 1-irox 2-i ron 3-rox
k. |IIkB. [ IVkB. | IkB. | IIkB. | Il kB. | IVKB. | IxB. | I kB. | [l kB. | IV KB.
Coopy:xeHue HOBOro MOCTa /
HA JIeBOIi 1oJjioce /
TToaroroBuTEIBLHLIE paGOTLI - / -
a - o
CoopyxeHne 0eperoBbIX Oop qé.(% o 8%
( S0 |
o% o :(é
Coopy:xeHHe NIPOMEKYTOYHBIX OHOP % 8 g%
]
5 S = |
Coopy»keHHe MPOJIETHOTO CTPOCHHS g%‘ gg S
N Y b | oy
YcTpoiicTBO MOCTOBOTO MOIOTHA g %% e
= | | T
o S 9 5
VCTpoicTBO KOHYCOB U 1aM0 3 — 5 3
M A @ |
/ /
Bpemennsle 31aHAs U COOPYKEHUS . % 0
Tabauya 2
Kanennapublii rpaguk no Bapuanty 2
Schedule diagram for variant 2
Pacnpenenenne o6bemoB CMP o kBapranam
HawnmMenoBanwue Buzia padbot 1-irox 2- ron 3-rox
II'ks. | Il kB. [ IVkB. | IkB. | IIkB. | Il kB. | IVKB. | IkB. | I kB. | [ll kB. | IV KB.
v
Coopy:xeHue HOBOro MOCTa /
HA JIeBOIi 1oJjioce %
[MoaroroBurenbHBIE PabOTHI - . %
o 3 R
CoopyxeHne OeperoBbIX Oop arT— T %/"é
y | |
/
Coopy»keHHe ITPOMEKXYTOIHBIX OHOP 2| i % 5
S . |
| =t | B
CoopysKeHHe MPOJNETHOTO CTPOEHHUSI i~ o —
3 o E
N = B
VCeTpoiicTBO MOCTOBOTO MOJIOTHA £ §§ % 5
A Y
- 2 2 E
VCTpolicTBO KOHYCOB U 1aM0 M - | b
] %//
Bpemennsle 31aHAs U COOPYKEHUS % //
[ Hayka
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BbIBO/JbIL

1. Cozmana BIM-Mojens MocTa U UCCIIEOBAHO
CTaJICKEIIe3006TOHHOE MPOJICTHOE CTPOCHUE Ha
CTa/IUAX HAJIBIXKKU U DKCIUTyaTalluy, pa3paboTaHbl
KaJICHTapHbIe TpaduKy.

2. PaccMoTpeHs! riaBHbIe (DAKTOPHI U HA OCHO-
BaHWUU PACUCTHBIX XapaKTEPHUCTUK, TPYIOEMKOCTH
paboT, pacxoma MaTepHaloB Ha CIICIHAbHEIC
BCIIOMOTATCIbHBIE COOPYXEHUS W YCTPOWCTBA |
MIPOJIOJKUTEIEHOCTH CTPOUTEIHCTBA BHIOpPAH Hau-
0ojee SKOHOMHYHBINA, OBICTPHIN B MEHEE TPYHAOeM-
KW BapHaHT MOHTa)Ka MPOJICTHOTO CTPOSHUSI.

3. Ilo pe3ynpTaTaM UCCIEIOBAHNMN, MOXKHO ClIe-
JaTh BEIBOJ[ 00 3((EKTUBHOCTH NMPUMCHEHUS Me-
TOJa LMKIWYHON MPOJOJbHON HAJBUKKHU CTaje-
JKEJIe300€TOHHOTO MTPOJIETHOTO CTPOSHHUS OOJIBIINX
MOCTOB Ha IIPUMEPE MPOSKTUPYEMOTO MOCTa Yepes
p. Cox Ha aBTOHOpOTEe M-8.

4. Pe3ynbTaThl UCCIIECIOBAHUIN PUMEHEHBI TIPH
MPOEKTUPOBAHUU MoOcTa yepe3 p. Cox, YTO MO3BO-
JUJIO COKPAaTUTh CPOKH CTPOHUTENBCTBA, PECYpCO-
U TPyAO03aTpaThl.
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Onpenenenue Handoee 3HAYMMBIX (PAKTOPOB
NP aHAJTH3e IKCIIYaTAIMOHHOT0 COCTOSTHUS ABTOMOOMJIBLHBIX 10POT
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Pedepar. [IBixeHne TpaHCopTa 10 aBTOMOOMIBHBEIM JOpOraM — mporiecc ciaydaiHslid. [IoaToMy ypoBeHb HOBpEXIaeMOCTH
aBTOMOOMJIEI! M COOTBETCTBEHHO JOPOT, 10 KOTOPHIM OHH TEPEMENIAIOTCS, TAKXKE MOAUMHACTCA 3aKOHOMEPHOCTSM CIIydaiHbIX
nporieccoB. JIMHaMHYecKue MPOIecCH B3aUMOJCHCTBHS aBTOMOOWIISL M OPOTH B Pa3JIMYHOM CTEIEHH ONPENEIIIOTCS MHOMXE-
CTBOM (haKTOPOB, K KOTOPBIM B TOM YHCJIE€ OTHOCSATCSI POBHOCTh JIOPOKHBIX MOKPBITHI U MAPaMETPhI ABIKYLIUXCSI aBTOMOOHIIEH.
TosTomy ObITa mocTaBieHa ciemyromas 3a4a4a: BEIIBUTH HAHOoOJee 3HaYMMbIe (DAKTOPHI M MATEMAaTHYECKU CBS3aTh 3HAUCHHS
JUHAMHUYECKUX Harpy30K aBTOMOOMIIS C KAUYECTBOM JOPOXKHOTO TOKPBITHS U CKOPOCTBIO JIBHKEHUSI TPAHCIIOPTHBIX CPEACTB IO
HeMy. 3a/1aua B TaKOM IIOCTAHOBKE II0Ka HE PEIlIeHa B JOCTATOUHOM CTEIEHH, YTO U OIpeleisIeT aKTyalbHOCTh U HOBU3HY HCCIIC-
JOBaHMII B TaHHOM HampasieHud. Hanbonee ocToBepHBIMU MPH PELICHUN yKa3aHHOW 3amaudl SBIISIIOTCS MCCIENOBAHUS B pe-
AIBHBIX YCIIOBUSX Ha peaybHBIX 00bekTax. OHaKO ITOArOTOBKA U IIPOBEACHUE TAKHX HKCIEPUMEHTOB B HY’)KHOM 00beMe 3HauH-
TEJBHO 3aTPYAHSAIOT UX OCYILIECTBICHHUE. B CBA3M ¢ 3TUM LenecooOpa3HbIM SBISETCS COBMELIeHNne (PaKTOPHOTO KCIIEPUMEHTa
C UCIIBITAaHHUSIMU TIPOBEpeHHON Mozenu Ha OBM c nostanHoii ¢ukcanueii mapamMerpoB pabovnx MPOLECCOB, MPOXOASIINX B CH-
CTeMe «aBTOMOOMIIb — J0POra», KOMIUIEKCHOW OLIEHKOW BIMSHMS BHIOpaHHBIX (PaKTOPOB M BHIOOPOM MX ONTHMAIIBHOIO COYE-
tanws. [lomydena mMareMaTHdecKas 3aBUCHMOCTH JUIS OLEHKH BIHMSHHS HECKOJBKHAX BHEIIHHX (DAKTOPOB HA ONTHMH3AIHIO
JUHAMHYECKOH Harpy3Ku aBTOMOOWIIS Ha JIOPOTY, MO3BOJIIONIAS TIOMYYUTH YHPOIIEHHOE U aJeKBaTHOE OIMCAHUE B3aUMO-
JENUCTBHUS 3JIEMEHTOB B CHCTEME «aBTOMOOMIb — goporay. IIpu uccneqoBaHuy BIUSAHHS HEPOBHOCTEH AOPOXKHOTO MOKPBITHS
Ha MaKCHMaJbHBIC JMHAMUYECKHE Harpy3KH Ha JOPOTY CTENEHb BIHMSHUS BEIOPAHHBIX (haKTOPOB OIpeseIeHa B TAKOH Mmocie-
JIOBaTEeNIbHOCTH: Macca aBTOMOOMIIS,, POBHOCTh MOKPBITHS M CKOPOCTh ABMXKEHUS TPAHCIIOPTHOTO CPEJICTBA.

KnioueBble cji0Ba: aBTOMOOUIIbHBIE 1OPOTH, POBHOCTb, (PAKTOPHBII SKCIIEPUMEHT

Jas uutupoBanus: Cononkas, M. I'. Onpenenenne Hanbonee 3HaUUMBIX (PAKTOPOB MPH aHATHM3E HKCILTYaTA[HOHHOTO CO-
crostHUs aBTOMOOMIBHEIX fopor / M. I'. Cononxast // Hayka u mexnuxa. 2017. T. 16, Ne 6. C. 493-497. DOI: 10.21122/2227-
1031-2017-16-6-493-497

Determination of Most Significant Factors
for Analysis of Highway Operating Conditions

M. G. Solodkaya"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Traffic circulation on highways is a random process. Therefore automotive damage rate and, respectively, roads
on which they are moving is subjected to regularities of random processes. Dynamic processes of vehicle-road interaction are
determined to various extents by a host of factors that include road pavement evenness and characteristics of moving vehicles.
For this reason the following task has been set: to reveal the most significant factors and mathematically correlate values
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of vehicle dynamic loads with a quality of road pavement and vehicle speed. Such task statement has not been solved ade-
quately and this situation determines importance and novelty of the investigations in the given direction. While solving
the mentioned task the investigations which have been carried out under real-life conditions and with the help of real-life
objects are considered as the most reliable ones. However, preparation and execution of such experiments as needed signi-
ficantly complicates their implementation. In this regard it looks rather expediential to combine a factorial experiment
with the tests of a checked model while using ECM with stage-by-stage parameter fixation of working processes passing
in “vehicle-road” system, comprehensive assessment pertaining to influence of the selected factors and selection of their
optimum combination. Mathematical dependence has been obtained to evaluate influence of several external factors on opti-
mization of vehicle dynamic load on the road. This component makes it possible to attain a simplified and adequate descrip-
tion of element interaction in “vehicle — road” system. While investigating influence of pavement irregularities on maximum
dynamic loads on the road influence rate of the selected factors is determined in the following sequence: vehicle weight,

pavement evenness and speed of transport facility

Keywords: highways, evenness, factorial experiment

For citation: Solodkaya M. G. (2017) Determination of Most Significant Factors for Analysis of Highway Operating Condi-
tions // Science and Technique. 16 (6), 493-497. DOI: 10.21122/2227-1031-2017-16-6-493-497

BBenenne

B npouecce skcrutyataniuy y3isl U AE€TalIH aB-
TOMOOWJISI TIOABEPTalOTCS CIy9alHBIM  BO3ICH-
CTBHSM, II0O3TOMY YPOBEHb €T0 IOBPEXKIaEMOCTH
3aBUCHT OT MHOXecTBa ¢akropoB [1]. Hike pac-
CMOTpEHa IOCIENOBATEIbHOCTh  YCTAHOBIICHUS
BJIMSAHUS 9KCIUIyaTallMOHHOTO COCTOSIHUS IOPOTH
Ha (QopMuUpOBaHNME AUHAMHYECKHX HArpy30K MeExkK-
Iy aBTOMOOMIIEM M HEepOoBHOH moporoii. [Ipentto-
Jaraercsi, YTo BBIOpaHHBIE ()aKTOPHI HE B3aWMO-
CBSI3aHBI MEXKJy COOOH M CaMOCTOSTEIIBHO BHOCST
CBOM pa3IMYHBIA BKJIaJ B YPOBEHb JUHAMUYECKUX
Bo3NelicTBUMA. Eciu naHHBIE MOKa3aTenu 3apaHee
Bbl6paHI>I U COOTBETCTBYIOT OHNPCACIICHHBLIM PpC-
AJIBHBIM BEJIMYMHAM, TO IIyTEM IIPOBEACHUS 10CTa-
TOYHOTO KOJMYECTBA 3KCIIEPUMEHTOB MOXHO BBI-
SABUTH BJIMAHUE COBOKYIIHOCTH BBI6paHHBIX YKE
ynpaBisieMbIX (aKTOPOB Ha HCCIEAyeMbIH mapa-
METp ONTUMHU3AIHH [2].

Teoperuueckue MPeINOCHUIKA UCCIET0BAHUS

CrnyuallHBII XapakTep MpOIECCOB, MPOTEKAIO-
IIMX B CUCTEME «aBTOMOOMIIb — JI0OpOra), MOKa3bl-
BACT, YTO UX M3YUYECHHUE JOJDKHO 0a3MpoBaThCS Ha
METO/IaX MaTeMaTU4eCKOW CTaTHCTHKH. B TexHuke
IUIs 3TOro HauOoJjee MHUPOKO MPUMEHSETCS METO.
IUIAHUPOBAHUSI JKCIEpPUMEHTa (711 OTBICKAHUSA
CTaTUCTUYECKHUX OLIEHOK KOA((UIMEHTOB perpec-
CHOHHOM MOZEIM W OINpPENENICHUs] ONTUMAaJIbHBIX
3HaueHui (axtopos) [3]. Jus Toro uTroOBl MaTe-
MaTH4yecKkas MOJEeNb HauOollee TOJHO OTpaxaia
CBSI3M PEaJbHOTO OOBEKTa, KOMUIECTBO (HDaKTOPOB
JOJDKHO OBbITh mocTaToYHbIM. OIHAKO NpaBMIIb-
HOCTh pEIICHUS 3a/1a41 3aBUCHUT TaKKe OT BEPHOTO
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BBIOOpa BiHAOMUX (akTopoB. Bua (QyHKIUM OT-
KIIMKa 3aBUCUT OT CJIOKHOCTH MOJEITH B3auMO-
nedcTBus Mexay (akropamu [4]. s JTuHEHHBIX
MoJesiell B3auMOAEHCTBHE (PAaKTOpOB HE YUUTHI-
BaeTca. UeM BhIle IOPSIOK MOJICNH, TEM OOJbIIe
BCEBO3MOJXKHBIX KOMOHMHamMid Mexay (akrTopa-
MU TpUHUMAaeTcs BO BHUMaHHE MpU pacyere.
Jlnst gmcia BO3MOXHBIX ciydaeB 2° (k — umcio
(akTOpOB) HEOOXOAMMO MPOBOIUTH TAKOE K€ KO-
JIMYECTBO OIIBITOB, YTO 3a4acCTyl) HEBO3MOJKHO.
VYnpouieHre 0CHOBaHO Ha TOM, YTO (PYHKIHUIO OT-
KJIMKa MOKHO 3aMEHHUTH MIOTMHOMOM BHIa

Y =b, +bx +b,x, +byx; +byx, +..+b,x,, (1)

rae x; — ¢akrop; b; — Ko3hHUIHMEHT PErpeccuu.

B ornnume ot nuHelHOW 3aBucuMocTH (1),
B KOTOpOM (YHKIMS OTKJIHMKa SBISETCS IUIOC-
KOCTBIO, HEJIMHEHHOCTh IMOCJIEIHENH ONpPENeNsIeTCs
s pexToM B3auMoaeicTBUsS GakTopoB. [Ipu sTom
BBIUUCIICHHE KOX(PQHUIMNEHTOB HEITMHEHHOH MO-
JIeNd aHAIOTWYHO BBIYMCICHUI0 KO3 UIIMEHTOB
JIUHEeWHON Monenu [3, 4].

HpOBenelme IKCIIEPUMEHTOB

Jnist IpoBeieHUs! SKCTIIEPUMEHTOB B paboTe UC-
MOJIb30BaH METOJ MaTeMaTH4YeCKOro IUIaHMPOBa-
Hus. PasHooOpaswe ycIIOBUI TPOBEIEHUS JKCITe-
PUMEHTOB BBI3BIBAET TPYJHOCTH, 3aKJIIOYAIOIIECS
B IIOATOTOBKE YCJIOBHUI NPOBEICHHS OIBITOB M IO-
CIeNyIoleM H3MEHEeHUU YypoBHeH. Ilockonbky
B IIPOLIECCE pacyeTOB CYIIECTBYET BEPOATHOCTH
BO3HUKHOBEHMSI CUCTEMAaTHYECKUX OIIMOOK, IOsB-
JSIIOIIMXCS BCJICACTBUE LIEIEHANPABIEHHOTO IPO-
BEJICHUS OIBITOB, TO OOBIYHO MOCIIEA0BATENBHOCTD
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HCIBITAHMM Ha3HavaeTcs TakK, 4yToObl OHa Oblia
CITy4aiHOM.

B xadecTBe BBIXOAHBIX MapaMeTpoB (TTapameT-
POB ONTHMH3AIMK) TYTEM O3KCIIEPTHOTO aHaln3a
BEIOpaHbBI CICIYIOIINE BBl HATPY30K Ha JIOPOXK-
HOE MTOKPHITHE:

— MakcHUMallbHasl [TWHAMIYecKas Harpyska Iie-
peaHei u 3aHel oceld aBTOMOOUIIS;

— CpemHss TUHAMHYECKas Harpyska mepemHeit
Y 33IHei oceld aBTOMOOHIIS.

CoriacHo mpUMEHIEMON MaTeMaTUYECKON MO-
nemu (1), B kadecTBe OCHOBHBIX (DaKTOPOB MCTIONb-
30BaHbI CIIEAYIOIINE TapaMeTPhl C COOTBETCTBYIO-
MMM UHTEPBAJIaMHU:

— TIOKa3aTellb HEPOBHOCTU JOPOKHOTO TTOKPHI-
s IR[—or1-10° 108 -107° M/KM;

— CKOPOCTh aBTOMOOMIIsA v, — OT 60 10 100 kM/y;

— Macca ABYXOCHOTO aBToMOOms m, — oT 1580
o 17000 xr.

JlaHHBIE MOATOTOBJIEHBI JUIsl pacyera BO3ICH-
CTBUIl C yYeTOM peajlbHO BO3MOXKHBIX XapaKTe-
PUCTHK MUKPOMPOGWIsT M TapaMeTpoB IOTOKa
MammH. VcxomHas mporpaMma pacdeTra CTaTHCTH-
YECKUX OIICHOK KOA((UIIMCHTOB PErpecCUH Mpej-
Ha3HAYaJach JJIS MOIHOTO (PAKTOPHOTO IKCIEPH-
MEHTa IPH Yuciie (aKTOPOB, PABHOM TPEM.

JlokanbHass 00nacTh MPOBEACHUS BBIYHCITH-
TETHHOTO DKCIEPUMEHTa YCTAHABIUBANACH MTyTEM
OTIpesieNieHNs] OCHOBHOTO YPOBHS U HMHTEPBAIIOB
BapbupoBanus (Tabdmn. 1). Ilpu BeiOOpe rpanuI 06-
nacteil ompezeneHus (aKTOPOB YUUTHIBAIHNCH WX
orpaHuyenus [3].

Onpenenenne HaudoJee 3HAYMMBIX
(akTopoB, BaMSIONINX
HA JHHAMUYECKHE HATPY3KH

brina mocraBneHa 3amada — YCTaHOBUTH 3HaA-
YUMOCTb (baKTOpOB, OIpeACIAIOIINX BCINYUHY
MaKCUMAJIBHBIX U CPECAHUX NAUHAMHUYCCKUX Harpy-
30K, @ TaAKXKC XapaKTEp U3MCHCHUA JTUHAMHYECKOMN
Harpys3ku aBTOMOOMJISA B 3aBUCHMOCTH OT OKCILTya-

TAIMIOHHOTO COCTOSIHUSI aBTOMOOMJIBHOM J0pOTH
(B 94aCTHOCTH, OT POBHOCTH MOKpPBITHIA) [2]. st aTO-
T0 HEOOXOAMMO OBLIO PacCMOTPETh (HYHKITHOHAb-
HYIO 3aBUCHMOCTb

Prux = fURI, v,, my). (2)

HopwMel npoektupoBanus [5] pernaMeHTHPYIOT
POBHOCTH TIOKPBITHS Yepe3 IoKa3aTelb HEPOBHO-
CTH JIOpPOT, TIOATOMY €r0 3Ha4eHHe MOocie OKOHYa-
HUSl CTPOWTENBCTBA, PEKOHCTPYKIHMM MU Kalu-
TaNbHOTO PEMOHTA JOJDKHO HaXOOUTHCS B Mpeie-
JlaX HOPM B 3aBHCHMOCTH OT KaTerOpHUH IOPOTH.
B pacueTtHoM aHanM3e NpUHATa MaKCHUMallbHas
Macca JBYXOCHOTO OTEYECTBEHHOI'O TPYKEHOTO
TPy30BOTO aBTOMOOWJISI C HAaUMEHbBIIEH KOJIECHON
6a3oit 3600 mm (MA3-5440X5) [6].

st uccnenoBanuii 1 00pabOTKKM HAOIIIOICHUIA
WCTIONB30BAIA MIPOTpaMMy pacdeTa KodpuIueH-
TOB perpeccur K (QyHKIMOHAIHHON 3aBHCHUMO-
ctH (2) ans paccMaTtpuBaemoro ciy4as. Ha ocHo-
BaHWU MPOBEJIEHHBIX PACUETOB COCTaBJeHA TaOu-
1[a TIOJIHOTO (haKTOPHOTO SKCIIEPUMEHTA ISl MakK-
CUMAaJIbHBIX M CpPEAHUX JAWHAMHYECKHX HArpy30K
(Taba. 2). BkiuoyeHHbIe B MaTPULy IIAHUPOBAHUS
peanbHBIe TOKa3aTely JaHHBIX BBOJST JUIS TOTO,
4TOOBl OMpPENeTUTh KOIDOUIMEHTH MOACTH U
MPOBEPUTH €€ aJleKBaTHOCTh. 3HauU€HHE Napamer-
pa ONTHMHU3AIMKA B HEKOTOPOH TOUYKE HYJIEBBIX
(akTOpOB pPaBHO MaTEeMaTHYECKOMY OKHAAHUIO,
OIICHKY KOTOPOTO JIaeT CBOOOJHBIA TIEPBBIA YIICH
paccMaTpuBaEeMOTO YpaBHEHHUS. 3HAYCHUS KOd(-
(UIMEHTOB B TUHEHHON MOJENN MOKa3bIBAIOT CTe-
TIEHb BJIUSHUS Kaxaoro ¢gakropa [7, 8].

[Ipu aHanm3e pe3ynbTaTOB IKCIIEPUMEHTA CHE-
JIaHbI CIEAYIOUINE AOMYILICHHS:

— YCIIOBHas AMCIEpPCHs MapaMeTpa ONTHMH-
3aIM MOCTOSTHHA B 00JIacTH ompezeneHus (ak-
TOPOB;

— (haKTOPBI HE3aBUCUMBIL;

— 3HA4YeHHS IMapaMeTPOB ONTUMU3AINH HE3aBH-
CHMBI.

Tabauya 1
YpoBHM (paKTOPOB M MHTEPBAJIbI BAPbHPOBAHMSA
Factor levels and variation intervals
v
®daxkTop, pa3MEepHOCTh poserk daxTopa Hurepsan
-1 0 +1 BapbUPOBAHUA
X1 — IIOKa3aTellb HEPOBHOCTHU JOPOKHOTO MOKPBITHS 0,001 0,0045 0,008 0,0035
X — CKOPOCTh aBTOMOOMJISI, KM/4 60 80 100 20
X3 — Macca aBTOMOOWIIS, KT 1580 9290 17000 7710
Hayka
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I1naH noJsiHOro paKTOPHOro FIKCIEPHMEHTA

Plan of complete factorial experiment

Tabauya 2

IMoka3arens IMapamerp onTumMu3amu
KOJUPOBAaHHBIN peabHbIi [lepBblit 3KCIEPUMEHT IToBTOpHBII SKCIIEPUMEHT
X1 | x| x ,13R1’ Vo, KM/U | My, k| PMPH | P2 H | PIP, H| P2 H| p*P H | P H | PP, H|P¥ H
10~ m/xm max max cp cp max max op cp
+ |+ | + 0,008 100 | 17000 | 86000 201000 | 64700 | 103000 | 128510 119010 63878 | 102780
— |+ | + 0,001 100 | 17000| 68700 121000 | 64300 | 102000 | 68749 106100 63983 | 102830
+ | - | + 0,008 60 | 17000| 78100 156000 | 64700 | 103000 | 93037 115060 64184 | 102740
- =+ 0,001 60 [17000| 67900 114000 | 64300 | 103000 | 67029 104230 63926 | 102820
+ |+ | - 0,008 100 | 1580 | 15190 12960 9015 6758 12136 10053 8899 6603
-+ | - 0,001 100 | 1580 | 9879 7556 8897 6616 9285 6934 8893 6607
- - - 0,001 60 1580 | 9867 7930 8895 6603 9170 6883 8892 6609
+ | - - 0,008 60 1580 | 13690 11680 8968 6676 10712 8272 8895 6600

Bri6op nmapamMeTpoB oNTHMH3AaLKMK OCHOBAaH Ha
noucke Hanbonee 3(P(PeKTUBHBIX MyTEH MOBHILIE-
HUsSI Ka4yecTBa BBIMOJHIEMOr0 PAcuyeTHOTO alro-
purma. DakTUYECKH ONTHMHU3UPYIOIIUE PACUETHI
MOTYT IIPOBOAUTLCS 110 JII0OOMY MapaMeTpy, KOTo-
PBII MOKET ObITH ONHCAH MaTeMaTHUYECKUM BbIpa-
KeHueM. [Ipu BBITOJTHEHHH OIBITOB BCE (DAaKTOPHI
CUMTAIU YCIIOBHO JIMHEWHBIMH M IIOCTOSHHBIMU
B TEUCHHE BCEro Mepuojia UX MpOBEICHHs Ha 3a-
JaHHOM ypoBHE. /{1 OOBEKTHBHOW OLIEHKH TO-
JYYEeHHBIX PE3YJbTaTOB W 3HAYEHUH (PaKTOPOB
BCETJa PACCUUTHIBAINCH 3HAYCHUS OMIMOOK MO-
neneii [9, 10].

[Mpoananu3upoBaB KOIPPUIMEHTHI ypaBHEHUS
perpeccus W MpOBEPHUB MaTEeMAaTHUECKYIO 3aBHCHU-
MOCTh Ha aJIeKBATHOCTH C IOMOIIBIO KPUTEPUCB
CreionenTta u ®duinepa, MOXXHO OTMETUTh, YTO Ha
JUHAMHUYECKYI0 Harpy3Ky IO CTEICHH BIMSHUS
BBIJICJICHBl Macca aBTOMOOWJISI, POBHOCTh TOKPBI-
TUSL U CKOpOCTh aBTOMOOMIS. C MOMOIIBIO 3THX
3aBUCHUMOCTEH MOXKHO OTIPENENATh BEIUYMHY JIU-
HAMHYECKOH HArpy3Kd aBTOMOOWJISI C JOCTAaTOY-
HOM TOYHOCTBIO BBIYMCJICHUN IPU JIFOOOM coYeTa-
HUM BBIOpaHHBIX (hakTopos [11, 12]

Y(P2¥) =78400 + 16160x; + 6720x, +

max

+ 68230x3 + 4900x,x, + 13720x,x5 + 6405x2x5. (3)

Takum oOpa3om, IpH TTOMOIIH TOTyYCHHO 3a-
BUCUMOCTH (3) CTaHOBUTCSI BeChMa YJAOOHO M OT-
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HOCHTEIBHO IPOCTO ONPEICNISTh BEIUYHHY JIH-
HAMHYECKOH Harpy3kd TIPy30BOTO aBTOMOOWMIIS
c TpeOyeMoil TOTrPENIHOCThI0 B BBIYHCICHHSIX
mpu  J1000M COYETaHWHM BBEIOPAHHBIX (DAKTOPOB.
[Tockonmbky HamMOOJBIIYKD HArpy3Ky Ha JIOPOXK-
HOE TIOKPBITHE OKAa3bIBAET 33 HSISI OCh ABTOMOOWIIS,
B JIAJBHEHIIINX UCCIIEIOBAHHUSAX HCIIONh30BAHO KPHU-
TUYECKOE ypaBHEHUE perpeccuu (3) Iuisl 3aJHETO
BEJYIIEr0 MOCTa JIBYXOCHOTO aBTOMOOHIIS.

BbIBO/IbI

[To pe3ynbpTaTaM BBITIOJHEHHBIX PACUCTOB H MX
aHaJlu3a MOXKHO C(HOPMYJIUPOBATh CIICAYIOIINC
BBIBOJIBI:

1. Ucnonbp30BaHre MaTeMAaTHUYECKOW 3aBHMCH-
MoCcTH (3) IS OIEHKH BIASHHUS HECKOJIBKHX
BHENTHUX (DAKTOPOB HA ONTHUMH3AIMIO JUHAMUYC-
CKOM Harpy3kd aBTOMOOHJISI HA JIOPOTY MO3BOJISET
MOJIyYUTh YIPOIICHHOE M aJIEKBATHOE OITHUCAHUC
B3aUMOJICHCTBHS 3JIEMEHTOB B CHUCTEME «aBTOMO-
OWJIb — TOopoTay.

2. Ilpu wuccnenoBaHUM BIIMSHUS HEPOBHOCTEH
JIOPOXKHOTO TIOKPBITHS HA €r0 MaKCUMAIIbHBIE JIU-
HAMUYECKHE HArpy3KH CTCIICHb BIUSHUS BhIOpaH-
HBIX (DaKTOPOB ONpeseicHa B TaKOM MocienoBa-
TENBHOCTHU: Macca aBTOMOOMJIS,, POBHOCTh TOKPBI-
™M WU
CpelCTBa.

CKOpPOCTb  ABHIKCHHA  TPAHCIIOPTHOI'O
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ITyTH coBeplIeHCTBOBAHUSI HOPMATHBHO-NIPABOBOM 0a3bl
rpagoCcTPOUTEILHOIO NpOoeKTHpOoBaHus B Upane
U ee COOTBETCTBUE KOHLENIMU YCTONYNBOI0 Pa3BUTHSA

Kann. apx. M. M. Kamnpumyp"
YBenopycckuii rocyrapersennsiii yuuepeuter (Munck, Pecriy6iuka Benapycs)

© Benopycckuii HaMOHAIBHBIM TeXHUYECKUI yHUBEpcuTeT, 2017
Belarusian National Technical University, 2017

Pedepar. CoBepiieHCTBOBaHUE MPOEKTHBIX PELIEHUH B chepe rpaJoCTPOUTENLHOTO MPOSKTUPOBAHUS HEBO3MOXKHO 6€3 Mo-
JepHU3ANUH HOPMAaTUBHO-IIPaBOBOI1 0a3bl B COOTBETCTBHU C COBPEMCHHBIMH TPEOOBAaHUSIMH, OJXHUM U3 KOTOPBIX SIBIISETCS
KOHIIETIIUSL YCTOWYMBOTO pa3Butust obmiectsa, npunsatas OOH. HayuyHo 060CHOBaHHBIN MOAXOA K PEIICHUIO MPOOJIEMBI CO-
BEPILEHCTBOBAHMS TNITAHUPOBOYHON M apXUTEKTYPHO-TIPOCTPAHCTBEHHOM CTPYKTYpBI MalbIX ropooB MpaHa HEBO3MOKeEH Oe3
ydeTa MOJI0KEHUH KOHLENIUY ycToH4uBoro pa3sutus. B 2006-2016 rr. aBrop y4acTBOBall B IIOATOTOBKE Psilia IPOEKTOB AT
ropoj1oB MpaHa u BBISBUII OCHOBHBIE IPOOIEMBI, C KOTOPBIMH CTAIKUBAIOTCS IPOSKTUPOBIINKY, & TAK)KE KOHEUHBIE MOTPEOH-
TeMH WX TPOAYKIUH — >XKUTETH ropofoB. CI0XXHOCTH B pa3paboTKe Ha3BaHHBIX JOKYMEHTOB OKa3alMCh CBSI3aHBI Kak
C HECOBEPIICHCTBOM 3aKOHO/ATENNBCTBA B c(hepe NX COTITACOBAHUS M YTBEPXKICHUS, TaK U C IMIPOLEIAYPOH COCTABICHUS IIPOCK-
TOB, a TAKXKE C HAYYHBIMH OOOCHOBAaHUSIMH PHHUMAEMBIX PEIICHUH. ABTOP NEpeUnCiIsieT HCTOPHIO 3aKOHOB B cdepe rpajo-
CTPOUTEIILCTBA, a TAKIKE PACCMATPUBACT CUCTEMY HOPMATHBHBIX JOKYMEHTOB, PErYJIUPYIOLIYIO0 BOIPOCHL B IPaJ0CTPOUTEIb-
ctBe lpaHa, 1 OCHOBHBIE YPOBHHU Pa3pabOTKU TPafoCTPOUTENEHOH TOKyMEHTAIUH, aHAIN3UPYET TPH OCHOBHBIX BHJIA TPaIo-
CTPOHUTENLHOTO MpOoeKTHpoBaHus B Mpane (reHepanbHBI MiaH ropoja, rUJ-IUIAH, JETANBHBIA IUTaH), UX OCHOBHOM COCTaB
W COOTBETCTBHE COBPEMEHHBIM TPEOOBAaHMAM (KOHLENIHS YCTOMIMBOTO pa3BHUTHsI). OCHOBHBIE IIPOOIEMBI IPalOCTPOUTEIIb-
HOTo mpoeKkTupoBaHus B MpaHe mozapasneneHbl Ha TPH 3Tama: pa3paboTKa, COTJacOBaHHE M yTBepkaeHue. IlepeuncieHs
pasnudHble MPOOJIEMBI B TpagocTpouTenbcTBe Mpana (HemocTtaTouHas M3ydeHHOCTh IHPOIECCOB ypOaHU3aLUM, OTCYTCTBHE
PYKOBOJSIIMX TOKyMEHTOB HAI[MOHAIEHOTO YPOBHS, OTCYTCTBHE METOJIOB OILICHKH M TEOPETHYECKHX 000CHOBAHHMH, HETOCTa-
TOK HOPMATHBHBIX TPEOOBAHUIA) U MPEATOKEHBI NIEPCIIEKTHBHBIE HAMPABICHHUSI COBEPIIECHCTBOBAHHUS HOPMAaTHBHO-TIPABOBOM
0a3bl TPaTOCTPOUTENBHOTO NpoekThpoBaHus Mpana. [IpoBeneH aHanM3 3aKOHOAATENBHBIX AaKTOB B C)epe IpamoCTPOUTENHCTBA,
a TaroKe BUJIOB NIPOEKTHOI IOKYMEHTaINH, pa3paboTaHHoH B VpaHe, 1 e COOTBETCTBHSI KOHIICIIIIMH YCTOWUHBOTO PA3BUTHS.

KuimroueBble ciioBa: mpakTHKa IpaJ0CTPOUTENILHOTO MPOEKTHpOBaHUs B MpaHe, MPUHIMIIBI yCTOHYMBOIO pa3BUTHSA, 3aKOH
rpagocTpoutenscTBa B MpaHe, cucreMa HOpPMaTUBHBIX TOKYMEHTOB, I€HEPAJIbHBIN ILUIaH FOPOAa, TUA-ILIAH, JCTalbHbII ILUIaH
ropojaa
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Ways to Improve Normative and Regulatory Framework for Urban Planning
in Iran and its Compliance with Sustainable Development Concept
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Abstract. Improvement of design solutions in the field of urban planning is impossible without modernization of normative

and regulatory framework in accordance with modern requirements, one of which is the concept for sustainable development
of the society and the concept was adopted by the United Nations. Scientifically substantiated approach to solving a problem
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pertaining to improvement of planning and architectural-spatial structure of small cities in Iran is impossible without taking into
account provisions of the sustainable development concept. In 20062016 the author participated in preparation of several projects
for Iranian cities and revealed main problems, faced by designers and final consumers of their products — residents of cities. Diffi-
culties in development of these documents were caused by legislation imperfection in respect of their harmonization and valida-
tion, projecting procedure and also scientific substantiations of the adopted decisions. The author presents history of legislation
in urban planning sphere and also considers a system of normative and regulatory documents that regulates issues of urban planning
in Iran and main levels concerning development of urban planning documentation, analyzes three main types of urban planning
in Iran (city general plan, guide-plan, detailed plan), their basic structure and their compliance with modern requirements (sustaina-
ble development concept). The main urban planning documentation problems in Iran are subdivided in three stages: development,
harmonization and validation. The paper enumerates various urban planning problems in Iran (insufficient information on urbaniza-
tion processes, absence of national regulatory documents, absence of evaluation methods and theoretical justifications, shortage
in normative requirements) and proposes prospective directions for improving normative-regulatory framework of urban planning
in Iran. The author has made an analysis of legislative acts in urban planning and various types of project documentation developed
in Iran and its compliance with sustainable development concept.

Keywords: urban planning practice in Iran, principles of sustainable development, urban planning law in Iran, normative
documentation system, general plan of the city, guide-plan, detailed plan of the city
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BBenenne

CoBepIIICHCTBOBAHNE aPXUTCKTYPHO-TLIAHUPO-
BOYHOHM CTPYKTYPBI TOPOAOB SIBJISICTCS OJHOU U3
BaXHEHIIUX TPOOJIEM TPaJOCTPOUTEIHCTBA, Pa3-
BHBAIOIIETOCS B YCIOBUSX MEHSIOMIETOCS TEXHO-
JIOTHYECKOTO YKJa/a, HaIeleHHOro Ha TIpUMeHe-
HUE HAyKOEMKHX TEXHOJIIOTHH BO Bcex cdepax
JKU3HH O0IIeCTBa. DTOMY CIOCOOCTBYET OBICTpOE
pa3BUTHE TPAHCIOPTA U TEIEKOMMYHHKAIUH, KO-
TOpBIE COMMKAIOT TOPOAA U PETUOHBI. B ycrmoBmsix
YCKOPSIIONUXCS TPOIIECCOB TMPOU3BOJCTBA HAOH-
paroT TeMITbl PeoOpa30BaHusl ApPXUTEKTYPHO-TIIA-
HUPOBOYHOW CTPYKTYphl ToponoB. Ecium panbime
CTPOUTEIFHBIC MEPONPHUATHS PACTATUBAIUCH Ha
HECKOJIBKO JIECATHIIETHI, TO B HACTOSIIEE BpeMs
CPOKH CTPOWTENHCTBA TOPOJIOB U UX PEKOHCTPYK-
[IUU CYIIECTBEHHO COKpPAaTHINCh. Bo MHOTHX ropo-
JIlaX Pa3BHUTHIX CTPaH 3armagHOro Mupa (He TOJIBKO
KPYITHBIX, HO W MallblX) HaunHaeTcs (OpMHUPOBa-
HUEC WHHOBAI[MOHHOW 3KOHOMHKH M MaTEepPHaIbHO-
MIPOCTPAHCTBEHHON CpE/bl, KOTOpas HEBO3MOXKHA
0e3 COBPEMEHHBIX METOIOB TPaJOCTPOUTEIHHOTO
MPOSKTUPOBaHUs, TIOCTPOCHHBIX HA OOINUX CTaH-
nmaprax. C KOHIIa TPOINIIOrO BeKa OOJBIITUHCTBO
CTpaH MHpa pa3BUBAETCS IOJ BIMSHHEM KOHIIETI-
UM yCTOMYMBOTO DPa3BUTHS 0OIIecTBa, KOTOpas
3aKJTIOYACTCS B €T0 pa3BUTHH Oe3 ymiepOa mis Oy-
IyIUX TIOKOJICHWH, YIOBIETBOPEHUH CBOHX IIO-
TpebHOCTEH. B TpamocTpouTenbcTBEe MaHHAS KOH-
HENIysl BOIUIOTUIACH B Psiie¢ TCUCHHU, OOBEIH-
HEHHBIX HJIeell DKOYCTOHYMBOCTH U OXPaHBI
OKpY>Kalollel Cpebl.
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OcHoBHasl YacTh

VYka3aHHbIC TEHACHIUU TPaJOCTPOUTEIHHOTO
pPa3BUTUS HAYHMHAIOT TMPOSBIATBCS B CTpaHaX
Bmwxaero Boctoka, e HaOmromaercs OBICTPBIN
pOCT TOpOMOB, TPH MPOEKTUPOBAHUH KOTOPBIX
MIPUMEHAIOTCA HOBEWINE HOCTI)KEHHS B TPajo-
cTtpoutenbcTBe. M ecnu kpyrnHbIM ropojam bivk-
Hero BocToka mocBsIeHs! 00U pPHBIE HCCIIEeI0Ba-
HUS, TO Majble TOpOJa PEerHoHa HEI0CTATOYHO
M3y4eHbl. BMmecte ¢ TeM Mogo0HBIN THI TOCENe-
HUH TPECTaBISET HAMOOBIINI UHTEPEC C TOYKU
3pEHUsS] YCTOWYHMBOTO Pa3BUTHUS, TaK KaK B HUX CO-
XPaHSAIOTCS TPATUIIMOHHBIE TPOMBICIBI, TPUEMBI
TUTAHUPOBKU M 3aCTPOMKHU. BONBIIMHCTBO Mallbix
TOPOJIOB HE WCIBITAI0O TaKUX IPOIECCOB, Kak
CTPEMUTENIbHBI POCT HaceJeHUs, WHAYyCTpHAIIN-
3anus, MEePerpy>XKeHHOCTh TPAHCIIOPTHBIMH Cpe-
CTBaMH, HAIlMOHAIIM3AILMs CPEACTB IPOHU3BOJCTBA
1 HeIBWKHUMOCTH. OpHako mpobsemMa COBEpIISH-
CTBOBAaHUS apXUTCKTYPHO-ILUIAHUPOBOYHOW Opra-
HU3aIUU MAJIBIX TOPOJIOB JIGKHUT B TUIOCKOCTH CO-
XpaHEHUS PaBHOBECUS MEXKAY CIOXHUBIIMMUCS
AJIEMEHTaMH TUIAHUPOBKU W 3aCTPONKH U WHHOBA-
IIUOHHBIMH TIOJIX0/IaMHU K UX T'PaJOCTPOUTEILHOMY
pasBuTHio. /[ pemieHus Ha3BaHHOW MPOOIEMBI
HeoOXoamMa pa3padoTKa METOIOJIOTHUECKOTO all-
mapara, TO3BOJISIOMIET0 OICHUTh KaK CIIOKHBIIE-
€csi COCTOSIHME MaTepHaTbHO-TIPOCTPAHCTBEHHOM
Cpensl TOpOAa, TaK M MPOEKTHI 10 €€ PEKOHCTPYK-
1uu. CTOUT OTMETUTh, YTO MOAOOHBIX Pa3padOTOK
JUTSL MaJIbIX TOPOJIOB HE CyIecTByeT. BMecTe ¢ TeM
MHOTHE KPUTEPUH W METOJIbI OIICHKH TLIAHUPOBKU
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M 3aCTPOUKH YyXe pa3paboTaHbl ISl KPYIHBIX T'O-
POJIOB M WX TUIAHHUPOBOYHBIX DSJIEMEHTOB, HO HE
MOTYT HCTOJIB30BAaThCA 0€3 afanTaiuu s yCio-
BHUI KOHKPETHOT'O pEeTrHoHa.

U3 Bceit obmmoctn crpan bmmxaero Bocroka
HanOoJiee XapaKTepHBIM PErHoHOM sBisieTcst Mc-
namckas PecnyOnmuka Mpan — BTopas cTpaHa mo
TUIOIIAAA B PETHOHE, YCTYIAIoIIas Mo 3TOMY MOKa-
3arento TolbKko CaynoBckoil ApaBuu, HO B OTJIIMYUE
oT nocrnesHel B MpaHe sipko npeacTaBieHbl KiuMa-
TUYECKUE pa3inyus PEerroHa (OT KAPKOrOo 3acylll-
JIMBOTO JI0 BIAKHOTO MpHUKAcIuiickoro). B Hactos-
mee BpeMs B CTpaHe MPOJOIDKAeTCA IMPOIecc
ypbanmzanuu. s Mpana ocraercsi akTyanbHOMH
npo0JeMa pocTa MaJIbIX TOPOJIOB 32 CUET MUTPAIUN
HaceJIeHHs1 U3 ceNbckoil MecTHoCTH. i1t X mpeoO-
pa3oBaHUs M Pa3BUTHS HEOOXOTUMBI TPaOCTPOH-
TENBHBIC TPOEKTHI, OTBEYANONIUE TPEOOBAHUSIM
YCTOMYMBOIO pa3BuTHS. B HacTosiiiiee Bpems pas-
paboTKa MPOEKTHOM JOKYMEHTAIlMd TI0 pPEKOH-
CTPYKLMH MAaJIBIX TOPOJOB OCyIIecTBIsieTcs: 0e3
Hay4YHBIX 00OCHOBaHWH. B 3TO# CBs3U 0COOYIO aK-
TyalbHOCTh TMPHOOpPETacT HAYYHO OOOCHOBAaHHBIN
MOJXO K W3Y4YEHHIO IIAHWPOBOYHON M apXHTEK-
TYPHO-TIPOCTPAHCTBEHHO!N CTPYKTYPBI MaJIbIX TOPO-
noB MpaHa, npeanonararoniuili mpakTHYecKoe Mpu-
MCHEHHUE JOCTIDKEHHI COBPEMEHHON TEOpHH Tpa-
JOCTPOUTENILCTBA TMpHU  pa3paboTKe IMPOEKTHOH
JIOKYMEHTAIIUHX TI0 UX PEKOHCTPYKIIMU U Pa3BUTHIO.

IlepBbIii 3ak0OH B cdepe TrpagoCTPOUTEITHCTBA
«O cTpouTENbCTBE, PEKOHCTPYKIMH ¥ Pa3BUTHH
Jopor u ymuiy [1] npunar B Mpane B 1933 1.
B Hacrosiiiee BpeMsi OCHOBHBIMH 3aKOHAMH, PETYITH-
PYIOIIMMH BOIIPOCHI COBEPIIICHCTBOBAHUS aApPXUTCK-
TYPHO-TIJIAHUPOBOYHOM CTPYKTYpPhI roponoB Mpana,
SIBTISTIOTCS  3aKOHBI «O TPHOOPETCHUH 3eMENTbHBIX
YYaCTKOB Ui TIPOTPaMM Pa3BUTHS  KIJIMIIHO-
ropoackux 3actpoek» (1960), «O co3manmm Bep-
XOBHOTO COBETa IO TPajloCTPOUTEIBCTBYY (1964).
Tlocnennuii ynoJHOMOYEH OCYIIECTBIISTH IOA3TAll-
HBI KOHTPOJIb 1 MOHUTOPUHT TPaIOCTPOUTEIBHBIX
mpoektoB. C cepequnbl 1960-x 1T. B Upane neii-
CTBYET €IMHas CHUCTEMa pPa3pabOTKU TPamgocTpOU-
TENBHBIX TUIAHOB W HadaJiaCh paboTa 1Mo MOHHTO-
PHHTY TOPOJICKOTO DPa3BUTHS, KOJM(HUKaIuM mpa-
BUJI M HOPM TIOJATOTOBKH T'PaJOCTPOUTEIIEHBIX
miaHoB. B 1968 1. mpumsar 3akon «O MomepHU-
3aI[UH U Pa3BUTUM TOPOJIOBY», B KOTOPOM peryiaMeH-
THPOBAIMCH MEPOTIPHUATHSA IO WX PEKOHCTPYKIIWH.
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Ha mpotspkennu 1970-x IT. IpUHATE HOPMATHBHO-
MPaBOBBIE AaKThHI, OOECIEUMBAIONINE MPOLEAYPY
pa3paboTKu TeHepabHOT0, JAETATHHOTO U CTpaTe-
ruueckoro rmiaHa. C 1972 r. Bce moaHOMOYMsSI 1O
YTBEPXKIEHUIO  TUIAHUPOBOYHOW  JOKYMEHTAIIWH,
a TaKkKe BHECEHHWIO M3MEHEHHH B TIPafgoCTpOH-
TENbHBIE 3aKOHBI HAXOAATCA B BeACHHMHM BepxoBHO-
ro coBera lpaHa mo TpafioCTPOUTENHCTBY U apXH-
TekType. B 1985 r. HauaTta HOATOTOBKA K CTPOUTENH-
CTBY HOBBIX TOPOJIOB B COCTaBE KPYITHBIX TOPOJICKUX
arnomeparyid, a B 1987 r. mpunar 3akon «O mpa-
BWJIAX 3eMJICTIONB30BAHUS B TOPOAAX», B KOTOPOM
YTOUHSUIMCH TpeOOBaHMS K WX IUIAHUPOBKE M 3a-
ctpoiike. Ha pa3Butue mansix ropoaoB Mpana cy-
IIECTBEHHO TOBJMsIIA CTpaTerniecKasi mporpaMma
pasButus crpansl 10 2021 r., npunaTas B 1994 r.,
a Takke 3akoH «O ropojckoM camoyIpaBJe-
Hum» (1997), no3BonuBIIMK aIMUHHUCTPALUSIM TO-
POIIOB MPUHUMATh y4YacTHe B IUIAHWPOBAHWUU HX
passutus [2—4].

CucremMa HOPMAaTHUBHBIX JOKYMEHTOB, PETYIH-
pyroLIas BOIMPOCH! ITPaloCTPOUTENBCTBA, TTOAOOHAS
TEXHUYECKUM KOJIEKCaM yCTaHOBHBILEHCS MPaKTH-
ku (TKII), nmpunsateim B PecnyOnmke bemapycs,
WM caHUTapHBIM HopMaMm W mpaBwiam (CHull),
JnerctByronmuM B Poccuiickoit ®epaeparuu, 10
HacTosmero BpemeHu B Mpane He paspabotaHna.
Onnako B cTpaHe M3/JaHA TaK Ha3bpIBaeMmas «3ele-
Has KHUTa» — JBEHAJIaTUTOMHHK, B KOTOPOM CO-
OpaHBl pEKOMEHIAIMU IO OTAEIBHBIM acleKTaM
TPagOCTPOUTENFHOTO Pa3BUTHS, TAKUM KaK 3eMIIe-
MOJIb30BaHUE TOpOJa, TOPOACKOM TpaHCHOPT, Mpo-
eKTHas JOKyMeHTanus U T. A. Bmecte ¢ Tem peko-
MEH/AIMY, COOpaHHbIE B «3eJICHOM KHHUIe», 3ada-
CTYI0 SIBISIIOTCA YCTapeBIIMMH, IIOCKOJBKY HE
YUHUTBIBAIOT COBPEMEHHBIE TCHACHINH B cepe rpa-
JOCTPOHTENLCTBA M OTCTAIOT OT MPAKTHKU Pa3padoT-
KM TIPOCGKTHOW JOKyMeHTaruu. I[IpeoOpa3zoBanue
U pa3BUTHE TOpoJ0oB B MpaHe ocyIiecTBisieTcs B CO-
OTBETCTBHM C TPaJOCTPOUTENHHBIME IPOEKTaMHU,
pa3pabaTbIBaeMbIMH COTJIACHO CTPATETHsIM TOPOA-
CKOTO Pa3BUTHS U COBEPIICHCTBOBAHUS TEPPUTOPH-
aNbHOW OpraHu3aluM CTpaHbl. s Toro 4roObl He
MOBTOPATH TPAIOCTPOUTENBHBIX OLIMOOK MPOIILIOTO,
B lpaHe ucnonb3yercs OMBIT 3alaJHbIX CTpaH IO
COCTaBJICHHIO TPaJOCTPOUTENBHOM TPOEKTHOM JI0-
kymeHTarw [5]. OCHOBHBIE YPOBHH pPa3pabOTKH
IpaJloCTPOUTENBHON JOKyMeHTanmu B Mpane [6)]
TIPEICTaBJICHBI B Ta0M. 1.
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Tabauya 1
IIpouenypa pa3padoTKu rpagocTPOUTENLHOI foKyMeHnTanuu B Mpane

Procedure for development of urban planning documentation in Iran

YpoBeHb

Bun JOKYMCHTaA U 3aKOHO/IATEILHBIN aKT

HanuonansHbIH

[IsTrteTHYE TUTaHBI OKOHOMHUYECKOTO, CONUAJIBHOTO U KYJIbTYPHOI'O Pa3BUTUA I/IpaHa

HanmonanbHbIM ONOPHBIH MJ1aH

Ili1an mOATrOTOBKHU 3€MENbHBIX Y4acCcTKOB

38.KOHI)I, HPUHATHIC HapJIaMeHTOM, CoBeToMm MUHHUCTPOB U PYKOBOAALUIMMHU OpraHaMU CTpaHbI, 0H06peHHLIC
BerOBHLIM COBETOM IIO I'paIOCTPOUTEIILCTBY U apXUTCKTYPEC

HopmaTuBHBIE TOKYMEHTBI, PETJIAMEHTHPYIOINE Pa3pabOTKy I'€HEepalbHBIX IUIAHOB TOPOMAOB, CEMbCKOXO3Sii-

CTBCHHBIX I'€HCPAJIbHLIX IIAHOB, I'CHEPAJIbHBIX IIJIAHOB a’3pOIIOPTOB, IIOPTOB U T. II.

PervoHanbHblii | Pernonanbhble mnassl (¢ 1993 1.)

30HaNIbHBII

I'enepainbHbI IaH roposia U 30HAIBHEIN 11aH (¢ 1991 1.)

MyHI/IHI/IHa.JILHaSI CXeMa Uil KPpYITHBIX TOPOJA0B

Mecrubiit I'enepaibHble MIaHBI MaIbIX TOPOJOB

I'eHepanbHbIe MIaHBI HOBBIX TOPOJIOB

I[eTaJILHbIﬁ IJIaH 9aCTu ropoJa il KpYIHBIX U CPEAHUX T'OPOJOB

lMun-nnaHe! A7 TOPOAOB C HACEIEHUEM 110 35 THIC. Yel.

I'un-nnansl A1 CENbCKUX palioHOB

IInan pexOHCTPYKIUK M PereHepaluy CIOXKMBIINXCS JacTeil ropoja, MiaH OCBOSHUS] HOBBIX TEPPUTOPHUIL, clie-
LUAITBHBIN TUIaH, IUIaH 3aCTPOUKH JKHUJIBIX KOMIUICKCOB U IUIAH 3aCTPOMKY IIPOMBIIIICHHEIX 30H

CornacHo 1. 4 3aKkoHa aJMUHHUCTPATUBHO-TEP-
putopransHoro aenenus Mpaxa, ropogoM cauTaercs
HACEJICHHBI IYHKT C FOPUAWYECKUMH TpaHUIA-
MH U KOHKPETHOH reorpaduyecKoil pacroiokeH-
HOCTBIO, JKUTEIN KOTOPOTO 3aHSTHI B MPOMBIIUICH-
HOCTH, TOPTOBIIE, Chepe YCIyT U Ha TOCYJapCTBCH-
HOHM cmyx0Oe. Ecnu panpiie (60 nmer ToMy Haszan)
ropomamMu cuutaiauch moceierus ¢ 5000 xuTernet,
TO B HACTOSIIEE BPEMs YHCICHHOCTh HACEICHUS
ropojia moibkHa ObITh He MeHee 10000 gyemorek [7].
Kak mpaBmno, B TpagocTpOWTEIHHOM 3aKOHOZA-
TENBCTBE TOPOJI PACCMATPHUBACTCS KaK ICHTP CH-
CTeMBl paccelieHHus, OOBeIMHEHHOW COIMATbHBI-
MU, SKOHOMHUYECKUMH W KYJIbTYPHBIMU CBSI3SIMHU.
ManpiMu TOPOAaMH, KOTOPBIX B CTPAHE HACUMTHI-
BaeTcsd okoJio 1200, cunTaroTcst MoceeHHs ¢ Hace-
neaueM ot 10000 mo 50000 gemosek [3, 4, 8, 9].
Ho crapeie ropoja ¢ YMCIICHHOCTHIO HACEIICHUS
menee 10000 gen. ocratorcs ropomamu. OCHOB-
HBIMH TUTAHUPOBOYHBIMU JOKYMEHTaMH, PEryIH-
PYIOIIMMHU Pa3BUTHE MaJlOTO0 TOPOJa, SBISIOTCS
TeHepaNbHbIN IJIaH TOpOoAa, THA-TUIAH U JAETajlb-
HBIH IU1aH 9acTw Topona [5].

T'enepanbHblii MIaH — OCHOBHOM JOKYMEHT,
OTIPEACTSIONINA HANPaBICHUS Pa3BUTHS TOPOJa,
a TaK’ke CBOEBPEMEHHOTO yIOBJIETBOPEHHUS TOPOJI-
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CKUX HYX]l B paMKax T'€HEpaJbHOIrO TUIAaHA PErHO-
Ha W Ha OCHOBE WPOrHo3oB Ha 15-20 gmer.
B renepanbHOM MmaHEe ropojAa pemaroTcs CIeAy-
IOIIKE 3a/1a4u:

— OIpe/eieHne XapakTepa 3eMJIETIOIb30BAHMS
(byHKIIMOHAITEHOE 30HUPOBAHHUE);

— PEKOHCTPYKLHUA U PA3BUTHE ILIAHUPOBOYHOTO
Kapkaca (TpaHCropTHas HHPpaCTpyKTypa);

— OTBOJl 3€MJIM JUIsl CTPOUTENbCTBA >KUJIBIX,
MIPOMBIIIUICHHBIX, KOMMEPYECKHX, aJMHUHHACTPATHB-
HBIX, CEITbCKOXO3IHCTBEHHBIX OOBEKTOB M COOPY-
KCHUH, WHXCHEPHOW WH(PPACTPYKTYphI, TpaHC-
TOPTHBIX COOPYKEHU;

— OIlpeNielIeHne MH)KEHEPHBIX OOBEKTOB M 3a-
CTPOMKH, HYKJAIOIIUXCS B PEKOHCTPYKIIHH;

— COXpaHEHUE MPUPOAHBIX JaHAA(TOB, 37a-
HUM U COOPYXEHHUM, MMEIOUIUX HCTOPUKO-KYJIb-
TYPHYIO LICHHOCTb.

IIpoekTupoBaHue reHIuIaHa 3akasbiBaeTcss Mu-
HUCTEPCTBOM IO JKIJTMIIHBIM BOTPOCaM U T'Pajo-
CTPOUTEIBCTBY U OKOHYATEIHbHO YTBEPXKAACTCS
BepxoBHBIM COBETOM MO BOMPOCAM aAPXUTEKTYPHI
1 TPalOCTPOUTENbCTBA Mpana. DTo JOATOCPOIHBIHN
JIOKYMEHT, B KOTOPOM IpPEeayCMaTPUBAECTCS OTBOJ
3eMJTH TSI CTPOUTENBCTBA KUIIBIX, IMPOMBIIIJICH-
HBIX, KOMMEpPYECKHX, aJIMHHHCTPATUBHBIX, CEJb-
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CKOXO3SCTBEHHBIX O0OBEKTOB U COOPYKCHHH, WH-
JKEHEPHOW HMH(PACTPYKTYPHI, TPAHCIIOPTHBIX CO-
OpY)XEHHH M T. 1., C y4E€TOM MPHOPUTETHOCTU
OTIPEAETISIOTCS. OOBEKTHI U KBAPTaJbl, HYKJAIOIIH-
ecsl B yIyYIICHUN WIA BOCCTAHOBJICHUU. | eHIUTaH
KaK IOpUAMYECKUH TOKYMEHT COAEPXKHT B cebe u
BOTIPOCHI COXpAHEHHsI MPUPOTHBIX JaHAMIA(PTOB,
O0OBEKTOB ¥ 3[aHHUN, UMEIOIINX KYJIBTYpHO-UCTO-
pudeckyio neHHocTh. llpu HeoOXoaMMOCTH OH
KOPPEKTUPYETCS.

I'enepanbHBIl TUIaH — JOKYMEHT, KOTOPBIH
ompezAensieT oOIIMe MPUHIMITEI TOPOACKOW ITONH-
Tikd. KoMIuiekcHast MeTomoiorust pa3paboTKu
TeHIUIaHA TOpojJia BKIIOYaeT B ce0s: H3ydYCHHC
CIIOXKHBIIIETOCS COCTOSIHUSI TOPOJICKHX TEpPPUTO-
pUii; aHalW3 TJIAHUPOBOYHOW CTPYKTYpHI; TOCTa-
HOBKY IIeJiel W MPHOPUTETOB PA3BUTHS TOPOJA;
TEXHUKO-DKOHOMHYECKHE OOOCHOBAHUS; Tpajo-
CTPOUTENbHBIE TUIAHBI M IpeJjIaraeMble Mporpam-
MBI; TUTaH peanusanuu [4, 6].

l'enmnan oTpakaeT OOIIYIO CTPAaTETHIO pa3BH-
THSI TEPPUTOPHHN TOPOJa M pa3pabaThIBaeTCs B Mac-
mrrade 1:10000 mwim 1:5000. OH onpenenser xapak-
TEp 3eMJICNONb30BaHus ((QYHKIMOHAIBHbIC 30HbI),
PEKOHCTPYKIIMIO W Pa3BUTHE IUIAHUPOBOYHOTO
KapKaca (TpaHCIIOPTHBIX KOMMYHUKAIIHA).

I'mp-nman cocraBnsieTcs 471l MaJIbIX TOPOIOB, HE
MMEIOIINX TEeHEPaIbHOTO IUIaHa (C YHCIEHHOCTBHIO
HaceneHust Ao 15000 yenoBek), ¥ MOPEACTaBISICT
co00lf €ro COKpalieHHyI0 BepcHuio. B rum-murane
OTIPEAEISAIOTCS:

— TPaHUIIBI IEPCICKTUBHOTO PA3BUTHS FOPO/IA;

— XapakTep 3eMIICTIONIb30BAHUS ISl PEIICHUs
HEOTJIOKHBIX MPOOJIEM B KPAaTKOCPOUYHOH MEPCIICK-
tuse [5, 10].

JletanpHBIA IIaH YacTH Topoja pa3pabathl-
BaeTCs JUIsl Pa3BUTHS OCHOBHBIX IMOJIOKEHUH TeHE-
PaNBHOTO IUIaHA, KOHKPETH3AIMH €ro MpeJyio-
)keHnid Ha 15-20-7meTHWH CpPOK W MOXKET OBITh
MEPEeCMOTpeH 4epe3 Tpu roxa. Kak mpaswiio, mis
MaJIBIX TOPOJIOB OH COBMEIACTCS C TCHEPATBHBIM.
B neransHOM 11aHE ropoja:

— HaXOJAT PAa3BUTHE OCHOBHBIC TIOJOXKCHHS
Y TIPUHITUITBI TEHEPATHHOTO TUIaHA;

— YCTaHABIHUBAIOTCA KPacHbBIE INHUH YIIHIL;

— OTIPENEISAIOTCS TMPHOPUTETHOCTH PEKOHCT-
PYKIIUH TOPOJICKAX OOBEKTOB;

— TPOU3BOJUTCS JEJIEHUE TEPPUTOPHH TOpoAa
HAa YYaCTKU C Pa3IUYHBIM ICJICBEIM Ha3HAYCHHUEM
Y TIPABOBBIM PEIKUMOM;
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— ONPENENIIOTCS TEeXHUKO-Te0Je3NIeCKIe Ma-
pamMeTphl UHXKEHEPHO-TPAHCIIOPTHBIX KOMMYHHKA-
MM ¥ IEeNIEX0HbIX MyTeu;

— YCTaHaBIIMBAIOTCA IJIOTHOCTHBIE XapaKTepH-
CTHKH 3aCTPOMKH B KOKJOM paliOHE TOpo/ia.

Kpome sToro, neranbHbli IJIaH SIBISETCS WH-
(dhopmaronHo# 6a30# ISl TOCYIapCTBEHHOTO Ka-
nactpoBoro yuerta [3, 5, 11].

YTBep)KIeHNE [ETaJbHOTO IUIaHA BO3JIOKEHO
Ha Komuccuio BepxoBHOTO coBeTa MO BOMpocam
ApPXUTEKTYPHI U TpajgocTpouTennscTa. Llltad-kBap-
THpa KOMHCCHW HaxoAWTcs B [JTaBHOM ympaBmie-
HUU TI0 XWJIHAITHBIM BOIIPOCaM U TPaIOCTPOUTENb-
CTBa W €€ MpeJaceaareneM sBIsieTcs ryOepHaTop.
Komuter mo TexHWYeCKHM BOMpOCaM B COBEIIa-
TEJIHHBIX COOpPaHUSIX PAacCCMATPUBAET MPOEKT Ie-
TaJHHOTO IUIAHA U B CIyYae ero 0J00pEHHUsI TPOSKT
nepenaeTcs it yTBepkaeHus. Komuccus mocie
TIIATENFHOTO M3YYCHHUS W PACCMOTPEHHS MPOEKTa
JIETALHOTO TUIaHa ero yTBepxkaaeT. Kpome storo,
KOMHCCHSI BIIPaBEe C y4ETOM OCHOBHBIX ITOJOKESHHUN
TeHIUIaHa BHECTH B JCTaJbHBIN IUIAH HEKOTOpHIC
M3MEHEHUsl (MapaMeTphl IJIOTHOCTU 3aCTPOUKH,
Ha3HA4YCHHUE TOPOACKUX 3eMenb W T. I.). OxHako
Mo0BIe M3MEHEHHS, BIUSIONINE HA OCHOBHBIE TO-
JIO’)KEHUsSI TCHIUIaHa, JOJDKHBI OBITh YTBEPIKICHBI
BepxoBHBIM COBETOM MO KMJIMITHBIM BOIIPOCAM U
TPagoCTPOUTENHCTRY.

[Tocne yTBep)ACHUS JACTANBHBIN TUTaH Tepeaa-
eTCsl MYHWUIIMIAIBHOW BIIACTH U peaTH3allHu.
Cpok peanuzaliiu JIeTAIBHBIX MJIaHOB B Mpane —
mATh JIeT. TeM He MEeHee IOoCe TPeX JIET CO JIHS
YTBEpXKIEHHS JIOMYCKAeTCS €ro mepecMoTp. B kax-
JIOW TIPOBUHIIMU CYIIECTBYET TJIABHOE YIPABJICHUC
O KWJIMIITHBIM BOIIPOCAM U TPajOCTPOUTEILCTRY,
KOTOpPO€ OCYIIECTBISIET HAA30p HaJ peanu3arnuen
JETATLHOTO TJIaHa MYHHUITUTIAIEHOM BIACTHIO.

AHanm3 JIOKYMEHTOB, PETrJIaMEHTUPYIOIIUX pa3-
paboOTKy TPajOCTPOUTENHHBIX IMPOEKTOB, BBHISBIII
HEJ0CTaTOYHOE BHUMAHHE K BOMpPOCaM YCTOW-
YUBOTO pa3BUTHSA. B cTpaHe OTCYTCTBYIOT TOCY-
JApCTBEHHBIE HAYYHO-TIPOCKTHBIE OpTaHHU3AINN
IPaOCTPOUTENILHOTO MPOdUIIs, pa3padOTKOH Tpo-
CKTHOW JIOKyMCHTAIlMM 3aHUMAIOTCS YacTHBIC
KOMITAHWH. OJTHUM OOBSCHSETCS OTCYTCTBHE €IIH-
HOW METOAWKH W TPUHITUIIOB IMPOCKTHPOBAHHUS,
OTBEUAIONINX COBPEMCHHBIM MUPOBBIM IPEICTAB-
JICHUSIM W OCHOBAaHHBIX Ha cOOpe KOMIUIEKCHBIX
JAaHHBIX 00 apXHUTEKTYPHO-TUIAHUPOBOYHOHN CTPYK-
Type Topoaa. Tak, pa3Hble MPOEKTHHIC OpraHH3a-

Hayka
urexHuka. T. 16, Ne 6 (2017)



Civil and Industrial Engineering

[IUU HCTIONB3YIOT OTIUYAIONINECS METOAMKH aHa-
JU3a TOPOJAa, HE MO3BOJISIIOINNE CPAaBHUBATH TIPO-
EKTHBIC PEIICHHS M OIICHUBATh UX 3P PEKTUBHOCTE.

I'pagocTpoutensHble MPOEKTHI, KOTOPHIE pa3-
pabaTeIBarOTCS IS MaJlbIX TOPOJOB, MOXHO pPa3-
JIENATh HA TPW THIA: JOKYMEHTHI OOIIero, CIeIu-
TBHOTO W JIETAIBHOTO TutaHupoBaHus. [lomoOHas
Kkiaccudukanys npuHata U B PecnyOmuke Bema-
pycb. K rpamocTpouTenbHBIM TpOEKTaM OOIIEro
TUTAHWPOBAHUSI OTHOCATCS TE€HEPaJbHBIN IUIaH To-
pona u rua-maH. JJOKyMeHThl AeTaTbHOTO TUIAHH-
POBaHHA BKJIIOYAIOT JIETAIBHBIA TUIAH W TMO3UIH-
OHHBIN JleTalbHBIN TUIaH. [1naH peKOHCTPYKIUU U
pereHepanyy CIOXKUBIIUXCS YacTeil Topoaa, IiaH
OCBOCHHSI HOBBIX TEPPUTOPHUM, TEMAaTHUUYECKUN
TUTaH, TUTaH 3aCTPOUKH KHUIIBIX KOMIUIEKCOB U TUIaH
3aCTPOUKH MPOMBIIUICHHBIX 30H OTHOCATCS K JIO-
KyMEHTaM CIEIHaTbHOTO UTAHUPOBAHUS.

HenocpencteeHHoe ydacTre aBTOpa B COCTaBile-
HUHU PsZia TPAJOCTPOUTEIILHBIX MPOSKTOB TIO3BOJIHIIO
BBISIBUTH OCHOBHBIC TIPOOJIEMBI MX Pa3pabOTKH, CO-
rmacoBanust u yreepxkaeHus (r. Kommmeue (2006),
r. bap3ok (2008), r. I'agepabax (2009), . daBap-
3aH (2015), 1. JDxomaran (2013), r. Kymk (2014),
r. Mexpan (2010), r. Memxkar (2012), r. HokaHn-
nex (2015), r. Pyn6ap (2009), r. Xad (2007)).

IlepBas rpymnma BOMpPOCOB CBsi3aHA C HHU3KUM
Ka4eCTBOM TMPOCKTHBIX paboT. DTO B HEKOTO-
PBIX CiIy4asx oOyCIIOBIIGHO TE€M, YTO TPaJOCTPOH-
TEJIbHBIE TIPOEKTHI MOTYT BBIMONHATH (QUPMBI, HE
UMEIONINE COTPYAHUKOB CO CHEIHMAIbHOW ITOATO-
TOBKOM. 3aYacTyr0 B TIPOCKTaX HE YYUTHIBAIOT-
Csi COBpPEMEHHbIE TEHACHIIMHM B OOJACTH Tpajo-
CTPOUTEILCTBA, OMYCKAIOTCS BOMPOCHI, CBI3aHHBIC
C OXpaHOl MaMSATHHKOB MCTOPUU U aApPXUTCKTYPHI,
3CTETUKON ropo/a.

Bropas rpynma BompocoB — mpoleaypa pac-
CMOTPEHHUSI U YTBEPXKIEHUS MPOoeKToB. Komuccus
M0 BONPOCAM apXUTEKTYpPHI U TPaJOCTPOUTEIHCT-
Ba YTBEPXKIACT JlETAIbHBIC IUIAHBI TOPOJIOB, YTO
BEJICT K 3aTSATUBAHUIO CPOKOB COTJacoBaHUs. Tak-
’Ke, B OTJIMYME OT €BpOIEeCKUX cTpaH, B Mpane
OTCYTCTBYET NMpPAaKTHUKa OOLIECTBEHHOTO 0OCYXIe-
HUSl TIPOEKTOB, XUTEIH HE HUMCIOT BO3MOXKHOCTH
y4acTBOBATh B UX MOATOTOBKE. B pe3ymprare MHO-
TUE MPOCKTHEIC PEIICHUS HE PEATU3YIOTCSL.

Tperbss Tpymma BOMPOCOB CBs3aHA C OTCYT-
CTBHEM HAyYHBIX OCHOB T'PaJIOCTPOUTEIHHOTO pa3-
BUTHUS MajblX TOpoAOB. McciemoBaHus 1O COMO-
CTaBJICHUIO TUIAHUPOBOYHBIX CTPYKTYpP TOPOJIOB

Hayka
wTexHuka. T. 16, Ne 6 (2017)

HE TPOBOJWINCH, HE BBIABIECHBI 3aKOHOMEPHOCTH
UX TEPPUTOPHATIBHOTO Pa3BUTHS O] BO3ACHCTBU-
€M COoLMaJbHO-OKOHOMIYECKnX (aktopoB. Ecmu
BOIIPOCHI TIJIAHUPOBKH W 3aCTPONKH KPYITHBIX TOPO-
noB Wpana (Terepana, Mcdaxana u 11p.) oCBEIIEHBI
B JIUTEpaType, TO TPalOCTPOUTEIbHBIE MPOOIEMBI
MAJTBIX TOPOJIOB MPAKTUUECKH HE HCCIIEIOBAINCH.

CoBepIIeHCTBOBAaHUE TPAIOCTPOUTEIBHBIX MPO-
eKTOB JUIsl TOpomoB MpaHa CBsI3aHO C pelIeHHeM
KaJIpOBBIX BOIPOCOB, ONTHMH3AIHEH COTIIacOBa-
HUSL M YTBEPXKIOCHMS MPOEKTHOW JOKYMEHTAIWH,
pa3paboTKON TEOPETHYECKUX OCHOB TUIAHUPOBKHU
U 3aCTPOUKH.

C0XHOCTHU TIPH MOJATOTOBKE TPafOCTPOUTENb-
HOW JOKYMEHTAIMH IJI1 TOPOAOB BO MHOTOM O0B-
SICHAIOTCA HEIOCTATOYHOW M3yUEeHHOCTHIO TIpOoIiec-
coB ypOaHu3anuu, TpaHcHOpMaLUK ILIAHHUPOBOY-
HOM CTpYKTypel roponoB HMpama. HeoOGxomumo
PEIINTH CIIEAYIONTNE 3a1aUH:

— pa3paboTaTh THUMOJOTHUIO IUIAHHPOBOYHBIX
CTPYKTYp TOpPOJIOB;

— BBIABUTH KJIFOYEBBIE OTalbl WX pPa3BUTHA,
00yCIIOBIICHHBIE U3MEHEHUSIMU, MPOHU3OLICAIIUMH
B cepe pazBUTHS TpaHCIOPTa, YKOHOMHYECKOTO
yKJIa/1a, TOTUTHYECKOH KU3HH;

— YCTaHOBHUTh 3aKOHOMEPHOCTH TpaHchopma-
MU TIAHUPOBOYHOU CTPYKTYPHI TOPOIOB.

[lo HameMy MHEHHUIO, IMEHHO aHAJIN3 OCOOEH-
HOCTEH TIAHUPOBOYHOW CTPYKTYpPHI TOPOIOB SIB-
JIIeTCSl OCHOBOM JJIS COBEPIIEHCTBOBAHMUS POEKT-
HOW TPaJOCTPOUTENbHONW JOKYMEHTAIlMH, TaK Kak
MOJKET HPEAOCTABUTH T'PalOCTPOUTENSAM CHCTEMa-
TH3UPOBAHHEBIE JaHHBIC 00 O0BEKTE MPOCKTHUPOBA-
HUS, C KOTOPBIMH MOTYT paboTaTh CHELUAIUCTHI
C pa3HBIM YPOBHEM 0Opa30BaHUsI, YTO B KOHEYHOM
urore OymeT CIocOOCTBOBATH MPUHATHIO OOOCHO-
BaHHBIX POCKTHBIX PEILICHUH.

B rpamoctpoutensctBe Mpana HET pyKoOBOAs-
X JOKYMEHTOB HAI[IOHAIBHOTO YPOBHA, COJEP-
KalMX OCHOBHBIE HANpaBJICHUs Pa3BUTHA TOPOJI-
ckux mnoceneHud. PazpaboTka mpoOeKTHOH MOKY-
MEHTAaIlMd 10 PEKOHCTPYKIIMH MAaJlbIX TOpPOIOB
OCYIIECTBISIETCS] YACTHBIMU KOMITAaHUSIMH C BECbMa
HEOJHOPOIHBIM KaJpOBBIM COCTaBOM, B KOTOPOM
MOTYT OTCYTCTBOBAaTh CIEIHAIUCTHI B cdepe rpa-
noctpoutenscTBa. [Ipu 3TOM ypoBeHb 3HaHUI na-
e JUTUIOMHPOBAHHBIX apXUTEKTOPOB B 001acTH
HOBEUIIMX TEHACHIUN T'paJloCTPOUTEIHCTBA He-
JOCTaTOYHO BBICOK B CHIIy OTCYTCTBUSI CHUCTEMBI
MEPEnoAroTOBKH KapOB.
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Cmpoumenvcmeo

B crioxuBmielicss mpakTHKe Mpeo0IaaaoT aHa-
JUTHYECKUE METOBI aHAIN3a U HE HCIOJB3YIOTCS
METOJBI OIIEHKHW, OCHOBaHHBIE Ha KOJIWYECTBEH-
HBIX TOKa3aTeNnsx. MHOTue COBpEeMEHHBIE METO-
JIUKW OIICHKH TTO3BOJISIFOT MPOU3BECTH CPaBHECHUC
Ha ocHOBe 06X nHANKaTopoB (LEED-ND (CIIIA),
BREEAM Communities (BemukoOputanms), CAS-
BEE-City (Slnonust) u T. 1.), OTpaskaroluX COOT-
BETCTBHUE PA3UYHBIX ACIEKTOB TOPOACKOU CTPYK-
TypHI IPUHIIUIIAM YCTOWYUBOTO PA3BUTHS, OTHAKO
B paHe Takue pabOThI HE MPOBOASATCS.

B HOpMaTHMBHBIX JOKYMEHTaxX HET MOHITHS
KOMIIAaKTHOCTH IIJIaHa TOPOJa, OIIEHKH Pa3BUTOCTH
VIIMYHON CETH, pa3HOOOpa3usl 3aCTPONKHU U TUIAHU-
POBOYHOM CTPYKTYpbl ropojia. B HUX OTCYTCTBY-
10T TpeOOBaHUS K OTKPHITHIM ypOaHU3UPOBAHHBIM
MPOCTPAHCTBAM TOPOJa, KOTOPBIE HE SIBISIOTCS
MpeIMeTOM aHaliu3a Ha YpOBHE TeHepajJbHOro
TUTaHa TOpoja U ruA-tuiana. Ha ypoBre gerambHO-
ro IJjIaHa OTKPBITHIE OOIIECTBEHHBIC MPOCTPAHCT-
Ba (YJUIIBI W IDIOMIAIN) PACCMATPUBAIOTCS TOJIBKO
B paMKax IMPOEKTUPOBAHUS CTPYKTYPHl YIUIHOMN
CETH, IIPH STOM OILICHKA UX HE MPOU3BOTUTCS.

HecMmotpss Ha Hamnume B HOpMaTHBax TpeOo-
BaHMA K MUHUMAJIHLHOMY OOCCIICUCHHIO >KHUTEICH
3€JICHBIMU HACAKJICHUSIMH, OTCYTCTBYIOT PEKOMCH-
JAINH 110 PAalMOHATBFHBIM CIOC00aM WX TIAHHPO-
BOYHOW OpraHW3allii, OCHOBaHHBIM Ha (hOPMHPO-
BaHWUU B3aWMOCBSI3aHHOW CHCTEMBI O3€JICHEHHBIX
OTKPBITBIX PEKPEAMOHHBIX TMPOCTPAHCTB, JOCTYTI-
HBIX BCEM KHUTEIISIM TOPO/a.

PabGora Ham rpagoCcTpOUTETHHBIMU IMPOCKTA-
MH MallbIX TOPOJOB IIOKa3aja, 4TO HEeJAOCTaTOY-
HO BHHUMAaHUsS YJIENSAETCS TaKOMy WX KadeCTBY,
KaKk CBOeoOpasue TPaIUIMOHHON HCTOPHYECKOMN
TOPOJICKON TJIAaHUPOBKM U 3aCTPOMKH, KOTOPOE
HEJOOIICHUBACTCS TPOCKTUPOBIIMKAMH B CHITY
OTCYTCTBHS HAYYHBIX METOJMK aHAIIN3a U OLICHKH.

K Henpocrarkam cyliecTBYIOIIEH CUCTEMBI TTPO-
EKTUPOBAHUS CIICYET OTHECTH:

— HEJOCTaTOYHBIH yUYET CHEIM(PUKU apXUTCK-
TYpPHO-TUTAHHPOBOYHOM OpraHU3aI[ui TOPOJIOB;

— OTCYTCTBUE €IUHOW KOHIEIIINH PA3BUTHS
APXUTEKTYPHO-TUIAHUPOBOYHOU CTPYKTYPHI TOPO-
JIOB B COOTBETCTBHH C MPUHIUIIAMH YCTOWYHBOTO
pa3BUTHS;

— Hepa3pabOTaHHOCTh KPUTEPUEB OLICHKU ap-
XUTEKTYPHO-TNIAHUPOBOYHON CTPYKTYPHI TOPOOB;

— OTCYTCTBHE CTaHJapTH30BAHHBIX METOJUK
aHaJM3a IIAHUPOBKH M 3aCTPONKH TOPOIOB.
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Crnemyer oTMETUTh TOT (DAKT, YTO HEIOCTATOY-
Hasl CTETNeHb pa3pabOTaHHOCTH BOIPOCA COBEPILEH-
CTBOBaHMS apXUTEKTYPHO-TIAHUPOBOYHOU CTPYK-
TypBI TOPOAOB B HOPMATHBHO-IIPABOBBIX JTOKYMEH-
TaXx BO MHOTOM OOYCIJIOBIIEHa OTCYTCTBHEM Teope-
THYECKHX 00OCHOBaHMU. Tak, B HAy4yHOU JNHTEpa-
Type OTCYTCTBYIOT CHCTEMAaTU3UPOBAHHBIEC TaHHBIC
00 OCOOCHHOCTSIX APXHUTEKTYPHO-TUIAHUPOBOYHOM
CTPYKTYPBl MajbIX TOPOJAOB (THIaX IUIAHUPOBOY-
HBIX 00pa30BaHWM, OTKPBITBIX MPOCTPAHCTB, 3a-
CTPOCK, XapaKTEepUCTHKE (YHKIHMOHAIBHBIX 30H
¥ UX B3aUMHOM pACIIOJIOKEHUH), a TAaKXKEe HE CH-
CTEeMaTH3UPOBaHbl (DAKTOPHI, BIUSIONIME HA HX
(dbopmupoBaHHUE.

[l COBpeMEHHOI'0 COCTOSIHUSI UPAHCKOM Trpa-
JOCTPOUTENEHOM HAyKH XapaKTepHa CHHKPETHY-
HOCTh PAcCMOTpEHHsI NpoOIeMaTHKH Mpeobpaso-
BaHUS W Pa3BUTHA TOPOJIOB M MX YacTell, KoTopas
MIPOSIBISIETCS. B TIpeolOiiamanuu paboT wHOpMa-
LIUOHHO-TIPOCBETHTENBCKOr0 Xapakrepa. OHH HO-
CSIT TIO3HABATENFHO-TEOPETUUECKUI XapakTep U He
MMEIOT TPAKTUYECKOTO 3HAYEHUS IO TPUIHHE
KpailHe IMPOKON TPaKTOBKU OOBEKTa M MpeaMeTa
WCClenoBanns (OJHOBPEMEHHO PaccMaTpUBAIOTCS
ropoja pa3IMdHON BEJTMIHHEI, 31T0XH). BMecTe ¢ Tem
B 9THX HCCIECIOBAHUSX COACPKUTCS 3HAYUTEIBHBIN
Marepuall 0 NCTOPUHU Pa3BHUTHS TOPOJOB, HX apXH-
TEKTYPHO-TIaHUPOBOYHOM OpraHM3aIuy.

BBIBO/IbI

1. K OCHOBHBIM TpO0OJIEMaM T'palOCTPOUTEIb-
HOTO TpoeKTHpoBaHus B MpaHe crnegyeT oTHeCTH:

— HEIOCTaTOYHOE BHUMAaHHE, YACNSEMOE BO-
MpocaM YCTOMYMBOIO Pa3BUTHUA B JIEUCTBYIOIIUX
JNOKYMEHTaX, pEerIaMEeHTHUPYIOIINX pPa3pabdoTKy
CPaOCTPOUTENBHBIX MPOCKTOB;

— OTCYTCTBUE €IUHOM CHUCTEMBI PEryJIupyro-
IIMX HOPMATHUBHBIX JOKYMEHTOB, aHAJIOTHYHOU
TEXHUYECKUM KOJECKCaM YCTAaHOBUBIICHCS MpaKTU-
ku B PecryOnuke Bemapych wim cTpouTenbHBIM
HOpMaM U npaBwiaM B Poccuiickoit deaepanuu;

— Haymyue OOJIBIIOrO YKCia YCTapeBIIUX pe-
KOMEHJIAMK B IEUCTBYIOIIUX Pa3pO3HEHHBIX HOP-
MaTUBHBIX TOKyMEHTaX;

— OTCYTCTBUE €IMHON METOJMKH U MPUHIIUIIOB
MIPOCKTUPOBAHMUSI, OTBEUAIOLIUX COBPEMEHHBIM MU-
POBBIM TIPENICTABICHUSM U OCHOBAaHHBIX Ha cOope
KOMIUIEKCHBIX JIaHHBIX 00 apXHTEKTYpHO-TUTAHU-
POBOYHOM CTPYKTYpE ropoja;
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— pa3paboTKy TPOCKTHOW JOKYMEHTAIUH TI0
ropogaM 4acTHBIMH KOMIIAaHMSMHU C BECbMa HEO[I-
HOPOJIHBIM KaJ{pOBBIM COCTaBOM, B KOTOPOM MOTYT
OTCYTCTBOBAaTh CIIECIUAIUCTHI B cepe rpagocTpo-
UTEIBCTBA;

— OTCYTCTBHE PEKOMEHJAIMH TI0 palHoHAIb-
HBIM croco0aM TUIAHHPOBOYHON OpraHU3alliy To-
POIIOB, OCHOBaHHBIX Ha ()OPMHPOBAHUH B3aUMO-
CBSI3aHHON CHUCTEMBI O3CJICHEHHBIX OTKPBITHIX pe-
KpEalMOHHBIX TMPOCTPAHCTB, JOCTYIHBIX BCEM
KUTEJISIM TOPOJIa;

— OTCYTCTBHE TPEOOBAHHWM K OTKPBITHIM ypOa-
HU3UPOBAHHBIM TPOCTPAHCTBAM TOPOJIA, KOTOPHIC
HE SABJSIOTCA NMPEAMETOM aHalu3a Ha YpOBHE Te-
HEepPaIBHOTO TIaHA TOPOJIa ¥ TH/-TUTaHa.

2. IlepCrieKTHBHBIMH ~ HAIIPABICHUSIMU ~ COBEP-
HICHCTBOBAaHMSl HOPMAaTHUBHO-TIPaBOBOM 0a3bl Ipajo-
CTPOHTEIBHOTO TIPOCKTUPOBAHUSI CIICYET CUUTAT:

— pa3paboTKy KOHIIEIIIMK YCTOWYMBOTO pa3-
BUTHA TropofoB MpaHa W MPHHIUIIOB €€ COBeEp-
HICHCTBOBAHMSI,

— (opMHpOBaHUE CHCTEMbI HHIUKATOPOB YCTOM-
YHBOT'O Pa3BUTHS T'OPOJIOB;

— pa3paboTKy METOJMKH TPEINPOCKTHBIX HC-
CIIEJIOBAaHUM TOPOJIOB.

3T0 cnocoOcTByeT 000CHOBAaHHOMY MPHHSATHIO
peleHnii o0 MX TNpeo0pa3oBaHUIO B XOJe paspa-
OOTKH TpasioCTPOUTENHHBIX JOKYMEHTOB.
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Pedepat. B craThe npeacraBieHsl OCHOBHBIE PE3YJIBTAThl HCCIEIOBAHUS JIOTHCTHUECKOH AesTenbHOCTH B PecniyOnuke bena-
pych no uroram 2016 r. OnpeneneHsl ¥ NpOaHAIU3UPOBaHbBl 0A30BbIE COCTABIIIONINE 3TON NEATEIBHOCTH Ha OCHOBE 3KOHO-
MHYECKOW OLEHKM MOKa3aTesel €XErolHON IoCy/apCTBEHHOW CTAaTUCTUUECKOW OTYETHOCTU O JIOTMCTMYECKOM M TPaHCIOPTHO-
SKCIIEIMIINOHHON JIeITeNbHOCTH OpTraHM3aIuil pecrryOoimkn 1mo ¢opme 1-mormcrtuka (MuHTpaHc), otdera MuHHCTEpCTBa
TpaHcHopTa U KOMMyHHKauii Pecrybmmku Bemapycek o pesynpratax peanm3anuu PeciryOnuKaHCKOM mporpaMMBbl pa3BHTHS
JIOTUCTUYECKOH CHCTEMBI M TpaH3UTHOTO noTeHnuaita Pecrryomuku benmapycs Ha 2016-2020 rr., otueroB Beemupaoro 6anka
00 wHIeKce 3(GEKTUBHOCTH JIOTHCTHKHU, OTACNBHBIX ITOKa3aTeNeil COCTOSHUS JOTUCTHYECKONH HH(PACTPYKTYpHI, a TaKxkKe
Pe3yabTaTOB 3MNEKTPOHHOTO aHKETUPOBAHHS KPYIHEHIINX JIOTHCTUIECKHX LIEHTPOB CTPaHbl. B Xoze uccneqoBaHus pUMeHs-
JIMCh METOJIBI CPAaBHUTEIBHOTO aHaN3a, 0000IIeHNHsI M SKOHOMUYECKOT0 aHaau3a. AHalIW3 MoKasal, 4ro B bemapycu gyHK-
IHOHUPYET CETh JIOTHCTUYECKUX LEHTPOB PA3IMYHON CHELHUATM3AIMU M Pa3HBIX (OPM COOCTBEHHOCTH, PACHONIOKEHHBIX
BO Bcex obmacTsax pecnyOnuku. Hambospinee uMx KOMMYECTBO HaxoauTcss B MuHckoi oGnactu BOmm3u Il u IX TpaHCh-
€BPOIEHCKUX TPaHCIOPTHHIX KOPUIOPOB U B bpectckoit o6iaactn BOim3u rpanuis! ¢ [loneimeid. B crpykrype noructadeckix
IEHTPOB UMEIOTCSI B HAJIMYMH CKJIaJbl BPEMEHHOT'O XPaHEeHUsI, TAMOYKEHHbIE CKJIAJIbI, CKJIJbI OOILIETO MOIb30BaHMsI, KOHTEH-
HEpHbIE TePMUHAJIbI, aBTOMOOWIIBHBIE CTOSTHKH, ITyHKTHI TAMOXKEHHOTO O(OPMIICHUS, a Tak)ke aBTOMOOWIBHEIE, XKEIe3HOI0-
pPOXKHBIE W TIPOYHME T'PY30BBIE TPAHCHOPTHBIE cpeicTBa. [loka3aTenH JIOTHCTHYECKOH NesTeIBHOCTH B PECIyOJMKe CBHUIE-
TEJNBCTBYIOT O ee pa3Butuu B 2016 r. Bo3pocnu ckmaackas miomanb JOTUCTUYECKUX IEHTPOB M OCHOBHBIE (DHMHAHCOBBHIE
U 00BbEMHBIE TOKA3aTeIH JOTUCTHYECKON JEeSITeNbHOCTH, YYUTBIBA€MbIe TOCYIAPCTBEHHOH CTaTHCTHYECKON OTYETHOCTHIO.
JlaHHBIe (QAKTHI CBUAETEILCTBYIOT O BOCTPEOOBAHHOCTH JIOTHCTHUECKOTO MoTeHImana Pecyonuku benapyces u ero addek-
THBHOM SKOHOMHYECKOM M HHPPACTPYKTYPHOM Pa3BUTHU.

KniodeBble c10Ba: aHKSTUPOBAHKE, TPY3, 3aKOHOJATEIILCTBO, HHECKC, MHYPACTPYKTYpa, JTOTUCTHKA, TOKA3aTeIIH, IIPOTrpaM-
Ma, PeryJIMpoBaHue, PhIHOK, CHCTEMA, CKJIaJ], TPAHCIIOPT, yCIyTrHu, 3G EeKTHBHOCTD

Jns nurupoBanusi: boxanos, I1. B. Jlorucrudeckas aestensHocTh B benapycu: tenaeniuu u npobiaemst / I1. B. Boxanos /
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Logistics Activities in Belarus: Tendencies and Problems
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YRepublican Unitary Enterprise, Belarusian Research Institute of Transport “Transtekhnika”
(Minsk, Republic of Belarus)

Abstract. Main results of investigations on logistics activities in the Republic of Belarus at year-end 2016 are presented in
the paper. The paper identifies and analyzes basic components of this activity on the basis of economic evaluation of indi-
ces presented in annual State statistical reporting on logistics and transport and freight forwarding activities of the Republican
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organizations according to form 1-logistics (Mintrans — Ministry of Transport and Communications of the Republic of Be-
larus), a report of the Ministry of Transport and Communications of the Republic of Belarus on the results of the implementa-
tion of Republican Program for development of logistics systems and transit potential of the Republic of Belarus for the pe-
riod of 2016-2020, World Bank reports on logistics performance index, some indices of logistics infrastructure position and
also results of electronic questionnaire of the largest logistics centers of the Republic of Belarus. Methods of comparative
analysis, generalization and economic analysis have been used in the process of research. The analysis has shown that a net-
work of logistics centers with various specialization and forms of property are located and operating in all regions of the Re-
public of Belarus. Most of them are situated in the Minsk region near the II and IX trans-European transport corridors and
in the Brest region near the border with Poland. Structure of the logistics centers includes temporary storage warehouses, cus-
toms warehouses, warchouses for general use, container terminals, car parking, customs clearance office, and automotive,
railway and other cargo transport facilities. Indices of logistics activity in the Republic of Belarus demonstrate its deve-
lopment in 2016. Storage space of logistics centers and main financial and volumetric indices of logistics activity which are
included in the State statistical reporting have been increased during in recent times. These facts testify to the demand
for logistics capacity of the Republic of Belarus and its efficient economic and infrastructure development.

Keywords: questionnaire, cargo, legislation, index, infrastructure, logistics, indices, program, regulation, market, system,
warehouse, transport, services, efficiency

For citation: Bozhanov P. V. (2017) Logistics Activities in Belarus: Tendencies and Problems// Science and Technique.
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BBenenne

WHTerpanionHble  MPOIECCH, POUCXOISIINE
B pamkax EADC, cTUMynMHpyIOT pa3BUTHE BHEII-
HEH TOProBIM CTPAH-y4acTHUI] U, KaK CIEACT-
BUE, JIOTHCTUYECKOU [eATeNILHOCTH B benapycw,
a OmaronpusaTHOE TeorpapuIecKoe PacIloIOKCHHE
pecyOIuKH TTO3BOJISET € OBITh «EBPOAa3HATCKOM
ITamamoii». 310 00yCIOBIWBAaET TPHUBICUCHUE
BHUMAaHUS TOCYIapCTBa K JaHHOW OO0NacTu nes-
TENbHOCTH. Pa3BuTHE HAIMOHAIBLHOW JOTHCTHYEC-
CKOM JIeATEeNIbHOCTH CBSI3aHO C pealii3anuen JAByX
TOCYIapCTBEHHBIX IMPOTPAMMHBIX JOKYMEHTOB
Ha 2009-2015 1 2016-2020 rT.

VYcnoBHOe Hayano Joructike B benapycu momo-
xkeHo B 2003 r., xorma IepBbIE JIOTMCTUYECKHE
CTPYKTYpPBI, COOTBETCTBYIOIIHE MEXKIyHAPOIHBIM
CTaH/IapTaM B HEKOTOPOH CTENeHW, TMOSBIINCH Ha
0a3e TOCymapCTBEHHBIX MpemnpusaThii «bemmaruct-
pambaBTOTpaHe» U «bpectrpy3zaBrocepsucy. B To
BpeMsi OCNOPYCCKUH PBHIHOK JIOTUCTHKH XapaKTepH-
30BaJIics KaK TETEPOTeHHBIN, MOCKOJIbKY HA HEM HE
OBLIO SIBHBIX JIMAEPOB, a pabOTAJI0O MHOKECTBO MEII-
KHX B CpeHAX (HPM, HCTIONB3YIONNX YCTAPEBITYIO
TEXHHUKY. DTH (PUPMBI HE BKJIQJ[bIBAIH WHBECTUIMU
B YJIy4lllEeHHE Ka4ecTBa YCIIyT U cepsuca [1, c. 477].

Brenpenne JOTHCTHKM Ha TOCYJAapCTBEHHOM
ypoBHE Hadasochk B 2008 ., korma [IpaBuTenscTBO
yrBepauiio [Iporpammy pa3BHTHS JIOTHCTUYECKON
cuctembl PecryOnuku benapycs Ha mepuon o
2015 r. Ee uens — co3nanue 3pPeKTUBHON JIOTH-
CTHYECKOH CeTH MEXIYHapOIHOTO YpOBHA C WH-
Terpauveil B JIOTUCTUYECKYI0 cucTeMy EBpombl.
Hns 3TOro B JaHHOW mporpaMMe H3HAYaJIbHO
MpeIyCcMaTpUBaIOCh BblAeneHne 50 3eMenbHBIX
Y4acTKOB TIOJ] CTPOUTEIBCTBO JIOTHCTUYECKUX
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LEHTPOB Pa3IMYHONW (PYHKIIMOHAIHLHOCTH, 3aTeM
HUX KOJIMYECTBO yMeHbLImioch A0 36. OmHako K
koHIry 2015 . B pamMKkax Ha3BaHHOH NpPOTpaMMbI
OBLIH OTKPHITHI TOIHKO 20 TOTUCTUYIECKUX IIEHTPOB,
00beM WX CKIAJCKUX TuTomaneii kiacca A cocra-
BuiI 276,1 ThIC. KB. M, Ki1acca B — 122.,9 Twic. kB. M.
B cTpouTensCTBO JOTUCTHYECKUX IICHTPOB IPH-
BieueHo 6onee 4,6 TpiH pyo. [2, c. 10]. bonpmmn-
CTBO JIOTUCTHYECKUX IIEHTPOB MOCTPOCHBI 32 CUET
WHOCTPAHHBIX WM HAIMOHAJIBHBIX YaCTHBIX HHBE-
CTUIIMI, BOCEMb SIBISIOTCS TOCYIapCTBEHHBIMU
WIH C JIOJIEH TOCyAapcTBa B YCTAaBHOM KaIlUTalIe.
[Tonwe3nHbie myTH U 00CTYKHBAHUST aBTOMOOMITb-
HOTO U KENE3HOJOPOKHOTO TPAHCIIOPTAa UMEIOT BO-
CEeMb JIOTHCTHYECKUX IIEHTPOB, OCTAIILHBIE Pa0OTAIOT
C aBTOTPAHCIIOPTOM, TPU JIOTUCTUYECKHX IIEHTpa
pacrionararoT Oup>keBbIMU cKJiafamu |3, c. 4]. Jloru-
CTHYECKHE IEHTPHI B OCHOBHOM PaCHOJIOXKECHBI
BOJM3M OCHOBHBIX TPAHCIIOPTHBIX MAapIIpPyTOB,
MPOXOISIINX 110 TEPPUTOPUH PECITYOIIUKH.

st mocnenoBaTebHOTO MPOJOJIKEHUS peaju-
3allid TOCYNapCTBEHHON TOIEPKKH Pa3BUTHUS
noructuku [IpaButensctBom B 2016 r. yTBepxKIe-
Ha PecmyOnukaHckass nmporpamMma pa3BUTHSI JIOTH-
CTHUYECKON CHUCTEMBl M TPAH3UTHOT'O TOTEHIIMAala
Ha 20162020 TT., KOTOPO¥ MPEAYCMOTPEHBI TTOKA-
3aTeNd Pa3BUTHUS JIOTUCTUYECKON JCSTENBHOCTH,
HE TPUMEHSBIINECS B TMPENbIAyIIeH IporpaMMe.
Taxk, 3ammaampoBano poctmkenue k 2020 r. cie-
IYIOIIUX TIEJIEBBIX TIOKa3areleil: pocT oObeMa
JIOTUCTHYECKUX yCIyT B 1,5 pasa, yBenudeHue o00-
el CKIaACKOM MIOIAAN JOTUCTUYECKUX LIEHTPOB
B 1,64 pa3a, pocT A0XOAOB OT TpaH3UTa, KOTO-
pBI€ BKIIOYAIOT JIOXOJbI OT TPaH3UTa HE(TH, MPH-
pOIHOTO Ta3za W TpaH3WTa B cdepe TpaHCIOopTa,
3a WCKIIFOYEHHEM TPYyOOIPOBOAHOTO TPAHCIOPTA,
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mo 1525,1 mmu gonm. CIIA. s goCTHXKEHHS
Ha3BaHHBIX IIOKa3aTeNell HpeayCMOTpeHbl Mepo-
OpPUSTHS, CTPYNIIMPOBAHHBIE B PAMKaxX TpeX MPHO-
PUTETHBIX 3a7ay INPOrpaMMBbl: IOBBIIICHUE Kaue-
CTBA U KOMIUICKCHOCTH OKAa3aHHUS JIOTMCTHYECKHX
yciyr; obOecriedyeHne Pa3BUTHUS JIOTUCTUYECKOW WH-
(dpacTpykTypsl U mOBBIIIEHHE 3((PEKTUBHOCTH €€
UCTIONL30BAHUS,  COBEPIICHCTBOBAHHE  IPABOBBIX
M OSKOHOMHUYECKHMX YCIOBHH Ui 3((HEKTHBHOTO
MCIIONB30BaHMS TPAH3UTHOTO TIOTEHINANA.

B nmepuon rmoGanbHO 3KOHOMUYECKOW HecTa-
OMJIBHOCTH OCOOCHHO Ba)KHBIM CTAHOBUTCS IPO-
LIECC COBEPLICHCTBOBAHUS yCJIOBUH BeJCHHUS nes-
TEJILHOCTH TIO0 00ECIEUYECHUI0 TOBAPOJIBIKCHHUS HA
HAIlMOHAJBHOM M MEXIYHapOIHOM YPOBHSX, YTO
OCOOCHHO AaKTyaJbHO [UJIS HAaIled pecIryOJIHuKwy,
YUUTHIBas €€ TPAH3UTHBIM, IPOMBILIUIEHHBIN U UH-
($pacTpyKTypHBI MOTeHIMaN. B cBs3H c 3THM
HEOOXOAMMO MMETh OOBEKTHUBHYIO OIIEHKY COCTO-
SIHUS] JIOTHCTUYECKON AESTEbHOCTH.

Jst mpoBenieHusl aHanu3a OIpeneeHbl OCHOB-
HbIE COCTaBJLIIOLINE HA3BAHHOM AEATEILHOCTH, KO-
TOpBIE B3ATHI M3 TOCYAAPCTBEHHON CTAaTUCTHYECKON
otdetHOCTH 1O (opme 1-moructrka (MuHTpaHC),
M3Y4eHbl OTYeThl MUHHCTEpCTBA TpPAHCIOPTA H
KoMMyHHuKanuii Pecrryonmikn benmapych o xonme pea-
mm3ar  PecrryOnuKaHCKON TIporpaMMbl  Pa3BUTHS
JIOTUCTHYECKOM CHCTEMBI M TPAaH3UTHOTO IIOTCH-
mrana Pecrryonmiku bemapyces Ha 20162020 T M
BcemupHoro Oanka 00 uHAekce 3(QPEKTHBHOCTH
JIOTUCTHKH, a TAaKKe HCIOJIB30BaHbl PE3YJIbTaThl
9JIEKTPOHHOTO AHKETUPOBAHUS KPYIHEHIINX HALWO-
HaJIBHBIX JIOTUCTUYCCKUX IICHTPOB, IIPOBECACHHOI'O
benopycckuM Hay4HO-MCCIIEIOBATENILCKUM HHCTU-
TyToM TpaHcrnopTta «TpancTexnuka» B 2016 T.

Oco0eHHOCTH HAIHOHAJIBHOTI'0 PBIHKA
JJOTUCTHYECKHUX yCIayr

OBONIONUS JIOTUCTHYECKUX CHUCTEM 3a pyoe-
JKOM JOKa3bIBAa€T, YTO OHHU CTAHOBATCS OTHHUM U3

BOKHEHIIIMX CTPaTerMyecKUX MHCTPYMEHTOB B KOH-
KYpEHTHOI 00pb0e He TOJIBKO ISl OTAENBHBIX Op-
raHu3alui, Ho W JuId cTpaHsl B 1ienoM. B benapy-
cH c(hopMUPOBATIUCH HECKOJIBKO JPYTU€ YCIOBUS —
B CWIy OOBEKTHBHBIX NPUYUH HCTOPHUYECKOTO,
MOJIMTUYECKOT0, SKOHOMHYECKOTO Xapakrepa Cy-
LIECTBYEeT OTCTaBaHWE B OOJIACTH JIOTUCTUKHU.
OTO MPOUCXOIUT H3-32 XAPAKTEPHOCTH Pa3BUTHS
CaMHX JIOTHCTUYECKHUX CHCTEM, OIpEIEICHHBIX
LeNbIM paoM puunH [4, c. 37].

CTpyKkTypa HAaLHMOHAJIBHOTO JIOTUCTHYECKOTO
pBIHKA 3HAYUTENBHO OTJIMYAETCS OT CTPYKTYpPHI
MHUPOBOTO PBIHKA, YTO BO MHOTOM OTPEAEISIETCS
HU3KUM YPOBHEM Pa3BUTHS JOIMCTHYECKOTO Cer-
MeHTa. Jlons JIOTUCTHYECKUX YCIyr B Hamiei
cTpaHe cocTaBysieT okojio 17 % obbema pbIHKa,
B TO BpeMs Kak B Mupe — 52 %. JloMuHUpyomum
CErMEHTOM ATOTO pPhIHKAa OCTAIOTCS I'PY30BBHIE TIe-
peBo3kn (ux mons mpesbrmaet 80 %) [5, c. 172].
[Ipu sTOM CciienyeT UMeTh B BHIY, YTO B peciyO-
JIMKE JIOTUCTUYECKHE YCIYI'M HE BBIACICHBI Kak
9KOHOMHUYECKHI BUJ AEATEIBHOCTH, B CBS3U C YEM
BO3HUKAIOT CJOXHOCTH TPU pacyeTe JO0XOJOB OT
OKa3aHus TAKUX YCIIYT.

Peskuii pocT KOMTUUECTBA JTIOTUCTUIESCKHUX LIEHT-
pOB B Hailel cTpaHe, KOTOPBIH BO MHOTOM 00B-
SICHSUUICSI HU3KOW CTapTOBOM 0a3oi, CMEHHICS
MEPHOIOM KauyeCTBEHHOTO pa3BUTHA. MeHHO
KaueCTBCHHBIMH M3MCHECHUSIMHU B MPEKHHUX KOIH-
YECTBCHHBIX TIPAHMLAX JIOTHMCTUKA OTBEYaeT Ha
KPU3HCHBIE SBJICHUS B SKOHOMUKe. OHAKO HaLuU-
OHAJIbHAasl JIOTUCTHKA OTCTAe€T B CBOEM pa3BUTHHU
OT MHUPOBOH, YTO MOATBEPXKIACT €€ HE3HAYUTEIb-
Has gons B ooseme BBII pecrybnukm (tabmn. 1).
[lo nanabpiM BcemupHoro OaHKa, B pPa3BUTHIX
CTpaHaxX JIOTUCTHYECKHMH yciayramu obecre-
guBaetca ot 15 no 25 % BBII crpansl ¢ TeHneH-
nuel k mosbimenuro [6, ¢. 36]. B ctpanax EBpo-
COr03a 3a cueT Joructuku Gopmupyercs 20-25 %
BBII [7, c. 16].

Tabruya 1
O0bembl BBII 1 jiorucTHYeCKHX M TPAHCIOPTHO-3KCIEANIHMOHHBIX yeayr B beaapycu B 2014-2016 rr.
GDP volumes and logistics and freight forwarding activities in Belarus in 2014-2016
2014 r. 2015 . 2016 .
Ioxasarenn
Obmem, Ya. Bec, % Obrem, Va. Bec, % Obmem, Ya. Bec, %
MIIpZA pyo. MIpx pyo. MIIpZA pyo.
BBII 805793 100 899098 100 94,3 100
Jlorucruueckue U TpaHCIOPTHO-IKCIEIULUOHHBIC YCIYyTH 18023 2,2 22563 2,5 32 3,4
Jloructuueckue yciyru 1517 0,2 1569 0,2 0,2 0,2

Ipumeuanne. Vcrounnk — pa3paboTka aBTOpa Ha OCHOBE OTYETOB T'OCYAApCTBEHHOW CTaTUCTUKH HO Qopme 1-lorucru-
kxa (MHHTpaHC) U TaHHBIX, pa3MEIIeHHBIX Ha caiite HarmonansHoro cratucrudeckoro komurera Pecrry6muku benapycs [8].
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VYCHEemHoCTh  JIOTHCTUYECKON  IEATENBHOCTH
B J1000M TOCYIapCTBE OLIEHMBAETCSI KOMILIEKC-
HOCTBIO TIPEIOCTABIICHHUS JIOTUCTHYECKUX YCIYT.
ITo mannsiM EBpormeiickoil J0TrHCTHYECKON acco-
[UalWd, KOMIUIEKCHOCTh YCIYT JIOTUCTUYECKUX
KOMIIaHUN B cTpaHax EBpocoro3a cocTaBisieT OKo-
1o 70 %, B TOo BpeMs Kak B bemapycu enBa 10CTH-
raet 15 % [5, c. 55]. AyTcopcuHT JTOTHCTHYECKUX
YCIYr TpakTHYeCKH HE TPUMEHsETCS B peciyo-
nuke. B Kurae ero foms Ha phlHKE TPaHCIIOPTHO-
JIOTUCTHYECKUX ycnyr cocTtaBister 48 %, B EBpo-
ne — 65 %, B Poccun — 23 %, a B benapycu — He
6onee 3 % [9, c. 8]. Hanuonansublil 6u3HEC YCTY-
naeT MUPOBOMY B OKa3aHMU YCIYT IO KOMIUIEKC-
HOMY 00€CHEeUeHHIO JIOTHCTHKH, BKIIIOYasi 3aKyll-
Ky, TaMOXeHHOoe odopmiieHHe, cOBIT, PHUHAHCHPO-
BaHKMe, WHQOPMAIMOHHBIE YCIYTH, OpPraHU3aIHIO
U 0OCIy)XMBaHHE LENOYEeK IOCTaBOK, OpraHu3a-
LU0 KOHTPAKTHOH pabOThl IO BHEIIHEAKOHOMHUYE-
CKOM JeATEeNbHOCTH, YNPABJICHUYECKUH W OpraHu-
3allMOHHBIN KoHcaNTHHT [ 10, c. 42].

VYkazaHnHble (HaKkThl TOATBEPIKAAIOTCS UCCIIENO-
BaHusiMu bemHUUT «Tpancrexnuka», B pe3yJib-
TaTe KOTOPBIX YCTaHOBIEHO, yTo Oonee 70 % skc-
NOPTHBIX TOBAapOB IpojaaeTcs 0e3 OOCTaBKU [0
norpedurens. Tak, mo gaHHBEIM benmopycckoit me-
Tajuryprudeckoi kommanuu, 2014-2015 rr. oxomno
80 % ee MpOMYKIIUA TTOCTABJICHO HA DKCIIOPT Yepe3
TOBaPOIPOBOSAILLYI0 CETh AWUIEPOB, KOTOpPBIE Op-
ranM3yroT ee mepeBo3kd. Ilpu stom Gomee 70 %
OTIPY3KH NPOAYKLUUHU OCYIIECTBIACTCS Ha yCJO-
Busix FCA. AHanu3 TpaHCIOPTHO-JIOTHCTUYECKUX
CXeM J[IOCTaBKM yKa3aHHOM mpoaykuuu B Iep-
MaHMIO TI0Ka3aJl, 4TO NPH HCIOJIb30BAHUH KOM-
IUIEKCHOI'O JIOTMCTHYECKOI'0 IIOAXO0Ja BO3MOKHA
3KOHOMHUS TPAHCIIOPTHON cocTamstouiei 10 30 %.
YuuThiBas HaJIMUUE COOCTBEHHOTO JIOTMCTHUECKO-
ro moApasfelicHus W AOYEPHEro TPaHCIIOPTHOTO
MpeanpuaThsi, umeromiero 6onee 70 Tpy30BBIX aB-
TOMOOMIIEH, W BO3MOXKHOCTH OOpaTHOW 3arpy3Ku
ABTOTPAHCIIOPTAa, 3Ta 3KOHOMHUS MOXKET JIOCTHI-
HyTb 50 %.

CrencTBreM HEIOCTATOYHOTO YPOBHS MCIIOJNb-
30BaHMsl TMPUHIIMIOB JIOTUCTHKH SIBISIETCSl BBICO-
KAH ypOBEHb JIOTUCTHYECKHX H3ICPIKEK, KOTOpbIE
koneOmroTes B mpenenax 20-25 % obwema BBII
pecnyonuku [11, c. 351]. Cpenuuit MupoBoii Ioka-
3aTelb JJOTUCTUYECKUX u3aepxkek B 2013 r. oneHu-
Bajicsi Armstrong&Associates Inc. B 11,6 % [12,
c.221]. OnmauM u3 (QaKTOPOB BBICOKOTO YPOBHS
U37epKeK Ha OeJIOpPYyCCKOM PBIHKE SIBIISIETCS HEOO-
CTaTOYHOE KOJHMYECTBO JIOTHCTHYECKHX OIepaTo-
poB. Jloructuueckue CHCTEMBI NPOABUTAIOT B OC-
HOBHOM  HEMHOTOYHCIICHHBIE  TOCY/IapCTBCHHBIC
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NPENNpHUATHS W OpraHM3allid C Yy4YacTHEeM HHO-
cTpaHHoro Kanutana. HanGonee kpymHeIME omepa-
TOpaMH Ha PBIHKE JIOTUCTHYECKHX yciyr bemapycu
sisrorest T'T1 «benramoxkcepsucy, T'TI «BTJIL —
TpaHCIIOPTHO-NOrHCcTHYECKU LeHTp», OAO «ben-
MarucTpambaBToTpancy, OAO «ToproBo-10rucTu-
geckuii meHTp O3epro-Jloructux» [13, c. 23].
BaxxHo oTMeTuTB, YTO CpenHssl PeHTaOeIbHOCTD JIO-
rucTHYeCKoro 1entpa B benapycu uyte 6onee 20 %,
IPU 3TOM MPEACTABUTENN OTACIBHBIX JIOTHCTUYE-
CKMX IICHTPOB 3asBISIOT O HAMHOTO OOJbIIeH
MPUOBITLHOCTH OOBEKTOB JIOTUCTHYCCKOW WH(ppa-
cTpyktypsl [11, c. 355].

I'maBHOM TIpOOIEMOl B TIOBBIIIIEHUH CIIpOCca HA
YCIAYTH B JIOTUCTMYECKHX IIEHTpax SBISETCS HX
LIEHOBAasI MOJUTHUKA. DTO CBA3aHO C TEM, YTO JIOTH-
CTHUYECKHE LIEHTpPbI, 3a MCKIIOYEHHEM Tocyaap-
CTBEHHBIX, Ha JTalleé TMPOSKTUPOBAHUS 3ayMbI-
BaJNCh KaK LEHTPHl JIOTUCTHKH COOCTBEHHHUKOB
TOBapHBIX TOTOKOB. BwimomHenmne (yHKIMil pac-
MpeeTUTENbHBIX WK AUCTPUOYIIMOHHBIX LIEHTPOB
o 00pabOTKE TPAH3UTHBIX WM BHEUIHUX IOTO-
KOB, KaK MpaBWiIo, HE IMiIaHHpoBasock. COOTBET-
CTBEHHO OHH B OCHOBHOM OPHEHTHPOBaHBI Ha
yIpaBJieHUE IBMKCHUEM COOCTBEHHBIX TOBApPHBIX
ITIOTOKOB, M OKa3aHHWE JIOTHCTUYECKUX YCIYT OCY-
IIECTBISAETCS B Ka4eCTBE JOMOJHEHUS K OCHOBHO-
My BHIy JaesTenbHocTH. M3 74 noructudeckux
¢ynkuunii, onpenenennbix CTB 2306, nmorucrude-
CKHE LUEHTpbI npeiarator 15-20, nputoM uTo Jist
ATOrO0 WMEIOTCSl TIPABOBBIE M TEXHHYECKHE BO3-
MOXKHOCTH, (HampuMep, KpPOCC-IOKUHT peaan3yeT
HECKOJIBKO JIOTUCTHUECKUX LEHTPOB). Branensipl
JIOTHCTHYECKUX IIEHTPOB B YCJOBHUSX 3KOHOMHUYE-
CKOW HEOTPENeICHHOCTH, BBICOKMX TPOIEHTHBIX
CTaBOK II0 KpeAuTaMm, NpH OOJBIIMX HHBECTHLIH-
OHHBIX PHUCKaxX OpPHUEHTUPOBAHBI HA CKOPEHILIMIA
BO3BpAaT (PMHAHCOBBIX BIOKEeHHH. COOTBETCTBEHHO
OHH HCHOJB3YIOT BBICOKOMAP)KUHAIBHBIC BHIIbI
NESTeNIbHOCTH, a HE JOJTOCPOYHBIE MMPOrPaMMHBIE
MIPOIYKTHI.

Hns ompeneneHus: MyTei IOCTHXKEHHUS €BpO-
MEHCKOro ypoBHS JIOTUCTHYECKOTO CepBUCa HEOO-
XOAMMO BBISIBUTH T€ (aKTOpbl, IO KOTOpeIM bena-
pych otctaeT Ooisbmie Bcero. C 3TOH IENBIO
MPOBEJIeH aHaun3 WHPPACTPYKTYPHBIX YCIOBUH
Y WHCTUTYIIMOHAJIHHONW OCHOBHI JIOTHCTHKH, KOTO-
PBIH BBISIBHII BOIIPOCHI, TPETSITCTBYIOLINE €€ pa3-
BUTHIO, W TIOKa3aJl MHOTO(paKTOPHOCTh NAaHHOTO
npornecca. [1o mannpiM BeemupHoro 6anka, B cTpa-
Hax, KOTopble sBsIOTCS wieHamun EADC, B ToM
yucne B benapycu, 3aTparsl Ha JOTUCTUKY KpailHe
BBICOKH, M 3TO OOYCIIOBIICHO CIEIYOMNUMHU (hak-
TOpaMHu:
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— Hed(DPEKTUBHBIM HCIIOJB30BAHHEM TI'PY30BO-
ro TPaHCIOPTa — €r0 CPeAHss NPOU3BOAMTEIIb-
HOCTh B YETHIPE pa3a MEHbLIE, YeM B Pa3BHTHIX
3apyOeKHBIX CTpaHax;

— HU3KOM TEXHMYECKOH OCHAIIEHHOCTBIO, BBICO-
KOH CTENEHbI0 HM3HOCA, HECOOTBETCTBHEM TpeOOBa-
HHSIM K TIEPEBO3UMOMY TPY3y U JPYTUM DKCILTyaTa-
[IMOHHBIM TPeOOBAHUAM, KOTOPBIMH XapaKTepU3yeT-
Csl 3HAYUTENbHAS YaCTh IPY30BbIX aBTOMOOWIIEH;

— HEJJOCTATOYHBIM Ppa3BUTHEM CHCTEM JIOTH-
CTUKH, IUIOXOH KOOpAMHALMEN MpH OCYILIECTBIE-
HUM CMEIIaHHBIX MEePEeBO30K Pa3HbIMU BUAAMH
TPaHCTIOPTA;

— oTcyTcTBUEM AP (EKTUBHBIX TPAHCIOPTHBIX
TEXHOJIOTHH W JIOTUCTHYECKUX IIEHTPOB Ha MEXKIY-
TOPOAHUX MapUIPyTaX, YTO BBI3BAHO 3HAYMTEIIb-
HBIM COKpAILEHHEM HCIIOJIb30BaHUs OOJbLIETPY3-
HBIX aBTOMOOWJIEH M HEJOCTaTOYHBIM YBEIMYCHU-
€M IE€PEeBO30K MaJOTOHHAKHBIMH aBTOMOOWIISIMH,
HepelleHneM MpoOJeMbl 3arpy3kd  HOPOKHUX
TPAHCIOPTHBIX CPEACTB |5, c. 46].

MexayHapoHasi MpaKTHKa IOKa3bIBAET, YTO
HEa/JIeKBaTHOE pa3BUTHE TPAHCIOpPTa Ha HAIUO-
HaJIbHOM YPOBHE IPUBOJUT K 3aBBILICHHBIM 3aTpa-
TaM B IPOM3BOACTBE, CIACPKUBAHUIO PA3BUTHS
Opyrux otpacieir. OOOOIIEHHBIM TOKa3aTelieM
3(h()EKTUBHOCTH TPAHCIIOPTA MOXKET CIYXKUTh Be-
JIMYMHA TPAHCIIOPTHOM COCTAaBIIAIOIICH B IIEHE TO-
Bapa. [lo nanupiM HanpmoHanbHON akageMuu Hayk,
B benapycu ona cocrtasusier 33-35 %, 4TO B TpH
paza Oomblie cpenHeeBponeiickoi [14, c.23].
BaxnbIM (pakTopoM Taroke sIBJISETCS CPeJHECYTOU-
Hasi CKOPOCTb IBMKEHHS I'PY30BOTO aBTOMOOMIIS,
koTopast Ha Tepputopun EADC B cpenHeM cocTas-
nser npumepHo 280 KM B CYTKH, B TO BpeMs
KaK 3alajJHble NEpeBO3UMKU OOECIEeYHBAIOT IPO-
oer B 800 xMm [5, c. 68]. Ilo »Toli mpuuwmHE BO
MHOT'OM 3aTSTMBAcTCS BpeMsl JIOCTaBKH TI'Py30B
U COOTBETCTBEHHO YBEJIMUMBACTCSI TPAHCIIOPTHAs
cocrapysifonias. B 3ToM acnekte Ba)XHO OTMETHTH,
YTO JOpOXHOE X03sicTBO bemapycu mnpencrapisier
co0oif OJM3KYI0 K ONTHMAajbHOM Ppa3BETBICHHYIO
CEeTh aBTOJOPOT, MO3BOJIIIONLYI0 OOecreunBaTh He-
NPEPHIBHYIO KPYIJIOTOIUYHYIO CBSI3b TPAKTHYECKH
CO BCEMH HAacelIeHHbIMH IyHKTaMH. [IpoTspken-
HOCTh aBTOJOPOT OOLIEro MOJIB30BaHUS COCTAaBIISIET
83 TeIc. KM. OHAKO TUIOTHOCTH 3arOPOAHBIX aBTO-
JIOpOr C TBEpPAbIM MOKPHITHEM HuU3Kasi— 337 KM
Ha 1000 xB. kM Teppuropun. B eBpomneiickux ctpa-
Hax 3TOT MOKa3aTelb B cpeaHeM paBeH 906 kM.

KommnekcHass oneHka 3(¢GEKTUBHOCTH JIOTH-
CTHYECKOH JIeTeTTbHOCTH MPEICTABICHA B MHIEKCE
s¢dheKTHBHOCTH JIOTHCTHKA BcemupHoro OaHka.
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ITo mnokazarensm «TaMoOXEHHbIE MPOLELYPHI»,
«TpancrioptHas uHppacTpykTypa», «OTciexnBa-
HUE TpoxoxzaeHus rpy3oB» bemapycs B 2007 r.
onepexana crpansl CHI', a u3 150 cTpan 3anuma-
nma 74-e mecto B 00mieM peHTHHTe (KOIHYECTBO
6amios — 2,53). Jpyrue crpansi CHI' umenu 60-
nee HU3KmWiA oOmumii peitunr [15]. Bemapych ne-
MOHCTPUPYET OTHOCHTEIBHO BBICOKOE KayeCTBO
TPaHCHOPTHOW W KOMMYHHKAI[MOHHOH wWH(pa-
CTPYKTYPBI U KOHKYPEHTHBI yPOBEHb BHYTPEHHUX
3arpat Ha joructuky. llo peiitunary LPI, B 2007 r.
nokazaresb «(QQeKTHBHOCTH MPOLEAYpP TaMOXKEH-
HOTO O(OPMIICHHSD» COIOCTABUM C aHAIOTHYHBIMHU
TTOKa3aTelIsIMU coceTHUX cTpad EBpocorosa [16].

Co3znmanue yclIOBUH B pecyOiuKe B 3Toi cde-
pe onieneno LPI B 2012 r. Ha ypoBHe 91-ro mecTa,
B 2014 r. — 99-ro mecta, B 2016 T. — 120-ro mecra.
Cumxenne no3unuu berapycu B 2016 r. mo oTHO-
mennio Kk 2014 r. ompenenwsioch yMEHBIIEHH-
eM OaJUIbHOU OIIEHKH BCEX OIICHWBAaEMBIX KPHTE-
pueB, BKIIOYas mokaszatenb «O(PQPEeKTUBHOCTH Ta-
MOXKEHHOT'0 M MOrpaHu4yHoro odopmienus» (2,06
n 2,50 Gauia cooTBeTCTBEHHO), «KadecTBo MH(pa-
cTpykTyps» (2,10 u 2,55), «IIpocrora opranmza-
MU MEXTyHapOJTHBIX TEepeBO30K» (2,62 u 2,74),
«KauectBo noructudeckux yciayr» (2,32 u 2,46),
«OtcnexuBaHue TPOXOXKIACHUS Trpy3oB» (2,16
n 2,51), «CBOEBpEeMEHHOCTh OTIPY3KH TPY30B»
(3,04 u 3,05) [17]. CieayeT OTMETHTB, YTO MECTO
pecnyOnMKu B peHTHHTE ONpeaessieTcs] B 3HAYHU-
TEJIbHON CTENEHW 3a CYET IMOBBIIIEHUS PEUTHHTa
npyrux crpad. IIpu paBHBIX npounx ycioBusax be-
JIApyCh ¢ TAKOH CyMMOii OaJljIoB UMena Obl MECTO B
peiitunre o 40-ro.

B ycrnoBusx ¢dopMupoBaHuS €IMHOTO PHIHKA
B EADC wmnTEpec mpeacTaBiseT COMOCTABUTEIh-
HBIM aHaJIW3 JWHAMHUKHW 3HadeHuil nHaekca LPI mo
Bbenapycu u npyrum ctpanam EASC. Jlugepom no
3HaueHnto mHAekca LPI ¢ 2010 r. BeicTymaer Ka-
3axcTaH, bemapych MMoka3ama HaWBBICIIHKA Oalit
B 2007 r., BTOpoii pe3ynbTar mocie Kaszaxcrtana
B 2012 r., uerBeptsiil B 2014 1. 1 TpeTnii B 2016 1.
Poccus monmyunna B 2016 T. Hambosee BBICOKHE
Oamrel o kputepusiM «KadecTBO W KOMITETEHT-
HOCTB yciyr» (2,76) u «CBOCBPEMEHHOCTh ITOCTA-
BOK» (3,15). Kazaxcran nugupyer 1mo KOJIUYECTBY
6aoB B cyounekcax «Tamoxus» (2,52), «udpa-
cTpykTypa» (2,76), «MexIyHapoIHble MEPEeBO3KI»
(2,75) m «OtcnexxuBaHue MPOXOKIACHUS TPY30B»
(2,86). benapych He BbIIIIA B TUAEPHI HH IO OJTHOMY
W3 IIECTH KPUTEPHEB, 3aHSIB BTOPHIE IMO3UIMU IO
yrciy OauioB B cybuHnekcax «Tamoxas» (2,06)
1 «MexXTyHapOIHBIE TTIEPEBO3KI» (2,62).
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Cpemn napyrux OcCOOEHHOCTEH OeIopyCcCKOM
JIOTUCTHKH MOXHO BBIICIHTH TOT (PaKkT, 4TO Ha
JTane TUTAHUPOBAHUS CO3JIAHUS HEKOTOPBIX JIOTH-
CTHYECKHMX IICHTPOB JOMYILIEHbI OIIMOKHA B YacTH
WX CHEIHATN3aIUK, TOCKOJIBKY HE YY4TEHO OTCYT-
CTBHE TMOJBE3THBIX KEIC3HOJIOPOXKHBIX IyTel, He
MPeyCMOTPEHO (PYHKIIMOHUPOBAHNE TAMOKCHHBIX
CTPYKTYp W HE UCHOJIb30BAHBI B MOJHOM O0BE-
M€ MPHUHIMIIBI CETEBOI0 B3aUMOICHCTBHS — TOJIb-
KO 35 cyOBEKTOB, OKa3bIBAIOIIUX JIOTUCTHUCCKUC
YCITyTH, TPUMEHSIOT WHTETPAIIMOHHBIC MaKEThl 00-
MeHa JaHHBIMU ¢ BHEITHUMH cpeaamu [ 10, c. 43].

Iloka3aTean TPaAHCNOPTHO-JTOTMCTHYECKOH
aesTeJbHocTH 32 2016 1.

B benapycu Ha Hauano 2017 r. ¢pyHKUIHOHUDY-
er 41 moructudeckuit 1meHTp. I 'ocymapcTBEHHBIMHU
sBistioTcst 11, Cpemu OTEYeCTBEHHBIX HMHBECTO-
poB — «EBpotopr», «A-100», «Kopona-TexHo»,
«lapuma», «ATUOM  HWHBECT», «AJTUTPIUIY,
«WMwumnenuym I'pynm», «bensumiecnen», «Po-
Makc», «ACTOMCTpON»; Cpead HWHOCTPAHHBIX —
naBecTopel W3 Poccum, JIuTeel, A3sepOaiimkana,
Yexun u Mpana. OCHOBHBIE MECTa PACIIONIOKEHUS
JIOTUCTHYECKUX IIEHTPOB — B MHUHCKOIH oOmac-
™ (29) BOmm3um Il m IX TpaHCBEBpONEHCKUX
TPaHCIOPTHBIX KOPHIOPOB M B bpectckoii obnac-
Th (6) Ha Tpanule c [lompriei — mokas3pIBAIOT He-
PaBHOMEpPHOCTb UX paclpeiesieHHus M0 TeppHUTO-
pun pecyonuku. Takke HalMOHAJIbHBIE JIOTUCTHU-
YecKHe LIEHTPbI XapaKTepU3yIoTCsS HEPa3BUTOCTHIO
KOMIUIEKCHOCTH OKazaHus yciyr. CkianaMu Bpe-
MEHHOIO XpaHEHUS M TaMOXXEHHBIMH CKJaJaMH
pacronaratoT 12 JJIorucTUYeCKuX IIeHTpoB, y 10 nme-
IOTCS IIYHKTHI TAMOXKEHHOTO oopmieHus, Oupixe-
BBIMH CKJIaJIaMHU PACIIONIaraloT TP JOTMCTUYECKUX
HneHTpa. BoceMpb JIOTHCTHUECKHUX LEHTPOB SIBIIA-
IOTCSl MYJBTHUMOJANBHBIMHE, OCTaJIbHBIE 00pada-
TBIBAIOT TPY3bl, TPHUOBIBIINE ABTOTPAHCIIOPTOM.
B 10 ke Bpemst Ba)KHO OTMETHUTDH pa3BUTHE UHpa-
CTPYKTYPHOH COCTaBIISIOLICH JIOTUCTUYECKUX LIEH-
TpoB. Crmaackas mmiomans 30 JTOTHCTUYECKUX
HEHTpOB cocraBiusier 677,9 ThIc. KB. M (poCT
Kk 2015 . B 1,5 pa3a), U3 HUX CKJIaAbl BpEMEHHOTO
XpaHEHUSI U TAMOKEHHbIE cKiaabl — 260,1 ThIC. KB. M
(poct k 2015 1. Ha 17 %), ckIaap! OOIIETO MOIH30-
Banus — 331,5 Teic. kB. M (pocT k 2015 1. Ha 65 %),
KOHTEMHEpHbIE TEepMHHAIBI — 86,3 ThHIC. KB. M
(poct x 2015 1. Ha 88 %). IIpn »TOM HEOOXOAMMO
YUUTBIBATh POCT KOJIMYECTBA PECIOHJEHTOB — JIO-
TUCTHYECKUX IIEHTPOB, MPEAOCTaBUBIIHNX IOCyap-
CTBEHHBIN CTATUCTHUYECKUUM OTYET O CBOEU Jesd-
TeabpHOCTH, ¢ 18 3a 2015 1. 10 30 32 2016 T
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AHanu3 ngaHHbIX 3a 2016 r. mokaszan mo cpa.-
Hennto ¢ 2015 r. yBenwueHne 3HAYEHUH IO BCEM
MOKa3aTeyisiM TOCYyIapCTBEHHON CTaTUCTUYECKOU
OTYETHOCTH. Tak, POCT JIOTUCTUYECKUX M TpaHC-
MIOPTHO-PKCHEANINOHHBIX yciuyr coctaBun 41 %
(3,1 mupz pyo., i 1,5 mnpn mon. CHIA), noructu-
YeCKHX YCIyr 10 00paboTKe TPaH3UTHBIX TPY30B
Ha Teppuropru bemapycu — 28 % (59,7 mmH pyo.,
wm 30,1 MuH m0n.), TpaHCIOPTHO-dKCIEAU-
umoHHbIX yenyr— 39 % (2,9 mupn py6., wim
1,4 muipa non.), MMIIOpTa TPAHCHOPTHO-IKCIIE-
OUIMOHHBIX yciyTr — 44 % (938,7 muH pyO., unu
472,1 WMIH [0N.), BBIPYYKH OT peau3aIiiu
yeayr akcneauropa — 85 % (352,6 muH pyO., wiu
177,4 M nmon.), o0beMa MONYIEHHBIX U OTIPaB-
neHHbIx rpy3oB — 21 % (506,3 Thic. T). CooTBeT-
CTBEHHO BO3POCIIH H 3aTPAThI 110 COAECPKAHUIO JIO-
rUcTHYeCcKuX 1eHTpoB Ha 43 % (40,7 mmH pyo.).
Taxke yBenMYMINCH OOBEMBI TPAHCIOPTHO-
SKCIIEANIIMOHHBIX YCIYT B pa3pe3e BCeX BUIOB HC-
noJsib3yemMoro Tpascrnopra Ha 39 %, B ToMm uucie
mo aBTOMOOWILHOMY — Ha 49 %, TO0 BOJHOMY —
Ha 50 %, o Bo3aymHOMY — Ha 44 %, 10 KeJe3Ho-
JTOpOKHOMY — Ha 28 %.

Jannapie (akThl CBUACTENBCTBYIOT O 3HAYH-
TEJILHOM pOCTE IIOKAa3aTeleil JIOTUCTUYECKON nesi-
TEJNBHOCTH, YTO CBS3aHO C YBEIMYCHHUEM KakK 00b-
€MOB YCIYT, TaK W KOJHYECTBA PECHOHJCHTOB,
MPEJOCTaBUBIINX OTYETHBIC MaHHbie. CTaTUCTH-
YeCKUI OTYET O JIOTUCTUYECKOW M TPAHCIIOPTHO-
OKCIIEANIIMOHHON  JEATENhbHOCTH  TMPEIOCTABH-
mu 1134 pecnonaenta (47 %, OCyIIECTBISABIINX
TaKkyl JesITeNhbHOCTh), a AaHaJIOTUYHBIE OTYETHI
3a 2015 r. mpenocraBuia 831 opraHuszarys.

Pe3ysabTaThl aHKETHPOBAHMS
OT/IeJIbHBIX JIOTUCTHYECKUX LIEHTPOB

st u3ydyeHus yciioBuii, B KOTOPBIX OCYIIIECTB-
JISIIOT JIESITENBHOCTh HAlOHAJIBHBIE JIOTHCTUYECKHE
LIEHTPBI, TPOBeACH (YHKIIMOHAIbHO-CTOMMOCTHON
aHAIU3 pAA TEXHUYECKHX, COLMAIBHBIX U 3KOHOMU-
YeCcKUX MOoKa3aTesied Mo pe3ysibTaTaM 3JIEKTPOHHOTO
ankerrpoBadus B 2016 r. bertHUUT «TpancrexHu-
Ka» 15 KpynHEeHIMX JTOrucTUYECKUX LeHTpoB berna-
pycu. B utore BbIBICHBI:

1) HETOCTATOYHOCTh KOJHMYECTBA YCIYT, OKa-
3BIBAEMBIX B JIOTUCTHUECKUX MeHTpax (30-35).
Haubomnpiree kommyecTBO yCIyr OKas3bIBAETCS 1O
OpraHM3alliy TEepeBO3KH TIPY30B aBTOTPAHCIIOP-
TOM, 10 OCYILIECTBICHUI KOHTPOJIS 32 IEPEBO3Ka-
MH, 00ECIEYEeHHUIO MEePEBO3KH C HCIOIH30BAHHEM
WHPOPMALUOHHO-KOMMYHHUKAIIMOHHBIX  TEXHOJO-
THH, 0POPMIIEHUIO TIEPEBO30YHBIX, TPY30COTPOBO-
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TUTENBbHBIX W HMHBIX JIOKYMEHTOB, 1O pasrpy3ke
(nmorpyske) rpysa U3 TPaHCHOPTHBIX CPEACTB, IO
BHEJIPCHUIO U HCIIOJI30BAaHUIO aBTOMATU3UPOBAH-
HBIX CHCTEM YIIPaBIEHUS CKIAJICKUM KOMILIEKCOM,
00paboTke OpakOBaHHOTO TOBapa M €ro yTHIN3a-
IIUH, TI0 TIPUEMKE U OTTPY3Ke TOBAPOB C HCIIOJNb-
30BaHMEM CIELUAIN3APOBAHHOM CKIIAQJICKOM TEXHU-
KU, 8IpECHOMY XPaHCHUIO U 00BEAVHCHUIO B MAPTHN
OTAENBHBIX EAWHUI] TOBAapOB IO CPOKY TOMHOCTH,
CepUHOMY HOMEpYy M MO JpyrHMM IapaMeTpam.
HamMenpiiee KOMMYECTBO YCIYT OKa3bIBACTCS IO
OpraHu3aliy MEepeBO30K TPY30B BOJHBIM U BO3-
JYIIHBIM TPAHCHOPTOM, MO COMPOBOXKACHHUIO Ipy3a
B TIPOIIECCE TIEPEBO3KH U OOECTICUSHUIO €T0 COXPaH-
HOCTH, IO TPEIbSIBICHUIO TOBapa M JOKYMEHTOB B
TaMO>KE€HHBIE OPTaHbI TSI COBEPIIIEHHST TAMOKEHHBIX
oTieparuii ¥ TaMO>KEHHOTO KOHTPOIIS, YTUIATHI TaMO-
JKCHHBIX IIJIaTCIKEM;

2) HeBbICOKas 3arpys3Kka CKIAJICKUX ILIomanei
JIOTUCTHYECKUX HEHTPoB (63 %). Kak cmencteue,
KO3 GUIMEHT 000paYuBaeMOCTH TOBAapOB Ha
CKJIaJax JIOTUCTUYECKUX LIEHTPOB cocTaBiser 1,18,
YTO 3HAYUTENBHO HIDKE IIOKaszaTelel, Hampu-
Mep, JIOTUCTHYECKUX LIEHTpOB KoMmmaHuii DuPont
u BDP International (Istambul)— 1,7 [18], noru-
ctuaeckoro neHtpa Army Logistics Center NATO
(Brussel) — 1,9 [19];

3) y3Kas crenmanu3anus JOTUCTUYSCKUX IIeH-
TpoB. OCHOBHBIMH KJIMEHTaMH JIOTHCTUYECKUX
[EHTPOB SBJISAIOTCS PaCIpeeTUTEIbHbIE OITOBO-
ToproBeie ceTu (87 % PEeCroHAEHTOB) U UMIIOPTe-
pel TOBapoB (53 % pecnonzneHToB). COOTBETCT-
BEHHO B JIOTUCTUYECKUX IIEHTpax B OOJbIIEH CTe-
NeHN 00padaThIBAIOTCS MPOMEXKYTOUHBIE TOBAPHI.
OKCHOPTHBIE TOBAaphl COCTaBJSAIOT MEHEE OJHON
TPETH TOBAPOOOOPOTA IOTUCTHUECKUX IIEHTPOB;

4) orpaHNYEHHOE UCTIONH30BAHUE aAPEH/IbI CKIIaI-
CKUX TOMEIICHU. ApeHjayeMas IJolaab B pas-
Mepe 250-500 kB. M umeercs y 60 % pecrnoHeH-
ToB, 500-1000 kB. M — y 20 % pecrnoHaeHToB, 60-
nee 1000 kB. M —y 20 % pecroHIEHTOB;

5) MWUpOKHI AMAIIA30H Pa3MEPOB CTABOK apeH-
JIbI CKJIAJICKUX TUIOMael Kiacca A, KOTOpPhIE KO-
nebmorcs or 6 mon. CIIIA 3a mamrero-mecto
B MECSI] B JIOTUCTHYECKUX MEHTPaX, yJAICHHBIX
oT T.Mwuncka (Hampumep, B II. MUXaHOBHYN),
o 12,5 nox. B JOTUCTUYECKUX LEHTpax, pacmoyio-
JKEHHBIX BOIM3M T'. MUHCKA,;

6) CHWKCHHE CIpoca Ha CKIQJICKHE ILIONIaIn
JorucTrYecKkux IeHTpoB. CokpaiieHne crhpoca B
MunckoM paiione ¢ HosiOps 2015 . mo sHBaph
2016T. 1O CpaBHEHHIO C SHBapeM — OKTSO-
pem 2015 r. coctaBuio 40-50 %. Tak, ecnu panee
NOTPeOHOCTh B CKJIAACKHX TOMELICHUSX U KOM-
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TIeKCHOW 00paboTKe Trpy30B pocia BO MHOTOM
Onaronapsi pa3BUTHIO KPYIHBIX TOPTOBBIX KOMIIa-
uHuit «EBportopr», «Cocenmy», «['ummoy, To ceituac
OOJBIIMHCTBO W3 HUX 3aMOPO3WJIH IUIAHBI MO pas-
BATHIO WJIM COKpPAIIalOT YUCIIO OINTOBBIX WU PO3-
HUYHBIX ToApasaeneHnii. OTCyTCTBYET POCT CIIPO-
ca Ha yCIYTH JIOTUCTUYECKUX LIEHTPOB IO Tepepa-
0OTKE TpaH3UTHOro Tpy3omoToka. OcCHOBHas
MPUYHHA COCTOUT B TOM, YTO OOJBITUHCTBO JIOTH-
CTHUYECKHX LEHTPOB HE SBISIOTCS KOHTPareHTaMu
MO CAENKe TPU MPOBEIECHUHN SKCIOPTHO-UMITOPT-
HBIX OHepaHHﬁ, a BBICTYIIAIOT B POJIM XPaHUTECIIA
win nepepaborunka ToBapa. Cnpoc HaOoaaercs
Ha YCIYT'H MO XPaHEHUIO TOBAPOB B CKIIAJIaX, MO3-
BOJIIFOINUX COOJIOCTH TEMIIEPATYPHBIH PEXKHUM,
a TaKkKe Ha YCIyTH [0 XPaHEHUIO TPY30B Ha OT-
KPBITBIX IUTOmanKkax. KoanmdecTBo Takux CKIIaloB
OTHOCHUTEIILHO HEOOJNBIIOE, TIO3TOMY YPOBEHb HC-
MMOJIL30BAHUS UX MOIIHOCTEH cocTaBiseT 85-90 %;

7) HEIOCTATOYHOE HCIOJIb30BaHHE ayTCOPCHH-
ra yclyr JIOTUCTHYECKHX LEeHTpoB. HecmoTps Ha
3G PEKTUBHOCTh BHYTPH(PUPMEHHBIX JIOTHCTHYE-
CKHX LeNed, BKIIOUEHHE BHYTpEeHHEW HHQoOpMa-
UK B OOIENOTOKOBYIO (BHEIIHIOW) WH(pOpMAIIU-
OHHYIO cHCTeMy (IO JaHHBIM AHKETHPOBaHUS —
80 %), BakHeHIIel TEeHACHIMEH Ha PBIHKE MEX-
JIYHApOIHOW JIOTMCTHKH CTAHOBUTCS ayTCOPCHHL
yeinyr. OmHaKo TIOKa3aTellb «O00BEM JIOTHCTHYC-
CKOT0 ayTCOPCHHTa» HU3KUH U COCTABISET OKOJIO
54 muH py0. B pacyere Ha OJWH JIOTUCTHUYCCKUH
HEeHTp, I MeHee 2 % o0beMa JOTMCTHYECKHX
YCIIyT, OKa3aHHBIX UMH B nekabpe 2015 r. — sH-
Bape 2016 r. OTKa3 OT ayTcopcuHra OOYCIIOBIICH
HEXBATKOW CPEACTB [UIsl OIUIATHl YCIyT CTOPOH-
HUX OpraHM3alui, HEZOCTATOYHBIM KOJIUYECTBOM
3 PL-omepaTopoB W HEXKEIAaHUEM KIHUCHTYPHI Me-
HSTh TEXHOJOTHIO PadOTHI, MPU KOTOPOW TpaHc-
MOPTHBIE, TIOTPY30YHBIC, CKJIAJICKHE W WHBIE BUIBI
paboT BBIOTHSIOTCS COOCTBEHHBIMU CHIIAMH;

8) HemoCTaTOYHBIM YpOBEHb IEepCOHaja JIOTH-
CTHYECKHX LIEHTPOB C BBICIIUM MPOQUIBLHBIM 00-
pa3oBaHueM. B cpegHeM Ha OJWH JIOTUCTUYECKUH
LHEHTP TPUXOAUTCA 12 CIenuaIucTOB C BBICIIUM
JOTHCTHYECKUM oOpaszoBanreM. s a3 dekTruBHO-
ro YHpaBJCHUS LEMsSIMH MOCTaBOK COOTHOIICHHUE
MPOMUITHHBIX M OCTAIBHBIX CHEIHATUCTOB TOHKHO
coctaBATh 2 K 3 [20]. C yuyeToM aHKETHPOBaHUSA
HeoOxoamMo B cpemgnem 1o 20-22 cmenuanmcra
C BBICIIUM NMPOQUIEHBIM 00pa30BaHUEM.

BbIBO/IbI

1. C ygeroM MakKpOJOTHCTHYECCKUX (haKTOPOB,
OTIPEIEIIAIONTNX CIPOC Ha YCIYTH MO 00paboTke
TPY30B B JIOTHCTUYECKUX LIEHTPAX, B KPATKOCPOU-

Hayka
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HON IEepCIEKTHBE IPOTHO3UPYIOTCA: COKpAIlEHHE
TPaHCHOPTHO-3KCIIEAULIMOHHBIX YCIYyI, pocT 3¢-
(EeKTUBHOCTH aMHUHHUCTPUPOBAHUS JIOTHCTHYE-
CKHX TIPOLIECCOB 3a CUET pACIIMPEHHs KOMIUIEKC-
HOCTH M TIOBBIINIEHHWA KadecTBa JIOTHCTHYECKOTO
cepBUCa, CO3/laHHE WHTETPUPOBAHHBIX OH3HEC-
CTPYKTYp, ICSITEIbHOCTh KOTOPBIX OyAET Hampas-
JieHa Ha KOOPAMHAIMIO PabOThl Pa3MdHBIX Opra-
HU3alUil MO YIPaBJIEHUIO MaTEepUAIBHBIM IOTO-
KoM. OCHOBHBIMH MaKpOJOTUCTHYECKHMHU (HaKTo-
pamu, OIpeNeNsoUMU CIIPOC Ha JOTMCTUYECKUE
YCIYTH, SIBJSIFOTCSA: OUHAMHKA MEXIyHapOTHON
TOPTOBIH, TIIOOANM3aIys TPY30MIOTOKOB, MOTPEO-
HOCTh B ONTHMH3ALUN PACXOAOB, CBSI3aHHBIX C IIe-
PEBO3KOH, XpaHEHHWEM U AUCTPUOYyLHEH TOBAapOB.
CocTosiHUE MEXIYHapOIHOIO pPHIHKA JIOTHCTHYE-
CKHUX YCIYT OINpeiensieTcsl B IMOCIeAHHE TOAbl B
NEepPBYI0 OuYepelb 3aMEJICHHEM pOCTa MHPOBOM
9KOHOMHUKH. Cpeay JOJArOCPOUYHBIX MHPOBBIX KO-
HOMHUYECKUX TEHACHIMH, BIMAIOLMX HA OOBEMBI
TPY30TIIOTOKOB M COOTBETCTBEHHO Ha YPOBEHb
cnpoca Mo o0paboTKe Ipy30B B JIOTHCTHYECKUX
HEHTpaxX pecHmyOJMKH, cJelyeT OTMETHUTh Iepe-
OpUEHTALMIO KaIUTAIOB ¢ poIHKOB Kurtad u Asm-
aTCKO-TMXOOKEaHCKOrO permoHa Ha pboHKK Jla-
TUHCKOM AMepuku u Bocrounoit Adpuku, usme-
HEHUE CTPYKTYpbl HHBECTHLMH B KHUTaHCKYIO
9KOHOMHUKY — OT MaTepHalio- U TPYIAOEMKHX IIpPO-
U3BOJCTB K KaImUTAIOEMKUM M BBICOKOTEXHOJO-
THYHBIM, (OPMHPOBAaHHE SKOHOMHYECKHX Mera-
6mokoB, cHmwkenne ponmu BTO xak perynstopa
MEXIyHApOJHOW TOProBIIM, a TaKXe CIpoca Ha
CBIPHEBBIE TOBAPBI.

2. AHanu3upys BO3MOKHOCTH  IIOBBILLIEHUS
crpoca Ha JlorHcTHueckue yciayru B benapycw,
1enecoo0pa3Ho PacCMOTPETh COBPEMEHHBIE TEH-
JICHLIUM pa3BUTUS JIOTUCTUUECKOHN cpeasl. Bospac-
TaeT pOjJb HHTETPUPOBAHHOTO B3aMMOAECHCTBUSA
MEXIY YJaCTHHKaMH JIOTUCTUYECKOTO IIpolecca,
YTO HPEATNOoJaraeT CO34aHUe KOAJIMLUHU 3auHTepe-
COBaHHBIX CTPYKTYp BO IJIaBE€ C MHTETPaTOpOM,
OpPUEHTHPOBAHHBIX HA CHCTEMAaTHUECKOE pa3BUTHE
JIOTUCTHYECKUX CUCTEM, WX (prHAHCOBOTO obecre-
YeHHsd U COKpAaIlllEHHE JUIMTEIBHOCTH IIHMKJIOB
TPaHCHOPTUPOBKM TOBapoB. B kauecTBe mprmepa
TakuX TeHAEeHIM B bemapycun MOXXHO HpHBECTH
KOQJIUIMIO OPTraHU3alui, OKa3bIBAIOIIUX YCIYTH
M0 XpaHCHHI0O U 00pabOTKEe TOBAapOB, ONTOBOH U
PO3HUYHOM TOPTOBIM, TPAHCIIOPTHOM JKCIIEIULINN,
TaMO>KEHHBIX, CTPAXOBbIX areHToB. MHTerpaTopomM
B JAHHOM KOAJIMLMH BBICTYNAET JOTMCTHYECKHUH
omepatop «I'moban Ilapk» (T. MUHCK), KOTOpBIA
BBIMOJHAECT (YHKUUH KOOPAMHAIMU B3aUMOAEH-
CTBUS YYaCTBYIOIINX OpPTaHU3aINH.

Hayka
wrexHuka. T. 16, Ne 6 (2017)

3. KoMiiekcHBI TOAXOM B MPEAOCTaBICHUU
JIOTUCTUYECKUX YCIAYr Hadajl BHEIAPSITbCI U B
TPAHCHOPTHBIX OPraHU3alMsIX — OKa3aHHE, TTOMH-
MO TPOQUIBHBIX YCIYr MO MEPEBO3KE IPY30B,
CMEKHBIX YCIIyT, CKOHLEHTPHUPOBAHHBIX B cdepe
JIOTUCTHUKH (TPAHCIOPTHAS SKCIEANINS, XpaHEHHE
U TiepepaboTKa TOBapoOB, UX TaMOXKeHHOe odopM-
nenne). Ilokazarenen ompir OOO «MHTEpTpanc-
aBTO», KOTOPOE JUIsl ONITUMU3ALIUH MIpoLEcca aBTO-
MEepeBO30K COOPHBIX TPY30B IMEPEHECIO MX KOM-
miektanuo B benapycs. s atoro B 2016 r. BBe-
JIeH B 9KCIUTyaTalUIo IEePBbI B PECIlyOJIUKE CKIIak
THITA «KPOCC-TOKMHTY Imromansio 3000 KB. M,
(YHKIMOHMPOBaHUE KOTOPOI'O MOCTPOEHO 110 IPHH-
LUITy OINEPATHBHOM MPHUEMKU M OTIPAaBKUA TOBAPOB
IIPY MEXITyHApOJHOM aBTONEPEBO3KE uepe3 CKIaj
0e3 MX pa3MelleHHs B 30HE JIOITOBPEMEHHOTO
xpaHeHus. [leperpy3ku TOBapoB MO TaMOKCHHBIM
KOHTPOJIEM HPOXOISIT ¢ MHUHMMAJbHBIM Yy4acTHEM
YIOJHOMOYEHHBIX JOJDKHOCTHBIX JnL. JlaHHBIN
MIPOEKT OCYIIECTBIIAETCS B MOPSJIKE KCIIEPUMEHTA
¢ paspemieHust ['ocyapcTBEHHOTO TaMOXXEHHOTO
komutera PecnyOnukn benapycs. ®DyHKunoHu-
pOBaHHE YKa3aHHOTO CKJIaJa IIOKa3bIBa€T CBOIO
3¢ (HEeKTUBHOCTh M, IO MPOTHO3Y MPEANPHUITHSA,
MTO3BOJIUT TIONy4YaTh APQPEKT 3a CUET YBEIUUCHUS
000paurBacMOCTH TPAHCIIOPTa W COKpPAIICHHS pac-
XOJIOB HA XpaHEHHE U MepepadoTKy TOBAPOB.

4. OnucadHble THHOBALMOHHEIE ITOAXO0IbI OU3-
Heca B OpraHU3alMU JIOTUCTHYECKOH JAeATelNb-
HOCTH B peclyOlMKe NpU COOTBETCTBYIOLICH
MOJACPIKKE TOCyJapcTBa MOTYT OBITh pacipocTpa-
HEHBI JUI pealu3aluil JPYyrUMHA CyOhEeKTaMH XO-
35IICTBOBAHUS, UTO B CBOIO OUEpElb MOXKET MpHBE-
CTH K Ka4eCTBEHHO HOBOMY 3Tally pa3BHUTHS HallU-
OHAJIBHOM JIOTUCTHKH.
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Pedepat. Co BcTymieHnem mupoBoro cooduiectBa B XXI B. ¢opmupyromascs B MUpe SKOHOMHUKA Bce Ooiee OTYETIMBO
oIpesesieTcsl Kak MOCTUHIYCTpUaIbHAsl, KOT/la BEAYIIHM CEKTOPOM 3KOHOMHKH B Ipon3BojcTse BBII sBistrorcst He celb-
CKO€ XO3MHCTBO M Jake€ HE MPOMBIIUIEHHOCTh, a YCIyru. OCHOBHBIM IPOU3BOACTBEHHBIM PECYpCOM B TaKHX YCIOBHUSX
BBICTYIIA€T HE MPUPOAHBIH M NPOU3BOJACTBEHHBIN, a YEIIOBEUECKUI KamluTal, KOTOPbIA MpeAcTaBisieT co00H MMEIOIIUHCS
y KaXJIOTO 3aIac 3HaHMI ¥ HaBHIKOB, HAKOIUICHHBIX B pe3yNbTaTe 00y4eHHs U MpeIblIyleil TpyJoBol aesTensHocTH. Benn-
YHHA 3TOrO KallMTaja HEIMOCPEICTBEHHO 3aBUCHT OT YPOBHS OOpa30BAaHHOCTH — KaK OOIIeH, TaKk M NPOodecCHOHAIbHOM.
Yem BblLIE 3TOT ypOBEHb, TeM OoJice LEHHBIC JUI HAaHUMATENeH BUIbI PaGOT MOXET BBINOJIHATH TOT WM MHOW YENIOBEK.
MHTetekT 4enoBeka CTAaHOBHUTCS TJIAaBHBIM (DaKTOPOM IIPOM3BOACTBA M OOTaTCTBa CTPAHBI M IPEBPAINACTCS B MHTEIUICKTY-
anbHbIA Kanmurtan. CienoBaTesibHO, GOpMHpYeTCss 0cOObIii PHIHOK — PBHIHOK MHTEIUIEKTYaJbHOTO KamuTaia. IIpemnoxeHue
Ha TaKOM PBIHKE IIPEICTaBIeHO pabodeil CHiIOH, MMEIoIeH BBHICOKHH YPOBCHb WHTEIUIEKTYaJbHOCTH M MHHOBAI[HOHHOCTH
u obnajaromnieii, B CBOIO 09epenb, BHICOKOH PEIHOYHON CTOMMOCTEIO. llenecoobpa3Ho HCIOMb3yeMble B TOH WM HHOHU cdepe
COCTABIISIOLINE YEIOBEYECKOrO KAalMTaNa CIOCOOCTBYIOT HAyYHO-TEXHHYECKOMY M COLIMAJIbHOMY IPOTpeccy OOLIecTBa, ero
YCTOHYMBOMY 3KOHOMHYECKOMY DPAa3BHTHIO, TaK KaK OCHOBHBIM THIIOM KOHEYHOH HPOIYKIUH B OTJIMYHE OT NPEIbIIYIINX
CTaAuil pa3BUTHS BHICTYNAIOT MH(GOPMALKS U 3HAHMS, @ TJIaBHBIM (h)aKTOPOM IKOHOMHYECKOT'O POCTa — HPOU3BOAUTENFHOCTh
pPabOTHUKOB YMCTBEHHOTO TpyJa. FIMEHHO 4eslOBeYeCKUi KamuTall SBISETCS OJHUM U3 INIaBHBIX (DaKTOpOB, oOecrednBaro-
IUX B COBPEMEHHBIX YCIOBHUSX Mepexox K V U VI TeXHOIOTHYecKHM yKiagaM, JIeKaIiM B OCHOBE (popMHPOBaHHS HOBOTO
I/IHTCJ’[J’[BKTyaJ’IbHO—MH(bOpMaLIHOHHOFO 06U_leCTBa. HoBreie 3HaHusA 1 HH(bOpMaLlI/lOHHbIC TEXHOJIOTUM INPOU3BOAAT HBIHE PEBO-
JIFOLIMOHHBIN CABUT HE TOJIBKO B HEMOCPEICTBEHHOM IPOM3BOACTBE TOBAPOB, HO U B HEMPOU3BOJICTBEHHOM CeKTope (00pa3zo-
BaHUH, 3paBOOXPAaHEHNH, TOProBie, puHaHCaxX H T. I1.).
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Economic Growth Based on Innovative Development —
Foundation of Macroeconomic Stabilization and Sustainability of National Economy
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Abstract. When the global community entered in the XXI century world emerging economy is more clearly considered as
post-industrial, where a leading sector of the economy in the GDP production is not agriculture and not even industry but
services. The main productive resource in such circumstances is not natural and productive capi- tal but human capital, which
is represented by storage of knowledge and skills accumulated by a person in the process of training and previous employment.
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Value of this capital is directly dependent on the level of education both general and professional. Human intellect becomes
amain factor of production and professional. If the level is higher it means that such person can perform more valuable types
of work for expand wealth of the country and it is transformed into intellectual capital. Consequently, a special market is
formed that is a market of intellectual capital. An offer in this market is represented by labor with a high level of intellectuali-
ty and innovativeness and it has, in its turn, high market value. Well-handled components of human capital contribute to sci-
entific-technical and social progress of the society, its sustainable economic development as the main types of final products
unlike with previous stages of development are information and knowledge and the main factor of economic growth
is productivity of mental labor workers. It is human capital that is one of the main factors ensuring transition to V and
VI technological paradigms under current conditions. These paradigms are underlying a solid foundation for formation
of new intellectual and information society. New knowledge and information technologies are making a breakthrough not
only in the direct production of commodities but in the non-manufacturing sector as well (education, health, trade, finan-
ce etc.).

Keywords: production, reproduction, economic growth, innovation, human capital

For citation: Kazhuro N. Ya. (2017) Economic Growth Based on Innovative Development — Foundation of Macroeconomic
Stabilization and Sustainability of National Economy // Science and Technique. 16 (6), 515-525. DOI: 10.21122/2227-1031-

2017-16-6-515-525 (in Russian)

[Tockonbky OOIIECTBO HE MOXET IepecTaTb
noTpedJisATh, MOITOMY OHO HE MOXKET IepecTaTb
npousBoanTh. CremoBaTenbHO, (DYHKIIMOHHWpOBa-
HHE HALMOHAJIBHOW SKOHOMMKH JOJDKHO OBITH
MOCTOSIHHBIM ~ (HETIPEPHIBHBIM, TEPMaHEHTHBIM).
W3 Bcex MHOTOOOpa3HBIX BUIOB YEIOBEYECKOU Jies-
TEIBHOCTH HanboJee BaXKHBIM, IMEIOLITUM HEIpexo-
JAIIEEC 3HAYCHUC BUAOM ABIIACTCSA ACATCIBHOCTD I10
TIPOM3BOACTBY MareprualbHbIX Omar. C Hee HaYMHA-
€TCSl MCTOPHS YEeNIOBEUECKOro OOIIEeCTBa, €10 B KO-
HEYHOM CYETe OMpeeNsieTCs CTeleHb Mporpecca Bo
BCEX APYIUX 00JACTAX )KU3HH JIIOACH.

[Ipon3BOACTBO — 3TO IESTEIBHOCTH YEIIOBEKA,
MOCPEJICTBOM KOTOPOH OH YJOBJECTBOPSET CBOM
norpedHocTH. [lockonbKy mprupoaa He IperocTaB-
JSIeT 4YeJIOBeKy HeoOXoaumble eMy Ojara, TO HX
Hago IMPOU3BOJUTD. HOSTOMy IMPOU3BOJICTBO €CThH
00BEKTHBHAs HEOOXOAUMOCTb, HE MMEIOIIAs allb-
TEpHATHBBI: 0€3 HEro HEBO3MOXKHO CYIIECTBOBA-
HUE 00IIecTBa.

B mmpokom cMmbicie IponU3BOACTBO OXBAaThIBA-
€T COBOKYITHOCTb BCEX MNPOLIECCOB B 3KOHOMHKE,
HalpaBJICHHbIX HA CO3/laHME KaK MaTepHajbHBIX,
TaK ¥ HEMaTepUAIbHBIX Onar u yciuyr. OHO uMeeT
JIB€ B3aUMOCBS3aHHBIC CTOPOHBI: MaTE€pPHAIbHYIO
u obmectBeHHyto. IlepBas xapakrepusyeT OTHO-
nieHue moneil k npupoge. OHa oTpakaeT Mmare-
pHanIbHOE colepXaHue Impouecca Tpyna. Bropas
CTOpPOHAa BKJIIOYAE€T B3aUMOOTHOLICHUS JIIOJCH
B IIpoliecce MPOM3BOACTBA, OTPa)KaeT OOIECTBEH-
Hy10 Gopmy Tpyna.

Ilo cBoeii cymHOCTH OOIIECTBEHHOE IPOH3-
BOJICTBO — 3TO MPOM3BOJCTBO CaMOTO 4YeJIOBEKa,
TaK KaK OHO IIpeAIojaraeT CO3JaHu€ YCIIOBHH,
HEOOXOIUMBIX ISl HOPMaJIbHOW JKU3HEAEATENbHO-
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ctu rojei. [103ToMy rIaBHOH 1eNbi0 OOIICCTBEH-
HOTO TIPOW3BOJICTBA SIBJSIETCS YAOBJIETBOPEHHE
MoTpeOHOCTEeH JIOJIell MyTeM BBIMycKa TOBAapOB
" OKa3aHHs YyCIyI' C HAUMCHBIIMMHU 3aTpaTaMU.

[Tpon3BOACTBO — HE TOJIBKO MPOIECC CO3TaHUS
MaTepUaNTbHBIX OJIar B TEUCHHE JAHHOTO IEpHoaa
BpPEMCHU. HpOI/I3BOJICTBO B IIMPOKOM CMBICJIC, B34~
TOe HE KakK OTHENBHBIM aKT, a KaKk HEMpephIBHO
BO300HOBJISIFOIITMICS W TIOBTOPSIIONIUNCS TIPOIIECC,
BBICTYIIAa€T KaK OOIIECTBEHHOE BOCIIPOM3BOJICTBO,
BKJIIOYAIOLIee TaKXKe paclpenesieHue U norpeodiie-
HHUE CO3J]JaHHOI0 MpojaykTa. Bo B3aumoneicTBuu
a3 (crammii) OONIECTBEHHOTO BOCIIPOU3BOICT-
Ba 0c0o0as poib MPUHAIUICKUT TPOU3BOJCTRBY.
OHo BBICTyHaeT He TOJBKO MCXOIHON, HO M Ompe-
TEJSAIONEH CcTaane OOIIEeCTBEHHOTO BOCIIPOM3-
BOJCTBA. DJTa pOJIb MPOU3BOACTBA OMPEICISICTCS
TEM, 4TO TOTPEOUTH MOXHO JIMIIb MPEIBAPUTETH-
HO CO3JaHHBIE TPYIAOM HOTPEOWTENbHBIE CTOMMO-
cti. VIMEHHO NpPOM3BOACTBO CO3JAET MPOAYKTHI
nmoTpebneHus, opMHUpPYyeT MOTPEOHOCTH 00IIecTBa
¥ OmNpeneNnseT CTPYKTypy MOJISKAIINX YAOBIE-
TBOPEHHIO MOTPEOHOCTEH.

[IponsBoacTBO 00YCIOBIMBAaET TaKXKe pac-
npefeneHne MPOAYKTa MEXIY COOCTBEHHHKaMHU
CpEACTB MPOM3BOJCTBA U CTPYKTYpY oOMeHa Impo-
OYKIHEeW MEXIy OTHEIHHBIMH YYaCTHUKAMHU TIPO-
1ecca Mpou3BO/ICTBA.

Kpome Toro, xapaktep Mpou3BOACTBa Mpeonpe-
JeNseT U XapaKTep BCeX NPYTUX CTaaui oOIecT-
BEHHOT'0 BOCIpou3BojAcTBa. [loaTomy pacrpenese-
HUe, 0OOMEH U TIOTpeOIeHne MOXHO paccMaTpUBAaTh
KaKk BHYTPEHHHE MOMEHTBHI CaMOro IPOU3BOJICT-
Ba, KaK OTHAEJbHBIE YacTH Liejoro. I'oBops uHa-
Ye, OINpeNeleHHOEe MPOU3BOACTBO OOYCIOBINBAET
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U OIpeJCNICHHBIC paclpeaesieHne, oOMeH W II0-
TpeOJeHHe, a TaKXKe OIpEJCIICHHbIC COOTHOIIC-
HUS 3THUX Pa3IM4YHBIX (Pa3 MPOU3BOACTBA MEXKIY
COOOH.

3akmounTensHON (ha3oil mpolecca BOCIPOU3-
BOJICTBA SIBIIAECTCS TOTpeOIIieHHE, KOTOPOE TECHO
B3aMMOCBSI3aHO C TPOM3BOACTBOM. be3 mpoms-
BOJICTBA HET W TNOTPEOJICHUs, a TpPH OTCYTCT-
BAW TIOTPEOJICHUS HET W TPOM3BOJICTBA, KOTOPOE
B JAaHHOM ciy4ae ObIIO OBl OECCMBICIEHHBIM.
[loTpebnenre BBICTYMAaeT LENBIO MPOU3BOJICTBA,
a TIPOM3BOJICTBO SIBJISIETCS CPEICTBOM pPEeATH3AIAN
sTol menu. Ecnmu B mporiecce mpon3BOACTBA TPO-
JIIYKTBI CO3JAIOTCSI, TO B MPOIECCEe JTUYHOIO TO-
TpeOnenns (mo0Ooe MPOU3BOACTBO B KOHEYHOM
cdyeTe TOJYMHEHO JUYHOMY IOTPEOJICHHUIO0) OHHU
HCY€3al0T OKOHYATEIBHO.

HammonanpHast SKOHOMHKA JHOOOWH CTpaHBI
OpUEHTHPYETCS Ha MPOU3BOJICTBO OIPENEICHHBIX
00BEMOB TOBapOB U YCIAYr MPH HX COOTBETCT-
BYIOIIEH CTPYKType. B 3aBHCHMOCTH OT TOTO, KaK
U3MEHSIOTCS 00BEMBI MPOU3BOAMMEIX OJiar, pas-
JTUYAOT yOBIBAalOIIEE, IPOCTOE U PaCIIMPEHHOE
BOCTIpOM3BOJICTBO. [lpu yOBIBaromeM BOCIIPOU3-
BOJICTBE UMEET MECTO CHIDKEHUE OOBEMOB BBIITYC-
Ka TIPOMYKIIMA B CHIy CTHUXHHHBIX OCICTBHM,
BOITH, SKOHOMUYECKUX KPU3HUCOB M JIPYTHX Kara-
KJIU3MOB. [Ipu mpocTOM BOCTIpOU3BOICTBE 00BEMBI
MPOM3BOICTBA MPOAYKIIMA M €€ Ka4eCTBO OCTa0T-
Csl HCU3MCHHBIMH B KQXKJIOM W3 MOCIEAYIOUIUX I1e-
puonoB. Hakonem, pacmmpeHHOE BOCIIPOW3BOJ-
CTBO TpEeAIojaracT yBeTHYeHHE oObeMa IMPOou3-
BOJICTBA B KXKJIOM CIEAYIOIIEM TEpUOe, KOTOPOe
M3MepsieTcss TeMIIaMU POCTa TPOAYKIIMH WA e
MPUPOCTa TIPH BO3PACTAMOIIEM KadecTBE JAHHOU
MpOIyKIKU. B mpoiecce BOCTIpOM3BOICTBA MPOUC-
XOJIUT HE TOJIBKO HEMPEPHIBHOE BO30OHOBIICHUE
MPOM3BOJICTBA MAaTEpHANBHBIX OJar B paMKax
OTpECICHHBIX TMPOU3BOJICTBEHHBIX OTHOIICHHMIA,
HO TaKXe W HelpepbIBHOE BO30OHOBJICHHE CaMHX
3THX OTHOIICHHWN, BKIIFOYas BOCIPOU3BOACTBO
(hakTopoB mpou3BojacTBa. [103TOMY OCHOBHBIMH
3JIEMEHTaMH TIpoIlecca BOCIPOU3BOJCTBA BBICTY-
MAIOT: BOCHPOM3BOJICTBO MAaTEpPHANBHBIX Ofar,
BOCIIPOM3BOJICTBO OCHOBHBIX (PAKTOPOB IPOU3BOJI-
CTBa, BKJIIOYasl pabO4yl0 CHIY U CPEICTBA MPOU3-
BOJICTBa; BOCIIPOM3BOJICTBO CpeIbl OOUTAHUS 4e-
JIOBEKa; BOCIIPOM3BOJACTBO  ITPOHU3BOJICTBCHHBIX
OTHOIIICHUH, B paMKax KOTOPBIX IMPOUCXOIMT BBI-
MyCK TOBapOB U YCIIYT.

Hayka
wrexHuka. T. 16, Ne 6 (2017)

B ornmume oOT IpOM3BOACTBA BOCIPOU3BOA-
CTBEHHBIE NPOLECCHl BKIIOYAIOT HE TOJBKO YyCJO-
BUSL BO30OHOBJICHMSI IIPOM3BOJCTBA, HO TaKKe MU
Bce npyrue cramuu (¢a3bl) BOCIPOU3BOICTBA,
a IMEHHO: paciipeneneHne, oOMeH U norpedieHue
00IIeCTBEHHOTO MPOYKTA.

C moHsATHEM PacIIMPEHHOTO BOCIPOM3BOACTBA
COTJIacyeTcsl TOHSTHE <«OKOHOMHYECKHH POCT»,
KOTOPBIM TECHO CBS3aH C IpoOJIeMaMH PacIIupeH-
HOT'O BOCIIPOM3BOJCTBA. Majio TOro, OH SIBIISIETCS
KOHIIGHTPUPOBAHHBIM BBIPAXKEHUEM U CIIOCOOOM
paspelieHus npobiaeM BOCIIPOU3BOICTBA.

OCHOBOI 3KOHOMHYECKOI'O POCTa MPEXAE BCe-
ro SIBJSIETCS YBEIMYCHHWE TaKUX BOCIIPOU3BO/I-
CTBCHHBIX ITOKa3aTeieH, kak BBII, HarmoHambpHEIN
10X0ZA, 00beM NPOM3BOACTBA IMPOAYKLIMH B OT-
JETBHBIX OTPACIsX SKOHOMUKH U T. 1. [1, c. 84].
OKOHOMHYECKHH POCT BBICTYNAET KaK TEHACHLHS
W3MEHEHUS arperupoBaHHBIX (COBOKYIHBIX) TOKa-
3aresiell pa3BUTHs HAIMOHANBHOW 3KOHOMHUKH 32
OTIpENCNICHHBI TEepHoA BpeMEHH (KaK MpaBuio,
3a rom).

OKOHOMHYECKHI POCT MOXHO ONPEICIUTh KaK
Mpo1ecc, KOTOPBIN XapaKTepU3yeTcsl YBEINIEHUEM
Macchl CO3JaBaeMBbIX OJar M YCIyr B COOTBETCT-
BHH C 00bEMaMH U CTPYKTYPOH JIMUHBIX M OOIIe-
CTBEHHBIX OTPEOHOCTEH, KOTOPBIE CKIIaJbIBAIOTCS
B HAllMOHAIBHOM YIKOHOMUKE.

JluHamMyKa mapamMeTpoB SKOHOMUYECKOTO PpO-
CTa HMCIOJNB3YETCS Ul XapaKTEPUCTHKH Pa3BUTHS
HAlMOHAJBHBIX XO3SHCTBEHHBIX CHUCTEM, a TAKXKE
B LIEJSIX TOCYNApCTBEHHOIO DPEryJIHPOBaHMS 3KO-
HOMUKHU. JleaTeNbHOCTh BBICHIMX XO3SHCTBEHHBIX
U TIOJINTHYECKUX OPraHOB HACEJCHHE OLCHHBAET
IIPEX/Ie BCEro Ha OCHOBE PAaCCMOTPEHMS ITOKa3aTe-
Jie IMHAMHUKH KOHOMHYECKOTO POCTa, TUHAMUKH
YPOBHS XHM3HHA. DTO OOYCIOBJICHO TEM, YTO KO-
HEYHOW LEJIhI0 SKOHOMHYECKOTO POCTa SIBIISIOTCS
moTpeOieHHue, POCT O0JIATOCOCTOSHUS HACCJICHUS
CTpaHbl.

['maBHBIA BONpOC, Ha KOTOPBIM CTPEMUTCS OT-
BETUTh TEOPHUSI SKOHOMHYECKOTO POCTA, CBOJIUTCS
K TOMY, KaKUM 00pa3oM B I0JITOCPOYHOM NIEPHOJE,
T. €. B YCJIOBUSX IOJHOHN 3aHSATOCTH, MOXHO yBe-
JTUYUTHh pealibHblii 00beM OOIIECTBEHHOTO IIPO-
IyKTa. JIaHHBIM BOIIPOC MMEET HEMOCPENCTBEHHOE
MPAaKTUYECKOE 3HAUYEHHE, IIOCKOJBbKY €ro PEeIIeHUe
MO3BOJISIET HAIMOHABLHONH SKOHOMHUKE IPEeojIoIie-
BaTh OTPAHUYEHHOCTb HWMEIOIIUXCS TPOU3BOJI-
CTBEHHBIX PECYpCOB M TaKUM IIyTE€M PacCIIUPSAThH
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BO3MOYXHOCTH YAOBJICTBOPEHHsI MMOTPEOHOCTEH 00-
miecTBa. TeMIbl U Ka4eCTBO KOHOMUYECKOI'O PO-
CTa HEIOCPEICTBEHHO 3aBUCST OT €ro Tuma. Beine-
JISIFOT 1B OCHOBHBIX THIA 9KOHOMHYECKOIO pOCTa:
9KCTEHCHUBHBIN U UHTEHCHUBHBIM.

OKCTEHCHBHBIN SKOHOMHYECKUI POCT OCHOBBIBA-
€TCd Ha WCIOJIb30BAHUM JOMOTHUTEILHOM MAacChl
BceX (haKTOpPOB MPOM3BOJICTBA: TPyHa, 3eMIH, 000-
pynoBanusi (cpeAcTtB mpousBoacTea). [lpu sToM
MPEONIaraeTCs, YTO TEXHUYECKAsI OCHOBA OCTAETCSI
TaKOM XKe, Kak W B TPEAILICCTBYIOIIEM IMEPHOJIC.
3nech TPOUCXOAUT I PACHIPEHHE IO TPO-
W3BOJICTBA C LEJIBIO YBEJIMUYCHHS BBIITYCKA MPOAYK-
1Y, HE CUMTAsICh C 3aTpaTamu. [Ipu Takom noaxone
JUIL YIBOGHHS TIPOW3BOZACTBA KaKOW-THOO TIPOIYK-
M HEOOXOIMMO YABOWTH IOTOIHHUTEIHHOE TPH-
BJIeUeHUE (JAKTOPOB MPOM3BOJICTBA.

MHTEHCHBHBIN 3KOHOMUYECKUN POCT — 3TO Ta-
KO THIT POCTa, KOTJa MPOUCXOUT UCIIOIHE30BAHIE
Oosiee COBEpUICHHBIX (DaKTOPOB TMPOM3BOJICTBA
(Tpyna, 3emun, o0OpymoBaHHUs) Ha Oojiee COBEp-
LHICHHOM TEXHUYECKOU M TEXHOJIOTMYECKON OCHOBE
M0 CPAaBHEHUWIO C MPEIBIAYIINM MEPHOIOM Oyiaro-
Jlapsi UCIIOJIb30BAHUIO JOCTUKEHUN HAYYHO-TEXHU-
YECKOro Nporpecca.

PesynpraroM MHTEHCH(UKAIIMA MOXET SIBUTh-
Csl HE TOJIBKO yBEJIHYCHHE 00beMa MPOAYKIIUU, HO
Y TIOBBIIIIEHNE €€ KadeCcTRa.

B 10 %€ BpeMsi HEOOXOAUMO OTMETHTD, YTO HC-
TOpHSI SKOHOMUKHM HE 3HAET SKCTEHCHBHOI'O WJIU
MHTEHCUBHOI'O TUIIA 3KOHOMHUYECKOI'O POCTa B 4YM-
cToM Buze. Bcerma mmeer mMecto CMMOHMO3 3THX
JIByX THUIOB, TJe TpeolianaeT NMpeuMyIIECTBEH-
HO DKCTEHCHBHBINA WM UHTCHCUBHBIM 3KOHOMHYE-
CKHH POCT.

I'maBHOE OTNIHMYME PKCTEHCUBHOTO THUIIA SKOHO-
MHYECKOI0 POCTa OT MHTEHCUBHOI'O €ro TUMa 3a-
KJIFOYAETCS B TOM, YTO B IIEPBOM CIIy4ae pedyb UAET
00 opueHTannu PKOHOMHUKH CTPaHBl HA yBeIH4Ye-
HUE BBIITYCKa MPOJIYKLHUHU, HE CYUTASICh [IPU 3TOM C
3aTpaTaMy Ha €€ IPOU3BOJICTBO, & BO BTOPOM CIIy-
yae CTpaHa OPUEHTHUPYETCS HAa MUHUMHU3AIIMIO 3a-
TpaT Ha KaXAYI0 CAWHHIYY MPOU3BOAUMON TIPO-
JTKITAH,

YroOBl OTHECTH YKOHOMHUYECKHUH POCT K TOMY
WIM WHOMY THUIy, HEOOXOJUMO CpPaBHUTH YJEIIb-
HBII BEC IpUPOCTa NPOU3BOJCTBA, OJYUYEHHOTO 32
CYET KOJMYECTBEHHOT'O WM KaueCTBEHHOT'O HU3MeE-
HeHUs ero gakTopoB. Pedb uaeT o mpeobiaxanuu
TOTO WJIM MHOTO THIIA TIPU PA3IUYHBIX KOMOWHA-
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musax Qakropos npousBojcTBa. Tak, mis Pecmy6-
nuku benapychk nmpeoGiaiaroM THIIOM TTOKa SB-
JSieTCsl SKCTCHCUBHO-UHTCHCUBHBIN THIT SKOHOMH-
94eCKOT0 POCTA.
Omnpenenuts AOJI0 WHTEHCHBHBIX (DaKTOPOB,
a CleJoBaTeNbHO, U THII SYKOHOMHYECKOTO POCTa
MOJKHO 110 opMyJie
Ko=1tml
Tggn —1

2

rae K, — xo>dduuuent unareHcudukauuu; Iy, —
WHJEKC pocTa MOTpeOJIeHHBIX pecypcoB; Ippn —
HHJIEKC POCTa BaJIOBOTO BHYTPEHHETO MPOIYKTA.

Koadduument wmHTEHCHPHKALNU TeopeTHye-
CKH MOXKET OBITh B Mpejiesiax OT HyJIsl O €AUHHIIBL.
B mepBoMm cnywae skoHOMHYECKHE poOCT Oymer
00YCJIOBJIEH TOJBKO 33 CYET IKCTEHCHBHBIX (hakx-
TOpOB, a BO BTOPOM — JIMIIb 32 CUET WHTEHCHBHBIX
(aktopoB. Ho mockonbKy B peanbHOW IEWCTBU-
TENBHOCTH TaK He OBIBACT, TO MPAKTHYECKH IaH-
HBIH KOAQOUIUEHT HAXOJUTCS MEXIY dTUMH JBY-
Ms KpallHOCTSIMH, T. €. OH OOJIbIlIE HYJISl, HO MEHb-
e eJUHMNBL. B [enoM mpu MoJ0KUTEIHHOM
3HAYeHUHN KOA(PUIMEHTa HHTCHCU(PUKAIIMA MOXK-
HO TOBOPUTH O Mpeo0IaJaHui HHTEHCHBHOTO TUIIA
SKOHOMHYECKOTO pocTta. OTpuIaTenbHOE 3HAUCHUE
Kod(puIIMeHTa HHTCHCU(DHUKAIINN CBUACTEIHLCTBY-
eT 00 3KCTEHCHUBHOM THII€ 5KOHOMHYECKOTO POCTA.

[Ipobnema wHTEHCH(PUKAIIMA SKOHOMHYECKOTO
pocTa JuIs Haileid cTpaHbI SBISETCS OCOOCHHO aK-
TyaJbHOH. DTO OOYCIOBICHO MpPEKIE BCErO TEM,
4T0 B coBeTckuil mepuoja dkoHomrka BCCP Obl-
Jla OpPraHM4ecKOM COCTaBHOM YacThlO €IMHOTO
HapOJIHO-XO035MCTBEHHOTO KoMIUIeKca COBETCKOro
Coroza. IlomyunB B wmrome 1990 r. cyBepeHHBIH
CTaTyC W CTaB HE3aBUCHMBIM rocyaapcTBoM, Pec-
nyOimka bemapych monyumia B HAacieICTBO OT
OBIBIIICH OOJBITION CTPaHBI PECYPCOPACTOUNTETH-
HBI TUIl HPOU3BOACTBEHHO-XO3SMCTBEHHOU Jesi-
TENBHOCTH. SIBISSICH CBOEGOOPA3HBIM «COOPOUYHBIM
LIEXOM» B COCTaBE BEJIMKOI JeprkaBbl, CTpaHa pac-
nojlarajia BBICOKOPA3BHTHIM METaJUIO-, JHEPro-
U pecypcoeMKUM Mpou3BoacTBoM. K ToMy ke pec-
nyOsinka OefHa MOJIE3HBIMU MCKONAEMBIMU M IIO-
3TOMY BBIHYKACHA UMIIOPTHPOBATh 3HAYUTEIHHOE
KOJINYECTBO TOIJIMBHO-YHEPTETHUECKUX U CHIPhE-
BBIX PECYPCOB.

UroObl obecrieynTh CTaOMIBHBIN SKOHOMHYE-
CKHH pOCT, CTpaHa CTPEMHUTCSI K PELICHHUIO LIEIOT0
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psana 3amad. Hawmbonee oOmmmMu memsMu J1t000i
HAIIMOHAJIBHON SKOHOMHKH SIBJISIOTCS: TIOBBIIIEHUE
SKOHOMHYECKOT0 TIOTEHIMajla CTPaHbI; MPHPOCT
MOTPEOJIEHNS U COBEPILIEHCTBOBAHUE €TO CTPYKTY-
PBL; YBEIMUEHHE MacChl MOTPeOIsIeMbIX OJar; yno-
BJIETBOPEHHE IDIATEKECIIOCOOHOTO CIIpoca Hace-
neHus. B KOHEYHOM cueTe, 3HaYMMOCTh YKOHOMHU-
YEeCKOT0 pOCTa ONPEACIIeTCs] TeM, YTO SKOHOMHKA,
KoTopasi cTaOWipbHO pa3BuBaeTcs (0e3 pesKux
MOABEMOB W TaACHMM), 00jazaer, eCTECTBEHHO,
OONBIIMMU BO3MOXKHOCTSIMH  yJIOBJICTBOPATH TIO-
CTOSIHHO BO3pacCTalOIIHe MOTPEeOHOCTH 00IIecTBa U
pelaTs CONMMaIbHO-3KOHOMHYECKHE U IKOJIOTHYE-
CKHE MPOOIEMBI CTPaHbI.

DKOHOMHYECKUH POCT OKa3bIBA€T CYIIECTBEH-
HO€ BIIMSHUE HA LENBIHA psAJ BAKHEUITNX MaKpo-
9KOHOMHYECKHX TPOIECCOB, KaK TO:

1) cTaObUIBHOCTH IIEH (TPEAToNaraeTcs uX pocT
He O0onee 1 % B ron);

2) ypOBEeHb 3aHATOCTH HaceJeHus (Tpexrona-
raercsi, 4to N0l 0e3pabOTHBIX HE JOJDKHA Mpe-
Belmath 1 %, He cuuTass ypOBHA TaK Ha3blBae-
MO €CTECTBEHHOM 0e3paboTHIIBI — CTPYKTYPHOU H
(PUKLMOHHOM, — KOTOpast SBJISIETCS] HEN30EKHOM);

3) paBHOBecHME BHEUIHETOPTOBBIX  OMeEpauit
(mpenmnonaraeTcst MOJOXKUTEIBHBIA BHEITHETOPTO-
BhIi1 OaslaHCc Ha ypoBHE 1-2 % BaJOBOTO BHYTPEH-
HETO MPOIYKTa);

4) peansubnii BBII (mpemmornaraeTcsl mOCTOSH-
HBIH, pABHOMEPHBIA U DKOJOTMYECKH O€3BPEIHBIN
pocT 00BEMOB TPOU3BOJCTBA TOBAPOB W YCIVT,
o0ecrnevnBaomuil palMoHaIbHOE HEMCTOIINUTENb-
HOE HCIIOJIb30BaHWE HEBO300HOBISIEMBIX HPUPOI-
HBIX PECYPCOB, BOCCTAHOBJICHHE W YyBEITUYCHUE
00BEMOB BO30OHOBIISIEMBIX PECYPCOB, COXPaHEHHE
OKpy>Kaloled cpeipl Kak Uil HBIHEUIHEro, TaKk M
IUTSE Oy TyTITX TTOKOJICHHIA).

JanHyI0 cucTeMy IMOKa3aTeleld 4yacTo Ha3bIBa-
IOT MarM4ecKUM YeTBIPEXYTOJBHUKOM. DTO 00Y-
CIIOBJICHO TE€M, YTO OTH TIOKa3aTelr TECHO B3aW-
MOCBSI3aHBl MEXIYy COOOM, MMO3TOMY H3MEHEHUS,
NPOUCXOSIINE B OHOM U3 HUX, HEU30EKHO TPH-
BOJSIT K M3MEHEHHUSIM BO BCEX OCTaJbHBIX IOKa3a-
TessaX. B To ke Bpems IaHHAs cUCTeMa Mapamer-
POB TpeJroNiaraeT JOCTHKEHUE TPYIHOIOCTHKU-
MBIX wLened. B 3TOoM cMmbiciie OHa OTpaxaeT
U/ICANBHYIO CUTYaluIo, K KOTOPOW HalMOHAIbHAS
SKOHOMHKA JIOJDKHA CTPEMHTBHCS, XOTS pPeasbHO
OHa Hepean3yeMa JaKe B CaMbIX OJIarOMOIYyYHBIX
ctpaHax. [1lo3ToMy KaKAblii W3 3THX MapaMeTpoOB
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Ha TOM MJIM MHOM BPEMEHHOM 3Tale MOXET ObITh
NPUHAT CTPaHOH B KayecTBE LEJU HAIIMOHAJILHOMN
9KOHOMHUKH.

DKOHOMHKA JTFOOOH CTpaHBl UIMEET CBOM TEMITHI
SKOHOMHYECKOTO pOCTa, KOTOpPHIE OINPEIEISIOTCS
MHOXECTBOM (PakTopoB. BbIAesIOT BHYTpEeHHHE
U BHEUHHE (PAKTOPBl 3KOHOMHYECKOTO POCTa.
K BHyTpeHHUM (akTOpaM 3KOHOMHYECKOTO poCTa
MO’KHO OTHECTH CJIEIYIOLIHE:

1) mpuponHbIe pecypchl. DTOT (aKkTop Xapak-
TEepU3yeT OO0ECIEYeHHOCTh HAIMOHAIBHOTO XO-
3HCTBA CTPaHbl TOIUIMBHO-?)HEPreTHMYECKHUMU U
MaTepHAIbHO-CBIPHEBBIMH  PECYpPCAMHU, a TaKXKe
3eMeNbHBIMH, JICCHBIMHU, BOJAHBIMU U JPYTUMH BU-
IaMy pecypcoB. JaHHBIN dakTop XOTS M SABISIET-
cs1 HeOOXOAMMBIM, HO HE a0OCOJIIOTHO OYEBUIHBIM.
Bo mHOrEx rocymapctBax OoraTble MOJIE3HBIC HC-
KOoIaeMble He Hcronb3ytores 3¢ dextusHo. Pacmo-
narasi 60raTeIMU MPUPOAHBIMU PECYpCaMH, CTpaHa
MOJKET HE UMETh CPEJICTB Ul X OCBOeHHs. B Ta-
KOM cJy4ae Ba)KHBIH (aKTOp HIKOHOMUYECKOTO
pocTa — BHELUTHEIKOHOMHUYECKAsl TOJIUTUKA U MIPH-
BJICUCHHE WHOCTPAHHBIX MHBECTHUIIUI U KPEIUTOB.
MHupoBOIi ONBIT CBUIETENBCTBYET, YTO TroOCynap-
cTBa, OOoraThle MPUPOTHBIMHU pecypcamu, Kak mpa-
BWJIO, HE JIOCTUTAIOT BBICOKOI'O YPOBHS COLMATIBHO-
SKOHOMHMYECKOTO pa3BUTUS. Takue CTpaHbl OO
HAaUYWHAIOT TOProBaTh NPHPOJHBIMH PECYpPCaMH,
[IPEBpAIasiCh 3TUM CaMbIM B CBHIPbEBYIO 0a3y 3KoO-
HOMHUYECKH Pa3BUTBIX TOCYAapCTB, JUOO MpHuMe-
HAIOT yCTapeBIINE MaTepPHaIOEMKHE TEXHOJIOTHHU,
OTCTaBas IOCTENCHHO B TEXHWYECKOM DPa3BUTHUH.
B 10 e Bpems He obOecrieueHHbIE TPUPOTHBIMH
pecypcamMH CTpaHbl BBIHY)KIECHbI pa3padaThiBaTh
U BHEIPATH B IPOU3BOICTBO pecypcocOeperaro-
[IMe TEXHOJOTHH, CO3/1aBaTh HAYKOEMKHE IMPOU3-
BOJICTBA W TI€PENOBBIC OTpaciu 0OpadaThIBaroIIen
poMBIIIIEHHOCTH. VMeroTcst rocynapcTBa, KOTO-
pBle IIPH MUHUMAJIBHBIX IPUPOAHBIX pecypcax JIo-
OMBalOTCSl HEOOBIYAHHO BBICOKUX TEMIIOB 3KOHO-
MHYECKOro pocTa, o0ecrieunBasi BEICOKUI YpOBEHb
COIMATLHO-D)KOHOMHUYECKOTO pa3BuThs (SAnoHwus,
Oxnas Kopes, ['epmanus, Beiiuapus u np.).

B Pecnybnuke benapyce craepKuBaromMu
(dakTOpaMH IKOHOMHYECKOTO PpOCTa SIBISIOTCS
OTPaHUYEHHOCTh COOCTBEHHOH CBHIPHEBOM M TOII-
JIUBHO-3HEPI€TUUECKOM 0a3bl, BBICOKAs PeCypco-
€MKOCTh 9KOHOMHKH. OTcCloJ]a CHJIbHAs 3aBHCH-
MOCTB OT TIOCTAaBOK CBHIPbSI, MaTEpUAJIOB, TOILIMBA,
KOMIUIEKTYIOIIUX u3aenuii u3 Poccum m mpyrux
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IKoHomuka npombliHiIeHHOCmMU

ctpad CHI'. Hanpumep, cobctBeHHast 100bda Hed-
TH (OKOJIO 2 MIH T) yOOBJIETBOPSET TOJIBKO 15 %
BHYTpeHHHX moTpedbnHocTeir, 70 % ummopra cTtpa-
HBl COCTaBJISIIOT TOIJIMBO, ChIPbE€ U MaTepHalbl,
KOTOpble B OCHOBHOM HCIOJB3YIOTCS Ul TIpOMe-
JKYTOYHOTO TOTPEOICHUS IIPU BBIIYCKE KOHEYHOMH
HOPOLYKIIMH.

B 310l CBA3M C LI€NIbI0 HAMITYUYLIETO UCIIOJbB30-
BaHMUsI IPHUPOAHO-CHIPHEBBIX PECYPCOB HEOOXO-
JUMbl HauOoJsiee IOJTHOE M3BJICYCHUE CBIPHS, €ro
rny0oKas U KOMIUIEKCHasl MepepadoTKa, a TakkKe
CHIDKCHHE MaTEPHaJIOEMKOCTH MPOAYKLUHN U SHEp-
TOEMKOCTH NPOU3BOJICTBA;

2) TpynoBBIE pecypchl. ITOT (akTop XapakTe-
pHU3YeT HE TOJBKO KOJUYECTBO, HO M Ka4eCTBO pa-
Oouel CWIIBL, 1IOJ KOTOPOW MOHUMAETCS! YPOBEHb
oOpa3oBaHus, NPOPECCHOHATBLHOW TOATOTOBKH,
9KOHOMHYECKOTO MBIIUICHUS, TUCUUIUIMHUPOBAH-
HOCTH, WHUIMATUBHOCTH, (U3UUYECKOIO M ICHXO-
JIOTHYECKOTO 3I0POBbsI, BCECTOPOHHEH MOOMIHLHO-
CTU U T. 1. HakomneHHbIH 3anac HaBBHIKOB, 3HAHUH,
CIOCOOHOCTE, KOTOPHIMH OOJIaJIaeT YeNIOBEK, Xa-
paKTepusyeTcs IHOHATHEM «4eJIOBEYECKUH Kamu-
tam». Ilo omeHkaMm 3KCHIepTOB, AONA 4eJIOBede-
CKOT0 KamuTaja B HAalWMOHAIBHOM OOTraTcTBE
PecrryOnmku bemapyce cocraBisier Oonee 55 %.
Oto BeILIE, YeM B Jt0OOH apyroit crpane CHI.
OpHako B cocTaBe HAIMOHAJIBHOTO OOraTcTBa
Hallleil CTpaHbl OH II0KAa HE YUUTHIBAETCS, XOTS CO-
IJIACHO PacIIMPEHHON KOHUENINN HAMOHATBEHOTO
borarctBa Bcemupruoro 6anka m MB® uenosede-
CKUP KalluTajd JOJDKeH BKIIOYaTbCd B COCTaB
HAIIMOHAJBHOTO OOraTCTBa CTPAHBI.

YpoBeHb TPYHIOBBIX pecypcoB Pecmybmukn
benapyce B pamkax CHI' mpuzHaeTcsi IOBOJIBHO
BBICOKMM. B TO ke Bpems Mo cTaHgapTam pa3Bu-
THIX CcTpaH aisi paboumx mpodeccuii oH emie He
COBceM YyaomieTBopuTeneH. HecmywaiiHo mosTo-
My 3amajHele (QUPMBI, UMEIOIIUE MPOU3BOACTBO
B bemapycu, npeanouuTaoT B KauecTBe pabdOuMX
NPUBJIEKaTh MECTHBIX CHELUAIMCTOB C BBICIIUM
U CpEJHUM CIICHUABHBIM 00pa3oBaHUEM. 3JIECh
HEOOXOIUMO HMMETh B BHAY, YTO HMHTETPaJbHBIM
nokaszareneM  3(QQEKTHBHOCTH  HCHOJIb30BAHUSA
TPYAOBBIX PECYPCOB SIBISIETCS. POCT TPOU3BOJIU-
TEJILHOCTH TPYZa, T. €. YBEIMUCHHE BBIITYCKA MPO-
OYKIMU B pacyeTe Ha OJHOIO 3aHITOrO B MPOM3-
BOJICTBE;

3) mpeAnpUHUMATENBECKHAE CIMOCOOHOCTH Hace-
nenus. JlaHHBI (akTOp MpeanonaraeT HalU4ue
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y OIpEeIeJIEHHON 4acTH HaceleHUs] HeOOXOJUMBbIX
Ul TIpelNpUHUMATENsl KadecTB (TpynHoiiooue,
WHULMATUBHOCTh, IIPEJAHHOCTh HAI[MOHAJIbHBIM
uHTEepecaM M T. A.). Ilpunsro cuurath, 4TO B pas-
BUTBIX CTpaHax IO TaKUX JIIOACH COCTaBIAET
10 10 % 3KOHOMHYECKH aKTUBHOTO HACEJICHUSI.

B PecnyOnuke benapycw 6onee 5 % 3aHATBIX
B HapOJHOM XO3SHCTBE OTHOCATCS K cepe WHAHU-
BUAYQJIBHOI'O YacTHOIO IpPeAIpHHUMATEIbCTBA.
OpHako TpPEeaNpPUHUMATENBCTBO B  pecITyOruKe
(xax, Bopouem, u B npyrux crpanax CHI') umeer
MECTO TNPEUMYLIECTBEHHO B C(epe TOBApHOIO M
JEHEKHOT0 00pallleHHs: TOProBO-3aKyIoYHast J1es-
TENBHOCTh, IPO3BAaHHASI B HAPOJIE «KYIH-TIPOIai»,
0aHKM, (PMHAHCOBBIE KOMITAHUH U T. II.

Hnst noBbileHus] 3((EKTUBHOCTH HCIIOJB30-
BaHUs MPEINPUHUMATEIbCKUX CIIOCOOHOCTEH de-
JIOBEKa B Halled CTpaHe, MO MHEHHUIO CIlelHa-
JUCTOB, HEOOXOAMMBI HE TOJBKO COBEPLICHCTBO-
BaHHE 3aKOHOJATENLCTBa B JaHHOW cdepe mes-
TENBHOCTH U TOCYIAaPCTBEHHOE MOOLIPEHHE TaKon
NeSITeIbHOCTH, HO M TOBBIIIEHHE TPeOOBaHUMA K
npeaAnpUHUMATECIIAM 110 IUBUIM30BAHHOMY BCJIC-
HUIO JIe]l U COONIOJICHHUIO 3J€MEHTAPHBIX MPaBHII:
Ka4yecTBO MPOAYKLUUH U YCIYT, TapaHTHIHBIE 005-
3aTeJIbCTBA NPOU3BOAUTENEH, OTBETCTBEHHOCTb
CyOBEKTOB XO3SICTBOBAaHUSI M CPEICTB MAacCOBOM
nHPOPMALIUK 32 PEKJIaMy COMHUTEIBHOTO U COLIU-
aTpHO omacHoro Om3Heca (IMMBO, BOJKA, CHTape-
TBL U T. ]T.).

Iloka3zareneM ucrnosnb30BaHMs JAHHOTO (hakTo-
pa SKOHOMHUYECKOI'O pOCTa B CTpaHe SBISIETCS IO-
BhIIICHHE (P PEKTUBHOCTH OOIIECTBEHHOTO MTPOU3-
BOJICTBA,;

4) OCHOBHBIE MPOW3BOJCTBEHHBIE (DOHIBI CTpa-
HBI, UX KOJIMYECTBO U KauecTBO. Croia OTHOCATCS
cpencTBa Tpyna (OCHOBHOM KamuTall), MHOTOKpAT-
HO YYacTBYIOLIME B MPOILlEcCe MPOU3BOACTBA U IIe-
PEHOCSIIUE CBOIO CTOMMOCTD Ha TOTOBBIH MPOIYKT
[0 YacTsM, T. €. [0 Mepe ux m3Hoca. [loporosoe
3HAYEHUE HHIUKATOPa WHBECTULMH B OCHOBHOM
kanuraji, comtacHo kimaccudukanuun OOH, momxk-
HO cocTaBlsATh He MeHee 20 % oT o0bhema BaIoBO-
ro BHYTPEHHETr0 IPOIYKTA.

KonnvecTBeHHBIM TIOKa3aTelleM JaHHOTO (ak-
TOpa YKOHOMUYECKOr0 pOCTa SBJSETCS LIEHAa eau-
HUIIBI IPOU3BOJACTBEHHON MOLIHOCTH, T. €. OZHOTO
pabouero mecrta. Crioco® HaWIyYIIEro €ro Wc-
MOJIb30BAHUS MPEINOJIaraeT COBEPIICHCTBOBAHUE
TEXHOJIOTUH M OPTaHHU3alMH MPOU3BOCTBA C LIEIBIO
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yBeIMUeHNs (POHAOOTIAAYH, TMOBBIIICHUS KayecTBa
NPOIYKIHMHU, POCTa IPOU3BOJUTEIBHOCTH TPYAA;

5) Hay49HO-TeXHHUYECKHi mporpecc. OH Xapak-
TepHU3yeTCs:

a) TOSBICHHEM MPUHIHUINHAAIGHO HOBBIX [0-
CTIDKEHWH HAyKW, TEXHUKH, YTO CIIOCOOCTBYET
SKOHOMHUYECKOMY POCTYy Ha MHTEHCHUBHOW OCHOBE
3a CUYCT BO3HUKHOBCHHA MaJIOOTXOAHBIX U 663OT-
XOJHBIX TEXHOJIOTHH;

0) MOsIBIIEHHEM HOBBIX ICTOYHHUKOB YHEPTHH;

B) TIOBBIIIEHUEM ITPOU3BOJUTEIHLHOCTH TPY/Ia.

Kpome Toro, mpoucxoaut (opMupoBaHHE pa-
0OTHMKA HOBOTO THMA, T. €. KYJIBTYPHOTO U 00pa-
30BaHHOI'0, JUCHUINNIMHUPOBAHHOT'O U MHUIIUATHUB-
HOTO, CHOCOOHOTO SKCIDTYyaTHPOBATh CJIOXHBIE
TEXHUKO-MH(POPMAIIHOHHBIE CHCTEMBI,

6) coBokymHbIN cripoc. OH MOKa3bIBaeT OOLIUI
00BbeM TOBapOB M YCIYr, KOTOpBIA HaCeJICHHE,
npeanpustus (GUpMBI) M MPABUTENHCTBO (rOCy-
JIapCTBO) TOTOBBI KYMHUTh MPU JTI0O0OM BO3MOXHOM
YPOBHE IICH B ONPEACICHHBIA IEPHOA BPEMEHH.

O0BeM COBOKYITHOTO CIpoca OmpejaessieTcss B
CTOMMOCTHOM (I€HEKHOM) BhIpaxkeHuu. OH orpe-
JIeNIIeT €MKOCTb BHYTPEHHETO PhIHKA CTpaHbl (ec-
71 abcTparupoBaThes OT dKcHopTa). s myqiero
WCITOJI30BaHUS JTAHHOTO (akTopa HEOOXOIUMO
€ro MOOUIpeHHE MyTeM CHIDKEHHs LeH (3a cuer
pocta mokazateneil 3¢(QekTUBHOCTH NPOU3BOI-
CTBa), COKpaIeHus WHOISAINN, Pa3BUTHI KPEIUT-
HOU CHCTEMBI H T. 1.}

7) MHBECTHUIIMHA. DTO OCHOBHOM pecypc SKOHO-
MHYECKOro pocta. be3 ero mocTosHHOTo M BO3pac-
TAIOMIEr0 MPHUTOKA B IKOHOMHUKY CTpaHbl HEBO3-
MOJKHO O0ECIIEYHTh HE TOJBKO pacUIMpeHHOe, HO
JTaXKe MPOCTOE BOCTIPOU3BOICTBO;

8) uHcTuTtynnoHaneHas cpexa. OHa Xapakre-
pU3yeTCs CHCTEMOW TOCYAapCTBEHHBIX M HETOCY-
JTAPCTBEHHBIX COIMAIBHHBIX, (PHHAHCOBBIX, DKOHO-
MHYCCKUX U IKOJIOTUYCCKUX MHCTUTYTOB, C IIOMO-
IO KOTOPBIX OCYIIECTBISIETCS PETYyJIHPOBaHHE
SKOHOMHYECKOT'0 POCTA.

BHemHue (akTopbl 3KOHOMHYECKOTO pOCTa
BKJTIOYAIOT:

® MEXIYHapOJHOE pa3leiicHue TPyAa, a TAKKe
MPOIECCHl TII00aIM3aliy, KOTrna TIIaBHBIE SKOHO-
MHNYCCKUEC CY6T)eKTLI — TpaHCHAaIMOHAJIbHBIC KOMIIa-
HUH U JIpyTUE TPEATPHUATHS — HE TOIBKO pacIIups-
10T CBOIO AEATENBHOCTh 32 IpelesiaMy HalloHab-
HBIX TPaHWIl, HO M pa3pabaThiBaIOT TIOOATBHYIO
CTpaTervio cBoero pasBuUTUs. OHH CTHUMYIUPYIOT

Hayka
wrexHuka. T. 16, Ne 6 (2017)

9KOHOMHYECKHI pOCT Onarojapsi NPHUBICYCHHIO
COBPEMEHHBIX TEXHOJIOTHH, 3apyOCKHBIX HHBeE-
CTULIMUI U KPEJUTOB;

o nmoymTHyueckue GakTtopbl. Co3maHne MOUTH-
94EeCKUX, SKOHOMHUYECKHX COI030B, OJIOKOB Pa3iIHy-
HBIX CTpaH, KOTOpble MOTYT 3aTOPMO3HUTH (pas-
JUYHOTO pojaa >MO0apro W T. M.) WIH YCKOPUTH
9KOHOMUYECKHUII pOCT, IpefocTaBiIeHUEe WK Helpe-
JOCTaBjeHHE pPEKUMa HauOOJBIIEro OJIaromnpusT-
CTBOBAHMS, NPUHITHE WM HENPUHAITHE CTPaHbI
B TOT WJIK HHOHM TOPTOBO-TIOIUTHIeCKHH coro3 (EC,
BTO), o0bsBneHrEe TOProBoii BOWHBI H T. 1.

[IpuBenenHsie BbIIE (PAKTOPHI IKOHOMUYECKO-
ro pocTa BOBCE HE SIBJISIOTCS] MCUEPIBIBAIOLINMHU.
Takux ¢GakTOpoB MOXKET OBITH BBIJEICHO BEINKOE
MHOXECTBO. [IeHCTBUS HEKOTOPBIX U3 HUX MOLYT
ypaBHOBEIIMBaTh APYr JApyra WIH YCHIMBAThb-
Csl, TOPMO3UTBCSA 32 CUET JPYTHX (aKTOpOB U T. 1.
BnusiHue HEKOTOpBIX (DaKTOPOB BOOOIIE TPYAHO
nonaaercst omnpenenenuro. [lostomy, xorma peub
ueT 0 akTopax SKOHOMHUYECKOTO POCTa, TO, KaK
NpaBWIO, NPUHUMAIOTCS BO BHUMAaHHE MPEXKIC
BCETO T€ U3 HMX, KOTOphle Ha NPAKTHKE BCeraa
pe3yNbTaTHBHBI W  Tpejcka3dyeMbl. [locKombky
JaHHble (DAaKTOpPBl 00ECTeYrBAIOT BO3MOXKHOCTh
¢$u3nveckoro yBenuueHusi 00bemMa HalMOHATIBHOTO
NPOM3BOJICTBA, TO MX NPUHITO Ha3bIBaTh (HaKToO-
pamu IpeasIoKEeHHUS.

Kpome ¢akTopoB BBHIOENSIOT W HCTOYHUKU
9KOHOMMYECKOI'0 POCTa, IJIaBHBIMU U3 KOTOPBIX
SIBIISTEOTCSL:

® KOJJMYECTBEHHOE HapalluBaHue (AKTOPOB
TpyZa, KanmuTana, OPUPOAHBIX PECypcoB, T. €. 3a
CUET IKCTCHCUBHBIX (DaKTOPOB;

® POCT COBOKYITHOH NPOW3BOAUTENLHOCTH (pak-
TOPOB TMPOHM3BOACTBA (pabouell CHIBI U CpEACTB
NPOM3BOJCTBAa) HA OCHOBE HAYYHO-TEXHHYECKOTO
nporpecca.

[lo moacueram y4eHBIX, OCHOBHAsA 4acTh YBe-
JIMYEHHS BBIITyCKa MPOAYKLIWHU Ha | Yen.-u cBsizaHa
C TEXHHYECKHM IIPOIPEccOM, KOTOpbIM 00yciIoB-
JMBAeT OJHY TPETh POCTa BBHIMyCKa, T. €. 3a CUET
WHTEHCHUBHBIX ()aKTOPOB.

Takum o00pa3zoM, paccMaTpuBas IKOHOMUYE-
CKUH POCT B €ro cBsi3u C (hakropamu mpensio-
JKEHHsI, MOXXHO CJIENaTh BBIBOJ, YTO YBEIHYCHHE
BAJIOBOI'O0 BHYTPEHHETO MPOIYKTa ONpeleseTCs
W HapallMBaHHEM PECypCOB, C OIHOW CTOPOHBI,
U ToBbIIIEHHEM 3()()EKTUBHOCTH WX HCIOJIB30-
BaHus, ¢ Apyroil. IlepBoe TpebyeTr pacumpeHus

521



IKoHomuka npombliHiIeHHOCmMU

9KCTEHCHUBHBIX ()AaKTOPOB pOCTA TIPEIUIOKCHUS,
a BTOpOE BBIABHTaeT Ha MEPBBIM IUIAH MHTEHCHUB-
Hbl€ (PaKTOPBI €r0 PaCIINPEHHUS.

Hcxona u3 Teopun pacIIMpEeHHOIO BOCIPOM3-
BOJICTBA, 3KOHOMHUYECKUH POCT 3aBUCUT B MEPBYIO
ouepeab OT BIMAIOMIKX HAa HEro (akTopoB, KaK TO:
KOJIMYECTBA, KauecTBa U d()(PEeKTUBHOCTH HMCIIONb-
30BaHHUsI PeCypcoB (OCHOBHBIX CPEACTB, 00OPOTHO-
ro Kamurana, pabodeil CHjbl), a TaKKe OT YPOBHS
NPUMEHSEMBIX TEXHOJIOTHH.

K oxgHoOM U3 TEHICHIUM, CIOXKHUBIIMXCSI B DKO-
HOMHKE Pa3BUTHIX cTpaH K Havany XXI B., cneny-
€T OTHECTH y’K€ HaydaBIlleecs] H3MEHEHUE TEXHHUKO-
TEXHOJIOTHYECKOr0 Ccrocoba MpOW3BOACTBa Oar,
B pe3yiabTare KOTOPOrO HAa CMEHY MAaIlWHHO-
MHIyCTPHUAIBHOMY CIIOCO0Y, TOCIIOACTBO KOTOPOTO
MPOAOIIKATIOCH OOJBIIE ABYX CTOJETHH, HAET HO-
BBl — Hay4HO-UHQOpPMaMOHHBIN yknan. Ero snu-
POM SIBISIIOTCSL DJIEKTPOHHAsT MPOMBILIUICHHOCTD,
TEJIEeKOMMYHHKAIIH, ONTHKO-BOJIOKOHHAS TEXHH-
Ka U T. ., @ CHMBOJIOM — KoMmmbtoTtep U MHTep-
HeT. M3MeHeHHe TEeXHUKO-TEXHOJOrM4eckoil Oa-
361 (YKJIaza) BIICUET CYIICCTBCHHBIC W3MCHCHHS B
9KOHOMHUKE B IIEJIOM.

B ycnoBusix >xecTKOW KOHKYpEHTHOH OOpBOBI,
XapaKTEePHOU IS TIIO0ANM3UPYIOMEHCS YKOHOMU-
KH, KOHKYPEHTOCIOCOOHOCTh CTpaHbl (CyOBEKTOB
X03gicTBOBaHMs, (HUpM) obecrieunBaeT IKOHOMU-
YECKYIO YCTOHYNBOCTh ¥ BO3MOXHOCTD Pa3BUTHSL.

HaumonanbHass KOHKYpEHTOCTIOCOOHOCTE — 3TO
CIOCOOHOCTh CTPaHBI M €€ WHCTHTYTOB obOecredn-
BaTh CTaOWJIbHBIC TEMIIbI SKOHOMUYECKOTO POCTa,
KOTOpble ObUIM OBl YCTOWYHMBEI B CPEIHECPOUHOI
nepcrekTuse [2, c. 23].

A cpenn ¢$akTOpOB KOHKYPEHTOCHIOCOOHOCTH
Ha MEepPBOE MECTO OTYETJIMBO BBIIBUHYJIUCH WHHO-
BalliM W CKOPOCTb MX ocymecTsiaeHua. Orciona
CIeyeT, YTO B COBPEMEHHOM MHpPE HHHOBALUH
eCTh OOBEKTUBHOE TpeOOBaHHE BBHIKMBAEMOCTH
Y pa3BUTHS SKOHOMUKHU.

Hecnyuaitno nostomy B [Iporpamme counanbHO-
SKOHOMHUYECKOro pa3BuTHs PecryOiuku Bemapych
Ha 20162020 rr. 0co60 ToYepKUBaETCS TE3UC O
TOM, 4YTO TIOBBICUTh KOHKYPEHTOCIIOCOOHOCTH
HAI[MOHAIBHON SKOHOMUKH MOYKHO JIMIIIb Ha OCHO-
BE aKTMBHOM WHHOBAIIMOHHOW CTpaTeruWu, a BOC-
CTaHOBJIEHHE YKOHOMHUYECKOT0 POCTa Mperosara-
eTcst 00eCIeYnTh 3a CUeT aKTUBHON MOAEPHU3ALUU
0a30BBIX OTpaciel U yCKOPEHHOTO (hOPMHUPOBAHUS
HOBBIX BBICOKOTEXHOJIOTUYECKUX CEKTOPOB 3KO-
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HOMUKU. [Ipu 3TOM s,IpOM MHHOBAIIMOHHO OPHUEH-
TUPOBAaHHOW SKOHOMHKH CTaHyT Ui Halleid cTpa-
HBl BBICOKOTEXHOJIOTHYHBIE IIPOU3BOJICTBA, CO3/a-
Bae€Mble B MHAYCTpUAJIbHOM Tapke «Benukuii
kaMmeHb», [lapke BbIcOKMX TexHoyorui, Harmo-
HaJbHOM akanemuu Hayk bemapycu, Apyrux MHHO-
BallMOHHBIX WHAYCTPHUAIbHBIX HAYYHO-TEXHOJIOTHU-
YECKUX CTPYKTypax [3, c. 28].

1 conuanbHO OPUEHTUPOBAHHON SKOHOMUKH
HEOO0XOIMMOCTh WHHOBAILIMOHHOI'O PAa3BUTHUS CTa-
HOBHTCS enie 0oJiee KEeCTKOM, Tak KaK TpeOyroTcs
JOTIOJIHUTENIbHBIE BO3MOXKHOCTH WU CPEACTBA TS
MIPUOPUTETHOTO Pa3BUTHA COLUAIBHON Cpebl, KO-
TOpas TaKXKE JOJDKHA OTINYAaThbCA HWHHOBAIMOH-
HOCTBIO.

WNmenno waHOBanmoHHBIN 3 dexr (OpicTpoTa
OOHOBJISIEMOCTH TOBAapOB, MOSBICHUE COBEPIICHHO
HOBBIX YCIIYT, HOBH3HA MIPUMEHIEMBIX TEXHOIOTUI
U T. A.) JaeT BO3MOXKHOCTh HAaIlMOHAJILHON 3KOHO-
MUKE YCIICIIHO Y4YaCTBOBATh B MCX(HYHapOI[HOﬁ
KOHKYPEHLMH. YUeT TaKuX M3MEHEHHH OCOOEHHO
BaXXCH [UI OTKPHITOW HAMOHAJIBHOH SKOHOMUKH,
CJIEJIOBATENIbHO, U JIISl DKOHOMHKH PecmyOnuku
Benapycs. B TpanchopmMupyeMbIx SKOHOMHKAX
TeMIbl U (aKTOPBl SIKOHOMHUYECKOTO POCTa pealib-
HOTO CEKTOpa 3KOHOMHKH SBJIIOTCA OCOOCHHO
BaXHBIMH JJIs1 JOCTHKEHUSI MaKpPOIKOHOMHYECKOH
CTaOMIIN3AMH U YCTOMYMBOCTH.

VHHOBaMOHHAs MOJIEJIb YKOHOMHYECKOI'O PO-
CTa SIBJIAETCS pa3pelIieHHeM OCHOBHOI'O IPOTHBO-
peursi SKOHOMUKH — MEXIY OTPAHHYEHHOCTHIO
IIPOM3BOJCTBEHHBIX PECYPCOB M O€3rpaHMYHOCTHIO
OOIIECTBEHHBIX ~ MOTpeOuTeneil. I eKTHBHBIHI
9KOHOMHMYECKHH POCT JOJDKEH ONHMpaThcsi Ha 00b-
€KTUBHbIE YCTOMYMBBIC NPEANIOCHUIKH U CTUMYIIBI,
a Taxke OBITb COCTAaBHOM YacTbIO JIOJITOCPOYHOM
CTPaTEeTMH COLIMATBHO-IKOHOMUYECKOTO Pa3BUTHS
cTpaHbl. B cBsi3m ¢ 3TUM mpuoOperaer 0coOyro
3HAYMMOCTh aKTHBHas1 MHHOBAIIMOHHAs ITOJIMTHUKA,
MIPOBOIMMAS B LENAX 00ECIeUeHNsI HAlMOHATBHBIX
NPUOPHUTETOB YCKOPEHHOT'O Pa3BUTHS 3KOHOMHKH.
MHHOBAalIMOHHO-UHBECTUIIMOHHBIN MyTh — Kak pa3s
TO HampaBJICHUE Pa3BUTHUS, YEPE3 PEATH3ALHUIO KO-
TOPOT0 CTpaHa CMOXET OOECIeYUTh CBOM CTpare-
TUYECKHE IEIH.

VHHOBalMOHHBIN NMOTEHLMAT — 3TO COBOKYTI-
HOCTB BCEX BHJIOB PECYPCOB M YCJIOBHI obOecrieye-
HUS TIPAKTHYECKOTO OCBOEHHS PE3yIbTaTOB Hayd-
HBIX HCCJIEJOBaHUM M pa3pa0OTOK, MOBBIILAOIINX
3¢ GEKTUBHOCT CIOCOOOB M CPEACTB OCYLIECTB-
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JIEHHUs KOHKPETHBIX IIPOLECCOB, BKJIOYAsi OCBOE-
HUE B TIPOM3BOJCTBE HOBOW MPOAYKLUU U TEXHO-
ngorud. OH TECHO CBA3aH C HAy4YHbIM M HAy4HO-
TE€XHUYECKUM MOTEHIMAIOM CTPaHbl, COCTABIISIS
BMECTE C HUMH €IUHBI HayYHO-MHHOBAIlMOH-
HBII IIMKJI: 3apO’KAEHUE naen — QyHIaMeHTaIbHbIe
UCCIICIOBAHUS — MPHUKIAAHBIE HCCIECNOBAHUS —
OTBITHO-KOHCTPYKTOPCKHE M OIBITHO-TEXHOJIOTH-
YecKue pa3pabOTKH — OIBITHBIM oOpaser — Mpo-
MBILICHHBIE UCTIBITAHUS — OCBOCHHE B NPOU3BOJI-
CTBE — CEpUMHBIN BBIITYCK — KOMMEPYECKasl peaju-
3aUusl — MPAaKTUYeCcKasi SKCIUTyaTalys NPOSYKLUU
(MammHBL, TPUOOPHI, TEXHOIOTHU | T. A.). HHO-
BaIlMs TPU 3TOM BBICTYNAET KaK KOHEUHBIH Pe3ysib-
TaT WHHOBALIMOHHON AesTenbHOCTH. OHa Npeamnona-
raeT CO3[aHWE W BHEJPEHHE Pa3IMYHOro BUJIA HOB-
IIECTB, MOPOXKJAIOUMX 3HAUYUMbIE H3MEHEHUS B
COLMAIBHON TpakTuke. Pe3ynbraT MHHOBAMM BO-
IUTOLIAETCA B BHUE HOBOTO WMIIM YCOBEPIIEHCTBOBAH-
HOT'O MPO/IYKTa, BHEIPEHHOT'0 Ha PHIHKE, HOBOTO MU
YCOBEPILEHCTBOBAHHOTO TEXHOJIIOTMYECKOTO MTPOLIEC-
ca, UCTOJIb3yEMOT0 B NMPAKTUYECKON AEATEIBHOCTH,
HOBOI'O IIOJXOJa K COLMAJIbHBIM YCJIyraM, HOBOI'O
OPraHHU3alMOHHO-TEXHUUECKOTO  PEIICHHs IPOM3-
BOJICTBEHHOTO, a/IMUHHCTPATUBHOIO, KOMMEPUYECKO-
IO WM MHOTO Xapakrepa U T. 1. VIHHOBauus 1OKHA
o0nagaTh HOBHU3HOH, YIOBIETBOPSITH PBIHOYHBIH
CMpOC, MPUHOCHUTH MTPONU3BOAUTEIIO IPUOBLID.

Hns Pecny6mmkm benapych WHHOBalMOHHAS
NPOAYKIHS — HOBasl MPOAYKIHsI (paboThl, YCIYTH),
KOTOpasi B TEUCHHE IOCICTHUX TPEX JIET MOIBep-
rajacb B 3HAYUTEIbHOM CTEIEHHW TEXHOIOTHYE-
CKUM HM3MEHEHHSM. DTO MOXKET OBITh yKe Ccylle-
CTBYIOIIAsl Ha TEPPUTOPUH CTPaHbI NPOLYKIHS, HO
MOJTy4YHBIIas HOBOE 0003HAYEHUE MU OIPE/IEIICHUE
B CBSI3U CO 3HAYMTENILHON CTENEHBIO YCOBEPIIEHCT-
BOBAaHUS WM MOMU(HKAINEH ee CBOWCTB, Mapa-
METPOB, NMPHU3HAKOB WIIM XapaKTEPUCTUK, a TaKKe
M3MEHEHHOU O00JIaCThI0 MPUMEHEHHs, HOBBIM WU
B 3HAUUTENFHON CTENEHH OTIMYAIOIIUMCS B CPaB-
HEHMU C paHee BBIIyCKarolencs npoaykurei (pa-
06oTamu, ycIyramMy) COCTaBOM INPUMEHSIEMBIX Ma-
TEpPHUAIIOB UM KOMIIOHEHTOB.

st Hamiel cTpaHbl, UMEIOIIEH OrpaHUYEHHBIE
MIPUPOJIHBIE PECYPCHI, POJb HAYYHO-TEXHUYECKOMH
Y MHHOBALIMOHHOM JEATEIbHOCTH SBJISETCA pellla-
fomeld B 00ECIeYeHWu He TOJBKO JKOHOMHUYE-
CKOM, HO ¥ HallMOHAJILHOM O€30MacHOCTH B I[E€JIOM.
Cornacno KoHuenmuu HalMoHaidbHOM Oe30macHo-
ctu PecnyOnuku benapych, OCHOBHBIMH HaIMoO-
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H@JIBHBIMU HMHTEpPECaMH B HAay4HO-TEXHOJIOTHU-
yeckoil cepe sABAAIOTCA: (HOPMUPOBAHUE DKO-
HOMUKH, OCHOBaHHOM Ha 3HaHUSX; oOecliedyeHue
pa3BUTHS HAyKH W TEXHOJOTHH KakK 0asbl yCTOM-
YHBOTO WHHOBAIIMOHHOTO pa3BUTHs PecmyOmmku
Bbenapyce; coznanne HOBBIX IIPOM3BOICTB, CEKTO-
POB 3KOHOMHUKU TEPEIOBBIX TEXHOJOTHUECKHX
YKJIaZIOB; UHTCHCUBHOE TEXHOJIOTMYECKOe OOHOB-
neHne 6a30BBIX CEKTOPOB S3KOHOMHUKHU M BHEAPEHUE
MEPEIOBBIX TEXHOJOIHH BO Bce cepbl Ku3Heaes-
TENBHOCTH OOLIECTBA; pacIIMpeHHe MPUCYTCTBUS
Bbenapycu Ha MHPOBOM PBIHKE MHTEIUIEKTYaIbHBIX
MIPOAYKTOB, HAYKOEMKUX TOBapOB M YCIYT; B3au-
MOBBITOJTHOE MEXIyHApOJHOE HAYYHO-TEXHOJIOTH-
YeCKOe COTPYAHMYECTBO U NPHUBJICYECHHUE B SKOHOMHU-
Ky CTpaHbl TEXHOJIOTUI MUPOBOIrO YpoBHs [4, c. 9].
OCHOBHBIM TIOKa3aTeleM pa3BUTHSA HayYHOMH
JEeSITEbHOCTH JJIS1 MEKCTPAHOBBIX COIOCTABJICHUI
MPUHATA HAYKOEMKOCTh BaJIOBOTO BHYTPEHHETO
npoaykra. OHa ompenensercs MO AOIH 3aTpar
B HEM Ha MCCIIEIOBaHUS M HaydHBbIE pa3paOOTKU.
B Pecniy6iuke benapyce B mocnennue roisl OTHO-
[IeHHE 3aTpaT Ha HAYYHbIE MCCIIEIOBAHUS U pa3pa-
6oTku no otHomenuto kK BBII ymensiaercs npu
OJTHOBPEMEHHOM POCTE TOCIEAHEr0 U COCTaBISET
okoyio 0,5 %. Dto MeHbIle, ueM 15 et ToMy Haza.
B 2000 r. mannbeli nokasarens coctasiasur 0,72 %
or BBII. 3a 310 BpeMs NpoW30LILIO 3HAYUTEINb-
HOE COKpAILlEHUE YMCIICHHOCTH IEPCOHAala, 3aHATO-
IO HAayYHBIMH HCCIECIOBAHMUSMH M Pa3pabOTKaMu.
Ecm B 2000 T. 9pICIEHHOCTD TIEPCOHANA COCTABIISIIA
32926 gemorek, To B 2015 1. — 26153 [5, c. 384].
Hama ctpana wuMeer cCyliecTBEHHOE OTCTa-
BaHHE OT BEAYIIUMX EBPONECHCKHUX I'OCYAapCTB IO
(MHAHCUPOBAHUIO HAYYHBIX UCCIICIOBAHUNA U pa3-
paboTOK CO CTOPOHBI Kak TOCYAapcTBa, TaK M KOM-
MEpYECKUX opraHuzauuii. Bkiajg KoMMep4yeckoro
CeKTopa B pecrmybiuke B 3—5 pa3 HIDKE, 9eM BO
Opannun, Asctpun, ['epmannu, Jlanuu, OuHISH-
ouu. Jonst ManblX M CpeAHMX HHHOBALMOHHBIX
OPEONpUITHH, OCYLIECTBISIOUIMX TEXHOJIOTHYe-
CKMe WHHOBallMW, cocTaBisgeT B bemapycu Bce-
ro 3,5 %. Ilo aTromy nokazatento Hanbosee 3ameT-
HO OTCTaBaHHME HAIledl CTpaHbl OT EBPOIECHCKHUX
rOCYJapcTB, T€ OH BO MHOTO pa3 BhIIIE [6, c. 22].
Bemnunna nHaykoemkxoctn BBII cumraercs
KPUTHUYECKOM, ecii oHa cocTapiseT He Oonee 1 %.
s momydeHus: 5JKOHOMHUYECKOI OT/Aa4yl OT MHBe-
CTHLMI B Hay4HbBIe HCCIEIOBaHUS U pa3paboT-
ki HaykoemkocTh BBII nmomkna ObITH He Me-
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Hee 1,5-2,0 %. B sxoHOMHYECKH Pa3BUTHIX TOCY-
JlapcTBax MaHHBIN MOKaszaTesnb cocTaBisieT 2-3 %
ot ypoHs BBII. EctectBeHHO, yTO sl Hamiei
CTpaHbI ATO SIBISIETCS CICPKUBAIOIIMM (aKTOPOM
JUTSL YCKOPEHHOM pa3pabOTKH MepeloBhIX OTeve-
CTBEHHBIX TEXHOJIOTWH, B TO BpeMs Kak MOTpeO-
HOCTb B TEXHOJIOTUYECKON M CTPYKTYPHOU MOJIEpHU-
3aLUU [TPOU3BOJICTBA OCTAETCS KpaiiHE BBICOKOM.

HenodunancupoBanue m Huskas 3apaboTHas
laTa B Hay4yHOH cdepe mpuBenu Oojiee yeM K
TpexkpaTHOMy (10 cpaBHeHuio ¢ 1990 r.) cokpa-
HIEHUIO o0beMa WCCIIeJOBaHUKH H  pa3paboToK,
a TaKKe KOJMYECTBA BBHIIOJNHIBIIMX HX pPaboT-
HUKOB. 1x umucno B pacuere Ha 1 MIIH xuTenen
CTaJI0 CYIIECTBEHHO MEHbIIE, YeM B IKOHOMHUYE-
CKH Pa3BUTHIX cTpaHax: B 1,9 pa3a —4eMm B Poccun,
B 2 pa3a — yem B llIBemuu, B 2,6 paza — yem
B Slnmonuu [7, ¢. 735-736].

Ha mpoTshkeHNMHM HECKONBKHX JECSITKOB JIET B
CTpaHE COXPAHSETCS IMPEUMYIIECTBEHHO HHM3KOTEX-
HOJIOTHYHAsA CTPYKTypa. Tak, 0 BBICOKOTEXHOJIO-
ruyHoro cexropa B 2015 r. cocraBmsiia b 3,2 %,
a HA3KOTEXHOJIOTHYHBIX MPOM3BOJCTB — Oostee 33 %.
B urore mmeer MecTo MOYTH TPEeXKpaTHOE OTCTa-
BaHHE OT YpPOBHS Pa3BUTBIX CTPaH MO JOJE BbI-
COKHX TEXHOJOTMA M 4—5-KpaTHoe MO YpPOBHIO
NPOU3BOJAUTENBHOCTH TpPyJa B HPOMBILUICHHO-
cru [8,c. 11].

Cormacao paspaboranHoit B 2014 r. KOHIIET-
1y HoBoW HanmoHanbHOW cTpaTernn ycTOMYMBO-
ro pasputusa Pecnyonmmku bemapyce mo 2030 1.,
NOBBIILICHUE 3aTpaT Ha HAy4YHbIC HCCIEAOBAHUS
M pa3pabOTKH IOJKHO JOCTUTHYTHh K YKAa3aHHOMY
cpoky 2,5 % BBII, a ynenbHbIif Bec ”HHOBAIIMOH-
HOH NpPONYyKIMH B OOIIEM o0beMe OTrpy>KeH-
HOM MPOMBIIIEHHOW NPOYyKIHUH JTOKEH BHIPACTU
10 25 % [9, c. 34].

[lepexox K MOCTHHIYCTPUATLHOMY OOIIECTBY
PE3KO aKTyaJM3UpOBANI MPOOIIEMY UYEITOBEYECKOTO
(akTopa M CBS3aHHOTO C Hell rymaHu3Mma. [nas-
HBIM pecypcoM U (aKTOpoM, CO3IAIOMUM Oorat-
CTBO B TaKOH SKOHOMUKE, SIBJISIETCS] MHTEIUICKT, a
ero cyObeKTOM M HOCHTENIEeM — YeJOBeK. OJTO
HEW30€KHO BBIIBUTAET HA TEPBBIA IUIAH T'yMaHU-
3alUI0 ¥ COLMANBHYIO CIPaBEITUBOCTh KaK 00b-
eKTUBHYI0 HEOOXOAMMOCTh NaJTbHEUIIEero Cyle-
CTBOBAHMS U pPa3BUTHA OOIIECTBA.

YenoBeuecknil KamuTan NPEACTABISACT COOOM
MMEIOIINNCS y Ka)XIO0ro 3amac 3HaHUM, HABBIKOB,
MoTuBanmi. VHBeCTUIIMAMU B HETO MOTYT OBITbH
o0Opa3oBaHHe, HAKOIUIGHHE MPO(HEeCCHOHAILHOTO
OTIbITa, OXpaHa 3MIO0pPOBBS, Teorpaduveckas Mo-
OMIBHOCTD W T. 1. YenmoBeuecKuil Kamuraa — 3TO
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3HAHUS W HaBBIKHM, HAKOTUICHHBIE YEIIOBEKOM B pe-
3ynbTare o0ydeHus U IpeAbIayIIei TPy JOBOH Aes-
TENLHOCTH U BIUSIONIME Ha MPEICIbHYIO JOXO[-
HOCTPH JTaHHOTO (haKkTOpa MPOM3BOACTBA. BemmunHa
3TOTO KamuTaja HEMOCPEACTBEHHO 3aBHUCHT OT
YPOBHS 00pa30BaHHOCTH — KaK OOIIEH, TaK U Mpo-
(deccuonanpHOl. Yem BhIIE 3TOT YPOBEHb, TEM
OoJiee TIEHHBIC JUIsI HAHUMATENEeH BUIBI paboT Mo-
JKET BBIMOJIHATH TOT WM MHOM uenoBek. HoBuzHa
WHHOBAIITMOHHON »KOHOMUKH XXI B. 3aKirodacT-
Ccsl B TOM, YTO HBIHC Ba)KHEHIIIEH COCTaBIISIONICH
COLIMATbHO-3KOHOMHYECKOTO ~ Pa3BUTHSl  CTPAHBI
CTAaHOBATCS HE IOOBIC 3HAHUS W WH(pOpPMAIHS,
a TOJNBKO TE, OBJIAJEHHE KOTOPBIMU TpeOyeT Kade-
cTBeHHOro obpaszoBanus [10, c. 6].

LenecooOpa3Ho UCIIONb3yeMbIE B TOW MM MHON
chepe COCTaBIAIONIME YEITOBEUSCKOro KamuTala
CITOCOOCTBYIOT HAyYHO-TEXHUYECKOMY U COITHATH-
HOMY TIpOTpeccy OOIIeCTBa, YCTOMYMBOMY SKOHO-
MHUYECKOMY pa3BUTUIO. VIMEHHO YenoBeuecKuil
KamuTan sBISETCS OAHMM M3 TJaBHBIX (PaKTOPOB,
obecrneunBamIuX nepexox Kk V u VI TexHonmoru-
YeCKUM YKIIaJaMm, JEeKalliM B OCHOBE (OPMUPO-
BaHHUS HOBOT'O OCTHUHIYCTPUAIBHOTO OOIIECTBA.

3HaHUS CTAHOBATCS TJIABHBIM PECYpCOM, TJIaB-
HBIM MCTOYHHKOM OOrarcTBa Kak (upm, Tak M 00-
miecTBa B 1esioM. HoBble 3HaHUS 1 HH()OPMAIINOH-
HBIE TEXHOJOTUW TPOU3BOAAT PEBOJIOIIMOHHEIN
CIIBUT HE TOJBKO B HEMOCPEJICTBEHHOM IPOU3BO/I-
CTBE TOBapoOB, HO M B HEMPOW3BOACTBEHHOM CEK-
Tope: B 00pa3oBaHMU, 3APAaBOOXpaHCHUH, (UHAH-
cax, TOpropie U T. I. Bo MHOruX ToBapax B UX
CTOMMOCTH TJIABHYIO YacTh COCTAaBISIOT 3aTpPaThl
HE Ha MaTepHallbl, ChIPhE, CTAHKH M T. II., 4 HA HC-
cienoBaHus U uHGOpManuo. B HOBOW SKOHOMUKE
MOKYTIal0T B OCHOBHOM CKOHIIGHTPHPOBAHHEIE B
000JI0UKe 3HAHMS.

be3 ¢dopMmupoBaHus HOBOro MpeCTaBICHUS
0 YEJIOBEKE B HOBOM PKOHOMHKE HEBO3MOXKHO pac-
CMaTpuWBaTh W W3ydaTh JAPYrHe BOIPOCH. Bens
MMEHHO YEJIOBEK 3/IECh «SIIp0» KOHOMHUKH, IO-
CKOJIBKY OH CTaHOBHTCS UCTOYHHKOM U COOCTBCH-
HUKOM OTHBIHE TJIABHOTO U SKOHOMHKH Pecyp-
ca — MHTEIUIEKTYalbHOTO. B COBpeMeHHBIX ycio-
BUSIX YEJIOBEK HEMOCPEICTBEHHO BBICTYMAET KakK
1IeJTh TIPOTpecca, a YPOBEHb YEI0BEYECKOTO Pa3BH-
THS OTPaXKaeT MEPY 3PEJIOCTH 00IIeCTBa, TOCyIap-
CTBa U €ro COIMAIIbHO-3KOHOMUYECKON MOTUTUKH.

BBIBO/IbI

1. DKOHOMMYECKHUI POCT XapaKTEPU3YETCS MPEXK-
Jie BCEr0 KOJIMYECTBEHHBIMHU IOKa3aTeIsIMU (POCT
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o6bemoB mpousBojicTBa, BBII u 1. 1.). YBennuu-
Bas OoraTrcTBa CTpaHbl, OH 3TUM CaMBIM PACIIUPS-
€T €€ MOTEHLUAIbHbIE BO3MOXHOCTH ISl pEIICHUS
MHOTHX COLMAIIBHBIX BOIPOCOB, BKJIIOYasi OOpbOY
¢ OeHOCTEIO.

2. Ecnm paHbIlle OCHOBHBIMH (haKTOpamMH 3KO-
HOMHYECKOTO pOCTa SKOHOMHYECKass HayKa CUH-
Tana 3emiIto, Tpyx U Kamurtai, To B XXI B. peus
yKe UeT 00 SKOHOMHKE, OCHOBaHHON Ha 3HAHUSIX,
rae Bce Oosiee BaXKHYIO POJb MUTPAIOT MHHOBAIUH,
MpeINPUHAMATENbCKAas HWHHALMATHBA, IHQpoBas
9KOHOMHKA U HH(POpMAaLHSI.

3. B ycnoBusix Pecnybnuku benapych, kotopas
pacroriaraeT 3HaYUTEeNbHBIM HAyYHBIM MOTEHIHA-
JIOM, HO HE WIMEET JOCTATOYHOUW CHIPhEBOH 0a3kbl,
Mepexo]l Ha NHHOBALIMOHHBIN MyTh — 3TO HE TOJb-
KO HE00X0IMMOE yCIIOBHE NAbHEHIIETO Pa3BUTHS
HAI[MOHATBHON SKOHOMHKH, HO M CTpaTermdecKas
JIMHUS Pa3BUTHS CTPaHbl, HE UMEOLIAsi JOCTOMHOMN
AJIbTCPHATUBBI.
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Pedepar. CraHOBIEHHE HE3ABUCHMOTO JIEMOKPATHUECKOTO OEJIOPYyCCKOr0 TOCYAapCTBa HEPA3PHIBHO CBSI3aHO € MPeoOpa3oBa-
HHSMH BCEX CTOPOH OOIIECTBEHHOM JKU3HU U B NIEPBYIO 0Uepe/ib IKOHOMUKH. DKoHOMUUeckne pedopmel B benmapycu Hampas-
JICHBI HA CO3/IaHHE COLHATEHO OPUEHTHPOBAHHOI PHIHOYHOM CHCTEMBI XO3sHCTBOBAHUS, IPU KOTOPOH oOecrednBanocs ObI
MaKCHMAJbHO 3()(EKTUBHOE MCHOIB30BaHUE PECYpPCOB IMPH MHHUMAIBHBIX COLMAIBHBIX M3JEepKKaX. B conuansHOM HKOHO-
MHKE TIOHATHS «PABEHCTBO» U «OEIHOCTB» SIBISIIOTCS 6a30BbIMU. Ha MX ocHOBe cTpouTcs commanbHOE oOecredeHue, poib
KOTOPOTO B JIFOOOM rOCYIapcTBE CBOJAMTCA K TOMY, YTOOBI YMEHBLINTh OSIHOCTh M YBEJIUYUTh PaBEHCTBO. B coBpeMeHHOM
MHpe OEJTHOCTD OJHO3HAYHO ACCOLHMUPYETCS C HU3KUM yPOBHEM SKOHOMHUYECKOTO Pa3BHUTHS, U €€ JIMKBUIALUS SBISIETCS Hep-
BBIM IIIarOM HA ITyTH K SKOHOMHYECKOMY pocTy. UTo KacaeTcsi HepaBeHCTBA, TO CTOJIb SIBHOW CBSI3M C SKOHOMHYECKUM Pa3BHU-
THEM He npocnexupaercs. CylecTBYIOT pa3IHUHbIE TEOPUH, OOBACHAIOIINE BIUSHUE HEPABEHCTBA HA SKOHOMUYECKHUH POCT.
OnHAaKO OHM HE MOTYT CUHTATHCS YHOBIECTBOPUTEIBHBIMHU, IIOCKOJIBKY MPEICKa3bIBAIOT IIPSIMO IIPOTUBOIOJIOKHEIE Pe3yibTa-
THL. B psne uccinenoBanuii 6€30II1aCHOCTh YHHBEPCATILHO MTOCTYIHPOBAHA KaK COCTOSHUE 3alUINEHHOCTH XM3HEHHO Ba)KHBIX
MHTEPECOB JINYHOCTH, OOIIECTBA U FOCY/IapCTBA OT BHYTPEHHUX M BHEIIHHMX yrpo3. K jKM3HEHHO Ba)KHBIM MHTEpEcaM OTHe-
CEHa COBOKYITHOCTh IOTPEOHOCTEH, yIOBIETBOPEHHE KOTOPBIX HA/IEKHO OOECIEUMBAET CYIIECTBOBAHHE W BO3MOXHOCTH
TIPOTPECCHBHOTO PA3BUTHUSI JIMYHOCTH, OOIIECTBA M TOCYAPCTBA — OCHOBHBIX OOBEKTOB Oe3omacHOCTH. [Iisl JIF000H CcOIMaIbHO-
SKOHOMHYECKOH CHCTeMBI HaJMIHe MePapXUIeCKOH CTPYKTYpPHl OpPTaHU3alUH CaMOM CHCTEMBI WM €€ TIOJICHCTEM SBISeTCS
HEOThEMJIEMBIM CBOMCTBOM. DKOHOMMKA — 3TO MOJMHepapxuyeckass cucreMa. IIpu paccMoTpeHHM HepapXHUecKOH CTpyK-
TYpBI YIPaBISHHUS IPOU3BOCTBOM BaKHO YUECTh OJJHO CBOMCTBO 3KOHOMHUYECKOW CUCTEMBI — HEMOIHOTY HH(OopMarmu.

KnrodeBble ciioBa: 6€30IacHOCTb, TOCYIapCTBO, OOIIECTBO, NMPEANPUSATHE, PAOOTHHUK, YTrpo3a, HHTEPECH, SKOHOMUKA, (-
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Problems in Harmonization of Goals and Vital Interests
while Ensuring Socio-Economic Security

D. N. Shvayba"
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. Formation of an independent democratic Belarusian state is inextricably linked with transformations in all aspects
of public life and, first of all, in economy. Economic reforms in Belarus are directed on creation of socially oriented mar-
ket economic system, which will ensure the most efficient usage of resources at minimum social cost. In the social economy
concepts of “equality” and “poverty” are considered as basic ones. Social security services are based on these concepts
and role of the social security in any country is to reduce poverty and increase equality. In modern world poverty is uniquely
associated with a low level of economic development and its eradication is the first step on the path to economic growth.
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As for inequality, such clear connection of this concept with economic development can not be traced. There are various theories
explaining the impact of inequality on economic growth. However, they cannot be considered satisfactory because they predict oppo-
site results. Several studies have universally postulated a security as protection of vital interests of a human being, society and State
from internal and external threats. Vital interests comprise a set of needs and satisfaction of these needs reliably ensures existence
and possibility of progressive development of a human being, society and State which are the main objects of the security. Presen-
ce of a hierarchical structure for organization of the system or its subsystems is an essential feature for any socio-economic system.
The economy is a poly-hierarchical system. When considering the hierarchical structure of production management it is important
to consider one property of the economic system that is incompleteness of information.

Keywords: security, government, society, enterprise, employee, threat, interests, economics, efficiency, management system,

equality, inequality, poverty, hierarchy
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BBenenne

CraHOBIIEHUE HE3aBUCHUMOTO JIEMOKPATUYECKO-
ro 0eIopyCcCKOro TOCyapCTBa HEPa3phIBHO CBS3a-
HO C TIpeoOpa30BaHMsIMHU BCEX CTOPOH OOIIECTBEH-
HOW JXKM3HM W B TEPBYIO OYepeab SKOHOMHUKH.
OxoHomuueckue pedopmbl B benapycu Hampasie-
Hbl Ha CO3/IaHUE COIMAJIBHO OPUCHTUPOBAHHOU
PBIHOYHOM CHUCTEMBI XO34WCTBOBAHHUS, MPHU KOTO-
poit obecreunBagoch OBl MaKCUMaIbHO 3(Pdek-
TUBHOE HCITOJIb30BaHUE PECYPCOB MPU MHHUMAJTh-
HBIX COLMANBHBIX WU3JiepKKax. OMbIT MOCIEIHUX
JECATUIICTUN TIOKAa3bIBAET, YTO AOCTUTHYTH 3TOHI
JIByETMHOW LI HETIPOCTO, HO, OYE€BHUTHO, JIUIIH B
TaKOM CJIy4ae B CTPAHE MOXKHO OOECIICUYHThH BBICO-
KHIi YPOBEHb O0JIaroCOCTOSHUS, HU3KUH YPOBEHBb
OCIMHOCTH M yCTOMYMBOCTH TOJIUTUYCCKON CHUCTE-
MHI [ 1, c. 68].

ITocTaHOBKA 3a1a9N

B conmanpHON SKOHOMUKE IMOHSITHUS «PAaBEH-
CTBO» H «OEIHOCTB» SBISAIOTCS 0a30BBIMH. Ha mx
OCHOBE CTPOHUTCS COLMAIBbHOE OOECIIeUeHHUE, POJib
KOTOPOTO B JItOOOM rOCYZapCTBE CBOJIUTCS K TOMY,
YTOOBl YMEHBIIIUTE OCHOCTh U YBEIUYUTh PaBEH-
ctBo. OHAKO OTH MOHSTHS HE SBIISIOTCS TOXKIE-
CTBEHHBIMH. B 00IIiecTBe ¢ BHICOKMM YPOBHEM He-
paBEeHCTBa MOXKET OBITh OYEHb HHU3Kas OCITHOCTH
u HaoOopoT. bemHocTh ompenenseTcs HaTU4UEM
JKU3HCHHBIX YCIOBHH JUISI HEKOTOPHIX YJICHOB 00-
[IECTBA, HE VYIOBICTBOPSIONIMX MHHUMAIbHBIM
MPUHATHIM cTaHmapraM. [lo eaMHOMYIIHOMY MHeE-
HUIO SKOHOMHUCTOB, OCJHOCTh — 0€3yCIOBHOE 3710,
¥ TI03TOMY C Heil HeoOxoanMo 6opoThes [2, c. 29].
[To OTHOIICHUIO K PABEHCTBY CTOJb CIMHOIYIITHO-
ro MHEHHs He cyliecTByeT. [Ipexzae Bcero, ompe-
JICIICHUE «PaBEHCTBa» JOBOJILHO PAaCIUIBIBYATOC,
YTO Aa€T BO3MOXKHOCTH €TI0 ITUPOKOTO TOJIKOBAHUS
W 3aTPYIHSACT TOYHOE YCTAHOBIICHHE CTETICHU He-
paBeHCTBA B OOIIECTRBE.

Hayka
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B [3, c. 97] paBeHCTBO ompenensercs Kak
MpeOoCTaBlIeHNE BCEM 4IeHaM OOIIECTBa PaBHBIX
BO3MOXHOCTENH. B 3TOH CBSI3M MHEHUS OTHOCH-
TENBHO BHIOOpa COLMAIBHON TMOJUTHKH, HAaIlpaB-
JICHHOW Ha yBENMUYCHHE PaBEHCTBA, PaCXOJSTCA.
CouuanucTsl, TPaKTYIOIHEe HEpaBEeHCTBO B Oolee
Y3KOM CMBICIE — KaK HMYILECTBEHHOE HEpaBeH-
CTBO, — CUMTAIOT, YTO 3TO TAKOE )K€ HETraTHBHOE
SIBJICHHE, KaK M OeIHOCTb, MOCKOJIBKY OHO BEAET
K COLMAJbHON HaNpsDKEHHOCTH W IPENATCTBYET
Pa3BUTHIO CIIOCOOHOCTEH MHANWBUAOB, OTHOCSILUX-
cs kK OemHBIM ciosiM Hacenenusi. [loatomy rocynap-
CTBO JOJDKHO IMpujaraTb 3HAYUTCIIBHBIC YCUIIUA
U TPAaTUTh PECYPCHI Ul CHWKCHUS HEPABEHCTBA.
Pe3ynbTaToM Takoi MOJWUTUKU SIBISIOTCS MpOrpec-
CHBHOE HAaJIOTOOOJIOKEHHE JIOXOJIOB, BBICOKHE
HAJIOTH Ha HACJEACTBO, & TAKXKE IIUPOKHUHA CIEKTP
COLIMANBHBIX MporpaMm [4—6], mpeaHa3HAYeHHBIX
IUIs. MaJIOUMYIIMX CJIOEeB HaceleHus. B cBoro oue-
penb, Tudepabl, MOHUMAIOIME PAaBEHCTBO B Ooee
LIMPOKOM CMBICIIE, HACTaWBaIOT, YTO BMeEIIATelb-
CTBO TOCYJapcTBa B OJKOHOMHYECKYIO JIESTEIlb-
HOCTh areéHTOB SIBJISIETCS HapyLICHHEM MpUHLUIA
paBeHCTBa, [IOCKOJIBKY F'OCYJapCTBO B 3TOM CIIydae
oTOMpaeT JacTh J0Xx0aa y 6osee mpeanpuIMIIBBIX
YJICHOB OOIMECTBA M TaKWMM 00pa3oM IpeceKacT
MpOsIBIICHNE YacTHOW HMHUIMATUBBL [lo MHEHHIO
nubepaioB, MOA0OHAs MPaKTHKa MOXKET HMPUBECTU
K 3aMeJJICHHIO SKOHOMHYECKOTO POCTa, B PE3yJib-
TaTe Yero MpOUTparoT Bce: U Oorateie, U OeaHBIE.
[TosToMy nrbepansl BEICTYNAIOT 3a Oosee yMepeH-
HBIE€ COLMAJIbHBIE NPOrPaMMbl, HalpaBJICHHbIE HC-
KITFOUMTENHHO Ha yMeHbIIeHne 6exqnoct [7, . 73; 8,
c.36;9,c.299].

31ech HEOOXOAMMO TOSICHUTH, KAaKUM 00pa3oM
H3MepsIeTCsl HEPaBeHCTBO. Tak Kak HENocpeacT-
BEHHOE TPUMEHEHHE ONpe/eiIeHUs] HEepaBeHCTBA
B JJAHHOM CJIydae HE MOIXOAUT, TO U1 U3Mepe-
HUS TIPUXOJUTCS OpaTh Oosee Y3KyI0 TPaKTOBKY,
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a IMEHHO — MMYIIECTBEHHOE HEepaBeHCTBO. B ka-
YeCcTBE HHAMKATOpPa HEPAaBEHCTBA MCIOJIb3YyeTCs
pacmpezneneHre OOIIEeTro A0XOAa MEXIy WHAWBH-
JaMH B SKOHOMHKe. HarmsmHoe mpencraBieHne
0 HEpaBEHCTBE B IKOHOMUKE AaeT kpuBas JlopeH-
11a, n3oopaxennas Ha puc. 1. [lo ocu abcmmce ot-
KJIaJIIBA€TCS JIOJIS HACEJIEHUS, a IT0 OCH OPIWHAT —
nons noxona B skoHomuke. Kpusas JlopeHua mo-
Ka3bIBaeT, Kakas JOJs JTI0XO0/la IPUXOJUTCS Ha CO-
OTBETCTBYIONIYIO A0JI0 HaceneHus. K mpumepy, Ha
puc. 1 BunHo, uto 40 % HaceneHHs MOITY4arOT Me-
Hee 20 % obmero goxoma. CuTyalyil MOJHOTO
paBeHcTBa OyJeT COOTBETCTBOBATh KprBas JlopeHia,
COBMaJaoas ¢ JUaroHaiblo. Yem BbIIIE CTENEeHb
HEepPaBEHCTBA, TeM OOJbIIEe OTKIOHEHHE KPUBOH OT
JaroHany. J[si KOJMM4YecTBEeHHOTo ONHCAHWS Hepa-
BEHCTBA MCIONb3yeTcs KoddhduuueHT JxuHu — oT-
Hourenne Ioiomaau oomactu OEDCBAO k oOmei
wiomanu TpeyroapHuka OEF. Ilpm momHOM pa-
BeHCTBE K03 dureHT PknHu paBeH HyIIO.

100 E
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<
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Puc. 1. Kpusas Jlopenna

Fig. 1. Lorentz curve

B coBpemenHOM Mupe OemHOCTH OJHO3HAYHO
ACCOIMUPYETCS] C HHU3KUM YPOBHEM DKOHOMHUYE-
CKOT'O Pa3BUTHS, U €€ JIMKBUIALUS SBIISETCS Tep-
BBIM IIIArOM Ha MYyTH K 3KOHOMHYECKOMY POCTY.
Yto KacaeTcsi HEpaBEHCTBA, TO CTONb SIBHOW CBS3U
C DIKOHOMHYECKHUM Pa3BUTHEM HE TPOCIIE)KHBAETCS.
CylIecTBYIOT pa3iHyYHbIC TCOPHUH, OOBICHSIOIINC
BIMSHHE HEPABCHCTBA HA IKOHOMHYCCKHU POCT.
OnHako OHM HE MOTYT CYHTAThCS YAOBJIETBO-
PUTENBFHBIMA, TaK KaK TPEACKAa3bIBAIOT IPSIMO
MIPOTUBOIIOJIOKHBIC pPE3yJIbTaThl. TeM HE MEHee
SMIUPUICCKUE UCCIIEAOBAaHUS MOKA3bIBAOT CYIIC-
CTBOBAHHE CBSI3W MEXIy HEPaBEHCTBOM M SKOHO-
MHUYECKHM pa3BUTHEM. BriepBrie Ha 3TOT (pakT 00-
patun Baumanue skoHomuct C. Kysuen (S. Kuz-
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nets) B 1955 r. OH mokasai, 9T0 3KOHOMHYECKOE
pa3BUTHE BHaydaje BEIET K YBEJIWYECHHIO HEpaBEeH-
CTBa, @ 3aTe€M K €ro yMEHbBIIEHHIO. JTa 3aBHCH-
MOCTh MOJy4YWiIa Ha3BaHue KpuBod KysHena, miam
oOparnoit U-kpuBoii. BrocnencTBum MHOXECTBO
WCCIIEIOBAaHUN TOATBEPAUIIN CYIIECTBOBAHUE 3TOU
3aBUCUMOCTHU KaK JJId pa3BUTHIX, TaK U OJId pa3BU-
BAIOLIMXCSI CTPaH.

Teopermueckoe o6ocHOBaHME KprBoi Ky3Hema
COCTOUT B cienymoueM. PaccmaTpuBaercst IBYyX-
CEeKTOpHas SKOHOMHKA, B KOTOPOH MepBasi 0Tpacib
(HampuMep, CenbCKoe XO3AKUCTBO) Oosiee oTcTamast
B TEXHOJOIMYECKOM OTHOIIEHUH, YeM BTOpas
(TpoMBITIIIEHHOE TTPOM3BOACTBO). llepBoHavanbEHO
nepBasi OTPacipb SBISETCS MpeolIagarmeil B 3Ko-
HoMmHKe. Tak Kak HacesJeHue 3aHATO NpeuMylle-
CTBEHHO B 3TOM CEKTOpE, Y BCEX IOXOAbI OKa3bl-
BAIOTCSI IPUMEPHO PABHBIMH, U B CTPaHE YCTaHAB-
JIUBAeTCsl OTHOCUTENbHOE paBeHCTBO. OpHako
MOCTENIEHHO B IKOHOMHKE BO3PacTaeT A0S BTOPO-
IO CEeKTOpa, a M3-3a OOoJbIIEH MPOM3BOAUTEIHHO-
CTH TpyZJa B HEeH ycTaHaBIMBaeTcsi Oojiee BBICOKAS
3apIuiaTa, 4To CIIOCOOCTBYET MEPETOKY TyAa pabo-
yer cunbl. Ilpu 3TOM Tmpeamosaraercs, 4To 3ap-
I1aTa BO BTOPOM OTpaciy MOXeT OBITh HE CTOJb
OJHOPOJHA, KaK B NMEPBOH. DTO OOBSICHAETCS TEM,
YTO B OTpacib BHAayajle MPOHUCXOTUT NMPUTOK He-
KBaIM(UIIMPOBaHHOW pabouedd cunbl. JlaHHBIC
(akTOpbl CHOCOOCTBYIOT POCTYy HEpaBEHCTBA Kak
B SKOHOMHKE B II€JIOM, TaK M BO BTOPOH OTpaciu
10 Mepe €€ Pa3BUTHSL.

[Iporecc mpogomkaercss 10 Tex MOp, MOKa B
MEepBOM OTpaciIM HE OCTAETCS Majo pabdo4yuXx, YTO
BEJET K MOBBIIIEHUIO 3apaboTHOH miatel. Kpome
TOr0, SKOHOMHMYECKOE PAa3BUTHE, CBA3aHHOE C
ycrexaMd BO BTOPOM OTpaciu, MOXET CI0co0-
CTBOBAThH MOBBIIICHUIO IIPONU3BOAUTCIBHOCTU TPY-
a B TIEPBOM CEKTOpPE SKOHOMHUKH, YTO TaKKe
BHOCUT BKJIaJ B IMOBBIIICHHE 3apa0OTHOW IUIATHI.
[lo mpomecTBun BpemMeHn pabouue, meperiemme
U3 MEpPBOM OTpacid BO BTOPYIO, MOJIY4alOT HEOO-
XOOUMBbIC HpO(i)eCCI/IOHaHLHI)Ie HaBBIKH, IIOBBIIIA-
eTcs MX KBaJM(HKALUS, YTO CIIOCOOCTBYET YBEIH-
YCHUIO MX J0XoAa. B pesynbrare B SKOHOMHKE
CHHMYKAeTCsl HEpaBEeHCTBO U pacTeT obuiee Giaroco-
crosaue. JlaHHBII mpouecc obecneyuBaeT pPoCT
COLMAITEHO-OKOHOMHYECKON 0€30T1aCHOCTH.

Otcroma OCHOBHasi (yHKIUSA oOOeCIeUeHUs
COLMANTEHO-OKOHOMHYECKONW 0e30MacHOCTH  COC-
TOUT B TOM, YTO COCTOSIHUE W TEHACHIUH DPa3BH-
THSA, 00ECTICUNBAIOIIHE COLHATbHO-DKOHOMUYECKYIO
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0€30MacHOCTh, WCKIIIOYAIOT WJIH MHUHUMHU3HUPYIOT
yiepO He TONBKO MOTEHLMala OTACIBHBIX Mpel-
MIPUATHH, HO U MTOTEHIIMAIa YKOHOMHUKH B IIEITOM.

B psge nccnenoBanuii 6€30MaCHOCTH YHUBEP-
CaJIbHO MOCTYJIMPOBaHa KaK COCTOSTHUE 3alHIICHHO-
CTH >KA3HEHHO BAKHBIX HHTEPECOB JIMYHOCTH, O0IIIe-
CTBa W TOCYJapcTBa OT BHYTPEHHHX W BHEIIHUX
yrpo3. K KuW3HEHHO BaXHBIM HWHTEpecaM OTHece-
Ha COBOKYITHOCTH ITOTPEOHOCTEH, YIOBIECTBOPEHHE
KOTOPBIX HAJIEKHO OOECMeurBaeT CYIIECTBOBAHNE
Y BO3MOXXHOCTH TPOTPECCHUBHOTO Pa3BUTHsI JIMYHO-
CTH, 00IIEeCTBa M TOCY/IapCTBA — OCHOBHBIX OOBEKTOB
oe3omacuaoctH [10, ¢. 9; 11, c. 508].

Jns mo0oi conMaTbHO-’KOHOMHYECKOH CH-
CTEMBl HAIMYHE HEePApXUUECKO CTPYKTYpPHI opra-
HU3aIUU CaMOW CHCTEMBI HJTH €€ TIOJICUCTEM SIBIIS-
e€TCd HEOThEMIEMBLIM CBOHCTBOM. DKOHOMHKA —
3TO moJmuepapxudeckas cucrema. lIpu paccmot-
peHUM UEepapXU4YeCKOW CTPYKTYpPHI YIPaBICHUS
IIPOU3BOACTBOM BaXXHO YYECTh OJHO CBOMCTBO
H9KOHOMHYECKOH CUCTEMBI — HETIOJIHOTY UH(OpMa-
muH. 31ech OOBIYHO NPUHATO CCBHIJIATHCS Ha TEO-
pemsbl K. 'enemnst (1931). B Hux mana kadecTBEHHAS
XapaKTePUCTHKA HEMOIHOTHI MH(OPMAITUH.

Ilepsas meopema ['edensn. Jlns no0oii cucre-
Mbl A HE BCE WCTUHHBIC IOJIOKCHUS JTOKA3yEeMBI
B Ipejienax A.

Bmopas meopema [edensn. HemporuBopeuu-
BOCTh (hOpMaNIbHOM CHCTEMBI A HEJb3sl AOKa3aTh
CpeJICTBaMU TOU CUCTEMBI.

Juis axoHOMUYecKoi cucteMsl Teopemsl ['ene-
TSl TPAKTYIOTCS ciieaytomum oopazom [12, c. 639]:
B paMKax 3KOHOMHYECKON CHUCTEMBI TPEIIpPUATHS
HEBO3MOXXHO OOOCHOBATh €€ ILeJeBYIO (YHKLHIO,
€CIIi HE y4YUTHIBaTh TpeOOBaHUS Oojiee BBHICOKOTO
YPOBHSI — HApOAHOrO XO35iCTBa. B mpoTMBHOM
CJlyyae HapOJHO-XO35AMCTBEHHBIE IIOTEPU HEMHHY-
CMHI. I[pyFI/IMI/I CJIOBaMH, TMOJACHUCTEMBI HC MOTYT
paboTath 3QPEeKTUBHO, €CITH HE YUTCHBI HHTEPECHI
BKJIIOUaroIieii cucreMmsl. bomee toro, 6e3 cooiro-
JIeHUS. CyOOpAMHAIIMN SKOHOMUYCCKUX HMHTEPECOB
MOJICUCTEMa MOXKET HAHECTH 3HAYMTEIBHBIA BpeE.
Bcell cucteme. Hapyuienue tpeboBanmii cybopau-
Hallu1, COIMOJYMHCHHOCTH COIIMAJIbHO-3KOHOMUYC-
CKHX MHTEPECOB MOXKET MPHUBECTU K Pa3pyIICHUIO
HE TONBKO BKIIOYAIONIEH CHCTEMBI, HO M BKIIIO-
'—IeHHOﬁ, ITOCKOJIBKY HECJIb34 O6OCHOBaTL HEIIPOTHU-
BOPEYMBOCTh BKJIIOUCHHBIX CHCTEM, €CIIM HE amel-
JUPOBaTh K cUCTeMe Ooyiee BBICOKOTO TOPSIIKA.
CKOpOCTB JABHXXCHUS CUCTEMbBI BO MHOT'OM 3aBUCUT
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OT CHHXPOHM3ALUH COLUAIBHO-3KOHOMUYECKUX
WHTEPECOB €€ IOJICUCTEM M HHTEPECOB YIIPaBIIsi-
IoLIeH CHCTEMBI 00Jiee BEICOKOTO TIOPSIKA.

B myOnukamun A. B. Komymaesa [13], co
CCBUIKOHM Ha paboTy POCCHUCKOTO SKOHOMUCTA
C. A. AdonmeBa, yTOYHSETCS, YTO TOHATUE
«0e30MacHOCTb» 3aMMCTBOBAHO W3 TEOPHU MEXK-
IYHApOIHBIX OTHOIIEHWH M OTHOCHUTCS TOJBKO K
cucTeMaM, B KOTOPBHIX (DYHKIIMOHUPYIOT CyOBEKTHI
MPUHATUS TIOJUTHYECKUX pelieHud. Mexay TeM
OOJBIIMHCTBO YUYEHBIX Ceiuac MPUMEHSIOT TMOHS-
THE «0E30MacHOCTE» K CyOBEKTaM Kak MaKpOdIKO-
HOMUKH, TaK U MUKPOAKOHOMHUKH [14, c. 7].

B »3T0il CBS3M COLMAIBHO-3KOHOMUYECKYIO
0e30macHOCTh Takke Heo0XOAMMO paccMaTpu-
BaTh KaK B3aMMOCBSI3aHHYIO CHUCTEMY €€ pa3Jiiy-
HBIX YPOBHEH: MEXIyHApOIHOTO, HAIIMOHAIBHOTO,
YPOBHSI OTIEIBHO B3STOM XO3SHMCTBEHHOH CTpYK-
TYpBI, TUIHOCTH.

[Mox MexxayHapogHOH COIMATbHO-IKOHOMUYE-
CKOIl 0€301MacHOCTHIO MOHWMAETCSl TaKO€ COCTOS-
HUE MHPOBOW DKOHOMHUKH, IPH KOTOPOM OOecTe-
YMBAIOTCS.  B3aUMOBBITOJJHOE  COTPYJHHYECTBO
CTpaH B PEIICHUH HAIIMOHAIBHBIX W MHTEPHAINO-
HaJbHBIX TPOOJIEM XO3SMCTBOBAHHS, CBOOOIHBIHN
BBIOOp M OCYILIECTBICHHE MMH CBOCH CTpaTerduu
COIMATbHO-OKOHOMHYECKOTO Pa3BUTHS M Y4acCTHUS
B MEXIyHapOJHOM pasfeneHnu tpyna. Ilpenmnomna-
raercsi, 4TO MEKIAyHapoJHas COLHUATbHO-IKOHOMU-
geckasi 0e30MmacHOCTh O0ECIeYnBAeTCS C ITIOMO-
HIBIO CO3/IaHHON MHUPOBBIM COOOIIECTBOM CHCTEMEI
MEXIYHAPOIHBIX SKOHOMHYECKHX OpraHH3aluii:
MB®, MBPP, BTO, ®AO u np. Baxnywo poias
B 00ECIeYeHN! MHPOBOH COLMAILHO-DKOHOMHUYE-
CKOM 0e30MacHOCTH JIOJDKHBI UTPaTh MapTHEPCKUE
COTJIAlIEHHs] O CBOOOJHOM JBMKCHHWH KallHTa-
JIOB, TOBAPOB M YCIYT, y4EeT B3aUMHBIX COLMAIILHO-
SKOHOMHYECKHX HHTEPECOB, OTKa3 OT CHIIOBOTO
JaBJICHHUS, PABHONPABHBIC OTHOLICHUS C MEHeEe
Pa3BUTHIMH B DKOHOMHUYECKOM OTHOIIECHHH CTpa-
HaMH.

ConmnanbHO-d)KOHOMHUYECKYI0  0€30MacHOCTh
CTpaHbl XapaKTepU3yeT cHUcTeMa MoKa3aTesel, Ko-
TOpasi BKJIOYAeT CIIOCOOHOCTb KOHOMHKH (DYHK-
[IMOHUPOBATh B PEXHME DPACHIMPEHHOTO BOCIIPO-
W3BOJICTBA, YCTOMYMBOCTh (PMHAHCOBOW CHCTEMBI,
palMOHATBHYIO CTPYKTYpPY BHEIIHEH TOPTOBIIH,
nmoanepaHrue Ha TpeOyeMOM YpOBHE HAyYHOTO
MOTEHIIMANa, COXPaHEHHWE €IWHOr0 HKOHOMHYE-
CKOTO TIPOCTPAHCTBA, CO3JaHHE SKOHOMHYECKHX
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IKoHomuka npombliHiIeHHOCmMU

U TPaBOBBIX YCIOBUH, UCKIIOYAIONUX KPUMHHA-
JIM3anrio odmecTBa, obecredeHne Heo0X0IUMO-
IO TOCY/IapCTBEHHOTO PETYIMPOBAHUS COIUATBHO-
9KOHOMHYECKHX TPOIIECCOB, O0ecIeueHre MpreM-
JIEMOTO YPOBHS )KM3HU HACEJICHHUS.

BaxHBIMH yCTIOBUSIMHM U DJIEMEHTaMHU B obec-
MIEYCHUH HOPMATBHOTO (DYHKIIMOHUPOBAHUS MPEI-
NPUATHS SBIAIOTCS OLICHKA U YIPABJICHUE COLU-
ANTBbHO-3KOHOMUYECKUMH PUCKAMH, a TaKkxke o0Iee
COCTOSIHUE SKOHOMUKH.

K coxanenuto, cerognsi I1eHCTBYET TaKO KO-
HOMHUYCCKUN MEXaHW3M YIpPAaBJICHUS, NPU KOTO-
pPOM, HampuMmep, MOBbIICHUE 3PPEKTHBHOCTH MPO-
W3BOJICTBA HE SABISCTCS TPENNOCHIIKONW peau-
3alUU HAPOJIHO-XO3SMCTBEHHBIX UHTEPECOB. 3/1ECh
HAOJIOaeTCd  HEOCTATOYHOCTh  B3AMMOCBSI3H
MCXKOY HapOZIHO-XO?,HfICTBeHHBIMH HUHTCpECaMUu U
UHTEepecaMu mpeanpusaTus. [loueMy Tak mpoHCXo-
aut? Jlo cux mop B CHCTEME SKOHOMHYECKOTO
yIpaBlieHUsT HET YETKOTO pasfielicHus (QYHKIUH
OpraHOB YIPAaBJICHUS, KOTOPbIC OTPaXKaIH Obl Crie-
HUPUKY CTPYKTYPHI COIUATBEHO-3KOHOMHUYECKUX
uHTepecoB. OTCYTCTBYeT OpraHHM3allMOHHAs Iie-
JIOCTHAs cucTeMa (C CHJIBHBIMH B3aUMOCBSI3IMH
MEXJY BBIOPAaHHBIMH 3JICMEHTAMHM), KOTOpas
UACHTUGUIIPOBAIa OBl HAPOIHO-XO3SHCTBEHHBIC
U HAI[HOHAJBHBIC COIMATBHO-DKOHOMUYECKUE WH-
Tepechl U Heclia Obl 32 3TO SKOHOMHUYECKYIO OTBET-
CTBEHHOCTh (CIielyeT MOJYEPKHYTh, YTO BOIPOC
COLMANILHO-3KOHOMHYECKOW OTBETCTBEHHOCTH Ce-
TOMHSI CTOWUT KpaitHe ocTpo). M 310 mpuToM dTO
eme B 1965 r. C. Ky3uen Hamucan paboty [15],
B KOTOpOH 000CHOBaJ, 4TO HanboJiee BaXKHBI BJIO-
JKCHHS B YEJIOBEYECKOE Pa3BUTHE, a 3TO — HanOo-
Jee BaXKHBIM KamuTan CpeAu APYrux (GakTopoB
npou3BojcTBa. Ecinu B3sTh nepByto paboTy OAHOTO
U3 co3jareieldl TEOPUH YelOBEUSCKOTO KaruTana
T. Ulynema [16, c. 12] (pabota I'sppu bekkepa
BBITIIA JJAKE TIO3KE), MOKHO YBHIETh, 9TO C. Ky3-
HEIl MBICITUII B TOM K€ Pyclie ¥ BHJEN OMpeels-
foniee Oyjyiiee UMEHHO 3Toro (hakTtopa Mpou3-
BoJicTBa. Ho /10 cuX mop B OTEUECTBEHHOM JIHTEpa-
Type 00 MHBECTUIMSIX U MHHOBAIUSIX JTOMUHHUPYET
TEXHOKPATHUECKUH TOAXOJl, a YEJIOBEUECKUI Ka-
MUTAJ 3a4acTyI0 HE YIIOMHUHAETCS.

Makpo3KOHOMHUYECKHE MHTEPECHl MPEACTaBiIe-
HBl B BHJC abOCTParupoBaHHBIX PEKOMEHIAIUI
BBIIICCTOAIINX OPraHoOB HMXCECTOAIINUM. P33p03-
HCHHBIC I'OCYIapCTBECHHBIC OpraHbl YIIPAaBJIICHUSA HE
NPEACTABISIIOT COO0M LIENIOCTHYIO CHCTEMY YIPaB-
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JICHUSI, BCTYIUBIIYIO B COLIMAIbHO-)KOHOMHUYECKHE
OTHOIIICHUS C CAMOCTOSTEIILHBIMU TIPS IPUATUIMHU
C pa3HbIMU (hopMaMHU COOCTBEHHOCTH. B 3T0it cu-
Tyaryl TPEANPHUATHAS B OCHOBHOM 3aHATHI pPealii-
3aIMeil CBOMX TEKYIUX HHTEPECOB, KOTOPBIE Oe-
PYT BepxX HaJl MEPCHEKTUBHBIMU HAIlMOHAIEHBIMH
HWHTEpecaMu.

Ilox conuanbHO-3KOHOMHYECKON 0€30I1aCHOCTHIO
JIMYHOCTH IOHHMMAETCS TAKOE COCTOSIHHE JKH3HEC-
SITETLHOCTH YeJIOBEKa, TIPH KOTOPOM oOecIieunBa-
I0TCS TIPaBOBas HEIKOHOMHUYECKas 3allluTa ero
JKU3HEHHBIX HMHTEPECOB, COOJIOJACHUE KOHCTUTY-
IIMOHHBIX TIpaB U obs3aHHOCTEH. Hambomee cepn-
€3HBIMH BHJAMH yTPO3 JIHYHOCTH SIBJISIOTCS:
HapylICHUE TpaB MOTPEOUTEINIs, HEBBIILIATA TICH-
cuil u 3apaboTHOW IUIaThl, Oe3paboTHiia, HEBOC-
oTHEMOe obectieHeHne coepexenuit u ap. Coru-
aJIbHO-DKOHOMMYECKasA O€30MMacHOCTh JUYHOCTH BO
MHOTOM OIPEJIENIICTCS COCTOSIHUEM SKOHOMUKH.
YeaoBEeK — OCHOBHOM »3JIEMEHT SKOHOMHYECKOM
cucTeMbl. Ero HaleneHHOCTh Ha POCT IMPOU3BOIH-
TEIHHOCTH TPYAd, CHIDKEHHE OOIIECTBEHHO HE00-
XOJIUMBIX 3aTpaT B pacueTe Ha SAMHHUILY ITOJIC3HOTO
a¢dekTa UMeeT periaroliee 3HaYCHUE B Pa3BUTUU
CUCTEMBI YIIPaBIeHHU SKOHOMUKOH.

BBIBOJ]

Jis obecniedeHus: COIUALHO-IKOHOMUYECKON
0€30MacHOCTH  TOCYAapCTBa, NPEJOTBPAIICHUS
CYLIECTBYIOIINX OIACHOCTEH M YIrpo3 WU YCTpa-
HEHUS IOCIEICTBUM UX BO3JECHCTBHUS HEOOXOINMO,
9TOOBI PKOHOMHYECKAsl CHCTeMa TOCyaapcTBa Obl-
Jla CrocoOHa YIOBJICTBOPHUTH BEChb HAOOp COIM-
AIBHO-3KOHOMHUYECKUX MOTPeOHOCTEH oO0IIecTBa.
B ocHOBe conmaibHO-3KOHOMHYECKHUX MOTPEeOHO-
CTel JiexkaT MaTepUaibHbIE YCIOBUSI KU3HU JIFOJIEeH
W YCIOBUS TIPOW3BOJCTBEHHON EATEIHHOCTH.
Y I0BIETBOPEHHUE COIUATLHO-DKOHOMUYECKHX T10-
TpeOHOCTEW JIOJDKHO CO37aTh MaTepHalIbHBIC
YCIIOBUS KU3HEAEATEIHHOCTH OOIIECTBA, €ro Iy-
XOBHOM JKHM3HH, BOCITPOM3BOANTH KaK OOIIECTBEH-
HBI€, TaK ¥ JTUYHbIE (DAKTOPHI POU3BO/ICTBA.
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Pedepar. [Ipeanaraercs noaxo K pemeHUIO MPOOIeMbl ONTHUMHU3AIMN CKIIAJICKOH U TPAHCIIOPTHON MH(PACTPYKTYpHI peru-
oHa. [IpoGnema cocTOUT B ONpEAENeHUH ONTHMAIBHBIX MOLTHOCTH U MECTOPACIHONIOKEHHUsI OTIOPHON CETH CKIIaf0B HA TEPPH-
TOPHUHU PETHOHA, MOIIHOCTH, COCTaBa U MECTOPACIIOJIOKEHHS aBTOTPAHCHOPTHBIX MapKoB. C LEIbi0 ONTUMHU3ALUN PAcCCMATPH-
BAIOTCSI MaTeMaTHIECKHE MOJENIN PETHOHANBHOM CKIIAJCKOI CeTH U CEeTH aBTOTPAHCIOPTHBIX MApKOB. DTU MOJEIH MPEICTaB-
JIeHBI B BHJIE 3a/la4 MAaTeMaTHYECKOTo MPOrpaMMHUpPOBaHus ¢ cenapadenbHbIMU GyHKumsiMu. IIponecc noucka onTuMaabHOTO
peIICHNs 3a1ad OCJIOKHEH MX OCOOCHHOCTSMHM: BBICOKOH Pa3MEPHOCTbIO, HEMHEHHOCTHIO (DYHKLHMH M TEM, YTO Ha 4acThb
MIEPEMEHHBIX HAJIOXKEHO OTPaHMYCHUE LEJOYUCICHHOCTH, a HEKOTOphIE NEPEMEHHBIE MOTYT NPUHUMATh 3HAYCHHUS TOJIBKO
U3 JIUCKPETHOTO MHOXeCTBa. IlepeunciieHHble OCOOEHHOCTH 3a1au OOYCJIOBIMBAIOT OTKa3 OT MOMCKA TOYHOTO PEIICHUS.
B cratbe mpeasaraercsi IpUOIMKESHHBIN TTOXO0/ K PEIICHHIO 337a4. DTOT MOAXO/ HalleJIeH Ha MCIOIb30BaHKue 3G (GEKTUBHBIX
BBIUUCIIMTEIBHBIX CXEM PELICHHST MHOTOMEPHBIX ONTUMHU3ALMOHHBIX 3324, HMEIOIINX BBICOKYIO pa3MepHOCTb. st mpuoiu-
JKEHHOTO PEIICHUS 3a/1aull BBIMOIHIETCS MEPEXO/] K €€ HEMPEPhIBHON peslakcallii, KoTopas MpeJarnonaraeT oTkas oT TpeboBa-
HHH LIEIOYHUCIICHHOCTH (IMCKPETHOCTH) EPEMEHHbIX. B KauecTBe MPUOIMKEHHOTO PELICHHsT HCXOJHOM 3a/1aull IPUHUMACTCS]
IpUOIIKEHHO ONTUMAJIbHOE PEIIeHHEe €€ HelpepbIBHOH penakcaiuu. [IpeanaraeMelii MEeTo pelieHus opa3yMeBaeT JIMHe-
apU3alHIo MOTyYSHHOH HEeNpephIBHON pellakcalyy M MCHOJIB30BaHUE CXEM CenapadenbHOTo MpOrpaMMHUPOBAHUS U BETBEH,
U rpaHul. B crathe OroBOpeHBI 0COOCHHOCTH HCIIOIB30BAHHS CHMIUIEKC-METOJA NPH PELIeHWN JIMHEapH30BaHHON Hempe-
PBIBHOM penakcaIy NCXOIHOH 3a1aun, yKa3aHbl clienu(pUIecKre MOMEHTHI pealli3aliy MeToa BeTBel U rpanuil. [Tokasana
KOHEYHOCTB aJTOPUTMA PELICHHs 3aJa4H, JaHBl PeKOMEHJAIlH 10 YCKOPEHHUIO MPOIecca IOMCKA PEIICHHSI.
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On Problem of Regional Warehouse and Transport Infrastructure Optimization
I. Yu. Miretskiy", P. V. Popov", R. B. Ivut”

YVolzhsky Institute of Humanities Branch of Volgograd State University (Volzhsky, Russian Federation),
YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The paper proposes an approach to solution of the problem pertaining to warehouse and transport infrastructure
optimization in a region. The task is to determine optimal capacity and location of the support network of warehouses on the
regional territory and capacity, composition and location of motor fleets. Mathematical models of the regional warehouse
network and the network of motor fleets have been used with the purpose to carry out optimization process. These models are
presented as mathematical programming problems with separable functions. Searching process of optimal solution for problems
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is complicated due to high dimensionality, non-linearity of functions, and the fact that a part of variables are constrained to inte-
ger, and some variables can take values only from a discrete set. The mentioned above task peculiarities motivate rejection from
search for an exact solution. The paper proposes an approximate approach to solving problems. This approach is directed on
usage of effective computational schemes for solving multidimensional optimization problems which have high dimensionality.
It is proposed to carry out transition to continuous relaxation of the original problem in order to obtain its approximate solution.
The continuous relaxation presupposes rejection from variable integrality (discreteness) conditions. As an approximate solution
of the original problem an approximately optimal solution of continuous relaxation has been taken in the paper. The suggested
solution method implies linearization of the obtained continuous relaxation and usage of separable programming schemes and
branches and bounds. The paper describes usage of a simplex method for solving a linearized continuous relaxation of the ori-
ginal problem and specific moments for implementation of a method of branches and bounds. The paper shows finiteness of

the algorithm for problem solution and recommends how to accelerate process for searching a solution.

Keywords: regional warehouse network, continuous relaxation, separable programming, optimization tasks

For citation: Miretskiy I. Yu., Popov P. V., Ivut R. B. (2017) On Problem of Regional Warehouse and Transport Infrastruc-
ture Optimization // Science and Technique. 16 (6), 532-536. DOI: 10.21122/2227-1031-2017-16-6-532-536

BBenenne

B [1-5] nmpemoxkeH moaxo K PEIICHAIO 3aja-
YU OMpEAeNICHUs] MOIHOCTH M MECTOPaCIOI0XKe-
HUS OTIOPHOM CETH CKJIal0B Ha TEPPUTOPHUHU PErH-
oHoB. Kak peanmzanus 3TOro mojaxoja aBTOpaMu
pa3zpaboTana mareMaTuieckas MOJICNb B BHJE 3a-
Jlayl MaTeMaTUYeCKOro MpOorpaMMUpPOBaHMS. 3a-
Jlayy ONTHMHU3AIMN PETHMOHAIBHOM CKIIAJCKON ce-
TH PE30HHO paccMaTpUBaThb COBMECTHO C 3ajayeit
ONTUMH3ALMU  TPAHCIIOPTHON HHOPACTPYKTYPHI.
MoaenupoBaHUI0 M ONTHUMH3AIUN TPAHCIIOPTHOMN
UHQPACTPYKTYpBl PErHOHA TIOCBSIIEHA CTaThs [6];
pa3zpaboTaHHasi 37ecCh MaTeMaTH4YecKass MOJEINb
Oonee crmokHa, 4eM Mojenb [l], ogHako wuMeeT
CXOJIHYIO CTPYKTYpy. B MOCTpOEHHBIX MOJEnsIX —
3a/la4yaX MaTeMaTHYECKOro MpPOTPaMMHUPOBAHHS —
Bce (pyHKIMU SBIAIOTCS cermapabenbHbIMU, OOJb-
ITUHCTBO W3 HUX — JUHEHHBIC. OCIOXHSIIOT TPO-
[[ecC IMOWCKa ONTHMAJBHOTIO pelIeHus 3aAay Jo-
MTOJTHUTEIILHBIC YCIIOBHS:

1) HekoTOpble (QYHKIMH SIBISIOTCS HEITUHEH-
HBIMH;

2) Ha HEKOTOpbIE TIEPEMEHHBIE HAJIOKEHO Tpe-
0OOBaHUE IETOYNCIICHHOCTH;

3) HEeKOTOphIC NMEPEeMEHHbIE MOTYT MPHUHUMATh
3HAYCHHUS TOJIBKO U3 TUCKPETHOTO MHOXKECTBA.

B Hacrosiiei pabote npeiaracTcs MaTeMaTH-
YEeCKUH ammapaT Ul YMCIEHHOTO PelIeHHs 3ajad
ONTUMU3ALUUU CKJIAJCKOM M aBTOTPAHCHOPTHOU

UHPPACTPYKTYP.
ITocTanoBka 3agaun

YnpoctuB 0003HAUEHUS IEPEMEHHBIX B (DYHK-
Ui, mocTaBuM 3aaadu [1, 6] B ciaemyromieMm 00-
IeM BUJE:
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MHWHHUMU3UPOBATH

£ enx) = 2017 () (1)
IIPU YCIIOBUAX
fi(xl,...,xn)zzj’;(xj)Ribi,i=1, )
j=1

rae R; — 1160 «<», TMbo «=»;

X; € Iso, j=Lm, 3)
2 s; . 1
X; eWw, ={w}, Wipers W, }, j=n+Ln,, (4)
rae wfe Zso, k=1, S;5

x;20, j=n,+1,n (5)

.f;(xj)’ i:O, m,

j=1,n B obmeM ciry4ae SBISIOTCS HETMHEHHBIMI.

CemnapabenbHble  (QYHKIUH

He orpannumBas oOMIHOCTH pacCyXAcHHH, Oymaem
CUMTATh, YTO MHOXECTBO W, YIOPSANOYEHO:

1 2 S; 1
w,<w; <. <w/ (j=m+1,n,). Orvernm Tak-
K€, 4TO OrpaHMYeHHus (2) ONMCAHHOM 3a1ayM 1O03-
BOJIAIOT ONpPENEIUTh MpaBble IPAHHIBI L; A7 Tie-

PEMCHHBIX, TaK 4YTO 3TH 3HAa4YCHHUA LU; MOXHO CYH-
TaTb U3BCCTHBIMMU:

. PE S . -
x;Sug, j=Ln (uj =w/, j=n +1, nz).
B nmanpHelmem mius Kaxaou mepeMeHHOU Oy-
J€T y100HO yKa3bIBaTh M €€ HWKHIOK TPAaHMILY d:

dy<x;<u;, j=ln. ©)
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. T 1
M3naganbHO dj=0, j=Ln, n,+L,nu djzwj,

j=n+1n,.

IIpudnaukeHHOE pelieHne 3a1a49n

B cuity BBICOKOH pa3MEpHOCTH paccMaTpuBae-
MOH 3a/1a4M, HaTU4YKs HeTUHEHHBIX (YHKUUHN B ee
MOCTaHOBKE, a Takxke orpannyenuii (3), (4) Ha me-
peMeHHBIE (LIETOYNCIIEHHOCTh, NPHUHAICKHOCTh
JUCKPETHOMY MHOXKECTBY) OT IIOMCKa ONTHMallb-
HOI'O pEILIeHUs PE30HHO OTKa3arhCcs. bynem wc-
[0J1b30BaTh NPUOIIKEHHBIH MOIXOA K PEIICHUIO
nocTaBieHHon 3axaun (1)—(5). DToT moaxox Hare-
JIeH Ha WCIMOJIb30BaHue 3((EKTHUBHBIX BBIYMCIIU-
TEJIBHBIX CXEM PELICHUS] MHOTOMEPHBIX M BBICOKO-
pa3MepHBIX ONTUMH3ALMOHHBIX 3a7a4.

Jiis npuOMIbKEeHHOTO peleHHus 3aJadd pac-
CMOTpUM €€ HemnpepbiBHYI0 penakcanuio (HP):
OTKaXEeMCsT OT TpeOOBaHUS IIEJIOYUCICHHOCTH
(mMCKpEeTHOCTH) TEPEeMEHHBIX M 3aMEHHUM YCJIO-
Bus (3)—(5) ycnoBuem

x;20, j=Ln. @)

Takum obOpazom, HP ucxonnoii 3agaun (1)—(5)
ecth 3amaya (1), (2), (7).

B xadecTBe MpUOIMKEHHOTO pEIICHUs] UCXO-
HOU 3aJauu MMpUMEM NPUOIIKEHHO ONTHMAaJIbHOE
pemienne HP. B ciyuae nonydeHusi HEynOBIIETBO-
PHUTEIBHOTO 10 Ka4eCTBY NMPUOMIKEeHUs (10 orpa-
HUYCHUSIM, 110 TiepeMeHHbpIM) HP pazomBaeTcs Ha
JBE IOJ3aZiaud, Kakgas W3 KOTOPBIX peLIaeTcs
OTIENBHO U T. 1. 10 TE€X TOp, OKa He OyAeT Moiy-
YeHO MpHEeMJIEMOE 0 KadecTBy peuienue. [Ipemna-
raeMblil OAXOJ COYETaeT B cebe MIeu METoa ce-
napabebpHOro mporpaMMupoBanus [7, 8] u metona
BeTBel u rpanut [9, 10].

[lpuHumass BO BHHMaHHE CenapadeTbHOCTh

GbyHKIMH f;(xj), i=0,m, j=1,_n, IUIsL TIOJTyde-

HUS MPUOIKEHHO ONTHMAJIBHOTO PEIICHHSI 3a7a-
yu HP Bocmomnb3yemMcst MeTofioM cemapabeabHOro
nmporpaMMupoBaHus. [ Hayama BBITIONHUM JIH-
Heapuzauuto HP. Jlng nuneapusanuu 3anaun Kax-
Jasi U3 HEMWHEHHBIX (QyHKIUH f; (xj), i=0,m,

j=L n 3ameHsercs ee KyCOUHO-ITMHEHHOW am-

npokcumManuei. Takum o0pa3om, HCXOAHAs 3a7a4a
HP 3amensiercs npuOnmxeHHON 3aadeil TMHEHHO-

534

r0 TPOrpaMMHUPOBAHUS, KOTOpas PEIIaeTcsi CHM-
TJIEKC-METO/IOM.
JInst KyCOUHO-JIMHENHOM anmpoOKCUMAalliK HEJIH-

HEeWHOH (yHKIMH fj[ (x;), d; <x; <u; pazobbem

0 I k
oTpe3ok [d;, u;] Toukamm djzxj,xj e Xy e
x;’ =u;. KycouHO-IMHEHHYIO aNIPOKCHUMALHIO

dhyHKIIIH f; (x;) Ha oTpeske [d}, u;] naer KycouHo-

JUHeHHas QyHKIUSL

g(x)=2K5).  ®
k=0
rac
5 = ©)
k=0

M0, k=0,r; (10)
ixﬁ =1. (11)

k=0

3ameuanune 1. B mnpeacraBnenun (8)—(11)

GyHKIIH f;(xj) s moboro x; €ld;, u;] He

0ojee JBYX COCEIHUX klj‘. A3 MHOXECTBa

A= {kg, klj, wes k;f } CTIEIMAFHBIX MTEePEMEHHBIX

OTJINYHBI OT HYJIS.
Hcronb3yst MpUOIMKEHHOE —MPEICTaBICHHE
(8)—(11) pyukuun f /." (x;), RaguM NpHOIIKEHHOE

npencrasienue 3agaun HP (1), (2), (7) B cnexnyto-
LIeM BUJE:
MUHHMHU3UPOBATh

IS (12)
=1 k=0

IIpU OrpaHUYCHUAX

3300471 )Rbe i=

Jj=1k=0
Yk =1, j=Lm (13
k=0
] .
M=o, k=0,r;.
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3ameTrM, 9TO TIpH mocTpoeHnH 3aaaqdu (12), (13)
o i . o
mist Beex QyHkumi f;(x;), i=0, m onHON nepe-
MEHHOM X; HCIOJIb3YETCsI OJHO U TO k€ pa3OueHue
k e
orpeska [d;, u;] Toukamu Xx B k=0, r;, KOTOpO-
MY COOTBETCTBYET CBOEC COOCTBEHHOE MHOXKECT-

BO A, = {7»(;, 7»1/., ey 7»:/} CICHUATBHBIX MEePEeMEH-

HbIX. Takum 00pa3oM, Kak10i NepeMEHHOM X; CTa-

BUTCsI B COOTBETCTBHE MHOXKECTBO A, j =1, n.
3amaga (12), (13) —3amava JTUHEHHOTO IMIPO-
IrpaMMHPOBaHUSI OTHOCHUTEIHHO IEPEMEHHBIX k’;.

Hns pemenns 3amaun (12), (13) ucnons3yem crie-
[MAATBHBIA BapHaHT CUMILICKC-MeTona [8], Omoku-
pyIOIIUi OHOBPEMEHHOE BXOXKIEHUE B Oa3uc 0o-
Jee JIByX COCEHUX MO WHJAEKCY Kk CIeIHaTbHBIX

k .
NepeMEeHHbIX A mpu Kaxiaom j (3amevanue 1).

B wurore MOJIy4YUuM SKCTPEMaJIbHbIC 3HAYCHUSA IIC-
£

PEMEHHBIX (k’j‘) , a CleqoBaTelbHO, M TPUOIH-

JKEHHOE pelleHrne ucxoaHou 3agaun HP

r.

=Y (1) ¥, j=Ln (14)

k=0

o *
Ecnu naiinennsie 3uavenns A; (14) ynosiuer-

BopstoT ycinoBusM (3)—(5), To xf 5 eees x: — ACKOMOE
MPUOTIKEHHO ONTHMAIFHOE pEIIeHne HMCXOMIHON
3agaun (1)—~(5). Ecnmu 310 He Tak, s momydeHUs
pEIIeHus UCTIONB3YEM METO]T BETBEH U TPaHMII.

Bbynem wucnons30BaTh CTaHAAPTHYIO CXEMY
BETBEW W TpaHWI] IJIs PEIICHUS 3aJad JacTHd-
HO LIEJIOUYHUCIICHHOTO JIMHEHHOTO IMPOrpaMMHpPOBa-
Hus [9, 10]. TloaToMy OIycTHM XOpOIIO H3BECT-
HBIE JIeTanu paboThl CXEMBI W OIHIIEM JIMIIh JBa
CHEIU(PUISCKUX MOMEHTA, MPUCYIIHUX PACCMaTPH-
BaeMoOM 3aJaye.

1. Omumem Tporeaypy BETBICHUS, HCIOJb-
3ysl MpUHATBIE 0003HaueHus. JlomycTuM, XOTs OBl
onHo u3 ycnoBui (3) wnu (4) HE BBINOIHSIET-
cs (ycmoBus (5) BBIMONHSIOTCS ABTOMAaTHYECKH).
IlycTh as onpeieIeHHOCTH He BBITIOJIHEHO (4)

! * +1 .
W, <x; <w;, je{n1+1,..., nz}.

Hayka
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Torma pazoOsem 3amauy HP (1), (2), (7) Ha
nee noazagaun HP1 m HP2, BBeas B HP gomon-
HUTENIbHbIC orpaHuueHus. 3agaya HP1 umeer Bun

D, 2), (7), d; <x, < wj.; 3amaua HP2 mmeer Bupg
(1), ), (1), w,' <x; <u;.

Ecin He Beimonaeno ycnosue (3) u d; < [x;] <
<xj <[xj]+1£uj, je{l, v ”1}= To 3amaya HP1
umeer Bua (1), (2), (7), d;<x; < [x;], a 3ana-

wa HP2 — Bua (1), (2), (7), [x;]1+1<x; <u,.

2. B momnonmHeHUE K CTAaHIAPTHON CXEME BETBEH
¥ TpaHUI] 37IeCh HEOOXOAWMO JIWIIb KKl pa3
BBITIONHATh JIMHEAPHU3AIMIO TMONYYEHHBIX TpHU
BeTBiieHnH HP-3a1ay.

BBIBO/I

[IpencraBien mMeTox TPHUOIIKEHHOTO pellie-
HUA 3aJla4dl ONTUMHU3AINHA PETHOHAIBHON CKIaj-
CKOM ® aBTOTPAHCIOPTHOH WHOPACTPYKTYPHI.
MeTtoa mpenamnoyiara€T MOCTPOEHUE HENMPEPHIBHOU
perakcanuyu MCXOOHOW 3amadd, JWHEeapHu3aIuio
MOJIYYCHHOW HENpPEphIBHOM pelakcaluuu M HC-
MOJIb30BAHUE CXEM CEmapadeIbHOTO MPOrpaMMU-
poBaHUs U BeTBEH, U rpanui]. KoHEYHOCTh METO-
na (alropuTMa pelIieHus) cielyeT M3 KOHEYHO-
CTH MHOXECTB, OIMCHIBAEMBIX COOTHOIICHHUS-
Mmu (3) u (4) IpU JOTOTHUTEIBHBIX YCIOBUsX (6).
Jns yckopeHus mpoliecca MoucKa pelieHus clie-
AYET IPH BBIINOJIHCHUHN JIMHEAPpU3allUN BI)I6I/IpaTI)

6 0 I k 7
TOYKH PAsOUEHUS X, X, .., X;, ..., X OTpe3-

ka [d;, u] Tak, YTOOBI  BBHINOJHSAIOCH

12 » 0 .1 k ;
{wj, Wiy s w;f } c {xj, Xjseens Xjy ey x;f} (dop-
mynma (4)) wm {x; € Zxld;<x;<u;, j=

1 . 0 1 k j
:15 nl}g{xj, xja * xja"" x;'/}

(popmymer  (3),
(6)). Hakoner, ecii TOYHOCTD PEIICHUS HE SBIIS-
eTCS KPUTHYHOH (33a/1adya COCTOUT B TOIYYCHUU
MPUMEPHBIX OIICHOK TapaMeTPOB PEaIbHOH CH-
CTEMBI), TO JUJIsl YCKOPEHUs Ipoliecca MOUCKa pe-
IICHUS PE30HHO OTCEKAaTh €II¢ HE HCCICIOBaH-
HbIE BEPIIMHBI rpad)a BETBICHUN C «ILTOXUMH
OLICHKaMHU.
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OnTumMmn3anusa NOCTABOK MAaTePUAJIBLHBIX PeCYpPCOB
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Pedepat. Ocobo 3HaUMMa POIIb JOTUCTHKA B PECYPCHOM OOECIIEYEHHH CTPOUTENILCTBA aBTOMOOHIBHBIX JIOPOT, I/Ie BEJIHKO
BIIMSTHHE TaKWX CIeru(puIeckux (pakTopoB, Kak HEOOXOIMMOCTH MCHONB30BAaHMS Pa3HOOOPA3HBIX BHAOB MaTepHAIBHBIX pe-
CYpCOB, HaJIM4MEe MHOTOKOMIIOHEHTHBIX MOITy()haOpHKaToOB, TPeOYIOINX NMPUTOTOBIEHHS B IIOCTPOSYHBIX YCIOBHSX, 3HAYH-
TenbHast IMHEHHas MPOTSKEHHOCTh 00BEKTOB, UTO TpeOyeT (POPMUPOBAHUS JIOTHCTUIECKOTO JIOPOKHO-CTPOUTENBHOTO TOTO-
Ka, YAAJEeHHOCTb OT IPOHM3BOJCTBEHHBIX 0a3 CTPOMUTENBHBIX OPraHM3allUi, 3aBUCHMOCTH NPOH3BOACTBA OT IMPUPOIHO-
KIMMaTHYECKUX (haKTOPOB, SIPKO BHIPAKEHHAS CE30HHOCTb MPOM3BOACTBA padoT. Bce 3TH ycoBus BIMAIOT Ha KOHKPETHbIE
OpraHU3alMOHHO-9KOHOMHYECKUE (OPMBI JIOTUCTHYECKUX MPOLIECCOB MPH CTPOUTENILCTBE aBTOMOOMIBHBIX 10por. C Lesbio
HNPUMEHEHHs! JIOTHCTUYECKOTO MOJX0Aa K OPraHW3aIl[MU CTPOUTENhCTBA aBTOMOOMIBHOM JOPOTH LEIeco00pa3sHO MOJEINpO-
BaHUE CUCTEMBI ITOCTABOK MaTEPHAIBHBIX PECYpPCOB ISl 00ECIIeYeH s HEIIPEPhIBHOTO X0/1a IIPOU3BOACTBA PaboT, UTO MO3BO-
JIMT BBIEIHUTH MIPOLECCH, TPEOyoImye onTHMHU3anuy. [IpeamaraeMpli JIOTHCTHYECKHI ITOX0 K PAallMOHAILHON OpraHu3aliy
MOCTABOK MaTepHAIBHBIX PECYPCOB Ha 0OBEKT CTPOUTEIHECTBA aBTOMOOMIEHOI JIOPOTH COCTOUT B YIIPABICHUH BCEMH Ollepa-
IUSMH, KOTOpBIE HEOOXOANMO BBINOJHSATH Ha ITyTH HPOJBIKEHHS MaTepHaJIbHOro HoToka. Crienudukod nenei mocraBok
MAaTepHaNbHBIX PECYPCOB B JIOTMCTHYECKOH CHCTEME CTPOHTENHCTBA aBTOAOPOT SIBISIETCS MpsMas 3aBHCHMOCTh KadyecTBa
MPOU3BEJICHHOTO MPOAYKTa OT COOJIOACHUSI TEXHOJIOTMH IIPOM3BOJCTBA PAdOT, HANPSIMYIO CBA3aHHOW CO CBOEBPEMEHHOM
MOCTaBKOM MarepranoB. ONTUMM3AIMS JOCTUTAECTCS 3a CUET MOA00pa KONMMYECTBEHHOTO COCTaBa TPAHCIOPTHBIX CPEACTB,
MOBBIIICHUS UX MPOU3BOAUTETBHOCTH U BBIOOpPA PAIMOHAIBHON CXEMBI TPAHCTIOPTUPOBKHU 10 KPUTEPHIO MUHUMATIBHOH CTO-
umocTd. Mcnonp3oBaHuEe MaTeMaTUYECKOro ammapara MO3BOJISET PACCUUTATh ONTHUMAIbHOE YUCIO TPAHCIOPTHBIX CPEICTB
B JIOTUCTHYECKON CHCTEME CTPOHMTENHCTBA aBTOAOPOTH, o0eceunBaomux oecrepe0oifHy0 TOCTaBKy MaTepHaIbHBIX pecyp-
COB Ha 00BEKT C YU4eTOM TPeOyeMBIX TEMITOB IPON3BOJICTBA PAOOT.

KiroueBble cj10Ba: JIOTHCTHYECKAs CUCTEMA, MATEPUANIBHBII IIOTOK, MaTepUalbHbIe PECypChl, TPAHCIIOPTHbIC 3aTPAThI, LICMH
HOCTaBOK

Jist uurupoBanusi: [apenkosa, V1. M. OntuMu3anust oCTaBOK MaTepuaIbHBIX PECYPCOB B JIOTHCTHYECKOH CHCTEME CTPOH-
TenbecTBa aBTOMOOMIBbHBIX gopor / Y. M. Lapenkosa // Hayka u mexuuka. 2017. T. 16, Ne 6. C. 537-545. DOI: 10.21122/
2227-1031-2017-16-6-537-545

Optimization of Supplies for Material Resources in Logistics System
for Construction of Automobile Roads

I. M. Tsarenkova”

YBelarusian State University of Transport (Gomel, Republic of Belarus)

Abstract. Logistics plays a significant role in resource provision of automobile road construction. The following specific
factors have rather high influential character, namely: necessity to use various types of material resources, presence of multi-
component semi-finished products that require final preparation on the construction site, rather large linear length of objects
that requires formation of logistics road-construction flow, distance from production bases of construction organizations,
dependence of production on natural and climatic factors, distinct seasonality of executed works. All these conditions influ-
ence on specific organizational and economic forms of logistics processes while constructing automobile roads. In order to
apply a logistics approach for organization of the automobile road construction it is expedient to make modeling of systems
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for supply of material resources to ensure continuous process of works. Such approach will permit to specify processes re-
quiring optimization. The proposed logistics approach to rational organization of supply for material resources required for
automobile road construction presupposes control of all operations which must be carried out on the path of material flow
motion. Specific feature of supply chain of material resources in the logistics system for automobile road construction is a
direct dependence of final product quality on technology compliance during execution of works which is directly connected
with timely supply of materials. Optimization is achieved through selection of quantitative composition of transport facilities,
improvement of their productivity and selection of rational transportation schemes using a criterion of minimum cost. Usage
of mathematical apparatus allows to calculate optimal number of transport facilities in the logistics system for automobile
road construction, ensuring smooth delivery of material resources to the object with due account of the required rate of const-

ruction works.

Keywords: logistics system, material flow, material resources, transportation costs, supply chain

For citation: Tsarenkova I. M. (2017) Optimization of Supplies for Material Resources in Logistics System for Construction
of Automobile Roads // Science and Technique. 16 (6), 537-545. DOI: 10.21122/2227-1031-2017-16-6-537-545

BBenenne

B 10opoXHOM CTpOWTENHCTBE MOTPeOIsIeTCs
0OJBIIIOE KOJUYECTBO MaTEpPHAIBHBIX PECypCOB.
C 1uenplo UX UCHOJB30BAHUS MPHU PACUCTE CMET-
HOW CTOMMOCTH CTPOUTENIBCTBA aBTOMOOMIIBHBIX
Jnopor chopMUpoBaHa pecryOIUKaHCKas HOpMa-
THUBHAas 0a3a TEKyIIUX IICH Ha CTPOUTEIhHBIC Ma-
TEpUANBl, TMPEACTABIIONIAs COOOW CHUCTEMY,
CTPYKTYpa M METOJBI KOTOPOH MO3BOJISIIOT CO3/1a-
BaTh YKPYIHEHHBIE TPYIIBI CTPOUTENbHBIX MaTe-
pYanoB, TEpeYeHb W HOMEHKJIATypa KOTOPBIX
yBs3aHBl C HOPMAaTHBaMH pacxoia pecypcoB B
HATYpaJlbHOM BBIPaXCHHUH, OOBCIUHEHHBIX IO
HaMEHOBAaHHIO, TEXHUYCCKOW XapaKTePUCTUKE
u enunuile usMepenus [1]. [ns pacuera ctoumo-
ctu achanbTOOCTOHHBIX CMeced 10 YCTaHOBJICH-
HOU (hOpME COCTaBISIOTCS KANBKYJSIIMA HAa WX
MPUTOTOBJICHUE, YYUTHIBAOIIHNE (PaKTUUCCKUC
3aTpaThl Ha OSKCIUTyaTallio 00OpyJOoBaHUS ac-
(hanbTOOETOHHOTO 3aBOJIa, CTOMMOCTH HCXOJHBIX

100

KOMITOHEHTOB M TPAaHCIIOPTHBIE PaCXOJbI M0 HX
JIOCTaBKe Ha 3aBOJI, 3apabOTHYIO TIaTy pabOTHU-
KOB W npyrue ctathu 3atpat [2]. [ToaTomy cTou-
MOCTh ac(aJlbTOOCTOHHOW CMECH OJWHAKOBOTO
COCTaBa pa3lInyacTCs Y pa3HbIX MPOU3BOIUTEIICH.
Pe3ynpTaThl MOHUTOPHHTA CTOUMOCTH IIEO0EHOYHO-
MacTHYHOU acanbTodeTonHoM cMecH Tuma [IIMCr
Ha mebne ¢pakuuu 5—-10 MM mo obnactsaMm pec-
MyOJIMKY MpeICTaBICHbI HA pHC. 1.

I[Ipu ¢dopMUpOBaHUK CMETHON CTOMMOCTH
CTPOUTENBCTBA OOBEKTa YUUTHIBAETCS HE TOJIBKO
CTOMMOCThH achaTbTOOCTOHHON CMECH KaK MaTepH-
ana JIs YCTPOWCTBAa TOKPBITUS B KOHCTPYKIIUU
JIOPO’KHOM OJICKIIBI, HO ¥ TPAHCIIOPTHEIC 3aTPaThI
IO €€ JOCTaBKe Ha 00BEKT [2].

Jnst cHIKeHHs yIenpHOTO Beca 3aTpar Ha Ma-
TepHaJbHBIE PECYPCHl B COCTaBE CMETHOM CTOMMO-
CTH CTPOUTENHCTBA aBTOMOOMIBHBIX JOPOT Tpe-
OyeTcss y4eT MHOTHX KPHTEPHEB, OINPEJEIIIEMbIX
OTpacIeBOH OCOOCHHOCTBIO OPTaHU3aIlUU BHIMOJ-
HSIEMBIX BUJIOB padoT.

90,09
90 84,46 84,73
© g0
o
< 70 78,03
3]
S 68,25 68,37 40,14 69,47 70,51
)
=
—. 50
2
o 40
=}
g 30
=
L 20
10
(V]
Bpecrtckas BureGekas T'omenbckass I'poaHeHCKas MuHCKas Morunesckas

O6nacTh NPOU3BOACTBA

— NaxcHMAaTbHOE 3HAaYeHHEe

=== NHHHMAaIbLHOE 3HA4YCHHE

Puc. 1. Pe3ynbTaThl MOHHTOPUHTa CTOMMOCTH acansrodeTonHoi cmecu (MapT 2017 1.)

Fig. 1. Monitoring results of asphalt mix cost (March, 2017)
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CucreMa yCIIOXKHSETCS, €CIIU TIO/IPSIIHAS Opra-
HU3anws paboTaeT Ha HECKOJIBKUX OOBEKTaX, pac-
MOJIOKCHHBIX B OJJHOM WJIM Pa3HbIX PErHOHAX, JIU-
00, HA00OPOT, HA OOBEKTE 3HAYMTEIILHOW JTUHEH-
HOW TPOTSHKEHHOCTHU 3aHSATO HECKOJBKO JTOPOIKHO-
CTPOUTEILHBIX YIPABICHHIA.

Pa3zButre JIOTHCTHKM B YCIOBUSIX PBIHOYHOM
SKOHOMHKH TpeOyeT WHTErPUPOBAHHOIO MOAXOAA K
nporieccy (GopMHUpOBaHMS IENMM TOCTABOK MaTe-
PHUATBHBIX PECYPCOB HA OOBEKTHI JIOPOKHOTO CTPOU-
TenbeTBa [3]. MIHTerpHpytomas GyHKITHS JOTHCTHKH
B TIpOIECCE YIPABICHUS MaTepHAIBHBIM MOTOKOM
achabTOOCTOHHOW CMECH TIPU CTPOUTEIILCTBE aB-
TOMOOUWITLHOW JIOPOTH BBIpayKaeTcs Yepes:

— WHTerpanuio (QYHKIMH OIpeAeNeHns MOoTpeo-
HOCTH B ac(haabTOOCTOHHON CMECH ¢ yUeTOM TeMIia
TIPOM3BOJICTBA PabOT HAa OOBEKTE C (YHKIUIMH
(hopMHUpOBaHUST XO3SUCTBEHHBIX CBs3EH IO WX TIO-
CTaBKE;

— KOOPJWHAIUIO OIEPATUBHOTO YIPABICHHS
MOCTaBKaMHM, TIPOIIECCOM TPAHCIOPTHUPOBKU ac-
($hanbToOETOHHON cMecH Ha OOBEKT M ee Mpo-
W3BOJICTBCHHBIM TIOTPEOJICHUEM TIO BCEU JUIMHE
y4acTKa MPOU3BOJICTBA PadoT;

— KOOTIEPAIMIO B YIPABICHUN CKBO3HBIM Mare-
pHANBHBIM U COITYTCTBYIOIIMM €My HH(pOpManu-
OHHBIM ITOTOKOM;

— ONTUMH3ALMIO COBOKYIHBIX TPAaHCIIOPTHO-
JIOTUCTHYECKHX M3JIEP’KeK BCEH eNH MOCTaBOK — OT
WCXOMIHBIX KOMIIOHEHTOB JI0 TOTOBOM MPOXYKLMH —
MyTeM 3KOHOMHYECKOW 3aMHTEPECOBAHHOCTH Opra-
HHU3aIMH JOPOKHOTO XO3SHCTBA B MOBBIILICHUH 3()-
(DEeKTUBHOCTH JBIKEHHSI MaTepUaJbHOTO MOTOKa, 32
CUeT pa3pabdOTKU JOTUCTHICCKHUX CXEM;

— pasButne cnenudpraecKkux (QYHKIUH yHpaB-
JICHUSI IBIDKCHHEM MATEePHAIBHOTO TIOTOKA B YBS3-
K€ C TPaJUIUOHHBIMU (DYHKIMSMH OpraHH3aLUH
TEXHOJIOTHYECKHX TPOIIECCOB.

Jlornctuyeckas Lemb MOCTaBOK (OPMHUpYETCS
U3 YIOPSIOYEHHOTO MHOXECTBA ITOCTAaBIIUKOB,
MEepeBO3YNKOB M MOTpeOUTENeH, OCYyIIeCTBIISIO-
IUX JIOTHCTHYECKUE OIepaluyl MO JIOBEACHHIO
BHEIIIHETO MaTepUAILHOIO MOTOKA OT OJHOH JIOTH-
CTHUecKoi cuctemsl 1o apyroil [4]. [IpuHummu-
aJbHasl cXeMa JIOTUCTUYECKOW LIEeNH MOCTaBKH ac-
($anbToOETOHHOM cMecH Ha OOBEKT CTPOUTENHCTBA
MpeJiCTaBleHa Ha pHC. 2.

Fy Fy
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> Is 6 CTPOUTENBHOE 13,14 aBTOMOOHIIH-
Jopora) MIPEIIPHUSITHE) 6 _ .| Had mopora
> NPENPUSATHE) > CaMOCBAJIbI >
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CHabxeHue [IpousBoacTeo |
U3 siepskky Ha: Wspepocicn Ha:
TIOTPY3KY M BHITPY3KY M3 TPAHCIIOPTHBIX CryiajupoBatue,
CpesCTB, XpaHeHUE UCXOIHBIX KOMIIOHCHTOB Ha CKJIaaax,
JIOCTaBKY Tpy3a, YHpaBlleHHe 3anacau,
XpaHEHHUe Tpy3a Ha CTAaHIUK Ha3HAUCHUS TEPEBO3KY rOTOBOH CMeCH Ha 00BEKT, .
TEXHOJIOTHYECKUE onepanuy ¢ achanbToOeTOHHON
CMECBIO
W3nepxxu Ha HHPOPMAMOHHBIC U (PUHAHCOBEIE OIEpaIU
OO1ue JIOTHCTHIECKHE H3IEPIKKI
Puc. 2. JlorucTnaeckas Lenb IIOCTaBKU ac(aabTOOETOHHON cMecH Ha 00BEKT JOPOKHOTO CTPOUTENIBCTBA:
—» — MaTepuanbHbIi MOTOK; /|, ..., Ijg — MHPOPMALIHOHHBIE TOTOKH (- = ¥); F, ..., F’; — huHAHCOBBIE TOTOKH (— - D)
Fig. 2. Logistic chain of asphalt mix delivery for road construction:
— — material flow; [}, ..., [;9 — information flows (- - 9); F, ..., F;; — financial flows (— - -p)
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CraenyeT OTMETHTB, YTO Y4acTHE B YKa3aHHOU
LEeNH OpraHu3aluH-TIePEeBO3YNKA SIBISAETCS YCIOB-
HBIM U Ui KaXJIOTO CTPOMTENBHOTO YYacTKa
ompeenseTcs MHANBUAYaIbHO. TpaHCHOPTUPOBKY
KaK MCXOAHBIX KOMIIOHEHTOB ISl IPUTOTOBIICHUS
acganbTOOETOHHOW CMECH, TaK M TOTOBOIO IPO-
JQYKTa MOTYT BBIIIOJHSITH TPAHCIIOPTHBIE CPEACTBA
NOJPSAHBIX OpraHu3anui, MO0 MOCTAaBIIMKA Ma-
Tepuana, MO0 aBTOTPAHCHOPTHOW OpPTraHU3ALHH.
Taxke BO3MOXKHA SKCIUTyaTalMs TPaHCIOPTHBIX
CPEICTB Ha YCIOBHSX JIM3MHTa U apeHabl. Kpome
TOTO, B JAHHOW LIEMH TOCTaBOK BO3MOXKHO M, Kak
OpaBWIIO, TPHUCYTCTBYET COUYETAHWE PaA3THUUHBIX
BHIIOB TpaHcmopTa [5]. 3amada JOTHCTHIECKOTO
yOpaBleHUsT B TaKOM CHUTyallud — OIPEAEIIHTH,
KaKoH M3 aJbTEepHATHBHBIX BAapHAHTOB HambOosee
BBIFOJICH C TOYKH 3PEHUS U3JEPKEK IPU OIMHAKO-
BBIX YCJIOBHSX KayecTBAa U BPEMEHM BBINOJIHEHUS
omepanwii. B mobom ciydae, 0COOEHHOCTBIO JaH-
HOTO TIpoliecca SBISIETCS HCIOIb30BAaHHE TOJIBKO
ABTOTPAHCIIOPTHBIX CPEACTB U1 JOCTaBKH ac-
(hanpTOOCTOHHON CcMecH Ha OOBEKT CTPOUTENb-
CTBa, YTO OOBACHSAETCS CHEIU(PUISCKIMH CBOU-
CTBAMU [JAHHOTO JOPOXKHO-CTPOUTENIBHOIO Ma-
Tepuana.

Jns Toro 49ToOBI JIOTHCTHYECKas Ienb (yHK-
LIMOHMPOBaja U €€ PEe3yJbTaThl ObLIM ONTHUMAJIb-
HBIMH TI0 BPEMEHHBIM M CTOMMOCTHBIM KpHTe-
pHUsM, €10 HeoOXOOuMO YHpaBisaTh. B mpomecce
yhpaBiieHUs ONTUMM3ALMH MOAJIEeKAT TaKUe Iapa-
METphl, KaK BMECTUMOCTb CKJIafd, IPy30I0IbEM-
HOCTh TPAHCHOPTHBIX CPEACTB, NPOU3BOAMUTEID-
HOCTb M TPY30INOABEMHOCTL NOABEMHO-TPAHC-
IMOPTHBIX CPEACTB, NPOU3BOAUTCIBHOCTL U KOJIU-
YEeCTBO JI0PO’KHO-CTPOUTENBHBIX MaIlUH [6].

IlocTanoBKa 3agaun

[Ipu mpoekTUpOBaHUM M OpTaHU3AIUU MaTe-
pHATBHOTO TIOTOKAa ac(ambTOOETOHHOW CMecH
YYUTBIBAKOTCSI OCOOEHHOCTH, CBSI3aHHBIC C €€ CIie-
M(UIECKIMHI CBOHCTBAMH M TEXHOJIOTHEH TTPOM3-
BOJICTBa pabOT MO yCTPOWCTBY ac(hambToOETOHHO-
T'O MOKPBITHS:

— IIUKJT IPOU3BOACTBA acharbTOOCTOHHOM cMe-
CH COCTaBJISIET KOPOTKUH MPOMEXKYTOK BPEMEHHU
(B 3aBHCHMOCTH OT TIPOM3BOIUTEIHLHOCTH achallb-
TOoCMeCUTENbHOH ycTaHoBkH — OT 0,8 10 10 T/Mun);
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—roToBas acanbToOOETOHHAS CMECh HE MOXKET
XPaHHUTHCS AJTUTEIBHOE BpEMsI B HAKOMUTEIHHOM
oynkepe (0,5-1,5 9);

— OTpaHUYECHHOE PACCTOSIHUE TPAHCIIOPTHUPOBKH,
00YCIIOB/IEHHOE TEMIIEPATYPHBIMA OIPaHUYEHUSIMU
(Temmeparypa ykiaaku — He Hike 120-130 °C);

— MOTPeOHOCTh B CHEIHMATBHOM MOJBHKHOM
COCTaBe C ILIEJbI0 COXPAHEHMs KadeCTBEHHBIX Xa-
PaKTEepUCTUK TOTOBOTO IPOJYKTA;

—rpouecc NOTpedsieHUss CMECH 3aBUCUT OT
MPUPOAHO-KIMMATHUECKUX (aKTOPOB, 4YTO OO0Y-
CIIOBIIMBAET HEOOXOJIUMOCTh ydeTa pHCKa W He-
OTIpeIeIEHHOCTH;

— He0OXO/IMMOCTh CTPOTOro COOJIIOJICHUSI Tpe-
OOBaHMI TEXHOJOTMYECKOTO TIpollecca Kak IpH
MPOM3BOJCTBE CMECH, TaK M IPH €€ YKIAAKE B
ciou ac(haabTOOCTOHHOTO OKPhITHS [7].

[Ipu dopMHPOBaHMHM JOTUCTHUYECKHX CUCTEM
MPOJIBIKCHUST MaTepPHAIbHBIX MMOTOKOB MPH CTPO-
UTENBCTBE (PEKOHCTPYKLMH) JOPOTH BBIIEISIOTCS
CIIEAYIONINE OTPaHNYHBAONIHE (haKTOPHI:

— CcTporoe coOJIOIEHUE TEXHOJOTHH MPOM3-
BOJICTBa PadoT;

— cTporas MocieI0BaTeIbHOCTh BBIMOIHIEMBIX
pabor.

ColOmroieHre  TIEpBOTO TMPUHIIMIIA CBS3aHO C
OOJIBIION 3aBUCHMOCTBIO TEXHOJIOTHH JIOPOYKHBIX
paboT OT NPHUPOJHO-KINMATUIECKUX (DaKTOPOB.
VYknagka ropauux acQaabToOETOHHBIX CMECEH BbI-
MOJIHSIETCS] TOJIBKO TIPU MOJOKHUTEIBHBIX TeMIIEpa-
Typax Bo3Ayxa M Ha cyxoM ocHoBaHuu [8]. Ilo-
3TOMY OCOOEHHOCTH TEXHOJIOTUH TOPOXKHBIX pabOT
TpeOYIOT CTPOroro COOJIONEHHS TEMIIEPaTypHOIo
peXUMa, 9TO OTPaKAETCs Ha CPOKaX MPOM3BOACTBA
pabot. KpoMme Toro, Hy>KHO BBIIEPKUBATH OMpe/ie-
JICHHbIE BpPEMEHHBIC WHTEPBAJbl MEXKIY OTHENb-
HBIMH BHIaMH padoT AJis1 TOCTHKEHUS] HE00X0au-
MOIO KauecTBa [JOPOXKHBIX MOKPBHITHH. BTopoil
MPUHIMIT 3aKII0YaeTCss B CTPOTOM COOJIOACHUH
MOCJIEIOBATEIbHOCTH ~ BBIMIOJNHSIEMBIX — OTEpaIUii
¢ obecriedeHHEM HEOOXOIUMOro 3ajena, oOecre-
YHMBAIOLIETO HEMPEPHIBHOCTH MPOU3BOJICTBA PA0OT.

CyIIecTBYIOT «TSHYIIME» U «TOJKAIOIIUE) CH-
CTeMbl YMpaBJICHUs MaTepUAILHBIMU TOTOKAMH
BHYTPH NPOU3BOJACTBEHHON cuctemsl. «TsaHymue»
CHUCTEMBI 00ECIEeUNBAIOT YIPABICHUE MAaTEpHUaIb-
HBIMH HOTOKaMH IO NPUHLMILY «TOYHO B CPOK»,
«TOJIKAIOMINE» — TUIAHUPOBAaHHE MOTPEOHOCTH B
MaTepuaiax u pacmpezaeienue pecypcos [9, 10].
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Ecmm paccmarpuBaTth B KadecTBE€ MPOW3BOJ-
CTBEHHOW CHCTEMbI ac(haabTOOCTOHHBIN 3aBOM, TO
MOJKHO TOBOPHUTH O (DOPMHUPOBAHUHN «TOIKAIOIIEID)
CHUCTEMBI YIIPaBIECHUS MaTepUaIbHBIMU TOTOKAMHU.
IIpu >TOM ¢ TEnpI0 oOecTeYeHHS MaKCHUMAaIbHOM
3arpy3KH MPOU3BOJICTBCHHBIX MOIIHOCTEH IUIaHU-
pOBaHME HAYMHAETCS C 3arOTOBUTEIHHOU CTaIUU.
Coznatorcst OonbIne 3amachl HCXOJHBIX MaTepHa-
JIOB, TOCTABJIIEMBIX, KaK TIPaBUJIO, OOJBIIUMHU
MapTUSAMH, TaK KaK WX OTCYTCTBHE MOXET IpHBE-
CTH K cOor B mpousBozctBe. [Ipu 3tom Hemocrta-
TOYHO OTCJIEKHBAETCS CIPOC Ha MPOAYKIHUIO, UTO
MOJKET TPUBECTU K COKpAIICHHIO 000padynBaeMo-
CTH OOOpPOTHBIX CPEACTB BCIEACTBHE H3IIMHUITHIX
3armacoB B CIIydasx, KOTJla OTCYTCTBYET IOTpeO-
HOCTh B ac(hambToOETOHHOM cMecH, 4TO Hambosee
SIPKO TIPOSIBIISICTCS. B BECCHHE-OCEHHUE ITEPHO/IBI.

[Ipn MCHONB30BaHUM JIOTHCTUYECKOTO TTOAXO-
J1a, 1EJIbI0 KOTOPOTO SBJISIETCS CKBO3HOE yIpaBJe-
HUE MAaTepHAIBbHBIMA TOTOKAMH, ISl PEIICHUs
MOCTABJICHHON 3aJa4d B KadecTBE MPOU3BOACT-
BEHHOW CHCTEMBI MPEJCTABISETCS CHUCTEMa «ac-
(hambTOOETOHHBIA 3aBOJI — CTPOSIIASCS aBTOMO-
OownbHas goporay. [Ipu opranmzanmu ee pabOTh Ha
MPUHLMIAX «TSHYIICH» CHCTEMBI MaTepuaibl
MpH TIPOU3BOJICTBE ac(allbTOOETOHHOW CMECH U
BITOCIIEZICTBMHM TOTOBAsl TPOIYKIUS ITOCTYMAIOT
Ha CJCIYIONIYI0 TEXHOJIOTHMYECKYH) OIEpalfio C
MpeapIAyIe o Mepe HeoOXOAMMOCTH. B aTOoM
Clly4ae TIONOJHEHHUE 3alacoB HCXOIHBIX Mare-
pHAJIOB TIPOUCXONT, KOTJAa UX KOTUIECTBO JOCTH-
raeT KPUTUYECKOTO YPOBHS, YTO MO3BOJSET CHH-
3UTH JIOTHCTUYECKHE W3JIEP)KKH, CBSI3aHHBIE C CO-
3llaHUEM 3amacoB W TPAHCIOPTUPOBKOW MaTe-
pHUaJioB.

IKOHOMHUKO-MaTeMaTHYeCKasi MOJeJIb
NMOCTAaBKHU acPaIbTO0eTOHHON cMecH
HA 00bEKT HAa OCHOBE JTMHAMUYECKOr0
NMPOrpaMMHUpPOBaHNs

Jns mpakTUyYecKoM pealv3aluy  «TAHYLIEH»
CHCTEMBl HEOOXOAMMO HAJIWYME HAJCKHBIX II0-
CTaBIIMKOB M IIEPEBO3YMKOB MAaTCpHAIBHBIX pe-
cypcoB. Tpebyercst chopMupoBaTh MOIETH JIOTH-
CTHYECKOH IIeTIM NPU CUHXPOHHOM IPOU3BOCTBE,
TPaHCHOPTUPOBKE M MOTpeOseHNH acdanbTode-
TOHHOW CMECH, TaK Kak IpH yCTpOicTBe acdalib-

Hayka
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TOOETOHHOI'O IIOKPBITHS [IOTOYHBIM METOJOM Tpe-
OyeTcs OAMHAKOBOE KOJIMYECTBO CMECH B pPaBHbIE
IIPOMEKYTKH BpEMEHU Ha 3axBaTKy. Bbibop ams
MOJICJIMPOBAHMS 3aKJIIOYUTEIBHOTO 3BEHA LIEMHU
MOCTaBOK CBS3aH C TEM, YTO MIMEHHO OT €ro corJa-
COBaHHOM paboThl B OOJNBIICH CTENEHH 3aBHUCHUT
Ka4yecTBO yCTPanBaeMOr0 MOKPHITHSI.

B nanHO# Mozeny yYUTHIBAIOTCS BO3MOKHOCTD
BBIITyCKa HECKOJIBKUX THIIOB CMEceil, cTporoe co-
OmoieHue HOPM MOCTaBKH F'OTOBOM CMECH Ha KOH-
KpETHbIE OOBEKTHI, BEJIMUMHA TPAHCIIOPTHOHN map-
TUH, OTTPYKAEMOH Ka)XJIOMy MOTPEOHUTENIO C yue-
TOM TPOM3BOJACTBEHHOHM  MOIIHOCTH  3aBOJA,
CTOMMOCTb XPaHEHHS HCXOAHBIX MaTepHajiOB MPH
OTCYTCTBHM 3aKa30B Ha MPOU3BOACTBO. B namb-
HelmeM a1l ompelefieHusl MyTell ONTHMHU3ALNH
JBIDKEHHS MaTepHaJbHBIX TOTOKOB 3aaaua (op-
MYJHpYeTCsl MO IBYM HamlpaBICHUSIM: OIHWH ac-
($anbTOOETOHHBIN 3aBOJI O0CIYXHBAET HECKOJBKO
CTpOALINXCSI O0BEKTOB; cUcTeMa acdaabToOETOH-
HBIX 3aBOJIOB OOCIY>KHBAeT CETh aBTOMOOMIIBHBIX
nopor. ONTUMH3aLMOHHBIE PacUeThl BBITIOIHSIOT-
Csl HA OCHOBE METOJOB JIWHAMUYECKOT0 MpOrpam-
mupoBanus [11].

IeneBoit GyHKITMEH z CIYXUT CTOUMOCTH Tie-
peBo3kH acgansTodeToHa oT acdambToOETOHHOTO
3aBoza (AB3) mo achansroyknagurka. CTOMMOCTS,
B CBOIO OYepenb, 3aBHCUT OT AAlIbHOCTU TPaHC-
nopTUPOBKH achanbroOeToHHOH cMmecu. OOmas
CTOMMOCTb CKJIQJIbIBA€TCS U3 CTOUMOCTH IIEPEBO3-
KM OT 3aBOJIOB, IIOCTABJISIOIIMX CMECh Ha JIAHHBIH
YYacTOK z; U zp. JanbHOCTh NEPEBO3KU K MECTY
YKJIaJK{d IIOCTOSHHO YBEJIWYMBaeTCsl Ha JJIMHY
YIIO)KEHHOW TIOJOCHI [, W3 CMECH, TEePEBO3UMOM
OJHHM CaMOCBAaJIOM.

CTouMOCTh TPAaHCHIIOPTUPOBKU HA PACCTOSHHUE X
BBIpaXkaeTcs popmytoit

C(x)=C, + k. (1)

dopmupyertcs rpaduyeckas 3aBUCUMOCTh CTO-
MMOCTH TEPEBO3KU OT JAIbHOCTU TPAHCHOPTHUPO-
BaHUSI.

LeneBas GyHKIHS SBISETCS CYMMOUW CTOHMMO-
CTH TIEpPEeBO3KH Ka)K[OTO aBTOCAMOCBajia Ha JaH-
HBIN YJaCTOK ¥ OITUCHIBACTCS (OPMYIIOi

n

z=2z+z, :Z:((:()4—lc(l1 +iZM))+

i=0
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+i(cO +k (L, + jl,)), )

Jj=0

rae [y, [, — maapHOCTh TPaHCTOPTHUPOBKU OT AB3
JI0 Hayana y4yacTtka, KM; 1, m — TpedyeMoe Kouye-
CTBO aBTOCaMOCBAJIOB.

[Ipeobpasyem neneBbie GyHKINH U pacyeTa:

n

zZ) :Z(Co +k(ll +ilM))=iC0 +ki(ll +ilM):
i=0 par v
=Gy +ki4 +klmii=nC0 enkd, + 4, 20D,

i=0 i=0

2 =2 (Co+k(l+ 1)) =2 Co+ k) (h+jl,) =
J=0 J=0

Jj=0

=mCy + kY 1 +kl, Y j=mCy+mki, g, =D

Jj=0 Jj=0

3arpaTel Ha TPaHCIOPTHpPOBaHUE acdanbTode-
TOHHOH cMecH OyAyT MUHHMMAaJbHBI, KOTAa Liene-
Basi QYHKIHSI CTPEMHUTCS K MUHUMYMY:

z=2z+z, =nC0+nkl]+kan(n—_1)+

m(m—1)

+mC,, +mkl, + ki, — min.

OrpaHn4eHUsIMM B JaHHOM Ciy4dae SBIISIETCS
TO, YTO 7 U m — LIeJble HEOTPHULATENbHbBIE YHCHA.
YcioBueM BBIIOIHEHUS OyAET yKiaJaKa IMOKPhITUS
HE MEHee YeM Ha JUIMHY y4acTka S

(n+m)l, =S,

n, m >0 — mensIe.

3)

JlaHHbIE BBIYMCICHUS MOAXOASAT IJIA Ciiydas,
korga AB3 pacnmomararorcs € pasHBIX CTOpPOH
yuactka. Korna xe AB3 pacnonararorcs ¢ ogHoOH
CTOPOHBI, IIeTeBast GYHKIHS MPHOOpETacT BUI

Zogm = (n+m)Cy + (n+m)kS +

(n+m-1)(n+m)

+ ki,
2

“4)

Jlna peanuzanyi 3KOHOMUKO-MaTeMaTHYECKON
MOJCIIH TIOCTaBKH ac(asbToOETOHHOW cMecH Ha
00BEKT Ha OCHOBE AMHAMHUYECKOTO MPOTPaMMHPO-
BaHMs TpadoB 1eJIeCO00pa3HO MCITOIB30BATh TIPO-
rpaMMHOe oOecIieueHrue TaOIMIHOTO peaaKTopa
Microsoft Excel ¢ momompio HaacTpoiiku «Ilonck
pemenus». [l pacdera cocraBisieTcs TaOiwIa
WCXOJTHBIX JIAaHHBIX TSI PEHICHUs 3a7a4d, 3aIaf0TCs
rmapameTpsbl LesieBor (pyHKIMHU u ee BUJ (puc. 3).

_:.y InasHas Bcraska PasmeTka crpaHmLEl Dopmybl JatHele PeLieH3UpOBaHNE Bug  ABBYY FineReader 11

EazEun X & 4-|f- oA EE || & 0seeamume n nowecri o uesmpe - ||(SB 000 bl | | Seromwoe | Gopuiraposars Cu | o popuar
Sydep 06MeHa [ LWpndT BrIpaBHMEAHNE Yneno Crunm Aueiiku

CYMM (O kv fr\ =C2*(F2+F3*CH)+C3*{F24F3* CT)H{C2+03) *F2+{C24+C3) *FI*CIHFI*CA*[C2HC3-1) *(C2+C3) 2
C D E F

1

2 KomHuecTBo e300k 0T AB3, 1 0| IMapameTrp crouMocTH C . pyd 111226
3 KomuectBo e3m0k oT AB3, m 4 0| IMapameTp cTOHMOCTH k&, pyd 27238
4 JlnnHA YNOKEHHOI MOMOCH OT BRITPY3KH camocBana [, KM 0,027

5 JIMHHA y4acTKa VEIAOKH S . KM 7.1

6 Paccrosnue oT AB3 no y4acTka / |, KM 16

7 Paccrosnue oT AB3 100 y4acTka [ ,, kKM 4.3

8 Ienesas QpyHKUHA Z, PYO =C2%(F2+F3

9 OrpaHuueHHE MO JUHHE, (1 1Tm )], 0

10 OrpaHuYeHHE O KONHUYECTBY 0

11

Puc. 3. Dopma nipeicTaBICHUS TaOIHUIBI UCXOJHBIX TAHHBIX

Fig. 3. Form of initial data table presentation

542

I Hayka
urexHuka. T. 16, Ne 6 (2017)

Science and Technique. V. 16, No 6 (2017



Economy in Industry

Hanee B Hanctpoiike «llouck pernenus» 3aaa-

CTCA aApeC ICJICBLIX AYCCK, NACTCA CCbBLUIIKA Ha
OrpaHUYCHUA, YKa3bIBACTCA Tpe6OBaHI/IC HCOTpHU-

LATEIBHOCTH MEPEMEHHBIX (pucC. 4).

fﬁ HO- )=
1)

ITocne 3agaHusa Bcex napamMeTpoB 3aJa4n Ha

TnasHas Bcraeka PasMeTka CTpaHMLE Dopmyne JaHHeie PeueH3nposaHme Bug ABBYY FineReader 11
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9 OrpaHpuenne 0o JHe, (1 +m )l 0
10 OrpaHHYeHHE [0 KOMHYECTBY 0
11
12
Puc. 4. Ilpumenenue HancTpoiiku «Ilouck pemeHus»
Fig. 4. Application of additional component “Search for solution”
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. —/ [naeHaa Beraska PazmeTka CTpaHMLE Bopmynel JaHHee PeygHIMpoBaHHE Bua ABBYY FineReader 11
= = = ) ] | Za -
_j * Times NewRom ~ (11 ~|A” a7 | [T = =||®~ S Nepenoc rekcra OBwit - ijii ?}ﬂ‘ _’;yd EjaCceE f
2 E

Fypamme |

Baasme o ||® £ 9-|H||S- A |EEE £ Ofsepmeue mnowectm. s erpe - | |81 )8 1| | Verosece | Gupmammtal CHN | 11 dopuar -
Eychep o6MeHa & WpndT i} BHipaEHHBaHIE i) Yncno & Cranu Aueiikn
| c8 M~ fi | =C2%(F24F3*C6)+Ca* (FRHF3*CT)H{C2HC3) F2HC2HCH) FR*CHFITCAT|C2HCI-1)(C21C3) /2

B 5 D E F

1

2 Komuuecrso e300k oT Ab3, i 0| TTapametp croumoctd Cy, pyd | 111226

3 Kommuecteo e3mok o1 AB3, m 263| Iapamerp cronmoctd k, py6 27238

4 |JImHHA Y7OXKEHHOI ONOCH OT BHIPY3KH caMocBana [, KM 0,027

5 |JIIHHA yYACTKA YKIAIKH S |, KM 7.1

6 |Pacctosune oT AB3 10 yuacTka [ ;, kM 16

7 Pacctosune oT AB3 710 yuacTka /5, kM 43

8 |eneras ¢yHKUEA Z, pYO 165507480

9 OrpaHuveHHe N0 JTHHE, (7171 5)] 7.101

10 OrpanuueHne M0 KOMHYECTBY 0

11

Puc. 5. Ilpumep BbLIauu pe3ysbTaToOB IOUCKA PEILICHUI

Fig. 5. Example of output results of Search for solution
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B cnyyae, ecim HEoOXOIMMO WCIIOJIL30BAThH
MOIIHOCTA HECKOJIbKHX ac(albTOOCTOHHBIX 3a-
BOJIOB (HampuMmep, s oOecmedeHus ydJacTKa

OonpImUM  00beMOM  ac(haTbTOOETOHHOW CMECH),
B pacueT BBOAWTCA (UKCUPOBAHHAS IIOCTAB-
Ka (puc. 6).

Dn il < - paspen 4 8 3anucky - Microsoft bxcel
= TnasHan Beraeka Pa3METKA CTPaHMLIEI Dopmynkl JaHHeie PeleH3UpoEaHme Bup  ABBVY FineReader 11
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1
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Fig. 6. Results of search for solution with fixed supply

BbIBO/JbL

1. [Ipu moCTpo€HHMH MOJENU JUHAMHUYECKOTO
NpOrpaMMHUPOBAHNUS, ONKMCHIBAIOLIECH IMpoIece Mo-
cTaBKHM acanbTOOECTOHHON CMeCH M3 HECKOIbKUX
ac(anbTOOETOHHBIX 3aBOJOB JJIsI CTPOUTENILCTBA
JIOPOTH, BBISBICH psifl (HaKTOPOB, BIMSIONIAX Ha
KOHEYHbIE JKOHOMHYECKHE pPe3ylbTaThl CTpPOU-
TEJIbCTBA:

— CTOMMOCTb ac(anbTOOETOHHON cMecH y pas-
HBIX [TOCTaBIIHUKOB;

— CTOMMOCTH TPaHCHOPTHPOBAHUSA, 3aBUCSIIAS
OT pacCTOSIHUSI TEPEBO3KH M TPHHATOW TpaHC-
MOPTHOM CXEMBI;

— pasiuyHasg CIOXXHOCTh OpTaHW3allid TPaHC-
MOPTHOTO TIPOIecca M YHPaBICHHUS MPHU JTOCTaBKE
Marepuaia ¢ OJHOTO U HECKOJIBKUX 3aBOJIOB;

— CTeNeHb 3KOHOMHYECKOW CTaOMIBLHOCTH IIO-
CTaBIIMKOB M WX AWCUUILUIMHAPOBAHHOCTU TIPH
BBITIOJTHEHUH JIOTOBOPHBIX 0053aTENbCTB.

2. Ilpu ¢popmMupoBaHUH TPAHCIIOPTHO-TOTHCTH-
YeCKHX Lemnel MpOJBMKEHHS MaTepHalbHBIX pe-
CYPCOB B JIOTHCTHYECKOW CHUCTEME CTPOMTEIILCTBA
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aBTOMOOMJILHON OPOTH CyIIECTBEHHBIM H yIpaB-
JSieMBIM OKa3bIBaeTcsl (akTop TPaHCIOPTHPOBKHU,
KOTOpBII‘/'I MOXKET 6I)ITI) IIPUHAT B Ka4Y€CTBC JOMU-
HHUPYIOIIETO.

3. Jloructuyeckue LENU JOPOKHO-CTPOUTENb-
HOW OpraHu3alii MOTYT OOBENHATH Teorpadude-
CKH pacmpeeNieHHble OOBeKTHI, TAe MpHuodpeTa-
I0TCS, MPeoOpa3yIoTCs, XPaHATCS HIH IPOAAIOTCS
CHIpbE, TOTOBBIE ac(arbTOOETOHHBIE CMECH U CO-
eIUHAIOINE 3TH 00BEKTHI KaHAIIBI PaCTIpeIeIeHUs,
[I0 KOTOPBIM IIepeEMEIAETCsl NMPOAYKIHs. YIIpas-
JieHne OO0BEKTaMH MOTYT OCYILIECTBISATH MOAPSA-
YWKH, MMOCTAaBUIMKH, IMOKYHNATCIIN, MPEACTABUTCIN
TPETHUX CTOPOH I Jpyrue GUPMBI, C KOTOPBIMHU
3aKa3uuK HMMeEeT JenoBble oTHomeHus. Llenp 3a-
Ka34MKa 3aKioudaeTcss B 3¢ (EeKTUBHOM Jg00aBJe-
HUHU CTOUMOCTU CBOUM IIPOAYKTaM IO MEPE TOro,
KaKk OHHM IEpEeMENIAloTCs 10 IENH MOCTaBOK H
TPAHCHOPTUPYIOTCA Ha reorpauuecKky pacmpezne-
JICHHbIE OOBEKTHl JTOPOKHOTO CTPOUTENBCTBA B
HEOOXOIUMBIX KOJHMYECTBE U  KOMIUIEKTAIWH,
B TpeOyemoe BpeMsl U MO KOHKYPEHTOCHOCOOHOI
LIEHE.
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