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Abstract. Nowadays in Ukraine there is a situation where 27% of examined bridges require
immediate rehabilitation, and 63% did not meet the requirements of actual codes. More than half of the
existing bridges and overpasses are not examined in normative terms, and information on their
technical condition is not actual or missing. Therefore, the objective of the research is an analysis of
the ways to restore the damaged elements of construction of reinforced concrete bridges and
overpasses to select effective solutions.

To achieve this objective, the methods of systematic and structural analysis and synthesis,
generalization and classification, abstraction and formalization, combinatory morphological
analysis and synthesis are used to determine the restoration method.

In the article we have provided the analysis and classification of defects, which are most often
found during the examination of concrete bridges and overpasses. They are a failure of
waterproofing on roadway pavements and pedestrian sidewalks, spalling of concrete, corrosion of
reinforcement, concrete corrosion, cracks, and manufacturing structure defects, mechanical damage
resulting from transportation, installation and operation.

After the analysis of the most common damages, the results of basic methods of reconstruction
of bridges and overpasses analysis are presented. The main ways to restore the pillars, girders of span
structures and paving the roadway structures are observed. To determine the ways of each methods
usage defined they are reviewed by their positive and negative characteristics.

It is shown that for designing the project of restorative works it is required to select the most
effective solution for each of the damaged structural elements of the bridge. It is concluded that this
technique can be determined through multi-criteria analysis. Therefore, it is an object of further
research to conduct a multi-criteria analysis of the described methods with the specific conditions
for each construction, survey the results and compare them by basic parameters.
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Introduction. Close to 27% of the examined bridges and overpasses require immediate
rehabilitation, 63% do not comply with the code requirements [1]. For more than half of the
maintained bridges and overpasses, there is no objective and up-to-date information on their condition.
The abundance of existing solutions and the absence of recommendations on the selection of effective
rehabilitation methods in the reviewed codes and regulations determine the necessity to analyze the
main defects and methods of structural elements reconstruction. Therefore, the article is devoted to the
analysis of the main defects and the methods for their elimination. This analysis will allow for the
objective evaluation of the rehabilitation methods and the selection of the most effective ones for the
future repairs and creation of the safe comfortable operational conditions for bridges and overpasses.

Objective of the article. For the selection of effective solutions, it is required to analyze the
methods for repairing damage to structural elements of reinforced concrete bridges and overpasses.

To achieve this objective, the following tasks have been solved:

— the analysis of the damages most commonly encountered while examining bridges and
overpasses;
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— the analysis of the damage repair methods;

— the detection of positive and negative properties of technologies and materials to determine
their rational domain of application.

Research method. The methods of systematic and structural analysis and synthesis,
generalization and classification, abstraction and formalization, combinatory morphological
analysis and synthesis are used in the research to determine most useful rehabilitation methods.

Research results. In this work, damages are seen as deviations from the original quality level
of the elements and structures of the construction that occurred in transportation, erection, accident
and/or operation [2].

The bridge is a structure for providing passage for transport or pedestrians over a river or
other water obstacles (lake, swamp, strait) [2].

Overpass is a structure designed to provide passage for traffic streams that intersect [2].

Hereafter in the article, bridges are meant by both bridges and overpasses.

Rehabilitation in this work is understood as a set of civil construction and erection works
aimed at restoring the design parameters of the structure or the renovation of the structure with
giving it new service parameters.

Bridges are an important part of Ukraine’s infrastructure. They are designed to provide safe
passage of vehicles, pedestrians, utility lines over obstacles. When in service, their structures are
exposed to operational loads and aggressive environments. As a result, the structures get damaged and
deprived of their original properties. Bridge closures bring up various social issues and economic losses.

Most Ukrainian road bridges were built with the use of standard precast concrete structures
(89.3%). In service on automobile roads, there are also bridges with metal and steel-reinforced
concrete spans (5.9%), wooden bridges make up about 1% [3].

As for 01.01.2013 [4] in Ukraine 16187 units of road bridges are subordinate to UkrAvtodor.
As for 01.01.2016 the AESUM (Analytical Expert Bridges Management System) database contains
up-to-date information on the engineering status of 6919 bridges, of which 1873 require immediate
repairs for further safe operation. For 9268 units of bridges, the technical condition is not
determined. The causes for the poor maintenance condition of the bridges are man-triggered
(exceeding of the bridge structural design load due to the intensification of the traffic stream and
increase in the weight of modern vehicles, traffic accidents, etc.), natural (aggressive medium,
moisture, variations of water level, solar radiation, etc.) and socio-economic factors (lack of funds
for inspection, maintenance or repairs, military actions, etc.) [5].

The rehabilitation of damaged reinforced concrete bridges and their further safe operation can
be divided into five stages:

— regular inspection of the technical condition of the construction;

— logistical preparation for the construction rehabilitation;

— designing a project for renovation works;

— renovation works;

— monitoring of the construction technical condition after rehabilitation.

At the first stage, as a result of the monitoring, the existence of defects and damages, the
causes and the damage state of the construction are determined, the decision is taken on the need for
eliminating the damages.

Existing technical condition analysis of reinforced concrete bridges shows that the most
common damages are [6]:

— waterproofing failures on traffic and pedestrian ways;

— concrete spalling;

— reinforcement corrosion;

— concrete corrosion;

— cracks;

— imperfections arising from structure fabrication;

— mechanical defects arising from transportation, erection and maintenance.
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The examples of the most common damages discovered during inspections are shown in Fig. 1-3.

% s

Fig. 2. Concrete spalling, exposed and corroded reinforcement of the bridge piles

Fig. 3. Partial lack of bridge railing and damages of the road dressing
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The damages of bridge structures can be conventionally classified by the following features:
1. By location on the bridge structural elements.

Damages
\ 4 \ 4

Load-bearing structures Non-bearing structures
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o piles > bridge joints

> road dressing
> bearings

> railings and sidewalks
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- girders R connections with bridge
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Damages to the load-bearing structures affect the bridge capacity, life of the structure and
safety of movement on the bridge. Damages to the non-bearing structures affect the life of the
structure and safety of movement on the bridge.

2. By rate of growth into a dangerous condition [6]:

— instantly growing;

— fast growing;

— gradually growing.

3. By degree of hazard [6]:

— high-hazard;

— hazardous;

— low-hazard.

At the second stage of rehabilitation, which is logistical preparation for restoring of the
construction, the preliminary gathering of information, the analysis of the maintenance history, pilot
survey and Front End Engineering Design are conducted. As a result, the technical condition of
individual structures and the feasibility of their renovation are determined.

After that, the overall bridge rehabilitation project is designed, following which effective
construction solutions and work practices should be selected.

The renovation of foundations and underwater parts of the bridge pillars is executed only
under special projects after a detailed survey of these structures. The renovation of the underwater
parts of foundations is reviewed in these works [3, 7-10]. The most common method is cast
concrete jacketing. The reinforced concrete jacket can be made by in-water method or with
unwatering.

The renovation and strengthening of the above-water parts of the bridge pillars can be
performed by such design and technology solutions:

— by reinforced concrete belts;

— by metal casting;

— by composite materials;

— by cementation (for pillars that have a big number of internal defects);

— by reinforced concrete jackets.

The method of increasing the load-carrying capacity of the pillars with reinforced concrete
belts is used in case there are horizontal and/or vertical and diagonal cracks. The height of such
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belts is 1-1.5 m and the width is 25-40 cm. They are armored with bar reinforcement grids 25 mm in
diameter, which are fastened with mechanical shear connectors 18-25 mm in diameter, driven to the
depth of 50-75 cm [8].

The advantages of this method are that it doesn’t require:

— high-technology material and equipment;

— specialized work performers.

The disadvantages of this method are:

— large proper weight of the reinforcing elements;

— high labor inputs.

Strengthening the pillars with metal casting is temporary and is applied in the emergency state
of the construction. It consists of rolled metal itself and pull-bars with socket screws [3].

The advantages of this method are that it doesn’t require:

— not high labor intensity;

— shorter period of work execution.

The disadvantages of this method are the following:

— not long service life;

— need for renewing anti-corrosion coatings.

For strengthening the pillars, composite materials may be used. The method is implemented
by attaching composite lamellas or fabrics to the existing structure by means of polymer enhanced
adhesives or a mineral-based binder.

The advantages of this method are the following:

— low proper weight of the composites;

— composites are resistant to corrosion and do not require additional renewable protection;

— simple technological procedures while performing works on strengthening.

The disadvantages of this method are the following:

— high cost of materials.

The cementation method consists in injecting cement mortar under 0.1-1.5 MPa into 36-75mm
holes spaced at intervals of 0.9-1.5 m [3].

The advantage of this method is the improvement of water impermeability and the elimination
of water travel through the masonry.

The disadvantages of this method are the following:

— need for special equipment;

— high labor inputs.

The ‘jacket' is strengthened with reinforcement grids 20-25 mm in diameter, which are
attached to steel anchors 20 mm in diameter deepened into the pillar body by 16-20 cm [3, 8].

The advantages of this method are that it doesn’t require:

— high-technology material and equipment;

— specialized work performers.

The disadvantages of this method are the following:

— large proper weight of the reinforcing elements;

— high labour inputs.

The renovation and strengthening of the reinforced concrete substructures can be performed
through the following design and technology solutions:

— by growing the section with additional reinforcement;

— with rolled sheet metal,

— with composite materials;

— by changing the structural design with the help of tie pieces, strut-framed beam, truss bars,
additional supporting attachments that reduce the load on the existing structure.

Strengthening by means of section growing supposes that the structure being reinforced is to
be enlarged height or width along (from below, from the sides or from the top of the element being
reinforced).

To raise the load-bearing capacity of the elements, which are being strengthened, by means of
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section growing, it is sufficient to increase the amount of the main reinforcement. For this, the
protective layer is spalled off by at least 0.5 diameter of the reinforcement. Then the additional
reinforcement is spliced with the existing one. To do this, bearing blocks are welded from
reinforcing rods 10 to 40 mm in diameter and 50 to 200 mm in length [3, 8]. The scheme of
strengthening is presented in Fig. 4.

The advantages of this method are that it doesn’t require:

— high-technology material and equipment;

— specialized work performers.

The disadvantages of this method are that it produces an insignificant effect on increasing the
load-bearing capacity and requires considerable labor input.

Alternatively, to increase the load-bearing capacity, growing of the height of the normal
cross-section can be applied. Such type of strengthening is performed in the form of a reinforcement
cage, consisting of longitudinal and transverse rods and stirrups welded to the existing
reinforcement. This type of strengthening is presented in Fig. 5.

The advantages of this method are the following:

—no need for high-technology material and equipment;

—no need for specialized work performers;

— high reinforcement increment 40%.

The disadvantages of this method are the following:

— significant enlargement of the structure size;

— large proper weight of the reinforcing elements;

— high labour inputs.
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Fig. 4. Strengthening of the bridge girders with additional reinforcement
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Fig. 5. Strengthening of the bridge girders with reinforcement cage
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Strengthening with rolled sheet metal apart from the sheets themselves consists of inclined
and vertical pull-rods, connecting strips and support plates [3, 8].

The advantages of this method are the following:

—no need for high-technology equipment;

— strengthening efficiency is 35-50% (compared with the strength properties of the girder
prior to strengthening).

The disadvantages of this method are the folowing:

—need to provide for additional protection of the rolled sheet metal from corrosion;

—high cost;

—need for painstaking quality control of the weld seams.

A promising method now is strengthening of bridge spans with composite materials. It is
implemented through attaching composite lamellas or fabrics to the existing structure with polymer
adhesives or mineral-based binders. As an option, it is possible to install bar composite
reinforcement into specially designed indenting filled with adhesive.

The advantages of the composite materials are the following [11]:

— high tensile and compressive breaking;

— resistance to aggressive medium;

— easy to transport and install.

The disadvantages of the composite materials are the following:

— relatively high cost;

— low fire resistance;

— narrow temperature ranges for work performance (+10°C mo +30°C).

The repairs of waterproofing of the road dressing and sidewalks of the constructions under
consideration are divided into four types, depending on their condition [3, 9]:

— spot repairs of waterproofing in adjoining places of the safety fence, joints, on sidewalks,
as well as on the traffic way (if the area of the damaged waterproofing does not exceed 20% of the
area of the traffic way);

— repairs of the waterproofing lengthwise the span on the sidewalks, if the length of the
damaged area is up to 20% of the bridge length;

— repairs of the waterproofing along the full length of the traffic way, if damages take more
than 20% of the waterproofing area (without repairs on the sidewalks);

— general repairs of the waterproofing, including sidewalks.

For the waterproofing repairs, there are the following methods:

— waterproofing with the use of bituminous and rolled materials [3];

— waterproofing with a leveling course of concrete on expansive cement (with a large
number of open concrete cracks) [9];

— surface waterproofing with the use of XC-710 perchlorvinyl enamel and SPRUT adhesive [12];

— waterproofing with the use of mastics with a thermal protective layer [13].

Repair of expansion joints can be divided into three types:

— preventive repairs — blowing-down, washing, and cleaning the joints and cunettes of dirt,
updating mastic, bolt tightening;

— repairs and replacement of individual elements of rubber expansion joints, sliding plates
and similar;

— complete replacement of structures.

The choice of a particular type of repair depends on the damage category.

Technologies for the renovation of expansion joints with rubber elements, joints of buried,
coped and strip seal types are described in [12, 14, 15].

When eliminating local potholes, subsidences and corrugations, the infrared spot repairs
technology is used [3, 9].

If the road dressing has a considerable number of irregularities, pits, cross fall defects, hot in-
place recycling method is used for restoring the bituminous concrete pavement, hot in-place
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recycling method is performed using one of the following technologies [3, 9, 12]:

— thermal planning;

— thermal paving;

— thermal mixing;

— thermal plastification.

The method of thermal planning consists in leveling and restoring of the original shape of the
roadway. For this the old bituminous concrete pavement is heated up. Then it has to be loosened,
mixed, re-paved and compacted without any additives (crushed stone, plastifiers, new bitumen-
concrete mix).

The method of thermal paving consists in renovating the road surface by adding new bitumen-
concrete mix. The specific feature of the thermal paving method is that the new mixture is not mixed
with the old one, but is paved on top of the layer that is being restored.

The method of thermal mixing consists in restoring the lost bituminous concrete pavement by
adding new asphalt mix, crushed stone, bitumen binder and plastifiers.

To reduce the brittleness of asphalt concrete, the method of thermal plasticification is used,
the essence of which is to add a plastifier to the mix, which is being regenerated, without adding
new asphalt mix.

The advantages of the hot in-place recycling method are the following:

— the taken up asphalt mix is 100% recycled;

— no need to close the site where works are being performed.

The main disadvantage of the hot in-place recycling method is that its application is limited
by the heat-up depth of 3-5 cm. To this depth, the layer being regenerated gets solidified. If the
pavement strength is insufficient, which is usually shown in numerous cracks or cracking patterns
randomly located on the pavement, the hot in-place recycling method, as a rule, are not used, since
reflective cracks soon appear on the regenerated pavement.

The analysis shows that there are many ways and design and technology solutions for the
rehabilitation of bridges. Working out a plan of restorative work requires selecting the most
effective solution for each structural element of a bridge. One of the ways to solve the problem of
choosing effective methods is the multi-criteria analysis technique with the use of modern software
products, such as pivot tables and charts in Excel.

Therefore, the objective for further research is to conduct a multi-criteria analysis of the
reviewed methods and to select the most effective solutions for the surveyed bridges.

Conclusions:

1. On public roads, about 27% of bridges require immediate restoration, and 63% do not meet
the code requirements.

2. The analysis conducted shows that various technologies and materials are used to restore
the structural elements of bridges and overpasses.

3. To select the most effective recovery methods, it is necessary to perform a multi-criteria
analysis of possible solutions, taking into account particular conditions for each structure and the
survey results, and compare them for the core indicators.
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Anorauisi. B Ykpaini Ha nanumii yac 3 o0cTekeHUX MOCTIB 27% BHUMararTh HETaiHOTO
BIJTHOBJIEHHS, a 63% He 3a/10BOJILHAIOTH BUMOTaM JIF0YMX HOPMATUBHUX JOKyMeHTiB. Ilpu npomy
OUIbIIE TMOJOBMHU ICHYIOUMX MOCTIB 1 HUISIXONPOBOJIB HE OOCTEXEHI B HOPMATHBHI TEPMIHH, a
BIJOMOCTI MpO iX TEXHIYHHUH cTaH 3acTapiiai abo BiacyTHi. ToMy MeTa JOCHIJDKEHHS — aHali3
CHOCO0IB BIJTHOBJICHHS IOUIKO/KEHUX KOHCTPYKTHBHHX €JIEMEHTIB 3al1li300€TOHHMX MOCTIB Ta
HUIXONPOBOIB /17151 BUOOPY €PEKTUBHHX PIIIEHb.

Jlnist TOCSITHEHHST TTOCTABJICHOI METH B POOOTI BUKOPHCTaHI METOIU CHCTEMHO-CTPYKTYPHOTO
aHaJi3y 1 CUHTe3y, y3arajJbHeHHs 1 Kiacudikaii, abcrparyBanHs Ta ¢popmaiizanii, KoOMOIHaTOPHO-
MOP(QOJIOTTYHOTO aHAJI3Y 1 CHHTE3Y ISl BA3HAUEHHS paIllOHATBHUX CIIOCO0IB BITHOBJICHHS.

VY cTaTTi BUKOHAHO aHaji3 1 CKiIajeHa Kiacugikaiis 1e(eKTiB 1 MOLIIKOIKEeHb, sIKi HallOLIbII
4acTO BHUSBISAIOTBCS TMPU OOCTEXKEHHI1 3ai1i300€TOHHMX MOCTIB 1 HUIAXONpoBoAiB. Humu e:
MOPYUICHHS TiAPOI30JsALii Ha MPOi3HiM YacTHHI 1 MIIOXIAHUX TPOTyapax, BIIKOIU OETOHY, KOpO3is
apMatypu, Kopo3is OeTOoHy, TpiluHU, AePEKTH BUTOTOBJICHHS KOHCTPYKIIA, MEXaHIuHI
MOIIKO/KEHHS OTPUMaH1 B pe3ybTaTi TPaHCIOPTYBaHHS, MOHTaXY Ta €KCILTyaTallii.

[Ticns ananmizy HOIIKOKEHb, SIKI HAMOLIBII YacTO 3YCTpPIYalOThCsA, B POOOTI MpeacTaBieH]
pe3yabTaTH aHaji3y OCHOBHHX CIIOCOOIB PEKOHCTPYKLIi MOCTIB 1 HUIAXONPOBOAIB. Po3risHyTO
OCHOBHI CIIOCOOU BiJTHOBJIEHHS OIOp, 0aJOK MPOTOHOBUX OYJIOB 1 MOKPUTTS JOPOKHBOTO MOJIOTHA
PO3MIISIHYTUX criopyl. J[iist BU3HaUeHHs 00J1acTi palioHAIbHOTO 3aCTOCYBAaHHS KOKHOTO 13 CIIOc00iB
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B po0OTi BU3HAUEHI X MMO3UTUBHI 1 HETaTUBHI BIACTHUBOCTI.

VY po6oTi moka3aHo, 10 AJIs1 CKJIaIaHHs MTPOCKTY BITHOBIIOBAIILHUX POOIT MOTPiOHO BUOpaATH
HAHOUTBII €PEKTUBHE PIMICHHS JJI KOXKHOTO MOMIKOPKEHOTO KOHCTPYKTUBHOTO €IIEMEHTY MOCTA.
3po0JIeHO BHCHOBOK, IO JUIS I[OTO MOYXHA BUKOPHCTOBYBAaTH METOAHMKY OaraTOKpHUTEPiaabHOTO
a"amizy. ToMy 3aBIaHHSIM MOAAIBIINX JOCTIKEHb € MPOBEICHHS 0araTOKpUTEPIaIbHOTO aHAIi3y
OIMCAaHMUX CIIOCOOIB 3 ypaxyBaHHSM KOHKPETHHX YMOB JIJISi KOXKHOI CIOpYAM 1 pe3yibTaTiB
00CTEXeHHS, 1 MOPIBHAHHSA 1X 32 OCHOBHUMH TOKa3HUKAMHU.

Kiro4oBi ciioBa: MicT, IUIIXONPOBI, 1eeKT, TEXHOJIOTII, 3a11300€TOH, CITOCOOU BiJJHOBJICHHSI.
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MOCTOB U TYTEITPOBO10OB

Memneiiaok A. U., 1.1.1H., mpodeccop,
meneilyk@gmail.com, ORCID: 0000-0002-1007-309X
IIyrnimn C. B., acniupanr,

putilinstanislavsv@gmail.com, ORCID: 0000-0001-7104-2599
Ooecckas 2ocyoapcmeeHHas akaoemus CmpoumeibCmea U apXumeKkmypbl

AHHoTanusi. B Ykpaune B Hacrosiiee BpeMs U3 00CiIE€IOBaHHBIX MOCTOB 27% TpeOyroT
HEMEJIEHHOTO BOCCTaHOBIEHUS, a 63% He YIOBIETBOPAIOT TPeOOBAaHUSM JIEHCTBYIOIIMX
HOPMATHUBHBIX JOKYMEHTOB. [Ipu 3TOM O0Jiee MOJIOBHHBI CYIIECTBYIOIIMX MOCTOB H ITYTEIPOBOIOB
He 00cieI0BaHbl B HOPMATUBHbBIE CPOKHU, & CBEJICHHS 00 UX TEXHHUUYECKOM COCTOSIHUH YCTapeau WIn
OTCYTCTBYIOT. [103TOMY 11€)Ib HUCCIIEIOBAaHHS — aHAJHM3 CIIOCOOOB BOCCTAHOBJICHHS MOBPEKICHHBIX
KOHCTPYKTUBHBIX 3JIEMEHTOB JKEJIE€300€TOHHBIX MOCTOB U IYTENPOBOAOB Il  BbIOOpa
3¢ (HEeKTHBHBIX PEIICHUN.

Jlis  JOCTHMKEHHs] TOCTAaBIEHHOM 1eiau B paboTe HCIONBb30BaH METOJl CHCTEMHO-
CTPYKTYpHOTO aHAJM3a W CHUHTE3a, METOJbI O0OOIICHMS W KiaccuuKanmu, a0CTparupoBaHUS U
dbopManuzanuu, KOMOWHATOPHO-MOP(OIOTHUECKOro aHalM3a U CHHTEe3a s ONpeAelieHUs
panMoHaAIBHBIX CIOCOOOB BOCCTAHOBIICHHUSL.

B crarbe BBHINOMHEH aHanM3 M COCTaBleHa Kiaccuukanus AePEeKTOB W TOBPEXKICHUH,
KOTOpbIe HauOoJiee 4YacTo OOHApYKMBAIOTCS TPH OOCIEAOBAHUH KeJIe300€TOHHBIX MOCTOB WU
nyTenpoBoJoB. VIMU ABJIAIOTCS: HAapyLIEHWE TMAPOU3O0JIALUHN Ha MPOe3kel yacTu U MemeXOoaHbIX
TpPOTyapax, CKOJbI O€TOHa, KOPPO3HWsS apMaTypbl, KOpPpO3us OETOHA, TPEIUHBL, JePEKTHI
U3TOTOBJICHUS] KOHCTPYKLMH, MEXaHHYEeCKHE TOBPEXACHUS TIOJIyueHHblE B  pe3yibTare
TPAHCIOPTHPOBKH, MOHTa)Ka M SKCILTyaTalluH.

[Tocne ananmu3a Hambosee 4acTO BCTPEUAIOIIMXCS MOBPEXKIEHUH B paboTe MpeicTaBlIEHbI
pe3yIbTaThl aHAIHM3a OCHOBHBIX CIIOCOOOB PEKOHCTPYKIIMK MOCTOB M IIYTETPOBOOB. PaccMoTpeHsbI
OCHOBHBIE CITOCOOBI BOCCTAHOBIIEHUS OMNOp, OAJOK MPOJIETHBIX CTPOCHUH M MOKPBITHUS JOPOKHOTO
MOJIOTHA pacCMaTPUBAEMBIX cOOpykeHuM. [l onpeneneHus 061acTy parioHAIBHOTO IPUMEHECHUS
KaXJI0T0 U3 CII0COO0B B paboTe ONpeIeeHbl UX MOJIOKUTENbHbIE U OTPHUIIATEIbHbIE CBOMCTRA.

B paGore mokazaHo, YTO IJIsi COCTaBJICHHs IMPOEKTAa BOCCTAHOBUTEIBHBIX padOT Tpelyercs
BbIOOp Hanbosee 3(h(HeKTUBHOTO PeIIeHus VI KaKA0TO MOBPEXKAEHHOTO KOHCTPYKTUBHOI'O JIEMEHTa
MocTa. CrenmaH BBIBOJ, YTO UISi 3TOTO MOXKHO HCIOJB30BaTh METOJMKY MHOTOKPHTEPHAIBHOTO
aHanm3a. [Tosromy  3amadelt  JanbHEMIIMX ~ WCCIEJOBAaHMM  SBJISETCS  NPOBECHHE
MHOTOKPUTEPHAIFHOTO aHAJIM3a OMHUCAHHBIX CIIOCOOOB C YYETOM KOHKPETHBIX YCIIOBHM JUTS KaXKIOTO
COOPY)KEHHS M PE3YJbTaTOB 00CIEI0BaHNUS, U CPABHEHUE UX TI0 OCHOBHBIM ITOKa3aTeIIsM.

KiroueBble ciaoBa: MocT, HyTenpoBoj, NedeKT, TEXHOJOTMH, MKEJIe300€TOH, CHOCOObI
BOCCTaHOBJICHHSI.

Crarra vagivnuia 5.06.2019
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