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Abstract. During the construction and reconstruction of real estate and especially monuments of
architecture, it is necessary to conduct geodetic monitoring. These are observations of the deformations
of buildings during the construction process. Such monitoring allows you to determine the causes of
deviations from the design and look ahead predicting their development, as well as provide
recommendations and appropriate measures to prevent critical situations that can lead to irreparable
consequences.

It is no secret that a new building after the completion of construction gives a draft for a certain
time. This phenomenon is because the soil is compacted under the weight of a built house, so the draft
of the property is considered to be completely a normal process.

Geodetic monitoring of the bell tower basement foundations of the Odessa saviour's
Transfiguration Cathedral begins with a geometric leveling of the appropriate accuracy class using the
level H3 and checkers slats. Before performing geodetic works, the level and checkers were tested to
establish their suitability for this type of work. Geometric leveling was performed in the forward and
reverse directions with the obligatory control of observations at each station.

Three ground rappers are attached to the territory with a reference to the initial riper a known
mark of the city network. Measurements were taken not earlier than 10 days after the laying of signs.

Along the perimeter of the bell tower base fixed eight deformation were marked. The leveling of
these marks was carried out from four stations, also tied to pre-fixed rappers. The results of the
observations were recorded in accordance with fourteen cycles. The interval between the cycles of
observations corresponds to a month.

The main work was aimed at studying the prediction of precipitation of deformation marks using
statistical regularities with scheduling experimental and functional dependencies corresponding to the
quadratic dependence of the form H = at2 + bt + c.

Key words: geodesic monitoring, deformation marks, geometric leveling, precipitation of the
foundation, observation cycles, rapper, experimental and functional dependencies, forecast of
subsidence of the basement of the bell tower.

Introduction. The term «building settlement» in the science of geodesy means decreasing
some points of the built object, that causes inclination of the building, and in some cases its
complete ruin. To avoid this, it’s necessary to carry out geodesic monitoring to find out uniformity
of the building points inclination. These operations are carried out not only for buildings which are
in the process of construction or reconstruction, but also for buildings (constructions), which are
located near the construction site.

The most important part of geodesic monitoring is geodesic observation of the building’s
deformations. They are carried out by using special geodesic devices, which allow to carry out
geometric leveling procedure with maximum precision. To perform geodesic observation special
benchmarks and lubber lines are applied along the entire perimeter of the object under the study. In
each cycle of the calculations the difference of elevation points of these benchmarks is calculated.
The acquired data allow to analyze deviations and the speed of their values change.

The geodetic control network of points and benchmarks plays and important part in the entire
process. A very important moment should be taken into consideration: the points of the network

Bicauk Onecrkoi AepkaBHOI akaneMii OymiBHHUIITBA Ta apXiTekTypH, 2019. — Bum. Ne 75


mailto:tzvvxxx@gmail.com

APXITEKTYPA

must be outside the area of settlement influence. Our land-surveyors carry out geodetic observations
using innovative equipment — first-order levels. The allow obtaining peak precise data during the
works performance.

The recent studies analysis. The Department of Engineering Geodesy at the Odessa State
Academy of Civil Engineering and Architecture carries out on demand a constant geodetic
monitoring of historical samples of architecture, including the period of reconstruction of
outstanding historical houses of worship: The Saint Paul Cathedral of the German Evangelical
Lutheran Church in Ukraine (The Kirchen) and the Transfiguration Cathedral [6].

Reconstruction of the Church with preservation of architectural value and the value of religious
worship requires constant quantitative evaluation of spatiotemporal location of the adjusting
constructions with the purpose of further forecasting behavior and suspense the further development of
the deformations at their peak values to provide normal operation of those constructions with the
purpose, if necessary, to take necessary action in time leading to saving samples of architecture and
other buildings.

The aim and the task. Investigating the settlement of the bell-tower footing during building
(reconstruction) of the main building of the saviour's Transfiguration Cathedral, which consists of
two floors with gradual loading, and trial of the prediction theory of further settlement of the
deformation benchmarks, which are set around the perimeter of the bell-tower’s footing.

Materials and methods of the investigation. When in August 1794 solemn sanctification of
Odessa city took place, the place of building of the Church named by St Nicholas the
Wonderworker in the Sobornaya Square was sanctified. In 1795 the first stone was laid, and on the
18 of February 1800 the St Nicholas Temple was named the Cathedral. This temporary church was
the ancestor of the future Cathedral.

Erection the temple started with the project of V. Vanrezant (Fig. 1) was renewed, supervision of
the work was accredited to an architect Fr. Frapolli. Merchants of Odessa S. Androsov and I. Alekseev
took part in the building of the Cathedral, and on the 20 of May 1808 they finished building of a
new stone church — the main body of the Cathedral with the drum and a giant bell-tower. On the 25
of May 1808 an Archibishop Platon sanctified the main altar of the Cathedral in the name of the
Transfiguration of Christ.

In 1825 (Fig. 2, 3) a project of the bell-tower developed by J. Frapolli was approved. The bell-
tower was situated to the west of the Church. Building of the bell-tower was completed in 1837.

Fig. 1. Transfiguration Cathedral in Odessa. Fig. 2. The original look of the Cathedral without
The project the bell-tower in the 20s of the XIX century.
A reproduction

Taking into consideration that fact that in 1837 Odessa became eparchial Centre of Kherson
Diocese. Transfiguration Cathedral became a Cathedral. It was a necessity in its expansion. On demand
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of the Archbishop of Kherson and Tavria Gavriil (Rozanov) in 1841 an architect D. Geidenreich
made a project of a refectory, which combined the bell-tower and the old Church (Fig. 4, 5).

Partial reconstructions of the Cathedral were performed during the period between 1870 and
1880 years, and in 1894 the major repair of the Cathedral was performed (Fig. 6-8).

Fig. 3. The project of the 5-level bell-tower of the saviour's Transfiguration Cathedral of made in
1825, the architect is F. M. Shesta

L2t

Fig. 4. The look of the saviour's Fig. 5. The project of the front and a sectional
Transfiguration Cathedral from the Greek arrangement of the refectory of the saviour's
market in the 40s years of the XIXth century. Transfiguration Cathedral in 1841
Engraving

KATHEDRALE. COBOPE CATHEDRALE .

Fig. 6. Church of the saviour's Transfiguration  Fig. 7. Transfiguration Cathedral in 60-90s years
Cathedral in 60-80s years of the XIXth of the XIXth century
century

18 Bicauk Onecrkoi AepkaBHOI akaneMii OymiBHHUIITBA Ta apXiTekTypH, 2019. — Bum. Ne 75



APXITEKTYPA

Fig. 8. Church of the saviour's Transfiguration
Cathedral 80s years of the XIXth century
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Fig. 9. The interior of the Catﬁédral after
reconstruction in 1900-1903 years. The main
altar

Fig. 10. The interior of the Cathedral after
reconstruction in 1900-1903 years. The grave
of duke VVorontsov

Architectural  disadvantages of the
Cathedral which appeared during numerous
finishing buildings, were improved during the
last reconstruction in 1900-1903, which cost 220
000 rubles that were spent from the municipal
exchequer. The reconstruction intended not only
change of the fronts, but also significant recon
structuring of the interiors. During that period
two side cupolas and a portico to the east front
were built. The bell-tower was also decorated
(Fig. 9-11).

The inside of the Cathedral was wonderful.
The first thing that overwhelmed you at the
entrance to the Church was a big amount of light
and space. The columns in the interior in the
Corinthian order were covered with artificial
marble of white color. The floor was laid of white
marble flagstones. A new iconostases was laid
with greyish-white polished marble. Over the altar
there was a domelike cover on its own columns.
After reconstruction in 1903, the Cathedral
became one of the biggest Churches in the
Russian Empire and could admit up to 9000
people. Its measurements in the plan were 90 x 45
meters, and the height of the bell-tower was 72
meters.

In May 1936, the Cathedral was destroyed
by the Bolshevistic authority. Before that it was
robbed by the Soviet State, and the valuable things
from the Cathedral were brought out on the lorries
to Odessa Province Finance Department. Further
destiny of the things taken away from the
Cathedral is unknown.

Reconstruction of the Church was started in
the 90s years. In 1996-1999 the excavations were
performed and the old footing of the Cathedral
was found. On the 5™ of September 1999 a
ceremonial sanctification of the beginning of
construction, and also a chamber with a message
to future generations of Odessa and the hallows of
St. George the Dragon Slayer was put into the
basement of the Cathedral. On the 1% of February
2000 the building of a zero cycle was started, and
on the 29™ of April 2000 the first stone was laid
into the footing of the bell-tower and sanctified.

Building the first part of the Cathedral —
the Bell-tower — took less than a year. At
Christmas the 6™ of January 2001 in front of a
big crowd of people, with the mellow chime of
14 bells, a ceremonial opening of the Bell-tower
and sanctification of the Chapel at its first circle.

Bicauk Onecrkoi AepkaBHOI akaneMii OymiBHHUIITBA Ta apXiTekTypH, 2019. — Bum. Ne 75

19



20

APXITEKTYPA

On the 19" of January 2002 the first stone was
laid into the wall of the upper Church of the
Cathedral of the saviour's Transfiguration
Cathedral.

The investigation results. Geodetic
observation the settlement of the bell-tower
footing was performed by fourteen cycles after the
finishing of the building. Eight deformation
benchmarks were set on the front and in the lower
part of the building around the entire perimeter,
which were under the observation for over a year.
The places of the precise location of the
benchmarks are fixed at the diagram of the bell-
tower (Fig. 12).

Deformational benchmarks are the control geodetic benchmarks which are located on buildings
and constructions for which the vertical movements were identified [2-5]. The observational interval is
one month.

The observation of the deformational benchmarks was carried out by geometric leveling of
the class III (Fig. 13), which is used with vertical moving of the footing base, according to the
regulatory documents [4, section 10]:

— Ukrainian national standardization system b B.2.1-30:2014 «Types of soils. Methods of
measurements deformations of buildings and constructions basesy;

— Ukrainian national construction regulation B.1.3-2:2010 «Geodetic works in building»;
Changes Nel from 2018 to Ukrainian national construction regulation B.1.3-2:2010 «Assurance
system of geometric specifications accuracy during construction. Survey operations in
constructiony;

— Instruction on observation of deformations of buildings and constructions bases and
footings;

— Instruction on topographic filming in scales 1:5000, 1:2000, 1:1000 and 1:500;

— Instruction on geometric leveling of classes I-IV.

Geometric leveling of class III was performed with a leveling instrument H3 and checker
rods. Before the work, the leveling instrument and leveling checker rods underwent investigation to
identify their suitability for geometric leveling of the class III, conditioning and constant values
definition [4, 5].

Geometric leveling was performed in the forward and backward direction. The control of the
observation was carried out at each station, the difference between the exceedance value which
were obtained on the black side and on the red side of the surveying rods, didn’t exceed 3 mm
considering the height difference of the couple of the rods.

L Flg 11. The mterlor of the Cathedral after
reconstruction in 1900-1903 years. The
central nave

The Bell-tower of the saviour's
Transfiguration Cathedral

6 7

Fig. 12. The diagram of fixing deformational benchmarks on the bell-tower of the saviour's
Transfiguration Cathedral
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The Bell-tower of the saviour's
Transfiguration Cathedral

Cr. 4

Fig. 13. The diagram of location of lubber lines and stations as related to the bell-tower
of the saviour's Transfiguration Cathedral

After performing the leveling, the exceedance values were compared, which were obtained
from the forward and backward directions. Divergence between these values didn’t exceed

+10mmv/L . In the course of completion, the geometric leveling of the class III, a standard-issue
record of exceedances was composed regularly [4, appendix 32].

Before the beginning of measurements, three ground bench marks were fixed on the ground —
Rp.1, Rp.1l, Rp.Il, which were tied to the input bench mark line with a known mark of the urban
vertical control survey network [3, section 6]. The lubber lines were located aside on passages,
underground utility systems, open storages, outside zones of extension of pressure from building
and constructions, outside the borders of influence from settlement phenomenon, landslides, slopes,
unstabilized mounts at the distance from buildings (constructions) not less than triple wise width of
the level of the ground, which settles and at the distance which includes influence of vibration from
transport, cars, machines in places where during the entire period of observation an unhampered and
comfortable access to the bench mark lines is possible for setting geodetic instruments [3, 5]. The
measurements were performed not earlier than 10 days after setting the signs.

Leveling of deformational benchmarks was performed from four (St.1, St.2, St.3, St.4) constantly
fixed stations. When performing the measurements there was no possibility to control inequality of the
shoulders (distance to the rod), therefore the method of «a short ray» was applied — the distance to the
rod didn’t exceed 25 m, the height of the ray from the ground surface didn’t exceed 3 m with farness
distance of the rays from surrounding items more than 0.5 m. The average quadratic deviation of
geometric leveling at the station along with intrinsic convergence was 0.3-0.5 mm [1, 5].

In the third cycle of the observation, which was performed in two months after their beginning,
rapid settlement of all deformation benchmarks was observed, in average approximately by 5.2 mm, at
this particular time the building-reconstruction of the main building of the Church was started.

Then an equable settlement was observed from the third till the fourteenth cycle, the
benchmarks 2 and 3 were settled by 6.9 mm, 4.4 mm correspondingly. This is happening due to
gradual loading during the building-reconstruction of the main building of the Church exactly from
the point of the bell-tower where these benchmarks were located.

From the opposite side of the bell-tower another way of settlement was observed, there were the
benchmarks 1, 4-8. From the third cycle to the sixth cycle they gradually settle in average by 0.55 mm,
and from a the sixth cycle of the observation to the fourteenth cycle a gradual raising of these
deformation benchmarks of the base of the footing in average by 1.27 mm was observed, since a
monolithic concrete slab of the bell-tower footing gets an insufficient inclination due to additional
loading from the benchmarks 2, 3 during building the main building of the Church (Fig. 14).

The consecution of the settlement of all deformation benchmarks is presented in the Picture
15, which shows inequality of the settlement. A consistent pattern of the rapid settlement of the
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benchmarks 2, 3 in average for the entire period by 7.66 mm with gradual decreasing, and
settlement of the benchmarks 1, 4-8 to the contrary — gradually comes to raising.
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Fig. 14. The assay of experimental and functional dependences Hay (2, 3) Ta Hay (1, 4-8)

But in the confident conclusion about the progressing or damping character of the
deformation benchmarks settlement some statistic consistent patterns were set and graphs of
experimental and functional dependences were composed correspondingly (Picture 16-17), which
correspond to the quadratic dependence of the type:

H=at’ + bt +c, (1)
At considering the numeric value of the parameters a, b, ¢ will be as following:
— for deformation benchmarks 2-3:

H=-0,02826t> + 1,14t + 1,33; (2)
— for deformation benchmarks 1, 4-8:
H=-0,1027t* + 1,817t + 1,352, (3)

where t — time in months as relating to the first cycle of the observations.
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Fig. 15. Settlement progress of eight deformation benchmarks for the period from 9.01.2001 to
10.02.2002
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The diagram shows epures of deformation benchmarks settlement as related to the first cycle
of the observation (Picture 18). It is visible from this point that maximum settlement of the bell-
tower footing is up to 14,1 mm, and minimum is — 7,0 mm [5, 7].

During the period of the observation over the settlement of the benchmarks building of the
main building of the Cathedral was taking place, therefore a gradual loading of the building from
the benchmarks 2 and 3 played a significant role in the influence on the settlement.

After forecasting the settlement of the base of the footing of the deformation benchmarks 2, 3
it was obtained that after 20,2 months their average settlement will stop, having reached 12,8 mm.

And average raising of the benchmarks 1, 4-8 stabilized and reached 0,1-0,2 mm.

Therefore, providing the saving of the building conditions and in the absence of additional
influences a damping is expected and integral equalization of the bell-tower footing base settlement.

Geodetic monitoring during the period of operation the Church proved an accountant
forecasting estimate of the damping and integral equalization of the bell-tower footing base
settlement.

2
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Fig. 18. A diagram of epures of the deformation benchmarks settlement during the entire period of
observations, mm
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On the 19 of January 2002 the first stone was laid into the wall of the upper Churches of the
saviour's Transfiguration Cathedral. In 2002 and 2003 the first Church services were held in the
lower and upper Churches correspondingly. The completion of the building of the lower Church,
saint Andrew’s Hall and starting the Church of the saviour's Transfiguration Cathedral took place in
the 2005.

Conclusions. Samples of architecture as any other architectural objects, require considerate
attention, at times it can be necessary to reconstruct a roof, drainage system, rehabilitation of
footing or to perform a global reconstruction. According to experts, officials and public
representatives not much care is taken about the problem of architectural landmarks saving. Saving
of architectural landmarks has always been at the place among the problems, which are offered to
be resolved by those who strive for power. Care about the environment is usually included into the
five issues, which politicians promise to resolve, but saving of architectural landmarks is not much
interesting for the public, that’s why nobody takes it up. There is no demand — there is no proposal.

On the example of the bell-tower of the saviour's Transfiguration Cathedral the authors of this
article want to draw attention of the community to this problem. Surely everyone knows that if there
is no national history of the country, such country stops its existing. Geodetic monitoring, especially
of architectural landmarks, is essential for Odessa also. On this subject, geodetic observations were
performed and analyzed, diagrams of settlement of the footing base during building-reconstruction
of the main building of the Church were formed. Three bench mark lines were lied in, eight
benchmarks were set in the lower part of the front of the bell-tower, which were under observation
using the method of geometric leveling of class III.

At the beginning of the building-reconstruction the bell tower was exposed to rapid settlement
of the footing base at all set benchmarks during the period from the first to the sixth cycle of
observations (3 months). In average, the settlement mark was up to 5.2 mm, at that particular period
building-reconstruction of the main building was started.

At gradual loading during the building-reconstruction from the third to the fourteenth cycle
equable settlement of the benchmarks 2 and 3 by 6.9 mm and 4.4 mm correspondingly was
observed.

From the opposite side of the bell-tower another way of settlement was observed, there were
benchmarks 1, 4-8, absolutely opposite to the benchmarks 2-3. Starting with the third cycle to the
sixth cycle the building gradually settles in average by 0.55 mm around the entire perimeter, and
from the sixth to the fourteenth cycle a gradual raising of these deformation benchmarks of the
footing base in average by 1.27 mm was observed, because from the side of those benchmarks there
is no loading and thus the opposite side of a monolithic concrete slab of the bell-tower footing
overbalances approximately by 5,13 mm with an insufficient inclination.

Using the consistent pattern of experimental and functional dependences average settlement
of the footing base of deformation benchmarks 2, 3 was forecasted and the result of 12.8 mm in
20.2 months was obtained.

It can be finally concluded that further investigations of the bell-tower footing settlement
during the building (reconstruction) of the main building of the Transfiguration Cathedral which
consists of two levels, proved the calculated predictive valuation of damping with gradual loading
without absence of additional outer and inner influences, and the theory of forecast of further
settlement of deformation benchmarks set around the perimeter of the bell-tower footing base with
their complete stabilization was successfully tested.
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Ooecvka depacasna akademis 6YOiGHUYMBEA Ma apXimeKmypu

AnoTtauis. [Ipu OyniBHUITBI Ta PEKOHCTPYKIIi 00'€KTIB HEPYXOMOCTI, @ OCOOIMBO MaM’SITOK
apxXiTeKTypu, HEOOXIJHO NPOBOJUTH TreoJie3uuHuil MoHiTopuHr. lIle cmocrepekeHHs 3a
nedopmariismMu OyIiBels I yac OyaiBeTbHOr0 Nporecy. Takuii MOHITOPHUHT JO3BOJISIE BU3HAYUTH
IIPUYMHU YTBOPEHHS BIAXWIEHb BiJl IPOSKTHHUX Ta 3a3UPHYTH Harepe]l MPOrHO3YIUU iX PO3BHUTOK,
a TaKOX HaJaTW PEeKOMEHAAIii AJIsl BIAMOBITHUX 3aX0/iB, 00 HE TOMYCTUTH KPUTUYHUX CUTYaIliH,
SIK1 MOXYTb MIPU3BECTH /10 HETIOMPABHUX HACIIIKIB.

Hi nyis xoro He cekper, 1o HOBa OYAIBIIS MiCHs 3aKiHYCHHS OyIiBHUIITBA MPOTATOM IIEBHOTO
yacy jae ocaiaky. Lle sBuiie nos'a3aHe 3 TUM, 110 IPYHT YUIUIBHSAETHCS i Baror moOy10BaHOTO
OyIMHKY, TOMY Oca/ika 00'€KTa HEPYXOMOCTI BBKAETHCS IIIIKOM HOPMAaJIbHUM IPOIIECOM.

l'eoge3nunuii  MOHITOPUHT 3a OCiHaHHSIM OCHOB (QyHmameHTty aA3BiHuli Cmaco-
[TpeoOpaskeHCHKOTO COOOPY MOYMHAETHCS 13 T€OMETPUYHOTO HIiBEJIIOBAHHS BIAMOBIAHOTO Kiacy
TOYHOCTI 3a Jtonomoroto Higenipy H3 ta mamkoBux peiiok. [lepesr BUKOHaHHSAM reoIe3u4HUX pooiT
HIBEJIIP Ta IIANIKOBI PEHKH MPOXOIWIM MEPEBIPKY AJI BCTAHOBJICHHS iX MPUIATHOCTI IO JaHOTO
BUAy poOiT. ['eomeTpuyHe HiBENIOBaHHS BHKOHYBAJIOCHh B MPSMOMY 1 3BOPOTHOMY HampsMKax i3
000B’I3KOBUM KOHTPOJIEM CTIIOCTEPEKEHDb HA KOXKHIN CTAHIIII.

Ha micueBocTi 3aKkpiIyIeHO TpH IPYHTOBUX perepa, 0 MPUB’A3yBaIUCh 10 BUX1JHOIO penepa
13 B1IOMOIO BIMITKOIO MIChKOi Mepexki. BumiproBanHs npoBoaunuch He pasime 10 qHIB micis
3aKJIa/IKM 3HAaKIB.

[Io mepumeTpy OCHOBM (yHIAMEHTY A3BIHMII 3aKpilJIeHO BICIM jAedopMaliiHUX Mapok.
HiBemoBaHHA LMX MapoK MPOBOAWIOCH 13 YOTHPHOX CTaHIIM, M0 TAaKOX MPHUB’ A3YBAIUCH J0
3aKpIIUIEHUX TIONEpeNHbo penepiB. Pe3ynbratu coocrepekeHb (IKCyBalMCh — BIANOBIAHO
YOTUPHAALATH LUKIIB. [HTEepBan MiXk LIUKIAMH CIIOCTEPEXEHb BIJIIOBIA€ OJTHOMY MICSAILIIO.

OcnoBHa poOora Oyna HampaBieHa Ha JOCTIHKEHHS TMPOTHO3YBAaHHSA  OCITAHHS
neopmMarifHuX Mapok 3a JOMOMOTOK CTAaTHCTUYHOI 3aKOHOMIPHOCTI 13 CKJIQJAaHHAM TrpadikiB
EKCIIEpUMEHTAIbHUX Ta (PYHKIIIWHUX 3aJ€KHOCTEH, IO BIJIMOBIIAIOTh KBAAPATHUHIN 3aJI€KHOCTI
Buay H = at’ + bt + c.

KuarouoBi caoBa: reone3swuyHuil  MOHITOPHUHI, JAeopMarlliiiHi MapKu, TIeOMETpHUYHE
HIBEJIOBaHHA, OCiaHHSA (yHIAMEHTy, IMKJIU CIIOCTEPEeKEHb, perep, eKCIepUMEHTaIbHI Ta
(GyHKIIIHI 3aJ1€KHOCTI, TPOTHO3 OCIIaHH PYHIAMEHTY J3BIHUIIL.
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APXITEKTYPA
TEOJE3UYECKHW MOHUTOPHUHI ITPU BOCCTAHOBJIEHUU XPAMA

3axapuyk B.B., cT. npenojasarens,

tzvvxxx@gmail.com, ORCID:0000-0002-0370-4113

TperenkoB B.M., k.T.H., mpoceccop,

HInmkanaosa H.E., cT. npenonaBarens,

Shishkalova7@gmail.com

Qoecckas 2ocy0apcmeeHHaAs akademus cmpoumenbCmed U apxXumexmypbl

AHHoTanus. [Ipu cTpouTenbcTBE M PEKOHCTPYKLMU OOBEKTOB HEIBH)KUMOCTH, a OCOOEHHO
MaMATHUKOB apXUTEKTYpPbl, HEOOXOIUMO MPOBOJUTH I€OAEC3NUYECKII MOHUTOPHHT. JTO HAOIIOACHHS
3a nedopmanusaMM 371aHMH BO BpEMsl CTPOMTENBHOrO mpolecca. Takoil MOHHUTOPHUHI IO3BOJISET
OIIPEAETUTh IPUIMHBI 00PAa30BaHUS OTKJIOHEHUH OT MPOEKTHBIX U 3aIJIIHYTh BIIEPE/I, TPOTHOZUPYS UX
pa3BUTHE, a TAKXKE MPEJOCTaBUTh PEKOMEHAALMHU U COOTBETCTBYIOIINE MEpbI, YTOObI HE JOIYCTUTH
KPUTUYECKHUX CUTYalMi, KOTOPBIE MOT'YT IIPUBECTH K HEMOIPABUMBIM I1OCIIEICTBUSIM.

Hu 1y xoro He cekper, 4To HOBOE 3[aHUE I0CI€ OKOHYAHMs CTPOMTENILCTBA B TEUECHHUE
OIIPEJICJIEHHOI0 BPEMEHHU JIaeT OCAJKy. DTO SIBJIEHUE CBA3aHO C TEM, YTO I0YBA YIUIOTHSIETCS O]
TSDKECTBIO IIOCTPOEHHOTO JIOMa, IO0TOMY OCaJKa OOBEKTa HEIABHXMMOCTH CUMTAETCS BIIOJIHE
HOpPMaJIbHBIM IIPOLIECCOM.

I'eone3nueckuii MOHUTOPUHI 3a OCaJKaMU OCHOBaHMM (yHIamMeHTa KojiokoiabHu Craco-
[IpeoOpaskeHCKOro cOOOpa HAYMHAETCSI ¢ TEOMETPHYECKOTO HHUBEIMPOBAHUS COOTBETCTBYIOIIETO
KJ1acca TOYHOCTH ¢ TIOMOILbI0 HUBenupa H3 u nrameunsix peek. Ilepen BbInoHEHHEM Ie01e3MYECKUX
paboT, HUBENIUD W IIAIICYHBIE PEUKU MPOXOIMIIM MPOBEPKY ISl YCTAHOBJICHHUS MX HMPUTOTHOCTU K
JaHHOMY BHMIy pabotT. ['eomeTpuueckoe HUBEIMPOBAHHME BBINOJIHSIIOCH B HPSIMOM M OOpaTHOM
HaIpaBJICHUSX C 0053aTeIbHBIM KOHTPOJIEM HAOJIIOICHUN HA KaXKJIOW CTaHIUHU.

Ha Teppuropun 3akpemsieHbl TpU TPYHTOBBIX palepa C NPHUBS3KOH K HMCXOIHOMY perepy
M3BECTHON OTMETKOM ropojckoil cetu. M3mepenus npoBoauirch He panee 10 aHel mocie 3akjiaaku
3HAKOB.

[To mepumerpy ocHoBaHHS (DyHIAMEHTa KOJOKOJIBHU 3aKPEIUICHO BOCEMb Je(OPMAIIIOHHBIX
Mapok. HuBenupoBaHusi 3TUX MapoK MPOBOAMIIOCH M3 YETBIPEX CTAHIMM, TAKXKE MPUBSI3BIBAIUCH K
3aKpEeIJIEHHBIM ITPeBapUTENbHO paniepaM. Pe3ynbTrarsl HaOMr01eHNH (PUKCHPOBAIMCH B COOTBETCTBUU
YeThIPHAILATH LUKI0B. IHTepBas MeX 1y IIMKIaMy HAOII0IeHUI COOTBETCTBYET OJTHOMY MECSIILY.

OcHoBHast paboTa ObUla HampaBi€HAa Ha MCCIEJOBaHUE IPOTHO3UPOBAHUS  OCAIKU
ne(opMalMOHHBIX MapOK C TIOMOIIIBIO CTATUCTUYECKONW 3aKOHOMEPHOCTU C COCTaBJIEHHEM I'paUKOB
OKCHEPUMEHTAIBHBIX M (YHKLIMOHAIBbHBIX 3aBUCUMOCTEH, COOTBETCTBYIOIIME KBaJpaTUYHOM
3aBucUMOCTH Buga H = at2 + bt +c.

KuroueBble ciioBa: reo/ie3n4ecKuii MOHUTOPHHT, Ae(OopMaIlMOHHbIE MapKH, F€OMETPHUECKOE
HUBEJIMPOBaHUE, OCaJKu (yHIaMeHTa, IMKIbl HAOMIOAEHUH, piMep, SKCIEepUMEHTAJIbHbIE U
(GyHKIMOHATIbHbIE 3aBUCUMOCTH, IIPOTHO3 OcelaHusl (PyHIaMEHTa KOJIOKOJIbHHU.

Crarrs gagiinoia 6.05.2019
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