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GEODESIC WORK OPTIMIZATION FOR DETERMINING LIKELY MARKS
OF WATER LEVEL IN THE DIFFERENT SYSTEMS OF HEIGHTS

Purpose. There is a need for State leveling network reconstruction through the determination of Reineke —
Tenberg mark in BS77 for optimization of geodetic works in marine industry, which will allow determination of BS
zero mark in the State Height system BS77 at each water gauge station. The possibility permits the matching of the
State Leveling system of the country with leveling systems of the neighboring countries which is expected within
framework of fulfilling the UELN project. Methodology and the results of the work. By projecting, construction,
and reconstruction of the marine industry objects after height system BS77 implementation, several difficulties arose
connected with the use of GNSS — technologies, height network, polygonometry, created in BS, as well as marks of
interval water levels at gauge stations. The outstanding difficulties as to heights arose by construction of narrow
hydrotechnical objects of substantial amounts, considering the marks by contractions are interval water levels. The
geodesist M. S. Zvyahina investigated the problem for the first time in 2006, and not hydrologist was employed. Any
data on BS77 and even the name of system BS77 itself were absent in the beginning. Therefore, in the port cities the
decisions on the values differences between the systems were not considered by the Department of UAGS (all-union
astornomo-geodetic society). SE  “CHORNOMORNDIPROEKT” as early as 1983 there were average differences
throughout GUGK USSR for the many sea ports excluding those, which had differences from UAGS. However, it
became necessary to collect the data as to difference in the height marks values of matched lines, changes of values
within the time for different terrains, but in BS77. Then it became obvious, that new system did have its zero. The
territories of different ports were searched for stability as well as for changes of values within time for the constant
subsiding. The tables for approximations for some marksvary 70 years backward and forward. The researched
behavior for the outstandingly subsiding territory — is port Poti and its water gauge station. Using the data of the
Ukrainian scientist [Marchenko, Yarema, 2006] on the constant rate of rising level of the Black Sea was determined
by the satellite altimetry level and average sea level, through the approximation of the marks of the working and
control reference marks, matched to the BS as well as to BS77 for Poti area for the selected 2005 year. The level
minus 5,6 cm against level 5,4 cm was determined (Fig. 3) out of [Marchenko, Yarema, 2006]. Our research and
conclusions as to two different zeros BS and BS77 was confirmed by copying from the Instructions on office
processing of measured exceedance data and induction of two groups of adjustments, after which the exceedances
remain measured but ready for balancing. BS was implemented when the first group of adjustments was mastered,
and BS77 — when both groups were used at the same time. Thus, these two independent systems, the relations
between which should be determined by adjustment and gravity affection on the Kronstadt footstock, as well as on
each point of the physical surface, in order to secure the transition to BS77, if there is a need to use earlier data and
GNSS-technologies. Academic novelty. We state the system error as found, which can be easily computed on the
Kronstadt footstock through the determination of its quasigeoid mark in BS, which allows the quasigeoid EGG97 to
be easily transformed into adopted in Ukraine as well as in other Eastern European countries system “Baltic 77"
Practical meaning. This question now is very difficult due to the present situation in geodetic management, which
except minors, has at all levels not geodesists, but specialist in other fields, which could study only essentials of
geodesy. Those bureaucrats cannot insist or prove anything in the field of geodesy. However, until the instructions are
not updated, until the BS77 zero appears on graphics, nobody has the right in any industry to change anything in their
spheres of activity. If the huge and unnecessary expenses of marine industries where charged the accounts of the said
bureaucrats, they could agree to sovereignty of geodetic science. We drew tables of determination of all derived
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system zeros, it will take SE “CHORNOMORNDIPROEKT” 2-3 years to match all the components, however at the
beginning the State Geodetic service should get the funds for reliable determination of dgc for all 27 sea ports on the
seacoasts as well as for areas near seaports on the large navigatable rivers (Danube, South Bug, Dnipro). We insist
that it was not good to agree as to matching of geodetic and gravity surfaces — average level and quaisgeoid on the

exit point (Kronstadt footshock).

Key word: Zero of Baltic 1977, height system, unified zero of sea post, seaport zero.

Introduction
Problem statement

Information on sea level, the average sea level
and the depth of the waters, the approaching
channels and domestic sea routes in derivative
systems heights are based on observations and are
necessary for the sea economy complex. They began
to be taken simultaneously with the ports founding
[DBN V.2.4-3: 2010]. These are systems — a Unified
zero sea post (short — unified “zero”), port zero
(“0” port) and average levels of sea for decades.
These systems can not exist independently and
should be matched to the state system of heights
[Zvyagina, Kostetska, 2015, The Steering technical
material. TsNIIGAiK, 1988] to ensure convertion
between the systems and the transition to the next
state system once apopted. The interval mea-
surement of the gauge stations levels in the state
system heights enables tracing the dynamics of
fluctuation, to control reliability of water levels
marks, which is important for both commercial
activities of the ports, and for scientific analysis of
geodynamic processes.

However, the state geodetic service did not
provide the link between this law and regulatory
framework at the time of introduction of the Baltic
System 1977 (BS77) instead of the Baltic (BS) in
Ukraine in the beginning of 1970s and has not
explained the differences and features of the new
system for its use in science and business and
educational processes in universities for training of
geodesist, hydrologists, hydrometeorologist,
oceanographers and others. Even now, the features
of BS77 are attributed to the “era” and not to the
necessity of determining the BS77 zero on
Kronstadt footstock.

We consider it necessary to give a chronology
of implementation of Height systems and
evaluation of periods of inaccurate or incorrect
measurement of water levels at the gauge stations
of the coast and the mouth of the great navigable
rivers and alignment of such measurement’s results.

The transition to the new system was accompanied
by a loss of primary measurement data or height
data of readout surface that were determined
earlier.

The Black and Azov coast gauge stations
became operational from 1874 in the local systems
heights. In 1946-1949 along all the coast the Baltic
state system the heights were introduced. Along
with the formation of the state network of I class
level lines, the level lines of 1 or II class were
undertaken for vertical positioning to gauge
stations.

First class netwrok particulars were the lines,
which did not create closed landfills in the south
and had a great length. For example, the
Lomonosov — Sevastopol Line is 2288 km long,
Moscow — Brest — 1136 km, Brest — Odessa —
1064 km. II class level lines were employed to bind
gauge stations and end points.

BS marks were attributed to local systems
bench marks, zero of gauge stations, which were
selected 0.5 meters below the lowest water levels
and the top rail, which was used as a bench mark
and control of gauge station stability. It made
possible to determine the BS marks for interval
observations, month averages and annual averages,
and minimum and maximum levels. As of
01.01.1961 a unified zero post of the sea was
implemented thoughout USSR with a chosen mark
minus 5,000 meters in BS , and the levels were
defined in centimeters. Without binding on all
gauge stations to zero BS, the system could not
function.

Task definition

The research results outlined here summarize
previously published work [Zvyagina, Kostetska,
2008, 2010, 2013, 2015; Kostetska, Zvyagina,
2013] and offer optimization techniques to geodetic
surveys to determine probable water level marks in
various systems of heights, including derivatives,
for the purposes of marine economy and science.
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Purpose

A comprehensive study of the problem allows
one to show the ability to define BS zero mark
value for each gauge station in the State BS77
Heights System and explore the need for
reconstruction of the State height system through
determining of value of Reineke — Tenberg mark in
BS77.

This will allow taking into account the
recommendations of the European subcommittee
“International Association of Geodesy (EUREF),
namely [Dvulit, Smelyanets, 2014]:

— develop the main basis of heights taking into
account the recomendations of EUVN (European
United Vertical Network) and EVRS (European
Vertical Reference System);

— to link the State network with the leveling
networks of neighboring European countries in the
framework of the project UELN (United European
Leveling Network). The correcting of the height
network may involve Poland and the Baltic
countries.

There was a need to singularly set the
difference of Height systems BS and BS77, and to
determine the zero in each of their derivatives in
gauge stations, and determine marks in both state
systems of all marks of linked traverse of gauge
stations levelling I and II classes at the date of the
introduction of BS77. There was an urgent need to
establish a new regulatory framework and training
of specialists, who are to optimize the needs of
geodetic science, of marine economy, and supply
the users (hydrologists, hydrometeorologists, ocea-
nographers and others) with accurate geodetic data.

It is necessary to align the skewed data of long-
term observations of water levels on gauge stations
that need to be defined in the derived Height
System of unified zero sea post, which is
notdetermined for gauge stations as per BS77, nor
as a zero mark for Kronstadt footstock as per BS77.
Moreover within BS77 for the last 39 years it us
impossible to estimate at a particular guage station
the zero of the other derived system — zero of the
port, which is used while projecting hydrotechnical
infrustructure. There is no answers to questions
about long-term average sea levels on the gauge
stations either to their value nor to the system
heights.

Methods and results of work

The degree of stability of the areas where there
was even movement of the earth's surface can be
established only after repeated levelling in the state
system and comparing the marks obtained.

Hydrotechnical projection is made from port
zero, that is from the set average value out of
minimal levels. This minimum readout horizon also
linked through BS, and through the mark of the
upper rail, the mark in the lower part of the rail
might be set, which corresponds to the value of port
zero. Since the minimal values during the storms
are fixed from term obeservations as an average
value out of three pairs of readings of wave tops
and bottoms, a-priory port zero should be located
above the rail's zero provided the rail has the
capacity to measure the bottom of the wave.
Unfortunately, the different directories on the
principle scheme shows the rail's zero mark only
20-30 cm below BS zero.

Since 01.01.1961 p. Hydrometeorologic service
of USSR has set for all the seas within USSR
territory except for the Aral and Caspian seas, a
unified readout horizon at a mark of minus 5,000 m
in BS — a unified zero of sea post. The exceptional
unified zeros for the Aral and Caspian seas were set
as plus 51,494 m and minus 28,000 m respectfully.
By this the zeros of gauge stations, which
functioned since 1947 in BS, were cancelled in
1961 though the implementation of unifies zero sea
post.

The marks of zeros of gauge stations were
valuable data to be lost provided the controlled
computing of interval levels from local systems and
from BS to the system of unified zero while
corresponding of this zero to the state system BS7,
which were implemented in 1972 in Ukraine. If the
term or average level has the mark minus 0,30 m in
BS, and the mark 470 in the unified zero system,
then the marks minus 0.30 m and 470 cm in BS77
should have altered somehow, and in first step there
was a need to obtain reference marks to compute
readout surfaces in BS77: “0” of BS, unified “0”,
“0” ports and computed from local system to BS or
set anew in BS an average sea levels at gauge
stations for drawing navigation maps.

However, it is not allowed to file the reference
marks in the unified zero system to the Catalogue
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of leveled heights as they are unchecked. At this
time the State Authority specialists file such data.

Let us draw in Fig. 1 the chart of dependence of
marks of readout surfaces of gauge stations,
computed by matching to the State Height network.
If a working reference during control leveling (two
times a year and after storms) receives a new mark,
then the mark in the unified zero system will be
changed by the same value, whereas the place of
zero in BS and unified zero remains unchanged.

In the article “The Theory of Earth and
gravimetry” of Geodesist’ Directory, Publishing
House Nedra, 1966 B.P.Shymbirev wrote: ge-
potential is a field of gravity. The potential of
gravity equals to of potentials of the sum of the
force of gravity and centrifugal force.

To compute geopotential ... is not a possible
task now, because we do not know the exact law of
density variations in the Earth. Therefore, the task
of determining the external geopotential must be
solved using methods of mathematical physics.

Hpq=2,000m, BC
Hpa=7,000m, €4."0"

2,000m
L

In the article “Leveling” of the same directory
M. E. Piskunov proves that because of the influence
of centrifugal force at each setting leveling sighting
beam being horizontal, deviates from the original
tier surface, causing different angles and heights of
points at summaries of the measured exceedances
does not make the distance from these points to the
starting tiered surface, i.e. does not create a unified
system of heights and gives Fig. 3.

The possibility of amending for the unparallel
of level surfaces allowed to create the State Baltic
system of heights (BS). The concept of creating a
single high-altitude network was developed by
scientist — geodesist MS Molodenskiy, by which
the geodetic height of the whole-earth ellipsoid is

H=H"+¢,

whereas H' — normal height, § — a deviance of
height, which equals to the height of quasigeoid
[Kalinic, 2005].

'H"o"sc: 500cwm, €4."0"

Hp..=Ha,- CTPOK. Bignik, 5C

"0" BC, const

5,000

'H eq'0 =-5,000m BC

Z Hpe.=Q+ CTpOK. Bignik, €4,

Pis H= -0,25m, C
"0" ! crlb BOAMH: _475 CM’ Culloﬂ

"0" peitkn = a, €a"0" (cm)

Q npusogka = 5,000 + He.pr/z, M

€amruit "0"

Fig. 1. Chart of networked unified zero in BS system

Fig. 2. Determination of point B mark in relation
to Kronstadt’ zero relative footstock (by N. E. Piskunov)
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The determination of normal height, as a part of
theoretical formula of Molodensgkiy, using the
method of geometrical leveling, allowed creation of
the BS from 1946 to 1949.

Level surface which cross the mark Reineke-
Tenberg, during BS implementation was taken as a
readout surface both for geodesy and gravimetry.

Chiseled at granite foundation of Blue Bridge
the horizontal mark was decorated, replaced by the
plates, then was additionally equipped with a
protective frame and named Kronstadt footstock.
Thus, the readout of leveled heights in old and
modern Russia is taken from the average level of
Baltic Sea, drawn by M. F. Reyneke during the
period of his observations from 1825 to 1840.

For BS the average value of the acceleration of
gravity at the interval temporal line BC (Fig. 2) was
practically not defined, and the average value of
normal acceleration of gravity on the interval H,”
can be precisely computed through the value of
normal acceleration of gravity, which is taken from
charts with argument latitude ¢ of point B.

That means, that for any two points of the same
level surface, the normal heights are equal, if the
points lay on the same parallel, and normal heights
are different, if the points lay on the same meridian.

In the article “Leveling” of new edition of “Geo-
desist’ Directory” published in 1975, M. E. Pis-
kunov stipulates the possibility of determining
geopotential ~ with the following words: “The
complex shape and u wedge angles (non-
parallelism) of surfaces of references, crossing the
points of the physical Earth surface, are
determined by the density distribution_inside the
Earth, its shape and by the influence of
centrifugal P = w’r, which equals zero at the poles
and increase to the equator proportionally to the
distance r from the point on Earth’s surface to the
rotating axe of Earth’.

That, what after refers to as “The complex
shape are determined by the density distribution ..
its shape” means that the gross masses of enormous
concentration are distributed inside the Earth’s
body absolutely chaotic and randomly and at
different distances from different parts of the
surface. Their influence leads to deviation of direct
leveling line from the geocenter, at the same time
the datum line brought to the horizon batter level
remains tangential to the displaced vertical center

line, and the readout of leveling rod includes the
error of the batter level rake. That leads to the
situation, when in the BS even the normal heights
on the same parallel of points of the same leveling
surface and after induction of adjustment for wedge
angles remains uneven.

As of 1 January 1961 in the maritime economy
instead of zeros of gauge stations the unified zero
of sea post (Unified Zero) was inducted, which was
selected in BS at a level of minus 5.000 m. Another
deviation zero — sea port zero was also linked to the
State height system, was computed up to
millimeter, fixed in meters, whereas the zeros of
gauge stations were not used any more.

All the data of interval observations on gauge
stations, including the data converted from local
systems to BS, were converted further to the system
of unified zero and were fixed in centimeters (BS
zero at sea post equated to 500 cm).

Thus, by the time of unified zero system
induction, its readout surface along with the
reference surfaces — sea port zeros and average sea
levels in the area of gauge stations were cleared
from error influence on account of wedge angles
(non-parallelism) of those surfaces of references
with BS surface of references.

The State leveling network was created in
Ukraine in the beginning of 1970s, in which the
normal heights got the adjustments on account of
gravity field influence. This is Baltic System 1977
(reference point — Kronstadt). This high-precise
leveling network has got approximately 13000 km
of leveling line of I class and 11800 km of II class
line, based on one point of reference, and does not
have outside control and is balanced as a free
system [Dvulit, Smelyanets, 2014].

The meaning of the system was not cleared up
by the above quote. During Zvyagina’s study in
MIIGAiIK during 1968-1974,
difference and the name of system itself was made:

no accent on

M. E. Piskunov as a lecturer and a Thesis
supervisor had not explained this focuss either.

At gauge stations reference surfaces BS and
BS77 (zeros of those systems) were not matched
and had different values dgc (Fig. 3). In order to
understand their differences, we will cite the data
from “Instruction on adjustments of leveling of 1
and II classes, 1988”.
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COMPUTING  OF  ADJUSTMENT B
EXCEEDING FOR TRANSFERRING TO THE
DIFFERENCES OA NORMAL HEIGHTS

$ 74. Compensation computations of leve-
ling of I and Il classes, as well as Ill class,
carried in the mountain and high-mountain regions,
can commence only after induction of adjustments
on account transition to the differences of normal
heights to the measured exceedance. The excee-
dance, computed on results of field observations,
after inductions of the above exceedance into them,
during the compensation computations should be
computed as an immediately measured values.

Thus, for each to consequent reference marks 1
and K it should be computed

Hy—Hyi = hy + f,

Whereas, Hy and H,; — normal heights of reference
marks K and I; hy — measured exceedance of
reference mark K over reference mark I; f— adjust-
ments to the transition to the differences of normal
heights (in the “Instruction on adjustments of
leveling of I, 11, Il and 1V classes”, pub. 1966, the
adjustment f'is called the adjustment for the wedge
angles (non-parallelism) of the leveling surfaces.

Adjustment f'is being computed as:

f= _L('YOk —Yo)H, +L(g — Vb
Tm ¥m
wherease ), — approximate value of normal gra-
vity, taken as a constant for the whole territory of
the country equal to 980000 milligal; yy and yy; —
the values of normal gravity on the readout
ellipsoid in the points Kand I, selected from the
charts (Annexure 18) as per argument B; H,, — the
average height of reference marks I and K; g —
measured gravity, y — normal gravity; (2-f)m —
direct average of gravity anomalies in the points [
and K.

According to this Instruction the measured
exceedances are corrected by the adjustment group
on account of wedge angles (non-parallelism) of the
leveling surfaces and deviation of plumb-in line
from geocenter towards incorporated high-density
masses, after which the exceedances are taken as
immediately measured, however free from the
influence of leveling directions and gravity filed and
prepared for the network alignment. Thus, the
exceedances in BS are alighted by adjustments on
account of wedge angles (non-parallelism) of the

leveling surfaces, whereas in BS77 those
adjustments in the measuring of the exceedances the
group of adjustments on account of deviation of
plumb-in line are added. Taking into account that not
a single gauge station has the matching marks in BS
and BS77 systems, the global ocean as a whole
cannot be undisturbed, then while leveling the mark
of Reineke-Tenberg of Kronstadt foostock from the
posts — its backups, BS zero in this footstock in
BS77 also was computed by unknown value thought
the adjustment on account of gravity influence.

Imported to the Fig. 1 the addition related to the
BS77 system, its connection through the value dgc
to BS, World Geodetic System WGS84 and
Amsterdam  footstock the
EYRF2000, makes Fig. 3.

The source of new data is a Fig. 4, and those
data can be merged with the figure 2 only through
“0” of BS77. This readout surface is constant for
each gauge station.

The records on point Kronstadt 17.5 ¢cm and
Black Sea 22.9 cm in the European System of
Heights related to Amsterdam footstock by the end
2005 reflected on Fig. 4 forced the authors to find
the extend of conformance of our researches
presented in [Marchenko, Yarema, 2006] to the
date not only mark-wise, but also Black Sea high-
speed rising — 12 mm per year.

The most comprehensive data are accumulated
in SE “CHORNOMORNDIPROEKT” on city Poti.
Taking into account that Georgia has cancelled
classifying of its geodesic data, moreover — not a
single part of its object of polygonometry has
survived till now, we can analyze actual data.

Two reference marks of class I from the
Directory of 2003 of Geodesy Department of
Georgia do not correspond to the Catalogue
[Catalogue of observations on the Black and Azov
Seas, 1990]. Those certificates allowed drawing a
chart of average annual gradient of those changes.
Even earlier, in 1983 the certificate was obtained
from the Enterprise #4, which allowed based on the
leveling data of I class of 1969 to obtain the marks
of two reference points in the systems BS and BS77
and to figure out the difference dbBC for the
transition from one system to another.

In the archive SE “CHORNOMORNDI-
PROEKT” we can also find a drawing from Resea-
rch project of 1955-1956, presented on the Fig. 5.

zero in system
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Fig. 3. The connection between zeros of height system BS,
BS77 at gauge stations and unified zero according to systems GRS80 and WGS84
(the fragment of figure 9 of [Marchenko, Yarema, 2006])

EVRF2000 (GRS80: W,= 62636860.850)

272 17.5 99

Amsterdam)| (altimetry)
+ Baltic Sea WHS
(W. =62636855.77)

66.0 75.7 703

513

WGS84: W.=62636851.715

Fig. 4. The differences between the levels (in cm) of Black sea,
Baltic sea, Amsterdam (NAP) and Kronstadt in the systems EURF2000 and WGS84
according to the data of satellite altimetry [Marchenko, Yarema, 2006] (1992-2005)

Table

Reference mark data and details of their vertical shifting

BS77 datum, m Datum migration, | Annual datum migration,
Benchmark name Leveling class i m per yeal
Year Year 1969 For 22 years For 22 years
1947 (1969-1947)
Cr. pen. 402 1 1.867 1.669 198 9.00
Cr. pen. 1675 1 1.967 1.788 179 8.14
Cr. per. 6349 1 2.792 2.580 212 9.64
Mark 8370 | 3.262 3.070 192 8.73
Average. annual 8.88
gradient
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Fig. 5. The exceedance on zeros of readout surfaces and marks
of Poti port (from the Research project 1955—-1956)

On the Figure we can find mark BI'LII, which
was located on water-reservoir building and had the
same mark as in the certificate of 2003 based on the
leveling of I class of the year 1947. Thus, the mark
still existed in 1955, however soonafter it was lost.

Having good understanding that mark datum n/n
was determined in 1947 in the same was as a sea
level, however this is the only document, which fixes
average sea level by leveling of I class), we have
drafted a chart of approximation of mark n/n datum
towards the past as well towards the future, that we
took into account the migration of mark datum in BS
as on 1955, which was not available as knowledge
with the researches in 1955.

Also it was taken into account that in order to
determine of this average sea level near Poti port it
was necessary to use the data of average annual
levels of sea for 12 years, i.e. from 1935 to 1947, and
approximation of the datum as on 1935 for correct
benchmarking of gauge station rail. For those twelve
year it was taken into consideration, that during the
falling of the sea by 8,88 mm per year x 12 =107 mm
sea level has not decreased, but leveled-up due the
Law of the communicated vessels. From that level
onwards during 1935 to 2005 included, the level

increased by 71x12 mm per year = 852 mm and
equaled by the end 2005 — minus 5.6 cm. And this is
practically with data minus 5,4 cm of the source
[Marchenko, Yarema, 2006], where the sea level is
computed based on the data of the satellite altimetry.
The average annual level of 1947 matches the
Catalogue [Catalogue of observations on the Black
and Azov Seas, 1990] data only for the indicated
year.

To foresee level increases for the year 2005
based on the catalogue [Catalogue of observations
on the Black and Azov Seas, 1990] data and the
certificate of Hydrometeobureau Sevastopol for the
Black Sea ports Kerch and Feodosia is impossible
due to the shift BS and BS77 zeros, which
automatically interval levels in
BS77. Those researches are given in [Kostetska,
Zvyagina, 2013]. The catalogue data are not suitable
for the computing of science prognosis.

We also studied the source [Spank, 1929]
edition in Teflis, which gave evaluation of “List of
height marks” of 1915 edition and “Catalog of
height marks” 1926 edition, and the year of Poti
gauge station set up is not mentioned.

increaseseveral
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Fig. 6. Set up of functioning of local vertical system of gauge station (copied from [11])
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Fig. 7. The changes of high-altitude position of gauge station equipment
during period from 1874 to 1947

Fig. 6 presents the precise data copy from
[Spank, 1929] in fathoms and is simultaneously
converted to meters. The set up of the gauge station
functioning is approximately 350 m away from the
sea on an upper surface of concrete massive, the
marble shield has the chiseled mark “1.25 fathom”
(this is the distance from the zero-water level — on
Fig. 6 indicated on the left side), which was taken
as the port zero. In 1904 on the same concrete
mass, the mark n/n was set by General HQ and it
was understood, that the distance from the zero-
water level to the port zero is not 1.25 fathom, but

1.120 (see Fig. 6 on the right side) with the
difference 0,130 fathom, or 0.275 m. Applying the
gradient, which we computed of annual mark mig-
ration as 8.88 mm/ year, we determined that this
difference took place between the years 1873—1904.
Actually, in the catalogue [Catalogue of
observations on the Black and Azov Seas, 1990] the
interval observations in Poti were given as of the
beginning of 1874.

This consequent line of event allowed us to
determine approximation of exceedance of gauge
station elements over the selected readout surfaces
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from the one given in Fig. 6 to the described
on Fig. 7.

However, by observation on gauge stations in
the local systems it is not possible to take into
account the even decrease of the land, thus it is
impossible to check the stability of height marks
and places of readout surfaces during either time.

It was underpinned, that the original materials
of observation from the beginning of gauge stations
functioning till 1985 included were handed over to
the Sevastopol department of the State Oceanogra-
phy institute for the drafting of Catalogue
[Catalogue of observations on the Black and Azov
Seas, 1990], published in 1990, and was never
given back.

Academic novelty

Taking into account the above mentioned in
preparing of the materials of the field researches to
the adjustment, and namely that the each height
mark after the introduction of BS77 through the
exceedance will get the adjustment for the bringing
of the vertical line on it to Earth geocenter, it was
necessary to introduce the second group of
adjustment on the Kronstadt footstock as well. This
is a system error in computing the height of rail
Reineke — Tanberg in BS77, as will as for all the
State height network by the one and same value.

Since this mark is located on the selected
readout surface of BS, the wedge angles (non-
parallelism) of leveling surfaces amendment can
not be used.

The evaluation of the circumstances during the
set up of the Amsterdam footstock, the influence of
vertical line deviation could also not be computed
due to unsolved peripherian tasks that lay beyond
the scope of this Thesis, yet it would be taken into
account. Itis also does not state about the evaluation
of influence of system component (sliding, tilting
etc) in the geoid height [Kalinic, 2005]. Only after
mitigation of above mentioned shortcomings of
BS 77, quasigeoid EGG97, which belongs to the
ellipsoid GRS80 and to the system of horizontal
coordinates WGS84 and is connected with the
United European Leveling Network UELN, which
is connected to the Amsterdam footstock, without
any additional problems can be converted into
Baltic 77 system adopted in Ukraine and other
Eastern countries.

Practical meaning

The major problem is seen in the fact that the
acting regulatory framework does not foresee
evaluation of dgc value (Fig. 3) on the height marks
of I and II class leveling. Thus, there is no place for
the BS77 zero either on Kronstadt footstock, nor on
the gauge stations, and the idea to induct this is
unusual for scientists, let alone the specialists. Its
induction will require the creation of a new
regulatory framework, however the link between
different systems will be possible as well as
transition to new ones, if required. The derived
height system of the marine industry will have
precisely determined zeros.

Practically, with the aim of neutralization of
system compound influence, it is necessary to
evaluate dgc, for this BS77 zero set lower than
“zero of Kronstadt footstock™.

Our researches used the satellite altemetria data
[9], which match a lot with the data obtains with the
GNSS technologies. However, while comparing
altimetry data with the data taken from gauge
stations by geometrical leveling in BS77, the
mismatch is approximately equal to the doubled
difference dgc. Even after transferring of gauge
stations to the reference marks, determined by
leveling by I or II classes in BS77, the interval
water levels are determined as overestimated, the
depths are dug lower than projected due to
underestimates port zero. The financial losses from
the underestimated depth of the overhaul digging
by 10 cm, at the cost of 50 uah for the digging and
transportation to the underwater bank of one cbm of
ground for the channel of width 150 m and length 1
km, will make 1.5 mio uah. The digging is done
twice a year. The internal sea channels of ports
have lengths from 5 to 20 km. The liability to
maintain the projected depth is laid on the seaports
[DBN V.2.4-3: 2010].

Conclusion

In the works [Zvyagina, Kostetska, 2008, 2010,
2013, 2015; Kostetska, Zvyagina, 2013] it was
researched in detail, that the Catalogue [Catalogue
of observations on the Black and Azov Seas, 1990]
does not reflect the dynamics of level changes in
neither of the sea ports — and in 90 or 130 years the
annual data will practically coincide with the date
for 30 years. The legislation and regulation
framework requires the update of instructions as to
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geodesic securing of scientific and commercial
activity of the country, not only referring to
determination of BS zero mark in BS77 and
functioning of gauge stations, and then — to changes
of guidelines in oceanology and hydrography. A
sample of principal scheme of matching of height
marks of gauge stations (sea level) [Catalogue of
observations on the Black and Azov Seas, 1990]
and recommendations to the State services to do the
survey of multi-billion constructions in the ports
without geodesic securing — in the conditional
height system [The Steering technical material.
TsNIIGAIK, 1988] is totally unacceptable.

All the problematic aspects in the articles
[Zvyagina, Kostetska, 2010, 2015; Kostetska,
Zvyagina, 2013] were considered, and analized
[Zvyagina, Kostetska, 2010; Kostetska, Zvyagina,
2013], and the relations worked and matched to the
zeros of derivative systems and graphics are com-
pelled in the standard form [Zvyagina, Kostetska,
2013]. They will not have miscalculations and will
allow correcting of all the data as of 1986, which
should be kept at gauge stations, as well as all data
of the observations stating as beginning from the
functioning of the new port which were not
included into the Catalogue [Catalogue of
observations on the Black and Azov Seas, 1990].

Also it's become obvious to cancel forced
alignment of the two systems on the Kronstadt
footstock, then the imbalance of levels on the
Baltic, which are frequently touched by many
authors, will not be materialized (the tilt of sea can
not be kept for long). The submergence of the south
coast of the Baltic Sea may have other reasons, one
of which is the indetermination of BS77 zero place
and the submergence of the land.
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ONTUMIBAL[IS TEOAE3UYHUX POBIT JIJII BUSHAUEHHS MIMOBIPHUX ITO3HAUYOK PIBHIB BOIU
B PI3HUX CUCTEMAX BUCOT

Mera. [lis ontumizauii reoge3MuHUX PoOIT y MOpPCHKIH rajiy3i JOCHIKEHO HEOOXiAHICTh PEKOHCTPYKLIiT
JepxaBHO! HiBeNipHOI Mepexi uepe3 BHU3HAUeHHS Mo3Hauku pucku Peitneke—Tenbepra B BC77, mo macts
MOJJIMBICTE OTPUMYBAaTH Ha KOXXKHOMY BOJIOMIpHOMY TOCTY 3HaueHHsS nosHauku Hyns BC y JlepkaBHil cucTemi
Bucot BC77. OuikyemMo Ha MOXJMBICTh YB’si3aTh JlepKaBHy HiBENlipHY MepeXy KpaiHH 3 HiBEIIPHUMH MepeXamu
CYCIIHIX €BpOIECHCHKUX KpaiH y Mexkax ukoHaHHA mpoekTy UELN. Metoanka ta pesyastatH pobir. I[lig uac
TIPOEKTYBaHHs, OYIIBHUITBA i PEKOHCTPYKIII 00’€KTIB MOPETOCHOAAPCHKOTO KOMITIEKCY MiCisl BBEASHHS CHCTEMHU
Bucot BC77 BuHukiM Benuki ckiaaHowi i3 Bukopucranusm ['HCC-rexHosoriit, BUCOTHOT MepeXi MOIiroHOMETpii,
ctBopenoi B bC, Ta mo3Ha4oK CTPOKOBUX PiBHIB BOAW HA BOJMOMIipHHX HOCTax. OcoONHBI CKIAJHOMNI Y BUCOTHOMY
BiTHOIIICHHI BUHHKAIH ITi]] Yac Oy/[iBHUITBA By3bKUX T1IPOTEXHIYHUX CHOPY BEJIHMKOI JOBKHUHHU, KOJH MO3HAYKAMH €
JlaHi CTPOKOBMX pIBHIB Boju. 3’sicyBaru npobsemy Briepiie popydeHo B 2006 poui He rigposiory, a reoje3ucry
M. C. 3gsriniii. Bizomocreit npo BC77 Ta HaBiTh Ha3Bu cuctemu BC77 criouarky He OyJio, TOMY B MOPTOBMX MicTax
PIIIEHHS TIPO BENWYHMHY PI3HUII MK cHcTeMaMu iHomi mpwitManu BignineHHs BAT'O (Bcecoro3zHoro actpoHOMO-
reopesndnoro toapuctea). A1 “UOPHOMOPHJIITPOEKT” uie y 1983 p. uepe3s I'VI'K CPCP orpumas cepeni
pi3HHMILII A1 6araTb0X MOPCHKUX TMOPTIB, 32 BUHATKOM THX, 110 Maiu pizHuli Big BAT'O. Ane cramo HeoOXimHuUM
3i0paTu JaHi MOI0 PI3HUII MO3HAYOK BHCOTHHX 3HAKIB INPHB’SI3HHUX XOJiB, 3MIHM IMO3HAYOK y Haci A Pi3HUX
Teputopiii, ane Bxe B BC77. Toxi cTamo 3p0o3yMiso, 10 HOBa CHCTeMa Mae CBill HyJb. JI0CHiIKEHO TepUTOPIi pi3HIX
MOPTIB HA CTA0IIBHICTh, & TAKOXK HA 3MiHM MO3HAYOK Yy Yaci JJIs MOCTIHHO OCiIal0uMX TEPUTOPIil Ta CKIaaeHi Tadaui
anpoKcUMaliil 3HaKiB mpubau3HOo Ha 70 pokiB y MuHYyJe i MaiiOyTHe. BincTexxeHa moBeiHKa piBHIB JJIs 0COOINBO
ocimatodoi Tepuropii — re micro IloTi Ta iioro BomomipHuii moct. CKOPUCTABIINCh AaHUMHU YKPaiHCBKHX BUYEHHX
[Mapuenko, fpema, 2006] npo nocriiHy WIBHAKICTH MiJBUIIEHHS PiBHS YOpHOro MOps, BU3HAYEHY METOIOM
CYITyTHUKOBOI aJbTUMETPIi Ta CEpeHIO MO3HAaUKy piBHSI Mops Ha 2005 pik, uepe3 ampoKCHMAIIil0 IIO3HAY0K POOOINX
1 KOHTPOJILHUX periepiB, npuBeneHux sk no bC, tak i no BC77, mis paiiony Iloti Ha meit 2005 p. BU3HaUeHO piBeHB
MiHyC 5,6 cM nopiBHsiHO 3 piBHeM 5,4 cm (puc. 4) i3 [Mapuenko, Spema, 2006]. Haiui mociikeHHs Ta BUCHOBKH
mono aABox pisHmx HymiB cucreM bC Ta BC77 miaTBepamnmcs BUMHCKOI 3 [HCTPyKmil mpo kamepaibHe
OTIpaIllOBaHHS JaHWX BHUMIPSHUX TIEPEBUINEHb Ta BBEIEHHS [BOX TpYI IONPAaBOK, MICIAS YOO MEPeBHIICHHS
3aJIMIIAI0THCS BUMIPSIHUMH, aje TiATOTOBJICHUMH 10 BpiBHOBakeHHS. BC BBeneHO, KOJNM HaBUMWIIUCS OTPUMYBaTH
nepiny rpyiy nonpasok, a BC77 — koiu moyain BBOAUTH 00MIBI rpymnu cymicHo. OTke, e ABl HE3AICKHI CHCTEMH,
3B’30K MDK HYJSIMH SIKHX HaJleXalo BCTAaHOBUTH dYepe3 MONpaBKy 3a BIUIMB TpaBiTalifHOTO NOJIs K Ha
KponmranrcekoMy ¢yTIITONI, Tak i B KOXHIN Touni ¢iznyHOl moBepxHi, mod 3abe3neuntu nepexix no bC77 3a
notpedu BukopuctanHs nonepeiHix aaHux Tta ['HCC-texuosoriii. HaykoBa HoBm3Ha. BBakaemo 3HaiineHoro
CHCTEMHY NMOXHOKY, SIKy JIETKO BH3HAUNTH Ha KpoHimTanTcekoMy (QyTIITOLI Yepe3 BU3HAYEHHS Ha HbOMY IO3HAYKH
kBazireoina B bC, mo nacts 3mMory kBazireoiny EGG97 nerko tpanchopMyBaTiCh y TPUHHATY B YKpaiHi Ta B IHIINX
CXigHUX €BponeichbKuX Kpainax cucremy “‘Barmutickas 77°. TlpakTAYHA 3HAYYINICTH. L{e nuranHs 00Ku WO ayxKe
CKJaJHE Yy 3B’A3Ky 3 NOOYZOBaHOIO BIIQJHOI BEPTUKAIIIO y cepi reomesii, o 3a MaJIeHPKAM BHUHSITKOM Ha BCIX
PIBHSX KepiBHHKaMH € He TeoAe3HucTH, a (axiBmi iHmmX mpodeciif, SKi MOTIH BHBYATH TITBKU ITOYATKOBI a3d
reoyesii. Li Y4MHOBHMKM HE MOXKYTh HANOJISIaTH UM LOCh JOBOIUTH Y cdepi reoaesii. Ajie Joku He Oy1yTh OHOBJIEHI
IHCTpyKIii, Mok Ha Tpadikax HE 3’sBUTHCS Hynb BC77, HIXTO HE Mae mpaBa B XKOIHINA ramy3i IIOCh 3MIHIOBATU y
CBOIX cpepax MisUTBHOCTI. 30KpeMa, Oepydr IO yBaru AyYMKY IeoJIe3UCTiB, MOXKHA Oysio O YHUKHYTH BEeTHUYEe3HUX 1 HE
norpiOHUX BTpar MOpchbkol raimy3i. Mu ckianu rpadikd Bu3HA4YEHHs BCIX HyusiB noximHux cucrem, JI1
“QOPHOMOPHI-TIPOEKT” 3a 2-3 poku yB’sske BCi CKIAQLOBi, ane crodatky JlepikaBHa TeOAe3udHa CIoykOa
MOBMHHA OTPUMAaTH KOIITH Ha OE3MOMMIKOBE BH3HaueHHS dpc A7 BCiX 27 MOPCBKHX IMOPTIB Ha MOPCBKHX
o0epesksiXx Ta B paiioHi MOPCHKUX MOPTIB HAa BEJIMKUX CyJHOIUIaBHMX piukax ([yHai, IliBnennuii byr, [ninpo).
Hanossiraemo, 110 He MOXHA 0yJ10 TOMOBJISTUCH 100 CyMilIeHHs! Ha BuxigHii Toumi (Kpoumrragreskuii ¢y Timrok)
reo/1e3UYHOI Ta TpaBiTalifHOI MOBEPXOHB — CEPEAHBOTO PiBHS Ta KBazireoina.

Kniouosi crosa: nHyns banriiicekoi 1977 p. cucTeMu BUCOT; €AMHUN HYJIb TI0CTa MOPSI; HYJIb MOPTY.

Received 17.10.2016





