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ANALYSIS OF DESTRUCTION CAUSES OF RETAINING RING
OF TURBOGENERATOR

Description of the destruction (emergency) of a retaining ring of a pre-series Turbogenerator of medium pow-
er is submitted in the scientific work. The following destructions were detected. rupture of the back part of the
rotor retaining ring as per the generatrix, complete destruction of the external ring of the fan, blades, diffuser,
tearing-off of the rotor coils, cutting of the rotor winding and its fastening parts, severe damage of the whole
overhang part of the stator winding, complete destruction of the top row of the stator winding bars in the over-
hang part, rupture of the elementary conductors. The causes of destruction (emergency) are submitted: availa-
bility of cracks on the external surface of the rotor ring of Turbogenerator, nonconformity to the specifications
on the plastic properties of the retaining rings metal, admission of the defects at manufacturing of the Turbo-
generator rotor retaining ring at the manufacturer-plant (rough treatment of the retaining ring surface, avail-
ability of nicks and scratches, eight-fold heating of the retaining ring, fire in the generator). The design peculi-
arities of the rotor retaining ring of Turbogenerators. The causality analysis of the retaining ring damage was
carried out. It is shown that the cause of the emergency can be a chain of events not related to each other and
individually each leading to a failure or emergency. It is found that the events, the probability of which lies on
the edges of the power-series distribution, the so-called "heavy tail" distributions shall become the most prob-
able if they can cause maximum loss due to damage. One approach is considered in an attempt to answer the
question: whether there are objective regularities in describing the consequences of major emergencies and
catastrophes in the technosphere and in nature. Since the probability of a defect in the part shall be inherent
for all stages of the service life cycle of the design (design working out and studying, technological prepara-
tion, manufacturing of the part, testing for compliance with the technical parameters, assembly, testing of the
general design), then for the most unfavorable event with "heavy tails" the decisive factor shall be the human
factor, to predict the change and behavior of which is almost impossible. The sequence of execution of techno-
logical operations for the elimination of rejection is established.
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Introduction Statement of Task

In accordance with the Energetics Strategy of
Ukraine for the period up to 2035 the electric power
consumption in Ukraine shall achieve 395.1 bln.
kW-hours at its generation by all kinds of power plants
shall be of 420.1 bln. kW +hours (base case scenario).
At that the thermal power plants shall generate of 180.4
bln. kW-hours of electric power, that demand installa-
tion of generation power of 46.4 min. kW, or 52.43%
from the gross power plant output, which comprises of
88.5 mIn. kW [1].

Therefore, covering the growing requirements
shall be with existing power units, due to over-planned
loads. So, there are possible consequences associated
with decrease in the resource of the existing generating
equipment.

Analyze the cause-effect relationships of the oc-
currence of the defects and damage of Turbogenerators
at all stages of the life cycle. Assess the possibility of a
long-term operation ensuring of the Turbogenerator set
throughout the life cycle, by optimizing the turbo-
generator system modeling [2-6].

1. Turbogenerator Design

Since 1946, the first Turbogenerator with indirect
hydrogen cooling rated 100 MW was manufactured at
the territory of the CIS-States. Six years later a Turbo-
generator rated 150 MW was manufactured, becoming
the largest in Europe. Application of hydrogen, which
has 14 times less density and 44% higher heat transfer
coefficient than air, let significantly increase the unit
capacity and the efficiency of those Turbogenerators.

At unit capacity of Turbogenerators rated 150 MW
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the possibilities of indirect hydrogen cooling were practi-
cally exhausted. Subsequently, designs of Turbogenerators
were developed where hydrogen was directly fed to the
copper of the rotor winding in special copper channels of
the winding itself. This allowed in another couple of years
to manufacture Turbogenerator rated 200 MW.

In Fig. 1 the design of a composite shroud ring is
presented. Where 1 — the bandage ring; 2 — centering
ring; 3 — the fan; 4 — elastic centering ring [7].

The rotor of Turbogenerator has already become
single piece forging. The retaining rings are shrink-
fitted onto the elastic rings, so that the calculated and
actual stresses in the retaining rings lie within the per-
missible stress relatively to the yield limit. The design
peculiarity was that the retaining ring consists of two
halves connected by a lock. Between the centering ring
and the insulation disc separating the winding of the
rotor from the centering ring, aluminum spacers are
forced in. From axial shifts the retaining ring is fixed on
the centering ring with the end key. For the key press-
ing-off in the retaining ring there are a number of holes.

Due to the fact that given specimen was the first in
its series and then that generator a number of issues of a
technological nature were considered. The winding of
the rotor was rewound several times. Due to a fire in the
winding and iron of the stator, the core was subjected to
restacking-up and rewinding. The rotor was tested for 2
times at speed at n = 3600 rpm. Heating of the retaining
rings before they were placed on the rotor was carried
out in a furnace with temperature controlled by a ther-
mocouple. In order to remove the rings from the rotor
heating was carried out by autogenous burners. The
retaining rings were machined on the turning-centering
machine, clamped into ordinary cams, at that the exter-
nal surface being machined prior to being fitted on the
rotor with an allowance of approximately 1 mm per a
side, and then the rings were finally thoroughly ma-
chined on the rotor. When the material of the ruptured
retaining ring was broken, one of the four samples could
not withstand the elongation test.

2. Turbogenerator Emergency

One autumn morning the power unit with pre-
series Turbogenerator was started up and synchronized
with the network in an hour. The hydrogen pressure was
2 atm (gauge). During the start-up, regular measure-
ments of vibration were made, which were practically
within the limits of the norm. Further, a strong blow was
heard from the turbine in the generator housing. The
generator was automatically disconnected from the
mains by longitudinal differential protection, operating
in 0.06 sec after the occurrence of emergency damages.
The run out of the Turbogenerator was 38 minutes. The
pressure of the water conduit in the generator did not
decrease. The generator had no external damages. After
removing of the end shields of the generator from the
turbine end the following was found.

The rear part of the rotor band was torn along the
generatrix and laid on the lower half of the stator wind-
ing overhangs. By one side of the ruptured retaining
ring rested on the inner ring of the fan, while the other
one rested freely on the inner winding of the stator. The
outer fan ring, its blades, and the diffuser were com-
pletely destroyed. The overhangs of the rotor coils, lo-
cated under the rear part of the retaining ring were torn
off under action of centrifugal forces.

On the surface of the fracture of the retaining ring,
two zones were marked, one of which, located at the
locking part, had a salient crystalline fracture of 120
mm long.

The spall in its base (on the external surface of the
ring) suffered a noticeable plastic deformation of the
crushing.

On both sides from the damage point, on the
external surface of the retaining ring at a distance of
220 mm from the locking part, four tortuous cracks of
5-10 mm in length were revealed. Another surface crack
with depth of 2.5 mm was found at a distance of
200-250 mm from the rapture point.
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Fig. 1. The design of a composite shroud ring
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Cut rotor winding and its fastening parts were
thrown into the zone of the stator winding overhangs.
Whole overhang part of the stator winding was badly
damaged, bent and dented in the stator housing. The
winding holders were deformed, their bolts were cut off.
The top row of bars of the stator winding overhang part
was completely destroyed, the elementary conductors
were raptured. At the surface of the rotor body there
were spalls of individual duralumin gas intakes probes
of the rotor wedges.

In the stator winding overhangs there were some
metal scraps, through out from the turbine end through
the gap of between iron spaces. The binding of the rods
in the lower half of the overhang parts was weakened
and torn in places. The overhang parts of separate bars
of the stator were shifted inside to the rotor in tangential
direction.

From the turbine end in the left quarter of the stator
winding overhangs after their partial cleaning, raptured
cone hole was detected with the diameter of about 150
mm. The teeth layer had dents and nicks from impacts of
metallic objects along the whole length of the bore.

At the rotor body surface a lot of gas intake probes
of the rotor wedges had small spalls and at a half of un-
damaged bandage from the turbine end there were
scratches and nicks.

At disassembly of the connecting coupling the
bolts deformation, connecting the halves of the cou-
pling, was detected. At three of them the maximum
depth of dents achieved the value of about 1 mm. At the
fit points of the teeth and noses of the retaining ring
burns and melts were detected.

From the exciter end the fit points of 10 teeth and
corresponding sections of the of the retaining ring nose
were significantly melted. At seven teeth the traces of
tarnish were detected, 13 teeth and corresponding sec-
tions of the retaining ring nose had no melts. Visible
cracks were not detected. From the turbine end fit points
of teeth and nose of the retaining ring had less degree of
melting. Colours of tarnish were not also detected.

At the fit points of the noses of the retaining ring
from the turbine end and exciter the traces of melts
grinding and cleaning which took place at the stator and
rotor damages at the factory stand of the manufacturer-
plant were detected.

The same inspection the following faults at manu-
facture of retaining rings were detected. The groove to
the centering key was bored after drilling and counter-
sinking of pressing-out holes, which led to the forming
of sharp edges.

The internal surface of the retaining rings had risks
in transitions from the cylindrical belts to the outer sur-
face. In general, a significant part of the surfaces had no
required roughness according to the requirements of the
existing design documentation.

3. Emergency Studying Results

The cause of the emergency of Turbogenerator
was the rupture of the rotor retaining ring of Turbogen-
erator from the turbine end.

According to the opinion of L. Ya. Stanislavsky:

1. The ring rapture was as a result of cracks avail-
ability at the external surface of the ring.

2. The plastic properties of the retaining ring were
not meeting the technical conditions.

3. At the manufacturer-plant the defects were
made at manufacturing of indicated ring (rough surface
machining of the ring, presence of nicks and scratches,
eight-fold heating of the ring, fire in the generator).

4. Catastrophes with "Heavy Tails"

The issue of safety of the main generating equip-
ment was the most deeply and in detail assessed for the
NPP, since it is necessary to ensure a very high failure-
free operation of the entire system [8].

Let us consider one of the approaches, in an at-
tempt to answer the question: are there objective laws in
describing of consequences of severe emergencies and
catastrophes in the technosphere and nature.

In XIX century Karl Gauss found that probability
of random variables distribution of different nature is
described by the same mathematical dependence namely
the so-called Gauss’ distribution. The values of proba-
bility density of the Gauss’ distribution show that large
deviations from the mean values are rare and can be
neglected. For example, for a normally distributed ran-
dom variable, it is true that the values of such a random
variable lie in the range of [x + 30, x - 3c] with at least
99.7% of confidence, where x is the mathematical ex-
pectation of a random variable, ¢ is root-mean-square
deviation.

However, analysis of the statistical data of various
catastrophic events shows that:

— major catastrophes occur more often than one
might expect, based on the Gauss’ distribution;

— some characteristics of natural catastrophes
(including consequences) are well described by a power
probability distribution, for which, unlike the Gauss’
distribution, it is no longer possible to neglect events
whose probability lies on the edges of the power distri-
bution, the so-called distributions with "heavy tails" [9].

It can be assumed that such distributions are typical
not only for damage from natural catastrophes, but also
for damage from technogenic accidents: accidents at nu-
clear power plants; accidents of tankers and oil platforms;
accidents at chemical enterprises, fires, destruction of oil
pipelines, accidents of global computer networks, etc.
Accidents at nuclear power plants, submarines, missile
technology, aircrafts, have shown that it is not a question
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of random coincidence of failures, but of some common
property of complex systems that begins to manifest if a
certain critical level of complexity is exceeded. Despite
the fact that technogenic risks are more manageable, due
to the aging process of the main equipment and the reduc-
tion of the level of personnel training, we can expect an
increase in the frequency of accidents and catastrophes at
potentially hazardous facilities.

At the present time, it is known that many techno-
genic accidents and natural disasters are of a systemic
nature namely a major catastrophic event is not due to
an unfavorable combination of circumstances, but due
to the inherent complex systems propensity to disastrous
behavior. Some mathematical patterns of such catastro-
phes are described by power distribution of probability.
Concrete processes leading to power distributions can
be very diverse, depending on the relationship between
the roles of these processes and the phenomena of self-
organization.

In the technical literature, much attention is paid to
the search for and definition of universal scenarios for
the dangerous catastrophic behavior of the systems and
objects of various origins (technosphere, natural ele-
ments). The most widespread phenomenon was the self-
organized criticality used to study natural elements
(floods, hurricanes, earthquakes, tornadoes, snow ava-
lanches, e. t. ¢.); for studying of crises in the economy
and other spheres of human activity; in the technosphere
(accident and catastrophe in transport), in the chemical
industry and other dangerous technologies. In complex
objects that have several levels of organization, there is
a place for both random processes and deterministic
ones. In some states of the system, random effects do
not lead to crisis phenomena; in others they can cause
an emergency process namely a catastrophe. In some
states, the system is completely predictable and has a
large forecast horizon, while in others the forecast capa-
bilities are small [10].

At establishing of technological operations se-
quence the following general considerations shall be
followed [11]:

— first of all, it is necessary to machine the sur-
faces of parts, which are the main bases for further ma-
chining;

— then it is necessary to carry out machining of
the surfaces from which the thickest layer of metal shall
be removed, since defects of the blank (cavities, inclu-
sions, cracks, e. t. c.) shall be easily detected;

— operations, in the performance of which there
is a probability of rejection due to defects in the material
or the complexity of the machining, shall be performed
at the beginning of the process;

— further the sequence of operations is estab-
lished depending on the required surface precision: the
more precisely the surface shall be, the later it shall be

machined, since the machining of each subsequent sur-
face can cause distortion of the previously machined
surface. This is due to the fact that the removal of each
layer of metal from the surface of the part causes a re-
distribution of residual stresses, which leads to defor-
mation of the part;

— the surfaces that shall be the cleanest are also
machined last. This eliminates or reduces the possibility
of damage of the finished surfaces. If such surfaces have
been machined before and then other operations have
been performed, then they shall be machined repeatedly
for final finishing.

5. Service Life Cycle of the Item

Let us consider the service life of the part:

1. Design working and studying.

2. Technological preparation.

3. Manufacturing of the part.

4. Check to correspondence of technical parame-
ters of points 1, 2.

5. Assembly.

6. Testing of general design.

For parts under action of mechanical loads, limit-
ing factors shall be change in the geometry of the de-
sign, as well as the replacement of the material. In order
to provide for the non-admissibility of the occurrence of
the defects, it is necessary to create the possibility of
adjusting the geometric dimensions of the part.

In order to accomplish the task, it is necessary that
the technological operation preceding the finishing can
provide the possibility of a dimension maneuver for
reaching the required minimum dimension.

6. Human Factor

In the interview PROFESSOR EMERITUS ROB-
ERT G. BEA POSITION Professor Emeritus, Depart-
ment of Civil & Environmental Engineering Co-
Founder, Center for Catastrophic Risk Management
University of California Berkeley [12] said that, in the
event of a number of emergency situations, a person can
interpret actions and events in such a way that shall be
most acceptable for successful completion of work.
Therefore, in a situation where one has to make a deci-
sion for an ambiguous event, the decisive factor may be
the specificity of the specific executor, and the criterion
shall be the decision taken by the brain on the basis of
events and factors not directly related to the existing
situation.

A lot of work has been devoted to the work of the
human brain and its behavior. This description was pre-
sented most fully by N. M. Amosov when studying the
neural circuit method [13]. According to the author, the
following works can be classified as the main ones.
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I. M. Sechenov argued that the different level of
activity of the neuron is the most important mechanism
of interaction of models. The discovery of conditioned
reflexes and conditioned connections made by I. P. Pav-
lov gave an explanation for learning and self-
organization. The doctrine of the dominant of A. A.
Ukhtomsky allows us to assume the mechanism for the
prevalence of the main model over all the others. If we
add to this the work on the reticular formation, then,
taken together, they prompted the idea of central regula-
tion of cortical activity namely the system of enhance-
ment-inhibition and the mechanism of consciousness
and subconsciousness [13].

Z. Freud accurately substantiated the great signifi-
cance of the subconscious in the psychic life of a hu-
man. The experiments of J. Delgado and N. P.
Bekhtereva with implanted electrodes showed how sen-
sory centers control behavior, being sources of activity
for cortical models [13].

Finally, the research of N. P. Bekhtereva and oth-
ers, so-called "code of words" was discovered, that is,
the existence of the models of speech words themselves,
which, apparently, are imprinted in several or even
many ensembles of neurons. One should also mention P.
K. Anokhin, who proposed general principles for the
management of physiological processes. A simple enu-
meration of the basic ideas of neurophysiology shows
that the hypothesis about the algorithm of intelligence is
only one of the possible variants of their arrangement
into a single whole. This is done in order to try to apply
the method of heuristic modeling to the study of think-
ing and behavior. If neurophysiology goes to the psyche
"from below" through analysis, from the mechanisms of
neurons and their ensembles, then cybernetic modeling
goes "from above", by synthesis [13].

From the presented it is clear that to describe the
actions of the performer in a critical situation to the pre-
sent date can only be unlikely. The limiting fact for a
person shall be the possibility of using normative and
technical documentation at the reflex level.

According to Heisenberg's uncertainty principle:
"The observed reality varies depending on the observer.
So, the facts are inconstant variable."

Conclusions

In case of severe accidents, events shall develop
according to the worst scenario, according to the theory
of "heavy tails".

The limiting factor that helps to avoid an accident
shall be such designing in which the strength reserves
shall not be reduced below the minimum with minor
operational and technological operations of the product.
And the personnel and the design staff shall have
knowledge not only about the features of the design

itself, but also its manufacturing technology, assembly
and operation characteristics for all stages of its service
life cycle.

In order to ensure the reliability of the entire sys-
tem, the calculations of the newly developed design
shall be performed according to the previously used
analytical techniques, where, at first sight, excessive
mechanical and thermal margins were identified that
determined the degree of uncertainty and uncertainty of
the systems behavior.

For the parts where the strength margins are criti-
cal and the calculated stresses are at the upper end of the
yield limits, the operation preceding the finish shall al-
low correction of the error at the time of final machin-
ing, in order to eliminate the human factor.
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AHAJIU3 ITIPUYUH PASPYIIEHU S BAHJAXKHOI'O KOJIBIIA TYPBOT'EHEPATOPA
A. B. Tpemusaxk, K. A. Koozapy, I1. A. llleguyk, A. IO. Illymb, M. B. Penemenxo, B. P. Ilonuenko

B pabote npezacraBieHO onMcaHue pa3pyLieHns (aBapuy) OaHAAKHOTO KOJbla MpeIcepuiiHoro Typborenepa-
TOpa cpeHeH MOMIHOCTH. Y CTAHOBJICHBI CIICAYIOIINE PAa3pyIICHHs: pa3phiB THUIBHOW YacTH POTOPHOro OaHaaxa 1o
00pa3syromieil, MOJHOE pa3pyIICHHE BHELTHETO KOJIBI0 BEHTHIIATOPA, JIONATOK, T (Py30pa, OTPHIB KAaTYIIEK pOTOpa,
cpe3 0OMOTKH pOTOpa M AeTaliell ero KpeluieHus, CHIBHOE MOBPEKICHNE Beeil T000BOH yacTH 0OMOTKH CTaTopa,
HOJIHOE PaspyLICHHE BEPXHEro psfa CTepXKHEH OOMOTKH CTAaTopa B JIOOOBOI YacTH, Pa3pblB JIEMEHTApHBIX IMPO-
BOJIHUKOB. [IpHBeIeHbI IPHYKHBI, BHI3BABIINE Pa3pyIICHHs (ABapUI0): HATMYNE TPEIIHH Ha BHEUIHEH MOBEPXHOCTH
KOJIbI[a poTOpa TypOOreHepaTopa, HECOOTBETCTBUE TEXHUYECKHM YCIOBHUSIM IUTACTHYECKUX CBOMCTB MeTana OaH-
JaXHOTO KOJBIA, AOMyLIeHHEe Ie(EeKTOB IPH MHPOM3BOACTBE KOJbLIA pPOTOpa TypOoreHeparopa Ha 3aBOje-
nsroroBurene (rpyodast 00paboTKa MOBEPXHOCTH KOJNblIa, HATMYHE 3200MH M PUCOK, BOCBbMHUKPATHBIM HArpeB KoJblia,
noxxap B rereparope). JleTanbHO M3y4eHBI OCOOCHHOCTH KOHCTPYKLHMH OaHTa)KHBIX KOJEIl pOTOPOB TypOOreHepa-
TOPOB. BBIMONTHEH aHANN3 PHYMHHO-CIIEJCTBEHHBIX CBA3CH pa3BUTHS MOBPEXKICHHUs OaHIaXHOro Koublia. [Tokasa-
HO, YTO MPUYMHON BO3HUKHOBEHHUS aBAPHU MOXKET CTATh IENOYKa COOBITHI, HE CBSI3aHHBIX MEXIYy COOOH U MO OT-
JETBHOCTH KaK/asi He TPHUBOJIAIIAS K OTKA3y WK aBapHu. Y CTAHOBJIEHO, YTO COOBITHS, BEPOSATHOCTh KOTOPHIX Jie-
KHUT Ha Kpasx CTENCHHOTO PACIpeeNieHHs], TaK Ha3bIBAEMbIC PACTIPENCNeHUs] ¢ "TSDKENBIMH XBOCTAaMU" CTAHYT
HanboJIee BEPOATHBIMU B CIIydae, €CJIM OHH MOTYT TPHHECTH MaKCHMalbHBIH yiep6. PaccMOTpeH OIuH U3 MOAXO0-
JIOB, B TMOIBITKE OTBETUTH HA BOMPOC: CYHIECTBYIOT JIH OOBEKTHBHBIC 3aKOHOMEPHOCTH B OMUCAHHUU TTOCIEACTBHI
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KPYIHBIX aBapuii u karacTpod B TexHocdepe u B npupoze. Tak kak BEpOSATHOCT, BOSHUKHOBEHHS Jiepekra aeranu
Oyner mpucymia Al BCeX ATAIoB KU3HEHHOTO IIMKIIa KOHCTPYKIMU (KOHCTPYKTOPCKas MPOpadoTKa, TeXHOJIOorHYe-
CKasl MOJroTOBKAa, IPOU3BOJICTBO ETallM, ITPOBEPKA Ha COOTBETCTBHE TEXHUYECKUX NapaMmeTpoB, cOOpKa, UCIIBITA-
HHe o0IIeil KOHCTPYKIMHK), TO I Haubosee HeOIaronpusTHOrO COOBITHS C «TSDHKEIBIM XBOCTOMY PELIAloNIUM CTa-
HET YeJIOBEUECKUH (haKkTop, MpeAcKa3aTh U3MEHEHUE M TIOBEACHHE KOTOPOro MPaKTUYEeCKH HEBO3MOXKHO. Y CTaHOB-
JIeHA TI0CIIE/IOBATENFHOCTD BHIIOJIHEHHSI TEXHOJIOTMYECKUX OTIepalii Ul UCKITFoUeHus Opaka.

Karouessble ci10Ba: TypOoreHepaTop, aBapHs, OTKa3, KpUTEPUH OTKa3a, OaHAaKHOE KOMBIIO.

AHAJII3 IPUYVH PYHHYBAHHSI BAHJAKHOTI'O KIJIbISI TYPBOT'EHEPATOPA
0. B. Tpemsak, K. O. Koo3ap, I1. O. Illesuyk, O. I0. lllymv, M. B. Penemenxo, B. P. Ilonicuxo

Y po0oTi MpeacTaBiIeHO ONMUC PYHHYBaHHS OaHIAKHOTO KNI MEpEACepiHHOro TypOOoreHepaTopa CepeaHii
MOTY)KHOCTI. JleTabHO BHBYEHO OCOOJIMBOCTI KOHCTPYKINI OaHTa)KHHUX KiJICIb POTOPIB TypOoreHeparopiB. Buko-
HAHO aHaJi3 NTPUYMHHO-HACIIIKOBHX 3B'SI3KIB PO3BUTKY MOIIKOMKEHHS OaHAaHOro Kijbls. [TokazaHo, 1o npuiu-
HOIO BHHUKHCHHS aBapii MOXKE CTaTH JIAHITIOKOK TIOMIH He 3B'A3aHUX MiXK CO00I0 1 OKpeMO KO)KHA III0 HE IPHU3BO-
TUTH 70 BiMOBH a00 aBapii. BcTaHOBIIEHO, 1110 MOi1, HMOBIPHICTh SIKHX JIGKUTh Ha KPasX CTATEYHOTO PO3IOJILTY,
TaK 3BaHi PO3NOALIH 3 "BAXKKUMH XBOCTaMU' CTaHYTh HAHOLIBII IMOBIPHHMH B pa3i, SKIIO BOHU MOXYTh IIPHHECTH
MaKCHMaJIbHUH 30MTOK. PO3IIIsIHYyTO OMH 3 MiJXO0AIB B CHPOOi BiANOBICTH HAa MHUTAHHS: YM iICHYIOTH O0'€KTHBHI 3a-
KOHOMIPHOCTI B OIKCI HACIIAKIB BEJMKHUX aBapiil 1 katacTpod B TexHOc(epH i B mpupoxi. Tak sk HMOBIPHICTb BH-
HUKHEHHs nedeKkTy neTaii Oyae mpuTaMaHHA JUIsl BCIX €TaliB YKUTTEBOTO IUKIY KOHCTPYKINI (KOHCTPYKTOPCHKE
OITpaIfOBaHHs, TEXHOJIOTIYHA MiJrOTOBKA, BUPOOHHUIITBO JAETali, IIepeBipka Ha BiIOBIIHICTh TEXHIYHHUX IapaMeT-
piB, CKJIafaHHs, BUMPOOYBaHHS 3arajbHOi KOHCTPYKIIT), TO /Ul HAHOLIbII HECTIPUATIMBOI MOJIT 3 «BAKKUM XBOC-
TOM» BHPIIIAJIBHAM CTaHE JIOJICHKHH (hakTop, MepeadayrTd 3MiHy i MOBEMIHKY SKOTrO MPAaKTUYHO HEMOKIUBO.
BcraHoBiI€HO TIOCITIAOBHICTH BUKOHAHHS TEXHOJIOTTUYHHX OMEpalii Ui BUKIIOUEHHS OpaKy.

Karuosi ciioBa: TypOoreneparop, aBapisi, BiIMOBa, KpUTepil BiIMOBH, OaH/Ia)KHE KiJIbIIE.
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