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Purpose. The substantiation of diagnostics methodology for technical state of reinforcement in vertical shafts
with broken geometry and renewal of the exploitation safety of mine winding plants.

Methodology. Relationship between parameters technical state of the system elements and parameters of
exploitation safety of mine winding plants is established. Methods of instrumental measurement and calculation
of the system diagnostics parameters are substantiated.

Findings. The methods of choosing maintenance and repair operations and correcting operating parameters
of system elements, providing safe exploitation of mine winding plants in shafts with broken geometry in the
specified technological modes, are grounded.

Originality. The article specifies the dependence of dynamic parameters which determine the risk of emer-
gency danger on the parameters of the technical state of separate links of winding plant In the article on the base
of complex research studies, regarding the structure of the mine winding plant as an iterative, multimass discrete-
continual system with plural deviations of operating parameters from the legitimate project values. On the base of
findings the methodology of the instrumental diagnostics of the system in the operating mode and the emergency
braking mode, as well as methods of reducing emergency danger level while increasing the plant work intensity are
grounded.

Practical value. The methods of apparatus control and determination of diagnostic parameters of winding
plants under production conditions, methods of targeted choice of repair operations providing transition of plants
from the potentially dangerous operating state into safe technical state are grounded.

Keywords: mine winding plant, mine shaft, mine lifting vessel, diagnostics of mine shaft reinforcement,
mine shaft reinforcement, dynamics of mine hoist plants

Introduction. Nowadays technical condition of
mine winding plants of Ukrainian and CIS mining en-
terprises have entered the stage when their further op-
eration in the design modes either is not possible at all,
or is a source of increasing emergency danger due to
being deteriorated up to 50 %. Depth of the main rock
shafts in Ukraine has already passed 1500 m level.
However, due to the lack of sufficient funds for resto-
ration and repair of the operative equipment they are
operated within the reduced capacity, or within the in-
creasing emergency danger. Such situation has result-
ed in the fact that in many cases shafts became a bottle
neck in a transport chain of the mining enterprises.

During last decades there has been a sharp reduc-
tion of fund allocations for maintaining the working
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condition of the equipment. The underground part of
hoisting complexes is exposed to severe wearing out
and increasing damages under the influence of hostile
mine environment, displacement of rocks, great dy-
namic loadings. Such a situation have resulted in de-
creasing mine productivity everywhere by 2—3 times
with hoisting speeds reduced from 14 m/s designed to
5—7 m/s according to the criteria of emergency for
technical condition of the equipment.

Due to the situation in the market of the mining en-
terprise production, recent years have seen a steady ten-
dency of necessity of re-introducing design operating
modes. However, fulfillment of these requirements is al-
most impossible because of huge capital expenditure on a
complete recovery of the mine shafts hoisting equipment.

Under such conditions the way out of the situation
described is to develop the methodology of the ruled
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transition of the hoisting equipment from the multide-
fective technical state, which allows operation at the
lowered speeds only and requires permanent repairs to
avoid emergences, to the operational condition which
allows safe working in the design modes.

Statement of the problem. Mine winding plant is
considered as being the multipart, multimass discrete
and continual dynamic system. It has multiple devia-
tions of working parameters from admissible design
values at the stage of long-term operation under diffi-
cult geological and mining conditions.

Based on establishing relationship between the sys-
tem operating and physical-and-mechanical parameters
of separate links, it is necessary to determine the param-
eters which affect risks of emergencies during the hoist-
ing, to prove methods of instrumental diagnostics of the
system in every technologically possible mode and meth-
ods of calculating corrective action parameters which
provide transfer of the system in a safe operating state.

The complex mathematical model describing the
interconnected dynamic processes in the “hoisting
machine — ropes — lifting vessels — roller directors —
reinforcement” system which allows defining neces-
sary dependences is described in the article [1].

Results of the research. Instrumental tests pro-
vide unbiased data on dynamic behaviour of the sys-
tem “vessel — reinforcement” regarding the depth of a
shaft. Tests are carried out during the series of diag-
nostic descent — load lifting in operating modes and in
emergency braking mode in the set points of a shaft.
Such tests are carried out according to the special
scheme including a variation in speeds of the vessel
movement and its loading combined with geometrical
measurements of parameters of guide profiles. The
equipment layout during the tests and the registered
parameters are given in Fig. 1.

The diagnostics scheme for the system “vessel —re-
inforcement” with application of instrumental dyna-
mic tests and deformation and strength calculations is
given in Fig. 2. The particular feature of this method is
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Fig. 1. The scheme of measuring dynamic and geo-
metrical parameters of the system “hoisting ma-
chine — vessel — reinforcement”:

1 — registration equipment of rotation parameters of
hoisting machine drum (V(t) is rotation speed, S(t)
is the coordinate of head vessel); 2 — registration
equipment for dynamic parameters of interaction of
vessel with guides (Fy(t) is contact force in protective
runner, at) is vibroshock accelerations of protective
runners); 3 —surveying equipment for measuring de-
viations of conductor profiles from vertical Ul,2(S)

The analysis of MWP passport data, calculation of parameters of dynamic instability zones

of the "vessel — reinforcement” system during braking, determination of coordinates and conditions
of conducting dynamic tests in the shaft in operating and emergency braking modes of the hoist machine

Conducting dynamic tests of the "lifting vessel — reinforcement” system in operating and emergency
braking modes, definition of maximum levels of dynamic loading on reinforcement sites during tests

The analysis of dynamic loading levels for reinforcement on shaft sites in operating modes of the vessel
movement, the analysis of residual durability of reinforcement elements, system data processing

of wearing and dynamic tests, determination of residual safety margin of reinforcement elements on shaft
sites in the operating and emergency braking modes

Determining the technical state of reinforcement sites where dynamic tests were conducted, developing
recommendations on the high-speed and load-lifting modes of winding plant exploitation, on supervision
and repair of reinforcement sites with limit-exceeding levels of durability loss of guides

and buntons in operating and emergency braking modes

Fig. 2. Scheme of diagnostics making of the system “lifting vessel — reinforcement”
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that dynamic tests of the “lifting vessel — reinforce-
ment” system are carried out on a series of operating
cycles of vessel hoisting according to the special pro-
gram and tests in the mode of emergency braking. The
values of dynamic overload coefficients of reinforce-
ment on each horizon are received as a result of data
processing of the tests and are accepted as the main
diagnostic parameters for assessment of technical con-
dition of guides and buntons on the section with in-
creased level of wearing.

The greatest dynamic loadings are experienced by
reinforcement at activation of emergency braking of a
hoisting machine on the section with the maximum
speed movement, which can occur on a signal of any
chain of hoist protection should there be any accident
threat (real or false). Such activation can occur at any
point of a shaft. In this regard, to obtain reliable data
on behaviour of specific lifting vessel while interacting
with reinforcement, it is expedient to conduct testing
with instrumental measurements of dynamic parame-
ters of lifting vessels and the drum of a hoisting ma-
chine on the sections located at control points of the
top-end, middle and lower parts of a shaft. These ex-
periments should be done during descent and raising
of a vessel with various loadings and initial speed at the
moment of braking.

The implementation of this method includes the
following stages (Fig. 2): preliminary data processing
(analysis of the mining winding plant (MWP) param-
eters, choice of the scheme and program of carrying
out dynamic tests); carrying out dynamic tests of the
“lifting vessel — reinforcement” system (tests in oper-
ating modes of the hoist machine work and at emer-
gency braking); system mathematical processing of the
dynamic tests results; development of conclusions and
recommendations.

The main stage of the system diagnostic is carrying
out its dynamic tests in an operating mode and at
emergency braking.

During dynamic instrumental testing with the in-
formative parameters, providing insight into the lifting
vessel movement in the mode of braking, the following
instant values registered within certain time appear:
horizontal accelerations of the lifting vessel directors
on its top and lower belts; vertical acceleration of the
lifting vessel; angular frequency of rotation (rotation
speed) of the hoist machine drum; signal of emergency
braking activation; length of head rope at the braking
moment (coordinate of the point of lifting vessel brak-
ing in a shaft); full tension of the head rope; time since
the beginning of braking.

Amplitude values of dynamic parameters for the
vast majority of lifting compartments of national mine
shafts are within the following ranges: the linear hori-
zontal accelerations of directors are 0—10 m/s?; the
linear vertical accelerations of directors are 0—5 m/s?;
contact loadings are 0—90 kN.

During the system processing, the results of dy-
namic measurements are combined with the data of
surveying profiling of guides to establish correlative re-
lationship between them regarding the shaft sections.
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The stage of processing experimental data is as im-
portant and complicated as the stage of carrying out
measurements.

The purpose of processing and analysing these
measurements is to determine qualitative and quanti-
tative differences of process of dynamic interaction of
the vessel with reinforcement during braking from the
same process when the vessel is passing the braking
section at a constant speed in the operating mode.
Quantitatively, these differences can be characterized
by the dynamic overload coefficient.

The qualitative characteristic of the vessel and rein-
forcement interaction at braking results in a definition
of the law of changes of the maximum amplitudes of
dynamic parameters of horizontal fluctuations of the
vessel in time. Emergency braking being activated, the
nature of this parameter change is additionally defined
during the oscillatory process, that is, whether it is de-
creasing, increasing, increasing-decreasing or contin-
uous function in time and on which system parameters
it depends on.

Tiered synchronization of the dynamic testing
result, data on measuring deviations of guide pro-
files from a vertical, their parametrical analysis,
data on measuring wearing out and calculating the
bearing ability of guides and buntons enables to re-
veal the weakest elements in every cross-section of
the reinforcement, as well as to establish the reasons
for decrease in residual margins of safety of metal-
work.

Parameters of the technical condition of the sys-
tem are the maximum values of contact dynamic
loadings in spans of guides in the front and side planes,
defined as a result of a series of hardware dynamic
tests. The main parameters of the operational safety of
the “lifting vessel—reinforcement” system functioning
are the residual margins of span safety of guides and
buntons, calculated for each section of the reinforce-
ment considering the actual wearing and the operat-
ing loadings.

Fig. 3 exemplifies the final safety chart which is de-
veloped for each element of the reinforcement design
and shows a ratio between margins of safety of ele-
ments, its residual durability and the level of the actual
loading for each section. The gaps on curves of per-
missible loadings correspond to durability loss caused
by wearing out; the peaks on curves of the actual load-
ings correspond to the raised dynamic loadings due to
irregularities of vertical position or other geometrical
parameters of guide system of this vessel. The graphs
reveal the actual safety margin for each specific ele-
ment of the reinforcement within this hoist operating
mode.

The diagram shows that in sections 53—63 and
150—172 bearing ability of the bunton is reduced due to
the increasing wearing and design safety margin is less
than the minimal admissible 1.0 on a fluidity limit. In
sections 110—125 and 145—165 upsurge in contact
loadings is caused by irregularity of vertical position of
guides. However, in sections 110—125 this upsurge
does not lead to decrease in safety margin below the
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Fig. 3. Safety Chart for reinforcement loading of side
bunton of counterbalance shaft compartment:
1 — actual maximum loadings for all cycles of dynamic
tests; 2 — permissible loading with safety margin 2. 15;
3 — permissible loading with safety margin 1.5; 4 —
permissible loading with safety margin 1.0; 5 — per-
missible loading at margin of safety 2.15 for unworn
bunton; 6 — permissible loading with safety margin 1.0
Jor unworn bunton

nominal rate 2.15, and in sections 157—172 it leads to
decrease in safety margin below admissible 1.0 because
of imposing of violations of guides profile in a section
with raised wear of bunton. Therefore, in section 53—
63 renovations of the bearing ability of the bunton by
replacing its beams or hardening the existing design
are required. And in section 150—172 both renovations
of the bearing ability and flattening of guides after lo-
cal profiling are necessary.

The “residual safety margin” parameter of ele-
ments of metal construction reinforcement under the
influence of the actual operational loadings is the ba-
sic one, defining the degree of emergency of shaft op-
eration. The value of safety margin equal 1.0 is the
minimal admissible. It corresponds to equality of ac-
tual tension in the most loaded metal construction
cross-section to the fluidity point of its material.
Therefore, all the measures to ensure safe operations
are aimed at its increasing up to the nominal size of
2.15, which corresponds to the actual tension lower
than the endurance limit. With such safety margin in
metal, no accumulation of fatigue damages occurs
under the influence of cyclic sign-variable dynamic
loadings from vessels [2]. This level can be achieved in
several ways.

The most widespread way of safety margin increase
is the reduction of hoisting speed on the fixed shaft
section to decrease dynamic loadings to safe level with
same guides profile and residual bearing ability of the
reinforcement.

For winding plants with computer control systems,
an effective way of loading decrease is application of
the smoothed charts of drum rotation speed, mini-
mized at jerk. Graphs of conventional and optimized
charts of hoisting speed and graphs of contact loadings
of reinforcement are shown in Fig. 4. It is illustrated
that application of the smoothed chart of speed allows
reducing nearly 40—50 % of contact loadings of rein-
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Fig. 4. Graphs of hoisting speed charts (a):
1 — conventional; 2 — optimized; graphs of contact
loadings of reinforcement at conventional (b) and
optimized (c¢) speed charts

forcement due to reduction of vertical jerk of the top
ends of rope [3].

Doing local profiling and straightening guides in
sections with the most severe irregularities of vertical
position is a more complicated way. Application of roller
directors with advanced dissipative properties of damp-
ers also contributes to improving dynamic situation. Re-
placement of worn-out beams of buntons and guides for
the new ones is the most complicated way. Beams with
the thickened walls are applied in some cases [4]. It re-
sults in need of additional dynamic calculations and
correction of traditional measurements to control the
residual strength of such beams during wearing out.
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Graphs of dependence of the maximum contact
loadings on the size of the profile smoothing coeffi-
cient are given in Fig. 5. The tests are conducted with
various values of stiffness of the roller directors. It is
shown that complex application of these measures al-
lows reducing shock loadings on reinforcement sig-
nificantly and to bring the “vessel—reinforcement”
system out of abnormally dangerous technical condi-
tion without replacing metalwork [5].

Due to the the “vessel — reinforcement” systems
upgrading at working safety, it becomes possible to in-
crease the maximum operation hoisting speed in oper-
ating modes with a certain stock. Despite certain growth
of contact loadings with increasing vertical speed, the
balanced application of complex of actions and system-
atic instrumental control allows keeping the actual safe-
ty margins of metalwork at the level providing absence
of spontaneous destructions and emergencies.

In case when one failed to avoid an accident in the
shaft, the only choice is to apply autonomous mobile
hoisting sets. The cage moves down to a shaft with the
main vessel stuck to deliver people to the surface. Var-
ious conditions existing in shaft bottom space, the ap-
plication of such sets in each case also demands spe-
cial calculations to determine safe settings of control
systems of the operating and emergency braking
modes [4].

Conclusions.

1. As a result of the conducted research studies, the
complex diagnostics method for dynamic condition of
mine shafts reinforcement is substantiated. It includes
instrumental dynamic testing of the “lifting vessel —
reinforcement” systems in operating modes of the ves-
sels moving and in the mode of emergency braking,
complex mathematical data processing of dynamic
measurements of the vessel moving, the chart of pe-
riphery speed of hoisting machine work, data on mea-
suring wear of guides and buntons, data on instrumen-
tal measurements of deviations of guides profiles from
the vertical.

2. The methodology of determining recovery me-
asures on operational safety level of reinforcement is
developed. Moreover, the methods of calculating cor-
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Fig. 5. Graphs of dependence of maximum contact
loadings on the smoothing coefficient of a guide
profile:

1 —750 N/mm stiffness; 2 —550 N/mm stiffness;
3 — 150 N/mm stiffness
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rection of operating parameters of hoisting machine,
profiles of guides and parameters of the roller directors
of lifting vessels are developed. They allow reducing
the level of dynamic loading of shaft and increasing
the safe speed of hoist work and its productivity.

The developed methods of diagnostics and recov-
ery of level of operational safety of the “vessel — rein-
forcement” systems have been applied for over 15 years
and shown successful performance practically in all
the ore shafts with a straight reinforcement in Ukraine
under the direction of bodies of Krivoy Rog mining
territorial administration of the State Technical &
Mining Inspectorate of Ukraine with its specialized
Board of shaft statement analysis.
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Meta. OOTrpyHTOBYBAaHHSI METOMOJIOTII diarHOC-
TUKUA TEXHIYHOTO CTaHY apMyBaHHS BEPTUKAIBHUX
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CTBOJIiB 3 MOPYLIEHOIO T€OMETPIi€I0 Ta BiIHOBJIEHHS
0e3IMeYHOro eKCIIyaTalliifHOTO CTaHy HIAXTHUX Mil-
MNOMHMX KOMILIEKCIB.

MeTonmka. AnapaTypHi BUMiplOBaHHSI IMHa-
MIUHUX ITapaMeTpPiB CUCTEMU ,,[TIOCYINHA — apMYyBaH-
HS, mapameTpiB 3HOCY MNPOBIIHUKIB i pO3CTPijiB,
TeOMETPUUYHMX MapaMeTpiB MpodijiiB MPOBIIHUKIB Y
IIAXTHUX CTBOJAX, MaTeMaTUYHE MOICIIOBAHHS Ta
aHaJli3 AMHAMiIYHOI B3a€EMOJII MiAHOMHUX MTOCYAUH 3
apMyBaHHSIM CTBOJIa 3 ypaXyBaHHSIM NaHMX afapa-
TYPHUX BUMipIOBaHb.

PesynsraTii. OOrpyHTOBaHi METOOU BUOOpPY pe-
MOHTHO-BiTHOBJTIOBaJIbHUX 3aXOMdiB i KOpeKllil po0o-
YUX MapaMeTpiB €JIEMEHTIB CUCTEMU, 11O 3a0e3Mneyvy-
10Th O6e3aBapiliHy eKcrlyaTallilo MiaAOMHOTO KOMII-
JIEKCY Y CTBOJIaX 3 IIOPYIIICHOO T€OMETPI€IO B 3adaHUX
TEXHOJIOTIUHUX PEXKUMaX.

HaykoBa HoBM3HA. Y po0OOTi Ha 6a3i KOMIIEK-
CHUX HOCITiIXEHb, 110 BPaXOBYIOTb CTPYKTYpY IIax-
THOI TiIIOMHOI YCTAHOBKM SIK OaraTojaHKOBOi, 0a-
raToMacoBOi AUCKPETHO-KOHTUHYaJIbHOI CHUCTEMU,
sIKa Ma€ 6araTo BiAXuieHb poOOYMX MapaMeTpiB Bif
JMOMYCTUMMX TPOEKTHUX 3HAYeHb, BCTAHOBJIEHA 3a-
JIEXKHICTh ITMHAMIYHUX MapaMeTpiB, 110 BU3HAYAIOTh
pU3MK aBapiliHoi Hebe3neKU Bil mapaMeTpiB TeXHIU-
HOTO CTaHY OKPEeMMUX JJaHOK yCTaHOBKU. Ha mincrasi
olep:KaHMX PE3yJIbTaTiB OOTPYHTOBAHA METOMOJIOTIs
arapaTypHOIi IiarHOCTMKM CUCTEMU B POOOYMX pe-
KMMax 1 pexkrMi 3aro0i>KHOTo raJisMyBaHHSI, a TAKOX
METOIU 3HWKEHHS PiBHSI aBapiiiHOI HeOe3NeKu mpu
HiABUINEHHI iHTEeHCUBHOCTi pOOOTH YCTaHOBOK.

IIpakTuyna 3HauuMicTb. OOIPyHTOBaHI METO-
IUKW arapaTypHOro KOHTPOJIIO Ta BU3HAUYEHHS Mdia-
THOCTUYHUX MapaMeTPiB YCTAHOBOK Y IMPOMUCIOBUX
YMOBax, METOOWKHU agpecHOro BUOOPY PEMOHTHUX
3axofliB, 110 3abe3neuyloTh Mepexila MiaiioMHOro
KOMILJIEKCY 3 MOTEHLITHO HeOEe3MeYHOro eKCIuTyara-
LIAHOTO CTaHy B 6€3MEeYHUI TEXHIYHUI CTaH.

KirouoBi cioBa: waxmua nidilomna ycmaHog-
Ka, WaxmHuii cmeon, Waxmua niouomMHa nocyou-
Ha, JiaeHOCMUKA apMy8aHHs UIAXMHO20 CMeEoad,
apMy8aHHs WAXMHO20 CMB0AA, OUHAMIKA Wax-
MHUX NIOUOMHUX YCMAHOBOK

Ileab. OGocHOBaHUE METOHOJIOTMM JUATHOCTHU-
pOBaHUSI TEXHUYECKOTO COCTOSIHUSI aDMUPOBKU BEP-
TUKAJIBbHBIX CTBOJIOB C HApYILIEHHOW reOMETpUEH 1
BOCCTaHOBJICHUSI 0€30ITaCHOTO 3KCILIyaTallMOHHOIO
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COCTOSTHUST TIIAXTHBIX MOABEMHBIX KOMILIEKCOB.

Mertoauka. AtmapaTypHbIe U3MePeHUS TMHAMM -
YeCKHUX MapaMeTPOB CUCTEMEI ,,COCYI — apMUPOBKa™,
ImapaMeTpoOB M3HOCA NIPOBOTHUKOB M PACCTPEIIOB,
TEOMETPUICCKUX TTapaMeTPOB IIpoduriIeil IpOBOTHU-
KOB B IIIaXTHBIX CTBOJIAX, MaTeMaTUYECKOE MOMEIN-
pOBaHUE M aHAIU3 TMHAMWYECKOTO B3aUMONECHCTBUS
MOABEMHBIX COCYIOB C apMUPOBKOI1 CTBOJIA C YYETOM
JIaHHBIX anIapaTypHbIX U3MEPEHUM.

Pe3yabsraThl. O060CHOBaHbI METOAbI BbIOOpA pe-
MOHTHO-BOCCTAaHOBUTEIBHBIX MEPOMNPUSITUIA M KOpP-
peKiMy pabounx MapamMeTpoOB JIEMEHTOB CUCTEMBI,
obecnevyurBarolre 6e30MacHyI0 SKCIUTyaTalUIo MOob-
€MHOTO KOMITJIEKCa B CTBOJIAX C HAPYIIEHHOI reoMe-
TpHell B 3aJaHHBIX TEXHOJIOTUUECKUX PEXMMaX.

Hayunas noBuszHa. B pabote Ha 6a3e KOMILIEKC-
HBIX MCCICMOBAaHUI, YIUTHIBAIOIINX CTPYKTYPY IIaXT-
HOM NMOOBEMHOIM YCTAHOBKM KAaK MHOIO3BE€HbLEBOM,
MHOI'OMAaCCOBOM JMCKPETHO-KOHTUHYAJIbHOM CUCTE-
MbI, UMEIOIIE MHOXECTBEHHbIE OTKJIOHEHUST pabo-
41X MMapaMeTpOB OT JOMYCTUMBIX IMPOEKTHBIX 3HAUEC-
HUI, yCTaHOBJIEHBI 3aBUCUMOCTHU JTUHAMUYECKUX TTa-
paMeTpOB, OIPEIEIIOIINX PUCK aBAPUMHON orac-
HOCTM OT TIapaMeTPOB TEXHUYECKOTO COCTOSTHUSI OT-
JIeTbHBIX 3BeHbEB YyCTaHOBKMU. Ha ocHOBaHUM TOTy-
YEHHBIX pe3yIbTaTOB 00O0CHOBAaHA METOMOJIOTHUS arl-
mapaTypHOTro IMarHOCTUPOBAHMS CUCTEMBI B PaOOMX
peXMMax 1 peXnMe MPeIoXpaHUTeIbHOTO TOPMOXKEe-
HUSI, a TAaKXKE METOIBI CHIZKCHUS YPOBHSI aBapUHOM
OITAaCHOCTHU MPH IOBBIIICHUM MHTEHCUBHOCTU pabo-
THI YCTAHOBOK.

IIpakTuyeckas 3HAYMMOCTb. OOOCHOBAHBI Me-
TOOWMKM armnapaTypHOro KOHTPOJISI W OMNpeneeHust
JNMAarHOCTUYECKHUX MapaMeTPOB YCTAHOBOK B IMPOMBbI-
IIJIEHHBIX YCIOBUSIX, METOAWMKU aapecHOTo BbIOOpa
PEMOHTHBIX MEPOTIPUSITHIA, 0OECIIeYnBAIOIINX TTepe-
BOJI TTO’b€MHOTO KOMILIeKCca U3 TTIOTEHIINATbHO OTlac-
HOTO 3KCIUIYyaTallMOHHOTO COCTOSTHUSI B Oe30ITacHOe
TEXHUIECKOE COCTOSTHUE.

KimoueBble ciioBa: waxmuas nodsemMHdast yCma-
HOBKA, WAXMHbLI CEON, ULAXMHbBLI NOOBEMHBLU CO-
cy0, JuaeHOCMUKA apMUPOBKU ULAXMHO20 CMEoAd,
apmMupoeKa waxmHo20 Cmeoad, OUHAMUKA Wax-
MHBIX NOOBEMHBIX YCIMAHOBOK

Pexomenoosano 0o nybaikauii dokm. mexH.

nayk K. C.3a6oromuum. Jlama naoxoodxicenHs py-
konucy 21.05.15.
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