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Findings. Multivariate calculations of stress-strain
state around the gas-gen for different values of the coal
seam thickness, depth of mining and composition of
blowing mixture were realized. The results were summa-
rized for different geological conditions as dependencies
of movements, destruction zones and displacement of the
gas-gen contour.

Originality. The bilayer artificially created shell thick-
ness dependency on pressure and temperature of blowing
mixture and rock-mass deformations near gas generator was
determined. The formulas obtained for determining these
basic geomechanical characteristics are necessary in the se-
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lecttion of the method of rock stresses control and provision
of a necessary space for the gas mixture passage.

Practical value. The mathematical mechanism for set-
ting heats in the rock mass was proposed. The dependencies
to determine the main geomechanical characteristics that can
be used for engineering method of artificially created bilayer
shell thicknes determination for effective rock-mass control.
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Purpose. The development of progressive technological schemes of roof bolting for mine tunnels for ensuring safe and ef-
fective support in the zones with increased stresses in the border rocks, unstable and broken enclosing rocks.

Methodology. The study of stressed-and-strained state, rock-pressure manifestations, conditions of the workings mainte-
nance depending on mining-and-geological, mining and technological parameters that is aimed to establish the extent of their
impact on the efficiency of the mine tunnels roof bolting and justification of support patterns ensuring stability and decreasing
imperfection and costs spent on its mounting and maintenance.

Findings. We have developed technical and technological solutions aimed to improve the technology and means of
roof bolting: carrying out in-seam workings on an outburst-prone seam; supporting development openings in unstable
rocks; supporting preparatory workings in the zones with various mining pressure; constructing workings in the joint
development of coal layers.

Originality. We have established consistent patterns of change in the zones of inelastic deformations with their develop-
ment in time and dependence of contours stability on mining-and-geological and mining factors; determined the support pa-
rameters ensuring reliable operation of the working. Based on the analytical modeling we have developed technology, sys-
tems and means aimed to decrease the imperfection of contours of workings.

Practical value. The rational parameters and the field of application of roof bolting in the conditions of the Karaganda
coal basin have been determined and justified. The rational technology of drifting workings has been developed based on con-
trolling the geomechanical condition of the enclosing rock massif. Its optimum parameters depending on mining conditions
have been determined. Progressive technological solutions on the ways and means of roof bolting of mining workings for
complicated operation conditions have been found. The progressive technology of the development opening in coal-and-rock
massif with complicated mining technological operation conditions has been developed. The parameters of roof bolting in the
conditions of development of in-seam mineral deposits in the presence of the complicating factors have been justified. Tech-
nological developments passed the industrial testing at the Saranskaya, Kuzembayev, Kostenko, Kazakhstanskaya mines of
the UD JSC ArcelorMittal Temirtau. The operating capacity of the means and techniques of the roof bolting has been proved.
The main conclusions and recommendations provided by the research were used in practice in the design process of the coal-
mines development and in the educational process.

Keywords: fechnology underground mining, coal-and-rock massif, contour of a mine tunnel, parameters of support setting,
imperfection of workings, geomechanical processes control, system, means and ways of support, stressed-and-strained state

Formulation of the problem. In the issue of the min-
ing efficiency increase, solution of the problem of im-

provement of the technology of reliable support of workings
is of great importance. The costs spent on carrying out min-
ing workings are rather considerable and make 15-20% of
the total cost of mining operations.
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Stable support of development workings also requires
considerable costs for repair both before and after the
breakage faces commissioning [1], which reach 15-20%
of the mine workings construction cost [2]. In the Kara-
ganda coal basin the depths of development reach
600-850 m where it is impossible to manage repair-free
support of workings with modern supports.

Now, in the deep-seated seam workings in the Karagan-
da basin the frequency rate of workings re-timbering reach-
es 2, 3 and even 4. In general, the costs for supporting in-
crease with the growth of the depth. They make in the total
costs at small depths 4-5% and at large depths, up to 15%.
Therefore the problem of protection and support of mine
workings at large depth [3], like in the case of the Karaganda
basin, becomes topical in the technology of coal mining.

Definition of the main problem. One of the rational
ways of improving the condition of workings and saving
material resources is using roof bolting. The volume of in-
troducing roof bolting in mining workings of the Karaganda
coal basin makes 12% in the pure form now and 42% in the
mixed (combined) support. An important stage for establish-
ing the parameters of the support is the assessment of
schemes of the rock collapse and the parameters of the roof
bolting mounting. The form and the dimensions of the zone
of possible rock collapse round a working depend on the
structure of the roof, sides and soil rocks.

Analysis of the study results. Schemes of the rock
collapse and the scheme of roof bolting mounting do not

1

always consider mining-and-geological conditions of the
development and the strengthening impact of roof bolting
on the massif [4].

At this, the condition of exposures and loss of the
rock stability can be: stable (when carrying out field
workings); with formation of the arch of natural balance
(in stable rocks), the arch in plastic stable rocks (middle-
stable rocks, out of the zone of mining operations im-
pact) or zones of rock destruction in the roof and sides (it
is possible also for soil) of the working (in the zone of
mining operations impact, basic pressure, the broken
sites) [5].

Basic material. The fig. 1 shows a scheme of form-
ing a jointing of the massif near the drifted working in
horizontal and inclined layers. The quality of roof bolting
in many respects depends on the reasonable arrangement
of anchors in a working taking into account the layer
bedding and selection of the roof bolting parameters (di-
ameter, length, the ratio of the diameter of the shot and
diameter of fittings and polymeric ampoules of anchors
and speed of hardening the fixing structure located in
them) that provides the efficiency of the roof bolting
technology and chemical hardening of the massif.

In the drifted working there is formed a natural col-
lapse arch and there appears the stress in the massif ad-
joining the working contour sides. The hanging part of
the massif is more inclined and unstable than the zone
located on the opposite side.

Fig. 1. Schemes of the massif rock jointing formation near the drified working: a — layer horizontal bedding,; b — layer in-

clined bedding; B — working width

When forming the massif jointing with various in
forms and sizes of sites round the contour of the drifted
working, it is necessary to provide the multicircuit sup-
porting of the massif with locating longer metal (on rocks)
and fiberglass (on layers) anchors from the hanging part of
the coal layer. To ensure stability of the working when it
appears in the zone of the stoping, it is necessary to estab-
lish the second level anchors ahead of the zone of the basic
(increased) mining pressure. It is required to fix them in
the areas that are not subject to stratification of the massif
(out of the zone contour with the developed jointing) with
formation of the second-level support of the massif in
which the shifts of rocks may be prevented. It will permit
to increase the quality of support of the interfaces of lavas
and adjoining developments, ensure safety of work, unload
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the interface and increase stability of the working in its
supporting and reuse (the arch of the natural collapse be-
hind the line of the breakage face will be formed at more
remote distance from the working contour). See fig. 2.

When constructing a steel-polymer support near the
established anchor, at the expense of the binding compo-
sition of polymeric ampoules, there is formed the massif
in which the jointing is not manifested, i.e. it is rather
stable and forms a beam bridge of the supported rocks.

The above theoretical and practical recommendations
allow suggesting progressive technological schemes of
workings roof bolting for ensuring supporting works in
the zone with the increased stresses in the contour rocks,
especially in the conditions of drifting workings in out-
burst-prone layers.
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The developed technical and technological solutions are
aimed to improve the roof bolting technology and means:
the way of fastening of development workings in the zone
of the increased mining pressure and the method of for-
mation of an in-seam working that is prone to sudden out-
bursts of coal and gas, etc.

Method of drifting in-seam working in outburst-
prone layers. In a working that is drifted in an outburst-
prone layer, there the anti-outburst events by means of
drilling a complex of the vent advancing wells investigat-
ing the massif drilling on the front and adjoining the bor-

der areas with defining the outburst-prone zones within
the limits of the distribution of the adjoining side rocks
of the roof and the soil.

After establishing the outburst-prone forecast, the
zones with high indicator of outburst danger and their as-
sessment by the system of criteria signs of packs with pure
coal, raised gas permeability, smaller ash-content and
hardness and increased stressed-and-strained state (for ex-
ample, when changing by 90° the working contour, the
zones of an adjunction of side packs to the soil of layer)
there is performed breaking the layer-similar packs.

Fig. 2. The second level anchors placing in horizontal (a) and inclined (b) bedding of the coal seam: B — working width; 1, 2
and 3 — roof anchors mounted out of the contour of the natural balance arch; 4, 5 — side anchors; 6, 7 — rope anchors of

deep placing

Method of supporting development workings in unsta-
ble rocks. The use of this method will permit to support be-
forehand the rocks in the zone of the raised stresses and this
will prevent deformations (decrease by 20-30%) in the
course of drifting a working [6].

It is proposed to place the anchors at an angle to the
bedding directed to the zone with high stresses, focused at
an angle on the front of the drifted working, which is deter-
mined by the formula

ﬂ — 7m ;—}/n N (1)
where 9, and y,, are the directions of the vertical and lateral
stress vectors action respectively.

In fig. 3, a there is presented a scheme of support of a
development working with the mining pressure distribution
curve round the contour, and in fig. 3, b the plan view.

In the presented version of roof bolting, the unstable
layered rocks of the immediate or false roof are suspended
by anchors to the main roof. Various rock layers, being sup-
ported with anchors, form a compound beam protecting the
roof from a collapse. Decreasing or total absence of the un-
even stretching and squeezing stresses impact, which work
in the roof corners, is reached due to mounting angular roof-
ing rope anchors.

Pliable active support works as a safety valve of a pow-
ered support, i.e. at critical loadings the pliable element is
partially rumpled that permits the support to perform its
functions without destruction.
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b
Fig. 3. Method of development workings support: 1 — verti-
cal mining pressure curve power lines,; 2 — the face of
the drified development working, 3 — lateral mining
pressure curve power lines; 5 — direction of the working
drifting; 6 — roof inclined anchors mounted out of the
broken rocks contour; 7 — side inclined anchors mount-

ed out of the broken rocks contour;, a — longitudinal
view of the mining working, b — plan view
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Conclusions and development prospects. At large
depths of the layers development in the Karaganda basin the
frequency rate of workings retimbering reaches 2, 3 and
even 4. In general, the costs for supporting increase with the
growth of depth and make in the total costs at small depths
4-5%, and at large depths up to 15%.

Therefore, the problem of protection and supporting of
the mining workings at large depths in the Karaganda basin
becomes topical in the coal mining technology.

One of the rational ways of improving the condition of
workings and saving the material resources is the use of roof
bolting. The volume of the roof bolting introduction at
mines of the Karaganda coal basin makes 12% in the pure
form now and 42% in the mixed (combined) support.

The scheme of the rock collapse and the scheme of an-
chors mounting consider the working mining-and-geo-
logical conditions and the strengthening impact of roof bolt-
ing on the massif.

There are developed progressive ways of supporting
workings with active control of the border rock massif.
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Merta. Po3poOka HpOrpecCHBHUX TEXHOJOTIUYHUX CXEM
AHKEPHOTO KPIIUICHHS TipCHKUX BUPOOOK TS 3a0e3reueHHs
0e3nevHoro Ta e(peKTUBHOTO TPOBEICHHS POOIT i3 KpiIUicH-
Hsl B 30HI 3 MiIBUILEHIMH HAPYKEHHSIMH y PUKOHTYPHHX
MOpO/iax, HECTIMKUMH Ta TIOPYLIEHUMH BMIIIyIOUHMH TIO-
ponamu.

Metoauka. JlocmipKeHHsI Harpy>KeHO-1epopMHUpOBa-
HOTO CTaHy, MPOSIBIB TPCHKOTO TUCKY, YMOB IIATPUMKH BHU-
POOOK y 3aJIeXKHOCTI BiJ] TOPHUYO-TEONIOTTYHHX, TIPHUYOTE-
XHIYHMX 1 TEXHOJIOTTYHHX TapaMeTpiB Ul BCTAHOBJICHHS
CTYTIeHS iX BIUTMBY Ha €()eKTHUBHICTh AaHKEPHOTO KPIILICHHS
BHIMKOBHX BHPOOOK 1 OOTPYHTYBaHHS MAcMOPTIB KPIIICHHS
i3 3a0e3evYeHHsIM CTIHKOCTI, 3HKEeHHS Te()eKTHOCTI i BU-
Tpar Ha iX POBECHHSI Ta MiATPUMKY.

PesyabraT. Po3pobieHi TexHIUHI W TEXHOJOTIUHI
pilICHHS, HAaNpaBjeHI Ha BIOCKOHAJCHHS TEXHOJIOTII Ta
3ac00iB aHKEPHOT'O KPIIUICHHS BHPOOOK, CIIOCOOM: Mpo-
BEJICHHS IIJIACTOBOI IpPHUYOI BUPOOKH MO BUKHAOHEOE3-
MEYHOMY TUIACTY; KPIIJICHHS TiATOTOBYMX TIPHUYIUX BHU-
poOOK 3a HECTIHKHMX TMOPIiJ; KpPIMUIEHHS ITiArOTOBYOI
TipHAY0i BUPOOKM B 30HAX 3 PI3HO3MIHHUM TipCHKUM
THUCKOM; TIPOBEJICHHS TIpHUYHMX BHPOOOK 3a CITUTLHOT Po-
3poOKM BYTITBHUX TUTACTIB, IO 3HAXOMAATHCS B 30HI B3a-
€MHOTO BIUIMBY; NPOBEACHHS TiPHUYHUX BHPOOOK 3a Cy-
MICHOI pPO3pOOKH BYTJIBHUX IUIACTIB, 110 3HAXOJSTHCS B
30HI B32a€MHOTO BILIHBY.

HaykoBa HoBu3Ha. [lonsrae B HACTYITHOMY: BCTaHOB-
JIeH1 3aKOHOMIPHOCTI 3MIiHM 30H HETPYXHUX Jedopmarii
3 PO3BUTKOM IX y yaci Ta CTIHKOCTI KOHTYpiB BUPOOKH Y
3aJI)KHOCTI BiJl TIPHUYO-TEOJIOTIYHUX 1 TIPHHYOTEXHIYHUX
YMHHUKIB 3 BU3HAUCHHSIM IapaMeTpiB KPIIUICHHS Ul Ha-
TiifHOT eKcInTyarallii BUpoOKH; CTBOPEHHS Ha 0a3i aHaili-
TUYHOTO MOJICITIOBAHHS TEXHOJIOTii, CHCTEM i 3aC00iB s
TIPOBE/ICHHS, IO CTIPHAIOTH 3HIKEHHIO 1e(PEKTHOCTI KOH-
TypiB BUPOOKH.

IMpakTuuna 3naymnmictsb. [lonmsrac B HacTymHOMY:
BCTAHOBJICHHsI palllOHAJbHUX IapaMeTpiB i OOIpyHTY-
BaHHS C(epH 3aCTOCYBAHHS AHKEPHOTO KPIMJICHHS IS
YMOB pO3pOOKHM BYTiIbHUX IIacTiB KaparanauHCHKOTO
OaceifHy; CTBOpPEHHS palliOHAJILHOT TEXHOJOTIi TpoBe-
JICHHA TipChKUX BHPOOOK Ha OCHOBI YHPAaBJIIHHA reoMe-
XaHIYHUM CTaHOM MAaCHBY BMIIIYIOYUX IOPif, 31 BCTa-
HOBJICHHSM 1i ONTHUMAaJBbHUX MApaMETPiB y 3aJIeXKHOCTI
Bil TIPHMYOTEXHIYHUX YMOB pPO3pOOKH; pO3poOKa mpo-
IPECHBHHX TEXHOJIOTTYHMX PIIlIeHb IO crocobax i 3aco-
0ax aHKEpHOTO KpIIUICHHS BHIMKOBHX BHPOOOK ISt
CKJIQJIHUX YMOB €KCIUTyaTalii; CTBOpPEHHS W BIIpOBa-
JUKEHHSI TIPOTPECUBHOI  TEXHOJIOTIi B MiJrOTOBYMX BH-
poOKax y CKJIQJHUX TIPHUYO-TEXHOJOTIYHHX YMOBax
eKCInTyaTallii; OOTpYHTYBaHHS IapaMeTpiB aHKEPHOTO
KPITUICHHS 1JIT YMOB PO3pPOOKH TUTACTOBUX POJOBHII KO-
PHUCHHX KOTIAJIMHH 3@ HAsIBHOCTI YCKJIQIHIOIOUMX YMHHH-
kiB. TexHoJoTiuHI PO3POOKH MPOMIUIN TPOMHCIIOBY TIe-
peBipky Ha maxrtax ,,Capanceka®“, ,IMm. KysemOaesa“,
»IM. Kocrenko®, ,Kazaxcranceka®“ Y] AT ,,Apcenop-
Mirran Temipray®, npu ix BUIPOOyBaHHI MiATBEpIKEHA
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Mpane3JaTHICTh CIoco0iB i 3aco0iB kpimwieHHs. OCHOBHI
BHCHOBKH Ta PEKOMEH/AIlii, OTpPAMaHi B poOOTi, BUKOPH-
CTaHl y NMpaKTHI NPOEKTYBAaHHS Ta PO3POOKH POJOBHII
BYIJIEBHI00YBHOT raiy3i, y HaB4aJbHOMY IPOILIECI.

KuirouoBi clioBa: mexnonozis 6edenns niozemuux pooim,
8Y2NENOPOOHULL MACUB, KOHMYPU ZIPHUMUX 6UPOOOK, napa-
Mempu KpinjienHs, 0egheKmnocmi eupoOoK, YIpasinHs 2eo-
MEXAHIUHUMU NPOYECcamu, CUCIEMU, 3acobu, cnocoou Kpin-
JIEHHS1, HANPYICEHO-0eDOPMOBAHULL CIAH

Heab. Pa3paboTka MpOrpecCHBHBIX TEXHOJIOTHYECKUX
CXEeM aHKEPHOTO KPEIUICHHUS TOPHBIX BBIPAOOTOK I 00ec-
TeYeHnst 0e30macHoro 1 3(p(EeKTHBHOTO TIPOM3BOJICTBA Pa-
00T IT0 KPEIUICHHUIO B 30HE C ITOBBIIICHHBIME HATIPsDKCHHSI-
MH B TPHKOHTYPHBIX TIOPOJAX, HEYCTOHYMBBIMH H Hapy-
IICHHBIMH BMCIIAIOIIIUMH ITOPOIAMH.

Metomuka. VccienoBaHue HampshHKeHHO-Ie()OPMHUPO-
BAHHOI'O COCTOSHMA, HpOS{BJ'IGHPIfI TOpPHOI'0O JaBJICHUA, YC-
JIOBHI TO/AEp KaHNS BBIPAOOTOK B 3aBHCHMOCTH OT TOPHO-
TCOJIOTUYCCKNX, TOPHOTEXHUYCCKUX W TEXHOJOTHYCCKUX
TTapaMeTpOB /TS YCTAHOBJICHHUSI CTETIEHN MX BIMSHUA Ha 3¢)-
(heKTHBHOCTH aHKEPHOTO KPEIUICHHS BBIEMOYHBIX BBIpa0O-
TOK M 00OCHOBaHMSI ITACIIOPTOB KPETUIEHNMS ¢ 0OecIieueHreM
YCTOWYMBOCTH, CHIDKEHHS Ne(DEeKTHOCTH W 3aTpaT Ha HX
MIPOBEJICHNUE U MOJIEPKAHKE.

Pesyabrarsl. PazpaboTanbl TEXHUYECKUE U TEXHOJIO-
IMYECKHE PEIICHHs, HalpaBJeHHbIE Ha COBEPIICHCTBO-
BaHME TEXHOJIOTHH U CPEJICTB aHKEPHOTO KPETUICHHS BbI-
paboOTOK, CHOCOOBI: TMPOBEACHUS  IUIACTOBOW TOPHOMH
BEIPAaOOTKH TI0 BBIOPOCOOIIACHOMY IUIACTY; KPETUICHHS
MTOITOTOBUTENIFHBIX TOPHBIX BEIPAOOTOK NP HEYCTONUIH-
BBIX IOPOJAX; KPEIUIEHHWs IOATOTOBUTEIBHON TOPHOMN
BEIPAaOOTKH B 30HAX C Pa3HOIIEPEMEHHBIM TOPHBIM aB-
JICHHEM; MPOBEIEHUs] TOPHBIX BBIPAOOTOK HMPU COBMECT-
HOW pPa3pabOTKE YTOJIbHBIX ILIACTOB, HAXOMSIIMXCS B
30HC B3aUMHOT'O BJIMSIHUSA; MPOBEACHUSA I'OPHBIX Bblpa60-
TOK TMPHU COBMECTHOH pa3pabOTKe YTOJIbHBIX IUIACTOB,
HaXxXoaAIuxcs B 30HC B3aUMHOI'O BIIMSHUS.

Hayynasi HoBH3HA. 3aiiodyaeTcs B CIEIYIOLIEM:
YCTaHOBJICHBI 3aKOHOMEPHOCTH M3MCHEHUS 30H HEYIIPY-
rux nedopMarmii ¢ pa3BUTHEM HX BO BPEMEHH U YCTOH-
YUBOCTH KOHTYPOB BBIPAOOTKH B 3aBHCHMOCTH OT
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TOPHO-TEOJIOTHUECKUX U TOPHOTEXHUUECKHX (DAKTOPOB C
OIIpe/IeJICHUEeM MapaMeTpOB Kpenu JUls HaJeKHOH JKC-
IUTyaTalliyl BBIPAOOTKH; CO3/JaHUE Ha 0a3e aHAINTHYC-
CKOTO MOJICITHPOBAHUS TEXHOJOTHH, CUCTEM U CPEICTB
U TIPOBENICHIS, CTIOCOOCTBYIONINX CHIDKCHUIO NE(EKT-
HOCTH KOHTYPOB BBIPaOOTKH.

IIpakTHyeckas 3HAYUMOCTD. 3aKIIIOUAETCS B CIEIYIO-
IIIEM: YCTaHOBIICHUE PAIlMOHATBHBIX ITApaMETPOB H 00OCHO-
BaHMe O0JACTH MPUMEHEHHS] aHKEPHOTO KpEIUICHHs MJis
YCIIOBHI pa3paboTKK yrobHbIX Iu1actoB KaparauauHckoro
OacceliHa; COo3aHKe PAIMOHATLHON TEXHOJOTUH TIPOBEJIE-
HHSI TOPHBIX BBIPAOOTOK HAa OCHOBE YIIPAaBJICHHUS reoMexa-
HIYECKMM COCTOSIHIEM MacCHBa BMEIIAIOIINX TOPO, C yc-
TaHOBJICHHEM €€ ONTUMAIBHBIX TTapaMETPOB B 3aBICHMOCTH
OT TOPHOTEXHHYECKUX YCJIOBUH pa3paboTKy; pa3padoTka
TIPOTPECCHUBHBIX TEXHOJIOTHYECKUX PEIICHUH 110 criocodam 1
Cpe/cTBaM aHKEPHOTO KPEIUIEHHSI BHIEMOYHBIX BBIPAOOTOK
JUISL CJIOKHBIX YCIIOBHI DKCILTyaTallly; CO3IaHUe U BHEJpe-
HHE TIPOTPECCUBHON TEXHOJIOTHH B MO/IOTOBUTEIIBHBIX BbI-
paboTKaxX B CIIOKHBIX TOPHO-TEXHOJIOTMYECKHX YCIIOBHSIX
SKCIUTyaTaliy; 0OOCHOBAaHHUE MTApaMETPOB aHKEPHOTO KpeTl-
JICHWS B YCIIOBUAX Pa3pabOTKH INIACTOBBIX MECTOPOIKICHHIA
TIOJIE3HBIX MICKOTIAEMBIX TIPH HAJMIUH OCIIOKHSIOMNX (ak-
TOpoB. TeXHONOTHYECKHEe Pa3paOdOTKH TMPOIDINA TPOMBIIII-
JICHHYIO TIPOBEpKYy Ha maxTtax ,,Capanckas™, ,Jm. Kyzem-
Oaesa“, ,,Jim. Kocrenko®, ,,Kazaxcranckas™ Y] AO ,,Apce-
sopMurran Temupray®, npy UX UCHBITAHUU TOATBEPKACHA
PpaboToCIOCOOHOCTE METOZOB M CIIOCO00B KpernteHus. Oc-
HOBHBIC BBIBOJIBI M PEKOMEH/IAINH, MTOTyYEHHBIC B POOOTE,
HCTIONB30BAaHBI B MPAKTUKE MPOSKTUPOBAHUSA U Pa3pabOTKH
MECTOPOKICHHI YTIIeIOOBIBAIOIICH OTPSACTH, B Y4eOHOM
Tporiecce.

KnroueBble ciioBa: mexnonozus 6edenusi noO3eMHbIX
pabom, yenenopooHwill Maccus, KOHMYpPvl 20PHbIX GbIPAdO-
TOK, napamempuvl KpenieHus, oepexmuocmu 8bipadomox,
ynpasienue 2eoMexaHuuecKuMy npoyeccamil, Cucmembl,
cpeocmea, cnocobbl KpenieHus, HAnpsadceHHo-0e@opmupo-
8aHHOE COCMOsAHUE

Perxomenoosano 0o nybniikayii OoKm. mexH. HAYK
@.K. Hizamemoinosum. Jlama HAOXOOJMCEHHST PYKORUCY
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