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ABSTRACT

Purpose. The choice of a proper roadheader is a critically important step in planning of a project or some of its stages.
Nowadays various manufacturers produce numerous models of these vehicles, hence it is unreasonable to conduct a
thorough analysis of each model’s parameters in terms of their adequacy for the successful implementation of the
project. Therefore, it is necessary to develop quite simple and easy-to-use assessment of roadheaders efficiency at the
project preliminary stages.

Methods. The widely used model of the Colorado School of Mines based on numerous laboratory tests has been ap-
plied as the basic model for determining theoretical efficiency of rock mass destruction. Since domestic scientists are
accustomed to using rock strength parameters, which differ from values o, and o; accepted everywhere (including Rus-
sia), we represented dependencies that allow to convert values of some indicators to the values of other indicators.

Findings. Calculating the efficiency of roadheaders’ use for each geological section with homogeneous rock can take
unreasonably long time. Thus, it is necessary to have a simple integrated strength index for the whole excavation or
even enterprise, which can be interpreted through the generally accepted values such as the uniaxial compressive
strength o, and tensile strength o;. Jointing of rocks is also an important parameter in a feasibility study of roadhea-
ders’ efficiency.

Originality. The equivalent rock strength index was applied as a simple integrated strength index for the whole ex-
cavation. This parameter is established on the basis of integrated assessment index of mining operations complexity,
which comprises the sum of the uniaxial compressive strength o. and rock jointing for the whole excavation or even
mining enterprise.

Practical implications. The results of this paper can serve as a preliminary scientifically grounded method of selec-
ting equipment for a particular project in mining industry or underground construction by the efficiency criterion. Its
main advantage is simplicity and clarity. However, it should be noted that this method should not be applied at the
stage of the project final feasibility study, especially without considering other production factors (compatibility with
other equipment, availability of the personnel with adequate qualification for operation and maintenance of the cho-
sen machine etc.).

Keywords: roadheader, efficiency, empirical method, preliminary assessment, integrated complexity assessment,
equivalent strength

1. INTRODUCTION mining and civil construction companies (Seker & Ocak,

2017; Zhabin, Polyakov, & Averin, 2018b). One of the

High advance rate of excavation works allows early . . .
most wide-spread technical means for excavation is

access to mineral deposits in mining or fast construction
of such socially significant infrastructure objects in civil
engineering as subways, tunnels, engineering communi-
cations, and utilities lines. Thus, advance rate is an im-
portant parameter for feasibility study in the practice of

roadheaders. Their main advantages are mobility, flexi-
bility, and selective mining ability, while the disad-
vantage is relatively limited destructive force in respect
to the rock of strength up to 100 — 120 MPa of uniaxial
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compressive strength o, (Ozfirat, Malli, Ozfirat, &
Kahraman, 2017).

The choice of a proper roadheader is a critically im-
portant step in planning a project or some of its stages.
The variety of models of these machines produced by
various manufacturers at present is large, which makes it
unreasonable to carefully analyze each model from the
point of view of its adequacy for successful implementa-
tion of the project parameters. Therefore, there is a need
in a sufficiently simple and easy-to-use assessment of
roadheaders’ efficiency at preliminary stages of the pro-
ject implementation in mining and civil construction.

2. ANALYSIS AND CHOICE OF A BASIC
EMPIRICAL METHOD

The task described above is usually solved by deci-
sion-makers on the basis of their experience of designing
mining enterprises, which are highly individual and sub-
jective. Therefore, it may lead to a non-optimal decision
taken. At the same time, over the past decades, a great
deal of scientific and practical experience has been ac-
cumulated that allows to build statistically valid mathe-
matical models to determin the productivity of mining
operations depending on the key parameters (Table 1).

Table 1 presents the following parameters: P, — the
roadheader’s installed cutterhead power; k — the energy
transfer ratio; o; — the Brazilian tensile strength; o. — the
uniaxial compressive strength; RQD — the rock quality
designation.

As seen from the Table 1, universal methods for de-
termination of roadheaders performance include such
parameters as installed cutterhead power and the energy
transfer ratio, which depends on the cutterhead type.

As the basic model for determining the net cutting
rate of the destruction of a rock massif, one can use the
formula proposed in (Rostami, Ozdemir, & Neil, 1994) —
the model of the Colorado School of Mines, which is
based on numerous laboratory tests and has been widely
used in practice:

ICR = - Zinst_ ,
S. opt

(1

where:

ICR — the instantaneous (net) cutting rate, m’/h;

P — the installed roadheader power, kW;

SE,, —the optimum specific energy obtained from
full-scale linear cutting tests, kW-h/m?;

k — energy transfer coefficient.

Table 1. Summary of empirical methods to determine roadheader performance

Reference Mining & geological ~ Roadheader’s Comments
parameters parameters
Developed for heavy-weight axial and transverse road-
Gehring. 1989 " L head-ders operating in coal bearing strata. It needs correc-
& ¢ tion for lighter roadheaders and other rock masses. It also
needs size correction for UCS values.
Natau. Mutschler Developed for transverse roadheaders in different power
& Ler;l 1991 ’ Oc, Ot Pinst classes and different types of rocks. It needs correction for
PP, axial roadheaders.
Developed for axial and transverse roadheaders in different
Rostami, Ozdemir, SE Poor k power and weight classes, and different types of rocks. The
& Neil, 1994 ot sty type of roadheader is not specified. k value of 0.45 works for
axial type and the value of 0.55 works for transverse type.
Copur. Ozdemir Developed for transverse roadheaders in different power and
& Rpos’tami | 99é Oc Pinst, weight weight classes for excavation of especially evaporitic (nona-
? brasive) rocks with up to 60 MPa compressive resistance.
Copur, Tungdemir, o 0 Pk Developed for different types of massive rocks. It works
Bilgin, & Dinger, 2001 oo b for transverse types of roadheaders.
Developed for axial and transverse roadheaders in differ-
Balci, Demircin, Copur, o 0 Pk ent, weight, power classes, and different types of rocks.
& Tuncdemir, 2004 oo b Dynamic and static elasticity modulus, and Schmidt ham-
mer can also be used in the model.
Developed for axial and transverse roadheaders in different
weight and power classes, and different types of rocks. The
Bilgin et al., 2006 Oc OF Ot Pinst, k type of roadheader is not specified. Dynamic and static
elasticity modulus, as well as Schmidt hammer values can
also be used in the model.
Developed for only one type of transverse roadheader and
Ocak & Bilgin, 2010 Oc — different types of rocks. It needs correction for other types
and classes of roadheaders.
. . Developed for only one type of light-weight axial road-
Ebrahimabadi, . .
Goshtasbi, Shahriar, oe, 01, RQD L header and coal bearing strata. It needs correction for other

& Seifabad, 2011

types, weight, and power classes of roadheaders, and other
rock masses.
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The value of the coefficient k should be 0.45 for axial
type and 0.55 — for transverse type. Limitations for each
type of the machines should also be taken into account:
axial roadheaders are capable of destroying rocks with a
compressive strength of up to 60— 80 MPa (effective
range 40 — 60 MPa), and transverse roadheaders — up to
100 — 120 MPa  (effective range of 60— 80 MPa)
(Ozfirat, Malli, Ozfirat, & Kahraman, 2017).

The value of SE,,; in respect to rock properties can be
obtained from the following equation (Copur,
Tungdemir, Bilgin, & Dinger, 2001):

SEop =0.027-0, -0, +0.675. )

3. DEVELOPMENT OF THE METHOD FOR
PRELIMINARY ESTIMATION OF ROADHEADER
PERFORMANCE IN A PROJECT

Uniaxial compressive strength and Brazilian tensile
strength in Eq. (2) are broadly applied worldwide inclu-
ding Russia, which is also evidenced by the state stand-
ards for determining these values (GOST 21153.3-85 and
GOST 21153.2-84) acting in this country. However, in
practice, domestic specialists also often use such strength
indicators as the contact strength P, and the spall fracture
toughness Pg,. For the contact strength and spall fracture
toughness, the following correlation dependencies with
the uniaxial compressive strength have been established
(Nistratova, 1998), which can be used for calculations in
the presented model:

P, =13-02%%;

€)
“4)

Correlation indexes for Egs. (3) and (4) are 0.82 and
0.86 respectively.

All these indicators reflect the strength properties of
only one rock formation, and therefore are applicable in a
limited section of working or mining enterprise. Calcu-
lating the efficiency of roadheaders use for each such
section with subsequent separation or, conversely, inte-
gration of the relevant information can take unreasonably
long time. Hence, it is necessary to have a simple inte-
grated strength index for the whole excavation or even
enterprise, which can be interpreted through the general-
ly accepted value such as the uniaxial compressive
strength o.. Equivalent rock strength can be applied as
such indicator (Zhabin, Averin, & Polyakov, 2018)
which is established by integrated assessment of the
complexity of mining operations at the site (Zhabin,
Averin, & Polyakov, 2017).

To obtain this assessment, all excavations of the pro-
ject are divided into sections that are relatively homogene-
ous in terms of mining-geological conditions. Then the
difficulty of mining each section ¢; is evaluated. For this
purpose, sections are assigned a category after dividing the
compressive strength by 30 and rounding the resulting
value to the nearest bigger integer (if o.> 270 MPa, then
the category is 10). Then, the category is amended accord-
ing to the criterion of rock fracturing at the excavation site:

1.25
P, =422.0,%.
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Competent rocks +1
Slightly fractured rocks +1
Fractured rocks +0
Highly fractured rocks -1
Extremely fractured rocks -1

The integrated assessment is determined by the fol-
lowing equation:
Il -c

lLl’ (5)

Crut =

I M=

1

where:

Ci — the integrated assessment of the whole excava-
tion complexity;

i — the number of an excavation site;

n — the total number of excavation sites;

I; — the length of i-excavation site;

ci—the assessment of complexity for i-excavation
site;

L — the length of the whole excavation.

The value obtained from Eq. (5) should be multiplied
by 30 (since values of uniaxial compressive strength o, of
rocks for each excavation site were previously divided by
30). This is the index of equivalent rock strength:

80 =30Cpy ©)

For evaluation of Brazilian tensile strength, it is rea-
sonable to use recommendations given in (Kahraman,
Fener, & Kozman, 2012). It states that there is linear
correlation between uniaxial compressive strength and
Brazilian tensile strength for different rocks. Specifically,
the value of Brazilian tensile strength is 10.61 times less
than uniaxial compressive strength. Satisfactory results
from the use of this formula were confirmed in (Nazir,
Momeni, Armaghani, & Amin, 2013).

After performing the calculation using Eq. (6), and, if
necessary Eqgs. (3) or (4), and then successively Egs. (2)
and (1), we get an approximate value of the theoretical
performance of the roadheader during the project. Know-
ing the value of the instantaneous (net) cutting rate, we
can determine the volume of the destroyed rock in cubic
meters per day of work:

Vexe =ICR-MUT -S4, - H i » (7)

where:

MUT — the machine utilization time, %/100;

Sday — the number of working shifts per day;

Hpii — the duration of a working shift, hours.

Machine utilization time MUT shows a part from the
total time spent on doing the work, which is spent only
on mining operations. This coefficient depends on many

factors and is wusually 0.25-0.50 (Kahraman &
Kahraman, 2016).
Then daily mining rate is:
AR = Vexe , (8)
A face
where:

Ajace — the face cross-section area, m2.
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4. CONCLUSIONS

The discussed method, which takes into account the
generalized international experience in the field of mi-ning
operations with the use of roadheaders, can serve as a
preliminary scientifically grounded approach to selecting
equipment for a particular project in mining industry or
underground construction by the performance criterion. Its
main advantage is simplicity and clarity. For domestic
specialists who are accustomed to the use of rock strength
parameters in their activities, which differ from every-
where (including Russia), the accepted values of o, and oy
are the dependencies that allow to convert the values of
some indicators to the values of other indicators. However,
it should be noted that the above metho-dology should not
be applied at the stage of the project final feasibility study,
especially without considering other production factors
(compatibility with other equipment, availability of the
personnel with adequate qualification for operation and
maintenance of the chosen machine etc.).
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MOMEPEJIHSA OLIHKA MPOJAYKTUBHOCTI MPOXIJTHUIILKUX KOMBAWHIB HA
OCHOBI EMITIIPUYHUX METO/IB TA EKBIBAJIEHTHOI MILITHOCTI I'TPCHKHX ITOPI]]

€. Agepin, O. Xabin, A. [lomskos, 0. Jlinauk, B. Jlinank

MeTta. BuOip KOHKPETHOTO MpPOXiJAHUIBKOTO KOMOaiHa € KPUTHYHO BAXKJIMBUM KPOKOM Y IUIAHYBaHHI poOiT 1O
MIPOEKTy abo Oynb-IKOro 3 iforo eramis. [Ipy bOMy HOMEHKJIATYpa MallKH, 10 BUITYCKAIOTHCS PI3HUMH BUPOOHUKaMHU
B JIaHWH 4Yac, HaJA3BMYalHO BEJMKa, 110 POOUTH HEIOLUILHUM PETEIbHUH aHajli3 KOXKHOI Mozesi KoM0OaiiHa 3 TOYKH
30py WOro ajeKBaTHOCTI HEOOXITHMM JUIS YCIIIIHOI peaizamii mpoekTy mapamerpaM. TakuM YHMHOM, BUHHUKAE HEOO-
XITHICTB Y TOCHUTH MPOCTIiH 1 MIBUIKO MPOBOAUMII IMomepenHiil OIliHII MAaIllWH YK€ Ha IMepeanpOeKTHIN CTail.

Metoauka. B skocTi OCHOBHOT MO U BU3HAUEHHS TEOPETUYHOI MPOAYKTUBHOCTI PYHHYBaHHS TipCHKOTO Ma-
cuBy Oyna BUKOpUCTaHa MeToauKa KolopaachkKkoro TipHHYOTO YHIBEPCHUTETY, sIKa 3aCHOBaHA HAa YHCICHHUX JIa00OpaTo-
PHUX BUMPOOYBaHHSIX 1 MPOMUIILIA IIUPOKY anpodarito Ha npaktuii. s BiTYM3HSIHUX (axiBIiB, O 3BUKIH 10 BUKO-
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pHUCTaHHs y CBOTH IIsUIBHOCTI MIIJHICHMX HOKA3HHUKIB FipPChKUX MOPIiJ, 10 BIAPI3HAIOTHCS Bill MOBCIOIHO (Y TOMY YHCII
B Pocii) npuiHATHX BENWYHH Oy 1 0p NPEACTABIICHI 3aJIE)KHOCTI, 1O JA03BOJSIIOTH NPOBOIUTH NEPEPaxyHOK 3HAYEHb
OJTHMX MOKa3HUKIB JI0 3HAYEHb 1HIIUX MMOKA3HUKIB.

PesyabraTn. OGuncieHHs: epeKTUBHOCTI BUKOPHCTAHHS IPOXiJHUIBKIX KOMOAWHIB JUI KOXKHOI I'€0JIOT1YHOT iIs-
HKH 3 OJHOPIHUMH TIOPOJIaMH MOJKE 3alHATH HEBHIpaBAaHO OaraTo 4acy. Y 3B’A3Ky 3 UMM BHHHKAa€ HEOOXIIHICTB y
MIPOCTOMY, IHTETpaJIbHOMY ISl BCi€i BUpOOKM ab0 TipHUYOTrO MiANPUEMCTBA, MOKA3HMKA MILIHOCTI, KUl MOXXe OyTH
IHTEpIIPETOBAHNH Yepe3 3arayIbHOIPUIHATI BEIHIHHN — MEXY MIITHOCTI Ha CTHCK Ocy 1 MEXKY MIIHOCTI Ha PO3TAT 0,
TakoX Ba)KJIMBUM ITapaMeTpPoOM Y TEXHIKO-€KOHOMIYHOMY OOTpYHTYBaHHI €()eKTHBHOCTI MPOXiTHUIIBKIX KOMOAifHIB €
TPIIIUHYBATICTh TiPCHKUX TOPII.

HaykoBa HoBuU3HA. B siK0CTi HAMITPOCTIMIOro iIHTETPAIHPHOTO OKAa3HMKA MIITHOCTI MOPiA 1O BCii BUpOOIIi BUKOpHC-
TOBYBAaBCS IOKAa3HUK €KBIBAJICHTHOI MIIIHOCTI TipchKUX mopin. Llei mapameTp BU3HAYAETHCS HA OCHOBI IOKAa3HUKA iHTE-
TPajJbHOI OIIHKH CKIIAJHOCTI TIPHUYOIIPOXiTHUIBKUX pOOIT, 3aCHOBAHOI Ha MiJCYyMOBYBAaHHI MEXi MIIIHOCTiI Ha CTHUCK
Ocm 1 TPIIIMHYBATOCTI FPCHKKX MOPIJ O BCil BUpOOL a00 HaBITh FPHUYOMY IiJIIPHEMCTBY.

IpakTuyna 3HayuMicTh. OTpUMaHI pe3yJIbTaTH MOXKYTbh CIIyTYBaTH B SIKOCTI MIONIEPEJHHOTO0 HAYKOBO OOIPYHTOBA-
HOTO crioco0y Big0OOpY TEXHIKH [UIsi KOHKPETHOTO IPOEKTY B MpHUY0A00YBHIH Taiy3i abo mijg3eMHOMY OyAiBHHIITBI 32
KpHUTEpieM TIPOTyKTHBHOCTI. [1 OCHOBHOO TIepeBaroko € mpocToTa i 3po3yMilicTh. OJ[HAK BapTO 3a3HAUMTH, 11O PO3IIIS-
HYTY METOJAMKY HE CJIiJi 3aCTOCOBYBATH Ha €Talll OCTATOYHOTO TEXHIKO-€KOHOMIYHOTO OOTPYHTYBAaHHS IPOEKTY, THM
Oinble y BiApHBI BiJl IHIIMX BUPOOHUUYHUX (DaKTOPiB (CyMiCHICTB 3 IHIIUM OOJIaJHaHHSM, HAasBHICTH IIEPCOHATY 3 HEOO-
X1THOTO JUTA eKCIUTyaTallii Ta 00CIyroByBaHHS 0OpaHOi MaIiHU KBamidikamieto i T.1.).

Knrouosi cnosa: npoxionuyvkuil KomOaiiH, npoOyKMUSHIiCMb, eMRIPUYHUL Memoo0, NONEPeoHs OYIHKA, IHMe2paibHA
OYIHKA CKIAOHOCMI, eKBI8ANIEeHMHA MIYHICD

IPEABAPUTEJIbHASI OHEHKA ITPOU3BOJUTEJIBHOCTH ITPOXOAYECKHX KOMBAWHOB
HA OCHOBE SMIIMPHYECKHUX METO/J10B 1 SKBUBAJIEHTHOHU ITPOYHOCTH I'OPHBIX ITOPO/1

E. Asepun, A. XKab6un, A. [lomsikos, YO. Jlunnuk, B. JInaHUK

Iesab. BeIOOp KOHKPETHOTO MPOXOIIECKOT0 KOMOaiHa SBIISIETCS KPUTUYIECKH BaXKHBIM IIaroM B INIAHUPOBAHUH pa-
00T 1O MPOEKTY MM KaKOMY-JIMOO U3 ero 3TamnoB. [Ipu 5TOM HOMEHKJIATypa MallliH, BBIITYCKAaeMbIX Pa3IWIHBIMH IIPO-
M3BOAMTEISIMU B HACTOSIIEEe BpeMs, HEOOBMAHO BENMKA, YTO JENaeT HEeIeIecOoO0pa3HbIM TIIATENbHBINA aHAJN3 KaX-
JIOH MOJIeN KOMOaifHa ¢ TOYKHM 3PEHUSI ero aleKBaTHOCTH TpeOyeMbIM ISl YCHENIHOH peayi3aliy IpoeKTa apaMeT-
pam. Takum 00pa3oM, BOSHHMKAET HEOOXOAMMOCTh B JIOCTATOYHO MPOCTOI M OBICTPO MPOBOAMMON NpeIBAPUTEIBHON
OLICHKE MAIlMH YK€ Ha IPeIIPOEKTHOM CTa M.

Metoauka. B xauecTBe OCHOBHOM MOJENH JUISL ONPEACIECHHUS TEOPETUUECKON MPOU3BOMUTENBHOCTH Pa3pylIeHUs]
TOPHOTI0 MaccuBa ObLIa UCIIOJIb30BaHa MeToAMKa Koslopa ckoro ropHoro yHHBEpcUTeTa, KOTOpas OCHOBaHA Ha MHOT'O-
YHCIICHHBIX JTaOOPaTOPHBIX HCIBITAHISX W MPOIUIA IIMPOKYIO arpo0amnio Ha MpakTHKe. J[JIs 0Te4ecTBEHHBIX CIIeIa-
JIMCTOB, MPUBBIKIIAX K MUCIIONB30BAHUIO B CBOCH NEATEIFHOCTH IIPOYHOCTHBIX MOKA3aTeleil TOPHBIX IOPOJ, OTINYA0-
IIUXCS OT IIOBCEMECTHO (B TOM 4Ymnciie B Poccni) MPUHATHIX BEIWYHH Ocye U 0p TPEICTABICHBI 3aBUCHMOCTH, TTO3BOJIS-
OIIHE TIPOM3BOIUTH IIepepacyeT 3HaYCHUH OJHMX MOKa3aTee K 3HAYeHUSIM JIPYTHX MTOKa3aTele.

PesyabTaThl. Berancnenue 3 peKTHBHOCTH MCIONB30BAHUS MPOXOTIECKUX KOMOAHOB AJIS KaXIIOTO T'eOJOrHye-
CKOT'0 y4acTKa C OZHOPOJHBIMU MOPOAAMH MOXET 3aHATh HEONPABIAHHO MHOTO BPEMEHHU. B CBS3M C 4yeM BO3HHKAET
HeO6XOI[I/lMOCTI) B MPOCTOM, UHTCI'PAJIbHOM JIA Bcel BLIpa6OTKI/l HJIA TOPHOT'O MpCANpUATUA, ITPOYHOCTHOM ITOKa3aTe-
JIe, KOTOPBIA MOXKET ObITh MHTEPIPETUPOBAH Yepe3 OOIICHPUHSATHIE BEIUYMHBI — PEIEN IIPOYHOCTH Ha COKATUE Gepe U
npeJieN MPOYHOCTH Ha PacTshKEHHE 0p. Takke BaKHBIM ITapaMeTPOM B TEXHHKO-3KOHOMHUYECKOM 000cHOBaHHMH dddek-
THUBHOCTH ITPOXOJUECKMX KOMOAHOB SIBJISETCS TPEIIMHOBATOCTH TOPHBIX TIOPO/I.

Hayuynas HoBH3Ha. B kayecTBe mpocTeiIero MHTErpaJIbHOTO MOKa3aTels MPOYHOCTH MOPOJ 110 Beeil BhIpaboTKe
HCIIOJIb30BAJICS TIOKA3aTe b SKBUBAJICHTHON MPOYHOCTH TOPHBIX MTOPOA. DTOT MapaMeTp ONPEAessieTCsl Ha OCHOBE TOKa-
3aTeNsi HHTErPaIbHON OIEHKH CIIOKHOCTH TOPHOIIPOXOAYECKUX paboT, OCHOBAaHHON Ha CYMMHpPOBAHHH IIPEelia Mpod-
HOCTH Ha CKATHE Oy U TPEIIUHOBATOCTH TOPHBIX TIOPOJ IO BCEH BRIPAOOTKE FITH JTaXKe TOPHOMY TIPEIIPUSTHIO.

IpakTHyeckasi 3HAYUMOCTB. [[0Ty9IeHHBIE pe3yNbTaThl MOTYT CIY’KUTh B KadeCTBE INPEIBAPHUTEIBHOTO HAYYHO
000CHOBaHHOTO crIoc00a 0TOOpa TEXHHUKH JJISi KOHKPETHOTO MPOEKTa B TOPHOAOOBIBAIOIIECH OTPACIIH WM MOA3EMHOM
CTPOMTENBCTBE TI0 KPUTEPUIO MPOM3BOIUTEIHHOCTH. E€ OCHOBHBIM JTOCTOMHCTBOM SIBISIETCS IIPOCTOTA M IOHSITHOCTb.
OﬂHaKO CTOUT OTMETUTDL, YTO PACCMOTPCHHYIO METOAMKY HE CJICAYCT NPUMCHATH HA 3TAIlC OKOHYATCIBHOI0 TEXHUKO-
9KOHOMHYECKOTO 00OCHOBAaHHUSI MPOEKTa, TeM 0oJiee B OTPBIBE OT APYI'UX MPOM3BOACTBEHHBIX (PaKTOPOB (COBMECTH-
MOCTb C POYMM 000pYZOBaHUEM, HAJIMYHE NIEpCOHalIa ¢ HEOOXOAMMOM /I SKCIUTyaTallMu U 00CITYKHBaHHs BEIOMpae-
MO MallIWHBI KBaTH(PUKAUCH U T.11.).

Knrouessle cnosa: npoxooueckuti KoMOQlH, npou3800UmMeNIbHOCHb, IMAUPULECKUT] MeMO0, NPed8apumebHas OYeHKd,
UHmMezpanbHAs OYEHKA CLOHCHOCU, IKBUBALEHIMHAS NPOUHOCHIL
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