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Msnomken koMimiekcHblii 110JX0L K HCHOMBL30BAHUIO OITHYECKNX XAPAKTEPUCTHR MUHEPAJIOB Jyii paspabor-
KI anajusatopa u (poTOMEeTPIYCCKOTO cellapaTopa. YCTAHOBICHO, YTO A HICHTH(MUKAIMNA KYCKOB KILTBHON 1
BKpalLIeHHOil cTPYKTYp 1pu (hoToMeTpuyeckoii cellapaly HeJocTaTo4HO UCIIONb30BaAHNIA B KauecTBe lpu3HaKa
pasneneHs koodypuieHTa oTpaskeHsA Kycka. BoiABIeHo, 410 HEOOXOMIMBI CKAHIPOBAHIE MOBEPXHOCTH KyCKa
V3RO (DOKYCUPOBAHHBIM IYIOM CBETA M NCTIOIb30BAHNE CHEIUAIBLHOIO aITOPUTMA 0OPAOOTKH ONTHIECKOi HH(POP-
marnmu. [11s uecaeoBanns aaropuTMoB WICHTHMURAINI acOeCTOCOEPKAIMX KYCKOB TIPH (POTOMETPHYECKOIT
cemapanui pazpadoTaH JazepHblii (hoToMeTpIIecRIii aHATN3ATOP, TIO3BOJATONIHI (PHKECHPOBATH KOI(P(DUIIEHTHI
OTpasREHI YACTHN TOBEPXHOCTH KyCKa TPH CKAHNPOBAHHN ee Y3KO (POKYCHPOBAHHBIM JIy4oM JTasepa. OTvedeHo,
9TO € €ro IOMOLIBIO BOSMOKHO IIPOM3BOIUTH BHIYUCICHIC OTHOCHTEIBHBIX ILTOMaell OTpamkaiomuX MUHEPATIOB,
KOTOpbI€ 3aHNMAIOT MOBEPXHOCTH HccaeyeMoro oopasna. ITokazano, uTo A MPUHATHA penieHns 06 yaaTeHnn
KyCKa TIPH cenapaiui HeoOX0IMMO 3HATh COIEPIRaHNe KOMIIOHCHTOB B Rycke. B ¢Bssu ¢ atuM ocobblii mHTepec
TIPeJICTABIAET PACCMOTPEHTe CBA3N COOTHOMTEHI THIOMIATN W BECOBBIX COJIep:RaHii KOMIOHEHTOB B Kyckax. B
pesyJ/ibraTe 1POBeJeHHOI0 UCCIeJ0BAHUA 110J1yYeHbl 1Be (DOPMYIIbl BbIYMCICHUA COICPKAHUA Yepe3 U3BeCTHbIe
TITOTIATN JI7TA AKILTLHOI 1 BRPATLICHHOI CTPYRTYP. YCTaHOBICHO, 9TO TApaMeTPhI PASMEPOB TLTOTATN BRIFOTCHITH
MITHEPAJIOB BO3MOKHO BLIYHCINTD, €CII N3BeCTHBI KOA(D(MUIMEHTHI 0TpaskeHNA caararonix MunHepatos. B csasn
¢ 9TUM MOABIACTCA BO3MOKHIOCTb OLCHUTD cojiepskaliiie HEHHoro KOMIOHeNTa HelocpeicTBeno B Kycke. [l
BbIYUCIICHUA cOjlep:kaHu:A onncata (popma BKIOYEHUIi ¢ [IOMOIIBIO MaTeMaTuuYecKuX Mojielleii KyCKOB #KIIbHOM
CTPYKTYPBI, 9TO XaPAKTEPHO /UIA achecTa i BRPAILICHHON CTPYRTYPBI — LA YTOIBHBIX U IPYTHX MOIE3HBIX HCKO-
TMaeMbIX. YeranoBnen randornee d(pPeRTUBHBI aJITOPITM WCHTH(PHRATIAN acOecTOCOIePRAINX KYCKOB — alIT0-
puT™ ftonieBoro Tura. 1 IpiBeieHpI pesyIsTaThl IMUTAIINT COPTHPOBRH acheCTOBOM PY/IbI

Raroueswie caosa: aazephulli homomempuieckull AHAIUSAIMOP; KYCOK HCUTLHOU U 6KPATIAEHHOU CIMPYKMYP,; a120puin-
MoL; hopmyavt; (homomempuueckuil Memod copmuposKU; a12opumm udeHmuurayuul; CKaHUPoOSaHUe NOGePXHOCMIL;
MAMeMAMUMECKEAA MOOeTb; Wap ; KOIhhULUeHn ompayiceHus
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An integraled approach lo Lhe use of oplical characlerislics of minerals for the development of an analyzer and a
photometric separator is presented. It has been established that identification of pieces of veined and interspersed
structures during photometric separation is not enough to use as a sign of separation the reflection coefficient of
a piece. It has been revealed thalt il is necessary lo scan the surface of a piece with a narrowly focused beam of
light and use a special algorithm for processing optical information. To investigate the algorithms for identifying
asbestos-containing pieces in photometric separation, a laser photometric analyzer has been developed that allows
one to fix the reflection coefficients of a part of the surface of a piece when scanning it with a narrowly focused
laser beam. It is noted that with its help it is possible to calculate the relative areas of reflecting minerals that oc-
cupy the surface of the sample under study. It is shown that in order to make a decision to remove a piece during
separation it is necessary to know the content of the components in the piece. In this connection, it is of particular
interest to consider the relationship between the ratio of the area and the weight content of the components in
the pieces. As a result of the study, two formulas for calculating the content through known areas for vein and
interspersed structures were obtained. It is established that the parameters of the size of the inclusions of minerals
can be calculated if the coefficients of reflection of the constituent minerals are known. In this regard, it becomes
possible lo evaluale the conlent of a valuable component directly in the piece. To calculatle the content, the form
of inclusions is described using mathematical models of pieces of vein structure, which is characteristic of asbestos
and interspersed struclure - for coal and other minerals. The most effeclive algorithm for the idenlification of
asbeslos-conlaining pieces is eslablished - the algorithm of the shared type. The results of imilaling the sorling of
asbestos ore are given

Key words: laser photometric analyzer; a piece of veined and interspersed structures; algorithms; formulas; photomelric

sorting method; identification algorithm; surface scanning; mathematical model; ball; reflection coefficient

hephotometricsortingmethod [1—13 Jcan

be implemented in various modifications
by different separation criteria [5; 7] which
may be formed by special algorithms. The
type of the algorithm is determined by the
spectral oplical characleristics of raw malerial
components and the type of mineralization.
For asbestos ores as noted [2; 3; 9] the
greatest differences in reflectivity of asbestos
and rocks are available at wavelengths of
9950 to 750 nm. Previous studies have shown
that the specific mineralization of asbestos
does not allow using the simplest algorithms
for identifying the type of integral reflection
coefficient. Obviously it requires the use of
such measurement principles that allow to fix
optical heterogeneity of very small pieces of
surface of pieces. Such principles are realized
using the operation of scanning the surface
with a thin beam.

For the research experimental facilities
have been developed [2; 3; 9]. A block-
scheme of a laser photometric analyzer is
shown in Fig. 1.

When developing optical separators for a
particular type of raw material the principal
questions must be justification of structural

elements of a measuring chamber and the
choice of algorithms for decision —making on
pieces removing.

Using a laser photometric analyzer it is
possible to calculate relative areas of reflecting
minerals, occupying the surface of a tested
sample.

To make a decision on removing a piece
during separation it is necessary to know the
content of components in the piece. Therefore
it is of interest to consider the relationship
between the ratio of the area and weight
content of the components in pieces.

The size parameters of inclusions of
minerals can be calculated if coefficients of
reflection of the constituent minerals are
known. In this regard it becomes possible to
evaluate the content of a valuable component
directly in the piece. To calculate the content
we describe the shape of inclusions using
mathematical models of pieces of vein
structure, being characteristic for asbestos
and disseminated one- for coal and other
minerals.

As a model of the vein structure a ball
that is crossed by a vein valuable component
is considered (Fig. 2).
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The written equation to calculate the
true content is the following;:

14 [oN ’
o= X 1 B
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where V.~ volume of vein, m?;
V, — volume of ball, m?;
p; — mineral densily, kg/m?*;
3 3.
p; — rock density, kg/m”’;
Bi — content of valuable component in

the mineral, %.
Let us replace in (2) the parameters of
volumes through the parameters of the cut out
cylinder of the vein of a valuable component:
2 2l p.
o= 3 ! B
2 2., 4 3 2 2., i
ERR Al P; +(§TL'R —Eﬂ:R Al )p,l,

(2)

Expressing R and AH through known ar-
eas

/s
R =.-9
9 47

(3)

Fig. 1. Block-scheme of a laser photometric analyzer:

1 - laser; 2 — focusing system; 3 — optical camera;
4 - lightguide; 5 — detector; 6 — laser power supply;

7 — high-voltage detector power supply;

8 - low-voltage detector power supply; 9 — pulse
analyzer; 10 — digital printer; 11 — generator pulses;
12 — recording potentiometer; 13 — connector with a

plug (rotatable stand) / Puc. 1. briok-cxema
J1a3€PHOro POTOMETPUYECKOro aHanm3aropa:
1 —nasep; 2 — pokycupyioLyas cuctema;

3 - ontnyeckas kamepa; 4 — cBeToBOA; 5 — AETEeKTop;
6 — 6710k nuTaHus nasepa; 7 — 6J10K NUTaHUs
JEeTeKTopa BbICOKOBOJIbTHbIN,; 8 — 6JI0K MUTaHUs
JeTtekrtopa HM3KOBOJ7bTHbII71,' 9- aHan3arop
nmnynascos; 10 — ungponeyararoLlee yCTporicTBO;
11 — reHeparop nMmnynbcos; 12 — camonuLuyLnii
noteHumomeTp; 13 — LwTyuep ¢ BuIKo (BpaLyaemast
noacraBka)

Fig. 2. The vein model structure:
R — radius of ball; AH — thickness of vein /

Puc. 2. Moaesb XuabHOV CTPYKTYpbI:
R- pagwnyc wapa; AH — TonawmHa Xubl
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where 5, — volume of ball, m?;
5,.— vein area, m>.

Then, from the equations (3 and 4):

—
Sy Sy,

1,"5_31(5:{?_-,,'-“ (Su—Falp, ae” (5)

And in the final form the content may be
eslimaled by the formula:

o
p=—Z24 f (6)
B Py Sy — S, M

For the interspersed structure we use a
ball with a segment as a model (Fig. 3).
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Fig. 3. Model of interspersed structure:
R, - radius of sphere; H- height of segment
/ Puc. 3. Moaesnb BKpaniaeHHOU CTPYKTYPbI:
R, - paauyc wapa; H ~ BbicoTa cermeHTa

w

The true content through the parameters
of the segment is determined from the
expression

B
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(7).
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where R — radius of ball, m;
H.— segment height, m;
P,.— mineral densily, kg/m?;
Pz— rock density, kg/m?;

B,,— content of valuable component in
the mineral, %.
Having expressed Rum H_ through the
known areas:

i

Ru = _\‘I;J (3)
LY

H, = 2= (9)

where s _— area of ball, m*;
5.~ segment area, m>.
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And in the final form the equation for
determining the interspersed structure

S2(as,~25)p,,
o= — — :._
5 (35 25, )py—r )+ Siry

B, (11)

So we have obtained two formulas for
calculating the content through known are-
as: formula (6) for the vein structure, for-
mula (11) for the interspersed structure.
To identify asbestos pieces it is necessary to
scan Lhe surface of a piece with a narrow-
ly focused beam of light and use a special
algorithm for processing optical informa-
tion, being the basis for development of a
photometric separator. On the basis of the
obtained equations after identification of
pieces it is possible to estimate the true con-
tent of asbestos in a piece according to the
equalion (6).

The information obtained with the help
of the laser analyzer may be processed differ-
ently. Table 1 shows the results of an exper-
imental imitation of asbeslos or sorting. The
primary information was obtained by scan-
ning the surface of pieces with a laser beam,
measuring the reflection coefficient, changing
the laser beam along a piece of ore as the la-
ser moved. The processing of information was
carried out according to various algorithms,
taking into account the content of vein struc-
tures [2; 3; 9].

Algorithms differ only by the formed
separalion feature. To fundamentally differ-
ent of them should be attributed to the signs
using differences in amplitudes of signals,
in the share of signals of a given amplitude
level to the total number of signals from the
piece as a whole. To amplitude-type algo-
rithms the measurement of the reflection
coefficient Rl of the piece as a whole may be
related or the measurement of the maximum
pulse amplitude Am from the group of pulses
characlerizing the piece as a whole. Frac-
tional-type algorithms, for example, may
be considered the calculation of the ratio of
a number of pulses with a given amplitude
to the total number of pulses from a piece
(f,1) or calculation of the product of such a
ratio on to the average duration of the am-
plitude pulses of the given level (f,4.m..).
It is possible to combine both groups of algo-
rithms [2; 3; 9].
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Effectiveness of algorithms in simulation of photometric separation /
O b PeKTUBHOCTb aIrOPUTMOB NPU UMUTaum GoToMeTPNYEeCcKoro pasgeneHus

: . Theoretical yield of tails / TeopeTnuyeckuii Bbixop,
. - | | ,d.e.
(Sign ofseparation® / | (TR R, T
pUsnak pasaenenns Hue, A. e. to the class, % / k knaccy, % | toore, % / k pyge, %
a=a+bf +cfa’ 0,77 93 47,43
a=a+ bf [+ ¢(farl.)’ 0,53 96,5 49,22
a=R,, 0,61 61 31,11
a=a+ bf +clm+ dA 0,91 95,5 43,71

Note. *a, b, ¢, d — numerical coefficients; fa — specific number of discrete pulses of a given amplitude
(“asbestos”) with respect to the total number of pulses from a piece; 1. — average duration of discrete pulses of a
given amplitude (“asbestos”); ITm — maximum pulse duration of a given amplitude from a piece, Am — maximum
amplitude of “asbestos” pulses of maximum duration, R550 — eflection coefficient at a wavelength of 550 nm
/ Ilpumeuanne.*a, b, ¢, d — uncnosbie kKoappuprenTsr; fa — yenIbHOE YHCIO0 UCKPETHBIX UMITYIBCOB 3a/IaHHOIT
aMILTHTYII («acGeCTOBBIX> ) MO OTHOHNICHUIO K OOIIEMY YHCITY HMITYIIHCOB OT KYCKa; IL— CPEJIHASA MPOJIOIRUTEh-
HOCTD JCKPETHBIX UMIYIBCOB 3a/IAHHON aMILTHTYABI (<«ac0ecToBbIX» ); TIM — MakcumManbHas JIHTeIbHOCTD M-
NyJIbca 3aJIaHHOIT aMITTHTY/bI OT KYCKa; AM — MAaKCHMAaJbHASA aMIUINTY/IA «acOecTOBBIX> HMITYJILCOB MaKCHMAIb-
Hoit gmurensnoct; R550 — koadpprmmenT orpaskenisa Ha umHe BoIHbI 550 1M

The efficiency of the above algorithms
with respect to asbestos ore is very high; the
best indicators should be expected when using
algorithms of a shared or combination type.
Therefore, in the photometric separator in the
information processing and decision-making

of the structure, making it possible to form
various types of separation algorithms from
among those considered above. In addition, to
implement such algorithms in the photometric
separator it is necessary to provide a system
for scanning the surface of pieces.

unil, il is necessary lo provide for flexibilily
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