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A large number of biological objects are characterized by their movement. Dependence of the
movement direction of individual cells or its line by using of external light, electromagnetic radiation or
chemical effects on a solution can be examined by using optoelectronic system for tracks analysing and
counting the number of objects. In the case of analysing such objects characteristics, their number in the
system field of vision is a random number. The similar problem arises in the biotechnology of
reproduction and selection of livestock when creating new breeds with programmed properties and when
applying artificial insemination.

In the process of creation such systems the problem of determination the probability with which the
system can distinguish two or more objects appearing in its field of vision is arisen. In the paper the
method of determination the probability depending on the system resolution and objects number in its
field of vision is suggested.

Since the objects number in the field of vision can be varied or set by changing
the solution concentration, the goal of the work is to determine the number of objects when
the object merge does not occur with a probability that exceed some predetermined level of
significance that is close enough to one.
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1. Introduction. One of the important problems
in the screening of new substances is the problem of
assessing the impact of these substances to biolog-
ical objects. Nowadays it is used the method of bio-
logical tests according to reaction of microorganisms
to chemicals by measuring the motility characteris-
tics of a large number of biological objects [1]. It re-
quires the creation of modern automated optoelec-
tronic systems. Similar problems are in the develop-
ment of such systems for biotechnology of reproduc-
tion and breeding of livestock in creation samples of
animals with programmed properties, e.g., for as-
sessing the sperm quality of its motility [2] or in elec-
tro manipulation of cells.

Such an approach implies a set of methods for
the action of pulsed and harmonic electric fields on
living cells by means of specialized equipment with
the need for reversible or irreversible electrical
breakdown of membranes (electroporation, electro-
fusion, electrolysis), convergence before break-
down, sorting (HF dielectrophoresis), increasing the
permeability of membranes (electropermeabiliza-
tion), ensuring the transfer and integration of genes,
DNA, RNA, viral macromolecules into the cell
through the membrane (electrotransfection) [4-7]
etc. In the process of developing such systems it is
necessary to evaluate the upper limit of observed

objects number because the system technical char-
acteristics, such as system field of vision and its res-
olution, depend on their quantity, and, accordingly,
the accuracy of the system as a whole [3].

2. Problem statement. The problem of object
number assessing by means of optoelectronic
system can be written in the following formulation. In
the system field of vision n objects appear
independently of each other. If the distance between
objects is less than a value 6 - the system
resolution, then two objects are taken as one, if the
distance is greater than ¢, then the objects are
taken as separate ones. It should be noted that
three, four etc. objects can be merged according this
rule. Since the object coordinates are unknown and
their appearance is random, an event in which a
merger of two or more objects occurs or does not
occur is random. At the same time, their probabilities
depend on the system resolution 6 and on the
quantity (n-number) of appearing objects in the
system field of vision [3, 7].

It should be taken into account that the system
parameters have technical constraints and the num-
ber of microbiological objects in some cases can be
varied or set. The optimal situation is a case, when
the merger of any two objects does not occur at all.
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Therefore, we can consider a question at what quan-
tity of objects n the above-mentioned event has a
probability exceeding some predetermined level of
significance that is close enough to one.

The problem identified above can be formally
formulated as follows: there are n pairwise inde-
pendent random vectors (,?1./,?25” equally distrib-
uted with uniform law over some region
VcE, (where E, — k —dimensional Euclidean
space, that has a dimension equal to two for optoe-
lectronic system) [3, 8].

3. Calculating the probability of non-merging
objects. Consider an event in which there are fol-
lowing inequalities:

p(E.E)>6,i# ),

where p(g?,.,f_j) is the designation of the Euclidean

i,j=l.n (1)

metric in E, . The probability of this event we will de-
note as P,(n,8) . Itis necessary to find the maximum
value of n when

P(nd)>a. )

Apply an inductive approach to solving this prob-
lem. The probability P (n,0) can be recurrently ex-
pressed through P (n—1,6), what, by taking into ac-
count an equality P, (1,6) =1, allows to consistently
find P, (n,0). This approach will be realized below

when k=1 and k=2 (cases, which are important
for practical using).

Preliminarily get the general recurrence relation.
For this purpose we patrtition the region V' into par-
allelepipeds 71, in phase space FE,with axes
z,,...,z, . In each parallelepiped we fix a point z, , the
Lebesgue measure of each parallelepiped is de-
noted as u(/1,), further the Lebesgue measure (vol-
ume) of the corresponding set we will denote as
symbol () . Introduce the events: 4 —when a dis-
tance between any pair is greater then o and the

S
set of hypotheses {Hi}izl

partition sections (number of parallelepipeds), and
” hypothesis H, correspond to the event when the

, where s — quantity of

parallelepiped.
In this case P(4)=P (n,0). Find probabilities

first random vector & gets into i

P(H,) of hypotheses and conditional probabilities

P(4/ H,) of our event under condition that an "
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hypothesis is true. Since a random vector ¢, is uni-
formly distributed over V' we get

P(H,) = u(11,) / (V) (3)

Now assume that hypothesis /, takes place. In

this case an event 4 occurs when following condi-
tions simultaneously fulfilin 6 — neighbourhood of a
point z,: Uz,(0) except the point &, any other points
do not locate, i.e. &,,...,&, lay in aregion V' \Uz,(5)
(symbol \ —is a set difference symbol) and in a region

& occupy posi-

tions in which p(é_l.,g?j)>5, if i=j and i,j=2....

V\Uz,(8) random vectors &,.,...,

Probability of this event in our designations is equal to

(8))/ u(r)]" %

xP(V\Uz, (8)(n-1,5))

P(A/ H )= V\U:
(4/H)=[u(vivz "

By the formula of total probability [3,10] we get:

B(n8) =Y (1) (V)

i1

[u(v1Uz(0))/

N

=1/ (V) 2o (V102 (8)) x

i=1

x PV \Uz,(8)(n—1,8) (I1)

[

u(v )]”"pV\Uz,.((s)(n_L(s): .

In the formula (5) implement a limit transition,
letting the partition sections number s tend to infin-
ity, and the Lebesgue measure of i” section tend to
zero. Since the expression under sign Z in the
equality (5) present a Darboux sum for function
f(2)=u"(V\U,(8)) PV \U,(6)(n-1,5), then in

the limit we get the final recurrence relation

B (&) =11 (V) [ [V (VU (9)) x
xPV\U_(6)(n-1,58)dz

. (6)

z,), dz=dz,...dz, .

Thus, the relation (6) let reduce the problem for
n points into the problem for n—1 point. However,
further analytic research is hampered on the one
hand by the arbitrariness of the dimension of the
phase space k and the set E,. On the other hand,

where z =(z,,...,

there are practically important situations when £ =1
or k=2 and V =[0,1] or V' =[0,1]x[0,1], i.e. the
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field of vision is a thin enough band which, without
restriction of generality, can be considered as of unit
length or as a unit square in the plane. Values ob-
tained for n in this case, for £ =1 have linear density
and for k=2 have planar density at which the
equipment resolution with a high enough probability
allows to distinguish all objects. Furthermore, it can
practically be considered that there is a power link
between these densities, i.e. the planar density is a
square of linear one, so the planar variant can be
reduced to linear one (just like any other, however).
Therefore, in the following calculations our assump-
tion when k=1 and V' =[0,1] is true.

Then, the objective means, that n points are uni-
formly thrown on the interval [0,1] and probability

By, (n,6) that the distance between any two of

them was not less than & should be found. It should
be noted that in the case when n =2 this is the for-
mulation of the problem, which is known in probabil-
ity theory as "Probability of meeting" [3, 8, 9].

Based on the assumptions made by us, the
Lebesgue measure is generally a length, so we will
denote it as symbol |#|. Next if ¥ =[0,1], then

|V |=1, so the equality (6) will take the following form

P[o,l](naé‘) =

1
)
= | 10.11\Uz (8)| " By 5 (=1, )z
0

From (7) it is clear that by decreasing the point
number by 1, we change the original set [0,1] to
some other one. It would be advisable that this
change lead again to an interval (in this case the
probabilities participating in the recurrence relation
would be of the same type), however it does not oc-
cur. Further we will show that all of this can be re-
duced into an interval nevertheless, however its
length will not be one. Therefore, we will solve the
problem for a more general case, when V =[a,b].

Then an equal (6) takes the form:
B, y(n,0)=1/(b—a)" x
(8)

!

Look in more detail the structure of a set
[a,b]\U,(5). On a line the closed & — neighbour-

(5)(n—1,5)dz

b
P[a,b]\Uz
a

[a,b]\Uz (5)‘”*‘

hood of a point z is an interval [z—&,z+6]. Itis
02(b—-a), then
P[a’b](n,é) =0 when n>2 (on such an interval it is

clear, that if its radius

impossible to put even two points, separated from
each other by more than o).

Assume that 6 <b—a <20, i.e. the radius of a
neighbourhood is less than the length of an interval,
however the dimension of a neighbourhood is
greater than the length of an interval. In this case it
is clear, that it is impossible to put more than three
points in fulfilling our requirement, i.e. £, (n,0)=0
when n>3. And when n =2, the situation is similar
to the formulation of “Probability of meeting prob-
lem”[10]. The desired probability can be get by using

the relation (8) or as a geometric probability [3, 9]
and it will be equal to

P, (2.8)=(b-a=5) /(b-a) 9)

The most general situation is when b—a>26
(it should be noted that in practical cases b—a is
much bigger than 26'). Then on interval [a,b] it is
possible to distinguish three zones of location of the
point z, for two of which [a.b]\U.(9) is an interval,
and for the third it is a union of two intervals.

Thus, we get:

[z+0,b),if z€ [a,a+ O],
,z—0)1i b-6,b];
[ b1U, (8= Z 7O 2 =By,
[a, z=O0]u]z+,b],
if z elat+o,b-0].
Therefore, the form of the integrand depends on

the region of hitting z into the above-mentioned
zones of an interval [a,b]. Hence based on (10) it is

possible to write:

b

[[la.61\U.(5)

a

n—1
P[u,b]\uz(g) (n—-1,0)dz=

a+b
_ j (b—z—08)"'P_ 5, (n—1,6)dz+

. (1)
+[(z-6-a)"'R

[a,z-5]
b-6

b6
+ [ (b=a=20)"'B, . 5y (osn(n—1,6)dz.

a+d

(n-1,0)dz+

Prove that the first two summands are equal. For
this it should be noted at first that £, ,,(n,0) de-

pends only on #n, &, (b—a) and does not depend on

the interval endpoints. Therefore for any a and b
the following equation occurs

P[a,b](n’é‘):P[(),bfa](n’é‘) ) (12)
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Then in the second integral of the equality (12)
we make a change of variable z=a+b—u, then

b
[(=6-ay"R,. ;(n-1,6)dz=
b-5 ) (13)
—_ j (b-u=08)"B, 05 (n—1,0)du
a—o
By substituting # back in z and by considering
(13), we get:
b
[-6-ay'p
b-6

[a,z—§

](n—l,5)dz =
(14)

a+o

= [ (b-z-0)"'R

z+6.,b

(n—1,8)dz

Then we will consider the third summand of the
equality (11). Here is the above-mentioned situation.

Calculating the probability £, ,,(n,0) is reduced to
finding the analogous probability for n—1 points,
only the set /' changed its structure and became the
union of two intervals. The further using of the recur-
rence relation in this form will lead to an even more
complex transformation of V', etc. Naturally, it is in-
convenient for practical using. Therefore we re-
search in more details the probability £, ,, ;.. (1,0)
,wWhere a <b <c<d .Show thatit can be expressed
through probabilities £ ,.(-,&) and P[C,d](-,é).

[a.]

Really, if V =[a,b]U[c,d] and on this set n
points are randomly selected, then it is possible in
the case when £ points hit on [a,b], and n—k
points hit on [¢,d]. And k changes from O to 7.
Since the choice of & points from n can be carried
out by C* ways and probabilities of hitting & points
oninterval [a,b] and n—k oninterval [c,d] will be

(b-a) } [ (d-0) }
d-c)+(b-a)| | (d-c)+(-a) ’
then the probability of such distribution of points on
Ci(b-a)'(d-c)™*
[(d-c)+(b-a)
above-mentioned event has occurred, then under
this condition the probability of an event when the
distance between any two points is greater than &
can be obtained in the form of the product

P[a,b](k,&)P[ud](n—kﬁ). Therefore finally we

can write:

equal to {

intervals is equal to . If the
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Ryt (1:0) = Zp[a,b] (k,0)E, 4y(n—Fk,5)
k=0

c* (b—a)'d-co)"
[(d—c)+(b—a)]n

It should be noted, that £, ,,(0,5) can be con-

(19)

sidered as equal to 1.
By summing all above-mentioned, from (11),
(14) and (15), we obtain:

b
n—1
[[a.b]\ U B, 1y (n = 1.8)dz =
a+d
=2 [ (b—z-6)y"P_,,,(n—1,8)dz+
! 72001 (16)

b=5 p—1
+ j > ClE-6-a)y"(b-z-8)""x

a+68 k=0

X })[a,z—(i] (k’ 5)})[Z+5,b] (n - k - 1, 5)dZ

Thus, by considering (8) can be written the final
recurrence relation:
when b—a <o

R ,(0.5)=R ,(15)=1,

(17)
P[ayb](n,é‘)zo, n>2
when 6 <b—-a<26
BR,,0,0)=F, ,1,06)=1LR,,(2,6)=
(18)

(b-a-68)/(b-a), B,,(n,6)=0, n>3

when b—a > 26
P[a,b] (05 5) = [Ea,b] (1, 6) = 1,
Ra,b](zaé‘) =(b-a-06)/ (b-a),
ID[a,b] (}’Z,5) = [1 / (b - a)n] X

a-o6
<2 [ (b=z=6)"R. ., (n-1,8)dz+ (19

b-6 51
* .[ chfl (z— 5—a)"’ (b—z— é‘)n—kq «
a+0 k=0

x ])[a,z—5] (k’ é‘)1)[z+§,b] (I’l - k - 1, 5)dZ}

4. Results of the study. The set of equalities
(17)-(19) allows us to carry out the procedure of con-

sistent finding P[O,l](n,é) for different n.

Software for the described method of finding
probability of not merging biological objects depend-
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AHoTauin

MeTopA ouiHKM napamMmeTpiB aBTOMaTU30BaHOI CUCTEMM ONA aHani3ly
PYyXnMBOCTiI MiKpobGionoriyHux o6'eKTiB

10. €. Merenb, A. |. Pubanka, I'. . BeHkos, C. B. KoBaneHko, I. B. Yanun

Benuka kinbkicTb 6ionoridyHnx 06'ekTiB xapakTepusyeTbCa PyXnmMBICTIO. 3anexHiCTb HaNpPsAMKy pyxy oKkpe-
MUX KNITUH abo iX KOMOHIT Npy BUKOPUCTAHHI 30BHILLHBOMO CBiTNIOBOrO, €NeKTPOMarHiTHOro onpoMiHeHHst abo
XiMi4HOrO BNNMBY Ha PO34MH MOXe ByTu gocnigkeHa 3a AONOMOroK OMTUKO-€NIEKTPOHHOI CUCTEMW aHanisy
TPeKiB i nigpaxyHKy KinbkocTi 06'ekTiB. Y pasi aHanisy xapakTepucTuk Takmx o6'ekTiB ix 4yncrno B noni 3opy
CUCTEMM € BUMNALAKOBOK BESNMMYMHO. AHanoriyHa Nnpobnem, BUHUKaE B GioTeXHONMOTrT BiATBOPEHHS Ta ceneku;i
CiNbCbKOrocnoAapCcbKMx TBapWH MpU CTBOPEHHI HOBMX MOPIA 3 3anporpaMoBaHMMKU BNacTUBOCTAMM i Mpu 3a-
CTOCYBaHHi MeToAy LUTYYHOro 3anmnigHEeHHS.
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Y npoueci CTBOPEHHS TaKMX CUCTEM BUHUKAE 3ajada BM3HAYEHHS MMOBIPHOCTI, 3 SIKOKO CUCTEMa MOXe
po3pi3HATM aBa abo Ginblie 00'ekTiB, WO 3'ABNAOTLCA B ii MONi 30py. Y CTaTTi NPOMOHYETLCS METOA
BM3HAYEHHsT MMOBIPHOCTI B 3aneXHoCTi Big po3a4inbHOI 34aTHOCTI CUCTEMM i KinbKOCTi 00'eKTiB, Lo
3Haxo4saTbCA B 1i noni 3opy.

Tak sik uncno o6'ekTiB B Mosii 30py MoOXe BapitoBaTUCs abo 3agaBaTmCs LUMSXOM 3MiHM KOHLLEHTpaLii pos-
YMHY, MeTo poboTM € BM3HAYEHHS 4ucra OO'ekTiB, NMpM SKOMy He BiaOyBaeTbCcA 3nuTTA 0O0'ekTiB, 3
MMOBIPHICTIO, sika NepeBepLUye OesSKUA Hanepeq 3a4aHui piBeHb 3HAYYLLOCTI, 4OCUTL BNN3bKMIA 0O OOMHUL.

Knro4oBi cnoBa: mikpobionozidHul 06°ekm, onmuko-esieKmpoHa cucmema, po30inbHa 30amHicma, riosne
30py, UMO8IpHICMb.

AHHOTauumn

MeTon oueHKM napamMeTpoB aBTOMAaTU3NPOBAHHOM CUCTEMbI AN aHanu3a
NoABMXHOCTU MUKPOOMONOrM4ecKnx o0 LeKToB

0. E. Merens, A. U. PuiGanka, I'. . BeHkoB, C. B. KoBaneHko, 1. B. Yanbin

Bornbluoe yncno Gronornyeckmx o6bLEKTOB XapakTepusyeTcsi ABWKEHMEM. 3aBUCUMOCTb HanpaBreHust
OBVKEHUS OTAESbHbIX KNETOK UMM UX KOJTOHWUM NPU UCMONb30BaHUM BHELLHETO CBETOBOIO, 3NTEKTPOMAarHMTHOro
06nyYeHNsa U XMMUYECKOro BO3IeCTBUS Ha pacTBOP MOXET ObITb MCCNegoBaHa C NOMOLLBH ONTUKO-3MEK-
TPOHHOW CUCTEMbl aHanusa TPEeKoB M MoacyeTa KonvdecTsa 06bEKTOB. B cnydyae aHanusa xapaKkTepucTuK
TaKNX 06BEKTOB MX YMCIIO B MOSIe 3PEHNS CUCTEMbI ABNSIETCS BEMUYNHONM Cry4alHoi. AHanornyHas npobnem,
BO3HMKAeT B GUOTEXHOMNOMMN BOCMPOM3BOACTBA U CENEKLNM CeNbCKOXO3ANCTBEHHBIX XXUBOTHbBIX MPY CO3AaHMK
HOBBbIX MOPOA C 3anporpaMMUPOBaHHbLIMI CBOMNCTBAMU U MPUMEHEHUN MEeTOAa UCKYCCTBEHHOIO OCEMEHEHMS.

B npouecce cosgaHns TakuMx CMCTEM BO3HWUKAeT 3adava onpeaeneHnsl BEpOSTHOCTM, C KOTOPOW cuctema
MOXeT pasnuyaTb ABa Unn Goriee NOSIBNAIOLLIMXCS B ee nosie 3peHnst 06bekToB. B ctaTbe npeanaraetcs
MeTOo[ onpefeneHns BePOATHOCTM B 3aBUCMMOCTU OT paspeLuaroLleit CrocoGHOCT CUCTEMBI U KONUYecTsa
06BEKTOB, HAXOASLLMXCS B €€ Mose 3peHust.

Tak Kak 4ncrno oGbEeKTOB B More 3peHnst MOXeT BapbUpoBaTbCA UMW 3a4aBaTbCs 38 CHET M3MEHEHUS KOH-
LieHTpaLmMn pacTBopa, Lienbio paboThl ABMAeTCs onpeaeneHune Yncna o6bLekTos, Npu KOTOPOM He NPoucXoauT
CNUsIHWS 0B BEKTOB, C BEPOSITHOCTbIO, MPEBOCXOASALLEN HEKOTOPbIV Hanepé 3a4aHHbI ypoBeHb 3HAUYMMOCTMH,
[0CTaTo4HO GnM3KKiA K eguHULIe.

KnioueBble cnoBa: mMukpobuosioaudeckuli 06beKkm, OrnMuUKO-3/IEKMPOHHasi cucmema, paspeuwarouas
CrocobHOCMb, 1071e 3PEHUSI, 8EPOSIMHOCMb.
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