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U. S. Idiong “ & A. B. Ipinlaye °

Absiract-Terrorism is a social as well as an historical problem which has attracted great concerns in recent times. This
paper discusses the mathematical perspective of terrorism and possible recommendations on nipping the problem in
the bud.

Keywords: connectedness, cluster point, neighbourhood, networks, terrorism.

I INTRODUCTION

Terrorism is a social as well as an historical problem that has posed a great threat to
mankind. It is one of the greatest challenge of nations in the 21st century that has
killed multitudes, rendered many able bodied persons invalid and displaced many
households. Countries such as United States of America, Afghanistan, Pakistan,
France, United Kingdom, Iraq, Somalia, Kenya, Nigeria etc. have been the worst
hit on a daily basis when it comes to the scourge of Terrorism according to press
daily reports. World organizations such as United Nations, the African Union and
other government agencies are on a passionate search for a panacea to this perennial
problem.

Terrorism is a very complex phenomenon that poses threat to international secu-
rity. It affects every aspect of life. The economy of affected nations is under severe
threat as no ready to invest in turbulent communities. Trade is put on hold because

of violence. Agriculture and food security is also affected as no farmer will want
to be exposed to attack in such areas. Health facilities cannot be sustained as this

faceless group are hell-bent on total destruction of life and properties.

Not so many mathematicians have studied this perilous problem that has plagued
vast populace of humanity. Among the few authors that have studied terrorism as a
problem are Gutfrained [1, 2], Caulkins et.al [3], Woo [5], and Zhuang and Bier [7].
Also, Wright [6] in his paper, looks at terrorism as a thing of ideology than brute
force. Stephen Trench [4] in his paper writes on how to fighting terrorism with
Mathematics. The result discussed in this paper does not use the approach of
previous discussants but adopts the topological strategy.

In what follows, it is necessary to outline what shall be presented in each section.
In section two, we shall introduce the definitions of some fundamental concepts in
topology required for this study. Section three contains the application of these con-
cepts to the study of the problem. Section four shall reflect some recommendations

4. Tench S., Fighting Terrorism with Mathematics. SIAM News, Vol. 49. No.6, July-
August, 2016.

on safety measures as well as counter-terrorism strategies.

Author a o: Department of Mathematics, Adeyemi College of Education, Ondo, Nigeria. e-mails: idiongus@aceondo.edu.ng,
ipinlayeab@aceondo.edu.ng
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[1. FUNDAMENTAL CONCEPTS

In this section, we introduce some important concepts in topology.

2.1 Definition: A set X is called a topological space if it is closed with respect to a
family of its subsets 7 C 2% so that (i) 0, X € 7 (ii)UpealU, € T and (i), U; € T
where A is an indexing set.

In the above definition 7 is called the topology of X and every open set U € 7
is called an open set.

2.2 Definition: A set N'(x) is called the neighbourhood of x € X if there exists an
open set U € 7 such that x € U C N(z) C X.

2.3 Definition: A point x € X is called a limit point, cluster point or accumulation

point of S if N(z) \ {z} NS # 0.
2.4 Definition: A point z € X is called an isolation point of S if N'(x)\{z}NS = 0.

2.5 Definition: Let X and X be topological spaces and p : X — X be continuous
map. An open set U € Tx is said to be evenly covered by the map p if and only if

p ) =[[{V:V e}

each of which is mapped homeomorphically onto U by p. Then the map p is a
covering map.

2.1 Theorem: (Lifting Lemma). Let p~! : X — X be a covering map and f :
(B,by) — (X, x0) amap from a base space (B, by) with a base point by into the base
space (X, zg) with base point zg. If Z( is in the fibre of xy then there exists a unique
map f : (B, by) — (X, x0) such that po f = f.

2.1 Remark: The map f in Lemma 2.1 above is called the lift. When the base
space (B, by) equals (I,0) a unit interval I based at 0 or any other path then fis
called a path lifting map. This principle is what is required when instead of engaging
ground battle, air strikes could be adopted. The war airplanes serve as the lift.

[1I.  MAIN RESULT

In this section, the application of the above concepts in the discussion of the problem
of terrorism and the strategies for counter-terrorism operations is presented. In what
follows, the topological space X shall be likened to regions susceptible to terror
attack.

3.1 Theorem (Bomb ignition). An ignited bomb’s point of impact affects its igni-
tion point x € X and its neighbourhood N (z,€) bounded by the radius of impact
€.

3.1 Remark: The radius of impact € of the bomb as a weapon of mass destruction
at times ranges from 1m to 50m depending on its components.

© 2018 Global Journals
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3.2 Theorem (Risk of Casualties): Let the location of any potential risk victim be
y € X then anyone at point y € N (x,€) is at the risk of casualty.

3.2 Remark: By risk of casualty we mean that anyone at the point of impact is

likely to suffer injuries and at worst will risk death.

3.3 Theorem: An isolation point which describes the location of a suicide bomber
with no other person within the neighbourhood will have the minimum casuality

impact of the bomb.

3.4 Theorem: A cluster point which describes a densely populated neighbourhood

will record maximum casualty impact of the bomb.

3.5 Theorem: Let y;(i = 1,...,m) denote the location of individuals in N (z,€)

then minimum casualty will be recorded if N'(z,€) \ (-, {y;} = {} where z is the
location of the suicide bomber.

3.3 Remark: In other cases N(z,€) \ (-, {v:} = 0 when z is the location of a
timed bomb in the absence of a suicide bomber from N (x,¢€). Here, x is an isolated
point.

Next, it is necessary to consider network topology because it is a well known
fact that terrorist groups work in very intrinsic networks that make it difficult for
security forces to crackdown on them. Terrorism is the worst kind of warfare because
of its unpredictable nature. A network topology is the arrangement of a network,
including its nodes and connecting lines. There are two ways of defining network
geometry: the physical topology and the logical (or signal) topology (See Fig 1).
In advanced technologies, drones technology is used in mapping out the networks
of suspected terrorists using some of their known bio-data obtained in the course
of interrogation. Though in actual modus operandi most crude terrorists operate
using courier correspondence that are not electronic in nature. The reason for this
is because such domains are trackable.

Sometimes the network topology allows one to loop points to a certain base point
which helps the military to develop a strategy of counter-terrorism operations. (See
fig 2).

3.6 Theorem: In counter terrorism operations, air raid can be carried out using
a translated rotational triangular network loops from at least three surrounding air
base where operations are taken in hourly permuted sequence group Az pattern with
terms:

1, (12), (23), (13), (321), (213), (132), (312), (231)

Here, 1+ = (123) is the identity path.

© 2018 Global Journals
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Source

Figure 1: A Figure Showing An Example of Networks of Points in A Topological
Space

2

— 2

Figure 2: Figure Showing A simple loop of network of points called nodes

IV. CONCLUSION

This paper has discussed the safety and counter terrorism strategy for cubbing
the menace and excesses of terrorist apart from the ideology and propaganda strategy.
Other models for combating terrorist groups which can mesmerize them can be adopted
using more advanced group permutations 4, n > 3.

V. RECOMMENDATIONS

The following recommendations can be deduced from this paper:

(a) Precautions should be taken by the Governments not to make inciting statements
that could trigger violence.

(b) Government and Non-governmental agencies should use the mass media platforms
to educate their citizenry to avoid cluster gatherings in highly susceptive areas.

(c) Places of high density such as markets, churches, mosques, etc. should be properly
guarded by security agents well equipped with surveillance cameras, drowns, and
bomb detectors.

(d) In counter terrorism feats, arial bombardments should be used more in dealing with
concentrated hideouts of terrorists. The translated triangular symmetry model can
be adopted to make their formation unpredictable by the insurgents.

(e) Intelligence gathering should also use satellite and drones technologies.

© 2018 Global Journals
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Certain Results on Bicomplex Matrices

Anjali * & Amita °

Absiract- This paper begins the study of bicomplex matrices. In this paper, we have defined bicomplex matrices,
determinant of a bicomplex square matrix and singular and non-singular matrices in C,. We have proved that the set of
all bicomplex square matrices of order n is an algebra. We have given some definitions and results regarding adjoint
and inverse of a matrix in C,. We have defined three types of conjugates and three types of tranjugates of a bicomplex
matrix. With the help of these conjugates and tranjugates, we have also defined symmetric and skew - symmetric
matrices, Hermitian and Skew - Hermitian matrices in C.,.

Keywords: bicomplex matrices, conjugates matrices, tranjugate matrices, Hermitian matrices, skew Hermitian
matrices.

. [NTRODUCTION

In 1892, Corrado Segre (1860-1924) published a paper [8] in which he treated an
infinite set of Algebras whose elements he called bicomplex numbers, tricomplex
numbers,...., n-complex numbers. A bicomplex number is an element of the form
(x,+1,%,) +i, (x5+i,%,), where x,...., X, are real numbers, i,” =i,” = -1 and i,i, = i,i,.

Segre showed that every bicomplex number z,+i,z, can be represented as the
complex combination

1+iqip
2

I+ (z1 +i12, )[1_i1i2]

(z1 —i127) | .

Srivastava [9] introduced the notations '¢ and *¢ for the idempotent components
of the bicomplex number § = z,+i,z,, so that

1 1+iqip 9¢el—iqip
g = tgltiiis y2glt

Michiji Futagawa seems to have been the first to consider the theory of functions
of a bicomplex variable [2,3] in 1928 and 1932.

The hyper complex system of Ringleb [7] is more general than the Algebras; he
showed in 1933 that Futagawa system is a special case of his own.

In 1953 James D. Riley published a paper [6] entitled “Contributions to theory of
functions of a bicomplex variable”.

Throughout, the symbols C,, C,, C, denote the set of all bicomplex, complex and
real numbers respectively.

Author o o: Department of Mathematics, Institute of basic Science, Khandari, Dr. B.R. Ambedkar University, Agra-282002, India.
e-mails: anjalisharma773@gmail.com, amitasharma234@gmail.com
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a) Some special subset of C,
We shall use notation C (i), C (i,) and H for the following sets.
C(i,) is the set of complex numbers with imaginary unit i,.i. e.

C (i,) = {a + 1, b;a, b e Cy}
and C (i,) is the set of complex numbers with imaginary unit i,.i. e.
C(i,) ={a+1ib;a, b e G}

The bicomplex number § =(x,+i,x,) +i, (x;+1,x,) for which x,= x; = 0 is called a
hyperbolic number.
The set of all hyperbolic numbers is denoted by H and defined as

H = {a + iji,b; a, b € C;}

b) Idempotent elements in C,

There are exactly four idempotent elements in C,. Out of these, 0 and 1 are the
trivial idempotent elements and two nontrivial idempotent elements denoted by e, and
e, which are defined as

o 1+iqip

1—igiy
e, =——and e, = ——
2

Obviously (e,)" = e, (&) " = e,
e, +e=1¢e.e,=0
C, is a field but C, is not a field, since C, has divisor of zero for example e, e, =
0 neither e, is zero nor e, is zero.
Every bicomplex number  has unique idempotent representation as complex
combination of e, and e, as follows
§ =271 +izy = (21 —i1zz)ey + (7 +i122)e;
The complex numbers (z; —i;z;)and (z; + iz, )are called idempotent
component of § and are denoted by '¢ and *¢ respectively (cf. Srivastava [9]).
Thus § = '€ e, + € e,
There are infinite numbers of element in C, which do not possess multiplicative
inverse. A bicomplex number § = z; + i,z is singular if and only if |z + z%| =0
The set of all singular elements in C, is denoted by O,
Evidently a nonzero bicomplex number ¢ is singular if and only if either '¢ = 0

or *¢ = 0 that is if and only if it is a complex multiple of either e, or e,.

¢) Algebraic properties of idempotent components

The idempotent representation is perfectly compatible with the algebraic
structure of C, in the following way

For all ¢, nin C,
Ein= (lieﬁziez) t (1ne1+2ne2 )

= (E£ e+ (¢t e,
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so that 1(§in):1§i1nand 2(%;111):2@121]

awt=a (Sg+7¢e)

= a(1§)e1+a(2§)e2, VaeC

sothat (0§ =a'¢ and *(af) =’ for ae C,
Notes gn= (‘ee+%e).(‘ne+ney)
=(Eme+ ("¢ n)e,,
S0 that (Em="¢Mmand *(En)= "¢ "

& _|lee+%
n_( - e%neﬁznez)
:[lé/jelJr[zé/Jez, providedn O,
n n
1 1 2 2
S0 that (%)=%aﬂd (%):%]

d) Norm in C,[5]
The norm of a bicomplex number

¢ = z,+HiyZ, = X, +Hi XX+ ix, = '€ e, + °€ e, is defined as
I8l = (%12 + %22 +x3% +x,%)"/°
= (lz4[*+12,1%)"”
‘2

= || +]7¢
2

C, becomes a modified Banach algebra, in the sense that ¢, <c,, we have,
In general|[&n| <2 ¢ 7]

e) Conjugates of a bicomplex number

Analogous to the concept of conjugate of a complex number, conjugates of a
bicomplex number are also defined. As a bicomplex number is four dimensional,
different types of conjugate arise.

In bicomplex space C,, every number & possesses three types of conjugates. The i,
conjugate, i, conjugate and i,i, conjugate of & = z,+i,z, = x,+i,x,+Hiyxy+iipx, = '€ e, + %
e,are denoted by &, £ and g#respectively, therefore

£ =0q — ip) +ip(xg—ipx,)
= G+ ix7)

= (%ze + Le,)
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&7 = (x1 + ilxz) - i2(x3 + i1x4)
=(z —iy7))
= (%e + 1z ,)
£ = 0 - ipxp) —iplxg —ip xg)
= (7 —i%)
= (E(Jj_ +¥ez) NOteS

[I. CERTAIN RESULTS FROM BICOMPLEX MATRICES

2018

a) Some Definitions

Year

2.1.1 Bicomplex matrices
A matrix A = [§,]....whose entries belong in C,, is said to be a bicomplex matrix
i.e. we define

]an

=
H

é:l 1 51 2 T é:l n
A= (5_21 552 N gjn Vépq€ C.
é.::ml é:mz - gmn

Where ]l < p<mand1<q<n
Since every bicomplex number & has unique idempotent representation as
complex combination of e, and e, as follows
§ = z,+Hiyz, = (z-iz,)e; + (z,+i2,)e,
Therefore every bicomplex matrices A = [§,,].... can be expressed uniquely as
'"Ae,+ *Ae, such that 'A = [z, ], «» and A = [w,, ], x. are complex matrices.

2.1.2 Bicomplex square matrices

A bicomplex matrix in which the number of rows is equal to the number of
columns is called a bicomplex square matrix. i.e.

Frontier Research (F) Volume XVIII Issue II Version I

9‘1 1 512 ..... fln

Global Journal of Science

2.1.3 Bicomplex diagonal matrices

A bicomplex square matrix A is called a diagonal matrix if all its non-diagonal
elements are zero i.e.

[ |
éll 0o ... 0
0 éqaq ... 0
A= 522 .......... , Epgs G
0 0 .. n

© 2018 Global Journals



2.1.4 Determinant of a bicomplex matrix

Let A =[£lnxnbe a bicomplex square matrix of order n, where n is some positive

integer. The determinant of A, is defined as

detA:|A|:‘[§ij]‘, Sij €C,

Notes

detA = |A| = Z Sig. (a)ﬂfia(i)

OES,

i

n

=1

Where S, is the group of all permutation on ‘n’ symbols.

2.1.5 Transpose of a bicomplex matrix

If A =1E, .

obtained from ‘A’ by changing its rows into columns and its columns into rows is called

m X n

transpose of ‘A’ and is denoted by A".

2.1.6 Cofactor and adjoint matrix of a matrix in C,

Let A =[&]lwnbe a bicomplex square matrix of order n then cofactor of the
entry &; is defined as (-1)" X the determinant obtained by leaving the row and the
column(In the matrix A) passing through the entry &; =1 (say).

Then the matrix [7ijlaxn is defined as the cofactor matrix of A and the transpose

of cofactor matrix of A is known as adjoint matrix of A. i.e. AdjA=[7;1 n

2.1.7 Bicomplex singular and non-singular matrix
A bicomplex Square matrix is said to be non-singular if |A| ¢0, (set of all singular

element in C,).

and If | /-\|e O, then it is called singular matrix.

b) Algebraic structure of bicomplex Matrices
Let S be the set of all bicomplex square matrices of order n. Define binary
compositions over S called addition “+” , scalar multiplication “.”

as follows:

be the arbitrary member of S and a € F, where F is either field of real numbers or

complex numbers.

LetA = ‘21

is any bicomplex matrix then A matrix of order n X m

and multiplication “Xx”
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1ty Sty St Mn

+ +1An ... +
A4+ B |2t21 $22% 22 - Sntian
Mt Sn2t g e Shn *nn
abyy 95y - %1 Sghy e 7T ST e T
Lg% 2 %y g Sy T o T St T an g
a(:ln a§2n ..... aénn §n17111+ ..... +§nn77n1 -—- §n1n1n+""+§nnnnn

2.2.1 Theorem: The set of all bicomplex square matries i.e “S” forms an algebra.

Proof:
a. Additive abelian group structure

e Associativity:
Let A =[&]ans B = [mjlnnand C = [ ]5.n be the member of S and a, f € F then

St tsgg) e &+ (1 +611)
At (B+C) = Egy + (o1 +697) e Eon + (Ton + o)
St g tSg) e Enn + o +Spn)
(G +mp+eyy e &+ )+ <11,
(A+B)+C= SR (Eop +7720) * Sopy
C i) +Spg e Enn )+ S

Since C, is an algebra
Therefore A + (B +C) = (A + B)+ C
Identity: v A € S JInull matrix “0"e S then A + 0 =A i.e

‘1 12 ¢Inl o o .. 0] [&1 & - £ln
o1 %20 Son . 0 ... 0] |y Spp o Eon
S S S 0 0 .. 0] |$g & o

Global ]()urnal of Science Frontier Research (F) Volume XVIII Issue II Version I E Year 2018

So 0 is the additive identity.

e Inverse:
vAe S 3- A € Ssuch that—A +A =0 i.e.
] ~&1 &y a0l Té1 &p &In 0o 0 . 0
—8o1 —S&9p e Sonl |621 Spp - $on _|0 o0 .. 0
éznl ézn2 """ 6Enn ‘fnl ‘§n2 """ ‘fnn 0 0 . 0
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Therefore “—A” is the additive inverse of A.

o Commutative:

Since
1ty 12t S1n
A+Bo |2t Sty Son " on
Cjfnl * nnl sgn2 * nn2 """ fnn 77nn
And
M1ty Mptépp e Mn *1n
B+ A= "1t Mty Ton*S2n
Matém Th2tsn2 Tan* Snn

Therefore A + B = B+A as C, is an algebra.
So S is abelian group under addition

b. Ring structure

o C(Closure:
Since
Spy e o S0 1T
aeh - | 220m1 T g T St T g
égnl”llJr """ +5tnn77n1 o gnlﬂln +""+§nn’7nn

Therefore it is evident that AXB € S
Therefore S is closed under multiplication
o Associativity:
v A, B, CeS
Let A :[fij]nxna B = [Tlij]nxnand C= [gij]nxn

The i"j" entry of (AXB)XC = [i"row of (AXB)]X[j" column of C]

=[i" row of A]xBxX[j"column of C]

Now the i"j" entry of Ax(BxC) = [i" row of A]x[j"® column of (BxC)]

=[i" row of A] X B X [j"column of C]
Therefore the i"j" entry of (AXB)xC =i"j" entry of AX(BxC)
Hence (AXB)XC = Ax(BxC)

Distribution law:
We can easily show that

(A + B)XxC = AXC+BxC and AX(B+C)=AXxB+AXxC
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c. Linear space structure

Therefore (a+f).A = a.A+B.A
(4) It is evident that 1.A = A for all A in S and 1€F

d. Consistency between multiplication and scalar multiplication

1ty c1ptp e Sty
WA+ B) =oAL 22T S2n *n (1)
Sttt Sn2th2 e Snn *nn
alepytmg)  alGp+mp) alGntmy) | |%n % v %
o _ |Gy tmyg) alGpptiyy) a(Sontilgn) | _ | %g1 % %gn|,
5 a(§n1+77n1) a(§n2+77n2) ..... a(cfnn+77nn) aénl a§n2 ..... afnn
14
! Wy Ay e @y 11 f12 sin M1 o n
E alyy Algy o Wy | _ |51 S22 Sonl, |21 M2 2n
i any Ay - M §n1 §n2 ..... §nn Mg Tho Mon
;f Therefore a.(A +B) = a.A + a.B
E S S _ &y (@p)e, (@B)s, _ (ap)s, B BS, _ BS,
E (aﬂ)AZ(Ofﬂ) 521 522 - é:Zn _ (aﬂ)é:zl (aﬂ)gzz - (aﬂ)@lgzn (a,B).Aza. ﬂ§z1 ﬂégzz - ﬂ§Zn (2)
z Su o — bnl L@P), @B, _ (@B, Bé, Bén _ P,
? Therefore (af).A=a.(B.A)
g 511 ég:|.2 ..... é:.'].ﬂ 511 512 §1n 511 512 """ §1n
i el R el . N I
; égn:]_ §n2 """ énn §n1 52 é: 51 éjz """ é

a.(AxB)=(a.A)xB=Ax(a.B)

éll 512 e gln ’711 7712 e nln

O E, &, o & Ny Ny e 7
a (AX B) =q. 21 22 2n x 21 22 2n
gnl §n2 - §nn 771[1 772!1 """ ﬂnn
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nn
o (AxB)=a. st T Ty T ot T oon T
R I L R

a(é:llnll) o + a(glnnnl) -0 a(gllnln) o + a(glnnnn)

a(§217711) + """ + a(gznnnz) a(§21771n) + + a(gznnnn)

a(§ i)+t al&on ) === el ) tetalg )

Since C, is an algebra

Therefore a.(AXB)=(a

A)xB=AX(a.B)

Hence it proves that S is an algebra.

222 Theorem: Let A = [§1 j] axn be a bicomplex

e, + (det*A) e,.
Proof:
Let

From 2.1.4,

Since

(Al | |52 S22

square matrix then det A = (det'A)

..... ‘fln

§2n

..... ¢nn
§1n
eg2n
¢nn

n
. detA = |A| = Z Sig-(G)l_[fia(i)
1

OES,

= z Sig. (o) 1_[

OES, i=1
As&n = ('¢n) e, + (*¢n)

[1§'J]nxn

det 'A =

i=

Cfia(i) et

Z og. (0)1_[ Ciom |2
1

OES, i=

e, and &+n = ('¢+'n) e, + (*6+ ) e,
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- Z Sig'(a)ﬁ Siow

[0ESy i=1
And det?A = -25”]
- nxn
[ n
- Z 5ig. (U)H RITG
| 0ESy i=1

Therefore det A = (det'A) e, + (det’A) e,

2.2.3 Theorem: If the determinant of A is non-singular then | I | # 0and | 2n |¢ 0.
Proof:

Suppose
511 {,‘12 ..... fln
A= |21 22 2n
nl “n2 Snn
From 2.2.2,

det A = (det'A) e, + (det’A) e,

since det A is non-singular

therefore det A = [(det'A) e, + (det’A) e, 20,

(Since ('€e, + *€e,) ¢ O, then '¢e; and *€e, both are non-zero)

Hence | JA|¢Oand | 2A|¢o

2.2.4 Theorem: Let A be a bicomplex matrix then A" = 'AT e, + *A" e,.
Proof

Let A = [§ ] ..xube a bicomplex matrix then

81 &g £
AT _[12 22 - m2

4n $2n émn

8, % o g
AT ]1512 1622 ..... ]fmz e +

Yn %o L
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Therefore A" = 'A" e, + *AT e,
2.2.5 Theorem: Let A be a bicomplex square matrix then cofactor matrix of A =
(cofactor matrix of 'A) e,+(cofactor matrix of *A) e,.

Proof-

Let A = [gij] nXn
A =['¢ ] uxn and A = [%§, ]
Now the i™ j entry of cofactor matrix of A

be a bicomplex square matrix then

nxXn

=cofactor of the entry &,
=(-1)" X the determinant obtained by leaving the row and the column(in the matrix
A) passing through the entry & ;
= (-1)™ x [{the determinant obtained by leaving the row and the column(in the matrix
'A) passing through the entry 18 ;e +{the determinant obtained by leaving the row
and the column(in the matrix *A) passing through the entry ires]

= (cofactor of the entry '¢; ; in the matrix 'A) e, +(cofactor of the entry ¢ ; in the
matrix *A) e,

Therefore the i j" entry of cofactor matrix of A = (The i j" entry of cofactor
matrix of 'A) e, + (The i"j™ entry of cofactor matrix of *A) e,

Hence it proves that cofactor matrix of A = (cofactor matrix of 'A) e,+(cofactor
matrix of ’A) e,
Theorem 2.2.4 and 2.2.5 submerge together to give a new corollary which is started
below.

2.2.6 Corollary: If A= g ]
+[adj®A] e,.
¢) Inversion of bicomplex matrix by two techniques

is a bicomplex square matrix then adj A=[adj'Ale,

mxn

2.3.1 Inverse of a bicomplex square matrix with the help of adjoint matrix

Let A = [Eij]m be a square and non-singular matrix whose elements are in C,
and From 2.1.1, 2.2.2 and 2.2.6

We have A ='A e, + *A e, |A|=|"Ae+|?Ale,

And adj A = [adj'A] e, + [adj’A ] e,

Now

AX(Adj.A) = ['A e, + °A )] x[Adj.(*A)e, + Adj.(PA)e,)]
= ('A.Adj.'A) e+ (*A.Adj.*A) e, (since e,.e,= 0)

= (]*A.D) e + (|2A] ) e,

Since 'A, *A and I are complex matrices.
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Therefore AX(Adj.A)= ‘ A{ e + ‘ A‘ e,).I, where the matrix I is a bicomplex

matrix.(since there is no difference between the identity matrix in C, and the identity
matrix in C, of same order.)

Therefore Ax(Adj.A)=|A|.I
Al ¢ O,

AdjA

SAX
A

=A"= AdiA
A
( |‘A|¢ Oand |2A|¢ 0 )
Now construct

AADA) L FAAD A
‘Al A

=(A'AY e + (AAY e

=Ile+1le =1
_ Ax AdjA
A
Hence A :%and

Ax AdjA *A.(:Ade) o + PAAPA) ..
WA °Al

2.3.2 Inverse of bicomplex square matrix with the help of idempotent technique

IftM = [Eij]m is a square and nonsingular bicomplex matrix of order n
Therefore M = 'M ¢, + *M e,
Since | M | ¢ 0, therefore‘lM‘io and ‘ZM‘::O

i.e. 'M and * M are invertible. Let the inverse of both 'M and *M be [z ],., and [w;; ],

respectively. Now construct a new matrix with the help of [Zl-j]an and [WU ]m
[Zij]an € + [Wl] ]n><n €y :[nij]an (SaY)

Now we claim that [nij]an is the inverse of M.
Note that

[EU ]anX[nl] = ([ EU] e; + [zfif]nxn ez) X ([lnij]nxn e+ [ij]nxn ez)

(el Ul e+ (Tl ol )
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Since [lnij ]nxn = [Zij]nxn and [2771']'] = [Wij]nxn

nxn

[gij]nxnx[nij]nxn = I el + I e2 - I
Hence [ni]-]m is the inverse of M.

[II.  SOME SPECIAL BICOMPLEX MATRICES

a) Conjugates of a bicomplex matrix

As there are three types of conjugates of a bicomplex number, we have defined
three types of conjugates of a bicomplex matrix.

3.1.1 Definition: |, Conjugate of a bicomlex matrix

Let A = [Eij]mm be the bicomplex matrix then the i, conjugate of matrix A

written as A is the matrix obtained from A by taken i, conjugate of each entry of A.
ie.

«511 6312 ..... an
A_ |91 S22 on
Ed o &

The idempotent representation of A can be obtained as follows

Ell %12 ..... Eﬁlﬂ 1__511 Elz ..... Eln
A - | %21 %22 . 2on o+ 7 Y Yon e,

It is evident that

(2)[(A)] = A

(b) kA=k Awherek eC,

Similarly the definition of i, and i,i, conjugate of a bicomplex matrix is following.
3.1.2 Definition: |, Conjugate of a bicomlex matrix

Let A = [Eij]mm be the bicomplex matrix then the i, conjugate of matrix A

written as A”is the matrix obtained from A by taken i, conjugate of each entry of A.
ie.
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The idempotent representation of A~ can be obtained as follows:

1 2512 ..... 2§1n
AT = | %o S on o
2 - LI Enn

t is evident that

I
( )(A)T=A
(b) (kA" =k A wherek e C,

3.1.3 Definition: i,i,Conjugate of a bicomplex matrix

Let A = [Eij]an be the bicomplex matrix then the ii, conjugate of matrix A
written as A” is the matrix obtained from A by taken ii, conjugate of each entry of A.

i.e.

Loy L I, ;511 2512
Al | B L Lon o * c21 %22
Y 1Tfm2 ----- Ym Zm %m2

It is evident that
(a) (A=A
(b) (kA =K'A" k € C,

b) Tranjugate of a bicomplex matrix

The transpose of conjugate of a bicomplex matrix is defined as the tranjugate of

the matrix. There are three types of tranjugates of a bicomplex matrix.

3.2.1 Definition: i, tranjugate of a bicomplex matrix

The transpose of the i, conjugate of a bicomplex matrix is defined as the

i,tranjugate of the matrix.
ie. If A = [&; ] then
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i, tranjugate of Az[K]T _ |12 S22 Sm2

Similarly

3.2.2 Definition: i, tranjugate of a bicomplex matrix
The transpose of the i, conjugate of a bicomplex matrix is defined as the
i, tranjugate of the matrix.

ie. If A = [Eij]an then

511 521 ..... éml
i, tranjugateof A=[A]" = S Sm e Smo
S o e £

3.2.3 Definition: ii, tranjugate of a bicomplex matrix
The transpose of the i,i, conjugate of a bicomplex matrix is defined as the ii,
tranjugate of the matrix.

ie. If A= [fij]mm then

# # #
611 521 """ éml
# # #
T — §12 522 """ §m2

i,i, tranjugate of A=[A"]

¢) Symmetric and skew — symmetric matrix in C,
3.3.1 Definition: Symmetric matrix

A bicomplex square matrix A = [fl-j]m is said to be symmetric if A = [A]". Thus
for a symmetric matrix A, we have &;= ¢;; for all i and j

3.3.2 Definition: Skew-symmetric matrix
A bicomplex square matrix A = [Eij]m is said to be skew-symmetric if A =-[A]".
Thus for a skew-symmetric matrix A, we have &;= -§; for all i and j

3.3.3 Theorem: The elements of principal diagonal of skew-symmetric matrix are zero.
Proof-

We know that a matrix A = [fij]m is skew - symmetric if and only if &;= -&;
for all i and j. For diagonal element we have ;= -§;therefore
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If & = z; + i,w; then (Zii + iQWii) = '(Zii + iQWii) |
Therefore z; = 0, w; = 0

ie. &= 0 for all i
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d) Hermitian matrix in C,

Corresponding to the three types of conjugates in C,,there are three types of
Hermitian matrix in C,.

3.4.1 Definition: i, Hermitian matrix
A bicomplex square matrix A is said to be i,Hermitian matrix if A = [A4]”

3.4.2 Theorem: The elements of principal diagonal of an i, Hermitian matrix are
members of C(i,).

Proof:
Recall that A = [fl-]-]m is i,Hermitian matrix if and only if ¢, =¢ ; vi and j.

For diagonal element we have
Sk = Skk
If & = 2z + 1wy, then
Zy + oW = Zy +i,W,
= 7 € Cy and w, € C,
=&, € Cli,)

3.4.3 Definition: i, Hermitian matrix

A bicomplex square matrix A is said to be i, Hermitian matrix if 4 = [A~]7

3.4.4 Theorem: The elements of principal diagonal of an i, Hermitian matrix are
members of C (i,).

Proof
A= [fl-j]m is i,Hermitian matrix if and only if &,;, =¢,” vi and j.

For diagonal element we have
$ie= Suk
If $ipe = 2z + LWy,

= Zg+ Wy = Zg = 1pW

= &€ C(iy)
3.4.5 Definition: i,i, Hermitian matrix

A bicomplex square matrix A is said to be i,i, Hermitian matrix if A = [4*]7

3.4.6 Theorem: The elements of principal diagonal of an 1i,i, Hermitian matrix
are members of H.

Proof
A= [fij]m is 1,i, Hermitian matrix if and only if &, =¢;" i and j.

For diagonal element we have
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= &’

If &k = 2y + iywyy,

= Z, +1,W, = Zik — 1, Wik
= z,.€ C, and w is in the form of i,y where y in C,
= &..eH

e) Skew-Hermitian matrix in C,

Analogous to the theory of Hermitian matrices, we have defined three types of
skew-Hermitian matrices in C,.

3.5.1 Definition: i, skew-Hermitian matrix

A bicomplex square matrix A is said to be i, skew-Hermitian matrix if 4 = —[A]”

3.5.2 Theorem: The elements of principal diagonal of an i, skew-Hermitian matrix
are of the type of (i;Xxs), where s € C (i,).
Proof:

Let A = [Eij]nxll be an i, skew-Hermitian matrix then ¢&;; =-¢ ;.for all i and j.

For diagonal element we have
Sek= —
If & = zy + i,wy, then
z, +i,w, = -(Z, +i,W,)
Therefore z,, =-7, andw,, =-W,,
Hence &, =i{Im (z)}+ i, i{Im (wy)}=i,.s where s € C (i,)

3.5.3 Definition: i, skew-Hermitian matrix

A bicomplex square matrix A is said to be i, skew-Hermitian matrix if A = —[4~]"

3.5.4 Theorem: The elements of principal diagonal of an i, skew-Hermitian matrix
are of the type of (i,xs), where s € C (i,).

Proof-
A= [fij]nxll is an i, skew-Hermitian matrix if and only if ¢&;; =-¢;; for all i and j.

For diagonal element we have

Sik= ki
If & = 2y + i,wy, then
z, +i,w, =—(z,— 1,W,)
Therefore z,=-2z, i.e. z,, = 0

Hence & = 1,(wy)=l,.s where s =w, € C (i)
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3.5.5 Definition: i,i, skew-Hermitian matrix
A bicomplex square matrix A is said to be i,i, skew-Hermitian matrix if 4 = —[A*]T

3.5.6 Theorem: The elements of principal diagonal of an ii, skew-Hermitian matrix
are of the type of (i;Xxs), where s €H.

Proof-
A= [Eij]m is an ii,skew-Hermitian matrix if and only if ¢;; =-¢;"; for all i and j. N
) otes
For diagonal element we have
Sue= —Sue”

Zo + ;W == (2 — iZWkk)

Therefore z,=-27, and w, =W,

Hence S =1 {Im (z5)} + 1.{Re (wii)}
ie. e =1 {Im (z0)} + 1,1, i{Re (wy)}
= 1, [Im(zy) — Li,Re(wy)]
= i,.8; where seH

3.5.7 Theorem: A is i, Hermitian matrix if and only if i, A is i, skew - Hermitian
matrix.

Proof:
Let A be an i, Hermitian matrix therefore
A=[A]"
Now [i;A]" = [i;A]" ...[by 3.1.1]
= ‘i1[A]T
=-iA

ie ,A = -[;;A]"
=i, A is i, skew - Hermitian matrix.

Converse:
Let i, A be an i, skew - Hermitian matrix

ie. LA = -[i;A]"
= -[4]"
= i,[4]"

ie. A=[A4]"

Hence A is i; Hermitian matrix.

© 2018 Global Journals



3.5.8 Theorem: A is i, Hermitian matrix if and only if i, A is i, skew - Hermitian matrix.

Proof:
Let A be an i, Hermitian matrix therefore
A=[ATT
Now [(le)~]T = i2~[A~]T [by 312]
Notes =-i, A
ie. i,A =-[(iL,A)]"

=i, A is i, skew - Hermitian matrix.

Converse:
Let i, A be an i, skew - Hermitian matrix

ie. A =-[(LA)]"
= ‘[12~A~]T
= i2[A~]T

i.e. A= [AN]T

Hence A is i, Hermitian matrix.
3.5.9 Theorem: A is i,i, Hermitian matrix if and only if ii, A isi,i, Hermitian matrix.

Proof:
Let A be an i,i, Hermitian matrix therefore

A=[A*]T
Now [(1,L,A)7" = i1, [A7]" ...[by 3.1.3]
= (_il)(_i2)A
— A

=i,i, A is i,i, Hermitian matrix.

Converse:
Let i,i, A be i,i, Hermitian matrix

i.e. LA = [iliZA]#
= il#i2#[A#]T
= (i) () [A]"
= i112[A#]T

i.e. A = [A] #

Hence A is i,i, Hermitian matrix.
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It is evident that if A is i,i, skew-Hermitian matrix then i,i, A will be also i,i, skew-

Hermitian matrix and vice versa.

10.
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Probability and Entanglement

G. Quznetsov

Abstract- Here the concept of "TRUE" is defined according to Alfred Tarski, and the concept "OCCURING EVENT" is
derived from this definition.

From here, we obtain operations on the events and properties of these operations and derive the main
properties of the CLASSICAL PROBABILITY. PHYSICAL EVENTS are defined as the results of applying these operations
to DOT EVENTS.

Next, the 3 + 1 vector of the PROBABILITY CURRENT and the EVENT STATE VECTOR are determined.

The presence in our universe of Planck's constant gives reason to presume that our world is in a CONFINED
SPACE. In such spaces, functions are presented by Fourier series. These presentations allow formulating the
ENTANGLEMENT phenomenon.

.  TRUTH

Science presents its ideas and results with language texts. Therefore, we
will begin by considering narrative sentences:
By Alfred Tarski [1]
A sentence < © > is true if and only if ©.
For example, sentence <1t is raining>> is true if and only if it is raining
A sentence < © > is false if and only if there is not that ©.

A A-B

Figure 1: The Venn diagrams for A, B events

Author: Chelyabinsk State University. e-mail: gunnqu@gmail.com
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Let X =
°<€ random shot hit target x>

(A+B)rC=A+(B+C)= (aC)+B=(A+B)(C+B)
A+B+C

Figure 2: The Venn diagrams the associativity and the distribution

For example, < 2 + 3 =4 >.

Still an example: Obviously, the following sentence isn’t true and isn’t
false [2]:

< This sentense is false. >

Those sentences which can be either true, or false, are called as
meaningful sentences. The previous example sentence is meaningless sen-
tence.

Further, we consider only meaningful sentences which are either true,
or false.

Sentences A and B are equal (design.: A = B) if A is true, if and only
if B is true.

II.  EVENTS

A set B of sentences is called an event, expressed by sentence C, if the
following conditions are fulfilled:

1. C € B;
2. if Ae Band D € B then A = D;
3. if DeBand A= D then A € B.

In this case let us denote: B:= °C.

An event B occures if a true sentence A exists such that A € B.

Events A and B equal (denote: A = B) if A occures if and only if B
occures.

Event C is called product of event A and event B (denote: C = (A - B))
if C occures if and only if A occures and B occures.

Events C is called complement of event A (denote: C = (—A)) if C
occures if and only if A does not occure.

(A+B) :=(=((—4) - (—B))). Event(A + B) is called sum of event A and
event B.

Therefore, a sum of event occures if and only if there at least one of
the addends occures.

Events obey following properties (you can test these formulas by Venn
diagrams — see Figure 1, Figure 2. Venn diagrams):

1. associarivity: (A-B)-C=A-(B-C)=A-B-C,
(A+B)+C=A+(B+C)=A+B+C;
2. distributiviy: (A-B)+C=(A+C)(B+C),
(A+B)-C=(A-C)+ (B-C);
3. if C occures then for every A: (A-C) = A;

4 (~(~a) = A
5. cummutativity: (A-B) = (B-4), (A+B) = (B+A4).

[11. CLASSICAL PROBABILITY

Let P(X) be a probability function[3, pp.49-57] defined on the set of
events.
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Notes

Hence,

1. this function has values on the real numbers segment [0; 1];
2. for all events A and B: P(A-B) 4+ P(A- (—-B)) = P(a);

3. for ever event A: if P(A) = 1 then A occures.

Let there exists an event Cy such that P(Co) = 1.

By this definition: P(Co - B) + P(Co - (—B)) = P(Co) = 1.
Because Cp - B =B and Co - (—B) = (—B) then

P(B) + P(-B)) =1 (1)
Let us calculate:
P(A+B) =P(=((—A) - (=B))) =1 —P((-4) - (-B))
=1—(P(-A)—P((-A)-B))=1—P(-A)+P((—A)-B) =
=1-1+P(A)+P(B)—P(a-B)

Hence,
P(A+B)=P(A)+P(B)—P(A-B) (2)

this is the formula for adding probabilities.
The events A and B are incompatible if and if only P (A-B) = 0.
The formula for adding probabilities for incompatible events:

P(A+B)=P(A)+ P (B) (3)

The events A and B are independent if P (A-B) =P (&) - P (B).

[V. PHyYsIcS EVENTS

Events of the type ° <At the point (t.x) A > (for example, ° <At
the point (¢.x) the temperature dropped to 0C>>) are called dot events.
Physical events are dot events and events derived from physical events by
the 7.7, 7+”, and ”—” operations.

Let! (Xa,0, Xa,1, Xa,2, Xa,3) be random coordinates of event A.

Let Fy be a Cumulative Distribution Function i.e.:

£y (170,1’1,3327333) =P ((XA,O < Jlo) N (XAJ < $1) A (XA,Q < xz) VAN (XA’3 < xg)) .

If
. 9°F
Jo ’ o 8.%18:1728.%37
.. ___®F
Ji ’ o 8%081‘28%3 ’
.. ___?F
J2 ’ - amoaxlamg, ’
. 9°F
J3 ’ - 61‘081’161‘2

then (jo, j1,j2,j3) is a probability current vector of event.

If p:=jo/c then p is a a probability density function.

If wa := ja/pa then vector uy is a velocity of a probability of A propa-
gation.

(for example for wus:

__ &F
" J2 ( 810311323> ¢ Ao13F Axo
g == = =F = (-

(leazgama) A123F A.’L’o

Probability, for which u? + u2 4+ u2 < ¢ are called traceable probability.

1:(:0 =ct
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Denote:

|10 10 0 o ._ | 2 02 | _
12.[0 1],02.[0 0},5 - [02 12] L

the Pauli matrices

Jo 1 [o = [1 0
=1 0 |1P2T 8 0 0T o0 —1 |

A set C of complex n X n matrices is called a Clifford set of rank n [4]
if the following conditions are fulfilled:

if ap € C and o € C then arar + arag = 20k r;
if agayr + arap = 26k, for all elements a, of set C then ok € C.

If n = 4 then a Clifford set either contains 3 matrices (a Clifford
triplet) or contains 5 matrices (a Clifford pentad).
For example, light pentad (:

“._ | ok O o ._ | Oz I2 ... | 02 I
/6 T |: 02 —O0k :|”7 T |: 12 02 ”B =1 —12 02

The following set of four real equations with eight real unknowns: b?
with b >0, o, B, x, 0, v, v, A

has solutions for any traceable py and ja x[3, pp.62-63].
If

Pa1 = bexp (iy) cos (B) cos (a),

Pa2 := bexp (i0) sin () cos (a) ,

a3 := bexp (i) cos (x) sin (@) , ()
a4 :=bexp (iv) sin (x) sin (a)

then you can calculate that

Pa

4
> i anes (6)
s=1

Global Journal of Science Frontier Research (F) Volume XVIII Issue II Version I E Year 2018

) 4 4
“Tva D e B

k=1 s=1

Function ¢, is a state vector of event A.

V. ENTANGLEMENT

The presence in our universe of Planck’s constant gives reason to presume
that our world is in a confined space: |x| < wc/h. Functions

© 2018 Global Journals
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Notes

3

On (X) := (%) : exp (—i% (nx)) .

form an orthonormal basis of this space with scalar product of the follow-

ing shape:

(@), /E /ﬂ /ﬂdﬂcgwtx)x(tx)

For the state vector:

(pa (1), (1)) = P(A(2)).

Let

@ (:%) = Y ann () én (%)

n

be a Fourier series of ¢, t,x
That is:

Hence,

A(t) = ZAn (t)

there A, (t) are incompatible, independent events:Therefore, if P (A (¢))

1 then A (t) occures. Hence, one among Ay, (t) occures.

Operator 7, defined on the state function ¢ set and has values on this

set, is an realization operator if (Fo,p) = 1.

This operator can act in the measurement process or as a result of

some other external disturbance.

Let wap ((t,%) (1,y)) be a state vector of event A (¢, x) and event B (7,y).

In this case the basis of space present the following functions:

Ons (X,y) == (i)s exp (—i% (nx + sy)) .

2me

The scalar product has the following shape:

(‘TO/(E T) 7%@7 T)) =

h h h h h h
dx1 dxo dxs dy1 dy2 dys -
h h h h h h

&(t7 7-7 x7 y)T % (t’ T? X7 y) *
The Fourier series:

ons (6%) (1) = Y > ansns (6:7) éns (x,3).

Hence,
(pap (t,7),pap (8, 7)) = Z Z aZ,B,n,s (t,7) anpns (6, 7),
(QDA,B (t,T),LpA,B (t,T)) = P(A (t) ~B(7’)),

DD P (Aa(t)Bs(7))

P(A(t)-B(7))
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1. Tarski, A. The Semantic Conception of Truth and the Foundations of Semantics,

For example: Let

wap ((t,x) (1,y)) =
arp1,4 (t,7) 1,4 (X,y) +anp2,3 (6, 7) P23 (X, y) +
arg3,2 (t,7) ¢3,2 (X,y) + anpa,1 (6,7) pa1 (X, ).

Such event called entangled if aapn,s are not factorized.
In that case:

(QOA,B (t7 T) » PAB (t, T)) =
t

afp1a(t,T)anp1a(t,7)+ 0] p0g (6 T)ans2s (t,7) +

aI,B,3,2 (ta T) Qa.8.3,2 (tv T) + aI,B,4,1 (tv T) aa,B.4,1 (tv T) .

Let to pas ((¢,%) (7,y)) acts realization operator: (¢, 7p) = 1. Then
A(t)-B(7) occures. Therefore, in accordance with the sum definition, one

among events Ay, (t) - Bs (7) occures.

VI. CONCLUSION

Hence, events of entangled pair can occure in any time moments.
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Abstract- This work examines the Relative Efficiency (RE) of some selected Randomized Complete Block Designs
(RCBD). The efficiency of the selected designs showed that design B was the most preferable having Mean Square
Error of 6.14, followed by design € with Mean Square Error of 9.11 and design 4 with Mean Square Error of 18.08.
The results from the pair-wise relative efficiency of the selected designs show that RE(B,A) = 0.34 with the smallest
relative efficiency value and RE(4, B) = 2.94 with the largest relative efficiency value. We recommended design B as
the best design for this particular problem since its mean square error remains the smallest.

Keywords: RCBD, efficiency, missing value and estimation.

I. INTRODUCTION

The basic concepts of the statistical design of experiments and data analysis were
discovered as early as 20th century as a cost effective research design tool to improve
researches, for instance in agriculture and every other fields of study where
experimentation is possible. Moreover, an experiments performed by an investigators or
a researchers virtually in all the fields of inquiry, are usually, to discover something
about a particular process or system, in relative to cost effectiveness.

However, the missingness of observation is common in scientific experiments. In
statistical planning, it is never possible to anticipate beforehand which of the
observations are going to be missing after the experiment. With this regards, the
experimenter cannot redo the experiment with a different design because it costs
money, time and effort, etc. One of such experimental designs in which missing
observation can occur is a randomized block design. A randomized block design is a set
together with a family of subsets whose members are chosen to satisfy some set of
properties that are deemed useful for a particular application.

Complete block design may encounter missing observation at the process of
experimentation because of some known causes which ranges from the carelessness of
the experimenter, lack of response, questionable response, mixed up of values from
different experimental plots, or the death of an experimental units, etc. This missing
observation could inadvertently occur in various kinds of experiments, like in
Agriculture, Ecology, Biology, Animal trials, etc.

This research basically aims at comparing the efficiency, as well as the relative

Research (F) Volume XVIII Issue II Version I
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efficiency of the selected designs, (4,B,&C). Design A analyzed the data as an
incomplete design. Design B and design C computed the data when the missing [
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observation has been estimated by the Correct Least Square Method and the Inversion
Method, respectively. Test of significances of the individual designs were equally
evaluated at some levels of significance.

[5] compared the relative efficiency of two statistical experimental designs based
on mean square error. The result showed that lattice design is better off than
randomized complete block design. [1] studied the effect of a range of uniform plant
populations on yield and yield components of canola. The result indicated a significance
difference in the seed yield. More literatures can be seen in, [4], [10], [2]. Etc.

[I. THE CORRECT LEAST SQUARE APPROACH (CLSA)

This approach stipulates that the block(s) in which the missing value(s) occur(s)
is /are removed from the data and then analyzed using the available observations. This
removal will normally reduce the number of available blocks to the number of blocks in
which missing observation occurred. The estimates of the experimental effects realized
here are always unbiased. The major drawback encounters in this approach is that the
analysis is more complicated than the case when no missing observation(s) occur.

[1I.  THE INVERSION METHOD (IM)

In this case the missing observation(s) is/are first estimated from the remaining
data and the experiment is then analyzed as in the complete data case. However, there
is a loss of a unit(s) in the degree of freedom due to the error, depending on the number
of missing observations present. This method equally has a setback when the numbers
of missing observations are many.

IV.  ESTIMATION OF MISSING OBSERVATIONS

The general procedure is to replace the missing observation by its estimate under
the model. This can only be achieved if the following steps are adhered to;
=  Write down the linear model for the design under consideration.
= Write down the parametric equation involving the missing observation and this
identify the parameter whose estimates are required to estimate the missing
observation.
= Apply the least square method to obtain the estimates of the unknown parameter.

In the case where m > 1, where m signifies the number of missing observation in
different blocks, set up estimates for each of them using the general expression for one
missing observation. In setting up the estimate each observation is treated as if it is the

only one that is missing and the rest are assigned values xi,xy,...,x,_1. This approach
leads to a system of equation in n unknown whose solution gives estimate of the missing
observations.

V. RANDOMIZED COMPETE Brock DEesiGN (RCBD)

Randomized complete block design which is one of the most widely used
experimental designs [8], which has its primary interest as to reduce or minimize the
error or variability arising from the known nuisance sources, has been widely used in
agricultural and industrial researches for many decades. It makes the experimental error
or variability as small as possible by the help of its unique nature, which is blocking the
variables according to their homogeneity. The blocks restrict the randomization here in
the sense that randomization of the treatments is within the blocks. Usually they are
more powerful, have higher external validity, are less subject to bias, and produce more

© 2018 Global Journals
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reproducible results than the completely randomized designs typically used in research
involving laboratory animals, [7].

VI.  EFFICIENCY

In mathematical or scientific terms, efficiency is a measure of the extent to which
input is well used for an intended output. It measures the goodness of a design, [6].
However, In the comparison of various statistical procedures, efficiency is a measure of
quality of an estimator, of an experimental design, [3] or of a hypothesis testing
procedure, [9]. Essentially, a more efficient estimator, experiment, or test needs fewer
observations than a less efficient one to achieve a given performance. In fact, efficiencies
are often defined using the variance or mean square error (minimal) as the measure of
desirability, [3].

VIL. RELATIVE EFFICIENCY (RE)

Relative efficiency which is often used to indicate how much saving in cost can

be envisaged from a design, can be symbolized as RE, which stands for relative
efficiency. The relative efficiency of two procedures is the ratio of their efficiencies. If

statistic X has a smaller variance than statistic Y, then statistic X is more efficient than
statistic Y. The relative efficiency of two designs X and Y are expressed as RE(4, B) and
if this realization is greater than 1, this implies that design A is a better design than
design B and this is computed generally as:

SSp
(a) RE(AB) _f—“” . (%) (b) RE(A,B) =572, ifdp, 220 ... (*%)
E(A) /de
(g, 1) @pp+3MSE s
() RE(A,B)= (ari)r, T35, Jif dp, <20 ... (FF)

Where: MS, is the mean square error of design A, df, is the degree of freedom for the
error term of design A, MSp is the mean square error of design B, df, is the degree of
freedom for the error term of design B. SS, and SSp are the sum of squares for design A
and B respectively.

VIII.  MATERIALS AND METHODOLOGY

The data used in this study are secondary and were collected from the National
Root Crops Research Institute (NRCRI) Umudike, Abia State, Nigeria. The data are on
yield of cassava with different rations (kg) of Nitrogen, Phosphorous and Potassium
(NPK) application. The experimenter was interested in the yield of four varieties of
cassava when four different rates of NPK fertilizer were administered on them. It was
administered in such manner that the fertilizer rations (kg) were blocked by the
varieties of cassava. The data were arranged by the experimenter in a Randomized
Complete Block Design (RCBD) layout. This arrangement was made, because
Randomized Complete Block Design was deemed appropriate for the study.

a) The Statistical model of the design
The statistical model is given as:

Yi=1T+a+p +¢g

ij i=123; j=123.

ij )
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a b
i J

Where Y;; is the observed response of the ith level of the NPK on the jth yield. I is the
universal constant. a; is the effect of the ith NPK. p; is the jth effect of the yield. g; is
the random error. The model was based on the assumptions of normality, constant
variance and independence.
The data layout of the Randomized Complete Block Design is presented in table N S

1 below;
b) The table of the observed values
Table 1: Table of extracted data for this study (Source: NRCRI, Umudike, Abia State,

Nigeria)
Fertilizers (NPK) Cassava (Yield)
05kg 7 8 6 Y.,
10kg 10 9 12 14
15kg 20 15 25 26

The missing observation in table labove was estimated and replaced in the table
2 below;

¢) Data layout with the missing observations replaced

Table 2: Table with the estimated value of of Y,y

Fertilizers (NPK) Cassava. (Yield)
05kg 7 8 6 Y= (12)
10k 10 9 12 4
15kg 20 15 25 26

The descriptive ANOVA table of Randomized Complete Block Design is
represented in the table 3 below;

d) The ANOVA Table
Table 3: ANOVA Table for the design (Randomized Complete Block Design)

Source of

Variation Degree of freedom | Sum of squares | Mean square F-ratio
NPK{a;} {p—1} SSy MS, F, = MS,/MS,
Yield{p;} {n—1} SSp MSp Fy = MSy/MS,
Error {e} {p—1}{n—-1} SS, MS, -

Total N-1 SSr N

[X. PRESENTATION OF TABLES OF THE RESULTS

The result gotten when design A was analyzed is being presented in the table 4 below;
a) Table of result for design A

Table 4: ANOVA table for design A (the data were analyzed as an incomplete design)

Global Journal of Science Frontier Research (F) Volume XVIII Issue II Version I E Year 2018

Source of Degree of | Sumof | Mean | ..o F-tabulated
Variation Freedom | Squares |Squares a=001 a=0.05
[ | Fertilizer(kg) {a;} 2 540.20 27010 | F=1494 | E,=10.90 E, =514
Yields(tons) {5, } 3 22.03 734 | F=046 | F; =978 Fy; =476
Error (e, ) 6 108.47 1808
Total 11 670.70

Below in table 5, the result of the analyses of design B was presented.

© 2018 Global Journals
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b) Table of result of design B
Table 5: ANOVA table for design B (the missing value in the datum was estimated &

analyzed)
Sour ce of Degreeof | Sum of Mean F-ratio F-tabulated
Variation Freedom | Squares | Squares a=001 a=0.05
Fertilizer(kg) {e;} 2 386.20 193.10 F =30.12 F, =10.90 F, =514
Yields(tons) {5, } 3 74.03 24.68 F =385 F,=9.78 F, =476
Error {¢; } 6 38.47 6.41
Total 11 498.70

The result of the analyses of design C was equally displayed in table 6 below;

¢) Table of result of design C

Table 6: ANOVA table for design C (the block with the missing value is deleted from
the design & analyzed

Sour ce of Degree of Sum of Mean ) F-tabulated
Variation Freedom | Squares |Sguares| Fratio — ———— ———
Fertilizer(kg) {a,} 2 27355 136.78 | F=1501 | F, = 1800 | F, = 6.94
Yields(tons) {5} 2 20.22 1011 | F=111 | F,=1800 | F, =694
Error {g;; } 4 36.45 9.11
Total 8 330.22

The result of the efficiency comparisons of designs A, B and C was presented in
the table 7 below;

d) Table of result comparisons of the three designs

Table 7: Tabulation of the result of the hypotheses carried out in this study

Designs | Eff. (MS,) | Sig @;,0.01 | Sig f;0.01 Sig a;,0.05 Sig B,0.05
Design A 18.08 Sig Not sig Sig Not sig
Design B 6.14 Sig Not sig Sig Not sig
Design C 9.11 Not sig Not sig Sig Not sig

It can be observed that in table 8, the result of the relative efficiency of the pair
wise designs were presented;

e) The pair wise comparisons of the relative efficiency

Table &: Table that compared the relative efficiency of all the possible pairs of the

designs
Relative Efficiency Values Comparisons of the Designs
R(A,B) 2.94 Design A is better than Design B
R(A,C) 2.16 Design A is better than Design C
R(B,(C) 0.73 Design C is better than Design B
R(B, A) 0.34 Design A is better than Design B
R(C,A) 0.46 Design A is better than Design C
R(C,B) 1.36 Design C is better than Design B

X.  SUMMARY AND DISCUSSION

The randomized complete block design is undoubtedly one of the most
fundamental and useful tool in the analysis of variance models. The major advantage of
using a randomized complete block design is that it makes reduction in error variance
its primary target. The widely accepted relative precision measure is purported to
evaluate the relative efficiency in terms of the ratio of error variances of both designs.
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However, this relative precision measure does not take account of the loss in error
degrees of freedom in a randomized complete block design with complete observations
as compared with that in a randomized complete block design with a missing
observation.

Unlike other researches that examine parameter values; this one focuses on the
estimates of the relative efficiency measure that possess immediate applicability and
practical importance. In this research, the selected randomized complete block designs
presented different values of efficiency and relative efficiency, depending on the pair-
wise combination of the designs considered, as can be seen in table 7, which enveloped
the results of table 4, 5 and 6. This efficiency value was evaluated in terms of (1)
comparing the precisions, (2) comparing the observed significance levels, while the
relative efficiency was evaluated by taking the ration of the efficiencies of all the
possible pair-wise combination of the selected designs with replacement.

It can be observed in table 7 that at different levels of significance considered,
the treatments which is the level of the administered NPK fertilizer to the cassava
(yield) is significant for all the designs, except design C at 0.01, while blocking were all
not significant. The mean square error (MSE) for the selected designs showed that
design B has the least (smallest) mean square error of 6.14, followed by design C and
design A, with 9.11 and 18.08 values respectively and this recommend design B as the
best of all. Finally, table 8, which evaluated a pair-wise relative efficiency presented
R(B,A) = 0.34, which is the smallest (< 1) and best recommended and R(A4,B) =
2.94, which is the largest (> 1) and least recommended. Both R(B,A) and R(A4,B)

agree with an existing literature like [10], which suggest design B as the best design for
our problem.
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Abstract- Aim of this study is to provide properties of a polynomial function on Fourier cosine and Fourier sine transform.
Authors presented general properties of a polynomial function on Fourier cosine and Fourier sine transform by applying
known results.
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I.  INTRODUCTION

The theory of Fourier series and the Fourier transform is concerned with di-
viding a function into a superposition of sine and cosine, its components of
various frequencies. It is a crucial tool for understanding waves, including wa-
ter waves, sound waves and light waves. Fourier analysis is a mathematical
technique which enables us to decompose an arbitrary function into a superpo-
sition of oscillations which can be resolved into a sum of sine and cosine. The
theory of Fourier series can be used to analyze the flow of heat in a bar and
the motion of a vibrating string. Fourier series in the work of Euler and D.
Bernoulli on vibrating strings but the theory of Fourier series truly began with
the profound work of Fourier on heat conduction at the beginning of the 19th
century. Joseph Fourier a 21 years old mathematician and engineer announced
a thesis which began a new chapter in the history of mathematics. Fourier’s
original investigations which led to the theory of Fourier series were motivated
by an attempt to understand heat flow [1-2]. Nowadays, the notion of dividing
a function into its components with respect to an appropriate orthonormal
basis of functions is one of the key ideas of applied mathematics, useful not
only as a tool for solving partial differential equations but also for many other
purposes as well. In this study, we presented presumably new general inter-
esting properties of a polynomial function on Fourier cosine and Fourier sine
transform, by using known results.

1. MATERIALS AND METHODS

Dynamical Systems, Princeton University Press, 2008.

The basic materials for this study are Fourier transforms. For now we will
consider only the concepts of Fourier cosine and sine transform with some
mathematical methods to do this paper. We use also methods such as tech-
niques of integration, higher order derivative of a one variable function.

1. M. Ziaul Haque, Solutions Manual to Introduction to Differential Equations with
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Definition 2.1. The Fourier cosine and Fourier sine transform of the function
f(x) be given respectively as:

\/7 / f(z) cos(zw)dx and Fs(f \/7 / f(x)sin(zw)d

The Fourier transform of the function f(x) is given by

F(f(x)) = J% / " f@)e e,

Where 0 < w < 00, ¢ and s represent cosine and sine respectively [3-4].

Definition 2.2. The derivative of a function such as -2-(f(z)) for n € N
is called nth order derivative of a function f(z) which is also called higher
order derivative for n > 2.

Lemma 2.1. Let f(x) has both Fourier cosine and sine transform. For an
even natural number n, we have:
dn

dw™

Fela"f(2)) = (=1)2 - —[F(f(2))].

And for an odd natural number n, we have:

n+3 dn

dw™

Felz" f(a)) = (-1)1" [Fs(f(2))].

For these properties we have equivalent properties such as for an even natural
number n, we have:

n d"”
Fula" () = ()3 F(f ()]
And for an odd natural number n, we have:
n+1 dn
Fua" () = () (f ()]

Proof (2.1). Using the recent work [5-6], proofs of all properties are straight
forward. We omit the details.

I11. MAIN RESULTS

Theorem 3.1. Consider a polynomial function, P,(x) = a,z" + a1+
Ap_oT™ 2 + ... + a92® + a1x + ag, where coefficients are numbers and assume
that f(x) has both Fourier cosine and sine transform. Then the Fourier sine
transform of a new function, P,(x)f(x), given as follows. For whole numbers
such asn =0,1,2,3,...,2m, for some m in the set of whole numbers, we have:
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L RG]+ Y a0 L E ()]

k=0 =1

Where [ =1,3,5,....n—1; k£=0,2,4,6,...,n.
For whole numbers such as n = 0,1,2,3,...,2m — 1, for some m in the set
of natural numbers, we have:

FPu)f) = S ) T ()] + 3 an(-1)E L [F ()]

=1 k=0

Where | =1,3,5,...,n; k=0,2,4,6,....,n— 1.

Proof (3.1). Consider that the function f(z) has both Fourier cosine and
Fourier sine transform for whole numbers such as n = 0,1,2,3,...,2m, m is
from whole number, we have:

1 ) 2
Py(x) = apx"™ 4+ ap 12" 4 apox™ 7 + ..+ agx” + a1 + ag

Po(2) = (ana"+a, 22" 2 4. 4asx® +ag)+(an_ 12" Ha, 32" P+ AazrP +ar ).

= Pu(z) = h(z) + g().
Where h(z) = ap,z" + an_92™ 2 + ... + ax? + a¢ implies that all powers of
variable z are even and ¢g(x) = a, 12" + a,_32" % + ... + azz® + a;x implies

all powers of variable x are odd. The Fourier sine transform of a new function,
h(z)f(x), is given by

Fulh(a)f(2)) = @ / " h(2)f(z) sin(aw)dz

Fs(h(z)f(x)) = \/g/ooo(anx" + p o™ 4 . 4 agx® + ap) f(z) sin(zw)d.

By using lemma and arranging the powers of suitable terms, after simplifica-
tion, we obtain

Fuh()[(2)) = a0Fu(F(2)) — ang [Fu(F())] + o+ an(~1)F S (F(f(0))]
- k d*
Fh(@) (@) = Y au(~1)F - F( (@) ()

Where £ =0,2,4,6,...,n.
Similarly the Fourier sine transform of a new function, g(z)f(x), given by
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Flot@) =2 [ o))t

Fs(g(x)f(x)) = \/g/Ooo(an_lx”_l—l—an_3:1:”_3+...+a3x3—|—a1x)f(x)sin(mw)dx.

Using lemma and arranging the powers of suitable terms, after little algebra, N
we obtain otes
F = ol 17 s 4
(90 () = =1 2 (@) Fu @) =1 (1) F 2 [Ff ()]
n—1 . 1
Fslg()f(x)) = az(—l)(T)w[ (f(2))]- (2)

Where | =1,3,5,...,n — 1.

Combining (1) and (2), the Fourier sine transform of a new function, P, (z) f(z),
obtained as:

Where [ =1,3,5,...n—1; k£=0,2,4,6,...,n.
Similarly let f(z) has Fourier cosine and sine transform for numbers such as
n=20,1,2,3,...,2m — 1, m is from natural number, we have:

Po() = anz™ + 12" F ap_ox™ 2+ .+ asx® + a12 + ag
Po() = (an@"+an_ox" ?+...+a32° +010) +(ap_ 12" Fan_32" > 4. 4a2’+ag).
= P,(z) = q(z) + r(2).

Where q(z) = a,2" + ap_23" % + ... + azx® + a;x implies that all powers of
variable z are odd and r(z) = @, 12" + ap_32" 73 + ... + ax2? + ag gives all
powers of variable x are even. Then using the previous suitable properties with
simplification of little algebra the Fourier sine transform of a new functions,

q(z)f(z) and r(z)f(x), are given by

Fslq(@) f(x)) = Zaz(—l)“z”%[ﬁ(f(x))] and
Fr@)f(e) = 3 a(- D o [F(F(@)]
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respectively. Thus the Fourier sine transform of a new functions, P,(z)f(z),
is given by

FPa)f (@) = 3 a1 D E ()] + 3 a1 - A ()]

Where [ = 1,3,5,...,n; k=0,2,4,6,...,n — 1. Hence we complete the proof
of (3.1).

IV. CONCLUSIONS

The objective of this paper is to provide a brief representation of any function
in the integral form. Fourier cosine and sine transform of a function after
multiplying the given function by a polynomial function with coefficient are
numbers provide the relationship between Fourier cosine and sine transform.
Significance of this study will help to represent the solutions of ODEs, PDEs,
and integral equations that involving polynomial function terms in the inte-
gral form of simper functions of cosine and sine. This study may be a base for
generating other new findings or researches.
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Maremaruueckas TCOPHA 'CHCTUYCCKOI'O KOJa

N. N. Kozlov

Abstract- On the basis of studying of genes new properties of a genetic code were established and its major integrated
characteristics are calculated. Two groups of such characteristics were allocated. The first group treats integrated
characteristics for the DNA areas where genes are in pairs blocked and all 5 cases of the overlappings allowed by
structure of DNA were investigated. The second group of characteristics treats most DNA extended areas in which there
are no genetic overlappings. The interrelation of the established integrated characteristics in the called groups is
established. Were as a result found a number of unknown before effects. It was succeeded to establish two functions in
which all codons reassignment participate in mitochondrial genetic codes (human and other organisms), and also
essential distinction in integrated characteristics of such codes by comparison with a standard code. Other properties of
structure of the genetic code, following from the received results are established also.On the basis of the constructed
theory, the problem of calculating the genetic code was set (in 1992) and the first complete publication was published
recently [26].

Abstract- Ha ocHoBe HU3Yy4YCeHUsI TE€HOB ObLIN YCTaHOBJIEHbI HOBbLIE CBOICTBA Te€HETHYECKOro KOoAa MU BbIYHMCJ/ICHbI
BajkHelilIue ero HHTErpajibHbl€¢ XapaKTEePUCTUKH. Bem BbI/1€JICHbI [IB€ IpPyNIibl TAKHUX XapaKTEPUCTHK. IIepBaﬂ
rpynna OTHOCHTCH K HMHTerpajbHbIM Xapakrepuctukam 1ias odJacreii [JHK, rae reHsl monapHo nepekpbIBalOTC M
ObLIM MCCIeJ0BAaHBI BCe D CiIydaeB NepeKpbITHi, paspemeHHbIX cTpykTypoii JTHK. Bropasi rpynna xapakTepucTuk
OTHOCHUTCHA K Hauboiee NMPOTAXKEHHbIM 00J1aCcTAM I[HK, B KOTOPbIX HET TEeHETHYECKHUX HeperblTPlﬁ.
YcranaBiuBaeTcsi B3aHMOCBSI3b YCTAHOBJICHHBIX HMHTEIPAJbHBIX XapaKTePUCTUK B Ha3BaHHBIX rpynmax. B
pe3yiabTare ObLIM O0HAPY/KeHbI Ps/I HeM3BeCTHBHIX paHee 3¢ ¢eKTOB. YIaJ0Ch YCTAHOBUTH ABe (YHKUUH, B KOTOPBIX
YUaCcTBYWOT BCe IEpPEeOCMBIC/IEHHBbIC KOJAOHBI B MHUTOXOHJAPHAIBHBIX TI€HETUYECKHX KOAaX (qenoselca u JApYyrux
opraﬂnamos), a TaKi)Ke CYHIECTBCHHO€ pa3inyve B UHTErpajJbHbIX XapaKTEPUCTHKAX TAKHX KOAOB II0 CPAaBHEHHIO CO
CTAaHAAPTHBIM KOA0OM. YcTaHOBJIEHBI TaKKe apyrue CBOICTBA CTPYKTYPbI I'eHETHYECKOIro KoAa, BbITEKaOIINE U3
MoJay4eHHbIX pe3yibraToB. Ha ocHoBe mocrpoeHHoii Teopun Gblia mocrasiena (B 1992 roay) m pemeHa 3agaua
pacueTra reHeTHIEeCKOro Kojaa u nepsasi noJiHast l'lyﬁ.]'ll/ll(al.ll/lﬂ onyﬁ.nmcosaﬂa HeIaBHO: [26]

I INTRODUCTION

[lo pe3ynpbTaraM MHOTOJIETHUX HCCIEAOBaHM aBTOpoM Oblla  pa3paboTaHa

MaTeMaTH4ecKas Teopus FeHEeTHUeCKOTo Koja, KpaTko mpezctaBieHHas B ctatbe N.N. Kozlov
and T.M. Eneev. Fundamentals of a Mathematical Theory of Genetic Code. Doklady

Mathematics 2017, Volume 95, Ne 2, pp. 144-146. [lannas paborta mpencraBiseTr coOoi
pPaCHIMPEHHYIO BEpPCHIO A3Toi cTaThi. (OCHOBHOE BHHMMAaHHE OYICT YICISITHCS BOIPOCAM,
IMOJIYYUBIIUM CTPOro€ Marc¢MaTU4CCKOC o0ocHOBaHue. MBI IIBITAINCH AaTb MaTcpuall B BUC,
AOCTYIIHOM [JId IIHUPOKOTO Kpyra Mar€MaTuKOB, IMO3TOMY BBCACHLI JBa IICPBBIX BBOJHBIX
MyHKTa. 3ajadya yNpoINAaeTcs TEeM, 4YTO pAaCIIMPEHHbIE BEPCUU HEKOTOpblE M3 TJIaBHBIX
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pe3ynbTaToB OBUTM OMYONMKOBAHBI B psieé CTAaTeld, KOTOpPbHIE MPOIMTUPOBAHBI B CITHCKE
autepaTypbl. OJIHAKO NTPUHIMIHAAIBLHO BAKHO TMPEACTaBUTh TaKHE pE3YyIbTaThl B UX
B3aMMOCBS3M, BEllb OHU KAacaroTCs 3arajoK OJHOW W TOM K€ TauHCTBEHHOW CTPYKTYpPBHI -
reHeTHYecKoro koga. Cienyer OTMETHTh, YTO HU OJUH W3 MPUBEICHHBIX PE3YJIbTaTOB HE ObLI
oOHapy)XeH aBTOPOM B JPYTUX MyOMUKAlMsAX, MPUYEM KaK B OTECUECTBEHHBIX, TaK M B
3apyOeKHBIX.

I1. I'enetnueckuit Kox

HcTopust OTKpBITHS T€HETHMYECKOr0 KOJa JI0CTaTOYHO NoJpoOHOo ommcaHa M. Muacom
[1, 2]- omHMM W3 YYACTHHKOB MHOHEPCKHX HCCIICIOBAHMIA 10 3TOM mpobieme. OH MUIIET: «...
pacmnppoBka OMOJOTHUECKOT0 KOJA JICHCTBUTENBHO PEBOIOLMOHM3MpPYIOIIEEe COObITHE, €€,
OBITh MOXET, YMECTHO CPaBHUThH C JPYTMM COOBITHEM, BBI3BABILIUM IEPEBOPOT B HAYKE CTO
JIeT Ha3aj ¢ mosiBieHueM aapBuHOBCKOro «lIpomcxoxmenust BuaoB, [1]. CaMbIM TpyAHBIM B
npobieme koaa ObUIO MOHATH, YTO KOJA cCyllecTByeT. Ha 3To moTpeboBanoch MOUTH Lesoe
cronerre. OTcuer ero Bemercs OT paboThl MeHaens [3], KOTOpBIA TOKa3am, dTO
HACJIEACTBEHHBIC IIPU3HAKU IEPENAIOTCS AMCKPETHBIMU YacCTULAMHU, KOTOpBIE MbI CETOJHS
Ha3pIBaeM reHamu. JTa paboTa, KaKk M3BECTHO, NMOYTH HE BbI3Basla MHTepeca. «M3 Bcero Toro,
YTO HaM U3BECTHO, CKJIAJbIBAETCSl BIEYaTIeHHe, uYTo Menaeno ObuM, B 00LIEM-TO,
0e3pa3nyHbl OTKJIMKU Ha ero pabory. OnmyOnMKOBaB CBOM IJIaBHBIM TPY[, OH IOCUUTANl CBOM
JIOJIT MCHOJHEHHBIM: €CJIM Ha Hee He oOpaTH/IM BHUMAaHHUSA, TO TEM XyXe JUIsd YyuTarenei, a He
mist aBropa,. [2, crp. 142]. B 1900 romy Tpu HE3aBHCHMBIX HCCIEIOBATENS OJHOBPEMEHHO
CBOMMH OIIBITAMU TOATBEPAWIIA pe3yibTaThl, IoaydeHHble MenzaeneM. TosbKkO 3aBeplLINB
paboty, oHu y3Hanu, 4to 34 roga Hazan ux omnepenun Mennens. [locne 1900 roma reneruka
CTajia pa3BUBAThHCS OBICTPO U HETPEPBIBHO.

BriepBble naest MOJEKyIspHO-OMOJIOTHMUECKOrO MOAXoa K mpobieMam TE€HETUKH
Obuta copmynupoBaHa u3BecTHbIM ¢u3ukoM O. llpenunrepom B kHure «Urto Takoe >KU3Hb?!
C Touku 3peHus ¢usmka, [4], kotopas B opurmHane ysujaena cBeT B 1945 romy. Ha
cTpanuie 28 yuTaeM MpeCTaBicHHE O Kojae (3a 21 rox 10 ero OKOHYAaTelbHOW pasrajukm!):
«Ha3pIBast CTpyKTYypy XpOMOCOMHBIX HUTEH MU(POBAIBHBIM KOJOM, MbI MOJIPa3yMeBaeM, UTO
BCEOXBATHIBAIOLINIA yM, BpOJI€ TaKOTO, KOTOpPBIM HEKorja mpeiacrasisl cebe Jlammac u
KOTOPOMY KaKJasi NpPUYMHHAS CBSI3b HEMOCPEACTBEHHO OTKpbITa, MOr Obl, HCXOIS W3
CTPYKTYpBl XpOMOCOM, CKa3aTh, Pa30BbETCS JM SHIO NpU OJAronpusTHHIX YCIOBUSX B
YEpHOI'0 IeTyXa MM B KpamyaTyl Kypully, B MyXy WU pacTeHUE Mauca, B POILOJCHIPOH,
KyKa, MBIIIb MWJIM 4enoBeka, [lomuMo 3TOro u Apyrux OIMCTATENBbHBIX MPEABHICHHMA
CIIEyeT OTMETUTh, YTO 3Ta KHUIA ChIIpaja pPEHIAIoLIyl0 POjib B Cyab0e psaga (U3UKOB-
TeopeTukoB. Ha3oBy nuuib 1Be (paMuianu, 0 KOTOPHIX OyAeT MIATH peub B JalbHEHmeM. DTo
@. Kpuk, xotopsiii B 1946 rogy ocraBuil TEOpETHUYECKYIO (PU3MKY M OOpaTHICS K 3a/jadyaM
Oouonoruu mnocne npouTeHus 3Tol kHUrH. Ero HoOeneBckas nekius Obula IMOCBSIIEHA
npobneme koma, a He cTpykrype HHK, 3a kortopyro oH Obun ymoctoen HoOeneBckoit
npemun (F.Crick - Nobel Lecture, Dec. 11, 1962: On the Genetic Code, Internet). V
HCTOKOB INpo0OsieMbl Koja cTosil Takke ¢usuk I'. ['amoB, Ha kotoporo @.Kpuk cceinaercs Ha
NEPBOM CTpaHMIEe yKa3aHHOH Jekiuu. OaHako Ha (UHAJIBHOM JTalle MCCIeIOBAaHUA HMEHHO
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5. Watson, J.D., Crick, F.H.C. A structure for Deoxyribose Nucleic Accid//Nature. —
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OMOXMMHUKN HKCIIEPUMEHTAIBHO YCTAaHOBHJIM TEHETHYECKMHA KOJ M YyKa3ajdd €ero pojb B
ounocunrese Oenka. 3a 31oT pe3ynbrar X. Kopana, M. HupenbGepr u P. Xommu mnomyumin
HoGeneBckyto npemuio B 1968r.

Ho cnawana Obuta pemeHa mnpoOinema crpykrypsl JAHK. Acnupanty [l. Yorcony
MOHAJO0MIOCh MPUMEPHO  TOJTOpA TojAa, YTOObl COBMECTHO ¢ pykoBoauteneM @. Kpukom
peluTh OJHY M3 BaXHEHIIMX MpoOsieM OHOJOTHH, KOTOpas B HACTOSIIEE BpPEeMs CUHUTAETCS
OJTHOW M3 THaBHBIX (YHIAMEHTAIBHBIX HPOOJEM, PEUICHHBIX B IMPOLUIOM CTOoJeTHu. Peup
uner o crpykrype mousekyn JIHK, koropyro mup Bnepsble yBuzaen 25 ampens 1953 ropa:
pabora [5], obbemom B omuy (!) crpammiy xyprama «Nature, mocraBmia TOYKY Ha
muckyccun otHocutensHo ponu JIHK B mepemaue nacnenctBeHHo#l mHpopmanuu. Onucanws,
kotopeie pator g JAHK ceromnsi, paznuunsl. [[ns Hammx 1ene 1OCTATOYHO YIMPOIIEHHOTO
ornucanus. Mognens npoinoi cnupanu JIHK mpencrasnsier co0oif nBe HUTH, 3aKpydeHHBIE
Apyr OTHOCHTENBHO napyra (puc. 1.).

Puc. 1: Monens asoitHo crninpanu JJHK. UTtenue Tekcra reHa ykazaHo CTpEJIKaMU MO OJHOM
LIETH - CBEPXY BHU3, IO JIPYrOM - CHU3Y BBEPX
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Ilo cyru nema, 3T0 — /BOIHAas BUHTOBAs JIMHUS, a HE Kakas HU crupaib. AnpaBUT
JHK conepxut Bcero 4 OykBer: A, C, G, T. D10 ueTslpe HyKJI€OTHIA: aJACHUH, ITUTO3MH,
I'yaHWH, ¥ TUMHH COOTBETCTBEHHO. TOYKM MEXIy 3THUMHU OyKBamMH Ha puc. 1. yKa3pIBaroT Ha
KOJIMYECTBO BOJIOPOJHBIX CBsizei: nBe cBsi3u Mexay A u T u tpu - mexay C u G. menHo
ata OJectsmias joragka YOTCOHA, KOTOPbBIM BBENT 3TH KOMIUIMMCHTapHble mapbl [6], u
M03BOJIHIA OOBSCHUTh BaXKHEHIIME CBOWCTBA IMeperau HacieACTBeHHON uHpopmarmu. (OTh
CBsI3U CymiecTBYIOT Mexay asyms crmpamsimu JIHK). JIHK usmepsior mo- pasHOMy, B TOM
quclie, U KOJMYECTBOM Tniap HykieotuaoB. Hanpumep, ana JIHK uenoseka ux oxomo 3.2
muuapaos (ftp://ftp.ncbi.nih.gov/refseq/H_sapiens/).

Taiina reHa Oblia OKOHYATENIbHO pasramana B 1966 roay (kK crojeTHro pabOThI
Mengens [3]), Koraa B XOJe OSKCIEPHMEHTATbHBIX HCCICIOBAHUN ObLJIO OKOHYATEIHHO
YCTaHOBJIEHO, YTO T'eHbl ecTh ogHoHuTeBble yuyacTkun JIHK u  coxmepxkar uHdpopmanuio o
Oenke B 3aKoMpoBaHHOM Bujae. Okazanock, 4To Kaxaas u3 20 aMMHOKHUCIOT - 3JIEMEHTOB, U3
KOTOPBIX COCTOSIT BCE W3BECTHBbIE O€NKH, KOAMUPYETCS OIpeNesIeHHBIMU  TpOHKamMH
HYKJICOTHJOB - KOJOHamMu win Tpumeramu. s dersipex Oyks: A, C, G, T, umeem 64
kogoHa: AAA, AAC, AAG, ..., TTT. Cmbicn Bcex 3TUX KOJOHOB ObLI AKCIEPUMEHTAIBHO
YCTaHOBJIEH W TPEJCTaBlIeH B TaOiMIle T€HETHYECKOTO KOJa, MPUYEeM KOJMPOBKA, KOTOPYIO
BbIOpajia mpupoJia, okazajgack cBoeoOpa3Hoil. B Tabmn. 1. oHa mpeacTaBieHa MOJHOCTBIO.

Taonuya 1: CTaHAapTHBIATEHETUYECKUNKO.

1 2 3
1 Met 1 ATG
2 Trp 1 TGG
3 Phe 2 TTY
4 Tyr 2 TAY
5 His 2 CAY
6 Asn 2 AAY
7 Asp 2 GAY
8 Cys 2 TGY
9 GIn 2 CAX
10 Lys 2 AAX
11 Glu 2 GAX
12 lle 3 ATM
13 Vval 4 GTN
14 Pro 4 CCN
15 Thr 4 ACN
16 Ala 4 GCN
17 Gly 4 GGN
18 Ser 6 TCN, AGY
19 Leu 6 CTN, TTX
20 Arg 6 CGN, AGX

ter(*) 3 TAX, TGA

[Ipumeuanue. [lnsg  kakaoM W3 aMHMHOKHMCIOT IPUBOIATCA: | — cCTaHIapTHBIE
TPEXOYKBEHHBIC COKpAIllCHHs, 2 — YHUCIO KOJOHOB-CHHOHUMOB, 3 — TpeXxOyKBEHHBIE

HYKJICOTUIHBIE MpeacTaBiieHus kogoHoB. O6o3nauenue: X: A, G; Y: T,C;, M: T, C, A; N: A,
G, T, C. B mocnenseit CTpoke MPUBOIATCS TPU TEPMHHATOPHBIX KOJIOHA — ter, KaKIbIid W3
KOTOpbIX 0003HAaYaeT OCTAHOB CUHTE3a OeKa.
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Notes

Oka3anoch, 4TO TOJNBKO [BE aMHUHOKUCIOTH - MetHOHHH (Met) u tpunrodpan (Trp)
koaupytorcsi onHo3HauHo komoHaMu ATG u TGG  coorBercTtBeHHO. Bee ocrasibHbIe
AMHHOKHCIIOTBI KOJHUPYIOTCS GOJiee 4eM OJHHM KOJOHOM (9TO KOJOHBI-CHHOHHMBI), HO HE
Gosee yeMm mecThio. IlocmeqHee HAOMIOAACTCS TONBKO UIS TPEX aMHHOKHCIOT: cepuH (Ser),
neiiH (Leu), apruaud (Arg). Takue TpU KOJIMPOBKH Ha3BaHbI HEPETYISIPHBIMHU, B OTIHYHE
oT 17-u Apyrux, peryispHbIX Ui KOTOPBIX Kakible l-as M 2-as NMO3ULMU OJUHAKOBBI B
COOTBETCTBYIOIIEM HA0Ope KOJOHOB-CMHOHUMOB. IT0JTHOE YMCIIO CMBICIOBBIX KOJOHOB WU
TPOEK, KOAMPYIOIINX KaKyl-1ub0 aMHHOKHCIOTY, paBHO 61. Komonsl Tepmunanmu ter (*) He
COOTBETCTBYIOT HUKAKUM aMUHOKHCIIOTaM, KaKIbli U3 HUX OCTaHAaBJIMBAET CUHTE3 Ocnka. B
BUJY BaXXHOCTHU 3THX

KonoHoB mpu fanpHeimieM aHanu3e BbaeauM ux B (1):

ter: TAA, TAG, TGA. (1)

VKaxkeM, 4TO MOMHUMO BBIPOXKICHHOCTH (T.€., KOT/Ia OJHON M TOW K€ aMHHOKHCIIOTE
COOTBETCTBYIOT, KaK IMPABUIO, HECKOJHKO KOJIOHOB-CHHOHMMOB) B&KHCWIIUM CBOHCTBOM
KOJla SIBJISIETCA €r0 YHMBEPCAJIBHOCTb: KOJI OJMHAKOB JJI MOYTH BCEX JKUBBIX OpPraHU3MOB.
OpHako K HACTOSIIEMY BPEMEHHU OOHApYKEHbBI Psii OTKIOHEHUH KOJa OT CTaHIAApTHOTO, YTO
SIBJIICTCSI OJIHOM M3 HamboJiee 3araJovHbIX OCOOCHHOCTEH Koia (CM. Tabi.2).

Ta6auya 2: Cranpaprasii — K° n necranmaptasie renernueckne koast K- KM u ux xapakrepuctikn p

1 2 3

K’ Thestandardcode 16 g
K' The Vertebrate Mitochondrial Code TGAlter)—Tim. ATA(Tle)—Met, AGK(Arg)—>ter T
E? The Invertebrate Mitochondrial Code TGAter)—Tim. ATA(Tle)—»Met, AGK(Arg)—Ser 7
K The Echinodenn and Flatwom Mitochondrial Code TGA(ter!—Tmp. AAA(Lys)—Asn. AGK(Arg)—Ser 5
K TheMold, Protozoan, and Coelenterate Mitochondrial — TGA(ter)—>Tm. 6
Code and the Myroplasma / Spiroplasma Code
K The Ciliate, Dagycladacean and Hexamita Nuclear Code  TAX (ter)—>Gln 5
K The Eyplotid Nuclear Code TGAter—Cys 5
K’ The Altemative Yeast Nuclear Code CTG(Leui—Ser 16
K* The Ascidian Mitochondrial Code TGA(er)—Tmp. ATA(Tle)—»Met, AGK(Arg)—Gly 7
K The Altemative Flatwom Mitochondrial Code TGAlter—Tp. AAA(Lys)—Asn. TAA(ter)— Tyr, AGX (Arg) —Ser 0
K™ Blepharisma Nuclear Code TAG{ter)—Gln 10
E! Chlorophyrean Mitochondrial Code TAG{ter)—=Len 10
K" Trematode Mitochondral Code TGAlter—=Tm. AAA(Lys)— A, ATA(Tle)=>Met, AGX (Arg) —Ser 6
KL Scenedasmus Obliquus Mitochondrial Code TAG{ter)—Len, TCA (Ser)—ter 10
E¥ Thraustochytrium Mitochondrial Code TTA (Leu)—ter 21
TIpmaeanme.

1- xonsl KO- K14, 2 —uX Ha3BaHMS, 3- OTKJIOHEHHUS OT CTAaHaPTHOTO KOJa
Kononku 2 u 3 monydensl Ha ocHoe: http://www.nchi.nlm.nih.gov/Taxonomy/Utils/wprintgc.
cgi ?mode=t
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[I1.  IlepexpsoiBatoruecs I'eHbl

MareMaTHuecKuil aHau3 CTPYKTYphl T€HETHYECKOTO KO/, MpPEeXkae BCEro, OnupaerTcs
Ha MCCIEJOBAaHUE HEKOTOPBIX HEOOBIYHBIX CIOCOOOB 3alMUCH T'€HOB, KOJUPYIOIIUX OCNKH.
HeoObr4HbIi crOCO0 3amucu TEeHOB COCTOUT B TOM, YTO OJMH M TOT ke y4acTtok memnu JIHK,
KOAMPYIOIIMKA OEJI0K, MOXKET YUTAThCs CO CIBUTOM (a3bl Ha +1 mubo -1 HykimeoTun 1ubo C
apyroit nemu JIHK (¢ momoGubiMu caBuramu 6o 6e3 Hux). HHBIMEH CIOBaMH OJMH U TOT
e ykazaHHbld ydactok JIHK moxker komupoBath nBa, U Oojee OENKOB, BIUIOTH JIO IIECTH.
Takue TrTeHbl ObUTM Ha3BaHbl IEpeKpbIBaOIMMUCA. OTMETHM, YTO KaK I1OKa3bIBAaIOT
HKCIIEPUMEHTHI, TAKO€ YTCHHUE OKAa3bIBACTCSA PA3pPEIICHHBIM JIMIIb B HEKOTOPHIX CIydasX, a B
MOJIABJISIIOIIEM OOJIBIIMHCTBE CIIy4acB CYLIECTBYET 3alpeT Ha YKa3aHHbIE ajlbTePHATUBHBIC
YTEHUS. OTOT 3alpeT COCTOMT B TOM, YTO yKa3aHHbBIC CABUTU MPUBOJAT K COBEPLICHHO MHBIM
HOCJIE/IOBATENLHOCTSIM  KOJIOHOB OTJIMYHBIM OT HCXOJHOW MOCIIEOBATENbHOCTH  (KOT/Ia
cnBuroB  Her). Ho  ObUIO  yCTAaHOBICHO, YTO B MOJOOHBIX  AIbTEPHATUBHBIX
OCJIEZI0OBATENLHOCTSX HEMPEMEHHO BO3HHUKAIOT Kakue-TM00 KomoHbI u3 (1); Tak ycTpoeH red
KOAMPYIOIIMIA O€JIO0K, WJIM TakK BbIOpaHbl COOTBETCTBYIOUIME KOJAMPOBKH AMHUHOKHUCIIOT
BCIEJCTBAC BBIPOKACHHOCTH KOjJa. M3-32 poNM  Ha3BaHHBIX TpPeX KOJOHOB (OHH
OCTaHaBJIUBAIOT (OIOKUPYIOT) OENKOBBIM CHHTE3), OCIOK MPU ATbTCPHATUBHOM YTCHUH HE
CHUHTE3MpYeTCa. Dbl caenan BBIBOA O MOIIHOW OMOJIOTHYECKOH 3aluTe: MPUPOJEC HE HYKHBI
speMepHble OeNKH, OHA HE CHUHTE3UPYET OCNKH COOTBETCTBYIOLIUE CABHUHYTHIM IO3UIHMIM
(HampuMep, eclii B XOJI¢ MyTalluii HayajdbHas TOYKA CABUHETCS). TeM caMbiM ObLTH BBEICHBI
B pacCMOTpEHHE JBC paMKu cuuThiBaHus - PC: oTkpbitas pamka cuutbiBanusi (OPC) -
[IOCJIEI0BATEIbHOCTh KOJOHOB, HE COJeprKaliasi KOJOHOB TepMHUHAIIMK U OnokupoBanHas PC -
BPC, xorma Takue KomoHbl Berpewatorcsi [7]. Ha puc. 2 Oenox coorBercrByer OPC,
CABUHYTBIC MO3UIMU HYKJICOTUIHBIX MOCieI0BaTeabHoCTel, kKak +1 Tak u -1 - BPC.

cneur -1 AsnGlyGlyLeulLeu * * AlaGlu... BPC
coeur +1 TrpArgLeuArgllevalGly * ... BPC
tesoxk —  MetGInAlaCysTyrSerArgLeulys. .. OPC
TeH — AATGGAGGCTTGCTATAGTAGGCTGAAG. - .
. T
C C C

Puc. 2: Yaactok GeJIKOBO MOCIeI0BaTebHOCTH (MepBas aMHHOKHUCI0Ta - Met) 3akoupoBaH
B rere HaunHas ¢ ATG (mepBblil HYKJIEOTHI A B 9TOM TpHIUIETE MOMEYEH HKUPHOM
TOYKOMW) W Ciy4au CABUTOB Ha +1 1160 -1 HYKICOTH]I

B CHBHHYTBIX COCTOSIHHSX  MOJNYYHUM JPYrHE [OCIEA0BATEIILHOCTH KOJOHOB (/Be
apyrue PC), B Kaxgoii ©3 KOTOpBIX OygeT HEOJHOKPATHO MPUCYTCTBOBATh KOJOHBI
TEPMHUHALMK ter, KOTOpble Ha PUC.2 MOMEYEHBI OJHUM M TEM K€ CHMBOJIOM CHMBOJIOM *.
Oto Oyayr nBe PC ¢ OmokupoBkamu - BPC. MoXHO BHIETh, YTO C MOMOIIBIO  TpeX
HYKJICOTHIHBIX 3aMEH Ha OJHMH WM TOT ke Hykiaeotua C (HO3UIMH 3aMEH YKa3aHbl O]

TEKCTOM T€HA), HH OJWH U3 TPEX KOJOHOB ter (cMMBON *) Ha 3aJaHHOM YydYacTKe T'eHa
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OX17

HE BO3HHMKHET, MPUYEM INPH TAKUX 3aMeHaxX OeNKOBas IOCIEJOBATEIBHOCTh HE W3MEHHUTCS
T.K. YKa3aHHbIE TPHU 3aMEHBl COOTBETCTBYIOT TPEM 3aMEHaM KOJIOHOB Ha MUX CHUHOHHMBI.
OnHako THUNWYHBIA T€H YCTPOEH TakK, 4TOoObl yKa3aHHBIC CABHIM JaBajld HMMEHHO JBE
BPC [7]. Oxa3amoch, YTO JHIIb JUISi TEPEKPHIBAIOIIMXCS TEHOB TAKOrO 3ampera He
cymecTByeT. Briepsbie 3T0T 3¢ deKkT OblT YCTAaHOBJIECH SKCIEpUMEHTANbHO B 1976 roay B xoxe
MCCIICIOBAHMUIA [0 YTCHHIO TEPBOTO IEIOro reHoma - Bupyca Oakrepun ®X 174 [8]. Tlocie
3TUX  HUCCIENOBAaHMM MX pykoBoAuTenb F.Sanger cTaHOBUTCS €IMHCTBEHHBIM B HCTOPUHU
IBYKpaTHbIM Jaypeatom HoOeneBckoil mpemun mo xumuu. F.Sanger nposiBuin mHTepec K
OHOW M3 MEpBBIX HAKX paboT B muceMe k HeMy s cOpPMyIUpOBajT HOBOE CBOKCTBO
NepBOro Imeiaoro reHoma. OHO COCTOMT B TOM, YTO JUIS 3allUCH TaKOro TeHOMa TpelyeTcs
UCIIOBb30BaTh BCe 61 CMBICIOBBIX KOJOHOB- 3TO H3-3a IIEPEKPBITUM T'€HOB, BIIEPBBIC
oOHapyKeHHbIe B 3TOM TeHoMe. S mpocun  mpencraButh 3T0T pe3yiabTar B NAURE. Ero
OTBET NpuBOAUTCS B aiine Sanger. IlomHas HyKI€OTHIHAS MOCIEIOBATEIBHOCTh KOJIBLIEBOM
onunonernioueunoit JJHK ®X174 (mo-Buammomy  (akrop onHonenoyHoctu  JIHK,
YCTaHOBJIEHHBIM paHee dKCIEPUMEHTAIBHO U SIBUWICS PELIAIOLIUM AJIs YTEHUsI IIEPBOTO LIEJIOTO
reioma)  coxepkut 5386 HykmeorumoB [10], omHako oOliee YHCIO AMHHOKHCIOTHBIX
OCTaTKOB B MOCJIEAOBATEIBHOCTSIX BCEX OCIKOB YMHOXXEHHOE Ha 3 (C yderoM He
KOJMPYIOIINX YYacCTKOB) IMPEBBIIACT 3TO YHCIO HYKICOTHAOB. BbuIO TOKa3aHO, uTo reH E
CollepKUT 273 HYKICOTHIA ¥ JoKanu3yercs BHyTpu TeHa D [8]. Dro mepsoe
HKCTIIEPUMEHTAIBHO OOHAPY)KEHHOE TEePEKPhITHE MPEACTABICHO HA PUC.3.
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220 XYL IIOITOXNXNNIISDOOIILISIESYS SIS0 0 IYYIIXYIIYOYYYYSSIYIIIYYS
438 BRD REY oIl cas BRI oI7 oY TR WiE HiE ¥IY IIH oIt o3z HHI BAT adY oIz HEY
THL fal- g frigi L 71 Yi¥ ERT ™A =) 1| oY ase ™A RIS HEY iz TIt HEY aTs WHI THE aTse

(B

TE3 TEy TLy THy TER Tk

282 88YYODINYIIYODIOISIOoOOS OO YYOIIY YYD ID02203IY¥Y2I1II8IYIIYIIOBIIYXYD
oIt WY EAT -4 43s 93E THA ot-1-] oY ERT dH3 dHI k- ¥ 1 = - III k3 ITR IiT oIz 43T

Y AT oTa e 1) aiz o337 ERD Iy HHI HT2 JrI HEY THA ods EIH TEA AT iDL Iy iz

MOJIHOT'O0 TEKCTa IMCPBOro wHCjaoro rceHomMa i

BT FER B2 i1rr ] TEE TES
295320139 IIXIIIBHNDIIHIODOIIOHIODODIIIDHEIIIDIYIXNODESHIBIIIDYADHIDHOTYI
Has =1 nat aITI oIz H3Ee aIT OTT (i kb g aHa ¥IY sl g WHI 1 4 41 fu g HEHI 1. 4 Sy

A WIY I TII dk2 T8 THA cad VIV odd dH3 oY cda WAL ATD THA JK2 d8Y oIT HHI
TiE e
99 IX¥I I 1938113
TEL pa E
ATD MR1 THEA BAS ¥I¥ O

Puc. 3: TlepBoe T€HETHYECKOE MEPEKPBITHE, OOHAPYKCHHOE SKCIEPHMEHTAIBHO [8].PuCyHOK

6akrepuopara ®X 174 [10]. Bumum, uro HaumHas ¢ mozumuu 568 u mo mosuimu 840,

npelncTaBieH B ¢opmaTe TyOIUKaIim

Q107 Tedx E ] UOISIOA [ ONSS[ [[JAX PWN[OA () YoIedsdy JIoNuoL] 9DUIDS JO [ewmo[ [eqo[n

ObLIa YCTAaHOBJICHAa KOAHWPOBKAa HOBOTI'O ocnka E Ha Y4acCTKe HYKHCOTHﬂHOﬁ nociacaoBarc-

IpHOCTH JApyroro Oenka - Oenkxa D
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B nacrosiiee Bpemsi CUMTaeTCs, YTO IMEPEKPBIBAIOLINECS TE€HBI MPEACTaBISIOT COOOi
XOTSI U HEOOBIYHBIH, HO BCE, K€ JOBOJIbHO PACHPOCTPAHEHHBIN 3JIEMEHT OpPraHU3allii T'eHOMA.
B pacmmdpoBaHHOM dYenOBEYECKOM TI'€HOME OOHAPYXEHBI MHO>KECTBEHHbBIC T'€HETHUYECKHE
nepekpbitiss [11]- ux okaszamoch okosno 1700. HakoreHHbId OOIIMPHBI MaTepHal 0
TEHETUYECKUM IEPEKPBITUAM BBIIBUHYI 3a]ady MX TIIATEIbHOTO MU BCECTOPOHHEIO aHaIU3a.
OcTaHOBHMCSI Ha HEKOTOPBIX Pe3y/lbTaTax, MOJIYYEHHBIX HAMU Ha OCHOBE MATEMAaTUYECKOTO
aHanu3a.

MoOXKHO BHIETH, YTO PA3NIMYAIOIIMXCSA CIIYy4aeB IEPEKPBITUA TI'€HOB, Pa3PELICHHBIX
crpykrypoit IHK, Bcero 5 (puc.4), U3 KOTOPBIX HEPBBIC JBA OTHOCATCS K MEPEKPHITHIM
reHoB U3 oaHou u Tou ke nenu JIHK, a ocraBmmecss 3- kK mepekpbITUSIM I€HOB, B3STHIX U3
passbix neneit JJHK.
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4: TIATh BO3MOXHBIX CIIy4aeB IEPEKPHITHI TEHOB, COOTBETCTBYIOWUX oxHOW (1,2)

Puc.

UreHne TEKCTOB MpPU 3TOM OCYLIECTBIIIETCA B Pa3HbIX
HampaBieHHsX (yKa3aHO CTpeNKoif): cieBa HampaBo misi By, By, By, B,,, By, By, By u

mbo meym uemsm JIHK (3-5).

cnpaBa HaieBo ia B,,, By, B;,. B aTux ¢Qparmenrax mpucyrcTByIOT TOJBKO KaHOHHUYECKHUE

napel JJHK: CG u AT
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The Nucleotide

Sequence of Bacteriophage ®X174//J. Mol. Biol. — 1978. — V.125. — P.225-246.

10. Sanger F., Coulson A.R., Friedmann T., Air G.M., Barrell B.G., Brown N.L.,
Fiddes J.C., Hutchison C.A., III, Slocombe P.M., Smith M.

Ha puc.4. mpencraBieHsl juiib HeOONbIIMEe (ParMEeHTHl  peajbHBIX IEPEKPBITUH,
[IpUYeM II0JIHAs MPOTSHKEHHOCTh HEKOTOPBIX M3 HUX jgocturaer nouytd 1300 HykineoTHaoB.
Kpome Toro, cymmapHasi MpOTSDKEHHOCTb IMEPEKPBITUH MOXKET IOCTHraTh OoJiee IMOJIOBHHBI
pasmepa reroma (Bupyc GSHV).

Cnenyer moquepKHyTh, YTO MMEHHO aHAJIN3 MHOXXECTBEHHBIX B3aUMOCBSI3€H KOIOHOB
B TEHETHYECKUX IIEPEKPBITUAX M SBIAETCA [JAaBHBIM  HMHCTPYMEHTOM  IIPOBEIEHHBIX
UCCIIEI0OBaHUM.

[V.  BeipoxaenHocts Koga

Onna W3 3amad, KoTopas ObUIA MOCTaBJI€HA HAMH, OTHOCHTCS K (PyHIaMEHTAIBHOM
po0JIeMe TEHETHIECKOTO KOJIa: 3a4eM HY)KHa BBIPOXKICHHOCTh KOJa, KOT/a JUlsi OJHOM U TOH
K€ aMUHOKHUCJIOTHl UMEIOT MECTO, KaK MpaBHIo, Oojiee OJHOW KOJMPOBKH, BIUIOTH 10 6-U
KOJMPOBOK. BBUIO HM3y4e€HO y4acTHE BCEX CMBICIOBBIX KOJOHOB B TIEPEKPBITHAX T'E€HOB.
OKa3aa0Ch, YTO CYIIECTBYET MHOXECTBO I€HOMOB C MEPEKPHITHSIMH, B KOTOPBIX HEMPEMEHHO
JIOJDKHBI y4acTBOBaTh BCe 61 CMBICIOBBIX KOJOHOB, W MpPU HCKIIOYEHHH XOTS OBl OJJHOTO
KOJIOHA OOHAPY)KCHHAsh B AKCIEPUMEHTAX 3aMUCh T€HETHYECKUX MEPEKPBITHI MPEICTABISCTCS
HEBO3MOKHOM. OJHMM M3 TaKMX T'EHOMOB SIBJISICTCS MEPBbIA IIENbIA TEHOM Ui BHpycCa
baxkrepun X174, comepxammii mepekpsitust st 814 mykieotumos [10]. Hama crates [9],
a TaKkKe CTaThs, COMYTCTBYIOIIAs €i, ObUIM MpPOIMTHUpOBaHBl He MeHee yeM mo 100 pa3
kaxaas. (cm. ¢aitn 300 citation).

V.  Heperymspnoctu Koja

Cnenyromast Hama 3ajada  ObUla CBsi3aHA C AHAJTU30M KOJOHOB, OTKJIOHSIOIIMX
TCHETUYECKUH KOJ OT OJHOPOJHOM CTPYKTYpbl. OTO OJHa U3 Hamboyiee 3araJouyHbIX
0COOEHHOCTEH T'€HETHYECKOTO koma. Kak moxkazan anamu3 g00aBOYHBIE KOJOHHBIE
npeacraBiacHus w3 Tabm. 1, wiu HeperyssipHoctd, mis Ser 3to AGY, mns Leu sto TTX,
s Arg 510 AGX, MO3BOJNSIOT B MPHHIUIIE «OPraHU30BATh, MEPEKPHITHS B PSJC TCHOMOB
a100 CYIIECTBEHHO PACIIUPUTH IUANa30Hbl T€HETUYECKUX MEPEKPHITHH Kak Ui JABOWHBIX
(mist renoma ®X 174 B 7 pa3), tak u mis TpoiHsix (mus HIV-2 [12] B 5 pa3) mepekpsITHi,
ecnu Obl OHM OBUIM OPraHM30BaHbI C MCIIOJIb30BAaHHEM OJHOPOJHOTO KOJAa, WIM Koja 0e3
HEPETYISPHOCTEHN.

[ToreHuanbHble BO3MOXHOCTH KOJQ JJISI TOCTPOCHHUS MHOXECTBA T'€HETHUYECKHX
IIEPEKPBITUH.

Jlanee Hamu Obla MOCTaBJIEHA 3a/la4a O TOM, KaKOB JK€ MOTEHIHAJl T'€HETUYECKOTO
KOJa JUIsl CO3JaHUsl BCEX YKA3aHHBIX CIy4aeB MepeKkpbITHii. OTBET OKa3alcsl CIEOYIOIIHUM -
(deHoMeHaNbHBIN moTeHIMan!, IToT pe3ynprar ouenun Jlaypear HoOeneBckoit mpemun.de
Duve to me (see the file) Oxasamoch, uTo ToNbKO 16 Map aMHHOKHCIOT U3 BO3MOXKHBIX 400
MOT'yT CO3/1aBaTh HPENSATCTBUS Ul MOCTPOSHMS BCEX H-U CIy4aeB MEPEKPBHITUH. DTO mapsl
AMHHOKHUCIIOT BCETO JUISl TPEX CIIy4aeB MEePEKPHITHIL:

B cllydae 2 3T0 9 map:

MetMet, MetAsn, MetLys, Metlle, MetThr, (2)

B ciiydae 3 310 6 map:
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PheTyr, TyrTyr, HisTyr, AsnTyr, AspTyr, CysTyr, (3)
B cllyyae 5 3TO 5 map:
PheMet, PheAsn, PheLys, Phelle, PheThr. (4)

WupiMu crioBaMu co3JaeTcs BIIEYATICHHE, YTO T'€HETUYECKUH KOJ Kak Obl 1mojoOpaH
nos nepekpbITis. Tak i 5107 OTBET Ha TOT BONPOC OyJeT JaH HIDKE.

WNrak, HamMu yCTaHOBJIEHA IlepBas  MHTErpajbHas XapaKTEPUCTUKA TI'E€HETUYECKOIO
KOJla, KOTOpYI0 0003HAaYMM uYepe3 p U KOTopas paBHa 16 ais CTaHIApPTHOTO KOJA:

p =16 (5)
VI.  O6mee CaoiictBo Beex IIpuponnsix Komos

[Tony4deHHBIN pe3ynapTaT NpUBEI K OCTAHOBKE HOBBIX 3a1ad. KakoBo 3HaueHue p Uit
HECTAHJAPTHHIX (IEBHAHTHBIX) KOJOB, YHCIO KOTOPHIX paBHO 14 W MOpPOJODKAET pacTu?
OTMeTuM, YTO TEPBBIM HECTAHIAPTHBIA KOJA, Obul OoOHapykeH B 1979 romy B KieTke
YEJIOBEKa B OTAEIBHOW OpraHeiie — B MMUTOXOHAPHUH: TeHbl MUTOXOHApuanpHOM JIHK —
mt/IHK Obutn 3amucansl TakuM KojoM [13]. TIepeocMBICICHHBIMU OKa3aIHuCh BCEro 4 KOJOHA.
Pacuersl mokasanu, 4YTO 3HaYeHHE p JUId BceX 14 [E€BUAHTHBIX KOJOB HE IIPEBBIIIACT
3Ha4YeHHsl 22 WM OKOJO 5% MONHOro 4Yucia map aMHHOKHCIOT[14], cm. Tabm.2. Tlpu stom
3allpeTHBIMU OKa3aJKMCh BCE T€ XKE CAMbIE TPHU CiIydasl MEPEeKpBITUM, KaK U A CTaHIapTHOTO
KOoJia U KpoMe Toro OblI OOHapyXeH OJUH KOJ C HYJIeBbIM 3HaueHueM p.Takum oOpa3om Bce
IIPUPOJHBIE TEHETUYECKHE KOIbI MMEIOT MAJIOE€ YKCIIO 3alIPETOB HAa NMOCTPOEHHE MeHETUYECKUX
HEPEeKPBITUIl. DTO MOKET paccMaTpUBATBCA Kak OOlee CBOMCTBO BCEX IMPHUPOJHBIX KOJOB,
U3BECTHBIX K HACTOSLIEMY BpeMeHH. Bo3HMKaeT Bompoc: nmoueMy HPUPOIHBIE KOJbI 3TOMY
COOTBETCTBYIOT, B TO BPEeMs KaK YHCJIO 3aIMCEH T€HOB C MEPEKPHITUAMU HEU3MEPHMO MEHBIIIE
yeM OOBIYHBIX HENEPEKPHIBAIOIINXCA T'€HOB M KAaKOBAa POJb IMEPEOCMBICICHHBIX KOJOHOB?
O6a >t Bompoca ObUIH PEIIEHBI.

VII. Onna Maremarnueckas AHaIOTUS

[Ipu pemeHun nEpBOro M3 HTUX BOMNPOCOB Oblla YCTAaHOBJIEHA BaXKHeHIas
MaTeMaTh4ecKas AaHaJIoOrus MEXIy IEepeKpeITUsIMU TeHOB M3 pasHbix uened JIHK n
BOXHEUILIMMHU CTPYKTYpHbIMM eauHuniamu.  Kak wu3BectHo, reH cuutbiBaercs ¢ JIHK,
IPOUCXOUT B €r0 TEKCTE MHOXKECTBeHHass Momubpukarms HykiaeotunoB T ua U (ypauun) u
oOpasyercs MarpuuHas PHK, xoTtopas B cBoio odepenb CTpyKTypupyercs. BaxHeimumu
AJIIEMEHTAMU TaKOW CTPYKTYphbl SBIAIOTCS CTeONM — (parMeHThl,  cojepiKalllhue CBS3U
nonoOueie cBs3siMm B JIHK. Ha puc. 5  maercs omun u3 crebieil caMoi HW3BECTHOM
BTOpUYHOU CcTpykTypsl MarpuuHoii PHK- RNA MS2 [15], kotopas comepxkut Gonee 130
crebneil. CTpykTypa Obljla MOJHOCTHIO HAMH MPOAHATU3UPOBaHA, M MOJYYEHHbIE PE3yIbTaThl
npe/cTaBiIeHbl B Moei MoHOrpadun [25].
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Notes

A.

AspProArgLeuTyrLysValTrpVal
3022 GAUCCACGCCUCUAUAAGGUGUGGGUC 3048

B.

AspProArglLeu
3022 GAUCCACGCCUCU

I A
3048 CUGGGUGUGGAAU

ValTrpValLys -

Puc. 5: Crebenp BTOpHYHOU cTpyKTYphl Matpuunoii RNA MS2. Beepxy (A) man nuHEHHBIIH
TEKCT — 3TO (¢parMeHT B auanazoHe 3022-3048. a 3amITpUXOBAaHHBIE YYACTKU COOTBETCTBYIOT
creOassM  BTOpuuHOW CTpyKTypsl. Ilog tekctom  (B)  ykasam — ¢parmeHT — BTOpHUYHOMN
cTpykrypbi. Iloka3ano mpucyrcrBue HekaHoHudeckoil mapel GU (oHH ObLiH OOHApyKeH
skcriepuMeHTanbHO B cTpykrypax PHK), momumo kanonmueckoit CG B JIHK, u amamora
KaHOHW4YecKor -AU

Ha puc.5b uzo0paxen oxauH crebenb 3ToM BropuuHOit crpykrypsl (B), mpencrasien
Takke (parMeHT A, B JUama3oHe 3022-3048 mepBUYHONM CTPYKTYpbl B CTHJIMCTUKE
NPOLUTUPOBaHHOU cTaTh. OnHako BO ¢parmente b, naHa 3amuch He TOJNBKO HYKJICOTH[IOB,
HO U COOTBETCTBYIOIIMX aMUHOKHCIOT cormacHo A. Crebenp u3 puc.5b coOTBEeTCTBYET
NEPeKPHITUIO (parMeHTOB Kak Oynaro Obl  B3sAThIX W3 pasHbeix nenedd [IHK. Hampasnenue
uyreHus Ha crebne B (CTpenku) CTaHOBHTCS pasiMYHBIM M 3TOT (DparMeHT BTOPUYHON
CTPYKTYpBl SKBHUBAJICHTEH MEPEKPHITHIO 3aIITPUXOBAHHBIX B A YYacCTKOB, B3SATBHIX W3 Pa3HbBIX
nereit JIHK (cmyuait mepekpbitust 4). OpHAKO 37€Ch HET HHUKAKHX Pa3HBIX Iemeil. ITOT
3 }eKT - MOBOPOT MCXOJHOTO HampaBieHUsl ureHus (—) (HIWKHsA CTpoka puc. 5B («))
oOyCIIOBJIEH TpPHUCYTCTBMEM, Tak HasbiBaeMod mmmwieynoi  nemmm  UCUAUAA -
MOCIIEIOBATEILHOCTh HE BXOJAIIYIO B CTEOEb.

KakoBa e posib MajocTH MepBOW XapakTepucTtuku p? Jlexo B ToMm, 4TO ee majoe
3HaYeHHE TI03BOJISIET CTPOUTH (EHOMEHATBHOE Pa3HOOOpa3ue TEeHETHUECKUX MEepEKPhITHMA
ICHOB, M TEM CaMbIM 3TO TO3BOJISIET CTPOUTH (heHOMEHaNIbHOE pa3HOOOpa3ue BTOPHUYHBIX
CTPYKTYp, B TOM 4YHCIE TakkKe (YHKIMOHAIHHO 3HAUYMMBIC YYACTKH BTOPHUYHBIX CTPYKTYP
MPHK s Bcex TeHOB, 3alMCaHHBIX Kak CTaHJApTHBIM, TaK U JIIOOBIM U3 H3BECTHBIX
JICBUAHTHBIX KOJOB. YBEIMYCHUE YKA3aHHON XapaKTEPUCTUKU JUIS KOJA, OTKIIOHEHHOTO OT
CTAHIAPTHOTO (HAMPHMEp, HA MOPSIOK, KaK 3TO ObUIO TOKAa3aHO s TUIOTETHYECKOro KoJa
U3 MOHOrpaduu), MNPHBOAMT K 3HAYMTEIBHOMY COKpAIICHHIO Takoro pasHooOpasms. Tem
CaMbIM YCTaHOBJIEHO, YTO MaJjio€ 3HAUY€HHE p BBINOJHACT ABE (YHKLMUU: MMO3BOJISIET CTPOUTH
Kak (peHOMEHaIbHOE MHOXXECTBO T'€HETUYECKUX TMEPEeKpPBITUH, Tak M (PEHOMEHaIbHOE
pa3sHooOpa3ue BTOPUYHBIX CTpYKTyp MaTpudHbix PHK mist Bcex reHos.
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VIII. O Ponu Ilepeocmbicnennsix Kogonos

PaccMoTpuM  Temepb BOIPOC O pONM  IIEPEOCMBICICHHBIX KOJOHOB. Hamu G
MOCTaBJICH BOMPOC O BO3MOKHOW B3aMMOCBSI3M OTPaHUUYCHHI Ha TepeKphiBaeMocTh (2)-(4) ¢
BapralbeIbHOCTBIO KOJA, HAOMIOMaeMOil y psga OpraHM3MOB. AHANM3 IOKa3ajd, YTO Takas
B3aMMOCBSI3b CYIIECTBYET, M OHAa BBIPAXacTcsi B TOM, YTO JULSL psiia JCBHAHTHBIX KOJOB
(mpuMepbl  JUISL  HEKOTOPBIX M3 HHX, OOHApyKeHHbIX B MHTOXOHApHanbHBIX JHK,
IPEACTaBICHbl Ha pUC.6), MPUPOAHBIC MEPEOCMBICICHHS KOJIOHOB MPUBOJAT K BO3MOXHOCTH
IIOCTPOCHHSI TEHETHYECKUX MEPEKPHITHI, 3aPETHBIX VISl  CTAHAAPTHOTO KOJIa.

1 (Human)

ATdazab—MetAsn. ..

URFAGL—...Trp...
---ATGAA. ..

8528
2 (Drosophilayakuba)

ATdoazab—MetMet. ..

URFAGL—...Trp...
- - -ATGATG. ..

4067

3 (Paracentrotuslividus)

AToazab6—->MetThrMetThr. ..
AToaza8—...TrpGInTrp. ..
. . -.ATGACAATGAC. ..
8680

4 (Apismelliferaligustica)

AToazab—->MetLys. ..

ATdaza8—>...Trp...
---ATGAA. ..

4585
Puc. 6: ®parMeHThl T€HETUYECKUX TEPEKPHITHI, OOHAPY)KEHHbIE B MUTOXOHAPHUSIX YEThIpEX
OpraHU3MOB, I'€Hbl KOTOPBIX 3alUCaHbl KOJaMH, OTKJIOHEHHBIMH OT KOJa CTaHJapTHOTO. JTO

nepekpeiTuss B oxHou nenu JIHK. ®@parmentsr u Ha3BaHUs OEJKOB JaHBI TIO
nyonukanuam|16]-[19]. Uucno mox HYKIEOTHIOM yKas3bIBAaeT €ro HOMEp B T€HOMeE

B kaxmom u3 deteipex (parMeHTOB NMEPEKPHITHH, MPUBEIECHHBIX Ha pHUC. 3 TOKa3aHa
posb oxHoit m Toit ke mnepecranoBku: TGA(ter)>Trp. Dra mnpupoaHas nepectaHOBKa
HaOmromaeTcst s TpeX JEBUAHTHBIX KOJIOB, KOTOPBIM COOTBETCTBYIOT NPUBEJCHHBIC
(parMeHThl COOTBETCTBEHHO; BTOPOW W YETBEPTHIM ()parMeHT 3amucaHbl OJHUM U TEM XKe
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Notes

NEBUAHTHBIM KoAoM. IlpuueM yka3aHHas TIepecTaHOBKAa IIPUCYTCTBYET BO BCEX TpeX
NEBUAHTHBIX Kojaax. Okazajnoch, 4TO Takas NEPECTAHOBKA JEJIA€T BO3MOKHBIMHU NEPEKPBITHS
wist map MetAsn (puc.6.1, stor cmydaii coorBerctByer JJHK MuTOXOHIpHH YenoBeka),
MetMet (puc.6.2), mBaxasr  MetThr (puc.6.3) wu  MetLys, KoTopble SBISIOTCS
3alpeTHBIMHA UL CTAHIAPTHOTO KOJa, cM. (2) Vka3aHHbIe TMapsl HYKICOTHUAOB U
IIEPEOCMBICIIEHHBIE KOJOHBI BBIJIENEHBI. T€M caMbIM pa3Mep I€HOMOB COKpAIlaeTcs 3a CYET
BO3MOHOCTH IIOCTPOCHHUS TEPEKPHITUN T'€HOB, KOTOPBIE HEBO3MOXHBI AJIs CTAaHAAPTHOTO
Koxa. Takoe cokpalieHue sl )KUBOM KJIETKH MOXKET OBITh JOCTAaTOYHO OOJIBIIMM, T.K. YHCIIO
MUTOXOHJAPUH, Kak mpaBuiio, Oosbimie 1 W MOXKET HOCTHraTh MIUIHOHA. [IpoBeneHHOE
rccienoBanue npouutrpoBano He meree 100 pa3 (e daiin 300 citation).

[TosmydeHHbIe pe3yNbTaThl MO3BOJIMIM OOPAaTUThCA K aHANIM3Y OKCIEPHUMEHTAIbHBIX
JAHHBIX 110  BCEM JIEBUAHTHBIM TI'€HETUYECKUM KOJaM, WM KOJaM, OTKJIOHEHHBIM OT KoJa
cranfgapTHoro. OnHaKO B paMKaxX TEHETHMYECKHX MEPEeKPbITH MHE HE YAalIoCh OOBSCHUTH
(GYHKIMOHATBHYIO 3HAYUMOCTh BCEX MEPEOCMBICTICHHBIX KOJJOHOB BO BCEX JIEBUAHTHBIX KOJAX.
Tpebyemoe pemienue ObUIO HaiineHo mnpu wuccienoBanuu obnacteit JIHK, rme rensr He
MEPEeKPBIBAIOTCS, a TAKUX T€HOB — I10IABJISIONIEe OOJBIINHCTBO.

IX. O JIByx Unterpaneubix Xapakrepuctukax Kona

Peur mpmer o mpupoaHOW OJOKMPOBKE T'€HOB, KOTJa BCE 5 IMOCIENOBATEILHOCTEH
KOJIOHOB, aJbTEPHAaTUBHBIX IIOCIEA0BATEIBHOCTU T'€HA U paMOK cuuThiBaHusA - PC, conepxar
MHOTOKpAaTHbIC OCTAHOBKM CHHTe3a Oelika, WM KOJOHBI W3 Habopa (1). Ha puc.7 sro
[I0OKa3aHO JuIsl ydyacTka reHa. (CM.Takke paHHUHN YIOPOUIEHHBIH pHC.2.

OpCO MetSerlleLysLeuSerTyrArgGluSerPheSerlleLeuGluGluval..

BPC1l (-1) TyrGluHis * Thr * Leu * ArgVallle * TyrlleArgGlyGly..

BPC2 (+1) * AlaleuAsnleuValIleGluSerHisLeuValTyr * ArgArgPhe..
- TATGAGCATTAAACTTAGTTATAGAGAGTCATTTAGTATATTAGAGGAGGTTTA..
<“«— ATACTCGTAATTTGAATCAATATCTCTCAGTAAATCATATAATCTCCTCCAAAT..

BPC3 (-1) lleLeuMetLeuSerLeu * LeuSerAspAsnLeul leAsnSerSerThr ..
EPC4 (0) HisAlaAsnPhelLysThrIleSerLeu * LysThrTyr * LeuLeuAsn..
BPC5 (+1) SerCys * Val * AsnTyrLeuThrMet * TyrlleLeuProProLys..

Puc. 7: Hlects PC mns ¢parmenta rexa (Hauano ¢ komona ATG(Met), nanpasienue
YTCHHsI YKa3aHO CTPENKOW — u3 KoTopbix ogHa PC smisiercst otkpbiroir — OPCO (B Heit 17
CMBICIIOBBIX KOJI0HOB), a b PC — amprepHaruBHbic PC siBisitorcs GnokupoBaHubiME: BPC1-
BPC5. Ilpu »tom BPC3-BPC5 coorBerctBytor gpyrod unemun JHK wu  urenue
MOCIIE/IOBATENLHOCTEH KOJOHOB OCYIIECTBIISETCS. B 0OpaTHOM HarpaBieHuu («<—). B ckoOkax
yKa3aH CcIBUI B Hykjieotuaax oTHocuTeabHo OPCO. CumBosoM  * ObUIM  0003HAYEHBI
KaX/IpIi U3 Tpex KoJ0HOB ter u3 (1)
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YCcTaHOBIIEH TOTEHIMAT TaKOW OJOKHPOBKU Ui CTAaHAAPTHOTO T€HETHYECKOTO KOJa:
OBLJIO TIOKa3aHO, YTO JJISl TAKOTO KOJa B Mpollecce OJOKMPOBKH yYacCTBYIOT JHUIIL HE OoJjee
210 map ammuokucnor u3 400 Bo3moxHbIX. IlokasaHo Takxke, uyro 31 mapa U3 HMX Jaer
HEN30e)KHbIE ONOKUPOBKH, KOTOPHIE MMEIOT MECTO MpPH JIFOOBIX KOJAMPOBKAX AMHHOKHCIOT,
CoJepKaluxcs B OTUX Mmapax. Tem campiM ObUla BBEICHA B PACCMOTPEHHUE BTOpas
MHTErpalibHas XapaKTePUCTHKA TeHEeTHUecKoro koxa [20] comepikariasi 1B KOMIIOHEHTHI:

¢ Qin=31l,  @u.=210 (6)

C ydeTrom 3TOro, mMOMUMO HEU30EKHBIX, OBIIIM BBEJCHBI B PACCMOTPEHHE BO3MOXHbBIE
OJIOKMPOBKHM, BO3HHMKAIOIIME IJIi OTPAHUYCHHOTO YHCIIAa KOIMPOBOK; 3TH OJOKHPOBKH -
ryaBHas coctaBistomias 210 OIOKMPOBOK, KyAa BKIIOYEHbI Takke 31 HeusOexHas

OJIOKHPOBKA.

ValLys ValGlu
GTNAAX GTNGAX

N> A- GTAAAX - N:-A- GTAGAX -
N2 C- GTCAAX N2 C- GTCGAX
AGT - CAGCTY
NG - GTGAAX - N2 G- GTGGAX
CACCTY

N T- GTTAAX - N:T- GTTGAX -
CAATTY - CAACTY

Puc. 8: Hen3bexHble OGIOKHPOBKH Ui Mapsl aMuHOKHCIOT ValLys (cieBa) U BO3-MOXHBIC
010KkupOBKH Jutst apsl aMuHOKKCI0T ValGlu (cmpasa). Kogons! ter u3 (1) 3amrrpuxoBaHsbL.
Crpenkn ykas3bIBalOT HampapiicHHe uTeHus. IloiHbl nepeueHb HEM30€XHBIX OIOKMPOBOK
MPEJICTaBICH B Ta0I.3

Ta® 3: IlomHblil IepedeHb Nap aMUHOKUCIIOT, BBI3BIBAIOIIMX HEN30SKHYIO OJOKUPOBKY
(cronben 1), ¢ ykazanuem HomepoB PC, koTopbie GiokupytoTcs (cronoer 2)

Ne 1 2 Ne 1 2

1 MetMet 2 17 lleMet 2,5

2 MetAsn 2 18 VaMet 2,5

3 MetLys 2 19 LeuMet 2,45
4 Metlle 2 20 lleAsn 1,25

5 MetThr 2 21 VaAsn 1,25

6 PheTyr 3 22 LeuAsn 1,245

7 TyrTyr 3 23 lleLys 1,25

8 HisTyr 3 24 VaLys 125

9 AsTyr 3 25 Leulys 1,245
10 ASpTyr 3 26 llelle 25
11 CysTyr 3 27 valle 25
12 PheMet 5 28 Leulle 2,45
13 PheAsn 15 29 lleThr 2,5
14 PheLys 15 30 VaThr 2,5
15 Phelle 5 31 LeuThr 2,45
16 PheThr 5
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B crosbue 2 sroii Tabmuipl ykaspiBatotcs Homepa PC  uist KOTOPBIX (MOTEHIHATIBHO )

MOKET MMeTh MecTo OnokupoBka. Yucno takux PC, B 3aBUCUMOCTH OT maphl, MeHseTcs oT 1

no 4. IlpencraBuM MHOXKECTBO ATHUX IMap B BHJE JBYX MOJAMHOXecTB. K mepBomy oTHecem

napel Heu30exxHo Onokupyronire oany u 1y *e PC. Takux map oxaszaioch Bcero 16- 3to

nepsbie 16 map u3 Tabn.3. Mmeem PC2 HenzOexxHO ONOKUPYIOT 5 Map aMUHOKHUCIIOT, KOTOPBIE
COBIAIAIOT ¢ HAOOpOM (2), Ompe/eIeHHBIM BbIIlIe, TTOCKOJIBKY B PC2 00pa3yercs KOIOH ter —

R TGA. Inas PC3 wumeem 6 OnOKHpYMOMMX Map, COBMamariux ¢ Habopom (3), a B PC3
ef obpasyercs oauH u3 komoHOB ter: TAA mmum TAG.Ocobo cienyer cka3ath 0 OJOKHPOBKE
st 5-u map ¢ Homepamu 12-16, KOTOpBIE COBMAAalOT ¢ mapamu u3 (4), OmpeeieHHbIC
BbItie..OTMETUM JTUIIb, YTO KaXJas M3 ITHX MOCIETHUX map Heusz0exHo Onokupyer PCH,
nockosibky B PC5 oOpasyercs oaun u3 kojmoHoB ter: TAA wmu TGA .Oanako B mapax
PheAsn, PheLys mnomumo PC5 B Ta6:1.3 ykasbiBaetrcs takke PC1l. Omgnako mocnenusisi PC

T'€HOMOB.

HE COOTBETCTBYET Hem30exHoU OnokupoBke B oTiauuue ot PC5. Takum oOpaszom, maper 1-16
u3 Tabn.3 oOpa3yloT HabOp Map aMMHOKHUCIOT, 3allPETHBIX JUIS MEPEKPHITUH JBYX TI€HOB H
Obutn ycTaHoBNeHBbl Bbime. Ha ocHoBe m.2 Obuta BBeleHa B PACCMOTPEHHE YHCIOBAs
XapaKTEepPUCTHKA, KOTOpas Oblia 0003HAaueHa OyKBOW p, U KOTOpas COOTBETCTBYET HYUCTY

OOJIBIINX

pasnuyaromuxcs OJOKHpOBOUYHBIX map u3 (2)-(4), umeem 3Hauenne p u3 (5.) Tem cambiM
UCIIOJIb30BAHUE ITOJJMHOXKECTBA HEH30CKHBIX OJOKUPOBOK IO3BOJISIET YCTAHOBUTH CBSI3b
U3y4aeMbIX XapaKTEePUCTHK: HMEET MECTO HEPaBEHCTBO:

0 S p S q min (7)
I/IHBIMI/I CJiIOBaMH I’IHTeraﬂBHaH XapaKTepI/ICTI/IKa TCHECTUYCCKOI'O KOOda p HC ABJISICTCA
HE3aBHCUMOM, a OINPENENAETCS BBIOOPOM XapPaKTEPUCTUKH ¢ ., KOTOpas HCIIOJB3yeTCs B

XapaKTCpUCTUKaxX

HOBBIX
Maremaruueckoe MojnenupoBanue, T. 24, Ne 10.C.98-108, 2012.; anrn. mep.: N.N.

pelIeHNH COBEPIIEHHO APYroi 3a7adu — B OJIOKHMPOBKE HE MEPEKPHIBAIOIINUXCS T€HOB.

[Tpu paccMOTpeHHH TOJILKO OJHOM 3a7a4yd — MEepeKpbIBaHUS Map TE€HOB MOXHO ObLIO
Obl cienath BBIBOJ O TOM, YTO T€HETHYECKMH KOJ ObUT «BBIOpAH, IMOJ NEPEKPBITUS T'EHOB,
IIOCKOJIbKY TOJIbKO 16 map u3 400 BO3MOKHBIX 3alpeTHBI Ul MEPEKPBITUN. DTO CIPABEIIUBO
11l BCceX 5 CIocoOOB MapHBIX MEPEKPhITUN T€HOB, pa3peuieHHbIX crpykrypoit JIHK. Ongnako,
IIPYU PACCMOTPEHUHU JBYX 3a7a4 U JBYX MHTETPAIbHBIX XapPaKTEPUCTUK p U ¢  OKa3alIoCh,
¢ yuerom cBs3u  (7), YTO TEHETHUYECKU KOJ OBLUT OPHEHTHPOBAH  HAa «BBIOOP

HEKOTOPBIX

JABYXKOMIIOHCHTHOW WHTErPajbHON XapakTepucTukd (6), OJHA U3 KOMIIOHEHT KOTOPOM
COTJacHO HepaBeHCTBY (7) ompenenseT o00NacTh 3HAYCHUS JPYroil  HMHTErpajbHON

O

XapakTepUCTUKU p. TakuMm 00pa3oM, MaJOCTh MHTETPATIbHON XapaKTepUCTUKH p SBISACTCS
cliefcTBUEM Oosiee 0OOLIero MPHUHIMIA, CBS3aHHOTO C BBIOOPOM Bcero Habopa HEM30EKHBIX
nap aMUHOKHCIIOT, CO3JAIOMMX OJOKUPOBKH. T.e. mapbl aMHUHOKHCIOT COOTBETCTBYIOLIHE

Ko3znos.

XapaKTepUCTUKE p MOTYT OBITh «BBIOpaHbI, TOJBKO M3 3TOrO  OrPaHUYEHHOrO Habopa
COOTBETCTBYIOIIETO  q,.,, & HE W3 monHoro Habopa 400 map amuuokucnor. [lo kakomy

Kozlov. Some New Characteristics of Large Genomes Mathematical Models and

Computer Simulations 2013, Volume 5, Issue 3, pp 220-228.

KPUTEPHUIO TPOU30IIET IPEINojaraéMblii «BbIOOp, TE€HETHYECKOrO KOJa TII0KAa OCTaeTcs

21. H.H.

HESICHBIM.

B cBs3u ¢ aHanu3oM 3amauu 0 OJOKMPOBKAX, HAMHM OBUIM HCCIEIOBAaHbI Psii TEHOMOB
c obumm uymciaoMm reHoB Ooxee 200 000. Paccka3 06 3Toit paGore TpedyeT OTAETBHOTO
paccMoTpenus, Oosee MOAPOOHBIM aHamM3 mpeactasieH B [21]. OTMeTHM IHINb OAWH

© 2018 Global Journals

Global Journal of Science Frontier Research (F) Volume XVIII Issue II Version I E Year



pe3yJbTaT, MOJYYEHHBIA Uil TeHOMa 4YenoBeka. M3 25613 reHoB B 3TOM I€HOME TpU T'€Ha
BOBCE HE COJIep)KaT HUKAKUX OJOKMPOBOK: JIJIs KakJOT0 M3 HUX PUCYHKH aHAJOTHYHBIE pPHC.8
HE COJAEp)KaT HM OJHOI0 KOJOHA TEPMUHAIMU, HU B OJHOM W3 NIATH anbTepHaTHBHBIX PC.
Oto reust MT1G u MTI1M u3 xpomocomsr 16 1 KLKS8 u3 xpomocomsr 19 (cm. puc.9).

EIKR M ¢ R P R P R A A K T WMFULLLL GGAW® RAGRTETWP RT EPZPEGV *
-1) ¢z T PPTSCCGOQDVYDYOPALACGSESILGRAILITLTEH ATPTFWTCTV

(+1) w 0D 2 P D L. V R P R R G C § C 5 ¢C W G EP GOQGDS G EPILVC

1

atoggogacgccocccgaccteogtgcggocaagacgtggatgttecctgetecttgetgggagggagectgagcagggegattctggaggecccectggbgtatg

taccctge ctggagcacgcocggtictgcacctacaaggacgagaacgaccococcicggacocgteoccgotaagaccteo 2CCacacac

T

(-1) PV G G V EHP W S T S TG AR APZPLIREPTILABATIZRZSZBAESGU QQHT

(=]

H S AGS RTW RGTLIRUPHEUOQEOQQ@QZPSTG?POCUPSEU?PZPEGTRTH

(+1) P R G R G R A A L V H I N R S K S5 P P A QAP RNUUOQTLTGTUGZPTH

Puc. 9: Ten KLK8 u3 uenoBeueckoro renoma u o anprepHatuBHbiX PC. Kaxnas u3 stux PC
HE COJCP)KHUT HHU OJHOTO KOJOHA TePMHHALMH.(CPaBHU C pHC.8)

B cBs3M ¢ TOJlyd4eHHBIM pe3yabTaToM OBUIO BBIABHHYTO DSl THUIIOTE3, M3 KOTOPBIX
MIPOCTEMIAsT — ATO HE YTO MHOE, KaK Cllydau IEepPEeKpeITHil 6 TEHOB.

X.  Maremarnueckuit Ananu3 JleBuantHoctu Kopa

3amava MccrneqoBaHMs OIOKMPOBOK Ul JAEBHAHTHBIX KOJOB IO3BOJIMNA 3aBEPIIMTH
aHa M3 OJHOM M3 BaKHEWIIMX (YHIAMEHTAJIbHBIX MPOOJIEM, CBS3aHHBIX C POJIBIO BCEX
[IEPEOCMBICIICHHBIX KOMOHOB. JlanHbie Obutk moiydensl it mtIHK — aByx opraHun3mos:
H.Sapiens (kox K') u A.Mellifera (xox K*) .O6parumcs k Ta6m.4.

Tao 4. CBojaHas Tabiuua y4acTUs MEPEOCMbBICICHHBIX KOJOHOB B IBYX (QYHKIUSAX: B OJOKU-
poBke (B crosnbue 1 3HaK + COOTBETCTBYET Y4acTHUIO, 3HAK— HEYYacTHIO), JUOO B TEHE -
TUYeCKOM nepekpbITuu (cronben 2). Jlannele Obuin mostydensl g MtJIHK nByx opra-
umsmoB: H.Sapiens (kox KY) u A.Méllifera (kox K?). IlepeocMbICIICHHBIE KOJOHBI yKa 3aHBI B
CTOJIONE: OTKIOHEHUS OT CTAHAAPTHOTO KOJa’

Global ]()urnal of Science Frontier Research (F) Volume XVIII Issue II Version I E Year 2018

OTKJIOHEHUS OT

Opranusm 1 2

CTAHJAAPTHOIO KOJA
ATA(Ile)—>Met + -
H.Sapiens TGA(ter)—>Trp + +
(KH AGA(Arg)—ter + -
. AGG(Arg)—ter + -
ATA(Ile)—>Met + +
A.Médllifera TGA(ter)—>Trp - +
(K3 AGA(Arg)—Ser + -
AGG(Arg)—Ser + -
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22. Alberts, B., Bray, D., Lewis, J., Raff, M., Roberts, K., Watson, J., Molecular
Biology of the Cell. //- New Jork, London: Gorland Publishing, Inc., 1994. 1294p.

U3 tabmuusl cnenyer, uro s mtJHK H.Sapiens(K') umeer mecto ywactue Beex
nepeocmbicieHHbIXx  KOMOHOB(ATA (Ile)—>Met,  TGA(ter)->Trp,  AGA(Arg)—ter,
AGG(Arg)—ter) B mpomecce OIOKHPOBKH, a TaKXKe MEPEOCMBICICHHBIA  KOJOH
TGA(ter)>Trp yuacTByeT KpoMe TOrO M B MEPEKPHITHH T€HOB, 3alPETHOM VIS
cranpaptioro koxa. Jns mtJIHK A.Mellifera (K*) B mpouecce GI0KHPOBKH y4acTBYIOT BCE
nepeocmbicienHbie KoM0HBl (AGA(Arg)—Ser, AGG(Arg)—Ser, ATA(Ile)—>Met), kpome
TOTO B HEPeKPhITHAX  y4acTBYIOT JBa moaoOHbIX KogoHa: TGA(ter)»Trp u
ATA(Ile)>Met. Tem camplM HaMH [OKa3aHO, YTO BCE MEPEOCMBICICHHbIC KOIOHBI B
K@KIOM M3 YKa3aHHBIX JBYX JCBHAHTHBIX KOJOB OBUIM MCIOJB30BaHBI JHOO B Ipolecce
OMOKUPOBKH, JHOO B MpOIECCe  MEPEeKPBITHI T'eHOB (pa3yMmeeTrcs, 3ampellieHHbBIX JUIs
CTaHIapTHOTO KOJa), TMO0 W B TOM M JPYTrOM IpoLeccax.

XI.  Ipoussonen JIu Kox?

[lonmyuennsie  pe3ynbTaThl MNPHUBOJUT K TOMY BBIBOJY, YTO OTKJIOHEHHS KOJA OT
CTaHIAPTHOTO HE HOCHUT CIY4alHOrO XapakTepa, a HeCyT COBEpIICHHO YETKYIO
¢GyHKIMOHATBHYIO Harpy3ky (cp. «IlepeocMmbicieHHe KOJOHOB YKa3bIBAalOT HAa TO, YTO B
TEHETHYECKOM KOJIE MHTOXOHJPHI MOTYT MPOMCXOUTH CIyYaiiHble MepeMeHsl ,, cM. [22]. B
nociaeaHen MoHorpadum Takke umtaeM «The code seem to have been selected
arbitrarile[22]... | («Kom, mo-BuguMoMy, ObLT «BBIOpaH | MPOM3BOJIBHO. .. ). VI3 MpHUBEeIeHHBIX
pe3yNbTaTOB  CJENYeT, BO3MOXXHOCTh JUII BCEX CMBICIOBBIX KOJOHHBIX CEMEHCTB,
MPAKTUYECKU OECHpPEensITCTBEHHO 3alUChIBaTh JABE OEIKOBBIE MOCIEIOBATEIILHOCTH OJHUM U
TeM ke ywyactkom JIHK, mpuuem /s 3TOro MoKeT OBITh HCIONB30BaH Haubolee
OMArompusITHHINA (0 COYETAHUIO AMUHOKHCIIOT B TIEPEKPBITHH) OJHH M3 5-M BApHAHTOB TAKOi
KOMIIAKTHOM 3aucH TeHOB (5 ciiydaeB mepekpbITuii). Karteropiuueckuii 3amper CyIecTByeT He
Oosee yeM st OKoJlo 5% Tap aMHHOKHMCIOT, KaK JUIsi CTaHIapTHOIO KOJA, TaK W Ul BCEX
14-u uU3BECTHBIX Ha CETOJHSA HECTAaHIAAPTHBIX KOAOB. T.e. 15 Tabmuil KOJIOB yIOBIETBOPSIOT
OJIHOMY U TOMY e 00IlleMy CBONCTBY. DTO HE OCTaBIISIET HUKAKUX IIAHCOB JIs KaKOH-TMOO
MIPOU3BOJILHOCTH, CITYy4aHOCTH.

XII. O MHoxectBax DneMeHTapHbIX llepexpsiThii

OcHOBHBIE paboyrMe MHOXECTBA B JAaHHOW TEOPHH — ATO MHOXKECTBA DJIEMEHTApHBIX
T€HETUYECKUX TMEPEKPHITUN, TMOJHOCTBHIO MpeACTaBieHHbIE B I[lpuiokeHUH. DaeMeHTapHbIe
MEPEKPBITHSA- 3TO TMEPEKPBITHUS MO OJWHOYHBIM aMHHOKHCIOTaM. Takue MHOKECTBa
MHOTOKPAaTHO MWCHOJIb30BAINCh B XOJE IIOCTPOCHMs JaHHOW Teopun. IIpexne Bcero-B
JI0Ka3aTeIbCTBE TEOPEMbl JJIsi TEHETHYeCKOro KojJa U Jajee dTH MHOXKECTBa ObLIH
MoauduimpoBansl 14 pa3 (Mo YHMCIy JEBHAHTHBIX KOJOB) [UIsl TOJY4YCHHS TEpPBOii
MHTETPAIbHOW  XapaKTEepPUCTUKU ATUX 14 KOJOB, KOTOpbIE TMPEICTAaBICHb Ha pPHUC.2.
Baxuelimuii  Jram  uccienoBaHWM  ObUT  CBS3aH C  MareMaTHYeCKHM  aHAIU30M
HEOJHO3HAYHOCTEW B 3TUX MHOXkecTBax KOMIOHEHTamMu HCCIeyeMOro MHOXKECTBA SIBIISIOTCS
AJIEMEHTAPHBIE TE€HETUYECKUE MEPEKPBITUS— ATO MEPEKPBITHS [JII OJUHOYHBIX aMHHOKHCIIOT.
AHanmu3 TOKaszajd, 4YTO MHOXECTBO COJAEpKAaT OCOOEHHOCTH, KOTOpble OBUIM HA3BaHBI
HEOJHO3HAYHOCTIMU. [ccienyemble HEOJHO3HAYHOCTH, COOTBETCTBYIOT CIIy4asM, KOrAa JUIs
OMHOW W TOW ’Ke Tmapbl AMHHOKHCIOT HMEET MeCcTO O0ojiee OJHOrO DIEMEHTapPHOTO
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nepekpbiTus. Kak U Besikue ocoOble ciiyyan B MaTeMaTHKE 3TOT (PEHOMEH MpUBIEK Halle
IIPUCTAIIbHOE BHUMaHKE. [[pMHIMNMANBHO BaXXKHO, YTO IIOJIyYEHHBIEC PE3YNbTaThl MPUMEHUMBI
JUIE  BCEro MHOTroo0Opas3usi JKHMBOM MPHPOJIBI, OSIKM KOTOPOW 3alMCaHbl MPAKTHYECKU OJHUM
U TEM JK€ TEHETUYECKHMM KOJOM. AHalW3 I0Ka3aj, 4TO HEOJHO3HAYHOCTH HMEIOT MECTO
TOJIBKO JIJIsl CJIy4aeB NEPEKPBITUN TeHOB, MpUHauiekamux pasinuudbiM nensm JIHK. Ywucno
HEOTHO3HAYHBIX JIEMEHTAPHBIX MEPEKPHITHH 0Ka3aJoCh OTHOCUTEIBHO HEOOJIbIIMM—BCErO 6.
[TpoBeneHHOE HCCIEIOBAHNE MO3BOJMIO BBISIBUTH TPH (YHKIIMH BO3MOKHOTO HCIIOJIb30BAHUS
yKa3aHHBIX HEOJHO3HAYHOCTEeH. DTHX (YHKUHMI oOkasanmoch Tpu [23]. OmHa u3 QyHKIMMA
HEOJHO3HAYHOCTEH HCCIeoBalach B HOBOM MOJIENH, NPEIIOKeHHOW paHe aBTopoM. OHa
COCTOUT B TOM, YTO  IEPEKpBITUSA Iap I'E€HOB, IpHUHAaMIeXkamue pasindHbiM nensm JIHK,
SBIISIFOTCSl MaTEeMaTUYeCKMMU aHajloraMH cTebjeil BTOpUYHOM cTpykTypbl MatpuyHoi PHK.
[Toxa3piBaeTcsl, YTO 3a CUET HEOJHO3HAUYHOCTH MOYKHO «PETyIMPOBATH, BEIMUYMHY CBOOOIHOM
SHEpruu cTeOs PYHKIHOHAIBHO 3HAYMMYIO OMOXUMHUYECCKYIO XapakTepucTuky [24]. Temeps o
APYrHX JBYX XapaKTepHCTHKax coriacHo [23]. [lepBas W3 HUX CBs3aHA C PCLICHHEM 3a/a4yn
O NOTCHUUAIbHBIX MO3ULUAX MOJYAIUX MYTaUud JUIS CJIy4acB IIEPEKPBITUH T'€HOB,
npuHauiexkamux pasiuuabiM nensM JIHK. Bropasd cBsizana ¢ pacmiMpeHHEM BO3MOXHOCTH
MOCTPOCHHUSI MHOJKECTB TE€HETHUECKUX TEPEeKpHITH Oosiee JBYX T'€HOB; aHAJIU3UPYIOTCA
CTPYKTYpPBI BO3MOKHBIX IEPEKPBITUN -1 F€HOB B T€HOME YEJIOBEKA.

N3yuenne npocrpancTBeHHor cTpykTypel /IHK moxasano, 4ro kpome Tpex cCeMEncTB
(opM IBOWHBIX CHHpaliell ¢ aHTUMAPAJUIETHLHON OpUEHTaluell HUTeH BO3MOKHO OOpazoBaHHE
nBoiHbIX crmpanied JJHK ¢ mapamienbHOM B3aMMHOM OpHEHTaUHMel HUTeW. MaremaThdecKui
aHaJIM3 MOJOOHBIX CIydaeB MpeacTaBieH B m.4.4 u3 [25], rae ObUIM MpOaHATM3UPOBAHBI BCE
TPU HOBBIX CiIy4asl IEPEKPLITUN 1ap TEHOB.

XIII. 3aKIIroueHue

Ha ocHoBe mocTpoeHHON Teopuw Oblja pelieHa OJHA W3 MPOPBIBHBIX 3a1ad - 3ajava
pacdyera TeHETHYecKoro koxaa. IlogoOHBIE 3amayu B MHUpPE HEM3BECTHBI M MOTJHU OBITh
MOCTaBJIEHBI TOJBKO B 21 Beke. OIMH U3 MOAXOJ0B K PEUICHUIO 3TOM 3aJa4M JAeTCAd B CTAThe
[26]. BmepBbie MpencTaBaeHO MOAPOOHOE ONMHCAHWE METOa pacyeTa TeHETHYECKOTo KOJa,
uaesi KOTOPOro BIEPBBIE OMyOJMKOBaHA paHee, a BHIOOP OJHOTO M3 TJIABHBIX MHOYECTB IS
pacyeToB OMMPAJCAd HAa CTaThlo. Takoe MHOXXECTBO COOTBETCTBYET TOJHOMY Habopy
AMHUHOKHCIIOTHBIX  NPEACTABICHUM M3  MHOXKECTBA  TPOWHBIX  IEPEKPBITUM  T'€HOB,
npuHAUIeKaIuX oqHoi u Toi ke nenu JIHK. OtaensHbIi Bompoc ObUT CBSI3aH C HadalbHBIM
OpUOMKEHHEeM, 3amyCKalOIIUM HMTEPAIlMOHHBIM  TpPOIlECC TMOWMCKA BCEX KOJOB IO
MPEACTABICHHBIM HayalbHBIM JAaHHBIM. MaTreMmaTuuecKuil aHalu3 MOKa3ald, YTO YKa3aHHOE
MHOKECTBO COJICPKUT HEKOTOPBIC HEOJTHO3HAYHOCTH, KOTOPBIC OBLIN YCTAHOBJICHBI HA OCHOBE
MPEJI0KEHHOTO HAMH CXKATOTO TMPEACTABICHUS MHOXECTBA. B uTOre pa3pabOTaHHBIA METOX
pacuera CBOIMJICA K JABYM IJIaBHBIM dTallaM HCCICJOBAHUM, I/I€ HA MEPBOM JTalle B pacuerax
OBUTH HCIIOJIb30BAHBI TOJIBKO 00JacTH OJHO3HAYHOCTH. [Ipeayio>KeHHBIM MOAXOJ TO3BOJIII
3HAYUTEIBHO COKpPAaTHTh OOBEM BBIYMCICHMNH Ha KaXIOM IIare B JTOH CIIOKHEHmei

JUCKPETHOM CTpyKType. MaremaTudeckass TEOpUsi TEHETHYECKOro KOJa HENpEepbIBHO
pa3BHBaeTcs. YKakKeM Ha MocjelHue aBe paboThl B ATOM HampaBieHuu. [lepBas OTHOCUTCS K

AHaJIM3y IMOTCHIUAJIA TCHCTHUYCCKOI'O0 KOJa IJIsI ITOCTPOCHUS HeperbITI/Iﬁ meCTHU ICHOB [27]
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e lLarge images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tirs FOR WRITING A GOOD QUALITY SCIENCE FRONTIER RESEARCH PAPER

Techniques for writing a good quality Science Frontier Research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of science frontier then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind dafter intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e  Align the primary line of each section.

e  Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

O OO

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0  Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or

manuscript.
What to stay away from:
0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.
0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
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