PO(ETICS OF UNIVERSAL
POETIC STRUCTURES

1. INTRODUCTION

When the greatest poet of South Slavic region, Petar II Petrovic sent the first
of his three works (the famous triptych: The Ray of Microcosm, The Mountain
Wreath, The False Tsar Steven the Small) to Belgrade to his former teacher Simo
Milutinovic Sarajlija, to have it printed, he also attached a letter containing the pro-
gram statement: “And I, as the intellectual substance of the Creator, must needs fol-
low the general accord [1]. Njegosh therefore attempted, through a hidden code,
to create poetic structures built on the same principles on which the entire Universe
was built. Hence there comes the title of this article, in which we will show that
Njegosh, in his attempt, only joined the poets of classic literature - Homer, Dante,
Shakespeare and Goethe, who had incorporated the same idea into their works.

Njegosh’s creation plan was not an ordinary plan, in terms of affiliation to
this or that aesthetic category, this or different structures and compositions, which
had been more or less already known, but it was also, at the same time, a plan of
the Universe, the general accord, the implementation plan, a plan of harmonious
relation between the whole and its parts; such relation which implies that those
parts of the whole must be in the best possible - symmetry, proportion and harmo-
ny, the basis of which is the golden mean. And the unity of harmony, symmetry
and proportion is also the basic plan, which must inevitably be the plan of creating
any natural system, and accordingly the whole World, that is to say the Universe.

In my previous works I presented that Njegosh was not only aware of the
plan, but following it through his own work, in form of two triptychs [2], he built
a Poetic Universe, strictly correspondent to and in accordance with the Universe
— World, where all living and nonliving things exist, and where we all exist. The
manner in which Njegosh, through his two triptychs, together with several sepa-
rate works, made the general accord 1 have presented in a two volume book [3]
and here I will show the relations of Njegosh’s accordance with, almost exactly
the same accordance, inherently and consistently implemented in Homer’s and
Dante’s works.

2. THE CONCEPT OF THE CODE AND THE UNIVERSAL CODE

In contemporary information science, cybernetics and system theory, un-
der the term of coding we understand the process of linking the alphabet 1 — with
128 the alphabet 2, where the rule -to move from one alphabet - 1 character to the cor-



responding alphabet — 2 character - is given as a list of connections, that is to say, a
code. On the other hand, in semiotics (semiology) the very characters are the code,
the characters which always represent a certain relation between the_signifier and
the signified, or language itself is the code meaning that every natural language is
a kind of a special code.

Starting from the above presented definitions, it is not difficult to go a step
further in generalizing and to define the code as correspondence, according to a
certain rule and / or law, of any of the two subsystems (parts) within one natural
system (the whole). If, thus, we take into account the systems whose organization
of parts within the whole is such that they are in the best possible harmony [4],
and, that at the same time there is a correspondence of the system structure with
the sequence of natural numbers structure, then it makes sense to say that it is a
universal code.

However, one has to bear in mind that under the term of “natural” system
one must understand not only any real (by definition given) natural system, as the
system of chemical elements, Bioelements system, the system of constituents of
the genetic code, etc., but also the man-made “experiential” systems, as in the ex-
amples of the classic literary masterpieces (Homer, Dante, Shakespeare, Goethe,
Pushkin, Njegosh, Tolstoy), of Athens’ palaces and Egyptian pyramids built in the
relation to the golden mean, and the like.

If, considering everything mentioned above, one also understands that in the
definition of the universal code, the term ‘numbers’ must also mean ‘numbers-re-
lations’, relations which are spatially logical [5], i.e. Boolean, generated from a
universal cube, [Boolean space B™ (n =10, 1, 2, 3 ...)], it becomes clear that the
universal code must manifest itself in the form of spatially logical ‘characters ‘:
logical segment line, logical square, cube, hypercube, etc..

Ideal examples (aspects, that is, forms) of the universal code, according to
the given definition, are the genetic code and Mendeleev’s System of chemical
elements (the chemical code). Here we deliberately refer to the System as “Men-
deleev’s” and not as any other (modern) system, because of the fact that only in
the original Mendeleev’s manuscript we can find confirmation of the above said.
No one, neither before nor after Mendeleev, realized that this was the best possible
harmony. No one, if not aware of the relation, between the system of chemical
elements and the system of constituents of the genetic code. When, however, we
are aware of this relation, then it is evident that even the ancient Chinese were
aware of it five thousand years ago. Their system of 64 hexagrams, presented in
the “Book of Changes - I Ching” is a hundred percent accurate 6-bit record of
64 codons within the genetic code [6]. If, on the other hand, one analyzes the
binary-code tree of the genetic code [7], also present in I Ching, and reads it as
a trinity-quaternity system or as the union of the cube and the hypercube, then it
is evident that this is the same hypercube found in a three-dimensional system
of chemical elements, drawn by Mendeleev himself [8]. And that is practically,
the same hypercube found in Darwin’s diagram, the only illustration given in his
famous book The Origin of Species, and also the same hypercube that was so inge-
niously grasped by the Moldavian monk, one of the greatest devotees - devotees of
science - Gregor Johann Mendel by the formula 12 "3 "4 " (numbers 1, 2, 3 and
4 with an exponent n, (where #n is the number of characteristics at the intersection,
with the values n =1, 2.3, ... ) which reveals an unbreakable bond and unity: one
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refers to the parenting pair, and two, three and four refer to a phenotype, genotype
and type of an individual, respectively.

3. HOMER’S AND NJEGOSH’S CHOICE

Without the binary sequence 2" (2 expn), (n=0, 1 2, 3 ...) the ancient Egyp-
tians did not use the multiplication table either (according to the evidence found in
Rhind papyrus and in Moscow mathematical papyrus); but they, in fact, reduced
all the multiplication to repeated addition. Thus, whenever they multiplied two
numbers, they asked which number, from the sequence of numbers 1, 2, 4, 8, and
so on, should be added in order to obtain the required result. To understand the
meaning of this kind of arithmetic it is important to find the key determinant of the
multiplication table in terms of logic of the best possible harmony. If we know the
fact that in the decimal numeral system, numerical basis is q = 10, then it is easy
to realize that the key determinant has to appear in the process of multiplication by
a half, i.e. by number 5, in the octal numeral system, where q = 8, it is multiplica-
tion by number 4, in the hexadecimal system where q = 16, it is the multiplication
by number 8, etc.; in all cases, that key determinant is found in multiplication by
number 3._

Let us reveal why this is so, in the example of the decimal numeral system.
If we multiply number 5 by 1 and 2, the border of the numeral system basis where
q = 10 is still not crossed. Only when multiplied by 3, the first case of “crossing
the border” appears. Therefore, the key determinant of the multiplication table in
the decimal numeral system is “Three times five equals fifteen”; in octal numeral
system it is “three times four equals twelve,” and in the hexadecimal numeral sys-
tem it is “three times eight equals twenty-four” etc._

Bearing in mind the above mentioned facts, we could make an interesting
task involving both the Egyptian sequence of numbers 1-2-4-8-16 - etc. and the
key determinant of the multiplication table, for example, in the decimal numeral
system, if it is reasonable to isolate the decimal numeral system as specific and
(possibly) more powerful than any other system of numbers in “matters” of the
Nature. Here is the task. We need to take 3 groups of 5 numbers from the Egyptian
sequence 1-2-4-8-16-32 - ... etc.., but in such a way that these numbers are in the
best possible symmetric-proportional-harmonious relation.

Here is the key to a solution to this problem: [11011] - [00100] - [11011].
The key is given as a palindrome, which means that it reads the same from both left
and right. The solution is the following: [1 -2 - (4) - 8 - 16] - [(32-64) - 128 - (256-
512)] - [1024-2048 - (4096) - 8192-16384]. If we add up all the underlined num-
bers (out of round brackets), we get the number 27803, which is exactly the sum
of the number of verses in Homer’s Iliad and Odyssey. [If this number (27803) is
translated into the binary numeral system (q = 2) from the decimal numeral system
(q = 10), the result is exactly the number we have already observed in the form of
the code key: 11,011,001,001,1011. In the octal numeral system (q = 8) number
symmetry is obvious: 66,233] However, if we add up all other numbers (within
round brackets), we get a total “space” of Njegosh’s Mountain Wreath (total space:
the number of verses, the number of persons, the number of pages, etc., as we
have shown in our previous works) (cf. Box 1) [9]. Njegosh chose exactly what
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the number 32767 appears as the result, and in the octal numeral system (q = 8)
that number is 77777.

Box 1. The Homer’s and Njegosh's (Boolean) space sequence, N=2"

(2) The binary sequence whose sum is 2'*-1=32767 (2 exp 15); (b) Homer’s choice:
27803, ,= 66233,= 110110010011011, (the number of verses for the Iliad plus the Odyssey);
(c) Njegosh’s choice: 4964 = 11544 = 001001101100100, (The Mountain Wreath: printed
version 2819 verses plus 318 person-scenes, plus 116 pages for printing = 3253; manuscript
version 1528 verses plus 150 person-scenes plus 033 pages = 1711; all together - the total space
of The Wreath: 3253 + 1711 = 4964); Homer’s plus Njegosh’s system: 66233, + 11544, =
77777, (d) Homer’s choice: 3583, = 6777,= 000110111111111,. The number 3583 represents
the difference between the Iliad and the Odyssey: 15693 - 12110 = 3583; (¢) The number of
Homer’s choices (1) and non-choices (0); (f) The (in literary science) known composition se-
quence of the Iliad: from the middle point (Mission to Achilles): 1 day full, 9 empty of events
etc., all adequate with choice and non-choice patterns, respectively.

4. RELATIONS WITH THE GENETIC CODE AND I CHING

In previous papers (listed in footnote 9, and elsewhere), we have shown that
the logic of the arrangement of 64 hexagrams on the binary tree, in Chinese book “I
Ching”, also corresponds to the arrangement of 64 codons on the binary tree of the
genetic code (as we presented in the book: Logic of The Genetic Code, Scientific
Book, Belgrade, 1994). Since exactly 50 years ago [10] we have known that the Ge-
netic Code language is a four-letter “alphabet” (uracil, cytosine, adenine, guanine)
(U, C, A, G), and three-letter words generated from this alphabet. Logic (of Nature?)
is this: if the alphabet is a quartet, the principle of minimal change requires the re-
alization of triplets, doublets and singlets. Thus, in case of this (the only optimal?)
alphabet, 64 triplets, 16 doublets and 4 singlets are possible to be derived. And that is
exactly the same as found in the Chinese Book of Changes “1 Ching”, written at least
five thousand years ago; and exactly the same on the binary tree, as well, identical in
both cases, with 6-bit binary records: in the genetic code there are records of zeros
and units (six digits per each codon), and in I Ching records are made using full and
broken lines (six lines in each hexagram). The question is whether both cases are
connected with the fact that number six is the first perfect number.

At the time when I realized the facts about these 6-bit and 6-hexagram re-
cords, I had already found that the genetic code was determined by perfect and
friendly numbers [11]. The possiblity that Njegosh was influenced by the Bibli-
cal “Hexaemeron” (fully discussed in the book “Njegoshs Primordial Logos™)
[12] does not, however, contradict the possibility of having been influenced by the
number six perfection [13], since, according to St. Augustine, God actually created
the world in six days because of the fact that number six is the first perfect number.
In his famous work Civitas Dei, St. Augustine, alias Aurelius Augustine, in the
thirtieth chapter of the eleventh book, discussing perfect numbers, also presents
the reason “why the Bible says that creation was completed in six days,” and says
that “God ... did not need any period of time, “but he chose the perfect number
six” to symbolize the perfection of his work™ [14]. As we can see, according to St.
Augustine, even God acts by “general laws”, exactly as Njegosh says: “The laws
of universal order are/ My behest and the life of nature” (The Ray of Microcosm
111, 261-262).
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To emphasize it again: in the genetic code, the basic four-letter alphabet is
represented by four nucleotide molecules, two simple pyrimidine molecules (cy-
tosine and uracil) and two complex purine ones (adenine and guanine); in the “I
Ching” system it is represented by two simple characters (a small Yin and a small
Yang), and two complex ones (a big Yin and a big Yang). But in the genetic code,
there is also a 20-letter “alphabet”, made of 20 amino acid molecules. The link
between 64 codons and 20 amino acids is actually given in the genetic code. How-
ever, the number of theoretical possibilities of joining (of these codons to these
amino acids) has also been calculated - exactly 1741630 (one million seven hun-
dred forty-one thousand six hundred and thirty) [15].

This number refers to all the possibilities (through every possible variation)
of joining 64 codons, to every single amino acid (out of the 20 amino acids) as
mediated by the genetic code. If we pay attention to the Chinese 4-letter alphabet
(small and big YIN, and small and big YANG), which generates 64 6-bit “words”,
it cannot be directly seen that there was the awareness of the inevitability of the
other, 20-letter alphabet (indirectly, however, it can be seen, but it is a matter of
a separate research). Njegosh’s result, which is identical to Homer’s (Figure 5, p.
191, second volume of our book “Njegosh's Primordial Logos”) (NjegosSev iskons-
ki logos), gives evidence of the presence of such an awareness of both the authors.

However, there is a surprising fact - the fact that everything is arranged in
such a manner that it is reduced to the balance level (2 0 2 0 2 0), corresponding
with and analogous to the binary sequence of the biggest change in the binary tree
(101010). Having put the sequence 2 0 2 0 2 0 in the operating association with the
digit record (11111), Njegosh also implemented the number 1,741,630, which is,
as we have seen, an important determinant of the genetic code (p. 60 in Volume II
of the above mentioned book). What, however, is particularly important from the
aspect of this analysis is the fact that the same number follows from the distribu-
tion of the verse number in the 24 poems in The Iliad and in the 24 poems in The
Odyssey (if they are related in the following way: the first 12 and the second 12,
12 in even and 12 in odd positions) (Ibid, p. 191).

5. PYTHAGORAS, DANTE AND NJEGOSH

If we know that in the sequence of natural numbers there is only one triplet
(3-4-5) for which the Pythagoras’ law is valid, it is inevitable to conceive the se-
quence of natural numbers as a sequence of triangles: 0-1-2, 3-4-5, 6-7-8, 9-10-11,
etc. In addition, all the triangles geometrically read in the Boolean space are ac-
tually Pythagoras’, whereas in the arithmetic reading, only one is Pythagoras’ (3-
4-5). However, if we consider only the central “vertices” of the triangles, then we
get the following sequence of numbers: 1, 4, 7, 10, 13, 16, etc... Numeral systems
which take numbers from this sequence (except number 1) as the q basis, have spe-
cific characteristics. Thus, in the decimal numeral system (q = 10) number 037 is
the only two-digit number (read from three positions) which is able to generate full
cycles according to module 9. Thus 1 x 037 =037, 10 x 037 =370 and 19 x 037 =
703,2x 037 =074, 11 x 037 =407 and 20 x 037 = 740 and so on [16]. Everything
that is possible for number 037 in the numeral system where q = 10, can also be ad-
equate for corresponding numbers in numeral systems with the following bases 4,
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[17]. when he, at the same time, showed that number 013 in the quaternary numer-
al system (q = 4) determines the cyclicity of 64 codons in the genetic code, and
number 037 in the decimal numeral system (q = 10) determines the corresponding
cyclicity which is valid for the system of 20 protein amino acids that have the sta-
tus of “canonical” amino acids in the genetic code.

Thus, it was Shcherbak who first realized that this is the ability of
number 037 in the decimal numeral system, and also the ability of its analogues,
generated in numeral systems through moving in three steps. It is our insight, how-
ever, that these numeral systems are generated from the system of triangles in a se-
quence of natural numbers. However, our observations are also illustrating that all
of this, before all of us was understood by Dante Alighieri, who, with an ultimate
precision, expressed it in his Divine Comedy (La Divina Commedia). How did he
do that? He took care that the number of verses in any of his 100 songs could only
be a number whose sum of digits had to be 4, 7, 0 or 13 and in the second cycle
of addition 1, 4, 7, and that is actually the realization of the central figures of the
first three triangles in the sequence mentioned above. The answer to the question
why Dante stopped at number 13, today remains unknown, but we can present
the principle which extends right up to that number. The sequence of analogues
of number 037 (10) for the above given numerical bases is the following: 013 (4),
025 (7), 037 (10) 049 (13), 05B (16) 06D (19) ... We perceive that the figures, only
up to number 13, are given in the decimal numeral system, and if we proceed, we
must borrow the figures from hexadecimal numeral system and from other higher
systems of numbers.

Portuguese mathematician L. de Freitas revealed (1989.) that the last verse
of Dante’s Divine Comedy is a palindrome. In the old-Italian original it reads: “En
giro torte sol ciclos et rotor igne,” and in contemporary Italian: “L’amor che move
il sole e I’altre stele”, in Serbian: “Ljubav pokretac sunca i svih zvezda. “ (Near
the last verse there is another palindrome: “In girum imus nocte et consumimur
igni.””) [18]. Stijepo Kastrapeli, a renowned researcher of Njegosh’s works of the
late nineteenth and early twentieth century, states that Njegosh read and studied
the Divine Comedy together with his teacher Simo Milutinovic Sarajlija. If so, then
could it be possible that, just under the influence of these Dante’s twists (palin-
dromes), Njegosh did what he did: He wrote the names of all those wrong-doers of
the past (or perhaps of the present as well) in the wrong way. Thus, there are all of
them, (in The Ray of Microcosm): Napoleon, Caesar, Alex, Prince of the Evil, Evil
Spirit, The Head of the Evil and so on. (“Satan’s sinners head to him after mutual
agreement... Live eht fo Daeh, Tirisp Live, Live eht fo Ecnipr ... Noelopan, Raseac
and Xela”) [ In Serbian: Napoleon, Cezar, Aleksa, Knez zla, Duh zli, Glava zla
etc. (“Satanini zloumisljenici idu k njemu s opsteg dogovora ... Alzzenk, Ilzhud
1 Alzavalg Gordi ... Noelopan, Razec i Askela”) ]. Our answer to the question is
affirmative.
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Box 2 Numbers on bones

In Natural History Museum in Brussels there is a small, 10 centimetres long animal
bone, which was found in Central Africa near the Lake Isango, in Congo, on the border with
Uganda, about 1960. The bone was found in a village near the lake covered with ash after the
eruption of a volcano (some kind of prehistoric Pompeii). On the basis of the modern radio-
carbon dating, the bone is estimated to be over twenty thousand years old. On this bone, there
are notches in small groups, arranged in three rows. In one of the rows there are groups of 9,
11, 19 and 21 notches (making a total of 60), in the second row there are groups of 11, 13, 17
and 19 notches — these are the prime numbers between 10 and 20 - again, making a total of 60
... Apparently, in the times of illiteracy, somebody “played” with numbers and presented prime
numbers, (“atoms” of arithmetic) to future generations. This is, actually, the oldest known
testimony of mathematical culture (Gunter Ziegler, Can I count - math stories, Mathematical
Institute SANU, Belgrade, 2012).

The fact that prime numbers were presented (as well as the exact number of prime num-
bers between 10 and 20) is what we know about this oldest testimony of mathematical culture.
However, more than that can be concluded. Having presented the fact, that between 10 and 20
there are four prime numbers whose sum is 60, and that we get the same sum by adding up
their neighbouring numbers (one prime number together with one composite number: [(9 + 11)
+ (19 + 21) = 60]), the oldest known “mathematician” was actually studying the decimal nu-
meral system. If one would search the Lake better, [ presume that at least one bone with similar
records would be found, and not in the decimal but in the octal numeral system, because of the
complementary situation: {(7 +9) + (1 5+ 17) =48} [19].

If one wanted to know how come that Homer, Dante and Njegosh dealt with mathe-
matics, before answering this question, one should keep in mind this old mathematical record.

6. CONCLUSION
Everything presented above leads to the conclusion that Njegosh’s inten-
tion to make “the general accord” really refers to the correspondence of poetic
structures with the structures of natural systems, in the same manner in which that
correspondence was achieved in the works of Njegosh’s precursors (forerunners),
Homer and Dante.
(Translation into English: Danijela Veselinovic)

FOOTENOTES

[1] The whole paragraph in the letter reads: “Ants, brought to life by the Creator build their artistic ant-
hills, and bees, their majestic palaces. And I, as the intellectual substance of the Creator, must needs follow the
general accord.”

[2] The first triptych: The Voice of Mountaineers, The Song of Freedom, The Serbian Mirror, and the
second triptych: The Ray of Microcosm, The Mountain Wreath and The False Tsar Stephen the Small.

[3] M. Rakocevic Njegosh’s Primordial Logos (in Serbian), Volume I in 2000. and Volume II in 2003.
(Interpres, Belgrade). This book will soon be available on the website: www.rakocevcode.rs

[4] The best possible harmony (coherence) implies relations of the best possible symmetry, reduced to
division of the segment line into two equal parts; as well as the relations of the best possible harmony, presented
with the harmonic mean of the system (seen as a unit segment line) and the golden mean, which represents the
relations of the best possible proportion, as well.

[5] The Ray, IIT 148-150: “Steps are mine Devine, / Yet I may name it the space”.

[6] M. Schonberger, The I Ching and Genetic Code ( ASI, New York, 1980).

[7]1 M.M. Rakocevi¢, The genetic code as a Golden mean determined system, BioSystems, 46 (1998).
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[8] B.M. Kedrov, Prognozy D.I. Mendelyeva v atomistike — neizvestnie elementi, Atomizdat, Moskva,
1977.

[9] See the following works: 1. M.M. Rakocevic, Univerzalna svest i univerzalni kod, in: Conscious-
ness - Scientific Challenge of the 21st Century, Symposium (ECPD, Belgrade, 1996); 2. M.M. Rakocevic, The
Universal Consciousness and The Universal Code. In: Consciousness - Scientific Challenge of the 21st Century
(ECPD, Belgrade, 1995), 3. M.M. Rakocevic, The Universal Consciousness as a Universal Comprehension of
the Universal Code. In: Brain and Consciousness (ECPD, Belgrade, 1997). The second, hereby suggested paper
can be found in the book: M.M. Rakocevic, Genetic Code as a Unique System (SKC, Beograd, 1997), which is
also available on our website ( www.rakocevcode.rs ). The same illustrations can be found in Annex. No. 7 in the
second volume of our book “Njegosh’s Primordial Logos.”

[10] In relation to this, 2013th year, it has been exactly 60 years since in 1953., Francise Crick and James
Watson revealed the structure of the gene (nucleic acid, DNA), and 50 years, since in 1963. experimental studies
(which showed that the triplet molecular aggregations of DNA (more exactly, of RNA) are coded for 20 amino
acid molecules in their building of proteins) were finished.

[11] That is also stated in my book, Genetic Code as a Unique System (SKC Nis; Bina, Belgrade, p. 60,
also available on the website: www.rakocevcode.rs).

[12] There are six songs in the Ray; then ‘Kolo’ six times in The Wreath; there also are 6 +1 Montenegrins
in The Wreath as Vuk (six active persons and one silent character: Vuk Borilovi¢), there are also 6 +1 Turks (six
Turkish chiefs and one Turkish wedding guest).

[13] See “Explanations with The Ray of Microcosm” in: P. P. Njegos, Celokupna dela, Prosveta-Beograd
and Obod-Cetinje, seventh edition, Book III, p. 351, where it is said that Nikola Banasevi¢ in 1954. proposed
such a hypothesis.

[14] Aurelius Augustine, God’s Country, (CID, Podgorica, 2004, p. 473).

[15] Alvager et al, 1989, Biosystems, 22, p. 191: ,,The number of all distributions in the set of 64 codons
is 1741630.“

[16] Permutation cyclicity in two steps is achieved by each (read in three positions) two-digit number,
whereas in the third step cyclicity, i.e. conservation of the three figures altogether, is achieved solely by number
037 .However, the next number, number 038, cannot achieve that. Namely, 1 x 038 =038 and 10 x 038 = 380,
but already in the next modular cycle the three figures disappear because 19 x 038 = 722, and not 803 as expected
according to the rules.

[17] V.I. Shcherbak, Sixty-four triplets and 20 canonical amino acids of the genetic code: the arithmetical
regularities. Part I1. J Theor. Biol. 166 (1994), pp. 475-477.

[18] L. de Freitas, 515 — a symmetric number in Dante, Computers Math. Applic. 17 (1989), pp. 887-897.

[19] The numbers are written in the decimal numeral system digits. The result of “48” in the octal system
is written as “60”. It should be noted that the simple / composite number positions are different from the situation
in the decimal numeral system.

135



3. TIOUMAIE JIOTOCA 11 KOJTA

VY caBpeMeHo] HWH(MOPMAIIMOHO] HAYIM, KUOECPHETHIIM W TEOPHjH
CHCTEMa, MOJI KOJHPAmheM ce TIOJpa3yMeBa MpoIeC MOBE3MBaba amba6eTa 1
ca amba6eT0M -2. Kopak nae y yomwrasamy u Aepunncamy kdua jecre
pasyMeBame Koja Kao KOPECHOHICHLWjE, 10 OXPEhEHOM MpAaBHIY M/HIK
3aKOHY, CBaKa JBa IOACHCTeMa (Kao [ENOBA) YHYTap jEHOI IPUPOAHOT
cucTema (Kao IeNuHe). AKO je IPH TOME ped 0 CUCTEMUMa 4Hja je opraHmauH]a
JIeNoBa y OKBHPY LIE/IMHE TakBa Ja Cy OHM y Haj0osbeM Moryhem ckiany,” u,
HCTOBPEMEHO TIOCTOjU KOPECTIOHIEHIIH]A CTPYKTYPE CUCTEMA ca CTPYKTYpOM
HU3a IPUPONHUX OpOjeBa, Taja UMa cMucIa pehu 1a je ped 0 yHHBEP3aIHOM
KOJy, Ka0 Haj3Ha4YajHUjeM acIeKTy YHUBEP3aIHOT JOroca (3aKoHa).

Kiby4Ho nutame, MehyTum, y OKBHPY OBUX pa3Marpama, jecTe — Kako
je Bberom mMorao 1a mocerse u 1MojMH Taj M TakaB JIOTOC (colnacuje ouuiiie),
KpO3 pasyMeBame HajayOsbe CYIITHHE NPUPOAHE MaTeMaTHKE W TPUPOIHE
HayKe, KaJl HHMje HMMao pEIOBHO IIKOJIOBAambE, ONHOCHO 00Opa3oBame (Y
JIaHaIIKBEM CMUCITY) M HABOAHO je 010 ,,caMOoyK*“? Y3 cBe 3HaHO 0 MaJloOpOjHUM
Beromesum yuuressuma, o Hberomesoj Oubauorenyt 1 6MOIUOTEH HETOBOT
crpuna Ilerpa I Ilerpouha Herorma, o MorthM ytunajuma JlJomoHoCOBa 1
budona (umja je cabpana jaena mocea0Bao), Kaj je ped o popMupamy mnoriena
Ha CBeT, noacehamo oeje u Ha pedn emuckona Hukonaja Benumuposuha Ha
Tpary oAroHeTama kberorua: ,,3aroneTka IpUPoO/IE j€ MpBa Mpejl KOjoM ce YOBEK
Halje, ka1 mpoTpe 04 1 00a3pe ce Mo OBOM BEIMKOM CBETY ‘; 3aTOHETKA, KOja je
WHCTIHpHcana u tberomesy uziejy o ,,COrTacHjy OMITEM.

4. PEJIAIIMJE CA TEHETCKUM KOJIOM

Jloruka pacnopena 64 peun (xekcarpama) Ha IIECTOOUTHOM OMHAPHOM
JPBETY Y KUHECKO] KibU3u Ju Buné (CTapoj meT Xusbaia roguHa) CTOIPOLIEHTHO
KOPECIOH/IMpa ca pacrnopenoM 64 peun (KogoHa) HAa OMHAPHHUM JIPBETY TCHET-
CKOT KoJia (KaKo CMO TI0Ka3al y Kibu3u Logic of genetic code, Hayuna kmwura,
beorpan, 1994). Ilpu Tome, y 06a ciydaja, ,,peun’ cy TPOCIOBHE, TeHEPHCAHE
U3 YETBOPOCIOBHE a30yKe;, Yy TEHETCKOM KOJy YEeTBOPOCIOBHY a30yKy
Npe/ICTaBIbajy YeTHPH HYKJICOTHIHA MOJICKYJIa, 1BA J€THOCTABHA (JETHOCTPYKA),
NUPUMUIMHCKA — ypaLlWJI U [IUTO3UH; U JIBa CJIOXEHa (JBOCTpYKa), ypUHCKA
— aJICHVH W TyaHWH; y cucTeMy ,,Ju DuHT®, 1Ba jeqHOCTaBHA 3HAKA (Mau JUH
¥ Majiu JaHr) ¥ /1Ba clioxeHa (BeJIMKU JUH M BeJIMKU JaHT). AU y TeHETCKOM
Koty mocToju joul u 20-ciioBHa ,,a30yka‘“, 20 aMUHOKHCEINHCKUX MOJIEKYJIa.
Besa u3melyy 64 komona u 20 aMHHOKHCENIMHA YIIPABO je U JlaTa TeHETCKUM
kozioM. MeljyTum, mocraBiba ce MuTame, KOJIMKO MMa TeOpUjcKUX MoryhHocTn
IpUIpY’KHBaba peun MmpBe a30yKe clioBUMa Apyre a30yke, U U3padyHaTo je 1a

15 Hajooseu Moryhu ckiaj (KOXepeHIuja) mojapasymMeBa ofHOCe Hajoosbe Moryhe cuMeTpuje, CBeIeHe
Ha MofIeNTy Iy)KH Ha JBa jeqHaka aena [S. Marcus, Symmetry in the Simplest Case: the Real Line, Computers
Math. Applic. 17 (1989), pp. 103-115]; Takohe u ogroce Hajoosbe Moryhe XapMOHHje, H3paXKEHE IIPEKO XapMo-
HHUjCKE CPE/IHE CHCTEeMa (CBEJICHOT Ha jeJMHUYHY y’K) U 3JIaTHOT IIPeceKa, KOjH MPeJICTaBiba U OJHOCE HajOosbe

64  moryhe nponopuuije.
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Cauka 1. [llecto6uTHO GMHAPHO APBO FEHETCKOT KOJIa, Ca PaclopesoM
64 TpocnoBHE ,,peun’ (KOI0Ha), TeHEpUCAHUX U3 YeTBopocioBHe a30yke (U,
C, A, G), on mouetHe, To ject nynte, UUU (000000), mpexo ,,xapmoHHjcKe (Y
MO3ULMjH XapMOHHUjCKe cpenune), ca Hajeehom nmpomenom, UGA 101010, no
nocneamwe, Ha no3uiyju 63 (111111). [TIpema: M. M. Rakocevi¢, BioSystems
46 (1998) 283-291.]

Peu je o cBuM mMoryhHocTuma (kpo3 cBa Moryha Bapupama) IpuIpyKu-
Bama 64 KooHa, CBAKOj MojenuHoj o 20 aMUHOKHCEMHA KOJHKO j€ TIOCPEI0-
BAaHO TeHEeTCKUM KozoM. Kaj ce mocmarpa KMHECKH 4eTBOPOCIOBHHU angader
(mMamu u Behu jun, 1 Mawu U Behu jans), u3 xora ce reHepuily 64 mectoOuTHe
,pEUH", HEMOCPEIHO C€ HE BUAU Ja € MPUCYTHA U CBECT O HEMHUHOBHOCTH
u apyror, 20-cnosHor andabdera. (ITocpenno ce, nunak, Ta Be3a BUAM, KaKo je
objammeno y Appendix-y.)

202020 - 1546 (TK) = 200474
202020 — 6668 (CB)= 195352
202020 - 13599(0C) = 188421

1752741 = 3 x 584247

1741630

Camxa 2. bpoj cruxoBay Tpu bberoiuesa nena, y penanuju ca,,pepepeHTHOM
taukoM. ([Ipema: MMP, Hberomes uckoncku snoroc, Il Tom, ctp. 60.)

16 Alvager et al, 1989, Biosystems, 22, p. 191: ,,The number of all distributions in the set of 64 codons g5
is 1741630.“
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4.1. Fbezowese u Xomepose ko0osHe ciupyKiuype

EberomeB pesynrar, uctoBeTaH ca XOMEPOBHUM, CBEI0OYH O TPHUCYCTBY
CBECTH Koji 000jule ayTopa O crelu(UYHOCTH ¥ YHUKATHOCTU Be3e u3mehy
JIBe TOPE MpeloueHe a30yKe — YeTBOPOCIOBHE H [BA/IECECTOCIOBHE (CIHKa 2 y
penanuju ca ciukom 3). Ocum Tora, BUIMMO Ja je, Ha CITUIH 2, TAKO ,,yeIIeHO
na cBe Oyae CBeleHO Ha PaBHOTEXHU HHBO (,,202020%), KOpecOHAEHTHO U
QHAIIOTHO ca OMHAPHOM CEKBCHIIOM HajBehe MpoMeHe Ha OHHAPHOM JpBETY
101010 (zBocTpyka nuHuja Ha cmuy 1). Crasbajyhu cexenuy ,,202020%
y orepaiujcky Besy ca uudapckum samucoM ,,11111%, Hberom je peanusosao
¥ Kpajiby CeKBEHIY (3amnc) Ha OMHApHO-KOAHOM ApBeTy (cimka 1),'7 amn je
UCTOBpPEMEHO peann3oBao u 6poj 1741630 koju je, kKako cMO BUJENTH, OUTHA
JICTCPMIHAHTA [CHETCKOT Koza. OHO WTo je, MehyTHM, H0CeOHO 3HAYajHO, Ca
acreKTa OBe aHaJN3e, jecTe YNbEHUIIA ]a UCTU Taj Opoj CIeau U u3 JUcTpuly-
uje Opoja ctuxoBa y 24 necme Unujazne u 24 necme Onuceje (kax ce crase y
onHoc: 12 npBux u 12 apyrux; 12 Ha HenapHuM 1 12 Ha mapHAM NO3ULMjaMa)
(crmuka 3).

Owno mrT0, MteyTI/IM I/I3HeHa1ije jecTe YMIbeHHIA J]a TIOCTOJH ¥ jeiHa
JOII HETIOCPEIHU]a KOPECTIOHICHITH]a H3Me1)y XomepoBux u Hberomesux no-
CTCKHX CTPYKTYpa, IOHOBO y PENALMjH i ca FCHETCKUM KoxoM. Ped je o Gu-
HAapHOM HH3Y (TE€OMETPH]CKOj MPOTPECHjH ca KOTHIHUKOM 2) 2" (2 exp n), (n =
0,1,2,3,..), u3 koje cinenu Hu3 O6pojea: 1, 2, 4, §, utn. (cnuka 4). A, cana
MMa CMHMCIIa TTOCTaBUTH ciieaehu 3agaTak: 1a u3 ceksenne 1-2-4-8-16-32- ...,
uTI. y3Memo 3 myTa mo 5 OpojeBa, anu Tako 1a Oyay y HajoosbeM moryhem
CHMETPHYHO-NPOTIOPLIHOHAHO-XaPMOHHYHOM OJIHOCY. 18 Kibyd peretba je mna-
mauzpom [11011] — [00100] — [11011], a camo pemerse: [1-2-(4)-8-16] — [(32-
64)-128-(256-512)] — [1024-2048-(4096)-8192-16384], kako je U MPeJOUCHO
Ha ciuim 4. Axo ce cabepy CBHU MoAByYeHH OpojeBH (M3BaH MaJIMX 3arpaja),
nobuja ce 6poj 27803, mTo je TauHO 30HMp Opoja cTrxoBa Xomepose Mnmjane
u Omuceje. Ako ce, mak, cabepy cBu HCTIOZIBYCHH OpojeBu (y ManuM 3arpa-
Aama), noduja ce ykymnau ,,npoctop” theromesor opckor BijeHua (yKymaH
npocTop: Opoj CTHUXOBA, OPOj TUIHOCTH, OPOj CTPaHMIIA, UT/I, KAKO je HABEICHO
y nerenu ciauke 4. OHo mro Xomep HHje u3abpao, nzabpao je Hherom. Axo
ce cabepe Xomepon (27803) u Heromes 6poj (4964) nobuja ce 6poj 32767,
KOjU y OKTaJIHOM OpojeBHOM cuctemy (q = 8) usHocu 77777, mITO MpeACTaBiba
CBOjEBPCHY PAaBHOTEXKY M IpHU3HaWe Iberomry y Hamopy 1a cBoje MOeTCKe U
MPOCTOPHE CTPYKTYpE CTPUKTHO JIOBEJIE Y Be3y ca XOMEPOBHM.

17 Axo ce mutamo mTa je cMucao oBakBor Iberomesor nsbopa, oarosop je cieachu. Ha 6GunaprOoM
JPBETY CMO y OMHapHHM MPOCTOPUMA, a U3BaH WHhera y He-OMHapHUM (,,y MpocTope U 3a npocropuma’”). Y o-
HOCY Ha KJbyuHy OuHapHy cekseHily, 101010, ,,u3na3ak™ y He-OuHapHocT (npeko ,,rpanune 111111) une my-
tem cexkBeHuu: 202020, 303030, 404040 utn. [TapagokcanHo, He-OMHAPHOCT TOHOBO 3ATOYMILE (JEAHOM ApY-
raanjom) 6uHapHomhy: 202020!? Kaxo Bumumo, Iherom je Ha cBOj (KOZOT€HO-CKPUBATAUKH) HAYUH IIPEJOUHO
MOCTOjarbE OBOT" ITApaIoKca.

18 KuibyuHa nerepmuHanTta Tabnuye MHodcerbd, y NEKaaHOM OpOjEeBHOM CHCTEMY, Ca acIeKTa JIOTUKe
OCTBapuBamba CHMETpHUje U Hajoosber Moryher ckiaja, jecTe MHOKEHE ca IOJIOBHHOM OpOjeBHE OCHOBE, ( =
10, naxie ca 6pojem 5. MHoxemeM Opoja 5 ca 1 u ca 2 jour yBek ce He Ipeiia3u IpaHuiia OCHOBE OPOjeBHOT
cucrema, q = 10. Tex MHOXKEHEM ca 3, IMaMo NPBH ClIy4aj “miperasa mpeko rpaxuie’. IIpema ToMe, KbydHa
JeTepMuHaHTa 3a TaOnuIly MHOXKEHa Y JIeKaHOM OpOjeBHOM CHCTEMY jecTe “TpH ITyTa IIeT je/[HaKO NeTHaect.”



ODISSEY 0) 12110
1393
EVEN (1&0)-1= 13503 1095
298 998
FIRST (1&0)-0= 13801 97 998
201 0 0
SECOND (1&0O)+0= 14002 97 998
298 998
oDD (1&0)+1= 14300 1095
1393
ILIAD ( 15693
83409 9959
x 21 x 0]
1751589 9959
1741630

Cauka 3. bpoj cruxoBa y Unujanu u Oxpuceju, uckazaH Kpo3 OMTHE
(mutaropejcke) muctuHKImje. [maBau pesynrar (1741630) oaroapa Opojy
auctpulynuja y reHeTckoM koxy (mpema: MMP, FheZowes uckoncku nozoc, 11
TOM, CTp. 60).

4.2. Fhezowese u Jlanitieoée Ko008He ClUpyKiype

Ca cazHameM Ja ce Ha MOYETKY HHM3a TPHPOAHHX OpojeBa Halla3u
,TpojKa“ Opojesa (1-2-3), koja IpeCTaBIba YHHIOLE IPBOT CaBPLICHOT Opoja,
Opoja 1wIeCT, U Koja ce NpeKana ca jeanHoM (y Husy) Iluraropusom Tpojrom
(3-4-5)" HEeMHMHOBHO je TIOJMHTH Jia C€ HU3 IPUPOAHKUX OpojeBa MOpa MPOYH-
TaTH U Ka0 HU3 TPOYIIIOBA, U TO HA JABa HauuHa: 1-2-3, 4-5-6, 7-8-9, 10-11-12

;1 0-1-2,3-4-5, 6-7-8, 9-10-11 urx. (tabemna 3). [Ipu Tome, y oBOM JIpYroM
cnyqajy, CBH TPOYIVIOBH, TCOMETPUjCKH NpodnTany y bynosom npocropy, jecy
3aucta [luraropunu, 10K je y apuTMETUYKOM YUTAEY camo ]e;[aH [uraropun
(3-4-5). Axo, mehyTuM, mocMaTpaMo camMo Cpeluliba “TeMeHa” OBHX TpPOy-
mioBa, Taja ce gobuja cienchu vus 6pojesa: 1, 4,7, 10, 13, 16 uta. bpojesru
CHCTEMU KOjHU 32 OCHOBY ¢ uMajy OpojeBe U3 OBOT HH3a (OCI/IM Opoja 1) umajy
crieruuuHa cBojcTBa. Tako, y mekagHoM OpojeBHOM cuctemy (q = 10) Opoj
037 je jenunu of nBouH(bpeHI/Ix OpojeBa (MPOYUTAHUX TPOMO3UIIHOHO) KOJH j&
y CTamy Jia TeHEpUINe MyHYy IMUKINYHOCT 1o Momyiy 9. Tako, 1 x 037 = 037,
10x 037=370u 19x 037=703;2x 037=074, 11 x 037 =407 u 20 x 037 =
740 utn.* CBe To mTo Moke 6poj 037 y 6pojeBHOM cuctemy ca q = 10 mory

19 'V Hbezowesoj bumexchuyu (Mcropujcku uHeTUTYT — Letnme, 1956), Ha crp. 128, Hanmasumo na
je Iberonr u3abpao TauHO OHE 3BOHHKE, YHje BUCHHE Ce HCKa3yjy OpojeBHMa, ca nudpama Koje mpencraBibajy
HCKJbY4nBO [IUTaropuny TpojKy.

20 HuknuuHOCT nepMyTanuja y ABa Kopaka A0CTHKE CBAKH (TPONO3HUMOHO YHTaHu) ABOLU(PeHH Gpoj,
J0K y TpeheM Kopaky [UKINYHOCT, TO jECT O4yBaHOCT CBE TPH Ludpe, mocTmke jeauno 6poj 037. Beh cinenehu
6poj 038 To He moxxe na mocturue. Hamme, 1 x 038 =038 u 10 x 038 = 380, anu Beh y cnenehem moaynapaom
LUKIycy HecTajy cBe Tpu mudpe jep je 19 x 038 = 722, a ne 803 xako 61 ce Ha OCHOBY ITPaBHIIAa OYCKHBAJIO.
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u oarosapajyhu OpojeBu y OpojeBHUM crcTteMuma ca ocHoBama 4,7, (10), 13,
16, utn. [Y kxBaTrepHEpHOM OpOjEeBHOM CUCTEMY aHaAJIOToH Opoja 37 je 6poj koju
uma gopmy ,,13%, a cBu 3ajeHO caunmanajy cieaehu uus: 13(4), 25(7), 37(10),
49(13), 5B(16), 6D(19), 7F(21) nta.(Buaety cpenuitbi 6mok 6pojesa, IECHO,
y Tabenu 3).] la je To Tako npBu je npenouno Bragumup [gyepbdak (Shcher-
bak) 1993-1994. rogune.?!

0-12 | 345 | 67-8 | 9-10141 [01,02,03,.,09,10,11
1-23 | 456 | 7-89 |10-11-12 (12,13, 14,.,20,21,22

23,24, 25,...,31,32,33
2-3-4 5-6-7 8-9-10 | 11-12-13 34 35,36, 42 43, 44

345 | 6-7-8 | 9-10-11 |12-13-14 45,46,47,..., 53,54, 55
456 | 7-8-9 [10-11-12 | 13-14-15 |28, 7, 58...., 64, 65,66

67, 68, 69,..., 75,76, 77
567 | 8910 | 11-12-13 | 14-15-16 00 20 20 18 15 1T

678 | 9-10-11 | 12-13-14 | 15-16-17 [89, 90, 91...., 97, 98, 99
7-8-9 | 10-11-12 | 13-14-15 | 16-17-18 [13, 25;. 3740, 4913,
8-9-10 | 11-12-13 [ 14-15-16 [ 17-18-19 |58 6D1o. 7Fs1. .

9-10-11 | 12-13-14 [ 15-16-17 [18-19-20[ 1 10 19
10-11-12 | 13-14-15 | 16-17-18 | 19-20-21 [037, 370, 703
11-12-13 | 14-15-16 | 17-18-19 | 20-21-22 {038, 380, 722

TaGena 3. ApamxkmaH Hu3a TPHPONHHX OpojeBa, cariacaH ca
MPUHIIAIIOM KOHTUHYHWTETA W TIPHHIIMIIOM MUHHMYMa IpOMeHe (MpoMeHa 3a
JEIUHUILY TI0 XOPU30HTAJIM U TI0 BEPTUKAJH). Y AECHOM ropmeM OJOKY Jat je
penocien mojeMHaYHuX OpojeBa, MOK je y JeBoM (00jeanmeHOM) OJIOKY at
penocien OpojeBHUX ,,TPOJKU*. Y JI€CHOM CPEAMIIBEM U JIOHEM OJIOKY JaTH
cy Iluep6akoBu, omHOCHO J[aHTeOBH, OpojeBH (00jaIIBEHE Y TEKCTY).

[14epOakoB je yBH, TaKIie, 1a TO Tako Moxe 0poj 037 y nekaJHOM | Bero-
BH QHAJIOTOHH, TCHEPUCAHH Y OPOjeBHIM CHCTEMHMA Ca TIOMEPAHEM 33 TPH KOpa-
ka. Ham je yBun, melhytum, 1a ce T OpojeBHH CUCTEMH T€HEPHUIITY U U3 CHCTEMA
TPOYIVIOBA y HU3Y MPUPOTHUX OpojeBa. AjM, HAallMM YBHJOM ce Takole nmpeno-
YaBa Jia je cBe To, pe cBUX Hac, yBuaeo [lante Anurujepu (Dante Alighieri) u
710 Kpajibe MPEeNU3HOCTH MCKa3ao y CB0joj] hoawcanciueernoj komeouju (La divina
commedia). Kaxo je To ypanuo? Y4uHuo je Tako ja 6poj CTUXoBa y OUII0 K0joj Off
100 mecama moxxe 6utn camo Opoj uuju 30mp rmdapa uznocu 4,7,10 wu 13, mro
j€ 3ampaBo peau3alrja CpeuIIBIX udapa U3 IpBa TP TPOYIIa Tope MOMEHY-
Tor Hu3a. OZIroBOp Ha MATAkE 3aIUTO Ce JIaHTe 3ayCTaBHO KOJ Opoja 13 manac He
MOYKEMO 3HATH, Il MOXEMO 1 IPEJI0IMMO 3aKOHHTOCT K0ja Ce MPOTEIKE yIPaBo
10 Tor Opoja. Hus ananorosa opoja 037(10) 3a rope nare OpojeBHE OCHOBE jecTe
oBaj: 013(4), 025(7) 037(10) 049(13), 05B(16), 06D(19) ... Bummo na nexanmu
OpojeBHU cucTeM “maje” mudpe camo 10 Opoja 13, a Hajabe UX MOpaMo Mo3aj-
MUTH U3 XEKCAIEKaHOT M BUIIKX OPOjeBHUX CHCTEMA. >

21 V.I. Shcherbak, Sixty-four triplets and 20 canonical amino acids of the genetic code: the arithmetical
regularities. Part II. J Theor. Biol. 166 (1994), pp. 475-477.

22 Y xekcajeKaJHOM OpOjeBHOM cucTeMy, jenHoumdpenn OpojeBn Behu ox 9 o3HadaBajy ce cloBuMa
aberene: 10(A), 11(B), 12(C), 13(D), 14(E), 15(F).
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Cauxa 4. Cjemumenu XomepoB u IberomeB cucrtem y ¢dopmu
npocTopHor Hu3a, N=2": (a) buHapHa cekBeHIa unja cyma je 2'°-1=32767 (2
exp. 15); (b) XOMepOB usbop: 27803 = 66233 = 110110010011011, (6poj
cruxosa Unmjane u Onuceje 3ajenHo); (c) Fheromies u30op: 4964, = 11544
001001101100100,. I'opcku BujeHaw, mrammana Bepsuja: 2819 CTI/IXOBa nnyc
318 cuena (cmyaunja ca [0jaBOM CBake ciejiehe IMYHOCTH Ha CLCHN), ILIyC
116 mramMnanux crpanuna = 3253; [opcku BUjeHal], pyKkonrcHa Bep3uja: 1528
cTuxoBa, iyc 150 cuena, myc 33 pyxomncHe crpanune = 1711; cBe 3ajeano
naje ykymHu ,,ipoctop” Bujenna: 3253 + 1711 = 4964; Xomepos miyc Hero-
meB cucreM: 66233, + 11544 = 77777 ; (d) Xomepos nzdop: 3583, = 6777,
=00011011111111 l bpoj 35§3 HpeZLCTaBJLa paznuky 6poja CTHXOBA I/IJII/IJ a;[e
u Onuceje: 15693 - 12110 = 3583; (e) bpoj Xomeposux n36opa (1oABy4CHO)/
HensOopa (HenoxByueHo): 0,2, 1,2,2, 1,2, 2, 1,2, o; (f) ¥ KibMKeBHUUKO]
Haylyl MO3HAaTH KOMIIO3UIMOHU Cle] Y Hﬂujadu (y omHOCY Ha CpeuuIby
TauKy, KOjy TpeacraBba Mucuja Axuiejy): 1 man myH norahaja, 9 mana 6e3
norahaja utn, rae norahama oarosapajy Hemsdopuma u oopuyto. (Hamomena:
HyJla Ha TIOYETKY OAroBapa CTBApPHO] HYJIHM HA IOYETKY HHU3a NPUPAHUX Opoje-
Ba, a peIpTaHa HyJla Ha Kpajy, oJroBapa Hen30opy OpojeBa Koju cliesie U3BaH
XoMepoBe TPO-TIETOPKE. )
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