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Ïðîàíàëiçîâàíî ïàðàìåòðèçàöiþ ðàíãîâî-÷àñòîòíèõ ðîçïîäiëiâ òà ÷àñòîòíèõ
ñïåêòðiâ äëÿ íóêëåîòèäíèõ ïîñëiäîâíîñòåé ó âiðóñíèõ ÐÍÊ, ÿêi îòðèìàíî
øëÿõîì çàìiíè íàé÷àñòîòíiøîãî íóêëåîòèäó â ãåíîìi íà ðîçäiëþâà÷ (¾ïðî-
áië¿). Íà ïiäñòàâi ðàíãîâî-÷àñòîòíèõ ðîçïîäiëiâ ðîçðàõîâàíî òàêi ïàðàìå-
òðè: åíòðîïiÿ, ñåðåäíÿ äîâæèíà ïîñëiäîâíîñòi, äèñïåðñiÿ äîâæèíè ïîñëi-
äîâíîñòi, êîåôiöi¹íò äèñïåðñi¨. ×àñòîòíi ñïåêòðè àïðîêñèìîâàíî ìîäèôiêî-
âàíèì ðîçïîäiëîì Áîçå, â ÿêîìó çâè÷àéíó åêñïîíåíòó çàìiíåíî íà êàïïà-
åêñïîíåíòó Êàíiàäàêiñà, ùî äîçâîëÿ¹ òî÷íiøå âiäòâîðþâàòè ñïîñòåðåæóâà-
íi ¾õâîñòè¿ ðîçïîäiëiâ. Ìè î÷iêó¹ìî, ùî çàïðîïîíîâàíi ïàðàìåòðè ìîæóòü
áóòè êîðèñíèìè äëÿ ìàéáóòíiõ äîñëiäæåíü, íàïðèêëàä, ÷åðåç âñòàíîâëåííÿ
êîðåëÿöi¨ ¨õíiõ çíà÷åíü ç iíøèìè õàðàêòåðèñòèêàìè âiðóñiâ.

Êëþ÷îâi ñëîâà: ÐÍÊ-âiðóñ, íóêëåîòèäíà ïîñëiäîâíiñòü, ðàíãîâî-÷àñòîò-
íèé ðîçïîäië, ÷àñòîòíèé ñïåêòð, êàïïà-åêñïîíåíòà Êàíiàäàêiñà, ìîäèôiêî-
âàíèé ðîçïîäië Áîçå.

1. Âñòóï

Çàñòîñóâàííÿ ìiæäèñöèïëiíàðíèõ ïiäõîäiâ ¹ ïðèòàìàííîþ ðèñîþ ñó÷àñíèõ äî-
ñëiäæåíü ó ðiçíèõ ãàëóçÿõ íàóêè. Ó öié ïðàöi ìè çîñåðåäèìîñÿ íà ôiçè÷íèõ ìîäåëÿõ
äëÿ îïèñó áiîëîãi÷íèõ îá'¹êòiâ. Òàêå ìîäåëþâàííÿ ìîæå ñòîñóâàòèñÿ, íàïðèêëàä,
ðåàëüíèõ ïðîöåñiâ ó êëiòèíàõ ÷è âçà¹ìîäi¨ ìàêðîìîëåêóë [1�4] àáî æ i  ðóíòóâàòèñÿ
íà àáñòðàêòíiøèõ ìåòîäàõ òåîði¨ ñêëàäíèõ ìåðåæ [5�7].

Âèâ÷åííÿ íóêëåîòèäíèõ ïîñëiäîâíîñòåé ÷àñòî âiäáóâà¹òüñÿ íà ïîãðàíè÷÷i ôi-
çèêè, ëiíãâiñòèêè òà áiîëîãi¨, ùî ïîâ'ÿçàíî ç ïåâíèìè àíàëîãiÿìè ìiæ àçîòèñòèìè
îñíîâàìè, êîäîíàìè, ãåíàìè òîùî òà ëiòåðàìè, ñëîâàìè, ðå÷åííÿìè òà iíøèìè òåêñ-
òîâèìè îäèíèöÿìè [10�14]. Ç iíøîãî áîêó, ñàìå ìåòîäè ñòàòèñòè÷íî¨ ôiçèêè âèêîðè-
ñòîâóþòü äëÿ ïîÿñíåííÿ çàêîíîìiðíîñòåé ó ãàëóçi êâàíòèòàòèâíî¨ ëiíãâiñòèêè [15�18]
(äèâ. òàêîæ https://www.maths.usyd.edu.au/u/ega/physicist-language/). Ó öié
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ïðàöi ìè ïðîäîâæó¹ìî äîñëiäæåííÿ, ðîçïî÷àòi â [8, 9]. Îçíà÷èâøè ñïîñiá ðîçáèò-
òÿ ëàíöþæêà ÐÍÊ íà ïîñëiäîâíîñòi íóêëåîòèäiâ, ìè ïðîïîíó¹ìî íàáið ïàðàìåòðiâ,
ÿêèé ìîæíà çàñòîñóâàòè äëÿ äîïîìiæíî¨ êëàñèôiêàöi¨ ÐÍÊ-âiðóñiâ.

Ñòàòòÿ ìà¹ òàêó ñòðóêòóðó. Ó äðóãîìó ðîçäiëi îïèñàíî ïðîöåäóðó ðîçáèòòÿ ìà-
êðîìîëåêóëè ÐÍÊ íà ïîñëiäîâíîñòi íóêëåîòèäiâ òà íàâåäåíî ðåçóëüòàòè äåÿêèõ ðîç-
ðàõóíêiâ, ùî  ðóíòóþòüñÿ íà ðàíãîâî-÷àñòîòíèõ ðîçïîäiëàõ öèõ ïîñëiäîâíîñòåé.
Ðîçäië 3 ïðèñâÿ÷åíî àïðîêñèìàöi¨ ÷àñòîòíèõ ñïåêòðiâ, ÿêi îòðèìóþòü iç ðàíãîâî-
÷àñòîòíèõ ðîçïîäiëiâ, çà äîïîìîãîþ ìîäèôiêîâàíîãî ðîçïîäiëó Áîçå. Ó ðîçäiëi 4
ïðîàíàëiçîâàíî çàëåæíiñòü îäíîãî ç ïàðàìåòðiâ âiä êiëüêîñòi ïîñëiäîâíîñòåé ó ãåíî-
ìi. Êîðîòêå îáãîâîðåííÿ îäåðæàíèõ ðåçóëüòàòiâ íàâåäåíî â ðîçäiëi 5.

2. Ïàðàìåòðèçàöiÿ ðàíãîâî-÷àñòîòíèõ ðîçïîäiëiâ

Ìiæ ÄÍÊ i ÐÍÊ ¹ òðè îñíîâíi âiäìiííîñòi: ÄÍÊ ìiñòèòü öóêîð äåçîêñèðèáî-
çó, ÐÍÊ � ðèáîçó, ó ÿêî¨ ¹ äîäàòêîâà, ïîðiâíÿíî ç äåçîêñèðèáîçîþ, ãiäðîêñèëüíà
ãðóïà. Öÿ ãðóïà çáiëüøó¹ éìîâiðíiñòü ãiäðîëiçó ìîëåêóëè, òîáòî çìåíøó¹ ñòàáiëü-
íiñòü ìîëåêóëè ÐÍÊ. Ìîëåêóëè ÐÍÊ, ó ñåðåäíüîìó, íàáàãàòî êîðîòøi é ïåðåâàæíî
îäíîëàíöþæêîâi [22,23].

Äëÿ öüîãî äîñëiäæåííÿ áóëî âçÿòî ãåíîìè ÐÍÊ-âiðóñiâ iç Íàöiîíàëüíîãî Öåíòðó
Áiîòåõíîëîãi¨ (NCBI, https://www.ncbi.nlm.nih.gov), äëÿ îá÷èñëåííÿ ìè âèêîðè-
ñòàëè 52 âiðóñíi ÐÍÊ, äå áiëüøiñòü âiðóñiâ ìàþòü ïàíäåìiéíèé õàðàêòåð [9].

Ùîáè ïðîàíàëiçóâàòè ÐÍÊ çàïëàíîâàíèìè â öié ïðàöi ïiäõîäàìè, òðåáà ïåâíèì
ñïîñîáîì ïîäiëèòè ¨¨ íà ÷àñòèíè. Àçîòèñòi îñíîâè, ùî ôîðìóþòü íóêëåîòèäè ó ñêëàäi
ÄÍÊ òà ÐÍÊ, ïîçíà÷àþòü çà ïåðøèìè ëiòåðàìè ¨õíiõ íàçâ: a � àäåíií, c � öèòîçèí,
g � ãóàíií, t � òèìií. Òóò âàðòî çàçíà÷èòè, ùî íàñïðàâäi â ÐÍÊ çàìiñòü òèìiíó
âõîäèòü óðàöèë, îäíàê ç ìiðêóâàíü óíiôiêîâàíîãî ñïîñîáó ïîäàííÿ iíôîðìàöi¨ â
áàçàõ NCBI öi¹¨ ðiçíèöi íå âiäîáðàæåíî. Äëÿ ïîäiëó íà ÷àñòèíè ìè âèêîðèñòîâó¹ìî
çàìiíó àäåíiíó (a) íà ¾ïðîáië¿, à ïîðîæíþ ïîñëiäîâíiñòü, ùî çíàõîäèòüñÿ ìiæ äâîìà
ðîçäiëüíèêàìè, ïîçíà÷èìî ÿê x, òîáòî ïîñëiäîâíiñòü íóêëåîòèäiâ

aacctaccactcaccctagcattacttatatgatatgtctccatacccattacaatc (1)

ïåðåéäå â
x cct cc ctc ccct gc tt ctt t tg t tgtctcc t ccc tt c x tc. (2)

Îòðèìàíi âíàñëiäîê òàêî¨ ïðîöåäóðè ïîñëiäîâíîñòi íóêëåîòèäiâ i ¹ îäèíèöÿìè
äëÿ àíàëiçó. �õíi ðàíãîâî-÷àñòîòíi çàëåæíîñòi îòðèìó¹ìî ñòàíäàðòíèì ñïîñîáîì:
íàé÷àñòîòíiøà ìà¹ ðàíã 1, íàñòóïíà çà ÷àñòîòîþ ðàíã 2 òîùî. Ïîñëiäîâíîñòÿì ç
îäíàêîâèì ÷àñòîòàìè ïðèñâîþ¹ìî ïîñëiäîâíi ðàíãè [8].

Îñîáëèâiñòþ öüîãî ðîçïîäiëó ¹ òå, ùî éîìó ïðèòàìàííà îáåðíåíî ïðîïîðöiéíà
çàëåæíiñòü ìiæ ðàíãîì òà ÷àñòîòîþ, i öå çîáðàæåíî íà ðèñ. 1 äëÿ ðîçïîäiëó êiëü-
êîõ âiðóñíèõ ÐÍÊ, ùî áóëè ó òàáëèöi 1. Âèõîäÿ÷è iç öüîãî, áóäåìî àíàëiçóâàòè öi
ðîçïîäiëè ÿê îáåðíåíîïðîïîðöiéíi [19].

Öåé ðîçïîäië ìîæåìî îõàðàêòåðèçóâàòè åíòðîïi¹þ:

S = −
rmax∑
r

pr ln pr, (3)
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Ðèñ. 1: Ðàíãîâî-÷àñòîòíi çàëåæíîñòi äëÿ êiëüêîõ äîñëiäæóâàíèõ âiðóñiâ

Fig. 1: Range-frequency dependences for several studied viruses

äå pr =
fr
N
, N =

∑
r
fr, fr � êiëüêiñòü ïîñëiäîâíîñòåé äëÿ r-ãî ðàíãó.

Ñòàòèñòè÷íà åíòðîïiÿ ¹ îäíèì iç ïàðàìåòðiâ äëÿ êëàñèôiêàöi¨ ðîçïîäiëó íóêëåî-
òèäíèõ ïîñëiäîâíîñòåé ó âiðóñíèõ ÐÍÊ [9,19]. Ðàçîì ç íåþ ñåðåä ïàðàìåòðiâ ìîæíà
âèäiëèòè ñåðåäí¹ çíà÷åííÿ äîâæèíè ïîñëiäîâíîñòi (ïåðøèé öåíòðàëüíèé ìîìåíò):

m1 =
1

N

∑
i

Li, (4)

äå N � êiëüêiñòü ïîñëiäîâíîñòåé íóêëåîòèäiâ ó ãåíîìi, Li � êiëüêiñòü íóêëåîòèäiâ
äëÿ i-¨ ïîñëiäîâíîñòi. Çðîçóìiëî, ùî x ìà¹ äîâæèíó L = 0. Íàñòóïíèì ïàðàìåòðîì
äëÿ öüîãî ðîçïîäiëó áóäå äèñïåðñiÿ ñòàòèñòè÷íîãî ðîçïîäiëó, ùî ¹ ìiðîþ ðîçñiÿííÿ
ñòàòèñòè÷íî¨ âåëè÷èíè âiäíîñíî ñåðåäíüîãî çíà÷åííÿ ðîçïîäiëó, ¨¨ òàêîæ íàçèâàþòü
äðóãèì öåíòðàëüíèì ìîìåíòîì [20,21]:

m2 =
1

N

∑
i

(Li −m1)
2
. (5)

Êîåôiöi¹íò äèñïåðñi¨ îçíà÷èìî òàê:

d =
m2

m1 − 1
. (6)

Ïiñëÿ ïðîâåäåííÿ îá÷èñëåíü îòðèìàíî ñòàòèñòè÷íi ïàðàìåòðè, ùî íàâåäåíi ó òà-
áëèöi 2.
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Òàáë. 1: Ðàíãîâî-÷àñòîòíi ñïèñêè äëÿ äåÿêèõ âiðóñiâ. Òóò r � ðàíã, fr � ÷àñòîòà

Table 1: Rank�frequency lists for some viruses. Here, r is rank and fr stands for frequency

r
Ebola H1N1 hepatitis A HIV-1 SARS-CoV

ïîñë. fr ïîñë. fr ïîñë. fr ïîñë. fr ïîñë. fr

1 x 1978 x 1511 x 692 x 1087 x 2515
2 c 506 g 437 g 212 g 360 c 780
3 g 421 c 340 c 130 c 264 g 538
4 t 352 t 222 t 109 t 221 t 397
5 tc 147 tg 128 tg 69 gg 100 tt 191
6 tt 137 gg 111 tt 57 gc 99 tg 191
7 tg 115 tc 91 gg 46 gt 93 ct 167
8 cc 110 gc 86 tc 43 tt 63 cc 162
9 gg 109 cc 62 ttg 31 cc 60 tc 140
10 gc 92 tgg 52 gc 28 tc 50 gg 139
11 ct 70 ct 51 tgg 22 tg 49 gt 116
12 gt 67 gt 51 cc 22 ct 32 gc 106
13 cg 59 tt 42 ttt 21 tgg 26 ctc 52
14 ttg 55 ttg 40 ttc 19 ggg 25 tgc 52
15 ttt 40 tgc 33 gt 16 gcc 22 tgg 51
16 ttc 37 ggc 28 ctc 14 gct 14 ctg 48
17 ctc 34 ttc 27 tcc 14 ccc 13 ttc 46
18 tcc 32 ggg 26 ct 14 tcc 13 ctt 46
19 gtg 31 cg 23 gct 11 tgt 13 ttg 45
20 ctg 29 ctg 22 tgc 10 gtt 12 ttt 44
. . . . . . . . . . . . . . . . . .

3. ×àñòîòíi ñïåêòðè

Îçíà÷èìî nj ÿê êiëüêiñòü ïîñëiäîâíîñòåé, ùî ìàþòü ÷àñòîòó, ðiâíó j. Òîäi, ïî-
áóäóâàâøè çàëåæíiñòü nj , àïðîêñèìó¹ìî ¨¨ çà ìîäèôiêîâàíèì Áîçå-ðîçïîäiëîì:

nj =
1

z−1X
(

(j−1)γ

T

)
− 1

, (7)

äå X(t) = et,

z =
n1

n1 + 1
, (8)

òóò n1 � íàéáiëüøà êiëüêiñòü ïîñëiäîâíîñòåé äëÿ ïåâíî¨ ÷àñòîòè, à â íàøîìó âèïàä-
êó � êiëüêiñòü ïîñëiäîâíîñòåé, ùî òðàïëÿþòüñÿ ó ðîçïîäiëi ëèøå îäèí ðàç [8].
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Õî÷ i ðîçïîäië (7) ïiäõîäèòü äëÿ àïðîêñèìàöi¨, àëå âñå æ òàêè çàëèøàþòüñÿ ¾õâî-
ñòè¿, ÿêi íå íàêëàäàþòüñÿ íà ðîçïîäië, ùî ïîâ'ÿçàíî çi øâèäêèì ñïàäàííÿìè åêñïî-
íåíòè íà âåëèêèõ çíà÷åííÿõ àðãóìåíòà. Òîìó ëiïøèì âàðiàíòîì äëÿ àïðîêñèìàöi¨
áóäå, íàïðèêëàä, ðîçïîäië òàêîãî âèãëÿäó:

nj =
1

z−1 expκ

(
(j−1)γ

T

)
− 1

, (9)

äå expκ(x) � êàïïà-åêñïîíåíòà Êàíiàäàêiñà [24,25]

expκ(x) =
(√

1 + κ2x2 + κx
) 1

κ
, (10)

ùî çàñòîñîâó¹òüñÿ äëÿ êàíîíi÷íîãî ðîçïîäiëó �iááñà [26], i äîáðå ïiäõîäèòü äëÿ àïðî-
êñèìàöi¨ ÷àñòîòíèõ ñïåêòðiâ [8].

ßê ìîæíà ïîáà÷èòè ç ðèñ. 2, àïðîêñèìàöiÿ çà ðîçïîäiëîì (9) ñïðàâäi áiëüøå
ïiäõîäèòü, íiæ çà (7). Ïiä ÷àñ ðîçðàõóíêiâ äëÿ ïðîñòîòè ââàæà¹ìî, ùî γ = 1.5 i
îá÷èñëþ¹ìî ïàðàìåòðè κ i T . Òåõíi÷íî öå ðåàëiçîâàíî çà äîïîìîãîþ ïðîöåäóðè fit

ó ïðîãðàìi GNUPlot.

Ðèñ. 2: Àïðîêñèìàöiÿ ÷àñòîòíîãî ñïåêòðà äëÿ âiðóñó ñâèíÿ÷îãî ãðèïó (H1N1) çà ðîçïîäi-
ëàìè (7) òà (9). Òðåáà çàçíà÷èòè òàêèé ìîìåíò: ãåíîìè âiðóñiâ ãðèïó ñêëàäàþòüñÿ ç 7�8

ñåãìåíòiâ [27]. Ïiä ÷àñ ðîçðàõóíêiâ ¾ïðîáiëè¿ äîäàíî íà ìåæàõ ñåãìåíòiâ

Fig. 2: Approximation of the frequency spectrum for swine in�uenza virus (H1N1) by distri-
butions (7) and (9). It should be noted that the genomes of in�uenza viruses consist of 7�8

segments [27]. In the calculations, �spaces� are added at the segment boundaries

Ðåçóëüòàòè ðîçðàõóíêiâ ïàðàìåòðiâ κ i T äëÿ äîñëiäæóâàíèõ ó öié ðîáîòi âiðóñiâ
ïðîäåìîíñòðîâàíî íà ðèñ. 3 i â òàáë. 2.
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Òàáë. 2: Ñòàòèñòè÷íi ïàðàìåòðè äëÿ óñiõ äîñëiäæóâàíèõ âiðóñiâ.

Table 2: Statistical parameters for all the studied viruses

Íàçâà îñíîâè N S m1 m2 T κ

Australian bat lyssavirus 11822 3433 3.952 2.720 7.231 81.2 4.20

Ball python nidovirus 33452 11118 3.691 2.338 4.574 167.5 4.03

Coxsackievirus A 7460 2205 3.857 2.657 6.972 45.5 7.57

Coxsackievirus B 7402 2119 3.913 2.776 8.237 43.9 6.83

Dengue 10723 3554 3.520 2.347 5.183 60.5 5.12

Ebola 18962 6056 3.770 2.455 5.598 99.2 4.44

Enterovirus71 7405 2009 4.139 2.948 8.021 54.1 4.86

Feline a-CoV 29355 8572 4.038 2.734 7.524 170.8 2.87

H1N1 13371 4456 3.545 2.340 5.292 66.7 5.50

H3N2 13332 4456 3.518 2.344 5.538 67.6 6.11

H5N1 13559 4438 3.614 2.394 5.333 73.5 7.21

Hantaan 11845 3835 3.662 2.395 5.480 71.2 7.00

HCoV-229E 27317 7421 4.141 2.997 10.324 146.8 3.84

HCoV-HKU1 29926 8332 4.065 2.893 8.350 163.5 3.76

HCoV-NL63 27553 7254 4.208 3.105 10.306 169.6 2.05

HCoV-OC43 30741 8503 4.187 2.907 8.352 183.2 2.84

Hendra henipavirus 18234 6015 3.649 2.337 5.156 88.9 5.42

Hepatitis A 7478 2189 3.713 2.730 8.322 48.7 5.49

Hepatitis C 9646 1890 4.742 4.302 31.255 47.7 4.99

Hepatitis D 1682 340 3.760 4.195 28.428 9.0 5.34

Hepatitis E 7176 1231 4.957 4.984 28.894 32.2 4.66

HIV-1 9181 3273 3.302 2.133 4.347 56.1 4.29

HIV-2 10359 3507 3.412 2.272 5.356 70.9 4.41

HRV-A1 7137 2389 3.461 2.313 5.295 39.8 8.60

HRV-B3 7208 2339 3.582 2.378 5.286 26.1 9.82

HRV-C 6944 2177 3.636 2.488 6.345 43.0 5.99

Japanese encephalitis 10965 3013 4.023 2.930 9.580 53.9 6.93

Kunjin 10795 2955 4.093 2.930 8.698 73.9 4.20

Lassa mammarenavirus 10659 3038 3.900 2.816 8.628 58.7 5.48

Marburgvirus 19114 6256 3.662 2.396 5.418 115.5 3.34

Measles 15894 4639 4.068 2.697 6.702 85.5 5.62

MERS-CoV 30119 7901 4.394 3.089 9.693 171.8 3.08

Mumps 15384 4729 3.867 2.551 5.987 77.2 4.82

Murray Valley encephalitis 11014 3182 3.928 2.761 7.924 70.7 4.41

Nipah 18246 6176 3.580 2.277 4.543 80.6 7.32

Norovirus 7600 2094 3.931 2.919 9.136 42.4 4.85

Phage-MS2 3569 836 4.138 3.528 13.413 22.4 7.59

Planidovirus 41178 16361 3.036 1.885 2.756 143.9 4.80

Poliovirus 7440 2207 3.824 2.654 7.163 29.4 12.88

Puumala 12062 3940 3.608 2.382 5.217 61.2 7.48

Rabies 11928 3419 3.976 2.772 7.784 86.5 3.40

Rift Valley 11979 3343 4.043 2.839 8.221 64.0 7.49

Rubella 9762 1459 5.308 5.831 36.851 49.9 3.44

Saint Louis encephalitis 10939 3194 3.897 2.733 6.917 71.9 3.83

SARS-CoV 29751 8482 4.111 2.804 8.201 165.3 3.00

SARS-CoV-2 29903 8955 3.937 2.661 7.367 153.7 3.42

SFTS 11490 3076 4.135 2.988 8.975 66.1 7.40

Tobacco mosaic 6395 1862 3.806 2.734 7.759 41.2 5.84

West Nile 10962 2997 4.038 2.936 9.576 63.2 6.16

Western equine encephalomyelitis 11484 3251 4.087 2.796 7.635 65.0 7.12

Yellow fever 10862 2964 3.985 2.955 9.866 61.7 4.99

Zika 10794 2992 4.011 2.873 8.163 75.2 3.83
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Ðèñ. 3: Çíà÷åííÿ κ i T äëÿ äîñëiäæóâàíèõ âiðóñiâ

Fig. 3: The values of κ and T for the studied viruses

4. Ìàñøòàáóâàííÿ ïàðàìåòðà T

Àíàëiçóþ÷è çíà÷åííÿ ïàðàìåòðà T , ìîæíà çàóâàæèòè, ùî âîíè áiëüøi äëÿ äîâ-
øèõ ãåíîìiâ. Öå ñïîñòåðåæåííÿ ïiäòâåðäæó¹òüñÿ çîêðåìà çíà÷åííÿì êîåôiöi¹íòà
êîðåëÿöi¨ Ïiðñîíà, ðîçðàõîâàíèì äëÿ ïàðè çìiííèõ T�N :

r(T,N) =

n∑
i=0

(
Ti − 〈T 〉

)(
Ni − 〈N〉

)
√√√√ n∑

i=0

(
Ti − 〈T 〉

)2 n∑
i=0

(
Ni − 〈N〉

)2 , (11)

äå 〈. . .〉 ïîçíà÷à¹ ñåðåäí¹ çíà÷åííÿ âåëè÷èíè. Îá÷èñëåííÿ äà¹ r(T,N) ' 0.87, òîáòî
âêàçó¹ íà âèñîêó êîðåëÿöiþ. Öiêàâî, ùî ïàðàìåòð κ, íà âiäìiíó âiä T , äîâîëi ñëàáî
êîðåëþ¹ ç êiëüêiñòþ ïîñëiäîâíîñòåé N ó ãåíîìi, äî òîãî æ êîðåëÿöiÿ íåãàòèâíà:
r(κ, N) ' −0.42.

Òàêà êîðåëÿöiÿ ìiæ T i N äà¹ ïiäñòàâè ãîâîðèòè ïðî ïåâíå ìàñøòàáóâàííÿ (àáî
¾ñêåéëiíã¿), ïîðiâí. [28],

T = aN b. (12)
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Çíà÷åííÿ ïîêàçíèêà b âèÿâëÿ¹òüñÿ áëèçüêèì äî îäèíèöi, b = 0.92± 0.05. Ðåçóëüòàòè
ðîçðàõóíêiâ ïðîiëþñòðîâàíî íà ðèñ. 4. Óðàõóâàííÿ òàêîãî ìàñøòàáóâàííÿ äà¹ çìîãó
çàïðîïîíóâàòè íà äîäàòîê äî T iíøèé ïàðàìåòð, t = TN−b, ÿêèé íå áóäå ñóòò¹âî
êîðåëþâàòè ç äîâæèíîþ ãåíîìà, ÿê ïîêàçàíî íà ðèñ. 5.
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Ðèñ. 4: Çàëåæíiñòü çíà÷åííÿ ïàðàìåòðà T âiä êiëüêîñòi ïîñëiäîâíîñòåé N ó ãåíîìàõ. Ñó-
öiëüíà ëiíiÿ âiäïîâiäà¹ íàáëèæåííþ (12) iç b = 0.921

Dependence of the value of the parameter T on the number of sequences N in the
genomes. The solid line corresponds to approximation (12) with b = 0.921

5. Îáãîâîðåííÿ

Ìè ïðåäñòàâèëè êiëüêà ïiäõîäiâ äî ïðîñòî¨ ïàðàìåòðèçàöi¨ ÐÍÊ âiðóñiâ íà îñíîâi
àíàëiçó ïîñëiäîâíîñòåé íóêëåîòèäiâ ó âiðóñíèõ ÐÍÊ. Äîäàòêîâî äî àíàëiçîâàíîãî ðà-
íiøå íàáîðó ïàðàìåòðiâ, ùî âêëþ÷à¹ åíòðîïi¨ òà ñåðåäíi äîâæèíè ïîñëiäîâíîñòåé [9],
ó öié ïðàöi çàñòîñîâàíî àïðîêñèìàöiþ òàê çâàíèõ ÷àñòîòíèõ ñïåêòðiâ çà äîïîìîãîþ
ìîäèôiêîâàíîãî ðîçïîäiëó Áîçå [8]. Ìè òàêîæ ðîçøèðèëè ïî÷àòêîâó áàçó äàíèõ iç
30 äî 52 âiðóñiâ.

Íàâåäåíi ðåçóëüòàòè âêàçóþòü íà òå, ùî ñõîæi âiðóñè çíàõîäÿòüñÿ áëèæ÷å îäèí
äî îäíîãî. Çîêðåìà, ç ðèñ. 3 ìîæíà ïîìiòèòè, ùî âiðóñè ç ðîäèíè êîðîíàâiðóñiâ çíà-
õîäÿòüñÿ ðàçîì, îêðåìiøå âiä iíøèõ âiðóñiâ; äëÿ íèõ ïðèòàìàííi âåëèêi çíà÷åííÿ T
òà ìàëi çíà÷åííÿ κ, òàêîæ ¨õ ìîæíà êëàñèôiêóâàòè çà ïàðàìåòðàìè, ùî íàâåäåíi
â òàáë. 2, îñêiëüêè äëÿ íèõ ïðèòàìàííà íåâåëèêà ðîçáiæíiñòü çà öèìè ïàðàìåòðà-
ìè. Ïîäiáíå ñïîñòåðiãà¹ìî òàêîæ äëÿ ïðåäñòàâíèêiâ ðîäèíè ôiëîâiðóñiâ � Ebola- òà
Marburgvirus.

Ç iíøîãî áîêó, ïîòðiáíî ìàòè íà óâàçi, ùî êëàñèôiêàöiÿ òàêèõ ñêëàäíèõ îá'¹êòiâ
çà äâîìà ïàðàìåòðàìè ìîæå áóòè ëèøå äîïîìiæíèì iíñòðóìåíòîì äëÿ âèçíà÷åííÿ



80

Ì. Ãóñ¹â, À. Ðîâåí÷àê

ISSN 1024-588X. Âiñíèê Ëüâiâñüêîãî óíiâåðñèòåòó. Ñåðiÿ ôiçè÷íà. 2021. Âèï. 58

 1

 2

 3

 4

 5

 6

 7

 8

 9

 10

0.015 0.020 0.025 0.030 0.035 0.040 0.045 0.050 0.055 0.060 0.065

æ

T N
−b
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ðèñ. 3. Âiðóñ ïîëiîìi¹ëiòó ïåðåáóâà¹ ïîçà ìåæàìè âåðòèêàëüíîãî äiàïàçîíó

Fig. 5: The values of κ and t = TN−b for the studied viruses. The notations are the same as in
Fig. 3. The polio virus is outside the vertical range

ñõîæîñòi âèäiâ, òîáòî ç áëèçüêîñòi çíà÷åíü ïàðàìåòðiâ áåçïîñåðåäíüî íå âèïëèâà¹
ïîäiáíiñòü îðãàíiçìiâ. Ñïðàâäi, òàêå çîáðàæåííÿ ¹ ëèøå ïðî¹êöi¹þ íà äâîâèìiðíó
ïëîùèíó òî÷îê ïåâíîãî áàãàòîâèìiðíîãî ïðîñòîðó, äå êîîðäèíàòàìè âèñòóïàþòü çíà-
÷åííÿ ðiçíîìàíiòíèõ ïàðàìåòðiâ [9].

Íàêîïè÷åííÿ äàíèõ ïðî ïàðàìåòðè ðîçïîäiëó íóêëåîòèäíèõ ïîñëiäîâíîñòåé â
ÐÍÊ ðiçíèõ âiðóñiâ ñïðèÿòèìå ðîçøèðåííþ áàçè ïîðiâíÿëüíèõ äîñëiäæåíü, i â ìîæå
ñòàòè äîïîìiæíèì ìàòåðiàëîì äëÿ ïîäàëüøîãî âèâ÷åííÿ öèõ âiðóñiâ òà ¨õ âëàñòèâî-
ñòåé [9, 19].
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of nucleotide sequences in virus RNAs
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The paper analyzes the parameterization of rank�frequency distributi-
ons and frequency spectra of nucleotide sequences in viral RNA de�-
ned in a special way. To achieve homogeneity of data, we analyze
genomes of 52 single-stranded RNA viruses only. Such sequences are
obtained by replacing the most frequent nucleotide in the genome wi-
th a separator (�space�). This can be illustrated as follows. The sequence
aacctaccactcaccctagcattacttatatgatatgtctccatacccattacaatc, with adeni-
ne (a) being the most frequent nucleotide, becomes x cct cc ctc ccct gc tt

ctt t tg t tgtctcc t ccc tt c x tc. Note that a zero-length sequence named
x is inserted between two consecutive adenines. Based on the rank-frequency
distributions, the following parameters are calculated: entropy, mean sequence
length, sequence length variance, variance coe�cient.
The frequency spectraNj are de�ned as the number of di�erent sequences within
a particular genome having absolute frequency exactly equal to j. They are �tted
by a modi�ed Bose distribution, in which the ordinary exponential is replaced wi-

th the Kaniadakis kappa-exponential expκ(x) =
(√

1 + κ2x2 + κx
) 1

κ . Such an
approach allows to more accurately reproduce the observed �tails� of the distri-
butions. The calculated values of the �tting parameters, κ and T , demonstrate
moderate grouping of related species. We also observed that there exists a
high positive correlation between T and the genome length N (measured as
the number of de�ned nucleotide sequences). The �tting with the function
T = aN b over all the 52 genomes yielded b = 0.92 ± 0.05, so another classi-
�cation parameter, t = TN−b was suggested.
We expect that the proposed parameters may be useful for future studies, for
example, by correlating their values with other characteristics of viruses.

Key words: RNA virus, nucleotide sequence, rank-frequency distribution,
frequency spectrum, Kaniadakis kappa-exponential, modi�ed Bose-distribution.


