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êÓÎ¸ ‚ÚÓË˜ÌÓÈ ÒÚÛÍÚÛ˚ êçä ‚ ÏÓÎÂÍÛÎfl-
ÌÓÈ ·ËÓÎÓ„ËË ÚÛ‰ÌÓ ÔÂÂÓˆÂÌËÚ¸. ÇÚÓË˜Ì‡fl
ÒÚÛÍÚÛ‡ êçä ÓÔÂ‰ÂÎflÂÚÒfl ÂÂ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸-
ÌÓÒÚ¸˛ Ë, ‚ Ò‚Ó˛ Ó˜ÂÂ‰¸, ÓÔÂ‰ÂÎflÂÚ ÂÂ ÔÓ-
ÒÚ‡ÌÒÚ‚ÂÌÌÛ˛ ÒÚÛÍÚÛÛ. éÌ‡ Ë„‡ÂÚ ÒÛ˘ÂÒÚ‚ÂÌ-
ÌÛ˛, ‡ ‚Ó ÏÌÓ„Ëı ÒÎÛ˜‡flı ÓÔÂ‰ÂÎfl˛˘Û˛ ÓÎ¸
‰Îfl ÂÂ ÙÛÌÍˆËÓÌËÓ‚‡ÌËfl. äÎ‡ÒÒË˜ÂÒÍËÏ ÔËÏÂ-
ÓÏ ÓÎË ‚ÚÓË˜ÌÓÈ ÒÚÛÍÚÛ˚ êçä fl‚Îfl˛ÚÒfl
Úêçä [1, 2] Ë êçä [3]. éÌ‡ ‚‡ÊÌ‡ ‰Îfl ÙÛÌÍˆËÓ-
ÌËÓ‚‡ÌËfl Ë·ÓÁËÏÓ‚ [4], ÛÔ‡ÍÓ‚ÍË ‚ËÛÒÓ‚,
Ò·ÓÍË ‡ÁÎË˜Ì˚ı Ë·ÓÌÛÍÎÂËÌÓ‚˚ı ÍÓÏÔÎÂÍÒÓ‚
[5], ÙÓÏËÓ‚‡ÌËfl ‡ÁÎË˜Ì˚ı ÒË„Ì‡ÎÓ‚, Ì‡ÔË-
ÏÂ, ÒË„Ì‡ÎÓ‚ ‚ÌÛÚÂÌÌÂÈ ËÌËˆË‡ˆËË Ú‡ÌÒÎflˆËË
[6]. Ç ÔÓÒÎÂ‰ÌÂÂ ‚ÂÏfl ‚ÒÂ flÒÌÂÂ ÒÚ‡ÌÓ‚ËÚÒfl ÓÎ¸
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ÒÚÛÍÚÛ˚ êçä ‰Îfl ‡ÁÌÓ„Ó Ó‰‡ Â„ÛÎflÚÓÌ˚ı
ÒËÒÚÂÏ. á‰ÂÒ¸ ÒÎÂ‰ÛÂÚ ÛÔÓÏflÌÛÚ¸ Â„ÛÎflˆË˛ Ì‡
ÛÓ‚ÌÂ ÏËÍÓêçä [7], Ë·ÓÔÂÂÍÎ˛˜‡ÚÂÎË [8, 9],
ÍÓÚÓ˚Â ‚ ÔÓÒÎÂ‰ÌÂÂ ‚ÂÏfl ÔË‚ÎÂÍ‡˛Ú ‚ÒÂ ·ÓÎ¸-
¯ÂÂ ‚ÌËÏ‡ÌËÂ ËÒÒÎÂ‰Ó‚‡ÚÂÎÂÈ.

á‡‰‡˜‡ ÔÂ‰ÒÍ‡Á‡ÌËfl ÒÚÛÍÚÛ êçä ÔÓ ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚË – Ó‰Ì‡ ËÁ ÍÎ‡ÒÒË˜ÂÒÍËı Á‡‰‡˜ ·ËÓ-
ËÌÙÓÏ‡ÚËÍË. èË ‡Á‡·ÓÚÍÂ ‡ÁÎË˜Ì˚ı ÏÂÚÓ-
‰Ó‚ ÔÂ‰ÒÍ‡Á‡ÌËfl ‚ ·ËÓËÌÙÓÏ‡ÚËÍÂ ÌÂÓ·ıÓ‰ËÏÓ
ËÏÂÚ¸ “ÁÓÎÓÚÓÈ ÒÚ‡Ì‰‡Ú” – ÏÌÓÊÂÒÚ‚Ó Ó·˙ÂÍÚÓ‚,
‰Îfl ÍÓÚÓ˚ı ËÁ ˝ÍÒÔÂËÏÂÌÚ‡ ËÁ‚ÂÒÚÌÓ Ô‡‚ËÎ¸-
ÌÓÂ Â¯ÂÌËÂ. Ç ÒÎÛ˜‡Â ÔÂ‰ÒÍ‡Á‡ÌËfl ‚ÚÓË˜ÌÓÈ
ÒÚÛÍÚÛ˚ êçä ‚ Í‡˜ÂÒÚ‚Â “ÁÓÎÓÚÓ„Ó ÒÚ‡Ì‰‡Ú‡”
˜‡ÒÚÓ ÔËÌflÚÓ ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ıÓÓ¯Ó ËÁ‚ÂÒÚÌÛ˛
‚ÚÓË˜ÌÛ˛ ÒÚÛÍÚÛÛ Úêçä. 
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èÂ‰ÒÍ‡Á‡ÌËÂ ‚ÚÓË˜ÌÓÈ ÒÚÛÍÚÛ˚ êçä – Ó‰Ì‡ ËÁ ÍÎ‡ÒÒË˜ÂÒÍËı ÔÓ·ÎÂÏ ·ËÓËÌÙÓÏ‡ÚËÍË. ç‡Ë-
·ÓÎÂÂ ˝ÙÙÂÍÚË‚Ì˚Â ÔÓ‰ıÓ‰˚ Í ˝ÚÓÈ ÔÓ·ÎÂÏÂ ÓÒÌÓ‚‡Ì˚ Ì‡ Ë‰ÂÂ Ò‡‚ÌËÚÂÎ¸ÌÓ„Ó ‡Ì‡ÎËÁ‡. é·˚˜ÌÓ
ËÒÔÓÎ¸ÁÛÂÚÒfl ÏÌÓÊÂÒÚ‚ÂÌÌÓÂ ‚˚‡‚ÌË‚‡ÌËÂ ËÒÒÎÂ‰ÛÂÏ˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ Ë ‚ ÌÂÏ Ë˘ÂÚÒfl Ó·-
˘‡fl ‚ÚÓË˜Ì‡fl ÒÚÛÍÚÛ‡. Ç ÒÚ‡Ú¸Â ÓÔËÒ‡Ì ÌÓ‚˚È ‡Î„ÓËÚÏ Â¯ÂÌËfl ˝ÚÓÈ Á‡‰‡˜Ë. ÄÎ„ÓËÚÏ ÌÂ ÚÂ-
·ÛÂÚ Á‡‡ÌÂÂ ÓÔÂ‰ÂÎÂÌÌÓ„Ó ÏÌÓÊÂÒÚ‚ÂÌÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl. éÒÌÓ‚Ì‡fl Ë‰Âfl ‡Î„ÓËÚÏ‡ ÓÒÌÓ‚‡Ì‡ Ì‡
åÖåÖ-ÔÓ‰Ó·ÌÓÈ ËÚÂ‡ÚË‚ÌÓÈ ÔÓˆÂ‰ÛÂ, ÔËÏÂÌflÂÏÓÈ Í Ó·Ó·˘ÂÌÌÓÏÛ ÔÓÙËÎ˛ Ì‡ ‡ÁÌ˚ı ÛÓ‚Ìflı.
ç‡ ÔÂ‚ÓÏ ÛÓ‚ÌÂ Ë˘ÛÚÒfl Ó·˘ËÂ ·ÎÓÍË ‚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflı êçä. ç‡ ÒÎÂ‰Û˛˘ÂÏ ˝Ú‡ÔÂ ‡Î„ÓËÚÏ
ÛÚÓ˜ÌflÂÚ ˆÂÔÓ˜ÍË ËÁ Ó·˘Ëı ·ÎÓÍÓ‚. ç‡ ÔÓÒÎÂ‰ÌÂÏ ˝Ú‡ÔÂ ‡Î„ÓËÚÏ Ë˘ÂÚ ÏÌÓÊÂÒÚ‚‡ Ó·˘Ëı ÒÔË‡ÎÂÈ,
ÒÓ„Î‡ÒÓ‚‡ÌÌ˚ı Ò ·ÎÓÍ‡ÏË ‚˚‡‚ÌË‚‡ÌËfl. ÄÎ„ÓËÚÏ ÚÂÒÚËÓ‚‡ÎÒfl Ì‡ ÏÌÓÊÂÒÚ‚Â Úêçä, ÒÓ‰ÂÊ‡˘ÂÏ
‰ÓÔÓÎÌËÚÂÎ¸Ì˚Â ÏÛÒÓÌ˚Â ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË, Ë Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflı Ë·ÓÔÂÂÍÎ˛˜‡ÚÂÎÂÈ

 

RFN

 

. ÄÎ„ÓËÚÏ Â‡ÎËÁÓ‚‡Ì ‚ ‚Ë‰Â ‚Â·-ÒÂ‚Â‡ (

 

http

 

://

 

bioinf

 

.

 

fbb

 

.

 

msu

 

.

 

ru

 

/

 

RNAAlign

 

/).

 

äÎ˛˜Â‚˚Â ÒÎÓ‚‡

 

: ‚ÚÓË˜Ì‡fl ÒÚÛÍÚÛ‡ êçä, ÏÌÓÊÂÒÚ‚ÂÌÌÓÂ ‚˚‡‚ÌË‚‡ÌËÂ, ÔÂ‰ÒÍ‡Á‡ÌËÂ.

 

A

 

 

 

METHOD

 

 

 

FOR

 

 

 

PREDICTION

 

 

 

OF

 

 

 

CONSERVED

 

 

 

RNA

 

 

 

SECONDARY

 

 

 

STRUCTURES

 

, 

 

by

 

 

 

A

 

. 

 

A

 

. 

 

Mi-
ronov

 

1, 2

 

*

 

 (

 

1

 

Department

 

 

 

of

 

 

 

Bioengineering

 

 

 

and

 

 

 

Bioinformatics

 

, 

 

Moscow

 

 

 

State

 

 

 

University

 

, 

 

Moscow

 

, 119992

 

Russia

 

, *

 

e

 

-

 

mail

 

: 

 

mironov

 

@

 

bioinf

 

.

 

fbb

 

.

 

msu

 

.

 

ru

 

; 

 

2

 

Kharkevich Institute

 

 

 

for

 

 

 

Information

 

 

 

Transmission

 

 

 

Problems

 

,

 

Russian

 

 

 

Academy

 

 

 

of

 

 

 

Sciences

 

, 

 

Moscow

 

, 127994 

 

Russia

 

). 

 

The

 

 

 

RNA

 

 

 

secondary

 

 

 

structure

 

 

 

prediction

 

 

 

is

 

 

 

a

 

 

 

classical
problem

 

 

 

in

 

 

 

bioinformatics

 

. 

 

The

 

 

 

most

 

 

 

efficient

 

 

 

approach

 

 

 

to

 

 

 

this

 

 

 

problem

 

 

 

is

 

 

 

based

 

 

 

on

 

 

 

the

 

 

 

idea

 

 

 

of

 

 

 

a

 

 

 

comparative
analysis

 

. 

 

In

 

 

 

this

 

 

 

approach

 

 

 

the

 

 

 

algorithms

 

 

 

utilize

 

 

 

multiple

 

 

 

alignment

 

 

 

of

 

 

 

the

 

 

 

RNA

 

 

 

sequences

 

 

 

and

 

 

 

find

 

 

 

common
RNA

 

 

 

structure

 

. 

 

This

 

 

 

paper

 

 

 

describes

 

 

 

a

 

 

 

new

 

 

 

algorithm

 

 

 

for

 

 

 

this

 

 

 

task

 

. 

 

This

 

 

 

algorithm

 

 

 

does

 

 

 

not

 

 

 

require

 

 

 

predefined
multiple

 

 

 

alignment. The main idea of the algorithm is based on MEME-like iterative searching of abstract pro-
file on different levels. On the first level the algorithm searches the common blocks in the RNA sequences and
creates chain of this blocks. On the next step the algorithm refines the chain of common blocks. On the last
stage the algorithm searches sets of common helices that have consistent locations relative to common blocks.
The algorithm was tested on sets of tRNA with a subset of junk sequences and on RFN riboswitches. The al-
gorithm is implemented as a web server (http://bioinf.fbb.msu.ru/RNAAlign/).

Key words: RNA secondary structure, multiple alignment, prediction.
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åËÓÌÓ‚

ÑÎfl Â¯ÂÌËfl Á‡‰‡˜Ë ÔÂ‰ÒÍ‡Á‡ÌËfl ‚ÚÓË˜Ì˚ı
ÒÚÛÍÚÛ êçä ÔËÏÂÌflÎË ‡ÁÎË˜Ì˚Â ÔÓ‰ıÓ‰˚.
ç‡Ë·ÓÎ¸¯Û˛ ÔÓÔÛÎflÌÓÒÚ¸ ÔËÓ·ÂÎË ÏÂÚÓ‰˚,
ÓÒÌÓ‚‡ÌÌ˚Â Ì‡ ÏËÌËÏËÁ‡ˆËË ˝ÌÂ„ËË [10, 11]. Ç
ÓÒÌÓ‚Â ˝ÚËı ÔÓ‰ıÓ‰Ó‚ ÎÂÊËÚ Ë‰Âfl Ó ÚÓÏ, ˜ÚÓ Ô‡-
‚ËÎ¸Ì‡fl ‚ÚÓË˜Ì‡fl ÒÚÛÍÚÛ‡ êçä ‰ÓÎÊÌ‡ ·˚Ú¸
ÚÂÏÓ‰ËÌ‡ÏË˜ÂÒÍË Ì‡Ë·ÓÎÂÂ ÒÚ‡·ËÎ¸ÌÓÈ Ë, ÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓ, Ó·Î‡‰‡Ú¸ Ì‡ËÏÂÌ¸¯ÂÈ Ò‚Ó·Ó‰ÌÓÈ ˝ÌÂ-
„ËÂÈ. èË Â¯ÂÌËË Á‡‰‡˜Ë ÏËÌËÏËÁ‡ˆËË ˝ÌÂ„ËË
ÌÂÓ·ıÓ‰ËÏ˚ Ô‡‚ËÎ‡ ÔÓ‰Ò˜ÂÚ‡ ˝ÌÂ„ËË ‰Îfl Î˛-
·ÓÈ ÒÚÛÍÚÛ˚ Ë ˝ÙÙÂÍÚË‚Ì˚È ‡Î„ÓËÚÏ ÏËÌË-
ÏËÁ‡ˆËË ˝ÌÂ„ËË. ë‰ÂÎ‡ÌÓ ÏÌÓ„Ó ÔÓÔ˚ÚÓÍ ÔÓ-
ÒÚÓÂÌËfl Ô‡‚ËÎ ÔÓ‰Ò˜ÂÚ‡ Ò‚Ó·Ó‰ÌÓÈ ˝ÌÂ„ËË Ì‡
ÓÒÌÓ‚Â ÏÌÓÊÂÒÚ‚‡ ˝ÍÒÔÂËÏÂÌÚ‡Î¸Ì˚ı ‰‡ÌÌ˚ı
[12], ÒÓÁ‰‡Ì˚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ˝ÙÙÂÍÚË‚Ì˚Â ‡Î-
„ÓËÚÏ˚, ÓÒÌÓ‚‡ÌÌ˚Â Ì‡ ‰ËÌ‡ÏË˜ÂÒÍÓÏ ÔÓ„‡Ï-
ÏËÓ‚‡ÌËË. ïÓÚfl ˝ÚË ÏÂÚÓ‰˚ ˜‡ÒÚÓ ËÒÔÓÎ¸ÁÛ˛Ú-
Òfl, Ó‰Ì‡ÍÓ Ëı ÔËÏÂÌÂÌËÂ Í “ÁÓÎÓÚÓÏÛ ÒÚ‡Ì‰‡ÚÛ”
ÔÓÍ‡Á˚‚‡ÂÚ ÌÂ Ó˜ÂÌ¸ ıÓÓ¯ËÂ ÂÁÛÎ¸Ú‡Ú˚ [13]. ì
˝ÚÓ„Ó ÏÓÊÂÚ ·˚Ú¸ ÌÂÒÍÓÎ¸ÍÓ ÔË˜ËÌ. ÇÓ-ÔÂ‚˚ı,
ÓÔÚËÏ‡Î¸Ì‡fl ÒÚÛÍÚÛ‡ ÏÓÊÂÚ ·˚Ú¸ ÓÚ‰ÂÎÂÌ‡ ÓÚ
‰ÓÒÚÛÔÌÓ„Ó ÔÓÒÚ‡ÌÒÚ‚‡ ‚˚ÒÓÍËÏ ˝ÌÂ„ÂÚË˜Â-
ÒÍËÏ ·‡¸ÂÓÏ, Ì‡ ÔÂÓ‰ÓÎÂÌËÂ ÍÓÚÓÓ„Ó Ì‡‰Ó
ÔÓÚ‡ÚËÚ¸ ‚ÂÏfl, ÔÂ‚˚¯‡˛˘ÂÂ ‚ÂÏfl ÊËÁÌË ÏÓ-
ÎÂÍÛÎ˚, Ë ÔÓ˝ÚÓÏÛ ·ËÓÎÓ„Ë˜ÂÒÍË ‡ÍÚË‚Ì‡fl ÒÚÛÍ-
ÚÛ‡ ÌÂ Ó·flÁ‡ÚÂÎ¸ÌÓ ÓÔÚËÏ‡Î¸Ì‡. ÇÓ-‚ÚÓ˚ı, ÔË
‡Ò˜ÂÚÂ ˝ÌÂ„ËÈ ÒÚÛÍÚÛ Û˜ËÚ˚‚‡ÂÚÒfl ÚÓÎ¸ÍÓ
˜‡ÒÚ¸ ‚Á‡ËÏÓ‰ÂÈÒÚ‚ËÈ, ‡ ÁÌ‡˜ËÚÂÎ¸Ì‡fl ̃ ‡ÒÚ¸ ̋ ÌÂ-
„ÂÚË˜ÂÒÍËı ‚ÍÎ‡‰Ó‚ Ë„ÌÓËÛÂÚÒfl – Ì‡ÔËÏÂ,
ÚÂÚË˜Ì˚Â ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl, ‚Á‡ËÏÓ‰ÂÈÒÚ‚Ëfl Ò
‰Û„ËÏË ÏÓÎÂÍÛÎ‡ÏË Ë Ú.Ô. ÖÒÚ¸ fl‰ ‰Û„Ëı ‡Î„Ó-
ËÚÏÓ‚ ÔÓËÒÍ‡ ÓÔÚËÏ‡Î¸ÌÓÈ ÒÚÛÍÚÛ˚, ËÒÔÓÎ¸ÁÛ-
˛˘Ëı ÏÂÚÓ‰˚ ÒÚÓı‡ÒÚË˜ÂÒÍÓÈ ÓÔÚËÏËÁ‡ˆËË (Ì‡-
ÔËÏÂ, „ÂÌÂÚË˜ÂÒÍËÂ ‡Î„ÓËÚÏ˚ [14, 15]), ÔÓÁ‚Ó-
Îfl˛˘ËÂ, ‚ ˜‡ÒÚÌÓÒÚË, Û˜ËÚ˚‚‡Ú¸ ÔÒÂ‚‰ÓÛÁÎ˚.

ÑÛ„ÓÈ ÔÓ‰ıÓ‰ ÓÒÌÓ‚‡Ì Ì‡ ‡Ì‡ÎËÁÂ ÍËÌÂÚËÍË
Ò‚Ó‡˜Ë‚‡ÌËfl êçä ‚ ÔÓˆÂÒÒÂ ÂÂ ÒËÌÚÂÁ‡ [16–18].
èË ˝ÚÓÏ, ‚ ÓÚÎË˜ËÂ ÓÚ ÏÂÚÓ‰Ó‚ ÏËÌËÏËÁ‡ˆËË,
Ë˘ÛÚÒfl ÌÂ Ì‡Ë·ÓÎÂÂ ÒÚ‡·ËÎ¸Ì˚Â ÒÚÛÍÚÛ˚, ‡
ÒÚÛÍÚÛ˚, ÍËÌÂÚË˜ÂÒÍË ‰ÓÒÚÛÔÌ˚Â ‰Îfl Ò‚Ó‡˜Ë-
‚‡ÌËfl, ÔÓÒÍÓÎ¸ÍÛ ÏÓÊÌÓ ÔÂ‰ÔÓÎÓÊËÚ¸, ̃ ÚÓ ÓÔÚË-
Ï‡Î¸Ì‡fl ÒÚÛÍÚÛ‡ ÏÓÊÂÚ ·˚Ú¸ ÓÚ‰ÂÎÂÌ‡ ÓÚ ÍËÌÂ-
ÚË˜ÂÒÍË ‰ÓÒÚÛÔÌÓÈ Ó˜ÂÌ¸ ‚˚ÒÓÍËÏ ˝ÌÂ„ÂÚË˜Â-
ÒÍËÏ ·‡¸ÂÓÏ. ÑÎfl ˝ÚËı ÔÓ‰ıÓ‰Ó‚ ÔÓÍ‡ ÌÂ
ÔÓ‚Ó‰ËÎÓÒ¸ Ï‡ÒÒÓ‚Ó„Ó ‡Ì‡ÎËÁ‡, Ó‰Ì‡ÍÓ, ÌÂÒÏÓÚ-
fl Ì‡ ÙËÁË˜ÂÒÍÛ˛ flÒÌÓÒÚ¸ ÔÓ‰ıÓ‰‡, ̋ ÚÓÚ ÏÂÚÓ‰ ÒÓ-
‰ÂÊËÚ ‚ ÒÂ·Â ‰Ó‚ÓÎ¸ÌÓ ÏÌÓ„Ó ÌÂÛ˜ÚÂÌÌ˚ı Ù‡Í-
ÚÓÓ‚. èÓ˝ÚÓÏÛ ÏÓÊÌÓ ÔÂ‰ÔÓÎÓÊËÚ¸, ˜ÚÓ ÓÌ
‰‡ÒÚ ÌÂÒÍÓÎ¸ÍÓ ÎÛ˜¯ËÂ ÂÁÛÎ¸Ú‡Ú˚, ÌÓ ‰Ó ÔÓÎÌÓ-
„Ó Â¯ÂÌËfl ÔÓ·ÎÂÏ˚ Â˘Â ‰‡ÎÂÍÓ. 

ç‡ÍÓÌÂˆ, ÚÂÚËÈ ÔÓ‰ıÓ‰ ÏÓÊÌÓ Ì‡Á‚‡Ú¸ “·ËÓ-
ÎÓ„Ë˜ÂÒÍËÏ”. éÌ ÓÒÌÓ‚‡Ì Ì‡ Ë‰ÂÂ, ˜ÚÓ ·ËÓÎÓ„Ë˜Â-
ÒÍË ‚‡ÊÌ˚Â ‚ÚÓË˜Ì˚Â ÒÚÛÍÚÛ˚ ‰ÓÎÊÌ˚ ÒÓı‡-
ÌflÚ¸Òfl ‚ ÔÓˆÂÒÒÂ ˝‚ÓÎ˛ˆËË. èË Ú‡ÍÓÏ ÔÓ‰ıÓ‰Â
‡Ì‡ÎËÁËÛÂÚÒfl ÌÂ Ó‰Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸, ‡
ÏÌÓÊÂÒÚ‚Ó ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ, ‚˚ÔÓÎÌfl˛˘Ëı
Ó‰ÌÛ ·ËÓÎÓ„Ë˜ÂÒÍÛ˛ ÓÎ¸. ùÚÓÚ ÔÓ‰ıÓ‰ ÔÓÁ‚ÓÎËÎ
ÔÂ‰ÒÍ‡Á‡Ú¸ ÒÚÛÍÚÛ˚ ÏÌÓÊÂÒÚ‚‡ êçä, ‚ÍÎ˛˜‡fl
Úêçä, êçä, Ë·ÓÔÂÂÍÎ˛˜‡ÚÂÎË, Ë ÏÌÓÊÂÒÚ‚Ó

‰Û„Ëı. Ç ÓÒÌÓ‚Â ˝ÚÓ„Ó ÔÓ‰ıÓ‰‡ ÎÂÊËÚ ‡Ì‡ÎËÁ
ÏÌÓÊÂÒÚ‚ÂÌÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ-
ÒÚÂÈ Ë Ó·Ì‡ÛÊÂÌËÂ ‚ ˝ÚÓÏ ‚˚‡‚ÌË‚‡ÌËË ÍÓÏÔÂÌ-
Ò‡ÚÓÌ˚ı Á‡ÏÂÌ, ÒÓı‡Ìfl˛˘Ëı ìÓÚÒÓÌ-äËÍÓ‚-
ÒÍÓÂ ÒÔ‡Ë‚‡ÌËÂ. ç‡Ë·ÓÎÂÂ ÔÓÔÛÎflÌ˚Ï ‡Î„ÓËÚ-
ÏÓÏ, Â‡ÎËÁÛ˛˘ËÏ ˝ÚÓÚ ÏÂÚÓ‰, ÒÎÛÊËÚ ‡Ì‡ÎËÁ
ÍÓ‚‡Ë‡ˆËÈ ‚ ‡ÁÌ˚ı ÔÓÁËˆËflı [19], Ó‰Ì‡ ËÁ Â‡-
ÎËÁ‡ˆËÈ Ú‡ÍÓ„Ó ÏÂÚÓ‰‡ ÔÂ‰ÒÚ‡‚ÎÂÌ‡ Ì‡ ÒÂ‚ÂÂ ht-
tp://www.genebee.msu.su/services/rna2_reduced.html.
èËÏÂÌÂÌËÂ ̋ ÚÓ„Ó ÏÂÚÓ‰‡ ‚˚Á˚‚‡ÂÚ fl‰ ÔÓ·ÎÂÏ.
ùÚÓ, ÔÂÊ‰Â ‚ÒÂ„Ó, ÔÓÒÚÓÂÌËÂ Ô‡‚ËÎ¸ÌÓ„Ó ‚˚-
‡‚ÌË‚‡ÌËfl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ, ˜ÚÓ ÌÂ ‚ÒÂ„‰‡
Û‰‡ÂÚÒfl. ç‡ÔËÏÂ, ÔÓÒÚÓÂÌËÂ ÏÌÓÊÂÒÚ‚ÂÌÌÓ„Ó
‚˚‡‚ÌË‚‡ÌËfl Úêçä Ì‡ ÌÂÍÓÚÓ˚ı ‚˚·ÓÍ‡ı Ò
ÔÓÏÓ˘¸˛ ÔÓ„‡ÏÏ˚ CLUSTAL ÔË‚Ó‰ËÚ Á‡˜‡-
ÒÚÛ˛ Í ÌÂÔ‡‚ËÎ¸ÌÓÏÛ ‚˚‡‚ÌË‚‡ÌË˛, ˜ÚÓ, ‚
Ò‚Ó˛ Ó˜ÂÂ‰¸, ÌÂ ÔÓÁ‚ÓÎflÂÚ ‚ÓÒÒÚ‡ÌÓ‚ËÚ¸ ÍÓÌÒÂ-
‚‡ÚË‚ÌÛ˛ ÒÚÛÍÚÛÛ. á‰ÂÒ¸ ÒÛ˘ÂÒÚ‚ÂÌÌÛ˛ ÓÎ¸
Ë„‡˛Ú Ô‡‚ËÎ¸Ì˚Â ˝‚ÓÎ˛ˆËÓÌÌ˚Â ‡ÒÒÚÓflÌËfl
ÏÂÊ‰Û ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflÏË. ÖÒÎË ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚË ÒÎË¯ÍÓÏ ·ÎËÁÍË, ÚÓ ‚˚‡‚ÌË‚‡ÌËÂ
ÒÚÓËÚÒfl Ì‡‰ÂÊÌÓ, ÌÓ ‡ÁÌÓÓ·‡ÁËÂ ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚÂÈ ÒÎË¯ÍÓÏ Ï‡ÎÓ ‰Îfl ‡Ò˜ÂÚ‡ ÍÓ‚‡Ë‡-
ˆËÈ. ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ÒÎË¯ÍÓÏ ‰‡ÎÂÍËÂ ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÌÂ ÔÓÁ‚ÓÎfl˛Ú ÔÓÒÚÓËÚ¸ Ô‡‚ËÎ¸-
ÌÓÂ ‚˚‡‚ÌË‚‡ÌËÂ. Ç ÎËÚÂ‡ÚÛÂ ‡ÒÒÏ‡ÚË‚‡ÎË Ë
‰Û„ËÂ ÔÓ‰ıÓ‰˚ Í ÔÓ·ÎÂÏÂ ÔÓËÒÍ‡ ÍÓÌÒÂ‚‡ÚË‚-
Ì˚ı ‚ÚÓË˜Ì˚ı ÒÚÛÍÚÛ. í‡Í, ‚ ‡·ÓÚ‡ı [20, 21]
‰Îfl ÓÔËÒ‡ÌËfl Ë ÔÓËÒÍ‡ ÍÓÌÒÂ‚‡ÚË‚Ì˚ı ‚ÚÓË˜-
Ì˚ı ÒÚÛÍÚÛ ÔËÏÂÌfl˛ÚÒfl ÍÓÌÚÂÍÒÚÌÓ-Ò‚Ó·Ó‰-
Ì˚Â „‡ÏÏ‡ÚËÍË. é‰Ì‡ÍÓ ‰Îfl ÔÓËÒÍ‡ Ô‡‡ÏÂÚÓ‚
ÒÚÓı‡ÒÚË˜ÂÒÍËı ÍÓÌÚÂÍÒÚÌÓ-Ò‚Ó·Ó‰Ì˚ı „‡ÏÏ‡-
ÚËÍ ÚÂ·ÛÂÚÒfl ‰ÓÒÚ‡ÚÓ˜ÌÓ ·ÓÎ¸¯ÓÂ ÍÓÎË˜ÂÒÚ‚Ó
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ. Ç ‡·ÓÚ‡ı [22, 23] ËÒÔÓÎ¸-
ÁÛÂÚÒfl ÓÔÚËÏ‡Î¸Ì‡fl ‚ÚÓË˜Ì‡fl ÒÚÛÍÚÛ‡ ‰Îfl
Í‡Ê‰ÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË, ÍÓÚÓ˚Â Á‡ÚÂÏ Ò‡‚-
ÌË‚‡˛ÚÒfl, Ë Ì‡ıÓ‰flÚÒfl Ó·˘ËÂ ÔÓ‰ÒÚÛÍÚÛ˚.
á‰ÂÒ¸ ÒÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ÔÓËÒÍ ÓÔÚËÏ‡Î¸ÌÓÈ
(‚ ÒÏ˚ÒÎÂ Ò‚Ó·Ó‰ÌÓÈ ˝ÌÂ„ËË) ÒÚÛÍÚÛ˚, ‚Ó-ÔÂ-
‚˚ı, ÔÂ‰ÒÚ‡‚ÎflÂÚ ÒÓ·ÓÈ ‰ÓÒÚ‡ÚÓ˜ÌÓ ÚÛ‰ÌÛ˛ Á‡-
‰‡˜Û ‰Îfl ‚˚˜ËÒÎÂÌËÈ, ‡ ‚Ó-‚ÚÓ˚ı, ˜‡ÒÚÓ ÔË‚Ó-
‰ËÚ Í ÌÂÔ‡‚ËÎ¸Ì˚Ï ÒÚÛÍÚÛ‡Ï. 

Ç Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚÂ ÔÂ‰ÎÓÊÂÌ ÏÂÚÓ‰ ÔÓËÒÍ‡
ÍÓÌÒÂ‚‡ÚË‚Ì˚ı ‚ÚÓË˜Ì˚ı ÒÚÛÍÚÛ, ÓÒÌÓ‚‡Ì-
Ì˚È Ì‡ ‡Ì‡ÎËÁÂ ÏÌÓÊÂÒÚ‚‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ.
èÂ‚˚Ï ˝Ú‡ÔÓÏ ‡Î„ÓËÚÏ‡ fl‚ÎflÂÚÒfl ÔÓÒÚÓÂÌËÂ
ÏÌÓÊÂÒÚ‚ÂÌÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl, Ó‰Ì‡ÍÓ, ‚ ÓÚÎË-
˜ËÂ ÓÚ Ú‡‰ËˆËÓÌÌ˚ı ÔÓ‰ıÓ‰Ó‚, ÏÌÓÊÂÒÚ‚ÂÌÌÓÂ
‚˚‡‚ÌË‚‡ÌËÂ ‰ÓÔÛÒÍ‡ÂÚ ÌÂ‚˚‡‚ÌÂÌÌ˚Â Û˜‡ÒÚÍË
‚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflı. ùÚÓ ÔÓÁ‚ÓÎflÂÚ ‡ÒÒÏ‡ÚË-
‚‡Ú¸ ·ÓÎÂÂ ‰‡ÎÂÍËÂ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË. ç‡ÎË˜ËÂ
ÌÂ‚˚‡‚ÌÂÌÌ˚ı Û˜‡ÒÚÍÓ‚ ÌÂ ÔÓÁ‚ÓÎflÂÚ Ì‡ÔflÏÛ˛
ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ÍÓ‚‡Ë‡ˆËË. ÇÏÂÒÚÓ ˝ÚÓ„Ó ÏÂÚÓ‰
Ë˘ÂÚ ÒÔËÒÍË ÔÓÚÂÌˆË‡Î¸Ì˚ı ÒÔË‡ÎÂÈ, ÒÓ„Î‡ÒÓ‚‡Ì-
Ì˚ı Ò ‚˚‡‚ÌË‚‡ÌËÂÏ. ÄÎ„ÓËÚÏ Â‡ÎËÁÓ‚‡Ì ‚ ‚Ë‰Â
web-ÒÂ‚Â‡ (http://bioinf.fbb.msu.ru/RNAAlign/). 
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Ç ÓÒÌÓ‚Â ‡Î„ÓËÚÏ‡ ÎÂÊËÚ ÏÌÓ„ÓÍ‡ÚÌÓÂ (Ì‡
‡ÁÌ˚ı ÛÓ‚Ìflı) ÔËÏÂÌÂÌËÂ ÏÂÚÓ‰‡ ÔÓËÒÍ‡ ÒË„-
Ì‡ÎÓ‚ MEME. óÚÓ·˚ ÔÓflÒÌËÚ¸ ÓÒÌÓ‚ÌÛ˛ Ë‰Â˛
‡Î„ÓËÚÏ‡ MEME, ‚‚Â‰ÂÏ ÔÓÌflÚËÂ Ó·Ó·˘ÂÌÌÓ„Ó
ÔÓÙËÎfl. èÓ‰ Ó·Ó·˘ÂÌÌ˚Ï ÔÓÙËÎÂÏ ·Û‰ÂÏ ÔÓ-
ÌËÏ‡Ú¸ Ô‡‚ËÎÓ, ÒÓ„Î‡ÒÌÓ ÍÓÚÓÓÏÛ ÌÂÍÓÚÓÓÈ
ÒÚÛÍÚÛÂ Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÒÚ‡‚ËÚÒfl ‚ ÒÓÓÚ-
‚ÂÚÒÚ‚ËÂ ˜ËÒÎÓ, ÍÓÚÓÓÂ Ó·˚˜ÌÓ Ì‡Á˚‚‡˛Ú ‚ÂÒÓÏ
ÒÚÛÍÚÛ˚. ÑÛ„ËÏ ‚‡ÊÌ˚Ï Ò‚ÓÈÒÚ‚ÓÏ Ó·Ó·˘ÂÌ-
ÌÓ„Ó ÔÓÙËÎfl fl‚ÎflÂÚÒfl ÚÓ, ˜ÚÓ Â„Ó ÏÓÊÌÓ ÔÓÒÚÓ-
ËÚ¸ ÔÓ Ì‡·ÓÛ ÒÚÛÍÚÛ Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflı. Ç
Í‡˜ÂÒÚ‚Â ÔËÏÂÓ‚ ÔÓÙËÎÂÈ ÏÓÊÌÓ ÔË‚ÂÒÚË
ÒÚ‡Ì‰‡ÚÌÛ˛ ÔÓÁËˆËÓÌÌÛ˛ ‚ÂÒÓ‚Û˛ Ï‡ÚËˆÛ (‚
˝ÚÓÏ ÒÎÛ˜‡Â ‚ Í‡˜ÂÒÚ‚Â ÒÚÛÍÚÛ˚ ËÒÔÓÎ¸ÁÛÂÚÒfl ÔÓ-
ÁËˆËfl ÒÎÓ‚‡ Á‡‰‡ÌÌÓÈ ‰ÎËÌ˚ Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ-
ÒÚË), ËÎË HMM ÔÓÙËÎ¸ (‚ Í‡˜ÂÒÚ‚Â ÒÚÛÍÚÛ˚ ‡Ò-
ÒÏ‡ÚË‚‡ÂÚÒfl Ù‡„ÏÂÌÚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË Ò ÛÍ‡-
Á‡ÌËÂÏ ‚ÒÚ‡‚ÓÍ Ë ‰ÂÎÂˆËÈ). Ç ˝ÚÓÈ ‡·ÓÚÂ Ï˚ ·Û‰ÂÏ
ËÒÔÓÎ¸ÁÓ‚‡Ú¸ Ë ‰Û„ËÂ ÓÔÂ‰ÂÎÂÌËfl ÔÓÙËÎÂÈ. 

ÉÓ‚Ófl ·ÓÎÂÂ ÙÓÏ‡Î¸ÌÓ: ÒÚÛÍÚÛÓÈ Ì‡ ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË Ì‡Á˚‚‡ÂÚÒfl ÌÂÍÓÚÓ˚È Ì‡-
·Ó ÔÓÁËˆËÈ. èÓÙËÎÂÏ Ì‡Á˚‚‡ÂÚÒfl ÓÚÓ·‡ÊÂÌËÂ
P : S  R, ÔË˜ÂÏ ‰Îfl Î˛·Ó„Ó ÌÂÔÛÒÚÓ„Ó ÏÌÓÊÂ-
ÒÚ‚‡ ÒÚÛÍÚÛ Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflı {S} ÏÓÊÌÓ
ÔÓÒÚÓËÚ¸ ÔÓÙËÎ¸: {S}  P. ç‡ËÎÛ˜¯ËÏ Ì‡ÎÓ-
ÊÂÌËÂÏ ÔÓÙËÎfl P Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ ËÎË
Ì‡ËÎÛ˜¯ËÏ ‚ıÓÊ‰ÂÌËÂÏ ÔÓÙËÎfl ‚ ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚ¸ ·Û‰ÂÏ Ì‡Á˚‚‡Ú¸ Ú‡ÍÛ˛ ÒÚÛÍÚÛÛ S* Ì‡
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË, ÍÓÚÓ‡fl Ó·ÂÒÔÂ˜Ë‚‡ÂÚ Ì‡Ë-
·ÓÎ¸¯ËÈ ‚ÂÒ: S* = .

éÒÌÓ‚Ì‡fl Ë‰Âfl ‡Î„ÓËÚÏ‡ ÒÓÒÚÓËÚ ‚ ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÏ (ËÚÂ‡ÚË‚ÌÓÏ) ÛÚÓ˜ÌÂÌËË ÔÓÙËÎfl:

1. èÛÒÚ¸ Ì‡ ÔÂ‚ÓÏ ˝Ú‡ÔÂ Ï˚ ËÏÂÂÏ ÔÓÙËÎ¸. 
2. ç‡ıÓ‰ËÏ Ì‡ Í‡Ê‰ÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË

ÒÚÛÍÚÛÛ, Ó·ÂÒÔÂ˜Ë‚‡˛˘Û˛ Ï‡ÍÒËÏ‡Î¸ÌÓÂ ÁÌ‡-
˜ÂÌËÂ P. 

3. èÓ Ì‡·ÓÛ Ì‡ËÎÛ˜¯Ëı ‚ıÓÊ‰ÂÌËÈ ‚˚˜ËÒÎfl-
ÂÏ ÌÓ‚˚È ÔÓÙËÎ¸.

4. ÖÒÎË ÌÓ‚˚È ÔÓÙËÎ¸ ÌÂ ÓÚÎË˜‡ÂÚÒfl ÓÚ
ÔÂ‰˚‰Û˘Â„Ó, ËÎË, ÂÒÎË ËÒ˜ÂÔ‡ÌÓ Á‡‡ÌÂÂ ÓÔÂ-
‰ÂÎÂÌÌÓÂ ˜ËÒÎÓ ËÚÂ‡ˆËÈ, ÚÓ Á‡Í‡Ì˜Ë‚‡ÂÏ ÔÓ-
ˆÂÒÒ, ËÌ‡˜Â ÔÂÂıÓ‰ËÏ Í Ô. 2.

Ç ÂÁÛÎ¸Ú‡ÚÂ ‡Î„ÓËÚÏ‡ ÔÓÎÛ˜‡ÂÏ ÌÂÍËÈ ÎÓ-
Í‡Î¸ÌÓ ÓÔÚËÏ‡Î¸Ì˚È ÔÓÙËÎ¸. ê‡ÁÛÏÂÂÚÒfl, ÌÂ
‰Îfl Î˛·Ó„Ó ÓÔÂ‰ÂÎÂÌËfl ÔÓÙËÎfl ˝ÚÓÚ ‡Î„ÓËÚÏ
ÒıÓ‰ËÚÒfl, ÌÓ ‚ ·ÓÎ¸¯ËÌÒÚ‚Â ‡ÁÛÏÌ˚ı ÒÎÛ˜‡Â‚
ÏÓÊÌÓ ÔÓÍ‡Á‡Ú¸ Â„Ó ÒıÓ‰ËÏÓÒÚ¸. 

Ç ˆÂÎÓÏ ‡Î„ÓËÚÏ ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ËÚ¸ ‚ ‚Ë‰Â
ÌÂÒÍÓÎ¸ÍËı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸Ì˚ı ˝Ú‡ÔÓ‚. 

1. èÓËÒÍ ÍÓÌÒÂ‚‡ÚË‚Ì˚ı ·ÎÓÍÓ‚. 
2. èÓÒÚÓÂÌËÂ ˆÂÔÓ˜ÂÍ ÍÓÌÒÂ‚‡ÚË‚Ì˚ı ·ÎÓ-

ÍÓ‚. ùÚË ˆÂÔÓ˜ÍË fl‚Îfl˛ÚÒfl ÏÌÓÊÂÒÚ‚ÂÌÌ˚Ï ‚˚-
‡‚ÌË‚‡ÌËÂÏ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ. ì˜‡ÒÚÍË ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ, ÌÂ ÔÓÍ˚Ú˚Â ·ÎÓÍ‡ÏË, ÏÓ„ÛÚ
‡ÒÒÏ‡ÚË‚‡Ú¸Òfl Í‡Í ÌÂ‚˚‡‚ÌÂÌÌ˚Â Ù‡„ÏÂÌÚ˚.

P S( )
S

maxarg

3. èÓËÒÍ ÔÓÚÂÌˆË‡Î¸Ì˚ı ÒÔË‡ÎÂÈ.
4. èÓËÒÍ ÍÓÌÒÂ‚‡ÚË‚Ì˚ı (ÒÓ„Î‡ÒÓ‚‡ÌÌ˚ı Ò

·ÎÓÍ‡ÏË) ÒÔË‡ÎÂÈ – “ÍÓÎÓÌÓÍ ÒÔË‡ÎÂÈ”. 
ç‡ Í‡Ê‰ÓÏ ˝Ú‡ÔÂ ËÒÔÓÎ¸ÁÛÂÚÒfl Ò‚ÓÂ ÓÔÂ‰ÂÎÂ-

ÌËÂ ÔÓÙËÎfl – Ì‡ ÔÂ‚ÓÏ ˝Ú‡ÔÂ ˝ÚÓ ·Û‰ÂÚ ÒÚ‡Ì-
‰‡ÚÌ‡fl ‚ÂÒÓ‚‡fl Ï‡ÚËˆ‡, Ì‡ ‚ÚÓÓÏ ˝Ú‡ÔÂ ÔÓ-
ÙËÎ¸ ·Û‰ÂÚ ÓÔËÒ˚‚‡Ú¸ ˆÂÔÓ˜ÍÛ ËÁ ÍÓÌÒÂ‚‡ÚË‚-
Ì˚ı ·ÎÓÍÓ‚, Ì‡ ˜ÂÚ‚ÂÚÓÏ ˝Ú‡ÔÂ ÔÓÙËÎ¸ ·Û‰ÂÚ
ÓÔËÒ˚‚‡Ú¸ ÍÓÌÒÂ‚‡ÚË‚Ì˚Â ÒÔË‡Î¸Ì˚Â Û˜‡ÒÚÍË.

èÓËÒÍ ÍÓÌÒÂ‚‡ÚË‚Ì˚ı ·ÎÓÍÓ‚

Ç Í‡˜ÂÒÚ‚Â ÔÓÙËÎfl Pw ËÒÔÓÎ¸ÁÛÂÚÒfl ÒÚ‡Ì‰‡Ú-
Ì‡fl ‚ÂÒÓ‚‡fl Ï‡ÚËˆ‡.

éÔÂ‰ÂÎÂÌËÂ 1. αl-ÅÎÓÍÓÏ ·Û‰ÂÏ Ì‡Á˚‚‡Ú¸ ÒÓ-
‚ÓÍÛÔÌÓÒÚ¸ Ù‡„ÏÂÌÚÓ‚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ
Ó‰ËÌ‡ÍÓ‚ÓÈ ‰ÎËÌ˚ l. èË ˝ÚÓÏ: 1) ‚ Í‡Ê‰ÓÈ ËÁ ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ÏÓÊÂÚ ·˚Ú¸ ÌÂ ·ÓÎÂÂ Ó‰ÌÓ„Ó
Ù‡„ÏÂÌÚ‡, ÔËÌ‡‰ÎÂÊ‡˘Â„Ó ·ÎÓÍÛ; 2) ‰ÓÎfl ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ, ÒÓ‰ÂÊ‡˘Ëı Ù‡„ÏÂÌÚ˚, ÔË-
Ì‡‰ÎÂÊ‡˘ËÂ Ó‰ÌÓÏÛ ·ÎÓÍÛ, ÒÓÒÚ‡‚ÎflÂÚ ÌÂ ÏÂÌÂÂ α
(α ≤ 1). ÅÎÓÍ ÓÔÂ‰ÂÎflÂÚÒfl ‰ÎËÌÓÈ Ù‡„ÏÂÌÚ‡ l Ë
Ì‡·ÓÓÏ ÔÓÁËˆËÈ {pi}. ÑÎfl ·ÎÓÍ‡ ÏÓÊÌÓ ÓÔÂ‰Â-
ÎËÚ¸ ˜ËÒÎÓ, ı‡‡ÍÚÂËÁÛ˛˘ÂÂ Â„Ó Í‡˜ÂÒÚ‚Ó, Ì‡-
ÔËÏÂ, ÔÓÎÌÓÂ ËÌÙÓÏ‡ˆËÓÌÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ.

èÓËÒÍ ÍÓÌÒÂ‚‡ÚË‚Ì˚ı ·ÎÓÍÓ‚ ÓÒÛ˘ÂÒÚ‚ÎflÂÚ-
Òfl Ò ÔÓÏÓ˘¸˛ ÒÚ‡Ì‰‡ÚÌÓ„Ó ‡Î„ÓËÚÏ‡ MEME
[24]. á‡‰‡ÂÏÒfl ‰ÎËÌÓÈ ·ÎÓÍ‡. Ñ‡ÎÂÂ ‰Îfl Í‡Ê‰Ó„Ó
ÒÎÓ‚‡ Á‡‰‡ÌÌÓÈ ‰ÎËÌ˚ ËÁ Í‡Ê‰ÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸-
ÌÓÒÚË ‚˚ÔÓÎÌflÂÏ ÒÎÂ‰Û˛˘Û˛ ÔÓˆÂ‰ÛÛ. 1. èÓ
Ó‰ÌÓÏÛ ÒÎÓ‚Û ÒÚÓËÏ ˜‡ÒÚÓÚÌ˚È ÔÓÙËÎ¸ Ò Û˜Â-
ÚÓÏ ÔÒÂ‚‰ÓÒ˜ÂÚ˜ËÍÓ‚ [25]. 2. á‡ÚÂÏ ‚ Í‡Ê‰ÓÈ ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË Ë˘ÂÏ Ì‡ËÎÛ˜¯ÂÂ ‚ıÓÊ‰ÂÌËÂ,
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÂ ÔÓÙËÎ˛. ÖÒÎË Ì‡ËÎÛ˜¯ÂÂ
‚ıÓÊ‰ÂÌËÂ ËÏÂÂÚ ‚ÂÒ ÏÂÌ¸¯Â Á‡‰‡ÌÌÓ„Ó ÁÌ‡˜ÂÌËfl,
ÚÓ ÓÌÓ ‚ ÙÓÏËÓ‚‡ÌËË ÔÓÙËÎfl ÌÂ Û˜‡ÒÚ‚ÛÂÚ.
3. èÓ ˝ÚËÏ ‚ıÓÊ‰ÂÌËflÏ ÒÚÓËÏ ÌÓ‚˚È ÔÓÙËÎ¸.
4. ÔÂÂıÓ‰ËÏ Í Ô. 2. èÓˆÂÒÒ Á‡Í‡Ì˜Ë‚‡ÂÚÒfl ÔË
ÒıÓ‰ËÏÓÒÚË ËÎË ÔË ËÒ˜ÂÔ‡ÌËË Á‡‰‡ÌÌÓ„Ó ˜ËÒÎ‡
ËÚÂ‡ˆËÈ (Ó·˚˜ÌÓ 3–5). Ç ÂÁÛÎ¸Ú‡ÚÂ ˝ÚÓÈ ÔÓˆÂ-
‰Û˚ Ï˚ ÔÓÎÛ˜‡ÂÏ ·ÓÎ¸¯ÓÂ ÍÓÎË˜ÂÒÚ‚Ó ·ÎÓÍÓ‚,
ÏÌÓ„ËÂ ËÁ ÍÓÚÓ˚ı ·ÂÒÒÏ˚ÒÎÂÌÌ˚. á‡‰‡‚¯ËÒ¸ ÔÓ-
Ó„ÓÏ Ì‡ ËÌÙÓÏ‡ˆËÓÌÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ ·ÎÓÍ‡,
ÏÓÊÌÓ ÓÚÓ·‡Ú¸ Ì‡Ë·ÓÎÂÂ ÁÌ‡˜ËÏ˚Â ·ÎÓÍË. 

èÓÒÚÓÂÌËÂ ˆÂÔÓ˜ÂÍ

éÔÂ‰ÂÎÂÌËÂ 2. ÅÎÓÍ B1 Ì‡Á˚‚‡ÂÚÒfl β-ÔÂ‰-
¯ÂÒÚ‚Û˛˘ËÏ ·ÎÓÍÛ B2, ÂÒÎË ‰ÓÎfl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸-
ÌÓÒÚÂÈ, ‚ ÍÓÚÓ˚ı ÔÂ‰ÒÚ‡‚ÎÂÌ˚ Ù‡„ÏÂÌÚ˚ Ó·Ó-
Ëı ·ÎÓÍÓ‚, ÒÓÒÚ‡‚ÎflÂÚ ÌÂ ÏÂÌÂÂ β Ë ‚ ÍÓÚÓ˚ı ÔÓ-
ÁËˆËË Ù‡„ÏÂÌÚÓ‚ ÔÂ‚Ó„Ó ·ÎÓÍ‡ B1 ÏÂÌ¸¯Â ÔÓÁË-
ˆËÈ Ù‡„ÏÂÌÚÓ‚ ‚ÚÓÓ„Ó ·ÎÓÍ‡ B2 ÒÓÒÚ‡‚Îfl˛Ú ÌÂ
ÏÂÌÂÂ β (β ≤ 1). Ç ̋ ÚÓÏ ÒÎÛ˜‡Â ·Û‰ÂÏ „Ó‚ÓËÚ¸, ̃ ÚÓ
B1 <β B2. Ñ‚‡ ·ÎÓÍ‡ Ì‡Á˚‚‡˛ÚÒfl β-Ò‡‚ÌËÏ˚ÏË, ÂÒ-
ÎË Ó‰ËÌ ËÁ ÌËı β-ÔÂ‰¯ÂÒÚ‚ÛÂÚ ‰Û„ÓÏÛ. 

éÚÏÂÚËÏ, ˜ÚÓ ÓÔÂ‰ÂÎÂÌËÂ 2 ÌÂ Á‡‰‡ÂÚ ˜‡ÒÚË˜-
ÌÓ„Ó ÔÓfl‰Í‡ Ì‡ ÏÌÓÊÂÒÚ‚Â ·ÎÓÍÓ‚, ÔÓÒÍÓÎ¸ÍÛ ËÁ
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åËÓÌÓ‚

ÛÒÎÓ‚ËÈ B1 <β B2 Ë B2 <β B3 ÌÂ ÒÎÂ‰ÛÂÚ, ˜ÚÓ B1 <β B3,
Ú.Â. ÌÂ ‚˚ÔÓÎÌflÂÚÒfl ÛÒÎÓ‚ËÂ Ú‡ÌÁËÚË‚ÌÓÒÚË.

éÔÂ‰ÂÎÂÌËÂ 3. β-ˆÂÔÓ˜ÍÓÈ ·ÎÓÍÓ‚ Ì‡Á˚‚‡ÂÚÒfl
ÛÔÓfl‰Ó˜ÂÌÌ˚È Ï‡ÒÒË‚ ·ÎÓÍÓ‚ {Bi} Ú‡ÍÓÈ, ̃ ÚÓ ‰Îfl
Î˛·Ó„Ó i < j Bi <β Bj. ÇÂÒ β-ˆÂÔÓ˜ÍË ÓÔÂ‰ÂÎflÂÚÒfl
Í‡Í ÒÛÏÏ‡ ‚ÂÒÓ‚ ·ÎÓÍÓ‚, ÂÂ ÒÓÒÚ‡‚Îfl˛˘Ëı.

éÔÂ‰ÂÎÂÌËÂ 4. β-ˆÂÔÓ˜Í‡ C = {Ci} Ì‡Á˚‚‡ÂÚÒfl
β-ÔÂ‰¯ÂÒÚ‚Û˛˘ÂÈ ·ÎÓÍÛ B, ÂÒÎË ‰Îfl Î˛·Ó„Ó
˝ÎÂÏÂÌÚ‡ ˆÂÔÓ˜ÍË Ci ‚˚ÔÓÎÌflÂÚÒfl Ci <β B. 

ç‡ ÓÒÌÓ‚Â ˝ÚËı ÓÔÂ‰ÂÎÂÌËÈ ÏÓÊÌÓ ÔÓÒÚÓËÚ¸
‡Î„ÓËÚÏ ÔÓËÒÍ‡ β-ˆÂÔÓ˜ÍË Ì‡Ë·ÓÎ¸¯Â„Ó ‚ÂÒ‡.
éÔÂ‰ÂÎËÏ ÓËÂÌÚËÓ‚‡ÌÌ˚È „‡Ù (ËÒ. 1): Í‡Ê-
‰ÓÏÛ ·ÎÓÍÛ ÔÓÒÚ‡‚ËÏ ‚ ÒÓÓÚ‚ÂÚÒÚ‚ËÂ ‚Â¯ËÌÛ. àÁ
‚Â¯ËÌ˚ A ‚ ‚Â¯ËÌÛ B ÔÓ‚Ó‰ËÚÒfl Â·Ó, ÂÒÎË
A <β B. á‡‰‡˜‡ Á‡ÍÎ˛˜‡ÂÚÒfl ‚ ÔÓËÒÍÂ Ò‡ÏÓ„Ó ÏÓ˘-
ÌÓ„Ó ÔÛÚË ‚ ˝ÚÓÏ „‡ÙÂ, ÒÓÒÚÓfl˘ÂÏ ËÁ β-‚Á‡ËÏÌÓ-
ÒÓ‚ÏÂÒÚËÏ˚ı ‚Â¯ËÌ (·ÎÓÍÓ‚). åÓÊÌÓ ÔËÏÂ-
ÌËÚ¸ ÒÚ‡Ì‰‡ÚÌ˚È ‡Î„ÓËÚÏ ÔÓËÒÍ‡ ‚ „ÎÛ·ËÌÛ,
ÔË˜ÂÏ Ì‡ Í‡Ê‰ÓÏ ¯‡„Â ÔÓËÒÍ‡ ‚ „ÎÛ·ËÌÛ ÔÓ-
ÒÏ‡ÚË‚‡˛ÚÒfl ÚÓÎ¸ÍÓ ÚÂ ‚Â¯ËÌ˚, ÍÓÚÓ˚Â ÒÓ‚-
ÏÂÒÚËÏ˚ Ò ÔÂ‰˚‰Û˘ËÏË ‚Â¯ËÌ‡ÏË. ç‡ËÎÛ˜¯ËÈ
ÔÛÚ¸ ÏÓÊÌÓ Ì‡ÈÚË, ÔÓ‚ÂË‚ Í‡Ê‰Û˛ ‚Â¯ËÌÛ
„‡Ù‡ ‚ Í‡˜ÂÒÚ‚Â ÒÚ‡ÚÓ‚ÓÈ. ê‡ÁÛÏÂÂÚÒfl, ˝ÚÓÚ ‡Î-
„ÓËÚÏ ÏÓÊÌÓ ÓÔÚËÏËÁËÓ‚‡Ú¸, ÌÓ Ó·˚˜ÌÓ ÍÓÎË-
˜ÂÒÚ‚Ó ‚Â¯ËÌ ‚ ÓÔËÒ‡ÌÌÓÏ „‡ÙÂ ÌÂ‚ÂÎËÍÓ, Ë ÔÓ-
ËÒÍ ÓÔÚËÏ‡Î¸ÌÓ„Ó ÔÛÚË ÏÓÊÌÓ ÔÓ‚ÂÒÚË ‰ÓÒÚ‡-
ÚÓ˜ÌÓ ·˚ÒÚÓ. 

ê‡ÁÂ¯ÂÌËÂ ÔÓÚË‚ÓÂ˜ËÈ. èÓÒÍÓÎ¸ÍÛ ÓÔÂ‰Â-
ÎÂÌËÂ β-ˆÂÔÓ˜ÍË ‰ÓÔÛÒÍ‡ÂÚ ÌÂ·ÓÎ¸¯ÓÂ ÔÓÚË‚ÓÂ-
˜ËÂ ‚ ÔÓfl‰ÍÂ ÒÎÂ‰Ó‚‡ÌËfl Ù‡„ÏÂÌÚÓ‚ ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚÂÈ: ÂÒÎË ‰‚‡ ·ÎÓÍ‡ A <β B, ÚÓ ‚ ÌÂÒÍÓÎ¸ÍËı
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflı ‰ÓÔÛÒÚËÏÓ, ˜ÚÓ Ù‡„ÏÂÌÚ˚,
ÔËÌ‡‰ÎÂÊ‡˘ËÂ A, ÎÂÊ‡Ú Ô‡‚ÂÂ Ù‡„ÏÂÌÚÓ‚, ÔË-
Ì‡‰ÎÂÊ‡˘Ëı B. í‡ÍÓÂ ÏÓÊÂÚ ‚ÓÁÌËÍÌÛÚ¸, ÂÒÎË ‡Î-
„ÓËÚÏ ÔÓËÒÍ‡ ·ÎÓÍÓ‚ ‰ÓÔÛÒÚËÎ Ó¯Ë·ÍÛ. óÚÓ·˚
‚ÓÒÒÚ‡ÌÓ‚ËÚ¸ ÒÓ„Î‡ÒÓ‚‡ÌÌÓÒÚ¸, ËÒÔÓÎ¸ÁÛÂÚÒfl ÒÎÂ-

‰Û˛˘ËÈ ‡Î„ÓËÚÏ. ä‡Ê‰ÓÏÛ Ù‡„ÏÂÌÚÛ ÔÓÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓÒÚË ËÁ ÍÓÎÓÌÍË (ÒÎÓ‚Û) ÏÓÊÌÓ ÒÓÔÓÒÚ‡-
‚ËÚ¸ ̃ ËÒÎÓ Nerr – ÍÓÎË˜ÂÒÚ‚Ó ÍÓÎÓÌÓÍ, Ò ÍÓÚÓ˚ÏË
Ì‡Û¯ÂÌ‡ ÒÓ„Î‡ÒÓ‚‡ÌÌÓÒÚ¸. Ç˚·Ë‡ÂÏ ÒÎÓ‚Ó Ò
Ì‡Ë·ÓÎ¸¯ËÏ ÁÌ‡˜ÂÌËÂÏ Nerr Ë ˝ÚÓ ÒÎÓ‚Ó Û‰‡ÎflÂÏ
ËÁ ·ÎÓÍ‡. èÓˆÂ‰Û‡ ÔÓ‚ÚÓflÂÚÒfl ‰Ó ÚÂı ÔÓ, ÔÓÍ‡
ÌÂ ËÒ˜ÂÁÌÛÚ ‚ÒÂ ÔÓÚË‚ÓÂ˜Ëfl. 

Ç ÂÁÛÎ¸Ú‡ÚÂ ÔÂ‰˚‰Û˘ÂÈ ÔÓˆÂ‰Û˚ ÔÓÎÛ˜Â-
Ì‡ ˆÂÔÓ˜Í‡ ÌÂÔÓÚË‚ÓÂ˜Ë‚˚ı ·ÎÓÍÓ‚. çÂÍÓÚÓ-
˚Â ·ÎÓÍË ÏÓ„ÛÚ ÔÂÂÒÂÍ‡Ú¸Òfl. ÖÒÎË ‡ÒÒÚÓflÌËfl
ÏÂÊ‰Û ÒÎÓ‚‡ÏË ÔÂÂÒÂÍ‡˛˘ËıÒfl ·ÎÓÍÓ‚ ÔÓÒÚÓflÌ-
Ì˚, ÚÓ ˝ÚË ·ÎÓÍË fl‚Îfl˛ÚÒfl ˜‡ÒÚflÏË ·ÎÓÍ‡ ·ÓÎ¸-
¯Â„Ó ‡ÁÏÂ‡ Ë Ëı ÏÓÊÌÓ Ó·˙Â‰ËÌËÚ¸. ÖÒÎË ÊÂ
‡ÒÒÚÓflÌËfl ÏÂÊ‰Û ÒÎÓ‚‡ÏË ÌÂÔÓÒÚÓflÌÌ˚, ÚÓ ÓÌË
˜‡ÒÚË˜ÌÓ ÔÓÚË‚ÓÂ˜Ë‚˚ Ì‡ ÌÛÍÎÂÓÚË‰ÌÓÏ ÛÓ‚-
ÌÂ. ÇÒÂ ·ÎÓÍË, ÍÓÚÓ˚Â ËÏÂ˛Ú ÔÓÚË‚ÓÂ˜Ëfl,
ÏÓÊÌÓ ÔÂ‰ÒÚ‡‚ËÚ¸ Í‡Í ÒÓ‚ÓÍÛÔÌÓÒÚ¸ ÍÓÎÓÌÓÍ
(ÍÓÎÓÌÍÓÈ Ì‡Á˚‚‡˛ÚÒfl ·ÎÓÍË Ò ‰ÎËÌÓÈ ÒÎÓ‚‡ 1).
íÂÔÂ¸ ÏÓÊÌÓ ÔÓÒÚÓËÚ¸ ÌÂÔÓÚË‚ÓÂ˜Ë‚Û˛ ˆÂ-
ÔÓ˜ÍÛ ÍÓÎÓÌÓÍ Ï‡ÍÒËÏ‡Î¸ÌÓ„Ó ËÌÙÓÏ‡ˆËÓÌÌÓ„Ó
ÒÓ‰ÂÊ‡ÌËfl, ËÒÔÓÎ¸ÁÛfl ÛÊÂ ÓÔËÒ‡ÌÌ˚È ‡Î„ÓËÚÏ.
á‡ÚÂÏ ÒÓÒÂ‰ÌËÂ ÍÓÎÓÌÍË ÏÓÊÌÓ ÓÔflÚ¸ ÒÓ·‡Ú¸ ‚
·ÎÓÍË. 

ìÚÓ˜ÌÂÌËÂ ‚˚‡‚ÌË‚‡ÌËfl
äÓÏ·ËÌËÓ‚‡ÌÌ˚È ÔÓÙËÎ¸. àÚ‡Í, Ï˚ ÔÓÎÛ˜Ë-

ÎË ˆÂÔÓ˜ÍÛ ÌÂÔÓÚË‚ÓÂ˜Ë‚˚ı ·ÎÓÍÓ‚. èÓ ÌËÏ
ÏÓÊÌÓ ÔÓÒÚÓËÚ¸ ÍÓÏ·ËÌËÓ‚‡ÌÌ˚È ÔÓÙËÎ¸.
èÓÙËÎ¸ Í‡Ê‰Ó„Ó ·ÎÓÍ‡ ÓÔÂ‰ÂÎflÂÚÒfl Í‡Í Ó·˚˜-
Ì‡fl ÔÓÁËˆËÓÌÌ‡fl ‚ÂÒÓ‚‡fl Ï‡ÚËˆ‡. ç‡ÎÓÊÂÌËÂ
ÍÓÏ·ËÌËÓ‚‡ÌÌÓ„Ó ÔÓÙËÎfl Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸-
ÌÓÒÚ¸ ÓÔÂ‰ÂÎflÂÚÒfl Ì‡·ÓÓÏ ÔÓÁËˆËÈ {posi} Í‡Ê-
‰Ó„Ó ·ÎÓÍ‡ Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË. ÇÂÒ W Ú‡ÍÓ„Ó
Ì‡ÎÓÊÂÌËfl ÏÓÊÌÓ ÓÔÂ‰ÂÎËÚ¸ Í‡Í ÒÛÏÏÛ ‚ÂÒÓ‚
ÔÓÙËÎÂÈ ·ÎÓÍÓ‚ ÏËÌÛÒ ÌÂÍÓÚÓ˚È ¯Ú‡Ù Á‡ ‰Â-
ÎÂˆËË D({posi}), Á‡‚ËÒfl˘ËÈ ÓÚ ‡ÒÒÚÓflÌËÈ ÏÂÊ‰Û

a

·

êËÒ. 1. äÓÌÒÂ‚‡ÚË‚Ì˚Â ·ÎÓÍË Ë ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÈ „‡Ù ‰Îfl ÔÓËÒÍ‡ Ì‡ËÎÛ˜¯ÂÈ β-ˆÂÔÓ˜ÍË (β = 0.75). ‡ – çÓÏ‡Î¸Ì˚È
ÒÎÛ˜‡È ·ÂÁ ˆËÍÎÓ‚; · – „‡Ù Ò ˆËÍÎÓÏ.
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Ì‡ÎÓÊÂÌÌ˚ÏË ·ÎÓÍ‡ÏË (‚ÂÒ Á‡ ‰ÂÎÂˆËË ·Û‰ÂÚ
ÓÔÂ‰ÂÎÂÌ ÌËÊÂ):

.

á‡‰‡˜‡ Á‡ÍÎ˛˜‡ÂÚÒfl ‚ ÚÓÏ, ˜ÚÓ·˚ Ì‡ÈÚË Ì‡Ë-
ÎÛ˜¯ÂÂ Ì‡ÎÓÊÂÌËÂ ÍÓÏ·ËÌËÓ‚‡ÌÌÓ„Ó ÔÓÙËÎfl
Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸:

.

ë ˝ÚÓÈ ˆÂÎ¸˛ ÏÓÊÌÓ ÔËÏÂÌËÚ¸ ‡Î„ÓËÚÏ ‰Ë-
Ì‡ÏË˜ÂÒÍÓ„Ó ÔÓ„‡ÏÏËÓ‚‡ÌËfl. 

ÇÂÒ ‰ÂÎÂˆËÈ. èÓÒÎÂ ÔÓÒÚÓÂÌËfl Ë ‰‡Î¸ÌÂÈ¯ÂÈ
ÔÓ˜ËÒÚÍË ·ÎÓÍÓ‚ Ï˚ ‰Îfl Í‡Ê‰Ó„Ó ·ÎÓÍ‡ ÔÓÎÛ˜Ë-
ÎË Ì‡·Ó ÔÓÁËˆËÈ. üÒÌÓ, ˜ÚÓ ÂÒÎË ‡ÁÌÓÓ·‡ÁËÂ
‡ÒÒÚÓflÌËÈ ÏÂÊ‰Û ÒÓÔflÊÂÌÌ˚ÏË ·ÎÓÍ‡ÏË ÌÂ‚Â-
ÎËÍÓ, ÚÓ ÔË Ì‡ÎÓÊÂÌËË ÍÓÏ·ËÌËÓ‚‡ÌÌÓ„Ó ÔÓ-
ÙËÎfl Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ ‡ÒÒÚÓflÌËÂ ÏÂÊ‰Û
Ì‡ÎÓÊÂÌÌ˚ÏË ·ÎÓÍ‡ÏË ÌÂ ‰ÓÎÊÌÓ ÒËÎ¸ÌÓ ÓÚÎË-
˜‡Ú¸Òfl ÓÚ Ì‡·Î˛‰‡ÂÏ˚ı ‡ÒÒÚÓflÌËÈ. ë ‰Û„ÓÈ ÒÚÓ-
ÓÌ˚, ÂÒÎË ‡ÁÌÓÓ·‡ÁËÂ ‡ÒÒÚÓflÌËÈ ‚ÂÎËÍÓ, ÚÓ Ë
¯Ú‡Ù Á‡ ÓÚÍÎÓÌÂÌËÂ ÓÚ ˝ÚËı ‡ÒÒÚÓflÌËÈ ÌÂ ‰ÓÎ-
ÊÂÌ ·˚Ú¸ ‚ÂÎËÍ. èÂ‰Î‡„‡ÂÚÒfl ÒÎÂ‰Û˛˘‡fl ‚ÂÎË-
˜ËÌ‡ ¯Ú‡Ù‡:

(1)

„‰Â ei =  – pi – 1)/(nblocks – 1) – ÒÂ‰ÌÂÂ ‡ÒÒÚÓfl-

ÌËÂ ÏÂÊ‰Û ÒÓÒÂ‰ÌËÏË ·ÎÓÍ‡ÏË,  =  – pi – 1 –

– ei)2 + 1)/(nblocks – 1) – ‰ËÒÔÂÒËfl ‡ÒÒÚÓflÌËfl ÏÂÊ‰Û
ÒÓÒÂ‰ÌËÏË ·ÎÓÍ‡ÏË, pi – ÔÓÁËˆËË ÒÎÓ‚ ·ÎÓÍ‡ ‚ ÔÓ-
ÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflı, ÓÔÂ‰ÂÎÂÌÌ˚Â ÔË ÔÓÒÚÓÂ-
ÌËË ·ÎÓÍ‡, α – Ô‡‡ÏÂÚ ¯Ú‡Ù‡. 

äÓÏ·ËÌËÓ‚‡ÌÌ˚È ÔÓÙËÎ¸ (‚ ‰‡Î¸ÌÂÈ¯ÂÏ
·Û‰ÂÏ Ì‡Á˚‚‡Ú¸ Â„Ó ÔÓÒÚÓ ÔÓÙËÎÂÏ) ÔÓÁ‚ÓÎflÂÚ
ÔÓ‚ÂÒÚË ËÚÂ‡ÚË‚ÌÓÂ ÛÚÓ˜ÌÂÌËÂ ‚˚‡‚ÌË‚‡ÌËfl.
èÓÎÛ˜ÂÌÌ˚È Ì‡ ÔÂ‰˚‰Û˘ÂÏ ˝Ú‡ÔÂ ÔÓÙËÎ¸
ÏÓÊÌÓ ÓÔÚËÏ‡Î¸Ì˚Ï Ó·‡ÁÓÏ Ì‡ÎÓÊËÚ¸ Ì‡ Í‡Ê-
‰Û˛ ËÁ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ. Ñ‡ÎÂÂ, ÔÓ ÔÓÎÛ˜ÂÌ-
Ì˚Ï Ì‡ÎÓÊÂÌËflÏ ÏÓÊÌÓ Á‡ÌÓ‚Ó ÔÓÒÚÓËÚ¸ ÔÓ-
ÙËÎ¸. èÓ‚ÚÓË‚ ÔÓˆÂ‰ÛÛ ÌÂÒÍÓÎ¸ÍÓ ‡Á, ÔÓÎÛ-
˜ËÏ ÛÚÓ˜ÌÂÌÌÓÂ ‚˚‡‚ÌË‚‡ÌËÂ. 

èÓÒÎÂ ÔËÏÂÌÂÌËfl ÔÓˆÂ‰Û˚ ÛÚÓ˜ÌÂÌËfl ‚˚-
‡‚ÌË‚‡ÌËfl Ï˚ ÔÓÎÛ˜‡ÂÏ Ì‡·Ó ·ÎÓÍÓ‚. åÂÊ-
·ÎÓ˜Ì˚Â Ù‡„ÏÂÌÚ˚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ÏÓÊ-
ÌÓ Ú‡ÍÊÂ ÔÓÔ˚Ú‡Ú¸Òfl ‚˚‡‚ÌflÚ¸ ÔÓ ÚÓÈ ÊÂ ÒıÂÏÂ,
ÒÚ‡ÚÛfl Ò ·ÓÎÂÂ ÍÓÓÚÍËı ÒÎÓ‚. 

èÓËÒÍ ÔÓÚÂÌˆË‡Î¸Ì˚ı ÒÔË‡ÎÂÈ

èË ÔÓËÒÍÂ ÔÓÚÂÌˆË‡Î¸Ì˚ı ÒÔË‡ÎÂÈ ÏÓÊÌÓ
ËÒÔÓÎ¸ÁÓ‚‡Ú¸ ‡ÁÎË˜Ì˚Â ‡Î„ÓËÚÏ˚, Ì‡ÔËÏÂ,
‡Î„ÓËÚÏ ÔÓËÒÍ‡ ÎÓÍ‡Î¸Ì˚ı ‚˚‡‚ÌË‚‡ÌËÈ ëÏË-
Ú‡–Ç‡ÚÂÏ‡Ì‡. èË ˝ÚÓÏ Ì‡‰Ó Á‡‰‡Ú¸ Ó„‡ÌË˜ÂÌËÂ

W posi{ }( ) Wi posi( )
i 1=

nbloks

∑ Di posi posi 1––( )
i 2=

nbloks

∑–=

posi{ } max W posi{ }( )arg=

Di δ( ) α 1
ei δ–( )2

σi
2

-------------------+
⎝ ⎠
⎜ ⎟
⎛ ⎞

,ln=

( pi∑
σi

2
(( pi∑

Ì‡ Ï‡ÍÒËÏ‡Î¸Ì˚È ‡ÁÏÂ ‰ÂÎÂˆËË (˜ÚÓ ‚ Ì‡¯ÂÏ
ÒÎÛ˜‡Â ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ‚˚Ôfl˜Ë‚‡ÌË˛ – bulge), ‡
Ú‡ÍÊÂ Ì‡ ÏËÌËÏ‡Î¸ÌÛ˛ ÏÓ˘ÌÓÒÚ¸ ÒÔË‡ÎË. Ç Â-
ÁÛÎ¸Ú‡ÚÂ ÔÓËÒÍ‡ ÔÓÚÂÌˆË‡Î¸Ì˚ı ÒÔË‡ÎÂÈ Í‡Ê‰‡fl
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ ÔÓÎÛ˜ËÎ‡ ÒÔËÒÓÍ ÒÔË‡ÎÂÈ
{hs}i. ä‡Ê‰‡fl ÒÔË‡Î¸ ı‡‡ÍÚÂËÁÛÂÚÒfl ˜ÂÚ˚¸Ïfl
˜ËÒÎ‡ÏË: h = ( fl , tl , fr, tr), ÓÔÂ‰ÂÎfl˛˘ËÏË Ì‡˜‡ÎÓ Ë
ÍÓÌÂˆ ( f, t) ÎÂ‚Ó„Ó Ë Ô‡‚Ó„Ó ÒÂ„ÏÂÌÚÓ‚ (l, r). 

éÔÂ‰ÂÎÂÌËÂ 5. α-ÍÓÎÓÌÍÓÈ ÒÔË‡ÎÂÈ ·Û‰ÂÏ
Ì‡Á˚‚‡Ú¸ Ú‡ÍÓÂ ÏÌÓÊÂÒÚ‚Ó ÔÓÚÂÌˆË‡Î¸Ì˚ı ÒÔË-
‡ÎÂÈ CH, ˜ÚÓ: 1) ‚ Í‡Ê‰ÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË
ÔÂ‰ÒÚ‡‚ÎÂÌÓ ÌÂ ·ÓÎÂÂ Ó‰ÌÓÈ ÒÔË‡ÎË ËÁ CH Ë
2) ‰ÓÎfl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ, ÒÓ‰ÂÊ‡˘Ëı ÒÔË‡-
ÎË, ÌÂ ÏÂÌÂÂ ˜ÂÏ Á‡‰‡ÌÌÓÂ ˜ËÒÎÓ α (α ≤ 1).

á‡‰‡˜‡ ÒÓÒÚÓËÚ ‚ ÚÓÏ, ˜ÚÓ·˚ Ì‡ÈÚË α-ÍÓÎÓÌÍË
ÒÔË‡ÎÂÈ, ÍÓÚÓ˚Â Ì‡Ë·ÓÎÂÂ ÒÓ„Î‡ÒÓ‚‡Ì˚ Ò ·ÎÓ-
Í‡ÏË ‚˚‡‚ÌË‚‡ÌËfl ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ (ËÒ. 2).
ëÌ‡˜‡Î‡ ‰Îfl ˝ÚÓ„Ó Ì‡‰Ó ÓÔÂ‰ÂÎËÚ¸ ÏÂÛ ÒÓ„Î‡ÒÓ-
‚‡ÌÌÓÒÚË ÍÓÎÓÌÍË ÒÔË‡ÎÂÈ Ë ‚˚‡‚ÌË‚‡ÌËfl.
ä‡Ê‰‡fl ÒÔË‡Î¸ (Ë Í‡Ê‰‡fl ÍÓÎÓÌÍ‡ ÒÔË‡ÎÂÈ) ÒÓ-
ÒÚÓËÚ ËÁ ‰‚Ûı ˜‡ÒÚÂÈ – ÎÂ‚Ó„Ó Ë Ô‡‚Ó„Ó ÒÂ„ÏÂÌÚ‡
ÒÔË‡ÎË, ‡ ÚÂ, ‚ Ò‚Ó˛ Ó˜ÂÂ‰¸, ÓÔÂ‰ÂÎfl˛ÚÒfl ‰‚Û-
Ïfl Ì‡·Ó‡ÏË ˜ËÒÂÎ. åÂ‡ ÒÓ„Î‡ÒÓ‚‡ÌÌÓÒÚË ÓÔÂ-
‰ÂÎflÂÚÒfl Í‡Í ÒÛÏÏ‡ ÏÂ ‰Îfl Í‡Ê‰Ó„Ó ÚËÔ‡ ˜ËÒÂÎ
(ÎÂ‚ÓÈ „‡ÌËˆ˚ ÎÂ‚Ó„Ó ÔÎÂ˜‡ ÒÔË‡ÎË, Ô‡‚ÓÈ
„‡ÌËˆ˚ ÎÂ‚Ó„Ó ÔÎÂ˜‡ ÒÔË‡ÎË Ë Ú.‰.). 

Ç Í‡˜ÂÒÚ‚Â ÏÂ˚ ‡ÒÒÓ„Î‡ÒÓ‚‡ÌËfl ÔÓÁËˆËË t
ÍÓÎÓÌÍË ÒÔË‡ÎÂÈ H Ë ÍÓÎÓÌÍË ‚˚‡‚ÌË‚‡ÌËfl A
‚˚·Ë‡ÂÏ 

,

„‰Â t – ÚËÔ ÔÓÁËˆËË ÒÔË‡ÎË (Ì‡˜‡ÎÓ ÎÂ‚Ó„Ó ÔÎÂ˜‡,

ÍÓÌÂˆ ÎÂ‚Ó„Ó ÔÎÂ˜‡ …),  – ‡ÒÒÚÓflÌËÂ ÓÚ ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘Â„Ó ÍÓÌˆ‡ ÒÔË‡ÎË ‚ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓ-
ÒÚË i ‰Ó ·ÎÓÍ‡ ‚ ÍÓÎÓÌÍÂ ‚˚‡‚ÌË‚‡ÌËfl, et – ÒÂ‰ÌÂÂ
‡ÒÒÚÓflÌËÂ ÔÓÁËˆËË ÚËÔ‡ t ÒÔË‡ÎË ‰Ó ÍÓÎÓÌÍË ‚˚-
‡‚ÌË‚‡ÌËfl, σt – ÒÂ‰ÌÂÍ‚‡‰‡ÚË˜ÌÓÂ ÓÚÍÎÓÌÂÌËÂ
‡ÒÒÚÓflÌËÈ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Â„Ó ÚËÔ‡ ÔÓÁËˆËË ÒÔË-
‡ÎË ‰Ó ÍÓÎÓÌÍË ‚˚‡‚ÌË‚‡ÌËfl; η – Ô‡‡ÏÂÚ. ä‡-
˜ÂÒÚ‚Ó ÔÓÁËˆËË t ÍÓÎÓÌÍË ÒÔË‡ÎÂÈ ÓÔÂ‰ÂÎflÂÏ
Í‡Í ÏËÌËÏÛÏ ÓÚ ÏÂ˚ ‡ÒÒÓ„Î‡ÒÓ‚‡ÌÌÓÒÚË, ‡ Í‡-

D H
t

A,( ) η 1
δi

t
e

t
–( )

2

σt( )
2

---------------------+
⎝ ⎠
⎜ ⎟
⎛ ⎞

log
i helices=

∑=

δi
t

êËÒ. 2. éÚÌÓÒËÚÂÎ¸ÌÓÂ ÔÓÎÓÊÂÌËÂ ÒÔË‡ÎÂÈ Ë ·ÎÓÍÓ‚
‚˚‡‚ÌË‚‡ÌËfl. 
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åËÓÌÓ‚

˜ÂÒÚ‚Ó ÍÓÎÓÌÍË ÒÔË‡ÎÂÈ Í‡Í ÒÛÏÏÛ ÏÂ ‡ÒÒÓ„Î‡-
ÒÓ‚‡ÌÌÓÒÚÂÈ ÔÓÁËˆËÈ:

äÓÎÓÌÍ‡ ÒÔË‡ÎÂÈ, ÔË‚flÁ‡ÌÌ‡fl Í ‚˚‡‚ÌË‚‡-
ÌË˛, ÏÓÊÂÚ ‡ÒÒÏ‡ÚË‚‡Ú¸Òfl ‚ Í‡˜ÂÒÚ‚Â ÔÓÙËÎfl.
ùÚÓÚ ÔÓÙËÎ¸ ÓÔÂ‰ÂÎflÂÚÒfl ÒÎÂ‰Û˛˘ËÏ Ì‡·ÓÓÏ
Ô‡‡ÏÂÚÓ‚ {At, et, σt}. ùÚÓÚ Ì‡·Ó ‰‡ÌÌ˚ı Ó·Î‡‰‡-
ÂÚ ‰‚ÛÏfl ‚‡ÊÌ˚ÏË Ò‚ÓÈÒÚ‚‡ÏË: 1) Â„Ó ÏÓÊÌÓ ÔÓ-
ÒÚÓËÚ¸ ÔÓ Ì‡·ÓÛ ÒÔË‡ÎÂÈ; 2) ‰Îfl Í‡Ê‰ÓÈ ÒÔË‡-
ÎË ÏÓÊÌÓ ÓÔÂ‰ÂÎËÚ¸ ÂÂ Í‡˜ÂÒÚ‚Ó ÓÚÌÓÒËÚÂÎ¸ÌÓ
ÔÓÙËÎfl. èÓ˝ÚÓÏÛ ÏÓÊÌÓ ÔËÏÂÌËÚ¸ ËÚÂ‡ÚË‚-
Ì˚È ÏÂÚÓ‰ ÔÓÒÚÓÂÌËfl ÔÓÙËÎfl ÒÔË‡ÎÂÈ:

1. Ç˚·Ë‡ÂÏ Ó˜ÂÂ‰ÌÛ˛ ÒÔË‡Î¸ Ë ÒÚÓËÏ ÔÓ
ÌÂÈ ÔÓÙËÎ¸. èË ˝ÚÓÏ ‚ Í‡˜ÂÒÚ‚Â At ËÒÔÓÎ¸ÁÛÂÏ
·ÎËÊ‡È¯ËÂ ÍÓÎÓÌÍË ‚˚‡‚ÌË‚‡ÌËfl, et – ‡ÒÒÚÓfl-
ÌËÂ ÓÚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ÔÓÁËˆËË ÒÔË‡ÎË ‰Ó ·ÎÓ-
Í‡ ‚ ÍÓÎÓÌÍÂ ‚˚‡‚ÌË‚‡ÌËfl, σt – ÌÂÍÓÚÓÓÂ ÔÓËÁ-
‚ÓÎ¸ÌÓÂ ˜ËÒÎÓ (Ì‡ÔËÏÂ, 1).

2. èÓ Á‡‰‡ÌÌÓÏÛ ÔÓÙËÎ˛ Ì‡ıÓ‰ËÏ ÓÔÚËÏ‡Î¸-
Ì˚Â ÒÔË‡ÎË ‚ Í‡Ê‰ÓÈ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË. ÖÒÎË
‡ÒÒÓ„Î‡ÒÓ‚‡ÌËÂ ÔÂ‚˚¯‡ÂÚ Á‡‰‡ÌÌ˚È ÔÓÓ„, ÚÓ
ÒÔË‡Î¸ ÌÂ ÔËÌËÏ‡ÂÚÒfl.

3. èÓ Ì‡·ÓÛ ÒÔË‡ÎÂÈ ÒÚÓËÏ ÌÓ‚˚È ÔÓÙËÎ¸.
4. ÖÒÎË ̃ ËÒÎÓ ËÚÂ‡ˆËÈ ÌÂ ÔÂ‚˚ÒËÎÓ Á‡‰‡ÌÌÓÂ

ÍÓÎË˜ÂÒÚ‚Ó, ÚÓ ÔÂÂıÓ‰ËÏ Í Ô. 2.
5. ÖÒÎË ÓÒÚ‡ÎËÒ¸ ÌÂÓ·‡·ÓÚ‡ÌÌ˚Â ÒÔË‡ÎË, ÚÓ

ÔÂÂıÓ‰ËÏ Í Ô. 1.
Ç ÂÁÛÎ¸Ú‡ÚÂ ÔËÏÂÌÂÌËfl ˝ÚÓ„Ó ‡Î„ÓËÚÏ‡ ÔÓ-

ÎÛ˜‡ÂÏ Ì‡·Ó ÍÓÎÓÌÓÍ ÒÔË‡ÎÂÈ, ÒÂ‰Ë ÍÓÚÓ˚ı
ÂÒÚ¸ ˝Í‚Ë‚‡ÎÂÌÚÌ˚Â ËÎË ÔÓ˜ÚË ˝Í‚Ë‚‡ÎÂÌÚÌ˚Â.
ÖÒÎË ‰‚Â ÍÓÎÓÌÍË ÒÔË‡ÎÂÈ ÒÓ‰ÂÊ‡Ú ıÓÚfl ·˚ Ó‰-
ÌÛ Ó·˘Û˛ ÒÔË‡Î¸, ÚÓ ÚÛ ÍÓÎÓÌÍÛ, ÍÓÚÓ‡fl Ó·Î‡-
‰‡ÂÚ ıÛ‰¯ËÏ Í‡˜ÂÒÚ‚ÓÏ, Û‰‡ÎflÂÏ. 

àÌÙÓÏ‡ˆËÓÌÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ ‰Îfl ÍÓÎÓÌÍË ÒÔË-
‡ÎÂÈ ÏÓÊÌÓ ÓÔÂ‰ÂÎËÚ¸ ÒÎÂ‰Û˛˘ËÏ Ó·‡ÁÓÏ.
Ç˚‡‚ÌflÂÏ ÔÎÂ˜Ë ÒÔË‡ÎÂÈ ÓÚÌÓÒËÚÂÎ¸ÌÓ ÒÓÓÚ-
‚ÂÚÒÚ‚Û˛˘ÂÈ ÍÓÎÓÌÍË ‚˚‡‚ÌË‚‡ÌËfl. ëÔÓÂˆË-
ÛÂÏ Ëı Ì‡ Ó‰ÌÛ ÎËÌË˛ Ë ÔÓ‰Ò˜ËÚ‡ÂÏ ‚ Í‡Ê‰ÓÈ ÔÓ-
ÁËˆËË ÍÓÎË˜ÂÒÚ‚Ó ÒÔË‡ÎÂÈ, ÍÓÚÓ˚Â ÔÓÍ˚‚‡˛Ú

D H
t( ) D H

t
A,( ); D H( )

A
min D H

t( ).
t

∑= =

ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Û˛ ÔÓÁËˆË˛ (ÒÏ. ËÒ. 3). Ç ÂÁÛÎ¸-
Ú‡ÚÂ ÔÓÎÛ˜ËÏ Ï‡ÒÒË‚ {z}. C ÔÓÏÓ˘¸˛ ̋ ÚÓ„Ó Ï‡ÒÒË-
‚‡ ÔÓ‰Ò˜ËÚ‡ÂÏ ËÌÙÓÏ‡ˆËÓÌÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ ‰Îfl
ÔÎÂ˜‡ ÒÔË‡ÎË.

.

ùÚ‡ ‚ÂÎË˜ËÌ‡ ÓÚ‡Ê‡ÂÚ ÒÚÂÔÂÌ¸ ‚˚‡‚ÌÂÌ-
ÌÓÒÚË ÔÎÂ˜ ÒÔË‡ÎÂÈ. èË ÔÓÎÌÓÒÚ¸˛ ‚˚‡‚ÌÂÌ-
Ì˚ı ÒÔË‡Îflı ̋ Ú‡ ‚ÂÎË˜ËÌ‡ ÔËÏÂÌÓ ‡‚Ì‡ 2Lhelix,
„‰Â Lhelix – ‰ÎËÌ‡ ÒÔË‡ÎË, Ó‰Ì‡ÍÓ, ÂÒÎË ÒÔË‡ÎË
ÔÎÓıÓ ‚˚‡‚ÌË‚‡˛ÚÒfl, ÚÓ ÓÌ‡ ÔËÏÂÌÓ ‡‚Ì‡
2Lcore, „‰Â Lcore – ‰ÎËÌ‡ Ó·˘ÂÈ ˜‡ÒÚË ÒÔË‡ÎÂÈ.

èÄêÄåÖíêõ èêéÉêÄååõ

ç‡·Ó Ô‡‡ÏÂÚÓ‚, ÍÓÚÓ˚ÏË ÛÔ‡‚ÎflÂÚÒfl
ÔÓ„‡ÏÏ‡, ÏÓÊÌÓ ‡Á·ËÚ¸ ÔÓ ˝Ú‡Ô‡Ï ‚˚ÔÓÎÌÂ-
ÌËfl ‡Î„ÓËÚÏ‡.

èÓËÒÍ ÍÓÌÒÂ‚‡ÚË‚Ì˚ı ·ÎÓÍÓ‚

• àÒıÓ‰Ì‡fl ‰ÎËÌ‡ ÍÓÌÒÂ‚‡ÚË‚ÌÓ„Ó ·ÎÓÍ‡ (Start
word length). èË ‡·ÓÚÂ ‡Î„ÓËÚÏ‡ ÁÌ‡˜ÂÌËÂ ˝ÚÓ-
„Ó Ô‡‡ÏÂÚ‡ ·Û‰ÂÚ ÛÏÂÌ¸¯‡Ú¸Òfl. ÇÎËflÌËÂ ˝ÚÓ„Ó
Ô‡‡ÏÂÚ‡ Ì‡ Í‡˜ÂÒÚ‚Ó ‡·ÓÚ˚ ÌÂÓ‰ÌÓÁÌ‡˜ÌÓ –
ËÌÓ„‰‡ Â„Ó ÛÏÂÌ¸¯ÂÌËÂ ÔË‚Ó‰ËÚ Í ÛıÛ‰¯ÂÌË˛
Í‡˜ÂÒÚ‚‡ ‡·ÓÚ˚, ÔÓÒÍÓÎ¸ÍÛ ÔÓfl‚ÎflÂÚÒfl ·ÓÎ¸¯ÓÂ
ÍÓÎË˜ÂÒÚ‚Ó Ô‡‡ÁËÚÌ˚ı ·ÎÓÍÓ‚, ‡ ËÌÓ„‰‡ ÔË‚Ó-
‰ËÚ Í ÛÎÛ˜¯ÂÌË˛ Í‡˜ÂÒÚ‚‡.

• ÑÓÔÛÒÚËÏÓÂ ÍÓÎË˜ÂÒÚ‚Ó Á‡ÏÂÌ (Max N miss-
match). ùÚÓÚ Ô‡‡ÏÂÚ ËÒÔÓÎ¸ÁÛÂÚÒfl ‰Îfl ÒÓÍ‡˘Â-
ÌËfl ‚ÂÏÂÌË ÔÓÒÚÓÂÌËfl ÔÓÙËÎfl ·ÎÓÍ‡. ìÏÂÌ¸-
¯ÂÌËÂ Ô‡‡ÏÂÚ‡ ÏÓÊÂÚ ÔË‚ÂÒÚË Í ÔÓÚÂÂ ÁÌ‡˜Ë-
Ï˚ı ·ÎÓÍÓ‚, ÌÓ ÔË ˝ÚÓÏ ÔË‚Ó‰ËÚ Í ÛÒÍÓÂÌË˛
‡·ÓÚ˚ ÔÓ„‡ÏÏ˚. 

• åËÌËÏ‡Î¸Ì˚È ‚ÂÒ ÔÓÙËÎfl ·ÎÓÍ‡ ÔË Ì‡ÎÓ-
ÊÂÌËË Ì‡ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸ (Min score). Ç ÒÎÛ-
˜‡Â, ÂÒÎË ‚ÂÒ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ÓÚÌÓÒËÚÂÎ¸ÌÓ
ÔÓÙËÎfl ·ÎÓÍ‡ ÏÂÌ¸¯Â ˝ÚÓÈ ‚ÂÎË˜ËÌ˚, ÚÓ Ò˜ËÚ‡-
ÂÚÒfl, ˜ÚÓ ‰‡ÌÌ˚È ·ÎÓÍ ÌÂ ÔÂ‰ÒÚ‡‚ÎÂÌ ‚ ÔÓÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓÒÚË. ì‚ÂÎË˜ÂÌËÂ Ô‡‡ÏÂÚ‡ ÔË‚Ó‰ËÚ Í
ÛıÛ‰¯ÂÌË˛ Í‡˜ÂÒÚ‚‡.

èÓÒÚÓÂÌËÂ ÓÔÚËÏ‡Î¸Ì˚ı ˆÂÔÓ˜ÂÍ ·ÎÓÍÓ‚

• è‡‡ÏÂÚ α ‚ ÙÓÏÛÎÂ ‰Îfl ÓˆÂÌÍË ‚ÂÒ‡ ‰ÂÎÂ-
ˆËË ‚ ÙÓÏÛÎÂ (1) (Gap parameter). ì‚ÂÎË˜ÂÌËÂ Ô‡-
‡ÏÂÚ‡ ÔË‚Ó‰ËÚ Í ·ÓÎÂÂ ÊÂÒÚÍËÏ ¯Ú‡Ù‡Ï Á‡
‰ÂÎÂˆËË.

• åËÌËÏ‡Î¸ÌÓÂ ËÌÙÓÏ‡ˆËÓÌÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ
ÍÓÎÓÌÍË (Min information). äÓÎÓÌÍË Ò ËÌÙÓÏ‡ˆË-
ÓÌÌ˚Ï ÒÓ‰ÂÊ‡ÌËÂÏ ÏÂÌ¸¯Â, ̃ ÂÏ Á‡‰‡ÌÌÓÂ ÁÌ‡˜Â-
ÌËÂ, Ò˜ËÚ‡˛ÚÒfl ÌÂ‚˚‡‚ÌÂÌÌ˚ÏË.

I f h i( )
f h i( )
p0

------------2log
i

∑ f n i( )
f n i( )
q0

------------,2log+=

f h i( )
zi p0+

Nseq 1+
-------------------, f n 1 f h–= =

z: 2 4 3 1

êËÒ. 3. èÓ‰Ò˜ÂÚ ËÌÙÓÏ‡ˆËÓÌÌÓ„Ó ÒÓ‰ÂÊ‡ÌËfl ÍÓ-
ÎÓÌÍË ÒÔË‡ÎÂÈ. èË ÔÓ‰Ò˜ÂÚÂ ËÌÙÓÏ‡ˆËÓÌÌÓ„Ó ÒÓ-
‰ÂÊ‡ÌËfl ÍÓÎÓÌÍË ÒÔË‡ÎÂÈ ‚ Í‡Ê‰ÓÈ ÔÓÁËˆËË ÏÌÓ-
ÊÂÒÚ‚ÂÌÌÓ„Ó ‚˚‡‚ÌË‚‡ÌËfl ÔÓ‰Ò˜ËÚ˚‚‡ÂÚÒfl ÍÓÎË˜Â-
ÒÚ‚Ó z ÒÔË‡ÎÂÈ ËÁ ÍÓÎÓÌÍË, ÔÓÍ˚‚‡˛˘Ëı ˝ÚÛ
ÔÓÁËˆË˛.
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• å‡ÍÒËÏ‡Î¸ÌÓÂ ˜ËÒÎÓ ËÚÂ‡ˆËÈ ÔË ÛÚÓ˜ÌÂ-
ÌËË ÔÓÙËÎfl (Iterations). 

èÓËÒÍ ÒÔË‡ÎÂÈ
• å‡ÍÒËÏ‡Î¸Ì˚È ‡ÁÏÂ ÔÂÚÎË ÒÔË‡ÎË (Max

Loop). ì‚ÂÎË˜ÂÌËÂ ˝ÚÓ„Ó Ô‡‡ÏÂÚ‡ ÔË‚Ó‰ËÚ Í
ÁÌ‡˜ËÚÂÎ¸ÌÓÏÛ Á‡ÏÂ‰ÎÂÌË˛ ‡·ÓÚ˚ ÔÓ„‡ÏÏ˚.
ë ‰Û„ÓÈ ÒÚÓÓÌ˚, ÔË ÛÏÂÌ¸¯ÂÌËË ˝ÚÓ„Ó Ô‡‡-
ÏÂÚ‡ ÏÓÊÌÓ ÔÓÚÂflÚ¸ ÌÂÍÓÚÓ˚Â ÍÓÌÒÂ‚‡ÚË‚-
Ì˚Â ÒÔË‡ÎË. 

• åËÌËÏ‡Î¸Ì‡fl ÔÓ ‡·ÒÓÎ˛ÚÌÓÈ ‚ÂÎË˜ËÌÂ ˝ÌÂ-
„Ëfl ÒÔË‡ÎË (Min Energy). ìÏÂÌ¸¯ÂÌËÂ ˝ÚÓ„Ó Ô‡-
‡ÏÂÚ‡ ÏÓÊÂÚ ÔË‚ÂÒÚË Í ÒÛ˘ÂÒÚ‚ÂÌÌÓÏÛ Á‡ÏÂ‰-
ÎÂÌË˛ ‡·ÓÚ˚ ÔÓ„‡ÏÏ˚.

Ç Ú‡·Î. 1 ÔË‚Â‰ÂÌ ÒÔËÒÓÍ Ô‡‡ÏÂÚÓ‚, ÍÓÚÓ-
˚Â ËÒÔÓÎ¸ÁÛ˛ÚÒfl ‚ ÔÓ„‡ÏÏÂ.

êÖÄãàáÄñàü ÄãÉéêàíåÄ
à íÖëíàêéÇÄçàÖ

ÄÎ„ÓËÚÏ Â‡ÎËÁÓ‚‡Ì Ì‡ flÁ˚ÍÂ Java ‚ ‚Ë‰Â ‚Â·-
ÂÒÛÒ‡ http://www.bioinf.fbb.msu.ru/RNA/MultAl.
ëÂ‚Â ÔËÌËÏ‡ÂÚ Ì‡·Ó ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ‚
FASTA ÙÓÏ‡ÚÂ Ë ‚ ÂÁÛÎ¸Ú‡ÚÂ ‚˚‰‡ÂÚ ÏÌÓÊÂ-
ÒÚ‚ÂÌÌÓÂ ‚˚‡‚ÌË‚‡ÌËÂ Ë Ì‡·Ó ÔÓÚÂÌˆË‡Î¸Ì˚ı
ÍÓÎÓÌÓÍ ÒÔË‡ÎÂÈ. èÓÎ¸ÁÓ‚‡ÚÂÎ¸ ÏÓÊÂÚ ÓÚÏÂ-
ÚËÚ¸ ÚÂ ÍÓÎÓÌÍË ÒÔË‡ÎÂÈ, ÍÓÚÓ˚Â Â„Ó ËÌÚÂÂÒÛ-
˛Ú, Ë Û‚Ë‰ÂÚ¸ ‡ÁÏÂÚÍÛ ‚˚‡‚ÌË‚‡ÌËfl. 

íÂÒÚËÓ‚‡ÌËÂ ‡Î„ÓËÚÏ‡ ÔÓ‚Ó‰ËÎË Ì‡ ‚˚·Ó-
ÍÂ Ú‡ÌÒÔÓÚÌ˚ı êçä ËÁ E. coli (86 ÔÓÒÎÂ‰Ó‚‡-
ÚÂÎ¸ÌÓÒÚÂÈ) ÔË Ô‡‡ÏÂÚ‡ı, ÛÍ‡Á‡ÌÌ˚ı ‚ Ú‡·Î. 2.
Ç˚·ÓÍÛ ÒÚÓËÎË Í‡Í Ì‡·Ó Ù‡„ÏÂÌÚÓ‚ ËÁ „ÂÌÓ-
Ï‡ E. coli, ÓÚÏÂ˜ÂÌÌ˚ı ÍÎ˛˜ÓÏ tRNA Ò ÙÎ‡ÌÍ‡ÏË
ÔÓ 10 ÌÛÍÎÂÓÚË‰Ó‚ Ò 3' Ë Ò 5' ÍÓÌˆÓ‚. ê‡Ò˜ÂÚ ÍÓÌÒÂ-
‚‡ÚË‚Ì˚ı ‚ÚÓË˜Ì˚ı ÒÚÛÍÚÛ Á‡ÌflÎ ÓÍÓÎÓ 2 ÏËÌ
Ì‡ ÒÚ‡Ì‰‡ÚÌÓÏ ÍÓÏÔ¸˛ÚÂÂ. èÂ‰ÒÍ‡Á‡ÌËÂ ÒÚÛÍ-
ÚÛ ‚ ˆÂÎÓÏ ÒÓÓÚ‚ÂÚÒÚ‚ÛÂÚ ÒÚ‡Ì‰‡ÚÌÓÏÛ ÔÂ‰-
ÒÚ‡‚ÎÂÌË˛ Ó ÒÚÛÍÚÛÂ Úêçä. ç‡È‰ÂÌÓ 20 ÍÓÎÓ-
ÌÓÍ ÒÔË‡ÎÂÈ, 4 ËÁ ÍÓÚÓ˚ı ÓÚ‚Â˜‡˛Ú ÒÚ‡Ì‰‡Ú-
Ì˚Ï ÒÔË‡ÎflÏ ÒÚÛÍÚÛ˚ Úêçä, ÔË˜ÂÏ ÓÌË

fl‚Îfl˛ÚÒfl ÎË‰Â‡ÏË ÔÓ ËÌÙÓÏ‡ˆËÓÌÌÓÏÛ ÒÓ‰Â-
Ê‡ÌË˛. ç‡·Î˛‰‡˛ÚÒfl ‚ÂÒ¸Ï‡ ÍÓÌÒÂ‚‡ÚË‚Ì˚Â
‚Á‡ËÏÌÓ ÍÓÏÔÎÂÏÂÌÚ‡Ì˚Â Û˜‡ÒÚÍË ÏÂÊ‰Û D ÔÂÚ-
ÎÂÈ Ë Tψ ÔÂÚÎÂÈ. ÇÒÂ Ì‡È‰ÂÌÌ˚Â ÒÔË‡ÎË ÔÓÎÌÓ-
ÒÚ¸˛ ÒÓÓÚ‚ÂÚÒÚ‚Û˛Ú ÔÂ‰ÒÚ‡‚ÎÂÌË˛ Ó ÒÚÛÍÚÛÂ
Úêçä. ÑÓ·‡‚ÎÂÌËÂ ÒÎÛ˜‡ÈÌ˚ı ÙÎ‡ÌÍÓ‚ ‡ÁÏÂÓÏ
25 ÌÛÍÎÂÓÚË‰Ó‚ ÌÂ ÏÂÌflÎÓ ÔÂ‰ÒÍ‡Á‡ÌËfl. èË „Â-
ÌÓÏÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËflı Â„ÛÎflˆËË Á‡˜‡ÒÚÛ˛ ÔË-
ıÓ‰ËÚÒfl ËÏÂÚ¸ ‰ÂÎÓ Ò ‰‡ÌÌ˚ÏË, ÒÓ‰ÂÊ‡˘ËÏË ‰Ó-
ÒÚ‡ÚÓ˜ÌÓ ÏÌÓ„Ó ¯ÛÏ‡. óÚÓ·˚ ÔÓ‚ÂËÚ¸ ÛÒÚÓÈ˜Ë-
‚ÓÒÚ¸ ‡Î„ÓËÚÏ‡ ÔÓ ÓÚÌÓ¯ÂÌË˛ Í ‰Ó·‡‚ÎÂÌË˛
ÎË¯ÌËı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ, ÔËÏÂÌÂÌ‡ ÒÎÂ‰Û-
˛˘‡fl ÔÓˆÂ‰Û‡. ä ‚˚·ÓÍÂ ËÁ 14 ÌÂ„ÓÏÓÎÓ„Ë˜-
Ì˚ı Úêçä ËÁ E. coli ‰Ó·‡‚ÎflÎË ÒÎÛ˜‡ÈÌ˚Â ÌÂÍÓ‰Ë-
Û˛˘ËÂ ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚË ËÁ ÚÓ„Ó ÊÂ „ÂÌÓÏ‡.
Ç Ú‡·Î. 2 ÔÓÍ‡Á‡ÌÓ ‚ÎËflÌËÂ ‰Ó·‡‚ÎÂÌÌ˚ı ÔÓÒÎÂ‰Ó-

í‡·ÎËˆ‡ 1.  è‡‡ÏÂÚ˚ ÔÓ„‡ÏÏ˚

àÏfl Ô‡‡ÏÂÚ‡ éÔËÒ‡ÌËÂ Ô‡‡ÏÂÚ‡ êÂÍÓÏÂÌ‰ÛÂÏÓÂ
ÁÌ‡˜ÂÌËÂ

áÌ‡˜ÂÌËÂ ÔË
ÚÂÒÚËÓ‚‡ÌËË

Start word length àÒıÓ‰Ì‡fl ‰ÎËÌ‡ ÍÓÌÒÂ‚‡ÚË‚ÌÓ„Ó ·ÎÓÍ‡ 10–20 16

Max N missmatch ÑÓÔÛÒÚËÏÓÂ ÍÓÎË˜ÂÒÚ‚Ó Á‡ÏÂÌ ÔË ÔÓËÒÍÂ ÔÓıÓÊËı Û˜‡ÒÚ-
ÍÓ‚ ‚ ‰Û„Ëı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflı

6–8 8

Min score åËÌËÏ‡Î¸ÌÓÂ ÁÌ‡˜ÂÌËÂ ‚ÂÒ‡ ÔË Ì‡ÎÓÊÂÌËË ÔÓÙËÎfl Ì‡ 
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚ¸

1.5–2.5 1.5 

Gap parameter è‡‡ÏÂÚ α ‚ ÙÓÏÛÎÂ ‰Îfl ÓˆÂÌÍË ‚ÂÒ‡ ‰ÂÎÂˆËË 0.5–2.0 1

Min information åËÌËÏ‡Î¸ÌÓÂ ËÌÙÓÏ‡ˆËÓÌÌÓÂ ÒÓ‰ÂÊ‡ÌËÂ ÍÓÎÓÌÍË 0.5–1.2 0.6

Iterations å‡ÍÒËÏ‡Î¸ÌÓÂ ˜ËÒÎÓ ËÚÂ‡ˆËÈ ÔË ÛÚÓ˜ÌÂÌËË ÔÓÙËÎfl 3–5 3 

Max Loop å‡ÍÒËÏ‡Î¸Ì˚È ‡ÁÏÂ ÔÂÚÎË ÒÔË‡ÎË 50–150 80

Min Energy åËÌËÏ‡Î¸Ì‡fl ÔÓ ‡·ÒÓÎ˛ÚÌÓÈ ‚ÂÎË˜ËÌÂ ˝ÌÂ„Ëfl ÒÔË‡ÎË 5.0–6.5 6.0

 
í‡·ÎËˆ‡ 2.  á‡‚ËÒËÏÓÒÚ¸ Í‡˜ÂÒÚ‚‡ ÔÂ‰ÒÍ‡Á‡ÌËfl ÍÓÌ-
ÒÂ‚‡ÚË‚ÌÓÈ ÒÚÛÍÚÛ˚ ÓÚ ÍÓÎË˜ÂÒÚ‚‡ ÎÓÊÌ˚ı ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ
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0/14 1 2 5 3 20

1/14 1 3 4 2 12

2/14 1 2 9 3 9

3/14 1 2 8 3 9

4/14 1 3 5 2 12

5/14 – 1 2 3 6

6/14 1 3 – 2 5

7/14 1 – – 2 4

8/14 1 – – 2 2

èËÏÂ˜‡ÌËÂ. ìÍ‡Á‡Ì ‡Ì„ Í‡Ê‰Ó„Ó Í‡ÌÓÌË˜ÂÒÍÓ„Ó ˝ÎÂÏÂÌÚ‡
ÒÚÛÍÚÛ˚ ‚ ÒÔËÒÍÂ Ì‡È‰ÂÌÌ˚ı ÍÓÎÓÌÓÍ ÒÔË‡ÎÂÈ.
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åËÓÌÓ‚

‚‡ÚÂÎ¸ÌÓÒÚÂÈ Ì‡ Í‡˜ÂÒÚ‚Ó ÔÂ‰ÒÍ‡Á‡ÌËfl ÒÚÛÍÚÛ-
˚. ÇË‰ÌÓ, ˜ÚÓ ‰Ó·‡‚ÎÂÌËÂ ‰Ó 20% ÎË¯ÌËı ÔÓÒÎÂ-
‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ ÌÂ ‚ÎËflÂÚ ÒÛ˘ÂÒÚ‚ÂÌÌÓ Ì‡ Í‡˜Â-
ÒÚ‚Ó ÔÂ‰ÒÍ‡Á‡ÌËfl, ‡ ÌÂÍÓÚÓ˚Â ÒÔË‡ÎË Ì‡‰ÂÊÌÓ
Ì‡ıÓ‰flÚÒfl ‰‡ÊÂ ÔË ‰Ó·‡‚ÎÂÌËË ‰Ó 50% ÎË¯ÌËı
ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ. çÂÏÓÌÓÚÓÌÌÓÒÚ¸ Á‡‚ËÒË-
ÏÓÒÚË ˜ËÒÎ‡ Ì‡È‰ÂÌÌ˚ı ÍÓÎÓÌÓÍ ÒÔË‡ÎÂÈ Ó·˙flÒ-
ÌflÂÚÒfl ÚÂÏ, ˜ÚÓ ÌÂÍÓÚÓ˚Â “ÏÛÒÓÌ˚Â” ÔÓÒÎÂ‰Ó-
‚‡ÚÂÎ¸ÌÓÒÚË ÏÓ„ÛÚ ÒÓ‰ÂÊ‡Ú¸ ÒÎÓ‚‡, ÔÓıÓÊËÂ Ì‡
ÒÎÓ‚‡ ‚ Ô‡‚ËÎ¸Ì˚ı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚflı Ë ÔÓ
ÒÎÛ˜‡ÈÌ˚Ï ÔË˜ËÌ‡Ï ‚ ÌËı ÏÓ„ÛÚ ‚ÓÁÌËÍ‡Ú¸ ÒÔË-
‡ÎË, ÍÓÚÓ˚Â ÔÓ‰‰ÂÊË‚‡˛Ú ‚ÓÁÌËÍÌÓ‚ÂÌËÂ ÍÓ-
ÎÓÌÍË Á‡‰‡ÌÌÓÈ ÏÓ˘ÌÓÒÚË.

ü ·Î‡„Ó‰‡ÂÌ å.ë. ÉÂÎ¸Ù‡Ì‰Û Ë å.Ä. êÓÈÚ·Â-
„Û Á‡ ÔÓÎÂÁÌ˚Â Ó·ÒÛÊ‰ÂÌËfl, ‡ Ú‡ÍÊÂ Ä. ÇËÚÂ˘‡-
ÍÛ Ë Ñ. êÓ‰ËÓÌÓ‚Û Á‡ ËÒÔÓÎ¸ÁÓ‚‡ÌËÂ ÔÓ„‡ÏÏ˚ Ë
ÂÂ ÚÂÒÚËÓ‚‡ÌËÂ. 

ê‡·ÓÚ‡ ˜‡ÒÚË˜ÌÓ ÔÓ‰‰ÂÊ‡Ì‡ èÓ„‡ÏÏ‡ÏË
êÓÒÒËÈÒÍÓÈ ‡Í‡‰ÂÏËË Ì‡ÛÍ (“åÓÎÂÍÛÎflÌ‡fl Ë ÍÎÂ-
ÚÓ˜Ì‡fl ·ËÓÎÓ„Ëfl” Ë “èÓËÒıÓÊ‰ÂÌËÂ Ë ˝‚ÓÎ˛ˆËfl
·ËÓÒÙÂ˚”), åÂ‰ËˆËÌÒÍËÏ ËÌÒÚËÚÛÚÓÏ ïÓ‚‡‰‡
ï¸˛Á‡ (55000309) Ë êÓÒÒËÈÒÍËÏ ÙÓÌ‰ÓÏ ÙÛÌ‰‡-
ÏÂÌÚ‡Î¸Ì˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ (04-04-49438).

ëèàëéä ãàíÖêÄíìêõ

1. Spirin A.S. 2002. Ribosome as a molecular machine.
FEBS Lett. 514, 2–10.

2. Steitz T.A., Moore P.B. 2003. RNA, the first macromo-
lecular catalyst: the ribosome is a ribozyme. Trends Bio-
chem Sci. 28, 411–418.

3. Gutell R.R., Larsen N., Woese C.R. 1994. Lessons from
an evolving rRNA: 16S and 23S rRNA structures from a
comparative perspective. Microbiol Rev. 58, 10–26.

4. Doherty E.A., Doudna J.A. 2000. Ribozyme structures
and mechanisms. Annu Rev Biochem. 69, 597–615.

5. Buratti E., Baralle F.E. 2004. Influence of RNA second-
ary structure on the pre-mRNA splicing process. Mol.
Cell. Biol. 24, 10505-10514.

6. Lopez-Lastra M., Rivas A., Barria M.I. 2005. Protein
synthesis in eukaryotes: the growing biological rele-
vance of cap-independent translation initiation. Biol.
Res. 38, 121–146.

7. Kim V.N., Nam J.W. 2006. Genomics of microRNA.
Trends Genet. 22, 165–173.

8. Vitreschak A.G., Rodionov D.A., Mironov A.A., Gel-
fand M.S. 2004. Riboswitches: the oldest mechanism for
the regulation of gene expression? Trends Genet. 20, 44–50.

9. Nudler E., Mironov A.S. 2004. The riboswitch control of
bacterial metabolism. Trends Biochem. Sci. 29, 11–17.

10. Zuker D.P., Zuker M. 1989. Computer prediction of
RNA structure. Methods Enzymol. 180, 262–288.

11. Zuker M. 2003. Mfold web server for nucleic acid fol-
ding and hybridization prediction. Nucleic Acids Res. 31,
3406–3415.

12. Freier S.M., Kierzek R., Jaeger J.A., Sugimoto N., Caru-
thers M.H., Neilson T., Turner D.H. 1986. Improved
free-energy parameters for predictions of RNA duplex
stability. Proc. Natl. Acad. Sci. USA. 83, 9373–9377.

13. Layton D.M., Bundschuh R. 2005. A statistical analysis
of RNA folding algorithms through thermodynamic pa-
rameter perturbation. Nucleic Acids Res. 33, 519–524.

14. Gultyaev A.P., van Batenburg F.H., Pleij C.W. 1995.
The computer simulation of RNA folding pathways us-
ing a genetic algorithm. J. Mol. Biol. 250, 37–51.

15. Titov I.I., Vorobiev D.G., Kolchanov N.A. 2002. Mass
analysis of RNA secondary structures using a genetic al-
gorithm. Proceeding of the second international confe-
rence of bioinformatics of genome regulation and struc-
ture (BGRS-2000). 2, 138–142.

16. Danilova L.V., Pervouchine D.D., Favorov A.V.,
Mironov A.A. 2006. RNAKinetics: a web server that
models secondary structure kinetics of an elongating
RNA. J. Bioinf. Comp. Biol. 4, 589–596.

17. Mironov A., Kister A. 1986. RNA secondary structure
formation during transcription. J. Biomol. Struct. Dyn. 4,
1–9.

18. Xayaphoummine A., Bucher T., Thalmann F., Isambert H.
2003. Prediction and statistics of pseudoknots in RNA
structures using exactly clustered stochastic simulations.
Proc. Natl. Acad. Sci. USA. 100, 15310–15315.

19. Chen Y., Carlini D.B., Baines J.F., Parsch J., Braver-
man J.M., Tanda S., Stephan W. 1999. RNA secondary
structure and compensatory evolution. Genes Genet.
Syst. 74, 271–286.

20. Knudsen B., Hein J. 2003. Pfold: RNA secondary struc-
ture prediction using stochastic context-free grammars.
Nucleic Acids Res. 31, 3423–3428.

21. Klein R.J., Eddy S.R. 2003. RSEARCH: finding ho-
mologs of single structured RNA sequences. MC Bioin-
formatics. 4, 44.

22. Bouthinon D., Soldano H. 1999. A new method to pre-
dict the consensus secondary structure of a set of un-
aligned RNA sequences. Bioinformatics. 5, 785–798.

23. Pavesi G., Mauri G., Stefani M., Pesole G. 2004.
NAProfile: an algorithm for finding conserved secon-
dary structure motifs in unaligned RNA sequences.
Nucleic Acids Res. 32, 3258–3269.

24. Bailey T.L., Noble W.S. 2003. Searching for statistically
significant regulatory modules. Bioinformatics. Suppl 2,
II16–II25. 

25. ÑÛ·ËÌ ê., ù‰‰Ë ò., äÓ„ Ä., åËÚ˜ËÒÓÌ É. 2006.
ÄÌ‡ÎËÁ ·ËÓÎÓ„Ë˜ÂÒÍËı ÔÓÒÎÂ‰Ó‚‡ÚÂÎ¸ÌÓÒÚÂÈ. åÓÒÍ-
‚‡–àÊÂ‚ÒÍ: çàñ “êÂ„ÛÎflÌ‡fl Ë ı‡ÓÚË˜ÂÒÍ‡fl ‰Ë-
Ì‡ÏËÍ‡”. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


