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< klZlv_ ij_^eZ]Zxlky ih^oh^u d ij_h^he_gbx

ijh[e_fu dhjhldhc \u[hjdb� dhlhjZy b]jZ_l [hevrh_

agZq_gb_ ijb bamq_gbb g_ebg_cghc ^bgZfbdb

nbabheh]bq_kdbo kbkl_f ih wdki_jbf_glZevguf ^Zgguf�

Wlb ^Zggu_ ihdZau\Zxl� qlh Zdlb\ghklv g_cjhgguo

kljmdlmj h[uqgh g_ bf__l j_]meyjgh]h i_jbh^bq_kdh]h

oZjZdl_jZ� H^gZdh \hafh`ghklv kqblZlv

^_l_jfbgbjh\Zggufb ijhp_kku� dhlhju_ jZgvr_

deZkkbnbpbjh\Zebkv dZd rmf� hldju\Z_l ^ey

bkke_^h\Zl_e_c [h]Zlmx bgnhjfZpbx \ h[eZklb

nbabheh]bb fha]Z� < klZlv_ ijb\h^ylky khhl\_lkl\mxsb_

\u\h^u�

Bamq_gb_ g_ebg_cghc ^bgZfbdb WW= b

khijy`_gghc k g_c bfimevkghc Zdlb\ghklb g_cjhgh\

ij_^klZ\ey_l kh[hc keh`gmx b \Z`gmx aZ^Zqm

bkke_^h\Zgby ^_yl_evghklb fha]Z� Wlh l_f [he__

\Z`gh� qlh gZebqb_ g_kdhevdbo ZlljZdlhjh\ ^ey

hldjulhc g_ebg_cghc kbkl_fu� dZdh\hc b y\ey_lky

fha]� l_kgh k\yaZgh k \hafh`ghklvx mijZ\e_gby

ijhp_kkZfb \ g_ebg_cguo kj_^Zo� Ijb wlhf \ nZah\hf

ijhkljZgkl\_ fh`gh \u^_eblv ]jZgbpu� jZa^_eyxsb_

h[eZklb ijbly`_gby jZaebqguo ZlljZdlhjh\� FZeh_

baf_g_gb_ gZqZevguo ^Zgguo \[ebab wlhc ]jZgbpu

fh`_l ijb\_klb d dZq_kl\_ggh jZaebqghfm ih\_^_gbx

gZ jZa\blhc klZ^bb� Ehj_gp wlhl wnn_dl gZa\Ze

³wnn_dlhf [Z[hqdb´� ihkdhevdm \ bamqZ_fhc bf

aZ^Zq_ h i_j_f_s_gbb kehz\ Zlfhkn_ju� baf_g_gb_

gZqZevguo mkeh\bc� \ua\Zggh_ \afZohf djuev_\

[Z[hqdb� fh]eh ijb\_klb d ]eh[Zevguf baf_g_gb_f \

ih\_^_gbb \k_c kbkl_fu [1,2].
H^gZdh ^h kbo ihj \hagbdZxl khfg_gby \

wnn_dlb\ghklb ZgZebaZ WW= k p_evx bamq_gby __

^bgZfbq_kdbo k\hckl\� Hkgh\gZy ljm^ghklv

aZdexqZ_lky \ lhf� qlh hl^_evgu_ nmgdpbhgZevgu_

khklhygby fha]Z� y\eyykv dhg_qgufb ih \j_f_gb� g_

h[_ki_qb\Zxl� dZd ijZ\beh� \ wdki_jbf_gl_

\hafh`ghklv gZdhie_gby \u[hjdb ^hklZlhqghc

^ebgu� NmgdpbhgZevgu_ khklhygby kf_gyxl ^jm]

^jm]Z [uklj__� q_f dZdh_�eb[h ba gbo mki_\Z_l klZlv

mklZgh\b\rbfky� K ^jm]hc klhjhgu� ijh\_^_gb_

g_ebg_cgh]h ZgZebaZ� \ lhf qbke_ b njZdlZevgh]h�

\hafh`gh lhevdh \ lhf kemqZ_� _keb \ kbkl_f_

aZdhgq_gu i_j_oh^gu_ ijhp_kku� <f_kl_ k l_f�

njZdlZevguc ZgZeba ijbgpbibZevgh g_ iha\hey_l

bkke_^h\Zlv fhf_gl i_j_oh^gh]h ijhp_kkZ�

G_kfhljy gZ wlh f_lh^u l_hjbb g_ebg_cghc

^bgZfbdb hkh[_ggh p_ggu ^ey ZgZebaZ

wdki_jbf_glZevguo ^Zgguo� ihemq_gguo ba

hl^_evgh]h \j_f_ggh]h jy^Z� Bo hkgh\gh_ dZq_kl\h ±

jZaebqZlv kemqZcgmx beb ^_l_jfbgbklkdmx ijbjh^m

^bgZfbq_kdbo kbkl_f� GZijbf_j� hgb iha\heyxl

hij_^_eblv fbgbfZevgh_ qbkeh i_j_f_gguo�

g_h[oh^bfuo ^ey hibkZgby ^bgZfbq_kdhc kbkl_fu�

^Zxl djbl_jbc kms_kl\h\Zgby ZlljZdlhjh\�

oZjZdl_jbamxsbo ^_l_jfbgbklkdb_ ^bgZfbdb� ^Zxl

bgnhjfZpbx h lZdbo dhebq_kl\_gguo k\hckl\Zo dZd

jZaf_jghklv�

P_evx gZklhys_c jZ[hlu y\ey_lky

wdki_jbf_glZevgZy ijh\_jdZ \hafh`guo ih^oh^h\ d

ZgZebam hlj_adh\ WW= b g_cjh]jZff fZehc ^ebgu ^ey

mklZgh\e_gby bo njZdlZevguo k\hckl\ b \uy\e_gb_

k\yab i_j_kljZb\Zxs_cky [bhwe_dljbq_kdhc

Zdlb\ghklb k j_amevlZlZfb njZdlZevgh]h ZgZebaZ�

>Zggu_� ihemqZ_fu_ ijb wdki_jbf_glZevghf

bamq_gbb nbabheh]bq_kdbo kbkl_f� lZdbo dZd

g_cjhggu_ kljmdlmju ihdZau\Zxl� qlh bo Zdlb\ghklv

h[uqgh g_ bf__l j_]meyjgh]h� i_jbh^bq_kdh]h

oZjZdl_jZ� LZdb_ g_j_]meyjghklb h[uqgh k\yaZgu k

rmfhf beb kemqZcgufb klhoZklbq_kdbfb

ijhp_kkZfb� dhlhju_� \ ijbgpbi_� kh\_jr_ggh

g_ij_^kdZam_fu� _keb g_ kqblZlv bo klZlbklbq_kdbo

k\hckl\� K ^jm]hc klhjhgu� rbjhdh_ ijbagZgb_ lh]h

nZdlZ� qlh \klj_qZxsb_ky \ ijbjh^_ kbkl_fu

kihkh[gu d oZhlbq_kdhfm ih\_^_gbx� ijb\_eh d

ihiuld_ b^_glbnbdZpbb oZhkZ \ eZ[hjZlhjguo

mkeh\byo�

Bamq_gb_ \hafh`ghc ^bgZfbq_kdhc fh^_eb

<bekhgZ�DhmwgZ ]_g_jZpbb we_dljbq_kdhc

jblfbq_kdhc Zdlb\ghklb ]heh\gh]h fha]Z ^hklZlhqgh

m[_^bl_evgh ^_fhgkljbjm_l \hafh`ghklv b

f_oZgbafu \hagbdgh\_gby oZhkZ \ lZdbo kbkl_fZo [3].
Ij_^iheh`_gb_ h kms_kl\h\Zgbb oZhkZ \ g_cjhgguo

kbkl_fZ ih^l\_j`^Z_lky lZd`_ j_amevlZlZfb

fZl_fZlbq_kdh]h fh^_ebjh\Zgby [4]. H^gZdh gZ

ijZdlbd_ h[gZjm`blv oZhk g_e_]dh� <

wdki_jbf_glZevguo kbkl_fZo rmf \aZbfh^_ckl\m_l k

^bgZfbq_kdbfb ijhp_kkZfb� ih^qbgyxsbfbky

mjZ\g_gbyf ^\b`_gby� hij_^_eyxsbf w\hexpbx

kbkl_fu� LZdbf h[jZahf� wlb wdki_jbf_glZevgu_

kbkl_fu ih hij_^_e_gbx ih^\_j`_gu

klhoZklbq_kdbf \hafms_gbyf b ihwlhfm ljm^gu ^ey

l_hj_lbq_kdh]h jZkkfhlj_gby� <hafh`ghklv kqblZlv

^_l_jfbgbjh\Zggufb l_ ijhp_kku� dhlhju_ jZg__

deZkkbnbpbjh\Zebkv dZd rmf� h]jZgbqb\Z_lky

gZebqb_f rmfZ \ bamqZ_fhc kbkl_f_ �\ lhf qbke_ \

baf_jbl_evghf ijb[hj_�� KblmZpby mkeh`gy_lky _sz

b l_f� qlh \ ebl_jZlmj_ kms_kl\mxl jZaebqgu_

hij_^_e_gby oZhkZ� Ihwlhfm� ijb ihiuldZo

wdki_jbf_glZevgh gZclb oZhk \ [bheh]bq_kdbo

kbkl_fZo� lj_[m_lky djZcgyy hklhjh`ghklv�



Qlh[u ijh^_fhgkljbjh\Zlv wlh ijb\_^_f ijbf_j

bkihevah\Zgby f_lh^Z first-return map, ij_^eh`_ggh]h
\ [5], ^ey \uy\e_gby oZhkZ ih wdki_jbf_glZevguf

^Zgguf� Ml\_j`^_gb_ Z\lhjh\ aZdexqZehkv \ lhf� qlh

\ baf_jy_fuo bfb \j_f_gguo jy^Zo bfimevkghc

Zdlb\ghklb g_cjhgh\ ]biihdZfiZ djuk b

]_g_jbjmxsbo rmfhih^h[gmx bfimevkgmx

Zdlb\ghklv� nbdkbjm_lky oZhk� < lh`_ \j_fy� ^jm]b_

bkke_^h\Zl_eb >�@ ijbf_gbeb f_lh^u dhgljhey oZhkZ�

ZgZeh]bqgu_ >�@ d aZ\_^hfh g_oZhlbq_kdhc kbkl_f_ gZ

hkgh\_ fh^_eb� ]_g_jbjmxs_c Zdlb\ghklv lbiZ

³kj_^g__ agZq_gb_ � [_euc ]Zmkkh\ rmf´� G_kfhljy

gZ ijbgpbibZevgh_ jZaebqb_ \ fh^_eyo�

bkihevam_fuo dZd \ h^ghc� lZd b \ ^jm]hc jZ[hl_�

[ueb ihemq_gu koh^gu_ j_amevlZlu� Gh _keb \ >�@

ml\_j`^Z_lky� qlh \ kbkl_f_ gZ[ex^Z_lky oZhk� lh >�@

ihdZau\Z_l ij_`^_\j_f_gghklv lZdh]h ml\_j`^_gby�

Ke_^m_l hlf_lblv� qlh [hevrbgkl\h f_lh^h\�

hibkZgguo \ ebl_jZlmj_� ^ey ZgZebaZ oZhlbq_kdbo

ijhp_kkh\ \ fha]_ y\eyxlky ]jZnbq_kdbfb� b j_^dh

\klj_qZxlky dhebq_kl\_ggu_ f_lh^u� lZdb_ dZd

njZdlZevgZy jZaf_jghklv� ihdZaZl_eb Eyimgh\Z beb

baf_j_gb_ wgljhibb� Ohly oZhlbq_kdZy

g_j_]meyjghklv \ g_cjhgZo [ueZ m[_^bl_evgh

ihdZaZgZ ijb hij_^_ezgguo mkeh\byo� agZq_gb_ wlh]h

³ih\_^_gby´ ^ey nmgdpbhgbjh\Zgby hl^_evguo

de_lhd b bo \aZbfhhlghr_gby k ^jm]bfb g_cjhgZfb

_sz ^he`gh [ulv \uykg_gh�

< lh `_ \j_fy� ^ey [hevrh]h deZkkZ ijbdeZ^guo

aZ^Zq� bgl_j_kgu g_ klhevdh dhgdj_lgu_ qbke_ggu_

agZq_gby \_ebqbg \ ^Zgguc fhf_gl \ ^Zgghc lhqd_� g_

klhevdh mkj_^g_gb_ ih [hevrhfm \j_f_gghfm

bgl_j\Zem \_ebqbgu� kdhevdh kZfZ ^bgZfbdZ

ijhp_kkZ� H^gbf ba fhsguo f_lh^h\ bamq_gby

\ukhdh keh`guo ^bgZfbq_kdbo ijhp_kkh\ \

jZaebqguo kbkl_fZo kem`bl f_lh^ njZdlZevgh]h

ZgZebaZ >�@� >jm]b_ dhebq_kl\_ggh�\bamZevgu_

f_lh^u ZgZebaZ g_ebg_cguo \j_f_gguo jy^h\ fZehc

^ebgu� kh^_j`Zlky� gZijbf_j� \ >�� �@�

Fu ij_^eZ]Z_f ke_^mxsmx ijhp_^mjm

ijh\_^_gby njZdlZevgh]h ZgZebaZ ih \u[hjd_

dhjhldhc ^ebgu� KgZqZeZ kljhylky wg_j]_lbq_kdb_

ki_dlju ZgZebabjm_fuo jy^h\� Ij_^klZ\e_gb_

ki_dljh\ ke_^m_l ijhba\h^blv \ ^\Z`^u

eh]Zjbnfbq_kdbo dhhj^bgZlZo� LZdbf h[jZahf� _keb

bf_eZkv dhfihg_glZ f/1 rmfZ� lh ihy\ey_lky

\hafh`ghklv aZf_lblv b \u^_eblv _z� lZd dZd [ueh

hlf_q_gh \ >��@� qlh kbkl_fu k lZdbf ih\_^_gb_f

y\eyxlky rmfh\ufb b g_ ih^^Zxlky ^bgZfbq_kdhfm

hibkZgbx� NbevljZpbx f/1 rmfZ emqr_ \k_]h

hkms_kl\eylv gZ hkgh\_ j_ahgZgkguo nbevljh\ ba

jZ[hlu >��@� >ey nbevljh\Zgghc j_ZebaZpbb ih

i_j\hfm fbgbfmfm Z\lhdhjj_eypbhgghc nmgdpbb

gZoh^blky hilbfZevguc \j_f_gghc k^\b]�

bkihevam_fuc \ ijhp_^mj_ LZd_gkZ >��@�

ij_^gZagZq_gghc ^ey \hkklZgh\e_gby ljZ_dlhjbb

^bgZfbq_kdhc kbkl_fu \ nZah\hf ijhkljZgkl\_� WlZ

ijhp_^mjZ bkihevam_lky \ kbem k\h_c ijhklhlu� K

l_hj_lbq_kdhc lhqdb aj_gby ijhp_^mjZ

\hkklZgh\e_gby ljZ_dlhjbb \ nZah\hf ijhkljZgkl\_

g_ y\ey_lky ijbgpbibZevghc� ihkdhevdm kl_i_gv

Z^_d\Zlghklb \hkklZgh\e_gby aZ\bkbl lhevdh hl

jZaf_jghklb lh]h ijhkljZgkl\Z� gZ dhlhjh_

ijhba\h^blky ijh_pbjh\Zgb_ �h[t_fexs_]h

ijhkljZgkl\Z�� Z hl kZfhc ijhp_^mju \hkklZgh\e_gby

k \_jhylghklvx � g_ aZ\bkbl� K nbabq_kdhc lhqdb

aj_gby w\hexpby dZ`^hc hl^_evghc dhfihg_glu

hij_^_ey_lky \k_fb ^jm]bfb dhfihg_glZfb� k

dhlhjufb hgZ \aZbfh^_ckl\m_l� WlZ bgnhjfZpby

kh^_j`blky \ kljmdlmj_ \j_f_gghc aZ\bkbfhklb�

dhlhjZy ZgZebabjm_lky \ ijhp_^mj_ njZdlZevgh]h

ZgZebaZ�

Ijh_pbjh\Zgb_ g_h[oh^bfh ijhba\h^blv

ihke_^h\Zl_evgh \ h[t_fexsb_ ijhkljZgkl\Z

jZaf_jghkl_c ����«�n� >ey dZ`^h]h ba h[t_fexsbo

ijhkljZgkl\ gZoh^blky aZ\bkbfhklv dhjj_eypbhggh]h

bgl_]jZeZ hl jZ^bmkZ ihdju\Zxsbo rZjh\ ijb

hij_^_e_gbb dhjj_eypbhgghc njZdlZevghc

jZaf_jghklb jy^Z�

Dhjj_eypbhggZy `_ jZaf_jghklv hij_^_ey_lky

ke_^mxsbf kihkh[hf� Ih^kqblu\Zxlky jZkklhygby

),( ji xxP f_`^m \k_fb lhqdZfb \ p �f_jghf

ijhkljZgkl\_� AZl_f \uqbkey_lky nmgdpby�

{*/1lim)( 2NC N ∞→=ε qbkeh

jZkklhygbc ),( ji xxP � f_gvrbo }ε ,

gZau\Z_fZy dhjj_eypbhgguf bgl_]jZehf� A^_kv ε
jZ^bmk p �f_jguo rZjh\� ihdju\Zxsbo \kz

fgh`_kl\h lhq_d� N � dhebq_kl\h lZdbo rZjh\�

Dhjj_eypbhgguf ihdZaZl_e_f beb dhjj_eypbhgghc

jZaf_jghklvx y\ey_lky qbkeh

[ ]εν ε ln/lnlim 0 C→=                                           (1)

Hij_^_ebf ^bkdj_lguc gZ[hj ∞→= iii tt ,)( εε ,

]^_ msts 2,..,1,0),( =∆ε h^gZ ba ^bgZfbq_kdbo

i_j_f_gguo� m � ^ebgZ \u[hjdb� Ih wlbf ^Zgguf

fh`gh ihkljhblv gZ[hj m �f_jguo \_dlhjh\

),...,,( 11 −++= lkkkk εεεζ ^ey ,...2,1=l b hij_^_eblv

jZaf_jghklv fgh`_kl\Z }{ kζ \ l �f_jghf nZah\hf

ijhkljZgkl\_� Fgh`_kl\h� khklhys__ ba \_dlhjh\ kζ ,

qZklh gZau\Zxl fgh`_kl\Zfb \ ζ �ijhkljZgkl\_� Z

ijhp_kk bo ihkljh_gby ± j_dhgkljmdpb_c ZlljZdlhjZ�

<u[hj t∆ �kf_s_gby� y\ey_lky \Z`guf

f_lh^bq_kdbf \hijhkhf� Bf_ggh hl _]h mki_rgh]h

j_r_gby aZ\bkbl� [m^_l eb h[gZjm`_gZ njZdlZevgZy

kljmdlmjZ lh]h beb bgh]h ZlljZdlhjZ� Ijhp_^mjZ�

ijb\_^_ggZy \ur_� b [ueZ ij_^gZagZq_gZ ^ey \u[hjZ

g_h[oh^bfh]h agZq_gby kf_s_gby t∆ .
Ijb wlhf ijb _z jZajZ[hld_ [ueb bkihevah\Zgu

ke_^mxsb_ khh[jZ`_gby� Imklv t∆ hq_gv fZeh� lh]^Z

\k_ ζ �\_dlhju [m^ml e_`Zlv \[ebab ijyfhc \ ζ -



ijhkljZgkl\_� ]^_ kk ζζ =+1 � Wlh ijb\_^zl d lhfm�

qlh bgl_j\Ze fZkrlZ[h\� gZ dhlhjhf khkj_^hlhq_g

ebg_cguc mqZklhd djb\hc )(lnln εfC = � [m^_l

kf_szg \ h[eZklv hq_gv fZeuo fZkrlZ[h\ b hp_gblv

_]h [m^_l hq_gv ljm^gh�

?keb `_ t∆ [m^_l ^hklZlhqgh \_ebdh� lh ζ -

\_dlhju [m^ml aZihegylv g_dhlhjuc dm[ \ ζ -

ijhkljZgkl\_ b hp_gblv gZdehg ebg_cgh]h mqZkldZ

djb\hc )(lnln εfC = lZd`_ [m^_l ljm^gh� Ihwlhfm

_kl_kl\_ggh \u[bjZlv t∆ lZd� qlh[u kζ b 1+kζ [ueb

[u ^hklZlhqgh [ebadb� gh \ gZbf_gvr_c kl_i_gb

dhjj_ebjh\Zggu� Wlbf lj_[h\Zgbyf m^h\e_l\hjyxl

lZdb_ agZq_gby t∆ � ijb dhlhjuo Z\lhdhjj_eypbhggZy

nmgdpby

∫ ∫ 
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\ i_j\uc jZa ^hklb]Z_l gmey�

>Ze__ h[jZ[hldZ \uihegy_lky ke_^mxsbf

h[jZahf� J_amevlZlu \uqbke_gby dhjj_eypbhggh]h

bgl_]jZeZ ij_^klZ\eyxlky \ \b^_ ]jZnbdh\

aZ\bkbfhklb \ eh]Zjbnfbq_kdbo dhhj^bgZlZo

)(lnln εfC = � AZl_f� ijb jZkkfhlj_gbb dZ`^hc

djb\hc gZoh^ylky mqZkldb� dhlhju_ bf__l kfuke

ebg_Zjbah\Zlv� G_h[oh^bfh hlf_lblv� qlh \ ih^h[ghf

ij_^klZ\e_gbb mqZkldb djb\hc qZklh bf_xl

g_h^ghagZqghklb� dhlhju_ fh`gh jZa^_eblv gZ ^\Z

lbiZ ± eZdmgZjghklv b baehf� EZdmgZjghklv \ua\ZgZ

g_h^ghjh^ghklvx njZdlZevghc nb]mju� ihemq_gghc

ih wdki_jbf_glZevguf ^Zgguf� Baehf oZjZdl_jbam_l

jZagu_ gZdehgu djb\hc� Z agZqbl jZaebqgu_ agZq_gby

jZaf_jghklb�

GZqbgZy k g_dhlhjuo agZq_gbc d � jZaf_jghklb

ZlljZdlhjZ b M � jZaf_jghklb h[t_fexs_]h

ijhkljZgkl\Z� djb\u_ klj_fylky \uclb gZ ihklhygguc

mjh\_gv� >Ze__ kljhblky ]jZnbd aZ\bkbfhklb

jZaf_jghklb d oZhlbq_kdh]h ZlljZdlhjZ hl

jZaf_jghklb M h[t_fexs_]h ijhkljZgkl\Z�

Kh]eZkgh >��@ kbkl_fZlbq_kdZy hrb[dZ \ hij_^_e_gbb

njZdlZevghc jZaf_jghklb ijb ^ebg_ \u[hjdb ����

���� lhq_d e_`bl \ ij_^_eZo �������� qlh ^hklZlhqgh

fgh]h� Ih]j_rghklb� ijb\ghkbfu_ ijhp_^mjhc

ebg_ZjbaZpbb� bf_xl ihjy^hd ������ Ihwlhfm

ebg_ZjbaZpby \iheg_ ^himklbfZ�

AZ^Zq_c ^Zggh]h wlZiZ y\ey_lky gZoh`^_gb_

ebg_cguo beb [ebadbo d lZdh\uf mqZkldh\ djb\hc�

A^_kv ke_^m_l mqblu\Zlv lh� qlh�

- h[eZklv kd_cebg]Z �h[eZklv ebg_cgh]h baf_g_gby

Cln � ^he`gZ [ulv g_ f_gvr_ h^gh]h ihjy^dZ ^ey

\k_o djb\uo� ;he__ lh]h� gZb[he__ hilbfZevguf

ij_^klZ\ey_lky \u[hj h[eZklb kd_cebg]Z dZd jZa \

ij_^_eZo h^gh]h ihjy^dZ� ihkdhevdm \ wlhf kemqZ_

\hafh`gh ihemqblv fZdkbfmf bgnhjfZpbb h[

ZlljZdlhj_� Bgufb keh\Zfb� lZdhc \u[hj \_^zl d

m\_ebq_gbx wgljhibb Dhefh]hjh\Z�

- g_h[oh^bfh ih \hafh`ghklb ba[_]Zlv ihiZ^Zgby

lhq_d fh^_ebjmxs_]h hlj_adZ gZ h[eZklv gbadbo

agZq_gbc dhjj_eypbhggh]h bgl_]jZeZ ]1010[ 56 −− − ,

lZd dZd h[tzf klZlbklbq_kdhc \u[hjdb \ wlhc

h[eZklb hq_gv fZe ^ey Z^_d\Zlgh]h ij_^klZ\e_gby�

- ijh_dpbb \ jZaebqguo h[t_fexsbo

ijhkljZgkl\Zo bgh]^Z [u\Zxl g_m^Zqgufb� Ba�aZ

wlh]h m\_ebqb\Zxlky \_jhylghklb hrb[hqghc

bgl_jij_lZpbb� Ihwlhfm \Z`gh mqblu\Zlv

l_g^_gpbb baf_g_gby iZjZf_ljh\ djb\uo hl

ijh_dpbc \ h[t_fexsbo ijhkljZgkl\Zo h^ghc

jZaf_jghklb d ijh_dpbyf \ h[t_fexsbo

ijhkljZgkl\Zo [hevrbo b f_gvrbo jZaf_jghkl_c�

- g_dhlhjmx bgnhjfZpbx h ebg_cguo mqZkldZo b

h[eZklyo bo jZa^_eZ fh`_l ^Zlv j_amevlZl

ijhp_^mju ^bnn_j_gpbjh\Zgby djb\hc�

- hrb[dZ \bamZevghc hp_gdb m\_ebqb\Z_lky hl

ijh_dpbb \ h[t_fexs_f ijhkljZgkl\_ h^ghc

jZaf_jghklb \ h[t_fexsb_ ijhkljZgkl\Z [he__

\ukhdbo jZaf_jghkl_c� lZd dZd mf_gvrZ_lky

^bgZfbq_kdbc ^bZiZahg baf_g_gby r .
L_f g_ f_g__� ke_^m_l hlf_lblv� qlh ijb

\u^_e_gbb jZaf_jghklb \ [hevrbgkl\_ kemqZ_\

ZgZebaZ WW= g_ gZ[ex^Z_lky h^ghagZqguc \uoh^ gZ

ieZlh aZ\bkbfhkl_c jZaf_jghklb ^bgZfbq_kdhc

kbkl_fu d hl jZaf_jghklb ijhkljZgkl\Z \eh`_gby

M � Wlh� ih \b^bfhfm� k\yaZgh bf_ggh k fZehc

^ebghc j_ZebaZpbc� :^_d\ZlgZy `_ hp_gdZ

jZaf_jghklb ^hklb]Z_lky \ kemqZ_� _keb ij_^_evgZy

jZaf_jghklv h[t_fexs_]h ijhkljZgkl\Z k\yaZgZ k

dhebq_kl\hf wdki_jbf_glZevguo lhq_d n \ jy^m

g_jZ\_gkl\hf >��@

)(log2 10 nM ≤ .                                                     (3)

>ey [hevrbgkl\Z ZgZebabjm_fuo hlj_adh\ WW= b

bfimevkghc Zdlb\ghklb g_cjhgh\

m^h\e_l\hjbl_evgZy lhqghklv ^hklb]Z_lky ijb M
f_gvr_f beb jZ\ghf �� Mqblu\Zy� qlh WW= \

ijbgpbi_ bf_xl ^hklZlhqgh \ukhdb_ jZaf_jghklb� Z

lZd`_ lh� qlh ^ey dhjhldbo \j_f_gguo jy^h\

hldehg_gb_ hl ijyfhc khhl\_lkl\mxs__ rmfh\hc

dhfihg_gl_� gZjZklZ_l kjZ\gbl_evgh f_^e_ggh� g_

ij_^klZ\ey_lky \hafh`guf gZ[jZlv klZlbklbdm ^ey

kbkl_f k jZaf_jghklvx [hevr_ �� ;he__ lh]h� wlh

lj_[h\Zgb_ b^zl \ jZaj_a k lj_[h\Zgb_f

klZpbhgZjghklb ijhp_kkZ� Ohly ijhp_^mjZ \u^_e_gby

jZaf_jghklb ^ey dhjhldbo jy^h\ g_h^ghagZqgZ� _z

\u[hj \eby_l gZ kbkl_fZlbq_kdmx ih]j_rghklv� gh g_

gZ kh^_j`Zgb_ b ^bgZfbdm ijhp_kkZ� < wlbo mkeh\byo

g_ ke_^m_l klZ\blv aZ^Zqm lhqgh]h hij_^_e_gby

jZaf_jghklb� ^hklZlhqgh h[uqgh ebrv \uy\blv

l_g^_gpbb _z baf_g_gby b hlebqby hl jZaf_jghkl_c

^jm]bo hiulh\� \ dhlhjuo ijbf_gyeZkv lZdZy `_

ijhp_^mjZ gZoh`^_gby jZaf_jghklb�

LZd dZd \ gZklhys__ \j_fy g_ kms_kl\m_l

h^ghagZqgh]h kihkh[Z hij_^_e_gby jZaf_jghkl_c

kljZgguo ZlljZdlhjh\ ^bgZfbq_kdbo kbkl_f�



\hkklZgh\e_gguo ih dhjhldbf j_ZebaZpbyf� ih

\b^bfhfm� _^bgkl\_gguf \uoh^hf y\ey_lky

bkihevah\Zgb_ jZaebqguo f_lh^h\ ^ey hij_^_e_gby

jZaf_jghklb kbkl_f� Z aZl_f kjZ\g_gb_ bo

j_amevlZlh\� IjZdlbq_kdbc hiul ihdZau\Z_l� qlh

gZb[he__ Z^_d\Zlgufb ^ey \u^_e_gby jZaf_jghklb

^bgZfbq_kdbo kbkl_f y\ey_lky ke_^mxsb_ ih^oh^u�

I_j\uc kihkh[ \ k\h_c hkgh\_ kh^_j`bl

g_h[oh^bfhklv gZoh`^_gby kj_^g_]h agZq_gby

jZaf_jghklb ih \k_c jZkkfZljb\Z_fhc h[eZklb� Hg

^Zzl kh\hdmigmx hp_gdm ^ey \k_]h fgh`_kl\Z

jZaf_jghkl_c� hl\_qZxs_]h h^ghc kbkl_f_� H^gZdh

ijb wlhf aZjZg__ g_ ba\_klgh� jZaebqgu eb mqZkldb

jZaf_jghklguo aZ\bkbfhkl_c�

<lhjhc kihkh[ hkgh\Zg gZ fZdkbfZevghf

ijb[eb`_gbb Ziijhdkbfbjmxs_c ijyfhc d

fgh`_kl\m wdki_jbf_glZevguo lhq_d� Hg aZdexqZ_lky

\ lhf� qlh kljhylky [bkk_dljbkZ m]eZ f_`^m hkyfb

dhhj^bgZl� ]^_ ih Z[kpbkk_ hldeZ^u\Z_lky M � h ih

hj^bgZl_ d b ZiijhdkbfbjmxsZy ijyfZy� Ijb wlhf

aZ agZq_gb_ jZaf_jghklb d [_jzlky eb[h hj^bgZlZ

lhqdb i_j_k_q_gby [bkk_dljbku b Ziijhdkbfbjmxs_c

ijyfhc eb[h hj^bgZlZ lhqdb� khhl\_lkl\mxs_c

klZg^Zjlghfm agZq_gbx M �gZijbf_j� 6=M ).
G_^hklZldhf lZdh]h kihkh[Z y\ey_lky� dZd b \ i_j\hf�

g_\hafh`ghklv mq_klv gZb[he__ j_ij_a_glZlb\gu_

mqZkldb bkoh^ghc kh\hdmighklb� GZah\zf wlhl f_lh^

± ZiijhdkbfZpby ih fbgbfmfm hldehg_gby�

Lj_lbc kihkh[ hkgh\Zg gZ kjZ\g_gbb j_amevlZlh\

njZdlZevgh]h ZgZebaZ ^ey ^ebgguo �ihjy^dZ �����

lhq_d� b dhjhldbo �ihjy^dZ ���� lhq_d� j_ZebaZpbc�

ihemq_gguo \ h^gbo b l_o `_ wdki_jbf_glZo� <

khhl\_lkl\bb k gbf ^ey hij_^_e_gby bklbgghc

jZaf_jghklb ih dhjhldbf j_ZebaZpbyf ke_^m_l [jZlv

kj_^gxx \_ebqbgm g_kdhevdbo kZfuo \ukhdbo

jZaf_jghkl_c i_j_^ bo \hafh`guf kju\hf \\_jo�

H^gZdh ijb wlhf g_\hafh`gh lhqgh mklZgh\blv� ]^_

gZqbgZ_lky \uoh^ gZ ieZlh� LZdhc f_lh^ gZa\Zg ±

ZiijhdkbfZpby ih ij_^iheZ]Z_fhfm gZkus_gbx�

Q_l\zjluc kihkh[ khklhbl \ lhf� qlh _keb

gZ[ex^Z_lky \uoh^ gZ ³ihedm´ ih djZcg_c f_j_ ^ey

q_lujzo ihke_^h\Zl_evguo lhq_d \ ex[hc h[eZklb

jZaf_jghklghc aZ\bkbfhklb� lh hkms_kl\ey_lky

ZiijhdkbfZpby k ihfhsvx ijyfhc iZjZee_evghc hkb

Z[kpbkk� < wlhf kemqZ_ hj^bgZlZ mjh\gy gZkus_gby

[_jzlky \ dZq_kl\_ agZq_gby jZaf_jghklb� Wlhl f_lh^

gZa\Zg ZiijhdkbfZpb_c ih mjh\gx gZkus_gby�

DZd ihdZau\Z_l gZr hiul� ijb ZgZeba_ dhjhldbo

hlj_adh\ WW= b bfimevkghc Zdlb\ghklb h^bghqguo

g_cjhgh\ ke_^m_l bkihevah\Zlv \k_ wlb f_lh^u� gh \

[hevrbgkl\_ kemqZ_\ gZbemqrb_ j_amevlZlu

ihemqZxlky k bkihevah\Zgb_f f_lh^h\

ZiijhdkbfZpbb ih fbgbfmfm hldehg_gby b

ZiijhdkbfZpbb ih ij_^iheZ]Z_fhfm gZkus_gbx�

JZajZ[hlZgguc Ze]hjblf [ue bkihevah\Zg ^ey

hibkZgby njZdlZevguo k\hckl\ dhjhldbo mqZkldh\

ij_klbfmevghc WW= �� k_d� ��� lhqdb�� h^bg ba

dhlhjuo ijb\_^_g gZ jbk� �� Ki_dlj wlh]h jy^Z

ihdZaZg gZ jbk���

< \u[jZgguo qZklhlguo ^bZiZahgZo

mijZ\eyxs_]h dZgZeZ �α,δ� beb θ�� Ijb ihke_^mxs_f
ZgZeba_ [ueh mklZgh\e_gh� qlh njZdlZevgu_ k\hckl\Z

mqZkldh\ khhl\_lkl\mxsbo fgh]hi_jbh^bq_kdhfm

beb fhghi_jbh^bq_kdhfm j_`bfm Zdlb\ghklb
k_e_dlbjh\Zgguo pbdeh\ WW= \uoh^yl gZ �ihedm��

lh]^Z dZd ZgZeh]bqgu_ ih ^ebl_evghklb mqZkldb ijb

dhgljhevghc g_ZkkhpbZlb\ghc klbfmeypbb k\hckl\hf

gZkus_gby g_ h[eZ^Zxl� OZjZdl_j gZkus_gby ijb

fgh]hi_jbh^bq_kdhc �Jbk��� b fhghi_jbh^bq_kdhc

�Jbk� �� mijZ\ey_fhc klbfmeypbb g_kdhevdh jZaebq_g�
lZd ijb ihke_^g_c� gZjy^m k gZkus_gb_f djb\hc

dhjj_eypbhggh]h bgl_]jZeZ fh`gh [ueh hlf_lblv

ihy\e_gb_ lZd gZau\Z_fuo g_jZa^_e_gguo

ZlljZdlhjh\ �^\_ �ihedb��� \hafh`gh

k\b^_l_evkl\mxsbo h[ h^gh\j_f_gghf

kms_kl\h\Zgbb ^\mo dhgdmjbjmxsbo ijhp_kkh\ \
^bgZfbq_kdhc kbkl_f_ fha]Z� Bkdmkkl\_ggh_

m^ebg_gby jy^h\ nmgdpbhgZevguo khklhygby iml_f

^h[Z\e_gby h^ghjh^guo mqZkldh\ ij_klbfmevghc

WW= ^h ���� � ���� lhq_d g_ ijb\h^bl d

kms_kl\_gghfm baf_g_gbx oZjZdl_jZ gZkus_gby
djb\hc�

Jbk��� GZlb\gZy ij_klbfmevgZy WW=�

Jbk� �� Ki_dljZevgZy iehlghklv ij_klbfmevghc
WW=�

0
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Jbk� ��OZjZdl_j gZkus_gby ijb

fgh]hi_jbh^bq_kdhc mijZ\ey_fhc klbfmeypbb�

LZdbf h[jZahf� _klv hkgh\Zgby ij_^iheZ]Zlv� qlh

_keb bkke_^m_fuc hlj_ahd WW= h[eZ^Z_l

njZdlZevgufb k\hckl\Zfb� lh hgb fh]ml ijhy\eyxlky
m`_ gZ dhjhldbo j_ZebaZpbyo� <f_kl_ k l_f

m^ebg_gb_ bamqZ_fh]h mqZkldZ ijb\h^bl \ i_j\mx

hq_j_^v d \uy\e_gbx lhgdhc kljmdlmju ijhp_kkZ�

Ihwlhfm [hevrh_ dhebq_kl\h lhq_d� \ayluo ^ey

ZgZebaZ [bhwe_dljbq_kdhc Zdlb\ghklb g_ ^Z_l
ihegh]h hibkZgby keh`ghklb WW=� \ k\yab k q_f

ihgylb_ jZaf_jghklb WW= ijZ\hf_jgh lhevdh \

kjZ\gbl_evghf Zki_dl_�

>ey ijh\_jdb jZajZ[hlZgghc f_lh^bdb ZgZebaZ

dhjhldbo j_ZebaZpbc k p_evx mklZgh\e_gby bo

njZdlZevguo k\hckl\ [ueZ lZd`_ ijh\_^_gZ
h[jZ[hldZ wdki_jbf_glZevguo ^Zgguo Zdlb\ghklb

g_cjhgh\ fheexkdZ ;hevrh]h ijm^h\bdZ ijb

jZaebqguo j_`bfZo \gmljbde_lhqghc klbfmeypbb�

F_lh^bdZ ihemq_-

Jbk� �� OZjZdl_j gZkus_gby ijb fhghi_jbh^bq_kdhc
mijZ\ey_fhc klbfmeypbb �fh`gh hlf_lblv ihy\e_gb_

lZd gZau\Z_fuo g_jZa^_e_gguo ZlljZdlhjh\ �^\_

�ihedb����

gby \j_f_gguo jy^h\ ih^jh[gh hibkZgZ \ [14]� >ebgZ
ihemq_gguo \ wdki_jbf_gl_ jy^h\ g_ ij_\urZeZ ����

lhq_d� h^gZdh� k ihfhsvx hibkZgghc \ur_ f_lh^bdb

m^Zehkv mklZgh\blv njZdlZevgu_ jZaf_jghklb

ZgZebabjm_fuo jy^h\�

H[sbf \u\h^hf y\ey_lky lh� qlh \ jZkkfhlj_gguo

wdki_jbf_glZo \g_rgyy klbfmeypby �djhf_ j_`bfZ

oZhlbq_kdh]h \ha^_ckl\by� kihkh[kl\m_l mf_gvr_gbx

dhebq_kl\Z kbkl_f eb[h bo kly]b\Zgbx d h^ghc

\_^ms_c� Wlh mf_gvr_gb_ fh`_l h[tykgylvky

ijhp_kkZfb kZfhhj]ZgbaZpbb� ijb dhlhjuo

\gmlj_ggb_ ijhp_kku ih^kljZb\Zxlky ih^ kljmdlmjm

\ha^_ckl\by� GZ mjh\g_ nbabq_kdh]h hibkZgby wlh

agZqbl� qlh ihy\ey_lky ^bgZfbq_kdZy kbkl_fZ�

hl\_qZxsZy \iheg_ hij_^_ezgghc b \ukhdh

dh]_j_glghc fh^_eb g_cjhgghc Zdlb\ghklb�

<hafh`gh� qlh ^h wlh]h Zdlb\ghklv g_cjhgZ [ueZ \

lhf beb bghf kfuke_ ^_kbgojhgbabjh\ZgZ� Z ihlhf

hgZ kbgojhgbabjh\ZeZkv gZ hq_gv \Z`ghc b� ih

\b^bfhfm� hilbfZevghc fh^_eb�
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The approachs to decision of short series problem in

analysis of electroencephalogram and neuron activity for
definition of its fractal properties / S.A.Vorobyov,
A.Ya.Mogilevskiy, S.A. Ponomarenko, A.V.Shilo // Radioelek-
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The approach to decision of short series problem in analysis
of electroencephalogram for definition of its fractal properties is
proposed and described. The conclusions defined from the using
of proposed approach to analysis of Lymnaea stagnalis’s neu-
rons activity experimental dates for different regimes of intra-
cellular stimulation are described too.
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