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Fig. 1. Samples of the iterate of (2.2) at four different values of & indicated in

the graphs.
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Fig. 2. Bifurcation diagram for (2.2). The diagram is drawn by increasing & in
very small steps and for each k iterating the equation on the average 5o times and
plotting the resulting x, against k. 4 indicates the distance between consecutive
period doublings. The dashed curves indicate unstable cycles of period 2 and 3.
The unstable cycles were calculated by reverse iteration as explained in
Section 4.
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Fig. 6. Plot of the Lyapunov exponent against & for (2.2). The plot was obtained
by iterating the equation 10000 times at each k value at a slowly increasing k. At
each x, the numerical value of the slope is calculated and the logarithm of the slope
1s added to the sum of logarithms of the previous slopes. The Lyapunov exponent
1s then obtained by dividing the sum by 10000.
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Fig. 24. Bifurcation diagram of the sinusoidally perturbed glycolytic system.
Comparison of experimental results and computer results. The ADP concen-
tration was monitored stroboscopically as the frequency w, of the oscillating
substrate input flux was changed slowly. w, is the frequency of the autonomous
oscillation of the system at constant substrate input flux. The graphs are the
theoretical results obtained from the model in Fig. 23. The arrows indicate
experimental results, Numbers indicate period multiplicity and C means chaos.
Reproduced with permission from Markus, Kuschmitz & IHess (1985).



BO3BPALLEHUWE INMYAHKAPE




CNYYAVHbIE
MPOLIECCH!
[LIYMBbI



MHTEHCUBHOCTD,

CnekrpanbHas

-
o

kBaHT /0,1 cek

MOLWHOCTb

wan

CMNEKTPbI ®YPbE

Cny4anHbln curHan

Cny4anHbIn curHan c

nepmnogn4eCKnMmn KOMMOHEHTaMH

................ icxoOHbIM curHan |4

______________

cxoaHbi curHan

2 3
YactoTa, [y,

) ‘ 5
0 1 2 3 4 5 6 7 8 9100 1 2 3 4 5 6 7 8 9 10
Bpems, cek Bpems, cek
’ CnekTp dypbe ’ CnekTp dypbe
ot e oo peraas 1 N IS S— oo <

2 3
YacTtoTa, Y,






0.1 P ———
) \
§ 0.01
8 i
[ |
> |
©
S 0.001F
P
[9)
= |
o 1
= |
o !
o z
4L 0.000t

1 - 10 100 1000

Avalanche size
Fig. 8.17 The hequency ol an avalanche of a cettam swize (tha
INVOIVLAY @ (eram number O grains) eciedses i inverse Dropor

alanches. On g plot of the

ils size, 0 Q sunple mode! ol sand-pie av
loganthm of lrequency agamnst the loganthm ol size, this relationshiy
defines an approximately staight ine with a slope ol around minus one
(depicted by the uasned/mm (After: Bak 1997 )

d
6 I \
f ™ Classical music
] ~ |
5 | 1 ‘
{ b P \ i
i e
Fig. 8.16 The slope ol a granular heap vanes locally from place to ’ b ‘ Rock music
place (2). In thus puie of mustard seeds, small vanations in siope can be g 3} e S —
seen supenmposed on a constant average gradient. When the siope e 3 .
approaches the angle of maximum stability, the addition of a singie - \ N\ \ N
seed can trigger an avalanche (b). This avalanche can involve any 2r \_ Spoken word |
number ol grains, from just 3 few 10 the entre siope. Notice that only . | il b N |
grains within the first few layers move (here the grains in motion aie . '
blurred). (Photos: Sidney Nagel, University of Chicago) r
SR ISPy (NS M .
-4 -3 -2 -1 0

Log (frequency)



Hdonsa B npouyeHTax

CTENEHHbBIE PACIPELOEJIEHNA B

0,004 - 10° a
R 1 ‘\‘\
] 10° - .
0003 - G
4 .
E 10 4
] h |
< \
0.002 - 10 "
-
4 \
] 10 S
0.001 — \
10 X
R “ . R
() Tt sssssqesepeesepes |00 —TTTTTIT—TTTITIT—T *
0 . ) ] s LY
2x10 4x10 10 10 10

Hacenexnne ropoaos

BeJInYnHa

P~x%

InP~In(x%) = a - Inx

MUHHUMYM T§OKa3aTtesib

Tmin (83
(a) Yacrora cros 1 2.20(1)
(b) Yucno yuTuposarmii HayyHsIx cTaTed 100 3.04(2)
(c) Yucno Beb-xuros 1 2.40(1)
(d) Yucno npogaHHbIX 3K3EMNAAPOB KHUI 2000000 3.51(16)
(€) Yucno npuHATsIX TENeOHHLIX 3BOHKOB 10 2.22(1)
(f) MarnuTysa semnerpscermii 3.8 3.04(4)
(g) Anamerp kpatepos Ha flyHe 0.01 3.14(5)
(h) WHTeHcusHoCTs BCNBIWEK Ha ConHue 200 1.83(2)
(i) UHTeHCUBHOCTL BOEHHBIX KOHPANKTOB 3 1.80(9)
(j) CosokynHeiii soxos 8 gonnapax S600m 2.09(4)
(k) Yacrora gpammnmii 10000 1.94(1)
(1) Hacenenwe ropogos 40000 2.30(5)
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CTENEHHBIX SAKOHOB

1. CBs3b ABYX 9KCNOHEHLMATbHbIX
npoLieccoB

o — AT
B
y = eﬁt — (e“t)a = xE

2. CniyyanHble

oryx * = 2m t=2n
= \."‘u a o * '
3. MNpouecc
Ona [ .
boraTbin - eLle 6orade, bonbLIoOn — eLle
bonbLue.

[TonoxmnTtenbHbIE OOpAaTHbIE CBA3U =

S Epmm g, Eumm N B BB OB SN V'S S\ 7\ I i S I o, I o B A N



MEXAHU3MbI INMOABJIEHNA
CTENEHHBIX SAKOHOB

4. [NoporoBble SIBNEHUSA B
nepKonﬁl 11ALA

PeweTka pasmepa NxN.
BepoATHOCTb OKpalLMBaHUSA KIETKU
- D.

CpegHum pasmep Krnacrtepa — <s>.

Manbie p - (s) = f(p)

Boabwive p - (s) = f(N)

Kputnueckoe 3HaveHne - p = 0,5927 ...
B KPpUTMUYECKOU TOUKE — HENPEPbIBHbIN $a30BbIM NEPEXOA.
MacwTtabHass MHBAPUAHTHOCTb.
CreneHHasa 3aBUCUMOCTb.



MEXAHU3MbI INMOABJIEHNA
CTENEHHBIX SAKOHOB

5. CamoopraHmsytowascs
KPVPYdH@elesnes VS. noxapbi.

CamonogaepxaHne BoNm3m KpMTNYeCKou
TOYKMW.

\

)




[MPUMEPBDI
BAJTIAHCUPOBAHWA

HA PAHNLIE «XAOC -

cootmuouz mlp

B E

5 }‘

magnitude

S

g3
éf
g
g‘.—-
23‘;—_
=
51l
](_

-
f

g
11

actwty
o R
magnitude
- 2 2
o
~<_‘
e
—_—
2
- .
=
3

] .
f ‘ . H A | ! LA
HEEEEETEL f L 1) AR i lll
(] ! I ' o
1 £ 4 4 g L " ' i 1
; SULTEL VMUY UYL 100 - 300 ¢ (1) ;
| | ‘ | l. l ,; | : 'S ' '} ' ] = g 600
b1 l it B {53 Ity 1] b i ' F 1000 i l
: i e Jica-Fae Vil wgeag=bos § ! S 1) R O o
' N B | ’ - Ay H g i JlL hju E «£0 ‘&'l )
200 » i
! “Mm ; AN MMA
4 ’LL‘ R B {4 i1} ! o 01 Wo— A ’% 8 [ T A
GERLEELE L b e
| 1 b} Y 7 g : :
! ML A | . Al ‘ Figure 3.13 Rhythmic activity patterns observed in ant colonies (a), (b)
Si i L it R i L LT YNTIY:  with the associated power spectra or Fourier analysis shown in (¢) and
j 2 1] ! S B l | ! } i | } } L. 1 ! R K (f). with clearly-defined maxima at about 25 mins. By contrast, individuals
~ RELEEERECENR Y O ¢ ' either isolated or in a low-density colony (c), (d) have no well-defined

Sfrequency (g), (h), and are in a state of deterministic chaos.
Figure 3.11  An electrocardiogram showing the onset of fibrillation leading
to heart failure.



NEPEXOA KAETEPMUHUPOBAHHOMY XAOCY




PACXOXXOEHWVE TPAEKTOPWW B MPEOEJTAX CTPAHHOIO ATTPAKTOPA

dx/dt = oy - oX Mpwn r <1 ogHa ycTony.
dy/dt=rx-vy ToukaB O
X7 28<=r<=148,4 ctp.atTp.

dz/dt = xy - bz r>148,4 npegenbHbI LUK




Lorenz Attractor

three near-identical initial points diverge into chaos
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Puc. 5.22. ATTpakTOop TpexmepHoii uukianyeckoi cuctemst (5.101)—(5.102), noctpo-
€HHOI Ha cyneprno3uLmy nopsiaka 4 (m = 4) npoussomsiieit Gpynkuuu Inacca—Maku.

Puc. 5.23. ATTpakTop TpexmMepHOW Lukianyeckoit cucremsl (5.101)—(5.102), nocr-
POCHHOI Ha Cyneprno3uiuu nopsiaka 5 (m = 5) npoussoasuieit dbynkuuu [nacca—
Maku.

COOTBETCTBEHHO. BMIHO, YTO reoMeTpusi aTTPaKTOpa CYILECTBEHHO M3MEHSI-
eTCsl C POCTOM ropsiaka cyneprnosviuunu. Ho nx oobeanHsier obluee CBOACTBO.
Bce OHM SIBJSIIOTCS! CHMMETPUUHBIMM OTHOCHTEJIBHO TIOBOpOTa Ha 120°.

PaccMOTpUM Tenepb TPEXMEPHYI0O CMMMeTpUuHylo cuctemy (5.101)-
(5.103). B aTOM ciyyae Takxe MpH YBEJIMYEHHUH TMOPSIIKA CYNEPNno3ULIMM Mpo-
n3BozsLIel (GyHKUMK HaGII0AAeTCs SIBIEHHE «XaoTU3alun» Tpaekropuit. Ha
puc. 5.25 npuBoautcs (asoBblii MOPTPET DBONIOUUN TPEXMEPHOH CUMMET-
pUuHOit uTepupoBaHHOi cucteMbl (5.101)-(5.103) ¢ npousponsiieii GyHK-
uueit Inacca-Maku npu m = 8 (a = 2, g = 10).

Heo6bIyHOCTb YMCAEHHO HAabJII0aeMoro Ha puc 5.25 aTTpakTopa cocTo-
UT B TOM, YTO OH TMOPOXIEH CMMMETPUUHOW CHCTEMOW M, TEM HE MEHEe,
SIBJISIETCS ACUMMETPUUHBIM. M3 HallMumsi nosiHoi cummeTpun cuctemsl (5.101)-
(5.103) OTHOCHUTEILHO MEePEeCTAHOBKU MEPEMEHHbBIX MOXHO 3aKJIIOUYMUTh, UTO Y
HEe MMEETCsl 11eCTh AHAJIOTMYHBIX aTTPAKTOPOB.

Puc. 5.24. ATTpakTOp TpEeXMEpHO# UMKINYECKO# cucremsbl (5.101)—(5.102), noct-
POCHHOM Ha cyneprno3uumnu nopsiaka 6 (m = 6) nponspoasueit pynkuun [nacca—
Maku.



ABTOKOPPENAUWN TTPN MEXAHO3SMNCCUN KPOBU
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Fig.5. Phase diagram of the RE blcod of a mice: A - bidistilled deionized water (technologic control);
B - 1 group (intact); C - 2 group (3LL - without metastasis); D - 3 group (3LL - few metastasis);
E - 4 group (3LL - many metastasis).

Fig.7. Phasc diagram of the RE blood of a patients with cancer: A - rectal cancer; B - the esophague
and proximal gastric compartment; C - gastric cancer. All figures show the analytic classificatic
of neoplasia according to TNM with elements of clinical morphology
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PPAKTAJIBHbBIE KOJIEBAHWA O, U CO, B
KYIBbTYPAX ,EI,PO>K>KEI/I (AON et al. 2008)

llllll

......

a% | N = : o
g mi o Fracpmrey

IWMM

L‘Ihn!

LY '} L] -
=g Frecpanoy T (h

3 HE



B xone pereHepaummn rugpbl NnaTTepPHbI SKCMPECCUM rofIoBHOIO reHa
ksl
npoxoasT qep% COCTOSHME CaMOOpI'aHI/I3OBaHHOVI KPUTUYHOCTU

=5g
/‘ \, O F @
- || T’ S E=
"\ I/ | GJ 8
16h™~— | [20h s
o
O] =
— o @)
5 TS
- / 4 o3
° 5
30 h Adult : i x ,C_J o
10 10 10° 100 © ]
s (cells) © O
(c) J 6
S 1.34
i 5
E12] 8 ) s
o a box size (pbelks)
= = 1 10 100
g 1.14 » 105 ‘ ¢ 16h
..E 2 a -1.30 m %h
% § ] 107,
d P
i 1.0 = 0
0
0.9 e

B 12 18 24 30 3 42 48
culture time (h)



OPAKTAIJIbI



Fractus, nat. «apobneHHbIn»
«CJTOMaHHbIN.

-CITOXXHasa reomeTpuyeckas cdourypa, obnagatoLlas
CBOWCTBOM camoriooobus, T.e. cocTaBneHHas n3
HECKOSbKMX YacTen, Kaxkaasa n3 Kotopbix NnogodbHa BCEN

dounrype B LIENOM.



[ IlpumeHeHne

B UH(OpPMATHUKE

CTaXOCTUYECKHE (PpaKTaJIbl

B (pusnke
B OMOJIOTUHA

B IT-TexHOomOorumn

B APXHUTEKTYpE

B U300pa3UTEILHOM HUCKYCCTBE

B JIUTEPATYpE

CrKaTue U300paKeHUM

TPACKTOPUU OPOYHOBCKOTO ABHXKCHUS HA
MJIOCKOCTH U MTPOCTPAHCTBE™

MOJICTTMPOBAHKUE HEJTMHEHHBIX TIPOIECCOB
(TypOysiI€HTHOE T€UEHHE KUIKOCTH, CJI.
nporecchl AU Py3un-aacopOIn)

MOJICJIIMPOBAHUE TTOMYJIAIAN Y JIJISI OTTMCAHUS
CHUCTEM BHYTPEHHUX OpPraHoB (OpOHXHAIbHOE

IIPEBO, ...).

neleHTpanu3ainus cetu B cuctreme Netsukukee

KOHCTPYKTUBH3M, 0apOKKO, TOTHKA

(dbpakTagbHasi MOHOTUIIUS: TTOJTYUYCHUE
n300paxeHne ciry4yaiHoro (ppakraina

[IpousBenenusi, 00IaAatoMKe TEKCTYAIBHOM,
CTPYKTYPHOU WJIM CEMAHTUYECKOMN
(dpakTaabHON TPUPOIOH



UcTopuyeckasa cnpaBka
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bbina uzeecmHa bappoy. HeromoH usobper psiobi Teurnopa-
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B.U. ApHornbO
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Heobxoaumble ycnosus Ans opakTanbHOW
dourypsi:

1) HeTpmBManbLHas CTPYKTypa Ha BCEX
mMacLuaTtadax, noBblLLeHne macluTabda ang
dopakTanbHbIX PUryp He Be4eT K YNPOLLEHUIO
CTPYKTYpbI;

2) ABnaeTcss camornogooHon nnm NnpmnonmKeHHo
camMornogoobHou;

3) obrnagaet ApobHON METPUYECKON
PA3MEepPHOCTLIO U METPUYECKOW
Pa3MepPHOCTbLIO, NPEBOCXOAALLEN
TOMOJSIOMNYECKYIO.



[Tpumep nonyyeHna dpaktanbHbIX KpUBbIX HA
NOCKOCTHU

1) 3apaTb NpoOU3BOSbHYIO
JTOMaHY0 C KOHEYHbIM
YUCITOM 3BEHbLEB;

2) 3aMEHUTb B Hell KaXKabIi
OTPE30K reHepaTopom § \‘
(TOYHEee, noMmaHoW,

Nnoao6HOM reHepaTopy): N\
3) B MOSTy4MBLLENCH /} Q
NIOMaHou BHOBb 3@MeHuTb
KaXkabIn OTPE30K f X
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Pa3MepPHOCTbL - CTENEHb, B KOTOPYIO BO3BOAMUTCA
M3MEHEHNE AMHEMHOTO MacLuTaba.

n=k% rne d He aBASETCS LIEAbIM UUCAOM.

KoBep CepnuHckoro: 8 = 3¢

In8

d~=/log4 8 =—~ 1,89

In3

S ¢ourypbl Ha ware N:

- (3

P=o| Mepa

—

S=0 MWHKOBCKOIo




dpakTtan - 310

-MHOXECTBO TOYEK B EBKNNI0BOM
NPOCTPAHCTBE, UMELOLLIME OPOOHYIO
METPUYECKYH Pa3MeEPHOCTb.

[100 MUKPOCKOINoOM OH OMKpPbISI, 4mMo
Ha brioxe

JKusém brioxy Kycarouw,as briowlka;
Ha 6riowke mou 6rioWuHKa-KpoWwKa,
B 6r1oWwUHKY e 80H3aem 3y6
cepoumo

briowuHoYKa, U Niss-afadiaid#Hum.









