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カオス と フラクタル 



a= 0.4
x_0= 0.2

i x_i
1 0.2
2 0.064
3 0.023962
4 0.009355
5 0.003707
6 0.001477
7 0.00059
8 0.000236
9 9.43E-05

10 3.77E-05
11 1.51E-05
12 6.04E-06
13 2.41E-06
14 9.66E-07
15 3.86E-07
16 1.55E-07
17 6.18E-08
18 2.47E-08
19 9.89E-09
20 3.96E-09
21 1.58E-09
22 6.33E-10
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Sheet1

		a=		0.4

		x_0=		0.2

		i		x_i

		1		0.2

		2		0.064

		3		0.0239616

		4		0.0093549767

		5		0.0037069844

		6		0.0014772971

		7		0.0005900459

		8		0.0002358791

		9		0.0000943294

		10		0.0000377282

		11		0.0000150907

		12		0.0000060362

		13		0.0000024145

		14		0.0000009658

		15		0.0000003863

		16		0.0000001545

		17		0.0000000618

		18		0.0000000247

		19		0.0000000099

		20		0.000000004

		21		0.0000000016

		22		0.0000000006

		23		0.0000000003

		24		0.0000000001

		25		0

		26		0

		27		0

		28		0

		29		0

		30		0

		31		0

		32		0

		33		0

		34		0

		35		0

		36		0

		37		6.79607957813444E-16

		38		2.71843183125377E-16

		39		1.08737273250151E-16

		40		4.34949093000604E-17

		41		1.73979637200242E-17

		42		6.95918548800966E-18

		43		2.78367419520386E-18

		44		1.11346967808155E-18

		45		4.45387871232618E-19

		46		1.78155148493047E-19

		47		7.1262059397219E-20

		48		2.85048237588876E-20

		49		1.1401929503555E-20

		50		4.56077180142201E-21
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a= 2
x_0= 0.2

i x_i
1 0.2
2 0.32
3 0.4352
4 0.491602
5 0.499859
6 0.5
7 0.5
8 0.5
9 0.5

10 0.5
11 0.5
12 0.5
13 0.5
14 0.5
15 0.5
16 0.5
17 0.5
18 0.5
19 0.5
20 0.5
21 0.5
22 0.5
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		a=		2

		x_0=		0.2

		i		x_i

		1		0.2

		2		0.32

		3		0.4352

		4		0.49160192

		5		0.4998589445

		6		0.4999999602

		7		0.5

		8		0.5

		9		0.5

		10		0.5

		11		0.5

		12		0.5

		13		0.5

		14		0.5

		15		0.5

		16		0.5

		17		0.5

		18		0.5

		19		0.5

		20		0.5

		21		0.5

		22		0.5

		23		0.5

		24		0.5

		25		0.5

		26		0.5

		27		0.5

		28		0.5

		29		0.5

		30		0.5

		31		0.5

		32		0.5

		33		0.5

		34		0.5

		35		0.5

		36		0.5

		37		0.5

		38		0.5

		39		0.5

		40		0.5

		41		0.5

		42		0.5

		43		0.5

		44		0.5

		45		0.5

		46		0.5

		47		0.5

		48		0.5

		49		0.5

		50		0.5
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a= 2.6
x_0= 0.2

i x_i
1 0.2
2 0.416
3 0.631654
4 0.604935
5 0.621371
6 0.6117
7 0.61756
8 0.614067
9 0.616171

10 0.614911
11 0.615668
12 0.615214
13 0.615487
14 0.615323
15 0.615421
16 0.615363
17 0.615398
18 0.615377
19 0.615389
20 0.615382
21 0.615386
22 0.615384
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		a=		2.6

		x_0=		0.2

		i		x_i

		1		0.2

		2		0.416

		3		0.6316544

		4		0.6049345093

		5		0.6213707468

		6		0.6116997688

		7		0.6175602203

		8		0.614066946

		9		0.6161707028

		10		0.6149113563

		11		0.6156679885

		12		0.6152143827

		13		0.6154866796

		14		0.6153233498

		15		0.615421365

		16		0.6153625621

		17		0.6153978461

		18		0.6153766765

		19		0.6153893785

		20		0.6153817574

		21		0.6153863301

		22		0.6153835865

		23		0.6153852327

		24		0.615384245

		25		0.6153848376

		26		0.615384482

		27		0.6153846954

		28		0.6153845674

		29		0.6153846442

		30		0.6153845981

		31		0.6153846258

		32		0.6153846092

		33		0.6153846191

		34		0.6153846131

		35		0.6153846167

		36		0.6153846146

		37		0.6153846159

		38		0.6153846151

		39		0.6153846156

		40		0.6153846153

		41		0.6153846154

		42		0.6153846153

		43		0.6153846154

		44		0.6153846154

		45		0.6153846154

		46		0.6153846154

		47		0.6153846154

		48		0.6153846154

		49		0.6153846154

		50		0.6153846154
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a= 3.3
x_0= 0.2

i x_i
1 0.2
2 0.528
3 0.822413
4 0.481965
5 0.823927
6 0.478736
7 0.823508
8 0.479631
9 0.823631

10 0.479368
11 0.823595
12 0.479444
13 0.823606
14 0.479422
15 0.823603
16 0.479428
17 0.823603
18 0.479427
19 0.823603
20 0.479427
21 0.823603
22 0.479427

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20 25 30 35

ロジスティック写像 

( )nnn xaxx −=+ 11 3.3=a

n

nx


Sheet1

		a=		3.3

		x_0=		0.2

		i		x_i

		1		0.2

		2		0.528

		3		0.8224128

		4		0.4819649551

		5		0.8239266326

		6		0.4787360711

		7		0.8235078896

		8		0.4796307298

		9		0.8236308063

		10		0.4793682339

		11		0.8235952898

		12		0.4794440919

		13		0.8236056003

		14		0.479422071

		15		0.8236026112

		16		0.4794284552

		17		0.8236034781

		18		0.4794266036

		19		0.8236032267

		20		0.4794271405

		21		0.8236032996

		22		0.4794269848

		23		0.8236032785

		24		0.47942703

		25		0.8236032846

		26		0.4794270169

		27		0.8236032828

		28		0.4794270207

		29		0.8236032833

		30		0.4794270196

		31		0.8236032832

		32		0.4794270199

		33		0.8236032832

		34		0.4794270198

		35		0.8236032832

		36		0.4794270198

		37		0.8236032832

		38		0.4794270198

		39		0.8236032832

		40		0.4794270198

		41		0.8236032832

		42		0.4794270198

		43		0.8236032832

		44		0.4794270198

		45		0.8236032832

		46		0.4794270198

		47		0.8236032832

		48		0.4794270198

		49		0.8236032832

		50		0.4794270198
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a= 3.5
x_0= 0.2

i x_i
1 0.2
2 0.56
3 0.8624
4 0.415332
5 0.84991
6 0.446472
7 0.864971
8 0.408785
9 0.84588

10 0.456285
11 0.868312
12 0.400213
13 0.840149
14 0.470046
15 0.87186
16 0.391022
17 0.833433
18 0.485879
19 0.874302
20 0.384643
21 0.828425
22 0.49748
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		a=		3.5

		x_0=		0.2

		i		x_i

		1		0.2

		2		0.56

		3		0.8624

		4		0.41533184

		5		0.8499095594

		6		0.4464715509

		7		0.864971468

		8		0.4087853965

		9		0.8458796364

		10		0.45628547

		11		0.8683116395

		12		0.4002128766

		13		0.840148855

		14		0.4700456474

		15		0.8718595787

		16		0.3910215881

		17		0.8334329701

		18		0.4858785906

		19		0.8743020503

		20		0.384642913

		21		0.8284245987

		22		0.4974804904

		23		0.8749777822

		24		0.3828708199

		25		0.8269826431

		26		0.500788229

		27		0.8749978254

		28		0.3828182082

		29		0.8269394969

		30		0.5008869789

		31		0.8749972464

		32		0.3828197281

		33		0.8269407435

		34		0.5008841257

		35		0.8749972641

		36		0.3828196816

		37		0.8269407055

		38		0.5008842129

		39		0.8749972636

		40		0.3828196831

		41		0.8269407066

		42		0.5008842102

		43		0.8749972636

		44		0.382819683

		45		0.8269407066

		46		0.5008842103

		47		0.8749972636

		48		0.382819683

		49		0.8269407066

		50		0.5008842103
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a= 3.57
x_0= 0.2

i x_i
1 0.2
2 0.5712
3 0.874402
4 0.392068
5 0.850912
6 0.452892
7 0.884578
8 0.364497
9 0.826951

10 0.510878
11 0.892078
12 0.343702
13 0.805289
14 0.559772
15 0.879746
16 0.377682
17 0.839087
18 0.482022
19 0.891346
20 0.345748
21 0.807557
22 0.55481
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		a=		3.57

		x_0=		0.2

		i		x_i

		1		0.2

		2		0.5712

		3		0.8744020992

		4		0.3920683532

		5		0.8509122118

		6		0.452892412

		7		0.8845777243

		8		0.3644969071

		9		0.8269509152

		10		0.5108780636

		11		0.8920775538

		12		0.3437024347

		13		0.8052887238

		14		0.5597716986

		15		0.8797456183

		16		0.3776819575

		17		0.8390867185

		18		0.4820221046

		19		0.8913461591

		20		0.3457480159

		21		0.8075565817

		22		0.5548099481

		23		0.8817752544

		24		0.3721641288

		25		0.8341590244

		26		0.4938657547

		27		0.8923656646

		28		0.3428955913

		29		0.8043859911

		30		0.5617365314

		31		0.8788933045

		32		0.3799903138

		33		0.8410837006

		34		0.4771730159

		35		0.8906397758

		36		0.3477200191

		37		0.8097145824

		38		0.5500544524

		39		0.8835555499

		40		0.3672999503

		41		0.8296347876

		42		0.5045870373

		43		0.8924248839

		44		0.3427296763

		45		0.8041997817

		46		0.5621410993

		47		0.8787143871

		48		0.3804742245

		49		0.8414975127

		50		0.4761646323
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a= 3.8
x_0= 0.2

i x_i
1 0.2
2 0.608
3 0.905677
4 0.32462
5 0.833119
6 0.52832
7 0.946952
8 0.190888
9 0.586909

10 0.921298
11 0.275531
12 0.758531
13 0.696014
14 0.803998
15 0.598823
16 0.912889
17 0.302186
18 0.801304
19 0.60502
20 0.908089
21 0.31716
22 0.822964
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		a=		3.8

		x_0=		0.2

		i		x_i

		1		0.2

		2		0.608

		3		0.9056768

		4		0.324620069

		5		0.8331191432

		6		0.5283202184

		7		0.9469522679

		8		0.1908879469

		9		0.5869090068

		10		0.9212979332

		11		0.2755305956

		12		0.7585312486

		13		0.6960140553

		14		0.8039982625

		15		0.5988232143

		16		0.9128890948

		17		0.3021858624

		18		0.8013043545

		19		0.6050196066

		20		0.9080893525

		21		0.3171597054

		22		0.8229638214

		23		0.5536386063

		24		0.9390670197

		25		0.2174365785

		26		0.6466000687

		27		0.8683319955

		28		0.4344598561

		29		0.9336770603

		30		0.2353119881

		31		0.6837729742

		32		0.821664477

		33		0.5568214641

		34		0.9377310206

		35		0.2218879036

		36		0.656083915

		37		0.8574236836

		38		0.4645435796

		39		0.9452228006

		40		0.1967512999

		41		0.6005528584

		42		0.9115786661

		43		0.306291406

		44		0.8074125263

		45		0.590890647

		46		0.9186077831

		47		0.284116591

		48		0.7728985441

		49		0.6670002617

		50		0.8440214679
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3 < a < 4 の拡大図 
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ローレンツカオス 
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相空間上では 

（ストレンジアトラクター、ローレンツアトラクター） 

x

z

y



フラクタル 
・ 自己相似な特徴を持つ図形 

カントール集合 (Cantor set) 

0 1 



コッホ曲線 (Koch curve) 



シェルピンスキーカーペット (Sherpinski carpet) 



DLA（Diffusion Limited Aggregation: 拡散律速凝集）パターン 

核 

要素はBrown運動し、 
核と接触したら固定される。 これもフラクタルであることが知られている 

（統計的なフラクタル） 



カオスとフラクタル 

適当な面で切った断面：ポアンカレ断面 

ポアンカレ断面で見るとカオスを示すときには 
断面がフラクタル的になっていると言われている。 
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