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���ÚÚÚ)))���VVVgggµµµ
dx

dt
= f(t, x) (1)

���x = '(t)´́́���§§§|||(1)333«««mmmIþþþ���)))§§§XXXJJJ���333ùùù������

)))x = '1(t)§§§§§§���½½½ÂÂÂ«««mmm���I1§§§���

(i) I1 ⊃ I, I1 ∕= I.

(ii) ���t ∈ I���§§§'1(t) = '(t).

KKK`̀̀x = '(t) ���±±±òòòÐÐÐ§§§¡¡¡x = '1(t)���'(t)���������òòòÐÐÐ)))"""

XXXJJJØØØ���333äääkkkþþþããã555������)))§§§KKK¡¡¡x = '(t)���(1)������ÚÚÚ)))"""

£££ØØØUUU222òòòÐÐÐ���)))¤¤¤
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���f(t, x)333mmm«««���GþþþëëëYYY§§§KKK���ÚÚÚ)))������333«««mmm���½½½´́́mmm«««

mmm"""

ÚÚÚnnn1 bbb���

(i) x = '(t)´́́(1)uuu«««mmma ≤ t ≤ bþþþ���)))"""

(ii) x =  (t)´́́(1)uuu«««mmmb ≤ t ≤ cþþþ���)))"""

(iii) '(b) =  (b).

KKK x(t) =

⎧⎨⎩ '(t), a ≤ t ≤ b

 (t), b ≤ t ≤ c
´́́(1)uuu«««mmma ≤ t ≤ cþþþ���)))"""

���ÏÏÏµµµx′(b+) = f(b, '(b)) = f(b,  (b)) = x′(b−)§§§

===x′(b) = f(b, x(b))§§§uuu´́́x(t)333t = b???÷÷÷vvv���§§§"""
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���f(t, x)uuu«««���GþþþëëëYYY§§§|||^̂̂Peano½½½nnn999ÚÚÚnnn1���òòò������ÚÚÚ)))

���mmmòòòÐÐÐ¤¤¤���ÚÚÚ)))"""

£££���***ããã///þþþ¤¤¤

½½½nnn£££½½½nnn5.4¤¤¤ ���f(t, x)uuu«««���GþþþëëëYYY§§§KKK(1)���???ÛÛÛ������ÚÚÚ

)))ÑÑÑ���òòòÐÐÐ¤¤¤(1)������ÚÚÚ)))"""

333������555���bbb���eeeyyy²²²þþþããã(((ØØØ"""

½½½nnn1 ���f(t, x)uuu«««���GþþþëëëYYY§§§XXXJJJééé???���(t0, x0) ∈ G§§§���§§§

|||(1)÷÷÷vvvÐÐÐ���^̂̂���x(t0) = x0���)))333¹¹¹t0���,,,���«««mmmþþþ´́́������

���§§§KKK(1)���???ÛÛÛ������ÚÚÚ)))ÑÑÑ���òòòÐÐÐ¤¤¤(1)������ÚÚÚ)))"""
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yyy²²²ggg´́́µµµ

(i) ���x = '0(t)´́́(1)���???���������ÚÚÚ)))§§§½½½ÂÂÂ«««mmm���[a0, b0]§§§a0, b0ÑÑÑ´́́

kkk���êêê"""

(ii) ���x = '0(t)kkk������mmmòòòÐÐÐ)))§§§½½½ÂÂÂ«««mmm���[a0, �]"""PPPùùù����������¤¤¤

���888ÜÜÜ���S"""S������§§§PPPb = supS"""

(iii) ���333êêê���{bk}, bk ∈ S, b1 < b2 < ⋅ ⋅ ⋅ < bk < ⋅ ⋅ ⋅§§§¦¦¦

��� lim
k→∞

bk = b"""

(iv) ééézzz������bk§§§ÑÑÑkkkx = '0(t)���������mmmòòòÐÐÐ)))x = 'k(t)§§§½½½ÂÂÂ333«««

mmm[a0, bk]þþþ§§§������555���ííí���

'k(t) ≡ 'k−1(t), t ∈ [b0, bk−1], k = 1, 2, ⋅ ⋅ ⋅ ,
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(v) ddd'0(t), '1(t), '2(t), ⋅ ⋅ ⋅ëëë���ååå������)))

'(t) =

⎧⎨⎩ '0(t), t ∈ [a0, b0]

'k(t), t ∈ [bk−1, bk], k = 1, 2, ⋅ ⋅ ⋅

´́́½½½ÂÂÂ333[a0, b)þþþ���mmm���ÚÚÚ)))"""

bbbXXX§§§ØØØ´́́mmm���ÚÚÚ)))§§§KKK§§§���½½½kkk������mmmòòòÐÐÐ)))x =  (t)§§§ÙÙÙ���

���333[a0, b]þþþkkk½½½ÂÂÂ§§§���(b,  (b)) ∈ G§§§uuu´́́x =  (t)qqqkkkmmmòòòÐÐÐ

)))§§§ggg,,,���´́́x = '0(t)���mmmòòòÐÐÐ)))§§§���b���½½½ÂÂÂgggñññ"""
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���ÚÚÚ)))´́́ÄÄÄ������


G���>>>...§§§XXXÛÛÛ555���xxx)))òòòÐÐÐ���G���>>>...���

CCCººº

½½½nnn2 ���f(t, x)uuu«««���GSSSëëëYYY§§§D´́́(t, x)���mmm¥¥¥���kkk...���§§§

���D ⊂ G"""KKK���§§§|||²²²LLLD¥¥¥???���:::���)))­­­���§§§²²²������mmmòòòÐÐÐ§§§

ÑÑÑ���������D���>>>..."""£££xxxããã¤¤¤

£££zzzgggòòòÐÐÐ���333«««mmmÑÑÑOOO\\\���������«««mmm§§§kkk���ggg777������LLLD���>>>

...¤¤¤

£££Gµµµkkk...½½½ÃÃÃ..."""¤¤¤

òòòÐÐÐµµµþþþeee���mmm§§§~~~µµµf(t, x)333������²²²¡¡¡ëëëYYY§§§´́́ÄÄÄ���òòòÐÐÐ

���(−∞,+∞)ººº
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���ÚÚÚ)))���CCCG���>>>...§§§���^̂̂)))­­­���þþþ���:::���>>>...���ååålll�(t)555���

xxx"""

(�(t): ÈÈÈ©©©­­­���þþþ���:::(t, '(t)))���>>>...þþþ¤¤¤kkk:::ååålll���eee(((...¤¤¤

½½½nnn3 ���G´́́(t, x)���mmm���kkk...���§§§f(t, x)uuu«««���GSSSëëëYYY"""ééé

uuu(1)���???������ÚÚÚ)))x = '(t)§§§eeeÙÙÙ���333«««mmm���a < t < b§§§KKK

lim
t→b−

�(t) = 0, lim
t→a+

�(t) = 0.
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yyy²²²ggg´́́µµµ

(i) ���yyy lim
t→b−

�(t) = 0"""

���yyy§§§bbbXXX(((ØØØØØØ¤¤¤ááá§§§KKK���333444OOO���ªªªuuub���SSS���{tk}ÚÚÚ���

êêê�0 > 0§§§¦¦¦���

�(tk) ≥ �0, k = 1, 2, ⋅ ⋅ ⋅ .

(ii) b´́́kkk���êêê§§§���'(tk)kkk...§§§���333ÂÂÂñññ���fffSSS���§§§ØØØ������PPP

���'(tk)§§§---

lim
k→∞

'(tk) = x1.

ddd£££i¤¤¤���§§§(b, x1) ∈ G"""
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(iii) eee¡¡¡yyy²²²

lim
t→b−

'(t) = x1. (2)

eeeþþþããã¤¤¤ááá§§§KKK(b, '(b)) = (b, x1) ∈ G§§§)))x = '(t) EEE���±±±���mmmòòò

ÐÐÐ§§§������ÚÚÚ)))gggñññ"""

(a) ���� > 0···������§§§¦¦¦���

R : ∣t− b∣ ≤ �, ∣x− x1∣ ≤ �

¹¹¹uuuGSSS"""
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(b) ���IIIyyy²²²µµµ���t→ b���§§§(t, '(t)) ∈ R. ===yyy²²²���333k0§§§

���k ≥ k0���§§§kkk

∣'(t)− x1∣ < �, tk ≤ t < b. (3)

eeeþþþªªª¤¤¤ááá§§§KKK

∣'(t)− '(tk)∣ ≤
∫ t

tk

∣f(�, '(�))∣d� ≤M(t− tk), tk ≤ t < b,

ÙÙÙ¥¥¥M = max
(t,x)∈R

∣f(t, x)∣§§§---k →∞§§§KKK(2)¤¤¤ááá"""

(c) eee¡¡¡yyy²²²(3)¤¤¤ááá£££���yyy¤¤¤"""

www,,,���333k0§§§¦¦¦���

b− tk <
�

2(M + 1)
, ∣'(tk)− x1∣ <

�

2
, k ≥ k0. (4)
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bbb���(3)ØØØ¤¤¤ááá§§§§§§KKK333[tk, b)þþþkkkt���¦¦¦∣'(t)− x1∣ ≥ �"""---�LLL«««

ùùù«««t������eee(((...§§§KKK

∣'(t)− x1∣ < �, tk ≤ t < �, (5)

∣'(�)− x1∣ = �. (6)

ddd(4)999(6)§§§ééék ≥ k0§§§kkk

∣'(�)− '(tk)∣ ≥ ∣'(�)− x1∣ − ∣x1 − '(tk)∣ >
�

2
. (7)

ddd(4)999(5)§§§kkk

∣'(�)− '(tk)∣ ≤
∫ �

tk

∣f(t, '(�))∣d� ≤M(� − tk) <
�

2
.

���(7)gggñññ"""½½½nnnyyy..."""
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^̂̂///«««���µµµG : T0 < t < T1, ∣x∣ < +∞.

½½½nnn5 eeef(t, x)333���GþþþëëëYYY§§§���

∣f(t, x)∣ ≤ N ∣x∣+B,

KKK���§§§|||���???ÛÛÛ���ÚÚÚ)))x = '(t)ÑÑÑ333(T0, T1)þþþ���333§§§ÙÙÙ¥¥¥N,B´́́

~~~êêê"""

yyy²²²µµµ���'(t) = ('1(t), ⋅ ⋅ ⋅ , 'n(t))T������333«««mmm���(a, b).

eeeb < T1§§§KKK'(t)333[t0, b)þþþkkk...§§§ÙÙÙ¥¥¥§§§t0 ∈ (a, b)§§§lll




���'(t)´́́���ÚÚÚ)))gggñññ"""

eee¡¡¡yyy²²²'(t)333[t0, b)þþþkkk...£££���yyy¤¤¤µµµ
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(1) bbb���x = '(t)333[t0, b)þþþÃÃÃ...§§§---

r(t) = (

n∑
i=1

'2
i (t))

1
2 .

KKKééé???¿¿¿K > r(t0) + 1§§§ÑÑÑkkktk, tk ∈ (t0, b)§§§¦¦¦���r(tk) ≥ K.

(2) dddr(t)���ëëëYYY555§§§���333�k, �k ∈ (t0, tk)§§§¦¦¦���r(�k) = r(t0) + 1§§§

���r(t) ≥ r(t0) + 1 > 0, t ∈ [�k, tk].

(3)

dr

dt
= r−1(t)

n∑
i=1

'i(t)'
′
i(t) ≤

n∑
i=1

∣'′i(t)∣ = ∣∣'′(t)∣∣

≤ ∣∣f(t, '(t))∣∣ ≤ N ∣∣'(t)∣∣+B ≤ N
√
nr(t) +B
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lll�k���tkÈÈÈ©©©§§§KKK

ln(N
√
nr(tk)+B)− ln(N

√
nr(�k)+B) ≤ N

√
n(tk− �k) ≤ N

√
n(b− t0)

ddduuur(tk) ≥ K§§§


K���???¿¿¿���§§§þþþªªª���ààà���???¿¿¿���§§§mmmàààkkk���§§§ggg

ñññ"""
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½½½nnn6 eee

(i) f(t, x)333���GþþþëëëYYY"""

(ii) ∣f(t, x)∣ ≤ Q(∣x∣), (t, x) ∈ G§§§ÙÙÙ¥¥¥Q(s)333s ≥ 0þþþëëëYYY§§§���

���s > 0���§§§Q(s) > 0"""

(iii)
∫ +∞
s0

1

Q(s)
ds = +∞, s0 > 0.

KKK���§§§|||���???ÛÛÛ���ÚÚÚ)))x = '(t)ÑÑÑ333(T0, T1)þþþ���333"""
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P 123: 1 (1), 1(4); 4; 5; 6.

P 125: 1.
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