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*QK� ~Qi�Mi2 U2D2KTHQV

GQb Q`/2M�/Q`2b i`�#�D�M +QM MȹK2`Qb /2+BK�H2b miBHx�M/Q U2M #B@
M�`BQ- T2`Q T�`� H� 2tTHB+�+BƦM 2b K2DQ` miBHBx�` #�b2 10V /Qb 7Q`K�iQb,

SmMiQ ǳ}DQǴ U}t2/ TQBMiV, HQb MȹK2`Qb b2 �HK�+2M�M 2M mM� HBbi�
/2 ke 2H2K2MiQb T�`� H� T�`i2 2Mi2`� v kd T�`� H� T�`i2 /2+BK�H-
/QM/2 �K#Qb MȹK2`Qb ke v kd 2bi�M }DQb /2 �Mi2K�MQ, G�b

± e1 e2 e3 e4 e5 e6 e7 d1 d2 d3 d4

6B;m`� RX SmMiQ }DQ +QM 7 /ő;BiQb 2Mi2`Qb v 4 /2+BK�H2b
Uv mMQ /2 bB;MQVX

QT2`�+BQM2b +QM 2bi2 iBTQ /2 �`BiKûiB+� iB2M2M bB2KT`2 H� KBbK�
T`2+BbBƦM ǳ�#bQHmi�Ǵ U+�/� QT2`�+BƦM b2 `2�HBx� 2t�+i�K2Mi2 +QM
kd /2+BK�H2bVX GQb p�HQ`2b 2ti`2KQb [m2 Tm2/2M �HK�+2M�`b2
bQM ±10ke v HQb p�HQ`2b K�b T2[m2ƢQb bB;MB}+�iBpQb bQM ±10−kd X
*m�M/Q mM p�HQ` ǳ2ti2`MQǴ b2 �HK�+2M� 2M mM� p�`B�#H2 /2 2bi2
iBTQ- HQb /ő;BiQb /2+BK�H2b K�b �HH� /2H kd b2 i`mM+�MX SQ` i�MiQ-
b2 Tm2/2 HH2;�` � T2`/2` mM� T`2+BbBƦM /2 ≃ 10−kd +QKQ Km+?QX
1H T`Q#H2K� /2 2bi2 iBTQ /2 �`BiKûiB+� 2b /Q#H2,
RX GQb 2ti`2KQb K�tBKQb TQ` HQ ;2M2`�H bQM BMbm}+B2Mi2b U2M

#BM�`BQ- jk /ő;BiQb bQHQ +m#`2M mMQb 4× 109 p�HQ`2b- +m�i`Q
KBH KBHHQM2b- [m2 2M b2;mB/� b2 [m2/� +Q`i2VX

kX G� `2bQHm+BƦM /2+BK�H Tm2/2 i�K#BûM [m2/�`b2 +Q`i� 2M T`Q@
#H2K�b /2 Kmv �Hi� T`2+BbBƦM U[m2 ?Qv 2M /ő� bQM ?�#Bim�H2b
2M 7őbB+� 2 BM;2MB2`ő�bVX

ǳSmMiQ ~Qi�Mi2Ǵ Umbm�HK2Mi2 HH�K�/Q +QK� ~Qi�Mi2- 2M +�bi2@
HH�MQV- U~Q�iBM; TQBMiV, HQb MȹK2`Qb b2 �HK�+2M�M 2M mM� T�@
`2D� 7Q`K�/� TQ` km 2H2K2MiQb /2 H� HH�K�/� ǳK�MiBb�Ǵ v ke
2H2K2MiQb /2H ǳ2tTQM2Mi2Ǵ U�T�`i2 /2H bB;MQVX 1M T`BM+BTBQ H�
2bi`m+im`� 2b bBKBH�` �H TmMiQ }DQ, lM MȹK2`Q 2M 2bi� 2tT`2bBƦM
UH� /2 H� };m`� kV 2b B;m�H �
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± m1 m2 m3 m4 m5 m6 m7 m8 e1 e2±

6B;m`� kX SmMiQ ~Qi�Mi2 +QM K�MiBb� /2 8 /ő;BiQb 2M@
i2`Qb v 2tTQM2Mi2 /2 3 U/Qb K�b bB;MQV- v mM bB;MQX

/QM/2 2H bB;MQ 2M +�/� T�`i2 b2`� 2H [m2 2biû 2bT2+B}+�/QX a2
2tB;2 [m2 2H T`BK2` /ő;BiQ /2 H� K�MiBb� b2� MQ MmHQ Um1 ̸= 0VX 1M
#BM�`BQ- 2H bB;MQ + 2b mM 0 v 2H bBM;Q − 2b mM 1X SQ` /2}MB+BƦM- 2H
p�HQ` K�tBKQ [m2 b2 Tm2/2 �HK�+2M�` 2M 2bi� +QK� ~Qi�Mi2 2b
±0.99999999×1099 UmM p�HQ` 2MQ`K2V- KB2Mi`�b [m2 2M /2+BK�H-
HQb p�HQ`2b őM}KQb bQM ±0.1×10−99 UmM +2`Q b2;mB/Q /2 100 +2`Qb
v mM 1 i`�b H� +QK�VX *QKQ b2 p2- 2bi2 iBTQ /2 �HK�+2M�KB2MiQ
T2`KBi2 +�H+mHQb 2M mM `�M;Q Km+?Q K�b �KTHBQ [m2 2H TmMiQ
}DQX 1biQ ?�+2 [m2 b2� TQbB#H2 miBHBx�` 2bi2 iBTQ /2 �`BiKûiB+�
2M T`Q#H2K�b 2M [m2 HQb p�HQ`2b /2 H�b p�`B�#H2b b2�M Kmv �HiQb
v 2M T`Q#H2K�b 2M [m2 b2�M Kmv #�DQb- bBM T2`/2` T`2+BbBƦM
`2H�iBp�X *�/� p2x [m2 mM MȹK2`Q U`2�HV b2 �HK�+2M� 2M 2b�
+QK� ~Qi�Mi2- �H b2` /2 H� 7Q`K�

0.m1 · · ·m8 × 10e

2H 2``Q` [m2 b2 +QK2i2 2b /2H Q`/2M /2 0.00000001×10e- 2b /2+B`-
10e−8, TQ` i�MiQ- bB e 2b ;`�M/2- 2H 2``Q` �#bQHmiQ 2b ;`�M/2- v bB
e 2b T2[m2ƢQ- 2H 2``Q` �#bQHmiQ 2b T2[m2ƢQX GQ [m2 +�`�+i2`Bx� H�
+QK� ~Qi�Mi2 2b [m2 �H �HK�+2M�` mM MȹK2`Q 2M +QK� ~Qi�Mi2-
2H 2``Q` `2H�iBpQ [m2 b2 +QK2i2 2b bB2KT`2 /2H KBbKQ Q`/2MX

S2`Q T�`� 2HHQ M2+2bBi�KQb /Qb /2}MB+BQM2bX amTQM;�KQb [m2 x0

2b mM MȹK2`Q [m2 b2 [mB2`2 +�H+mH�` UQ �HK�+2M�`V v [m2 x0 2b mM�
�T`QtBK�+BƦMX

.27BMB+BƠM kdX 1H 2``Q` �#bQHmiQ +QK2iB/Q �H miBHBx�` x0 2M Hm;�`
/2 x0 2b, |x0 − x0|X 1H 2``Q` `2H�iBpQ 2b

|x0 − x0|
|x0|

U[m2 bQHQ iB2M2 b2MiB/Q bB x0 ̸= 0- +H�`QVX
1H 2``Q` �#bQHmiQ KB/2 H� ǳ/Bbi�M+B�Ǵ [m2 ?�v 2Mi`2 2H p�HQ` v bm

�T`QtBK�+BƦMX 1H 2``Q` `2H�iBpQ KB/2 2H i�K�ƢQ /2H 2``Q` ǳ+QKT�`�/Q
+QMǴ 2H p�HQ` 2t�+iQX SQ` HQ ;2M2`�H- 2H 2``Q` `2H�iBpQ 2b K�b BM7Q`K�iBpQ
[m2 2H �#bQHmiQ- T2`Q 2b BKTQ`i�Mi2 i2M2` 2M +m2Mi� �K#Qb- bB2KT`2X

SQ` i�MiQ- 2M +QK� ~Qi�Mi2- 2H 2``Q` `2H�iBpQ +QK2iB/Q �H i`mM+�`
mM p�HQ` v �HK�+2M�`HQ 2b bB2KT`2 K2MQ` [m2 10−km U2M /2+BK�H- 2M



"X *PJ� 6GPh�Lh1 U1C1JSGPV Ryd

#BM�`BQ b2`� +QM mM 2V, pB2M2 /�/Q TQ` H� HQM;Bim/ /2 H� K�MiBb�X 1H
T`Q#H2K� 2b [m2 2H 2``Q` �#bQHmiQ Tm2/2 b2` Kmv ;`�M/2 U/2H Q`/2M /2
1099−8 = 1097- +m�M/Q b2 �HK�+2M�M MȹK2`Qb /2 2b2 i�K�ƢQX

1D2KTHQ Rk U.2b#Q`/�KB2MiQVX a2 iB2M2 mM +QMi`QH�/Q` /B;Bi�H
[m2 �HK�+2M� MȹK2`Qb 2M TmMiQ }DQ U/2+BK�HV +QM 5 /ő;BiQb 2Mi2`Qb
v 4 /2+BK�H2bX 1H +QMi�/Q` +QKB2Mx� 2M 0 v b2 �mK2Mi� 2M 0.001 +�@
/� p2x UbmK� KBHûbBK�b /2 b2;mM/QVX ǯ*m�MiQ i�`/�`� 2M Q+m``B` mM
/2b#Q`/�KB2MiQ\

*QKQ b2 �HK�+2M� 2M TmMiQ }DQ +QM 5+4 /ő;BiQb- 2H K�vQ` p�HQ` TQ@
bB#H2 2b 99999.9999X 1H /2b#Q`/�KB2MiQ b2 T`Q/m+2 +m�M/Q 2H +QMi�/Q`
HH2;m2 � 105- TQ` i�MiQ- +m�M/Q T�b2M

105/10−3 = 108

KBHûbBK�b /2 b2;mM/Q- 2b /2+B`- 105 b2;mM/Qb- [m2 bQM
105

24 · 60 · 60 ≃ 1.157

/ő�bX 1b /2+B`- �H +�#Q /2 1 /ő� v K2/BQ b2 T`Q/m+B`� mM 2``Q` � +B2M+B�
+B2`i�X

1D2KTHQ Rj USû`/B/� /2 T`2+BbBƦMVX 1H KBbKQ +QMi�/Q` [m2 �Mi2b
b2 �HK�+2M� 2M mM `2;Bbi`Q 2M +QK� ~Qi�Mi2 +QM 5 /ő;BiQb /2 K�MiBb�
v 4 /2 2tTQM2Mi2 U+QMi�M/Q 2H bB;MQVX ǯ*m�M/Q b2 T2`/2`� T`2+BbBƦM\

1H MȹK2`Q 0.001 2M Mm2bi`� +QK� ~Qi�Mi2 2b 1 × 10−3X S�`� [m2
H�b KBHûbBK�b bB;�M i2MB2M/Q `2H2p�M+B�- 2H MȹK2`Q K�vQ` [m2 b2 Tm2/2
+QMbB/2`�` [m2 i2M;� +BM+Q +B7`�b 2b,

99.999 = 0.99999× 102.

SQ` i�MiQ- +m�M/Q 2H +QMi�/Q` HH2;m2 � 99.999- b2 T`Q/m+B`� mM� Tû`/B/�
/2 T`2+BbBƦM U2M 2bi2 +�bQ iQi�H, v� MQ ?�v KBHûbBK�b v 2H +QMi�/Q` b2
[m2/� T�`�/Q 2M 100VX 1b /2+B`- �H +�#Q /2 100 b2;mM/Qb 2H +QMi�/Q`
7�HH� iQi�HK2Mi2X

1H 2D2KTHQ Rj 2b 2ti`2KQ U2H 7Q`K�iQ /2 +QK� ~Qi�Mi2 miBHBx�/Q 2b
Kmv #m`/Q TQ`[m2 H� K�MiBb� 2b Kmv T2[m2Ƣ�V T2`Q 2b HQ [m2 H2 Q+m``BƦ
�H bBbi2K� S�i`BQi 2M H� :m2``� /2H :QH7Q- 2b2M+B�HK2Mi2X

G� T`2+BbBƦM bBKTH2 bB;m2 2tBbiB2M/Q, TQ` mM H�/Q- H�b 2MiB/�/2b }@
M�M+B2`�b iB2M2M Q#HB;�+BƦM /2 i`�#�D�` +QM mM MȹK2`Q 2bT2+ő}+Q /2
/2+BK�H2bX SQ` Qi`Q H�/Q- HQb KB+`Q+QMi`QH�/Q`2b 2bi�M /Bb2Ƣ�/Qb T�`�
miBHBx�` TmMiQ }DQ TQ`[m2 H� BKTH2K2Mi�+BƦM /2 H�b QT2`�+BQM2b #�bB+�b
Uv- bQ#`2 iQ/Q- /2 H� bmK� v H� `2bi�V 2b Km+?Q K�b b2M+BHH� Uv- TQ`
i�MiQ- K�b 2+QMƦKB+�VX

1H 7Q`K�iQ 2bi�M/�` /2 +QK� ~Qi�Mi2 2b 2H /Q+mK2MiQ +QMQ+B/Q +Q@
KQ A111@d89- [m2 TQb22 p�`B�b �+im�HBx�+BQM2b U2H Q`B;BM�H 2b /2 RN3dVX


