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%=@ CU= Q@=Q@ xOvWwQi OwU `@=D u}=Q@=v@ "OvDUy C@Ft |O=Oa= F w E u; QO

TPi = pi(a� bpi)� ci(a� bpi)E
�T2 hi(a� bpi)F �

nti
T

(25)

dTPi
dpi

= a� 2bpi + cibE + T
2 hibF (26)

d2TPi
dp2
i

= �2b (27)

d2TPi
dpidT

= hibF
2 (28)

dTPi
dT

= �hiF2 (a� bpi) + nti
T 2 (29)

d2pi
dT 2 = �2nti

T 3 (30)

r2(TPi) =

 �2b hibF2
hibF2 � 2nti

T 3

!
(31)

�1 = �2b < 0 (32)

�2 = 4bnti
T 3 �

�
hibF

2
�2

> 0 (33)

Qakt Pi w T x@ C@Uv TPi `@=D xm OwW|t C=@F= 33 |x]@=Q |Q=QkQ@ =@ u}=Q@=v@
CqO=at Qo}O CQ=@a x@ w pw= |xHQO sRq \QW R= =yv; |xv}y@ Q}O=kt w "CU=

"OwW|t pY=L 35 w 34

a� 2bpi� + cibE + T �
2 hibF = 0 (34)

hiF
2 (a� bpi�) + nti

T �2
= 0 (35)

%C=@F= "CU= Qakt P x@ C@Uv TPv(P; T �; p�i ) `@=D "2 |x} Q_v

dTPv
dP

=
hvT �F

�
rP
i=1

(a� bp�i )
�2

2P 2 + ( L
P 2 � �)(

rX
i=1

(a� bp�i ))
(36)
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QW

C}
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=vY

|U
Ovyt

"xOvWwQi |Q=Oxov |xv} Ry C=Q}}eD |=R= x@ xOvvmu}t-=D OwU C=Q}}eD "3 pmW

"V} Q=Oxov |xv} Ry C=Q}}eD |=R= x@ xOvWwQi OwU C=Q}}eD "4 pmW

"xOvWwQi O} QN |xv} Ry C=Q}}eD |=R= x@ xOvWwQi OwU C=Q}}eD "5 pmW

"xOvWwQi O} QN |xv} Ry C=Q}}eD |=R= x@ xOvvmu}t-=D OwU C=Q}}eD "6 pmW

%s}vm|t =yv; u} Ro}=H =Q xOt; CUO x@ Q=Okt w s}vm|t x@U=Lt 'CU= 1

limx!1
�=1

�
(�x)n � 1
�x� 1

��
x� 1
xn � 1

�
= 1

j@] "s}vm|t xO=iDU= p=D}B wy |xOa=k R= Qo}O CQ=@a wO OL uOQw; CUO x@ |=Q@
%p=D}B wy |xOa=k

limx!a
f(x)
g(x)

= limx!a
f 0(x)
g0(x)

= � � � = limx!a
f (n)(x)
g(n)(x)

%u}=Q@=v@
limx!1

�
x2n � 1
x2 � 1

��
x� 1
xn � 1

�2
= 4

1 + 2n
limx!1

�
x� 1
xn�1

�
= 1
n

xOy=Wt 'xOW xDiQo Q_v QO n = 2 =t |UQQ@ OQwt p=Ft QO xm u}= x@ xHwD =@
R= xOvvmu}t-=D OwU xm OwW|t ?@U pOt QO ?}=Q[ u}= uOQmv ^=Lr xm s}vm|t

"O@=} Vy=m 3798 x@ 5975 R= xOvWwQi OwU w 'V}=Ri= 16934 x@ 15111
|=yQDt=Q=B Q}}eD |=R= x@ sDU}U Q=DiQ |xOy=Wt Qw_vt x@ '?r]t u}= R= TB

"O=O s}y=wN s=Hv= sDU}U |=yQDt=Q=B R= |NQ@ |wQ =Q |D}U=UL p}rLD 'u;

xOvWwQi |Q=Oxov |xv} Ry "1"6
|xv} Ry C=Q}}eD |=R= x@ xOvvmu}t-=D w xOvWwQi OwU C=Q}}eD u=R}t 2 pwOH QO
V}=Ri= 'O};|t Q@ 2 pwOH C=aq]= R= xm u=vJ "CU= xOt; xOvWwQi |Q=Oxov
xm OwW|t u; x@ |r=UQ= |=yxDUO Q=Okt Vy=m Ea=@ xOvWwQi |Q=Oxov |xv} Ry

"�3 pmW� Ovm|t sm R}v =Q xOvvmu}t-=D OwU xH}DvQO
|Q=Oxov |xv} Ry V}=Ri= =@ |a}@] Qw] x@ 'OwW|t xO}O 4 pmW QO xm u=vJ

"OwW|t xDU=m VOwU Q=Okt R= 'xOvWwQi

xOvWwQi O} QN |xv} Ry "2"6
"CU= xOW x�=Q=hrDNt O} QN|=yxv} Ry|=R= x@ sDU}U|=yQDt=Q=B Q}O=kt 3pwOH QO
w V}=Ri= =Q xOvWwQi O} QN |xv} Ry 'pwYLt OL=w Qy O} QN |xv} Ry V}=Ri=

"�5 pmW� OyO|t Vy=m =Q xOvWwQi OwU u; |B QO
u=R}t hQ] l} R= 'xOvWwQi |=Q@ pwYLt OL=w Qy O} QN |xv} Ry V}=Ri=
Ot;Q@ "Oy=m|t =[=kD u=R}t R= Qo}O hQ] R= w OyO|t V}=Ri= =Q xOvvmu}t-=D Ot;QO
xOvWwQi O} QN |xv} Ry V}=Ri= C=R=wt x@ 'xOvvmu}t-=D OwU Vy=m Ea=@ QF= wO u}=

"�6 pmW� CU=

"xOvWwQi |Q=Oxov |xv} Ry C=Q}}eD |=R= x@ xQ}HvR |=[a= OwU C=Q}}eD "2 pwOH
hi T � Q� P � TP �i TP �v
1 5 1 72 462 519 6376 23262
3 1 219 326 499 6231 19952

4 5 0 996 265 490 6112 17278
6 0 865 229 5 484 5975 15111

7 5 0 775 205 480 5941 13109
9 0 709 187 478 5871 11331

10 5 0 657 177 476 5804 10288
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"u=oOvWwQi O=OaD |=R= x@ xOvvmu}t-=D OwU C=Q}}eD "7 pmW

"xwkr=@ |=[=kD x@ C@Uv xOvvmu}t-=D OwU C=Q}}eD "8 pmW

"xwkr=@ |=[=kD C=Q}}eD x@ C@Uv xOvWwQi OwU C=Q}}eD "9 pmW

x@ =[=kD C}U=UL QwDm =i C=Q}}eD x@ C@Uv xOvWwQi OwU C=Q}}eD "10 pmW
"Ct}k

u=oOvWwQi O=OaD "3"6
OwU u=R}t 4 pwOH "O@=}|t V}=Ri= xOvvmu}t-=D OwU '=yxOvWwQi O=OaD V}=Ri= =@

"�7 pmW� OyO|t u=Wv 5 =D 1 R= u=oOvWwQi O=OaD |=Q@ =Q xOvvmu}t-=D

=[=kD `@=D |=yQDt=Q=B C=Q}}eD Q}F-=D |UQQ@ "4"6
Cw=iDt 5 pwOH KQW x@ =Q sDU}U |=yQDt=Q=B Q}O=kt 'uwo =vwo xwkr=@ |=y=[=kD
wCU}v xiQY x@ u; O}rwD 'OW=@ sm|rwYLt |=Q@ Q=R=@ |xwkr=@ |=[=kD Qo = "OR=U|t
|xwkr=@|=[=kDV}=Ri= =@ =t= "CU=u;|xOvWwQi w xOvvmO}rwD|yOu=} R?Hwt|DL
"�9 w 8 |=ypmW� Ovvm|t ?Um =Q |QDW}@ OwU xOvWwQi w xOvvmu}t-=D 'pwYLt
u; u=R}t R= 'OwW QDW}@ q=m Ct}k x@ C@Uv Q=R=@ |=[=kD C}U=UL xJQy
OwW|t xQ}HvR |=[a= |xty OwU Vy=m x@ GDvt ẁ[wt u}= xm 'OwW|t xDU=m
C}U=ULC=Q}}eD |=R= x@ sDU}U|=Q@ =yQDt=Q=BhrDNt Q}O=kt "�11 w 10|=ypmW�

"CU= xOW xOQw; 6 pwOH QO Ct}k x@ C@Uv =[=kD
O} QN|xv} Ry C=Q}}eD |=R= x@ |UQQ@ OQwt sDU}U |=yQDt=Q=B C=Q}}eD "3 pwOH

"xOvWwQi
ci p�i T � P � TP �i TP �v

110 143 0 685 494 15773 17684
120 148 0 732 491 12029 17640
130 153 0 79 488 8780 16642
140 157 7 0 865 484 5975 15111
150 163 0 967 480 3772 11928
160 167 1 12 477 15773 17684
170 172 1 376 472 775 56740

"hrDNt u=oOvWwQi O=OaD |=R= x@ xOvvmu}t-=D OwU "4 pwOH
xOvvmu}t-=D OwU u=oOvWwQi O=OaD

15111 1
36606 2
57605 3
78143 4
98257 5

"hrDNt xwkr=@ |=y=[=kD |=R= x@ sDU}U |=yQDt=Q=B Q}O=kt "5 pwOH
a p�i D�i T � P � TP �i TP �v

1400 130 �30 0 588 xHwtQ}e xHwtQ}e xHwtQ}e
1600 140 3 56 7 1 87 465 130 �763
1800 148 8 163 2 1 1 477 2138 6563
2000 157 7 265 3 0 865 484 5975 15111
2200 166 7 366 3 0 736 491 11761 24119
2400 175 8 466 2 0 652 496 19330 33362
2600 184 8 657 2 0 591 509 33367 53359
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Ovyt "CU= xOvWwQi \UwD |OwHwt C} Q}Ot O=OQ=Qk 'u}t-=D |xQ}HvR QO |Q=mty `=wv=

|xQ}HvR l} |=Q@ xOvWwQi \UwD |OwHwt C} Q}Ot sDU}U l} Q[=L Q=DWwv QO
Q_v QO xOvWwQi u}OvJ w CUy R}v pwYLt xOvvmO}rwD xm xOvvmu}t-=D l} =@ u}t-=D
Qw] x@ =Q q=m Q=@ n 'O}rwD |}=B Q@ Q=@ Qy QO xOvvmu}t-=D u; QO xm CU= xOW xDiQo
=@ =yxDUOQ} R |xR=Ov= 'p=UQ= Q=@ Qy QO w "Ovm|t p=UQ= u=oOvWwQi |=Q@ u=tRty
s}=xOwRi= u; x@ pOt VQDUo |=Q@ xm |OQ=wt "O@=}|t V}=Ri= C@=F ?} Q[ l}

%R= Ov=CQ=@a
O} QN Ct}k Q@ R}v h}iND |OYQO '|r=UQ= |xDUO Q=Okt V}=Ri= =@ u=tRty �

"OwW|t p=ta= u;
xOW xDiQo Q_v QO Q=R=@ QO q=m Ct}k R= |Wy=m w |]N |a@=D CQwY x@ =[=kD �

"CU=
"Ov=xOW xv}y@ u=tRty Qw] x@ q=m Ct}k w O}rwD Q=Okt 'O}rwD |xNQJ |=yQ}eDt �

"CU= xOW xv}W}@ xQ}HvR |=[a= R= l} Qy OwU �
"CU= xOW xO=iDU= nQ@rmDU= |R=@ R= pOt pL |=Q@ �

"CU= xOW ^=Lr xOvvmu}t-=D O}rwD |xv} Ry �
=@ TBU w OW x�=Q= |OwHwt w |Q=PoCt}k u=tRty |R=Uxv}y@ pOt l} u}vJty
x@ =[=kD `@=D |=yQDt=Q=B xm OW XNWt 'sDU}U |=yQDt=Q=B |wQ C}U=UL p}rLD
OwU |a}@] Qw] x@ |}xv} Ry |=yQDt=Q=B w OvQ=PoQ}F-=D xQ}HvR |=[a= OwU Q@ COW

"OvyO|t Vy=m R}v =Q =[a=
Ov=CQ=@a 'OQm x�=Q= u=wD|t |D; C=k}kLD |=Q@ C=O=yvW}B u=wva x@ xm |@r=]t

%R=
""" w |Dv=Q=o u=tR COt 'C=e}r@D 'Ct}k R= |a@=D u=tRty Qw] x@ Q=R=@ |=[=kD �

"OwW ZQi
"OwW ^=Lr u; |=[a= u=}t QO C@=kQ w O@=} VQDUo xQ}HvR Kw]U �

"OwW xv}y@ 'OwU |R=Uxv}W}@ hOy x@ =yxDUO V}=Ri= w h}iND ?}=Q[ Q=Okt �
xr�Ut pL |=Q@ |Q=mD@==Qi |=ysD} Qwor= uwJty Qo}O |R=Uxv}y@ |=yVwQ R= �

"OwW xO=iDU=

x@ =[=kD C}U=UL QwDm =i C=Q}}eD x@ C@Uv xOvvmu}t-=D OwU C=Q}}eD "11 pmW
"Ct}k

"hrDNt |=yC}U=UL u=R}t |=R= x@ sDU}U |=yQDt=Q=B Q}O=kt "6 pwOH
b p�i D�i T � P � TP �i TP �v
8 191 7 466 0 652 496 26732 33338
9 177 9 399 0 705 492 17318 27113
10 166 7 333 0 773 526 5 10363 21133
11 157 7 265 3 0865 484 5975 15111
12 150 3 196 1 479 2920 9152
13 144 1 127 1 25 473 1011 3824
14 139 1 52 6 1 94 464 46 �979

|Q}oxH}Dv "7
|QDWt x@ pwYLt `} RwD x@ xm CU= CmQW u}OvJ |atH VqD u}t-=D |xQ}HvR
x}rw= O=wt xOvvmu}t-=D 'u}t-=D |xQ}HvR l} QO |twta Qw] x@ "OwW|t QHvt |}=yv
|QDWt x@ =Q =yq=m xOvWwQi w Ovm|t O}rwD =Q CqwYLt xOvvmO}rwD "Ovm|t x}yD =Q
?Um |=Q@ =Q =yCmQW '=yQ=R=@ uOW |v=yH p}rO x@ C@=kQ V}=Ri= "OWwQi|t |}=yv
u} QDOQ@ Q=m QB R= |m} "OyO|t jwU u}t-=D |xQ}HvR QO |Q=mtyCtU x@ QDW}@ OwU
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