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In AABC the following relationship holds:

NaGa = T, b? +c?2=n2+ g2 +2rr,, 2bc = 21,1, + 217,
4ma = nczl + gczl + 2rbrc

2
(Tbrc) TpTe
92 =2 —=—=>nk+ gZ+2n1. =ni+2nn +
na na

2
rpTre rpTc rpre
=>4m§2n§+( ) +2n, - = 2m, >n, + (1)
a a a

Adding these up relations, it follows:

T'pTc
20mg +my +1me) 2 ) ng+ ) 2 (2)
a

cyc cyc
bpTc .
8m,ymym, > a (3)
cyc a
(rarpre)?
ng) = — 2 (4)
n,n.n,

cyc
n,(2m, — na) > 11, = 2mgn, = n: +ryre; (5)
STy T+ T Ty =522 z myn, = s* + z n?2; (6)
cyc cyc
vnZ+ni+n2>nn,+nyn,+nn, =2 Z myn, > s* + Z nyny; (7)
cyc cyc
Butngny + nyn, + n.n, = 52 = Yicyc MaNg = s%;(8)
s?(BR—1r) —r(4R +1)?
= =

R
s?2(BR —1r) —r(4R +1)?
ZZmana252+ ( )R ( ) =

cyc

z s?2(4R —r) — r(4R + 1)?
m,n, =

R ;(9)

cyc

8myn, = 4n2 + 4ryr, = 8myn, — 217, = 4nk + 21,1,
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v (b=c)?=nf+ gi—2nr,

4(ng — my)? = 4m2 + 4nZ — 8n,m, = n2 + g2 + 2,1, + 4n2 — 8n,m,
= 8myn, — 21,7, = 4nZ + 2r,r.,
=>n2 + g2+ 8myn, — 211, = n2 + g2dnZ + 2ryr, = (b —¢)? = 4(n, — my)?
1 1
Z(b—c)2 > (ng — my)? :>§|b—c| >n, —my
So, we get a new inequality:

1

E |b - Cl = Ng — My; (10)
Adding, it follows = Yey.lb — ¢| = Tey(ng —mq)

But%ZCyc |b — c| = max{a, b, c} — min{a, b, c} hence,

max{a, b, c} — min{a, b, c} > Z(na —m,);(11)

cyc

EIb—cIZma—sa
=>|b—c|=n,— s, (12)
EIb—cIZna—ma

=Y lb—cl 2 ) (1= 50):(13)

cyc cyc

= max{a, b, c} — min{a, b, c} > %Z(na —s,);(14)

cyc

”{lb_clzna_ga

. —cl> _ _
Ib—clzna—sazzlb cl=2n,—g,— s,

1
= |b—c|> E(Zna — 9ga — Sa); (15)

= Zlb — Cl > %Z(Zna — Sq _ga) ; (16)

cyc cyc

b i b >1 2 ; (17
= max{a, b, c} — min{a, ’C}_ZZ( ng—ga—Sqa);(17)

cyc
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myw,
—b-—cl>=—=2-m

a

maWa
' naga 2 maWa = na 2

a
a

m (wa—ga) 1 |b—c
|b —c| > = —
2 m,

_——1 (18)

a

zlb—cl YWa Wb, PTe 3.(10)

cye mg, Ja 9p dc

m,w
|b—c| >—2—

a

max{a, b, c} — min{a, b, c} > ZZ (m a¥a sa> 1 (21)

Sq; (20)

cyc
2 2
”na _ (b_C)
Tt TaRe
1 |b - Cl Ng — Mg (b - C)Z (na - Tna)2
Elb—chna—ma:> > > T = 2
n§>r2+(n -my)?* n, \/(n —my)2+r (22)
hz — r? T
na zJ(n m)?+12 o
h, h, h =
cyc

r \/(n —ma)2+r2 1 1 1 1
— —t—+—=">
h ha hb h(: r

1>ZJ<n “m)T T

;(24)
cyc
From|b—c|=n,—s, = (b—c)? = (ng —5,)?> =nZ +s2 —2n,s,
n2 + g2 —2n,1. =n2+s2—2n,s, = s,(2n, — s,) = 2r,1. — g2 =
sa(2ng, — s4) = 21T, — g%;(25)
2
.-sa_%:sa+sb+scz Z;bc—(26)

Sa
cyc
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“rpgre>2wioes(s—a)>wi=

2w2 — g2
sa+sb+sczzzna—_fa;(27)

oy a a

2r,r,. — g%

2n, — s,
cyc

2wz — g?
SaSpSe = nza—ga; (29)

a  “a

SaSpSc =

cyc

2r,r, — g2 21,1, —
Zna—sazbc—ga=>2na2sa+bc—ga;(30)
Sa Sa

2
2na25a+2rbi—%, g2 =(s—a)*+2rh,
a
2ryr, — g2 =2s(s —a) — g2 =2s(s—a) — (s — a)? — 2rh,
2,1, — g2 =(s—a)(2s—s+a) — 2rh,
2r,7. — g2 = (s —a)(s+a) — 2rh, = s? —a? — 2rh,
s?2=n2 +2rh, > 21,1, — g2 =n% —a? + 2h, — a® — 2rh,
n% —a? +2h,(r, — 1)

=>2n, =5, + ;(31)
Sa
2 2
n:—a“+2h,(r,—1)
S
Sa
cyc cyc cyc
ws2=nk+2r,h, > s> —n2=2r,h, = (s +ny)(s —ng) = 21,h,
s—ng, 21, s na+ 2r, s a
—1 = = — = — R
h, s+n, h, hg, s+ng'h, 2r

i:n_“+ 2r,
2r h, s+n,
&ZJ(na_ma)z_Frz:>a_\/(na_ma)2+r22 27ﬂa
h, r 2r s+n,
4rr, 4(s—b)(s—c
a—2J(ng—my)?+r2 > 2 = ( X )
s+n, s+n,

41rq _ 4(s—b)(s—c)
s+n, s +n,

a>2/(n,—my)?+r2+ ;(33)
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S = z <‘/(na - Tn'a)2 +rZ+ Z(S — b)(s — C)

s+n,
cyc

>;(34)

s h, 7 s—a

= =—= i, + ,
s—a h,—2r r hyg—2r hg hy h, h, v h,—2r 2r

s—a >\/(na—ma)2+r2 21,

= + (35
h, — 2r r s+na( )
s s—a (n, —m,)? + r2 2r
55 EZJ « +——%:(36)
r h, —2r r s+n,
cyc cyc
LSS _ma 20 af ng 2
h2 " h2  h, 4r: hZ h,
T ra_ra—r_inZA:ra_ra—r
2R ha 4R "M 27n, T Tor
a_zzn_ﬁ ra—r>(na—ma)2+r2 T,—T
4r2  hZ ro r? r
@ (a=ma)® o Ta_ (e —ma)®+(s=b)(s—0)
4R2 r2 T T2

2%2 (ng—my)?+(G—->b)(s—c)rr,=(—-b)(s—¢c)=>

; > /(ng — my)% + (s — b)(s — ¢); (37)

s> ZJ(na “m)?+(—b)Gs —0): (38)

cyc
2 2
2 E Mgy = s° + E ns

cyc cyc

2

2 myng = | ) g —m)2+ (s —b)(s—0)| +» n2;(39)

cyc cyc cyc
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