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Research on adaptive connection equation in discontinuous area of data curve

YAN Kun
( Xi’an Modern Nonlinear Science Applying Institute, Xi’an 710061, China )

Abstract In this paper, by discussing approximate equivalent analytical solution of nonlinear dynamics equation and some properties
in discontinuous area of data curve, a general constructing form of adaptive connection equation and preset iteration method determining
parameters in discontinuous area are given. And then, a connecting method of the mapping equations for the discontinuous areas of
general curves is also given. Subsequently, computing examples which included the discontinuous areas with dislocation and turn-back
are given too. This adaptive connection equation can be applied as a general form of expansion (extended hyperbolic tangent function)
of the classical S-curve (sigmoid curve) equation or Logistic function, and for step discontinuous area of slowly varying data curve, its
form of the adaptive connection equation can be obtained by automatic calculating. In this paper, compatibility of the nonlinear equation
in classical Newton dynamic equation and the charge equation of the RLC series circuit is analyzed. Basing on the form of the adaptive
connection equation, an approximate expression of extended hyperbolic tangent series for the characteristic function of the series phases
transition of the evolution of phenomena, equations of magnetic hysteresis loop for magnetic material, extended form of average energy
equation (or Einstein-Stern equation) and tendency differential equation of the average particle number for the statistical distributions of
the particles, equation of average binding energy per nucleon (or specific binding energy) of stable nuclide, a theoretical maximum of
the nuclear binding energy and its corresponding proton number, abundances equation of elements in the Solar System, curvilinear
equation of potential energy function (such as curvilinear equation of potential energy function of diatomic molecule, etc), equation of
natural saturation process (such as tree growth and physical reaction or chemical reaction process, equation of fracture toughness for
steel material, etc) and equation of typical creep process for metal or rock material are explored and analyzed tentatively.

Keywords nonlinear dynamics equation, discontinuous area of data curve, adaptive connection equations, connecting method of the
mapping equations, equations of magnetic hysteresis loop, equation of statistical distributions of the particles, equation of average
binding energy per nucleon, abundances equation of elements in Solar System, curvilinear equation of potential energy function,
equation of natural saturation process, equation of creep process
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Fig. 1 Equivalent curves figure of tendency equations of right single
magnetic hysteresis loop for soft magnetic material which obtained
from arctangent function and hyperbolic tangent function
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Fig. 2 Curves figure of tendency equation of saturation
magnetic hysteresis loop for magnetic material which
obtained from arctangent function
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Fig. 3 Fitting equation curve figure of vibration
acceleration of single hole blasting of once each time
point in rock mass blasting process
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X H n NEREL h N Planck % %0, k N Boltzmann 7 %1,
K n M UAA R B 982 g PR, A 51 N AE 43 %
v =0 IR REE A KRE R E,, WA ARIEREE E N
E=E +[n+n.]hv, 0<n<q, g>>1 D
XBRE =EVv=0), n AfFEHEH. XTHEERT,
n, =n, =0.5, n,. 7 Einstein AR T HEE L.
R EGETHEN, AE=hy , B THERE N
Eﬁ(qu exp[—E(KT) ' JAE

E — E=Ey+0.5hv
Ey+H(g+0.5)hv

Z exp[-E(kT) "' |AE

E=Ey+0.5hv

a Ey+(g+0.5)hv

=————In exp[—E(kT)™]
o(kT)” E=E;0.5hv

0 B
=~ 5T Inexp[—(E, +0.5hv)(kT)"]

0 - exp[—(qg +Dhv(kT)"]

(kT 1—exp[—hv(KT)™]
=FE,+ lhv + hy .
2 exp[hv(kT) ]-1
(g +1Dhv

- —— . (72)
exp[(q + Dhv(kT)']-1

it (72) AP REE TR R .
i (72 R, 7€ E, <<0.5hv + (q+Dhv(kT)" >>1
i, JEfl4S Einstein-Stern “F-¥J 8 & /5 F2
hv
exp[hv(kT)']-1
WHEHRE (72) Xy G hv(kT) ™" >> 1, B

limEzlhv+ =Es. (73)

g—>+0 2

E~ E, +%hv +hvexp[-hv(kT)"]
— (g +Dhvexp[—(g+Dhv(KT) '] (74)
B R B R 5 2
E~E, +%hv[l +2exp[—hv(KT)™]

—2(q +Dexp[—(g +Dhv(T) ]

zE0+%hVo (75)

B(qg+1) " << hv(kT) " << 11, B (72) K5
K V¢

EzE0+lhv+ - hjl/ -
2 1+hv((kT) +2 [hv(KT)" ] -1

—(g+Dhvexp[—(q+Dhv(kT)"]

1 hv
=E,+—hv+ - = -
2 hv(kT) " [1+27 hv(kT)™]

—(g+Dhvexp[—(q+Dhv(kT)"]

~E, +%hv +kT[1-27"hv(kT)™]

—(g+Dhvexp[—(q+Dhv(kT)"]
= E, + kT —(q+Dhvexp[-(qg+Dhv(kT)];
(76)
2B PR AR AR IR 5 e
E = E, +kT[1-(q+1)hv(kT) " exp[-(q + D)hv(KT) ]
~E,+kT - 7
Mav(kT) ' =(g+1) "I, diaE (712) RE
. -1
E=E,+ihy+ D AT KT
2 exp(g+1)~ -1
HiEg>>1, A(g+1)" <<, HHEBEELIRETT
_ -1
E~Ey+shv+ URR . ——)
2 I+(g+1)" +2 (g+1)~" -1
-1
b lpy e @D T
2 (g+D[1+27(g+D)7] e-1
_

AT

; (78)
e—1

e—1

~ E, +%hv+kT[1—21(q+l)l]

=E, +%hv+kT[1—21hv(kT)1]—
e—2

e —

=E, + kT - 79)




Ve . T ot 2 1] U DX ) S N R T R TR, P 22 AR et Rl 2 32 F F T i, 2011 02 20. 9

M0<hv(kT)" << (g+1D)7"'i, dmE (72) X8
AT AU R 5 72

EzE0+lhv+ - hr s
2 1+ hv(kT)” +27[hv(KT)" ] —
(g+Dhv

1+ (g + Dhv(T) ™ +27 (g + DAv(T) P -1

~ E, +%hv+kT[l—2"hv(kT)"]
—kT[1-2""(g+Dhv(KT) "]

:E0+%(q+1)hvo (80)

B (75). (77). (79).
RIEVT /UZ/J‘??F?

E, +—hv,
2

(80) MU=, /AR (72)

LA PR IR R R T 5

h_v>>1

kT
1 hv
<< —<x<1
g+l kT (81)
e— 2kT h_v: 1
e—l kT qg+1

E,+ kT,

by
2

E,+

1
q+1'

hv
E,+—(g+1Dhv, 0 <—<<
0 2(@ ) T

Al (81) A i Jia i Auhia 5% BRI R RT3
ReE T REY B (72) MR R, TR TE B
B Bl X A E TN TS MR AR X
B B R IR IR S T 1) .

HE (72) KPy— AN

}E?weXp[_E(kT) 71-0; (82)

M7 RE (720 AAEAHTT <0 X
HRE (72) R, T — -0 hv(B[T])" >> 11,
(SoURVWIp s

E~E, +%hv — hv{l+exp[—hv(K[T) ]
+(q +Dhv[1+exp[—(g + Dhv [T 11
RIS Hir el SR PR R R T
E(T —>—-0)~E, +Ehv—hv+(q+1)hv
:E0+%hv+qhvo (83)

R (72) R, f£T > +0. Av(bT) " >>1H,
By s EU‘HHE’J XYyt

E~ E, +Ehv +hvexp[—hv(kT)™"]

—(g+Dhvexp[—(g +Dhv(KT)'];

WS (75) S FEREE SRR R T
E(T —>+0)=E, + Ehv[l +2exp[-hv(kT)™]

—2(g +1)exp[—(g +Dhv(kT)']]
~ E, +lhv . (84)
AR RIR (83). (84) =5, R (72) Hig
BT =04, WHTT=0~48EFEE SERN K
E stepj‘j
E-osep = E(T — —0)— E(T — +0)

1 1
~ E, +§hv+qhv—EO —Ehv

=qhv (85)
VERIEER, 25 7RE (72) RTFERTT <01
X, M—if% 2 H 6 Boltzmann %51t 43 46 75 R b i) 44
N T B8 X HE
Aj o< exp[-E(K[T]) " AE (86)
HEE (72) BN
E:E0+lhv+ hv -
2 exp[hv(KT])"1-1
3 (g+Dhv
expl(g +Dhv(k[T)™"]-1
LB, 2 (73) X, FESAR LR
hv

» (g+ 1)— >x>—
expx—l kT kT

(88)
X x BUBEM (g + DAv(KT) " 8 hv(KT) ™" #8454k, N
BB 5 T < 0 KR TRIRE R E, A
explh v(b|T |) -1
explh v(k|T |) -1
X b NErE %iﬁ( b>>k.
ME,<<0.5hv T >0, hv(bT) " <<1if, FL(89)
A RIEAL°N Einstein— Stern %iﬁ%’é%ﬁﬁﬂ%ﬁ
N [1 +hv(bT)']-
2 exp[hv(kT) 1-
L hy . (90)
2 exp[hv(kT)"]-1
M4 hv BT~ >> 18, myk (89) XA

1 B[T|
lim E E,+—hv+lim
I71-0 2 710 exp[hv(k™ —b~ )|T|

(87)

E=E, +— hv+ijd

(89)

E =E, +lhv +HT]|

zE0+%hvo 91)



Ve . T ot 2 1] U DX ) S N R T R TR, P 22 AR et Rl 2 32 F F T i, 2011 02 20. 10

BONF B, A XPRLT RG ST AT TR S
Yordt, %5 (1D X, 1RSSO AL 144
B IERR T, PR R A IR T I 3 A 1
BER E b—NET& L PR3 ng AR 7
iy SRR RS R W
2
((111125 +:—ZZ+ZIE +ng+z 03 + 703 =z (92)
EKHEn, =EGT) " +a,, oy N5 kT HIXINFESE,
R g hETEKT) PUARSE, EWERS 5
B ES u T, oy, =—ukT) ' +ag, ac A
W zyy z z, IFEEHEEL z ANEUIREL z
NN EREG: — I ng(n, — 4+00) =0

TR (92) K, 2 AU R B0 S EURh ek R
VPl zy = zge « Sozy =0+ z, =01, RS I

dng

+ng+zni=0; (93)
dng
fEdng/dng = ORFRIFGIRE (93) A —ANFEMN
ng=0; ng=-z', z #0.

RIEHTE 93T, B, > O, WTEz =0, z, %0,

g >0, z, 20z +ng <O ZAMESR T4 HIE

Inng =-n, + B, , 94
Inng—In[z,' +ng]=-n, +B, , (95)
Inng—In[—z' —ng]=-n, + B, (96)

BEMRTEE (93) KEI =K A 0 oy

n, = exp[~(E - w)kT) " — (e~ B)]»  (97)
|
ng = = . (98)
expl(E — w)(kT) " + (a. — B,)] -1
.
% (99)

™ T expl(E — KT + (e — B+ 1
KHB . B BN

JFRE (97) ~ (99) A&y HLAXTRENT WIERE E
L= NETEP SR TR EE . TEAXTTT,
=fkkMz, =0.a.=B,,z,=1.a.=B,, z,=-1.
o = B, I RI435%F N5 Maxwell-Boltzmann 4t it 531 «
Bose-Einstein 4t 47 }2 Fermi-Dirac it A H 48 %}k
FERNT MRS E L —8& 75 Pk FEuE e

ng =exp[—(E — u)(kT)'], z,=0 (100)
ng = : —, z, =1 (101)
exp[(E — w)(kT)"]-1
1

ng = ——: z,=-1. (102
exp[(E — p)(kT) "] +1
EIRPE BT REY R ST R R oy U R
2B T AT BRI TE R, AIRAW TR B S % .

— i, BT AR PR ORI T ERARAE L B B P
it EHREEZER, O RIRREMR MR
AR . B . TR R (E) &, '
T Z R e LG BWE . Bediss). figaxt
X, B K, EFIRESHREE RS, B2
& T [F) R AH AR B 3T 2 T 5 % DR [v) R T e R R T
KPS RN S SGEAT 1 5 51 7IHLEE ., DG ok —
M. BETEK. B 748, Casimir /7. Higgs MLil|55%
IR, RN Ga o8 hBIEE W, NESIFHE
B SR B R ERZ R B 2 [ 40 fe 1) 2
AR 1) VU Rk 1R 7 A2 B AR 5 2 A F ) — 58
gy, X H I ER SR —HESEER RAEN UL 2 T oA 1 E5E .

MRA b, FEAH B2 A& B A E R R e 2 I
BT PR Y SRR, IS R A & od
T FEACH BN R AT R TR I e, FER MR I I R
BEAGIAZ RSN ik, FoR@E S AR R,

2 A7 AR e E N

X HRIG, FH R R BN A AR TN )
i R HEZEAR N T I G Ak 2 N AR, TR
Je F AN 0N 2 BT 2 7 e () e R S S 3R G X 4 ¥ 41
H— N R IR ZIA IR, ATy AT SR A0 B A T e
fift, EAREENTT R NS EH LS E TGS M . VAR
g, BHEEAGE G ATER, BAEE L ARSERIRN T
RIRAZ LT A2 S AT o B R S il s SR ME R, AR
M2 SR I s sk B A et R A%, T ot R B AR T A IR
SR mZE; FEANE, ISR, fEEA RN,

N A R R A AR R A B R R T R
M X, Foizm B AT IR £ 2R k2%, R AR B B F
Wk BRI HAT IR R, K fie /E0d 2 K& 598
722 B R 7 R S B R R R B A, B
AJETHROMERHIR, B ENBEE TR AE G R0
T BRI G AR IS AR T A B 2 1 & R
21 BRERZRLKEESRAERZZESRNEBERKE
—RREZEN TR GG RIFENBEE A

HETHZRE AR iE) A EEEH Weizsicker
W RE (& RAE . FMTAE. Coulomb BE. XIFRAL. ZFIHEE) -
Strutinsky FEfEIERE. FRARIE IERESEAH ST B[ 7 7%,
ST MEG MR R b i e e =0, A RA L ERE R
5, H SEERHAER M T R AT, ETHEBON) 2.

N T o R e A R RS T e 4 kA by
JiE, FETRERE . e GRS E R UE)
IRV, AR T 2dE o i e i s T 2

iR ERREY TR N S5lF8 755D Z 2
PISEIEE, BTN S5 Z P SR08 A%
ssE, CAPERSH—RE R oAt

dN

d_Z+GO]N2+002 =0, N(Z:]):O

R0y, oy WRFEER, e R SRR
MATE: — AN o, =—3.646x107, o, =—1.344.

(1035



fEsl s Kl th 2 1A W7 DX ISk ) B ST RE W U [R). 7 2 B RAR R R S AT FE T, 2011 02 20. 11

DR (103) RAHFE (1D RIGEHRER: /8
WIYEE N (Z) A

N =192tan[0.007(Z —1)] . (104)

AR (104) 2, 37T AEAEAE IO A4 H AL 7T
I B RS TE W 02 8 B T30 Z e
Z s~ ZARMHZ 0 HHABKSEIAIEIRG Z 0 40 50

Z s =143(j =D +1, (105>

Zi5a =143(j-0.5)m + 1, (106)

ZjILP = (Zj+]StatT -1) _(ZjEnd +1)+1
=143x0.57-1~224; (107>

X jABERE, j=>1.
1E8— KR T RO 68 2, 52 IEME Z, 1
Zi =143(1=Dr +1=1, (108)
Z,. =143(1-0.5)7 +1~225; (109)
TR (104> 2k Jo 5 S se HdE s b 45 R an i 4 Fros o

220
200
180 N =192tan[0.007(Z - 1)]
stable
10% yr
160 10I2 yr
101 yr
140
107 yr
10° yr
120
1074 yr
100 100 yr
Lyr
20 10° sec
10* sec
60 100 sec
1 sec
40 1072 sec
107 sec
20 1076 sec
1078 gec
N unstable
zZ 20 40 60 80 100 120

P 4 3877 12 N(Z) 25 5588 8 A% 3R S0 0 A B0 s X ox Ee & SR
u %%/%*ﬁ % %ﬁ(%& ;\5\ (from website of nndc.bnl.gov or en.wikipedia.org) (10]
- %%7\1— ER éi(from website of nature.ac.cn) (]
Fig.4 Comparison result figure between the curve of
tendency equation N(Z) and the experimental distribution
data points of the stable nuclides

m point of stable nuclide data(from website of nnde.bnl.gov or en.wikipedia.org) '
— curve of tendency equation(from website of nature.ac.cn) '

B (104) X, AR 7N LR Z 1
JA IR R Z(N) TR XA

Z =1+143arctan[0.0052N ] ; (110>
JiEE (110> =UHlZR f 5 5 5e s b 45 SR an il 5 s .

120

100

80

60 Z =1+ 143arctan[0.0052N]
40

20

N 20 40 60 80 100 120 140 160 180 200 220

10-8zec
unstable -

K 5 a3 TTIE Z(N) 28 5 R 8 A% 3R S B0 A B s X ox Ee & SR
o REZEHE AN — B e
Fig.5 Comparison result figure between the curve of tendency
equation Z(N) and the experimental distribution data points of
the stable nuclides
m point of stable nuclide data"” — curve of tendency equation!"!

TG HREZ ARG SR LG A ReraE M.

HF R QD AR ER R AL A a1
LE R TR, o BRI SR b 1
REZRMILG AGRECFEAite MeV) 5T
Ay (A, =Z + N) 2RI IR RN

c=bh explay, (Ay —1)]—exp[-a, (Ay _1)]])
0 2b, cosh[a,,(dy —1)] v
Kby @~ Qg O NEERE, b, WY R
8, b, NEHBRE, HEBHEIEEFE.

X 111y 50, Mg R s . RIEE Eh
T RmEb, ~1. BHtbmEb, =18, MITREFEA

c=bh explay, (Ay —1)]—exp[-oa, (4 —1)] L (112

0 2cosh[a,,(Ay —1)]

XF R E R L AR R T, R (107) R
AT SRR IEA, FER D Qs Qg gy 7T
LA #FoR, Hoh— 4l A b =9.5MeV .
oy =0.040 . @y, =0.50. o, =0.041; Wb, ~ 1
He T FE (112) P EAEE AN

9 5. EXPL0.040(A ~1)] - exp[-0.50(Ay ~1)]
- 2cosh[0.041(A4, —1)]
JiFE (113) ki 6 A, TR SEHE 2 AR R
N 0.9696.

£10.0

1

, (11D

o (113)

U2ss

data of average binding energy per nucleon

curve of tendency equation

Ay 0 50 100 150 200 250 300

Ko RERttgareasiiitihgE
Fig. 6 Curve figure of tendency equation of average binding energy per
nucleon (or specific binding energy) of stable nuclide




e . i i 2 (0T DY) S BOER TR FU R, P8 BARARZe e B2 N HTRT 7E BT, 2011 02 20. 12

TR B LGS RN, TR AL M 4 ] 56
HZEHHE (M He' 88, 2C7. O8I Fe™ M) Hint
M2 BN DL BN E s 7EXCHR 2l A R 2
b, BEMEELR, HACLEE TR —FIE LR
b, =1+b,,exp[—y, (Ay —D]cos[27f, (A — Ay,)] : (114D
LR R R T

b, =1+b,,exp[—y, (A, —1)]cos’ [, (A — Ay,)] 5 (115
WKHL b R RENG 7, . Ay, MR, £, N
ORI, [ =T, T, WECRESEN.

W T 2 s A R SR B I 2, RGN E Y
BRI Bt , IR IR E T AT
HHA . DR RNy R R (115) Rilkf7
I3H7

R L 2 B B B B TR T8 A WA 4 51 56 Y
SR ISEAE, AR T, . B £, RAE
HA Ay, N

T,~4, f =T,'~025; A4,=0;  (116)
13 H R A 45 A eIt &, A
ey =6(Ay=4l); (117

XEIHERE, 121,
e, MECRED,, =10, B (115 XKk
(116> AFFAP T RRE b, N
b, =1+exp[—y,, (4 —1)]cos*(0.2574y ) 5
Jife () RN
expla,, (4y —D]—exp[—a, (4y =]
2b, cosh[ay;(Ay —1)]
x[1+exp[-y,, (4 —1)]cos’(0.2574,)]. (119)
B (113) b S8, &4 FHy, =0.1551,
/7R (119 RAEDL, = VIO I —BARfing e
exp[0.040( 4y, —1)]— exp[~0.50(4y, —1)]
2cosh[0.041(A4, —1)]
x[1+exp[~0.155(Ay —1)]cos’(0.2574,)] - (120D

JiRE (1200 X A A1 ] 90 BRI HZL I 7 Fros, Ay
M1 2275 R sh S 8 Frow, HrbrER] 8 iR 53
i Z A H K R BN 0.9750,

£10.0

(118)

0

=95

data of average binding energy per nucleon

curve of extended tendency equation

0.0
Ay 0 25 50 75 100

K7 FeE R LG & RE Sl ¥ R a3 T R R A I 22
Fig. 7 Local curve figure of the unilateral extended tendency

equation of average binding energy per nucleon (or specific
binding energy) of stable nuclide

€10.0
UZ:SS

8.0 v

6.0

4.0

2.0 data of average binding energy per nucleon

' H! curve of extended tendency equation
£
0.0
Ay 0 50 100 150 200 250 300

K 8 e thah el ih R a3 7 e h 25
Fig. 8 Curve figure of the unilateral extended tendency
equation of average binding energy per nucleon (or specific
binding energy) of stable nuclide

Tk (119 R@&—FIETrte, £b, =10, ff
TR Qg gy Oy 7, AT ZALUE, i
By =0.1558y, =0.15K, EIf b, =9.35MeV .
@, =0.0398 \ @, =054 . au=004071 ;: 5§
b,=9.348MeV . @, =0.0403 . o, =054 .
ayy =0.04121 ; b, =9.34MeV . o, =0.041 .
0y =052 oy =0.04191 el HiFtsh—4LHfE
AR (119) it — BB N
exp[0.0403(4y, —1)] - exp[~0.54(4 —1)]

2cosh[0.04121(4y, —1)]
x[1+exp[0.15(4y — 1)]cos’(0.2574, )] . (121)

R Q2D AFEAE TR (1200 N W—ibH4T
B, EEMMIATTXIE N30 < 4, <80 . ¢ (12D
KL T H A N1 2] 90 IRIFBHI AN 9 s, Ag M 1
2| 275 W2 W& 10 pios, J7 RS EdEZ HAHC R ECH
0.9751, Ak EATRE (120) NS5 AR,

£10.0

£=9.348

8.0

Fe’®
6.0

4.0

a0 | data of average binding energy per nucleon

curve of refine extended tendency equation

H!
0.0 4£

Ay 0 25 50 75 100
Ko FaiE R thai aRe sl ai i Ih a3 7 A = B h 2
Fig. 9 Local curve figure of the unilateral refinement extended

tendency equation of average binding energy per nucleon (or
specific binding energy) of stable nuclide

€10.0
UZ:SS

8.0

6.0

4.0

2.0 data of average binding energy per nucleon

’ H! curve of refine extended tendency equation
£
0.0
Ay 0 50 100 150 200 250 300

K10 R iR thas & e Spal anfb i e 3 7 A i 22
Fig. 10 Curve figure of the unilateral refinement extended
tendency equation of average binding energy per nucleon (or
specific binding energy) of stable nuclide



T B b 2R A T XA B E R E R T FET 7T [R]. U2 IR AR ZR Rl S W FE T, 2011 02 20. 13

TEONERYS, mitbdiaate RINERTTE (117 XK
(1200 Rkl 7. Kl 8 fivn, €1t Ay =4l A AH %
ey HAEI=24(A4, =840 I —Elie,, N

&p, ®T9MeV ; (122)
Haatk e (118) XMk 9. K 10 fon, 2] =24t
(A =840) gl g, TR A

&p, ® T9MeV ; (123)
HERE &y« Epy WIERFE, W T 2L A = 8 AL E — 15 5E
R SRE MG &, L OME &5, oy TN

Epyp ®1.2MeV ~T9MeV ; (124
Eproy ® 1.6MeV (125)
B (119 KX, fEb, =1 AN
explay, (4y —1)]
Ay > Ay) = ; (126)
£l > A) = by 2 cosh[ory,(Ay —1)]
&(Ay > Ay,) = by expl—(ag; —a )(4y —D]s (127)

K AL Ay AR, B

exp(ay, (Ay, —1) >> exp(—a, (4y, — 1) »
exp(—7,, (4y, — D <<1;

exp(ay, (Ay, —1) >> exp(—a, (Ay, — 1) »
exp(ay; (Ay, —1) >> exp(—ot; (Ay; = 1)

exp(—y,, (Ay, —1) <<1.
HAFE (1200 A3 H AN XS R AR R =08

£(Ay >20)~ 9.5 SXPL0040A DT (54,
2cosh[0.041(A4, — D]

(Ay > 60) ~9.5exp[~0.001( Ay —1)] - (129)
A, HAFE (121 UM H AN XM IE LA

£(Ay > 20) ~ 9,348 PL00403(A =D] (43
2cosh[0.04121(4, —1)]

g(A4y > 60) ~9.348exp[—0.00091(A, —1)]. (131D
Hp, (1300, (131) = iigkwnE 11 frox.

£10.0
UZ:E)S

8.0 v

6.0

4.0 data of average binding energy per nucleon

curve of refine extended equation
2.0 curve of simplified form of refine extended equation ( 4y >20)
L H! curve of simplified form of refine extended equation ( 4n>60)
0.0 n n n n n
Ay 0 50 100 150 200 250 300

K11 R R A & Rl T R X R Ak B s 2
Fig. 11 Curve figure of regional simplified form of unilateral refine
extended tendency equation of average binding energy per nucleon (or
specific binding energy) of stable nuclide

o7 (119) X, MHMNH RIS e R4 Gt
E\ (MeV) i ahy R f w0y
Ey =A¢e
explag, (A —D]—exp[—ag, (4y = D]
2b, cosh[ay; (A4 —1)]
~1)]cos*(0.2574,)];

= by Ay

x[1+exp[-7,, (4y (132)

FHRL IS4 G RE Ey 5800 & my WSy RN
my =c Ey
—b A explay, (Ay —1)]—exp[—a,, (4 —1)]
0N

2¢’b, cosh[oy, (A4, —1)]
x[1+exp[-y,, (4y —1)]cos2(025m4N)] (133)
B (132) X5 (133) KX, UG Ey MeV) 155

R my BATEMeVe” B, W m, 5 E\ E8UE FAER.
FEMED TR (103) NLHM (104) R, Hgh
GRefE (119 XM EaETE (132) A LEWRE T
& (133) iﬁ;@éﬁ%mﬁ%ﬁﬁﬂﬁ%%ﬂﬁﬁ/z 2R
TG R, TRt — I R A T R R A A
H 1R e 2 11 B iR o i R = 5161 .
AHARJZ T U 2 [0 B H A SR8 E I e,
f— Z I G2 E AL, 82 T
ﬁﬁz‘rélz%m@i%ﬁﬁ%&@%&éﬁiﬁﬁ%?ﬁ%ﬁﬁ%ﬁ 1B,
F (132) X, 7EHD, =1, b, =11, HEkN

E. b A exp[am(AN—l)]—exp[ aoz(A )], (134)
A 2cosh[ay, (A —1)]
R L& G Re T2 (13230, /b, =11, X T (120)
SRR % R 45 AT i

exp[0.040( 4, —1)]—exp[-0.50( 4, —1)]
2cosh[0.041(A4, —1)]
x[1+exp[~0.155(A4, —1)]cos’(0.2574,,)] - (135)

FRE (135) REREK RS G 2 (M AH K R AN
0.9999, MiZkunlE 12 Fios.

£10.0 2500 Ex

E, =9.54,

2000

1000

= data of nuclear binding energy 500

extended equation curve of nuclear binding energy

0.0
Av O 50 100 150 200 250 300

K12 R R a6 Ry iy FEih 4
Fig. 12 Curve figure of unilateral extended tendency equation of
stable nuclear binding energy

X (135) 3, UBE P E, 15 Ey (MeV) A
E, =954, exp[0.040( A4, —1)]—exp[-0.50(A, —1)] (136
2cosh[0.041(A4, —1)]
HRE (136) RGRERE SRR 2 ko< REUR N
0.9999, k&l 13 Fios.

0

£10.0 2500 Ey
U238

2000

1500

1000

s data of nuclear binding energy 500

—— equation curve of nuclear binding energy

A, 0 50 100 150 200 250 300

K13 R R a e or it 25
Fig. 13 Curve figure of simplified tendency equation of stable
nuclear binding energy




Ve . T ot 2 1] U DX ) S N R T R TR, P 22 AR et Rl 2 32 F F T i, 2011 02 20. 14

ST AR TR (121D RIFE G &R
exp[0.0403(A, —1)]—exp[~0.54(A4, —1)]
2c0sh[0.04121(4, —1)]
x[1+ exp[=0.15( 4y, —1)]cos(0.2574, )] -

(137>
e R < M AR R HON

E\=9.3484,

TR (137 RE5REE RS
0.9999, HiZkunlEl 14 Fios.

€10.0

2500 Ey

2000

1500

1000

500
= data of nuclear binding energy

oo refine extended equation curve of nuclear binding energy
0.0 &= 0
A O 50 100 150 200 250 300

K 14 RESRG ARy REH IR LA
Fig. 14 Curve figure of unilateral refinement extended tendency
equation of stable nuclear binding energy

X (137 2, g RIS, 13 Ey (MeV) N
exp[0.0403(4y, —1)]—exp[~0.54(4, —1)]
2cosh[0.04121( 4, —1)] ’

E,=9.3484,

(138)
JitgE (138) A GRER R AR WX R EUR A

0.9999, MIZkunlE 15 Fios.

€10.0

2500 Ey
2000
1500

1000

= dataofnuclear binding energy 500

refine equation curve of nuclear binding energy

0

0 !
Av O 50 100 150 200 250 300

K 15 RERS AR iciasor e 25
Fig. 15 Curve figure of refinement tendency equation of stable
nuclear binding energy

AR (126) % (127) &K, W TEELEESREN
& (132) R, H oA

explay, (Ay —1)] .
N 2cosh[agy (A —1)]

Ey(Ay > Ay,) = by Ay exp[—(otg; — oty )(Ay —1)]

E(Ay > Ayy) = byA (139)

(140)

B (135) A5 AR Ey IE Ry

Ey (A, >20)~9.5.4, SXPLO-080CA =D] 141,
" 2cosh]0. 041(Ay —1)]

E(4y >60)~9.54, exp[-0.001(4, —1)]. (142)

BT (137) ATRG AN 45 G he Ey AU

Fon N

Ey (A, >20)~9.348.4, —SxP10-0403(Ay = D]

N 2cosh[0.04121(A, —1)]
E\(4y > 60) ~9.348 4, exp[~0.00091(4, —1)] -

; (143)

(1445

N THE RS E % R H A A e O AR B A A% TR
WHEITHE (119 X, 7Eb, =10, FEZTH A K
ZER L SR e W FIRSROVII AR RS SR, G
de _ ) explay, (Ay — D]+ ey, expl-=ay, (4y —1)]
d Ay explay, (Ay —D]—exp[—a, (4y —1)]
— ;€ tanh[o; (4 —1)]
o w08 ?(0.2574, ) —0.257 sin(0.574,, )
1+exp[—7,, (4y —1)]cos’(0.2574,,)
xexp[-y, (A —1]:  (145)
RS ddg _oW & BURIRME g, . 13I7FE
N
ay, explay, (Ay — D]+ ey, exp[—ay, (4 —1)]
explay, (Ay —D]—exp[-ay, (4, —1)]
— ot tanh[eg; (4y —1)]
—y, €05’ (0.2574, ) —0.257 sin(0.574,)
1+exp[7,, (4, —1)]cos’ (0. 25m4N)
xexp[7, (4, ~D]]=0: (146

lim

[Es]
glim = 0 5
ay, explagy, (Ay

(147>
—D]+a, exp[—a,(4y —D]
exploty, (Ay =] —exp[-ay, (4 —1)]
— o, tanh[og; (4y —1)]
LTV cos’(0.257z4,) —0.257 sin(0.574,,)
1+exp[—7,, (4y —1)]cos’(0.2574,,)
xexp[-y, (4Ay —D]= (148)
JifE (119 EA RS, TRAH R AT 3 T E)
WefE, HPUTRE (148) XAATAF, Hbxdb TR (1200
XA, 78 (148) KE 5 —BUHIEEUE A

Ay ~55.5654 ~ 56 ; (149)
RNET EHFE (117) KEREZ R LA e R
N

&, (A, =56)=8.89556MeV . (150)

WeAR s T RE (1200 R THE 5, A
£(Ay =55)=8.89545MeV , (A, =55)> (1< A, <54):
(A, =56) =8.89556MeV :
e(Ay =57)=8.89327MeV, (A =57)> (A4, >58);

W BB I EAZ T AL A, = 56 WA EZ R L4 A fk e I
mAEe,, » W
Emax = E(Ay =56) =8.89556MeV - (151)

AR (210 KRR, T (148) A
e —BUE A N

A, ~55.8167 = 56 ; (152)
RNET R (121 A FfREZ R LS G RefRE
&, (A =56)=8.79940MeV . (153)



Ve . T ot 2 1] U DX ) S N R T R TR, P 22 AR et Rl 2 32 F F T i, 2011 02 20. 15

WA TR (120 X TEE S, A
(A, =55)=8.79841MeV , &(A, =55)> (1< A, <54);
£(A, =56)=8.79940MeV ;

(A, =57)=8.79749MeV, &(4y =57) > £(A, >58)
MBS TH A, =56 MR EZE L4 i Ghte X
RKfte,, » B

& =e(dy =56)=8.79940MeV - (154)

fay st VEVIERIHS, EHIEREMR LA A RE
BHEITRE (1) XL s e KD, =111
RGO T, BT A MRS G e A5
NEARESZE, WKETE (112) X5

de _ ) explay, (Ay = D]+ ag, expl=ay, (4y —1)]
d 4y explay, (Ay =] —exp[—o, (4 =1)]
—a,¢ tanh[og; (A = 1] s (155

d’¢ _ %, CXp oy, (A — D]+, expla, (4, —D] de
d4y explay, (Ay —D]—expl-a, (4 -] d 4y
d oy explay, (4, —D]+ay, exp[—ay, (4 —1)]

+e
(N expla,, (Ay —1)]—exp[—a, (4, —1)]
de ale
—a,, tanh[a,, (4, —1 — 2 ;
o tanhd, (A =) dA, cosh’[ory, (A —1)]

(156)

mu*_f[ddg _oM e BRI,

ay, explay, (Ay — D]+ ay, expl—a, (4y —1)]
" explag, (Ay — D] - expl-ay, (4 )]
— a3 tanh[a;(4dy —1D]]=0;

HIES)
g =0 (157)
ay, explay, (Ay =]+ ay, exp[—a, (4y —1)]
explay, (Ay —1)]—exp[—a, (4 —1)]
— oy, tanh[org; (A —1)]=0: (158)

o TR (158) X, HEEREe, > 0K HIRE
TR A, > Ay 25, e

o, explay, (Ay, — D] >> o, exp[—oy, (Ay, — D] >

exploy, (Ay, —1)]>>exp[—ay, (4y, — D]
LA AR BT

o, explay, (Ay =]+ o, exp[—a, (A —1)]

explay, (Ay =] = exp[—o, (4 —1)]

MR (156) RAERIRAM e, >0 M6 B

d’e . aie,, -

d4?  cosh’[a, (A4, —1)]

~
~

o1’

(159)

B 57 (158)  (159) G IRIE &, NEKIE &, I
Itz T BOTREN
oy — 0 tanh[ay; (A —1)]=0 (160)
HIJ7 2 (160) E#AT ¢ B KME €, W HIEZ T 5 Ay
A, = arctanh %o 41, (161)
U3 Aos
HI77RE (161D 30, XF 7R (1200 AR 2B EhE
BT (BIELD, = 1) T ¢ BUR KE €, I
Ay R K €, 73 00A
= arctanhw+1:54.5908z55, (162)
0.041 0.041
exp[0.040(55 —1)] — exp[-0.50(55 — 1)]
2cosh[0.041(55-1)]
=8.89442MeV ; (163)
PR (121 RAEMEE WA EI T ORI, ~1)
e Wi K1 €, HIRZTH A Kl KB &, 709N

tanh 0.0403 +1=155.5482~56
0.04121

N

Epax = 9.5

1
=————arc
0.04121

N
(164)
exp[0.0403(56 —1)] —exp[—0.54(56 —1)]
2cosh[0.04121(56—1)]
=8.79710MeV . (165)
TfE B R RN R AR Ey MR R RE
Eyo REHBIETHA, « HTHZ, RHTHN, .
TR ERTE (132 X, 1Elb, =1, b, ~1
i, B TR A, R At B TS A
28, Wi (134) XS
dE, et Ay de
d Ay d A4,
o, exploy, (4y —D]+a,, exp[—o, (A —1)]
explar, (A — )] - exp[-ay, (4, ~D)]
—ayEy tanh[o, (4y — 1] s (166)
d’E, de¢
A47 ddy
L %o expla,, (Ay —D]+ o, exp[—a,, (Ay —1)] d Ey
expla, (Ay —D]—exp[-a,(4y —D]  ddy
d a,expla, (4y —D]+a,, exp[—a,,(4y —1)]

e =9.348

=¢+E

+FE
Yy explag(dy —D]-expl-a, (4y ~1)]
dE alE
— o, tanh[o, (4, —D]— — 037N o
o OV, cosh?[ag, (Ay —1)]
(167

i (166) 3%, éjE _OW E BRI Ey,

N

E [L + %o exp[ay, (Ay — D]+ ay, exp[—aty, (Ay — 1]
Nlim
Ay exploty, (Ay —1]—exp[-ay, (4 —1)]

— oy, tanh[erg; (Ay —1D]]=0: (168)




e . i i 2 (0T DY) S BOER TR FU R, P8 BARARZe e B2 N HTRT 7E BT, 2011 02 20. 16

HIES)
=0; (169)
— D]+ ay, exp[—aty, (4y — D]
N expla,, (Ay —1)]—exp[—a,,(4y —1)]
— oy, tanh[org; (A —1D]=0: (170D
Hopab AR (1700 R, % MR By, > R IRE
TR Ay > Ayg 2J5, T2
=D]>>a,, exp[—o, (A, — DI »
explay, (Ayg, — D] >>exp[—o, (Ayg, — DI >
exp(Qy; (Ayg — 1) >> exp(—a (Ayg — 1 s
KA R
D]+, exp[—a, (4 —D] ~q.
—1)] - exp[-a, (dy ~1)] )
Qs tanh[ag; (Ay — D]~ a3 5
W77 (167) XAFERIRIE £y, > 0 I BEAH
d’E Ey, agEy
a2 ) o (A D]
(171>
BPeh A (1700, (171 =15 Ey,, N KA Ey,,, B
FRAH B AZ §HOT RN

1
—+Q
N

"R E

Ay =

N11m
b + %o explay, (Ay
A

a,, explay, (Ay,

ay, explay, (Ay

explo, (Ay

Nmax

—ay <0 (172)

B Nl By, BB FHON
1
Qo3 — Ay

FEONTRT LM, ARHE XS A FE (140) 20, BB RERX
e B IR By, (0B BT A, > A, 2 )5 1

(173)

dE
dA: >[4y = (s e )1Ey (174)
d’E _ ) dE
dAT%IN ~ _ANZEN +[AN1 _(a03 _am)]ﬁ H (175)
TERRIRE B, (R B A
dE -
dA: ~ [AN1 —(0ty; =y Exim =07 (176>
Bieh (176) X153
N11m - 0 ( 177)
Ay _(O‘oa_am):()? (178)

FHorpxd 3 (178) 2, H (175 % (1760 RAFTE Ey, > 0

A B A
d’E,
d 4;

=—AE,, <0; (179

Eie 7R (178) K. (179 XTI RLGE G L Ey N
KAE Eypn FIZ T AN
A= 1 (180D
O3 — Ay,

R (173) A, TR (136) XEZRE SR

Ey BUBKAE E.,,, TR R T R A KM Eyy
T RT R my, 45K
Ay ~(0.041-0.040)"' =1000, (181)
Eyu = 3498.35MeV , (182)
my, . =c Ey. =349835MeVc” (183)
AR (138) X
Ay ~(0.04121-0.0403)" =1099 , (184)
E\,. =378249MeV, (185)
my, . =c Ey., =3782.49MeVc™ . (186)

HIJ7FE (104). (173) =2, BIRAE Ay = (ap; —ap) ™
B 3T B 5 1O R
Z +192tan[0.007(Z —1)] = (ot; — )" s (187)
IR (104 FEHRMETTEME, VPR3 Z i SRR
NEARESS 8, H Newton 1EAEKLHFE (109) K,
o 5
f(Z)=Z +192tan[0.007(Z = 1)] - (ot — )" >
1<Z <225
MJ5FE (187) IR Z BG5BT Newton 154072
JTHE
_ f(ZtJ)
ZtJ+l — 4 _f'(Zu)
Z,, +192tan[0.007(Z,, —1)]— (ot — ;)™
Y 14+192x0.007cos 2[0.007(Z,, —1)]
(188)

KHJONERY, J20: f(Z,)= dg(ZZu)

h (188) X, R (187 MM Z <225, #
AHUEAR TR (188) ki Z,, =200, T (181)

Ay = (e —ay,) " =1000, 7EZ, ., 5 EIUS T
Z, 5, =192.07~192;

HiFE (104) 0% (189) XAGHFHN, H
N, =192tan[0.007(192 -1)] = 806.21 ~ 806 ; (190)
WA TE Ay = 1000 A R RAH B T8 Z, P73

N, BR78 Ay, 50 H
Z, =192, N, =806, 4,

(189>

=Z +N,=998; (191



Ve 3. S o 2 1A i XA B S R T RE T [R]. P R BARAR R AL BRI WE S BT, 2011 02 20. 17

M7 (1360 EIBAESE — KA (1<Z<225)
R G B WIS B By« By, 025500 8
Mg =€ Enmas ~ Ennae PO B 752 Ay~ T
BZ P FHN, 53 0A

E\o = 3498.34MeV;

mg, . =3498.34MeVc 7 ;

Ay, =998, Z, =192, N, =806 .
MRGGRABMTTIE (136) 3 5 28 J P8 ek
A EWE 16 Frs.

£10.0 1000 Ex
ENtmax

(192)

A
H 1 3200

Fes®
6.0 e 1 2400
v,
1.0 1 1600

2.0 ® data of nuclear binding energy 7 800

L H! — prospective curve of equation of nuclear binding energy
0.0 L L L L L L L 0
Ax 0 200 400 600 800 1000 1200 1400

16 R4 REG YT R 5t il 4 M HL B B KA A7 B
Fig.16 Prospective curve and its theoretical maximum position figure
of tendency equation of the nuclear binding energy
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Fig.17 Prospective curve and its theoretical maximum position figure
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Fig. 38 Curve figure of the evolution characteristics of a multi-stage
saturation process that can be described by the series equation
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Fig.40 Figure of discontinuous areas in data curve
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 exXp[0.2736(x—40)] - exp[-0.223 1(x ~ 40)]
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Fig. 41 Curves figure of adaptive connection
equations in discontinuous areas of data
— curves of data segments — curves of adaptive connection equations
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Fig. 42 Comparison result figure of curves between adaptive
connection equations when J =1 and J = 3 in discontinuous
area from points P, to Py,

— curve of the equation when J= 1 which covered by curve when J=3

curve of the equation when J=3
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Fig. 43 Figure of discontinuous area with the dislocation of curve
e P, BeEiZem 22 PR 2E R P BUHIZL, Pe RUARAR

X, <Xy Yo=Y, XHE P(30.0, 6.0), WAL
P. (27.0, 5.4); AN 44 ;. miUifE 31D (AT
A1 7 X3 P 55 Py 2 18] B IERGERLTTHE (42) BTN
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Fig. 44 Figure of discontinuous area of the curve of P, data segment
generated by the translation of P, data segment to the left
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Fig. 45 Curves figure of adaptive connection equation in
discontinuous area from points P to P,
curve of equation in discontinuous area from points P, to Py
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x =51.5-3.7666sin[0.2732( —40)]. (271
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Fig. 46 Curve figure of mapping equation between two

connecting curves in the discontinuous areas (0p= 0. 5)
curve of equation in discontinuous area from points P, to Py
— curve of equation in discontinuous area from points P, to Py
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Fig. 47 Curve figure of connection equation in discontinuous area

with the dislocation of the curve (pp= 0. 5)
— curve of data segments
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Fig. 48 Curve figure of connection equation in discontinuous area

with the dislocation of the curve (0p= 0. 25)
— curve of data segments
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Fig. 49 Curve figure of connection equation in discontinuous area

with the dislocation of the curve (pp=0)
— curve of data segments
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Fig. 50 Curve figure of connection equation in discontinuous area
with the dislocation of the curve (0p=-0. 5)

— curve of data segments — curve of connection equation
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Fig. 51 Figure of discontinuous area with the turn-back in curve
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Fig. 52 Figure of discontinuous area of the curve of P, data segment
generated by rotating the curve of P, data segment to the right
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Fig. 53 Curves figure of adaptive connection equation in discontinuous
area from points P, to P,
curve of equation in discontinuous area from points P, to P,
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(282)

30
Pb (Xb, Yb) Pe(Xe, Ye)
20
10
Pa(Xa, Ya)
0
0 10 20 30 40 50 60 70

54 (a7 DX 3k Frome s s AR 2 it 22 (0 = 0. 36)
P, 5P. 28 Fi2th#& — P, 5P, ZJE 724
Fig. 54 Curve figure of mapping equation between two
connecting curves in the discontinuous areas (0z = 0. 36)
curve of equation in discontinuous area from points P, to P,
— curve of equation in discontinuous area from points P, to Py
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Fig. 55 Curve figure of connection equation in discontinuous area

with the turn-back of the curve (P = 0. 36)

— curve of data segments — curve of connection equation
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Fig.56 Curve figure of connection equation in discontinuous area

with the turn-back of the curve (P =-0. 2)

— curve of data segments — curve of connection equation
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Fig. 57 Curve figure of connection equation in discontinuous area
with the turn-back of the curve (P =—1.2)
— curve of data segments

— curve of connection equation
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Fig. 58 Curve figure of connection equation in discontinuous area
with the turn-back of the curve (P =-3)

— curve of data segments — curve of connection equation
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B OB AXAHTHEF RN R RIET NN, #mAE T AR (R AR 5 xR 7R KRG At
BAEBRNEEMERR, AR TEEFTRRE - RBFEABR AN FFTRH ANENERBTREIAN T E, 2T —KE
BSUBLSTRAEXLBTAETHR, B TERNLENIENAEER (REE) REBAH A —HFREF
HRAE, #ETARAENIBORSE T TR, RAE-MEATEERAERKEEEELR LT EN AR -8 KK
RN R B REEREN, T HEE R 74 L RHE & S — ey B A Rl E R B TR R, #WEE T 8 RE
FHEN, AHTAMAKESHBETE, RESEFENEAMD HFFTREAMUHR, T T ALTELESH
F J7 12 W, B U — #7728 (nonlinstor) £ ., 45 2 (geomsentor), BN R AGA B A B A BB, 24T T RLCNG HBX LB
W B MET; BT XA ERE) X EERRNERET ST RIS EREE T AR, Wit
7 Planck 7712 (9 R E MR, 34 T B AT MM LA 6 &M 7 B R FORR BT R K 50 7
M A AEAE, b T RAEEE A (AR m AR E. MRS, BATRIEE K ) W — AR, ETT
XESFEREHHESL GDP XA T BREXEEEADRKESL GDP X 274, FHETN T X E 4 RN RRRMESE %
EEFEAORBME, MEEN T EARESEEMNETIE ML, FREO0TBME V-A FiEd&. B8 HE R
(AR p) -3 T2, G Josephson 25 B 4514 M1 4 & Shapiro & B B IR P B 18 18 th & 09 28 81 &7 12,
WM £ AR R GBSy - 0 ¥4 (43 Coulomb E4. Stribeck BEHL. FEMEEHL. BEHGR M B R ¥ BEHER A R )
R E AL, Newton M TN BABRKE R, BRMWEERD M AT - F#E R (LHEE — Newton K. &
BMX ., %= Newton K. B XK. MK E HYRN ) WEFPETRE, EEZLIEFBET, 1810 T ARG T 382 i 4
5 R o th 4 BL A XM R, ROATRHBT S0 R B 5 U A I ViR B AR — R ISR L R
FEHMBMNAR TR, KE® T EE T RAERENSKKETN G @R R E.

KR #EFE BSREHRERFHHF IR, AELEE, BFEY, RABMTR, BREERERN, & REMATFEEN

Brief annotation of the connection equation

YAN Kun
( Xi’an Modern Nonlinear Science Applying Institute, Xi’an 710061, China )

Abstract In this paper, brief annotation of a constructing procedure and the applications of connection equation are given, then the
simple constructing forms of forward partial-symmetrical equation(or weak-symmetrical equation) and backward
partial-symmetrical equation are given too. An analytical method of the connection equation as an approximate equivalent analytical
solution of a self-nested nonlinear dynamics equation is discussed. The expressions of the basic analytical solution of a class of
simple nonlinear differential equations are analyzed. Research direction of Jiansics or Dimennics about spectrum(spectrum array)
formed by series of laws and their connections in evolution processes of natural phenomena are explored, an equation of the
transformation of the phenomena between the states in evolutionary process is presented, that it follows a natural optimum principle
or a natural conciseness principle in general, which having an equation form of the smooth curve with the optimal path or the most
concise path. An approximate expression of extended hyperbolic tangent series for the characteristic function of the series phases
transition of the evolution of phenomena is constructed, then natural evolution-balance rule is presented, and tendency equation of
biological growth process is given too. According to approximate form of the nonlinear dynamics equation of the connection
equation, two new electronic circuit elements(nonlinstor and geomsentor) with deepening charge-controlled capacitor properties
based on form of the nonlinear differential equation is predicted, and the nonlinear differential equation for a RLCNG series circuit is
also analyzed, extended direction of the general distribution function and the general distribution density function, tendency equation
and its conditional solutions of the statistical distributions of the particles are given, properties of the frequency interval of Planck’s
quantum equation are explored, nonlinear differential equation expressions with solution of approximate linear frequency conversion
and their characteristics of curve shapes of frequency conversion wave equations at negative frequency are discussed, a concise
model of database theoretical framework (this framework to be made up of foundation database, tendency equation, and analytic
database) is explored, an equation of relationship between the total annual energy consumption with the annual GDP in the United
States, and an equation of relationship between the annual population with the annual GDP in the United Kingdom are established,
and limit values of the total annual energy consumption in the United States and the annual population in the United Kingdom are
calculated and predicted. Subsequently, tendency fitting equations of curves are explored, which included the creep process curve of
the rock and single-crystal superalloy, the Volt-Ampere characteristic curve of the discrete semiconductor device, the resistance(or
resistivity)-absolute temperature curve of the superconducting material, the direct current /-U characteristic curve of the bicrystal
Josephson junction, and the current step amplitude of Shapiro steps, the friction-speed characteristic curve (that included the stages
of Coulomb friction, Stribeck friction, viscous friction, friction hysteresis, and anomalous friction hysteresis effect) in mechanical
system or servo system, an expanded equation form of the Newton's law of cooling, the shear stress-shear rate in the flow curve (that
included the sections of first Newtonian fluid-flow, pseudoplastic flow, second Newtonian fluid-flow, dilatant flow, turbulent flow,
and anomalous shearing effect) of the polymer melts, etc. On phenomenological and tendency levels, research directions of similar
property of creep curves of materials with the flow curves of polymer melt, and similarity in the fractal measure of the evolutions of
fracture cracks growth structure and fluid turbulent eddies nested structure are pointed out. At the end, limitations of the connection
equation in data fitting and long-range forecasting are discussed.

Keywords connection equations, self-nested nonlinear dynamics equation, spectrum array of laws, Jiansics or Dimennics, states
transforming equation, natural conciseness principle, natural evolution-balance rule
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