e, B 2 (AT XA B RN TR AT [R]). P BRI Lt R4 B R B AL AT, 2011 02 20.

ASCHERL N B B RAE
e . B b 2 (AT DX ) 8 B T R T [T].

HhERYEE kR, 2011, 26(1) :162~171.

YAN Kun. Research on adaptive connection equation in discontinuous area of data curve[J]. Progress in Geophys(in Chinese with abstract in
English), 2011,26(1): 162~171; DOI:10.3969/j.issn.1004-2903.2011.01.018.

Hmm L BT X B & N E IR

el be
( P IMARARLR R =R B F T P22 710061 )
B OE. BiindE &M s 07 A2 oL S R AT AR BRRUE e 1AL T DO B MR, 4 M TR X B B B T R Y A K
5B RN TEEANR T &, MEABITHEA. EddTETHEHENKEAB RS, THEHTHEREETELA, X
HRATHENEET BRI THEA RSB L TR, ZARENRKTE. TR THEESE (F A AxEE KT
KB E) REMRWESRITR, $a B &2 (BoRETorTHedafms ). afemdBre (Fw
AW R E SR ) KeBsis miE R asyk.
X M NEIRE, BEELER K, BiE&
BorfE, HakEBmLT R, ARNARETR, &

HETE, MEARTE, #HELTE, FHRETLE, hEL
L’Eﬁ%

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 the approximate equivalent analytical solution of the nonlinear dynamics equation and the
properties in discontinuous area of data curve, a form of adaptive connection equation and the preset iteration method
determining parameters in discontinuous area are given. Subsequently, a computing example is given too. For the step
discontinuous area of slowly varying data curve, its form of adaptive connection equation can be obtained by automatic
calculating. And in this paper, basing on the form of adaptive connection equation, equations of magnetic hysteresis loop for
magnetic material, zero-point energy step equation, smooth average energy equation (such as average energy equation at negative
absolute temperature, etc), equation of average binding energy per nucleon in stable nuclide, 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 equation, preset iteration
method, equations of magnetic hysteresis loop, average energy equation, equation of average binding energy per nucleon,
curvilinear equation of potential energy function, equation of natural saturation process, equation of creep process
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Fig. 11 The curve figure of tendency equation
of fracture toughness for steel material

24 ERITFIE

%t T minabs( kg, k) > abs(k, ) i IG5 10 B 28
AR RHIEIE JI40 7 (BUR JITH B 58 D) — i) (5
DIEIERRE) ek, AR V—A Bk ik ARG R
M2k, JE57 Ry R ALk, AR KOS A, 2]
ATROTAIFE T O RE (100 U ARR B e 30T Ll
ik s X6 il 2 1) 2 R 2 B AT RGE AL
8. RMIZRINEALIX . fEREAAR IR B, HL BT
HITRE (1) ARSI . 7R, AR
SRS R AR TR SO R A R R .

FEIM GBI, it EAEE, FE RS, &
B EER S, AW T . Ak e 5 L UL
I, 28I R P Bl RE . SR8 BERERE, AL
STHALRAZ R, £ 5 MAHEEAL, TR
TR BN K G RIARR KRN AR B S W, T)
2% ZH5H 17 2402 1 SR S AR 2 0 PR Z20 PR, o B S
1A B ARASR A RGE 1 hiE 2 B EMHEBIE, 4 H
1) N A P A B P o R R, A A AR
SCo BN FANSGEI, BFACRIRVE, 22& T T ETK .
U E S AN EL, SRR E BT IR SRR 2
AMIIRREBE, WITN RIS RS AR BEZ A I RN LAR A,
RV I 15 P78 o 75208 A (RIS (] A 1, — V0
FETRVE UL I s 78R I 2 (B R L, — I Rk
BN s FF 2 B 22 (17 5 o, — DI B RS AR 1

48 B A SRR AR I R i 261 A R
ARTE L LR NERL A W S =B BUR KA A SR ¢ 1%
F, WA (10 R A R T LSRR, A(0)
RS TTREWT, TR LW 12 Frs.

A=A+ 4 explac, (t —1,)]—exp[—a, (1 —1,)] , (39)
0 2coshlaq,(t—t,)]

KHRA Nty Aos Qo Oy~ O AFFEHERL

A

breaking point >

I I O IR
[ T1T 'L ]

secondary creep

tertiary creep --...->

primary creep v

K12 R ECE AR R A ke 577 T il 40 ]
Fig. 12 The curve figure of tendency equation of typical
creep process for metal or rock material

curve of equation of typical creep process

t




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. 8

3 HENFEESESITE N TE SR T F

TR (100 ARG, 45 H E 2 A W X
I H & SO TR T 2 e B A AT . T
& (10) AL FR B R BOE, TRA] SR 1 PRk
ATTHS . X T RO S AR 2 A X3, W] 7 HE A
ﬁ&%@é}‘ﬁi%%ﬁﬁ%\ ARFR IR AR A, DL AGHEAT R
EREO T
3.1 BENEEFEN=AEBEMERR
R (100 =X
expley (x — %] - exp[-a, (x—x,)]
2cosh[a;(x—x,)]

y=y,+4

1Ex < x, X3, %4
max[exp[a, (x —x,)], exp[a;(x —x,)]] << 1

I, Jike (100 sURHERIRn, T8

Y=y, —Aexpl(a; —a,)(x—x,)] (40)
m =—A(a; —a,)expl(a; —o,)(x —x,)] s (41
BETT 4 abs[(a; — o, ) (x — x,)] << 1B, (40D (41) e
Y=y~ All+(a; —a,)(x —x,)] - (42)
n, =—-Alo; —a,) - (43)

£ x = x, WIL X, 4

max[abs[a, (x — x,), o, (x — x,),0,(x — x,)]] << 1
i, 7R (100 X EHR R, TN

y=y,+0.54(a, + a,)(x —x;) (44)

n, =0.54(a, +,) » (45)

1E x> x, X3, 24

max[exp[—oa, (x — x,)], exp[—a;(x — x,)]] << 1

i, Jike (100 SRR, T2 3N

Y=y, +Aexpl(a, —a;)(x —x,)] » (46)
1y = A(o, —as)expl(e — a3)(x = x,)] 5 47>
BETT 4 abs[(a, — a3 )(x — x,)] << 11, (46D, (47) ki
Y=y +All+ (o, —a;)(x —x,)]» (48)
n,=A(a, —a;) . (49)

32 BENEEAESBUTENMEEXRGE
AR A 508 TR Wy X SR & (41) ~ (49) 15 72
ks =n= —A(O£3 - az)exp[(% - Q, )(xs - xo)] ’

pky =1, =0.54(a, + ¢,) » (500
kg =n, = A(oy —as)expl(ay — a;)(x; —x,)]:
ks=n,=-A(a; —a,)>
pky =1, =0.54(a, + ¢,) » (51

ke =15 = A, —a3)
U p R TT R M B A~ R )RR A2

o EH—MATHUE 0.5~3.0 Zfal; Frot T2 5
BRI, p=15~25: iM%k kg k,

=ARFRMERRER, p=1.0. 55/ (50) A, (51)
KIE TS BANEN . UINAELE X, HiE AP A
KDL S R EL . B I BRI R HEAT T A B
Phgp 5T IELAE P [R] U X S A AR PR 2R
WIEHRE (400 K (41) K. (46) K (47). (50)
o ATTE X, = g (x5 + X)) » Yopv = (s +ye), B

oy —a, = ks(ys _yOPV)_] ’

oy — oy = ki (Ve _yOpV)_] ’ (52
a, +o, =2pkg A7 ;
¥ BT Z A RN TR (400, (46) =15
{ys =y, — A&,
Ve =Yy +ASy

X
s = explhs (x5 — xo) (Vs — yOpV)_]] )
&y = explhy (x =) (Vg = Vop) 1
fifeds v, o A (IR SEAE 53 1
{yOpO = Vs + & (e —y)(&p + &)
A = (e = ¥)(& + &)
KT RE (530 3 yo0 M Ay 1B v, B A RAETHE
(52) A, S o, v o, o R EE S AR
kaEA +0.5[R, + R,

(53)

]p]

Ay = kaEAPO 0.5[R; + R¢]» (54)
A3 = kaEA“p_(; —0.5[R; — K]
X Ry = kg (g _yOpO)_] Ry =ks(ys _yOpO)_]
F TSI ZE, RIE TR (42). (48), (51 =

X ATEHEME X, = g,(x +xp), ATHHEHME Yy, s 8
{ys Vo —A+ky(xg—x,) ,
Ve =Vo+A+kg(x;—xy) s
WUAS v, o A IAIEERSEAE 53 5
{y()p() 0.50ys + yp — ks (xg = x) =k O — x)15 (55)
A, =05y —ys + kg (xg —x,) — kg (xg —x,)]o
Kk (55) 3 A 1A A RAZDTRE (51) A, fig
Foy oy o M —UAREAE 730N
a,, =054 0[2kaE kg + k],
Ay, = 0.514130[2pksE + kg —kgl» (56)
o, =0. SAp_(;[zkaE — ks —kg]o
FERA R Py (Xg, vg) M R P (X, yp) LB, RIETTHE
(10> X (54) AekGeR Rz (560 A5
{ys =y, +Ag
Ye=Yy+Apg,



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

A
_ expla, (xs —x)] —expl—a,,; (X —X,)] ’
2cosh[ ey, (x5 — x)]
exp[alpl(xE —x)]- exp[_aZpl(xE —xp)] .
2 cosh[as, (x; —x)]
A4S vy B A BER — R A 5 N
{yOp] [Ve®s — Ys@r 1[0 _q’s]_] )
4 e = Vsllos — o] o
KI5k (570 3 o K Ay AFA Yopo K Agg FRAE
g (54) XBgEB it (56> X, FHizHF|
(57 X, BH A ESHUE; s REs J KA,
BHERES L Q,,, « oy s Qs Vo~ Ay s BITREL
P 2 (] By DX B S ROE R (100 N EETE .
Hkg+ kg 200, ATEZE Y0 = g,[vs + v ] 1EN
WitR IR, A
Xopt = [2J70p0 +hgXg + kpxg — yo — ye ks + kE]_] o (58)
Hhg+hky =0 Hkg= 00, ATLA, =g[ye — ys]
NWIRIREE, A
Xop1 = 0.5[yg — s =24, + ks (xg +xp)lks' e (59)
kg =k, =0 B, A (53D, (54) 5L (55). (56)
KT EBEERRE (100 KpReake 0 IV 5 12
y=y,+Atanh[o(x—x,)], x,=0.5[xg + x;]
i
Ay =0.50yg
@5 = tanh[a(xg —x,)], ¢ =tanh[a(x; —x,)],
Qs =0z ¥, =05ys+ys], A=0.50y, - yslo;
R JiHe (58D :x,,, TENHIAEIREAE, SR g, g,
222 (100 AR FE M 5 (Xop, » Vop, ) LB, S LLERE
th 2 K FEAE R A A, IR eI &R .
UL kg Ak A Py (g, vs) F PL (X, vp ) TE NSRS
HFEFRFRIT, 298D e dh 278 1 A B 5 TR ith 2R P i 22
XA IG, YfiE 2 EH KT R HEER,
A UE IR TV G RCR A, B BG5S A — 1.
EVHE S, THEOEE TIRE J RS J + LR
RN, 5 kg RESHR RN, 5 kg, AR . Hoox T4
P th B BRI T X 35, 76 J = 1 AR B0 B & ROEE T 2
R A] B AR R R R, — R e T A AT 2.
4 B3N IEEH R E

13 At BB i 2 8] W X 35k, AL BREE 2351 0«
U6 K1 Py(30, 6.0), ZE4BIk— 15 P,(27, 6.6);

255 Py(50, 21.40), A74R3E— £ PL(53, 21.88);

IR 15 PL(70, 24.60), 7E4REE— & P.(67, 24.12);

215 Py(85, 9.55), £i4RIk— ri Py.(88, 10.12).

2

Qg =

(57

-yl a=o=a, =a, :kaEAp_o]’

BHEAREEEN X, =0.5[x, +x.], J=1, p=25.

30
//PC (XC, YC)
20 Pb (Xb, Yb)
10 —
T Pd (Xd, Yd)
Pa (Xa, Ya)
0 ‘ ‘
10 20 30 40 50 60 70 80 90 100

13 Kol vl 24 [7] i [X Ik /5]
Fig. 13 The figure of discontinuous areas in data curve

FE Py~ Py [V X 38, AR s 28 7] Wy DX Skt o 45

ks=—020, k. =0.16, kg, =0.77, x,=40;
Hjg o8 ez, rTEERE R (55). (56), (57)
KUK

Yoo =11.90, 4 =7.90;

a, =0.2665, a,,=02209, a,,

Vo =11.9754, 4, =7.8125,

Eﬂﬁaf P,~ Py, [H] W7 X 35k 11 H & S OE T 2N
=11.9754 +7.8125
. €xp[0.2665(x — 40)] — exp[~0.2209(x — 40)]
2cosh[0.2462(x — 40)] ’

=0.2462 ;

(60)
[ FE T EAFAE Po~Py [ BT X 3k 1) B 3& RS TN
1 =16.9792 —8.9476
. €xp[0.2821(x = 77.5)]—exp[0.2855(x = 77.5)]

2cosh[0.3036(x —77.5)]

(61)
MEHFE (53). (54). (57) Rit+E P,~P, Ak X

BRI, Ty, = 0.5(ys + ) - X (10) RigBh
Yoo =11.8308, A, =7.5991;
, =02736, a,, =0.2231,
Yoy =11.6837, 4, =8.1124.

EFTTRE (600 (61) AT (] W7 X 3 (1 7 Fz h
2k () WK 14 Fos.

30

0y = 0.2574 ;

Pc (Xc, Ye)

20 Pb (Xb, Yb)

\\\
\\_/

Pd (Xd, Yd)

-/

Pa (Xa, Ya)
‘ ‘

10 20 30 40 50 60 70 80 90 100

14 Hodfs (AW [X I B 3 3 2 77 7 it 2 P
— HEBRMLE — EEITENAL
Fig. 14 The curves figure of adaptive connection
equations in discontinuous areas of data
— curves of data segments

— curves of adaptive connection equations



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

MIEHET =30, R GFE (55). (56). (57) K
FRAE P~Py, [T X Sk 11 FUERLE R RN (62) 30,
B Pl 15 s, R J =3nihek (gt 57 =11}
sk (Zth) HEARRES, MHIHRELIMENT 0.7%. X
T e >y 5 yp <yg» FTE X, Vo, AR kg
Al ke, =2 HRAE S A ) il 2R, AIRTSRT - 2R TEAS
y =11.9546 + 7.8030

. €xp[0.2698(x — 40)] — exp[—0.2236(x — 40)] O

2cosh[0.2493(x — 40)]

(62)
30
Pc (Xc, Ye)
20 Ve " Pb (xb, Yb) :
/ \
/ N
10 f /
T/ Pd (Xd, Yd)
Pa(Xa, Ya)
0 ‘ s
10 20 30 40 50 60 70 80 90 100
15 P,~Py [AJ W7 X 355 [ 3 4 77 v L I
— TREEU=1 T & (J=23)

Fig. 15 The comparison result figure of curves between
adaptive connection equations whenJ=1and J=3 in
discontinuous area from point P, to P,

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

curve of the equation when J=3
54

A SCIE R A 2 M Bl 32 T R I AL S R AT A Bl
P J8 IE 20 8 s o 2 m) e X 3 R i, A T BE
NERE TR AL LS EOT B IE, Ll R &R
RCRAREE, X RIS b il 2 AR R B i AR i R e
PR B G RAFE R SR I T AR L
Newton 2] 712440785 — B[] 75 2 JEZEME RLCN 53 B FL i
HH i — TR O R . N R R B R K 7 B e xt
5L X 45 T 1 R o R 2045 T FOAH 5% P 25 o

AL o M S R R T B AR T i B AR
faivs, EAA LR REME AR, A EREE KT
FEBEA A A ity 28 1) W X 38 B8 A 20 1 BT X 3k 11 |9 O 2 3%
Fe . W IA] R B S5 0 RNk AR Al 2R B g R I AL S R
Mo A e BRBUR 3 « B0HE = i 2R Ak 55 (8] )31 20 7 i
BT AR RN S5,

RN AR 261 3h ) 2 07 R I A 45 ST A A 72 36
B, KRB —E S5 Newton 4> BES A FEAT )
BEHIRHESE, 7 Newton FURR 4> BE 8 A 15 AT AT i 75
A 7 FRHEIR, B4 HUTE BT (36 v 7 200 BB AT,
SEILZ R PG B . AL SPIE TR R, B
A XA B AT T e L EAE SO JE IR R .

223k (References):

(1] sk, 6043k Kb — AR BE B 1) 35 75 R T [T]. HuBRA
FREEHERE, 2009, 24(5):1665~1670.
YAN Kun. Research on tendency equation about the concentration data
of carbon dioxide in the atmosphere over the past 60 years[J]. Progress
in Geophys(in Chinese with abstract in English), 2009,24(5):1665~
1670.
http://www.nature.ac.cn/papers/paper-pdf/co2 concentration-pdf.pdf

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]
[15]

[16]

[17]

REBM, EAZE. AR MR LA Hermite i {8 (9 BAE 5 77 0], %K
fF2£4R, 2005, 16 (04) :634~642.

ZHU Chun-gang, WANG Ren-hong. Geometric Hermite interpolation
for space curves by B-spline[J]. Journal of Software, 2005, 16(04):
634~642.

Gerald Farin. Class A Bézier Curves[J]. Computer Aided Geometric
Design, 2006, 23(7): 573~581.

WEI Xiang-jiang, TIE Jun-cui, QIANG Cheng, et al. Design of
arbitrarily shaped concentrators based on conformally optical
transformation of nonuniform rational B-spline surfaces[J]. Appled
Physics Letters, 2008, 92(26): 264101(3 pages).

3, RARBATPUE I S IR 551 5 B AR B B TH
I YUERAR 2 SERED]. MUER A ERE . 2007, 22(2): 451~462.
YAN Kun. Introduction on background medium theory about celestial
body motion orbit and foundation of fractional-dimension calculus
about self-similar fractal measure calculation[J]. Progress in Geophys
(in Chinese with abstract in English), 2007, 22(2): 451~462.
http://www.nature.ac.cn/papers/paper-pdf/celestialandmaths-pdf.pdf
. R TRETT T LR ROE AR S AT ERER]. P22 P B
AR MR 22 52 IR 7T T, 2009-03-18.

YAN Kun. Primary annotation of symbol basing on imaginary form
about infinity[R]. Xi’an: Xi’an Modern Nonlinear Science Applying
Institute, 18 March 2009.
http://www.nature.ac.cn/papers/paper-pdf/spirit-pdf.pdf

A J Zambano, H Oguchi, I Takeuchi, e al. Dependence of exchange
coupling interaction on micromagnetic constants in hard/soft magnetic
bilayer systems[J]. Physical Review B, 2007, 75(14):144429(7 pages).
Einstein A, Stern O. Einige Argumente fiir die Annehme einer
molekularen Agitation bein absoluten Nullpunkt (Some arguments in
support of the assumption of molecular vibration at the absolute zero)
[J]. Annalen der Physik, 1913, 40: 551~560.

FFE. MEAFEEM]. Jb5: BT H R, 2007.

YU Chang-feng. Principles of Phase[M]. Beijing: National Defense
Industry Press, 2007.

http://www.nndc.bnl.gov/chart/index.jsp
http://en.wikipedia.org/wiki/List_of elements by _stability of isotopes
T3, HLERAS AR B R I 7 R 5 W A e B B R
R[] HhEREE AR, 2006, 21 (1) :38~47.

YAN Kun. The tendency analytical equations of stable nuclides and the
superluminal velocity motion laws of matter in geospace[J]. Progress in
Geophysics (in Chinese with abstract in English), 2006, 21(1):38~47.
http://www.nature.ac.cn/papers/paper-pdf/vacuumenergy-pdf.pdf

XIE Rui-hua, GONG lJiang-bin. Simple three-parameter model
potential for diatomic systems: from weakly and strongly bound
molecules to metastable molecular ions[J]. Phys Rev Lett, 2005, 95(26):
263202(4 pages).

NI, SR, L4 SUEF 5 F B RaerRs et 7K1, P E
Bl (GH), 2007, 37(5) 1 590~599.

SUN Wei-guo, FAN Qun-chao, REN Wei-yi.Accurate studies on
dissociation energies of diatomic molecules[J].Science in China ( Series
G), 2007, 50(5): 611~621.

Julien Toulouse, C J Umrigar. Full optimization of Jastrow-Slater wave
functions with application to the first-row atoms and homonuclear
diatomic molecules[J]. J Chem Phys, 2008, 128(17): 174101(14 pages).
http://jpke.nefu.edu.cn/csx/jpke/doc/jiacan/capter7.doc

AR, SR MEJIFEMERIML Fi%: FERZmRE R
#t, 1998.

SHI De-ke, JIN Zhi-hao. Mechanical Behavior of Materials[M].
Xi’an Jiaotong University Press, 1998.

NG HAWAE N LR TN AR ANETRRI. Aa%
5T, 2007,26(6):1081~1106.

SUN Jun. Rock rheological mechanics and its advance in engineering
applications[J]. Chinese Journal of Rock Mechanics and Engineering,
2007,26(6):1081~1106.

Gerya Taras V, Yuen David A. Robust characteristics method for
modeling ~ multiphase  visco-elasto-plastic ~ thermo-mechanical
problems[J]. Physics of The Earth and Planetary Interiors, 2007,
163(4): 83~105.

Xi’an:



