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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
I-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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HEHT, WRARIE—EFE)E, WERR R E CREMIAIRNZ LA 20 BOFIE
FEBWHEIT T AT R, WA R R A, PR A St — SRS, TE I S i
RHZE5TMMASER R, ARAL; ANRELZHELESITET R NE B R& 4
HERAGHREMWE G445 ERXHA, A2 RO F A BRI
B RHIEEHAERNG, B2 st B O E 23 R B, BT LR A L3 B L 0 K A
T, ARSI R AN A AR B BRI KR SRR, LI A I 245 B A1 1
B, W ERETFRLNK, RO R AR, WIS SR AT E, PP IR R E S,
Flisss BERAE BRARRA AL R, SR PIKE I 2 0 U 46 0 B U 5 i
Kol T, ATEEIIE i MR RIS IO R PRI 5 Ok S il e HLBAESEIE 4R
B, WRASMVPIRIEI, MIAE— TSR] WEE, EERPLUA, KREEHEIRE TSR ERN.
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BB “BlE 0", — RO e — B LURMERIF A A B 1) 2738 R 7, E— B 32
FHESDBBUEE L, HEAEEHEN, BEEFREEON AT FE N7 68 LA S
TN B ERIE, I TRIARIN A R, Bk AR B S, TR
Sy SPEEREFE R AR, S RRCE IR E, SRRV AN, BRI MR A B R IR
gt, BE RO ARSI R MR, —IREARTCIR R % HAHE e, B
Fe/N LW, NS . FNEM, SR R A B H MRS R R RS, TR RO
R O T B 0y B e85 R T AR SO A dit P B B R o Py LSRRI K SRR AT 2
HE S AR G A R B R B R RMEIHER AT 0K, SEFRE S 0 B s
H; ERMEKEREL, TR IR, EFELI TR TR AERE, A PR
KGR LT A AT AR R RIE S e E SR AT ) DA A R AR 5 S 28 s RIS
FOFRTR, TR AT 2R AR TR B B 1, B2 253, B B RIS AR LAk
WG, IR IR [ R R M b e N A R 45 SUAS it LA D BT e M BHR T, HLRTIB I
2R B TE G AEA AT ) LR BB BB 26 T (10638, T BRI A
TE X HH 1 B R b B AR s R 2R ST, SRR R R RN AR E
W, RSB B 6, HE USSR T A SRUTR MO B SR sEbrs Bt 2
RE I BT RR HAT s anth— BB P h AR R S AL 5, BEED R L RIS S
JEEY RS, MR A E N, B2 DR EA — B R AN BRI R A TE K AT RE
BEA AT T AL, IRA A 2 AT, BT 6 S VR SO S R 7 T LA ) N T
WHEHBIIT 2 N HIERRRIESR, R R K& 555 MG By, TRA AR B
ek, YRRz N, RIEZAN, stz n, HEEELT, BRI, iR
WA

WL, WA S MR L R 5 s AT i o ok, 0 R B SR B
IEER I T AR R R R T, A LI Re 8 545 T T DL BITE S LR,
TERI IR K SR R B A FE T LA 29 T A R A, 4 15 B R IR IR b3 2
Wz B T RE AR AR TE, AR RS T TSR ERR, MR AT B
BoNE.

EMIGTEIL N, — NFEE AR — AR —F TR, WHHRRE T “—FHLEWR” X
R BH, FER—ARIH—FHLRIE— ALz, B8P, REHEI TR,
VB A K B 7= A RV, RPHAS P2 A KR . AR T 9038 20, — VIR s st a2 s SR B
T

43 B SO VR AIF 78 R B0 IR SE T AN H UL R A 45 1 B 2L DU 3
SR SR, A BRI R L1, 2 U R A AR AL sebR BRI 4R
N H B 2% st B3 BB & RAER AR oTik R A B n] . Mo, Qi
BEEF SO TR RN TR, WIRRE AT 2158 5 A i O R SRR R IV E . RV
Z I, BOTEA ISR 2 1 A o) &) 52 2 sh SR T, s — IR KM B 7 A0
FYERE

MNAEFIL, BRNIEART, EHENFENLRECE L, WSO
R, BREEY S NE, i Sl mil], Dgmsma s, RigHRENIEg R &k
U0 T EROL I R, RS R RIE O], IR R I E DR A S FRE, 7
B2 AR LU O R e, NAE S BTG S A AR T R 7, MEASF AN FEREH

U SRR} 2 S RS A SR BT AL A B IR I, B RN 2R, Bz b
WL & BB, EARTR G BN, BURREHGE R AR, PR RIS ST
LA R DLHAT A S A R B 5 i B R E T G H T e B R PG R 7, 2
REER S, AR ERFNR, R RTS8 R AR KA
HER, FE LT B HECNE B, I AXARZE T LR AR F IR
e, MELMERGEHLECG . R R IR R R R TR R 2R AR B s DS
MR SRR e, DA AR SRR TR S A T2 R BE 1 TR, 3800 2 I A s B
VEURA PR, KUMRBUNR U PG NIRRT B R H g, LT S5REM R E B
Eh, S5FERIFRR I RIE, #58EHRZEE SR %L, RESTE
2R, RIHERTERE.
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R, — 2 2B WHAERARR, BITBNRE BB Am S, F50RE00
W — R ok B AR KR AR R AR I TARA b, T 12 MU A 207,
3 BNND B RIS i, BAEIIIL i, R IZR R St i, 2R a8 7R =2
o

PHEEREBT, ERRS BSOS RIERZ A l, (HEES SBORME LW
FEIR NI, R R £, A 5 B T A IR ol S 40 A R A o e DA 4
HUONRSER R T NEFW TG, FRE G AT, BEOREZK R, LR A
FHIZHT I, AR A R A% A AE R AU T I A A% . R 2 BN T4
1 H BRI A, B B S . BEMNE BRI TN 1 5P, IR
HA, EEAE, TR ERA,  ThEAE R KRB T B TC R B R AR R R L5
.

EAEAR, 2 BRI A R TR AR, W sE 4T BT 1R M 2 9
BNl BN E T, LA AR B MR R i % K N0 SRS A B b R T K 0 B R PR A R A
i

R, S AR G BN TR BB 2 I e SRV AR T L A A, T —Ab
07 A R B LA S RE LRI B 7%, TR R RIF )44, 1l )G S BB e v il el
F S WAL AN T YRR, B WS PR R (5O 95 P8 KOS T A O I e il 41 5%, 2D
NG, SRS A, WSO THEBRIG R, B INEIR AL, WA &R
oo

FEA R T A ORI BHE Kig ASE B /e, WA IR ez — 2
BOR SISO SO b hr, BERKIERRAE, bt & EIZRasss, Bkt
KGR T o R A B E B L VP e AT, N A 1 2 A2
ANEEFEIEE . BONEHIIGVEM, 2/E BRI BL A LRI, EMEA
g, RN e, MBOVILSEAREZ . AAEI S A, Y2 I o N ie AR T
L

S FNALENA K, KEERE; FRHER, HigthR, BBk, REWZ; prig
BHEWT USSR ILIEH, 0% R RIBT B R AL, o — I 40N an S el
AR TWIE, AR RELFR. SRS,

IRk, NS, PURKDLREE, RS HEK. ARLE, NEmIGNTFE SR
FLFM AR, T A E AL RAA A A2 1. s i &
NS, H) BRI AT REAG SIRTE, B 2 A (A B IR s 45 PRI Bvr SRR T B, RO
PR, BIRMASNEITEENR, I LUVt Ad sk, (HENIRRE2 5 BiE
R LM N AR H, SR8 A i, RATRZE A Ch Rl — A ns
Jto

BONGARIRIESR, 20 BIGRAH SR 2RI 2k, S48 BT R S50k i) 1 /25 1 =) PR A% i
T T FROARAS TP AL, TR0 1 AR BR85S R HLRR B O TR, IR B 32 2 11
K, ZEEIEN . SAN . HANEER =AHE, BYIPRET I EHiie
JER 5 R I T eI AR AT St

FAERI T RN BALIT N (IR, — MR AT O WM& (1 B 1€ 8k 5
FIZ W HGE IR LI AT 2E EAR KBS R AR, IR AL IE SR T A A AT 2 T X 22 1 st 4
HARAMEHEBE B e, TR B BRI s BES AT SRR G, 45 AT 2 R AR PR &
PV B BRSO 56 A, RN SOMIXT RO B R &, e R TS, IR A mi AT AL 3
ARG PSS FBE RS, (AL R R IZHT RIS AR (i F AT AE K AR, SR
FEHERIR IR, U KA TAR, REIFERETCPS, B EARAR N RS, ik
TPEENLISERE, AEE S RSB ES, KT RSOy e ey, Jmis At nl
HEZRm s, ERIERRK-HIn, PELEAESM, BEEANLLLERAA TN
TeD AT U Herh U R R T s =, R R i an TR O B B R
25 R



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 9

HRI RIMRND, B2 AT /R B, OSBRI T, St BRI By, B thiL)
P 28y, Font 2 i SR 2 R AR 2% B NSRS 2D k) | el v AR T AT B

R — BN IO AR R S AT AR, & e R e s, b
P — A BRNBHT I A GE D IRAT R E B SO VI SRS &2 F AR E R IRl — 1K, Bl
WIS X 22 VE S o

HSCBAK, S R SATRTMY, WA

MR RN E A, REW R i R M AR RS, RN RS, 5—EiA
TR EAL TR N, ER I T AR SaE IR Rk A . R, —
A AN o e, D R AT K3 SRR AR IR I ey SRR S, A FLA R B ek
)2 T )5

R LA L), EL R KIS SR U 5 4 107z s FIRRAR S 2 S, (Hid ks
AR R N s RS 5 205 3 4 SR E T, shAISUR AR, Tyt BNz,
R b, ORBOIEEE (1 AR 2 BRI A R L AR F R, 10— e ) AR U 3
FERIUENS 2R A Z5 0 BRI A8 Kok U T

HP R RERER: AR, KESISITHG ARG, Bk AR L.

FH IR IS E RS, A BB I B L B R B A A e s, ELAE
BRI % G )RR EFT G, W RAT; XHAPJEEL A 7 B R BES i st S o8 2

FEAELZARERN G )5, P e N AT BL  WPHRRZ D s RR A R b
WHRYIBRSRH . ZRSE. BE5E 5 KESTESS, BRI, mEEa
T3 RO RE R T K A SOs e, R T AIME AR BRI IR B Bk, TR AT
R e R AR, HAEAR B E AR 5, A e AZIE B IR T, EL AR 2
gt AKRFEAR, BEAGRICTIUTOM: R DLA T2 0 A F ok IR B, R m)
BSOS WA SRS AT IS E S5O0, 228 H0E XM B 18 B 5058 s AT 157356
Wiz it -

FERITE SR, AR T L2 17 S b S S R A U e s o 1 B R
SRR RPN R ANIKIEREER; TEIL R ™ B 725 To R 1 E A B T B S AN ik
Jr4k.

FERGEIERIRIG Z I, A3 BF . WwEF. R, . EE fiRE. $F. WY
H ORI #gE. BN RE L N5, NEREAR SERRIT 0 T 5 AR, )
BN, TPBOVERFAT IR AT ATRUE R, BROLE AN, RESRai s, AT, A
(EANEL, wRhVEME; PURTHE, VAR JTREY, WIEBRM. ELEEREI5ERE 0
t, B BIEEEMEENL, =2RATEENRK.

— BN ML, BN B AR R T AR, R B OR R T AR B At R i AR
AR SIS TR, A SR TAR B /5 [ 58— R A s 2 TAE HArig e, A b ANm] b
(IR YE A, e (R 0 B 2R L BN A3 S AR A P ), L A e TS i TRl v s
A A TR Al 7R A A L PRI R P B AR A, AN [ JR R R OR B 5 s B T AR AR L
HE R 4R A U A OR RO U L R A A R e, D — RERE D LSk
A 5E HIRZIHE

JRBIZE R, F2ibjaRE PO IR e s, WIKFERGHRE . SR, HiZH
FETE L PEFRETEE, 0 EAE AT RS B N AT RO R S S IS R s s
AL J5 R WY SR AR B — BURF AL, )R] 7E 32 B R 00 4 AR I 9 i 5 B 5 S T PR
NEERRQZER, ARG RS B2 — B Y, WIW AR R RS ni L T A
LRI E LA AN R IR B AL e Ze i, Bl R 4t B Uy R S L AR 2R G 1) ) o By
bR TR, B RER s 2 SR B LRI, FIkE e, IR,
CARF AR AL AR HL

Pz, R E SR T B AR P RO R — AR IR, — R
SCE AL O R I BN SEE SO — DN Bk . MR, RSB EYIMA: L2
i), SO AN AAE . FOLEEAL, Z8ERTES: P2, BAfEKIE.
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— AN R 22 SR ARG T R, SR B R, W2 S HE RBUA RS
LR ENE, HRLE, REEAS IV EFRSES I, BEA BT SES T T4
AEA IR, RS T S /MBSO A S SRS AR S ERRmIIERN
RIS BIN S HE S AR ERHE, B —PIRAZIE S5 R XRNBGEL —; #
1R H AT, 82500k m i, Newton [RFURR 7 AR K Lk AT & kg 5 2 —, N2
ST T SRS B A M TR . ML LS, S Pa e
BREN AR 0 T R I U3 5, MK g I B2 i 2 TS B LR R . kIR e
AT RR . R K . RARTE RSB 3 . KRS R ARy b B L2 (R R AH B 45
B2 B EHAAR I R R T o AR, WIRZI M BRI k. sEE A
— AR BN 1% T FE I

TEIX I, UREEHE B S 5 R IT 85 FE AT AR — M 0 & ML 2% 25 B35 IR (P E AR R
B, M B SR 2 5 R AR RO Tt H A — a8 4 51 SRR IR A48 17 & 8 Wiz
Rt Bt e B G, Al & IR & B F A RS H SIS R E T A,
CARLSZ NI T 5], CAWIIE H 9 NARAS, PSRt i iR Bt,  DLBS A AT [R5 2218 7t
5o

JIRAEIBR A, ZPRa B, SNV RIS, R ER LR B E T 5%
N, HETERN IS S5 UUREEY SR, SRR AR5 SiE R EER, RIARARRHE.

AL, BEERRELIE; HAPE MR, B SIS,

¥ 5 /b = FZAE LRI L, HAELAE, 7ERCN WS A M, LA TGHT 1000
HERT 5 Siddhartha [ H TEPR TS BRI A JC 1690 £EHT J5 Newton [ SR ¥ A5 HAMELE, 46
JEARGRPEH =R T UK I HE R I sl JLRHE] [RIBR LA 510 E~560 A4 X RAUE
JE AR RN B Siddhartha (5 Rl E 2K 2 THT B H A 7R 1) B K T o 35 4 T U RO 8l 1w T /N
By TEXBTHENS KR, &2 42800, DA 1 5 PR R e &
T H A RBVRAE SR, TR IR AR KT A X E IR EL, JFEREATIRE.

ik, EPAfS R —TENWIE B, 1E Newton ZJ5, JEHLIKT Siddhartha 1 7 T 2L
T Newton 3L A7 AHITZRARR N0 0 B K B IRAE 20 A JT 2200 £E~2250 £ 5 A0
2750 FE~2800 i J5, HEB o ths SR W (a2 AR B (BE AR R4
AR B AR 2R R SRR BABAH IRAT B  SO R R, R 204 B NS A [ 3 2 5 2
AR B2 T BE B2 e FE 545 B O FE, 3701 F AR T AR AA 5 2 M I e BRI i 3
I 22T SiE . KT U0 Newton 5] 77 501 Planck &7 £ 5 A T AH G JE A
W SE I RAVENTRIT TR, KPS E RS Rk 5. Adr A A0S R i
fbs A —RLIFB A S EN RN 2t 3 B ARIR A% AR Afefems:, B
R S AL A, BB E S e 28, R 32 2RIk 488 1 8 JE ) i 4

H LA, JL P AER WA SR M Newton %2 EAE 22 5 4] Siddhartha 3538 5 £ (1 &
1T% .
SR KT8 B 2 KOLE T W Bt A AN B 2 B0 A5 & 25 T PRmLst s Ix e rp, i LT,
FEBT AL, 77 K0 22 4 P A0 5 KUK 5 181 240 (P T TOE Ry B v =X ) R A R, 3017 48 R R
PUAR WA AR EZ AT e ts, ST B BEE NI, R,
TORTETEANR, RITE ) AR — B — IR K 1) A FLg 1 SR R B KA 7 5

BB 2 SELTE I 2 ) AR iR A T, T RS IAT S E R, DMits%,

WE L, ATAE, WERE: RS OE RIS NIR B TERE R S8 m s, AT
2o, LB,

# # WEHJTHA, 28R4, il %, TAEMRTH.

AT EM SRR, ATCE W Wi BLgs b, R R AR

BRI, WMILZEW; WormaiE, HEiFIRk.

T OB CENELE, FMBLE g, RIIE KPR, SHIERSL;

FFRAS RV, HIRIATR; I 296, IR
“HILZE, HEEKSE; BRORITR, BAATE
BRAANT B, BRI BB EE, REFEERS.
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1.1 LM NEHFENBEREFESEREFENEERX
1.1.1 —FEE IR SN 712 M0 TR B iRER AL KERE R HiE R R
YT Z MG RE, A B BESBRR ST SR A i R, DU
LIRS Z A RS, RN E 1, — T EE DN R S E A IR R BN AT T
R HIEA; ZEMS HEAHE RN —RARR, 7EE 92 mP ok
RTG53 1 n] BB 1 BT AR 7 D38 38 a7 v (1) M AR &t 3 11 28300y T FE T 2R
dy d*y

wla"'wz 4y +§IE+§]y+§2y2+§3y3:WEE’ (1.1

X x. y IRBZE, FEXZENRR (B628): o,. 0,. §. & &EBENRK
B S NWENRREL  wo NANBUREG &, & B ARG BRRFIE R R £

Jite (11 AR B R AL TR 2 A B o) 7 R 2 T To A ] & 25 b A ek
BE AL, AR B R EUCEU R R BA TR (1.1 3Urp i el 7 Ao & 1
T, BET P R B U R BOCAT 7w BRSO (1D sUBAERE, wnids: 2 4k
WEMEGHE, MZRy M LE—EA—HRKSERMIE (1.0 b — R HeEi—
JeR L, RIE— RGO TR (1.1 R A#EE B RER A FRAE, & — HiREIRLsh 1
oI, SO E BN ER AR S A TR, HOR T AR T AR e R b 4
PYRER R EGE AT, AR BT TR R SO R B AR AR TR, R I G A
AT TR 43 BT PR 15 I 12 2% B 50 S R G ALt U T B R B TS B RO H B R A .

Jite (11 s AR AR IE S5 B 3 1 A E Sk S B AT S T ) s 2 1 T
PAZJ i, FCRIY Bt 3 [ i S U AR A 15 AR A h AR A s 5 KR K E, IRES LA
)RR 1 1 AR S A A Tk SIS ) L2 = R S e e RO AR AR AR AE s — B, DR A
BN, HLE) R TEHAK R R R, 2 Pk ad s, JhB=#R0TF, BEIE AR

JiteE (LD s B R EOIR R BOE 7 A, R P9 EUeh ek U AU R B ISR RO 1
ARG R, R B B SR, RO A

2
w, (Cil_y"'wz d_J;"'é]y"'ézyz +& =W — S
x dx

HZw, z00, 75 (LD &I 5808

ﬂd_y+d2)2’+iy+iy2+iy3:V/EE_‘flE;

w,dx dx° o, @, @, @,
EirEpsem Xk, iR (LD A R B REOL 7 4, MRS T RS S b P
b AT AR ST, SO EE RS RN E SRR S 25, LR
B SUBHRAL, A B B0 07 R AT R SO LSS BRI i e, TS R eS8 N
H B I F R S, R TR G R S B A B O3 B O AR LA R R I X
FTfE.

fapepth, M7 (LD XS & & & BAFEET, HP R 2 Wi 4 il 5
RONTTRE P — KERRHERR AL L () £ 1 y,, A& Taylor 24 T2\

L(3) =0, +0,(y = ¥5,) +0, (¥ = 25,) +05(3 = 35,)* + 0, (¥ = ¥, )" +05(y = y,)" +++
B =R U AR g AR ) & R DR AR TE A X H o, vy U, Ly U, U5E
BN L(y) /E Taylor 2050 I 1R R 5000,

B M AENL B R IR K T ARG T ), KERRHERR E L(y) A R AR BRI IR 2
L(y) = 7y =Ty V(Toy = Tpp ¥ (To3 = Ty V(Toy =Ty V(Ts = Tps V(T =00 M), (1.2
EHT v Tioon Tugs Tags Tass Tae X Tys Tyas Tpss Toa~ Tps w20 AIHH R Z HTHRE
BRI T (LD U 8 =7, § =TTy & =Ty TyTeyr 83 = Ty Ty Tuilas ©
SEFMETTE (1.2) s H1, v T, Tops Tags Toss Toe BANONE, HATfEGA
L) =ty[1-73y(1 -1y =73 y(1 =7, y(A =75 y(1 = N)] (1.3)
BT, =777 T =TTl Ta =TTl oo = Taaloalas’ Tos = TasTosTag s
Foar o Sy kL 2 Tk BRI LB H B TR (1) R =1, & =TT,

§2 = Ta]TclTCZ ’ §3 = _TalrclTCZchs °
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JiR (1.2) SRETWINELIE, 5 (1.3) E TR R R, s BRI
I R SUTET (7 ) o 0 BF CRE J2 C E  628A — 78 91 L 1 R B 36 K
LEHERETR,

IR (LD B AR G R R R A ) A AR WL 5
ARSI R, SR RIS FRRA B — AR L R SR . BR
T (11 BB 4 AR P B IE SR, (L07) 3883 v 4% A B LA R i i
K51

F AR LD R, R AL BT IR oL R ARSI ¥, Yo, =0, @, =0 .
E =0, WJHH (L1 RAEE #05E, =0 M IR BN

d
w]d—i+§2(y—yo)2+v0:0, £ #0 (1.4)

d
wld_i;"'énz"'é]y:l//p}:’ ‘):2:0 (1.5)

A Yo = _0-55152_] v Vo=V +§IE _0-2551252_] °
BTN @, o Epn & &y Wop BNHEI, 7 (1), (15) IS5

v+ Atan[a(x—x,)], Ev, >0, a=a,'\JEv,, A=—EV,

y =1y, +Atanh[a(x—x,)], £V, <0, a =@, \-&Ev,, A==V, (1.6)

Yo +w]‘§2_][x+vc]_], vy =0

. (1.7
V=Yoot @ [Wep—Slx, =0
R (16) Shbx, o v B
HFHE (LD R, B, Y, = oy, + oy, DI 2t e
SRt E )7 A ) e e B AR e T AR T X
d’y

d
w, dx’ +[wNO+wN1y]d_i:+§1y:WEE_glE’ (1.8

Koy, o AFEEE. T (1.8) XEA EE RIS RHE .

Mo, §v Yo — S BAXHREL o =08, J7fE (1.8) XA — MBI Lk
W TR Moy, 20, & =0, vy, =&, @, NFER, HEA R EY]
R AR T R (8Os 2 (1.4) RIS R8O

2

0237)2;"‘[“1\10 +wN1y]%:0 o

i (LD AR I G R 2R B T R E IR IR T, 456K
RFIERR A (1.2) Rk (1.3) 30, HARH A exp(a(x—x,)) ~ sin(a(x —x,)) ~ tan(o(x —x,)) ~
tanh(a(x —x,)) S RO, S HAHROE AT R U & REBORAE, XT8R2 4 ok 4
v =y(t) )" X Verhulst %4 /5 F2 (general Verhulst equation or general Logistic equation)

{\y—é“ Wi =E)| = [0 =& W — &) explm 60, & 0

d

d_J;:kGVL(y) (1.9
5% u=u(x, t) 1) 3 Fisher J7#£ (general Fisher equation)

ou o’u

5_ GFly_bGFZL(u):O (1.100

SEAR S PR TR 1 — A RIAR S — B AT 1 = (o + o) TR 28I T VR J2 Y 4
DURALIEHER B B H 00 B kg Sbor, ~ bopy NHEREL NI, ¢, MU,
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Jite (LD AU —MfRERE, A 3 B L 40\&HLEYAIFIE’JEIE@%T
Wik, WTEEZRIR EBm A T AR S KA LR SR 282

ﬁ/ﬁ

zwll d x zézzylz =W — &g (1.1

i=1 =1

KL dyon . m EAERYL n 230 n, 24 @, & BNREEL.

Rl fai s, R EE S (1.2 Rk (1.3) X, HE (1D Rl il

dl
zwll _I+L(J7) Vg °
o dx

BT AR (LD KA (1.1 REE TR N 5 R AT G IR LR IR T,
AT R B LS R R VT 2 S AN BELL BB B 2 RA Y, mTFERE 72 7 ) BRI s & i el
biEaM

{y ~ y(w),

x = x(w);

(1.12)

KR w AhaZE. ENSEET MR, & BN P RIS B AR S OE A R B SR
FEALEL, W] DLRNER AR T AR AR W] R AL BE S R R

1.1.2 45 i 2% 18 T X SR 0 2 FE TR i i

MBS G I A R, R K il 2 IR W DX, 7 e 2 ) D X3 3 2 P 25
Tty = f(x) K& T71m),  PTAR RS AR a] 7 X deah fOR - R kg S 2 R B 2R
B ke WIRFAEAL IS 22 MO RE il 2 7 R0 2s b i 2 s Dy e I R A SHE I 48 o 22 1) ' [XC 3 —
A s AR SR FR R RIS TV s ST AR AR g R R PR T T 1) W X3 — A iy 1
) LG AR kg » B e 0 T 22 T A X 38 1 e 10 e 7 87 B A D' T Y R I T

Ns~ks» Mg =kgs Ngpo = kspo s (1.13)
XH g my 73R IERTTREAE R i ) T X 46 SR R R A SRR

g, FDREERTTRE y = f (o) 72 b 2 A] W7 DX 3 — AN o R 81 24 R A A B B T
T3 R R R BOE

{ns =G5 exp[—fs, (x—x,)]

Mg =Gk eXP[ o (x —xy)]

APess Gen Byor P NEHEREL

FEERIT IR IETT 1) B —k (1.14) A oy 0B
exp[—f; (x — x,)]

exp[_ﬂsz(x_xo)]’ (1.15
exp[ B (x —x,)] .

exp[ B, (x — x,)] ’
B (115) R, Rl R T4 ARy, « 2 AR MR i, AT

(1.14)

Ms =G5 exXp[— Py (x — x,)] =65

Mg =6k eXP[Beo(x — X)) =6¢

BT’ exp[—f (x = )]

exp[—fs, (x — xo)] (1.16>
1B, — ﬂEz]leXp[ﬂEl('x xo)]

exp[ B, (x — xo)]
A ﬁ51 > ﬁsz > ﬁE] > ﬁEZ R AL ﬁso = ﬁ51 _ﬁsz > ﬁEO = ﬁE] _ﬁEz? Yso~ Vo AR
a8

Yse = Yso —6s[Bsi —

Yeg = Vio T65
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M BB BRI IE A B, A& i T RE (1160 SUE B T 1A 2R A, KR (1.16)
ABONTENE, A bt — P EE A
TEFH mi b R M R T2 y(x = x,) = v, » MIFEARPRIESL T, H 3k AN 4R 3
FHE (1160 BRI RT3 T I Aa 77 ) 5 i 28 1a) Uiy X 34 187 vl (1) e 12 h 46 7 R T 0N
_ Ay, — 4, " Ag, exp[ B (x = x0)] = s, exp[—Fs; (x — X,)] , (1.17)
Agy + A5, Ay €xp[ By (x — x) ]+ As, exp[—Bs, (x — x)]
ﬁ[:l:l AS] N ASZ N AE] N AEZ ygﬁ%ﬁ%ﬁ?
AE] _A51 =y =V ﬁ: Ss AE] — SE
O EO b b o
AEZ + Asz Asz ﬁ51 - ﬁsz AEZ ﬁE] - ﬁEZ
HEE (117 RATERRA
A, — 45, +ﬁ exp[ﬂm(x_xo)]_“lm“lgll exp[—fs; (x —x,)] ;
Ay + A5, Ay exp[ By (x —xp)]+ AszAlgé exp[—Bs, (x —x,)]

Y=>X

Yo~

Y=>Yo—

B

g — 4 " A5, “11511‘15711 exp[ B (x — xy)]— exp[—fs, (x — x,)] i
A+ 45, Ay AE2A§21 exp[ B, (x — xy) ]+ exp[— B, (x — x;)]

NG, A = Ap v Ay = A, W DR (114 Rl

y=y +AeXp[ﬂEl(X—xo)]—eXp[—ﬂSI(x—xO)] , (L1
7 expl By (x — x,)]+ exp[—Bs, (x — x,)]

AP ANEE: Y, = Vs = Voo
4= ASIAs_zl = AE]A];2] = Gs[Bsi = Psy I'= el B _ﬂEZ]_] °
REFTFL (1L18) sHIS T4 EH I T LR A T expl By (x — x0)]» B By,
e, WA
Y=y, + A exp[(Be; + Bseo) (X — Xo)]— eXp[—(Bs; — Lseo)(x — X,)] ;
eXp[(Br, + Bseo) (X = xo)]+ exp[—(Bs, — Bspo ) (x — x,)]

W BB B, + oo = Py — Pepo » ERFFEH & Py = 0.5(B, — Bry) s 15
expl[Bg; +0.5(Bs, — Be)1(x — xo)]—exp[{Ss; — 0.5(Bs, — Bex)1(x — x)]
exp[[Be, +0.5(Bs, — Bea)1(x — x) ]+ exp[—{ B, — 0.5(Bs, — Bea)1(x — x)]

A exp[[Bg; +0.5(Bs; — Be)1(x — x0)]— exp[—[Bs; — 0.5(Bs, — Bea)1(x — x)]
2¢osh[[0.5(Bs, + By)](x — x)]

MR (1.18) ML S RO fal B % 3(

explor, (x — Xy )] —exp[~a, (¥ — )] | (1.19)
2cosh[a,(x—x,)]

LhHEa « a,« a; 7HH
o, = Py +0.5(Bs, = Br,) -
o, = s = 0.5(Bs, = Pry) -
o, =0.5(85, + Be,) -
B (1.19) RAGH—Fr L =B S EO R s 7m0y
dy _ jonexplo (x—x )]+ a, exp[-a,(x —x))]
dx 2cosh[a, (x = x,)]

Y =X

y=y,+4

i

=Xo

y=y,+4

—a,(y - y,)tanh[a,(x—x,)] s (1.20)
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d>y . a12 expla, (x —xo)]—ocz2 exp[—a, (x — x,)]
dx’ 2cosh[a, (x —x,)]

o, expla, (x —x )]+ &, exp[—a, (x — x,)]

— Ao tanh[a; (x — x,)] 2cosh[a;(x —x,)]

4wl (1.21)
dx coshz[a3(x—x0)]’

HOTEE (119) RIEFH A x = x, y(x=x,) = vy by 36— B0 2 B SHOT R4 1N

—a, tanh[a, (x —x;)

dy 1

SV A +a,)s (1.22)
dr 2 (o, +a,)

d’y 1

dxf =2 Al - a3). (1.23)

JifE (1.23) AEW, HE 119 XMW REER: Yo, =a, 1, TR
PLARR 5 T AR AL T TR

JifE (1.19) RoELNE, BAEZMSEG FAHm T Ao 2k R X3 A v e AT T
BIREAE, T VA s A P A 5 W] A AR bl T W) BT X 3 A e [ LR AR 2R

JFE (1200, (1.21) ZaUIRERM, DO N X & R it 7 iR S 1 7 7%
(1.19) 3, HA BN N E BRGNS —AELE N 1M iR, v 6ehS iR
(1.12) K—Mizhkik .

1.1.3 EBHES Logistic BEIR R

SFHR (119 X, —Hil, 4o, =a,=a. a, =L, HEAFEHN

sinh[ar(x —x,)]

I T osh B —x,)]

M B=alt, FE (1.24) REATE (1.1 REEMHR (1.6) b ih BT e %
y=y,+ Atanh[a(x —x,)]- (1.25)
A, Btk E, AR (117) AR TR (1.19) I E RN (11D

E AR (1.6) ZXA U 1 17) 2R 5

sinh[ ot (x — x,)]

cosh[a(x—x,)]

expl[a(x—x,)]—exp[—a(x—x,)]

expla(x —x,)]+exp[—a(x —x,)]

F—n e, B RE (1.19) SR rfE (LD g —im g e e .
FOOURR IE D) R L (1.25) 1

expla(x—x,)]
expla(x —x,)]+exp[-a(x —x,)]
1

=y,—A+24 ;
1+exp[—2a(x—x,)]

Wy, =4, WEXFENNTHAAGHR S B HIZEH) Logistic BETE
y= 2y, .
1+ exp[—2a(x —x,)] ’

Bk 22 i S YAl 261 Logistic BT (1.26) NERTAE (1.19) ARtk £iR B,
7R (1.23) 3, AR (1.24). (1.25) S HhZRP f Al bR 5P s Ak A - R — A2
J& T EARTE DL R PIRES . BN R — M 2 2 R IR AR B RRR (B FRD RS

y=y,+4

=Y +4

y=y,—A+24

(1.26)
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L14 " XARRRTREEY RN (RAFRERFEN AR HWER R

P AR RE (1.19) 3UE BRI LAE 00 545 K — B L Sk g R e k.

— L, X TEONTZ FIRBRIE R CEAEAIR R . AR ARl AR, PR
45D, AE T R AAE PRI R AR, WTEHEZIROTRE (1.19) #URHAIE Ty 25
FETFIR S Hhial. 2R = BURAE 73 SR FE B0 R —ANEE B0 SUmRT AR RS PREES XS 7RO 7
REE SRR TT RIS, P& RIS )2 BRI A IR I R R 34 1 ik

A expl et g (¥ — X)) — K €XPL—0 e (¥ — X)) — (1 = K ) €Xp[—y g (X — X)] ,

= 2cosh[ o (x = x,)]
(1.27)
y=y,+ 4 Aeg €Xpla; g (x = X))+ (1= A ) expla, i (x — Xp)] — exp[—a;pp (x — X)] ,
2cosh[ ot (x = x,)]
(1.28)

XA oy Qs Oy~ Kpp s Agg NFFEFE, 0<k,; <1, 0S4, <1: X, ¥,
A ALK, LT AL (X = X) = v, -
Hp X TR A M4, M RTBO K T, T (128) Ry Wy = oty »
U<y
y=y,+4 Apg €XpLot g (x — X )] + (lglFE)exp[azFE (x —x,)] —exp[—a (x — x;)] . (1.29)
cosh[ . (x —x,)]
U R B K TR, TR (127) Ry Wloy, = oy WH
+Aexp[a1FE(x—x0)]—KFE expl—a; g (x = Xy )] = (1 = Ky ) eXp[—yp (X — X,))] C(130)
2cosh[a g (x —x,)]
IR SRR TR (1.27) 2~ (1.30) B — AL IR 7 R N E ) AR IR 7 FE e =,
ST HRTE AR TRIE]. SR = BURRAE, FEE T B A T e R e A .
LR R AT S B A T, B oy =0 =a s MR, R
(1.29). (1.30) =R EIRMNE HAXUH IED] R 0T
y=y,+ Atanh[a(x —x,)]- (131>
FEON— i, MRS R AT B S JE B KPR, ARG T RE (1.19) sUERIR il
LRAEFFH Tl 2= B B 0 SRR I AT SRR IR IR Vo« Ve JERC

expla; g (X = Xp)] = K €XPL—; i (X — Xp)] = (1 = K ) €Xp[— 0y (x — X, )]

Y=>»

Veus = Vo + 4
s o expla g (X = X))+ Ky €Xp[ = (X = X))+ (1 = K ) €Xpl =y s (X — X,)]
=y, —A+ 24 ’
1+ Kpg €xp—20 55 (X — X)) ]+ (1= g ) €Xp[—(0 g + 0o ) (X — Xg)]

(1.32)

Voo = v+ A App €XPLA g (X — X)) ]+ (1 — A ) expla, g (X — Xo)] — €xp[—at s (X — X,)]
B
> ’ A €XPL g (X = %) ]+ (1= Agg ) eXpl et g (X — X)) ]+ eXp[ =t g (x — X, )]

=y tA- 24 ;0 (1.33)

1+ App eXp[ 205 (x — x0) ]+ (1= Agg ) Xpl (0t + o ) (X — )]

FE_E = ypps NETRARTTHE,  ypus NIRRT A Qg Qopps Ogpp s Kpp
Apg NFFEH B, 0<ip <1. 0< A, <15 x,v y, WPHSARR, y(x=X))=,-

Jite (1.19) SONMLAETTIR. iR “imZmiig g, i (1.27) X~ (1.30) 3K,

(1.32) 0. (1.33) ML IE. HiE). 4R =BG, Il R fE

ARG IR HA )2 & R

BT (1.32) ABEHSFEOTES— s im0y

d Yrus _ [Vrus — Yo +A]2 [

dx 24

20 K g €XP[—20 (X — X)) ]

+ (g + App )= K ) €XP[—(0 g + O ) (X — X)]] 5 (1.34)
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HOTRE (131 AAGHSHE i TR0y

d ypus _ [y + 4= yaus]’
dx 24

[200, g Agr €XP[20, g (x — )]

+ (g + App )= Agp ) €Xp(@p + ppp ) (X — X)) ]] 0 (1.35)
e (1.34) 5

d’ Yrus

d =4" [Veus = Yo + A2 ek €Xp[—20 5 (X — X))

d yrys

+(0pp + O J(1 = K ) @XPL—(0ty g + Qg (X — X)]] dx
- O'SAil[yFUS VYot A]2 [4a12FEKFE exp[—2¢p (X — X)]
+ (o + aZFE)Z(l — K ) €XP[—(p + Aype )(x — X0)]] 5 (1.36)
HfE (1.35) 15

d’ JYBus

dx? =-4" Vo + A= yeus 1205 A €XP20 5 (X — X)) ]

+ (alFE + ang)(l - %E)exp[(alFE + aZFE)(x — xo)]] dyBUS

dx
+ O-SAil[J/O +4 _yBUS]2[4a12FEA’FE exp[ 20 (x — ;)]

+ (g +a2FE)2(1 — App) €XPL(0 g + Qpp )(x — X)) ] o (1.37)
FEPHT R x = x4k, HIO7FE (1.32) 3L (1.34) 5

d
Yevs = Vo o % = 0.5A120 kg + (g + 0ty Y1 = K )] (1.38)
JifE (131 AL (1.33) 5
d
Yeus = Vo % = 054120 Ape, + (@ + Oopp (1= Agp )] 5 (1.39)
ULE T il o = x, W52 (1.36) AN
d’ _
d);FZUS = A7y, = vy + A2 K

+ (@ + Qe )= Kpp)][0.5 41200 p K + (0t + O ) (1= K) 1]
—0.547 [y, = vy + AV 40 ks + (e + yp) (1= )]
= 0.5 420t 5K ps + (0t + Qo)1= Kpp) ]’ = A0k — (@ + g ) (1= K]
=0.5A1cp; (1— K55 )[40 (Qypp + Qypp ) — 40 ey — (Qypp + Qg )]

=0.5A4 K (1 — ke[ 2050 pg — aleE - aZZFE]

=—0.5AKp (1= Kpp)0pp — Cype | 5 (1.40)
R (1.37) XA
d? _
% =—4 1[yo + A=y, 1[20 A

+ (g + O )= App)J[0.5A[ 208, A + (@ + O )(1 = Agp)]]
+0.54™ [Vo + A=, Pl4aieder + Qe + 0 )’ (1= Agg)]
= 0.5 4[4 s A + (0t + 0yp)* (1= Ap) = [ 2005 A + (g + O )1 = Ag)T]
= 0.5 A% (1= App ) (@ + O ) — 40 g (Ot + g ) + At |
= 0.5 A5 (1= Apg )@ — 2055 + O ]
=0.545(1— App ) 0typp — Qg ] - (1.4
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WA R (1400 . (14D X, WO<k, <1, 0< A, <1, 4 A4>00, 767
Mox = x, loH

2
% =—0.5Arcp (1 — kg )0 _a2FE]2 <0, (1.42)
mﬂ)ﬂl (1= 2@ = o] 205 (1.43)

dx2 . FE FE )L FE el 2V .

MA<OH, B

dzy

dszUs =—0.5A4 K (1 - k)@ _a2FE]2 20> (1.44)
m—OSA 1-4 - 2<0 (1.45)
A A ( re [ Cipg = Ope ] <00 .

AR (1.32) . (1.33) ARHiZedn Sist, K249 A4 > 0 B [ 407 2 i 28 M 1E ) 67
AT x i, 2 A< 0B I SEOTREMZR M T EARR S x fils Wl AR (1.32) =
(1.44) 50, B85 (1.32) LRI, S ARPRACTE Pl i Ak Ar 2 Tk 5 2 A B, B 7R
(1.32) AR TR BHE (1.43) R, (145 R, B (1.33) RihZkims
FABFRACAE S s AR 2 SR S 2 A E, BT (1.33) KA TR,

FRE, FE (1.34) ~ (1.37) IR, DU A AZ 185 138 vk eh 8
TR (1.19) IR SURMFRTRE (1.32), (1.33) =3, PR BN BN s )
RS N TR BRI NS EM (1.12) N —FhoRiE R IE .

AR (1.32). (1.33) —3, Y x, =0 KA, =00, B4k, =1 & A, =10,
7 RREE EERIR A U 1E V) ek FE

Y=y, + Atanh[0.5(a, g + &y )(x — X))] 5 (1.46)

v =y, + Atanh[a,; (x —x,)] - (1.47)

AT (1310 AL (1.32) AL (1330 X, HAEPH il x = o BT XS R T4k
a1 3
y =y, + Atanh[a(x —x,)]
[+ a(x—5)]-[1-a(x—x,)]
[+ ()] +[1- a(x—x,)]
=y, +Aa(x—x,); (1.48)
24
1+ iy exp[ =20t (X — x0) ]+ (1= Ky ) eXP[—(Q s + Qo ) (X — X))
24
T+ g [1 = 2005 (% — X0) ]+ (1= g )1 = (@ + Qe )(X = X,)]
24
2 [+ g )aype + (1 - Kpp )t 1(X — X))
® Yo — A+ AL+ 0.5[(1+ kg )ty + (1= g ) (X — X)) ]

=y, +A4

Yius =Yo—A+

2y, —A+

=y, —A+

=y, + 0.54[(1+ K )0t 5 + (1= K )0 [(X — X)) 5 (1.49)
24
Yous =Y +A-
1+ Agg exp[20t 5 (x — x0) ]+ (1= A ) €xpl (05 + 0y ) (X — Xg)]
Ry, +A- 24
1+ App 1+ 20,5 (x = X)) ]+ (1= Agp))[1+ (@t + G (X — X)) ]
=y, +4 24

B 2+ [(1+ Agg )ty + (1= Agg ) J(x = xp)
~ Yo+ A= A1 =0.5(1+ Agg )t + (1= Agg ) 1(x — X))
= Yo +0.5A4[(1+ Apg )0t + (1= App )0 J(x — X)) (1.50)
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St LAE A8 1 x & X PR XSk  F2 (1.48) 5 (1.49) 30, (1500 K, AR 40y
3D RE5 (1.32) X, R (30D X5 (1.33) K s EuR s /2 =2
ilbs)

A+ )y + (1= Kpg )0t = 200 (1.5

A+ A + (1= A )ty = 20 (1.52)

faj i, fEHH Yy, =A4>0. x, =400, FimIFRITRE (1.32) XA PHTE (1.34)
NG EmAAFRTRE (1.33) ARHLSHTE (1.35) R HLRSREWE 1-1 fir.

I S AT RR R S H T 26T 3
¥ 10.0 0.70 dy_
dx
8.0 0.56
6.0 0.42
—— RSB 7 R 2%
o — Rl RS ]
’ AR X AR T 507 FE HH 2% ’
— JE AR S TR 2
2.0 1 0. 14
0.0 0. 00
0 20 40 60 80 100
X

B 1-1 mi Rt R (R RFAH) FRE BRAHR A REESHT B & S E
Fig. 1-1 Morphology figure of curves of forward partial-symmetrical equation(weak-symmetrical equation) and
backward partial-symmetrical equation and their derivative equations

FERDR B, B fE (1.32) 20 (1.33) A3 EERIUON R i AR B AR (590 FK)
RFAE; T S HOT R (1.34) U7 RE (1.35) S0 3= ZER A b v ol AR sl R BRAERAE

EIR) SR T RE B SRR PRy REAE 2 IR G A R () SO PR S B = 1 14 5
FELEIR, AT 2 B T MR R A I R LE A B et £k TP AR T iE) . S5 R = BURHE 1
BT, HARER AR §Bad R MORHRG AR IR . i Ol T A S R
UL AT 55 5 TR A BT W 7T JCHGR Prg sr (B R R R A 7> Ty RE AR e
ELIRAE ) AR N TG DL, WK H B3R SUIRR RR DT FEEAT S AT AR I S HiE

1.2 BRAUISKENIENARSHIER (B —EFHEFREAR

1.2.1 BRSBTS RN EER GERE) —FPRRUEFNERIEE=D

K ite (1D R ERUENTE (1.19) 20 CRIFH R SURXSFRITE (1.27)
A~ (1300 3. e (1.32) Ak (1.33) EERIBEAD vk BRI G e —J7
FEAREAEUTE, JCHRETE (1.1 XE—BHL TR RA WM A RENREH, T8
XE LIS T UL NEOY e BIN BRI 2 m ;R HARES BE S T =~ DMK
PP AL T I RE,  TUAR SR R R A LA 2 B A J ) e S LA SR AN [ P s AL
fiEo Hrpoef UM, B R AR A RIBGE US4 oy h R T e, B
2 AR BRI A ) SCH AT R Bl SO BRI A s HoAy = AN R SR A X ) e 4
HREEAR A, KRR SR S AR 2 R b e #e, I R In s e IEE .

FER BRI b, 1 2 R B B AR REE B B R L R 3 T 2 1)
2575 T RO Za i, A A Dy 5 R B IO e B 1) 3 VS TRl R A R B s R A, L
HR 248 R 73 B ) B (1 S A R BRI S R I A AL, XA AR i |
XTE 55 URER A AR 2 TR A TLAE P R R AT SR S T A A S5 38U, B & 8 95 R AHAR )=
TR S N2 T R AR 2 ) )3 Rty B 22 DK e R A B0 b b R Ty LA B R A 8
(I RE LI, 30 IR o ) 2 A M A AT PR T ST 2 TR PR B A I 5 S b
M, B R o I S A W A B 5 76 S AR S ) 2= T A 1 Jo) o e e 2 R
Jite i E R AR R .

FEARAB AL 2 18], RO BRI SR IR IO 3 Herp R iy o 2 IR A
Jeib R &, FFBOT A B ERPEOANE R, WP A5 R (BUERE), fEMEG
FERA Y (B, GRS ELE. SR SRS ARTUBME, U R IR [E
KRN B — HUERACA AN BAR AR, T8 R B A e SR SO BUVE O 58 BE A IR N 2
A EE R QB BPEGE AR BRIl R AR, BT R
FCEFE) Z IR A TR o
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HANFEREYI AT R E BRI 2T o8 i B, RERFIRIVRES, @2 EW2
(iR EAT 2 HAE s JRIE R FE S W (Indra's net) , fiF 2R B, S8iml;. EETLR.

RIS, BT “ LHEBETHRRMNT” X — AU, 4 FR T &7 N BRI R
AT AR R 2 A 1 3R B 29 A0 i B R G 42 AL (1) 5 In) AR D 147 7 (Jiansics, Jiansism)
B 4% (Dimennics, Dimennism); 4N ERBEA R 1H = AN A€ N :

A HE ARG R PR AR ) R 5 R SR A AH B 73 AR IS R G RE),
—J7 AR R GERMED EES BB AN, 507 AR U & R R T
B B E A R GERE;

B U R CRERED A AR 43 A 18 e 25 A 5 B e AT e T (U B R A ) Ty
) TLLEEI R, iR GEFE N B A B EesE v 4G

C AIF HARR GBI R GERE) (A8 AR B8 B E S & AW Eh &S
PR R GERE) %, ISR GERME Rz M@ BT SO IR SERE, TBsE
NSRS

H i R GEFE 2 LS R GERE) R RIERN X ESRRIEA, &
A H O AT R B e 2 TR PR A LA 2R Ay TR

ks, A AEERAE AR — T TR BRI AL I R R R GERE) 1220, RIARZR M
BRI AN ARSI A R R SRR . IR S AR
Al MUV AR GEFE FHE. SRS R GERE Zm RS R GEE) %
PP S = S B &K i

AR S B A I BB B A G o R R B R B SO AR BB S, TR
A R B R B B R EGE R, R NCE A, R, HEEER. 5E, K’
PRI P AR TR S IE Ak, R ECRE T 2 2 (R A AR Ak B AE R ], SR EmE

FEfRT 2 B AE 22 IS R GERED MRATat )7 1, — 7 AR LA A A R R A2
JEAitt S FRART TSR B L T RE R AT BRI S R AR A, R S ) R IR
WHRAL, 5 BT BT PR IR R SR N SR TR A, BT 4E tHRTE B R A A
BHEETE R, BIFIMITAR.

B — BB 1 TR, TR AR S AR R AR, — AN RS
B ISR A — AN RRE RS 1) 55— A AR RS T I, TR I S A ) 3oy 7
et BRI A%, R EHE BRI, SRR ZIE. BREE
H SR G A i R AR 4102 i B A s 2 A P, (&N R B0 B AR AR E, 2
WARR B — TR BT R A S — R I S R, O —Fh e,

W)L B — R SR Bt ORISR AR TR R ASHRI, ARA KBRS
() PR IR Ja8 1 S AT 7 S IR, PRIRARIT R ZE LU P B SO A 5 B AT i B A
e NERRELIMPT, WERER. R B RN R e LAt . KAKRK
i, ZUMMGERREY: dTRERE, Z2LRaIbRgR; SMEEILE S B EMmS, T
NG T B fiER, MR E AR A EE RS, 2 NS ™,

FHIE IR, TN AT PRSI AiAE, FEEREAS IR 2.

MG ISR Z BT A BN, B— 7 B R — MR = B B (a4

A AERIE S A b, A S KR ARA A
FERBE I CABRRGT 5100, BN SEARIRA . BRI BUE AN R 3 RS i
FEAL, BRI A

SR B ST R B, R g BRE AR o — R
SR LN LB A R A AR B . FERGIE S A AT T 1A
o — JZ (R R P — P B v — R R AR “ fR PR PRI B3 )
Hors MAEILZE KA “aiR” o, —RXHR S IRES EA
— Z R B BRI B “Tegmis 7 Wit 2 EREIRE, (147
—REAEA CRBS WA W BT ) . BRAS A MER g L2 ) |
5 T EREA LS RMEEREZE, RESBT T RE, H
51 RS S RS S HON A A R R R Bh A A E .

P sAR K b, TR AR KL 5 KRR LE B T AH AR A A A T T %
AE S, Horp “@AK KL 2RI % EBONAE, “HK KR FE 8 K
fiietr BT e BB OF AR, fTE S ER TR 2R TR, FESEmRT 2L
ShEE TR DUIEAEE, DLENIR, DARNH, EEREHFE—.
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BEeR2—El, NMERR AR, 5647 A2 — 3. #ER—%, —kgulik:
WEAN—E, —EHRET: ELEEEK, —E R E G

{7 2 B 2 T L AU O R, R RS ROT . MR S EEER TR 5
Ol s S SR BV BRI R DT 1] — R W BLR AR SR, 20— R sl 2
MR ERY, T — BRI, #A M B R EARAE S AR R . X Hp, T
R Z TR Bk, BRI AR AR RRE S R GERED MEZ
(A AEAH FLEZNR . B — B Bos b I R R T R 4H, ROATReAENLE BIR %, fE 3 bR,
R L. BARBRIEAC R AL ZmIE S, B R. BRAE, U6
5 55 )R ARIEAG AR AS SR, AR — R AR, AL S5 KRS &, SdIlR
AR A XO&1E.

R, FEf] RS L, A BRI R AR, DU AR R s T IS o IE B .
B —H R R oy 7 A, Is R BIARE RVEEORIE, BE B it AR, Rl 20 i

7 ] 27 BRAE S HO RS SR A TTRAE T 1T, ARIL G A 2 JA AL 8 70 i R B 2R AU
SR, RI7EE SR i B A M E SR 7 f I RN R4S 2 1 & B B
FIPEpT, RIT RS HU RS BA MRS I H Pl o At Bedls PEREAT BT AL, R Ah
WS BN B SBF TSI A, RETHE S T BIEE, B3E E2e R B A
SOE AT, S S B S AR PR BE (LR, XTI S T
Yo ¥ LA a5 AE s DIEREER oA, DU TR L, DU M EE 2 o F i
LA B SEAE PR SR AR R AR R AL BRI A AR R LS RIE S ) — R e it o

KT RFAROR PN PR S ME R IR NESL, A RS H 05 R 7 7 i MR R 2 4
B ACIE Y, ) — R ST AH S (R HE AT R A REAE a3 Lk RIEH BT
— P BOs AL T 322 m R, W B DAL R N YRR 2 R AR R
XH AP AR EER), BA WSS BAMUSS, (BT R R PR 2[RI 25 1
RN RERAT MG, (AR AR L My R A i R, R 5 — R Lk
ERGY B

JRIFR T, — BRI ST BRI RN, HER -2 R ML
TIREH I A SR, TE T HOW B 5 b, TR BRI L B B AR R
b T IRERAIEA, R ERZ X, BE. & WEMMRITG, FEsEiiR, HRH
FEPERIA, FT AR IR ETIT ;W A RIR R, R R AR 5 o

—ANITERE ISR R, YRR RS R R R, WA FERE Y S RS, AR
HHF, TERESATA, BGTMNAR—, B85S, SRABPNEIES EHMG it
%%! I‘] %‘H_j‘? *Z%! ]S%\%&o

T E M RGEEITARSE, B S LTE, I=ABERRNERNE RGSE
LMD RE AR T RE RO T, o AR I8 58, AEROT S AR 2 (8] AT 385 A e ) T
WHHESE AN TR E B R, 2 H Newton HAAY % DRIEFIAESURIE, A AR
HUk e SE e A B AR AR X, ARAE — AN]SR S (AR 2t iy T R, BRI REIR
AR . BSL S WA TR HAT . RN TR AR SR AR R, K A Rl R H AT 4R
VEITRE S AR TR, JUH R 2 i LT S ARE S A B AR s R 7 DR ik
SEIL 2 2 AT 20 P AR 7 ] o IR D G A R (R R 5 R A A B A R A
SEJT7 1) S A FE AR L T 2 ARG T AR I . B b, B TR R AR, MR T
OB SR S LB P #E G B, IR TAZEW, BHAHOR, SCRZR, Bt
HES, BHAMEMR., SHRE . SIRENERE, BRI AR, SAHELE (A E
2, NI E R IES 1.

FERR AR B B i R b, S IE B A R R AT BB YL, b e
Je BAT E PLRJT SEAAFEAFALE, N TR EA SEER ISR TE AR BT A s = — 14, RIS —
SURAFHIDGNY): AT RE B8 7 B RIS . N R KA . 1 E A
s, EEAERAE. JHLTSl. AfEEd, WAL, BERHE

PEE TR =20 : 0, MIETHREiS RS & GERED sl R GERED;
B0, RS R R B S A AT R BRGNS =00, @i M R
SR AT L AR T A K R R B RTRAR A B REFATT BB S, — S EIARAR . ARAREI—
B, BRI B KIS

PEIETE = D fa B2 =h: Mg s &= ORI, AR (GIRD, TR SR (i
Ho

BEREA AR, SR RMARZIME, EWIIE R DR R ZVR, T rhadr
ST E s B, AU TG A I, CPAETCH RIS BIEIE R N B AR



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 22

122 —FHBRE-NEREAR

RS, NFETHHT, RERME: A, @nlimik; FhRAR, RERER.
TEIPAREE . ABURE, VRIS M/RRESHEE, B, 8 s. oo,
WE . A RER S DI RR B g BRRAA TEARZ mARL, HoAk 2 Th A e ik
PHAG MRS E R AR, HED e kA RERN, IR R 2R
it — DA MR ERAER R AR, HAL DM A2 B AR B A RIS

NEM KRB B BB L ok 2 Oy B E R a5, HATR T B
DRI BARAE RE MR SR AR5 e, (E AR BAR R S KA IR, U S il B 5y B
I K LA AT A SR RS

B B F AR ST A ORI T, B A P AR SOl R B A T e o
TS LR, HL i B T AR BRI LBt 77 [, SOV BURF AL ZRB & R A E A
Wyt 2 2 2R ks )P FEE A A AR o] P 1) o 22 WP A 223 e 36 AR L AT LR
SEALE B AW R AU RALAE S DS OB SO, TR 1 S AR AL 2 Ay, 23 AR AL
TR, BEABEMEEBONEFHE N SRy, X a g
HESSEMMER, ZHBOVWIANRSTBEYINEE, FERTEOvE D& HE Ho A
BRI BesE, 2 LB AR AR ZEAE B SAT S U HE S T A e S A3, i EL R i s
BEMAR KA EY: EARHEHLNSCT G, SEANSURH TG, mHRE G % 0A
i 7 BEE N TR T ) W 22 R AT (K AR 8, A8 IR B R B RO T G R e Dy A
sy Il T BB AURE — RS ARE, NS 5 WA BRI AE 8 R R A i 2 P 22 by, XL
A4l

— s, BB IRR IR, R T IER A S A A AT TR R B A AN S
FIPPNIE R, WIS 2 B LRSI RTVE VE A S S5 LA ? ARPEA I N ObriE, IR
AR RIMRB R EIRZEI, HBEHET SR, AT R LRI H.

B W AEASL B AR R FCSI W OO K R 22 A ST SR B Ak 28 E, T ANE
T3 SR ST R b BT DA R R D S i 22 s TR IR AT (2t 23, SUR Byl R )
M ZEAR BRI GAL, BE RO B A B K58 #

KTZLH BRI RO, AH W TORR EHERA ROE AT, RN th 2 REs 9 A
B B EFEARBUB T ARA R IF AL BRI AE R 2T, 75 7] E 52 B LeVF BN A HE)

JUHAE 253 B 1R 2 25 T TR AN i B R B 38 (K I T RIME S5, JRANRE
SR ] i e A R ) HLASRE- 5 BUBE IR (M s BRSNS KR 5 L S8 Uy il
J IO Rt s ARG, U HSEE T e S AR T

LA ? 223 R AR SO AL 2 IS H R 7, KRR B ST IR 7 ZE N2 40 i
MR FEARE, I8 B EIE R A, X o2 Gein b R T2 DU RO 2 s K B
M ZMTEARbR, FERANG. FRERBARSE, MHEARRELZH L - MEERGG
B E K G LR

MNFLEEER, JLTPREAFE 7 AE P LB i AR B R . BATEE
PR SR LE M, BRI NG AR5 A B I AR eV R, 50
FAWRTE OISR TLLT .

RHEA, HZHUNE OIS, SR BN BT S g i A i £
KB, JUVPALZ IR, Rt AEFERZ wE S, HEEDAm AT SO Bt
M, REEES. TR BRERI.

A5 RESCVFIIR 2 — /NS IO AR 223 T T, RSO AATTER AR LI R St 8 H
NSRS [ (3 A5 R 1 ) AT AT BEA 2R B, DU [ S ST IR A A% 7R B AR R AT i i Je
VAL PNIIEZ:

IR AT, g BEE. B RER. ZREEEN R, s .

MRS UL B, 2RI REAC T I ZhRE . BRE. ek RE, Rt
BACHIRAZ R, T & T, BRANREF RS S BREARR A ER
LR EEL G A, )y A AR TR 21 R SR SR A S AR Z AR B 2 BT AR AR
M Ra&Aes g2 BEMEIE, (5 A A ™ i e AR B YRS @ B R, A BAR
AE o

DA ? AR R RO N A R, ASUAASE, ABEOE,; A imsias iR, Mk
CXEEET BBzl s, AR EIL, A AR R IEME R B -,
RARELREZ RS, — AR IR S R A Gt R 5 R TE 55 J2 M GBI AL MR MLELAR LE T L-F-fk
AREIE.
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AL, KB B IR AR LTAT AL A O L DR S AR T
AL ECEIUAR -

U SO AU R 50R 2 ) 5 LA 10 2.3 057 REASAE (0801 6L

I, KR LR AE A, MK E TR T AHUR BT, L
SR B VT T A R B s (/RRERIERS, 32052 A, b2
BURIL AR RS R U IRDC B 5, K25 BB ORI I K2 s A
WL SR, AL R E R LG R e N, R R e
DU T 4345 BIAIEIE LT, 22 LB MAE R SR 0 2 Je i R A0 1 £
B R A R 2 RO AR SR IR BOB, AT, R R
AL SURICHIS S SRR, EAERAE RO . DLWk, ARIRME, A
B, AT TR R TR T R SR A .

R R, LIE LRI R RLZ A, F R T KRR LA RER K 1R,
B PR AT S, MBI, SR RE IS R T T

] 1 A RN B2, SETCRE IR A R« JFSRSLURIOT SEHRR, FL2E— i .

REBIRE S, M RIIEN, BRI, B TR K. AN
AN, SRR TR ORI 2R R, RIS AKER: B F %
HURIEL, JROIIRFRSIP TR, R0 ATIR RN, — IR, (e
BRI UL L, ORI (E R S0TERA R, —UIAbR E R,

e, TSR 1T FAILGURAL SRR GHEE) 1075, )
T IR BULHUER A OSSR AL A O TEARIE) 1030, Wik e
LR R O SRTE B 5 MLV R IR TT SRR OB . s 5 2
PRI IUFEAL S, T8 I HLOZ DBV JEARER: JEPvish CL AT LR . Hhi B 28 A
Jr IR, R 9¥ERE Newton BT S 485 Siddhartha S0 B HE OB s

B 3 SAE 13 OTE J S, LUBY 4 E O P L BB 1 O
RS R BRI ERTAT R £, BRI T T IOAN R F B, RIS R
EINID G LR PIPS iR

SRS ER U, T2 IRIE T ICIESE 2 A U L A AU B A
B, WORARER b SUERGE SRS, S5 AONERIE bR RIS, T
WO SRR BRI 1 2 i )L AL

FISER I 5 R R AL TR LR B, ZERBSR T, JEHTEHT, VR AN
IR, 32505 7R 5 Mol T HURTHLR BSIRALAY, 0 JUSTU 10 A7 R AR 24
AR, FEBHI IO N RN R R, AT BRI % 5 3
ST, ISR BN TR BRI ST e BE/S e A AR, A5
Ao BRI FIBER, MR E AR et AL, BRI S

NEFRTREME LS ZIE IR, BFEATREA: SRR R, %
ST AL E B E R, L2 DA O 2 BB R R SR A B

FEBAIIA L, NERNSE - RERASE AR LI, 5 AR
Tobhs BT, SR EINBE N KRR R0 R R AR, SULTHR KR
BT, RERIE. BRVE, RSIROIT UK A A O, JFEERL RIS
fipfeits T k.

FERUA b, PRI R MRS, IR A e il [ S TR
HUREE R SR R HLIIE T IO R SR, (L 7 B0 A SMERD 828 T R 5
BELTESF DA 35 D FFAIGE KA KRR T L 3 I A A 52

N2 B USRI RS S R UTVERLE  J2 AR D0 R R K 75,
AT I TSR 05 1 1 TF QPR SR A, B0 L L 5T SR AOEE 0 X [ AE E R,
M B4 A S O PR B B R U LS E 2 57, 7 —JEEIT ) CHIJR 300 462240
BRI CARESERAL %) KL

[As, Agp 1=[26+ T, g, 46+ T 1, Typs 0~12, T, ~0~12
A Age s Age I IE TR UG SR HITF AR SEAUERS, Topg s T JOHIBE
ERBH.

LR SHOA P2, % LSRR T RSB, WAHI B 22
GG, R gy — Ags (TN, RUTZF OISR 5 (X 1200932, 48] . 4551

WS T, o~ Ty I, FHIB T Ay, — A = 20 4%, EZEMLEM AL 20 4t S RERE,
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—HRFEREEE, TERT AL LS T B R O AR S, WA R
HIETESR, BiE 2 H ORI R e Hoe R m g, WX AR R e 2E s Cg
W] 1 RFE S, B O ER R E  E R BB IS, Bk T A, ARaLA L K&
RANK, AT RIAEZL DM st 7, S TEAR i RSO0 T 27 A 2 2R
i

— R FE WA FARENE, TCRTE T NI ARSI IAS 2 AR s, Ha A
TEAEAT S K AT IR 25 77 TH A & M PR ZIE TS K B WHER B 5 A AR 7012 25 7 TH A T
DTk, DAL T SL B E AT SRR B T 5 H .

— e, M—RFER A O OIUEBIRER ZE 10O £ AR T HAh = w, Tie
TR, DUTE FoAth 2% 25 08 BL AR 25 5 3 Oz 4 I3t oL R, R R i s A B
AUGRIOER; w2 b2 AL RIS, B2 REMA AN EASREU, WAE
M EERN . FtH, —DNATERZPRETE T M NER AR, R EH
CESH L, BATEV. BERIOR, CRREAMIEL T, WA SIhRE G g2
AR R NS JG 2 A S A B R SR L AH T H 3 BB 18K 2 B R 580

2B AEIE AP I B E T PR T A st s, BIOR AR T B AE 57 f st == rh 4k
AT, AR UL E PR (R U0 B ARG IR 7, AN EURLO [FIRZEAE, JIMLE e IS 2. A
TN BT S FENTE LG, DOy —BRm st S 3 — iR~ e A L8 &,

REWIUET XAPEE R R A RIERTE; BER. ¥R FBHUK, D EHBIREN
WE R A7 7] EVEAR— A P28 H R AR 305 1A A i B AR BT W I R R, Bl R 22 9 3
LN R SU 5 = N Ta P L 1 e e ot P 1 e = R V) N o = K e W = o8 = T 1 R S = R
B, —fi—Y), —UIE—; WEEME, A—AR%; SHES, RAKLR.

R (LD STE— BB OUT I E RERHE S HBRAEL g (1.19) X CERFEET U
FRFRE (1.27) 3~ (1.30) 20, (1.32) & (1.33) B ERRER) UL W22k
WEREZL I FEA S S, AR T 1.

fA] 2 IS N EHE LY, RIS ANEL, RIGE N, HEMNAE T RIMR VI, ZEHRA,
BT FNLERE . REMAT . SEESEIE, JINERIEE L.

g 2 NAEEEIZE, Z/0FREOH, JCIEERE, 375 X H %R .

W8 B ZIR T, R ENE A AR, R v

NATCE Wm, sRESIT RN R R, LREEHEEE.

i B ONZERIASR, BB R AT JVUTAE, B

AR, RIEBRT; FUCLRIE, RARIERE.

BY b NERIHLIPINE, 55RER T ISR (=, NAHRE DY Ak,

1.2.3 ERBAIE N ER B 42 1 v TR )

BARMEN S B AR ERERL: HARFNG OSSR, Fra i ia
AR AL AR s BLGTEAIRAS 2 (A AR T R A — s 0 1B 1 B AR Bt el i v B A2 ' T
BHZE T RRAE S, T s 2 A 6 I BRI AR 5 A 2% 18 54 AR TE P v AL I A2 R RE A 6] i A
AR N TR (11D FO

dy d2y

wla"'wz dx +& +§1y+§2y2 +§3y3 =W

PR T DR s T NSRBI LSRR AT AR (i T AR (119 RO
expla, (x = x)] — expl-a, (x — %,)]
2cosh[a;(x—x,)]

SRR SUmAFR TR (1.27) R~ (1300 0. A (1.32) kA (1.33) K
ESFRIBNIHIRE R TR BT, TR PRSI . Bl & A G t 2 5 12
BT T B SRS B B AR SR U R AR T R R R R TR (5 FE (113D
O

Ns=kgs Mg~ kys Mgy = kg o

TE B AR Bl BT A 2 R R = SR, 7R (119 B HEF R 72
EMNMERRRIE, WA (1.1 IS —AH R 77 220 1R 5% A A PR A B8 35 1 i Aol A
ik BN SRRSO R, — AT BB A 3 ) S i o i, —
FRORT R — N2 PR AR 7 RIR TR 2
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PR AR HFE (1.19) RAEX FAR M A FERER S, #5010 R 1-2 19 18 Fiiih
g, HhassErE (1.25 AW 2%¢XT$/\XRHHEEJZ|§&HH€£H/ , M7 (1.24) Arp
) 6 FhxtFR RIS PG TRE (1.19) AR I T SRAR 2 1) @%ﬂﬁﬁf'ﬁﬁiﬁﬁ%%
PR WP 1-3 Frss RUEEA L, WAMERIRERE ., AR & shid f2 e F—300
FEMIAFAIE R, Fo R B35 A RHITEIE It 71 (B0 JITH B 9 D) —iiE (ski)
MRS BhZR. A B/ R AE B I—V Rl 2 S Rgy R 2k s, R
RSB Z WA B RE (1.19) G —MiR M 51 H AR AR Mﬂﬁ}%ﬁﬁ&ﬁﬁiﬁiﬂﬁ
T2, MORIARER . AORHTZE. HRET 5. ORI SRR B B AL, fE AR AT iR T
(IR ERER R ,\%%riﬁﬁtﬂ%/\%&ﬁTﬂm (A T R 48— 2]

— WA A 2

B1-2 EAWREEESE T EGAE B EFRRRARERIERERLR
Fig. 1-2 Curves figure of tendency equations of HEHETEeEE GH. 4D
natural saturation process Fig. 1-3 Curve figure of tendency equation of saturation

process and creep process near the limit state(rH and 47)

FEX T8 U0 <52 J B AT RHE AR R F R I I A #2250 1-4 P

’:E breaking point - >

tertiary creep ......»

)
A

secondary creep

primary creep v

]
curve of equation of typical creep process

t

F1-4 2B Ea A AR ET RS E T R & E
Fig. 1-4 Curve figure of tendency equation of typical creep process for metal or rock material
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JiRgE (L1 AR (119 30 CEART Um0 RO (1.27) R~ (1.30) =K,
JitE (1.32) % (1.33) ERBEAD @S E i ErE, LR ERE R EZ I
FEAG IS AR 573 T R LEAE T o R 5 1 — SRR 2R o T BRI CRsE 1), R it 5 af
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1.2.4 EXA—PE R KEETERR
TR (1.18) 2, — M, HEwLAFRIR N2 P i
Y= Vo eXp[ B (X — Xog, )] —exXp[—f, (x — Xo51)] ; (1.53)
exXp[ B, (x — X521+ exp[—LBs, (x — Xo5,)]
EH B~ B~ Pers Bea MEFEREL Yosp~ Xosi~ Xosa v Xop1 > Xopa NZ THI RGBT AL
HIJ7fE (1.53) P9
exp[ B, (X = X )] — exp[—LF, (x — xy5))]
eXp| B, (X — Xog, )]+ exp[—Ls, (x — Xo5,)]
_ + exp[ B [(x — x,) + (g = xg)]] = exp[=Bs, [(x — xy) + (3, = X5)]]
o exp[ B, [(x = x;) + (X — Xop,) 1]+ exp[— B, [(x = x;) + (X — X5,)]1]
exp[ B (X — Xpe:)1eXp[ B (x — X4)] — exp[— g, (x, — Xos)]exp[—fFs; (X = x,)]
exXp| B, (xy = X2 )]€XP[ B, (x — X)) ]+ exp[—Bg, (X, — X5, )]exp[— B, (x = x,)]
Ay — 4, " Ay, exp[ B (x — x)]— 4, exp[—Bs; (x = x,)] ; (1.54)
Ay + Ay Agy xXp[ By (x — x) ]+ As, exp[—f, (x —xp)]
PR E RB R RN
AE] — A51
Yo Ag, + 4
Ay, = exp[ B (X, = Xop)]» Ay =exXp[Be, (%) — Xgg,)]:
Ag, = exp[—Ls, (X, = Xo5)]» As, = expl—P, (X — Xo5,)] 0
Jite (1.54) BRI (1.19) N PH R xpg ~ Xoso ~ Xopi~ Xops FRONH—F

YV=Yose T

— JOSE

:y()

= Yose ’

7 1 x, FRATEA.

WHETTRE (1.54) X, 2P RESEHONER— Pl R y(x = x,) = y, I RIE AT RN
Ao =X A Axo EXP[Byo (¥ = X0)]= X Ay; exp[—L; (x = xy)]

Y=y - S i1 : (1.55)

Ay + zj: Ay Ay €XP[ Py (X — x0)]+ zj:AMi exp[—By, (x —x,)]

i=1 i=1

KE Ay Ay~ Bro~ Bri~ Ao~ Avi~ Buo~ B NFFEREG i+ JHARE, j2i>1.

1.2.5 RS M5 77 PR R NSRS AT A 5 1%

MRS B R B HE IR, AR (1.24), (1.25) — A ffewEn Hit
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REOEHEBONE 2 R (119 KRS ERZ, fre 250 BN Sk, R
BAFE 17 KRR, SRR 0% K 2 55 h 28 a] Wr X et 47 i 340 Rl B2 slont
BE AT RSB A R R, BUTRE (1.19) 30AF AEE 2 8] b X 8 i — ik %
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RNFFFRRY, 5 (1.19) XEEBHIA NI ERRI A TFah S 45 AR A M F-22 21 B0
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TH 2R SOkl IR 4t T A, Koo BEmERN .
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it (LD AR i (1,60 sUrbXUth IE D) s BN R W AR AL 5 R (1.19) 5
LMD 127 (11D I — AN A S S5 T A B FR AT T =X

5758 37 X—isr ke (1.200 K& ZFrfsr i (.20 i, 5 (LD
BTG, BABORMERE ) Z & R, @7 (LD 5778 (119
B TUERAN T AR SR A R ) & L B AER Z R 3

TR (119 XA x, . 4. o a,. a3t s MRRERE: T (1D XfEa, 00
N o, « §@, « §@,  &@y ' Wy — o, Il 5 A ForfE (119
XN R (1. R, R (LD KPS S E2HR T o B RS
[cosh[a,(x —x)]]7+ [cosh[oy(x — x,)]]°+ [cosh[a,(x —x,)]1" HIBREI, LARH $005s
B (119 XEHE (1D 3T x = x, AP ST I 0¢ R 05 1%

054@ (a, + )+ &y, + ézyg + ésyg =W — S s (1.56)
VIS TRE (1.19) RiERFE RS 7R (1D EE =R A, Himiriihs
B (1.19) g fee KREUVERE. AKX AR

AR (1.19) X, HiAn] AN — Wi 7 R4 s, Wl — Wi 5 FE4
HAEZR A FE (1.1 BRI RERIE, 25 R ISR (1.19) adLeimfil
SRR IR

Bt D EE, DL M ZREE 0 T a5 il 2k ()7 X S5 e 4h i AT e A £
RUARIE RN, (R 2R A ST R A AR I LR 5 ] T X 3 MG i R 2 ) LR AR
T RTIEE R N, B PG ERE I R R R R LI U KA E N ZR, @I AR oy R A R
(1.19) 2 CEFEHHARER) UmF R FE (1.27) 3~ (1.30) . 52 (1.32) XK (1.33)
NERBIER) MR EARBIEN, ZEeM B I1E N IEREE 2k 7] W7 X 38k 10 i e el i 18 v
BRI LR TR R, AT EEN A T A R SR S R A s i L Eud
T TR P 0 O B0 A5 A T i 3 3R B N T Ao 28 PO 88 A TR i ) — P i) ST R 2 (generral
Activation function) #Jit %% 1

126 AT RAE TR AR

XFRE (1.1 51

d d?
wld_y"'wz_);"'ém +§1y+§2y2 +§3y3 =Yg
X dx
HwsEE . & &y — S AFEE, Hdy/dx =01, HEBRIY N =A% #
AR
§1y+§2y2 +§3y3 =Wer — S o
YNBSS N EUIAR T, By, =& B, R (LD RE—B it
2
wzd—f+w]d—y+§,y+§2y2+§3y3=0; (1.57)
dx dx

HHBRAREOTRE Ey+E,y° +Ey° =0 KL, dulbBIa 7R (1.57) Rp =R

&

=0, Y=Y Y=Do:

KA Yop, = _0-5‘):3_][‘):2 - ‘):22 —48& ] Yopa = _0-5‘):3_] [&, + \ ‘):22 —45&1, & %05
(o, . @, & & EBNBRERT, 7 (157 RH—EHHAN

1 d(dy)  dy s
—w,—| = | o, =+ &y + +E1° =0, (1.58)
7 zdy(dx] dx Sy+&Y +&y
Yo, =00, X7 (1.58) XGE
1 (dyY 1 1 1
sz(a) +§§]y2+§§2y3+zf3y4:CE0] ’ (1.59)

by, MBS
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BANE =0, & =0, Cy, =0, 8 (1.59) NN

y= @ (1.60)
1\/—0.5w2§3x+w2CE02 '
X Cpp, WBUNH B
fai s, 5 (157 XY@, =0. @, =08, HH
oS gy gyt ey =0, (1.61)
X
JifE (1.61) RAEE =0, & #0ENT, WM
éd + ]ézdy+ llS dy+&dx=0;
y y S +&y
GRS )
—ZU]é lny"'w]é ln[éz +§3y]_w]§2y_] +§22x = CE03 ; (1.62)
HRE (161 RAEE #0. & =010, WHsHN
5d _
o,y 3_y+§1y 2+§3 =0;
dx
HINE R
2 - & (1.63)

expla;’ (2é,x—cE04>]—é3 ;
Rf Cppy v g, BB

fEE #0EM T, i (Lel) Ri—@HIFF AN
2w, dv— [, +2&,yv]m, dv— 4,60,

y 2 y 2 2
y ‘):1 +‘§2y+‘§3y _[‘):2 _4‘):1‘):3] +[‘§2 +2‘§3y]
TR (1.61) RYE > AEE N, HA—RMBERN
Didy+ ‘Uf‘ L qy- wf‘ L dy+gde=o.
Yy yom\/éz —4¢&, YV~ Yor yOEZ\/§2 —4¢&, YV~ Vora
FEE (6D i B AR ERIFE E) > 4E E, I AR AR 5 3K

dy+2{dx=0. (1.64)

2, Iny-w, hq[fl+§2y+§3y2]+—‘§2arctanhﬂ+2§]x Crps» (1.65)

VE —4EE, VE —4EE,
w)$ In[ @,$ _
——————=M[y—yl- [y =y, 1+ % = Cg s
%E]\/ézz _4515 " Yor2 \/522 —48¢, " ] e
K Crps v Croe BN
i (1.61) RHE; <4e§]e§3ﬁj‘ HE AR (1.64) RATHHMN

20, Iny—, In[& +&y+E7]- 2515, grotan-2328Y_ 49z 5 — Cor» (1.67)
Vdiw-8 4 -&

o, Iny+ (1.66)

X Cppy WG HE
BeltAE (167 &, = 0 mFRIEAL v fal iR (1.63) 2B
FEE (L6l M E =4EE 1, BRHTFAMER (1.64) fifkh

w] w] 2&2&3 1
—1dy- —dy- dy+&dx=0,
y y+0.585& [2&,y+&,T ]
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CIECRN TN
_ 28 @
Iny-—o In[y+2&E " |+ —2— =Cypg s (1.68)

o, Iny—-o In[y+26¢, ]+§2y+2§] +&x =Cyq
A Cp o ARG H &

B (LD XhiERE o, @, & & & MINNBIREE v, — & ANE
B, BHEERATR LR RMA, M40 Lie #F (Lie group) A% 575 LAy
Fridit,

R (1.62). (1.65). (1.66) =3, & TRAMEN, BAEETHE (1.19 X
R MET, MRS TR (LD RNEEEEEITE (1.19) R T RHE.

1.2.7 — M BARLRAME T T AR IR 0 AR AT AR S B A AR AR K R 0

NIIERGY TR (RERR RO OB R T B, HARm 7 ISR A i
REAE T 40 R A A BRI R KRR RS AN B I B X S B .

FERCOR) Z I BL T, B RAR R S iR 2R PGy TR, AR AT A SRt R MRS 5

— AR — B AR R TR O

Aod—y— ]x—rlezxfo, (1.69)

dx 2
KEA . A A 1o T T, BRNEBIGBEAIII B FEAH O ) HL

T (169 X, A4, =0 HRETEAY = +4,x" " =0 it 4, =0,
#AA, =0, WJ7FEA & R AT A -

Hr, =1y 7, =n (XHEn NEAREO 8if5r7, =0.5n 1, TifE (1.69) AIFA i
FG3 fi b i «

M= -10F, R (1.69) AN

d -T To—T
Ao(r]+1)#—/1,y = 4 x0T
X
WsEz=x"", REEC, =A4,(t,+1). hy=—1,+ h=(t,—7)(7,+1)", HHFEHKR

N

Cox 3—y—/11y”‘ =4,z" . (1.70)
z

B, =2r,+1. 1,=1. vy =10, N7 =1,, J7FE (1.69) A RIIE S fdbT ik .
MAAA =0, 1,=2r,+]1. 7, =18, FFE (1.69) A HER
27y+1
dy JE—E (1.71)
dx
TSR (1.71) R — B TR s .
ST R (171 3, W TE R A
y= wx? (1.72)
XH p, ATHEFE, w=w(x) NiE R
¥ (1.72) KRN (L7 K

dW ] x2ro—p0+]
Ay[x" o Pox” W] 4, = A,x" (1.73)

B p, =7, +1, Hf
A g @ D w—a =
dx w
R

AW dw="Ldx. (1.74)
—A,(t, + D)W+ A,w+ 4 x

[F FE AR (1.72) NN
y=wx"", (1.75)
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T (1.74) X, o/

AW dw=1dx. (1.76)

1
_m[[m{)(% +Dw— A, —[A + 44,4 (z, +1)]] X
YAy +44,4,(, +1) > 08, (1.76) sl

1 AW dw="dx
i 2 TOw— A [ A +44 4@+ D]

WHEo -~ o,/ 5N

_ Ay =4 + 44,4, (z, +1) A /4] + 44,4 (1)

2

1

24,(t, +1) 24,(t, +1)
%
Ayw dw="Ldx;
_AO(TO"'I)[W_O-]][W_O-z] X
il
L o b dwe—, + 0 tdx,
w-o, O0,—-0, W—0O, W-0, X

By bR, B (1.74) 304 4 + 44,4, (z, +1) > OB RN

[w—0,1"[w—0,1" = C,,, x> (1.77)
L C,, AR R

M A +4A4,A (T, +1) =00, (1.76) kN

4 1

e +1)[O»ZV+2A,A;‘]2 dw="dx:
By bR, B (1.74) 304 4] + 44,4, (z, +1) = OB RN

[w+24,4;" 1In[[Cyo X [w+24,4;' 1]+ 24,4, =0 (1.78)
KK Cy, ) JBUH B

M4 A7 +44,4,(t, +1) <O, (1.76) RN

Aow dw="Ldx,

[24,(zy + Dw— A, 1 + [\ 42 —44,4,(z, + DT'] x

exp x

1
44,(t,+1)
i
1

— A, (z, + D)W + A,w+ 4,

d(—A4,(zr, +Dw’ + A,w+ 4))
- 4 dw:—2(ro+l)ldx;
X

1 2 2 2
a1 A v 4] F[Y- A2 — 44,4 (z, + )]

B bR, B (1.74) R4 A2 +44,4,(, +1) < O B HOAR A
- A2 —44,4,(x, +1) In[[C,

x2(T0+l)][_AO(TO +1)W2 + A2W+A1]]
—24,(r, +hw+ 4,
\/—AZZ —4A0A](TO +1) ,

atan

=24, arctan (1.79

RH C g IR

Oatan
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mEmR (175 X5 (177D R (178 L (179 K, B2 47 +44,4,(ty)+1) >0
i, S HRE (171 SRR AT RN
[y—ox" 1" [y=0o,x" T =Cypy,
M Ay + 44,4, (r, +1) =08, T7RE (L7 AR TR
[y+24,4;" x [ Cy [y + 24,4, X" ]+ 24, 47 x5 =0 (1.8D)
YA+ 44 A (1, +1) <O, W IRE (L7D sGRU AT R
\/— A — 44, A (ty + ) In[C,,, [~ A4, (T, + 1)y + A yx™ + A x> ]
—24,(ty + 1)y + A,x™"
J-42—44,4 (r0+1)xT°+‘ °
KT Ay + 44,4 (T, +1) > O IBUMARNTR (1.79) R, & AFRHN
=0 T =0 T Ay -0 Iy —opx ™ 1T e = Cob™,
HIES)
(LA (7 + DT [y (7, +1)y? = A,y — x4
24y (g +1)y —[Ay — | A2 + 444 () +1) ]x""
24y (g +1)y —[A, +1 A2 + 44 4, () +1)]x™"
THEISHE M L (171 324 42 +44,4,(z, +1) > O W i —Fh B AT R Bk 5
AT AR R TTE, e DARIRMO N 32 S DURRHT /AT, 1102 — 2 B DRI X1 0 2
EUIN, ARG (1.80) MR, 806 (1.82) XMRMEN, & —MSH.

AR 7, FEABAT — ot 3 b 3

ST (17D R, B A A4, (T, +1) =08, HH—ZHEH08A

4y By (1.84)
dBx"™ y

X B, =(r, +)A,A44,°, B =AA" s WNAAAF,+1)#0, #&B,#0. B #0.

XTI (1.84) X, A—EWM CReg)

n,y=Bx*", (1.85)
X By, A AL

K (1.85) RN (1.84) XbEn] +n, - B, =0, % %n, =-0.5+0.5,1+4B, ;
BI1S (1.84) A ELMAAEE X

[0.5(y1+4B, +1 +er°+]][0.5 1+4B, -1 —er"H]:O; (1.86)
0 Yy 1 0 Yy 1

(1.80)

atan

(1.82)

=24, arctan

—C- 24y 45" (ty+1)
Oath

. (1.83)

o
B,y*—Bx""'y—Bx*" =0 . (1.87)
R (1.87) R, W5 (1.84) ARt fiRn] £l
[B,y* —Bx""'y—Blx**™ f(x,y)=C, » (1.88)

ep A R R, f(x,y) RS, C,, AEE
BARENR (1.87) sURFMENR (188) R4 C,, —OHﬂ‘E‘ﬁE%O
S, B o(1.86). (1.88) 3, ® 2 (1.84) A fdair fide b 32 22 5 1 B0 i

[0.5(;/1+4B, +1)y+Bx™"] % [0.5(/1+4B, —1)y— Bx™" | i 4 W25 AR S 0 Rl 5

ASERTRREEH D FEATAE, T SRS MR A R v R0
[0.5(;/1+4B, +1)y+Bx""19[0.5(/1+4B, ~1)y—Bx" "1 =C,, » (1.89)

Ak k, NREEEL
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T (1.89) X, W\1+4B, =k, +1, XH Lk NERE: BB, =0, Mk, #0; 1%

B, =0.25k; + 0.5k, ; (1.90)
fit (1.89) XA
[(0.5k, + 1)y + Bx""1"[0.5k,y - Bx" "> =C,, - (1.91)

W (1.91) kFE
k[(0.5k, +1)y+ Bx""197[0.5k,y — Bx™"' 1% [(0.5k, +1)%+1]
x 0

1

+,[(0.5k, + 1)y + Bx™" 14[0.5k, y — Bx™ " 12 7'0.5k, Lﬂ]—l] =0;
dBx™

H

[(0.5k, + 1)y + Bx*"197'[0.5k,y — Bx™*' 1"

x[k,[0.5k,y — Bx™ " 1[(0.5k, +1)d—yr+]+1]
dBx™
+h,[(0.5k, + 1)y + Bx™"[0.5k, d—ym—l]] =0,
dBx™

HIESS

[(0.5k, + 1)y + Bx*"197'[0.5k,y — Bx""']"" =0;

k,[0.5k,y — B.x™"1[(0.5k, +1)Lﬂ+1]

dBx"
+k,[(0.5k, +1)y+B,xf°+‘][0.5kOL+l—1] =0. (1.92)
d B, x™
i (1.84) . (1.92) X1
7o+l
k,[O.SkOy—B,xT"”][O'SkO+1(B‘x +1)+1]
BO
7o+l
I [(0.5k, +Tyy + B2k BT gy =0,
B, Yy

ST

2 275+2

[=(0.5k, + 1)k, +0.5k k,]1 2>
y

+[(0.25k; — B, =)k, +(0.25k; + k, — B, )k, 1B, x™"'
+[(0.5k,(0.5k, + B, + 1)k, +(0.5k, +1)(0.5k, — B))k,]y=0;  (1.93)
K (1.90) 3B, = 0.25k; +0.5k, /AN (1.93) K, fhfiiss

BZXZT0+2

[=(0.5k, + 1)k, + 0.5k k, ] 'y ~[(0.5k, + 1)k, — 0.5k k, 1B, x""

+0.5k,(0.5k, +1)*k, —0.25(0.5k, + Dk’k,]y=0:  (1.94)

WO B A = A7 2

—(0.5k, + )k, + 0.5k k, =0,

(0.5k, + )k, — 0.5k k, =0,

0.5k, (0.5k, + 1)*k, — 0.25(0.5k, + 1)kk, =0
HH I = AN 7 R A 1 B LG A T
by 08Kty oy ke 05k t]_ (05K, D)
k 0.5k, k 0.5k 0.511k,
X g AT 0 AR L

(1.95)
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TR (1.95) AW, WHLHI kK, = 1+ 2k, BUEWE—, oKk, 5 k, 455 %
ik =0.5uky > Ky = 11y (0.5k, +1) : #A3ITHE (1.71) UE Ay A4, A4, (z, +1) # O W (1.89)
NGRS

[(0.5k, +1)y + Bx™ """ [0.5k,y — Bx™ " [0 = C (1.96)
HIFES N i

[(0.5k, + 1)y + Bx" 1" [0.5k,y — Bx™""¥* = C&' = C,, + (1.97)
R H

[(0.5k, + 1)y + Bx™[0.5k,y — Bx™ "% =2’ = Cppy + (1.98)

Xofky=[1+4B, -1, B, =(r,+)AAA> . B =AA" . B 4% B Cpy=Cl |
Coos = C(?(fgl °

i (1.97) X5

[[(0.5k, + 1)y + B,x""1[0.5k,y — Bx ™ 11°7[0.5k,y — Bx" " = Cyp -
R R (1.88) ARAIEAMMT LA I RRN

[B,y* = Bx"™"y - Blx* 1% 0.5k, y — Bx" "= Cyp s (1.99)
HRRN

[Boy2 _leTOHJ’ _B]2x2(ro+l)][0_5koy _leTOH ]Zk()_l = Coos -

Hfi (1.99) PRIBE ARG (1.88) XAEFEAFEAT A 5120 T i = rb s e
WH A, KR EREL f (x, y) B—HFRR 0 0H

2y =0.5k,» f(x,y)=Cl'10.5ky - Bx""].

BRI, 2 =20, WHk Sk, BNk =k Ky =k, +2 5 HIRE, 7 (1.96)
Ak (1.97) K. K (1.98) AR D 5N

[(ky+2)y+2Bx" " [k,y —2Bx"" 1" = Cpyp s (1.100)

[(ky +2)y+2Bx™ [k,y —2Bx™" " = C_ (1.101)

XH CEOO > CEOOS VELAVigiis ¥ CEOO = 4% Coo = 4! C(?OB ’ CEOOS = Cé%lo °
WKIEFEA RN (1.97) XI5

[[(0.5k, + 1)y + B,x*"1[0.5k,y — Bx™ """ =C2,,

(0.5k, +1)y + Bx™" .
0.5k,y—Bx™"
JUES)
[[A A2 [ A, (7, + 1) % — Ay — 42D laAs” oD

24, (g +1)y —[ Ay —y A2 + 44, 4, (z, + 1) ]x""!

= Cunll 2801 2 — . (1.102)
24y (ty + 1)y —[Ay +[ A2 + 44y 4, (r) +1) ]x"
h(1.83) & (1.102) K5
Y A A A2 (7. + 1) 4444 G+
CoosCom ™ " = L4y 4,4, (zo+ 1] (1.103)

24 A A (T + 1) 41+ 4 A A A Ty +1) +1
(1.103) XFEHHAEAME (1.97) XBAR (1.102) X5 HR > HE (1.800 K53
1) (1.83) XEFMEMMEA, BIEARGENHE (1.97) LAMD HE (1.71) LG
A+ 44,4, (ty +1) >0 B B A R (1.80) R Fifb sk 25 kB R, REYH
A +44,4,(ty +1) < OB RBUMARNTAR (1.82) KM CHESHRI BT For.

FERMENTIE (1.97) AIRFF T IERCE LI AR 30 R KSR (1.97) 153
PRI S KA Lie BFR #7152 AR TR R R EIgE 25, B4k bl
DA 7 B Lie B A8 #6025 051045 B AR e b e S8 R Pl
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R, AT (171 505 A, A A, (7, +1) % 0 B i F i Fi A B 7 58

3
dy _» _ (r,=1. Ay=A =4, =1

dx vy

11
ﬂ_ x_:6x5 (TOZS\ Aozl\ A]:3\ A2:6);
dx y

4
29V ST 405 (=15, A =2, A=5. A =)

dx y
5
Y 0% 4 (=3 A=, A =2, A=)
dx y
dy 05
35X 14t S0 (1, =075 A, =3. A =—4. A4, =2);
dx y

i (1.97) KRR IEAMAT AR N BRI 055N
Qy+x)(y-x*)=C;
[0.5(v3 + 1)y +0.5x° 13 D[0.5(/3 = 1)y —0.5x° V3 = ¢, ;
[0.5(+7.25 +1)y +1.25x>* 5073 010.5(/7.25 = 1)y —1.25x>5 1553 = ¢,

[0.5(v2 +1)y —0.5x 215 D[0.5(:/2 1)y +0.5x 2] = C, ; (1.104)
[0.5(v/2i + 1)y — 2x°%15020[0.5(3/21 — 1)y + 22 50D = ¢, (1.105)

KHC . Cy. Gy Cpv CoNBUHR, i=~—1: HAMIM® (1.105) KRB s ik
Ay + 44,4, (t, +1) < O BUMENTIE (1.82) &M,
A (1,100 B (1.101) 2, FHAdfiE (1.104) . (1.105) RPISFERERR 77

+ e +x -C.,, 1.106
(N2 +1)y—x212 (V2 -Dy+x2 T =y, (1.106)
(N2 +1)y—x 2 [W2 -y +x 2P =2 (1.107)
[(V2i+1)y = 4x" 3 (2= 1)y +4x"3 1 = ¢, (1.108)
B [(V2i+1)y - 4x"P [(V2i = 1)y + 4x°3 022053 = co=0 (1.109)

i‘z%cm C, o ARV
B RIS 43 W7 28 T DR LR TR e R (1.69) SIN—MEAR A RN AR A e T Ak
%)J/ﬁmﬁﬁaﬁ%mm TR (1.69) A T e i EL A 2t

1
by 1 =1 =00 =1 A=A =4, =D
dx y
QY X (=0, 1=1. 1,22, A=A =4, =1),
dx y

%X—y =x (=1, 7,=0. 7,=-3. 4,=4=4,=1)
x
SRR, HEHA G AR s IR, HET R S B LS B .
MR AT L, AEARSKAEIE — 4T T Newton TR 7380 /) 7 B ARME L R 4 2R LLEL N
T R TEFR R RE R AR EE Y
B, ST I R T R I SHE AR AT S SR T B S, S 2 R T 1) i S AU
SE T SOMS BRI GO IR T R AL, AR e AT & S AR A AL B, g AR 1%
SR A AR GRS T Rl AT R AR e, B IR] JEUROR fai A 10 75 R 2 Hh 0 AT R P 7 3 DA )
¥ @ m TR RIB I SR TEIRIAR, B i 52 U5 R A A AR AE 2R 7 17 )
BB, Ty MG o BRI ECARE Y, TR Wi 2 T80 2K AR B RS P A
o 7 RE R B R IR T R B AR A3, X faT B I G A ] DAZE H— R BISR A
EX TR G AR RS, oI5 R AR AR DR AR 4 RE LA i AUk ik 5 )
RIBA, W T S ER 2 RE L R HERE EE,  WITR AR A BI& IR T 1) .
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1.2.8 BHVEER RN — B

¥ e (117 Rk FErh

y=s,+ Ay expla; (x —xy)]— 4y, exp[—a, (x —xy)] , (1.110)

Ay expla; (x —x)]+ Ay exp[—a, (x — x,)]
TifEH sy Xon Ay~ A~ Aps Ay~ A~ Ay s @ NEFE R R,
MIE Ay~ Ay~ A~ Ay~ s 0y 0y o ERPERFETHET 0 KON, e
(1.110) A& L T A AR R 20 BHEA N o), &

Yoo = Ao expley (x — x)] = 4, expl—a, (x — x,)] » (111D
Ve = Ay €xpla; (x —x,) ]+ Ay, exp[—a, (x—x,)] 5 (1.112)

nE
Voo = Apexp(=0,) expla, (x — X, +a;"'6)] = Ayexp(=6,) exp[~a, (x —x, —;'6,)]» (1.113)

X6, . 0, hfiE RE.

M Ay Ay, > OB, H (1.113) N 4, exp(—6,) = A,exp(=6,), o, '0, =—a,'0,: 1F7RH

0, =a,(o, +a,) ' In[4,4,,], 0,=a,(a, +a,) " In[4,4,]-
R (1.113) sHN

l//nu = Anu[exp[al ('x _'xnu)]_exp[_az ('x _xnu)]] ’ ( 1114)
R Ay, = Ay [ A Ay 17 L x,, =%, = (o + @) [ 4, 4,1

FIFEXSTO7RE (1.112) K, 2 4,4, >0nf, w3

Voo = AgLexplts (x — x )]+ expl—at,(r = x, )] (1.115)

e Ay, = A [ Aoy A 17 g =3y = (5 + ) In[ A 4] -
BT (1.112), (1115 =184 4,4, > 0. A4, >0, 7 (1.1100 Xk
Anu [exp[al('x _xnu )]_ exp[_az (x B xnu )]]
As lexplos (x — x4 )]+ exp[—ar, (x —xg )]
sinh[0.5(¢; + @,))(x—x,,)]
=s + A - LUEC I (1.116)
So + APl (x=xe)] cosh[0.5(at; +a, )(x — x,.)]
X 4= A _ AOI[AozA(;]: " iazy_] Xy = (), = 0y) X, — (@ = 0,)X,, ;
Ay Ap[ Ay A 1@ a-—a,—a,+a,
y=05a, -a,-a,+a,].
FIEEAT 34 Ay, Ay <0 Aydy, <08, 2 (1.110) Rk
n Ay expla, (x = xp)]+ (=4p,) exp[—a, (x — x,)]
Ay explo (x = xg)] = (—4y,) exp[—a, (x — x,)]
cosh[0.5(e, + a,)(x — x,,)]
=s + A - LUES S (1.117)
So  ARXPLY (X X)) 0 5 + ey )(x— )]
Kbx, =x,—(, +a,) " In[—A4y, 4y, 15 x4 =X, — (a5 + )" In[—A4, 45,1+
A= Am [_Aoon_ll ]0(I () s
Ao3 [_A04A0_3] ]a3(a3+a4)
M Ay Ay, >0 ApAy, <OBF, R (1.110) sk
Ay, exploy (x —x)] = Ay, exp[—a, (x — x,)]
Ay explo (x = x;)] = (—4y,) exp[—a, (x — x,)]
sinh[0.5(¢; + @) (x —x,,)]
=s + A - LUES S (1.118)
So  ACXPLY (=X )] 105 (s T )]
Arh X =%~ (e +0£2)_] ln[AmA(;z]]  Xge =Xy — (@ +0£4)_] ]11[—1403140_4]] ;
e AO] [AOZAO_]] ]0‘1 (aj+ay) o
Ao3 [_A04A0_3] ]a3(a3+a4)

y=S0+

Y =35

y=S0+
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M Ay Ay <O Apdy >0, 75 (1.110) h
n Ay, exploy (x = x)]+ (= 4y,) exp[—a, (x — x,)]
Ay explas (x —x)]+ Ay exp[—a, (x — x,)]
\ Aulexplar (r—x,,)]+ expl-et,(x - x,,)]
Ag[explas (x — x4, )]+ exp[—ar, (x — x,.)]]
cosh[0.5(a; + &, )(x —x,,)]

ny ) ’ (1.119)
Sy + Aexply (x = x,,)] cosh[0.5(at; + ) (x — x4,)]

Abx, =x,—(a, + 052)_] ]n[_Aon_zl] » Xge =X — (o + 054)_] ln[Aon_zt]] ;
Ao A, [_Aoon_]] " (aIWZ)_]_I o
AOS[AO4A(;3] ]0(3 (@ ron)
iR (LT ~ (1119 =Ry o x,, SARBOIET R (L116) ik,
HRE (1117 ~ (1.119) RATVERE (1.19) 2 M@ (3% 42 5 B 20T LUR A 5T BE
2%,
EIRBR AR RS AR AT HE SRR, U XS T R 2R 70 o ) TR E R
St F SNz BRI SRS AR RS, 7 (119 SR N
expla, (x — x,)] —exp[—a, (x — x;)]
= A+A4 , (1.120)
Y=g (x)|:  t ZCOSh[a3 (x_xO)] i|G2 (x)
KH G (x) =1-4,exp(§x) + 6, (x) =exp(,x) 73 A NI &5 VA5 sl 1R Ja DX A i
LIBHEREL A = yle(x)6, ()T 4| <1. 9 <0, 9, Ml ARERE.
BB T, ¢ (%)~ 1+ 6,(x)~1, A =~y,, W ERFEAEEZESHTE (1.19)
TN T —ANE P BT XS AR A 1 1) SO BRI w (x) TE X
Wa (x) =G (x)g2 (x) °
R, iR R ITREE AT R T

Y =5,

y=[1-4,exp(§x)][4, + Atanh[a(x — x,)]]exp(I,x) - (1.121)
A3 ) P R TE B A A I BE XA - TR RS, IR 43 A S8 A A ) 7 R X

v =[1-A4,exp(9x)][4, + Atanh[a(x—x,)]] » I, =0 (1.122)

v =[4, + Atanh[a(x - x,)]]exp($,x) » 4,=0- (1.123)

iR RETRE (11200 REH=AFER (1121 R~ (1.123) REExT B BRI 22
AR B R T AR A .

TESGR 7T, YT R A T I S A R LB %1 8, 797 A R I I R B R SR IZE 5
M T R A & M A IEM A, LA TR RN R IR — s o NEEW
&, MEHPEL T RE TR T (A T R R SRR, SRR i T R R
BN I GEA SRR I, R RE RS R b R B A HE AR S, 7 IR
FJE T & L A 7T AR, SRR, e EE A i BT A B R R R 5% 4 7 i,
1.5 N B AT 4 S R T ), A e B AL S 2 RE A LR L B P R Rk

129 WA AEFYUETENEENERERERENX

FIRTHE N Z, R ELR DB N WAL B & IE 7V, AT 5 R IR 5 )

TR B G A 3 R T IR B e A 3k R 1) P IR B A 2 5 v TR At — R Aoy T R
T BRI B J122 3 i RE A S0y RR AR e AL G 2 A sk Tis . Al
GRS NIEETE (1D SRS IEgtE sl e R R (LD REHEE %4
fif, oz —R1JE BB R NS SRR (1.19) RER, HAEHHA g ik
AR AR R AR (1.19) EA WFRAGRFE, ST 572 A R AR e e,
Al PR RE (1.19) KSR RME W SRR FR T2 (1.27) W~ (1.30) K, (1.32)
A& (1.33) RERA T LAZIHE; fmxdFR 772 i K505 R0 i /BN R, AL
T AR AR (R PR AR I 12 2 AR g 2% e T LI ALL AR 5

BN WOY TRE, REWIPHMNTIRE; 1L BTN N AZ I E S ik, ATLATE
A LB S ST RE I R RIS R, B A FE 2 I B A T A R R 4
fE, ThZE—0 5 B TR, BB AN, TEREET T2 T K T .
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1.2.10 BERMGERURFIETRE R B REX M EVI RSB K B REN
R eI
XU IEVIR B, JeHR X V)RR AOE N, — B R AR Ry Jr i
fIARL MR IS S
— ot X BARBIGEERE, HRA Z W BOP I R SIARRHE; AR L,
WHETTRE (1.19) 30, SR FIMASRHE TR I A RRIE SR y = f (x) W UL AR R 99
JE R IET) e

_ _ S exploygp (X — X, )] = exp[—a,g, (X —x;,)]
SX)=F(x)—4 + AZ:;ASA 1+ 2cosh[atg, (x =%, )] + A

(1.124)

KE f(x,,) WVIRBCTHT s hs: © v ANBREL 021, O2A>1: x,, Ny =f(x)
2k 2% 70 Boh b P AR bR, — B, S BOTIR AL, S AUR BIAE L ATARBR AL JR AR BR A1
BET:  Agy v Oga~ Oggp ~ Qsgp NETBIIZIEE REL A WRBCREIE s & .

Jite (11240 sCHUNBLREALH RPI AR @A TR, & T ENZEmEEERsE 4
Qygp # Oigp ~ A>3, b R R A=A 80, 1% R A HSAE B .

R, 2 R B 2 BOERE X I R AR BRI, FTHE R IR B otg, = gy ~
FEGE B Olyge = Olage » WITTHE (1.124) 0] fRTRE F s A E R H ) E

F(x) = f(x,,) + 4 explotg (X — Xy, )] = eXp[—Qyg, (X — Xy )]

2cosh[a,q, (x — x,,)]

+ (i Agp[1+ tanh[ o, (x — x0,)]]

A A exp[OC,S@(X—XQ@)]_GXP[_azse(x_XOG)]+}LS, (1.125)
© 786 2cosh[ e (X — Xy )]

KEO>3. O—1>A>2, ag N HHENBMEIARE: WsBR LT AR, o
BRI A A A A (e [ (i) s (s f (X)) ENEREL O2E>1: HRSEHK
SRR X, ~ 0.5[x0 + X ]s Ve =050 f () — f(ro)]s —MEHl, %40 B A
LR AE A BITESCRT AR A s SR BRI A s BRI, TR o, ~ g« TELEHE
Qo ~ Oy Mo — A B MRS R A ~ 0.

EITE (1.125) R, TR BATI A MRS R y = £(x) Bk MRIGE, TR
JETHR R y = f(x) HRROLREL, RIS A R BB y = £ (x) B et i 5 45
B 2 I B 45 B, 78 1 X I ISR K T S T R SR TR 1.32) 34 (1.33)
T LB HER I, (7 IN BRERAG B J% 25 o B AW 5 R AN AE 7 T 1 P HOE b

A4 1 SR FR MR — R B BEPE A FE B 3 MR PRI e, AR5 A
PHOTRE (1124) Rk (1125) REAFEATE, B g ARSI E S FiTE.

IR (1124) Rek (1.125) REVEE T TG FEARTEN — SR8 AL PR

ERBAL TR 4% DL S0 (L R A (P PEW B PERROR, WRIR 2 DR AL, 3%
PSS N T 3025 T8 T TR R AR, W B R T S e R A
PR A BT (1.124) REDTE (1.125) BOEBUNA: LR, ST
WA RO, R R RREE . SRR, ERITIE, AR
G PO AL

ELIRBAL TR O SO, TS ETRBLS, KW b A — B B b e ki
A RAE G MR, TRTFAARERR R — W B A R A, ELA R A S
SRR R, I BRI AT A A A TR, el L I A R R
WEHNELE TR, RASELRN. ZNE. RO, &R H1L.

SFEEE



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 38

AL, RIS BB A AN MR R A 1 B S 18 AR A PR YR DX B I A A
Je AT RIEAS AR, AR IR, R B 2RI R R &R, MR
5 R AL R R A T B G B, iRACSE AR R A2, HiE R i BATIE N
FFIE.

3k E AR T BRI, AR B SR U R B TGS BRI BRI R B IR R T R
Wiz & S AR FE R 401 20 B SRR 51 S 20 N Z R B RS R R AR AL
L S EEATE TR T RO 18 AN MRS IR R CRBRED &
RYVHLHRIE IS . EHCF O, Taylor 030} Fourier A FOURIXHIE I IR
R R IEEL RHE: T2 (1.124) ek (1.125) NFRRHE, WEA R
BB FRE, 1T — DU R — B BE R G AR T Taylor % a2 X, M
FAUT Fourier ZHHIFHIRBE ML, HBGEH T X R G 0 S B Sk
Hr a5 51

Jike (1.125) M HrARBEEL 0y, LT S8R ROy AR, B M DA B 2R
AR A, ORJE A T AT s T

T CL125) X, BUAE g B oD P i a0 B AT B i g O A AR RN
(Xoz = Axyz, (X2 =Axgz))  (Xgz + Axgz, [ (X2 +Axz)) s XXz — Xz >> Axz >0
WA RRLRE HIAlE B S5 B O s B AR T R 2030

S (g + Axgy) — f (g — Axy,) _ 1

Ax EA51[0‘151 +0] (1.126)
01
f(xOA + AxOAz)A_xf(xOA - Ax;,) = A, aq, » (1.127)
0A
Xyo + AXyg) — (X, — AX, 1
S( 00 oez)Axf( 00 00) :EAse[alse"'azs@]; (1.128)
00
BAERLIAR x << x,, [RHAVE kg, + 2B x >> x, [KHAVE kyy JTFR
k551 = _A51 [a]S] _a2S]] ’ exp[a]S] (x_xm )] <<1 (1.129)
kspo = Asol®iso = O] s €XP[—0y50 (X — Xpo )] << 1. (1.130)

AR, TRRAR T 4 B i R, BRI AR WSRO | i B A
e, 2t YO P T3S R T B

WUREH Y = f(x) SUHAR 27 R IR B, S5 BT IR, R 2k — IR RCHE T A A
PR, AT BRI Oy, ~ g, ~ TEAE T Cyge ~ Qs + HREEIEIRRE R A ~ 0,
MR (1.125) SREIF A R0 0 TE DTS

S(x) = fxy) — 4 +§:ASA[1+tanh[aSA(x_x0A)]] ) (1.131)

XHEHEAREO>1. O>A>1.

R (113D e RED, tFENREE, HIRAENRE (1125 RMEE TR, RE
TEMAN SRR B BT RE (1125 S EAATE .

X2, N TRE (1.125) s S H 7R (1.131) X% HE B R,
AT AR B 2R Atk BhmA £ AR R ERE . & R R A T

TEERRZIMZ T b, BB SO R HE 2 e B A0, RN TR EREE.
e, RS BMBEEEA R BARRAEGEN, (HIT BT P R R DA
HfREE ARG, Mg R P NEIE T .

HAAAMUGE B @ ), AR AR — I — & B B 30 87w 10 (R S 42
FEFANE, TEF5 TS 5 2 I E R0 28 R o 38T B ARG S5 O 1T B 1 R B0 B0 L /2 .
HAGREH, ARERZE, AREALRAIEME.

B/RZENE BIRTIR, TR NS .

N sk FAFR, Bl fEANE, Eidib.

o E SN, WIENEAN RSB, Lt Es.

128 WERC TS R AR, VR et 4 DeoRisabh i g, W7 R AT B N

A H ZEKEEGE, PTHRBEALE: TEMNHESER, GRS,
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1211 EWAEK L@ NETRES 8RR ERE R

TEVIRIB I . BB, RAIE BRI W KOR BRI N T S AR
X AR i

ALV R GG SIE SR 18, EWEATVEE RN, FOE RAEYREZ, 1%
WA LA E KRR AT ERE . (EERF) LEITER. Bl ERR kT IER (BT
R AT, H AR S AR A, IR b R (EER) &
A FRET, AUME b AR R A TR QEFRT), S IERLERL. 75 N SN SURE B
FEMMETT A8 A% P I R RS AR BT B IE TR . AR BT R E 3R R
SN PR TR . R — R A A B S R 5T R A R B S AR SR ABL, AL
R NEiE Yook ok RSk il N iewal NN 22t )i 1ok /R 11 0 - el 1IN 22t Vi WD i el 1 ) gt
RN S PR E I R . TR AR w1 oL, ARA h 1 IE B R s FIFE R R, B
[FIRZ RSl dR R B R 2 SRR AR, BIE RS

Bt —RAiG AAh, AT RERR TG OU T ISR MG AT S R RE AT, BT S TR
Fp Z A 2 A A B D e S i o

PEIEAL R AR R IR BRI OR B AEAE PR BB, AL 5 1A AR RE I B B SRR
(Darwin BEA6) EiBE I HIASABOE N H 5 5 WFERLE ORI ER E Vs L REIERT, R
UF RO AL RE T AEMIR B AL, SR RIS S T AR K

T B AR T EEI, BV MA ST BER . 15 B AT
A TSR, [FIREY S A e A PSS R o A AR R SRR, SR AIS 53
AT FR I AL -

s b, BRI R, — IR AR AR SRR, R NSRRIV IR R, A
HAEZRPERRAR Ry 5 —J7 DR A NSt BB 5, (H i T & A IR A, I A B A
MR . LR L, 2RISR, #A AR AR S NAE RV E T, /& E R A
IR MR R E. ik, SFREH TR AREERE SN, KA TR
I A1 SR AL M i ) S5 300 1) BRI S, K2 ELSON AT N IR — A S1E B T

VERERDE, —NWTFUIT AR A 18] R A 5 s ) R TR AR B At He P e
IR AR e 2 RIS R B e, S eI S B ZA i, LG R
FERE RN R I H2 S R AR AR VBT T, R nont e ek S sh R B R 2R A S 1R e A5 2R 3K,
(EUSY it SN PSS Sl Sl T N E R A o) T TRt 3R RS SL I Y GBS N WSl
TR o5, DA YIREVE L A RS B AT, # R AR SRR A . I8 iR
ERG, WM R RS K E Y RS, WD E IR AR U T 1A

— B, T AEYMA S A, KRR R BRI, R A MO AT Y,
AL XA, SO T B A L0 P R e S AR P R S, B s A R B A ]
REFL LR BL Ok, EMMNRNHE, BARSRE, ARAFREENE, R, EisiEs:, 2
PV N SR A, R R A 2 8] B A ) IR A e s B IOAR IR il i A R A A
JSERR L, R R U S SR ARSI A . e RGBERV MR P DAFE AR 55 IR
JE I ED A R 7y, BRAEE L B E Ak 22 sl AR E F5 A

NEA 2N BLGOE: E B AT Ha )b 22 U R 4 A 45 51T 61
RS 5 10 2% — 773 T SN R A5 B AN AT SRR A5 T A0 Ui N AT RE AL AE MR i ) SR Uit S

NERA 2R BRF GG 70, AR R FIEAG Y, A 5 KR HARA AN
o WO T NI R B BRSO AT I E R, SraRRIZ O RSN
A% H ¥ 5l 5 ¥ [ B 3 B 5 0 I HERS I W7 1 6 5 10 22 R FRATLIE ), I B o 8 35 K
S35 BB A EIRER P SR 22 B i A Rl 22 BRI RA7 Ao, L [ SO PR o B R A = P i 7
Bt P EANAAE AR RIS MG KL S (HAE R G sRE I, B Bea iR R
HBIECR, JEHRAERFEESININR BEAN NG, Hrh ST A e Foll oo B2 K fp sk
SAT HOALAT 1) 250 S5 28O A ) (45 0 0 B RPN 2 B 00 AT /KA 5 4 5 SE LR AR 3R
BOMA IR R BRI w108 B A A A AR PR BN B 22 SRS A T 1) R A 45 K
Ty, ARG I T AR Al B AN S E SEIUE R4, b T B U S I o o o B
IREEFFEELIE D BSR, GUiR IR IHIRBTH IS8 i 3l HoR e A SEBLIE A = 48 (K PAR K B
2, AR R A B B D B IR BB ERAS, Jerok 8 AR 1 1R R =t )
AR BURF L 5T R A AT LRI FIT R IC B, H S S AEBUR SRR a4 s BAG
BN, AR A B RS A L 58 42 R Z R RIE, B S B MURIAE B A (R il &A=
TERERAC L B VE M A, A 3T E Z R IR, Wy W AR N AT, B2
) b U R A, R B AR e A D T R, ATl e Sy S Ak
MEZLRMB G, B E Byt 2 &0 R A H bR S B Eh s A2l s
e ERGUARBIHER, TRANRCFRIY, SR SA, LT N LA TR .
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AEFEIX AN R B, A SEATEARML I RIZU A 2 R, IR 2R B3, (HE)E 5 LA
DRMCE 2y W BOME M E A B D ) TR B S Ao . R FR P EEEOR M
FIRTRENE, TR IR R R BE T DA OR R, B SRR AN R R S5 b A48 i 1) 5 e o
1, SRR e B ET 2 E T e XA R RS R B B ARy, T A e AR e
R RIS S B AP — A 2 B R R, B ) HOR R I e L 2 0 T
RNKME S AR, JEEERGein 7 RIS AR 5 38 R AR SR — i R L 1 S A i Bkt AR )
B2 I REUtE B2 /DRI 0, T ) ARRAS L1 55 8z 4 = BE AR R 2 4 A i H R 9
HARKARE b Geia 78 75 B IN L 75 BEIX S REAS R 2 4R 1 (1) SCHp S AR — PP B 25 P, 1X
72 0F B ZR SRR B 2 B AL TR B B SG 3 73~ R e 71 25 56

RO HUS A, BRI 3h 5 K SEHUTIE 401k e A8 LT R B RARK 2 ]
I, YRZE RARCEIABIRZ MR RES, SR EVIR N RAGE v Fr8i K 2 it X
AR E L@ RA AT SR e e it — B 5 RAUSE — B RIFR I dris, MR
A A BN N IF 2 596 [ K I R T Bk R e R BT fak, BE T =2
M ANE G IR AT FEIR T RHE, xS T, B2 BTSRRI 4k S
R EIMIER, FHGIS.

WAL, HENA. WERERS, BEEUERE, KA ST etEa N
55, RITGEKIETEN, WOCT 55 Sdr, @RoaEaier, mHRRZH AR EEaedme.

WA LD KRESERESL, A KA A e IO AR i, T B AR NS R A LA
HAnig N2, RN FARAS B2 PR B ST e el Je Pk, BB T 5 AN T RS 1
THERNEET . EERZINE L, T2 B EL . BRI AW MR K
BBt ARRYE 4877 8 IR sl It S AR AN, R 5 A A IR EEA BAE N Bl AT R 3.

BBt R, BT AR AR T 2R R B B AN, o0t S I 2218 K B
SSRGS, MAARKFEREMAE TR Y = (1) —REE (1125 ApE

exp[“]S] (t B Z‘01 )] B eXp[—OKZS] (t B Z‘01 )]
= + A4

F©)= flty)+ 4 reohla (1)

+ (ii Agp[1+ tanh[ e, (2 —1,,)]]

eXp[Ot]SG (t B t()@)] B exp[_azs@) (t - to@)]
+Aso + Aso 2coshloe (o)) +Ag,  (1.132)
Ry = f(t) MAEMAERKSHEE GEINEASE. WRAERE, OvEMERKE, 1. H
B A B b4 A B PRI ]
FIRE, BZTTHE y = f(¢) BIEBTBOR A N SURXSFROTHE (1.32) K. (1.33) TR
BONKSHE A 20 1 .
SONTEE Y, AR K& TR AE A BB A REOTRE (1.132) R4 E
it 1E 1) bR BRI T 50

f(t) :f(t01)_A51 +§:ASA[1+tanh[as/\(t_to/\)]] ° (1.133)

WHETTRE (1.132) 30, WTRARHEWA KN —FrBod B2 2 by Bod 8 7 LS Mk find s
X =B ROS RE, SARHAE AR IR L B S S AR AR T R N B 1-5 PR

A RS T R 2

| — e

t

Bl 1-56 &M KB H %7 E &R

Fig. 1-5 Curve figure of of tendency equation of biological growth process
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K 1-5 Pt B 2R 70 B Acka 3 b LI e ) ORI 2R AR AE, B3 MEARAE R4 35 R 5
BBt i A fE, Bk RSP IG AR R S A A B A AR

e, RV R T AERE RO R AR T 4G, SRR EE, RIS R I R 2
fE, BT — B B i S SO AR i 7

SR TE AL STV U B R T IR AL I B B e . TP . Pk . DR SR A R L AR B
FHAE R A, SRR R R ) R BR B, B A S KRR SR

TR 25 AR IR T A 10 R ) e LA /NS 2 T 1) Je T e %

TE AR AL AN R R AR 4 2T L, B =AM R B AR e R JE L, B R
AR RS E N BANR B X = ANMERE JFE N TR AN LA E SRE G 3 A0 g M LEE A
fash B S5 R .

VIFAFAE RN . PIIR R G e A e SRR He R i FE e, A0 i A2 o <7 1E

RSEA e VIR R GAEA B 3 2 s R % b LRE A b e Rtk AT Ak, %2
T RS B A A N AR RS B 5 PR M GE R SE R, A e 2 b R B e

HANEH: YR ARG AAERE SRR B ATRE T AL, FANTRE 7 S5 B & H.

KEANFEN], BEiESR, BIRYIR RS SIS, ARSI I 3 22 BT %%
MEFA AL, HAREIRES 5B R KPR B AR

B = JEMI5 SRR . 322 R 2 R S B A SR IR e AL P IRR R RTT 5 B A
AT HALSRE. BROER, YR RS SRS WAEEHEDR. i, SE=A
75 T8 P S SR AE

HAKIEMRAEERN, VIR RG0SR S EYIR RS RS ol i, st
LA S SRS L RE T, H IR 25 R A FE AN H BRI Bh 75 A% .

IR B, RYE— U AR — Fh 3 2 sl R b LBE AR b e B Rk AT 314k
XRHE A ZE IR R TR AL, ABRUFIER A ESEE, BARDT 100%, HIEE
IARETE AL, EEAN RN N I R IR ML .

IR EANEIE, MR e R, WEEN TGRSR EYE, HEs
BTEM “BEL A, BT WgaEn, REEZ” MR kX b, bl
SRR AN O N AZES 4 A, AR, AN CESEEE); k. LB s
R, BAREIETREEmE, WA,

HUB AL 22 G BB BN BE L HaAE), 72458 B FE A IR 22 (R HE WL Carnot 1
INERAE), W% CFRER) rPR R 22, 8 Wik 28 0 ) R 5 A8 A 2 3k J T O AE s 48R =2 05 )
Hi, FERSRE LR 0 X ST AL FE 2 AR 5 11 38 5 R e R

FYD B AEAE RN | CIRAS TR AL B % T AN LR R T IR, Wi RS E 515 s EAEF,
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- %%7\1— ER g&(from website of nature.ac.cn)
Fig. 1-6 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 nndc.bnl.gov or en.wikipedia.org)
— curve of tendency equation(from website of nature.ac.cn)
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Fig.1-7 Comparison result figure between the curve of tendency equation Z(N) and the experimental
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Fig.1-8 Comparison result figure between the curve of tendency equations Z(N) and the experimental
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Fig.1-10 Comparison result figure between the curve of tendency equations Z(N) and the experimental
distribution data points of the stable nuclides
m point of stable nuclide data
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KEb,, NEST AL, v, X, AEEEE: f, NEIRESER, f, =T,", T, A%
PPN A
BRI, AR (11500 K% (1152 R, YT, =4, f, =T,'=025, b, =1, x,,=0
I, AT ERS HAE R LS SR S B R ey MeV) S THL A Z IR R HRILY
(ERZ N
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N 2b, cosh[a,, (A4, —1)]
A 03 N
KED v ag s g O~ 7, NRFEEE, b, NEFH LR
B a R (1153 X, MERERRE TR Ey MeV) T1EN
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2b, cosh[a; (A4 —1)]

1+exp[-7,, (Ay —1)]cos’(0.2574,)]» (1.153)

1+ exp[—7,, (Ay —1)]cos’ (0.2574y )] -

(1.154)

FFE (1.153) X (1.154) XEHHE A #E, F-47 T H A7 B Weizsicker W0 A8 (S RE
KIMAEE. Coulomb HE. XIHFREE. #FHAEE) . Strutinsky 7efBIERE. TR R IEIERE S AH I 2 1
TR, BTMERTTE: HREPRFETRRED w Ay~ Op~ Oy~ 7, T Z40UE,
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B35 (1.153) 30, (1.154) AAEH D, = 11500 T EAIE 70508
exp[0.0398(4, —1)]—exp[—0.54(4 —1)]

£y =9.35
b 2¢cosh[0.04071( Ay —1)]

[1+exp[-0.15(A4y —1)]cos’(0.2574, )] ;

(1.155)

exp[0.0398(4, —1)]—exp[—0.54(4, —1)] [1+ exp[=0.15(A, — 1)]cos>(0.2574. )]

E, =9.354
b b 2¢cosh[0.04071( Ay —1)]

(1.156)
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Fig. 1-11 Local curve figure of the unilateral refinement extended tendency equation of average
binding energy per nucleon (or specific binding energy) of stable nuclide
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Fig. 1-12 Curve figure of the unilateral refinement extended tendency equation of average binding
energy per nucleon (or specific binding energy) of stable nuclide
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Fig. 1-13 Curve figure of unilateral refinement extended tendency equation of stable nuclear binding energy
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Fig. 1-14 Prospective curve and its theoretical maximum position figure of unilateral extended tendency
equation of the nuclear binding energy
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(LSIZ= WA

exp[0.041( A4, —1)]—exp[-0.52(A4, —1)]
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(1.157)
041(4, —1)]- exp[-0.52(A4, 1
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2cosh[0.04191(A4, —1)]
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R AR R (1.157) B TFH A M 1 3] 90 (R R 1-15 FoRs Ay M 1
2275 Byt B 1-16 fras,  J7 R s 1) AR X 12 228 0.9763

& 10.0

8.0 |

6.0 [

s data of average binding energy per nucleon

curve of refine extended tendency equation

Ay 0 25 50 75 100

F1-15 REZRE e ELmNERES TR BHE LA
Fig. 1-15 Local curve figure of the unilateral refinement extended tendency equation of average
binding energy per nucleon (or specific binding energy) of stable nuclide
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Fig. 1-16 Curve figure of the unilateral refinement extended tendency equation of average binding
energy per nucleon (or specific binding energy) of stable nuclide
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Fig. 1-17 Curve figure of unilateral refinement extended tendency equation of stable nuclear binding energy
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Fig. 1-18 Prospective curve and its theoretical maximum position figure of unilateral extended tendency
equation of the nuclear binding energy
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b, =b,, A, +1 (1.159)
i, R (1.153) Nk (1.154) 33

=b exp[aOI(AN —1)]—6Xp[—0(02 (AN _1)]
N 2k, Ay +1)coshlo, (A —1)]
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N — Y04IN
2(b, Ay +1)cosh[e, (4y —1)]
KH Db, AFFE R
HARE (1.160) R (1.16D) R, ZE 5 (1.157) bz, B EEELY
BT RE A5 A e R I BRI R X SR I AL 5 RE 4 ) o
B exp[0.041( A4y, —1)]—exp[-0.52(4y —1)]
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[1+exp[-y, (4 —1]cos*(0.2574,)]:  (1.160)

[1+exp[~7,, (4y —1)]cos’(0.2574,)] s (1.161)
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exp[0.041(4, —1)]—exp[~0.52(4y —1)]

By =9.344 1+ exp[—0.15( 4y, —1)]cos>(0.2574,, )] -

N N 2(0.0014y, +1)cosh[0.041(A, —1)] [ pl (A —D] ( )]
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oy > 60) > oI (1.164)
0.0014, +1

By (4 > 60) = 0 (1.165)

700014, +1
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Fig. 1-19 Local curve figure of the unilateral refinement extended tendency equation of average
binding energy per nucleon (or specific binding energy) of stable nuclide(when b,#1)
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Fig. 1-20 Curve figure of the unilateral refinement extended tendency equation of average binding
energy per nucleon (or specific binding energy) of stable nuclide(when b,#1)
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Fig. 1-21 Curve figure of unilateral refinement extended tendency equation of stable nuclear
binding energy(when ba#1)
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Fig. 1-22 Prospective curve figure of unilateral extended tendency equation of the nuclear binding
energy(when ba#1 and 1<4y<2000 )
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Fig. 1-23 Prospective curve figure of unilateral extended tendency equation of the nuclear binding
energy(when ba#1 and 1<A4y<9000 )
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Fig. 1-24 Curve figure of simplified tendency equation of abundances data of elements in Solar System
(when T,=11)
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Fig. 1-25 Curve figure of refinement equation of abundances data of elements in Solar System
(when T,,=11 and T,z=76)
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Fig. 1-26 Curve figure of refinement equation of abundances data of elements in the Solar System
(when TAWZI 1, TrfL:76 and Trf31:4)
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Fig.1-27 Curve figure of double refinement equation of abundances data of elements in the Solar System
(when T\ =14, T,n=76 and Tis=4)
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Fig. 1-28 Curve figure of simplified tendency equation of abundances data of elements in Solar System
(when T,,=6)
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Fig. 1-29 Curve figure of refinement equation of abundances data of elements in Solar System
(when T,,=6 and T,;=28)
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Fig. 1-30 Curve figure of refinement equation of abundances data of elements in the Solar System
(when T,,=6, T77=28 and T7=2)

MRS RE D, WKAMT, ,, =28 KEAMT, =2 AT B, TRAHR 43
KIH R ICE TR — M B N
A, =[13.3exp(—0.026Z) —2.8][1 —exp(—=0.045Z) cos’[6 ' 7(Z — 4)]]
+[0.5+exp(-0.062)][cos[14" 7(Z —26)]+cos(nZ)] (1.177
FHE (1177 R E5EHR 2 RIAE I R E 0N 0.9339, il 1-31 fros.

12.0
Aselog B oo H o solar-systemabundances data of
9.0 [ Si Fe elements
. ¥ ¥ curve of double refinement formof
6.0 [ " equation(6, 28,2)
3.0
0.0 |
-3.0
Z 0 20 40 60 80 100

Bl 1-31 AMMRATEFE RN _—EAMHRERE (1,26, Tmm=28, Tms=2)

Fig.1-31 Curve figure of double refinement equation of abundances data of elements in the Solar System
(when T,,=6, T7z=28 and T7=2)

FIRRT KR ITER F T A AT T S TG 7 A2, 38 AT AH B ) b7
R LIAR T, 40T B AR SRR, AR B A SR IE S AR LT A&
LR, AERERRBHRETEMLS GG I, Frgh IR E M LR, iR
ANRRFHICREFERIFE. Jo 3R ST R IR i LR AS% .

1.2.17 E&F BRI IE V)5 74 B A Bt th 28

WFHESRE Y = f(x), EH— PR P(x), WHiEH—E 400 M e E
Wt 2 5 FE R

y = f(P(x)): (1.178)
MR P(x) FUERUE A By iE, AR y = f(x) 756 FBAYERUE f(F) -
Wﬁ%ﬁﬁﬁ(umk(Lw):ﬁ,%ﬁﬁ%#@@ﬂﬁﬁﬂﬁﬁi&%%%ﬁﬁ%ﬁﬁ
2T

Y=yt

Aexp[alP(x)]—exp[—azP(x)] , (1.179)
2cosh[a; P(x)]
KHA. yo« a~ a,~ o NFEEEE,
XTI (1179 A, EWBR T max[abs[ a, P(x), o, P(x), a,P(x)]] << 1 if, HIE
AR
PR (Y, 65) 0% 65)
P I+ o P(0)]+ [1-ay P(x)]

:yO"'%A(O‘]"'Olz)P(X)o (1.180)
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] S ty,  HUE R P(x) N =M RE P(x) = sin[ f(x —x,)], W77 (1.179) A
y=y0+Aenmnﬂﬂi@%ﬁ&ﬂj@mkazmﬂﬂ&—xﬁﬂ, CL1sD)
cosh[e, sin[ B(x —x,)]]

X x, fAFFEREE: 24 P(x) AN, AR y(sin[ (x —x,)]=0) =y, -

NG HITE (1181 XfEx, =0, y,=0. A4=1.0. B =020 15 F M th 2k
KR,

IEARMEZEHZ (o, =a, =a; =0.16), K#FEFFE (1.174) L, FE (1181 Al fH
tH

y = tanh[0.16sin[0.2x]] ~ 0.16sin[0.2x] ; (1.182)
JrRE MR anEl 1-32 B

EEY R B IEY) 75 A2 I AL 15235 ih £
0.20

0.15

0.10

0.05 T

0.00 i i * * * * * d d

—0.05 & 10 20 40 50 60, 70 90 100
-0.10

-0.15

-0.20 | ‘ —— TR IEBZ Yk Hh £k ‘

-0.25
Bl 1-32 a9 BRI dh iE 777 12 A i 89 000 1F 5% 9% e 4 1]
Fig. 1-32 Curve figure of an approximate sine wave generated by the compound-extended
hyperbolic tangent equation

EARTHE I (o, =a, =a, =18.0); 7 (1.181) Fifkh
y =tanh[18.0sin[0.2x]] 5 (1.183)
JiRE I Ze A 1-33 fras.

a4 AU 1L 9) 75 R A A ALy i h £

1.50

1.00
0. 50 ’
0. 00 | | | . | | | | |
10 . 20 30 40 50 60 70 80 90 1

-0. 50

-1.00

| —Er |

-1.50

Bl 1-33 B&4 BA N dh iE 5] 7 2 A pk o 010 77 % dh 2 ]
Fig. 1-33 Curve figure of an approximate square wave generated by the compound-extended hyperbolic
tangent equation

ML (o, =160+ a, =17.0. o, =18.0), I 1-34 Fir:

EEY R R 1005 e A RO 8 fl 2

1.00

o L N N N N
10 20 30 40 50 60 70 80 90 1

-0.50

-1.00

B 1-34 Z A4 BB R b IE 77 22 A A R o

Fig. 1-34 Curve figure of an upper and lower both concave wave generated by the compound-extended
hyperbolic tangent equation
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WL (o, =18.5. a, =18.3. a, =18.0), Ikl 1-35 fix:

AV RN 1T 757 R AR B0 3 26

2.00

1.50 |
1.00
0.50
) 10 20 30| 40 50 60 70 80 90 1

0.00

-0. 50

-1.00

o
Bl 1-35 & &9 &AM i IF 7 77 A2 A ik o9 3 o o £ 1]

Fig. 1-35 Curve figure of an upper and lower both convex wave generated by the compound-extended
hyperbolic tangent equation

MR (o, =172 a, =183, a, =18.0), WK 1-36 fiun:
AT B IE V) 75 R A B B 19T o 98 i ¢
1.00
0.50 M M M [\
0.00 : : g g : : : : :
10 20 30 40 50 60 70 80 90 1

-0.50

-1.00

-1.50

| — EmFmE |

-2.00

Bl 1-36 & &9 B M i IF 777 22 & iy £ 10T o oy 4 A
Fig. 1-36 Curve figure of an upper concave with lower convex wave generated by the
compound-extended hyperbolic tangent equation

B RMg L (a, =184, a,=172. a,=18.0), WF 1-37 fix:

S A0 1 )5 AR A R BT M1 2%
2.00
1.50 |
1. 00
0.50
0.00 . . . . . . . . .
o | 10 N 10 M 70 M 100
-1.00
| — b Fms s |
-1.50

Bl 1-37 &9 B i IF U777 22 & R iy 20T K i 4 A
Fig. 1-37 Curve figure of an upper convex with lower concave wave generated by the
compound-extended hyperbolic tangent equation

ST (1124 K, KR (1.178) RFRAY RALE S g
@ —_— —_— —_— —_—
y22|:yOA+AwA explot; P(x — x5 )] —exp[—a, 4 P(x xOA)]j| ’ (1.184)
e 2coshlas,, , P(x—x,,)]
KEHO. ANBRE, 021, O>A>1; P(x—x,,) NERFEREL X, ~ Vor~ Ay
Qgp~ Olggp ~ Olyyn AT I AU A ST 1) i 20T 25 2R 8
W P(x—x,,)=sin[ B, (x=x,,)], X5 L, ANFEFE: WIITE (1.184) XN
X0ty SN[ B (6 = %y )]] = expl=aty, , SN[, (x —xmn} O
2coshla;,, , sin[ B, (x — X,,)]]

(€]

y= |:yOA + A,

A=l

(1.185)
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‘F@‘é&ﬁﬁ%lﬂz‘f (1185) ﬁ?i@:z ’ XO] :0\ on :10 ’ yO] :y02 :01 AW] :1.0\

A, =03, o, =0y, =18.0, “EIFLLMN8E FECS TCHEIN, MRS ih
%o
Mo, =0,,=185, a.,=a,,=175, ,=02. B, =076, HHE (1.185

OGN 72 B B M 2 & 1-38 frass MR I A IVEARRAE,  HoHe B Frik

AV A IE V)5 REAE ) — BB it £ (B toN T/ 2)
2.00

éﬁéé AT
I G I

150 — CBHROE IR/ 2M R |

(=]

-2.00

B 1-38 22 RANME A BAERMAEUAFER T/20 K& mdr & E
Fig. 1-38 Superimposed curve figure when the frequency ratio is a rational number 7/2 of two waves generated
by the compound-extended hyperbolic tangent equation

Mo, =a,,=175, a,,=a,,=185, =03, B,=0.70, i (1.185
AL 7/3 1) ZRZ i 2 &l 1-39 s dhZ s SR MVERAAE, EXRRMENE k.

AV RO IE V)7 FEAE R B in il 2 (R o T/3)
1.50
1.00
MM MM
0. 00

VRV R YL

200 | — ROV /3R R |

(=]

-2.50

Bl 1-39 Za9 RER dhE 177 8 &£ REGME WA HEL T/3 =K & o & B
Fig. 1-39 Superimposed curve figure when the frequency ratio is a rational number 7/3 of two waves generated
by the compound-extended hyperbolic tangent equation

Mo, =a,, =160, a,,=a,,=17.0, f,=03. B, =037 i, HHk (1.185)
AL AT (0B IR 1-40 P B2 2 I Hh o P LA

AV AU 1 V)75 REAE B — B B N 2k (I L S qrt (7))
0. 80
o MM MM MM
0.00 ¥ I
-0.80

-1.20 — I L RS gt (7) I A B A 2 |

=a

-1. 60

H 140 845 BAN drE 4712 £ KRR TEHK 77 8 Z R & v i &

Fig. 1-40 Superimposed curve figure when the frequency ratio is an irrational number 7" of two waves
generated by the compound-extended hyperbolic tangent equation
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2 Ao ) F T AR FE M R e

N 27 BRAE 2 (R AU 2R SO R FE %%, R tEsh 15 g (1. Xpehs B3
FHZS I A E Newton B /)4 M B —INHAI 7 FE. RLC SR EHL IR P s B —IH ) 5 R g =0, 3
X 1E U R B IR Be i N TR S8 AR T ST, 8 ARk RE I SUE B A AR
AP ENAFAE . B R A& M B, AR PR AR sl i AR (21 2 oy R VS,
SRR E A N B AN S, EREREE S A N PN .

BREHE, 7ETA MM BI7ERGRA 0 arHe R I 0 L. A
HATZHREENE, EIMEER BRI — RS X Ry, A E TR 55
MARIZMBME R, RN ES.

TR R (1D R, A BAFERMERHME A T AR fERE, Hhd
FEEEM P A OIS T RO SO AR R LR R oA 5 IR A
EENFRE SR . Planck f 7 FEMIAIR X (A& APE R EE . U3l M 28 75 7R 5 1E A () i )%
AT X IR IREAE 00 FE BRI — Fh s M 20 P i A 2. E X R s A AT
MY GDP BMEXRFIE. EERLEHMENFRNES AT 5 A O o &R 7 F25% 7 TH
RESS

2.1 EEAFENIEERMM Y FIERREZ S Newton S1HFHTES RLC BEAIEAE

HEREM (BEBREFR. BEEFHREMTHME REFEER)

e mE (1.1 R

d d?
w, d_i:"'wz de; +&E + &Y +§2y2 +§3y3 =W
R M Newton 2l J)2200 8% y —WF ] ¢ 5 F2 RLC Hf BEHL S A s fur &8 Q — W 18] ¢ 5 RE T e

RN

2

%i%+%ilwmﬁw+%f+&f=%y (2.1)
dt dt
d’0 do 1

l@:ﬂ;"FRw57+JLE+Ei£2+A%Q2+(%Q3=l@E; (2.2)

FEITRE 2.0 Kfmy < pg kg RIABURBTE . A R AU RS, F A
TEF 1008 X B by 58 SN BRI R, B AIEMERT, B[ mkgs > ny g, &€ X
NARLRMERIR RE, ny B N[ m 'kgs ], g BN N[mkgs 1. TEg, =0 1EM T, Hin, <0
B (2.1 ORI E AT FE TR, Yn, > OB 9l AR AR 7, Yn, =08 (2.
EP AL N BV 2 i Newton 3 J1 #0608 y —ifTH] ¢ 7R
2
moccll—tg;+yoccll—f+koy:FEE—bIE; (2.3)

IR (22) Kt Ly Ry Cyornlyd Bk b it Bk fl . PR . WMl O Ak
LIRS AT, Uy AHRERIEEURE: X B U € OB BB R A, FTHE
W[ m’kgsA'], HEAREEG GBI RME 7> WSRIERT, 78 B 12/ 3UR iR EE
N7 A R R BH RS BB B0 s ) [ A RRAE IR B SO SR T R AR O A T,
Statransor”, L7 REEFFSH “S, —F7, SREETEUGHN

Us=Up:
Ny~ G, SRS To i FRFE I, H B B W m s B e T, A2 R v A AT PR
T 2%, BA S 5HIEH IR TAA S R Ny B N[ m’kgs A~ ], & XUEAE
M eE RN “HAFufE, BRHEAFRS, Nonlinstor”, SCFMEIEMFS AN “N, —dF—7, b
HETFRUGHN

U, =N,0; (2.4)



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 68

G, BN N[ m’kgs A, & LULARLMETTH A F O “ BBoor, B EEE, Geomsentor”,
NERERA SN “G, =7, uiETEU, A

U,=G,0; (2.5)
Jifd (2.2) BIN RLCNG H: 1k HL % o B ff 5 Q — I R) ¢ T2

ML,=0. G, =0/, HfE (22) XFEHAHEAITLHS 5 RCN 5 By f2

dQ
04, +FOQ+NOQ =Ug —Upg» (2.6)

RN — AT N
2
d_Q+% Q+ 1 +L[UIE_UEE]_;2:O; 2.7
dr Ro ZCONO R0 4R0Co No
FOTTE Uy, — Uy Do BN ELHE4A U185 v 00 6 B 20 R
Oho + Ao tan[ag (1 =1,0)], EqpVao > 0, g =/E0Vaos Ao = —CtoEon
0=10,0+ AQ tanh[aQ (= tno)]s éQZVQO <0, Oq =4/~ éQZVQO ) AQ = aQéé; (2.8)

-1 -1
0.0 +§Q2[t+vQC] » Voo =0

Ko v FHEE G Bt
T’fEh_lL' 5 mo éQZ A VQO ﬁ%u?‘j
1 N, 1 1
=, =—, V :—U —U —_—— (29)
QmO 2CONO §Q2 RO Qo0 RO[ 1IE EE] 4R0C§NO

BAEMRIH = RAEHRQ 5t REN Ot=t,)=0, -
ST AR R (2.4) R, H AT R A R R R
Uy =N,0’

1
—[NOQ]Q—C—Q’ (2.10)

N1

dU,
do

1
=[2N,QldQ = c

N2

K Cyy v Cop WHHAFETTAF S R AR IE

1 1
Cyy=——, Cp, =—, (2.12)
NI OQ N2 2NOQ

HBE FEAS IO, R B G A L ) rE R 2 8, SO g B AU e A ELBE AR

HAF O S RO S R B, TR O] RO R b, an S s S 2 FLE TR 1h
A O, AR A R AT B R e . Wik, MO SR s B 20T
N> SRR I SE I A7 e i Rl R A B AR B 2 S AR B A 1) FE R AR R T ]

RHE TS (2.6) &, RCN %H%%E%ﬂﬁ%iﬁm HLff P XU IE D) 2k, B7E RCN Hf Bk
P P PR 25 A PR R B U TR XU TE D) T R A

U.=C,'0

=Cy' O +Cy ' Ag tanh[a g (1 —1,,)] : (2.13)

ALY (RAR) EREE T KL RaE RS «—— 7 B
RAES TR AR SRR TR (2.6) TR (2.8) 20O IF D6 B
LA A PERRIL

dU, =

do : (2.11)
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MN,=0. G, =0nf, Jife (2.2) KA CMA I RLC BB E QO —
IS T ¢ TR 3

£o do 1
LOF'FROE'FFOQ:UEE—UIEo (2.14)

SFIR 2D R, S, =0, k=0, g, =00, HEFEHARLED SR

d2
mod—tg;+noy2:FEE—bIE; (2.15)

WM my o ny by Fo SNERN, B LR R IR

1 (dyY 1
—my| —— | +=nyy =[Fg —bply+¢; > (2.16)
dt 3
XH @ NBERRFE T R,
JifE (216) NfEn, #0. Fop =by« ¢y = 0BT AR T, AIEaE y o
FEu, « IEFE g, MR8 —Rei SO@ AR AN

dy d*y du
:01 u :_:0’ = = L=
Y "odt SRR PR
:—LOZ’ unzlz—mos, n_ 36—m04; (217)
nylt+1t,] nylt+1t,] nlt+1,]

Ahu, <<c, c NAZIOLHE, 1 NRER R, LS. B EEA R,
FIREXSTO5RE (2.2) 30, NI RS FAF TR LN S B R R sy T R

2
Locil_tZQ+UIE+N0Q2 =Up s (2.18)
WU, — U, NEE, B4 EE g
1 (doY 1
ELO(d_?] +§N°Q3 =[Uee ~Ur 1O + o » (2.19)

R gop MR MIEN, 20, Uy =Upg + gop = O It BARA TR O — 1] £ 7
. HIUE L, — I TR
6L d 121

0= _No[t+(;QO]2 = d? - No[t+;)QO]3 ; (2.20)
S £ ) 520

AR (2.2) REINRAETELE, BRI (2.4) R, MM N,
N, IR, AR I B LR U, 7R

Uy, =N, 0% +N,,0°

_IN, +N02]Q2: (2.21)
HAE A HAT T ER IO 1 5 AR N gy 9
Noss = UN2Q_2
SN, +N, . (2.22)

M A RAETOE Ny« Ny, FEER, 148 (2.4) G H W2 Q. O, T alh
le = N(;llUN ’ sz = No_leN H (2.23)



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 70

A IR — A7 T I B R U T2
Uy = Nyps [0, + 0,1
= Nyps[Ngf + Nod £ 24 N/ Nod U, (2.24)
e Nops 9 FAETCHIF R (1 R L AE A s A
1
No' +No £2/Ng/ N,
NoNo,
TN, + N, + 2Ny Ny
— i, MER R IR AT TR O, . O, NS, T AR
1
Nyl + No + 24Ny N,
NoNo,
TN, + N, + 2Ny Ny
YENHIA DTG, X T oo, IO AR EIE
0 =Q,cos[2nf t+6,],
KEQ, . f, =Ts R0, 550 O WS RS BRIR . SR WAL, T, AR
JA: A5 AR TOAR I A B o MOBIEA BB U o 770N

1 n(doY
INeﬁ_\/EJO (E) dt

1 N 2r1_
_JEL (27,0, [1 = cos[ 4yt +20, 11d

NOPZ =

(2.25)

NOPZ =

(2.26)

=27,0, (2.27)

— L (7 2792
Uen —\/TNL [N, QT dr
:\/ 4; LTN[N(?Qé‘][l-5+2cos[4af0t+290]+0.5cos[8;y1)t+4eo]]dt
N

=0.25\6N,0? ; (2.28)
WA AT T BRI Z A
UNefY — \/gNOQO ;

ZN: (2.29)
INef‘f 477;)
PAS AT V—A R & Uy — 1 T “&W%%PN\ fifi A7 FLRE W 433l
1 (du.Y do
I2 = N 2—, W, = N 3, (2.30)
N 4NOUN( ds ] @ ©

HI TR R A T A AR [%i_\ ’}Eiﬁﬁa‘éﬂ%%ﬁiﬁ@f@;fﬁ, HAZ5M8EE
L LT AR R RFALL o

YERWIEERSE, X F05fE (1D 3, H5E RLC JFEEREE R U — i ¢ Rk Ty
FE—FE IR AN

C d—U+—J.Udt+IIE+ ! U+DU*+DU* =1 (2.31)

de R,
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SRy
d2(2]+LdU+dIIE +LU+quU2+KcuU3 :ﬁ;
de R, dt dt L, dt
KL Ry C,4MM BB R PR, MM, U ONIFBREE, [,
N HIRIEER R L VBRI E ORI, R T RIREN[A ] SRR, TR

I =1,: (2.33)
Dy« Dy« K.« K, 5 SOSEIEEAIRHE: 30 D, o D, fHRaIEU,, « Uy,
S Ly« Ly, SR O+ Oy, 07F

) 1

G, (2.32)

=—]
Dsq Dsq
DSq
d
:L@, (2.34)
DSq d¢
1
U];cu :D_IDcu
__ 1 dO (2.35)
D, dt
D, . D, BAWBILIS LR D, e RN m kg A%, & LA “

il 76 fF, Deepcontror”; D e RN N[ m kg s’At], & X H LN AT,
Deepbalanor”,
Ko~ K, offimt s U ~ Uy SH g Lo SRR Oy~ Oxen MITFET
N
1 dI

2 —_—

ke T x4y

sq

1 d° 0y,
_ ng , (2.36)
K, dt

sq
3 L dchu

Kcu_K dt

cu

1 2
:—%; (2.37)
K, dt

K« K, BARBTRAS R K, oFRAA0m kg 7s’A’ ], € LILTTiF2 R
N “HISEIUME, Keepstor”s K TGHFEAN[m kg s* A ], UInH SRR “ BRUGH,
Deepaccumor”,

EHA, GINELMTTF D, D, v K+ K, U RER PRI, oA
IR R

FHE (2310, (2.32) =R 8 BAA JE 26201 RLCDD Bt RLCKK FFEEHL %
H e R U — A ¢ 5 R .

%D,=0. D,=0, K ,=0. K, =017 (23D, (2.32) RPN M
2 RLC FRIBE LS B R U — 1] £ 7 R X

2

CO%+RLO‘Z—IZ+LLOU:%[1EE—IIE]O (2.38)

FE (215, A7) xS TR R (2310, (2.32) =AW IEL M R A
HAE 5 SHamE L.

Ksq
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FIRFEFHE TR (2.1). (22). (231D, (2.32) WRFTSIAKFYESE: sh/%h
H RS R AL by, « ARLRHERIR R En, . g, BEISFPEBIRESEROEU [ X3E
IRMEMBRAFETCIE Ny« Gy Dy« Dy« K« K, » BRETHRWHETRM, EFkn e
KRR IR EER b« Uy [ ITEAMEBIER, ngv g« Ny Gyv Dy
D, . K . K, &AW ELEEKIREME: KPS0 AMALG RS, S8R~

cu sq
BHE . DEASHENTENE LB 5h R, iSSP RN A0 T LoAh
FSEE . MEERIZ, WEATCHIM I FE R A RIEERE RS, 2
HERR T,

T HRE (2.0, (2.2), (231), (2.32) YU, BIASEEBAELM:3) ) 10 S S 4R 4k
EpTRCs

. d’> x . .
Ji — J3 — Ja
W) = G g e T e ot (2.39)
. d2 Q0 .
Ji — J — Ja
Usiiin = Naaijim T Utinin) = Nop 0@ 5 (2.40)

RN IR BRI G — e M s e, XS, >0, j,20. j;>0. j, 20,
Mg iy ™ Mot IR BARR MBI 12 S5 Fy F, NIF AR SR

(j1.72) (j3./4)
Nrd(jl ’jz) Al Nrp(h,]A)yngﬁ:fl%{E{E’ UTd(j] Jz) N Urp(]ph)yﬂj'l:ﬁ:%}i%fﬂo

HEBBT R, T REIN A T, M, =1.0. Jj, = 0.5 R R Q)
0 =Q,[1+cos[2nf it +6,]]
i, MRS RE LB Z, .05 N

N
P(1.0.03) (2.41)

VA ="
1p(1.0,05) ﬁﬂfm@

LRGP0 M Faraday [ LB JRR R 58 19 3 ) 2610 31 Maxwell A7 A% FRLIAR B A AL B T R
AR T e th b g B Bl e —ERE R S B M TR . L A AR,
Y 4 R0 R R 2 B e I e G R TTARMRAITAE )T U Newton 3l )23t L,
RN DR R AR AR S5 SRR EAT AR 3L, R AE R BRI M < K 2R U 1 o IR
& Noether & HL A B84

— R JT AR RESE Blackett RAKRIFITARIE, RV RE R AARME R W e I 5 o (1 g
SR ) S EEYIMIS, RN 51NN SRR Aa TR 18 P 5 25 T 7] ) SHe ot P SR pd R
Fvess s B SIS TR, SR W R G, 2B S LR 7 [ R AT AT M BT R
Jrla); FRIAE A L H R Rea8R it B B[ CIR AR Y

1C = z,,, m"kg™s™ , (2.42)
XHn v onyy ng NEFESEEG 2y NEENFFEREL 2 Maxwell L HE 5 Newton 3
D15 AR 2 T (e i A

FEREZ I, 1SR S AR T IR R R AR R TR, BRI AS 3t E: Horp
Ty 7 IR T IR A I R ) RIS 5= B AR, T AH R AR 23 T R 25t T B B
(TR AR ER) ST (BB @ tk, Wb JEA. sPIE, MR T — N BhAS TR0 R SR
Be, MBS SLEBUR . FARTN SRS 2 B SRS BT BT A A
IR TIE, 45 )2 OB 25505 22 2 RH N AZ A R 73, LR PEBEE AR A
Je Nkt . e, EMEG L, 2w TG RS ER R M TR “ ABC U E 75 7 7
IRZ MR T “ABC /1% CERD” FRIE: RXSEFr b — R AL AR AR AR IE 22

JERE A BIAFREWS LR Newton FIRFRUM, /075 SEH 57— B i)k o ) e
TR Sy AR K AR 73 7 R RO BRAR AR R 51N SEIRZIFEAIL % B 4k M ## 4T T Newon 51 ) 7%
# J% Planck &1 #. M1 EIRAGE AEAR B T AR I ARIIR & 5 S 0564 EEANE R T .

B 3 FHAK T P L RE 2 ) s, W R R AT IE EE B AR — e A
Z B HER, T RRRRE BB BOEOL S S AL AR FIARR ,  BEWS IRHL I B TSR A AR Y
£ B s R K
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2.2 BBt A AR E S BN F RS ST A m R FEREE M SRR

2.2.1 BEGIA A AR R E KKK IERSE T H

TEACER 7 FERE L RIS 2 10 b, 2 St oA A 18 £ Kk 2, B35 Bernoulli 434 -
Poisson 734+ Boltzmann 734 Gauss 7 i A . HAP7E R IR BT ER E M S H08
A, 4k Boltzmann 3 AN — IR 7046 (REELLSE—IRT7, EESEERIRTT),
¥ Gauss AN IR 04T, MIGeTE o At 70 1 =5 2R Jhk 2% 408 e 7 1) Bk v e IR 5 I 2R IR
M P EIRIRFEE R B IS =TT IR TS mIE, KA Rk, DA
0 B m IR R S I IR A e, BEm o M HAE B AR AL I R R SO A, &
G BRI AT R (RIFR AT R EA T RN Bl AR R P SR A, 3 AH EL B R 58 40
I TN T 28 Jik 2% 110 S 2 ) B e BRI 0 N

SRR AT T TR, BRI 2T — R A v R R it 2R A L 3 B)) ) 2 T RE A T SRR
Wit ZMRBIERAME S, MRS WA B S5TRGHEBEZE 2 oA R R,

TORTE)T AT, RIS T AT BRI RS RN RRAE AN A X R B A X R
A FRREFE R, ARG — T A —AN U R EOE 0, RS — XK
AR FR ) S AT % P R AR, Mo i Ol B HE B A /IMIB R BT A0 % 5 bR
Bow s i — NSRBI TR XA % LR, — Mt ] N — N A T = IH — xS
PR Bl A X AR AN 5 FE B ST E T FE R IR

SRR IR AT T, H TR 4R AR IR T DAL AL A PR IR R B S BRI AT AR, B
DI S AR ish 2 R 3 5 R [R) A 19 55 2500T I 26 A 2 PR RS R B A XS B S AR BRI ) Lo AT
EERBEA; W — R L, — RYBEE AL B S RONIE AR I R B AL FE
PRHRT L, 280 G 2 IR SE ), I s RS BB NI U A BRI ) Loy
% AL, BRETEN IO B /NMEESR G XA % R HuE .

B — T A AT R s R 2R

Ve = [os (X)) x € (—00, +00) (2.43)

LRI BB PR AR AE

yes(x - —OO) = Vesmin ’ yes('x - +OO) = Vesmax * Vesmax > Yesmin * dfd;:S(X) >0,

X
B EE L) = Yamn] ) H e D = Vo] ) JE 5 B T S50 A 56 %0
Yeop = fGD (x) N

X)— .
yGD:fGD(x):M’ (244)

Ky (x > —0)=0, yi(x > +0)=1.
B AR A (2.44) AR BRI A B LR Vg = Sopp (%) FITE
d d - , 1 d
yGDD :fGDD (x) — yGD :_f;:s(x) yesmm — f;:s(x) .
dx dx yesmax _yesmin yesmax _yesmin dx
MAECHE LA E L REL Yopp = fopp (X) FHEDLT, WA XHAERE yop = fop (X)) N

Yoo () = [ famp(t)dt (2.46)
A S () 204 [ fopp()dx =15 ygp(x >=0) =0, ygp(x > +0) =1

A M 22 A4 4 SS9 SOBCE I Egy (X)) 9

Eay(X) = [ xfepp (x)dx. (247

AR AR JTRE (1.31)5 (1.32). (1.33) =3, AAFILH B = AN U R AL y g,
Yepr~ Yops izl

(2.45)

Yoo = 1+ tanh[a(x —x,)] » (2.48)

Yepr = ! ) (2.49)
1+ g €xp[—20 55 (x — X0 )]+ (1= K ) €XP[—(0t g + Oy (X — X)]

Yaps =1 1 (2.50)

1+ Agg exp[ 20t (x — x0) ]+ (1= A ) €xpl (05 + 0y ) (X — Xy)] ,
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FLFFRT I ST LR Vapp ~ Voppr » Yapps 514
_ dyGD

Yepp = 2.5

=0.5a[l - tanh*[a(x —x,)]] »

dy
Yeppr = aor
dx

_ 2K g €XP[—200 5 (x — X))+ (1 — K )@y + U ) €XPL—(y g + X ) (X — X)) ,
[1+ &g exp[—20t g (X — x0) ]+ (1= kg ) €XP[—(0t g + O ) (X — xo)]]2
(2.52)

d
YGppB = ;}ZDB
_ 2 A g €XP[20t 55 (X — X))+ (1 = App (@ g + U ) €XPL(A g + X ) (X — X)) i
[1+ Agg exp[2¢t; 5 (x — x0) ]+ (1= A ) €xpl (0t g + O )(x — xo)]]2
(2.53)
XTI Ak (2.48) R EHT U mEEwE (250 A, FRia =0.12 .
3y =100, T8 vy B yoy B AASIE M 2-1 FT, 1 XECEIE B (X) =100,

. P SUAAR BB 53 A 8 R B .
0.120 1. 20
oo || o R R oo
’ — XA R 2 ’

0.080 4 0.80
0.060 1 0.60
0.040 4 0.40
0.020 1 0.20
0. 000 0. 00

0 20 40 60 80 100 120 140 160 180 200

X

Bl 2-1 MARFERTE X FRERS X o0 EE BB & AE
Fig. 2-1 Curve shape figure of the general distribution function and the general distribution density function in
the symmetrical case

T B R BRI SO B (2,49 RLILS UM 3 BB S (2.52) R, 240 x, = 100 «
Kep = 0.7+ @y = 0.06 1 @y = 038, T3 ypop B Yop B ELHILRASAE I 2-2 5%,
E.(X)~102.

Yooor J oA e B R ) o3 A R R Yoor
0.120 120
o100 || — R Ca
— I XM
0. 080 0.80
0. 060 0. 60
0. 040 0. 40
0.020 0.20
0. 000 0. 00
0 20 40 60 80 100 120 140 160 180 200
X

Bl 2-2 FifmA AT 8 X BB R o EE B &P A E
Fig. 2-2 Curve shape figure of the general distribution function and the general distribution density function in
the forward partial-symmetrical case

stk T I AR FRIA T U471 BRI (2.50) 20 BT A3 FE B (2.53) 3R, 245 x, = 100
dp =07+ @ =0.075 1 oty = 0405, T4 yoonn I Vopy FIRTHI AL 2-3
i, Eg(X)~98.
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. P ST BB S5 A 8 I R B -
0. 120 1. 20
o100 | —— oA R e it 2 L 00
— ] XA R B 2
0.080 1 0.80
0.060 4 0.60
0.040 4 0.40
0.020 4 0.20
0. 000 0. 00
0 20 40 60 80 100 120 140 160 180 200
X

Bl 2-3 BRAMBRTH X mBEIT X o EE &5k & AR
Fig. 2-3 Curve shape figure of the general distribution function and the general distribution density function
in the backward partial-symmetrical case

X B INEAL IR 5 SR SR SR ) SO AT 3 PR AR Y - W0 T AR AR s HOR 3C

Yapp =[a[1—tanh2[a(x—x0)]]
+ A[1+ tanh[ B(x — x, + x,,)]tanh[—B(x — x, — X, )]][ 4, + cos[@(x — x,,)|]]4.., » (2.54)

Yoo = [e[1 - tanh*[a (x —x,) 1+ 4 exp[~(x = x,)* 1[4, +cos[@(x = xp,) A s (2.55)
BHRa. By oy Xgv Xo X~ A~ A~ A NFFEREG HAESAERE (246) X

Yo (X) = j_xwaDD(t)dt v Yop(x > —0)=0, yo(x > +0)=1.

T2 (2.54) A (2460 Bla =0.05. B=0.15. x, =100 x,, =8 . x,, =100 .
4,=001. 4,=40, MYw=1.00F4_ =3.302, 013 y;op &I vy, BREHIZRHE
Wk 2-4 fos, T XA E (X) =100 .

- P U A B U A R R .
0. 060 1.20
0.050 | —— ] ST R A 1 00
— " XA ek H i 2
0.040 | 41 0.80
0.030 | 41 0.60
0.020 | 1 0.40
0.010 [ 1 0.20
0. 000 0.00
0 20 40 60 80 100 120 140 160 180 200
X

Bl 2-4 IR 7 B I T 89T XA RS X oA 35 B 4ol 0 S
Fig. 2-4 Curve shape figure of the general distribution function and the general distribution density function in
the case of low frequency oscillation(e =1.0)

Mo =2.0004, =3.302, 1 ysop I v, REOERRAEWIE 2-5 FiR, Egp(X) =100

oo P SUAY A B BB AR T B M .
0. 060 1. 20
0. 050 — S AE FE R A 2 1.00
— U A R A 2R
0. 040 1 0.80
0. 030 1 0.60
0.020 4 0.40
0.010 1 0.20
0. 000 0.00
0 20 40 60 80 100 120 140 160 180 200
X

Bl 2-5 IR 7 B I T 89T X - RS XA 35 B 4l 0 S
Fig. 2-5 Curve shape figure of the general distribution function and the general distribution density function in
the case of low frequency oscillation (@ = 2.0)
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Nw=4.08 4, =3.302, 15 y.op KH yo, REBAIZRAEWE 2-6 s, Eq,(X)=100.

- P SURY A B BB T S5 A R B .
0. 060 1.20
0.050 L —— 7 S AT P R A i 1.00
— ) X oA Rt 2k
0.040 [ 1 0.80
0.030 [ 1 0.60
0.020 [ 1 0.40
0.010 [ 1 0.20
0. 000 0.00
0 20 40 60 80 100 120 140 160 180 200
X

Bl 2-6 IR 7 &I T B9 XA RS X A 25 B 4l 0 S
Fig. 2-6 Curve shape figure of the general distribution function and the general distribution density function in
the case of low frequency oscillation(w = 4.0)

T2 (2.55) (2460 X, lla =0.05. f=0.01. x,=100. 4, =0.02. 4,=40,
WY x, =100, x, =100, @ =300 A =3.418, W ypn KI v, BB HE L
2-7 iR, Egp(X) =100

. PSS R B S S A R R B .
0. 060 1.20
0050 L — T XA R Rl £ L 0o
' — U '
0.040 1 0.80
0.030 [ 1 0.60
0.020 1 0.40
0.010 [ 1 0.20
0.000 0.00
0 20 40 60 80 100 120 140 160 180 200
X

B 2-7 IR 7 B I T B9 XA RS XA 35 B 4l & 0 S
Fig. 2-7 Curve shape figure of the general distribution function and the general distribution density function in
the case of low frequency oscillation( X =100, x,, =100 and @ =3.0)

Hx, =884 X, =95. @=3.00 A =3.418, Wy, KIH yoy 5iAH L
2-8 fil: Egpy(X)~95.0.

Yoo I SUAMAG R BB T LA T R R Yo
0.060 1.20
oose || T XM R B oo
' — U R A '

0.040 1 0.80
0.030 1 0.60
0.020 1 0.40
0.010 1 0.20
0.000 0.00

0 20 40 60 80 100 120 140 160 180 200
X

Bl 2-8 IR 7 & JL T B9 XA B )~ XA 25 B 4l 0 S
Fig. 2-8 Curve shape figure of the general distribution function and the general distribution density function in
the case of low frequency oscillation( X, =88, X4 =95 and @ =3.0)
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Mxy =112 x, =105, @ =3.00F 4 =3.418, 13 ypp KIH v, BRECHZERFAE Q&
29 iz, Eqp(X)~105.

. I ST RBRS XA R RS .
0. 060 1.20
oy || oo

’ — 7 oA Rt 4R ’
0.040 0. 80
0.030 [ 0. 60
0.020 [ 0.40
0.010 [ 0.20
0. 000 0.00

0 20 40 60 80 100 120 140 160 180 200

X

Bl 2-9 IR 7 &I T B9 XA B S XA 35 B 4l 0 S
Fig. 2-9 Curve shape figure of the general distribution function and the general distribution density function in
the case of low frequency oscillation( X, =112, x,, =105 and @ =3.0)

IR T TR R VAT R T R R T A A R 5 AR R 305 A B G
HRCAT S AT BRI S AT FERRBO 3, RIS R B 4 v v 0 A1 o B80S A7 5 P R
R S B AESE e B B AR St 21 2 U i AT RE SR b R4k 5 2 oy — 14k

2.2.2 BT REG 210 KF LR T B S M s T R R S TR R

NI R TR RGEGETH A P SRy 07 B 5 I R AR AR T R IR, (R
ME GG HVERC R E T W 7T, 2 TCRE I & A S VR IE Guim il T3 R BOR MR 25, Bdk— B it
FOIE 5 E0F 1 7 REMR VR T DU IA B8 FLAE ORI R A R A LS 3 3

X RLT RGEGETH A T YRy Boilid 7RI AR I 8 B A RO AL S Bk 7 T IR
WO, S EIRE (LD X, AIVREHEERHRE N T N AR E, L—MET
P BB ng BARZME Ry 7 B S I g R 0y

d’n,  dn
Z4 2S+_S+ZIE+nS+an§+ch§:ZEE’ ng(ng — +00) =0 (2.56)
dn; dng
o
ng=nygs » ng=E (kT)" +a;: (2.57)

ny NOAHERER B, EIrA B TS PHIR T4, g WRER E, LRIE A%, k¥ Boltzmann
WH, ap &5 kT XSGR E S &, NS R, hEWE (KT)" TUARNSE,
AT AT A B o T Wy = —p, (KT + o ar WS 4
SHREET > 05 2, 2\ 2 MR RYL 2, WASES, 2, MObBRRLL

TR (2.56) REEVIP TR AT MERER E, F—MEFSP- Pk rHmiE
A, BRSSP AT R Z R &

JitE (2.56) A B AR AR Beahfi (SEBEalff), MRS sl
Hamsm2it. —fot, Lo i RAMKEmE, AR2e i 75 R WA B A # 1
BINTE, ERIERIRA). TEAFR, AT AN

XFIRE (2.56) 3, H— U EERUE T 28

ng = Ag, exXpl Qg (M — ngy )] — eXp[—Otgp, (M — 71gy)] ’ (2.58)

2cosh[og, (n; —ng,)]

X ng« Ag >0+ ag, >0+ g, >0 ag, >0 ENFEHE, ag, > oy, i
Ng <0, ng >ng, .
Jite (2.56) 2N U6 R S SN R SO A z, =z I BN
d’ ng N d ng

+ng+zne +z.nl =0 (2.59
dn; dng
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ST (2590 %, 43S _ 0wy, FEsmR A

nE
ng+zng +z.n; =0
FI=AR, BIAFE (2.59) = AN EUR N

ng =gy =05

ng =ng, =—0.5z] [z, — /2. —4z,],
ng = ng, =—0.5z] [z, ++/22 —4z.];

XHz 20,
Jitg (259 XMz, =0. z, =00,
%+ns+zsn§:0°
dng
ZiEng >0, NAERKERSz =0T, H (2600 HEN
nE
H
1
—dng=—dng;
ng
fit s
Inng=-n_ +B,,
15 ng WIfE A

1
expl(Ey — g )KT) "' +(arc = B)]

ng =exp[-n; + B/] =

XL B, A E
Mz, # 0L, Mz +ng >0/, HHE (2600 RN
1

-1
—dng —— d(z, +ng)=-dng,
g Z, Thg
fi 13
Inng—In[z' +n]=-n, +B,,
15 ng WIfEA

-1 -1
Zg _ Zs

" expln —B,1—1  exp[(E, — g )kT) " +(atc = B,)]-1"
S5 B, M E I B
Bz g =0, W (2.60) EEA ng f0HR7

1
ng=-z,: z,<0.

S

Yz +ng <O, J5fE (2.60) AN

idnS —+d(—zs_] —ng)=—dng,
N -z, —ng
fiR s
Inng —In[-z,' —ny]=-ng, + B, ;
A5 ng F AR
—ZS_] —ZS_]

expln, — B+ 1 expl(E, — e )kT) " +(ae — B)]+1
X B R R

(2.60)

(2.61)

(2.62)

(2.63)

(2.64)

(2.65)

(2.66)

(2.67)
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TR (2600 R, Mz, =00, HITFEEAIER N

dng

+z[ng+0.5z,' —0.25z;' =0; (2.68)
E

MR (1.4). (1.6) —REHFE (2.68) U0 IE D) oR B i

ng =—0.5z." + 0.5z, tanh[0.5(n, — B, )]

=—0.5z," +0.5z_" tanh[0.5[(E, — 1, )(kT) " + (ote — B,,,))] - (2.69)

XH B, NEER .

HiE (2.69) RE

ng = 0.5z_"[tanh[0.5(n, — B, )]—1]
= - 2exp[_0'5(nE - Btanh )]

* exp[0.5(n, — B,,,)]+exp[-0.5(n, — B,,,)]

_ 1
Zs

B exp[n; — B, ]1+1
_ ~z,
exp[(E, _,UE)(kT)_] +(ac — B )]+1 ,
B (2.69) X5 (2.67) XEAMERIEN: B0 ETIREL (2.69) XFR (2.67) X
EGtie A TIEL —.
iR (2.60) ng IAAEMR (2.63). (2.65), (2.67) =N EHEEREREB, - B, B,
Rz NZRa,, BERWVSE5ZE aq, G N exp[—(a; —B)] « expla; —B,) -
exp(a, — B,), Wz 558 g WENz g, BOMIERLE, EHk 750712
8s

(2.70)

ny = . (2.71)
exp[(a — B))]exp[E (kT) ]
ny = 28 — (2.72)
exp(aE _Bz)exp[EL(kT) ]_1
~z8s (2.73)

"N exp(a, — B,)exp[E, (kT) ' ]+1°
BRI (2.63). (2.65). (2.67) =A WP HAXNRENT NERER E, E—NET
AP R B A A AT T FE I 2 A XS L, TR, 7 72 (2.60) X ng I 26 HRAF (2.63)
(265, (2.67) =MkikMz,=0. a.=B,, z,=1. a.=B,, z,=-1. a. =B,
B 433 % N 2L 148 81 1Y) Maxwell-Boltzmann 4t 143 47 - Bose-Einstein 4t 1143 fii & Fermi-Dirac
Gt A 4R N T BHERE N E, E— A& &Pk EuE 8%
1

ng = —, z,=0. a.=5 (2.74)
exp[(£y, — s )(KT) ]
1
ng = — v z,=1. a. =8B, (2.75)
exp[(£}, — s )(KT) " ]-1
1
ng z,==1. a.=B;. (2.76)

exp[(E, — pe)KT) ' 1+1 7
LR HIERE, ERNFEEFRE (2.60) XMENT#, Maxwell-Boltzmann &t it 4345 /5
25 Bose-Einstein 4tit 40 4f 52 M Fermi-Dirac Ftit0Afi 7 Fe G A EE A, ThE
EA MM AT S AT ENRENTETRENESSEE, HAEAMEmEAmIE
BN G B PR T 0T PR o0 H, BB B AR E RN A0 o8 ) — 2 I St .
HARTEIR; BREN EARKE, TRAUTCRAR. BIRFUKE RIEA ARSI, By
A PR AR PR — i 22 F2 B B 10 R v A i 34, eS8 o) R R E T, A A TR IR
PR 2 SR hr e 2 IR e A M RE; M, WU EEX RS TR BN
HI~F AR H05 R IE Tl AA5E B R AR IR A IR R I 7 1A
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MITHE (2.60) HARHIECAN R Z 04T, Bng <0, 72 (2.62). (2.64). (2.66)
=R N R =B

1
- d(-ng)=-dng, z,=0

S

! d( ! d(z;' =—-d - 0

—Ng) —— (z, +ng)=—dn,, z] +ng>

—ng z, +ng

1 1

d(-ng) —————d(-z,' —=ng)=—dn,, z' +ng<0
— g —Zs —hg
73 MRS

In(-ng) =—-n, + B, ,

In(-ng) —In[z," +ny]=—n, + By,

In(-ng) —In[—z,' —ny]=-n, + B
MR (2.60) RS IES (ng > 0) fENTE (2.63). (2.65). (2.67) =T FRI
=AM (ng <0 fENTIR N

ng=— ! — : (2.77)
exp[(E, — ug)(kT) " +(a. —B,)]
Z (2.78)
Ne = — ) .
© expl(E, — pp)(KT) " + (e — By)]+1
-1
ng = = (2.79)

"~ expl(E, — e )(KT) " +(arc — B)l-1
TREIE A5 (2.74). (2.75). (2.76) = ZAHRIFR K] 1750 A6 M7 ik

1
ng=-— —, z,=0. a.=B, (2.80)
exp[(Ey — up)(kT) "]
1
ng =— .,z =1, a.=B, (2.81)
exp[(Ey — up)(kT) " ]+1
1
ng = z,=-1 . a, =B, (2.82)

exp[(E, - )KT)']-1"
XHEB,. B\ B ENfEEER.

TR (2.60) XA =X RHFRENTIE (2.63). (2.65). (2.67) =5 (2.77). (2.78).
(2.79) =3, 7F 6 ANMENTRE; BRI, X LUAENTAE (2.63)4 (2.65). (2.67) =5 (2.77).
(2.78). (2.79) =, MITEMRIBCFXIFRYE LR H:

A Yz =0K, Maxwell-Boltzmann 41t 53 J7#2 (2.63) 5411 Maxwell-Boltzmann

Gt irE (277 XEXFR

B %z =11, Bose-Einstein Ziit 70 Ai 2 (2.65) 5K Fermi-Dirac GiitJ3Afi 75 12
(2.78) AAHXIFK;

C %z, =—1M, Fermi-Dirac Ziit 73 4i/iHe (2.67) 515 Bose-Einstein 4t it/ 1 /7

2 (2.79) AHXFR

FiRiXH Bose T (Boson) 5 Fermi F (Fermion) —FP&it A i 2 SRR 95 &

(CHONTERREGIE HOC 2) XT TR AWFIE Bose 45 Fermi + 3 % s RE RN FRC RV 5

St AHE T AL HUEE R L [R]  JR ks A ek Jof 45 T AR LA AR R 48 1) A 51 S
B MHFMRERZENLE, EROamaTR (ng<0) FRAREBER, XTFik—DSHRiE
FAFHRE (T <0) FRFEESMHE (—ng>0) M REENX, WA —EHS

LRI, & SR T R e BB S, A B TR E AR S AL

() 22 22 T B AL B K50 2 S BRI AR AAE
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W (259) X, BRI, FER ANz, £0. 2 =0, z, =0 W HIRRTBS
WU, A ng 0 R B R TR

- +ng=0. (2.83)
dng ng

JitE (2.83) AMFHET A
Ze +ys+1=0;
R (1 N O S 1 s
~1+41-4z, ~1-1-4z,
Vsi :2—2(1’ Vs2 :2—2(1;
M1 >4z, > 00 0.25> 2, >0, yo A AMERTR 1>y >-2, 7, <=2 Hyy 7
MAN-1.01. —1.1. —1.5. —=1.9W, yg, WZp3%R%E-100.51. —10.9. —=3.0. —2.1;
iR (2.83) RfEN
ng = B exp[yqng ]+ By explys,hg |
=B, explyg[E (kT) "' +a; )1+ Byexplys,[E (kT) " +a;]] (2.84)
N4z, =10z, =025, yoH AR
Yo =Vsy =—0.5z; =-2;
JifE (2.83) AN
ng =B, + B,yng Jexp[—2n, ]
=[B, + B,,[E (kT) "' +a;]lexp[-2[E (kT) " +a;]1]; (2.85)
Hdz, > 10z, > 025, yo A ILHEEHR, TR
Rey,, =Rey,, =-0.5z;', —2<-0.5z;'<0;
SRR R 5T
Imy,, =—-Imy, =b, =0.5z; |4z, —1, 1>b,>0;
JifgE (2.83) AN
= exp[-0.5z,'n, |[B,, cos[bsn, 1+ B,, sin[ b, |]
—exp[ —0.5z,'[E_(kT) " + a,11[B,, cos[b[E, (kT) ™" +a;]]
+ B, sin[b[E, (kT) " +a 1]]:  (2.86)
X8 B, . B, By. B,. B, B, &NFETFE,
JiteE (259 AfEz =01 T, &
d ng

dn

znl| >>|—3
d c'"S

nE

E

+ns N

n
S+zni=0; (2.87)

B, R HAL
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M B, =00, S (1.56) Xit— s

24

s~
F \/— 0.5z4z ng +zyBy,

_ Z4
F-0.52.2 [E (KT) "+, 1+ 4By
X B, WAL

Jite (2.59) XEFFE RSz, 20, 2,20, 2z, =0T, 4
d’ ng d ng

Z4 dn
ng dng
I, A ng IR T2

2

) (2.88)

ng

>>

+ns Al

+ g

2
anS‘ >>

E

n
S+zn5 =0 (2.89)

E

B b5

2
1 dn 1
EZd|:an:| +§Z5n§ :Bds;
XH B, AR ERE: 9B, =00, B EE
—6z,z," —6z,z"
ng = 2 1 2’
[ng + By, ] [E (KT)” +ag; +By,]
X By, W H & .
JitE (259 Afiz, =0, z =010 T, HEH
%+ns+zcn§:0; (291
nE
S (1.59) REER, B 291D RHEN
1
exp[2n; — B, ]z,
B 1
exp[2[E, (kT) " +a;1- B ]-z,
XH B, AL

JitE (2.91) B (2.92) Kz, = 0 B EIF4L 0y Maxwell-Boltzmann 4117347 J7 T2
(2.61) A HfE (2.63) .

s A X b, A g (2.88) AL (2.90) X% (2.92) 2 TEZ HfF) Maxwell-Boltzmann
2114345 . Bose-Einstein 4t 4 }2 Fermi-Dirac G843 41 2 AM 6 MBS IE 4 A T RS (2.59)
RO EZIERR . LR T R TG0 A0 1) 5 FE IR K oM i FE 2 1y Wi Ea 38k S 3R e, i
H 3B JEAE A B 5 N B AR Tz, = zpp OIS I 858 RO R s HIE 75 BRI
T DANLER 2 [ OG0 715 [ R AT o 1 22 5 B Bl — AR TP A ELIR R SR B A I AN Bh A T ]
ThZE Z W EBEBEE R T DA R I v R, BAM B ZE i, A
JET TR, MR T — KM N SIS IR N TR IE R 22 5 B HOX Fh 4 ) v
¥4y, JRAES IR FTREIE B Aol K o AEFEAE b, XA Z G AR, T X w R
R (1.27) X~ (1.30) . (1.32) Ak (1.33) XERDBHFEEATIEESEE L.

B2, (ERMAR R R Bt P 2R e — A N2 28 s MSCHEEME L3 AZ
YT, KRR ERRS R R, (HERIBATER, T ANRELIR, JIEER—ER.

B2 9T, V2 RERF AR, BRI ARIRE &, NN EY] . BHEEAUE
— G, MAREWEES, SZEAENIER NEAERRYE B I E X G2 BENARA I
Tk, Tl E. B, EMEBE. W R L. EEIEE, BaEMH
BOKBE; W8 R HERD, ZSUERETHIT . RA L, BT, AR,
FFEEALIR, BRI TE R, NEGMLY, % AFIGIE, SRR, BENIEERR.

Z4

(2.90)

N

2 _
s =

(2.92)
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2.2.3 Planck & 5 X 8] & A HRT
Z Mg, Ll Planck fE&E E,, 72

E, =ihv, E, —E, =hv (2.93)
J S5 8L Binstein— Stern e & Eg, J71%
E., =[i+0.5)hv, (2.94)

GHORE Ak B AR S A IR R 4 S h = 6.626 x 107 Js A Planck #73, v A4
2, >0 NHRH.

JifE (2.93) KEIFE (2.94) REH Planck &1 E, JifE (SBEEEHICTFED

E,=Ey, —Ey, =Eg,, — Egg, =hv o (2.95)

— e, T REE T AR G LU RUEAR, T MR R 2 e A e 2k
BB, AR ITIEAIE SR YERILE, AR SHRSEE S, fe & ST R R I BTN A
I RTE SER R ST AR R R TE

I T E A ELARC AT F R R 2 R I T SR B, R Planck BT U7RE (2.95)
B IX () 5T o

Xf T Planck #7712 (2.95) 2\, HAEMRIGHE T7 A —MHERE &R

OHz<v <+wHz; E,(v=0)=0, E,(v > +00)—>+w0. (2.96)

IR L& Planck #1772 (2.95) A2 RAHURTEERHEMN T, W—BA RN 2
7& 7% 18 Planck &1 77 FE B BUGAR L BRI — Bt (IR ZBUT I —BO IR,

%8+ Planck #7772 (2.95) AIhE Vi OHz & E,,, & T E,p TTHEE

Ey,=hv+E, ., (2.97)
FLE M LR X 5] Ay
veg,Vg): (2.98)

KHE WHEST OHz NIORLE, E = E (v =0), B1Jy0Fifeht, SH%HiETH,
Vo Ve BN ETITRE (2.97) RAELMETFAGINZ I P B b0 ks 2k h AOP R 1 I B 0
ey B (vg, vp) NET I (2.97) ENEIRAR 1 AN P B O s R B X 18]

HTRTHRE (297 &, v >0 F, Mhv>>E, W, E,  $5 28R
59, JifE (2.97) BRI Z M Planck &7 52 (2.95) B

E.~E,=hv;
T dE 7R (2.97) ARE Planck 87752 (2.95) 27 DS X (Al 1) 73 ik 18 .

— i, REERANEERVERT, gt nrintE, RTEEESE, DIKIR. M EEAR i
BAE, fkiE AR (LD X, 5N NRRRE E, . A AR R MR U R 5 R 2

2

w, dd}f/G +o, ddf;G +S + G EG + ngé + §3Eé =Yg (2.99
RHa . @, & & §ENRREG S NNBUMREL w NINBUREG &, &%
HA AL IR LR s B BT TR Z BLE (v) IR o — B Btk i FE R 3k

AERRIR . MRS TR IR by X TR (2.99) R BB R RIEARAT
KRy (1.19) RIFER R

PR (2 Ui ) s A L I (2.100)

2coshla; (v —v,)]

Koy oy oy ANFFERM, v, MIEEH, E,(v=v,)=Eg,

JitE (21000 XYoo =a, =a; =a > 08, I (2.99) i— A iEr

E; =E;,+ Atanh[a(v —v,)] - (2.101)

HIJTRE (2.1000 3\ (2.101) 3K, 1R v BEE A XL 7 7270 50N

Eg = Eqy+0.54[[1+ 0y (v —ve)]-[1-a, (v —vy)]]

=0.54(a, +a,)v+Eg,—0.54(a, + o, v, 5 (2.102)
E,=Aav+E;,—Aav, - (2.103)
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K7 (2.102) X5 (2.103) XG5ETIIE (2.97) L, HRHIEA Planck 74 h &
BB E IR RE S N

h=054(a,+0a,) s E.~E; —054(a,+a,)v,: (2.104)

h=Aa, E,. =~E; —Aav,- (2.105)

HohFi i, E48 (2.0 b, HA ZARHERERER

E,(v=0)=Ey,. = Eg, — Atanh[av,], E;(v >+0)=E, =E;, +4; (2.106)
o oy N5 RIS T OHz W AR, By, = Eq(v=0): E, NHEBTE
FiBF (Blv — +o0) [MREERIRN.

LR RE R R B AR B W15 5 R v g M e R A S 0 R B R
X, WU SVILRMEE M ) K45 D A1, Rl

Eqy=Eqo(My, D)5 Egye = Ecype (M, D) (2.107

B0, KT Ego & Eqype MIEUEER L NRZIYIE N, WERE R &2t —D
WHFRRT AN . SR TITRE (2.97) sURBIRTEH (vg, v ) » JUHRAE B TR K 1
B L A v, 1E TR R I . BRI (v, v,) SRR B, % E, S
i AFE VI RS, HETIUE (297 REPE XA — @R e EIE A

(Vps» Vpe) = (10° Hz, 10 Hz) (2.108)
i, R R v, ~107, 5 Planck %4 h = 6.626 x 107 Js [ ¥cft G2
Ly WAHRAT RE 5 E . 5 Eyy FBUE A THE EL> 5y

lim
0<E.,, <10%J; E,_>10°T. (2.109)

B R TR (297 RAHE, >0, WHLHARER LRI E, e 77

(2.97) KX E,; BIFEBHAIEX AN, FH
E,>2E,;, 0<v<y
E,=E,, vg<v<vg (2.110)
E,<Ey, vvg
M LA AR IR T X RER TS Eg R BT (2.97) b By BB X, AH
VAL LEC)
E,<E 0<v <y

E,=Fy, vi<v<yg (2.111D

lim

PE>

Eo>FEy, V2vio

BB TRTF R (297) SUBUR K PTG A8 T AR 3 SRR (0, JF Al A
5 PEGHIRIE. Planck & 77 (2.95) 5, 5 Newton 31 i HAFTTQIERF L —FF, 5T
PRI, JEHELMT i BRT, (EVPRE U L8 BRI 8 S, RS
J9RH). AT Planck i 7R, 751 HUE AN, FOFREE ML, 2 ERORAR .
6L GECETOHRIA B, Planck i 7 BATSIEE M, Newton 311152 T R
E UM JERE FE R SRR IS HEHEROBFE R, 7 31 R RO R My, RS SR
TR, ARREIE S S BRI, AR T IE B R R A FIRLEL,
5 SRS B MUARASFE 1L, ARHTFF Planck i 7440 h & Newton 51 WG, , B
h=h(y,), Gy=Gy(7,): (2.112)
7T, TP RCIRERT B A ik, it Planck BF 77215 Newton 3 /1 H 195
(58— HO, HeSE M7 TR IR AL FE P J T A2 U SR T 20 S LS
B AT AP, AT AR B A T R, J AR AT
£, 4 Planck 17 5 Newton 5| /1 RAUSHTEL I MRS TRERBMIL R, W2 ICBE A2
R TR 3] 7B KRR, [ 75 RS 7 7T 22 R AR AR B A
LA KRR i TR, A R 55 Newton O3 FUA LY 1) 5LAR ALt
AERUIRIC T 1), JESCRETT BLE B HOR TEA LA T LA I, T BT T A S LR
EYE: OBREATIE SO RHE, e AT A UL E 2 L2k R AR RO,
T AE 25— R T A S 93— R TP B
L% T B AR ) A B B T R B PR, S LE
SR AT L AL, SRR — 4 BT S HLELZ T AT R BT S
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2.3 JEL MM HIEAIRE T ML (AT STUR Bh AR A 3 R NS S AR S5 O R BR 1
XA (1.1) 3
dy 2

d
W]a-'_wzd_x);-'_ém+§]y+§2y2+§3y3 =Yg

S RHA TTEIIZ I Newton 30112 TR AT, S SRS LR Mo, | @,
B& KR T? <A, Wik, WAHEN0.5m; 4w, —@) . ERAKN 05T, -
SR I GRS, MR (LD Rebia, o @, R & AR A
Wt TR D, @, B & FoRAEEUEA, T (O S i o R A B
WROUH & S NEHODR, PR B R, R SR
M AT LA LG Ay 0 T R 5T, AR L S £
PG SRR LR T LN, SROT RN R 2 IR PP, RS
AN TR G B PR I, TRt AT D AR L 50 7 R .
BOAHN R B, (I LS RRYTAE %, F T LRI 50y R (7 £
WAL SRARLRRE Y 772 i AT AR I RN IR B 5 RO BRI 5 R
WS, ST SRR R 7 B IR, R38R T R F3 0 Lot
SHEHFE F 5 By e X MR R IR AW MR T DLE A2 IE
FHRABIRS) TTRE RS, ABAPS TEARAERR, it AR 5 MR AL T .
555 TR Lagrange S50 Sk LA, IERVSARRHIIRI: RS LI LT v, 10
L TR AL AR T RAONRATR, T CLL4H U A DT A
R, S AT AR BB TR WAL . S AR AR KUY s T
SR, AR 52 AR DR RS R TR LR, SUh T ) R L
LRAIBLR . R, T TR B8 R AP 8507 R 1 S A 52
RS AN, TR 55K U s 4 RS SRS R v 36 R FGA R
TLRRER AT RRIE S RARITR T v, SRR R, iR bERUS
WRATAHER I NS RUEARAO RS AT E LR R AE L P23 T LI
HHSLI BT (0TI =S8 5, M AR Y X — B T 4R
53 TR R PR 2B, ST LR AR A, RN 2L
WRATABAC AT A R HEAT ALV 5, VP 407 005 RO T 3 5 Rk AT
R ST AR 0 5 S T e SO i R A0S ks ATk,
B PET SR 6 R 7 I N BRI T L B A R
TR, A7 L RS, TR T P RIS AUR AR S B S
Y TR AT, W RO B D7 B R
BT (LD R, %8, =0, & =0, yy —& =b I, AHLR

2
0,9 0 ey, (2.113)
dx dx
b, M

L7 (2113) Ah o, @, & WNHE R, R IE ZE0 J7 1R 2 #t Newton )
Tz i, WHE o] <4Eo, LT H IR

yv=J,+J,exp(J;x)cos[J,(x—x,)] (2.114)
A J NBHs R, J, SRR R, S N BENRERTORN (B0 28, J, R R,
Xg NWIEEAENL: T, S, 700N

J,=-0.50w,', J,=0.50,'\4w,E @ . (2.115)

N HIFE 3 EE TR (2.113) 3T A i 5 A 2 A A S 75 L AT ALLSE S5 AT AP I
X K w oy TR AR (2.114) SAEEHZE MR ITTE (2.113) sUHIZAIEA I sl i e
T

yv=J,+J,exp(J;x)cos[(J, + Jx)(x —x,)] » (2.116)
rp I NE AR AR HL
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WL s (2.116) AN BILMEMH I (2.113) A, #id o, @, &5 M
BEOE A ARIT
2
&y +o, j—i: +@, %
=¢&J, +&J,exp(Jyx)cos[(J, + Jx)(x — x,)]
+@,J,J; exp(Jyx)cos[(J, + Jx)(x —x,)]
-, J,[J, — Jsx,)exp(J5x)sin[(J, + Jsx)(x — x,)]
-2, J,Jxexp(Jyx)sin[(J, + Jsx)(x —x,)]
+@,J,J7 exp(J5x) cos[(J, +Jx)(x — x,)]
—2m,J,J;5[J, — Jsx,lexp(J;x)sin[(J, + Jx)(x — x,)]
—4w,J,J Jxexp(Jyx)sin[(J, +Jx)(x — x,)]
-2w,J,J exp(Jyx)sin[(J, + Jx)(x — x,)]
—@,J,[J, — Jx, T exp(J;x) cos[(J, + Jx)(x — x,)]
—4w,J,J[J, — Jx,Jxexp(Jix)cos[(J, + Jx)(x —x,)]
—4w,J,J:x* exp(J,x)cos[(J, + Jx)(x — x,)] - Q2.117)
XF T by Wk exp(Jyx) cos[(J, + Jsx)(x — x,) ] Kl exp(J,x)sin[(J, + Jsx)(x — x,) ] A&,
A 3K AN

EJ, =b,, (2.118)
(&S, +@,J,J, +@,],J; —@,J,[J, —Jx, ) —4w@,J,J ], — Jx,|x—4@,J,J:x°] =0,
(2.119)

[~@,J,[J, —Jx,] - 2@,J,J x = 2w,J,J,[J, — Jx, ] — dw,J,J Jx = 2@,J,J ] =0;
(2.120)

W e, . @, & MEEULAA

b
‘):1:0

D (2.121)
J]

-1
__& {1 N O e VA A e Vit | —%x]}
J3

J, 2T, = Jox, 1+ T +2J,Jx]
(2.122)

-1
o, = _‘):1{]32 _[J4 _Jsxo]2 _4']5[']4 _']5360]35_4']52362 + 2J3[J3[J4 _JSXO]+J5 +2J3JSX]} °

J,—Jx,—2Jx

(2.123)
HAMTIAR S, =00, Fo,. o, NEEEA558
oo 2 e
37— J
@, Z——f‘ = (2.125)
3J2-J

AR 1A b e AR S AT LA SE Sl TR A, (ESEbe bt T g I B U R
HAAR A B A, #teadi 75 1A 50— AN AR AT H



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 87

AR R (1.1 AR AL AR A% Bl 7 1al 1 I o

WTHE (LD R, EXEE . o, WNHE, &=0. &=0. o,=K,+K
Wi — & = by + b x IS BLR, A IR EEAKE T 7 (1.8) Aoy 72 e =
N

§]y+(1<0+1<]y)d +w2df by, +bx (2.126)

dx dx

KK, K By b BAEE

T (2.126) 3, ,v\ﬁﬂﬂiﬂﬁfﬂm (&5 =0.a@,z0). Wahfit (& #0. @, #0)

SE 2R . A IER s T R (2.126) AL N E REUNZ i Newton 51 112
JiFE

Ey+K, jy+w23 J =b,+bx, (2.127)
x x*

B RN TR k] < 4w, &, W B ShRT IR N

yv=J,+Jx+J,exp(J;x)cos[J,(x —x,)] (2.128)
KRS, S NEBRE, T, N RE J O NBEEEOR (D 28, J, N
SR, x, WHIBEHRL: J, = 0.5k, J, = 0.5@; \4w,E — k!

FEFEEETTE (2.126) XTI BAZVEAR S SN THHL T 145 aﬁlﬁﬂﬁﬁﬂiﬁﬁ KT
ij(};).im) AT (2.128) BB RMIRRNTTE (2.126) MBI AL LA

yv=J,+Jx+J,exp(J;x)cos[(J, +Jx)(x—x,)]> (2.129)
rp I NE AR AR S

TR R R e (2.129) AR S SR TR (2.129)
A & w1 — GRS B ASG 2R A8 SRR (R I B S 1 A S5 RO AU 1) Y 2 AN 2
ZHk.
. TR TR (2.129) 2, KWIGR I B RSURNTIE (2.129) AARANH -, 15RIT
T

d d’
&y +(x, + Kl)’)_y t+ o, )2;
dx dx
=G0 + 8/ ix + &, exp(Jix) cos[(J, + Jsx)(x — xy)]
+[x, + k,J, + K,J,x + K, exp(J3x) cos[(J, + Jsx)(x — x,)]]
x[J, +J,J;exp(J;x)cos[(J, + Jx)(x — x,)]
—LlJy = JsxyJexp(Jyx)sin[(J, + J5x)(x = x;)]
—2J,Jsxexp(Jyx)sin[(J, + Jx)(x — x,)]]
+@,J,J7 exp(J5x) cos[(J, +Jx)(x — x,)]
—@,J,J5[J, = Jsx,Jexp(Jyx)sin[(J, + Jsx)(x - x, )]
- 2w,J,J Jxexp(Jyx)sin[(J, +Jx)(x — x,)]
—@,J,J5[J, — Jsx,lexp(Jyx)sin[(J, +Jx)(x —x,)]
~@,J,[J, — J5x, T exp(J5x) cos[(J, +Jx)(x = x,)]
—2w,J,[J, = Jsx Msxexp(Jyx)cos[(J, + Jsx)(x — x)]
—2w,J,J5exp(Jx)sin[(J, + J5x)(x — X, )]
-2w,J,J Jxexp(Jyx)sin[(J, + Jx)(x — x,)]
—2w,J,J5[J, = Jsx,xexp(Jyx)cos[(J, + Jsx)(x — xp)]
— 4w, J,J;x* exp(J,x) cos[(J, + Jx)(x — x,)] s (2.130)




YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 88

HIES)

d d?
gly + (Ko + K]y)—y+wz—J2;
dx dx

=¢J, +EJx+EJ, exp(Jix)cos[(J, +Jx)(x —x,)]
+[x, +5,J, ), + K, + 10,1, 5 exp(J3x)cos[(J, + T x)(x —x,)]
iy + KTy Ml — I, Jexp(J x)sinl(J, +Jox)(x — x,)]
-2k, +x,J,]J,J sxexp(Jyx)sin[(J, + Jsx)(x —x,)]
+ K, J x + 1,0, J,J xexp(Jx) cos[(J, + Jox)(x — x,)]
—i,J,J,[J, = Jsxy Jxexp(J5x)sin[(J, + Jx)(x — x,)]
—21,J,J,J x* exp(J,x)sin[(J, +Jx)(x — x,)]
+K,J,J, exp(J;x) cos[(J, +Jx)(x—x,)]
+K,J5J, exp(2J,x) cos’[(J, + T x)(x — x,)]
—0.5x,J3[J, — J5x,1exp(2J,x)sin[ 2(J, +Jx)(x — X,)]
— K, J5Jxexp(2J,x)sin[ 2(J, + Jx)(x — x,)]
+@,J,J7 exp(J5x) cos[(J, +Jx)(x — x,)]
—2m,J,J;5[J, — Jsx,lexp(J5x)sin[(J, + Jx)(x — ;)]
—4w,J,J Jxexp(Jyx)sin[(J, +Jx)(x — x,)]
-2w,J,J exp(Jyx)sin[(J, + Jx)(x — x;)]
—@,J,[J, — Jx, T exp(J;x) cos[(J, + Jx)(x — x,)]
—4w,J,J[J, — Jx,Jxexp(Jix)cos[(J, + T x)(x —x,)]
—4w,J,J:x* exp(J,x)cos[(J, + Jox)(x — x,)] - (2.131)
R, AR I A EE AR AT AR TP AR R I 2B 70 ZE A PR 2% A1 T 5% T ZHLAB e A At 14
BIE, M E K =0 LM RIS, =08, J7fE (2131 KO8T K807 TR R IT
B
2
&y +K, j—y +, %
=¢&J, +&Jx+EJ, exp(J;x)cos[J, (x — x,)]
+ K/, + KyJ,J; exp(Jyx) cos[J, (x — x,)]
—KkyJ,J, exp(Jyx)sin[J, (x — x,)]
+@,J,J; exp(J,x)cos[J, (x — x,)]
—2w,J,J,J, exp(J5x)sin[ J,(x — x;)]

—@,J,J; exp(Jx)cos[J, (x —x,)] (2.132)
H7FE (212600 AJEIFA (2.132) K, T by +bx T, H 2 MXRITFER
EJy + K], =by (2.133)
EJ, =b: (2.134)

Al T exp(J5x) cos[J, (x — x, ) 1R exp(J,x)sin[ J, (x — x )| 45, FH 2 MR
(&S, + K, )5 +@,0,J; —@,J,J; ] =0, (2.135)
[, J,J, = 2@,J,J:J,] =0. (2.136)
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AR (2.133). (2.134) —NfRE R
bo — Ko/, _ ‘f]bo _Kobl .

J = (2.137)
’ S &
b
J=-L. (2.138)
S
ext e (2.135) 3. (2.136) RAES, #0 . J, = OWH LA
&+, @i —@,J; =0, (2.139)
K, +2w,J,=0; (2.140)
HFFE (2.139). (2.140) 3 R%L
Jy=— %o, (2.14D
2w,
1
J, =i\/—[§, + Ky, +@,J5 ] :J_rzl V@& — K¢ - (2.142)
w, w,

RBEEIENR (2137 (2.138). (2.141). (2.142) WURBIAMENTE (2.128) Hrfig 2%
o, bk (2.132) o~ (2.142) JONH € W 7 R AT B A R vk, IR
LSBT AE T e 2T 2 FE AR SR 2% A T DG T AR A A e L A4 =X 1 FRT B0 EE

AR K 20 REMRARE S, 200, w7 (212600 XJRIFA (2131 K, *b
F b, +bx T, 12 RTFER

&S, +(x, +x,J)J, =by» (2.143)

&, +KJ] =y (2.144)
A7 40257 <<[1=Jx, " JeWg i m i, % exp(Jyx)cos[(J, + Jox)(x — x,)]
exp(Jyx)sin[(J, + J,x)(x—x,)] H & . K xexp(Jyx)cos[(J, +Jx)(x—x,)] M
xexp(Jyx)sin[(J, + Jox)(x —x, )46, A 4 DU R

[EJ, + (i, + 5T )T + K J T, +@,0,J; —@,J,(J, —x,J5)° ] =0, (2.145)
[—(xc, + 15,J) ], (J, = x,J5) = 2@,J, T (J, — x,J5) = 2@,J,J, ] =0, (2.146)
[x,J,J,J; — 4@, J,(J, — x,J)J ) =0, (2.147
[2(k, + KT, Js — 15, T, (], — x,J5) —dw,J,J T =0 (2.148)
HI7RE (2.144) Afff3
J :_él + 512+4K1b1 .

] 2K ’

1
AU — iR A
— & +JEX + 4K
T L A/ A Y (2.149)
2k,
B (2.143) 2. (2.149) fFfE
7 :bO—KOJ] :2b0’<1+’<0[§1_\/‘§12+4’<1b1] (2.150)
' &+, K[&, +\/§12 +4i,b ]
XTI (2.145) K~ (2.148) 3, B HLERIMA S LW MK, £, # 0N
S, TR, 4 NTTREH ) 3 AN TR REERIA A e R R NI, R TR
(RTRT A RERE L e U 1) RARONIE SR 2H 648 WA O ren IR0 46 S5 R T S
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Hrp o (2.146) K~ (2.148) RAEJT, # 0 B A Fifb Ny

(x, +K,J, +2m,J)(J, —x,J5) + 2w,/ =0, (215D
kJJ,— 4w, (J, —x,J)Js =0, (2.152)
2y +x,Jy) s +x,J,(J, —x,J5)+4@,J,J =0, (2.153)
MR (2.152) RAEBIKR
Jy—xJ, =505 (2.154)
4w,/
¥eoite (2.154) AAZITTHE (215D, (2.153) {15
kK JJ(k, + K J, +2@,J,) +8w,J. =0, (2.155)
8@, (K, +1,J)) 2 + kI T +16@.J,J; =0; (2.156)
[ E2HS, ARBTTHE
(K, +x,J, + 2@,J,] —@,xJ, =0; (2.157)

fit3 R EJ, N

J - —(k, +K,Jy)) £ @,K,J,
=

2w,

L P v} V& Harh] \/0.5w2[1/§]2+41<]b,—§]]}

2m, B ¢ +\/§1 + 4K by

1 2[x,b, + 1,51 _
=— 0521/] 4K,b, | (2.158)
2w, é]"'\/é] +4K,b, \/ 7 e }

HIJTRE (2.158)+ (2.155) KBS — O S5 I SRR R (2.129) U 2R MEARUR KL J
5rIiig (21260 X H &k FHIELRITIE N

(K]J5)/34/4\/ +[(ky + K, FAJ@ KT | ]
_WE ek 6T ) 2Nlh td] o }

8, Vo1& +& +arh]
(2.159)
HIEBIER (2159 R, ¥ &K — 0, HEMEBHAN
AT 2K,
Tyt g B T 0 (2.160)

2

i (2.158) 20, SR R BRI T Newton 3 7125 0 e (2.128) R R
Bor (2.141) 2D

_ 2
o FAN@KE b

(2.161)

W (LD R, EEEe,. & EWNERE, & %0, &=0. @,=¢(1+&x)
PITEOL T, AR (2.126) TR AR 5 T 20

2
go(1+g]x)j—f+w]3—y+;y+§2y2:b0+b]x, (2.162)
X X
WEFEw, . & EWNTER, @, =n,+nx) B FEHELMER Y TR
2
o, 3 y+no(1+mX) +~§]y+§2y =b,+bx, (2.163)

d 2
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DL AR A e St IEVT BB B, R (2.162). (2.163) R Al#— itk A sy e

2
e(+605 Y oW ey op snr, (2.164)
dx dx
2
Wzd—¥+770(1+771x)d—y+§]y=bo +bx; (2.165)
dx dx

R 4 NI R AAEE: X B e . g Ny M~ by b YINEE.
ST (2.162) X~ (2.165) 3, ATES (2.127) RSB FRTAE T U R AT fd T X
yv=H,+Hx+H,exp(—H,x)sin[H,(1+ Hx)(x—x,)] (2.166)
KB H) . HNERZRE, H, NEINRERE, H, NENREEERRE, H, WhFEE,
H o RZMARLG 25 X NWIEEAEAT o
Horp, KIS (2.166) ARAZITIRE (2.162) Kb, —IRIAE S H, AR
[xoe@, +4e,H: = 2x.6,0,H, + £, =0; (2.167)
FIFE LS ROR AR (2.166) R PMEILLG /48 H SRy 712 (2.162) b=
& M—BAMELKRN

2x,6, £\[2%,6, ] — e [x2em, +4s,]

Hy

2Axiem, +4¢g,]

X, &@, £ 2./— &,6,@
= 07l 0™ ‘; (2.168)

2
x,6,@, +4¢,

B, —> O, GVESER AL H, KAL) 25 H, 045

H,=05m¢,' + H[1-x,H,]' > 05m&,'s H;, >0, (2.169)
K M ROE R (2.166) FARNE] (2.165) R, —KiIRH)E4 H, HARK0T 2
[x§770771 _4wz]H52 =2xnomHs +ngn, =05 (2.170)

AT ARG (2.166) rh 2 AL R4 H ; SR T2 (2.165) b &
IR SRS R VERE Y

_ 2xo770771 * \/[2)(077077] ]2 - 4770771 [xgnonl - 402]

HS 2
2[x0770771 - 402]
XM £ 2\nom@, 2171
= - ; .
XoMoTh — 402
MR, > OB, FRREH, K& R=5 H W55

H,=0.5n,@,' + H{1-x,H,]"' —>0.5n,@,'s H,—>0. (2.172)
IR AR AR IR [F R T SR AN A A R A B
y=H,+Hx+H,exp(—H,x)sin[ H, exp[ Hx](x - x,)] (2.173)
y=H,+Hx+ H,exp(—H,x)sin[ H,sin[ H.x](x—x,)] (2.174)

SRR XBEH . H« H,w H, &x, W& SUBEF 21660 X, H,. H,3
NH R

N IEALSE AN RS, T TEMM R . T RNEM HRRGEAGEH
I P s . B IEREARIR B SR IR, AR BRI 5r 7 B4 8 PIRARFAE il ARAN
g > REBAEESBZHE A, BARRESEEE KK R mERKR, Wk
(2.154) X J, HEER R TR (2.159) Nt R J SR ED KRR TR (2.168) 1
TERBH, 5HEEe KRR, 7 Q17D NP RH, 5FEn MRRE, JUHAREN
AR (i (2.129) 2O IBAFERBZREXIR ANERSL (2.145) 20, KU 712
(I AN S R AT AR R R S AT TV, A B P il
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2. 4 THUE BN TRFESUINER 5 IE SN R T o ML X Ay th 2 F2 S 4HIE

XPFRE (2.128) A, KR BN — AR 8l 7 FE T 5

Yy =6, +6x+g,exp(g;x)sin[g, (x —x,)]» (2.175)
KR v ¢ NEBRE, ¢, NEANEERE, ¢ NEANEEBRECER AT, ¢, WIER
e, x, NRIEEAEAL .

Hrp st TR &, EITIE AT, SHBUOAIER,; 7520 ¢ B3HIE 3 ek 75 17 1 1E 7
Ja, W, EHR (2.142) X, BRI AR RR (H— BB IR %
50U 2 (A A AR AT 57 FE ) 26 SR IE IR

WIS RIERARN, (EIRT 0 EMR)E, SRk aimn, MiEA - HRSHI
TR . TEECERIA T, POTCRAF G A TRV SR 7T,  SURIE 75 2
IRNFFEE S R TAE, TR 5H R ARBLG IR RE S U145 &, XA shithid ik
AWHEIERN R e, NRESRENEE M.

TR 8 R (2.175) et fh2k 1I52m, JCHRTE AR 5 IEM
B [ AL AR A A i 26 TR ASRRAE, R BH U A 5 IR FE AR S5 [A] () B 22k .

YA TR (2.175) AR 2L SFaER £ (RP (2.173) O #9hm, MIES=
FIIEARES, A7 BIECL — BN

y =[1.5+0.013x]+1.9exp(-0.032x)sin[ ¢, (x —10)] , (2.176)

xHg,  =0.002+0.0032x, ¢, ,=0.002exp[0.046x]: 77 hZHFAE a1 2-10 s

LN il CTES ) NIRRT E)

2.00 |

1.50 AR R N0, 002+0. 0032x

— SR ECNO. 002exp [0. 046x]

1.00

0 10 20 30 40 50 60 70 80 90 100

Bl 2-10 SRR & 5 45 25 B8 n M IE AR B I 5702 B o9 SR 30 77 72 o S A5 I
Fig. 2-10 Curve shape figure of linear and exponential function increase of frequency from the positive
frequency to other positive frequency of the variable frequency wave equations

YRR (2.175) B R LRGN, MBS SRR, ] — BRSO

¥ =[6.2+0.027x]+ 6.2exp(-0.022x)sin[ ¢, (x —16)] , (2.177)
XHg, =-0.30+0.005x, ¢, (x=060.0)=0; FHEME&RHEE 2-11 fros: dEHIZRTE 0~
52 Z IH] Bk AR R SR AL T35 [ Gartner W) 45 H ) “ BEOR B E 128 (The hype cycle)”,
FE 0~22 Z [ ATETR A (Fodk) rhoxd Faaes B SRR 0 “ R 5", “HThan".
HEE ST 2, SERERE, fEOMR%: IEFBAN, B, fhdmia.

AR 2 R L I M AROB R 31 TE A )

12.00

9.00

6.00

3.00

| — AR, |
0.00 : : : :
0 10 20 30 40 50 60 70 80 90 100

Bl 2-11 M &M 5 A A\ G B IE A Bt 19 R A 3l 7 AR el &0 S B
Fig. 2-11 Curve shape figure of linear increase of frequency from the negative frequency to the positive
frequency of the variable frequency wave equation
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2 (2.175) RPBRE LM SR HR >, MIESR R IESURE, B BAARE AN
y=[1.7+0.016x]+1.4exp(-0.018x)sin[¢, (x —10)] , (2.178)
KHg,  =0.6-0.0035x, ¢,,=0.6exp[—0.0070x]; T2 uhLkBAHAEWIE 2-12 iz,

ARSI B 2 O/ M IE A 2 TE AT

4. 00

3. 00

2.00

1.00 5515 B $R0. 6-0. 0035x

S K BUNO. 6exp[-0. 0070x]
0. 00 L L | L
0 10 20 30 40 50 60 70 80 90 100

Bl 2-12 SRR & 545 5 BB D I IE AR B I 5702 B o9 SR 30 77 72 o 47 A5 I
Fig. 2-12 Curve shape figure of linear and exponential function decreasing of frequency from the positive
frequency to other positive frequency of the variable frequency wave equations

MR (2.175) REOFRBAIER D, A IEFRF O, mTH— B
y=[1.5+0.018x]+1.4exp(-0.013x)sin[¢, (x — 20)] (2.179)
Mg, =0.3-0.0048x, AT kG, (x=62.50)=0; FHFEMAHAEEME 2-13 Fis.

B AC TS SR NI E e )
4.00
3.00
2.00
1.00
| — R |
0.00 - - -
0 10 20 30 40 50 60 70 80 90 100

Bl 2-13 S & M 9B D AN IE S B 5730 B e 2 A0 sl 7 A2 o T A5
Fig. 2-13 Curve shape figure of linear decreasing of frequency from the positive frequency to the negative
frequency of the variable frequency wave equation

HABOTRE (2.175) REOPFR ZLMERAD, MWABRE AR, TR — B A0y
y=[1.5+0.018x]+1.4exp(-0.013x)sin[g,(x —10)], (2.180)
XEARmE g, =—-0.1-0.00252x ; H7FE (2.180) HIrfE
y =[1.5+0.018x]+ 1.4exp(—0.013x)sin[(0.1 + 0.00252x)(x —10) — 7]
~[1.5+0.018x]+1.4exp(—0.013x)sin[(0.1462 + 0.00252x)(x — 28.33)] : (2.181)
HI AR DRI, S5 RO AR LS I M IE S B IEARAS ;. T7RRRR IR it 2 n P 2-14 P

AP Al 2 PR Bk > I SRR 3] 6780 )

4.00

3.00

2.00

100 r —— SRR LRI D ISR B SR
— SRR VLR AN IE S35 3] IE SR

0. 00 : : : : :

0 10 20 30 40 50 60 70 80 9 100

Bl 2-14 SR &R D G B 5T B Bl AR 5l 7 AR ol T A5
Fig. 2-14 Curve shape figure of linear decreasing of frequency from the negative frequency to other
negative frequency of the variable frequency wave equation
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SR (2.175) RIS 0 (3| — E# BSRLIAEL ML, TIHEATBR
=[1.5+0.011x]+ 1.4exp(=0.025x)sin[, (x — 10)], (2.182)
Mg, =0.15[1+ tanh[0.3(x—30)]], ¢,, =0.15[1+ tanh[2.0(x—30)]]: 772t
2-15 fime RHEEA T, ARSI RREER BN R AR 2 R, R R
SR R N TIRBIREN S HIHEI B CHIEREAD) BEA SATRIR, 0 U R A2 .

AP A M O IR LA AR (OB AR B — IE H B
3.00
2.50
2.00
1.50
1.00 iRk BCN0. 15[ 1+tanh [0. 3 (x-30) ]
— MR EHCNO0. 15[ L+tanh[2. 0(x-30)]]
e 0 10 20 30 4;) 5‘0 6‘0 7‘0 8‘0 9;) 100

B 2-156 MEFLURUNOEMXE —EF EMEHW R NEH T REEVSHE
Fig. 2-15 Curves shapes figure of nonlinear variation of frequency from a value frequency of 0 to a positive
constant frequency of the variable frequency wave equations

SRR (2.175) AR 0 (15 EZ ] 0 (LR ILn, B B AT RN

=[1.5+0.011x]+0.9exp(0.02x)sin[, (x — 10)] , (2.183)
%M, = 0.3[tanh[0.4(x — 30)]— tanh[0.4(x — 70)]],

¢, =0.3[tanh[1.5(x — 30)] — tanh[1.5(x — 70)]]: 7 F& #I kT ASELN ) 2-16 i

- A4 AR LA A O AR 48 1E A0 15 3 O )

2.50

2.00

1. 50

1. 00 R HON0. 3[tanh[0. 4 (x-30) 1-tanh[0. 4 (x-70) 1]
— BURECN0. 3[tanh[1. 5 (x-30) ]-tanh[1. 5 (x-70)]]

o 0 10 20 3‘0 4‘0 5‘0 6‘0 7‘0 8‘0 9‘0 100

Bl 2-16 MEFLEZ UM 0 EMELIEMEE 0 EME 89 FTH )7 2 i AW AE
Fig. 2-16 Curves shapes figure of nonlinear variation of frequency from a value frequency of 0 through a positive
frequency to a value frequency of 0 of the variable frequency wave equations

AT TR (2.175) I R IARLRNEA, M— F0H BT B — IE i AR,
AT ELH A B AN
y =[1.5+0.011x]+ 0.9exp(—0.02x)sin[¢, (x —10)] , (2.184)

Mg, =0.4tanh[0.2(x —50)], ¢,, = 0.4tanh[1.2(x — 50)], HHZ H ¢, (x=50.0)=0;
7R R AR RN 2-17 Fis T ULYE O (ELATISEtE e s L o [X A7 10 B IR
AN L, (iR A A S T 1 3 )

3.00

2.50

2.00

1.50

i 5

1.00

i s

0.50

0 10 20 30 40 50 60 70 80 90 100

B 2-17 MEFLAURUN—HFEENEE —EFEMEHNTRE N T REEHVSH
Fig. 2-17 Curves shapes figure of nonlinear variation of frequency from a negative constant frequency to
a positive constant frequency of the variable frequency wave equations
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AT TR (2.175) I R IARLRNEAL, M— IEAIEE5 O 1 B IE SRR,
A HLH— BT A A
y =[1.5+0.011x]+ 0.9exp(-0.02x)sin[¢, (x —10)], (2.185)

% Mg, =0.5[tanh[0.4(x — 30)]tanh[0.4(x — 70)] - 0.5],
¢, = 0.5[tanh[1.5(x — 30)]tanh[1.5(x — 70)] - 0.5] : 77 7% H &I AASE WP 2-18 s
ST AR LA (M R 22 G B A

3.00

2.50

2.00

1.50

1.00

oo | $51% B §0CN0. 5[ tanh[0. 4 (x-30) ] tanh[0. 4 (x-70)]-0. 5]
—— P HUNO. 5[ tanh[1. 5 (x-30) Jtanh[1. 5(x~70)]-0. 5]
0.00 ‘ ‘ : : ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70 80 90 100

Bl 2-18 #1 4F S P A 0N IE AR £ f73 2 B IE 90 38 it o A0 300 5l 77 A2 o & 70 A5
Fig. 2-18 Curves shapes figure of nonlinear variation of frequency from the positive frequency through the negative
frequency to other positive frequency of the variable frequency wave equations

LT (2175 NRFR RIARLNEAA, N —FRFR L BRI B RN, ]
IWH— BN
¥ =[1.5+0.011x]+0.9exp(-0.02x)sin[g,, (x —10)] : (2.186)

Mg, =0.5[tanh[0.4(x — 30)] — tanh[0.4(x — 70)] - 0.5],
¢, =0.5[tanh[1.5(x — 30)]— tanh[1.5(x — 70)]— 0.5] : J7 F& HLASE WP 2-19 .

AR AL OFR AR LR AR USR8 TE A0 3 T 21 7805
3.00
2.50
2.00
1.50
1.00
050 L B R HCHO0. 5[ tanh[0. 4 (x-30) 1-tanh[0. 4 (x=70) ]-0. 5]
— S EECNO. 5[ tanh[1. 5(x-30) J-tanh[1. 5 (x=70) ]-0. 5]
0.00 : : : : : : : :
0 10 20 30 40 50 60 70 80 90 100

Bl 2-19 A& aE S P At AN SO 22 DE A7 3 B SO 38 i 9 A A0 5l 77 78 el 0 S T
Fig. 2-19 Curves shapes figure of nonlinear variation of frequency from the negative frequency through the positive
frequency to other negative frequency of the variable frequency wave equations

2 (2.175) AR LE EAR S AR EIRZN (BD (2.174) O, "THEEHEAE N
y=[1.5+0.011x]+ 0.9exp(—0.02x)sin[ ¢, (x —10)] , (2.187)

X IR g, = 0.158in[0.6x]: JrFE ML ARFAEWE 2-20 FoR.

AT 2 OFURAE IR 5 TR 2 (8 k% 22 40D

| — R |

0 10 20 30 40 50 60 70 80 90 100

Bl 2-20 SUEA IE ARG GO R 2 18 9k 37 & B 89 0 3 77 A2 o Y A5 B
Fig. 2-20 Curve shape figure of oscillation changes of the frequency between positive and negative
frequencies of the variable frequency wave equation
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2.5 ¥IRFEEILEMA = —ARN

KA EIRIEL S %R (LD RegaRAEERE 7 (1.19) LR ER)T X
MAFETFE (1.27) R~ (1.30) R, HFE (1.32) REFGFE (1.33) RERIR LA BdE gt
AT WTIE 55 Jont t 2R AT A A0 B8, 5 3 T SR AR 2l sl R it s el 3l 1 IR 4 25 P e
FERBE R R A RS S B EREA N S S @A TR, BB RS B EE Do
SRS A N 2 AT B R o R R R A L SR T AR T, T4 S A
RS MK FREATE, A sl & e 50 sl s 22, S8 5 B B e I i 2
SRR AT L IR ZE B AT, B IEA SRR, T EREHI  RERR KT 2 S E )
BT EaA AN, e T EBRE, kM@ i SR ER, #MrE2sE. ZEM
FOfR . TS BB 2 S A i — b 22 A g vk P i A «

A DIBERRECR PN AR AR TR (TRIFRELAS )

B DL RN XS (FRIFREHL )

C UUENTEGE BN 51 R CRIRRELED);
BASTFRE & NAGIA SR 78 S o B b s R T0,  — PERSl, ANV Bl =0 — 1k,
RNEFE S BRI TEBE R SRR, S s B B SRR A SR 1) — M T v o 2k
B

X TSR e 5 A S 2 T e A AR, R T R R P, T AR A
HA KRR G WS E R Hdas R 5 PR R 5 K i mt B 1
R E Y 705 MATEE TS X LE i BE 2 AR N AR X TR, ER s ESSE
BRI R RIS, Y ZE I E s oA e ] B AU S B0 R SRR, B AR EAR T R
AR WEE R LA T A R B0 70 2 2 T B KRR A TN, AT 2R R 5l
DI TS, G RAE R R (AT I, AT R (AR T 11 o

IR B LR O S T B E 1R A T R P R B AR R A TR 2 R R IR,
Hrb i RE (1.1 R HIT SR AT (1.19) R HIRR SURAFR TR (1.27) R~
(1.30) =, HFE (1.32) XEHFE (1.33) RERRENEMAER, BOvEHTEIEE TS
E AR R S0 AR I R A A TS .

7E AR B AR 2, TR R AR, E I E RN R A ERIEE 5
HER GDP #¥5 G 2 lAfE#a FRT iR (1.19) . BEEE5E (1.1 KRWFELis) /i
77 R T LU AL R

dE d*E

Wi E + @y, W + éEGIE + éEG]E + éEGZEZ + éEG3E3 =WVEGeE (2.188)
ﬁquEG] v Wy~ éEG] N éEGZ N ‘fEGs VEENZEAE éEGIE ~ Yeges ﬁ%ﬂ?\jlj\]\ BBl R K5
E(G—>0)—>0.

TR (2.188) REHWEIEHIL RBBIEAD 58 A TR
BN, PR, HREME, =0 Eg =ORF, J7F (2188
RN

dE d*E
Wg E""wEmW"'éEG]E =WEGeE _éEGIE 5 (2.189)
BB, Lo, =0, JrfE (2.189) ALK
d’E dE
W‘FPEGE""]EGE:JIEG ’ (2.190)

A Prg = Bpa@rgr0 Grg = Eea@r6a fra = Wecer —Srael@rga s E(G—0)—0.

U, =0, JFE (2.189) R EBEHEAL AT A 1

Ty GrcrE =Vicns ~ v 2191)
WM @ Epar s Vies — S N ER, H—% /N

E = &, [ sore — Engue 1= exp[~E,0,@ 6, G11 = By [1 - exp[-a,G]] . (2.192)
A g = Spai@r61 B = & [Wier — S ) 79 E MR IREFHER .
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Wt T-2EE M 1860 FEF 2006 4F At 147 AI4FEEE GDP 4 (1990 4F GK 10 {22
TG MAEVE T M EHEE Gl 4 E, | oAND, B SRR 2-21 Fos, 5 (2.191)
REHM (2.192) R EAR IS H S % 2050 50N

d—E+2.60x10‘4E:0.7241, (2.193)
dG

E =2785[1-exp[-2.60x107*G]] ; (2.194)
Hh&wsuwE 2-21 froxs RS Bl &30 2 R AH 5¢ 2408 0.9956,

XEBREER S EREEHET RS

o500 -8 — e —o— AR SRR |
| ‘ ‘ o AEIR SRR

0 2000 4000 6000 8000 10000 12000
4F £ GDP1E (19904EGK 101235 78)

Bl2-21 xEFERFHEFLELFIUFTEHLE
Fig. 2-21 Curve figure of tendency fitting equation of the total annual energy consumption in the United States

R (2.194) 7213 I B (4R 12 AR 2o b Bt SR A (AL g,

E i = 2785 (B JiMih 24 &) (2.195)
FERERT BOMEAR IRAE 2 J5 26 E 4 B REURTH 2 S BB EZ GDP S & AU IR & 24848 K al
T ARJEHEN T — B B P AR L 7

XELE U, XS M2 L B AL B, b B R FR e P 4T R T
S WA

Vi =025y, +0.5y,,, +0.25y,,,, (2.196)
KF Y v Vi~ Vi NI AT IOEEE 7RSI = A A A8 8 s 280 s e Al SR
i= Ny =210, Nygy AHHETFHEFIHIEARAEG yy | By, HERE.

A (2.196) ESEUREATHEH S 5/

Vi=2Y0 = Visa o (2.197)
FHE (2.197) KARZE S TR AN
Viea =2V 3, =0; (2.198)

B AN 0 RBCRIRE N 0 8, FUHE RN A — 24, +1=0; RHZHEAE
TG EMR Ay, = Ay, =1, WEMRZES T2 (2.198) B &M TR

¥, =Cyq; +Cusii » (2.199)
KH Cug~ Cugy NIFEEEL

ER 2-21 P2 E M 1860 5] 2006 (7] 147 ALAVE T 2 B BE T, XA 1860 4
2 1950 FEHERE 04T, FTAISEEET 1949 4E. 1950 4E /M R MEHUE, e (2.193)
R ATHERAS ) 1948 FH0EHE, R s, Hrp M 1944 FIFE RS 5 FEHE X
B, N 1903 54 % 1888 . FE M TNE EdE, MArH#HEREER] 1860 1% RIK 2-21
FTo (A2 B BE YR 20 2 2 500 M 1860 4E 3 1950 4E (1) 91 MR d, %R 2 4, 7B Bk
19 4, HEREEPE 70 1~ HUEREAEIR TR (2.194) . (2.195) AEB s
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WHEJiRE (1D X, EriRn—ERERA DS ERANOHD HdE P 54K
GDP %ﬁ?&GZI‘EﬂBﬁ&‘TEE%*&BE (ERUAD K P ah s s 5k

+§PGIE +§PG]P+§PG2P2 + él’Gf&f)3 lll/l’GEE ’ (2200)

RHRNOSH P HEERONESENES B Mo, s Tpg s Spgr~ Spaa~ Spas NFREHEG
Eocin ~ Woaer TMAN. SNEIRE: P(G—>0)—> P, P.AfFEE.
M =04 &ogy =0BF, R (2.2000 Kfdfb A

dP d’pP
4G T O 7 1G> >+ Spai = Woger —Spaie © (2.201)

XoFF-2E [ M 1860 - F| 2006 Fla] &t 147 ZLHI4EE GDP 5 G (1990 4 GK 10 123£70)
KMEFBNOEW P (TN, HdEth SIS 2-22 fix, HE (2200 RE—rBE
RN S S W

2
d"p +2.63x107° —— dp

ZD-PG]

e +3.70x107 P =0.136634 ; (2.202)

HfgH
P =369281-81642exp[—2.48x10°G] - 267638exp[-1.49x10*G] .  (2.203)
FEMEEASWME 2-22 fior; RS il A 8dE 2 AR R ECH 0.9972.

EEANOSE BB TR L
2 400000 i i i
T,
~ 350000 [
I
& 300000 |
Z
= 250000
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Fig. 2-22 Curve figure of tendency fitting equation of the annual population in the United States
AR (2.203) 3R4 2 F B A DB A S IR P, W
P =369281 (F 0. (2.204)
FERERT BOMER IR 2 J5, SR EFEEEN DS GER ANTHD R S H S 1848 1K B e sy
fiE, ARJEHENT — B o AR (i 72
H1 3 B BOVE B 4F FE REVETH 2 B AVEARBRRFAE( 12 (2.195) U N B8 s vk
WRIRARFEAE T AR (2.204) =X, HUSEE B Bt NI REUETH 2 SR RARFAE (B 2808 E ygp i (T30

M), WA E . x10°x10° = Eygy P x10%: B3 E BEPE A A 3 90
W (B By, (50245 My

6 6
Espiim = 10" By _ 278510 ~ 7542 (T-5E il q ). (2.205)
PUSllm 36928
AN A it R (2.201) 3, X TIHEE M 1830 2] 2006 8] &1 177 HIFERE
GDP i G (1990 £ GK 10 123570) KFELEANDHIE P (T A) hfriE, Hunk 2-23A
Bz, TR AT A AH R — B Bt B AR faims A H R 20N
2
p +4.98x107° — dp
dG

+1.75x10°P =0.114188 ; (2.206)



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 99

Hf#H
P = 65250 — 41320exp[—4.6 x10° G] - 7930exp[-3.8x 10 G] . (2.207)
TR RIS K 2-23A For; RES Il A B0 2 R A 5C R 208 0.9949,

REEAN OHEE ST &
2 70000 H H H H H
w
~ 60000
@
T 50000
<
40000
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30000
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I N S S b S —e— NIUHRiZE |
10000 3 : : | | | —o— N5 TE L
0 I I
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fEEGDP{H (19904EGK 101Z.3578)

F2-23A REFEADHELSHE T EHEE

Fig. 2-23A Curve figure of tendency fitting equation of the annual population in the United Kingdom

AN (22000 3K, HEATLLERRA
Y
dG " da?
A P =-0. 551)0151;&2 » Veco = ¥ ecee +§PGIE _0’25513G]§P_G]2 °
AT @, =0 Epgy = O, H—fRIME KA A
dpP

W pg E"'éPGz(P_Po)Z +Vpgo =05 (2.209)

ﬂ:ﬁwPG]‘ gPGZ‘ gPGIE‘ ¥ pGEE NEER, HHEMEA (1.5, (1L.6) FEA.
BN MY v, = 01, 7 (2.209) Kk
dp

Wpg — 5+ & (P— P) +§pG3P3 +Vpgo =05 (2.208)

pr]E"‘éPGz(P_Po)Z =0; (2.210)
BN E L #0. P(G—>0)~ 0B H—fRIER A
P=P+ T piSran -
G—@p6[Spin ]
_ FinGo
™G+ G,
=Fn|1- G (2.211D)
G+G,

AN Gy = 0o (& BT By = BONFEER RS WGy oN G IFIERINE, B P I
BHPERIRE: W @y« Epgn LR N E ey =~y [ PGyl -

{J8R 3T 1E W FEE N 1830 E3 2006 E 8] At 177 HAEE GDP Bl M N\ 1D B FE,
A HFE (2210) KRHEHME (2.211) K@t BASEZ RS0 H

4P | 44x107(P—65250)" = (2.212)

dG

P=65250] 10043 (2.213)
G +106.43
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IR ML I 2-23B Frns iR 5 PTG HuE Z S R 809 0.9934.

TEE N O EdR B 4k 07 R o £k

FEEANDHE (T

: i i : : e N |
{ § § § § § —o— NO7RRHh 4
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Fig. 2-23B Curve figure of tendency fitting equation of the annual population in the United Kingdom

A H 72 (2.207) el 7 8 (2.213) 20, BIn]#55€ ERY Bete N I E0R B AR BRE P i

N
Pim = 05250 (T Ao (2.214)

TESEMT B ER R E 2 J5, e EAEEEN e GERA DD ¥ 230 H ZAS 1 K 8O s
i, SRJEEEN T — P B PR AR i £

EHARAZm, M T ES S KR E R, FRSEEPREIEE R EEE . A\ D EEE &
GDP ##f5, S53EEM AN DEHE & GDP RS #tbicd s, nf LU AT RO AR 1 Bt spAs
AR PR AT T A A 0 A P R A DG T LA B, R BRI I B B AR
KRR

X E CRRED) M 1952 4E3] 2009 FE (Al E1t 58 HIMNAEIRE S BHUE E haifERE,
B RFERE GDP ##5 G (10 e NR) AW 2-24 Fior.,

A2 (2.190) 3, B E CRRED BEIRIE o E 5 L 4F B GDP B X R 1 —Fh
B faims Bk — ?iﬂz#t?ﬁ{k%f&t%ﬁﬁﬁﬂiﬁﬁ

d2

+5.19% 10‘43—G+95x10‘9E 5.273%x107° ; (2.215)

RH—IEE AN
E =5550—1312exp[-5.0x 10 G] - 4238exp[-1.9x10°G] . (2.216)

TR 2R S 2-24 FroRs D5 S PTG E0E 8 A 2% R 808 0.9703.
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Fig. 2-24 Curve figure of tendency fitting equation of the total annual energy consumption in the Chinese mainland
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JFE (2216) REWIRE OB B BI04 REREIEN 8 R P R IR E

3
E i = 5550 (/3 Wi bR #E AR 5 (2.217)
Eﬁ%i@fﬁﬂﬂ%iﬂiﬁ (i‘ziﬁwﬂﬂ‘é%mﬁﬁﬁﬁ@}%ﬁ%ﬁ% 1.4286)

Hﬁé TESEM BUHEAR PR AE 2 )5 EPI CRFE) FEREIRIE 3 a B E S GDP B=[1
B S A K B, AN T — I B AR R

~7i?’ﬁi, HE CRRED M 1952 SEDCRIEE N H B8 GERANDHD IR T2 M
MXRECE T TIEE; A, B E=10"E,P X% G =10"°G,P RN &R 3 s

(2.188)

dG  4G*
o B BT NS RERYE P A N B A, H AR teE R . RS MR,
Pl ST AR FE NS REVRE T RE, 1SR L REYRYH T R B SR AE A P N Y RE R T PR AE B
S, WBEPTRAT Dbt B CRRED SN a2 CER AN DD FIM B & AR R
8.

ZHPE KRG FEREFENE RS EM N L, ERAEaS BT Em, T2
AR PR B A AR, v — B S B2 NS ReIRH 280 E, S92 GDP Ul G, 2 [
RS EAT B TR (119 R HER G (LD RIS 12 R R 7 DR
ik

2 3
wEG] + éEGIE + éEG]E + gEGZE + éEG.“sE lll/EGEE

w %+w d2E

EGP1 dGP EGP2 dG2

itcljwEGP] ~ WOgepy éEGP] > éEGPZ‘ éEGPS 7'\3/2%\[3[2& éEGPIE ~ WEGPEE ﬁ;}’%ljj'leij\ %{7%}7575@
¥ E, (G, >0)—>0.

SEFHE CRRED M 1952 4231 2009 R4 TH 58 LM A RERIA 280 E, (T ribnif
BN JAERENY) GDP e G, e AR/, FEEE i 26 (a3 S RHE QI 2-25 B
R

WL s, fEPRBEREOLT, AR g, =0 Eugpy =0, T7HE (2219
XA

3
+§EGPIE +Cpapi Ep +§EGP2E +CrapsEr = Wecper - (2.219)

Wggp %"'wmpz d Ez

dG, dG,

BB @, =00, B NRIRIER
d’E dE

P
+ Prcp +qeerEp = frce (2.221)
dG2 dG,

+&eep1Ep = Weopee — Skceie § (2.220)

A Prcp = wEGP]w]g]GPZ v Gegp = gEGP]w];]GPZ - EGP — [V/EGPEE _éEGPIE ]w]g]GPZ °

X CR R D NI REVR T 9% 80 [ 5 N\ 35 GDP 3, Hdfs th 2 SRt & 2-25
B, Jifd (2.221) S —Fr Bk faimg BAR B B i RECESF IR PER o 7 FE a1 2
N

2
d"Ey +6.07 x 10—4dE

3 S
BN
E, = 3940 —1050exp[-5.8x 107G, ] - 2890exp[-2.7x 105G, ] - (2.223)

+1.566x10°E, =6.17x107, (2.222)

4

uum
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TR I 2R S 2-25 Frors D5 S TS HuE 8 A 2% R 808 0.9586.
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Fig. 2-25 Curve figure of tendency fitting equation of the per capita energy consumption data in the Chinese mainland

Jike (2.223) AAERWIRE CKRRD BB A BEIEH 2 S IR E Eoppm N

E cxpiim = 3940 (T riAnHERE/ N (2.224)
HH R G =R
Epiim = 2758 (T FLMI &/ N) (2.225)

FEBET B ERIR(E 2 5, hE CRRED A REIRH REEHFZ AL GDP [k
RO RKEE, RFHEENT B B e A g A

R T—ANES, SRR S BB IRIEE N By, CAJTMARERD, 4%
N BB BRI By, (TN, TSI RERETE SRR IE M By, (T S0AR
HER/ D BITTIEN
E,.x10°x10° 10°E,

lim im

Plim — 3 -
b x10 B

BieE (2.217) XK (2.224) A (8 (2218) & (2.225) ) wIBHFRE CKFEED FEA
FLEE GERANEHD BB RIS A TR IRE Py (TAD A

6 6
P = 10" Ecnim _ 3350x107 ) 100690.442 (T )0). (2.226)
E cxpiim 3940
p E CRBE N BBt AR E AR (2.226) R EGEE AN O BIEEBNR

FHIE(E T2 (2.204) 30, B E CRRD 5RERA D EERREFEEZ L R, Ty
R, = Poxiim _

_ 1408629442
Py 369281
HHE CRRED BEUE P BB Bt AR SRR T AR (2.218) 5 36 1 4 52 REVRHY
B BB TR (2,195 X, B E CRED 53 ER R 9% S B IR
B 2 b R AN
R :@:@
b Eug. 2785
R CRBED NS BRI 20 B 33 IR RRAE (7 12 (2.225) 30536 NI R
P B A SRARFAEAE T A2 (2.205) =X, 1B E CRE 53 E 1 AIIREIEH PR RAIE
{2 L Ry, IEAA
R, = E cxpiim — 2758
Eygin 7542

815. (2.227)

~1.395. (2.228)

~0.366 . (2.229)
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2-21~ 2-25 PHERS HMA TR, BdEA S AF R Wl SR ZE, 2T
KB E@A TR %, BAIEMIT RIS B Sy, W2, Fm i BBRIREOC fbd
B8 73 HrAF B AR B T 55 45 SR Bt — 28 i PR RS K 2 AR BT 5 R (B U 2% .

bR REL R B S RS, A E VB AR KRR AL R R P (1 BLE &
BHRHE(E ;s SRR IMEEEEZEUMERT, EaN RERZ I Ak, gt S
DRSS &, AERAR L BA R RITER, i 2 JA T SO8 B & 2 T 12847
%, WK, RIRIIZNTS BA R4S, )y B 4eR0 LD SEBEER A1 i

B b St 7 AR 5 R, AR T, B AR, RN A B
T 2Bt P EAT (0 2 A S AR B TS o B A R AR AT R B e R T 2 AR
EHAE RN — DN BAER ISR G B, ERT D EGLAN RIS A X, FH
MR R R, Fbke% EAEAR SR R, RIS, i TRE R T2
BrBL. ZHkr. 2GR, ZE-TE R SIS BREILESBIRR, Hl
BTSSR, TS T 5 S BR A B SRR AT B, SRR AR
ARG IR, XHE S REREAT A DL S B AR S OR R, RIS R IR E R AL SRR,
SR SIS R B e, Gl TR, BINTEOE A, R el S R B RS b, R
BT, SFHEFRIMITEIEE, BREIESH AN, BRIHEEEEAR R .

FARTIEE AL RE P E N D SRIEE R it e, R K UL
K2 BUAE FIAK — By BOE IRt 5 1 St S e

REBAKERRER, HETRCA KA E, Bk, sER RGN TE
R . — AN 5K B A 2 A A E B SRR AE DR FT IS AN ZEVE IR AT SE T, @R R
WHA AR, KPR BRI B R A5 i B 2 W .

FE— B L, Rk (2.56) BT Z M EE I — DM E K — X e —
AR B R NSNS H BT N VBN B3 EEA9 2 8] 5 22 55 5 T o3 A B )i 34k
FRE, HETTE RPN W R ORI e & B RSN S BT S D e Ee 18]
BIERRITREN

dy d’y
PR PR 2 3
ZppI d + Zpp, >t Zpig T Zp1Ver T ZpaVer T Zp3Ver = Zppg (2.230)

PI PI

BCHLx Ly AR MO 30T 5 ATTEBIEG 2o, Zoo ~ Zore Zos « Zos
NERRE,  zpy AR, zpp, NOMBUIRE:  ypp (Xp = +0) > 06
T A B K& B 2N RONE S F T N R B () Ok R BRI RN 4
Mr, TEETEZ RS AT 5, 1 R KB NSNS R ECNE EIE LY, TP R
(2.230) AT ALSE R AR AT T ASIA
o= A, explap; (Xp; — Xpo)] — €XP[—Qp, (Xp; — Xpy)] , (2.231)
2cosh[op; (X —xpg)]

Yp

KX A >0 ap; >0 @y, >0 @py >0 AFFEFE: oy > Apys Xpp > Xpg o
AT HL Y oy, = oy, B, R (2.231) AT EIE X

sinh[otp, (Xpr = Xpo)] | A, >0+ ap>a, >0, (2.232)

Yer = Ap
cosh[op; (xp; = Xpo )]

Jike (2.232) AT HZ 0 BAT 7 M ZR (L — O P IE DA X AR . Je AR MR 2 I i 238

Wk TR Bk BOZ R L, FLAE AR o Bl t 2R S BRI i@ S MRk s 2R K
RN
Vpr = Ap eXpl—(0tp; — ap )X — Xpo)] o (2.233)

ZWOTHE (2.233) 3, HEOUMIGHL, BAEZOe T driE (2.2300 2R ] 5 26 AR b
T iE (2.63) MARIBIEA—BILEAT X Boltzmann 73 A 7 FR K 20T LLg&H ik
Ypr = Vprmax eXp[_aP0|xPI _xPBO|] * Vermax >0~ g >0 (2.234)
Jt 22 A L

Yoy Ry A} =)
I dxpgg Oty WAFIE T B, Xppg > Xpg v Olpg X Olpy = Olpy 5 Vogynax I Vi WK AH

VpRmax = Ver (xPI = xPBO) °
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JitE (2.234) AAEWAE IO AARA, R 2 )5 I B AT e 10 h 2 T2 A&
Yo Bt F— AN E K& EAERN x (10° 2270/ N) SHFE RN DS y (%) Z I
KAR, KHMEAETE (2232 KX, HF—HEEER7EECY

or =300 sinh[0.0690(x,, +4)] ; (2.235)

cosh[0.1026(x,, +4)]

JiRE A S th 2 &l 2-26 P G ELEEBY R & SN EEB y Z F Xy 45T 1009 ).
—EXZHBEAERN ST S A D 5% R K 5 77 72 i

\ TR \

0 20 40 60 80 100 120 140 160 180

B 2-26 —EZREHNEAZFRNGHE A DA 7 th 4 B (Cy=100%)
Fig. 2-26 Curve figure of simplified tendency equation of relation between the average per capita annual income of
the every stratum of society and the proportion of the total population in a country(2y=100%)

TEABRIAE I, DA E R ANBFEIRNE S AT 5 AN D BEEASINE, FgmBERN
X . WU i, S ZE0c s Lk 5 FE A DU E, Bk b BAG 5 AT,
ST 2 T ARG ) B 8 et S A FE I 3 A 46 5

B KL TR B e TAEAREE, e THFABRERN S TRIEE, BT
BRI 2 VIR (5 220 L2 2 DU, PR ER AN FREHE, S8R S
W AR, AR NS, SRE TR LS E AR S, T . R A
B AIBVERES S B A HIME AL & fE LR & I A B AR A i R I 2 T R A&

— e E s, A R FERFZAYRFS AR LA SHEMANOBER. A
GDP S5HAEH A LR SMHM AN O HFILR, —ANEFKN % B NS RERE S e E R 5
HRMHNMANAOLLB R AN GDP SHFTEEZ HA MAHRB N D EFI o 2T, FEAHS
AR (2.188) ~ (2.235) T LIEAMEIFE A .

IXFP 2t b AR TR AR 0 S A e . A R . TR R 2 2R E
ENEAEREASI SR, A PMEFRSHXGEIRE R, NO%E. B, 224
Fra e i hoAt 2 IR 55 (B 2 G0 28 W S HH 45 2 B IR 3Pl W iR e sl S 5 S 2 Fe 1w .

HEBRFEMEESEE K, 25, Z22H. 2XEZHELZNEXSS5Hp, LMeE
R —E SN RAEL PG K, JELR M P K 2 7 — 2 & DU R BRI 201 B B
PE G BRAS, W2 I R i RE 5 2 T T IR . BER. B ESR R HIM )
BPHRER; LR BN K RS R R, H o RIER MK 2 ik
NHHPFERIRAS, ARG A BURINE D5, BREEARAE N T — AR 2 M s 28 A4 1 B 2k
PGBy, SAER D EE T S8k B U (GET), BRI Ko ph S S R s BT,
B R AR, I T T S A T ]

LR E SR EAT R S E L BT R, 2ET
R TR, HE 2 —RITE T &L AT 8h 712500y J7 RE SR A il B A HE 48
5%, AR TR R, RG2S SO, 4 E RIS T s A &
B BE M G BRFIEAE, 7RI 25 B R SR A 2 LU 3 B B W 7 3 7 1l

R T B AL S 3 125 3R T RE, R R TR I sh AT vk, B A
Vi RAEHE SO EE, X TR TN 55 15 J2 10 SHE 1 A2 B R 9 A S5 A 3 B P 555 T KRR AR &R
2 ZH 55 R ik R A S A4 ARkt FEliR

et RE T M BE+ VG BRI ALy, TREH TCIEXEME; AEZRIEEERE T, TRE At

WS AR N B30 J1 2800 RS, B 1S R P BB e AR RE RS 5 I s AL I R ) o
SR AN M) B VIR 2, I E I R IR e B 2R, Ik BT R g KA = H 1
RERES/E K2 E I S SR IEAR—F, R )OR AT e iy ALt A2 R SR g =5 sl i
LN F1 A TR B R IXAMEATE SR R A, RIS — AN E R R RIS R
Ejfth [F 5 RIS RD A TR B A AR A I 1 B S A A
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2.6 XFHH—MES RN —MIEGH I 77 ER I
M AR AIAT BLF 5 T BRI, BRI LU RSO R RSO (1D
RIER, (RSB ERI 35— 254 TR — P S BRI R, (e 1%
AR TN AR R BT CBURREE) (B, N2 D7 S 5%
AR 385 — W 22 DA 5377 B 0 PR S 1 i 20 7 R 3 7 AT R AR
*F A SEOSIRIF A x, (i ESREO, SIHIADECR RIS (L, B R, i
A MR, 302 A R AT (R SR TR (11D 3T DL % R ki

dxi d’ Xi 2 3
@, dxﬂ + @, dx;] +E +Ex, HEX L FEX L, =Yg (2.936)

XHo @, & & EEARRE E NNBUIREL wo NINEREG &, & R
FUA A P PR 11 B
U =0, @,#0. &=0. &=0. &=0K, & (2236) N

2
wzd—x;H:WEE — & (2.237)
dx;
Mo, W —Ep NFERR, 7R (2.237) MRS 225 F R
1
X1 ZEWEI[WEE —Ep +Chyx, + Cy s (2.238)

Rt v Cy, It

TP (2.238) X, BHEEC, #0. C,, =01, H—-FK—-MESITEENX

X, =Cphx,[1+0.5[Cph,@,] Wi — & X1 - (2.239)

HfE (2.239) WRIR, wE—PHRTT Feigenbaum 7 1 4E f 14 )5

fET s, P FIRILAS R X, > x> 0 A e AL

G = —0.5(02_] [Wee — Sl
i, ZaFE (2.239) KRVSCHEHE X Logistic 77 7 2N BAT B AHBUEEE T — R &
IR

X, =Chx[l-x]. (2.240)

Z 07 (22400 A, FETTFERIE A LRSI, (HH AR B BRI R
BEERWE. WE). AEE. AN RPRHME.

T2 TR (22400 2, — ML x, = 0, SOl 45 H AL 2 OB T & Cp,
(500 Yl R TT R N

dxi+1

d——2ﬂ+CD1=00 (2.24D)
X X

WA (22400 R, M4, ERIEASH x, = 0.00001 M T, %4 C,, =1.5 K
HOL AR 126 1525 C, = 3.5 BRIl AT B 2T A5 0 P 2-27 .

2207 7 R AN SR Bl th 2 25
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Fig. 2-27 Curves figure of the saturation(when C_ =1.5) and fluctuation(when C,_ =3.5) characteristics

of the difference equation
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TR (22360 A, 4E,=0. & =0, HEN

d*x. dx;
@, g, — &% =Weg — i s (2.242)
d dx

2
i i

i@, @, & W — & EARR, Ho,#0. §#0. o] <4o,& it HH
BRSNS TR N

x,,; = Cy, €Xp(Cyy ,X,)COS[Cyy 5 X, + Cyy, 1+ & Wi — E ] (2.243)
KHRCy, v Cyys Cyss Cy, ENFFEEE; HFHCy, . Cys il

(0] 1
Cy,=——1, Cy,=t—|4o,¢ -a] .
2 2
B (2243 X, Mo, =0, yp =& Cy, =1 Cy, =00, ZEHHEFELN
X, =cos[Cy3x; ] (2.244)

R (2.244) RAGZMIEIFER: HA41.2>C,, 200, x,, (i >100) BRI 51486
S X, TR, TSR Cy,  [HAHSE: 23 HERLA 7 R i — R % U0

x.,,(i >100) = cos[0.530C,,,]—sin[0.115C,,] ; (2.245)
AT FEMZ A 2-28 Fiow, AHKRRECH 0.9955.

A BRAEL 5 A3 5 AR X a5 PR ADL & T R T 25

¥ 110
FR
8 1.00

—— WRBR B A Bl Hh 2k
— BB AT 28

0. 00 0.20 0. 40 0. 60 0. 80 1. 00 1.20 1.40

$ik
F2-28 20 7 BRIRESMERRNHLEUUL TR WL

Fig. 2-28 Curve figure of tendency fitting equation of relationship between limit value and frequency of the
difference equation

FONE I, iR (2242) RTERIIEE N, AT 1.2 2 Cyy 2 0.2,
X,.,(i > 100) FIBRIRME 595155 Cy , 2 10— F EA RS YL A IR

x,,,(i>100)=1.05-0.308C; : (2.246)
Wi R I I 2-29 R, HISEREON 0.9994.

M BRAE 5 45126 00 2 ) Jey B X L & 7 FE i 48
¥ 1.10
fR
8 1.00
0. 90
0.80
0.70 —— R A5 AR K o 2k
' —— AR A R 2k
0. 60 ‘ ‘ ‘
0. 00 0.20 0. 40 0. 60 0.80 1.00 1.20 1. 40
A

Bl 2-29 =4 A BRREGMEXRROFHEE(1.2>C,, >0.2) e 77 E i &
Fig. 2-29 Curve figure of tendency fitting equation of relationship between limit value and frequency in the
difference equation in the partial range(1.2 > Cy; 2 0.2)
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TR (2.244) FUHE Cy, > 120, FFa RINEHERERE). Wk, HiH% 2
TEASFHIE, {ERIURSE x, = 0.000025 I} 58 7 SFAE TG B T -4 an&] 2-30~ K& 2-32 i

2257 77 RE R sl i 225

X;4q 1.200
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0.600 ’ |

|
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0.200 \ AR
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itl

K 2-30 =4 720K o e &P A (Cw=1.35)

Fig. 2-30 Curves figure of the fluctuation characteristics of the difference equation(when Cy, =135 )
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Bl 2-31 %477 12 89 5 TRl &Y 7 (Cos=3.56)

Fig. 2-31 Curves figure of the fluctuation attenuation characteristics of the difference equation(when C, , =3.56)

Z2 57 77 RE AR 3l ith 2 25
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Fig. 2-32 Curves figure of the irregular fluctuation characteristics of the difference equation(when C,,, =7.00)

HFIRE (2244) X, HBHA R, = &M, EHTRBRTELN

X, =COSX, ; (2.247)
ST 2 I SR X, AR B + 00 > x, > o0, WITE7 > 95 I x,, A il a3 BRI (A
x,,, =0.739085133215161, i>95 (2.248)

HEZE A RE (2.247) R x,, fE1 —> +oo B, 5245 T x = cosx [MI5LE .
IR TRy — i 2 43 T R I — AR SRy AL AR S R B T R
TERT B K UL 220y D7 R R S S i 23 7 R RIS T A R T s R i 5 % .



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 108

2.7 FIWEEMBETTHNERESEITEER

XA AT 2R 2 T ) 38 T RE R S R TI0 23 BT A2 5 Ak () — o B 95
KA, R TR O RSB E PR R E G BT E AR — R L.

NHZE TR RO A SR A T O, AV E X BOE A T B A R SR S K
FHIC R AN Pearson #HC REUE A, BEASFEIFHHL Fisher 1 F K256 7775 CREEMETHH 7).

WA (x,¢9), XHRi=1ton, nAEIRHE, —BKWn>2. HPH, SEHRH
(x,, ¢,) AT BTG EBIREA (x, v,) s A (9, y) W=D 2 C[9] C[v]-
C.lo, y1 3N

CIA=20 =X ClI= D07 = () (2249

Car[¢’y]:i(¢jyi)_%i¢jiyi H (2.250)

i=l i=l

WA AHS R % R, (Pearson A REER) KIMAIE Ry M7 FEA
Culd, )] R = (Culg, 1)’

R,=——2"-- . R = . (2.251)
VCul91C, [¥] C.[91C, [y]

e (2.249) ~ (2251 3, fE£n> 210N, (CHER—m Y, = WRILK, 4H
MRAER, =1. KRR, 0058 T EIR SRR T, MRl aEs
T AR B SR R

TR AZEOHE, SEERAK S UETTENREIE (BB o, BBMXR
BR, > 1, HUIRRERIIG T TEMRRARSE, 67 EAT BAE R H 5.

W& TR B IHCN ky » WA Fisher [f] F K50 I IRIR S8 F, S MG HITR N

(Culd yD’Ky

F, = : — (2.252)
(Car[¢]car[y] _(Car[¢’ Y]) )(n _kV _1)
EXH, k,NRSTHBE, n—k, -1 A B,
HI7THE (2.249) ~ (2.252) EFHERSHF,, MR ZE TN
F o= (C,ld, yD’ky'
- (Clo, 3]’ ]
Car[¢]car[y]|:1_arj| l’l—k -1
C.[91C,[¥] ( v
27 -1
Rpky (2.253)

TRk, -
FEV S AR R R R, K CABERA S n IS TR BTk, MTEOLT, RIFT3R1S F
fi. ¥ F, M5FE2EMKTa. N 005, 001, 0.001. 0.0001 &L E, 50l FE
f(ag, by, n—ky =) TR, M F > f(ap, ky,n—ky —1) I, TRLE D5 FE I B 15 B R
KB > -, HBAEMER; Woy, =0.0010f, W B, =1-a, =99.90% .

Hhis B f(ag, ky,n —ky —1) AT EEER SISV P s BORE T RS .

X TEMEXE, St EEAE y, KT EERTEME) y K2 ERERZE) S, 7058

_ 1 ,1 < _
Yy :;Zyi H SD = ZZ(yi _y)2 H (2.254)
i=1 i=l

HIHEZET (i, Ko EEEEHRE, JRdEd A h R B0 e CY97E t /A, 53
MWK R a,, BHENNn—k, 18, 28T =T (az,n—k-1)) iHEHE: MNEEGEE
N Pr =1—o W IEEXE [yeg, Vop | TR S EAGTHEAN

Vess Ve 1=V =T, Spn ™, ¥+ T,5,n"°] . (2.255)
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2.8 BAMGENHIZRRIRTNES A

X2 W BRI R B TIRN T, I RE vl 2R FIg vk Hordb WA
FE LGS FE R M FE 82, Al DIWIE e BARBLR (WEFHSER) mEibidfEEEA LK
W& ZhAS o an T~ =2k

K, AT RE; PRSI AR A R T e, T R R T —
W s R, o 2 M R e S R e, DUE Az 5t EAFAERf 52 A
AL T REZ TR BR S U . & e ke

K, AR RE; TSI AR AR, R RS TR 7 X REAR SR, &l
POE [P K5 SGE T EON MR, RIS K5 B A A TERRIRES, AR
—Br B R s SRR AEAS IR, BRI ME AR I R, (AR 5 b Bl TE PR SO E

=2, B MR R G AR R e A 2 IR SR A R A Bl B
Eﬁﬁ%ﬁﬁﬁﬁ:ﬁ%ﬁﬁ%mmﬁéﬁﬁ,ﬁ%n?%ﬁﬁﬁ?@ﬁﬁﬁﬁﬁﬁﬁﬁ%
A TE G

— B, 2 RN SR AR, A IR MR R AR AR R R 2 B i ST R AL T
PAZIE s JEHAEBON R EARE T, nRkiEEE R (1.19) L) U EE L (1.32)
A (1.33) AT LR,

LT AL R RS LS, ARATIRAE A AT, B TR, BT T, BT T
HiEK, IEFEWEINATIR? RA 2 /0 Rets =15 F IR b st i i m] 345 ) 5 SOl st 2 RIS
RUESITFAMMANEALTE. /. WEL B BN B n RS, REHA JLD?
BT RARS WM&, ST HETFHAMPKE, EFWEARTIR? VRA] 83 i 2 55+
AT 2 ARBE TS B T IE R 46 o — a5 ? IRBET e KA oy —aidR i 2
YR ZI RS B I AR AR SR ZIHE S alsem it E? tH 7 iX— R )L T —FEJL. &
TREANEDL, REHE? BRARIETJLTPHMCRAE IR AMNAN? H2 L2 H AN
WHO. e MERE O R R 2 287 AR 7 R s 2 R s g 2y [ 2 3%
RS, ABAFLEAEFUAR I T TG TEARSIE, T3 4E Mt 0.1 4E B4R RNE T2 .

TR, BONEREE AN IS, V2 RMEAAINT BT A, 56 iR TV R,
XSS APAZ, EH MR T RMIET; BREEAEREEAMER 2 E, 378k
ZH—EHRIERE QI T — A, Ut — &I r a3 7R AT et J LT

BT EI R RE RS, 2550 BN R T e 4, 13 g ic
125 CARAEAE N IRAL, L)AL KBTS H g 7 MR,

A, AN —4, BEFEAZE, BE2AURE G NS & A 5 .

NEEIEWEF T, JGBZEMRAEIE, WZH 5B, il —RIR KT
W47 BRI BR IR, AR —FES IR, FIRZ — T icid, &R PR BB, B
MR, TRBAEKKR; —F B2, NAH BRI IR RIEEAR .

| SOGEAR I R I B LS, RN — DI T, nIsEbR AR R R, BRI
JETH R R IZAE s IR —VIERIX 4t 27, seBr bR B VF 2 Bahg # - 5% 56 4 TH
fife, o uCk B HoHE K RCUASE L R A 22 EFH T, AT sEbr ARG E
RGN R E L7 HIF I (R RS B S, RS N2 T K M s A4Sy
YONN . BRI A

—E, RREEE T —E, RREENET T AR SR ik A A
E—Ypid 2. BAE EACSKRE S A, W IRIE .

TEI B LTS, B BebEd, FRIEPE TC IR 56 B AR YR o

B & EXRZEBERE, —HEriteeg KRB, IR ER,

2 BRI, BEHE PR RANEREKE, W8 2K%RA.

1T # WATEIRE, EFETES; FAELZOE, Wrhs a4,

wOE BIETRRER, ZIMIEESG ANEREE, LHEOHEN .

2.9 . ME. FIRRESIFIENEEMRITSEXEKXE

ENFAE S SHS T, BEA. WE . FRIGEE, & 3 e w4 s 4y,
053 ) NI S T vy v X5

BEAM S X E B TR S mniae, ERehiskmAs WE R X EEE TR
WMIKBY, EAFERENE NI K EEL, AR CEEE TSR, 0 S, El—
R eI IR MM E N R EAE TS EE), EEELE, FEB, Mg EE
HEEEG T, BEXREZ TR, WERR ) s, £ e ARIE
MESFAERMAE L, TERAFSMEER BN EERA,

XA, RSN BRI A NG RARAEL, AN T N E B S A,
AN 7200 TR SR A e IR 4 s TeM 2 BN EE L, 75 U0 it 52 il s AR o —
JLHHE R AZ B BN RABR ;. “PEE R H] 2 AT S FE A BRSNS ] [ R A IS S B B
SENLEN AL B AT OB KIE, 25 i E0E NS T H R A .
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DL, BSREEE RS, TRt KE S ERERREA Y T A T RIEL .

B AMEF R )E, N ISE R SR, HAE K ENIR 5 At B 58
1 BUE PO R R, TR 7 WIRES, e et mEig, HEF—fiE & 8
R, DR R 2 SRR PE [ BT, ARG TR Se e s, i SN AN,
B AR, sk, BB EIE T IR THETETT S .

RO RS, BEORRRRAE M S BER 1 @l L AL BT R A A5
a R, AR AR A 00 R BT B b X3 K il i i, 24 RR ERAS M) e B 141 5 a8 R AR )
MEhA T, RGUAESRDONT SR MR ZE P .

a2 Rl ZRROALMMEEIEE a0, Lyt RITFBLSE SR RGBT HL
WAL, RN E SR TR T H P B MEIT L 58 A BA IR

TS St SR, EAL S B A T R TR R DA B R AN, A S SR )
KA TR, A S5RE0ZRIGR B AIE Shnid, BS TR EEAEALE R RS
3k, RIS AR K A RAT 5 PRI . 7EE XA ELE Mot XA
SRR, AEAT MR FUE S 2 B A A (B I B IO, VR 2 IR IE RN A8
MO NAE TR ERE L. N AREARS Bir, KA 594, #EARIESS LT
SHANMRA IO L, A G5N304 X PR 0 e . =20 B [ml LA 23 R 3R
SEVEI ST AR AL N . SRS & SPIVE R RS, RS Y BLE O AR, ik
BT NEETRERDE. 2 OMERRTNEE, 20REEERS, 2OEIEENR,
ZOMINHETER, BWERESE, LREESTE, DAREIRE, #Ah A LA
R E IR JLTIEARRAST LA Ik — T, ANZERUE — A ias LS h e SR T 3
TEH ARk A BRI, R, &K, R .

R, BN EGE, AT NS RS A RS ME . AR R
YR REAFAE

—AANEAHLG, HFTIA R e SRR, SATE S IR, 17
FEEBRMEVIREL, RIERH . ME . FREMEERE N —S IR R L, AR
DU AN RERFAE; Bl @RS ), SHINAEW IR IS WE . iR, K IRE
71, YL O IE ARG, AR5 BRI, BEEHT T2 K. BUR DL SRR
Wik, ERBIEHZEME, FENT—/MOREAE R o T B AR, Mg—1
FEORVER L B i R i A e

B, AR WE . FIR R BT 5 PTREIA B A 2 ThRERCR 2
(1) P AR AT PR ARFAE

FEFTINA FORLES . W 2A R it RE I — SRR L, R B A B AL S DU RERCR
RIVERH . WME . FR LR RN — R IIRERCR R R b, TR P SO fe
fit; BIE—E MR, WMaE . FREEERES, VIR SIIRERCRA RS, BT —E R
Ja, PERKKHSTIRERCR, BERIRERCRGE T T4, HERRENS. W, Fil
L2 it 5% RE ST HIRE RE TNt 2 A BUAH S AL 2 DhRERCR , Wi 5 DL IE 21 5 B3 M G341 1 #
B R GER 1 BUAR S B T EXERI AT RE s AR, BRI R . R R A,
WENIFE T —BrBeAett; BRERR, BR@EdE. mTES —mA bR, e, #iR, &
it 52 A S BA WAL, T AHAL R DURERBCRIMEAEE MR R S, BfEE N e ), HAk &
TR R R IS8 .

SN, ARG DL SR R 52 18 AL e (AR AL

— i, FR ARSI M2, B BT R O 53— B g T
MO B iR ROV E, WA R 5 — 55 IR R i 2 i SRR AN PR AR AR
FAC G AR, A ERPIRAS RO IRV IR s X2 S HALRTAIEAT, A BRRFE
AEERR, HCGEEANFMGFRE . TRRDIRE, AR HERAL 1475 2 ST A Sk
BAE; DNREEBATEN, R F RS ORI R, BIAMASEAT . BARSAN, ik
T JIREITE: WAEAIR IR 15535 B0R AT RS BRI A R 3 e N A (KR A
iz, HoR SRRy R Z0E, EYINE, 7RI, MIETEE”, O AR, Wl 5T
I3 7 45

JUFE TR, T 28R Rt 2 Fe te o B BN 2 A0 5 B R A BR AORFAE, i DAL
X A 2 Th RERCR B Z MR T AR . AL S5, W LT-# A WA BREA 9
BRI XA /5 EE— BRI FIRT 175 170 -

R —BrBEHR, LRKRTREE. WE. FIRE - RE KRR, St
RERCR — B WE . IR R IR R, AR FE 07 F8 K SRR it 52 7 A 8
SAMZERRE ARSI (1.19) X7 LR, HidRas L 1-2. & 1-3
Bt o
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LU B RBUGIT, B Wa . SRR I—55 DRERER R ML, B, M.
SRR Z B SIS TR RCR K RN, X MR R i T 7 AR (1.132) TR R
&%mwz%wﬁhw—amkxmmh%¢%gﬁﬁﬁ;ﬁ%%ﬁﬁ%mgkﬁﬁﬁo

Z B B AT AR i A 26

— RIS RN
— EEROR S
— JE MGG RS

Bl 2-33 % [ By e An 3 A2 VE A 4R AE o &
Fig. 2-33 Curve figure of the evolution characteristics of a multi-stage saturation process
FE 2 B Bas A RN R 00 2 Nt 52 B AL O B R O 2 R 52 E 01— 55 07
FER A ML IR 2 RE ) — 4 2 TUREROR R AR i £k, X AN AR I R ih G W] s e
(1.132) RIELHRELN 01,50 >> Uy T AP HTRES MR, SUASAE fi 2P 2-34 .

Je JRIH AR RS 1 2 B Brisi A 1 2 fth 2k

— R PR AR S
— JE W AR S
— JE WG AR

Bl 2-34 Jo H4E AR ASH £ M BB LT A2 i 2%
Fig. 2-34 Curve figure of a multi-stage evolution process with the creep state in the later stage

R B0 B2 SR S s kb . AR5, $UTMIRANER R, 45T RNE 2
SEAFUSCRY o IR A TR S R B R i Ao . L TR R AR, ok
o RHREHAT A B AT 5 U T N S T, PSRRI & Seih P AL .

XHrp, UEEON SRS LS IR EEUR, B IREGR AT L.

SR AR LB AR AT AR, R H R iR A s BT Re B e [
REEG, WENHEE T HESK, BT IRE R I — 2 A Bt i 45 L sk 5
Gty PrE/ANDURE, KRIBURGG, TREA T, BAEEER; KRBT H BT SEA0URI
MR NIAEAE 5 F A P A A RIBU R B B BRI & . A R, AHE S, H
FRB AR — AN 2 I B 56 I i 58 4 A AT B HES AR A SR A

FEAEIR),  ROAE A7 7E B AR v B R sttt 3, (H IR i (e 2 1 A A b R 25 B i b 1
VEIRIAL, TR B &2 A8 2 Pk, 2B [R) st 1 T RExE DL e 4 A ke D it £ 0

Mot TR B ORI AL, DERE R, NEFEREARAER AN EFE
T BIRGE L AT 2 B R 1] AR A s i B R Btk AT St RLIED A

X RIERAGE: MGoRItEtEE, FEERMEE, LT LE—1.

B AL WAL R L EMEB TG, KB I 2 E AR FrEULHAE 5 1R TE K AE -

e KIEZ B B T, HGE 2 AT A H AR B A S, ARV RIFEFIE

R, 6T ARTERORE, A B ERE I JER, ERREREAR TR, A S
A=, WJRA] BB KiE. 2i7%%, mIE: MOsM, L.
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3 AR AR AR S Bl T AR KB o e R

TN F B A S R GERE) AT ER R (1.19) o Fing 25 B
A A R AT O SR R R AT IR R TR, HpEE 2B AR S 2B T
MER Tk, AEE R ZHARNTE S, AR S ERRE, BONIRNERN T R
TR EEE RS 2R (LD e RBE IR EERIESHTIR R, 4 HHKIR
il P, RWRIRS W8 E & MEEE KT NSRS iR = B CLZ T N
WAZ KM 3 by i v, AR an) SUImAHRR 5 FE (1.27) ~ (1.30) 2. (1.32) X% (1.33) =X
FERAT LEARIR.

3.1 B ARBREERASHMANET i aEM IS HIE

AVNHE A G S EHGER R E th 2 aATE TR, AR Rk B %k 2~5,
422 Nishihara #5517 R0, AT B AL B A1 B 25 ARG AR T AR R A M 7 2

HTFSHEGER 3 PR A IFH AR i 2R B s (N A & /% — L[] [B] B ¢ /min), K38 52
(1.19) 2, HIGETHETHe() B t(e) LA, Hiit(e) @ HBEME TN

f 24024402 exp[32.25(e —0.672)] —exp[-32.20(e — 0.672)] ; 1)

2cosh[32.00(¢ —0.672)]
JREMILA 2w K 3-1 Frow.

b 2 s AR MR s i 26 5 B A T R Hh 2
£ 1.20 : :

—o— b5 It AR A I S R H U 2
Los ||t (o) matmmma s
0. 90
0.75

ceneoiil -
0. 60
0 20 40 60 80 100
t

Bl 3-1 85 4% & M1 & /% — ¢ /min BHE #4 S L6 7 R b %
(D EF T RERBRERE ST 3
Fig. 3-1 Curve figure of tendency fitting equation of the strain-time data in creep characteristics of sandstone
(The original data of the strain-time in creep characteristics of sandstone was given by the reference 3)

BT SHZ R 4 PR SRS SRR (R e /% — B¢ /D, K4EHFE (1.19)
K& (11200 X, He@) BREAERE RN
exp[0.0895(¢ — 94)] — exp[—0.105(¢ — 94)]} . (3.2)
2cosh[0.005(¢ —94)]
TR 3-2 Fors e(¢) TR SEIR A O R ECH 0.9930,

& =[1+0.0068( —94)]{0.83 +8.0x10°°

PR L A A 0 AR R Hh 28 S s S T R it 2R
€15 : :
o— IR AR JE AR H b il 2%
. e () A2 I A I 2
9
b
6 S
‘3
3 <
0 W 1 i
0 50 100 150 200 250
t

Bl 3-2 #dumin e e KL &/% — BB ¢/h 4F A HAE AL B ML 6 77 A2 i 4%
(A EEmEmeemE RiefERESF T
Fig. 3-2 Curve figure of tendency fitting equation of the true strain-time creep data of single-crystal superalloy
(The original data of the true strain-time creep of single-crystal superalloy was given by the reference 4)
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BETZHER S PR SEIRASIFE RS (N e/%—BE /M), KFEHE (119
M (11200 X, Hie(e) B e(r) NS & TR 390N

187 4 157 SXPIL264( ~2.6)] —exp[-1.252(s ~2.6)] (33)

2 cosh[1.253(e —2.6)]
0.131(t —197)] — exp[-0.1255(t = 197)] |
2cosh[0.05(t —197)] ’

g:U+OIm20—19D{26+60x107eMﬂ

(3.4)
TANHFREML I 3-3 Fras, WLe(n) Bl (k) #ie(e) Il (EEL) AR,
e(t) HFESHIRMAE R RECH 0.9894.

L R R O < A KR 2k S A AL U R i 2
& 20
o KA SR B T
s tCe) Tt R £
— ¢ ()RR AT
10
5
0
0 100 200 300 400 500
t

B 3-3 £@mina M X e/% i Et/hFERHELSEUNUSGTEE L
(AF¥EEmmeemE RefERESFHA L)
Fig. 3-3 Curve figure of tendency fitting equation of the strain-time creep data of single-crystal superalloy
(The original data of the strain-time creep characteristics of single-crystal superalloy was given by the reference 5)

R I AR R Ak B 43 7 Y B A S R A A el A T R (R S e PR
KHATRE (3.2, 3.4) ZAFEMIELL Y, AT BRI 8 W1 Nishihara #5557 R 2% A
fErIE

3.2 B0 R VA KIS 12

—feth, XTSRS, AR (PN 45 1 V— A RN 2R S b R A
HH A AR MR SARE RN VA RS R VA R L, T
H oV — A R 2R 7R R X RO X U LA R i 2Rt s B AE o o X LA R AR 2
PRI, BIARBR b 384 10 v 2 1 ) o 2 B I o 28 R AE S5 AR K 70 2 W R AR R AE AR R R

IR (1.19) X, [FRF T R (30PN 5 19 V—A R4S, HHEEU —
HIg ] A LA T R

77 4 4Pl U-Uy)]-expl-a, (U -U,)] | (3.5)

‘ 2cosh[a, (U -U,)]
R U, Ay v a,~ e NfEEFE, [(U=U)=1,.

SORTE AR E T, R RN (3.5) AL R B e ek HOE

U=Upg,+ A explag, (1 — Ipp)]— exp[—ap, (I —Iyy)] , (3.6)

2coshfarg; (1 —1y)]
KR Ty A~ Ogys Oy~ Oy ARFETR, Ul = Iyy) = Uy, -

Fopoxd T804y R, E TR RS R AR LA V—A 2R, DR RITE N
R GEIINEDNE W

T (3.5). (3.60 =3, WA E SCE V—A Fpik i 2m i T R E .

TR AR ARE, K VA RREM& R U — R T RS R T R
(111D AR R e 2

sinh(a,/)

U=U,———2+U,, tanh(BI) , (3.7)
01 COSh(aZI) 02 (ﬁ )

:‘[ZE‘UO]\ UOZ\ a]\ az\ ﬁ%ﬁ%%ﬁ%y U([ZO):Oy O£2>0£]>0, ﬁ~0£]o
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— WA A AV — A RFIERE SR TR A 3-4 PR

LI figh A — W
V— AR S T TR i 2k

1/mA

u/nN

Bl 3-4 g —HE V-ARENES TS L
Fig. 3-4 Curve figure of tendency equation of the Volt-Ampere characteristics of the Bi-directional trigger diode
AR PN &5, BETHAHEMAMERY, 2 3.5, 36 —Ampk, 74E
HEEU /VSHEEHEE J/10°mAm > M UJ) BRI J(U) B FEE A TR 5N
exp[1.531(J +0.15)] — exp[—1.536(J +0.15)]
2cosh[1.500(J +0.15)]
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Fig. 3-5 Curve figure of tendency equation of the Voltage-Current density characteristics of the ZnO p-n junction
(The original data of the Voltage-Current density characteristics was given by the reference 6)
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Fig. 3-6 Curve figure of tendency equation of the Output Volt-Ampere characteristics in the breakdown
region of the triode
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Fig. 3-7 Curve figure of tendency equation of the Volt-Ampere data in the active and saturation
regions of the triode
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Fig. 3-8 Curve figure of tendency equation of the resistance-absolute temperature characteristics near the
zero resistance value for the superconducting material
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Fig. 3-9 Curve figure of tendency equation of the resistivity-absolute temperature characteristics near the
zero resistivity value for the superconducting material
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Fig. 3-10 Curve figure of tendency fitting equation of the resistivity-absolute temperature characteristics near the zero
resistivity value for the superconducting material
(The original data of the resistivity-absolute temperature characteristics was given by the reference 7)
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Fig. 3-11 Curve figure of tendency fitting equation of the resistance-absolute temperature characteristics near the zero
resistance value for the superconducting YBCO/PCCO bilayer junction
(The original data of the resistance-absolute temperature characteristics was given by the reference 8)
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Fig. 3-12 Curve figure of tendency equation of the direct current /-U characteristics of the bicrystal
Josephson junction
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Fig. 3-13 Curve figure of tendency fitting equation of the direct current /-U characteristics of the bicrystal
Josephson junction
(The original data of the direct current /-U characteristics was given by the reference 9)
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Fig. 3-14 Curve figure of tendency equation of the friction-speed characteristics in mechanical
system or servo system
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Fig. 3-15 Curve figure of extended tendency equations with the nonlinear properties or the local linear properties of
the friction-speed characteristics in mechanical system or servo system
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Fig. 3-16 Curve figure of tendency equation of the relation characteristics between break-away force and rate
of increase of the applied force in mechanical system or servo system
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Fig. 3-17 Curve figure of tendency equation of the friction-speed hysteresis loop characteristics in
mechanical system or servo system
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Fig. 3-18 Curve figure of tendency equation of the friction- speed hysteresis loop characteristics in
mechanical system or servo system
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Fig. 3-19 Curve figure of tendency equation of the friction- speed hysteresis loop characteristics in
mechanical system or servo system
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Fig. 3-20 Curve figure of tendency equation of the friction- speed hysteresis loop characteristics in
mechanical system or servo system
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Fig. 3-21 Curve figure of tendency equation of the friction-speed anomalous hysteresis effect (inverted
hysteresis) characteristics in mechanical system or servo system
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Fig. 3-22 Curve figure of tendency equation of the friction-speed anomalous hysteresis effect (inverted
hysteresis) characteristics in mechanical system or servo system
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Fig. 3-23 Curve figure of tendency equation of the friction-speed anomalous hysteresis loop effect
characteristics in mechanical system or servo system
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Fig. 3-24 Curve figure of tendency equation of the frlctlon speed anomalous hysteresis loop effect
characteristics in mechanical system or servo system
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Fig. 3-25 Curve figure of tendency equation of the frlctlon speed anomalous hysteresis loop effect
characteristics in mechanical system or servo system
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Fig. 3-26 Curve figure of tendency equation of the friction-speed composed hysteresis effect
characteristics in mechanical system or servo system (when u, >0)
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Fig. 3-27 Curve figure of tendency equation of the frlctlon speed composed hysteresis effect
characteristics in mechanical system or servo system

052K, >0, u, <0 7, =18, 5 FRBTHEIR 1 S BE PR v it 2 J=) 38 0 oA ) i
FRIE A A 3-28 iz

WU AR SRR 45 ) — S I AR 1 (R A AL R] %) 5 7 il 2

R

— BEEE ) R R W IE ) R 3 T T 2k
—— BEYR R IR 1 ) #a H J RE 2k

Bl 3-28 LIk R G EHE A — i E R RWGIBEAFE HIHMAMURE L) FE L

Fig. 3-28 Curve figure of tendency equatlon of the friction-speed anomalous hysteresis loop effect characteristics
(partial paths to approximate coincide) in mechanical system or servo system
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Fig. 3-29 Curve figure of tendency equation of the frlctlon speed hysteresis loop effect characteristics in
mechanical system or servo system (when u, =0)
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cosh(1.2u) 2 cosh[0.042(ju| - 20)]
(3.59)

A agy 7 HUER 0.044, 0.042. 0.040, =ANHUEL O 75 #E 2 A5 n B 3-30 Ffivws
2B NS G20 B SR, IRRIJT A6 IEAR R —Br B piE (2= ERD AR

PR G (SRR GE) BEHE ) — 3 FEAR BRAS AL 5 05 R ih 2%

R

0 u

J Has R (0. 044)

— B (0.042)
— BT (0.040)

F,=1.13

+{1.10+1.45

Bl 3-30 HLAk ARGt (BEMAG) BEN—RERRFAE S 77 dh &
Fig. 3-30 Curve figure of tendency equations of the friction-speed limit characteristics in mechanical
system or servo system
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Fig. 3-31 Curve figure of expanded equation of the state evolutionary process such as the Newton's law of cooling
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Fig. 3-32 Curve figure of tendency equation of shear stress-shear rate in the flow curve of the polymer melts
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