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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

feZmifN Ebh, 5, 1962 4 10 A4, FHHMEH A, 1983 £ 8 HEb T RKEMF 2k, Bl EEMNFIEL IR 5T

( Email: yankun@nature.ac.cn )



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 2

05 &

TERAR R gt FE R, 3B 2 5 10T ATE I R Ak Ji 38 2 T 9 i 4 2 AN EAT AT
RIT i, RSEEDPIFHATIR R IR . KT 7ERA R B i R e 2 L I S 72, &
BRI ENE BN E B I MER AT ISR, NSRBI AR LY E B T = A vk R e T
NSRS IR T BRI S B R/IR . 7 FE 5 1 R it 32 il 2R B o 50 o 350 B 4 g sk
YRR RS H ML, VBRI FE R — Mo BRI R 1) e S A0 ) R e e A 1k
Wik

ASCTRIS R IR TR 1 Fpad i 5 R A e o 2 S 3 4 S 7 1), adk
g T AN R AT RS AR RIS FREESXS R TR S e Ima BR 7 RE R v ki =0 R0 T
TR RN — BN E R B i E AR 3 11 287 FEHE A AL S U b At 160 43 M 7 75
M T R BRI R AT R T BRIV T BRI A R ) AR
Z OGERE) RS K —a E e e 5 1, $e i 7 I RAE A RE PR () 4
T2, FLAE—MIB 0 R IB9E i A Bl A 1A v s A2 et i 26 5 R 30X — B AR et SR I B8 3 2R T v
JRI; 25 H T H ARG AL R YA RRE BB — PR R B (e YD) XU IE DI g Eu el
G BREACPEREN . AR K& ER TR e KR ER R, KR
REEGEAETRE, Kl B A A 69 A IEYI RS WS 7L T
JELR M Ty RE I FL R SR o (L3S FEAF 4% —Nonlinstor.  FEHL#Y —Geomsentor 45), 7 #7
T A Newton sl JJ24 A0 #% — B 0] 5 R . RLCNG 82 556 H (2% B 7 B2 — B (8] R AR 2 T o s 4R
R R R FLAR MR o 5 AR AR xR ) U AR BRI T S A 2% B ek A A g
M. KiF RARIG I AkaE T RE . Planck 1 7 FE AR X B PER . BA AL PE AR Siks
TE IG5 2 B AR S 55 TE A% 2 () 3 AL B A s 50 5 2 2R (P SRR AE S 2008 e E 1R 1
— M E AR E A R, B REEIRE A E RS GDP BMEXR R, £
] 5 o [ 7 4F B Re YRH o o S AR SR A R AF BN D S B A ME R FRAE XS B dfr . B R
HUE NS RNES HPr 5N D BB R RSN, KMEAASRREREG S
IEAR AN 2R AR AR VA R B SRR R X I R (K p) —T
k. il T X dn Josephson 45 B 1 —U FiPE 45 Shapiro G LRI ERIRME . HUAK R
G fE R RO EEE ) — 2k (LS Coulomb BE#E. Stribeck EEHE. ZhVEEEHE. BEHE
IRV R EE AR A RN B 82 A PR IRV AN ) Newton W HIE Y R T FEIE. =EY
JERR B BTN ) — BV R CEHES — Newton X RIEMEX . 25 Newton [X .
IRUAIX S i S R BTN S5 5 T AR TN T . fEMER S ss 21, fa it
PARHFE AR S FE ih 28 5 SIS R LB T 28 AR AL 5T, BebA LTSS S e 5 R s AL i i
B R R AAE 22 2 LR AE AN 2 T B 23R 5 Th A AR s PR 8 e 7 1) CRLFEn
Navier-Stokes /7S H K717 Haihit TIEE TR R,

| —MEEN A IF TR REENHF AL EEE TR RAFKAR
AL EMABEGAREER (EE) —HFREFNE

— ML, DB TS SRR B R A TR, TSR RAR AT T PR R A
VP2 MBAAEMNGR 2 — 7, G R IR I R R P A R I AR 28 AEAE RS
BTN, R W T BORT T A IR R 2R Sy, SR e M RE AR 2
WREIB AT, TR BT I R DUH I RN, S MBI A R T 1], A28 BB 18 H AR BN
BRI R — AR R IR R IUE e X, BRI AR R L5, SfEhI R
AT RETE I B — R 5107 R R R 2 REERAE D, (5L 47) 5 8 1) B o J= I PR B T 5 7
O e

FERIGAE TS R, AR R NBE, Bl LA s, w222 5w
BERENANEZ AT, R E )5 KR m; FRE, Bed B 382 n B KR4k
TRRINSRFE: 2l X2 DL ERIR A RN T 2 K — FodE L™ AL R 2R W, R
YR T 2 B S B AR E R R 7R SO o 3 22 S D AR EUE A R X it
PIGEIE, BIRRASK T EAT 2T B B0 TR 2 2 v 0 A TR SR SR IE A o



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 3

FERFEI 2R S b, — 2 BEARMEN S LS B m R SR AT

GHEN BN — B RS . fERLMF I RIR R E R L L, MR A FEMIFERES
FORAE R A AR A, v 3E B L R VR AR S E AR NG R KR, Wil
WAL, SPIE, TS PR RIESTE S I BU M A, A HRIT O B ES BARiT

A5 HA R bR A s s i, A AL R Eh AT B A, R i AvE
GLRTAENZEZE R, RRBREARE, BBt R I A e, REETAFR
B e B2 8 IR R T ks S HARIRAIR, Th BRI B R ER . AR, [R5 .

TESARZERIZM, 25 5 P AAE BRI 18] L AR N SRR R 2 1 FE iR S AR R &
TR R, R BN TZ R BN RS S DL TR BT S T R
S5 REMAAT B0 A 0] V9 22 2T T DA SE NS DU DA FR ) 5 BV A 5% £ 17 A BB S AH 5
T TEDSE 240 PN 2 AR % T 2R R ERIE R A E

FAT, TR IR i A i FE e B LB AT, £ 28 Z R LE ) T, DA R B3
HUOG RN RS 2 R, (XL NV e iR S R BB T o —AfH. &t
RS, EHRANATEZ MR SR RN, R K2 BB EG AL E8n
Writ 2kl , (HZREF X PERGR . X XG AR, BEME MR AR RIS 2 1At

fEAAREREE U L, R T R0 2, 5. B, @RSiEESHEA.
THE 5 A B E & nT A v e, Fe RO — R R s e 4 R A e I,
FITIE A ERAE LAl e A R H 7R 22 S M M FAR MG s e B ELARHS ) 5 5 1 3 T
EREAL BB AN, SECRMGRIE YA, SRR EONES, BEE LR AR AR I — 1k
WG I

FHERKE L, —HEBIARIST ZE AN EALS L R RRBCNE S IR
L 5 T T ), T R e Rk, LS AR N FE4kS R R, EL5F
TSR EAER, 2D RAE 5 AT WA I WR BE W B BB R, DRI Sk dr
Ry e 5 BRI o

AFi L, I EBEEEITE, AR IR sh SRR, HOEMER
R R, ZAUETHER R a2k, MR — BRI R I PO AR 2 B 3L 5
.

AN S, H G ST A AR R LT AR 5 A EEAR T LTSS A
MR, LR BRI EAME L) e K ILAHN B B RIC T B AR s T X 4
A REFRRIEI; CLRMERIE NG, KL tEdn R N R R o — B R e, Bk R
LM NI N 5 — R T R A IE I8 5 WA aloR e R I R ke 8 s B, bkttt
Fixb B A 30 1k 2 3R T 30 5| HE R R a1 D134 e R R i 30 LA e 1
PN R R IR B (R (B AR i 5, R, SO Sl OB i s 96 T34
HiR 10 2 R 2 AE LR IR 70 O M MR ZE AL, S50 TR R TE 55 B IR Bh & 54
BT Sy Bt 2 & S Ui B B, 0K K O B TR R AT BB s B S IS BN
WAL S A, A B S AT A B R S, AR S ERAH BRSNS, BRIz 5t
Fas b S E MBS REM LA RIE, RSB R, 2%, S RBCENIEE
T PRV EE SUPAE, R SR AN St . TP, ™1, 4l ¥ES5, mhm. LY. A%
kb, WS TN, TR TR, WG SRR, RIS, s
IREEE TS, AFBEE S A AIS S S L, b iR IRAE, it U AT
NIEFEE R, TRZIM B BB R I RS BT R iE 2 b, s SRl — Rk,
Bt A, #A —A RIS R A S 2 XN, Ty B R A
Gt ik 2% 1) G A S 5225 R KU FITAR 3R AR T 3 B P IR 2 SO B Ab T 8 3, T ol LA AR AL
M5 S0 [ R kiR B, AR RS AR I R AL R A X N R
TR AR Bk 4 1 G S SR AR BRBUR E SON T RE RIS AR R S S, 5 R R IS R P
23 (6] RN FER I A A El s S, TR SO 5 FE v M TR PG A A . AR 2
HUER . s (B (A MR AR . Y B4R I R S LA 5 S L. R RFCEMIRA
I, EHCFRE e, AR DA E R R, R SRS AR 2 N T e 2R R AT
SR AT IR ON R A 2 P ok P2 A B R (R R R s L PR e 2R AT AR R B I, —
RO NECET BB 307 R, AT i R B EE e ke A, IRE R
HERL O N, KRR, FEENE LA RER, NERLTHENIME. Fie
(TS PR I 2 T 40 R AR JR e, ORI SR R (g n [ A B ath s X R AT 5L
TE o A o Y A s A P R 5 T A IR It B A i, R I e 4 1) ) PR 1t % R R 1) A7



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 4

HepidiiG, BARUTME 2RO, BT HES 20 TR R
I AR BT B @ BRI, J8 TR G R 2 1 0 AR v SRR AR R T
JE T AR B R AR =R A BAS R EON S

HEANZ BT A G IE, 5B AR R Y, MR, EiEmiELE
BN, IZENT LS IE AR, At BT e & G R, TS
AT B RIEITBOE R, RAIEEC A BISHEZL A R AN Bia . @I R Fedfrikit.

B, BAARTEY, EEAMTANR: BUE A atply, HERE
P IEAEAE T BT UM SR BME SRR, A A T I AR, (H AT LSS RIR S M FF A T fe it s
HEEIAT TARGUREL (H KT 54 5t AR S FR AT 21 e 5 R il ) g s 3 2 0 T
LA b 2R ERAAAS AT

Bt R NSRRI S RIS R RZ BT R A, BA SRR B, AN
TN S BT BE IR, LB AE ) SOT RN A MIEH KRG, R A RE B, &
BEAHEA &, HRMGEIRET G & B OE e 25 5E UV NEWT T2 R 58 %
PR T HE R, W — R AR E 22 17 G B 28 & 8 1A F RE SR 3L

fEHRIL GRS, — A E BRI BRI AR SR, RILH RBIHAL1H
WL SIANLT & SFBUZ M, #5MR e TR — i Sk B2, mih DU Z T 1
PE R AR AT 28 B S F IR, SO — R ULE P A RO AE S T (e 3 4

MBI A E AT, BB R R E) 220y T AR B, (H il T I 5
W Z Bt ZRME N B SRR SRR AL, (A L™ A VB D2 T i —
P bR L PRI

X FRE o T R AL TR — R R AR ZAE S oy D5 R TR 2K, AEAT JCIR LA SR B ™ R AR AT 8 5
SEbr LRz, B IR B X B — R D VSRR 3 R T I G s A A i g S 1 T
Ao T REA, AEAE IR LR MR M AT T3 AN S R R v S kI AU
T RIAT LI 38 73 AR 1 AR 2 0 Dy R B R BEAT TR AR 0T

M ANEE R T 1%, Bk R O A SR AT AT i, LT SRR 48 O #2 [ 0HT 7
1R HEAR (KIAE 2 1k 30 70 2 o0 D5 RE RT A T AR K e M B AR Z Ve oy D e, R BT A 7 A
TR NIARIT NS RN R R AT AR AL A5 R T A A RN S e R il B, B IR
AN, AN TR, e ME IERNREE, 1€ s & R SR i K, JF
FEARNAR I RE XS L ST e 7 5 A o 1 05 M P i 5 3 R B2 IR IR DA 2R s AR MR
(AR SRR e =i io) 2 A 71 N T o) e A IR S E 9 3 s i (VN 12 VI vl =S i [P
VRN SN YT Rr

SO T %, i aS e R iR, KNSRIk i TR A
AR RS IE A B 3T mURRAE SR M AR LR B A B O 3, B Ss Bo Ji R o
B VETUR, R A & 110 BT LA [l SR Bl 0 D5 R A AT 75 6 PR AR 0 O 7
DVIZWAE % btk SN (B P VA 7 s 2 N <R 2 R v i VY 3 WS S WA U R
FE L JF R DR P S R T R E RBCC IR R iR AR ARGl T R AL A
BR LBl RIARAE VI 0T, ELFEA A M U e BOE 5K, 2 AT SHORER AL SR AR 5 12

WS APRAR 20 7 R (R A ADK S5 S AR AT AP i S S MEAT IBL A 7 %55 Lagrange 234038 5k [
Lie HFARHINESELLEG, T B AT Xl W B BT R K s Dy RE B0 Re 4L, Tl ¥ e fif
BRI 7 RERAIT 8 B AR A SRR 3 R R I B s PRI U i, B4 R oy
TR BT R B A R i S B M s e TEAR AR R B 7 1] 1A AR ]
R s S B IERN RS R, AL =7 i U2 S U AT e B S (oL e 1
RfEAE: 7RG I B AT 22 OB T 4k R S T 1), EE AR R R
LA TT TRV it — SO LR & N — BN ER G RGBT, 1 R BUE U A BT
JBCE e ANE— 1

R ARy U R B T R A AL SR AT A S BRI RS, R T I R
SEERAE RSy, TRERAT RN R BE IR 2D B X 3l 7 S TE ™ K e T gt (R Bk 0 R s R 4
KA, —ITVEAEIT AT AR B AR e D7 0] o K 3 Bh Ak 1) R B8O QA5 DT THT, 4R R 77 1] o
sAMERS, WA SERREE, M TINERE Sis AR L.

Ik RIEBLR A R AL, BRGSO RRAE AL IR A, E
FA W B 5 B 2 th s AR 20 MR i it i s PR, HE s L S AR RNAR Ge sl 1) 22y JT RE R JF
TSR Bt L, R — BRI S S R BIIMGT R R . 3 122y TR S
U, HR IR TERR . R ARRE L e 3 ) S DR SR S Tk 2%

EESTIE I AERINCRE O R IDE-{ S2 g ey SR T LR PN e S22 e /N AN 1
RRGR, Al L TREURE L, XLPHURE S ZE 0 AR R B RILR IIRAMK L



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 5

FERCARA L, Jo g3/ NBR & FEYE T R ILE 73 2 (A1 oK TR BARE, 95K
S AT AL R YRR T INRAL. KT NN VN X, TR
KU TRERL AR &9, #E2IET5 /NG LTT K E ROV AEZ &, B
e, AEREARIN R X L, 5T RN BURBUZ MR SERCRH, R Priih 4R R o)
PRREEACE, H&H B OSSR ICT s Wik ST XA RE, #
FETC G L2 TE 2 AR YE I I FE A 7 AR R, IR N 1 2 BRI L R TE 95 3R Bl —
ANTT X7y (A PR AR 22 AR Y s I 2 T 55 3K — IR 2R SCRT N SRARe L, T — N JE 73 TR Al
EAYERUR IR X A IR E . EFRYE, L5 5ARA—; EikYE, LH 5HRAR
fERAR L, T SERA AR

ERIKFITT A RAR S 50 S AR AR eDRE,  BoAT Rl i 4 5 S0 2 PR R R I
IR iR EEEE P — — B —UIR s R .

TFAN, BERAEE, AR, BIREK, SRl NREARRE. JE M LR 1
KAEK, Wmviiy, L5, HRTINEANESL., Rk,

o535, BRI DGR, DI R H . DA EAER LT A, RS WA ETT.
HIER N T4 K — 4L 55 /D AR A e i S LT e fig, il AR R — A R A I — 2
AR,

73, RBCEANERMRIK, TR RHCR I & T

73, AFNREEE U E BT RETT i, F I B R 200 BE S S — B
W, [FIRESRR 73 s S 12 R 5 P 4 frg — L5 458

AR, # L2 EWBRER ALK, TITHRZ AT BN EME, 255 HIE,
TeE. B KARPHEAMRERIARZIB AR, 2R ML RMNE S8, 2R
BEENEEREY), VTR, 2N TR, 27 5/E0EES
ik, RITEENEERAE, 2 BRI IT, 2DV T ) LF- 58 Rdilbis,
e O FUHESE I M B, RO FEA B A A R B R T, RFEIAES
PRI B R B4 e R B IR E AR S, RIS, TR D, 2
ECERAR, RISk TRRARRZE R I i, ZFFRE. JRRde, 240, i
Brtsi, BEBLSE N K AT, BRRESEE S Feiihek, el 2 b AR BAEE, W RRIK
LB, R YRR, PRI SLIR AAELITAT T Ry 7o) AL

T3, KT, REMER, AR SREAAE. JCRATRE LTI ITE T Z R
WA R B ACRE, LT o AR IS TR ELERIE AR S S8R R AR SR — BT IR Aok o

— A, MREAEN LT LA R T LRZI R S &R T, g, H—
PRI T .

WRRTCTIR, By WELTTR, HEBRe; THELTR, W 2.

FARGBE L, WIGEE A BN ST S E AT B RE S U 5 R,
FEGR s T BHIR 23 W HAER Z N 48 I A IR e 1 AE A IEIA R U S T ), BAEAN AL

—H BB, (AL B RN TSGR ZIARE R JETE T A UK A Bm, HR
RRIAFIRE VR OO FHLEEIT, oA B, DT, eI, L%
B4 . W AR R 22, STk WA AL N2 IRIG 6 1S B AR A AHER R T
X A e E IR AN E A b Fe B 5, BOANEL R4 51O BR B S 3 b 45
By A EURGRIEATE R SR, R B N R ST R B B, U AT RE
HLR LTz 7T I R I 9T b S e A

—ALEMEER L ENERE EARPT DO E RSN SEmRaEiin . R,
P BB DU B A 5545, K2 a2 R 2ol R & T BN taRs; fEiE TA
FtErim s b, R RETAREPIRS R TR et A 7 2, SRR TR SR A 5L
PRF IR T (A% o

WO, R R IORHR IR, A S8 U PRI AR AT AL AR A AR 2 T A B SR (1
FYEET SRR T, AR HBEE W R 2 Ak, T R AR 51 R ORI AE B R (KPR H
AVE L, ARV TR S S R IR UG AR AR g b, EL R A G R A TR L K e
JEE HTR], 10 FE 58I AT e 22 SR BURAS i tRig Az, B EHOIFAEAE A B, AR MO0
FHERIBNESS e AR R .

R, ARLVERART TR B R SR AR M AR 51— R I E R A T M iEis 5
R, MHE SR B ERERHE, PR S AR R X e, i
B P A



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 6

— YRS N AOXR IR I, AR O A P T BE R MRAN B AL A 7 B AR IAN 75 A N A
RIBIENER, FEERGELNRFRRIE O LT %, H R FORAE A KB LE =
U 5 PRARAE B R O ZE L PR TE e, R T A RKORRBRAE KT A, K 8 s
FE™EAE. R MREEEE R ARERER P RPN 2 4R, 1R%R
e R R, R BRRAR R 5 Oy I E A 2

Hee KRS R, HUGE I WAZ B ABRAEREE T E M, FRAEARSR — BURHYITRE 4k
Bh . HUOE BAEA LR ENEMAR IS, WogiaOimrd, FgsEd, Lsmn, it
BAE. ARG L, BT 0 CEIe) K1 (BEALIT), A58 TINEISE LIS E RN (B
FERTA AL TE), WLt i MR . Nk L, KRIECA e THESIE, NSk
EAET MR URSE BBk L, MEZRRIE SN T AR AR, BIIKER 80 iR S5/ MHEIE A -

X, RE AR IECE, BeAUR TSl EANRIRENE R B, B B ik .

TR — TR AN, S8 15 e sl T P ISR ) R e 57
o B, T H 22 IR BE AR O SRR 5 SO ek AR SRR AN TC IR KO iRAT
it iR 2 IR EVE 28 REERAE R BN ERG I RE T, SR NR
VeI, QSRR AR IER AT B G B, JIRIBRAE S s, I E R TR E
EEST AT

AR, A U I BRSO AT A, RS BOR, FERNE A AR,
MR . GH AT, ME LA, WOEE AN, AU LA TR A .

XFAFERIEASR, B0 3005 PR R T DT TR B se B, fE— i i
REIFZr, ERALLRET “Roc” JhR2|T S WutRisa; mamirzim, a7
RERA IEARIT TrMoRIL KA, T ARIE A O REE ;T E T35 K 8 it v 5
I, AR LR AR . BN “Bea A0SO mast”, — ik BRI A
PEANFIR BT F K, JCHRRTHIERIMIE . MEREe. s e g, 2
X THEERS S TR BB B AR AT 35 1

FR A, T H AT 22 BT B IR, il “H Rt — ORI BerE R T s
TG TR, KRIMFAYER IR sbEZ g, KR ERE AR L ERA
WARAE SR A A S IRMIA R TR R0, & T8 AR, S i
T AR IR D5 T, R GAERE B SR Ie R B, 22 BTl bR AR SR WA IR, s A
FAAF I SO AT S KA (R SEBAIE AR, BEXTRL 20 S LS EL B A MR T, SR
LS AE T P 2% B BRI, LT Oy P AT R MERE 22 ] o SR FEAURR L L, (H AR
FEMT B SIS AR IR R TR B, (HA — EAER R Tk AR, 0 5 O IR A
PERRILS . B2 U AF L LEAEE A O A4, HP R AEAR A, Wi
Wov AR AN B E L EEANRE B IR e, BLSAEIE hRANGE HIRBUE, ERZIN A
U 1R B i 2 v L 5 e ia B P 1R PR 8 PRk S P TR 22 By o 58 T 78 T AR 1 3
S W@ ANt K2R, K EBEEE 22, AELE SRR Bl 7
CIAHRZSZ S, 28 drSEI6 sk 7 ASRIE;  WIIGE HH 57 10 e S K R IR A e 5, ik B 2R
FAETCEURFAT B SIEE, TAM TR R 1 SCGRIROERE G5 T U5 (i, FIN CAERE RS
NTEFZ HBE¥ER, WX, 4T ¥R

XEFH BTREAIB B AR, BTl “ SRS, — R iR BRI Cgit &,
AT IR B BT R A A% Ui TG AP s AT (22 SR 1 5 S kR 8 FLAR K R
T4 Kt BB RRERRIH BANE AR T BAE, 8 8 R S bR IR g 288 [ R
i, R L AR EB G T SRR R IR B RO, SRR E O i,
RPN REZ BN EE, BRI TR ITiE, AR T BRI, 11 H BB 5L
B 25, WEI BT B A O — MR, 5 AR i 5 R AT O AR B AREE, FEYE
TR Z PR AR RAR, BRI fE . N RN R ) 2 9K Bl Bk — 25 (Al i 25 4L
TR TS JOVEERR, HP R IR AR Z BA X RS e BA MR 6 i SIHIE
Lo PR G BB o A -, o0l 1 R s 4L O N A i sk D RORE 228, b NI R sk =
FEHERBE FIHVEERKG SR TH, 2 FZ 8RR G B T ERE )
L B E L T A S H R T A S b A B — RO R A WU B s 417
WA, OCBER ZIXEARE S IfT & N AR b, ERSe BU Il A
A IEFEAIMK I SB R, WAREMRA L3 dris s AR, TR JIER A K
B, HIHERARA; B EROGEIRG BRIERRAT], B E AR H R IEE
BUnE. KREER, AN RIIRIE KB tE 351 %, RETE - WEITE; 4k
BAEK, AR ARG, B EUTE.



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 7

X HATEE =B BUEBUIR, Bl “BEaeC0”, FEZIRIHBAe . 518 v fa
S, BRAEMBOREHLEDT FERRE, TR L TR IR R T
B IR S FACTRT: AP UV AR SIEIL T, 5. BB, M
FEADKE P AL A5 PR 2O B AR RE AR RETE A2 BRAL I 51 S, [z B A RO S s e AR AR s
(RIAH TS WA S 30— 5 I A 3h 251 i s A 0O B2 1B 2 LG 57 T RAL, R
LRI MR AR, FERMRRERE BB ORI E B Oy R OWNEIRR, I BIERE T
BHPFOS, BB, EAEFRIGE B, RS EIRZ RS0 S SREReR
SERGEK, Bl rWrRdidr, (RERE PR NE B NS TR, T2
BTN Z /T 2 A A AL IR (R REBR T [, AR IR ARG A
WK R R, MRS, B MAK BRI LR B, AR U1
FEMIBERE SARAS fEIE T AR L, RETFAA LN, KRR EACHRE, Ribit 742
Wil R KRN S B2 2 2 1 S N B0 so i, R 2B U7 AR 5 5
IMATIRIRNE “ R 27, FORSHEIXEESAE “HELR 7 52K B 2 4E S () s
P BT, IR E=A AR RGN BRI IR AE I PTE, — B
Hoxs 873 R RS BT B R T S R I 45 SR TR 3 S A B AL D REAN R I R R S AR
FELL B TR B IR 2 DUE M2 ROL, B SAC R RUR R, SRR
FEBST, WS A E RHORIR . 2 ST, AR In EE R, LR —
FRRiEE, SEZEEE MAMEIRSE TR 2SRRI IS B — a2 5L TR By BRI R A AR 4%
R, BTHRESS; A —MEZEHT, WRAESE —EFRE, HERR &AM
IWARZ L IRIA R Z I BOFIEEZHTENT TA0 T 400, Wt e i, AR 1 30
RS, BIE R B — 3 E ST AR IE GRS, BT BRAL ANKEL
M3 IR RN R A RA L 5 B RAL MRS E AL . ZHA, HEZEN
b B BB A B A S B KR 2 AR NG B2l R RSO 2R R vh e B
B, BT LB LLE AR, AN R AN I AR ™. R AR, AR 1T
fir, POREING, Ui, RS, BRESVRENER ESEM. SMRRERE, M
FEERIRH AT, KREAEM R GR IR, ERAR LTS, RIEERE . HIEMRES T
SARIETI,  RLT AR 2 AR B, OGRS R AR, R P i T SR A 2R
HEIEARIBOR A B, PP IEMERE LS, ks BERE: RARNG AT, CRPIKE
R AT, MREGRE, PoLd, =OTHRSIEE A A5 TR a2 U U T I 2% 4
51T, BB IE R NREEIRE RSG5 L UCER iR HWIZESLE S Rs
WGV KERIEI, WAL — e m]; B, EfRmbUE, KEFEIRE 2R ER.

XEFH BTREARIBT B AEIUR, BTl “BHECAE”, —BURSR — R LARFERT SO AU
FEUBAET, TSR DB E L, #HeRET RGN SRR
VAN T 6 B U e itk 55 A IRIE, o TR AR &, e
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SRR PR, AR LMESE, NS, AR, HERARLE R A g R
F VRS A2, R AT SC & At CAL K T B 0 5 6575 1 T AR W S 4 B B g
LI RR AN R KA AT 28, (H B S R i A R RE RS iR RN EIEAE e
=K, SEMFREOM D B H s ok WL T mbEEE R, LI PR
TEBNERDG, SLHHEARKGIR JLF- B S B A8 KA T st S5 B LA 1
WMV AR ST i e s BAEARAT RV iR, 7R 2 A& 2R A (1 AR 4R 51 e . 15 2225,
B B SRR LT QITEL S, IR R I (R 26 K i 2 AR A N A PR S LI it LA )
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oI, SO E BN ER AR S A TR, HOR T AR T AR e R b 4
PYRE R R EGE AT, AR BT TR R SO R B AR AR TR, R I G A ik
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, FCRAY Bt 3 [ i S U AR A 15 AR A h AR e s 5 KRR K B, IREE 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 RO R BOE 7 A, R P9 EUeh ek U AU R B ISR RO 1
ANERE W R, R 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
B R R S, R TR G R S B A B O3 B O A 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 5 AR ) & R DR AR TE A X H o, vv U, Ly U, V%S
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 ©
SEFMETE (1.2) R B, v T, Tops Tags Toss Toe BANON, 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
LIEEBRFER.

IR (LD B AR G R R At ) AR WRIR )
AR LR, S E TG FRAS B AR A R MaE R . R
FRE (L1 RS S AR P B IR SRR, BT TS5 3 46 P B S T 2 a1 3
B4

F AR LD R, R AL BT IR oL R AR ¥, Yo, =0, @, =0 .
£ =O0W, MR (LD RAEE, #0155 &, =0 AL FHIBRS 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]
BRI AR R (B2 (1.4) RIS R0E RO

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 LU 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.

R fai s, R ER 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 wAhaZE. ENSEET MR, & SR P RIS B AR S OE A R s SR
FEALEL, W] DLRNER AR T AR AR W] R AL BE S R R

1.1.2 5 i 2% 18 T X SR 0 12 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), TR AR A] 7 XSmRS R kg S 28 R B 244
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 e AR R 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, SRl TR 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 ANFEE: Yy =Yg =V
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,v 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) RELN, BEZMSEG FAHm T A 2R R WX 3 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—Mizfhkik.

1.1.3 EBFESE Logistic BEIR AR

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) RECATE (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 FE — M 2 2 R IR AR B RRRR (B FR) RS

y=y,+4

=Y +4

y=y,—A+24

(1.26)
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L14 " XARRRTREEY RN (RAFREREN A ) HER 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) SONMLAEITIR. iR “mZmiig 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) K5

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



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 19

WA (1400 . (14D K, WO<k,, <1, 0<A, <1, 44 >00, 7874
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) AR Zedn Sist, K24 A4 > 0 B [ 407 2 i 28 M IE ) 97
AR x i, 2 A < 0B = SEO7 R 2R ) IEARL R x il Mo 5 RE (1.32) 5K
(1.44) 50, B85 (1.32) LRI, S ARPRACTE Pl i Ak Ar 2 Tk 5 2 A B, B 7R
(1.32) ARSI BHE (1.43) R, (145 R, B (1.33) RihZkims
FUABBRALTE P pARRR 2 e S 2 AN E, BISFE (1.33) ARG .

[FRE, HHE (1.34) ~ (1.37) KIRFKE, CLEHART N A% I E0E M3 k2 12
TR (1.19) IR SURMFRTRE (1.32), (1.33) =3, PR BN BN s )
BRSO TR, BRSNS EM (1.12) S —FhoRiE R IR .

BT RE (1.32), (1.33) =38, Felth ., =0 KA, =00, Bk, =1 K& A, =11,
7 RREE EERIR A U 1E V) ek FE

Y=y, + Atanh[0.5(a s + 0t (X = X,)] 5 (1.46)

y:y0+Atanh[a1FE(x_xo)]° (1.47)

TR (1310 AL (1.32) AL (1330 X, HAEPH i x = o FE 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 LEAE A 1 x & X PR XSk 5 F2 (1.48) 5 (1.49) 30, (1500 K, AR 40y
(13D X5 (132 L. 7 3D X5 (1.33) g Eia g AE e & 15
5N

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

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

s, EFE Yy, =A4>0. x, =400, FWAFRLIRE (1.32) AEHFHTTRE (1.34)
A5 ERmAFRTEE (1.33) AEHFHOTRE (1.35) XML SRIENE 1-1 Fios.

I AR FR R S H T 26T 3
¥ 10.0 0.70 dy
dx
8.0 0.56
6.0 0.42
—— RSB R 2%
o — Rl ]
’ Al 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

Bl 1-1 mi Rt R (R MR H) FRE BRAR 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

RS, RAROFRE (1.32) 30, (1.33) sREFERIUNIEE It Fre R FR (GaxFFR)
FRAE s T SEOTREIE (1.34) X7 FE (1.35) 200 3= 52 2 0 Ay 17 it o) AR B R ] FRARRAIE

— et KT EATT SURBR B FTRRAE I G A I R, RSN J1 2 sy T AL T
Ja NAELRMER D TR, WERE BRI SR UE S T, @i Rk
PRAFAIE S 4T RURFAE, W B 0 S A R I B BER R TE 2

IR SURBR T REE XA SRR 7 FE T 2 R I G A RE (1)) SO PR Ji 38 /2 1 1
TRk, B2 R T Mo R v A 1 A [ I Sl 2k TP 4G HriE] . 45 R = BURE A
AT, AR — R R BOI AR . MEHE AR RE . B A0
GVTHRFIE 20 A7 S5 5 TR ANV 9T JUFHR B i 7 I G A RS A 7 5 FR2ELAE Tk
B H PSR ATARE OL T, AR B B3R SRR 5 R AT R AR I AU S

1.2 BARNSENIRENNESHIER (L) —EFREFNEKE

121 BRUZEASENNELE R GBS —F2HEFENERILE=5

BT (1.1 RS (1.19) 2 CRFE i IR R A SRR 2 (1.27)
A~ (1.30) . HHE (1.32) X (1.33) RERBERD) 1E IR AR R RE—T7
FRAA R, TR (LD KRB T RA N EREN RSN, YD
X2 IR T A— N e BB BUE R %1 S, HAREH RES T =~k
PR A I AR, TAR A0 I R — AR LA I i A 1 5 () SR BT AR AN [] T AR
fEo A TRt RS, 2RI G A R ) J I Ao (40 R o AR A FERS, R
W2 AR A AR R ) A AR B SO PR R s A = A2 T R X e 1,
R E AR AR, KRN E AR A 2 R Bk SR, B im = i dEE .

TERMFER M [, % e el R B B AR AL R AE B B sl 3 L It 38 1 T 2 1))
2877 R ALk Za i, A A S 3 5 R T TR IR 1 38 VG B A AR S MR,
Hh 2 RS 73 B B B 1Y) A B L o T RE I A A, IR SRR BRI R
X TG 95 IR S AR AR J2 TR 6 AH LR AU T 45 B L I S 8UE, A E T T IR E
TR N ZE s T ZRF R 2 18] R34 2415 E 22 DI S S A 1 S b Ji8 0 5 3 FE A 5
M5 FE A IR, I B Hp IR B AR B0 AR AT e T S B 2 [a) A 2 A o S Bk 1T
%, WP — it FEAUAER g B A B B B FE AN N R ) R 2 T AR R R e e N S R
T REEME AR LR IR
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TEAAR AR 2 0], RIBUNHUE I SR B SRR X Hp Ry N BRIP4
it R R, HB R EEEREOA KRR, WP SR A R (BGOSR, i
L EE 2R (agEE, OREEE. BEdE. RS AENE, I IR
WD B —MEREA AN BN Z, 1A AR O BN SE B I IR N 2
WA R GERE PR R B bR R A2, HAHST I R
Z R Z I A E 20

AT R 7R B AR, . o . T8, RERVIRIVRES, E2HED
WHHTEARZTAEH s TRFEKIFEE M (Indra's net) , fiF)JE#k sEBLACHE, S, EEITTR.

MG, BT “CNEFETE RN X —EARAEN, B LR T & 7= BRI S
AT AR R 2 A U 3R B 29 A0 i B R G 452 AL 1) 5 In) AR D 137 7 (Jiansics, Jiansism)
o4k~ (Dimennics, Dimennism); 4N E RS A T 1H =AM SEAE N -

A BRI GO R B SRR (1) RPN BB A A B AT REE S R GERE),
— TR R GEFE) mIfEEH BB — AN, 55— 07 M AR &R A (R R mT
DA E RS R GERED;

B HAE R GERED Hh iR o A7 e o B A B B AT R T (R B A B
) TUOEBH A, kR GG Rl N A S g v 4

C ANFE BRI GRS R GEFE) 2 (At BAH B BB & S A iy iE B Y sl &
PR R GUERED R, RIS R GERE) R AN E s A O R %, B
USRS

HAp RS R GERE 2B LR GEMED R RN X ESERIIENA, &
AH IR SRR R S e 2 1) () A ELAZ 22 415 N

Wi, @A N — T ARG A RS R GERED %], BPERER M
PRI BF TN BRI (Rt . IR R T SRR AR . MR S AR
A, MU AR IS R GERE) $FIE. MRS R GERE) 2 m S R GERE) %
Z (B P T B B AT X S A R B o

AR R S B A A B ELA A 29 R e A A B e sl S O A G L B el
DRV 22 Bl B 0] B A Sl R e, RN R b R, HERERER. &
2, HIPEENRS R GRS, MR R 2 MRS, BEEAER R, S8
T 5

TETE 2B IS R UERE ) MRMTAIT 7T, — M7 FE L R A o AE LA SR 2
FEnl S BRARIH FA A s B ST 5 FE AR R BN S SR ARk, R AL T R R
WA, T BT AT PR SR Sl A N O R A, B4 TR BRI AR
Bl ow e, WESmIEA.

BN — RS 1O T RE, AR AL A R AR, — AN A
B ISR — A R RS 1) 5 — A AR RS I PR, AR I R A oy 7
FEMt T EE AN A%, TR SRR R, SRR ZE . BREE
H AR G A I AR AR AR AR 2 B s AR A 1, RSN I A B B AR AR, 2
R R R — RO A G — IR I G A R, (e — PP,

W2 (1L BRI — i I B KB AYER . TR R E SR, ARG KESS
(19 PR IR i 1 B Y 78 R AR, PR AR S ZE LB B R ZR B SR D FHI G B B R
fse . NAERBELIM T, BERER. RERT B 2 NGRS, KA
KEKNIE, ZUMGFELRREY); dTRERE, 2 LLIRGIERINT: SMEEIE S 3 Emet,
TWNANEZ BRERE; HE, MEREZRD R MES, BEANEEENERS
B BN R RGBT G S S B T AR, ISR AN NECA R
BEEM S G R EE RPHE, WE B2 R E B AR TN A DB G 43

MG AR 2 B RS S, B— s R — MU & 3 B i A4
o HFAEMIE LI b, AR R AGE R AR .

] 2 B 2 2 LT () VAL R R, AR RVIETT . M SRRk R, [FR) 3
Jot 5 s S AR () BRI Ty m) s — R T I G AR e RES, 2 — T 2 A FR )
MM EM, e BRI, #E B AR E S A B R R . X e, T
R AT R Bk, AFEAFREE. A ZG. AFRZERREAHEE R GEMED M2
(B AFEAE ELRE . B— P B A FE I IR R4, R TR AENLEE ByR %, fEadd LiE R,
TEREE T RE b T .
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HAB G BG LS EmE s M, ButdR. BRAE, DUHREY 55 B R
AARAS T, AU —Fh AR, RARLR S KIS S &, SRR ILRELLRRA XL
i,

R, FEf RS L, A BRI R IR, DU AR R s T IS o & 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 R A TR T 1T, B ARIL G A 2 JA AL 8 70 i R B 2R AU
SR, RI7EE SR RS SR 7 1A A0 IR L Z X 5 B
MURFIIYET, RIJT RSB R B BAT A R BT 0 s 3 e rpod o] Bl Sl PEREAT RIS, 2
5 SRS B ITESOTIRH, BRI R, G 2 R
A TERGE BT, S I S s SR R R B, a5
Bt 227 LA B RS &5 B DR REE oA, DU IR L, DAHT 8 2
FH B = 50—k 38 LGRS TR 2R, B 2 B0 P AR R 3R R I FH AT 90 1) — A T v A 2%
.

KT RFAROR PN PR S ME R IR HESL, A R 5 H 005 R 7 4 i MR R 2 4
FBAFACIE Y, ) — R ST AH S (R HE R T R A REAE e 35 L Uik nRIEH T
— P BOs AL T 3 22 m R, WA B D@L 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 My R A A i R, R 5 — R Lk
ERSY B

JRIFR T A, — BRI S BRI RN, HER -2 R ML
TiIREH I AR SO E M, T T HOW B 5 b, TR BRI L B B AR R
b T IERAIEA, WRERAERZE X, BE. & WEMEMRITG, FEsEiiR, HRH
FEPERIA, FT AR ETIT ;W R AARIE TR, R R BRI 5 o

—ANITEREIR AR R, YRR R R R R, W FERE Y S RS, AR
AT, TERESATTA, BGTMNAR—, B5EET, SRABPNEIES EHMG it
%%! I‘]fﬂﬁiﬁ: *Z%! ]S%\%&o

T E M RGEEITARSE, B S LE, X=AEERRNERNNE RGSE
LMD RE AR T RE RO T, o AR I8 58, AEROT S 8K 2 (8] AT 385 A e R T
WHHEZSE AN TR E B MR, 2 H Newton HAAY % DRMEFIAESURIE, A AR
HUk e SOE e A B AR AR X, ARAE — AN]SR S (AR 2t iy T R, BRI RER
AR RN

BN G HA ITREAFAT . RIS AT A I AR AR R, K S R R F AT T R AR
LeMETTRE, JUH R MU SAEES SR SR B AR iR R . BT SEEL 2 R
fidf AT 2 L PR B SR T 1) o FR I G A i R T R BT A R I A R, SE R T 1)
B FE AR P i ¥ 2 kR & T LA A

L, BT R ARIR, MR T R BRI AR S AL P R S . AR
IETRFERER, BHER. CFER, BURRES, BAEAHAMS. LRES. ShaEM
M, BIEATH FAE R, SMERGEMAIEA A, W BRES .

FERR AR B B i R b, S IE B A R R AT BURYE, b iE
Je BAT PR JT SEAAFEAFALE, N TR EA SEE ISR TE SR BT A s = — 14, RIS —
SURAFHIDGNY): AT RE B 7 B RISl . NG R KA . 15 E A
s, REEAERAE. JHLTSl. BFEEA, WAL, BERHE

BEE TRIEE =2 WO : 0, MIETHREiS RS & GERED s Bl R GERED;
B0, RS R R B S A AT R B RRAR A S =00, @ M R
S5 B A AR TCA R R B RTRRRAR B ARFL AT R O S, — RERIERAR . BRAR RN —
B, BRI B KIS

BEAIETE =P (A 3 2 =4 M At 2R ORI, AT AR (IR, IS8 B ().

BRESMAA AR, E BRI ZIAH, BT R LRG0 IR, T
fAruethmlE s B, AHEITEG AR, PSR AR ESE: BAEE R N E K
KK

o A WV RAER, ZITBMNLIME; EANBFRITTTE, BE TR AKRE.

B 2 OREZWBTHE, s SRR, BAMAETX.

B o BMERE, WIRATRE: w5 aEE, S,

BAETORER, BBNORI; TITEAK, HFEE™.
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AR L, FHEHEA, iU A AL & RS S RIS R R LR . R
o NFEFHNT, RGRMEE, AR, Earmil; FhERAR, RIEKER. IR EE.
ABARE, JyRWES: MIERSEE, BN, 8. dafosl. We . i
SRR IR IR .. LERLTRRZ MmN, HAS DA R,
AR PER AN, HA 2D 8RB, IR B 3R B it —
DAL MARAEMR RN, HAt 2D N2 BGRE FEG BkA SUR I

NE RPN B SRS L ok 2 Oy B E R a5, HATRT B
DRI BARAE RE MBS AR5 e, (E AR BAR R B KA IR, U S il B 5 B
I K LA 3T A R I FEAG

B B F AR ST A ORI T, B A P AR SOl R G B A T e o
TS LR, L i B T AR BRI Lt 77 [, SOV BURF B & R AU A E A
Wt 2 2 PR ks A EE A A AR P 1)1 22 WP A 23 e 36 AR L AT B
ST E I e B BRI B S MR 22 SR AL A E S I OB, T T A8 A S A
AL, EEEEA. TRAGRIMAIE, B EAE SO E S 1R S 4
oy, RRAELEHEFEZ SRR R, FRBOAVINASATEEPIR@E, T
A CEHE D AERN 5, S LB N ZAE ] S 2 UHEZE T A
Je i, i H R A A R KRB 500 AR EHNECr &, SR T,
AL BT G BRI 28 7 BB O B2 Ry (ARG &, AR M R 2T
AT BRI, Bl T B — A AR, NS5 AR5 B2 iR 3R
P IE Y P2, XL

— o, BRI IRR SRR, R T IER A S A AR TR R B AN S
RPN IE R, WIS 2 B LRI OIS RTVEVF A SE LR G, T BLR? AP LR
e, TREPAERT: SEMARBI M EBGRZIE W, HEIT & SEIELE, NAG AN
B H

B W AEA S B AR R LS OO K R 22 T ARSI R Bk R TR E, T ANE
T3 SR A ST R b BT DA RIS i 22 s TR IR AT (2t 23, SO Byl R )
M ZEAR BRI GAL, BE RO B A B K58 #

RKTZLH BRI —FPMAE: AH DT TORR EHERA ROE AT, RN th 2 ge oy U B
L EPRE AR RS A B RVEAE R 2T, A T S22 VF AL ) s i 24223 BUAS
ARG AT T BRR AN BB SR AL ZAAR B R I TR 55, TRAS T2 1R SR ] s 7
Pe SR 1) HASRE- 5 AU IR (A st BRSNS, WK & BRSSOy it =4 #ieAs
LTI THAN, BRSO Z B R A% (A5 R e 2R TR, LG8 AT g 2 5 9 RR Ak«

TR ? 223 R AR SO AL IS H RS 7, KRR ESTIR IR 7 2L 2 40 i
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TR o 7 AT 2 B MR SR 7 [R] I S0 SR A% 25 1) il o B Lk B T
OIRPUER, 2RI E 2 g2 —ME E R G0ih &6 B USRI gee T I 4.

MY LEEER, JLTPREATFE 7 AE g LB b i AR RS e . BT H
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o AR BN ARV R, R R TR ORI A TTEL T .

RHEA, EZHUONE OIS, HS R BRI BT S g i A £
KB, JUVPALZ IR, Rt EFERZ wE D, R AT AR bRt
M, FEEES. TR BRERI.

A5 RE ST VFIIR I 2 — /MR IO AR 223 T T, RSO AATTER AR IR St % H
IR SR AN [ (3 A5 R 1 ) AT AT BEA 2R B, DU [ S S IR A A% 7R B AR R AT i i Je
IVF=L WNIE

IR AR, g BEE. R RER. ZREEN TR, s .

MR B UL B, 2RI REAC T I ZhRE . BRE. ek RE, Rt
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MRS BhZR. A B/ R AE B I—V Rl 2. RG24k ss, 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

R AR S R EEL%IE’JI 1-2 L 1-4 kB % 5K 1.

R BRI RIS S S — RIVBUNIBY BOE R BRI R B W AR 5
S *Jrﬂlﬂéz\%ﬁzﬁjliaaﬁi%ﬁhﬁ )I_\“J/B\:ﬁggjiff’[d‘m%/\Z_F)UJ‘E/JBﬁﬁﬁﬁ%f%ﬂ%&ﬂ:ﬂ%/ﬁ’ﬂ1ﬁﬁko

B FRMAER RIS 2 7. L7 SRR L 57 Z R EE S g

F.E’J‘E, FERTNRPRESFF S “rHs 7 25, TILRER &7 1, IR EALiR R OF

M FAT 2 SO ARG — TR ORI “B 7 (8 “FB™), iR Ey “an”, B
ITJJ'J “adaproces”, B HIGEMNEALILFE . MIHLEENN S5 2 X, T8 TC55 0 P& . V\].%Qfﬁ
MR 2 S, DLRR YA R it BRI R 55 0 AR e A A 5 S 12 2 1) O 34 i 42— T
s

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
RSN U S R B AR
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1.2.4 EXA—PE RKEETER R
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 A RS AT A T 1%

MRS B R B HE IR, AR (1.24), (1.25) — A ffewEn Hit
B, HILEE NIRRT, AEAEENZAEME; 7 (L1 RS2, B
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 E RN R, BUTRE (1.19) 3AF A 2 8] W X 8 i — i %
TR

AWK, HE (1.19) A RIRMNITERBIZAE . IR R 45 UK ES T 22 21 B
2R Ze s, HP a2 mmdiE. SR, RGESEMm R EE. HES
1 B H 2 5 SRR S AR 12 W 2L R AR R i AR AR i AR A — e AR IR, i
HUIEAS B AR CEPUE IS OERE: RO U i 28 ) « AR i T A0 1 1 3E N OERE T
5, WEA R EARRS.

ST N2 (B LR IRV X 4k, % A As (Al . B4Rl AS, AAe BN HIE N ERE
TR (1.19) AT ER:, 7520 R W X — AN S B R B & A i i B kAT P
FEOiEss, AR RCHT N AT R P B R R X sk, SRS DAIER R (1.19) SONZERE, R
W R (BB BT g,

IR YRR T R, N Y AR A (R X e B S ROE R (B
TH 2R SOkl IR 4t T A, Koo BEmERN .

R (LD NBEEHHZ AR, Kb afEa s —mm. SliEYI®
gf#%%@ﬁﬁé%ﬁ\%%ﬁ%ﬁ%;ﬁﬂﬁﬁﬁ%ﬁﬁﬁﬁ@ﬁ%ﬁﬁw%ﬁﬁﬁ%

RIE
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it (LD AR i (1,60 sUrbXUth IE D) s BN R W AR AL 5 R (1.19) 5
LB 127 FE (11D I — AN Bh S S5 T Al B F e 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)
VP T RE (1.19) RiERE RS (1D EFEENECR A, Hmiziihs
B (1.19) g fee KREUVENRE. 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 IS 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) R =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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CIECES 50
_ 28 @
Iny-m In EE + 2L =C.. > (1.68)

o/ny-on[y+25E, ]+§2y+2§] +éx E08
Hp Cpp NV H

B (LD XhiERE o, @, & & & MINNBIREE v, — & RNE
B, EERMRE NG AT R, T4 Lie B (Lie group) A8#& 07T LIy
Mrii.

LR (1.62). (1.65). (1.66) =, ETREENX, BEEEFE (1.19 X
FIE T, R 72 (1) SNESEEE T (1.19) R fEHTHHIE .

1.2.7 —2K1E BAER ML 0 5 TR AR 20 FEAT R I B AR AR AT AR I R AR

SIIEM TR (ORHEBS R0 2+ o820, HIEm 7 EE bR+
L& T4 B A AR A AR KRR SPARIR S N2 T K B Bk X s .

TEREN) 2B OUT, BE AR SRR MRy TR, N IR i th R LR 5

—AME L — B AR S TR 2N

Aod—y— ]x—rlezxfo, (1.69)

dx 2

KR A A~ A Ty T T, BNEIGIEEA B BRI R A G 1 AL

TR (169 X, 44, =0HRESFEAY > +4,x°" =0 1244, =08,
A A, =0, WJ5FEAT 1 B AR AT e«

Hr, =1y 7, =n (XHEn NEAREO 8if5r7, =0.5n 1, TifE (1.69) AIFA i
T BT o

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, 2 (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

y 1

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

[W+ 24,4, 1In[[Cyp X7 1 Iw+ 24,45 114+ 24,4, =0 5 (1.78)
KK Cy, ) JBUH B

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

A dw="1dx,

[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) < OB HOARA
- 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, AR (1.80) MR, 808 (1.82) XMRMIER, & —MSHk.

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

HIES]

[(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™
H(1.84) . (1.92) A1
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)




YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 34

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, Nk =k Ky =k, +2 5 M, 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) XFH HAEAME (1.97) XBAR (1.102) X5 HR S E (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) RIRFF T ERCE I LR 300 R AR (1.97) 153
IR S KA Lie BFR# S 7 1ES 2 AR TR R R EgE 25, B4k b Al
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
SERLOY TR L BN 5 I8 AR e B R RO s (HET R S B sE S E T
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 SRS BRI GO R T R AL, AR e AT & S AR A AL B, g LR 1%
SR A AR GE R T R AT R AR e, B IR] JEUROR fai A 10 75 R 2 Hh AT R P 7 3 DA )
¥ @ m TR R SR TERIAR, B i 52 U5 R 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 BHVEEER 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,)] » (L.11D
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 G EA 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 ey A 3k R 1) P IR B A 25 S5 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 AL fmxd FR 772 i K505 R0 i KRB 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 H Y REX M EVI RS K BREN
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 FIMASRHIE TR I A RRE SR y = f (x) W UL 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 NETBIIZILE REL A WRBCRIE 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 Olygp = Olage » WITTHE (1.124) 0] fRTBE F s A E R H )R

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 AN RO E S FiE.

IR (1124) Rk (1.125) IR T IGAL— D FEARTEIN — & R AL PR

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

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

SFEEE
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— e, JRIES S BB R EEAN M RN I R A IR B X A AR A R A X 3 B IR A R AE
EHHTEALERE, AFEEAB IR R 2RISR RS R, MR
B JE A R R A B G B, AR RN A, HaE R i B A L 4R
FHIE o

IR B AR TR, CE A A AN W B RS BRI O R 5 IR R
WU & RS2 ok A2 B 48 2 B A @SB 51 22 S )T IZ RS RS R AR AL
BB R AR RO R R BURAT T R AR M MR GRS K&
ZAVMARRIR M S % . EHEAR, Taylor HE0f Fourier ¢80 24 EUUKXE . &k
TOR RS IEEUT FREE; 1R (1.124) Aak (1.125) KRR IE, W EA TR
B i (AR, BT — DU G — DR IE e 6 HAET Taylor A R E Ea, 1
FALT Fourier LT HIR SN, WEIEH T XA 0 S a8 A
M7 1 -

JifE (1.125) oAb i fiy, DA e Uy 5, = U AT AT B A
PGS, SRJE M IE A I s T

T or R 1125 ) X, BUAE 4 Bopo P i A BT I I B8R AL BRSO
(%o = Axoz, [ (X2 = Axp2)) ~ (Xoz + Axgz, [ (KXo +Axz)) » EHE X — Xz >> Axpz >0
MIARRLE B WG B 4 R B AR O P AT pi BT AR 7 2 93 N

S Gy + Ax,) = S (%, — Axy) _ 1

Ax EA51[0‘151 + Q] (1.126)
01
f(xOA + AxOAz)A_xf(xOA - Ax;,) = A, Qg » (1.127)
0A
Xy + AXoo) — [ (X0 — Ax, 1
S( 00 oez)Axf( 00 00) :EASG[QIS®+QZS®]; (1.128)
00
AL x << xg, [CHRAIH kg, LETRBE X >> X, KIRAIH ke, IR
k551 = _A51 [a]S] _a2S]] ’ exp[a]S] (x_xm )] <<1 (1.129)
kspo = AsolQiso = Anso ] EXP[—Qy5e (X = Xpo )] << 1. (L130)

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

WUy = f(x) SUHAR 27 R IR B, S5 BT IR, R 2% — IR RO T A A
PR, T BRI R Oy, ~ g, ~ TEEE T Cyge ~ Qs + HREVEIRIRRE R A ~ 0,
MIJFRE (1.125) SREIF A R0 0 TE DI RO

S(x) = fxy) — 4 +iASA[1+tanh[aSA(x_xOA)]] ) (1.131)

XHEHEAREO>1. O>A>1.

R (113D e RED, tFEWREE, HIRENRE (1125 RMEE TR, RE
TEMAN S T FE AR R 7R (1.125) U EAATE K.

X2, N TR (1.125) s S R (1.131) 0% HE B R,
AT AR B 2R (At ka3, Bhm A £ AR R ERE . T R R TII

H AR I QR ALTEAR AR 2 TH i 2 [ R A A S5 is B CEE, & 2R
12 HAE I FHUEARRE, 32 0 R I R T G AT e Bk e A b
5io fEHECONIRZIMI R b, R SOP M HE LR AR SR, RO, FINTREREE.
JER A, SRR BB A RERRAEGIEN, (B S ITFEEHZ 4 KA T R A A
HfRE AR RS, MTEE R NEIE T .

H/RLENB BERPR, sASIRE. sCE SR, szl sifb3ER, B
NAE U

N sk FAFR, BEEY; 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 ZERFEGE, FHRBEARE:; TEMEISER, BilgFEEEs,
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1211 EWEK L@ ETRES 8RR ERE R

FEMIRIB I A BB, RAIE BRI W KOR BRI N T S AR
X AR i

ALV R GG SIE SR 18, EWEATVEE RN, e RAEYREZ, 1%
WA AR E KRR o B (EERF) REITREF. Bl EREF L TEF (BT
) A, H IR S AR A, IR b Ry (EER) &
A FRET, AUMO b AR R AR QEFRT), SN IERLERL. 75 N SN SURE B
FEM M A8 A P IR R R Sh 4R BT B IE TR . BT R B 3R R
WA PR TR . R AR A B S R 5T R A R B S AR SR ABL, AL
R NEiEYial ke ok RSk il N viewal TN 22t )i 1ok /R 11 0 - el 1IN 22t Vi WD i il 1 ) gt
TN S PR B I R . TR AR S 1 DL, ARA% Th 0 IE ERE = s FIfE R R, B
%Sl R R B R 2 s RE R TR, BIEBURE)

BRUb—RAiG AAh, AT RERR IS UL T IR MG AT S R RE A BT S TR
Fp 22 ) 43 5 A 5 D BE S s

PEMEAC R A IR R oK B AEAE PR BB TG 0T TR AR RE D IO Bl R
(Darwin BEA6) £ BE /1 HIASIABOE N H 5 s WFERLE ORI ER E Vs AL REIE T, R
TP RO A RE T AEMIR B A, SR RSN S T AR K

HT B AR TEEI, BV NMA S AW T BER . 15 S AT
A THERE,  [FIREY S Ay e A PSS R o A AR R SRR, SRS 53
AT R I AL -

Pise b, BRI, — I AR AR SRR, 5 NSRRIV IR R, A
HAEZRPEBRAR R 5 —J7 DR A NSt BB 5, (H i T & A SR A, I A B A
BZ . SEBR L, 2 RIMGBAR, #A AR AR SN IR, & E R A
IS R R e ik, SFERSH T AR AREERE SN, e TR
I A1 SR H M 5 ) 25300 1) BRI S, K2 FLON AT R N B — A S1E B T

VERTRYE, — NWTFUIT AR 18] R A 5 s T R TR AR B At He P e
B2 BRI e 2 RIS R B e, S MM RE B ZZA i, ULEER
FERE RN KI5 S IR 4R AR VBT 7T, R0t B E R K sh R B R 2R A S HE A5 2R 3K,
G RARIEGA . (5 BBEN IR B B R A sk AL i 1 S, AU R A Ak
TR o4, DA YIREVE L AROME B AT, # R AR SRR A . I8 HE R
ERG, WM KRB RS K E Y RS, WD e R AR U T 1A

— B, T AEYMA R A, KRR R GRS, R A MO AT Y,
AL X, SO T B A 20 P R LA A P R S8, B f A R B A T
REFL ML Bk, EMMNRNHE, BARSRL, ARATRENE, R, EisEs:, 2
PV N SR, TR R A 2 8] B A ) IR A e s Bl ORI il i A iR A
JSEPREE Y, BRI S SR AR RN AR . e RGBERV MR P DAFE AR S5 IR
JE I ED A R 7y, BRAEE L B E diAk 22 e AR E FF AT

NEA DY BLG S ERBEH AAT—J7 ma )by 22t EUEr R A A 45 51T 81
RS 5 T 2% — 773 T SN R A5 B AN AT SRR A5 T 0 Ui NPT RE AL AE MR i ) SR Tt S

NERA 2 BRF GG 70, AR PR FIEA G, A 5 KR HARA AN
o WO T NI R B EESRUBEE RO AT I E R, GrR RO RS
A% H ¥ 5l 5 ¥ [ B 3 BB 5 0 I HERS I W7 HH 6 B0 22 R FRATLIE B0, I D o 8 345 K P
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Fig. 1-5 Curve figure of of tendency equation of biological growth process
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JS25 L AR ZE T DASCEE S 29 — BRAR AR, BT RS B TOU IRl B0 7 Rk |
TV BAERE S, B R RAR A I8 B T IS T 218 S 2K 2B T Rl ds, s Bl
DL gtk WA K42 R E W AR B R MR, & H R AR 2R B A
G IS EAIC A

1 RAABIURPUFR IR E A TURAT Y, B0E B R MBS R A EE K, B
PR IR S [E) 4T o AN R B R R i 3, WS DR AU E UL, FEARAS T PR it
ENE RS O AL T, EERAREIEUE, RN R TSR LREN
RAEAF R SEART 158 AR AR IEATEIR, W FE X Zaa Fe Ll gg J L e vl fl 2
N B2 EREREARR, SN B T T rlig; i RAVBEARORIBN,  SEIU R 5C

RN WS EERE, AR OB IT IR TR, s B e o #e Gt
FEARAZL T .

B PN K AR 2 2B ARG SRR T B, 8 B 5% BHIRAE v 42 A
W N A FURIE, AR TR AL IR 2 0 (R XA s i, Priir Ak il & 2
RIS LR IR B A Rk BR s, TR 2 A Ge e SR B AT S B iR & TR S AR T 2 i
B 51T 1 e DR S5 T R S R A B A B U AT I 3 A T R
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TERERE PR 2 2 RO R OASAE, MEKE RSN ZEERER. JIEEHIE
BRI —Fh NTE B AR TRE . TR S W, RO R )P R 2 O, A I T #4015
—3, AT SR — P SRR BRI G R L BN B TG 2 AR AR B A B 7
B, AR R RSN, 5w A —ERdE R e —EwidiE, 2R
BRI AAE. miEEE R IE mHE R,

ForpE I, 1 0 [ SRS 4048 2 ATk L ) B A A 4 ) BB A TR T i) R ]
SR 22 R B2 SR fif ok, A 2 N B AR 2 4 T R 45 o i P 40K 22 s S B 48 5 2
K, BUFF R E S 0] e B Mt R0 R SCHEN, 25 AR — Rt B A& TR

AR, A AR ) BAPE R TRl BEAREE, HBmSkEE 2 E ). &
I B A, I 50 . RIS E R M S, IR BRAENTE R AR, B SR A
5 BORIR I 2R A Bh 2, 22 NAE TR R K, JOIE A3 i B O R 25 S o7 Jol R P
% AR RRFE o

Ik, BB R SCH A e PR B AR AT AR RN, A U B JE R M R
AN AT 3 RIS R A VR TR Z SO 5 ¥ BN A B A, Feibhsl, RmEN.

i HFWIEEEETL, KEPMAREAE; FUCRMEE R, ZERCRIE IR

%1 X% KETLERLEY, MARRBEEARN; ERNEAEDS, BRWFMEsi,

T fE NEFEBILEH, I EE 23, ThohhansiEs, 5K .

W FRXE, KRN FHLRE, KTETT.

1.2.13.4 ZELIFS5IERR

TEREZTH, FlERERREM, EBHARREBERR, ARG, FKiER 2R
g3asy, e RINTRP M, B EimETE, AR H 2 L.

BT Ry e — V)RR STy, W — VIR FEEE R 185, B R S s
B BE S 30 1) [ A A HbR AL

ST E T, AR BN R H 5 m NA B ELH]; 5ot 76 EYIE
WU - 4F 76 45 i 1) SRS A 8H i A B AP 7w, BT RFE 3] DLl i bR iss 56 A =40
A, BB LS it T R R e LR R AZR AL, B RN R R AR
S CASLIRRE R, B TEIREE BRI B I KSR Gt m s g B R SR 5,
R B DU e 35 A BORG; 7R I [ 5 N A8 e 1k R BB, 7 T Dy SIifh [ 5
W BEIARIT AR ST A1, KR LA A& S si B, BESR RIS R S 1 s,
KBS [ 58 F K AR N LA RIRNEE Ny T2 RIS B R Rk A 28 8 ) B2 A v a4 A A i
JERATUH s X A2 D7 S PT0E 5 R K B AR5 K 2P S B W A 22 5 i#a3A S R 28 Ak AR A

X P R E e R E LA E R ANE B R KR e A, s —
M2 B GE A 48 B8 3k 2 HEE N TIE B AR azE, ks Ho@ ML B AT S A NIBA AR LR
EE ST @y, (BRI, R, W E, REDeHSEHE K. SRR,
N B 37 B R0 R R B T, TR A EUE M DR IR, O RO H
IR E N, iU LA LA AN 738 A% o iR SR BB, 22 B Bt T A A VEL 3 PR 2 TE 1K
THREFE R E B USRS EREGADUE R NEIE RAW Mg, 553
WU 7 e Hn BTE BRI AR, 7 SR SO TR T AT REME E R, MG AL R T RE M R

I AR T BRI B LT, — BB R AR FE AL B ) e R, HRALE
BG5S LT mo S E I e AR, 7R AR LN B S R TR B R Vs R B AN R R
REEEH I 1 f5 4 e 42 B TR 4E sl el R $ETH U, — MCERAH A R R 28R )R T 2RI R,
MR LIRS BEIR T . IX Al A AT E B Sk B 5 RIH VPR LS R 5, PR Rl FRDEsR 2
Wi 2 Z )21 TR B A 34T K BAESE N IR i BB R it U ON RS 9, (H 24 K1
SR FT R BE 2 BT R R AR IR, B A 8 BT ASRRAE A Ak BA SR JB AR, g iih 4R
P 42 T 22 4 A3 Ao 0 B0 R o S J8 A ) e Tl ) 2 S R % R R S F 4 I B
M Ja & —Bog e 3 BN e B R B, IR B NIE B, A2 T 1
1 HA RS PO R A e 2, BDGEAR R HE 1) AL B2 B SR W R A0, I AR & 78 % Je dl i AL
J1 B B TR B SR, BRSO FIEY R N A N R @ i T
R IR ST Bk B BN LSOV HLIE I RE 71, IE RS AFENE B bR .

ARG DO IR V%, NS ia S B H MR BB R E R 5 158 WIEZE K
WAL A RNTE F RN FIBRIE DU, 3 i3k o T Ut R A1 i ge R, s 5 1
2 EFEFBABERMAN RSB, RAEENREAEAE EHENEZE M5S£
BLIZH, ST IS #E I N TERRSS

ARG B DA N ARG, BRI B ENREZE MG AT, —%
TR T T AR A ) Y R P B, H Iy i T S A I ZH 2R I G 2 1 ST B £ R L I
B AR s T AR U DA Ut SR P i 45 D1 RAREE, BRSSO R I 1I8 F5 [ N AERR SR L
W EE, HRTRIZY, B B SR B RE .



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 54

SRR MR T K 2 AR, e s DI 1 A S RS BV ) B B A
J8, AR R AR BIE A T R B RS R R, IR B T AR AR
WL BSEREZ E TR AE, RIREMANE &R, HEANZELY, NS 555
— VI AR D RAER IR RN . B IRIEG . SO HAPHER T, #R
FEEFASFEINE . SO MFEEBRVF T B R AHIEAEA I8 ik &

FEWZELYZEE L, RS SN, RAEgnd; ARz, b
BRI B B R 2545 il B 3h i UL I, B R B is ek R PR SSARTE AL 1 3 5
RTRRTANLRITES SIEMRT, R AEWE IS5 FE 2.

K2 LM, PIRGIGEBFREAM UL o LRGN N, #R AN e Bt
ML HIEE LR, REFRESRE XA EaERRCE S, B R
IR, RO ARG R R BRI, RITSHAEUEL B sk & .

X E R OIR, SR EE 2 R ARG I RS ES 1, Il A
AR RN FRBHERR, EHHN TS RARMIE TGN B FE .

HIBMCE B, Horh 4B A 0 B T B B RS B 1 DU A, IR R AR X AROE P
RN, VFF2mVF2H, TR S SRS W N E 28 S RE T RiRE, &
ARG, AR ARSI RIZG, B A A E IR, AR IR . SR ERE
FEf AR EIITERTERE, BA RN . WG E, @ERE R OB METT
W ARAC (R A 7S - 2 TR A SR SR B ), S ATt 7 1 By o bk, BRI dplid
FEV s, BEORBAR/ANTT, BRBIRHAR, ERIIFMZRTICE PRERERE, BERA
UORRBR, IRRINEH T FUME, IRARNRLGHAD S, TILBEELRA G, 5FRIRIRR
WS, TERTAAR [ S AL R AR AT B T DAUR BRI RE At 2 i 2 RAE T
S AR AL RRSIN FE PBOR I, THH R T E B MEREL, 2R 77 o8 B B B AT AR B oy
IRy Ea 2 T8 R R RZ AR

KR 2R R SR IR ot AR SR BR AR B A, RS, ESIRE I
e, BRI SE T e, HERNEE H SR, T A i 3 BB AE AT
FRIRA S A S AL RS BIFKAAR 7, Gein#E R & B RSPl AL R AT

Kig b, BB S, SRR R EMHTIE, W EA TR PR ILE E.

SRR IO R LA IR AR S, FOE A7 R R e AR A rp R AN B 5
BT A BT R A A S R R R B AR 2, (B RIS Eib R 2T
TREIUA, AR5 EEE N BRI T — o8 E R 1 A 2 LR X LT
re— VIR B A AR 7 o

WeIm IR OL S, AN AR BOMIE SR AT L B 2 B R AR B o % 2 5 AR SR 0 T B
72 N AMHSE A J IR I T 1 5 BOR 5 55 B A4

FhEd, AT AR LN SO NGE . DhRehif ) T B2 mistie e, siis#E 1.
AR FIEA A T NN SO RECRIRAS . 72 RIS T RE X 38 7y b, Ferh Geih 4R A1 1 ik
Ly eSS, PRSI E T, o e MAra% /g ma 245, |
P E a1 R T B AR B ORI A SE, v by BURF AU S5 AT I R i S
SCHEXIEAE, R R —BUE S S R I AE RN /N R 23 BB AR S 4 DR

BB, BT E-ERNSENER AR R, TR ER T ERIRZ MR REE,
IRE I . RGN T EZ I REI A BRI, A ™ M & SRR E R 5 18 W .

BT, ARXIEE BENEIE, OGO AR, BMERK AR 4K, TR A
PURIEIS, TCA R R L RERIEPT: AEE, wHIER: s, BEmeb .

] 27 BRAE E AN EAE L, VEOAWTTE EARBL R B U O, AT MU ) T S5 R A
es, JREEUE S PR RR IR AN S SRR, RlE B SRR S NSO I B i 1]
HA R IR

&M Brhar, AFHAS, URNCRASTE S RERER IR, RESBKALLE.

Vo & by, ek, BEXKE; SaiLKE R R, SON R .

W LI, SIRE S EENL, D angiEmes, E g .

MFEE, Wil ERGEEs, BT SER MEARILE, SUGHE.
BRI 225 R, R B R EATICKIE R ), — R4 .

WEH EREEOnAE, R WenEr; WM L, RIS, SRULIRR
HAESRKAREAE, MEEEEN; TROAENGE, SAMEEAIEIL T

PRI Y, JBWIEIR, FMIES RN BLFUERER, NEFR A A?
HEZR, WAEH, IR & AN, ML AR
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1.2.14 REBRZEENHHESHIELES T EREME HEMEFERN

D] 2 BRAE S O EHE QB 52, MO 2 IR Bl B iR R 7 T TR 3R B A5G
BE AR, —Buh, BRI GRS EN B eSS F e BAA A E . BRI A,
Pl 7 i 2 B i R Bt 2RI AR A AL 5 R BB AR AL

HERE R FHEN SRR RO Z Z M see sl ¥ r8BN SRz
TS ROAE LS R, A — S R R — AR N (Z) TR

dN
E+GOIN2+602:O’ N(Z:l)zo (1.134)
N =192tan[0.007(Z — 1)] ; (1.135)
Kb oy, oy JFER R, LSRR AT AN o, =—3.646x107,
o, =—1344.,
Jif (1.135) lh & 5 Sega it Lh 45 SR an il 1-6 s .
220
200
180 N =192tan[0.007(Z —1)] able
10" yr
160 10I2 yr
1019 yr
140 10F yr
10P yr
120
107 yr
100 100 yr
Lyr
80 10° sec
10* sec
60 100 sec
1 sec
40 1072 sec
1074 sec
20 1076 sec
1078 sec
N unstable
Z 20 40 60 80 100 120

Bl 1-6 ##7 8 N & SREZE Lo m&kERN LERE
L %%/%*ﬁ % #ﬁt& ;\5\ (from website of nndc.bnl.gov or en.wikipedia.org)
— # %“7‘1’ ER éi(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)

FRAE TR (1.135) R, 1907 AEA7 2 MO LHE H A2 702 I3 B 2 2 A 78 PR 1 4% K
MR THZ WA Z g+ ZAA Z g 5 5IR

Z s =143 ~ D +1, (1.136)
Z na =143(j —0.5) +1; (1.137)
X joABERE, j=>1.
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I TTRE (1.136) 30, (1.137) 3, FARES — KR T BORIAMHE Z g SEIMEZ,
7N

g =143(1-Dr +1=1, (1.138)
Zipa =143(1-0.5)r +1~225 . (1.139)
R TR (1.135) X, AfF LR PN KRR T80 Z B T2 Z (V) TN
Z =1+143arctan[0.0052N] . (1.140)
FFE (1.140) LR J 5 S iR X e ah R il 1-7 Fros.
sable
120 1012y,
100y
100 10° yr
106 yr
80 1%
60 Z =1+ 143arctan[0.0052 V] o
- 10 seq
40 100 s
20 102 sec
Z 1:(’:5::
N 20 40 60 80 100 120 140 160 180 200 220 I
unstable -

B 1-7 #3577 Z(N)H 405 R B R LI o A Ul R X 4 RIE
s REBEFHERL — ABTEEL
Fig.1-7 Comparison result figure between the curve of tendency equation Z(N) and the experimental
distribution data points of the stable nuclides
m point of stable nuclide data — curve of tendency equation

Rl 1-7 o, @B Z(N) MR SRS R, TRREERR T Z =50 ~ 60 Bt
Bl—BedrIXTa],  HAT XA EIE 75 3t — R AW 7T

1-7 RRUREBRRTHZ 5T THN M Z(N) @% k2 B A TS m
PR, R T e R T AT 3 75 R R HL— XU T ) e i sCdt AT R B A R

dz

ﬁ+p01(2—1)2+p02:0, Z(N=0)=1, pyp,<0 (1.141)

Z:1+1/—p0_1]p02 tanh[+/— Py 00 V1: (1.142)
X pg B p, A S5 E B 0 E 1A E W R, e — 2 F IR R IR L IBUE X TE]
Po ©2.8x107° ~3.7x107° . p, *—0.76~—0.65; WEHESHHE (1.134) K,
Z(N=0)=1, M py, ATHCA p,, =0, =—1.3447" 2 -0.744 .

HRAR TR (1.142) R FE R SR A THEAE, ATAHE 0.0052 > /= py, oy, > 0.0044 X
[ 251 Z(N) #a# o7 i i = A BARERUE Ay

Z =1+161tanh[0.0045N ] : (1.143)
Z =1+151tanh[0.0050N] (1.144)
FFE (1.143) 2. (1.144) 0. (1.145) NP6t B AR € 4% 25 15 B0 SR AE 23 73 A
Z 161.00045 )max. = 102 5 (1.145)

Z 151.0.0050)max =192 (1.146)
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R (1.143) K. (1.144) KREFE (1.135) R ahdk 5 9256 HdE o b 45 R K 1-8 Fiix.

stahle —
1014 yr

120 1 T

109 yr

100 10" yr

80

— Z =1+143arctan[0.0052N] 1yr
— Z =1+161tanh[0.0045N] 1of see

Z =1+151tanh[0.0050N] 10 sec
100 sec

60

40

1 sec

20 1072 sec

1074 sec

107% sec

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

108 sec
unstable -

Bl 1-8 #2# 7 Z(N)th & 5 REZF LI o BB w07t 4 R
o REMF B R
Fig.1-8 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

e (1.134) K. (L1441 RERERET TN 575 Z 2 piE Pt

[0, N? +6, 1Py (Z =1 +pp,1=1, N(Z=1)=0 (1.147)
N(Z=1)=0, #H py, =0y, WfEE—Z(N)EBEBRHA
Z=1+4pyl[onN* +0,] ' —on],  Z(N=0)=1. (1.148)

HAR S SRASIE, HohifE py, = 3.28x107°1, Z, =1+ (pn0y) ' #152: FltBH
BN AR (1.148) NS5 HFE (1.135) A dh 2k 5 5206 Ko o bb 45 B ani 1-9 fros.

stable —
1014 yr

120 1oy

1009 yr

100 10%yr

80

1yr
10F sec

60

— Z =1+143arctan[0.0052N] o

—Z=1+ Jpgll[[crmN2 +0, " —op] 100sec

40

1sec
20 1072 sec
10~ sec

ki 107 sec
/.V 20 40 60 80 100 120 140 160 180 200 220 105 sec
unstable -

Bl 1-9 EH R ZIN) e & 5REAZF L4 HE 289 % 4 R E
o REMF B R
Fig.1-9 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

VERTIZ R 3t K Tie (1.142) KAy RN (1.19) gl
Z =14+- pilpy, eXply/— Po1Por N1—eXp[—(y/— Py Py +2~0)N] (1.149)
2cosh[y/— py Py, V]

L Aoy A R I R 2 0 B R E T 49— AL R L B p, ~2.98%107°
Por ~—0.68 . /100 =0.0013; Z,, =1+y-py ppy ~152.
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JiFE (1.149) XE5FE (1.135) N HLR 5 s2ie 25y b an i 1-10 Fis.

stable —
10 yr
120 102 yr
IOIU ¥r
100 10y
106 yr
80 10% yr
100y
lyr
60 10F se
— Z =1+143arctan[0.0052N] | sec
0 [0.0045N] - exp[~0.0058N] 100se
— Z =145 SR AP DS -
2cosh[0.0045N]
20 1072 sec
10 sec
Z 107% sec
N 20 40 60 80 100 120 140 160 180 200 2200 | o,
unstable -
B 1-10 #2 % AR ZINt L EREZEZ LR, AHFE AT HERE
» REMEHE AR

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

Mt — PR, R AU A T KRR B SR R R ORI 2 TR T
LOE T EEREBNE, X REIEIEG T 7 s A 1 h AR S KA R R Horbik
P10 00 — J2 BT A5t 14 7 R QN LA T LR AT 19 30 0 25 itk 5 R 3k — 5 B2 00T 1 P9 s
fiF, R0 5 e M Oy R I ST, — R RS AT RO T S (A B TN B BT

1.2.15 RERRLLESRFEREAERAMNE

of T HHE dh 2R B BV A A U S ARRAE (A T FE B AR I R, AR R (119 K, AT
BBy AU A B g 5 R Oy
expla, (x = xy)]—exp[-a, (x = x)], (1.150)

2cosh[a,(x—x,)] "
XF AL Xy v a0y A HATFERE, y(x=x,)=y,, b, NPT ERE: WY
st ol, b, AZFREOLA, HXGLEEhY et i) —fi #E 0y

y=y+4

b, =1+b,,exp[-y, (x—x,)]cos[2nf, (x—x,)] ; (1.151D
LW sh Y RS i — g B Oy
b, =1+b,,exp[-y, (x—x,)]cos’[7f,, (x—x,,)] s (1.152)

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
s =b explay, (Ay —1)]—exp[—oty, (Ay _1)][
N 2b, cosh[a,, (A4, —1)]
A 03 N
KED v ag s g O~ 7, NRFEEE, b, NEFH LR
B aaeife (1153 X, MERERRE TR Ey MeV) T1EN
E\ = A&y
_ explay, (4y —D]—exp[—ay, (A —1)]
_bOAN [
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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Fo i 2 by = 9.35MeV « a, =0.0398 ., =0.54. a,, =0.04071. ., =0.15H,

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)
R AR R (1.155) B TFH A, M 1 3] 90 (Rl 1-11 FoRs Ay M 1
B 275 PIHIZLanE 1-12 Fros, 7R 55 A AR 28 0.9754.,

& 10.0

8.0 I . 4

d o FeBG

6.0 |

4.0

20 F o data of average binding energy per nucleon

' H! curve of refine extended tendency equation
0.0
Ay 0 25 50 75 100

F1-11 REZFRE e ELatERES TR BT B LA
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

&10.0
U238

8.0

6.0

4.0

92 0 s data of average binding energy per nucleon

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

B 1-12 REZRWE e 2L MNERES TR & E
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

R AR (1.156) ETFH A M 1 3 275 & 1-13 For, HiESEdE
[AFIFHXRZEN 0.9999: A A 1 F 1390 FIt 5 # 4 A 455 eSO NAE E e B2 B U1
1-14 Fi7R.

&y 10.0 2500 Ey
28
8.0 A v 1 2000
F‘e5e
6.0 1 1500
4.0 1 1000
2.0 oHI = data of nuclear binding energy o | 500
L refine extended equation curve of nuclear binding energy
0.0 ’ ’ ’ ’ 0
Ay 0 50 100 150 200 250 300

Bl 1-13 REBREZE AU EL AT RS T EHLE

Fig. 1-13 Curve figure of unilateral refinement extended tendency equation of stable nuclear binding energy



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 60

& 10.0 4500 Ey
ENtmax

8.0 1 3600

6.0 1 2700

4.0 1 1800

2.0 1 900

data of nuclear binding energy
prospective curve of refine extended equation of nuclear binding energy

0
AN O 200 400 600 800 1000 1200 1400

B 1-14 x4 ety RESTRAZHARAER T AEMER
Fig. 1-14 Prospective curve and its theoretical maximum position figure of unilateral extended tendency
equation of the nuclear binding energy

MRFEE R by Qg s Ay~ Oy~ ¥, LD, =9.34MeV | o, =0.041. o, =0.52.
Ay =0.04191. y, =0.150F; WJ7EE (1.153) . (1.154) RfED, = 1B TR A
(LSIZ= WA

exp[0.041( A4, —1)]—exp[-0.52(A4, —1)]

ey =934 1+ exp[—0.15(A4,, —1)]cos*(0.2574, )] :
N 2cosh[0.04191(Ay —1)] [1+expl=0.13(dy =D]eos(0-2574y)]
(1.157)
041(4, —1)]- exp[-0.52(A4, 1
E =934, SPL003(A = DI=expl[=0.52(Ay = DIy | oo 1504, — 1)]cos?(0.2574,)] -

2cosh[0.04191(A4, —1)]
(1.158)
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

£y10.0
U238

8.0 n

6.0

4.0

92 0 s data ofaverage binding energy per nucleon

. r H! curve of refine extended tendency equation
£
0.0
A, 0 50 100 150 200 250 300
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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



YAN Kun. Brief annotation of the connection equation[Report]. Xi’an Modern Nonlinear Science Applying Institute, 18 March 2011. 61

R (1.158) A, AN 1 2275 i Zeani&l 1-17 FoR, RS EdE 2 M
XHRZEN 0.9999; Ay M1 F] 1390 I 5t I 2e J2 455 REPRAR i KA By B2 B WE] 1-18 JiF
Ay JiRE (1157 Ak (1.158) KR RS 71 (1.155) N (1.156) 73 AIAHIT .

& 10.0 2500 Ey
U?SS
8.0 A v 1 2000
R
6.0 1 1500
4.0 1 1000
2.0 ~H 1 = data of nuclear binding energy o | 500
I refine extended equation curve of nuclear binding energy
0.0 = * 0
Ay O 50 100 150 200 250 300

Bl 1-17 REBESE A EL AT RES T EHLE

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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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)
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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)
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Fig. 1-32 Curve figure of an approximate sine wave generated by the compound-extended
hyperbolic tangent equation
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Fig. 1-33 Curve figure of an approximate square wave generated by the compound-extended hyperbolic
tangent equation
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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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Fig. 1-35 Curve figure of an upper and lower both convex wave generated by the compound-extended
hyperbolic tangent equation
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Fig. 1-36 Curve figure of an upper concave with lower convex wave generated by the
compound-extended hyperbolic tangent equation
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Fig. 1-37 Curve figure of an upper convex with lower concave wave generated by the
compound-extended hyperbolic tangent equation
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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 NI R 1-40 Fiom 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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1.4 MU BAMZEMERTEE RBEMARHEE S H1E

FEREE () CABRIGT 7 1, BN AR B A BUEAN R ORI i
LA, RE S TR — 1k .

g UGS P AR T R R TUE , IR TV ER 2 I s S R, IR R R R X

SR B ST R A B, R B RE AR 40— R R LR SE B R A
AR E .

FERN KGR E B A T IR R T7 1), RARIE )4 — 2R
Fe B R R AR RS R TR R A
fry “AHR” v, —ROCHRE SR E A S AR JE I R R oK Ak
“ERRY 7 W E R CER S RE, A AN R A
CRES G AN TR ) o BE— 20, BRI S It e g i Lt 7]
EERTEEALIH RS RERER, RERR T RE,
[ e [ I 0] g & o g A S I S EINAT UL A S B ZE AT

FEZ NS E I b, R e B S BUBAN AR, FF51RIRZIE 1 R .

BORANEML, M CEAE LA n TR RN @, (rad)

o, =(n-2)r, (1.186)
KEARE >3 ANMAREH =M S B HEA R

R, %n=3M=MEN, KNMAN e _,=7.

Wi fehdt, £ n FEAAEN T, Hn — 4o i, HRR AR, WA Ae, ., — +0.

XF Bk n MA@ R ERE n >3 BIZAFRE, WMn=2 KM, HSE
RON—BEAEN HEELB (BN =MIER&EESET 0 KBS, —MAIENMAAN

®,,=0; (1.187)
Y =11— AN IO BEL B =Ml i AT — s, —ATENARY

¢, =-T;: (1.188)
M= 0.5 [ TR, AN AT

@95 =—1.57; (1.189)

Mn=0MEMEE, HA0NmAKEA, RP TS AY B mEML, ZHEN
AN

0 =-27. (1.190)

JTZzH, Mn=ee LN, HNMAR N, =(e-2)r; Mn=1+i MEEMILH,
MRl . =(-Dr, XHi=-1.

IR FE (1.190) 2N T 2 A SR A E A An, o NERE TS A
S AR — L& Py, AT P N

Pusp =277 - (1.191)

2 7 S a0 AR R AE B4 A H A 5 B P LAY L 4L R A B E
T) B % I e R A A HE— IR AT

V2 MG RE, BT —MHEMRZEREE T H, En—%=F. —HL
B, IR (OO RNIIFES), IA=ME (CEMADH RN i, #3850 );
I A B s = arctani X FE T Buler AN M AT 555 & In0 1) R EOE 2bric 7 et

sins+cos’s=0, s=arctani, i=+/—1 (1.192)
exp[iarctani] =0, (1.193)
In0=[kx +arctani]i, k=0,1,2,3,.... (1.194>

g, XHER TP A (ST I A0 R SR DR SR Y, B AEg
7 5 UGS A B AR AL 70 A1 PRI B0E N SRS AL N2 R

FE AR b, EARITE RARR AR S L QB A AL — R L E A ZR SRR TT A

WANTRIZRN “GAKK L 5 “HIK KT LRS- AR AR e ALt R 7 T 5 O 2 K%
PLFh, Horp “@ARK KL FEJREPA T2 BN R, K KR A i AR A T
LRI e % BB ROF AR, AT E S IE TR AR TR, JREEEw TS
HRRLTE: LLENIE, LOEJE, DR, EEREGE—.

RS, BEERE—AEH, NERR DR, 5T R — 3. Bk —E%,
—EGLEE WEANTE, CEREE: ENEEEK, —ELEBEE.
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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
XU 1E U R B IR B i N TR S8 AR ST, 8 ARk RE I SUE B 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 AR 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 Q2.0 Kfmy < pg kg 3 RIABURBTE . ) 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 AN BV 2 i Newton 3 J1 #0608 y —if i) ¢ 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 S 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)
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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 e, AR A R AT s A e . Wik, MR e R SR s R 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)

AL (RBAR EREE T KL RBE RS «—— 7 B
RAES TR AR SRR TR (2.6) RURIUAHER (2.8) 200 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 @ NBERFFE 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)
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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: 45 AR TOAR I A BB 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 B A T R AR [%i_\ ﬁiﬁ&%ﬂ%%ﬁ%ﬁ@‘f@abﬁ, 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 thdt g B Bl e —ERE R S B M TR . L IR RIA R,
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 R TR, BRI A3kt 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 TTE, 45 )5 OB 25508 22 2 R N AZ A SR 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 IR L RL 2 s, W R R AT IEEE BAE — R 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 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
BT ZMRBIERAME S, MR SmXTR . B S5IR GBS Z 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
DL S AR sk 2 R 3 5 R [R) A 19 55 2500T I 26 A 2 PR RS R B A XS B S AT BRI ) Lo AR
EERBEA; W — R L, — RYBEE AL B S RONIE AR I R B AL FE
PRHBT L, S8 G 2 IR SE ), I i 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

_ dyep

Yeop = =0.5a[l - tanh*[a(x —x,)]] » (2.5
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 BRBUR T 53 A 85 B 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 MARFERTH X FRERS X o0 EE BB & AR
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 SOy o 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 mEEIT X o EEE k& AE
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 MU 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 B9 X - RS X oA 35 B 4l 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 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 BB 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 U4 A 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.

. ISR BB 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 RS VAT R T R R T A A R 5 AR 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 KPR T B S M s T R R S TR

N R TR RGEGE T A P By 07 B 7 WM R AR AR R 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 R 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 TR 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 E, NS R, hEWE (KT)" TUARNSE,
T AT A B 1 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. —ot, Lo i RAMKEmE, ARZ i 75 R A 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 = 7 8 — (2.72)
exp(aE _Bz)exp[EL(kT) ]_1
~28s (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 E AT T FE I 2 A XS L, TR, 7 72 (2.60) X ng IS5 HRAF(2.63)
(265, (2.67) =MkikMz,=0. a.=B,, z,=1. a.=B,, z,=-1. a. =B,
B 433 % N 2L 5048 81 1Y) Maxwell-Boltzmann 4t i1 43 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[(E, — pg )(KT) ]
1
ng = — y z,=1. a. =8B, (2.75)
exp[(Ey — pg)(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
EAA MM R 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 43 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&4it 04 i 2 E U 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, & IR T R R BB S, A B TR H 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;
i (2.83) RN
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+z.n]=0; (2.87)

XH By N H L
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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
St+zn;=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 = 0 2’
[ng + By, ] [E (KT)” +ag; +By,]
X By, W H & .
it (259 AfEz, =0, z, =00, Hh
%+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) .
fayd A X b, A g (2.88) . (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 BEZIER . LR TR TG0 A0 1) 5 FE IR K oM i FE 2 1 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 T R I v e Re, 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) XK (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, V2B AR, BRI ARIRE &, NN EY] . BHEAUE
— 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,
FoRaL)R, BEER: NEGHTTY, & AR, SRCELARRE, BEANEERER.

Z4

(2.90)

N

2 _
s =

(2.92)
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2.2.3 Planck & F 5 EMZEX 8] Fia A TR
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 ITIEAE SR YERLE, AR SHRSEE S, fe & ST R I TR 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 BUG AR BRI — Bt (IR Z BT —BO RN,

%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
oy B (vg, vp) NET I (2.97) EMEIRAR 1 — AN P B bt 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

BB, KT Ego & Eqype MEUEER L NRZI VBN, WERE R &2 —D
WHFRRT AN . SR TITRE (2.97) sURBIRTEH (vg, v ) » JUHRAE B TR K 1
SEBEE L A v, 1E TR A I . BRI (v, v,) SR 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 AR JERE FE R SRR IS HEHE OB R, 7 3B RO R My, RS SR
TR, ARREIE S S BRI, AR T IE B R R A FIRLEL,
5 SRS BE MR A 1L, ARHTFF Planck i 7440 h & Newton 51 W3 G, , Bl
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, TR B A T R, AR AT
£, 4 Planck 17 5 Newton 5| /1 RAUSHTEL I MRS TRERBMRIL R, W2 ICBE 1 A2
X TR 3] 7B KRR, [ 75 RS 7 7T 22 B AR AR R AR
LA KRR i TR, A R 55 Newton O3 FUA LY 1) 5LER ALt
AEBUIRIC T 1), JESCRETT BLE B MR TEA AL e T LA I, 0 SR T A S LR
EYE: OBREATIE SO RHE, e AT A UL E 2 L2k R AR RO,
T AE 2 — 2 T A S 53— R TP B
L% T LU ARSI ) A B B BT R B PR, S LE
SR AT L AL, SRR — 4 DT S HLEL R 1 4B 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 & SRR, PR B R, OER SR
M AT LA LG A1 0 T R 5T, T AR L S £
PG SRR LR T LN, SROT RN BRI 2 IR P . MRS
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) TR, ABAPS TEARAGERR, T AR 5 M AL TE .
SRS TR Lagrange Z5C% 5hik Jt Lie HPAEHOT RS OB, iR IS MR R
SIS o S HE AR LS LA LGRE RO T RO DEAR . DLt S SR A
R, S R AR B TR WAL . S DR AR S S T
SR, AR 52 AR DR RS R TR LR, SUh T ) R L
LRAIBLG . R, T TR B8 R AP 8507 T 14 S A 52
RS AN, TR 55K T s 4 RS SRS R o 36 R FGA R
LR RER AR IE S RARITR T v, SRR R, kbR
WRATAHER I NS RUEARAO RS AT E LR R AE L P23 T LI
SIS FFET (0TI =SB 5, M B TAR B HOY X — B T AR
53 R A PR 2B, ST LR AR A, RN AL
WRATABAC AT A Rk HEAT ALV 5, VP 407 A5 RO T 3 5 Rk AT
R ST AR 0 5 ) R T SRR i R A0S ks BTk,
B PET SR 0 R 7 I N BB L B R
TR, A7 L RS, TR T PRI SRR 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 Xhe, . o, K& ¥R E, RIHENE REG 724 M Newton 3)
Tz i, WHE o] <4Eo, LT H IR

yv=J,+J,exp(J;x)cos[J,(x—x,)] (2.114)
Kb J, e 280, J, NIEERE R, J, ISR EEROR (B R4, J, WiiEE,
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

K w oy TR AR (2.114) SAEEHZE MR ITTE (2.113) sUHIZAIEA I sl i e
=

yv=J,+J,exp(J;x)cos[(J, + Jx)(x —x,)] » (2.116)

i J g NN IR L
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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
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NIRRT R (1.1 SNAEUT AL AR 5038 B A 7 1m] PR 15

WEHRE (L) R, E%EE . @, WANE, &=0. &=0. @, =K, +K -
Wop — & = by +bx R R, A AR TR (1.8) RGBS Rt
N

§]y+(1<0+1<]y)d +w2df by, +bx (2.126)

dx dx

XK, Kk~ b~ bHAEE

ﬁ%ﬁﬁxzu@ib,véﬁﬂﬁﬁwm<; 0.a@,#0). Walfk (& =0, @,#0)

EEE 2R . A AER 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, MR R, J AR OR (SR 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
%%m)ﬁ%%ﬁ%(mm)ﬁﬁ%%?ﬁ%@ﬁﬁﬁ<M%)ﬁ%w%ﬁM&ﬁEﬁ&

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)
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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 SR R AT AR T AR R IT 2B 70 ZE A PR 2% A1 T 5% T B AB e A At 14 T
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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AT (2.133). (2.134) B 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
gz—%; (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) FONH € W 7 R AT B A MR ik, 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 REMRHARE 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 e R A A (2.149)
2k,
B (2.143) 2. (2.149) fFfE
7 :bO—KOJ] :2b0K1 +1i5,[6, _V‘§12+4K1b1] (2.150)
' &+, K1[§1+\/§12+4K1b1]
XTI (2.145) K~ (2.148) 3, B HLERIMA S LW MK, £, # 0N
S, TR, 4 NI 3 AT REERIA S A S 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) —3f%
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

(2.161)

_ 2
o FAN@KE b

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 FRTAG T U RUR 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 RN 25 X, NWIEEAEAL 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—BAMEELCRN

2x,6, £\[2%,6, ] — e [x2em, +4s,]

Hy

2Axiem, +4¢g,]

X, &@, £ 2./— &,6,@
=0 Lt (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 AR 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
A P s . B IEREARIR B SRR, AR AR W 05y 7 B4 8 PR AE ,  dl— ARA e
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

XIFRE (2.128) A, KR BN — AR 8l 7 FE 50

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 T 57 FE ) 262 S AR 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, NERESRENEE 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]: J7F&hZHFAE 1] 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) EPIER 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; FHEM&FHAEQE 2-11 fros: BLHIZRTE 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, O, IEFBAN, B, fhEmis.

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 &5 45 5K B BB D I IE AR B I 5702 B o9 % H0R 30 77 72 o 7Y 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 J3 & M 9B D AN IE S B 730 B e 2 A0 sl 7 A2 ol 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)
XEARm g, =—-0.1-0.00252x ; HFE (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 S S5 RO AR LG I M IE S B IEARA ;. T7 AR 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 2R B 5T B ol 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# BSRLIAELMAL, TIHEATBR Y
=[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, BRARESSR . RREER BN R AR 2 5, 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 M 89K )7 B i AW E
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) A R IARLRNEAL, M— IEAIE5 GO 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 S  4F S P A 0N IE AR £ G0 2 21 IE A0 38 Wt o9 A0 300 5l 77 A2 o 4 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 St A N SO 22 DE A7 3 B SO 3 i 9 A A0 5l 77 78 e P S
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
FERtE R A RS S BRI S S @A TR, BB RS B EE DA
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 A AN A, BB T REBRE, i@ SR ER, #2258, 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 UUEMTEGE R 51 R CRIRREED);
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
R BUYFE IR LU AT A R B 2 T BRI TR, R4 2 AR B S
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.

e (2.188) REAHWBIEHIE GRBBIEIAD SR M 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 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,

FXEBREER 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 (40 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 —Br B PO AR et e

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, WRESRZES TR (2.198) B &M TR

¥, =Cyq; +Cusii » (2.199)
KH Cug~ Cygy NIFERHL

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 ATHER IS ) 1948 FH0EHE, RS 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, HEREPE 70 4~ HUEREAEIR TR (2.194) . (2.195) AEB s
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WHEJiRE (1D X, EriRn—ERERA DS ERANOED 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)

X F-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.

EEANOSHE BB TR L
2 400000 i i i
T,
~ 350000 [
I
& 300000 |
Z
= 250000
& 200000
150000
100000 i
| ! ! | —o— N UELHE i 2
50000 e [ [ —— Ntk |
0 i i i i ;
0 2000 4000 6000 8000 10000 12000

4EJE GDP1H (19904EGK 101256 70)

Bl 2-22 X4 E AU HIE 5 77 2 i 4 ]

Fig. 2-22 Curve figure of tendency fitting equation of the annual population in the United States
AR (2.203) aRe 2 F B A RO S B IR P, W
P =369281 (F 0. (2.204)
FERERT BOMER IR 2 J5, SR EFEEEN DS GERANTHD R S H G2 1848 1K B e iRy
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)
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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 O SR B ST i £
2 70000 H H H H H
w
~ 60000
@
T 50000
<
40000
.ka,
30000
20000 : :
I N S S b S —e— NIUHRiZE |
10000 3 : : | | | —o— N5 TE L
0 I I
0 200 400 600 800 1000 1200 1400 1600 1800
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 °
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Fig. 2-23B Curve figure of tendency fitting equation of the annual population in the United Kingdom
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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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AR PR BRI AR, o — B S B2 NS ReIRIH 280l E, S92 GDP il G, 2 [
RS EAT B R (119 R HER G (LD WIS 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
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E, = 3940 —1050exp[-5.8x 107G, ] - 2890exp[-2.7x 105G, ] - (2.223)
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Fig. 2-25 Curve figure of tendency fitting equation of the per capita energy consumption data in the Chinese mainland
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BT, FHEFRIMITEEEE, BRSIESH 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
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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, FAE AR o Bt 2B S BRI i@ S Rk s 2R He
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Vpr = Ap eXpl—(0tp; — ap )X — Xpo)] o (2.233)

ZWOTHE (2.233) 30, HEOUMIEHL, B ZOe T diriE (2.2300 2 i 5 26 AR b
T iE (2.63) MARIBIEA—BILEAT X Boltzmann 73 A 7 FR K 20T LLg&H ik
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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)]
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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%)
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A MR, 324 IR AT (R SR TR (11D 3T DL % R i
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@, dxﬂ + @, dx;] +E +Ex, HEX L FEX L, =Yg (2.936)

XHo @, & & EEARRE E NNBUIREL wo NINEREG &, & R
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1
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TP (2.238) X, BHEEC, #0. C,, =01, H—-FK—-MESITEENX
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HfE (2.239) RIR, wlE—PHR5T Feigenbaum 7 1 4E f 14 )5 -
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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
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d dx
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BRSNS TR N
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2 2
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AT FEMZ A 2-28 Fiow, AHKRRECH 0.9955.
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Fig. 2-28 Curve figure of tendency fitting equation of relationship between limit value and frequency of the
difference equation
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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) FUE Cy, > 120, FFa RINEHE R EHZ). Wk, FiH% 2
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Fig. 2-30 Curves figure of the fluctuation characteristics of the difference equation(when Cy, =135 )
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Fig. 2-31 Curves figure of the fluctuation attenuation characteristics of the difference equation(when C, , =3.56)
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Fig. 2-32 Curves figure of the irregular fluctuation characteristics of the difference equation(when C,,, =7.00)
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ST 2 I SR X, AR B + 00 > x, > o0, WITE7 > 95 I x,, A il a3 BRI (A
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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 % .
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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 AEOHE, SEERAKS AT ENRENE (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 BB R, K CHBERAH S n IS TR BTk, MTEOLT, RIS 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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—Pr B A s RS, BRI AR AR, (B 5 L EGE T IR B
5E 5

B, B e A R R AR e A A X S A R el HA
AL FE S 8548 2 3 e AR R MR A B, 802 LT 58 A R T A 2 S AR i F2 1
B

— i, B2 BN MR RE 0 IR R R R i AR FE 2 B T AR T
PAZ i ;. S HAERON R AR OUT, AR ER R (1.19) & SRR (1.32)
A (1.33) AT LR

IR SUBALE R R AL FE . IRETIIAE AT, BT TR, B Tk, BT
HEK, EHUENTIR? IRF 2/ R0 215 H B4R L i iy nl 242 ) 2 G s et ? B(E
FLIL SR LM AIFEA TR, B/ WL AL, RN AR, IREHA
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{151 ==

TEAHTE], B9 ) —AME S VF2 MR AT 2RI A, 6 TR AR T/ D VF R i,
X ES NP, HE R TR T BRI AR B EARER L&, 374k
2 H-ERIMERE CIET LA, Bt —3 Sl mT i 2h B8 A g s siat LT 2.

AT R BERGERERAE, 280N G R THhe s, 18R mid
7R CARMEAE N ORAL, ZIAELTKINPEEE S H s 7 LA .

RS, NB—4&, BFEFMEN, B2RURREET . NS &S 5 5.

KL, ZIEEATEAT, WREIIRPGETE; HERHEREES, THEIRAELE
i 5t o

NAESE LW R ERRE, FEHTE, HEFU, HRENE: LHEMAFAR—HSE
EREEIRAEALLTE, TERA LR TIEIR RS i, 20 H e B 5 sl ke 2 A
17, HT BREZEHIECLLERET, FrLURIEA SERMb N B SR /N Kz b T bR v F %%
M ERTSERSH, BOLEAHEUEE, TINAEREE .

NERIEFEH T, BEEZELAEMNE, WSS, el — B kT ;
WA FERCIRBR IR ZE, ALK — ARSI i, FRS — BT ifecd, 4R —FR BB, W
AR Z R, TR —F UV, NAEEE BRI BIRLIMEIE D 5 .

J7UE AR R I B AL, RCUCA— VIS R T, nIsiRE EE AR R R, BB
JE TR R ZAE ;s R — DI A0t 57, wlsehs BIRA V2 g Al 3ea 54l
fife, RE O oGk R RO B A 2 e T, FIsEhR ARk A &
WG 1R B e TR R RS BB, RS S RN ZE R R I o NSy
ST BT DR A

—fEE, REEESIT s —E, REENET T AR R iR A
KUk k. BUTE AR RE S EAE, sk .

FEIRLITE, BrBett, Bk —HJe TR [ KIAR IR .

B R ERZEEER, —Her ey, W AEMLIR, %L NE kR,

2 W IEILRGSEML, BEHERAE; RANHREKE, N8 2KIKRA.
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BT, W THERE, DEEZRE AL, EKREAERHE.

—fh, NEVFZRFZE L, BRSPS LA R8T RIS 151
R PPtk WIEAGREA Y, 5%, e FAR L, FrigfANERE, HHAIE
MR 2 ERA SR G REN AL EHRAURE], JIRRBINELLMN L RERITEG
HIERE, BOWRBOT NN i 26 28 BERG Vo S e A DCTE IR K A 1

WP, SEARRIERE, TRRKEAET; FiRER, HEMST A 7RI
e

B AMEF TR S, N HISE R SR, HAE K ENIR R 5 At FE 58
- BUE PO R B TR 7 — IR, B e, HEF—fiE & 8
R, DR R 2 SRR PE [ BT, ARG TR Sa e N 3s, i I AN,
HAEMIRE, sk, R AR EIE T IRICTHETETT S .

RO RS, BEORRRRAKE M SO BER 1 @l L AL BT R A L4541
a BT, R R A 0 AR AT v DX R il i R, i RS i B A 5 e R Ak ]
MEhA T, RGAESRDORNT SR R A .

HeRZREM. ZRERN) AR EGEE a0, il RIT sk LR RES
AN, X NEEEAER T AR T HR B MERT L2 e AN A IR 2%
fiE.

TS St SR S, EAL S B A T R TR R DA B R AN, A S SR )
REAW W HTIRL A S5RE0Z RGBS ARG Shnid, BS TR EEAEALER RS
Ok, FERF AT S VR 2R AR I RAST 5 R8T B A

7 B 5O ERHLE Bt XA PR AR R, ARAT IMA IR 558 e 22 B AR A AN /238 IF
LR, V2 RHICRE B SO O N AR S B k. DN ARIERAR S HiR, X
NEIm 52548, SV BIESS LRI GR A BP0 L, A GEAN5HL O 75 4 K P 2R I Y
M E e, = M BA R B IESE, SEVFROSCEM R R SRS & 5P A
FEAL SO B SE BN AR RIS, ik T NAEE SRR, 2 /08B E R g E,
ZOREEERT, ZORREENR, ZOBOHET, BUEZESE: LTRERS
T AR UCRE, HA A TR AR X E IR JLTIEARRAT Sl Bk — T
NAEAE— A RIS IMUR P DEaR I AE 2 1 2 k.

A7 BHFRIE, AESPES IE XM, TRAERRB

fEIXE A, BN EGE: AT NS RS A RS ME . SRR R
YRTIE REAFAE

—AANEAHLG, HFIA R WE . SRR RE S, SAESIRE, 17
FEEBRNEYIREL, RIERH . ME . FREEEREN—S IR R L, AL
DU AR Bl E RS ), SHNAEWIRA IS WE . iR, KiZ IR
71, FEYIHE O IE ARG, AR5 BRI G, BEJE AT K. BUR DL SR AR
Wi, ERBIEEEME, FENT /MO o T B AR, Mg—1
EORVER L B i R i A e .
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B AR WE . FR R BT 5 PTREIE B A 2 ThRERCR 2
[ [ T R FEARFAE

FEFTINA BB L W e AR it RE I — SRR E L, R B A B AL S DU RERCR -
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fit; BIE—E MR WMaE . FREGEERES, VIR SIIRERCRA RS, EF—E R
Ja, P ERKKHSIIRERR, BRIRERCRGE T T4, HERRENS. M. FiR
L2 it 5% RE T HIRERE TNt 2 A BUAH S AL 2 DhRERCR , Wi 5 DL IE 21 5 B35 M G341 £
BT PR ST PUR KRG T EXERI T RS AR, WAL E R . ERBFEERTE,
WEITFHE T —BrBAett; #RERR, RRiGbt.

MRS — A A We . 2R, KOtz e ) B AL, I AL DI RERCR
INFAEEAANIIREE, sAEE NG G, HA S TR R 2212 .

AR AR DL T S R R 52 PR AR AR -

semmEfEg oy b, — U7, SRR 5 iRk, B R AR, T
FE 5 — B s, RO MRS, WSROt 5% —25 e s
JFOR AT PR IR AL IR AR VE RS, S MRS BIAAT IREG A N TEIR s XRS5 HAL AT
RV, AIRRHEA REBR, HIGERANFR R, TRRDRE, HARIE 7R 75
W SCHIIN RS ETAE s D AKEIHEATENL, SRR s AR R, BMA ST
BARSERN, ST, JhREIE; AWAEARIRIIVET 4825 B T R SR e AR B 25 T
AN (LMD fivias Holi SRR “ Kop 208, WIS, 7Rk, fElET 2% 7, TP “H
B, At AT 4.

JUTHE TR, 2R it 2 Fe A N B SN 5 B IR IR AFAE, T AP
XA 2 Th RERCR B Z MR T AR . AL S, W LT-#f WA BREA 9
BRIEAR: X /5 EdE— BRI FIRT 15 170

FENATRES, i R DOREZMV R RIT BB S, H 2 Ea Al e RO %
IERIN T R SR & 2B X TR SR R B O, BERE R HAR S8 S
X R A R P AR O, AN T AR O AN s AR R A1 4, RIS U N T 1]
Lo B R R AT N AE Bra i) S E R R 73, A LERT eib 2 S EUF AR iTE 2 R
RO e SRRSO A TR, JRENLIE 331 7 ARSI RS 7T LA LR IR
ZN G AT A O, AT AR I I 58 2 2 5 TR A Sk DR R I A 4521
SRR SRR ARSI N AR E B TTE.

FEAZIEE, R EA, AR, BERAN.

R B R, ERKTRE. ME . HFRNEE - S IRERR, SHa
BB — A e IR ZRE IR R, T AEA R I T 07 R B 2R it 22 37 4k R 4
SMZEERIE RS T R (1.19) Xk, HEikd @S mgmE 1-2. B 1-3 s,

FELZHBRRBUGIT, B Wa . SRR I—55 DR R R ML, B, M.
AR R A ThRE AR R R LR, X MRS R T e R (1.132) ATESE W
&%mwz%wﬁhw—amkxmmh%¢%gﬁﬁﬁ;ﬁ%%ﬁﬁ%mgkﬁﬁﬁo

Z B B A AR v A h 2%

—— G HAZZE KRS
— JG B IR S

Bl 2-33 % [ By e An 3 A2 VR A 4R AE o 4

Fig. 2-33 Curve figure of the evolution characteristics of a multi-stage saturation process
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1E 2 W BRI R ORI T SRR B (Lo B B S 2 R A ) — %5 e
B RN SRR AL — kS DR R IR, AN A 0 £ T 7 R
(1132) AAEGRBCY g0 >> lyge T DV ARSI A, HIEAREAE Lk 2-34
B

Je JRH AR IR (1) 22 B BUs AL I A iih 28

— R IR AR
— JE AR
— JE R IR

Bl 2-34 Jo H4E AR A HY £ M BRI AR i 2%
Fig. 2-34 Curve figure of a multi-stage evolution process with the creep state in the later stage
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FEALFMEOL T, ZE AW R LS BT, RIEZ AN 2 DL Bk FrEUL
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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 BB AR R R AT IR R TR, HpEE 2B A RIS 2B T
MER Tk, ANEEEEZHAENTE S, AERH . SRR, BONIRNEN TR
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 I 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
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ceneoiil -
0. 60
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t

Bl 3-1 85 4% & M1 & /% — ¢ /min BHE #4 S L6 7 R b %
(D EF T RERBEERE ST 3D
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°°

P R B AR VRO 2k e A PR G DT R i 2
€15 1 ;
b o— i A% Ji s K a2k
e (1) B APAT7 e i 2k
9
S
6 4
4
3 >
0 boomeooo00=00—0 i L
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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 0& TR 490N

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
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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)
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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)]
0,16+ 0.06 SXPL0-58(U +2.5)] - exp[-0.59(U +2.5)] (3.0)
2cosh[0.008(U +2.5)]
JrREM Rk 3-5 s WG (3.9) 3 (L) b (3.8) X (FRIEEL) WA
J(U) e 5HHRRIAH R R ECN 0.9995,
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(3.8)
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Bl 3-5 @4 PN £ U/V—J/10°mA m™ 5 #4 3 7 12t &
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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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SO (1124) 3, 8 SARHEZ B BE L X R— T i 2 el & 7 1

R= [1+T(T—TR0)]{RO + A, tanh[a, (T =Ty, )]+ 4, SRLAT Tl expl-a, (T =1, Ro)]} :
2cosh[a, (T —Ty,)]

(3.12)
e 4.4 oy oo, oy, WREFER, Ty =1, RT=T)=Ry: ay=a, +A,,

|Aa|a2“ <<l, A, N—FpEfE; b, AT
1
A+4,=R,, «a zg(a] +o, +oy)o

R (3.12) AR b FREE T T B S FEHE T BRI p — T (% —
et IR
p=[1+0(T~T,)] p, + B tanh[ (T - T, )]+ 8, “PLT Tl =R T L)

2cosh[B,(T - Tpo)]

(3.13)
Ko+ B« Byv By Biv By BoNFEEER, p(T=T\)=p,: Bs=p+A7,,

A By <<l Ay N—fsEf: IR

1
B +B,=p,> ﬂozg(ﬁ1+ﬂ2+ﬁ3)°
M, HHEERO<T<T, )~0. p(O<T<T,)=0, WHA, =0. Ay~0,
a,=a,« By=p4,, 7 3.12) A, (3.13) W5 N

R :[1+T(T—TR0)]{RO + 4 tanhlay (7 - Ty )] + 4, SPLAT =Ty ) = exploay (T =Ty )] |,
2cosh[a, (T —T,)]

(3.14)

g, SPLBT L)1 expl-B,(T - T,0)] |
C 2eoshlB(T Tl

p=[+0o(T- T’pO)]|:p0 + B, tanh[ S, (T - T )]

(3.15)

MA >> A« B >> B, JfE (3.14). (3.15) =3 UkA

R = R,[1+7(T = Tyo)[1 + tanh[a, (T — T )11 : (3.16)

p = py[1+0(T-T,)][1+tanh[B,(T - T,,)]] - (3.17)
BM2M7 =0 o=0, HoalFeil s v bz X BV 72 (1.25) B

R = R,[1+ tanh[ot, (T — T )] : (3.18)

p = py[1+tanh[ B, (T —T,,)]] - (3.19)
MA << A~ B << B, JfE (3.14). (3.15) Z3kA

R:RO[1+T(T—TR0)]{1+eXp[al(T_TRO)]_eXp[_aZ(T_TRO)]}, (3.20)

2cosh[a, (T —Ty,)]
p:po[l+G(T—Tp0)]{l+ eXp[ﬁl(T_TPO)]_eXp[_ﬁZ(T_TPO)]} : (3.21)

2cosh[B,(T -T,,)]
EREHSERERNNEINT > Ty« T> T, X3, L7(T - Ty) <<1. o(T -T,,) << 11,
HFE (3.200. (3.21) —aRArHE— itk A
R:RO +R0 eXp[al(T—TRO)]—CXP[—QZ(T—TRO)] . (3.22)
2cosh[a, (T —Ty,)]

P=potpy exp[ﬂl(T_Tpo)]_exp[_ﬂz(T_Tpo)] . (3.23)

2cosh[ B, (T = T;)]
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FIREHL, Xt (3.22). (3.23) =X, ¥a =a,=a. B, =6,=B K, HIRshHEik
oy 2T R BT XA E DT R (1.25) AUB

R =R,[1+tanh[a(T —Ty,)]]; (3.24)

p = po[1+tanh[B(T —T,,)]] - (3.25)

FFE (3.12)4 (3.200. (3.22). (3.24) #&EXAH D R—T #hzkand 3-8 prox (P afs
A,<0. A, >0. A, =0 =FEB.
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] 3-8 A S AR AE T R FELFR T X 48 L JEL R/Q — T/K 41 77 72 e %

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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5%,

BB AL S FE A R B R A R AE AT e G E T A e, BRI R MR .

FFE (3.12). (3.13) A EERREEE L, M TRKAEML, RN N RS

R=>R,, (3.26)
j=I1

p=>p; (327
=
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ETSEER 7 FRIBSMEHEIER (p/mQem) —43HEE (T/K) $dlE, KiEH
FE (3.21). (3.23) =3, Al —HEHE. 5 —HEIE @AM E RSB
exp[0.863(T — 27.5)] — exp[~0.860(T — 27.5)]}
2 cosh[0.860(T —27.5)] ’

p=0.15[1+0.0183(T - 27.5)]{1 +

(3.28)
= 0.17+0.17 SPILBATT = 54)] —expl-1 800(T = 54)] (3.29)
2 cosh[1.800(7 —54)]

BRI AYE LA T FE R B 3-10 Fran; R (3.28) 3. (3.29) G AT ILAEUER
AHIK R B 51N 0.9992. 0.9987.

L p—T RV EE A & T R M 26
P 0.60
0.45
0.30
e B L IRIA RO M 2%
015 | 55— LA R S5 D R 2k
: o= B R B 2%
—— AU S 7 A 2k
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T

Bl 3-10 A5 0ok i [l R M K [ R p/ mQ ecm —T/K $3E £ S L6 77 12 dh &
(AFBIMMp —TREHERESFFHN D
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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A, MR (3.22). (3.16) R BHEAMNE TN
exp[1.0069(T —11)]—exp[-1.0(T —11)]
2cosh[1.0(T —11)]
+0.46[1+0.0204(T —93)][1 + tanh[1.0(T —93)]]; (3.30)
JrREh el 3-11 foR: 7 A5 8 AH 5k R 0N 0.9989.

R=0.784+0.78
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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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X T il T XA Josephson S5 I ELUR 1— U Rettk 2k, S5 (1.125) 30, w5
YL 7 28 (R RE0 ME TRy

exp(a,,,U) —exp(—a,;,U)
I=[1+ 77|U|]{1le tanh[a,, U]+1,,, ;“C osh(e.U) b2, (3.3D)
bJ3

AP Ty~ Ly~ Oy~ Oy~ Qg ~ Qg NEFEFEL, |U NU U Ly, + Ly 2 L s
I, =0.51 ., XH I, 4 Josephson &5 ELift I— U FePE & AEU = 0 PHIETUMX A (£ AU D
1 FL AR BRI EL
IU=0)=0. (3.32)
U =0 MHHIEn|U| <<1 Xk, i (332) RsH
exp(a,,U) — exp(=a,,;,U) i
2cosh(a,;3U)
— MR, Moy, = ay, M, TR (3.32) ARIECY 6 38 (frE RED B

I =1, tanh[a, U]+ 1,,, (3.33)

I =[1+nU[] I, tanh[abJOU]+Iszw o (3.34)
cosh(a,;;U)
e ab]l|<< |abJ3|EH" i7E
sinh (e, U
|IbJ1 tanh[abJOU]| >> sinh(@,,U)
cosh(a,;;U)
X, Jife (3.34) gt A
I =1,,[1+n|U[]tanh[ e, U] s (3.35)
I~1,[1+nU[]- (3.36)

A

FHE 33D EWJ'?|0£M]|<|0£bJ3 abJ2|<|abJ3|HﬂLE<J~§jiiiﬂEHﬂ€£ﬁD 3-12 Fis; Erh
Ipe =2.0mA, [, =05/, =1.0mA.

N R My, # o, M, A (331 RFHAM A ES | . SRR 2t
B T80y, =y, B WHZAES T o SRR A0 7

W g Josephson%t Bt — Uit 7 FEHh 4%

— BRI
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Fig. 3-12 Curve figure of tendency equation of the direct current /-U characteristics of the bicrystal
Josephson junction

X T — BAR B X5, Josephson £5 ELW I/mA—U/uV 5Pt BE®, wr% e im il
o ® 0.5(ayy, +053) » TR (3.34) sl 5 S8 (FrE RED MG TR HXTHERL 9
HH XL Josephson 45 ELV 1/mA— U/pV Rt i 25 @ A il & 08

sinh (0.800)
cosh(0.82U)} ’

I=[1+ 0.0109|U|]{0.3tanh(0.81U) +0.2 (3.37)
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JrFEMZRaniEl 3-13 Frans TR S EFE A R RECN 0.9925,
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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)

FRRTESFMER (Hp) —THFHEHERBANEGITE (3.12), (3.13) =B
Josephson 45 ELiit [— U FrtE BB AT7RE (3.3 . fifk e (3.34) X, T HfEF
J& =T (tanh MY RIERD HSIN R S LT, F@ANE PR AN B A
—E, BIRTH AR R AR A R a8 7E A 2 T L& A — SRR M S il 26 .

3.4 Shapiro &M ERM EKIRERMZ A MIE HTE

VERWIE S MTERE, NI RIIS4RTT Shapiro & BRI ERIE (G A R, HAS
BA — MR I 1 S A, FodE A th 4, T B AR TRES AT, AUNE H Al
TR T RE T T 2 AMRR — AT HERIEAE, TR R J7 AR A 5 i A i 5
SHHELE BB RNTIN 25 07 R 2

F T XA Josephson Z5 B 1— U FeththZa# o5 (3.31) X5 2 M Shapiro 5
HIEU, 88

Un :Eny
2e

30 A 9 Planck W4, e NHLTHGTE, [ ONRBEIEIINE, nABE: KEERZMN
Shapiro G R I—U BZEPIES — S IR 555 = RIRMT BT FRYERFAE, 24507 B2/ 55—
FGIRMTE BN, AT n AAEFEE (n=+0,+1,+2,+3,...), WATHIEHIEELE Josephson 45
Bt 1—U Fstk 2k E 2N Shapiro &M M EKIRE 1 g, T2 A

Iy, = I (n+b)p(exp[—q,(n+b)C]) (3.38)
KRG >0, b>0. g, >0NfERRE, >0NFESE, @(exp[—q,(n+b)]) K
T exp[—q,(n+b)S 1R ERE: b5 g, , HVIMHRK,

FFE (3.38) RAEMKIETHE (3.31) e Shapiro G [ H 5 A7 B 7 FEAE I H R R,

AN fE DA SRt R A S ORI 5 R B n = 0470 A n =40 5 n = -0 B EEZ
Z R 2 T 5 2

J7##(3.38) K HALE Shapiro & ¥ LTI BRIE (B 2 & — 2t RRH 5 [, (n+b)
J—AE Lt B 5 p(exp[—q,(n + D)S]) s Hh ki p(exp[—q, (n + b)E]) —Z N fEiE IR
RN

P(expl—qy(n+b)C 1) = A, expl—gy(n+ b1, (339
KA A ERE.

exp
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HOAHRE (3.38). (3.39) —AEAE SRR (n=+0,+1,+2,+3,...) Shapiro & HLi
B ERIRAE 1, I3 TR T SE TR
Iy, =I5 (n+b)[A,, exp[—q,(n+D){]]
= [y Aoy, €XP(=qo0 &) ](n + D) exp(—q,Sn)
=1,y (n+Db)exp(—qn) , (3.40)
K Ly = IJSLAexp exp(—4q,b¢) > g =4& -
HZR I FR MM E R = 2R (n=-0,-1,—-2,-3,...) &A%~

Iy, = Iiguy(—n+b)exp(gn) ; (3.41)
Rl Shapiro 5 i AL M BRI AE A 34 D Rl U o
Iy, = Iy [|n| +b] exp[—q|n|] , (3.42)

b [n An fLXE, n=10,£1,+2,+3,....
BRI, BT AR — RUIR S5 =R IR RS &R IRIER 1, FrelJife (3.40).
(341 NI RBURK 2 b2
FEHR IR (3.40) REBEA I M EMIH 8, SNSRI R K51 Fn
PR R ITTE
%+qo(n+b)¢:0,

o¢
Iy, +g%:0 >
o¢

(3.43)

Xt g, b g NEEHE.
HfE (3.43) 15
¢ =@, exp[—q,(n+b){], (3.44)
I, = g9yq,(n+b)exp[—q,(n+b)C]
=[g4,q, exp(—¢,b&)1(n + b) exp(—q,Cn)
= Iigy(n+D)exp(—qn) , (3.45)
A ¢0 ATERE REL IJSH = g¢o‘]o exp(—qobg") 4= qOC °
MR (3.40). (3.45) —XfE

IJSLAexp =209, - (3.46)
RAE TR (3.40). (3.41) 3 UA3HE n = 0 ) Shapiro & B IR ERIGAE 1,5, LT 1A
Lo =1iso+ g = Lignb+ Ligyb =21,44b - (3.47)
XFTEB 4 4k, Shapiro G HM EAIREEEA L (n=20,£1,£2,£3,..) ELFH
ZIJSnzlJDC" (3.48)

Ty dath, BUADTRE (3.38) RIAERHTFE ROTRE (3.39) IHRITLIER, Ff LT
(3.42) RAURHMERERBHRGE TR, AR LA B [ R0 L

PERSE TR 5 RAOLAE, — VORI AR REL TR A TE R, T BT T LU
LA BB B IR AR AR 5 SUrb b 0 T 3 NER 4 /G IR (IS RIS
0 b RN B A AL SRR AR b, SRS WISk g R L, - AT RO BRRE AL, 126 T
HA b, REVIERI g R Ly, FRROTRE T SRR S5 M BRI i A H e, i
IR AL AD T b 2 T g B 1, ORI SO 8, 3k B R S AR 5
BB BRI R (O B RA . TR b £ % i [ fER bR, [, £%
FIAT 3 ANEE 4 A G B IEEIE SR IE AR TE,  q ETE AT 6 A A IR R 1 et
HERRIE . SO YIRS O R AR, AR th T LA 2K

B = RIR AN, S SRS AR, TR B = IR IR A
A7 R 8 2R M A3 400
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3.5 MM ARG ERARGEE N — R EF %S 51 (15 R 8 EEIR NN
MNE A BRSNS R H AR ASFEIER)

3-11 MBI B NS R 330 &R, itk (3.34) R, M (33D
X 7 28 (B 280 AW E] (3.34) X 6 SH0E, HIERUNI R Sl [k &
GEREYE ) — S ST ¢ RERIEfh 4 K i 7 RN Stribeck BE#E. Coulomb BE#E
NG VEBERE (EORGAREEHE . FEMEEEER) B AR AR RE I F-AT by, B
RIARNSHEE L. [FFE, PR ARSEE IR RS EF BRI T TR R E I LR &R
8 5 XU Josephson 25 I ELIf I— U FrHEMIZRINA TS 7w, MEAHEZEZHISRE .

YENRG, fEiEst E—NEER TS, AENFEAIEEESFER: IRl s —
Crinfanics or Confanics, A& I BRIPF (Wik 5 B SR A H FERE) . 8 L 55
fgER) . EVIE RS IRFARAR . AR BAEH . S Hm s fom BN . 540
RN e R B R (5 BRI E R e KR BRI AR
RUREIBIE . WA L EA R IRS) . Wi . R A S RIS 1A .

XTI R R BRI R RS BEAE ) Fy, — 3 u RS R RFEM L, BatlaBla. 7
PS5 REsgn(u) MEREZ . SR (1,125 A, siEESEE 3-11 s
RHE KRR (334) ok, AT T AT IEESS) (F/ND —3% Cu/ms ') %
REFVERTZR 1 6 SHfaR R RN

F - { £ sinh( ag 1)

cosh( Bgu)

KHEF, \ ag ~ By, N5 Stribeck ZUNAHK IR EH &, By, > g, > 05 F, ~ @, N5 Coulomb
FEPRAC MRS 2 RA Foy + Fy 2 Fy s 1y 9 SEEBSBAIG RS 2 RA [ Fl P u 024
SHE: B F,(u=0)=0, #F, N F, —u B dh 2t iS5 RER BRI /7, B By NfEu =0
WHEBUNXI £ Au ) BEB ) Fry U FIBMBRBOCIR(,  EDUL L 3CRIUA MR ST 55
BARFIRTIE S AIIG SRR s Tai R, R v UG 1 R A 2 M 1) R P R R

iR (3.49) AEEaHZE T E Coulomb EEHE. Stribeck BEHE N A EEAMHE & HAE
LR PEVHAC I RERFAE ;. PR Stribeck BRI 5 O TERER IR ISV TH], (HIEAZERL
T A TR IR Stribeck FEIE 7 FE ML LR IATT 22U 1 TSN MO5FE (3.49) =
AN WU 2R G2 Bl AR IR 2R G0 BE A ) — 3 P A M R 2R AT e = O XAk 0358 40 i R AR T &

TR (3.49) 0, FEERETRHEMEIESIEN T, A€ KRBT EE u 1)
SERREE L LB AT AN R B, H— B S E AN

F, = 1.O2M+0.60tanh[3.81u] [1+0.004|u|]: (3.50)
cosh(1.49u)

ZOTREAEIESE u (A — n B E— TR E B ) Fy 8, PR i th 22 25 018 3-14 s
BUBARSE (BURIRARSE) BES ) — R P i 55 0 R it 26

y

+F, tanh[ac()u]}[l + 1] - (3.49)

—

—
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Bl 3-14 MA S (REARARG) BEH —EEREHES TR L
Fig. 3-14 Curve figure of tendency equation of the friction-speed characteristics in mechanical
system or servo system
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HAF, . ag P VA5 Stribeck BMAHKRIIFFE REG Fy « ay ~ By N5 AR
JEEAR SR 6 (A 8 BB, BEA A Coulomb JBEIE R Bk BEYE, S i 22 i) AE LR MR
fERE (350 f, AT B ER oy = By >0.
NEE B R R (3.51) KB IEAREE, T HEAT Ry
F =100 sinh(1.51u) 1045 sinh(1.246u) ’ (3.52)
: cosh(1.55u) cosh(fBy, )
X B 2 BUE Y 1.2390 1.242, ZAHUEFTA R 7R 2R S m e 3-15 frss 4
B =1.239 B, J7 A5 il 2870 FhPE BRI B R BN W33 I AR LR PEAFAE s T4 By, =1.242
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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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X [1 + TIVi ucv + I/l0|]
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FRIMT:FRMT’ MCVZMZO

FRM*LZFRMT’ MCVZMZ—MCV
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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

B 0.5<k, <0 uy <O 7, =1, — 77 FEHE 5 3R H A A ] 3-22
i H5E 3-21 Fin i A A,
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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
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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(Bgu) | 2 cosh[ Bey (] — uy)]

R =

}tanh[asgnu] )
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NEMH S EHARR TR (3.58) AWHLES, NS HE—SHNAAETRER
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cosh(1.2u) 2 cosh[0.042(ju| - 20)]
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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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