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[(S2_11.2) -"'ha) (s-}.,) 

0 

0 

0 

0 

0 

1 
s-}., 

2 [(s2-a2) -a2h') (s-A 6 ) 

«2W; 



1 
"'1.1 1·1=--"- i=l, .. I ••• ,6 'f' T , T s+", 

. 1 

+1 
w1 w2 w6 

- S-A,l -s:x; S-A,6 -2h 2 
000 000 

w1 s-a. 

_..!. «2 
S+A1 0 o 0 0 0 o 0 

2 0 0 0 0 0 0 0 

[S2-a.2 (h 2+1)] cf>22 0 0 000 o 0 
0 o 0 0 0 o 0 
0 0 000 0 0 

W6 0 0 o 0 o 0 0 

S+A,6 

2h2 
0 0 0 0 0 0 

s-« 

-2h 2 w1 0 0 0 0 0 0 
(S+A1 ) (8-«) 

_l:.«2 
2 0 0 0 0 0 0 

= 
[8 2 -ex 2 (h 2+1)] 0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

-2h 2 w. 6 0 0 0 0 0 0 
(8+A6 ) (8-ex) 
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8-a -W1 (8-«) 
[82_«2 (h 2+1)] [8 2_«2 (h 2+1)] (S-'\'l) 

0 

0 

cjl22 (8) = 0 

0 

0 

0 

~21 (s) = 

.1 «2 

<I> ( 8) = --:-~2:----:--_ 
12 82_«2 (h 2 +1) 

1 

~ 
0 

0 

0 

0 

0 

1 

W1 

S+.\l 

W2 

S+.\2 

W3 

S+.\3 

0 

1 
s-13 

0 

0 

0 

0 
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-W6 (8-a) 

[8 2 -«2 (h 2 +1)] (s-,\,,) 

0 0 0 0 

0 0 0 0 

1 0 0 0 s-X~ 

0 1 0 0 s-l, 

0 0 1 
0 S-J:; 

0 0 0 1 
8-'\, 



All(s) 

All(t) (l,l)=coshakt+ a~sinhakt 

All(s) (i+l,i+l)= \ = 1 
s+,. i S- (-A i) 

All(s) (i+1,l)= Wi(S+«) 
(S2- (ak) 2) (S+A i) 

Wi (S+«) = As+B + c = (As+B) (S+A i) +C(S2- (ak) 2) 

(S2- (ak) 2) (S+A. i) S2- (ak) 2 S+A. i (S2- (ak) 2) (S+A i) 

W"(X=B'A ,-C'(ak) 2 
~ ~ 
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-W"{A, .-«) =-A{A,21 - (ak) 2) 
~ ~ 

B=w.-AA. . 
~ ~ 

Wi (A r«) 'A.. 
(A 2r (ak) 2) ~ 

C=-A C= _-_W-=l,-{_A.-=l_-_«_) 

A2r(ak)2 

W1 (S+«) = As + B + c 
(s2-(ak)2) (S+Ai) s2-(ak)2 s2-(ak)2 S-(-A,i) 

=A 'coshakt+ ~ sinhakt+ C'e -}. jt 
ak 
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A12(s) 

2 2 k 2 
A12(s) (1,1)= « =-«_. a =-«-sinhakt 

2 (s 2 - (ak) 2) 2 ak s 2 - (ak) 2 2 ak 

A12(t) (1,1)= «2 sinh«y'h 2 +1t 
2 [a;y'h 2 +1] 

1=1""6 

A+2C=O A=-2C -AAi+B=O B=AAi 

-W,·«2 C= __ --=.1 __ _ 

2 (A ~- (ak) 2) 

A12(t) (1,i+1) = Acoshakt+ Bksinhakt+ceAlt 
2 2a 
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A+2C=O A=-2C AAi+B=O 

A12(s) (i+l,l)= A"s + B 
2 (S2- (ak) 2) 2 (S2- (ak) 2) ) 
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= Acoshakt+~sinhakt+C·e-).lt 
2 2ak 

A2l (s) 

2h2 

SL (ak) 2 

A21(s} (1,1)= 2h2 =2h
2

• ak =2h2'sinhakt 
S2- (ale) 2 ak S2- (ak) 2 ale 

A22(s) 

ak=a{hT+1 

A22(s} (1,1)= S-« = S-fl 
(sLa2 (h 2+1) ] sL (ak) 2 

A22(t) (l,l)=coshat- a~sinhakt 

A22 (t) (1,1) =cosha..jh 2 +1 t- 1 sinhfly'h 2 +1 t 
y'h 2 +1 

i = 1-+ 6 A22 ( S) (i + 1, i + 1) = 1 = e Ai t 
S-A i 
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A22 ( t) (i + 1 , 1 + 1) = e" 1 t; 

1=1--6 

A22(s) (1,1+1)= As+B + ~ 
S2- (ak) 2 s- 1 

-Wi (S-«) = (As+B) (s-l i) +C(S2- (ak) 2) 

A= wi(li-«) 

(l ~- (ak) 2) 
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c= -wi (A i-«) 

(A 2r (ak) 2) 

A22(s) (1,i+1)= As+B + C 
S2- (ak) 2 s-'A i 

A22 (t) (1, i +1) =A'coshakt+ :k sinhakt+ C'e). jt 

Wi (A r«) w· «ak) 2'«'A .) 
A22(t) (1,i+1)= 'coshakt+ ~ ak ~ sinhakt 

(A2r (ak) 2) 
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EK 2 

SAYISAL StMULASYON teIN BILGlSAYAR PROGRAM I 

implicit real*8 (a-h,o-z) 
COMMON /TIME/T,TO,TSON,TMAX,TSTEP/FAKT/H,ALF,BETA,EL 
COMMON /PAR/BET,ALM,WA/Dl/PNO,PNMAX,PN,PY,CEV 
COMMON /PID/EH,EI,AP,AI,AD,UOPT,UPID,ROPID 
COMMON /BOY/NG,NGG/P2/UOPL,ROPL,ROPT/P4/RP,RI,RD 
COMMON /VEK1Z/CO,X,P/d2/asim 
COMMON /AMAT/Al1,A12,A21,A22,A22T 
COMMON /MAT/AIK 
COMMON /YAZ/NPR 
DIMENSION BET(6),ALM(6),CO(6),X(7),P(7) 
DIMENSION Al1(7,7),A12(7,7),A21(7,7),A22(7,7),a22t(7,7) 
OPEN (5, FILE= ~ ABC. DA'l" , STATUS= 'NEW' ,ACCESS=' SEQUENTIAL' ) 
CALL OKU 

-CALL WXX 
CALL KHAL 
CALL AMATR 
T=TSTEP 
PY=PNO 
PN=PNO 
EI=O 
EH=O 
KKK=O 
1=0 
CALL YORUNGE 
CALL AKKT 
CALL GECIS 

20 1=1+1 
CALL SPID 
call uoptk 
CALL, XDEG 
IF (KKK.EQ.NPR) THEN 
WRITE(*,99) T,PN,PY,P(l),EH,ROPT,ROPL,ROPID,RP,RI,RD 
write(5,100) t,pn,py,EH,P(l),ropt,ropl,ropid,rp,ri,rd 
KKK=O 
ENDIF 
CALL YORUNGE 

99 FORMAT (/,7(El1.4),/7(el1.4» 
100 format(11ell.4) 

T=T+TSTEP 
KKK=1\KK+l 
IF(T.LE.TSON) GOTO 20 

5 END 

SUBROUTINE GECIS 
implioit real*8 (a-h,o-z) 
CALL Al1M 
CALL A12M 
CALL A21M 
CALL A22M 
RETURN 
END 

SUBROUTINE OKU 
implicit real*8 (a-h,o-z) 
COMMON /TIME/T,TO,TSON,TMAX,TSTEP/FAKT/H,ALF,BETA,EL 
COMMON /PAR/BET,ALM,WA/Dl/PNO,PNMAX,PN,PY,CEV 
COMMON /PID/EH,EI,AP,AI,AD,UOPT,UPID,ROPID 
COMMON /BOY/NG,NGG/Pl/AP~,AP2,AI1,AI2,AD1,AD2 
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COMMON IVEK1Z/CO,X,P/D2/ASIM 
COMMON IYAZ/NPR 
COMMON ISON/ALFSON,HSON 
DIMENSION BET(6),ALM(6),CO(6),X(7),P(7) 
OPEN(l,FILE='TIJAY.DAT' , STATUS= 'OLD' ,ACCESS='SEQUENTIAL') 
READ(1,*,END=999) H,ALF 
READ(1,*,END=999) TO,TSON,TMAX,TSTEP 
READ(1,*,END=999) CEV,PNO,PNMAX 
READ(1,*,END=999) AP1,AP2,All,AI2,AD1,AD2,ASIM 
READ(1,*,END=999) BETA,EL 
READ(1,*,END=999) NG 
READ(1,*,END=999) (BET(I),I=l,NG) 
READ(1,*,END=999) (ALM(I),I=l,NG) 
READ(1,*,END=999) NPR 
READ(1,*,END=999) ALFSON,HSON 
NGG::::NG+l 
WRITE(*,10) H,ALF 
WRITE(*,lO) TO,TSON,TMAX,TSTEP 
WRITE(*,10) BETA,EL 
WRITE(*,20) NG 
WRITE(*,10) (BET(I),I=l,NG) 
WRITE(*,10) (ALM(I),I::::l,NG) 

10 FORMAT (I, 8Ell. 3) 
20 FORMAT (' NG',lX,'::::',I2) 
999 CONrrINUE 

RETURN 
END 

SUBROUTINE AKKT 
implioit real*8 (a-h,o-z) 
COMMON ITIME/T,TO,TSON,TMAX,TSTEP/FAKT/H,ALF,BETA,EL 
COMMON IDAK/AKK,AKT,AK 
AKK::::SQRT(H**2+1) 
AKT::::ALF*AKK*Tstep 
AK=AI.JF*AKK 
RETURN 
END 

SUBROUTINE WXX 
implioit real*8 (a-h,o-z) 
COMMON IrrIME/T, TO, TSON, TMAX, TSTEP/FAKT/H, ALF, BETA, EL 
COMMON IPAR/BET,ALM,WA 
COMMON IOM/W,ALK,S,XX 
DIMENSION BET(6),ALM(6),W(6) 
DIMENSION S(6),ALK(6) 
DO 20 1::::1,6 

20 W(I)=BET(I)/EL 
XX=(ALF**2)*(H**2+1) 
DO 30 .J=l, 6 
W( J )=BET (.J )/EL 
ALK(J)=ALM(J)**2-XX 

30 S(J)::::W(J)*0.5*ALF**2 
RETURN 
END 

SUBROUTINE KHAL 
implioit real*8 (a-h,o-z) 
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c 

c 

COMMON ITIME/T,TO,TSON,TMAX,TSTEP/FAKT/H,ALF,BETA,EL 
COMMON IPAR/BET,ALM,WA/D1/PNO,PNMAX,PN,PY,CEV 
COMMON IPID/EH,EI,AP,AI,AD,UOPT,UPID,ROPID 
COMMON IVEK1Z/CO,X,P/P3/XO,PO 
COMMON IDAK/AKK,AKT,AK 
COMMON IOM/W,ALK,S,XX 
DIMENSION S(6),ALK(6),XO(7),PO(7) 
DIMENSION BET(6),ALM(6),W(6),CO(6),X(7),P(7) 
X(l)=PNO/CEV 
ANO=X(l) 
DO 20 1=2,7 

20 X(I)=(W(I-l)%ANO)/(ALM(I-l» 
WRITE(*,lOO) (X(I),I=1,7) 

100' FOR.MAT (I,' X DEGER ',/7E10.3) 
P(1)=-(2%ANO)/ALF 
P(l)=ABS(P(l» 
DO 30 J=2,7 

30 P(J)=O 
DO 35 1=1,'7 
XO er )=X(I) 

35 PO(I)=P(I) 
WRITE (*,110) (P(J),J=1,7) 

110 FORMAT (I,' P DEGER-, /'7E10. 3) 
RETURN 

17 

30 

END 

SUBROUTINE AllM 
implicit real%8 (a-h,o-z) 
COMMON ITIME/T, TO, 'rSON, TMAX, TSTEP IFAKT/H, ALF, BETA, EL 
COMMON IPAR/BET,ALM,WA/D1/PNO,PNMAX,PN,PY,CEV 
COMMON IPID/EH,EI,AP,AI,AD,UOPT,UPID,ROPID 
COMMON IAMAT/All,A12,A21,A22,A22T 
COMMON IDAK/AKK,AKT,AK 
COMMON IOM/W,ALK,S,XX 
DIMENSION ALM(6),BET(6),W(6) 
DIMENSION All('7,7),A12(7,7),A21(7,7),A22(7,7),a22t(7,7) 
DIMENSION ALK(6),S(6) 
All(l,l)=COSH(AKT)+SINH(AKT)/AKK 
DO 1'7 1=2,7 
All(I,I)=EXP(-ALM(I-l)%Tstep) 
CONTINUE 
DO 30 J=2,7 
Alll=(ALM(J-l)-ALF)*COSH(AKT)/ALK(J-l) 
A112=(ALM(J-l)%ALF-XX)%SINH(AKT)/ALK(J-l) 
A113=(ALM(J-l)-ALF)*EXP(-ALM(J-l)*Tstep)/ALK(J-l) 
Al1(J,1)=W(J-l)%(Alll+Al12-A113) 
CONTINUE 
RETURN 
END 

------------------ ...... --------------
SUBROUTINE A12M 
-------------------------------

implicit real*8 (a-h,o-z) 
COMMON ITIME/T,TO,TSON,TMAX,TSTEP/FAKT/H,ALF,BETA,EL 
CONMON IPAR./BET,ALM,WA/D1/PNO,PNMAX,PN,PY,CEV 
COMMON IPID/EH,EI,AP,AL,AD,UOPT,UPID,ROPID 
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C 

C 

C 

C 

COMMON IAMAT/A11,A12,A21,A22,A22T 
COMMON IDAK/AKK,AKT,AR 
COMMON IOM/W,ALK,S,XX 
DIMENSION ALM(6),BET(6),W(6) 
DIMENSION WIJ(6,6) 
DIMENSION Al1(7,7),A12(7,7),A21(7,7),A22(7,7),a22t(7,7) 
DIMENSION ALK(6),S(6) 
A12(1,1)=(ALF*2*SINH(AKT»/(2*AKK) 
DO 30 .]=2,7 
A121=COSH(AKT)/ALK(J-l) 
A122=ALM(J-l)*SINH(AKT)/(ALK(J-l)*AK) 
A123=EXP(ALM(J-1)*Tstep)/ALK(J-l) 

30 A12(1,J)=S(J-l)*(A121+A122-A123) 
DO 40 .J=2,7 
A121=COSH(AKT)/ALK(J-l) 
A122=ALM(J-l)*SINH(AKT)/(ALK(J-1)*AK) 
A123=EXP(-ALM(J-1)*Tstep)/ALK(J-l) 

40 A12(J,1)=S(J-l)*(-A121+A122+A123) 
DO 60 1=1,6 
DO 60 J=1,6 

60 WIJ(I,J)=W(I)*W(J) 
A=AK 
DO 70 1=1,6 
DO 70 J=1,6 
ABCD1=-ALF**2*WIa' (I, J) I (4*A* (A+ALN (I) ) * (A-ALM (J) ) ) 
ABCD2=ALF**2*WIJ(I,J)/(4*A*(ALM(I)-A)*(-A-ALM(J») 
ABCD3=-ALF**2*WIJ(I,J)/(2*(-ALM(I)-A)*(-ALM(I)+A) 

+ *(-ALM(I)-ALN(J») 
70 ABCD4=-ALF**2*WIJ(I,J)/(2*(ALM(J)-A)*(ALM(J)+A) 

+ * (ALM ( .n +ALM ( I ) ) ) 
DO 99 1=1,6 
DO 99 J=1,6 

99 A12(I+1,J+1)=ABCD1*EXP(A*Tstep)+ABCD2*EXP(-ALM(I)*Tstep)+ 
+ ABCD3*EXP(-ALM(I)*Tstep)+ABCD4*EXP(ALM(J)*Tstep) 

RETURN 
END 
---_ .. -----------
-~-~------.- .. ------
SUBROUTINE A21M 
--------------------- - - --- _.- - --

implicit real*8 (a-h,o'-z) 
COMMON IFAKT/H,ALF,BETA,EL 
COMMON IAMAT/A11,A12,A21,A22,A22T 
COMMON IDAK/AKK,AKT,AK 
DIMENSION All(7,7),A12(7,7),A21(7,7),A22(7,7),a22t(7,7) 
A21(1,1)=(2*H**2*SINH(AKT»/(ALF*ARK) 
RE'rURN 
END 

---_ .. _------------------.-----... _--
SUBROUTINE A22M 
-------------------------------

implicit real*8 (a-h,o-z) 
CONNON ITIME/T,TO,TSON,TMAX,TSTEP/FAKT/H,ALF,BETA,EL 
COMMON IPAR/BET,ALM,WA/DI/PNO,PNMAX,PN,PY,CEV 
COMMON IPID/EH,EI,AP,AI,AD,UOPT,UPID,ROPID 
COMMON IAMAT/A11,A12,A21,A22,A22T 
COMMON IDAK/AKK,AKT,AK 
COMMON 10M/vl, ALK, S , XX -
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C 

C 

60 

90 

DIMENSION BET(6),ALM(6),W(6) 
DIMENSION A11(7,7),A12(7,7),A21(7,7),A22(7,7),a22t(7,7) 
DIMENSION ALK(6),S(6) 
A22(1,1)=COSH(AKT)-(SINH(AKT)/AKK) 
DO 60 K=2,7 
A22(K,K)=EXP(ALM(K-1)*Tstep) 
CONTINUE 
DO 90 L=2,7 
A221=(ALM(L-1)-ALF)*COSH(AKT)/ALK(L-l) 
A222=«ALF**2*AKK**2)-(ALM(L-l)*ALF»*SINH(AKT)/(AK*ALK(L-l) 
A223=(ALM(L-l)-ALF)*EXP(ALM(L-1)*Tstep)/ALK(L-l) 
A22(1,L)=W(L-l)*(A221+A222-A223) 
CONTINUE 
RETURN 
END 

--------------------------------
SUBROUTINE AMATR 
--------------------------------

implicit real*8 (a-h,o-z) 
COMMON /FAKT/H,ALF,BETA,EL 
COMMON /PAR/BET,ALM,WA/Dl/PNO,PNMAX,PN,PY,CEV 
COMMON /PID/EH,EI,AP,AI,AD,UOPT,UPID,ROPID 
COMMON /AMAT/A11,A12,A21,A22,A22T 
COMMON /DAK/AKK,AKT,AK 
COMMON /OM/W,ALK,S,XX 
DIMENSION ALK(6),S(6) 
DIMENSION W(6),BET(6),ALM(6) 
DIMENSION Al1(7,7),A12(7,7),A21(7,7),A22(7,7),a22t(7,7) 
Al1(1,1)=ALF 
DO 10 1=2,7 

10 All(I,I)=-ALM(I-l) 
DO 15 1=2,7 

15 All(1,l)=W(I-l) 
A12(l,1)=0.5*ALF**2 
A21(1,1)=2*H**2 
A22(1,1)=-ALF 
DO 30 1=2,7 

30 A22(1,I)=-W(I-l) 
DO 40 1=2,7 

40 A22(I,I)=ALM(I-l) 
RETURN 
END 

SUBROUTINE SPID 
implicit real*8 (a-h,o-z) 
COMMON /TIME/T,TO,TSON,TMAX,TSTEP/FAKT/H,ALF,BETA,EL 
COMMON /PAR/BET,ALM,WA/Dl/PNO,PNMAX,PN,PY,CEV 
COl:'lMON /PID/EH, El, AP, AI, AD, UOPT, UPID, ROPID 
COMMON /P3/XO,PO/P4/RP,RI,RD/P1/AP1,AP2,Al1,AI2,AD1,AD2 
common /vek1z/cO,x,p 
DIMENSION BET(6),ALM(6),W(6),XO(7),PO(7),cO(6),x(7),p(7) 
EO=EH 
EH=PY-PN 
IF(PN.GT.PNMAX)GOTO 10 
AP=AP1 
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AI=AI1 
AD=AD1 
GOTO 15 

10 AP=AP2 
A1=AI2 
AD=AD2 

15 EP=EH*AP/(EL*CEV) 
ED=AD*(EH-EO)/(TSTEP*EL*CEV) 
EI=EI+AI*TSTEP*EH/(EL*CEV) 
UPID=EP+ED+EI 
ROPID=UPID*EL/(X(1)*BETA) 
RP=EP*EL/(X(1)*BETA) 
RD=ED*EL/(X(l)*BETA) 
R1=E1*EL/(X(l)*BETA) 
RETURN 
END 

SUBROUTINE XDEG 
implioit real*8 (a-h,o-z) 
COMMON /T1ME/T,TO,TSON,TMAX,TSTEP/FAKT/H,ALF,BETA,EL 
COMMON /PAR/BET, ALM, WA/Dl/PNO, PNl'1AX, PN ,PY, CEV 
COMMON /PID/EH,EI,AP,AI,AD,UOPT,UPID,ROPID 
COMMON /BOY/NG,NGG/P3/XO.PO 
COMMON /VEKIZICO,X,P 
COMMON /AMAT/A11,A12,A21,A22,A22T 
COMMON /KAT/AI1,AI2,AI3(6) 
COMMON /DAK/AKK,AKT,AK 
COMMON /OM/W,ALK,S,XX 
DIMENSION ALK(6),S(6) 
DIMENSION BET(6) ,ALM(6) ,W(E» ,CO(6) ,XO(7) ,X(7) ,P(7) ,PO(7) 
DIMENSION A11(7,7),A12(7,7),A21(7,7),A22(7,7),a22t(7,7) 
DIMENSION A1(6),B(6),C(6),D(6),E(6),F(6),DI3(6),DI4(6) 
DO 40 .]=1,6 
A1(J)=(W(J)*(ALM(J)-ALF»/«ALM(J)**2)-(AK**2» 
B(~J)=(W(J)*( (ALM(J)*ALF-AK**2» )/( (ALM(J)**2)-(AK**2» 
C(J)=-Al(J) 
D(J)=-(0.5*ALF**2*W(J»/«ALM(J)**2)-(AK**2» 
F(J)=-D(.J) 

40 E(J)=-D(J)*ALM(J) 
DO 50 1=1,7 

50 XO(I)=X(I) 
PO(l)=P(l) 
PYN=PY/CEV 
DI1=-(ALF/(AK*AK»+SINH(AK*TSTEP)/AK+(ALF/(AK*AK»* 

+ COSH(AK*TSTEP) 
D12=H*H*PYN*«ALF**2)/(AK**2»*(1-COSH(AK*TSTEP» 
DO 55 J=1,6 
DI3(J)=(B(J)/(AK*AK»*(COSH(AK*TSTEP)-1)+(C(J)/ALM(J»* 

+ (1-EXP(-ALM(J)*TSTEP»+(A1(J)/AK)*SINH(AK*TSTEP) 
DI4(J)=(E(J)/(AK*AK»*(COSH(AK*TSTEP)-1)+(F(J)/ALM(J»* 

+ (l-EXP(-ALM(J)*TSTEP»+(D(J)/AK)*SINH(AK*TSTEP) 
55 CONTINUE 

DI5=«-2*H%H)/(AK*AK»%(1-COSH(AK*TSTEP» 
DI6=-2*H*l-I*PYN* 

+ (ALF/(AK*AK»*(l-COSH(AK*TSTEP»+SINH(AK*TSTEP)/AK 
P(1)=A21(1,1)*XO(1)+A22(1,1)*PO(1)+UPID*DI5+D16 
X(1)=A11(1,1)*XO(1)+A12(1,1)%PO(1)+UPID*Dl1+DI2 
PN=X(l)*CEV 
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DO 60 J=1,6 
X(J+l)=Al1(J+l,1)*XO(1)+Al1(J+l,J+l)*XO(J+l)+A12(J+l,1)*PO 

+ (UPID)*DI3(J)+DI4(J) 
60 CONTINUE 
99 FORMAT(6E12.5) 

RETURN 
END 

SUBROUTINE YORUNGE 
implicit real*8 (a-h,o-z) 
COMMON /TIME/T,TO,TSON,TMAX,TSTEP/FAKT/H,ALF,BETA,EL 
COMMON /Dl/PNO,PNMAX,PN,PY,CEV/D2/ASIM 
COMMON /DAK/AKK,AKT,AK/SON/ALFSON,HSON 
per=l/alf 
if (tmax.lt.l) then 
TMAX=TO+3.0*PER*(pnmax-pnO)/(pnmax+pnO) 
endif 
IFCT.GT.TMAX) GOTO 30 

10 FO=PNO 
ZSI=TMAX-TO 
FF=CPNMAX-PNO)/ZS1 
F3=-2.0*FF/(ZS1*ZSI) 
F2=3.0*FF/ZS1 
Fl=O.O 

20 ZZ=T-TO 
PY=F3*ZZ**3+F2*ZZ**2+Fl*ZZ+FO 
DPY=3.0*F3*ZZ**2+2.0*F2*ZZ+Fl 
PERB=PER 
GOTO 40 

30 PY=PNMAX 
EE=ABS(PN-PY) 

o IF(EE.LE.ASIM) GOTO 35 
o PER=PERB 
o GOTO 40 
o 35 DPY=O.O 
40 oontinue 

if «py.ge.pnmax).and.(ALF.ne.ALFSON» then 
ALF=ALFSON 
PER=l/ALF 
h=HSON 
call wxx 
oall amatr 
oall akkt 
call gecis 

endif 
o 40 CONTINUE 
o write(*,*) t,tmax,py,pnmax 

RETURN 
END 

SUBROUTINE UOPTK 
implicit real*8 (a-h,o-z) 
COMMON /TIME/T,TO,TSON,TMAX,TSTEP/FAKT/H,ALF,BETA,EL 
COMMON /PAR/BET,ALM,WA/Dl/PNO,PNMAX,PN,PY,CEV 
COMMON /P1D/EH,EI,AP,A1,AD,UOPT,UPID,ROPID 
COMMON /BOY/NG,NGG/P2/UOPL,ROPL,ROPT/P3/XO,PO 
COMMON /VEK1Z/CO,X,P 
COMMON /AMAT/All,A1.2,A21,A22,A22T 
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COMMON /KAT/AI1,AI2,AI3(6) 
COMMON /DAK/AKK,AKT,AK 
COMMON /OM/W,ALK,S,XX 
DIMENSION ALK(6),S(6) 
DIMENSION BET(6),ALM(6),W(6),CO(6),XO(7),PO(7),X(7),P(7) 
DIMENSION A11(7,7),A12(7,7),A21(7,7),A22(7,7),a22t(7,7) 
WA=BETA/EL 
CU=O 
DO 40 I=1,6 

40 CU=CU+ALM(I)*X(J.-tl.) 
UOPL=O.5*ALF**2*P(1)+WA*X(1)-CU+ALF*X(1) 
UOPT=UOPL+upid 
ROPL=UOPL*EL/ (BE'fA*X ( 1) ) 
ROPT=UOPT*EL/(BETA*X(l» 
HETURN 
END 
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EK 3 

BILGISAYAR PROGRAMINDAKI SUBROUTINELERIN AKIS SEMALARI 
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20 

CALL 
-------------"7 

KKK==NPR 

E 

~~~----;-1 
~Y-PN--.-J 

~ 
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H 10 



~ 
r--T -. P--}-l, py • P ( j 

EH.ROPL 

E 
20 
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C ~:UBROUTI NE OIeU ) 

- J _____ . 
READ 

H.ALF,ASIM.ALF2.ALF3,ALF4 
TO,TSON.TMAX.TSTEP 
CEV,PNO.PNMAX 
BETA,EL 
NG 
BETC I) .1=1 ,NG 
AU,1 Cl) , I:::: 1 ,NG 
NPR 
ALFSON.HSON 

INI:(ITE 
H • ALF , ASI M , ALF2 , ALF3 • ;\LF 4 
TO,TSON,TMAX.TSTEP 
BETA,EL 
NG 
BETCI) .I=l,NG 
ALMCI) ,1::::1 .NG 
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[ AKK=SQRTC H:10K2+ 1 ) 

AKT=ALF>l<~J(*TSTEP I 
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~ROUTINE KHAL 

XC 1. )~-::PNO/CEV 

P(1)=-C2*ANO)/A~ 

__ L -l 
P(1)=ABSCPC1)) 

J=2.7 
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,..----.1 c r=l,-:;> 

PCJ). J;:::1.7 
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( SUBROUTI NE All M 

1 
AI1Cl.l)=COSHCAKT)+SINHCAKT)/AKK 

[ AI1CI.I)=EXPC-ALMCI-1)>kTSTEP) 

All1=CALMCJ-l)-ALF)*COSHCAKT)/ALKCJ-l)] 

---,,-1. ---
I Al12= C ALM( J-1 )-ALF-XX )*SINHC AKT)/ALKC 3-D] 

Al13=( ALMC 3-1 )-ALF )>KEXP: -ALMC J~l »)i(TSTEP)T)/ALKC 3-1) I 

AIICJ.1)=WC3-1)>KCAlll+A112+A113) 
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All (1 .1 )=COSHC AKT)+SINH( AICf)/AKK 

[M1CI'!)~EXP(~~*TSTEP~ 

. c-J.7~ --r 
~11=(~-~-M-C-J--l-)-ALF~~-)-*-C-O-S-H-C-A-Y-,T--:-)/-A-L-,-K-CJ-l)I 

J 

[Al~=(ALM( J-1 )-ALF)*EXPC-ALM~ J-1 )::TSTEP)/ALKC _;~1) I 
_-----Lt ~ 

All C J .1 ):::WCT-l)* C Al1:l+Al ~~-A113 )._~ 
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( SUBROUTI NE A12M) 

-] ---, 

[ A12Cl.1 )=(ALF*2*SINHCAKT)/C2*AKK) 

A12.1 =COSHC AKT)/ALKC J-1) -~ 

A122=ALMZ~1 )*SINHCAKT)/CALKC J-1. ):+:AIO J 
A123=EXP(ALlvlCJ-l):+:TSTEP)/CALKCJ-l)) 

A12C1.J)=SCJ-l)~CA121+A122-A12~ 

c-J =2.7 

.-------Y--l - -~ 
A121=COSHCAKT)/ALKCJ~J 

A122=ALlvlCJ-l>:+:SINHCAKT)/(ALKCJ-1):+:AK) 

A123=EXPC-ALMCJ-1)*TSTEP)/ALKCJ-l) ] 
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A12CJ.l)=SCJ-1)*C-A121+A122+A123) 

1=1,6 

( J==l,6 

W1]CI.])=WCI)*WC]) 

" 

I ABCD1=-ALF**2*WIJCI,])/C4*A*CA+ALMCI))*CA-ALMC]))) 

r 
~BCD2=ALF~i<*2*WLTC I .] )/( 4*A* C -A+ALM( I ) )>1< C-A-ALlvIC]) ) ) 

cl; 

_J 
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ABCD3=-ALF**2*WIJCI.J)/(2*C-A-ALMCI»*CA-ALMeJ)>l<. 
C-ALMCI)-ALMCJ») J 

ABCD4=-ALF**2*WLTC I •. D,/C 2>1<.C -A+ALMC J))>l<. C A+ALMC J) )>l<.--] 
CALMCI)+ALMCJ») 

------~ 

1=1.6 __ I 

A12CI+l.J~1)=ABCD1*EXPCA*TSTEP)+ 

ABCD2*EXPC-ALMCI)*TSTEP)+ 
ABCD3*EXPC-ALM(1)*TSTEP)+ 
ABCD4*EXPCALMC J)*TE;TEP) 
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( SUBROUTINE A21M ) 

[ A2.1. C.1. • .1. ):::: C 2*H*H*SI NH( AKT) )/( ALF*AKK) I 

J 

( SUBROUTI NE A22M J 
, ____ J ___ --, 

A22(1.1)=COSHCAKT)-(SINHCAKT)/AKK) 

A22C!(. K )=EXP( ALM( K-l ) * TSTEP ] 

A221=( ALMC L-l )-ALF)*CO~ AKT)./AU«( L-l_)_] 
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A222= ( C ALP }10K 2* AKK>!o!( 2 ) - ( ALM C L -1 ) >I< ALP) ) ):] 
SINHCAKT)/(AK*ALKCL-l)) .. 1 --

A223= C ALM( L--l )-ALP )*EXPC ALM( L-l ) * TSTEP )~ 
ALKCL--l) _I 

~-------------------~-------------------~ 
A22(1 .L)=WCL--l ):HA221+A222-A223) J 

----
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SUBROUTINE AMATR ) 

A.1.1C1.1 )=ALF 

A11CI,I)=-ALMCI-1) 

<=t 
EI'l)=W(I-l~ 

A12( 1 ,1 )=-0. 6*ALF:i<>k2 J 
. 1 
~---,--_J 

~A22(1.1)=-~_L_F ________ .. ~ 
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___ L __ 

. EI=EI +AI*TSTEP*EI-V( EL>t<CEV) 

ROPID=UPID)!\EL/( XC 1 )*BETA) 
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_ T 
~::::EP*EL/CX(1)*BETA) 

.--_--"1 _____ , 

[ 

RD=ED*EL/CX(1)*BETA) 

RI=EI*EL./CX(1)*BETA) 

I 

GJ 
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[!\H J)=( W( J )*( ALM( J )-ALF) )/( (ALM~ .J)**2)- (AK>I~~";) )-] 

r------=r "------'-" ----, 
BCJ)=(WCJ)*CCALMCJ)*ALF-AK**2»)/eCALMeJ)**2)­

CAK**2) ) 

EeJ)=-DCJ)*ALMeJ) 

C"_1-r._7_~ 
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CD 

~J __ ~I 
POCI )=PCI ~ 

I--
~P-Y-N-=-P-Y/CE~ 

DI 1=- (ALF,/( AK*AK) )+SINH( AK*TSTEP )/AK+ (ALF/AK* 
AI() )*COSHC AK;kTSTEP) 

DI3CJ)=CBCJ)/CAK*AK))*CCOSHCAK*TSTEP)-!)+(CCJ)/ 
ALMCJ))*CI-EXPC-ALMCJ)*TSTEP))+CAICJ)/AK)* 
SINHCAK*TSTEP) 

J-
DI4CJ)=CECJ)/(AK*AK))*CCOSHCAK*TSTEP)-!)+CFCJ)/ 

ALMC J) )* (i-EXPC -ALM( J )*TSTEP) )+ (D( J)/ AK)* 
SINHCAK>I<TSTEP) 

[illB~2>1<H>I<H )/C AK>I<AK -;-)*( l-COSHC AK;-I<TSTEP)) 

r 
DI6=--2*H)l,H*PYN* C ALF'/C AK*AK) )* C i-COSH( AK)KTSTEP) ) 

+SINHCAK*TSTEP)/AK 
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PC 1 )=A21 C 1.1 )*XOC 1 )+A22C 1.1 )>I<PO( 1 HUPID>I<DI6+DIS/ T -
~~A11 (1.1 )*XO( 1 )+A12C 1,1 )>I<PO( 1 )+UPID>I<DI1+DI2 

PN=X(l)>KCEV 

XCJ+l)=All(J+l.l)>I<XO(1)+A11(J+l.J+l)>I<XOCJ+l)+ 
A12( J+1 ,1 )*PO (1 )+UPID>I<DI3 C J )+DI 4( J) 
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( SUBROUTINE YORUNGE ) 

H E 
TMAX<l 

TMAX=TO+3.0*PER*CPNMAX-PNO)/ 
CPNMAX+PNO) 

GOTO 30 

ZSI=TMAX-TO 

FF=CPNMAX-PNO)/ZSI 

F3=-2.0*FF/(ZSI*ZSI) 
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20 

I. PY=F3>l<ZZ)IO/(3+F2*ZZ**2+Fl*ZZ+~ 

DPY=3 . 0*F3)f<ZZ)K*2+2. 0*F2*ZZ+~ 

.---------_.--><.-1 _---., 

30 

E 

GOTO ~ 

H 

36 
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H b--~ 
~---7\ GOTOBJ 



SUBROUTINE UOPTK 

1=1.6 

CU=CU+ALMCI)*XCI+1) 

UOPL=O. 6;+<ALFitot<2*PC 1 )+WA*XC 1 )-CU+AL-;~~l 

J 
UOPT=UOPL+UPID 

ROPL=UOPL*EL/CBETA*X(1)) 

ROPT=UOPT*EL/(BETA.>t<)CC 1)) 
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