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PREFACE

The present preprint is a continuation of the description, begun
in (5), of the description of the _ 1ibrary of subprogrems, arising in
the process of crsation of a packet of applied programs for the cal-
culation of navigational parameters of artificial Esrth satellites of the
Earth (%8 ), wherein are contained the subprograms having indexes
from F to I. In the subprograms for the calculation of the right
members of the AE8 ecuatinns of motion, presented in Chapter I,
the subprograms described in (5) are utilized., Here there operate
also the principles of scaling the dimensional qdantities, determined
‘u ({3s The constants and scale tnctors for the subprograms of chap-
ters 1, 3, and 4 are routed . to the domain CCMMON by conversioun to
the subprogram CONST. The system of coordinates determined in (5) is
smployed.

The subprogram for integration of the system of differential
equaticns by Lhe method ¢! Adams, described in Chapter 2, on the
other hand, is sufficiently autonomous and may be used for integratiun
of any system of ordinary differential equations,

In Chapter 3 are presented subprograms ensuring the fixation
of the attainment in the process of integraticn of the assigned
values of different functions from the sclution of systems of
differential equations; the minimum and maximum of an arbitrary
continuous function from the solution as a function of an independent
variable; the exit of the AES at the ascending node of the orbit;
the minimal and maximal altitudes of the AES above the surface of
the terrestrial ellipsoid.

Chapter 4 contains subprograms for the computation of the values
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of various functions from the parameters of motion of the AES,

The subprogram ROOT4(I1l), used for the computation of the
moments of entry of the AES into the umbra of the earth, is
intended for the calculation of the roots of the algebraic
equations of the fourth, third and second degree, has a
significantly independent character and may be used for the
solution of vther problems,

The subprogram FA GRAV (F 03) was written by E. E, Ryazanova,
For the computation of the geomagnetic paramaters B, L the subprograms
BL, INVAR, LINES. STAR, CARMEL, INTEG, NEWMAG, ASIN (I 04) are
utilized, submitted through the courtesy of Yu, N. Gal'perin and
V. M. Sinitsyn., The author of the remaining subprogramg is the au-
thor of the preprint,

The author wishes to express his thanks to E. A, Chistyakova
for assistance in the editing of the texts of the subprograms for
publication, to L, V. Zaytseva and V. F. Smirnova for help in the

preparation of the manuscript,
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SUBFROGKAMS FOR INTHGRATING THE ko UATIONS
CF MOTICN O SATELLITES. FORTRAN FOUR,

V. I. Proshorenko

Institute of Space Reseurch, Acadsmy of Sclences USSR, Moscow

Chapter I, Righkmgembara of the system of eoustions of motion of
the (index F)

I.1, Eouation of motion of the Ae8 . Various models,

We will wriite the differential eaquations of motion of the
AES in an absolute system of coordinates in the general case in
the following form:

Koy, Yo, 20y, |
,'X.A”V "’A V, "onx’A‘vx"A“Vx 9 (1.1}
]’ A V;*l;A\"NAG,V"ZS‘ *tA, 'V

Q

‘v,=A AIWAIMAY.Y V*A \@.

In the lreenwich relctive systsm of coordinates Lhese equations
have the form

ai"”h:} !;.np', i“‘& ’

UprgX +2WyTy +B ”.r +A,\Up *Bglp+ AgUL +A, Uy
Bew}y 20,0, + A, 0, + A, v”+Aavy+A,v +A,0y
Yedy Ut A Up+ AgTy + Aglp+8, Yy, o7

whore the projections of acceleration, determined by the influence of
the coriesponding forces, are:

*Numbers in the margin indicate pagination in the foreign text,"

&
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A”ﬁ‘ .A”v.v'A”t.& =0 rmal Er&Vit&tiunal field of the earth
.A"t)‘,A‘!}v,A‘!)z---realatance of the earth's atmosphere

on.g ’ Aqv.y,Aat'&t --gravitational anomalles
A: ﬁ.rrAa 6yrAﬂ.i ~-gravitational perturbations of the moon. and sun

)AL!}: Oy !')”,ALI},_ ~=pras;uro of light
' w;x ,w‘,y =~=cantrifugal force

2&»,‘0‘, "2 WV, --force cf Coriolis
(CFY -=angular velocity of the earth's rotation

For the calculuti-n of the right members of the system of
gnuations of motiun of AE8 opne has the cnllection of subprogroms: 6
FNGRAV, FAGRAV, FATM, FGRs.:, FLLGHT, each of which allows for its
cumponsnt in the right members of tre equations of motion of the
‘ABS,

These subprograme bave a subgldiary nature; from them Lt is
posasible to construct the subprogram for .alculatlon of the right-
hund sides for 2 system of equaticens, with thls or that degree of
completion for the described motion of the ABS, In (4) were intro-
duced the indexes KC, KG, KA, K5, KL and tavle 2.1, permitting the
regulation of the variants of the system of forces, acting on the
AES (and of the system of coordinates, in which the motion of the
AES is analyzed),

Table 1,1 is a repetition of table 2,1 from work (4).
We recall also the deslgnati.n of lnuexes,

The indes KS characterizes the system of coordinates (pos ible
values 1.2).

To each of the forces acting 1ls attached its index:

K@--force of the earth's attraction (pos:ible values 0,1,2,3,4);

KA-~atmospheric resistance (posiible values 0,1,2,3,4):

KS--gravitational perturbation by the moon and sun (possible
values O,l,&,}?;

KL--pressure of light (posaible values 0,1,2).

Giving to each of the above enumerated indexes the value de-
termined, we give the determined model of forces, characterized by
the five-valued index, consisting of the values or the indexes



KC, K@, KA, K8, KL,
There is & subprogram FORCE, realising all possible variants

of the models of force, spmcified by table l,l. However for ooncrete

models it is possible to recommend to the user the creation of
"truncated" subprograms, which may be obtained from the subprogram
FORCE by means of discarding convarsions to those subprograms,
which are not utllized in the given model,

Table 1.1 Bystem of forces, considered in the equations of
motion of the AMB , Indexes KC, K@, KA, K3, KL

Systems Grav, Atno- Grav. ,Fressurs of
pf Coord. Field sphere Perturbas. Light
tion
KC KO KA KS KL
1 2 3 4 5
oscula- central not con- | not con- [not considered
ting clts, sidered sidered
Greenwdch | normal without from witliout calculation
relative salc. vur, moun of the earth's umbra
absolute zonal with from with calculation of
harmo- calc.of sua the earth's umbra
nics long
period var.
3 1 with cale. from moon
SH&"“HJ of long and sun
and short
period war,
4 harmo- CIRA-72
nics
22,30,40

L g - gy T

The subprogram FCL1Z@(F0O6),may serve ae an example of such a
subprogram; in this subprogram is realized the model of the motion
of the AES, corresponding to the following values of the indexes:
KC egu&és l or 2, KG equals O or 1, K& equals 1, K35 equals 0, KL
equals O,

In order that the designations of councrete subprograms.oef
the right-hand sides, created by the user, reflect the model,
realized in them, of the motion of the ABS, it is suggested that
one construct identifiers of these subprograms sccording to this
sort of principle: the first letter--F, after it a five~valued
index, corresponding to the chosen variant of model from table
1.1 (as this was done in the case of FCl1gd).

- bR
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l,& Calculation of the normal gravitati nsl field ol the earth and
(for the came of the Greenwlch system of coordinstes) translational
and corlolis accelerations (FOL-FNGRAV),

1., Uesignation, The terms gA”ﬁx'A”f{hAfé‘ ara detersinad;

they are dependent on the influence of the normal gravitstl nal field
of the sarth In the right members of the equations of motion of the

g (1,1) in the absolute system of coordinates, If the motinn of
the Ags im calculuted .n Oreenwich system of co.rdinates (system of
equations 1,2), then thess sums: are determined:

° y . 2 ¢
ApUpt X +2wy 0, AyU,+waly-2waly, Ay T, !

2, Structure, Thu subprogram FRGRAV. General units: /CAg@/. ,
3. Converslion: CALL FNGRAV (KC,KG, Y, HC, RC, F)
he Initial data: KC-~-index, characterizing the system of co=-

ordinates (KC = 1 for Greenwich system of coordina.es, KC=2 for
absolute syatem of coordinates:;

KG~-index, characterizing the gravitational field of the earth
(for KG equal to zero there ls considered only the central field)

7,--main part, containing X, Y, %, Vy, Vy, V. or x, y, 2,
Vx, Vy, Vz!-

5. Results: 29
HC~-~elavation of ARS8 above the surface of ihe earth;

RC--modulus of the radius-vector of the AES;
F6—~main part of th? r§gh§ m?mbgrs Qf.th? equation of motiun of the

AB8 , contalning X, Y, 2, VX’VY’VZ or 2, 8, 2, vx,oy,vz.

6. Utilization of the groups COMMCON: The constants of the
groaps are utilized: /CAOCK , /CRZ{ R /CAE/E, /GAEL(, /COMZPé

(see in {( 3)) . VNos. 2, 10, 11, 12, 15 table Z,1)

7. Algorithm:
a) absolute system of coordinates:



)fﬂ&@:. Y =V, Zx V; ;

Vy =ApVy --amRX/r - Cc(D- I)R"X/r '
Vy = A g Vp == CiogRY /- CO-DRY/F> ,
Vy 2 Ap Vp = =CtyoRZ/T ~cw-3rz/,

s ———s

where C=3/2 c:aO(R/r)P, D=522/r", ra(XF4¥2412)1/? R-~average radius
of the earth, n;p?aég, alphagc ~-parameters of the normal gravita-
tional field of the earth; for alphaaozo there is considered only
the influence of the central gravitatiunel fleld of the earth;

b) Greenwich system of cocrdinates:

x =VUy, E}'zﬂf; z =V,

i . _-A”'v+wax+2m v, .
. 7 sA,.,vy-c-way ~2w, ’

c) elevation h of the aggs above the esarth's surfaoe ellipesolid
1s computed according to the formula h,=r-(a,-alpha, 2% /v Yy where

8ot alrha--pemimajor axis and constrietion of the general terre- trial
ellipsoid,.

8, Text /10
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SUBROUTIME FNORAVIKC K@, ¥ 1 ME+R, ¢ )

DINENSTON V(8)ip(s) PRrHerR |
COMMON' /¢cARO/A0D,AR0
COMMON /CAE/ZpEr ;i

COMMON/CAEL /AEL LI EYETS) g
COMMON/RRZ/R2 i BRREY, 4A2Dew e ef :
'&g:?gg.;f:?zrlonzt,ouzx . ;;4;372;(§.55n-,93 '
N1k ¥
by SEULIERACTE LT ES I P4 it AL
PRSART{R2) R(EIRECA)+BRRUN (D)
HCBR-AE4AELOW 8aTO (4,3)sye
Wi=R2/R 4 PLATEECL)OMTHONCL) oONZRAN ()
swi/pe RELAIPOMIRNN(2) M2, g
AzBeapg ] RETURN® oOM2ravid)
peePmn - END

[}
)

ke
(RO2-F4TH)

1.3 Calculation of the influence of atmospheric resistunce
' ;‘, LA . 0
1. Desipnution, The teras EAAVX ’AAVy ?AAVZ ’ are

P ]

determined, dopending un the Influence of the atuosphe:lc resls-
tance in tie equatlons of (L.1) or (L.2).

2. Structure, Subprogram FATH,

Gensral groupe: /BSB/l, /COMS/I.

3, Conversiun: CALL FA™ (KC, ¥, I, F).

4o Initinl date: KC--index, characterizing the system of co-
ordinntes; Yénumain part, containing X, ¥, 7 VK* Vy, VZ or
Xy ¥y By Vs VooV, I'==density of the atmaspbgrez ?6~:ma19 puyt of
rig?t gen?erg Qf.amu§tions of motion ofams X, ¥, 7, Vy, VY’ Ve
or Xy ¥y 2Zy Vg vy, v, with the computatisn of the influence of

atmospheric rasistance.

6. Use of the domaln COMMON., Before conversiorn to the sub-
program FATM in the group CCMMCN/BSB/SB 1t is necessary to addres:
the value of the ballistic coefficlient in the system of uniis,
obtained from the calvulations, for this it is sufficient thst the
value of the ballistic coeificient, given orlginally in the system
of units kg, m, s, be divided by the scale factor from the group /11

COMMCL/CESB/ESB  (see in (5) Ko. 12 table 2.3).



From the proup CCMMCM/CUMI/CH™ there is utilized the constant
(sse in () Mo, 14 tnble ~.1)
7+ Algorithm
m SN
)
Jﬁ%‘]" "'1"3 l”V’ ‘,y »
AyVg -8B PV .y, ™,
» »
Vy sFy +8,V, VyxFp+8,Vy, Vg 'F:‘AAV: R
where G5B-~bullliatic couls Lnient uB*Cx'FM/gm
Cx-udimanaiunluﬁn coefficlent of alr resluvan e

|

Fﬁ*—square vt tue mid sectlon, m--mas. ol AL8,
Pmmnir denglty

v ygTh yOM ocouponents of the vector of {llght speed relative

to the air y N .(V;M"*V:m" %m")‘.’ '
In theGrecnwlich system of coardinutes v "'”‘-v v“"'-v v""'tv
In the absolute mystem of :onrdinates ‘fy =Vx"'03Y Vy ny m,ﬂ, -Vz,
oo Fyo o lnthier terms Luthe right weabers of enustions (1.1)
or{i..).
0. sert

SuBROUTINE FaTMiKC y, Pira |, Y(EYTVERIOMTOV(L)
CoMMon /p83/sB ‘ Do 4 Jnt,¥
DIMENSION V(8) i rtAY,v(3)y |0 Loy L esonT (W)

T RRTEA—
-

po 4 y=4,3 9 3

: DO ? Jsly

{ V(d)zy(ed) ’ r(a*;:-rcaoirnwuwior
60T0(2,3)KC RETORN

3 V(1YEV (1) eONZeV(2) . END

1.4, Calculatinn of anomnlies of gravit-tional field nf the earth
(}:I‘Dz x.h.‘& LJ)
. . , ; _ . [ .
1. Designati-n. The terms delbasvx, delta,Vy, deltasV. in

the right members of the system of eanuations (1.,1) or (1.2), derived
from the Influence of anomalies of the eartu's gpravitational field,
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2. Structure., JSubprogram FAGRAV, /12
There are utilized the exterior subprograms: DEGZ, DEG3, DG4 (E0L)
ueneral group: /RAD/,.

3., Conversion: OCaLL FaGRAV (Y, XG, F, KG, NM).

4o Initial data,

The main part Yg, contalning X, ¥, 2, Vy, Vy, V, . Xy ¥y Zy

Vs vy, vV, the main part XGB’ containing x, y, z;
Fe~--main part of right members of equatiuns (1.1) or (L.2),
coentaining the terms, determined by the influence of other factors;

KG~~index, determining the nature of the considered anomalies of the
gravitational field of the earth (possible values: 2, 3, 4);

For KG=2 one consideras only the zonal harmonics in the breakdown
of the gravitational field of the earth, for KG=3 there are
consldered the zunal, tesseral, and sectorial harmonics, for KG=4
nne conslders only the haraonics &7, 30, 40;

NM=—number of considered harmonlcs (KM lezs than 22),.

Note 1, For KGz' or 3 Lt lLs necessary first to turn to the sub-
program CONGR(ACZ) for the addres.es in the group CCMH(‘l‘v?/BCOl\f‘GR‘/Q,,36

coafficlents of the gravitationul field of the earth. For Kis4
one uses the coefficients “rom the block COMMCN/CAR:/iy (mee (5)
No. 4 takle 2,1), value NM 1s not used here,

Note <o 'The main part XG is used only for KGz=3 or 4.

% Results: Mgin pnrﬁ’FG containing new values X, i, é, QX'
VY’ Vﬁ O Xy ¥y 2y Vo Vyr Yy with calculation of the influence of
the anomalies of the sarth's gravitetlional field,

5., Use of the domain COMMCKE. In the block COMMON/RAD/RC,RL
one addres..es “te values RC=r and Rl:rl.

7« Algorithm:

y - O
L DgVy =-AQ X7 -AQ, ZXAT AR V/Ty Wi,

AGVy== AR, Y/r-AQ,, ZYirr +AQ, X/ , Ve,
80 Vg =R, O TV




Vx=Fx+da1t&GVX, VY:FY+deltagvy, Vu:Fn+deltaGV3, where r:(X‘+Ya+ZZ)i,

ry= (x2+Y?)}, FX’ Fy, Fﬁ»-compunents of othar terms In the right
meabers of eaquations (1.1) or (l.”),
delta B,-=radial component of vector delta g, acceleration due to

the influence of anoralies of the eurth's gravitati - nal field,
delta gm~~meridi0nal conponent of the vector delta g,

deltn‘gi~-projectiwn nf the vector delta g on the normal to the
plans of the meridian,

Note. The componenits of ihe vector delta g, for some or some
other recommended animalies of the earth's gravitational field,
respectively, are calculated with the subprograms w th index EOL:
LsG 2y DEG 3 or LG 4 see in (%) p. 6,1 (there i1s introduced also

413

the algorithm for the computation of the componenis of vector deltia g)e

3. Text,

SUBRIUTINE FAaGRAVIX,XG)FedV,KNM)
CIMENSION Y(8),Fié7,06(3)
CIMENSION XG(M)
COMMAN/RAC/RLY K
x2=x(iyeXx(ly

Vasx{2)eXxid)

22eX(3)eX( )

RizzX2ey2

RitsarT(R12),

R2zRi2.72

R=SERT(RZ/

LA VAR

WzReR}

tree3)ahy

220X, 06s0M)

talabsD6)
W)= DGEYYOX (L)) /R={0G(2IaX (L)X
8)=(2Gl3IOX(2)I/R=(DG(Q)aX (20X

6)=(EGiI1)eX(3))/R*(DG(2IsRLI/R

.
oo
| S
-
.

3))V/We(DG(3)aX(
3))/netdg(3dex!

INE ]

(3 3)/R
(3 YI/R

1
1



1.t Calculution of the gravitational perturbations connected g
with the influence of Lhe moon or sun (FO4-FGRSS),

l. Designation, The terus deltasvx, deltasvy, deltasvz

in the right members of the equations of motion (1l.1) or (l.2),
dependent on the gravitational perturbation of the moon or sun,

2. Structure. Subprogram FGRSS,
3, Cunversion: CALL FGRS3 (GDR3, Y, XS, R3, F).

it Initianl data: GLR3 = mus/Rg, where mus—~product of the
gravitational constunt and the mass of the moun (or sun), RB»~
modulus of the radius vector of the moon (or sun),

The main puart Y6’ containing the values X, Y, 7, VX' Vy, V%
Or X, Yy %y Vg vy, Y3 main part Xsi’ containing the values
Xg, YB, ﬂg or xg, y;, zg -~ directed cosines of the radius-
yerfox.of.the.mnog (or sgn); main.pnry Fgg contaliing the values
X, ¥, 9, VK’ Vy, Vi, O Xy Yy 2y Vg Voo Voo considering the
other teims in the right members of eanations (1.1) or (1.2).

e« Results, In ithe wmain part F, the new values of the
b

right sembvers of the equatioun of motion of the AE8 are addres.ed
with the computution of the influence of [ravitotlional perturbations,
produced by the moon (or suan),

e slgorithm:

Bsly = ry/rg (g A/r)ry/\re-r0-K),
AgVy =u ,/r,, «Ys Y/t;,)rs/lz:, rl -) )
AsVy = H.,/r., (' Z/r;,)r,/lr -ri- Z;),
=Rt Ay, Vy=Fotagly, V,=Fda,V,,

\ry-rl/rs = ((X-' X /) (Vs - Y/rs) +(2 ¢ - J/rs)z)'/z,

13



rge=modulus of the radius vector of the moon (or sun), Fyy 8yy Fo

==components cof other termg in the right members of equationg (l.1)
and 51.2).

7. Text /15

Ut INE '3“33160I30003!0RP0')
-:g::as}:u“vttr.xvcsr:rtot.trutssrw$$7‘
Rso
00 3 Js10d
“APR(JIISVEII/RP
WCJpSRP (I oXPRL YD

1 Rasngddenidien
"Rey,/R/SARTIR)

Jsgr 3
2 2?J3’lt=l403)030'30(ﬂtl)'l-l'!J)’

RETURN
END

l.o Computaticn of the influence of the pres-.ure of light
(FGH-FLIGHT) . . .
1, Desipgnation. The terms deltanvx, deltaLvy, deltaLVi ’
are determined, considering the influence of light pres-ure on the
right me.bers of equations (L.1) or (1.2).

s Struc.ure, Subpragram’FLIGHT.
Ueneral blocks: /BB/l, /CRx/l.

3. Conversion, CALL FLIGHT (KL, Y, RC, X3, RS, F),

4o Initial data: KL~~index, governing the computation of the
usbra of the earth (for KL=l is produced the calculatlion of the
influeince of lighi presiure independently of the shadow, for KL=
< the shadow 1s considered); ’

The main part YG, containing the values X, Y, i, Vier Vyr Vo
Or Xy Yy 2y Vg, vy, Vi main part XS5, coutaining the directed
cosines of the radius-vector of ihe sun: Xg, Yg, 58 or
xg, yg, zg; considering the other terms in the right members of
equations (l.1) or (l.2).

De Results. In main part FG are adures.;ed the new valuss of

right members of equations of motion of the Ams with calculation of
the influence of the pres.ure of light,.
6. Use of the domain COMMCN, Before conversion to the

11
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subprogram FLIGHT in the block CCHMM(N/BB/B it is necessary to a ‘
the value of the coefficient B (see par, 7), Starting frgm ghig?ress
that in the kgz m, 8 system of units th.s coefficient has the
dimensions m/8" , it 1s necessary to meke it agree with the systenm

of units used in the computations, dividing by the scale factor

from the block CCOMMCN/CELB/ELB (see (D), taole 2.3, N . 13).

From the block COMNMON/CP7/, one useds the constant (No. 10 table
2¢1 (5) ).

7. Algorithm:

‘.,x S-B(X:"X/r,) I':/lr.-rla*f'x ’
‘.,Y3-B(Y:-Y/r.)r.3/‘r¢-r|a+FY ’
. d

st-B(z:-Z/r,)r./lr@-rf+Fz ’

e, l,ro-:rl /% =((x:_ x fro) + ér:_ y /r‘;)! + (Z: -z /"a)ﬂ)l/z

B'%?kQO

?

where F, ~--souare of tie mid section, m--mass of the satellite,
qozq.B 10"7kg/m*-~pressure of light in tlie region of the earth's orbit,

k=1 for full opticul reflectiun, k=l.44 for full dififused reflection,

In the case of calculutlon of the influence of light pressure
with calculativn of the shadow of Lhe earth the entry condition of
the AES into the earth's shadow is verified:

CLsyY<0 u rany <R,

.rxe c06y=(xx;+}’y:+zz;)/r. r=(X2+Y2+Zz)‘/2,

R--average radius of the earth.

12
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8., Text /17

L2

TEUBROUS INE £ tBNTIR ,u.P NSRS, At
CoMuinN ,B0/p

BIMENSIAN Y(6)axSER) ,WERIaR LAY
COMuON/RR2/RY

CopaTntR.AY Ky

& ENRIUCL NSt ayiR)anSeataNCBRanBIRrYAn .

BRtonty 3.3 A RAEMLAIAMEILAND
i IRdResarTEl,ntNalNI~R2I22323  RamgpR~ (R
8 RiFfp RRApLen?
R0 A drke” ' po & griel o
WESIERSCAI =y e.s) /RS LA TS LLEN tak L Ll T
2 RETUAM
) EMD

1.7 Right members of the system of equatiuns of motion of the
A¥s, consldering the normal gravitational field of the earth and
standard five-layerdéd atmosphere (F06-FCL1#@)

1, Designation. The subprogram FC 11¢¢ is intended for use in
the capacity of a subprogram for the right members for integration
of a system of differential equations of motion of the apg v
models, characterized by the indexes 11100, 21103, 10100, 20100
(sec table 1,1).

2+ Structure, Subprogram FCl1¢¢

Bxternal subprograms: FNGRAV (FGl), RO(DOL), FATI(F02).

General blocks: /BHC/,, /BK/5, /B3B/; .

3. Conversion: CALL FCLigg (T, Y, F).
4o Initial data: T--independent variable (time), Y6~-main part,
contalning X, Y, 7, Vi, Vy, VZ OF Xy ¥y Zy Vyy Vyy V,

?. Fes?ltg: ?6 ~--main part, containing %, Y, 2, VX’ Qy, onr

Xy Yy 2y Yy Vy: Ve

6. use of the domain CGMMCN. In ihe block CCMMCN /BSB/SB is is
necessary to give the value of the ballistic coefficient, relative
to the sca1§ factor from tine block CUMMCH/CESB/ESB (see (5) ), table
2¢3, No. 12),

' In the block COMMON/BK/KC, KG,KA, K5, KL there must ve given
the values of the indexes of tne model of forces (see par. l.l). In
the given case for the index KC the possible values are 1, 2; for KG /1§
-=-0, 1; the values of the ramaining indexes are not used,

In the block COMMON/BHC/HC , as a result of the work of the

subprogram FCL1Z@ is addressed the value HC--elevation of the ppg
above tiie surface of the terrestrial ellipscid,

. 1
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SUBROUTINE Fe1lodex
DINENSION Vig)rria) "
| COMMON/BNC/NE

CDIUONI.KICCOKCoKAoKSoIl

CALL FueRaV e k8
CALL Ro(NCopy  C tVeHEIRoP)

CALL rFaTmex
RETUAN CoVoror)
()

1.5, Universal subprogram for culealatisn of right menbers of
eruationg 71 motinn otf *ABS with the use of various models of forces
(Fe7-£CRCE, RCUDENS, LOGMOD)

l., Designatlon, JSubprogram FORCE is intended for use as a sub-
program of rijyht-hand sldes for integration of the system of equations
of motion of the AES for any models .-f forces, described in table
l.1. The subprogram LOGM(D for the ;iven model of forces determines
tne value of the logical parameters, governing the computation of
gldereul time, the positions of the moon and sun,
2. Structure, The package of subprograms,

Inputs. .. for the users: UCRCE, LOGM(D.
Internal inputs RCDERS
Utilized external subprograms:

FNORAV (FOL), FATM (F02), FAGRAV(FO3), FORSS (FO4),
FLIGHT (FO3), AOGIOAC (BOb), RO(DO1), DENS(DO2),
SELENA (COV), STT(B0S), OCLTLN (B10), SUN(C02), ADEN ,

AMBAR, GRAV, TLOCAL(D03), DEa2, DEG3, DEG4(EOL).

%‘igg}r;zl Ooune Gaoxny/BK4, /BLOOJ, /BSB/, /BB, /BNMA, /BROA,
/BDT/{, /BSO/, /BDYEAR A, /BCONGR £oy, /QKOEF /30, /SYEAR /4y,
SCAED/{, /CABR 4, /CA22 /{, /CRE /o, /CRZ/,, /CAL /3, /CORL A, /OORS 4,
/CDSISA ,/coM2/, , /COMZR/ , /CAEL /; ,

14



JCOMA, /CSDAY ., /CT3/4, /CPl4, /CE3/, /BEM 4 , /CERO,
/CHAA4y, /BHCA, /BFT 4y, /BIECLA, /RADs.

3, Cenversion CAila FURCE (7,Y,F) /19
s Inltlal data: T--independent variable (time), Y.--nain part

of the functiuna sougnt: X ,Y, 4, VX’ Vyy Vo Or Xy ¥y 2y ¥
Ve

g. gesgltgz ?cw*@ain p§rt.uf‘fgnct%ona.derived from those sought:
Xy ¥, Uy Vy Vyr, V. or x, ¥y 2 Vg, Vyo vV, right mesbers ot the

system of difrerential equations (1.1) or (1.7).

e Use of itue domnin CCOMMUR. Befoure cunversion to the subprogram
¥CHCH it lu necessary to ensure in the domaln CURIXN Lhe values of
tiie parometers utilized, In the block /BK/KC, K4i, KG, K5, KL it

is necessnry to address: the values of the indexes of the chosen
model of forces (cer tslle 1.1). I the block COMECL/BLOG/LSUR,
LoUNG, LiEL, LOT by meons of conversion to the subprogram LOGHT!
(descrived below, in par. 8).it is neceusnry to address the values of
thie loglical vnriables, used for regulation of the computation of
sidereal time (for LOT=TRUE), rositions of the moon (for L3EL-TRUE),
and sun (for LIUN=TRUE).

The remaining blocks CCMMCN are used only for the deteramined
values ot the indexes of the sodel of forces, for which Ln each cume
there Is an indication., For KA greater thnan or eacual to 1 in the
bloc . CuMMN/T3R/0R it 1s necessary to address the value of the
ballistic coefficient, relative to the scale factor from the block
Cvﬁva/GESB/l (see (5), table 2,3, No. 17).

For KL yreater than ¢ (computati.n of the pres ure of lirht)
in the VLlock /Bi/B it is necesssry to replace the value of the coe=-
fficient B.(se: par. 1.0) relative tu the scale multiplier fr-o: block
ACELB/, (see (i) ) , table 2,3, Mo, 1%) For KG=2 or 3 it ls necessary

in the block CQMMGNKBNﬁ/lto adiress the value of the number of

harmonics considered in the gravitatlional fielu of the earth, in the
block COKM&N[BCQKGR/Lné ~=yalue:of the coefficients of the bre/kdown
i

of the gravitational field of the earth (by conversion to the sub-
program CCNGR(A02) (9) ). For KG=4 in the block COMMUN/CAZS/. it
is necessary to transfer the values of the cor.esponding variables
from the block /CAEEA/, (see (5), table 2.1, Nos. 2, 3). /20

For KA greater than 1 or K5 greater than O or KL greater than
0 inthe block CﬁMMON/BDT/l it 1s necessary to address the value of

the date of tying the time in the mode RUD (relative to the Juliaxn
date). For KC=1l, if KA is greater than 1 or K3 is greater thsin O

x? vy’
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or KL greate: than O, and for KC:2, if KG is greater thun , In
the block COMM(L/D3C/ 5¢, Ti, N3 1t is necessary to addrese: the valus
S50 ==sidereal time At midnight QGreenwich of the date DT, and TS and
X5 to met squal to zero,

For KA=" or % it is necessery in the blocks COMMCﬂ/CKOEF/bD

and /S HAR/iX to addres.s tue valugs of tne coefficlients of ths model

of tue atnosphere and sat of numerical correctl ns for the semni-
annual ef:ect, which is uscomplisied by conversion to the subprogrum
VKREACDOR); In the block fBUYn&R;l one adidres es the date and time

In tne form of Lue number of «4~hr., periods from the beginniag of

tiot yeary; iu ue tlock COMMON/BRO/KL07, FO, AP, D, 1 one sd.res va

the values FLU7 ot *he intensit: or svlar radlo-radiation Flﬁ" wleil
3

computation of the time of retardation (for Ki=. uvne sets FLO7 les.
leus thon 0.0), FG-=0f thc average level of solar radio-radigtiun
(pos.:ible values: 75, 100, 125, 150), AP trihourly lndex of geomay-
netic perturbation with computation of the time log (for KA=Z set 4l
less thup O.%), D--purameier, regulating the calculation of the semi-
annual eifeclt (for U les. than O the semiannual eftect Ls not con=
sldered), I--paruseter, regulating the calculation of the diurnal
efvect (CE) (for KC C® is considered without the term with tue

the coefficient C, for I:C CF is not consldered, for I greater than
G C8 Lo constderef fuliy) For KA=4 (atmospher CIRA-72) in the

block CCHM N/BRUSFID?, FG, AKL, D, I it is suf:iicient to adures: the
values I'L07=--index F,., . (tiue of retardation 1,17 days), FC~~values
FlO?’ averaped for e g0l ar rotations, AKl-~geomagnetic index XK _,

considering *™ =7.067, 3°=3.)0ﬁ, 3*:%.235 and g0 on (time of retard-
atien --0,.79 days), values of D and I without importance,

In the block COMMUN BHC/HC/RAD/RC, R1/BI'CL/CE, 5SE/BFT/TM,
5T, R3, a3, BJ, KL, X3(3), XL(3), G5, GL in the process of operatlon
of the subprogriam FURCE one addres es the values HC~-elevation of the
AES abuve tiue surface of the terrestirial ellipsoid, RC, Rl-~-radius~ /21
vector of AES and projecii s of the radlus vector of the AES on the
pline of the enrth's equatar (in tue subprogram AGRAV); CE, SE-
cosine and sine of the ungle of inclination of the plane of the
earth's equator to the pl ne of tue ecliptic (in tlie subprogram SUN);
™= T-~current time (Moscow); ST--sldereal time; AS, BS~~rignt
- zension and declination of the sun; RS, xs(55, RLy XL(3)--are,
rteovactively, for the modules und directed cosines zin the system of
cu + .inates, determined by the index KC) radius vector of the sun and

Mmooy 35, GL~~muQ / R§ and mu, o Bre In the remaining blocks

CCMNON, enwmerated Ln para. &, 1t 1ls necessary to address the values .
of tue constants and sale factors in conjunction with the tables
Del=Cedt (U) by means of counversion to the subprogram CCONIT(ACL).

7. The subsidiary subprogram RCDINS, intended for switching
into the subprogram FCRCE of the subprograms of computation ofthe
deusity of the earth's atmosphere according to various models. For
KG=? or 3 one uses the model, realized in the subprogram DEN3(DCOD),
for KG=4 one uses the wmodel CIRA-72, subprogram AJEN (D03),

Structure. Subprogram RCDENS.

16
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External subprograms AGIGAC(BOG), GCLTLN(BLC), DENS(ICP), SDEL,
‘MBAR, GRAV, TLOCAL(DO3), ,
General blocks: /BK/;, FBDT/ ¢ /7RO/ ey JUKOEFL gy /SYEAR{B ,

/BDYUAR/ ), WCGM/y, /C73/y, /CSUAY/|, /CE3/y, /BEM/,, /CERO/y.

U« YXVQI‘B;LQIH C;leL 2{{“;}2:\5 (T, Y’ iIG, Rc’ s;;’ AS‘ BS’ 1).
Ini‘(,ial datﬂ: I‘~~ti @) Yk""x, Y’ fx’ VX, VY. VZ (R X, y’ Z.

Vs vy, VZ;RC, HC=~-modulus oi radius vector and elevation of AES
above the surface of the terrestrisl ellipsold; 5T+ sidereal tlue;
7S, B3~-ripht wscensiovn and declination of the sun,

Raesult: F=--density of the ataosphere (in the .ystem of unlis
used for the coumputation ), Concernln, the use of blocks CCMMON
BRe P8, L.

8. Subjprogram LOGMCD, starting from the values of ile indexes of the
model of forces, plven in the block C.MNM(L/BK/KC, KG, KA, K., KL,

addresses In the donain CONMON/BLCOG/LSUR, LoURS, LIRL, LAT the values /O

of Lhe loplcal parumelers, which muy be used for the regulatlion or
the calculution of sldereal time (LST) anc positi ns oo the moon
(L353) ond sun (LOUN), Relow are introduced the conditiocns, under
whicn ench ot these pirameters inkes on the value TRUWE,

LoUL=7RUD Tor K7 prenter thon 1 oor KL preater than O or KA
prester than 1;

LSHNS=TRU: for Ko mreter thin 1 ar KL grenter thr C

LaFL=""RUF for KS=1 ur L.-4%;

Lol ingidy for Bu o reater o 1 ov B s reater than O or KL
preater tho:y 0, 4if K=l anu for KG greater than 7, 1f KC =7,

gonversion:  ©iLL LOGHED,

g



7. Texit

SUBROUT INE FORCE(X Yy, F) ~

DIMENSION V(6)or(6),v0(3)

LOGICAL . LSUNe LOUNS, L SEL,LST
COMMON/BFT/T 8T RE)AS)DS)RL,XS(3),XLI3),08,0L

counou/.tocxasuugtsuns.Ltggagg:_qr_T‘T___‘__Tr ,
COMMON/BK/KCoKOoKAIKSyKL caLL SUNIDY, x,RevAS, TS X3)

CONMNON /CORS/ ORS,DORS 6SEsCAS/AS/RSeDCRS
. COMMON/BNM/NNG 20 IrcLSUNS) .
CONMON/cORL/ORL ‘- CALL AOOAC(STIXE,1,)g)
.COMMON /BDT/DT 10 JF(, NOT, LSEL)
IF(Y.EQ@.X) ‘- * e0T0 6 .
- 0070 6 CALL SELENA(DY X2 XL, RL)
rsX GLESGRL/RL/RL
LF(LST) GOTO(S%,6) KL
- . 3TsgTT(X) S cALL AGIGACIST,XbL,1,XL)
1F(,NOT, LSUN) 6 CONTINUE
- : , 0070 o © CALL FNORAVIKC,KGrysHCIRF)
IF(xG=2) 1031,24,1
1 00 23 Jsid
23 ve(yley(d)
. G0T0(24,29),kC
29 CALL 4AG16AC(ST,VG.1,VG)

24 CALL FAGRAV(V,VGIFiKEsNMO)
103 IPCKA-1)302,13,12
12 CALL RODENS(X,V,HCIR,ST,A8,85,P)
60To0 3
11 CalLL ROCKHCIP)
S CALL FATMUKC VP F)
102 IFP(xlL)30%+,10%,13
83 CALL FLIGHT(KLIVIRIXSIRS F)
2109 1r(xs=133104,21,22
22 CALL FRRSS(CS.ViXSIRSIP)
. 60v70(23,104,21),KS$
21 CALL FGRSSI(GLIVIXLIRL,F)
104 CONTINUE
RETURN
END



o ,,

i

+

% SURROUT INE RODENSIT ,UsHCIRoSToALIDSP)
DIMENSION V(6D RO(S),SUCRIoSATLS), RE),eRMP (R aMLAN(S)
COMMON/ZAK/KC KR RAIKSIRL
COMNON, /BRO/GEOC(D)D0 1
COMMON /,BDY/DY
COMNON/BDVEAR/DYNG
_COMBON/CON/gM
COMMON /CT3/73
couuouzcsgav;soav
. o /
8855o#5§§~/§a.:s¢c
COMMON ,CERO/ERD )
00 ¢t Jdm=203
L XtJyasV(g)/R
 GOTot3,2)iKe
3 CALL AGIOAC(STiX220X)
2 SUtl)=as
SU(2)mbgs
SAT(3)suC/E3nEM
JPiKA.EQ.S)
- cot0 ?
¢ !'(D"o’;: .
K13 Ce Day
‘ gaff"ozlscs‘rcs:.x};».xcza.sc3».Suos¢Ocs’.csocx»oo':.lo»
* paRO(S)eERD
Gote 10 :
? CALLGCLTLNIX,SAT(2),8AT(1))
AMJDEDTe(T=13)/80AVe15019,5
CALL ADEN(AMYDISUISATIGEO TEMP I ALION,AMuNIP)
PsP/GMegRO
10 CONTINUE
thURN
END

N e

SURROUTINE LoGMoOD

"COMMON/BLOG/ SUN,LSUNS/LSEL,LST

LOGICAL LSUN,LSUNS/,LSEL,LST P

COMMON/BK/KC ,KG,KA»KSIK| ‘ s

LOGICAL LSUNAILRILSI KG AN
. COMMON/BFT/Y,ST(13) R7RE

r=*100, . Vo

[SUN“K.‘QGToﬁ . b

LSUNSZKS,GT.g,0R. KL T, 0 ' N

LSEL2XKS,EQ:1 ,OR,KS.EQ.) N

LG"BOG’.’ R -

LSUNZLSUNA.OR,LSUNS

LSTLSUNJOR.LgEL

Lké=xC,EQ, 4

LST‘LSO‘ND'L!GOORoLG.‘ND-o"O?OLK'

RETURN, '

END
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Chapter 2., Integration of systems of diftrerential equations
(index @),

Zele Inte;ration of a system of differsntial equations by the .eth~-
od of Adams (QCl-ADIMSE)

1, Designation, In the subprogram the method of Adoms is realized
with the use of 8 differances, witn automutic choice of step for
integration of a system of differential sguati.ns;

Y=P(t,Y)

with the initisl conditions Y(tn)xYo, where Y, %, Yo' Fen=dimension=

al vectors, t--indepondent variable, The start is produced by the
Funge-Kutta method cf the fourth order,
?e Structure, JSubprogram ADAMSE,
One usas the external subprograms: I'RP and BKK=-composed by the
user,
%, Conversion: Cill ADAMSY (K¥I, H, 7, Y, IR, BKK, NKY,
“KY' El’ EP’ f\', AF, FS’ F‘;}, 'Pl, Yl’ Y?’ YS).
fyo Inltial data: Kil--variable, ensuring the possibllity of
Integrating with constant pace or with automatic cuolce of pace (in
the firast case it Ls neces ury to take KliI=zl, in the mecond
Ki11=2); H--initlal step of Lntegration; T--first value of the
independent varlatlo;
Y~~unidimensional block of dimension N, cuntailning the initial
values of the desired functions;
}Rl=-nane of the sabprogram, computing the right membe:s o! equa-
tluns, set .up by the user;
BKkK~~-rame of the subprogram, prepared by the user, intended for
control of thue end of Integrutiun, In this subprogram there occurs
con:grsiun from the subprogram AvAMSL after sach atep of the inte-
pration;
NKY, MKY--ipumber ot the first and last functi n in.the block Y,
respectively, acvording to which proceeds the control of the
accuracy vf the Integr.tion with automatlc choice of step;
El, Ef-blocks of dimension N, containing lower and uyp.er bounds
of the pernissible errors of Lhe controlled {-uctions;
These values are used: X1(NKYO, E2(NKY), EL(NKY+l), E2(IKY=1)...
E1(MKY), EZ(MKY);
l=n  dimension of the systsm of equations
A¥V, Y2, Y3-.auxiliary Blocks of dimension N;
Fé-~two~dimensional block of dimension (N,55
Fu--twodimensional block of dimension (N,4).
Note 1. The designations of subprograms I'RF and DBKK must
be written in EXTERNAL subprogram, used for subprogram ADAMST,
Subprogras FRF must have the form SUBRCUTIN® IRI(T,Y,F),
where T--independent varlable
Y-~block of current vulues of the desired functions
F- -block of right members, length of blocks Y and i egqual to X,
Subprogram BKK: SUBRGUTINE BKK(T, Y, F8,IBKK, H),
where T--current value ouf independent variavle
Y--current value of desired functions, block of dimension N, H--step
uf integration,
F8--block of dimension (N,l), containing values ¢f tue rip.i members
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in 9 cur ent prointa of intogrsti n

I"KK=~intesral veririie, wiich, wiﬁhin BKK, mumt be ascribed ihe
valae 2 for fulfillment of tle conditions, accordin? to which is
determined tha moment of exlt from the integration (hefore the

ataig of integration the subprogram *DaMi3l ascribes to IBKK the vnl=-
e .

In subyrograms 1Rl and BKK the valies 7, ¥, F-, H are estab-
lished by smubprogram AuviMst Ln tue proces:: of integration,

liote 2, Jone times in tne start.ng portion there arisés
a8 noed tc break down tne step, not counnected with ensuring the
proscribed accuracy of integration., JAsmeribing to index IBKK the
valae 2 Jeads to Inturruption of the process of starting thut
wag hegy,, disconuecting the influence of Kil on the cholce of steyp,
rgturn tu the gl.urting point and %o the start with a nalved
step.,

Civing tue index KBKK the valus 4 leuds to & new interruptiuvu
of the proces.. of integration, establlishment i the Initianl step,
reestublishiment of the influence of Kil un the chulce of sep, re-
turr tou the initial point and to the transfer to the stundard
procuess of Llntegratlon,

The subprogram AFSIS(HCL) may serve as an 11lustrution of the
arylication of tuls pusilbility see par, 7,4,

e Resulls: 7TI and the block Y,~-values of the independent
var%gbla and Lhe desired functions a% the final polnt of the inte-
gration,

Go Methode We conslder the systam (2,1), ‘ccording to the
known values Yk in the Kth polat and the aprroximate values

Yk:l produced at the Kth and 7 preceading points, one determines
by the extrupolation formula of Adams Yk%lek* htai%gg a‘lphaif«‘k_1

where ht»wstsp of integration,

Flesdmt
allows the obtained values of Y ‘ltc be made more precise,

The coefficlenis ouf the intérpalation and extrapolation formulas
of Adams have tue followlng values:

Interpolation formula of Adums Yie o Ythy sigga beta,

1]

o, = 3,58995535, Bo = 0804224537,
o, ==9,52520668, B = 1.15%.599&.
v, = 18,0545387, B, =-1,00691984,
o, ==2R,027753, E:a = I.OI’?96491¢
o, = I7,3796544, ¥ ?-0e732035:845
a, >-8,61212797, Bs % g,ﬁgﬁg‘;’;&
%o = 2R Be T 0rorraeTants,



For automatic cholce of step of integration one computes the
) *
diflerences relta Yk+1 =YK+ | == Yk+1'

We give the allowable bounde of error for integration:
0 less than. or equal to epsilonl j less than or equal to epsilona 3

If there are fulfilled the conditions epsilcnl )3 les . than or
equal to absolute value of delta YJ k41 less than or equal to
epsilond L J= Nl’ N1+l, ...Nq, where Nl, N --numbers of the first
and last conLrolIed fqnctions, then the step of integration ht does

not change,
If the abuoulute value of delta Yg e+l is less than epsilonl )3

for all j= Nl""'Ne then there results a doubling of the step,

For thls integretion continues with step h, until the accumulation
of the necessary nvaber of points, for whigh after an interval
of time, the multiple th the known values of the function F,

after which the step is doubled,
I the absolute value of deltaYJ’k+l is greater than epsilona’d

even 1if for. one value of j: Nl less than or equal to J less than or
equal to N., then a breakdown of the step 4is produced. For this

i1 1ls necessary to have the valves nf F in the seven ireceding
points with the interval nt/a It is possible to obtain them by

means of the interpolation according to the formula of Lagrange
for anown values of F with step ht'

e introduce the variable xi = (t, _--t)/h., then the interpo-
lation formula of Lagrange for the detBrmination of F(t) is
written in the form:

F(t)eFy (B 218 +175E7- 735 +1624E>- 1764 £+ 7208 ) /5040 -
} -rk_q(g’-zz £%90E>-820% *+ 18498 -2038E "+ 8408)/720 +
| B, (8- 23E%2,08> 9258 s 2144 £ 2412 2710088 )/240 -
~F,_, (8248222681056 8 425458 - 29528712608 ) /144 +

+F, o (E-258%2478 12198+ 311253796 8 +1680) /144 -

~F, (87 -268%+270 E°-1420E"+ 3929 - 5274 £%+2520 £ )/ 240+
+Fyy (E-278% 2058~ 16658 "+ 5104 £-8028 £%4 5040%) /720 -
~F, (g 28 £ % 322> 1960 & +6769 & -13152E" +3068E-5040) /5040.



ARG o o,

To @btain the values of

F i
Runge-Kutta method of tne fourth ornp:  oF

i :
rth order, 7 points one uses the

i

Vea =Ve+ (e, +2¢, 4285 42,),

4 ;'.h*'(‘lx"'vk:), R
e, ’ht’(t'b""b"u, y‘...,,&“‘)’
¢, =h‘€(“h""§‘”u Y, +%¢,),
 =heFltprn,., Yo+t ).

Literatur:.: (?)y pe 320,

7. Text,

1 4y e . e . ) , '
ROUTINE ADAMSPLKP. I oMo XoViPRP ,BKKoNRY 1 MAV  EL0k
.SUbao P 10 S‘Nolrorofltllov;cv!oUSi R
DIMENSTION VIN)IoAPEN) o FEN2B)arpltnad) o Bs(NIIBIINY,
P VIIN)oVZENI o VSENDIsALBy a0 C8)aR(S)
NNBH R . '
1008 1AsSKPi
' HESHN
1006 JpKKke®l o
- po 3001 Ju1,8
. DO 1001 1=3,N
1008 F(l,d)%p
C RUNGE=KUTTA
108 23Xeb,TeH
100 DO 2 J=)eN
‘2 vityizyed)
X33X -
Aty " -
-, )s L - .\3,‘.;‘141&:“' BAQD g
Al(3)eH . . DR R 'v\:'”'l ;
x‘:,.;." . p\‘)lh f,:z A“{;v"'v",
AC(S)sAcy)
‘3 '%2Exl
DOAs -Jei, N
vty Isyity)
IR TSR
. 00 18 131,64
. CALL ‘PRPIXY, ¥2,4F)
ERIANTESY X1 XA _
6.G0T0t30,7.7)i8R
10..00 12 gsl.N .
12 FtJ,8)=aFtY) ‘
| "“.."":'.; o 1BKK N
'8 CALL BKK(X1,VisF» ’ )
. GOI:CQ-1000.1003:3002)0!%%“
3003 JAsy. o .
* .“.H005.~ ) .
. 6070 1004
8 DO:9 K=is7 5
. Da-grd=1aN, 3
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19

16
30

-
20
+

Y

17

, 8%

102

xisy2ea¢l)

00 13 JsiN
Vitadsyglgdepigeldionrtynsy,
Veiatsy3tlddeaqlrearcy).
l'(l*l'l”’lﬁﬂ'looﬂ)”.3‘.1.
'070“030l.01’303‘

lamgaey

00 20 Jsl.N

FlCJeddsVity)

HeHe 9

60%0 100 )

00 17 JsNKV,MKkY

11 CllS(Vl(J’°'I‘J08’i'laiJi)l' 37083
CoONTINUE .

".“.2 .

f1Asy

60T0 101

JASiA=)

6o0to0 101

fasp

803

3064

23
108
36
39
36

119

118

All)®=, 30422453700

At2)82,46465163600H

A(3)3=8,61212797°%
Atb;a;?.svoosabon
A(S)==22,027733eN
AlS)B18 05483087eN
Al7)m=9 ,3252060608°H

Al8)=3, 580’59350H

"B0115, 018367394360

B(2)8=,0938400392eH
B(3)s,343008039%H
Blbys~,7320393840H
0(9)81,0179%646)0M
8(6)s=1,006035964%H
8¢7)21,1560359060eH
Bi0)s,3046224937eH

'CALL PRPLX1,VisAF)

D0 23 JsieN

V3t rsystyd

Vatarsvatyd
FlJ,B)my

"ealt axgtxf.vz.ro BKKoHY
,0019(10501000 1003,1002)018kK

IrPt3A=7)118,340118

‘H3He 2, .

0 35 Ksl1,3
L88eK
‘MeleK

‘00 :3% Jsl.N

"Jot"""“’
D0 .36 Ksib

00 .36 . ysisN

FCJoRDIBFLILJ KD

~D0 -90 Jslo8,

Aldrsaggle2,
B(JysBcylre2,
lasg

‘X1sxion
.00 24_Kgsle8



¢

¢

00:24 Jui N

26 yeLYIay2iddentkdortyix)
JSALL PRPURL VR AF)
00:260 'kely?
00 26 JsisN

6 VttJtlva‘Jiyltut'rta.xo;i
00 29 JsirN .

29 Vitgdeygtydepebyonriy):
00%0(206)3807) xp18

107 00 28 JONKV , ukY

- trcaoscvxta»-v!ca’l-cacat:ao.ac.xoo
88 ON1lNU¢ N
Oo 29 JsNKV,MxV.
l'tAllcv$CJ’-vl!J)34!8043liOol’oitﬁ
116 lAsp
8o0t%0 106
2 ;outtuu¢ o
NuNe . ' -
C1AviAey >,
" APCIA=3)31031,200, , 1%;@

‘{z 0033 Kslé
00 33 JsiN

L.’.“" ‘

33 FiltyeKkasPid, L)
e - Ly

106 00 30 xsi,?
+ 00 30 JsiaN

30 FldikImFldokey)
S0t0 104

C weN/2

108 Xisxien

33,9

0o 37 Ksleb

TREBYme(fllL 2 30.3019323 yez- 19¢0,00206709,)02
@ ®33932,)92413063,)/8040,02¢4..

CRET)S (S 2=27,0020209; )00 t“So:°!°5t0‘o’°l
- «8020,)0265060,)7720,02

THU6)Be((00((22264)029270,092=3420. 10563929, )08

- ©3276,)4202%20,)7240402.

lt!)-tcctccz 2%,00242647, )oz-zaxg.;-zosg;z.:.z
‘- ‘3796, 30!0!6'0.3/166. z

TRIAYE«LELCL(2324i0020226., t0z01096.tozoag£s.)oz
. ©2082,)0243260,)/7344062 .

nts»sttltt‘z 23.,%020207,002-925, *01023660"1
‘- w2412,)024008, g/tso.ol

CRE2YBe (il 2 zz.>~zotvo.)~z-02n.:Ozoxac’.toz
v OQQ’Q.‘020‘500’17200.1

CRULIBC((tCt2e23,002e875)02¢ 1!9.,0101626 Yol
. -31766, :.20720 )/5060.02

2°¢3°x::: N - 40 FCI,LIZFILI,K)
o; SsthoG : Do &1 J=3sN
30 F1H0iKIRFLIUILKISRELIOFLY,L) v2tyr=y3i),
.37 qsl-), . 41 yito)Iey3ly)
D0 39 xe3,? 00 51 Jezi.,8
LEKeK=8 ' ©ACJIEAL ),
.. 00 39 JeioN 9 :¢:,=gta’~.s
39 Fld,LdzptJdexk) SHe,
' 00 40 Kzl.é ' . G0To 119
© L82eK=). ) 1000 ::;uan




2.2, Ihterpolation according to Adams (G02~iDINT), /31
l, besignation. The subprogram allows in tne process of integra-
giun by the method of Adums of the system of differential equations

Y=F(t,Y) , where Y, Y, F--N-dimenslonal vectors, the computation of
the values of the desired functions at the moments of time t u? not

n
multiples for the step of integrati:n,
e Structure., Subproyram ADIRT,
3. Conversion: CaiLL ADIRT (4, F8, ¥, YR, M, H, N).
4o Inltial data:
im=valie of the variable Xiz(bk"tnu>/ht' where t  --given moment of

tive, ht--step of integration, tk--current value of the variable of
integration, corresyonding to the conditicn: t,&--ht less than tnu
les: than tk;

F8--block of dimension (N, 8), containing those produced from the
desired functirns in the eight last points; tk-?’ tk-é’ "‘tk5
¥Yw=block of dimension N, containing the values of the desired funce
tlious at the point by

M--number of interpolated functions (M les. than or =N);
H-~step of integration (ht);
N--order of the system of “equations,

%o Results: YR-~block of dimension N, containing yj(tnu)’

j'-'—'l’g-. M.
’ 6.’Algorithm: We introduce the variable Xi=(tk"tnu>/ht’

(tnu' hy and t, determined above),
The value of the desired functions at the point tnu 1s computed by
the formula yj(tnu)=yj(tk)'“ht sisEfV fi,J psi; /120960,

where J=l,..,., M less than or =N; ri,j ~-values of the right members
on the points by (1=k=7,4.4,k); yj(tk)--values of the desired fun-
ctions at the point s



Yho7 = (E-72E7 4 700£8- 35265°, omaskts 1411283, Be20ER),

Vp.o =—(2IE-52887+ 5320E8-2755285, reseti-114128E3, 705602

Vh.s = (63EP-T656E"417388E5-9824085, 2701448405216 25401683

vy -4 (1056528808 43164055 17740885, 5344505482656 083 +

\ +52520082),

Yp.s = (10582-30004743458058-204792E5,653520£4- 106288083 +

| +7086008) ,

Yo =(63P-18728742268068- 14313685 40505484 88603223
+635040£%),

Vaot = (218P-648Y" 4826058 -5594485, 2143684 440568E3,142336052),

vy  =—(a8P-0eE7+1288:5-0408E5 406 1454 10505653, 15681652 -
-120960). ' -

Rraeparypa: [2] .

SUBROUTINE ADINT(2:F, VYR MIHIN,
DIMENSION FIN,8)sVIN)VRIN)IRES)
RELISLE(U((3, 02T2,)02¢700,)02-3528,)07
S 49744 ,%0214112,102400b0,)0
REIZ(((LC1e2),80¢5326,3025320,)%24275%2,.)002
- “77658.)02°114128,)01-70560,)02
543180010163 ,02°1656,)e2+17380 Jole93240,)02
# 270166 ,)02405216,)929254036,)02 .
REMIS(((((la305,9202880,)02-33040,002+1774008,)09
- ©834450,)02026560,)62°529200,)0
RES)S(CE0CEL05,02-3000,)9203658,,)02-204792,)0}
. ©653320,)02-1002880,0027053400,)02
RIGIZ((((C((=63,0203872,002°22687.)%2¢143136,)02
- 2498034 ,)02480867332,)02°635040,)02
nlTIBCELI0E2) ,0206408,)02%8260.00253044,0°2
. ©214368 ,)02-449568,102¢423340,)02 .
REBIS(((llE=3,02%08 )02-5288,307%0408,)02°60634, )02
. ©105056,)02-158816,)°24120940,
DO 1 JeloM
1 VR(y)=y(J)
DO 2 Ke}id
R(K)sR(K)eHe2/12006¢,
PO 2 Jzyem
2 VRUYI=yR(JIdep (S iKIOR(K)
RETURN
END
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Chapter 3, SUBFROGRAMS, ENSURILG IN THE iRCCES. CF INTEGRATIUL CF
THE 3YSTEM OF CRDINARY DIFFIRENTIAL ECUATICNS THE ATTAINITG OF THE
FRESCRIBED VALUES CGF TH® FUNCTI NG FR M THE SOLUTICYN (INDEX H)¥

%¢le Arriving at the prescribed value of an arbitrary funchion
from the solution (HOI-REACH) in the process of integration,

l. Designation., In the process of integration of the system of
differential eq.atiuns (2.1) the subprogram REACH allows one to
determine the value of the independent variable TR, corresponding to
reaching the glven value FRl of an arbitrary continuous function

phi (T)=FRELCH(T,Y), Y--N-dimensional vector,

2., Structure, OSubprogram REACH, Utilized external subprograms:
ADINT(GO2), subprogram--functi.n, FRiaCH (compused by the user).

%+« Converslun: ;
CALL RwsmaCH (T, Y, F8, H, E, FR, FR1,FRK, TR, FR2aCH, N, YR).

4o Initial data: T--independent variable;
YY-—block of current values of the vector Y;

I
FG-=two~dimensional block (I, 8)--values of ripght members in 8 points
with step Hj

H--value of tre step of intexrstion;

FREACH~-designativn of the subprogram--function, computed

phi(T)--
FR=-~current value of the funciion FREACH;

*For the subprograms of this chapter the conwversion must take place
in the process of integration of the system of differential equations,
i.e. from the subprograms BKK, to which is transferred the regulation
frc? the subprogram ADAMSF (see par, 2,1) after each “Btep of inte-
gration,



FRK==value of FREACH at the previous step of integration (at the /24
poinut T--il);
FRI~=given value o1 the r.nciion rReACH;
N- order of sy:stem ol equations;

a~=ullowible relalive error, ansuring the choice of vulue of the
independent variable TR, satisfying Lhe relationship

FRI - FREACH (TR, YR) <
 AF . :

E

whe,e delta ~-increment in the functln T"RICH froan the step of Llate-
gration,

Note 1, Subprogram --function KFRSACH, comrosed by the user,
must have the form: FUNUTLY FrOACH(T,Y), where T--independent
varliable;
YN—-block of current values of the vector V.

Note ¢, Functlo. ruwaCl must be wescribed in Lhe NATHLEL
subproglqim, using Lhe subprogram nnaCll,

Note 3., Before.ume_of  subprogram wmACH 1t 1s necessary
to find that moment of ltime in ithe process of integratioen, for
which is sutisfiend one or the relationships
FRK less Llumn or =rRl lews than or =FR or KRR preatur then or =
FR1 greater than or =¥R,

ro Resulis: TR~ value of indepencent varicile, corresponding to
reaching the function FrUACH oi the value FR1;
?RN-—block o values of the desired functions Y at the point MR,

o Algorithm, Let us consider, in the process of integration of

thie sy tem of ecuations (Z.1) a continuous function phi(T)=FREACH
(T,Y0, where Y--N-dimensional vector, taking on the values FR at the
current moment of time T, FRK--at the so.eni of time T, =T--H,

where H-~-step of integration, ,
It is necessnry to find the moment of time, for which the fun- /35

ctlon phi(T) takes on the vualue ¥R1.

Under the condition, that there is fulfilled one of the ine-
qualities RK les than or equal to FRL less than or equal to FR or
FRK greater than or =FRL greater than or =FR, we determine FzFR--

We set some epsilon greater than O, If the absolute value of
xil is les.: than or =epsilon, that moment of time TR=T~_x11H glves

the solution of the problem proposed. In the opposite case, using
the subprogram of interpolation by Adams' method (par. 2.2), we de-
termine the value YR at the moment of time TR and the value P=phi
(TR)=FREACH(TR, YR).



30

For the new iteration we determine x! .+ (P-FR1)/delta F, we verify

the condlition absulute value of xl,les.: than or =epsilon, If this
condition is satisfied, then TR:T--xi1H--xi?H gives the solution to

the propvsed problem, oth- rwise we go on to a new iteration and so on,
7. Text.

; ' ")
SUBROVUTINE lttcu(1au.f.Hoto'Rofﬁl.’“&o?ﬂv'l!lﬁ“o“lv
DIMENSICON V(u)ortuoutovutut

- 2 ‘

I::Ibscrt;ox)orcz.xiortsoxi)-t.p.1Sit.;.
s opspReFRi

plepR=FRK

wsé,
3 wispP/02

htﬁoﬂa

Rzy=Wep .

If‘lﬁS(hl"‘E)llloa "
2 cCALL loguttw.r»v:va.u.hs

pPeFREACKH(TR,WR)

ppsp-FRY

sovTo 3
i RETURN

END
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342 Leterminatiion, In the process of Integration, of the minimum/ 3o
and maximun of an arbitrary contlinuous functlion from the solutlon
us functions of an independent variable

(HO2-EXTRM, i'aRAB)

1. Designation, Subprogram EXTRM determines in the procer. of in-
tegration of the system of equations (2,1) the minimum and maximua
of an arbltrary continuous function phi(T)=FREACH(T,Y),

where Y--N-dimensional vector, and tne value of Lhe independent
variable, corre:ponding to the minimal and maximal velues of this
function,

7. Otructure, JSubprogram ESTRM,

Internal inputs: |[ARAB, ,

Util%zed externsl subprograms: ADINT(G02), FREACH (comprmsed by the
user).

General blocks: /BMIN/,, /BFC/,, /B3M/,.

%, Converslion: :

CALI. EXTRM (T,Y,F,H,r1,12, FMIN,THID,FHAX,TMAX, FRW.CH, N, YR)

4o Initial date: T--independent variaile;
YN--block of current values ut vector Y
H-~step of lntegratiun;
Fewtwodimensionul bloeck (KN, &), containing the values of the rigut-
hand sides at & pulnts wiih step H;
Fl, 1Z2-~permissivle relatlve errors, ensuring thue cholce of
extremun, satlsfying the relaticnuships

FIE-@(TE) | TIE—TE
;’ )l<Pl |

A lemn l N

< P2,

where FIZ, Tli--value of the funcilon and of the arpgument corres-
ponding to the sctuul extremum; phi(TE, TE--aprroximate values of

the extremum of the functin and the corresp.nding argunent; deltabF--
increment in the functiun phi(T) for the step of integration;
h-=order of the system of enustions; 37
FRUACH~-deslgnation of the subprogram~--functi n, computed phi(T).
Tnis subprogram is couposed by the user and has the following
construction:

fUMCTIC N FRIACH (7,Y)

where T--independent varicble;

YN»»block of valuns <1 Llhe vector Y,

wote. inue name of the subprogram-~fuunction FrREACH nusi ve
degcribed in ss udlvil subprogram, used foir subpregram wXTRM,

5. Results: FMIN--last local minimum of functiuvn FuisfH for
the interval of time from the beginning of integratiocn te¢ the current
moment; [MIN--moment of time, corresponding to the value FREACiH=
FMIN; FMAX--last local maximum of function FREACH in the same time
interval, TMAX~--moment of time, corresponding to the value FREACH=
FMAX; YRNnnblock of values of vector Y at the point of the extremum,

6, Use of the domain COMMCE: After the beginning of integration

3l
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ﬁn %heﬁblgck COMMUR/BRINAHT, HZ one must substitute these values:
1 =( =0,
'1n tne block COKKCN/BRC/l at eaach step of integration it is

recesagary to aduress the current vaiue of the funcllion FREACH,

In the block COMMUN/B3M/., the subprogram EXTRM addresseas the
valua of the step of integration,

7+ Algorithm,

Let lC, HZ, H1 be the values of the function FREACH &t three
consacutive momenis of time ti‘ t,=t, t?zt-h, t3=t—.h-hr where

h is the step of integration, h,=h for integration with constant
step (for Integration wilth automatic choice of step h, may be

diftferent from h).

If the inequality (H2-H1)(HC-H?) less than O is satisfied, /38
then the extremum (for HZ2-H1 greater tnan QO--maximum, for HP-H1
less than O-~minimum) is found in the time interval Etj, t)e

Ye will term such 2 situstion extremal, It reusins to determine more
precisely the moment of time, corresponding to the extremum, and
tiie value of the extremun,

We proceed from the momenis of tine t; to the moments taui

:(t—tL)/h; then tau,=0, tau.=1, tau3:l+h1/h correspond to the
values of the function HC, Ho, Hl.

For convenlence in furiter discussions, we shall rename tle
moments of time and the corresponding values of the function,
starting fruz the foliowlnp considerations.

Ecam |HC-H2I<|\H2-HI| ey , By=H2, x =ty=l;
Eca \HC ~H2|>|H2-H{|tien ,  By=HZ, X =1,=13
.82=Hl, xzzta""l"‘h‘/ll- ’ 83=HC, 1'3=1:|=0.

Thus, we have 3 values of the funct un By for three values of

tiie nrguments X We construct a parabola, pasiing through these

points, and find the value of W, the argument of the extremum guaran=-
tevd by this parabola.
Turning to the subprogram of interpolation fellowing Adams
(par. C.2) with the obtained value of W, we determine the value YR
of tue vector Y at the moment in time TR=t-Wh, then the value HR
of the function FREACH at thlg amoment intime,
If the absolute value of(HR-Bl)/delta F is less than epsilonl,

or the absolute value of W-x, is less than epsilon,, where
epsilon,, epsilen2~—given values of the permissible errors, deltaF

=HC-H2, then the problem is solved, otherwise we go on over to a new
iteration, using the values B3=BE, B?=B1, 81:HR at ithe moments in

time Xz=X5y X=Xy, X;=W and so forth,
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8. Text,

SUBROUT INE !X?ln(?oVafonoPi0Pan;il~o‘“lN0’ﬂlloT“l'0

. FREACH NoYR)
OIMENSTON VINYorFINIB)IVRIND
CIMENSTION X(3),0¢(3)

COMNON /08SM/S?

¢ COUNON /BMIN/HL N2
cComMpON ,BFC/HC
trin2ii, 2,1}

1 JFinyd3,90)

3 WisH2epy .
W2SHC-H2
l"'ﬂ"}!""’.?

6 JPLrpty, 30eF (2,

30 XSSIGN(3 .2 WNY)
BclysN2
xtl1)sy, ‘
X(3ysd,e82/y
IF(CHC=HIIOK)0, 090

8 8(2)sKC
x(2)s0,

CXEIRLT
6070 10

9 Bt2)spy
Xt2)sX¢y)
8t3)ane
x¢3)=0

10 CALL PARADIX B/, XM)
nEXM
CALL ADINTUXM FoVIVRyNIHoND.
TR2T=NoN
HRSFREACH(TR,VYR)
IFC(HR-pl3))oK)23,21,20

20 JFUARS((RR=B8C1))I/N2)-P1)23021,2%

23 -1FLABS(xM=X(1))P2)21021,26

24 DO 26 Jzhe2
L"-J
x(Lyaxt=1)

26 BtLysp(L=1)

BIL1)ENHR
xtiy=xp
GCcTo 19

25.hR2a(Y)

2) IF(K)32,33.33

32 FMIN=HR
TMIN=TR
6ecte 9

33 FNAX=HR
TMAX5TR

S,FH,:Hz

- 2 H2=HC
$2zy ,
RETURN
END

1)0F(3'31130,5,30



9, Tho subsidiary subprogram FARAB, intended for the determi-
nation of the extremum of the parabola, raaain% through three pointas:
phi(x,), phi(x.), vhi(x;) of some function phi(x),

Convarsion: CALL iARAB (X, B, XM),

Initinl data: xgn-block of values of tle argument, 8%--blcck

of values of the function,

Results: XM--value ot tle grguﬂant; glveing the extremum of
tie purabola, pus. ing through the glven 7 polnts,

A‘gorithm, Let the values Ry of sowme functlon phi(x) be
known for three values ! the urgﬁmant X Bizzphi(xijc

1t is neccesury to determine AM=--tne valuae of the orgument, giviug
the extremun ol tne parabola, pas.ing thaoagh tne Indicated values

B,i.'

| (BB (zi=x!) —(By-B )= = %4)
M = -%.ZEZQ—B,)(-;:' x,) — (By=8y) (=, -x,)

Texce.

SUBROUTINE PARABCK: 6o KH) “
DIMENSSON X(30,B(3) nt2),TE2)eT2¢2)
vsKiL)ext))
00 3.982,)°
WEIFEImp () =p ()
tta-tt-xx:i;xct” y
T2t3ed)sxiddoxigi- : .
y xzns:othx»ofzcz»-w‘zwbrztx)11:wc1v-1g;z.ucz:ov¢1»t
RETURN®
END

34
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3.3, Exit of *ue AE8 st tue ancending node of the orblt (NO3-NiDU) lul

1, venignation, Tue subprogram permits one Lo determine in tne
process of integrution of the mystems of souationa (1,1) vr (1.,7)
the moment of tine, currosponding to the zgg ~~~= inr the agcanding
nole, and also the coordinstes and componsenis of tre velocity vacto:
of the ABS =t thir moment i{n tine,

Pe Oiructure, Subprogram NCUZ,
Utilized external subproprams : ADINT(7C™)

General domain: /B K/n, /RIN/,,
%. C nversion: ‘ " CALL M Q)E(TQ?QHpFﬁ, TV) ?V’ I‘”:ﬁ).

e Inttial dnto: Te time;
Yt~-blnck of current velues X, Y, ., VK' Vy, V.1

H-=gtep of integrating '
Fé-vtwo~dimenslonal block of dimenslon ((,d), contulning the vai.es

of k; i;

LBe~loop nuaier

] L]
y Vi Uy, V. produced at 8 puints: T=7H, ..., T-H, T}

e Renults: If TV iu ,reuater tuun O, then TV, YV, ~-momenit of
time and block of values Xv, YV, ﬂv, VXQ VYQ V%ﬁ corrgspundlnn
to the AES cros:sing tne ascending node,
Yote, If the conditi n of exit of ABS st L‘he ancending node
in fulfilied at the take~of: stare by the meticd of Runge-Kutta
{(Leoe initiul conditions nre gilven in tue vicinlty of the ascen-
ding node), then the procedure of determining mor- preclisely
the meerent of exit at Lhe node 18 disconnected, nnd the loop
number (NR) is increused by 1.
the Umg of Lic dosain COMNNCIY,
safore the beginnlupg ot integrati n in the bloek € ¥/7K/K,
“KL it 18 neceunsiry to address ihe value (t ) to the place .K and
TKN; in Lhe bloek uulied N/BIN/INOD ons nets IHCo=1,
7o Slgorithm,
In the proceas uf integratlion of enuat® «us of motion of the AES
one deterrines "he moment of time t, for whicn ie fulfilled the
condition: O{t~h) .5(L) les. than u, "{t) greater thon O,
Starting from the value of the parameter xi, (%), delir . il
wucre delta “a’(t)-=Z(t=h), using L. suoprogran of Lnteryolrien '
acuording to Adams (par. 2.7), we uelermine the values Xv, YV’ 3V

V., , VY y Vo at tue mument of tiuwe t =t-xLih, wuere h--stop of
Av V «JV nu
integration,

If the sbsolule value of av/dalta % is less than epsilon as
given, then tv, XV’ YV, Ev, va, VYV, VSV give the solution .o
the rrovosed problem, If the conditi n is not fulfilled, then a
new iteration is carried out, starting from the value xi?:xi? +



-
mw(‘g?;f“l‘ Fo e gen

b e

Zy/delta & and so forth,

Note, The chosen value epsilonalo'7 (variable EN, value
of which is given in the operator DATA) ensures exit at the ascending

node with an error, not exceeding 2.91 m, for the AES with apogee
on the order .f 500 km,

{te rext.

SUBROUTINE NDOE (X VoHyF TV UV IND )
:?sczszon VtglovVCO!.ftc.il
oava:lult.:-vti “‘
MHONZOZKR/2K» 2N
:gﬂﬂgzlogulgnoo
ALALTY | Iy )
KeSIGN{L, e N)
u.acs:o:n;"
CTISE LN o ., B
?: :::&:8:l¢101m9r¢80Lbor(:‘li)-§e.sf)xo¢4g,e
.30 8070: C1403V0gN0D |
36 INOOsg°" °° ~
" NOBNBeY:
. @¢o%0'3° s
8 1PCVYEIIOKIDeTi Y’
? D2SVYEIIAEK:
(1152 2X4'13 .. .
9 CALL . ADINTIN ) FoVIYViGoksb)
WisVVEL3IZDL. ‘
WeWNeNY .. 3 AR
IrsABSINE Y ENIL3iLL,S |
ui TVEKPWOW © |
'3 IK=VI3); :
RETURN’ -
END’

Fesse ueteraiuction in the process of integration of the minimal and
maximal elevation of the AES above the surface of the terrestrial
eliipsoid (HO4=-=AP3IB),
l. JPurpose., The subprogram :FsI3 allows the determinatior of
the minimal and maximal value of the ele vation of thie ABS zbove
the sarface of the terrestrial ellipsoid in the proces.s of integra-
tion of the eauations of motion of the ags (L.1) or .(1,2),

2. Structure. Subprogram AFSIS.
External subprograms employed: HEIGHT(B10)
ADIKT(GO2), I'ARAR(HOZ2),.
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Common blocks: /B&K/?, /BAIS/S, /BKC/l, /BSE/I.

3, Conversion: CalL ar31s (T, ¥, U, F&, HMIN, HMAX, 18KK).
4o Initisl data; T--time;
Y~=block of current values of X, Y, I, VX’ Vy, VZ :

H--step of integration; ]
F8-~two-dinmensional block (&, &), containiig the values of
X, Y’ 4’3’ VX’ VY’ V
ooo.T;
BKK~-varisble, controlling the exit from the iLntegration by tue
subirogram DiMst (par. 7.1)

b, Results:
AMIN, HMAX--nirimsl and moximal values of the elevation of the
AES above the surfaece of the sarth's ellipsoid in the time interval
froe the beginning nf integration (or from the start of the loop)
to the cur-ent moment of itine,

derived at tine moments of time: T-7H, T-0H,

X3
L%}

Remark 1., In order that HMIN, HMAL be determined as mininal and

maximal values oif the elevations not on the whole interval of

integration, but ou each louvp sepwralely, Lt is necessary to address

the valaes HC-~of tlie current altitude of AEs.-at the moments of
e¥it ot the AES at the orbital node for HMIN, ‘IMAX,

wuriaed e 1f Lue extremal situatiun arises in the starting
porticu, then the variavle IBKK recelves the value 7,

In tids case tne program of integraiion ADAMSE automatically
reduces the step in nall, swiiches out the inflnence of KIl on the
cholce of step and begins the sturt from the initlal point., After
HMIN or HMAX is found, IBRK receives the value 4, the initial step
of integration and the influcence of KFI on cliolce of step are
automatically renewed, anu a new st rt will begin from the initial
point and the integration enters the standard regime.

6. Use of the domain CUNMON,., Before the beginning of inte-
gration in the blocks COVIION/BZK/UK, SKN/BAF 5/1HM, H1, H2 it is
necessary to give the vilue (t ) to the variaules 7K, 7KN, to set
11M=1, HI=O, HZ=0, 0

In the block COMNON/BHC/HC at each step of integration it is
necessary to address the value IIC, current elevations of AES above
the surface of the earth,

In the block COMMCN/BSZ 1» the subprogram AF3IS aduresnes the

value of the step of integration., In the block COMMIN/RTAFS/
gMIN/TgA% are addressed the moments of time, corresronding to
1IN, HMAX,

7. The Algorithm is completely analogous to the algorithm, used

in the subprogram EXTRM(HGZ2), only in place of the funclion FREACH

one uses the altitude of aAgs above the surface of the earth's ellip-

s0ld,.
For the permis ible errors uare chosen the values epsi10n1=

0.0001, epsilon,=0,01 (variables Pl, F2, values are given to tuesc
by Lhe ovperator DATA),



8. Text,

SUBROUTINE APSIgCT Yol oF sHMEINIHMAR, JBKK)
DINENSION X(3),0(3))VRe6)eF(600)
DINgMNSION Vg4)
DATA P1,P2/,00034,08/;
ConmoOnN/ps2/32 .
COMMON ‘/BAPS/tHMINE,/. 2
: CONMON/BZK/2K ¢2KN
: CONMON/BHC/NHC
COMMON/BTAPS/THINI THAX
1 SALTRETE S XX
11 HMINSHC
HMAXSHC )
‘' 6070 2
1 1F (133,93
3 Wisn2eMg
H2sHC*H2 .
1Ptnionp) bes, ’
& JPEF (a3 ef(2,)39¢F(3:29930,32,30
.31 GCOTOCS3,91:5)0HM

e gy

81 1Hng2
’ 1 1{{})
16 Hiwg
H2®0
IKsZKN
RETUPN
30 KeSIGN(L, N3}
8(3)rsK2
x(1)el, 10 CALL PApABIX,B,XM)
X(3)88,082/n CALL APIMT (X" ,F ,VIYR 69N, 0)
IF((HCoH1)*K)9,8,08 CALL HEIGHT (YR ,HR)

8 Bl2)sHC H’((HR-Q(“,.K):S.ZMZO
X(2)80, 20 1F(ABS((HR=8(1))/M2)=P1121123+2)
B(3raM] 23 [F(ARS(XM=X(1))eP2)21,21,24
6oTo 10 24 DO 26 J=1.2

9 B(2)eH] LRy
X(2)2X(3) X{tLyeX(L=l)
8(3)sHC 26 B(L)IsB(L~-})

X(3)sXn
Goto 19
29 HRsp(})
21 1F(K)27,28,28
27 IF(HF=HMIND32,29,29
32 HMIM=HR
TMIN=TaXiteH
Gotop 29
28 IF(HF=HNAX) 20,290,333
33 HMAX=HR
TMAX2T X MaH
29 GOTO(S5,»53+5)¢1HM
83 JHMz2
J8KK=4
Go‘l’o 16;
S Hian2
2 H23nC
: S:'H
. RETYMPN
33 END
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CHAPTER 4, SUBKFRCGRAMS FOR COMBUTATICN oF THL VALUES OF DIFrBr:ENT
FUNCT§‘NS FRVM T 0 FPARSMETRERS OF MOTION OF THE ABS  (in-
cex 1),

4kels Right uscension of the AES , local lime and zenith distanne of
the sun (IC1--RIGHTA, TLCC, ZDSUNL, SDSUNC),

1. Purpose, The subprugram TLCC for known geographicsal longi-
tude (lambda) of AES aud miderval time (S8T) determines ihe right
ascension of the AEs.

The subprogram TLOC for known geographical longitude of tie
po:nt (lambda), sidereal time (ST), end ripght ascension of the
sun (alphao) determines local tine,

The subprogram T.DSURL for known geographicx«l latitude (phi) and lon-
gitude (lambda) of aopoigt agd for the directed cosine of the radius
vector of the Sun (x@, Yor Zg ) in the Greenwich system of coordin-

ates determines the zenith distance of the sun.

The subprogram ZD3UNC determines the zenith distance of the sun
for known directed cgaings og the normal to the surface of the
garth's ellipsoid (xN, yg, Z§ ) and for directed cosines of the rad-

ius-vector of the sun (x@, Yoo zi)in tne Greenwich system of coor-

dinates,

‘ 2. Structure. The package of lndependent subprogram-functions:
gIGHA, TLOC, [DaULL, WDIUKC,.

Comuon domain: /CPI/B, /CDZGR/, » /CHRAD/,,

Remark l, OSubprogram--function ZDSUNC refers to the subprogram-
function AD3UNL.
%. Conversion: A=rIGITA (3T, ALN),
TL=TLGC (3T, ALN, A3),
A6=0DSURL (ALT, ALN, X3G),
A5=0DSUNC (XNG, X5G).

4. Initial data; ST--gidereal time in radians; ALT, ALN~--
geographicnl latitude and longitude of the polnt in radians;
AS-~rignt ascension of the sun in radians.

Block XNG, --directed cosines of the normal to the surface of
the earth's eléipsoid at the point underneath the satellite;

DBlock X3G,--directed cosines of the radius vector of the sun,

5., Resulls: &--rjg . vscension of the AES in degrens;
TL--local time in hours;
a==zenith distnince of the sun Lu degrees,

e Use o0f the domain COMMCN, The constanis from these blocks
are used: CUMMQN/’CPI/"5 ) /CDEGR/1, /CHRAD/, (see 920, No. 1, &,

3 table 2.3). : *
7e Algorithm, Right ascension of the ALS.,.-lambda , local time
——t@ and the zenith distance of the sun -—ﬁsg are determined ac-

cording to the following formulas:

{46
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B B S L

A s K+ST,

t@ - A‘ —C‘o'fjf,

) o 0
co8ZSpm Xy Xo+Yy Ve *ZnZT or

¥

3. Texts,

FUNCTION RIGHTA(ST,ALN)
COMNON ,CDEGR/DEGR .
COMMON /,CPL/PIsPID2,P12
TESTeALN
KsT/P12
TsTexop2
RIGHTA=T®DEGR

. RETURN °
END

FUNGTION 2DSUNCLXE,XxS6)
DIMENSION XEC(3),XSG(3)
COMMON/CPI/ZPI,P1D2,p12
COMMON ,CDEGR/DEGR
Cs0 . C.
- 00 3 Jsy3 A
3 cEXEtJ)eXSGrJrec .
$sS@RT(3=CecC)
A irte)?,007
8 Is=plD2
" 60%0.11
T LSEATAN(S/C),
1Ft28)10033,11
10 15228ep]
11 20SUNC=2SeDEGR
RETURN S
END

Lecs Geomagnetic coordinates of
(I02--GMLL, TGEOM),

FUNCTION TLOCULST ALNIAS)
COMMON/CPL/PIoP 102,032
COMMON ,CHRAD/HRAD
T=STeALN=AS+p]
IFt)Vb,8,9

TsTepl2

toTo0 O

xk=T/P12

Tzl-KOP {2

TLOCxTenRAD

RETURN

END

FUNCTION ZDSUNL(ALT,ALN,XSG)
DIMENSTION XSG(D)rXR(D)
coscoStaLT)

"XR(3)=COSC(ALNYeCE

XR(2)3SINCALN) eSO

'RR(E3IZSINCALT)

LOSUNLx20SUNCEXRIXSG)
RETURN
END

ki —————e

t.e AES, geomagnetic local time



1. rurpose, For tuhe point, given by directed cosines (xn, Yy
ZN) in the Greenwich system of coordinates for the normalto the

earth's ellipsold, one determines the geomagnetic latitude und lon-
gltude (subprogram GMLLO and geomagnetic time (subrrogram TGECH).

e otructure., OSubprogram GMLL and subprogram-function TGECM,
General domain: /CPI/3 » /CDTGR/, , /DGLL/n, /BGS/ .
3, Conversion:; C,LI. GhLi. (XhG, GLT, CLM),
TH=TGECN (XNG, X3G).
4o Initial dnta: Block XNG,-=dlirected cosinres of tiue normal

to the nurface nf the earth's QliipSﬂid in the uyreenwich syste
of crordinates; the block XSGB--directed cosines of tue radius vec-

tor oi tne sun in the Greenwlcn systen of coordinates.

e Resulis: GLD, GLN--geomagnetic latitude and longitude in
derre 8
TM--local geomugnetlc time in hours., ' '

ue Ue ol ihe domoain CUMMIN., From tue blocks CUHXON/CFI/3,

e

/CDEGR/1, tue constanis a e used (see (), Nos., 1, ¢, table Z.3)
In tue block CukMulN/BGLL/GL'T, GLN tLhe¢ sabprogram TUEOM
gives the value ¢f the geomagnetic latitude and longitude of the
point, in the block CORMUN/BGS/SLT, SLN~--the values of the yoomag-
netic latitude and longitude of the sun (in degreos),
7. Algorithm., The geomagnetic latitude phim and longltude

lambdam sre computed by the formulas:

SiN @y -.;c,g:é' :;ﬁz% +29 25,
2 A, Zasing, -zy ' .
x% = 0,71447078, 1y, =-0,I86126001,x5 =0,979924705 ~

directed cosines (in the Greenwich system of coogdinates) of the
radius vector of the geomagnetic pole (phi,=73.5", lambdaG=-69 e
Geomagnetic time TM:lambdam---lambdam@, where 1ambdama ~~geomnag-

netic longitude of the syn, Salcglated by the same formulas, as
1ambdam, if instead of Xy, yy» 2 one substitute: the values

xg, yg, zg, directed cosines of the radius vector of the sun inthe

Greenwich system of coordinates,
8., Texts.
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8 e I e

he

SUBROUTINE GMLL(XE LT sGLN)
DIMENSTION XE(3)
couu:u;cg:’ulo::;z .

N/ Pl 1. . :
.gggzctxgb.ovlqcvlit-.10&&300lxoup¢aby.ovtlatpsioute::
cFsSQRTii=8FesF) ‘

Irtefifedel
2 GLISSIGN(PLD2,SF)eDEGR
. 60%0 9.7 ¥ c T \
1.0LTsATANCLSF/CF)00EER
5 ‘WeSpe,979924203-XE(3) .
CTBNEC2)0, 0734470704 ,2053280000y8¢2)
RTZL T YX T A L !
4 GLNsSIGN(PLD2,CF
goto 9 .
3 GLNsSATANICF /W
1FiNIT, 08,0 ,
7 -GLUnGLNePL
GoYo 6 .
8 IrtoLNIDIbee
9 .GLNgOLNOPS2
& GLNSGLNeDESR
RETURN
© END

L

A3

FUNEYTON YU EGTEXE /X567
COMMON /BGS/SLY«SLN
COMMON/BGLL/GLY,GLN
DIMENSION XE(3),X8G())
CALL GMLLIXE,GLTI»GLN)
CALL GMLLIXSG,SSLT+SLN)
Wa(GLN-5LN) /18 412,
Irewys, 2,2 ,
WE24, oW
"TCGEOMzW

RETURN
. - . END-

N >



Le3, Auroral longitude, auroral time
(103--4AULONG, TAUR)

N 1. lurpose, For tne point, given by directgd cgsings of the
normal to the surface of the earth's ellipsoid (xy, ¥y 2y )

in the Grecnwich system of courdinates, ihe auroral longitude
(subprogram AULONG) and auroral time (subprogeam TAUR) are determined.

‘ £e Dtructure, Subprogram--functious AULONG, TAUR.
Common blocks: /CI"I/S' /CHRAD/1 ) /BﬂU/1 .

3, Conversion: AU=AULONG (XNG),
TA=TAUR (XNG, XS5G).

Remark 1, JSubprogram--TAUR refers to the subprogrusm AULCKNG,

4o Initinl data: The block XNG,--directed cosines of the nor-
mal to the surtface of the earth's el?ipsold in the Greenwici system of
cuordinates; block XSGB~-directed cosines of the radius vector of
tiue sun inthe Greenwich”sy:item of coordinates,

& Y% Result:: AU~-auroral longitude inhours; TA~-auroral time 1in
ours,

6. Use of the domain CCMM(N, From the blocks COMMCN/CII/,,

/CHRAD/, one uses the constants (see (5), Nos, 1, 3 table 2e3)0
In the block CUMM(M/BAU/AU the subprugram TAUR ad:resses the
value of the aurorsl longitude,

7. Algorithm. The auroral longitude lambda, ...  according tu /51
(t) i computed by the formulas: Ma -OfCte(A/B).-Sbﬁ b,i,' :

. =0,9804I4 x, - 0,831032 }, . - 0,I67062 2 :,

= -0,358629 X, - 0,523585 ¥, - 0,147968 z, . ,
@ > x5 »0,062724, ) .
a -'-" Vv - ov0223190
a = 2§ = 0,0I0589,

- RUCUI

L3

Auroral time Talpha =lambdaa1pha""lambdaalphae R 1ambdaalpha e
computed by the same formulas as 1ambdaalpha, 1f instead of

xg, y%, zgone substitutes xg, yg, zg, directed cosines of the

radiug vector of the sun in the Greenwich system of coordinates,
. Texts,
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‘FYUNCTION AULONG(XE)
'COMMON/CPI/PT,P1ID20p32
COMMON/CHRAD/HRAD

* pImMgNSION XEL(D)

- Xisxgtiye,06272¢4

xasxEC2)~.,022319

)=,010289
::::ggzIQ;X1-.3310520X2-o197061.33

Bre.3836290x1+,9235850K2°,1479630%3,
TN n '

2 WeSIGNIP1ID2,A)
6oTon S
{1 WsATAN(A/B)
1Pip)4,5:5
"4 wWeNWeP1
Gotec 3 e . ‘ '
s TPin)6id3°" A
6 WEWePl2 | T tuXgg)
3 AULONGE(W=,08803089)eHRAD ;gng;;gg“ x:?%:fxsctg'
. RETuRN COMMON/BAUY AU
IND ) | AUSAULONG(XE)
‘ i ’ AUSSAULONGIXSG) |
. wWshueAUs*l2,
~ IPtWI3,202
fl ws26,*w
2 TAURSW
RETURN
| END
lyoire Geomagnetic parameters B, L (104~ BL, INVAR, LINH3, STAR, /52

CARMEL, NEWMAG, INTEG, ASIN).

1. Purpose, Subprograms intended for the calculation of B, L,
the parameters of the magnetic field of theearth,

2¢ Structure. Yrackage of subprograms. Input for user: BL.
Internal entries: INVAR, LIKES, 5TAR, CARMEL, KEWMAG, INTEZ, ASIN,
Common blocks: /P1/1, /MAG/1204, /CEOM/E, /COP/B.

5. Conversion: CALL BL (XC, YC, C, NG1, TE1, B3, FL),

4o Initial data: XC, YC, ZC--Greenwich coordinates of the point
in meters, NGl1--number of harmonics considered (NG! les- than or =
9), TEl--period, for which arc computed the coefficients of the
expansion for the magnetic field of the earth, minus 1960 (for
example, if the period 1965 is chosen, then TEI=G),

f

M

'« Results B3--~-block, containing four actual magnitudes:

Bphi’ Btheta’ B.s» By coordinates of the vector B in the geographicnl

iy
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cyatem oi cuurdinates and ths mudulus of the vector B in degre s,
FL=wviige of L in rodii of t.a aarth,

6. Use of domain CONNUY,

In theblock GGH&G%/CG%/B are adures ed I, phi,, lambda, --
geogruphlc coordinates of tne magnetic--conjugate point (Hc in km,
phiq, 1ambdac--1n deyrees),

?, There is & more detalled description in (&),

4ebe Invariant geomagnetic latituds,

(105=~AIRLAT, CIKLAT)

1. larpose, The subprogram AINLAT determines the invariant
geomagnetic latitude for known values B and L, of the geomagnetlc
parameters, rhe subprogram OINLAT determines the invarian: latitude
tor tue tasis or tne line of force,

s otructure, Bubprograms-~-functlions AINLAT, CGINLAT,
Common block /CDEGR/].

%. Conversions: ALI=aldLAT (B, ¥FL),
ALO=CINLAT (FL).
4, Initial duta; D, FL--B, L--parameters ot the mugnstic
field of the sarth.

Te Results: ALl--invariant geomagnetic latitude indegrees,
aLO~~-invariunt latitude of the basis of Lhe line of force in degrevs,
e Use of tue domaln COMMCN: One uses Lhe constount from the

block /CDEGR/, (see (V) No. 7 tuble £,3)

7e Algorithme The invariant geomaynetic longlitude Lambda,
according to (6), is computed according to the formula:

, v A"" “fctg(m )y | /3
‘rze B -’zé,,a , ' a= 4 .QHM)__L .
b= 1,25921, b =-0,00308824,
b, =-0,1984259, b5 = 0,00082777,
b, =-0,04686632, b4 =-0,00108877,
by »0,013140%, 6, = 0,00183142,
ﬂnapnaa?raaa mapoTa ¥ OCHOBARAA CRJIOBO# XREHEH,

A =arctg (/T=T),

rpe B,[ - TeoMarmETAHe napaeTpH.
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8, Texts,

. LTI

PUNCTION OINLAT(FL)

COMMON /CDEGR/TESR

OINLATSO

TNEFL=},

IrcTNY2,2.12 .
L OINLATEZATAN(SQRY(TN))eDEOR
2 RETURN

END

FUMETION ARNIATERFL)
LOMMON /gnﬁcn/nsn;3:3333,;,lrl
AR(.3116%3/B)n0 (.
BazAal(((t(CAe.00183162-.00405877)04¢,00082777)0A",00308024)
‘e apm,01316008)aA=,0s688632)aA= 1084299)0A1,259921)
AINLATRD, oo
rnmy  /R2"),
1 AINLATEATANCSARTITNIIODERR
2 RETURN,
© END

1ebe Geographical coordincies of T-~point--points of inter- /54
section with the plane of the terminator of the line, connecting
the AES with the sun (106~~FTHERM)

1., iurpose., From the known Greenwich coordinates of theAEs
(x, ¥y, %) nnd the directed cosines of the radius vector of the sun

(xg, yg, zg ) one determines the geographilcal coordinates of T-~the

poi:nt,

2. Structure: Subprogram I'TERM., Cne uses the external sub-
program GECGRC (B10).

3. Conversion: CALL PTERM (XG, XsG, HT, TLT, TLN).

4. Initial data: Block Xﬂi--Greﬁnwich coordinates of AES ;

block X5G--directed cosines of radius vector of the sun in Greenwlch
system of coordinutes,
5. Results: HT, TLT, TLN--elevation ubove the surface of the
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garth, latituae and longituue of T=-poirt (rnples in radians).
&. Algorithm; Xy Yy 2o Greenwich coordinates of the T-

point, points of intersect.on witu tne plene of the terminator of
tlie line, connecting tie AES wiih il¢ mun (or co:tinuation of tnin
line), are computed with the Jormulasa:

. .0 , , o
Xp e X -Auxe, W -V-QgY¥e, 32=X-0u¥,,

. o“
agm X Xg +VVe +22%

.
- . b ' M

The geographicul cooralnstes ot T=-point s ‘i i the ale
goriiim par, 3,10 (%),
?. Tﬁxto i‘- s
SUBROUTIRE FT"™ -IXGINSGs*: «i” 1uN)
DIMENSION X@(3:, XSG(3)pXTI>" ‘
w20
DO 3 J=ie3 |
IreuCeXGl ) eYSG(S:

DO 4 JEys3

& XTtJ)expldlaCoXsBidy
CALL GEQGRCUXTiNT+TLY I TLNXT)
RETURN
END .

he7e Vmberainntion L ke “reenwich corrdinsten of the point,
given geoprarhlicnl latitude, longliude and elevation sbove the Bire
fnce of ti earth's el:ipsoid, and matrices of tue transformntion
froo the Greenwlceh to the palut sy tem of coo.din tessy, connected
with Lruils point (I 07--12150).

l. ifurpose, The Gre nwich cvuoruinntes (%, 00 ¥y 7y glare
determined for tne point Iy, piescribed geogrephical latitude, (phil)
longitule (1ambdui) and elevativn (hr) atove .ue surface of iie

surtii's eliipsoid.
"ne polui topocentric systom «i coordilnates, counceted with the pulnt
1y is determined in tne followi. s manner,

The orlgin of itlie coordincies coinciues with tue polnt I, tue
axls 1%, is directed to the nortn pole o1t the warth by tie tangent
tu the heridian of the point 1, Lhc axls Lyl—~by the external normal
to the sarface of the earth's ellipsoid, :hie oxis lzr completes tne
system up to tue rigut side.

Tune subprogram FCOINT determines the matriv of tie troustormstion
from tue Greenwich system of coordinstes to the poini sysiem,

e atructure, JSubprogram ifINT.
Com-on domain: /CAEXF.

L7



%, Conversion: Cabi bolol Gir, LT, 1LE, 2.G, G1).
4o Initiui watay I, iLT, 1LK=--elevution, 5aobzupniual iatl-

tuie, longituue ol ihe poini i, 7
"o Resuwlisn: 3Bluck XFG ==Gr'ecnuwich courainrules of tne puint i 26

GPn twodiae . o1 plouk (5, 4) wnbrin of the {rvansformation from

rEpnm;L: Byutew 1 cooralntie. Lo Ll cla. nystei,
e Uie of the domain CUOMMCN:T one uuses tue constants fron t.v

bl(lCK fCaLf‘alf: (83&' (,), NQ. ll, ’“Ule E.l)o
7 Alp rit m: Courdinutes of polint : in tne I3r enwicu ey .iem
ot enovrdlnste re delermined witn tue formulas:

Apg =(@e/A +hp) cos ¢p cos A, ,
=(ac/A +hp)cosgp sin Ay,

Zp =(a,(1-a)*/4 +hp) sin @p »

A = (cos'qp+ (1-a)'sin’y )"

illvha, ol ho=-gomimajor uxla aang couf iclent i compras:ian of

the cartio's elilpscia,
hotrix of tue traustoraoti o (uil;) from Lage Greenwicn s,8tem

of coordinites to Lue }UJ.IU; pystem (velvrniued Ln por, l), paler
biess b follosing form:

[~singpeshp - uin ¢p¥indp  cosgp)
[GPL-;] = | ©OSpp cosAp CO8 @p 8in A, ginc;;P
. " -Sin kp m‘ A’P 0 ‘J

[+5




S Ir‘ﬂxt:

SUBROUT INE POINTIHP, ALTP s ALNP, X |

DIMENSION Xp(3),0p(3,3) — ChreNPrel)|
CO”?O“IC‘!/QCQIL

cLecoscalte) :
SLegin¢alTP)

CLNsCOS(ALNP) .

:t:l:lN(:LN’l . :':!o33|SL

K83 enh ) P(3sdda=SLy
ALKSALKOALK . . GP(3.2)sCLN
ANBSQRY(CLoCLeALKOS 0SL) Gr(3,3120,
ASAE/AN XP(3IstasaLkenPyosy
Gpigogds=SLopN ’ Asbopup
GPl3r2)s="SLesiN XP(3)naaGPi2,])
6Pi3+3):CL XPl2)saabr(2,2)
GPi2/3)aCLogLN RETURN
6Pl2,2)sCLegLN END .

2 2 ». F N SN » :i. H i l’s x % s Wil A FEYRY N * - * 1. TR e 3
Telie aiv;?agé Prom Loe Gre opwict nysbten 0 aturman ten oy Lo paint £t
. 3 I3 3 P S \ . i : . ¢ M ,

topocentric forna, delormaiuntion of raaping, snple of loeniion,

9
nzimutin (103-=-1R1 X, TURN),
1. urpose, ddabpropras R for knowsn Tre nwich coordinaten
aof the AES (%, y, 2) /2nu Treenwicl o pilntes of Lhe polnt §
o 2, ) delerniuen oo courdinste: of agg (%, Yir 7 ) in

(XIQ’ g
point-toyocentric system of coordlnates; L, nulliued range
(distaace 1o 3 Lo int 1)y A¥, angle of locg tinn=-~anple vetween

radius vector of AES, unua tue plune, perpendiculsr to the axis ry‘
I3

of tue point topoccatric system of covrdinsters; ) aoimuth--~ongle
betweun uirectlon for ike sun (angle lx ) &ana Lhe projection of

i .
the radlus vector of btue AES on thie plane perpendicular to ine axls
by (o osite the hand of tue cloek). Tne components of the vector

- yig
of velocity in the point system of cuoordin-.tes may be detv:mined,
ugin  the subprogram TURN, intended for the maltiplicotion of tne
matrix of dimension (N, NS by the N-dimens!onul vector,

o Structure, The subprograms GRIX, TURN,

Uzternal subnrogroms utilized: GCLTLN (B10)

3. Conversion to GREX:

C }IL GRIX (XG, :{G}‘, {}E“, Xl (] ;};iL’ 'ﬂ:’ “’l::)o

Initial d-tn: BRlock XG,~~Greenwic!. coordin  tes of ABS; blocik
LGl ,~=~Craenwich coordin tes of point Iy Gb~-twodimensional block
(%y3)-~natrix of the transformaticon fr.m the Treenwichk to the point
syaste of coordinates.

4 3



Results:  block in--coordinltas of AB8 1in topoceniric point

system of coordinstes, DAL, AM, A4, determined above,

Lo Conversion to subpragram TURN.

CialL TURN (X, &, ¥, N).

Tnitlal deca:; X--block of dimenslon N; A--block of dimension
(N, N); N-~-dimension,

Results: Y--block of dimension N (¥=AX), /08
6. Algorithm

e

o . o I
f.wa Px "xpa'l v&‘p Ve

| i Yp = {GP U.] Y-Vpa|s |Up|" [GPU] Uy 15
1zp ] | %~ %pa] | Ve LYz
w . ~¢/2

DAL = ((x = zpg) + (¥ -Vpo) * (2~ -2p5)")
Ajﬁ = ¢2rCte .ZP/QUrP~+Y@.) ) ’
AZ = Arcig (Vp/xp} ’

(G;ij)~~matrix of trumsformution from Greenwlel system of coordinates

to the ,~ 'nt form;
7. Text:

our NE GRPXEXUG PGP XP DAL 1EMIAT)
gs;é AN R IR I P I T

00 2 Je33

. XtJdrexc(drexepiyl

2 DAL=lapeX(l)aXx(y)
DaLzSGRT(DAL)
CALL TURNIX,GP»XP,3)

oot |
| athand. ™ S

B
M
L

mtmo

' )
ottt SUBROUTINE TURNCXG/GPrxP i)
x(3yexp(2) CIMENSION XGUIN)sGPUINIJNI ) XP(W:
CALL GCLTLN(X,amoaZy| 5O 3 1520N
RETURN xpegizo,
END ‘ 00 1 J=1N
: 11 Xpt1)sxplIdeGPlrydex6ey)

RETURN

-

20



ite'e Transformation from the sbsolute system of ccordinates to
the solar-ecliptic (109--AB3ECL),

1, Iurpose, For known coordinutes of AES (X, Y, !7) in the
abrolute system of coordinates one determines the coordinates of
the ABS in the solur-ecliptic syitem of coordinuates, determined by
the following meuns: the center of the syitem O coincides with Lhe
center of the curth, axes cxce, cYce lie in the plane of the ecliptle,

the axis GXce directed towards the sun, uxis Bice perpendicular to  />J

the plane of the ecliptic and forming un acule angle w.th the axis
of rotation of the earth directed tow.rd the north,

2. Slructure, Subprogram “BikCL.
Subprograms utilized: GQCLTLN (B10). Common block KEIECL/E.

%. Converslon: CALL ABSECL (X4, XA3, X538, CLTS, CLNS).
, Le Initlal dota: DRlock XA --absolute coordinates of 130
Block X&S5-~directed cosines of éadius vector of the sun in the

nusolute system of coordinates,
e Hesulis: Block XSEZ—~coardinutes of ABS ; CLT3, CING=--
peocantric latitude and longitude of AES in solar-ecliptic system of

courtdinstes, ’
6. Use of the domain COMMON, From the block COMEQENM /EIECL/p

one uses cos epsilun and sin epsilon, computed in tue subprogranm
SUN(CU&), where epsllon~--ungle of inclinstinn of the plane of the
earth's eouator to the plane of Lhe ecliptic.

Te Mlgorithu:

FXJL' [ X: y: Z: . ’X'
Yee| = |~ r,signy? Xo¥o inye Xeloo. .
sr ~ T Sign Yo " signY, n sngn\xgﬁ Y |,
% i o —z'—_l'?- signYq —::?-sign Y‘:J z
e r=(Y>+2%)V2 ! -
e fexf:.

51
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DR e i bl A S

8. Text:
.

SUBROUTINE ABSECLIV, XS, XECrAEC,plC)
CoMuON ,BIECL/CEP.SEP .
DIMENSION VI3)oxS(3),XxECII
RISSART(XAS(2)ox5(23exS(30eXE(I))
1repdN2,s,2

3 wsCgP ’I!Gt!’lvii)in-v?t3o.g
-WisSEP WESICN(3.2X8(2))
80T0 & ' xEC(2)sxECi2)om
2 WsXS(2)/R] XEC(I)sxECI3)om
wisxS(3)/R1 CalL GGLTLN(XEC,AEC,pEC)
¢ XEC(1)s0. RETURN
co 3 Js3s3 | ENO

1 XEC(1IevECIgIeVigIoxs(y) )
Se S s rewaveltiiantovildeyt I onieNs(y)

e 10, Moie .ts of tine of the euiry or ABS into the erth's shadow
and exit trom the slivdow (I10==71-0%Y)

Le sarreuse. For known elements of the «=rbit:; a, e, i,
Umega, ome,a, tor rosition in the orbit (u) at a piven moment in
vime t one determines the wmoments of time ot entry of ihe I34 into
the shadow of the eurth and exit from Lue suadow,

e Structure: JSubprogrem Siiauay.

Cne uses external subproprams ROOT 4 (I11), SUN (CoR),
Comnon blocks: /CGR/, /CRs/,, /CkI/B.

3. Conversion: Uall 3iavow (DT, 7, 4, T1, T2),

4o lnitial data: DBlocx A-., coutaining elemonts of ithe orbit
and the argument of latitude: “a, e, i, Cmegpa, omega, uj; DT--data
in ihe form RJD, T--Moscow time, corresponding to tue argument of
lat i tude u,

e Resulls: T, To--are, respectively, the moments of entry of
the AES into the shadow of the earth and exit from theshadow (in units
glven by the scale factor EJEC). If AES does not get into the shadow,
then T1=T2=0,

6., Use of the domain COMMON: (ne uses the constants from the
blocks CililMt%/CGR/,, /CRE/,, /CLI/3v (see (%), Yos, 5, 9,

table 2.', No. 1 table 2.3).

7. Algorithm: Mouments of time (T1) of entry of aAgs into the
shadow of the earth and (T2) of exit from the shadow are determined
without computation of the effect of the penumbra; with the assump-
tion tnut the earth has no coumpression and is not displaced orbit-
aliy. (7). These moments of time correspond to actual anomalies of
the AES, satisfying the following relationship:

2__2,1/2
cosxps-’—;-?":s L "’?sl | (1)

where Rtheta--radius vector of the sun, r--radius vector of the

AES, ag=- equatorial radius of the earth, ps: -angle between

radius~-vector of AES and radius vector of the sun. The relation-
ship (1) leads to the equation of the fourth degree with respect to

52

Ty
—

I



the cosines of the actual anomaly:

§! =Aqcostv +A,co§5v +Ascos’v +A,cO8V +4, , (2)

risieas=($) et-2(3) (€-F)e*+ (B )"
A= 4(3) - 4( ) (&-p7) e
Ar=6(3)'er-2(S8) (£-pY) -2(59-Ee™+
-"2(2’-6’)(!-&’)2-45’E:.
A wA(%*-)‘e -4(9)°(1-E%e
Y = (98 -2($2° (1-81) + (1- & Y
p - daphety opoudd s (1-et),
B =XoPy +YoPy +ZoPy,
£ =X0Q; +YoQy +Z505 ,
x2,v2,2z2 - nanpannswmme XocmEyoM pamEyca-sexropa Commna, Rg ,

directed cosines.of radius vector of the sun
P; = cosw cosk2 -sinw sinQcost ,

Py = cOS 5iNQ + sinw cosQcos? ,
Pp- sinwsini,

Q= -sin w cosQ -coswsinfdcosi,
Qy=-9in o sinfd+cosw cosQQcosi,

Q= cosw sin ¢,

2N

-

a The solutions to eauations (2), satisfying the conditions:

beta cos v + xi sin v less than O,

S= (1 +ecos v)© + (p/a )" (beta cos v + xi sin v)a-(p/ae)a =0,
are asisumed for further consideration,

The condition:

| t,""?P“(ﬁ cosv 4& siny)E cosv-Bsinv)-al e(t+ecosv)siny >0

determines the value of the actual anomaly v, in the entry of thelsz
¢

into the shadow of the earth, S less than zero correspoinds to the

value V,y determining the exit of thelISZ from theskadow.

23
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#ith the value of t, time, for corresponding given /62
position of AES. in orbit, we determine tau, the %ige of passage of6
the AES; thraneh newricams o

tetl-(E,-esink,) /A,

} rae A =yu/ar ’ igp./z .-((l-e)/(ln)wtgq/z, VpslU=-W,

mu--produze of gravitational cunstant times t
Moments of time T (i

Vi3

n “ he mass of tie earth,
=1, &) are determined by the known values t and

T‘ =T 4(5“’38‘“5;)/“ ’ ,,
RE/2 =(1-€)/(1+e) P tgu/2 .

81 Text:

-

SUSROUTINE SHAUARIDYITIA,TY,T8)
DINENSION Ag6),Pe9),8088),9t405lR¢D)
pingrsion Xgi3)

COMMON/CER/gR . .
COMNON/ZCPIZ01.0808,082

conmon scAb at,v

Tie0,

T2sp, .

00 § J8y,3

KRe(jel)ode}

PixIsCOgtAlYel))

1 PiKegdegitalden)?
ExsgaRT((S,0ALR))/ (3 0AL2))
ALsgeRTCAlLL)/8R)0A(Y) :
vega(oteAtd))

waegInty)

HiscoS(v)e},.

IPtwg 07,3828 9)
- . VeaPANCNIOER/WE Y o8,
Ifty,LY,8,) o
VotTele vsVerl2

TRaveA(2)eSNlY)

CALL .SUNLOTY , T w3 oW2,W3,x8)

IFtrel) 00,0
- 070 3¢

N2sexSi2IOP (4dexSig)OP(S)
WisexS(30ePiadax8i2)0P () !
NISATANZIWE ¥ seP (L)) :
ven3eA(S)

W2sgghty)

niscOSivdel,,

AT A XYY L2Y 1)

ETININ R
. T vavert2
130TeiVA(2)08INIVIL,TR)OR,

VeSATAM Cﬂzc!llﬂl yeol,

ORIGINAL PAGE IS
OF POOR QUALITY



TTEALL SUNTOT, TS, WieW2 W3 ,%8) T
se

" APsped

CONTINULE
APsp(i)deP i)
AQsP())el(?)
Pi3)yePr2)0P¢n)
Pid)s=P(4)
PEO)ISPL2)0P Y}
PO 2 J=3,2

PLIISPIPIOPc)eS)ehPoP o)
2'P(Je3)3aP(0)eP(J*3)ehloP(Jod)

Pite)sPle)

8s0.

Ss0

00 3J%31,3 .
BeXS(JYePlJ)elt
SaXS(JiePiJed)e$
HWizspa(2)eatll)

PRKeAll)elloat'ly/zak

PKepKoPK
Hamy /PR
Wisn2ew2

AGzgeS
WispAQe-AP
Weel A -AQ
Plérs2,
P(SN)zb, el (2)
P(b)z2,0A(2)0h(2))
Pi3)=2,0P (&)
PL2)2P(3)04A¢2)
PlL)SP(2)eA(2) /4o
Qi(i)sAteaQ
Qii)sQ(;reQqs)

Qt2)=0

Ql3)=2, 030 4as,%0Pehl

Qis)20 '

QIS )rsNeeNboy

DO s J=z31,3
Q(J)2Q(grewgep( ) =w2eP(JoI)oNn)"

S QtJe2)3qlJdo2)eopioPl o3 )eri20P(de3)oVe

CALL RooTélg,v,IR)
MNsé
K3}
1IFEIPr(3r18,8,6
6 Kz3
8 IFCIPrt2))9,.9,11
11 N22
9 IF(K=N)L12:,12,7
12 PO 3§ JzK,N
IFCAES(V(J)Yel, )18,18,17
10 H3IgSQRT (L, ,"ytJ)evVI(y))
vizgaeV(y)
Szg ,eh(2)V0y(J)
HézwWSeWSePK
00 3¢ 131.2
NegSoNW}
Hézpievé
Vg oPYr oWl oy,
IF(aBS(V)=1 Ce3)27,30,30
2”7 IFEwe)19,30,30
19 vapy
r2zy , *Viy)
N'Hvz.CT.loE-!S)
- VEATANIWIeEK /W2)02,
IfF(y,LY,0,)
- V’VOPlz
VaTe(VedA(2)eSir(V)I=eTRIoAL
23 wW2zprevnso(Sey(Jyl=Bewl)anteA(2)enw]
IFtn2Y24+25,29
2% Tiey
c0Y0 ‘3¢
26 T2y
30 n3zai3
17 CoOmTINLE
? RETUPN
END
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L4ell., Calculation of the roots of algebralc equations of the
fourth, third and second degree (I11-RC(T4)

1, lurpose, Determinution of the roots of the algebraic
equatiocn

b 3 2 ‘ =
Acx + A1x + Agx +A3x +Aq =0,

of the fourth A # 0, third (A =0) and second (A =0, 4,=0)

degrecv with real coefflcients,

2e Structure: Subprogr.m RCOT i,

3. Conversion: CALL ReOTy (4, Y, IR/,

4o Initial data; Block A--coefilicienis of equation (1) in
UI’dGI‘: 20, A1, AP’ AB’ Aq.

5 Results: PRlock Yq--roots of equation (1);
Block IRE --characteristics of the roots:
0, Lf ¥(1), Y(#)~~real roots
N 4y if Y(1), Y(7) real and imaginary part of a
IR (1)= complex root (for coaplex-conjugate root Y(2)
i5 taeken with ilie op.oslie sipn
1y, 1f Ay= A= 1520 (equation of first degres)
O,Lf ¥(3), Y(4)=-real ruotis
4y it Y(}}, T(4)--real and imaginary pert of
couplex root (for complex conjugate root Y(4) ta-
IR (&) = seu witu oprosite sign)
3, if =0 (equation of third degree)

@y LE fy-A 4=0 (equation of second degree)
T, i1 AU:Q}:AHJO (equuvion of first degree),

Remari, For IR (1) =I Y(1)==root of equatinn o, Li: Lir.i
deprees  For IR () =3 Y(3)==reul root of an encuulicu of tne Liiru
unpree

ve ohzoritia. Yoo e salaliow of equation (1) one uses the
algoriinm, descrived in (7) (p. 440):

a) xquation of 4 degre. is solved by the metiod of Descartes:

A

Dividing equation (1) by 4y (if ﬁavs, then we proceed to part delta),
we ohtaln

y* +R, ;}3-&32 y? +Bay®+B, =,

we lransfori thiseoustion, excluding from it the term of the third
degrec:

PAY: L =0,

P aBh® +38,h +8B, ,

@ =4F° +3B,R* + 2B, 0 4B,

R = h* -(-B,ka-tﬂzhz#B,h +8B,,
hg-B‘/é, y‘t+ko



For "=0 we obtain tine blguadratic esuatlon, for the solution of
which we use ithe formulas of p rt v. For £ O we consider the
cublc resolvent g~ g

t*ecd? +c,t +c, =0,
c.tQP, C.“P -4R C, --Qe?,

e transform equation (3) into the form:

3

;

2%+az +b =0,

©/3 =Cy/3-3°, b/2 =+3"-c,8/2 4+c,/2,
‘ (4)
- §=Cg/3 , X umilss,

p.. } = — e w— L\

It Delta is greater than O, then the solution of eaualion (4)
is found ¥ = ww tha farmulg of Kaplan: /3
' i

(25 =(-6/2 +A")'” 4 t6/2 ~(AWH

i » X, = KOMIJGKCHHE KODEN.
Z1’ Zg-"CO-anBK L'OU L.

If Delta =0, then the ro ts of equation (4) are determined by the
formula:

2 A =0, o Ropum ypamRenzs (4) onpexexsen 1o ¢

| v —0l-hro\V3 Z.m 2. =(+6/2)'/‘Q

If Delta is less thamQ, then we use the representation of the
roots as resclvents in trlgonometrlc form,

=E,cos¢/3, z,=£,cos(<p/3+l20°), z,sz,cos(tp/3+240‘),
x /2
v Es2(-4)", s -- L), ocecn. .

We select a critical root of eocuation (3);
(] . ¢ .
R =max(z,-s, z,-s, z,-8),

where z,-s--real root of equation (3).

Knowing R', it is pos=ible to break down ecuation (2) with the
multipliers:

( -4-3[/; +£)(z* -xf—-o-ﬁ) =0, |
g 1/2(P+R -Q/R), ﬁ-i/z(mx +o/@-
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Using tnerelationships of division V, we obtalin the solutions Xy

(L=1,4) of two quadratic enuations (%), and conseauently--the roota
of eaquition (1): y,=x;+h,
6., Cubic equa%io% we write in the form

A, y:5 + A;ya + Aay +A4=O.

Dividing the left side by A, (if A;=0, we go on to division b),

we obtain - -
y3 TCaY fcjy +cu~0.

Tnis equation colucides with equation (3), the solutiom of
which ls descrived in division a,
Romark For Delta greater than zero Lhe complex roots Yi» Y2

ot eoualion (v) ure ovbtained by the solution of a quadratic equatiou
2
Y +(Cq+23=8)Y +C5 +(Co+25-8)(24~S),
where ﬁ3~-rnﬂl root of equatlon (4), s=c./3.
b) Dividing the left side of the quadratic equation
aye #hzy +h, 0 by Ay (if A.=0, then we ro on to
division C)A we obtain:

4

yo 4Rzy D) <04

The roots of thilsequation

c) kouation of the 1irst degree h3y +hy, =0,

y, - -Bi + 'BQ"'4B&
{2 2 T

Solution y= ~A“/A3 .
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7. Text:
JUBNOUTINE ROOT4LAIY)ER)

ODIMENSTION ACS) ) )yta),3RE2)BN(D),00é

DATA P1,PI02,p12/3,14320269,3,97009 5a.ocaosttilil

cata lNIlolo!/
Ks2
IRtg)mp

v JRE2)wy
Irtatdy)soadon.s

§ Ka}

00:2 Jeyr o
Vi(d)yso,

2 b!J)'A(J‘I’IAC!)
Neeg{1)/4,
‘yt2ysy,

00 3 Jsyrd

S Vi2)ay(2)leHep ()

esé,

wsd,
00 4 J=y1:3
QsQaHeB(J)ow
'y “."o;.
Psl2,0KeBlL))0d, oHep(2)
vilysp
NS}
1FiABS(Q)=1,E-167203,303+300

103 00 ? JsieNe2

JeINCY)
OsV(Jloytldlas, ov&Joz)
viJysey(ui/e,
$1FCp)B4606

6 0=SgRhT(p)r2,
Vi{deldzy(JdleDd
vid)yzsy( )0
IR(1)=0
6o0T0 7

S V(Jel)=SART (D) /2,
LIS RETA

7 CONT[NUE
60T0(106.,108,107).K

106 JFPCOIRETIILD,120130

11 Vie)seyl)
Vi2)s=y(2)
vil)yso,
vilrso,

‘NS
Ksd
60T0 103

10 Wizyll)ey(}l)
WeEWiev(2)eV(2)
R3sSQRT (W)
WSSQRT(wenhl)
R13SQRT(R1)e2,
Vil)sv(2)/R}
vi2)ysw/pl
Vid)sHayll)
VI1)BY(1)*H
vierEy(2)
jRE2)34
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o0 iIFcat2))18,50010s2%
19 00 36 Jn2.é
18 BlJIRAL &) 7A(2)
IR(2)=)
GOTC ln9
108 BL2yzV(3)e2,

Be2)myigdev(lr=a,eyt2)

Y LEY YY)
BB S=B(2)/)

HrSaeS ’

ARZB(3)/3,~W

AAZSAR(3)/2 ., a80n~ a¢A)/2.

NEApeARaAR*ARaBR
1FENILT 18,10

1T Wr2 aSORTI=aAR)
IFERR)I20,21,20

2% wispin2
6oTa2d

20 nizgaRT(~D) .
1f (BR)IB1:30,8)

an WizpifN2
tnTo 23

%9 WIRATAM(WL/8R)
1F(anRYI22,23,2)

W =p N

03 2 531'5
) NEJIsWNecOSIWLYY,)
24 Wlzwiep?

Go%0 110

19 WsSgRT¢(p)
V(L)EBRN
Vi2)spR-W
Do 25Jucys2
WzARS(yY(J))
WizZALOG(W)
WiTEXP(WY/3,)

28 Vi(J)sSigNiwy, vt y))
yi3isy(idrey2)=-s
yiiyeg,

'V‘z,'OQ
kzIR(2)
kizy(3)
60To ¢111.205.205).x

18 wsapsteg)

YONIZALOG(W)
Wizgxp(wl/3,)
Vil)sSIcNinl,BR)
V(2)ys=y(l)
Vilyz2eyll)
vidyzye2)

110 DC268Js1,3

26 V(J)sY(y)=S

60To ¢106:308,205),K
106 R1IZaMAXIEVIL) W(2)ryt3))

§
f
[
i
&

K=3

Goto 203

Do 30 Jzla.N,2
1IN
Vegysviegdey
IFCIRC1:Y30,31,30
ViderlzylasgdeN
CONTINUe

¢n7o o5
WiLIEBL2)4v(3)
vi2)2Y (1) ev(s)ep(3)
NZ=1

Kx2

6070 103
JFCat3))36,302,36
ylIIZA(LI/ZA(S)
Y(2)=A(5)/A(3)

111 V(1)sSarTIRY) ' IR(2)%2
Vi3)ys=v(1) Nzl
Wz=P+R} . GOTO0 103
wiza/v(y) 302 1FLACL)I3T0105,37
yi2)yz(w=-Wids2, 37 Vi1)2=2(8)/a(e)
v(6;=(w¢W1)/2. GoTo 108
Ns3 e END’
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LIST . F SURBPRCGRAMSG BY NARE

NAKE

"ABSECL

ADAMSP'
ADINT
AINLAT
APSIS
ASIN

AULONG

BL

| carmer

EXTRM
FAGRAV

{ FATM

FC1100 -
FORSS
FLIGHT
FNGRAV
FORCE

OMLL

GRPX

| INTEG.

INVAR

e TMLRX
.1 09

G 0I

. 105
H 04
I O4
I 03
1 Ok
T O
H 02
F 03
F 02
F 06
F 04
F 05
F Ol
F o7
I w2
I 08
I 04
1 04

G0 -

PAGH NAME IuDER t "GH
58 LINES | 1 04 52
24 .LOOMOD | F O7 18 |
31 NEwMAO| 108 | .82
52 NODE H 03 ) S
43 OINLAT | 1 05 5
52 PARAB | H 02 %
50 POINT | 1 O7 55
52 PTERM | I 06 54
52 REACH | H o1 73
3% RIGHTA | 1 OI 6
I RODENS | F O7 18
10 ROOT4 | I 11 64
17 SHADAW| I 10 60

- I4 STAR 7 O 52
15 TAUR / 03 50
8- TGEGM | I 02 48
I8 TLOC 1 01 "3
48 TURN 1 08 57
57 ZDSUNC| 1 o1 46
52 ZDSUNL| I 01 46
52

ORIGNAL PAGE Ly
OF POOR QUALITY

61



	1981018625.pdf
	0001A02.jpg
	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.tif
	0001A07.tif
	0001A08.tif
	0001A09.tif
	0001A10.tif
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001A14.tif
	0001B01.tif
	0001B02.tif
	0001B03.tif
	0001B04.tif
	0001B05.tif
	0001B06.tif
	0001B07.tif
	0001B08.tif
	0001B09.tif
	0001B10.tif
	0001B11.tif
	0001B12.tif
	0001B13.tif
	0001B14.tif
	0001C01.tif
	0001C02.tif
	0001C03.tif
	0001C04.tif
	0001C05.tif
	0001C06.tif
	0001C07.tif
	0001C08.tif
	0001C09.tif
	0001C10.tif
	0001C11.tif
	0001C12.tif
	0001C13.tif
	0001C14.tif
	0001D01.tif
	0001D02.tif
	0001D03.tif
	0001D04.tif
	0001D05.tif
	0001D06.tif
	0001D07.tif
	0001D08.tif
	0001D09.tif
	0001D10.tif
	0001D11.tif
	0001D12.tif
	0001D13.tif
	0001D14.tif
	0001E01.tif
	0001E02.tif
	0001E03.tif
	0001E04.tif
	0001E05.tif
	0001E06.tif
	0001E07.tif
	0001E08.tif
	0001E09.tif
	0001E10.tif
	0001E11.tif
	0001E12.tif




