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FOREWORD

In the process of creating this packet of applied programs
for calculating the navigational parameters of artificial Earth
satellites (AES), the methods of use, whose possibilities and
organization are described in Preprint [81 , there arose a library
of subprograms which have a sufficiently independent nature. The
present work is devoted to a description of these subprograms.
Because of the space limitation of a preprint, the description of
the subprogram library has been divided into two parts. Included
in the present preprint are the subprograms for transforming
coordinates and time, for determining the position of the Moon
and Sun, and for ca,loulating atmospheric density on the basis of
various models of the atmosphere and disturbances specified by
anomalies of the Earth's gravitational field. In the library of
subprograms of the packet mentioned above, these subprograms have
indexes A-E.

The second part of the subprogram library (F-I) contains
subprograms for the formation of the right parts of a system of
differential equations for the motion of AES and for its integra-
tion by Adam's method, and subprogi:,ams for calculating the values
of various functions from the parameters of the AES's motion.

The description of the master program and auxilliary subpro-
grams, which guarantee the organization of information inpi.it , as
well as the calculation and printing or recording on rjagretic tape
of an arbitrary set of navigational paramaters (NP), makes up the
content of an independent preprint.

There is a variant of the subprogram library for execution with
binary precision of the calculations enumerated above.

When using the suggested library of subprograms or even one
program of this library, one must keep in mind that all constants
which are encountered in separate subprograms are located in a
common region and values are assigned to them by a preliminary
reference to the subprogram CONST(p. 2.1). Therefore, before turning
to descriptions of actual subprograms, it is necessary to become
familiar with points 1.2 and 2.1.

The systems`of coordinates used and accepted when describing
the subprogram "library of designations are introduced in point 1.3.

The principle of the organization of the library of subprograms
is described in p. I.1.

The remaining points contained in the description of actual
subprograms can be used independently of one another.

The author of subprograms VKMA and DENS (D02) is M.I. V)yskovsk,;.y,
and of subprograms DEG2, DEG3, and DEG5 (EOI) it is 'Y"e.Xe. R^vazancva.
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The subprograms ADEN, AMBAR, GRAV, and TIOCAI are taken from[ 6]
and arc tested and modified for the Ye.Ye. Ryazanova's electronic
computer (BESM-6). The remaining subprograms are those of the
author of this work.

The author wishes to thank Yfl . A. Chistyakova for help editing
the tests of the programs for publication and T,.V. Zaytseva and
V.V. Smirnova for their help in preparing the manuscript.
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AUXILIARY SUBPROGRAMS FOR CALCULATING THE NAVIGATIONAL
PARAMETERS OF ARTIFICIAL EARTH SATELLITES. FORTRAN IV

V. I. Prokhorenko

CHAPTER.I. THE ORGANIZATION OF THE SUBPROGRAM
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LIBRARY AND ITS FEATURES

1 . 1 Organization of the Subpro Pram Libra

At the base of the orgatizational procedure of the subprogram
library are the principles of organizing a subprogram library which
are accepted a, this time, and which are used, for example in the
joint Institute of Nuclear Research in Dubna.

To facilitate the review, the library is broken down into
specific logical. groups, each of, which has its own index (A,B4O...).
These indexes in a sense do not coincide with the indexes used in
the joint Institute of Nuclear Research library but are used for
the convenience of describing the library presented below.

The obapter names conform to the names of respective groups.
Subprograms in each group are numbered (for example, AOI, A029...).
Each individual subprogram is described in a separate point, and
sometimes several subprograms which are linked to one another are
described in one point. The names of points coincide with the names
of subprograms. In such manner the indexing can be considered an
inventory o.^ subprograms which are grouped according to their
meaning.

Besides this, in each section of the description of the sub-
program library is a list of subprograms by their names in alpha-
betical order (together with indexes by which one can find a
cor:eesponding subprogram). In the last section is a full list of
subprograms given by names.

When describing each individual subprogram the following format
is used:

1. Function
2. Structure

Subprograms, subprogram-function, and the packet
of subprograms

Identifier (identifiers) of the subprogram which
is the input for the user.

^e

R,

/6

Internal inputs (subprograms
Peripheral subprograms used
of the :library)

inaccessible to the user)
(access to other subprograms
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3. Access
4. Input data
5• Results
6. Usage of the region COM-MON
7. limitations
8. Emergency outputs
9. Method or algorithm

10. References
11. Text

Information on all of the above points is not contained in
each description, and numeration according to these points is
not strictly adhered to.

In order to save space in the description of structi.re (p.2)
replies of the type "Peripheral devices not in use" or "Access to
internal subprograms unavailable" arf. omitted.

1.2 C onstants t dimensional variables

The proposed subprogram library is a complex of subprograms
which have been developed on the basis of several ,general. principles.

All constants, dimensional and non-din;ensicnal, which are 	 j7
used in various subprograms, are taken out of the common region
(COMMON), and values are assigned to these constants by accessing
the subrc5gra^n OO^YST (fo r the majority ray constants, see Tables
2.1-2.4$ and the subprogram CONGR (for coefficients of anomalies
of the Earth's gravitational field,, see Table 2.5).

All dimensional constants which are originally given in the
system of units kg, m, and sec, can be subjected to multiplexing
with the scale factors EM and ESEC, which are given as actual
parameters of the subprograms CONST and CONGR.

The problem is that for various AES it may be necessary
to conduct the calculations in various systems of units: kg, m
sec; 1000000 m, 1000 sec, and so forth. The system of units
chosen for calculatio , is can be fixed by two scale factors:
EM, ESEC--the number of meters in the chosen unit of measuring
distance and the number of seconds in the chosen unit of measuring
tame. In the case th:Lt the system of units is kg, m, and sec.--EM=1,
RS*RC =l .

Dimensional reference data, such as T. s, y, z, V, V x , Vy,, VZ,

a, SB and so forth, should be translated into the system of units
which are fixed by the scale factors EM, ESGO, for which the scale
factors from corresponding units of COMMON can be used (see
Table 2.3).

In these subprograms for which the descriptions do not contain
indication of the system of units in which the dimensional reference
data should be faxed and resulting in dimensional results, it is

2
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implied that it is a system of units fixed by the scale factors
BM and ES"10. The current moment of time is given by the date and
Moscow time T, figured fWnm that particular date. The date can
be given as the calendar date or ^3 the RJDv the relative Julian
date (see p. 1.2).

The time T is measured in seconds (or in units deg.irmincd
by the scalp factor FSE(,.)	 Only in the subprograms HMSSRO (B03)
and%OOROHMS (B04) is the time T always measured in seconds.

In several of the subprograms of the library (usually the
subprograms of other authors, for example DENS (D02)j ADEN (DU3))
the dimensional reference data should be given in definite units.
This is discussed in the descriptions of the enrresponding sub-
programs*

1.3 S° q tems of Coordinates Time and Desi•nations
The fo7owing s,Vs em of coordinates is used.

Greenwich relative rectangular coordinate system OXYZI coordinated
with the rotating Earth:

the center 0 coincides with the ^'Iarth l s center;

the ,axis 0- coincides with the rotational axis
of the ?',arih and is oriented towards the Xorth pole;

the axis 0. is iriented towards the point of inter-
se,, tion of t e Earth's equator and the Greenwich
meridian;

the axis by oompletes the system to the right

The absolute rectangular quadrate (equatorial, stellar) systems
of coordinates 0,XYZ:

the center 0 coincides with the center of the earth;

the axis OZ coincides with the Earth's rotational
axis oriented towards the North pole;

the axis OX is oriented towards the point of the
vernal equinox (at the current moment);

Ildhe axis OY completes the system to the right.

Oscillating system of coordinates (elements of the orbit). The
"ements of this system of coordinates are:

C1. 
- the semimajor axis of the orbit;
-eccentricity,
-inclination kle angle of incline of the plane
of orbit and ths equatorial plane);

-the longitude of the ascending vertex of the
orbit (calculated along the Pquatorial are

0	 3
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T
from the direction
counterclockwise)-
argument of perigee
ascending vertex to

-the time ' cil passage

towards the point of spring

(angil.lar distance from the
the perigee);
through the perigee.

The position of the satellite in orbit is determined by the
argument of latitude U, (angular distance of the ARS from thp
ascending orbital vertex).

2. In descriptions of the s*--*uprogram library, the following
concepts are connected with the Clutimation of time [43.

-the Gregorian calendar (GU)--contemporary
hr-nn" -r-v

-the Julian computation of time--the system
of continuous count of days from the beginning
of the Juliar h period, year 4713 to the New era
January 1, 12 according to the Gregorian calendar.
-JD--the Julian date, the number of days
which have passed since the beg.inning of, the
Julian period.
-In many of the subprograms the relative Julian
date (RJD) is used, the number of dap which
have passed since 1900, January 0.12 of
ephemeris time

RJD-JD-2415020.0

-The stellar local time [21 at the given
meridian (3) Is the time calculated from the
moment of the upper culmination of the point
of the vernal equinox to any other of its
positions. Stellar time is numerically
equal to the hour angle of the point of the
vernal equinox.

3. For several of the quantitites more frequently encountered /10
in the subprogram descriptions we will introduce constant designa-
tions (identifiers of these quantitites).

RJD-relative Julian date;

TpTR- Moscow time, calculated from
a certain date in seconds (or in other
units fixed by the scale factor ES:PC);

SO-stellar time on the Greenwich meridian
at midnight in Greenwich on the corresponding
date;

ST-stellar time on the Greenwich meridian at
the moment of time T;

4
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YA-array c Ni,tuininp: Xo Yt Z # V p V # VZ
(absolute systoms of coordinatWoW
Yv'-arra ► containing x, y, Z # V 0 Vyt vZ(Oreenwich coordinate system);x

Y"array containin6 c-oordinates and
constituents (I a Vector o,'", ve l ocity in an
arbitrary system of noordinates;
XA-array containing only Xv Y O Z;
XG-array containing only x, y # z;
X-array onntai-ning AES onordinates in a
randorl system of cpo^dinates;
A-array containing; elements of orbit
a e.,!, Q .(0 , a -9

SB-ballistic cooTficient;

P-atmosphorie density.

ItMer tho size cf 
an a

rray is mentioned in the doscriptionst
instead of the words "array Y is reservod 

for 
6 real values,"

it will be writtf ,n "array Yj."

When the size of an area reserved in tile "POMAIMON/11/3 block
is montioned # thi_ nuri-̂ Ior 3 indi,^ates the quantity of real valuon
for which block B in roserved.



CHAPTIM P.
COIvSTA1vTS (INDBX A)

2.1 Basic o'G: -, tan„te (A01-CONST )

1. Funetion . The subprogram OO p3ST dispatches to the common
area (O MMON) the values of dimensional and.non-dimensional con-
stants which are used in the system of subprograms for computing
navigational information which characterizes the Positiri	 the
ASS, and translates the dimensional constants into an ., ^.^,.n
system of units. In Tables 2.1-2.4 a list is introd ,.,,. 1 vi cor-
responding constants, their standard designations, the values and
dimensions in the units (kg, m, and sec). For an assignment of
the needed system of units the following parameters are used:

BR-bumber of motors in the unit of measuring distance;

B'SROI -number of seconds in the unit of measuring time.

For example, if for computations the chosen units are kg,
m, and sec, then IM-1, and 3SEOPI. In order to carry out compu-
tations in the systems of units, kg, 1000 km, 1.000 sec then it is
necessaw',y to let 101=1,000,000, and ES. 0=1.000.

2. Structure. Subprogram Oc_NST,

The Common Units

ICAED/ ,ICA00/z ,ItA0OAf2, /CA 221 ,/(,W1 /CGRL

1CGRS12 , ICBM f , /CRE,, , /CRZ , , /CAE1, ,1CAEL / , /cc/, Z

1C01112 /, , IVOAIZP,2 , %CSl7AYf ,1073;1, ICKDM, 
3 7 /CD5,7S/I ,

API/g , IMEGR/ , /CHRADI, , ICE211 , ICE 31, , ICE4 It , %CE611 , /CC60,^

ItCM011 , /BEM/ , ^fCEV1., /cEse /, , /cEGBl, , /cE'R% , /cHA120 •

3. Access: "all CONST (EM, RHO).

4. Raw data: EM, :-',SEC.

5. Results, use of the area GAMMON.

The values of constants in acoordanoe with Tables 2.1.-2,4 are dis-
patched to the units of Common enumerated in p. 2.

i
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2.2 Coefficients of Expansion of the 1,13arth's
71—ravitational Field in SDSPrica l Punctitns (AOZ-

1. Function: Subprogram CONGR dispatches the values of
coefficients of expansion of the Harth f --i gravitational field in
spherical, functions (5) to the common region (COMMON) and translates
those coefficients into the given system of units. Values of the
coefficients are given to table 2.5. These coefficionts are used
only in subprograms for computing anomalies of the Earth's gravi-
tational f ield.

2. Structure. Subprogram CONGR.

OOMMON units: /B(IONGR/ 546'

3. Access: OALL CONGR (EM

4. Raw Data: FM , :131,10	 /18

5. Results, use of the area COMMON.

In the unit 00MMONIBOONGRIANM (273)p BNDI (273), in accordance
with table 2.5, the 'values Of C- n 1p are dispatched to array ANM,and the values ^Wn' are dispatched t(, array BNM.

a
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Table 2.2	 Constants us ,;d in the measuremznt of time.

	

•w.e, r,!•r+w^w•........•	 -	 rr^.,	 tfoww.^ w....^.^.^.r".«.wr...-.«w..w^..w
Units i'Identi 'Type Values ' 	Content

	

AVOW f if i e r	 ^
 o

1 0431 AYl4 83 DA 63400 1	 days	 i n seconds
2 ICT31

/CKDA-1,l
T3 ^!iFAL 10800

0
3	 hours	 in seconds

January3 /t nA4 ^t.N'7r
l'R 31 February

ARRAY 59 interval of time	 Marsh
90 in days from Greer-April

120 wich midnight, Jan	 May

ii 15I is ,of the current 	 June
181 year to Greenwich	 July

ri0,dn ^3hv on the	 August
243 first day of the	 =September

corresponding	 October
304 month:	 tlovembeN
334 'December  

1 365 number	 of days i n the yea r

*[4 tD5361" »^'	 ,.^ ^^/^!
!

36525 Julian	 centuries	 in epheme-
ris	 days

Table	 2.3	 Auxilliary	 constants,	 scale	 factors

I ' P!; 3 PI - 3;14159265 '
PID2 1;5707	 33

J

2 tDCGR
P1 2
DEOR

6 283IS53I
51,2957795

2 A
radian in degrees

3
^

D^E2
HRAD DEGR/i5. radian	 in	 hours

5 /CE3/1 E3 I000
6 /CPA / 4 Ens I0000
7 /CF-61 j E6 - I000000
B XC80/ 1 C 60 60
9

r 
^C5^0a n36 0 ^ 3600

70
G,A'/21

ESQ ^
distance	 ,

c4EC •^ times
II
I2

^CEVi'
FS81

EV
EsB

E1l7/ESEC,-
EA1'1E_ & 2~

ve'Ioci tyscale factors	 ' SB
13 ELB/ ELB EM "EC

E't'.'^^/CSECE BT ^ERO^
I
i ERD density

n.wnL+ r.w.w:rwlncw51^1^^Mi^'.+^s^LaW. iiiM:rim+Yw.+.+uwsu^.^eu.y^rra.	 -^	 _	 _
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le 2.4. Characteristics of the standard five-layer model
of the Earth's atmosphere: ,^7;R- 	 - layer boundries

by altitude, 	I! g p A i- X, .	 - model coefficients

/I4

-^1 -

1

units-
CO311^10N

deT	 nt ^.-
Piers

RA

peci
Flea

BRAY

Length :De I-igL:
nations Values

Dimen-
signs

/CHA/zo 5 100000 r,^
(G =I-t.5) 150000

600000 to

HA ARRAY 5 i, O^QI4x YG_9 I .,	 Celt 14r^''
(G =T.,5) . 0,2173 I0 

-
xfcex?r

0,486II0
"`3

xfcex2 •4r
0,8904 I0"14 xfcel:2m

^ 0,6497 I0 " HrOeH2 hj';
"204. ARRAY 5 Ij i 0 1469 IT' M

U =I 5) 0;8004 I0
"w m-z

0,7III JO"" m-2
0,I83I I0"' M'2

02 ORRAY 5 k2.i 0 9 1787 I0 M- 1
(t .Iz5) O'Ib47 IO-4 u-'

0IO's:9545 "'
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CHAPTER 3
SUBPROGRAMS FOR THE TRANSFORMATION

OF TIMB AND OCORDINAT ES
INDEX B)

3.1 Transition from GU. the Calendar Date,
t o RJD Re ative Julian Date
P.A

1. Function: the program determines the RJDp the relative
Julian date, the number of days which have passed since the mean
Greenwich midday, January 0, 1900 until the mean Greenwich mid-
night of the given calendar date.

2. Structure. Subprogram: DATDAY.
Common units:/CKDM/ 130 /0 22/1.

3. Access: CALL DA DAY (DTK, RJD).

4. Raw data: DTK-real, variable containin the date GU which
is given by the decimal fraction of the type: ^. DDMMGG, where DO
is the date MM is the month's number and GG is the year's number
minus ?900 the two last Numbers of the year).

5. Results: RJD-relative Julian date.

6. Use of the COMMON units. Constants are used from the
units: /CKDM/ 13 , /UF2/ 1 (No. 3 Table 2.2., No. 4 ruble 2.3).

7. Algorithm: RJD =365GG + L 
(GO —1)14 	 + where

GC is the number of years minus 1900, the number of days passed
since January 0 of the current year -antil the given date. E x ] is
the whol ,̂  part of x. /20

8. Text

s nit, r  E

41-^IA7or*?.

tc R ,!
"IJ r )) F. 	 3

:lct •1+, j
3.2 Transiti

,! j".;1
K,)Tri z KDM( NO ) ­1ILII'll
KtJ''j -"('1 -i) 14Ii	 4 -!('`r ) 2^ Lr?,

Y. )r(o--.k(	 L

k_rti"C,t,)
V `

o GU. the

1. Function. For the moment of time, given by RJD the rel.aVive
Julian Date (see P. 1.3), the calendar date is determined.
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The moment of time can also be given in the ,form of RJD and
the time T in seconds (or in units given by the shale factor 'SRC, .
calculated from midnight of the RJD date (tY e interval of time
T tray contain any number of days) . A result of the operation of
subprogram DAYDAT, the interval which is a multiple for whole days
is excluded frr m the time T; TR is obtained, and the days excluded
fran, T are added to the date RJD and the RJDR is obtained. The
c--lendar date is determined for the RJDR date.

2. Structure. Subprogram DAYDAT
Common units:/CSTAY/1 ► /CKDM/13,/CCGO/l.

3. Access: CALL DAYDAT (RJD ► To RJDR, TR, ND, NM, NG)

4• Raw data: RJD-relative Julian, date. T-time (in seconds),
calculated from the RJD date.

5. ;Results: RJDR-relativ e Julian date; TR-time ita seconds,
calculated from the RJDR date; ND, NM, NG-whole variables containing
the corresponding number, month and year (minus 1900), corresponding
'to the RJDR date.

6. Use of the area COMMON. Constants are used from the	 /21
units COMMON/CSDAY/10 /CKLM/ 13 ./CCGO/ 1 (No. 1.3 of table 2.2, No. a
of table 2.3).

7. Al.gori ,uhm. 7-et  RJD be the reference Julian date, T the
time in seconds calculated from midnight

(
 of the RJD date.

where SDAY is the number of seconds in the days, [x] is the whole
part of x.

KVG= (RJ DR- 365)/1491; 0-RJ PR- KVG; N=K/365,

where KVG is the number of leap years which have passed sine 1900
to the given moment.

NG-	
f N, if 4 (KVG + 1)-k	 U

N-1 0 if 4 (KVG+1)-k < to.

The number of days, calculated from the beginning of the
present year:

KDTG=K-365NG + 1.

The month and day of an unknown date
comparison of XDTG with the array KDM• (
element contains the number of days which
beginning of the present year (not a leap
the i-month. In the ease of a leap year,
ti on is made.

are determined with a
1=1.13), in which the

have passed since the
year) to the beginning of
when !MTG 5 60 a correo-

17
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S. Text.

0	 1 1 "' ► 1 4
"	

ts»'r'd^^^: A 	 i^ f 7^" U4 /	 K. Nt i M !r `,^
}	 »

^++.^.r,sr..ar.....w.—«.re..^r a ^rxs+r.w.e wrs.we.rw , wn-w+wa+^..

r

3 I^ 1^'1tt;-Ghu16r^+^s
1111= ?

+GT6

CO N r1:411F.

•	 E is 1)

3.3 Conversion oi! Hours Minlztes
anii`^ds . nt oecor; s

-T303 -HMS i C;

1. Function: 00riginating from the time given in hours,
minutes, and seconds, the time is determined in seconds.

2. Structure. Subprogram HMSAT,10
common uni^'F	 /Or-2/V /C^G0/ j ./CC3600/ 3 .

3. Access: CALL HMSS,10 (HMS, T).

4. Raw data: PMS-the real variaabl.e, containing the time
given in hours, minutes and seconds in the foll.nwi ig folm:
0. HIMMSSDS, where HH is 'she hours, M14 the minutes, and SSDS the
seconds with fractions.

5. Results: T-the time in seconds.

6. Use of the OGMMQN uri :^s. Oonstants are used from the
units COMMO-1 /0^;Z /1 r /CCG^)/1 ► /0036d0/1 (Nos. 8 and 9 of Table 2- 3) .

7. Text.

	

'iw4rtS	 ^*'rs^)*1	 .3.'1Y;1

1 t 1'7 t: CC .t ^:iljC^^7i1C	 Ittu +isr* 1

1i 1 »11.i2 ^r ^r 4

;^.	
4 T 4' *1"r4r?+'t+»»",tr1^ )r^l: j6 '^^

d

]J

f!

i

d
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3.4 104onversior of Seconds into Hours,
Minutes. M con s

= M.
1. Function; Originating from the time given in seconds, the

time is determined in bourn, minutes, and seconds.

2. Structure: Subprogram S*N,-CHMS.
Oommon Units: 70 0G011 pf'C'M 3600/1.

3. Az,--cess: GALL S?,OHM.S (To Taip KM, BC).

4. Raw data; T-time in seconds and fractions of seconds.

5. Results: KH-hours (whole variable), KM-minutes (whole
variable), SE01-seconds and fractions of seconds (real variable).

6. Use of the area 00MMON. Oonstants are used from the
units CUMM01T/CCG0/ l p/'VC3600/l (Nos. 8 and 9 of Table 2.3).

7. Text.

r

3 C

6 1;

3.5 Stelltr 
Time 

^B05-STTIME 4 STT)

1. Function: Subprogram STTIME determines the stellar time
80 on the Greenwich meridian at Greenwich midnight of the given
RJD date.

Subprogram STT according to the known $0 determines stellar
time ST on the Greenwich meridian at any moment of time T on the
RJD date.

2. Structure: The independent subprogram STT11MR, and the
subprogram-function STT.

Common units: /,V'ISDJS/lp/cpl/ 31 /C0MZ/lp/CT3/j9/BS0/3*

19
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3. Description of the subprogram STiIME.
Access GAIL STTMM (RJDo SU).
Raw data:RJD -relative Julian date.
Results: SU-stellar time on the Greenwich meridian in
radians ( so 2 ,

Use: of the units ^IICMMOX, Constants are used from the units	 /24
COMMONIMSJS/x,/01 11/ (No - 4 of Table 2.2 , xo, l of Table 2.3).

Algorithm:

$0 = 6h3C45' ,836 + 8640I84 3 ,542 T + 0 b ,0929 T2 + 0,06II64AV
0j) = —r7 923 Sin 0 T t

, SZ` = 259010'59'# 079 - 1934''08' 3I" e23T + 7",48T2 + ON ,0080TS #

T =RJD /36525, R3D

4. Text.

IUI ROUTINE STTlMEi3AV,S0)
C04M0N/CCSJS/CSJS
'04AMONtCPIIPI#PI32.P12
TZ IAV/n5aS
Sa'i-SIN((( , 38788 1E- r. T . .36264 634E-a-33.7571`625)•T

•	 •^^236GiSib))
Jt	 6 33•T
Na•Y! P [2
.1'.N-N.Pl2
. C = (ti , 759-- F- 64 T • •1 9 31!E • 2i* T+1,7399"359-.766385E"4-SOM+Vs
Nv50/P12
S0zS0-N*P12
g9T'JR^IN
EVa

a. Description of the subprogram-function STT.

Access: ST-STT(T),
Raw date.:T is the present moment in time in seconds,
Moscow time.

h

	

	 Results: ST- itell.ar time on the Greenwich meridian in
radians.

r.	 Use of the region 'COMMON: in the unit COMMON/BSO/Wo TS,
NS the fol l.owin values should be initially placed:

So- stoll.ar time at Greenwich midni ght on the date RRJD,
TS-0, NS-4, if T is calculated from the same RJR date.

20
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In most rases the RJDI date and the looking of time T can
be l ess than ox equal to RJD. If RJDI < R.JD, then TS and NS
should contain (TS in seecnds, and NS in days) tho interval of
time botween the RJDI ara 3Jp dates.

Constants are used from the units '"0MM0N/fXMZ/ l ,/"T3/i (No. 14
of Table 2.1 and No. 2, Table 2.2).

Algorithm. Stellar time ST is calculated according to the
following approximate formulas

ST =80+ to3(T -78,- 10$00s )
where W 3 is the absolute angular velocity of the Earth's
rotation.

SC-is the stellar time at Greenwich midnight on the RJD date,

T- is the Moacow time, figured from the RJDI date, usually
different from the .RJD (RJDI c RJD) date,

TS-864008 (RJD-RJDI) .

Text:

F;I11 il T	 TT T)

c0 ► tr1o^.^Jt^* ^iT
1 1 11 1 r 01U,

RC1'll.,̂ ' ►

3.6 Transition from the Abr lute Syst
to the Gli;e;nwich an the Reverse.

e

1. Function. According to the known values X,Y,Z,VX ,Vy ,Vz in

the absolute system of coordinates, the subprogram AGIGA determines
the values of x,y,Z,vX ,vy ,vz in the Greenwich relative system of

coordinates; the transition back is also possible: x,y,Z,vx,vy,vz

-r X,Y,Z,VX,VV Vz . The subprogram AGIGAC makes the same conversion

possible only with the coordinates; x,Y,Z + x,y,z and x,y,z'4
X,Y,Z.

2. Structure. Subprograms: A.GIGA, AGIGAX
Common units: /COMZ/1:,/CT3/1.

21



3. Access to AGIGA: CALL AGIGA (SO, T, Y1 1 19YR).
Raw data: T-Moscow time (in seconds).

SO-stellar time on the Greenwich meridian at Greenwich mid-
night;; Y1 6-array of reference values of coordinates and consti-
tuents of the velocity vector; 1-indicator of the transition.
1-1 during the transition from the absolute system of coordinates
to the Greenwich, I=2 during the transition from the Greenwich
system of coordinates to the absolute.

Results: YR -array of values of coordinates and constituents
of the velocity v ctor in the resulting system of coordinates.

4. Access to AGIGAC: CALL AGTAC(ST, Xl I 1pXR) .
Raw data: St-stellar time on the Greenwich meridian at
the present moment of time; xl -array of base coordinate
values; 1-indioator of the coo;dinate transition (which
both by its meaning and values conforms to the I parameter
in subprogram AGIGA).

Results: XR--array of coordinate values in the resulting
system of coordinates.

5. Use of the area COMMON: in subprogram AGIGA constants
are used from the units C0MMCN/COMZ/ 1 ,/CT3/1 (No. 14, Table 2.1,
No. 2, Table 2.2).

vX , v
y
p; 

vAlgorithm:
 ucted.

	 from 	 to x, y,z,

x=X ccs p +Ysinp ,	 vx =' x cos p + Vr sin +way r

cY= 4sin p 4 Ycosp ,	 V .Y =- VX Sin ^i+ VYCOSp- t,^3x

z = Z - ,	 VZ = Vz

where p =50 + co 4 (T -36),

/26

SO-stellar time at Greenwich midnight.
W3-angular velocity of the Earth's rotation,
T---Moscow time

b) transition back from x,y,z,v ,v ,v to xgY,Z,V V ,V is
conducted according to the formula: x y z 	 x y z

X =x CLAP - y sin-j5VX =.v,, cosp -ray sing - co3Y !

Y =.Jr sin p +y cos p , 	 VY = ^z sin p + v  cosp

Z ^=z,	 V.
In subprogram AGIGAC ST - p

22
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a, p_, L1A W,uy ^C,Y,:" O vx Vy ^V^ r13 cle^trrrnitlt^d.

00111mon uni ts :

Aocoss : 0AI1_k ^ 1. '8' (A, YA) .

4. Raw lots:: Array A ,, contain n val.l.uss of tb orbital	 L3
elements in the .i of to ng ^>^ or*. Ct P_, L,Q,L.1► U, All anil os should
br givon in radians.

5. Ronults: Arrqy Y^ a ontainin^ value's ref 7C,Y,r lvx t vy jvz
its -the lzbool.uto sys	

^
tom of ("o;rdbiaztes.

6 Appl.ioation s^ the s.roa^ 1-l^l^MoN	 k'onstants a ve used from. 
tho 

7. Algoritbm: Tho foll owing oorrelations are ussdc

';	 ^ c s 11 cos u -sirs D sin u cos y.) ,

si n Q cos u + cos S3 sin u cos G )
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^.? = T,' (cos 2 c os u -s n 0 sin u cos i) - 4 u(cos 9 sin u +sin 0 cosec cosi),

1  - Ir (sin 52cr su+cosQsinu cos1) -Vu (sinQsinu. -c;osOcosucosi),

K' = 11r sirs u sin 1 + V,, cos it sin i ,:.

where

r=P/(1+e-cosv)	 a-co

t,/,=(^/P)^^z e sinv, Iu = ( µ /P)'/2(1 +cosrv), P= a(l -c)^*,

tL.-product of the gravitational constant into the Barth's
mass.

8.	 Text.

)e+,F	 ;;;r	 i	 ti(A),;tln),t7( ►4} JO V1t9) »17(11

^i)	 '1^'i1l;i N /G"	 rt ,1(,l) = r1(4)w1^(r!

);}	 1	 4 ` .1)0	 1	 It'd, i
tJt	 I)w;t ;S^at.;"r )) XfJ1=.i(.i .y) 	 j+^)•P
ti1.:^4:^+^	 'I;a(,^•^)) '.^ ;;/,l^51- 11(,i•i )•I1 31	 x11(1)
fiC	 -`) c{ 1	 A) a i; i	 1 ') 7'1	 .^	 j	 i

tQ±^.if4}^;i(5) Xf^1+31^;;t.Fle{,'C'--^'f.1^3)•{7^.1

Vtt-' 1	 (?)	 It	 1) A(P1=A(6)-A 11
2) !tF;TOr, 1

ct17

ination of Orbital Elements and the
on of Points on t he Orbit Accordin g
wt) Coordinates and Constituents of
locity Vector in th e Absolute Svstem

3.8 D et

0
he

/^? 9

1. Function: According to the known coordinates X,Y,Z and
the constitutents of the velocity vector VX , V  V  in the absolute
system of coordinates, the elements of orbit a, e, i, Q, w, are
determined ar: well as their position in the orbit u.

2. Structure. Subprogram ABSEL
Common units: /CGR/ l , /C11113.

Access: CALF, ABSEL (YA, A).

24
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Array YA 6 , containing the values of X,Y,Z,Vx,Vy,VZ.

5. Results: Array A , which contains the values of of
elements in the following Order: , (X G ^ ^ ^ a2,,, W . The valu4
all angles are in radians.

6. Use of the area COMMON. Constants are used from uz
/CGR/1 ,/0PT/3 (No. 5 of Table 2.1, No. 1 of Table 2.3).

a =r/(2 -k), k =rV /µ , V
2
 =VX +VY+V:^Algorithm. 

r2_ ?± Y?+ Z, ?r 	 a --	
1/-fit)X	 1!-k(2	 032Qj

s i y3 6 = (XVx + ),Vy + Z vz )lr v ^
1= ,ir,/2 

Qrct 9 2 "^ Ĉ	
O 4 G

	

L'	
?C

2
C` = YVZ "ZVYI C 2 =ZVX -,XVZ Y C3 =XVY -.YVX,

C ( C
2 + G2 +C2^V2

C l	 R sl Yi Q COSH
92 =arcig 

^:F69-)

y	
ZC

u _. aret Q 9	 6) = U—V
YCI -- XC2

^L	 product of the gravitational constant into the Earth's mass. /30

ORIGINAL PAGE IS
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4. Raw data:
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8. Text.
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3.9 Standard Array of Initial Conditions
B09-TRDATO

1. Function. Subprogram TRDAT.O extracts from the initial
conditions, which are given in the standard form,'information wn.ch
is necessary for conducting navigational computations.

The initial conditions can, be given in three forms: as the
elements of orbit; as the coordinates and constituents of the
velocity vector in the absolute (b) and Greenwich (c) system of
coordinates. We will designate as PN the array which contains
the initial conditions in the standard form. There are 12 ele-
ments in this array. In all three cases the first foi,,r elements
and the second elements of that array contain the following
parameters:

PN(1)-the -number of AES and the launching date in the form
of a decimal fraction, the first three numbers after the
decimal point are the number of the AES, the following six
numbers are the date (the year is indicated by the last two
numbers) ;

PNM-the current date in the form: C.DDMMGG, where DD is
the day, MM the month, and GG the year;

/3 7_

`.1
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G	 PN(3)-the

PNW-the
the hour,
of second

RN(11)-is

number of revolutions;

present time in the form O.HHMM5SDS, where HH
MM the minutes, and SSDS the seconds and fraci
s;

the ballistic coefficient (m3/kgsec2).

The rest of the elements of array PICT are different for all
three cases.

In the case a):PN(5) is the Draconian period in minutes,

PN(6)-the semimajor axis of orbit (m).

PN{7)-eccentricity,

PN(8)-angle of inclination of the orbit from the equator (degrees),
PIT(9)-vertex of the orbit (degrees),
PX(10)--argument of perigee (degrees),

PN(12)-minimum altitude of the orbit W.
In the case b):PN(5)-PN(10) contain respectively values X,Y,
1,vx ,vy ,V z ; PN(12)=2

In the case c):PN(5)-P1N(1O) contain values x,y,z,vx,vyv7j;
PN(1.2)=1.

In both cases the coordinates are given in meters, and the
constituents of the velocity vector in m/see.

In the work results of subprogram TRDATO the angles are trans-
.ated into radians, the time into seconds, and the calendar date
into the RJD. The stellar time is determined for Greenwich mid-
night on the current date, and the initial conditions are converted
into all three systems of coordinates.	 /,32

Dimensional quantities are converted into the system of units
given by the scale factors: EM, ESEC.

Note: If EM=I, then the initial conditions remain in meters
and seconds.

2. Structure. Subprograms TRDATO.
A%:cess to the peripheral. subprograms: DATDAY (BO!), HMSSEC(B03),
8TTIMB(BO3), AGIGA (B06) 9 EIABS (B07) 9 ABSEI: (BO8).

Common units:/CDEGR/ 1 , /CB3/19/CC60/1.

3. Access:

CALL TRDATO (PN, NSP, RZI, RJD, NB, T, TD, SB, B, SO, A,YA, YG, EM,
ES Er; ) .
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4. Raw data; Array PX1., which contains the initial condi-
tions in one of the three foftle described in p. 1;

B"Mo ES ;C-scale factors.

In the case of a, it is necessary to make the value of A(6)-u
(most often the initial conditions are given in the point of the
ascending; 	 of orbit, where uwo).

5. Results; NSP-the number of the satellite;
DZ-the launching date in the form: O.DDMMGG;
RJD-the current date 'as the relative Julian date;
NB-the number of revnlutions;
T-the current time in seconds;
TD-the period in minutes;
SB-the ballistic coefficient;
41-minimum altitude of the orbit;
So-stellar time at Greenwich midnight on the

current date;
Array A 6-which contains the elements of orbit

a, G','P ' V T 0, W
(angles in radians);
Array YA--which contains X,Y,i'jV V V";0	 x v yArray YG

6
-which contains X,YZ,V x I v 

V 
IV 

Z

6. Use of the area COMMON: '"onstaita are used from the units:
/CD"*FI'GR/j p /C1,',3/ l v/ 1"j(1,G0/j (Nos. 2,5 and 8 of Table 2.3).

7. Text.
uji,11in, fl 1 I)T, 15 't o T "It SFish a 5 0 0 tk o I( A s XGO

	

I'll(!?) A 1 6	 X A	 6

4^ J' F I

ilj

	

T AV	 1	 1) T
T I

5 XA( J*3)=PN( J-b7)/V
L 1. AU1GA(S0-TXA,1,Xr%,T 111*1 P ",	 F I>	 ^ #^4

T	 ko ft-1(	 0 A L 1. A IV5EL XA 0'; P :: 

7.	 S P 1	
T I= U

ti = U

G1 o T 0E

P

A	 P 1; 7

D F. P

T	 3	 G 1 'J I F S C

	

11 +	 r

4 N, 1 J	 j

G 1 1 . 1 X	 C A L 1. E 4 A ri S A P YA

C) T 11	 1, -k 1. 1. A k'o 1 G,	 ' S $0 o T 	X A ► 1 X

r	
1 R F T tj rZ 11
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3.10 Altitude of the A2S ov-rthe_ earth 's
6urraoe the ueo ra nic LaTiTuae
and Longitude, the Geocentric Mati-
tude of a Sub-Satellite Point,
(BIO-GEOGRI, HFIGId, 	 TIN)

1. Punction. Using the known Greenwich coordinates x,y,z,
of the ARS , the subprogram GEOGRC determines h--the alto tilde of
the AES a lcove the surface of the 'earth's ellipsoid and, -W , .X --
the geographical latitude and longitude of the sub-satellite
point; subprogram MUGHT determines only h; subprogram GC1,T1N
determines `Puc 0 X the geoc entric latitude and longitude of the
sub-satellite point. For subprograms MUGHT and GCTTIN, x,y, and
a can also be given in the absolute system of coordinates; in
this case where is the right ascension of the AES.

2. Structure. independent subprograms:

G1,',1U0rRG, 11 xGHT q GOITIN.
Common units; /CAI;/

2
 , /CAL»:/ l t /CC7 7,/ l , /CP1./3.

it

3. Access:

CALL  GECGRC
CArL HBIGHT
CALL GCSTIN

(
X rHC,AiT,
X, HC),

(X, AI,TC,

A1jN, XhG),

ASN).

4. Raw data: Array X3, which contains the values of x, y, z /34.
(for Gl',0 RO only in the Greenwich frame of axes) .

5. Results:
Ho-the altitude of the AES above the surface of the Earth's ellip-
soid; A210 AsN-the geographic altitude and longitude of the sub-
satellite point; array XNG3, which contains the cosines of the
peripheral standard which is directed towards the Earth's ellipsoid;
A*TC-the geocentric latitude of the sub-satellite point.

6. Use of the area COMMON.
In subprogram AEIGHT constants are used from the units

COMMON/CAB /2 , /CA 1/1, /CC: / l/CP1/3 (Nos. 11, 12 and 13 of Table 2.1
and No. i of Table 2-3), in subprogram HEIGHT constants are used
from units: /CAS:/ 7 , /CAE-/ l and ja subprogram GCLTIN from unit

7. Algorithm.

h = r -a, + ae a z2/r2
= arcte {x/r, (1-a)2}	 -Jt/2<Y <A /2
=Arctp (ylx),	 0<Xc2a,

where r» _ ( x2+ y?+ z-)r/2	 r, _ ( X 2 + y z) 112 7

29



a,,, CMG -is the eemimajor axis and the contraction of the Earth's
whole ellipsoid.

y0C m arc t Q (x/rl ) -the geocentric latitude.

x»=x,(^-u^)^/r?, f1H M Y ( I-00 /rz ► zxzx/r2,
OereXO ^N^x^ the cosines of the peripheral standards directing
towards the Earth's ellipsoid,

8. Texts. 
ro 

z 
f ri 0_

00 +111) 0

S 115 R OUTINE 0f0'%RC(X,NC1ALT 4 ALN'kE)
C0 ►4110y7CCLZ/CLZ
C011MON/CAE/AErAL
M0 1 ON / CPI / PI rPID21pj2+1
C0 1.M04 /CAEL/AEL
011 .IFi1SION U(2)*cU(2), X(61sXE(3)
R12=X(1)+X(1)+X(2)*X(•2)
:'1=X13)*X(3)
R2=Al24-W
HC =SQRT ( R2) -AE + AEL•yl/Rx	 SllhttRU-1'^E kiE i G}IT ^ 4 r NC 1
cut 11 =;(Y1	 .;;trIF+15;0; y(rS)
CUt21-CLL ` SQRT( `R12)	 000111011 /CAE /AF ► AL. c1-saRT (W+CUI 2)'A CU (21)	 v1)r.1110fI/CAF`.L/AF! 	 1O0 1 J-1.2	 !1, `1(3)*y(31
IF(bW,1))2.3,2	 R?-I'+^fi(1)+!!41>+V(2)«u(2T;

3 U(J)=SjGN(PID2eX (J+1)) 	 NC=SZR7(R?) - AE+nEL*I'1/R2
vO TV 4	 RF 

T 
IIRti2 U(J')=ATAN(X(J+1) /CU(j)) 	 RF4 XE(J1 = i ( J I CLZ/W

1 CONTINUE
XF131 -;;(31/Vo
ALT=U(y)
ALN=11(.)
IF(CU(1))5•6r6

5 ALN = AL;P, P 1
6 IF(ALN1?#6o8
7 A LN = ALA '+P12
8 RETURN

E s10

S06ROW,'1 •IF Grl TL1:( y ► AL'T ALN)
v(1m In 	 /GPj/nrr7jp2rplZ

R1=.Sr^R^ (v(1 ). v tf+V<21• y(P))
ALT =P1D2
W RI)191+2
0LT=A;,I;(4( 3!/P.i)

1 ALN = A T A0! 1511'2)r y'(1) )
I F ( A L N ? 3 4r I^

3 ALN=AL,:+PI
4 9FT^ln1d

r
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POSITION OF THE MOON AND THE SUN
CHAPTER 4	

/36
( INDEX 0)

4.1 Position of the Mean
0 -SE	 A"

1. Function: The subprogram determines the pooition of the
moon in the absolute geographical system of coordinates for the
moment of time which is given by the relative Julian date and
Moscow time in seconds.

2. Structure. Subprogram SBIENA.
Common un its: /CRB/1,/OSDAY/l,/CT3 /10 /01)SJS/l,/CPI/3,

3. Access: CALL SKENA (RJD, To X", RS).

4. Raw data: RJD-relative Julian date;
T- Moscow time in seconds.

5. Results: Array XS 3 , which contains the direction cosines
of the radius vector of the Moon in the absolute system of coordi-
nates; RS--the module of the Moon's radius vector.

6. Use of the area COMMON. Constants are used from the
units

/c RE/I , /CSDAY/1 , /CT3/1 , /CDSJS/l , /CP1/3 (No. 9 of Table
2.1, Nos. 1,2,4, of Table 2.2, No. 1 of Table 2.3).

7. Algorithm:

X0 = COSOrQ COS . 8Q = COSpE Cos X&

Y 	 Sin a` Cos SQ =cos P E sin X cos E sin ^£ sin S

ZQ = sin aQ =COs pe Sin 71 E sin E + sin P E, Cos E .

In accordance with Brown's theory of approximation, presented
in [ 71 , which guarantees a prediction of the Moon's position with
an accuracy to 30 11 , the fallowing correlations are used:

e =23 °2^ X08; 26 - ti a ; 8 ti 5 ?`' ^' , Op 9 ^' z+ 0 0,0 1°81 T 5.

e 2 6°06' i6" +	 1 8° 0' b" T+ 3300 T2+ 0" 0 18 T 3s 9	 X59	 77 9 5 5 ,79	 9	 5	 •so	 i^	 o	 r	 or^► 	 36 ,=.358 28 33 04+33	 02	 10T 0 4T -0, Ui2or^	 5999	 59 ^	 _ ^ 5
F= H 0 1 5 , 03 p 20+483202 0 oj' 30;54r-11;5 6T 2- 0;0012 Ts ►
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D=,W 4 4 14095 +445267 0 06' ^#;^$?" ^- 5,17 ' 2 +o.no^^sr^r
t

Xs =270°2602;99 +481267°52' 59^31T- i;0.8T Z +o. Of^8Ts+

+22639",58  sin e -4586 0,458 .*,in (t -2D) +2369 V899 5hi2D +
+769'1,021 sin2e - 668"Mli sine'-4111614 sln2F -

-2i i ; 656 sin (2e -2D) -206;219 .39n (L' +e'- 2D )+191 , 954 siia(e+2D) .

-16 ;351 sit' (6'- M)+147" 878 sin (1-6-124,785 si"D -
-109 ;804 sin (e +e`)-550,1 7,4  sin (2F-W) - 48;100 Mn'(8+2F)+

+39 1; 532 sin (e - 2F)-36 ; 428 si m (t -x D) +36 11 4 24 sin 3e

- 3071 73 sin (21-4D) -28;514 sin (e-e'-2D)-.2/i ;.4 1 sin (G +2D);
18461;480 sinF +101o;Is sin (I +F) - 9 99,695 sin F-e)-

-623", 658sin (F-2D)  +199",485 sin(F+2D-0-166; 577sin(t+F-2D)

+ H7,262sin(F+2D) +61"7 9i3 s n(2e =F)-33 ;359si^n(F' 2D-t)-

^s = 34 2 "? 7 +186; 53 98 core + 3 y ; 3117 cos(e -2 J,)) +28,2333cos2D

+10;1657cos2e +30861 cos(e +2D)+ 1 ;9202cos(e'-2D)+

+ I'l l IIA55cos(e 4-217) +I;1542Cos ( e - e."Y-4,9752 cosD -

- 0;95 02 COS (e +e')- 0;7136 cos (f-2F)+0;6215cos-3G +

+ 0".6008 COW-4D);
ZQ =206 264" 9 8 1 k 3 / BLS,

radius of he Earth.

vs,
in Julian centuries
Moon,
Sun,

F' -the median argument of the Moon's latitude,
D -the difference between the median longitudes of the Moon

and Sun ,
0--the Moon's longitude,

PS-the Moon's declination,
the Moon's parallax

where	 Ra is the equatorial

T-RJD%36525,
RJA relative Julian date in da..

T-the same interval of time
-the median anomaly of the
-the median anomaly of the

/38
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8, Text.
5UbR0UrINE SQ!^ENA^DT ► TrSra)
OIME010N st ^^Ats^) ► e^1^)
COMMON /CT3/T3
Com4w4 /CP1/PX rP102sp12
C0#010N /CDSJS/DSJS
Co11tt)N /C51)AV/S0AV
C OM11014/CRE/ R E
TR r-DT / DSJ'S'" ( T-T3) /SD4V10SJ5
S t), ) t t .8 77S12t63E • e^T p ., ID40y4072E-71«TR

,22711n949E1a)*TR•,4C93197S53
V)SO328,69107R
ttztt/;7:2
1jc1V • +j•ntZ	 '
6 t h )^ t t . 2 ti 1133467E - 6.TP•, leti42 ►. 11i7^F"31 «TR

+.	 .,;OSStS9?lE•3)«TA*8.164000347+W
Wz*23,301IOTR
rlr Ma /Pt::
W=OV- 1, t ,0 h! 2
A(27)-(t-9081776417E-7*TR-126179438RC"5)•Tk

+	 -, Qr,.') -y 7a20 1C-3)0T	 6, 25656 776.1)
It_ y 43;1, 466+Tp
i m il/ P:

t 17 f ^' t-. ^t317'641 7 E-6 0. 9 .. , 56 r, 444615 F- 4 T
293j9 55 1 E- 3It T  ' 4 106365^540-11

1ta1/71,3'77toTF.

A(2)pt (,32Y6733Q3E-T•TP-.750645673f-4).TP.
^.,+^93^us9?07E•3?.TR.6.121S2sy4i•W

4t!).2, ♦ At2)

00	 J`•4r 7
A( J- 2)=AtJr- A(3)

'acs z J-4/b12
atJ+; )^AtJ)+ r,t^7)
AtJ+S	 At. 1 —A(27)

.1J 3 J-J ► 3
Lc4+(J»1)014
A(L).A( 17) +A(.l)

3 Att. .l)=At17I-AtJ)
A(l: )=Ai2?)-A(3)

Atz4^,^.at_17^
At2S)^„t2w)-Ats)

A(10)=A(4)-A(24)
A	 8)=:.tlh)4At171
At24)=A(6)+:,( 17)
A(16)=A(414lA(3)
A130)=A(1dI-;(4)
A(31)=A(27)+d(3)
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Go y .f;fir:

A ^t.^+1l-;ASlAt^I?^

S A(I)iXS!N(A(,l)),
t► R lti:,,^;^127dpf^^^-^^t^o1',xl)11L.t7^^^^r*p(^^

-^ •, Mks^^^a^3^^^^n ► ax1-ti^tir^aaos+ at^^«roc ^zs »- ,^,Tzl^+xa ;i^^^'^!^"^t ^^
•, +•SJTxo.h lf'" f!?3'+ttlQ74 ? ^+,'^^,;	 ;A i 433 ►r«+t nn :at;•

h ^j '0^6,3 f.7FlJ. A	 301 1 71	 4 0,.3t047^^ » ^ « l1	 16.1	 71 7 ^r...,^.

;i-al99r7p'^•^;
It Z14	 01

13	 X0 1 3«At^1
11 « ^ 1 " 9 ^'} "J ^ r^ 4 !► ^ r ^ " N. ^ # ^ ^ ' ^ (^ ^ 1' s+ +7. 4 1 ^ +^ ^ 4`r.^ ^ L fi. '! ^ ^ A: ^f 7 1` ^ ^ ^ ^ ^ i * A

^,k •^^f4^•;;^^-3^1► e1 ^', 5A+9tt=^? ^"
y

"^,•1
1

3 q;?;	

'

	

A 
► , 7,1	

^

4 
^

^
.
..^"At S2

t

f
+a - r	 ^4r	 #' ^i^„ ^. 4 b , ^1 }?

^
fi 
/ 

55
06 

k 
`
T ^ 1 „7 M".e'^ 

I
^ # A 

♦
^^ / w.[Q 	 l.^ .P F. ate!.!"A.^ X13

!LOS? Gr r 41 A 7 w • N i 7`7 1 0 9 'Z M A t P41 ^ ^ 3Mw^!3% %kT ^ Ew2~Q(G7
»3.w,iUi"

/
ryw:4!S1^r^^^11eN1a^t^Gw

w
l.ti«fatA4l^^h.a^ry3^67A.;^wAtdf

'^ ^ • ^ a + ti ti w 	 .. ^' N t L ! .^ % { ^ ^ ^ Q ^1 { 3 ^ V ^ F w. 7 M ! k — ^ ^ A 7 K D w 4 ^ ^ ^. -^ t^' A T R
i ► :,^iri'lG^.I:^^;'^	 996657pg+tr

► Ztr "`. 1 4 3'w30+:=.%4F-J4-.,t2A)^1339Q131E^3v4^r3>
- -. 7. ^^ ^2h`+^ 5^.- S»A ^ s2 i « ► 30 ;a :f.269A^ • 3 • A t «2!'^ 3^^3^^t214t<-! • AI !!S 1
..	 A 7 it 0 5 P,a, Sr-3*h t a1*,ab^ Sp 3 T ^r - .+^► A^3Q1`a3^xxST ?^1E » 'A4191
. ., ^^w h'^^+:. ;^G-:'^atzt^,46Qt49n^E.;'-; * Ge W'^;•,e G >ps7t'vA^-1 "A(111

4 ( ^ '	 7 ^ ^ A ^ t ,^, S i fe ^ i^ t • P ^ z ^

atlt, t^)+tti ►

'r;^; i lli, ►,
t. PI J

4.2 Position of the Sun

CO2-SUN

1. Function, The subprogram determines the position of the sun

in the absolute geographic frame of axes for the moment of time, which

is given as the RJD and as Moscow time in seconds.

r7j,

/^3

2. Structure. Subprogram SUN.

Co -mmon units; /CAED/1$/CSDAY/li/CT3/1,/CDSJS/l,/CP1/3,/RIECL/2



.	 ,

3. Access; CALL SUN (RJD, T, RS, AS 9 BS, XS).

$, Raw data: RJD-relative Julian date;

T-Moscow time in seco ►ils

5. Res0 ts. RS-the module of the Sun's radius vector; AS, BS-

the corresponding right ascension and declination of the Sun; array

XS 3-directing cosines of the Sun's radius-vector.

6. Use of the area COMMON. Constants are used from the units:

/CAED/ 1 , / CSDAY/ l ,/CT3/ 1, /CDSJS/ 1 ,/C p l/ 3 (No. 1 of `Table 2.1, Nos. 1,2,

4, of Table 2.2 9 No. 1 of Table 2.3).	 Into the unit COMMON/BIECL/ 2 are
dispatched the values C O3E , Sin e , which are defined below.

92 = 2^g0 101
 
59"79 -1934°08'31,23T +7,48T 2+0",008T';

8=2S 27'08',Z6 -46;8457 -0;00597 2+0,00161 T3+~9", 21 cosh;
e,=0, 016 751. 04 -0,0000418T-0,000000126T

2
,

7. Algorithm
CX o = Arctg6in.Xoc0s&/Co3A-,) (0 1 061164 1^AV) F -20 *,,1,q6

*arctg(sin^.osin^/(cas^J^o+ sine cas2^)'^^^-20;496si:^a Cosa;,;
gip = +2eo3in(A-^)+5/y eosin 2 (7 -a)^
rro = CL,0 - e o cos M0+e© (1-cos 2M a )/2 y;

it 281°13' 15
.
+6189",031'+ i",b3T 2 +0, 127'3;

Awl = -17,23 s nQ ; U0 =1 700000023 C14,; ta,C. = Vf960000010

= 279*41 46 f 04+ 129602766 , L' I' O8 9 T2
where T=RJD/36525

RJD-relative Julian date in days,

T-the same interval of time in Julian centuries,

x 
0

0 =CO3 CCo Cos bo

Yo =3in(x Q cos So  ,

Zo = sin es.
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i

-S aPn.ITIHF. S(!N}(•l)TRr}"I° 	 A	 S+X;,)
') tF:}!S: 0 1'	 AS f 11

ccl+rl,11,/csDAY/s;,:
0	 4/CE r5EP

T 1 = 1 " / i SJ`i''^r- ^^t /SLAV/r15JS
„ C t,	 7 1Nr+17E.	 « T}.	 907:.'^E^^+'.

2^ 4 	T	 90L'2? 46

1=^l^ r{p:+ t
7't'•:w^('- 5^T 1+.1gy1134E-•2)++71+4^Q1b2743S+ri

r, : cr f .:5	 l̂i	 t"'2.+} 3E w4r6,4.E-.4 H1

f.	 I.1	 - 4;u -1F,01 E, 7710

Fti^.-	 c r,
,I (L = 0+`	 rr:iat,t•. :.. i r 1,'KnGS{;ari; ► 't7µA111

t le 7 •̂ . 1n4h 4r	 44F!i+ ALL ^irs7 v^l
i y a . ^'	 '^ L̂ 7,c fì ^ h6 S

}

trt}^	 +rpjV

1	 rL'	 3^

I ^1 T It	 ?

L7.6 6
6 AS =1 — ; t

1n AS-o• ^..^,rr

4 l.54 a-; ^. *Gt +

1FiVlt trK,
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uC 7 t} 1
"^ 1S=NYr1^;t"1X{'

hS= n;` - :.CnoC^."s i ^ r.a e , 4p34^a1zl^.,y
^	 ^^;^-'1.,.^C'^'^yAi;:)^Pt„ ► ^}+F..S!;Ktw•^'t<^Stt^. Pl.11ti)?/5^.

X4^ :. ) = Gtr S	 S	 >C^t2)

kEY^ ► r^'^
E.!) h	 •
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OHAPTER 5
MODELS OF THE EARTH'S ATMOSPH ME

(INDEX D)

5.1 The Standard Five-layer Model of the
Earth's A mosphere

'3-RO)—

1. Function: Subprogram RO calculators values for the
density of the :earth's atmosphere p at the point given by the
altitude above the Earth's surface.

2. Structure. Subprogram RO.
Common. units: 7CHA/20.

3. Access: RO (H01P).

4. Raw data: HC-altitude above the Earth's surface.

5. Results: P-the atmospheric density.

6. Use of the area COMMON. Constants are used from the
unit /011A/ 20 (Table ?-4).

7. Algorithm

where h is -t;he altitude over the Earth's surface, A i , kil , k 2 j -
are the coefficients depending on the altitude h (Table 5.1).

TABLE 5.1 Values of the Coefficients Al I,	 , k2i •

i c t	 h l. <h <hi+,A
I ` IO0000 ! A < 150000

i	 ^

21 150000<,h< 300000
3 j 3000000-rrL< 600000

r 41 0-000000 dl< 900000
5 1 900000 ^ h3

A1(Kl' '	 zai4) k f a ( -u 
_Z)

k2 !G" _')
0,414I IC . 09 1469 IO-d O,I76? IO`:'

092173 IF9 0,8004 IO'IO 0 93734 10'

0,4861 10-11
T

0 ,711 I I O-I l 0 1547 10"4
0,8904 10-13 0,I83I IFII 0,9275 10-5

_0,6497 I0-14 0 10,9540 10-5

38
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1

8.	 Text.	 t:^^1t1^'alf ^i^/^^tii5E ► l+«!31 ► ;1f'3I ► (t?i^?1
5

IFt,I,	 ;^;tJ1)Z ► I,1
i I=1t

C;1NTI'jt:F
3 .1^N ^r{^ ( I

RZAAt	 I +*W- q 2( 1 ► 1.1!1
kFTi^!?'1

5.2. Model of the Earth's Atmosphere. with a
Calculation for the In- fluence of Solar
Radio Emission at Wavelength	 cm
of Geomavnetic Disturbance. Dailv and

1. Function. According to the given positions of the point
and Sun, and according to the values of the indexes rij,o^o (.the

intensity of solar radio emission at wave 10,7 em) and'ap
(three hour indexes of the geomagnetio disturbance), the subprogram
DENS determines the atmospheric density at the given moment of time.

Coefficients of the model of the atmosphere are chosen with
the help of subprogram VKMA depending on F o , the mean level of
solar activity.

2. Structure. The packet of subprograms:

VKMA, DENS.
Peripheral devices: printer
Common units: /AKOEF7509/SY'FAR/38.

3. Access to VKMA: CATZ VKMA (F) .

Raw data: F-the mean value of solar activity.
Possible values of F: 75, 100 0 125 9 150. If F differs from the
indicated values, then a step should occur, whereupon the printer
reads: "F incorrectly given."

Results: Into the unit COMMON/OKOEF/A(50), are sent values
V cV%;;	 Tents of the model aecordin^ to Table 5.2. and ntr +11n
unit COMMON /SYEAR/IP38 Is the set of numerical corrections or
-semiannual effect according; to Table 5.3.

Author of the subprogram M.I. Voyskovskiy.
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I ,

4. Access to DENS
r`-ALL DENS (H0 0 XtY,2, UN,APp?l0 ,D,1,R0) .
Raw data: NO-altitude above tie Earth's surface in km; 4/44
X,Y,2,-directing cosines of the radius-vector in the
absolute system of coordinates; the array SUN, which
contains the values cto, o (right ascension and declina-
tion of the sun in radians);

AP-tbe value Ct p at the moment of time t ^^kzp, , where

t is Moscow time (for isolating the calculation of the
influence of geomagnetic disturbance it is sufficient
to let A:P < 0.5) ;

F'1.07-the Flo , at the moment of time t -ACF where

t is Moscow ^ime (for isolating the calculation of the
influence of molar activity it is sufficient to let Flo

7
< 0.5).

f

D-tbe date and Moscow time in the Form of the number
of days from the beginning of the year (for isolating the
calculation of the semiannual effect it is sufficient
to let D < 0) ;

I-the parameter controlling the calculation of the
daily effect (DB) :

if I <0, then DB is considered memberless with the
coefficient C ;
if I=O, then ^B is not considered;
if Z? 0 0 then ,DE is considered in its entirety.

Results:Array RO , which contains values of five factors,
each of which takes int consideration its, effect in the modes
of atmospheric density	 (see p. 6) and the value of the density:

F-ow =k-4;

-p hlh2k

5. Use of the area COWON:

In subprogram DENS coefficients of the atmosphere model and
corrections for semiannual effects, whose values are assigned by
a preliminary accessing to subprogram VKMA, are used from the com-
mon units /QKOEF/50 and /SYFA?./3S.

6. Algorithm
The density p is calcul.ate^i according to the formula:

} = PH' i ,^ k }, ,k^	 where 6	 is the nightly vertical /45
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c.ioss section of the atmospheric density.
ki -is the factor which allows for the influence of measure-

ments of the intensity of solar radio emission F at wavelength
10.7 cm relative to certain mean levels of solar radio emission.

k2.-the factor which allows for daily effects in the disper-
sion of the atmosphere,

k3-correction for the semiannual effect.
I'

k4-the factor which allows for the correlation between
changee in the atmospheric density and geomagnetic disturbances.

3 

i + (b1 +b2h) (,F' -Fo)1F, j

i ^^,, .y.	 /.J + v y :.^ .}a ^„^ ("' ^! / + C 4.
	

4/2 ' i" l.. 4, ti/ J r ^, 2	 12) i

k -! +(.A1 +A2h)A(d); .a. =	 (@ i +e) h ) In (a..
where	 cis	 = Z" Si ^ b + C 0S ^i , ,Y °cos	 + ?' s i 1'I ^	 o	 o ^	 '^ s 

C-06 V =_Z ` sill 6 0 +Cos & o (X°coS V2 +)'
'^^= c3c.o+gyp! , Y 2 =CXo #Cp 2 ,

i/	 -the altitude above the Earth's surface.

.a C-the directing cosines of the radius-vector of a point
J, 4- in the absolute system of coordinates,

0. 0 16o -the * right ascension and declination of the Sun.

d	 -the date and time in the form of the number of days, counted
from the beginning of the year,

q (d ) -correction for the semiannual effect (the volumes of are
shown in Table 5.3, with 10 day" increments of time, the inter-
mediate moments of time A(d) exists as a linear interpolation),

	

i' -the intensity of solar radio emission at 10.7 cm,	 /46

t ea -the three hour index of geor^agnetic disturbance.

The values V and Ctp should be at the moment of time,
respectively:	 tF _ t -AT and It a p = t -A'LaP whex e t
's Moscow time, AT	 and	 ATar, are the "time lags" of
charges in the density of the atmosphere which correlate to a
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corresponding change of the quantities F andaP . The values
Oti a^ and AT,,. are shown in Table 5.2, and also are At p ! ,

and,, A 7. ar , the duration of intervals in the course of which thw
quantities F and ap are maintained by the constants and tabular
values which are equal to them.

In table 5.2 are also the coefficients of the model; a., ,.a.2 , Vic. ^.
bi,, b2'1''', a ,' which depend on the mean level of solar radio
emission Fo.

Table 5.2 Values of coefficients of the atmospWio m2delldepending
on the mean level of solar radio emission F 10 W.M- Hz - (units
Col MOVQK,0"F/R50)) . 	 °

Desig-
^, ationsi	 C', ( b ) I	 G2 (c)	 a m 	 ^	 QCL)

I Fo 75 100 125  150
2 a., -14,030 -15 9 095 -17 9 028 -169072

3 a 2 099108 0 9 8229 0,7198 097I55
4 a 3 59 1,77 68,92 93,3E 70933
5 b -0 9630 -0 9750 -0 9710 .09766
6 6,2 0,00506 0 9 00560 0900562 090057I
7 - e l 0 9 130 0,172 -09274 -09247
8	 e 2 0 9 00014 0 9 00217 0900257 09OOI99

9
!	

c 3 3t733 39784 49048 4t698

10 c -507,95 -666, 11 -632963 777958

11 c 5 189 9 85 200 997 230 976 Z78935

12 C6 -0 9 041 -O t O47 .0;038 -0t012
13 m l 4 9 2 4j 4,4 592

I4
15

m 2 6 9 0
37 0 t 4

690
340,1n

599
340S5

599
330t8

16
_q,

(,	 2 325 0 ,9 K80 9 0 308° 9 0 322092
17 A l ,602 -0 9526 -09513 -09607
18 A,,2 ^ 0 9 00669 0 9 00636 0,OO63I 0,00670
19 }_t	 : ;̂ ^ - ^0^3	 --0,:128 ' -09115
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Table 5.3 Corrections for the semiannual effect in dependence
Ono d and the number of days since the beginning of
the year (unit OOMMON/SY'^'AR7P(38)) .
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"	 "+Si ;l ^7a	 t 7 R+r`')fl^.!'	 At (1L'r y lr"rl}4/14.)^	 A
+*^'•^.'=`+^tx^.r",^}^b ►► 00!tti^Jbr-riSr,OQlp^' ► 39.r1U.'S,k, ► 1. ► ^,t
.•r+'') "+U',) 7198993 3`dr•,T1;,00'^i 2%4 IU257 ►'4•04E^'
b32, b .:r?.30r 1 6s-r0"3yr4,1.a;t ,9r34.'3^SnA.r«."S11 ► .01#6s1r	 i

-,,t°2kls,0p099r39.t10.9r4, r1. ► 3.rla0^r'1b,07^r.Tlssrrp•33r,	
,

S	 .,r765r	 so2r
33.6r3?r2 ► 2r-: 607x,oo6? o••ll5 ► .000S9o'39•rlp•5r4. ♦ lrr4•/
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01 tiKNS;CoN R0(61 rV( s) rS(ftJ12#
C011'101.1 /A K 0EF/R1 50#/SVEA•R/P(38)
C6 = 0.	 ^.
VI=1,1415926/190,

7 R0(J)-1^	 9r
R t)15)= XPta(2)-C,(-1 3QRT(W'r,(4) ► )
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3 !F	 5^drd
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v	 sIct(V(i)J
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C6=R( 1-),OC6

1y R04 )=t.#R0(4)4-(V(5)*C6)
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RETURN	 l
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5.3 Y 2 Model of the	 A9

1. Punction. Acording to the given location of a point, o:^
the Stan, the values of P,^ 	

given
k at a given moment in time

determine the temperature Tat'	 point, the exospheric temp-
erature, the densivy of the atmosphere, the number of molecules
of nitrogen, oxygen, argon, helium and hydrogen in a single voume,
and also the mean molecular weight of constituents of the atmosphere
(presuming that it consis ,^s only of the elements listed above).

I'	 2. Structure. Subprogram ADEN.
Internal access: AMBAR, GRAV, TLOCAL.

3. Access:
CALL ADEN (AMJD, SUN, SAT, GEO, TEMP, ALION, AMHw, RHO).

4. Raw data:

of days;	 yAMJD-date & time in modified Julian days and fractions

SUN-the array which consists of two elements:
SUN , l -the direct ascension of the Sun in radians,
SUN 2;-the Sur's declination in radians;
SAT-the array consisting of three elements:
SAT l -the longitude of a point in radians.
SAT 2 -geocentric latitude of a point in radians;
SAT 3 -the altitude of the point in kilometers;
GBO-an array consisting of three elements:
GEO l -the value of the index (F 	 (the time lag-1.7 days),
GE) 2^-the value of the geom	 ;J07 index	 k r
considering	 '	 Tk	 50
that 3 - =2.667 t 3 + =3.333 and so forth, the time delay P

=0.279 days.

5. Results: TEMP-an array consisting of two elements TEMP
(1)--the exospheric temperature over a given point (in Kelvin
degrees ; TEMP (2)--the temperature at a given point (in Kelvin
degrees).

ALIGN-an array consisting of six elements:
ALION(I)-common logarithm of the number of nitrogen
molecules in N3 ,
ALION'(2)-common logarithm of the number of oxygen
molecules in M3 ;
ALICE (3)-common logarithm of the number of oxygen atoms
in M ;

The subprograms used are from [6 ] and were tested and modified
for a high speed electronic computer BESM- 6 by Ye.Y'e. Ryazanova.

45
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AL1 NW -common logarithm
in M3
ALION^5)-commo ogarithm

Mil
s in M •

"l

U	 cmmon logarithm
cules in M
AMHVJ-mean moleoula.r leigh,
huU-density (in 'fig/m ).

t

of the number of argon molecules

of the number of helium

of the number nf hydrogen mole-

t;

6. Due to a lack of space there can be no description of
the Yakkia-72 atmospheric model. or of the texts of subprograms
which were published in f6`1.
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CHAPUR 6
ANOVIATI"E$ OP THE EARTH IS GRAVITATIONAL FINLD

(IN.DEX

6.1, The Acceleration Vector, Determined
By the - Influerce of AnomalJes of
Farth I sGrav 

RG3
itational Pi—en

(2MoD7-,G2, D Z DEG4) I —

I. Function. For a point in space fixed by the Greenwich
cqQrdiDates: xvy,z, one determines the constituents 	 and

4:1 i of the acceleration vector which id specified WV	 flu-
e7jee of anomalies of the Barths gravitational fl al-4 1.2

--the radial constituent of vector . 4619 (protect
on the radius-vector of a paint with a minus sign),
the merdional constituent the meridian directed to the north),

4'N , ,A 	 -the protection of	 on the perpendicular to the
plane of the meridian (directed to the east).

Supbrogram D3G2 determines the acceleration vector which is
determined by the influence only of zonal harmonies of anomalies
of the 'E'arth's gravitational field. 	 Subprogram DEG3 determines
the acceleration v ector , a""o­in-

'5
 for the influence of zonal,

tesseral and sectorial ." harmonics of
 for 

Earth's gravitational
field. Subprogram D2G4 determines the acceleration vector allowing
for the influence of only the harmonics 22, 30 and 40,

2. Structure. The packet of subprograms:
DEG2, DEG3, DEG4.
Common units; /RAD/2./0RZ/jq/BnPNGR/ 546f/0All/4*

3. Access: CALL DEG2 (XvDG * NM),
GAII D3,G3 (XG t DG 0 W
, ',AljL W,** 4 (XG t DG) .

4. Raw data. Array XG3 1 which contains x,y j z--the Greenwich
coordinates of a point;

NM-the number of harmonies considered (NM,:i 22).

Note. Wbon accessing subprogram DEG one may use coordinates of /52
a point both in the Greenwich and abiolute system of coordinates. --

5. Results.	 Array DG, which contains the components:
4

A rA grn ► ARt of the acceleration vector.

6. Use of the area COMMON:
Before accessing any of the subprograms it is necessary to

put the values R=(x2 + Y 2 + Z2 )
 

and RI=(x2 +y 2 ) ^ into the unit
COMIMON/RAD/R RI.

'Autbor--Ye . Ye. Ryazanova. 	 47
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In the unit QQ;iMO!T/QRZ/RZ the value RZ should be fined.
(No. 10 of Tab°! a 2.1) .

In order to secure the work of subprograms 17',G2 and UE03, the
'values of coefficients of the resolution ratio of the Earth's
gravitational field (according tm Table 2. 9 ) by means of a pre-
liminary accessing of subprogram QQNGR(A02. In subprogram DB'434
an additional variant of coefficient values of the Earth's gravi-
tational. field is used from unit OGYMQN/CA ?/ 4 (No. 4 of Table 2.1) .

7	 Algorithm,

a) calculation of zonal harmonics

$
x
 = I rkW (R1r) n-1U P sin	 =0.

b l. calculation of zonal , tesseral , and sector al harmonics
n rnc^	 rr.l	 n

(r1r
)
 Cn)^ (a^^, co^mL +f n»i sinrrlL)Pnm^air'^)

^	 ,ns2	 n   n ^O

M 1 /r Cw1jr')	 (04hmCO3t1T , }^nrx^ s1»mL)(Pnlm,^(sin+ )-tyl 't Pnm
n2	 o

^o IIrl	 r' " a sintnG+ /̂ cosmL MP (sins ^,^ f	 nm	 Nnr^	 nm
MXG

x,y,z-the Greenwich coordinates of a point,
z

2 2) 1/2 	 ^^ 2	 2 112+A11
	 , r, x +Y) ,	 aR	 6371	 53

AP, L-the geocentric lati tude  ana longitude of a point,

yin L = y/r, , cos L /rl , sin V =z/r , cos* r/r,
oh F ' -Legendre's joined functionr1,t,t

nth	
r. ""'2 ti <! ^^ Fi 

rat iI C°'.^9	 ^^(`17 hfi }f':.	
;., ,	 , ^.

r:•F
7

pnn = (2'9 OCOS V f n-i, n-1 !

when n m, m=Q

sin m L wsis'iQ—n_f)LaosL +ca(r-7 - OL 6i  L

cosmL ,a n(in-- (IL sit-LL +cosCra -0L SIA L

f when n a m,

` 	r

PO 	 P 1 =
sin 1 ' = ^_.^^'^ s P1€

48
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-anomaly coefficients

the greatest number of	 conoidor94.

c) cal cula t ion of only the first four harmonics

( 
#0

R)	 +119r	
r	

2N2	 Z2

RZ	
FPO+ Ff 0 6) Ow +

0:22+ 2
44	 rr	 2R5	 Z

	

+	 7
+	 7* r

9	 2

	

X* f 1.	 -

	

"17-f	 2 + 6	 -INr	 r (	 I
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8. Texts.

su6ROUTIAE DE62(-sDGa%1A;
D I MEt.1 5 I fill W( Ile DSI^I P PWID1-5) 1 PUT ^

COtaltloN % cAZ/R^
A(.1)=AIIM(41
AWmAt)µIS)

AVfIKANIA (1 a
At4)tAWM(:y)
AI51PA;lM(26) `
A(6)u,AtlMI3A}
A ( r ) =A1114t 4
4('d)=A t o p; I r a

A	 I r A Ist•11 6.4

At1D)-AN1`4( E6•1
A(Sx)'=,ANIA1AV!
AI123RAHMd103)'

. A( 1A)=AMM4 Lj8, '
A.t143- ANM{.L3^^^

t try ) =A!^;t t 243)

r,1 R P.

Ptiu (1 ) c1,2
?0:2)=(3.U 0 C2*C2-1,0)/2. 4

! ) =R1

tizu40
CaQ 1 J • tf = 3 ^ r^t1.

al. 1 u(3	 ;,—I.OI"PtIC(I) 3rl
?:l1l3)^f 3•P'l1f1)—UvPNltl)) /tll -1.c1

4it 1)= 33 it11+'(;:,d(1!+1.4)aor,pt3)
1t3;i?)=l^t,t^) r,^^?t1)

P'to t 1 1 =P:JO
F+IU(2)»P'10(3)

-I1(2)
l 1. r M)	 P' t i( 3)

lrt v7'4Tj`rl1F

3)=0.a
1rFT1)r'sf,

X54

d:t 141
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)!'1R'li; .ti I X	 C(3) ► SC(3)
)!4w'ta;c1'I '	 t,)+S4LI?31r(;'11.(?3)

c11 #4;"10'1; h^.,)t13R A ► 1 ► 1( 771 rR;I ► 1l ?731
C0 1 411011 1 /P-A 0 P. rP
tit)F.1117;1 !CR7,/R1'
SF1-;;1`11/?,
uFI - ctI R
:1;11 =+1,1+1
S'11. 1 1 )30, 0
VIL12D=xc2)/F1
C ► 1L ( 1 D'1. 11
r„ 1l.(?1'x11,/^;1
7Q 1 I-3r N II
.S t i 	 I 1 'SHL 1 I- 1) + GtiL42 ) 'C'1L( I-1,)•«SMLl2)

1 C'1L	 - Sr1Llr• 1)•5P1LC21•C O IL Ct-1) 'CMLc2
llri = tl ^ 0

0:1=U, 0

P(lrl)=1.0

R(Y^ L)'S;'I
P44-v2)=0FI

Wide z "10	 I
O tl ? (;. 2 r tJ 112

2 f'41rrD:"o.p
)0 S (.3+Nt12

3 t r t2; I1-0. 0
00 4 it — !. r 14N2
U11° f 1 — 1
;70 4 '4»7,.4111

IF,lti- 11}5 ► br7
5

	

	 0.0
i,7 To '►

b rat"Jr'1)-i r +CF t0plt! - ).+D1-1^

_rO.-4

^[IJA -f IU...^	 ^.lei C';,;f«^,.n	 1lt	 .f^t1^4;
	 / 55

4

	

	 7I IIJt
IUIOK RI /R
lit, =0.0

(I)`0 0IFG	 9	 13 ^, ! = A'J'Lt'!A t1 1 C,11 (x11	 fiFJN({^At!)+^fIL(I1)
DO 9 ;1=3r:•1111

	

	 .
IJrI = ► 11111-r!	 ' ► _(ut1-».D•Ptt ► r tl )

;I C) 10	 = 1013	 ,it 11'Sf (1D • (;1+P(t1r 11}
lt) 55(I}a0.0	 Sc;(?.D= t c^I•C14,(p(N,t1•l)-Y,+(X13}/RI

"DO 11 JI=1rN 	 ''	 i1	 AR)0 $.1L	 f)AC)wC)IL('I))•w

T S=(t
3	 ;DD O.) -0G (1 1 + C?*UtJ • 50 t 1)

..4AN ='1
	i1.+4(?D='J (i(2)•C'j,wgC(2)

IF( ►45.L?.11	
r	 7tDt1}=pG(1D /p

^;1 3.^ ^5=1+145	 :)t;t?
12 '4A"%= 'JAC° 'JS•2	

D = JC, c 3 J /t 7

t	 1( TUR'4

k ,111

i` 1	
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CLOIVIn') RA0 /R; R
Cnt111llq/rRI/RC
h n 'il0'4/rA2i!/x,22	 22 ► A30 ► A40
C w — P 4, / ! f

Cz=C!•C1

C4 = C3	 t R

U1-X1.1) /R
117=111+tt1
113-X^ 1!AX(11-;t{?^•Y.;7)

7 X-P j

{,^=t13

,t;^t 1>-; 3n1 +̂ , n•1)3	 .71R2 	 )Ax( ?)*a22/R2AC3AU1
e	 A(: 1,^a: ► 1-F,!))o;:; e.fx75 0 t)2eU?. IUD 0	 115 0	 C2 A4015

1	 ( ^,`-° 4• t - 0	 011 ^r	 Q • '	 r,	 •! R • •^	 ^	 i	 rt••)	 t.	 ^	 1	 .,^	 .ic1 Z	 •.Q .I..	 uZ 1)	 Z S C1
u	 •(3.0•U1-1,C	 0•,y •SAy2AU 1 	 0oU'Z 3,	 4
Dt,=C, 4f, 6 , 0.1 -" , t; • l1:`'QZ2 *tl4 +B? ! ?
HETUI^i^
Er,1")

H st of Subprograms by Fume.

J'
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a
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i A010A
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AMBAR
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DAT.DAY *
DAYDAT
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.F DEN,5

I.
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Index	 page
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nF P5
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A OT TT

B nT TO
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