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ST f:bn“brolled motion ofa body is possible in case the coordinates'
i c, ‘its pos:ition, velocity, ‘ehd “other” n&vigatlonal ‘elenents in respect
“to a'deternined codrdinate systeti are knownd. " The "continuous deternina~
ion of navigational eleuents is effected by navigetional :systenms which
iy be bhsed on ‘the’use: ‘of ‘the properties of physical fields-(the gravi~
__ ﬁe],d, me.gnetic ‘atid’ electric ‘fitlds, ete., or by bearings on
‘ fes. Nonperturbed gystems, which' ere ‘frequently combined
O ith agtrononical systens, ©ecupy & special place anong these systeus.
e An astroi_nertlal system it which the fdvorablé properties of an astro-
”ﬂonical‘ system aﬁd a nonpez‘turbed ‘systen are ‘corbined ‘15 ‘exanined in
“phigt article [1). ¥ However; ‘theé' authior hasg' riot takeri rinto .account the
peculiarities of nonperturbed systems with three chanmnels of automatic
cor.rpensation and hes not evoluated the errors of such systems.
- Thig ‘article contains-a discussion’ of ‘ce¥tain problems -of the

‘r 'bheory of hydroinertial systeus operating in three-dimensional space

’and :an analysis ‘of methodieal &rrors.”
o ;. Principles of ithe Construction: oi’ nonperturbed gstems.v P
Khe navis gational el eents in a nonperturbed gysten are deteminecl on
+he bugis of tac inbesration of acceleratious measured by, three ac~
. celeroneters with nutuslly perpendicular axes. The" accelerations are
"/ measured in respéct to an inertial coordinate systeri which has been -
selected in such & manner as to have no angular’ velocities relative
‘Po gtellar ‘space and ‘whoseé ‘oFigin can néve cunder:the action of :gravi~
- tetional forces. The acceleroneters neasure only the accelerations

{1:7) caused by the action‘of forces of. dreg and the thrus‘b of the engines,

but not of gravitational forces.
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; Iet us select & coordinnte systern. The origin of the coordi-
nates «6f the inertial systen can coincide with the center of inertia
- bfbny :celestial body which is moving in a gravitotional field. In
flight near the earth, an equatorial systen, two axes of vhich coin-
cide with the plane of the equator and the third exis with the axis

2176E. Yothatiot of the earth,-can be utilized .es the inertial.coordinate
systenn. The chief shortconing of such & systen is the change in the
position of '1t8 jaxesirelative to stellar ispace due to the rotation
of the earth.

For interplanetary flights it is convenient to make use of an
elliptical systent of coordinates: X, yo, (Figure 1) with its origin
in the center of the sun. Two axes ¥o ) iie in the plone of the
earth's orbit (ecliptic), and the thi)rsg axis is perpendicular to this
planes :Ohe of.'the ‘axes: (xy): can be directed toward the first-nagni-
tude stai .8pica,: ’which is gocated near the plane of the ecliptic. The
position of the flying apparatus in such o coordinate . system is deter-
nined!lby rectangular. coordinates X, ¥, z. It is also. péssible to nake
ube Bf o mpherical coordinate systen with the sane: origin, positions
in which are detemined, by the astrpnomical 3atitu&é b gar.nba ond’ lohgiv
tude lzmbd.a with rodius vector R.

CaetsolinoThe éeliptic coordipate system posgesses great stebildty. Thus,

“Por exariple’, «the':change in the astrononical latitude amounts . 10.0.07

- picroradiars. per-year:’ and- the" change in the longitude is not nore than
0 l mcroradians per - year: b " CLoTear

; The” following forces ere. acting on the flyxng apparatus : thrust P
tdrag,aaﬁd gravity. - ‘The vector .of the first two forces is. glesignated by
P axd ‘the vector of the force of -gravity:by G. - e, components of
" these forces on the axes uf the rectangular coordinate system xoyozo

" are equal to ¥y, Fy, F,end - Gys Gy Gy respectively Let us use .
x, v, 'z and x' AT A to designate the ecoordinates and the velocitles
~.of “the ‘center iof .mass -of, the flying apparatus in the selected. inertial
coordinate systen Xg¥ozg. it ot s

. Expressions for. the conponents of the acceleration of the cen-
ter of mass of the flying apparatus ‘can ;be obtained from the equations
‘of” uotion ER R OUTN . ;

"‘F'"'Gx: " ~ g, '3=F-Gz (1)
where m s 'thé pass of the flying apparatus. S
~If we' noke: use of the expressions for the accelerations of the

flylns apparatugx o REETAN

Lo Bxo @ 5 a & _,1_3',1’ Lo vas. = B o
ST RN T = S Swo <. ‘ . , o
} :'..»;’%ﬂd;, ot ,,gyo o ﬂa" SRE (143)

- ssmci 1ntroduce the corresponding accelerations from the gravitat:.onal
f‘orces b
gyt Gx gy -~EL sz Gz S (.3)
then we find fron equation (1.1), o
ayo = X" 4 8 8yo 2 V" -k &y 2,0 = 2" + & (1.4)
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, Acceleraneters whoee axes of eensitivity coincide with the '
axes xoyozo will be used to mensure the accelerations of (14). "
notion occurs only under the action of gravitotiomol forces (P = 0);
then the’ accelerations of (1 h) vanish and the acceler01eters 1311
not whow ahything:" : o » SR

A hydroinertial system ‘should include B stabilized platrom}
three ecceleroneters with mutually perpendicular axes of senéitivity;
integrators, &' computer, and feedback’ elements (Figure 2). “The axes
of serisitivity 'of ‘thé accelefoiletet's forr ‘an ‘orthogonal coordinste -
system xyz which 'should be parallel.w1th ‘the inertial’ cdordinate sys-
fen” yoXo-  Dué to the drifting of each of the gyroscopes, however,

- the xyz systen of coordinates deviates from the xoybzo systen by the

wﬁangles ‘elpha, beta, “ppma (Figuré 3).

o The’ integrators areg’ necessary 'For integratlng ‘the’ accelerations

;and for obtaining the velocity and’ coordindtes of ‘pogition. - ThHe com-

“puter and ‘the feedback systen produce: sign&ls to corpensate ‘for ac-
celerdtions from ‘gravitational forces. ‘A ‘ghortconing of the hydrd--
inertial systen is the fact that 4t cannot independently elininate
the angles alpha, beta and gamma. \External 1nformation is needed to

ﬂeliminate then.

o Equations of Motion of a Nonperturbed gxstex. In order to.
derive the equations of motion of an inertial systen it is necessary -
0 make use of the relationship between the components of theé accel-
arations aleong the X¥0%0 and the xyz axes. The components of the
accelerations ay, ; 8y mneasured by the ecceleroneterg are not - .

—egual to the components of acceleration’ ‘of the center of. the mass of

~the flying apparatus a,q, ; 8509+ The relationship betveen these

~components is given in ‘the ble of direction cosines- . R

% . e
cos,aipnaocos beta . SR ’

L e .cos beta cos gaxpe
o f['« cos beta sin gamma ‘f“‘f””

X - sin wlpga ¢os Bets - R S T
v ‘cos alpha sin gamna -f sin alpha sin beta sin alpha

fcbs alphe cos gamme-~- sin alpla’ gin bete sin’ garre

: If we nake use of the fact that under Peal’ conditions the angles
alpha, beta, and garma are smnll, then the sines can be replaced by the
angles thenselves, the cosines can be assured to be equal to unity, and
thHeproducts ' of the argles can be neglected‘as quantities .of the-second
order of smallness Then the relation between the ccmponenta cf ae-

......

e, = axo -4 Delta axr

X
a.y 2t -f: Deita 8yy
8, =

-;3‘“

(2.1)



where’
Delta By eyo Beta - azox, Delta ayr a azO - exo Beta,v Delta

gy © axox - ‘3'y0 chme e (2 2).
f‘ 'u' R ) . )
The errors Delta axg Delta and Delta ax occur due to .
drifting of the gyroscopes, as a resu%t of which the axes of sensi-ﬁ
tivity of the acceleroneters do not coincide with the exes of the
inertial coordinate systen. . . .. e
o The output signﬂls ofithe ecceleeoneters, o8 nay be seen fron
the strugtﬁral diagron in Figure 4, pass through the integrators .
with. transfer nurbers k *kex’ kzy: kzz into the conputcr
whloh computes the compensat%gg 81gnals Exe. gyc,.ezc,fto compensate
Tor accelerations fron gravitationel forces. ;.. ..
The coordinates of positlon Sy S¥ S, 2nd the velocities of
»cthe center of mess Sy, ; 85" of the 1y1ng apparatus are calculated
88 0 result of the operat on of the ‘inertial system :
.- .. From the structural. dlagram (Figure L) we obtain the following
equations of notion of each of the channels of the inertial systen,)

f(wZ *’éxr):-.:.‘.x0'}"57 .‘Elxo 8 e (2'3)"

”.‘:ﬁ.:_. ' , p, L R R A [
vhere Xy, Yo, 2, and ‘, y ‘are ‘the initial values of the co~
ordinates and the velocities of ghe flying apparatus. »
Tt can be seen fron the structural disagran (Figure k) thet °
the signals fron the output of .the first integrators are the corpon=
ents of the absolute velocities of f1ight, while the signels ar the
output of the sccond integrators are the couponents of the dlstance
travelled.
Iet us trensforn the equations of (2 3), for which purpose wWe
shall select transfer nuubers of the integrators fron the conditions

klxkex = ly 2y = klzk2z We shall find

Delta x" = Delte gx - Delse ayy T (auh)
Delta 'y" = Delta &+ Delta ag C e e '
Delta z" = Delta gz -+ Delta azr Tt h;;;" :a;f'

where AR - ' n>

‘Delto x = Sx o x, . Delte’ ¥ Sy ~ ¥ Delta z (2 5,

the errors of the inertial’ systen A -

Delte g, = gy = gxr,? Delta gy gy gyr" Delta gz gzr (2 6)

* ¥ i K}
L u"‘ kg
- ;
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the errors vhich characterize ino.ccurcte compeusa.tion of accelemtlons
due to gravitational forces. | . .
It precise’ compea’sation o:f' accelerﬂtions fro* grcvit«..tioml E
forces is acconplished in an inertial systen (Delte. . =-Delta g{
Delta g, = 0) and therc is no drifting, of the gyroscopes (Delta
Delta a,..* Delta a, 0), then it follows fron- equations. (2 L) tﬁat
the errofs of the system Will be detemined by ineccur.,ncy in settlng
_the initial conditions.
Sy Since autonntic compensetion . of.ceeelerations fron gravitationol
‘FTorces cannct be precise and, in addition, there is drifting of the -
gyrcscOpes ) diﬁ'erent errors 4o peeurr fin an inertial svstem, and. an-
alysis of which is given below. :
3. Prrows in o Systen of Autorntic Cormensation for Accelera-
ticns Due to Gruv:.tatloncl Forces. The errors in a systeu of this
ty'pe occur because the coupensation signals g - generated
' ,in the conputer are not equal to the cmponen%s o ccceierat:.on s
‘These errors are fed into an’ inertial systen and, aftempass-
.mg tﬁrough a closed cycle, are sgain fed into the corputer. If the
inertial systen is stable, the errors of automntic conpensation will
be domped. In the opposite case they will grow, which’ will ‘give rige
to an inaccurate deternination of position.
In order to genecrate the coupensation signols it is essenticl
¢ to know “the anelytical expressions for the’ corponents of acceleration
".gx, ; ;» &, which are caused by gmvitatio*lal forces of celestinl bodies
actigé on the flying opparatus. if my, %4, ¥33 23 (151, 2, 3, ..., 0)
the nosses and coordinates of the cen%ers of msses of celestml bodles
that arc accelerating the flying apparatus, the conponcnts of the ne-

celcrations will be
i X ¥ 1.&

. z_

R T gy yi e Lm .
gx i‘l'%ﬁ'l - }ii 3 5% , "‘"‘"3' z " ;? v i —-R-3 (3.1)
where T ST Yoy o £
TRy R '0, (x'-xi )f2 o (yiyii)z‘.,-— ‘(z;z"?)Q Sl o3, 2)

ond ! f is the r-:cavttational coz.stunt, which is equal to 6 67 x 10 8 cgs.
. ,, 1'

The coz:rpu’ccr should. genercte compensation sie,mtls g s c, gz,,
in accordance with thé fortmlfs (3.1) and (3.2) in which it is heces-
sary to substitute the neasured inerticl goordinate systen 8 s S Sz
in place of the octunl coordinates of the' ‘flying apparotus x, RO TR0
Consequently, the computer should calculate the cbupensction signals

in accordence with the formulas : P (3.39
53 Sy Yy n Sz zi

&y -18mfm Sim = Sign o, e
T— gyr grl mi‘ﬁ‘B"‘“ - ,i%, mi ﬁ-i-g

-5~



B2V (e -l + (5, - v, P + (5, - 2, (3.1)

' In order to mnke ‘the calculdtions it is also necessary 0
know the masses 1, and the coordinates x4, ¥y, %4 of the celestiol
bcd.lés 5 which canlbe obteined with g,rect accuracy C ;

- TIf the differences Delta g,, Delta Delta ere forted by

" substituting the expressions (3. 53 ard (3. ?5 into (26%) and they are

v d.e(:arposcd into oerics by the increnents Delta x, Delta y, Delta z
then, liniting ourselves to the lineor tefns, we find ‘

RS R A (/. - (3.5)

Delta. y ~¢ (z -2, ) Delto z]% |
R ‘fm, . y-y }‘9,2} ' ‘
to g & e Sigm % 173 Ipeltay — 2 [(x-x )

D°1 0 gy ; Sigalk = E l B(Ri VAR bkl -'g—i "
Doita x -, (z-2;) Delta 1{ S
SR — ' -z \53 ' z'
| Delt_a gz 2 5 Sigm ____3__%{ ? ] ‘Delta z -~ 3__.2....[(x-xi)
| Ry # Ry

. Del’cg x + (y-y ) Delta y]é[ | ‘

Substitutmg (3.5) 1nto (2.4), we ~obtain | | (3.6)
o? 4 %2) Delta x -=A Delta y =B Delte z = Delte o,

2)De1to.y-o-CDeltaz'Del“bao.

~-A Delta x 4 (p° + Gy e yr
j== B Delta x == pDeltx qyf-x-n@?f'ﬂ-i hﬁ()ibelﬁa,_-z =-Delta a,.,
where .. ' S o (3.7)

‘ n M, X-X n fu (v-y )
é = S’ - l. ,il-S ( 13\} s » 2 = S m i {1_3 i ,
WOHE T g VORI
p mm fa ‘{ (z—zi) J‘
z Si 1-3 :
K £ R | R2



(358)

RS (x-x ) (z-z )
S B 3 Sigma -
TR §2

8l iy o I
_ Consequently, the errors in the inertial systen Bhinh arise
~out of inaccurate nutomhtic .éompensation of accelerations due to
_gravitational forces are deternined by a systcu ofilinear dlfferential
“equations with vorlable coefficients. ..
: - Iet us exariiile ‘the béhnvior of the system (3. 6) fndér the éon-
‘dition that there is no drifting of gyroscopes.. The behavior of the
inertinl systen in respect to the errors Delta x, Delta y, Delta z
is deternined by the type of ‘Bolution of the equations (3.6).. It i s
obvious that if the systen is stable, ‘the autormtic compensation ef-
rors will vanish. In case. the system is unstable the errors w1ll
grov.
L Iet us study thc stabzlity of the systen of autouutic corpeti-
sation for accelerations. For this purpose we shall exaiiine the
pertial epse, essuiing that the coefficients of the systen (3.6)
“chonge slowly in couparison with the tine required for processes to ..

"fntake plece in the automatfc compensation systeni. Moking use of this

“nesifption and considering the' coefficients of the systen (3.6) to
be constants for the socke of siuplicity, we can judge its stobility .
on the basis of thc properties of the characteristic detcrminart

- ;-If this deternlnantaiéﬁexpuaded and -set equal to zero,{@v"
shall obtain the chwracteristic eqpation of the gystcu (3 6) k |
; SR 3. lO

o (> 4 }y H}za)p .~1- :('[\x‘%r -i-‘bka% Miy 2 «-AQ B

‘—-C )P2 -3' 'n‘ u‘ygx}z e Aanue 132 ;’,2 wca‘\xa -; 2ABC = O
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S

Sy It follows from this equation thot the systen of cutonntic

‘ B'tD.‘lt ! KD
o ) 1/‘va ‘ Tl/2 ‘v‘e PL

corpensation of aceelerations due to gravitational forces is unstable,
as equation (3.10 locks terns with odd powers of the operstor p ¥ d/dt.
It us trausfori equation (3.10), for which we shall evaluate
its coefficients by naking use of formwulas (3.7) and (3.8). At the
sane tinme, we shall assune for the scke of sirplicity that the flying
apporatus is in the grovitational field of one celestial body, for ex-
crple, the sun. In cose it is essential to teke into eccount the ™
grovitational forces of several celestiel bodies, one may_introduce
the concept of an equivelent celestisl body, for which g/R = S%%lm
fmi/Ri3. -
We have ‘ (3.11)

| [ 'hx + \Y —} 'qz o s
m%%,a Hﬁz + ly?,,za *Ae -1’32 ~ =

qx"y‘!\z—-'*A‘bv 2*‘&’2 C%2~‘-2ABC :-2-—-

R .

A]
LW ﬂ%

*vhere

g —ﬂ/r‘ + gz o
Substitutmg (3. 11) into (3 10) v....').d q.aking the transform..t:.ons,
wc obt'nn S

e .(3,-_1,2)

.'ff“";"f' A ,"-”('p "4- Oneeme)2 s “Of.xegae)'?o"' |
where S o
! Qnega = g/R ‘

v ! Tt follows from this that the charocteristic equation (3.12)
hos two double immginary rocts and two real roots, onc of which is
positive. Consequently,.the gencral notion of the eutomatic conpenso-
sion systen consists of.three notions: harmonic oscillotions with o

perlod of .

Ty =2 Pi / Otegn = 2 ouegn % R/g;  oscillations with the
scrie period and on arplitude which grows proportionclly with tine; and
finally, md uperiodic ’ exponentially growing motion with a t.LJe con-



cled For o nore detailed exauihation of .the churacter of the notion

of the systen, let us exanine the fli&ht of a flying apparatus in the
grav1tatioaal fleld of thc sun in thc direction of “the yoaxis, In
tiis casg R = y, =g ¥ 0) gx = 7z 0 gy g ond the eqpotious
‘(3 6) have thc form N

(3 13)

(p -F Omegae) Delto X

.' |!

(p g Ozlegaa) Delta. yf'-

(p »9» (‘ne'*az) Delt‘*’ | Eelta B,

It follows fron’ this that in directioms perpendicular to “the -
resultant vector of ‘the-grovititional fordes, the errors Delta x and
“Delta z change hartionically with the auplitudc, vhich depends or-the”
initial conditions dnd: the period of bscillation nentioned above. . In
the' dlrectlon of the vector of the graV1tational forces, the error
Delte ¥y grows cxponeltiolly “If thereé’ is n connectloﬂ vétween ' the:
channels, s shown abovc, a third motion appears W1th oscillations of
iocreasing uuplitude. S

S We note an-andlofy betwean the charucter of the chcnge 4in the
crrors of the “inertidll systen of - nayigwtion ‘and -the niotion of-o -
satellite.‘ The perlod of change in tho erro*s (oscillutior perlod)
Wof thc inertial systen T o
‘ Sop e Py R g is eqpal t6 the’ perioﬂ@of
_sotellite flying in a ci%culﬂr orbit with radius R nround a celcstial
"body with the first cosmic velocity o :

) When navigﬂtlng ut the surface of the eorth the pcriod of A
chanke in'the errors Delta x ohd Delto z s equal to Tl 8& h nlnutcs '
and is called the Schuler period. = =

Ihe error in the autemhtic boupensation of accelerations due
o gravitational forces ‘Delta y'in. the direction .of the resultant vec-
tor of the gravitotionnl® forces’ chaiiges exponentially with the - constaat
of 1ue
1

= '=!R/g, which is. 1/2 Vfé Pi of the perlod of the in«
ertiul Sygten Wh the inttiel ‘conditions aré nonzero; the'error -
grows continually whlch ‘chardcterizes the instability of :the autonatic
v ccmpensation systen “Conseguently, switching on the:autouatic’ compen-
sation channel of an incrtial systeq in which the axis of ‘the accelero-
neter coincides ‘Wwith'the direction of the. vector of the gravitatlonal
forces tinkes the system absolutely: unstable, ' 7 1o iR .

(170 MMhé “enology between the inertinl systen arnd . the motion of a
satelllte can be continued. We note in particular that the character
of the change in the error Delta y corresponds with the change in the
radius vector R of o satellite which is moving away fron & celestial

59 -




body (for exarple, fron the earth) with the second cosuic velocity

'f‘megw R=VER (3:13)

Indeed only when the flying appar"tus (satellite) is noving
at the second cosric velocity does it overcoue the ottraction of the
celestial body and nove away fron it freely. In the inerticl systen,
the signal in the autonntic corpensation channel which neasures the '
coordinate Delta y fully corpensates for the acceleration of grovity;
therefore the inertial systen is operating under conditions analogous
to the physical absence of gravitational force.

The analogy between the notions of an inertial systen ond a
satellite can be used for sinulating the notion of 2 satellite.

In order to evaluote the effect of the initial error Delta ¥,

nd the altitude of flight above the earth on the magnitude of the
error of the inertial systen Delta y, deternined by neans of the
second, equation of (3.13) with & zero right-hand side, the correspo1
dug graphs of Delta y/Delta yo £(t) are presented in Figure 5. The
curves 1, 2, and 3 correspond to flight altitudes of O, 1,000, and
2,000 kiloneters. The error accuulates uore slowly with increased
valtitude, since the effect of gravitetional forces decreases. ‘

The properties of an inertial systen which were studicd here .
eorrespond not only to the special casc of flight aiong o streight 1
line, but also to arbitrary flight if the axis of sensitivity of one
of the acceleroneters.is held in the direction of the vector of the
grovitational forces. Under terrestrial conditions, this neans di-
recting the axis of sensitivity of ‘one of the accelcroueters along the
vertical direction and the axes of sensitivity of the other two ac-

- celeroneters in the horizontal plone. The errors in the channel which
‘uneasures the altitude of flight will grow exponentially with zerc in-
“4ticl conditions, while the errors in the channels which neasure the
coordinates of p031t10n w111 grow haruonlcally with the M. Schuler
perlai o
When a flylng apparatus rioves along an arbltrary path 21l the
channels of a systen of autonatic corpensation for accelerations due
to grovitational forces arc unstable, as shown by equations (3. 6).
When the initial conditions are nonzero, the errors in all three chan-
. nels have teriis which grow with tine in addition to the oscillatory
terms. .
: " The instability of inerticl systeris with automntic compensation
for accelerations due to gravitational forces cannot constitute a
. criterion of their inepplicobility. Errors will not exist under zero
~initial conditlons, and in case initial errors do exist, their growth
is slow. In this case, the tine of growth is corparable with the -
period of the systen. Moreover, the systen can be made stable by in-
troducing additional links or by feeding additional external informn-
tion into. the systen [2], for example, fron astrononical navigation
systeus.‘ o - : ‘ , _ -

t
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' Ope can’ ;oraulcte ‘th¢' following theorcns on the bosis of what

has been set forth here.

- elor.ocorbitiwith redius-R. around Q. celest

second cosnic velocity 1/

Theoren 1. Automatic compensation for accelerations due to

gravitational forces in all three chennels of an inertial éystem will

lead to  the charocteristlc equations .
o ' | (3 16)
(0® »y teen?)2(p? 1w 2 Cuega®). = ST |
for the errors in each of the channcls.
Theoren 2. The period of oscillation of the errors of an  in-

ertisl systen is equal to the period of- ‘s satellite nmoving'in a cireu=
iﬂl body at thc first cosuﬁc

"eloci‘byv = YER - :
TheOreﬂ 3. The constavt of uhe tiue { growth of the errors

of Vo inertial SJsteu is. equml to the constaatiof ‘the “tine ‘of Tiction
of & satellite which is moving awqy from o celestiul body with the

IR A3 ¥ method of "freez%wg" the coefficients 18 used'f
eqpctions {3.6) ond cs o resuit.we obtain & system with ‘conBtant coef-
ficients. This assum@tlon can be ‘considercd adnissable for small in-
" ¥ervals” of tine :cotparable with the period of the oscillations of -an

‘-1ncrtial systen and the conclusions 51Ven cbove are‘justlfied For

U large intervals of (tine dt is essential to examln qnntions with

AN this case the. qpantities Ty ‘end ﬁb Pecone

vaerioble cocfficients. .
ydrinbles, wthus 'the perlod of oscillathns and the ccnstunt of tine

lose their usval sense.. e -
St by o Instrunental Er Errors. Instrunental ‘errors in an inertlal
gysten consist in drlftlng of the gyroplatforu relatlve ‘to“the iner-

tl&l cdordinate-syster, errors in the acceleroucters, the 1ntegrators,

the corputer, et-cetera. ,Drifting of the gyroplctform congists of
+the errors . " 1inked with rotation of “the xyz-

‘errors. of: two. types?t:.

. coordinate systen relative tc the inertial XY zo coordinate systén
‘and the 'errors’ generated in a. closed corpensation sysbtern. ST

- Anidea ‘of - the effect of 1nstruuental errors o the accuracy

RECx T 1nert1a1 systeL'can be cbtaincd ff ) the followmng ns1der

. ti@l’ls v e o . -
! : m»Ebr Deltc a R RI Deltu el ).a.,fDelta bxg, S which cre
3 the rrors of the: ccccleroaetcr, the ‘first ond secohd’ integratorp

respectively; equation (2 3) which determincs the calculated coo:dinetes
DRSS ‘ (.1)

[ O
ST

acqulres the form
' ,,_,__ Del‘ca c,m) ....:.*Q- Delta bxl + %']

%‘x" ""f.'Delﬁa"'gif f B,
_%g' -+ Delta b, -t X, = Sy

-1 -
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Continuation of (4.1)
s . o ) L. ‘ ],y L 1
E(yn 4 Delta g, -+ Delta gy -b Delta aya)'T 3- Delta by + ¥ }
k... , A o : : o ST
o ¥y .

Sy men by s,

P

_L(z + Delto g, -} Delta azr”-r-f Delta azaq) 5 °F Delta b,q ..;, Zy']
It follows fron this that ihstrumental errors in the elenents
of an inertial systen have & direct effect on the accuracy with which

. the coordinates of position are deterriined. Instrunental errors will

trocted periods of time. «

reach . large negnitudes when an'ihertial'systém=is'0pefated.over~pro-
The principal nethods for reduecing instrunental‘érrors‘are.'

. cssentially reducing the errors of ‘the clements of the inertial systen

and correcting the systen by introducing external navigational infor-
petion. . In the latter case the corrections can be nade discretely,

not continually.

' In concluding, we note thit en inertial systen with three chen-

nels of automatic coupensationifor accelerations due to gravitational

. forces is unstable when e flying opperatus is noving arbitrarily and

" that the errors in this systen will grow vhen the initial conditions

are nonzero. In order to elininate the errors it ‘is ‘necessary to c-
.correct the systen continuously or discretely by feeding external -

.navigationel infortintion into it: In this case the inertial systen

.-, fulfills the role of o uenory device in addition to its basic role.

- (j} The . analogy between the changes in the errors of cn inertial
systerl -with three cutomntic corpensation channels and. the unotion of

;avsqteilite can‘b¢ used in sinulating the rotién of a satellite.- -
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