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D.B.BaTpaxos, 3.P.MnpMaxmynor
(HTA PAH, AM AR ¥36.)
O BLIYHCNEHUM NTOMIOXEHHHA ACTEPOHJIA METOAOM 3HKE C
ONOrHsIMH OPBHTAMH, HMEIOLINMH KACAHHE
BTOPOIO H TPETLENO TIOPAIKOB

B crareax [1,2] OGuwnM npeRnOmeHM ROOTATOYHO RPOCTHe
npoMemyTouHMa opfurTu, oflnanammme CBEOACTBOM KACARMA BTOpOro
WX TPETRErc. NOPARKA K BOIMYmEHHOA TPASKTOPHM MHanoro
Hef@cHOro Tesa » HARSANMVHMI NOMEHT BpeMenN. [EHWeHM®e MO TAKHM
opSHTAM ONpeNeniaTCA KaK HEBOINyMEHHCe B Nole TATOTEHMA
$HKTHBHOTO UENTDA, MBCCA M KOODAHMMATM NOCHSRNErc ABAADTCA
HAYANOM KOODAHHAT. OMKTHEHMA UeHTD HeNnox™“meH » cayuae opluT
é KACAHNGM BTOPOrC MNOPRAKE N ABMASTCA = NpAMONMHeRNO M
PABHOMEPHO P CA7YAE KACAHMN TPOTHEI'C MOPANMA.

Hamefl >anavell amnserca cparnenMe DPPEHTHEHGITH MeTOROD
Suxe € palANMEMMK ONOPHMMNN OpOMTaMM! n)' HEBOIHYmEHHMH
INNAMNCOM, YNOMISTEOPADENM YCHOBMD OCKyasumfi B Havammuwi
WOMeHT (xnaccwwecxan omnopuar  opfwra MeTOmA 3uMe),
6) nponexyrtownofl opiwtofl € MACARMEM BTOPOro NDOPANKA,
») mnpoMexyrowHol oOpSNTOR C NacAMMeM . TPRTMI'O ° NOPAANA.

Brenex cnexyvmme ofoamawenxst i, P - BeXTODM mONCEEHMA
HeGecHoro Tema Ea POAMyRAHHOR TPAGKTODWH M HA OpPOMexyTOWHOR
opiure, I = F = gt BEKTOP NORCESHNSA PHKTMBRNOTO USHTPA, P -
BeXTOD NonoxeHMA TeRA Ha OpoMexy TONHOR opfinTe
OTHOCHTSNBHO $HKTMBHOrO uHeHTpa., CoorsercTeaymmma Oyxsm Ges
NepTOMEK = NONYyAM BENTODOM, ®°, = - macou Conmua M
$HMKTHEHOro uenTpa. TOrEAa MOKHO HanMcats!

Faf +T=F+75+7,
rie H onpenensetcan HAYANBHADIH JONOBHANK REMEeHMR Tena [1,2],
“p - YPARHEHMAMN HOBOIMJRAHHOIrO ARMWOHNA,

| B



2 i a

P+ x’m PP il
NpH HAYATLHMX YCHOBHAX 50 = ;u - Eo. Py - éu - ﬂ.h :
a I - ypaouemmew

2= -igl'{m R- 5[ "*""_,:3 + g-2B°148) +!!B+_312]}, 1)
r mp P

rae F - poamymaomee ycxopsnue Tena,

Q= (rzlpz + r/p + 1)/(rfp+l). Nocnemnee npoacTasiirer coGof
ypaekeHMe Mercna JHKe C NpoMenyTodHoR opSuToff B kKavecTme
caopsofl. Zean B HeM NpPeanoNoxMTE l' = m, R = 0, noJjiyvynex
ypaBHeHHe MeTONa Juxe c onopxoft opfurodl, HCNons3oBaHHOA B
[3]7 B wel punTHEHEA UeHTP coenanaer ¢ ConmHueM, a ero Macca
OTNHYAETCA OT CONHeYHOHA.

Cpasnenue 9¢PexTHEHOCTH HMeTORmA JHKe C  pPa3NHYHBIMH
ONOPHLMHM OPGHTANH MW NPOBEEACH Ha HONEJIBHOM NpHMEeDa., B HeM B
xaYecTBe Tena, ABHAEHA® NOTOPOro HCCHeNyETCA, B3AT ACTEPOMA
Hnap. SouMyweHns YYHTHBAKTCH TOAMKO or Knutepa .
IndpdepennrasinHele ypapHeNMA (1) MHTerpHpoBasHChs  MATOAOM
Pyare-KyTtra 4 nopanka ¢ nocroawHus marod 0.5 cytor. Ownfxa
YHCNIEHHOr0 KHTEerpHDORAHWR Ha MHTeppane 10 cyTok e npessmana
!'v-lﬂ-12 a.o. Yrobfu ofacnavHTh TAKYND TOMHOCTA pe3yiIALTATA,
NOAOMEHWA &CTepOoHIa HA NpPOHamyTO4YHOR Op6HTEe BMYHCAAANCL C©
arofHOR TowHOCTHY (24 snavammx umppu, IEM BICH-6). Yepes 10
CYTOK  OTHICHEHHMA  .JOoNoOMeHHA  acTepoMaoa Ha BOBMyHEHHOR
TDAEKTODHH OT MONOXEHHA HAa IIPOMEXYTOMHMX OPOGHMTAX COCTABHIHI:
185907-107'% a.e. ana GCKyAMpyxmero snadnca, 5949- 107%2 a.e.
EaAA opOuThl C HacaHHes BTOPOro NOPAAKA H 584*10'” a.a. AnA
opbuTE & MACAHMEM TpeTsero nopanka. [oayuciHue " ouenwm
OTHACHeNHA nOKa3WPamT, 4YTO oplMTM € NKacaHHeM BTOpOrc
TPETHErO MNOPHAKA HPOXOHRAT JIMAMMTAABHO OnMMe K EO3IMymMeHHON
TPAGKTOPHH, 4Y&M OCHYNHPpYPuHAl “Jadnc. Mokno npeanonararth, 4TO
#X HCNONL30EAHHE B KAMECTDe OTIOPHWX 3aMeTHO COKDATHT 3aTpaTsl
MALHHHOTO BpEMeHM llA DBuYMCIeNnde BO3IMymeHoR TpaexTopuu. Ias
NPOEEPKH DTOTO NpPeRIICNONEHAR HWHierpiposanie GO MPONOHK2HO
Ha uHTepman 100 cytok. OuuGHa HHTerpHPOBANMA HONYCKANACE He



Gonee 5-107'7 a.e. flpa >10M 3aTpaTw mm;uaora BpeMeNH wa
auMCHIanWe EcaMyulendofl TpaerxTupHik cocTassaM 153.0 cex. pna
ocKynHpymuerc onaunca, 66.9 cex, mnA OpSHTH C KacaHMHOM
aroporo nopanka u 54.9 cex. = C %acaHinew TPeTLErc NOPAEKA.
Coxpamesnie BpPoMeHN Ma MATOrpUpORAMMe NpH llepexone OT opOuTa
€ KAacaHHEM BTOPOrO IOpPANKA K opfuwIm C NACAEHEeM TpaTherc
NOPAAKA He CTONh 2HAYMIGNEHO, Kak 9To Koano 6unc cowHEaTS,
HCXCHR M2 OUeKOX OTHIOHeHn!l BOINymEeMHMX MONOMEHHR ACiepoHpbL
07 NpONexyTOMHMX. BHEENO, 2T0 obmucHfercu Gonee cnomuoft
upoueaypod BMUHCAEHHA l*, R w» _:cnyuae mwacanus aperssro
NOpSAKA . ] >

fpliseneHHNa BUEe POIYLETATM 'IOISONANT SAGNATE BMBON, %/O
HeTOHN JHKe, U KOTOPCH MCMOMAL3IYNTCA NPOAexyTORMe CPSNTd C
KACERHMEM BTOPOre H TPOTwAro ROpARKa, 3auarwo Comeo
s¢texTHRAH, Yem @ro KJIACCHMCCKMR DJADHART €  OnNcCpasm
OJKYRHPYOUHM OJanMucoM. OaHako mnpHMoHenyua oOpPfHT © TpPeThHM
NOPRAKUM KACAEMR HAEZeT OTHOCHTENEHO  HReSouammoe CoOWDaECL:le
MOWKHNOI'®O BDEMGHH NO CPABHEZHKD SO CHyYaeM ETOLOTU NOpAEMA
KacaHMuA. MNONTOMY DNPH NPAKTMYECHOM BMYHCHIGHHH TRAREKTOpaR
HeGecHMX Ten MeTOAOM 3uKe neaecoolpasHo | Or PAHNTHTMCR
ONOPHLMH OPGHTANM BTOPOTO HDOPALKA KACAHMA.
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PeawNe
K.P.FaTpaxos, 3.P.MHpDMAXMYROB

O BHYMCIIEHMH MONOXEHHR ACTEPOMAOA METOINOM OJHKE C ONOPHLIMH
OPEMTAMH, HMENUMKKH KACAHHA BTOPOro M TPETLEr0o NOPANKOB

llokazaHo Ha HORENLHOM: X NpHNED®, YTO SAJA . BLYMCHGHMA
BOaZMymeHHl TDAEKTODHH ACTepOMAA MeTONOM 3JHke uesecoofpaaxo
MCNONL3IOBATE ONOPHY® OPGMTYy C KACAHHE@N BTOPOrO MOPAMAKA.

Summary
Yu.V.Batrakov, E.R.Mirmahmudov

ON COMPUTING THE ASTEROID POSITIONS BY THE ENCRE'S
METHOD BASED ON THE REFERENCE ORBITS WITH THE BSECOND
AND THIRD ORDER ' INITIAL TOUCH 3

The model example shows that the perturbed trajectory of-
an asterold when determined by Encke’s method is better to
c;:mputc using the intermediate reference orbits with the
second order initial touch. :



LAVIJAS UNIVERSITATES SINATNISKIE RAKSTI,~ Nr 586.-
ASTRONOMIJA, SERIJA 19. - RIGA 1993. - 9.- 17.1pp.

A.Balitis
[Dau.glvpill PU)
ABOUT STELLAR lNFLmCE N THE CHANGE OF
PERIHELION DISTANCE OF LONG-PERIOD COMETS 1

Investigating dynamical and ;ﬁplcal evolution of
comsts in inner part of the Solar System, we have come to

an indubitable conclusion about existence of soms sourca -

of comets. The conclusicn is drawn from the following
facta: ‘

1. As a result of dynamical evolution soms part o! comets
leave the Solar System:

a) they can be ejected from the Solar ﬂyltu ‘along
hyperbolic orbits [1],

b) they can oollide with the Sun (e.g., Kreutz group
comets, which may be a lign.l!icant ﬂ.ml -volutl.onn:y
stage of comets [2}),

c) they can collide with planats or satellites, causing a
prencmenon similar to Tunguska catastrophe.

2. As a result of physical evolution comets looss part of
their flying substance (d.hl.ntoqnt.ton). become weaker ln
brightness and finally become invisibla.

All these reasons lead to the continuous diminishing
of comet number in the inner part of the Solar System.
Consequently, a stationary state can be maintained only in
the case when the ejected comets are replaced by new onea
from the regions inaccessible by observations.

So dynamical and physical evolution confirms indispu-
tably the existance of some source of comsts. ¢

According to H.Rickman [3] evolution of comats im a



long time interval can be described as followst

- in some moment in remote past comets have arrived from
their scurce,

- in distant future one of the two cases is possible:
comets cun return to their source or can be ejected into .
interstellar medium.

Such an approach doesn’t exclude interstellar medium
itself as a source of comats. 5

In all comet origin thao:’ias the basic qn.-t.i.on under -
discussion is the tollow.lng't *What is the primary source
of comets?" In accordance with one point of wview, the
primary source of comets is located in periphsry of the
Solar System (Oort cloud), with another =~ the primary
source is in the inner part of the Solar System (planets,
satellites of planets). In accordance with the third - the
primary source is located in the interstellar space. There
exist also hypotheses offering a compromise versiont
comets are forming inside the Solar System ac well as
often arriving from the interstellar space. Originally
this idea has been put forward by Opik [4]. Dyramical
'hypothem.l of comet origin, i.e. forming of comets by
' eruptions of volcances on minor planets, as well as by
capturirg, has been admitted by V.Vorontsov-Velyaminov
[5]. .

Admitting dualism in comet origin, i.e. supposing,
that they might been partly formed in the inrer part of
the Solar System and partly common from interstellar ’
medium, we can also admit exchange of cometary bodies
between the stare. Such an approach is in principle
possible and it meets dynamical explanation. Previously
reaearches [1] have shown, that part of comets can be
ojected from the Solar Syatem by perturbations. Thue
ejected comots become lntml:'ellnr' bodies. Such bodies can
be captured by other stars. Utterly possible is also an
adverae préce-n.

levertheleas, birth of comets is also possible in
interstellar medium. In this case the idea of exchange of

- 10 -



comets betwnen stars becomes senseless. An answer to the
question about comet origin possibility in interstellar
epace can obviously be found through elaborated
investigations of cometary physics and chemistry.
Evidently, composition of "our" (the Solar System) and
"foreign™ (stars, interstellar space) comets must be
different.

Thus, the problem concerning origin of comet
reservolr is far from its solutic 1. We can advance towards
the solution of thie important cosmogonical problem by
investigating dynamical and physical evolution of comstsa.

In connection with afore-mentioned from our point of
view somehow unsuhstantiated seem the objections against
comet diffusion theory, expressed in paper [4]. Diffusion -
theory in the way evolved in the works by Steins [1, 15,
16) and his followers is not concerned with the questiion.
of comet reservoir formation. The basic problem of
diffusion theory is how to explain the process of forming
of short-period comets from undoubtedly existing initially
long-period ones (with® a = 50000, ¢ 100000 AU). It is
necessary to point out that up Lo now many problems
connected with transformation of long-period comets into
short-period ones are ;:M: yet solved. Net completely
explained is the distribution of long-period comets
according to z = % , although the generalization of comet
diffusion theory [9,10] permits to explain better the
obeervable distribution. It is necessary to investigate
also the role of stellar perturbations in the evolution of
perihelion distances of long-period comets. Investigatione
of K.Steins [1)], Z.Sekanina [11] and ochers [10,11] have
stated that stellar perturbations change perihalion
distances more strongly than semimajor axes of comets.

For cometary statietics the transformation of
perihelion distance is of greater ?1gn1£ica.nce than z = i,
because tha value of q determinates comets diacovery
conditions ard rate of its physical evolution.

E.8pik [12] was the first who investigated the role

&AL =



of stellar perturbatiens in orbit evolution of long-period
comets. He obtainéd the following equation showing
connection between perihelion distance q and velocity of

comet vir
2, 2
e rge— (1)

‘where { - comets aphelion distance, G - constant of oravi-
ty, MO - mass of the 8Sun, vir - transversal component cf
comets velocity. From Eq.(l) follows that perturbations of
q ars determined by changes of tranaversal velocity AVir.
2.0pik obtained following formulas for the value of per-
turbaticna of pﬂ'tmin tliltl.nn.

Ag = -3- (.lvu) + Q VIg Avir. (2)

Averaging the formulaec (2) by the values of Avi: we can
derive mean change £q during one revolution around the Eun

&g = § @&)? « ovig . (3)

Mean change &g has been estimated by many authors. Thus,
T.Rickman {13]) obtained change. of cometary perihelion
dietance during ono revolution around the Bun by averaging
simplified formulae of copnection between Aq and Avir. He
sxamined four separate regions round the Bunt: the first up
to 0.2 r; the second from 0.2 r up to 2 r} the third from
2 r up to 20 rj the fourth from 20 r up to 200 r (r -
comets radius-vector). Mean change of Aq was derived in
avery of four regions. L‘llcu].ntiilg expectable value of
impulse, T.Rickman (13] assumed, that perturbations of
comet from etellar passages are distributed in accordance
with the normal law.

¥e have investigated the influence of paseing stars
on the avolutlon of perihelion distances g by making use
of wetellar movement sample whers stellar streams were
setted by three Bulerian angles [14]. Utilization of such
a -amph.pez-l.tt.d to take into account the influence of
Sun‘s motion to apex on the distribution of perturbations
of perihelion distances. For determining the mean change

’
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value of perihelion distance A during one revolution of
comst around the Sur we used a formulas :

eq = TALE, 4

where vq - comets perihelion velocity, g - its perihelion
distance. Formulae (4) follows from Upik’s formulae [12},
which he has derived on the basis of principle of
conservation of rotation impulse momentum. )
Assuming parabolie velocity as vg in formulas (4),
what is not very far from reality for near-parabolic
orbite, and, for example, examining comets with q = 5
. A.U., we car express formulae (4), taking into account,
that Q ~ 2a, in the following way -

bg = 1.634-10°7-a% 2 pvir  (amL). (5)

From . (5) we can derive change of perihalion distance
during ome revolution for comets with varicuc valuas of
samimnjor axes a. Resalts of the ocalculations are’
presented in the table 1. :

Table 1.

* Pexibelion distance change of comets with initial
perihelion distances ¢'= 5 A.0. and varicus:valuss of a
during one revolution arcumd the Sun

a (A.U.) &g (A.V0.) ' (A.U.}
1.0-10] 0.20 0.1
2.0-101 0.62 2.
2.5-10 1.08 5.0

For comparison the results of T.Rickman ([13) are alsc
prassnted in the table. Froe tabumlar data it follaws,
that, according to our estimaticns, witk the increase of a
. the change of peribeliom distance &g docesn’t enlarge at
such a high rate as according to T.Rickman. Conseguently,
T.Ricksas has elightly enhanced tbe role of steller
perturbations Iir the change of perihelion dietancas, if

- 13 -



wa compare with our results. It might ba explained by the
fact, that T.Rickman bas taken into acoount too remote
stellar passages, and ae, in accordance with his
caloulations, the nusber of passing stars is proportional
" to the voluma, the overestimation of the dimensions leade
to the overestimation of stellar number in comparison with
the number o!l mtars, which in reality influence the
comets. Remote passages aeare significant in long time -
intervals, which are comparable with the time of the Solar
Syeten existence and which in many times exaggerate the
zewolution period of comets with a =~ 2.5:10* A.uU.

The afore-mentiossd sxamples give us an evidence that
averaging methode in determining perturbations of
perihelion distances Ag are giving wvery approximate
results. The averaging msthod i» effective only in
estimating the role of stellar perturbations in the change
of varieus ll-l;'l‘.l taking separately. A significant
factor in evact examination of stellar influence on

long~-pariod comets , besides estimation of distance limits
‘of passing stars, is the rmle of distribution for
" parturbations of perihelion distamces. Ordinarily, the
rule of distribution of perturbatiocas is assumed to bs a
normal law. We heve investigated the rule of dist-ibution
for stellar perturbations by numerical methods and have
found out that the distribution differs from the FPoisson
law [11]. Besides, the cheracter of the distribution of '
perturbations is affected by the motion of the Sun to
| apex. 3 ‘
In the pzesent investigation we have declined from
averaging methods. We put forward to consider the changes
‘off comstary perihelion distances as a process of diffusion
(& slow acoumulation of small p-ttn':bnt..lm. which bsar en
occasional character,-in the value of q). Such an approach
is fully admissible, for the mutual arrangement of stars
and: comets, because of indetermination of stellar and
cometary 'h‘nqjubnrhi, in great distance from the Sun
bears an, entively occasional character. Making such a

- 14 =



‘presusption, we shall compile a balance equation of comet
number n with setted a and q. We shall examins a
steady-state process, ‘i.e.;, we shall consider, that the
number of lost cowets must be by various processes renewed
by additional influx of comets into zone of visibility as
the result of stellar perturbations. Number of comets with
fixed values of semimajor axis a, which enter zone of
visibility from cometary resarvoir (with g less than qo =
5 A.U.) as a result of siellar perturbations, we shall

mark as :
q°+ Ag

mo [ n(a, q - 2q) v(a,bq) dq, (6)
9= A : :

where n(a,q - Ag) -is number of comets with fixed a and q
in interval (q,q9 - Aq),  p(a,4q) - density of possibility
distribution for perturbations of perihelion distancas.
Coefficient k determines the part of comets, which have
disappesared from the zone of visibility as a result of
physical disintegration and coefficlent x -.part of comets
which were lost for afore-mentioned reasons of dynamical
e;olution. Thus the number of observable comets nfa,q =
go) in sphere of visibility (vith radins R = qo arocund the
Bun) can ba determined -by mt.lon

gordg
r(a,q S o) = (1- k- x) [ n(a, o - a5 m.m & (N
qo-Aq i
In order to obtain the solution of this helsnce squation,
it is necessary to know the funotion ¢f distribution of
perturbations p(a,iq) of perihslion distances Aq.

We bave established [10,11j, that tho distribution of
ReEiEhations for isn’t-a normal distribution, therefore
funciigp m;ml sust be searched for with the help of
numerica} mpathefa and tried to he approximsted by
analytical function in order 9 opgain analytical solution
for the aquatiop of aiffusion 3) fex perihelion distances
of long-period copais.

= 15=



' With obtained ¢(a,Aq) the equation (7) can be
.utilized for axplaration of long-pariod comets statistics
i acccrdance with the values of q. g
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PeanMe
A.Camtic

O BNMAHIN IBEILMX DOIHYREHMA HA WINENERNE DEPKIEINRHbX
PACCTORHAR AOArONEPHORAVECKMX KOMET = I

Hoxazana NeOSXOANHOOTS Oymec TROBARNA HOM@THOTO
. pesepayapa. !.lcm_n-rp-nﬁ SRORDENK mp_ln.nm&u PACCTOAMKA
NONrONEPHOrNYEecCHHX NOMOT HOR BENmANEN neprypSammii oo
cropond apeax. B olmem BuRe Dpusesenc ypasmeHus Oananca
_'pnmp-g-nuiu NONOT IO MepHTreRMiMM DACCTOAMMENM.'
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v ] H.D.l:t.ll:il |

(a0 LU)
SIMPLE METHOD FOR PARABOLIC OKBiT DETERMINATION
FROM TWO OBS_ERVATIONS

7t is well known that for orbit determination by
"classical® methods three observations are necessary. It is
possible to determine an elliptic orbit by Lagrange -
Gauss’ method or Laplace method, and a parabolic orbit by
Olbers’ method.

The many discoveries of asteroids and ccmets frequently
lead to cases when only two observations are available for
urbit determination. Such a case was successfully processed
by Y.vlisdld [1-3] at Turku and B.Orlow [4] at Pulkovo, who
both have shown how to compute elliptical orbits from two
observations. In hoth methods assumption is made that
observations have been made near perilalion. It is also
possible to compute a circular orbit. If the object is a
comet with a nearly parabolic orbit, thes methods cannot
provide a gond result. Therafore we have tried to develop a
procedure without VHis#élli’'s condition (proximity of
observations to the perihelion) but we introduce an
additional condition: e=1.

' Let us ccnsider the principles of parabolic orbit
datermination from two obs.rvations.

‘The 2 observations are

t,, @, & and tyr @y, 8,
The dirmtlpn cosines

1'- COSS‘G'.)I‘E‘ 12- cosazcosaz

m - r:os&ls,[:nﬂl m,= cos&zs‘imz

n = s.lns1 n!- sIn&z

= 18 =



The equatorial coordinates of the object in the moments

tl and t2 are:
Xy = Pyly- X £y ®ifgly—iXy
Y, = pmy- Y, Yy = ppmy- ¥y (1)
Ay ® £yl By 2y " Py 2,

where p, are the distances between the Earth and the object
in %the moments L, (i=1,2); Xi, Yo, Zi - rectangular
coordinates of the Sun.
In total there are B unknown gquantities:
Xyr Tys Zgr Xys Fa0 2ps Py Py

but the geometric conditions (1) procure ug only 6
equatione. Additional eguation can be obtaihed from Euler’s
theorem

6h(t,- £,) = (rp+ry+ 0)/? o (r 4r

o p) NR T

where the Gaussian gravitation constant
k = 0.01720209895,
the radius vectors
2 2 2
ri--i vy vz
and the chord

r v T 2 2
0-4(11- xli +-(y2—yl) + (2, -2,)° .
One mus! find such wvalues of P, and p, #o as the
condition (2) is satisfied; in other words, if we introduce

3/2 e < i o
d=(r, +r4 ) (r 4r;-0) ¢
where

cC = 611:(1:2 -t
we must find values of Pyr Py BO that

d=20,
As soon as (3) is achieved, orbital elements T, q, ¥, ,
i can be found using ordinary procedure. In fact, the values
of orbital elements are not necessary. The main purpose is
to obtain a search ephemeris for a period of 1 - 2 months.
This may be performed by applying the well-known expansions
used, e.g., by Vdisdli [1) .
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x=fx,+gx,
Y'frz"‘qrz
:-f: +g=

2 'I::

£=1-—=_, g = t(1- )
:n-j2 &

T = k(t-t,)
and finally x, y, 3, » a, 8, p.

Zxperimonts have shown that the results depends mainly
upon adopted values of the parameter Ap = Py = py- In our
previons paper [5], five fixed values of Ap were taken in
considexation. When the time interval between both
observations At = &y = t! ie very small, it eometimes leadsto
cases whexre Bo one value of Ap ie fitting because of
smallpess of the proper 4p - interval giving suitable
solutiom. Therefore in our new version of the program
compiled for personal computers, steps of Ap depend on the
time interwval AL as follows:

Ap = N + 0.01 -~ ut)-
vhore K denotes integer numbers

N= <3, =2, ... +3.

If desized, additional values of Ap . iy be introduced from
desk keys. For every value of Ap {either from program or
from keys) & corresponding value of Py ie found. The
interval for searching p, has been established between 0.2
and 6.1. If L cannot be found for a certain wvalue Ap,
messsge “SOLUTION IMPOSSIBLE® appears on the display.

The xesults show that if Ap is included within certain
limits (@ifferent for various objects), corresponding search
aphemerides differ only ineignificant one from another.
Therefore we can call these’ most plausible ephemerides
"stationary”. The heavenly body can thus be easily found at
the shy. The corresponding systems of orbital elements,
howevex, show siguificant dispersion.

If Ap emceeds the above-mentioned limits, the obtained
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ephemeridces differ more and more considerably from the
"stationary® ephemeridee. A further increase of Ap does not
lead to any solution - and the message "SOLUTION IMPOSSIBLE"
appears on the display.

The following numerical example illustrates the above
mentioned properties of the procedure.

Numerical example.

The orbit of the comet Spacewatch (1992 h) is determined
from two following observations made at tne Steward
Observatory, Kitt Peak: 4 )
1992 05 01.34956 13"12™21%,51 -08°31°25".7 MPC 20073 (6)
1992 05 02.26561 13 11 23 .65 -08 19 39 .3 o 5

The programmed values of Ap give us following resulte: :

Ap  -0.03169 -0.02113 -0.01056 0.0
T . 920611.337 930318.173
g _ SULUTION OLUTION "0.87201 . 3.37597.
IMPUSSIBLE IMPOSSIDLE
P, © 0.32148 4.58792
Py 0.31091 4.58792
920428 13"15™,0 ~9%32+ 13P15™.1 -9%05"
© 920508 13 06.3 -7 10 13 06.6 -7 20
920518 g . 1258.4 -4 23 12 58.8 -5 39
920528 ©12 9.2 +0 18 13 52.2 -4 06
920607 T 14 05.8 413 22 12 46.7 -2 42
920617 21 19.4 +16 48 12 42.6 -1 29
cent.? .
+0.01056 +0.02113 . +0.03169
T 910709.558  920501.516 »
q 5.33554 0.52558 SOLUT 10N
°, 4.87100 1.14182 heossinLe
Py 4.80156 1.16295
920428 13%15™ 1. —9%s+ 13"15™ 4 -9%s-
920508 13 06.6 -7 20 13 07.3 -7 27
920518 12 59.2 -5 44 13 03.3 -6 25
920528 12 52.9 -4 17 13 02.4 -5 52
920607 12 48.0 =3 02 13 03.8 -5 40
920617 12 46.4 -1 58 13 07.1 -5 44
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This example shows that for this object ecphemerides
 remain almost "stationary® if 0.00 < Ap S +0.01056. If &p
exceeds i{hnee limits, the ephemerides begin to diverge; it
can be sezn evidently at 4p = -0.01056 and +0.02113.

A further au tion of Ap to both sides makes the
solution impossible.

The next .unqh shows  the solution for the same
nbj-ct.. if the time interval betwsea both obaservations is
only o +02, i.e., approximately 29 minutes.

1992 05 01.14956 13"12%21%.51 -08°31°25.7 wPC 20073
1992 0S5 03.16906 13 12 20 .39 -08 31 12 .3 ~ .
(magnitede 18.7). :

In this case only Ap = 0.0 gives a sclution. All other
programmod waluas of Ap = 20.00427, 20.00205, 20.00142 lead
to the massage °SOLUTION IMPOSSIBLE®. Additional values:
- &9 = =8.802 gives an inadequate divergent cphc-nri.-.
Lp=—0.000) amd +0.0001 give good results:

ap -0.0001 0.0 : +0.0001

920218. 603 930318.336 921006.664
‘g e.70254 3.44449 - - 5.61695
e, 3.26624 - 4.45128 4.78548
,, 3.26614 4.45128 - 4.798558

along.
920428 13%15®.3 -9%6’ 13"15.3 -9%6’ 13"15™.3 -9%6* 16277
920506 13 6.2 -7 16 13 06.2 -7 17 13 06.3 -7 17 150.2
920518 12 58.0 -5 30 12 58.0 -5 32 12 58,2 -5 35 138.1
92052% 1> 5.1 -2 51 12 50.9 -3 55 12 51.3 -4 01 126.3
920687 12 45.7 -2 23 12 45.1 -2 28 12 45.7 -2 38 114.9
920617 12 42.2 -1 08 12 40.8 -1 13 12 41.5 -1 27 103.9

PFor the last value elongations. have been added. The
magnitwies of this comet for given dates result between 18.6
and 12.9.

For comparison with our resulte, here are the parabolic
wlements by Mereden (MPC 20121) obtained from 13

L



observaticrns 1992 05.01 - 1992 05 04 and the correspording
ephemeris of this comet.

T 1993 09 07.64845 Peri. 80".63894
q 3.1551061 Kode 203.26451 ] 2000.0
e 1.0 Incl. 125.12532

m, elong.
920428 13"15™.1 -9%s5+ 18.7 162°.7
520508 13 06.6 =7 20 1B.6 150.4
220518 12 58.9 -5 39 18.6 138.3
920528 12 52.2 -4 06 18.6 126.5
920607 12 46.8 -2 42 18.6 115.2
920617 12 42.7 -1 23 18.6 104.2
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L.Laucenieks
(AQ LU)
ON PARAMETRIZATION OF ORBJT. AND EPHEMERIDES

For.newly discovered minor planet (or comet) we have
often obtained only two positional observations of spherical
cbordinates

o, 8, € and @y, 8, .

Two such observations are not enough to determine unam-
biguous elliptical orbit. Therefore we make assumptions con-
cerning either character of the orbit (e.g., eccentricity
e=0, the values of semi-major axis a and eccentricity e are
fixed) or the position of its observed part -(e.g., periheli-
on). -

Supposing the minor planet to move along oircular or
nearly-circular orbit, i.e., e = 0, in the first approxima-
tion we can try to obtain elements of sircular orbit, detcr-
mining, e.g., semi-major axis of circular ﬁrhit a from equa-
ticn (if the solution exista)

A k(t,-t,)
3 b M

a
other elements of circular orbit: inclination 1, longitude
of ascending node I and argument of latitude u, can be easi-
ly obtained (see, @.g., M.8.Cy66oTHH). :

Assuming the observations of minor planet to be obtai-
ned at perihelion of orbit or near it, where realizes the
cendition ~

2 -0,

it is proposed to determine the so-called "Vaisdld orbits”

L



- (one-parametric family of elliptical orbita with parameter
& = p:cosd). Computation methods of VAisHll orbits are evol-
ved in works by Y.Viisll¥ and B.Orlow (see also the work of
Dirikis). The proposal is based on the hypothesis, that
bright miner planets, as a rule, are already discovered, but
remaining faint minor plansts with operating telescopes can
be observed (and, this way discovered) preferably nsar peri-
helion of orbit, where they exhibit maximsl brightness. But
really, eccentricities of actual orbits of newly discovered
minor planets only in real cases are near zero or, not ever
observations are obtained near perihelion of actual orbit.
The afrre-mentioned assumptions (and similar, e.g.,cal-
culation of initial elliptical orbit, metting fixed wvalues
of semi-major axis a and eccentricity e) are aimed to calcu-
late probable positions of the minor planet at the celestial
sphere, i.e. — ephemeris for obtaining following observa-
ti: 18 of the discc rered mincr plu-ut. in order aftervards to
calculate more reliable elliptical orblt. ’
If we fix two values of determinable elements of allip-'
tical orbit, e.g., semi-major axis a and eccentricity e,
then the remaining orbital elements are unambiguously deter-
mined from obtained observations of spherical coordinates.
Changing values of orbital elements a and e, the values of
other elemel s will, naturally, also change — and we shall
obtain a two-parametric family of elliptical orbits (depen-
ding in the given case npon two parameters a and e). If we
know the values of slements of alliptical orbit, then for
each time wa can obtain values of geocentric distances p,
right ascensions a, declinations &, as ' well as valuas of
their variations i.e., 54 i, 3. Therefore wa consider, that
the selection of pairs (p;, p'l;, (@;, 8;), (ii, 8,), where
Pi» @4 &, a;, & — aré the values of, respectivaly, gec-
centric distance, right ascension, declination and velocity
of right ascension and deoclination variations in times t,
(L =1, 2, 3), and others, is eguivalent with selection of
pairs of values (a, e) as ‘plrmt“l of two parametric
family of elliptical orbits and depends only uwpon determina-
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tion methcd of initial orbite from observations.

In cur paper (Jl.K.Jllayuenuexkc M ap.) on the example of
two observations of spherical coordinates of minor planet
3155 (o:.2 ned at Lowell Chservatory on September 28 and
October :1, 1984) we have shown how, taking into account
these observations, we can derive a two-parametric family of
ellipiical orbits and corresponding area cf oppositions.

Statement i. Two-parametric fam'ly of elliptical orbite
‘{or two paramctric area of elements of moving barrier) is a
faxily of elliptical elements of Kaplerian orbits

{a,e, 1, 0, w, "0}'
depeading upon two parameters (in our examples -— upon Lwo
geoceuniric distances P, and pz) and satisfying twu posi-
ticnal observations of spherical coordinates “1"61 and a,,
3, in correéesponding times t, and t,, and also satisfying
ronditiona ')

Aixa<h, and e < )

2
where A;, A, and E,— are the values of ,e.g., bounds of
semi-major axis and eccentricity of orbits for the main belt
of minor planets.

Initial epoch for two-parametric family of elliptical
orbits we determine in the middle point between two observa-
tions t, and t,, L.e. )

t"l' t!
Tu —w;——-

Statement 2. Opposition area of corresponding two-
parametric family of ell:iptical orbits is the area at celes-
ticl sphere in the direction of which for all the pointa of
turrestrial orbit we can find (observe) orbital points of
two-parametric family of elliptical orbits, which satisfy

he coacition

(ﬁ'A Gn,-z -0,
wnere R - radius - vector -of a point of terresirial orbit,
J"- unit vector, normal to the plane of terrestrlal orbit,
Y- radius-veator, which locates point of oibi. in opposi-

tiar,



Observations of minor planet are, as a rule, obtained
near the opposition, which we shall call zero (or initial)
opposition for each orbit of two-parametric family of ellip-
tical orbits. Ephemeris of minor planet for each orbit of
two-paranetric family of elliptical orbits in k-opposition
(counting from zero opposition) will be called its
k-opposition. i

Statement 3. Two-parametric search area of k-oppo-ition
{(area of moving barrier) is a part of area of opposition,
in which vary ephemerides of minor planet in k-opposition,
when orbital elements vary, correspondingly, from two
parametric family of elliptical orbits, i.e., from fomily
{a, e, i, N, w, L {(accordingly with selected values of
parameters p, and p,}.

Search area can be characterized by table T

S W A T B T

where TtS:‘), ﬁf‘:;“
ascensions and declinations of ephemerideés in k-opposition.
(Table ©, can be calculated, e.g., by integrating the equa-
tions of motion of minor planet accounting perturbations
from great planets, using Everhardt’s method). Uength of
table T 098.9. +1 + m — depends upon chosen or determined area
of paramete-s (pl,,l' P:,m" whers 1 S 1S L, 1sSmsM

Let’s point out, that in the moment of opposition of
minor planet T(k) ite right ascension n(l) equals . wﬂ:h right
ascension of thc mt.lsnn. Therefore, it 1: not n.cl-nry to
give in table T, values of , e.g., usf)‘ ; bscause they ocan
ba calculated indspendently from orbit of minor planet.

In oxder to realise search of minor planet in search
area of k-oppositiom, we foxrm the so-called twc parametric
mowing barrier, i.e., we pat forward the way, how to orga-
nize search of mimor plamet, which guarantees with great
probability the discowery of it in search area of k-oppo-
mition, wsing only ome ocbeserving instrument (telaescops).

For this parpose we displace lines of initial table Tt
in ariexr to arrange times of opposition in not descending

- Bfk; — are, respect] 'ely, times, right
’
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sequence, i.e., wa form a new tablas T,

{ 'l.‘f“. .:.)- ‘Gst))r l1sasx38, 8=1L+H,
ok x ; ) K
tﬁk-rg )s...s-rf % o8 B

and, acuu_l:llqu with property of opposition
-{*’ = T b B N ai‘) S ... S ¢§“).

whers

Let’s take the value Ax as a y.ven quantity, which cha-
racterizes, e.g5., the field of vision of telescope, with the
help of which the search is carried out or is fixed the
moving dij.cﬂ: we are searching for.

He qlit tabls r, in mutually not crossing subtables

(P} o, that each lubtnble t("), containing not less than
" two lines, satisfies the oondit.lon

¢£:) - ug:) S Aa.
It’s clear, th'ut every line from table T, must belong
to any subtable tgp), i.e., . s
; U 1:(’) -1,

(-uhtnbln contains at 1-.-1:. one line).
Further we determine in every subtable ® (” -.l.n.!.—.‘l. and
maximal values of times, right ascens.ons nnd deglinations
p(k) (k) atE) (i) s(k) (%)

p,min’ p max’ p mia’ p max’ °  min’ p man"
Afterwvards we form a new table T,
{ T(i) _(k) ‘(t) a(k) bo Pm Y 2, i

p,min’ “p,max
e TS S | RO R )
plk), _p,max Tp.min F(k), _p,max ‘p min
P : 2 . P . |
: Basic steps in constructing the moving barrier itself
are the following:

1) We select the first line from table T,

alk)., =(k) (k) (k) .
I1'l bRy ‘I min' '!I ,max’

2) We point tHe search instrument in time T:h)in the

- 28 -



direction with coordinates Ef”, agf;in;

3) We survey the field of view of instrument in order
to discover moving object;

4) We organize one-parametric moving barrier accor-
ding to declination, i.e., in time interval Tg”-!- AT,
where AT — is a quantity, the value of which depends wupon
the value of quantity Aa; we move the mearch instrument till
the direction with coordinates

.E}“' agl,‘l:nx;
3 to the following line and
repeat the whole cycle (points 2—4) with the values of this
linae.

We stop the cycle, when we have selected all the lines

from table T,

5) We move downwards table T

In recent ye.rs at almost every observatory one oeles-
tial area is taken in every night not less than two times
with interval of about 1 hour. Therefors from two or more
positional observations, which are obta;ned in’ short time
interval, it is poseible tb determine not only spherical
coordinates (a, 8), but: also their variations (¢, 3).
Admittedly, the development of technology of minor planet
observatiocs with the help of CCD arrays enables use to ob-
tain directly the variations of spherical coordinates.

' Therefore wa can suppose than in time moment t simulta-
neously with positional observations of spherical . coordina-
tes (a, &) alao are cobtained or measured their variations
{&, '6). This enables us to determine unit vectors f and :ﬂ
(sece, ©.9., Xeppux C., Jexofaxn 0.).

Then from the relations

Z=Zp+ 1,
:-bp# 1'5‘1' *,

where R and ﬁ — are, gespectively, t.:re-;r.tal radius-
vector and the vector of its velocity, by arbitrary choosing
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values of geocentric distance p and velocity of its varia-
tion p, we can determine heliocentric radius-vector Z, i.e.,
the valuea of ccordinates Xy Y 8% and components of
velocity -, i', z in dependence on selected values of para-

meters p and p.

Further for every time moment t’ # t we determina the
values of the so-calle.l universal guantities t" and g', ac-
cordingly to the values ot which we letermine heliocentric
radius-vector i.' in time t from formula

22 eg’2 .

Knowing heliocentric radius-vector ? in time moment t‘, we
can easily calculate ite coordinates at the celestial snhere,
i.e., valunes « and 6-, which also depend upon selected
values of parameters p and p
In the case, when in moment t observations are obtained
. at the perihelion of ‘the orbit, i.e., when takes place the
condition H
2:.2=o0,
after easy transformations we derive the relati-n
_LE.R) + (2.7
p+ (LR
conlequent.ly, heliocentrio radius-vector ¥ and vector o! its
variation 1' and, correspondingly, values of spherical coor-
dinates a.ln:l e depend only upon value of one parameter p.
If values of spherical coordinates a® and 3 are obtai-
ned in time moment t., then as the criterion for determi-
1ation the values of parameters p and p may serve, o.g.. the
expression

p=

min [I(c"‘-.(..)conbol + '6" - a‘l ]

for every sufficiently small value of c.
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x Table 1.
Observations of minor planet 1983 RQ4 = 1987 SR (MPC 14018}).
N t Y a 3 Observatory
1 [1983 sept 4.87510]22"10™32%91|-03%25 40" 8 _es
2 6.86816|22 00 55.04{-03 42 48.9] 95
3 9.98067|22 06 42.44|-04 08 45.3 95
4 15.91402|22 02 34.94{-05 00 35.8| 95| -
5 |1987 Aug. 19.24072|23%35™14%65| 01°26'56%8] - 688
g 19.20365[23 35 12.70] .01 26 34.3| 688
7 26,24106(23 29 56.28| 00 18 42.3 688
8 . 26.28543|23 29 54.13| 00 18 14.5 688
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Table 2.

Elemen:s of elliprical orbit of minor planet

1983 RQ4 = 1987 SR, as determined Zrom three
observations (1,3,4) uesing Gauss method, with succeeding
improvement from all observations obtained in year 19863.

L

X E DF oD

1983 Sept 3.0

2.47566
0.16889
6796048

19217582

204271780

315712293

2.47177
0.16569
6.95828
192.19550
204.37159
315.10985

'
™ T D
& W N

{ I B

1.21976
1.220583
1.22356
1.23618

Table 3.

Semimajor axis and geocentric distance of circular orbits
determined from two cbservations

I a

nnbs

Py

P

1, 2|2.43952
1, 3|2.43782
1, 4|2.43757

1.44158]1.44
1.43987|1.45
1.4396211.47

586
259
615

Table 4.

Semimajor axis and eccentricity of Viis¥li orbits
determined from two cbservations.

[ 1.0

1.2

1.4

1.6

1, 2|a |2.2210

e [0.1048

1, 3la |2.2162

e |0.1015

2.3527
0.0661

2.3419

0.0648

2.4276
0.0127

2.4228
0.0139

2.4669
-0.0525

2.4684
-0.0487

P T



Table 5.

Two-paramstric family of elliptical oxbhits,
derived from observations on September 4 and 6, 19813.

Py P, a ® i Q w M,

D.QDGJ 0.8978|2.4085|0.2924 b.o&iT 3.4471(3.4374|5.7259
0.9000]12.2720(0.2091]0.0911|3.4809 3.2233L5.1459
0.9021]|2.1868)0.1414{0.0875|3.5181/2.8218|5.9582
0.9043|2.1429]10.1165|0,0841|3.5588;2.0670|0.2135
0.90C4|2.1356]0.1543|0.0810|3.62372}1.3974][0.6718
0.9086)2.1643|0.2236|0.0775}3.653011.0426/0.8111
0.9107)2.2319{0.3025|0.0744| 3.7072{0.8365|0.7986

1.0083]1.0062|2.5214}0.2966|0.1052]3.2049[3.5389[5.6893|

1.0083(2.3719]0.2086]0.1016] 3. 4327[3.35122 |5. 5851
1.0104)2.2789]0.1339|0.0960] 3. 4630 2. 9656 |5 .8722
1.0126)2.2310(0.102310.0945( 3. 4959{2.1577|0.1932
1.0147(2.2230]0.1427|0.0911[3.5318)1.4273}0. 2260
1.0168)2.25308|0.2167|0.08783.5712|1.0717[0.8609
1.01590(2.3270(0.2993)0.0845}3.6140{0.86864[0.8336

1.1166{1.1145|2.4085[0,2933|0. 1563} 3. 3632} 3.6520}5.6406
1.1166|32.4347}0.2056|0.5227}3.3861)3.4257|5.6050
1.1168|2.35560.1293(0.3092}3.4108 3. 1482|5.7539
3.1709|2. 3937/ 0.6¢33 } 0. 5056} 3.4377|2.2326 /0. 1290
3.3299)2.2945)0. 329 |6. 2022} 3. ¢668]1. 3883 {02201
3.3252)2.32766. 7086 | 0. 0987 ] 3. 4982 1. 0654 [ 0. 5365
1.3273]2.4055[0.2953[0.0953]3.5325)0. 9072[0. 8855

1.274913.2220}2.6931}0.2988]0.1281]3.3224|3.7765}5.579%
© ]1.2209§2.5211 10.2021 |8, 2246 3. 3414 ] 3. 6592 )5, 5042
1.2271}2.4159[0.1119]06.1210]3.3617]3.3779|5.5866
1.229202,.3618[0.0554[0.1175]3. 3036 2. 3003 /0. 1650
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Table 5 (continued)

Py P, a e« | i o w L

1.2249(1.2314(2.3523|0.1144(0.1140/3.4072]1.2953)|0.9762
, 1.2335/2.3865(|0.2011)|0.1105|3.4326(1.0237|1.0399
1.2356/2.4683/0.2914|0.1070|3.4599|0.9017|0.9540

1.33331.3311|2.7499|0.2990)0.1407(3.2827|3.9119]5.5673
1.333312.5724(0.1992|0.1372|3.2985)|3.6427|5.3817
1.335412.4628(0.1023(10.13373.3°.52|3.6714|5.3523
1.3375|2.4065|0.0316(0.1302|3.3332]|2.3732|0.1621
1,3397;2.3966(0.1024]0.1267|3.3523|1.1190|1.2086
1.3418|2.4319(0.1954)10.1232|3.3728|0.9474|1.1715
1.3439(2.5167|0.2886|0,1197|3.3949/0.8726|1.0382

1.411: 1.4394(2.7935{0.3004)0.154413.244514.0571|5.4239
1.4416(2.6104[0.1989(0.1509|3.2575|4.0439(5.2397
1.4437(2.4976(0.05688]0.1475]|3.2715]4.0300;5.0502
1.4459(12.4395(0.0001]0.1439(3.2860]15.7309|3.1416
1.448012.4292]|0.0974|0.1405)3,3016{0.8576|1.5717
1.4501/2.4654|0.1935]0.1369|3.3182]10.8409(1.2277
1.4523|2.5525]0.2883[0.1335|3 :360/0.8230{1.1360

1.5499|1.547712.6242|0.3038|0.1692[3.2077|4.2097(5.3319
1.549912.6371|0.2029|10.16583.2185}14.2565|5.0846
1.552012.52168(0.1053|0.162313.2298|4.4098|4.7246
1.5542)2.4626(0.0349|0.15893.2419|5.62713.2964
1.556312.4519{0,1037|0.1555]3.2546|0.5628|1.8642
1.55842.4687(0.1973|0.1519|3.2601|0.7143]1.4992
1.5606]2.5774|0.2914|0.1485|3.2024|0.7576)1.2439

a3 =



Taﬁle 5 (continued)

1
Py Py a e - f w I M

o

1.6582|1.65612.84420.3105(0.1852[32.1725(|4.3665|5.2345
1.658212.6544)0.2126]0.1819,3.1814(14.4699|4.9269
1.6604)2.5376|0.1228|0.1786(3.1907{4.7442/4.4421
1.6625)|2.4775|0.0726|1.1752|3.2005{5.6762]3.2952
1.6646)2.4667(0.122110.1717(3.2109]10.312412.1578
1.6638|2.5039/0.2078|0.1683)3.2218|0.5821)1.6720
1.6689)|2.5936/0,2989;0.1649({3.2334]0.6818|1.3569

1.7665|1.7644|2.8556(0.3210|0.2028)|3.1388(4.5232
1.7665|2.6643|0.2284(10.1996)|3.1461(4.6731
1.7687}2.5466(0.149410.1963|3.1538;5.0028|4.2321
1.770812.486010.1127|0.1929(13.1618;5.7215(3.2952

51359
4
4
3
1.7729|2.4751(0.1499]0.1896|3.1702|0.1402|2.3720
1
1
5
4
4

.7778

1.7751(2.5125]0.2254)0.1862]3.179110.4584(1.8326
1.777212.6027]10.3113|0.1828|3.1884(0.6020|1.4697

1.014&11.8721 2.8606|0.3358|0.2220|3.1068|4.6756
1.8748|2.6686|0.2504/0.2189(3.1127|4.85764.6455
1.8769|2.5505/0.1823}0.2157|3.1189{5.1979|4.0856
1.8791 2.‘091]0.1541 0.2125|3.1255|5.7634|3.2963
1.8813|2.4787(0.1840|0.2092]|3.1323|0.0302|2.5202
1.8834(2.5161|0.2493)0.2059)3.1394{0.3521(1.9723
1.8855|2.6066 0.%286 0.2026)3.1469|0.5238/1.5769

.0402
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A.Z2arins
(A0 LU)
SATELLITE GBSERYATIONS SUPPOFT SOFTWARE PACKAGE
FOR 1BM ¥C

A large amount of oaloulations must be performed in
order to carry out satellits observaticons and procees obtai-
ned measurements. If, except this, accurate telescope gui-
ding and other hardware control ls neceesary as in the case
of laser observations, an integrated computer control of the
whole process is the moet acceptable solution. The BSatComp
software package, davelcped to support satellite observa-
tions on an IBM PC, ie the subject of this paper.

A concept, according te which all the necessary algo-
rithms are concentrated in a eingle program code, was choo-
sed. Structure of it is shown on fig. 1. The central posi-
tion is occupied by the satellite observacions database and
it’s support utilities. Majority of functional tasks can be
treated as data import or export or subtasks, performed over
" some subset of satellite observations or orbital elements
database contents. Besides this, databases containing tech-
nical parameters of satellites, coordinates of observato-
ries, catalogue of reference stars, and possibly others,
must be supported.

Support utilities of these databases form the infra-
structure of the softwere package, necessary to carry out
functional taske. EBfficiency and convenience of these utili-
ties determines to a great extent afficiency and suitability
of the package as a whole. Our experience suggests that,
despite of abundance of universal database support packages
sor PCe, they are not well suited for highly specific data,
auch as satellite observations and associated dat are. The



main reason for this lies in the universality of thesme data-
bases, which results into huge size and complaxity of con-
trol softwars, complicated data structure. At the same time,
majority of upni:.ul.u.u of theas packagss are excessive fcr -
the application discussed hers. The cost of them in the con-

text of our economical situation alsc must be taken irto

account. Dus to above-mentiocned factors we preferred to de-

velop self-made spccialized database support software.

The approach to davelopment of such a software depends
to a high extent on structure, amount and dynamics of the
data to be bandled. The most obvious proparty of satellite
observations is their large and rapidly increasiug -volume.
Besides this, they can be arranged in chrcaological order
for each satellite and split into g-roupu of obacrvations,
reprasenting laser passes, photogi -ph.l.c frames etu. Thess
groups consist of a head (containifiq data, common to all
subsequent observations) and an array of observations. -
According to our ocoacept, sames of files where such groups
of obssrvations of a satsllits are wtored, contains a refe-
rence to the satellite (it°s COSPAR number). A number of
these files can exist simultanacusly, their size is Iimited
only by the available disk spacs. llroup- are stored in the
incoming segquence, but cam be auhaqu-ntly rearranged in
chronoclogical ordec.

The structurs of the array o! .observations depends on
thes type of observations, but always includes the time mo-
ment and at least ome measured muty. Por laser observa-
tions the measured distances to satellite, t.lu.tr uthnt-d
residuals and, posaibly, miteo d ta are stered. 4

The obsarvations databsss coatrol atility uses hierar-
chio menu system (fig. 2). .0m the apper (ﬂhl lavel opera-
tions on database files such as l..l.ﬂr.l.on of a directory , -
- of a database fils, creatioa of a mew ﬂ.h and some others
are npput& When a file is m ‘the list of groups,
stored ia this file is vigpualised and the second (group)
level menu is offered. Operatioss oa groups of observations
‘are IW at this hv-l.l data cmu and .tq:o:t. aﬂl—



ting, copying, deleting, reordering, data analyze. These
operations can be executed over one (selected) group or over
some subeet of the file, which can be selected directly -
(marking groups) or specifying a set o. delimiters, consis-
ting of time interval, observatory number and type of obser-
vations. The third level operations zre performed directly
over observations. Import and analysis of observations are
relatively indepe:dent procedures and have their own contxol
menu systems. The observations editing utility has two pa-
rullel levels: the group header editor and the data array
editor. Some changes in the group header (for example, in
correction indexes) can causea the necessity for correspon-
ding changes in the whole data array. Such oparations are
supported by the header editor. The data array editor allows
to view and edit individuval observations, add and deletas
them. 3

Data export facility provides conversion of salected
subset of date to the necessary format and transmisesion to
some external med‘a. The required export format and export
target must be selected from corresponding menus. For laser
observations MERIT-2, SAO Quick Look 33333, Normal Points
99999, Sampled Engineering 38888 data fo zats are supported.
. If the format expects that sgme corrections must be introdu-
ced in data or transformation to another coordinate system
. must be performed, the correspo: ing indexes of group -
headers are scanned and proper reduction procedures execu-
ted, involving, if necessary, additional data from orbital
elempnts, observatory and object databases.

Orbital elements, if compared with observations, bave
substantially less data volume, so that structure of orbical
elemants database is simpler. Each set of elements is repre-
santed by a data array of fixed length, containing Kepler
orbital elements, their first derivatives, the set of long-
period perturbation terms, astate vector of tha satellite
(i.e., it'e geocentric tadius-vector and velosity vector)
and soms extra values and indexes. Bach database file must
contain orbital elements of only one satellit., fileuama
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containe a reference to this satellite (it’a COSPAR number).
Number of files and their size are liimited only by DOS. -
Orbital elements are stored in incoming sequence, Lut can be
subsequently rearranged in chronological order.

Orbital elements database control utility is designed
in a way, elmilar to observations aatabase. In the up-er
{database file) lavel a directory and a iile in it can be
selected and a new file can be created, When a file ia me-
lected, the list of orbital element se=ts (database records)
stored in it, is wvisualized and operations on orbital ele-
ment sets can be performed. The selected orbital elements
sct can be edited, deleted, compared with a previously mar-
ked one, contents of the file can be rearrc.nged. Import of
non-Kepler orbital elements is possible, an appropriate pro-
cedure must be included for each import format. COSMOS and
Texas Point (IRV) formats are supported by now.

The orbital elements set editor allows wvisualization
and modification of Kepler orbital slements and state vector
of the satellite (conformity between them is supported).
Osculating orbital elements can be averaged for short-period
perturbations according to Kozai [4] (J2, the firet order).
Long-period perturbations can be included via terms with
periods of w, 2w and. 3w in elements i, u, 2, e*cos(w and
e*sin(w) [5, 6]. Influence of air drag and other non-
gravitational effects can be included only via empirical
derivatives of Kepler elemsnts.

Two orbital element sets can be compared to find out
magnitude and structurs of their differences and possible
srrors. Differences are visuali: d in terms of Kepler ele-
ments, spatial displacement, velocity and energy diffsrences
for both epochs. sl .

Observatory and object databases performs sec ndary °
functions .and bave very simple structure. Each of them is
stored in a.singls fils with “ixed name. Data records have
fixed length and structure and ars not arranged in any way.
Due to this, file level is lacking in contrel utilities of
theso databases. Op data record levsl a list of database

- 4] -



entries is visualized. An entry, selected in this list, can
be eciteu, lelated, duplicated (which ie the only way to edd
new entries) or returned to cal'er rouiine.

Bach entry of the observatory databuse contains number,
name, coordinates and some extra par:meters of an obsexzva- ’
tory. Both rectangular and gecgraphic coordinates are sto-
red, conformity Letween them is supported. Object catabase
contains numbers and namee of satellites, parameters of la-
ser retroreflsctors (if any), visual magnitude, aerodynaiic
characteristics of satellite.

Ephemeris subsystem ie an essential part of functional
tasks, sudported by SatComp. It consists of ihe long-term
visibility prediction utility (implementation of the algo-
rithm .[1}), the ephemeris utility itself, and coordinates
calculator, useful for varicus test and debugging purposas.
The ephemeris wutility calculates and visualizes satellite
passes, visible over definite almucantarat at some observa-
tory during a nic™t for a list including up to B satellites.
One of thase passes can be selected for moce detailed analy-
sls and editing, then a specialized epher.ris for the pass
can be obtained. One of options is real-time device guiding.
Full support of laser observations using alt-azimuth mount,
driven by stepper motors, ia realized, including genaration
of base frequency divisors for n.tor drives and time gate
for reflacted pulse registrator, collection and visualiza-
tion of registered data. Manual control of mount position,
time gate and some other parameters via keyboard is pos-
sible. Riga TPL SLR telescope is functioning under control
of this software package.

Parameters, necessary for ephemeris tasks (list of sa-
tellites and almucantarats, numbar of observatory, maximum
elevation of the Sun) can be stored in the configuration
file and picied out of it automatically, starting the prog-
ram. The current time moment and date are obtained from com-
puter’s real-time clock. Orbital elements and coordinates of

' observatory are picked out from corresponding dwcabases aun-
tomatically.
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The laser observations analysis utility can be involved
while editing an cbservations database entry or during im-
port to this database. The group of cbservations is visuall-
zed as a grapl , depicting dependencies of 0-C or of approxi-
mation residuals on time. Using a keyboard-controlled selsct
area, a subset of cbservations can be selected for further
analysis.:. Polynomial approximation is usad to smooth out
dependence of 0-C on time, evaluate internal mean scuare
error and to find out anu eliminate rough data [2, 3). The
current state of the group can be stored in database or ex-
ported. Noruwal points generator, using the Herstmonceux al-
gorithm, ie available, also normal pcints can be stored in
database or exported. Ephemeris time bias «an be estimated
and corracted according to algorithm [2). A sample of screen
design is shown on fig. 3.

Raw laser observations data processing utilitie= are
designed as database data import tools. Due to variety of
data representation formats and data structure, used in va-
rious ranging results ragistration devices, there must be a
number of corresponding data interpretation and reduction
utilities. Usually the first step after the data array is
read, is to extract and process calibration measurements.
Beveral calibration editors are avallable, allowing to vi-
sualize ocalibration ‘data, eliminate rough pointe, adjust
model properties. Obtained caliibration model then.is applied
to satellite ranging results and a group of obse.vations,
ready to be stored in dutll.hlu, is arranged. There are seve-
ral data import options, lacking ull.hrat.lon-pronoduzﬂ im-
port from MERIT-2 format, from SOLVE program’s RESIDS for-.
mat, from another database file.

SatComp is provided with context-sensitive help system,
in most situations u:phn_ntiom ‘on the, gurrently active menu
item and possible actions can be obtained pressing Fl key.
Total vu.h‘a_-'o! help texts is about 70 000 characters.

The .program is compiled using Turbo C++ compiler.
A PC XT/AT compatible compuce., which oparates under DOS
version 3.0 or bigher and has at lsast 512K RAM and 1M avai-
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lable disk space is necessary. Prasence of hard disk, math
goprocessor .nd mouse is desirable. Graphics ocutput needs
color EGA or VGA sonitor/adapter.

Purther extensions of SatComp, particularly in the
field of observations data analyais (inprovement of orbital
slemants, geodesic and geod;namic applicationms) are
envisaged. :
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Summary
_A.nri.nl
SATELLITS OBSERVATION SUPPORT SOFTMARE PACKAGE FOR IEM PC

- Btructure and capabilities of satellite observations
support lottma p.chqq SATCONP are discussed. [.TCOMP is
- developad in the Astronomical Obssrvatory of the University
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cf Latvia to ensure on sn IBM PC all caloulations, necsssary
to plan snd provide satelli“e observations (particularily,
SLR), collect, process and handle cobtained results and otber
data. :

Kopsavilkurs
A.%acips
geMES MAKST.1GO PAVADONU NOVBROJUMU PROGRAMMNOOROBINAJUMS
I8M PC TIPA BKAITLOTAJIEM

Rakstd apliikota programmu paketes SATC MP struktlra un
funkcijas. 85I programsu pakete izstridita Lativijas Univerai-
tites Astronomiskajl Observatorijik un ths uzdevums Ixr nodro- .
#init Zemes miksligo pavadopu novBrojumu (it Ipa#i lAzerno-
vEérojusu) plinclanu un izpildi, ifegOto rezultAtu un citu
‘saistito datu glablifanu, pirveidofanu un arallsi.

A.Zapumsm

nmrmrmowmmammuca
nnautmmn

B cratse p.mowuu crp;um B yM)MH [axeTa
oporpams  BATCOMP., Oaxer paspaloran hn-rwnauu-ueuol
OScepsaropux NaTEMACKOTO VMMBSpONTSTA N fNpeguaiManex ZAN
Bumonnenus wa 0NIBM Tama IBN P mn, BenlXOMNAX AAR,
DEANMDOBAMNE N DpOBGASHNS mASapaemmil - NC3 {(» wamormooTN,
. mazepmMx uaSmomemwi), ofpaloTIN, © ANANNIA N  XDANGNNE
peaymuraros Nafiomesiil B OCONYTOTSYREDMX SOMNNUX. :
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Pig.l. Struoture of the SatComp satellite observations support software packsge
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OBTAINED DURING AUGUST-SEFTEMBER, 1991

In august=paptenbar,

A.Zarins
(A0 LU}
A COMPARISON OF MTLRS-1 AND RIGA SLR OBSERYATIONS

1991 simultanecus SLR observations

of Lageis #atsllite were carried out in Riga by MYLRS-1 and

Riga SIR station laser.

,-—1m.k£————, T

obtained:
§ date time,UT from
1 aug.15 23h 43m-
2 aug.23 23 .14
3 aug.24 21 50
4 aug.28 23 25
S aug.30 20 - 57
€ mep. 1 21 .30
7 sep. 2 20 10
B msep. 2 23 46
9 mep. 9 21 16

10 sep.10 0 48
1i sep.15 0 §7
12 sep.15 20 2
13 mep.1y 21 37
14 sep.22 21 10
15 mep 26 22 42
16 sep 28 19 51

[ I N O N R Y O R A

Pass #5 is not

out of 105.

16 quasisynchronous passes wers

Riga

to pts m.s.e. from to pts m.s.e. ovl.

52m 356 3.0ca 13m-

30 1802 2.1 16 -
75 105 3.6 51 -
44 192 2.2 30 -
63 162 2.7 41 -
54 2192 2.2 30 -
33 1679 2.4 6 -
60 817 2.2 39 -
34 983 "2.4 8-
67 6898 2.4 42 -
70 39% 3.5° 58 -
20 148 4.1 9 -
58 1000 3.5 45 -
22 72 3.3 20 -
60 694 3.5 51 -
61 1239 3.5 72 -

70m 723
51 867
83 547
44 284
56 256
63 885
34 658
80 891
45 1123
77 681
85 507
17 64
74 937
32 187
78 310
80 64

10.5cm 9m
9.4 14
10.9 24
10.7 14
10.3 -
10.8 24
11.1 23

quite quasisynchronous - observations
of MTLRS began 45 seconds after Riga laser was already stop-
ped. Besides this, it was found out that NTLRES pass #3 con-
sists mainly of noise, real cbservations were only about 40

In order to estimate pr;:plrti-l of Riga laser perfor-
mance and find out possible systematic deviations in range
ssasuresents, comparison of both sets of observed passes was



carried ocut. Orbital elements of Lageos, ohtained from IRV’s
were used, they ensured an accuracy of cph.-ﬂ- within se-
veral hundreds of msters, so that dynamic methods of range
comparison could not be used. Instead, purely geometric me-
thod was developed. According to it, difference 5r between
measured distances to satellite from both BLR telescopes for
each pass is given by equation:

ér= (T*W) /x+ci, (1)

where Ci -~ range deviation for this pase (assumed to be
constan. within it), T - radius-vector of satellite, R -
vector between centers of both telescopes. Uncertainty of
direction to satellite of about one minute of arc (which was
ensured by our ephemeris) causes an error of np more than
several millimesters in ér (R was about 30 meters). Unknown
paramesters in these equations are Ci. Unfortunately, exact
value of N was not available to um, so that components of
K were to be treated as unknown parameters, too. This inevi-
tably should lead to uncertainty of average value of Ci bs-
cause of it‘s correlation with component of W, pointed:io
center of symmstry of all used satellite passes (which:in
our case vas situated a little East from zenith, thue =.and
slightly y components of R should be affected).

To obtain values of 8r, dapendancies of difference bat-
wesan obssrved rangs and sphamaris distance (to ons of teles-
copes) on tims for each pass obssrved by both telescops®
were approximated by polynomials, then differences betwean
_these polynomials for soms sat of tims moments ware caloula-
ted. Tims moments wers selscted to regularly cover all gqua-
sisynchronous intsrval, avarage m o! points per pams
‘was about 100. ‘

As & result, a se' of squations (1) was obtained. Thay -
were solved qsi.nq standaxrd least squares algorithm and esti-
mations ot'l'nd cl. found?
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—15 passes— 1] passes— 11 passes— 10 passes

¢ Ci m.s.e. ci m.s.e. ci m.s.e. Cl m.8.e.
1 13.4cm 1.48cm 9.0 1.45 9.4 1.46 15.5 1.48
2 20.6 3.30 16.6 3.41 17.0 3.40 22.7 3.27
3 22.9 4.73 18.8 4.786 19.2 4.75 25.4 4.7%
4 24.6 1.96 20.4 1.92 20.9 1.92 26.6 1.97
5 i
6 16.7 3.50 12.8 3.59 13.2 3.57 19.C 3.48
7 15.7 2.41 12.4  2.39 12.8  2.41 18.3 2.32
8 20.0 3.61 15.9 3.60 16.3 3.61 21.8 3.66
9 41.0 4.01 37.0 3.88 37.5 3.89 (43.7)
10 28.6 2.31 24.8 2.15 25.2 2.16 30.0 2.38
11 105,1 2.77  (101.5) (101.%) (106.9)
12 89.2 3.78 (85.6) (86.5) {92.5)
13 14.5 1.23 10.2  1.25 10.7 1.24 16.7 1.22
14 15.8 0.11 11.5 0.11  (11.9) (18.2)
15 17.2 0.97 13.0 1.03 13.4 1.03 19.0 v.99
16 33.8 3.78 30.2 3.77 (30.7: (36.5)
[ 17.9 8.3 17.8 8.0 21.5 4.7
Rx 1185.7 em 1185.7 1185.8 1185.1
Ry 2921.6 2920.8 2920.9 2923.7
Rz 81.6 77.3 17:2 83.4
R 3154.1 3153.2 3153.9 3155.9

(Z-axis of coordinate system is parallel to the geocentric
radius-vector of the observatory, X-axis pointed to Horth).

"It was immediately obvious that Riga passes #11 and %12

have anomalous values of Ci, anomalous calibration data was
" found for these passes, so that they werea eliminated from
further analysis. Pass § 14 was further eliminated due to
very short time interval, represented by it, paseses & 9 and
16 aleo had slightly anomalous values of Ci.

Obtained results show, that (supposing that MTLRS was
calibrated exactly) Riga laser calibration is shifted by
15-20 centimeters (measured distances to satellite are too
long). This might occur due to inaccurate calculation of
complicated light path in optical aystem (calibration im
realized through saparate opticm). Beaides this, it is evi-
dent that range deviation is changing from pass to pass with
an amplitude of about 10 centimeters, while during a pass it
remains constant with an accuracy of 1-4 centimeters (which
is well below internal accuracy of Riga laser). This, by our
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opinion, is caused by specific properties of our time inter-
val measuring device. Exact location of aevent (emitted or
reflectad laser pulse) relative to subsequent 0.1 micro se-
cond marker of time standard is obtained by means of regis-
tering pulse amplitude and width., Subsequently, a model,
best fitting calibration measurements, is found using least
squares algorithm, and applied to satellite ranging results.
Parameters of this model depend on the current state of la-
ser, atmosphere transparency, photoelectric multiplier, and
changes noticeably from pass to pass. If the pulase received
from satellite has amplitude, significantly differing from
average calibration pulse, model extrapolation errors are
inevitable. i

Asymmetry of distribution of deviations suggests, that,
on average, signal from satellite was weaker than during
calibration despite efforts to egualize tham, what might
‘result in some additional systematic shift of measured range
by some centimeters. It is hard to estimate value of this
shift correctly, besides this, the shift probably depends on
the satellite observed.

As it was mentioned, the analysis presented -above was
made without knowing exact position of MTLRS relatively to
Riga laser. Under wsuch rnt:ict_ions/valua;‘ of components
of T (particularly, Rt and Ry) and C are correlated in a
rather high extent and it 1s hard to obtain a reliable esti-
mation of them at once, at least if amount of available data
is 1limited. Use of sxact values of components of
- K certainly will make results more acocurate. '

on the ethu: hand, in the spring of 1992 a new time

_ Anterval measuring device was introduced 'n Riga SIR
station. It should be more accurate (.'I.nt.u'ul mean sguare
erroxr of observations “as dnc:und twice - from 10 to 5 cm)’
and less esubjected to changes in l:l.ggll_l-putudn. To obtain
more accurate -_-tint!.on of Riga laser properties it would
be useful to carry out synchronous observation session toge-
ther with MTLRS once mora.
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" Busmary
A.Zarins

A COMPARISON OF MTRLS-1 AND RIGA SLR OBSERVATIONS
OBTAINED DURING AUGUST-SEPTEMBER, 1991

Geometric analysis of quasisynchronous MTLRS-1 and Riga SLR
station laser observations of Lageos has been performed.
Estimation of systematic and random deviations of Riga laser
is obtained. Results would be more accurate and informative
if exact position of MTLRS relative to Riga laser would be
avallable. \

lépla_v!.litunl
A.Barip#

1991.GADR AUGUSTA-SEPTEMBRI IEGOPO MTLRS-1 UN
RIGAS LAZERA NOVEROJUMU SALIDZINAJUMS

Velkta ar MTLRS-1 un Rigas lizera tidlmiriem ieglito IMP
Lageos kvazisinhrono novdrojumu Jeometriskd analize. Ieglts
RIgas lAzera sistemitiskc un gadijuma k}idu novértéjums.
Rexzultitu precizitlte bAtu augstBka, ja bitu precizi sinims
_abu laseru uiltnrpljnh novietojums.

Paapue
A.Japuxsa

AHAJIM3 COBMECTHMX AAIEPHMX HAS/DIEHKH CTAHLMM “PHTA"
M MTLRS-1, DONYYERHHX B ABrYCTE-CEHTAEPE 1991T.

Oposesed  reoMeTpMYecKMi- aHanua KBAIHCHHXPOHHSE
uaSappernfl HCI Lageos,suromuennux B PHre ¢ yeacTHes MTLRS-1.
Oonywesu oneuki CMCTSMATHYECKMX M Chywafinux omuSox aazepHOft
yoTasosxy “Pura. Towmoots oneHox woraa Om OuTe nyume npH

yOIORMM ROCTYNNOCTM TOMNOTO B3ANMNOrO PpacCHONOMEHHA OOcHX .
yCTaHOROM. .



LATVIJAS UNIVERSITATES ZINATNISKIE RAKSTI ~Nr.S86.—
ASTRONOMIJA , SERIJA 19. — RIGA,1993, — 53.- 66.1pp.

A.B.Crollxos
(RO JI¥)
PACHIHPEHHAR YTJIOBO - NAPAMETPHYECKASA
© MOAENL  YJIHC - 630
n
AHANN3 IKCNEPHMEHTANBHLIY PCIFALTATOR KanuBpookn
cranuui YJIHC ne ouopnsim 3se3gam

BunonMeH AHANM3 MOHTHDOBKH  yHHBepcansHofl  nasspHoil
uau-purau-unl CHCTeHMH ONA JOKAUHH HCHYCCTBEHHAIX CHOYTHHKOB
. enmi. {pesiArseTcA PpACHMDSRMAA Yriopo - NApPAMeTDHYECKaR
NORSAL ARS8 yEySmeHHN TOYHOCTTH HABENEHHA CTAHUHH B KeJJaHHYyD
rouny mefSecmoffi obepu ¢ nowmombr oddexTHBHON npouenyps
pepHoguueckoll  xannSpomxk MOHTHDOBKH , NOJNL3IYACH Gaaucon ,
onopsMX 3pean. [Ipupegenw nncxonbno'_peaynnaron. nonyYenHLx
fipH MNpHAOKEHHMH MOOSAH P CIOy4Yae MANR Ja3epHOrc HAanbHOMepa
YARC, MOHTHPOBAHHOTO HA TeppPHTOPHH reofeangeckoft
o5CapBATODPHN *Nnaua®. |

TO4YNOOTE HABQMEHHA ABIFETCE  OCHOBHWM  TIADAMETPOM,
XAPSKTEPHIRPyImHM KaveeTso . yHHBepcaabkHO# nazepHoft
HINEPHTEeARHOA CHCTEMN [N8 JOKALUMH HCKYCCTBEHHMX CNYTHHKOB
Jenmu /uc3/. TouHOOTE HaBGfieRMA JoxHA GMTL Takosa, “MTOOM
ofsaxy moxammu  /WC3/  nonapan 8O PHyTPeHMOCTE
CPOCTPAHCTBEHHOrO KoMyca, OSpa30BPAHHPIO NA3GPILN  MNYYHON
JOMAHPYIWErc HINy4YeHWSE, T.e. OmMOKA HAPENEHHS HOJEHA OuTL
MOHLES WMEMMANLHOTO JIiie DACXOMMOCTH NA3EpHOTO Nywxa. ‘

C spyroft CTODOHM, XOpDOmAR TOYHOCTS MaBelieHHA nalepEOro
AAnbkHOMapA noaloul.r HAOeXHO oﬁﬂlpmllfl H COOpOBONIATM
HC3, a mHOrma npH TOYHOM MNporHose HawaasHOA  TOMKH
oSHApymeHHA NOUMPOBAHHOTO  CHYTHHKA /uanp. LAGEQS/
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OCYy=acCTRARTE TAK Ha2uFAeMuil pEAMM CAENOro CCNPOoBGEASNHA.
IPLEKTHBHLM o> FONOM YAYNEEHWA I'OYHOCTH HIBEAGHWMA ABJIASTCA
KanuOpOoBKA CpHEeHTALMI ONTHYECKON OCH Teneckons 6G CHCTuHe
ONTHMANTLFO PACHONOKEHHMX CROpHMX spe3n. Nocne craTHCTAECKSH
OUPATOTKE PRIYNALTATOD HOMHO BBEEGCTH CHCTE@MATHYECHHME KHOPrLeKlih
omilxH HABRGHEeHHA.

B (1] paccHOTDeHM HEHOTODME CCHOPHME COOTHOUEHHA TeDDHM
dpeanskofl ACTDPOHOMMYGCKCR B2DTHMANBHOA ABYXOCHOH MOHTHPOBNY

yamue /pre.l./. NipoaKaliMaHpOBaHM TaKke W  pea)uHARm
2CTPOHOKHYECHER KOHTHpOBKA HHCTDpyM&HT&E H HOoOpAHHATHAR
C.ICTIMA, a3 kortopo#A omr pafiotaar. CoagaHnan yrnoso -

gapavelpHYecKas Mojenr [2] € mecTm® MapaMeTpaMH YYHTuBaeT!

~ HABAASHE ALKAOHA Nc ocH 0z, NORBAAKWErUCA OT HeBOIMCKEOCTH
88 HASAJLFOrD YCTAHOFNAHHA. XNADAXTEDHMIHDYeTCA YoM HARIOHA
13

~ HenepreNIMKYNRPHOCIE AEYX OCHOBHMX ocCell MNOPOXILAETCA kaK
EGTOMHOCTED  HITDTORUPHLE, TAM W KSTHPORKOf  JNTHHECKM:
KOMIOMEHNTOR, 2&08KMIMX 3TH  OCH. XapaKTepMIUpYeTCA YrioM
Lenepuenpuxynapuoctn  kj

= KONNHMAUMA BWpSNMAEGTCE B HECOBNANSHHe ¥ T 3Jamamilofl ooTP-
poBKOfl onTHWecKofl OCH TenecxonMuackero Tyfyca a MexandvYes-
KHM, 38EAHHLNM BOKTODOM MWCHTHDPOBKH. MNAPAMI®DHIKPYSTCA yr-
HOM KONAMMAUMM Cj

- mecoenazeans HyNeBMX NYHKTO® C 2eHHTON. XapaMTepHIZHpyaTas
yriaum muynesnx penepor AMp m  AMp; - yraosar omufra
reopeandecKol KDHARIKH OTAMUMY, BMIMBAENAA HOOADANNENLHOCTED
ncy  Or' arHxyTy /yme pACCHOTPEHO BSMDe MHECOBNANEHHO
LAxXANFUOCKOH poTamMokMof ocM OX' W ocH, onpemenexHoft

MCTHPCUKOR ONTHYGCKHX KOMOOMGHTON. XuPAKISPHIHDJETCR YrioM
Aao.

B [2) pRCCMOI[EHO BTHAHHE ITHX OTKNONILKA OT HAea.bHOR
TEOMETPHUM 2CTPOHOMMYACKOR MCATHDOBKME YIKC ka yraosse JoaMULH
ocefl, BMaemeN] JaBnCHMOCTH, Y iMTARAKLHE ML

P’ = @+ Ay
p' = ¥ r MY + (c + k -~ zinp) secy

T Y g



KpoMs pacCMOTPeRHEIX BaMile YIOBMX KOPPEKUHOHHLIX CAPAMETpPOB, B
Apoilecce KonWTEHMA YINC MecnefopaHHA TOYHOCTH HaPejleHHR
Teneckona HAa sajnaHHyo TouKy Helecidoft cdepm noxazanx, HTO
HeoEXOAWMO JYYHTUBATE Takke! = yrnoeyx owubky, cBAIaHHYD €
ucriuGoM tybSyca Teneckona YJHC. Oua XapaKTepH3yeTCR YyI'JICBHM
HOPPEeKLHOHHBN NapadeTpPoOM u, H e‘ COOTNETCTBEHHO JMAJNA RBYX
poTausoHHsx ocefl. 3asucuMocTh yrnosoft omubxa OT ep H .e"I

ONHCHEBASTCA GOPHYIAMY

Ape- sing eﬁ.

Ay = siny eyi (1)
- yriceye  oumbry, COR3AHHYD C  HeJduHelHWM Harpbou
/aaxpyuusanne/ noyx oceftl. T'eoMerpHyeckHA cMeicn 2Tcro sddexrta
nonofeH paccHGCTPeHHOMY Ssile, HO OTHOCHTCA K CAMKNK ocau
BpAameHHMA, T.K. AHANHTHYECKO) oONACalde = 9TO OpeaMeT
CAMOCTOATENbHOTO MCCNeNOBAHWA W BLHXOAHT 3a paMKK HACTOAmEH
pafioTsl, TO BAMAHME 3TOrc SfHeKTA HA YrioBke MONpaBKi yUTeHO
€ nOMOWLK NOAMHOMHANLHON annpoxcHMauuu; - yriosyo omHbxy,
CTA3AHHYD C JKCUEHTPHCHTETOM DPeAYKTOPHMX Y3JIOB OTHOCTHTEJBHO
oceit nomopotra /pHc.2./. MHCXOONR Ha TPHIOHOMATPHHECKIX
coofpaxaHHil, MONHO ONMUCATE 2JAKOH HINGHEHHR YrAoBOR owMOKH
ANR ¢ u Y /

B=a-p+ 2n + -rcain{ﬂ,lrsim).

€= FrCtQ(T:_—:——jgs?ph , (2)

b9 a8,
roe r - paguyc Sonmmero Kpyra peaykropHoro yalla, o - yroxn
ASUEHTPORKH B HCXOONHOM MOJIOweHHH. AHANMOrHYHOG opencrasneHHe
HMEET M 3JAEHCHMOCTR MO OGH ¥. PHC. 3 WUMCTPHpYeT LpHMep
ONMCAHHOA JABHCHNCCTH M !IOIIDJ'HIC'I'. COll@HHTh ' BAMAHHE® DTOIO
opdenta;
= yrnoeyow oumulKy H3=28 T.H. ADPTAa MNOANMNAKWKOE B TOYKAX
KpenneHua K EBYM oCaM. Jpdext momoSen PACCHOTPEHRCHY Bbm@, W
ob6a MORHO OOMemMHHTE; -
- yrooeyn omuBKy, BHIBAHHYER HEPABHOMEDHOCTLRD PACNOJONEHUA
3y60oP penyKTOPHCIO BOHKa. HAnm XapaKTepHCTHKI 3JABMCHMOCTH

“h B8 L



yrimloa osMOKH OT 3TOR HePABHOMEDHOCTH MYXHO HCCIeNORATL o8
OpenPAPHTEeNLKO M ONpPameNHTRE XAK QYHKUMD OT ¢ H ¥. Ha
nposageHHOro BLEES ananxaa HOHTHPOBRKH YNHC suMTeKAPT
BOIMORHOCTS PpPACHMDEHHA €@ MATeMATHYecKOfl MOj®NH B CMuCHS
JraoeBo - mapaMeTpHueckol Mosenu. ChnefosaTensHo, HmEN JYHKOND
THNA!

p'= ' (1 lklclu’lmluole'le'l"lh’lnlalrnl".‘ [

{3
p= "(Ilkrc'u'l“'lAJote'rc'l‘,c‘*-“-alrolrlc o
ree a«, &, t - wxoopauHate TOWKM HeSecuofi cdapu » II
sKHBaTopHansHOR KoopmuHaTHOM cHcTeMe;
=, p - MeTa0nAPAMETDM YCNOBHA HAONMDAEHHA, COOTBETCTPEOHHO

TaMnapaTypa H AABNGHME.
PaapaSorauuas 6 - DapaMeTpudYecKan Mojens [2] onucMmaeTcH
COOTHOMOHHAMM I
Ap’= minvAl - cosyAdd, + MM, : (4
Ay’= - cosytgepd* - l.lnﬂ:gruo + secplc + tq'MM‘.
CHCTeMA yCHOBHME ypasHeHHA BWMpANAST YYBCTEKTENRHOCTE YrAOBMX
KoppekuMiR Ap’ H AY’ NO OTHOWEHMD K OTHSALHMK NADANGTDAM - . 3
k, c, uo. l.ll', M', npu 9ToM Ap’ H  AY’ - menHuHMM,
onpanenieMhs ODHONGDHHEHTANMHO. Tax Kax eme BHaATANe OPHHATO
ycnoeMe, WTo B mnepsoM nNpulAM4eHMM JrioBMe NADAMETPM He
IABHCAT OT MNOTEOPONOrMYMECKHX yCRoEMi, TO HX BAMANHE Na

Momens y4teso [3) Qopuynamm yvera PpeJpaKUNH NDH BMYMCAGHMH
PHAHMOTO MORONEHME 3IBE3A

ro= (ng-1)tgx [ (h/h,) g-""‘*“

=-1) +1],

rEe n, -  §OKasatens NpeNOMAGHKA POIAYyXaAa ¥ 3eMHOM
NOBEpPXHOCTH Z,- 3JemuTHufl yroaj ho- KONCTAHTA, pamhas
9.240mM} h - @mMCOTA COYTENNA. 2TO ypasHeHHe ONHCHEAGT
MaiMEHONHES pedpaKIKH ry © ommubxolf o 0.1, mna z, mo 70°,

NPHYeN BAHEHHE ATHOCPEPHMX ycuOBMA yIHTMBAGTCE HOCPENCTBOM
M3MeHeHMA N [4]:

n, -1 =77.6(1 + 7.52 -10"2"2)(p/7)- 107" 4
ras P - arxocdspHos mapnenne [mbar); T - Tewneparypa Boagyxa
(K]} A - paGovyan nauna monmM [MeM].



lecThAapAMETPHYOCKAS YTROBAA MOQGAM

OHCNGPHMEHT nporensaH » COOTRATCTRHN e caenynmHH
AAropHTHOM!

1. Bufupamrce 50 3pesza, pasHOMepHO pianono:euunx »
yraosoM AMarazona AcAcTeEMA cTanumu YIHC.

2. Oo ACTDOHOMM IECKOMY GNArOAHMKY onpagenyrpIca
MOODAMHATM BSHAHMOTO MONOJEMMS BMWGPANI'MX 38638 B TEPMHHAX
BTOpOR JKBATODKANLHOA CHCTEeMM: ¢ - NPAMOS BOCXUREEHME M § -
CKCHEHHE® AN COOTIBTCTBYNOmAfl OMOXM.

3. JAna 3aQaHHOTO MOMEHTA HIMEDEeHHA MO MEeCTHOMY . BpeMeHH
t; BUYHCHASTON COOTBETCTEYDNSS WECTHOS 3IBE3LHOE BPEMA = 5.
Bna ostok uenum paspaSorana noanporpaMsa STAR TIME, xorTopaa
onpenenseT MECTHO® 3IPEIAHOS EDEMA C TO4YHOCTER Eo 0.1 sec.

4. FHANENGE® KOODAMHATM 3E83J| TNONYYADT B TEPHHHAX
BEPTHKANMHOR KOOPRMHATHOIl Ci.oTEMM P, M ¥;.

5. OnpenenamT pa’zHOCTH nr‘ 1] AUJ HeARY HINEPCHHMMH
KOOpAMHATAMH p, H ¥, H BEMIHCHGHHMMM $, M 9. A
COOTRETCTByEmMEro "=~ ..+ -

6. Cornacro paapacoTanRofl upoueRype @ (2] pemaerca
cHoTema ycacEMux jpasnensl /4/ M onpemenamICE  yroomsa
NapaHeTpsl ACTPOHOMHYECKON MOHTMDOBKM.

Ha puc. 4 zana wumcrpauus 6-napamerpivecxok yrnomoRt
MOReNH . Hozenwsnas . MHenpapusRaz KpMBaS ANLPONCHHNPYST
HIMEPENHMA DAIMOCTN AP; P $yMRUHK yria § 3 COOTRETCTEHN O
/4/) anm CpeARexBazpaTRiecKoft omuBxu o"-JZ JrOOBMX CEXYHA Ans
N=36. Ha pug. 4 mHEAMM W Taxkue MINepenMue pasmocTs /14 no
avety/ Ap j+ MOTOpMe OTCTOAT OF HoRensnofl xpumoli ma BRecEKoOALKO
MNHYT H TNOUTOPADRT @8 BMA. 3TuM MHeTomoM Oumna mafifena
annaparyphas ommulxa, KOTOPAS BNOCHNEACTENN OMAA yoTpamesa.
JasucuMoc b AP = f({y) uAADCTDUPYeT puo. 5.

Ha puc. 6. . npeacrasnena MORENLHAR NOBEPXHOCTS yraosol
cunbun Ay Kaxk $ymwuus or ¢ k y. Cormacuo MOZGNK AP IABMCHT N
or asyx yrmos /4/. 3aswcuwccrs Ap=f(p,¥) npomANBCTPHpOBEZEA
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AnR yraonoro AHanaazoma RmeficTama JUI YAMC 9 € [-w/2,n/2],
9 € [0,m]. Anm ymofScTea DpPH AHANF'E IKCOGPHMERTANRHMX
PeIyARTATOD, KpDOMe IIIIIIP.!HHI- paziocrel Ap un Ay, Ssegex H
caeayrmMe XADAKT@PNCTMKN, RaxmMe npaxcranResne o
apdexTHRHOCTH BuSpannoll MoZemw:?

- BAMHC/IOHHME HOPPE&KUHH Ap'= 'o"’c' M A= io'-iﬂ':

- OCTATOMHMS® PAIHOCTH op = Ap-AP’ m oY’ = Ap-AP’.

OwePrMANO N XOpOoWee COPMAROHHE® BNSMCIJGHHMX MHa OGaaze
aufpauno# HOR@AH yraomsx koppsKxi.d & HINOPOHHMX
IKCMEepPHHEHTANMNO passocTell. [AONAZATANLCTEOM JTOr0 CAYRMT
OTCYTCTEHE@ HA pPHCYHKe OCTATOWMMX pa’HocTefi. fAns s7Oro
uacmraba onM CHNSADTCE © OCED aSoumca. Onu Moryr
RaroaaTeOR Ha pHo. 7, rRe Kacmral ocu opaumsar mo 1
yraosoll mmMHyTM nocne propoll Mrepaumn. O HMM MONEM CYAMTE ©
CYMaCTROBAHMH KOPPEAAUNM OCTATOWHMX paanocteff, Buapannofl
npexafpexannen ] HORenM cHcTeMmaTH4uecxkoll omMBH .
CymecTsOBAEME KOUpenxuMM peflcTEMTenbMO Hal/iopaeTcE OpH
aamncurociu op = f(p). ’

BoCsHHNAPAMSTPNYIGCKAA YTROBAA MORENL

NyoTe K NaBeCTMMM 6 yraoswM napaMeTpad NpHGARHM ems ARA,
0o omMOMY ans Xampgofl OCH, yUNTMDADWHe MITrHG TemecKONHYecCKOro
rySyca. SyHANUNOHANLROS BANAHHG @ e X e, Ha yroosym omHExy
supazaercs /1/. Tax OOAYWREN BOCAMMIOADANSTDHHECKYD yrno-
ByD WONGNk. ANE CpARNGEMS O$PEXTMBHOCTH BOCEMH-N WECTH-
NApAMSTDMYEOKNX MOmsnel mnpu ofpaloTHe OKONGPHMMeHTANLHMX
RAHHMX BOCTIONMIJENCR TaN xa mafopom a3me3n. M3 puc.8 m pno.9,
rae KaobpamenH COOTROTCTRYDmME OCTATOMHLS paanocTH
op = f(p), op = f($) m o¥ = f(p), O = £(¥), Wmama
CPABHNTERLNO XOPONMASA AMIPONCHMALMA MOKSAN. AHRAIMIMEYA BHA
PACTIDSAGNEHNA OCTATOYEMX pasmocrefl, 2aMevaeM HIBECTHYD, XOTS
¥ WefOoNMEYD KODPeASINE 3aBMTHMOCTE Op = (@), ¥To DmONaIuBaeT
SO3MOXHOCTS RONOAMEHME NONGNM. :

Y



JseHAALUATHIADANMOTPHYECKAA YFIOEAR HMOOGAL

ECAM MNOMONMMM YriOoRYD [APAME@TDHYSCKY® Momenh ame 4
napaMeTpaMH Mo ABYM RJIA KARAOR OCH,  OIHCWBALMMM MNONHHCM
no;;on cTenaHu, HTOOM yYeCcTk OCTATOMHHE CHCTEMATHYEeCKHX
sddexros HenuHeflHOTO THNA, B KOHTEeKCTE CHeMIAHHOrO BL™Ma
ananuaa nocre ofpaboTky peayasTaTos TOro Ra Halopa ONOPHBX
3p@3l, HSMONRIOBAHHOIO yxe AAR 6-M B-napaMeTpuuecKHMX MOmenafl,
B pACNpeRafIeHHAX OCTATOYHMM pazHocTefl nocae BropoH  MTepaumuu
Ang 1l2-napametpudecHofl ywxe He HaSrppaeTcA KOpPeNAUHCOHHOR
BABHCHMOCTH .

9T0 3HAWMT, YTO [OCTHCHYTA TaKal TOWYHOCTh ONHCAHWA
yranopoft omuGuk, npd KoTopofl ocTasiack ToNbKO on4dfKa cayuafHoro
XapaxkTepa, XapAKTEepHayomasd TOYHOCTs TMNOBTOPAKBMUCTH  NpPH
HARGEeHHH TeJleCKONAa HA OTHANEHHYD HEMOABHMHYD penepHyn
TOouKy. MnR JpocTmmeHHMA GonswoR yraosofl TOYMHOCTH HABEAEHHA
MoAenk HeNkaW PACEHPHTE, HO TDH NANLHEAWAX HCCNEeNOBAHHAX B
DTOM AcCnexNTe HeolXOZHMO AannaparTypHoe ycaupm.ncnonnui‘-
NONOXeHHA C noMombic T.H. yruoihn: LaTHHKOP® LAA ofeux ocefll ¢
yraosoft omuSxoft 0.5 - 1 yra.cex. naeT HaM BO3MOKHOCTh HCKaTh
HOBM® KOPPOJALHOHHME DJABHCHMOCTH pacnpefiefieHHs OCTATOYHMX
pasHocTeRl M BROAMTE HOBME JYr/OBME napaMeTpl, ydYHTHBADmMME
CHCTEMATHYOCKYDY omMOKY, NOpARKA ROOTHruyToff HA mNaHHOM JTane
IKCNEeDHMEHTE OmHOKM m:;uopaomm.

CpasHanMe 3¢JOXTMBMOCTM Honexed

B rafn. 1 w Tabn. .2 ganuw peaynsTATH IPHCHNSDHMEHTA AAR
KanuOpOPKK YryOBMX NApPAMETPOB 10 32 OropHMM JBeafaM. 3pseanm
BuGpany DPH OZMHAKOBMX MeT@OYyCAOSMAX T=7°C k P=870 mbar.
Bo m»TOopoM W TpetseM cronfuax 7afn. 21 mAHM NEepPROHAYANLHO
ONpelieNeHHM® DAIHOCTH NEMAY HINGDHTONRHWMWH M BMTHCTSHHLMK
yTAOBMMH KOODAMMATAMH Mo ofeud oOCAM § M 'Y, B TperseM M
%aTBepTOM ~TOoAbUAX PaCNONONeHM OCTATO4YHWE DAIHOCTM Yraos no
ofeMM OCAM [ocne npHMeHeHWX 6-napaMeTpHvecsoft yraomoft
MomenH. JddexT OveBMAEH DPH CL IBHEHHH CPOIHOKBANDPATHYSCHMX
omHOOK JrAOBMX BeAHYHH NMepel H NOCA® NPHHEHeHNR MomenM. HMes
® EMAY DONMUKAY yroa apHTENLHOrO MONA TelleCKONKYecHOMA cHCTa-
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Mu YAMC - 17.5 yl:"n.u:lm. Ans pmocTMruyTof cymmapsol cpenHs-
KaagpaTHiackofl omHOKHM OBMHADHOI'O HIKEPeHHA, HMeeM!

! 2 2 _ 1
,t - apf a" 43 » ‘5'

repantupoeannuil 3axsar Halnomaeworo HeSecroro ofwexra (m
ciaydae aBe3x).

Hconoasaya B-napaMeTpHYecKyr yraiosyp MONesls [AA TOro Xa
Ealopa ape3’n, MQONy4YAeM COOTBETCTREHHO r’-li.ﬂ' H EAs
o"-22.'l'. noct_ururml cp. Ke. omulKa ORMHApHOro MaMepeHHA
yme oy & 28", amavense KorTopofl ymomnermopAer TpoSOBAHMAM
yraopofl TOYHOCTH :1R@NEHHA RAR Knacca JUI Tuna - YJAMC ﬂ'LSJO'.
Hrax 1 pacmMpeH M @ Yyraosofl MORmenNM TONLKO JBYyME 1O-
HONRMTENVHMMH  NADAMGTDaMM BENeT K JHEeHLEEHMD  CyMMapHOR
yraoomoft - cmmMGum MasemeMMg Ha & 38X no oTHomemMD X
S-napamMeTphuecKoil. JIOrHYHO OXMBEATE, 4TO 12- napaMeTpHYecHas
NORe/Is WYBCTBHTEHAMHO YNEHMEMT OmMOKY, HO DIKCHEDHMEHTM NADT
HAM APYryD KApTHHY. HMeeM r'- 12.2", c’-11.5', orﬁl", T.0.
yMeHbmeHHe yrapgeof omMOKM NO OTHOmEHHD® K B - napanertpr4ieckoft
"womeny Tomsko 25%. KapTHRY HeROCTATOMHO 3$PEKTHBHOrD ReRCT-
pHA 12 - napaMerpuueckcfi yraomofi MOAeNH MOEHO OOMACEHMTR

ROCTHREHMEN  MHHWMaAnHOR rpaEMIN yraosofl OMKOKM
ACTPOHOMHY @AKo MOHTHDOBKH , onpenesnenHoR omubGxoft
NOBTOPAGMOCTH HABSAGHHA B HEMOABHEMYD . TOMKY, HMeDumeR
caysafiruft  xapanTep. #MIHYBCKN OHA ONPBNGNASBTCA  NWAK
XAPAMTEDHCTHKAMH HYZEBWNX Denepol, OTHOCHTEALHO KOTOpMX
OTCUHTMBACTCH yroa, TANM N " yrAoRMMH AaTUMHAMH" ,

OCYmeCT BJ ARMHMK ofSpaTayn omsas mo yraCBOMYy NOJNIOMEHHD , H
HHE®T JHENGHMA J[AR ARyX oceff COOTBETCTYBEHHO cro'-ll.a'
H co'-li.ﬂ. MOom¥O NPSANCAONMTR, YTO HCMNONL3IOBAHHE ®yraossx
EATYHKOR® W HyneBMxX penepos c Gonee BuWCOKOfl TOWHOCTRD
OonpeneneHHs yrAOBOro MNONONeHHSs, Hanp. c yraosol omuBuxol Re
Gonsme 1%, macT soaxommocTs Sonee BdHeKTHBHO cpaGortars 12 -
napamerpHIscKof yraomoh MORenH H noctHde /o no-
NOMHM T @ AbHMM yRenuueHHeN acna napameTtpon/ yraomoft
TOYHOCTH HaPeReHHA » TOuUKY nebecuoft céepu,
XapaxTepHaHpyrmyocs omulxoit oy S 1"-2", 7.e. B TrpanHuax
yraosofl paspemaxmel cCrocoGHOCTH TaneCKONHYECKOR CHCTEMM.



NCCASRONANMS 3IABNCHMOCTH OENOKN MOZOAN OT WNCAA MIrepeuai

Hconeayex npyrofR malop onopumx 3sexn, k=50. C posmommsm
TPOr paMMs ANGLSTAR onpeaestex yraoRMe NAPaNe TDW
BOTPOROMNWECKOR MONTMPOBMR AAA 556-M 12 - DapaHeTDHYSOMHX
yraosux Mogenef M CPORHONBANPATHHSCKHE yrnosue ommbxn
COOTBGTOTRSHHO ANA Kammolk ooM, Kax ofmyo oy uHa Gaze
OLieHOM OOTATOWYHMX paszsoctTefi npi AeftoTsMu wopenefh. Yucano
ONOpHMX I863A, MHINEPSHHEMN NOJONSHME KOTOPMX pacnonaraes,
Meuserca oT 2-3 go N. Ha pxc. 12 pacupemenenss tr",c‘ L
3aBHCN' »0TR OT B BuAEO, 49TO KpHBMe u"-ﬂn), r'-f(nl i
tr:-ﬂn) N = 1-50 mment oOnpenensunmft MmuuMMym » ofnaoru
H=32-36. OcofeHHO XOpOmO BMAGH 3TOT MHHHMYM HA pHc.l2, raes
npeAcTABNeHA KpHBAR w'-f(n] » Sonsmem Macmrale. OcuHosHOM
npaxTHueckull suEoa: npH ameagpoffi xaaufpoExe mnNo OMNOPHLM
aseapaM HeoOSXomHNO BUSHpaATE “opt.- 32-36. B npoTHEHOM cayvae
npH MeHLEEM MMCHe I983A yRENHUHBASTCR omMONA MONeNM, & NPH
Gonpmem, weM N —HAKAAgHBASTOA oOEMOKA CHCTEMATHY&OKH

opt!’
HeMIBECTHMX 3d$exTON.

CnHCOK AMTepaTypM . *
1. Narap B.X., Iisnrtposa M. TeopHA BEpPTHHARLHON MOHTHPOBNH.

2. Crofixom An.B., MomTposa M., Narap B.X.' BecTH-
nApaMaTpMYeCKaAS Jyrnosas Moxens YIHC 630. 4 Nexaynapomnui
HayuHuil ceMumap “"IA2epHME COJTHHKOBME EankEOMepM II-ro
III-ro MNOKONGHHME N NePONEKTHBM MX OpPHMEMeHNMA 0O OpOrpaMMa
. "MuTepxoowoc™ , Co$um, 26-30. 05, 1986. i

3. PacnpocTpaHeHH® RAISDHOTO Ny4YKa B ATHOCHepe / Nep. c
anra. noa pea. A.Crpofema,—MN.; Mup,” 1981.

4. Kmuwxos D.M. OCHORM DACHSTA ONTHKO - DNGKTPOHEMX mpHSopos
C nazepanx. —M.! Coserckoe pamwo, 1978.



No

OO &WN -

19.4

6.3
11.1
16.2
15.2
35.5
40.0

8.2

| 91.7

49.6

40.1
17.9
36.9

5.9
19.4

2.9

32.5
27.7
38.8
49.6

49.6
55.8
25.1
40.7
12.0
15.5
40.6

6.6

. v

date

t

o

dm h m =

a1 3 1 07 31.7
30 3 23 2 40.9
30 3 23 10 31.9
30 3 2329 13.:.
303 23 31 7.4
30 3 19 37 15.9
30 3 19 46 51.8
303 19 56 3.5
30 3 20 12 33.1
30 3 20 29 15.2
30 3 20 36 46.5
303 21 7 42.0
30 3 21 16 12.7
30 3 21 44 5.6
30 3 20 44 54.3
31 3 1 7 31.7
29 3 29 8 28.%9
29 3 22 26 11.6
29 3 22 41 56.7
29 3 23 27 24.:
303 22 15 1.6
ao 3 0 586 59.7
30 3 1 31 22.4
29 3 2211 6.2
3D 3 22 .5 58.2
30 3 22 54 22.3
30 3 20 51 55.9
30 3 0 40 50.1
30 3. 049 5.6
29 3 2257 0.7
30 3 1 57 25.0
30 3 1 41 25.})

P

TaGnuuea 1.

o

degr

- 0.6830
11.0703
- 0.4859
-14.82312
5.2473
-18.463]
7.87i5
30.1234
-28.0839
31.1707
7.2797
-47.0195
-54.5179
34.3949
-22.2754
- 0.6840
29.2793
14.9910
24.4066
15.7887
-21.7429
=32.4148
- 6.3418
7.2758
~29.1979
- 6.6531
-27.5246
31.039
46.0344
-30.5934
8.8406

47.9597 .

v
degr

o

- 9.7/50
1.1457

- B.9558
17.5105
11.2996
94.2262
-44.7519
-25.4883
28.0883
36.1277
2.2910
97.4832
- 0.0091
~20.8464
23.3027
- 9.7750
-14.8008
-16.8695
32.8141
-63.5008
-25.7598
24.8347
45.5015
33.9229
0.9039
-19.8965
59.8848
27.7207
15.0679
5.0625

- 9.0488
22.4054



VENOn W=

¥o¥s
7225.8
6654.9
7436.8
7852.5
6912.4
76893.5
6877.1
5746.4
8315.4
5909.4
6844.2
9158.8
10427.8
5488.1
8140.5
7225.5
5761.5
6481.1
6237.4
6759.8
8220.5
8570.7
7362.1
6914.5
8722.2
7563.3
7992.8
5944.9
6991.0
4553.4-
8461.7
§599.9
4945.6

%

8903.1

. Taé
L1
by

L}

“»
0.5

-y’

5.7

57.5
31.6
30.4
62.5
13.3
61.3
73.0
24.5

40.9
27.%



! ", - 7
/2 4/::1}
-x/2 /2 — -

o?¥

“a72 w2 ¥

P §



P -a73; @e-xfI

x

po/3; pe-a/3

\___,_/—’

ap-fi9.9)

i

3, e 23

Puc. 6
dy dpr7
o §0I
X . ¥ 4 * :.‘ -;l 4 .
_ﬂ? 9™ .¢| --’-‘ﬁ; -‘4" +J.'_w
= Wi 7
_-14- ' \ ++
A7 . Puc 8
Jpcl
+30

."fz ::'. :.0.0 e - Vi ’;/2
—.——-—.

R«;ﬂ-

- 65 -



0 2030 4w P N 0 20 30 40 50 W

Puc. 10 Puc. 1f
G6LY7
60} ;
J0F
:S'l
-Gy
Gy

Puc. 12

- 66 =



LATVIJAS WIVBRBITI_‘I’BS SINATHISKIE RAKSTI.-Nr 586~
ASTRONOMIJA , BERIJA 19. — RIGA,1993. — 67.- 71.1pp.

B.A.Teapoenu
(AO AY)
YCTPOIICTBO PETHCTPALIMM 3BEANBIX 1IPGAGKEESHIA
CMOCOGOM HHTEIPALBNT ®OTOTOKA

B nocnegkHe TOMM B PErNCTPHpYDuMX yCTpoflcTEaX .BEO BCEN
MHPp8 HCOOALIYDTCA PAINMEe BHYHCAHTeNMHMe ycrpoficTea (3KBHM).
3TO MNO3IBONAGT PACHHPHTE OYRKUHOHAALHLE BOINCKHOCTH DTHX
yorpoficts. Ho,K xpoMe 7TOro, B CBEaM C nepenavefl EMnONHeHHA
AorHNecKnx onepaumfl Ha npuMeNaeryn 3IBN npeacramnkelrcs
POINORHOCTE JHAMMTENRHO JNPOCTHTE nepHpepuiiare ycrTpolicTea,
T.8. MX QYHNMUMM CROARTCE K yCMAOMKD, $OPHKNPOBAHNID CHIHAJNOS,
OOACYETYy MMOYARCOR, [ENeHMD Yacrtore. Onxcawwe caHoro M3
TAKKWX YCTpOACIE =~ OTHOCHTONBRRO ASrNO NOBTOpPAEMOrc =-.
NpPeACTAL/ASHO B HacTOAMGR cTathe. Jam Toro wurolM Nyume NOHATH
ero padory, HeSONLWOe TEOPETHYECKO® OTCTYNNe:HMa.

B OCHOBRY $YHKOMOHNDOBAHHE BART OOTMMMINpOBAHHMA aBTOpOM
onocul WETOrpMpoBanHs ¢oToTora [l1], cormauwo xoropauy Gasa
onpeseiseIcs No cheaycmef ¢opuyaat

( ?-_1']-14-2 - "?l’a

ELR [1 -1z ]"3 .

HHTerpaikHue CYyMM ll_‘ NHeRT chexyoEMA BMA:
l1 -A+B‘8+c‘¥.‘

tgy =

rAs

s ' ; |
A= .E..—, .‘ - —l.ll'l-;-(‘.—l‘, ct - COI—:—{J—I',

X =D couy, y =B giny, 1=1,2,3,

T - nepuon $oToTOKA,
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a - cpenHee 3HavenHe $OTOTOKA,
¥y - daza ¢orTorona, b
n - 49Hcao HaGnopaeMwmX nNepHolos POTOTOKA.

Ina toro 4rolW oRHO3aHauNo onpemenuth ¥, £, b, HeoblxomHMm
TPH TAaKHX ypaBHedMs, T.e. 4 = 1, 2, 3. C djopMancHOR TOUKH
3peHHA, NONA OCYHMecTBeHHA DTOro cnocofa HYy®HM TPH cYaTHHKa
HMNYNLCOB , KOoTOphie  QYHRKLUHOHHMDOBANH 1%} no clenyomexy
anroputHy (pHc. 1l): f(t) = nepHORHYECHKH NexAumMACA $OTOTOK
(HonynAuiA HenoaBuxnofl BuaupHofl pemerxoft). B MoMeHT CTapTa
L, HauMHAeT MOACHET HMIYNLCOB nepepuil CHETHHK (UI). B MOMEHT
t, - propoft cuerumx (U,). fMpuron C, = L, = T/8. Eme wepe3a
HHTepean = ppeMeHM T/8 Hauusaer CUMTATH lUS). Cuel iHKH
NPONOIRANT CHET MMAYALCOE B Te4YeHHWe HHTepsana Bpemend T/2. H
TAK 9TO NOBTODAGTCA B KAKNOM NepHone ¢ororoxa. Cneayomuit
MOMEHT BHNHYSHHA NEPBOro CYETYHKA-.) MOHeHT BpeMeny - €, + T
H T.A. CrnemomaTensHo, 32 [ MNEPHOLOE MOAYYMM HHTErDANbHLE
cyuus N, N,, N,. Hemo, HTG,KpoMe TPeX CHSTYHMOR, HeoSXOomuNo
-MMeTh Takxe YCTPOfCTEO yRPABASHME, MoTOpos ofscnsyupanc &w
BHANYEHHE H BHKIOMERHS CHOTIHMOD . OAHAKO HMESTON M ADyFas
sosMosHOCTE. Ecaw ppyneHgeres 3BM (wanpwmep, BE-D0LD), wo
BOBCE@ HET HeOOKOAMMOGTH MMETh TPH ONeTYHxa. B Kauscree Hx
HOXHO HCNONb3OBATH POFHGTRH B8N, PaccMOTPHM :LOK-CXENy TRRO~
ro ycrpolicTea (pue.Z). ¥unyaecs @gororona f(L) nocrypamr
qepa3a ¢opm§onarmg F Ha pxoR komxyratopa K. llenaurens Hac-
ToTW [l ofecrnesyBasT ESASHHe OBOPHOR wacTOTH F_on 28RanuuM
KospgHuneHTOM P € USALR NOAYIHYE HA ero BHXOHe HMIYALS
anuHoH T/8. D3ror HNOYARS (GHFHAN) BRIOCAHAST HOMMYTHpPYyDWYD
$yHKUMD. [IpH ero HARMANN HMAYARGM POTOTOKA nodrynm Ha BXORm
NepBoro cuYeTYHKa ﬁ'l. OapoppereNso OHM pazpemasT ycTpolcTey
spona (YB) mOKAIAMMA CHOTYHKS 0'3 ®FSCTH P OBM.

B cEon ouspeme 80 PSPSME OFCYTOTEHA Or0 (MO BpeHaNK
Tome pasumx T/8) nunyArOM $OTOTORE NIOCTYIARY HA BXOR
cuerwMKa C,, M PaIpEmACTON GUNTMEATS CHOTUNN O,

B peayinTare noaysaew chegyrsee (phc. 1), B pacowHTERHM!
MOM@HT HAMANA PearncTpaumM tn sapycxaeTcR Aenutens 0.
HauuHA@TCR BuUIeNneHH® NepEOro HHNYARCA,  BO PpPaMA KOTOpOT«
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HMNyaeCcH GOTOTOMA NOCTYNART Ha BXOA n-plorn cueTdmMka C,.
Mocne HHTEpBANA BpeMaHH - 1/8 nepuoma ¢oToTOHA =~
HETErpHponanne GyReT BeOTH CHUGTHHK C,, A MOKA3AMMA CYETIHKA
c, (nexoropoe wuxcio K, .} Gyner peesieHs » O3BM. B TpeTnex
MATepsane T/8 onaATk HHTerpHpopanHe OyfeT BeCTHOb CHETYHKOM
ci, a TMOKA3IAHHA 02 {aucno Kn} seeay=cr » 33BN H T.A. B ceom

ouepens 3BM, nony4an nepEHYHLE HHT@T DA K n

K“ nporpaMMHuM nyteM, oSecneunmasr ofpaioBanie uurarplalnhmn
CyMM N’I, "2' N3' OYeBHAHG, 4TO B» KOHI@ MNEepIoro nepHosa
fdoToTONKA (ecnu NMpHASDEHBATLCK NpeiloxeHHOT O cnocoba
MHTErpauMu) O9TH cyHWMs OyayT caeayomie (o603HAYMM MX N“,
Na1r N3yt 3

b Vit S |

it

+ K + K

12 ¥ Fapr
+ K, + K

21

N + K

2

M1 K13 23°

flcHO, WTO ecA¥ MNOBTOPHM TAKOE CYMMHDOBAHHE® H B
nocnefypmMx NEepHOAaX, TO 4epe3 N NEepPHOAON MONYYHM MHCHOMME
HHTErpajibHEe cyxmu N, ?

21 12

+K22+K13+K

13*

n
N i tglﬂ
Opeanomensoe yCTPOACTSO HMEET HECKOJMKO NPEHKYMEcCTB MO
CPABHEHHE O  oHANOTHYHMMX  YOTPOROTBAMM,  NPOBONANMHK
POTNCTDALMD MHTErPANMMMN WeTORON. BO-NepBMX, COKpANADTON
WMCNO MeOoOXOEMMMX CHOTHMX JGKAR M YODORARTCA  QYHKUNK
nepupepufiuux  ycTpoHoTS.  BO-BTODMX, NDOTDAMMHMM  NyTeM
TNPEROCTABNAGTCS BOIMOXHOCTE NINGHORME AIrODMTMA OSpDa3ORAHMA
 MMTerpamsuuMx cyxd. K npuMepy, MOENO ‘M3 peayaLTATOB nepll;n-g
nepwoaos cosmars oxmy rpymny - Nj, Nj, Nj, ™3 sTopax g -
N7, H;. N;_. M2 'lp.'n-llx_ - Nj, W3, l;. Taxun ofpaaon
NPeAOCTABNAETCA BOINONHMM HCOCHSZODATE HINGMORHA OLpeAENRSMO-
ro napa 3Tpa M T.A. b - TPeTHLHX, . ¥CTpPONOTBO OTHOCHTeRRHO
nerko NMOBTOPREMO. J

ix*  The I =.1; 2, .3,

NMpexnoxenroe ycrpoficTeo H NeTOR HHTOr pKPOBARKA
onpofopans Ma aenuTHOR TpySe Komcrpyxuum N.K.ASene »
NaTteuiickod yHHBEpCHTaTA. *
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CnHCOX NHTEePATYypa

1l. Teaposuy B.A. OnTHMansHMA cnocol MHTerpauMH ¢OTOTOKRa Ha
aBroMaTH3HpoPannoil seruTHoH TpyGe / AnanA3 HABWEKEHHA Ten
comueynol cucTeMm H HX Haﬁ:mpexun. ActponoMHA. - Pura, 1986.~
C. 70 = 76.

Peanne ;
B.A.Tenporun

YCTPONCTRO PEFMCTPAUMH 3BE3RHHX NPOXORREHHR CHOCOEOM
HHTErPALHK ©OTOTOKA

PACCHOTDEHM  ANrCPATH O(YHKIMOHMHpPODAHXA M OaoK-cxema
yoTpoficTea perHcTpauUMH 3De3gHuX NPOXOMAEHHA ONTHHHIHPOBAHMMN
cnocofiod MMTErpauuM $OTOTOKA.

Kopsavilkﬁ.-
V.Gedrovics

IEKARTA -IVAIGSMF TRANZITMOMENTU REGISTRACIJAI ™ AR
INTEGRALO METODI

IzklAstiti darbibas principi un bloksh&ma iekirtail, kas
‘refistré zvaigZpu tranzitmomentus ar optimizatu fotostrivas
integrélanas metodi.

Su_izy
V.Gedrovice

; A STAR TRANSIT MOMENT REGISTRATOR BASED U-POII

INTEGRATION OF THE PHOTOVOLTAIC CURRENT

Physica! principles, working algorythm and block
diagram og a4 star transit moment registrator based upon
integration of the photovoltaic current, is discussed.

-0 =



A1)

,/‘\/\
v ¢
L &
A ¢
| |
& : ¢
f P
2 o 7 T o O i
. z
K| K| |4 ]_ L
Puc. 1 e
el
T Lo e
Puc.2

- 71 =




LATVIJAS UNIVERSITATES ZINATNISKIE RAKSTI —HMr. 586,—
ASTROHOMIJA , SERIJA 19, — RIGA,1993 ,— 72.- 96.lpp-

Earap B.X.
(0 &)
NPEMBIE METOAB ONPEAENIEHHME OPSHT
- {o6aop)

1. Bpagenne

Yxe HOCHONLKO mlflﬂfﬂ HefeCHO-NOXANNYSGCKNE BUYHCAGHNY
. DPOHIBORATCA HONTM NCKEDWNTONLEO OpPM noMomM OBM. Coapamm
CueUHANNINDON ANNLS EPOTPAMMISMS cxoTesas, NOABHANCS
OPHRELMIHANLEO HOBMe TEXNOROrMHE ofSpatoruu nelecHo-
MOXAHWYOUKHX JIARAN, TaNNE, K KAK AEAIMTNYSCKHS npeclipazoBaHum
Gyxnemmux psupamesul ma 3BM, N Japyree. 3TO nOINOIMEO
NPAKTHYECKN PemNTh UGMME DPSA JAKAY, pANSS OPAjACTARRABEMX
 mas TeoperHwecsiil MEm mavecTmeumsl umTepec. BneoTe C© TeN
NPSACTABARGTON LE/NECOOSPARNMN TANKES LDSPSOCMMCANTE BSKOTOPUS
CTADEM® FES KIACCHYGCKNMN NSTONM HOSECHON NeXAKAsNM, T.K. NE
BSCArEA NErK0 OTRASRNTS ouomrm HASN NEACOENOD ﬂ'l‘
Tol caosmoli Maresarmsecxofi WAACTPOAKKM, MOTOPYD DOPORNED
OTOYTOTENS HARNGEANNX BTCAN T S 8L BX OpeRcTs. ;

HMaN B BMAY CHASARNOS, OIMAMOMNMON O T.N. DPSMMEHN HOTORA-
MM onpeNsnsENS OPONT DO ABYNM PAENYC-BEXTODAK M NIMGDEHNAM
Jraosux wooDEmMAT. B tol man mmoll JopMe OBTH  MeTORM
pacchorpamy » GONMERECTES JYeSwNxoS N NomoTpadefl no meSecmoft
wexamume ‘[1, Z, 3, 10 m Ap.}; CPOAN MOYOPMR CReAyeT _M-
NEMTY II.!.M-“- [3). Boropms paspirma unolol oHpaRSNeINY
op6uT mpusesema B NowOTpaduM A.R.JySarp {1], moarowy ma weh
COTARAMMMBPATROS Ne Syses. Orwervid mams, 4TO NOYTN BCa NS
‘HIBSCTHMX NOTONOS MOENO DABAGENTE HA ADe TpDyNNN, & MMENHO!
MOTORM) PORCTESNFUS DOSXORY Narpamma-Faycom, M HeTOMM,
POACTBSHEMe ‘DOAxoMy Nanmaca. = Hoarony OTHeUSHNMM DlNe

?:,!: WOAXOAAM RaNSa Gymet !.I..ll.lﬁ CCHOPHO® BDHMMARHGE.
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2. Onpemenenne op8XT no ABYH PAAMYyC~-DEKTOPAN

Hetoas onpegenssns OpPSHT . paapafoTans HNPHMOHKHTENBHO K
maxSonee npocToRl ¥ wMayuennoil 3zamave HefecHoll Mexanmky -
sagase zmyx Ten. Mu mpepmojaraeM, IO SHTATEN: XODONO 3IHAKOM
c oToft 2apavefl, BNADMAN METONM ONpefesIeHHME 3AeMeHTOB OPGHT
00 T.H. HAYAJIBXMM JCAOBHAM, T.@. HIBGCTHOMY DASMyC-BEKTODY
HefecHoro Tena i"'n M BEeKTOPy ero CKOPOCTH i:a » HexoTOpHA
MOMEHT BpPeMeMH tn (cu. [4]).

HaydenMe nNpPAMMX MOTONCE ONPeReN®HHA OPOHT wauuén C
mexoTO™ofl mcmoMoratensHoOff 3agauM - 2amauM onpefelieHMs OpGHTH
AByM PaRxyC-BEKTOpaM, KOTOpas HAXONMT MHDOKO® NpHHeHeHHe
» NOCReAYDEp’X HeTOSAX. PACCHOTPHM TpH cnocofa e¥ pemeHHA.

2.1. Nepsuit cnocob

YpasueHuHA ABMKEIMA HeSecHOro Tena B NpPAMOYroAbHOA
OTHOCHTENRHOl 'CHCTEME KOODAMHAT, KAK HIBECTHO, MMONT BHA:

xu%- o,

y+£L = o, (1
r : ¢

=4 =0
v ok

rae p=f(M+m), 'r-(xlﬂzn!)'“, f - rpaEsHTALMORHAS
pocroammas, N - MACCA USHTPANRNOTO TeaR, m -~ Macca
N3ysassoro meSecmoro rena.
Homaras mu.r", cucTexny (1) »o=mNO mepenMCATE B 3MAS
X*= -xa, y'= -yu, = -mu. AR
Opegnomonsd, %70 pamsuus cECTEMM (2) SPOACTARNMO DARRON
. Tellnopa, T.8. ¥ BuRe g

X xg gt s Lagtels.... : ED
(ANAROIKYHO ANN KOOPAMAT y M Z). Fpassesus msumemms (2)
NOIBONART BCE NPONIBOKNMME OF KOODAWNAT WNumS BTODOTO HOPERNA
BMDAINTE , T6pes z'o W X, a umemno:



xg = XUy o
xg'm -Xous - Xoug (4)
IE-- Y H'T.A.

NogcTAaHOBKA COOTHOmSHMI (4) » pasnomenxe (3) um nomobHse
paanoxeHMA HRuA KOODAMHAT ¥ H X RADT! ;

x = x F(t) + x;0(L), 5

¥ = Yy Fie) + yooit), (5)

zZ = lof’(t} + laﬂll),
rAs -
Fe) = 1 = Fuge? - Fuge? -t ug-udet- Lo,

(6)

G(t) = ¢t --}-mol:3 -Ti-uat‘+-r;-u (u:- e’ ...,

a xn.yo.;.;.l;.un.ua,n; OTHOOATCR K MOMEMTY if.mmm ty- 0.

s GynxumR F(t) ¥ G(t) m3 cooTHomenHftl (5) chneayor Tawme
KOMNAKTHMG $OpPMyM!
L. x

e
To¥0 Yo" 0 o¥o~¥o*o \
cCupaPeIHEMe ANA DpPOHIBOELEC OpPMENTMPOBAHMHOA OpAMoyroamHofl
OTHOCHTGNLHOR CHCTOMM NOODAMHAT, ECOM B KATGQTEE CHCTEeMM
noop;;lm'r supaTs OPGHTANMHYD CMOTEMY, OCh X KOoTOopoff
_ DepNeHgMMyAZpHA RECONOOTM OPSMTM, & CJ. X HATNpasieRa no
sexjopy Jlansaca, TO HATPYAMO NOMasaTs, 4ro M3 (7) caeaymr
. COOTHOBGHHE! ;

(7)

F(t)=

cos(t-l'o) - '@ co-rs

F(e)- T-a&cos K, 55

ey . (8)
f.‘” = o (2in(E-E;) - & (®»ink - l.lnl-' )I. 3t
rae £, E;, <~ ONCHANTDNYOCKNS amoManun mefecHoro rena .
WOMOHTM EpaMeuN € u tel 0 € M N = JKCUSHTPHOMTET
Op6NTM N CpesNes aMumSNNe HeSecroro Tena.

BuNON @OpMYA (§) DPERAATAGTOS BANIONNNTE B  KAYSOTRE
CANOCTOATANLNOTO JUDARHGHNA,

Sopuyms (5), Noropus m maxropuoll fopMe npeacTama onnm
_ COOTROBAMHON



re= ?-nrcq + Fro(e), r {9)
NPHMENKM X HEKOTODLIM MBYK MOMEHTAM BpeMeun t, M L.t
Fo= FoF(E) + F0(E)
,‘-2. Fof(tzj + ?-;,auz) g (10)
Oonywenuy® cuctemy (10) nerxo pazpemMTh OTHOCHTSNLHO ;0 H
72 » sunes

r, g Pt : (11)
0 "FE e T T
Ha 32TOM, @€CAM MHSBECTEM rl-ru:l), l'z-r(t.z), G-I-G(r.lj,
az"’“‘z)' nocTasNeHHAN JARANA DameHA, T.K. Npx noxomu (11)
3apava o6 onpeEenesHH OPSHTM N0 ABYM PaAMyC-BEKTODAM Fl " Fz
CBOAMTCN K M3BeCTHONR 3a8a4e ONPSReNeNMA OPSHTH MO HAYATILMMK
yonoemaM. OEHAXO O9TO pemaNHe  NENOCPLOTEEHHOIO
NPAKTHYECKOrO SHAYGHMA HE HHeeT, T.M. DONySeHHMe GopKYAl e
NO3LONADT OOPSAeRNTE KOHOTARTH i‘l, "1' G! H G‘z.

2.2. BropoR cnocob (HamSepra-IFHSEay : '
myods - dabecddil - Ak
paiiys-dékdopa ueSecuoto rand
?f ‘# F,,  coormercrsyname

i kokiddian mpexenx t, u t,. Yroa
B ) ‘MEmNY OTMMN  BEXTODAMM
NOMED CUMTATL TAKES HIBSCTHMM,

¥.k. om merxo ompepeaserca ua
M cususpsoro mpoMaImeNeNHE

- -+

SPNAETORL il SN
i ey .
ONeBMANO, %TO BOFNO  INPORSARYL TENNS OSSNeMTM OpOHTM i
(maxnom) x 0 (mosrora BoCROSSNerc: yIma), Onpejemaxme
NONCAeNNE TROCKOOTN OPONTM, T.M: owa: DepuensKydipua
BOXTOPEONY NPONIBENGEND NIBGCTNMX BESTOPOS: P N
UpeRnarasM CAMOCTOSTSAMNO BUBsOTH $opwydli, oupesensssine f K
-5 -



0 no mpowsaetemwe F.x F,.
InA MOMEHTON BDOMeHN tl H c:, KaK FIBGaCTHO, CNpaReRNHBL
ABA COOTHOMEHMA !
P
A Ul %2 ecosv, '

p (13)

T2 * T+ ecos(v,+ &) *

TAd - P M €& - $ouamuuil OapamMetp H OKCUEHTPHOMTET OPOHTM.
CrucTema (13) CORGDAMT TDM HEHIBACTHME B ANYMIM D, € X V,,
CHefCBATENLHO; OAHOIHAMNOrO pemeEmMA OMA He NMeeT. [ooToMy
pobasMd K crITeMs (13) emd oaMo Yparmenue

B(p,e,v,) =3, (13*)

rpe H = OpoM3BOALNAR §yNKUMA CBOHX APTYMSHNTOB,

A = HexoTOpW NaApaMeTp, INAYGNNE KOTOPOrC CHMTASM
npuimoEeHHO HIBECTHMM.
Cuctema (12, 13’) TeM CaAMMM CTAMOBNTCA ONpPeAGREHHMOR M NONe1I
6MTs palpuEGNA OTHOCHTENMNO P, € N v, (mpu aamaumOM
$HKCKPOBAHHOM A).JlaRee BLUINCASEN;

: | 0,
o= y—gt . newa, i = /ety .

M=E-e l.lnl'l, A9 4= 1, 2, a v, v"lv Av ,
M BAXORMM A 2
\ M =N
2 1
cale” B P
KOTOPO®, KAW HDABEIO, OTENTAGTICE OT

T

Uhe Y Tt Tl

HMex ¥ EmAy, %70 Teale PABNON? OT nNPHNATOrO sMaveNMs
napaMeTpa A, COCTABEAGM $GYENISORAR ;

Y _’“' hall &P ‘ulc“‘”z i - 438)
N MUNHMMINDYSM 6F0 DO APFrYNSHTY A (MSTOAM MMEMMNIAUNMN ON.
[5]). Gmawenme mapameTpa A°, HPN NOTODONM (A )=mind(A)=0,
ABRAGYCH. HCTRHMMN 8ro JEATGNNEN, M OCOBNECTECS pDeNGHNe
ypasmenufi- (13) m (13’) opw A=A’ Aa8Y HAM NCKOMME JINEMENTM
opfuTe a, e, lllclj. Yramopua asmesentdl I, O N @ Ferxo mafitm

L A



M2 COOTHCEeRMA Maxgy opSuTansuubni (£,7M) K OXBATODHANLHMM
(x,y:2) woopauHaraMM. Cnepsa HAXORMM OPGHTANLHWE NOODAHHATH
HefecHOTO Tena B MOMEHTH Bpevemu t, M tzl

§,= r,cosv,, Ez- r,cosv,,
- r‘slml, n,= r,.ﬂmz,
2A8TEM H3 cooTHOmeHMA
,
xq T l‘:lcl"' Qx"l' o Px‘?" Q..
yl- P!£1+ D,“l y:- ,,Ez" Q,nzl (15'

2, P.‘El*' Q,m,, o Pzez" Q.

onpesenseM HanpaBRimomus NocHHycd P, Q; oceft opfnransHOR
CHMCTeMM KOODAMHAT OTHOCHTeNMRO ocell X, ¥, Z. Beanuusw Pi u
Qi, Kax #H3pecTHO (cH. Eanpuuep [6]), 3aBMORT TOABKO OT
HCKOMMX yraopux onewentos opfure i, I, w n - 8 cayzaa
IKAMNTHYECHOA CHCTeMM NOODANHAT ~ TAKE® OT € ~- HAKIOHA
OKRIHOTHKK K JIKPATODY. CAGKOTrITOALHEO, ONPJJANGHH: DIGMIHTOR
1, A, w NO HIBEOTHMM ’l M Qi TpyanocteR ue npeacrasider. Ha
2TOM NOCTABAGHHAN 3ajada pemena. OTMeTHM, YTC 3ITOT cnocod
ABNIAGTOA HOHCTPYNTHEHMM M NOIDONAST PEANHMIOIATE NPAKTHYGCKHS,
ANrOPHTMM AJIR ONPOXGISAMA DNENEHTOD Aopﬂnru Nno. ABYM H2BECSTHMN
panuyo-pexropan uebecnoro rena. ¥ ;

B JANADNGHHE NOXOTOPMS JIAMOTANHS OTHOCMTenWNO BuSOpa
dymamn H » Hopuyns 115‘]. Ranufonse DPOCTHMA ABAANTCSE:

HEgw=a - 370 T.8. MeTOs Eacxomm [7],

Esp=) - “or.n.'mlmhnhlu,

Ewe =) ~ 70 T.H%. WeTox dowolama [9].
BOPMOENOOTN OCOIRAENE NOBME “ODHTEEAEMNMX" MOTOROD TYT, K&K
EMANO, EEEGNO N MOYSPNAMM, T.K. LJONIEOR B BuSOpS $ymwimu K
DOIRCANET COTPONTRE GOCKONEUNOS MEOESOTEO METORON, NPHNOMRMMX
X ONMOMNY M TOMY We pesyantary. OEmanc O NOSNINA OpaXTHYecKoR
peaRN3ALKN OTH NOTOENM MNOTJT BOOCTM - Cafa no-pasmoMy, X
NCTIOHASOPANNE  SONOENNTEXMNOR anpwopMoN  MNPOPMAIMK  4nR
on!mmro.'m dyusuniy B HOMAT ' BANSTHD FAYTEHTE
GXOANMOOTE HPONESOCA MMNMMNMIAIMK $yuxmsomaza (14) w =mpyrxe
OpHIAANFME NAPANTSPNOTMMN PEANLMONO SATODFTMA.

-1 =



2.3. Tperri cnocob (cnocob raycca)

HexOTOPy® HeACHOCTS B NMOHKMMAHMXE T.H. MerTona l'aycca sHocHr
10 OSCTORTENnLCTEO, WTO CYMECTBYRI—NO CyTH Rena—apa Merora
Faycca. OOMH M2 HHMX pemaeT 3ajayy onpefieNeHMA OpSUTH MO OBYM
PAAMYC-BEKTOPaMN,a Apyrofi-nocmamen onpenefienun opSHTM no TPéM
yraosss HAGnDmeHuAM. [O3HAKOMHMCA C 1epBMM M3 3THX HeTONOB,
KoTopsth B HEHOIO|'OM  CHMCNe ABNRGTCR Pa3aHOBMAHOC "B
pa‘’ TMOTPEHHOrC »sme cnocoba 2fnepa-Jlaxbepta.

PaccMOoTpHM (CM. PpHC.l) oOTHOmeHHe naom: M Js op6HTAanLHOTO
cex7opa NAP k nnomanw A, TpeyronmMkia HAB. OuaBMEHO, 97O

A= % rlrzsln Av ,
4 COrJacHO MHTerpany nnomapnefl :
) e My
s I ride = 3 dup (ty-ty) . |
CnefoBaATeNnkHO, :
A dup (t,-t))
VeIt Frgmw (26)
12
Faycc wenocrammee ypasHenwe (13) Metoma lNanSepra-dfinepa
pacchatpHsaer ®» ¢dopus (16), rXe BMeECIO TIRDAHETPA A MMaeM
oTHome:He 7. .Jares MomHo Oumuo OM OPHCTYNHTE X MMHMMHI ALK
“(14), T.X. npuSmoxennos IMavsl'ie napaMerpa 7 S 1 mamecTHO.
Onsaxo leayCo MNOCTYNAST MHAMS, T.... NOPCNOXTHBA NMHCneMHOA
HHHEKMNIALUMM $YNXUHORARA (14) &8e3 nonomm 3IBH_ero me
yoTpausaer. . Oyréx loom, HO HOCHOMLKO T POMO3 AXHX
opeocSpazopannft (oM. (2], [3] mam uxxe)} on NaxommT npocroft
¥  wpedsuuafino OGuCcTPOo OxOASmMACE NTepauNCHMUil AATODPHTH
RAXORZGHMA OTHOmENHE 3. B OKONYATOALHON BMES uroplru Faycca
MOXHO NPORCTABNTL CROAYEEDNN HOPHYRAMM!
x; -my

B ke

g'l = 2 arcsin -l"'?l",
2g.- rin 29, ¢
lj - _J_’___L s (17)

2in ,’,
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Ll + o 4
n= 14 (x4 X,

rage HOHNCTAHTH ] H W OnNpauennApTCA COOTHOMEHMAMM:

Av
k=2 vlrlr2 cos =y 4

m = uie,-t,) "2, (18)
ro+r
5 R SRS
1= ['T— 1],

Hrepaunus (17) asanycekaerca c j=1 npu nu-l H npoiomxaeTCcA
DO Tex mnop, Kak |ni—ni_1|<c. MeToa, xax npaBMiio,
cxonuTca, acnu Av<70 . Torna OH Nerkc MoauduuHpyeM Aans
cny4dan runepSonuueckux opb6ur. [locne TOoro, kax 7 onpeneneHo,
dopmyna (1€) naér doxansHuft napamerp opSHTH p, & mua (13)
NerKo BHYHCAHT:E € M V.. Jllanee, ka® W B cnocofe lJlauSepra-

1
Jfinepa, HAXONATCA OCTANLHLE BJeMenTH OPGHTH.

2.4. Npunomenne (npeocbpas’oBaHMA, NpHBOIALME
x cnocoby Taycca)

K2 nopecTHux GOpMyn zanauH OBYX TGN

r = a{l-ecosE), - »

£ = rcosv = a{cosE-e),
cnepyer! ;

r(l-cosv) = a(l+e)(l-coskE),

r(l+cosv) = a(l-e)(l+cosE),
OTKYyRA? :

{F sin G = {a(T¥e) sin-5-,
{T cos 3 = {a(I-e} cos 5.

2'

(19)

Npumensn (19) x MOMeNTaM BpeMeHM tl HT HOLEN INONYYHTh:

v.-9, - E.-E
-Irlr2 lin-—z]—l— = a {1=¢? gin —3!—1- 5

. . . | o P E,+E
4]"17'1 'C‘al‘--—r—-— = . CO3 b ke ae CO.‘I———I—— .
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: E.+E
Nonaras —51"--:, 22—51-29, ¢cos—2!-—l-cosh. rane he[0,m],

npecSpaayes MOAYYeHHsie COOTHODEHHA K BUAY!

-lrlr2 sinf = aJI-ez'sIng' .‘

-lrlrz cosf = a(cosg - cosh) . {20}
C y4yétom (20) n;eofpaayed oTHOmeHnwe (16) x BMAy
1/2
n "u"TTiL“ ’ (21)
K a sing

rie Tet.-t,, n-ZJFl_F'lcosf M yduTeHo, uTO p-a(l-czj. PopHyna
(21) coRmepxHT TDM HeMIBeCTHHEe BaNHYHHW:! 7, & H g. HDoayaum
ewé nea ypaEHEHMR, He COnepXAamHe APYTIHMX HEM3IBECTHMX, MpoMe &
M g. Ha dopmyns ;

r, = all-e cns!.'ll '

1
r, = a(l-e cos.B'z‘,l

oneayerTt
T4+ r;= a(2 - e cosE - e cosE,) =
= 2a[1 - g-(cnszla- cosE,)] =

.- 2a{l- e c:c.'m-!iz-;El cos—E-E;E-l-] =

- 2.(1_—:0:11 cosh).
lanee na (20) caeayer l
cosh = cosg - 'E‘i P
4T0 nozEonLeT nﬁ;-ﬂ‘ru nocneAHes COOTHOMGHHE K HOKOMOMY BHAY
ryt ro=2a l.ln’g + & cosg, ) (22)

conepmaméNy BCEro ABE NENIBGGTHME BONNTMEM & M g. Ranes
BOCTIONR3YSNCA ypadsHenHeM Kenmepa:

l.'l- e n.lnll- Ju/lg “1' l:o).
B:- ] :ln.l‘zn V‘u/li “2' to.).

OTKyRA!



(E,- Ej) ~ & (xinsz- sins‘ll =- Ju/a3 (tz' :l}

WIH QJWJB‘I: = 2g - 2 sing cosh,

MTO NerKo Npecdpa3zoBaTh K ONOHYATENRHOMY suay

Vi/adt = 29 - sinlg + = sing . (23)

Hrax, HMeen TpM ypamHenmus (21), (22), (23) anns onpepenexHus
TPEX HOHIBSCTHMX &8, ¢ M MHCKOMOro OTHONEHHA 7. 3agaua
$opHansHO pemeHa, HO MNpAKTHYECKOe pemeHKe PaccHaTpubaeMof
CHCTeMM TNONYYHTE TPYAHO. HODTOMYy YMEHLUWHM 4YMCAC HEH3IDEeCTHMX
M ypaBHeHHH, MHCKIRYHE HEMIBOCTHOS & NpPH NOMOEM YPABHeHHA
(21),

a~! =yl % 25%51n%g

lloacTanoexka 3TOro cooTHomenua » (22) u (23) naér

rytry= 2uc’c %0 & cosg ,

wle 23 3gin? g = 2g - sin2g + 't 23020403 g
Han
r+r
.__lh_z-ut: 3 +111-l!n2-g—1 ’

L T | -gin2
BT K ('l —'n ) __Ig_j_g_ .
=sin’g
Honaran TyT

r.+r
n-ur’:", 1-%[ "z-ll
% s

M ssonan dyuxumw X(x) ,‘ CIIPOASNASMYD DABGHOTBAMM

: K= .j_uz-g. X(x) = .y-__’!’!n_zg_.

-Inaq g
NPMXOAMM X 7.R. TPAHCHSHAGHTHM.. ypasHemMaM Taycca
w'- 2’ = mx(x), : (24)
xre n'l-l, ;

KoTOpMe,  K8K ntpym- FESXNTHON, -PEBADTCA NpPE  NOMOMN
NTOpANNONKOTO Rpouscss (17).
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2.5, JaxNBUNTOALMMG JIAMGHYAHMA

MeTonu onpefeseHKs OPOHT DO APYM PaaHyC-BeKTOpaM HHTepec-
Hs riapHeM oOOpa3zoM NOTOMY, WTO WX HMM CBOUATCA MHOTHE M3
MEeTONOB, HCNOALIYOWNE B KAWSCTRE HCXOAHOR MRjpopMauMM yrAoBMe
M Ipyrue HIMEepeHHA. L

Mepewit #3 pacoMoTpeHEMX cnocofos Mu npusenk, yTofM
noxazath CEA2k Mempy pemaswcli 3amaveft m 2anaveR onpexesaeHns
sneMeHTOS OPOHTY DO EATANLWAMN yCROBMAM. HMu ero ue gosenn ao
OpaKTHYECKOTO AATOPNTMA, XOTA CHSJIATE 3TO BNOJIMONHO, M
cooTsercTRyxapiit MeTON RA3MBAGTCA meTomom fdyrmaca {31-

Cnocof JflamSepra-ditnepa (M ero MOAMQMNALMK) ABJAETON,
BHIANNO: Hauboyee YHHSGPOAMMMMM, T.X. NpH Hagnemaumex awbope
¢yxunn H on npumMeEnM ARA aplux Av, B TOM uHCNe H AAR CHAyHAR,
KOTAA HaMepeHRA PACOONONSNM NA PAESANYHAX BHTKAX oOpOHTM.
Merca NpHMERMM TAKES &AR NApafOfMIECKNMX M rNneplonnvecHnx
opbur.

Cnocoff laycoa uMesT Gonee OrpallYeHMOS® NPNHEHSHH® =
IAMMOTHYeCKHa opfi T opN lvﬂou. xXoTR  NoweT  SMTE
HONAQHUMpOBAN N NIR CRYHAR runepSoawvecxkx opbur. ¥ Mommo
6unc M npemeSpéus, ecan 6w He vYperIsUMAfNAS NPOCTOTA B
SmoTpas OXOEMMOOTE NTepamncHuOff oxems (17)F cmoftorma,
KOTOpW® UGHATCE N DpM pacsliTax o mowoms® IPY.

3. Capajememxe OPONT DO NIHOPEuNAM YrEOEME KOOPRNMAT
{nosxox m-ml' ¢ ‘
3.1, Ocmommof m

3ama%y OUPEAGNGENE SASMENTOS OPSNT DO MEMOPEUMAN yraosux



KOODAUHAT chopmMynupyam B
ofoaHayeHHAx puc. 2. Nycts C
- NPUTATrMBaKUMA UeHTD, OTHO-
CHTENLHO KOTOPOTO INPOMCXOOHT
neHxeHHe Hefecuoro Teja §,
KOoTCpoe B TNOocnenoBaTellbHble
HOMEHTR BpEeMeHH C!, t,.ut

2 3
3anMMaer B npocTpaHCTBe

Puec. 2. NONOKEHH i1 sl, s2 M 53 cooT-
BeTrcTBeHiio. Hefecxoe Teno S
HabnoaaeTCA MNOABMXHMM Habnopatened O, M ONpernenRwTCA TPH
eNHHKYHLX BeKTOpa 11, lzu ij, HanpapneHHMe or Habmopatens O
K HefecHOMY Teny 5 B MOMEHTH BpeMeHH tl, tz H t3. HeobxonuMo
RO 9THHM HIMEpPEHHAM ONpeAenHT: dNeHeHTH oplHTH HefecHoro rena
S, nonaras, 4TO APMmeHHa HabmogaTens O H3BECTHO.
M3 puc.2 cnemyer, HYTO BEKTOPM I, # n I ceraaEs ouesmnHmM
COOTHOmMEeHHEM

F=R+pl., i =1,2,3. (25)
\narpauu nepsmM ofpaTHn BHHMAHMe, 4YTO PBCe TpPH BEeKTOpa Fr
nexAT 5 OONHOW NAOCKOCTH (NAOCKOCTH OPGHTH), T.e. cymecTByeT
nuHeflHAA 3ABHCHMOCTS :
- - +
r= mr.+n,r, . (26)
MoncTapiAA (25) B COOTHOWEeHHe (26), HMeaM ycnoeme
KOMINAHAPDHOCTH B BMUOE
plnlil- p212+ pjnaljn - n1§l+ i!' n3§3 £ (27)
Npoeunpya BeKTOpHO® ypapHeHHe (27) Ha KakHe-nHG0
NPAMOYTOJibHWE OCH KOOPAHHAT, MMeSM TPH CKAAADHMX YPABHeHHA,
CONepXAmHX NATh HEHIBECTHMX! p., @y, P4y N, Ny. 3TH
YPAPHOHHA M NONMHO CHHTATHL OCHOBHMMH YpDaABHeHHAMH MeTOXA
llarpakka-Taycca. HemocTammue NBa YPaBHEHHA MOMHO JIOJNY4YHTE,

peKTOpHO yWHoxaN (26) Ha Fl K F, H HeCKonbKo npeobpaayr

= {03 =



2 s T
o R g
‘1 3 :.‘3 3 1 (28)
o l':l" ':':' by "T 0 s A P
R s -t M2
rae .ill:.j - NromAAM TPEYroAbLHHKLE, OSPA3OBAMHWX BEKTOPaMH
+ -
Fyur;;
N.,. - OTHONEHHA mJomagell CEKTOPO® H TREYrOJRHKKOD,

1} _'
ofpasoravHHMX BEeKTODAMM l'i H ;-I.

CxeMa MTEDATHBHOrO DEEOHHA NOAy4YeHHOR CHCTeMM ypaBHeHuit (27)
H (28) c yu¥rtom (25) wpeammuwaflHo mnpocrTa.
npuSnmau.n Bce 7, # 1, TO NpUOAHXEHHO HHeeM:

TaKk KaK B MNepBoOM

ij

t,-t t,- ¢ 'y
n.s n“‘”--—"'——l " n,= l':(o)-—-z——l (29)
1 1 T t 3 3 e
3" *i Sl
Ecan Ny M N, HIBECTHM, TO TPH NHHeAHMX CHANADHMX
FPARHGHMA , OKBHBANIEHTHME BEKTOPHOMY ypasHeRHD (27),

O0IBONART Jerxc HalTH Py Pyr Py B C yadton (25)—-Tamme H
sexTOpM T, ;'2, FJ. Nanee mo $opHysax (13) yTOMMARTCA N, M
Ny, TA® 7, BMUNCEARTOS COrAACHO HTepauHoHHo#f cxewe Faycca
(17), »n CHOBA pPemARTCA yPaBHeHHR {(27). Npouecc npomoaxaerTca
[O Tex nop, Noka |n(') (" l)|-t: rae i - NOPANOK HTEPALMM.
JaTeM Op6NTA HAXOAMTCH no nwSofl ‘ape onpeneneHHMX BeKTOPOB
Flof, Ty,

Ha >TOM DOCTABNGNHAN 32amava pewmeHa K MokeT OWTE NOCTpOeH
HOCTIONMMA ANFODHTM RAR peanuaaumy Ha 2IBM. HrepausonHsit
npouesa (27),(28) o6uuHO cxomuTcs nocane 6-7 uTepaunk c
TOMHOCTMN, CoOTReTCTRYxmeN HabGavAeHHAM neropou.m"n HOMAT.

Kpoxe ¢opuyn (28), cymecTayer M apyroli cnocol yTOHHeHHR
KoodpHuUHEHTOD n, x ns.omlon-lundl HA cooTHOmeHWax (10):

Fo= P P67,
r - F3r2+ B:Ir2 .
(30),

, rae ,onHaKo,

(30)
Mexnmuas ©, ua gopwyan
BABMCHMOCTH (. ')

ONATe NpMXOAMM K JauHelnOR



G G
3 1
n= n,= s (31)
1" FO-F@, * "3 F5,-F0,

éopuynu (31) - moryr BsBnoame 3amemuTs (2B) mAR YyTOMHEHMK
anavensfi N, ¥ n,. He 2MePIUBAACE HA TCXHHYECKHX npuéMax,
KOTOpDA® MaInoxeHM B paSotrax B.[lxnG6ca n @.Myastona [10},
OTHETHN  JDUak uocneuontcnm::u Beolxomumux neflcTamfl.
Bo-nepeMmx, » npuGaumenun (27)  pemaem cucremy (27) ana
onpenenesus p,, P,, P, M.coraacko (25), Am.\wu prbakeHHNa
JHAMEHHN ;‘1, Ty H ;'3. 3ateM no JwBoA nape HARJEHMMX BEeXTODOR
onpenenneM npHSNMEeHHME JINEMEHTHM OPSHTN W no dopuynam (7)
unx  (8) maxomum F =F(t ), F,=F(t;), G;=G(t;), G;=G(t,},
nocne 4ero yTOHWHeHHe N, W N, Nerxo BMNOMHHKO ' nO popuynan
(31). HrepammonHumit NpouecC NPONCARAGTCA XO TeX NOp, nNoKa
KOJPYHUMEHTM N, ¥ N, onpegenexs C HeOOXOAUMOR TORHOCTED.

3,2, YcxopeHMe CXORKMOC H

Camoro Faycca NpHBeNeHHMES TONRXO qro ANTOPHTMM,
pasyMeaTCA, He YCTPAMBAAM, T.X. OMM CXORATCA JMus nocne 5-7
nrepaudft. MosToMy NM OCkna NPeANPHHATA yCTIemHAR no_nu'run'
ROGABNTE K HTODAUNOHHOMY ANropHTHY (27), (28) wmpToORm
oHpeReneHNA, IMAUNTEMLND Gomee TONMOro, 4HeM (29), HawansHOTO
npuéaMESRHA AXR NOIGHRUMeHTOR n; % n,. 3Tux, paaymestcx,
CXORMMOOTE OMNa OymeCTBONNO ' yOyumeNa M AoNemeHa no 1 - 2
MTepaui Dpx TOR We TOWHOOTM BMuNCRenxfl, NOIMANOMMMOA M C
DTHM puyn-u-r@m FTaycca, ‘NecMOTPA M2 TO, “TO Ol MHMEST B
ONpeASnSHNOR CTSNGNN BOHOMOTATSNMEOS PIHAveHMe. Hrak, Goaes '
TONNOS HANANLROW NPHOAMEENME ANX HOSPPNUNENTON n, ¥ n, Taycc.
Hme?T oOraacmo $opuwyaam (31), .-noasaysos padnomemumm (6)
$ynxuun  F(t), G(t) x momamMBAN, NWTO)Q

: 2 ;
rlgs_‘ "3"1' T [1- *-nzt * isne )

i B
3 2 1 - .
":"'i"‘l[“ %uztr e I AR TR I S (32)
L4

T A :
1 F .
n3- --t—[l'l'é'uz‘t-‘ll, *veeind 3

- - - -3
(bl i T RS i W e 1 GO all
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Sopuym (32) HeCROENO Npeo6pazoBaTh K BMAY:

n = n(loh ‘-'1";3- a,- ngu)i- c3r;3. (33)
rae -ngu) H ngn) onpefenAOTCA cooTBercTRenHo (29), a
N ) (0)
<, ey "1‘3‘1"’1 J ¥ sans ’ 134)

ot |} (0)
C‘s. 3 tltsll"'ns Y F osaae e
fo..yyennsa dopuyms (33) u (34), Ten He MeHee, H& NO2BONAADT
eme onpspe;uTs SoNlee TOYHO® NpHSNMMeNnHe ANA n,® N, T.K.
He@H3BECTHO ry- HosTtoMy ofpaTuMea K TpEN CHANZPHMM
JPARHEHHAM, CRONYDWMM K3 BeKTODHOTO YPABHeHHR (27):

Pyl = Palg, ¥ Pyl = = AR Ryym MRy s

4 L
P PyLyy= Poliy * Py, = - 0,R, * "2; nJRJy ' (27°)

PPy L= Pala, ¥ Pafaly = = MR, + Ry~ D4Ry, -

Pemas coxcTey (27°) no gopuynam KpaWepa OTHOCHTEJNBHO P,
HHe &M

4, D U,- nU, - nU
P - 22, (35)

rRe onpenendTeNh CHCTeMM paABeH:

by by Py, Tia Eax L3y
A= nlL“ -L" n3"3, = -nn, L” Lz,, L:‘, = -n,n.D.
by =Ly Pyly, . Lyg ibpy Ly,

Homofuu oSpasoN HAXOANH h - '"I"J'Dz' rRey

Lix DR, -Ry #04R 3x Lyx
o~ [£,  myR, R, +n_‘n3y Lt s
Lya | DRy Ry t8Ry, Ly

Paanaras ni no sTopoMy cronfuy, npuxoluu K COOTHOMeHHD

D,- Uz- n U - nsu.‘ 1
TAe Ul, Uz. U - uuoc'rmn HOPPULIHGHTM , JaBHCRIHE
HONTDWKTONLHO OT 3 nl



Taunum ofpaaom, coraacHo (35) swecto (27') HNeew ypaBHeilne
Dp = U,- nlvl- n_‘i:l1 > (36)

Kotopoe ¢ yudtoM (33) momso npeofpasosath X BRAY

p,e P -ar;’ , ()
rae

-1 (O)y _ pl®
P=D (U,- n U= n3 'U,) o

Q=0 '(cu+ o),

T.e. wHooddHIMeHT P HaIBecTeH TOYHo, a (-nums Dprlnnaenso,
T.H. OH BABHCHT OT £, H Cy, onpe;lenkexsx pasnomeMpaMu (34).
Ypapnenuue (137) commecTHO € Teopemolt wOCHHYZOR B $oOpMe

pym P -ory’

2 z 2 "
ryp=p, % Zsz-l- R: f (38)

rae C'iziz' ofpazyer T.H. CHCTeNY TDAHCLUEHAEHTHMX ypaBHenxi
Narpaxxa (38). Pewsure eoé . a¥T npubammennce >zaueHHe I,
NOACTAHOBKA xoToporo B (33) nolponAeT BMYMCHHMTE MNCKROHOE
Gonee ro4YHOE npubnKkeHMe AR N, W n,. 2datex RansHednes
L ¥ 0, KaK H NOAYYGHHe ONOHYATENRHOIO DONIEHHA,
OCywecTBAAeTCA NpPH noWomu Wrepaunk (27), (28). Cnocolu
pemeHKA CcHcTem: (38) Rmerankno pacceaTpueaTe He Gynem,
OTNETHM TOMBKO, 4YTO MORMO NONMIOBATECA HTEpAUNOHHON CxesmoRt
HepToHa [5) HAm npsanoxeHuuM Fayccol cneuManhHMM HeTOAOW [2)
€ HCOORLIOBANNGN TDHNIONONGTDRMeOXHX npeoSpasopansi.” Ofa

HeToma B GSoasmmucrae chyvmeh SMCTPO CRORATOR W JAKT DeWOHMEe
cucrens (38). 8

yTOuHEeHH@ n

3,3. JaxanvnTeELNOS ai.umluu

MoamaxoMnBaMck © Meroach [Caycea, Herssa He ofpatura
BHMMAHMNA HA 7O, NTO AJLCOPHIN ONPEUGLENIA YONHOMS RFDIGIG
npubmozexua  KoIPPUUNCHTOR A M N, ZANGIHOC OACKHES CAICID
OCHOBHOrO uNrOpPHTMA, onpener~axoro d{opuyaaxa (27), (28),
nepsam M»  kotopux npeanoxsua ead JlArpakmex. Boanskaer
cnpapeankbMit monpec © nedecoofpainoaTM  MOKGNA  COMHOTD
nepaoro npuGanmenns, SUAN NMTUDAUNOMMYR axamy (217), (.28)

» .

b



rd

e JANYyCTHTE TAKXA, nNoabayack Gonee rpybuM HavANLHMM
nprGnumen:eM (29). Ha BOINOMAOCTE TANKOTO JNpPONMEHHA MeTOAA
FTaycca » csoli spenn Ouno yxazance C.I.MaxkosepoM, HO OH He
OleHMN M He NPHMEHAN RAHNYD MOLHUKALMD, BMAHNO, HI-3&
OTCYTCTENA HARNGXANMX BMYMCIHTENLHMX cpencTts. lloaanee Xarap
D.X. » Canuuusm K.I'. [11] PEMONMHMAH WHCNEHHME HCCNeROBAHHA
CXOAMMOCTM ynpomeHHOro Mertoma laycca-JlarpANxa C HAYATLHMM
npuSnuxenHed (29) M NpMmEAM X BMBORY, YTO OSAACTR ero
CTSIMMOCTH MANO OT/MYAeTCA ©T oOfNAcCTH CXONMMOCTH NOJHOrO
MeToRa Taycca. MNpasna, 3 OTHeNbNMX chywaax npu Gonemux yraax
Av mexay mpafnuMs HAGNDNEHNAMH TOYHOCTM NEPBOro NpHEAMMEHHA
BEnR P, K B, MONET OKA3ATh JAMETHOS ‘IJI.IIIHMB HA CXONHMOCTE
Metona. B GAMaKMX K OPHIMHAARHOMY M3noxenMax (2, 3, 10]
mevox Faycca npeacrasnen B ropasmo Sonee rpowosaxoll $opwe,
KOTOpAR C  TPYROM ioamoaner PMAGNHTE OTHeYeHHWa fma
NICTHYECKHE YACTH MHETORA = OCHOBHMYD NTEPAUWD M ONpazelexHHe

TOYHOFO HaYaAMHOIO npuﬁmguul woapdMuHERTOR N H n,. 310

oTwacTe ofsAcHAReICA TeM, 4To [layco mn--nlcn n::mymo
ofectaTirs emi RCIOMHHTEALHME BWYHCIAHTeNbLHWe yroScTea &AR
noas3oBATENeR CROSIC MOTONA, KOTOPMe, KAK ON nonaran,
PACHORSFADT ANES ADHGMOMSTPOM H  TalaHuUaMK norapH$uos.
NoaTony €cTh BCS  OCHOBAMMA ANA OCH..CAGHHOrO NepacMoTpa
| anropuTHE, 'npomuoro . CaMMM TFayccox, nepen ero
peazndaiviefl B BMEe ONporpaMy xnsi 3BH.

M DACCHMOTDSNIH AMEM OCHOBHME COOTHOMGHHA ¥ TMPOBIH AHANNHI
OCROPOTIONATANEME . OpMMUMNOR MNeToza JNarpansa-Faycca 6e2
OPUSONSaNS JAMORNSENMX ANrOpPHTHMOR MeTOAA. JTC CHenamo B
paceite ma 7O, =ro WNTATSAS,; OCROHIEHA RPUNUNNN HeTORS Ne
OCHNOPS® DPNRSREmMLE (ODMYR M Fpasusmifl, ONORET CANOCTOSTEMVEC
peamzosatTs »ooOme-70 OpooTOR anrOpPHTM OcNOENGH NYepamw
(27), (28). Kpoxo 10ro; MM PACCHMOTPAAN Harol larpausa-Taycca
¥ EsompeRenexuofi ONOTEME  NOODAMHAT, - Y.K. @ro  ayrs
MEBSDAANTHA, & KONNDATHMS® DPRANIMIALNK, PAIYNGSTON, JEBMCAT OT
mufopa MomoasayewoR CHCTeNM NOODERHAT. Eml ywaoTHO FxazaTh
w3 oCOGRLNOOTH  NCTORMBOBAMME @opuym (28). B ocuomuof
wrepamnx (327), (28) mema®s yrOoWmMNTS a, ® n,, noAMIysEcH
BEATOPMMMN DPOKIBSNENMANN BOMTOPOS i, (HepEas wacTs $OpHYA



(28)), T.H. 2TAa uacThs CMAPABEANKBA NMEL QAR TOMHMX (3IHAYKT.
JapaHee HeH3IBECTHMX) 3HAueHHfl BexTOpOB ?'.I. Cnenyer npMMeHATE
RUpAREHHA, Ccomepmaume t. X "ij - OTHMOmMEHHA nnowanef ceKTopos
M TPeyrofkHMKOB, Hn4 poolme OTHABATACA OT MHCNONB3OBAHLER
dopuyn (28), saMeHHE MX COOTHOWCHHAMH (31).

4, Onpegenexxe OpOGMT N0 NIMEPEHMAN YraoBMX KOOPAWHAT
(roaxon fNarinaca)

4.1, OcuoPnoR MeToxm

JNlannac npeanoxHn csoft MeTon onpenenenua opbur » 1780 r.,
T.8. MNOPaAKTHYSCKM OoaNOBpeMenHC ¢ JlarpaHked. B TC BpeMs HH
TOT, HH np}rol Meron He GuiM AOBEfNEHH AC YyROOMOrO ANTrOPHTMA,
PeasH3yeMoro Npi NOMOMM BMYMCAMTENbHMX CPSACTE TOrO BPEeMeHH.
Metony JlarpaHma B H3IBecTHOM cTemeHH noepeano, 4To cnycra 30
ser TCaycc Ha ero ocHose paapaloTenl CBOH 3HAMEHMTHE
ANTOPHTMAE, KOTOPMMH ACTOPOHO''H MONL3YDTCA FOT yXe MNOMTH ABa
croneTHA. [ONMTKK gmOBeneHHR gc ymo6HOro AAR HOPAKTHYECKHX
PMYMCAEHHA AaNropHTHA NPEANPHHHMANMCLE MW NPHMEHMTENbLHO X
meTony JNannaca (fleflmnep M ap.), omHako X DOPPEKTHBHOMY M
o6meNnpHIHBHHOMY Pe3ayNLTATYy He npHBenu. TOALBKO B CPABHUTENLHO
HepapHee BpEMA A.A.Kucenesun n O.0l.Buxonmm [12, 13)
paapafoTaHa MHOAMOHKALMA u-roli Jdannaca (r.M. MeTom MNBI),
HOTOpaAR, KaMeTCA, CTaBHT aror MeTON N0 3IHAYEHMD HapaBHe C
MeTomROM Jlarpapma-laycca. :

SopHynupolKa pemasHoR aagauM ocrtalitcn Gea HaIMeHeHHN
rTaxoft me, wak N B NMpeAMAymeN pasnene (CH. PHC. 2 M TeKCT O
gopuyns (25)). Opxako llanmac - » OTAMMMe OT Jlarpasmma -
He TIONE3IJETCR JYCNOBMEM KOMNNAM.pMOCTM (26), A BunommaaT

AsynpaTHOS nHddepeHUMpOBAHME COOTHOmeHHA (25):
r=8k+pl,

Fom Bed pol + ol , ; (39)
. re= B+ 2077+ p*l -+ pi* .
Ypasuenua asumeris HelecHoro Teaa (1) u coornomenne (25)
nossonswt npeofpazosats Tpethe ypasHewse {39) x Buay

Lo+ 20'p*+ (1=+ K3l)p = -(F"+ ugs) (49)
- B89 -



4TO M ABANETCA OCHOBMMM YpDaBHeHHeN MeTOna Jlannaca (nono6no
ypaexenuo (27) 8 werone Jlarpauma-Taycca). BexTOopHOS
ypasrenve (40) nopoxEaeT TPM CKANADHWX YPaBHEHMA, K KOTODM
HoxHO moSasHTe weTBdpToe ypanHeHHe - TEOLEMYy KOCHMHYCOB!

r’= p%+ 20p + R, (41)

rape C = RL. Hroro, 4YeTwpe ypaBHeHHA C ABHO GONLmOMM YHCAOM
uenzsecthmx: "L*, I, p, p’, p", r. [Iputom cnenyer ofpaTnTh
L.iHMANH@, 4TO, B oOraweme ot (27), ypaPHenme (40) me
CBRIMBAET TPH YrAcRMX HalnopexHus f.l, i‘z' E.J, & NpHMEHHMO K
KamJIOMYy M3 HHX B OTRENWROCTH. HeTPYANMO 3IAMETHTE TaKkxe,
ecnu Om pexTOpM L w 1" smamnmes wasecTummn, To cHCTeNa
(40), (41) crauoswiacs 6u paspemwsoll ana mESOro HI UNEXMHXCK
nnﬁmménnﬂ i.i'. Ocnopononaranman Muaea Jlannaca 2aKip4aeTCR B
TOM, YTO K3 Trpynmd yrnossx HaSnogenwuit Ii {L=1,2,...,N, rgae
N=3), sufxpaeTcR OAHO "NPHEMAErHpOBAHHOE™, QIAR HOTOPOro
pemaeToA cHcresma (40), (41), a ocrasmuacR HalABOeHMA
MCNONL3IYATCA TOMBKO SNR BNYHCASHKA £ u L na momenr
"npuednerHposanioro” Halnojerwa. B cnywae Tpix yrnosux
Halnogexuft I.l, 12, i! flannac npepnarasT cuctedy (40), (41)
pemars aax 12, a .’.5,‘ " f.; onpeAeisTE, - AN$DepeHLHMPYR
MHTEPMONAUHONNMA HOAKHON < BTOPOrO MNOPAAMA, NOOTPOSHHMA no
HMeDmMMCA TpéM HabnDmeHHMAM (Hax 3To chenats, cM. [3] m [5])«
Cxexa psmenMs cucTews (40), (4'), npemanomawnas Jannacou,
He oTnHYaercA oocofoR opuruHansNooTkv. Oo cyrH Aena, Nannac
npeanaraeT. manSonee npouroll Bapmant, ooHomaumuili na $opumynax
Kpaxspa. OnpessmiTess CHOTeMM ypamsesuil, nopommasusi aemoft
qacTep ypammeuss (40), pasen

L, R .gn.‘

D ’ =y U 3
L E T

L, wl L;+-§n.!

BuYHTAR M3 DOGBGRNErQ crTopfua Depeufl, yMHONeHHs Ha ur'l.
HAXONKM, WIQ



R T

D= 2 L, L; I-; #

_ L, & &

Ana onpefenenHs no dopuynax Kpawepa p K p’ cnenyer emd
BMMMCIIHTE ONpefeNHTeNs: :

L, 2L xsdhX

D= - |, 2L r~'+—‘;3“'— -

> u.z
L! :“: Zz"+ —r3
. L‘ L; I: % l'x L; X ; "
- - 2 - > - = e
L 1.! 1" -;55 L, L! Y D, + rfnb,
L, L; 2z L, L; s z
H nopobamM ob6pajoM Taxxe v
- —u ]
Dp. Dct ‘r’ Dd ’
rae 4
Ll X~ L; L‘ X L;
- - - s -
D = L, Y- I.! . D~ .I., Y L: N
.L= z l.l I.l z Lz
a X, Y, Z - oyn_nomohun mexropa B. 4
Tauuy obpaaou?
20 2pD ‘D uo, -
a b » c d
p" —p * p’= » —x
or> " B g
rae D, D,, D, D, Dy =- HImecTHMS KOHGTAMTM, NpPUTON

weolSxonuwo, urolm DrO.
Beoga O6OIHANEHKA

2uDy,
T-P' T--a'
D ub
_ﬁg-sl —D‘_’.-T‘

NPHXOARM ONMOHYATONAHO K TPEM YDARHOHMAM NAA onpenenenua Tpéx
HEeHIBECTHRX P, P°H It
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p=P - qrts,
p'= & - Tr 3, (42)
re= p1+ cp + R%.

Ecax paCCHATPHBATD TIONIAPHO NEPBCE M BTOPOE YDABH2MKR
COBMEZTHO C -TPETHHM; TO HNMEEM ABe TPAHCHEHNEHTHHE CHCTeMM
Jflarpasma THoA (38), C MOTOPMMM MW HWMEnu OeNI0, HIYYAR MeTOR
rTavcca. Opnawo cHcTems ypasHeHHRA (42) u (J8) OoxPHBPANEHBHHMH
46 ABRADTCH, T.k. OHH MONYYEHHM NpH COBEPMEHHO pAINHYHHX
HONYLaHHAX OTHOCHTeALHO HCMIONBIYOMMX HCXORHMX HabGnoaeHuA.

, Ha osToM wMerton Jlannaca HC4YepnaHM, T.H. TNOCAe PpeNEHHA
crnctermsl (42) wmerogom Heptona [5] wmam meropom laycca (2]
OTHOCMTENBHO P M p° $opuymd (39) NOZPOAADT BHINCAH™S Fu
F’, T.e. HaYankHMe JCAOBLA, MO KOTOPWM HETPYAHO ONpPeNelMTh
SneHaKTs MoKoMO# opfHTM.

Kaxoss Xe& OCHOBHME TMNPHYHHE, KOTODME NPONATCTROPANM
SHeZpeHMD MeTOona ' Jlanzaca » PMUMCIIHTENBHYD  NPaAKTHKY
TeopeTHYeckol acTpoHOMHM? Bo-nepEuxX, HOHEYHO, TPYRHOCTH
onpepsneHHt 1’ u ocoBenno i, Ecnd NCNL3IOEATHCA HH=-
TEPNOJAUHOHHLM  MOAHHOMOM BETOPOro MOPARKA N TpeM  yrao-
pun naSamgeruan L, L, = L,, o 1L  uepeaxo on-
penenseTcAa € MOTPENHOCTHE, NPEePMEADMER MOAYNL CAMOrO i-.
Yke DTOro AOCTHTONYHO, 4YTOOM METON NE 3HATM HENPDHIOOHMN ANN
cny4as onpencnenua opSHT no TpéEm yrmoswM HaGmogenuam. Ho
MMeeTcAa em# omHO nNpenocreperammee ofuroaTenscTso! Jlanaac
pewaeT cucTemy ypasnenuwi (40) npu momomu dopmyn Kpamepa, 4ro
B CBETE conpoudmnu Hccnenosanufl - NpHKAAnMOR MaTeMATHKM [5)
NPHIHAHO HAWXYAWHM MOTOAOM INS TIONYYEHHR  YHCNeHHOrO

peaynsTaTta.

4.2. Moawduxauws ubBR

Taxkux ofipazom, pmonroc speHA Weton Jlannaca TmpeacTaBARA
NpeHMylleCTPeHHO TeopeTHvWecKkNA HHTepec A0 [ONBAEHHA Jm=
YIOMARY FhiX pilﬁo-r A.A.Kucenesa w O.0.Bunopa. [IpennoneHHs'd Mmu
Metoil IIBN (napaMeTpol BHAMNOrC EPMNEHHA) npeactasaseT couboft
Hoaupkauun meTona JNlannaca, 8 %wozopofl ycTpaHeHm OTHeuYeHHHSe

AHA OCOHODGHMX HCAOCTATHAE meToga. MorvdWHALMA nBn HeTOooA
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Jlannaca (nanea ~ meroa MBI) paspalaTHBANACE NPHMAHHTEILEO M
anpenenelHHD opbur HC3 no  yraoBsM ($oTorpadpuaeckun)
HaGOOEeHHAM. ITH HaGNOAEHNK, KAK NPUBMNO, COAGPRAT He TpM, a
IHAMHTENBHO Gonsmee YHCcno (obuuno & 12) Sauaxo
PaCrOIONEHEMX JriOEHX HaMepeHHR. 3TO NO2BOANAO ABTODAM
MeToxa OB 3aMeHHTE HHTePNOMALMONNMA MOAMKOM ANN ONpeaeneHMi
1’ w 1" annpowcumaumonnux nommowoM Hesscoxofl crenemx. Yme
9T0 MO3BONIAGT CYNSCTEEHHO YBEAHYKTE TOYHOCTE ONDARSNENNSE i
n I~ KpoNe TOro, aptopuw Mertosa (IBl noxazanM, 410 1r u 1=
CBA3AHM CO CHeAYOMMMH MapaNeTPaMs  BHAMNOTO  SENSSE
nefecnoro tema (HC3): °

U = TONOLEHTPHYECKAaA YrioBAR CKOPOCTB

¥ = NOMUMOHHMA yron PMaMMOR TDaexTODHM,

C = KDHPHIHA BMAMMOH TPAEKTODHH,

u’- TOMOUEHTPHYECKOe Jraonoe yCKOpPEHHe
npH nNoMosM cooTHomeRME

we i), el vitel®
- /tzglz_:zu‘ 2 - A ; s ""

- L;nim + L’cosa
tgy = L

= Licosa sind - L sina 2in8 + L;cons

ras

cosd casa
L= coss sina } ,
sins

a @ W & - TpEWOE BOCYORASNME ¥ CRECHéNME NeSeqHOTO Tena.
KoopaMHaT BeKTOpA CNOPOOTM L:, t.;, L; » {43) rTaxwxe
OTHOCATCA KO BTOpPOR DKEATOPMANLRON CNOTEN® KOOPAMMAT. MeTOoR
NBAl pxNOYNaET TAKEE MNETORMNY OUpeNeNeMNA u, €, u', ¥ no
peansnusM HalmopenmsM, 4 OCHOBMOS ypasuéuMae MeToma Jlannaca
(40) npeoSpa3soraic B opue, coanepmamel IMeOTO BEKTOPOD f., i
u L= npHpeeHHwe OAPAMETDM BMAWMOID HAPHRENHS H KOOPAHHATM
nefecHoro Tena. Gt
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BuyHchnzTensksne popofaess, CBEDAMHME €  HepALHOHANLHBM
CNocofoM DelieHHA OCHORMOTO ypARMGNMA, NpPEcNCNeBANTCA BMGOPOM
SHeUHANbHLIX CHCTEM KOOPAMWAY, P HOTODHX HeH3BecTHMe M

napaxer- YACTHMMO DAIRGRRNTCH. flpuMeyaTeNILHO, <TC B
OTHeNBHC: YPaBRAHH® OTRGREWTCA TDYUHO onpefenseMue lIap&MeTpM
€ H ', a OCTAMMMeCR JPAPHeHMA IIO3BONANT HEIABHCHHO

onpereiMTh IjeHeRTM Xprrodoll opfuim 6e3 npHBEAeYeHMA C W U’
‘TAKOEB  OCHOUHXE® npadu, npu MOMOUK KOTOPhIX apTOpM
monHdrKauHu NOR sepuyad R ENAKH RAENO U3IBPCTHMA, HO MOMTH He
ucnoahlosanuuiice weTom Rannaca. EBonee nogpofHo ¢ meronoMm NBA
MOAMO LodMavTMETAGA B [12], [13) n nocheaymumMx paboTax 9THX
e ARTOROR. MMn ROMadaMa BUcOKAR $PSHTHBHOCTE MeTOona ANA
onperevenns opSNT palasvHMx HelSecHMX Ten, ocofenwo HC?, nnm
s“oTIpix Mavax ORR NPeROCXOMMT BCe APYTrHE HABECTHME MNeTonw,
sxnnsak Weroax Taycea.

5. Jaxmwtenne

B Jakmsvenye XOWATCA QOIMETHTR, 4TO, KHpOWe pACCHOTPEHHLX
KeToRos OnpeResenda OPGHT, B IEMTepPATYDE BCTPO® "DTCA TAKNE M
HHOrMe Apyrue. Quwawd, CAM NPH I3TOM NCMONLIYOTCA BCEro TP
YrAOBKE HIMEPEMET, TO OMAIMBAGTCH, WTO NPAKTMYEGCKH BCe OHM
OTHOZATICA BEM K cCemellcTsy BATDANMA P KauecTBe OCHOBHOTO
FPARKGMMR HCNORMAIYATCR FCROBM® HOMANLHAPHOCTHM), MIH K
cemakeray Ranmaca (meclropwo DpsBAeueHN. B Kakofi- TO $opMe
NepaMx W BTODMS TUpowasoAwMx or MaSmomgesul L,). Crnocofu
YTOWRCHMA NOSHLHRUMONTOR n ® B, B MeTOHRe Narpanuza-laycca
TONS MePRAND NAXYTCA OWeNh pasNoOSpDa’IHWMMH M OpPrHHANLHEMH,
HO, KaKX MPABARD, TOMN ke wanee CRORATCA MAM M dnopuynam (28)
knr (11). Cyuecraymmse DAYNORMAMOCTM tame BCero ofycromnexHs
5Cero Fvite CCOICMMOTTEM: BLMBCEATEIMHOIO ltOpaaka.

Ipyraa Fppus: pPasuocSpasmuR NeTONOR chpedenesns oplmr
OTHOCHTCA M CXj'tas, NOTRA, KOMENO JIROBME, UPHBAGHARTCAR
NPHAUMIANLEG  APYTWe woMeDenwa Mefecworo 7Teama. Tawmx
METOROPR, PACCHWIAMGLEL MA HCRORLIOBANWE PARMORCMAUNORNLR,
NOTIIEPOBMX ; CBETORGILFOEIEIT W PRPYTEE MIMepenuil, IJOPoELND
MHOTO, M HuTepacyvmsecm ¥orsT © G puNCTBOM M3 WX
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MOIHAKOMMTBCR, M3yuyup Monorpad¢um [3]. ARanH3 ITHX MATONOB
BRIXOAMT 3a PpAMKHM Kjlaccu¥eckoll 3anaumu onpepene:Hs opbuT
HelecHuX Ten M npencrtasnreT CAMOCTORTENbHMA HHTepecC.
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Summary
Y.Zhagars
DIRECT METHODS OF THE ORBIT DETERMINATION (Survey)

Two groups of the direct orbit dete-mination methods
are described in present paper. Tha principles of the first
one were proposed by Lagrange and later developed by Gauss
.till the smo called and well kncwn mathod of Gauss. The se-
cond one was pb:opoud by Laplace in 1780, but only some
" decades ago a successful development of this method was
created by Kiselev and Bykov - the =o called “"method -PVD".
Now both methods have nearly the same level of development.
This result is important, because absclute majurity of the
orbit determinaticn methods balongs to coo of thesa two

grouns.
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LATVIJAS UNIVERSITATES ZINATNISKIE RAKSTI -~ Nr 586—
ASTRCNOMIJA , SERIJA 19 —RIGA, 1993. — 97.- 117.1pp.

®.A.Lnrun

(FAME MIY)
MPOUCXOXUEHHE M1 3BOJMIOLHA AHCAMELIS KOMETHLIX TEN
COJIHEMHOI CHCTEMLE TEPMOJHHAMKESCCKHE AC!HEKTSBI

1., Beejeune, COCTOARHMNe upusnenu NPONCXOROEHIA KOHET M
KOHUENUWA PaJINKTOBOrO peaepiyapa KOMETHMX TeJn

lipoGneMa npHpond M "MeXaHH3MA mefCTBHA®™ KOMaTHOro
ancaming Conneynoft CHCTEMM MPHHARNEHT K  unanSonee
$yroaMeHTaNbHMM B ACTPOHOMIIH. B TO xe BpaMA OHA YyCnemHo
CONpPOTHBNR@TICA TNONNMTYaM pammu' =~ BOT YywWe B TeucHHa
DPaXTHYECKH ABYXCOT JeT,-faxe ec’id OTCYHTHPA b OT TpeX NoYTH
ONHOBDEMEHHO BHCKA3IAHHWX TFHNOTe3 «naceuxon ABCTPOHOMHHM HOBOTrO
ppeMenn. 3T0 - Jlannac (1796, koxeTm npuxomaT B Conpeunym
CHCTeMy HapHe); OabGepc (1804, acTepowau =~ noaxe uoGamunu
KOMeTh # HOpyrue Mamue Tena ConmewHoR cHOTeHM - NpoRyKT
paspymeHMs nnavers Mexay Mapcox M NonrepoM); Jlarpanx (1812,
KOMETH = Ppe&3; (bTaT ByhiKaHMYeCKHX BuMSpocoR € nnaner -
ruranTop). OCmatrmidl o630p DOYMTH ABYX NOCATKOB rHNOTE® O
NPOHCXOANCHHH HCoMeT paar B.I.TosaHom 1. ;

AHANIH3 - C COBPeMeHHMX MO3HUMA - npobneMu NPOHCXOKEEHHA
KOM@T H HekHfl CHHTEd paUHOHANBHMX HAe/l BHIAHTABUMXCA paHee
Koduenu4ii nNpomeneH ® MNOCNeNHWe TromM ABTOpOM (OTYAQTHM
coeMecTHO € H.Jl.Fenxumus, BR.M.Yenypomofl m A.C.PacTopryesnm).
CyTr npennaraeMofl HOHUENUHH CROAMTCA K CHAEAYDMMN DONIOXEHHAM
[2,3].

B Conneuwnol cHCTcMe cymecTEyeT aHcamlns 4OMETHMX Ten
PEAHKTOBOrC NPOUCXORAEHHR ~ (MPOJBOMDUHOHMpOBABmMA OCTATOK
nnaHeTeaMMasnLHOro mucka ¢opMHposarmefick ConMeYHOR CHOTEMM) .
OH npeacraeaser cobSon yromiammuica K nepudpeapPHH EMCK KOME THMX
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Ten, npocTipapuMficA oT NoACa  acTepouaoa (NRraHeTe3amnMany,
H3a-2a BHRCOKOH TemnepaTypw B 3I0HE HIKAYANLHO He coNepkaBuKe
Nnel1yuux XHMHYCCKHMX KOMIOHEHT) no nepudpepuH “BRYTpPOHHEro
KOMeTHOT: ofnaxa"™ Xunnca. B HavecTBe@ CBOMX JJEMEHTOB
PEeNHUKTAE 1| perepByap BMwYaeT "nonca Kaaummpuax-HonoHciok™
[4] wOMeTHHX Ten Memmy opbHTaMM @ OaaHeT = TUTaAHTOB,
sannaHe HwWl "nosc Yunna®™ (PHYTpPeHHAH 4YacTe ofinmaxa Xunnica) w
caMo sTo ofnano. Bac.s opSMT nAaMeT -~ I'MTANTOR pPEnUKTOBMA
pe3epByap MNPOIHM3IAH DPAKTHYECKH He .ORepKAlMMM HOMETHHIX Ten
TOPOMABNLHMNH " TYHHENAMHM HeyCTORYMBOCTH" (pammMycoM nopanxa 1
a.e.). MNepsuit (“Temawit™) nosc Kaaumupuax-llononckof (Mexny
Knutepox u CaTypHOM) He6JATONPHATER AR COXPAHEHMA NeTyuux
HOMNUOHEH1 mnaaHeTedMManall M, BO3IMOMHO, MNOCTENEHHO Lpes~
paTHACA npaxKrM4e=HH B po3epsyap "ACTEpOMAOE KOMeTHOIO
npcncxnmeunu'. BuyTpeMHRs (HAXOQAWAACA W nNNaHeTHOR 30He)
YacTh PpEeJMKTOBOrO peaepByapa MoxeT ObTh Talxe hbeKTHBNHH
MCTOYHMKOM Nunx B ConHeuHofl cucteMe [5] n T.a. (cM. puc.l).
JoHe PpenMKTOBOTO pelepsyapa » o6NacCTH NNasHeT-TMraHTOB
CIYMHT MCTOYHHMKOM KOPOTKONEDHOOHMOCKHX koMeTr. Ob6umpHanr
(HECKONBKO THC. a.e.) -2aniaHeTHAR “NpoMex;TOYHAR® 3CHA, B
KOTOpPOR mnnaHerTHu=a \ldanyueaml yxe npenHabpexciMul, A areagHue ¥
‘npyrue DFelHHe - ellé HeCYNeCTBEHAN, IeHepHpYeT OTHOCHTEeNbdo
peOkHe HoMeTd “YMepeHHO MOJArWX" nepHouos. Nepudepufinan
ofnacTts BHYTPEHHEro KoMeTHoro obiiaxka, BO3MymaeMail 3Be3naMH,
THMTaHTCKHMA MOJSIEKY IADHMMK obnaxamx H perynAapHsM
rajaKTHYeCKHM TIPaBHTAUMOHHMM TIONei, - HCTOMHMK colcTRaRHO
ACATONEePHOAHYECHHX HOMeT W O6LeKTOE OGhLICTpO DacCeRBNEerocA 6w
Gea 3TOTO odnaka Oopra, nocrasninpmero cBepx~
A0KrONEePHORMYECKHE X NOYMTH napabosMiecHHd HOMETH M OCHOBHYD
nonw aMccunaHTos. [ocnenre we, » cuok cyepen., reHepHpPYLT
'napaGon'qucuue' K’ cae “orunepbonuYacKHE KOMeTM.

2,, TepHOZMiEANKKA ¥ IBOMNUMOHHME NAPAHMEeTPH KOMETHOro Teja

¥yke P 3TOM KPaTKOM CNMCAHNMM PEeNHKTOBOTO pedepByapa HaM
BOTPSTHACH dyHasnenTanL A paxkTop TepPMGIHHAHKYeCHOoTO

X&paKTepa: 3aPHCWHOCT S cBoficTe (v HepRYyK® OMepTNb XMUHMHYECKOTO



COCTARA, HO -Yepe3 ero IBOAVOHD -R CTPYHTYPM NOMETMOrO Teana)
OT TeMNePUTYPIMX YCROBMA B coormeTcTRyRmeR 3j0He. Hieer Mecto
CHCTeMATHYEOKAA 3IABHCHMOCTh  $HINNO = XMMMTecKuMx  ceoftcre
HOM@THMX Teén oOT plcc'l'bl“l Ao ConHuAa 30HM NX BOZHMHHOBEHHMA H
nocnenyomerc npafuBANHA B TeYGENS -~ 5.10° ner. 310 »
NpHHUKNE HOIPONKET OPSRSNEETS olmme OSMIRNO - XHMHMeCKHe
croficTEA TONMKO NTO BMBMIEMX N2 PEANNTONOTC [ezepsyapa
("monommx™) HOMST. (laru..' ofparso, mo t:mrn'ru-ru‘ymn
XADAKTEDHOTHKEX NOROROR =B ITON CHMONS — NONETM HE3ABHCHMO
ONpeRenATs, TRE B NIANGTEIMANMNON ANOKS ONB ofpasosanace i,
CNOROBATENLHO, 0O HANMM WPOACTADIGMMEN, npoﬂunn no Bmxona
* M XAOTHYeCKYD KOMeTHYD OpOMTY.) :

Paayweston, Xemo concmgaTas TEM, WTO Ra mm“cuaﬂ -
oplHTe NOMETHOS TENO NOORMOKDATNO - MONST NOAYYATH Ha
RocTaTowEO mOArce mpens (cCoTMN - TMOE'WR oBOpOTOB BOMpYT
Conxua) opﬂllt’. NMSHMO HOMGTNOIO THOR, NBa Maxcfi oHO
HHTENCHBHO TEpPAGI BENEGTRO (MOTYUNG N YBASKASRYR MMM IWAs),
To ecrek OuoTpo iMpyﬂ . IEERKO ~ FHMEWeOxM. lawe
ONHOKpATHOS (nepsocse) npelaitalinge  MOMeTIROID  TENA Ha
COOTDETEJIMEN KONINPOROMON BTROS XagoTHINON oPOANGEN OPONMTH,
eOAN ONO MINepseTOA TOTE &M AsasTRMR (& Tex Comes TMCAuRAMK)
NONAGPOBCHMX  BNTNOS, II-n m X CYmSCTBEREOMY
HINGHOHNE SIO $N3HKO - INNITSONNE Rapanstpde. B Tenmemwm
' ONO DBDMNONNDYST B “SCTOPONA < NNSTNOTO EPONCIORRENUL",
notepasmill FeTyINe (BO® I- us Tomorol “mopu®)-

Tan w70 $UIMNO - KMEINGCEN® CROAUTBA XONNPETEOR NOWETH
ONPSASAARTOR - nm FRABEMME  RApEMSTPENN, ,- e o
TOPKO AMAANNTISONYD m 1) TRMBSPATFFEMS JUROBNA R I0HE
OfpaioBsaNNs N ROCHOMCMNWOENN SERTEMMEOre NpefMBaERE ASMROIO
KOHSTHOFO TGRA B DPONNNTOSON PeSepoayaps; (2) cyrmapnax .
MACOASUMA ROKATHOTC ToRA  (Dorscmsesmall DOTON COXMEWACTO
H3AyvemMS Ma eMeuNuy DOPETRBCCTH ) 8 mOseTEMX {c mepmronucs
36nnan ' Comuna] ¢asax CTONACTNwGoNOE  OBG.DEEEN.  KenaepOBOH
OpSHTA MOMOTEOTG TeRmA: ROCAS STO BMXONA N3 PEENXTOSOTO
pesspayapa. RRanasos -BPSNTOP DINE  QaxTOpos oOfmwpen: OT
nonxoh W‘IU -‘!m, TAM N _Ee CTaAPRerc
HOMETHMX TemoM, = l_'rcp'l'nl' some memmy Napcow ¥ Banzepon —
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AO MOMHGIC TOXPAHEHMA HAMANBMOrC 3Aanaca nNATYYHX - B XORoaHoA
nansHell aoHe, a Momer OuHTL, Jame HADAmMBAHMA ero 3a cuer
razoe, vuSpPONGHHWX W2 uUeHTpansHoft obnactu Conmewnolt cHore 1
Ha ea LepudepHD. (3necCh, BOINOMHO, He HCKARYCHO naxe
NPHCYTCTEH® B COCTARE KOMETHOIO Tefla J2HEeP3IWerc MNH HPYTHN
nyTex PLILVECKH BKITOYOHHOT O 8 ero cocTa® bpomoponat
BCTIOMHHM 30JOPONHME XOPOHM §J DHAAA HONET).

3. TeopMa AMPIYIHH N TEPHOAMHANNYECKNS HARANLHME YCAOBMA
CTATHCTHKO = AKHAMWMECKOR JIPONOUMK XoOMETHOro aHcawnban
ComieuHoR CHCTeMM

KpynHsM  pocTumeRMeN B npolneWe CTATHCTHKO - auHa-
MMuecKOR | DBOMOOHM ancamban KoMerTHMx Ten ConnewHoi
CHCTEeMW REJIAETCA MIBSCTHAR “TeOpNA EHdPyawK"™, HCXORRmAA H3
Gnecramell Mpzenm mam BepxoMa [6], » rTpyrax K.A.HNrefluca M ero
mrosk [7 B gp.]. OHA HamAA TAKHMX DHOANMMXCA CTOPOHHHHOB, KaM
fi.Oopr, EB.MU.Kaaumppyvax-fAonoHckan W gp. (Manpumep, [8,9]).

Annapar TAOpHM AHPHYIHH KOMET (NC cymecrsy, CTATHCTHKO-
MaTeMATHIeCKHKN], a NOTOMYy B° OCHOBE TepHONWHANHYeCKHit) ,
7IOTHYOCKH CTPOI W HATEMAThYecKH GeaynopHaneH. B 3Ton acnexTe
OHA OKOHYATENLHA ¥ He NOoRJNewMT TeBM3IWH. Oanako, Kax
TOpPHONHHAMHYECKAR MO CYyTH, TEOpHR RHPPyauH € HeMIGexHOCTRD
HecaT B cefa M OPraHMYecKH npHCymHe ~aMOfi TepNOAMHAMHKE
cnabocTs. [Hepmofl W3 HMX OnNeAyeT HAIBATE NPHHUMOHAALHO®
OTCYTCTEHS B ($eHOMSHONOTrUTecKOR) TEPMORAHHAMMKE BOIMOMHOCTM
c Toll wme ymepeHROOTMD, Kak ofmee HanpasnesHs npouscca (»
CTOPOHY POCTA ~JHTPOMNHM CHCTEMM), HAXONHTE CKOPOCTH  3TOrO
npouecca. A HHMeHHO!

a) KoHeYHO, B pLAMKAX CTATHMCTHYeCKOR HHTepnpeTauHM
TepMOAHHAMHKH (BonsuMar H mEp.) KOAMYECTEEHHWEe pacHeTM
nogo6HOro pofiA yme CTAHOBATCA MPHHUHNHANRHO BOIMONHLIMH (C
roaumi# kHHeTHYeckofh TeopuM). Oanaxo, c oanoft croﬁouu, OHM
Hyna 6onee TPpYAHs M TPOMO3NKH, & C APYyrof - ropasno Menee
HanexHM, HeM PaponM, Ba3UpYORHMEcCK HeNOCPEeACTHOHHO HA "MepBunx
OnprHLMIax® (B TCEMOAKAAMHKE -DTO ee $dynnamenrtancise lavana).

HEC A0 | [HOTIORY OCTANICA COMHEEHA H 8 2 AROCTATOMMOCTH
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MexaHHaMa Teopuu nuddysuu anA ofecnevenna HabrpgaeMoro Temma
reMepauMH KOPOTKCNEDHORHMECKHX KOMET, KOTOpWe, corjacHo
OCHOBMMM  Mnpegnocanikas  arch T@ODHH, npeobpasynrca H3
AONTONEPHOANYBCKHX, . MPHXOAAMMX K3 peaepsyapa Ha mnepudepwu
ConnewHOR  CHCTeMM. {HezapucHMo ©T rnpeanomenss O
NPOHCXOMAGHKH 6rco: nyTeM AM Bapusa “nnaHeTs OnsSepca™; nopu
eubpoce nnaveresuxanel - (KoOMGTHMX Ten) FACTYIHMH
NpoTONNAaHaETANH, ] OCHOBHOM TpPABHTALHOHHLMH yzabmm
NpotToTHranIos; Ha of6pa30oBaABmMXCA KOrga-To Ha Mecte Gynymsro
oGnaxa Oopta "naageTeawnane”; HaxoKel, Gnaronaps
CORDEMEHHONKY npéucxoucm MAM 3aXBATY .MaBHe, HANDHMEp, H3
.BCTPeYHOrC T'UTAHTOKOr'C MOJNeXynspHoro ofnawxa).

Kax H3IDOCTHO, » page  paor (% He TOABKO
C.K.BCecxRATCKOrc, anenra PyNTHBUOR HOHUENUMH, KOHKYPHPYLuaf -
€ AndPy3HOHHONA) CORSPRATCA NPAMME DPHHOHAM © HONOCTATOYHOCTH
KOJIMYeCTBA JNONrONGPHORKYECKMX xoMeT (4 ocoleHHo Kower
“ef DHMX TmepHomo~®, =~ coraacdo TeopHu  amuddyrmm, -
HeTOSPEACTEENNMX DBONDUNOHRO = OMHAMMYEZK.X NPeAmecTBeHHHKOS
KOPOTKON@PMORMYECKKX) ANR  OOLACHEMRA  HAOANIAGMOTO  Ko—
AMYeCTEA NOCNSAHHX.

6) [IDpyrams cnafas CTOpoMa TeOpMM - aubpyamu, Tawke
TOPNOAMHEWMYECKAE NC <Boefl  HpHPORE, NpPABNeKana MeHmme
PHHMAHMA, HO NPORACTABARGTCR Mue eme Sonee rap'n:nmﬁ. 3to -
npofnexa HaYANsHMX YCROBDKH, :

B TeopxH awddyaum OHA “pemaeTroR™ npoarol! ORH (ycno-
BiA) GapyTox HaBHe, M3 ofmefl 'toopuil nposcxonaenna Conneunoht
OMCTeMM, X OTO BHNONRE €CTECTRGHNO. B 3NOXy JapomReHMs TeopHM
mudpdyanu (» copemuHe XX mexa) yme cymecTmosan GoraTwmft HaSop
THNOTEZ © MPONCKOMNGHMNM XOMET, XOTA (KAK, BUpouaM, M Hume)
HE OEYmANOCH ROCTATOUHMX ocmt.:umm Anx cKonsko = HuSyas
yeepennoro swfopa Mexay HMMM... 3TO Bwranmeno (M BWraaaur)
OCOBEHNO OTPANMMM NOTOMY, %TO, Ka’zanocos Ou, npexnaraese
BADHAHTM nepefxpand Necs HaGop IMCAMMMX NOAXOMOB K
NpPOHCXOMZEHMD NOMeT... A OH y%e paneno. He MHCYepnuBanca
HOeAMH KnaccMros - llannaca, OnsGepca, Jlarpanxa. lla u caMH HX
KoHUuenuWKH OSOTATHANCE MROAMH M PAPHAHTAMM B NOCTPOGHHAX
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MHOrHX actTopos (cM. [l1]). OnHaxo cnexKTIp nNpeAnaraeMhx Ha
nubon TeopuM muddyIUH HAMANBHWX ycnosuft (MCXoaMOR CTPYKTyps
¥ KHHEMATMKHM aHcaMBiA KOMeTHMX Ten ConHedMoHl cHCTeMs) B
neroM Ee DACHHPHNCA. [PAKTHY&CKH OH TPONOMAAN CEOMMTBOR X
XOCTHOR I:4.8MNal MO KOMeTHr® Tosa oO6pas3ypTCA ( TpH B3phBax
HAH ByaKaHuveckux pBsBpocax) B naameTHoft 3one Connedno#
CMCTeM: B Hamre HAH HeANBHea BPeMK (M B DITOM Chlyuwae TeopHA
avpdyauu oKATHRANACH HamuHed); Ho gaxe B HanGoliee MAr-
KOM "cnyTHHKOBON"™ BADHAHTS - C.K.BCcexcBATCHOIO HAH
U.M.QpoCumMeBCKOro MANO KTO “H3  COBMECTHMX  TRODETHHOB
OCTaHAB/IHPAETCA Ha TaKoM BaSope; nu6o KOMeTM MNPMXORRT C
nepudpepun ConnevHoft cHoremw (B Hanbonee pacnpocTpaHeHHWX
noaxomax, OGyay4s BUOGpOmeHM TyOA NAAHETHHMH BOIMYMENHAMH eme
B 300Xy GOPMHPOBAKMA NAaHeT).

CospeMeRxaf KOHUENUHWA NJANETHOR KOCMOrOHHM BOCXOOMT K
0.0.MMuaTy. Ona  BHecha caMuiit secorull ExAAR Kak B
dopuuposaune PyHHAMEA ANBHOYrO NMPeACTABNEHH: “KOMeTHHWe Tena -
arto Ghemwe nrawetTeadMan® xonomHoH 3onm ConnewHo#t cHcTeMul”™,
TAK ¥ B JAK/MUEHHE © NPAKTHYECKH NOAHOM BMEPOCE HX W3 3IO0HMW
nirtaetr (no B.C.CadpoHony: 1+3% » ofnaxo Ooprz, ocTansHbe -
"B Fanakruky”).

3ro lipeacTau’leHMe - O nycToff (B OTHOWEHHM KOMETHHX Ten)
nnaHeTHO!l 30HE M O KOHUEHTpAUWMH MX B G6naxe Oopra - M Buno
NpHHATO TeopHed nudpdyaum B xavecTme “HauansHux ycnosufl®™ nna
M3yueHHA OJPONDUWH AHCAMONA KOMETHWMX 1wi. [Jansnefmee -
HanpaeneHna AndPyIMH HOMOTHHX Tesl HIBHE BHYTPh, M3 ofnana
Ocpra ] nNsaHeTHYD 30RY, TO ecTh npeofpasosanna
ACArONepHONHYEeCKHMX KOMET B KODOTKONEpHOAW4ecKHa, - Ouio TeM
caMMM MperonpenaneHo € TepMOAHHAMHYeCHUR HeolX ~OHMOCTBL (C
ROZHUUHA CTATHCTHYECKON TEPHOAMHAMUKH) .

INHIOAMYECKH  MOABJABUHECH BUCHAIWBAHHA ©  "LpPYrux
ACTEPNOHIHE'X NMORCAX™ MeXRy OpSHTaMH niaaHeT - TFHIAHTOD HO
NPHHHHAIIHC: BCEphed HA $oHe TAKMX, Kajzandch OM, ySeuMrTenbHux
A[LCYMe@HTOB, HAK “2aKOH NNaxeTHHX paccToRHMA™ Tuuuyca - Bope,
KOTOpWH © cepelnHs XX BaNa CTanu CBA3MBATE € "CAMOOYHMEHHEM™

LB 1aH@THRIX 30H - nNornomaifMeH M I.Ibl'ﬁpOCOH pecnmoNarapuHXxcsa



2/ech BHAvAne nnasetresuManufl (NOMETHWX Ten), PACTYEHX
NPOTONNAHETEMH,

OpHaxO aHafnH3 CHTyauMM OPHMBONMT K BLBOAY O TOM, MTO BCe
ame OTCYTCTBYeT NICKAJATEABCTEO TOrO, MTO 30HM Mexnay
nraHeTaMM - THIanTaMH ReficTBHTeNBHO npefciasnanT coboft
ofnacTH HeycTONAMBOCTH IBHREHMA = MaNMX Ten. He Taxk pnaBno
BHBOA O "norosopHoM BwGpoce™ OCTaBancA, 10 CYMECTBY, 4HCTO
runoTerHyeckyd. Fones Toro, eme P 1972 r. xazaeumiicn
HeH3GenHMM NMYTh - 4Yeped "3axoH THuMyca-Boae®™ K 3IJANANYEHHD ©
HeyCTOHYHBOCTH MHeXAYNNAHETHHNX OpSHT — 6NN NOCTARNGH NOA
comsenne  C.JlepNoTTOM {10], CReNABIHK sanmueHHe -]
ICPO‘TIIOCTROR npHpone caMoro 3aMOHA NNAHeTHMX pqcu‘ronuull.
Bcwopa, B KoHue 70-x rr.,Jl.Kpucaxk onyfnukosan npaMoil BmEOoR O
cymecTEODAHMH Mexay opluTaux nnaHer aoH ycrtofluusoctxk [11]. K
coxanenum, BMBOA Kpecaka He NPHMBAEH BhiMANMA CHELMANHCTOB.

B cBOD O4npent, NPeTeN3NA HA OGOCHOBAHH® HOYCTORUMNOCTH
ABHNMGHMA MWANMX TN MeRAY MNAAHOTAMM = THTAHTAMH [DoayYuaa
HeyoTOpOe OCHOBANME BnepBMe X cepaauie 1.x we 70-x rr. »
pabote é.%pnuxnuna u M.flexapa [12). Oum mamm, 9TO Manoe
Teno OGyger suSpomenc N3 STOR 20HM MURee YeM 3Ja 10Jl ner -
HOCHOTOHHYMOCKM MrHOBOI'HO.B CBATE KOCNOrOHNYECKH RMHTENLHOTO
= 2aBegOMO YCTOR4YMBOTO - CymecTBOBPANNSA (RNpMUMeN ropazgzo Gaxxe
x KmuTepy) noaca nc-rapougbn (pemuxToBMA xapawTep ero MuHe
NPaKTHYaCKH nmmenﬁn) Hafirennas » [12] mepa ReyciloRuuBOCTH
opbur Mexay UnuTepoM H CATypHOM HOPeACIABARAACE, HHTYMTHEHO,
Henpasgonogofnofi. H m caMoN Rene, MemasEO onH xe (x.11.Conep)
"NOEMCHIH" IPOMA DBMEMBANMSE NpoGHOrL Telz B sconenyemoR HMu
oSnacTH... CpA3y HA HECHONMKO mopsmKos [13]. Owemmamo, uTO
BONpOC COKItes, WeM MM NAIANOCH BMavaie. : :

Hexpy ToM ONRTh=TANM » 70-e rr.
E.H.Kasmuipiaxk-JonoRCckan, PA3RENAR DOCTYRATM TEODHH ANPOYIHM
H passMBaR ee, TMDHENA K BMBOAY, nhpuoucnntnoc‘n KOTOpOTO ©
noauuMiAl 2TOM TEODPHMM XROAro HA JANENANACK: /ANA OOSBACHEHMA
KOPOTHOMOPHOIHYECKNX KONGT HeoSXoaMMO NPHHEATE, 4TO Mexny
Op6MTAMM MNiaHeT = CHCAMTOS CYLECTBYDT NORACA KOMGTHMX Ten
{no3xe oHM GunM HazsaHM "noscawd Kazummpyax-Oonosckofi™), Ha
KOTOPMX M MNOABNADTCA OTKPHBASMME HAMM KOPOTKONEPHOAHYECKHEe

- 103 -



KoMeTn [4]. HopagokcansMocTs = ¥ paMMaX TeOPHN AMOOYIHM -
pa3yasTATA Kaznitipuan-llononcxof 6muna “cHata" ee
NpeANONOMBHMEM, WTO CAMH 3TH nosca Ofpa3yoTCR BCe me ...
anddy2iicl KOMeTHMX Ten ® mWMx na ofnaxa Oopra.

¥ 3pcce~-TO H BOSHMNAST pesctnmi monpoc (]
TepHOAMHAMHMECKON BOIMOFHOCTH NPONECCA, B KOTOPOM MNIBAHSTHLEG
BOIMJESHHA cHavana sulpaausant KOMeTHMNE Tena u3
" HEATIAHETHOTO NPOMER/TKA (B NNANETHOR KOCMOrOMMM), & 3aTeM
OHM M€ JANOMIADT IOT Xe OPOMENYTOn “HaMauMBaewuMH® obpaTHo
KOMGTHMMH TenaMmk (B TeopuM aAnddyamn). C TepMomuHaMMuecHofl
TOWH IPEHMA 3TO OIMANAST, ¥TO MO MeHLUAA Mepes HA ONHOM K3
ITHX 3TANOP OPOUGCCA OH MAST O YNeHLEENHEM DJHTDONHH, NpHIeH
He 3a CHCT BUBORA €€ 34 NPSAeNM cHCTeMM (4To Morno 6 CHATE
- sanpeTr) M He 8 mnopagne  gayxryaumil (Tranoro macmraba
$NyKTyaAUMA WMena OM NPARTHIGCKN Mynesy® NepoaTHOCTM). Hraw,
UpOLeCa TepHOAMHAMMYOCKN JanpemaH.

Xora “"RaNavuKa™ KOMOTHMX TR B npouuy'r'on Hemay
nNAsHeTaAMIf = THFraMTAMNM N OPpEACTOBAASTOR OTATHCTHKO = Tep-
HONMHAMHYBCKH Kyna OGoase coNsnTemsHOfl, _ WeM omnyoTONeHHe
DTOrc MNPOMONYTKA NAAHOTHMMN BOIMYREHHAMN, BOIMORHOOTSE
_uocmm-ro npogacoa TaNe CORCoM He OY@FMEna . A
C/MeCTROFAHHE NOACA ACTEPOMEON, YOOMANYTHE BuEG DPEIYAMTATH
N.Kpecaxa, oocofenno me - E.MH.Xasummpwax-Qononckofl, ySempamr
B TOM, HTC NOATIIAHNOTHWE MONCa ‘KoMeTEMX TEA CYMECTRYRT M
AUARKTCA PENHKTOBMMH - OCTATKOM LJIAHETETI IMAALHOIO AMCKa.

H7aH, Hauansiue JCNOBMA, nNoayuaexs Teopwell ampdyamm oT
raeHaTHO! KOCMOTOMMM; Ne ABASDTOR MOPPEMTHMMM. OHM ¥ OyMmMe
ApAMC TPOTHEOPEYAT TODKOANMAMNKE, TO @OTs HEPOAANIYEMM.
COOTRETCTREHHO, HECHOTPA HA NOAMYN KOPPENTHOOTE ANDADATA
TAOPHK AMPHYINH, PeIYNRTAT FMNPHMEHEHHA @@ X HODOANLHOMY
HAYANLHONY COCTOAHHD O} "TEHM TAKNS Ne HORGT OSMTh NOPPAKTHLEM.
nOSTOK, oSm-- KapTHHa JBOJAPRUKHH MHCXOJHOrOo AHCAMBAR HOMATHMX
ten ConnevBofl cHOTeMM, jlapaeMas TeopHeR =aNPHyIMH, NO MHOeMy
HHeHH®, RosnHA OMTH DEPHIONAHA B OTHOBOHHM NPHHHHAGMWX €D
vayansHux yonomwl. JpMAOMKHE @8 K MOPPSHTHO 3aRAHHOMY
BAYANBIONY COCIOAHNE QHCAMO/JD NOMATHHX TGN ()NOHUEHTPaAUHA Mi
» 20H% INAKes - FNCAHTOR W NMpidieranmefl Jannaneinol oBIAcTH,
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no nepu$epMi nonca Xuanca), Mu_nafimeM W NOppexTroe pemenHHe
BONpOCA © MANPABNONYM CTATHCTHKO - AHHAMHYeCK R IBOJADUHM
HAtansMOro (M COBPEMeHHOro) aHcambna .uonrm ran Conueunoft
CHCTOMM .

Tak, NPeACTABIASTCA OMEBMLHMM, IO 3IH/MeHHTNE " aanoHH
Buddy2un  koMeT", chopuyauposannme K.A.@rteflncoM (xoTR
HauboNie® NBHWG SAGMEHTM HX MACTHYNO CMRM yCHATDHBAEMM H
pane2, ocofexHo fi.OoproM), OpH 06pAmORHHX HAWANLHMX YCOBHAX
(auddyaHR HOMOTHHMX Ten M3 PDeNHKTOROTO pesepmsyapa) nafiayr M
"JepKansHy®" = MHTepnpeTaUHD e noaMumt TeoperMxo -
AxdHyIMOHHOTO MOAXOmA. j j

Hrax, TepMoaMuamWuecHiti mnoaxod w npofneme IDOIOUMH
aHcaMfinn KoMeTHHX Ten CosMeuHOR CHCTeMM NO2BOARET, CYAR NO -
BCeMy, yoMoTpers HOBMe pelepen Pe3yALTATHRHOCTH ¥y
‘TepHOIMHAMNYeCKON xe nNo cpoell CFTH  (T0  ecCTE  ReceMA
anexpaTHOR OTOMYy MOAXORY) TeOpHM AMODHYIHM NOMerT.

4, TepHOLMLAMNYOCKAA CTPAnA BpeMeHN N GOopHHMpO3IAHMe
SneMeNTON CTYPYKTYPS POMNKTOBOI'0 POIEPAYAPA KOMOTHMX
Ten Commounof cuciernd

KaKx HINOKENC MEe, DEMKTONME pPEYepPPJEP NOMETHMX Ten
Comnawmofl cwcysw upegcramnser cofon CTATNOT NG~ RARAMNY SIKH
] PHINTOCKN NPOIBORDIINONKPOD A PENR OCTATOK OTpYNTYD
ARENETEINN NWHOrO ANCKa - Tex wacTtull ero, OTKyEa KOMaTHMe
Tena He 6MAK BMEORGNH EA XAOTHYGONNS OPGHTM BOINYMENMAMN OT
NNaHET - M CTONKHONGNNAMN. (NAAHeTH&EA ° 30HA)} OT . 3mean,
FHTARTCHHX MONEKYNRPHMX OORAKON N PATYARRPHOrO rARAKTHYECKOIO
TPABHTANMOMHOTO NONA (ispnmrn-u x nnanetsoff nepudepuinas
soEa). TepPBOHAMANMAO PpeINMTORMA pe3epeyap Eonwean Oun
npegoTARnATE COJON NMECHONMLNO KONDEMTPHYGCKHX  HORBLUGSMX
RHCHOP = acTepOMAHL (camuit msnyrpensnil), a  jpanee - NOJBUA

KOMETHMX TR Wempy OPSHTANM RMANGT = TNFAMTOR] N 34
nocneaxel u3 EAX (270 Me ofxsareasHo Hem-vH) =~ rauranrcxoft
' NPOTANEHMHOCTH  JANMANOTHOS HONBLO KOMGTNMX Ten. (lae

HAXOOHIAOL SHENHAR TrpasEMna ero, cKasaTs Tpyamo. M He
aMaeK, A0 HAKMX PACOTPAHKA B NPOTONAAHOTHOM  ANCKE
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CynecTEOBAaIH yonomsa, nonycKapmie $opriposanse
nnasetTeauMineft) .

BHYTOH HORNNAHETHMX 30H JYCTOAMHBOCTM, Kazanocs Ow,
'mﬁ?!t T ipIM SM.K‘I'IIIHH)! MEeXAHHIHOA YyAANEHHA KOMEeTHHX Ten
gmm ETOUKHOBREIA MX C KOMOTHMMH TONaM} HAa yNe XA0THYGCHHX
3§ﬁm'!;. OFFaKS TS MOF7C IHpPHBECTH X ROTEPE HEROUTATORHO
fofpweoR AQaM BaWANEHOA NaccM (MO OueNKe B NOACE ACTEPOMROR
ac -BR%¥ f44]): Ho ® men coxpammsocs acero nopamxa 1072
ﬂﬂgﬂtﬁﬁa MAGCM. . . . Opa»ga, ofmuro nocTynMpyeMas
:gggﬁ¥ggtr-_m-n-l' HeyCoTORUNNOCTS, - TN CHalaTh,
"HeycToftiusocTs THunyca-Boge",- He ocraswna Om W aroro.
flocia nepmoft  meysaunoll momwTkM A.Kawepona Ha SddexTHRRMA
HeXAHM3IM MNOTEPH MARCCH NOACOM ACTEPOHAOS (& wacTHiHO H
‘nprrm-m noacamn?) ykazaam B.C.Capponos M K.lyceRmom [15].
Ero ofecnewnsaeT CKANMPOCaNKE NONOA POIOHAACHMMH JSIDNANH NPH
MIMEH@HHN PACCTOAHMA BOJNymammell nporonnanerd or Connga »
. nmpolecce NaAaxeTorsHesa. [logvYepKHeM ame Pa3! OYOBMAHO, Aame B
noAce ACTEPOHAOS DTO HE NDHIOAHT X TOTANBHOMY PACCSAHND
noaneTesuManefl uz cous. Ocraroumofl HaCSAGHROOTH MORCOB®
Kasuunpuax-losoHoxoi ROCTATOYHO ans GyMr MORKpOBAHNA
POIHKTOSOrO peISpEyaPa NAK KOTOYHMNA KOPOTKONEPNOAHYECKMX
KOMer. B naansueR umué'rnoﬁ, no ems "modpeszamol” 3one
 sMexamWau Capporoma-I'ycefizoma, scrscTeelno, Me asficrsupan, M
TAM ROAEMA OMRA COXDAHNTROR OoAsNAA poRS Havanmsnofl Maccow
H3 WHONA NOMGTHMX Tesi. Ho samecs cymecreyer Apyran npolasmal
BOIMOXHOCTE CcaMOro GOPMMPOBAMKE nNiaAKeTedMMANeR (NoMeTHMX
Ten) » aTol 30He Ocpaphsasrtcs [15]. g

Noa AeficTRHeM YKalaKNMX $AXTOPOB B Nocneaynmef
' ODOONUMH PpPeAMKTOEOrO pelspeyapa CO CTATHCTHYeckoR (umave,
TOPHORMHAMKSECKCR) ReKaGexHOCTED pomsro 6uno  npowaofiT
cnan!ﬂsqg. Epj—uag!ﬂﬂ!ampol“lﬂl‘ KOonbla MOMETHMX T&n ROJIK-~
Hu Sumn YIOTMATESE W caxTACK ("Hag® m "nox" opfuTaMM naaReT-
rurn!tg“ B [AURRpMBHY® CTPYKIYPY, RMpOCTMpAIMyNCA OT mosca
ACTOPORAOR HO nem”m DHYTpeHMero KoxeTHoro ofnaxa Xuanca.
Eo-aTOpNS, ggpug-?g‘vgcng 30Ha PpeMMKTOROrO pelepsyapa noa
gﬂo:qé&g_ YKAZAHHMY  NHOmNMX  BOIMymenMA go:msia  Oumna
focTeneyHo paapysarscy. [pM 3TOM I¢HSXTHBHAA BHEWHAR TrpaNwMua
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POIMKTOROrC |pe3spsyapa MOHOTOHHO oToTynana K ConHny.
CoBpeMéMHO® MONONEHHE ©& ONDENENISTCA HEyBEPSNHO = (HaDLTCA
oleHkH oT 10 mo 40 TMC.a.e.). B-TpPeTsHX, DHYTPEHHRA obnacts
PONMKTOBOTO pe3aepsyapa, ocofeHHO 3oHa Mexay DNHTEpoM H
CarypnoM, momxua Guna -5 Mapa. neT Tepats neryune (“amau”).
Xora aTOoT oddexT OmcTpo ccnaberaser c paccToxuuen ot Conuua
r, TeM me MeHas OH BNOJHEe MHOr B WMPONMX Npejenax no r
NPOM3BECcTH “XHMHNYECKYD CONAPALND™ ~NO MeHMmel Mepe—BHemHMMX
cnoep KOMOTHMX Tenl. Bugumo, ofnacts Memay DNMTEPOM M
Catypio mDoaToMy mNpeBpATHRACE (AKTHIECHKM B peaepsyap
"acTepOMAOR NOMETHOIO 'npouoxonuml'. Ranpoths, B YOaNSHHMX
or Connua OGRACTAX PeNMKTOBNOI'O pe3epByapa KOMeTHHe Tena

MOTH OKa3laTbCA KOHASRCATOPAMH JTYYRX, HCNapABWHXCA c’

HOM@THMX Ten Oonee Sawaxux x Coanuy 2aon  (BKADYAAR
HexHMHYaCcKoa NpMcoagMAeNHe BOROPOJAA).

BepHeMcH, ORMANO, K BOOPOCAM CTATHCTHNO = ZUHaMHYecKOR
IPONBUHH  PENMKTOBOrO - p-npyqn woweTHMX 7Tesi. Heckomsko
ASTANMANDYA CHASAMMOS BumS, OYHeTHM, WTO- B  WHCTO
AHHAMHYECKON NAARE MNOBAO CYNTATE OPNENNTINAAMEO OOpaTHMUM
RpumeHHe SO0 MHOMETROTO TOAR; BMUGANErc #H3 pPeIMKTOROrO
 Dezeppyapa. Bugmno, Ncxoms ux nosofmux  coofpamesuil »
OPKEMYIHOK ACTPORGHEM ; NelacCHO = MOXANNYGCRON NOAXORE,
BE.H.Rasmopuax-lononomax - x . m,ﬂou’ln Janoamenie
MeNTIAAHOTHMXY . BOM m"m [ w cHoTeMmd
KOMOTHMNH TemAWN. Ho B OiGTSNe FPABMTMPYEENE WAOTMIl HMeaT
-HecTO  meyTORMNBOOTE ¢azoBMx thesxropsil {16], k meuabemen

munammueckuil xacc [17]) mams npa wamoM wmoxs ofwexros. C

HADACTAHNEN WO WNCEA TeN 3aRA%E Ten. Gomse mDpespamasrCa B
CTATHCTHRO = MNNAKNNGCKIW, M BoTynamt ® sefloTsMe 3aNoHM

TepMOAHHAMMKH. Bcex BT OPSAONpANEnsSTOR SYRAIROHNPOBAHKE

CHCTEMM 3 pAMNAX WeOSPATMNOR  TEPHOXMESHNWSOKXOR  EMaRM
(cTpemd) mpeMenx N HenpunomMMNOCTE X mall u‘plm nedecnc -
MexarnHdecnoR (auHamuwecxofl) lpnnuo‘ —am '

B apyrom acuexte, KoNKpaTHes, PANAy OTCyTOTRNS B mOscax
Kazunupiux - [ozomcxoft {m »oofme » PEENNTORON pazepayape)
MENANMNIMA JUCTPEDAHHA TOR, NRPUROARENX CREA (OveBMaMO, DO
nannsposcxkofl opfnte) orxyaa-aublo. masme [18), wmepomTHOCTM

- 107 -



HAKOMeHHA HAOCTATOUHO NEOTOMNCESHNROrO arncanban
AMpPYHOMEORABMHX CDAA KOMETHMX TE&n B TAKOM NOACE Hana M
JHCTOMEHUMANLHO MOZAGT € TNCNOM NX. 3to = THINT
CTATMCTH (O = TepHOAMEaNNYeCHHEl >¢PeoHT OMCTPOro yHeHLmEHMA
BEPORTHCCTH GAYNTyalnM ¢ ee mammuxuofl (J.Bonsuman).

CasnosaTensno, Kax ¢opunpoaum- NOACON
Kasmumpuax-Ooncacxofl, 7Tax M 3sannaserTHof mnporaxesHoll Jou
PBINKTOBOrC pelepByapA KOMETHHMH TENAMM  “NOCTOPOHRerd
npoMcxosigenns” (oSpa’zosasmMMHOS, HANDPMMEpD, B COCeAHEM MOACEe
mmpuinnqlonmns HAH npH Bapuse GadTona no OmsBepcy!?
W Fanunepa ne ApoGumescroMy | méo, HaNOHeN ,
CKONAGHCHPOBABEIMMHCA BO BCTPEYHOM THICAHTCKOMN MONEKYAAPHOM -
ofnaxe; waH TrRe=To B FanaxkTMke) -  TepMOAMIAMMYECNNH
HeBO2IMONHO . .

Takux oO6pa3OH, TEpDHORHNAMHXA OCTABJAST EAHHCTEEHIYD
BO2MONHOCTS = ofpa’lobDaEH@ KOMGTHMX T8N  pPeJAHKTOBOTO
pelspayapa “"Ha MeOTS"! TAM MAM TNONMTH TaAM, T'He CHM B HeM B
HaCTOAmEe® BpeMA M npebusapT.

5. CymecTeeHHO HEPANROBSCHAA TepHOIMHAMMKE W amcanbas
KOHMOTHMX Tox CoameunoR CMCTerm

Nocrpoenne OCHOBD CymeCTBSHHO HepasHORecHOfR
TepHOAHHAMWKH (H.P.[pHroxMu) NOIROAMAC YBMAGTE CyRMECTPENHO
HEDABHOBSCHME TOPDHOAMHAMKYECKHE® ONCTOMM N B ACTPOHOMMM.
PaccHoTpeHHe MaTepHana KoMaTHOfl ACTPOHOMHM HAROAMT HA MuCAL,
4TO M NHOMeTHHt aHcANGAR JENMOHCTDNDPYET HAM AHCCHNATHRHMNE
OTPYKTYPM.
© OSmMM OCROBAHMEM AAK NOMOSHOR HEEeH ARNAWTOA CTATHOTHKO -
TEpPMORAHAMMYACKSR NPHPONa M ABHASN NEPABHONECHOCTR ancanbns
HowerTHuX Tem. [IpOMCEOANT XBAIHCIALHOHAPHO® IWLyaIMORHOE®
pacceanse OOBACTN OTHOCKTO/LHO BHCOMON MX WOHMUCHTpALINN -
pemaNcanud peJlopEyapa. Osa uzeT ' 5 CTOPORY NPARTNYECKOID
"paxyyua®™ HNOMOTHME 7eA - B TABAKTNYSCNO® NPOCTPAHCTEO.
TepuomuRarmyecxas Il.mIIOBGCHOI!'I'L, BOIUCANO , "cymecT-
sennas” (» comucne Opuromuma), 3mecs Ramuno. C apyroff cro-—
pois, Gmianan u Comnmmy 30ma, ROCTATOYHO TOpAYaAR ANA
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passHTHR colcreeHHO deHOMEHA, KOMETH, - AHANOr "noraomampmerc
oxpana® {xnaccuyvecxan aborpdxunn TepHOAHHaMKIaCKOR
KMHEeTHKM ) , AMPGYIHNCHHO M@ AOCTHIHYS KOTOPOrc, KOMeTHOe Teno
HCKIIDMASTOA W3 ancamfan (» NOCMOroHHuecKoM HacuTale BpeMeRy
oveHs SMcTPO), "CropasR”™ M pazpymascs.

Hama ocucTeMa, KaK BHAMM, KAWSCTBEHHO NPAKTHYECKK
MaOMOD@HA HNACOHYECKOfl me RAA HePADHOBECHOR TEPKOAMMAMHKH
"cxosopone Benapa". Bonpoc axms B TOM, B® NKakoRt ofnacti
cRoaro $A3OBOro NPOCTPAMCTEA RaXOAWTCA AaHCAMSAM KOMeTHR:U
Tent B nuHofino MepasHoBecHoR (omaareposckofl) - nubc =me
BCe~-raKkd B ll!plll!ﬁ!lcﬂoi CymecTBEeHMO (NpHromMauKofl). Pemenna
37T0r0  BONPOCA OCAONHAGTCRE TOM, WTO CIPYKTYpa HCTOYHHKa
KOMETHMX Ten (pPenNKTOBOro peaepryapa), B OTIHIHE Heé TOAMKO
or “"OenaposoR nocyanHu", HO ¥, HanpkMep, or coaHeuxofl
¢orocheps, ROBONLMO CHOXAA fRame B WHCOTO I"Oou‘e'l'pu‘!ecu-uu K
TOMONOrHYECKOM nAaHax. Ra addextat OTATHCTHKG =
TEDHOAMAAMHYSCKOTO XAPAHTEPE K 'i'ﬂll’ ‘me HAnAranTcm $aNTOpM
AHMAMHYECHHE. ITO, HAIpHMeD, "JECKAKMPARME” KOKETHOTO Tena
Ha coTHM ¥ Gones ofopercs saupgrt CoNHUA.M YHCTO ANNAMHMECHOS
COCTORHH® AMMSSHNG DO DASTWSecEw nedsvepmoll (Tex Ooaee B
THeHINOKIAX SReuewTER™ Napamed opdwre.

Tpyaso x4k - OO CEMMMRENIOIO0 MCCNeNOBAUNA - KPHTepHH
CymeCTReNHOCTH  tRpeasRBsMEAecrol n.pnnuol‘cmocwu Taxoft
cuctemsi. Ho, Bossosmem, MSMECHIATMANLOIN CYPYKRTFPANK 8 Hamew
cnywas MOryT OGMTh TEMAS CTPYKTYDHME BREMEHTH NOMETHOrC
aHcaufnaas, Hak cyfancamfime NEPOTNO = N JOATONEPHORNYECKHX
xoMeT, ofnaxo Oopra... BmpeweN, » avSoN onyvae daxrop
TepHonHBaMKtecKoll wepamuomeesmocTH (XOoTS OW M sMuMednof)
PeNMNKTOBOTO PEl4pRyADPE NOMSTEMX TN JCANEN yuMTMBATACA, nbO
MHEHHO ON ONpPeHenAeT HANPDASMIGONNS K XADANTED DBOMMUHM dTOrO
ofvexra (M reHeTHYBCKM CINIANNNE o' HHM ancanbns
"acTEPOHEOD XOMETHOrO MNPOHCXOMASHHA™, MNORCHOTEN MNOTEOPHHX
HACTHI M MMM & ToX. ). ;



6. 0 TeLMOAMHAMHYIGCKOM CTATYCE® KOMETHMX T8l = QMCCHNAHTUR

CTETMCTHKO =—- TepPMOAMHAMHYECKA OYeHs CEBEOeolpaznra Taxars
cyGeTpyHTypa aHcaMGaR KoMeTHMX Tent ConHewHOR cHCTeMu, NKax
COBOKYIIDCTE -AMCCHAANTOB. OO6WNHO HOMCCHODAUMA Tena M3
Conuneunoit cHCTEeMu OTOMAECTBJIRETCA € noayveHHeM MM
nonoxuTensHoik noaxHoi oxeprmm (h>0) oTmOCMTensHo Connua.
Onnaxo  runepfonuueckuilt HGMTOK B IHEPTHH AHCCHMAHTA, KaK
npaBufo, HHYTOXHO Man (o¢dexT Iypemnua - Jllesyma [19]).
losrony ofuunoce uolmunuu'dl AMCCHIAHTZ kax “GSerneuma u3
CHCTeMH® NMDAETCA OCHOBHO! NOMM CMWCHA.

flleficTenrensno, XapaxTepHue  JHEpPruu (n cropocTH)
OHCCHNAHTOB B CPefHeM CTONM MASM, 4TO paxe nOpH CcBoSomHOM
NPAMOAMHENHOM  NBMMEHHH HAN  OMCCHNIAHT 3a BCe  BpeMA
cymecTBOBaHHA  CONHEYHOR cCHCTeMM yaanuaca 6M OT Hee, Kaw
MAKCHMYM, Ha paccTcAHME MNOPAAKA COTHM Napcexkos. A 37Ta
BeMYMHA HMYTOXHA B CPAPHeHHMH C© pnocroinxnu CcnHua OT neHTpa
Fanaxkruryu. Jlaxe Taxwoll JUCCMIIAHT He yCReBAaT NOKHHYTE
HeConsmofl rarakTHYecxoft oxpecTHOCTH COnHuA.

Ecnu wme NPHHATE BO 3HMMAHMe, YTO pacmMpenum ofnaxa

'AKCCHHGHTOB B Kaxkofl-TO MeEepe DPenATCTRYeT perypspHoe
rpapuTauMoHHoe none lanaxThKy (HenpasOMepHO HWrHopupyeMuil,
Hak npusuno,"spdpext Pamauesckoro”™ [20]); ecaum yvecTs panee,
410 GNaronapR KpperynspHOMy BIAKMOASHCTBMD CC 39F3IAAMM T.H.
NOTOK JNUCCHNAHTUR npuolpertaaT XxapakTep nudpdyawoMnoro (TO
€°Th  3aMenNAeTCA NPY yhalleHkH OT MCTOWHMKA), To ofGnaxo
HOHCCHNAHTOB MUXET OKABATLCH unenuuﬁ eme OSonce orpaHHueHHLE
paa:iepe! (nopAixka, BOJIMOXHO, JIMEL AGCATHA  HNeN3PNOIOHWX
paccToadMi) .

K TeM He MeHee, KOMOTHME O6JaKA COCEHHHX 3PE3R AONEHM

MHOTOKPATHO MEPeKPHNBATBCA. 3ITO MNPUBOAHT K  NOABJEHAD
NPAHUHNMANLHO HoBoro ofnekra -~ CTATHCTHYECKH HOBONLHO
ORRUGPOAHOTO (c TOYHOCTLD RO  NOKARLHMX dayxTyauui)

rallaKTH4ecKoro HoMaTHOI'o oﬁnalta (ancpaue BReleHHOr'o, BMOMMO,
3.3nuxom, cm. [21]).

ByRY4YM HenpepMBHMM ¥ Jaxe NOBONLHO ORHOPORHMM B
NPOCTPAHCTDEG NOOPAMHAT, o6naxo 3nuKka, 0o cymecTtsy, BCpay
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Pa3puBEHO B NpOCTPAHCTRE CKopocTel. JlleficTEuTensno, Kak
OTMO4EHO B¢, MAHCCHNAHTH M3 CHCOTeMM Kaxof-nubo asesmM
YyXORAT OT Hea ¢ nojapaanmen lepoxrnom"u:, c HHYTOMHO Manofl
CKOpOCTRD "Ha OecHOHeyHoCTH", YtenuueHHe OWCNePCHKM CKoOpocTeh
OMCOHMAHTOP NPOHCXOAMT OYeHs MeJleHHO! CymecTBeHHO Mef-
JlleHHee peJsakcauHMM 3523R EHCKA ' (GNATOREPR TOMy, 4TO pas-
MepH HTCAHTCKEX  MOJIeRYNApRMX  OobnaKos, OCHOBHOr'®C areHra
penaxcaumM, CDaERHHMH HIM pame DPaBOCXOAAT XapaxTepHyD
BenHYHHy oOO6NaKoR AHCCHMAHTOR Coulrenosofnux apean). ITHM
ofecnevHBaeTca CoXpaxneHMMe DAIDMEROCTH ofnaKa B NMpocTpancTRe
cKopocTeff C JMOXH @rc BOJMMKHOBGHMR [0 HALErO BpeMeHN.
‘ Takan dazopan CTPYKTYpa KoMeTHoro ofinaxa ROPONLHO, Heolwuna »
CTATHCTHKO = QHzMYecKOM (M TemM Gonee B TEeDHOLHHAMHYECKONM)
OTHOWEHHM, XOTA XENO JA8Ch HPOCTO B TOM, MTO BO3PACT CHCOTEMM
(o6naka 3niuka) WeHmme e€e XAPAKTEDROrO “BpeMeHM pasMewHBZHWUA"
(penancaunn) = rululma." ?

JaMeTHK eme, 4YTO KOAMYeOTBO HOMATHAEX TeN-AMCCHNAHTOR B
TANAKTMTECHKON AMCHEe AONRNO GMTh BECRMA BORHKO - NO Mexbmef
Hepe HA RecRTOK nopsgxos () Gonema, wem HONMMYeCTBQ 3BE3A.
ReftcTenTEensHO, 24 OocEenNN®  RBA CTONCTHA npﬁcﬁpenu
rroepfoaMYecKkne CMOPOCTH NPHMMEDHO NB& COTHW kKoMer [22]. lawe
€@CAM TeM: PpOXAGHNA JNCCEROANTOR pales hRe Oun pume (uTo
COMHHTERLHO) M Rame .cafu Opexefpens Text KOMETHMMN Tenawi,
KOTOpU® CTAHORATCE B NraNeTHOl BONE RMCCMUAMTAMK, Me NOSMBAB
KomeTaMH (a uax, no onolutni. »a nopanok Soasme, 9eM
HASIOEAGMAX AMCCHNANTOB), Nu mafigenm, wr0o Commewunym cucTeny
28 BpPEMA ©e CymecTDOBANME DOKNMYAO —lbla HOMeTHMX Tem.
Nonaras Crons e "OPOMIBCANTENAEMMK® M ADYTHe COnnUenogobiue
39e34M QHCKA, MONyYabX IMASYNASAHAYD OWEANY HACANEHHOCTH
rana¥THYeCKOro KoMaTHoro ofnaxa 3Jmuwa.

Ha wed cnenyer, mrnrl; 4TO CpejgHea pacCTOARHME
MEeXRy KOMeTHHMH Tenami B ofzaxe JDMNA He MeHee, YeM Ha TPH
MOPANKA MEeHLma, MeM Mexny Bmeajanw, ‘a Tamme . sro XapaxTepHoe
RPeMA Hexny MNOABJAEHHAMH B OKpecTHOCTAX ConHUA “vymHMX™ KOMeT
(cymecTRerHo runepfonMyuecuux) = NOPAANA TMCAYMH neT. 3710
3HAYMMT, %TO BPEDOATHOCTA DOABNEeNHA “ranaKTHYecKofl™ KoMeTH
XOTE M He® CRMONOM BelMN&, RO BCE Xé& He MOXGT CYHTATLCR
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npeHaSpexuMo Hanoft. Cnenopatenuno, xapaxTepHsie
TapHOAHHAMHYECHHS napaMeTpu 4 $aszopas CTpyXTypa
ralaxTHIeCKoOro KOM@THOTO ofnaxa Inuxa onpegenAnT
AKTYaNLHOCTh - HOMWTOKR  OOMApyxeHHR “BHemHHX" NOMeT K
ofecneuypanT OTAHYHMOOTE KX ©OT ofpasopaPmmxca B Commewnofl
CHOTEME@ ¥ [ANCCHNMPOBABEMX K3 Hee Jawe B JNOXy ee
$GopKHpOBAHHA .

Eme OMHO XapaKTepHo® H TEPMONMHANHYECKH cCBOeolpaiHoe
CBORCTRO KOMETHMX Tes, aMccHnanTos M2 ConHewxoRt cHoremu,
COCTOHT B TOM, 4TO, OnarosapA HHYTOMHOCTHM rmmepSoimueckoro
H36MTKA DHEDPIMH, OHO TpPH BOIMYNENMMAX (OT 3B@34 H T.HA.) MOmeT
© Gonbmwofl BePOATHOCTLR HCYG2ATE (MeHATH 3HaK). Mlpu 2TOM Teilo
cKaxKoH ("MrHoBeNRO™) K3 AHCCHNaANTA nNpeBpaAmAeTCA B YWieHa
o6nara Oopra. TaKkuM o6pasoM TrpaBHTALHOHHAA CPAE KOMETHOrO
rena ¢ Comuues, c ConHeuHoft cHCTemofl HomeT paxe MHOTOKPATHO
PA38HBATRCE M BOCCTAHABNMBATRCA. HMeHNHO TakHe OONeNTH M
MOTYT SuTh OCHOBHMMH NOCTABMMKAWH HAaK "mouTH
napaﬁomﬂeduux' .

7. XonerTHuit axcambas M npobaena NOCTPOGHMA TTATMCTNHeCKON
HEXAHHXH CMCTOMM IPABNTHPYRENX TOR

Bume M €63 OrosopoK ynoTpeSasiH TepMOoAHHAMMYECKHE
TepMHHN W MOHATHA B OPHIOMEHHM K CHCTEMAM TIpPaBMTHPYERMX
MATODHANBHMX wacTHl. CneayeT, c;.llulo, MMaT: P sHAY, %NTO
HeNpOTHBOPEYMBPAA CTATHCTHYECKAR HeXaHMKA (M, TaKHM obpaaoM,
" TEDMORMHAMMKA) CHCTEMM HEDTOHOBCKHMX - MATSDHANLHMX TOWEX JO,
CHX hop He coa3gava. Fonree TOro, XapaxTep HLOTOHOBCKOID
norexuMana (ocofeHHO pACXOAMMOCTE B HYNe) N cneusdHxa
(:feOr paHHYEHHGCTE) 3BE3AMHWX CHCTEM yXe NABHO NAIM OCHOBAHM®
ANA PEIOMADYRMEro 3JIAKIDMEHMA O MPHHUMNHANBHON HEBOIMOKHOCTH
nocTpoeHHA Takoff Teopum  [23]. NpoSaena oTa racaeTcs
paccMaTpHlaeMofl afnecs TeMM, HOHEYHO, He ONPAMO. TeM He MeHaea,
AHAMHM3IHDPYH NPob/leMaTHKY CHCTEM MHOI'HX TPABMTHPYNEHX YacTHLU,
~ KOMOTHME AM 2TC TeNna, 3Be3ns MAH rajJakTHHH, - COBCeN yHTH
or atToro $yRAAMENTANLHOTO Bonpoca HeNb3A . Bcau
CTATHCTHRECKAR MexaHyKa ®  TepHOAMHAMHKA CHCTeMM
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rpasMTHPYIOMX YACTHLU NPHHUHNHANLHO HEBOJIMOMHA KAK JNOIHYECKH
cTporad TeopMA, To Nawoft cMuca ocTaerca B npHMeHennH
TepHOAMHAMHYECKOro (CTATHCTHHKO ~ MeXaHMMECKOro) annapara K
npolneMaM CTDYHTYDM H 2BONDIUMN KOM@THOro ancambna Cosnneunofl
CHCTeMM?

He yrayGnascs B 3Ty CHOMHYD TEMATHKY, COWMINCH ANmL HAa
Pe3ynbTaATH, CBHAETEeNLCTBYDmMHE BCe Xx@ (BONMpEeHM N[O CHX nop
rocnoacTayomM npescTaBnedHnAM aBTopoR pafor THmna [23])

‘" NPaBOMEPHOCTH TepHOAMHaMHYeCKOro Mnopxona K MHccaeno-
BAHHE CHCTEM . FDABHTHDYEEMX Tea, B HACTHOCTH, M KOMaT-
HOT'O aHcaMbna Connewnoft  cHcTeMs. A HMeHHO:  ABTOPOM

(coeMecTHO e B.H.CeHeHUOBHM) NMOKA3IAHO [24 »un nmp.],
MTO  MHenue O NPUHUMAHANLHOA HEBOIHOMHOCTH  JOTHYECKH
HeNnpoTHBEOpeYHBOR cTaTHCTHYeCKON MeXAHHMKH (M, TaKHM odpuaolt;
TEPHORAMHAMHISCHHM} CHCTOMN I‘pﬂblﬂ')lpyllllﬂx. yacTHn, mno bpce#
BnamocTH, omnfoyRo, CKoas OHe HH KaweToA npasgonopobnuM. A
¥ €FO NOBLIY FOBOPHT, RENpHMep, ToT $axT, 4TOo Aaxe nanfonee
HESAAMIHDORARBARY M O fank CHoTeMM N » 1 HADTOHOBCKHX
METEDHATIHIANC TOoYeWw B 3aMKAYTOM of»eme - (B oTAHuUMe oOT
nparTHdecn meboll craTHOTHNO - $HIMuecKofl cHCOTeMM MHOrNX
ysOTMIY, HempuMep, N Y 1 ONERTPOHOB B BAMKHYTOM COCyRe,
CEEHERC S oF HENSTONOSCKHX YWACTHI JHIb 3IHAKOM noTeriuxana)
e  PUENETEORNEY “BpreroMy . Bavany -Tcpuom;uauunn‘z ¥y Hea
I HEMH W o sveyreTpyeT COCTORHHE cTaTHCTHYeCKOoTo
{epRomMtitsnitioiors) pemsmosecws. [pHYHHA 3TOro, B HOHEMHOM
Slene, ~ orentIIeEEcaen menaSemHooTs ofpa2opasHHA w
MRS M el CTRTRSTHNO - NHHAMHYECKON JBOMOUUH D
ooy NEUIDAMAYENEONT JTICTOTHENNA MOAKM Nap rpasnTHPYO@MX
e rabth.

Oliaxt® HEM ToONBSEED, YT0 NpoUueCcC KOMMNAKTHOMKALHI nap
{conporomnapupifite,. B EETEDCTH, HEOrPaHHYEHMMM pa3lorperRoM
ONTTeNHN) HIOT,, TEN' HE' WENEE, REOrPAMHYEHHO 3AMeRNAACL. A 2TO
BUSERARET, srENE ee’ opew  EONOAHMTEenLHM napaMeTrp B
TEpHONHBaNRPECHON' oniffCamist’ cHoTeMm  (nanpsMep, XxaparTtepwusift
Towyail passep "cadoN meSTWOR® naps  MACTHUL), NOAYUHTH
BROFMORMDC TR THHNG i el Neee Cu SaAMKHYTOI'O, ity Tpenna
RERPOTHBOPEYHBUES (Mt ¥ WpuMimeniloro, HO B npHnunne CKolib
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yrooHd> TOWHOTOo) CTATHCTHKO = MEXAHHYSCHOI'DO H = panse -
TOFMOMMEAMNYECNOrO ONMCAHMA HCXONHO/!l cHcTeaMmd. Tar wro
NIOTHYSCHH  KOppeNTHAA  TOPHMONLHAMHMOCHAR  TeopHn CHCTeMM
FPABHMTH[ ; "IIHX SACTHL DC3 Xe BOINOXHA. 3ITO, P WHACTHOCTH,
CHXMA@T KM MPMHUMNHANLHLIE COMIEHMA B OTHOMEHMH NPaABOMEpDIIOaTH
TEpMOAhBAMUYECKOTD TOAXO0ZA K PaCCHOTDENHD MHTepecyrmerc nac
34eCk CTATHCTHNECHNOro AHCAMOAH TrpaDUTHDYOmMX OGLEKTOR -
MOMaTHRIX Ten ConreuHoff cHcorTeMM (M Rame oMeTHOH TOfCHCTeMM
FanaAKTHKH B LENOM) . '

2. 3aknouense, PPeANOCURKM ¥ DEPCACKTHIM TEPHORHIANNYGC™
KOre NORXOEA X MNCCNejoBaHN®  ancanban KOHETHMX Tesn
CoumonloR cucTerm

Taxkoeu napeiie KaYeCTDheRHME Pe2ynLTaTM MONMTKH
TEePMOOMHAMHYECKOI'O 1IOAXOAAa K awaiHay cBoficTe M JIBOANLUHK
arcanGii woMeTHHX Ten ConnewHoRl cHOTerm. HCXORMMM RYHKTOM
ANA NPORCAEGHHOrO ANOAN3A RBARETCA KONICTAUMA pPefIHKTOEOrO
pozepsyapa KOM@THMX Ten ConHeuNnoR CcHCreMs KaKk, R KOH@JHOM
cyere, YHHTAPHOrO MCTOYHMKA 8cex MaliopgaeMux HoMer, a
kaufonee o6UMM TEODETHYOCHMM oONpasjaliHed - nepeufl nabpocok
.OCHOR, HCXONHMWE HAeH HENPCTHBODEYHBON TEDHOAMHAHMKM CHCTENM
rPAapMTHPYOWHX  MATEDHANBHMX  TOYeN. CoveTanle  HOHNSIIUHM
PENHKTOROrCG pelepsyapa H  TOPHORMHAMHYECKIro lOQXOmA K
npoGnade MNPOUCXONAGHHA H JDONDUHM aRcAMONA KUMeTHMY. Teid
Conneunnil cHCTeMM OKE3MRAETCA, BHAIMO, HAOCTAaTO'Mo olemanmHH,
4TO6M CMMTATE OHpajal‘IbMH AANIsHeflEXe HCCNeAOBANHA B AAIHOM M-
CHENMHMX RANDaBNEHHAX.
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Peawue
®.A. UHuuR

HPOSICKOII.HIIIB M 3BOJKLIHA AHCAMBHA KOMBTHHX TEA
CONHEYHOR CHCTEMH:' TEPMOAHHAMMYECKME ACOEKTH

Npennaraercsa ll.laﬂlll TOPHORNHAWNNIGCHNX ACNOKTOR ancaménna
KOMOTHNX Ten ConnesAoR cHCTeMM.

Summary
F.Tsitein

GENESIS AND EVOLUTION OF AN imsmu OF THE SOLAR
SYSTFM COMET BODIES: SOME THERMODY™AMICAL ASPECTS

An anilysis of some thermodynamical aspects of the Bolar’
System comet body-ensemble is proposed.
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Pfuea.l.

Cxesa POANKTOBOIND pPY3@DBJAPA KOWOTRMX Ten ComMevHofi CHCTeHM
H ero ranaxthveckoll OKpPeCTHOCTM.
(Macmraé apulmuantensno sorapuduHnecxuft)

- Consue; 3 - Jemma; D - Daurep: C - Carypw)
= ¥Ypanj H - Hentym}
= MORC ACTEepoHROR} A ' i
-~ moAca Kajmwipyax-lloNOHCKHO NOMETHMX TEN wemay
ODRAHSTAMM - IHTAHTAMMN] <
» - MOAC NOMOTHMX T&A Yunna
4 =~ “TyHHesAR MHeycTORWHBOCTH®™ OKORO oOpdMT
naaHeT = FHranros;
h - monwaa OSHepru¥ KOMOTHOTO TeAa (yReALNAAR).

-1 B Fol
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