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OF THE_VARIABLE STAR BD+28°637

L.N.MOSIDZE
(Summary)

B On the basis of three-colour photographic observational data
_obtained in 1960-64 the emission star BD+28°637 has been estimated
to be a variable of the RW Aur type.

0 The 1light curves in three colours have been drawn (nearly 80
gi 9*"?"*19“' for each colour). The colour index variations indicate
L “l‘ ultraviolet excess of radiation to be present. The diagrams
1215 (_‘713). (v-3,0), (B-V,U), (U-B,V) and (B-V,V) have been drewn |
litut:&,:.:j,g: z :ﬂm-nuun diagram (fig.3) the star 1is

; _.":-o SEE i br:::d;h:‘m the two-colour diagram all the indi-

R star to the main sequence line;

2gh some of them noticeably 4 |
s g epart from it on both sides (fig.4)

brixhhnin; of the star,
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e85 some increase of ultraviolet exocess

Y L R e s e e

R,M.WEST (Copenhagen Observatory)

Abestract . An investigation of the 3600 - 4000 A
region in G and K stars (mainly gilants) has been carried out by
means of 194 objective prism spectra of dispersion 110 A/mm at
3900 A, Thirty-seven lines and bands in this spectral region we-
re identified and their depths measured relative to two diffe-
rent etraight-line continua, Ten additional points situated on
peaks between the lines were also measured, Correlation coeffi-
cients between various spectral parameters (MK spectral class,
(u-B), (B-V), My, C, C" and [Pe/H]) and the 1081 possible line
depth ratios were computed. Then those line ratios that showed
the largest correlations were selected., Finally, linear combina-
tions of these line ratios from which the spectiral parameters
can be determined were established. This rather lengthy procedu-
re implies that no major speciral criteriae could possibly be
overlooked and that the adopted criteriae are really the best
available for the present spectra.

The main result of the investigation is the establishment
of a scheme for a quantitative spectral classification of the
G5 - K5 stars at the present dispersion.

Especially, it is possible to determine the value of
[Fe/H] for G8B - K3 giants with a mean error of 0.15.

For the spectral class and the luminosity, the optimal ac-
curacy is found to be ¥ 1 subclass and x 1m, respectively. The
colour index (R - I), being an indicator of the effective tempe-
rature, can be determined with a mean error of 07045, No crite-
ria for the MK spectral class and the luminosity have been found
that are definitely better than those known in the blue spectral
region, The possibility of determining [Fe/H] should therefore
be the main reason for using the 3600 - 4000 A region in classi-
fication work on G5 - K5 stars at this dispersion. -
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1, Introduoction. The 4000 - 4800 A
region has always been the most important in vieua) olu
tion work on G and K atars by means of medium and 11‘ ,
on spectra (more than 100 A/mm), However, - e
have added useful classification oriteria
the spectral region shortward of 4000 A,

After Lindblad's (1] discovery of the CON system

:::d :t 3883 A as being a sensitive luminosity indicat

ention was given to the ultraviolet cyanogen bandg

;:rvay of the classification work carried out at the é

ockholm observatories until 1946, of, Lindblad [2

[3] continued the Swedish investigations and e
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prism spectra of intermediate dispersion (110 A/mm at 3900 A),
As shown by van den Bergh and McCarthy et al. there are gensiti-
ve metal indicators in this region of the spectra of G dwarfe,
Pherefore, it might be advantegeous to investigate the possibi-
1ity of such indicators also for G and K giants which, contrary
to the dwarfs, could be used in a future investigation of the
distribution of the metal in the Galaxy, Reliable (Fe/H] values
for the calibration of metal-content sensitive spectral criteria
are now available for peveral late type giants, The three-dimen-
sional classification of ¢ and K glants by Gyldenkerne [14] and
the extension of this work which is now under weay at the Copen-
n Observatory also furnish an important calibration matarlal,
In order to make the investigation of this spectral reglon
more complete, it was decided %o pearch not only for metalliclty
oriteria, but also to jnclude the two other fundamental parameters
for stellar classification work, the gpectral class and the lumi-
nosity. This search was carried out by means of an electronic
computer and involved the computation of all ratios between the
depths of easily observable lines in the 3600 = 4000 A region,
{8 believed that no major spectral criteriae have escaped atten-
tion and, accordingly, that the search is complete for the speci-
ral region and the spectral parameters.

The observations, the calibration of the plates and the
recording of the spectra are described in Sections 2, 3 and 4.
Since no tables of the features visible in spectra of late type
stars in the 3600 - 4000 A region at this dispersion are avai-
lable, wavelengths have been determined and the features subse-—
quently identified in Section 5. The measurements of the recor-
dings and the search for line-depth ratios usable for classifi-
cation purposes are discussed in Sections 6 and 7. In Section 8 a
classification scheme is proposed for ultraviolet spectra at the
present dispersion of G5 - Kb stars. Finally, the conclusions

are given in Section 9.

hage

It

The observatilons., 194 ultraviolet objec-
tive prism spectra of 118 late-type stars have been obtained du-
ring the 1966-67 season by means of the 70 cm Abastumani menisc
telescope equipped with an 8° prism., The stars were of spectral
classes G5 - K5, except for two G2 stars, one MO star and one M2
gtar. 17 stars were of luminosity classes Ib or II, 81 stars of
classes II - III, III or III - IV and 20 stars of classes IV or V.
The selection of program stars was made in order to have as
many as possible with known values of the following parameters:
(u-B), (B-V), (R-I), My, C, ¢" and [Fe/H] . C is 8 measure of the

2,
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metal content (Gyldenkerne, (14]). C", a parameter similap to
has been oaloulated from new values of the spectral Indiogy U
k and m given by Dickow et al. [15]. The program stars are i
ven in Table 1, 8.
. The values of the parameters in columne 3 - 10 of Tab
wers taken from the following sources:
MK - type: Hoffleit [16]; Jaschek et al, [17];
(B-V),(U-B): Johnson et al. [18]; Argue [19]; Argue k),

Lo

(R=1I): Johnson et al, /[18/; Argue /[21}
3 Four stars had their (R-I) computed from

Stebbins-Kron six-colour (R-I)¢ by means g
(R‘IJ = 0-83 (R-I)B + 00383;

l': Iv (m) from Jenkins [éa?for dwarfe, olge
M, (K) from Wilson [23];

C: Gyldenkerne [14];

C™: Computed a8 C" = n + 1,1k + 0.67m + const
from Dickow et al, /15 '

Fe/H: [‘d7'

Helfer and Wallerstein /24] ;
In the two last columns are given the
the plate numbers, referring to the
Notice also the comments to Table 1

For practical and economical
stars were collected into groups
consisted of stars which were
nearly the same U -
spectra of the three
It was originally int

number of spectra

platelibrary in Abastumani,
Teasons the brighter progras
of three, so that every group

close in right ascensi
on and of
magnitude in the standard UBV syetem. The

stars were then obtained on the same plate,

two spectra of each star.

8
different nights, The nunco::;: ﬂlrponaib1. to the meridian on
N of the observatio

ne of the

three stars was re

mize the effects o:.:::d &8 the dyo ®Xposures in order to mini-
Such 5 the ong g g :tand Postexposure, 4 Screening device
L e ]
of.McCarthy et al.,

Caste]l
10 iy
[9]), would bave been agy ‘nd:i:° :
et L Wa8 not accessible,

dak Ila - g plated and oco-

3600 - 4000 A regi-
: lon 15 given in Tab
of the Objective B oy

the exposure
8T8 brightep than

« The disperg

B 4) were

dev 12
; Btandarg develo gaored g

Per bath du-
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ring 11 min, They were waphed and fixed during 15 min in a stan-
dard fixing bath, Due to the minimal dust content of the alr in
Abastumani’ the plates could be dried freely without any special
precautions,

Only spectra of high and medium quality were used in this
recearch,

3 I h e calibration. All plates IIa - O had
the sama emulsion number, but the callbration plate was always
taken from the same box as the platee to be calibrated.

A few hours before development the calibration plate was
exposed to a wide-band standard spectral lamp through a ISP-51
spectrograph, By inserting a thin foil stepfilter, nine specira
of the standard lamp with known intensity ratios were exposed on
the calibration plate, Due to the small emission power of the
standard lamp shortward of 4000 A, the spectira covered only the
region 4000 - 4900 A (the upper limit is the plate limit). The
precise wave-lengths in the spectra were found from a calibrati-
on made on the spectrograph., On every calibration plate two sets
of spectra of different intensities were exposed with a common
exposure time of 30 sec which was assumed to equal the effective
exposure time at the telescope. The calibration plate was develo-
ped together with six spectral plates and hereafter a common ca-
libration curve, determined from this calibration plate, was used
for the six plates,

The calibration plate was scanned at a MP4 microphotometer
in Abastumani, Scans were performed in a direction perpendicular
to the spectral dispersion at 4050 A and the density across the
18 spectra of the standard lamp were recorded., The final calibra-
tion curve for 4050 A was obtained by displacing the two density
curves along the log I - axis in a (log I, density) - diasgram.
The two curves could always be brought into good coincldence.

Since the standard lamp had only a small emission power be-
low 4000 A, calibration curves could not be established at shor-
ter wave-lengths. Hereby a systematic effect could have been in-
troduced., It can, however, be judged from Kodak diagrams (kindly
made available by Mr. J.Rossen) that the change in the calibrati-
on curve will not be large when going from 4050 A to, say, 3800 A.
Furthermore, by intercomparison of all calibration curves obtai-
ned at 4050 A, only very slight differences have been noticed.

It ie therefore believed that the adopted procedure is safe and
that only very small errors of differential nature have possibly
entered at this point, !
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IEENs sy s ording of thoe 8pe gy
The speotra were scanned at the NP4 miorophotometer, The oalyy A,
tion ourve was represented in an eleotronic device (°foK0t1y.,
[25]) and the speotra were recorded directly in intensity on ‘n
pen recorder, The scanning rate was 0.49 mm/min, Por the intep.
val 4050 - 3600 A this makes a total of gO min, for one Bpecty
insluding the recording of sero ourrent and plate backgroung,
The spectra were projected on a slit (0.3 mm ) and magnifieq py
g0 that the slitwidth was equal to 1.6 A at 3900 A, The 5“1"1110.1'
meter constant was 0,7 sec, corresponding to 0.63 A at 3909 A
for thia scanning rate. ’

Seldentlrlication of 4Yhe lineg
Most of the spectra are overexposed above 4050 A and Lmdﬂra]:po:
sed below 3600 A, Between these wave-lengths a great number of
lines and bands are visible, Due to the lack of any table of
speciral features in ultraviolet spectra of G and K stars at th,

present dispersion an identification was carried
o ed out in the fo)-

Thirteen spectra of the highest quality of spectral clas-
8e8 G5 to K5 and luminosity classes Ib to V were picked out
All visible lines between 4000 A and 3600 A were measured w.:Lth
::;;‘o;;:ar at the Copenhagen Observatory, Starting with ten

ntifiable lines from 3968 A to 3619 A (marked by an

"x" in Teble 3), ap
Proximat L
of a leaat—lqun;e ° "ave-lengths were computed by means

Specira, By furthe
tlgnn constants
identified,

me of the lines, the Har-
» Tinally, all 37 1ines were
ngth determination depen-
Ry line but was close %o X 0.4 A
‘j"i;.fur KO ITT 8tars,Checkg wor:am: S 7 Taert s f26], oy
ovhier existing tap) Performed by means o

Pe stars (for rarer:::r B ariclst 11n,, in Bpactrafo:h;a:::tl‘

Warner's °» of.Meri), [

i Compiled at Blinh'h[i:l’;:; z:“" tables as well 88

° PTesent ony (46 Ve .’spor
/e

In Table J
the most important.
8Pectra certain 1ines
S10ce this wag not the

in some pygy_

" Aigh-qua)yy
Ore componenty
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cage for spectra that were of medium quality, these lines were
congldered as unresolved in all cases,

As mentioned in Sectlon 1, the region 3900 - 3800 A in the
spectra of G dwarfs containe features that are sensitive to the
metal content, In the present work - which is primarily an in-
vestigation of glants ~ it was considered of importance not only

to meapure the above mentioned thirty-seven lines but also %o

include several points on the peaks between the lines, Therefore
a total of ten more points were added (cf.Table 3, lines nos.
43 - 52). They are shown by the verticzl lines above the spect-
rum in Pig.1., The lines were numbered from € and onwards for

programming rcasons,

6, Heasurement 1%t ne
d 8 pfhias T Since 2 continu-
um in the physical sence of the word could certainly not be

o f t he

h e LA S i o U R L7 4 S kS i el
drawn, it was decided to place two quasi-continua in a consis-
tent way. In what follows they are denoted by CONT I and CONT II
(cf. Pig.1).

CONT I wae drawn as a straight line,connecfing two points,
one at 4020 A and the other near 3680 A. The position of the
last mentioned point depended somewhat on the spectral type. It
was chosen so thaz the straight line only touched the spectrum
in the two defining points and was above the spectirum elsewhere.
CONT II was drawn as a straight line from the peak between the
H and K lines and intersecting CONT I in its lower defining po-
int, In some spectra, the region above 4000 A was overexposed
and CONT I could not be drawm.

The measurements on the recordings of the depths at the
fourty-seven points were carried out for 151 specira in case
CONT I and for all recorded spectra in case CONT II. For the 151
spectra the line depths corresponding to CONT II were automati-
oally transferred from CONT I by means of an electronic computer.
In case of plate errors or difficulties in localizing the line
bottom, the 1line was not measured, In some cases the bottoms of
certain strong lines and of lines below 3650 A were underexpo-
sed, These lines were also disregarded.

7. The establishment¥ of s8pect -
ral eritexria . The following analysis, the purpose of
which wae to find usable criteris for the spectral parameters,
was based on the line depths measured at the fourty-seven
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points shown in Pig.1 and tabulated in Table 3,

The recorded spectra were divided into 18 groups; groy
1-9 corresponding to CONT I and groupe 11 - 19 t:ior::‘aapomuu‘t
CONT II. The number of speotra and the characteristics of "Oh'
group are given in Table 4.

Correlation coefficienta between the 1081 (= 47 x 23) e
sible line-depth ratios and various spedtral parameters wep,
computed by means of an IBM 7094 computer. The parameters wgp,,
MK spectral Qllltl}. (B-V), (U=-B), (R=I), uvl ¢y C" and [Pﬂfﬂ]‘
The ocrosses in Table 4 indicate for which parameters and groul
these computations were carried out. '

¥hen the correlation cosfficient between a spectral pars.
meter and a given line ratio exceeded a certain numerical 'lim
8 print-out was made of the numbers of the lines in the ling n
tio, the correlation coefficient, the number of spectra, the (1
efficients for the regression line, the standard deviation and
::r“:t:::tem::; fl:ah:.::ong these line ratios, those that

est" ones) were handpicked accor-
ding to the selection criteria given below,

2 ba::b::: '.:‘::n:::; ;:: ::: line-depth ratios assumed to bs
. umns of Table

;; :: group number (cf, Table 4)

numb

The s o;rt;z:ila::‘::::t:: ::::tz::arved (Table 1)
3) the two best line ratios (numpers

4) the numbers (n2) of
B
aremeTes b Tox pectra with observed values of td

which
Te measured the lines in the line ratio W

5) the number
ween the obi:srie:r.;:‘ OtT8 for which the residual bet
exceeded twice the .t.:::put.d Yalue of the pu&metar
ression line ' ‘ard deviation around the reg-

6) the standard deviati
where (0 - @) -em.::. €= (E (0 - 0y (n2-n3-2))"%
lue of the parameter 4.

5 are as follows:

referring to Table }

2 °T and th, the computed L
those spectra for wpy.y ., °@Mation
tultiile, D the condition 1:0:::13‘:“ ;n::uﬂ
: )
‘ 5‘5' KO = 6,0, k5 = 6,5 d
T G
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Thus ¢ 18 & measure of the external accuracy in the determina-
tion of the spectral parameters by means of the present method,
Phe exclusion of & few, greatly deviating values is of importen~
ce when a preliminary analysis like this one is carried out by
an automatic computer, so that the computed £ 's are not serio-
uely influenced by grose errors,

The criteria according to which the "best" line ratios we=-
re selected were:

1) €& as small as possible,

2) n2 as large as possible, i,e, the lines entering the 1i-

ne ratio being measurable in es many spectra as possible

3) n3 as small as possible.

In some cases measuring errors were detected when a spectrum ful-
filled the condition for exclusion, These errors were corrected
and the computations repeated.

The computations so far involved only one line-ratio at a
time, Since a combination of line ratios might yield better re-
sults, a further investigation wes carried out for some of the
spectral parameters. According to the above mentioned selection
criteria the five to eight best line ratios were selected.With the
GIER computer at the Copenhagen Observatory all possible linear
combinations of these line ratios were investigated by meens of
a least-squares program, Again the best combination could be se-
lected according to the following natural criteria:

1) ¢ as small as possible

2) not more than two or three line ratios in the combina-
tion with due regard to the size ofy

3) the line ratios in the combination should be measured
in as many spectra as possible, l.e. be generally easy
to measure.

In Table 6 are given the "best" combinations, They are be-
lieved to represent the most usable criteria for the spectral
parameters in connection with the spectra that are investigated
here, The columns are:

1) The group number (cf.Table 4)

2) the number (n) of spectra with knowm values of the
spectral parameter and for which the lines in the com-
bination were measured.

3) the linear combination of line ratios from which the
spectral parameter is computed and the computed mean
errors of the coefficients

4) the external mean error & . = (E(O—C)zl(nﬂm)fe whe-
re m is the number of coefficients in the combination.
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Here again (0-C) is the difference between the obsep
ved and the computed value of the parameter 3
th & e Ve
5) the internal mean error &y, = (EV7/(ng = n,0)) vhop,
v is the deviation of a computed value from the meap
value of a spectral parameter of a star, The oummaty,
is carried out over all spectra of stars with two op ;
more spectra
©) the number (n“) of stars with two or more spectra
! 7) the total number (ng,) of these specira.
t
; :::: here be recalled that Eext in Table 6 includes al}l
pe » Whereas some spectra for the above explained reason w
re excluded in the computation of & in Table 5. y
For a
ey given spectral parameter, eint would be expected
about the same for all groups. Although this if not the
86 ~ parily due to the statistically small val o
(columns 6 and 7 in Table 6) B
- it is hereby possible %

id;
ea of the internal accuracy of the observational mat
In what follows the results (cf.
parameters is discussed,

ot and nap
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erial.
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with uous spect

£ b‘:nclu::; ;:::ml of 1 subclass, and the H:a:],::l S
a8 -
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restriction does not present any real difficulties.
(U =B), (B=V) and (R - I).

(u-B), (B-V) and (R-1) were included in the present inves-
tigation aB examples of continuous spectral parameters., The va-
lues of €& for (U-B) and (B-V) in Table 5 were rather high and
no further analysis was done on (U-B) and (B-V).

(R-1) looked more promieing and improved combinations of
line ratios were computed, From Table 6b it is seen that E'ext
for groups 1, 2, D 11, 12 and 15 are between 07032 and OTO49.
The results are ghown graphically in riguree 3a to 3f. Linear
combinations were also computed for groups 9 and 19 but only gi-
ante and supergiants followed the regression line; the (R-I)AB
for dwarfs computed by the formulae for groups 9 and 19 are sys-
tematically too high, Thus, (R-I) as a good indicator of the ef-
fective temperature (calibrated by Johnson, [29] ), can be deter-
mined with a mean error of about 3 0?045 if the luminoslty class
is known. It should be noticed that .the spread in the values of
(R-1) for the dwarfs is not very large (cf. Figures 3c and 3f).

i The reliability of MV(K) has been questioned by Hodge and
Wallerstein [3@], viallerstein [31] and the present author (West,
[32] ). It seems as if the calibration for the giants could be in
error by a few tenths of a magnitude. However, the use of MV(K)
as a luminosity indicator is justified here, first because it is
the only quantitative parameter known for the late-type giants,
and second because the eventual systematic errors are much less
than the obtained mean error (ﬂuim).

Some difficulties were encountered during the Mv calibra-
tion. First, computations were carried out including stars of
luminosity classes I and II. But it did not seem possible to
distinguish between the supergiants and the giants, since all
combinations of line ratios that separated dwarfs and giants we-
re strongly curved towards higher luminosities and almost inva-
riably placed all supergiants around Ly = v1® , It might have
been possible to solve this problem by the inclusion of quadra-
tic terms in the line-ratio combinations, but this was conside-
red to be too large an extension of the analysis at this stage.
It wae therefore decided to investigate the dwarfs and giants
only. )

The optimal values of €& . 4 Tenged from 0752 for group
6 to 1?29 for group 7. Groups 9 and 19 showed very large values
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of £ in Table 5, and no further analysis was performeq, o
lues of ¢ int for groups 6 and 16 are exceptionally ) b "

ow ahﬁ
not be considered real, A possidle explanation is the dioty
OR Of My values in these groups. From the other groups y, sihw
ot

Wore ressonable value range of 077 to 079. With the valueg
;3“ and the commonly accepted mean error of a -
+3, there is still some cosmical scatfer left,
true value of & t is about 079, The results for

16, 17 and 18 are shown in Pigs. 4a to 41,
Although supergiante cannot be 8eparated by the pre
ne-ratio technique, it is easy to do this by visual 1;1: L
For supergiants the break around 4000 A s
normal giants, cf, Figure 5,
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In Table 7 are shown the linear expressions by which
[p.,/u] Ap W88 computed, the number (n) of spectra for which
(Fe/H] pe YO8 known and the standard deviation for ( [Fe/H] e
[Fo/H) hB)' See also Figs, 8a and Bb,
1t ie found that the standard deviation is about the same
as the stated mean error of a high dispersion [Fe/H] value ¥0.15,
The calibration of the [I"e/fﬂ pe has been czrried out on
the basis of a material of 24 highly selected stars with high
dispersion valuee of [Fe/}{]. The linear combination of g and m
by which [Fe/!i]pe ie computed does not depend on the (R-I) and
L values and 1s therefore a pure measure of the metal content,
The very good agreement between [Fe/ll:lpe and [FG/HJ&B that is
demonastrated in fige. 8a and 8b strongly supports the conclusi-
on that the metal content of G8 - K3 giants can be determined
by means of the present objective prism epectra,
If the standard deviation shown in Table 7 fully belongs
to our [Fa/H]AB values, then a classification of G8 - K3 giants
into at least three EE‘e/lﬂ classes for stars in the interval
0=>[Pe/H]= -1.0 4s possible by the line-ratio method.
8. The determination of 8pecd-
ral parameters . It is suggested that a determina-
tion of the MK spectral class, M, [Fe/H] and (R-I) of a G5 - K5
star by means of spectra taken under the same conditions as the
present ones is carried out in the following way:
Given a recorded spectrum (ordinate: log I). By visual in-
spection make sure it is in the range G5 - K5, Place CONT I (or
CONT II), If it is not a supergiant (according to the break at
4000 A cf, Fig,5) then find the MK spectral class from the for-
mula for group 9 (19). Depending upon the MK class, find M, from
the formulae for groups 6, 7 or 8 (16, 17 or 18), Find the imp-
roved spectral class from the formulae for group 1 (if it was a
supergiant), 2 or 5 (11, 12 or 15). If the star is a giant in
the range G8 - K3, then [Fe/ﬁ] can be determined from the formu- Pt
la for group 3 (or 13). Finally, (R-I) can be determined from ' %l
the formulae for groups 1, 2 or 5 (11, 12 or 15)., The effective AL
temperature is then found from Johnson's [29] calibration,

9. Conclusdions.An investigation of the
3600 - 4000 A region in the spectra of G8 - K3 stars
arch for features sensitive to ve :
been carried out by means of spectra o
3300 A. The apparent optimal « o
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ctnn is given in Section 8, It is now valuable to compare th
‘results with those already known for the blue region, 3
In the present classification goheme the obtainable Acg
- Tacy in the MK spectral class and M, is about 21 subelass &n:‘ i
..--;\'!'i_'“'lﬂ“i“l!- It is nearly the same for CONT I and CONp
iﬁ&iuting that no serious losses in accuracy are encountereq
~ when drlwi.n; a straight-line continuum in different waye,
S 1-; is concluded that there does not seem to exist any o
 teria for the spectral class and the luninosity in the 3
3600 = 4000 A region definitely better than those already known
in the blue region above 4000 A, |
~ An important result of this investigation is |
:In_llt.thrl::jigotl:; 'I.;z of [Pe/'H] for G8 - K3 giante with a m@.‘
8n error of - 0.15. his accuracy corresponds to & class- 5
on i‘“" three or four metal-content classes in the ;n:::v:iﬁu-'
> [Pe/H]> -1.0. In this work the limiting U- '
'-é' S Ve magnitude is cloge
11.2. Por a KO III star with M, = +1™ and (U- i '
cording to Johnson, [; his ¢ e 1193 (aig
ording ohnson, [29]) this corresponds t '
of 460 pe, A 1&3&-’30510 mest” t s aletenty
1 LRI of.iatgityp‘ :f:nion of the distribution of
i A e ® & t stars would therefore be
. B 8is of tn. preeent result,

1,
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5 1967. The rest of the work was done

gﬁs;an-nnrznd through without
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gome of the computations were done at the GIER computer
at the Copenhagen Observatory which had been made available by
the Carlsberg Poundation, The correlation coefficients were com=
puted on the IBM 7094 computer at the liorthern Europe Universi-
ty Computing center at the Technical University in Copenhagen.

August, 1969.

fory e . o o i i i

603060 8.39060 (3963049600 mBLIIFIENIN)

(96n7300)

G5-K5 guibggcogavasnb, [18 L Bpolign FuALIIEO3NL UOMYI~
629na (gofi. 1) ,080Laz86nbL m3Lagueninob 70-08 896nLIIA @a03bgm3-
89 1966-67 B.5. &m6n mdnadgnabobo Jinddon 00pJo7Co L39J§a80L
10087029089 ,0b0m JOEAINNLEYNG 383680 36004000 A /00LI)ALDS 1104/86
3500 A -avb/ ,396bn6ignyI0I0CN migo G8mn g0 60 AOrpgbnding 0 J0V-
LogoogM AIK-D3. qubn;uv/,aggopgﬁmam o Bgsanb [Fe/H] goazo-
0nLBNEYBN® . a0 BNJIZ0ITONY ©309239 Jofivdggriodnb U-B,B-V,R-I,G,C"
3uBLV8P5ANL dgLLdYSCMEIEN .

89669300 00 Go03nzaayew 37 L3ggafigon budn pu  EUEIEICHD
-10 3og0 Bva uiob /6ob. !,qba.3/ 30800330930 00035003900 EUX=
3729820m  LIJEAICN  JELELY Eo VELMCTETIO Lopneab  dpbge3 P
Jabli 4/ O00I00 X398980b0300 ;30800030000 BORERL ENIYRD=
30 , gopolnBxJem ¢3000 Gobudon GoEMBEN L3ngs6ICn bo8gdoL G-
806UngncvaY /bvday LOPHBI3RL/ 0LIDO 0uHEN33 0L, (MBEISPY 3060~
ogoodny w80 03 08 Lodadg JOFIA)ENeB.833 M BmO3d0RCK
800700806 /0b. 5/ aBaIC00 Uugomabngdo /gbl. 0/ boor
9030300 Bigeadl bIEIdIe /B0 2,3, % 6, '
L3ogeigon 606 3600-4000 A LUSD,




L4 R, M, Wesn t

—

-
- e e T -

1 C_nowoubD_COEKTPOB_YMEPEHHOA_JHCIEPCiny

- - -

NONYYEHRHX C_IPEAOBDERTHBHON_LPUINOL

PHXAPI M.BECT (KomemrareHckas o0cepBaropis)
(Peanue)

(B:;fueaa. ABYM@DEAR KOANYSCTBEHHAA CMEKTPANbHAA Kiace
; : i ACCHEg
un;lc L CH.KAACC; lv) 3Be3X THNA G5-K5 B YUACTE® 'stiut_an.‘()o;?‘
: yu mADANETDA MOTANAKYHOCTH [Fo/H],Marepranou nocAyxway !
elmu‘m;l:olggenua B AdacTywmaku Ha 70-cM MEHHCKOBOM rene.:mn
o 901; A)—o; nNpeXO0BeKTHBHOR MPHSMOH (mcnepcun I10 -;‘/;me’
« lpE 3TOM McHOABR3OBAHO II8 e

e CTAHZAPTHHX 3Be3)

. CCASXOBAHN TAXX® BO3MOXH o

0

e CTH ONpeXeieHus napawmerpos

BuxexeHd H oT

OXISCTBASHN
CNEKTPANBHNE AMHMM B KOAMYECTRS

37

Lyeu'ex:]:::nmunlo' 10 mixos vexxy moun (puc.I, racs.3)

i CTPYNNKDPOBAHH 00 CNEKTPANBENM K ’ ). HeGy
BeIHUHHAM (!uﬁu.a). AaccaM 4 adcoani-

Aas otxex
YHCANTER BHHX Tpynn
bHOI MAEMEN, DAacCMOTIDeH spe suai i ¢l o TomNeu B

OTHONeHHA MHT OXHHE Ba

o uxou:::c?:z;“l COSKTPAXBENX XuHWY (raydf:za::: ;§KHX
PEXROEKE ¢ Teuy i), KO-

paur. Cpexx xpurepues, A WHHMM MCEOMHMH Tlapanel-

HaX Xe HHuX :
sm Hanxywure (1ao1.6) 113 mocy TARKM criocodou (rada.5)
HEuX xpusax (pue. 2,3,4,6,7),

CnexrpaisEuil yuacrox 36

y M30-
POBHHA OKOHYATE NBHHX peryKnu-

ARYHEH :
X Hlo:;ocuemo CAa0H Mo cpagge

xou. Dapawer _ PasEeRyy

ZeXeHUA K f METOANKANOOTN [re /1) iy
HUA KOZODOTO COCTABNAO poygpge., - o e A

“‘c’m, Onpexg_.sl-rca loc!n CH

BO3MOX 2
CHOBEYD ey, yocye HOCTH ompe-

A0BAHUA JAHHOTO

; TOHO Xopomo,

An investigation of the 4600 - 4000 A region in ... 45

e ———————

10,

1.
12.
13.
14.

16.
17.

18.

19.
20,
21,
22,

23,
24,
25.
26,
27.
28,
29,

30,
31.
32,
33.
34,
35‘
36.
37

Astron.J. 1959, 64, 432.

van den Bergh S. astron.J. 1963, 68, 413.

McCarthy M, F.6,).y Treanor P.J.8.). 2nd Bertlau FoCeBole
TAU Symposium 1966, No.24, 59.

walke * Go.AWH Observatory, 1960, 80, 233.

Griffin R.?, and Redman R.0. Monthly Not. 1960,

oman N.G. Ap.Jd. 1992, 116, 122,

Gyldenkerne K., Publ., og mindre Medd. fra Kg¢benhavns Observa-
torium No, 178, 1964.

Dickow P. et al. Photoelectric Photometry for 1160 Late Type
Stars (to be published in Astron.
geries), 1969,

Hoffleit D, Catalogue of Bright Stars, 3. Ed., Yale, 1964.

Jaschek C., Conde H. and de Sierra A.C, Catalogue of stellar
spectra classified in the Morgan-Keenan gysten,

La Plata, 1964.

Johnson Hela, Mitchell R.I.,
Comm,of Lunar and Planetary lab, Ho.

Monthly Not. 1963, 125, 557.

Monthly Not. 1966, 133, 475.

Monthly HNot. 1967, 135, 23.

GCeneral Catalogue of Trigonometric Stellar Paral-

Morgan WV,

120, 287.

—

and Astrophye. Suppl.

Triarte B, and Wisniewski W.Z.

63, 1966.

Argue AJN.

Argue A.N.

Argue A.N.

Jenkins L.F.
1axes (and supplement), Yale, 1952.

Wilson 0.C. Personal communication to dr.K.Gyldenkarne,1967.

Helfer H.L. and wallerstein G. Ap.J. Suppe. 1968, No. 141.

Kotlyar L.M. Astron.Zh. 1960, 37, 888.

Warner B, Comm, London Univ. Obs. 1963, Ho.59.

Merrill P.W. Carnegie Institute Publ. 1958, No.610.

Wallerstein G, and Helfer H.L. Astron.Jd. 1966, 11, 351.

Johnson H.L. Annual Review of Astronomy and Astrophysics,
Vol. 4, 193.

Hodge P. and Wallerstein G. P.A.S.P, 1966, 18, 411,

Wallerstein G. P.A.S.P. 1967, 19, 317.

West R.,M., Astron. and Astrophys. 1969, September.

Rasmussen P.K, Thesis, (openhagen University Observatory,1969.

Greenstein J.L, and Keenan P.C. Ap.d. 1958, 127, 172.

Eggen 0.J, Astron.d. 1955, 60, 65.

Johnson H,L. and Knuckles C.F. Ap.d.

Stebbins J. and Whitford A. Ap.J. 1945,

1957: lgél 113'
1oz, 318.




SELS

1068 §8L8
T065" 84S
8626'€8LS
SL85'w8LS LTLS
6409'6409
gh09'Eh09
968¢

4985

©98s

THO9

THD9

THOO

s68S

#6826

<686

n68S

§68¢

w68

wEES

46QRQ
s909' 5909
198s

1314

ness

198§

z68¢

1

098s

198¢

1685" 0aRs
o BSBS
658

06gs

068s

8SES

068%

Ec6s'6e8s
6885’ oRLS

£585  ubLS
2885 L5858  wE LS
2055" 206¢
Lees"Lees’RLLsS
£88S
985" 8L nLLs
2585' 5615
2885’ 96 L5
E885' 0BLS

LT H

9645

8885’ 9645
1509" £065
g06¢" L8855  BLLS
1585  wbLS

$6L5

88859645

T e N T I B A R A R e e e . T T A T B
-

mEee
®s09

TI6S
18431

-

Mo NN e e ey e P
~
]

o= N NN e NN

£2°0-
64 0=

S0E° T+

STh I+ = -
ELE e - o
BZh 1+ aTH " 0+ !
6Sn" T+ s =
192" 1+ 4, -
agh I+ GZh'0+ s
0RZ T+ hEE "0 - =
TEE T+ {98704+ =
08¢ "1+ - N
CIh° 1+ T6E 0+ -
Aln T+ - =
SIS 1+ 86€ 0+ -
LAz T+ OhE“ 0+ -
HEZT T+ 9hE "0+ =
hET T+ £ZET 0+ =
DRE 1+ 16£°0+ -
01§ T+  wLE'0+ =
hET T+ = N
TLET T TLECO+ -

T B o e

i €L T+  6SE 0+

= I8 1+ 00%°0+

= BRI T+ 6S5{*0+

¢ 82 1+ hhEt0+

- LiT48 2 Thi 0+

- SZE 1+  6BL"0+

i ODN.. ﬂ‘ -

- ZhE“T+  BLL'04

- 05" 1+ 004" 0+

- 26Z° 1+ 6LL"0+

0= BEZ T+  9KE'0+

- (4 €3 i

Thh" 0+
0050+ L°0
058°0+ 88T+
094" 0+ 0L 0+
085D+ Z6° 0+
0790+ 00" T+
= G6H"+
- B9 1+
01970+ Lh T+
6ES 0+ 18°0+
84" 0+ 1670+
- Lh° T+
960+ 80" 14
LSS0+ 80+
06470+ 69°0+
12970+ L0071+
0hS D+ h9°0+
DE9 0+ Z1° 1+
0z 0+ 8L 1+
0hbG 0+ Z6 1+
S 0L T+
hih* 0+ 8h° 0+
- zL0+
0880+ 28" 1+
95§ "0+ 61°0+
0zZ5"0+ 880+
- L9° T+
BE9 "0+ BZ 1+
05h"0+ 95 "0+
06RO+ 67T+
895 "0+ Lo*
i
s S09°0+
66€ 0+
TEh' 0+
9tL o+
£5L70+
HIh 0+
SIS0+

985704
0650+
§h9°0+
T6n "0+
056°0+

III-1T1 ®Y

111
11r
I

A
111
1888

I1I

5

59
87
h
s9
™
5]
Al
o
€



LS85' w618
£H8S
9885" LLL5
9685' 685" 658
‘€62S'Z6L251T6LS
4SBS TI6LS
1509"' 2065

#SBS" T6LS
$8RS"S8BS " HS8S
‘ye8ct 1625 9LLs
555" hERS ' 164S
L1885' BLLS

9g8s' LLLst LLLs
£585' 0646
€68S"06L¢

TLBS

1509 £D6S

HS8S' T6LS

E33 1

wERS HLLS miLS
wERC wLLS
hBRS wLLS
£LLs

8685

268S

TL8S

8618S

£2L5

985 6985 nu/g
oLEs

Eegs' vnss
TLLS
ewls’ucyg
oLEs

zLes

BLES

Bies

ooes

£065" £L8S

] 2485
BIBS
LVEE43 Vi
6985" wuis
ooEs
985" LBLS

8625 ‘580" 92LS

ol

:.‘ﬂ

z - = =
1 - 98€°T+  66£°0+ -
z - £5Z°T+  9S¢T0+ - 265"

A - - - -

9

ﬂ - - - — -

z - 94€ T+  Zih'0+ - ©0S "0+
z - L6 1+ - - -

3 - SOE°T+  £8£°0+ = =

€ > z = - ~

z 090~ SSI°T+  §hEtO0+ = 9050+
H - - - = 6250+
z - - - - 050+
z - - - = ShD" T+
1 - hSETT+ 9870+ = 015" 0+
z - OHE“T+  HAL' 0+ - £Lh°0+
z - SEZ T+ STy 04 - =

T - 952 T+ - = 0TL"0+
€ - - - = €£89° 0+
z - €hI"T+  09E°0+ - "O5°0+
z - TLT°T+  ISE°0+ = BhS 0+
1 - - - = 0zLt 0+
1 - - - - CLLT0+
1 - i = - -

1 = = - - 0Lh"0+
1 - 684" 1+ - - 169°0+
1 = - - - £95°0+

= GhE"T+
= £0S° 1+ = -

084 "0+ 9.0+
- - =~ 0zZg'o+ LT+
- LLT° 1+ S$9€ "0+ — SBhT0+ 19°0+

= W62 1+ = —

= 95" I+ - -

hZ9 o+

250°0+

- EXETTE
- L5 T
-y L L0 64
- 9L T+

"




qasments_to_Teble 1

(;.V) pas been transformed from (P-v);

‘_ Lines that have

Table.2

peen ldentifled In the spectra (cf. Sectlon 5).

nggen DY )
(R-1) has been transformed from 01x-00loy Line no. Measured w.l. Identificatlion
(g.:)‘; Wallerstein and Helfer [26] .57 7 T
; X . . H
BY data from Johnaon and Knuckles (36] sibeiss  dsnt
smw type has been estimated by the 4 g 2 3943,6 3944.0  All
(R-1) bas been transformed from six-colom § ::::': AVl 84
{"‘”BF ¥allerstein and Helfer [26] | # ¢ ::::': :::
168322 ¥ ]j] from Greenstein and Keenan [34] 10 X 3905,8 3906.5 Fel
: q&hﬁtﬁiﬁi:iiih =0,5 (see Section 7) 3905.5  sil
&,ﬁ “u transformed from ﬂix-colm 11 3895-99 3899.7 Fel
(R-Dgi Wallerstein and Helfer [26] : e
- 3894.0 cril
ohnson and Knuckles (36] || 12 3887.3 3889.1  Hg
snstein and Keenan [34] | 3888.5  Fel
jth -0.5 (see Section 7) '? 3887.0  Fel
X ; 3886.3  Fel
erstein and Helfer [2@ 13 3878-82 3879-85  CN
tl'lnlftmled from six-colon,, 3878.7  Fel
14 3869-72 3872.5  Fel
._ 3868-72 CN
3 15 3859.1 3859.9 Fel
i 16 3849.3 3850.0 Fel
81l 17 3839.8 3841,1  Fel
3840.4  Fal
3838.3 Mgl
180X 3832.9 3832.3 Mgl
LORENEX: 3825.8 3825.9
20 X 3820.3
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31
32
33

34
35
36

3763.)
3758.3

31759.0

3734.9
3721.%
3710.3
3705-09

 wma
s
36781

3763.8
3758.2
3759.3
3749.5
3749,1
3748, 3
3734.9
3727.6
3719.9
3709.3
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3705.6

3693.9
3687.5

3679.9
3679.0
3669.5
3669.2
3662-64

Fal
Fal
Tin
Fal

NI
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Fal
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Fal

Fel

Call
Fal i
NI ]
Fel

Fal 4
Fal i
Fal
NI

- Several line,

TiLL, c”srlhﬂ.ﬂ

3656,3
3647.8
3647.7
3647.4

36317
3631,5

crl 1

N
Fel ﬁ
col &
Fel d
cril B
Fel 5
Cal
NII

Fal
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Table__sb *

Table.. &2 CU-8)
MK spectral class : s
£ . Group nl )Two bewt 1ine ratios n2 3 —
1 e b nl Two best llne ratlos ni nl £ E
2 St | S 1 13 12/14 -
: ) 13 1 0.070
; 12/18 14 1 0. 12 -07¢
3 13 “9/h9 15 1 o4 i » /3% 13 1 0.096
; 9/14 3
_ 9/14 92 5 0.1y 83 4 0.175
: ), 12/14 5. # otH 12/1% 84 3 0.162
4 3 65
s & 18/31 . i) 0.132 12/1% 62 2 0.195
18/52 62 s 0.126 17727 3} 3 0.193
L} 41 /14 39 2 0.0 ] 36 )
' 7748 40 1 o.oii ﬁﬁz 33 2 0.112
£ 36 1 0.165
5 31 6/9 31 3 0.108 5 29
; ) 8/52 3 1 0.113 15/17 28 0 0.144
5 o1 =g e g 15/18 28 1 0
sl oo 8198 138 2 137 9/17
R 71T ) 21 2 9/18
: .ﬁ#lz 21 1 1
1 LR 1 19 6/12
: : 12 125 9/14
5 14/31
2 13 87 17/27
2 14/31
2 14 53 14/27
2 14/23
4 15 29 15/17
4 15/18




Table.. i€

(8=v)

._51 Two”btst 11ne ritlonN n2
| il!ﬁl 13 1
‘, 12/14 13 1
9/14 87 4
5 12/14 88 L
/14 61 3
Sy : 13!14 63 3
9/14 37 7\
!s. .gf 48 Feae 38 0
oy L) TR 28 2
SRFLUN 29 1
132 2
130 2

PPy b

il
=

==

| it el LR Y won o

Table__5d
(R=1)
Group nl Two best llne ratios n2
1 13 9/48 13 0
11/48 13 1
2 60 11/14 57 1
12/14 57 2
3 48 12/13 47 2
12/14 46 2
4 24 7/14 23 1
12/14 23 0
5 22 9/12 22 0
22/47 22 0
9 97 9/15 92 2
47/49 91 1
11 18 9/48 18
11/48 18
12 94 9/16 89
11/14 92
13 68 11/14 66
11/51 65
14 41 7/14 40
12/14 Lo
15 22 9/12 22
10/52
19 135 9/49 .
13410




Table. .32

22

o LN

cl

1 |Two best line ratios | n2 n3 ~
b ¢ Table__5f
‘ 13/17 31 0
19/48 27 0 c
12/50 32 0
25/27 31 2 Group nl | Two best llne ratlos | n2 n3 €
8/18 17 1 T P |
44745 1 3 W7 14/49 45 3 0.015
/s 7 1 8/17 40 1 0.015
:g 2 13 67 8/18 60 2 0.015 !
28/50 63 3 0.020 |
38 0 '
34 0
41 : Table__59

Group

nl

Two best line ra;los

13

64

87

13/50
6/50

8/50
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Table

omparlson between [Fe/Hl,g and (Fe/H] ,,

ll'nIHlA;' ® 3 s.d,
e B | 0.715 - 0.334(6/50) 56 0.185
2,592 - 1.858(8/18) 55 0.173
1.433 - 1,183(8/19) 53 0.125
1,831 - 1,001(8/23) 55 0.152

~ 0.979 - 0.317(8/26) 55 0,217
1. 757 - laiﬁ(ll!l!) 64 0.195
-1, : 13/ 4! 57 0.284
76 0.178

78 0,246

78 0.158

85 0.182

86 0.175

82 0.220

i Ty 0.276

Flgure.sapklond.
Fig. 1. A spectral recording. The fourty-seven points,

where the depth has been measured, are Indicated by the line -
aumbers, 9lven In Table 3. The two stralght-line contlnua,

CONT 1 and CONT 11 are discussed in Section b,

Elg- 2a. The spectral Lype SDAB' computed as SpAB 5.0094
+ 1.485%x(C12/18). The code In figures 2a to 2h Is G0 = 5.0,

65 = 5.5, KO = 6.0, K5 = 6.5, M0 = 6.6, M2 = 6,8 etc., Throughout

the flgures, the Index ‘n’
determined by the present line-ratlo method by means of the
This flgure contalns 14 spectra and

refars to a spectral parameter,

Abastumanl! spectra.

= e Llls)c
£ axt 0.127 (spectral class

= 6.267 + 0,727%(9/14) -0.469%(14/25); 89
= 0.091.

Flg. 2b. SPaB
spectra; € axt
Filg. 2c. SpAB = Efﬁiﬂ - 0.086x(8/9) - 0.121x(8/52); 31
spectra; €... = 0.106.

= 7.214 - 0.329x(14/47) -0.274 (18/31); 118

Flg. 2d. SpAB
= 0,129. The luminosity cIusses have been lndf—

spectra; Eaxt
cated with dlfferent slignatures.

Fig. 2e, = 'Sp,p = 5:227 % (0. 359%(9/49) + 0. 77&(12/13);_3?

spectra; E_ ., ~ 0.106.
Flg. 2f. Spyg = 6.269 +0,586%C9/14) -0.347C14/2

spectra; Eaxt.= 0.104.

T P S
spectra;




"fﬂ_;:_!:i Went

n = 0,144 +0,625xC9/48); 13 spectra;

“Day "'7’}5;3:’-’ +0,323%C9/49) +0.199x(12/48);

0,580 +0.720xC11/14) ~0.115xC14/27);

SRR s

Ev- o

Fi Ay

An investigation of the 3600 - 4000 A region in

0.504 -0.092xC14/49); 45 spectra; £ . =

ba. c
Flg. AB 4t

n

1.605 -0.162%(13/50); 64 spectra; €

i
s 6ps G
Flg AR axt

"

n,548 -0,115%(8/18); 60 spectra; €

un
=
-
=3
-
o
.

. bc. c
Flg AB ext

i
Flg. 6d. Cpg = 1.554 - 0.062%x(8/50); 78 spectra; T 0.043,

Flg. 7a. [Fe/H] g = 1.831 -1.001=(8/23); 12 spectra;

g'xt = 0,114,

Flg. 7b. [FGIH]AB = 0,624 - 0,255%C8/50); 17 spectra;

Eout = i0:1185

Flg. 8a. Comparison of photcelectrically determined
[Fa!H]p’ (Rasmussen, 1969) with [FafH]AB = 1,831 -1.001x%C8/23).
Notlce that In this flgure [Fe!H}AB was not callbrated agalnst

[F""]ne'

Flg. 8b. Comparlson of photoelectrically determlined :
(Fe/H] , (Rasmussen, 1969) with [Fe/H), g = 0.624 = 0.255x(8/50).
Notice that In this flgure [F-!H]AB was not cgtjhrated.agalhst '

[FeIH]D..
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PA080II60  BBLIAISBNANDL  B0ICOBIGN
YMAHCHOA_ACTPOSMBUYECKON OBCE 101 ¥

99,1970
BATOPHN ® 39,1970

¥ _0_CYTOYHOM_BP TIAHET, I

P WM. EWJIAJIBE

SR ol S B npeAuAymux padowax[l] ,[2] sBTOpOM TMOCTPOEH KAACC OPOHT B OT=

e pannyenHofl 887846 Tpex TeJ, HASBAaHHNA KJIAacCOM KBABMKDYyTOBHX ODOMT; s

ke pacCHOTPER CTyuall, KOTAA IUAKETa HMEET MACCY, PAZEYD 1078 or cyu-

ugpHOH MACCH CHCTEMH ¥ TMOKA3aHO, YTO B BTOM CcIyyae pOf MaiWX yacTHi,

» HexoTOpHHl HAUANBRUN MOMERT BDEMEHW ABWEYWAXCA NO KBSBAKDYTOBHM OP= o

GuraM, NPUHOCHT TJIBHETE oTpUNATENbHHA BpAMATENEHHH MOMEHRT MpA CTONK- 0l

HOBOHHH .

B HacTosme# padore NpUBEZEHH DE3yNBIATH aAHAaNOTHYHHX nuqngaj_e_ -
Eeit ANA NAGHET, MMEDWMX MACCH, COOTBETCTBEHHO papsye 107,107 #
107° or CyMMApHOH MACCH. : ke

BuuMC/eHHe HAUANBEHX yCHOBAH MpOBEAEHO cnocofoM, OMHCARHUM B :
[1]. VmrerpupoBaHue ypaBHeHNEt ABHEEHMA punoiHeR0 ¢ mouomen SBM ¢ Yl
TOYHOCTED A0 AEBATOrOC 3HAKA Mnocle sanfrolf, o cnocody, Mpeanox Oty R 3
wy B/3]. BHUMCNEHWA MDA BTOM BHMONHEHH C MepeMeRHHM HEIOM: ¥
BDEMOEW NpH KAXZAOM mare WHTEIpMpOBAEAA BIAT IpONOPIHOHE
- CTORHHE OT TAAKETH AO wacryn). Taxoil BHCOp mAra HETETDHL
~ BONAET Ha BCEM MpOTAXEHMH OPOHTH OrpaHMIHTECA HEOONEN

YIEHOB NPK DA3JIOXEHWN MCKOMHX BEAWWHH B pAx. SaMeTHM,

TPHDOBAHWM ¢ MOCTONHHHM NATOM KOIHYECTBO qIeE

AOB, - HeoGXozuMOe ANA AOCTHEEHHA aazanHoH

OHCTDO pacTeT ¢ NpUOIUEEHHeM TPETHETo TEl!

- B xavecrse KoHTpOIA HCMOABBOBAH T¢

B ra6u. I zanu HekoTOpue pesyasrar

CH NIameTH 4 , HAYANBHOTO yAQACE

/n nuaneronenTpuIeCKOI

TIPUOIMXEHAA K MIAHETE.




