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GENERAL PROPERTIES OF HIi REGIONS IN GALAXIES
M.A. Smirnov and B.V. Komberg

P.K. Shternberg State Astrunomical Instlitute;
USSR Academy of Cclence: Institute of Cpace Research

l. General

A cloud of lonlzed hydrogen, the luminescence of the gas in which /5%
is primarily due to recombination of electrons and ions, is called a
HII zone. The surface brightness (both the optical and the radio
emission from the HII zone) is proportional to the degree of emission
(ME), which 1s the square of the electron concentration, integrated over
the line of sigl:t:ﬂf:fﬁenp d,e Ionization of the hydrogen in a HII
zone 1s due to ultravioclet radiatlion beyond the Lyman continuum (Lc).
With I, as the intensity of emission of a star, for the total number of

v
Lc gquanta emitted by the star, we have the expression

4, 9‘7‘ i’ 7?79

where Vl is the frequency of the Lyman series limit (A = 912A). By
equating to the number of recombinatlons, we obtain:
2 .
n ZC'-:"Z fI9 T Since the emission intensity I, is

:iven by the “1an~k';ormu1a, with temperature T, we find that

L&"?b [:jzué(yjllnb

where is the radius of the zone, u is the excitation parameter,
f(T) is function Ty, the gas temperature Te and the atomic constents.
Stars of spectral classes 05-B5 ionize most strongly. The excitation
parameters of these stars and thelr temperatures are presented in

Table 1.

TABLE 1
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TABLE 1 (CONT.)

Spectrumr 12 3 B4 J2t5)
TOo(K) 20000 I8600 I70G0 IH300
L fpaeri?y IT 7.2 5.2 87
Usually, HII zones are not excited by one star, but by several /6

stars of different spectral classes, and the greatest contribution te
lonization 1s made by type O stars. For a typical HII zone, according
%o [1], the following parameters can be introduced: diameter = 5-40 pe;
T = 10,000°%; ng = 10 em™3; n/n, = 1; My = -10"- 12",

HII zones are not uniform. A fine structure can be distinguished
in them. According to Metzger [2], the majority of HII zones with high
surface brightness consist of compact condensations with linear dimen-
sions of less than lpc, which are submerged in extended HII zones of
low concentration. The average conhcentration in the condensatilons is
high, reaching 102—10q cm—s, but they contain a total of a few M, or
several tens of Mo of ionized hydrogen. These compact ceondensations
probably are early evolutiocnary stages of subgroups in O associations,
in which the exciting stars are hidden in a dense dust cloud around the
star, in the majority of cases. In the Orion nebula, as well as in
other HII zones, there are still smaller scale inhomogeneities of ilonized
gas, from J..S-ZLO"2 to 5-10_2 pe, ng = 5-107 em™3 in size. This is on
the order of the dimensions of a protostar. '

Similar formations radiate intensely in the infrared range. There-~
fore, compact sources of infrared radiation; observed in both galactic
and extragalactic HII zones, are interpreted as protostars. The life-
time of HII zones can be estimated from the lifetime of main sequence
stars of types 05-BO. It 13'105—10? years. Similar estimates can be
reached from kinematic considerations [3]. After 107 years, the gas /7
will be swept out of the HII zone, and a "pure'" open cluster or O asso-
cliation remains.

The short lifetime, the connection with hot young stars and the

" presence of compact protostars in HII zones indicate an intenéive'star
formation process in them, whiech is ocecurring now. These are star for-
mation "boilers."
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TABLE 1 (CONT.)

Spectrum B2 o3 A B
Te°(K) 20000 18600 I7000 15500
L (pecri®) IT 7.8 5.2 8.7
Usually, HII zZones are not excited by one star, but by several /6

stars of different spectral classes, and the greatest contribution to
lonlzatlon 1s made by type O stars. For a typical HII zone, according
‘o [1], the following parameters can be introduzed: diameter = 5-40 pc;
? = 10,000%; ng = 10 em™3; n /n. = 1; My = -10™- -12",

dIl zones are not uniform. A fine structure can be distinguished
in them. According to Metzger [2], the majority of HII zones with high
surface brightness consist of compact condensations with linear dimen-
slons of less than lpe, which are submerged in extended HII zones of
low concentration. The average concentration in the condensations is
high, reaching 102-10u cm'3, but they contaln a total of a few Mo or
several tens of Me of lonlzed hydrogen. These compact ccndensations
probably are early evoluticnary stages of subgroups in 0 associations,
in which the exciting stars are nidden in a dense dust cloud around the
star, in the majority of cases. In the Orion nebula, as well as in
other HII zones, there are still smaller scale inhomogeneities of ionized
gas, from 1.5:10"° to 510" pe, ng = 5+107 em™3 in size. This is on
the order of the dimensions of a protostar.

Similar formztions radiate intensely in the infrared range. There-
fore, compact sources of infrared radiation, observed in both galactic
and extragalactic HII zones, are interpreted as protostars. The life-
time of HII zones can be estimated from the lifetime of main sequence
stars of types 05-BO. 1t 1is 105-107 years. Similar estimates can be
reached from kinematic considerations [3]. After 107 years, the gas /1
will be swept out of the HII zone, and a "pure" open cluster or O asso-
clation remains.

The short lifetime, the connection with het young stars and the
presence of compact protostars in HII zones indicate an intensive star
formation process in them, which 1s occurring now. These are star for-
mation "boilers."
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The largest number of hot young stars is in the spiral arms of /8
galaxies. Just like ¢the hot stars, HII clouds are concentrated in
the spiral arms. Gigantic HII zones are particularly strongly con-
centrated in spilral arms. Metzger, in studying the HII zone structure
of our galaxy [5], =2oncluded that the spirals are traced only by the
gigantle HII zones (see Fig. 2). Bripght HII zones outline the spiral
arms in other galaxiles very well, for example, in M 51 [6], or in other
spiral galaxiles with distinctly expressed spirals (this is seen well in
the atlases of Hodge [7, 81). Where the arms are wide and open, there
are HII zones everywhere. According to Hodge, in normal spiral galaxies,
HII zones f3ll within a ring, the parameters of which depend on the
dimensions, properties and type of galaxy (see Fig. 3). However, it must
be noted that the number of zones in the central part of palaxles can
be underestimated sigﬁificantly, because of the high surface brightness

W

of galaxies near the center, as well as the presence of diffuse emissions
in the H, lines. In irregular galaxies, diffuse emission in the Hy

lines frequently is observed, which covers the entire galaxy. HII zones
are located in them without apparent order. NGC 6822 and some other
irregular galaxies can serve as examples of such galaxies [9].

In [10], Hodge examined the distribution of HII zones in peculiar /9
galaxies, as well as their ancmalous distribution in normal galaxies.
He considered a number of anomalies in the distribution of HII zones.

In considering HII zones in binary and interacting galaxies, Hodge
did not find any primary location of HII zones with respec¢t to the neigh-
boring galaxy (of 13 galaxies studied, the largest HII zones of 6 were -
located on the side nearest the neighbdring galaxy, in the most remote
part of 4 and, in the remaining -3, their distribution made no difference,
with respect to the direction to the neighboring interacting galaxy [111).

If the dimensions of HII zones at different distances from the
galactic center are considered, no relationship can be found. Only for
HII zones of special circular shape, Boulesteix [1l2] found a similar-
relatidnship (FMig. H)._ These HII =zones have'a.high surface brightness
and dimensiohs ol from 50 to 200 pe.
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In classifying HIL zones by type, Monnet [13] distinguishes four
types of HII zones:

1. small HII zones, lonized by the radiation of one or more
stars;

2. HII wones in the nuclear regions of pgalaxies, characterized
by rapid movemnmmke1d ‘abnormal specltral line relationships;

3. gigantic HIXI zones in the spiral arms of galaxies, ionized
by the emlssions of small HII zones;

4, diffuse zones covering a considerable portion of a galaxy.

2. Relatiocn to Star Formation

a. We consider the relation of HII zones to star formation in /10
galaxles. The rate of star formation in galaxies 1s proportional to
_ !
the gas density to the n power: 9_{?_@:%0(%#?’& . In the simplest
dt as

case, the y ratio c¢f the mass of the gas to the total rnass cf the
galaxy can be used as the Pras characteristic. With s as the ratio of
the total mass of all forming stars in the galaxy to the mass of the
galaxy and with the conslderation that fraction r of.the mass of the
stars formed has again shifted to the interstellar medium, we obtain-

C(d-e)sep =l
in our galaxy at the present time,

$= () /(4= 13

foruy = 0.09 and r = 0.3, according ﬁo Metzger [5]. Our assumption leads
to the following equation:

ds _ 4 dt_ 4 o
dt M dt (,f_q)q:'/" ’




With the number of Lyman contiruum gquanta, from HII zone observations,
and the number of these quants per unit mass known (with the mass func-
tion of the stars consldered as in the vicinity of the sun), Metzger
found that

dMy, Z Lty <MY

. = 4,4 M
& 7 %, o R

where T 1s the lifetime of a radip HII zone. Thus, by substitution of /11
the numerical values; it turns out that, in our galaxy, u.2M0 per year
forms. “heory gives u.5M0 per year forn = 1, and l.b'Mo per year for
ns=2,

Since p decreases with time, the rate of star formation slows down
with time. 8Since the parameter which determines the rate of star
formation 1s not y , but ;, in galaxies with different matter densities,
the rate of star formation will slow down at different speeds.

According to van den Bergh, different types of galaxies have the
following characteristic densities:

E 100.107%4 g/er
Sc 10-107%4 g/c;3
In I1-107%4 /o

Therefore, the rate of star formation in them changes (according to
van den Bergh), as is represented in Fig. 6 [14].

In complete correspondence with this, the greatest ionization is
observed in Ir galaxies, and it decreases gradually from Sc¢ to Sa
galaxies (Fig. 5 from [15]).



b. Hodge also has found a relationship of the surface denality of
HII zones Oyjp YO the surface density of HI zones “HI for galaxlies
(Fig. 7 from [15]).

A simlilar relatlionshlp 1s observed for individual galaxies:

e 2.4%0,2
MBI Gz ~ Gy ze]
21204
19203
Large Magellanic Cloud Gu[{ "an [13]
5 .82 04 X
Small Magellanlic Cloud GHIT "'GHI [16.]
s
our galaxy G“é ~ G':‘I 9 -

That 1s, the rate of star formation is approximately proportional /12
to the square of the gas denslty.

If a graph of the relationship, number of zones in the galaxy
(from Hodge [20]) to the surface density of hydrogen (from Balkowski
(21]) 1s plotted, for galaxies of different types, a more complex picture
is obtained (Fig. 8).

According to a study of Madove [17], in M33, a different o vs.

HII

0.9140.14
]

“HI is observed, for the inner part of the galaxy, CHIT OHI and

) o
the other part of the galaxy, Ou1I 0HI~'5710-=“. This 1s :xplained by

varying thickness of the gas disk in different parts of the galaxy.
Toward the periphery, the thickness of the gas disk increases. With the
same surface density, the bulk density is different. The complex nature
of Fig. 8 can be explalned, if 1t is assumed that the thickness of the
gas disk has strong variations from galaxy tc galaxy.

The HII and HI distribution in the galaxies can be traced. Such
graphs for our galaxy and !33 are presented in Fig. 9. It is evident

-
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that HI extends very much further than HII frcem the center of the galaxy.
The star formation rate depends primarily on the local pas density, which
is determined by the conditions of development of large gas complexes,
According to the hypothesis of Quirk [22), star formation in galaxies

has led to the equality of the average density p and eritical density P oo
veginning with which, the rotatilon of the disk stops preventing the
growth of gravitational perturbations and gas condensation:

. i'”
o= =LK /76,

here K is the epicyclic frequency, which is connected to the angular /13
velocity of rotation of the galactic disk by the relationship:

= A4S (’/"“ﬁ”s'i"d,/a ’

and [ 1s a coefficient close to 1.1 [23]. Where p = P’ star formation
proves to be retarded and, according to Quirk, it occurs due to the loss
of gas with proevolved stars or the fall of gas into the galaxy from out-
side. According to Quirk, the HI distriburion is in good agreement with
that obtained theoretically, on the assumption that

Py, -

In a number of galaxiés, a hydrogen deficlt in the inner regions of
the galaxy also is observed. Pikelner expressed the hypothesis [247 that,
due to star formation, which is most active in reglons of high gas den-
sity, the'value of p tends to remain constant, while the thickness of
the gas disk decreases toward the center of the galaxy (because of the
growth in density of the star disk). This results in a decrease of
Ot towavd the center of the galaxy.

In galaxies where there is an active nueleus or a diffuse  HII zone,
a substantial portion of the hydrogen is ilonized, which resulds in a
decrease of Syt " "Rogstad [25] estimated the HI deficit néar the éenter
of M 101 at 3.5-102° atom/em®, and Monnet [13] found 3-10°° atom/cm® for
the.density of the diffuse nuelear HII zone. '

o b b b 1 e A e A b



e. wetzger [5)], in studying the distribution of star formation
rate over our galaxy, concluded that T1J of the stars form in the spiral
arms, 175 between the spiral arms and 12% in the central 200 parsecs.
That is, the star Tformatiocn rate in the center of our galaxy is 60 times
higher than in the peripheral regions. Since the star formation rate
in the central part of the galaxy 1is higher than in other reglons of it, 4;5
a larger guantity of heavy elements :hould form there, and the inter-
stellar medium should be enrlched in heavy elements and helium.

A chamical compOSition Fraﬂienu is observed in a large number of
galaxies, and it shows theic the neavy element content 1s higher in the
nuclear regions than in c¢he periphesiy of galaxies.

Data on the chemical compositiol, of the Interstellar medium can be
extracted frem study of HII zone spectra., The ratlo of the 011l and
HB lines changes with change in distance from the center of the galaxy.
The log Olll/HB gradient for M 33, M 101 and M 51, from [26], is pre-
sented in Fig. 10, Searle [27] also fuund a OII/NII gradient (Fig. 11),
and Comte also found a NII/SII gradient. These studles were conducted
in the M 33 and M 101 galaxies. The following values were obtained for
the gradients: ' '

38 M 101

M¥IN 5 MINT?
grecd M5 -0.5:10" | -5,7.1075
qua .:z’”’ -8,8-10™ - -~ 60+10~4

Similar grédients also are observed in M 51 and M 81 [28]:

| N/

MSI  1s1.,25% 1,53
| 1< 3,5" 1.07
H8I 7s1.258" 1.42
TS 3.5" o.-98'

In the sup, this ratio is 0.59 and, in the Orion nebula,_o .13. The
ﬁhemical composition gradient should be associated with variouﬂ degrees

-, . R - i A #
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of exeltation of the HIL zones, since, according Lo the theory of Kahn
[29], Mcrqz"l/z, where M, is the greatest mass of z star which can fornm.
He obtained this relatlonship frim consideration of the gravitational
compression of stavs, with dust taken into account. Thus, lower ioni-
zation and a lower LII zone temperature should be obgzerved in the nu- /15
elear regions of galaxies. This is observed, both in our galaxy [30],

and in other galaxies [31].

The helium concentration gradlent also is obserﬁed.

The Burbridges [32] present HQ/NII ratlos for a large number of
palaxies. According to theilr study, in 1lrrepgular galaxles, excitation
of the HII zones is higher than in other pgalaxies. This 1is in good
agreement with the hypothesis thac there now 1is a particularly high star
Formstion rate and, possibly, a lower heavy element content there [14],

The strongest variation of-HG/NII and the strongest HII zones in the
central part of the galaxy are observed in SB galaxies, as well as in
individual type Sc/Sbe galaxles. In general, type Sc, Sbe and Sb galaxies
ghow a smaller amount of lonized gas in the nuclear region. The H /NII
ratio in the nunlear regions is 0.1-1.0, while it is close to 3 1n the
peripheral portion of the galaxy. Such changes in the H /NII ratio may
be caused by both an excess of nitrogen in the galactice nucleus and
anothexr HII zone excitation mechanism in the nuclear regions of galaxies
(for example, electron collisions, but not photoionization, which gives
a lowsr HN/NII ratis, or corpuscular emissiqn of the stars).

CAccording to [31], the excitation and chemical composition gradient
differ in different types of galaxies. In early spiral galaxies, the
excltation is lowex and the chemical composition gradient is less than
in late spirals: - |

[ow] Y
" | Hp 1""”'HQ 0
Sée {- nucleus =1 e0 0.5
puter part ~0.25; 10 0.15
SCCI. - nucleus ~0.7 1 15 0,16 -
_ pater part . +1.0{ 1.5} 0.04
i | +1.,0| 4 }0.04
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it 1o evident from this that 0111 is seen eacily, only in sufficiently /16
strongly exelted HIL zenes, In olightly exelted only once lonized
oxygen.

3. Relatlon of HITI Paramecterg to Other Characteristics of (Galaxien

4. The dimensions of cmission reglons in galactbie nuelel fluctuate
within broad limits, from 40 to 2,000 parsecs.

As has been stated, the formation of hot young stars ir the nuclear
reglons is found primarily in Sb and Sab galaxies. Up to 305 of all
galaxies of these types have hot nueclear reglons [33]. There are both
continuous emission regions and "hot spots,” surrounding the nucleus,
in the nuclear regions of galaxit:s made up of stars of late spectral

classes. According to a study rnf Pastoriza [34], the dimensions of the
"hot spots' are-100-1,000 pe.

Powerful emission regions also are observed Iin the nuclel of Seyfert
galaxies. Extremely large dispersion of velocities is observed in them,
as well as different I~V and V-I color ratios [14]. The size of the
nuclear regions of Seyfert galaxles is 40-700 pe {35]. It is likely
that thege objeets are related to quasars, and not to conventlional HII
zones execited by hot stars [14]. High energy particles, responsible for
~both strong nonthermal emission and, possibly, for ionization and excita-
tion, play a large part in them.

YII zones are indicators of 1.+ star formation rate. Conseguently,
the rate of sbar formation and its relation to the integral properties
of galaxlies can be decided from the HII zZone population of the galaxies.

b. The HII zone population of a galaxy can be characterized by
three methods:

~
=

1. tCotal number of HII zones in the galaxy;
2. dimensions of largest HIT zones in the galaxy;

3. total emission of the galaxy in the emlssion line.

1l
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To some extent, all thcse quantitles reflect the tcotal amount of
ionized hydrogen, and this means, the number ¢f Lyman continuum quantea
necessary for its lonization. '

A major study of the number of HII zones in the galaxies was per-
formed by Hodge [20]. He found a dependence of the number of HII zonhes
oh the lumilnosity of the galaxy (Fig. 12a). This dependence is comp’ stely
natural, and it is a dependence or the size of the galaxy (mass, radius,
number of stars),

If the number of HII zones (according to Hodge) vs, type of galaxy
is examined (Fig. 12b), it is evident that the number of HII zones is
greatest in Sbe galaxies, and there are fewer in Sb galaxies than in the
corresponding Sa galaxlies.

Characterization of the star formation rate by the number of HJI zones
has a number of shortcomings:

1. in uhe closest galaxies, small HII zohes can be observed,
while we see owiy gigantlce HII zones in the more remote galaxies;

2. in different galaxies, the HII zone siges differ signifi-
cantly, and the degree of lilonization in the galaxy also depends on the

sizes of the HII zohes in a given galaxy.

c.. It is interesting to consider HII zone dimensions vs. the type

_and integral properties of the galaxies. The votal excitation parameter

for an entire galaxy can be presented in the form

s, = [ ) o),

Ug

where 21 is the minimum size of the HII zohes, approximately equal to a /18

few parsecs, is ‘the maximum size of the HII zones in a given galaxy,

%o

- 2) is the HII zone size distribution function (see Fig. 13 a, b, ¢, d),

e BT

u(¢) is the dependence of the excitation parameter of an individual HII
zone on its dimension3s {(see Fig. 1U4). Thus, the guantity which determines

12
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the total cxeitation parameter of a galaxy 1s the slze of the larpest HII
zones in this galaxy. To characterice the dimenslons of the largect HITI
zones in a gilven galaxy, the average size of the three largest HII zones
in this galaxy can be used. The largest HII zones have large dimensions
{on the order of several hundred parsecs), and they ace confidently
measured in quite remote galaxies.

HII zone dimension data (average sizes of the three largest HIT
zones in the galaxy (d3) in parsecs) were taken from the measurements
of Sersiec [3]. Data on galactic properties were taken from Balkowski
[21] and Bottinelli and Gouguenheim [36]. The distances to the galaxies
were assumed to be the same as those of Balkowski, The resulting re-

lationships are presented in Fig. 15.

Type dependénce ¢learly shows that &b galaxies have larger HII =zones.
The dependence on L, Mh’ Mt and R is a dependence on size of the
galaxy (Just as for the number of HII zones). Similarly, the super-
associations required for excitvation of gigantic HII zones are observed,

as a rule, in glant galaxies. Similar dependence on M of the galaxies

were obtzined by Sandage and Tamman (1ogd3 = -0.14Mpq—0.2 [371), and
on My, by Sersic [39] (1oga3 = O.lGMy+l.l3), but they considered less
statistical material #znd were limited only to Sc, Sd and Ir galaxies.

The separation of type Sa-Sb galaxies on the graphs evlidently is /19
explained by the presence of a large spherical subsystem in these R
galaxies, and the dimensions of the HII zones should be determined
primarily by the parameters of the galactlc disk, since the gas and
young hot stars are concentrated in it. Van den Bergh [14] introduced
the ratio of the bulge size to the disk size, which is at a maximum for
Sa galaxies and decreases from Sb to Se galaxies, as a characteristic of
the type of galaxy. To reduce the integral properties of the galaxies
to the disk parametefs, they nmust be'decreaséd for Sa and Sb galaxies.
Then, galaxies cf these types will not be isolated ffom'the general

‘relationship for spiral and irregular galaxies. The separation of the

Sa~Sb_galaxies on the d3 vs. MH graph possibly indicates a thicker low -

‘density gas dick, or there are dynamic obstacles to the formation of

13
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pipantia HIT complexen In these palaxlies,  The smaller dispersion of
values around a straipht line In the cause of d3 vs. R 1s explalned by
smaller errors in determination of the galactle radius, the same depend-
ehce of d3 and R on distance to the pgalaxy and by the fact that R
primarily characterizes the disk and not the spheriecal compu.ent of the
galaxy.

d. The differentlal rotalilon of malaxies, which depends on the
angular veloclty of rotation of the galaxy, prevents the rformation of
larpe gas complexes and slows down star Lormation in the galaxies by
preventing the condensation of stauss from the gas. This is in good
agreement with the resulting dependence of d3 on Vm/R, which character-~
ises the anpular velocity of rotatlon of the galaxy.

Mouschovlias, Shu and Woocdward [ 39], in studying the Parker instabil—
Ity in galaxles, found that the splral arms should break down into gas
complexes several hundred'parsecs in size, with a mass on the order of
106 solar masses, whieh give, after condensation into stars, superaéso— /20
ciations and gigantie HLIY sones, in which thelr largest dimenslons are
reached in galaxies with small differential rotation. This is observed.

Sinee the star formation rate depends on the bulk density of the
pas, it should be higher in the spiral arms, the density waves, and the
hilgher, the stronger the contraction in the spirals. Van der Kruit [40)]
found that the magnitude of the contractlon in the spirals is inversely
- proportional to the Rm/Ro ratic, where BRm is the radius where the maxi-
tum rotation rate of the gal&xy is achileved, and Ro is the radius to the
most remote HII zone from the center of the galaxy. - This explains the
dependence of d3,on Rm/Ro. '

An interesting'relationship is obtained'from the bullk density ol
matter in the galaxy (like the gas) (Fig. 15). The bulk density was |
calcu;ated_by the formula p = G/aqo; where a is the photometric radius
of the galaxy and g 1s a parameter which takes account of contraction
of the galaxy.

The tetal emission from galaxies in the Hm line was measured by
Cohen [41}. According to his measurements, 2/3 of the total emission
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comes from the galactice dioh and 1/3 from the bulge. The change of pr

is connected with variationc ot the proportions of 9 and B stars in the

galaxy. Quanbity WH shows the dependence on color of the galaxy B-V
o

x {60 (4~ R0 af

W,

el

If HII zone size vs. luminosity of the galactle core is studied, re-
iationships are obtailned, as presented in Fig. 17, a. o, absolute star
nagnitude of the nucleus in the visible wavelengths (from B.&,
Vorontsov~Vel'yaminov [42]) and b. to the luminosity of the nucleus in-
the radio range (from van der Kruit [40]). It is evident from the re-
sulting relationships that, in galaxies with a bright nucleus, the EII
Zones are lérger, and this means, the star formation process is faster. /21

e. 'In considering the locations of the largest ™HII zones in Sb

- and Sc galaxies (from the Hodge atlases [7, 81]), it can be neted that,

in Sb galaxies, the largest HII zones (like the larger number of then)

is found in the branches near the ends of the bar. In Sc galaxies, they
frequently are located at the ends of the spirals. The spiral arm appears
to end with a large HII zone.

Superassociations, studied by R.K. Shakhbazyan [43], also have a
tendency to be located at the ends of the spirals. '

In 13 of the'22 galaxlies considered, superassoclations exceed
1,000 parsecs in size (with H = 50 km/sec-'Mpec), and Mng is up to ~17.6™.
In some galaxies, giant HII zones reach very large dimensions of
up to 3 kiloparsecs or more.

The existence of very large HII zones and the location of the larg-
est HII zones near the ends of the spiral arms permit considerstion that
the satellites at the ends of the spirals are related to the giant HIX
zohes. N . '

5.
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fvg [44] considers that the satellites at the ends of the gplrals

a. large HII zones, if the luminosity and dimensions of the
satellites are not too great;

b, assoclations of HIZ zZones, if the satellites are larger;
¢. the largest satellites are galaxies.

In other arms of galaxies which have satellites at the ends of the
spirals, there are large HII zones.

Near E and So palaxies which do nct heve large HII zZones, blue
clusters are found, whlch have an emission spectrum [45]. 1In some
cases they have connectors with the galaxy. Their diameter is 2-3 /22
kiloparsecs, Mpg = -16™ to -l7m. Conéeguently, they can be_related to
glant HII zones,

Among the Markaryan and Aro galaxies and the compact Zwicky galax-
ies, there are objects, which can be called "intergalactic HII zones"
(for example, galaxies Izw 18 and IIZWHO, studied by Searle and
Sargent [3]). They can be (according to van den Bergh [14]):

a. 'very young galaxies, less than 108 years oldy

b. galaxies, the stars of which have an abnormal luminosity
function (here, there is an abnormally large number of bright, massive
stars); in the past, star formation in them was. slow;

c. galaxies, in which "star formation bursts" are observed.

4, Conrelusion

The generél properties of HII zones in galaxies of different types
were considered in this survey. A relation is sought Irom availlable
observation data, between various chare -Seristics of galaxies and the
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busie parameters of the HII zenes. The dependence on average size of
the three brightest I zones was examined In the greatest detail., Dome
characteristics of these relatlonships are noted 4in type Sb and Sab
galaxies which, most likely, are related to the characteristics of dis-
tributicn of the gaseous component In these systens. The question of
the relation of the HIT zone parameters to the kinemabice characterictlces
of the galaxies 1ls discussed.

The authors thank Shternberg State Astronomical Institute Assistant
Professor A.V. Zacov for discussions and useful remarks.
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W43 C/

Fig. 1. Brightness distribution in HII

zones 4 : A. small HII zcne, strong con-
centration tcward center; E. larger HII zone,
lower concentraticn toward center; C. giant
HII zone, nucleus and halc visible.



Fig. 2. Spiral structure of our galaxy from HII °
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