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Abstract—Results of systematic observations of a sample of bright HoO maser sources with fluxes, on
average, exceeding 200 Jy in their main spectral feature during April—September 2017 (G25.65+-1.05,
(G25.825—0.178, G27.184—0.082, G34.40340.233, G35.20—0.74, G43.8—0.13, G107.30+5.64) are
presented. These observations were carried out in preparation for Very Long Baseline Interferometry
observations with an array including the Crimean Astrophysical Observatory 22-m radio telescope. All
these sources display fairly strong variability during the time interval considered, encompassing fluxes from
~40 to ~2300 Jy. A flare reaching ~17 000 Jy was detected at a velocity of 42.8 km/s in G25.65+1.05 on
September 7, 2017, which subsequently grew to 60 000 Jy at the end of September 2017. This suggests the
presence of compact maser structures. The velocities covered by various spectral components range from 5
to 20 km/s. In three sources (G25.65+1.05, G25.825—0.178, G35.20—0.74), a general growth in the fluxes
of all the spectral features is observed, which may indicate variations in the conditions for pumping by an
external source, for example, variations in the infrared flux from a central source or the passage of a shock.

Possible evidence for the presence of bipolar outflows or disk structures in G25.6541.05 is discussed.

DOI: 10.1134/51063772918090081

1. INTRODUCTION

Numerous peculiar objects accompanying star
formation are observed in the interstellar medium.
A special place is occupied by sources of molecular
maser emission in regions of formation of massive
stars, which strongly influence the state of the sur-
rounding matter in the star-forming process. This
influence includes heating of the ambient medium,
the presence of powerful turbulent motions, and the
acceleration of fragmentation of the host molecular
cloud, with the subsequent formation of less massive
stars.  The evolution of the most massive stars
is hidden from observations by the high densities
and opacities of the matter in the giant molecular
clouds in whose cores such stars form, hindering the
construction of models for the development of star-
forming regions, and especially our understanding of
the initial stages in their evolution.

Investigations of mechanisms for the formation

of massive stars in molecular clouds and in dense
fragments of the interstellar medium located in early

* . .
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stages of star formation rely on various observational
studies of such regions, including systematic obser-
vations in various maser lines. Molecular masers
arising in the vicinities of massive protostars in var-
ious stages of their evolution can provide valuable in-
formation about the physical conditions under which
they form, since maser pumping is very sensitive
to variations of the density and temperature in the
corresponding gas—dust condensations embedded in
molecular clouds. The most widespread, bright such
sources are HoO masers.

Nearly all HoO maser lines in star-forming re-
gions display strong variability on time scales from
several days to several months (see, e.g.,[1, 2]). This
variability creates difficulties in source selection and
planning for interferometric observations, because it
is not possible to predict ahead of time whether the
observed flux density will be sufficienty high to be
detected on long baselines. On the other hand, the
strong variability of HoO masers indicates that these
sources can be treated as indicators of the dynamical
environments of star-forming regions. Variations in
the radiation field, for example, due to enhancements
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Table 1. Sources selected for H,O maser observations on the CrAO 22-m radio telescope

Source RA J2000 DEC J2000 Visr, km/s | Distance, kpc Other names
(G25.65+1.05 18"34m20.84°% | —05°59'42.20" 41.9 2.08 [6] IRAS 18316—0602,

Mol 62, RAFGL 7009S
(G25.825—0.178 18 39 03.60 —062411.17 80.3 6.3 [7] IRAS 18363—0627
G27.184—0.082 1841 13.21 —050905.13 18.3 1.2 [§] IRAS 18385—0512
(G34.403+0.233 18 53 18.00 +01 25 26.00 54.7 1.519] IRAS 1850740121, Mol 74
(G35.20—0.74 1858 13.21 +01 40 35.29 31.2 2.2 [10] IRAS 18556+0136
G43.8—0.13 1911 54.01 +09 35 50.52 37.5 11.8 [11] IRAS 19095+0930
G107.30+5.64 2221 27.61 +63 51 45.30 -7.1 0.76 [12] IRAS 22198+6336,

WB 176, L1204A

in the accretion of matter, can stimulate powerful
maser flares (see, e.g., [3]). Strong variability of the
source emission may testify that the region in which
this radiation is formed is fairly compact. Such events
make it possible to study such sources with high an-
gular resolution, for example, using the RadioAstron
ground—space interferometer [4, 5], since the prob-
ability of detecting the correlated signals (so-called
“fringes”) increases appreciably when the source is
very compact (in this case, an HoO maser).

We present here the results of observations of HoO
maser sources in several regions of massive-star for-
mation. We selected sources with HoO maser flux
densities of no less than 200 Jy over a prolonged pe-
riod for this program (see Table 1). This threshold was
chosen based on the sensitivities of very long baseline
interferometers at 22 GHz (especially RadioAstron),
which play an important role in studies of fine spatial
structures.

2. DESCRIPTION OF THE SAMPLE
SOURCES

In this section, we give a general description of
the activity of the regions considered at various wave-
lengths. Information about the HoO maser emission
is presented in Section 5.

G25.65+1.05. This is a well studied star-forming
region in which the massive young stellar object
RAFGL 7009S [13] is embedded in an ultracompact
HII region [14]. It is associated with a powerful
bipolar outflow (see [15] and references therein). OH
maser lines [16,17] and Class I and Il methanol maser
lines (see [18] and references therein) are observed
in this region. According to observations of the
Class II methanol lines, the maser spots are probably
organized in a disk structure [19].
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G25.825—0.178. This source is associated with
an ultracompact HII region [7] and a dense molecular
core manifest at millimeter wavelengths [20]. Ther-
mal emission from CoH3sN, CH3CN, and HoCO [21,
22] molecules, as well as OH masers [23] and Class
[ [24] and Class II [25] methanol masers, have been
detected in the direction of this source, which is
identified with the short-wavelength infrared object
SDC025.824—0.178.

G27.184—-0.082. This source is associated with
an ultracompact HII region [26], a dense molecular
core manifest at millimeter wavelengths [20], and
the short-wavelength infrared source SDC027.178—
0.104. No information about Class [ methanol masers
is available, and no Class II methanol maser emission
has been detected [27]. An OH maser was observed
in [28]. Thermal emission from CS [29], HCO™, and
NoH™ molecules [30] has been observed.

G34.403+40.233. This source is an “Extended
Green Object” (EGO) discovered by the Spitzer
Space Observatory [31], distinguished by the pres-
ence of excess emission at 4.5 pm, indicating the
presence of ionized or shock-compressed gas in the
region. Both Class [ and Class Il methanol maser
emission was detected in [18]. VLA observations
displayed weak emission in all four lines of the main
OH state [24].

G35.20—-0.74. This is another EGO, in which a
butterfly-shaped nebula and bipolar outflow oriented
North—South are present [15]. Class II (from the
VLBI observations of [32]) and Class [ [33] methanol
emission have been detected. OH maser emission is
observed only in the main lines [24].

G43.8—0.13. This source is associated with an
ultracompact HII region [14] and a bipolar outflow in
CO [34], as well as OH [35] and Class II methanol
[25] masers. It is identified with the short-wavelength
infrared object SDC43.820—0.121.
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G107.3045.64. An ultracompact HII region is
also observed in the direction of this source [36]. It
is associated with a CO molecular outflow, a possible
disk structure observed at 7 mm with the VLA, and a
radio jet observed with the VLA at 1.3 cm (see [37]
and references therein). No OH maser or Class |
methanol maser emission has been detected [18].
Class Il methanol maser has been observed in [61].

3. OBSERVATIONS

Our observations were carried out on the 22-m
radio telescope of the Crimean Astrophysical Obser-
vatory of the Russian Academy of Sciences (CrAQ,
Simeiz). The height above sea level was 26.2 m, and
the coordinates of the station are 44°23/52.584" lati-
tude and 33°58'46.668" longitude.

The effective area of this 22-m antenna at 1.35 cm
is 220 m?. For a point source, an antenna temperature
of 1 K corresponds to a flux density of 13.6 Jy. The
feed was mounted at the secondary focus of the radio
telescope. The half-power beam width of the antenna
at 22 GHz is 2.52' +0.01’. The width of the main lobe
and the effective area of the radio telescope are es-
sentially independent of the telescope orientation, as
was confirmed earlier through a series of calibration
observations [38]. The pointing of the antenna had
an accuracy no worse than 2.5”. This accuracy was
realized by carefully taking into account systematic
pointing errors, which were determined using obser-
vations at the shortest wavelengths (3, 4, and 8 mm),
corresponding to the narrowest antenna beams for the
radio telescope.

The telescope was equipped with a two-channel
receiver operating in the range 22.0—22.6 GHz with
a wide bandwidth of 100—600 MHz. The receiver
was an uncooled High Electron Mobility Transistor
(HEMT) with a noise temperature of 45 K. The signal
can be recorded in either one circular or one linear
polarization; the observations considered here were
recorded in right-circular polarization. The signal
was calibrated using a noise diode. The main hetero-
dyne at a fixed frequency of 21 900 MHz was synchro-
nized by a high-stability 5 MHz signal from a quartz
or hydrogen frequency standard.

The typical system noise temperature was Tsys =
150 K. The increase in the system temperature at
elevations lower than 30° above the horizon due to
the increased optical depth of the Earth’s atmosphere
was monitored during the observations using the
atmosphere-section method. This is a standard
method that consists of recording the intensity of the
atmospheric emission at 22.2 GHz at elevations from
30° to 10° at a fixed azimuth.

The sources DR 21, NGC 7027, and 3C 274 were
used as flux calibrators, with one of these observed at

SHAKHVOROSTOVA et al.

the beginning of each hour. The target sources were
observed over 30 minutes (12 scans of 2.5 min each).
The uncertainty in the flux densities was no greater
than 10%, and was due primarily to weather con-
ditions and imperfect knowledge of the atmospheric
absorption.

A universal parallel-type Fourier spectroanalyzer
with an Athlon 1000 processor, consisting of a per-
sonal computer with an Athlon 1-GHz processor,
two interface cards, and an analog—digital converter
board, is used for observations with the CrAO 22-m
telescope. The total bandwidth of the spectrometer
can be set to 125, 256, 512 kHz or 1, 2, 4, 8 MHz,
and the number of channels to 512, 2048, or 8192.
During our observations, the spectrometer bandwidth
was 4 MHz and the number of channels was 512,
corresponding to a frequency resolution of 8 kHz and
a velocity resolution of 0.108 km/s. The frequencies
in the channels changed from observation to obser-
vation, depending on the source coordinates, radial
velocity Visgr, and observing date. The translation
of the frequencies into radial velocities was carried
out using a special program created by CrAO staff
especially for the CrAO 22-m telescope. This pro-
gram was tested by comparing its output results with
known information for reference sources; it takes into
account the observatory coordinates and all known
motions (rotation of the Earth, motion of the Earth
around the Sun, etc.).

Five cycles of observations of the seven maser
sources in Table 1 were carried out from April 25—
September 7, 2017, at the rest frequency for the
H5O transition, 22 235.07985 MHz. The observing
dates were April 25, May 26, June 13, July 24, and
September 7, 2017.

4. RESULTS

Emission from the sources was detected in all the
observing sessions.

The data were reduced in the Continuum and
Line Analysis Single-dish Software (CLASS) pack-
age created at the Institut de Radioastronomie Mil-
lim/ etrique (IRAM) in Grenoble (France), especially
for the reduction of single-dish spectral data. The
main steps in the processing of the spectral data
included loading the raw data into CLASS using the
greg procedure, subtracting the baseline level from
each spectrum using the task base, and approximat-
ing each spectral line with a Gaussian function using
the task mini.

The results of this processing are presented in
Table 2 together with the parameters of the maser
lines in the source spectra derived from the Gaus-
sian line fitting. The names and coordinates of the
sources are given in Table 2 in the J2000 system.
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Table 2. Parameters of spectral data

Date No. | | F,AV | Visr | AV | R
G25.65+1.05 (18"3420.96%, —05°59/42.15" ), J2000
April 25, 2017 1 52.1(10.6) 39.10(0.05) 0.46 (0.10) 106.6
9 646.3 (34.2) 41.65(0.02) 0.83 (0.06) 730.6
3 122.3 (20.2) 49.13(0.14) 1.64 (0.30) 70.0
4 223.2(71.5) 53.03 (0.04) 0.52(0.12) 404.1
5 483.5 (102.4) 53.85(0.19) 1.78(0.34) 955.9
6 87.8 (19.8) 57.50(0.11) 1.14(0.39) 72.7
May 26, 2017 1 104.4 (17.4) 37.18(0.06) 0.80 (0.18) 122.0
2 901.8 (15.4) 41.45(0.02) 1.87(0.04) 452.1
3 167.0 (18.8) 48.58 (0.05) 0.96 (0.10) 163.3
4 162.8 (24.3) 50.34 (0.11) 1.62(0.30) 94.5
5 762.0 (14.7) 53.53(0.01) 1.55(0.04) 461.6
June 13,2017 1 86.2 (10.2) 37.45(0.04) 0.68 (0.09) 118.5
9 362.4 (41.7) 41.15 (0.06) 1.16(0.10) 993.9
3 489.5 (41.9) 42.47 (0.05) 1.24 (0.09) 372.0
4 55.3 (9.6) 48.94 (0.06) 0.64 (0.11) 81.1
5 414.6 (15.4) 50.88 (0.02) 1.29(0.06) 301.5
6 55.2 (50.6) 52.64 (0.57) 1.02(0.75) 51.1
7 539.7 (12.5) 53.97 (0.01) 0.91 (0.03) 555.7
July 24, 2017 I 179.7 (12.8) 37.07 (0.02) 0.70 (0.06) 943.0
2 206.2 (29.1) 40.99 (0.04) 0.76 (0.08) 254.3
3 596.4 (33.0) 42.20(0.03) 1.29 (0.08) 435.5
4 73.0 (18.4) 48.83(0.18) 1.96(0.43) 54.4
5 215.3 (88.2) 52.02 (0.03) 0.92 (0.21) 220.5
6 447.5 (104.4) 53.11(0.30) 2.53(0.33) 166.0
September 7, 2017 | 284.9(13.4) 37.04 (0.02) 0.65(0.03) 411.2
2 15410.0 (78.5) 42.78 (0.01) 0.86 (0.01) 16841.0
3 221.1(27.5) 51.34 (0.05) 0.87 (0.11) 238.8
4 416.0 (38.0) 52.39(0.02) 0.81(0.07) 482.1
5 132.4 (24.1) 53.52(0.10) 1.01(0.18) 122.7
G25.825—0.178 (18"39™M03.60°, —06°24/11.17"), J2000
April 25, 2017 I 336.5 (21.3) 80.80 (0.08) 9.40(0.18) 131.6
2 182.8 (15.6) 84.78 (0.06) 1.41(0.13) 122.2
3 115.6 (18.1) 89.62(0.04) 0.58 (0.09) 185.8
4 69.5 (20.4) 90.58 (0.17) 0.99 (0.26) 65.7
5 531.2 (26.8) 92.81 (0.05) 9.30(0.16) 916.9
May 26, 2017 I 188.3 (26.3) 79.63 (0.07) 1.92(0.19) 145.3
2 264.7 (24.1) 81.11(0.05) 1.17(0.11) 9135
3 465.7 (13.8) 84.38 (0.02) 1.41(0.05) 310.8
4 271.8 (14.5) 89.69 (0.03) 1.14 (0.09) 223.3
5 379.2 (18.0) 92.68 (0.04) 1.77(0.12) 900.9
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Date No. [ F,AV Visk AV ek
June 13,2017 1 205.9 (23.9) 79.45 (0.06) 1.27(0.14) 152.7
2 253.9 (24.0) 80.95(0.05) 1.27 (0.12) 187.6
3 589.9 (12.2) 84.25(0.02) 1.57 (0.04) 353.5
4 335.2 (10.5) 89.57 (0.01) 0.97 (0.04) 325.1
5 318.4 (14.7) 92.26 (0.03) 1.23(0.07) 243.0
July 24, 2017 1 229.9 (12.5) 78.91(0.03) 1.21(0.08) 178.4
2 177.8 (13.0) 80.89(0.04) 1.34(0.12) 124.5
3 337.5(12.3) 84.23(0.04) 1.95(0.08) 163.0
4 374.2 (40.2) 89.49 (0.05) 1.40 (0.09) 251.5
5 390.6 (42.3) 91.46(0.12) 2.38(0.26) 154.3
September 7, 2017 1 370.6 (24.5) 79.50 (0.05) 1.49(0.13) 233.9
2 301.5 (85.8) 85.02(0.20) 1.45(0.31) 195.8
3 402.1 (81.4) 86.00 (0.04) 0.91 (0.07) 416.0
4 391.2 (26.7) 82.10(0.05) 1.66 (0.15) 2221
5 1719.6 (75.5) 91.11(0.04) 1.96 (0.07) 825.6
6 692.8 (75.9) 93.02(0.07) 1.74(0.14) 374.7
G27.184—0.082 (18"41™m13.21°, —05°09/05.13"), J2000
April 25, 2017 1 78.6 (20.7) 16.23 (0.09) 0.73(0.15) 101.3
2 563.8 (77.9) 17.95 (0.08) 1.59 (0.23) 332.8
3 840.3 (65.3) 19.30(0.02) 0.99 (0.05) 799.4
4 395.3 (45.8) 26.78 (0.10) 2.17 (0.28) 171.5
5 241.4 (43.1) 29.32(0.13) 1.79 (0.35) 126.7
May 26, 2017 1 1015.4 (35.1) 18.53 (0.04) 2.55(0.08) 374.6
2 351.4 (21.7) 19.32(0.01) 0.63 (0.03) 520.6
3 98.2 (21.6) 21.34(0.13) 1.29 (0.36) 71.3
4 673.4 (19.2) 27.20(0.02) 1.67 (0.06) 378.5
June 13,2017 1 151.1(12.2) 15.40 (0.04) 0.92 (0.08) 154.9
2 613.5 (37.8) 17.83(0.05) 1.86(0.12) 310.0
3 519.8 (30.3) 19.20(0.01) 0.82(0.03) 595.1
4 32.4 (10.0) 20.60 (0.14) 0.80(0.23) 38.1
July 24, 2017 1 76.5 (28.6) 15.52 (0.14) 1.06 (0.28) 67.8
2 520.8 (55.1) 17.38(0.05) 1.89(0.24) 258.4
3 500.7 (35.3) 19.19(0.02) 1.03(0.06) 458.8
4 277.6 (30.5) 27.04(0.29) 5.54 (0.76) 47.1
September 7, 2017 1 749.2 (35.3) 17.45(0.04) 1.96(0.11) 358.7
2 405.6 (30.9) 19.35(0.03) 1.08 (0.08) 353.5
G34.403+0.233 (18"53™18.00°, +-01°25'26.00"), J2000
April 25, 2017 1 71.9 (17.2) 50.54 (0.25) 1.56 (0.41) 43.4
2 111.5 (49.2) 52.92 (0.20) 1.40 (0.73) 74.7
3 571.0 (18.9) 54.24 (0.01) 0.74(0.02) 725.0
4 723.1 (43.0) 55.04 (0.11) 3.42(0.26) 198.5
5 575.9 (19.0) 56.53 (0.01) 0.60 (0.02) 910.0
6 468.7 (20.5) 58.09 (0.01) 0.80(0.03) 550.5
7 223.6 (14.6) 59.45 (0.03) 1.03(0.08) 204.9
8 28.7 (8.3) 77.35(0.08) 0.58 (0.19) 46.8
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Date No. [F,AV Visg AV I
May 26, 2017 1 131.8 (22.7) 50.65 (0.15) 1.90 (0.43) 65.2
2 170.4 (19.3) 52.68 (0.04) 0.94(0.12) 170.4
3 225.2 (56.4) 54.12(0.03) 0.76 (0.11) 280.0
4 831.6 (59.2) 54.78 (0.08) 1.98(0.10) 395.2
5 830.8 (19.1) 56.58 (0.01) 0.65(0.01) 1204.7
6 305.6 (24.1) 58.13(0.03) 1.01 (0.08) 283.2
7 274.6 (27.1) 59.60 (0.05) 1.25(0.15) 205.8
June 13,2017 1 435.8 (53.0) 53.82(0.02) 0.74(0.05) 557.0
2 603.2 (75.8) 55.03 (0.05) 1.50 (0.23) 378.1
3 932.6 (28.2) 56.55 (0.01) 0.75(0.03) 1170.7
4 596.0 (36.2) 58.04 (0.03) 0.82(0.06) 680.3
5 298.4 (41.6) 59.50 (0.07) 1.12(0.20) 251.0
July 24, 2017 1 111.3 (16.2) 52.10(0.09) 1.27(0.23) 82.2
2 588.0 (94.3) 54.29 (0.10) 1.56 (0.16) 353.7
3 352.8 (76.6) 56.08 (0.29) 1.74(0.44) 190.6
4 358.2 (40.7) 56.62 (0.01) 0.57 (0.04) 587.5
5 347.9 (16.7) 58.18 (0.02) 0.86 (0.05) 381.5
6 251.1 (17.2) 59.59 (0.04) 1.19(0.10) 197.6
September 7, 2017 1 151.1 (27.8) 51.16 (0.11) 1.46 (0.42) 97.4
2 250.6 (62.6) 53.97 (0.09) 1.03(0.13) 228.2
3 310.0 (76.8) 55.18 (0.09) 1.29(0.31) 225.3
4 742.0 (18.5) 56.59 (0.01) 0.81(0.03) 856.1
5 101.3 (17.3) 57.93 (0.06) 0.61 (0.09) 157.0
6 61.0 (35.9) 58.54 (0.07) 0.53(0.27) 108.8
7 237.2 (32.6) 59.43 (0.07) 0.98 (0.15) 228.5
G35.20—0.74 (18"58™M13.21%, +-01°4035.29"), J2000
April 25, 2017 1 164.5 (27.3) 29.74 (0.06) 1.09 (0.26) 142 4
2 90.1 (19.1) 30.91(0.07) 0.73(0.11) 116.7
May 26, 2017 1 277.4 (12.6) 30.03(0.05) 2.42(0.13) 107.8
June 13,2017 1 336.0 (15.6) 29.76 (0.05) 2.17(0.12) 145.8
July 24, 2017 1 393.9 (16.2) 30.19(0.04) 1.84(0.09) 201.0
September 7, 2017 1 344.7 (124.9) 29.94 (0.38) 2.21(0.45) 146.4
2 241.7 (36.8) 30.18(0.01) 0.48 (0.04) 4745
3 107.0 (36.3) 30.84 (0.03) 0.39 (0.06) 258.5
4 299.1 (50.4) 31.50(0.02) 0.62 (0.06) 453.2
G43.8—0.13 (19"11™54.01%, 4-09°35'50.52"), J2000
April 25, 2017 1 778.2 (14.9) 37.67(0.01) 0.51(0.01) 1444.2
2 178.1 (18.7) 38.54 (0.03) 0.66 (0.08) 255.6
3 426.1 (23.9) 40.36 (0.04) 1.54(0.11) 259.7
May 26, 2017 1 637.4 (8.8) 37.7(0.01) 0.52(0.01) 1160.2
2 128.2 (8.9) 38.58 (0.02) 0.55(0.05) 217.0
3 243.3 (28.9) 40.35(0.03) 1.27(0.10) 179.4
4 250.8 (55.3) 40.70(0.52) 5.40 (0.76) 43.6
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Date No. [F,AV Visr AV Fpe
June 13, 2017 1 1291.4 (8.6) 37.60 (0.01) 0.52(0.01) 2331.7
2 259.3 (9.5) 38.44 (0.01) 0.52 (0.02) 465.2
3 710.7 (18.5) 40.15 (0.02) 1.44 (0.04) 462.7
4 77.6 (9.8) 40.68 (0.01) 0.31(0.03) 235.6
5 218.3 (50.8) 41.91 (0.10) 1.72(0.46) 119.5
6 149.3 (35.5) 43.49 (0.09) 1.09(0.16) 128.3
July 24,2017 1 710.5 (11.8) 37.74 (0.01) 0.52(0.01) 1283.4
2 162.1 (13.6) 38.64 (0.03) 0.70(0.07) 218.8
3 515.1 (23.8) 40.33 (0.03) 1.44 (0.07) 337.0
4 66.5 (13.9) 40.78 (0.02) 0.34 (0.05) 185.1
5 146.4 (26.0) 42.18 (0.17) 2.03(0.4) 67.6
September 7, 2017 1 94.7 (8.7) 34.66 (0.04) 0.93(0.10) 95.6
2 220.2 (11.0) 37.77(0.01) 0.64 (0.05) 321.5
3 153.7 (35.4) 38.18 (0.21) 1.80(0.34) 80.2
4 152.3 (47.1) 39.99 (0.13) 0.95(0.29) 150.6
5 91.0 (43.4) 40.75 (0.07) 0.56 (0.15) 153.5
G107.30+5.64 (22"21M27.61%, +63°51/45.30"), J2000
April 25,2017 1 138.3 (23.8) —17.04 (0.03) 0.61(0.06) 212.8
2 497.6 (35.2) —16.26 (0.07) 2.07(0.13) 226.4
3 84.9 (16.0) —7.32(0.10) 1.05(0.26) 76.0
May 26, 2017 1 72.4(7.2) —19.23(0.02) 0.45(0.05) 152.5
2 707.1 (14.4) —17.03 (0.02) 1.71 (0.04) 388.3
3 63.6 (10.3) —7.73(0.10) 1.11(0.19) 53.8
June 13,2017 1 475.2 (16.7) —17.30 (0.03) 1.64 (0.07) 972.1
2 84.9 (15.2) —8.11 (0.13) 1.42 (0.30) 56.2
July 24, 2017 1 58.5 (5.9) —19.88 (0.03) 0.59 (0.06) 93.6
2 196.3 (8.1) —17.38(0.02) 1.00 (0.05) 185.2
3 24.6 (5.5) —8.71 (0.07) 0.56 (0.12) 41.6
September 7, 2017 1 122.2(16.2) —19.62 (0.04) 0.64 (0.10) 180.9
2 369.8 (41.7) —17.65 (0.07) 1.40 (0.20) 248.2

The columns in Table 2 give (1) the observing date,
(2) ordinal numbers for the spectral components in
order of increasing velocity for the peak, (3)—(6) the
fitting results for the components and the associated
uncertainties—the integrated ﬂufo,,AV, radial ve-
locity at the line peak Visg, line full width at half
maximum AV, and peak flux density FL* (ampli-

tude). The source spectra are presented in Figs. 1—
7, where the horizontal axis plots the radial velocity

Visr and the vertical axis the flux density F, in Jy.
The observing date is indicated on each spectrum.

In addition to the spectra obtained on the CrAO
22-m telescope, for comparison, we also considered
unpublished spectra obtained earlier on the 22-m
telescope of the Pushchino Radio Astronomy Obser-
vatory (PRAO) during this same period (see Figs. 8—
14).

Figure 15 shows for each source the dependence
of the total flux density in all spectral lines (upper

ASTRONOMY REPORTS Vol.62 No.9 2018



SEARCH FOR H,O MASER FLARES 591

panels) and the flux density of the highest peak in the
spectrum (lower panels) on the observing date. These
plots visually illustrate the character of the source
variability over the five months of observations, and
are considered in more detail in Section 6.

5. COMMENTS AND COMPARISON
WITH OTHER OBSERVATIONS

5.1. G25.6541.05

The HyO maser in this source has been observed
over a long period since 1989 [36, 39]. One bright
maser feature with a flux density of 720 Jy at a ve-
locity of Vieak = 45.2 km/s was initially detected. A
spectrum obtained on the 100-m Effelsberg telescope
in 1995 [40] differed from the previous spectrum:
two features were present—a new (“blue”) feature at
Visr = 41.2 km/s with a peak flux density of 450 Jy
and the formerly detected (“red”) feature at Vi gp =

45.2 km/s with a flux density of 250 Jy.

(G25.65+1.05 (further G25.65) was monitored on
the PRAO 22-m telescope starting from 2002 [41].
A powerful maser flare was detected in November—
December 2016, reaching 40000 Jy on December
12, 2016 [42]. The flaring feature had a velocity
of 41.8 km/s, which differs from the velocity of the
feature observed in 1995 by 0.6 km/s. Subsequent
monitoring of G25.65 on the PRAO 22-m antenna
showed that the flare was already decaying by January
2017, when the peak flux density was 6000 Jy, with
the flux density dropping to 160 Jy in February—
March 2017. Figure 8 presents the spectrum of
(G25.65 obtained on the PRAO 22-m antenna in
May—July 2017.

Monitoring of G25.65 on the CrAO 22-m tele-
scope in Simeiz began in April 2017 (see Fig. I1).
Three groups of features are observed in the spec-
trum: one at ~37 km/s, a second at 40—43 km/s,
and a third at 50—54 km/s. The group of features
at ~37 km/s is present in all the spectra apart from
one obtained on April 25, 2017; features appear at
velocities of 36.7—37.4 km/s, with the flux densities
of some of them growing from 120 to 410 Jy during
the period covered by the observations.

The second group of features underwent apprecia-
ble variations during the five months of observations.
At the beginning of the observations, on April 25,
2017, a bright maser line with a peak flux density of
820 Jy is present at a velocity of 41.3 km/s, and a
group of from one to three features with flux densities
0f 400—500 Jy is present at velocities of 40—43 km/s a
month later. This group of lines remained in the same
ranges of flux density and velocity over the next two
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months of observations (June—July 2017). A power-
ful flare of the maser emission to 17000 Jy at the line
peak at a velocity of about 42.8 km/s was observed in
September 2017. After receiving information about
this flare, we organized interferometric observations
of the source with RadioAstron within a fairly short
time. Thus, the main aim of our monitoring of maser
sources with the CrAO 22-m telescope referred to
in the Introduction was achieved: identifying sources
suitable for observations with RadioAstron.

The third group of maser lines also varied fairly
substantially during the five months of observations,
with various features growing or decreasing in flux.
For example, a feature with a velocity of 52.6 km/s
and a flux density of 500 Jy that is present at the be-
ginning of the observations is also present in Septem-
ber with the same velocity and flux density. In the
interval between these epochs, features at velocities of
51 and 53—54 km/s varying in flux density from 100
to 400 Jy are present.

5.2.G25.825—0.178

This source (further G25.825) was observed in
2010 as part of the 22-GHz HOPS survey on the
22-m Mopra telescope in Australia [43], when it had
a flux density of 345 Jy at Vjeu = 91 km/s. This
emission was also accompanied by two weaker lines
with peak flux densities of 165 Jy and 135 Jy at 85 and
93 km/s, respectively. The source was also observed
with ATCA [44] in 2011-2012, when it had a flux
density of 400 Jy at 91 km/s.

The maser (G25.825 was observed on the PRAO
22-m telescope in November 2016. A comparison
of the spectra obtained on the Mopra and PRAO
22-m telescopes showed that a new feature with a
peak flux density of 400 Jy had appeared at 80 km/s
and a feature at 85 km/s had virtually disappeared
in the interval between these observations; the flux
density of the brightest feature observed in 2010 at a
velocity of Visgr = 91 km/s had decreased by about
a factor of five, to ~70 Jy. The line observed in the
Mopra spectrum at Visg = 93 km/s was retained,
and displayed a flux density increase to 280 Jy. The
following observations of G25.825 at the PRAO in
January 2017 showed that the spectrum had varied
substantially over this relatively short time interval
of less than two months. The flux density of the
feature observed at V sg = 80 km/s decreased by a
factor of four, to 100 Jy. The peak flux density at
91 km/s observed in 2010 became even weaker, no
more than 50 Jy. The feature at Visg = 93 km/s
remained relatively stable, slightly increasing its peak
flux density from 280 to 320 Jy.
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Fig. 1. Spectrum of G25.65+1.05 obtained in five observing sessions on the CrAO 22-m telescope from April 25—September 7,

2017.

Observations of G25.825 on the CrAO 22-m an-
tenna began roughly three months after the PRAO

observations (see Fig. 2). A comparison of the spectra
for January 17, 2017 (PRAO) and April 25, 2017
(CrAO) shows an absence of dramatic variations dur-

ing this time interval. As previously, the line at
93 km/s remained stable, with a flux density of about

300 Jy. The feature at 90 km/s increased in flux to
220 Jy, by more than a factor of four. The feature at

85 km/s again grew to a flux density of 140 Jy, close
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Fig. 2. Same as Fig. 1 for G25.825—0.178.

to its value in 2010. Over the next three observing
sessions, the spectrum did not display any cardinal
variations, with the flux densities of all the compo-
nents varying within ~200—400 Jy (see Fig. 2). The
spectrum for September 7, 2017 shows that the flux
density of the feature at 91 km/s had increased to
900 Jy, a factor of three higher than at the earlier
observing epochs, when its flux density was relatively
stable at ~300 Jy. Moreover, the flux density of the
neighboring feature at 93 km/s also increased by
a factor of 2.5 compared to earlier observations, to
500 Jy. We can also note the appreciable increase in
the flux density of the feature at 86 km/s to 500 Jy,

ASTRONOMY REPORTS Vol.62 No.9 2018

compared to the PRAO spectrum obtained on Jan-
uary 17, 2017, when it had a flux density of about
50 Jy, about a factor of 10 lower.

This source was also observed on the PRAO 22-m
telescope in May—July (see Fig. 9). Overall, analysis

of spectra for (G25.825 from the literature and the
2017 observations indicates the presence of at least
four to five features corresponding to various veloci-
ties in the range 80—95 km/s. The flux density in lines
can vary by a factor of three to four, on average.
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5.3.G27.184—0.082

The source G27.184—0.082 (further G27.184)
was observed in 2010 on the Mopra 22-m tele-
scope [43] as part of the HOPS survey, and in 2009—
2010 on the 100-m Green Bank Telescope (GBT,
USA) [45]. Several features were observed in the
spectrum, the brightest of which had a peak flux
density of 3500 Jy at Visgr = 17.5 km/s. A fairly
bright feature with a flux density of 600—1000 Jy
is present at 14.5 km/s, and a bright line with a
flux density varying from 400 Jy (Mopra) to 1400 Jy

(GBT) is present at 20 km/s; i.e., this line may

display rapid variability (the observations on both
telescopes were conducted over several months in the
same year). Another feature with a flux density of
about 200 Jy is also visible in the Mopra spectrum
at a velocity of 30 km/s, which is not visible in the
GBT spectrum. In ATCA observations obtained in
2011 [44], a feature with a flux density of 200 Jy was

also detected at Vi gg = 17.5 km/s.

Observations with the PRAO 22-m telescope in
2016—2017 showed the presence of two features with
flux densites of 200—300 Jy at velocities of 18.5—

19 km/s and 29—30 km/s. Figure 10 presents spectra
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of G27.184 obtained on the PRAO 22-m telescope in
May and June 2017.

During monitoring with the CrAO 22-m antenna
from April through September, the brightest line con-
tinued to be present near 19 km/s, with its position
varying within 0.5 km/s of this velocity (see Fig. 3).
The peak flux density of this feature gradually de-
creased from 850 to 400 Jy over nearly five months.
Several lines with flux densities from 200 Jy to 400 Jy
are also present to the left of this line, whose positions
in velocity vary from month to month. A feature with
Visr = 26.5 km/s detected on April 25 with a flux
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density of about 150 Jy had increased its flux density
to 400 Jy a month later, after which it completely
disappeared up to the end of the observations.

5.4. G34.403+0.233

Observations of this source (further (G34.403)
were carried out in 2008—2010 on the Nobeyama 45-
m telescope (Japan)[46], which revealed the presence
of several maser components. The brightest group
of components was located at velocities from 45 to

63 km/s; the brightest maser line, with a peak flux



596

SHAKHVOROSTOVA et al.

G35.20-0.74

200 -
100

25.04.2017

—-100 -

150 - 26.05.2017
100 -

50

13.06.2017

Flux density, Jy
—_ )
S S
S 3
T T

(e
T

S0l 24.07.2017

100 -

6001 47092017

400 -

200 -

-10 0 10 20

30 40 50 60

Velocity LSR, km/s

Fig. 5. Same as Fig. 1 for G35.20—0.74.

density of 220 Jy, was located at Visg = 57 km/s.
Two more lines with Vj sg = 53 and 60 km/s and flux
densities of 80 Jy and 60 Jy can also be distinguished
in this group. In addition to this main group of
maser features, two weak features (flux densities of
less than 10 Jy) were also observed at the same
epoch at velocities of ~18 and ~32 km/s, which
were not subsequently detected; a group of lines near
Visr = 81 km/s with flux densities of no more than
20 Jy was also observed, which was not subsequently
detected in the observational period considered.

The strongest HoO maser feature, with a flux

density of 1310 Jy at Vjea = 54.50 km/s, was de-
tected on the VLA toward the cool molecular core
IRDC MMI1 [47]. Interferometric observations of
(G34.403 were also carried out earlier in 2006 using
VERA [9]; the source was found to have a flux density
of 60 Jy at 57 km/s on the fairly long Mizusawa—
[riki baseline (1300 km). Another feature with a flux
density of about 27 Jy was observed at 38 km/s.
Thus, it was shown that the HoO emission is unre-
solved on long baselines [9]; the distribution of most
of the maser spots was reported to have a V-shaped
structure in [48]. It is possible that the same feature
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with Visg = 57 km/s observed in 2008—2010 with
the Nobeyama 45-m telescope was observed in 2006,
with the flux density staying the same during this
period. This same feature remained in the spec-
trum of G34.403 over the entire period covered by
the subsequent observations (see our analysis below).
This suggests that the brightest feature at Vi sp =
57 km/s is not resolved on long baselines; i.e., it is
fairly compact. Moreover, several other weaker fea-
tures in this group of maser lines are also unresolved;
i.e., this is a group of several compact maser spots.
We can estimate the size of the region from which
the emission in a maser line arises based on data for
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the mean flux density of the maser line in the single-
dish spectrum and in the cross-correlation spectrum
obtained with VERA. A method for estimating the
brightness temperature and angular size of a radiat-
ing region for various cases of the brightness distri-
bution as a function of the coordinates of this region
projected on the celestial sphere is proposed in [49],
in particular, for a Gaussian distribution. Using this
method and assuming that the peak flux density in the
line with V] sg = 57 km/s is 220 Jy (see the spectrum
of [46]), as is true closest to the VERA epoch, and
also taking the flux density of this feature in the cross-
correlation spectrum to be 60 Jy for a baseline length
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B = 1300 km, we obtained the upper limit for the
angular size of the maser spot #; = 1.3 mas'. The
parallax and distance to G34.403 were found in [9]
to be 0.643 mas and 1.56 kpec. At this distance, an
angular size of 1.3 mas corresponds to a linear size of
about 2 AU. For the indicated parameters, the source
brightness temperature is T}, = 3.3 x 10! K.

The source G34.403 was observed on the PRAO
22-m telescope in 2015—2016 [50]. The line at

"mas refers to a milliarcsecond; the units of measurement of

proper motion are mas/year.

Visg = 57 km/s had a peak flux density of 350—
450 Jy in 2015, which rose to 1000 Jy at the end
of 2016. Simultaneously, a feature with a peak flux
density of 1200 Jy appeared in the spectrum at a
velocity of 54.5 km/s, which had not been observed
before. Two months later, in January 2017, both
of these lines had flux densities of about 1000 Jy.
Figure 11 presents spectra of (G34.403 obtained on
the PRAO 22-m telescope in May—July 2017.

Observations of this source on the CrAO 22-m
telescope began on April 25; these spectra are
presented in Fig. 4. During the period covered by
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the CrAO observations (five months), the feature
at 57 km/s (which we will call the “main” feature)
had a mean flux density of 1000 Jy, varying in the

range 800—1300 Jy. The new feature at 54.5 km/s
gradually decreased in flux density from 900 Jy in
April 2017 to 300 Jy in September 2017. In addition

to these two lines, two weaker features with mean flux
densities of 400 and 250 Jy at velocities of V| sg = 58

and 60 km/s were also present in the spectrum of
(G34.403.

5.5. G35.20—0.74

Two HoO masers are present in the northern and
southern parts of the G35.20—0.74 molecular cloud
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(further G35.20) [51]; we observed the emission from
the northern HoO masers, which are believed to be in
an earlier stage of their evolution than the southern
masers. The source was monitored using the 32-m
Medicina telescope (Italy) from 1987—2007 [52, 53].
During this period, the source displayed variability of
all its components, reaching a maximum flux density
of 340 Jy at a velocity of about 32 km/s. On average,
the source brightness over 20 years was about 40 Jy,
and the integrated flux from all its components grew
monotonically starting roughly from 2000, with three
well-defined peaks of activity in 1994, 2002, and 2006
(see[52, Figs. A.24.d and A.24.¢]).

Observations of G35.20 on the Nobeyama 45-m
telescope were carried out in 2008—2010 [46], when
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the source was overall weak: the brightest line, with
velocity Vi.sg = 31 km/s, had a peak flux density of
only 12 Jy.

Observations in 2015—2017 on the PRAO 22-m
telescope showed that the source was fairly bright in
2015: there was only one feature in the spectrum,
with a velocity of 31 km/s and a flux density of 400—
500 Jy. The spectrum had two closely spaced lines
with Vi sgp ~ 31 km/s with flux densities of less than
100 Jy during November 2016—January 2017. Fig-
ure 12 presents a spectrum of (G35.20 obtained on the
PRAO 22-m telescope in July 2017.

In observations on the CrAO 22-m telescope ex-
tending over five months, the brightness of the source
did not exceed 200 Jy, apart from the last spectrum.
In September, the spectrum had three closely spaced
maser features at velocities of 30, 31, and 31.5 km/s
with flux densities of 600, 400, and 500 Jy, respec-
tively (see Fig. 5).

5.6. G43.8—0.13

The source G43.8—0.13 (further G43.8) was
monitored during 1987—2007 on the Medicina 32-m
telescope [52], and remained fairly bright during this
entire 20-year period: the minimum peak flux density
of the brightest feature in the spectrum was 300 Jy in
2007. The maximum flux density, about 4000 Jy at
the peak, was observed in 1990, when the integrated
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flux from all the spectral components also displayed
its maximum value over the observed period, about
7000 Jy km/s. The brightness of G43.8 subsequently
decreased, with the integrated brightness in 1998
being modest (see [52, Fig. A.25.d]).

The HoO maser G43.8 was studied during an
extended period of monitoring of HoO masers with
the PRAO 22-m telescope starting in 1981 [54]. This
source has remained bright for many years, and con-
sistently displays an interesting spectrum. The peak
flux density of the brightest feature, at 37.5 km/s,
exceeded 500 Jy during 1994—1998, and exceeded
1000 Jy during 2016—2017, reaching nearly 3000 Jy
on January 16, 2017. Three other lines with Vi sg =
34, 38, and 40.5 km/s and flux densities of 300—
500 Jy are also present in spectra obtained in 2016—
2017. Figure 13 presents spectra of G43.8 obtained
on the PRAO 22-m telescope in May—July 2017.

During monitoring with the CrAO 22-m tele-
scope, the main line had flux densities of 1200—
2200 Jy, but this flux density decreased to 360 Jy in
September 2017. Note that the feature at Viggr =
34 km/s is absent from the spectrum of G43.8 during
nearly the entire observing period apart from the last
month, when it again appeared with a flux density of
about 100 Jy. The line with Vj sg = 40.5 km/s was

always present with a flux density of 200—500 Jy (see
Fig. 6).
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This source was observed at 22 GHz on RadioAs-
tron in May—June 2015; fringes were detected on
a space—ground baseline with a length of 0.9 Earth
diameters, with the flux density of a compact feature
less than 240 pas (/2.7 AU at a distance of 11.8 kpc)
in size being ~150 Jy [55].

5.7. G107.3+5.64

The HoO maser G107.3+5.64 (further G107.3)
was observed in 1988 on the Effelsberg 100-m
telescope and in 1991 on the 32-m Medicina tele-
scope [66]. The Effelsberg spectra displayed three
features with Vi.sgp = —20.8, —22.4, and —24.3 km/s
and peak flux densities of 260, 220, and 100 Jy,

respectively [56]. The spectrum of G107.3 observed
with the Medicina 32-m telescope was variable [56]:
of these three lines, only the central one remained, but
another feature with a flux density of 100 Jy appeared
at —20 km/s.

The source was also monitored on the Medicina
32-m antenna during 1989—2007 [52]; during this
entire period, the source displayed appreciable vari-
ability in both its maximum brightness (10—800 Jy)
and the number and velocities of the components
in the spectrum. The appearance of the spectrum
underwent appreciable variations on time scales of
several months, with one to seven features present
at different periods, and with some features com-
pletely disappearing while new features appeared (see

ASTRONOMY REPORTS Vol.62 No.9 2018
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Fig. 12. Same as Fig. 8 for G35.20—0.74.

the spectra in [562, Fig. A.37.a]). It is interesting
that, during 1989—2007, the brightest components
in the spectrum of G107.3 were located at velocities
from —15 to —20 km/s, substantially different from
the systematic velocity for the molecular cloud with
which G107.3 is associated, Viperm = —10.1 km/s.

Observations on the PRAO 22-m telescope in
2016—2017 showed the presence of maser features
at velocities of —17.5, —16.5, and —7 km/s with flux
densities of 140, 50, and 170 Jy, respectively. The flux
density at Vi sg = —17 km/s had risen to 600 Jy two
months later, in January 2017. Figure 14 presents
spectra of G107.3 obtained on the PRAO 22-m tele-
scope in May—July 2017.

Subsequent monitoring of the source on the CrAO
22-m telescope did not indicate any cardinal varia-
tions in the spectrum. The flux density of a feature at
—17 km/s that flared to 600 Jy displayed a tendency
to decrease to 200 Jy during this observing period,
starting from April 2017 (see Fig. 7).

6. DISCUSSION

All the sources display fairly strong variability on
time scales of several months, suggesting the pres-
ence of compact strutures (maser spots) in these
objects, making them interesting for interferometric
observations. This is also supported by the calculated
linear sizes of such structures in G34.403 and G43.8

ASTRONOMY REPORTS Vol.62 No.9 2018

based on the results of ground-based and space—
ground interferometry presented above, about 2 AU.

The flux densities of various components observed
in the spectra over five months range from ~40 to
~2300 Jy. A flare reaching ~17000 Jy at 42.8 km/s
was observed in G25.65+1.05 on September 7, 2017,
which subsequently increased to 60 000 Jy at the end
of September 2017. Most of the maser features in the
spectra have peak flux densities of 200—400 Jy, on av-
erage, satisfying the observational criterion for inclu-
sion in our sample (flux densities exceeding 200 Jy).

Figure 15 presents for each source the time de-
pendence of the integrated flux density in all spectral
components (upper panels) and of the flux density of
the maximum peak (lower panels). These plots illus-
trate the general activity of the masers over the entire
observing period. As can be seen in Fig. 15, G25.65,
(G25.825, and (G35.20 display a tendency for the inte-
grated flux density to grow over the entire spectrum
over the entire observed period, while the integrated
brightnesses of G27.184, G34.403, and G43.8 grad-
ually decreased. The integrated brightness of G107.3
both rose and fell in the observed period, as is also
the case for the flux density of the maximum peak.
As a rule, the variations in the integrated flux density
correlate with the variations of the flux density in the
brightest feature, with the exception of G27.184 and
G34.403, in which these two sets of variations are
anti-correlated during most of the observed period.
This may suggest that the increase (or decrease)
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in the integrated brightnesses in these sources oc-
curred due to a brightening (or dimming) of several
components simultaneously, rather than to variations
of one bright feature; i.e., the integrated brightness
variations were due to overall activity of the source
(G34.403). Another origin could be the appearance
of new features in the spectrum (G27.184). In the
former case, the overall growth in the flux in all
spectral features indicates variations in the conditions
for pumping by an external source, for example, an
increase in the infrared flux in the central part of the
region due to the accretion of matter[57]. Testing this
hypothesis requires longer series of observations sup-

plemented by observations in other spectral ranges.
In the latter case, the appearance of new features in
the spectrum could be due, for example, to turbulent
motions of matter or precession of a disk causing its
position relative to the plane of the sky to vary, leading
to variations in the thickness of a gaseous layer long
the line of sight.

Analysis of spectra obtained on the CrAO 22-m
telescope (Figs. 1—7) shows that the velocity range
occupied by the various components in the source

spectra is 5—20 km/s. For two of the sources, the ve-
locity scatter of the features is about 5 km/s (G35.20,
G107.3), and this scatter is about 10 km/s for two
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SEARCH FOR H,O MASER FLARES

F,Jy

605
G107.30+5.64

400

300

200

100

25.05.2017

400

300

200

100 -

27.06.2017

400

300

200

100 -

26.07.2017

-30

-20 -10 0

Visr, km/s

Fig. 14. Same as Fig. 8 for G107.30+5.64.

others (G34.403, G43.8). The widths of thermal lines
observed in star-forming regions and the associated
gas—dust condensations in such regions can com-
prise 2—15 km/s (see, e.g., [29]). Thus, the scatter
of the maser-feature velocities of 5—10 km/s may
indicate that the structures responsible for the maser
radiation in the various components in a given source
are arranged fairly close to each other in space within
a single star-forming region (i.e., possibly in a single
gas—dust condensation).

The velocity scatter of the features in G27.184
is 15 km/s, and this scatter is about 20 km/s two
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other sources ((G25.65, G25.825). Such scatters may
indicate the presence of possible dynamical effects in
the region. For example, the appearance of a strong,
variable flare in (G25.65 could correspond to a strong
fountain/stream of matter or the ejection of a bipolar
outflow from the central object into the outer layer of
the blue front. At the same time, the preservation
of stable positions for the bright maser features in
the blue part of the spectrum provides evidence for
the presence of a stable spatial structure such as the
edge of a disk, not an outflow of matter in the form
of a stream from the central object. During the time
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covered by our observations, G25.65 displayed very
powerful flares in which the flux density of the main
maser feature grew by a factor of several hundred
relative to the “quiescent” state. These flares may be
associated with processes in the circumstellar disk.
We referred to one possibility above—a growth in the
flux of IR radiation in the central part of the region
during an enhancement in the accretion of matter
onto the central stellar object [57], or the action of
a shock arising in such an accretion episode on the
maser region. A maser can also flare, for example,
when two or more protoplanetary maser condensa-
tions moving in Keplerian orbits around the central
object and amplifying the HoO emission in the unsat-
urated regime become aligned along the line of sight.
This type of model was proposed in [58] to explain a
power HoO maser flare in Orion A. Other possibili-
ties could be a favorable orientation of protoplanetary
rings in a disk [59], or alignment along the line of sight
of the axis of a maser filament arising in a disk due to
gravitational instability [60].

More extended flux-density monitoring and map-
ping of maser features in various molecular transi-
tions in these types of sources will help distinguish
between these various scenarios.

7. CONCLUSION

1. We have carried out monitoring of seven HaO
maser sources in regions in which massive stars are
forming, analyzed the resulting observational data,
and compared spectra obtained with data from earlier
studies.

2. The equipment used on the CrAO 22-m tele-
scope operates in a standard regime, and the cali-
bration enables comparison with similar observations
carried out on the PRAO 22-m telescope and other
single dishes.

3. All the HoO maser sources observed in our
study display strong variability, which presents prob-
lems for planning interferometric observations. On
the other hand, this variability shows the need for
observations and monitoring with single dishes in
preparation for interferometric observations, since
this enables estimation of the flux densities of maser
features, the mean flux in the main feature in the
spectrum, and the time scale for stability of the
flux density. All this information is of fundamental
importance for planning observations involving a
large number of antennas and optimizing the useful
observing time.

4. Our monitoring in September 2017 revealed
a maser flare in G25.6541.05, which provided the
motivation for rapidly organizing interferometric ob-
servations with RadioAstron.
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