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MACHINE LEARNING TECHNIQUE

FOR MORPHOLOGICAL CLASSIFICATION OF GALAXIES FROM SDSS.
II. THE IMAGE-BASED MORPHOLOGICAL CATALOGS

OF GALAXIES AT 0.02< Z<0.1

We applied the image-based approach with a convolutional neural network model to the sample of low-redshift galaxies with — 24" <
<M. <—19.4" from the SDSS DRY. We divided it into two subsamples, SDSS DRI galaxy dataset and Galaxy Zoo 2 (GZ2) dataset,
considering them as the inference and training datasets, respectively. To determine the principal parameters of galaxy morphology

LHuryBanHusg: Vavilova I. B., Khramtsov V., Dobrycheva D. V., Vasylenko M. Yu., Elyiv A. A., Melnyk O. V. Machine learning
technique for morphological classification of galaxies from SDSS. II. The image-based morphological catalogs of galaxies at
0.02 <z <0.1. Space Science and Technology. 2022. 28, Ne 1 (134). C. 03—22. https://doi.org/10.15407 /knit2022.01.003
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defined within the GZ2 project, we classified the galaxies into five visual types (completely rounded, rounded in-between, smooth
cigar-shaped, edge-on, and spiral). Using GZ2 galaxy morphology classification, we were able to define 34 morphological features
of galaxies from the inference set of our SDSS DR9 sample, which do not match with the GZ2 training set. As a result, we created
the morphological catalog of 315782 galaxies at 0.02 < z < 0.1, where morphological five classes and 34 detailed features were first
defined for 216148 galaxies by image-based CNN classifier. For the rest of galaxies, the initial morphological classification was re-
assigned as in the GZ2 project.

Our method shows the promising performance of morphological classification attaining >93 % of accuracy for five classes morphol-
ogy prediction except the cigar-shaped (~75 %) and completely rounded (~83 %) galaxies. Main results are presented in the catalog
of 27378 completely rounded, 59194 rounded in-between, 18862 cigar-shaped, 7831 edge-on, 23119 spiral low-redshift galaxies of
the studied SDSS sample. As for the classification of galaxies by their detailed structural morphological features, our CNN model
gives the accuracy in range 92—99 % in depending on features, number of galaxies with the given feature in the infer-ence dataset,
and, of course, the galaxy image quality. As a result, for the first time we assigned 34 morphological detailed features (bar, rings,
number of spiral arms, mergers, etc.) for more than 160000 low-redshift galaxies from the SDSS DRY. We demonstrate for the first
time that implication of the CNN model with adversarial validation and adversarial image data augmentation improves
classification of smaller and fainter SDSS galaxies with m, < 17.7.

The proposed CNN model allows solving a bunch of galaxy classification problems, for example, such as a quick selection of galax-
ies with a bar, bulge, ring, and other morphological features for their subsequent analysis.

Keywords. Methods: data analysis, machine learning, convolutional neural networks; galaxies: general, morphological classification,

galaxy catalogs, large-scale structure of the Universe.

1. INTRODUCTION

Since the beginning of extragalactic astronomy and
the first catalogs of galaxies by Ch. Messier, F. W. Her-
shel and J. E W. Hershel, J. L. E. Dreyer, the image-
based morphological classifications of galaxies have
played a vital role in reflecting the evolutionary history
of various types of galaxies and the large-scale struc-
ture of the Universe as a whole (Davis et al. [26], Pee-
bles [74], Barrow & Saich [8], Yanget al. [110], Bundy
et al. [14], Peng et al. [75], Reid et al. [78], Leung et
al. [60].

Manual galaxy morphological classification as
the most precise method requires extensive usage of
human resources, either from highly skilled profes-
sionals or, in some cases, amateur astronomers and
volunteers such as in the Galaxy Zoo (GZ) project
[109]. Current and near-term galaxy observational
surveys as the SDSS, LSST, DES, KiDS, SKA, the
Euclid satellite, JWST, etc., are approaching the Exa-
byte scale multiwavelength databases of hundreds of
millions of galaxies, which is impossible to classify
manually. For instance, the Vera C. Rubin Observa-
tory (LSST), which will be be operated starting from
2022, is expected to generate about 30 TB of data per
night, revealing ~20 million galaxies over this time
[49], more than the Sloan Digital Sky Survey (SDSS)
over its lifetime [10]. It is also worth mentioning the
Euclid survey, which aims to detect billions of gal-
axies over 15,000 square degrees of the celestial sky

4

[3], and other big data astronomical projects (see,
for example, a recent review of multiwavelength sur-
veys and catalogs by Vavilova et al. [99]). Moreover,
the human mind is not able to comprehend complex
correlations in the diverse space of parameters, and
multidimensional mathematical analysis is the best
tool for determining the various common features
between different types of objects. All that exagger-
ates the interest to use the alternatives in the form of
machine learning (ML) techniques, including deep
learning (DL), for the classification, forecasting, and
discovery of various properties of galaxies (see, for
example, [13, 43, 98]).

In this context, we note several recent prospec-
tive applications of Convolutional Neural Networks
(CNNis) to classify the galaxies by their different pa-
rameters.

Cabayo et al. [15] have demonstrated the CNN
capability to avoid distorting effects when extract
the galaxy photometry from astronomical images as
Lumos architecture. Exploiting the PAU imaging
survey, the authors combined a CNN and a Mixture
Density Network that allowed them to measure the
photometry of a blended galaxy with the high accura-
cy. Diego et al. [29], in their work with DL in classi-
fying early- and late-type galaxies in the OTELO and
COSMOS databases, have used optical and infrared
photometry and available shape parameters (the Sér-
sic index or the concentration index). Regardless of

ISSN 1561-8889. Kocmiuna nayxa i mexnonoeis. 2022. T. 28. No 1
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slight differences in the photometric bands used in
each catalog, their neural network architecture oper-
ates well with missing data.

The distance moduli and photometric redshift es-
timates benefit from the ML utilization into the big
data sets, which provide a wide number of galaxy fea-
tures for learning. Pasquet-Itam & Pasquet [72] used
DL for classifying, detecting, and predicting pho-
tometric redshifts of quasars in SDSS. In works by
Kugler & Gianniotis [58], Speagle & Eisenstein [88],
Disanto et al. [30], Salvato et al. [82], and Elyiv et
al. [42] the machine learning methods were applied
to assign and predict photometric redshifts within
large-scale galaxy surveys with good accuracy. The
GAN approach serves as a basis for restoring galaxy
distribution in the Zone of Avoidance (Schawinski et
al. [85], Vavilova et al. [97]) and generating dark mat-
ter structures in cosmological simulations (Diakogi-
annis et al. [28]).

Among the CNNs modeling in tasks of multi-
wavelength sky surveys we note as follows: search for
blazar candidates in the Fermi-LAT Clean Sample
[51]; boosted decision tree for detecting the faint
gamma-ray sources with future Cherenkov Telescope
Array [57, 81]; infrared color selection of Wolf-
Rayet star candidates in our Galaxy using the Spitzer
GLIMPSE catalog [70]; cosmic string searches in
21-cm temperature CMB maps [24]; neural network-
based Faranoff-Riley classifications of radio galaxies
from the Very Large Array archive [4[; deep learning
classification of compact and extended radio source
from Radio Galaxy Zoo project [62]; CNN for mor-
phological assignment to radio-detected galaxies
with active nuclei [64]. Scaife et al. in recent work
presented the first application of group-equivariant
CNN to radio galaxy and their image translations,
rotations, and reflections [84].

Deep learning is promising for generating various
synthetic catalogs and mock images, which helps to
interpret the observational data [53] and to discover
new galaxies as, for example, high-z «blue nuggets»
from the CANDELS survey [48]; to reveal structural
properties of dark matter halos to their assembly his-
tory and environment [21]; to establish a topology of
the large-scale structure of the Universe in LCDM
cosmological simulation [90]; to separate the radia-
tion from active galactic nuclei and star-forming gal-

ISSN 1561-8889. Kocmiuna nayxa i mexnonoeis. 2022. T. 28. No 1

axies with recognition method based on Deep Neural
Network [19].

As for the discovery of new classes of celestial bod-
ies with CNN, we highlight the works related to the
gravitational lenses [50, 55] and the transient events
and objects as supernovae, gamma-ray bursts, jets,
etc. For example, the Catalina Real-Time Transient
Survey serves as the platform for their detection and
monitoring (see, for example, [31, 65—66]) as well as
the Zwicky Transient Factory [9] as the LSST precur-
sor and ML models implementation in synoptic sky
surveys.

The CNN models have played a crucial role in an-
alyzing data streams from the Advanced Laser Inter-
ferometer Gravitational-Wave Observatory (LIGO)
detectors allowing to register gravitational wave
signals from coalescing black hole binaries. Among
such works are ones on the training an ML system for
real-time glitch classification [111], on the classifica-
tion of gravitational wave signals, events, and instru-
mental noise [45—46] as well as to test the theories
on binary black hole mergers upon which the models
are based [47].

So, CNNs reliably manage with tasks for a variety
of image-based classification, regression, prediction,
and discovery of galaxies and other celestial bodies
(see, obstacle recent overviews by Baron [6], Fluke &
Jacobs [43], Vavilova et al. [99].

In our work, we used a deep CNN model for
the image-based morphological classification of
~300000 galaxies (0.02 < z < 0.1) from SDSS DRY.
To do this, we divided galaxies by their images [112]
into five morphological classes (completely rounded,
rounded in-between, cigar-shaped, edge-on, and
spiral galaxies) as in the Galaxy Zoo 2 (GZ2) proj-
ect. In our previous works [54, 93], we used binary
classification but, as it turned out, it is difficult to
correctly divide galaxies into two classes using the as-
signed label of galaxies from the GZ2. We investigate
the problem of differences in these datasets and sug-
gest ways to overcome adversarial validation. We also
used our CNN model to predict 34 detailed struc-
tural morphological features (bar, ring, bulge, merg-
ers, number of spiral arms, etc.) of these galaxies with
ware labeled in GZ2 project [107].

The structure of our paper is as follows. The sam-
ple of galaxies is described in Section 2. CNN model

5
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Fig. 1. Diagram of color indices (g-/) and inverse concentra-
tion indexes R50/R90 of the studied low-redshift galaxies
from the SDSS DRO after applying the Support Vector Ma-
chine (SVM) method: red color — early E (from elliptical to
lenticular) and blue color — late L (from SOa to irregular Im/
BCG) morphological types. Color bar from 0 to 1 shows SVM
probability to classify galaxy as the late to the early morpho-
logical type [98]

as the image morphological classifier, training and
inference galaxy datasets are presented in Section 3.
The created galaxy catalogs and results are given in
Section 4 as well as discussion and conclusion in Sec-
tion 5 and 6, respectively.

2. SAMPLE OF LOW-REDSHIFT GALAXIES
FROM THE SDSS

We used a representative sample of the 316031 SDSS
galaxies at 0.02 < z < 0.1 (with velocities correction
on the velocity of Local Group, V| 5 > 1500 km/s).
This sample was studied by us practically as “galaxy
by galaxy” in previous works [18, 32—36, 41, 67, 77,
92—95, 98, 100, 105]. Our most previous research
was to apply the ML photometry-based approach for
binary morphological classification of these galaxies
[98] and to create the catalog of their morphological
types (early and late) obtained with the Support Vec-
tor Machine with an accuracy of 96.4 % [102].

The main stages in preparing this sample were as
follows. A preliminary set of galaxies at z < 0.1 with
the absolute stellar magnitudes —24" < M, < —13"
from the SDSS DR9 contained of ~724000 galaxies.
Following the SDSS recommendation, we limited the
sample to m, < 17.7 in r-band to avoid typical statis-

6

tical errors in spectroscopic flux. After excluding the
images with stars and artifact objects as well as the du-
plicates of galaxy images, the final sample consisted of
N = 315782 galaxies. To clear the sample from seg-
mented images of the same galaxy, we used our code
based on the minimal angle distances between such
SDSS objects. The absolute stellar magnitude of the
galaxy was obtained by the formula
M.=m,—5lg(D) — 25— K(z) — ext,,
where m, is the visual stellar magnitude in r-band,
DL is the luminosity distance, ext, is the Galactic ab-
sorption in r-band in accordance to [86], K (z) is the
cosmological k-correction in r-band according to
[22, 23]. The color indices were calculated as
Mg— M, = (mg—m,.) -
— (ext, — ext) — (K,(2) — KA2)),
where m A and m; are visual stellar magnitude in g- and
i-band; ext, and ext;) are the Galactic absorption in
g- and i-band; Kg(z) and K (z) are the k-correction in
g- and i-band, respectively.

We found that Support Vector Machine gives the
highest accuracy exploiting different galaxy classifica-
tion techniques: human labeling, multi-photometry
diagrams, and five supervised ML methods. Namely,
96.1 % early E and 96.9 % late L types of galaxies [98].
We verified dependencies between accuracy and red-
shifts, human labeling bias, the overlap of different
morphological types for galaxies with the same color
indices, edge-on and face-on galaxy shape to deter-
mine the ability of each method to predict the galaxy
morphological type. Distribution of 315782 galaxies
from the studied SDSS sample by their morphological
type (early and late) is given in Fig. 1.

3. CNN MODELS FOR IMAGE-BASED
MORPHOLOGICAL MULTI-LABEL
CLASSIFICATION OF GALAXIES

The studied sample of 315782 galaxies from SDSS
DR9 is tightly overlapped with the data from the Gal-
axy Zoo 2, GZ2 [109]. It allows us to divide it into
two datasets: “inference dataset” of 143410 galaxies,
which do not match with GZ2 dataset; “fraining da-
taset” of 172372 galaxies, which match the galaxies
from our studied sample (Fig. 2).

For each galaxy from both datasets we have their
SDSS images, but morphological classes are defined
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Fig. 2. Block-scheme of the image-based classification of galaxies with CNN model for five morphological classes. Algorithm
consists of the training/inference datasets, image data preparation, adversarial validation, special train-test split via adversarial

scores, data augmentation, CNN classifier

only for galaxies from the training GZ2 dataset. The
315782 RGB images of galaxies were requested from
the SDSS (http://skyserver.sdss.org/dr15/en/help/
docs/ api.aspx##cutout). They are composed of gri-
bands [63] having color scaling, each of 100 x 100 x
x 3 pixels (39.6 x 39.6 arcsec) in each channel of the
RGB image.

3.1. Galaxy morphological image classification
into five classes by shape. It is important to note
the principal difference between galaxy images in
our inference dataset and the GZ2 training data-
set. Galaxies from the inference dataset are much
shallower than those from the GZ2 dataset. As we
mentioned in Section 2, the galaxies from the stud-
ied sample were pre-selected via m, < 17.7 limit fol-
lowing the SDSS recommendation. This affects the
value of the 90 % Petrosian flux parameter. Thereat,
the galaxies, which do not match the GZ2 dataset,
are fainter and smaller on average than galaxies from
the training GZ2 dataset. To get around this prob-
lem, we used an adversarial CN'N to compare these
two datasets (training and inference). Namely, we
trained it on all galaxy images of our sample, passing
the class ‘0’ for the inference dataset and class ‘1’
for the training dataset (Fig. 2).

To develop the CNN model based on the images
of galaxies, we used the GZ2 assigned labels for five
morphological classes by shape: completely round-

ed, rounded in-between, cigar-shaped, edge-on, and
spiral galaxies.

We provided additional data cleaning of 172372
galaxy images from the training sample and took into
consideration only those galaxies for which GZ2’s
volunteers gave the most votes for a more accurate
result (Fig. 2). It turned out to be 72738 galaxies. The
criteria for each image of the galaxy were defined
in GZ2 project [109]; their description is available
through web-site https://data.galaxyzoo.org/. The
criteria with (*_count) prefix indicate the number of
votes of volunteers; other criteria correspond to the
debiased fraction of votes assigned in the GZ2 cata-
log as (*_debiased). So, we applied criteria for gal-
axies belonging to the five morphological classes by
shape as follows

e completely rounded: smooth (number of votes
>0.469), completely _round (>0.469), smooth_count
(>25), completely_round_count (>25);

e rounded in-between: smooth  (>0.469),
rounded_in_between (>0.5), smooth_count (>25),
rounded_in_between_count (>25);

e cigar-shaped: smooth (>0.469), cigar shaped
(>0.5), smooth_count (>25), cigar shaped_count
(>25);

* edge-on: features_or_disk (>0.43), edgeon_yes
(>0.602), features_or disk count (>25), edgeon_
yes_count (>25);

ISSN 1561-8889. Kocmiuna nayka i mexronoeis. 2022. T. 28. Ne 1 7
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e spiral: features_or_disk (>0.43), edgeon_no
(>0.715), spiral (>0.619), features_or_disk_count
(>25), edgeon_no_count (>25), spiral_count (>25).

These criteria with vote scores >0.4 and higher were
found to be quite good for providing reliable image-
based morphological classification of galaxies. The gal-
axy image data preparation and augmentation for our
CNN model is described in detail in our paper [56].

The adversarial CNN resulted in the fact that the
training dataset contains galaxies, which proper-
ties are not common with inference one. The useful
parameter to solve this task is the adversarial score,
which means the probability of the galaxy with some
feature to be similar to the galaxy with the same fea-
ture from the GZ2 training set. So, we can test gal-
axies with a low adversarial score from the training
dataset in a way to train them on galaxies with the
high adversarial score from the training set (Fig. 2).
On the step of this “train-test split”, we randomly se-
lected ~9000 galaxies with an adversarial score less
than 0.7 to test the CNN classifier (test-split training
dataset), and the rest part of this dataset (~63000) to
train the CNN classifier (train-split training dataset).
Because this score is related to the presence of faint-
er and smaller galaxies in the inference galaxies, we
have done the image data augmentation of galaxies
from the training sample (we decreased the intensity
of pixels and reduced the image size). Distribution
of predicted labels vs. true labels of five morphologi-

Table 1. Distribution of predicted labels vs. assigned labels
as the probabilities for galaxy to belong to one of five
morphological classes (CNN classifier for test-split training
galaxy dataset of 9000 galaxies). Each row represents the
fraction of galaxies from a certain class (defined at the
horizontal row) to be classified as galaxies from other classes

Predicted labels

True labels Completely| Rounded | Cigar- Ed Spiral

rounded | in-between | shaped ge-onj spira
Completely
rounded 0.83 0.16 0 0.00038| 0.012
Rounded
in-between 0.054 0.93 0.0047 (0.00025| 0.015
Cigar-
shaped 0 0.17 0.75 | 0.065 | 0.017
Edge-on 0 0.0076 0.049 | 0.93 |0.0092
Spiral 0.0075 0.022 0.0017 | 0.0092 | 0.96

8

cal classes for these ~9000 galaxies with the high ad-
versarial score as the confusion matrix is shown in
Table 1. One can see in Table 1 that our model for
CNN classifier guarantees > 93 % of accuracy for
rounded in-between, edge-on, and spiral morpho-
logical classes, 83 % for the completely rounded and
75 % for the cigar-shaped galaxies.

As a result of the CNN classifier, we got the mor-
phological classes of 72738 galaxies from the train-
ing set as follows: 19468 completely rounded, 27321
rounded in-between, 3235 cigar-shaped, 4099 edge-
on, and 18615 spiral galaxies.

Meanwhile, knowing the morphological class of
galaxies from the training dataset, we are able to clas-
sify galaxies from the inference dataset with CNN.
We compared a few CNN models for the five-class
morphological classification. Following our previous
works [54, 93] the best neural network for our task is
DenseNet-201.

Our CNN model consists of two main parts. The
first one is the convolutional part, where CNN per-
forms the image processing with a gradually decreasing
size. The highlight of CNN architectures is to use the
fully connected layers at the tail. This tail corresponds
to the neural network classifier, which transforms the
output of the convolutional part into the dense layer,
the number of neurons in which is equal to the number
of classes (see, for example, http://cs231n.stanford.
edu/). So, the second part of our model is the fully
connected part, where the processed galaxy image
comes through a few layers of connected neurons up
to the last layer, consisting of five neurons, the output
of which corresponds to the probability of a galaxy be-
ing one of five defined classes.

Our CNN model was completed by the two dense
layers of neurons (with the number of neurons equal
128 and 5, respectively) and, after, by the global max-
pooling. The activation functions at the tail of the CNN
model were the same as in adversarial validation. As an
optimizer, we used the ADAM with an initial learning
rate of 10~4; the optimizer minimized the categorical
crossentropy loss function (see, in detail, [56]).

3.2. Galaxy morphological multi-label classification
by 34 features. Besides classification into five morpho-
logical classes, the image galaxies from the training
dataset attribute 37 parameters of the detailed mor-
phology. They are estimated for each galaxy according
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to volunteers’ answers and form the decision tree [80,
109]. The principal restriction for classification with
CNN is the presence of the only parameter, which
characterizes this class of objects on an image [59]. We
introduced the “similarity learning” approach: if two
galaxies have similar images, then their morphological
parameters are similar. In other words, we exploited
the galaxy images from the training dataset, which are
most similar to the galaxy images from the inference
dataset by their 37 morphological detailed features.
The algorithm is finding the nearest galaxies from
the training dataset to the target galaxy of the infer-
ence dataset in the penultimate CNN layer of multi-
parameter space and assigns the attributes of nearest
neighboring galaxies to the target galaxy.

We also applied the adversarial validation to pre-
dict 37 detailed morphological features of galaxy im-
ages from the inference dataset with some adversarial
score. The three very sparse features were removed
from the consideration. So, we worked with the in-
ference dataset of 160471 galaxies and with 34 galaxy
morphological features (bar, ring, various number of
spiral arms, disks, dust lane, merger etc.).

These morphological features are listed in Table 2.
The names of features (“parameter”) are given in the
first column as they are labeled by the GZ2’s volun-
teers. The numbers of galaxies in the inference da-
taset with the given feature are given in column 2.
Columns 3—5 contain the ROC AUC! classifica-
tion quality metric (ROCtest) for galaxies of GZ2
dataset. Two resulting accuracy scores, measured
with ROC AUC classification quality metric, give
the score for the model trained with adversarial aug-
mentations (ROCtest AUG, column 4) and for the
model, trained without these augmentations (ROC-
test NOAUG, column 3). As the binary classification
quality metric we used Area Under Receiver Operating
Characteristic Curve (ROC AUC). To estimate the
ROC AUC, one needs to plot the following curve:
the fraction of true positives out of the positives
(TPR = true positive rate) versus the fraction of false
positives out of the negatives (FPR = false positive
rate) at various threshold settings to estimate the area
under this curve. For ideal classification, ROC AUC

I ROC AUC isthe Receiver Operating Characteristics, which
is determined with Area Under Curve quantitate value.
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equals 1; for random, it is 0.5. For more information
about ROC AUC classification quality metric mea-
suring, see the paper by Bradley [12]. Column 5 gives
the difference between ROCtest AUG and ROCtest
NOAUG values.

Table 2. Quality metrics of morphological detailed features
of galaxies from the inference dataset

§ ! 8
Feature’s name [109] %n-%é - § N Z"
£s:9 |82 80| 32
7555|2982 85
1 2 3 4 5
smooth 624 89.25 | 88.59 | —0.66
features_or_disk 19770 | 92.54 | 91.88 | —0.66
star_or_artifact 6 95.36 [ 97.63 | 2.28
edgeon_yes 2079 98.81 ] 98.65 | —0.16
edgeon_no 7 504 97.21 | 96.82 | —0.39
bar 90 93.99 | 92.41 | -1.57
no_bar 1762 90.69 | 89.80 | —0.90
spiral 1199 93.40 | 92.88 | —0.52
no_spiral 47 86.30 | 84.78 | —1.52
no_bulge 63 98.36 | 98.35 | =0.01
odd_yes 1096 94.78 | 93.37 | -1.41
odd_no 61537 |84.62|83.51|-1.11
completely _round 6018 96.17 | 95.60 | —-0.58
rounded_in_between 20107 |92.31] 91.46|-0.85
cigar_shaped 12434 | 97.96 | 97.73 | -0.23
ring 52 96.97 | 96.43 | —0.54
irregular 41 96.74 1 96.94 | 0.20
other 95.93 1 89.20 | —-6.74
merger 8 91.79 | 88.89 | -2.90
dust_lane 4 99.39199.40 | 0.02
bulge_shape_rounded 18 96.73 1 96.27 | —0.47
bulge shape no_bulge 664 98.65 | 98.52 | —0.13
arms_winding_tight 3 89.45 | 88.60 | —0.85
arms_winding_medium 2 75.33 | 77.59 | 2.26
arms_winding_loose 100 94.95 | 94.41 | -0.54
arms_number_2 338 90.55 | 89.99 | —0.56
arms_number 3 1 93.54 | 93.47 | -0.07
arms_number_4 1 93.84 | 85.45|-8.39
arms_number_more 1 97.79 1 97.51 | -0.27
than_4
arms_number_cant_tell 1 86.13 | 86.07 | —0.06
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Fig. 3. A set of the inference galaxies (first column) with their
five nearest neighbors from the GZ2 training dataset (the rest
four columns). Each row represents the morphological class,
which is intrinsic to the galaxy from the inference set. The
number in the left upper corner of each image of the inference
galaxies is a value of the corresponding probability of being
this galaxy in a given class. Some classes of galaxies from the
GZ2 training set are pointed out when possible (not all of the
GZ2 galaxies fit our criteria for CNN classifier)

One can compare these scores and estimate the
degree of influence of image data augmentations on
the classification quality of a trained model. Scores
are given for the dataset of 9000 galaxies, expanded
with a fraction of galaxies, which do not pass the cri-
teria of morphological classification.

There is a particular discrepancy in the numbers
of galaxies with detailed morphological features from
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the training dataset. It can be explained, among other
things, by the fact that the GZ’ volunteers did not
notice certain morphological details while the CNN
classifier found.

4. IMAGE-BASED CATALOGS OF LOW-REDSHIFT SDSS
GALAXIES CLASSIFIED BY FIVE MORPHOLOGICAL
CLASSES AND 34 MORPHOLOGICAL FEATURES

Applying the CNN classifier to the inference galaxy
dataset (low panel in Fig. 2), we took into account the
following labels of galaxies: predictions of belonging
to one of five morphological classes (Table 1) and
34 detailed morphological features (Table 2). The
augmentation procedures for image data of galaxies
(«decrease in stellar magnitude and correction of
sizes») from the training dataset are described in our
work [56].

We have trained our CNN classifier having attained
the overall accuracy of 89.3% on the test set of 9000
galaxies obtained after splitting the training galaxy set
(see, the distribution of predicted labels vs. true labels
as the probabilities for galaxy to belong to one of five
morphological classes in Table 1). Assuming that a
galaxy is in a certain morphological class if the prob-
ability is the highest one, we found that the inference
dataset contains of 27378 completely rounded, 59194
rounded in-between, 18862 cigar-shaped, 7831 edge-
on, and 23119 spiral galaxies.

So, a common classification of the studied sample
of 315782 low-redshift SDSS galaxies with m, < 17.7
and V| 5 >1500 km/s into five morphological classes
consists of the following parts:

e 72738 galaxies from the training dataset and
143410 galaxies from the inference dataset, which
have undergone CNN model with the high adver-
sarial score and the accuracy pointed in Table 1. It
turned out 46846 completely rounded, 86515 round-
ed in-between, 22097 cigar-shaped, 13930 edge-on,
and 41738 spiral galaxies.

¢ 105560 galaxies from the studied sample were
not classified with CNN model because of their low
adversarial score (98534 galaxies) or technical reasons
(7026 galaxies). We left the initial morphological
classification for these galaxies into five classes as it
was assigned in the GZ2 project.

Examples of the inference galaxies with their five
nearest neighbors (in multi-label parametric space)
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Fig. 4 (parts 1—2). The examples of galaxies with some morphological features (smooth, features or disk, star or artifact, edge
on yes, edge on no, bar, no bar, spiral, no spiral, no bulge, bulge just noticeable, bulge obvious, odd yes, odd no, completely
rounded, rounded in between, see Table 2) from the inference SDSS dataset with their two nearest neighbors from the GZ2
training dataset
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arms winding medium 0.82

arms winding loose 0.97 0.60

arms number 1 0.33

arms number 2 0.97

arms number 3 0.50

arms number 4 0.35

0.32

arms N more then 4 0.84 0.25

Fig. 4 (parts 3—4). The examples of galaxies with some morphological features (cigar shaped, ring, irregular, merger, dust lane,
bulge shape rounded, bulge shape no bulge, arms winding tight, arms winding medium, arms winding loose, arms number 1,

arms number 2, arms number 3, arms number 4, arms N more then 4, arms N can’t tell, see Table 2) from the inference SDSS
dataset with their three nearest neighbors from the GZ2 training dataset
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from the GZ2 training dataset classified onto five
morphological classes with a given accuracy are
shown in Fig. 3.

Also, we determined the number of galaxies that
passed the 0.5 cut-off for the acceptance of the de-
tailed morphological features. The number of such
galaxies with the certain feature in the inference
dataset is presented in Table 2. The examples of in-
ference galaxies with some of these morphological
features (ring, bar, merger, irregular, arms_winding_
loose etc.) with two nearest neighbors (in multi-label
parametric space) from the GZ2 training dataset are
shown in Fig. 4. The mosaics of galaxies in Fig. 3 and

Fig. 4 illustrate well how our CNN classifier work in
finding the similar morphological features of vari-
ous galaxies, for instance, to find the edge-on galax-
ies turned to the observer under the same angles (see
seventh and eighth rows in Fig. 3) or to find the gal-
axies with similar morphological features as ring, bar
or bulge (Fig. 4, part 3—4).

We used additional morphological parameters
such as a bar or ring to predict the presence of these
features in galaxies from our inference set. Because
these features are not mutually exclusive, we intro-
duce a different approach to determine their types.
Namely, we assumed that the penultimate layer of a

Table 3. Examples of five galaxies from the Catalog of morphological classes of low-redshift galaxies
from SDSS DR9, which have the highest probability to belong to the completely rounded,
rounded in-between, cigar-shaped, edge-on, and spiral morphological classes

Coordinates Probability
Identifier .
Completely Rounded Cigar- .

Ra Dec rounded in-between shaped Edge-on Spiral
SDSS ObjID 1237655468061294796 | 226.655531 | 1.229153 0.9976 0.0023 0.0602 0.0554 | 0.0417
2MASS J15063732+0113452
SDSS ObjID 1237660960793428158 | 142.130736 | 35.118625 0.0001 0.9998 0.0424 0.0365 | 0.0263
2MASS J09283138+3507071
SDSS ObjID 1237648722321473797 | 218.840662 | 0.841566 0.0439 0.0004 0.9995 | 0.0257 | 0.0093
2MASS J14352175+0050296
SDSS ObjID 1237648722290606136 | 148.334281 | 0.697737 0.0338 0.1159 0.0004 | 0.9997 | 0.0053
2MASS J09532021+0041516
SDSS ObjID 1237660240312795177 | 47.947759 | -0.402997 0.0059 0.0038 0.0414 0.0279 | 0.9994
2MASS J03114746-0024108

Table 4. Examples of five galaxies from the Catalog of morphological classes of low-redshift galaxies
from SDSS DR9, which have the highest probability to have ring, bar, irregular shape, dust lane, two spiral arms

Coordinates

Probability

Identifier
Ra Dec

Dust Arms

Bar Ring Irregular lane number 2

2MASS J15105965+0829209

2MASS J14201619+3017044

2MASS J15344528+0549459

2MASS J12453820+4332122

SDSS ObjID 1237662198283633002 | 227.748594 | 8.489149 0.9922 0.0657 0.0000 0.0000 0.3236
SDSS ObjID 1237665101137641844 | 215.067510 | 30.284630 | 0.0002 0.9528 0.0000 0.0000 0.0129

SDSS ObjID 1237668311087972614 | 229.630080 | 14.677338 | 0.0004 0.0000 0.7009 0.0000 0.0113
SDSS ObjID 1237662262714368418 | 233.688611 | 5.829438 0.0003 0.0000 0.0000 0.8559 0.0061

SDSS ObjID 1237662196139163742 | 191.409199 | 43.536667 | 0.0002 0.0000 0.0000 0.0000 0.9778
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neural network consisting of 128 neurons must clear-
ly characterize the galaxy. In its turn, the neighbor-
ing galaxies in the multidimensional parameter space
must have the same characteristics. By determining
the optimal number of nearest neighbors for the most
accurate prediction and the optimal value of trim-
ming the likelihood of signs, we test our hypothesis
on a deferred GZ2 dataset and found a good confir-
mation.

We created the catalog of 315782 low-redshift gal-
axies from SDSS DRY, where morphological classes
and detailed features were defined for the first time
for 216148 galaxies by an image-based CNN classi-
fier. For the rest of the galaxies (with the lower adver-
sarial score) the initial morphological classification
was re-assigned as in the GZ2 project. These new
data will be added to our previous “Binary morphol-
ogy SDSS galaxies catalog” [102]2, see also: http://
skyserver.sdss.org/dr9 (SDSS DR9 Home Page). Ex-
amples of five galaxies from this catalog, which have
the highest probability to belong to the completely
rounded, rounded in-between, cigar-shaped, edge-
on, and spiral morphological classes, are listed in
Table 3. Examples of five galaxies from this catalog,
which have the highest probability to assign ring, bar,
dust lane, and other morphological, structural fea-
tures, are listed in Table 4.

5. DISCUSSION

Classification of morphological types and features of
galaxies is one of the cornerstones for extragalactic
astronomy and observational cosmology. Galaxies of
different morphological types are distributed non-
uniformly across the sky and along the cosmological
scale. The early-type galaxies predominate in the
central part of the cluster. They also have larger
masses, less gas, higher velocity dispersion, and
diverse stellar population than the late-type galaxies
(see, for example, these works [5, 7, 17, 25, 32, 33,
52,71,76,77,79, 89,91, 100, 106]).

Astronomical surveys have accumulated a large
number of galaxy images and data that need deep
scientific exploration. For this purpose, it is very con-
venient to use relevant methods for a reliable galaxy
morphological automated classification. There are

2 https://cdsarc.cds.unistra.fr/viz-bin/cat/J]/A+A/648/A122
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many different options for sorting galaxies by type
now, but each has its own drawbacks. For example,
broad spectra of data are lost in spectroscopy classi-
fication because not all galaxies have spectra of good
enough quality. Classifications based on the photom-
etry give an error when trying to classify red spirals
[92, 98], i.e., galaxies with a high content of old stars
or interacting galaxies which affect the photometric
characteristics of each other [11, 68, 73].

In favor of our choice of CNN as a basic model,
we will mention several papers related to the image-
based and photometry-based galaxy morphology
classification with accentuating on the SDSS and
Galaxy Zoo samples [61].

Cabrera et al. [16] explained how the human la-
beled biases in morphological photometry-based
classification could be reduced through supervised
ML. This coincides with our conclusion [101], where
we discuss which factors and properties of galaxies
exactly affect the accuracy of supervised methods.
In that paper, we concluded that one could not get
the accuracy significantly exceeding 76 % when us-
ing the GZ2 data as a training set for ML with the
photometry-based approach. One of the reasons
is the attribution of irregular galaxies in the GZ2,
which have the redder color indices, to the ellipti-
cal (early) type, and vice versa the elliptical galaxies
with the bluer color indices to the spirals. In any case,
the morphology obtained with the ML trained pho-
tometric parameters demonstrates significantly less
bias than morphology based on citizen-science clas-
sifiers. This conclusion is also important for galaxies
with low surface brightness galaxies [40].

For example, Cheng et al. [20] used a set of ~2800
galaxies from Dark Energy Survey with visual clas-
sification from GZ1 to compare ML methods for
galaxy classification: CNN, K-Nearest Neighbor,
Logistic Regression, Support Vector Machine, Ran-
dom Forest, and Neural Networks. They revealed
that CNN was the most successful method in their
study giving an accuracy of 99.4 % for the binary
morphological classification of ellipticals and spirals.
As for the combination of photometry and image gal-
axy SDSS data with Galaxy Zoo labels, we note the
work by Hayat et al. [1], who applied self-supervised
representation learning. Mittal et al. [69] introduced
the data augmentation-based MOrphological Clas-
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sifier Galaxy (daMCOG CNN) using convolutional
neural network and obtained a testing accuracy of
98 %. Their datasets of 4614 images were collected
from SDSS Image Gallery, Galaxy Zoo challenge,
and Hubble Image Gallery.

Walmsley et al. [107] used Bayesian CNNs and
a novel generative model of Galaxy Zoo volunteer
responses to infer posteriors for the visual morphol-
ogy of galaxies. They show that training Bayesian
CNNs with active learning requires up to 35—60 %
fewer labeled galaxies depending on the morphologi-
cal feature being classified. They concluded that in
the synergy of human and machine intelligence, the
Galaxy Zoo would be able to classify surveys of any
conceivable scale, providing massive and detailed
morphology catalogs to support research into galaxy
evolution. These authors in their next paper [108]
used Galaxy Zoo data (SDSS DRS8) and DECaLS
data [27] to provide the detailed visual morphology
measurements in grb-bands with Bayesian DL classi-
fier for 314000 galaxies brighter thanm,= 17.77 at z <
0.15. Applying RGB image construction and various
methods for the data processing, these authors were
able to improve decision trees for GZ2’ volunteer
classification of galaxy morphological features.

Several useful catalogs were developed with the
GZ classification scheme. Willett et al. [109] issued
a catalog of morphological types from the GZ2 in
the synergy with the SDSS DR7, which contains
more than 16 million morphological classifications
of 304122 galaxies and their finer morphological fea-
tures (bulges, bars, and the shapes of edge-on disks as
well as parameters of the relative strengths of galactic
bulges and spiral arms). Simmons et al. [87] cross-
verified morphological features of ~48000 galaxies
from the CANDELS survey and GZ project (clump-
iness, bar instabilities, spiral structure, merging). It
allowed them to create a list of galaxies with feature-
less discs at 1 < z < 3, representing “a dynamically
warmer progenitor population to the settled disc gal-
axies seen at later epochs”.

Dominguez-Sanchez et al. [37] presented a mor-
phological catalog for ~670000 SDSS-galaxies in two
options: T-type, related to the Hubble sequence, and
GZ2 types. Their models with DL for the GZ2 type
questions have the highest accuracy (>97 %), when
applied to a test dataset with the same characteristics
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as the one used for the training dataset. In the recent
work [38], they presented the MaNGA Deep Learn-
ing Morphological Value Added Catalog as a part of
the SDSS DRI17. This catalog includes a number
of morphological properties: e.g. a T-Type, a finer
separation between elliptical and SO, as well as the
identification of edge-on/barred galaxies and a sepa-
ration between early/late types.

Vega-Ferrero et al. [103] presented morphologi-
cal classifications of ~27 million galaxies from the
Dark Energy Survey (Data Release 1). They pro-
vided CNN model to classify these galaxies by early
and late types (accuracy ~87 %) as well as by face-
on and edge-on galaxies (accuracy 73 %). In work by
Domingo-Sanchez et al. related to the algorithm for
preparing this largest automated morphological cata-
log up to date [39], the authors describe how their
trained SDSS image data of galaxies were transferred
on Dark Energy survey images. They also modeled
fainter objects by simulating what the brighter objects
with well-determined classifications would look like
if they were at higher redshifts. This is the same as we
applied in our approach.

The results mentioned above are quite comparable
in accuracy with each other in determining the pecu-
liarities of galaxies being in good agreement with our
results. They evident that CNN models are effective
enough for image-based classification of galaxy mor-
phological features.

In general, our method shows a satisfactory level
of morphological classification performance, attain-
ing more than 90 % of accuracy for most morpho-
logical classes (Table 1). Such value of the accuracy
is in good agreement with the accuracy obtained in
the work by Walmsley et al. [107], who used Bayes-
ian CNN to study Galaxy Zoo volunteer responses
and achieved coverage errors of 11.8 % within a vote
fraction deviation of 0.2. As well as with work by
Gauthier et al. [44], who applied both supervised and
unsupervised methods to study the Galaxy Zoo data-
set of 61578 pre-classified galaxies (spiral, elliptical,
round, disk). They found that the variation of galaxy
images is correlated with brightness and eccentricity,
and the accuracy for galaxies to be associated with
each of these four classes is about 94 %.

As for the classification of galaxies by their de-
tailed structural morphological features, our CNN
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model gives the accuracy in the range of 92—99 %
depending on features, a number of galaxies with the
given feature in the inference dataset, and, of course,
the galaxy image quality (Table 2). As a result, for the
first time we assigned 34 morphological detailed fea-
tures for more than 160000 low-redshift galaxies with
m,<17.7 from the SDSS DR9, which have the highest
adversarial score by our CNN classifier. If we com-
pare our result with a largest galaxy morphological
catalog presented by Vega-Ferrero et al. [103], where
the face-on and edge-on galaxies were classified by
their images with an accuracy of 73 %, we constitute
that our CNN model gives a more significant output.

6. CONCLUSION

We developed a CNN model for image-based galaxy
morphological classification. The studied sample of
315782 galaxies with m, < 17.7 from SDSS DRY at
0.02 < z < 0.1 is overlapped with the data from the
Galaxy Zoo 2 (GZ2). It allowed us to divide it into
two datasets: “inference dataset” of 143410 galaxies,
which do not match with the GZ2 dataset; “training
dataset” of 172372 galaxies, which match with galax-
ies from our studied sample.

To develop the CNN model based on the images
of galaxies, we used the GZ2 assigned labels for five
morphological classes by shape and for 34 detailed
structural morphological features of galaxies. We
revealed that adversarial validation is very helpful
when the labeled datasets are biased in magnitude
distribution for the training dataset, and such a dif-
ference could bias the final prediction of the classi-
fier on the inference dataset. To avoid this problem,
we applied the adversarial validation method for
analyzing the homogeneity of these two datasets and
for modeling fainter galaxies. As a result, the galax-
ies were selected from the training dataset with the
highest adversarial score that are most closely co-
incided with the inference dataset, and the images
were normalized to be similar. Our CNN classifier
has demonstrated >93 % of accuracy for rounded in-
between, edge-on, and spiral morphological classes,
83 % for the completely rounded, and 75 % for the
cigar-shaped galaxies. Assuming that a galaxy is in
a certain morphological class if the probability is
the highest one, we found that the inference dataset
contains 27378 completely rounded, 59194 rounded
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in-between, 18862 cigar-shaped, 7831 edge-on, and
23119 spiral galaxies.

As for the detailed structural features of galaxies,
we worked with the inference dataset of 160471 gal-
axies and with 34 galaxy morphological features (bar,
ring, various number of spiral arms, disks, dust lane,
merger, etc.) as they are labeled by the GZ2’s vol-
unteers. We used ROC AUC (Area Under Receiver
Operating Characteristic Curve) as the binary clas-
sification quality metric, which gives accuracy scores
for the model trained with adversarial augmenta-
tions and for the model trained without these aug-
mentations. Our CNN model provides the accuracy
in the range of 92—99 % depending on the features,
the number of galaxies with the given feature in the
inference dataset, and, of course, the galaxy image
quality. As a result, for the first time, we have also vi-
sually inspected the galaxy images. As a result, for the
first time we assigned 34 morphological detailed fea-
tures for more than 160000 low-redshift galaxies with
m, < 17.7 from the SDSS DR9, which have the high-
est adversarial score by our CNN classifier.

In general, we created the catalogs of 315782 low-
redshift galaxies from SDSS DR9, where morpho-
logical classes and detailed features were defined for
the first time for 216148 galaxies by the image-based
CNNclassifier. For the rest of galaxies (with the
lower adversarial score) the initial morphological
classification was re-assigned as in the GZ2 project.
These catalogs can be accessed through the VizieR
CDS platform. A vector representation of the prob-
ability distribution of a galaxy having one or another
feature (the penultimate layer of our CNN model)
can be founded at the Ukrainian Virtual Observa-
tory [96] web-site (http://ukr-vo.org/catalogs).
This will be of interest to those who will study the
similarities between galaxies in more detail. Our ap-
proach to the image data augmentation can be ap-
plied as the mathematical tools in tasks of positional
and photometrical processing CCD frames, archive
astroplates in various bands, transient objects, ar-
tifacts [31, 70, 81, 83, 104]. The proposed CNN
model allows solving a bunch of galaxy classifica-
tion problems, for example, such as a quick selec-
tion of galaxies with a bar, bulge, or ring for their
subsequent analysis. Our approach consumes the
time at the stage of preliminary preparation of the
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studied galaxy dataset and can be useful for further
studies of the morphology, image, photometry, and
spectroscopic data of galaxies.
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ByJ1. Akanemika 3abosiotHoro 27, KuiB, Ykpaina, 03143

2 HAII «AcTpoHOMiuHa obcepBaTopist» OnechbKoro HalioHaIbHOTO YHiBepeuTety iM. 1. I. MeuHukoBa
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4 Inctutyt disuxu HAH Yxpainu
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MAIUMHHE HABYAHHS AJIS1 MOP®OJOTTYHOT KITACU®IKALIIT TATAKTHK 13 OTJISY SDSS.
II. MOP®OJIOTTYHI KATAJIOTM 30BPAXKEHD TAJTAKTHUK HA 0.02 < Z< 0.1

Mu 3acTocyBain 3ropTkoBy HelipoHHY Mepexky (CNN) mo Bubipku 300pakeHb raJJakTUK Ha MaJliX YepBOHMX 3MIllIEHHSIX i3 —
24m < M, < ~19.4" ornany neba SDSS DR9. Mu posnimnin ii Ha aBi ninubipku ranaktuk SDSS DRY i ranaktuk Galaxy Zoo
2 (GZ2), po3rasaarodu ixX SIK LJbOBY 3 HEBiloMUMU MapaMeTpamu (inference) Ta HaB4YasibHY (training), BianmosigHo. 1106
BU3HAUYUTU OCHOBHI MOP(OJIOTiuHi TapaMeTpy TajlaKTUK, BU3HAUYeHi B pamKax nmpoekty GZ2, Mu KjiacudikyBaiu raJJaKTUKU
Ha I’ATh Bi3yaJlbHUX KJaciB (TMOBHICTIO 3a0KpYIJIeHi, MaiiKe 3a0KpyIyieHi, IJaiKi curaporiofioHi, Buaumi 3 pebdpa,
cripanbHi). BuxkopucrtoByrouu kiacudikauito mMopdosorii ragaktuk GZ2, My Takox Bu3Hauwiu 34 MopdosoriyHi
XapakTepucTuku TanakTukK i3 Bubipku SDSS DRY, ski He 36iratoThcss 3 HaBYAIBHOIO MiABUOiIpKOIO TamakTuk GZ2. V
pe3yJbTaTi MU CTBOPUIM MOPGOIOTiUHUI KaTamor 300paxkeHb 315782 ramaktuk Ha 0.02 < z < 0.1, ne Mmopdooriuni m’arb
KiaciB i 34 geTanbHi XapakTepuCTHKMA Oyau Briepine Bu3HadeHi it 216148 ramaktuk i3 3actocyBaHHsM CNN
kinacudikaTopa. st pelliTy rajlakTMK IMOYaTKoBYy MopdosioriyHy kKiacudikallito Oyjo mepeBU3HaYeHo, K y TpoekTi GZ2.
Hair meton neMoHcTpye 6aratoobilsiouy eheKTUBHICTh MOopdoJioriyHoi Kiacudikallii, o gocsrae noHan 93 % TodHoCTi
JUISI TIPOTHO3YyBaHHsI MOPGOJIOTii I’ITH KJIaciB, 3a BUHSTKOM curaporonioHux (~75 %) ta moBHicTio okpyrieHux (~83 %)
rajiaktuk. B pesynbrari Oy oTpMMaHi KaTajoru 27378 MOBHICTIO 3a0KPYIJIEHUX, 59194 Maiixe 3a0KpyrieHux, 18862 cura-
pornonioHux, 7831 BUAUMUX 3 pedpa, 23119 cripalibHUX TalaKTUK Ha MaJMX YEPBOHMX 3MILLIEHHSX AOCIIIXYBaHOI BUOIpKU
SDSS. o crocyeTbes Kiacugikallii rajjakTUK 3a IXHIMU IeTaJIbHUMU CTPYKTYPHUMU MOPMOJIONUHUMU OCOOJIMBOCTIMU, TO
Hama momeab CNN mae touHicth 92—99 % 3anexHO Bim MOp(MOJIOriyHOI O3HAKM Ta SIKOCTi 300pa’kKeHHsST rajJakKTUKU.
CTBOpeHO Kartajoru, ne Brepiiue 34 netajibHi MOpGOoOriuHi 0coOauBOCTI (6ap, Kijblisl, KiJbKiCTh CHipaJIbHUX PYKaBiB,
3JIATTS TOLIO) BU3HaYeHO i moHan 160000 ramakruk wiapoBoi miaBubipku SDSS DR9. Mu Brepie MOKa3yeEMo, IO
3actocyBaHHsT Mozesi CNN 3i 3MarajqpbHOIO Bajlimalli€elo Ta MaTeMaTMUYHUMM TEPETBOPCHHSIMM 300paXkeHb TaJlaKTUK T10-
Kpalye Kiacuikaliro MeHIINX 32 po3Mipamu Ta cnabkimmx m, < 17.7 ramaktux SDSS.
3anpornoHoBaHa Moaeb CNN 103BoJIsie BUPILLIMTH pi3Hi TpobieMu Kiaacuikalii raJakTUK, HampuKJaa, TAKUX SKITBUIKUAI
BiI0Oip rajlakTUK i3 6apom, bajiKeM, KijIblieM Ta iHIIUMU MOPGhOJIOTIYHUMU OCOOJIMBOCTIIMU IS iX MOAAIBIIOTO aHAJli3y .

Karouosi caoéa. Meronu: aHai3 1aHux, MallIMHHE HABYaHHS, 3TOPTKOBI HEMPOHHI Mepexi; rajlakTUKu: MopdoJioriyHa Kia-
cudikalrist, 300pakeHHS TaJJaKTHK, KaTaJOr'W TaJIaKTHK, BeJITMKOMacITabHa CTpyKTypa BcecBiTy.
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MEKHAPOJIHO-ITPABOBMIA PEXKIIM KOCMIYHOI'O ITPOCTOPY:
MLX RES COMMUNIS TA RES NULLIUS

Ily6aixayiio npuceaueHo numanuio MiJCHaGpOOHO-NPABOBO2O PelcUMy KocMiuHoeo npocmopy. Pobumuca cnpoba eusnauumu onmu-
MaAbHY MOOeNb MiNCHAPOOHO-NPABOBO20 Pe2YAIO8AHHS BIOHOCUH Y Chepi BUKOPUCIMAHHS KOCMIMHO20 NPOCMOPY Ma 11020 Pecypcis.

Jocaioncytomscs 0CHOBHI MidICHAPOOHO-NPABOGI pedcUMU, 3aCMOCO8Y8aHi 00 NPOCMOpie, w0 nepedys8aroms no3a GUKAIUHON
HayioHaabHo opucoukyicto. OcHogHy ysazy npudinero pexcumanm res nullius, res communis, nPUHUUNY 3G2aNbHOI CRAOUWUHU NH00-
cmea. CyyacHe MidicHApOOHO-NPABOGe PecyAto8aHHs 8iOHOCUH, W0 CKAAOAOMbCS Y 36°13KY 3 00CAIONCEHHAM Ma GUKOPUCIMAHHAM
KOCMIUH020 nPOCMOopy, NPOAHANI308AHO KPI3b NPUMY UUX pelcumie, a makoic y Konmekcmi kameeopii global commons, do skux
yacmo 3apaxo8yroms Kocmiunuil npocmip. Haeonouryemocs na momy, ujo ocmanHtiil kameeopii, Xoua 60HA Ui € WUPOKO 3ACMOCO8a-
HOIO Y CYMACHOMY HAYK080MY NPagosomy OUCKypci, OpaKye UsHa4eHocmi. 3eajicarouu Ha me w0 KOHyenyis nyoniyHux 6aae ompu-
Mana ocobausuUil po3sUMOK y eKOHOMIYHIT meopii, NPONOHYEMbCS 8pPAX08Y8AMU came eKOHOMIYHI eracmueocmi makux oaae npu
PO3POOAEHHI pedcUMie IXHb020 NPABoB020 PecyNtO8aHHS.

Y po6omi eusnaueno ocobauseocmi ma Komnaekcricms 8i0OHOCUH i3 BUKOPUCMAHHS KOCMOCY K 00 €KmMa npagogoeo pezyato8aHHs.
Haeonowyemocs Ha HeobXiOHOCMI OPMYBAHHSA KOMHACKCHO20 MIJCHAPOOHO-NPABOB0O2O PeNCUMY, AKUI OU NOEOHY8A8 ereMeHmu
res nullius, res communis ma 3aeanbHoi chaowUHU AH00CMEAa w000 00’ EKMi6 KOCMIUH020 NPOCMOPY i3 PI3BHUMU NPUPOOHUMU MA, K
HACAI00K, eKOHOMIYHUMU 61ACMUBOCHIAMU.

AHanizyrombcs ocmanHi meHOeHyil y HauyioOHAAbHII ma MINCHAPOOHIL NPasomeopuocmi, noe’a3ami i3 opMyeaHHAM NPaAso6o2o
pexcumy excnayamauii pecypcié HebecHux min ma xomepuianizayiero yiei disavHocmi. Busnaveno ixuiil 6naué na mincHapooHo-
NPagoBuUll pexcuMm KOCMIiYH020 npocmopy ma meHoeHyii ioeo maiudymuwoi eeonroyii. Haconoweno na eaxcausocmi sugasicenoi Ha-
YIOHAABHOT NO3UYii w000 OPMYBAHHS NPABOBOCO PEYNO8AHHS KOMePUIliHO20 8U000YMKY pecypcié HebecHUX min.

Karouosi caoea: xocmiunuii npocmip, pecypcu nebecHux min, MidCHapoOHO-npagosuil pexcum, res nullius, res communis, 3a2aivHa
cnadwuna atodcmaa, global commons, Jlomoeaenocmi w000 npoepamu «Apmemioa», midcHapoorHa npasomeopHicms.

ITOCTAHOBKA ITPOBJIEMU
HocniKeHHs MUTaHb [IPABOBOIO PETYIIOBAHHS KO-

cd. Tak, B IUMHI LOrO POKY KOMEPLiiHi MOJHOTU
B KOCMOC OyJ10 3iliCHEHO ABOMa aMEPUKAHChKUMU

MEPLIiHOI AiSITBHOCTI Yy KOCMiYHOMY IPOCTOPi MO-
KYTh 3[aBaTUCS MEPEAYacCHUMU Ta TAKUMU, 1110 HE
MaloThb MpakTUYHOro ceHcy. Pazom 3 TuM yacto Te,
1110 3a€ThCs (paHTACTUKOIO CHOIOMIHI, 3aBTpa CTa€
peanbHicTIO. Ile minTBepIKy€E, HAIIpUKIIaA, HAIIPSIM
KOCMiYHOTO Typu3MYy, L0 TPOJOBXYE PO3BUBATU-

minbsapaepamu Piyapmom BpeHcoHoMm Ta Ixedom
be3ocoM, 1110 iHBECTYIOTh Yy KOCMIUHUI TypUCTUY-
Huit 0i3Hec. OCTaHHINM 3agBUB, IO TUIBKU IIPOTSI-
TOM IIEpIIOTO JHS ITiC/IST TIPOMOIIOILOTY, TOOTO 20
ymrHg 2021 p., iioro kommnadis «Blue Origin» mpo-
Jlajla KBUTKIB Ha HACTYITHI MOJOPOXi Y KOCMOC Ha

HutyBanHus: HirpeeBa O. O. MixXHapoaHO-TIpaBOBUIA peXKUM KOCMiUHOTO TIPOCTOPY: MixX res communis Ta res nullius. Koc-
miuna nayka i mexuonoein. 2022. 28, Ne 1 (134). C. 23—42. https://doi.org/10.15407 /knit2022.01.023
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0. O. Hiepeesa

100 minpitoniB monapiB [41]. OTxe, KomepliiliHe
OCBOEHHS KOCMOCY CTa€ yce Oinbin peanbHuM. Ille
OIHMM HAIpPSIMKOM L€l DiSUTbHOCTI, 110 BUKJIUKAE
Jiefaii OUTbIINI iHTEpeC y MOTeHLIIMHUX iHBECTOPIB,
€ BUIOOYBaHHSI Ta BUKOPUCTAHHS Pi3HOMaHITHUX
pecypciB IIOTO 0€3MEXXHOTO TTPOCTOPY.

Xoua Hapa3si He iiaeThCs Mpo iHAYCTpiabHi MacCIII-
TaOM TaKol JAisUTbHOCTI, i3 4acoM ITONUT Ha BOAY Ta
MiHepaJbHi pecypcu HEOECHUX TiJl TUIBKU 3pOCTaTH -
me. [lepi 3a Bce 11€ 3yMOBJIEHO IXHBOIO OOMEXEHiC-
TIO Y1 HecTadeto Ha 3emii. HaBiTe 3apa3 goctyn 1o
MPUPOJHUX PECYPCIB € OJHIEIO 3 TOJTOBHUX MPUUNH
YUCJIEHHUX BiMICbKOBUX KOH(DIIIKTIB. 3a BUpa3oM
I6parima Tiay, BUKoHaB4Yoro nupekropa KoHBeHIIi1
OOH npo 60poTh0y 3 ONyCTEIOBAaHHSAM Y TUX Kpai-
Hax, 1110 MOTePHaloTh Bil CEPO3HOI ITOCyXu Ta/abo
OITyCTeIIOBaHHS, SIK-0T y Adpuiti 1994 p., moactBo
B yCi Yacu BCTynajo y KOH(JIIKTH, TTOB’3aHi i3 IIpu-
POIHUMU pecypcaMu, OTHAK «ChOTOIHI LI CYTUYKU
BinOyBalOTbCsl i3 Oe3MpelieIeHTHOIO YacTOTO Ta
iHTeHCUBHICTIO» [7]. 3a MpOrHO3aMu CIelialiCTiB y
rajay3i MixkHapOIHUX BiTHOCHUH, OIHIEIO0 3 3aKOHO-
MipHOCTeH iXHbOTO po3BUTKY Y XXI CT. cTaHe mocu-
JIEHHS1 00pOTHOM MiX HALiSIMM Ta LMBLII3aLisIMU 3a
TeOIOJIITUYHUI TIPOCTipP, TPAHCIOPTHI KOPUAOPH Ta
npupoaHi pecypcu [18, c. 546]. ¥V cBoro uepry, ixHs
00MEXEHIiCTb IpHU 30epeXXeHHI TEeIepillHiX TeMIIiB
CITOXXMBaHHS Ta JMHAMIKU 3pOCTaHHS HaceJIeHHS i3
BEJIMKOIO MMOBIpHICTIO TIpU3Beae 10 BUHUKHEHHS
HOBUX JIOKAJbHUX i HaBiTh M100aTbHUX KOH(JIIKTIB
[20, c. 41].

Tak, 3a ouinkamu OpraHizaliii €BponeliicbKOro
CHiBpOOITHUIITBA Ta PO3BUTKY KUJIBKICTh JIIOICH,
1110 TPOXMBAIOTh Y PeTioHax i3 HecTaueld BOIHUX
pecypcis, 1o 2030 p. 3pocTe 10 3.9 MIIpJ, 110 CTaHO-
BUTHMME IT0JIOBMHY HaceJieHHs 3emti Ta 80 BiZCOTKiB
HaceJIeHHsI KpaiH, siki po3BuBatoThes [S1, c. §8]. I3
BUYEPIAHHSIM MiHEepaJlbHUX pPecypciB 3eMJii CUTY-
allis He Taka CKJIaJHa, He3BaXkaloud Ha MPOTHO3M,
HanpukJiaa, PuMcbkoro Kiy0y, BiIOBIIHO 0 SIKMX
JIesiKi OCHOBHI MiHepaJibHi pecypcu 3eMIli, TaKi K
MiIb, IPUPOIHUIN ra3, HadTa, aTIOMiHill, CBUHELIb,
BYTJLJISI, XpOM, 3aJ1i30 MOXYTb CKIHUYUTUCST MPOTSI-
roM HactynHux 30—150 poxis [8, c¢. 32]. Ha morysig
IHIIMX BYEHUX, peaibHI 3aracyu MiHEepaJbHUX KO-
NajvH y 3eMHill Kopi HEBimOMi, a OTXKe, TTOTeHIIial
IXHBOTO BUAOOYTKY € HeoOMexkeHuM. Lle mae min-

24

CTaBU BBaXaTH, 1110 €KOHOMIYHE BUYEPIaHHsI MiHe-
palliB cTaHe peaabHOIO TYPOOTOIO 11 IIOACTBA Tilb-
KU y BigmajeHomy MaiioytHbomy [34, c. 7]. Pazom
3 TUM TTiABUILIEHHS MOIIMTY Ha MiHEepaJbHi pecypcu
3 OOKY IHAYCTpiadIbHUX KpaiH, nmepur 3a Bce Kuraro,
MpuU3BeJe J0 MOJAJIbIIOTo 3pocTaHH 1iiH [51, c. 9].
Kpim Toro, nesHi MeTanu, 30KpemMa MeTaau TIaTh-
HOBOI I'PYIIM, BUBHAUEHI SIK KPUTHUYHI JIJIs1 PO3BUTKY
€KOHOMIKU JiesIK1X perioHiB [51, ¢. 9], € 1oCUTSb pif-
KiCHMMU Ta JOPOTUMM.

VYci 1i pakTOpU 3MYILIYIOTH JIFOACTBO YCE YacTillie
3BepTaTH CBOIO yBary 10 KOCMOCY, Malo4yu Ha yBasi
MOXKJIMBICTh BUIOOYBaHHSI Pi3HOMAaHITHUX peECyp-
ciB HeOecHux Tin. Tak, 3rimHO 3 ouiHKamu «Plan-
etary Resources», ofiHi€l 3 KOMITIaHiii, sika Mpaltoe
HaJ MPOEKTAMU KOMEPILIMHOTO OCBOEHHS PeCypcCiB
y kocmoci, onuH 500-MeTpoBuUii IUIATUHOBUIA ac-
Tepoil MOXe MICTUTU OiJbllle MeTaliB IIaTUHOBOI
IpyIu, HiX Oyb-KoJu 0yJ10 BUI0OYyTO Ha 3emJi [51,
c. 9]. Actepoiny MOXYTb CTAaTH JKEPEIOM TaKOX
IHIIMX PecypcCiB, TaKMX SIK BOJa Ta METaJliuHi KO-
nanvHu [1], a cepen moTeHLiHHUX pecypciB Mics-
11 3a3HAYaroTh rejliil, pigKo3eMeabHi MaTepialu Ta
Bony [57]. Pe3yabratu HOCiIKEHHS, 3aMOBJIEHOIO
Kocmiunum arenTctBom JItokceMOypry, Imokasaiiu,
1110 BUKOPUCTAHHSI PECYPCiB KOCMOCY MOXKe MTpUHe-
ctu 1o 170 minbsapaiB gonapiB CIIIA, mounHatoun 3
2018—2045 pp. [54].

HageneHni Bullie (hakTopy BUKJIMKAIOTh 1iKaBiCTh
JI0 MOXJIMBOCTEl BMIOOYTKY Ta BUKOPUCTAHHS
KOCMiuHUX pecypciB. OmHaK po3BUTOK BiIMTOBiTHUX
MPOEKTIB IJIs 0araThbox KpaiH Hapa3i € HEMOXJIMBUM
0e3 3HaYHMX iHBECTULIil 3 O0KY MPUBATHOI'O CEKTO-
py. OcTaHHi#1 TaKOX IEMOHCTPYE yce OibIy 3aili-
KaBJICHICTb y 3a3HaYE€HOMY HAMPSIMKY, 110 MiATBEP-
JIXKY€E 3pOCTaHHSI KiJIbKOCTI KOMIIaHil, sIKi 3aiimMa-
I0ThCSI KOCMiYHUMM MpoeKTamMu. Cepel OCHOBHUX 3
HUX BXe 3a3HauyeHa «Planetary Resources», a Takox
«Deep Space Industries», «Moon express» Ta iHIIII.
IIpore edexkTrBHE 3a71ydeHHSs IPUBAaTHUX IHBECTH-
Lili HEMOXKJIMBE 0€3 CIPUSITINBOIO IHBECTULIIAHOIO
KJIiMaTy, OJHI€I0 3 TOJIOBHUX YMOB SIKOTO € 3pO3Yy-
MiIMI MpaBOBUII PeXMM BiIMOBiIHOI MisUTBHOCTI,
1110, Y CBOIO 4Yepry, MaB Ol €KOHOMiYHO IPUBaOJIM-
BY MOJATKOBY CKJIAOBY Ta Mir OM rapaHTyBaTu Ha-
NiAHICTh TIpaB Ha PO3BiIKYy Ta BUIOOYTOK pPeCypciB,
MNPUIATHICT 11 OaHKIBCHKOro (piHaHCYBaHHS Ta
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MOXJIMBICTb TTPUMYCOBOTO BUKOHAHHS YKJIAJEHUX
noroBopiB [24, c. 30].

ITpaBoBoOIO 6a3010 pexxUMy KOCMOCY Ta HOro pe-
CypCiB € MiXHapomHe KOCMiYHe IIpaBoO, 3 TaKUMU
iioro mxepenaamu, sK: Jloroip npo NMpUHLIMIIM [di-
STLHOCTI JIepKaB CTOCOBHO JOCJIIIXKEHHST Ta BUKO-
pUMCTaHHSI KOCMIYHOTO MPOCTOPY, BKIIIoYarouu Mi-
cs1b Ta iHmi HeGecHi Tiza 1967 p. (mani — Jlorosip
PO KocMoc); Yroaa npo AisIbHICTD AepxkaB Ha Mi-
csui i iHmux HebecHux Tinax 1979 p. (nani — Yrona
npo Micsup); Yroga mpo psATyBaHHSI KOCMOHABTIB,
IMOBEPHEHHSI KOCMOHABTIB i ITOBEpHEHHS 00 €KTIB,
3aMylIeHNX Y KocMiuyHuit ipocTip 1968 p.; KonseH-
1IisI PO MiXKHAPOIHY BiMOBITAJBHICTh 32 IIKOMTY,
3aBAaHy KocMidHUMU 00’ekTamu 1972 p.; KoHBeH-
LIisT IPO peecTpallilo 00’€KTIB, 110 3aIlyCKAalOThCS Y
kocMiuHuit mpoctip 1975 p. Cepen HUX OCHOBHUMU
JIJIS1 BA3HAYEHHS ITPABOBOTO PEXXUMY BUKOPUCTAHHS
KocMiuHuMX pecypciB € [Jorosip mpo kocmoc (Ykpa-
iHa (YPCP) € yuacHuiielo 3 22 tpaBHst 1967 p.) ta
VYroma nipo Micsipb (YkpaiHa He ImpueaHaiacs), sKi
BU3HAYalOTh JOCIIIXKEHHSI Ta BUKOPUCTAHHSI KOC-
MiYHOTO TTPOCTOPY SIK HaJa0aHHS BChOTO JIOJCTBA, a
TaKOX 3aKPiIIOI0Th TaK 3BaHWUI MPUHIIMIT HEMPU-
BJIACHEHHSI KOCMOCY, BKJIoyarouu Micsib Ta iHIIi
HebecHi Tija. OCTaHHIl MPUHILMI, 30KpeMa, KOH-
KPETU3YETHCS Y CT. 2 JlIoroBopy Mpo KOCcMOC Ta yac-
TiHi 2. cT. 11 Yrogu npo Micslb, sIKi BU3HAYaIOTh,
1110 3a3HAaYE€HUI MIPOCTIip He ITiIJIIra€ HallioHAJIbHO-
My MPUBJIACHEHHIO Hi LUISIXOM MPOTOJIOLIEHHS Cy-
BEPEHITETY, Hi IIUISIXOM BUKOPUCTAHHS YW OKYyMallil,
Hi OyIb-SIKMMU iHIIMMU 3acobamu [5; 22]. YacTuHa
1 ct. 11 Yronu npo Micsip iae 1ie gaji, BU3Ha4a-
oun Micsipb Ta 0ro MpupoaHi pecypcu CIUIbHUM
CagKoM JroacTBa [22].

i mosioxkeHHs Ta 0COOJIMBO OCTaHHSI HOpMa CTa-
JIM TIPUUMHOI0, Yepe3 sIKy y 6araTboX MixkHapOJIHO-
MpaBOBUX JOCIIIKEHHSIX KOCMOC Ta MOTO pecypcu
BU3HAYAIOThCSI HE TIPOCTO SIK Fes Omnium communis,
TOOTO TEpUTOPil Ta pecypcH y 3araJbHOMY KOpPHUC-
TyBaHHi, a SIK res communis humanitatis, TOOTO TaKi,
110 HaJIeXaTb YCili MiIKHApOAHIi CHIJIbHOTI y 1Ii-
JIOMY, a OTXK€, BUTOIYy Bill IXHHOI'O BUAOOYTKY Ma€
OTPUMYBATH BCS CIIJIBHOTA 3a MPUHLIMIIOM CHpa-
BeJJIMBOrO po3noaiy. OnHak 110 Mo3ullito, Xxoua i
JIOBOJIi MOLIMPEHY, MOAISIOTh TaJeKO HEe BCi BYCHI
Ta HaBiTh JepXKaBW, TMPO IO CBIAYUTb MPUINHSITTS
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3akoHy CIIIA nmpo KOHKYPEHTO3JATHICTh y ramy3i
KOMEPLIMHUX KOocMiyHuX 3aryckiB 2015 p. ta 3a-
KoHY JItokceMOypry Ipo AOCiIXKEHHS Ta BUKOPHUC-
TaHHSI KocMiuHUX pecypciB 2017 p. Lli aktu cranu
OOHMMM 3 IEPIINX B iCTOpii JIOACTBA, IO IT03BO-
JIWJIM KOMeplliliHe BUJ0OYBaHHS Ta BUKOPUCTAHHS
KOCMIYHUX pecypciB MPpUBAaTHUMM KOMITaHisIMU. Y
2019 p. OAE Takox cxBamin denepaibHU 3aKOH
Ne 12 nipo perynroBaHHSI KOCMiYHOTO CEKTOPY, SIKUI
MIiCTUTh MOJOXKEHHS IIO0J0 MisUTBHOCTI MPUBATHUX
KOMIIaHii y 1iit ramysi. Kpim Toro, AKT mpo cnpu-
SIHHSI MiANPUEMHUIBKIN TisSUIBHOCTI, TTOB’sI3aHilt i3
JOCIIKEHHSIM Ta BUOOOYTKOM KOCMIUHUX Pecyp-
ciB, OyB npuiiHaTUi y yepBHi 2021 poky B AmnoHii.
[TosiBa 3a3HaYeHUX 3aKOHIB CNPUYMHUWIA IIU-
POKY AVCKYCil0 y HAayKOBili CITUJILHOTI Ta Ha pPiBHi
MiXXKHapOIHUX OpraHizauiil 1010 IXHbOI BiAIOBII-
HOCTi HOpMaM MiXXHapOJHOTO KOCMIUHOTO IpaBa,
amke Take KoMmepliiiHe BUKOPMCTaHHSI pecypciB,
Ha IyMKy 0aratbOoX, He BiAIIOBiZa€ peXUMYy 3arajib-
HOIT CIaJLMHY JIIOJCTBA KOCMiYHOTO ITPOCTOPY, Ha-
JalouM oMY 3aMiCThb CTaTyCy res communis, TOOTO
TepUTOPili Ta pecypciB, sIKi HE HajieXkaTb HiIKOMY
KOHKPETHO, 00 MepeOyBaloTh y 3araJibLHOMY KOpPHUC-
TyBaHHiI Ta He MOXYTb OyTU IPUBJIACHEHi, CTaTyC
res nullius, TOOTO TEPUTOPIi1 Ta peCypcCiB, 11O HE Ha-
JIeXKaTh HIKOMY, a OTXe, MOXYTh OyTU MpUBIACHEHI
3a IPUHIUIIOM IIEPBUHHOIO 3aBOJIOAIHHS. Pa3zoMm 3
TUM 3aCTOCYBaHHs 11100 KOCMOCY MPaBOBOIO pe-
KMMY 3arajibHOi CHajlIMHU JIOACTBA HE € OJHO-
3HAUHUM, $SIK i caM 3MiCT LIbOTO PEKUMY.
OcCTaHHBOKO HOBEJIOO, sIKa MOXe CYTTEBO MO3HA-
YUTUCS HAa MIXKHApPOJHO-IPAaBOBOMY PEXMMi KOC-
Mocy, cTajio mignucaHHsg Ha iHimiatuBy CIIA Bi-
cbMoMa aepxkaBaMmu, cepel sskux CrnonydeHi [TaTu
Awmepuku, BenukoOpuranis, O0’emHaHi ApaOChbKi
Ewmipatu, JliokcemOypr, fAmnonisa, Iramis, Kanaga
ta ABcrpanis 13 xotHs 2020 p. JJoMoBIeHOCTEM
111010 TIPOrpaMu «ApTeMmiaa» Mpo MPUHILIWIHU CITiBI-
paui y HUBIJIbHOMY JOCJIIKEHHI Ta BUKOPUCTaHHI
Micsaus, Mapcy, KOMET Ta acTepOiliB JJIsI MUPHUX
mineir (Artemis Accords) (mami — JlomoBJIeHOCTI
11010 TIpOrpaMu «ApTeMinar), 1o sskux 13 nucromna-
n1a 2020 p. npuenHanacs Takox YkpaiHa. CTaHoOM Ha
yepBeHb 2021 1o yrogu npuenHanocs 12 kpaid (KpiMm
BUILIE 3a3HAYEHUX, yYaCHUKaMU € Takox bpazuis,
HoBa 3enangisi, IliBnenHa Kopes). YkiageHHs
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i€l yroay BUKJIWKaJIO IMOOOIOBaHHS IIOAO CHpPO-
6u CIIA 3MiHUTH MiIXHAapOZHO-IPABOBUI PEXKUM
KOCMIYHOI'O IIPOCTOpY, 3aKpimieHuit JloroBopom
Mpo KocMoc Ta Yronoto npo Micsilpb, BilililloBIIN
Bill MPUHLIMITY HETIPMBJIACHEHHS.

BusHavaroun MiXHapoJHUI MNpPaBOBUU DPEXUM
KOCMIUHOTO TIPOCTOpY, y 3apyOiKHHUX HayKOBUX
JOCJiI)KEHHSIX YaCcTO 3aCTOCOBYIOTh TaKOX TEPMiH
global commons, sIKi 03HaYalOTh TPOCTOPU Ta pecyp-
CM 3a MeXaMM HallioHaJIbHOI opucaukuii. He3sa-
JKal0uM Ha MOro IMoOIIMpPeHiCTh, 3MiCTOBHE HaBaH-
TaXEHHS 11bOr0 KOHLENTY € HEOJHO3HAYHUM, 1110
CIPUYUHIOE 111e OiJIbIIYy TEPMiHOJIOTIYHY TUIyTaHU-
HY Y LIbOMY ITUTaHHi.

BpaxoByloun BuKJIajeHe BHILE, Y paMKax J0-
CITIIDKEHHST MU 3pOOMMO CIpo0y BM3HAYWUTHU MiX-
HapOJHO-MPABOBUI PEXUM KOCMIYHOTO IMPOCTO-
py Ta Moro pecypciB Ta mpoaHallizyBaTH TeHIEHILI1
oro 3MiH, pO3IJISIHYBIIN MOT0 Kpi3b MPU3MY TaKUX
KOHIEINIIi/A, K 3arajibHa CrallllMHa JIIOJICTBA, res
communis, res nullius Ta global commons. Po3ymiHHs1
MiXKHapOJHOTO TMPaBOBOrO PEeXUMY KOCMOCY Ma€
BaxXJIMBE 3HAYECHHSI TAKOXK JIJIST PO3POOJICHHS HALIiO-
HaJIbHOI KOCMIYHOI TTOJIITUKKW Ta MPUUHSTTS BiIO-
BiIHOTO 3aKOHOJABCTBA, aJI3Ke BPAXOBYIOUM CTPIMKY
MPaBOTBOPYY JisJIbHICTh, 1110 il MOXHa cIiocTepira-
TU B OCTaHHi POKH 1110JI0 OCBOEHHS PeCypciB Koc-
MOCY, UiTKE Ta CBOEYACHE BU3HAYEHHS HalliOHAb-
HOI TTO3U1Iii y IbOMY IIMTaHHI MOXE MaTHu JalIeKO-
CSDKHI TTOJIITUYHI Ta EKOHOMIYHI HACTIIKU.

V po6oTi Oyne po3mISIHYTO MiXXKHApOIHO-IIPaBO-
BUM peXUM KOCMIYHOTO MPOCTOpYy y wigomy. [Tu-
TaHHSI MPABOBOIO CTaTyCcy reocTallioHapHOi opOi-
TU, BU3HAYEHHS TaKUX TMOHSTb, K «KOCMIYHMWIA
00’€KT», «HEOECHEe TiJIo», «pecypcH in Situ», «Ko-
PUCHI KOTIaJIMHW» 3aCJIyTOBYIOTh Ha OKpeMi HayKOBi
JOCIIIKEHHS, TOMY JeTaJIbHO Y LIili Ipalli aHaji3y-
BaTUCS He OyIyTh.

[TutaHHS MiXXHAPOIHO-MPABOBOIO PEXUMY KOC-
MiYHOTO TPOCTOPY 3aBXAU TMPUBEPTAJIO yBary J0-
CJIIIHUKIB, cepel SIKWUX TaKi BUIATHI HAyKOBIIi, SIK
A. 4. Kanyctin, FO. M. Kosiocos, H. P. Manuiesa,
10. C. Illemiyuenko, A. Kokka, b. Yenr, E. ®a-
3aH, T. JI. Maccon-3Ban, /Ix. E. Hoiiec Ta inmmi.
OcTaHHI TeHIEHIIil y HalliOHAJbHINM Ta MiXKHapoO.I-
Hili MpPaBOTBOPYOCTI AKTUBI3yBaJIM MOCTiIAHULIBKY
poOOTy y HampsIMKy BUPOOJIeHHSI €(heKTUBHOTO
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MPaBOBOTIO PEryJIOBaHHS BUIOOYTKY Ta BUKOPUC-
TaHHsI KOCMiYHUX pecypciB. Cepel OCTaHHIX BapTo
3BepHyTHCS A0 Ityouikauiii: P. Jdemnano «/JIomoB-
JIEHOCTI IIIOJO0 TporpamMu <«ApTeMiga»: €BOJIIOLI
YU PEBOJIIOLLISL Y MiXKHAPOJHOMY KOCMiYHOMY TTpa-
Bi?» (2021); Ix. B. HenbcoH «JloMOBIEHOCTI 111070
nporpamu «ApTemMina» Ta MailOyTHE MiXKHapOIHOTO
KocMiuHoro mpaBa» (2020); 1. Bpenu «Henpusnac-
HEHHs, HeMae IpobjeM: JIoroBip mpo KOCMOC ro-
TOBUIA 10 BUIOOYTKY actepoiniB» (2019); Ix. Xeiic
«KocMoc, ocraHHili pyOiK MiAIIPUEMHUIITBA: CTH-
MYJIFOBaHHS BUIOOYTKY aCTEpOi/liB 32 HOBUMU MiX-
HapoaHuMu TipaBuwiamu» (2018); C. B. AnaepcoH,
K. Kpicrencen, x. JlamanHa «OCBO€HHS IIpu-
POIHUX pecypciB y KocMiyHOMY mpocTopi» (2018);
A. M. JIeoH «Bugo0yToK SIK HaJIEXKHO: JOCiI>KEHHS
3aKOHHOCTI IIpaB BJIACHOCTI HAa KOCMiuHi pecypcu»
(2018); T. Maccon-3BaHn, H. ITankosin «Perymo-
BaHHSI MpaB Ha KOCMiUHi pecypcH: 3aJ0BOJICHHS
norped AepxkaB Ta MpuBaTHUX cTopiH» (2017). He
3aJIMILIAIOThCSl 11032 CBITOBUMHU TPEHAAMU TaKOX
MpeJICTaBHUKY YKpaiHChbKO1 HaykKu. Ha okpemy yBa-
Ty 3acJIyroByloTh HaykoBi mnpaui: H. P. ManuiueBoi
«MixHapogHO-TIpaBOBi 3acaay po3poOKHU pecypciB
Micsus, Mapca Ta iHmmx HeOecHuX Ti» (2021);
O. I1. CaitnuunHoro «ITpaBo BIacHOCTI Ha KOCMiuHi
00’extu» (2018); A. M. TypoBoi «3aKoHOIaBUe 3a-
KpirJIeHHsI BUI0OyBaHHS Ta MPUBJIACHEHHS pecyp-
CiB KOCMOCY: TIepCcIieKTrBa Y1 aBaHTIopa» (2017).

MIXHAPOJIHO-ITPABOBI PEKMMU ITPOCTOPIB
3A MEXKAMM HAIIIOHAJIBHOI IOPUCIMKIIIT

[epii 3a Bce, pO3IISTHEMO OCOOJIMBOCTI MixXKHAPO/I -
HO-TIPaBOBMX PEXUMIB, 110 3aCTOCOBYIOThCS III0/I0
MIPOCTOPIiB 11032 HALliOHAJILHOIO IOPUCIUKIIIEIO.
OxpiM KocMocCy, HailyacrTillie MoBa IiIe IIpo Taki
MIPOCTOPH, SIK BIIKPUTE MOPE, MiXKHAPOAHUI pailoH
MOPCBHKOTO JHA Ta AHTapKTUKY.

Res communis vs. res nullius. OnHyumu i3 6a3MCcHUX
KOHLEMLIil 1010 MPOCTOPiB Ta peCypcCiB, SIKi HE Ha-
JieXaqu HiKOMY KOHKPETHO, OyJM TaBHbOPUMCHKIi
KOHLENLii res communis (7aT., Yy MHOXWHI — res
communes) Ta res nullius. OcTaHHii BUpa3 MOX-
Ha IIepeKJIaCTU SIK «HiuMsl piy» abo «Oe3xassiiiHa
piu», y TOM Yac SIK NepIINii 0O3HAYAE «CIIUIBHY Pid».
ITpuHUIMIIOBA PI3HULIS MiXX [IMMUW KOHIIENITAMU MO~
JISITA€ 'Y MOXJIMBOCTI IIPUBJIACHEHHSI BiIMOBiIHOI
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«pedi». SAKI10 res communis € CIiJIbHOIO Ta HE MOXe
OyTH MpUBJIACHEHA OKPEMOIO 0C00010, TO res nullius
MOXe OyTH IIpMBJIaCHEHA IePIINM, XTO OTPUMAE il
y cBO€ BoJioAiHHS. OCTaHHE TBEPIKECHHS OB’ SI3y€E
KOHIIETLiIO res nullius i3 MPUHILIMIIOM CyBEPEHITETY
[30, c. 215], 110 € 6Ga3ucHUM y MiXKHapOIHOMY IpaBi
1LI0JI0 PECYPCiB y MeXax HalliOHAJbHOI IOPUCAUKIILII.
Ax 3aznauae 1. 1. JIykamyk, y MUHYJI0OMY yce, 1110 He
rnepeOyBaIo MiJ CYyBepEeHITEeTOM Iep>KaBU, PO3IJISI-
Jlaiocs SIK HiYMeE Ta MOTJIo OyTU MTPUBJIACHEHO Jiep-
xkaBamu [11, c. 135]. Ha nymky K. Kosmic, mpocrTip,
SIKW 11Ie HIKOMY He HaJIeXXUThb, He MepedyBae mosa
BOJIOJIIHHSIM, BiH IPOCTO YEKA€E Ha TepeXia y BOJIO-
JiHHg [32, ¢. 290].

ITo x 10 KJIacuYHOT KOHUEMNLLii res communis abo
2K Yy TIOBHOMY BapiaHTi res communis omnium, sika
4acTO MEPEeKIAJAETbCsl TaKOX $SIK «3arajibHe Hal-
OaHHsI», TO BOHA Tepeabdavana, 1110 y NeBHUX pevei
HE MOTJIO OyTU BJIaCHMKA, aJl>Ke BOHU mepedyBaIn
y 3arajlbHoMy KOPMCTYBaHHi, OTXe [0 HUX MaJa
OyTu cBoOOMa AOCTYNyY (HAampuUKJaa MOBITps, Boja,
1110 Teye, Mops Ta ixHi 6epern). Taki pedi Hajexa-
JIU 10 rex extra commercium, TOOTO OyJIM BUIyYEHi
3 LIMBUILHOTO 000pOTY [2, . 44]. OgHaK 11e HE CTO-
CyBaJIOCSl pecypciB, 11O MOIIM OyTH BHUOOOYTI Mpu
BUKOPMCTAaHHI TaKuX «pedeii», ado MpuOYTKYy Bin
iXHbOI eKkcrulyaTalii. Ik 3a3HavyaB BiTOMUI AOCIIi/I-
HUK puMcbkoro mipasa [l. JI. IpiMM, Taka KaTeropis
peueid, ik res naturali jure omnium communes BBaxa-
JIUCS TAKUMM, 1110 HIKOMY HE€ HaJiexasiu, ajle oKpe-
Mi BiJIiIeHI YaCTUHU LIUX pedyeid MOIJIM OTpUMaTU
3HAUYEHHS res in commercio, TOOTO CTaTh 00’ €KTOM
MIpUBATHOI BmacHOCTI [2, c¢. 44]. Jlemo iHmy iH-
Teprperaliito nporoHye A. Kanypco, Ha uyuii 1o-
DJISIT, «CTUTBHI pedi» BKITIOYAIOTh JIBi Pi3HI CKIaI0-
Bi: «KOHTElHEP», TOOTO 30BHIllIHIO (DOpMY, Y SIKiii
MICTSATBCS TIEBHI peCypcH, Ta MOro «3MiCT», 3 SIKUX
repilia He MOxXe OyTW MpUBJIACHEHA, a JApyra € res
nullius, a oTxe, Moxe OyTu npusyiacHeHa [29]. Came
TaKUi peskrM Hapa3si 3aCTOCOBYETHCS IIOAO BiIKpH-
TOTO MODSI, 110 € MiXKHApOJHOIO TEPUTOPIEIO, sIKa
He MOXe OyTW MpUBJacHEHa, OJIHAK PECypCcH SIKOi
MOXYTb BUKOPMCTOBYBATUCSI Ta IPUBJIACHIOBATU-
csl JepxKaBaMU, IXHIMU TpoMaasiHaMU a00 iHILIMMU
3apeECTPOBAHUMU Yy HUX MPUBATHUMMU CY0’€KTaMU.
Ilg iHTepnpeTallist res communis € KJIOUOBOIO MJIsI
PO3YMiHHSI OCTaHHIX 3MiH y MiXKHapOJHOMY PEXXM-

Mi KOCMI4HOT'O TIPOCTODY, 1110 BiIOYBaOTLCH Y CBITJI
MPUUHSATTS HalliOHAJILHOTO 3aKOHOAABCTBA PO BU-
I00yTOK MOro pecypciB Ta mianucaHHs JomoBbie-
HOCTEN W00 MpOrpaMu «ApTeMiga», 10 4YOTO MU
MOBEPHEMOCS IMi3HiIIIE.

Ilpasosuii cmamyc ma 3micm Konuenuii 3azaibroi
cnaduunu arodcmea. OKpiM KOHLEIIL res omnium
communis, sika Ma€ came JaBHbOPUMCBHKE IOXO-
IKEHHSI, y cepeanHi XX CT. oTpuMalia MOLIMPEeHHS
iHIIIa, MOB’sg3aHa i3 Her, ajie 3MICTOBHO BigMiHHA
KOHIIENIIisT — res communis humanitatis. CaMe BOHa,
Ha TIOTJISII AOCIIMHMKIB, JISITJIa CIIOYATKy Y OCHOBY
KOHIIEMIIii 3araJbHOTO Hamx0aHHS JIIOACTBA, a 3T0-
JIOM — B OCHOBY KOHIIEMIIii 3arajJibHOI CHagluHA
mopactBa [11, ¢. 135]. OouH 3 iHiLiaTOpiB 3aTBEp-
JIKEHHSI OCTaHHbBOI came IOJ0 KOCMiYHOTO Mpo-
CTOpY apreHTMHChKMI HaykoBeub A. Kokka BBa-
>KaB, 110 JaBHbOPUMCbKA KOHLIEIILSI Fes communis
omnium He Ma€ HIiYOTo CIJIBHOTO 3 res cOmmunis
humanitatis [31, c. 212]. Take TBepIKeHHS 30a€Th-
Csl 3aHAATO paaMKaJdbHUM, aKe I IBa PeXUMU
MalOTh CIiJbHY OCHOBY — MPWHIMI HeINpUBIac-
HEHHSI TepuTopii. Pi3HUIIST MiX HUMU TMOJISITAE y
MPaBOBUX MiIX0JaX 10 MOXJIMBOCTI BUAOOYTKY Ta
NpUBJacHEHHs i1 pecypciB. SIKIIO KOHUEMIs res
omnium communis, SIK Bxe 0yJIO 3a3HaYeHO, Mepe-
0avae TaKy MOXJIMBICTb, TO KOHIEIILIIS Fes Communis
humanitatis nependoavyae MOXJIUBICTb BUTOOYTKY Ta-
KHUX PECypCiB TUIbKM MPU YMOBi iXHBOTO CIpaBe-
JIMBOTO PO3MOALY Cepel YCiX WiIeHIB MiXXKHapOIHOI
crninbHoTH. CaMe Takuii pexxum OyB BUPOOJEHUI
I PecypciB MiXKHapOJHOrO palioHy MOPCHKOTO
nHa. I'Tpu po3po0beHHi MpoekTy Yroau npo Micsiib
KpaiHM, 1110 pO3BUBAIOThCS, HE BOAYAIN CepPHO3HUX
MMiZICTaB HE 3aCTOCOBYBATU J0 MPUPOJHUX PECYpPCiB
HEeOECHUX TiJI, 0c00aMBO A0 Mics1is, Toil camuii pe-
KMM, IO i OO0 MOPCBHKOIO JHA 3a MeXaMHu Hallio-
HaJIbHOI Iopucaukiii [21, ¢ .4].

Cratts 136 Konseniii OOH 3 MopcbKoro npasa
1982 p. BU3Hasa 110 TEpUTOPItO Ta ii pecypcu 3arajib-
HOIO CITaAIIMHOIO JIONCTBA, 110 OYJI0 JeTali30BaHO
y cT. 137, sixa 3akpinuia, mo: 1) >kogHa aep>kaBa He
MOXe IIPEeTeHAyBaTH HA CYBEpPEHIiTeT UM CYBEPEH-
Hi mpaBa abo0 3IifICHIOBATH iX BIZHOCHO OyIb-sIKOL
yactuHu PaiioHy, ToOTO JHA MOPIB i OKeaHiB i #ioro
Haap 3a MeXaMM HalliOHaJIbHOI IopucAuKiii (CcT. 1
KOHBEHIIii), Y1 Oro pecypciB; 2) XKoJHa AepxKaBa,
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¢iznyHa abo ropuaryHa ocoda He MOXe IMpUBJIAC-
HUTU Oyab-sIKy IXHIO YacTUHY; 3) yci IpaBa Ha pe-
cypcu PaiioHy HajiexxaTh yChOMY JIIOJICTBY, Bill iMeHi
SIKOTO i€ crneuianbHuii oprad. Lli pecypcu He mia-
JISITalOTh BiUy>XKeHHI0; 4) KOPUCHI KOMaJIUHMU, 1110
Bua00yBatoThcs B PalioHi, MOXYTb OyTH BiguyKeHi,
aJjie JIMIlIe 3TiIHO 3 KOHBEHIIi€l0; 5) XKO/HA IepKaBa,
(izuyHa ad0 ropuIMYHa 0coba He MOXE MPETEHIY-
BaTU Ha IpaBa Ha KOPUCHi KOMAJIMHU, 1110 BUI00Y-
BaloThcsl B PaiioHi, HaOyBatu abo 31iliCHIOBAaTU iX
iHaKIIe, sIK 3rigHo 3 KoHBeHLi€ew [10]. 3a3HayeHunit
pexxuM OyJIO JOIIOBHEHO MOJIOKEeHHSIMM 11. 1 cT. 140
KOHBEHIIii, 3riIHO 3 SIKUMH OisIbHICTh y PaiioHi
3/1iICHIOETBCS ... HA 0JIar0 BChOTO JIHOACTBA, He3a-
JIEXKHO Bin reorpadiyHoro noJjioXeHHs AepxKaB, sIK
NpudepexKHUX, TaK i TAKUX, 1110 HE MAIOTh BUXOIY A0
MOpsI, i3 0COOJIMBUM ypaxyBaHHSIM iHTepeciB i Mo-
TpeO IepKaB, 1110 PO3BMBAIOTLCS, Ta HAPO/IB, SIKi HE
JOCSITJIM TIOBHOI HE3aJeKHOCTI a00 iHIIIOro CTaTycy
camoBpsayBanHs [10]. [Ixst peanizaiii Li€i moaiTu-
KM KOHBEHIII€I0 yTBOpeHUlT MiXHapomHMiI OopraH
3 MOPCBKOIO JIHa, 1110 3a0e3revyye crpaBelIuBUii
po3roaia (piHAHCOBUX Ta IHIIMX €KOHOMIYHUX BH-
roji, OTPMMYBAHUX Bil HisuibHOCTI B PaifoHi, yepe3
BiIMOBiMHMIA MeXaHi3M Ha HEAWCKpUMIiHALiAHIN
ocHOBI (1. 2 ¢.140 xonBeHii) [10].

HaBeneHi craTTi sicKpaBO JEMOHCTPYIOTH CYT-
HICTh peXMMYy 3arajbHOI CIaAIIUHU JIFOACTBA, 1110,
SK OyJ10 BXe 3a3Ha4Y€HO, Ha IYMKY IMeBHOI YaCTUHU
JIepXaB CBiTY, cpopMyBaBcs TaKOX IIIOAO0 KOCMOCY
Ta oro pecypcis. [lepin HixX TTepeliTH 10 Hioro aHa-
JIi3y, PO3IJSHEMO KJIIOUOBI TOJIOXKEHHST KOHLEMILIil
3arajibHO1 CIaAIIMHY JIIOICTBA.

JIJ1s1 IpaBUJIBHOTO PO3YMiHHS CYTHOCTI Ta IIiIei
KOHLIETILI CJIil 3BEepHYTUCS OO0 iCTOPUUYHOIO KOH-
TEKCTY, Y IKOMYy BoHa (hopMyBajiacsd. BUHUKHEHHS
Ta PO3BUTOK ifei 3arajbHOI CHAAIINHMA BiZOyBaBCSI
y 1960—1970-Ti pp. Ha To1i piHATBHOI cTamii po3Iia-
NIy KOJIOHIaJIbHUX CUCTEM Ta MovaTKy (hOpMyBaHHS
HOBOTO MiXXHApOIHOTO €KOHOMiYHOTO TIOPSIAKY, B
paMKax sIKOro MoJioli Kpainu Asii, A¢puku Ta Jla-
TUHCBbKOI AMEPUKHU MOYaJId BUMAraT BCTAHOBJIEH-
HsI CIIpaBeIJIMBUX YMOB Yy MixKHApOIHiil TOPriBji Ta
Yy PO3MOIiJIi pecypciB TepuTOpili mo3a HallioHaIb-
HOIO Iopucaukiiero. 3a Bupazom A. Ilapmo, omHoro
i3 OCHOBOMOJIOKHUKIB KOHLIEMLii 3arajbHOi criaji-
IIIMHU CTOCOBHO MiXKHApOJHOTO paiioHy MOPCHKO-
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ro JHa, KOHUEMIis KUHYJa BUKJIUK CTPYKTYPHUM
BiTHOCMHAM MiX OaraTMMu Ta OimIHMMMU KpaiHamMu
Ta cTajla PEBOJIIOLIEI0 HE TiIIbKU Y MOPCHKOMY TTpa-
Bi, ajile i y MixkHapogHuX BimHocuHax [49, c. 559].
[i ocHOBHOIO MeTOI0 OyJ10 3aBaAUTH iHAYCTPiaTbHO
PO3BUHYTHUM KpaiHaM, UMl eKOHOMIUYHMIA TOCTATOK
i Tak O0araTto y yoMy 0a3yBaBCs Ha KiJIbKaCOTPiUHil
eKCIUTyaTalil KOJIOHii, OTpUMaTU AOCTYII 10 HE00-
MEXXEHOTO BUAOOYTKY IT100aIbHUX CHIBHUX Pecyp-
CiB Ha TJi BiACYTHOCTI BiIIIOBiZHOI T€XHOJIOTIYHOL
CMPOMOXKHOCTI y KpaiH, 1110 PO3BHUBAIOTHCS.

[le MaroTh 3a0€3MEUNTU KIIIOYOBI 3MICTOBHI eJie-
MeHTU KoHHenuii. Ciia 3a3Ha4ynTH, 1110 MOMISIAY Ha
HUX Y Haylli Mi>KHapOJHOIO MpaBa He CITiBI1aJaloTh.
Taxk, BY4eHi BiTHOCSITh 10 IXHBOI'O KOJIa:

1) HEMOXJIMBICTb MPOTOJIOLICHHSI CYBEPEHITETY
1010 Oyab-SIKOI YaCTMHU BiIIIOBIZHOI TEPUTOPII;

2) BUKOPUCTAHHSI TEPUTOPI TiIbKU y MUPHUX
LJISIX;

3) criJibHE yIpaBJiHHSI;

4) posnoain mpuOYTKiB Bim ekcrutyararii [39,
c. 377];

5) 3axucTt npupoaHoro cepenopuiia [47, c. 450—
451] 4m, fK #oro iHomi mwmpiie (GopMyII0I0Th, 3a-
XHCT 00’€KTa 3arajbHOI CIAAIIMHMU Bil Aerpagalii
[11,c. 140];

6) HaJIEXXHICTh MPaB IIOJA0 PECYPCiB JIIOACTBY a00
K MiXKHApOJIHili CMiJIbHOTI SIK €AMHOMY LiiJloMy [47,
c. 450—451] 3 ypaxyBaHHSIM iHTepeCiB TaKOXK Maii-
OyTHiX TToKoJiiHb [11, c. 140].

Kpim Toro, ciim HarojgocuTu Ha TOMY, IO XO4a
Ha AYMKY OOCJIOTHUKIB NMPUHIIWAIN 3arajibHOI crai-
IIMHU CTOCYETHCSI CKOpillle BUKOPUCTAHHSI pecyp-
CiB B M€Xax MEeBHO1 TEPUTOPIi, HixK caMol TepUTOpii
[30, c. 214], min 3arajibHOO CMAAIIMHOK PO3YMIOTh
caMme MPOCTOPH Ta IMOB’s13aHi i3 HUMU pecypcH, sIKi
nepedyBaloTh 3a MeXaMU AepKaBHOI IOPUCIUKILIT
[11, c. 136], a He pecypcH, 1110 MOXYTh MaTH Xapak-
Tep M100aIbHUX CyCcTiIbHUX (global public goods) un
crinibHUX osar (global common goods uwv global com-
mons), He3aJeXHO BiI MiCLISI iXHbOTO pO3TalllyBaHHSI.

PexxuM crijibHOTO YIpaBliHHS 3arajibHOIO CIaj-
IIMHOK € OJHMM i3 CHJIbHUX MiCLlb Y KOHUEMILIi,
ajKe BIH Mae€ 3a0e3le4YrTU OIEBI MEXaHi3MU BUJIO-
OYTKY Ta pO3MOAily pecypciB 0e3 YCiIsIKOl TUCKPHU-
MiHawii Ta Ha cripaBeIuBii ocHOBI [11, ¢. 140]. On-
HakK caMe YTBOPEHHs Ta 00’€M OBHOBAXXEHb CTPYK-
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Typ, SIKi MOrjid O 3[iliCHIOBATM TakKe YIpaBJIiHHS,
CTaHOBUTH 3HAuUHi npobaemu [53, c. 534]. JiiicHo,
IMOKU 110 EIMHUM PEXMMOM 3arajbHOI CHaAIIUHU,
3a0e3IeYeHUM BiAIIOBITHUM MEXaHi3MOM, € PEeXXUM
MiXXKHapOIHOI'O paiiloHy MOPCHKOTO JTHA.

[MuTanHS BUKJIMKAE CTAaTyC KOHIEMIIil y HOpMa-
TUBHIN cUCTeMi MiXHapoaHoro mnpana. JlexTto Ha-
3WBAE 11 MPUHIIMIIOM, IO 3aKPilUBCS Yy 3arajbHO-
My MiXHapOIHOMY 3BMYa€BOMY IpaBi [61, c. 337],
JIEXTO BBaxae, 1110 PO ii 3BUYAEBUI CTATyC MOXKHA
Ka3aTu BUKJIIOYHO IIOJ0 MiXKHApOAHOTO palioHy
MOpchKOro nHa [47, ¢. 456], nexTo B3araji CTaBUTh
I CYMHIB 1i HOpMAaTUBHUI CTaTyC, 3BaxkKalo4yy Ha
HasSBHICTh TaK 3BaHUX <«IIOCTIMHMX 3allepedyBalib-
HUKiB», SIKi YHEMOXJIWBIIOIOTH YTBOPEHHS MiX-
HapoaHux 3BuYaiB [47, c. 455]. Mip3ai C. BOauae
OCHOBOIO 3aCTOCYBaHHSI KOHIIEILIii 3arajibHOI CIiai-
IIWHU JIIOACTBA TPUHLIMIT COPaBEAJIMBOCTI, SKWM,
Ha fioro QyMKy, He OTpUMaB HaJIEXKHOIO 3aKpillieH-
HS y TO3UTUMBHOMY MiXKHApOXHOMY IIpaBi, OJHAK
IIMPOKO 3aCTOCOBYETHLCS Y MPAKTHULI MiXKHAPOIHUX
cymis [14, ¢ .13].

Y XogHoMmy pasi TNHUTaHHSI TPABOBOTO CTaTy-
Cy KOHIICTIIil He € OAHO3HAUYHO BU3HAYEHUM, 1110
YCKJIAAHIOE 11 PO3BUTOK i 3aCTOCYBAaHHS, a TaKOX
MPU3BOAUTH IO 11 HEKOPEKTHOTO BUKOPHCTAHHS Ta
HaBiTb 3JIOBXMBAHHS TTOCUJIaHHSIMU Ha Hel. Tak, y
MyOJTiKaIlisIX MOXHA 3YCTPITA CMIUIMBI MPOITO3MIIil
BiIHOCUTU 1O 3arajbHOI CHAOIIMHMU JIIOACTBA HE
TIJIbKM MiXXKHApOIHUI paliloH MOPCHLKOTO NHS, a W
KOCMiYHUI MPOCTip i3 HeOeCHUMM TijaMu [14], AH-
TapKTHKY, X0ua i 3 MEBHUMMU 3ayBa>KEHHSIMU 11010
KOMITJIEKCHOCTI pexxumy [32, ¢. 300], Binkpute Mope
Ta MOBITPSHUI TIPOCTip 3a MexXXaMM HallioOHAJbHOI
topucnukiii [ 16, ¢. 52]. Kpim Toro, po6sthest po-
MO3MIIi1 IIOJ0 MOXJIMBOIO ITOLIMPEHHS LILOTO pe-
JKMMY Ha TaKi 00’€KTH, SIK KibepnpocTip, JIOACBKUI
reHoM [28], KyasTypHUii ciafiok [36] Ta HaBiTh KiTi-
Mmar [53, ¢. 534] uu atmocdepy [11, c. 139]. Ak mox-
Ha 1o0auymnTH, NesIKi i3 Ha3BaHUX 00’ EKTIB, 30KpeMa
BiIKpUTE MOpe, HacIpaB/i He HajlexkaThb J0 3arajib-
HOI CIaJlIMHU JIOJACTBA, a CKOpIillle BiTHOCSThb-
¢ go res communes. Ha iHini B3araii i3 HU3bKOIO
WMOBIPHICTIO MOXe OyTH MOIIMPEHUI BiAIIOBITHMUIA
peXuM, 3Baxkarouyd Ha OCOOJIMBI XapaKTEpUCTUKMU,
SIKi YHEMOXKJIMBJTIOIOTH OOMEXKEHHSI Ta KOHTPOJIb 3a
JIOCTYIIOM JIO pecypciB (HaIpukJiaza KidepIpocrTip),
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BiJICYTHICTb YiTKMX KOPAOHIB (HampuKJam aTMO-
cepa), nepeOyBaHHS MiJ IOPUCAUKLIEID OKPEMUX
JepxaB (HanpukJiaa KyJbTYpHUIR CIafok).

Global commons sk 00°ckmu mixcnapooHo2o npasa.
Taxkuit mnpokuit repesik 00’ €KTIB 3arajibHO1 CIiajI-
IIMHU JIIOJCTBA 3yMOBJIEHUI Ta TMOB’SI3aHUI 1e 3
OIHI€I0 KOHLICMIIE0, sIKa OCTAHHIMU POKaMM IU-
POKO 3aCTOCOBYEThCS Y HAyKOBUX JOCTiI)KEHHSIX, —
KOHIICTILIE TI00abHUX CIiJIbHUX Oaar (global
commons). CJia BiIMiTUTH, 1110 IO HEI 3BePTAIOTh-
Csl IPeACTaBHUKU Pi3HUX HAyK, — €KOHOMIiKH, I10-
JIITOJIOril, MiXKHApOAHMX BiIHOCHUH Ta IpaBa, Xoda
MOXOJMTh BOHA CaMe€ 3 €KOHOMIiYHUX JOCITiIKEeHb,
y SIKUX TTPOBOAMTBLCS Kjacudikallis BuaiB OJar Ta
BUOKPEMJTIOIOTBCS iXHI BHU3HAYaJbHI XapaKTepuc-
tuku. Came OCTaHHE € LIHHUM JIJIs1 TPaBOBOI Teopii,
aJi>Ke BiIMiHHOCTI CYyTHICHUX XapaKTepUCTUK JOCIIi-
JIKyBaHUX OJiar BIUIMBAIOTh Ha MOXJIMBOCTI IXHbO-
IO MPUBJACHEHHS, BAKOPUCTAHHS Ta, Y PE3YJIbTaTi,
MPaBOBOTO PETYJIOBAHHS.

V HaiizarajpHIilIOMY BUDISIAL Oara IIOAUISIIOTH
Ha TMpYBaTHi Ta MyOaiuHi (UM cycrinbHi). [lepimm
BJIACTMBI BUKJIIOYHICTh Ta KOHKYPEHTHICTb, TOI SIK
OCTaHHI € HEBUKIIOUHUMM Ta HEKOHKYPEHTHUMU
[19, c. 131]. Kareropii BUKJIFOUHOCTi Ta KOHKYPEHT-
HOCTi € KJIIOUOBUMM JUISI pO3Pi3HEHHSI OJIar, 1110 MO-
KyTh IlepeOyBaTu y HpUBATHIM YM CHiIbHIN Bjac-
HocTi. Tak, BUKITIOUHICTb O3HAYa€E, IO MOKINBICTh
JIOCTYTy 10 OJyiara HaJa€TbCsl TUIBKU MOTro BIacHU-
Ky Ta, TOJOBHE, 110 BiH MoXe OyTW 3abe3rneueHuit
MpaBOBUMU 3ac00aMU, a KOHKYPEHTHIiCTb O3HAyJae,
IO CMOXWBAHHS 0j1ara OMHUM Cy0’€KTOM 3MEHIIYE
MOXJIMBICTb MOTO CIOXWBAaHHS iHIIMMU. BonHouac
PI3HOMAaHITHICTbh €KOHOMIUHUMX OJIar He BKJIAJIa€ThCS
y TaKWil CIIPOIIEHNI AUXOTOMIYHMIA IO, 1110 IIPU-
3BeJIO JOCIIAHMKIB J0 OLIBII CKJIamHOI Kytacuikalrii.
Tak, oquH 3 aBTOpiB Teopii criibHUX Oar I1. Camy-
€JIbCOH Y CBOIi1 BioMili rpalii «YucTa Teopist iep>KaB-
HuX BUTpaT» (1954) nocniauB KaTeropito Tak 3BaHUX
«UUCTUX» CYCIiJIbHUX OJar [52], TOOTO AiiiCHO HEBU-
KJTIIOUHMX Ta HeKOHKypeTHUX. [Topsia i3 HuMu Hapasi
BUOKPEMJIIOIOTh TaK 3BaHi «4MCTi» IpUBaTHI OJiara Ta
«3MilllaHi» 0j1ara, OCTaHHi y CBOIO Yepry MOAUISIOTh
Ha KJIyOHi, BUKJIIOYHI Ta HEKOHKYPEHTHI, Ta CIIiJIb-
Hi, HEBUKJIIOUHI Ta KOHKYpeHTHi [17, c. 25; 26, c. §;
58, c. 8]. Came 10 ocTaHHBOI KaTeropil BiTHOCSATHCS
TaKOX TJ00ajbHi crifibHi Onara (global commons),
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TOOTO Taki Oj1ara, SIKUMU MOXKYTb KOPUCTYBATUCS BCi
KpaiHu, HapOau Ta HaBiTh IMMOKOJIHHA [42, c. 95].

OTxe, 3 TOUKM 30py €KOHOMiuHOI Teopii Tjo-
OaJibHi CIiJIbHI OJ1ara — 11e Taki pecypcu, 1OCTYII 10
SIKUX € 3araJIbHUM, aJie iXHE CITOXKMBAHHS MOCTYTO-
BO MPU3BOAUTL A0 Aerpapgallii, TOOTO 3MEHIIECHHS
KIUJIBKOCTI 4M sKocTi pecypcy. CaMe y LiboMy, Ka-
JKy4U CIIPOIIEHO, TOJIsIrae 100pe BigoMa «Tpareiis
CITUJIBHOTO» 4uM «Tparefiisg o0mH» (“the tragedy of
commons”), gK ii mepeKiagaoTh YKPaiHCHKOIO, 110
Oyna oorpynrosaHa I. Xapminom y 1968 p.

Pazom 3 TuM 11e MOHSATTSI, 3aMM03UYEHE 3 EKOHOMi-
KM, Y Teopii MiXKHapOAHUX BiTHOCUH Ta Mi>XKHapOJ-
HOMY IIpaBi oOTpuMaJo aeuo iHme TaymadyeHHs . ITig
r100aJJbHUMHU CHIJIbHUMU OJlaraMM y IIMX HayKax
4acTO PO3YMilOTh TakKi MPOCTOPHU Ta iXHi pecypcu,
SIKi He IiAnagaloTh Il €eKCKII03UBHY IOPUCAUKIIIIO
KonHoro ypsay [37, c. IX], nmepebyBaioTh mo3a Ha-
LiOHAJILHOIO IOPUCAUKIIIEIO Ta J0 SIKUX YCi Iep>KaBU
MaroTh JOCTyM [38, ¢. 5—6], aKuit HIKUM He MOXe
oyt oomeskenuii [60, c. 1]. Take BUBHAYEHHS CITO-
pinHioe global commons i3 res communes.

Cepen nmpocTopiB, sKi HajexaTb IO 3a3HA4YEHOI
Karteropii, Haltuacrillie 3a3Ha4yaloTh BiAKPUTE MOPE,
MOBITPSIHUI MPOCTIiP, KOCMOC Ta KidepripocTip [55,
c. 1]. Ane uuM npono3uliii He 0OMEXYIOThCSI, aKe
JI0 HUX 3apaXOBYIOTh TaKOX KJ1iMaT, 030HOBHU 111ap,
AHTapKTHUKY, pUOHI pecypcHu BiIKpPUTOro MOps,
MiXHapoaHi Boau, Mirpauiiidi Buau [37, c. IX], Tpo-
MmivHi Jricu, GiopizHoMaHITTs [38, ¢. 5—6], monspHi
perionu [27, c. 37], okeaHU, oKeaHiuHy aTMocdep-
HYy CHCTEMYy Ta HaBiTb 3eMJTio y 1isomy [60, c. 18].

Ax MoxHa 1o0auMTH, cepel 3alpONOHOBAHUX
00’€KTiB HasiBHI K MIOOAJbHiI «UUCTi» CYCMiJib-
Hi Oslara — HEBUKJIOYHI Ta HEKOHKYPEHTHi (Ha-
MNpUKIaL KJIiMaT, 030HOBUIA 11ap), TaK i M100aIbHi
CHiNbHI OJlara — HEBUKJIIIOYHI, ajJié KOHKYPEHTHI
(Hampukaan reocrauioHapHa op0Oita, puOHiI pe-
CypCHU BiIKpUTOTro Mopsi). Take pi3HOMaHITTS Bin-
MiHHMX 3a CBOIMHU XapaKTepUCTUKAMM PECYpCiB Ta
MPOCTOPIB, 110 MPOMNOHYIOTh 00’€IHATU y paMKax
OMHI€l KaTeropii, CBIIYUTh PO HASIBHICTH 3HAYHOL
TEPMiHOJIOTIYHOI IJIyTAaHWHU Ta, K HACJiI0K, Impa-
BOBO1 HEBM3HAUEHOCTI 1I10/10 CTATYyCy Ta PeXKUMY BU-
KOPMCTAaHHS LIMX 00’ €KTIB Ta ITPOCTOPIB.

Cnig TakoX 3a3HAaYuTH, IO PO3YyMiHHSA global
commons caMe SIK MPOCTOPiB 3HAYHO YCKJIAJHIOE

30

po3p00JIeHHST e(PEKTUBHOIO PEXKUMY IXHBOTO Mpa-
BOBOI'O peryiioBaHHsI. BigHeceHHs yCiX riiodaibHuX
CHiIbHUX OJ1ar [0 res communes CIIPOIIYE CUTYaLlilo,
OIHAK, Ha XaJib, HE BUPIIIyE mpoOJieMy «Tparemii
CHILHOTO», aJI3Ke HeOOMeXKeHe BUKOPUCTAaHHS KOH-
KYPEHTHUX PECYPCiB TAKUX TEPUTOPiii HEBIABOPOTHO
MNpuU3BeAe A0 IXHbOI Aerpaaallii. YCKIagHIOETbCS CU-
Tyallist e i TUM (PaKkToOM, 1110 HA MPAKTUL Y MEX-
axX OJJHOTO MPOCTOPY MOXKYTh MICTUTUCS Pi3HOPIAHI
Os1ara, HaMpUKJIad, «4UCTi» CYCHiIbHI O1ara, CiIbHI
Onara Ta HaBiTh MpuBaTHI Ojara. Tak, SIKIIO poO3-
IJISTHYTA Pecypcrd KOCMIYHOTO IIPOCTOpPY, TO CEpend
HUX MOXHA BUOKPEMUTHU «4UUCTi» CYCHiJIbHI Oara,
SIK-OT: MiHepayibHi pecypcu in situ Micsiis, iHIIMX
IUIAaHET Ta acTepoidiB, 11O Hapasi € HEBUKIIOUHMU-
MU (MOTEHLIIITHO TOCTYM 0 HUX MOXe OYyTU HaaaHO
yciM JepxKaBaM Ta BiANOBiZHO IO 3aKOHOHABCTBa
OCTaHHiX, IMEBHUM CY0’€KTaM IOCHOAapIOBaHHs) Ta
HEKOHKYPEHTHUMH (3BaXKalouM Ha Te, 10 SIKHaM-
MEHIII Ha Cy4acHOMY eTalli pecypcu LIMX KOCMid-
HUX TiJTI MOXXHA BBaXkaTh HEOOMEXXEeHUMHU ) OJlaraMu;
CMiJIbHI OJiara, sIK-0T: reocTallioHapHa op0bira, 1110 €
HEBUKJIIOYHUM (IOCTYN 10 Hei MaloTh YCi AepXaBu
Ta, BiAMOBITHO J0 3aKOHOJABCTBAa OCTaHHIX, MEBHi
Cy0’€KTM TOCMHOJAPIOBAHHS), aje KOHKYPEHTHUM
(mpoctip reocralioHapHOI OpOITU € OOMEXEHUM
MPUPOJHUM PECYPCOM, aKe Y HbOMY MOXHa pO3-
MICTUTH TUIBKM JIIMITOBaHY KiJIBKICTb CYITyTHMKIB)
OsiaroM; TIpMBaTHi Osiara, sSIK-OT: y TepCIeKTUBi BU-
o0yTi pecypcr HeOECHUX TiJ Y pa3i BU3HAHHS LIOJA0
HUX MPUBATHUX MpPaB, SIKi y IbOMY BUMAAKY OyIyThb
BUKJTIOYHUMU (IIOCTYN J0 HUX OYAYyTh MaTU TiIbKU
BIiIOBiAHI Cy0’€KTU TOCIOAAPIOBaHHS) Ta KOHKY-
peHTHUMU (IXHE BUKOPUCTAHHSI OJHUM CYO’€KTOM
HE 3aJIUIIaTUME TaKOI MOXJIMBOCTI IS iHIIIMX) Oy1a-
raMu. Yce 11e CBiT4uTb IIPO HEMOXJIMBICTh HAsSIBHOC-
Ti TiJIBKA OOHOTO TOMOTE€HHOI'O PEXXUMY IIPaBOBOTO
peryJoBaHHsI 1110JI0 TAKUX KOMIUIEKCHUX 00’ €KTIB,
SIKMM € KOCMiYHMIA MIPOCTIp.

ABUle MOEAHAHHS PI3HUX MiXHApPOZHO-TIpa-
BOBHUX pPEXHMIiB IIOJ0 TEBHUX TEPUTOPill, sIKE MU
MIPOITIOHYEMO Ha3MBaTU (PparMeHTalli€lo, BxXe Mpu-
BepTano g0 cebe yBary HaykoBuiB. Tak, K. Kojic
HaroJIOIIyE€ Ha Pi3HOPIZHOCTI IIPaBOBUX PEXUMIB,
IO CTOCYIOTHCSI AHTAPKTUKU Ta KOCMIYHOTO IPO-
cropy [32, c. 10]. Kpim TOTO, 1i€ JIOTIYHO ITOSICHIO-
€TbCSI 3a3HAUYCHOIO0 BUILIe Teopiero A. Kamypco 1mono
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res communes, TKUI TIPOITIOHYE OKPEMO PO3TIAATH
«KOHTEHHep» Ta «3MicT» neBHUX 00’ekTiB. Ille ox-
HUM IIPOSIBOM (PparMeHTallil Moxe OyTH pO3pi3HEeH-
HSI MPAaBOTo PEXUMY BUIOOYTUX PECypCiB Ta pecyp-
CiB in Situ, 110 € OCOOJIMBO aKTyaJJbHUM y KOHTEKCTI
BUIOOYTKY pecypciB KOCMi4YHOTO ITPOCTOPY.

OTxe, BUKJIaneHe BUILE JO3BOJISIE TiHTH MEBHUX
nornepeaHix BUCHOBKIB. Ilepin 3a Bce, mOTpiOHO
PO3PI3HATU MOHSTTS II00AJIbHUX CHUIBHUX Ojar
(global commons) Ta MixXKHapOJHi MPaBOBi PEXUMU,
sIKi BCTAHOBJIIOIOTH MOPSIIOK IXHHOTO BUKOPUCTAH-
Hs1. JIo ocTaHHIX HajeXaTbh pexxuMu res nullius (a0o
MPUBATHOI BJIACHOCTI), res communis Ta 3arajibHOi
CMaAllMHU JIIOJCTBA, SIKU MOXHA PO3IISIAATH SIK
Moaudikalio pexumy res communis. SIKI10 OCTaH-
Hili Ja€e MOXJIMBICTb HEOOMEXEHOIro IOCTYILYy 0
PeCypCiB CITUIBHUX IPOCTOPIB, TO PEXXMM 3araJbHOL
CITaIIIMHY JTIOACTBA (DAKTUYIHO ITATOPSIKOBYE Ta-
KWI TOCTYT KOJIEKTUBHOMY YIIPABJIiHHIO Ta KOHTP-
0JI10, 1110 TIEBHOIO MipOIO MOXKE BUPIIIUTHU IPO0JIe-
MY «Tpareflii CHiJTbHOTO».

MIXKHAPO/JHI OTOBOPH IIIOIO
KOCMIYHOTO TTPOCTOPY TA 1OTO PECYPCIB

3’sCyBaBIIM CYTHICTb Ta OCOOJMBOCTI ITPaBOBMX
KaTeropiii, sKi MPOIMOHYETLCS 3aCTOCOBYBATU [0
KOCMIYHOTO MPOCTOPY Ta HOro pecypciB, po3risi-
HEMO HOro BiIIOBIOHICTh OKPECICHUM IIPaBOBUM
peKUMaM.

Ilepir 3a Bce cripoOyeEMO BCTAaHOBUTHU, HACKIJIb-
KW MPaBOBi IMOJOXEHHS, 110 BU3HAYAKOTh MiXKHa-
POMIHO-TIPABOBUII PEXUM KOCMIUHOTO IPOCTODY,
KOpPEJIIOIOTh i3 KIIIOYOBUMM €JIEMEHTaMU KOHIIEMIIil
3arajJibHOI CHAAIIMHM JIIOACTBA. SK BXe 3a3Haya-
JIOCSI, OCHOBHUMHM JOKYMEHTaMM, SIKi perjlaMeHTYy-
IOTb JiSUIBHICTb Y KOcMoci, € JIoroBip Impo KocMoc
Ta Yroga mpo Micsipb, xo4a BU3HAYEHHS CTaTyCy
KOCMOCY II0YaJIocs 1Ie A0 IXHBOTO ITAMMCAHHS i3
NpuHATTIM y 1963 p. [eHepanbpHOIO Acambiieeo
OOH Jleknapaiiii mpaBoBUX MPUHLIUIIIB, IO pe-
JIAMEHTYIOTh JdisUTbHICTh AepKaB 3 TOCTiIKEHHS Ta
BUKOPUCTAaHHSI KOCMiYyHOTO I1pocTopy. Came BoHa
yreplie mporojocuiaa NPUHIUAN HEPUBIACHEHHS
KOCMOCY Ta 3[1iiiCHEeHHS IisUIbHOCTI y HbOMY Ha 0J1a-
ro i B iHTepecax ycboro jwjacTtsa [4]. OgHak KIo-
YOBUM JKEPEIOM perjlaMeHTallil TaKol MissIbHOCTI
CTaB Ta 3aJIMIIAETbC [JoroBip mpo KocMoc, SIKMiA
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cranoM Ha 2021 p. OyB patucdikoBanuii 111 mepxa-
BaMM, BKJIIOYHO 3 yCiMa HAMOUIBIIMMU KOCMIYHU-
MU nepxaBamu, 3okpema CIIIA ta JlrokcemOyprom.
Taka 3HauHa MiXXHapoJHa MiATPUMKA 1[bOTO JI0TO-
BOpY JAa€ TiJICTaBU BBaXKaTH, 110 MOT0 TMOJOXEHHS
MOXHA PO3IJIAIAaTh TaAKOX K YaCTUHY 3arajJibHOro
3BUYAEBOTO MpaBa, 1110, OJHAK, MTOTPEOYyE OKPEMUX
JOCTiIKEHD.

Chig miaoKkpeciauTu, 10 B JOrOBOPi HE MiCTUTh-
Csl TIOCUJIAaHHS Ha 3arajibHy CHajllMHY JIIOICTBA, a
TUIBKM Ha «HagO0aHHS BCbOTo JioAcTBa» (CT. 1). ¥V
aHIJIiiCbKOMY TiepeKali Leil Bupa3 3BYUUThb, SIK
«the province of all mankind», 1o Moxe nepekia-
JaTHCS TaKOX SIK «cdepa disIbHOCTI» ad0 «llapuHa
JojcTBa». KIo4oBUM NMPUHIUIIOM, IO MiCTUTb-
cs 'y JloroBopi mpo KOCMOC, € caMe IPUHLMII He-
MIpUBJIACHEHHS MOT0 TEPUTOPIii Ta pecypciB, SIKMA
JIEXXUTh B OCHOBI SIK PEXUMY res communis, TakK i
pexXrMy 3arajibHoi CHaalllMHU JoAcTBa. Tak caMmo
3aKPiIJIEHO TIPUHLIMIT BUKOPUCTAHHS KOCMOCY BU-
KI10YHO y MupHuX uinsx (ct. 4). Crarrta 9 Bcra-
HOBJIIOE TMPABWJIO LIOAO HEOOXiMHOCTI YHUKHEHHS
LIKIJUTMBOTO 3a0pYJAHEHHS, SIK€ MOXHa i3 TEBHUMU
3ayBaXKEHHSIMM TPAKTyBaTH K 3000B’sI3aHHS 1110110
3axXUCTy IPUPOIHOTO cepenoBuia [5]. PazoMm 3 Tum
JIOTOBip HE YTBOPIOE MEXaHi3MiB CIIUJIBHOTO Me-
HEXKMEHTY Ta PO3IOIily NMpUOYTKiB BiJl eKCIuTyaTa-
il KOCMIYHUX pecypciB, SIK 11e poouTh KoHBeHIIis
OOH mnpo MopchbKe MpaBo 11040 MiXKHAPOIHOTO pa-
IOHY MOPCBKOTO JTHa.

OCHOBHUM [I2KE€PEJIOM, 110 3aKPillIIOE TTPUHLIMIT
3arajibHO1 CIaAIIMHU JIIOACTBA 1010 KOCMOCY, ITPU-
MHATO BBaxaTu Yromy npo Micslib, siKa, i Ha HIboMY
MOTPiOHO OKPEMO HarojlocuTu, ctaHom Ha 2021 p. €
patrgdikoBaHOIO TiIbKM 18 mep:kaBamu, cepen SIKINX
HeMae XOAHO1 KPYITHOI KOCMiYHO1 AepxkaBu. Takuii
HU3bKUI piBeHb MPEACTABHULITBA HE JO3BOJISIE Ka-
3aTU PO MIKHAPOJHWI 3BUYAEBUI CTATyC IMOJIO-
JKE€Hb IOKYMEHTY.

VYrona BU3HaUYa€e MiXXHapOIHO-TIPAaBOBUIA PEeXUM
Micsaus ta iHmmMx HebecHUx T COHSIYHOI cucTe-
MU, OKpiM 3emti, 3a BUHSITKOM THX BUITAIKiB, KOJI
HaOupalTh YMHHOCTI KOHKPETHi MpaBOBi HOPMU
CTOCOBHO OyIb-SIKOro 3 HUX HebecHux Tin (m. 1
cT. 1) [22]. OcTaHHE MoJIOXKEHHS MPpUBEPTAE 10 cebe
yBary, ajxe Iepeadadyae MOXJIMBICTb YTBOPEHHS
crneliaJIbHUX TTPaBOBUX PEKUMIB.
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KiiouoBolo craTTero yroau, sika BU3HA4a€ 0co-
OJMBOCTI peXMMy 3a3HaueHMX T, € cT. 11, m. 2
SIKO1 TaKOX 3aKpiIlIIOE TIPUHLIMIT HENPUBIACHEH-
Hs. OmHAaK TOJIOBHUM € Te, IO II. 1 1€l cTtarTi BU-
3Ha4yae Micslb Ta Moro MpupoIHi pecypcu 3arajib-
HOIO criagmuHolo monctsa [22]. LikaBo, mo came
el pakT TAYMaduThCs JOCTiTHUKAMU SIK OCHOBHA
npuunHa HeeeKTUBHOCTI yroau |14, c. 96].

Hamiym. 3 cr. 11 Yroma nmpo Micsiiib HaroJouye,
1110 «I[IPUPOJIHI PECYPCU, TaM Jie BOHU € (IIPUM. aB-
Topa — in situ), He MOXYTb OYyTU BJIACHICTIO OYy/b-
SIKOI JIep>XXaBU, MiXKHApOJHOI MIXYpSIIOBOI Y1 HeE-
YpSITOBO1 OpraHizailii, HalliOHaJbHOI OpraHizarii
Yy HEypsiIOBO1 YCTAHOBU UM OyAb-sIKOi (hi3MUHOL
ocobu» [22]. et myHKT Ja€ miacTtaBu OaraTboM
MNPUXUJIbHUKAM KOHIEMLil 3arajbHol CHaAlliHU
JIIOJICTBAa 3arepevyyBaTv MOXJIMBICTb BCTAHOBJICH-
HsI IPUBATHOI BJIACHOCTI LIOAO PEeCypciB HEOECHUX
Tij1. 3 iHI1IOro 60Ky, CyTPOTUBHUKM TaKOTrO MiAXO1y
HaroJIoIyTh Ha TOMY, 1110 1€l MPUITUC CTOCYETh-
¢S TUTBKW PECypcCiB in situ, Ta TPUITMHSIE CBOIO JIit0
110710 BUAOOYTUX KOPUCHUX KomanuH [13, c. 897].

I Hapewri, m. 5 ct. 11 3akpirioe 3000B’sI3aHHS
JiepXkaB-y4yaCHUIlb BCTAHOBUTU MiXHapOJAHUKN pe-
JKMM, BKJIIOYAIOUM BiAITOBIAHI TIpoLIenypu, 1J1s Bpe-
TYJII0BaHHS eKCIUTyaTallil MpUpoOIHUX pecypciB Mi-
csIlsl, KOJIM CTaHe OYEBUJIHO, 1110 TaKa eKCILTyaTallisi
CTaHe MOXKJIMBOIO HauOmmkymm 4yacom. Lle moso-
JKEHHS € 623010 15 CTBOPEHHST MEXaHi3My CITLTBHO-
ro MEHEIXKMEHTY, IKUI € BU3HAYATbHOIO O3HAKOI0
peXMMY 3arajJibHOIO cHagliMHU. Takuii MexaHi3Mm,
OJIHAaK, TaK i He OyB YTBOpeHMIA. X04ya OCTaHHI MOIii
o0 ImianucaHHs JJoMOBIeHOCTe! 1IOA0 IIporpa-
MU «ApTeMiia» HaBOASITh Ha JyMKY PO MOTro MOX-
JIMBUI PO3BUTOK.

Otxe, aHazii3 noJyioxkeHb JloroBopy mpo KocMoc
Ta Yrogu npo Micsib T103BOJIMB BCTAHOBUTH, IO
MiXKHapOIHO-TPAaBOBOMY PEXMMY KOCMOCY BJIACTU-
Bi JesIKi pMCH 3arajibHOI CITaaIIMHU J1toacTBa. Pazom
3 TUM MOMY HE BUCTAYa€ TaKWX KJIIOUOBUX €JIEMEH-
TiB 11 KOHLIEIIIIii, IK MeXaHi3M CITUILHOTO YIIpaBJIiH-
Hs Ta MeXaHi3M po3moniny pecypciB. IlomoxeHHs
Yronu nipo Micsib Xo4a i 3aKj1ajam OCHOBY IJIST T10-
JAJIbIIOTO PO3BUTKY PEXUMY 3arajbHOi CIaAlllMHU
MO0 KOCMOCY, ajie 3a BiICYTHOCTi IIMPOKOI MiX-
HapoJHOI MiATPUMKHU 3aJUIIUANCS TiJbKU JeKJa-
paTUBHUMMU. ¥ 1IiJIOMY, BpaXOBYIOUU TOH (haKT, 11O
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nesiki pepxasu, Hanpukiaan CPCP, 3 camoro mo-
YaTKy BUCTYIMalud TMPOTU 3aKPiTUIEHHS MPUHLIMITY
3arajibHO1 caAliMHu B Yroai rnpo Micsiib, MOXHa
NIMTU BUCHOBKY MPO Te, 110 MPUHLMIT 3arajbHoi
CHAAIIMHU JIIOJCTBA CTOCOBHO KOCMIYHOIO ITpO-
CTOpY HE OTPUMAaB CTaTyCy MiXKHAPOIHOTO 3BUYAIO0,
a ToJIOXKEeHb KOMITpOMicHOTO JIoroBopy Ipo KocMocC
HEIOCTaTHLO I HMOro OCTaTOYHOTO IOTOBIPHOTO
3akpimieHHs. HaToMicTh 3araJibHOBU3HAHOIO HOP-
MOIO MiXKHapOJHOTO KOCMiUHOTO TpaBa € MPUHLIMIT
HEINpUBJIACHEHHSI TEPUTOPil KOCMOCY aHi ILISIXOM
MPOTOJIOLIEHHSI CYBEPEHITeTy, aHi ILIISIXOM 3Bep-
HEHHS 10 OKyMallii, aHi iHIIIMMH 3aco0aMu.

MAMBYTHE MIKKHAPOJTHO-ITPABOTO
PEXXUMY KOCMIYHOI'O ITPOCTOPY

Ilpunuun nenpueiacnenns ma HayioHaabHe 3AKOHO-
daecmeo udo eudoOymKy ma GUKOPUCHIAHHA pecyp-
cie kocmivnoz2o npocmopy. CripoOu 3aKpiluTu IpaBa
BJIACHOCTI Ha KOCMIiUHi pecypcu poOMINCS HEOIHO-
pa3oBo. BapTo 3ramaTtul misiIbHICTH IIMPOKOBiIOMOI
koMnaHii «Lunar Embassy» i3 npoaaxy 3eMeJbHUX
NITHOK Ha Micslli, sIKy MoXHa KBasiikyBaTH siK
mIaxpaiceky [46, 50], Ta HeBaany CripoOy IpUBIaC-
HUTU MpaBa Ha acTepoil y CYAOBOMY IMOPSIKY, SIKY
3poouB y 2003 p. rpomaggHuH CIHA Iper Hewmiln
[62, c. 446].

OpHak crhpaBXHiMUA IPaBOBUMM HOBEJIAMHU OC-
TaHHIX poKiB cTano npuitHATTI 3akoHy CIIIA mpo
KOHKYPEHTO3JaTHICTb y Tajly3i KOMepLiliHUX KOC-
MiuHux 3amnyckiB 2015 p. ta 3akoHy JltokcemMOypry
Mpo AOCHIIKEHHSI Ta BUKOPUCTAHHS KOCMiYHUX
pecypciB 2017 p. OkpiM 1ol HU3KK pillieHb, SIKi
perIaMeHTYIOTh IisIbHICTh IPUBAaTHUX KOMITIAHIM 3
pO3BinKu, BUIOOYTKY Ta eKCILIyaTallil pecypciB He-
OECHUX TiJT Ta BU3HAYAIOTh IIPOLIEAYPU OTPUMaHHS
IIO3BOJIIB Ta MPOBEASHHS KOHTPOJIIO 3a MisJIbHIC-
TIO BiZMMOBIITHWX KOMIIAHi#, 1Ii 3aKOHU BU3HAJIN 3a
OCTaHHIMM TIPaBO MPUBATHOI BJIACHOCTI IIOIO 3a-
3HadyeHux pecypciB. Tak, cekuis 402 3akony CIIA
BCTAHOBIIOE, 110 «rpoMansiHuH CLLA, sxuii 3aii-
MAa€ThCsI KOMEPLIMHUM BUI0OYTKOM pECypcCiB ac-
Tepoia Y4 KOCMOCY BiIMOBIAHO A0 1IbOTO PO3[i-
JIy, Ma€ MpaBo Ha Oymb-sIKMIA OTpUMaHUI pecypc,
BKJTIOYAIOYM TIPaBO BOJIOMIHHS, TIPUBIACHEHHS,
TPaHCIIOPTYBaHHSI UM MPOJAXy pecypcy acrepoina
YM KOCMOCY, OTPMMAHOTO BIAIOBIIHO IO 3aCTOCO-
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BaHOTO IIpaBa, BKIIOYAIO4YM MiXKHApOIHI 3000B’sI-
3aHHs1 CIIA» [59]. 3akon JTrokcemOypry € HaGaraTo
OiJIbII JIAKOHIYHMUM, aJXe CT. 1 B OMHOMY pedYeHHi
BU3HAE, 110 KOCMiYHi Pecypcy MOXYTb OyTU TMpU-
BJIacCHeHUMU [48].

3a3HaueHi MOJIOXKEHHSI BUKITMKAJIU ITUPOKY MiX-
HapoJHy AMCKYCil0 IIOJ0 IPaBOMIPHOCTI 3akpi-
IUICHHsI Ha piBHi HalliOHAJILHOTO 3aKOHOAABCTBa
IpaB IPUBATHOI BJIACHOCTI HAa KOCMi4Hi pecypcu
[6, . 233], amke Ha MepIIUii MOMISAA Taki Ail aep-
JKaB cyrnepevyaTb MPUHLUIY HEeNpPUBJACHEHHs, 3a-
KpireHomy y JloroBopi mpo kocmoc. PazoM 3 Tum
TaKy OYMKY ITOAISTIIOTh He Bci. OcTaHHi nmyOJtikarii,
0CO0JIMBO aMEPUKAHCHKUX BUCHUX, JEMOHCTPYIOTh
IHIII MiAXoay IO BUPILLIEHHST MpoOJieMU Ta TJIyMa-
YeHHsI IPUHLMUITY HENpUBIacCHEeHHs. Tak, Ha JTym-
Ky JIx. Bpenua, ct. 2 JloroBopy mpo KOCMOC HeE
3aKpIIUIIOE a0COJIIOTHY 3a00pOHY Ha BOJIOAIHHS
pecypcaMu, BUIOOYTUMH y KocMoci [62, c. 447],
ajiKe MPUHLIMI HETPUBJIACHEHHST CTOCYEThCSI cCaMe
TepuUTOpii, a He BUIOOYTUX pecypciB [62, c. 461].
OToX, HOroBip He MOTPeOy€E HiSIKUX 3MiH Y LIbOMY
acriekTi. IHIIA imes1, 110 BUIIPABIOBYE TMPUNHSITTSI
BUII€3a3HAYEHUX 3aKOHIB, CTOCYEThCS MOJOXEHHS
. 3 ct. 11 Yroou npo Micsip 111010 3a00pOHM TIPU-
BJIACHEHHSI PEecypciB caMe in situ, a He BUIOOYTUX
KOPMCHUX KomayuH [35, c. 268].

Hartomicte A. M. JIeoH y CBOEMY HOCIiIXEH-
Hi 1100 3aKOHHOCTI TTpaB BJIACHOCTI HAa KOCMiuHi
pecypcu MPUXOIUTh [0 BUCHOBKY, IO BiTHOCHO
LIMPOKOMACIITAOHOIO BUIOOYTKY pPECypciB 3aKo-
HomascTtBo CIIIA Bce XX Mopyllye NpUHLMI HeIIpU-
BiacHeHHs [43, c. 543]. Take mpoTupiuyst BUKJIMKAE
3aHEITOKOEHICTh Y MOTEHIIITHMX IMPUBAaTHUX iHBEC-
TOPIB, a/Ke Y IIepCIIeKTUBI iXHi MpaBa MOXYTh OyTH
ockapxeHi. Lle crioHykae HOCIIHUKIB OO ITOLIYKY
IIJTSIXiB BUXOMY 3 CUTYallil, 1110 CKJIajgacs, Ipu4aomy,
SIKIIIO MPeACTaBHUKM KpaiH, 1110 PO3BUBAIOTHCS, BU-
MaralpThb TOTO, 1100 KoMmepliadi3alliss KOCMOCy He
BigOyBastacs [6, 1. 233], npeacTaBHUKU PO3BUHYTUX
KpaiH IPOMNOHYIOTh 3MiHUTHU J[OTOBip PO KOCMOC,
30KpeMa CT. 2, JOIOBHMBIIM il HOBOIO YaCTHUHOIO
Mpo Te, 1110 3a00pOHa HalliOHAJTLHOTO MPUBJIACHEH-
HS$I HE CTOCYEThCSI MPUBATHUX KommaHili [40, c. 207].

Otxe, OOHUM i3 LIJISIXiB BUPIIIEHHS ITPOOIeMU
3MiHM Mi>XKHApOIHO-MPAaBOBOIO PEXUMY 100 €KC-
TUIyaTtalii pecypciB KOCMIYHOIO IIPOCTOPY MOXKE

OyTHM MiXKHapOAHA JIOTOBipHA MPaBOTBOPYICTb, TOO-
TO BHECEHHS 3MiH 0 YMHHOTrO JloroBopy mpo Koc-
MoOcC, ab0 X HaBiTh YKJalleHHSI HOBOTO JIOTOBODY.
OnHak 11e He €IMHUI crocid, y SIKUil YyTBOPIOIOTh
a00 3MiHIOIOTh HOPMU MiXKHapOJIHOTO TIpaBa, ake
1Ie MOXe BiZOyBaTHCSI TAKOXK 3aBISIKM MiXKHApOAHIi
3BUYAEBIiIi MPaBOTBOPYOCTi.

Jlomoeaenocmi wodo npocpamu <«Apmemioa» Ak
YUHHUK (DOPMYBAHHS HOB020 MINCHAPOOHO-NPABOBOO
pexcumy Kocmiunozo npocmopy. Ha tii roctpux auc-
KYCili MpoO MpaBOMipHICTb NMPUMHSITTS HalliOHAIb-
HUX MPaBOBUX aKTiB IIOAO KOMepIliamizallii Koc-
MiuHoTo npoctopy 13 xkoBTHs 2020 p. Ha iHiLiaTUBY
CIIA oOyna mignucadi JIoMOBJIEHOCTI LIOJO IPO-
rpaMu NASA «ApTeMiga» Ipo NPUHLIMIIM CITiBIT-
paili y UMBUIBHOMY JOCTIIKE€HHI I BUKOPUCTaHHI
Micsus, Mapca, KOMeT Ta acTepoiliB IJisi MUPHUX
mineit. Ieit MixkHapOOHMI aKT BUKJIMKAB 11Ie OiIbII
OYpXJIMBY peakllitlo MixKHapOAHOI CHiJIbHOTH, aJIKe
JexTo modauuB y Hiit cripody CIHIA 3aMiHUTU HUM
Yromy nipo Micslib, BIIPOBAaAMBIIN Y HOPMAaTUBHUIA
MAacUB MiXKHAPOJHOI0 KOCMiYHOTO MpaBa MPUHIIU-
MOBO HOBI MTOJIOXKEHHS.

Hacnpasni, JIoMOBJIEHOCTI 111010 IporpamMu «Ap-
TeMiga» IPUBEPTAOTh O cede yBary SIK 3aBOSKU
CBOEMY 3MICTY, TaK i 3aBJIsIKM ITPAaBOBOMY CTaTyCy Ta
(hopmaty mianucaHHs, siki HEOOXiIHO BpaXoByBaTH,
HaMaraloJnch 3p0OMTH BUCHOBOK ITPO MixKHapOaHE
MpaBOTBOpUYE 3HAYEHHSI 1IbOTO akTy. SIK 3a3Havae
P. leniaHo, 3 TOYKM 30pYy 3MICTy yCi ITOJIOXKEHHSI
yroay MOXHa MOAUIMTU Ha TpU rpynu: 1) Ti, 110 iH-
KOpPIIOPYIOTh YMHHE MiXXHapoJHe MpaBo, Mepul 3a
Bce HopMmu JloroBopy 1po kocMmoc (cekiiii 3, 4, 5, 6,
7, 12), 2) Ti, 10 KOHKPETU3YIOTh YNHHE MixKHAPO/I-
He npaBo (cekiiii 10, 11), Ta 3) Ti, 1110 € HOBUMU y MO~
PiBHSIHHI i3 YUHHUM MiXHapOJHUM MPaBoM (CeKIIii
9, 11) [33, c. 802—812]. OtoxX, Ha MO AOCTiI-
HULIi, MOJ0KEHHS YTOIU IMTPO BUAOOYTOK KOCMIYHUX
pecypciB (cekuist 10) He € LiJIKOM HOBUMH, a CKOPi-
111€ TAKMMM, 1110 IOTIOBHIOIOTh Cy4acHe Mi>XKHapOHe
KocMiuHe mpaBo. JlilficHo, mooxeHHs cekiii 10, Ha
HEepIINiA ITOIISIA, BiAMIOBiZAlOTh YMHHOMY MiXHa-
POIHO-TIPAaBOBOMY pexkumy Kocmocy. [IpuHaiimMHi
M. 2 cexllii HaroJIOIIye€ Ha TOMY, 110 BUIOOYTOK Ta
BUKOPUCTAHHSI KOCMIYHUX PECYPCiB, SIK 3 MOBEPX-
Hi, TaK i 3 Hagp HEOSCHUX TiJl, Ma€ 3AiMICHIOBATHCS
y BignoBigHoOcTi g0 JloroBopy mpo kocmoc. Lleit
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MPUNNC TOMOBHIOETHCS M. | Cexllii, Ae 3aKpiIieHo,
1110 BUKOPUCTAHHSI PECypCiB KOCMOCY MOXKe TTiTH Ha
0J1aro JIIOACTBY, CIPUSIIOUM OE3MeYHUM MaiiOyTHIM
MicisgMm [56]. OmHak, K MOXHa MOOAYNTH, yroia He
TUTBKM HE 3arepedyye MOXKJIMBOCTI KOMEPIiAHOIO
BUJOOYTKY pecypciB, ajie i YTOYHIOE y M. 2. CeKllii
10 3000B’s93aHHA 11 MiAMMWCAHTIB TapaHTyBaTU Te,
1110 BUIOOYTOK KOCMIYHMX PEeCypCiB HE CTaHOBUTh
HaLliOHAJILHOTO MPUBJIACHEHHS BilIMOBiIHO A0 CT. 2
JoroeBopy npo KOCMOC Ta 110 KOHTPAKTU Ta OyIb-
SIKi IHIII IIpaBOBi aKTH, ITOB’sI3aHi i3 KOCMIYHUMU
pecypcamu, MaloTh BifnosigaTu JloroBopy rpo Koc-
moc. Takuii minxim, BOYEBUAb, OiTBIIOK MipOIO Bif-
nosigae npardHeHHio CIIA «reranizyBaTi» KOMep-
LilHY eKCIlIyaTallilo pecypciB KOCMOCY TaKOX Ha
PiBHi Mi>KHApOIHOTO IPaBa.

st Toro 11100 3pO3yMiTU, SKUM YMHOM L€ MOXE
BimOyBaTucsl, TTOTPiOHO BM3HAYUTUCH i3 TIPAaBOBUM
CTaTyCOM YToiu Ta ii MOTEHLiIHHUM MPaBOTBOPUYUM
BriuBoM. [lepiir 3a Bce CJiiji HAroJIOCUTU Ha TOMY,
110 JIoMOBJIEHOCTI 11100 MTporpamMu «ApTemina» He
€ caMe MiXXHapOJHUM HOPMATUBHUM JOTOBOPOM Y
nyci BimeHcbKOI KOHBEHIIil Mpo TpaBoO MixKHApO.I-
HUX JOTOBOPIB. Ii MOXHA BU3HAUUTH SIK MiXHapO.I-
HY HOJITAYHY yrogy abo XX IPOTOKOJ IIPO Hamipu
[9]. Ha mornsan H. P. Manumesoi, «JloMoBieHOC-
Ti B paMKax Iporpamu «Apremiga» 3a CYKyIHICTIO
O3HaK CJIiJT BITHECTU O MiXBilIOMYOTO aKTy MiX-
HapOJHOTO M’SIKOTO IMpaBa BiIKpUTOTo TUIly» [12, c.
77]. IlprHaiiMHI LIel TOKyMEHT He 3aKpiIlJIIo€ YiT-
KMX MixKHapOJHMUX 3000B’s13aHb JepKaB-y4acHULb.
IIpo e cBimunTh, OKPiM MOJOXKEHb ceKllil 1 yronu,
Ie 11 Ha3BaHO MOJITUYHMM 3000B’SI3aHHIM, TaKOXK
(opma ioro ykianeHHs (30kpemMa, siK 3a3HaYa€Th-
csl 'y cekuii 13 yronu, BoHa He MiJIsirae peecTpallii
y Cekperapiati OOH), cy6’ekTu ninnucaHHs (Koc-
MiUHi areHiii aepxaB-y4acHUIIb) Ta «JIiHIBiCTUYHI
MapKepu, IKUMHU BU3HAYAETHCS BEKTOP MalOYTHBOL
JIisIIBHOCTI MiAMMCaHTIB, HE OOYMOBIIOIOUM iXHiX
3000B’s13aHb» [9]. Lle, onHak, He 0O3HaYaE, 1110 yrojaa
HE Ma€ >XXOJAHOI0 MPaBOTBOPUYOIO UM, SIK Y HALLIOMY
BUMAOKY, IIPaBO3MiHIOIOUOTO e(heKTY.

Ak BimoMo, MiXHapogHa IPaBOTBOPYICTb —
CKJIaHUI Ta HE 3aBXIW OYEBMIHUI TpolleC, 110
0COOJIMBOIO MipOI CTOCYETHCSI MiXXKHApPOIHOI 3BU-
ya€eBoi IpaBoTBopyocTi [15, ¢. 123]. fxumo npuH-
LIATT HEMPUBJIACHEHHS KOCMIYHOTO MPOCTOPY Hapasi
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MOXKHA PO3IJISIIATH SIK 3BUYAEBY HOPMY 3arajlbHOro
MiXKHApOIHOTIO IIpaBa, TO IiAIMCAaHHs YTOAU, HAaBiTh
MOJIITUMHOTO XapakTepy, MOXe CTaTu MOoYaTKOM I10-
CTYMOBOI 3MiHU IIbOTO 3BUYAat0 a00 YTBOPEHHSIM HOTO
«HOBOI» iHTepnperTallii. Hacipasai cripuiiasatrs Jdo-
MOBJICHOCTEH 11070 MporpaMu «ApTeMiga» sIK 3aco0y
TJIyMauyeHHS MOJIOXKEeHb CT. 2 JIoroBopy Ipo KocMoc
LIJIKOM BiANOBifae noyioxeHHsaM cT. 31 BineHcbkoi
KOHBEHIIIi IIpO IIpaBO MiXKHAPOIHUX AOTOBOPIB, 30-
KpeMa noJioxkeHHIo 1. 3 (b) IIpo HacTyImHy IpakTUKy
3aCTOCYBaHHSI JIOTOBODY, SIKa CTAHOBUTh YOy ydac-
HUKIB npo ii TaymadyeHHs [33, ¢. 707]. Xoua HeraTus-
Ha peaxllis AesIKMX KpaiH, 3okpeMa Kwurato ta Pocii,
Ha ii migmvcaHHsI CTaBUThH MiJ CYMHiB OJHOMAaHIT-
HiCTh TaKol MPAKTUKHU, a OTXKeE, i 11 popMyBaHHSI.

Takum ynHOM, JIOMOBJIEHOCTI 1100 MpPOIrpamMu
«ApTeMiga» CIpaBJsIiOTh MEBHUI IIPaBOTBOPYUI
BIUIMB Ha CyYaCHUI Mi>KHapOAHO-TIPABOBUIA PEXUM
KocMiuHoro npoctopy. Citif 3ayBaskUTH, 1110 BEJUKE
3HAUYEHHS TSI BUBHAUYECHHSI HAasIBHOCTI opinion juris
JiepKaB Ma€ TaKOX iXHE HOBE HallioHAJIbHE 3aKOHO-
naBcTBO [44, c. 17]. Y 1bOMY KOHTEKCTi OCTaHHI HO-
BEJIM y IIPAaBOBOMY peryJIloBaHHSI KOCMiIYHOI chepu
NIO3BOJISIIOTh AESIKMM JOCTiIHUKAM Ka3aTHh HaBiThb
npo ¢popMyBaHHS HOBOIO MiXKHapOAHOIO KOCMid-
HOTO IopsaKy [23, c. 28]. AxuM BiH Oyze, 3a1eXUTh
BilI TTOBEAiHKY JIepxKaB, IMATPUMKHU a00 BilCyTHOC-
Ti MATPAUMKHA 3 IXHBOTO OOKY HOBOI iHTEpIIpeTallil
MPUHIMIY HEMPUBIACHEHHS, 110 MPOCYBAEThCS
CIIA Ta iHIIMM KpaiHamu, 3alliKaBJIECHUMHU y KO-
Mepuianizanii KkocMocy. ITpuHaliMHi y Haur yac 6a-
raTOCTOPOHHS IMPAaBOTBOPYICTh Y KOCMiuHii cepi
repeXXnBac Baxki yacu [45, c. 6].

BICHOBKHN

Hapasi mixkHapomHe KOCMiYHE IIpaBO IIPOXOIUTH
HACTYITHUI eTaIl €BOJIOLii, 0COOJMBO B TOMY, IO
CTOCYEThCSI Mi>XKHAPOJHO-TPABOBOTO PEXUMY KOC-
Mocy Ta ioro pecypciB. KocMoc po3risizaroTh sIK
OJIMH i3 HAWBAXJIUBILINX, aje HEAOCTATHbO BPETY-
JIbOBaHUX global commons, chepy iIHTEHCUBHOI cTpa-
TeTiYHO1 KOHKYpeHLIii [54, 11. 13]. OnHak BUpoOJieH-
Hs e(peKTUBHOIO MiXKHapOIHO-IIPAaBOBOI'O PETyJI0-
BaHHSI BUMara€ 4iTKoro po3yMiHHSI XapaKTepUCTUK
Ta 0COOJIMBOCTEMN SIK CAMOTO KOCMIUHOTO MPOCTOPY,
TaK i pi3HOMaHITHUX PECYPCiB, 1110 MOXYTh BUI00Y-
BaTuCs a00 BUKOPUCTOBYBATUCS Y HHOMY. Y IIbOMY
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aCIeKTi 3BEPHEHHS IO AJOPOOKY €KOHOMIYHOI Hay-
KU, sIKa pO3Pi3HSI€ INI00aTbHI CYCIiJibHI Oara (glob-
al public goods) Ta rnobaybHi criyibHi Osara (global
common goods), € NyXe BaXJMBUM, ajKe 1i KaTe-
ropii, xoya i MOXyTb MepedyBaTH y MeXaxX OJTHOTO
MPOCTOPY, MOTPEOYIOTh Pi3HOTO MPABOBOTO PETYJII0-
BaHHS Ta ME€XaHi3MiB 3aXHCTY.

Take pery/toBaHHSI MOXHa 3a0€3I1€UUTHU 3aBISKU
Pi3HOMAaHITHUM MiXKHapOAHO-IIPABOBUM pPEXMMaM,
SIKi CKJIAJIMCSI TIPOTSATOM iCTOpIii JIIOACTBA CTOCOB-
HO pi3HUX BUJIB OJar ta mpocTopiB. OCHOBHUMU 3
HUX € PeXUMU res nullius, res communis Ta 3arajbHoOi
CMAJLIVHU JIOACTBA. 3 aHaJi3y YMUHHUX HOPM MiX-
HapOJHOr0 KOCMIYHOTrO MpaBa BUILIMBAE BUCHOBOK
PO Te, 1110 MPUHIIMI 3arajbHOI CHAAIIMHU JIOACTBA
He OyB OCTAaTOYHO 3aKpiIlJIEeHU! Yy MiXKHAapOIHOMY
IpaBi 1100 KOCMIYHOrO IIPOCTOPY Ta MOT0 pecyp-
ciB. HaTtomicTh IIMpoOKe MiXHapomHe BHU3HAHHSI
MPUHILIMITY HENPUBJIACHEHHSI KOCMOCY [O3BOJISIE
BU3HATH, 110 Hapas3i MaHiBHUM MiXHapOAHO-IIpa-
BOBUM PEXUMOM, SIKMI BHU3HAYa€ MOPSIAOK HOro
BUKOPUCTAHHSI, € camMe pexXuM res communis. Ha
KOPUCTB LIOTO CBITYUTh TAKOX MPUHAHSITTS Hallio-
HaJIbHOTO 3aKOHOJIABCTBA, 1110 JI03BOJISIE TIPUBIIAC-
HEHHSI Ta KOMEpIIiHY eKCIUTyaTallilo BHIOOYTUX
KOCMIYHUMX PEeCypcCiB IpW OOTPUMAaHHI MPUHIIUAIY
HETPUBJIACHEHHS 1010 TEPUTOPil IXHBOTO BHUI00Y-
BaHHsI. Pa3oM 3 TUM Take MpuBJIaCHEHHSI PECYPCIB Y
BUIMAIKY, HAMIPUKJIaA, eKCIUIyaTalii acTepoina, BU-
KJIMKA€ CYMHIBM IIOJI0 TOTOBHOCTI MTPUBAaTHOI KOM-
MNaHii mepegaTy TaKMii acTepoin y CITiIbHE KOPUCTY-
BaHHS, SIK TOIO BUMAara€ pexum res communis. Taki
M00OIOBaHHS HABOASTH HA AYMKY PO MOXKJIUBICTh
MMOBEPHEHHSI Y MiIKHApOZHOMY KOCMIYHOMY IIpaBi
HAaBiTb 10 IPAKTUKU res nullius Ta TOKTPUHU «IIep-
ILIOTO BOJIOJIHHST», IKa MOXe OyTH JJAKOHIYHO IIepe-
JlaHa BUCJIOBOM «IIEPIIMIA Y Yaci, MepIIuii y mpaBi»
[30, c. 217]. Takuii po3BUTOK ITOAII, OJHAK, HE PO3-
IISIIAEThCS SIK MPUITYCTUMMUA OiJIbIIICTIO Jep>KaB
CBITY, aJkKe € OYEBUIHUM, 1110 CaM€ 11bOTO MTParHyTh
PO3BUHEHI KOCMIYHi Kpainu, nepiu 3a Bce CIIA.

BoanHouac BaxkKo He 11o0aunTy Oe33aIepeyHi Ie-
peBaru, siki Moxe AaTu JIIOICTBY KoMeplliatizallisi
KocMmocy. | xoua Hapasi He WmeTbcs Mpo iHIYCTpi-
aJlbHUI BUAOOYTOK pecypciB Micsls Ta acTepoidiB
3 METOI0 IXHBOTO MOAAJIBIIOTO TPAHCIOPTYBAHHS
Ha 3emio [54, 1. 16], HaBiTh MOXKJIUBICTh IXHBOIO
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MaiOyTHLOTO BUKOPUCTAHHSI ISl 3a0e3rnevyeHHs
Mmiciii Ha Micsii Ta Mapci € ayxe nepCcneKTUBHOIO.
Heob6xigHo TakoX ycBimomutioBaTu i Toit ¢haxr, 110
0e3 iHBECTUIIilf MPUBATHOTO CEKTOPY MPOCYBaHHS
TaKMX BUCOKOBAPTICHUX MPOEKTIB € Maiixke HEMOXK-
JIMBUM HaBiTh 11 PO3BUHYTUX KpaiH. Y CBOIO Yepry,
3pO3yMiJio, 1110 MPUBATHI KOMITaHii MparHyTh OTPU-
MaHHS MPUOYTKiB, CIPUSATIUBOIO iHBECTULIITHOTO
KJIiMaTy Ta YiTKUX IIpaBUII «I'pu». BoHU He 6axkaloTh
MIPOCTO OIIATH OTPUMaHI pecypcH i3 OimHMMU Kpa-
iHaMu, $IKi, Ha aJjb, iHOJI HaMararoTbCs 370BXM-
BaTu MpaBaMu, 110 FTapaHTYE iM MPUHLIMIT 3aTaIbHOL
cMaallMHM JoAcTBa. BapTo 3ragatu mpobjiemy Tak
3BaHUX «MaMepPOBUX CYMyTHUKiB». OTXe, CUTYyallis,
110 CcKJlajacsd, BUMara€ BUHaWIEHHS €(DEKTUBHUX
MEXaHi3MiB IIpaBOBOIrO peryJjloBaHH:, sIKi O 103BO-
JIIY 30ajlaHCyBaTH iHTEpeCH PO3BUHYTHUX KpaiH Ta
KpaiH, 1110 PO3BUBAIOThLCS, JEPXKABHUX Ta MPUBAT-
HUX IMiANPUEMCTB.

Ha namy gymKy, e HeMOXKJIMBO Y MeXax BXKe Bi-
JOMMX JIIOACTBY MiXXHApOIHO-MPABOBUX DPEXUMIB
11010 IMPOCTOPIB 3a MEXaMU BUKJTIOYHOI HalliOHAIb-
Hol 1opucaukiii. 3ayBaxkeHHSI PO HEAOPEYHICThb
3aCTOCYBaHHSI 10 KOCMOCY Ha3eMHMX IpPaBOBUX
PEXMMIB BXe HEOTHOPA30BO JIYHAIM Yy MiXKHAPO-
Hili crinbHOTI [62, ¢. 461]. KoMruieKcHicTh 06’ eKTa
MpPaBOBOIO PETYJIIOBAHHS, SIKUM € KOCMOC i3 Horo
HECKiHUeHHUM IIPOCTOPOM, HE3UMCICHHUMU He-
OCCHUMHU TiTaMM Ta HEOOMEXEHMMM I pi3HOMa-
HITHUMHW MOXJIMBOCTSIMW BUKOPUCTAaHHS, BUMAarae
YTBOPEHHSI YHiKaJIbHOIO MiXKHapOAHO-IIPaBOro pe-
KUMY, IKMIi OU OEIHYBAB Y COOI €JIEMEHTH iHILINX,
BXXE BUIPOOYBAHMX JIIOICTBOM pexuMis. Moro 6a-
3010 MOXE BUCTYMNATU PEXUM Fres COMMmunis, SIKUm,
OJIHaK, BapTO JOMOBHUTHU eJeMEeHTaMU KOHUEMIIii
3arajibHO1 CHaAllMHU JIIOACTBA, 30KpeMa YiTKUM
MeXaHi3MOM KOHTPOJIIO, SIKWil OW rapaHTyBaB 3a-
XHCT KOCMOCY, HEOSCHMX TiJI Ta HaBiTh «KOCMiUHOI1
cnagliHW» (KOHLICIIT, BBEACHUI y IIpaBOBUIA AUC-
Kypc ceklieto 9 JIoMoBIeHOCTe! 11100 Mporpamu
«ApTeMinga») Bin Agerpamaiii Ta HagAMipHOI €KCILTy-
arailii, o JO3BOJIMIIO O BiABEpHYTH «Tpareiilo 3a-
rajibHoro». JlorivuHo Oyjio 6 Takox rMepeadaynuT y
paMKax 1IbOr0 PeXXuMy Mpolienypy BU3ZHAHHS TTpaB
BJIACHOCTiI MPUBATHUX CYO’€KTIB 1100 BUIOOYTHUX
pecypciB Ta iHIIMX 00’€KTIB, MOXJIMBO, Ha OCHOBI
MNpiOpUTETY 3asIBJICHUX MPAB.

35



0. O. Hiepeesa

V 1ueit BaxXJIMBUIA 111 KOCMIYHOTO IIpaBa MOMEHT
OKpeMi AepkaBHu, 30KpeMa YKpaiHa, IMOBMHHI YiT-
KO PO3YMiTH, Yy YOMY TOJISITAIOTH iXHi HalliOHaJb-
Hi iHTepecH, Ta HaIlOJIETJIMBO peali3oByBaTH iX SIK
IIUISIXOM aKTMBHOI MiKHApOJHOI CITiBIIpalli, TakK i
IIUISIXOM  pO3pO0JIeHHST €(PEeKTUBHOIO HalliOHATb-
Horo 3akoHogaBcTBa. KpiM Toro, BaxKJIMBO YCBi-
JIOMJIIOBaTH, sIKi MPaBOBOi HACIIIKM 3 OINISILYy Ha
YMHHE MiXHapojHe MpaBo Ta HalliOHaJbHE 3aKO-
HOJIAaBCTBO MOX€ MaTH Ta YM iHIlla MOBeAiHKa Iep-
KaBu. [aest MpUAHSTTS 3aKOHY, SIKMIA OW 103BOJIMB
MPUBJACHEHHS Ta BUAOOYTOK KOCMIUHUX PECypCiB
NpuBaTHUM ocobaM Ha KiutaiaT 3akoHiB CIIIA ta
JItokceMOypry, € ayxe NMpuBadIMBOIO, aaXke Bilmo-
BiHi Aep>KaBU MOXKYTb PO3IJISIIATUCS SIK «XaOW» JJIsI
KPYIHUX MiXKHApOAHUX KOMIIaHil, sIKi OyayTh pee-
CTPYBaTH CBOI IIPEICTABHULITBA Y LIMX KpalHaXx 3a1J1s1
TaK 3BAHOTO «IIparopy 3pydHocTi» [44, c. 18]. Ane
CJIi, TAKOXK MaM’sTaTy, 110 MUTAHHS IIPO BiIIIOBiI-
HIiCTb TaKOT'0 3aKOHO/IaBCTBA MOJI0KeHHIM JloroBo-
py PO KOCMOC HE € OCTAaTOYHO BUPILIEHUM. Y Mep-
CIIEKTUBI MOTr0 MPUMHSITTS MOXe PO3IISIAATUCS SIK
MOPYIIEHHS MIXXHapOAHUX 3000B’si3aHb ACP:KaBU
Ta TPU3BECTU A0 MiXKHAPOJIHOI BilMOBiJaJbHOCTI.
Kpim TOro, MoxiauBe yxBaJeHHSI TaKOTO 3aKOHY B
VYKkpaiHi BuUMaratumMe BHECEHHST KOMIUIEKCHUX 3MiH
JIO 111101 HU3KM 3aKOHIB Ta IiJ3aKOHHNX HOPMaTHUB-
HO-MPaBOBUX aKTiB, 0€3 SIKMX LIl PeXKUM MPOCTO He
3anpauioe [3, c. 500].

be3nepeyHo eKOHOMIUHO 1IiKaBOO € IJIsT YKpai-
HU TaKOX y4yacTb B JIOMOBJIEHOCTSIX 11010 Mporpa-
MU «ApTeMina», 30KpeMa 3 OIJISIAY Ha MOXKJIUBICTh
noHoBjaeHHs PamkoBoi yromu mixk Kabinetom Mi-
HicTpiB Ykpainu ta Ypsamom CUHIA npo crmiBpoOiT-
HUILTBO y IOCJIIKEHHI Ta BUKOPUCTAaHHI KOCMid-
HOTO MPOCTOPY Y MUPHUX LISIX, sIKa MPUITMHUIA
niro 'y 2019 p. Binbi murigHe criBpoOITHUILITBO MiX
JepxxaBaMy Moxke OyTHM 3abe3reuyeHo y MalOyTHii
JIIBOCTOPOHHII yromni, mignmucaHiii Ha OCHOBI IpoO-
rpaMu «Aprtemina», 110 3pOOUTh MOXKIMBUM peali-
3allil0 BJIACHOTO KOHIIENTY JOCIiAHO-IIPOMUCIOBOL
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0a3u Ha Micsui, po3podseHoro Jlep:kaBHUM ITin-
npueMctBoM «KoHcTpykTopchke 01opo «ITiBneHHe»
iMm. M. K. fnrensi», a TakoxX BUPOOHUIITBO iHIIIMX
3pa3KiB KOCMIYHOI TEXHIKM, IO IIPOEKTYIOThCS B
Vkpaini [9]. Jns nignucaHHs Takoi yroau YkpaiHa
Ma€e SIKHalCcKopillle BU3HAUYUTUCH i3 KOHKPETHUMU
cy®’ekTaMM, HampsiMKaMM Ta (opMaMu ydyacTi y
nporpami [12, c. 80], 6e3 4oro BoHa TaK i 3aJIUIINUTh-
¢Sl 17151 HAIIo1 Aep>KaBy MPOTOKOJIOM PO HaMipu.

OnHak, 3arIM0JIIOI0YUCh Y TaKy CITiBIIpallio, CIif
pO3yMITH, IO IiANMCAHHS BIANOBIAHUX Yroja Ta
MPUAHSATTS 3aKOHIB JE€MOHCTPYE IOPUIUYHY TO-
3UIIil0 AepXKaBH, sIKa BiIMOBIIHO A0 MPUHLMITY A0-
OPOCOBICHOCTI Ma€ OyTH MOC/iAOBHOIO Ta sSIKa MOXe
OyTU CIPUIHSTA SIK TIPOSIB Opinio juris, TOOTO 3roau
JepKaBH i3 (popMyBaHHSIM HOBOT HOPMM Mi>XKHApO/I -
HOTO ITpaBa. Y BUMNAAKy (popMyBaHHS MiXKHApOIHUX
3BMYAIiB iHOAI JOCHUTb BaXXKO 3a3falieTilb Iepe-
0auuTU MOro KOHKpeTHUI 3MicT. BpaxoBylouu 1ie,
YkpaiHa moBMHHA PO3yMITH, UM IilICHO BiAIlOBima-
IOTh ii HALlIOHAJILHMM iHTepecaM TEeHIEHIIil I10I0
KOMeplliaiizallii KocMOoCy Ta MpUBJIACHEHHS HOTo
pecypciB MpMBaTHUMU KOMITaHiSIMM, 3BaXkKalouu Ha
T€, 110 OUTBIIICTb 3 HUX YTBOPEHI iIHO3EMHUMH TPO-
MaJIsgHaMU Ta IOPUANYHUMU 0COOaAMU.

OTxe, Ha 3aBeplICHHSI HAIOTO JOCiIKEHHS
Oaxkaemo 11Ie pa3 HaroJOCUTU Ha HEOOXiTHOCTI BU-
poOJIeHHSI HOBOTO e(hbeKTUBHOIO0 MiXKHApOAHO-IIpa-
BOBOIO PEXMMY KOCMIYHOIO IIpocTopy. JopeuHiiie
OyJ10 0 3pOOUTH 1Ie caMe IUISIXOM MiXKHapOIHOI 10-
TOBipHOI MPaBOTBOPYOCTi, sIKa € OUIbII MPO30POIO
Ta TepeadadyyBaHOIO, Xouya i MOTpeOyBaTUME 4Yacy,
HEeOoOXigZHOTO IJIST Y3TOJKeHHS BOJIi AepxKaB. Y LIbO-
MY 3B’SI3KY JesIKi JOCIiTHUKU ITPOMOHYIOTh YKJIACTU
HOBU norogip npo kocmoc [40, c. 207]. OgHak, Ha
HalII TIOIJISIA, BHECEHHSI 3MiH Y YMHHUI JIOroBip Impo
KOCMOC JOITOMOIJIO O 3MEHIIMTH TPaH3aKIIiiHi BU-
TpaTu Ta 3po0uMjI0 O 1Lieil BaXJIMBUI MiXXKHApOTHUIA
JIOTOBIp 11 OUTBII TIEBUM MEXaHi3MOM PETYJIIOBaH-
HSI MiXKHApOJIHUX BiAHOCUH Y cepi BUKOPUCTAHHS
KOCMOCY Ta OT0O pecypciB.
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THE INTERNATIONAL LEGAL REGIME OF OUTER SPACE:
BETWEEN RES COMMUNIS AND RES NULLIUS

The publication is devoted to the issue of the international legal regime of outer space. The author attempts to determine the
optimal model of international legal regulation for relations regarding the utilization of outer space and its resources.

The basic international legal regimes applied to areas outside the exclusive national jurisdiction are studied. The main
attention is paid to the regimes of res nullius, res communis, and the principle of the common heritage of mankind. The current
international legal regulation of outer space exploration and utilization activities is analyzed through the prism of these regimes,
aswell as in the context of the category of global commons, which often includes outer space. It is emphasized that the mentioned
category, although widely used in modern scientific legal discourse, is not clearly defined. Given that the concept of public goods
has received a special development in economic theory, it is proposed to take into account the economic properties of such goods
in developing regimes for their legal regulation.

The peculiarities and complexity of outer space utilization relations as an object of legal regulation are identified. In this
regard, a comprehensive and complex international legal regime that combines elements of res nullius, res communis, and
the common heritage of mankind in relation to the objects of outer space with different natural and, consequently, economic
properties should be elaborated.

In addition, the latest trends in national and international law-making related to the formation of a legal regime for the
extraction of celestial bodies resources and the commercialization of these activities are analyzed. Their influence on the
international legal regime of outer space and tendencies of its future evolution is determined. The importance of a balanced
national approach to a new legal regulation of space resources commercial development is emphasized.

Keywords: outer space, resources of celestial bodies, international legal regime, res nullius, res communis, common heritage of
mankind, global commons, Artemis Accords, international law-making.
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KOMIO3UIIVNHI TEPMOCTINKI MATEPIAJIN
TIJIS1 BATATO®YHKIIOHAJIBHOI'O ITOKPUTTH

3anponoHo8ano NPUHUUNOBY CXeMy KOMNO3UUiLH020 Mamepiary 04 mepMoCmilikoeo 6aeamo@dyHKUiOHAAbHO20 NOKPUMMS, WO
3abe3neuye padionenomMimuicms i menaogull 3axucm 4acmuH pakem. 3 mMemor eudbopy mamepianie mepmocmiiikoi mampuui do-
caidncero kpemuitiopeaniyne cnoayune KO-08K, neopeaniune cnoayune HC- 1A ma scapocmiiiky macmuxy HEOMII-THUTAH. Ha
OCHOBI ananizy pesyavmamie mepmoodecopouiiinoi cnekmpomempii KpemHuitiopeaniunoeo cnoayunoeo i macmuxu HEOMIJI-THUTAH
3 MepMOCMIliIKUMU HANOBHIOBAYAMU BCMAHOBACHO, WO HALOINbU eeKMUBHO 3HUNICYE MEPMOOeCMPYKUII0 HANOBHEHHs Mampuyi
nepaimom i oxcudom antominiro. Egpexmuenicmo 00panux KomMno3uyii 3a 6UCOK0i weuoKkocmi 3mMiHeHHs memMnepamypu oyiHea-
AU memodom mennogoeo yoapy. Bemanoeneno, ujo na 3pasxax Ha 0CHOGI KPeMHIlIOpeaAHIMHORO CNOAYHHORO 3 HANOBHIOBAUAMU He
6danocs 3abes3nevumu HeoOXioHy mepmocmiiikicms mamepiany; macmuxy HEOMI[-THTAH moxcna éukopucmogyéamu y pasi
Hanosnenns 2 % okcudy arominiro; asromocunikamue cnoayune HC- 1A — y pasi nanosuennsn 5 % oxcudy anrominiro i 10 % mynimy.

Ob6pani mamepianu 6y10 6unpody8aro y cmpymeri ea3o0uramiuioeo narvHuxa. Pesyremamu niomeepouau neobxionicmo apmy-
BAHHS MAMPUYi MepMOCMILIKUMU MKAHUHAMU 045 niO8uweHHs i Miynocmi ma epo3itinoi cmitikocmi. Sk mepmocmitixi padionpo-
30pi apmyeanvhi MKAHUHHI HANOBHIO8AYI BUKOPUCIMAHO MepMOCmiliKy kpemHezemHy mkanury KT-11 i kpemnesemny mepmocmiiiky
cmpiuky JIKA-1200.

Tepmoepo3iiini eunpodysanus apMoBaHux 3pa3Kie y cmpyMeHi ea300UHAMIYHO20 NAAbHUKA NOKA3AAU, W0 MIHIMAAbHe AIHilHe
BUHECEHHS OMPUMAHO Ha 3paskax 3 mampuyeio Ha ocHosi macmuku HEOMI/J-TUTAH, apmosanux mxanunoro KT-11 (306mniu-
Hill wap) i cmpiukoro JIKA-1200, wo dossonsie suxopucmogysamu 3a3Ha4eHi mamepianu 045 cmMeopeHHs 6a2amoQ)yHKUioHaNbH020
nokpumms.

Karouosi caosa: komnosuyiiinuii mamepian, 6aeamo@yHKyioHatbHe NOKPUMMs, MAmMpuys, Hano8HO8aH.

HuryBanus: [ycaposa 1. O., [TorarmoB O. M., Topenos b. M., Manbko T. A., ®posnos I. O. KoMmnosuiliiiHi TepMOCTiiiKi
Marepianu 151 6araToyHKIiOHAILHOTO MOKPUTTS. Kocmiuna Hayka i mexnonoeis. 2022. 28, Ne 1 (134). C. 43—50. https://doi.
org/10.15407/knit2022.01.043
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BCTVYII

BukopucraHHs e(peKTUBHMX Tilep3BYKOBUX BU-
pobiB pakeTHOI TexHiKM Mepeadadyae BUPILISHHS
npoOJieM IXHbOI pamionoKaliifHOI HEMOMITHOCTI i
TEIJIOBOrO 3aXUCTY Mil yac MPOXOIKEHHS aTMOC-
(epHux mapis. IlepcrieKTUBHUM € CTBOPEHHS I10-
KPUTTIB, sIKi BUKOHYIOTh OaraTo (pyHKIIil i 3a0e311e-
YyIOTb KOMITJIEKCHUI 3aXMCT YaCTUH paKerT.

Take OaraTo(pyHKIIiOHAJbHE ITOKPUTTSI ITIOBUHHE
OyTH CTilIKMM 10 BUHECEHHSI i 30epiraTu cBoi (pyHK-
il y poboyomy aiamazoHi remmepatyp 650...1350 °C.
Bumoru 1010 BUCOKOI TEPMOCTIMKOCTI MPU MiHi-
MaJbHO MOXJIMBIiH Ba3i i pamioHEIIOMITHOCTI y 3a-
JaHOMY YaCTOTHOMY iHTepBaJli 3HAYHO OOMEXYIOTh
KJ1ac MaTepialliB, sIKi MOXHa BUKOPUCTOBYBATH 151
CTBOpPEHHsI 6araTo(yHKIiOHAJTbHUX MOKPUTTIB |2,
3, 5, 6]. Taki Matepiaau i TEXHOJIOTi HaHECEHHS
MOKPUTTSl Ha MOBEPXHIO JIiTalbHOIO arapara ITo-
TpeOYIOTb PO3POOJICHHSI.

MeTo10 pod0oTH € PO3POOJIEHHSI MOAEIBHOTO Oa-
raTo(pyHKIIIOHAJIbHOTO MOKPUTTS, III0 MA€ BUCOKY
TePMOCTINMKICTb, i TEXHOJIOTiI HOro HAHECEHHSI.

Po3zpobiitoBaHe MOKPUTTS Ma€ BUKOHYBAaTWU Jie-
Kinbka (yHKiA. OaHi€ED 3 OCHOBHUX BUMOTI 0
Or0 30BHINIHBOTO IIAPY € BUCOKA TEPMOCTINKICTB,
OCKIJIbKM MakcumajibHa Temiieparypa 1350 °C mie
Ha OoKpeMi eleMeHTH pakeTu mpotsarom 30 ¢ Ha
MOYaTKOBOMY Billpi3Ky TpaekTopii i 20 ¢ mepen 3a-
KiHYeHHSIM po0oTu BupoOy. He MeHII BaxIMBUM €
Y3TOIXKEHHSI XBUJILOBOIO OIIOPY MaTtepiaiy 3 IOBi-
TPSIM JUISl 3MEHILEHHS BiIOUTTS Maiarovyoro eaek-
TPOMArHiTHOTO BUITPOMiHIOBaHHSI.

[IpuHuMIIOBa CcXema 0OaraTo(yHKIIiIOHAJIBHOIO
MOKPUTTSI CKJIAJAEThCS 3 TPHOX ILIAPiB Pi3HOTO MPU-
3HaueHHs (puc. 1):

* TIepIIMii (30BHIIIHII) IIap 3a0e3Ieuye TepMO-
CTIMKICTh TOKPUTTS Ta Y3rOMXKEHHSI XBUJIbOBOIO

1. YsrogxyBanpHuii map

2. ITormMHanbHMit map

3. TennoisonAuiiiHmit map
(3a/1€XKHO BiJy yMOB eKcITyararii)

Cunosa 060710HKa KOPIYCy

Puc. 1. Npunnumnosa cxema 6araToQyHKIIIOHATEHOTO TIO-
KPUTTS
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OIOpy MaTtepianay 3 IOBITPSM i NMpU3HAYECHUIA IS
3MEHIIIEHHsI BiIOUTTS IMamal0vyoro eJIeKTPOMAarHiT-
HOT'O BUIIPOMiHIOBAaHHSI;

* Ipyruii map BUKOPHUCTOBYIOTH JIJISI OCIA0JICHHS
€JIECKTPOMAarHiTHOIO BUIIPOMIHIOBAHHSI Y IIMPOKO-
MY YaCTOTHOMY Jiala3oHi, BiH 3a0e3Ieuye IMOoTJu-
HaHHS eHepril pamgioXBWIb i MiCTUTh MOITMHAJIbHI
KOMIIOHEHTH 3 I'PaJliEHTHUM PO3IOILIOM KOHIIEH-
Tpalliii, BOZHOYAC € TeILJIOI30/ISILIiHIM;

* TpeTili 1map — TEIUIO3OSIIMHUI — BBOOSTH
3aJIeXKHO Bi/l yMOB eKCIUTyaTallii.

[Tig yac po3poOseHHsT cKJIagHONPOMIIbHUX BU-
poOiB TEXHOJOrIYHMM PpIllICHHSIM HaHECEHHSI IO-
KpUTTIiB € HamwieHHs. IIpoTe 3rigHO 3 excrepu-
MEHTAJIbHUMU JOCIII)KEHHSIMM BCTAHOBJIEHO, 1110
HeoOXigHi (i3MKO-MeXaHiuHi BJIACTMBOCTI paiio-
MOIJIMHAJIILHOTO IMMOKPUTTS 3a0€3I1eUy€ JIMILEe apMy-
BaHHS TEPMOCTIMKOI MaTPUIli TEPMOCTIMKIMU pai-
OIPO30pUMHU BoJIOKHaMU [1].

3ajexXHo Bi YMOB pOOOTH BUPOOY 10AaTKOBO
BBOMSITh TEILIOIZOMALIMHUI 1Hap, ISl SIKOTO J0-
LIUTBHO 3aCTOCOBYBAaTH BiOMI TEIJI03aXMCHi MaTe-
piajii, 1110 HAHOCSTh HAITUJICHHSIM.

BUBIP MATEPIAJIIB TEPMOCTIIKOT MATPHIII

3 ypaxyBaHHSIM JOCTYIHOCTI Ha pMHKY YKpaiHM ISt
eKCITepMMEHTAIbHUX TOCIIIKEHb IIOI0 CTBOPEH-
Hs 0araTo()yHKIIIOHAJbHUX IIOKPUTTIB 00paHO TaKi
TEPMOCTIlKi CTIOJIyUHi:

* kpemHuitiopeaniune cnoayyne KO-08K — omHo-
piTHUI  PO3YMH  MOJiIMEeTWI(EHIICiTOKCAaHOBOL
CMOJIM B TOJIYOJIi, TEPMOCTIAKWI MpU TemIiepaTypi
500...700 °C, mae rapHy aaresiio 10 cTaji, TUTaHY,
KepaMiKu, CKJia i Mifi;

* XKApOCTIKY CKJIeIoBaJbHy Mmacmuky HEO-
MIJI-THTAH (3apy0ixkHOTO BUPOOHMIITBA) — YHi-
BepCaJibHy TEPMOCTIliKY MacTUKY JUIsl CKJICIOBaHHS
pi3HUX TOBEPXOHb, JepeBa, OCTOHY, LIeTJIU, HaTy-
PaJIbHOIO i IITYYHOTO KaMEHI0, OOJUIIOBAHHS Te-
yelt i KaMiHiB. Butpumye rnepenan TeMIiiepaTyp Bif
—50 °C no 1500 °C (KopoTKOYacHO);

e cnoayune HC-1A (3apyOiKHOrO BHUPOOHUIIT-
Ba) — BHMCOKOTEMIIEpAaTypHUI aTIOMOCHIiIKAaTHUI
KJIeil Ha BOAOHil ocHOBIi. TemmepaTypa BUKOpUCTaH-
Hsa — 10 1500 °C (KopoTKOYacHO).

HociimKyBaHi CIIOJIydHI MPaIO0Th TIPU TeMIIe-
paTypax noHan 1000 °C KopoTKouacHo. IxHIo Tep-
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Puc. 2. TepmopecopOLiliHi KpUBi MPOAYKTIB TEPMIUHOI JeCTPYKIlii 3pa3KiB Ha OCHOBI KPEMHilOPraHiyHOTO CITOJIYYHOI'O
KO-08K: a — 3pasok KO-08K, 6 — 3pazok KO-08K, nanosnenmii 5 % nepumity i 5 % Al,O,

MOCTIMKICTh MOXKHA MiABUILIUTU BBEACHHSIM CIIE-
LiaJIbHUX HAIlOBHIOBaYiB: MepaiTy (OCHOBHI KOM-
MOHEHTU — JIIOKCUJl KPEMHII0 i OKCUI aJlloMiHil0),
okcuiy amoMiHio Al,O5, MyJliTy (Mae HENOCTIHHUIA
XiMmiunwmit cknan Bin 3Al,0,x2Si0, 1o 2Al,0,xSi0,),
Kap06iny kpemHito SiC, Mapiiaiity (OCHOBHUI KOM-
noHeHT Si0,).

Bubip HamoBHIOBauiB, 110 MiABUIIYIOTH TEPMO-
CTIMKIiCTh MaTPULIi, 30ilICHEHO Ha OCHOBI €KCIIEpH-
MEHTaJbHUX TOCTiIXKEeHb.

EKCITEPUMEHTAJIBHI TOCIIJIZKEHHA

OliHoBaHHS e(EeKTUBHOCTI BUKOPHUCTaHHSI HaBe-
JICHUX BUILE HAITOBHIOBAYiB 3[1MCHIOBAIN 3a Kilb-
KiCTIO JIETKMX MPOAYKTiB, IKi BUIISIIOTHCS BHACIIi-
JIOK IIIBUIKOTO MiABUILIEHHS TEMIIEPATYPU, METOIOM
TepMOIeCOpOLiiiHOI crieKTpoMeTpii. TemriepaTypHi
iHTepBaIM BUIUICHHS IPOAYKTIB TEPMIYHOIO Pyii-
HYBaHHSI BCTAHOBJIIOBAJIM METOAOM TEpPMOIIpOrpa-
MOBaHOI JeCcopOIIil 3 Mac-CIIEKTPOMETPUYHOIO PEE-
CTpalli€lo JIETKUX MPOIYKTiB.

J1s1 Mac-CIeKTpOMETPUYHOTO aHajli3y 3pa3Ku
Macolo opsaky 1 Mr yminryBaau 3a Tucky 1o 0.1 ITa
y KBaplLEeBO-MOJiOACHOBY TPYOKY, BMOHTOBaHY B
HarpiBau, 3 IIporpaMoBaHOIO0 3MiHOIO TeMIIepaTypu
B iHTepBaii Big +25 go +800 °C. IBuakicts 3mi-
HEHHsI TeMrepaTypu He TepeBulyBaia 8§ K/xB. 3
TPYOKHM TIPOIYKTU PO3KJaAy 3pa3KiB HAAXOAWUIU 0
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BXiHOI CUCTEMU OJIHOIIOJIIOCHOI'O Mac-aHali3aTopa
MX 7304A.

Pesynbrati mociimKeHb OTPUMAHO Y BUIVISIII
CHIEKTpIiB TepMmozaecopOLii (TepMomecopOLiitHIX
KPMBUX) JIETKMX KOMITOHEHTIB, 1110 BUAUISTIOTHCS MiT
yac HarpiBaHHs 3pa3kKiB. Ha puc. 2 HaBeieHO TepMo-
JIecOpOLiifHi KpHBi MPOMYKTIB TEPMIUYHOI AECTPYK-
il KkpeMmHiiiopraniudoro croyiyaHoro KO-08K
Yy IOYaTKOBOMY CTaHi i 3 TEpPMOCTiiIKUMU HAIIOBHIO-
BavyaMu.

3rigHoO 3 aHaIi30M TEPMOIECOPOLIMHNX KPUBUX
BCTaHOBJIEHO, 11O IMiJi 4YaC BUKOPMUCTAHHS KpeM-
HiltopraniyHoro cnojiyyHoro KO-08K BumineHHs
MPOIYKTIB JAECTPYKILil BiIOYBAETHCS y TPHOX iHTEP-
BaJlax TeMmIlepaTyp: y HU3bKOTeMIIepaTypHOMY iH-
TepBaji temriepatyp Big 100 1o 180 °C makcumanbHe
BUIJICHHS OB’ sI3aHe 3 BUXOJIOM BYTJIEKMCJIOTO Ta3y
(CO); y intepsani temneparyp 270...400 °C cniocte-
piraeTbcs HAMOUIBII iIHTEHCUBHE BUILJIEHHS IIPO-
IYKTiB TEPMOAECTPYKIIii, ITOB’sI3aHe 3 BUILICHHSIM
cnosyk COCH, SiCH (41), COCHCO, CSiCHCO
(69), i y BUCOKOTEeMIIepaTypHOMY iHTepBaJti Big 670
1o 800 °C suninsiorbes CO (28) i CH; (15).

Ha ocHoOBIi nmpoBeaeHUX AOCTiIXKEHb KpeMHiliop-
TaHIYHOTO CITOJIYYHOTO, J€ SIK HallOBHIOBAY 3aCTO-
COBYBaJIM IIEPJIiT, OKCUJ aJllOMiHil0, KapOim KpeM-
Hil0, MYJIIT IPU KOHIEHTpAaLlii 5 % KOXHOTro Haro-
BHIOBaya B Pi3HUX MOETHAHHSIX, MOXHa 3pOOUTHU
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Puc. 3. Ipadik 3amexxHOCTI TeMIIepaTypH TTOBEpPXHi Bi yacy
eKcrutyaTauii

BUCHOBOK, 1110 HAIlOBHEHHSI KPeMHillOpraHiYHOTO
noJiimepy 5 % niepnity i 5 % okcuay anroMiHil0 Haii-
OiNbII e(heKTUBHO 3HUKYE TEPMOACCTPYKILiIO i BU-
JiJIEHHS JeTKUX IPOAYKTiB.

ITix yac mocaimkeHHs 3pa3KiB Ha OCHOBI TepMO-
critikoi mactuku HEOMIJI-TUTAH, nHamoBHeHO1
HaBeJEHUMM BUILE TEPMOCTIHKMMU HaINOBHIOBA-
yaMu, CIIOCTEPIraeThCsl KOPEsLlisl 3 pe3yJibTaTaMu
aHaJli3y TepMOJIeCOPOIiHUX KPUBUX KpEeMHiliopra-
HIYHOTO CTIONYYHOTO 3 foMitiKamu Al,O5 i mepJrity.
Haii6inbin e(eKTUBHO 3HUKYE TEPMOIECTPYKIIilO i
BUIIJIEHHS JeTKNX MpoaykTiB MacTuku HEOMIJI-
TUTAH ii nanosHenns 2 % Al,05 i 2...15 % nepui-
1y. Lle 3MeHIllye BUAiIEHHS] BOAY B iHTEpBaIi TeM-
nepatyp Bia 50 no 250 °C. Kpim Toro, HanmoBHIOBau
MiIBUIIYE TEPMOCTIKICTh KOMIIO3MIIil 32 paxyHOK
3MillleHHSI OCHOBHO1 CMYTM PO3KJadaHHS CITOJy4-
Horo Ha 70 °C y 6iK MigABUILEHHS TeMIepaTyp i 3HU-
KY€ BUIUTCHHS TPOIYKTIB PO3KIIaTaHHSI.

EdexkTnuBHICTH 00paHUX KOMIIO3MIIIi HAa OCHO-
Bi KpEeMHIMOPraHiYHOIO CHOJYYHOIO i MaCTUKU
HEOMII-TUTAH 3 TepMOCTiliKuMI HarlOBHIOBA-
YyaMH 32 BUCOKOI IIBUAKOCTI 3MiHEHHS TeMIIepaTy-
U OLIiHIOBaJIM METOJIOM TEIJIOBOTO yaapy. 3pa3Ku
KOMIMO3UTIB BMilllyBajii Y KBapllOBY TPYyOKY 3 Mpsi-
MOKYTHHUM BUPi30M, SIKY BBOAWIW B LWIHAPUYHY
kamepy nedi CYOJI 1100, po3zirpitoi 1o nmoTpioHoi
TEeMIEpaTypHu.

KoMmno3nuTn Ha OCHOBiI KpeMHillopraHiuHOTO
CIIOJIYYHOTO, HAIlOBHEHOro 5 % mepyiTy i pizHuM
BMicToM Al,O5, BMilllyBaiM B KaMmepy Tedi, Harpity
1o temrrepatypu 650 °C, Ha 7 xB. [licist BBemeHHs
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3pa3KiB Yy MiY BOHU CajlaxyBaJIu, a MiCJIs BUMMaHHSI
3 Mevi — cTaBajyd YOPHUMMU 1 PO3CUTIATIUCSI.

OTxe, Ha 3pa3KaXx Ha OCHOBiI KpeMHillopraHiu-
Horo crnioiydyHoro KO-08 K 3 HanmoBHIOBauaMu He
BIAJIOCSI OTPUMATHU HEOOXiAHY TEPMOCTIHKICTb Ma-
Tepiay IIiJ Yac HarpiBaHHsS 10 MaKCUMAaJIbHOI TeM-
repatypu 650 °C, ToMy JUTS TIOTAIBIITUX POOIT oTo
He BUKOPHCTOBYBAJIU.

TepmocrTiiikicTh 3pa3kiB Ha OCHOBI MaCTHKHU
HEOMIJI-TUTAH Ttakox gochimXyBaiu MeTO-
JIOM TEIIJIOBOrO yaapy y MOYaTKOBOMY CTaHi i TIic-
Jisi HaIlOBHEHHS OKCMIIOM aJIIOMiHil0 B Jiana3oHi
KoHIleHTpauiid 1.5...5 %, nepnitom — y nianaszo-
Hi KoHIIeHTpalliit 5...10 %, MyiTom — y miama3oHi
KoHIeHTpamiit 2.2...10 %, xap6imoM KpemHilo —
10 %. Iix yac BUTOTOBJIEHHS 3pa3KiB K pO3UNMHHM-
K1 BUKOPUCTOBYBAJIM METUJICUJTIKAHAT 1 allOMOCH-
JIiKaHaT KaJlilo.

3pasku BMmimyBaau y niy CYOJI, narpity no
temnepatypu 1050 °C. KBapioBa TpyOka 3i 3pa3-
KamMu mnepeOyBajia y Iedi mpoTsarom 5...8 ¢, MOTiM
yepe3 20...25 ¢ TemIiepaTtypy medi 3HIDKYBaJIM IO
850...880 °C, a yepe3 6—7 XB I1iY 3HOBY HarpiBaJIH 10
1000...1020 °C. ITicnst 1boro 3pa3ky BUTSATYBAIU 3
nedi. TeMnepaTypHUii pexxuM ITiJT Yac BUTPOOYBaHb
MaKCUMaJIbHO HaOJIVDKEHUIA 10 YMOB eKCIuTyaTallii
(puc. 3).

3a pesdyiabTaTaMu IIPOBEACHUX BMIIPOOYBaHb
BCTaHOBJIEHO, 1110 3pa30K CIIOJYYHOTIO, 1110 Nepedy-
Ba€ B NTIOYATKOBOMY CTaHi, TicJIs1 HarpiBaHHS 3a 3a-
JIaHUM PEXUMOM CUJIbHO 1e(hopMyBaBCs. YBeIeHHSI
TEPMOCTIMKMX HAITOBHIOBAYiB 3MEHIIMJIO MOTO Je-
¢opmatiito. MiHiManbHY 3MiHYy 00’emy i (hopmu Mae
3pa3ok 3 mactukoro HEOMIA-TUTAH, namoBHe-
HOIO 2 % OKCUIY aTIOMiHiIO.

3pa3Ku Ha OCHOBI BUCOKOTEMIIEpaTypHOI'O HEOp-
raniuHoro crioiaydyHoro HC-1A mocinigkeHo 0e3 Ha-
IMOBHEHHS i HATTOBHEHUMMU 5 % OKCUIY aJIFOMIHiIO i
10 % myomity.

3pas3ku HarpiBaJiu B KaMepi redi 3a TeMrepaTyp-
HUM DPEXMMOM, 110 MOIEJIOE eKCILTyaTalliiHui
(puc. 3). Ilicasg BuaydeHHs MaTepiaa 30epir wific-
HiCcTh i MexaHiuHYy MiuHicTh. IIpoTe Ha ToBepxHi
3’SIBUWJIMCSL YMCJIEHHI 3[yTTs, 1110 CBIIYWTb PO MO-
POYTBOPEHHSI BCepeArHi 3pa3KiB. 3pa3Ku Ha OCHOBI
cnosryuHoro HC-1A, HanoBHeHi 5 % okcumy ao-
MiHito i 10 % MyImiTy, MaloTh HATMEHIIINI CTYITiHb
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Puc. 4. Pesynsratu BUnpoOyBaHb 3pa3kiB 3 MaTpulieio Ha ocHoBi Mactuku HEOMIJI-TUTAH: a — rpadik 3MiHEHHS TeM-
rnepaTtypu IiJ yac AOCTiIkeHHs (MakcuMmaibHa Temnepatypa — 1300 °C); 6, 6 — 30BHillIHil BUIJISAL 3pa3KiB 10 i Mmicis

BUITPOOYBaHb

nedopmallil i IepCreKTUBHI IJisl 3aCTOCYBaHHS SIK
MaTpuii 6araTo(pyHKIiOHAIbHOIO IIOKPUTTSI.

IIpoBeneHi BuIpoOyBaHHS 3pa3KiB AOCTIIKyBa-
HUX BUCOKOTEMIIepaTypHUX CHOJyYHUX 3 BU3HA-
YEHHST TEPMOCTIMKOCTI METOAOM TEIUIOBOIO yaapy
MoKas3aju:

®* Ha 3pa3Kax Ha OCHOBi KpeMHillopraHiyHoOro
CITOJTyYHOTO 3 HAIllOBHIOBaYaMu He BHasiocs 3a06e3-
MeYUTU HEOOXiTHY TEPMOCTIiiKiCTh MaTepiay;

e mactuky HEOMIJI-TUTAH moxxHa BUKOpuc-
TOBYBAaTH y pa3i HammoBHEHHS 2 % OKCHUIY aTioMi-
HilO;

* y KOMIIO3UTaX Ha OCHOBi BHUCOKOTEMIIepaTyp-
HOTO aJIloMOCUIIiIKaTHOTO criojyyHoro HC-1A Haii-
OiJTbIIY TEPMOCTIMKICTh MOKAa3aJIu 3pa3Ku, Hallo-
BHEHi 5 % okcuny antoMiHito i 10 % mymiry.

Ha ocHOBi mpoBeneHUX eKCHepUMEHTaJIbHUX
JIOCIiIXeHb MOKa3aHO, IO IJIs MaTpMii OaraTo-
(DYHKITIOHAJIBHOTO TIOKPUTTS TEPCIIEKTUBHUM €
BUKOPUCTAHHS XapocTiiikoi mactuku HEOMIJI-
TUTAH i BucokoTeMmepaTypHOIro ajJioMOCUJIi-
katHoro cnoayyHoro HC-1A 3 tepmocTiiikumu
HanoBHIoBayamu. O0paHi MaTepiaan OyJI0 BUIIPO-
OyBaHO y CTPYMEHi ra3oguMHaMiuHOro MHajbHUKa
I'BO-2 3 miameTpoM KpUTUYHOTO IIepepi3y coruia
11 MM, 110 Ipallo€ Ha MaJMBHIN Imapi rac — II0-
BiTpsl Ha YHiBepCaIbHOMY TEPMOCTPYMUHHOMY
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crenai (YTC) IIIM HAH VYkpainu. MakcumaiabHa
TeMIiepaTypa ra3oBoro noToky cranosuia 1250 °C.
Vci 3pa3ky cnoIydHOro 3pyMHyBaIUCs I1i1 Yac BU-
npoOyBaHb.

Pesynbratu BunpoOyBaHb IMMiATBEpAWIN TIpa-
BUJIbHICTb BUCHOBKIB ITPO HEOOXiMHICTh apMyBaHHS
MaTpUlli TEPMOCTIMKMMM TKaHMHaMu abo CTpiu-
KaMM 3 BHCOKOTEMIIEpaTypHUX KepaMiuyHUX padio-
MPO30PUX BOJOKOH ISl MiABUIIEHHS ii MilIHOCTI Ta
€po3iiiHoIi cTiiKoCTi [4].

Hactynny cepito excriepyMeHTiB IIpOBOAWIN Ha
3pa3Kkax KOMITO3UIIMHUX MaTepialiB, IO MiCTSITh
MaTpuilo 3 xkapoctiiikoi mactuku HEOMIJI-THU-
TAH abo BucokoTeMmIiepaTypHOTO aJlOMOCHITiKaT-
Horo criojyyHoro HC-1A, apMoBaHy paaionpo3o-
PUMU TEPMOCTIHKMMU TKAHUHAMMU.

S TepMocCTIiiiKi pamionpo3opi apMyBajibHI TKa-
HWHHI HANoOBHIOBaYi U €KCIIEPUMEHTAIBHUX J10-
CJIiIKEHb BUKOPUCTOBYBAJIU TaKi JOCTYIIHI Ha pUH-
Ky YKpaiHu maTepiaiu:

* TePMOCTiiiKy KpemHe3eMHy TkaHuHy KT-11,
sIKa XapaKTepU3YETbCSI HU3BKOI TEILJIOMPOBiI-
HiCTI0, BUCOKOIO CTilKiCTIO IO TEIJIOBUX yIapiB, €
eJICKTPOI30JIITOPOM 3a ITiIABMILEHUX TeMIIepaTyp,
TPUBAJIO €KCILIyaTy€EThCsl 0€3 3MiHM BJIACTUBOCTEM
npu temneparypax 1000...1200 °C i KoporKouac-
HO — npu Temmeparypi go 1700 °C;
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* KpeMHe3eMHY TepMOCTiliKy cTpiuky JIKA-1200,
sIKa Ma€ Taki XapaKTepUCTUKU: KOeMILliEHT TEILI0-
nposigHocTi npu Temreparypi 500 °C cTaHOBUTH
0.15 Br/(m-K), a ipu 1000 °C — 0.24 Bt/(M-K),
nuToMUii enektpuyHuii omip — 1017...10' Om-cm
(20 °C), mienexTpuuHa MPOHUKHICTL — 3.7; MOXe
JIOBro mpaitoBaTtu rpu temnepatypax no 1000 °C i
KOpOTKO4YacHO — Iipu Temmnepatypax 1200 °C.

ITig yac BUTOTOBJIEHHS 3pa3KiB 30BHIlIHINA Tep-
MOCTIAKMI IIap TOKPUTTS apMOBAaHO TKAaHUHOIO
KT-11, a BHYTpIlIHIM TEIUIOI3OSILIAHUI 1Iap —
KpeMmHe3eMHOI0 cTpiukoro JIKA-1200. 3arambpHa
TOBIIMHA 3pa3KiB cTraHOBUTH 9.9...10 mMm. Sk cmo-
JlydHe BuUKopucToByBaiu wmactuky HEOMII-
TUTAH i BuUcokoTeMmepaTypHe aJlOMOCHUJIiKaTHe
cnonyyne HC-1A.

TepMoepo3iiiHi BUpoOyBaHHS apMOBaHUX 3pa3-
KiB IMPOBOAMJIN TAKOXK Yy CTPYMEHI ra30AMHAMiYHOIO
nanbHuka 'BO-2 nHa crenni YTC ITIM HAH VYkpa-
iHn. Kyt 0OTikaHHSI 3pa3KiB ITOTOKOM CTaHOBUB
30°, 1m0 BiAIIOBiZa€ yMoOBaM eKCILIyaTallil MaTepi-
aiy. IloTouHi TepMoIMHAMIYHI TapaMETPU TTOTOKY
BCTaHOBJIIOBAJIM TakK, 1100 MOJIEI0OBATH 3aJeXKHICTh
TeMnepaTypy MOBEPXHi Bif yacy ITiJ yac ekcriyaTa-
1ii, IK HaBeJeHO Ha puc. 3.

Pesynabrat  ekcnepuMEHTaJbHUX JOOCJIIKEHDb
noKa3anay, 110 MiHiMalbHe JiHilfiHE BUHECEHHS —
1.5 MM (9.67 T) oTpMaHO Ha 3pa3Kax 3 MaTPUIICIO
Ha ocHoBi MacTuku HEOMIJI-TUTAH.

[padik 3MiHM TemIiepaTypu y mpolieci BUNpooy-
BaHb i 30BHIIIIHIi1 BUTJISIA 3pa3KiB MMOJaHO Ha puc. 4.

3a pesyapraTaMyd BUIIPOOYBaHb y CTPYMEHi ra-
3oauHaMiyHoro najipHuka I'BO-2 Ha crenai YTC
ITIIM HAH VYxpaiHnu BCTaHOBJIEHO, 1110 TEPMOEPO-
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3iiiHa CTIiMKiCTh KOMITO3ULIITHOTO MaTepially 3 Ma-
Tpulieto Ha ocHoBi mactuku HEOMII-TUTAH,
apmoBaHoro TkaHnHow KT-11 (30BHilIHi#i 1m1ap) i
crpiukoo JIKA-1200, mo3BoJjisse BUKOPHUCTOBYBAaTU
3a3HavyeHi MaTepiaju IJis1 CTBOPEHHST OaratoyHK-
LIIOHAJIBHOTO MOKPUTTSI.

BUCHOBKHU

Ha ocHOBi TeopeTHyHOro aHajuizy B poOOTi MoKa-
3aHO, 110 TepMOCTiliKe 6araToyHKIiOHAJIbHE IO-
KPUTTS Ma€ CKJIaAATUCS i3 30BHIILTHBOTO TEPMOCTI i -
KOTO 11apy, 110 3a0e3I1eUy€e y3roIKeHHs XBUJIbOBO-
ro OIopy MaTepiaay 3 IOBITPSIM, Ta BHYTPIiIlIHHOIO
TeTUI0i30JISILIIAHOTO, 110 TOMIMHAE eJleKTpoMar-
HiTHE BUMPOMIHIOBaHHSI B 3aJaHOMY YaCTOTHOMY
nmiara3oHi. 3ajexXXHO BiJl YMOB €KCIUTyaTallii MOXYTb
BBOJIMUTHU TOJATKOBUI TEIIOi30IALIAHMIA 1Hap.

IlepcrieKTUBHUM € PO3POOJECHHSI KOMMO3ULIili-
HOro 6araTomapoBOro MOKPUTTS Ha OCHOBI TEPMO-
CTiliKOi MaTpulli 3 (PYHKUIOHAJTbHUMHU JOMIillIKAMU
apMOBaHOI TKaHMHAMM a00 CTpiyKaMU 3 BHUCOKO-
TeMIIepaTypHUX KepaMidHUX padioIpo30pHUX BOJIO-
KOH.

Ha ocHOBi ekcriepuMeHTaIbHUX TOCTiIXKEeHb IS
MaTpHUlli 6araToapoBOro MOKpPUTTS peKOMEHI0Ba-
HO BUKOPUCTOBYBAaTH HeopraHiyHe crioryaHe HEO-
MIJI-TUTAH. Mac-crieKTpoMeTpUYHUM aHali30M
i BUIpPOOYBaHHSIMM Ha TEIUIOBUI ynap AOBEIEHO,
110 TEPMOCTINKICTh MaTpHUlli €(PEKTUBHO ITiABUIILYE
BBeIEHHST 2 % OKCUAY allIOMiHilO.

3a pesyJibTaTaMu BUITPOOYBaHb HA TEPMOEPO3iiiHYy
CTIMKICTh BCTAHOBJIEHO JOIUIBHICTh 3aCTOCYBaHHS
SIK apMyBaJIbHUX HallOBHIOBa4iB KPEMHE3eMHOI TKa-
HuHu KT-11 (3oBHimHii map) i crpiuku JIKA-1200.
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COMPOSITE HEAT-RESISTANT MATERIALS FOR MULTIFUNCTIONAL COATING

A schematic diagram of composite material for a heat-resistant multifunctional coating providing radio invisibility and thermal
protection of parts of missiles is proposed.
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Organosilicon binder KO-08K, inorganic binder HC-1A, and heat-resistant mastic NEOMID-TITANIUM were researched
to select the materials of the heat-resistant matrix. Based on the analysis of the results of thermal desorption spectrometry of
organosilicon binder and mastic NEOMID-TITANIUM with heat-resistant fillers, it was found that the thermal destruction is
most effectively reduced by the matrix filler with perlite and aluminum. The efficiency of the selected composites at a high rate
of temperature change was evaluated by the heat stroke method. It was revealed that samples based on the organosilicon binder
with fillers failed to provide the required heat resistance of the material: NEOMID-TITANIUM mastic can be used in case of
filling with 2 % of aluminum and aluminum-silicate binder HC-1A in the case of filling with 5 % aluminum and 10 % mullite.

Selected materials were tested in a jet of a gas-dynamic burner. The results confirmed the need to reinforce the matrix with
heat-resistant fabrics to increase its strength and erosion resistance. Heat-resistant silica fabric KT-11 and silica heat-resistant
tape LKA-1200 were used as heat-resistant radio-transparent reinforcing fabric fillers.

Thermo-erosion tests of reinforced samples in the jet of a gas-dynamic burner showed that the minimum linear removal was
obtained on samples with a matrix based on NEOMID-TITANIUM mastic, which was reinforced with KT-11 fabric (outer
layer) and LKA-1200 tape, which allows using these materials to create the multifunctional coating.

Keywords: composite material, multifunctional coating, matrix, filler.
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HanionanpHMit TexHiYHMI yHiBepcuTeT YKpainu « KuiBcbKMil moJtiTeXHivHMi iHCTUTYT iMeHi Iropst Cikopcbkoro»

Ipocnexr [Tepemoru 37, Kuis, Ykpaina, 03056

3ACOBY BUMIPIOBAHHA TEILTOBUX ITOTOKIB ITPM TEPMOBAKYYMHUX
JOCTIIXEHHAX TA BUTIPOBYBAHHAX BUPOBIB KOCMIYHOI TEXHIKH

3 memoro adanmauii eimuusnsaHoeo dasaua-nepemsoprosaia mennogoeo nomoky ITII-15 do ymoes, xapakmeprux 041 HA3eMHUX
MepMOBAKYYMHUX 0CAi0MNCeHb Ma sUNpoOy8ars eupobie KocMiuHoOi mexHiKu npu eiocymuocmi 6 Ykpaini amecmoganux oagavie-ne-
Demeoprosatie cyMapHux meniosux nomokie y dianasowi 0o snavens winorocmi 2000 Bm/m?y cnexmpanssomy dianasoni 0.2...20
MKM npO8edeHO NOPIBHANbHULL AHANI3 11020 XAPAKMePUCMUK 3 XapaKmepucmuKamu wupoKo 3acmoco8y8ano2o 0asaid-nepemasopo-
eaua DOA-020 imnopmro2o eupobHuymea.

Excnepumenmanvhi docaioxcens npoeoousucy y mepmosaxKyymHuiil kamepi excnepumenmanvioeo cmendy TBK-2,5 npu mem-
nepamypi ii cminox 20 °C. Hagedeno pexomendayii cmocogHo MOHCAUB020 BUKOPUCMAHHA 8IMYU3HAH020 0A8AUYA-NePemEoposaia
IITII-1F sk po6ouoeo 3acoby eumipioéans 6 cucmemax MOHIMOPUHeYy ma 0iaeHOCMYB8AHHS NPU NPO8e0eHHI HA3EMH020 GIONPaLO-
BAHHs 00’ €KMi6 KOCMIUHOI MeXHIKU.

Karouosi croea: kocmiuna mexnika, mepmosaxKyymui eunpo0yeans, inghpauepeorne aUNPOMIiHIOBAHHS, 0A8A4-NePemMeoploea me-

na06020 hOMOKY, uu'/thicmb mena06020 NOMOK), 6/1ACHA memnepamypa dasaua.

Ha cbhoroaHi 3araJbHONPUMHITUM BBaXKAETHCS, 1110
JIJIST BCEOIYHOI'O JOCIIIXKEHHST TEIJIOBUX PEXHMIB
kocmivyHux anapatiB (KA) Tta Bupo0iB KOcMidHOL
TeXHIKM B Ha3eMHUX €KCIIEpMMEHTAJIbHUX YCTa-
HOBKAaX JOCTAaTHHO BiATBOPUTU TaKi OCHOBHI YMOBU
KOCMIYHOTO IIPOCTOpY: BUCOKHWII BaKyyM, HU3BKY
TeMIIepaTypy, CTYIIiHb YOPHOTH HaBKOJMIIHLOIO
KOCMiYHOTO MPOCTOPY, BUMIpoMiHIoBaHHS Bijg COoH-
1 ta maHet [1, 11]. TepMoBakyyMHi BUTIpoOyBaH-
HsI HOBUX 00’€KTiB KOCMIYHOI TeXHiKM B Ha3eMHUX
MOJIeJIIOBAJIbHMX YCTAHOBKAX Y BilMOBIIHOCTI 3 €B-

poneichbKMMU HOPMaMU € 000B’I3KOBUMM JIJIST BU-
KOHaHHS [28].

B HauioHanbHOMY TEXHIYHOMY YHiBEpCUTETI
Vxpainu «KuiBcbKuii MOTITeXHIYHUI iHCTUTYT iMe-
Hi Irops CiKopcbKOro» po3po0jieHO Ta CTBOPEHO
eKCrepuMeHTaIbHI CTeHIU IS HA3eMHOTO Biampa-
1oBaHHS MajorabaputHux KA ta ixHiX KOMIOHEH-
TiB. Tak, Ha BiTuusHsiHOMY cTeHai TBK-2,5 Briepiie
JTIOCTTIIDKEHO TETUIOBMIA MaKeT MepIIoro yKpaiHChbKO-
ro mikpocynytHuka MC-1-TK-TB, po3po6jeHoro
ta BurorosieHoro B JIKB «IliBmenne» [20, 23—26].

HuryBanHusg: [Tomrapenko FO. A., Paccamakin b. M., Porauos B. A., Xowminiu B. 1., [lleBuenko M. /1. 3acobu BUMiproBaH-
H$l TETUIOBUX IMOTOKIB MPU TEPMOBAKYYMHUX TOCTIKEHHSIX Ta BUMIPOOYBAHHSIX BUPOOiB KOCMiUHOI TeXHiKU. Kocmiuna Hayka
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Ha crenmax TBK-2,5 ta TBK-0,12 cminsHo 3 KII
«ApceHas» TpOBEIEHO TePMOBAKyyMHi BUITPOOY-
BaHHSI ONTUKO-MEXaHIYHUX OJIOKIB Ta CUCTEMU Ha-
pirawii KA «Ciu-2» (MC2-8, EgyptSat-1) [21, 22],
BiIMTpallbOBaHi Meplli HAHOCYIYTHUKUA YKpaiHU
cepii POLYITAN BupooHuutsa KIII im. Iropst Ci-
Kopchkoro [19]. Po3po0stoTbest HOBI mporpamMu Ta
METOAMKU BUITPOOYBaHb Pi3HUX 00’ €KTIB KOCMiYHOL
TEeXHiKH.

TennoBy B3aemonito KA B opGiTaJbHOMY MOJILO-
Ti i3 30BHIIIIHIMU MPUPOJHUMMU JKepeJaMU Tera i
KOCMiUHMM ITPOCTOPOM BUBUYEHO AOCTATHHO J00pE;
PO3paxXyHKOBUMM METOJMKAMU BOHU BU3HAYAIOTh-
csl 3 BACOKUM CTyIeHeM TouHocTi [7, 9, 12]. OgHak
JIOCTOBipHY iH(OpMAallil0 TpO BHYTPIllIHIA Terio-
BUI 3B’130K €JIeMEHTiB KOHCTpYyK1iit KA i enekTpo-
HHUX TIPWIANiB MiX CO00I0 B OCHOBHOMY MOXHa
OTPUMATU TiJbKK E€KCIIEPUMEHTAIbHUM ILISIXOM.
ToMy BUBYEHHSI CKJAAHUX MPOILIECIB TEIJI00OMiHY
KA 3abe3neuyeTbcs 30aIaHCOBAHUM ITOE€IHAHHSIM
METO/IiB pO3PaXyHKOBO-TEOPETUYHOIO aHaJi3y i Ha-
3¢MHUM E€KCIepPUMEHTAIbHUM BiAMpalloBaHHIM
KA B MopenoBaibHill yCTaHOBIII, OCKIiJIbKM KOJEH
Miaxi y 4YMCcTOMYy BUIJISIAI HE MOXE rapaHTyBaTu
aZeKBaTHOTO BigoOpakeHHS IIPOLIECiB, SIKi BinOyBa-
I0ThCSI B HATYPHUX YMOBax.

BunpoOyBaHHsSI KOCMiYHUX BUPOOiB B HA36MHUX
YCTAaHOBKAX BiIPI3HAIOTHCSA Bifl MOJBOTHUX YMOB
CYTTEBOI0 T'€OMETPUUYHOI OOMEXEHICTIO HaBKO-
JIMIITHBOTO MPOCTOPY, Y SIKOMY MOXYTb OyTH HasiB-
HUMMU JKepesa SK MPpSIMOro, Tak i pO3CiSIHOro BU-
MPOMiHIOBaHHSI.

IIpu HazeMHMX BUIIPOOYBAaHHSIX B aKTMBHOMY
pobouoMy 00’eMi KamMepHu, KpiM BHUIIPOOOBYBAaHUX
BUPOOiB, MepedyBaloTh 0araTo TeXHIYHUX MTPUCTPO-
B, 1110 MalOTh 3a0€3MEUYUTH aJeKBATHE MOJIETIOBAH-
HSI HAaBKOJIMIIHBOTO cepeloBulla. 30Kpema, 10 HUX
HaJieXaTh iMiTaTOPU COHSTYHOTO BUITPOMiHIOBAHHS,
pi3Hi MpWJagv, OOMOMiKHI MOHTaXHi KpiIjieH-
HsI, TEXHOJIOTIYHE oOcHallleHHs ToIno. IlepeniyeHi
00’€KTH € IHTEHCMBHUMMU [IXKepPeJIaMU 30BHIIITHHOTO
MIPSIMOTIO i BiTOMTOrO TEIIOBUX IIOTOKIB Ta MOXYTh
CIOTBOPIOBATU OYiKyBaHy peajbHy ab0 IPOTHO-
30BaHy TeruiodizuyHy cuTyaliro. ToMy y BUIIpO-
OyBaJIbHIlA Kamepi 3aBXIW BCTAaHOBIIOIOTHCS JIO-
CUTb CKJIaJHi TenJI000MiHHiI YMOBHU, SIKi BUMaramTh
KOHTPOJIIO Ta KepYBaHHS mpoliecoMm [3, 5].
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HeBin’eMHOI0 4aCTMHOIO TEPMOBAKYYMHUX I10O-
CIIiIKeHb Ta BUIIPOOYBaHb € 3aCO0M BUMIipIOBaHb
TeMmIiepaTyp Ta TEIUIOBUX MPOMEHUCTUX IOTOKIB,
sIKi TIOBMUHHI MaTW YHOPMOBaHi MOXUOKU i BiATBO-
proBaTH HEOOXiTHY Ta JOCTOBIpHY HAYKOBO-TEXHIY-
Hy iH(dopMaILLilo B X0/Ii eKCIIEPUMEHTIB.

Ha cporogHi B YKpaiHi HemMae aTecTOBaHUX Bi-
TUYM3HSIHUX JaBadiB-niepeTrBopioBayuiB (I1) cymap-
HUX TEIUIOBMX TOTOKiB B Jiama3oHi IIUIbHOCTEMH
TeIUIOBUX MOTOKIB 10 2000 Bt/M? Ta crieKTpanbHO-
My aianazoHi 0.2...20 Mxm. [Tpu 11bOMy BUBYEHHS
TepMiUHMX XapaKTEepUCTUK B JiaMa3oHi cepeaHix
LIIJIBHOCTEN TEIUIOBUX MOTOKIB 10 1500 = 50 BT/M2
Ta criekTpajibHoMy Aiana3oHi 0.2...20 MKM € ayxe
BaXXKJIMBMM, OCKiJIbKM 3a3Ha4yeHi BEJIMUYNHU € XapaK-
TEPHUMMU [IJIs1 CIIEKTPAJIBHOTO CKJIay Ta CepelHbOl
ocBiTiaeHOCTI 3aaTMochepHoro CoHIIs.

3 MeTol0 BUBUYEHHSI MOXJIUBOCTI BUKOPUCTAHHS
BiTumzusHoro I1 momeni IITII-1b BupoOGHuUIITBA
IHcTuTyTYy TexHiuHoi terutodizuku HAH VYkpainu
[4, 17] Ta po3lIMpeHHsS] HOMEHKJIATypu AiarHOC-
TUYHUX TEIUIOTEXHIUHMX 3aco0iB MpU 3AiMCHEHHI
Ha3zeMHUX Ternaogi3auyHuX eKcriepMMeHTiB y Ha-
LIOHAJILHOMY TE€XHIYHOMY YHIBEpPCUTETi YKpaiHu
«KuiBchbkMii MOMITEXHIYHUN iHCTUTYT iMeHi Irops
CiKOpCBhKOro» MpPOBEAEHO IIepIli IOCHiaAN 3 BHU-
BueHHs xapakrepuctuk II1 ITTII-1b, mo npaitoe
y cieundiyHUX yMOBaXx.

Hasau-niepetBoproBau IITII-1b mnpusHayeHuit
JUTS eKCTTyaTallii y poJii TepBUHHOTO BUMipIOBajib-
HOTO MEPEeTBOPIOBaYa TEIJIOBOTO TMOTOKY B €JIeK-
TPUYHY HApyry MOCTIHHOTO CTPYMY Y CKJIaji BUMi-
PIOBAJILHOI CUCTEMHU 3 METOIO KOHTPOJIIO IIJIbHOCTI
TEIJIOBOTO MOTOKY, 1110 HAAXOAUTh BiJl BUTIPOMiHIO-
Baua. [1TII-1b BimHOcuThCcs no JIT reHepaTopHO-
ro Tuny. BiH BUKOHaHUIi 3a MPUHLMIIOM JIii AOTO-
MiXHOT CTiHKM. OCHOBHI TeXHiYHi XapaKTepUCTUKU
JIT TITII-1b: miama3oH BUMiplOBaHHS IIiJIbHOCTI
TerutoBoro notoky — 0...1500 Bt/m2, nianason po-
6ouoi Temnepatypu Big —30 °C go +150 °C, koedi-
LieHT moriauHaHHs iHdpadyepBoHoro (IY) Bumpo-
MiHloBaHHS noBepxHero — 0.91 £ 0.05, niamerp —
30 = 0.5 mM, ToBmHa — 2.0 = 0.2 MM, MaKCUMaJib-
HaMaca — 50T

Jng  TIOpiBHSHHSI TEIJIOBUX XapaKTEepPUCTHK,
otpuMaHux 3a gonomororo HIT ITTII-1b, 6yno 3a-
crocoBaHo cnenianizoBanuii JII1 cymapHoro Te-
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Puc. 1. Cxema ekcrieprMeHTY TepeBipku xapaktepuctuk maBadiB ®OA-020 ta IITII-1b B kamepi TBK-2,5 npu terio-
BaKyyMHUX BunpoOyBaHHsaX: I — maBaui ®OA-020 Ta [ITII-1b, 2 — HixpoMoBUii enekTpoHarpiBady, 3 — Bimomsau Y-

BUITPOMiHIOBaHHS, 4 — BUPiO KOCMIYHOT TEXHIKHU, IO JOCIIIKYEThCS

rutoBoro motoky MOA-020, sskuii 1aBHO i IIMPOKO
BUKOPUCTOBYEThCSI MPU AOCHIIKEHHSIX Ta BUIIPO-
OyBaHHSIX 00’€KTIB KocMiuHOI TexHiku [13, 27]. AI1
®OA-020 € TermonpuitMadeM TPamTi€HTHOTO THUITY 3
MOMNEepeYHrM IpaliEHTOM TeMIIepaTypu i 3aCTOCO-
BYETBCS U1 BUMIPIOBAaHHS TEILJIOBOI il Ha eJIeMEeH-
TU KOHCTPYKIIii KOCMiUHMX amapaTiB SIK B XOAi IXHiX
Ha3eMHUX BUIIPOOYBaHb, TaK i Ha eTarli BUBSACHHS
Ha opOiTy. OCHOBHI TexHiuyHi XxapakTtepuctuku II1
®OA-020: miama3oH BUMIPIOBaHHS IHIJIBHOCTI Te-
rwioBoro 1otoky — 0...3500 Bt/m?2, crekrpanbHuit
Iiama3oH TerioBoro moroky — 0.2...10 Mxwm, mia-
Ma30H 3MiHU TeMIlepaTypy KOpIlyca TerionpuiiMa-
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ya — Big —100 °C go +120 °C, rabaputHi po3Mipu —
38 x 30.4 MM, maca — He Oinbira Big 0.18 kn

Js obox BurnpoOyBanmux JI1 mexa gomycTumoro
3HAYEHHST OCHOBHOI MOXMOKM BHMipIOBAaHHS TETUIO-
BOTO ITOTOKY He TrepeBUIye +5 % 3 iiMoBipHicTio 0.95.

TectyBanHs o6ox Il mpoBoguyiochk y TepMO-
BaKyyMHili Kamepi eKCIepUMEHTAJIbHOTO CTEHIY
TBK-2,5[18], ssxuit Mmoxe 3a0e3neyyBaTi ogHOoYaC-
HUI BIUIMB Ha BUPiO KOCMIYHOI TE€XHiKU INIMOOKOIO
BaKyyMy Ha piBHi 5- 10~ Topp (6.7 mI1a), Temnepa-
TypHY HaBKOJMUIIIHBOTO cepegoBuina — g0 —190 °C,
YOPHOTH TPOCTOPY 3 KOe(illiEHTOM IMOTIMHAHHS
A;>0.93. [psime «COHSYHE» BUITPOMIHIOBAHHS MO-
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Puc. 2. BzaemMHe po3MillleHHST IBOX JaBaviB TEIJIOBOTO IMO-
TOKy B poiieci ekcriepumenty: I — I1TII-1B, 2 — ®OA-020

nemtoetbest  [Y-BumpomiHoBayeM, po3poOJIeHUM
Ta BUTOTOBJIEHUM 3TiIHO 3 peKOMEHIALisIMU POOiT
[6, 10, 16]. Okpemi HarpiBaabHI €JIEMEHTH SIBJISTIOTH
00010 HIXpOMOBI CMYKKM IIMpHUHOIO 10 MM Ta mo-
BX1HOI0 500 MM, 3aKpIIUIEHUMU Ha IIPSIMOKYTHOMY
MeTajieBomy Kapkaci po3amipom 500 x 500 MM 3 Kpo-
KOM MixX HUMM He Oinibil Hixk 50 mM. [To3any Harpi-
BaJIbHUX €JIEMEHTIB PO3MillleHO 3JierKa YBirHYyTUM
BiIOMBau 3 mMosipoBaHOTO amoMmiHilo. Moro 6ik,
3BEpHEHMI 10 KPIOTEHHOTO €KpaHy, TOKPUTO YOP-
Hoto emaumio AK-512. Taka KoHCTpyKilisl 3a0e3Iie-
yyBaJla PiBHOMIpHUIA PO3MOJij TEIJIOBOrO MOTOKY
Ha KOHTpPOJIbHI TOBepxHi. 3arajbHa eJeKTpuyHa
MOTYXHICTh, 110 TToJaeThcs HA IY-HarpiBau, niaas-
HO perymtoeThesd i He nepeBulnye 1 KBT1. HarpiBau
3aKpIiTUIIOETBCSI Ha OMNOpi BCEpeAWHI BaKyyMHOI
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Puc. 3. KpiruteHHs 1aBadiB Ha BepXHbOMY (hiaHIIi BUTIPOOY-
BasbHOI Kamepu TBK-2,5

KaMepu Ha 3alaHiii BiacTaHi Bif BUNPOOYBaHOTO
o0’exTa (puc. 1).

B npoueci npoBenenHst gociimkens oouasa 11
Oy/iM po3aTallioBaHi B poOOUili KOHTPOJIbHI 30HI 3
0JIHAKOBOIO LIIJIbHICTIO (P)POHTAIBHOTO ONPOMiHEH-
HSI Ta BCTAHOBJIIOBAJIUCH MOPSIA OAMH 3 OJHUM Ha
maactuHi (puc. 2). s 3abe3neyeHHs: 0qHOYaCHO-
ro Ta OJIHAKOBOTO BIUJIMBY TEIJIOBOTO ONIPOMIHEHHS
obunpa JIIT 3akpiruioBaancsl Ha €IUHIN XOPCTKIii
MiABICHIM OITOpi BepXHBbOro (hiaHIsI Kamepu (puc. 3)
i po3MillyBalCs B MigeJeBOMY IMEPETUHI HTOCIi-
JIXKyBaHOI'O KOCMi4HOro BuUpoOy, To0TO, JIIT mepe-
OyBajI B OAHIiH IJIOLIMHI 3 TECTOBAHUM KOCMIYHUM
BUPOOOM i MifgaBajvcs ONMPOMiHEHHIO TETJIOBUMU
notokamu Big [Y-BunpomiHioBaua (puc. 4) B giana-
30Hi itoro cepeanix minbHocTeit 900...1600 Br/m2.
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Indopmaliist, orpuMaHa Bil KOHTAKTHUX TEPMO-
eJIEKTPUYHUX TepeTBOPIOBaYiB (TepMoIiap, TepMO-
METpIiB OIOpY) Ta JaBayiB TEMJIOBOTO MOTOKY, 3a J0-
TMOMOTOI0 aBTOMAaTHU30BaHO1 OaraTOKaHAJIbHO1 BUMi-
PIOBaJIbHOI CUCTEMM CITPSIMOBYBAJIach y KOMIT FOTED.
CurHanu, axi Hagxoawiu Big JAIT ITTII-1b, mopis-
HIOBAJIMCH 3 BilMOBIAHMMU CUTHAJIaMU, SIKi HaJIXO-
nunu Bin JIT @OA-020. ITpu upomy poboTa BUMi-
pPIOBaJIbHOI CUCTeMU 3/iliCHIOBaaCh MijJ KepyBaH-
HSIM CIeliaJlbHOro TPOrpaMHOro 3abe3reyeHHs,
po3poosnieHoro B HTYY «KuiBcbkuii mosiTexHiu-
Huii iHcTUTYT iMeHi Iropsi CikopchbKoro», sika Ha-
JlaBajla MOXJIMBICTb BUKOPMCTAHHSI CTaHIAPTHUX
nporpamMHux MpoaykTiB «VS Excel». «MathCad»,
OpiEHTOBAHMX Ha TaOJIMYHO-rpadiyHe TpeacTaB-
JIECHHSI €KCIIEpUMEHTAJIbHUX JaHUX Ta TOINEPEaHIO
ixH10 00pOOKY [23—25].

3a pesyibraTaMu IOCIIIKE€Hb Ha PUC. 5 TIpU-
BEIEHi 3aJIeXKHOCTi 3MiHM BUMIPSHOI IIUJIBHOCTI
TEIIOBOIO IMOTOKY Y 4Yaci AJis JBOX IMOPiBHIOBAHUX
HIT B xomi TeIuIOBaKyyMHUX BUIIPOOYBaHb IIPU
pi3HUX (PiKCOBAaHMUX PiBHSAX omnpoMiHeHHs [Y-Bu-
npomiHioBayeM. CepelHiii yac onpoMiHEeHHS (€KC-
no3utist) ooox IT mopiBHioBaB 10...25 xB, B 3a-
JIEXKHOCTI BiJI peXKMMiB OIPOMiIHEHHS i BUXOAY 1X Ha
cTalioHap, MO3HAaUYeHWX Ha puc. 5 uudpamm [—4.
CepenHi IIILHOCTI TTOTOKIB, 10 3a0e3Me4yBaIncs
IY-BunpomiHoBaueM, CTaHOBUJIU: LTSI peXUMY [ —
900 Bt/m2, 1utst pexxumy 2 — 1500 Bt/m2, st pexiu-
My 3 — 1400 Br/m2, s pexxumy 4 — 1300 Br/m2.
Yac nepek10ueHHs peXXrMMiB Ta MepexiJ Ha HOBUA
CTaHOBUB B CEpPEIHbOMY HeE MepeBuIlyBaB 2...3 XB.

3 BepxHbOI cylibHOI KpuBoi mist @OA-020 Bu-
JTHO, 110 B KOXXHOMY PEXHMi CITIOCTEPIra€EThCs He-
BEJIMKUIA HaxWJl KPUBHUX, SIKMA XapaKTepu3ye Mo-
CTYTOBE 301JBIIEHHS IIJTBHOCTI TEIUIOBOTO MOTO-
Ky y 4aci. Tak, Haii0inplia MBUIKICTh 3pOCTaHHS
0.15 (Bt/mM2)/c Mae Mmicle B pexuMi 2, B AKOMY
TeIJIoBa IMOTYXHICTh, sIKa po3acitoBaHa [Y-Bumpo-
MiHIOBaueM, MmakcumanbHa. Ha Binminy Bim I
®OA-020, 3nayenHs wrinbHocTeir JAIT TITII-1B
(HMKHST KpUBa) JUISl KOXKHOTO PEeXUMY MPAKTUUHO
He 3MiHIOIOTbCS 3 YACOM, ajie MalOTh CYTTEBO HUX-
yuil piBeHb. Tak, 1jisl pexkumy [ 3HAUYEHHS LIiTb-
HOCTi MEHIII B cepeaIHbOMYy Ha 25 %, misd pexkumy
2 — Ha 40 %, nnsa pexumy 3 — Ha 53 %, s pe-
xumy 4 — Ha 60 %. 3maBanocst 6, 110 TTPU OJHAKO-

Puc. 4. PoamimeHHs [Y-HarpiBaua BcepeaHi BUNPOOyBaib-
HOI KaMepu

BUX YMOBaX TeIJIOOOMiHY B Kamepi i OMHOYaCHOMY
30BHILIHbOMY ompoMiHeHHi o6ox JIT ixHi Bumipn
MOBMHHI 30iraTucsi B paMKax Teruio¢izsudyHuX Io-
X1UOOK, ajie LIbOro B €KCIEPMMEHTI He CIlocTepira-
eTbcsl. OUeBUAHO, Taka PO3OiIKHICTb TaHUX MOXE
OyTM moB’sI3aHa 3 OCOOJMBOCTSIMM KOHCTPYKIIil
Tta npuHumunom aii JIT i BUCyHyTMMU 1O HUX BU-
MoramMu excrutyaTtauii. Hampukian, 3a BuUMOToo
BUPOOHMKA 3 METOI0 OTPUMAHHSI KOPEKTHUX pe-
3yJIbTaTiB TWiIbHA (HeompoMiHeHa) moBepxHs JIIT
[ITII-1b npu npoBeaeHHi BUMIpIOBaHb 3aBXIU
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Puc. 5. 3anexHICTb 1IJIBHOCTI BUMipIOBAHOTO J1aBayaMU Te-
IUIOBOTO MOTOKY Bix yacy. Pexxumu onpoMiHeHHs iHdpadep-

BOHUM ornpoMiHioBaueM: / — 1000 Br/m2, 2 — 1500 Bt/m2,
3— 1400 Br/m2, 4— 1300 Br/m2

NoBMHHA OyTH TepMmocTabinizoBaHomw. Lliei crienn-
(biuHOI BUMOTH B XO[Ii IMPOBEACHNX €KCIIEPUMEHTIB,
3 00’€KTMBHUX TMPUUMH, BKa3aHUX BUIIE, aBTOpa-
MM CTaTTi He OyJo JOoTpMMaHO. MOXIUBO, 4yepes
e mokazHuku JIT IITII-1b Ha Bcix pexxumax BU-
SIBUJIMCS Ty>Ke 3aHMKeHUMU. BogHouac 3a naHumu
BupoOHuKa jgo ekcruryatawii JIT ®OA-020 Hisikux
JIOATKOBUX BHUMOT HE BUCYBAETHCS, OCKIJIbKU B
MOro KOHCTPYKIIii IepeadadyeHo cXeMy OJHOYaCHO-
ro BUMIPIOBaHHS SIK ILIJIBHOCTI MOTOKY, TaK i TeM-
rnepaTtypu KopIyca jaBadya, puuoMy i mapameTpu
€ B3aEMOIIOB’SI3aHUMU MPU KiHLIEBOMY BU3HAaYEHHi
LITBHOCTI 3a macnopTHo dopmynow. OTxe, ciin
OYiKyBaTH, 1110 OTPUMaHi pe3yJIbTaTh BUMipIOBaHHS
JIT ®OA-020 p1 faHUX YMOB TEIJIOOOMIiHY ITOPiB-
HsgHo 3 IIT IITII-1b € Giapl TOYHUMU Ta TOCTO-
BipHMMMU, TOOTO IX MOXHA BBaXKaTH «€TAJIOHHUMU».

Tesa nipo «etanonHicTh» AT ®OA-020 Oyna min-
TBEp/I>KE€HA JOJaTKOBUMMU JOCTiaMU, 1110 MepeayBa-
JIU OCHOBHOMY TEPMOBAaKyyMHOMY €KCIEPUMEHTY.
TectyBanns o6ox JIIT BinOyBasoch B yMoBax aTMOC-
(bepHOTO THCKY i KiMHATHIl TemriepaTypi. B excne-
pumenTi IIT ITTTI-1B, gk 1poro i BUMarae BUpoO-
HUK, CBOEIO 3BOPOTHOIO CTOPOHOIO BCTAHOBJTIOBABCS
Ha TOBEPXHIO MPOTOYHOIO KaJoOpuMeTpa, SIKUid 3a-
Oe3nevyBaB CTaOUIbHY TeMIepaTypy CTIHKM OJIM3bKO
20 °C. OpnouacHe ompowmineHHs /I 3miiicHOBa-
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JIOCh KaJliOpoBaHMM JKEPEJIOM Yy BUIVISIAI iMiTaTopa
constuHoro BumpomiHoBaHHs (ICB), saxuii Oyno
PpO3p0o0JIEeHO i BUTOTOBJIEHO aBTOpaMu JaHOI CTaTTi.
Ho cknany ICB Bxoauth KceHoHoBa Jiammna JIKclll-
3000-3 3 orrTaHOIO cHcTeMolo. IMiTaTop 3a0e3neuye
CIEKTPaJbHUI pO3MOMALT eHeprii, OJU3bKUI 10 CO-
HSYHOTO BUITPOMIiHIOBaHHS, a iHTepBaj poOOYUX J0-
BXKWH XBWJIb CTaHOBUTH 0.26...2.50 Mxm. IMitaTop 3a-
CTOCOBYBABCSI B Psifli TEpPMOBAKYYMHUX BUIIPOOYBaHb
1 TI0Ka3aB CTaOUIbHICTh Ta HAMIAHICTh CBOIX XapaKTe-
puctuk [23—25]. HanamtyBaHHsI Ta rpajayroBaHHs
ICB BigOyBanach 3a MeTOAMKAaMM, 3aIllpOIIOHOBAHM-
MU B poboTax [2, 8, 14, 15] 3 BUKOPUCTAHHSIM KaJlo-
PHMMETPUYHOIO BUMipIoBaya MOTY>KHOCTI JIa3epHOTO
punpoMiHoBaHHg UMO-2H Ta KOMIUIEKTY ONTHY-
HUX CBITJIO(MUIBTPIB. 3aCTOCYBaHHS 1€l METOAUKU
3a0e3MeYnyI0 MOXUOKY BUMipIOBaHb XapaKTePUCTHUK,
He GinmbIny 3a 5 %, a mapamerpu ICB 3 HeomHOpi-
HOCTi IIPOMEHEBOTO TEIJIOBOTO TOTOKY, PiBHS ONpPO-
MiHEHHS Ta HOro CIEKTPY JO3BOJIAJIO BBAXKATH HOT0o
MPUAHITHUMU JUIsI TEPMOBAKYYMHUX BUIIPOOYBaHb.
3i ckazaHOro BUILIMBAE, 1110 3a JOMOMOIO JAaHOIO
ICB MoxxHa TecTyBaTH OyIb-sIKi 3aCO0M BUMipIOBaH-
Hs1, 30Kkpema i JI1.

OTxe, SK MoKa3ajlo TECTYBaHHS, MPU OJHOYAC-
HoMy omnpomiHeHHi JIIT kamiopoBanum ICB B HOp-
MaJIbHUX YMOBaX Ha Pi3HUX pexXuMax BUMipIOBaHb,
nokasu IITII-1b nopiBugHO 3 MOA-020 3aBxIU
Oynu 3aHmkeHi npubausHo Ha 40...50 %. Ilpak-
TUYHO TaKe X 3aHUXKEHHS CIOCTEepPirajoch 3rofioM
B OCHOBHOMY €KCIIEPUMEHTI MPU TEPMOBAKYYMHUX
BUMPOOYBaHHSX (puc. 5).

3 MeToro OLiHKM TemmnepaTrypu Kopmyca I
IITII-1b Ta BruBYy ii Ha 3HaYE€HHS LIUIBHOCTI I10-
TOKY, BAKOHAHO JOCJiI1 3 BUMipIOBaHHS TemIiepa-
TypH TUTaCTUHU, Ha sKin kpirusitees AIT TTTIT 1b
ta ®OA-020 (puc. 2). Ha puc. 6 ta 7 npeacrasie-
HO pe3yJIbTaTh BUMIipIOBaHb TEMIIEPATYpP Ta TEIJIO-
BUX MOTOKIB y XOIIi TEPMOBaKYYMHMX BUIIPOOY-
BaHb €JIEKTPUYHOIO PAKETHOrO JBMIYHA B KaMepi
TBK-2,5. YMoBu mpoBeneHHsI BUIIPOOYBaHb: Ba-
KyyM — 5-10°% Ttopp (0.67 wmIla), Temmeparypa
KkpioekpaHiB — 80 K, miarma3zoH 3HaueHb IIiILHOC-
Ti BUIpOMiHIOBaHHSI iMiTatropom «CoHus» 900...
1500 Bt/M2, yac onpoMiHeHHsI — He Giyiblie 15 XB.

Temmepatypa I1acTUHM, Ha $SIKiid 3aKpIirUIIOBaBCsI
AIT ITII-1b Binmosigae BepxHiit KpuBiit (puc. 6) i
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3MiHIOBanach y aiana3zoHi —20...—5 °C. KpuBa Biac-
Hoi temmneparypu AIT POA-020 neXuTh CYTTEBO
HIDKYE, a HOoro TemIieparypa 3MiHIOETbCS Bim —25
no —15 °C. 3HayeHHs IITBHOCTI TTOTOKIB, SIKi (iK-
cytotbest JIT IITII-1b (puc. 7), mpu OZHAKOBHUX
YMOBax peXuMy TeIIOOOMiHy y Kamepi, 30Kpema,
npy LIiTbHOCTI ompomiHeHHs 1000 Br/m2, meHii
BiJ 3Ha4YeHb, pUOIM3HO Ha 20 %. 3 mpoBeIeHOro
JOCJIiTy BUIUIMBAE, IO ITOYATKOBUI IAaCIOPTHUIA
koeditieHT neperBopeHHs JAIT ITTII-1b, rapanTo-
BaHUI BUPOOHUKOM, HEOOXiZHO CKOpPUTIyBaTH y OiK
30iblIeHHS. Takuit BUCHOBOK JOOpE KOPETIOE 3 Ha-
BEJEHUMU BUILE PE3yJIbTaTaMU OCHOBHOTO €KCIEpU-
MeHTy Ta TectyBaHHaIM [II1 3a mormomororo ICB mpu
atMocepHOMY THUCKY i KIMHATHIN TeMrepaTypi.

Tomy, BpaxoByIOUM 3a3Hau€He i 3 METOI0 KOPUTY-
BaHHSI €KCIIEPMMEHTAJIbHUX AaHUX, OTPUMAaHUX 3a
nornomoroto JIIT ITTII-1b Ta nmpuBeneHHS iX 10 pe-
AJTbHUX 3HAYEHb, 1110 BCTAHOBJIIOIOTHCS B KaMepi il
yac BUITPOOyBaHb, aBTOPU 3aCTOCOBYBAIM JUIST KOXK-
HOTO pexKUMY eMITipUYHi IlepepaxyHKOBI KoepillieH-
T™H, sKi mo3Bonmau migHata kpusy 11 ITTII-1b Ha
piBeHb 3HaueHb, xapaktepHux mist AT ®OA-020,
TOOTO OTPMMATU HOBY TpanytoBaibHy KpuBy st JIT1
[TTTI-1b (puc. 5) Tak, ajist pexxumy 2, 110 BifNoBinae
CepelHiil MITBbHOCTI 3aaTMOC(EPHOTO «COHSYHOTO»
purpomiHioBanHs (1500 Bt/M?2) y kamepi, pu Bu-
3HaueHHi 1ibHOCTI moToKy IT ITTII-1b monepe-
JIHi maHi (HYKHSI KpUBa Ha pUC. 5) MOMHOXYIOTHCS
Ha BU3HAYEHMI eKCIIEPUMEHTAIbHO CepeaHiil Kope-
ryBajibHUM KoedinieHT 1.40. 3 aHasi3y CKOpUroBaHOL
wtpux-nyHktupHoi kpuoi IIT ITTTI-1b ta kpuBoi
AIT ®OA-020 BUIHO, IO PO3OIKHOCTI MixK HUMU Jie-
>KaTh Y MeXKaX IMOXUOKW BUMipIOBaHb i HE TTIEpEBUIILY-
10Th 15 %, 1110 € 03HAKOIO MPABWJILHOTO BU3HAYECHHSI
rpaayoBajbHOIO KoedillieHTa.

BICHOBKUN

3a pesynbraTaMu eKCIIepUMEHTAIbHUX TepMOBa-
KYYMHMX JOCIHIIKEHb IPOBEACHO MOPiBHIILHUIA
aHajli3 TEIUIOTeXHIYHMX XapaKTEpUCTUK [JaBadiB-
IIEPETBOPIOBAYIB CYMapHOIO TEIUIOBOTO IIOTOKY
[1TII-1B6 Ta ®OA-020 Ta 3amponoHOBaHO TaKi pe-
KOMeHallii.

1. Bitunzusgnwmii JII1 moneni IITII-1b nmoka3as
LIMPOKi €KCIIePUMEHTaJIbHI MOXJIUBOCTI, ajie, Mo-
piBHstHO 3 JIT @OA-020, sskuii BBaxkaBcsl aBTOpaMu
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T,°C

~10}+ O

DOA-020

-30 1 1 1 1 1 1
0 0:02:53 0:05:46 0:08:38 0:11:31 0:14:24 0:17:17 ¢

Puc. 6. 3minu remrieparyp Ha toractuni 1T TTTII-156 Ta xop-
myci @OA-020 ripu onpoMireHHi 1000 Bt/m?

q> kBr/m?

DOA-020

—_———

0.8

0.4

-0.4

1 1 1 1 1 1
0 0:02:53 0:05:46 0:08:38 0:11:31 0:14:24 0:17:17 ¢t

Puc. 7. Tennosi noroku, 1o BuMiptototsest JAIT ITTII-16 ta
®OA-020 mpu orrpominenHi 1000 Br/m?

«€TaJJOHHUM» 3aCO00M BHUMIipIOBaHHSI, JAa€ 3aHMXKE-
Hi 3HAYE€HHS ILIIJIBHOCTI TEIJIOBOTO ITOTOKY. Tomy
mnepen 3aCTOCYBaHHSIM MOro TEIUIOBY XapaKTepUC-
TUKY MOTPiOHO MoIlepeaHbO Bepu(iKyBaTU ILIsI-
XOM IIOPIiBHSIHHS 3 pe3yJbTaTaMiy, OIep>KaHUMM 3a
nporiomoroio JIT @OA-020 ta mpoBecTH TECTOBUIA
eKCIIepUMEHT y TEPMOBaKyyMHill Kamepi.

2. 119 KOpeKTHOro BM3HA4YEHHS IMUJIBHOCTI Te-
miosoro motoky JIIT TITII-1b mpomoHyeThcst B
oro macropTHY (opMyjy BBOAUTH IpamayloBajib-
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HUI KOopuryBaJbHUI KoeilliEHT, OTpUMaHUii 3a
pe3yjbraTaMu TeCTOBOTO €KCIIEPUMEHTY.

3. 3BaxarouM Ha Te 1110 YMOBU MPOBEIEHHS Tep-
MOBaKyyMHUX BUIIPOOYBaHb HE JO3BOJSIOTH peali-
3yBaTU BUMOTHU 11100 TepmocTtaditizawii AIT tumy
IITII-1b, nponoHy€eTHCS MPU PO3PaXyHKY BUXITHUX
JAHUX TEeIJIOBOrO MOTOKY 3aCTOCYyBaTH alrOpUTM

TEPMOKOMIICHCALlii B 3aJeKHOCTI Bil TeMImeparTy-
pu kopnyca JIT, To6To mogajibiie yIOCKOHAJICHHS
MOro KOHCTPYKIIIi.

4. B po0oTi moKa3aHO MOXJIMBICTb 3aMiHM M-
noptHoro JIT ®OA-020 sBituuzusaum IT ITTII-
1b B yMmoBax Ha3eMHUX TEPMOBAKYyMHMX BUIIPOOY-
BaHb KOCMiIYHUX BUPOOIB.
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MEANS OF MEASUREMENT OF HEAT FLOWS IN THERMAL VACUUM
RESEARCH AND TESTING OF PRODUCTS OF SPACE ENGINEERING

In order to adapt the domestic heat flux sensor PTP-1B to the conditions typical of ground-based thermovacuum research and
testing of space technology products in the absence of certified transducers of integral heat fluxes within the range of densities
of up to 2000 W/m? and spectral range of 0.2...20 mkm in Ukraine, a comparative analysis of its characteristics with the widely
used in this area sensor FOA-020.

Experimental studies were performed in a thermovacuum chamber of the experimental stand TEC-2,5 at a wall temperature
of 20 °C. Recommendations are given regarding the possible use of the locally produced transducer PTP-1B sensor as a working
means of measurement in monitoring and diagnostic systems during the processes of ground testing of space technology objects.

Keywords: ground-based experimental testing of space technology products, thermovacuum tests, external infrared radiation, heat
[flow sensor, heat flux density, own temperature of the senso.
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IIBH3 «Yxropoachkuil HallioHaIbHUIT YHiBepcuTeT», JlaGopaTopis KOCMiYHMX AOCIiIKEHb
ByJ1. [laneka 2a, Yxxropon, Ykpaina, 88000

2HanioHaqbHUIT LEHTP YIIPaBIiHHA Ta BUTIPOOYBaHb KOCMIUHHX 3aC00iB

ByJl. MockoBchKa 8, Kuis, Ykpaina, 01010

BU3HAYEHHS OPIEHTALIII INTYYHOI'O CYIHYTHHUKA 3EMJII
Y BUITAAKY TN ®Y3HOI'O PO3CIIOBAHHSA CBITJIA NOT'O ITOBEPXHEIO

Onucyromucs 0cHo8U po3podaeHoi Memoouky U3HAYEHHS OPIEHMAYii HU3bKOOPOIMANbHUX | 20CUHXPOHHUX KOCMIYHUX ANapamis 3a
pe3yabmamamu cnocmepediceb 0Ughy3Ho20 po3cito8ants ceimaa ixnimu nogepxuamu. /lane po3cito8anus MOJCHA onucamu pasosu-
Mu hyHKUiamu, SKi 3anexcamy 810 (popMu po3Cil08aANbHOT NOBEPXHI, IT opiecHmauii 6IOHOCHO HANPAMKIE Ha 0Xcepeno UNPOMIHIOBAHHS
i npuiimay. Busnayenns 3a yumu OaHUMU OpIEHMAyIi ONPOMIHEH020 00’ eKma y eubpatill cucmemi KOOpOUHam € 0OHUM I3 6UNAOKIE
p036’a3KYy obepHeroi 3adaui. [loeepxus kocmiuHo20 anapama € cynepno3uyicio Kinbkox cmepeomemputHux NO8epXoHs, o 00HoHaC-
HO pO3Citolomb C8imA0 Ha cnocmepiea4a, aie NoO-pi3HOMY OPIEHMOBAHI 00 Hb0RO, W0 3HAUHO YCKAAOHIOE P036°a30K. Peanizauiro po3-
pobaeHoi MemoouKu noOKa3aHo Ha pe3yrbmamax KoA0pUMempu4HUX cnoCmepediceHb amepuKancbko20 Memeopoa0iuHo20 WMy4HO20
cynymuuka 3emni NOAA- 18 yunindponodionoi ghopmu 3 06oma naockumu naneasamu COHSUHUX bamapeil.

Karouosi caosa: wmyuni cynymuuku 3emai, opiecnmayis, memoouxa, homomempis, KoAOpumMempisi.

BCTYII op0iTi, BUKJIMKAHOI MPUPOSHUMHU YU IITYYHUMU
npuuyrHaMu. ToMy MOCTIMHUM KOHTPOJIb 32 CTAHOM
Opienrarig kocMivnoro arapaty (KA) Ha op6iti y | opieHrauii KA iforo B1acHUKOM, 3 OZHOTO OOKY, Ta
[epIIy Yepry 3yMOBJIEHA MOCTaBJIEHUM Mepe] HUM | 11 OL[iHKA 3aLliKaBJCHUMHU 3 Pi3HUX TIPUUYUH iHIIUMU
3aBIAaHHSM. Ii cTaH, MiATPMMKa, 3MiHa Ta BiACYT- | KpaiHamu, 3 iHIIOTO GOKY, € IPIOPUTETHUM 3aBIaH-
HICTb € ONHIEI0 i3 KIIOYOBMUX XapaKTEPUCTUK I0- | HSAM B 00JIACTi KOCMIYHOTO MOHITOPWHTY HaBKOJIO-
BemiHKM 1TydyHoro cymytHuka 3emii (IIIC3) nHa | 3€eMHOro mpocropy.

HutyBanusa: €nimes B.I1., Kymak B. 1., Morpyuunu 1. 1., ITepir B. M., Haiibayep 1. @., INpucsxkuuit B. 1. BusHaueHHs
Opi€eHTAalliil IITYYHOTO CYMyTHUKA 3eMJli Y BUTIAJKY AU(Y3HOTo po3CitoBaHHS CBiTJIa HOro noBepxHer. Kocmiuna Hayka i mex-
Honoeis. 2022. 28, Ne 1 (134). C. 61—69. https://doi.org/10.15407 /knit2022.01.061
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Sx moxasye mpakTMKa, y BMUIIAAKy BiICYyTHOCTI
3B 513Ky 3 KA 1ioro opieHTaliio MOXHa OLIIHUTU A0~
CUTH TOYHO 3a pe3yJbTaTaMM MAaCUBHUX Ha3eMHUX
MO3ULIMHUX Ta (POTOMETPUUYHUX CIIOCTEPEKEHb B
OINTUYHOMY JiaIa3oHi.

Ho hoToMeTpUYHOTO METOAY OLIiHKM (opMmu i
opienTawii IIIC3 HayKoBLi nmoyaiau 3BepTaTucs 1ie
y OEepLIOMY IECSATUPIYYi KOCMiIUHOI epu. Aje Oilb-
LICTh BigoMMX TyOJiKaliii HOCUJIM TEOPETUYHMI
XapakTep, abo B HUX PO3MISAAINCH OKPEMi CIIpO-
IIEeHi BUITAJKM Opi€HTaIlii KOCMIYHOTO 00’€eKTa [2,
3, 10]. ¥ HacTymHi gecsTh poKiB HalOiIbII [IMOOKO
B TEOPETUUYHOMY TUIaHi 3a/1auy BU3HAYEHHSI Opi€H-
Tallil YUCTO LUIIHAPONOAIOHUX 00’ €EKTIB, SIK y BU-
naaky 1udy3HOro, Tak i J3epKajabHOIrO BifOMBaHHS
CBiTJIa 3a pe3yJbraTaMyd (POTOMETPUYHMX CIIOCTE-
pexXeHb, 0yJ10 po3rissHyTo B poboti [11]. ITpu nu-
(¢y3HOMY BiZOMBaAHHI CBiTJIa aBTOpP aHAJI3yeE pi3Hi
MOXJIMBI BapiaHTU KPUBUX OJMCKY B 3aJIeXKHOC-
Ti Bill po3MipiB 00’ekTa i pa3oBoro Kyra, a Takox
MOJIOKEHHS Y MPOCTOPi TIOMIWHU HOTO BJIACHOIO
obepTaHHS. Y BUNAAKYy A3€PKaJIbHOTO BiOMBAHHS
aBTOP PO3IJIsIIaE BUKOPMCTaHHS 3aKOHIB BiOMBaH-
HS CBITJIa BiJl TOBEPXOHb.

IMincymkn po3Butky cucrem opieHTauii IIC3 i
ixHs1 ouiHKa 3a 20 pokiB OyJu MifBeneHi B podori [7].

3 npyroi nojsioBuHu 1970-x pp. nMpakTU4yHe BU-
KOPUCTaHHSI pe3yabrariB (OTOMETPUUHUX CIIO-
crepexeHb [IIC3 B CIIIA ctanu HOCUTH 3aKpUTUI
xapakTep Maiixke 1o rmouyatky 2000-x pp. 3a 1eii yac
BOHM HaOyJM LIBUIKOIO PO3BUTKY B Oneci i Ykro-
poii, 30KpeMa i B HalpsIMKY iXHbOTO MPaKTUYHOIO
3aCTOCYBaHHS B KOMIUIEKCi 3 pe3yJbsTaTaMu ITO3M-
LIMHMX CIIOCTepexXeHb [ 1, 5, 12]. Aite B inx poboTtax
B OCHOBHOMY PO3IJIsiiajiocs Jiule A3epKajlbHe Bifl-
OMBaHHSI CBiTJA.

HapoctaHHsT (POTOMETPUYHUX CIIOCTEpPEXKEHb
reoctauioHapHux cynyTHUkiB (I'CC) Tex moctaBu-
JIO MATAHHS PO OLIHKY IXHBOI Opi€HTallii, 0CO0IM-
BO PI3HUX aHTEH, PO3MIILIEHUX HA ITOBEPXHSIX LIUX
00’exTiB, a00 CTyreHs IXHbOI mecrabimizauii [4, 6,
8, 17].

3 mouatky 2000-X poKiB y BiIKpUTHX JXepesax
CIHA 3’saBunucs psin myoaikaniii, B IKMX TEX pO3-
ISIAQNIOCS MPaKTUYHE BUKOPUCTAHHSI CyYaCHUX J10-
CSITHEHb B 00J1aCTi POTOMETPIl INTYYHUX KOCMIYHUX
00’€KTiB WISl iXHBOI iIeHTU(iKallil Ta OLIIHKA MOBE-
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JiHKKW Ha opOiTi [9, 15, 18]. Hanpuknaa, B poboTi
[18] xpuBi 611 CKY BUKOPUCTOBYBAIMCS BXKE IJI5I aB-
TOHOMHOTO (Maifxe B peXXuMi peaJibHOTO yacy) BU-
3HaueHHs ¢opmu KA pasom 3 itoro craHoMm (o6ep-
TaJIbHUM Ta MOCTyNaJlbHUM) Ha 0a3i 6araTomMonesb-
HOTrO aganTUBHOrO migdoopy [14].

IIutaHHg NpPaKTUYHOTO BMKOPUCTAHHSI (POTO-
METPUYHUX NAaHUX y BUIAAKY YKUCTO AMMPY3HOTO
pO3CiloBaHHS CBiTJa y 3amavyaxX BU3HAYEHHS Opi€H-
tauii [IIC3 B peasbHOMY 4Yaci IPOTATOM LIMX POKiB
3aJIMIIAI0CS B OCHOBHOMY Ha CTaJlii 0OrOoBOpPEeHHSI.
[Tepi HixX poOUTH OLIIHKY opieHTalil KA, moTpio-
HO BpaxyBaTH BEJIWKY KUTbKICTh YUHHMKIB, SIKi Hi-
10Th Ha BuauMuii 6mck HIC3. Kpim Toro, nudy3He
pPO3CiIOBaHHS CBIiTJa BiJl OyAb-s1KOI MOBEPXHi (4acTo
JOCUTh CKJIaJHOI KOH(irypallii) 3aj1eXuTh Bix ¢op-
MU 1LIi€l TTOBEPXHi i ii opieHTalIil y mpocTopi, TOOTO
BiI ABOX HEBimOMUX (haKTOPiB.

O6poOKa HaBiTh O/IHi€ET KPMBOI OJIMCKY BUMarasa
Oarato o0UYMCJIeHb Ta 3aTparT Yacy i cTaBuIa psiI MU~
TaHb J0 CTYIEHS TOCTOBIPHOCTI OTpUMAaHUX Pe3yJib-
TaTiB, KOJM IOBEPXHSI CYNMYTHMKA CKIAJAETHCS 3
JIIBOX YU OiJIbIIIe CTEPEOMETPUYHUX ITOBEPXOHbD, 1110
0JIOKYBaJIO LIJISIXM peatizallii MeTomy Ha IpaKTHLIi.

Ocrannim yacom B JIKI YxHY 3zaBosku pos-
poOJieHUM BiAMNOBiZHMM IIporpaMaM BIaJiocsl O0i-
WTU OUIBILIICTh TPYIHOILIB TIPY aHami3i Augy3HOTro
pO3CilOBaHHS CBiTJIa, OCOOJMBO OXHOYACHOTO BiJ
KUTBKOX CTEPEOMETPUYHMX MOBEPXOHb. Po3pobiie-
Hi KJIIOYOBI 3acaly METONMKM BiJIpallbOBaHi Ha
pe3yabTaTax CIlocTepexXeHb mitounx Ha opOiti KA.
Ii ycmiuHe BhpoBamXeHHs, Ha Hall MOMISA, 10-
IMOMOXE B AECITKU Pa3iB pO3LIMPUTU MOXKIJIMBOCTI
KOCMIYHOTO MOHITOpUHTY K mitoumx IIIC3, Tak i
00’€KTiB «KOCMIUHOTO CMITTSI».

BA3OBI 3ACAI1 METOJIUKHN

Ha mpakTuili n3epkaibHi Cliajiaxy, Ta e W B 10-
CTaTHill KiTbKOCTi, CIIOCTEpiraroThCsl AajJeKo He
3aBXIU. BIMCK CYMyTHUKIB B OCHOBHOMY 3YMOB-
JIeHUIt IUdY3HUM PO3CilIOBaHHSIM CBITJIa IXHIMU
MOBEPXHSIMU, TOOTO PO3CiIOBaHHSIM CBiTJIa y Oylb-
SIKOMY HampsIMKy B 3aJIEXKHOCTI Bill CTepeoMeTpuY-
HOI (h)OpMU OCBITJICHOI OUISHKY 1Ii€l moBepxHi. Ye-
pe3 1e po3B’SI30K 3amadi 3HAYHO YCKJIAIHIOETHCS,
00 xapakrtep IM(Yy3HOTO BiIOMBAHHS CBIiTJIa 3yMOB-
JIEHU BXXe JBOMa B3a€EMOIIOB’SI3aHUMU TPUYMHA-
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Busnauenns opienmauyii wimyunoeo cynymuuka 3emai y 6unaoky oug)y3Hoeo po3cito8aHHs ceimaa tioeo nogepxHero
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Puc. 1. Moxusi BapiaHTu opieHTauii uuiainaponoaioHoro LIIC3 Ha op0iTi: @ — BapiaHT I, 6 — BapianT I (v — da3oBuii Kyt
00’eKTa, € — KyT NajiHHs CBiT/Ia, 6 — KyT BiiOMBaHHS CBiT/Ia BiTHOCHO HAIPSMKY «LeHTp KA — 1ieHTp 3emi»)

MU — (OPMOIO PO3CirOBaJIbHOT MOBEPXHi Ta ii opi-
€HTaLi€o y mpocTopi BigHocHO COHILISI Ta CITOCTe-
piraya. 3MiHa OJIMCKY IIPU LIbOMY BUPAXXAEThCS TaK
3BaHOI0 (ha30BOI0 3aJIEKHICTIO, Ie HeBimoMuX (op-
Ma, Opi€HTallis) Moxe OyTu nBa 4 Oinbiine. BuzHa-
YeHHS 3a LIMMU JaHMMHU Opi€HTalii BimOMBaIbHOL
MOBEPXHi MOXJIMBE JIUIIe Yepe3 BpaxyBaHHsI 11 (pop-
MM 1UISIXOM BUKOPUCTAaHHS BilOMUX MoOJEJei pi3-
HOMaHITHUX 00’€KTiB a00 3amaHHAM BCiX BiTOMUX
CUCTEM Opi€HTallil Ta 3iCTaBJIEHHSIM PO3pPaXyHKO-
BUX JAHUX 3 pe3yJibTaTaMU CIIOCTePEXEHb METOA0M
MOC/IiIOBHUX HAOMVKEHb, 11100 3HAWTH, MPU SIKii
opi€eHTallii 00’eKTa criocTepexKyBaHa (pa3oBa 3ajiex-
HicTb OmmcKy KA onmcyeTbest HaliKpaiie.

Ha mpakTulii po3B’si30K 3agadi mossira€ y mnpa-
BUJIbHOMY BHOODI (ha30Boi GyHKIIT ¢(y,) i BU3Ha-
YeHHi Ha ii OCHOBI MOMpPaBKU

Am, ;= =2.51g[o(y)/ 9y )], (1)

sKa TIpY TepepaxyHKy CTaHIapTU30BaHOTO Ojuc-
Ky IIC3 Ha dasosuii Kyt y = 0 mpuBena 6 ioro
y MeXax MoXruOOK 10 MOCTiHHOTO 3HAaYeHHST B3A0BX
OKpeMO1 OiSITHKW 4YM Bciel KpuBOi OJucKy. Tyt
o(y;) — dasosa (yHKUig Ha i-My (Ha3oBOMy KyTi,
¢(y.,) — Ha cTaHIapTHOMY (ha30BOMY KyTi (SIK T1pa-
BIIO, = 0), Ic BoHa uist chepu i HMITiHIpa 10-
piBHIOE omuHULI [1], i y MOJAIBIIMX PO3paxyHKax
HE PO3IISIAAETHCS.
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PosristHeMo pealizallilo METOIUKN Ha TTPUKIIali
BU3HAUEHHS Opi€HTAalil HECKiHYEHHO BUTSITHYTHUX
nuiHapononioHux IIC3. JlaHi 06’ekTH B 3acTadi-
JIi30BaHOMY POOOYOMY CTaHi MOXYTb OyTHU Opi€H-
TOBaHi Ha OpOiTi IOJIOBHOIO MOB3IOBXHbBOIO BiCCIO
B3IOBX HampsMKy BEKTOpa MOTO pyxy mo opOiTi
(puc. 1, a), abo no ueHtpa 3emii (puc. 1, 6).

3 pobotu [16] BimoMo, 10 ha3oBa 3aJEXKHICTh
PO3CiSTHOTO CBiTJIa LMJIHAPOM 10 BiZHOILIEHHIO A0
10ro OCHOBHMX OCeli, ITONepevyHo]l i MOB3I0BXKHbBOT
(puc. 1), Mmae BUIJISI

o(y)=1/n [siny +
+ (m — y)-cos y] cos € -cos O, (2)

o(y)=1/m [sin y + (r — y)-cos y] sin & 'sin 6, (3)

ne vy — da3oBuil KyT 06’ekTa (MiX HaApsIMKaMu Ha
cnocrepiraya i Ha CoHIIE), € — KYT IaAiHHS CBiT-
JIa Ha 00’€KT MO BiAHOIIIEHHIO J0 OIHIET 3 OCHOBHUX
oceil, O — KyT BiIOMBaHHSI CBiTJIa Bill TOBEpPXHi
00’eKTa Ha crocTepiraya J1o 1i€i caMoi oci.

V Bunanky (pOTOMETPUYHUX CIOCTEPEKEHb 1IM-
nmingpornionionux IIIC3 HaBeneHy Buiie (Ga3oBy 3a-
JIEXKHICTh PO3CISIHHSI MOXXHA BUKOPUCTATH, 3TiTHO 3
Biomolo 3 acTpoHoMii (hopmyroro [TorcoHa, B mka-
JIi 30psSIHUX BEJIMYMH SIK ITOMNpPaBKy 3a a3y y 011cK
KA, npuBeneHoro pasiiie 10 cTaHAAapPTHUX YMOB 3
ypaxyBaHHSIM 3MiH OJIMCKY 3a BiIJajib, IOBITPSHY
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Puc. 2. Kpua 011cKy y CIeKTpaJbHUX cMyTax B, V, R uu-
JniHapononioHoro reocrauionapHoro IIC3 i 3MiHu dazoBoi
MOMPaBKU JJT TAKOTO 00’ €KTa B 3aJIEXKHOCTI Bill 10T0 Opi€H-
Talii Ha opOiTi. BapianT I Binnosinae opieHTaliii Ha puc. 1, a,
BapiaHT Il — puc. 1, 6

Macy, BiTOMTOTO BiJl 36eMHOI ITOBEPXHi CBIT/a, SIK:
Amw1 = 2.51g(1/m [sin y +

+ (m — y)-cos y] -cos € -cos 0), 4)
Amw2 = 2.51g(1/m [sin y +
+ (m — y)-cos y] -sin € 'sin 0). (5)

Axmo KA opieHToBaHMUI Ha OpOiTi 3rigHO 3
puc. 1, a, no ueHTpa 3eMJii Oyae HampaBJIeHO Oro
MOIIepeyHy BiCh, a 3TigHO 3 puc. 1, 6 — Ioro mno-
B3IOBXHIO Bich. HampsiIMOK i3 1LIleHTpa CymyTHHUKa
JIo LieHTpa 3eMJIi (a BiH B JaHili MeTOAM1II Oa30BUit),
PO3paxOBYETHCS 3a pe3yIbTaTaMU IMO3ULIIHHUX CIIO-
CTepeXeHb Yepe3 BU3HAYEHHS T€OLEHTPUUYHNUX KO-
opauHaT IIIC3 Ha MOMEHT cIloCTepeXeHb B eKBa-
TOpIAJIBHIN CUCTEMI KOOPAWHAT 3 MOAATBIINM IXHIM
noBopoTtoM Ha 180°. Bci iHwi kytu (v, €, 0) Ha BuU-
OpaHi MOMEHTHU 4Yacy TeX BM3HAyaloTbCS 3 JaHUX
MO3ULIAHUX CIIOCTEPEKEHb 3a BiJOMOIO B aCTPOHO-
Mii (popMyJI010 KOCHHYCIB, a 3a (hopmyamu (4), (5)
PO3PaXOBYIOTHCS BXKE MOTIPABKU Amw1 i Amw2 . Ixnio
3MiHy 3 4acoM mJjisg 000X BuIIaaKiB opieHTamii KA
MPUBEJIEHO Ha pucC. 2.

OTpuMaHi TakKuUM YMHOM pe3yJbTaTU 3iCTaBJsi-
IOThCSI 3 KPUBOI 3MiHM OJMCKY OOCTiIXKyBaHOTO
KA, npuBeneHow 10 CTaHAAPTHUX YMOB 3 ypaxy-
BaHHSM MOIPABKM 3a TOIMOLEHTPUUYHY Bilfgajib J0
HbOT0, 3MiHY TOBIIMHMU ITOBITPSIHOI MacH Ha IIUISIXY
«CYNYTHUK — CIIOCTepirady», CTaHy 3¢MHOI aTMOC-
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depu. AHamiz 30iry UM po3XOMKEeHHS PO3paxyHKO-
BUX TTONPABOK Amw Ta OTPUMAHUX 3i CTIOCTEPEXKEHD
3MiH CTaHAAPTU30BAHOTO OJIMCKY 00’ €KTa TO3BOJISIE
OCTaTOYHO BM3HAUYUTHUCS, SIKY Opi€HTallil0 Ha Op-
oiti mae nanuit KA. Axmo y 6auck IIC3 BHOCATD
CYTTEBUI BKJIAJ Ill€ ¥ TaHesi COHSYHUX OaTapeit
(ITCB), sxi y OinbLIOCTI BUIAAKIB IJIOCKi, OTO
pO3paxyHOK, 3a MOTpeOu, MPOBOIUTHCS OKPEMO 3a
iHowo $a3oBol0 (YHKIIIEID pPO3CiIOBaHHS CBiTJIa
Bix turommHM [16]. Y mKami 30psgHUX BEJIVMYNAH 1S
¢azoBa yHKIIisI Ma€e BULJISI

Am, 5= 2.51g(cos g,:cos 0, ), (6)

1€ €, i 0, — BIANOBIAHO KYT MaXiHHs Ta KYT BilOM-
BaHH4 cBiT/a Bif moBepxHi [ICh BigHOCHO HampsIM-
Ky HopMauti g0 Hei. ko nmosepxHsa KA oxoruioe
me OiJblle CKIagoBUX, IOTPIOHO MPOMXOBXKUTHU
mnpolec migdopy BiAmmoBimHUX (a3oBux (PYHKIN i
iXHE BKJIIOUEHHSI B pO3PaXyHOK.

PE3YJIBTATH JOCJIIZKEHHA
OPICHTAIIIl HA OPBITI KA NOAA-18

Po3pobieHy MeToauKy OyJIo BianpalbOBaHO y MPO-
Leci gJocaimKkeHHs (pyHKIioHyBaHHSI Ha opOiTi KA
NOAA-18 (puc. 3) 3a pe3yjbraTaMu HOIo CIIOCTE-
pexXeHb y IBoX cMmyrax B, V. TumoBi KpuBi 01ucKy
CyNyTHUKA MIPUBEICHO Ha puc. 4.

Po3paxyHKOBI maHi BioITOBiZHUX KyTiB HA MOMEH-
TH cIiocTepexxeHb naHoro KA, mompasku 3a pazoBy
¢yHKIIiI0 Amw2 Ta Amw, CTaHAApPTU30BaHE 3HAYEH-
Hs1 OJIMCKY CYMyTHMKA JO Ta Iic/isl BBEAEHHS MO-
npaBKHM 3a a3y, mpeacTaBiieHo B Tadj. 1. Y nepimiit
rpacdi Tabauii — yac cnocrepexkeHb KA NOAA-18

Puc. 3. 3aransanii Bug KA NOAA-18
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1
19:42

1
19:43

1
19:44

1
19:45

1 1
19:46 ur

Puc. 4. Kpusa 6mucky KA NOAA-18, orpumana 21.05.2020 p.
CyIyTHUK Opi€HTOBAHUI MOB3IOBXHBOIO BICCIO [0 LIEHTpa
3emui. ¥ MomeHT uyacy 19:44:30 BiH OyB HanpsiMJIeHU TOP-

LEBOIO YaCTUHOIO 10 CHOCTCpiFa‘ia

Tabauys 1. Po3paxoBani 3HaueHHs (pa30BUX MOMPABOK Amwl iAm

i ixxe BpaxyBannsa y oiuck IIIC3 NOAA-18 3a 21.05.2020 p.

41
® 9
[ ]
o [ ]
[}
14
5 -
[ ]
*
- [ *
b B
*
*
o *
6 1 1 1 1 1 1 1 1
19:40 19:42 19:43 19:45 19:46 UT

Puc. 5. CrangaptusoBane 3HaueHHs 011cky KA NOAA-18
Bin itoro kopmyca (cmyra V) ta I[1CB (cmyra B)

y2

uT v €] e1 Ame Moy mi:CT & e2 Ame me, mi:CT
1 2 3 4 5 6 7 8 9 10 11 12
19441058 63.25° | 74.19° | 49.92° —0.80 4.07 3.27
19741m258 66.96 75.11 47.82 —0.89 4.07 3.18
19741m45s 72.21 76.09 45.55 —0.98 4.10 3.12
1942m05s 76.03 77.07 43.23 —1.15 427 3.12
1942m)5s 81.42 78.05 41.00 —1.37 4.50 3.13
19742m45s 87.31 79.03 39.09 —1.64 4.70 3.16
1943m058 93.59 80.01 37.77 —1.99 5.12 3.13
19743m255 | 100.09 | 81.00 37.27 —2.49 5.50 3.01
19143m458 106.60 | 81.98 37.68 —3.38 5.59 3.60
19%44m055 | 11290 | 82.98 38.91 u 6.50 —
19/144m35s 121.50 33° | 84.80° | —2.82 | 5.90 3.19
19744m455 | 124.30 33 84.20 | —2.71 590 | 3.19
1945m05s 129.10 33 83.60 —2.61 5.87 3.26
19745m255 | 133.40 33 83.10 | —2.51 | 5.82 | 3.31
1945m45s 137.20 33 82.60 | —2.45 | 5.77 3.32
19746m05% 140.40 33 82.10 | —2.37 | 5.62 | 3.25
19746M258 143.20 33 81.60 | —2.31 | 5.50 | 3.19
19746455 145.60 33 81.10 —2.27 5.41 3.16
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Amw
[ ]
-1 ® [ ]
[}
[ ]
'Y Amwl
-2+ [}
Amw3 .
- *
- [ ] . *
*
*
3+
[ ]
1 1 1 1 1 1 1 1
19:40 19:42 19:43 19:45 19:46 UT

Puc. 6. ®azosa nomnpaska y 6;1rck KA NOAA-18 Bix umiH-
JIPOTIOAIOHOTO KOPITYCY (Amwl) ta [1Ch (Am\v})

y IIKaJjli BCECBITHBOTO 4Yacy, y ApYriii — ¢a30oBuii
KYT CyIyTHUKA, B TPETIil i YeTBEPTiii — KyT IMamiHHS
CBiTJIa Ha IOr0 KOPITYC &, Ta BIOMBaHHSI Bill HHOTO
0,, y ’ariii — (azosa nonpaska, po3paxoBaHa 3rij-
HO 3 hopMyJioto (5), y IOCTiii — cTaHAapTU30BaHA
30psiHA BeJIMYMHA O0’€KTa JO BBeIEHHS (ha30BOI
TOTPABKU A, | (B3s1Ta 3 KpUBOI OJIMCKY — pUC. 4), Y
ChbOMiii — 30psiHa BeanunHa KA miciiss BpaxyBaHHS
(hazoBoi momnpaBKu Am,y o,y BOCBHMili i meB’sITiit —
KyT naginag csitia Ha [1Ch €, Ta BiZOMBAHHS BiJ
HBOTO 0,, y fecATiil — (azoBa Monpaska, po3paxo-
BaHa 3TigHo 3 hopMyJiolo (6), B OIMHAILATIH — 30-
psiHa BeJIMUMHA 00’€KTa J0 BBeACHHS (a30BOi MO-
MpaBKu Amw2 (rpaBa TiJika KpUBOI OJIMCKY, puc. 4),
y IBaHAAUMITIH — 30psiHa BeanuuHa KA micis Bpa-
XyBaHHS (Da30BOi ITONpPaBKU Amwz.

Hanuii KA Mae CMHXpOHHO-COHSIYHY, TTPAaKTUY-
HO TIOJIIOCHY OpOITY 3 KyTOM Haxujay opOiTu i =
= 99.05°. Moro ocsitierHs1 COHIIEM 3MiHIOETBCS B
JOCUTh MaJInX Mexax, a ocBiTieHHs I[1Ch Ha inTep-
Basiax g0 10 xB 3anuIIaeThcs noctiiHuM. B naHomy
BUITAJIKy 3a pe3yJibTaTaMU CIIOCTEPEXeHb BUIHO,
IO KYT &, JIEXUThb y Mexkax 31...35°. B pospaxyHko-
BUX ITONPABKAX Am, 3 B3SITO OTo cepeTHE 3HAYEHHS
gy~ 33"

IpadiuHO pesysnbraTy aHaji3y BimoOpaxeHO Ha
puc. 5i 6. 3 mpuUBeIeHUX JAHUX BUIHO, IO 3MiHa
onucky KA B310BX J1iBOi TiJIKM KPUBOi IOCUTh J0-
Ope onucyeTbes (pa3oBoOI0 (PYHKILEIO ST LIMITiH-

66

NPOTOAIOHUX O0’€KTiB, OpPiEHTOBAHUX MOB3I0BX-
HBOIO BiCCIO IO HeHTpa 3eMJli, a B3IOBX IpaBoi —
dazoBoro (yHKUiEw M1 iomnMHU. Ha ¢da3oBux
kytax 106...110° ¢daszoBa (yHKLiS Mg THIIHIPA
MePEeXOaUTh Y HEBU3HAUCHICTh (AuB. Tabj. 1). Too-
TO, BimOuTOro cBiTia Ha y > 106° crmocTepiray Bin
mutiHApa 6aunTty He Moxe. OTXe, Ha IpaBiil Tiaii
KpuBoi, e ¢ > 110°, 61uck ganoro KA 3ymoBieHuii
nuie [TCB, sky criocTepiraueBi BUAHO 3 4aCOM BCe
Kpaite i kpanie. Pizke 3meH1eHHs 6mcky KA mo-
0113y KyJbMiHallil BUKJIMKaHE Opi€HTalli€l0 TOPLIE-
BOI YaCTMHM y OiK criocTepiraya i BiICyTHICTIO OJIMC-
Ky Biz iforo kopmyca Ha ¢a3oBux Kytax moHazm 106°.

OtpumaHi pe3yabTaTu IATBEPIXKYIOTbCS 3HA-
yeHHSIMU Kojiop-iHaekca C = B — V, orpumaHOro
3 KpUBUX OJMcKy y cuctemi B i V (puc. 4). Banox
JtiBoi riiku KpuBoi C = 0.65" (BinOUTTS cBiTIA Bix Oi-
JIoi MeTajieBoi MmoBepxHi). B3goBx mpasoi riiku C =
=0.00"...—0.31™ B nanomMy BuItagky nosepxss [1Cb.

BUCHOBKU

PozpobiieHa MeToarKa MOXe 3aCTOCOBYBAaTUCS He-
3aJIeXKHO BiJ KOHCTPYKIIii 00’€KTa, PO3MillleHHS
BimOMBaIbHUX OIJITHOK 1OTO TTIOBEPXHi BiTHOCHO ro-
JIOBHUX Oceli Ta (hi3MYHUX XapaKTepUCTUK PO3Cito-
BaHOI'O HUM COHSIYHOTO cBiTja. Lle 3HauyHO po31Iu-
PIOE KOJIO JOCHiIKyBaHUX 00’ €KTIB, iXHbOTO CTaHY
(poboyoro yu AecTabislizoBaHOTO).

IMoxnbka ouinku opieHtauii IIIC3, konu BiH
pO3Cito€ CBITJIO Juille AU(Y3HO, 30LIbIIYETHCS 110
HalimeHIe go 1°-2°. B jaHoMy BUMNaaKy, Ha BiAMiHy
BilIl A3epKaJIbHOTO BigOMBaHHS, KOJIX BOHA B OCHO-
BHOMY 3yMOBJIEHA TOYHICTIO BM3HAUYE€HHS I10JIO-
keHHs1 KA y MOMEHT 13epKaJlbHOTO criajiaxy, oro
¢dopMoI0 i TpUBATICTIO, Y BUNAAKY AU(PY3HOTO Bif-
OMBaHHS SIKiCTh BiZIOUTOIO CBITJIOBOIO MPOMEHSI 3a-
JICKUTH Bif, LIIJIOT0 psIAy JOAATKOBUX YMHHUKIB. Lle
MoxuoOKa BpaxyBaHHSI MOMNPABOK 3a TOMOLEHTPUUHY
Bimmanb 40 00’eKTa, TOBIIMHY MOBITPSIHOI Macu Ha
nusixy npomeHs Bim KA, crany atmocdepu, Bu-
3HaueHHs (ha30BOro KyTa, BUKOPUCTaHHS (pa3oBux
¢YHKLI po3citoBaHHSI CBiTJa BiJl TMX YW iHIIUX
CTEPEOMETPUUYHUX MOBEPXOHb, iXHBOI CYMEePro3U-
1ii. AJe MOIpu BCi CKJIAAHOII PO3PaXyHKiB 3HAUYHO
PO3ILIMPIOETHCST YMCIIO JOCTIIKYBAHUX KOCMIYHUX
00’€eKTiB, 00 BOHM Yy TMepeBaKHiii OLIBIIOCTI BigOu-
BalOTh CBITJI0 AU(Y3HO.
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baxano npoBoautu He mpocTo potomerpito KA, | imani BU3BHAUYUTU Or0 OpieHTALIil0 Y 3adaHili CUCTe-

a ii pi3HOBUA — KOJIOPMMETPUYHI criocTepeskeHHsT | Mi KoopauHart. [lo Ginblire Takux KOJipHUX KaHAJIiB
IIC3, To6TO CUHXPOHHO B KiJIbKOX CIEKTPaJIbHUX | BUKOPUCTOBYIOTHCS ITiJl Yac CIOCTEPEXeHb, TO J10-
obsactsax. Lle nae MOXIUBICTb BiIZIIUTU i OTOTOX- | CTOBipHilIOIO Oy/e iH(hopMallis PO KOHCTPYKTHUBHI
HUTU KOHKPETHUM (pparMeHT NOBepXHi 00’€KTa, 1110 | OCOOJMBOCTI MOBepxHi Ta ¢GyHKuioHyBaHHs LIIC3
B JaHUIT MOMEHT BiZOMBa€E CBITJIO Ha criocTepiradya, | Ha opOiTi i Horo mporpaMHi 3aBIaHHSI.
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DETERMINATION OF THE ORIENTATION OF THE ARTIFICIAL EARTH SATELLITE
IN THE CASE OF DIFFUSIVE SCATTERING OF LIGHT BY ITS SURFACE

The paper considers the basics of the developed method for determining the orientation of low-orbit and geosynchronous space-
craft based on the results of observations of diffuse light scattering by their surfaces. This scattering can be described by phase
functions that depend on the shape of the scattering surface, its orientation relative to the directions to the radiation source, and
the receiver. Determining the orientation of the irradiated object in the selected coordinate system is one of the cases of solv-
ing the inverse problem. The surfaces of the spacecraft are a superposition of several stereometric surfaces that simultaneously
scatter light onto the observer, but are differently oriented towards him, which greatly complicates the solution. The application
of the developed method was carried out using the data of colorimetric observations of the American meteorological artificial
satellite “NOAA-18”, which has a cylindrical shape with two flat solar panels.

Keywords: artificial satellites of the Earth, colorimetry, methodology, orientation, photometry.
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GEORGE BOTHEZAT AND HIS CONTRIBUTION
INTO THE WORLD AVIATION AND ASTRONAUTICS

The article dedicated the life and scientific way of George de Bothezat, the first Doctor of Sciences in the field of aviation. Together with
Nikolay Zhukovsky, Igor Sikorsky, Stephen Timoshenko, Alexander Fan-der-Flit, and Alexey Lebedev, he was one of the organizers
of the Air Fleet of the Russian Empire. He is the author of various inventions: gyroscopic sight and other types of aviation equipment.
We analyze works by G. Bothezat on the impulse theory of propellers. In particular, the scientist derived formulas for ensuring the flight
stability of airplanes and helicopters. He developed training ballistic tables, which allowed making corrections for the speed of the flight
and the direction of the wind.

We briefly described a biography of G. Bothezat, focusing on the student period of his life in Kharkiv, Ukraine, and the reasons for
G. Bothezat’s departure to the United States in 1918. It is stated that it was there that his talent as a designer and creator of helicopters
of the original system was disclosed in the best way. In 1922, George Bothezat obtained the financial support of the American govern-
ment to build a workable helicopter model without prototypes and experiments, only based on the results of calculations. The reasons
why G. Bothezat did not manage to achieve the launch of the serial production of helicopters are analyzed. We also mention the activi-
ties of the company founded by G. Bothezat, which was engaged in the production of fans of a new type for the US Navy. The Bothezat
system fans were installed at the Rockefeller Center in New York as well as in American tanks. It is emphasized that 1. Sikorsky also
used the works of G. Bothezat in his research. It is stated that the flight trajectory calculated by G. Bothezat in air and airless space was
used in the development of the American program of a manned landing on the Moon using the “Apollo” system.

Keywords: Personalities: George Bothezat, Igor Sikorsky, Nikolay Zhukovsky; helicopter, history of aviation, Kharkiv Institute of
Technology.
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were applied. In particular, it was these developments
that were used in the preparation of the American
program for a manned landing on the Moon by the
“Apollo” system. The author of these calculations
was George Alexandrovich Bothezat [3].

Despite the significance of scientific discover-
ies, the name of this scientist is still little known in
Ukraine. In the scientist’s homeland, in Moldova
and Ukraine, there is not a single memorial plaque
to G. Bothezat. The authors failed to find any pub-
lications in Ukraine similar to the fairly thorough
monograph by V. Mikheev [15], dedicated to the
figure of George Bothezat and published in the Rus-
sian Federation. Because the authorship belongs to a
Russian, the text itself has an ideological slant, and it
is emphasized in it that Bothezat was a Russian sci-
entist, referring to his scientific activity during his life
in the Russian Empire. Also, the period of George
Bothezat’s studies at the Kharkiv Technological In-
stitute was out of the author’s attention, namely his
teachers, who in one way or another influenced the
formation of his personality during his student years.

Some information about the scientist is contained
in the review article “Pioneering works of Kharkiv
technologists in the field of aviation technology”
by Nazarenko and Pavlova [17, p. 45—46]. It is only
mentioned here that G. Bothezat was a graduate of
KhTT and defended his first doctoral dissertation in
the field of aeronautics.

Numerous photos of the designs developed by
Bothezat are included in the Smithsonian National
Air and Space museum album [3] and are posted on
American aviation websites. In particular, the website
of the Association of the United States Army posted
an article by Bruce H. Charnov “The Flying Octo-
pus’: The Forgotten Beginning of Army Helicopter
Aviation” [12]. The author describes in some detail
the tests of the “H-1" helicopter and the failures
of G. Bothezat during its tests. However, Bruce H.
Charnov noted: “The de Bothezat helicopter cost too
much, performed too little and was too complex to be
reliable. While it was not the first military project to
go over budget and promise more than it delivered, it
was the first rotary-wing project to do so”.

An article “The Flying Octopus” [10] by C. V.
Glines is available on the Air Force magazine web-
site. In this publication, the work of Bothezat in the
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United States in the early 20s of the XX century is
also considered. The author talks about Bothezat’s
work in Dayton and notes: “After de Bothezat arrived
in Dayton, Maj. Gen. Mason Patrick, Chief of the
Air Service, authorized a contract with him, without
open bidding, for the construction of a helicopter.
This unusual procedure was authorized because no
other qualified bidders existed. However, de Bothezat
first had to produce a written proposal to make the
transaction legal”. The information on the “Octo-
pus” helicopter testing is also provided.

Bogdan Boreschievici, a researcher from Roma-
nia, in his publication [2, p. 112—120], analyzes the
ethnological origin of the Bothezat family, and he
posted the works by George Bothezat since 1913.
However, in this article, the researcher ignores the
Ukrainian period of the scientist’s life.

The purpose of the publication is to conduct a
comprehensive historical and scientific study of Pro-
fessor George Bothezat’s contribution to the world
development of aviation and astronautics. Based on
archival materials, in particular, the personal file of
George Bothezat, we intend to reveal the formation
of Bothezat, as a scientist, to show the socio-political
conditions in which the formation of his scientific
worldview took place in his student years.

SELECTED FACTS OF BIOGRAPHY

The future scientist was born on June 7, 1882, in St.
Petersburg in a family of hereditary nobles of Mol-
davian origin [21, p. 7]. The literal translation of the
surname from the Moldavian language meant “bap-
tized”. The boy’s father, Alexander Ilyich, served in
the Ministry of Foreign Affairs of the Russian Em-
pire. The family lived in Paris until the death of Alex-
sander Ilich in 1900.

In 1902, George graduated from the Chisinau
Real School and tried to enter the St. Petersburg
Technological Institute of Emperor Nicholas 1. The
applicant passed the exams successfully but did not
score the necessary points for admission: the com-
petition in the capital’s universities was high. With
such a number of points, it was possible to enter other
institutes. George chose the Kharkiv Technological
Institute of Emperor Alexander I11 (KhTTI) [21, p. 2].

At that time, the Institute had two departments:
Mechanical and Chemical. At the Mechanical de-
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Fig. 1.George Bothezat, 1905, from the open
sources

partment, engineers were training in a wide variety of
specializations: from metal cutting and mechanical
engineering to construction and electrical engineer-
ing. The young man became interested in electrical
engineering. This science at KhTI was taught by the
leading figures of Russian engineering of that time:
Professor Alexander Pogorelko, teachers Mykola
Klobukov and Pavlo Kopniaev, laboratory assistant
Alexander Ilyev [12, p. 157; 22, p. 1262—1263].

George Bothezat studied not just well, as it is
written in his personal file, “with impeccable be-
havior, he showed excellent success” [21, p. 36]. In
Bothezat’s record book, there was only one grade:
“excellent” in all disciplines! Painstaking and serious
work was behind such success. The training program
for an engineer in Russian universities was extremely
varied. It should be mentioned that within the 5-year
educational period part of those who entered KhTI,
no more than a third of students managed to finish it.
(For example, from 101 entrants to the KhTI’s Me-
chanical Department in 1908, only three graduated
from the Institute in 5 years [22, pp. 33—34]. Next
year from 98 entrants, none of them graduated from
the KhTI in 5 years [22, pp. 35—36]).

But, in the level of knowledge and diversity of sci-
entific and applied interests, Ukrainian engineers far
surpassed their counterparts around the world. But
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by the end of George Bothezat’s third year of edu-
cation, in 1905, the KhTI of Emperor Alexander 111
was closed due to “Schiller’s history” and the Rus-
sian Revolution.

Many teachers negatively assessed the Director’s
administrative pressure on students and faculty. As a
result, the dismissals began, in particular, of two pro-
fessors, two teachers, two laboratory assistants, and
later of others. In total, 24 teaching staff remained
at the institution [23, p. 87]. 239 students were fired
from KhTI for participating in the riots, 25 of them
without the right to enter any other educational insti-
tution [24, p. 8]. That was the only year in the history
of the Institute when no one engineer graduated from
this institution [29, p. 58].

G. Bothezat believed that the Russian Empire
should be transformed, not through shaking the air at
rallies and shooting at windows, but through selfless
work. An attempt to transfer to the capital’s institute
did not succeed: turmoils seized St. Petersburg. Not
wanting to waste time, the student turned to the in-
stitute administration for permission to “go abroad to
continue his studies”.

At the end of August 1905, he left for Belgium
(Fig. 1). In Liege, he graduated with honors from the
Electrotechnical Institute of Montefiore, and in 1908
returned to his homeland with a diploma in electrical
engineering. On the one hand, an engineering degree
almost guaranteed a well-off future. On the other
hand, foreign diplomas were not considered presti-
gious: the course of study in Russian institutes was
more extensive than in foreign ones. Not wishing to
lag, G. Bothezat graduated in 1908 with honors from
the Kharkiv Technological Institute. The list of grad-
uates of the Institute says: “Bothezat Georgy Alexan-
drovich (with honors), foreign engineer” [22, p. 33].
At KhTI, Bothezat completed a graduation project
on the design of a power plant. In the same 1908, the
former teacher of Georgy at KhTI — the Holy Father
Vasyl Dobrovolskyi baptized Pavlo — the first-born
of Lidiia Alexandrovna and Georgy Alexandrovich
Bothezat [25, p. 209].

After receiving his diploma, Georgy Alexandrov-
ich at once became an intern at the Goéttingen and
Berlin universities. There he was going to stay for
two years. In Gottingen, G. Bothezat was lucky — he
had the opportunity to listen to lectures by one of the
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founders of world aerodynamics, Professor Ludwig
Prandtl, and then under his leadership to engage in
research work. But, politics intervened in the work of
the engineer. Relations between Germany and Rus-
sia became more and more complicated. That began
to affect his work, and in 1910 G. Bothezat moved
to France (Russia’s military ally in the Entente). In
this country, Georgy Alexandrovich began to use the
prefix “de” to his surname and signed all his print-
ed works “de Bothezat”. In democratic France, the
ancient nobility was still looked upon with respect.
True, the prefix “de” usually indicated the presence
of a castle, identical to the surname of a nobleman.
Of course, there is no Bothezat’s castle either in Rus-
sia or in Moldova.

G. de Bothezat continued his work on aircraft flight
dynamics at the Sorbonne. The aerodynamic labora-
tory of the university was well equipped: the leaders of
the Sorbonne did not spare money for it and did not
hide anything from their Russian colleagues. France
has long sought to have Russia as an ally. Russian mili-
tary agents also contributed a lot to this. The most fa-
mous of them was Count Aleksei Ignatiev.

At that time, aviation was only in the process of
formation. Practical research was significantly ahead
of theoretical one, and scientific ideas about many
classical flight phenomena have not yet existed. For
the first time, G. de Bothezat decided to use the ac-
cumulated theoretical knowledge of the dynamics of
objects movement. It should be mentioned that the
scientist could do similar research in Russia.

But the Russian bureaucracy could drive any-
one crazy. Paul Painlevé himself, an academician, a
world-renowned scientist, invited the Russian engi-
neer to study the problem of application of classical
knowledge in the theory of object dynamics to avia-
tion problems, which he had long been interested in.
As a result of two years of research at the Sorbonne,
G. Bothezat, under the guidance of P. Painlevé, pre-
pared and in 1911 successfully defended his thesis
on the topic: “Study of the airplane stability”. The
book was written in French, and it was divided into
two parts. The first was “Les Forces Agissantes sur
L’Aeroplane”, and the second was titled “Le Prob-
leme General de la Stabilite de L’Aeroplane”. The
candidate considered his main goal: “a mathematical
analysis of the general phenomena of the stability of
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an airplane with the derivation of necessary and suf-
ficient conditions for its equilibrium and the study of
the possibility of fulfilling them to a degree sufficient
for practice” [10]. This was the first doctoral disserta-
tion in aviation in the world! Bothezat was one of the
first who divided the system of equations of airplane
motion into equations of angular motion around the
center of gravity and equations of linear motion of
the center of gravity of the airplane and then investi-
gated them separately. This approach is still used to-
day as a first approximation to the analysis of aircraft
stability. The main conclusion of the dissertation was
one about the need to equip the airplane with an au-
tomatic stabilizing device.

Of course, G. Bothezat’s work, like any other dis-
sertation, had several shortcomings. The father of
Russian aviation, Nikolay Zhukovsky, put attention
on them, but he also pointed out the undoubted ad-
vantages of the work. G. A. de Bothezat’s dissertation
on the topic “Study of the airplane stability” is the
first work in the world devoted to deep and complex
mathematical research on this issue, significantly
ahead of all previous ones in this area.

Botezat can rightfully be considered one of the
founders of the science of aircraft flight dynam-
ics. N. Zhukovsky positively assessed the work of the
young scientist as a whole: “Bothezat, in his disserta-
tion on the stability of an airplane, gave a good-look-
ing geometric method for dynamic stability analyzing”
[28]. Later Professor N. Zhukovsky, in his educational
course “The theoretical Foundations of Aeronautics”,
referred to the calculations of George Bothezat.

At the end of the summer of 1911, after defend-
ing his dissertation, the young doctor of mathematics
returned to Russian Empire. He went to Petersburg,
where the main aviation institutions of the Empire
were concentrated. But G. Bothezat’s plans for
teaching and for obtaining the title of professor did
not come true. There were many qualified scientists
in Petersburg, and it was not easy to become one of
them. To obtain in Russia the title of not only a pro-
fessor but at least an adjunct professor, it was neces-
sary to submit a significant number of works of a high
professional level to the Council of the university. It
also required many years of teaching experience. To
have only a dissertation was not enough. In 1911, the
Polytechnic Institute of Peter the Great was the only
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educational institution in Russia that prepared certi-
fied aeronautical engineers. G. Bothezat was offered
to give several trial lectures there. On December 20,
1911, at a meeting of the Council of the Institute,
G.A. Bothezat was elected to the position of a teach-
er “for hire” in the aecromechanics course. It was a
temporary position, as the teacher was re-elected ev-
ery year, but it was also a great success.

In addition to teaching, G. Bothezat also worked
in the aerodynamic laboratory of the Polytechnic
Institute. In the laboratory, he took part in the re-
search of some parts of the C-6B airplane designed
by I. Sikorsky [20]. In September 1911, G. Bothezat
received a Safety Certificate (Priority Certificate) no.
49706 for “Automatically absolutely stable airplane”.

In September 1912, the S-6B became the win-
ner of the military airplane competition. Then, Igor
Sikorsky’s “Russian Vityaz” airplane model and the
designer’s masterpiece “Ilya Muromets” airplane
model were tested in the wind tunnel. For today, avia-
tion historians pointed out that the rapid-fire cannon
was installed on this world’s first passenger airplane
for the first time. And they emphasized that among
almost a hundred such airplanes that took part in
World War I, only one was shot down. Of course, in
the creation of the first multi-engine aircraft, there
was a lot of work of G. Bothezat too, because he ad-
vised I. Sikorsky in the problems of flight dynamics.

Despite his fruitful scientific and pedagogical ac-
tivity, G. Bothezat could not wait for the Professor’s
rank. In early 1914, Bothezat applied to the Don
Polytechnic Institute with a request to provide him
with work. Soon he received an invitation to Novo-
cherkassk with the appointment of an extraordinary
professor and an offer to start work in the 1914/1915
academic year.

Brilliant prospects opened up before him to head
the creation of the third (after Moscow and St. Pe-
tersburg) scientific aviation base in the Cossack capi-
tal. G. Bothezat arrived in Novocherkassk and imme-
diately became actively involved in the educational
and scientific processes of the established institution.
Soon, an introductory lecture by G.A. Bothezat “The
Great Law of Inertia” was published in the Bulletin
of the Alekseevsk Don Polytechnic Institute [4]. It
was materials of the lecture he had read to first-year
students in the fall of 1914.
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Soon, G. Bothezat received the title of an ordinary
professor and the corresponding high rank of State
Councilor.

The outbreak of World War I messed up all the
grandiose plans. At the end of 1915, G. de Bothezat
returned to the northern capital, while his position
and rank at the Novocherkassk Polytechnic were re-
tained. Soon, the Head of the Training Department
of the Ministry of Trade and Industry, to which all
polytechnic institutes were subordinate, received a
petition from the Head of the Air Force Directorate
(AFD) on the permission of G.A. Bothezat to join
the Technical Committee, because he was the most
appropriate for the position of “specialist in the the-
ory of aeronautics” [15, p. 43].

In addition to George Bothezat, Professors Ste-
phen Timoshenko, Alexander Fan-der-Flit, and
Alexey Lebedev were approved by the members of
the Technical Committee of the AFD. A commission
headed by A. Fan-der-Flit, consisting of professors
N. Zhukovsky, G. Bothezat, and S. Timoshenko, en-
gineers Vetchinkin, Lukyanov, Tupolev, Florin, and
other scientists, developed the first aircraft Strength
Standards in the Russian Empire [19, p. 241].

In 1916—1917, G. Bothezat and S. Timoshenko,
for the first time, organized comprehensive strength
tests of aircraft parts and components, as well as avia-
tion materials, in the mechanical laboratories of the
Central Scientific and Technological Laboratory and
Petrograd university. To determine the stresses in the
wing bracing of aircraft, G. Bothezat used his tensi-
ometers, which were ten to fifteen years ahead of the
methodology of foreign researchers.

G. Bothezat becomes an authoritative scientist:
1. Sikorsky, listing the most prominent figures of Rus-
sian pre-revolutionary aviation science in his work
“Air Way”, put G. Bothezat in second place after “the
father of Russian aviation” N. Zhukovsky.

George Bothezat’s huge contribution to the vic-
tory in World War I was the creation of bombing tables
for all types of airplanes of that time. Understanding
well the resource intensity of the technical component
of his work, Georgy Aleksandrovich was very careful
about state money. So, in the spring of 1916, Bothezat,
the first in the world, developed formulas for the pre-
liminary calculation of the cost of aviation products
and the payback of aircraft manufacturing enterprises.
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Only in 1917, the scientist has got the title of
Professor of the Petrograd Polytechnic Institute,
which he had long deserved. Before the war, Georgy
Alexandrovich wrote and published the book: “In-
troduction to the study of the stability of airplanes”
(SPb., 1912) [3]. According to the results of his
work in the Technical Committee, the books “Study
on the phenomenon of the blade rotor operation”
and “The theory of a flat-radial blade propeller”
were published too (Pg., 1917) [5, 6]. Named books
became the most important contribution to aviation
science during these years. From a single point of
view, all propeller operating modes were analyzed
by the scientist. The impulse theory of Bothezat
propellers was developed in 1916 and was highly
appreciated by both domestic and foreign experts.
During all his future life, Georgy Aleksandrovich
was engaged in its improvement.

Under his supervision, gyroscopic sight and other
types of aviation equipment were built, and airplanes
for various purposes were designed. Since 1915,
Bothezat’s ballistic tables have been successfully used
in aviation units, which made it possible to make cor-
rections for flight speed and wind direction. The first
airplane designed by G. Bothezat was built in Octo-
ber 1917 [15, p. 81]. The revolution in October inter-
rupted the construction of other machines by engi-
neer G. de Bothezat.

Namely, thanks to the impulse theory of propellers,
G. Bothezat was able to derive formulas for ensuring
the stability of the flight of not only an airplane but
also a helicopter. According to the designer’s idea,
four propellers, installed in pairs longitudinally and
transversely (rhombus) and also inclined relative to
each other, were supposed to provide static stability.
It should be noted, that the scheme turned out to be
not only working but today it is widely used in prac-
tice in quadrocopters and drones. And their small
size and weight significantly complicate the stability
of their flight. But, thanks to the technical genius of
George Bothezat, the problem of the stability of such
aircraft has been successfully solved.

So, in 1917, G. Bothezat managed to develop the
basic methods of creating a flying helicopter. Em-
ployees of the aviation department of the DECA
plant (today it is Motor Sich JSC), under the leader-
ship of G. Bothezat, began to design parts and com-
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ponents of the apparatus. It was planned to complete
the assembly of the helicopter by 1918.

But the Bolshevik Coup took place. The first
thoughts of G. Bothezat, like many Russian intellec-
tuals, were that this revolution was temporal. Among
the new leaders were good acquaintances: his former
students, colleagues at work, and social activities.
However, as events have developed, Bothezat’s hopes
for a new authority remained less and less.

Illiterate people made their way to the manage-
ment of the industry and the Armed Forces. At the
end of January 1918, the scientist was officially dis-
missed from the Technical Committee. The Bol-
sheviks mockingly recommended to G. Bothezat to
find another state for himself to apply his remark-
able abilities and even provided him with a document
exempting him from any obligations to Russia: “We
hereby certify that there are no obstacles on the part
of the AFD for Professor G.A. Bothezat entering into
agreements with the Allied authorities regarding the
use of his discoveries and inventions”. Other mem-
bers of the Technical Committee received the same
paper. Outstanding scientists and patriots of Russian
aviation were left without means of survival.

Institutes did not work, laboratories were looted,
and factories were closed. Gangs of drunken sailors
roamed the streets of Petrograd, killing everyone they
didn’t like. The Red Terror began, hunger, cold, and
unemployment. Unfortunately, G. Bothezat had no-
where to use his talents under the new government.
Throughout Russian history, most scholars have ei-
ther died or emigrated.

G. Bothezat received invitations from diplomatic
representatives of several countries with a proposal to
continue his work abroad. The US naval attach was
persuading more than others, and this was not sur-
prising. Military aviation in America was in its begin-
ning, and research on flight theory was in its initial
stage. Initially, G. Bothezat moved from the northern
capital to Odessa, closer to his estate and the main
airfield that was in the process of construction.

After Odessa had been captured by the Austro-
Hungarian troops, at the invitation of the King of
Romania, Bothezat visited the temporary capital of
the country, Iasi city, where he made reports on vari-
ous problems of aviation. Local officials promised
“mountains of gold” to the professor and persuaded
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him to stay in the “historical homeland”, but to no
avail [15, p. 91].

Having sold all his property, G. Bothezat returned
to Petrograd. The American naval attaché and con-
tacts in the Bolshevik government helped to obtain
permission to travel abroad. In May 1918, G. de
Bothezat sailed on a British warship from Arkhan-
gelsk. He managed to take out not only all his scien-
tific works and working papers but also most of his
technical library. Together with him was his faithful
assistant Ivan Yeremeev.

The journey to the USA took two weeks. In the
USA, G. de Bothezat was met by representatives of
the oldest and most prestigious higher technical in-
stitution in America, the Massachusetts Institute
of Technology. They immediately invited a Russian
professor to read a series of lectures. At the same
time, the scientist began to teach at Columbia Uni-
versity in New York.

In the United States, the most prestigious univer-
sities invited G. de Botezat to visit them. In 1919 he
was elected as a professor of the University of Chi-
cago, and a few years later — of Michigan one. After
his arrival to the United States, Georgy Alexandrov-
ich again changed his surname to “de Botezat” and
wrote it in such a way for the rest of his life.

Three weeks after arriving in the United States, de
Bothezat was invited as a scientific advisor on aero-
dynamics to the newly formed center of American
aviation science — the National Advisory Commit-
tee for Aeronautics, or, for short, NACA. The US
government appropriated $ 5000 to the scientist, a
considerable sum at that time, to continue the work
begun in Russia, primarily on the theory of propellers
[15, p. 103].

Surprisingly, Russian pre-revolutionary science
was ahead of American one in many areas for many
years. The majority of Russian emigre scientists be-
gan their scientific activities overseas with the re-
print of their works, published in their homeland in
the previous years. Reprinted in English, Botezat’s
“impulse theory” made a stunning impression on
American and European aerodynamics. They were
surprised: it turned out that “wild Russia” had not
only advanced aviation technology but also science.

The knowledge and natural talent gained in the
Russian Empire allowed de Bothezat to quickly as-
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cend to the Olympus of American science. How-
ever, it was not so difficult because the general level
of training of American engineers was low. Another
outstanding Ukrainian scientist S. Timoshenko, who
arrived in the USA a little later, wrote in his mem-
oirs: “Thorough training in mathematics and basic
technical subjects gave us a huge advantage over the
Americans [26, p. 238].

Later, when I became more familiar with the set-
ting of education in America, I learned that insuf-
ficient requirements in mathematics begin in high
school. An American graduating from the high
school knows no more in mathematics than what is
taught in the first four grades of Russian real schools”
[26, p. 241].

It should be emphasized that after signing a mem-
orandum on the prospects of helicopters, in 1921 the
US Congress appropriated the astonishing sum of
$ 200 000 for work on the project. G. de Bothezat
was hired as acting chief of the Engineering Divi-
sion’s Special Research Section at an annual salary
of $ 10 000 [10]. (For example, a Ford car in those
years cost about $ 250).

The government specified that G.de Bothezat had
to prepare “drawings and data for the design, con-
struction, and control of the helicopter flight tests”.
In turn, the government had to provide engineers,
materials, equipment, hangar areas. When the Engi-
neering Division received the first set of drawings and
computations from G. de Bothezat, he was to receive
$ 5 000. When the machine was fully constructed,
he would receive another $ 4 800. If it actually left
the ground, climbed to 300 feet, and returned to its
takeoff point without mishap, he would receive fur-
ther payments totaling $ 20 000. The craft was to be
ready for flight by January 1, 1922 — that is, in seven
months [10].

To keep the curious away and allow G. de Both-
ezat and his assistants to work unmolested, the proj-
ect was given “top secret” status. Work began in a
tin-roofed hangar. When the machine began to take
shape and outgrew the hangar, a wall of canvas was
erected outside to enclose it from view.

Engineers assigned to work with G. de Bothezat
enjoyed the task, despite the Russian’s angry out-
bursts when things didn’t go his way. He hovered over
their workbenches, watching them turn his drawings
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Fig. 2. Bothezat’s helicopter “Flying Octopus”, 1922, USA, from [12]

into strangely shaped pieces of metal. He spent his
waking hours tinkering, figuring, and writing furious-
ly. There were many problems. It is interesting that
G. de Botezat, himself an ascetic man, was in great
need of money because he supported several fami-
lies of scientists who had immigrated to the United
States but had not yet found a job.

Toward the end of 1921, G. de Bothezat realized
he could not meet the deadline and pleaded for more
time. He got an extension, and he and his assistants
worked through the winter, spring, and summer. By
the fall of 1922, the Air Service’s first helicopter was
near completion. On December 18, 1922, the ma-
chine was ready for the world to see. It was the first
helicopter on the planet capable of manned, stable,
and controlled flight! [10, 14, p. 29]. The first flight
of the new helicopter lasted less than two minutes,
but it was a huge leap forward in world helicopter en-
gineering.

After all, when it comes to the history of helicop-
ter construction, Paul Cornu using the ideas of Leon-
ardo da Vinci, created the first helicopter capable of
lifting a person but succeeded in remaining airborne
for about 20 seconds at a height of 30 cm on No-
vember 13, 1907. Thus it was he who was officially
recognized as having made the first free flight [16,
p. 12]. Later, P. Cornu improved his achievements,
but he failed to achieve a stable and controlled flight.
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It must be said that Bothezat’s helicopter differed
significantly from the later helicopters of the classi-
cal scheme. It was a giant quadcopter with propellers
over 8 meters in diameter and a 180 hp engine. The
Americans nicknamed Bothezat’s helicopter “Flying
Octopus” (Fig 2). In 1922—1923, Bothezat’s heli-
copter made more than 100 flights. On January 23,
1923, it left the ground with two people aboard and
lifted a payload of 450 pounds (~204 kg) to a height
of four feet (~1.2 m). In April 1923, it lifted four men
off the ground (Fig 3) [27, p.13].

Subsequently, Igor Sikorsky created in 1940 the
first helicopter of the classical scheme: with one main
propeller and with a tail propeller. The overwhelming
majority of helicopters are built today according to
this scheme.

The four-rotor scheme has not become widespread
in the creation of manned helicopters, but now it is
very actively used for unmanned aerial vehicles! All
current drones and quadcopters are the embodiment
of George de Bothezat’s ideas.

The flights of the Flying Octopus were followed
not only by the public but also by officials. Among
them were Herbert Hoover — Minister of Trade and
the future President of the United States; General
William Mitchell — founder of the United States Air
Force; Newton Diehl Baker — US Secretary of War
at the time.
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Fig. 3. G. de Bothezat beneath one of the rotor arms of his helicopter in 1923 at Wright Field, Ohio [5]

Despite the obvious successes, Bothezat failed to
achieve the launch of serial production of helicopters.
“Flying Octopus” by George de Bothezat remained,
albeit an outstanding but single, experimental mod-
el. Bothezat’s greatness lies in the fact that his he-
licopter was built without preliminary experiments,
without prototypes, only based on of mathematical
calculations of a brilliant designer. And this was done
even before the advent of computers.

After creating his “Flying Octopus”, Bothezat was
engaged in the design of airplanes and experimental
helicopters. In 1926, he founded the “G. de Bothezat
Impeller Company”, which started the production
of new types of fans for the US Navy. Subsequently,
Bothezat fans were installed at the famous Rockefeller
Center in New York, and, in addition, they were in-
stalled on American tanks. The outstanding engineer
I. Sikorsky also used them in his developments [7].
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In addition to his inventive activity, being a versa-
tile scientist, he did not stop doing science. Georgy
Alexandrovich published several papers on a new
method for solving differential equations, criticism
of Einstein’s theory of relativity, fundamental re-
search on the theory of helicopter stability, the study
of flight trajectories in air and airless space, and even
works on philosophy and overcoming the economic
depression of the 1930s [12, p. 8; 11].

Of course, Bothezat’s first helicopter was hardly
a successful design. But, he had no one to rely on:
he was the first. So it happened in the history of
aviation. It turned out that, perfect from a theoreti-
cal point of view, in practice, aircrafts were of little
importance.

A striking example is the relatively insignificant
practical application of the NEZH wing profiles, de-
veloped by N. Zhukovsky.
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On February 1, 1940, George de Bothezat died in
Boston after undergoing emergency heart surgery.
He was fifty-eight. Bothezat was buried with military
honors in New York. The archive of the scientist and
designer is kept in the library of the US Air Force
Academy [3].

One can only regret the untimely death of an out-
standing engineer. How much more he could give to
humanity!

CONCLUSION

Georgy Alexandrovich Bothezat was undoubtedly an
outstanding scientist-theoretician and practitioner of
aviation, one of the founders of the theory of stability
of aircraft and the theory of propellers.

He was the first in the history of aviation to build a
flying model of a helicopter. George de Bothezat’s work
in the field of dynamics, stability, and theory of flying
vehicles has become classic. Subsequently, in practice,
Bothezat’s helicopter schemes were applied in the form
of quadrocopters and drones. The flight trajectory in
air and airless space was used in the development of the
American Apollo manned lunar landing program.

At present, in Kharkiv, the problems of aviation
science and technology, as well as training of sci-
entific and engineering personnel for aviation, are
handled by the Kharkiv Aviation Institute (now the
NAU “KhAI”) that 90 years ago separated from
the Kharkiv Polytechnic Institute (name of Kharkiv
Technological Institute from December 1929).
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HauioHanbHU TeXHIYHUI YHiBEpCUTET «XapKiBChbKUIA MOJITEXHIYHUN iIHCTUTYT»
ByJ1. Kuprninyosa 2, Xapkis, Ykpaina, 61002

BHECOK TEOPI'IAA BOTE3ATA Y CBITOBY ABIALIIO TA KOCMOHABTUKY

Y craTTi MokazaHo XUTTEBUIA Ta HAYKOBMIA 1IJISIX MTEPIIOTO JOKTOPpa HayK y rajysi aBiailii — [eoprist boresara. Bukopucrano
HOBI apxiBHi [1aHi, 1110 pO3KPUBAIOTh MPUUMHY HOT0 HaBYaHHS 3a KopaoHoM. HaBonsarbces BinomocTi nipo cim’to I. boresara.
CTBepIKYEThCS, 10 YIeHUI pa3oM i3 Mukomor XKykoBcbkuM, Iropem CikopcbkuM, Crenmanom TumoineHKoM, OJieKcaH-
npom Pan-nep-Pitom i Onekciem JledbeneBum 0yB omHUM i3 opraHizaTopi [loBiTpstHoro oty Pociiickkoi Immepii. [Tpo-
aHaisizoBaHo po0oTu . boreszara y ranysi iMmyabCHOT TeOpii MOBITPSIHMX I'BUHTIB, 30KpeMa 3a3Ha4eHO, 1110 Ha OCHOBI CBOET
Teopii BUEHUIH 3Mir BuBecTU (hopMysu st 3a0e3nedeHHs CTilKOCTI MOJIbOTY JIiTaKiB i BepToibOTiB. BiH aBTOp pi3HUX BUHA-
XOJIiB: TipOCKOIMiIYHOTO MPUIILTY Ta iHIIO1 aBialliitHO1 TeXHiKu. BiH po3po0OuB TpeHyBaIbHi OalicTUUHI TAOIMIIi, 1110 JO3BOISUIU
BHOCHUTH MOMPABKU Ha IIBUIKICTb MOJbOTY i HANpsIM BiTpy. [lokazano npuunHu Bin’i3ay I borezara no CIUA. CTBepIXKy€eTh-
cs1, 10 caMe TYT HOTO TaJlaHT KOHCTPYKTOPA i TBOPIIST BEPTOJOTIB OPUTIHATILHOT CUCTEMU PO3KPUBCS HAWKPAIIUM YMHOM. Y
1922 p. leoprito OnexkcanapoBudy 3a HiHAHCOBOI MIATPUMKHI aMEPUKAHCHKOTO YPSIIY BAATIOCS TTOOYAyBaTH Ai€31aTHY MOJIETh
BEPTOJIbOTA Oe3 MPOTOTUITIB Ta €KCIIEPUMEHTIB, JIMIIE 3a pe3yJabraTaMy pO3PaxXyHKiB. AHAJI3YIOTbCSI MPUYMHU, Yyepe3 sIKi
I bore3aTty He BIajocsi JOMOITUCS 3alyCKY CepiifHOro BUpOOHUIITBA BepTOJibOTiB. HaBeneHo iH(popMallilo Mpo disyIbHICTh
KOMIIaHii, 3acHoBaHOi bote3aroM, 1110 3aiiMainacs BUPOOHUIITBOM BeHTUIsATOPiB HOBoro Tumy wist BMC CIIA. BenTtuisito-
pu cuctemu Botesara 6y BctaHoBIeHi y Pokdemnep-nienTpi y Hplo-MopKy, a TAKOX BCTAHOBITIOBATICS HA aMePHKAHCHKIX
taHkax. [limkpecmoerbes, mo I. CikopchbKuii TaKOX BUKOPHUCTOBYBAB Y CBOIX mociimkeHHsX poootu I. bore3ara. [Toimo-
MJISIETBCS, 110 po3paxoBaHa boTe3aToM TpaeKTOpisl MOJALOTY Y MOBITPI i OE3MOBITPSIHOMY KOCMOCI BUKOPUCTOBYBaJIacs Mpu
pO3po0LIi aMepUKaHCHKOI ITPOTrpaMy IiJIOTOBAHOI Mocaaky Ha Micsiib 3 BUKOPUCTAHHSIM CUCTEMU «ATIOJUIOH». Po3risiHyTO
MPUYMHY CMEPTi BYUEHOTO.

Karouosi caosa: Teopriit boresar, Beprosit, ictopis asiailii, Cikopcbkuii, 2KykoBcbkuii, Ilepiiia cBiToBa BiliHa, peBOJIIOLLIS,
XapKiBCbKUI TEXHOJOTIYHUHN iIHCTUTYT.
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