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Abstract

The study of forest litter of plantations on reclaimed brown coal dumps revealed its greatest capacity in pure
pine stands, and the capacity of litter is higher in rows and lowers in between rows. It's found out the presence of
a two-layer structure of litter in the rows of plantations of common oak and red oak, which is due to the acceleration
of mineralization processes, a significant amount of soft litter of associated species and more moisture due to the
trunk accumulation of precipitation. Analysis of litter stocks showed that intensive accumulation of litter is ob-
served in stands of Scots pine due to the long period of its decomposition. In the total stock of litter a large share
falls on the branches and crumbs, which is in the conifer and deciduous plantations about 65 and 55%, respectively.
The largest share of crumb was found in the plantations of common oak with hornbeam and sharp-leaved maple,
which indicates the activation of litter mineralization and soil formation. Also in plantations with a predominance
of common oak and red oak, a high percentage of fruits, the share of which is 16.6 and 18.3%, respectively, which

in the long run will provide natural regeneration on reclaimed lands.

Keywords: fractional composition, branches, bark, fruits, crumbs, mineralization

INTRODUCTION. An important role in the
functioning of the forest ecosystem is played by forest
litter, which is allocated to a special biogeocenotic
component [5, 7]. Forest litter is formed due to forest
fall, which includes leaves or needles, twigs, bark,
seeds, cones and other dead parts of woody plants. In
addition, the waste includes dead terrestrial parts of her-
baceous plants, roots, as well as dead representatives of
the mesofauna and microorganisms. The relationship
between the stocks of different components of the litter
is important for understanding the processes of dynam-
ics of its decomposition [5].

Artificial plantations were created on the re-
claimed lands of the Yurkiv brown coal quarry after its
production in the 70s and 80s of the last century. Cur-
rently, they are in the reproductive phase of the for-
mation of natural regeneration, the success of which de-
pends on the mineralized state of forest litter, which
contributes to the creation of conditions for the emer-
gence and development of undergrowth and under-
growth. The aim of the study was to determine the frac-
tional composition of litter in pine plantations and its
reclamation impact on the formation of conditions for
plant growth on reclaimed lands.

Material and research methods. The object of
the study is protective forest plantations of V-V classes

of age on the reclaimed lands of the Yurkiv brown coal
quarry. To perform the research, trial plots (TP) were
selected, which characterize pure and mixed (with an
admixture of six units in the composition) pine stands -
TP 1 and 2, respectively, as well as mixed plantings of
common oak and red oak, which are represented re-
spectively TP 3 and 4.

Sampling of forest litter was carried out during
August-October 2018 at the accounting sites with an
area of 0.5 m2 (0.5 x 1 m), which were placed both in
the middle between the rows and in rows. At the ac-
counting site, the litter was cut off with a knife and
poured on burlap. , and in the laboratory were disas-
sembled into fractions, which were weighed on elec-
tronic scales. Morphological characteristics of forest
litter were determined according to the method of
Yu. Chornobay [6]. At the same time, its structure,
thickness, connection of the litter with the soil, linkage,
the degree of soil coverage was evaluated. Samples of
forest litter were dried in thermostats to an air-dry state
and after removal of mineral particles were disassem-
bled into fractional groups: branches, bark, leaves, nee-
dles, fruits, and crumbs.

Results and discussion. The results of the study
of morphological features of forest litter of plantations
on the object of reclamation are given in Table 1.
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1. The main morphological characteristics of forest litter

Type and composition™ Indexes
. X Place of meas- . strength of con- .
of plantings, age, trial urement thickness, structure linkage |nection with the degree of soil
plot cm Soil coverage

Pine-birch  plantation|. . weakly . . .
6PsABp+PC; inarow 2,4+0,58 |single layer connected relative solid | continuous
age — 38 years; TP Ne 1 [in between rows | 2,1+0,34 |single layer| not related solid continuous
Pine plantation : : weakly . . .

+ [
10Ps+Bp; age — 42 in arow 3,3+0,69 |single layer connected relative solid | continuous
years; TP Ne 2 in between rows | 2,9+0,55 |single layer| friable solid patchy
Mixed planting of com-|in a row 1,3+0,31 | two-layer | friable | relative solid | continuous
mon oak
6Qr3Cb1Ap+Qr; age —|in petween rows | 1,140,12 [single layer| friable | relative solid patchy
40 years; TP Ne 3

Mixed planting of red|in a row 2,240,34 |two-layera| friable | relative solid | continuous -
oak 9Qr1Qrb; age — 491 - - - - -
years; TP Ne 4 in between rows | 2,3+0,27 |single layer| friable relative solid | continuous

") Ps — Pinus sylvestris; Bp — Betula pendula; Pc — Pinus crimea; Qr — Quercus robur; Qrb — Quercus rubra;

Cb — Carpinus betulus; Ap — Acer platonoides.

Data of Table 1 shows that the greatest thickness
is the litter of pure pine plantations, located on the up-
per part of the slope of the southern exposure with a
speed of 120. It can be defined as medium thickness.
The presence of two layers in the litter of plantations of
common oak and red oak in rows is due to the acceler-
ation of mineralization processes, a significant amount
of soft litter of associated species and more moisture
due to the accumulation of liquid precipitation.

In pine stands, the thickness of the litter is higher
in the rows and lower in the rows. This is confirmed by
studies of Voron et al. [6], who studied the planting of
Scots pine in Rivne Polissya. According to their data,
the largest volumes of litter were registered near the
tree trunk, and they decreased with increasing distance
from it.

Litter in pine stands decomposes slowly and the
rate of mineralization slows down with age, as evi-
denced by studies by Comez et al. [1], Corter [2], Vo-
ron et al. [6] and others. The accelerated process of lit-
ter mineralization is observed in the plantations of com-
mon oak with an admixture of concomitant species -

hornbeam and maple, which cannot be said about the
litter of red oak plantations. Here the process of litter
mineralization slows down due to the lack of specific
mycorrhizal fungi that occur in the forests of North
America [3, 4].

The linkage with the soil is relatively strong,
which also indicates the definiteness of the humifica-
tion layer. The degree of soil cover with litter in plan-
tations on reclaimed lands is generally continuous, but
varies slightly depending on the type of planting. Thus,
in the rows of pure pine and mixed oak plantations with
accompanying species there are small gaps, the reason
for which is the blowing of litter from between rows.

The fractional composition of forest litter of pro-
tective plantations on reclaimed lands is given in table.
2. Itis known that the increase in litter capacity in forest
stands is due to the receipt of dead plant remains during
the extinction of aboveground plant phytomass. De-
composition and movement of litter material in the
lower soil horizons reduces the capacity of the litter,
which depends on the ratio of forest fall and removal of
mineralization products in the lower soil horizons [7].

2. Stocks and fractional composition of litter in plantations on reclaimed dumps

. . . Litter Litter fractions, ts/ha
Type and composition of plantings, age, trial
plot stocks, branches leaves, nee- fruits | crumbs | bark
ts/ha dles
Pine-birch plantation 6Ps4Bp+Pc;
age — 38 years: TP No | 58,8 [24,6+4,66| 7,5+1,26 |5,1+0,96 (13,5+2,98(8,1+0,98
Pine plantation
10Ps+Bp: age — 42 years: TP No 2 64,5 |26,045,01 8,1+3,05 |6,7+1,39|15,4+3,04/8,3+1,78
Mixed planting of  common  oak
6Qr3Ch1Ap+Or: age — 40 years: TP No 3 77,1 |17,443,87| 15,245,18 |12,4+2,41|27,5+5,18/4,6+0,83
Mixed planting of red oak 9Qr1Qrb; age — 49
vears: TP No 4 62,4 |16,6+4,13| 17,645,54 |11,7+2,69|13,5+3,24(3,0+0,69

Analysis of litter reserves showed that intensive
accumulation of litter is observed in stands of Scots
pine due to the long period of its decomposition and
ranges from 58.8 to 64.5 ts/ha. The litter of red oak
plantations also decomposes poorly, forming a dense

upper cover.

In the total stock of litter a large share falls on
branches and crumbs, which is in the conifer and decid-
uous plantations about 65 and 55%, respectively, as il-
lustrated in Fig. 1.
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15
10+
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Persentage of total litter stock, %o
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P
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firits

crumbs bark

Fractions of forest litter
Fig. 1. Fractional composition of litter of protective plantings on reclaimed lands

Weakening of pine plantations on reclaimed lands is
manifested in an increase in the fraction of branches in co-
nifer plantations compared to deciduous stands. Thus, the
share of the fraction of pine branches is almost twice as
high as that of oak plantations. This ratio is 46.8: 23.8%.
This confirms the fact of slowing down the growth and
weakening of the development of pines, starting from the
IV class of age. At the same time, the fraction of branches
in mixed and pure pine stands is 41.8 and 46.8%, which
indicates a more intensive process of mortmass formation
in pure pine plantations.

The largest share of crumbs, which is 35.2%, was
found in the plantation of common oak with hornbeam and
sharp-leaved maple. This is evidence of intensification of
litter mineralization and soil formation. Also in plantations
with a predominance of common oak and red oak, a high
percentage of fruits, the share of which is 16.6 and 18.3%,
respectively, which in the long run will provide natural re-
generation on reclaimed lands. It should be noted that the
fruits, along with leaves and crumbs are an active part of
the litter.

In the total composition of the litter, a much smaller
share is accounted for by the bark fraction. The share of
bark in pin plantations is more than twice that of deciduous
stands. In pure and mixed pine stands, the share of bark is

12.0 and 12.7%, respectively. Its lowest value in red oak
plantations (4.8%) indicate the intensity of growth and
prospects for the use of this tree species on reclaimed
lands.

Analysis of the fractional composition of forest litter
of red oak plantations shows that a significant contribution
to its formation is made by the following fractions in de-
scending order of participation: leaves - 28.7%, branches
- 26.1%, crumbs - 22.1% and fruits - 18.3%. As mentioned
above, the bark fraction is only 4.8% of the total stock of
litter, which indicates a satisfactory state of development
of all tree and shrub species in the planting of red oak.

In the plantations of conifer the main part of the litter
reserves is created due to the fractions of the branch and
crumb, which is 41.8 and 24.7%, respectively. This indi-
cates an intensive process of tree differentiation and in-
crease in natural waste of trees of IV and V categories of
Kraft in terms of growth and development [5].

It is known that the rate of decomposition of organic
matter of forest litter depends on the ratio of its active and
inactive parts. The active part of the litter includes leaves,
fruits, crumbs, and the inactive - branches and barks.
Stocks of active and inactive parts of forest litter of plan-
tations on reclaimed lands by the studied types of protec-
tive plantings are given in Table 3.

3. Stocks of active and inactive litter in plantations on reclaimed dumps

. Parts of the litter
. . . Litter stocks, - —

Type and composition of plantings, age, trial plot ts/ha active | inactive

tstha| % |ts/ha| %
Pine-birch plantation 6Ps4Bp+Pc; age —38 years; TP Ne 1 58,8 27,2146,3|31,6 53,7
Pine plantation 10Ps+Bp; age — 42 years; TP Ne 2 64,5 26,1]40,5|38,4 (59,5
Mixed planting of common oak 6Qr3Ch1Ap+Qr; age — 40 years; TP Ne 3 77,1 54,2170,3122,9 29,7
Mixed planting of red oak 9Qr1Qrb; age — 49 years; TP Ne 4 62,4 43,1169,1/119,3130,9

The analysis of the obtained experimental data
showed that the main part of the forest litter reserves of
mixed pine-birch plantations is the inactive part - 31.6
ts/ha, or 53.7%. The active part of the forest litter in this
plantation accounts for 46.3% of its total reserves, or 27.2
ts/ha. In pure pine plantation, the percentage of inactive
litter reaches 59.5% due to the increase of the branch frac-
tion.

Another pattern is inherent in the forest litter of oak
plantations. Both the stands of common oak and red oak
are dominated by the active part of the litter, the values of

which are 70.3 and 69.1% or 54.2 and 43.1 ts/ha, respec-
tively. This indicates the onset of a period of intensive
growth and development of woody and shrubby plants,
high microbiological activity of the forest litter.
Conclusions. The study of forest litter of reclaimed
plantations revealed its greatest capacity in pure pine
stands, and the thickness of litter is higher in rows and low-
ers in rows. The presence of a two-layer structure of litter
in a number of plantations of common oak and red oak,
which is due to the acceleration of mineralization pro-
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cesses, a significant amount of soft litter of associated spe-
cies and more moisture due to the accumulation of liquid
precipitation.

Litter in pine stands decomposes slowly and the rate
of its mineralization slows down with age. Accelerated litter
mineralization process is observed in plantations of com-
mon oak with an admixture of related species - hornbeam
and maple. In red oak plantations, the process of litter min-
eralization slows down due to the lack of specific mycorrhi-
zal fungi that occur in the forests of North America.

Analysis of litter reserves showed that intensive ac-
cumulation of litter is observed in stands of Scots pine due
to the long period of its decomposition and ranges from
58.8 to 64.5 ts/ha. In the total stock of litter a large share
falls on the branches and crumbs, which is in the pin and
deciduous plantations about 65 and 55%, respectively.

The largest share of crumbs, which is 35.2%, was
found in the plantation of common oak with hornbeam and
sharp-leaved maple. This is evidence of intensification of
litter mineralization and soil formation. Also in plantations
with a predominance of common oak and red oak, a high
percentage of fruits, the share of which is 16.6 and 18.3%,
respectively, which in the long run will provide natural re-
generation on reclaimed lands.

The main part of the forest litter reserves of mixed
pine-birch plantations is the inactive part - 31.6 ts/ha or
53.7%. The active part of the forest litter in this plantation
accounts for 46.3% of its total reserves, or 27.2 ts/ha. In
pure pine plantation, the percentage of inactive litter
reaches 59.5% due to the increase of the branch fraction.
Another pattern is inherent in the forest litter of oak plan-
tations. Both the stands of common oak and red oak are
dominated by the active part of the litter, the values of
which are 70.3 and 69.1% or 54.2 and 43.1 ts/ha, respec-
tively. This indicates the onset of a period of intensive

growth and development of trees and shrubs, high micro-
biological activity of deciduous plant litter.
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SHIRT - THE MAIN COMPONENT OF MEN'S PEOPLE'S DRESS HUTSULS OF
TRANSCARPATHIA OF THE END OF XIX - FIRST HALF OF XX CENTURY

Kotsan V.

Candidate of History, Director of the Transcarpathian Museum of Folk Architecture and Life,
Docent of the Department Archeology, Ethnology and Cultural Studies,
SHEE «Uzhhorod National Universityy. Uzhhorod, Ukraine

COPOYKA -T'OJIOBHA CKJIAJOBA YOJIOBIYOI'O HAPOJHOT'O BBPAHHA I'YLYJIIB
3AKAPIATTS KIHIIS XIX — HEPIIOI TOJIOBUHM XX cT.

Konan B.

Kanouoam icmopuyHux HayK, Oupexmop 3aKapnamcubKozo my3ero HapoOHOT apximexmypu ma nooymy, 00-

yenm xkapeopu apxeonozii, emHono2ii ma KyJaivmyponoeii

JIBH3 «Yorczopoocekuil nayionaneHuil yHisepcumemy. Yoceopoo, Ykpaina.

Abstract

In the article on the basis of the available literature the complex analysis of a shirt as the main component of
a man's national dress of hutsuls of Transcarpathia of the end of the XIX - first half of the XX century is carried
out. The author describes the types of shirts during their stay, as well as draws attention to their cut and embroidery.

AHoTanis

V¥ crarTi Ha 6a31 HasSBHOI JTiTepaTypH MPOBEICHO KOMIUIEKCHHUH aHai3 COPOUYKH, SIK TOJIOBHOI CKIIAI0BO1 4O~
JIOBIYOTO HAPOAHOTO BOpaHHs ryiyniB 3akapnarts KiHsg XIX — nepiroi nonoBuau XX cT. ABTOp OMKCY€ Pi3HO-
BUJIM COPOYOK B 4aci iX MoOyTyBaHHsI, a TAKOX 3BEPTa€ yBary Ha ix Kpiif Ta 03100JIEHHSI BUIIMBKOIO.

Keywords: shirt, hutsuls, Transcarpathia, cut, embroidery, ornamental compositions, color.
Kio4oBi ciioBa: copouka, ryiynu, 3akaprnaTts, Kpiii, BUIINBKA, OpHAMEHTaJIbHI KOMIO3HUIIi1, KOJIOPHUT.

Oco0aMBOCTI HAPOAHOTO OIATY TYIYJIiB 3akap-
MaTTs CKIAJaNCh MiJ BIUIMBOM IPHPOIHO-KIIMaTH-
HHX, TOCIIOJIapChKO-KYJIbTYPHUX YMHHUKIB Ta MiCIle-
BUX MTOOYTOBUX Tpamulliif. OCIHHbO-3UMOBI XOJOIH Ta
BECHSIHO-JIITHI TIEepenaan TeMIepaTyp 3 YacTUMH JO-
[IaMH, BUIIAC XyI00W Ha MOJIOHWHAX, JIICOPO3POOKH 1
JIICOCIIIaB BHMarajy, mo0 sK 3MMOBMH, TaK 1 JITHIiH
oIsT OYB TEIUTMM 1 3aXHIIaB Bl XOJO/IB, CHITY 1 JOIIY,
OyB 3pyunum. [IpuponHo-KknimMaTnuHi ymMoBH PaxiBchb-
KOTO paiioHy (e MPOXXUBAIU TYIyJM) BIUIUHYIH Ta-
KOX Ha CIOCiO HOIIEHHS OATY 1 BUKOPHCTAaHHS HOTO
OKpPEMHX CKJIaJIOBUX Yy Pi3Hi nopu poky. Tpaguuiitanit
HApOJHMHN OJAT KapIaTChbKHUX TYI(YJIB IIPOTATOM CTO-
JITH XapaKTEepU3yBaBCs THIOJIOTIYHOIO €IHICTIO GopM
1 JHIIe mpoTAroM Apyroi momoBuHA XIX — mogatky XX
CT. CKJAJIUCh HWOTO OKpeMi JIOKaJbHI OCOOIUBOCTI.
Came B i yacu c(OpPMYBaJIHCh TOJOBHI PUCH HApOJ-
HOTO OfAry ryiyiiB 3akaprarts. CaMi rymyid Kparo

MOIUTSITH ceOe Ha SACIHTHCHKUX, OOTJJaHCHKHX, paXiB-
CHKHX Ta BEIMKOOWYKIBCHKUX. Takuil caMOITOMiN sici-
HSTHCBHKI TYITyJIU TIOB’SI3yBajiM 3 THM, IO iX Mpartypu
npuiTy 3 okonris Kocona i SIpemdi, 6organceki — 3
c. BepxoBuna (Ka6’e), paxiBcbki — 3 ['amaunn i 1o-
JUHSHCBKUX CiT 3aKkapnarTs, a BEIWKOOWYKIBCHKUX
BB)XaJIM HE CIPaBXHIMU TyIyJlaMH, a TaKUMH, LIO
«moryiymuiauce» [7, c. 155; 8, c. 24; 11, c. 30-32]. Ta-
KU CaMOIIOJIiJI TICBHOIO MipOIO MPOSIBISETHCS B 03]10-
OJIeHHI 1 3arajlbHOMY KOJIOPHUTI O[Ty Ha3BaHUX IPyN
ryuyniB PaxiBmyHu. Ane IpHu IIbOMY B OCOOJIMBOCTSIX
TpaIUIiHOT HAPOAHOT HOIIII Ha3BAaHUX OCEPEAKIB CIIO-
CTepiraeMo JOMiHYBaHHS CITIJIBHUX PUC.

Y KOMIUIEKT YOJIOBIYOTO BOPAHHS BXOAMIN COPO-
YKa, TIOJIOTHSHI IITaHU («TaTi»), CyKHSIHI IITaHH («XO-
JIOWIHI»), MKIPAHUN TOAC («PUMIHBY), Oe3pyKaBHHMA
KOXXYIIOK («KerTapy), CyKHsIHa KypTKa («cepaak»), To-
JIOBH1 YOOpH, B3yTTsI, CYMKH, TOIIPIIi.
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["o110BHOIO CKIIaI0BOIO OAIATY TyIlyia PaxiBuiuHu
Oyna copouka («Kouryns») (dus. puc. 1, 2). 3yctpiva-
JIMCh YOJIOBIYI COPOYKH TPHOX BHIB: CTapa KOIIYJIS
(XVII cr.), HoBa xomyns (XIX cr.), pabpuuna xo-
myns (kinenp XIX — mogarox XX cr.) [4, ¢. 87; 9, c.
57; 12, c. 110]. B ocHOBI pO3BUTKY ABOX OCTaHHIX Je-
JKHUTB cTapa Komryist. COpouKkn BUTOTOBIISUIN 13 TPSIMO-
KyTHOTO IIMaTKa JOMOTKaHOTO MTOJIOTHA, 3iITHYTOTO Ha-
BITT o mmpuHi. [locepemuni poOmmu KpyTiamid BUpi3
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Puc. 1. I'vyyn, c. Acina Paxiecvkoeo paiiony 3axapna

mcwroi oonacmi. 1921 p. @omo Pyoonvgha I'ynxu.

TOPJIOBHHU 1 HEMNTHOOKHH PO3pi3 Ma3yxH, IKUi 3aB’s13y-
Bay OUTMMHM IUIETEHHMH IIHYPKaMH 3 KATHYKaMHU Ha
KIHIPIX («omIiHKaMmu»). Jlo ruiedeil npuimuBamy npsmi
mHpoKi pykaBu. COpouKy 1Mo MICISX 3IIUBAHHS MOJIO-
THUI] O03/00JIIOBAIM IIBAMH, BHKOHAaHWMH Pi3HUMH
BinTiHkamu Oimrx HUTOK. Y XVIII — Ha mouatky XIX
CT. TaKa cTapa «KOLIYJIsD» csAraja YoJIOBIKaM J0 KOJiH.
[i Hocumu mHa BuIycK, TMOBepX INTAHIB, B MOACI Tie-
PEB’sI3yBal BOBHSHHUM MOSCOM («KYIIaKOM», «Oaro-
DOMY).

Puc. 2. Xnonyi y mpaduuiHOMy HapoOHOMY 6paHHﬂ eyyynie 3axapnamms. Pexoncmpykyii. 2019 p. @omo Cep-
eis I'yoaka.
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3 nepuux gecstupid XIX cr. HaOysa MomMpeHHs
HOBa KouyJist. BoHa Takox 1uiiach 3 JOMOTKaHOTO I10-
JOTHA. AJie, Ha BiAMIHY Bijl CTapoi, Maya NpsIMUi cTO-
SYUN KOMIp («OIIMIHUKY), SIKWI 3aB’s13yBaBCsl ILIETE-
HUMH IIHYpOYKaMHy («OILiHKaMn») abo 3acTiOyBaBcs
Ha rym3ukd. Y XIX cT. copoukn 03000r0BaH O1IMH,
a Hanpukiami XIX Ta Ha mowyatky XX CT. — YOPHUMH,
YepBOHMMH YH CHHIMH MBaMH. Lli mekopaTuBHI mBH
Mald i MPaKTUIHE 3HA4YeHHs, 00 YKPIIUTIOBAJIN OCHO-
BHi. BOKOBI IIBM Ta HI3 COPOYOK OOLTHBAIH ITETENbYA-
THUM IIBOM («IIipKoio»). PykaBu HOBOiI copouku Oymnn
HIMPOKUMHU LUIBHOKPOEHUMH 3 KJIMHOM («IBIKO-
JIHOM»). 3yCTpidallCh COPOYKHU, HU3 PYKaBIB SIKUX 30H-
paiu y IpiOHi CKIIAJIKH 1 IPOTSTYBAJIU HIHYPKOM. Y ce-
penuni XIX cT. MOSIBUINCH COPOYKH i3 OIYHUMH BCTa-
BKaMH («TPETUTBHHUIIMI»), BHIIUTAM BIJKUJIHUM
(«BigKIAMHUM»)) KOMIPOM Ta MamXeTaMH («Iyau-
kamm»). Pozpi3 mazyxu (15-25 cm) poOmnm crepermy.
CBATKOBI COPOYKH MPUKPALIATH THIIHOIO BHIIHBKOIO
Ta NEKOPATHBHHAM IIBOM («INTETKOMOY»). Hampukinii
XIX cr. y cenax gonuau p. binoi Tucu mieunku copo-
YK{ 3MIMHIOBAIA MPUIIATUMH «IIAIDHYISIME» [5, C.
62].

VY SCIHSHCBKHUX T'YIYJIIB «HOBI KOIIYJI» KpOiiaH 3
onHoro josroro (140-146 cm) mmarka TOMOTKaHOTO
MOJIOTHA, 3ICHYTOTO HABIIUI 1O MMpuHI. JloBXkuHa co-
pouok csirana 70-73 cm. Ha mepenHiit yacTuHi 3irHy-
TOTO IMOJIOTHUINA POOWIIN BUPI3 /IS TOPJIOBUHHM, KUK
repexoauB y riubokmit (15-18 cM) pospi3 («po3mi-
pKy»). Jlo cTaHy COpOYKH MPHUIITHBAIN KOMip-CTiHKY.
[To 6okax 10 cTaHy COPOYKH, IO MiCIsI BCTABICHHS Py-
KaBiB, mpumuBagd By3bKi (10-12 cM) MiJKH-BCTaBKH.
PykaBu HOBHX Komryms noBri (50-55 cMm) i mmpoki.
3’emHYBaNbHI MIBU Ha pyKaBaX cOpovok KiHIg XIX —
noyatky XX CT. JEKOpYBaIy IPOLIMBHUMMU 1IBAMH, a 3
20-x pp. XX cT. MepeKKaMH.

XapakTepHOIO 0COOIMBICTIO KO0 10Brux (75-80
CM) «HOBHUX KOIIYJIb» 3 cisl tonuHU p. binoi Tucu Oyna
pomOoro1ibHa BCTaBKa («ITyIIINTKAY), KOO IiAIIH-
BAJIM BEPXHIO YAaCTHHY MEpPENHbOI Ta 3aJHBOI IIJIOK.
«[TymmuTka» Masa 3ano0iraTi HAaTUPAHHIO TiJIa BUILH-
BKOI0. Ha BiIMiHY BiJl SICIHSSHCEKHX, OOT/TaHCHKI COPO-
YKU KPOLJIH 3 ABOX ITLJTOK, JIMIIIE 3PiKa BITUBAIIN BY3bKi
Oiuni mimku. Kpyrnmii BUpi3 TOPIOBHHU TIEPEXOIUB Y
rimbokunii (38-45 cM) po3pi3 masyxw, mo 3acTiOyBaBcs
Ha MeTaJleBl KHONKH («raTeHTH»). binburicts 6ornan-
CHKHX HOBHX KOLIYJbh IIWIX 3 JAOBruUMHU (45-50 cm),
HMIMPOKUMH, ITBHOKPOEHUMH PYKaBaMHu, sIKi Ot MaH-
JKeT 30Mpaii Ha JBl HUTKH. MaHXeTH 3acTiOyBaiu Ha
T'YJI3UKH 1 3aB’s13yBaJli Ha IUIETEH] NIHYPOYKU 3 KUTH-
MU Ha KiHIX. [1i1 pykaBaMu MPUIITMBAIH HEBEIHKI
NPSIMOKYTHI BCTaBKH («1aThLi») [5, c. 63].

«HoBi xomtymi» paxiBChKUX T'YIyJIiB 32 KPOEM MO-
ni6Hi 10 6ormaHchKUX. [X 0coGIMBOCTI MPOSIBUJINCH B
03100JICHHI BUIIIIBKOIO. Y TOPIBHAHHI 3 ICIHTHCEKAMHA
Ta OOTIaHCHKUMH, KOMip, HArpyJHA YAaCTHHA B3IIOBK
pO3pi3y Ma3yxW Ta MAaHXETH pPaXiBCHKHX HOBHX KO-
Iy OyiIM HaWIIMPIIUMH. XapaKTEPHOIO OCOOIHBi-
CTIO MAaH)XeT PaxiBCHKUX KOLIYyJb OyJIO Te, o iX Kpai

3pi3anuch y (GopMi TPUKYTHHKIB 1 3acTiOyBanuch Ha
MeTayeBi 3aCTiOKH («Karmyi»).

DabpuyHi COPOUKHU 32 KPOEM OyJIH CXOXKi 10 HO-
BUX KOWIYJIb, aJIe MaJIM TEHJCHIIIO 10 3BY)KEHHS BCIiX
CKJIaZ0BUX YacTrH. Kpoinwm iX i3 ABOX IMJIOK, 3 BY3bKUM
(5-8 cM) HIMATKOM HOJIOTHA («ILIEYMKAMUY), 3 KOMi-
POM-CTIHKOFO YH BiIKHTHIM KOMipoM («rajipom»). Py-
KaBH Ha COpOYKaX JIOBTi (55 cM), IIIBHOKPOEHI, y HH-
XKHIM gacTHHI 310paHi y mupoki (1 cM) 3aruaKH («3a-
OWNA»), A0 SKAX TPUIIUBAIA BY3bKi (2-3 cwm)
MamXeTH («Iynukn»). ©aOpudHi KOLIyIi OATalH, 3a-
MPaBJISAIOYH Yy IITaHU.

['yuynku CTaBWINCH A0 MOUIUTTS Ta 03700CHHS
COPOYKH 3 BEJIMKOIO YBarow, HaMarajiuch sKHaikpaiie
0371060uTH ii BHImmBKOI0. Oco0INBO CTapaHHO YOJIOBIUi
COPOYKH 037100JIIOBaJIM B3JIOBXK PO3pi3y Masyxu («Ha-
rpyaaukay). Iommpenumu Oynu Tpu crocodu po3mi-
IICHHS BUIIWBKYA HA Ta3yXax: BEPTHKAIBHI CYIUIBHI
CMYTH, BUIIUTI ONMHM3bKO 00abid po3pily ma3yxu; IBi
mapajeNbHi BepTHUKAIbHI CTPIYKH, BUIIUTI HA BiICTaHI
JIBOX-TPHOX CAHTHMETPIB BiJ] 3apy0ieHOro po3pi3y ma-
3yXH; CYIiJIbHA BEPTUKAIbHA CMYTa, BUIIINTA Ha IPaBil
NoJIoBUHI nasyxu. 3 kiHusg XIX cr. mij po3pizoM na-
3yXH CTalld HAlIMBaTH MPSIMOKYTHI IIMaTK{ MOJIOTHA
(«KNMHIIY), HA SIKKX BUIIMBKA PO3MIIIyBajach TOPU30-
HTaJILHO [2, c. 83-84; 10, c. 147].

Komrto3uriisi BUIIMBOK HAarpyAHHUKIB CXOXa 10
YCTaBKOBHX. Y HHX IIEHTpajibHa cMyTa OyJia HalImp-
moro. OCHOBHUM OpHaMEHTAIFHHM MOTHBOM BHCTY-
maB poMO 3 IpiOHOY30PHOIO BHYTPINTHBOIO ILIOMIH-
HOt0. Haffuacrimre #oro 3armoBHIOBAIN CTHII30BaHUMHA
BOCHMHITENIOCTKOBUMH KBITaMH  («py>KaMu»), pOM-
O6amu 3 BycukaMu. JOOMIKHUMH eIeMEHTaMH MOTIIN
CIIY>)KUTH TPHUKYTHUKH, NPiOHI KPYKEUKH («OUKay),
XPECTUKH, PSIIKU ApiOHUX reoMeTpudHux ¢iryp. Oco-
OIMBO HACHYCHOI0 OPHAMEHTAJIBHOI0 KOMIIO3HIIEI0
BIJIpI3HSUTUCS HArPYHUKHU YOJIOBIUYMX COPOUOK 3 €. Po-
cilmka. B ocHOBI iX OpHaMeHTy JieXanu JBI MIMPOKIi
CMYTH, B SIKHX JOMIHYIOYMMH MOTHBaMH BHCTYIAIH
pomOu 31 CKiCHUMHU XpecTaMu. YacTo OCHOBHUM OpHa-
MEHTAJIbHIM MOTHBOM OYJIO ITO€AHAHHS JBOX JIEKAUNX
S («HYMEpHM», «TIHCTH») Yy I3epKalbHOMY BinoOpa-
KCHHI.

B 03100651€HHI 9OIOBIYMX COPOYOK YACTO BUKOPH-
CTOBYBAIIN «TOJIOBKAacTHi B3op». Haitbinpm mommpe-
HOIO MOJH(]IKAIl€0 IBOr0 OPHAMEHTY Ha YOJOBIYMX
copoukax OyB poM0O, CTOPOHH SIKOTO MajH BiAPOCTKH,
a KyTH 3aBepllyBajlacs MEHIIUMU POMOaMH 3 ISITKOIO
nmocepenuni. Okpeciolodi KOHTypu pomba hopmyBa-
JIMCSL 3 YOTHPHOX TOJIOBKACTHX MOTHUBIB («OEPErnHbY).
VY c. KociBcbka [TossiHa «rosioBKacTHii B30p» Ha Harpy-
JTHUKAX YOJIOBIYMX COPOUYOK (OPMYBABCS PSIIKAMH BH-
IIATHX YOPHUMH HUTKAMH TPHUKYTHHUKIB, BEPIIMHU
SIKMX 3aBEPIIYBAINCH OABIHHUMH BiAPOCTKaMU. Y pe-
3yJIBTATi [HOTO HE3AIIOBHEHA BUIIMBKOIO IUIONIMHA Ta
MAaJICHBKHH XPECTUK BCepeInHi Hel yTBOPIOBAIA MOTHB
JKIHKY 3 MIHATAMHA pyKamu («OeperuHi») [3, c. 60].



German International Journal of Modern Science No3, 2020 11

s
TN

B
.

Puc. 3. Haepyonuxk yonosiuoi copouku, c. Koouneyvxa Ilonana Paxiecvkoeo pationy 3akapnamcvxoi obnacmi.
Jlomomxane nonommuo, uwuska, xpecmux. JJoMiHyIOUUI MOMUG — NOEOHAHHA CIMUNI306AHUX POCTUHHUX MOMUGIE
3 eeomempuunumu. 20-mi pp. XX cm. @omo 3 apxigy asmopa.

3 kinns XIX — moyarky XX CT. y BUIIUBII Harpy-
JTHHKIB YOJIOBIYMX COPOYOK CTANO JOMIHYBaTH IO€N-
HaHHS CTUJII30BaHUX POCIMHHHUX MOTHBIB 3 T€OMETPH-
yauMH (nuB. puc. 3). LlenTpansHe Micie 3aiiMaB reo-
METPUYHMH  OpHAMEHT, 10 YTBOPIOBaBCS  3a
JIOTIOMOT010 POMOIB 3 ycideHHUMHU KyTaMH. BHyTpimmHs
IDIOMIMHA pOMOIB 3alOBHIOBANach KBaJpaTaMH, CKic-
HUMH XpecTaMH Ta KpyKeukamu. Taky OpHaMeHTa-
JIBHY CMYTY 00pamiIsiB PsiIOK i3 poMOiB 3 yCiueHHUMHU
KyTaMH Ta TeOMETPU30BaHOIO KBITKOI BeepennHi. KBi-
TKa (hopMyBajacs NePEeTUHAHHIM MPSIMOTO Ta CKICHOTO
xpecTa 13 cepenxpectsM y (opMi HEBEIMKOTO POM-
Ouka. 3aBeplryBajlach OpHaMEHTaJbHA CMyTa Harpya-
HHKa CTHJII30BaHOI0 Tally3KOI0 3 KBITKaMHu («py-
KaMu»), IpiOHUMHU (iaKkaMy YW BUIIMTUMH KPUBY-
JSIMU 13 cTeOel1 Ta JIMCTOYKaMH.

Y BUIIMBII COPOYOK MOJIOJIUX XJIOMIIIB Ta JiBYaT
PaxiBIIMHN NMOMMPEHHM OPHAMEHTAIBHUM MOTHBOM
OyI0 cepaedko («cupuATko»). Harpy THUKH 90710BIgHX
BECUTPHUX COPOYOK BHIITMBAJINCH PO3MIIICHUMH B Psi-
JIOK CTHJII30BaHUMH KBITAMHM 3 TEIIOCTKAMH Y BHIJISIII
cepaedok. [lemocTku-cepieuka po3MeKOBYBaINCh 3a
JIOTIOMOT'OI0 CKICHOTO XpecTa. MOTHBaMHU «ceplis» Ha-
CHYCHI ¥ 1HII OpHaMEHTAJIbHI CMYTH HarpyIHHKa Be-
CLTBHOT cCOpoYKH. BoHU cUMBOIII3yBasH JIt0OOB, MACTS,
paaicts Ta 100poO0yT.

He menm opurinansHoro 1 Oararoro Oyna BHIIH-
BKa Ha OIIMHKAX 1 MaH)XeTaxX T'yLyIbChbKHX YOIOBIYMX
COpOYOK. Y Hilf mepeBakal MOTUBH MEaHIPOBUX JTi-
Hiif, «rpabenbkm», «rpebinii», «pubkm». Ix Haifuac-
TiIlIe 32CTOCOBYBAIIM y BUIIIMBKAX MAHKET («IyIUKiB»)
JUIS1 OKPECIICHHS! KOHTYPIB pPOMOMKOBHX OpHaMeHTIB. B
OCHOBI OpPHAMCHTAJIBHOT KOMIIO3HIIIT JIe)Kau poMOu 3

BYCHKaMH, CTUKH SIKMX YTBOPIOBAIN CKICHHH XpecT.
Bycuku i He3armoBHeHa BUIIMBKOIO IIOMIMHA CKICHOTO
XpecTa yTBOPIOBAJIM MOTHUB «T'PabeIboK», SKUI CHMBO-
Ji3yBaB MPOMEHI COHI, onl. MeaHpoBi MOTHBH Op-
HaMEHTAJIbHUX KOMITO3HUIIH MAaHXKET YTBOPIOBAJINCS
OKpECIICHHSIM KOHTYPiB pom0a 3 BiAPOCTKaMH («BYCH-
KaMm»). MeaHIpoBUil MOTHB CHMBOIII3yBaB Oe3KiHEU-
HICTh, HETIEPEPBHICTh PUTMIYHOCTI PyXy BOIH, XKHUTTS
Ta BCHOTO CBITY, OyB 00eperom Bij 3jMX CHII, sKi, 3a
HapOJHUMHU BipyBaHHSIMH, OJJHOTO pa3y MOTPAIHUBIIH B
110 Oe3KiHeyHy JIiHi0, Oy yTh BIYHO KPYKJISITH I10 Hill
1 HIKOJIM BX€ HE 3MOXKYTh 3alIKOANTH BIACHHUKY COpPO-
yku [5, c. 67; 6, c. 7].

VY BUIIMBII Y0JOBIiYMX copodok cin Pocimika ta
Kociscpka Ilomsina 3ycTpidaBcsi MOTHB «pHO», «pH-
0ok». Haifuacrimie #oro BUIIMBaI Ha MaH)XeTaX («IIy-
mukax»). OmHiero i3 Moaudikamii MOTHBY «PHUOKH»
OyJIM YOTHUPH BUIIHTI PUOKH, SIKi TOJIOBAMH ITOBEPHYTI
OJIHA 10 OIHOI. 3aBASKH TaKOMY MPHHOMY MTOE€THAHHS
puOOK YTBOpPIOBaBCS MOTHB pPOMOa 3 BiIPOCTKaAMH
(«BycHKaMmn»), B IKOMY TOJIOBU pUO OyJiu YOTHpMA Pi-
BHUMH YaCTHHAMHU poMOa, a XBOCTH Ta MOILIABLI — BY-
cukamu. Ha MicIti CTUKY 4OTHPBbOX PUOOK yTBOpPIOBaA-
BCsI CKICHHI XPECT.

Copouka SK OCHOBHHMH KOMIIOHEHT KOMIUIEKTY
YOJIOBIYOTO BOPaHHS CBITUMIIA ITPO 3aMOXKHICTB 200 Oi-
JIHICTB CEIIHUHA. Y 0araThb0X HapOJIHHX T'YIyIbChKUX
CHSIX 3raJyeThCsI CEJSIHUH, Y SIKOTO cOpoYKa 0e3 1mpu-
Kpac — o3Haka OiHOCTi:

Oil, maro copoyuny,
He mato mepesicky.
O, nidy s Ha 3apioKu
3a 0es’ssmy meoncy [1, c. 130].
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3a CBIIYEHHSM CTapOXKWIIB, y CejlaX JOJUHH P.
binoi Tucu 4onosivi copouku 10 Kini 30-x pp. XX
CT. BHUIIIMBKOIO He 03100mt0Banu, a B KociBebkiit ITo-
nstHi, Pocinmi, mounnatoun i3 20-x pp. XX cT. copoukn
3aMOKHHX CEJISIH 03/100JII0BAIMCH HABITh PI3HOKOJIBO-
poBuM OicepoMm. Ha meskux copodkax Mil BHIIUTHM
Ma3yIIHAM PO3Pi30M BUIIIMBAJIH iHII[IaIN BIIACHHUKA.

OTxe, TONIOBHOIO CKJIAIOBOIO YOJIIOBIYOTO CTPOIO
ryiyniB PaxiBmman Oyna copouka. [Ipotsrom XVII —
MepIIoi MOJTOBMHE XX CT. 3MiHIOBaBCS i1 Kpil, OpHA-
MEHTAJIbHAa KOMITO3HIIS BHIIUBKH, CIIOCOOHM OIATaHHS
copoyok. [Ipu eBoTIOLIIT KPOTO CIIOCTEPIraBcs MOCTYIIO-
BUI1 Iepexi/1 BiJl BUTBHOTO IMPOKOT0 BUKPOIOBAHHS 110
3BY)KEHHs BCIiX JeTajiell copouok. ETHoineHTHiKyI0-
YOI0 03HAKOIO KPOIO CTapHX JIOBI'HX KOIIYJIb Oyiia Bij-
CYTHICTh KOMipa Ta BiJBbHI IMPOKi pykaBu. Jlo craHy
HOBOI KOUIyJi NPHIIMBAIN MPSIMHUI CTOSYMH KOMIp,
3’€IHYBaJIbHI IIBY MOYAIX OOIIMBATH YOPHUMH, Yep-
BOHHMMH, CHHIMH TICTETPYATHMHU IIBaMHU («IIpKaMmn»),
PYKaBH KpOINK 3 KIMHOM («IIBiKOIBOMY). DabpuuHi
KOIIIYJIi BUIUTSUTACH BY3bKUMHE PyKaBaMH, 310paHIMH Y
HIDKHIA YacTMHI HAa MamKeTH. BiamoBigHO 10 3MIH
KPOIO 3MIHIOBAJIMCH I OpHAMEHTAJIbHI KOMIIO3HIIT BU-
MIMBKY. SIKIIO cTapi KOIIYJIi BUIIUBAIHA EPEBaXKHO Oi-
JMMH KOHOIUISHUMHM HUTKaMH, JIUIIE 3piJKa — 4op-
HHMH, YepBOHUMH a00 CHHIMH, TO KOJIHOPOBa ramMa Ho-
BUX 1 ()aOpUYHUX KOIIYyJIb OyJia BXKe IMOJIXPOMHOI0. Sk
1 y BUIIMBILI KIHOYUX COPOYOK, HA YOJIOBIYMX COPOY-
Kax MepeBakaB TeOMETPHYHUIT opHaMeHT. [loMiHylo-
YUMH MOTHBaMH OYJIM POMOH, XPECTH, TPUKYTHHKH,
KoJIa, S-TI0/1i0HI MOTHBH (KHYMEpPH», «TJIHCTH»), «T0-
JoBKacTuii B3opy. 3 kiHmg XIX — moyarky XX CT. y BHU-
MBIl YOJIOBIYMX COPOYOK OYHHAE JOMiHYBaTH TOE/-
HaHHS CTHIII30BaHO-POCITMHHAX MOTHBIB 3 TEOMETPHY-
HUMU. Ha copoykax MOJOOMX XJIOMI[B BHIIMBAIN
MOTHBH CEPACUYOK («CHUPLIATY), «puboK». ['yiryna, oms-
THYTOTO y HOBY KOIIYJIIO JIETKO MOXKHa OyJIO BiJpi3-
HHUTH BiJl pyMyHa, yropus, JOJIMHSIHUHA, COPOUKH SIKHX
KpOINK 3 HIMPOKMMHU PyKaBaMH, 03100JIEHUMH Pi3HO-
MaHITHUMH MEPEKKaMH, BHPI3yBaHHSIM, OOMITyBajb-
HUMH IIBaMH. 3 MAaCOBUM ITOIIMPEHHSM I10 BCii TepH-
Topii 3akapmnarrsa y 20-40-x pp. XX cT. copodok, 61m-
3bKHX 32 KPOEM 0 MICBKUX, BHOKPEMHTH
eTHOIACHTU(IKYIOUl 03HAKU Ta eTHOTpadigHO po3me-
JKyBaJIbHI PHICH CTa€ BaKye.
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BACKGROUND: Dual-energy contrast-enhanced spectral mammography (CESM) is a relatively new

method for visualizing breast changes, which combines structural assessment and functional assessment of vas-
cularization. According to the literature interpretation of contrast images is based only on the degree of contrast
enhancement, but we propose a more detailed assessment of the structure of the hypervascular lesions by high-
lighting the contrast enhancement patterns.

PURPOSE: to evaluate the diagnostic perfomance of dual-energy contrast-enhanced spectral mammography
(CESM) using the contrast enhancement patterns in malignant and benign lesions.

MATERIAL AND METHODS: 332 women were examined from August 2018 to June 2020. The mean age
of the women was 50 years. Totally 428 lesions were revealed, 172 (40.2%) of them were malignant and 256
(59.8%) were benign. All lesions were histologically verified. During the analysis of our data 9 types of contrast
enhancement patterns were proposed: reticular, granular, annular, diffuse-spherical, lacunar, cloud-like, heteroge-
neous-annular, point, cotton-like.

RESULTS: Using an additional diagnostic feature of contrast enhancement pattern increased the sensitivity
of CESM from 79.7% to 94.8% (p = 0.26), specificity from 82.4% to 95.3% (p = 0.013), accuracy from 81.3 to
95.1% (p = 0.004) in comparison with using of only one feature of contrast enhancement intensity in the differential

diagnosis of malignant and benign lesions.

CONCLUSION: thus, using contrast enhancement pattern allows to increase the efficiency of CESM in breast

cancer detection.

Keywords: breast cancer, dual-energy contrast-enhanced spectral mammography, digital mammography,

contrast enhancement patterns, benign breast lesions.

Introduction

Contrast enhanced spectral mammography
(CESM) is a new promising imaging modality for de-
tection pathological lesions in breast. It combines a
standard mammographic examination and functional
assessment of vascularization using intravenous con-
trast enhancement (1, 2). A great advantage of CESM
in comparison with digital mammography (DM) is sub-
traction of the fibroglandular tissue, which makes it
possible to differentiate pathological vascularization in
a dense breast (3, 4, 5). In addition, numerous studies
have shown that high density is an independent risk fac-
tor for the development of breast cancer and at the same

time contributes to low detection rates of pathology (6,
7.

The experience of using CESM indicates that the
modality is well tolerated by patients and provides sim-
ilar information to magnetic resonance imaging with
dynamic contrast enhancement (MRI with DCE) with
the advantages that CESM is more accessible and can
be performed in patients for whom MRI is contraindi-
cated (8).

Nevertheless, the experience of using CESM is
still limited, there are unresolved issues, both in the
methodology of the study and its scientific justification
(9), as well as in the interpretation of the images. It is
necessary to conduct further studies on CESM in order
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to reveal the possibilities. At the moment the interpre-
tation of subtraction images is based only on the assess-
ment of the degree of the contrast enhancement (10),
which usually is divided into 4 or 5 grades (11). At the
same time, criteria for an assessment of lesions with in-
tegration with the BI-RADS system have not been de-
veloped yet. Greek scientists proposed the malignancy
potential score (MPS), when all lesions are divided into
four types according to the contrast enhancement (-1, 0,
1, 2) with conclusion to a final assessment BI-RADS
category according to changes on a low-dose images
(12). Hypervascular structures with a moderate and in-
tense enhancement are naturally suspicious of malig-
nancy, and the absence and weak enhancement may in-
dicate a benign process (12).

The advantage of CESM is the acquisition of func-
tional data in combination with data from routine mam-
mographic examination, in particular the identification
of grouped calcifications with malignant characteris-
tics. In the Netherlands, a study was conducted on the
effectiveness of the use of CESM in identifying suspi-
cious calcifications. It turned out that with the accumu-
lation of a contrast agent in a suspicious area, confi-
dence in the malignancy of the process increases, but
the absence of vascularization does not exclude the
presence of a tumor and does not change the tactics of
treatment and the volume of surgical intervention (13).
At the same time, Yun-Chung Cheung and et al., re-
ported that CESM does not significantly affect the ac-
curacy of diagnostic conclusions in the detection of cal-
cifications with malignant characteristics (14).

We proposed a new approach to the description of
hypervascular lesions in CESM - to take into account
the types of contrast enhancement. The aim of the pro-
posed study was to determine the diagnostic possibili-
ties of CESM using types of contrast enhancement by
malignant and benign lesions.

Materials and methods

This single-center prospective study was approved
by the Institutional Ethical Committee. All patients
signed a written informed consent. The study was per-
formed in a group of 332 female patients (aged from 21
to 86; mean 50). A clinical and instrumental examina-
tion was conducted at N.N. Petrov National Medical
Research Center of Oncology from February 2018 to
June 2020.

Women were examined according to a unified al-
gorithm for managing patients with breast pathology.
All women underwent clinical and instrumental exam-
ination, including: physical examination, CESM, bi-
opsy followed by pathomorphology studies, including
immunohistochemistry. In women of reproductive age
CESM was performed in the first phase of the men-
strual cycle (from 5 to 12 days from the beginning of
the cycle).

CESM was performed using a Senographe DS dig-
ital mammography system (General Electric, USA).
System was equipped with an X-ray tube with a double
molybdenum-rhodium anode track and a digital full-
format flat-panel detector made of amorphous silicon
with cesium iodide deposited on it. The resulting high-
definition digital images were transmitted to the work-
station. A special feature of the mammography system

is a multilayer filter for the best visualization of the io-
dine contrast agent accumulation. This is done by add-
ing a third filter made of copper and aluminum to the
existing molybdenum and rhodium filters for high en-
ergy imaging. Also, a modification of the software was
used to control the process of obtaining a series of two
images with different exposure modes at CESM.

CESM was carried out after intravenous injection
of a non-ionic iodine-containing contrast agent using
power injector. The volume of contrast agent was cal-
culated per body weight, 1.3 ml / kg with iodine con-
centration of 370 mg / ml and 1.5 ml / kg with iodine
concentration of 350 mg / ml. Mammographic exami-
nation was performed with breast compression and in-
cluded routine cranio-caudal (CC) and medio-lateral-
oblique (MLO) views of the breasts. The latter displays
tissue in larger volume and was performed at an angle
of 45 degrees with simultaneous visualization of the ax-
illary region and lymph nodes. Both breasts were ex-
amined regardless of the location of the suspicious le-
sion in order to timely diagnose clinically asympto-
matic bilateral cancer (Fig. 1).

The diagnostic perfomance (sensitivity, specific-
ity and accuracy) of CESM without taking into account
contrast enhancement patterns (CESMnonep) and
CESM with taking into account the contrast enhance-
ment patterns (CESMep) was assessed. Negative and
positive predictive values were also calculated. Patho-
morphology was taken as the gold standard.

Results

Comparative analysis of CESMnonep and
CESMep was performed in 332 women. There were
428 lesions identified, of which 172 (40.2%) were ma-
lignant and 256 (59.8%) were benign (Fig. 2). All le-
sions were histologically verified. Among malignant
lesions invasive carcinoma of no special type were in-
dentified in 152 (88.4%) patients, invasive lobular car-
cinoma in 3 (1.7%), lobular carcinoma in situ in 2
(1.2%), ductal carcinoma in situ in 8 (4.6%), mucinous
carcinoma in 5 (2.9%), Paget's disease in 2 (1.2%).
Among benign breast lesions fibroadenomas were
found in 68 (26.6% ) patients, intraductal papillomas in
16 (6.3%), cysts in 30 (11.7%), radial scar in 8 (3.1%),
hamartoma in 15 (5.9%), benign phyllodes tumor in 3
(1.2%), localized adenosis in 72 (28.1%), lymphoceles
in 12 (4.7%), oleogranulomas in 8 (3.1%), proliferative
disease in 19 (7.4%) and inflammatory changes in 5
(1.9%). Of 322 lesions, 93 (28.9%) did not show con-
trast enhancement and 229 (71.1%) showed contrast
enhancement.

By the grade of contrast enhancement, malignant
tumors were distributed as follows: intense contrast en-
hancement was seen in 96 (55.8%), moderate - in 41
(23.8%), weak - in 30 (17.5%), no enhancement was
observed in 5 cases (2.9 %). Benign lesions showed in-
tense enhancement in 19 cases (7.4%), moderate - in 26
(10.1%), weak - in 89 (34.8%) and no enhancement in
122 (47.7%).

As a result of the analysis 9 patterns of contrast
enhancement were identified:
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1. Reticular, characterized by the presence of
rounded low-contrast areas in the structure, also a hy-
pervascular centre may be visualized that contributes to
a feeding vessel,

2. Granular, characterized by numerous oval and
round hypervascular areas separated by hypovascular
bridges;

3. Annular, characterized by uniformly enhanced
margins of the lesion;

4. Diffuse-spherical, characterized by uniformly
enhanced smooth margins and by smooth enhancement
radial gradient from the center to the periphery;

5. Lacunar, characterized by the presence of hypo-
vascular areas with irregular shape, the margins of
kesionare indistinct and wavy;

6. Cloud-like type resembles cirrus clouds with
separate filamentous margins;

7. Heterogeneous annular, characterized by en-
hanced margins with presence of a parietal hypervascu-
lar area;

8. Point, characterized by a displaced radial gradi-
ent of contrast enhancement, the lesion consists of mul-
tiple rounded hypervascular areas of various diameters;

9. Cotton-like, characterized by the presence of a
large hypovascular area with undulating fuzzy margins.

Fig. 3 and Fig. 4 illustrate contrast enhancement
patterns.

According to obtained data (Table 1), only benign
lesions showed granular, reticular, point and annular
patterns - 14.8%, 6.3%, 10.9% and 10.5%, respectively.
The diffuse-spherical pattern was observed both in ma-
lignant (22.7%) and in benign lesions (4.3%). The la-
cunar (33.1%) and heterogeneous annular (15.1%) pat-
terns predominantly were seen in malignant lesions,
however, these patterns were also seen in large intra-
ductal papillomas and lymphoceles, oleogranulomas,
respectively. Cloud-like (26.2%) patterns were only
seen in malignant lesions. The cotton-like pattern was
detected during early postoperative changes (2.3%).

Based on the data obtained we made the following
conclusions:

e if granular, reticular, point, annular, cotton-
like enhancement patterns are detected, benign lesions
are diagnosed, regardless of the contrast intensity
grade;

o ifacloud-like pattern is detected, malignant
lesion is diagnosed;

o if diffuse-spherical pattern is detected, it is
necessary to determine its margins on low-dose im-
ages. When circumscribed margins with a radiolucent
rim are visualized, a benign formation is diagnosed,
when lesion is absent or has indistinct margins on
low-dose images, then a malignant lesion is diag-
nosed;

o if alacunar pattern is detected, a malignant
lesion is diagnosed. However large intraductal papillo-
mas showed this enhancement pattern in two cases
and that did not allow to exclude intraductal papillary
carcinomas;

o if heterogeneous-annular pattern is detected
with no history of any invasive manipulations for a
long time in the area of contrast enhancement, malig-
nant lesion is diagnosed. Moreover, there were false

positive results in two cases due to complex cysts and
cysts with inflammation after puncture.

As shown in Table 2, malignant tumors were char-
acterized by intense and moderate grades of contrast
enhancement in 79.7% of cases. However, 20.3% of
malignant tumors had weak or no contrast enhance-
ment, which was characteristic for benign lesions.
When enhancement patterns were included in the anal-
ysis, the percentage of false negative conclusions in our
study was reduced to 5.2%.

Benign lesions were characterized by intense and
moderate degree of contrast enhancement in 17.6% of
cases, and in this cases false positive conclusions were
made. When enhancement patterns were included in the
analysis, number of false positive decreased to 4.7%.

In CESMnonep there were true positive mammo-
graphic results in 137 lesions (TP), false positive results
(FP) were in 45 lesions. In 211lesions the results were
true negative (TN) and in 35 lesions the results were
false negative (FN).
In CESMep the frequency of TP results increased up to
163, and the frequency of FN decreased to 9 lesions. In
12 lesions there were FP conclusions. In 244 lesions re-
sults were true negative. Thus, in CESMep the number
of FP results decreased and the number of TP increased
by 33 cases and the number of FN conclusions de-
creased and the number of TN increased by 26.

Sensitivity, specificity and accuracy were 79.7%,
82.4%, 81.3% in CESMnonep and 94.8%, 95.3%,
95.1% in CESMep, respectively. Positive predictive
values of CESMep and CESMnonep were 93.1% and
75.3%, respectively, and negative predictive values of
CESMep and CESMnonep were 96.4% and 85.8%, re-
spectively.

As it was shown in the analysis of diagnostic er-
rors, FN results in CESMnonep were more often ob-
served in women (30 cases) with a weak enhancement.
In these cases, CESMep showed the following malig-
nant patterns: cloud-like and lacunar. On the contrary,
FP results in CESMnonep were observed in women
with fibroadenomas with high mitotic activity, phyl-
lodes tumor, phyllodes tumor (45 cases).

The main reason for the FN results in CESMep (7
cases), was ductal carcinoma in situ represented by
grouped malignant calcifications (Fig. 5) and occult
breast cancer (2 cases). The main reason for the FP re-
sults in CESMep were observed in intraductal papillo-
mas (4 cases) with a lacunar pattern (Fig. 6).

Our results demonstrate an increase in the diag-
nostic efficiency of the CESM in the differential diag-
nosis of breast lesions.

Discussion

Modern radiology offers a wide range of methods
for breast cancer visualization, but they are not flaw-
less. Mammography has been the main method for de-
tecting breast pathology for many years (15).

With the transition from analog to digital mam-
mography, the sensitivity in detecting of breast cancer
was increased and also it became possible to develop
more advanced imaging technologies like tomosynthe-
sis and CESM (16). Tomosynthesis is linear tomogra-
phy at a qualitatively new level with the using of flat
digital detectors, modern high-performance computers
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and methods of digital postprocessing and reconstruc-
tion.

The principle of tomosynthesis is a sequence of
tomograms followed by the formation of three-dimen-
sional images. In tomosynthesis the overlying layers of
tissue are removed, which creates opportunities for a
more accurate assessment of the structural features of
the lesion. However, removal of the overlying struc-
tures may not be enough to detect of a malignancy,
since the difference in attenuation coefficients between
fibroglandular and tumor tissue varies from 4% at 15
keV to 1% at 25 keV (16). CESM is another technology
which appeared after the introduction of digital mam-
mography. The theory of CESM is based on the success
of breast MRI with DCE, which is currently the most
sensitive method of breast visualization with a sensitiv-
ity of up to 98% (17-18). Early diagnosis of breast can-
cer using MRI is based on the ability of DCE MRI to
determine tumor vascularization. The main disad-
vantage of MRI study is the high cost, long duration,
the complexity of implementation, the presence of con-
traindications. CESM can become a worthy alternative
to functional visualization of breast lesions. Our results
(19) and results the other research groups (20-23)
demonstrate the high informativeness of CESM in the
diagnosis of breast cancer. Accurate differential diag-
nosis of breast lesions allows choosing the correct treat-
ment tactics for these patients and reducing the number
of unnecessary invasive interventions.

Conclusion

CESM allows to combine analysis of mammo-
graphic structure and vascularization of breast lesions.
CESM does not significantly increase duration of pro-
cedure, it allows to obtain important additional infor-
mation that is easy to interpret. Comparing to MRI
CESM is characterized by lower cost, short study time,
ease of implementation and interpretation, especially
for specialists with experience in mammography, it can
be performed in patients with contraindications to MRI
with DCE and with claustrophobia. CESM can increase
the sensitivity of digital mammography in detecting
minimal, multifocal, multicentric and bilateral breast
cancer.

The method of differential diagnosis of breast can-
cer using an additional diagnostic feature of enhance-
ment patterns increases the diagnostic perfomance of
CESM, which is confirmed by a high percentage of co-
incidences with pathomorphological results. It was
proved that using an additional diagnostic feature of the
enhancement patterns in comparison with the analysis
of only the enhancement intensity increased the sensi-
tivity from 79.7 to 94.8% (p = 0.26), specificity from
82.4% up to 95.36% (p = 0.013), accuracy from 82.4%
to 95.1% (p = 0.004) due to additional information of
the structure of vascularization.

The use of CESM can significantly increase both
the negative predictive values (from 85.8% to 96.4%, p
=0.098) and the positive predictive values (from 75.3%
t0 96.4%, p = 0.039) in the differential diagnosis of ma-
lignant and benign breast lesions.

Table 1.

Contrast enhancement patterns of breast lesions

Contrast enhancement patterns

No enhancement
Reticular
Granular
Annular

Diffuse-spherical
Lacunar

Cloud-like
Heterogeneous-annular
Point
Cotton-like

Grade of contrast enhancement of breast lesions

Malignant lesions
N=172
5 (2.9%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
39 (22.7%)
57 (33.1%)
45 (26.2%)
26 (15.1%)
0 (0.0%)
0 (0.0%)

Benign lesions
N=256
122 (47.7%)
16 (6.3%)
38 (14.8%)
27 (10.5%)
11 (4.3%)
5 (2.0%)
0 (0.0%)
3 (1.2%)
28 (10.9%)
6 (2.3%)

Table 2.

Grade

Malignant lesions

Benign lesions

N=172 N=256
no enhancement 5 (2.9%) 122 (47.7%)
weak enhancement 30 (17.5%) 89 (34,8%)
moderate enhancement 41 (23.8%) 26 (10,1%)

intense enhancement

96 (55.8%)

19 (7.4%)
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Table 3.
Comparative analysis of CESM diagnostic performance without using patterns of enhancement and with using
patterns of enhancement (number of lesions n=322)

. Diagnostic performance, %
Number of lesions Negative
Dr;]%%r;cl)is:{tlc Sensitivity | Specificity | Accuracy gs:st:e\eliglrje predictive
Yl 1P |FP|FN| TN % % % o value
° %
CESMnonep | 137 | 45| 35 | 211 79.7 82.4 81.3 75.3 85.8
CESMep 163 | 12 | 9 | 244 94.8 95.3 95.1 93.1 96.4
P -value 0,26 0,013 0,004 0,039 0,098

TP — true positive

FP — false positive

FN — false negative

TN — true negative

CESMnonep — CESM without using patterns of enhancement
CESMep — CESM with using patterns of enhancement

2 minutes 5 minutes
Compression Compression
Contrastagent
injection - - 1 - IR

- Low energy - High energy
Figure 1. Scheme of implementation of CESM

332 patients

h

428 lesions

/\

256 benign lesions 172 malignant

lesions

Y h

134 with contrast 167 with contrast
enhancement enhancement

Figure 2. Study design
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Reticular Granular Annular

Diffuse-spherical Lacunar Cloud-like

Heterogeneous-annular Point Cotton-like
Figure 3. Contrast enhancement patterns
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Figure 4. Figure of enhancement patterns of masses, architectural distortions, focal asymmetry in CESM:
A —reticular, B — granular, C — annular, D — diffuse-spherical, E — lacunar, F — cloud-like, G — heterogeneous-
annular, H — point, | - cotton-like

Figure 5. Ductal carcinoma in situ on CESM
A — low-dose image, cancer is visualized as grouped malignant calcifications;
B — subtraction image, no contrast enhancement was seen in this area
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Figure 6. CESM, subtraction image. Intraductal papilloma with an intense lacunar enhancement pattern

References

1. Lobbes MBI, Smidt ML, Houwers J et al. Con-
trast enhanced mammography: techniques, current re-
sults, and potential indications Clin. Radiology 2013;
68:935. doi: 10.1016/j.crad.2013.04.0009.

2. Zholdybay zZhzh, KZhakenova D, Panina A,
Kunanbayeva A, Abykeshova A Possibilities of con-
trast spectral mammography in diagnosis of breast can-
cer Oncology and Radiology of Kazakhstan 2015. 4:
32-33. (In Russ.)

3. Fallenberg EM, Schmitzberger FF, Amer H,
Ingold-Heppner B, Balleyguier C Contrast-enhanced
spectral mammography vs. mammography and MRI -
clinical performance in a multi-reader evaluation. Eur
Radiol 2017; 27(7):2752-2764. doi: 10.1007/s00330-
016-4650-6.

4. Dromain C, Balleyguier C, Adler Gh, Remi
Garbay JS Delalogec S Contrast-enhanced digital
mammography. European Journal of Radiology 2009;
69: 34-42. doi: 10.1016/j.ejrad.2008.07.035.

5. Oksanchuk E, Kolesnik A., Meskih E The role
of contrast-enhanced mammography for determining
breast lesions: the first results. Proceedings of the Il Na-
tional Congress «Oncology of reproductive organs:
from prevention and early detection to effective treat-
ment» 2017: 73 (In Russ.).

6. Sprague BL, Gangnon RE, Burt V, Trentham-
Dietz A, Hampton JM, Wellman RD, Kerlikowske K,
Miglioretti DL Prevalence of mammographically dense
breasts in the United States. J Natl Cancer Inst 2014;
106: 10. doi: 10.1093/jnci/dju255.

7. McCormack VA, dos Santos Silva | Breast
density and parenchymal patterns as markers of breast
cancer risk: a meta-analysis. Cancer Epidemiol Bi-
omarkers Prev. 2006; 15(6): 1159-69. doi:
10.1158/1055-9965.EP1-06-0034.

8. Hobbs MM, Taylor DB, Buzynski S, Rachel E
Contrast-enhanced spectral mammography (CESM)
and contrast enhanced MRI (CEMRI): Patient prefer-
ences and tolerance. Peake Journal of Medical Imaging
and Radiation Oncology 2015; 59: 300-305. doi:
10.1111/1754-9485.12296.

9. Zanardo M, Cozzi A, Trimboli RM, Labaj O,
Monti CB, Schiaffino S, Carbonaro LA, Sardanelli F
Technique, protocols and adverse reactions for con-

trast-enhanced spectral mammography (CESM): a sys-
tematic review. Insights into Imaging 2019; 10: 76. doi:
10.1186/513244-019-0756-0.

10. Travieso MA et al. Utility of spectral mam-
mography with contrast enhancement in the diagnosis
of breast disease. Paper presented at ECR. Vienna;
2014.

11.Lobbes MBI, Muldera HKP, Rouschb M,
Backesa WH, Wildbergera JE, Jeukensa CRLPN Quan-
tification of enhancement in contrast-enhanced spectral
mammography using a custom-made quantifier tool (I-
STRIP): A proof-of-concept study. European Journal
of Radiology 2018; 106:114-121. doi:
10.1016/j.ejrad.2018.07.021.

12. Tsigginou A, Gkali C, Chalazonitis A, Feida
E, Vlachos DE, Zagouri F, Rellias I, Dimitrakakis C
Adding the power of iodinated contrast media to the
credibility of mammography in breast cancer diagnosis.
Br J Radiol 2016. — Vol. 89. - P. 1067. doi:
10.1259/bjr.20160397.

13. Houben IP, Vanwetswinkel S, Kalia V et al.
Contrast-enhanced spectral mammography in the eval-
uation of breast suspicious calcifications: diagnostic ac-
curacy and impact on surgical management. Acta Ra-
diol 2019; 60; 9:1110-1117. doi:
10.1177/0284185118822639.

14. Cheung YC, Juan YH, Lin YC et al. Dual-en-
ergy contrast-enhanced spectral mammography: en-
hancement analysis on BI-RADS 4 non-mass microcal-
cifications in screened women PLoS One. 2016. 9:
€110162740. doi: 10.1177/0284185118822639.

15. Semiglazov VF, Semiglazov VV Breast can-
cer screening. Practical oncology. 2010;11;2:61-62. (In
Russ.)

16. Pisano ED, Gatsonis C, Hendrick E et al. Di-
agnostic performance of digital versus film mammog-
raphy for breast-cancer screening. N Engl J Med 2005;
353:1773-1783. doi: 10.1056/NEJM0a052911.

17. Morris EA, Liberman L, Ballon DJ et al. MRI
of occult breast carcinoma in a high-risk population.
AJR Am J Roentgenol. 2003; 181:619-626. doi:
10.2214/ajr.181.3.18106109.

18. Patel BK, Hilal T, Covington M et al. Con-
trast-Enhanced Spectral Mammography is Comparable
to MRI in the Assessment of Residual Breast Cancer
Following Neoadjuvant Systemic Therapy. Ann Surg


https://elibrary.ru/author_items.asp?authorid=1078593
https://elibrary.ru/author_items.asp?authorid=873990
https://elibrary.ru/author_items.asp?authorid=680181
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsigginou%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27452266
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gkali%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27452266
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chalazonitis%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27452266
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feida%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27452266
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feida%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27452266
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vlachos%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=27452266
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zagouri%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27452266
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rellias%20I%5BAuthor%5D&cauthor=true&cauthor_uid=27452266
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dimitrakakis%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27452266
https://www.ncbi.nlm.nih.gov/pubmed/?term=mps+cesm

German International Journal of Modern Science No3, 2020 21

Oncol. 2018; 25(5): 1350-1356. doi: 10.1245/s10434-
018-6413-x.

19. Chernaya AV, Novikov SN, Krivorotko PV,
Ulyanova RK, Danilov VV New technologies in breast
cancer detection — contrast enhanced dual-energy spec-
tral mammography. Medical Visualization. 2019; 2:49-
61. (In Russ.) DOI: 10.24835/1607-0763-2019-2-49-
61.

20. Rozhkova NI, Burdina Il, Zapirova SB, Mazo
ML, Prokopenko SP, Yakobs OE Contrast enhanced
spectral mammography (CESM) (review). Research'n
practical medicine journal. 2015; 2 (4):82-87. (In
Russ.)

21. Covington MF, Pizzitola VJ, Lorans R et al.
The Future of Contrast-Enhanced Mammography.
AJR. 2018; 210: 1-9. doi: 10.2214/AJR.17.18749.

22.Blum KS, Rubbert C, Mathys B et al. Use of
contrast enhanced spectral mammaography for infram-
ammary cancer staging: preliminary results. Acad. Ra-

diol. 2014; 21:1363-1369. doi:
10.1016/j.acra.2014.06.012.
23.Lobbes MBI, Hecker J, Houben IPL,

Pluymakers R, Jeukens C, Laji UC, Gommers S, Wild-
berger JE, Nelemans PJ Evaluation of single-view con-
trast-enhanced mammography as novel reading strat-
egy: a non-inferiority feasibility study. Eur Radiol.
2019; 29(11):6211-6219. doi: 10.1007/s00330-019-
06215-7.

EFFICACY OF HIGH-CONCENTRATED OXYGEN INHALATIONS ADDING CAMOMILE OIL AT
PATIENTS WITH VIRAL PNEUMONIAS

Shorikova D.V.,

PhD, MD, Associate Professor!

Shorikov E.I.

PhD, MD, Doctor of Medical Sciences, Professor!

(1) Department of Internal Medicine, Clinical Pharmacology and Occupational Diseases, Higher State Ed-
ucational Institution of Ukraine «Bukovinian State Medical University», Fastivska str., 2, Chernivtsi, Ukraine,

Abstract

58000.

The aim - to study the clinical manifestations, capillary blood saturation, frequency of respiratory failure in

patients with complicated forms of viral pneumonia.

Materials and methods. The study included 45 patients with viral pneumonias (mean age was 46.5+9.2

years). Patients observed were randomized into 2 groups. In group 1 (n=20), the only basic therapy was prescribed.
In group 2 in addition to the basic therapy the inhalations with high concentrated oxygen with Camomile Oil were
used.

The results of the study. It is proved that the use of highly concentrated oxygen with camomile oil in the
inhalation treatment regimen significantly reduces the duration of local respiratory symptoms (p<0.001) and symp-
toms of general intoxication (p<0.001), prolonged hospital stay decreases by an average of 5 days (p<0.001). The
relief of symptoms of RF in group 2 was noted for 10 days of hospitalization with an increase in capillary blood
saturation (Sat02,%) to 95.242.91. Absolute therapeutic efficacy (absolute efficacy) of the correction of RF during
complex treatment with the addition of highly concentrated oxygen was 85.0% versus 40.0% in group 1. Relative

efficacy (relative efficacy) was 0.47 [0,27-0,83], with Odds Ratio (OR) —0.12 [0,03-0,54]; p<0.05.
Conclusions. High-concentrated oxygen inhalations adding camomile oil is effective in complex treatment

at patients with viral pneumonias.

Keywords: viral pneumonias, complications, oxygen inhalation.

Introduction. Regardless of the etiology of viral
pneumonias (parainfluenza, adenovirus, respiratory
syncytial, rhinovirus, reovirus, coronavirus infection
and more than 200 pathogens), they are characterized
by a short incubation period, generally a short fever,
intoxication and damage to various parts of the
respiratory tract [1].

Clinical differentiation of respiratory infections is
difficult due to similar symptoms and clinical condi-
tions [2, 3]. In case of damage and malfunction of the
epithelium due to dryness, contamination, excessively
high or excessively low temperature of the inhaled air,
a change in the mucous membrane due to the use of
some intranasal agents, the penetration of viruses into
tissues is greatly facilitated [4, 5, 6].

According to studies, more than half of patients
admitted for treatment in a hospital with complications

of acute respiratory viral infections have hypoxemia
and an increase in the partial pressure of blood carbon
dioxide (pCO2) above 45 mm Hg at the time of the
initial examination. 20 % of patients with
hospitalization due to exacerbation of the disease have
respiratory acidosis [7, 8, 9]. Lesions of the lower
respiratory tract (bronchitis or pneumonia) with acute
respiratory viral infections can lead to the development
of decompensated hypercapnia, which is most often the
cause of the development of respiratory acidosis [10,
11, 12].

Nowdays, the question of the effectiveness of
inhalation of highly concentrated oxygen, in particular,
the use of pocket spray in these patients, is not
sufficiently studied.

The aim - to study the effecticacy of highly
concentrated oxygen inhalations with the addition of
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camomile aroma oil in the form of portable sprays.

Materials and methods. The study included 45
patients with acute respiratory viral infections. The av-
erage age is 46.5+£9.2 years. All patients signed an in-
formed consent to participate in the study. All observed
subjects underwent laboratory and instrumental studies,
including clinical and biochemical blood tests, chest X-
ray, electrocardiography (ECG), pulse oximetry (PO).

Observed were randomized into 2 groups. In
group 1 (n = 20), only basic therapy was prescribed. In
group 2 in addition to the basic therapy were used inha-
lations with high concentrated oxygen with Camomile
oil (Tesla's Secret by Eco Medical Europe Ltd Oxygen
Breathing Mixture Sea Minerals Camomile, group 2,
n=25). Oxygen inhalations in group 2 were carried out
every 1-1.5 hours for 3 deep inspirations or, as neces-
sary, more often with pronounced subjective signs of
respiratory failure (shortness of breath).

For statistical analysis results we used Statistica
for Windows Version 10.0 (Stat Soft inc., USA).
Parameters are presented in the form M+m, where M is
the Mean, m is standard deviation. In the analysis of
categorical group data, the criterion Pearson y2 with
Yates correction was used. The assessment of the
probability of the therapeutic effect was performed
taking into account the absolute (AE) and relative (RE)
efficacy, as well as the odds ratio (OR), with the
calculation of confidence intervals and the reliability
criterion for RR and OR. At the case of p<0.05,

differences were statistically significant.

Results. At the time of admission to the hospital,
the course of the disease was complicated by the ap-
pearance of cough with mucous sputum (45 people,
100%), shortness of breath (45 people, 100%). Objec-
tively, according to the auscultatory and radiological
picture, all patients observed signs of interstitial pneu-
monia (45 people, 100%).

Capillary blood saturation (SatO2,%) according to
pulse oximetry was 87.4£3.2% in group 1 and
86.9+4.5% in group 2.

In the general cohort of patients, the phenomena
of RF, assessed by the level of blood oxygen saturation
(Sp02<95%), were detected in 80% (n=36) of the
subjects. In this case, RF I degree (SpO 2 at the level of
90-94%) was determined in 42.2% (n=19) of patients,
RF II degree (SpO2 at the level of 75-89%) - in 31.1%
(n=14) patients.

On the background of the treatment, all patients
showed positive dynamics and a reduction in symptoms
of general intoxication. The use in the treatment of
inhalations of highly concentrated oxygen with the
addition of camomile oil, significantly reduced the
duration of local respiratory symptoms: pharyngeal
hyperemia by 1.7 days (37.8%), hoarseness - by 1.1
days (52.4%), rhinitis - by 1.6 days (27.6%), cough - by
7.6 days (45.3%), heavy breathing - by 4.1 days
(48.8%), p<0.001, table 1.

Table 1
Duration of respiratory symptoms in the studied groups
Symptoms Group 1 Group 2 »
n=20 n=25
Hyperemia of the pharynx 6.2+1.9 4.5€1.2 <0.001
Hoarseness of voice 3.240.91 2.140.71 <0.001
Rhinitis 5.841.10 4.2+0.70 <0.001
Cough 16.8+3.41 9.242.12 <0.001
Heavy breathing 12.5+£3.47 8.4+2.94 <0.001

Note:
p — it is the reliability of the difference between groups.

In addition, a decrease in the duration of
symptoms of general intoxication and fever was noted
when inhalations of highly concentrated oxygen with
camomile oil were added to the treatment regimen:

fever - by 1.81 days (32.3%), headache - by 0.7 days
(20.1%), adynamia - by 3.49 days (47.7%), myalgia -
by 2.96 days (51.2%), decreased appetite - by 2.89 days
(30.4%), p<0.001, table 2.

Table 2
The duration of intoxication symptoms in the studied groups
Symptoms Group 1 Group 2 »
n=20 n=25

Fever 7.42+1.95 5.61+2.11 <0,001
Headache 4.18+0.94 3.48+0.62 <0,001
Adynamia 10.8+£1.23 7.31£2.18 <0,001
Myalgia 8.74+1.98 5.78+0.56 <0,001
Decreased appetite 12.443.12 9.51+£2.34 <0,001

Note:

p — it is the reliability of the difference between groups.

The average bed-stay of patients in group 1 was
14.5+4.7 days, whereas when complex inhalations
were included in the complex treatment with the
addition of camomile aromatic oil in group 2, this
indicator was recorded within 9.542.49 days (p
<0.001).

The dynamics of changes in the levels of capillary
blood saturation (SatO2,%) according to pulse
oximetry in the observation groups after 10 days of
treatment is shown in Figure 2. The increase in
saturation reached 91.44+3.19% in group 1 and
approached 95.2+2.91% in group 2.
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Fig. 2. The changes of capillary blood saturation indices in groups of patients with complications of ARVI.

The probability of releife of signs of respiratory failure 7 days after the start of therapy is presented in table 3.

Table 3

The effectiveness of the relief of RF when used to the complex treatment of inhalation of highly concentrated
oxygen with the addition of camomile aroma oil

Parameters AE, % RE[CI%95] OR|[CI%95]
Group 1 40.0 0.47 0.12
[0,27-0,83] [0,03-0,54]
Group 2 85.0 p<0.05 p<0.05
It should be emphasized that the absolute symptoms (p<0.001) and symptoms of general

therapeutic effectiveness (absolute efficacy) of the
correction of RF during complex treatment with the
addition of highly concentrated oxygen inhalations was
85.0% versus 40.0% in group 1. Relative efficacy
(relative efficacy) was 0.47 [0,27-0,83], with Odds
Ratio (OR) — 0.12 [0,03-0,54]; p<0.05.

So, in our own study it was found that 80% of
patients hospitalized with viral pneumonias have acute
respiratory failure, and therefore need oxygen support.
An alternative method of combined treatment with the
inclusion of oxygen support can be the use of pocket
cans of highly concentrated oxygen.

Despite a some arsenal of highly effective and safe
antiviral drugs and antibacterial agents, clinical
practice indicates that everywhere there are
complications of acute respiratory viral infections and
worsening  outcomes of  community-acquired
pneumonia. In 10% of cases in hospitalized patients,
the disease acquires a life-threatening course. The use
of non-drug treatment often can significantly increase
the effectiveness of drug therapy. The physiological
effects of pure oxygen, such as bronchodilatation,
improved ventilation and perfusion of the lungs suggest
that it may be an effective means of non-drug treatment
of patients with complicated course of acute viral
respiratory infections.

Conclusions. 1. Phenomenon of RF by the level
of capillary blood saturation was detected in 80% of the
examined: RF I-st degree was determined in 42.9% of
patients, Il degree | - in 31.4% of patients. A negative
regression relationship was found between saturation of
capillary blood, RR (r=-0.31; p<0.05) and HR (r=-0.31;
p<0.05).

2. The use of highly concentrated oxygen with
camomile oil in the inhalation treatment regimen
significantly reduced the duration of local respiratory

intoxication (p<0.001).

3. With the inclusion of highly concentrated
oxygen in the addition with of camomile aromatic oil
in the complex treatment, the average long-term
duration in the hospital decreased by an average of 5
days (p<0.001). Over 10 days of hospitalization, an
increase in capillary blood saturation (Sat02,%) up to
95.242.91% in patients with [ and II degrees of
respiratory failure was noted in the same group.

4. The absolute therapeutic efficacy of the
correction of respiratory failure during complex
treatment with the addition of highly concentrated
oxygen inhalations was 85.0% versus 40.0% in group
1. Relative efficacy (relative efficacy) was 0.47 [0,27-
0,83], with Odds Ratio (OR) — 0.12 [0,03-0,54];
p<0.05.
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Abstract

The article highlights the events that preceded the theoretical prediction and recognition of the existence of
black holes. The properties of supermassive objects, taken for black holes, and the arguments that served as the
basis for awarding the Nobel Prize in this area are analyzed. Based on astrophysical data, it is concluded that the
black hole hypothesis does not explain most of the observed phenomena. An energodynamic theory of strong
gravity is proposed, which sheds new light on the cosmogony of the Universe as a whole.

AHHOTAUMS

B crarbe ocBemaroTcs COOBITHSI, TPEANIECTBOBABIINE TEOPETHICSCKOMY MPEACKA3aHUIO U TIPU3HAHHIO CYIIIe-
CTBOBAHUS YEPHBIX ABIP. AHAIM3HPYIOTCS CBOHCTBA CBEPXMACCHBHBIX OOBEKTOB, MPHHUMAEMBIX 32 UYEPHBIS
TIBIPBI, ¥ apTYMEHTBHI, TIOCTY)KUBIITHE OCHOBAHUEM TSI TIPUCYKJICHUS B 3TOH 00JacTH HOoOEeneBcKoi npemun. Ha
OCHOBAaHUU aCTpO(bI/ISI/I‘IeCKI/IX JaHHBIX ICJAaCTCsSa BBIBOJ O TOM, UTO T'MIIOTE3a LIéprIX JbIp HE O6T>$ICH51€T 60.]'[1:-
HIMHCTBA HaGJ'[IOJZ[aCMBIX SIBJICHUH. HpegmaraeTCH OHEProAMHaAMHYCCKasd TCOPUs CHUJIBHOM rpaBUTallUM, IOJIUBAIO-
I11as HOBBIM CBET Ha KOCMOTOHHIO BcejleHHOM Kak 11e10ro.

Keywords: baryonic and non-baryonic matter, their circulation, laws of gravity, attraction and repulsion,

evolution of the Universe.

KiroueBble cjioBa: 6aprnoHHas 1 HeOapHOHHAS MaTepusi, UX KPyrooOOpOT, 3aKOHBI TPAaBUTALNH, TIPUTSDKE-

HHEC U OTTAJIKMBAHHUC, 3BOJIIOLIUA Bcenennoii.

6 oxTs10pst 2020 roma cTany U3BECTHHI IMEHA J1ay-
pearoB HoOemneBckoit mpemuu mo ¢usuke [1]. Umm
cramu Pomxep Ilenpoy3 n3 BenmukoOpurannu («3a ot1-
KPBITHE TOTO, YTO OOpa30BaHUE YEPHOU IBIPHI SIBIISI-
eTcsl HaI&XHBIM TMpeZicka3aHieM O0IIel TEOpUH OTHO-
CUTEIBLHOCTHY), a Tatoke AHapea I'e3 n3 CIIA u Paitn-
xapn [l'ennens w3 T'epmannm («3a  OTKphITHE
CBEpXMaCCUBHOTO KOMIIAKTHOTO OOBEKTa B IIEHTpE
Hamed [amakTukny). Takum oOpazoM, Bce OHHM TTOITY-
YWJIM TIPEMUIO, coriacHo ¢opmynupoBke Hobernes-
CKOT0 KOMHTETA, 3@ IPOSICHEHNE «CAMBIX TEMHBIX TalH
BcenenHnoil», a He NOATBEPKAEHUE CYILIECTBOBAHUS U
HE 32 H3y4eHue yepHbIX Ie1p Y/T).

[IpencraBnser MHTEPEC KPATKO PACCMOTPETH TOT
IIyTh, KOTOPBIN MPUBEN UX K CTOJb BBICOKOM Harpaze,
1 KOHKPETHBLIC TOCTUKECHHUA, KOTOPHIC ITO3BOJIUJIN CYH-
TaTh UX 3acinyxuBatroiiumu e€. Hauny c Paiitnxapa I'en-
uenst 1 Auzpea ['e3, KoTopsie OpraHu3oBajId B Hadale
1990 rr. HaOmoneHue 3a HeHTpoM Harel ['amakTuku
Ha 8-meTpoBoM Teneckone B Uunu u 10-meTpoBoM Te-
neckore nM. Kexa B EBpomnetickoit FOxxnolt oOcepBaro-
pun Ha ['aBalickux octpoBax. OHM U3ydanu ABHKEHHE
3BE37 BOKPYT MPEANOIaraéMoil CBEpXMacCUBHOM dep-
HOM AbIpbl B HEHTpe Mueunoro nytu. LleHnTp aToii ra-
JAKTUKHU 3aKPBIT OT HAC TBUICBBIMH OOJIAKaMH, M €ro
HEBO3MOXXHO HaONOAaTh B BUIUMOM cBete. [loaTomy
HYKHO OBIJIO IEPEUTH B OJIMKHIO HHPPAKPACHYIO 00-
nacte. [lng momydeHus n300pakeHN ¢ MaKCUMAIBEHO
JIOCTYIIHBIM JIJISI TEJIECKOMOB TU(MPAKIIMOHHBIM YTIIO-

BEIM pa3pelieHreM STH TPYIIBl HCIOIH30BAIN CHA-
gajma METOJl CIeKI-MHTep(epoMeTpuu, a 3aTeM —
aJalTUBHYIO ONITHKY.

Criexni-uHTEphEepoOMeTprss B aCTPOHOMHH — 3TO
METOA HA3€MHBIX OIITHYCCKUX Ha6JTIO]leHPII>’I, OCHOBAaH-
HBI Ha aHaJIN3€ TOHKOH CTPYKTYPBI «MTHOBEHHBIX)»
n300paxeHnii KOCMHYECKHX 00bekToB [2]. OH mo3Bo-
JSIeT TOJydYaTh BBICOKOE YIJIOBOE paspelieHHe Ipu
HAIAYAA aTMOC(CHBIX WCKOKCHUHA W300paKCHUS.
Jleno B TOM, 9TO B peajbHOM TEJIECKOIIC N3-3a NCKaXKe-
HUH BOJIHOBOTO (hpoHTA B aTMoc(epe «MTHOBEHHOE»
M300pakeHNe TOYKH (TaKk Ha3bIBaeMoe CIeKI-u300pa-
JKeHue ¢ BeIIepkkoi ~ 0,02 ¢) pacmamaeTcs Ha MHOXe-
CTBO TU(PPaKIMOHHBIX ISATCH pazMepoM ~ 1" u3-3a uH-
TepdepeHIIny BOJIH, MOJYYMBIINX B arMocdepe ciy-
yaiiHble (ha3oBbIe 3aJIepKKU. B pesynbraTe, HanpumMep,
TECHas HBOﬁHaﬂ 3BE€3J1a BBIITIAAUT KaK ABC UACHTHUY-
Hble KapTuHKH. [ yctpaneHus storo ¢otorpaduu
YCPEIHSIOT 10 OOJIBIIOMY YHCITy N300pakeHHuH (OT Je-
CSATKOB 710 MuiUTHoHa). B 1970-x rr. Obla co3iana Teo-
pHs CHeKI-uHTep(EepOMETpUH, T. €. OBIJIO IOKa3aHo,
YTO CIEKJIBI - 3TO XaOTHYECKHEe NHTEp(hepeHIINOHHBIE
TI0JIOCHI, KOTOPBIE MOXKHO OCJIa0UTh 3a CUET HAKOILIe-
Hust Gonpmoro uucna (no 10°) xanpos. IlpumeHsaTs
9TOT METOJI cTalu ¢ 1972, BHavYalie perucTpupys n3oo-
pakeHre Ha (QOTOIIEHKY, a ceifuac - HCIONB3Ys Tele-
BH3HOHHBIE CUETYMKHU (OTOHOB. B pesymnbTare Ha Cy-
MIECTBYIOIINX TEJIECKONaX yAaloCh YIy4IInUTh dhdek-
TUBHOE pa3pelieHUue Ha NOPSIOK, JOBEAs YIJIOBOE
paspemenue a0 0,0001".
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TIpuHIMIHATBHO UHBIM METOJOM YCTPAHCHUS He-
PETYISIPHBIX UCKAXXCHHH, BO3HUKAIOIINX MPH PacIpo-
CTPaHEHHWU CBETa B HEOIHOPOAHOM cpeie, SBISCTCS
aJlanTHBHAs ONTHKA. DTOT METOJ OCHOBAH Ha IIPHMe-
HEHUU JUTsl TTOBBIIIIEHNE TIPEENa Pa3peieHus Ha0IIro-
JIATEJBHBIX MPUOOPOB YIIPABISIEMBIX ONTHYECKUX dJIe-
MeHTOB. Ero uaero npeioxxui pocCuickuii yuéHnii B.
I1. JIuanauk B 1957 roay [3], oaqHako BO3MOXHOCTE CO-
37aHUs TaKOH CHCTEMBI IMOSBHIACH JIUIIL C CEPEIUHBI
1990-x rOJ0B B CBSI3M C PA3sBUTHEM TEXHOJOIUH H C
BO3MOKHOCTBIO TOYHEHIIIET0 KOMITBIOTEPHOTO YIIPaB-
JIEHUST W KOHTPOJIA. [ JaBHBIM HHCTPYMEHTOM ISt
YIIpaBJICHUS BOJIHOBBIM (DPOHTOM M KOPPEKIIMH OITH-
yeckux abeppammid sBiseTcs nedopMHpyeMoe 3ep-
kajo. lllmpokoe pacmpocTpaHeHHE TONYYWIA YHHU-
MopdHBIe 3epKaia. Takoe 3epKasio COCTOUT U3 TOHKOH
IIACTUHBI, U3TOTOBICHHOW W3 MHE302JIEKTPHUECKOTO
MaTepuajia, Ha KOTOPOW OCOOBIM 00pa3oM pacIojio-
JKeHBI AMeKTponsl. [lmacTuHa mpucoeAWHEHa K TOA-
JIOXKKE, Ha TIepeIHei MOBEPXHOCTU KOTOPOH ChHOpMHU-
poBaHa onTHYecKas MOBEPXHOCTh. [Ipy mpumokeHnH
HATPSKCHUS K DJICKTPOAaM IMbe303JICKTPHUCCKas I1a-
CTHHA CKUMAETCS WIH PACIIUPSETCS, YTO MPUBOIUT K
M3rudy OMTHUECKOW moBepxHOCTH 3epkana. Ocoboe
TIPOCTPAHCTBEHHOE PACIHOJIOKECHUE DJICKTPOJOB He-
CKOJIBKUX COTEH TaKUX aKmyamopoB MO3BOJIIET U3Me-
HATE popmy 1664 paza B cekyHIy U (HOpMHUpPOBATH
CJIO’KHBIC pentbe(bl TOBEPXHOCTH B PEKUME PEabHOTO
BpPEMEHH JUT KOMIICHCAITNH THHAMIYICCKIX abeppariiii

[4].

OmHaKO B aCTPOHOMHYECKHX TMPIIOKCHUSIX IS
CHCTEM aJalTHUBHON ONTUKHU HY>KEH OMOPHBIA MCTOY-
HUK, KOTOPBII CITY>KHUI OBI 3TAJIOHOM OJIeCKa JIIs KOp-
PEKIINY MCKaKEHUH, CO37]aBaeMBIX aTMOC(EepHOH Typ-
OYJICHTHOCTBIO, IPUIEM OH JTOJKEH OBITH PACIION0KEH
Ha JIOCTaTOYHO OJM3KOM YTJIIOBOM PAacCTOSHHH OT WC-
ciexyemoii obnactu Heba. CHavana Jyis 3TOH 1eNu ue-
TTOJTE30BANINCH CEKPETHBIE Pa3paOOTKH BOSHHBIX, CITy-
JKalue 171 HaOJIOICHUS 3a CIyTHUKaMu. B mocnemy-
OIEM B KAadeCTBE TAKOTO HCTOYHHWKA CTajH
CO3/1aBaThCsl «HMCKYCCTBCHHBIC 3BE3J[bD) IMYTEM BO3-
Oy IeHHs Ha3eMHBIM JIa3ePOM aTOMOB HATpPHs Ha BBI-
cote 0k0J10 90-100 kM HaJ MOBEPXHOCTELIO 3eMId. DTU
CHCTEMBI TIO3BOJISTIOT OJTHOBPEMEHHO OTCIIEKHBATH JI0
JICCSITH U 00JIee UCTOYHUKOB B TOJIC 3PCHUS JHAMET-
poM 5—10 yrioBbIX MUHYT.

Puc. 1. Kapma canaxmuxu « Mneunwiil nymoy»

! Cpoiictea Sgr A*: pamuyc IlIsapimmisaa He 6osee 45 a. €.,
T. e. He MeHee 12,7 +1,1 miH kM; paccTosiHEe 10 3emiun 25900
+ 1400 cBeroBbix yet (7940 + 420 mapcek); macca (4,31
£0,36)-108 M@; spkocTHas Temmeparypa 107K,

Hcnonp3oBanue 310l TEXHUKU MO3BOJIMIO Paiin-
xapay ['ennemto u Anapea I'e3 momy4yuTs B pe3yapTare
MHOTOJICTHUX HAOJIOJICHHUI 3a JABIDKCHHEM 3BE3M BO-
KpYT €IMHOTO OOIIET0 IEHTPayOeIUTENbHBIC CBHIC-
TEJNbCTBA CYIICCTBOBAHUS B IICHTPE Harel ['anakTuku
HEKOETO «KOMITAaKTHOTO M CBEPXMACCHBHOTO OOBEKTa)
¢ Maccoii 4,6 MunroHa conHednsix Macce. ITpu 3Tom
mo pa3MmepaM OH He mpeBocxoauT CONHEYHYIO CH-
cTeMy. OTOT 00BEKT OBIIO OBI IIpaBMIIbHEE HA3BATh HE
YJI, a sApOM TaJlakKTUKW», IOCKOJBKY OH MOXKET OKa-
3aThCSl KAKUM-JTHO0 MHBIM 0OBEKTOM. ACTPOHOMBI TT0-
CTPOMJIM KapTy Hallleil rajJjakTuku (puc.l), 4To mo3Bo-
JIUITO ¢ OOJIBIIEH TOYHOCTBIO OTPEACIHUTh IICHTP MIIeU-
HOT'O NMyTU. BBIACHWIIOCH, YTO 3TOT LIEHTP PACIIOJIONKEH
Ha paccTOSIHUU 25, 8 THICSYH CBETOBBIX JIET OT 3eMIIH,
T. €. OJIVDKE paHee MPUHSATOTO 3HAYCHUS B 27,7 ThICAYH
CBETOBBIX JIET, @ COJTHEYHAsI CHCTEMA JIBIIKETCSI BOKPYT
rajakTUYeCKOro LEeHTPa CO CKOPOCThIO 227 KM B ce-
KyHIY, T. €. ObICTpee paHee MpUHATHIX 220 kM/C. DTH
pe3yIbTATHI, MOTYYCHHBIC W COTJIACOBAaHHBIE KOJITa00-
parueii MHOTHX aCTPOHOMHYECKUX JIaOOpaTOpHi, sIB-
JISTIOTCSI BECOMBIM BKJIAJIOM B M3YYE€HHE «CAMBIX TEM-
HBIX TailH BceneHHoi».

3HAYUTEIBHO CIOXKHEE OOCTOHUT JEJI0 B OTHOIIIC-
uum Pomkepa [lenpoysa. OH - HanOoJiee H3BECTHBINA U
aBTOPUTETHBIN M3 MaTEMAaTHKOB, pabOTAaIONIKMX B 00J1a-
CTH MaTEMAaTHYECKOW TEOPUU OTHOCHUTEIEHOCTH U JI0-
Ka3aBIIUI HECKOJIBKO OOIIMX TEOPEM O YEPHBIX JbIpax
(41), B xoTOpEIX 00OCHOBANl HANHYHE Y HUX «TOPHU-
30HTa COOBITHID MEXIY IPOILIBEIM 1 Oy IyIITUM 1 HEH3-
OexxHOCTh KoIntarica YJ[ mpu mpOW3BONBHEIX HAdallb-
HbIX ycnoBusx. P. IleHpoy3 u3ydan CTpyKTypy Hpo-
CTPaHCTBAa-BPEMEHH BOKPYT M BHYTPU YEpPHBIX GBI,
mpuderas K TOBOJIBHO U3SITHBIM MaTEMAaTHIECKAM Me-
TonaM. OCHOBBI 3TOr0 MeTO/1a ObLTH CHOPMYIUPOBAHBI
uM B cTtaThe 1965 rona «I paBUTAIIMOHHBIN KOJUIAIIC U
MPOCTPaHCTBEHHO-BPEMEHHBIE CUHTYJISIPHOCTHY OIy0-
nmukoBaHoit B Phys. Rev. Lett.[5], 1. e. cmycTst Bcero 10
JIET Tocie cMepTy DifHiTelHa. B Helt o 00ocHOBa,
YTO YEPHBIC JIBIPBI 00Pa3yIOTCS M3 KOCMOJOTHYCCKON
CHHTYJISIPHOCTH, T. €. COCTOSIHUS ¢ OCCKOHEYHOM TUIOT-
HOCTBIO M TEMIIEPATYPOi, TJIC IEPECTAr0T JCHCTBOBATh
BCE U3BECTHbIC HAM 3aKOHBIZ. C MOMOIIBIO H3SIIHBIX
MaTeMaTHIEeCKUX MOJENel OH IMOoKa3all, 4TO CaMo Cy-
mecTBoBaHue Y/ sBisieTcst NpsSAMbIM CIEICTBUEM TEO-
PHUH OTHOCHTEIBHOCTH, XOTA caM A. DUHIITEHH He Be-
PHII, 9TO OOBEKTHI, «IIOKUPAOIIME» BCE, ONaJarolIee
B WX Mpenensl (M Jaxke CBET), BOOOIE CYIIECTBYIOT.
Tak, B cBoeli crathbe 1939 roma on gaske 0ObSICHSET, MMO-
YeMy «IIBapPIIIHIbIOBCKUEC CHHIYJISPHOCTH» HE CY-
IIECTBYIOT B (pusuueckoi peampHocTH» [6]. TeMm ca-
MBIM OH TIO CYIIIECTBY CaM OTPEKACTCS OT CBOETO TPE/-
ckazanus cymectBoBaHusi YJl. IloaToMy HekoTopsbie
nccnenoBatenu cuntarot P. [Tenpoysa naxe Oonee mo-
CJIEIOBATENBHBIM TIPUBEPKCHIIEM TEOPHH UYEPHBIX
IIBIP, 9eM caM A. DUHITEHH.

P. Tlenpoy3 mepBbIM OOBSICHHI BO3HHUKHOBCHHE
YJ] rpaBUTAIIMOHHBIM KOJIJIAIICOM, T. €. KaTacTpoduue-

2 [To XOKHUHTY, CHHTYJISPHOCTb — 3TO MECTO, IJIe K TOMY e
YTPauMBaKOT CHIy M BCE COBPEMEHHBIE NPEJCTABICHUA O
MIPOCTPAHCTBE-BPEMEHH.
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https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B7%D1%80%D0%B5%D1%88%D0%B5%D0%BD%D0%B8%D0%B5_(%D0%BE%D0%BF%D1%82%D0%B8%D0%BA%D0%B0)
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https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B1%D0%BB%D1%8E%D0%B4%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%BF%D1%80%D0%B8%D0%B1%D0%BE%D1%80%D1%8B
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https://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BD%D0%BD%D0%B8%D0%BA,_%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80_%D0%9F%D0%B0%D0%B2%D0%BB%D0%BE%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%9F%D1%8C%D0%B5%D0%B7%D0%BE%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8D%D1%84%D1%84%D0%B5%D0%BA%D1%82
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BD%D0%B0%D0%BF%D1%80%D1%8F%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%B2%D1%80%D0%B5%D0%BC%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%B2%D1%80%D0%B5%D0%BC%D1%8F
https://www.wikiwand.com/ru/%D0%A1%D0%BE%D0%BB%D0%BD%D0%B5%D1%87%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%81%D1%81%D0%B0
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CKU OBICTPBIM C)KATHEM MACCHBHBIX 3BE3J MOJI JICH-
CTBHEM TPaBUTAIMOHHBIX CHJ TIOCJIE HCYEpIaHusl B
HUX 3amaca TepmosiaepHoro tomusa. C atux nop YJI
CTaJIU paccMaTpUBAaThC KaK peajbHbIH, a HE MaTeMa-
TUYECKUN OOBEKT.

Mexny TeM B CBETE ACTPOHOMHUYECKUX OTKPBITUI
TIOCTICTHETO BpeMeHH, JaHHas [IeHpoy30M TpaKTOBKa
(uzndeckoit cymuocTd Y/I BEITISAIUT HE CTOIH OTHO-
3HayHOH. UTOOBI pa3oOpaThCsi, 0 deM BooOIme HAET
pedb, Ha30BEM HamboIlee N3BECTHBIC HA CETOMHALITHHNA
JIeHb CBOMCTBA «UEPHBIX JIBIP»:

1. Ilmotnocts Y/, ompenemnseMas Kak OTHOIIE-
HHUe e€ Macchl K 00béMy «chepsnl HIBapiimmibpaay (Ha
MOBEPXHOCTU KOTOPOH 2-1 KOCMHUYECKasi CKOPOCTh
paBHA CKOPOCTH CBETa), 00OpaTHO MPOMOPIIHOHATEHBI
KkBagpatry e€ paguyca. [loatomy y ramaktuku «Mieu-
HBIA yTh» OHA OJIM3Ka K IUIOTHOCTH BO3JyXa B HUK-
HUX clogx atMocdepsl 3emmu u konedmercs ot 0,06
kr/M° y kBazapa OJ 28710 10 kr/M® y caMbIX MajbIx
YJI, 9TO mpeBBIIAET IUIOTHOCTH SAEP U HEUTPOHHBIX
3B&311. TakuMm 00pa3oM, CHHTYIISIPHOCTh M KOJIJIATIC SIB-
JITIOTCSI TOJIBKO TOCTaTOYHBIMH, HO €MI€ He HEOOXOIH-
MBIMHU YCJIOBUSIMU BO3HUKHOBEHMs Y /1.

Puc. 2. Buo na 3683001 uepes «4EpHyI0 Obipy»

2. UYepHble IbIpbl MO ONpPENENCHUIO 00JIaaloT
CTOJIb MOLIHOH IpaBUTALUEH, UTO €€ HE MOXKET MOKH-
HyTb Aaxe cBeT. [I03TOMy OHHU COBEPLIEHHO HEMpO-
3pauHbl. Mexny TeMm wumetorcst ororpaduun, rae
CKBO3b TEMHOE OTBEPCTHE B IIEHTPE TATAKTUKHA BHUIHBI
pacmoJioKeHHBIE 33 Hel 3Be31bI (prc.2). DTO 03HAYAET,
YTO JAJIEKO HE BCE LEHTPAIbHbIE OOJACTH TalaKTHK
MOXHO OTHecTH K kareropuu YJI, Tem Oonee uto B
OTPOMHOM YHCJIE CIy4aeB B IEHTPAX TaIakTHK HaOJI0-

Puc. 3. 3onvl nogvluennou ceemumocmu 6 yenmpax
2anakmux

3. Ilpenmomaraercsi, YTO JIy4d CBETa HMCIOT
ONpENICIEHHYI0 MAacCy WU ABMIKYTCS BJIOJb TPAHUIIBI
9TOM Cepsl, HE MepeceKasCh U HE BBIXOJS 33 3TH Ipa-
Hulpl. OJHAKO 3TO MPEANOJIOKCHHUE B MPHHIUIC HE
MOXKET OBITh BEepUDUIUPYEMO U MOTOMY OTHOCHTCS
(o Iommepy) k KaTeropuy HEHAYYIHBIX ITOCTYJIATOB.

4. Tlo Ilenpoy3y, UJI poxmaroTcsi Ha MecTe
B3pbIBa KPACHBIX THTAHTOB, KOTOPHIH HACTYIAET IIOCIIE
HCYEPIIaHUS 3BE3/I0M «3aIllacoB» TEPMOSIEPHOTO TO-
prouero u e€ «kosuiarnca». Mexy TeM CHeKTpalbHbIN
aHaJIN3 3BE3]I, POIUBIINAXCA B IIEHTPAX raJlakTHK, O0HAa-
PYKHMBAeT HAIMYUE Y HU3 3HAUYUTEIBHO OOJIBIIErO KO-
JIMYECTBA KHCIOPOAa U IPYTUX Ta30B, HEXKEIU B IICH-
Tpax yJalN€HHBIX TAIAKTHK, /1€ 3HAYUTEIBHO OOJIbIIe
JKene3a. ITO CBHICTEIBCTBYET O TOM, UTO C BO3PACTOM
UAET «HAPAOOTKA» TKEIBIX IEMEHTOB, a HE HX pac-
xozoBaHue. Kpome TOro, B rajakTHKax MULIHOHBI
3BE3JI, UTO JIENaeT MX OJHOBPEMEHHBIH KOJUTAIIC Mallo-
BEPOSTHBIM.

5. OOHapyX)eHO MHOXECTBO CIIPAIIEHBIX TaJlaK-
TUK, IICHTpaJbHAas YacTh KOTOPBIX BEIOpachIBaeT
«DKEThD» ITMHON 10 250 MIIH mapcek, COmpoBOXKIac-
MBIC MOIIHBIM PEHTICHOBCKHUM HU3JIYUYCHHUEM H IaXKe
crycTkamu OapuoHHOTO BemecTBa (puc.4). OHu mpe-
CTaBJIAIOT COOOHM MCXOMASIINE U3 IICHTPAIbHON YacTh
TaJJaKTUK CTPYHM U3 DIIEMCHTAPHBIX YACTHIl, Ta30B,
IBUIA U Jake 3BE31 BenuuuHoll 10 2.5 macc CoHia,
IO HOPMAJIM K OCH MX BPAIICHHS CO CKOPOCTHIO, TOCTH-
rarome MIeCTUKPATHOM CKOPOCTH CBETa. JTO O3Ha-
gaer, 4To Oollee IUIOTHAS MX YacTh TalaKTHK CTaHO-
BHTCS HE MOTHIILHUKOM, a «(paOpukoi» O0aprOHHOTO
BEIIECTBA, MOIACPKUBAsI TEM CAMBIM «BCEIICHCKH 0a-
JIAHC MacChI.

Puc. 4. [Poicemyl, ucnyckaemvie cnupanbubiMu 2anak-
mukamu

5. MI3BECTHO, YTO rallaKTUKU MOTYT IIOIJIOIIATh)
JIpYT ApyTa BMECTE C UX YePHBIMHU JibIpamMu. [Ipu aTom
OHM U3IY4YalOT HE TOJIBKO TPaBUTAIMOHHBIC BOJHBI
MIPOCTpaHCTBa-BpeMeHH, npejackaspiBaeMbl OTO, HO u
OOBIYHBIC aKyCTUYEeCKHE (IIPOJIOJILHBIC) BOJHBI, BOC-
MIPUHUMAEMbIC Ha PACCTOSHUAX CBbIIIE 250 MJIH CBETO-
BBIX JieT. FIX BO3HUKHOBEHHE OOHAPYIKUBACTCS 11O YCH-
JICHHOMY CBEUYCHHIO B O00JacTH (pOHTA yIapHOU
BOJIHEI (puc.5).
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Puc. 5. Yoapuwvie sonnvl om crusnus 2anakmuk

6. ACTpPOHOMBI OYEHB 4acTO HAOJIOAAIOT CIIydau,
KOT/1a 3BE3/1bl, HAXO/SIIUECS] B aKKPEIIMOHHOM JTHCKE,
0TOpachIBalOTCS OT IEHTPa TAIAKTHKH. DTO CBHJE-
TENBCTBYET O TOM, YTO HAPSIY C CHJIAMH TATOTCHHUS BO
BcenenHoi EHCTBYIOT U TpaBUTAIIMOHHBIC CHIIBI KOT-
TankuBaHusD». O HATMYAH TaKUX CHJI CBUICTEIBCTBYET
KOHIICHTpUYECKasi CTPYKTypa CKOTUICHH 3BE31, Koraa
4acTh UX PacIiojiaraeTcs B IEHTPE, a ApyTrasi — Ha OIIpe-
JIETIEHHOM PAacCTOSTHUU Mexay HuMmH (puc. 6) [7], a
TaK)X€ YJEp)KaHUE TYMaHHOCTEH Ha OINpPEAcIEHHOM
paccTosiHUM APYT OT LIEHTPAIbHOIO CKOIUJICHUS Ha TOM
JKE PUCYHKE.

Puc. 6. Konvyesas cmpyxmypa eanaxmuxu u mymar-
Hocmetl

7. CornacHo HeOeCHOM MeXaHUKe, OCHOBAHHOM Ha
3akoHe Hpr0TOHA, CKOPOCTH BpaIlieHuUs IepUBEPUITHBIX
obnacTed crupaibHBIX TaJaKTUK J0JDKHA ManaTh. Og-
HaKO TOYHBIC U3MEPEHUS 3TOH CKOPOCTH OOHAPYKUITH
e€ MpaKTHYECKOE MOCTOSHCTBO. JDTO HECOOTBETCTBHE
POTAIMOHHBIX KPUBBIX TATAKTHK TUKTYET HEOOXOIH-
MOCTb MOJIWU(HKAIMA HE TOJBKO 3aKOHA TATOTCHHS
Hrerotona, HO u Bcel TEOPHH I'paBUTAIIMH.

74 % DARK ENERGY 22% DARK MATTER

3,6% INTERGALACTIC GAS
0.4% STARS, ETC.

Puc. 7. bananc mamepuu 6o Bcenennoii

IMoaxonst ¢ 3TUX MO3ULMHA K TEOPUH «UYEPHBIX
JIBIP», MIPUXOAUTCS KOHCTATUPOBATh, YTO OHA HE JAET
YAOBJIETBOPUTEIBHOIO OTBETA HU HA OJIMH U3 MOCTAaB-
JISHHBIX BBIIIE BOIIPocoB. [Ipex e Bcero, octaércs 6e3
OTBETa BOIIPOC O TOM, OTKYJIa B3SUIHCh ATH «3aITachD»
SIICPHOTO TOPIOYEro U TJIe HAXOJUTCSI HCTOYHHK Oapu-
OHHOM MaTepuu, KOTOPBIA HEOOXOIUM IS MOIACpKa-
HUS ero OajaHca 1o Mepe «IoraomeHusD 38E31 Y/ kak

UX «MOTHJIbIIUKaMu». TakoW HMCTOYHHK HEOOXOIUM
TaKKe U JUIs 00BSICHEHHUS] HA0JII0JaeMOTO SIBIICHHSI [10-
CTOSIHCTBA IUIOTHOCTH OapHOHHOTO BENIECTBA MpU
«pacmupeHun» BcenenHoil. ®usnyeckuil BakyyMm
(®B), pokIaArOIINI TOIBKO «BUPTYaJIbHEIC» YaCTHUIIHI,
IUTS 9TOH HeJIH SIBHO HE ITOJIXOIHT.

Hanee, cornacHo «repmoguHamuke YJ1», B koTo-
PO TIOBEPXHOCTH «TOPU30HTA COOBITHID CIYXKHUT aHa-
JIOTOM 3HTpomuu, abcomotHas Temmeparypa I YJ1
JTOJDKHA OBITh OTIIMYHOW OT HyJISL, OPOXK/Iask TETJIOBOE
n3llydeHue Bonpeku onpeaeneHuto Y/, u e€ «ucnape-
Hue». 910 oTKpbITHE C. XOKHHTa CBUAETENBCTBYET O
BHYTPEHHEH IPOTUBOpeYUBOCTU Teopuu U/I.

Bce momsHyThIe BBIIIE HECTHIKOBKH BBIHYKIAIOT
rccienoBaTesel UCKaTh BBIXOJ 3a paMku «CTaHaapT-
HOWM KOCMOJIOTHYECKOH MOJeNn», 0a3upyromeiics Ha
OTO. Opna u3 MOMBITOK TaKOro pojJia MPEANpHHSITA
MHOW B paMKax eIWHOW TEOPHH IepeHoca U mpeobpa-
30BaHU JIFOOBIX (POPM SHEPTHH, HA3BaHHOHM IS Kpat-
KOCTH dHeproauaaMukoii [8]. B ormuane ot OTO, moa-
MEHUBINEH TUHAMHUKY KHHEMAaTUKOW, CHIBI F — kpu-
BH3HOW TIPOCTPAHCTBA, a (U3MKY - MaTEeMaTHKOM,
SHEeproAMHaMHKa Ja€T yHHBEpCAJIbHOE OMIpeieieHHe
CHJIBI KaK TPaJiieHTa COOTBETCTBYIONIEH (OPMBI DHEP-
run F = 0U/0r. T1pu aToM nro0Obie CUIIOBBIE MO TIPe/i-
CTalOT KaK CJIECTBHE HEOJHOPOJHOTO pacpeaeIeHus
B IPOCTPAHCTBE MAaTEPUAILHOTO HOCHUTEISI COOTBET-
ctBytomieit popmsl sHeprun. Ecimun OTO npeacrasisier
MUHAMHKY TPaBUTAIIMOHHOTO B3amMoneicTBus Bce-
JICHHON AECATHI0 KOCMOJOTHYSCKHIMH YPaBHECHUSIMHU
lunpbepra - DWHIITEHHA B YACTHBIX MTPOU3BOIHBIX 2-
T'O TOPSAAKA C COTHIMH HEH3BECTHBIX TIEPEMEHHBIX, TO
SHEProAMHAMUKA TIPEICTABIET €r0 B BHAC OTHOTO
ypaBHEHUs C ABYMS HEU3BECTHBIMH. HakoHer, 3Ta Teo-
pust 0a3upyeTcs He Ha MOCTyJiaTax, a Ha YIOMSHYTBIX
BBIIIIE ACTPOHOMHUYECKHX OTKPBITHSX MOCIETHETO Bpe-
MEHH.

Puc. 8. Botio Bononaca
HauGonee 3HaYMMBIM W3 HHX SIBISCTCS OOHApY-
JKEHUE TOro, uyto Iuiib 4-5% Matepuu Bcenennoii sB-
JIsseTcsl BUauMon (Habmomaemoit). Eif mpuHATO Ha3bI-
BaTh «OapHOHHBIM BEIIECTBOM», ITIOCKOJBKY B €ro
CTPYKTYPE HMEIOTCS IPOTOHBI M HEUTPOoHBI. OcTanbHas
4acTh MaTepUH SBISETCS «CKPBITOW» (HEBUIMMOIN).
[IpuHATO CUUTATH, UYTO OHA COCTOHT Ha 22% U3 «TEM-
HOW MaTepum», 00pasyroIeiil BPALIArOIICECs «Tajio»
BOKPYT T'aJIaKTUK, ¥ Ha 74% U3 «TEMHOW» SHEPIuH, OT-
BETCTBCHHOW 3a MX YCKOpEHHOe pasberanue (puc.7).
CtpyKkTypa 3TOl 00Jiee «TOHKOI» MaTepuu HE Mojaa-
€TCcS M3YYCHHIO CYIIECTBYIOIIMMH CPEICTBAMH, IIO-
9TOMY MBI BBIHYXIEHBI CUHTATh €€ KOHTHHYYMOM.
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DTOMY COOTBETCTBYET JielieHne MaTepun BceneHHOMH
HE Ha BEIIECTBO U MOJIC, a Ha CTPYKTYPUPOBAHHYIO (0a-
PHOHHYI0) W HECTPYKTYPUPOBaHHYIO («HEOapHOH-
HyI0») 4acTh. HebaproHHas Matepus o0ajaeT eauH-
CTBEHHOM (IpaBHTAllMOHHOMN) CTENEHBIO CBOOOJBI, H,
MOT00HO 2(PUPY, 3aMOTHICT BCE MPEIOCTABICHHOE el
npocTpancTBO. [103TOMY OHa SIBIISETCS HETTPEMEHHBIM
KOMIIOHEHTOM JI000# MaTepHalbHOH CHCTEMEL. JTO
Jernaet e€ «repBUYHOM» GopMoli MaTepuu (TIpeaBerie-
CTBOM), M3 KOTOPOTO B IIpoIlecce «KOHICHCAITHI»
(cTpykTypooOpa3oBanus) cHOPMHUPOBAIKNCH BCE W3-
BeCcTHbIE (hOPMBI OAPHOHHOTO BellecTBa (dIeMeHTap-
HBIC YaCTHIIBI, S/Ipa, aTOMBI, MOJICKYJIbI, Ta3bl, HbLIC-
BEIE 00J1aKa, MaJble U OOJbIIe HeOECHBIE Tella, ralak-
THKA W WX CKomwleHus). VIMeHHO wamas Joiis
0apUOHHOTO BEIECTBA, UIYUYCHUE KOTOPOTO OTIIMYA-
€TCsI MHANBHYATBHBIM CIICKTPOM, OOCIIOBIIUBACT HU3-
KYIO TeMITepaTypI] ranakudaeckoit cpensr (2, 73 K). Cy-
MECTBOBAaHUE «BOWIOB» - KOCMHYECCKHX ITyCTOT
OTPOMHBIX Pa3MepoB (CBBIIE MWJLTHAPAA CBETOBBIX
JIeT), CBOOOHBIX OT OapHOHHOTO BEIIECTBA, MOATBEP-
)knaroT Gororpadun (puc.8). DHEproguHaMUKa 00bsIC-
HSET MX OTCYTCTBHUEM B BOWMIaX YCIOBHH JUIsS KOHICH-
canuy HeGaproHHOM Matepuu. [11oTHOCTE HEOapHOH-
HOW MaTepuu B BOWJax KOJeOIeTCs 10 COBPEMEHHBIM
naHubM oT ~1027 o ~107% r cm®. Takas meomHOpO.-
HOCTB JieTacT € HeYCTONYMBOW U IOPOXKIACT BO3HUK-
HOBCHHEC B HEl aBTOKOIeOaHuil IoTHOCTH. Kak jJoka-
3BIBACTCS B DHEPrOAMHAMHUKE, PHEPTUS 3THUX Koieba-
Huii € = Mc?, T. e. BeluYUHe, NPUHMMAEMOH B
HACTOSsIIee BpeMs 3a IOJIHYIO YHEPTHIO BEIIecTBa. JTa
SHEprus M AejaeT HeOapHOHHYI0O MATEePHUIO «TOILIH-
BOM» 3BE3[l, XOTS OHA U TPEACTABISIET COO0I TOIBKO
4acTh SHEPrHMUM HEOAPHOHHON MaTepuu, KOTOpas BO-
BIIeYE€HA B KOJieOaTeIbHOE IBIKEHUE.
OTtcrofa B MPEATONIOKESHHH MOCTOSTHCTBA CKOPO-
CTH CBETa ¢ = CONSt U ClIeyeT MPUHIIKIT SKBUBAJICHT-
HOCTH HEPTHU U Macchl A. Diinmreiina E,= Mc? [9].
DTOro MpHHIHWIA JOCTATOYHO U JOKa3aTelIbCTBA
TOTO, YTO HANPSHKEHHOCTH TPABUTALMOHHOTO Xg 1 JIIO-
00ro APYroro MoJjs ONMPEACIIATCS TPaTUeHTaMHU IDIOTHO-
CTH COOTBETCTBYIOLICH (OPMBI dHEPTHH &g = OGOV =
pc?, OTKy la HETOCPEICTBEHHO CleyeT 3aKOH IPaBUTa-
[[UH BUA:
Xg=pg = c?Vp, (Tx M) (6]
Ionesas (6mu3kojaelicTByrOIas) (Gopma 3aKOHA
rpaButaru (1) He3aMeHHMMa JUIS KOHTHHYaJIbHBIX
Cpell, B KOTOPBIX HEBO3MOXKHO BBIJCIHUTH «IOJIc00pa-
3YIOMIHE» U «IPOOHEIe» Tena. OHa MpecKas3bIBacT Cy-
IECTBOBAaHUE CHIBHOM rpaButammu (B ~10% pas mpe-
BBIMIAIONICH HBIOTOHOBCKYIO), TPAaBUTAIIHOHHOTO PaB-
nosecus (Vp = 0), BOSMOKHOCTD CMEHBI ITPUTSKECHHUS
(Vp >0) orrankuBanuem (Vp < 0) mpu U3MEHEHUH Xa-
paKTepa pachpee/iCHHs MaTepud B IMPOCTPAHCTBE
(cmene 3Haka Vp) 1 nCue3HOBEHUE TPABUTAIMH TIPH JI0-
CTH)KEHUH TIpejeNia CKUMaeMocTH (p = pmax) [9]-
OrpoMHas BelMYMHA SHEPTHM KOHEHcauun Mc? obHa-
PYXXHBaeT UCTOYHHK SHEPTUH, B COTHU Pa3 MPEBHIIIAIO-
IIUHA TEPMOSICPHYIO SHEPTHUIO, YTO MPOJIUBACT HOBBIN
CBET Ha MPOHCXOXKACHUE CBEPXMOIIHOTO HW3ITyYCHHUS
KBazapoB. [IpemmoskeHHOE aBTOPOM 000CHOBaHHE OJH3-
KOZAEUCTBYIOLLETO 3aKOHA CUJIBHOM I'paBUTALIUMU 1103BO-
yrio V3paninbckoit acconmayy n3o0peTaTesnieid BEIIATh

MHe B 2018 roy TUIIIOM 3a «OTKPBITHE SIBICHUS TPaBH-
TaIHOHHOTO OTTANKKBaHuUsD (Ne017-2018).

Bnaronaps y4éty npocTpaHCTBEHHOH HEOAHOPOA-
HOCTH pacIipeieeH sl INOTHOCTH OunomnsipHas Gopma
3akoHa rpaBuTaimu (1) ycrpaHser mpoTHBOpeuHe 3a-
KOHa TAroTeHHus: HproToHa ¢ HaOMO#aeMbIM XapakTe-
POM POTAIMIOHHBIX KPHBBIX CIHPAIBHBIX TaJIaKTHK,
MIPUBOJS K 3aKOHY PAacCIpenesieHns] X IUIOTHOCTHU p K
Buny [10]:

(vlc)>=-r Vplp. 2

CoriacHo 3TOMY BBIPQXKEHHIO, CKOPOCTh 0 JH(]-
(bepeHIIMaTbHOTO BpAILEHUS] TaJaKTUKU Ha PaccTosi-
HUH I OT [IEHTPa MOHMUKAETCS K Nepu)epruu TeM Mej-
JIEHHEe, YeM pe3de MOHIKAETCsI OTHOCUTENILHBIA Tpa-
nmueHt e€ motHocTH (Vp/p) U Ipu ompeneIéHHOM ero
3HAQUEHWH MOJXKET OCTaBaThbCs HEM3MEHHOW, 4YTO U
HaOmonaeTcst B 1eHCTBUTEIBHOCTH.

[Ipencka3anue CymecTBOBaHHS TI'PaBUTALIMOHHBIX
CHJI OTTAJIKMBAHUS B OapHOHHOI 1 HeOapHOHHOI MaTe-
pUM JlenaeT W3IUIIHUM BBEACHHE JOIOIHHUTEIbHBIX
CYIIHOCTEH THITa «TEMHOM MaTepHUm» U eé 0oJee «TeM-
HOI» (HEMO3HAHHOW) SHEPTUH, OTBETCTBEHHOMH 3a yCKO-
penHoe pacumpenue Bceenennoil. Tem He MeHee mo-
CTpOEHHAsI Ha 3TOM OCHOBE SHEProMHAMHYECKas Teo-
pHsi KOCMOTOHHUHM II03BOJISIET OOBSICHUTH YIIOMSIHYTHIE
BBIIIIE HAOJIOIaTENbHBIC JAaHHBIE, HE BBIXOAS MPU 3TOM
3a paMKH KJIaCCUYECKOH (U3NKH.

JleficTBUTENBHO, COTJIaCHO SHEProAMHAMHUYECKON
TEOpHH CHIIBHOW rpaButarmu [11], 6asupyrometicss Ha
sakone (1), ymiorHenue HeGaproHHON Martepuu (Vp
>(), CIIOHTaHHO BO3HHKHYB B KakKOW-IHOO 001acTH
Bcenennoii, B JanpHEHIIIEM He MEHSET CBOCTO 3HAKa.
Takum o0Opa3oMm, ymJIOTHEHHE KakoW-nmnbo obiactu
BcenenHoii, oqHa)Kapl HAYaBUIMCh, HE IPEKpalacTcs
BIUIOTH 70 BO3HUKHOBEHHUS! CHHTYISIPHOCTH (COCTOS-
HUsI ¢ OECKOHEYHOH IJIOTHOCTBIO M TEMIEpaTrypon),
€CITH TOJIBKO PACTYIINE BHYTPEHHHE CHJIbI IaBJICHHS HE
BBI3OBYT €€ «B3PBIBY» €IIE Ha MOJX0/IE K 3TOMY COCTOS-
Huro. Takoi «B3pbIB» HEM30EKEH, TIOCKONIBKY 110 Mepe
TIPUOIMKEHUS] K CHHTYJISIPHOCTH OTHOCHTENBHBIC Tpa-
JIUEHTHI TUTIOTHOCTH Vp/p M CHIIBI TATOTEHHUS ociabe-
BAIOT, @ CHJIBI BHYTPEHHETO IaBJICHHS, 00YCIIOBICHHBIC
TEPMOAIEPHBIMU PEAKLHUAMH, HAIIPOTUB, BO3PACTAIOT.
91O SIBIIEHHE HapymeHusA ruIpoCTaTHICCKOro paBHO-
BECHSI CJIEIOBAIIO Obl HAa3bIBATh «B3PHIBOMY HE «CBEPX-
HOBOIY, a «cgepxcmapoiiy, TOCKOJIbKY OHO 3aBepIIacT
9BOJIIOIHIO 3Be3/1bl. COMPOBOXKIAIOIIEE B3PhIB JOKATIb-
HOE paCIIMpEHUE 3aKaHYMBACTCS TaK Ha3bIBAEMBIM
«OOBIINM Pa3pPHIBOM» BCEX €T0 CTPYKTYp OapHOHHOTO
BEIIIECTBA, BKJIOYasl aTOMBL. DTOT «Pa3pbIB» BO3Bpa-
IIaeT BEIECTBO B NIEpPBOHAYAIBEHOE (HEOapHOHHOE) CO-
crostare. HeynopsaodeHHOE YepeoBaHne MPOIECCOB
CXKaTHSl M PacIIMPEHHs OTACIbHBIX obiacTell Oecko-
HeuHoU BeeneHnol peanusyer KpyrooOopoT MaTepHH,
MO3BOJIAIONIMN €l CyIIecTBOBaTh HEOTPAHUYEHHO
J0JIr0, MUHYS COCTOSIHUC PABHOBCCHUS.

CToJIb K€ «IPO3anvIHO» OMHUCHIBAET IHEPTOIUHA-
MUUECKas TEOPHsI KOCMOTOHHH TPOLIECC TPEBPAICHUS
HeOAapHOHHOI0 BeliecTBa B OapuoHHOE. Jleo B TOM,
YTO NPOJOJIBbHBIE aKyCTHYECKHE KoJIeOaHHsT HeOapHOH-
HOW MaTepuH, peaJbHO OOHapyXXEHHBbIE B KOCMHYE-
CKOM NpOCTpaHCTBE [12], 0XBaThIBAaIOT BECh BO3MOX-
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HBIM Arana3on 4actoT 0 <v <co. [Ipu 3TOM BBUY «BCE-
MIPOHUKAIOIETr0» XapaKkTepa I'PaBUTALUU H3JIyYeHHE,
COMPOBOXKIAIOIIEE 3TH KojeOaHus, sBiseTcsa (HoHo-
BBIMH. DJTO U JieJlaeT HeOapHOHHYI0 MAaTEPHIO HEBHIIH-
Moii («TéMHOWY). Jlnmb B mporecce €€ «KOHICHCA-
IIUW», COMPOBOXKIAIOIICHCS CTpyKTypu3amnuen (oopa-
30BaHUEM O0AapHOHHOTO BEIIECTBAa C MHAWBUAYAIbHBIM
CHEKTPOM W3IYYCHHSI) MATepPHUs CTAHOBUTCS «BHIH-
Moit» (HabmogaeMoif). 3To u UKCHPYETCS TEIECKO-
TaMH KaK POXKIEHUE «CBEPXHOBOM.

OpHako mporecc KOHACHCAIIMA BO3HHUKAET JIUIIIb
NPU JOCTHXKEHUU ONPEAEIEHHOI IJIOTHOCTH HebapH-
OHHOM MaTepuu. J[o 3THX MO SAPO 000 TalaKTHKH,
Mo00HO BOMIaM CBOOOAHOE OT OAapHOHHOTO BeIlle-
CTBa, BOOOIIlE HEBUIUMO, XOTSI U HE UMEET HUYEro 00-
mero ¢ YJI. Takoe sapo mpo3padHo, YTO U OTpaxkaeT
puc.l. Ero MoxHO 0OHapyXUTb JIMIIb 110 JBIKEHUIO
0apHOHHOW MaTepwH, YBICKaeMOH MOTOKOM Hebapwu-
OHHOU Marepuu. OTHAKO MO0 Mepe YIUIOTHEHUS U BO3-
HUKHOBEHHSI TIpoIlecca KOHACHCAIMH SAPO HAauWHACT
WCIyCKaTh «JDKETBD) M TpHOOpeTaeT BCE OOJIBIIYIO
CBETHMOCTb. JTO CBEUEHHE IMPEKPAIIAeTCs JIUIIb CO
«CTapeHneM» TallaKTHKU, KOTJa sApO TalakTHKH CTa-
HOBUTCsI 00JIee OJTHOPOJIHBIM, & OTHOCHTEINIbHASI BEJIH-
YHMHA TpaJieHTa aBlieHus Vp/p U CBsI3aHHAs C HU aK-
Kpeuus: 6apuoHHON 1 HeOapHOHHOI MaTepuu ociade-
BaeT. C npuOIMKEHHEM K DTOMY COCTOSIHUIO JDKETHI
CTaHOBSATCS] HEYCTOWIMBBIMH (IIYIBCHPYIOIINMH), & X
HaIpaBJICHHOCTh — HE CTOJb BhIpaxkeHHOU. C ocmabie-
HHEM JDKETOB 00J71aCTh KOHACHCAIINN CMEIIASTCS K «aK-
KPEIIMOHHOMY JHCKY», TJI€ U OCYIIECTBIISIETCS B OCHOB-
HOM «TIPOU3BOJCTBO» HEOAPUOHHOW MaTepuu. Ydact-
ByloIipe B €€ BpaIIeHWH TYMaHHOCTH, Mallble W
Oouble HeOECHBIE Tea, 3BE3IBI M MX CKOIUIEHUS 00-
pa3yloT BHAMMBIE «PyKaBay» TaJaKTHUK, KOTOpbIE IO
Mepe YCKOPEHHUSI CTAHOBSATCS BCE «TOHBILE» W WHOTA
BBITSATHBAIOTCS B OUCHbB JUTMHHBIC HUTH (puc.6). Takue
HHUTHU MTPOHMU3BIBAIOT BCIO BUIUMYIO 4acTh BceneHHOH
(puc.9), 9TO MOCITY>KUIIO IPUYMHON Ha3bIBATh UX «Ia-
yTuHOU Bceenennoi». E€ Hannune cBUAETENBCTBYET O
pacrpocTpaHEHHOCTH B KOCMOCE SIBJICHHS IIEPETOKa
BEIIIECTBA C OJHOW 3BE3/bI WIH TAIaKTUKH Ha JIPYTYIO.
Oco0eHHO HATTSIHO MPOSBIACTCS ATO TEpeTeKaHue
BEIIIATCBA B «TECHBIX CHCTEMAaX JIBOIHBIX 3BE3I MITH Ta-
makTak»  (puc.10) Ha »stom pucyHke BecbMa
OTYETJIMBO MPOSIBISIETCS] 0COOEHHOCTH ATOTO MPOILIecca,
COCTOSIIIIAsl B HEM3MEHHOCTH TOJIOKEHHUsI LIEHTPOB
CKOTUTEHHH 3BE3]1, B TO BpeMsI KaK IepudepriiHbIe CII0N
JBIDKYTCSI C YCKOpPEHHEM. JTO TOATBEPXKIAET CyIIe-
CTBOBaHHE I'PABUTALIMOHHOTO PABHOBECHS, TIOCKOJIBKY
B UX LleHTpax ckoruieHuit Vp = (. PaBHoBecue Hapyia-
€TCsI TOJIBKO JUTS TepU()EePUAHBIX CIIOEB ITUX TAIAKTHK,
rae Vp ornudass! oT Hyna. OHH M UCTIBITHIBAIOT TATOTE-
HUE, TPU KOTOPOM OJIHA 3Be3/a TN TaJIAKTHKA KakK Obl
«paszneBaer» Apyryto. IIpm stom u3 puc.10 cremyer
TaKKe, 3TOM, HYTO «pa3AeBaeTcs» He 00s3aTeNbHO
MEHBIIIAS U3 TATAKTHK: BCE 3aBUCUT OT CTIOHTAHHO BO3-
HUKHOICTO I'paJuCHTa IIJIOTHOCTH MAaTCpuHr B TOH WA
MHOI1 00J1aCTH IPOCTPAHCTBA, KaK 3TO U CIIEAYET U3 OU-
MOJISIPHOTO 3aKoHA rpaBuTanuu (1). DTOT 3aKOH JIETKO
OOBSCHSET TaKKe, TI0YEeMy 3HAUNTEIbHAs 4acTh 00pa-
30BaBIICTOCS B SJIPE CIHPAIHLHON raIaKTUKKA OapHOH-
HOTO BellecTBa BbIOpachIBaeTcsi M3 €€ IeHTpa B

HalpaBJICHUU OCH BpalllCHUA. OTBeT COCTOUT B TOM,
YTO UMCHHO B 3TOM HAIpPaBJICHUU I'PAAUCHT eé miIoT-
noctu Vp, a, ClIe0BaTENIbHO, U CHUJIA TATOTCHUS MUHH-
MaabHbL. OOBICHIET OUMOISAPHBIHM 3aK0H (1) U KOHIEH-
TPUYECKOE PACIOIOKEHHE CKOIJICHUH TajlakTHK Ha
OMPEJICNICHHOM YJAaJCHUH OT IEHTPAIBHOTO CKOILIe-
Hus, oOHapyxeHHoe HACA mipm mocTpoeHHH TpEX-
MepHoH kapThl Beenennoii [7]. CornacHo 3akony Hero-
TOHA, TAaKOE PACIOJIOKEHUE CKOIUIEHHH 3BE3] HEBO3-
MOXKHO B CHJIy MX B3aUMHOTO THpHTskeHus. OgHako
coracHo GoTorpaduu puc.5 OHO PeabHO CYIIECTBYET
)44 O6’BHCH§IGTCH HaJIMYMUEM I'paBUTAITUOHHOI'O paBHOBEC-
cusl B yYHOCTSAX CKOIUIeHuH 3B€31, rae Vp=0.

s v &
Puc.9 Humesuornas cmpyxmypa, obpazosannas ax-
KPEeYUOHHbIMU PYKABaAMU

Puc. 10. HureBunHBIe TTOTOKHU, OOYCIIOBIICHHEIE
aKKpeLuuen B-Ba

Puc. 10. Ilepemexanue gewgecmaea Ha 2aNaKmMuKy ¢
MeHbuel Maccou

[IpennosxeHHOE 00BSICHEHUE Psijia HAOIH01aeMbIX
SIBIICHUH MOATBEPIKIAET CIIPABEIIMBOCTD DHEPTOUHA-
MHUYECKOI TEOpPHH CHIILHOW TPaBHTAIMH, OCHOBAHHOU
Ha 3akoHe (1). DTOT cueHapuil MO3BONSIET Pa3INYaTh
[OCJIEIOBATENIbHOCTD OTJIEIbHBIX ATAlOB HBOJIIOIMU
pasIuYHBIX obyacTeit BeeneHHol 1 000CHOBATH Kpy-
roo0oOpoT MaTepuu B Hell Kak menoM. [loaTtomy oH Mo-
JKET CTaTh OCHOBOM SHEProJMHAMUYECKON Teopuu e€
sBosroru [13].

Hapsiny ¢ 5TuM BO3HHKaeT OOJIBIIOE COMHEHHE B
CIIPaBEIJIMBOCTH BBIBOJIOB, CACIAHHBIX HA OCHOBaHUHU
OTO. B dyacTHOCTH, CTAHOBUTCS OYEBHJHBIM, YTO
CBEPXMAaCCHUBHBbIC 00BEKTHI, HAOIIOAaeMbIC B I[EHTPaX
OOJIBITUHCTBA TAJIAKTUK IO OTCYTCTBHIO UX CBCUCHHS,
He Bceraa sBisAorcs YJI, npenckaszpiBaembiMu OTO.
CBeXMaCCUBHBIMU MOTYT OBITh H si/Ipa T'aJaKTHK, KOTO-
pbIe oT0OHO Boi1aM CBOOOTHBI OT OAPUOHHOTO BeTlle-
cTBa. MIMEHHO OHM MO Mepe WX YIUIOTHEHUS CTaHO-
BATCS «(habpukamu 3BE31», B TO BpeMs Kak UJI sBis-
FOTCS JIMIIIb UX «MOTHJIBIIAKAMI.
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ITosromy mpaBa IlIBenckas AH, mpucyauBiias
npemuto P. 'ennenio u A. I'e3 3a «OTKpBITHE CBEpX-
MacCHUBHOTO OOBEKTa B LEHTpe Hamel [ amaktukmy.
TeM camMbIM OHa OCTaBWJIM IIAHC, YTO ATUM OOBEKTOM
MOXET OKa3aThCsl M HE «UepHas AbIpa», TeM Ooee 4To
«cepa IIBapimmibaa» COCTABISET TOIBKO €€ 4acTb.

OpnHako 3TOTO HENb3s CKa3aTh B OTHOLIEHUH IIpe-
muu P. [lenpoysy, Bkiag kotoporo omnenuBaercst Ho-
0eIEeBCKNM KOMHTETOM KaK «OTKPBITHE TOTO, YTO 00-
pa3oBaHHE YEPHOH IBIPHI OBUTO ObI HAEKHBIM Ipea-
ckazanueM OTOw». VYpaBHeHHs 53Toi  Teopuu
OIUCHIBAIOT OJIHOPO/IHYIO Beenennyto «B nenom» 6e3
y4€Ta IPOTUBOIIOJIOKHON HAIIPaBIECHHOCTH IIPOLIECCOB
B €€ OT/IEJIbHBIX O0JIACTSIX U IOTOMY HE MOTYT COOTBET-
CTBOBATh pealbHOMY IOJ0XKeHHIo aei. OqHako u 6e3
yuéTa 3TOro yrnoMsiHyTast (OpMyJIHpPOBKa IPENICTABIIS-
€Tcsl HeJISTUTUMHOM, TOCKOJIbKY 3aBelianue Amb(pena
HoGens siBHBIM 00pa3oM IpeaycMaTpUBalIo IPEMHIO 32
JOCTIXEHUs, oOJerdaronie XU3Hb YeIOBEUECTBa, a
HE 3a yCIexH B 00jacTH MareMaTtudeckoi ¢usuku. B
3TOM OTHOIIEHWH BEChbMa IIOKa3aTelieH IpPUMEP CO
CruBeHoM XOKHMHTOM, HEOJHOKPAaTHO BBIIBHUIAB-
mmiics Ha HoOeneBckyto npeMuto, HO He MOy 4YUBIINI
e€ BBHJy HEBO3MOXXHOCTU IOATBEPIUTH €ro TEOPHUIO
«icnapsomuxcs Y» HU CylHIeCTBYIOIUMU, HU BO3-
MOXHBIMH B OyJyIieM cpeiacTBaMH HaOJIOJCHUS
BBUJIy OECKOHEUHOCTH BceneHHon.
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ON THE PHENOMENA OF OPTODYNAMICS

Abstract
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Precise optical devices for full measurement of the accelerated motion are presented. The proposed devices

are implemented on the basis of the linear semiconductor laser, without moving or tensioned parts and without
ring resonators, and could be arranged on the belt fastened around the object to be measured. Presented method
consists in the using of standing wave of the coherent radiation in the resonator as the sensitive element of the

accelerated movement measurement.

Keywords: accelerometer, control, navigation, linear laser resonator, optodynamics.

1. Known phenomena of optodynamics in moving
resonators

We consider the dynamic action of external forces
on a rigid resonator with an invariable geometry, with
resonator elements and a photodetector stationary rela-
tive to each other during the interaction time, which
leads to an accelerated motion of the resonator with ra-
diation. We also consider the radiation medium to be
stationary and uniform in the intrinsic frame of refer-
ence of the moving resonator, when the dielectric & and
the magnetic u permeability are constant.

At the same time, the movement of the source and
the receiver of radiation relative to each other under the
action of external forces, or the movement of the active
medium [1] in the cavity, additionally lead to the Dop-
pler, Fresnel-Fizeau effects, etc. [2-3].

Today, the term "optodynamics" corresponds to
the processes of motion of particles of a medium under
the influence of light, including laser cutting and drill-
ing. In our case, the term "phenomena of optodynamics
in moving resonators" is used to refer to phenomena in
the case of uneven motion of a rigid resonator with ra-
diation.
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Prior to our work in rigid moving resonators, there
were only two "phenomena of optodynamics in moving
resonators" independent of the medium:

The first is the invariability of the radiation pa-
rameters of the source in the form of a cross-shaped in-
terferograph moving with the Earth's orbital velocity; it
was discovered by Albert Abraham Michelson [4-6].

Second is the appearance of a frequency shift pro-
portional to the angular velocity of rotation of the ring
resonator for each component of its radiation; it was

most fully investigated by Georges Marc Marie Sagnac
[7-11]. Both of these phenomena were investigated in
order to test the hypothesis of "ether dragging" [12].

2. Cross-shaped Michelson interferograph

Michelson and his co-workers had created a new
optical setup to measure "ether vortices". A cruciform
interferograph was assembled in a wine cellar, on a
stone slab (1.5 x 1.5 x 0.3) m?, floating on a "pillow" of
mercury [12].
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Fig.: 1. Optical scheme of Michelson's "interferograph” (1881-1886).

Moreover, the measuring "shoulder™ of the cross-
shaped beam contour of the linear interferograph was
directed either along the motion of the Earth, then per-
pendicular to it. But the displacement of the interfer-
ence fringes on the screen, expected by the "ether"
model, was not found either during the first experiment
in 1881, or after.

It shouldn't have been, but for different reasons.
By other we mean reasons not related to the presence
or absence of "ether".

In Fig. 1 shows a diagram of an interferograph for
measuring the assumed “ether vortices” during the
translational movement of the installation together with
the Earth in its orbit. Its elements remained motionless
when measured relative to each other.

The interference picture on the screen of the new
setup turned out to be very sensitive to the shift of any
of its elements.

The "wrong" interferograph with a moving ele-
ment, or with a moving optically dense medium, has
become an interferometer - a precision instrument of
wide application. Until recently, the Michelson inter-
ferometer was widely used in the rotation stabilization

system in CD-ROM devices for personal computers

and was produced in millions of copies.

3. Interpretation of the first experiments of Michel-
son

Before our works, the negative result of Michel-
son's first experiments, or the invariability of radiation
parameters in a cruciform interferograph, was ex-
plained by the fact that the ether, as a special physical
medium, does not exist; which of course is true. On the
other hand, a stable effect was found in a Sagnac ring
interferograph on the same plate - the appearance of a
frequency shifts proportional to the angular velocity of
rotation of the ring resonator. SRT (to explain Michel-
son's experiment) and GRT (including, to explain the
Sagnac experiment) were created.

The absence of the observed change in the inter-
ference pattern at the output of the setup according to
Fig. 1 allows for a different (without creating SRT) ex-
planation based on a general physical approach [13-16].

The absence of interference fringes shifting on the
screen of a linear (cross-shaped) interferograph does
not contradict the laws of classical physics and is in no
way connected with the presence / absence of “ether".
After all, what were the researchers doing? On a freely
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floating slab, they fixed: a light source, a light receiver
and framing elements (mirrors and beam splitter).

The system was closed, and, left to itself, moved
uniformly and rectilinear during their measurements.
The orbital motion of the Earth around the Sun is the
best available example of uniform rectilinear motion
for small terrestrial objects in a short experiment time.
According to Galileo (Galileo Galilei, 1564-1642), a
physical system is able to detect only a change in its
speed (state) with uneven motion (external influence).

In addition, it can be shown that at the output of
the cross-shaped interferograph, a “"zero path differ-
ence" was observed between two components of the
same beam (see Fig. 1). This design compensates for
any change in beam phase due to uneven movement of
the entire system.

In the first Michelson interferograph, the initial
beam from the source is split into two (opposite in
phase), each of which undergoes same number of re-
flections, on its way to the screen.

Itis also impossible to expect that electromagnetic
radiation without mass in kg, but with its eigenvalues
of energy, momentum, or angular momentum, changes
its space-time characteristics in the same way as a ma-
terial point.

Michelson did not measure the orbital velocity of
the Earth's motion in the first relevant works, since:

1) the absence of a shift of the fringes of the inter-
ference pattern on the Screen of Michelson's "interfer-
ograph" does not contradict general physical laws; the
system was closed, left to itself, and moved with the
Earth almost uniformly and rectilinearly during the en-
tire experiment in orbit around the Sun;

2) according to Maxwell's theory, the radiation
from the Light Source is divided by the Beam Splitter
plate into 2 sleeves from the Beam Splitter to Mirror 1
and to Mirror 2; the beams pass back and forth and
meet on the Screen after an equal number of reflections,
with equal phases and with zero phase difference;

3) the light in the resonator does not have to be
sensitive to the movement of the common plate along
the standing radiation wave; this will be the case only
if the beam of light consists of massive balls; for exam-
ple, the axis of sensitivity of the “autonomous resona-
tory device” (ARD) to acceleration is directed almost
at right angles to the standing wave of light in the reso-
nator, which is determined by the direction of the “vec-
tor of radiation” [13-16];

4) according to the theory of ARD, the interfero-
graph circuit compensates for any possible change in
the phase of the radiation, including with the uneven
motion of the entire system.

It can be assumed that when installation moves,
phase of radiation from the "Light Source" changes, de-
pending on the acceleration of the entire installation
plate, by the value ®(as), where as - is the acceleration
of the common plate (0) of the installation. Further, the
phase of light in the arms of the interferometer changes
by = after each reflection and by phase ®, after each
pass of the “Beam Splitter” dividing plate, where L is

the length of the optical path traveled in the plate. As a
result, from Fig. 1, we get zero phase difference at the
output.

4. Related works by others
Ring resonator based devices.

The main difference between our device and G.
Sagnac effect based laser gyro is the shape of the sen-
sitive element: the linear light standing wave instead
the ring one of laser gyro. But ring laser itself as the
sensitive element of laser gyro has the dead zone and
nonlinear part on the characteristics. The laser gyro in-
cludes necessarily added mechanic or electromagnetic
alternating bias devices attached to the active or passive
ring resonator.

Linear resonator based devices with an alteration of
the dimensions of light pathlength.

These devices are based on Doppler effect and res-
onator dimension changing. They are characterized
with an element of measurement system additionally
disposed on the moving object. At the same time other
parts of the measurement system are disposed on a mo-
tionless environment. This group of devices has com-
mon generic subject matter such that altering of dimen-
sion of the sensitive pathlength as dynamic response.

Linear resonator based devices with an alteration of
the media parameters.

These devices are based on the alteration of some
parameters of the media in the resonator, as density or
birefringence in tensioned fiber, caused by the forced
movement due to its specific properties, e.g. inertia.
This group of devices has common generic subject mat-
ter such that altering of the material parameters of the
sensitive pathlength as dynamic response.

All devices of mentioned above groups include
necessarily added mechanic or electromagnetic subsys-
tems and non-controlled nonlinear parts on the output
characteristics.

5. Presented works

The presented devices of the same type, depending
on a method of measurement and processing of output
signal, are single-axis accelerometers or vibrometers. A
couple of the devices, fixed on definite distance from
each other, will be laser gyro without dead zone. Pre-
sented devices measure acceleration of actual motion,
including constant acceleration as against to piezo-ef-
fect based sensors, which are reacting only with chang-
ing of acceleration of the object. Our devices measure
acceleration of actual motion at free falling of object as
against to all other accelerometers.

In Fig. 2 shows the optical scheme of the semicon-
ductor laser based ARD.

In total, the sensor (without a preamplifier, power
supplies and control units) contains three parts, includ-
ing: a frameless semiconductor laser, a return mirror
and a frameless silicon photodiode. The weight of the
sensor together with the housing and the preamplifier is
20 grams.
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Fig. 2. Optical scheme of ARD based on a semiconductor laser, "BAGRON" Co. (1999).

In fig. 2 denotes: 1 - uncased semiconductor laser;
2 return mirror; 3 - photodetector with an output photo-
current. Here, solid red arrows present the radiation

with uneven motion of the ARD, dashed arrows present
the radiation of a resting ARD.
The basic features of the ARDs: «B-1AC» & «B-
1AM are listed in the Table 1:

Table 1.
Parameters «B-14C» «B-1AM» Analogue on accuracy «A-4»
(ceramic fulfillment) (metal fulfillment) guartz accelerometer
Mass < 0,015 Kg < 0,020 Kg 0,050 Kg
Dimensions with pre- 12x 12 x 32 mm @12 mm x 32 mm @38 mmx 21 mm
amplifier
Working range +12¢g +12¢ +74
DC power supply +5V;+2V;0,1 W +5V;+2V;0,1 W ilio\é’;i\/;
Frequency band of oo- (0+100) KHz (0+100) KHz
erat?on y P~ | Determined by preampli- | Determined by pream- (0+100) Hz
fier plifier

Output signal Analogue Analogue Analogue

<10%g <10°g 5107 g
Sensitivity Determined by photore- | Determined by photo- in case of stable g, acting on

ceiver receiver the accelerometer

Does not depend from g
and is determined by
electronic units

Instability of «zero»
signal during the
movement of object

Does not depend from
g and is determined
by electronic units

Not worse than 5-10°-g in
case of stable g acting on the
accelerometer

Conclusions

1. The first experiments of Michelson admit of a
different interpretation.

2. The prototypes of "autonomous resonator sen-
sor" - a new type of linear laser accelerometer without
straining and moving relative to each other parts are de-
veloped.

3. Depending on the magnitude of the impact and
the parameters of the resonator, the response function
of the ARD ceases to notice a strong constant external
impact of (1+0.1)-g after (1+100) ms, respectively. The
rise time of the first maximum of the ARD response at
an acceleration of ~ 10 g is up to hundreds of seconds
at a low amplitude.

4. Proposed ARD can be used in transport and
tool control systems, for analyzing destruction from
high-frequency vibrations and in 3D computer mice
without a pad.
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Abstract

The possibilities and prospects of using big data analysis in education in the context of the rapid development
of technologies are revealed. The article analyzes the ways of modernization of education, which will become
possible due to the massive introduction of data analysis technologies and free circulation of unstructured data. It
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Big data is a specific technology that makes it pos-
sible to analyze and extract new knowledge from arrays
of unstructured data. Just ten years ago, incredible
amounts of information were accumulated on the stor-
age media of various organizations, the use of which
was completely inexpedient economically due to the
lack of a clear structure and the high complexity of ex-
tracting useful data. Big data makes it possible, using a
set of mathematical and statistical tools, to form a uni-
versal data structure and extract useful information
from previously inactive arrays, applying it in a wide
variety of areas of activity.

One factor that should drive the massive adoption
of big data analysis in education is a significant reduc-
tion in the cost of storing a unit of information. The
level of development of information storage technolo-
gies has led to a decrease in the cost of storing one gi-
gabyte of information by 46% over the past 12 years
legal [1; 2]. These changes are so significant that today
a significant part of the information is already presented
only in digital form - traditional paper media are not
used or are hardly used (in comparison with the past) in
many industries. New software and hardware that are
emerging and simplified analysis of data allow to ob-
tain new knowledge from the massifs of information,
eight years ago were considered "information ballast",
which would have been disposed of without hesitation
earlier. Today, the analysis of data about students is one
of the main resources of educational platforms, which
allows to build more productive educational relation-
ships [3].

This is confirmed not only by trends in the practice
of educational activities. Thus, several scientists D.
Bollier and C. Firestone, note that databases are no
longer just a way of storing data. They turn into a mod-
ern tool for obtaining new knowledge, thanks to which
the processes of adaptation and collaboration become
more effective, and decisions made in real-time - more
personalized, considering the specifics of specific par-
ticipants in the relationship [3].

The colossal amounts of data accumulated earlier,
measured in hundreds of petabytes, now have real pro-
spects of becoming a source of information that will be-
come the key to not only commercial success, but also
high standards of educational services for all students,
regardless of personality traits and special needs.

Another important change in data processing tech-
nology should not be discounted., which ensures their
fast transfer - the Internet. According to Internet World
Stats, the number of people using the resources of the
global network on an ongoing basis, from 2000 to 2020,
has increased almost thirteen times [4]. The number of
Internet users is inextricably linked with the number of
devices that transmit information over computer net-
works: At the beginning of 2020, more than 4.5 billion
people use the Internet, and the audience of social net-
works exceeded the 3.8 billion mark. Almost 60% of
the world's population is already online, and there is
every reason to believe that by the middle of the year
half of all people on the planet will be using social me-
dia. In one minute, on average, about five thousand new
devices are connected to the network and the volume of
transmitted and stored information grows proportion-
ally [5].

In addition, the speed of new data generation also
shows comparable values. In 2012, roughly 2.5 exa-
bytes of information were created on the Internet every
day, according to rough estimates by communications
professionals, and this figure was expected to double
every 40 months. By 2025, a tenfold increase is pro-
jected, that is, compared to the expected increase, the
growth amounted to more than 550%. To illustrate the
changes that have taken place, it is enough to note that
more data is transmitted on the Internet in one second
than its full volume was 18 years ago.

Such changes in the field of the emergence of new
information and its storage capabilities allow compa-
nies such as, for example, the world's largest retail
chain Walmart, collect 4 thousand gigabytes of data
about their customers, their preferences and purchases



German International Journal of Modern Science No3, 2020 37

every 60 minutes [6]. It is fair to assume in such a situ-
ation that in the field of education, the introduction of
such breakthrough technologies soon will allow in real
time not only to determine the demand for this or that
educational content and its need for each specific indi-
vidual, but also based on the analysis of data on inter-
action the latter with educational and social platforms
to adapt the trajectories of learning the material for it
[6]. Such prospects cannot but set the ambitious task of
creating new tools and techniques that will ensure the
effective receipt of information about students, its stor-
age and analysis [7].

Let us consider the promising possibilities of us-
ing big data analysis in the field of education. In the
future, the analysis of big data collected by organiza-
tions, as well as open data, will help to implement a
mechanism that ensures effective interaction between
teachers and students in real time, which will make it
possible to conduct a deep comprehensive study of the
learning models implemented by educational organiza-
tions and optimize them considering new knowledge
available through the analysis of big data [8]. These
measures will allow balancing the labor intensity of the
educational process by predicting which of the students
need more assistance and support in the process of mas-
tering educational programs in order to avoid an ex-
tremely low level of training and, as a result, refusal to
study due to its inefficiency [8; 10]. In our opinion, all
this should lead to an intensification of the search for
new approaches in the theory and practice of education,
which will be in demand by students with special needs
[8].

Considering the forthcoming change in the educa-
tion system under the influence of new technologies, it
is important to remember the rapid growth of the role
of electronic and distance learning forms, thanks to
which people from all over the world get access to the
best educational resources from the world's leading uni-
versities without leaving their homes [9]. The introduc-
tion of more and more open educational resources will
give the world education the opportunity to accumulate
significant amounts of data, the analysis of which,
along with open data, will help improve not only the
quality of education through the preventive satisfaction
of the needs for additional educational materials, but
also the learning experience of students [10].

As noted earlier, big data helps to find hidden re-
lationships between objects, objects, and phenomena.
Is not this the very "Holy Grail" of pedagogy, which
will make education more personal and increase the ef-
ficiency of mastering the educational material, will help
researchers find previously hidden connections be-
tween certain personal characteristics of students and
their success both in school and in professional and so-
cial activities [11]

So, big data analysis opens prospects for creating
a new positive learning experience - all participants in
the educational process will be able to freely exchange
information with each other, mutually and highly effi-
ciently expanding their competence throughout their
lives [11].

There are three main perspectives:

1. Early vocational guidance. Big data can help
students in choosing certain educational products and
their sets among the most appropriate to the properties
of their personality (behavioral characteristics) and so-
cial needs [12; 13].

2. New adaptive educational paths. Big data anal-
ysis, based on the experience of human interaction with
educational and social platforms, will allow at an early
stage to determine the abilities and inclinations of the
student, based on which educational trajectories can be
created that best contribute to the development of the
necessary competencies of specific students, consider-
ing their abilities, motivation and needs. both society
and the students themselves [14].

3. Openness and transparency of education. Free
and unlimited circulation of unstructured data and their
availability for analysis and processing will open op-
portunities for deeper involvement of students in the
processes. This will make it possible not only to con-
sider the market needs of a particular region in training,
but also to jointly find new ways and solutions to im-
prove the educational experience of all participants
[14].

Summarizing the above, it should be noted that the
analysis of big data and their free distribution can serve
as the basis for qualitative changes, the formation of a
new modern and dynamically developing education
system. At the same time, pedagogical science and
practice itself will receive a tool, a scale of changes and
efficiency. It can also be noted that "Informatics™ in the
educational process in the specialty as a special course
is introduced into the educational process in the amount
of 5 credits, although there were 3 credits before. All
this can be considered as positive progress in this area.

It is important to understand that big data can re-
ally cause a change - without exaggeration - the very
approach to information at the level of all of humanity,
since it is highly likely that all spheres of activity, with-
out exception, will adopt new methods and tools.

In the future, there are many issues to be resolved
and ways to mitigate the negative consequences of the
widespread implementation of data analysis that we de-
scribed earlier. But there is no doubt that education, as
one of the tools for transmitting cultural and cognitive
potential between generations, should find the most ef-
fective ways of widespread application of big data anal-
ysis in the new educational paradigm.
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OIIHKA BIIIUBY KYTA CTPIVIONNIOAIBHOCTI JIOITATOK HA AEPOJJUHAMIYHY
HABAHTAKEHICTb BEHTHJIATOPA JIBOKOHTYPHOI'O TYPBOPEAKTUBHOI'O JIBUT'YHA
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The paper presents an assessment of the influence of the sweep angle of the blades on the aerodynamic loading
of the fan impeller of a turbofan engine with a high by-pass ratio. The studies were carried out by methods of
numerical experiment. The value of the sweep angle of the leading edge of the blade varied in the range from 0°
to 13°. The results obtained allow us to conclude that an increase in the sweep angle of the fan blades with straight
sweep leads to a decrease in aerodynamic loading. With an increase in the sweep angle from 4.5° to 13° with a
flow coefficient above 0.32, the pressure ratio decreased from 0.4% to 6.7%. The pressure ratio for straight sweep

fans for 7° and 13° differs by less than 1%.
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AHoTauis

B po0ori npezcTaBiieHO pe3ysibTaTH OLIHKY BIUIMBY KyTa CTPLIONOAIOHOCTI JIONAaTOK HAa aepoAMHaMi4Hy Ha-
BaHTa)XXEHICTh pOo0O0OYOro Kojeca BEHTHIISITOpPa ABOKOHTYPHOIO JIBUTYHA 3 BEJIMKUM CTYIEHEM JBOKOHTYPHOCTI.
JocnimkeHHs Oynu BUKOHaHI METO/aMH YHCETIBbHOTO eKCIIEPUMEHTY. 3HaueHHs KyTa CTpLIONnoaiOHOCTI nepen-
HBOT KPOMKH JIOIIATKX 3MIHIOBAINCH B Jiarna3oHi Big 0° no 13°. OtpumaHi pe3yabpTaTy J03BOJSIOTH 3pOOUTH BU-
CHOBOK TIPO Te, IO 30UIBIICHHS KyTa CTPUIONOAIOHOCTI JIOMATOK poOOYNX KOJIIC BEHTWIATOPA 3 TIPSIMOIO CTPLIIO-
MOIOHICTIO TIPU3BOJUTH 10 3MEHIIIEHHS aepOIUHAMIYHOI HaBaHTaXKEHOCTI. [Ipu 301bIIeHH] KyTa CTpLIonoio-
HocTi Bix 4,5° mo 13° npu koedimienTi Butparn Bume 0,32 cTyIiHb MABUIICHHS THCKY 3MeHIUBCS Big 0,4% no
6,7%. CTymniHb MiABUIIEHHS TUCKY BEHTHIISATOPA 3 MPAMOIO CTPLUIONOAIOHICTIO JomaTok 7° Ta 13° Bigpi3HAETHCS

MeHIIL, HiX Ha 1%.

Keywords: sweep angle, axial fan, aerodynamic loading, flow simulation, turbofan engine
KuarouoBi ciioBa: xyT cTpiiiono1iOHOCTI, OCbOBHI BEHTUIISTOP, a6pOJMHAMIYHA HABAaHTAKEHICTh, MOJIEITIO-

BaHHs TeYii, IBOKOHTYpHHI TypOOpEaKTUBHHUI IBUTYH

Beryn Ta nocranoBka 3a1a4i rocaiizkeHHs. Ae-
pOIMHAMIYHE BJIOCKOHAJIEHHS OCHOBHX BEHTHJISITODIB
JBOKOHTYPHUX TypOOpEakTHBHHUX ABHUTYHIB Ha CHOT'O-
THIIIHIA JIeHb BXKE IOCATIIO 3HAYHUX ycmixiB. OmHaK
TBOPIIi HOBUX ITOKOJIiHb aBiallifHUX JBUTYHIB HE 3YIIH-
HSIOTBCS 1 ITyKAIOTh HOBI IIUISIXH HOJMIMIIEHHAS eeKTH-
BHOcTi (KK]I), aepoamHaMidHO] HABaHTa)KEHOCTI, 3HH-
JKCHHS Baru KOHCTPYKIii, HAMararoThCsi 3pO0UTH BEH-
THIISITOP OUIBII €KOJIOTIYHMM (3MEHIIUTH aKyCTHYHE
BUIIPOMIHIOBAaHHSI JIOIIATKOBOT'O BiHIIS BEHTHJISTOPA) 1
T.1. Orisi cydacHuX TeHIeHIiH aBialiifHoro IBUTyHO-
OymyBaHHS TOKa3ye, 10 OJHIEIO 3 BXKJIMBUX TEHJCH-
i1 PO3BUTKY ABHUT'YHIB HACTYITHOT'O TOKOJIIHHS TOPSI
31 30UIBIICHHAM CTYICHS JIBOKOHTYPHOCTI OYIyTh
CTpiOMOiOHI onmaTku BeHTWwIsITOpa [1]. Pesynpratn
0araThOX IOCTITHUKIB B 00JIACTI aepOIUHAMIKH JIOTIa-
TKOBHMX MAIIIMH MTOKa3yI0Th, 10 palliOHAIbHE 3aCTOCY-
BaHHS CTPUIOMOMIOHUX JIOMATOK JO3BOJISE 3HHU3HUTH
BTPATH B OCHOBHX BEHTHIIATOpAX i KOMIIpecopax aBia-
wiiHux asuryHis [2, p. 111].

Hanpuknan, B po6oTi [3] po3misiHyTO BEHTHIISITOP
JUIsl JIBUTYHa 3 BHCOKHM CTYNEHEM JBOKOHTYPHOCTI.
ABTOpH POOOTH ONTHMI3yBaJH I'€OMETPIIO JOMATKO-
BOTO BIHIIA 1 IM BIANOCS 3HU3UTH IIBHJKICTH 00ep-
TaHHs portopa 1o 2240 06 / XB., 0 HabaraTo HUXYeE,
HIK y icHytodoro BeHTwisitopa (3700 o6 / xB.), npu
oMy KKJI B po3paxynkoBiit Toui ckias 0,964. loc-
JDKEHHS TIOKa3ajd, 10 MIpsMa CTPLIOBHAHICTH O
BTYJIKH JIONATKA MOX€ €()EeKTHBHO 3MEHIINTH BiJHO-
CHe 4nciio Maxa Ha BHXOI, THM CaMHUM BIajIocs ITij-
sutiutd KKJI 32 paxyHOK 3MEHIIICHHS BTPAT Bij ymap-
HHUX XBHJIb.

VY crarti [4] po3risaaeTses 3MiHa e(SKTHBHOCTI
Rotor 37 npu BUKOpUCTaHHI MPSIMOi 1 3BOPOTHOT CTpi-
JonoaiOHocTI JonaTok. PesynbraTH, oTpuMaHi aBTO-
paMu TOBOPSTH MPO Te, IO MPH BUKOPUCTaHHI NPSMOT
CTPLIONIOIIOHOCTI €EKTUBHICTH TPOXH 3POCTAE, a Ta-
KoK 30utbmryeTbess Ha 10% 3amac ra3oquHAMIgHOT
crifikocri. IIpu mocmimkeHHI 3BOPOTHOT CTPLIIOBUAHO-
CTi CIIOCTEPIraeThCs MPOTHIICKHA KapTHHA.

VY mocmikenHi, mpeacTaBieHoMy B pobori [5],
MOKA3aHO BIUTUB TIPSAMOi CTPLIOMOIIOHOCTI JIOTIATOK
BeHTIIsATOpa Ha KKJI. Takox B po0oTi mocmimKyBa-
JIUCS pasliaabHi IepeTiKaHHsI pY 3MiHi CTpUTONoAiOHO-
cTi. ABTOpH POOOTH CTBEPIKYIOTH, IO MPSIMa CTPLJIO-
nozAiOHICTh JJonaTok (KyT cTpinononioHocti 6°) 103Bo-
ase  migsummta  KKJI 1 migBumuTH  3amac
ra30AMHaMIYHOI CTIMKOCTI IPU HE3HAYHOMY 3HIDKEHH1

aepoJMHAMIYHOT HABaHTAXXEHOCTI BEHTHIIATOPA B TIOPi-
BHSHHI 3 BUXIIHHM.

B poboti [6] mpencraBieHi eKCIIepUMEHTAbHI
JIaHi TI0 JOCIIHKEHHIO CTPIIONOAiOHOCTI JIOMATOK MO-
JIEIEHOTO BEHTHIIATOPA 3 AiaMeTpoM Ha mepudepii 315
MM. [TokasaHo, 110 CKITagHa CTPIONOIi0HICTE JOMATOK
JTa€ MOKJIMBICTh MiABUIIUTH aepOIUHAMIYHI XapaKTe-
PHCTHKH JOCIIPKYBaHOTO MOJIEIIBHOTO BEHTHJISITOPA.
OpHak BapTO 3a3HAYWTH, MO0 Majla aepojAWHaMiYHa
KpYTKa i HEBEJIMKE IOJIOBXKEHHSI JTOCIIKYBaHHUX JIOMa-
TOK HE JIa€ MIOBHOTO PO3YMiHHS Tedil B JIONIATKAX 3 Be-
JIMKHUM TIO/IOBXKEHHSIM.

ABTOopu poOoTH [7] IpeCTaBIIN PE3YNBTATH I10-
PIBHSHHS aepOJMHAMIYHMX XapaKTEPHCTHK TPHOX Ba-
pilaHTiB BEHTHWJIITOpa: IpsMa JONAaTKa, CTPLIOBHIHA
nonatka i sormmatku C-tury. OTpuUMaHi 1aHi MoKa3aiH,
M0 BEHTWIATOP 31 CTPUIONOAIOHUM JONMaTKaMH Mae
Hanoupmui KK/,

Tpu Monmikariii BEHTIIATOPA ITOCIiIKYBaJIHCS
B po6oTi [8]: 6a3zoBa koHpirypaiist BSL, koHdiryparris
SWP mae npsiMmy cTpisionofioHicTh (KyT CTpionoio-
HocTi 10°), kongirypauis EXTN nocsiraetbest 3a paxy-
HOK MOAOBXEHHs mpodimro yomari Ha 3%. [yisa mux
TPhOX KOH(QITypariii Oynu NmpoBeNcHI eKCIICPUMEHTH
JUIsl BUBYCHHS aepOJMHAMIYHUX XapaKTePHCTHK. AHa-
Ji3 HeCTaliOHApHOTO MOTOKY Ha BUXOII 3 POTOpIB
Oyab-sIKMX 3MiH ITPOBOAMBCS 32 JIOTIOMOTOIO IITBH/IKO-
IIOYOTO JaTdiKa THCKY. EXcriepiMeHTanbHI pe3yiib-
TaTH MOKa3yIOTh HEBEIMKE ITOJIMIICHHS XapaKTepHc-
THK 3 TOYKH 30py 301TBIICHHS 3aacy MiIlHOCTI, eeK-
tuBHOCTI (migBuiieHHs KK/I), a Takoxk 3araiabHOro
MIZBHUILEHHS TUCKY UIst poTopa SWP, a Takox potopa
EXTN B nopiBHsiHHI 3 poTopoM BSL npu HU3bKUX KO-
edilieHTax BUTpaTH.

TakuM 4MHOM, MOKHA 3pOOUTH BUCHOBOK, 1110 JI0-
CJIIJKCHHS, CIIPSIMOBAHI HA BUBYCHHS C(EKTY CTPLIO-
noAi0HOCTI poOOYMX KOJiC OCHOBHUX BEHTWJISATOPIB €
aKTyaJbHUM. TakoX BapTo BiA3HAYMTH, IO 3aJIHMIa-
I0ThCS HE /0 KiHI BUPIIICHI NUTaHHS TOB's3aHi 3
BIDIMBOM 3MiHH aepOAMHAMIYHOI HABAaHTA)KEHOCTI BEH-
TWIATOPA TIPH 3aCTOCYBaHHI CTPLIOMOAIOHMX JIOTATOK.

MerToto poOOTH € OIliHKa aepoAMHAMIYHOI HaBaH-
TaXEHOCTi POO0OYOTro Kojieca BEHTUIIATOPA IBOKOHTYP-
HOTO JJBUTYHA 3 BEJIMKUM CTYIIEHEM IBOKOHTYPHOCTI 31
CTPUTONOIOHUMH JIOTIATKAMH.

Pe3yabTaTH pociiizkeHHsl Ta 00roBopeHHs. Y
JaHii poOOTI AOCHIHKEHHS Oy BUKOHAHI METOJaMH
YHCEJIFHOTO EKCIIEPUMEHTY. MOJKIIMBOCTI YHCEIBHOTO
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MOACJIIOBAHHA Te'-li.ll B JIOIIATKOBHUX MallWMHaAX AO3BOJIA-
I0Th 32 KOPOTKHUI TEPMIH IOCHIAUTH ITAPAMETPH PI3ZHUX
TreOMETPUYHUX MOJIeTIeH BEHTHWIITOPIB, 1110 1€ BEJIUKY
nepesary nepen (izu4HIM MojeoBaHHAM. OHaK Ha
OCTaTOYHMX CTaisfX PO3POOKM JIONATKOBHX MAaIlInH
0e3CyMHIBHO BXXIHBHI caMe (Pi3MUHUN eKCIIEpUMEHT.

Po3paxyHOK Tedii y BEHTHISATOPAX IMPOBOIUBCS
[UISIXOM BHUpIIIEHHs cucteMu piBHSIHb Hag'e-CTokca,
Kl 3aMHKaINCA MOJCIUII0 TypOYJIEHTHOI B'SI3KOCTI
SST. Po3paxyHKoBa 00J1aCTh TOCIiIKEHIX BEHTHIISATO-
piB ckamanacs 3 OJHI€T IOMATKU 1 OHOTO MIKJIOMAT-
KOBOTO KaHaiy. Bentwisitopu manu no 33 nonarku i

BiZiHOCHUI fiameTp Brysku 0,275, nepudepiiinuii aia-
METp Ha BXoJi - 237 cM.

MonenroBaHHs Teuii Oyi10 BUKOHAHO JUISl YaCTOTH
obepranHs 2202 00/XB. Npu CTaHIApTHUX aTMocdep-
HHUX YMOBAXx, IIPH IIbOMY KOJIOBa IIBUAKICTb Y BTYJIKH
nmopiBHIOBaa 69 m/c Ta Ha mepudepii - 251 m/c. B po-
00Ti JocmiKyBaacs mpsMa CTPLIONOIOHICTh, 3HA-
YeHHS KyTa CTPLIOMOAIOHOCTI IEpeaHbOT KPOMKH JIO-
MMaTKH 3MIHIOBAJIKCE B miamasoHi Bix 0° mo 13°. B xomi
pobotu Oymu mociimKeri 4 BapiaHTH BEHTHIIATOPIB.

Ha puc.1 npexacraBneHi mocnimKyBaHi BapiaHTH
JIONIATOK POOOYHX KOJIIC BEHTUIISITOPIB B MEPHIIOHAIIb-
HOMY IIepepisi.

Puc. 1. Bapianmu nonamok pobouoeo koneca 6eHMuismMopie 8 MepudioOHATbHOMY nepepizi

B pe3ynbpTati MpoBEACHOT0 MOCTIOBAHHS TEYii B
poOoYMX Koyiecax BEHTHJIATOPIB OyJM OTpHMaHi JaHi
00 aepoAMHAMIYHOT HaBaHTaxeHOCcTi. Ha puc.2
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Puc. 2. 3anescnicmv cmynens niosuujenus mucky 6i0 0cbo80i u8UOKoCmi Ha 8x00i
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AHaii3 oTpUMaHUX 3aJIS)KHOCTEH I03BOJISE 3PO-
OMTH BUCHOBOK IIPO Te, 1110 NP 3Ha4YeHHI KoedilieHTa
Butparu 0,32 cTymniHb MiABUILEHHS THCKY JJIS BCIX pO-
3IIITHYTHX BapiaHTIB i3 CTPUIONONIOHUMH JIOTIATKaMHU
3pocrae Bix 1,1 1o 4,6%.

Js pexxumiB poOOTH TpH 3HAYEHHI KoedilieHTa
Butpaty Bumie 0,32 1o 0,8 cTymiHb MiABUIICHAS THCKY
JUTS BEHTIISITOPA 31 CTPUTONOAIOHUM JTOmaTKaMu 3Me-
HIIYETHCSA B TOPIBHSHHI 31 3HAYEHHSMH CTYTICHS IIia-
BUILEHHS THCKY BEHTWJIATOPA, JIONIATKH SKOTO MalOTh
HYJBOBHH KyT cTpijononionocti. [Ipu kyTi cTpinono-
JIioHOCTI 4,5° CTYMiHb MiABUINCHHS THUCKY 3MEHIITY-
etbes Bifg 0,4 10 4,4%, pu KyTi CTPiionoaionocTi 7° -
Bix 1,7 no 6,3%, npu kyTi cTpimonoaioHocTi 13° - Bix
2,5 mo 6,7%.

Bapro Takox Bi3HaUUTH, IO OTPUMaHi KpUBIi 3a-
JISKHOCTI CTYIEHS HiIBUILEHHS THCKY BiJl KOe(illieHTY
BUTPATH JJIS BapiaHTIB BEHTIISATOPIB 3 KYTOM CTPLJIO-
moIiOHOCTI JTormaTok 7° 1 13° Bimpi3HSIOTHCS MEHIII, HiXK
Ha 1%.

BucHoBku. OTprMaHi pe3yiabTaTH T03BOJIIOTH
3pOOHUTH BUCHOBOK IIPO T€, 1[0 3aCTOCYBAHHS JIOIATOK
Po060UMX KOJIIC BEHTWIIAITOPA 3 IIPSIMOFO CTPLIONOAI0HI-
CTIO MPU3BOJUTH JI0 3MEHIIEHHS aepoJNHAMIYHOI Ha-
BaHTaKEHOCTI. B miama3oHi 3MiHM KyTa CTPLIOMOIIO-
HOCTI Bif 4,5° mo 13° mpu 3HaYeHHI KoedilieHTa BU-
tpatu Buie 0,32 no 0,8 cTymiHb IiABHIIEHHS THUCKY
3menmuBes Big 0,4% 1o 6,7%. Takox oTpuMaHoO, M0
CTYMiHb MiJBUINEHHS THUCKY AJISI BEHTHIATOpA 3 IIpA-
MO0 CcTpinonofiOHicTIo Tpr 7° i 13° BigpizHAETHCA
MeHMI, HiX Ha 1%. Hamami miaHyeTbcs IOCTITUTH
3MiHy aepOIMHAMIYHOI HABAaHTA)XEHOCTI POOOUHX KO-
JIiC BEHTHJISATOPA B OLIBII MIUPOKOMY [ialta30Hi KyTiB
CTPiTOMOAIOHOCTI IepeTHBOT KPOMKH JIOTIATOK.
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This paper discusses the concept of smart home and intelligent home management. It also describes the
installation of a smart home, thanks to the "Smart home" technology. It describes the main technologies and
advantages of a smart home that are currently used in creating a smart home

Keywords: smart home, automatic control, Internet of Things, wireless network, smartphone.

First, you should decide what a smart home is. A
smart home is a network of devices that is United by a
monitoring device. "Smart Home" includes the man-
agement of heating, water supply, security systems and
video surveillance. This wireless web is controlled ei-
ther directly from the remote control, or from the host's
smartphone or tablet. What used to seem like a miracle

and an unclear image of the future is becoming just an-
other aspect of everyday life for ordinary consumers.
In our country, this concept includes everything
that can significantly simplify the stay and living in an
apartment, house, etc. One of them is located in the
Mangistau region, and this "smart home" allows you to
monitor what is happening at home in real time, get up-
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to-date information about incidents. This was the first
"Smart house" in Kazakhstan with smart sensors for se-
curity and fire safety.

Currently, automatic control is rapidly developing
day by day, and many well-known technology compa-
nies, including Google and Samsung, are actively en-
gaged in the production of home automation products.
This is largely due to the revolutionary success of
smartphones and tablets. These ultra-portable computer
devices are popular all over the world, and the ability
to constantly connect them to the Internet means that
they can be configured to control many other devices.
This concept is at the heart of the Internet of Things
(1oT).

The Internet of things is a network of devices that
communicate with each other over wireless computer
networks. All the electronics in your home, from the
refrigerator to the stove, can be affected by this techno-
logical development. Most of these devices that use
electricity can be connected to a home computer net-
work, and will be controlled by the user even at a con-
siderable distance. Whether you have provided a voice
command, or a signal from a remote control, tablet soft-
ware, or smartphone, your smart home will respond.

Most of the existing applications are related to
lighting control, home security, and thermostat control.
In smart homes, such software brings significant com-
fort and convenience to even the most demanding user.
In addition, the cost of "smart" devices is not too dif-
ferent from their counterparts devoid of intelligence,
which means-why not?

Smart home technologies — a leading principle.
Home automation has a long history. Over the years,
various technological trends have come and gone, but
one of the most successful companies is still afloat. The
birth of many smart product ideas can be considered
1975, when a small company in Scotland created X10.
This invention allowed compatible devices to interact
with each other through an existing network of electri-
cal lines. All devices played the role of receivers, and
controls such as a remote control or keyboard were
transmitters.

If you want to turn on a lamp that is located in an-
other room, the transmitting device will send a message
in the form of a digital code that contains the following
data:

Warning about a new command;

Unique number of the device that will receive the
command,;

Code that contains a specific command, such as
"turn off".

All this should happen in less than a second, but
X10 has some limitations. Data exchange over electri-
cal lines is not always reliable, as there is "noise" from
the power supply of other devices. The X10 device may
interpret this interference as a command and react ac-
cordingly, or it may not be able to detect the necessary
command due to the noise.

While X10 devices are still widely used, new tech-
nologies are emerging. Radio waves are increasingly
being used instead of transmission lines. This is how
Wi-Fi, Bluetooth, and cellular signals work. The two
most well-known radio networks in home automation
are ZigBee and Z-Wave. Both of these technologies
provide for more than one way to deliver a message to
its destination.

In all smart homes, this use of a wireless network
provides greater flexibility in device placement. How-
ever, various types of interference may also occur with
a wireless connection. Insteon offers a solution that
uses both electric lines and radio waves. If the message
is not received in one way, then the second method is
used. Instead of routing the message, the Insteon device
will broadcast it, and all devices that receive it will also
broadcast it until the command is executed. The devices
act as peers, except that one acts as the source and the
other as the receiver. As a result, the more Insteon de-
vices are connected to the smart home network, the
faster the command will reach you.

X10, Insteon, ZigBee, and Z-Wave provide only
fundamental technologies, called protocols, for home
smart communications. They actively cooperate with
electronics manufacturers that produce devices for end
users. Let's look at some examples of smart home prod-
ucts and their functions.

Cameras: will effectively monitor the situation
around your home even in the dark;

Thermostats: in smart homes, such devices will
bring the ability to remotely control the temperature re-
gime;

Smart lamps: allow you to change the lighting of
your home directly from your smartphone;

Motion sensors: will guard the smart home, send
an alarm when there is movement around the house,
recognize the source, distinguish Pets from burglars;

Door locks and garage doors: can open automati-
cally when a signal from your smartphone approaches.

Outstanding quality smart home. A smart home
can make life easier and more convenient. | would like
to control the lighting, temperature, and a number of
household appliances without getting up from the
couch. Whether you are at work or on vacation, a smart
home will still keep you informed of what is happening,
and security systems can provide significant assistance
in an emergency. For example, it not only wakes up the
owner with a notification about a fire, but also unlocks
the doors, calls the fire service, and lights a safe escape
route.

Here are some more examples of interesting fea-
tures:

Path lighting for night trips to the bathroom;

Feeding Pets on a schedule with a clearly defined
amount of feed;

Setting up the TV so that children can only watch
it at a certain time;

Heating the bedroom before getting out of bed;

Turning on the coffee maker from the bed.

Smart homes also provide some savings, as they
allow you to use resources more efficiently. Smart
home technology promises huge benefits for older peo-
ple living alone. The house can remind you to take med-
ication, call for medical help in the event of a fall, and
monitor the amount of food consumed. If an elderly
person is characterized by forgetfulness, the smart
home can turn off the water before the bath overflows,
or turn off the stove in the absence of a cook.
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High-tech processes to produce various products
of oil and gas processing require special attention to au-
tomation, especially in the era of widespread use of dig-
ital technologies and artificial intelligence. At the same
time, for fuel and energy objects (FEC), the main tasks
are to increase labor productivity, maintain the required
level of quality and reduce labor costs per unit of pro-
duction. For specific operators, this means the active
use of automated information processing and the use of
automated workstations (AWS) in their areas.

Integration of individual AWS at fuel and energy
facilities during their operation in real conditions has
traditionally been carried out within the framework of
application of corporate information systems (CIS) and
automated production control systems (APCS). The
most important part for both was always the software
(S) which component had special program systems
(SPS). It is in the SPS that the functions of specific
AWS were implemented and are currently being imple-
mented when the performers work in a real production
process.

SPS synthesis is done using programming systems
(PS) and programming languages (PL). Together, they
are part of information technology (IT), the application
of which allows fuel and energy facilities to increase
productivity to achieve other stated goals. There is a
dual understanding of the term “AWS” in IT terminol-
ogy. The meaning of this abbreviation in some cases
means a computer with an SPS installed on it, and in
others - only a specific SPS for the performer in APCS.
In order to avoid ambiguity in understanding the mean-
ing of this term, it is advisable for individual APCS
AWS to refer to the SPS as a single software system
(SSS).

Any process, including the synthesis of SPS, is a
sequence of actions. Due to the fact that the SPS APCS
is a complex scientific and technical product, it always
involves different persons and performers at different
stages (in this case programmers and managers, as well
as possible testers and technical writers), who spend re-
sources in different ways when creating it. The main
objective of their activity process is synthesis of indi-
vidual EPF and APCS SPS as a whole.

The main problem of their joint activity is the ac-
cumulation of distortions in the SPS APCS, related to
the variability of the participants "interpretation of both

the general goals of the project and the tasks solved at
its individual stages. In order to reduce the effect of ac-
cumulated distortions in the projects being imple-
mented, especially if they include tens and hundreds of
SSS (as in real-world FEC objects), it is advisable to
present the flow of data in the process of SPS synthesis
in the form of a set of maps and models.

Based on the large number of participants in the
process, it is possible to speak of a multiplicity of deci-
sions of the same questions within its framework. In ad-
dition, it can be argued that the shared data between dif-
ferent process participants is used differently ([1]). It is
only natural that this results in an avalanche-like accu-
mulation of unexploited errors during the synthesis pro-
cess. This, in turn, leads to the fact that the joint work
of SSS created by different performers in the unified
management system of the fuel and energy plant is
threatened. The uniqueness of each concrete decision,
dependent not only from the platform SPS chosen for
synthesis (PL, the joint venture or database manage-
ment systems are DBMS) is the main to that the reason.
In addition, it should be noted that:

- In the IT industry, many standards have been de-
veloped for the synthesis of SIS "not fully or unevenly
meeting the requirements for standardization of objects
and processes for the creation and application of com-
plex IC";

- "The most complex and creative processes of
creation and development of large distributed infor-
mation systems... almost not supported by the require-
ments and recommendations of the standards due to the
difficulty of formalizing and harmonizing them "([2],
p. 71-72).

The two main obstacles to a positive solution to
the issue of ACS SPS synthesis cannot currently be
overcome by the means available to all stakeholders. In
fact, it is necessary to try to simulate the creative pro-
cesses of synthesis of APCS STS again, which will pos-
sibly yield a certain result to overcome these complica-
tions.

If we focus on the fact that the process of SSS syn-
thesis (and SPS as a whole) can be considered from the
point of view of relationship theory. We will get a se-
quence of mappings and models of their interaction
with each other, from objects of the subject area for SSS
to objects by means of which operators of FEC objects
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interact with the APCS SPS at production lines. Such
mappings can be obtained by sequentially refining the
steps in the process of synthesizing the SPS.

The distortions that will then be introduced into
these models by real people and real application devel-
opment tools can be taken into account separately. But
based on the practical experience of the SSS creation,
it can be argued that distortions, which accumulate
many times, will significantly reduce the probability of
joint normal (within the requirements of organizational
and administrative documentation of the fuel and en-
ergy plant object) SSS operation in APCS.

Use the following models and mappings corre-
sponding to the process steps to decompose the SPS
synthesis process:

1) mapping of concepts of subject area, formulated
by customers of SSS, to many concepts of the contrac-
tor of works on SSS synthesis;

2) mapping of concepts of SSS synthesis works
performer to objects of data model selected by him;

3) mapping of data model objects selected by the
contractor to development tool objects;

4) models of customer interaction with SSS and
SSS with customers;

5) models of mapping of objects of the develop-
ment tool to objects of data models of the SSS and ob-
jects of models of work of customers with the SSS.

Thus, the decomposition of the process of synthe-
sis of SPS gives several directions of possible research.
Each of them corresponds to one of the listed elements.

The first direction corresponds to the first display
in the list above. Its main purpose is to establish a cor-
respondence between the concepts of the subject area
formulated by the customers of the SSS and the con-
cepts of the specific performer of the works on the syn-
thesis of the SSS. In other words, a person reads a job
assignment and listens to the customer, and then "pre-
tends" how he will solve the issue. In the technical lit-
erature, it is common to relate with C- and D- require-
ments (e.g. [3]). The first correspond to the concepts of
the subject area that the customer described. The sec-
ond - concepts of a specific performer of works on syn-
thesis of SSS. The quantitative indicator for estimating
the number of works in this direction in the simplest
case can be the total number of requirements recorded
by the contractor documented and agreed with the cus-
tomer.

The second direction in order and in the list and in
the SSS implementation is related with built-in DBMS
PL or utilities that allow to create data structures for
their storage in files on disk. In fact, this is the main
purpose of this display. When performing this set of op-
erations, the SSS synthesis contractor needs to establish
a clear correspondence between the concepts that he
has understood from communication with the customer
at the previous stage and the objects of the data model
he has chosen when working with a specific DBMS.
The quantitative criterion and main characteristic of op-
eration in this direction can be the degree of compliance
of data model objects obtained during operation with
DBMS with objects described by the customer. To do
this, divide the number of data model objects by the

number of customer requirements. The closer this indi-
cator is to one, the better the data model. The simplest
and most natural quantitative criterion for evaluating
data model objects in this case can be the number of
fields in database tables.

The next step in modeling the process of synthesis
of SPS is to map the objects of the data model chosen
by the contractor of the works to the objects of the de-
velopment tool. Its purpose is to map these sets of ob-
jects. It is no secret that PLs as objects used for the syn-
thesis of SPS are subject to significant changes. The re-
sult of the process of changing the PL over time is a
slightly different (and sometimes very radically altered)
interpretation of the objects used for the SSS synthesis.
And this is the fastest path to distortion. Therefore, of-
ten in case of updates of PL or platforms of CIS crea-
tion, distortion in SSS occurs automatically. The effi-
ciency criterion, which in this case is rather difficult to
calculate, can be the number of objects used for the syn-
thesis of SSS by the development means. For a partic-
ular CIS, the number may range from several hundred
to several hundred thousand. This value depends on the
number of project performers, the number of platforms
used, and the number of synthesis methods used by the
performers. It is generally assumed that for different
SSS, one performer will use one of the methods. But in
the real situation, everything depends on the specific
circumstances and how the programmer works with the
documentation. And this is perhaps the most inexhaust-
ible source of distortion in the SPS.

Models of customer work with SSS and how SSS
work with customers represent the "user interface."
Different companies organize it in their own way. It ac-
cumulates distortions so correct implementation of cus-
tomer requirements as their semantic content can be un-
der threat. It can actually characterize how effectively
the performers of works on synthesis of SPS APCS of
FEC objects. The performance criterion in this case
may be the ratio of the quantity of functionality imple-
mented to the number of elements in some basic set of
semantic elements. Such a set of semantic elements can
be developed for all SSS in the APCS SPS of the FEC
facility. And it can also be generalized for different ob-
jects, making a general measure of the quality of SSS
implementation by performers in the process of SSS
synthesis.

In addition, an important criterion for evaluating
the efficiency of implementing the semantic part of
functionality in the SSS can be the basic algorithm of
SSS operation. It should be a sequence of "issuing" the
required standardized functionality to SSS users. The
logic of this algorithm should be linked to complex tree
information, divided by levels and categories, neces-
sary for processing on specific different SSS. The struc-
ture of the information used in it should be stored sep-
arately from the information model of the different SSS
to unify the work with the different subject areas. In this
case, it is possible to create for them such a typical sce-
nario of work with the operator, in which changing re-
quirements of the subject area will not affect the general
order of how user works with SSS. Presence or absence
of the specified scenario of their operation in each SSS
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of APCS can serve both as a local criterion of SSS eval-
uation and be used for calculation of integral criterion.

Models for mapping development tool objects to
SSS data model objects and SSS customer work model
objects complete the list of steps in the given sequence.
In order to synthesize the source code, the SSS data
structure defined by the data model, the form of imple-
mentation of the user interface and the implementation
strategy chosen by the specific performer on the spe-
cific PL. All three elements of the process were de-
scribed above, and at the last stage of SSS synthesis,
the performer links them together. This means that the
applied distortions in each of the previous steps in each
phase of the synthesis process can be detected or fixed
in the source code. In addition, since, as noted above,
the existing regulatory framework does not fully meet
standardization needs in the synthesis of SPS, the fifth
phase model groups are distorted in the SSS.

Each of the directions can be worked out inde-
pendently. At the same time, development of them as

3. Fatrell R., Shafer D., Shafer L., Program Pro-
ject Management: Achieving Optimal Quality with
Minimum Costs, M., Williams, 2003, 336 p.

4. Zharkov V.A., Visual C in practice, M., "Basic
Knowledge Laboratory", 2002, 424 p.

5. Bass L., Clements P., Kazman R., Software

scientific problems can significantly reduce the influ-
ence of the contractor of works on synthesis of SPS.
Some attempts in this direction was made earlier. For
example, part of such tasks are described in the first,
second and fifth directions in [4] and [5]. However,
there are no systematic study of these directions and at-
tempts of their practical implementation. Texts of
sources [6] and [7] say that future researches aren't
planning.
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METO0JIOT IS JOCJIIXXEHHS POBIT 3 3D-BI3YAJI3AILIIT BYJIMHKIB

Abstract

Mys3uka H.

KAHOUOAM eKOHOMIUHUX HAYK, OOY.
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3D-cadastre is considered as an information element of the state land cadastre with the underground parts of
buildings and communication networks that go beyond the aboveground part of the land.

Using geographic information technologies, it became possible to conduct an upgraded cadastre system
through the introduction of 3D-visualization. Visualization is seen as a key component of any cadastral system,
which in turn can provide instant vision, clarity about the boundaries of land or any type of property, including the
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right to own or use, which is not possible in text recording. A special advantage of the 3D cadastral system is the
ability to visualize invisible, multilevel objects [20]. The introduction of real estate 3D visualization, both terres-
trial and underground, with all cadastral data, will provide clarity of vision, structuring, storage and use of this
data in a single system.

AHoTanist

3D-kagacTp po3risigaeThCs, K iHGOPMALIHHUHN eTeMeHT JepKaBHOTO 3eMETBHOTO KafacTpy i3 MiI3eMHUMH
YacTHHA CIIOPY/]] Ta KOMYHIKAIlIHHAX MEpexX SKi BUXOIATH 32 MEXi HAI3eMHOI YaCTUHH 3€MENbHOI TUISTHKH.

BuxopucroByroun reoinhopMaIiiifHi TEXHOJIOTI1 TOCcTaIa MOKIUBICTE IPOBEICHHI MOJCPHI30BaHOT CHCTEMHU
KajgacTpy depe3 3ampoBakeHHs 3D-Bizyamizarii. Bizyamizarito po3risaaoTh, SK OCHOBHHN KOMIIOHEHT Oyab-
SKOi KaJIaCTPOBOI CHCTEMH, III0 B CBOIO UepPry MOKe 3a0e3ledyBaTH MUTTEBICTh OAYCHHS, YiTKICTh, OO0 MEXI
3eMeJIbHOT TUITHKY 9 OyAb-SIKOr0 BUAY MaiiHa, BKJIIOYAIOYH IIPABO BOJOIIHHS UM KOPUCTYBAHHS, IO € HE MOX-
JIMBE, IIPU TEKCTOBOMY 3anuci. Oco0a1Boro nepeBaroto 3D- kalacTpoBOi CUCTEMH € MOXIIMBICTh Bizyastizallii He-
BUJINMHUX, OaraTtopiBHeBUX 00’ekTiB [2]. 3anpoBamkenns 3D-Bi3yaunizalii 00’ €KTiB HEpyXOMOro MaiiHa , ik Haze-
MHOT'0 TaK MiZ36MHOT0, i3 BCiMa KaJaCTPOBUMH JaHHMH, 3a0€3MeUNTh HATJISAHICTh OaueHHs, CTPYKTYpPHU3AILilo,

30epiraHHs Ta BUKOPUCTAHHS [TUX JAHUX 1 €MUHIA CUCTEMI.

Keywords. 3D-cadastre, 3D-visualization, 3D-cadastrel system, vertical measurement, three-dimensional ca-

dastr visualization.

KuarouoBi ciioBa. 3D-kamactp, 3D-Bi3yamizamis, 3D-kagacTpoBa cucTemMa, BEpTHKAIBHUN BUMIp, TPUBAMIpHA

KaJIaCTpOBa Bi3yami3artis.

OcHoBHUIT TekeT craTTi. Tpaguuiiino, xaxacT-
poBa peecTpalliiiHa cucTeMa CKIaIa€eThes 3 Habopy Ka-
JACTPOBHX JaHMX 1 KapT Ha ManepoBUX HOCISAX, B
SIKOMY MICTHThCS 1H(OpMallis PO MallHO Ha 3eMeJb-
Hill AUIAHIN. 3 KiHIM MONEePEeTHBOr0 CTOMITTS, KaJacT-
POBI peecTpallii B IporpecuBHUX KpaiHax Oyiu mepe-
BEJICHHI 3 aHAJOTOBUX B IM(POBIii peectpu. IHakie
KaXydH, IpocTopoBa iHpopmarii Oyma Tparchopmo-
BaHa B reoiH(OpMaIliifHi Ta CHCTEMH aBTOMAaTH30Ba-
Horo npoektyBaHHs (CAIIP), mo yckiaganio cucreMmy
yIpaByiHHA 623010 Jarrx. ToOTo iH(opMarltis mpo MaitHO
30epiraeTbes MepeBayKHO Ha IANepOBUX HOCIsAX. Posr-
JISHEMO K Mo)kHa 3D-kamacTpu yHMOpSAKYBaTH pi3-
HUMH crioco0amMu Ha OCHOBI KPHUTEPIid, a came:

e ocHOBHa (DyHKIIis (PO3MTOIiT 3eMeb abo Oara-
TOILIHOBA AISLIBHICTH 13 3¢MJICYCTPOIO);

o Tunu 3a()ikCOBaHMX IpaB (IIpUBaTHA BIac-
HICTB, TPaBO KOPUCTYBAHHSI, OPEH/IN KOPUCHHUX KOTIa-
JIMH, MyOJIiYHO-NIPAaBOBI OOMEKEHHS);

® CTYIIiHb BiIMOBIIATBHOCTI 11010 3a0€3MeUCHHS
TOYHOCTI Ta JIOCTOBIPHOCTI JTaHUX;

® MICIIe 3HAXO/KCHHSI Ta FOPUCAUKILIS (KagacTpu
LEHTPAITI30BaHi Ta JICICHTPAII30BaHi);

e criocib 30upaHHs iHPOpPMAILIii PO 3eMeTbHI MTi-
JISTHKH.

Buxopucranss iHTepakTHBHOI cuctemu 3D-Bi3ya-
JH3aIli, IKa MITPUMY€ TPETiil TeOMEeTPHUYHUHN BUMIp Ue-
pe3 THYUKICTh, JO3BOJISIE KOPUCTYBaYaM JOCIIIKYBaTH
ckaanHicTh 3D-cutyanii i nae BiguyTTs riubunn. bes-
YMOBHO, TPUBUMIPHHUH €JI€MEHT MOXKEBUPIIIUTH MPO-
onemu 2D mertoziB abo (iKCyBaHHS BEPTUKAILHHX
npodiIiB, MPUKIIA SKOTO IPUBEAECHO Ha PUCYHKY 1.

6) BeprukaaLumii npodiak cexnii A-A

) 2D KAACTPORMIl ILTAN APYTOTO NOBEPXY KBAPTHDH .~

Puc. 1. IIpuknao eéepmuxanvrozo sumipy npoginto (cexyia A-A) 6 Kanaoi (Keebex).

BinmoBimHUM YMHOM, HAsBHICTH TPHBHMipHOI
KaJacTpoBOi Bi3yaizalii BiTKpHBae HOBI MOKIIHBO-
CTi, 1 MOXE:

® TOKPAIIUTH PO3YMIHHA B TPUBUMIPHUX CUTY-
arisx (TpUBUMIPHE-TIPOCTOPOBE BiAHOIICHHS);

® PO3MIUPHUTH Bi3yali3aililo irHOPOBAHOT'O TPH-
BUMIPHOTO IPOCTOPY 3 JOJYYECHHSIM 3€MENbHOT Jii-
JISIHKY (HaJ1 Ta 1iJ1 3eMJIeI0);

e 30UTBIINTH iH(OpMALIO I KOpUCTyBaya
(Bucota, rmuOuHa);

® 3a0e3meunTH OLTBITY peaicCTHYHICTh 00€KTa;

® MiIBUIIUTH PiBEHb B3a€MOJIii.

Kpim TOro, TpuBMMIpHA KaiacTpoBa Bi3yani3aiis
IpU3BEIE J10:

® HeoOXiTHOCTI BOJIOAIHHS KOPUCTYBadEM I1€B-
HUMH HaBHYKaMH BHKOPHUCTOBYBAaHHS IHTepdeicy
TPUBUMIPHOI Bidyasni3aliii B ITPOLIECi KaJlaCTPOBUX PO-
oiT;
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® CTaH/JapTHI CUMBOJIM, TO3HAYEHHS 110 BiO-
OpakaroTbesi B 2D MOXyTh OyTH HENpaBUIIBHO Tpa-
kToBaHi B 3D-Bi3yauizaii;

® MOXJIMBICTB He OaunTH no3any B 3D-Bizyairi-
3awii Mo>ke OYTH NEepeNIKoI0I0 Ul KOPHCTyBaJa.

® OJJaBaHHA  €TAJIOHHUX  TOomorpadivHuX
00’exTiB (OyaiBens, JOPIr, TPyOOIPOBOIIB) i 0COO-
JIMBO TIOBEPXHI 3eMITi;

® i3 CTaTMYHOTO TPHBHMIPHOTO 300pa)KCHHS,
MOJXe OyTH HE BiIOMO YU € 00’ €KT TPUBUMIPHUM;

e 3MiHa MacuTady (edexT nepcrekTusy B 3D)
O BIIHOUIEHHO JI0 2D-KapT 3 OHOPITHUM MacIil-
TaboMm;

® BiTOOpaXKCHHS
00’€KTIB;

e Bizyajizamis TPUBUMIPHHUX IUITHOK Ta iX
THMYacOBe TOPIBHIHHA (32 JOMOMOTOIO aHiMarlii),
a00 TOBUTFHO 3MIHIOIOYHU TUISHKH (IepKaHUN KOp-
JIOH, TUISTHKA MOOIH3Y y30epeskiKs pidoK), ado MIBH-
JIKi 3MiHH (1O Ta 00’ eqHaHHs 3D-IITHOK);

YaCTKOBO 00MEKEHUX

3D-xapra

3D- sobpaxenms

® Bi3yaJbHO PO3PI3HATH FOPUIUYHI 00’ €KTH 3
¢i3uunrMu B 3D, 0COOIMBO MTij1 NEPEKPUTTSIM;

e HasBHICTH 3D-KajacTpoBUX AaHHUX Ta BiIIO-
BitHa 00pOOKa MaHWX, MPUAATHUX JJIS Bi3yamizamii
B 3D [2].

Bce we crpusie po3BUTKY MOMKJIMBOCTEH WLIO
npornonye 3D-kamacTp, ocobnmBo Ha 3D-Bi3yariza-
1ii, sIK 3BUYa{HOTO IHCTPYMEHTY KOMYHIKAIIiH, 1 po-
3TIIIATHCA, SK 0a3a U1 TPOBEACHHS HOCIIKEHb Ta
po3pobka 3D-kagacTpoBoi Bizyauizaitii.

OcHoBHa MeTa Bizyauizanii, uu To 2D um 3D 1e
YSIBJICHHS PEaIbHOTO CBITY 1 BifoOpakaTu iX Kopuc-
TyBa4eBi, Haiyactime Ha 2D ekpani. Bizyanizamis
BijloMa, SK TeoBi3yaii3auis, Koiu TreorpadiuHi
SIBUIIIA MOJIEITIOIOTHCS ISl CY94acHOI KaJacTpoBoi H-
¢dopmarii [3]. Cxemy Bizyaizarii mpuBeIeHO Ha PU-
CYHKY 2, Jie IepIIOI0 CTAIEI0 MpoLecy € 30MpaHHs
JaHKX, sIKa BKIIIOYAE B ceOe Ta3epHe CKaHyBaHHS.

MOJETIOBAHHSA

Puc. 2. Cxema 6izyanizayii

MoentoBaHHS € YacTHHA MpoIlecy 300py MaHUX i
oJIsirae y BUOOpi pealbHUX 00’ €KTIB, IaHi SIKMX BKIIFO-
YeHi B MOJIEINTb Ta CTPYKTYPY JaHUX, [0 BUKOPHUCTOBY-
€ThbCs A1 30epiraHag Mojeni, ToOOTo MaTeMaTHYHe TO-
nmaHag. OinbTpamis Ta MaHIMYIALIS JaHUX POOUTHCS 3
METOIO ITOKPAIICHHs, a00 aJanTaiii JaHuX, SKa B II0a-
JIBIIIOMY 3HAOOUTHCS B TIPOIIECI MOJCITIOBAHHS [S].

[pukian Bizyaumizaiiii OyAMHKY TpPHBEICHO Ha
PHUCYHKY 3.

OcHoBHa npobsema BiacyTHOCTi 3D-Bizyamizarmii
1€ HE MiATOTOBJIEHICTh CUCTEMH JIEP)KKAAACTPY, @ caMe
BIZICYTHICTB TPaBOBOi Ta MPAaKTUYHOI 0a3u ayst QyHK-
unionyBanHa 3D-kamacTpy, Ha BCix piBHI. Y Bizyauiza-
il iCHYIOTh TUIATGOPMH 1 TEXHOJIOTII, SIKi B)K€ MalOTh
TOTOBI 10 BAKOPUCTAHHSI IPOTOTHITH, CTBOPEHHI CIIelli-
anbHO it 3D-KkamacTpy 1 BKIIIOYAKOTh B ceOe BeO-1HTe-
poeiic i pobounii Habip KOOPIUHAT.
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O6'cxT na micuenocTi

Konmnopona XMapa TOm0x

3D-moacas (xapxac)

- J

- J

Puc.3. Emanu eizyanizayii (modenv-6younky, yHieepcumem Jlaganv, Kanaoa).

CrBopenHst Be6-3D-kanacTpoBoi cucremu Bi3ya-
Ji3aiii € TOBHUM OTJISAIOM Bidyaiizaiii 06’ ekTa i ruiat-
¢dopm 110 mpairoe Ha ocHOBI nanux Google Ilnanera
3emust mis 3D-panux ePlan / LandXML. Bumoru ko-
pPHUCTYBauiB MOJ0 Bizyamizamii cuctemu 3D-kamactpy
NIOKa3aHa Ha PUCYHKY 4.

Ha pucynkax 5-11 mpoigrocTpoBaHO TPUKIA] iH-
Tepdeiicy, 3apornoHoBaHOro HaMu nporotuiry 3D-0y-
JMHKY, K OCTaHHIH eran (yHKuIioHyBaHHs 3D-kana-
cTpy. anuii 00’ €KT BUKOPUCTOBYETHCSI HAMH IS 1TIO-
cTparii, SIK IOPUJNYHOTO TaK i Qi3MYHOro 00’€KTa, a
miathopma iieanbHO MiAXOAUTh N0 YKPaiHCHKUX YMOB
ne BincyTHs 6aza 3D-kamactpy.

PosramryBanHs 3eMenbHOi ginsHKA: Micto Mens-
OypH, ABcTparis, agpeca o6’ekra: 138 Alma Road,

HepyxomicTn

Saint Kilda East VIC, nomep miaany: PS 704971 N, ko-
opauaatdt MGA94 E 323920, N 5807610, 30Ha: 55,
mwioma- 988.92 m%, Bucora Oyaisii - 11.372 M, BucoTa
MiA3eMHUX KOMYyHiKaIiit - 2.174 M, BUCOTa BEPXHBOI
HanOymoBu - 2.007 M, 3arajbHa BHCOTA KOMILICKCY -
15.553 m.

Mesxi 3]1 Bu3HA4arOThCA 13 cTiHAMU OyiBIi (3ara-
JpHa BiacHICTh Ne | Ta 3aranbHa BiacHICTh Ne 2) i po3-
MOBCIOJIKYIOTBCS SIK TiJT 36MEJIBHOIO JUISTHKOK, TaK 1
Hax Hero. Uepes oOmexxenHs B 3D-Bizyarizanii 00’ ek
OyB oOmexeHuit Oyaisnero. 3aranbHa BiacHicTh Nel —
BCS 3eMJISl B MEXax IJIaHy, 32 BUHATKOM AUIHOK 1 10
203 (BKJIIOYHO) Ta CyCHiIbHOI BIAacHOCTI No2, ska
BKITIOYA€E CTPYKTYPY CTiH, HiAJIOTH Ta CTe, SIKi CITiB-
MalaloTh 3 MEXKAMHU.

Puc. 4. Bumoeu xopucmysauis wooo gizyanizayii cucmemu 3D-xadacmpy na ocuosi /13K
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Puc. 5. 3acanvhuii 6uenad 610kie MaliHo08020 KOMNIEKCY.

Puc. 6.
Dpacmenm Komnaekcy a) 6e3 ni03eMHUX KOMyHIKayitl, 6) i3 BIOMEOPEHHAM NIO3EMHUX KOMYHIKAYIAMU I3 Znin.

. Common Property Number: No2-Pt-

4
" | and affected by Owners

Corporation: Common Property 2,
Lots 101-104, 201-203, GO1, G02,
G03, G04
Limitations on Owners Corporation:
Limited to Common Property

- -
- :
> g\'

Puc. 7. Onuc ampubymie eubpanoi oounuyi.

Puc. 8. Ciuenns 06 ’exmy 6 npocmopi X.
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