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Invisible gold in hydrothermal ores is frequently scattered in the most abundant minerals of the Fe—As-S

system. It is assumed that invisible gold does not incorporate into the mineral structure (nanoscale inclusions of
the metal or its compounds) or is chemically fixed (isomorphous substitution). The aim of this study is to determine
the concentration range of invisible gold, species of its occurrence in arsenian pyrite and arsenopyrite in the natural
samples from the Vorontsovka Carlin-type deposit in the Northern Urals. According to EMPA, LA-ICP-MS anal-
yses, the number of trace elements Sh, Co, Ni, Ag, Cu in arsenian pyrite and arsenopyrite does not exceed 0.1 wt%
in total. Specially selected survey conditions were used to determine the Au impurity content. Under these condi-
tions, the detection limit for Au is 0.0045 wt%. The As content in pyrite varies from 0.28 to 4.316 wt%, Au — from
0.2 ppm to 0.074 wt%. The Au content in arsenopyrite reaches 1.23 wt%. Correlation dependences of Au and As
contents in pyrite, Au and the main components in arsenopyrite suggest the occurrence of Au in the structure of

the minerals.

Keywords: «invisible» gold, arsenian pyrite, gold containing arsenopyrite, the North Urals, EPMA.

1 Introduction

Gold in hydrothermal ores is frequently associated
with As-bearing minerals: arsenopyrite FeAsS,
arsenian pyrite FeS,, and less frequent 161lingite FeAs;.
Arsenopyrite and arsenian pyrite are the major ore
minerals at some hydrothermal deposits, including
large and superlarge, where gold is the main or by-
product. These are Carlin-type gold deposits [1, 2];
epithermal [3], mesothermal, or orogenic gold deposits;
and Cu—Au skarn and massive sulphide deposits [4, 5].
In the ores of these deposits, sulphides, in particular,
arsenopyrite and arsenian pyrite, contain invisible gold,
which could not be identified by optical or scanning
electron microscopy. Invisible gold is scattered in
sulphides as an isomorphous admixture, nanoscale Au°
inclusions or Au-semimetal (As, Sb, Bi, Te)

compounds [6]. Variable composition ((As/S and
Fe/(As+S)) within crystals, contrast growth zoning, and
structure imperfection of arsenopyrite facilitate Au
scattering in this mineral. Invisible gold is refractory
and is not recovered by conventional or
environmentally friendly processing methods; the
majority of such gold passes into waste. Therefore,
determination of the conditions favoring the formation
of refractory ores and refinement of invisible gold
species in sulphides are necessary to improve deep
recovery technologies for gold from refractory ores.

2 Geological setting

The Vorontsovka gold deposit (59°39'5" N,
60°12'56" E) is situated in the Krasnoturinsk District,
Sverdlovsk oblast, in the Auerbakh volcanoplutonic
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belt. It has been operated as an open pit since 1999 by
ZAO Zoloto Severnogo Urala; more than 55 t of gold
and 50 t of silver have been molded into bars. The

Turya—Aurbakh ore district hosting this deposit corre-
sponds to the eponymous volcanotectonic depression
with walls gently dipping (15°-30°) toward the cen ter
of the structure (Pic. 1).

volcanic rocks of Tura formation(Upper Silurian-Lower Devonian):
trachybasalt-trachyandesite lava and tuff; limestone

Krasnoturyinsk formation (Lower Devonian):

basalt lava and tuff, volcaniclastic gritstone

andesitic lava and tuff, tuffaceous sandstone and siltstone

@ limestone

Early Devonian subvolcanics:
<7 diorite porphyrite

basaltic andesit and gabbro porphyrite

Early-Mid Devonian Auerbakh gabbro-diorite-granite Complex:
granite, alaskite granite

- granodiorite

- diorite, quartz diorite, monzodiorite

gabbro, gabbrodiorite

dykes of diorite porphyrite, lamprophyre and gabbrodolerite

E faults bordering the graben-synclinal structure

IZ other faults

ore-controlling faults of the Vorontsovka field:
1 - Vorontsovka, 2 - South-Vorontsovka, 3 - North-Peschanka

IZI skarn alteration

EI gold-sulphide-quartz occurrence
outline of Vorontsovka gold deposit
III magnetite-skarn deposit

same, with superimposed pyrrhotite and
pyrite-chalcopyrite mineralisation

|I| copper-skarn deposit with pyrite-chalcopyrite ore
A\ |same, with epidote alteration

Pic.1. Schematic geological map of the Turya-Auerbakh ore district. Compiled by V. Murzin using Bobrov
(1991) and materials of Rindzyunskaya et al (1995). Skarn deposits (after Podlessky 1979): 1 — Auerbakh, 2 —
Novo-Peschanka, 3 — North- and South-Peschanka, 4 — West-Peschanka, 5 — Poludenskoe, 6 — Vorontsovka Fe
and North-Vorontsovka Fe, 7 — South-Vorontsovka Fe, 8 — Garevskoe, 9 — Vladykinskoe, 10 — Kakva, 11 — 34th

quarter, 12 — Troitsk-Mikhaylov, 13 — Bogoslovsk and Bashmakov, 14 — Vadimo-Aleksandrovka, 15 —
Nikitinskoe, 16 — Uspenskoe, 17 — Frolov, 18 — Suvorovskoe, 19 — Vasilyev, 20 — Sukhodoyskoe, 21 —
Psarevskoe.

It is filled with sedimentary, volcanosedimentary,
and volcanic rocks of the Emsian to Lower Eifelian
Krasnoturinsk Formation. The Auerbakh group of iron
skarn deposits and Vorontsovka gold deposit located in
the southern part of the district are related to the Early
to Middle Devonian Auerbakh gabbro—diorite—gran-
odiorite pluton [7]. Initially, the Vorontsovka deposit
contained 101 t Au @ 7 g/t Au, and120 t Ag @ 8 g/t
Ag; including 30 t Au in regolith [8]. The deposit is
mined by Polymetal Company from 1999 in two open
pits to a depth of 200 m and 80 m. Orebodies corre-
spond to the fine-disseminated low-sulphide (3-5
vol%, rarely up to 30 vol%) zones; gold-quartz veinlets
occur rarely. The main gold endowment associates with
the following two ore types: the gold-pyrite-arsenopy-
rite ore in the argillic altered tuff-clastic rocks and the
gold-pyrite-realgar ore in the silicified limestone brec-
cia with relict carbonate-volcanoclastic cement.

3 Mineralogy
There are four groups of mineral assemblages in
the orebodies of the Vorontsovka deposit. [9] The later

assemblages often overprint the early ones. Group 1
comprises pyrite =+ sphalerite + chalcopyrite +
pyrrhotite and is located in the limestone breccia and in
the lowest part of the overlying tuff-clastic rocks. (Pic.
2) Group 2 comprises fine-disseminated gold-pyrite-
arsenopyrite in the tuff-clastic rocks. Such sulphide
impregnation is locally redistributed with segregation
into pyrite veinlets. Pyrite forms euhedral crystals and
spherical aggregates (from 0.01 to 0.n mm).
Arsenopyrite commonly occurs in the tuff-clastic rocks
if they have evidences of hydrothermal alteration and
primary pyrite recrystallisation. The As/S atomic ratio
is close to 1. Group 3 includes garnet-magnetite
prograde skarn; epidote retrograde skarn; brecciated
carbonate rock with cocarde texture;
polysulphide-carbonate-quartz and massive
chalcopyrite veins. In the skarn, overprinting sulphide
association of pyrite + pyrrhotite + chalcopyrite +
sphalerite + galena is common, i.e. sulphides are epi-
skarn. Later, along with silicification, arsenopyrite +
pyrrhotite = sphalerite + fahlore + Pb-Sh-sulphosalts +
native gold were formed. The As/S atomic ratio in
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arsenopyrite is close to 1. Group 4. The Carlin-style
gold-pyrite-realgar assemblage is superimposed over
different breccias. The sequence of the mineral
deposition is as follows: pyrite + arsenopyrite —
(silicification) — Pb-Sb-sulphosalts + sphalerite +
chalcopyrite — (argillisation) — native arsenic + S-
16llingite + native gold — thallium minerals + stibnite
+ realgar + orpiment + native gold. The As/S atomic
ratio in arsenopyrite

For the study, samples from the 3rd and 4th groups
of associations were used. Formation conditions of
assemblages:

Group 3 - T, =400-270°C; P = 0.2-0.6 kbar; log f
S2=-710-9;

Group 4 - T, =370-250°C; P = 0.15-0.2 kbar; log
fS2=-12to-17.

nativ As

Pic. 2. Ores from the Vorontsovka deposit: (a) carbonate breccia with laminated semi-massive sulphide cement,
Vr131-3; (b) layered tuff-clastic rock with disseminated of sulphides (pyrite, chalcopyrite, sphalerite, marcasite)
altered and recrystallised along veinlet, Vr131-10; (c) brecciated limestone of cocarde structure with zones of
carbonaceous matter and sulphide impregnation (pyrite, arsenopyrite, magnetite, pyrrhotite, native gold), Vril-
6; (d) skarnoid with epidote and pyrite zones in carbonate rock, Vr9-7; (e) carbonate breccia, containing
disseminated realgar with impregnation of gold, sulphides and thallium minerals, Vr128-1; (f) argillic altered
tuff-clastic rocks, rich in thin impregnation of acicular arsenopyrite (Apy) which is intersected and cemented by
native arsenic (As), associated with native gold, Vr1-2.

4 Analytical methods

The chemical composition of arsenopyrite and py-
rite were measured using EPMA (JXA-8200). The ma-
jor constituents (As, Fe, S) were determined at an ac-
celerating voltage of 20 kV, current intensity on a Far-
aday cylinder of 20 nA, and beam diameter of 1 um.
The acquisition time for As (La, TAP), Fe (Ka, LIF),
and S (Ka, PETH) was 10 s at the peak and 5 s on both
sides. Operating conditions for determination of gold
trace concentrations are Ma line, 20 kV, 300 nA, peak
time 200 c, background time 100 c, beam diameter 2-3

mkm. These operating conditions and correctly se-
lected background points made it possible to decrease
Au detection limit down to 78 and 45 ppm for lines La
and Mo, respectively.

4.1 Gold in Arsenopyrite

The data obtained for arsenopyrite crystals indi-
cate an inverse correlation between Au and S and a di-
rect correlation between Au and As (Pic. 3). The rela-
tionship between Au and Fe within individual crystal
zones is weaker.
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Pic. 3. Distribution of gold content along the profiles in arsenopyrite: a,b - from skarn (Vr134-15); c-e - high-
arsenic arsenopyrite of the gold-pyrite-realgar assemblage (Vr1-5). Arsenopyrite with profile C-D is a relic one
of the skarn assemblage. Detection limit of gold 45ppm, dotted line.

4.2 Gold in arsenian pyrite arsenic zones in grains with oscillatory zoning con-
Grains of pyrite from the epidote skarn have spotty  sistent with the symmetry elements of pyrite crystals
and oscillatory zoning. The maximum contents of As  (Pic. 4-5).
(4.316 wt.%) and Au (0.079 wt.%) are typical for high-

70

10 20 30 40 50 60 70
Profile points

Pic. 4. Gold-bearing pyrite of zonal structure (Vr10-17, BSE images) and distribution of arsenic (a) and gold (b)
along profile A-B; B - scan profiles: -. The dotted line indicates the detection limit for gold content (45 ppm).
The correlation coefficient between the elements is 0.91.

85um B

0.10
0.09
0.08
0.07
006 &
005 3

L 0.04 2
0.03
0.02
0.01

- 0.00

10 20 30 40 50 60

Profile points

Pic. 5. Distribution of As and Au in zonal pyrite Vr10-17. A and B section and profile through a pyrite crystal;
C-distribution of as and Au contentsin pyrite obtained on the JXA-8200 (JEOL) device using a special precision
technique for simultaneous determination of Fe, S, As and Au. The detection limit (36) for As is 0.01 wt%, for
Au-0.0045 wt%.
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5 Discussion

The data obtained for arsenopyrite crystals indi-
cate an inverse correlation between Au and S and Au-
Fe and a direct correlation between Au and As (Pic.5).

Fe, apf S, apfi As, apfi
1088 oM 1.08 i 1.0 Piu
- F 1.06 a 1.04 I
1.030 , 1.04 ": 1.02 A A %
X @ o X
1.025 10z - ApEX A
. b 3 X g}ﬁ( 1.00 * A 098 4
1.020 - >- A‘ ‘ 098 .?XA A 0.96 oy ¢
1.015
A 0.94 B X 0.92 ‘32.
Au. wt % - Au, wt % o Au, wt %
1.010 . : T :
0.001 0.01 1 10 0.001 0.01 1 10 0.001 0.01 0.1 1 10

Pic. 6. Dependence of the Au content on the main elements in the studied arsenopyrite samples. Blue dots-
arsenopyrite from skarn (Vr134-15); dots: red-relic arsenopyrite (Vrl-5); green-highly arsenic arsenopyrite of
the gold-pyrite-realgar assemblage (Vrl-5).

For a gold content up to ~0.6 wt%, there is a strong
correlation between Au and As: the Au concentration
increases in arsenopyrite enriched in As. This relation-
ship becomes weaker for a gold content above 0.6 wt%.
Meanwhile, a strong inverse correlation between Au
and Fe is observed over the entire compositional range
of the Au-bearing arsenopyrite studied here, which
again proves the formation of the solid solutionin which
Au substitutes for Fe in the structure of arsenopyrite.
Since similar dependences of the Au content on the ar-
senopyrite composition were identified at other Carlin-

type deposits [1], it can be assumed that they are con-
tained at deposits of this type in general.

The data obtained for arsenian pyrite indicate the
presence of two groups of impurity contents in pyrite
(Pic. 7): one-has low as impurity contents and close to
zero level of Au concentrations. While the second-be-
gins near 1.5 wt% of the as impurity and with increas-
ing its concentration linearly increases the Au impurity
to 0.074 wt%. In the analysis of pyrite probably two as-
pects should be considered: the As impurity in pyrite
and the Au impurity in pyrite and their relationship.

0,
00s AU, Wt%
*
0.074 .
*
0.064 "
*
0.05 R
¢,
*
0.04 % .
0.03 o RN
. *
0.02 * ?’. .
*
* "
0.014 >y ® -
.o A b, .
e o ae® ¢ ¢ —As —wit
'0 » 3 %

0.0

00 05 10 15 20

25 30 35 40 45

Pic. 7. Distribution of As and Au contents in pyrite, Vr10-17. The dotted line is the limit of Au detection.

So the maximum solubility of As in pyrite accord-
ing to experimental data by L. Clark [10] at 600°C is
0.53 wt%. and in natural pyrites, the As content reaches
9.3 wt% [1] and some researchers determined 14.1 wt%
As in pyrite [11]. And in most cases, researchers note,
that the sum of S and As contents in pyrite is preserved
by 66.7 at% and its low concentrations are interpreted
(up to 1.2 wt% As on average) as a solid solution with
local clustering of As atoms. However, at higher con-
centrations of As in pyrite (6-9 wt%), researchers [2,
12] detect arsenopyrite domains in HRTEM images.

Gold impurity in pyrite in which the arsenic con-
tent does not exceed 0.2 wt% is no more than 700 pbb
or is completely absent [13, 14]. Significant gold con-
tent appears when arsenic content in pyrite is at least
1.5 wt% [11, 14, 15]. In many cases, there is a linear
positive dependence of Au and As contents. But at the
same time, there are three maximum arsenic contents:

0-1. 5; 1.5-5 and above 5 wt% [11]. The entry of As
admixture into pyrite, and with it Au, can be explained
by a change in the structural form of the entry of Au
Into As-pyrite: at relatively low concentrations of As
(0-5 wt%) gold enters the solid solution S, <> AsS¥, at
high concentrations of As, gold is included in the pyrite
and marcasite-structural (arsenopyrite) domains, which
are identified in [16].

6 Conclusions

Thus in our studied sample of arsenopyrite and
As-pyrite, it is also possible to assume the occurrence
of Au in its structure.

Funding: project no. 20-05-00849 Sources of hy-
drothermal fluids and mechanisms of concentration of
heavy metals in oceanic and paleoceanic complexes.
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Abstract

The article discusses the problem and the need for epidemiological, medical, and social research to identify
in elderly and elderly people the features of the development of dental caries, oral hygiene, and the determination
of the availability of dentures. For elderly people, it creates discomfort and does not perceive the restoration of
chewing function, due to the cost of payment. The conducted research on the basis of the Republican Boarding
House for the Elderly and disabled and the Yakut Boarding House for the elderly and disabled dictates the need
for a special approach to diagnosis, treatment, prevention and improvement of the quality of life in the elderly. In
the course of the work, the analysis of dental morbidity data, features of the clinical course of major dental diseases
in elderly and senile people was carried out.

AHHOTAUUA

B craTthe paccMmarpuBaeTcs mpobieMa 1 He0OX0IUMOCTh POBEACHHS STTUIEMUOJIOTHYECKUX, METUIIMHCKHX,
COLIMANIBHBIX MCCIICIOBAHU AJIS BBISABICHUS Y JIFO/IeH IOXKHIIOTO U IMTPEKJIIOHHOTO BO3pacTa 0COOCHHOCTH Pa3BUTHE
Kapueca 3y00B, TUTHEHBI MOJIOCTH PTa, OIpe/ieJeHne 00eCTIeueHHOCTH 3yOHBIMH TTPOTe3aMU. [10KHUIBIM JTFOISIM
cOo31acT ,I[I/ICI(OM(l)OpT 1 HE BOCHPUATUA, BOCCTAHOBJICHUS JKeBaTEJIbHOM (I)yHI(LII/II/I, Hn3-3a CTOMMOCTH BBIIIJIATHI.
HpOBeI[CHHOC O6CJ‘I€I[OBaHI/Ie IIalnMEHTOB Ha Oaze PeCl‘Iy6J‘II/IKaHCKOFO JAoMa JUrd IpecTapeyiblX U UHBAJIWJAO0B, 10Ma-
HWHTCpHATA T. ﬂKyTCKa JJIs TpeCTapeiiblX U UHBAJIUAOB AUKTYET O HCO6XOJ:[I/IMOCTI/I CIICUaJIbHOI'O nmoaxojaa K au-
ardHOCTHKE, JICYCHUIO, HpO(i)I/IJ'IaKTI/IKe 1 COOTBETCTBCHHO YJIIYYLICHHUH Ka4€CTBA JXU3HU Yy NOKUJIBIX mouef/i.

B XoJe pa6OTLI HaMu OblIa IIpoOBEJICHA aHAJIU3 CTOMATOJIOTMYECKOM 3360J‘IeBa€MOCTI/I, 0COOEHHOCTEN KINHHU-
YECKOI'0 TEYEHUSI OCHOBHBIX CTOMATOJIOTMYECKUX 3a00JI€BaHU I y H}OHeﬁ TOXKHJIOTO U CTAPYECKOI'0 BO3pacTa.

Keywords: elderly people, orthopedic care, CPI index, tooth loss, dentistry, dental care, coronavirus infec-
tion, of patient flows, prevention.

KiroueBble cJ10Ba: TOXIJIBIE JTFOIN, OPTOMEAMYECKasi IOMOIIb, HHAEKC MOTPEONUTENBCKUX [IEH, ITOTEePs 3y-
00B, CTOMATOJIOTHS, CTOMaTOJIOTHYECKasi IIOMOIIb, KOPOHABHPYCHAsI MH(MEKINS, TOTOK MAIlMeHTOB, MPOQHUIaK-
THUKaA.
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Beenenne.

B Hacrosmiee Bpemst HaOmomaeTcs yBEIHYCHUE
JIOJIM MOXWJIBIX JIOJEH U CTapeHHe HaceJCHUE B Iie-
JIOM, YTO SIBJISIETCSl OOILIEH MEINKO-COIMaIbHON Mpo-
6nemoii. [1, 2, 7].

Ilo MHeHMIO psna ucclenoBaTelnel, cTparerus
SMMIEMHUOJIOTHYECKOTO CTOMATOJIOTHYECKOro o0cie-
JIOBAHMSI HACEJICHUS TOJDKHO UCXOAUTH M3 MPUOPUTE-
TOB, ONPEACISIEMbIX KINMAaTOreorpaduIecKoi 30HOH,
neMorpapudecKkodl 0OCTaHOBKOHM ee TCHICHIHMEH pas-
BUTHSL, 3 (HEKTUBHOCTH pabOTHI M YPOBHS CTOMATOJO-
THYECKOW CITYOBI perroHa, AHHAMHYECKOTO HaOIo-
JCHUS 1 HAyJHBIX 000OCHOBAHUH OIPEACICHIH HYXa-
€MOCTH HaceJieHHs B 3ybonpore3upoBanuu. [3,4,7,12].

W3BecTHO, 4TO Bpauu CTOMATOJOTH €XKEIHEBHO
MOZIBEPTalOTCsl PUCKY 3a00JIETh PECITUPATOPHBIMHU 3a-
0oJIeBaHUSIMH, KOTOPBIE MOTYT IEepeNaBaThCs JIOISIM
BO3JIyLIIHO-KaIeJIbHBIM ITyTEM, U B CBSI3U BBICOKOW KOH-
Taruo3HOH CHOCOOHOCTBIO HOBOW KOPOHaBUPYCHOM
WHQEKIMHA MOTYT OBITh HHOHUIIUPOBAHEI U BPAYH-CTO-
MAaTOJIOTH TpH IpueMe maruerToB. [loatomy (ADA) —
AMepHKaHCKasi CTOMaTOJIOTHYECKAasi aCCOIMAINA Pa3-
paboTana 1 IpeIoKuIIa paBuiIa, IIeIb KOTOPOTO pas-
JETSTh MAlMeHTOB Ha OT/AENBHBIE IOTOKH, OCOOEHHO
IPY OKa3aHWUHM HEOTIIOXXHOW CTOMATOJIOTHYECKOH MO-
MOIITH.

Taxk nauaBmasicst B 2020 r. nangemust COVID-19
HETraTHUBHO OTpPa3WiIach M Ha CTOMATOJIOTHH, y4acTu-
JICh CIIydau CTOMAaTUTOB C SIPKO BBIPA)KEHHBIMHU CHMII-
tomamu COIIP conpoBokgarormyecs: BIpaXXeHHOH I'i-
nepeMuei, mapecTe3usiMU, 9yBCTBOM JKKEHUS H CyXO-
CTH, IO3TOMY CJIEJyeT CKa3aTh, YTO B pasrap NaHIeMUN
TaKHe aJ00bl MOTYT YCHINTh CHHAPOMBI HOBOH KOPO-
HaBUpYycHOW nH(pekunu. B HacTosAmel padote mpeaso-
>KeHbl psaj pexkoMmengauuil ans JIITY cromarosoruye-
CKOTO TIPOGHIIsL, KOTOPBIE MOTYT CHU3UTh MOHHUTOPHHT
pacnpocTpaHeHHsi HOBOM KOPOHABUPYCHOW MH(EKINU
COVID-19 [5].

CornacHO TOCTaHOBJIECHUSIM U PEKOMEHIALUSIM
BO3 nroxu B Bo3pacte 65 JeT M craplie HaXoIATCs
TpyIIIe pUCKa, B CBETE IOCIEIHUX COOBITHI, TPU 3TOM
TaKXe CJIeAyeT yIUTHIBATh YPOBHS O0CIYKHBAHHUS, Xa-
paKTepa IHUTaHUs, MHTEpeca K )KU3HH M KOHEYHO 00-
IIEr0 COCTOSTHUS 370POBbS M CTOMATOJIOTHYECKOTO Op-
Tonenuyeckoro craryca. [6, 10].

Beimie ckazanHOE B COBOKYITHOCTH AUKTYET HEOO-
XOANMOCTb DPa3pabOTKH M BHEAPEHUS CIICIHAIBLHOMN
MPOTpaMMBbI IEPCOHATM3UPOBAHHOTO TT0IX0/1a K MalH-
€HTaM TIPH AWArHOCTHKE, JICUEHUH, NMPO(UIAKTUKE H
peabunuTanyu B JaHHOW KaTeropuu Hacenenwus. [8, 9,
11].

[TosTomy mpoBeneHne oOCIeTOBaHMN, HAIpaB-
JICHHBIX Ha OIpeJeNIeHHe CTOMATOJIOTHYECKOTO OpTO-
MeIMYECKOTO CTaTyca, OlEHKa HYXIaeMOCTH B 3y0o-
NPOTE3UPOBAHNM, IPOBEACHUS AHKETUPOBAHUS IS
BBISICHEHUsI OTHOLICHUI COCTOSHUM IIOJIOCTH pTa M
OIpeNIeNIEHUEe CTOUMOCTU CTOMATOJIOTHUECKUX YCIYT Y
JIMII IOXKHJIOTO M CTapUECKOro BO3pacTa, SBISIETCS aK-
TyaJIbHOH 3a/1aueil.

Hens uccienoBaHus: U3ydeHNe HY)KJA€MOCTH B
3yOHOM TIPOTE3UPOBAHUU U OTpECIIEHUE CTETICHH €€
YIOBJIETBOPEHHOCTH Yy JIUII MOKHIJIOTO M CTAPYECKOTO
Bospacta B PC ().

Marepuanbl H MeTO/IbI HCCIeJOBAHMSA.

BbI BConb30BaHbl TUTEPATypHBIE MAaTEPHATIbI,
pe3ynbTaThl COOCTBEHHBIX UCCIIEIOBAaHNUI U CTaTUCTH-
yeckue gaHHble. OOlIee KOJIM4ecTBO 00CIeI0BaHHBIX
murl coctaBuiio 200 yenmoBek B Bo3pacte ot 65 10 90 u
Oouiee seT. B paboTe UCIIOIp30BATUCH KapThl U aHKETHI
COIIMOJIOTHYECKOro  orpoca, paszpaboranHele BO3
(2013r.). Onpenensiu TUTHEHUYECKUI HHAEKC 110 Me-
tonuke j.C.Green, j.R.Vermillion, (1964r.).

I'myOuHBI TTApOJOHTANBHOTO KapMaHa Ompese-
JISUTH C TIOMOIIBIO TPAIyHPOBAHHOTO ITAPOJOHTAIBHOTO
(myroBUaTOr0) 30HIA, KPOBOTOUHNBOCTE JIECEH W Iapo-
JOHTa OMPEACISUIA MO METOINKe AWHAMO (TIONOXKH-
TenbHas Mpoba), OLEHUBAIN HAIWYKsS 3yOHOTO HaieTa
(nmpo6a IlInnnepa—Ilnucapesa), Taxke npooawiu KITW
— KowmmnekcHelil nepuogontaneHslil uaaexc (I1. A.
Jleyc, 1986).

[IpoBopnnock o00cnenOBaHUS AWHAMHUYECKOTO
xapakrepa, B nepros 2020 u 2021 rr. Ha 6a3e Pecny0-
JIMKAHCKOTO JIOMa-MHTEpHATa IS MPECTapeNblX U UH-
BaJINOB U SIKyTCKOTO IOMa—MHTEpHATA JUISl ITpecTape-
JBIX ¥ WHBANMHAAOB (Kopmyc 1: yi. SkyTckas, 1. 8, Kop-
myc 2: yn. bBekeroBa, A. 6) ¢ HCIOIB30BaHHEM
CTaHapTHBIX OZHOPA30BBIX HHCTPYMEHTOB (ILITIATEIIs)
1 TIePYaTOK.

Craructuyeckast 00paboTKa KIMHHYECKOTO MaTe-
pHuana IpoBOIIACH CTAHAAPTHBIMU METOJaMH BapHa-
LIMOHHOMW CTaTHCTUKH U MeToaoM CriupmeHa. Omnpee-
JSUTM cpeiHeapuMEeTHYecKue M CpeHEeKBaapaTHie-
CKHE OLIMOKH B HCCIIElyeMBIX MTapaMeTpax.

Pe3yabTaTsl H 00cy:K1eHMe.

Ham cnenoBano ompenenuTts pachnpocTpaHeH-
HOCTh ¥ HHTEHCHBHOCTH KapHeca 3y0oB, 3a0osieBaHmi
MIAapOJIOHTA, NPOBECTH OIIEHKY COCTOSIHHS CIH3HCTON
I0JIOCTH pTa, 3yOHOTO psina. [lorepu 3y0oB n onpexe-
JICHHE TIPUKYyca, TIPOBECTH COLMOJIOTUYECKOE aHKETH-
poBanue. C 3Toi 11eN1bI0 IPOBEH 00CIeTIOBAaHUE B YUC-
nerHocTd 200 yenoBex (113 sxeHmUH U 87 MY>KUHH)
BO3pacte oT 65 no 89 jer.

JlaHHBIE, KOTOPBIE OBLTH OITYYEHBI B IIEPHOJ STIH-
JIEMHOJIOTHYECKOTO 00CIEIOBAHUS TOXKUIIBIX JFOEH
HOCJIe CTAaTUCTHYECKOW 0OpabOTKM IpH aHAJH3€e JaH-
HBIX ¥ MHJEKCHOW OIIEHKH T'MI'MEHBI ITOJIOCTH PTa 3a
2020 u 2021 rr. mpeacrasieHsl B Tabmwie 1, Tabnuie
2.

Crienyer oTMeTHTh, 4TO OojblIe OOHAapyKHBa-
JIOCh CpeIHEeW CTENeHH TSHKECTH y 00cieoBaHHON
TPYIIBI HACEJNEHHS, U W3 PEIKO BCTPEYAIOCh JIETKas
(opma 3a00eBaHMI TTAPOIOHTA.

KomrekcHbIi nepruoJOHTANBHBINA HHAEKC IPYII-
Max COCTAaBWI: Y MYX4HH — 3,26+0,12 u y >keHIuH —
3,11+0,2 npu uccnenoannu B 2020 1., a8 2021 r. KITN
yBemmuuics 1o 3,52+0,2 u 3,18+0,2, coOTBETCTBEHHO.

W3 nansbIX Tabu. 1 u 2 BUAHO, YTO pacipocrpa-
HEHHOCTbH Kapueca 3y0O0B y JIIOZIeH MOXKHIIOT0 BO3pacTta
cocraBuia B cpeaHeM 85,5% y MyxuuH u 92,3% y
KEHIIWH, a I[I0Ka3aTeJdb MHTEHCHBHOCTH KapHeca
(KITY) y MyX4MH B 3TOW BO3PacTHOW TPYHIBI OBII
15,74 (K —1,24; 11 -2,29; ¥V — 12,45) n 14,67 — y xeH-
e (K —2,71; I1—-4,07; YV — 8,75). Hekapro3Hsie 1o-
paxeHus 3yOOB B BHE MATOJIOTHYECKON CTHPAEMOCTH
1 (WIM) KITMHOBUAHBIX Ae()EKTOB BCTPEUAIHCH JaIle y
MyxunH (18,5% ciaydaeB), B To BpeMs Kak y >KSHIIUH
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pacmpocTpaHeHHOCTb cocTaBui B 12,5% cmyqaes. [lpu
3TOM OTMeYaeTcs yBeJauueHue Beex nokaszareneit KITY,
KIIN, ocobeHHO KOJIMUECTBO MIIOMOMPOBAaHHBIX 3y00B
Y rurueHnyeckuit uuaekc 3a 2021 r. mo cpaBHEHHUIO C
nmarabivE 2020 1. Hy)kmaemocTs B JieueHUH O0sie3HEH
3yOOB y JIOJIEH MOXHJIOTO M CTAapYecKoro BO3pacTta
OblTa BHICOKOW KaK Y MY)XYHH, TaK M Y KEHIIUH U CO-
craBisia 82,5 u 88,8%, COOTBETCTBEHHO.

3aboneBaHus CIIM3UCTOW O0OJIOYKH TIOJOCTH PTa
yarre ObIIH pacTipoOCTPaHEHB! Y KEeHIIKH — B 9,4% ciry-
yaeB (KpacHBIN IUTOCKHUI JIMIIAH, mapecTe3us U T. 11.).
Takyro e MaToIOTHIO JUAarHOCTHPOBaIH y 4,5% Myx-
YUH (JICHKOIIIAKHS, TIPOTE3HBIA CTOMATHT, METEOPOJIO-
TUYECKHUM XEMIIUT U T. 1.).

3aTo MYXUUHBI MOXKUIOTO BO3pacTa pexe cTpa-
Janu naponoHTHToM (52,5%), yeM xeHIuHbl (77%).
CHsiTHE OTJIOKEHUH 3yOHOro KaMHsl OBIJIO TOKa3aHo
82,5% xeHmuH u 75,4% MyX4uH B Bo3pacte OT 65
aet. B aToii BO3pacTHOH TpyIIe Mbl HPOBOIUIN aHATU3
TUTHCHUYECKOTO COCTOSHHUS TIIOJIOCTH pTa IOCpe-
ctBoM mHAeKca rurueHsl (j.C.Green, j.R.Vermillion).
[omyueHHBIC JTaHHBIE TIOKA3BIBAIOT O HE3HAYUTEITBHBIX
BapHaIUiIX Mmoka3atenei (B cpexaeM — 1,9-2,05 6ara).

YpoBeHb TUTHEHBI IOJIOCTH PTa Y MYXXYWH, TaK H
y JKCHIIMH OLEHWICS KaK HEYIOBICTBOPHUTEIHHBIN.
Or1ieHKa COCTOSHUS TKaHEeH MapoJ0HTa IPU 0OHapyKe-
HUHM KPOBOTOYMBOCTU aéceH (mpu mpobe AitHamo) u
nonoxkuredpbHor mpobe Ilumnepa-IlucapeBa oxaza-
Jock y 66,5% MyxxuuH u 65,7% sxenuiud. [Ipu sTom
Mokasareib HoxHoro ynuciaa CBapkoBa COCTaBUII Y HUX
2,3+£0,25 u 2,18+0,18, coorBeTcTBeHHO. Ilocimennee
CBUJICTEIIECTBYET O HATHYMH BOCHAIUTEIHHOTO 3a00-
neBaHus TapomoHTa. [Ipw MomOOHONW KIMHHYECKOH
KapTHHE II0Ka3aHO IPOBEACHHE MPOPECCHOHATHHON
KOHTPOJIMPYEMOU THTHEHBI IOJIOCTH PTa.

[onnecHeBble W/WIN HAAJECHEBBIC OTIIOXKCHHS
3yOHOTO KaMHsI AMarHOCTUPOBAINCH Y MOXKHMIIBIX B CJIe-
Iyromux ciaydasx: 15 myxuaus (75%) u 32 KeHITUHBI
(83%). Cniemyet OTMETUTh OOHAPYKECHHE ITyOOKHUX 3y-
601ecHeBBIX KapMaHOB (710 5 MM) y 14,8% sxeHIIUH U
12,6% Myx4uH.

B xoz1e paGoThl MBI TakKe BBISICHWIH, YTO OO0JIb-
I1ast 9aCTh PECTIOHACHTOB HMeeT oKouio 10 3y0oB; y mo-
JIOBHUHBI PECITOHJICHTOB M3pPEIKa IMOSABISIETCS OOIb W
JTUCKOM(OPT, CBAI3aHHBIE C 3y0aMH HIIH TIOJIOCTRIO PTa;
MOJIOBHHA PECHIOHACHTOB MMEET CheMHBIE MPOTE3hl Ha
BEPXHEH YETFOCTH.

3akioueHme.

Otmeuaercs poct mokaszateneit (2021r.) cromaro-
JIOrU4ecKol 3a00J1eBaeMOCTH HACEICHHUS Y MOKHIIOTO
u ctapyeckoro Bo3pacta PC(l) mo cpaBHeHHHU C JaH-
HbIM 32 2020 T.

Moryt crnocoOCTBOBaTh POCT CTOMATOJOTHYE-
CKoli 3a00J€BaeMOCTH, CIEAYIOIIMEe OCHOBHBIE (hak-
TOpBI: HE TPABWIIbHAS, HEPEryJspHas YUCTKa 3y0OB,
HEJIOCTaTOYHOE UHIUBHyallbHOE THTHEHHYECKOE BOC-
MUTAHUE [0 YXOMAY IMOJIOCTHIO PTa, HEPErYIIpHOE TO-
CeIlleHHe U1 MPOPHIAKTHYSCKUX OCMOTPOB Bpaya
CTOMATOJIOTa, HAJIIMYUE XPOHUUYECKHX 3a00JIeBaHHH,
ynotpebeHre aJTKOTOJIbHBIX HAITUTKOB U KypeHHUe, OT-
CYTCTBUEC pAlIMOHATIBHOT'O ITUTAHUA.

[Mokazarenu uanexca KITY yBenndaeHsl, 0COOEHHO
KOMIIOHEHT «Y» — yIaleHHBIE 3yObl, B CTPYKTYPE HH-
nexca KITY 3a cuer yBenu4eHHs] KOJIMYECTBA OTCYT-
CTBYIOIIMX 3y0OB Y IMOXKHIIBIX JIFO/IEH, MOKa3aTess Ho-
Tepu 3yOoB.

B mensx ymydineHus nokasareneil CToMaTosIo0Tu-
YecKor 3a00J1eBa€MOCTH PEKOMEHIYeM OINTHMHU3UPO-
BaTh IPOBE/ICHHUE NMPOPHUIAKTUIECKIX MEPOIIPUSITHH, a
HMEHHO:

— YCHIHUTH TPOBEACHHE CAHUTAPHO-TIPOCBETH-
TENBCKYIO PadoTy B PETYIIPHOM pEeXUMeE, KacaTebHO
I10 BOIIPOCAM COOIIOACHNUS MIPABHII U OPS/IKA TUTUEHBI
MIOJIOCTH PTa WHAWBUAYAIBHOTO XapaKTepa,

— OpraHM30BaTh U KOHTPOJIUPOBATH IPOBEICHHE
JICYEHUS COMYTCTBYIOLIMX XPOHUYECKUX 3a00IeBaHUI
0COOEHHO €O CTOPOHBI CEPIEYHO-COCYAUCTON CH-
CTEMBI, ITUIIEBAPUTEIBHBIX 1 MOYEIIOIIOBBIX CUCTEM.

— MPOBOAUTH KOPPEKIMIO PAllMOHAIBHOTO IHTa-
HUS,

— IpoBecTH paboTy MO CHIDKCHHUIO TIOKa3aTenel u
YMCHBIICHAE PACTIPOCTPAHESHHOCTH BPETHBIX IPUBHI-
YeK CpPeIH IMOKMUIIBIX MAIIUEHTOB,

— TIPOBOAWTH YCOBEPIICHCTBOBAaHHE MEIIIECPCO-
HaJIa ¥ MOBHIIICHUE YPOBHS OKa3aHHS CTOMATOIOTHYIC-
CKOM TIOMOIITA JIUIIaM CTapIIero BO3pacTa,

— BHECTH peKOMEHJanuu MUHHUCTEPCTBO 3/ApaBo-
oxpanenus PC () o BoccranoBieHnr (hUHAHCUPOBA-
HUHU OCCIUIATHOTO 3yOONPOTE3UPOBaHHS IS BETEpa-
HOB ThIJIa U TPYJa,

— NPOBECTH NEPUOIUYECKUI AMHAMUYECKUN MO-
HUTOPHHT HCCJICOBAHUH, HAIIPABICHHBIC HA OIpee-
JICHHE HYXIAeMOCTH B 3yOHOM TNIPOTE3WPOBAHUM,
OTIpeIeIICHIH HAIM9He y HaceJICHHs 3yOHBIX MMPOTE30B
WX BUAOB U KOHCTPYKIU, THTHEHUIECKOTO COCTOSTHUS
MTOJIOCTH PTa U OPTOTIEIUYECKUX KOHCTPYKITHIA.

B nepron mangeMuu cienyer peKOMEeHI0BaTh CO-
Oyo/ieHue CrenupUIecKuX CTOMATOJIOTMYECKUX TIpa-
BUIL:

— MaKCHUMaJIbHO OTPaHMYHTh HMCIOJIb30BaHUE all-
[apaToB C MOIIHBIM BO3JIYIIHBIM MOTOKOM HJIHM HC-
NOJIb30BaTh NPU 3TOM HWHIMBHIyallbHbIC 3alUTHBIC
CpeICTBa.

— mpu paboTe HCIIONB30BATh MPEHUMYIICCTBEHHO
BOJISIHOE OTIPBICKHBaHUE, a HE BO3MYITHOE B 3TOM CITY-
Yae MHUKPOYACTHUIIEI MOTYT PACIBUIATHCS B MEHBIIEH
CTCTICHHU.

— WCIIONIF30BATh M3OJIHUPYIOIINE YCTPOHCTBA Kak
ko(depaam U peynpeKacHNs ToMaaaHui Onoo-
TUYECKOH )KMJKOCTH B OIIEPALlMOHHOM YacTH Ipenapu-
pyemoro 3y0a ¥ HCTI0Ib30BaTh MBUIECOC CTOMATOJIOTH-
YECKUH CO CIIFOHOOTCOCOM.

— IpeyIaraTh MareHTaM OIOJACKHBATh MOJIOCTh
pTa cnaGeIM pacTBOPOM aHTHCEIITHKA Tepe]l IPOIeTy-
pamu, 00paboTaTh y4acTOK OIEpallMOHHON paboThI aH-
THCENTHKOM.

— MOXKWJIBIM MAIMEHTaM, (HaXOSIIUMCS B TPYIILY
pHCKa) OTCPOYMTH IpeTIapupoBaHue 3y00B 101 I00YI0
OPTOIIEANYECKYI0 KOHCTPYKIHNIO, ()OPMHUPOBAHUE Ka-
PHO3HOH NOJIOCTH NPH JISUeHUH Kapreca 3y0oB. Pazpe-
ITaeTCs OKa3hIBaTh TOJIHKO SKCTPEHHYIO CTOMATOJIOTH-
YECKYIO TIOMOIIIb ITPH OCTPOit 60IH.
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Tabnuya 1
Hupexc KITY, KIIN, iiogHoe yncio CBpakoBa U HHIEKC THTHEHBI MOJOCTH PTa y 00C/1e10BAHHBIX JIKO/ €id,
X+M
2020 r. 2021 r.
IToxka3zaTenan
MY KYMHBI SKEHIIUHBI MY>KYMHbI SKEHIIUHbI
KITY 15,74£1,17 14,67+0,92 17,12+1,17 16,37+1,24
Kapuo3nble 3y0bl 1,24+0,18 2,71+0,29 2,33+0,12 1,79+0,74
Il1oMOupoBaHHbIE 3y0bI 2,29+0,17 4,07+0,22 2,94+0,74 3,27+0,56
YaaneHnsle 3y0bl 12,45+0,54 8,75+0,39 12,76+0,92 12,244+0,44
HMoanoe uncio CBpakoBa 2,29+0,24 2,17+0,19 2,31+0,21 2,26+0,24
Mupexe rurnenvt F0. A. ®enoposa-B. |, 5. o9 1,94+0,04 2,1740,08 2.0940,02
B. Bosioakunoii
KIIN 3,27+0,21 3,31+0,19 3,62+0,19 3,28+0,17
Tabnuya 2

IToxa3aTenn cTOMATOIOTHYeCKOM 3200/1€BaeMOCTH H COCTOSIHASI OPTraHOB M TKaHell JkeBaTeJIbHOI0 amma-
para y o0cjieloBaHHBIX, N (%)

Croexuii Bo3pacT Iloskunii0ii U cTapyeckuii Bo3pact
ped P 2020 1. 2021r.

IToka3areinn

MY:KY., JKEHIIL., MY:KY., JKEHIIL., MYKY., JKEHIIL.,

n=95 n=118 n=200 n=392 n=75 n=120

111 171 362 61 101

PacnpocrpaneHHOCTH Kapueca 90 (95%) (94%) (85,5%) (92,3%) (81.3%) | (84,1%)
PacnpocTpaHeHHOCTH HeKapHU- 10 12 37 49 39 31
03HBIX MOpPaKeHHii 3y00B (10,5%) (10,1%) (18,5%) (12,5%) (52%) (26,7%)
Hy:x1aemocTsb B JiedueHHH 3a60- 84 92 165 348 60 99
JieBaHHii 3y060B (88,4%) (77,9%) | (82,5%) (88,8%) (80%) (82,5%)
PasnpochaHeumloch 3a0oJ1eBa- 3 3 9 37 8 11
HUH CJAMBUCTOI 000JI0UKH 11010~ (3,15%) (2,5%) (4,5%) (9,4%) (10,7%) (9.2%)
CTH pTAa, si3bIKa U I'y0
PacnpocTpaHeHHOCTh T'MH- 12 13 44 21 1 1
THBHUTA (12,6 %) (11%) (22%) (5,3%) (1,3%) (0,8%)
PacnpocTpaHeHHOCTh NAPOAOH- 1 1 3 4 1 1
TO32 (1 %) (0,8 %) (1,5%) (1,02%) (1,3%) (0,8%)
Hy:xnaemocTs B y1ajleHUH OT- 71 73 149 323 60 90
JIOKEHMIi 3yOHOI0 KaMHsl (74,7%) | (61,8%) | (74,5%) (82,4%) (80%) (75%)
Hy:xnaemocTsb B JieYeHHH Mapo- 68 70 105 302 59 88
JOHTHTA (715%) | (59,3%) | (52,5%) (77%) (78,7%) | (73,3%)
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Abstract

Dynamic transformations of modern society make our world uncertain, unpredictable, changeable. Experi-
ence shows that the education system is unprepared for changes. soft skills formation is the answer of education
to the requirements of modern society. This is what will allow the education system to prepare functionally com-
petent secondary school graduates, qualified specialists, creative and mobile individuals who are able to adapt to
any challenges of the rapidly changing world. The Russian language as an academic discipline has its own effective
methods for the soft skills formation that are relevant to the modern world.

AHHOTaLUA

JuHaMu4deckue TpaHc(hOpMaIMi COBPEMEHHOTO OOILIECTRA AETal0T HAlll MUP HEONpeAeIEHHBIM, HEIpeICKa-
3yEMbIM, U3BMCHYHNBLIM. OHLIT IIOKa3bIBACT HECIIOATOTOBJICHHOCTh CUCTEMBI 06pa30BaHI/I}I K UBMCHCHMUAM. CDOpMI/I-
pOBaHKe Y 00y4aromXcs «THOKUX» HABBIKOB — 9TO OTBET 00pa30BaHUs TPEOOBAHHAM COBPEMEHHOTO OOIIECTBa.
VIMeHHO 3TO NO3BOJIMT CHCTEMe 00pa30BaHusl MOJrOTOBUTh (PYHKIIMOHAIBHO IPaMOTHBIX BBITYCKHUKOB CPEAHUX
IIKOJI, KBaJ'II/I(bI/II_lI/IPOBaHHbIX CIICHUaINCTOB, KPCATUBHLIX U MO6I/IJ’IBHBIX J'IPI‘IHOCTGIZ, CHOCO6HI)IX pucmnoco-
OUTHCS K JIFOOBIM BBI30BAM 6BICTp0M€H$IIOH.[CFOC$I Mmupa. PYCCKI/Iﬁ SA3BIK KaK yqe6Ha;1 JUCHHUIIIIMHA UMECT co0-
CTBCHHBIC 9(1)(1)6KTI/IBHLIG MCTOAbI UIA pa3sBUTHUA AKTyaJIbHBIX JJII COBPEMEHHOI'O MUpa «THOKHX» HAaBBIKOB.

Keywords: linguodidactics, trend, Russian language, soft skills, hard skills, program, learning outcomes,
complex task.

KiroueBble cjioBa: ITMHTBOAWIAKTHKA, TPEHM, PYCCKHUH S3BIK, «THOKHe» HaBbIkH (soft skills, «msrkmey»
HaBBIKH, CODT CKIII3), «wKkecTkue» HaBbIkH (hard skills, «TBepbiey» HaBBIKH, Xap/1 CKUI3), IPOrPaMMa, Pe3yIbTaThI

00y4eHus, KOMIUIEKCHOE 3aJ[aHue.

HutepHer — 310 HOBast (opMa KOMMYHHKAIUH,
3HAYUTEIBHO YBEIHUYHUBINAS CKOPOCTh MEPEIadn U Io-
JydeHus: nHpOpMAIIUK, KPOME TOTO TIOPOAUBIIIAs aKCe-
Jepayi0 TEXHOJIOTHH. ABTOMATH3alHs HEKOTOPHIX
oTpacieil KU3HHU 4YellOBeKa, C OJHON CTOPOHBEI 00Jer-
yuima ee, ¢ APYrod CTOPOHBI, BHECIAa HEOKUIAHHBIC
KOPPEKTHBEI B YEIIOBEUSCKUE [ICHHOCTH, B YaCTHOCTH,
00pa3oBaHUs MOCKOJBKY HMEHHO OHO OTBEYaeT 3a
JKA3HECIIOCOOHOCTh 4YelloBeka B oOmectBe. Ecau
paHbIIIe CyTh 00pa30BaHMS 3aKITI0YAIACh B TOM, YTOOBI
JlaTh KOHKPETHBIC 3HAHUS (YETOBEK JOJIKESH OB 3HATD
U TIOMHHTH), KOTOPBHIE YEJOBEK MOT MPOHECTH Yepes3
BCIO JKM3Hb U MCIIOJIE30BaTh MX IS CBOEH >KU3HEES-
TEJIHHOCTH HU30 JHA B JIeHb, TO ceiuac iobdoe obpa3o-
BaHUE JOJDKHO TOTOBHUTH OOYYalOUIerocs K H3MEHe-
HUSM BO BCEX O0JACTAX, HANPUMEp, K COIMAIbHBIM
npoOJeMaM, 0 KOTOPBIX MBI HE TOA03pPEBaeM, K IMPO-
(heccusiM, KOTOPBIX €Ille HEeT, K HOBBIM TEXHOJIOTHSIM,
MOSBIISIOMIMMCS M OOHOBISIOIIMMCS Ka)KIBIH JI€Hb
(mMoxer ObITH M yac). TakuM 00pa3oM CTaIO0 BAXKHO

(GbopMHpOBaTh TaK Ha3bIBAEMBbIE «THOKHE» HaBBIKH
(soft skills). TIpeacTaBUM HECKOJIBKO OIPEICIICHU# O~
HSTHUS «TUOKHEY HABBIKHU:

— soft skills (copt ckmm3, «MsTKHE)» HABBIKH,
«THOKHME» HaBBIKH) — IO 3TUM TEPMHHOM II0/Ipa3yMe-
BAIOT LUMPOKUN CHEKTP yMeHUI. OH BKIIIOYAET yMeHue
0p2anU306b16aMb KOMAHOHYIO pabomy, gecmu nepezo-
60PbL Y1 00208APUBANBCSL C KOLIE2AMU, KPEAMUBHOCHIY,
CROCOOHOCb YYUMbCA U A0ANMUPOSAMbCsL K U3MEHe-
nusm [1].

— soft skills, «msarkue» HaBBIKH — HagIpOdeccHo-
HallbHbIE, YHUBEPCAIbHbIC HABBIKH, KOTOPbIE HEBAKHBI
JUTSE KaKOW-TO OMpeeNieHHOW paboThl, HO 0€3 HUX He-
BO3MOJXKHO JIOCTHYb ycriexa. [Ipoiie roBopsi, 3To Jiuu-
Hble kauecmea u ymenus [2].

— soft skills — conuanpbHO-IICUXOIOrNYECKHE
HaBBIKH, KOTOPBIE NPUTOIATCS BaM B OOJBIINHCTBE
KM3HEHHBIX CHUTYAIMH: KOMMYHUKAMUGHbIE, AUoep-
cKue, KOMAHOHble, nyOnuyHble, «MbIUICHYECKUE» W

apyrue [3].
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— Tpu OCHOBHBIE Tpynmbl soft skills cryngeHToB:
6a30BbIC KOMMYHUKAMUGHbIE HAGbIKUL; HABBIKH Self-ye-
HeOdcMeHma; HAaBBIKK d¢hexmuenoco mvlunerus [4].

—soft skills — ato mpeumyecTBeHHO KOMMYHUKA-
MmueHble HABbIKU: YMeHUe gecmu becedy, 3a0asamb 60-
nPOChl, apeyMeHmupo8ams c80e MHeHUe, UCHONb30-
samwv obpammuyio cea3w [5].

Takum 00pazoM, «rHOKHE» HABBIKH BKIIOYAIOT B
ce0s1: HaBbIKU KPUMUYECKO20 MbIULLEHUS], PEULEHUs] 34~
odau, nyOIUYHO20 BbICIMYNJIEHUS, 0el108020 00ujeHUs,
paboma 6 KomaHnoe, YUPPoeo2o 0bueHUs, opeanu3a-
MopcKue cnocooHocmu, Kpeamugroe mvluiienue. bes-
ycnoBHO, soft skills nOmKHBI OBITE HEPa3pHIBHO CBS-
3aHHI ¢ «kecTkuMu» HaBbikamu (hard skills), kotopsie
OTBEYAIOT 32 CHELMAIM3MPOBAHHBIE WM MPOQeccHo-
HaJIbHbIE, TEXHHYEeCKue KomneTenmu. Hanpumep, s
IIKOJIbHUKA, N3yYaroLero PYCCKUH SI3bIK KaK BTOPOH,
<OKECTKUMM» HaBBIKAMHU OyIyT NMOHUMaHHE PYCCKOH
peur, yMEHHE YNTATh PYCCKUE TEKCThI, TPAMOTHOE T'0-
BOPCHHUE U MUCHMO Ha SI3bIKE.

B ycnoBusix TeXHHYECKOTO MPorpecca U Kak Clie/i-
CTBHE JWHAMUYHO MEHSIOMICTOCS] MHUpa «THOKUE»
HaBBIKM CTAHOBSATCS BOCTPEOOBAHHBIM, MTOCKOJIBKY
UMEHHO OHH OTBEYAIOT 3a CIIOCOOHOCTH 4YeIoBeKa
a/IafTUPOBAThCS K M3MeHeHusIM. Kak 70Kka3arenseTBo,
MOXHO PacCMOTPETh OCHOBHBIE XapaKTEPUCTUKH COPT
CKHUIJI30B: BbICOKULL YPOBEHb IMOYUOHATLHO2O UHMMEN-
JIEKIMA, CILOJNCHO UBMEPUMb, OMCYMCMEUe YemKux npa-
8UJL, 8 3A6UCUMOCTU OM KOJLIEKMUBA, A0ANMUEHOCHIb
noo kouxpemmnyio cumyayuio. CoBpeMeHHbIE HCCIIeNI0-
BaHHs TOBOPSAT O TOM, YTO OJHHM U3 TPEHIOB OynIy-
IIErO SIBISIETCS TO, YTO MIMEHHO «THOKHE» HABBIKH OY-
JIYT OTPEICNAThH KaJPOBYIO MOJUTHKY KOMITAaHHUH Oy Iy-
mero [6].

IMockonbKy «rUOKHE» HABBIKU B OOJIBIIMHCTBE 3a-
BUCSAT OT CaMO#l JIMYHOCTH, €€ COCO0a MBICIHUTh, OT-
HOIICHHS K JIPYTMM JIIOASM U MHUPOBO33PEHUS BaXKHO
HayMHATh Pa3BUBATh UX B CPEJHEH ILIKOJIE, IOKa JINY-

HOCTH €€ 70 KOHIIAa He COPMUPOBAHA, B BY3€ BO3-
MOJKHO MPOJODKCHUE PAa3BUTHE NMEIOLINXCS 3a4aTKOB
«THOKHMX» HABBIKOB.

Ha ka/10M IIKOJILHOM NpeMEeTe WM By30BCKOM
JUCIUIUIMHE BO3MOXKHO Pa3BUTHE «TMOKHX» HABBIKOB,
OHO JIOJDKHO WATH B TECHOMW CBSI3U ¢ (hOPMHPOBAHUEM
«OKECTKHUX» HaBBIKOB, ITOCKOJIbKY YCIICIIHAasl, KOHKY-
PEHTOCIOCOOHAs! JINYHOCTD JIOJDKHA 001a1aTh U TEMH,
U IpyTUMHU HaBBIKAMH.

Pycckuil s3pIk B Ka3aXCKMX IIKOJAaX U PYCCKUH
SI3BIK B By3aX KakK ydeOHas! AMCIMIUINHA SBISIETCS 3(-
(DEeKTUBHBIM HHCTPYMEHTOM [UII (OPMHPOBAaHUS Yy
o0yJaromuxcss «THOKHUX» HABBIKOB MMApajlIeNIbHO C
«OKeCTKUMM». K TOMy k€ KOMMYHUKATHBHBIE HaBBIKH
SIBJISIFOTCS] COCTABHOM 4acThIO «TMOKHMX» YMEHUI.

AHanu3 Ka3axCTaHCKHX IPOrpaMM IO PYCCKOMY
SI3BIKY (JUIsl OOyYaroIuxcsi B Ka3aXCKUX ILIKOJaX) Kak
JUISL By30B, TaK W JUISA LIKOJ [TOKa3al, 4YTO B HUX HaMe-
THIIach TeHAeHIM GpopmupoBanus nomumo hard skills,
eme u soft skills y o0yuaronmixcs. PaccmoTpum By30B-
CKYIO TIPOTpaMMy, KOTOpasi CTaBUT LENbI0: «(popMupo-
BaHUE COYUANLHO-CYMAHUMAPHO20 MUPOBO33PEHUS
CTYJICHTOB B KOHTEKCTE OOIICHAIIMOHAIGHON HICH Iy-
XOBHOI MOJAEpHHU3alNH, TPEIIONaraomeil pa3BuTHe
Ha OCHOBE HAI[MOHAJBHOTO CO3HAHMS U KyIbTYPHOTO
KOJa KauecTB UHMEPHAYUOHANUIMA, MONEPAHMHO20
OMHOWEeHUs K MUPOBBIM KyJbTypaM WM SI3bIKaM Kak
TpaHCIsITOpaM 3HAHUI MHUPOBOTO YPOBHSI, IIEPEIOBBIX
COBPEMEHHBIX TEXHOJIOTHH, ucnonbv3oeanue u mpac-
¢epm KOTOPBIX CIOCOOHBI OOCCICYUTH MOJCPHU3A-
LU0 CTPaHbl M JMYHOCTHBIM KapbepHBIH pocT Oymy-
mux crneuranuctos» [7]. IIporpamma npennonaraer
TIOJITOTOBKY CHEHHUAINCTOB C YHUBEPCATBHBIMH COLH-
IBHO-TICUXOJIOTHYECKIMHU ~ KadecTBaMHU, HE3aBHCS-
omMA oT Tipodeccun (moaepanmuocms, 2UOKOCHb,
006WUmMenbHOCMs), HO HETIOCPEACTBEHHO BIMSIONIMMHI
HA YCIEIIHOCTh JINYHOCTU. B Hell Takxke 0003HAYCHBI
pe3yabTaThl 00y4eHHs, KOTOPBIE BIHAIOT Ha (hOPMHUPO-
Banue soft skills y yvammxcsi, npuBeneM HpHUMEpEI
(Tabmnwuma 1).

Tabmuna 1

Pe3yabTaThl 00yUeHHUs 110 PYCCKOMY SA3BIKY

Ne Pe3yabTaT 00y4eHus

CBs3b ¢ «THOKHMH» HaBBIKAMH

Pa3BUTHUEC KPUTHUCCKOTO MBIIIJICHUA (I’lpOZHO-

3ampalinBaTh W cOOOIATh WH(OPMALHMIO B COOTBET-
CTBUH C CHTyauued OOILCHUs, oyeHusamsy Oeiucmeus u
ROCMYNKU YYACMHUKOS, WCIIONb30BaTh HH(YOPMALHIO
KaK UHCMPYMEHM 8030eliCm8us Ha coDeceOHUKd 8 Cu-
myayusax nO3Hanus u 06weHuss B COOTBETCTBHH C CEPTH-
(hUKAITMOHHBIMH TPEOOBaHUSIM,

3uposamsv nogedenue cobeceOHUKa no peye-
80MY NOBEOEHUIO),

Pa3BUTHE HABBIKOB MyOJINYHOTO BBICTYILICHUS
(xax yOenuTh coOeceTHUKA B BEPHOCTH CBOCH
TIO3HIIVH)

BBICTPANBaTh IPOrPaMMBbI PEUEBOTO MOBEACHUS B cumy-
ayuax JUYHOCMHO20, COYUANLHO20 U NPOPEeCcCUOHANb-
HO20 00WjeHUss 8 COOMBEMCMEUY C HOPMAMU A3bIKd,
KYJIBTYpPHI, cHenn(uKN chepbl O0IIEHHs, CepTUHUKAII-
OHHBIMHU TPEOOBaHUSIMH

pa3BUTHE HABBIKOB JICJIOBOTO OOMIEHHS (YMETh
BeCTH Oecely B COOTBETCTBHHU C CHUTYaIHeld 1
HOpMaMH, KOTOpBIE PperjJaMeHTHPOBAaHBI 00-
CTaHOBKO)

O6C}’)K}13TB OTUYECKHUC, KYJIBTYPHBIC, CONUAJIbHO-3HAY M-
MBIC HpO6J’ICMBI B JUCKYCCHAX, BBICKA3bIBATH CBOIO
TOYKY 3pCHHA, aprYMCHTUPOBAHHO OTCTanuBaTh, KPUTU-
YCCKH OLICHMBATh MHCHUC CO6GCGHHI/IKOB

Pa3BUTHUEC HABBIKOB KPUTHYCCKOT'O MBIIJIICHUA
u Hy6J'II/ILIHOI‘O BBICTYILJICHUA
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B cBs3M ¢ HAMEYEHHBIMU TEHIACHIMSAMH H TIPHO-
puTeTaMHu B 00IIIeCTBE M 00pa30BaHUM HAMU Mpeiara-
eTCSI CJCAYIONIMIA THIT 33JaHUS MO0 PYCCKOMY SI3BIKY,
KOTOPBII pa3BHBACT MAPAILICIEHO (OKECTKUECY M «THO-
KHE» HABBIKH O0yYarOIIUXCS.

B pamkax Tembr «[IpoGiemMbl ceMbH U BOCIHUTA-
HUS» 00YYarOIUMCsI IPE]IaraeTcs MPOYUTATh CTATHIO
n3 Konekca Pecriyonmuku Kazaxcran O Opake u ceMbe,
I'masa 1, Crates 2 [8]. lanee npeacTaBieHoO 3aJaHHe.

3aoanue. IIpouumaiime mexcm. Kax 6v1 nonuma-
eme nepevili nynkm cmamou? /latime nosacnenue 2,3,4
nynkmam cmamou 2.

Pasbeiimeco na komanowL.

Komanoa 1. Cocmasbme pacckas o cemve Aneabe-
KOBbIX, 8 KOMOpPOU coOmo0aromes 6ce NOONYHKmMbl 2
nynkma. Pacckasxcume, kax oHu nosceHunucs, kax co-
61100aemcsi pagHONPABUe 8 CeMbe MeNCOY HCEHOU U MY-
JHceM, KaK cembvsl NPUHUMAem peuierus, Kax peularomcsi
KOH@AUKMbL, KAK OHU pacmsim 0emetl, YbU npasa 6aic-
Hee U nouemy.

Komanoa 2. Hanuwume cyenapuil sHcusnu 08yx
nap: Jlankuneix u Tankunvix. OOHU U3 HUX 3AKAFOYUTU
opax 6 3AI Ce, a opyeue — nem. He 3a0yovme paccka-
3amb 0 MOM, YMO CAYYUTLOCH C YIeHAMU UX ceMell, KO-
20a oHu pacnanucse. Illomnume o 3 nynkme cmamou 2.

Komanoa 3. Ilpudymatime ucmopuio cogepuien-
nHonemuux Pomeo u [icynbemmot, Komopuie dHcugym 6
Kaszaxcmane ¢ 2020 200y, onu pewunu cozoams ce-
MbIO, HO eCMb HECKONbKO HO: KMO-MO U3 HUX OeOHbll,
a kmo-mo 602amulil, OHU NPUHAOTIEHCAMb CEMbAM PA3-
HbIX HAYUOHATLHOCMEL, UX POOUmMenu U pOOCHEEHHUKU
npomug ux opaxa. IlomHume, 4mo y HUX ecmo KO3bIpb
6 guoe nynkma 4, cmamou 2.

1 sram: 3aganme Ha (QOopMUpOBaHHE O3HAKOMH-
TENBHOTO YTCHUS.

2 sram: komaHAHas paborta. [lo mroram mpourte-
HUS yYalluecs NOJDKHBI Pa3[e/IUThCsl HA KOMAaHIbI U
COCTaBHUTh PACCKA3bl HA 3aIaHHBIC TEMBI.

3 Tam: npe3eHTalus pe3yabTaTOB KOMaHIHOH pa-
60Tsl. [IpeacraBieHne cBOEro MaTepuasa 1 ero 0ocyx-
JICHHE.

OcCo6EeHHOCTh JAHHOTO 33/IaHUs 3aKJIF0YaeTCs B
TOM, YTO OHO ITO3BOJISIET OJJHOBPEMEHHO OTPabaTHIBATh
hard u soft skills:

— (OKECTKHE» HaBBIKU: MPOYUTATh M OTBETHTH HA
BOIIPOCH (YTEHHE), COCTaBJICHUE pacckasa (IMHUCHMO),
MIPE3CHTAINS HCTOPHUI U OTBETHI Ha BOMPOCHI (TOBOpE-
HHE), TOCIYIIATh PaccKa3bl IPYT Ipyra W 3a1aTh BO-
MPOCHI (ayTUpOBaHuE).

— «ruOKHMe» HaBBIKU: 3HAKOMCTBO C COIHAJBHO
3HAYMMOM TeMOH (TeMa TeKcTa), paboTa B KOMaH e, pe-
HICHHUE 3a1a4H (IT0JyYCHHbIC 3HAHUS TPUMEHHUTD B pac-
cKaze), MyOJIMIHOE BBICTYyIUIEHUE (TPECTaBICHNE pa-
0O0TBI), OPraHU3aTOPCKHE CIIOCOOHOCTH (PacIpeeTUTh

BHJIBI pPa0OT B KOMaHIe), UG POBOE OOIIEHUE U Kpea-
THBHOCTh (TIPEACTaBUTh PE3YIbTATHl C TOMOIIBIO
HKT).

Urak, soft skills — 370 BaxxHBIC HaBBIKH B YCJIO-
BUAX IMOCTOAHHO MCHAIOMICTOCA MHpPa, OHU IIOMOTraroT
YCJIOBEKY OBITh KOHKypeHTOCHOCO6HLIM Ha PBIHKE
TPYAa, UX Pa3BUTHE JOIKHO OBITh PETYJSPHBIM U TO-
BCEMECTHBIM (B ILIKOJIE, B By3aX, Ha Kypcax). Pycckuit
SA3BIK KaK JUCHUIITIMHA — IIJIOA0OPOaHAsA IMoYBa JJI q)Op-
MHUpPOBaHHA «THOKHX» HaBBHIKOB. PerymspHoe mpmme-
HEHNE KOMIUIEKCHOT'O TUIIA 3aJaHM, TPEACTABIICHHOTO
B CTAaThe, ABILICTCA OOAHUM U3 BCI)CI)CKTI/IBHBIX METOO0B
OTHOBPEMEHHOTO (POPMHUPOBAHUS «THOKUX» U «KECT-
KHX» HAaBbIKOB Y 06y'{aIOIIII/IXC5I.
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OU3NYECKAA MOAEJb I'PABUTAIIMOHHOT O I1OJIAA MAKPOTEJIA.
BbIBOJI ®OPMYJIbl BTOPOI'O 3AKOHA MEXAHUKHA

I'ypeBuu I'.C.

Lokmop ¢usuxo-mamemamuueckux HayK

Hncmumym unmezpayuu u npogeccuonanvHou adanmayuu
Mspauns, Hemanus

Abstract

The article proves that the reason for the emergence of a force in the gravitational field of a macro-body is
the flow of impulses of microparticles and impulses of photons that form this gravitational field.

The formula of the differential law of mechanical motion is theoretically derived, which describes the de-
pendence of the acceleration of a body on the resultant of all forces applied to the body and of body mass.

AHHOTAIUSA

B cTatse JOKa3aHo, 4TO HpI/I‘IPIHOfI BO3HUKHOBCHHS CUJIbI B I'PABUTAITMOHHOM I10JIC MAKPOTEJIa SABJISICTCA 110~
TOK UMITYJIbCOB MUKPOYAaCTUIl U UMITYJILCOB (1)0TOHOB, 06pa3y10u_u/1x 9TO I'paBUTAIMOHHOC II0JIC.

TeOpCTI/I‘IeCKI/I BBIBCICHA (,’popMyJIa ,ElI/I(b(bepeHL[I/IaHBHOFO 3aKOHa MCXaHUYCCKOI'o ABMXCHU A, OIIMChIBAIOIIIas1
3aBUCUMOCTb YCKOPEHHUS TeJla OT PABHOJACHCTBYIOLIEH BCEX IPHIIOKEHHBIX K TELY CHJI U OT Macchl TeNa.

Keywords: gravity, center of equal pressure, flow of microparticles, pressure of light, matter, space, impulse.
KiroueBble c1oBa: rpaBUTanys, HEHTP PaBHOJABICHUS, TOTOK MUKPOYACTHUII,

JaBJICHUE CB€TaA, MaTCpUs, IPOCTPAHCTBO, UMITYJILC.
O0pasoBanue HEHTPOB PABHOAABJICHHS B I'a- A S 1
JIAKTHKe, POKAeHUe MAKPOTeJ U npouecc 00pa3o-
BAaHUA I'PABUTAIIHOHHBIX noJiei MaKpoTeJI.

Hama ranaktuka coaepxut nopsiaka 400 musim-
apnoB 3B&311. Kaxxias 3Be3/ia U3jiydaeT B OKpyKarolee
MIPOCTPAHCTBO 47 cTepagraH MaTepHaIbHYIO CyOCTaH-
M0, U3 KOTOPOH OHA COCTOUT. DTa MaTepraibHas Cyo-
CTaHIIMS 3aMOJIHACT MPOCTPAHCTBO MEXIY MaKpOTe-
JamMu, 00pa3ys PEIMKTOBOE COCTOSIHUE BEIICCTBA B ra-

ICH TQ
“BCE NEPEMEHLI B HATYPE BCTPEUAIOWHECH, TAKOTO CYTb COCTORHMS, 4TO

JakTukax. M3 sTol ke MaTepPIaJ]LHOﬁ Cy6CTaHI_II/II/I CHOILKO LETO Y ORHOTO TENA OTHAMETCA CTONLKO NPHCOBOKYIATCA K
obpasyrorcs MakpoTena B ranzaktukax. ConHne — Puc.]
3B€3/1a CpeIHel BeMIMHbL. COITHIE H3JTY4aeT B OKpY- Hznyuenue Connyem mamepuanbhol cyocmanyuu

JKarolIee MPOCTPAHCTBO JI0 YETHIPEX MUIUTMOHOB TOHH
BewlecTBa B cekynny Puc.1, [5], [6], [7], [8].
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Takum o6pazom, CoiHIle W3Ty9daeT B OKPYXKaro-
IIee IIPOCTPAHCTBO «COJHEUHBII BeTepy, MPEACTaBIIs-
I01IMit c000i MaTepranbHyI0 CyOCTaHIIMIO, TO €CTh I10-
TOK MOHHM3MPOBAHHBIX YacCTHL, UCTEKAIOUINX W3 COJI-
HEYHO# KOpOHBI co ckopocThio 300 — 1200 km/cex.

Kpome Toro ComnHue wnzinydaer (OTOHBI, Mpea-
CTaBJIAIONINE COOO0H MOTOK MMITYJIECOB, IIEPEIaBAEMBIX
MEX3BE3IHOM CpeIoH.

CKOpoCTh Tiepefiadi HMITYJICOB MEXK3BE3THON
cpenoi sBisieTcst KOHCTaHTOH, paBHON 300000xM/cexk.

BsanmoneiicTBre oToKa ()OTOHOB C MaTepPHAaIb-
HOU cyOcTaHImen aTMocdepsl 3emii co3aéT koeba-
HHE OJICKTPOHHBIX 00O0JIOYEK aTOMOB aTMoc(epbl
Cpelsl, KOTOPOE YeI0BeK BOCIPUHUMAET KaK CBET.

Ceer mnpeojnoneBaeT paccrossHue or ConHua ao
3emun Oosee 4yeM 3a 8§ MUHYT, @ HOTOK MaTepUabHOM
cyOCTaHIIMM JIBMWO)KETCS K 3eMiie Ha TpU MOpsaKa
JTOTIBIIIE.

CBeT, KaKk W MHKpPOYACTHIIBI, TIPH B3aUMOJCH-
CTBHH CO3/1aET JaBIICHUE HA MaTEePUANbHBIC Tela.

Hasnenne ceera mmepmn ¢pusuk. [1. H. Jlebenen
B 1899 rony, [2].

Tax Kak COTHEYHBIH CBET CO3AaET COTHEUHOE JIaB-
JICHUE, CIeJ0BaTeIbHO, 3BE3/IbI B

rajJlakTHKaX M TaTaKTUKH KOCMOca — OJrKauiie
yactu BceneHHoil, co3maoT kocMudeckoe (3BE3HOE)
JIaBJICHUE.

3BE3apl, Kak U Hame CojHIle, MOTYT H3JIy4aTh
TOIBKO TO, M3 4ero OHH cocTOAT. CoCTOST 3BE3NHI, B
OCHOBHOM, U3 renus u Bogopoa. CiieqoBaTenbsHO, OHU
W3IYYaloT B OKpyXarmiee 47 cTepaauaH HpPOCTPaH-
CTBO TeNHWH, BOIOPOJ W MHUKPOUYACTHIIHI, U3 KOTOPBIX
COCTOHT TeIWid W BOIOPOJ (DJIEKTPOHBI, MPOTOHEI,
HEHTPOHBI U KOMOMHAITUH STHX MHKPOYACTHIT).

OBPA30BAHME LIEHTPA PABHOJIABIIEHUA

=

{ . Nl
-
s 4/"?‘:;::\\% X
N, ':4'1114;_ = 0
7 \‘\\§\‘(‘v‘{, S

Puc.2
Obpazosanue yenmpa pagHooasieHust cpynnou 36630
2anaKmuKu

Kpome mukpouactuil, 3837161, kak U CoJlHIE, W3-
ny4aioT ¢potonsl. Ha Puec.2 mokasana

rpymnna 3Bé3J TaJlakKTUKH.

Jannas rpynna 3BE3] raJakTUKH, U3Jlydas MaTe-
pHANBHYIO CYOCTaHIIMI0O W (OTOHBI, 00pa3yeT HEHTP
PaBHOJAABIICHHUS, B KOTOPOM KOHIIEHTPHUPYETCS ITa Ma-
TepuanbHas cyocranims [7], [8].

[IpoBenéM MBICTIEHHBIN 3KCIIEPUMEHT, JI€MOH-
CTpHUPYIOIIUI 00pa3oBaHHE LEHTPA PABHOJABICHHUS.
Ha Puc.3 nokaszana cdepa ¢ GECKOHEUHBIM KOJIHYE-
CTBOM OTBEpCTHH Ha €€ MOBEepXHOCTH. M3 kaxkoro or-
BEPCTUS HCTEKAeT CTPYS BOJBI WIN BO3/yXa, HAIpaB-
JIeHHast BHYTpb cepsl. B cdhepy momemén nérkuit ma-
puk. Ecin Hamop ctpyii GyneT oAMHaKOBBIM, TO IApUK
3alMET TOJNOXKEHHE B LEHTPE PAaBHOIEHCTBHSA ITHX
CTpYH, KOTOPBI MOKHO Ha3BaTh LIEHTPOM PaBHOJAB-

nerust. [llapuk pacnonoxurcs B LeHTpe cepsl.

PACTIONIOXEHME NErKOro LWAPUKA B LEHTPE
OABMNEHUA BOASAHLIX CTPYW B CHEPE

NEMKAA LWAPKK

Puc.3
Onvim, demoncmpupyrowull 00pazoeanue Yyenmpa
PABHOOABNIeH s

Ecmu sxe Hanop cTpyit OyAeT pa3iIudHBIM, TO IIa-
PHK 3aiIMET TOJ0KEHUE B IECHTpE

paBHOAABICHHS, 00pPa30BaHHOTO HAIIOPOM CTPYii,
HO HE B LIEHTpe cepsl.

JanHas rpymma 38e3 00pa3yeT UeHTp paBHOIAB-
JICHHA, KaK B BBIIICONMICAHHOM MBICIICHHOM JKCIICPH-
MEHTE.

B oTroM Mecre mnpocTpaHCTBa IIPOU3OHAET
BCTpEYa, CTOJKHOBEHHE M B3aMMOTOPMOXKEHHE MOTO-
KOB 4acTHUI] MaTepPHH, N3ITydaeMbIX 3BE3namiu [ Ilepmb
n Jlanus]. YacTHIIBI H3MEHAT TPACKTOPUHU CBOETO JIBU-
JKEHUsI TIPY CTOJIKHOBEHHH, CO3/1aBasi Kak Obl MHIIIEHb
JUTSL BHOBb TIPHUOBIBAIOIINX YaCTHUI] BEIIECTBA.

B mentpe paBHOmaBIeHHs CO3MAETCS MOBHIMICH-
Hasl TUIOTHOCTP BEIECTBa, 0Opa30BaHHAS M3TyUCHUEM
ATOH TpymIbl 3Be34. Tak e B 3TOM MECTe MpOCTpaH-
CTBa MPOM3OUIET KOHLIEHTPALMSI IOTOKOB UMITYJIbCOB
(OTOHOB, TMepeaaBaeMbIX MEXK3BE3AHON Cpeloi B
LEHTDP PaBHOJABJICHHS.

[ToTok mMukpovacTuil 1 (HOTOHOB CO3JAET JaBIe-
HHUE Ha MaTepualibHyI0 CyOCTaHIIMIO, KOTOpasi KOHIEH-
TPUPYETCsI B LIGHTPE PABHOJABIICHUSL.

JlaBireHre MeX3BE3THOTO Ta3a BHE IIGHTPOB paB-
HomasieHust cocrapiser 107° + 107° ITa. Pacuérsr,
TIPOBE/ICHHBIE IIPU HCCIIEI0OBAHHUH TIpoliecca 00pa3oBa-
HUS [IEHTPA PaBHOIABIICHHUS IIOKA3aJIH, YTO B YCTOHYH-
BOM IIEHTPE PABHOJIABIICHHSI BEIWYMHA JIABICHHS CO-
craasger 1076 TTa. Takum 06pa3oM, MUHUMAIIbHAS Be-
JIMYMHA JaBJICHHS TPEBbILIAET CPETHECTATUCTUUECKYIO
BEJIMUMHY JaBlIeHHe MexK3BE3qHOTO raza B 102 =+ 1013

pas [4],[6].[7].

Tak kak 3Be3bl, M3JIydalOllUe MAaTEPUAIBHYIO
CyOCTaHIHIO, ABIKYTCS 1O ONPENEICHHBIM TPAaeKTO-
pusiM, TO BHOBb 00pa3yromasicst Macca BEIIecTBa B LIEH-
Tpe paBHOJABJICHUs], TAK)KE HAUMHAET JBUraThCS BME-
CTE C HUMHU.
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Co BpemeHeM Bce 0oJibIiie W OOJbIle YacTHIT 3a-
TOPMa)KHBACTCS B 9TOM MecTe mpocTpancTsa. Co3na-
ercsa Bce Oosiee moTHas U 0ojee 0ObEMHAsT MMILEHD
JUTSL IPUJICTAIOIIUX YaCTUI] MATCPUH.

IIpoucxomuT mepekauka MaTepuu, U3ITydaeMoOH
JaHHOHM Trpymnmoil 3BE3x B 3TO MECTO TaJaKTUKH.
MMeHHO B 3TOM MecTe 3apoxkaaercs Makporeno Puc.4.
[To mepe yBenmuueHMS YMCIA YACTHIl yBEIHIHBACTCS

INIOTHOCTH BEIICCTBA.
POXAEHUE MAKPOTENA

Puc.4
Pooicoenue maxpomena

YacTulipl, CTaIKUBAsCh, IIEPEIAIOT CBOI UMITYJIBC
B IICHTP BHOBH 00pa30BaBIICHCS MAcCHI, CO3aBasi BCE
Oonpmiee u OoJbIee MABICHHE B IICHTPE MaTepHAIb-
HOTO 00pa3oBaHusL.

[Toka MIOTHOCTH MaTepHalbHOW CYOCTaHIIMU B
LEHTPEe paBHOJABJICHHS Malla, MPoOern MUKPOYaCTHUI]
GonpuIne.

Martepust YIUIOTHSAETCS, CIIPECCOBBIBACTCH, Cry-
maercs. MUKpOYacTHIlBl, paHee CBOOOJHO TepeMe-
IIABIIMECS, OTPAHUIUBAIOT CBOM MPOOETH BCIICACTBUE
YBEJIMYCHUST KOJIMYSCTBA MHUKPOUYACTHII. YBEIMIHBA-
€TCSI YHCIIO COyTApCHUIA.

JaBneHne B eHTpe 00pa3oBaBIIeiicsS MaTepHab-
HOW CYOCTaHITNH yBEITUIUBACTCS.

HaumnatoT 00pa30BEIBaTECS IEPBBIC JIETKHE 3JIc-
MEHTHI BELIECTBA — BOAOPO U I'ENHil.

B pe3ynbTaTe KOHIICHTPALlUU MaTepUaIbHON Cy0-
CTaHILIMH 3apOXKJIaeTCs ra3oNbuIeBas TyMaHHOCTh. Tak
KaK 9aCTHUIIBI B TYMAHHOCTH OTHOCHTEIBHO CBOOOIHO
MepeMeIaoTcs, ABIKYTCS APYT BO3JE Apyra, TO OHa
OyzeT XOJIOTHOM.

Ho ¢ poctom mMacchl, IIIOTHOCTH, IOBEPXHOCTH U
00BEMa TYMaHHOCTH PACTET JaBlICHHE B IICHTPE TOU
TYMaHHOCTH.

[Ipu nanbHeimen KOHIEHTPA MUKPOYACTHUL B
LEHTPE PaBHOAABIECHUS U YBEINYCHUU JIaBICHUS POXK-
nmaetcs Mmakporesno Puc.4. MakpoTeno MOCTOSHHO yBe-
JMYUBAET CBOIO Maccy.

B mpormecce 3BomonMy MakpoTena o0pa3zyroTcs
BCE DIIEMEHTHI BEIIECTB, IPEACTaBICHHBIC B Ta0IHIEe
Mengeneesa.

Bce marepuanbHbie 00pa30BaHUs OT 3BE3/IbI B Ta-
JIAKTHKE [0 TaJlaKTHUK B MeTarajakTHKe W MeTarajak-
THK BO BceneHHON CTHCHYTHI, ClaBieHbI, yTpam0o-
BaHbI TOTOKaMH MHUKpodacTHll 1 ¢poroHoB Puc.4, [7],

(8].

HOTOK UMITYJIbCOB MUKPOYACTHIL
n nMIyJjabCOB ®OTOHOB
O003HaYMM ITOTOK MHUKPOYACTHUI] U TIOTOK (OTO-
HOB, MOCTYMNAIONIUX B LIEHTP PaBHOAABIICHHUS OT 3BE3,

CHUMBOJIOM 50 Puc.5.

CyMMapHBIif MOTOK MUKPOYaCTHI] ¥ IIOTOK (OTO-
HOB, IIOCTYNAIOLUN B IEHTP PABHOJABICHUSA OT 3BE3N,
pacIoNIOKEHHBIX B HHTEpBalie 4m cTepaauaH, 3allu-

LIETCS B BUJIE 41:50 Puc.2, Puc.5.

Puc.5
=
THomoxk umnynvcog 4nd,, 6 yenmpe pasrooasieHus

[ToTox MHKpOYACTHIl M TOTOK (HOTOHOB 4n50,
IOBIDKYIIUICS B ICHTP PaBHOAABJICHUS, B3aUMOJICH-
CTBYET C MaKpOTEIIOM, 00pa30BaBIIEMCs B IICHTPE paB-
HomaBJieHus Puc.5.

3 ¥ B

&
MAKPOTENO /
N rPABUTALVOHHOE

&

NOne
MAKPOTENA

Puc.6
Ilepeoaua umnynvcos muxpouacmuyamu ammocgepul
Ha NOBEPXHOCMb MAKPOmMend

Ecnu makpoteno mmeer atmocdepy, Kak Haiia
3emuts, To atMocdepa HAXOAUTCS TIOJ ACHCTBUEM TIO-

TOKa MUKPOYACTHI] M MOTOKa (JOTOHOB 47r60 Puc.6.
ATMocdepoii MpUHATO CYUTATh Ty 00JIaCTh POCTPaH-
CTBa BOKPYT 3eMJIH, B KOTOPOM Tra30Bas cpeja Bpaiia-
eTcst BMecTe ¢ 3eMII€H, KaKk enHoe 1enoe. ATMocdepa
3eMJIIH IpeCTaBIsIeT COOOH MIOTHO YITaKOBAaHHBIE MO-
JIEKYJIbI KHCJIOPOJIA U a30Ta, HAXOSIINECS MO JaBiie-

HUEM, CO3/IaHHBIM II0TOKOM UMITYJIbCOB 47r60.
SKBUIIOTEHIIMAJIBHBIE IOBEPXHOCTH
IIpocTpaHcTBO BOKpYI MakpoTeaa MOXKHO IIPEJ-
CTaBHTh B BHUJIE YCIIOBHBIX C(pepHUECKHX SKBHUIIOTEH-
LUaJIbHBIX IOBEPXHOCTEH, BIMCAHHBIX APYT B Ipyra, ¢
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LIEHTPOM, COBIAJAOIINM C IIEHTPOM MakpoTena. DKBH-
MOTEHIMAIbHbIE TOBEPXHOCTH — 3TO IIOBEPXHOCTH PaB-
HOT'O IIOTEHI[1aa, IPeICTABISIONINE CO00i ITOBEpXHO-
CTH PaBHOMEPHO PacrpeieIEHHOr0 IOTOKAa UMITYJIECOB
41r6)0 Ha eJUHHUILY [UIOINAIH.

[ToTok MHKpOYAacTHI] U TOTOK (HOTOHOB 47'[50,
IOBIDKYIIUIiCS B IIGHTP PAaBHOJABICHUS, B KOTOPOM
HaXOAMTCSI MaKpOTEJIO My, IIEPECEKAET YCIOBHBIE 3K-

BUIOTCHIIMATBHBIC TTOBEPXHOCTH BOKPYr MakKpoTela
Puc.7.

SKBUNOTEHUMANBHBLIE NOBEPXHOCTHU
CPABWUTALUMOHHOIO NONs

\ 30 = const

\

. - —-
do MAKPOTENO |
S 4 \ |

/ \ \\
R \ .
R ™~ i \«
[ —
| >
\ — T - —
A KRG ~/
. // N Vs
X [\ PN\,
& x 5 ,/ \ \)(_’
0 AL _/i\;"\tbo
Sy \ Sr
Puc.7
Hnowaou Sy u S, 3K6UNOMEHYUATLHBIX NOBEPXHO-
cmet

Ha Pwuc.7 nokazana npou3BoJibHAs 3KBUIIOTEHIIN-
anpHas MOBEPXHOCTH IUIOMAABI0 Sy paauyca R Bokpyr
MakpoTena

Sg =4n R? 1)

U DKBHUMOTEHIMAIbHAS TOBEPXHOCTh IIOIIAJIHIO
S, paamyca I, SBJISFOIICHCS TUTOMANBI0 TOBEPXHOCTH
MakpoTesna

S, = 4nr? )

Ha Puc.6 u Puc.8 nokxasano B3auMogeiCTBHE 10-

TOKa MHKPOYACTHI] H IOTOKa (POTOHOB 47‘[50 C MaKpo-

TEJIOM Macchl ml.
noTok _®o_MUKPOYACTMLL
UMY NOTOK @yun UMNYSILCOB B LIEHTP
PABHO[IABNEHUS

-
@0 = const

®
. 0
60 MAKPOTENO :
S
) .
- lrh
R ) o1 D
\ r
& &
N .
™ , ,
* —>
Q)o N~ . q) 0

Puc.8

—
Iomox muxpouacmuy u nomox gpomonog O, 6
yeHmpe pasHoOas1eHUs

OBPA30OBAHUE T’ PABUTAIMOHHOI'O
MOJIsI MAKPOTEJIA 1 ETO BHYTPEHHSASA
CTPYKTYPA

Maxkporeno, oOpa3oBaBleecs B LIEHTPE PaBHO-
JIaBJICHUsI, CBOEH Maccol HauMHAeT SKPaHUPOBATh MO-
TOK MHUKPOYACTHIl M MOTOK (OTOHOB 41150, JIBUDKY-
LIUHACS B LIGHTP PaBHOJABIEHUS.

B pesynbTaTe sKpaHHpOBaHUS Maccoi MakpoTena
MIOTOKa MUKPOYACTHIL M TOTOKa ()OTOHOB 41150, MOCTY-
MaKOIIKX B IIEHTP PaBHOMAABIIECHHUS, IPOUCXOIUT Nepe-
pacnpenieneHue 3Toro MoToka B MPOCTPAHCTBE, OKPY-
JKaroIleM MaKpOTeIo.

Ha sxBUNOTEHIIMANBHBIX OBEPXHOCTSAX, B OKPY-
JKAIOIIEM MAaKpOTEeNo MpPOCTPAaHCTBE, CO3HaéTca pas-
HOCTH OTOKOB MHKPOYACTHII ¥ TOTOKA ()OTOHOB.

Ota pa3HOCTh MOTOKOB MHUKPOYACTHI[ U TTOTOKA
(OTOHOB 00pa3yeT rpaBUTAIIMOHHOE ITOJIE MaKpoTeIa
(3], [5].

Hccnenyem mpouecc oOpa3oBaHUS pa3HOCTH TIO-
TOKOB U 00pa30oBaHUE IPAaBUTAIIOHHOTO IOJISI MaKpo-
Tesa ml, TO ecTh €ro BHYTPEHHIOI CTPYKTypy Puc.9.

PAZHOCTD ITIOTOKOB, OBPA3YIOHINX
IT'PABUTAIIMOHHOE INOJIE MAKPOTEJIA

Brecém Teno maccoif m2 B TOUKY «A» Ha SKBHIIO-
TEHIMAJIbHYIO MOBEPXHOCTh paanmyca R, B Okpykaro-
mee MakpoTena ml npoctpanctso Puc.9.

MaxkpoTteno ml cBoeit Maccoit OynmeT 3KpaHUpO-

BaTh NOTOK MUKPOYACTHIL 60, B MOOYIO TOUKY «A» Ha
JI000# SKBUITOTEHIMAIBHOMN TOBEPXHOCTH TPaBUTAIIH-
OHHOTO TIOJISI, TO €CTh B TOUKY PAcIIONIOKEHHS Tena m2.

Tak kak Macca cdepsl onpeersieTcst Ipou3Beie-
HHUEM IUIOTHOCTH Ha 00BEM, CIeIOBATENbHO, AT JaH-
HOM BEJIMYMHBI MACChI M INIOTHOCTH, TOBEPXHOCTh MAK-
porena, 160 00BEM MaKpoTella He ONPEACISIOT IKpa-
HUPYIOIIEH CIOCOOHOCTH MaKpoTena.

B touke «A» Ha Tesno Maccoit m2 OyaeT neicTBo-
BaTh JiBa IIOTOKA - MMOCTOSIHHBIA TIOTOK MHUKpOYACTHUI U
HOTOK (OTOHOB 50, co37aBacMblil I'PYIION 3BE3] B
HECHTPE paBHOAABJICHUSA U ITOTOK MUKPOYACTHUIL] X TOTOK
(doToHOB 51, HE SKpaHUPYEMBIH MaKpOTEIOM Maccoi
ml.

MakpoTesno cBoei Maccoit m1 skpaHHUpyeT 4acTh
IMOCTOAHHOT'O MOTOKA MUKPOYACTUIL U TTIOTOKA (I)OTOHOB

@, B TOuKy «A», TO ecTh Ha Teao m2. O6o3HAYNM
SKPAHUPYEMbIH MAaKpOTEJIOM IMOTOK MHKPOYACTHI[ U

HOTOK ()OTOHOB CUMBOJIOM D ;.
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PA3HOCTb NOTOKOB

Puc. 9
O6bpaszosanue pasnocmu nomokog AP = @, - ¢,

He sxpanupyemsiii morok ©; Mukpouactu 1 ¢o-
TOHOB Ha TEJI0 M2 CO CTOPOHBI MakpoTena ml Oyaer

paBeH Pa3HOCTH MOCTOSHHOTrO motoka @, MHUKpoua-
cTHil ¥ (OTOHOB CO3/IaBACMOT0 JAHHOW IPYIIION 3BE3 ]
B IICHTPE PaBHOJIABICHHSI U SKPaHUPYEMOTO MaKpOTe-
JIOM IIOTOKa 5,,11 MHUKPOYACTHI] U (JOTOHOB :
—_— — —
ch = q)o - cI)ml (3)
Ha teno m2, pacnosnoxeHHOE B TOUKE «A», Ha IK-
BUTIOTCHIIMATBHON TOBEpXHOCTH paamyca R Oyxer

JIECTBOBATh MOTOK AaR, PaBHBIM Pa3HOCTU MOTOKOB
D, -D,.
AD, =B, - B, (4)
[Moacrasum B hopmyiy (4) HOTOK 51 u3 hopMyJIbl

©F

— —

AR =B, - By =B, — (D - Bppy) = By ~m1 (5)

ADp=D,; ~ml (6)

B pesynbrate mepepacnpeneneHus MOTOKa MHUK-
pouacTui] 1 GOTOHOB 50 Maccoit Makporena ml B jro-
00if TOUKe MPOCTPAHCTBA Ha JIFOOOW YKBUIIOTCHIMAIb-
HOIl IOBEpXHOCTH paauyca R BOKpyr makporeina, 00-
pazyeTrcss pasHOCTb IIOTOKOB AED)R MHKPOYACTHL H
(hoTOHOB.

Pa3HoCTb TIOTOKOB MHKPOYACTHI X HOTOHOB AD,
B J1F000i1 TOYKE IKBUITOTCHIHAIBHBIX IIOBEPXHOCTEH -
BENIMYMHA NIEPEMEHHAsl ¥ 3aBUCUT OT paauyca R skBu-
NOTEHLMAJIBHON TOBEPXHOCTH, Ha KOTOPOIl pacnoio-
JKEHa 9Ta TOYKa.

-

Paznoctb notokoB A® MukpoyacTun 1 GOTOHOB
MPOTOPIMOHANIbHA SKPaHHUPYIOLIEH crocoOHOCTH 6,,11
Maccel Makporena ml, gpopmyna (6).

Taxum 06pa30M, TpaBUTAIIMOHHOE IIOJIE MAaKpO-
TCl1a 06pa3y€TC$I IIOCTOSIHHBIM ITIOTOKOM
—

CDO MUKPOYACTHUL U (1)0TOHOB, CO3a1aBacMbIM J1aH-
HOU prHHOfI 3BE3/ B TOUKE PaBHOJABJICHHS U TIOTOKOM

®,, o0pa3oBaHHBIM IiepepaclpeesieHneM I0TOKa
=
MUKpoyacTHll ¥ poTtoHoB P, Maccoit makporena m1l.

B pesynberaTe B3aumozeicTBus motokos O, u @4
B JIIOOBIX TOYKAaX I'paBUTALMOHHOTO moiisi «By, «Cy,

«D» Puc.11 Ha SKBUTIOTCHIUAIBHBIX IMMOBEPXHOCTIX

pamuycoB R oOpasyetcs pa3HOCTh MOTOKOB APy MHK-
poyactuil u (HOTOHOB OOPA3YIOIMINX TPABUTALHOHHOE
moste Makpoteda. (popmymna (5)).

MOTOK UMIYJIbCOB 4ndh ;) HA
9KBUIIOTEHIUAJIBHbBIX ITIOBEPXHOCTSX
BTI'PABUTAIIMOHHOM IIOJIE MAKPOTEJIA

Ha3oBéM MOTOKOM HMIIYJIBCOB COOTHOILIECHHUE
41'[5§(m1). PasrocTs 0TOKOB 4TTAD g gy MHKOUA-
ctull ¥ GoTOHOB, 00pa30BaHHAS HA SKBHUITOTCHIHAIIH-
HBIX TIOBEPXHOCTSX paanycoB R, mpencrasiseT coOoit
MMOTOK WMITYJIbCOB MUKPOYACTHI] U (POTOHOB 00O3HA-
YEHHBIH BBIIIE KAK 4n5§(m1).

3anuiieM nporecc 00pa3oBaHUs OTOKA UMITYJIb-

coB 4T ®% (1), CO3ABAEMOrO PA3HOCTHIO TOTOKOB

4nA5R(m1) MHUKpPOYacTHIl U (POTOHOB Ha SKBUIIOTEH-
LUAIBHBIX TTOBEPXHOCTAX paauyca R B rpaBUTallMOH-
HOM ITojie Makporesna m1:
— — —
41(@ — ;) = 4TAD, — 4Dy 1y (7)

IIpouecc mepenayn UMITYJIbCOB B Cpelle JEMOH-
CTPHUPYIOT YCTPOMCTBO, Ha3bIBaeMoe «Koubioens Hplo-
ToHa» Pue.10.

IIpencraBuM nporiece nepefayy UMITYJIECOB C IO-
MOIIBI0 OMJUTHApAHBIX MIapoB. Pacmonoxnm Onnim-
ap/HbIe Mapbl Kak mokazaHo Ha Puc.10 (1). TIpunoxum
HMITYJIBC Pk NepBOMY I1apy, Kak Noka3aHo Ha Puc.10
(I1). NUmmynsc P OyzmeT TmepeaH MeXIy IIapaMu, HO
IIapbl OCTAHYTCS HA MECTE.

BWNNMWAPOHBIE WAPBLI

0000000000000000000000 '
",
SIS —F

-

eececcecescecesse !
T
faf
€ 32022203300000303- ¢
Puc.10
Onvim, 0eMOHCIMPUPYIOWULL nepeoasy UMnYIbLCa

AHaNOTUYHBIA MpoIiecC MPOUCXOINUT, HAIPHMED,
B cpege armocgepsl 3emum. [IoTOK uMITyIbCcOB

—
P .. o
4T[cDR(m1) nepeaacTes B3auMOJACUCTBUEM DJICKTPOHOB

3EKTPOHHBIX 000JI0YEK aTOMOB aTMOC(Eph! 3eMITH.
HANPSA)KEHHOCTD, CO3JABAEMAS

HOTOKOM UMIYJIbCOB 41®% )

IToTrox uMITyIBCOB 41'[CD’;(m1) CO3/1a€T HANPSOKEH-

HOCTB 5R PaBHYIO OTHOIIEHHUIO TIOTOKA
HMITYJIbCOB 41'[51;(,”1) K mommaau Sg = 4mR? ok-
BHITOTEHIMAJIHHBIX TOBEPXHOCTEH.
4T (Py—D4) _ 4TADR ®)
4mR%,, 4mR%,,
Dopmyna (8) ompenenser HANPsHKEHHOCTh, Kak

P
4-1TCDR(m1)

"

Gonyy =

4mR2,,

.
CIIOCOOHOCTH IIOTOKA MMITYJIECOB 4-1ICD§(m1) IpOH3Be-
CTH CHUCTBHE Ha MaTepPHAIBLHOE TEJI0, PACIIONOKEHHOE

Ha OKBUIOTCHIMAIBGHOW IIOBEPXHOCTH  paguyca
R(m1).
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Bektop HanpspkEHHOCTM TMOTOKAa HUMITYJIBCOB
41Td>£(m1) BCET/Ia HAIPaBJICH B LICHTP PaBHOAABIICHUSI.

1. BBIBOJ ®OPMYJIbl BTOPOI'O 3AKOHA
HBIOTOHA
Hccnenyem mpouecc B3aMMOIEHCTBUS T'paBUTA-
IIMOHHOTO I10JIsi, 00pa30BaHHOTO MaKpOTEJIOM My C
PacIoJIOKEHHBIMY B TPABUTAI[IOHHOM II0JI€ TelaMu
Puc.11,[4],[8].

NOTOK — HAMPAKEHHOCTL ~—+ WUMNYNLC — OABJEHWME — CHNA

—
4m mo — —
* A dmad Rity= 4T Py

411.6’1
E

. — : rm2
! - 2

Amﬁ(mlfq)gmu 5 Pm'z " =

e —— 4D,
— B \\

@,

Puc.11
Obpa3zosanue Cubl, NPUTLONHCEHHOU K mery M, 8 2pa-
BUMAYUOHHOM NOJle MaKpomend my

BHecéM Tenmo m, Ha JKBUIOTCHLUHMANBHYIO MO-
BEPXHOCTH paanyca R(m1l) B TOUKy «A» B OTOK MM-
MyJIbCOB ®§(m1) IPaBUTALIMOHHOTO TIOJISI MakpoTelsia
ml-

Teno m, IBWXXETCS BOKPYr MakpoTena m; U Io-
magaet B Touku B, C, D.

IToTtok wuMITyIBCOB q)Q(ml) IPaBUTALIMOHHOTO

MOJIS MakpoTesia M, BCTYIHUT B UMITYJIbCHOE B3aHMO-
JIEHCTBUE C TEJIOM M.
OO003HaYMM 3TO HMITYJIbCHOE B3aHMOJEHCTBHE

-
CUMBOJIOM Priyy, my) -

Teno m, B rpaBUTallMOHHOM I10JIE MaKpOTEJIa My
MOJYYHUT UMITYJIbC ﬁmz.

Nmmynse f’)mz, MOJTYYSHHBIH TEJIOM M, B I'PaBH-
TallMOHHOM I10JIE MaKpoTeda M, CO3AaET JaBJICHUE Ha
TEJO M, B IPAaBUTALMOHHOM I10JIe MaKpoTesia my .

OO0o03HauUnM JaBlIeHHE, CO3JJaHHOE Ha TEJIO M, B

TPaBUTALITMOHHOM I10JIE MaKpOTEIa Iy CUMBOJIOM sz.

Jasnenue Bmz JeHCTBYIOIEE Ha TEJIO M, B Ipa-
BUTAIIMOHHOM ITI0JIE MAaKpOTeJda M, Ha3bIBAIOT CHJIOH.
0O0603Ha9YNM CHITy CHMBOJIOM ﬁmz.

Ilon nelicTBrEM cHIIbI I?'m2 TEJI0 M, EPEMECTUTCSA
B IPaBUTALIMOHHOM I10JI€ MAaKpOTENa M, C SKBUIOTEH-
[HAJBHOM ITIOBEPXHOCTH paauyca Rj,; Ha SKBUIIOTEH-
IMATBHYIO TOBEPXHOCTH pajgmyca RE ;.

O0603HaUMM BEKTOp IIEpEeMEIIeHUsT Tela m,
MEXXAY 9KBUITOTCHINAIBHBIMU TIOBEPXHOCTSIMH Paany-
n k
n k TRm1~Rm1
coB Ry = Ry cumBosiom [ 7 .
[TepemerieHue Tena m, B TPaBUTALMOHHOM I10JIE
MakpoTesia m; 0003HaAYUM CUMBOJIOM L.

[epemenienue Ly, Tena m, MexIy SKBUIIOTEHIIH-
QIBHBIMH TIOBEPXHOCTAMH MPOUCXOJINUT 32 BPEMS t.

Takum 06pa3oM, TeJO M, B TPABUTAIMOHHOM
ToJle MakpoTea M, NPUIET B JABUKEHHE U OYJIET JBH-
raThCst CO CKOPOCTBIO Up,, Pue.11.

-

B pesynbrate aeiictBus cuibl Fr,, Ha Teno m,
CKOPOCTB Tela M, OyAeT U3MEHSThCS BO BpEMEHH L.

W3MeHeHne CKOPOCTHU Vyy, , TETA M, BO BPEMEHH

- -
t ipezicTapiseT co60i yckopeHue dp,, ¢ KOTOPBIM TENO
m, JBHXXETCS B TPABUTALIMOHHOM ITOJIC MAKpOTENIa My
Puc.11.

ITokakeM B MaTemaTH4yeckoi (opme mocienoBa-
TENbHBIA XOJ MPOBEJCHHBIX paccyxaecHui, hopmyna
(9).

— — — —

4, - 4m(Py — Pyrm) = 4T ADRanyy =

ZP

— 2PRony

—>P -
4MPpm1y = Gr = pr

— 4ﬁ6£(m1) - - —
- PR(ml -mj) —4TTR12n1 3m2)= sz b Dm2 -

dimZ - -

TR 1R, _ _
l =l 2 ——= =V, = > Uy M2 >

m2
dPmz _ d¥m2
Ta T ar n
(BTOpOii 3aKoH HbtoTOHA Fypyp, TUIS TENTA C IOCTOSTHHOM
Maccoit) (9)
OnunieM (pU3MYECKUI CMBICT TIpoLiecca, TOKa3aH-
HbIU (opMmyoii (9).
I[Mporece, onucanueiii popmynoii (9) nemoHcTpHU-
pyer Puc. 11.

RN _>Rk -
M2 = Gy m2 = F 2" = B, -

[MTotok 41 @, nocTymaeT B LEHTP PaBHOIABICHUS
B KOTOpPOM 00pa3oBaHo Makporeso m1l.

Makporeno m1 cBoell Maccoi SKpaHUPYET U Iie-

— —
pepacnpeznenset motok 41 @, o6pa3ys motox 4m @, .
Ha sKkBUNIOTEHIMATBHBIX MTOBEPXHOCTSAX OKpYXKa-
omuX Makporeno ml co3maéresi pa3HOCTH MOTOKOB
— — —
41‘[((1)0 - (Dl) = 4’1TACDR.
-

Pasnocte 110T0KOB 4TA® R (1) MUKPOYACTHIL U
(oToHOB, 00pa30BaHHAs HA YKBHIOTEHIHAIBHBIX IIO-
BEPXHOCTSX paanycoB R, co3naér Ha 3THX HMOBEpXHO-
CTSAX MOTOK UMITYJIbCOB 41'[<1>Z(m1) MHUKpOYacTHI 1 ¢o-
TOHOB.

— —)P
4TAD g1y = 4T PR (1) (10)

IToTox MMITyILCOB 41'[CD’,;(m1), 00pa3oBaHHBIN Ha
SKBUIIOTEHIIMAIIBHBIX OBEPXHOCTIX paanycoB R, co-
31a€T Ha 3TUX HMOBEPXHOCTIX HANPSHKEHHOCTH

=P
2> 4-1'[CDR(m1)
R™ " 4nr2
JeficTBHE

11)

O0603HaUYUM IIOTOKa HUMITYJIbCOB

-
4n®§(m1) IpaBUTALIMOHHOrO I0JIs MakpoTena ml Ha
TeI0 M2, HaxoJsdlleecs Ha JI00OH 3KBUIOTEHIUAIb-

HOH NMOBEPXHOCTH panuyca R BelpaxxeHHEM

— 4—1T(D§(m1)
—~my -
PR(m1 -m;y) < 4mR2,, - mZ)

(12)
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3TO BBRIpaXCHHE OTIPEIeNsIeT BETHINHY UMITYIIbCa

-

P2, ACHCTBYIONIETO Ha TEJIO M2 HA JIIOOOW SKBUIIO-
TeHIMANbLHOMN noBepxHocTH 4TR? paguyca R B rpaBu-
TallMOHHOM TI0JIe MakpoTena m1.

O003HaYNM UMITYJIHC IPUIIOKECHHBIN K TETy M2 B
TPaBUTALIMOHHOM I0JIe MakpoTesia ml BeIpaxkeHHEM
>

sz .
— . —
WUmnynsc P, co3naér naBneHue Dy, Ha Teno
m2, Haxo/s11eecs B IpaBUTALIMOHHOM I10JIE MaKpoTesa
m1.

B pesynbpTare npuUI0KEHHOTO K TeJy M, NaBie-
HUA D 5 , TETO M, TEPEMECTUTCS MEKAY SKBHIIOTECH-
IMATBHBIME TIOBEpPXHOCTAMH R, u R, ma paccros-

TR RN,
HHUEC OMMUCBIBACMOC BEKTOPOM lm2

OO0o3HauMM TIpollecc MEepeMeleHus Tela m, B
TpaBUTAIIMOHHOM IT0Jie MakpoTena m1l ¢pyHkunei Tmz.

[lepemernenue Tena m, B TPaBUTALMOHHOM II0JIE
MakpoTesa m1 MPOMCXOIUT BO BpEMEHHU t.

S
IpowsBonnas ¢yHKIMU [, IO OTHOLICHUIO
KO BPEMEHH ¢, NPEJCTABIAET COO0M CKOPOCTh Ty, U3-

-
MeHeHHs 3HaYeHus! PyHKUUH L,

3anuuieM CKOpOCTb Uy, IEPEMENIEHHS Tea M2 B
IPaBUTALIHOHHOM IIOJIe MakpoTena ml B TepMHHAX

NepBoit mpou3BoaHON (QyHKIWH dl,, M0 BpeMeHu dt.
dl, S
mz = (13)

dt Vm2

B pesymprare nedcTBHA NOTOKAa HMITYJIBCOB
4-1[52(7”1) N
TR mZ TrpaBUTAIIMOHHOTO NOJS MakpoTena
m1 Ha Teao M2, 3T0 TEIO M2 MOJIYYUT UMITYJIBC ﬁmz.
BennunHa uMImysbea, MOTyYE€HHOTO TEIOM M2 B Ipa-
BUTAI[IOHHOM I10JIe MaKpoTesia m1 3anumercs B BUJE:

Prp = ﬁmz *m2 (14)

IIpousBosHas QYHKIMK UMITyJIbCA P, 110 oTHO-

IICHUIO KO BPEMEHH t, TIPEJCTaBIsET COO0 CKOPOCTh

=
V2 H3MEHEHHUS 3HAYCHUA (YHKIMHE MMITYIbCa P ,.
-

3anuiieM CKOPOCTh M3MEHEHMsI MMITylbca P,
Tena M2 BO BPEMEHHU ¢
dPmz _ d¥ma | m2
dt dt
Benuuuna — = B BRIpOKeHHH (15) npencrasiser

(15)

c000i1 MepBy10 NPOU3BOHYIO OT CKOPOCTH, TO €CTh ITO
CKOPOCTb M3MEHEHHUs CKOPOCcTH. CKOPOCTh H3MEHEHUS
CKOPOCTH TIPEJICTABIISET COOOH YCKOpPEHHUE A, Tena

m2 B rpaBUTallMOHHOM I10JIe MakpoTena m1.
dVmz _ =
dt Am2
[Moncrasum yckopenue (16) B hopmyiy (15):
dPmz _ dim2 - 2R SRE

=—=-m2=dy, m2=F ™ "™ (17

dt dt m2 m2 17)
U3 Beipaxkenus (17), cinemyert, 4To Teno m2 moiuy-
4aeT YCKOpEHUE @, B PE3YJIbTAaTe JEHCTBHS MOTOKA

(16)

UMITYJIbCOB 41Tf1>£(m1) (12) rpaBHUTALMOHHOrO MOJS
MakpoTtena m1.

T 6 ﬁR;zlu—’Rrkm
AKUM 00pa3oM MbI NOJYYUIIN CUITY 'm2 y
JENCTBYIOILYIO Ha TeJo M2 B 000N TOUKE rpaBUTa-
HAOHHOT'O OJISI MAKPOTEia ml.

dPm2 _ pRm1—Rm1 _ f
dt m2 Nev

(18)

B umHepnmanpHBIX cucTeMax OTCYETa MPOU3BOJI-
Hasl UMITyJIbCa MaTepHAIBHON TOUKH T10

BPEMEHU paBHa JeHCTBYIOIIEH Ha HEE CHUIIE.

Teopernuecku BoiBeseHa (opmyna (18) mudde-
PEHIMAJIBHOTO 3aKOHA MEXaHMYECKOTO JBHKEHUS,
OITUCHIBAIONIAsl 3aBUCUMOCTh YCKOPEHUS Tella OT pPaB-
HOJICUCTBYIOIIEH BCEX IPUIJIOKEHHBIX K TEly CHII U
Macchl Tena. 1o BTopoi 3akoH HeroToHa.

OTBeTHM Ha BEYHBIH BOIIPOC, CTOSIIITHI TIepe (-
3WKaMH: T04eMy (opMyia CHIbI B TPaBHTallMOHHOM
I0JIe IMEET OJIMH 3HaK (+) B CpaBHEHHUHU C POPMYyIIaMHu
B APYTHX IIOJISIX, MIMEIONTHNX 3HaK (1), 00pa3oBaHHBIX B
npupoze, Harpumep B hopmyne Kymnona.

[Motok nmmynbscoB 4md,, cozaaBaeMblii rpymnmnoi
3B€3]], 00pa3yeT LEHTP PaBHOIABICHUSL.

Makpoteno, o0pa3oBaHHOE B LIEHTPE PaBHOMAB-
JICHUS, CBOEH MAaccoi SKpaHMpYeT 4acTh MOTOKAa HM-
ysbpcoB 4md, B oKpyKaroliee MaKpoTeIo IPOCTpaH-
CTBO. B okpy:katomiemM MakpoTeno npocTpaHcTse oopa-
3yeTcsl HOTOK UMIYNbCOB 4Td, SBIAIOMINICS YaCThIO

—
MMOTOKa UMITYITbCOB 4Td(Puc.9.
-

Taxum 00pazoMm, MOTOK UMITYIbCOB 4T, mocTy-
TIAFOILIHMIA B IIEHTP PaBHOJABJICHUS BCerzaa OoJble Mo-
Toka 4md, .

4Dy > 4nd, 19)

W3 3TOTO HEpaBEHCTBA CIEIYET:

4nd, — 41td; > 0(20)

B mpoctpaHcTBe BOKpYr Makportena oOpasyercs
Pa3HOCTh IIOTOKOB UMITYJILCOB, BeKTOop 4TAD, Beeraa
HampaBJIeHHAs K MaKpOTeEIy.

—_ — —
—
PasHocTh mMOTOKOB MMIYNbCOB 4MAD, co3maér
BRI~ Rim1 -
cuny F 7 , JEHCTBYIOIIYIO Ha T€Na, HAXOASIIH-
€csl B FpaBUTALIMOHHOM MOJIE MAaKpOTENa.
—

Bekrop pa3nocTr moTokoB 4TTAD, 1 BEKTOP CIUTBI
BRI~ Rim1
E m2
m1.

BCCr/ia HalpaBJICHbBI K ILCHTPY MaKpoOTeEia

Cunia, mpUIoKEHHAs K TETy M2, HaXOASIEMYCsI B
TPaBUTALIMOHHOM TI0Jie M1IpPUBOJUT TENO M2 B JBU-
HKEHUE CO CKOPOCTBIO Uy, U YCKOPEHHEM (A, K MAK-
poreny m1l.

®opmyia (17) onuceiBaeT TUHAMUKY MepeMeliie-
HUS TeJla M2 MEXAY JIFOOBIMU TOYKAMH, PACIIOTI0KEH-
HBIMU Ha 3KBUIIOTEHUMAJIBHBIX MOBEPXHOCTIX panuy-
coB R,, = R B rpaBUTAIMOHHOM TI0JIe MaKpoTesna m1.

[TonyueHHbIN AMHAMUYECKHI 3aKOH OIUCHIBAET
MPOIECCHl  B3aUMOJEHCTBUSI TOTOKOB HMITYJILCOB

=
41TCD§(m1) 00pa3ylomuX TPaBUTALMOHHOE IOJIE Mak-
poTEIl C TCIaMH, HaAXOAAIIUMUCA B I'paBUTAIIMOHHOM
noJie. Pa3HOCTh NOTOKOB UMITYJIBCOB 4Tr(D§(m1), co3zaa-

BaeMasi Ha SKBUIOTEHIIMATBHBIX IIOBEPXHOCTSIX pany-
coB R(m1) rpaBUTAIMOHHOTO OIS MOPOXKIAECT CHITY
ﬁR;h—’R{fnl - 2

no JISUCTBYIOIIYIO Ha Tela M2 pPacroiokKeH-
HBIC HA OTHX I'PABUTAI[HOHHBIX IIOBEPXHOCTSX IPABHTa-

ILIHOHHOTO TIOJIS.


https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%92%D1%80%D0%B5%D0%BC%D1%8F
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%92%D1%80%D0%B5%D0%BC%D1%8F
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D0%BE%D0%BD_(%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%B4%D0%B2%D0%B8%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
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OnHOIt N3 TaKNX KBUIIOTCHIIUATIBHBIX TOBEPXHO-
CTeH sIBISIETCS MMOBEPXHOCTh 3eMHoro mapa. O603Ha-
4uM paanyc 3emin, (paJuyc SKBUIOTEHIMAIBHON TO-
BEPXHOCTH) CUMBOJIOM Ry, .

Pannyc moBepxHOCTH 3eMiIH SIBJISIETCS HaUMEHb-
el SKBUIIOTEHIIMAIBHON MOBEPXHOCTHIO B IPaBUTA-
IIMOHHOM TI0JIE.

Takum o6pa3om, I TOBEPXHOCTH 3eMITH YpaB-
Henue (17) 3anuiuercs B BUIE:

A, My = Fop2m (22)

Ay, — YCKOPEHHSI TEJ My, HA HOBEPXHOCTH 3eMIIU

m, —Macca m Teinan

ﬁnlifl’" — CHJIa IPUIIO)KEHHAS K TeJaM M, PacIoio-
JKCHHBIM Ha ITOBEPXHOCTH 3eMIIN

IMonygyennas popmyia (22) npencrasinser coboit
BTOPOH 3aKOH KJIACCHYECKON MEXaHMKH, ONpPEAeIIsio-
I B3aNMOACHCTBHS Tl M, Ha TIOBEPXHOCTH 3EMIIH.

U3 popmyist (9) crenyer paBeHCTBO:

APmy _

dt =F Nev (23)
HpOI/IBBe,I[ﬂ Hp€06paSOBaHI/IH IIOJIyYHUM BCIIMYUHY

uMmInyibsca P, NeiCTBYIOLIEro Ha TENO M2 B PE3YJib-
-
TaTe NaBIeHUA D R(m, -m,) CO3NAHHOTO Ha TEJO M2

MHUKpPOYaCTHIIAMH T'PaBUTAllMOHHOTO IIOJIT MAaKpOTela
m1 B TeyeHHE BpeMeHH t.

dP,; = Fyep dt (24)
PmZ:FNev't (25)

Beisoner:

1. ®opmyna 3akoHa MEXaHUKH F = md 6bina mo-
JIydyeHa Hpr0TOHOM OIIBITHBIM HyTéM 0e3 MaTeMaruye-
CKOro 000CHOBaHHUSI.

B nanHoO# cTaThe 3Ta (hopMysia MOJIy4eHa Teope-
TUYECKH NYyTEM aHalM3a Mpollecca B3aUMOJEHCTBUS
MOTOKOB HUMITYJILCOB MUKpOUYacTull U (GpoToHOB, 00Opa-
3YHOIUX I'paBUTAMOHHOC IIOJIC MAKpOTEJI C TCJIaMHU,
HaxoAAUMHUCA B 9TOM I'PaBUTATUOHHOM I10JIC.

2. BcraTtbe JOKa3aHo, 4TO HpI/I‘{I/IHOﬁ BO3HHUKHO-
BCHHS CUJIbI B TPABUTAIIMOHHOM I10JIC MAKPOTEJIia SIBJIS-
€TCA NOTOK HMMIIYJIBCOB MHUKPOYACTHUIL, 06pa3y}on_u/1x
9TO I'paBUTAITMOHHOC TI0JIC.

References

1. Golubev Yu. F. Fundamentals of Theoretical
Mechanics. M .: Moscow State University, 2000.S.
160.720 s. ISBN 5-211-04244-1

2. Lebedev N.P. Light pressure. M .: Gostekhiz-
dat, 1922. Classics of natural science. Book.

3. Gurevich G.S., Kanevsky S.N. How does the
Sun pull the Earth? M .: IPO "At Nikitskiye Vorota".
2012.72 s. ISBN 978-5-91366-376-4.

4. 3. Gurevich G.S. Mathematical modeling of
processes in the gravitational field of macrobodies //

Bulletin of Perm University. Mathematics. Mechanics.
Informatics. Issue 1 (52). 2021. Ss. 16 - 24.

5. Kanevsky S.N., Gurevich G.S. Astrodynamics
M .: IPO "At Nikitskiye Vorota", 2009. 384-p. ISBN
978-5-91366-081-7.

6. Gurevich G.S., Pensky O.G. On the existence
of centers of equal pressure, which are the centers of
concentration of material substance // Bulletin of Perm
University. Mathematics. Mechanics. Informatics. Is-
sue 2 (53). 2021. Ss. 25 - 28.

7. 6. Gurevich G.S., Lutmanov S.V., Penskiy
0.G. Mathematical models of centers of equal pressure
in stellar systems // Bulletin of Perm University. Math-
ematics. Mechanics. Informatics. In sp. 3 (54). 2021.
Ss. 24 -29.7

8. Gurevich G., Lutmanov S., llyev O,
Belozerova T., Pensky O. Justification of the hypothe-
sis about the formation of stars in the centers of the gal-
axy. Danish Scientific Journal No51, 2021

CnuCcoK JJUTEepPaTypPhI

1. Tony6er FO. @. OcHOBBI TEOPETHUIECKOH Me-
XaHMKH. — M.: MI'Y, 2000. — C. 160. —
720 c. — ISBN 5-211-04244-1.

2. Jle6enes H.II. JlaBnenue cBera. M.: I'ocre-
xuznar, 1922. Knaccuku ectecTBO3HaHUS.

3. Typesuu I'.C., Kanesckuit C.H. Uem Coinne
TsaHeT 3emiro? M.: UT10 "Y Hukutckux Bopot". 2012.
72 c. ISBN 978-5-91366-376-4.

4. T'ypesuu I'.C. MaTemMaTHueckoe MOJIEITUPOBa-
HHUE TIPOIIECCOB B I'PaBUTAIIMOHHOM IIOJIE MakpoTein//
Bectuuk Ilepmckoro yHuBepcurera. MareMaTuka.
Mexannka. Uadpopmaruka. Bem. 1(52). 2021. Ce. 16 —
24.

5. Kanesckmit C.H., I'ypesuu I'.C. Actpoauna-
muka M.: UI1O "Y Huxutckux Bopot", 2009. 384-c.
ISBN 978-5-91366-081-7.

6. Typesuu I'.C., [Tenckuit O.I'. O cymiecTBoBa-
HHUM [ICHTPOB PABHOAABIICHUH, SBJISIOMIMXCS LIEHTPAaMHI
KOHIICHTPAI[MK MaTepHaibHO# cyOcTaniuu// BecTHHK
Ilepmckoro yHueepcutera. MaremaTtuka. MexaHuka.
Nudopmaruka. Beim. 2(53). 2021. Ce. 25 — 28.

7. T'ypesmuu I'.C., JIlyrmanos C.B., ITerckuii O.T.
MaremMaTiHyeckl MOJEIH LEHTPOB PaBHOJABICHHUH B
3Be3HbIX cucTeMax// Bectnuk IlepMckoro yHuBepcu-
TeTa. Maremarnka. Mexanuka. HpopMmaTuka. B wim.
3(54). 2021. Cc.24-29.7

8. T'ypesuu I'.C Jlyrmanos C.B. UibeB O.U. Be-
no3eposa T.C. Ilenckuit O.I' O60cHOBaHKE TUMIOTE3BI
00 oOpa3oBaHuHM 3BE3]1 B IIEHTpaX PaBHOJABICHUII Ta-
naktuku  Danish  Scientific Journal No51, 2021
MATHEMATICAL SCIENCES


https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/5211042441

26 German International Journal of Modern Science Ne25, 2022

LASER INFLUENCE ON NUCLEAR REACTIONS

Ayryan E.A.

LIT, Joint Institute for Nuclear Research, Dubna, Russia

Gevorkyan A.S.

Institute for Informatics and Automation Problems, Yerevan, Armenia

Hnatic M.

Institute of Experimental Physics SAS, Kosice, Slovakia,

Joint Institute for Nuclear Research, Dubna, Russia,

Faculty of Sciences, P. J. Safarik University, Kosice, Slovakia

Kopcansky P.

Institute of Experimental Physics SAS, Kosice, Slovakia

Oganesyan K.B.

A. Alikhanyan National Lab, Yerevan Physics Institute, Yerevan, Armenia

Abstract

Papoyan V.V.

Joint Institute for Nuclear Research, Dubna, Russia
Rostovtsev Yu.V.

University of North Texas, Denton, TX, USA
Timko M.

Institute of Experimental Physics SAS, Kosice, Slovakia

DOI: 10.24412/2701-8369-2022-25-26-29

For the compound nucleus the induced nuclear reactions are considered for s neutrons near p resonances in
the presence of a strong electromagnetic field . The cross sections as functions of the resonance parameters and

the laser-radiation power are found.

Keywords: laser; nuclear reaction, neutron; cross section

1. INTRODUCTION

The field of laser induced nuclear reactions is an
exciting and rapidly expanding new branch of physics.
In the near future high power lasers are predicted to be
used e.g. for isotope production in nuclear medicine
and in biological and material sciences. Furthermore
this kind of laser could be used as an injector for large
scale ion accelerators and to provide high intensity pro-
ton beams for the transmutation of radioactive waste.
Novel petawatt laser facilities are able to accelerate ion
species with A ~ 30 to an energy regime where they can
be used to induce fusion evaporation reactions. PACE-
2 calculations in combination with TRIM evaluations
are able to theoretically evaluate the results of measure-
ments and allow important conclusions such as the fact
that these heavy species can be accelerated up to very
high energies of around 5 MeV/A. Further theoretical
and experimental improvements are necessary in order
to obtain a better description of the reaction channels.
This will finally lead to the technical exploitation of la-
ser induced ion production the near future [1,2].

As in every new advanced technology there are a
series of obstacles to be overcome in order to progress.
The exact mechanism for the interaction of charged
particles with intense electromagnetic fields has been
considered for more than fifty years, but has remained
unclear until today. The violent creation mechanism,
the high fields that are produced by the electron plasma,
the extremely short time spans and the variety of the
processes involved are of such a complex nature that
any qualitative and quantitative description is impossi-
ble to achieve at the moment. From the practical point
of view these deficits hinder the full technological ex-
ploitation of the unique high power laser facilities.

Within this frameset the onset of laser induced fusion
evaporation reactions leading to specific ion species
has to be regarded as a crucial milestone, as it proves in
principle the feasibility of the technological concepts
mentioned above.

Recent developments in high intensity lasers open
up a new approach to investigating nuclear reactions in
the laboratory without access to nuclear reactors or par-
ticle accelerators. By focusing the laser spot, very high

laser intensities in excess of 10%*W / cm? can now be
produced. Under these conditions, matter in the focal
spot is turned into hot dense relativistic plasma with

temperatures of ten billion degrees (10" K ) — temper-
atures comparable to those that occurred one second af-
ter the “big bang”. The laser interactions with solid or
gas targets can generate collimated beams of highly en-
ergetic electrons and ions. The possibility of accelerat-
ing electrons to energies over 200 MeV in such experi-
ments led to the utilization of high-energy bremsstrah-
lung radiation in order to investigate laser-induced
gamma reactions. Laser-induced activation, transmuta-
tion, fission and fusion have been demonstrated with
both single pulse giant laser systems and laboratory tab-
letop laser

systems.

With the help of modern compact high-intensity
lasers, it is now possible to produce highly relativistic
plasma in which nuclear reactions such as fusion,
photonuclear reactions, and fission of nuclei have been
demonstrated to occur. This new development opens
the path to a variety of highly interesting applications,
the realization of which requires continued investiga-
tion of fundamental processes by both
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theory and experiment and in parallel the study of
selected applications. The possibility of accelerating
electrons in focused laser fields was first discussed by
Feldman and Chiao in 1971. The mechanism of the in-
teraction of charged particles in intense electromag-
netic fields, for example, in the solar corona, had, how-
ever, been considered much earlier in astrophysics as
the origin of cosmic rays. In this early work, it was
shown that in a single pass across the diffraction limited

focus of a laser power of 10"W , the electron could
gain 30 MeV, and become relativistic within an optical
cycle [4].

Nuclear reactions induced by ultra intense lasers
became amenable in the last couple of years by the evo-
lution of experimental relativistic laser plasma physics.
Laser systems like the JENA 15 TW tabletop Ti:sap-
phire laser generate light intensities of up to

10%W /cm? in their focal spot. The corresponding

electric field is 3x10™ V/ m, being a hundred times
larger than the inner atomic fields. Matter, exposed to
these extreme conditions, turns into a hot dense plasma
in which electrons are accelerated by various

mechanisms to energies exceeding the electron
rest mass energy by more than two orders of magnitude.
These fast electrons can now be used for bremsstrah-
lung generation in high Z targets with photon energies
as well reaching several tens of MeV.

Recent experiments have demonstrated that laser-
solid interactions at intensities greater than

10™W / cm? can produce fast electron beams of sev-
eral hundred MeV [7], several MeV vy rays, up to 58
MeV proton beams [8], and heavier ions [9] of up to 7
MeV/nucleon.

The effects of radiation reaction (RR) have been
studied extensively by using the interaction of ul-
traintense lasers with a counter-propagating relativistic
electron. At the laser intensity at the order of

10%W /cm?, the effects of RR are significant in a
few laser periods for a relativistic electron. However, a
laser at such intensity is tightly focused and the laser
energy is usually assumed to be fixed. [10].

About Laser-initiated primary and secondary nu-
clear reactions in Boron-Nitride was reported in [18]

Induced transitions in collisions of ordinary [12]
and exotic [13] atoms in the field of a strong electro-
magnetic wave have been discussed in [12,13]. It has
been shown that processes that are forbidden or occur
with low probability in collisions of free atoms or ions
may have large cross sections in the presence of suffi-
ciently intense laser radiation. In collision theory, such
processes have come to be called "radiation collisions."”

The mechanism of nuclear reactions is of course
different from that of atomic collisions. But in this case,
too, we may ask whether a strong electromagnetic field
might not affect the cross sections for collisions of nu-
clear particles, e.g., for neutron-nucleus collisions. The
radiative capture of a neutron by a nucleus is a well in-
vestigated nuclear reaction [14]. As a rule, however,
this reaction is accompanied by the spontaneous emis-
sion of hard photons with energies of the order of 1
MeV or higher. The probability for the spontaneous

emission of optical quanta in the radiative capture of a
neutron is low. Nevertheless, the induced capture of a
neutron with transition of the neutron + nucleus system
from the continuum to a weakly-bound compound-nu-
cleus level (free-bound transitions) is possible in a suf-
ficiently intense laser field [15]. The earlier estimates
[15-17] of the cross sections for induced capture of a
neutron by a nucleus, however, showed that not every
level of the compound nucleus can be excited in the
presence of an external laser field of moderate intensity.
If the neutron width of the level corresponds to optical-
model estimates, the laser power necessary for observ-
ing induced capture should be so high as to be achieva-

ble only in very short (107° sec ) pulses.

Because of the Porter-Thomas fluctuations, the
neutron widths of the compound-nucleus levels may
actually differ substantially from the average values
predicted by the optical model. The observed p levels
of the compound nucleus in the region of neutron-reso-
nance energies have anomalously large neutron widths.
To clarify the actual possibility of observing induced
excitation of p levels of the compound nucleus, there-
fore, it is necessary:

In the present paper we try

a) to generalize the theory to the case of an induced
transition of the neutron +nucleus system from an s
state of the continuum to a final p state of the compound
nucleus that also lies in the continuum (free-free transi-
tions); and

b) to estimate the intensity of the laser radiation
necessary for observing the induced capture of a neu-
tron by a nucleus for known p levels of the compound
nucleus in the region of neutron-resonance energies (<
1 keV).

2. INDUCED TRANSITIONS OF THE
NEUTRON +NUCLEUS SYSTEM IN THE
CONTINUUM

In an external electromagnetic field, the neutron +
nucleus system may undergo a transition from a contin-
uum s state to a p state with the emission (or absorption)
of a field quantum. As a result, the energy of the system
must change by an amount equal to the energy %@ of
a field quantum (~1 eV for the optical region), i.e., the
neutron is scattered inelastically. If the energy of the
final p state of the system is close enough to that of a
compound-nucleus level whose neutron width is suffi-
ciently large, then, other conditions being equal, the in-
elastic scattering cross section must increase. Let us ex-
amine this process in more detail.

In the dipole approximation, the potential for the
interaction of the neutron + nucleus system with the ex-
ternal electromagnetic field has the form

V= —Ceft rnE(rn 1t)’ 1)

where I, is the relative coordinate and E(r,,t)

is the strength of the electric component of the electro-
magnetic field

E =E, cos(awt —kr, ). )
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We may use perturbation theory to find the cross
section for inelastic scattering with transition of the

neutron from an initial state of energy &, toastate of
energy &, + 7w . Then the cross section for inelastic

scattering of a neutron by a nucleus in the field of wave
(2) can be written in the form

q O = 27zzm

hz_kZI\/OJJZ 5(€p$ha}—El), (3)
Ky 5

where K, = (2mgp)”2 | 71 is the wave vector of

the incident neutron, the sign Zi indicates summa-

tion over the final states and
1 N
Ve = Eeeff (9, Eorn)

is the matrix element, @, and ¢, being the initial-
and final-state wave functions.

Vi =i27e Eo%* (ko R)(Pl(klR)Rz- 4)
(R is the nuclear radius),

The conditions K,R << 1and kK;R << 1 are al-
ways satisfied for slow neutrons, and we may also as-
sume that &, , <<1 where &, is the s-wave phase

shift; hence, by expanding (4) in the appropriate way
and neglecting potential scattering, we obtain an ex-
pression for the cross section in the form

do

np

dQ

r I

2 np= n

" (e, thw—E)* +I?/4

cos’ 6, (5)

3
4
where an is given by

1e B (U, V(. &Y=
== eff 02 (_oj R__o Fn(8 )1/2; (6)
" 3 (hw)’ \ he K, P

here &y is a dimensionless quantity ( £, =6, /1

eV),and I', and I'n are the elastic and reduced neu-

tron widths, respectively, of the p resonance of the com-
pound nucleus. On integrating (5) over the angles we
obtain the usual formula for resonant neutron scatter-

ing:

T 1_‘npl_‘n
o, =—

. 7
"k (6, £h0—E,)*+T%/4 ")

where I',, T" and E_ are the neutron elastic
width, the total width, and the energy of the resonance,
respectively, El is the neutron energy, and 5p0t is the
p-wave potential-scattering phase shift in which
U (r,) is the effective nuclear potential for the neutron

Z_U =-U,8(r, —R),, where U is the depth of the
rn
well.

It follows from Eq. (6) that an and therefore also

the cross section, is proportional to the power of the la-
ser radiation. It should be emphasized that perturbation

theory was used in deriving Eq. (7) and that an cannot
be arbitrary (I",, <I"). If all the parameters (r,.I,

En and 51) of the p level of the compound nucleus are
known, an can be estimated without difficulty. The

total width I" of the compound-nucleus level is deter-
mined, as a rule, by neutron elastic-scattering and radi-
ative- capture processes. For the heaviest nuclei, we
must add fission to these processes, i.e.,

I'=I' +I +I'y =", +, where y is the width
of the compound-nucleus level for decay via the radia-
tive and fission channels. Taking these remarks into ac-
count, we see that the cross section o, for induced nu-

clear reactions (fission and radiative capture) must have
the form

7 Ly
Gc:kz i 2 12
o (6, tho—E ) +I"/4

. (816)

By estimating an and knowing the width y of
the given p level of the compound nucleus, we can eval-
uate O . The results of estimates for a number of com-

pound-nucleus p levels are as follows. In all cases the
depth of the potential-energy well was taken as

50x10° eV, and the nuclear radius, R =1.24 A"*Fm
. The corresponding experimental values were taken for

the quantities 8, =, /K,, I, and T". The case in

which the scattering amplitude in the initial s state has
a resonance associated with a level of the compound
nucleus and there is also a corresponding level in the

final p state is of interest. The compound nucleus U **°
has two such levels at 6.67 and 4.41 eV, respectively
[7]. The energy separation /i@ =2.26 eV between
these levels falls within the energy range of optical
quanta. Calculation shows the results of the cross sec-
tion for induced capture of a neutron at the 6.67 and

4.41 eV resonances of U*® with the 6.67 - 4.41 eV
transition (see [49-77]).

It is evident from the calculations that the cross-
section ratio may turn out to be of the order of unity
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when the intensity of the electric component of the elec-
tromagnetic field reaches the quite moderate value

E, ~ 5x10°% vicm.

3. CONCLUSION

The estimates presented above show that it is quite
feasible to observe induced nuclear reactions. For this
purpose one will need a laser that provides a radiation

flux of at least 10* Wicm?. A pulsed laser of that
power should be pulsed in synchronism with a pulsed
neutron source. When the laser is off the cross section
for the nuclear reaction (radiative capture or fission)
will be small. When a laser of the indicated power is

on, and if the condition &, £ ho = E, is satisfied, the

nuclear reaction cross section should be appreciably
larger and should increase linearly with increasing laser
power. The target must contain enough atoms of the in-
vestigated isotope and must be transparent to the laser
radiation. The necessary intensity of the laser radiation
is far below the threshold for breakdown.
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The article uses the methods of system analysis, statistical data processing and comparison of indicators of
the sorting station. The procedure for the arrival of trains and wagons for processing at the station is considered.
The dynamics of changes in the daily processing of wagons on the hump are studied. The dynamics of changes in
the average daily spent time spent by transit wagons in the fleets and the station as a whole and by piece-by-rate
analysis in a daily mode by the elements of the time spent by wagons are considered. Such a systematic analysis
makes it possible to form statistical patterns of non-fulfillment of the norms for the time spent by wagons at the

station.

Keywords: Sorting station, system analysis, unevenness, train flows, wagon flows.

The main task of the sorting station is to process
wagon flows in an optimal way, so that the presence of
a wagon at the station is minimal [1-7].

In this regard, the most important indicator of the
station is the time spent by wagons [1-4, 6, 8, 10].

At present, the values of this indicator are most of-
ten normalized by building a daily schedule of the sta-
tion's operation [1, 4]. According to the daily schedule,
the cost of wagon-hours is determined for calculating
the main indicators of the station's work. Certain daily
average values are averaged at a monthly level and re-
flected in the reporting form on the operation of the
DO-24V/Ts sorting station [9].

Based on the report, the fulfillment of the norms,
the time spent by wagons at the sorting station is ana-
lyzed in a monthly period. However, a monthly analysis
of the performance of a qualitative indicator of the sta-
tion's performance is currently insufficient. Because in
the monthly analysis, the factors influencing the time
spent by wagons at the station is obtained as a general
one and does not take into account its influence on in-
dividual elements (securing and fencing the train, wait-
ing for processing, processing the train, etc.) and the
place of origin [1, 4, 6].

In this case, it is necessary to analyze the operation
of the station in a shift-daily mode for individual ele-
ments of the time spent by wagons in order to identify
the cause of losses. Shift-daily element-by-element
analysis allows timely identification and reduction of
the causes of losses of the entire process with a quanti-

tative assessment of their impact on the value of the res-
idence time, and also allows you to fulfill the estab-
lished daily tasks and monthly technological norms. In
addition, it allows you to objectively assess the time
spent by wagons at the sorting station and timely and
reasonably develop measures to reduce it.

Analysis of the time spent by wagons at the sta-
tion, especially transit wagons with processing (herein-
after referred to as transit wagons) plays an important
role in the development of measures to improve tech-
nological processes and the organization of the entire
complex for processing wagon flows [1, 4].

The actual location of transit wagons at the sorting
station depends on the volume of processing of wagons
and their uneven arrival for processing.

The order of arrival of trains and wagons for pro-
cessing affects the operation of the station. Uniform
supply creates the best conditions for the use of all sort-
ing devices, and ensures the shortest time spent wagons
during processing [3, 4, 9]. However, for a number of
well-known reasons, the actual arrival of trains and
wagons is uneven.

Irregularities in the arrival of trains and wagons
for processing significantly affect the quality of the sta-
tion, lead to an increase in the time spent by transit wag-
ons [4, 5, 7].

Let us consider the daily irregularities in the arri-
val of trains and wagons for processing at station “Ch”
for a month (fig. 1).
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Figure 1. Dynamics of changes in the daily number of arrivals of dismantling trains and wagons for processing

Fig. 1 shows that the average daily arrival of dis- mode lead to an increase in the actual location of wag-
mantling trains is 21 trains for the current month and  ons [4].

fluctuates on average within 4-5 trains, and the number Now let us consider the daily processing of wag-
of wagons is 1079 wagons and ranges from 820 to 1318  ons on the sorting hump (fig. 2).
wagons.

Such fluctuations in the uneven arrival of disman-
tling trains and wagon flows at the station in a daily
2250
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Figure 2. Dynamics of changes in the daily number of wagons processed on the sorting hump, taking into
account the repeated

From fig. 2, it can be seen that the average daily Let us consider the dynamics of changes in the av-
plan for the processing of wagons on the humps is 2050  erage daily time spent by transit wagons in the parks
wagons, but in fact it is 2105 and the daily fluctuations  and the station as a whole (fig. 3, a, b).
are from 1965 to 2205 wagons.
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Figure 3. Dynamics of changes in the average daily time spent on processing a transit wagon by fleets (a) and in
general (b) stations

According to the dynamics of the change in the
value of the time spent by transit wagons, the following
conclusion can be made:

— the time spent on processing transit wagons in
the station (a) parks shows that the departure and sort-
ing parks play the dominant role here;

— ingeneral (b) the station, from 1 to 31, there is
a stable excess of the actual value from the planned one
and the average daily deviation is 1,89 hours (11%).

Thus, the uneven arrival of trains and wagons has
a significant impact on the operation of the sorting sta-
tion. Fluctuations in the daily work volume signifi-
cantly affect the quality of the station's work and, as a
result, lead to an increase in the time spent by transit
wagons with and without processing and local wagons
at the sorting station at the “waiting for technological
operation” element.

Regularly carrying out such an analysis makes it
possible to determine the “bottlenecks” in the work of
the sorting station and find out the state of individual

technological operations in order to timely develop ac-
tion plans to reduce them.

It is advisable to establish the standard of time
spent by wagon categories at a sorting station taking
into account the results of such a detailed system anal-
ysis.
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Linear regression models are built on raw data which is supposed to have linear relation between predictors
and target and no multicollinearity between predictors [1]. However, multicollinearity can be complete or partial
and the second type of multicollinearity may be successfully utilized in Ridge regression algorithms to solve overfit

problem.

Keywords: overfit, multicollinearity, Ridge regression, MSE, determination coefficient

Overfit term in machine learning refers to a prob-
lem when a model fits its purpose only for a certain set
of data and fails for laid out data set. The overfit prob-
lem is visible when mean square error (MSE) on data
used to train the model (train data) is less then MSE on
data to test the model (test data); and determination co-
efficient R? on train data is bigger then R? on test data.
Overfit for linear regression may happen when dataset
has either small number of informative variables or
small number of samples. In the first case, data is
shrunk to the smaller dimension with maximum infor-
mation preserved [2]; in the second case, new features
are constructed as polynomial combinations of the ex-
isting predictors with a certain degree [3]. After data is
pre-processed the mentioned ways, a linear model is
built with ridge (1) or lasso (2) regularization term
added to cost function of the linear regression [4].

1 2 .
~hally; = Xwll” + allwll> > min (1)

1 2 .
2 Lollys = Xwll” + allw|l » min - (2)

where y; —a model’s prediction for a sample with
index i in dataset; X- a matrix with features’ values; w
— a vector of linear equation’s model coefficient; a- a
constant which provides the balance for model’s coef-
ficients adjustments and model’s fit to data.

Linear regression analysis to be performed de-
mands a raw data doesn’t have multicollinearity be-
tween predictors. However, when new features are
added to raw data as existing features’ combinations
then partial multicollinearity is introduced in dataset
and to follow the mentioned linear regression standards
the new features couldn’t be included in the model.
Current research is created to demonstrate that partial
multicollinearity among predictors when correlation
coefficient is not equal -1 or 1 can be used with ridge
regression to resolve overfit problem.

Let consider a construction of linear regression
model for dataset with 50 samples; 3 independent fea-
tures x1, x2, x3 and target y. In raw data there are no
samples with empty values and a linear relation exists
only between predictor x3 and target y so linear model
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can be built based on one predictor x3. After split da-  train sub-set are R? = 0.81; MSE = 93; on test sub-
taset on train and test parts and found linear model co-  set: R? = 0.67; MSE = 132 (pic 1) i.e., the model got
efficients wy,w; as a solution of expression w =  overfitted and can’t be used with new data predictions.
(XTX)~1XTy the received model’s quality metrics on

MSE = 93.19, R2 = 0.81 MSE = 132,60, R2 = 0.67

60 1 —— train ® | 401 — test *

40 E

Pic 1. Linear regression metrics for train and test data sets

Ridge regression is applied for the same dataset are remained better on train sub-set compared to test
with different values for the regularization parameter  sub-set (pic 2)
alpha didn’t solve overfit problem as model’s metrics
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350 1 MSE test
300 1
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=
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Pic 2. Ridge regression fails to resolve overfit problem

With added new polynomial features the colline-  multicollinearity is also introduced between predictors
arity  became  visible  between  predictors:  x22%x3; x1"2x3 (pic 3).
x22x3; x172x3 and target y with correlation coeffi-
cients: 0.63;0.61 correspondingly, however, partial
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Pic 3. Correlations in constructed data set

Now we constructed a new matrix X’ with values
of features x22x3; x1~2x3 and applied Ridge. On fig-
ure 5 is visible that when alpha equal to 50 then quality
metrics on test sub-set became better compared to train

sub-set and determination coefficient R? on test reaches
value 0.5 which is a good enough for regression model
to make predictions in the future.
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200 | ~
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Pic 4. Ridge regression resolves overfit problem with partial multicollinearity presents

Based on the received results can be concluded
that partial multicollinearity between new features con-
structed as polynomial combinations of existing fea-
tures can help to solve overfit problem with Ridge re-
gressions algorithm.
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Abstract

At three prospecting and appraisal wells of the Sherubainurinsky area of the Karaganda coal basin, work was
carried out on multistage (interval) hydraulic fracturing in vertical wells by TricanWellService. A water-based
Stratum fluid system with a polymer loading of 2.6 kg/m3 was used as the fracturing fluid. The injection was
carried out with an average flow rate of 3.5 to 4.0 m%min. Wellhead injection pressure did not exceed 400 atmos-
pheres. Based on the results of considering the performance indicators of exploration and appraisal wells, it can
be concluded that the use of hydraulic fracturing is insufficient. This is due to the fact that the distribution of
methane by forms of existence in the coals of the Karaganda coal basin of the middle stage of metamorphism at a
depth of more than 800 m consists of coal methane with a binding energy of about 200 kJ. Fracturing energy is
not enough to break this bond. The article considers the problem of the thermal explosion of coal methane and
concludes that the thickness of the coal seam and the thermal conductivity coefficient are sufficient to supply
energy to break the coal methane bond.

AHHOTaNUA

Ha tpex momckoBo-omeHOUHBIX cKBaxknHax lllepyOaitHypuHckoro yuactka KaparaHgMHCKOTO yroibHOTO
GacceitHa ObUTH IPOBEICHBI PA0OTHI IO MHOTOCTAIHHHOMY (ITIOMHTEPBATLHOMY) THAPOPA3PHIBY IIACTa HA BEPTH-
KaJIbHBIX CKBaXKMHaX Kommaxued TricanWellService. B kauecTBe ) HMIKOCTH THIpOpaspbiBa ObLia MPUMEHEHA
kuaKocTHas cucteMa CTpaTyM Ha BOJHOM OCHOBE C 3arpyskoif momumepa 2,6 kr/m3. 3akauka IpoBOAMIACE CO
cpenHuM pacxojom oT 3,5 no 4,0 M3/MuH. YCTheBOE NaBlICHHE 3aKaUKH HE npesbrmano 400 atmocdep. Ilo pe-
3yJbTaTaM paCCMOTPCHUA MoKa3aTeaen OKCILTyaTalliu MMOMCKOBO-OLCHOYHBIX CKBAXKUH MOXXHO CACJIATh BBIBOA O
HeZLOCTaTO‘IHOﬁ HeJ‘IeCOO6pa3HOCTI/I MNPpUMEHCHUA r'HApopa3pbiBa. JTO CBSA3aHO C TEM, YTO paCIIpCACIICHNE METaHa
1o opMam CyImecTBOBaHUs B yriisix KaparanauHckoro yrojapHOro 6acceifHa cpeHeli craiuu Meramopdu3ma Ha
riryouHe cBbimie 800 M COCTOUT M3 yriIeMeTaHa ¢ 3Hepruei cBszu okono 200 k. DHepruu ruapopaspeiBa HE
XBaracrT, YTOOBI OpBaTh 3Ty CBA3b. B cratne pacCMOTpEHa 3aaavda O TCIJIOBOM B3PLIBC YIJIEMETAHA U CACIAH
BBIBOJI, UTO TOJIIIMHA YI'OJBHOIO IJIaCTa U KOB(b(bHHI/IeHT TCIUIONMPOBOJHOCTH AOCTATOYHBI JJIA ITOABOJAa SOHCPTUHU
Ha pas3pbIB CBA3U yYTJIIEMETaHaA.
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Beegenne

Ha maxtax Kaparananackoro 6acceiina o Bblje-
JICHHI0O METaHa MNOJYYEHBl B LIEJIOM IIOJ0KUTEJIBHBIE
PE3yJIbTATHI: HCIBITAHO OOJiee NECATH PA3IMYHBIX TeX-
HOJIOTHYECKHX MPHUEMOB (THAPOPACWICHEHNE TIIACTOB,
THIPOBO3/EiiCTBHE O€3 OCBOCHHUS CKBayKUH, THAPOPA3-
PBIB C HCIIOIB30BAaHUEM COJISTHOW KHCIIOTBI, ITHEBMO-
THIPOPACWICHEHHE YTOJNbHBIX IIIACTOB, ITHEBMOBO3-
JIeHCTBHE Ha BOJIOTa30HACHIICHHBIA TJIACT, ITUKIAYC-
CKO€ THJpOpa3phiB C UCIIOJIL30BAHUEM I'a3000pa3HOTO
a30Ta, TUAPOPA3PHIB C MPUMEHEHUM SKUAKOIO a30Ta,
TEIUIOBOE BO3ACUCTBHE, T'HIPOUMITYJIBCHOE BO3ZCH-
CTBHE C HCIOJb30BAaHUEM IIOPOXOBBIX TI'€HEPATOPOB
JIaBJICHUs, BO3JeiicTBHE Ha IIACT XMMHYECKH aKTHB-
HBIMHU Ta3aMM, BO3JEHCTBHE B PEXUME KaBUTAIUH).
IIpoOypeno 155 BepTUKaIBHBIX CKBAYKHH; 00pabOTaHO
6osiee 80 MITH. T T€OJIOTHYECKUX 3aIIACOB YTJISl; TIPOU3-
BeZieHO 245 mumactooriepanuii U u3BiedeHo oomee 100
MJTH. M METaHa [PH 3TOM CPEIHUIA IeOUT 110 Gacceiiny
coctapns 2045 M%/cyT; JOCTUTHYTO CHUKEHME Ta30-
obmreHOCTH Ha 30-80%. DTH pabOTH MPOIOIHKAIOTCS
0 CETOAHAIIHMIA 1eHb [1-5].

B nacTosmei crarbe, Mbl 3aTPOHEM BOIIPOCHI TUJI-
popaspsiBa Ha [llepybaiinypunckom ydactke Kaparan-
JIUHCKOT'O YTOJIbHOTO OacceifHa.

OnbITHO-NPOMBINLIEHHbIE PadoThl MO pa3-
BeJKe U 100bIYM MeTaHA U3 YIOJIbHBIX IUVIACTOB HA
lepy6aiinypuHCKOM yyacTKe

Jnst oTpabOTKM TEXHOJIOTHIl pa3BEeAKN U JOOBIYU
MeTaHa YroupHBIX ractoB (MVYII) Obur ompeneneH
epybaitHypHHCKHH y9acTOK, Kak HANOOJIee MePCIeK-
TUBHBIH. OCHOBHBIMH NPEHMYIIECTBAMH Y4YacTKa sB-
JISIFOTCS: 3HAYUTENbHBIE TPOTHO3HBIE PECYPCHI METaHa,
XOpolIas pa3BeOHHOCTh Y4acTKa, BBICOKAsl yTJIEHOC-
HOCTh, HE3HAYUTEJIbHbIE ITTyOMHBI Ha NEpBOM 3Tame
npoekra (450-650 M), HanMuue pa3BUTOM HHPPACTPYK-
Typbl (K/II IyTH, aBTOMOOWJIBHBIE JOPOTH, JJIEKTPO-

SHEpPrHsi, TOpo/, BOJ0EMBI). [0 OCHOBHBIM reoyiornye-
CKMUM (pakTopaM (YrJIEHOCHOCTb, METaHOHOCHOCTb,
IUIOTHOCTh METaHa . T. 1. Tabnuua 1) mpoeKTupyeMbIid
Y4acTOK OTBEYAET Ie0JIOTO-TEXHUYECKUM KPUTEPUSM
NEPCIEKTUBHOCTH METAaHOYTOJbHBIX MECTOPOXKACHUN
[6].

PaboTsl, IpeycMOTpEHHBIE B TIPOEKTE, COCTOSIIH
U3 CIEAYIOLUIUX OCHOBHBIX ITAIOB:

- OypeHue 3-X Te0JIOTOpa3BeIOYHBIX CKBAXKUH C
0TOOpOM KEpHa, C IMOCIEAYIOIUM MPOBEICHUEM I'eo-
(U3NYeCKUX WMCCICIOBAHUN W UCIBITAHUEM MPOIYK-
TUBHBIX YTOJbHBIX TUIACTOB AJISL ONPEEIICHUS Ta30A1-
HaMUYECKUX CBOMICTB IJIACTOB, PE3YyIbTAaThl KOTOPBIX
OIMcaHbl BhIILE B 3-i Il1aBe HacTosIIei paboThI;

- OypeHHe 5-TH IOMCKOBO-OILIEHOYHBIX CKBaXKHH C
MIPOBEICHUEM CTAaHIAPTHOTO KOMILIEKca reoreorpadu-
geckas cucrtema (I'MC), B KOTOPBIX TMPOBEICHO HCITBI-
TaHUE U CTUMYJIHMPOBAHHE MEPCHEKTUBHBIX YTOJBHBIX
IJIACTOB JUISl MOBBILIEHUS T'a30MPOHULIAEMOCTH U ra30-
OTIa4l METOJIOM THApPOpPa3pbiBa B NOUCKOBO-OLIEHOU-
HBbIX CKBKMHAX U IUIa3MEHHO-UMIIYJIbCHBIM BO3ZEH-
CTBHEM B 2-X CKBaO)XKHHaX;

- OypeHHe 3-X NOMCKOBO-OLIEHOYHBIX CKBa)KHH
crpoBenieHreM paciuperHHoro komiuiekca ['IC B ot-
KpPBITOM CTBOJIE JAJISl aHaJIN3a KIMBaXka YTJIIEHOCHBIX
IUTaCTOB, OLIEHKU HANpaBJICHUS TOPU3OHTAIBHBIX
HaIpsDKEHUH U aHU30TPOIUY TU1acTa JUIsl ajdbHeero
M3yYeHUs 0COOCHHOCTEH 3ajeraHHs IUIACTOB M ONTH-
MHU3aIMi Au3aifHOB THapopaspeBa miacta (I'PIT), a
TaK)K€ UCHBITAHUE IUIACTOB B OTKPBITOM CTBOJIE AJIS
OLICHKM MPOHULAEMOCTH B IUIACTOBBIX YCIOBHUSIX U
IJIACTOBOT'O JABJIEHUSI METOI0M KPUBOM BOCCTAHOBIIE-
st paienust (KBJI), maBnenus mecopOuuu myTeMm
aHanM3a cocTaBa (IONAa B peXUMe NMPHUTOKaA, JaBlie-
HUHI packpblTus U cMblkaHus TpewuH I'PII, a Takxe
FeOMEXaHMYECKUX MapaMeTpoB IUIACTa METOAOM
mukpo-I'PIL

Tabmmna 1.

OcHoBHbIe reojiornyeckue paxkropsl yuacrka lllepyOdaiiHypuHcKuii 1J1s1 NpoBeAeHUs Ie0J10ropa3Beaoy-
HBIX M ONBITHO-NIPOMBbILLJIEHHBIX padoT Ha MYII

['eosornueckue paxTopsl

[lepybaltHYpHHCKHH y9aCcTOK

Cauta KaparaHanHCKas
KonndecTBo yroJpHBIX IIACTOB 18

CyMMapHasi MOIIHOCTb YTIOJIbHBIX IJIACTOB J0 50 M
KoaddumueHT yrinenocHoCTH 7,5

CpenHsist riryOMHa 3aJieTaHys YTOJIBHBIX IIJIACTOB 400-600 m

3anacsl yrus

252294 THIC. T

VTIenaoTHOCTh

8,6 MITH. T/KM?

Crenenp Metamopdu3Ma yrieu

I3 -V

Mapku yriei

K, OC

FJ'Iy6I/IHa 3aJICTaHHUA TMOBEPXHOCTHU MeTaHOBOﬁ 30HBI
(IIM3)

ot 50 1o 150 m

TI'a3zoHOCHOCTB Yr'OJIbHBIX IJIACTOB

Ha rryoune 200-250 m — 10-18 m¥r r. m.; Ha TIy-
oune 700 M — 21-29 M¥/T 1. M.

PecprI:I MCTaHa B YI'OJIbHBIX IJIACTaX

8,5 mpa. m°

[T10THOCTH pecypcoB MeTaHa

ot 170 o 1070 muH. M3/xM?

l"azoHocHOCTH IOPOJ

He npesbimaet 3 M3/t
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300THaYy YTOJIbHBIX INIACTOB

OxuaeMoe BIUSHAE TSKTOHUYECKOTO CTPOCHUA Ha ra-

Y9acTox 3HAYUTEIHHO HApPYIIEH: OKOJIo 60 pa3phIB-
HBIX HapyUICHUIT; OTMEYAETCs IPOSIBICHHE BTOPHY-
HOM CKJIa[uaTOCTH; KPYIHbIC 30HBI APOOJICHUS.
Crenyer 0XuJaTh BRICOKYIO Ta300Taauy.

anporeonomqecxne yciaoBus

[IporHo3upyeMblii MaKCUMANBHBIA TIPHTOK COCTa-
But 40-60 M3/uac

JIOKEHUH

HpOHI/IHaeMOCTL YTrOJIbHBIX IJIACTOB U YTJICHOCHBIX OT-

HpOHI/IHaeMOCTI) YIr'OJIbHBIX IIJIaCTOB KaparaHAaWuH-

ckoii cBuThl n3mensiercs ot 0,007 mo 15 m/1.

BbI6op MecT 3aiokeHHsi pa3BeJOYHBIX U ITOHC-
KOBO-OIIGHOYHBIX CKBa)XMH OBII IPOBEIECH C YYETOM
CUTYaIlMOHHOM OOCTaHOBKHM Ha JIMIICH3MOHHOW ILIO-
man (puc. 1). B ¢BsA3M co CIIOKHON Te0IoTHIecKoit
cuTyanued, OOYCIOBICHHOW TEKTOHHYECKOH Hapy-
IMIEHHOCTBIO, a TAKXE YUWTHIBAS TNIyOHHY 3aJeraHus
MPOIYKTUBHBIX YTOJNBHBIX IUIACTOB, TITyOUHA OypeHUs
CKBa)XXHMH Ha y4JacTKe MpoeKThpoBaiack 10 900 M. Oto
OBL10 00YCIIOBIEHO HEOOXOMMOCTBIO U3YyUEHUS H3Me-
HEHUsI Ta30HOCHOCTH, Ta30MPOHUIIAEMOCTH M Ta300T-
Jady OJHUX U TE€X KC YTOJIbHBIX IJIACTOB, KaK I10 IJI0-
a1, TaK U ¢ TIyOuHoi. OOBeKTaMH U3yUYeHUs SBIISI-
IOTCS YT'OJIbHBIC TIJIaCThL Kapal"aH[[HHCKOfI CBUTHI Kig,
K14, K13, K12, K122, K10, K7, Ks, K53, Ks.

Pe3yabTaThl CTHUMYJIHPOBAHUS HEPa3rpy:KeH-

HBIX YTOJbHBIX IJIACTOB METOAOM Ir'uipopa3pbiBa
K()"C'l'pyk'llllfl CKBa’KHHbI

Ha 3-x mouckoBo-o1ieHOUHBIX ckBakuHax Illepy-
0allHypUHCKOT'0 yJ4acTKa OBbUIH MPOBEACHBI PA0OTHI MO
MHOTOCTaIUHHOMY (TIOMHTEPBAIFHOMY) THOpPOpa3-
PBIBY IIIacTa Ha BEPTHUKAIBHBIX CKBAXHHAX KOMIIA-
uueit TricanWellService Ha OCHOBE WX OIBITA PaGOTHI
Ha MecTtopoxaeHnsx komnaann OOO «['asmpom mo-
o6praa Kysuenk». Ucxons n3 nanaeix mo I'MIC Ha kax-
JON CKBa)kWHE OBLIO BBIIENEHO IO 5 30H 00paboTKH.
luapaBaryecKuil pa3phiB MPOBOJUICS IO MHOTOCTY-
MNEeHYaTON TEXHOJIOTHU U 6]:.1.]'[ BBIINOJIHCH C IMPUMCEHEC-
HUEeM ojHomnakepHoro 3akaHunBanus Ha HKT u noun-
TepBaJbHON mepdopanuu, T.c. 00paboTKa KaXIOU
30HBI IPOU3BOIMIIACH CIICAYIOLIMM 00pa3oM: mepdopa-
uusi, I'PII, orceimka 0OpabOTaHHOTO WMHTEpBaa, OT-
OuBKa 320011, Tepexo Ha CICTYIONTYIO BBIIIIEICKAITYTO

30HY (puc. 1).
Well Construction

O6capnas konounna / Casing Size
ronmmsa crerks / wall thickness — 8.9 mm

168 mm,

< HKT / Tubing Size — 73 mm,
Tomuuna crenku / wall thickness

5.5 mm

| G—( I"ny6una yeranorks naxepa / Packer Depth — 731.88 m |

P I[ Xsocrouk / EOT ~ 740.83 m |

L]
1
L

[epdopaumn / Perfs — 790.1-795.6 m
3ona obpaborku / Zone of interest

-

e e

-

—{ Hsonsus niacta K-5° B npeenax / Isolation of K-5* at— 816 m ]

| «—— Cymectayionute nepdopainin / Existing Perfs

—t 859.1-865.3 m

Nl

Pucynok 1. Cxema npogedenus I'PII na lllepybatinypunckom yuacmxe

B kauectBe xuaxoctu ['PII Oputa mpumeHeHa
JKUAKOCTHas cucteMa CTpaTyM Ha BOJHOM OCHOBE C 3a-
rpy3Koii nonumepa 2,6 kr/m°. 3akauxa OpoBOAUIACH CO
cpenHuM pacxonom ot 3,5 no 4,0 M3/MuH. YcTheBOE
JaBJieHUe 3akadyky He mpesbimano 400 atm (puc. 2).
Koneunas koHueHTpauus mnpomnmnaHTa coctasisia 600
kr/m>. TloyaiMHa TPEWMH 10 Pe3ylbTaTaM Kajuo-
poBKkH HaxomguTcs B mpezaenax 30-70 m (puc. 2). On-
HaKO KaJMOpPOBKAa TPOBOAMIACE B IPEINOJIOXKECHUH,
YTO TPEUIUHBI ABISIOTCS BepTUKAIbHBIMH. OTHAKO U3
TEOPUH THIPABINYECKOTO pa3phiBa IIACTa U3BECTHO
[6], uTOo Ha MadBIX TIIyOMHAX TPEUIMHBI MOTYT Pa3BH-
BaThCsI TOPU30HTAIBHO, BAOJb IPOJYKTUBHOIO MJIACTa.

B takomM ciydae monenuposanue I'PI1 nomkHo nposo-
JUTBCS 110 APYTMM MeToJuKaM. BeisicHenne daxTude-
CKOTr'0 HaNpaBJICHUs TPELUH ABISIETCS OJHOM U3 3a/1a4
anamu3a ['PII B pamkax Hactosmeit padotsr. s HeKo-
TOPBIX BEPXHHMX MHTEPBAJIOB XapaKTEPHO HEOOBIYHOE
COOTHOILIEHHE MEXaHUYECKHX CBOICTB YrOJIBHOIO ILIa-
CTa ¥ BEPXHUX/HIKHUX Hepembluek. (s onmTtumusa-
nun qu3aiHoB I'PII pekoMmeHiyeTcs yTouHEHUE Mexa-
HUYECKHX CBOMCTB IIACTOB ITyTE€M MPOBEIECHHSI TOTIOI-
HUTETBHBIX HCCIICOBAaHMHA Ha 00pas3max KepHa WIN B
CKBa)XMHHBIX YCIIOBHSAX.
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Pucynox 2. I'paghux 3axauxu u npoghune mpewgunot I'PII na cxeascune Nel

[Tapametpsl I'PII B enom sBIISIIOTCS TUTMYHBIMU
UL paboT Ha HE(PTAHBIX W Ta30BBIX CKBKUHAX (Tab-
muma 1.3). TlpowsBeneHHBIN OeTalbHBIN aHAIN3 pe-
3ynbTaToB npoBeneHHbIX ['PII, a Taxxe comocrasie-
Hue ¢ npakTukoil I'PII Ha aHamOru4HBIX MECTOPOXKIE-
HUSX B IDYTUX PETHOHAX MUPa MO3BOJIHI BBIPaOdOTATh
PAI IpeJIoKeHUH 1o ontuMu3zanuu Texuojoruu P11

Ilocne mpoBeneHHs CTUMYISAIMM Ha YTOJbHBIE
TUIACTHI OBLIO HAYATO OCBOSHHE MTOMCKOBO-OIIEHOYHBIX
CKBa)XXHMH U SKCIEpUMEHTaIbHas J00bIYa MeTaHa ¢ Iie-
JbI0 U3YUYCHUSI U3MEHEHHS Ta30MPOyKTUBHOCTH CKBa-
JKMH BO BPEMEHH M I'a30BOTO JaBJICHUS 00BbEMa OTKa-
YMBAaEMOI BOJBI, BIMSHUSA Ha NMPOAYKTHBHOCTH CKBa-
JKMH U3MEHEHHMS THAPOT€0JIOTHIECKON AEMPECCHOHHOM
BOPOHKH, 00pa3yronieiicsi BOKPYT CKBaKHH B PE3YJIb-
TaTe OTKAYKH M3 HUX (POPMAIMOHHBIX BOJA COTIACHO
pa3paboTaHHOMY ILIaHy padoT:

- CHIDKCHHME YPOBHS JKHIKOCTH B CTBOJIE CKBa-
JKUHBI ¢ KOHTpPOJIEM YpPOBHS BHyTpH3a0boifHOro nat-
4yuka Ha 1 atm/cyT;

- ©XKECYTOYHBIH MOHUTOPUHI IIPUTOKA BOJIBI W
ra3a MeTaHa;

- KOHTPOJIb 33 Ta30BBIM J[aBJICHUEM B CKBaXKHHAX.

3a mepuox ¢ 10.10.2017 r. mo 22.11.2021 r. Be-
JIOCh HETPEPHIBHOE OCBOCHHE CKBKWH M MOHHUTOPUHT
BCEX OCHOBHEIX IIapaMeTpPOB Ha 5-TH IOMCKOBO-OIIE-
HOYHBIX CKBa)KHHAX.

Hawmmyuymme moxa3aTteny mo mAo0bUe rasa Ioiry-
4yeHbl Ha ckBaxuHe Nel (puc. 3), rae mosnydeH aeGuT
rasa g0 800 M%cyT u 1e6uUT momyTHOH BoAkl 10 2,6
M3/cyT. ITouckoBo-orieHouHas ckBakuHa Nel Haxomu-
J1ach MO OCBOeHHMEM 773 mHs, 00beM OTKaueCHHOM
JKUJKOCTHU 32 BeCh mepuoj] coctaBun 1152,42 M3, CyM-
MapHBIi TeOUT ra3a MeTaHa 3a mepuon ocsoeHust 90,7
Thic. M3, IcX0/1s1 M3 pacCMOTPEHHs SKCILTyaTalMOHHBIX
nokasaresei nmo ckBaxkune Nel MpUTOK raza HauMHa-
eTcs MocTie CHIKEHUS JHHAMITYECKOro ypoBHA 10 400
aTM, 9TO COOTBETCTBYET HABIICHUIO CTOJ0A JKUAKOCTH
45 atMm.

ITouckoBo-oLeHOUHAs CKBa)KMHA No2 HaXxoujIach
nox ocBoenueM 741 neHnb, 00beM OTKauE€HHOH KUIKO-
CTH 3a Bech nepuoj coctasmi 1381,12 M3, cymmapHsrii
nebuT raza MeTaHa 3a Iepuoj ocBoeHus 39,9 tuic. m°,
TOJTydeH MaKCUMalbHBIA J1e6uT rasa 422 m%/cyT u ne-
OMT TIOTyTHOM BOBI 3,3 M¥/CyT.

Tab6muma 2.

OcHoBHbIe MoKa3aTeau I'PII Ha MOMCKOBO-0IEHOYHBIX CKBAKHHAX

O0Bem mpor- CkopocTb 3a-
O0BEM KUIKOCTH,
CKBasKHHa Mnact CymmapHhas TaHTa Ka4KH cn;moro ol
MOII[HOCTh, M 20/40 Fores, T ress, M°/MUuH
TUTaH ¢dakt TUTaH dakt UTaH dakr
K13 3,6 15 35 3,5 4,5 94,0 157,0
K13 HK12? 5,6 25 35 3,5 4,5 1440 162,0
Nol K12 8,1 35 50 3,5 4,5 187,7 107,0
B K10 55 25 30 3,5 4,0 146,8 139,0
Ks> 6,2 25 25 3,5 3,9 146,9 142,0
Hroro 29,0 125 175 719,3 707,0
K13tK12? 12,5 20 20 3,5 3,5 173,3 104,0
K12 55 30 30 3,5 3,5 129,7 133,0
N2 K12 6,0 20 19,7 3,5 3,5 130,6 107,0
B K10 9,4 30 30 3,7 3,7 179,5 154,6
K7 4,8 20 20 3,5 3,5 1545 130,8
Hroro 38,2 120 119,7 767,6 629,4
K10 9,0 20 20 3,5 3,5 108,2 93,0
Ke-7 10,7 30 30 3,5 3,5 156,1 133,7
Nod Ks® 7,0 20 20 3,5 3,5 109,8 89,8
B Ks® 6,0 25 25 3,5 3,5 129,8 108,9
K3 7,0 25 25 3,5 3,5 130,2 109,0
Hroro 39,7 120 120 634,1 534,4
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Pucynox 3. Juazpamma sKcniyamayuoHHbIX nokasamene cKeaxcunvl Nel

[To sKkcrutyaTalMOHHBIM NTapamMeTpaM CKBaXWHBI  OOpoB momyTHOH Boabl 28.04.2019 r. npousomnuio pes-

Ne2 MOXHO cnenaTh BBIBOJ O HEraTHMBHOM BIMSIHMM — KOe MajieHue nedura rasa. [locie moBTOPHOTO CHUXKe-

OCTaHOBKH CKBaXXHMHBI (puc. 4). [locne ocTaHOBKHM OT-  HHS IMHAMHYECKOTO YPOBHSI BOCCTAaHOBJICHHMS J1eOnTa
ra3a He IIPOU30IILIO.
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Pucynok 5. uazpamma sxcniyamayuoHHvix nokasamenel ckeaxcunsl Ned

ITo TpeM MOMCKOBO-OLIEHOYHBIM CKBXMHAM OBbLI B [IEPUOJ OCBOSHHS, PE3YJIbTAThl KOTOPOTO IPUBEICHBI
MIPOBE/IeH rUIpoAnHaMuYecKuii ananu3 merogqom KB/l B tabnmme 3.
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Tabumuma 3.
Pe3yabTaThl 00pad0TKH KPUBBIX BOCCTAHOBJICHHUS JaBJICHHSA
= -
3 el g g
22 | ¢q = g
Pnn. pac.s E Q i = 8 o Sckun
CkBaxnHa =) § o) o S J
aT™ 3 :2[ 2 = & = ¢axTop
2 S 2 o
= = 2 =
=
Nel 6,6412 | 0,01477 0,00059 0,02804 0,0001 -1,651 3,155
Ne2 6,4065 | 0,05033 0,00201 0,09213 0,0002 -2,214 1,916
Ne4 3,5838 | 0,60779 0,01665 0,4264 0,00001 2,096 6,069

Io pe3ynpTaTam paccMOTpeHHUs IOKa3aTeNeH IKC-
IUlyaTaUuy IIATH IIOMCKOBO-OLICHOYHBIX CKBAaJKUH
MOXKHO CZAENaTh BBIBOJ O HEJOCTaTOUHOM I1e1eco00-
paszHoctu npumenenus I'PIL

IIpu4nHbI, 10 KOTOPBLIM He3((PEeKTUBHBIM OKa-
3aJ1cl THAPOPAa3PhIB YIoJILHOIO MJIACTa

Kaparanmuackmii 0acceiH WMeEeT YTOJIbHBIC
TOJIIM B Bujae Tpex crpykryp: lllepybaitnypuHCcKoH,
Kaparannunckoit u BepxHecokypckoi, KOTOpbIE pas-
JIeTICHbl COOTBETCTBEHHO AsabacckuM W Maklkynyk-
CKUM MOJHATHIMH (Ta0II. 4).

Tabnuna 4.

Pacnpenenenue Merana no ¢gopmam cyiecTBoBaHus B yrisax Kaparanamackoro yrojibHoro dacceiina
cpeHeil craguu Meramopgu3zma Ha riryoune cebiue 8§00 m

®opwma cymiectBoBaHus Me- | KommuecTtso me-
Jlokanusauus MeTaHa B yrie o
TaHa TaHa, %
BHyTpun Makpomnop, MHKpOTpEIUH UX JePEKTOB .
yIP poriop, POTPCLIAH, JIpYT aed CBOOOIHEIN 2-12
CIUIOIIHOCTH YTJIsl B IPUPOJHBIX YCIOBHSAX
Ha yrosipHbIX MOBEPXHOCTSX MPUPOAHBIX MOP U Ae(PEKTOB
CIUIOIIHOCTH, MEKOJOYHBIX TIPOMEXYTKax (BKIIOYas .
’ P T ( AncopOupoBaHHBIH 8-16
00bEMHOE 3aII0JIHEHUE TIEPEXOAHBIX TIOP M MaKpPOCKOIIH-
YeCKUX J1e()eKTOB)
B MeXMOIEKyJIApHOM IIPOCTPAHCTBE YrOJIBHOTO Bellle- TBepablil yriemeTaHOBBII 70-85
CTBa pacTBop
XUMHUECKH COPOMPOBAHHBIN
B nedexrax apoMaTHyeCKuX CI0EB KPUCTATIIUTOB 1-2
MeTaH
BHyTpH KiaTpanofgo6HbIX CTPYKTYP TBepblil pacTBOP BHEAPEHUS 1-3

W3 1abn. 4 cinemyeT, 4TO MOAABISIONIAS YaCTh
(oxonmo 80%) merana KaparaHgMHCKOTO YrOJEHOTO
Oacceitna Ha riryOuHe cBhimie 800 M HaXOOUTCS B CO-
CTOSIHUHM TBEPIIOTO yTrieMeTaHoBoro pactBopa. Ot-
CIOZIa CIIEIYeT BBIBOX: AJIs 3P PEKTHBHOTO U3BICUCHUS
MeTaHa KaparananHCcKoro yroipHOTo OacceitHa HeoO-
XOJMMBI JHEPTeTHICCKHE BO3ICHCTBUSA Ha YTOJBHBIC
TUTACTHI, CTHMYIUPYIOIIHE pachajg yrieMeTaHOBOTO
pacTBOpa M COOTBETCTBYIOIIEE ra30BBIIEICHNE.

PaccmoTpuMm MeTaH, HaxoAsSUIMICA B YroJIbHOM
miacTe ¢ 6eCKOHe‘IHLIMI/I napajiyicJIbHbBIMU CTCHKaMH1 1
B KOTOpPOM IIPOUCXOAUT TEIIJIOBBIACICHUC. B naniem
ciaydae KkoJjebarenpHas TeMmIepaTypa Ta3a 3HAYH-
TEJIbHO NPEBbINIAET NOCTynareiabHyw. CuuTas, 4TO
KOHCTaHTa CKOPOCTH KoJiebarenbHoH penakcanuy Kpen
PE3KO 3aBHCHUT OT TEMIIEpATyphl Ta3a, Mbl ONPEACIIUM
MOPOT TEIUIOBOTO pachaja yrieMeTaHa — HEeyCTONYH-
BOCTH, IIpU KOTOPOM IpOLECC MEpPEeHoca TeIia B pe-
3y/lbTaTe TEIUIONPOBOAHOCTH OKAa3bIBa€TCS HENOCTa-
TOYHBIM M TEMIIEpaTypa BHYTPH YTOJBHOIO IIIacTa
BO3PaCTAaET I10 B3PBIBHOMY 3aKOHY, IIPUBOJA K pacrany
yriaemeTana. TONIUHY YrOJBHOTO TUIacTa OyJaeM CUH-
Tath paBHoii 2|. B paccmarpuBaemoM citydae BbIiele-
HUE TeIIa BHYTPH YTOJIBHOTO IIacTa 00yCIOBIEHO KO-
nebarenbHON penlakcanueid, a yHOC Tella Ha CTEeHKe

miacra 06yCHOBJIeH TCIUIOMPOBOJHOCTBIO. Hama 3a-
Jlaua COCTOUT B HAXOXIEHUH YCIOBHH, IIPU KOTOPBIX
TECIJIOBBIACIICHUE CTAHOBHUTCA CTOJIb 6OHLH.H/IM, qTO
CTaLII/IOHapHoe pe]_LIeHI/Ie ypaBHeHI/ISI 6aJ'Icha BHGpFI/II/I
orcyrctByeT. Haubomnee ymoOHEIN IOAXO0 B 3TOM CIIy-
qac COCTOUT B HAXOXKIACHUU 3TOI'O CTaI_[I/IOHapHOFO pe—
IMCHUA U BBIICHCHHUA yCHOBI/Iﬁ, Korga OHO HepeCTaeT
CyH.[eCTBOBaTB.
IlpencraBum  ypaBHeHHe OajlaHca OJHEPIMH B
erHBHOM IJ1aCTC B BUC:
d=T
XWHC(T)ZO, (6]

rae ¥ — Kod(pOUIUEHT TETUIONMPOBOAHOCTH YTJIe-
MeTaHa, X - HallpaBJIeHHe, EPIICHIUKYIISIPHOE TIACTY,
32 HA4aJI0 KOOPAMHAT MbI BEIOMpAeM CEpeMHY ILI1acTa.

Benununna f(T) = N*NK,ho npeacrasnser coboii
TEIUIOBBIICTICHHE B CAWHUIC O0BbEMa B CIMHUILY
BpemeHH (N* - IIOTHOCTH KoJieOaTeTbHO-BO30YKICH-
HBIX MOJIEKYJ MeTaHa, N - IUIOTHOCTB MOJEKYJI, CTOJIK-
HOBCHUS C KOTOPBIMH MPUBOANT K KOJIeOaTeIbHON pe-
nakcaipu, ho - sHeprust KoiebaTrenbHOro KBAHTA).
IMockonbKy KosedaTebHasi TeMIieparypa BelldKa I10
CPaBHEHHIO C IOCTYMATENbHOW, Mbl HE YYHTHIBAEM
oOpaTHBIN TpollecC, BEAYMUHA K BO30YKICHHUIO
MoJiekys. IIpu 3TOM CyIIECTBEHHO, YTO KOHCTaHTa
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CKopocTH KoJebatenbHo pemakcanuu Kpen(T) pesko
3aBHCHT OT TEMIeparypsl. BBemeMm BenmuuuHy [=
d[Inkp(T)]/dT, uTo B HewMpoOKOi 06IACTH TEMOEPATYP,

ft) =f(T)exp[-B(T,-T], @

rae To-TemnepaTypa B LIEHTpE IUIacTa.

Pemmmm ypaBHenue Oamanca s>ueprum (1), BBOAA
HOBYyI0 nepemenHyr0 Y=B(To-T), mpuBemem 3T0 ypas-
HEHHUE K BULY:

2
d—>2/ —-Ae” =0, (3)
dx
rae A=Pf(To)/y u y(0)=0. ITpu 3TOM OTMETUM, YTO
pacmpezieneHue TEMIIEPaTyphl B IUIACTE YSTHO MO X T.€.
T(x)=T(-x). Otctoga cuenyer, uto Y(x)=y(-x) wu
dy/dXlx=o = 0. YuuTsiBas 310, Mbl OyZEeM paccMaTpH-
BaTh ypaBHeHHe (3) TosbKko mpu X > 0.
Pemenne ypaBHeHns (3) ¢ rpaHUYHBIMHU YCIIOBH-
smu Y(0)= dy/dXIx=0 = 0 umeeT Bua:

y =2InchxvA/2 (4)

Haiinem mopor pacmana yriaemerana. B mopore
MPOUCXONUT KacaHHUE JBYX KPUBBIX, OIIMNCHIBAEMBIX JIe-
BOM 1 IpaBoit 9acTsamu cootHomeHus (3.27). Ilpu sTom
B TOYKE KacaHHs PaBHBI KaK CAMH BEJIMYNHBI, TaK U UX
MPOU3BOJHEIE. DTO JIAeT:

AO= % nchz,zthz=1

Pemenue ypaBuenus B (5) maer Z = 1,2, oTkyna
JULS TIOpOTra paciaja yriieMeTaHa HaXOIUM:

1B (T,)/ =2,88. (6)
Kpome Toro, n3 HmoIydeHHBIX COOTHOMICHHH IS
Tepenasia TEMIIEpaTyp UMeeM:
AT =119/, )
Ilepenuiiem ycnoBue TEIMJIOBOTO B3pbIBA Yepe3
napaMeTps! TEIUIOBBIACTICHNUS BOIM3HU CTeHOK. Bommsu
MOpOTa TEIJIOBOTO B3PbIBa

f(T,,) =T(T,)exp(—BAT) =0,30f (T,), (8)

Ha ocnoBe 3TOTO NnepernuruemM yCjaoBUC BO3HUKHO-
BCHHS TCIJIOBOT'O B3pbIBA B BUJIC:

€Bf( ) x =044, 9)

C yuerom mapametpa [ yciosue (9) Moxer ObITh
MPECTaBICHO CJIeJZ[yIOH_II/IM obpazom:

ﬁz df(T=T)
X dT

VYpauenue (10) mmeeT mpocToi (U3MUECKUN
CMBICI. B Hero BXOIUT OTHOIIIEHKE MTOTOKA TETJIa, BHO-
CHMOTO B 00BEM IUTaCTa 3a CUET BHYTPEHHEro Ipo-
Iecca TEIUIOBBIICICHUS, K TOTOKY TeIa, KOTOPBIi
YHOCHTCS 13 00beMa 3a cyeT TersIonpoBoHocTH. Kak
TOJIBKO 3TO OTHOIIEHHE IIPEBBICUT HEKOTOPYIO KPUTHU-
YECKYIO BEJIMUMHY HOPSAKA €AMHULIBI, BOSHUKAET TeTl-
JIOBOM B3pBIB, IPUBOAALIUH K pacnagy yrieMeTaHa.

I[HocMoTpuM, 4TO MPOU30MIET C YroJbHBIM ILIa-
ctoMm lepy0aitHypuHckoro y4yactka. [lokaszareins Ter-
JIOIIPOBOTHOCTH KaMEHHOTO YT HaXOJHUTCS B JUama-
3oue 0,13-2,2 Br/(m*rpax). IlycTs TONmmHa miacra

Too) |=0.44 (10)

paBHa 20 = 4 m, Torma (> =4 Mm%, a4/22=18>1n
B3pBIB npomsoiineT. Ecmu ke 20 =2 m, 10 2 =1 M? 1
1/2 < 1 v B3pbIB HE MPOUCXOAUT. 3 Tabnuibt 2 BUAHO,
YTO TOJIIMHA YTOJNBHOTO Iu1acTa Gojpiie 4 M. JTo 3Ha-
YHTBh, YTOOBI Pa3pyIINTh TBEPbI pacTBOP yrieMeTaHa
HYXHO MaJjloe 3HaueHHe Kod(duireHTa TermionpoBoa-
HOCTH, YTO y Hac Takke HaOironaercs. Beraer Bonpoc
0 TOM, Kak IOJIBECTH Ty SHEPrHI0, YTOOBI pa3pylInTh
yriaemetan? Ha 3TOT BOIpOC TONBKO MOXKHO 1aTh OIWH
OTBET: 3Heprus cBsa3u yriieMeraHa Eq, = 200 x/x u,
CIIEIOBATENHHO, YHEPTHS, KOTOPYIO HY>KHO ITOIBECTH K
yrieMeTaHy IPUMEPHO paBHA 3TOMY 3HaUeHHIO. B cie-
IYIOIIEH CTaThe MBI 0OCYUM 3TOT BOIPOC.

3akia04yeHue

Mertan Ilepy0Gaiinypunckoro paiiona Kaparan-
JMHCKOW 00JIaCTH HAXOJUTCSl BHYTPH MaKpOIOp, MUK-
POTpEIIUH, APYTUX Ae(EKTOB CIUIOLUIHOCTH YIJIs B IIPH-
POJHBIX YCJIOBHSX B CBOOOJHOM COCTOSHMU He Oosee
12 %. OcranpHON MeTaH BXOAUT B YTOJNBHBIN IJIacT B
(opme yriemeTana, KOTOPbIH HMEET NPHINIHYIO 3HEep-
THIO CBSI3M M KOTOPYIO OOBIYHBIM METOIOM THAPOpPA3-
PBIBa YTOJIBHOTO IIACTA TaK MPOCTO HE OCBOOOIHIIIb.
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