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Abstract. In this paper we have developed the hypothesis based on the dipolar theory on Earth magnetic
field with the purpose of identifying and revealing importance of physical process in atmosphere and Earth
magma. On the other hand the importance of electrical macrodipolar in convergence of Earth into magnetic
macro-dipolar has been shown. This hypothesis can be applied during study in the course of magnetism at
physics education process.

Key words: Earth, magnet, magnetite, mineral, whirl, field, dipolar, magma, core, process, scheme,
precession, inclination, pole, layer, axis, course, physics

INTRODUCTION

Most of the planets in the solar system possess a magnetosphere to some extent: Earth, Jupiter, Saturn,
Uranus, Neptune, Mercury and Mars [Buffett, B. A. (2000)]. The Earth's magnetic field is an area around the
planet, where magnetic forces act, which protect the entire living world from cosmic radiation, the intensity on
the planet's surface is 5-10-°T [Buffett, B. A. (2000)]. Many papers with different have been devoted to the
formation of the planet's magnetic field, but the problem of origin of the Earth's magnetic field has not yet been
finally resolved [Shipchinsky V.V., (1890-1907) [3]. F. Six. (2009); Constable, Catherine (2007).; Finlay, C. C.;
Maus, S.; Beggan, C. D.; Hamoudi, M.; Lowes, F. J.; Olsen, N.; Thébault, E. (2010)]. Planet Earth consists of a
solid crust and mantle [Finlay, C. C.; Maus, S.; Beggan, C. D.; Hamoudi, M.; Lowes, F. J.; Olsen, N.; Thébault,
E. (2010).] with semi-solid and liquid shells with outer and inner cores [Core of the Earth (1969-1978)]. The
height of the gas sphere extends to 690 km, and the dense part is about 400 km, multicomponent in composition
[Core of the Earth (1969-1978)]. The gas sphere of the planet is a protective shield for a living organism and
civilization. Planet Earth with a radius of 6378.1 km with a density of 5,5.10%kg/m?, consists of atmosphere with
a composition of nitrogen (78.08%), oxygen (20.95%), inert gases, water vapor and dust (0.97%) [Core of the
Earth (1969-1978); Burda, H; Begall, S; Cerveny, J; Neef, J; Nemec, P (Mar 2009); Landau L.D., Lifshits E.M.
(1988)]. Under the mantle at a depth of 2900 km there is an outer liquid core with a thickness of 2200 km and an
inner core (radius of 1220 km with a density of about 12.5 t/m® and a pressure of up to 3.7 million atm., a
temperature of 5960 = 5000 C) [Landau L.D., Lifshits E.M. (1988)].

RESULTS AND DISCUSSIONS

1. The Earth with an internal high-temperature solid core (magnetic macro-dipole) [Core of the Earth
(1969-1978)], rotating along the axis is displaced along an ellipsoidal trajectory around the Sun. When the planet
rotates, friction occurs between the gas shell with the crust and the hydrosphere. Due to friction, the multilayer
atmosphere is charged positively, whereas the Earth is charged negatively [Shipchinsky V.V., (1890-1907). As a
result of this process, a spherical electric capacity is formed, consisting of a vertical n-number of electric micro
and macro dipoles [Landau L.D., Lifshits E.M. (1988)] (Fig. 1). Cosmic charged particles (protons 92%, alpha
particles 7% and other 1%) and rays (gamma quanta) [Burda, H; Begall, S; Cerveny, J; Neef, J; Nemec, P (Mar
2009).] fall on the planet's atmosphere. The cosmic flow of particles enters into reaction with the components of
the gas sphere and electric macrodipoles formed on the planet's surface (Fig.1).

Figl. Should be here

In the Earth's ionosphere at an altitude of 90 - 400 km, there are ionized D, E and F layers with a plasma
density of N =10%3+10%* particles per m3 [Burda, H; Begall, S; Cerveny, J; Neef, J; Nemec, P (Mar 2009).].
Multi-row vertical electric macrodipoles with the planet's surface are formed in these layers. The cosmic
radiation flux coming to the Earth from the galaxy and the solar wind consists of almost the same number of
negative and positive charged particles that rotate with the planet, mutually form and line up as chains of electric
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dipoles across the thickness of the atmosphere. A schematic representation of the formation of a magnetic field
in the atmosphere of the planet Earth is shown in

The distance between the poles of the chains of the formed electric micro and macrodipoles fluctuate
depending on the density of charges in a gaseous medium from several microns to 1.0 m, for example, for a dry
atmosphere, 1.0 mm corresponds to a potential U ~ 1.0 kV. With an increase of the charge value between the
poles of electric dipoles, annihilation processes with weak discharges occur. Powerful discharges as in the form
of lightning with the successive decay of chains of electric dipoles in the atmosphere extend up to 50-150 km.
Electric potentials of macrodipoles from the upper layers of 150-200 km to the Earth's surface reach U = 400 kV
with a current density of j=1012A/m? [Shipchinsky V.V., (1890-1907)]. A vast number of macrodipoles rotate as
indicated above together with the planet, some of which can decay with annihilation. In the main part of the
layered plasma of the planet's gas sphere, a powerful vortex electric field first excites, i.e. a spherical belt is
formed around the Earth. Then a powerful vortex electric field is excited around this belt. The last field excites a
vortex magnetic field, which is one of the sources of the magnetic field of the planet Earth [F. Six. (2009)] (Fig.
2).

The cosmic flow of particles enters into a reaction with the components of the gas sphere, formed from
approximately the same number of negative and positive charged particles. These particles in the atmosphere
rotate with the planet and are mutually formed as chains of electric dipoles along the thickness of the planet's gas
layer (Fig. 1).

2. It is known that in the initial period of the formation of a rotating Earth under the action of a vortex
centripetal force, its crust gradually became denser, compressed under the influence of the gravity of the upper
layers of rocks and in the center of the planet the internal pressure (several million bar) and temperature (several
thousand degrees) increased [Finlay, C. C.; Maus, S.; Beggan, C. D.; Hamoudi, M.; Lowes, F. J.; Olsen, N.;
Thébault, E. (2010)] and a mantle with layered liquid magma was formed. In this process, the high-temperature
magma of the Earth was formed, consisting of liquid layers and a solid central core (magnetic macrodipole). A
component of magma during joint rotation formed charges due to friction between the layers of magma with the
core. As a result, chains of electric macrodipoles were formed (Fig. 3), respectively, around the latter, eddy
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induction currents were excited in the magma layers. Eddy electric and magnetic fields have formed around the
induction currents, the latter are also sources of the magnetic field of the planet Earth.

In the initial period of the formation of the Earth, thermonuclear synthesis of hydrogen occurred with
formation of light chemical elements, then heavier ones were formed under the influence of high temperature
and pressure. Under the action of the force of centripetal vortex motion in completely liquid layers of magma,
the process of crystallization of components with iron, nickel, chromium, cobalt, aluminum, titanium, vanadium,
magnesium, manganese occursand the mineral magnetite is formed [Finlay, C. C.; Maus, S.; Beggan, C. D.;
Hamoudi, M.; Lowes, F. J.; Olsen, N.; Thébault, E. (2010).]. The crystallization process continued for a long
time under the influence of high pressure and temperature. In the process, the solid mass, volume and density
increased up to p=14.3 g/cm? of the magnetic macrodipole [Constable, Catherine (2007)]. In the course of time,
physical processes occurred in the center of the magma: as cooling with a crystal-like solidification of the core
due to displacement of its thermal energy to the layers of the mantle and the crust of the planet, a large (R>106
m) rotating, interlocking cluster of elements as minerals magnetite was formed, i.e. magnetic macrodipole. The
mineral magnetite is one of the powerful internal source of the earth's magnetic field. The magnetic south pole of
the macrodipole is directed to the north magnetic pole of the galaxy, for this reason the magnetic and geographic
poles of the Earth are oppositely located [Core of the Earth (1969-1978)].

3. A rotating high-temperature solid core - a magnetic macrodipole is a source of a magnetic field that
excites induction and eddy currents in layers of liquid magma [Finlay, C. C.; Maus, S.; Beggan, C. D.; Hamoudi,
M.; Lowes, F. J.; Olsen, N.; Thébault, E. (2010)]. A rotating solid magnetic macrodipole, part of the resulting
induction and eddy currents is converted into thermal energy and heats the magma [Finlay, C. C.; Maus, S.;
Beggan, C. D.; Hamoudi, M.; Lowes, F. J.; Olsen, N.; Thébault, E. (2010)]. Part of which is in the layers of
massive liquid magma induction and eddy currents (Faraday's and Foucault's laws) [Core of the Earth (1969-
1978)]. A powerful vortex magnetic field is formed around these currents, which is one of the powerful internal
sources of the magnetic field of the planet Earth. Some of the generated induction and eddy currents are
converted into thermal energy and heats the magma. Induction currents generated in magma under the action of a
magnetic macrodipole field also excite an additional powerful magnetic field. Due to the coincidence of the
frequency of the magnetic fields of induction currents with the field of a magnetic macrodipole (according to the
law of resonance), the power of the internal magnetic field of the planet sharply increases. Due to the above
reasons, the core of the planet Earth has a powerful internal magnetic field.

The magnetic field of the planet Earth consists of the following field sources:

1. Formed electric macrodipoles in the gas sphere of the planet due to friction with the crust and
hydrosphere during the Earth's motion, vortex electric fields are excited around the chain of macrodipoles.

2. The magnetic field of the rotating macrodipole of the solid core of magma - the mineral magnetite, is a
powerful internal source of the Earth's magnetic field.

3. Induction eddy currents excited with the vortex field of the magnetic macrodipole in the magma layers
and eddy currents formed in the massive liquid layers of the mantle in the outer and inner cores of the planet are
powerful internal sources of the Earth's magnetic field.

The magnetic and geographic axes of the planet Earth do not coincide since during rotation the planet
experiences a precession phenomenon, thus magma with the solid core of the planet is inclined from the vertical
axis at a small angle (11,50) from the geographic axis under the action centrifugal and Coriolis forces. Due to
this, the magnetic and geographic axes of the Earth do not coincide. According to the above-described fields, the
planet Earth possesses a magnetic field as a Geomagnet.

The hypothesis about the formation of the magnetic field of the earth planet can be formulated as: the
hypothesis was theoretically justified on the assumption of the regularity of the formation of the Earth's magnetic
field which is based on the formation of an electric macrodipole due to the polarization of various layers of the
planet during its rotation and transformation of the generated vortex electric field in a vortex magnetic field,
whereasa macrodipole can be formed due to the following processes:
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- polarization of the gaseous envelope with the planet's crust and hydrosphere;

- friction between layers of liquid magma and solid core of the Earth;

- different ionization of atmospheric layers differing in density and composition;

- declination of the magnetic axis from the geographic to a small angle under the action of the centrifugal
and Coriolis force during the precession of the planet with a rotating gas sphere of the atmosphere and a solid
core of magma.

CONCLUSION

A review of the available scientific and educational literature related to the magnetism of the planet Earth
and their analysis revealed that certain physical concepts and definitions of the essence of magnetism are not
sufficiently disclosed. Considering this fact, we propose the above hypotheses for the scientists' reasoning.

1. In the physics course, some concepts and definitions of magnetism can be explained in terms of electric
dipole theory.

2. Electrical conductivity in an electric circuit is carried out under the action of a potential difference and
due to the rotation of spherical proton-electron dipoles in the atoms of a substance.

3. The electrostatic dipole due to vortex rotation along the axis under the action of an external force at the
beginning of the process turns into a vortex electric field, then a vortex magnetic field is excited around the
latter.

4. As a result of one-sided vortex rotation (spin) of electric dipoles in the atoms of a substance consisting of
proton-electron pairs, eddy currents are formed, which excite a vortex magnetic field around themselves, these
substances due to this process have a magnetic property, from which permanent magnets are formed.
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Fig.1. Schematic diagram of the location of the magnetic and geographic axes of the planet Earth and
resulted vortex electric and magnetic fields in the atmosphere: B and E - magnetic and electric fields; + Q and —
Q are positive and negative charges in electric dipoles; a-angle between MOZ and GOZ; MOZ and GOZ -
magnetic and geographic axes of the Earth.

Fig.2. Schematic diagram of the magnetic field of the macrodipole of its vortex electric and magnetic fields
in the magma of the planets: 1 and 2 - magnetic and geographic axes of the Earth; 3 and 4-magnetic and electric
fields in the core and magma of the Earth; 5-mantle of the Earth; 6-liquid magma; 7 and 8 - poles of a magnetic
macrodipole; S and N - the poles of the planet Earth.

Fig.3. Schematic diagramof the location of the chain of electric dipoles in height in the atmosphere of the
planet and magma of the Earth's core and formed vortex electric and magnetic fields around the magnetic
macrodipole: 1 and 2-magnetic and geographic axes of the planet Earth; 3 and 4 - vortex electric and magnetic
fields of the macrodipole; 5 and 6 - liquid and semi-liquid magma layers; 7 and 8 - poles of the Earth's
macrodipole; 9 and 10 - chains of electric dipoles in the atmosphere; 11- @ -declination angle of the magnetic
and geographic axes of the Earth.
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AHHoOTanus. B craThe paccMOTpeHBI HEKOTOpPBIE BOIPOCHI, MOCBSIIEHHBIE T€0CTPATErNYeCKOi CUTyalluu
Ha monyoctpoBe Kopes. Kparko mnpoananmu3upoBan coctaB BoopyxeHHbix (opmuposanuii  CIIA,
qucnonupoBaHHbiX B Pecry6nuke Kopes. IIpuBoasTcs cBeieHHs O KOJUUECTBE MEPCOHANA, OCHOBHBIX 0a3ax U
Mecrax auciokauu Boopyxennsix cun CIIA B Kopee. IIpoananu3upoBaHa BEpOsSTHOCT BOCHHOT'O KOH(JIUKTA
mexxny KHJP u Pecrybmmkoit Kopest uimi BO3MOXKHOCTD X OOBEINHCHHUS.

Abstract. The article addresses some issues related to the geostrategic situation on the Korean peninsula.
The composition of the US Armed Forces stationed in the Republic of Korea was briefly analyzed. Information
is given on the number of personnel, main bases and locations of the US Armed Forces in Korea. The probability
of a military conflict between the DPRK and the Republic of Korea or the possibility of their unification was
analyzed.

Karouesnie cioBa: 6a3s1 BBC CIIA B Kopee, BoeHHBIIT KOHTHHIEHT, BOSHHBIH KOH(OJIMKT, BoopykeHHbIe
Cuner CIIA u NATO, nonyoctpoB Kopest.

Keywords: US Air Force bases in Korea, military contingent, military conflict, US Armed Forces and
NATO, Korean Peninsula.

Eme B mocnenneit Tpern XIX Beka, nocie toro, kak B 1860 1. y Poccun u Kopen mosisunacek o0miast rpanuiia mo
peke Tymanran (Tymannas), a B 1884 r. Mexay aByMs cTpaHamu Obul moamucad JIoroBop 00 yCTaHOBICHUH
JuIioMaTiaeckux otHomeHni («Ceymbeckuii norosop» 1884 r.), B Poccnu Bo3HHK 0COOBII MHTEpeC K Jocesie TOYTH
HemsBecTHOM «Ctpane Ytpennedt Ceexxect» — T.e. kK Kopee. JloroBop Obu1 mopamucan mo uHuImathBe Poccuwm,
obecriokoeHHOH ycreHneM BiwstHIS B Kopee npyrux nepxas (B 1882-1883 rr. Kopest 3aximounita morosopsr ¢ CILIA,
BemuxoOpuranueit u ['epmanueit) [1 — 2]. C Tex mop mprcTanmbHOe BHEUMaHHWE Poccnm kK pernoHy He ociiadeBaer,
0COOEHHO B CBSI3U € TPOJIOJDKAIOIIMMCS B TIoclieiHNe ro/pl yertenneM Bimsius CILIA u ctpan-unenoB OpraHuzaiyn
Cesepoamnanriaeckoro joroeopa (namee — NATO) B Azuarcko-Tuxookeanckom peruoe (manee — ATP). Hactosmast
CTaThsl MOCBSIIICHA UCCIIEIOBAHNIO HEKOTOPBIX BOIPOCOB I'€0CTpaTerniecKoi oocTaHoBKH Ha KopelickoM oiTyocTpose,
6e3 paccMOTpeHHsI KOTOPBIX HEBO3MOXKHO ITOHMMAHHE CHUTYaI[id B OONACTH BBINOJHEHWS TYMAHWUTApHBIX W WHBIX
mrccnii ox srugon OOH.

DopmupoBanns Boopyxernnsix cmi CHIA (mamee BC CIIA), mucnormposanssie B Pecryomuke Kopes (United
States Forces Korea — ganee USFK), sSBISIFOTCSL CTPYKTYPHBIME KOMITOHEHTaMH VTHI0-THX00KEaHCKOTO KOMaHIOBaHHUSI
BC CIIIA (United States Indo-Pacific Command, naiee — USINDOPACOM).

I'pyrmmmposka BC CIHA B IOxHoit Kopee siBisercst omHoi m3 ocHOBHBIX B ATP u, mo muenmo [lenrarona,
CIY)KHT «KITFOYEBBIM MpOsIBIEHHEM cTpemiieHusi mnpaBurenbcTBa CIIIA BoccTaHOBHTH paBHOBecHE B A3HATCKO-
TuxookeanckoM peruone» [19].

B 3anmauy dopmuposanmii Boopyxennsix cun CHIA B Kopee (United States Forces Korea, manee — USFK) B
YaCTHOCTH, BXOJHT IUIAHWPOBAHWE OIEPAlMi 10 SBAKyallMM HEKOMOATaHTOB (TpaKIAHCKWX Jmi). Eciu BO3HHMKHeT
Takasg HeoOxomumocTb, Tpaxaane CIIIA u apyrux, paHee coriacoBaHHBIX ¢ KomanaoBaHueM CIIIA crtpan, Oymyrt
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ABAKyHPOBAHBI U3 PAHOHOB BeleHMs 00eBBIX jeiicTBri. B 3Tux nemsix mrad USFK meproandecku MpoBOAUT YUSHUS,
YTOOBI TaPaHTHPOBATh, YTO STOT MPOIECC OyAeT «d3(H(BEKTUBEH, TEHCTBEHEH U YIIOpsAaoden» [3 — 6].

Eme B meproz 1990-1992 rr., monepemenHo B Ceyie u [IxeHpsHe, ObUTH MPOBEEHHI 8 payHIOB IIEPETOBOPOB Ha
ypoBae npembep-MuHHCTpoB KHJIP 1 Pecriybommkxm Kopest. 17 centsiops 1991 1. Pecryommka Kopes n KHJIP
OJJHOBpeMeHHO ObLH mprHATH B OOH.

25 mapra 1992 r., na Kougepenunun OOH 1o paszopysxenuto (UN Conference on Disarmament, March 25,
1992) Pecnybnuka Kopes m KHJP mnoamucanm «CornameHue O NPUMHPEHHUM W COTPYIHHYECTBE» H
«Jlexnapauuto o nenykieapusaiuu Kopeiickoro moiayoctpoBay («Agreement on Reconciliation, Non-aggression
and Exchanges and Cooperation between The South and the North» u «Declaration on Denuclearization of the
Korean Peninsulay), Ho B HacTosIiee BpeMst ACHCTBYET JIHIIb IEpEeMUPUE MEXKIY HUMH [3, 4].

[Mox «pyxpemM» Ha noxyocTpoBe, rae B o0enx Kopesix npoxxusaer okosto 70 muH. yein. (47 muH. — Ha [Ore,
23 miuH. — Ha CeBepe), Haxoautcst 6onee 1,5 MutH. 4ein. (0 JaHHBIM IoKHOKopeiineB: 690 Teic. — Ha FOre u
1 mua. 170 THIC. — Ha CeBepe), emre 10 MITH. OTHOCSTCA K Pe3epBUCTaM.

B IOxno#t Kopee packBaptupoBano 26086 gen. mepconana CIHIA (Bcero na 20 6a3ax CIHIA, mo maHHBIM
Muno6oponst CIIIA nma 30 urons 2019 r.). Cyxonyrasie cmtel CIIA B Kopee Bxomar B coctaB §-i moieBoit
apmun BC CIIA (a6 mucnonupoas B okpyre Ercan) [7 — 14].

EnuHCTBEHHOW aMepHKaHCKOH BOEHHO-MOpCKoW 0a3oif Ha KopeHckoM IOIXyoCTpoBe SBIAETCS MHOPT
Yuuxaii (Commander Fleet Activities Chinhae). Ha stoii 6a3e ocTaHABIMBAIOTCS HA PEMOHT M O0CITYKMBaHUE
6oesbie kopadaun BMC CILA, B ToM 4uucie, ¢ sAepHbIMU SHEPIreTUUECKMMHU YCTaHOBKaMU. B HacTosiee Bpems
31ech Takxke pacnonoxkena Llentpanbuas 6aza BMC Pecnyonuku Kopes.

B HOxHoit Kopee Takxe pacmosoxensl ase kpymasie 6a3st BBC CIIA: Kyncan (Kunsan Air Base) u Ocan
(Osan Air Base). B sactHocTH, aBuabaza KyHcan Haxoautcs B 3amagHoil yactu Kopelckoro monyocTposa, Ha
nobepexbe XKenroro mopst (240 kM k rory ot Ceyina, 6eronnas BIIIT muHoit 2700 m); Ha Hell TUCIOUPOBAHBI
uctpeduremu F-16C/D. Apmaba3y ot Bo3aymIHBIX yaapoB npukpseiBaioT 6atapes 3PK «Xok» (BC PecnyOmuku
Kopes) u 6arapes 3PK «II>tpror» (BC CILLA). OTa aBuabaza coBmectHo 3kcmuryatupyercs BBC CIIIA u BBC
IOxnoi# Kopen.

Ha aBna6aze OcaH, HaxomsIIeics: ropa3fo Omke K TUHUN pasrpaHudeHus Mexnay Pecnyomukoit Kopes n
KH/P, B mHacToammii MmoMeHT Oazupyrorcs camoietsl F-16C/D u A-10C 51-ro HCTpeOHUTENEHOTO aBHAIOJIKA
BBC CHIA. Uctpeburenn-6omoapanposmuku F-16C/D npunmcansl k 36-if HCTpeOUTETBHON ICKAApUIIBLE, a
mrypmoBukn A-10C — x 25-if uctpedutensHoll ackaapuwibe BBC CHIA. Orcroma B CTOPOHY JIMHUH
pasrpanndenust ¢ KH/IP perynsapHo jetaioT BeIcOTHBIE caMmosneThl-pa3Benuuku U-2. B 1993 r. B 0KpecTHOCTSIX
aBMaba3bl OBUIO Pa3BEPHYTO NBE OaTaped 3€HUTHO-PAKETHBIX KOMIUIEKCOB Patriot, BXojsimiue B cocraB 35-if
6purans [IBO CIIIA.

B konie 2009 r. B 10)KHOKOpEWCKOH npecce nosiBuiiach nHdpopmanus, uro ¢ aBuadaszpl OcaH B HaIPaBICHUH
KH/IP coBepmiaeT pa3BenpiBaTeNbHBIE MOJIETHI OSCHIIOTHBIN JeTaTenbHbIN ammapaT RQ-170 (cozman mo
TEXHOJIOTHH «cTeycy») [10].

OnHako, B YCIIOBHSIX CTONb BBICOKOH KOHIIEHTpalMM BOCHHOCTYKAIMX M BoopyxeHHH Ha Kopeiickom
MOJyOCTPOBE, HET HE TOJILKO MEXaHW3Ma BOCHHBIX KOHCYJBTAIMH, HO HET JJaXke CKOJIbKO-HUOY/b YCTOIHYMBOTO
Jauajora Ha 3TOT cueT. YUTo jke KacaeTcs pakeTHO-sAepHBIX acrnekroB, To KH/IP BooOme wnckimodaer
BHYTPUKOPEUCKHiA opMat ux oocyxkaeHus (cMm. pucynok 1) [8 — 10, 14].

Bmecre ¢ tem, KH/P B TedeHWe ANMTENHHOTO TEpHOIa BPEMEHH HE MOXKET B HEOOXOAWMOW Mepe
obecrieunTh cedst MpOIOBONBCTBHEM. E)KEerogHO CTpaHa MONydYaeT A0 MIJUIMOHA TOHH IIPOJOBOJIBCTBHS B
KadecTBE MEeXIyHapOAHOI I'yMaHUTapHOH MOMOIIHX (HO peayibHas MOTpeOHOCTh B TpH pa3a Ooibine). BHenrHmiA
nonr KHJIP cocrasmsier 25 miapn. momi. B ycnoBusix xkectodaifmero kpusuca pykoBoactso KHIIP caenano
CTaBKY Ha ()OPCUPOBaHHE MUJIMTAPU3ALINY CEBEPOKOPEICKOro o0IecTBa, U OblIa MOCTABJICHA 3a/a4a YTBEPIUTh
BO BCEM OOIIECTBE «PEBOJIIOIIMOHHBII BOMHCKHH TyX».
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Puc. 1. l'eocmpamezuueckas oocmanoska na Kopeiickom nonyocmpose (¢ utons 1999 2. no nacmosiwee epems)

VYrpo3a BOOPYKEHHOTO NPOTHBOCTOSHHS BIIOJHE peajbHA, IOCKOJNBKY 0 CHX IOp B HPUTPAHUYHBIX
palioOHaX COCpeOTOUYCHBI BOMCKA CTOPOH, HAXOIIIHECS B IOBBIIIEHHOH 00eroToBHOCTH. B wacTHOCTH, CTONMMIA
IOxnoit Kopen, 12-mummnonssiii ropoa Ceyil, JIETKO YS3BUM Ul TSDKEJIOM apTHIUIEPUU CEBEPOKOPENCKOM
apmuu. B nanHO# curyanuu, npucyrctBue BoeHHOro KontuHreHTa CIIIA B IOXHO# Kopee u, B 6omee mmpokom
IUIaHE — aMEPUKaHO-I0KHOKOPEHCKOe BOCHHO-TIOJIUTHYECKOE B3aMMOICHCTBHE — PAacCMaTpUBAIOCh (M TOKa eIle
MpOJOJDKAaeT paccMaTrpuBaThes) B Pecrybmmuke Kopest B kadecTBe pemraroriero (axkropa Ui IMpeIOTBPaAICHHS
necrabunuzanuu Ha Kopeiickom nosxyocTpose.

B xomme 1990-xrr. B KHJ/IP cramu axTHBHO NpOMaraHIupoBaTh KOHIENIHI0 «CTpOUTEIhCTBA
MOTYIIIECTBEHHOH AEpkKaBbl». JTa KOHLEMIMS BKJIIOYAET TPH COCTABISAIOIINE — HICOJOTHYECKYI0, BOCHHYIO U
sKOHOMHYECKyI0. IIepBhie Be, Kak yTBEpXKIAIOT CeBEpOKOpEHCKHEe MPOIAaraHInuCThl, YKe IIPETBOPEHBI B )KU3Hb.
Nneonorus «uyuxe» (CaMOCTOSTEIBHOCTh, «4EJIOBEK — XO3SMH BCEMY») CTala AOMHHUPYIOIIEH IOKTPHUHON
o6mecrea KH/IP.

OpnHako mparmathyeckas OCHOBa Ui mpoaBmkeHus aunanora «Cesep — IOr» B Kopee mo-mpexnemy
cymectByer. CxonuaBmmiicss B 2011 r. munep KHAP Kum Yen Up u ero okpyxeHue CTaBUIM BO IJaBy yIJia
337121y BEDKHBAHUS, BO3MOKHYIO JIMIIb B YCIIOBHSX COXPaHEHHS CEBEPOKOPEHCKOI roCyAapCTBEHHOCTH.

B poccuiickoli mONMHTHYECKOW JHTEpaType IMpeodiamaeT Touka 3peHus, 4ro B mepcrektuBe KHJIP u
IOxnas Kopes o0pedeHsr Ha o0benHeHHE (110 Moaenu BoccoeauHeHus ['JIP u ®PI'). Onnako mctopuueckn Ha
KopeiickoMm momyocTpoBe cymiecTBoBaiM Ba rocyngapctBa — Kopé m Koryp€, rpaHHMIbI KOTOPBIX NPHMEPHO
coBnananu ¢ rpanutiamu KHIP u FOxHo# Kopen.

Tl'ocynapctBo Korypé B 31oxy cBoero paciera 3aHHMaJIo CeBepHYyI0 dacTh Kopelickoro momyocTposa, a
TaKXKe YacThb TEPPUTOPHU COBpEeMEHHOTo cesepo-BoctouHoro Kwuras (KHP) u HeiHemHero poccuiickoro
ITpumoprs. O6benunenne obeux wactedt Kopem mpomsommio B 1895 r. mon snussHumem SnoHuu. B Takom
KoHTekcTe o0BrenuHeHne Cesepa u HOra, HCTOPHUYECKH CYIIECTBOBABIINX B KaUECTBE JABYX Pa3HBIX rOCYIapCTB,
BBICTYNAET HE €IMHCTBEHHO BO3MOXKHOW anbTepHaTUBOMH, a Kopelickuil momyocTpoB ABISIETCS 1yBCTBUTEIbHBIM
it Poccunm  pernoHoM, pacriojiOKEHHBIM B HEMOCPEJICTBEHHOH ONM30CcTH OT  €1a003aceleHHOro |
9KOHOMHYECKH OTCTAJOTO JallbHEBOCTOYHOrO «moioOpronmbs» Poccun. 11 MMEHHO 31ech TakKe CXOAATCA
MHTEPEChl KPYIHEHIINX POTUBOCTOAIIUX Apyr apyry nepxas — CLLIA, KHP, Sinonun u Poccuu [15 — 19].
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AnHotanusi. Paspaboranbl npoduiakTHYecKHe MEpOIpUSTHS, HalpaBlIeHHbIE Ha COXpaHEHHe
ONTUMAJIBHOTO 310POBbsA YC€JIOBEKA U )IOHFOﬁ TBOp‘IeCKOﬁ AKTHUBHOCTH. Hpe)ICTaBJ'leHBI 1 IIpOaHATIM3UPOBAHBI
OCHOBHBIE (haKTOpHI, (hOpMHUpYIOIIKE 3I0POBhE HaceleHus. JlaHa XapaKTEepHCTHKA OCHOBHBIM YpE3BBIYaHHBIM
curyarsiM (UC) mpupoaHOTO M TEXHOTEHHOTO XapakTepa. PopMann30BaHO MPEACTAaBICHHUE O IENAX, 3a7adax,
CTPYKType ¥ MpHHIMNAX (QyHKIHOHUpOBaHMSA HHAyCTpuu 310poBbs (M3). [Ipumenén merom u cpenacTtsa
CHCTEMHOTO aHalW3a IS XapakTePUCTUKU IIOHATUS «YIIpaBIeHWE HHIyCTpueil 310poBbs». OO0CHOBaHO
NPUMEHEHNE MaTeMaTHIeCKOM MOJeNu KHOepHeTHYeCKOH CHCTEMBI AJII WCHOJIb30BaHUS B cucteme I3.
[IpencraBneHbl OCHOBHBIE COCTaBISIOIINE B YHpaBICHHHM 3TOW cucreMoi. Kitaccudunmposansl o6mue
npuHOMnbl  yrnpasienust M3. OO6ocHOBaHO mpHMEHEHHWE HalMOHAIbHOrO craHmapra P®  «Cucrems
MEHEDKMEHTa 0€30MacHOCTH TPYy/la M OXpaHbl 310pOBbs» B odsactu M3,

Abstract. Preventive measures have been developed aimed at maintaining optimal human health and long-
term creative activity. The main factors shaping the health of the population are presented and analyzed. The
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characteristic of the main emergency situations (ES) of natural and man-made nature is given. The idea of the
goals, objectives, structure and principles of functioning of the health industry (HI) is formalized. The method
and means of system analysis are applied to characterize the concept of "health industry management”. The
application of a mathematical model of a cybernetic system for use in a system of IS is substantiated. The main
components in the management of this system are presented. The general principles of management HI are
classified. The application of the national standard of the Russian Federation "Occupational safety and health
management systems" in the field of HI is justified.

KiroueBbie cJ1oBa: qpei}BLI‘IaﬁHaﬂ CUTyalus; UHAYCTpUA 310POBbA; CHUCTEMHBIH aHaJIu3,
KﬂﬁepHeTquCKaH CHUCTEMa, CUCTCMAa MCHCIPKMCHTA, 0e30MacHOCTh TpyZAa U OXpaHbl 310POBbA.

Keywords: Emergency situation; health industry; system analysis; cybernetic system; management system;
occupational safety and health protection.

BBEJEHUE

B duncrie OCHOBHBIX 3alad MO PEHICHHUIO MPOOJIeMBbl OOecricucHHs OC30MaCHOCTH YKH3HEICITEIBHOCTU
(BX]I) sBnsiercs pa3paboTka MPOPHUIAKTHYCCKIX MEPOIPUATHI, HANPABJIICHHBIX HA COXPAHCHHE ONTHMATBHOTO
310pOBbSI YEJIOBEKA U A0JIT0M TBOPUECKON aKTUBHOCTH.

[Ipu 3TOM 00BEKTOM U3yUCHHSI STOH MPOOIIEMBI SBISIETCS Cpefa OOUTaHUS, T.€. OKPYKAIOIIas MPUPOIHAS
cpema (OIIC), a mpemMeToM WU3YYCHHS — CaHHTapHBIE OCOOCHHOCTH IIPOW3BOACTBEHHBIX IIPOLECCOB,
obopynoBaHuss W oOpadaTbIBacMBIX MAaTCpHAIOB C TOYKH 3PCHHS BIUSHUA Ha HUX 4YEIIOBEKAa, a TaKkKe
CaHWTapHBIC YCIOBHSA TpPYyHa, M3MCHEHHE (u3momorndeckux (yHKIWHA B mpolecce padOTBI U COCTOSHHE
3I0pOBBS pabOTAOMIIHX.

Ha puc. 1 mpencraBieHbl (hakTopbl, (HOPMHUPYIOIIHE 3I0POBbE, KOTOPHIC BBIACISAIOT TUTHCHHYECKAs U
9KOJIOTHUECKasi HAYKH.

GAKTOPbBI
— 1 I
A
Hac/NeaCcTBEHHLIE, 3INUAEMHUYECKHE, HapoaHo-

T.8. TEHETHYECKM T.2. 0BYCNOBNEHHBIE KAMMaTUYECKKE,
DE\I'EJ'IDBJ'IEHHI:IE BHOXMMHUYBCKMMH —= Ebl3blBaHOWMe pOCT
daxTopsl, 0COBEeHHOCTAMMK NPOCTYAHbIX

dopmupyiome MeCTHOCTH, 3abonesaHmii
HacneacTBeHHbIe NPHBOAALLMX K
BEEDHE‘EHHHH BOIHWHKHOBEHWHDY
INUOEMHHECKHUX npodeccmoHan-
3abonesaHui HblE,
perMoHanbHble T.2. haKTopkl
0COBEHHOCTH | .| npousBOpCTEBEHHOMO
MECTHOCTH, couManbHble npouecca, cnocobHele
NPUBOAALLME K (nuTaHue, cbpas NPUBECTU K Pa3BUTHIO
BOZHWKHOBEHMHD, HMUIHM, npodzabonesaHmi
Hanpumep, coumanbHoe
NpUMpOAHO-04aroBbIX Bnarononyune)
MHpEHRLWA
MEAMKO- IKONOTHYECKME
Buonorvyeckue

Puc. 1. Ocnosuvie gpaxmopwi, popmupyrowue 300posve HaceleHus.

[Ipu aToM Hacnenue, o naHHBEIM BeemupHoii opranusaium 3npasooxpanenus (BO3), popmupyer no 25%
MaTOJIOTMM 4YeJIOBEKa, a B OTHEIBbHBIX CTPaHaX B MX PETHOHAX MPOLEHT 3KOJIOTHYECKH OOYCIIOBIEHHBIX
3a00JIeBaHUIT MOXET OBITh U CYIIECTBEHHO BBIIIIE.

Crnenyer OTMETUTb, YTO UCCIIEAOBAaHUAMH, BHIIOIHEHHBIMU B Pa3HBIX CTpaHaX MHpa, B T.4. U B Hallel
CTpaHe HaKOIUIEH OOJIBIION MaTepual, XapaKTepH3YIOIINi IKOJIOTHUECKHE U3MEHEHUS IPUPOIHOM Cpebl U uX
BIIMSTHHE HA 370POBbE UEIIOBEKA.
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Bo Bce Bpemena, ocobeHHo B XX Beke, pa3BUTHE OOINECTBA OCYIIECTBISUIOCH YEPE3 CO3IAHHE HOBBIX
TEXHOJIOTHA MaTepHaJbHOTO NMPOM3BOACTBA, KOTOPOE HAIPABISIIOCHh HAa YAOBICTBOPEHHE BCE Oosiee pacTymux
MOTPeOHOCTEHN 1O Mepe BBIXOZa Ha HOBBIE TOPU30HTHI MATEPHAIIBHOTO OIarocoCTOSHHUS.

3a4acTyl0 4YEeIOBEKOM Ml 3TOTO HCIIOJIB30BANNCH JIOOBIE, B T.4. HEONpaBJaHHBIE cpencTtBa. OmHAKO
HETb3s 3a0bIBaTh, YTO KaXK/asi HOBas TEXHOJIOTHSA — STO HE TONBKO BO3MOXKHOCTH, HO M OMAaCHOCTH, yIPO3bI,
PHCKH, KaTacTpO(dbl, TOCIEICTBUS KOTOPHIX MBI AaJI€KO HE BCETa MPEACTABIISIEM.

Jpyrumu ciioBamH, Mbl 4acTO 3a0bIBaeM, YTO HHM OJMH BHJ YEJIOBEYECKOH JEATEIHHOCTH HE HMPHUHOCUT
ToJbKko Onara. Co3naHHas YENOBEKOM MOIb, €CIM OHAa HE OCHAIleHa HaJEKHBIMU CPEACTBAMH 3alllUTBHI,
TOPMOJKEHHUS, OTKIIOUEHHUs] MOXKET MOBEPHYTHCS HeucnpaBuMon O6enoi. E€ nCTOUHMKAaMU SIBIISIOTCS 3JI€MEHTHI
TeXHOC(EpPHI, a TAK)KE OMINOOYHBIE WIIN HECAHKIIMOHUPOBAHHBIE JICHCTBHS YEIOBEKa.

YenoBeUueCTBOM CHHTE3UPOBAHO OKOIO 7 MIH. sjoB. Hamie reHerndeckoe Hacieque OKa3auoch
HEMOATOTOBJICHHBIM K TaKOMy HamecTBHIO. JIIOMM yMHUpAlOT, a Bpaud Jake HE B COCTOSHHUM OIPENENUTh
NPUYUHY CMEPTH.

[Ipn 3TOM MOSBISAIOTCS HOBBIE W CTapble, 3a0BITBIE YEIOBEKOM BO30yOWTENH OONE3HEH, BAKIMHBI OT
KOTOPBIX OTCYTCTBYIOT. C KaXXIbIM TOJOM BcE OoJiee CIOXKHOW CTAaHOBHTCS 3KOJIOTHUYECKas oOCTaHOBKa. B
ropozax P® Tomsko 15% HaceneHus NpoKUBAIOT HA TEPPUTOPHHU C YPOBHEM 3arpA3HCHUH B Ipeienax HOPMBI.

Ha pabounx mecTax, HE COOTBETCTBYIOLIMX CTaHAapTaM O€30MacHOCTH Tpyna, Tpyasarcs 6omee 20% ot
001Iel YNCIeHHOCTH PabOTaIOIIHX.

B cBsi3u ¢ 3THM, aKTyalnbHOH 3a1aucii BceX YPOBHEH MHPOBOIo coo0IecTBa (0T TOCYAapCTBa A0 KaXI0To
OT/EJIBHOI'O YeJIOBEKa) CTAHOBSTCS IMOCTOSHHBIE YCHIIHSI [0 IPOTHUBOICHCTBHUIO KatacTpodam. [Ipu aTom npexze
BCCI'0 IO UCKJIIYCHUIO WU CMATYCHUIO FHy6I/IHHI)IX MPpUYUH UX BOSHUKHOBCHUA.

CHCTeMHBIH COIHMAIbHO-IKOHOMUYCCKUN Kpu3uc B P®, paspasuBmmiics B 90-x romax, BbI3Baj
ycToiuuBBIA pocT ypesBbruaitHbix cutyaruii (UC) texHorenHoro xapakrtepa. Ha puc. 2 mpeacraBnensl UC
TEXHOT€HHOTO XapaKTepa, JOMUHUPYIOIINE B HACTOAIIEE BPEMS.

YPE3BbIYAMHbIE
CUTYALUU

I S

1
TPaKTOpPHbIE NoMapbl ¥ B3pbIBbI NnoMapbl K
aBapum —  («e TEXHONOTMYECKoro 0bpyLIeHNA KUNbIX
25...32% obopyposaHuna - *+— W agMWUHMKCTPa-
8...39% TUBHbIX 303aHWNM -
aBapHN ¢ 21...39%
BbIbpocom ABapPUM Ha
TOKCUYHbIX [= KOMMYHaNbHBIX aBapuM Ha
BELLEeCTB - CUCTEMAX HU3HEe- = Tpybonposoagax-
8..12% obecneyeHun - 4..8%
7..15%

Puc. 2. Ocnosnvie '-tp€36blllalZHbl€ cumyayuu mexHoceHHo2o xapakmepa.

Kpowme toro, exxeronno npoucxoaut 230...250 npupoausix katactpod u UC, u3 Hux 35% npuxomsrcs Ha
HaBojHeHus1; 19% - Ha yparassbl, OypH, TOpMbl, cMepur; 14% - Ha cuIbHBIE M 0c000 ITUTENBHBIE JOXIH; 8% -
Ha 3emutetpsiceHus ¥ 21% - Ha o1os3HM, 00BAJIBI, CEJIM M CHETOTaIbl.

ITpu sToM 3a mocnexHue 15 JeT OT OMacHBIX NMPHUPOAHBIX siBIeHW B P® mornbmm 4,5 Thic. 4enoBek,
noctpanany cseiie 85 Teic. OOmuit yniepo cocrasui 7...8% 0T BaJloOBOTO ¥ HAIMOHAIBHOT'O ITPOIYKTA.

Takum o00pa3oMm, BO3ICHCTBHE YEIOBEKa Ha OKpyxkarolnyr mnpuponnyr cpeay (OIIC) HeoOxomumo
paccMaTpuBaTh Kak HpPOILECC, B KOTOPOM 4YelIOBedYecKas AEATENbHOCTh, T.€. TaK HAa3bIBA€MbIE AHTPOIOIE€HHbBIE
(hakTopBI, BBICTYAET B KAYECTBE OCHOBHOTO MPUpPOAOIpeodpasytomiero ¢pakropa [1,2].

OCHOBHAA YACTb

KiroueBbIM CHCTEMHBIM TOAXOJOM K YIIPaBICHHIO c(epoil OXpaHBI 30POBBS SBIAETCS (opMaTU3aIvs
TIOHATHS «YIIPaBJICHUE UHTyCTPHUEH 3I0POBBSI».
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AnexkBatHas (QopManm3anps TPENCTaBICHWA O [edx, 3afadaX, CTPYKType ©  HIpUHIAINAX
dynknmornpoBanus M3 HEBO3MOXKHA CEroHS 0€3 IMMPOKOTO HCIOJIb30BAHUS METOJIOB M CPEICTB CUCTEMHOTO
aHaJIM3a.

[Ipu stom mon M3 moHMMaeTcs MHOKECTBO B3aWMOCBA3aHHBIX W B3aUMOJCHCTBYIONINX MEXAY COOOM
XO3STCTBYIOINX CYOBEKTOB, PEaM3YIOMIMX B MPOIECCEe CBOETO COTVIACOBAHHOTO (DYHKIIMOHHPOBAHUS OOIIYIO
IeNTb — OXpaHa U YKPEeIUIEHUE 3[0POBhS HACEIICHUS.

JTr00y10 KHOSPHETHYECKYIO CUCTEMY MOXKHO OIHCATh C TIOMOIIBIO CICTYIONICH MaTEeMAaTHICCKONH MOICIIH:

x=flr.tuvw..Z) (1)
rae x(t)} — BEKTOp COCTOSTHUYN CHCTEMBI,
t — Bpems;
U, V, W, ... — yIpasisrone QyHKIMU CyObEKTOB CUCTEMEI,

£(t) — Hekast crmydvaitHast BeKTOP-(OYHKIIHSL.
Bce cyObeKThl KHOEpHETHYECKON CHCTEMBI MMEIOT CBOM OOBEKTHBHBIC IEJIH, KOTOPHIE B TEOPUU CHCTEM
(hopMynUpyIOTCS B BHJIE 33]]a4l MaKCUMH3aluK (QyHKIIMOHATIA:

J; = max, @

rie i — HoMepa CyObeKTOB CHCTEMBI.

Cneayer OTMETHTb, YTO BPsA JM KOrAa-HUOYAb OyAeT MOCTpOoeHa MaTeMaTHuecKas MOJENb, abCONIOTHO
aJIeKBATHAS CTOJb CIIOKHOMN COIHAFHO-IKOJIOTHYECKO CHCTeME, KaK HHAYCTPHS 310POBbSL.

Tak B caMoM 00IleM ciydae, T.e. MHBAPHAHTHO HPHPOJE CHCTEM, II0J] YIPABICHHEM MOHHUMAETCsl HEKOe
BO3/ICHCTBIE, OCYLIECTBISIEMOE C LENBIO IEPeBOa 00BEKTa YIIPABICHHS U3 OZHOTO JOIYCTUMOTO COCTOSIHHS B
Ipyroe.

CdopMynupoBaTh yIpaBISIOIICE BO3ACHCTBHE — 3HAYUT OMPEICIUTh, YTO KaK U B KaKOil Mepe JOIDKHO
M3MCHHUTHCS B OOBEKTE yIIPaBICHUSL.

ITpu 5ToM B yrpasienun VI3 MOXKHO BBIICIHUTH TPU OCHOBHBIE COCTaBISIOIIHE (pHC. 3).

COCTABNAKOLWHE
B ynpasneHuu U3
¥
pa3paboTka pa3spaboTka obecneyeHue
npeacTaBNeHui o TexHonorum (nnaxa) COOTBETCTBMA MEM Y
KOHEYHbIX OCYLLECTBNEHMA TeopeTH4eCKMMMH
pe3synbTaTax MeauKo- NpeacTaBAeHMAMM M
OeATeNbHOCTU U NPOW3BOACTBEHHbIX peanbHbIMU
ocobeHHoCTAX NpoLeccos npoueccamu u
GYHKLMOHWUPOBAHMA (npeacTagneHnii o pesynbTatamu
AAHHOro CeKTopa cnocobax
IHOHOMMKMEM ADOCTHHEHMA
OMMOAEMbIX
pe3ynLTaToR)

Puc. 3. Ocnoeuvie cocmasnsowue 8 ynpagieHuu uHoycmpuetl 300p08bsi.

IIpu sTOM cCrnemyeT OTMETHUTh, YTO paccMoTpeHrHe M3 Kak CHCTEMBI IO3BOJIIET BBIIBUTH IPUYHUHBI
Ha3peBIINX MPOOJIEM, IIEPecMOTPETh QYHKIMH, CTPYKTYpPY U OpPTraHU3alHuIo e€ NeaTelIbHOCTH, a TaK)Ke HAMETHTh
MyTH pellleHus] yIpaBlIeHYeCKHX 3a1a4 [ 3, 4].

OpHako 0co0oe 3HaYeHHe CHCTEMHBIH MOAXO0 MPUOOpETaeT npu:

- pa3pa0OTKe M pealn3alMy IIEJIEBBIX KOMIIEKCHBIX MPOTpaMM IO Pa3IMYHBIM BHJAM MEAWIIMHCKOMN
MOMOIIH (KapIHOJIOTHYECKOH, XUPypPruuecKoi, CTOMaTOIOTHUECKOH 1 T.11.);

- pa3paboTKe M pear3aluy JoITOCPOYHbIX TPOTHO30B U IJIAHOB UX Pa3BUTHUS;

- peopranm3ammu W3 B menoM (C y4€TOM KOMIUIEKCA COLHAIBHO-MEAWIIMHCKUX, 3KOHOMHUYECKHX,
TICHXOJIOTHYECKUX U JIP. KPUTEPHEB);
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- ONITHMHM3AIINY PACTIPEACIICHUS PECYPCOB B PErHOHAIBEHOM MacIuTade;

- obecnieueHnn 6oree 0O0CHOBAHHBIX YIIPABICHICSCKUX PEIICHH;

- KOMIUIEKCHOH OIIEHKE MOIYJISIHOHHOTO 310POBbS;

- CO3IaHMH CHCTEMbI OPTaHN3aLUOHHO-TIPABOBON TOKYMEHTALH.

B stotii cBs3m, BaxkHenmmM 11t U3 sBisercs oOecrieueHne MpeeMCTBEHHOCTH JIedeOHO -TPOQMITaKTHISCKIX
MEPONPHATHIL, UX 3TATHOCTH M 00OOCHOBAaHHOCTU. Kpome TOro, B CHCTEMHOM aHaJIH3e HYXKIAFOTCS LEIH, 3a1aun
1 00BEKTHI U3YUYEHUsI B paMKaX COLMAIbHO-TUTHEHUYECKUX U SKOHOMUKO-TIPABOBBIX UCCIIEIOBAHHH.

Hcxons u3 neneit u 3a1a4 31paBOOXPaHUTENLHOM JIESITENEHOCTH, MOXKHO C(OPMYJIHPOBATh B LIEJIOM 00IIHe
HnpUHIMNEI ynpasnenus U3 (puc. 4).

| nPuHLMABbI
4 1 i |
MeguKko- NPHOPHUTETHOCTH CHCTEMHOCTH NPaBoBoM perna-
cOLManLHoM BOCNPOWIBOACTE YrpaBneHUA MEHTALMH yNpas-
OpHUEHTALMK [ a HAaCeneHWA | neHus MHOYCTpUEi
HHAYCTPHM CTpaHE eNMHCTES 3N0pOBLA
300pP0OBEA TEODPWMH W NpPak-
OpHEHTALMH THHM yNpasne- [ PAHMMHPOBAHKWA
Hay4YHoR MHOYCTEMK HWA MHAYCTPHK s o0LeKToE
oB0CHOBAHHOCTH | 3A0pPOBLA HA 300pPOBESA yNpasneHua
NPHHUMIAEMBIX L WHHOBALMOMHBIA
YNpagheHYacix NyTE PA3BAUTHA OpraHW30BaHHOC COCMOCTaBHUMOC-TH
peLweHniA TH yNpasneH- PAZNMYHEIX BAPWaH-
cneudanuiaunuM, YECHWX npouec- [+ TOB yNpagneH-
COXPAHEHKWA M YHHEEDCANKW3a- COB B MHAYCTPMK YeCHKWX pELLIEHHI:i
Pa3BHTHA ] LMK M FN0P0BLA
HOHKYPEHTHBIX UeHTpaAM3aumm pauHoHaneHOro
nperMmyllecTe b YyNpasneHna COMETAHWA PAZNKM-
MEWHO- | Hbix dopm ynpas-
NPOMIBOACTEEH- NEHWA B WHOYCTPWM
HblX ODLEKTOE INOPOERA

Puc. 4. Knaccuguxayus obuux npunyunos ynpagienusi uHoycmpueu 300p0osbsi

Packpoem ocHOBHBIE IOHSITHS TEOPUM CHCTEM NPUMeHHTeIbHO K U3.

B cooTBeTcTBUM C JIOTHKOH CHCTEMHOTO 1OJIX0/1a K ynpasyeHuio M3 B Teopuu 1 Ha MpakTHKEe HEOOXOAUMO
pa3nuyath:

- yrpaBjieHue GyHKIHOHUPOBaHUEM cuCTeMbl U3 B 3aJaHHBIX YCIIOBHSX;

- ynpaBieHue pa3BuTHeM M3 kak CUCTEMBI.

Ilpu sToM B mepBOM ciydae pedb WAET O KOMIICHCALMM BHYTPEHHHMX M BHEUIHHX BO3MYILEHHH 0e3
W3MEHEHHUs BBIXOAHBIX MapaMeTpoB M3, a Bo BTOpoM - 00 ymnpaBiIseMOM W3MEHEHHH BXOIHBIX M BBIXOJHBIX
nmapameTpoB cucteMsl M3 B 0TBET Ha M3MEHEHNE COOTBETCTBYIOIIMX MTapaMEeTPOB BHEIIHEH Cpebl.

B Hacrosmiee BpeMst pa3iudHbIe OTPAciH MPOU3BOACTBA PO MpOsBIISIOT pacTyIlyio 3aMHTEPECOBAHHOCTh B
JOCTHXEHUH U IEMOHCTPAINU BECOMBIX PE3YJIbTATOB B 00JIacTH 0€30MacHOCTH Tpyaa U oxpansl 310poBbs (BT u
03) nytém ympasieHus puckamu B 06acti BT n O3 cornacHo UX MOIUTHKE U IEJSIM B 3TOM obnactu [ 5 — 7].

Ora JeATeNbHOCTh OCYIIECTBISIETCST B  YCIOBHSAX pacTyllMX TpPeOOBaHWH, COBEPIICHCTBOBAHMS
9KOHOMHUYECKOH MOJHUTHKH U JPYIHX Mep, HallpaBJICHHbIX HA MOJUIEPXKKY IEepeaoBoro omeita B obnactsax BT u
03, a TakxKe B YCIIOBHSX Bo3pacTaronield 03a004€HHOCTH 3aUHTEPECOBaHHBIX CTOpoH Bonpocamu bT n O3.

[Tpu 5TOM moJMTHKA B 00J1aCTH 6€30MACHOCTH TPY/AA M OXPAaHbI 310POBbS TOJIKHA!

—COOTBETCTBOBATH XapaKkTepy M MacmrTady pruckoB opranusaiyu B oomactu bT u O3;

—BKJIIOYaTh 00S3aTENBCTBO MO MPEAYNPEKIACHUIO TPAaBM M yXYIIIECHHUS COCTOSHHS 30POBBS, a TaKKe IO
MOCTOSTHHOMY yiryumieHuto MmeHemkmenta bT u O3 u moka3zateneit nesirensaocTr B odnactu BT u O3,

—BKIIIOYaTh 00s3aTeIbCTBA KaK MHHHUMYM, COOTBETCTBYIOIINE NPHMEHSIEMBIM IMPAaBOBBIM TPEOOBAHUAM H
npyruM tpeboBanusM B obnactu BT n O3. Koroprsie opranuzanus 06s3a1ach BBIOIHATh M KOTOPBIE KacaloTcs
e€ omacHocreili B o0actu BT u O3;

—C03/1aBaTh OCHOBY JUIsI yCTAHOBJICHHUS U aHanu3a 1esei B oonactu BT u O3;

—JOKYMEHTUPOBATbh, BHEAPSTH U MOAJEPAKHUBATL B AKTYalIbHOM COCTOSIHUM;

—ZIOBOJMTH IO CBEJECHHUS BCEX JIMI, KOTOpbIe palbOoTaroT MOJA YNpaBI€HHWEM OpraHu3allid, C ILEJIbI0
yBeZIOMIIEHUS 00 MX JIMIHBIX 00s13aHHOCTSIX B oOiactu BT u O3;

—OBITh TOCTYITHOW AJIS 3aMHTEPECOBAHHBIX CTOPOH;
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—MEPHOANYECKH aHATU3UPOBATh JUI O0ECIEUEHUsS] TOT0, YTOOBI OCTAThCS AKTYaIbHOW M MOAXOAAIICH [UIs
OpraHU3alHH.

BBIBO/IbI
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HHDOPMATHKA, BbIYHCNHTENbHAA TEXHURA H YIPABNEHUE

3KCIEPTHASI CUCTEMA NOJJEPKKU U IPUHATUSA PEINIEHUM 11O YIIPABJIEHUIO
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EXPERT SYSTEM FOR SUPPORT AND DECISION-MAKING ON THE MANAGEMENT OF
INFORMATION SECURITY OF OBJECTS OF CRITICAL INFORMATION INFRASTRUCTURE

Fisun V.V.

Candidate of Technical Sciences, Associate Professor

Federal State Budgetary Educational Institution of Higher Education "Kuban State Technological
University"

AHHOTa].ll/lﬂ. B cratne paccMaTpuBaAOTCA BO3MOKHOCTH (I)OpMI/IPOBaHI/Iﬂ 0assl 3HaHHI>i, KaK MHOTOareHTHOM
3KCHepTHOI>'I CHUCTCMbI TNMOAACPIKKU U TMPUHATUA peHIeHI/Iﬁ JOJDKHOCTHBIMHU JIMIIAMH 00BEKTOB I(pI/ITI/I‘IeCKOI\/'I
uHpopmanmonHoir wuHppacTpykrypsl (KWHW) u cuTyannoHHBIX BeZOMCTBEHHBIX IeHTpoB [0cCOIIKA,
OIPCACIICHBI peHIaCMbIC €O 3adadr, Ha OCHOBC HHXCHCPHUU 3HAHUH caciiaH BLI60p CTpaTeruu MNOJIy4CHU:A
3HaHUH «(pOpMHpOBaHUE 3HaHWIT». J(7 peanm3amuy BHIOPAHHOHN CTpaTeTHH IpeIaraeTcs MOAXOISIINN o
ycrnousaM npuMmenumoctd JACM-meron AIIHU (unayktuBsb Meton [[.C. Mwmna [8], pa3Butelii npu
MOJIepP’KKE areHTCTBAa MEepCHEeKTUBHBIX HAay4yHBIX HccienoBaHuit) [3]. B pa3BuTthe Merona mpejiaraercsi Bech
MPOIIECC pa3pelICHUsT HEOMPEACICHHOCTH, THOCEOIOrHUecKyo nenb «[Ipobnema — I'umotesa» [9] 3aBepinth
3BEHOM «3aKOH» C YCTAaHOBJICHHEM 3aKOHOMEPHOCTH OINpeJesieHNs] WAECHTU(HUKATOpa KOMIBIOTEPHON aTaku B
6J0Ke JI0’)KHOTO ceTeBoro nHpopmMarmonHoro oobsekTa (JICUO) cucremsr 3anmtsl nHdopmanuu (C31) obbekra
KU [3].

Abstract. The article discusses the possibilities of forming a knowledge base as a multi-agent expert system
for support and decision-making by officials of critical information infrastructure (CI1) facilities and situational
departmental centers of the State SOPKA, determines the tasks it solves, and on the basis of knowledge
engineering, the choice of the strategy for obtaining knowledge "knowledge formation™ is made. To implement
the chosen strategy, the APNI JSM method (inductive D.S. Mill method [8], developed with the support of the
Agency for Advanced Research) [3] is proposed, which is suitable for the conditions of applicability. In the
development of the method, it is proposed to complete the whole process of resolving uncertainty, the
epistemological chain "Problem - Hypothesis" [9] to be completed with the link "Law" with the establishment of
a pattern for determining the identifier of a computer attack in the block of a false network information object
(LSIO) of the information security system (I1SI) of the CII object [3].

KioueBble cjioBa: wuH(popmarmonHas  Oe3omacHocth  (MB), kputudeckas  wH(pOpMamoHHAs
uadpactpykrypa (KWUHW), wunrdopmammonnas cucrema (MC), wuckycctBeHnsrii wunHTemiekr (MN),
WMHTEJUICKTYya bHbIN aHanm3 gaHHbIX (MA), cuctema monaep:kku u npuHsatus pemenuii (CIIIP), 6a3a 3HaHuU#,
skcrieptHas cuctema (9C).

Keywords: information security (IS), critical information infrastructure (CIlI), information system (IS),
artificial intelligence (Al), data mining (DIA), decision support and decision system (DSS), knowledge base,
expert system (ES).

Lleny cmambu — pa3BUTHE TOCYIAPCTBEHHON CHCTEMBI OOHApYKEHUS W MPEAyNPEeKACHHS KOMIBIOTEPHBIX
atak (I'ocCOIIKA) B HampaBieHHMHM WHTEIUIEKTYAIM3allMK IPOLECCOB YNpaBJICHUS HWH(HOPMALMOHHOM
0e30macHOCThIO, JanbHEimmas pa3paboTka OCHOB W TNPUHOWIOB  (YHKIMOHWPOBAHUS  DIEMEHTOB
TOCYAApCTBEHHOW WHTEIUICKTYalIbHOW CHUCTEMBI YyIpaBieHus wuHpopmamnmoHHOoW Oe3omacHocThio (MCYUDB)
00BEKTOB KPUTHIECKON HHPOPMAIMOHHOW HHPPACTPYKTYPHI.

B mnpomomkeHue wWcCIEIOBAaHWH B HANpPABICHWM WHTEIUICKTYaJM3allMd CHUCTEMBI  YIPaBICHHUS
nHpOpManmoHHON Oe3omacHocThI0 00BekTOB KNI, Kak cpencTBa pa3pemeHust HeopeaeIeHHOCTH CUTYallud U
[[EJIEBOTO BO3JEHCTBHA KOMITBIOTEPHBIX aTaK, a TaKKe KHOCPHETHYECKHX BO3IACHCTBUI MPOSBIISIONINXCS
AHTPOIIOTEHHBIX Yrpo3 0e30HMacHOCTH MH(OPMAIMH BO BCEM CIEKTPE COOBITHH, MHIMICHTOB M aTak, JJIs WX
HEoOX0MMOro OOHapy>KeHus M TpeaynpexaeHus [3] mpearaercss paccMOTPETh C IMO3MIMH CHCTEMHOTO
aHanM3a (YHKIMOHAJIBHOE COAEp)KaHWE OTIENBbHBIX CTPYKTYpHBIX aemeHToB MCYUDB, B wactHocTH 0a3bl
3HaHMH, KaK MHOTOAr€HTHOM 3KCIEPTHONW CHUCTEMBI MOJJICPKKH U IPUHSATHS PELICHUH JTOKHOCTHBIMH JIMLIAMH
o6bexToB K1 1 curyanmoHHbIx BegoMcTBeHHBIX HeHTpoB ['ocCOITKA [1].
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LentpanpHas mapagurMa WHTEIUICKTYalbHBIX TEXHOJOTHHA CErogHs — 3T0 o0paboTka 3HaHWHA. CHCTEMEI,
SIPOM KOTOPBIX ABIISIETCA 0a3a 3HAHWHN MIIM MOJENb IPEAMETHOMH 00JIacTH, OTTMCAHHAS Ha SI3BIKE CBEPXBBICOKOTO
YPOBHSI, MIPHONMKEHHOM K €CTECTBCHHOMY, Ha3BIBAIOT MHTEIUICKTyanbHEIMA. HauboJiee pacnpocTpaHeHHBIM
BuaoM UC sBasiiores ykcneptHblie cucteMsl (IC) [S]. Haunbonpmue tpynaoctu B pazpadorke IC BBI3BIBaET
CEeTONHS HE TPOIECC MAITUHHON peann3aliil CUCTEM, a TOMAIIMHHBIN HTall aHaJIW3a 3HAHAN U MPOCKTHPOBAHUS
0a3pl 3HAaHUN. DTHM 3aHIMAETCS CIIIMaIbHas HayKa — HHXCHEPHs 3HAHMUI.

B nenom mpouecc ¢ynkumonupoBanus IC MOKHO NHPEACTaBUTH CIEAYIOIIMM 00pa3oM: MOJb30BaTelb,
JKEJIAIOUIMH TTOJTyYUTh HE0OXOIMMYI0 HH(OpMaNHIo, Yepe3 MoJIb30BaTeILCKUH HHTEP(ENC MOChIIaeT 3arpoc K
3C; pewarens, MoJab3ysACh 0a30i 3HAaHWH, TEHEPUPYET U BBIACT MOJIB30BATEIIO0 MOAXOISIIYI0 PEKOMEHIALMIO,
OOBSICHSIS XOJI CBOMX PACCYXKJCHHUI TP MOMOIIIH TOJCUCTEMBI 00bsCHeHUH (pUCYHOK 1) [5].

Pawarens
Wrreptheic s EBesa P HHTBJ;J;:thHH
nonL3oRaTens 3HaHHA 6a3e) SHAHMA
I MapsucTaMa : ¢
ofkAcHEeH WA

® | ®+Q

Pucynox 1— Obobwennas cmpykmypa sKChepmHot Cucmembi.

Humepdheiic nonv3oeamenn — KOMIUIEKC MIPOTPaMM, PEATH3YIOMNX AWAIOT Hosb3oBarensi ¢ OC Kak Ha
CTaIHu BBOAA MH(MOPMAIMH, TAK ¥ IIPH MTOTYIECHHH PE3yIbTaTOB.

basa 3nanuii (b3) — saapo OC, COBOKYIMHOCTh 3HAHHUN MPEAMETHOH 00NacTH, 3amvcaHHas Ha MallMHHBINA
HOCHTENb B (hOpME, MOHSATHOW 3KCHEPTY W IOJIH30BATENIO0 (OOBIMHO Ha HEKOTOPOM SI3BIKE, MPUOIMKEHHOM K
ecTecTBeHHOMY). [lapayenbHO TakoMy «4eIOBEYECKOMY» MPENCTAaBICHHUIO CymiecTByeT b3 Bo BHyTpeHHEM
«MaIIMHHOM» NPEJICTaBICHHUH.

Pewiameny — mporpaMMa, MOJCIUPYIOIIAS XOJ PACCYXKACHUH OHKCIepTa Ha OCHOBAHUHM 3HAHHM,
nmetonuxcs B b3 [2]. CHHOHUMBI: 0e0yKmueHas mawunda, Mawuna 6b1600a, 010K 102U4eCK020 6b1800a.

Pemaemsbie OC 3amaun, ananoruunsie 3anadam ['ocCOITKA [4] :

Humepnpemayua Oannpix. OTO OIHA U3 TPAIUIMOHHBIX 3a7ad UL AKCHEPTHBIX cucteM. [lox
HMHTEpIpeTanneil MOHUMaeTCs MPOIecC ONPENeNeHUs] CMbICTa JaHHBIX, PE3yJIbTaThl KOTOPOTO JOJDKHBI OBITH
COTJIACOBAHHBIMM M KOPPEKTHHIMH. OOBIYHO MpeaycMaTpHBaeTC] MHOTOBapHAHTHBIM aHalW3 JaHHBIX. B
YaCTHOCTH - OOHapy>XeHHE W WACHTU(UKALUSA PA3INYHBIX TUIOB OOBEKTOB NMpPEAMETHOH obiacTu (Hampumep:
THUITa KOMIIBIOTEPHOH aTakw).

Huaznocmuka. Tlon TMarHOCTHKON MOHUMAETCS NPOLECC COOTHECEHMS! O0OBEKTa C HEKOTOPHIM KIACCOM
00BEKTOB, WM OOHApY)XEHHE HEHCIPAaBHOCTH B HEKOTOPOH cucteMe. HencnpaBHOCTH — 3TO OTKIOHEHHE OT
HOpMBIL. Takast TpakTOBKa MO3BOJISET C €MHBIX TEOPETHYECKUX MTO3HUIUH paccMaTpuBaTh U HEUCTIPABHOCTH 000-
PYIOBaHUS B TEXHHUECKHUX CHCTeMax, M 3a00JieBaHMA >KUBBIX OPraHM3MOB, M BCEBO3MOXKHBIE IPUPOIHBIC
aHOMAaNUH (IIPOSBICHUS KOMITBIOTEPHBIX aTaK).

Monumopune. OCHOBHas 3ajladya MOHWTOPHHIa — HEMpPEPBIBHAs MHTEPIPETalus TaHHBIX B pPEaJbHOM
MacmTabe BpeMEHH M CHUTHAJIM3alksA O BBIXOJAE TeX WM HHBIX IapaMeTpoB 3a JOIMYCTHMBIE Mpenensl (K
MpUMEpPY, MPOTPAMMHOIO JECTPYKTHBHOTO BO3ACHUCTBHS). [J1aBHBIE NMPOOJIEMBI — «IPOIYCK» TPEBOXKHOU
CHTyallUM ¥ WHBEPCHAas 3ajada <«IOXKHOro» cpabarbiBaHus. CIOXHOCTH 3THX MpoOIEM B Pa3MBITOCTH
CHMIITOMOB TPEBOKHBIX CUTYallMi 1 HEOOXOIMMOCTh y4eTa BpEMEHHOTO KOHTEKCTa.

Ilpoexmuposanue. TIpoeKTHPOBaHNE COCTOMT B MOATOTOBKE CHEHU(HKALMKA HA CO3/IaHHE «OOBEKTOBY C
3apaHee ONpe/iesleHHBIMU cBoWicTBamMu. Ilox, crenupukanneil moHMMaeTcss Bech HA0Op HEOOXOIMMBIX
JIOKyMEHTOB — 4epTE&X, MOSICHUTEIbHAS 3anucka U T. 1. OCHOBHBIE NPOOJIEMBI 3/IeCh — IOJyYEHHUE YETKOTO
CTPYKTYPHOTO ONMCaHUs 3HaHUH 00 oObekTe U npodiema «cnena». B wactHocTH, HacTosimmid atan s UCYUb
MOJKHO OIIPEIENINTh, KaK Tall CTPYKTYPHOTO MIPOSKTHPOBAHUS [2].

Ilpozno3uposanue. TIporHo3MpoOBaHNE TTO3BOJISET MPEICKA3BIBATE MOCIEACTBHUS HEKOTOPHIX COOBITHH HITH
SBJICHWH HAa OCHOBAaHMHM aHAJIN3a HMMEIOUINXCS MaHHBIX. [IPOTHO3ZMPYIOIINE CHUCTEMBI JIOTHYECKH BBIBOIST
BEpOSATHBIC CIIEACTBHA U3 3aJaHHBIX CHUTyalwid. B mporrosmpyromeil cucteMe OOBIYHO HCIOIB3YETCs
nmapamMeTpuuecKkas IWHAMHYeCcKass MOJeNb, B KOTOPOW 3HAYEHHUS IapaMeTPOB «IIOATOHSIOTCS» TOJ 3aTaHHYIO
cuTyanuio. BriBomumBble W3 3TOW MOJIENH CIIEACTBHSA COCTABISIIOT OCHOBY JUIS NMPOTHO30B C BEPOSATHOCTHBIMH
onenkamu. Ha ocHoBanuu nmpornosa pemaerca 3afgaua ['ocCOIIKA npenynpexxaeHns KOMIbIOTEPHBIX aTak.

Oédyuenue. Tlon oOydyeHHEM IIOHHUMAaeTCsl WCIIOJIB30BaHHE KOMIIBIOTEpa Ui OOydYeHHsS KaKoi-TO
JUCLUILIMHE Wi npeaMery. CucreMbl oOydeHus, B T.4. «MamMHHOTO» [11], AMArHOCTUPYIOT OMIMOKH NpH
M3y4YEeHUH KaKOH-TMOO0 MUCHUILIMHBI ¢ rmoMouibio DBM M mojcka3biBalOT NpaBHIIBHBIE pPEelIeHHs. JTa 3ajada
HeoOxoxuMa Juis Lelnei o0yuenns nepconana oobrekro KM pabote B cpene GyHKIMOHUPOBAHUS SKCIEPTHON
cuctemsl [4].
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Ynpagnenue. Tlon ynpaBneHueM moOHMMAeTCsl (DYHKIHSI OPTaHU30BAaHHOW CHCTEMBI, IOJICPKHUBAIOIIAS
OTIPEZICTICHHBIN PEXUM AearesbHOCTH. Takoro poxa OC OCYIIECTBISIOT YNPaBICHUE IOBEICHUEM CIOXKHBIX
CHCTEM B COOTBETCTBUH C 3afgaHHBIMHU crerudukanusiMu. B pamkxax MCYUDB 3amanme cnenudukaimit
OTIPEZIETAET MOPSIIOK B3aUMOAEHCTBHUS CTPYKTYPHBIX 3JIEMEHTOB CHCTEMBI.

Iloooepicka npunamus pewenuii. Ilognepxka NPUHATUS PELIEHUS — 3TO COBOKYIIHOCTb HPOLEAYD,
obecrieunBaromas JUNO, NPHHAMAIOIIEE pEUICHHs, HeoOXoauMon wWHoOpManmueil W peKOMEHAAIHsAMH,
o0JieryalomumMy  mpolecc NpuHATHA pemieHus. Ot OC MOMOraloT —CHenuajucTaM BbIOpaTh  W/HIH
c(OpMHUPOBATh HYKHYIO aJIbTEPHATHBY CPEI MHOXKECTBA BHIOOPOB IPU NPUHSATHH OTBETCTBEHHBIX PEIICHUI.
Orto nenenas 3anada paspadarsiBaemoit IC.

B o0miem cirydae Bce CHCTEMBI, OCHOBAaHHBIE Ha 3HAHHSX, MOXHO MOJPA3ACINTh Ha CUCIEMDb, pelialoujue
3adauu ananuza, U Ha cucmemsl, pewiarouwiue 3a0auu cunmesa [2]. OCHOBHOE OTIMYME 337ad aHANIMU3A OT
3a/a4 CHHTE3a 3aKIIoYaeTcss B TOM, YTO €CJIM B 3a/Jadyax aHajgh3a MHOXECTBO pEIIeHUl MOXeT OBITh
MEPEYNCICHO W BKIIOYEHO B CHUCTEMY, TO B 3ajJadax CHHTE3a MHOXKECTBO PEIICHHI ITOTEHIMAIbHO HE
OTPAaHUIEHO U CTPOUTCS U3 PEIICHUH KOMIIOHEHT WM MOAIpoOieM. 3aJadyaMy aHaInu3a SBISIOTCA: HHTEpIIpeTa-
U JaHHBIX, TUATHOCTHKA, MOAJAECP)KKA MPUHATHS PEIICHUS; K 337adaM CHHTE3a OTHOCSTCS IPOSKTHPOBAHME,
TUTAaHUPOBaHKE, ypasieHne. KomOnHupoBanHsIe: 00ydeHHe, MOHUTOPUHT, IPOTHO3UPOBaHuE [2].

MO>XHO BBIAEIHTH TPH OCHOBHBIC CTPATETWH MPOBEACHUS CTAAWU IMOJyUCHUs 3HaHMH mpu paspaborke OC
(puc. 2):

1.C wucnonp3oBanueM OBM mpu HanuduM NOAXOIAIIETO IPOTPAMMHOIO HMHCTPYMEHTapHs, HHaue
npuobpemenue 3HaHUM.

2.C uCcronb30BaHHEM NpOrpaMM OOYUYeHMs INPHU HAIMYMHM DENpe3eHTaTUBHOH (TO €cTh J0CTATOYHO
MPEJICTAaBUTENLHON) BBHIOOPKH TPUMEPOB MPHUHITHS PEUICHUH B TPEeMETHOW 00JAaCTH U COOTBETCTBYIOIIMX
MIaKeTOB IMPUKIATHBIX [IPOTpaMM, HHAYE hopmuposanue 3HaHUI.

3.be3 ucnonap30BaHMS BBIYHCIMTEIBHOM TEXHUKH ITyTEM HETOCPEICTBEHHOTO KOHTAKTA HHXKEHEpa II0
3HAHWAM W MCTOYHUKA 3HaHWH (OyOp TO SKCIEPT, CHenualbHAs JUTEpaTypa WIN OPyTrHe MCTOYHUKH), HHA4e
u36nevenue 3SHaHUMH.

MoeHTHDMKaLXA Monyuerne .
npoBneme |:|J> IHAHMI .:>CTP)‘*TYD“9088HHB ,::>
¢ - }
B&3 NpruMaHaMna C npuMerHaHnam
IBM . IBM
v v = Y
1 Hasnedaxme 2 MNpuclpeTeHne q GOPMHOCBAHWE
3HAHWA FHAHMIA 3HAHMHA

Pucynok 2 — Cmpamezuu nonyuenus 3HaHui.

B cratse [3] B kauecTBe cTpaTernu MOJydYCHUS 3HAHUH CETaH BBIOOP B MOJIB3Y «(pOopMUpOBaHHE 3HAHUI
IO CJIEAYIOIIMM OCHOBAHUSM.

W3 oTMedeHHBIX ITpo6JIeM U IPOTUBOPEUHi CIIEAYIOT HaydIHbIE HalpaBJICHUS HccaenoBaHuit [3]:

. MOJIeNb IPEACTaBICHUS 3HAaHUH 00 aTakax BO BceM crieKTpe ux nposisieHuit (baza 3nanuit KA);

. naeHTudukanus KA Ha 0CHOBe HX KilacCH(pUKALINY;

. oneHka (axra BozaercTBus KA Ha ocHOBe MHpOPMAIMU OT CHCTEMBI 3aIUTHl HH(pOpManuu u 6a3bl
3HaHuil KA ans panpHeiero ux npenynpexaeHus U JMKBUIALUN OCIeICTBUN, yTouHEeHHE napameTpoB KA,
tdhopmupoBanue 6a3sl pakror (BD);

. JKCIepTHas OIeHKa mposBieHuil KA, momens neiictBuii mpu Hapymenun Wb, dopmuposanue
cueHapus npuHaTus pemenus JIIIP no ynpasnenuto npoueccamu Ub;

. nepefaya MO CONJACOBAHHOMY C TOCYAAPCTBEHHBIM DETYJISTOPOM MPOTOKONY OMHCAHUS HOBOU
yrpo3sl b (KoppekTHpOBKa paHee YCTaHOBJIECHHO) U MOJTOTOBICHHOTO clieHapust mpuHATHS pemenus JITTP mo
ynpasneHuto nponeccamu b B BJIY ®CTIK.

PaccmarpuBas mepBble /1Ba HAaNpaBJICHHS, KaK MEPBOOYCPENHBIE U aKTyalbHBIE, CIIEAYEeT YCTAaHOBHUTH, YTO
0a3a 3HaHWI, KaKk OCHOBa 3KCHepTHOH cucteMbl KA g npunstus pemenuid JIIIP mo moarotoBieHHOMY
CIeHapHi0 ympaBieHus npomeccamu Wb kputwmdeckoro o0bekTa, MpeACTaBiseTcs Kak 0aza 3HaHUI C
PENAIMOHHON HEOTPEIEIeHHOCTRIO HaeHTHIHOCTH KA [6].

Pazperienne HeolnpeaeneHHOCTH HASHTHYHOCTH BO3MOXKHO CIIOCOOOM, C IMTOMOIIBI0O KOTOPOTO JIOTHYECKUI
BBIBOJl B JIOTMKE IIEPBOTO TIOpSAAKA MOJXKET OBITH BBINOJHEH IOCPEACTBOM JIOTHYECKOTO BBIBOAA B
MPOTMO3HUIMOHATIBHOW JIOTHKE 110 SKBHUBAJICHTHOM NPONO3MIMOHAIBHON 0a3e 3HaHMH. OKBHBajeHTHas Oaza
3HAaHMH MOXeT oKa3aTbCcsl ciuikoM Oomnbmiol (NP- cioxHOH), B CHly 3HAUMTENbHOW NapaMeTpHyecKoi
pasmepHocT onucanust KA, nist BRINONHEHUS B Hell BeIUKCIeHui [7].
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C menpl0 JIOKAaNM3alM pa3pelIeHHs HEONPENCICHHOCTH MpeIaraeTcs IMOAXOAAMNN IO YCIOBHAM
npumeauMocT [8] JICM-meton AITHU (manyktuBHBI Metonm J.C. Muiuid, pa3BUTHIA TPH IOAIEPIKKE
areHTCTBA IEPCIIEKTUBHBIX HAYYHBIX UCCIIECIOBaHUH).

Ucnone3ysi:

. JACM-paccyxaenust copMyTnpoBaHHBIE TOCPEICTBOM (OPMATIBHOTO s3bIKa JL;

. ACM-uccnenoBanus — mocpeacTBoM  MeTasspika  MJIL  mms oOHapykeHHS — 3MIUPUYIECKOMH
3akoHOMepHOcTH wuneHTHuKanuu KA, cocraBusromeld 06a3y (akToB u3 COOBITMH M HMHIMJICHTOB,
npesacTaBiIeHHbIX 1o (akty ucrounukamu C3U (MO, CP/I, SIEM, OC u noramu) u knaccudpukanuu KA (He
JoorpezeneHHblit naeHrnpukarop KA us b3);

. MOPOXKICHUE THUIIOTE3 O TMpHYMHAX U MpeAcKasaHusx B uaeHTHOuKanmu KA, wMerommx
apryMeHTalUI0 U 000CHOBaHME IO pe3yjbTaTaM CPaBHEHHMS Iapbl IIKaJl OLEHKH KauecTBa paccyxaeHui [8],
MOJIYYUM pabo4yro THIIOTE3Y ONpeiesieHHOro uaeHTudukaropa KA.

Opnako mpezacraBaeHHas JICM-MeTomoM THHOTE3a, XOTS W MaKCHMaJbHO IPaBIONOAOOHA, OCTaeTcs
TaKOBOM.

B menmsix OKOHUYATENBHOTO pPa3pelIeHUs] HEOIpPEAEICHHOCTH uaeHTHukanmn KA, a cimenoBatensHO H
3aKOHOMEPHOTO COOTBETCTBYIOIIET0 MNpuHsTHS pemieHust JIIIP, mpenycMOTpeHHOTO CLiCHApueM YNpPaBICHUS
npoueccamu Vb, mpemiaraercss Bech NMPOLECC pa3pelleHUs] HEONPEICICHHOCTH 3aBEPIINTh «YCTaHOBICHUEM
3aKOHa»:

«IIpobnema — I'unotesza — 3aKoH», THOCEOJIOTMUECKOH 1IeNU cienyrolei us [9].

YcraHoBIIeHHE 3aKOHOMEPHOCTH M3 THUNOTE3bl 00 ycTaHOBIEHHOM uiaeHTudukarope KA Bo3MOXHO, H
peanusyercst B Onoke JICMO C3U, xoTopoMy Ha BXOJ IOCTymaeT Bcsi MHQoOpManusi O paccMaTpuBacMOM
npoiiecce - (parMeHTe HEYCTAaHOBJICHHOM, He uaeHTH(UIMpoBaHHOH KA U coOTBeTCTBYMOIICH HHDOPMAIMH OT
C3U (M3, CP[1, CK3U, OC), a taxxe rumore3a uneHtuduxanuu KA.

Nmes nadopmarmro u3 runore3sl uaeHTudukaropa KA, JICMO mpemmoxut npoueccy KA mHpOpManmio
JUTS TIPOAOJDKEHUS JOCTIDKEHHS TIEIIH, KaK MPaBHIIO IECTPYKTHBHOHN, B paMKaxX BUPTYaJIbHOH CPEAb, JINIIAOMEH
neiicrButensHOe HaHeceHue ymiep6a MTKC, BBIABISISL TeM caMbIM TPacKTOPHIO NECTPYKTUBHBIX JCUCTBHUHA 110
peamm3anuu yrpo3bl Wb, mexameld B ocHOBe KiaccH(UKAIMH W IIO3BOILONIeH mpuHATH pemienue JIIIP mo
npotuBoaericTBU0 KA, a Takke npeaynpexxIeHus: uX NOCIeACTBHM.

B cnywae mempusatus mHpopMmanuu ot rumote3sl KA, B JICMO Oymer mpomobKeHO WHHIMHPOBAHHE
nevictBuii KA i uaeHTHUKAIMK METOJaMH MAIIMHHOTO OOYYEeHHsS: MHTEJUIEKTYaJ bHOIO aHallk3a JaHHBIX,
HEUYETKOTO aHanmu3a nuHaMuku noseaeHus KA u HelipocereBoro moaxona [3], [10], omHako 310 yxe mporecc 6e3
KPUTUYECKUX OTPaHUYICHUH 110 BpEMEHHU AJIS pe3yJIbTara.

Boi600: npennoxennoe (QyHKIMOHAIBHOE COACPIKAHUE OTICIBHBIX CTPYKTYpHBIX anmementoB UCYUB, B
9acTHOCTH ©Oa3bl 3HaHMN, KaK MHOTOAreHTHOWH AKCHEPTHON CHCTEMBI MONICPKKH M TPHHATUS pPELICHUH
JIOJDKHOCTHBIMHU JUIIaMu 00bekToB KMU 1 cutyaroHHBIX BegoMCTBeHHBIX LeHTpoB I'ocCOIIKA, mo3Bomut
paspelnTsh HEONPEIeIICHHOCTH CHUTYallud W LEJIEBOTO BO3/EHCTBUS KOMIBIOTEPHBIX arak [3], a Takxke
KHOEPHETHYECKNX BO3JEHCTBUI MPOSBIIONINXCS aHTPOIIOTEHHBIX YTpo3 0e301macHOCTH MH(GOPMAIMK BO BCEM
CIIEKTpEe COOBITHH, MHIIMJICHTOB U aTaK, JJIsl ©X HEOOXOIMMOTO OOHAPYKEHHS 1 MIPEAYTIPEKICHHS.
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MALWWHOCTPOEHME U MALUMHOBEREHHE

YIPYTOIIACTUYECKAS JTE®@OPMAIIMS KOHTEMHEPA B AIIITAPATAX BBICOKOI'O
JABJIEHUSA C TIPOPUNINPOBAHHBIMHU HAKOBAJIBHAMU, PACUET HECYIIEU
CIHOCOBHOCTMH YIIVIOTHEHMUS B AIIITAPATE THUITA «KOHAK»

Huxkonaee Hukonait Anexcanoposuu
Cmapwuii Hayunsliil compyonuk HDBJ/] PAH,
2. Mocksa, e. Tpouyx

ELASTIC-PLASTIC DEFORMATION OF A CONTAINER IN HIGH-PRESSURE DEVICES WITH
PROFILED ANVILS, CALCULATION OF THE BEARING CAPACITY OF THE COMPACTION IN A
KONAK TYPE DEVICE

Nikolaev Nikolai Alexandrovich
Senior Researcher, IHPP RAS,
Moscow, Troitsk

AHHOTa].ll/lﬂ. Hpouecc CO31aHHuA JaBJICHUA B YCTpOﬁCTBaX C HpO(I)I/IJ'II/IpOBaHHLIMI/I HaKOBaJIbHAMM CBA3aH C
YOPYTOIDIaCTUIECKO nedopmanmeil MaTepraia KOHTEHHepa-TIPOKIAAKH, PacloyiaraéMod MEXITy IMyaHCOHAMH
KaMephbl, 10 Mepe MX COMMKEHHS OPYT K IpYTy HOA IeHcTBHeM Harpy3kd mpecca. [loyesHsiii 00beM KaMepsl,
MoJIy4JyacMbIC B HEH BBICOKHE AABJICHUS, TPOYHOCTHBIC KAUCCTBA ITYAaHCOHOB U HECYIasa CII0OCOOHOCTH MNPOKJIAAKN
HETIOCPEACTBEHHO 3aBHCAT OT XapaKTepa MpoGIMpoBaHUs 0OPaIEHHBIX OPYT K APYTY pabounx MOBEpXHOCTEH
ITYaHCOHOB KaMCpBhbI. B Hpe,I[J'IaFaeMOﬁ pa60Te npeacTraBjicHa OLOCHKA TCOMECTPUYCCKUX IMAapaMETpPOB
NpOGUINPOBAHKS ITYaHCOHOB KaMEPhI BRICOKOTO MaBieHus Tuna «KoHaky.

Abstract. The process of creating pressure in devices with profiled anvils is associated with elastic-plastic
deformation of the material of the container-gasket, located between the punches of the chamber, as they
approach each other under the action of the press load. The useful volume of the chamber, the high pressures
obtained in it, the strength qualities of the punches and the bearing capacity of the gasket directly depend on the
nature of the profiling of the working surfaces of the chamber punches facing each other. The proposed work
presents an assessment of the geometric parameters of the profiling of the punches of the high-pressure chamber
of the "Konak™ type.

KuroueBble cjioBa: kaMepa BBEICOKOTO JIABJICHUS; YIPyTOIUIacTHYECKas nedopManus; TpopuInpoBaHHEIC
HaKOBaJIbHU.

Keywords: high pressure chamber; elastic-plastic deformation; profiled anvils.

Mg nokasanu panee [1], 9To ycpenHEHHOE KOHTaKTHOE JaBJICHHE, ICHCTBYIOIIEE Ha IEHTPAIBHYIO 001acTh
MMyaHCOHOB B Kamepe C NpOQMIMPOBAHHBIMH HAaKOBAIBHAMHU TIPH HCIIOJNB30BAHUM MPUHIINIIA MACCHBHOM
MOJICP’KKA HATrPYy»KaeMOW 4acTH ITyaHCOHOB, H3TOTOBIICHHBIX U3 TBEPIIOTO CIUTaBa, MOxeT qocturath ~ 10 ['Tla.
O1eHNM BO3MOXKHOCTH CO3/IaHHS TAKOTO JABJICHUS B PEAKIMOHHOM 0o0beMe KaMmepbl, KOTOpPbIi (opmupyercs
LEHTPAJIBHBIMH YTIyOJICHUSIMU B ITyaHCOHAX C pa3MEIeHHEM MeXAy MyaHCOHaMHU TBEPAOTEIbHOM Cpeibl.

Ilo cymecTBy, cioco0 cO3aHUs JaBJICHUS B IEHTPAJIHLHOM PEaKIIMOHHOM 00BheMe KaMephl 3aKII0UacTCs B
YBEJIMYEHUH B 3TOM 00BEMe CpeHEl INTOTHOCTH BemiecTBa. J{1s OOMBIIMHCTBA TBEP/BIX TEJ, B TOM YHCIE U IS
auTorpad)cKoro KaMHsi, KOTOPBIN YacTo CIIY>KUT MaTepualloM KOHTelHepa 00pa3lioB U yIJIOTHEHHI B anmnapaTax
BBICOKOTO JaBJICHHS, OTHOCUTEIBHOE yBEIHUEHHE TIIOTHOCTH npu AaeieHuu ~ 10 I'Tla coctaBnseT oxoino 20%
(6e3 ydera HauwampHOW mopuctocTH). Tak mo maHHeM II. Bpumkmena [2] mis rpadura 3TO yBEmHMUCHUE
cocrasisieT ~ 15%, a ans xansuura — ~ 20%. Ecin 3anucaTh OTHOCUTENIBHOE U3MEHEHHE TUIOTHOCTH BELECTBA
kak Ap/p = Am/m — AVIV (p = m/V, rge m — macca, V — 00beM), TO e€ yBeJIHYCHHE B LIEHTPAILHOM 00BbEeMe
KaMepbl MOXXHO TPEJCTAaBUTh KaK pe3yibTaT KOHKYPEHIMH ABYX IPOIECCOB — YMEHBUIEHHS PEaKIMOHHOTO
o0beMa KaMepbl BCJICACTBHE COJMKEHHS ITyaHCOHOB APYr K npyry, AV/V, u HUcTedeHHs BellecTBa U3
peakioHHOro oobema, Am/m. Ha puc. 1 a) B KauecTBe MpuMepa TaKOM KOHKYPEHIIMU M300paXKeHa «UEUEBHUIIa»
PEaKIMOHHOTO 00BheMa KaMmephl, TIe co 3HakoM "+" mokazaHo ~ 20%-Hoe M3MEHeHHe HadaJIbHOTO Oo0bheMa B
pesynbrate COMMKEeHHsT aOCOJIOTHO JKECTKUX ITyaHCOHOB, a co 3HakoM "—" — TOT ke ~ 20%-Hblii 00BeM
BEIIIECTBA, NCTEUEHNE KOJIMYECTBA KOTOPOTO M3 LEHTPAIHLHONW YacTH KaMephl B OOKOBOM HAIIPAaBICHUH MOXKET
MOJTHOCTHIO KOMIICHCHPOBATh «paboTy mpeccay.
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Puc. 1. a) — npumep pasnosenruxux o6vemos 6 «yeyesuyer: cios, 0opaz08anHo2o cmeuenuem 6epxuet
chepuueckoli no8epXHOCMU, U ee BHeWHe20 KOIbYEeB020 COA. O) — «ueuesuya» u NA0CKUll KOIbYeeou Cioll
deghopmupyemozo yniomuenus kamepwl. [Ipogunu nyanconos danvl cxemamuiecku 8 aKCUaIbHOM paspese.

B ammaparax tuma «Konak» (KoJblieBbIe HAKOBAIBHH) [3, 4] BOKPYT IEHTPAIbHBIX YTIyOJICHHH MaTpPHIL
BBITIOJTHEHBI BBICTYIIBI, KOTOPHIE, IO AHAJIOTHH C KOHCTPYKTUBHBIMH OCOOCHHOCTSMHU OTKPBITHIX IITAMIIOB,
(hopMHPYIOT KOJBLEBOH €O YIUIOTHEHHMS, MPEISITCTBYIOINA UCTCUCHHUIO BEIIECTBA U3 IIEHTPAILHOTO 00beMa
kamepsl. (IIpy mramnoBke M3AENMi Takod CION Ha3bIBAIOT 3ayceHLeM). IIpumep «uedeBHIBI» C KOJBIEBBIM
CJIOEM YIUIOTHEHUS, MoKa3aH Ha puc. 1 6). Eciau npeanonaokuTs, 4To B MPOIECCe CXKATHSI HCTEUSHUE MaTepHana
KOHTeHHepa U3 BHYTPEHHEr0 00beMa KaMephl OTCYTCTBYET, TO BEJIMYMHA BHYTPEHHETO JaBJIEHHs B Hell Oyner
OIIPEIEIATECSI COKUMAEMOCTBIO WM CPEJAHUM OOBEMHBIM MOAYyJieM YmpyrocTd Kc, Cpelbl, 3aloNHSIONIEH
HEHTPaIbHBIA 00BEM:

v av
P =-K P 'Il.l"h ¥

rae Vo — HauaibHBIA LEHTPanbHbI 06beM KaMephl, V — 00beM Ipu AaBieHuu P. U ecnu LeHTpalbHble
yl“J'Iy6JIeHI/I$I B IIyaHCOHAaX BBIIIOJHCHBI B BHUJAC HIAPOBLIX CEITMCHTOB C pagnyCoOM yl“J'Iy6J'I€HI/II71 I 1 BBICOTOH
yriry6nenuii h, Tak uto mpu h << r moHkId peakiMOHHBI 06beM B KAMEpe MOKHO 3ammucaTh B Buie V = nr?(q +
h), TO MDOJYYaeTCsA, YTO I'CHCPpUPYEMOCE [J1aBJICHUC B HeHTpaﬂLHOﬁ obmacTu KaMepbl MOXXHO OLCHUBATHL IO

thopmyie:

P& —Kofn (ﬂ), (1)

4+t

TJZIe, B COOTBETCTBUH € pHC. 1 0), (o — HaYaJIbHOE U (] — IIPH JaBICHUH P PacCTOSIHUS MEX]y ITyaHCOHAMH B
3ayceHue. B kadecTBe mpuMepa Ha pHC. 2 TpeACTaBlICHbl IpadWKH 3aBUCHMOCTH IABJICHHS B KaMmepe OT
paccTosIHUS MEXIY ITyaHCOHAMM, TIOCTPOEHHBIE C TOMOIIBI0 hopMysl (1) I pa3sIudHBIX BBICOT IEHTPAIHHOTO
yrayOJeHusl B MyaHCOHAX MPH YCIOBUH, UYTO KOHe4YHoe AaBienue BenumuunHoil 10 I'Tla Oymer mocturaTbest B
KaMepe TpH PAcCTOSIHUM MEXIy IIyaHCOHaMH (., paBHOM 1 mMM. CpemHee 3HaueHHE OOBEMHOTO MOJYJIS
YIPYroCTH TpH TOCTpoeHWH TpadukoB Obuto npuHsATo paBHbiM 50 I'Tla (20%-Hoe ymeHblueHHe o0bema
Matepuana mnpu gasinerann 10 I'Tla).
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Puc. 2. I'paguxu nonyuaemozo oaenenus 6 kamepe 6 3a8UCUMOCIU OM PACCIMOSHUSL MeNHCOY NYAHCOHAMU NPU UX
COnUNCEHUU OJISL PASIUYHBIX 8bLCOM YEHMPATILHO20 PEAKYUOHHO20 Yenyoaenus 8 nyanconax h: 8, 10 u 13 mm.

Touku mepeceyeHUs] KPHUBBIX C OCBIO a0CLCC Ha pUC. 2 Jal0T HEoOXOoAMMble (MUHHMAIbHBIE) JUIs
C)KMMAIOIIEr0 X0/a ITyaHCOHOB 3HaUEHHsI HAaYaJIbHOTO PACCTOSHUSA MKy MaTpuuaMu Jo. s mpecTaBIeHHbIX
MPUMEPOB € BBICOTAMH yriTyOJeHni B MaTpumax 8, 10 u 13 MM 3TH 3HAYEHUs, COOTBETCTBCHHO, COCTABIIIOT ~
3,3; 3,8 u 4,6 mM. Bo3HHKaeT BOmpoC, a KakoBa MOJDKHA OBITh MHUHUMAaJbHAs IIMPHHA KOJBIICBOTO CIIOS
YIJIOTHEHHS, 9TOOBI B IIPOIECCE CXKATHS NPH TpeOyeMoi HadalbHOW BBICOTE CIIOS OOECTICUNTH YAEp)KaHUe
Cpenbl B IEHTPAIbHOM 00beMe KaMephl. DTOT BOIPOC MBI PACCMOTPHUM HIKE.

JAnst OLIEHKN T€OMETPUYECKHX MapaMeTPOB 3aITMPAONIETO KOJIBIIEBOTO CJIOS YINIOTHEHHS, (POPMUPYEMOTO
IUIOCKUMH BBICTYIITaMH MaTpHIl BOKPYT LEHTPAIbHBIX YTiayOsieHuil B ammapare tuna «KoHak», paccMoTpum
3aaqy 00 HKCTPY3MM MaTepuana KOHTeHHepa CKBO3b KOJIbILIEBYIO Ieib. Cxema 3a1a4u MpeacTaBiIeHa Ha puc. 3
(B MJIMHIPUUYECKON CHCTEME KOOpAUHAT pOz).
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Puc. 3. Cxema konvyesoeo cnos yniomuenus 8 kamepe 8blcoko2o oagienusi muna « Kounaxy,
NPEnsImMCcmeyiowe2o UCHe4eHuio cpedbl U3 YeHMPAIbHO20 00beMd (6 AKCUATTLHOM paspese).
LlImpuxogoti nunueit 0603naven NPoPuLL NYAHCOHOS.

Crro#t MaTepuasa MpOKIaKH BBICOTOH (| M MMPUHOM 0 MCIBITBIBAET KOHTAKTHOE TPEHHE C TIOBEPXHOCTSIMH
IIyaHCOHOB W HAaxXOJUTCA TIOJ JEHCTBMEM BHYTPEHHEr0 M HApY)KHOTO MJaBiieHHdA, BenmanHod P m P,
COOTBETCTBEHHO. 3ajjauya COCTOMT B ONpPENCICHUU IPEACIbHOTO JaBJICHHUS P, MepeBOIAIIEro Kakoe-In0o
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TOPH3OHTAIBLHOE CEYCHHE CJIOS IOJHOCThIO B IIACTHYECKOEC COCTOSHHE (HA4auo H3KCTPy3uH). B 3amade
MPUHUMAETCS, YTO MyaHCOHBI aOCOJIIOTHO JKECTKME M HEMOABHIKHBIC (YCIOBHE IUIOCKOTO Ae(hOPMHUPOBAHHOTO
COCTOSIHMSI MPOKIJIAJIKH). 3aMETHM, YTO TaKOro THMA 3aJa4d XapaKTePHbl UIS pacdeToB HA MPOYHOCThH
IJIHHAPHUYECKUX COCYIOB WIIM OMPECICHUS yISIbHBIX YCHIMN JUIS ONepalyil ITAMIOBKY M3JCIHI B TCOPUH
0o0paboTku MetammoB naBieHueM [5]. M mns pemeHust momoOHBIX 3aa4 MOXKHO TPHMEHSTh METOJ HIDKHEH
OLleHKH XWIUIA, KOTOPBIM 0a3upyercsi Ha HCIOJb30BAaHUM YPAaBHEHHH IJIACTUYHOCTH M PABHOBECHS VIS
HANpPSDKCHUH B OOBEKTE C 3aJaHHBIMH TPAHUYHBIMU YCIOBHAMHU [6]. B Hamiem ciyyae B IMJIMHIPUYECKOM
cUcTeMe KOOpArHAT POz, M300pakeHHOW Ha PHC. 3, TAKUMU HCXOJAHBIMH YPAaBHCHUSAMH OYTyT:

e, ATz [EI-J—EI;. ]

E dz g =0 (2)

— muddepeHnnansHOE ypaBHEHHE PAaBHOBECHS [UISI KOMIIOHEHT HANPSKEHUH Gp, G U Tpz, ACHCTBYIOMNX B
paauanbHOM HalpaBIICHHN;

I{r.r':I — Iﬂ'g}- + 41, =417 ©)

— QHCPICTUYCCKOC YCJIOBUEC IUIACTUYHOCTH, I'IC Ts — MPCACIT TCKYYECTHU MaTCpHralia Ha CABUI,

T, = k — poy (@)

T+ +0;

’ k -
2

Mpeacii TCKYy4ECTU Ha CABUI' MaTEpuaia Ipu 6o = On u— 3MHHpH‘IeCKHﬁ KOE)(I)q)HHI/IeHT YIIPOYHCHUA

— YCJOBHC YHPOYHCHUA MaATCpHaia HNPOKJIAAKH, T'IC 6o — CPEAHCC HANPSIIKCHUC (ﬂ'p =

ﬂﬂ|ﬂ=r|:_P,Hﬂ|ﬂ=g|:_-ﬁ}x (5)
T,:lxlfx:ié‘ll = :TR‘ ' (6)
g, =10 (7)

— ypaBHEHHUsI, OTIMCHIBAIOIIIE TPAHUIHBIC YCIOBUS, T/€ I 1 R — pagnych ciios, §/2 — moyBICOTA CIIOS, &z —
nedopmarus BIoJIb OCH Z.

Ycnosue (7), otcyrcTBue aedopMaiid B OCEBOM HAIPABICHHHU, BCICACTBHE MPUMEHEHHUS 000OIIEHHOrO
3akoHa ['yka JUI1 IIIACTUYECKOTO COCTOSIHMS MaTepuana ¢ kodhdumumentom I[lyaccoHa, paBHBIM Y2, HaeT
JIOTIOTHUTEIHHOE COOTHOIIICHUE [T HATIPSHKSHUH B MIPOKJIaIKe (YpaBHEHHE CBS3N):

gy = ®)

HpI/IMCM, YTO YCJIOBHUEC KOHTAKTHOTO TPCEHUA MaATCpHaia MNPOKIAAKU C TIMOBEPXHOCTSAMU IIYaHCOHOB
MOAYHHACTCA 3aKOHY HpaHI[J'IH'3I/I6€JIH, NpUMEHUMOMY 1IpU ne(bopMaum{x C J0CTAaTOYHO BbIPAXXCHHBIM
BCECTOPOHHUM CIKATUEM!

Tw = 2f1,, )

1
rae f — cdaxrop tpenms, 0 = f == . W B xadyectBe NPUONMKECHHS, CIPABEAINBOIO JUISi TOHKOTO CIIOS,

IMPpUMEM TAKIKE HHHCﬁHyIO 3aBHUCHUMOCTD KaCaTCIbHOI'O HAIIPSKCHUS Tz OT TOJIIMHBI IIPOKIAJKH:

= _72 -_i
21 (10)
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TaK YTO HAa MOBEPXHOCTSIX KOHTAaKTa Marepuala C IyaHCOHAMH YAOBIETBOpsieTcsi ycioBue (6), a B
I0CcKoCTH cummeTpud, Z = 0, 7,, = 0.

[IpuBeneunsie ypaBHeHHs (2) — (10) craTHYecKH ONPEnENAOT MOCTaBIEHHYIO 3amady. Jlms
CaMOCOTJIACOBAHMS TPAHUYHBIX YCIOBHH M YCIOBHSA TUIACTHYHOCTH CIIEAYET MPHHATH, 9T0 Po > 2K. YpaBHeHHS
TIO3BOJISIFOT B aHAIMTHIECKON (hOopMe HAITH pacipeeneH s HallpsHKCHUH B CII0€ U Ha €T0 TPaHUNax.

Iocne mpeoOpa3oBaHMiA, BHIPa3sMB KOMIIOHCHTHI TEH30pa HAmpsDKEHUI depe3 op, IuddepeHnnaIbHoe
ypaBHEHHE paBHOBecHs (2) MOXKHO IpeoOpa3oBaTth K BUIY:

Rl D (GO ELY (1)
AfE

rae sind = J 1- (T)- . B obmieit popme nomyaennoe ypasHenue (11) mmeer Bux:

Afp _ Zpsinf

J'r+(“+E)T:U'FﬂeJ'=”ﬂ_ ¥=p,a=

=N

git+pasn )’ l+psng’

A ero pemeHneM ABIAETCS QYHKIHSA:

rae C — NOoCTOsIHHAsE MHTeTpupoBanust. [lociie moacTaHOBKM 3HAUCHHH NMEPEMEHHBIX C yYETOM IPaHHIHOTO
YCIIOBHUSI Ha HapyXXHOHM ITOBEPXHOCTH CiIOsI (ompeneneHus: NOoCTOSTHHONH C) MBI MOKEM IOJYYUTH CIIEIYIOIIYIO
(hopMyTy AL pacpesieNiCHNs paAuaibHBIX HANPSDKCHUH B YIUIOTHEHHH:

i iy g ia
A
o wl hp
Ternepb, yIUTHIBas TPAHUYHOE YCIOBHEC HA BHYTPEHHEH MOBEPXHOCTH CJIOSI, MONYYMM BBIPAKCHHE IS

HCKOMOTI'O MpCACIIbHOTO AaBJICHUA P, NEPEeBOAAIICTO MATEpHAT MPOKIAAKU B IMPOU3BOJIBHBIX €€ CCUCHUAX B
IIaCTHYCCKOE COCTOSAHUC!

[ 5 Sasing, & fpd
P:—i+(PD+i) (148)7F gfimusinmn, (12)

3716Ch 3aBHCHMOCTB OT Z COpsiTaHa B BeIpakeHWH st sinf. [lockonsKy Hamboiee OTIHYMTETBHBIME B
NpoKJanKe sBisoTes cpenHee (Z = 0) U npurpaHuyHble cedeHust (Z = + (/2), BBIIHUIIEM JUISi HUX BEJIUYWHBI
npenesabHoro nasieHus (12) B ciaydae MakCMMalnbHOTO TPEeHHs Npokinaaku ¢ myHcoHamu (f = 0,5) u ynpodHeHus
MaTtepHalia NPOKJIaAKU 1moJ AaBieHueM (u > 0):

Plzoof=om = _i +(P|:. -I-ﬁ) (-]_ +§)|-.J gli+mg (13)

Puz:ié,r':c-s. =_§+(PD +E)9 T (14)

IMpn anammze BwipaxkeHud (13) u (14) oOHapyxuBaercst TOT (JaKT, 4TO IMPU YMEHBIIEHHH TOJIIMHBI
MPOKJIAJIKK ( CEYEeHHE IUIACTUYECKOTO COCTOSHHS B MPOKIJIAJKEe MEHIETCSI OT IPUTPAHUYHOTO K CPEANHHOMY, TO
€CTh, HauMHAs C HEKOTOPOHW TOJIIMHBI MPOKIAAKH Ooiiee cnabbiM craHOBUTCS ceueHne ¢ Z = (. Bricory
NPOKIAIKK (e, NPU KOTOPOIl paccMaTpuBaeMble CEUYEHHS CTAHOBSATCS JKBHBaJCHTHBIMH, MOYKHO IOJY4YHTb,
npupaBHAB BeipaxkeHus (13) u (14) apyr k apyry. Beraucnenns nokaspIBaioT, 9T0

gs % ur.

B ©Oomee oOmeit ¢opme, TpoBOIS pPACCMOTPEHHE CMEHBI IIACTHYECKUX 30H B TPOKIAAKH  JUIS
MIPOM3BOJIFHOTO (aKTOPa TPEHHS U TEKYIIEro PaIyca, MOXKHO MOIYIUTh, YTO
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e = 2fup.

IIpu q > (e TeueHHe MaTepHana NPOKIaJKi MOXKET IPOUCXOJUTh BJIOJIb KOHTAKTHBIX IIOBEPXHOCTEMH, a pu
g < (¢ TEUCHHE JOJIKHO IEPEXOIUTH B IIOCKOCTh CHMMETPUH NMPOKJIAJAKHU U MBI TOJIKHBI OLIEHUBATh NPEENbHOE
JIaBJICHUE yJlep)KaHus Marepuaia B Kamepe mo ¢opmyie (13). 3ameTnm, 4To B NpeleibHOM Cilydyae 3a/adu,
Korna I = oo, BelpaxkeHue (13) Bcerma Menbiie BoipaxkeHus (14). To ecTb, IUIaCTUYECKOE COCTOSHHE IPH
BBIJJABIIMBAHUH IUIOCKOH TTOJIOCHI CKBO3b MPSIMOYTOJIBHYIO ILIETh NPH YBEIHMUCHUH JABICHUS C OJHOW CTOPOHBI
JOJDKHO JOCTHUTaThCs B TIEPBYIO OYEpedb B CPEAMHHOM IUIOCKOCTH. [l anmapaToB BBICOKOTO IABICHUS
UCTEUEHHE INMPOKJIAAKA B CPEAMHHON IIIIOCKOCTH TNPEIIIOYTHTENIFHEE CKOJIBKCHMS YIUDIOTHEHHS BAOJb T'PAHUII,
TaK KaK CTpaxyeT KaMepy OT PE3KOro BhIOpoca MaTepuana NMPOKJIAAKH, HAPUMEp, MPU pasrpy3ke KaMepbl.
MOXHO KOHCTPYKTHBHO HMHTHPOBATh «yCIOBUSI IJIOCKOH MOJIOCHD», BBITIOIHSIS KOJIBLEBBIC HAKOBATIBHN BOKPYT
HEHTPAIBHBIX YIIyOJeHUI B MAaTPUIAX C IIPUIIOJHATHIM BHEIIHIM KPaeM.

OnpenenuM KOHKPETHBIE 3HAYECHUS (e JJISI TPOKIIAAKK U3 OJIOYHOTO JUTOrpa)cKOro KaMHs ¥ NHPOQUILINTA
B ammapare thna «KoHak» ¢ nuamerpom peakuuoHHOro yriryosenus 48 mm (r = 24 mwm). [lo yrouyHeHHBIM
SMIIMPUYECKUM JaHHBIM pabotTel [7] 3HayeHus koddduiueHta | ais OJIOYHOTO JUTOrPaCKOro KaMHS H
NUPOQUIUINTa MOXKHO NIPUHSTH PaBHBIMH, cOOTBeTCTBEHHO, 0,169 1 0,303. Toraa Qe ~ pr =~ 4 MM JUIsl IPOKIAIKH
u3 nutorpadckoro KamHs M Oe = 7 MM Il Npoknaaku u3 nupodummra. [lomydeHHbIE 3HaYE€HHS BBICOTHI
YIEPKHUBAIOIIETO CJIOS MPOKIIAIKH JOCTATOYHO BEIUKH.

Ha puc. 4 mpeacraBineHsl mpuMepsl TpaHKOB 3aBUCHMOCTH JAaBieHHs yaepxaHus (13) oT BBICOTHI
paccMaTpuBacMOro CJIOS YIUIOTHEHHS TPH PAa3IMYHBIX 3HAYCHUSAX INUPUHBI 3Toro cios. Ilpm mocrpoenun
rpadukoB mMbl mpuHuManyu: K = 1,3 k6ap u x4 = 0,169 (mapametpsl, XapakTepHbIe Il OJIOYHOTO JTUTOrPaCKOTo
kaMHs), Po = 10 x0ap, I = 24 MM (3HaUCHHE BHYTPEHHETO paauyca i kamepbl «KoHak-48»).
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Paccrosinne Mexay MaTpunamMu g, MM

Puc. 4. I'padpuru 3asucumocmu enympenne2o 0agieHus 6 Kamepe, Komopoe Y0epucuUsaemcs Koibyegbim
VRIOMHEHUEM (8bINOIHEHHO20 U3 OIOYHO20 TUMOSPAPCKO20 KAMHSL), 8 3A6UCUMOCTU O BbICOMBL CJIOSL
VIIOMHEHUS NPU PA3IUYHBIX 3HAYEHUSX Wupunsl 3mo2o cros d: 6,5; 8 u 10 mm.

OTMeTHUM, 9TO 3KCTIOHEHITUATBHBIN POCT TaBICHUS yJep:KaHUs C YMEHbIIEHUEM ( 00yCIIOBIIEH OTIUYHBIMHU
or Hyias napamerpamu f u u B dopmyne (13), TO ecTh HaIMYMEM TPEHHS C IOBEPXHOCTHIO ITYaHCOHOB W
YIPOYHEHUEM MaTepuraja MPOKIAIKH MO ASHCTBUEM JaBICHHUS.

Ecinu TpeHue MpoKIIaKu ¢ TIOBEPXHOCTHIO MyaHCOHOB OTCYTCTBYET, TO IpH moactanoBke f = 0 B Gpopmyiry
(13) momyanm:

Pigeny = —E+(PD +5)(B), (15)
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3mecs Bce CeYEeHHS MPOKIAIKN PaBHORHAYHBI M PACIIpPEesICHIUs HAMPSDKECHUHA B MPOKJIagKe OyAyT HOCHTH
CTEIIEHHOMW XapaKTep.
Ecnu B 3aaue OTCYTCTBYIOT TpeHHe U ypouHenwue, f = 0 u g = 0, To, HCIIONB3ysT paBEHCTBO

.
. a -1

lim = fna,
x=0 X

u3 BeIpakeHus (15) mpu g — 0 MOKHO TOTYYHTE:

B
Plf:[}_ﬂ:[}l :PD + Ek-fn;

3710, MO CyIecTBy, M3BecTHas (OpMyia Ui BHYTPEHHETO IABICHHMS, NEPEBOISIIECIO «TOJICTOCTCHHYIO
TpyOy» IpH IJIOCKOH nedopManiy B IIacTHYecKoe cocTostHue. TakuM 06pa3oM, ¢ MOMOLIBI0 YaCTHOTO CIIydast
MBI IOATBEPIIIH CIIPABEIIMBOCTD OOLIEr0 PEIICHHUS IOCTAaBJICHHOH 3a1ayH.

CorocTaBHUM MPOLECCH CKATHUSI CPEbl B PEaKIHIOHHOM 00beMe KaMephl, PHC. 2, C MPOLIECCAMH YBEIHYECHUS
Hecyliel CIIOCOOHOCTH KOJIBIIEBOTO 3allOpPHOrO Ciost, puc. 4, n3o0pasuB rpaduKu CXKaTHI U yAEp)KaHUS Ha
OJITHOM pHUCYHKE, pHC. 5. MOXHO 3aMETHTh, YTO BBIOOp IIHUPHHBI Ci0s O, MOCTATOYHOW MAJIS yIOCpIKaHHSI
TCHCPUPYEMOI'O JaBJICHUA B KaME€pPEC, 3aBUCUT OT BBICOTHI PEAKITMOHHOTO yFHy6HeHI/IH h B armaparax BbICOKOT'O
JaBJICHUs THUIIA «Konaxy» U1 OIITUMU3aln yCJ'IOBI/Iﬁ CKaTusa Cpe€Abl B pCaKIMOHHOM 00bEME H TOBBIIIECHUS
3¢ dexTrBHOCTH paboThl KaMephl MIMPUHY KOJIBIEBBIX BEICTYIIOB BOKPYT YIJTyOJICHHI B MaTpHLaxX BHIOMPAIOT B
UHTEpBaJe
0,5h <d < 1,5h, a eme npeanourutenpreit — B unrepsane 0,7h <d <0,9h.

P, kbap
4

h, s

0 1 2 3 4 5 6 7 3
Paccroninune MEARIY MaTpHIlaMua q, MM
Puc. 5. Cosmecmuuvie 2pa¢uku corcamusl cpe()bl 8 peaxKyuOHHOM obveme Kamepwvl u npe()efleoeo oaenenus

yaepofcaHu}z cpedbz C NOMOUBIO KObYE6020 3AaNOPHO2O CIOA.

Jast kamep 6onbIIoro oobeMa HeoOsA3aTETbHBIM SBIISETCS MOJTHOE MPEA0TBPAICHHE HCTEUESHHUSI MaTepHaia
u3 ee LeHTpaipHOW dacTH. Ha puc. 6 mpeacraBieH BapuaHT mpoliecca IMOJIydeHHs JABICHHUS B KaMepe C
YaCTUYHBIM UCTEYEHHEM CPENbI CKBO3b KOJIBIEBYIO IIENb.
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Paccrosinne MEAAY MAaTpHOaMu g, MM

Puc. 6. Cxema noovema oasnenus 6 Kamepe ¢ 4acmu4HblmM ucmedenuem cpedbz usz ee yeHmpaibHo2co obvema.

IMpouecc mnoabema paBieHHs Ha puc. 6 0003HaYeH crTpeikaMd. Ha HavyambHOM JTame MOAbEM
OCYIIECTBIISICTCS [0 KPUBOH CHKATHS, 3aT€M MEPEXOUT HA KPUBYIO YACPIKAHUS, & Jaee MOXKET MPOJI0IKATHCS,
mepexofisi M0 KacaTelbHOH Ha HOBYIO KPHUBYIO CXKaTus. [IpM 5TOM Ha KOHEYHOM JTare Kamepa HaJIeKHO
3amupaercsi. CyIIecTBYeT ele psii CHOCOO0B MOBBIIICHHS HAIE)KHOCTH pabOThI alapaTtoB BHICOKOTO JaBICHUSI
¢ MPOGUIMPOBAHHBIMU HAKOBAILHSIMH, BBISBICHHBIX Ha TIPAKTHKE.

MpI IpOBETH PACCMOTPEHHE TPOIIECCOB CHKATHUS CPEIbl B PEAKIIMOHHOM 00heMEe KaMephl U €€ yIepKaHus
nyTeM (OpMHPOBAHUS CIIOS YIUIOTHEHHS MEXIY IUIOCKHUMH BBICTYNAaMH, BBIIIOJIHEHHBIX BOKPYT LEHTPaIbHBIX
YIIyOJICHH B MyaHCOHaX. DTO PACCMOTPEHHE KacajoCh MPHHIMUIIOB pabOThl anmapaToB BBICOKOTO JTABJICHUS
tuna «KoHak». 3aMeTUM, YTO YacTHBIM cliydaeM ammapara Tuma «KoHak» siBisieTcs ammapatr bpumkmeHa c
IUIOCKUMHM HAaKOBaJbHAMHU (KOTJa BBICOTAa IIGHTPAJIbHOTO YINIyOJeHHs B ITyaHCOHaX paBHa HyI0). Takum
00pa3oM, MpeJCTaBICHHOE PACCMOTPEHHE YIPYrOIUIACTHYECKON nedopmanni KOHTeHHEpa MPUMEHUMO H K
aHaIKM3y MOBEACHHS MPOKIAJKH B IIOCKMX HAKOBAIBHSIX, K aHATH3Y (OPMHUPOBAHMsI B HEll IEHTPAIBLHON 30HBI
yrpyroii aedopmaiiu, 30HB yACpKaHUS MPOKIAJIKH C SKCIOHCHIUANbHBIM [MaJCHUEM MaBJICHHs B HEW U
BHEIITHEH 30HbI TeUEHHs POKIIAIKH HA PA3IMYHbBIX CTAJUSIX HAPYKECHUS KAMEPHI.
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AHHoTauusi. B naHHOW cTaThbu MpOW3BEJEHO OMHCAHHME MOPIIHEBHIX HACOCOB, M3y4deHAa KOHCTPYKITHS
HacoCoOB, pacCMOTpCHa 00J1aCcTh NPUMEHCHHA HACOCOB, H3YYCHUEC HeHCHpaBHOCTeﬁ U PEKOMEHIAAUUU 110
OKCILTyaTallhH.

Abstract. In this article, a description of piston pumps is made, the design of pumps is studied, the scope of
application of pumps is considered, the study of malfunctions and recommendations for operation.

KiroueBble cioBa: HACOoC; NOPUICHDb; ) KUAKOCTD,; IIITYHKCP; MCXaHU3M.

Keywords: pump; piston; liquid; plunger; mechanism.

[TpunIHI padboTHI

PaccmaTpuBass mpuHIMI pabOTHl MOPIIHEBOTO HAcoca CIEXyeT YYWTHIBaTh, YTO MEpBas KOHCTPYKIHS
MOSIBUJIACh MHOTO AeCATWICTHH Hazax. Cxema paboThl UMEET CIIEAYIOImNe 0COOCHHOCTH:

MexaHu3M HUMEET MOABUKHBIM JIEMEHT, KOTOPBIH COBEPIIAET BO3BPATHO-NIOCTYNATENbHOE ABIKeHHE. OH
M3TOTaBJIMBACTCA NPH IMPUMEHEHUH COBPEMEHHBIX MAaTEpHasoB, 32 CUET KOTOPBIX CYIIECTBEHHO IOBBIIIAIOTCS
M30JIAIMOHHBIC KauecTBa.

IToBMXHBIH 371€MEHT HAXOJUTCS B M30JIIIMOHHOM KOHTEIHepe MUIHHApHYecKoil dopmsl. Ilpn apmwkeHnn
MOpPILEHb CO3AAeT pa3psDKEHHBIN BO3AYyX B pabodell kamepe, 3a CYeT 4ero MPOUCXOANUT BCACHIBAHUE SKUIKOCTH M3
TpyOompoBoa.

OOpaTHOE IBMIXKEHUE MOABHMXKHOTO JJIEMEHTa IPHBOAUT K BBIJABIMBAHUIO JKHIKOCTH B OTBOSIIYIO
MarucTpanb. YCTPOWCTBO KJIalaHOB HE IO3BOJSET IMONACTh MKHUIKOCTH BO BCACBIBAIONIYI0 MAarucTpaiab Ha
MOMEHT €€ BBITAIIKMBAHUSI.

YeTpoicTBO MOPIIHEBOrO Hacoca

MexaHu3M MOPITHEBOTO BOJSHOTO HACOCA BECHMA MPOCT M IOYTH CXOXK C YCTPOWCTBOM aBTOMOOMIIEHOTO
nopuHs. OH COCTOMT W3 CIEAYIOIINX KOMIIOHEHTOB: TPyOUaThlii OJIOK KOPITyC; TeJO; KialaH; BXOIHas TpyOKa;
THIPOKJIAlaH B HIDKHEH KpBIIIKE YCTPOWCTBA; BBIXOMHA TpyOa. Ilmymkep HaxomuTcs BHYTPH
[UIMHAPHYECKOr0 Tejia. B BepxHel Kphiike Kopiyca Haxoautcs npoém (dianerr) ¢ 0coboil pe3nHOBO
npokiagkoi. Yepes oTBepcTHE MPOXOAUT IUTOK, KOTOPBIH OJHUM KOHIIOM MPUBAPEH K MOPIITHIO.

OO6nacTb NpUMEHEHNUS

[opriHeBBIe HACOCH! HALILTN IIHPOKOE MPUMEHEHHE KaK B THAPOIPHUBOAAX, TaK M B PA3IMYHBIX CHCTEMax
Pa3NIWYHBIX OTpaciieil NpoW3BOACTBA. TakXKe HACOCHI MNPUMEHSIOT B HEPTSIHOH MPOMBINUICHHOCTH JUISA
nepekaykn HeTH W3 MeCT No0buM Ha HedTemepepabaThIBarOlIMe 3aBOJABI. B cUCTeMax BOJOMOATOTOBKH
KOTIOBBIX cTaHIMi. [IIupoko HCHONB3yIOT B XUMUYECKOW MPOMBIIUIEHHOCTH ISl JO3UPOBKU HEUTPAIbHBIX U
arpecCUBHBIX XKHUIKOCTEH.

Bo3MorxHBIE HEUCTIPAaBHOCTH BO3HUKAIOIIKE TIPHU IKCIIIyaTallud HACOCOB

1.0t1cyTcTBHE Haopa KUJIKOCTH MOCIIE ITyCcKa Hacoca.

1) TlpuuuHBL: 4Ype3MepHOE CHIDKEHHE YPOBHS J>KUAKOCTH B NPUEMHOH LHUCTEpHE; HEUCIPABHOCTD
KJIAITaHOB; 3acOpeHHe TPyOOIIPOBO/Ia; MOMAaJaHNEe BO3yXa B HACOC M3 3a HAPYIICHHUS TePMETHYHOCTH; 3aKPHITa
3a/IBIDKKA Ha TPYOOIIPOBOJIE.

2.CHmKeHre ToaYH Hacoca 10 CPABHEHHUIO C PaCUETHOM.

Bo3MoxHBIE TTPUYHHBL: MOMAJAaHHE B HACOC BO3AyXa Yepe3 HEIUIOTHOCTH; YTEUKH depe3 CaJbHHUKOBBIC
YIUTOTHEHWST; yBETUUEHNE COTPOTUBIICHHS (DUIBTPa; BO3pacTaHHE BA3ZKOCTH MEPEKAINBAEMOM KHUIKOCTH.

3.UpesmMepHblil HArpeB MOAIMIMIHAKOB U CAIbHUKOBBIX YIJIOTHEHHH Hacoca.

2)  Ilpu4MHBL HEAOCTATOYHAS CMa3Ka; CHJIbHAS 3arps3HEHHOCTH MAaclia;

4.Cryk B Hacoce.
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3) TlpuunHBL MOJOMKA MPYKHH KJIAMAHOB; OTCYTCTBHE BO3IyXa B BO3IYIIHBIX KOJIAKaX; OciabicHue
KpeIUICHHs OPIIHS Ha IITOKE; N3HOC BKIIABIIICH; YBEINICHNE 3230POB.

Juis IpeoTBpaIeHns TakKuX MOJIOMOK MpH paboTe Hacoca He0OXOANMO COOITIOAAT CIEMYIOIINE MpaBuIa:
CIIEIINTH 3a TIOKa3aHUSAMH IPUOOPOB; CIEAUTH 3a MCIPABHOCTHIO MACIITHON CHCTEMBI H KOJHMYECTBOM CMAa3KH;
MOJICP’KUBATh HEOOXOIMMOE NaBICHHE C)XKATOTO BO3IyXa; KOHTPOIHMPOBATH COCTOSHWE YIUIOTHEHH; TpH
MOSABIICHUE KaKUX OO0 OTKJIIOHEHUH He3aMeIINTEIFHO OCTAHOBUTH HACOC U HAUTH MPHYNHY.

Cnucok HCI0JIb3yEMbIX HCTOYHHUKOB!
1.https://mirmarine.net/svm/sudovye-nasosy/82-porshnevye-nasosy-printsip-dejstviya-i-klassifikatsiya
2.Hacocsl n HacocHble craHnni. Moprysnos K.I1. (2021)
3.https://studopedia.ru/8_158766_porshnevie-nasosi.html
4.Cynoseie Hacochl. Bapeukun FO.B. fxoener C.I'. (2021)
5.I'uapo 1 THEBMOCHCTEMBI TPAHCTIOPTHO-TEXHOJIOTHIECKUX MamuH. Jlo3oBernkuii B.B
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2. Pumps and pumping stations. Morgunov K.P. (2021)

3. https://studopedia.ru/8_158766_porshnevie-nasosi.html
4. Marine pumps. Varechkin Yu.V. Yakovlev S.G. (2021)
5. Hydro- and pneumatic systems of transport and technological machines. Lozovetsky V.V.


https://mirmarine.net/svm/sudovye-nasosy/82-porshnevye-nasosy-printsip-dejstviya-i-klassifikatsiya
https://studopedia.ru/8_158766_porshnevie-nasosi.html

32 HayuyHbil #ypHan ""GLOBUS”: TexHu4yeckue Hayku #1(42), 2022

HAHOTEXHONOTMH U HAHOMATEPHATbI

UDC 537.46.38
THE DYNAMICS OF THE FLUX JUMPS IN SUPERCONDUCTORS

Torakulov Botir Turdiboevich

Teacher

Jizzax State Pedagogical Institute of Uzbekistan
4 Sharof Rashidov, Jizzax 130100, Uzbekistan
Taylanov Nizom Abdurazzakovich

Teacher

Jizzax State Pedagogical Institute of Uzbekistan
4 Sharof Rashidov, Jizzax 130100, Uzbekistan
Nurillaev Orzikul Ubaevich

Teacher

Jizzax Polytechnical Institute

Jizzax 130100, Uzbekistan

Saydayev Obid

Teacher

Jizzax State Pedagogical Institute of Uzbekistan
4 Sharof Rashidov, Jizzax 130100, Uzbekistan

Abstract. In this work, the spatial and temporal distributions of small thermal and electromagnetic
perturbations in a plane semi-infinite superconducting sample are studied. Based on a system of equations for
temperature, magnetic induction, and vortex motion, a dispersion relation was obtained that determines the
growth (or decay) increment of small perturbations. It was shown that, under certain conditions, depending on
the values of the parameters of the system, flux jumps of the magnetic flux is observed.

Key words: superconductors, small perturbations, flux jumps, vortex, critical state.

Introduction

The phenomenon of magnetic flux jumps as a result of thermo magnetic instability of the critical state in a
superconductor is theoretically investigated [1]. The spatial and temporal distributions of small thermal and
electromagnetic perturbations in a plane semi-infinite superconducting sample are studied. Based on the system
of equations for temperature, magnetic induction, and vortex motion, a dispersion relation was obtained that
determines the growth (or decay) increment of small perturbations. It was shown that, under certain conditions,
depending on the values of the parameters of the system, flux jumps of the magnetic flux can be observed.

Basic equations

The distribution of magnetic induction, electric field, and transport current in the superconductor are
determined by the following equation

rotB = ug). (1)

2 _af
rotE = o 2

Accordingly, the temperature distribution in the sample is determined by the heat conduction equation

4T 4
viT) P Vik(TIVT] + JE, (3)
where v and « are the coefficients of heat capacity and thermal conductivity of the sample, respectively.
Addictionj = j-(T. E. E} is determined by the following critical state equation
j =Jc(T. B} + J(E).

We will use the Bean model jo =j:(B..T) =j, —a(T; —T;), where EBiis the value of the external
magnetic induction; & = - ’“T ; fo- equilibrium current density, Tzand T;- initial and critical temperature of the
o

Tp—
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sample, respectively [1]. In the flow creep mode, the current-voltage characteristic of superconductors is
nonlinear, due to the heat-activated motion of vortices [2]. The dependence j ( E ) in the flow creep mode is
described by the expression [3]

j=ic [£]" (4

where Ejis the value of the electric field strength at j = ji-; the constant parameter n depends on the pinning
mechanisms. In the case when n =1, relation (4) describes a viscous flow [1]. For sufficiently large values of n ,
the last equality defines Bean's critical state j © j.. When 1< n <oo, relation (4) describes the nonlinear creep of
the flow [4]. In this case, the differential conductivity is determined by the equality

o=ii= (5)

The results and discussions

According to equation (5), the differential conductivity increases with increasing background electric field
Ezand essentially depends on the value of the rate of change of magnetic induction according to the
equalityEz o Ezx. Let’s formulate the basic equations describing the dynamics of the development of thermal
and electromagnetic disturbances for a simple case - a superconducting flat semi-infinite sample (x >0)

de d3s .
vE=rtis, ©)
d?s [J-': ds dj'_,ds]
= Uy == ——=—.
dx2 = “Plpzde  dr ér @

We represent the solution of system (6), (7) in the form
6T(x.£) = (T, — Tp)0(2)e", 8

GE(x.t) = E_&(z) eﬁ. 9)

where v is the eigenvalue problem to be determined. It can be seen from the last system of equations that the
characteristic time for the development of thermal and electromagnetic perturbations of the order of - /v [5].
We have introduced the following dimensionless parameters and variables

21 2
],lch i 2 t _ OE TV T—Tql V(T—Tql 1-n
= == = .r:—._e——,tc,: L= — ¥y =
Boje n

f|'| E JE

Let’s consider the problem within the adiabatic approximation, when 7 <<<¢ 1, i.e. [5], the diffusion of the
magnetic flux occurs faster than the thermal diffusion. Then, we obtain the following equation in the quasi-
stationary approximation

&8 _
-0 =0. (10)

Since, when deriving the last equation, we neglected thermal effects, only the electrodynamic boundary
should be put in (10)

de( 0.t

B(Lt)=0—"—=0. (11)
The stability criterion of the magnetic flux jumps is determined by the values of Rey = 0. Then, using the
second boundary condition@{1} = 0, we obtain the following equation for determining the parametery
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Jzpalan) = J_zpalan)

A nontrivial solution of the last equation, taking into account the boundary conditions (10), exists only for
certain values

wherea, are the roots of the characteristic Bessel function. After simple transformations, we obtain the
following stability criterion for the flux jumps

B _ amje IK:T:—Tnl
£ ¢ y  enBe (12)

It is easy to see that the threshold value of B flux jump stability mainly depends on the type of background
electric field initiated by a change in external magnetic inductionE; = B, [6]. The value of B, decreases
monotonically with increasing of the external magnetic field induction rate in the sample.

Cconclusion

Thus, based on a system of equations for temperature, magnetic induction, and vortex motion, a dispersion
relation was obtained that determines the growth (or decay) increment of small perturbations. It was shown that,
under certain conditions, depending on the values of the parameters of the system, flux jumps of the magnetic
flux are observed.
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Abstract. In this article we investigate the problem of modeling laboratory work in quantum physics under
the name "The Franc-Hertz experiment”. The dependence of the light intensity and frequency on the anode
voltage is investigated. There is a known voltage value between the anode and the photocathode, where the
photocurrent is zero. The process of formation of the photoelectric effect at a given voltage as a result of a
change in the parameter U was analyzed from the point of view of modeling.
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As we know that in higher education, laboratory practice is one of the most important forms of training,
which allows students to work independently. Laboratory studies in quantum physics should be seen as an
experimental exhibition, and not as an auxiliary tool to improve this course. The purpose of laboratory studies is
to give students practical knowledge of the theoretical foundations of the subject being studied, a thorough study
of the latest experimental methods in the field of science, and instrumentalization of the knowledge gained. turn
them into educational and scientific research, and then as a means of solving real experimental and practical
problems, in other words, to establish a connection between theory and practice.

On the other hand, laboratory classes require that the student be creative and proactive, independent in
decision-making, deep knowledge and understanding of the educational material. Students will be able to better
learn the material that is taught during laboratory work, as many calculations and formulas that seem abstract
will be refined throughout the course. Students will reveal the secrets of many physical details that they could
never have imagined, and this will help them develop the ability to solve complex problems.

In modern conditions it is necessary to get real experience in computer modeling of physical processes and
phenomena studied in the laboratories of quantum physics. If it is impossible to study the phenomenon for any
reason or for training reasons, it is advisable to use computer simulation (for example, problems of quantum
mechanics in the field of motion, cosmic problems, symmetry, elementary particle physics, etc.).

Let us consider several aspects of the use of computer models in laboratory practice. Methods of performing
laboratory work in a virtual workshop include acquaintance with the physical nature of the phenomenon being
studied, familiarity with the operation of the experimental device, setting specific research goals and tasks for the
future, description of experiments and processing of experimental data by calculation of relative and absolute
errors. Each laboratory has all the traditional elements: methodical and reference work, experimental part,
processing of experimental data, educational and control tests. For example, in quantum physics, the “Study the
Photoelectric Effect” laboratory investigates the dependence of the camera power on the voltage at the anode at
various intensities and frequencies of light, as well as the Einstein equation.

Fig. 1. Photoelectric Effect Modeling Scheme

The computer model that we studied (Fig. 1) is designed to study the law of the photoelectric effect. The
test window is displayed on the left, and the current voltage characteristic of the photo is shown in the right
window. The external photoelectric effect is the process by which electrons are emitted from the metal itself
under the influence of light. A qualitative study of this phenomenon allows us to draw a number of interesting
conclusions. To form this bond, the cathode must be irradiated with monochromatic light, which is almost
impossible to perform in a demonstration experiment. Therefore, the essence of this phenomenon can be
transmitted to students only with the help of computer modeling.

First of all, it is necessary to draw students' attention to the experimental scheme for generating the
photoelectric effect, especially to the shape of the tube tube. The complexity of the shape of the flask is
explained by the fact that the photoelectric effect can be observed not only with visible cathode light, but also
with ultraviolet light. It is known that glass does not easily absorb ultraviolet light, so the side window is made
of quartz. In this case, the photoelectric effect can be created by illuminating the cathode at a distance of 10
meters or by ultraviolet radiation. Using the interactive capabilities of a computer model, you can select a
number of important parameters: the wavelength and intensity of the incident light, the magnitude and difference
between the anode and the photocathode, etc. This allows you to get the main quantitative dependencies that
make up the basis of the photoelectric effect.

Thus, we can show the following laws of the photoelectric effect:

1. The maximum speed of photoelectrons is determined by the frequency of this light and does not depend
on its intensity, that is, the maximum kinetic energy of photoelectrons depends only on the frequency of light. By
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changing the radiation intensity P and the wavelength A, one can observe a change in the photoelectron energy
and show its independence from the radiation intensity. However, it should be noted that from the classical point
of view, the photon voltage does not depend on the amplitude of the light intensity vector.

2. The red limit of the photoelectric effect for each substance, that is. the external photoelectric effect still
has a minimum light frequency or maximum wavelength. By setting parameter A, you can specify the process of
generating the photoelectric effect at a specific wavelength corresponding to the red limit.

CONCLUSION

Thus, it was shown that there is a known voltage value between the anode and the photocathode, where the
photocurrent is zero. The process of formation of the photoelectric effect at a given voltage as a result of a
change in the parameter U was analyzed from the point of view of modeling.
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