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CEHUCMIYHOTO MPOIIECY 1 3aKOHY MOBTOPIOBAHOCTI CEHCMIUHUX TIOTIN, 3apEECTPOBAHIX
MIKpOCEMCMIYHUM METOJIOM B HU3bKOYACTOTHOMY Jiama30Hi MPYKHUX KOJTHBaHb.
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It is determined that inductive plasma flows energy regulation will reduce specific energy
intensity of crystalline structures fracture with the help of n-component fracture system
accommodation. Rock fracturing is considered at the level of crystalline structures (femtolevel).
Crystalline structure oscillations are caused by the presence of internal and external factors.
External factors are represented by changing the parameters of inductive plasma flows:
concentration; temperature; energy; exposure time of crystalline structure. Opportunities stand it
possible to determine the inductive plasma physical parameters impact on crystalline structure of
the samples, which were prepared for experimental tests. For the first time the mathematical model
of plasma flow energy is introduced, which differs from the existing ones with the fact that it links
discharge circuit inductance and current of the electrothermal rock fracturing plant with the
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characteristics of its operating tool — plasma flow. This allows to reduce specific energy intensity of
crystalline structure fracturing by varying discharge circuit inductance and current when changing
the structures parameters with the help of switches system.

Keywords: inductive plasma; rock fracture; crystalline structure; subresonant flow; internal
factors.

Bcmanosneno, wo pezyntosanns ewepeii nOmoxie iHOYKMuUGHOI Naasmu 003601UMb 3HUSUMU
NUMOMY €HeP2OEMHICMb DYUHYBAHHA KPUCANIYHUX CIPYKMYP 2IPCbKUX nopio akomooayiero N-
KOMNOHEHMHOI cucmemu pyuHyeanHs. Pyilinyeanus 2ipcbkux nopio po3ensiHymo Ha pieHi
kpucmaniunux cmpykmyp (pemmopisni). Korusanns kpucmaniynoi cmpykmypu 06yMo610i0msCsi
HASIBHICMIO GHYMPIWHIX MA 308HIUHIX YUHHUKIG. 306HIWHI YUHHUKU NPeOCMABIeHi 3MIHOI0
napamempis nOMoKie iHOYKMuUGHOI niamu. KOHYeHmpayii;, memnepamypu, eHepeii; uacy eniuey Ha
Kpucmaniuny cmpykmypy. Busnaueno ennue izuunux napamempie iHOYKMuUHOI niazmu Ha
KPUCMANIYHY CMPYKMYypPY 3pAa3Kis, wo 20my8anucs 0Jis eKCnepuMenmaibHux eunpooysans. Bnepuie
3anponoHOaAHa MamemMamuyHa Mooelb eHepeii NniazmMo8o2o Nomoky. Bowa eiopisnaemvca 6i0
8I0OMUX mMUM, WO 38'A3y€  [HOYKMUBHICMb, CMPYM  PO3PAOHO20 KOHMYPY YCMAHOBKU
eIeKMPOmMepMIiuHO20 PYUHYBAHHS 2iPCLKUX NOPIO i3 Xapakxmepucmuxamu ii pob6o4o2o incmpymeHmy
— NIA3MOBUM NOMOKOM. Bcmanoeneno npamonponopyiuny 3a1exicHiCmb eHepeii Niazmoso2o
HOMOKY 8i0 CmMpymy pO3pAOH020 KOHMYPY mMa O00OepPHEeHONPONOPYILHY 3ANeHCHICMmb eHepeil
NIA3M08020 NOMOK) 6i0 THOYKMUSBHOCMI po3psioHo2o KoHmypy. Lle 0ossonse snuzumu numomy
EHEepP2OEMHICb  PYUHYBAHHA KPUCMATNIYHUX CMPYKMYpP, 8apylouu I[HOYKMUBHICMb mMa CMpym
PO3PAOHO20 KOHMYPY NPU 3MIHI nApamempie CmpyKmyp CUCIEMOIO KII0Uis.

Knwuoei cnosa: inoykmuena naazma; pyUHy8awHs 2ipCbKUX Nopio, KpUCMAniyHa
cmpykmypa, cyOpe30HaHCHULl NOMIK,; GHYMPIUHI YUHHUKU.

Onpeoeneno, umo pe2ynuposanue dSHepeut NOMOK08 UHOYKMUSHOU NAA3MbL NO360IUM CHUSUMb
VOENIbHYI0 — OHEP2OeMKOCMb  pa3pYUleHUus  KPUCMALIUYecKUx  CMpPYKmyp  2OPHbIX — NOpoo
akkomooayuel n-KOMNOHEHMHOU cucmemvl paspyuienus. Paspywenue cmpykmyp paccmompeHnl
Ha YpoGHe KPUCMANLIUYeCKUX cmpykmyp (¢hemmoyposue). Konebanus xpucmaniuyeckou
CmMpYKmypol 00YCIABIUBAIOMC S HATUYUEM GHYMPEHHUX U GHeUHUX ¢akmopos. Buewnue gpaxmopul
npeocmasiieHvl UMeHeHUueM napamempos NOmMoK08 UHOYKMUGHOU NIA3Mbl. KOHUEHMpAyuu;
memnepamypel,  dHep2uu;  BpeMeHU  8030elcmeuss HA  KPUCMALIUYECKYIO  CIPYKMYpYy.
Bosmooichocmu cmenda nossonunu onpedenums GiusHue GU3ULECKUX NApAMempo8 UHOYKIMUBHOU
NIA3Mbl  HA  KPUCMALIUYECKYIO — CMPYKmypy — 00pasyos,  Komopbvle  20MOSUIUCL O
9KCNEPpUMEHMANbHLIX UCNbIMAaHUll. Bnepevle npednodcena mamemamuyeckas MooOelb 3SHeEpuu
NIA3MEeHHO20 NOMOKA, KOMOpas OMIUYAemcsi Om U3BECMHbIX meM, Umo C8A3bleaem
UHOYKMUBHOCMb, MOK pA3pA0H020 KOHMYPA YCMAHOBKU IIEeKMPOMEPMUYECKO20 pAa3pyULeHUs]
2OPHbIX NOPOO C XAPAKMePUCMUKAMU ee paboue20 UHCMPYMeHmAa — NIA3MEHHbIM NOMOKOM.
Yemanosneno npsamonponopyuonanvuyio 3agucumocms SHepeuu Nia3mMo8020 NOMOKA Om MOKd
PAa3psa0H020 KOHMYpa U 00paAmuHonpoOnOPYUOHATbHYIO 3ABUCUMOCHIb dHEpIUU NIA3M08020 NOMOKA
om UHOYKMUBHOCMU pA3PSAOHO20 KOHmYpd. JOmo Nno3eoJsem Ccmabduiu3uposams yoeibHYIo
9HEP20eMKOCMb  PA3PYUEHUSL KPUCMANIUYECKUX CMPYKMYpP, 6apbupys UHOYKMUBHOCMb U MOK
PAaspsoH020 KOHMYpa npu U3MEeHeHUU napamempos CmpyKmyp CUCMeMOot Kitoyell.

Knrwueevie cnoea: unoykmuenas niasma; paspyuleHue 2OPHuIX NOpoo; KPUCMANIUYECKAs]
cmpykmypa, cybpe30HaHCHblll NOMOK, 6HYyMpeHHUe haKxmopbi.

Relevance. Classical methods of rock fracture (cutting, milling cutting,
rotation, explosive, etc.) combined with the latest rock crystalline structure impact
technologies provide an opportunity to use internal and external energy sources.
However, the patterns of inductive plasma flows impact on crystalline structure have
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not been investigated properly. Inductive plasma flows energy regulation reduces
specific energy intensity of crystalline structures fracture with the help of n-
component fracture system accommodation. That is why it is so important to
determine the impact of the plant inductance and discharge circuit current [1] on
inductive plasma flows energy. The topic relevance is also confirmed by paragraph 7,
article 4 of chapter 2 of the European Parliament and the Council Directive “On
energy and energy services end-use efficiency and on reversal of the Council
Directive 93/76/EEC* Ne1137/2008 of October 22, 2008 [2].

The objective is to determine the impact of the plant inductance and discharge
circuit current on inductive plasma flows energy. This will make it possible to
regulate the energy in order to accommodate it to changing conditions of the medium.

Material and research results. Structures fracturing is considered at the level
of crystalline structures (femtolevel). Crystalline structure oscillations are caused by
internal and external factors. The internal factors include:

- gravity,

- rheological properties of crystalline structures,

- strained state of the medium under fracture,

- weak and strong interactions.

The external factors are represented by the changing parameters of inductive
plasma flows:

- concentration;

- temperature;

- energy;

- crystalline structure exposure time.

Their regulation on experimental stand is obtained by changing inductance,
current, voltage. The features of the stand made it possible to determine inductive
plasma physical parameters impact on crystalline structure of the samples prepared
for the experimental test.

Plasma flow temperature, T_,, K [3]:

]
T = UPye Ime (1)

where p = 3,14 — Ludolfian number (Pi), r. u. [4];

yC=5,67-1O_8 — Stefan-Boltzmann constant, W/(mZ-K4)[4]; A —

pl”

maximum plasma flow intensity, W/m? [3]:
A =m Ya- (2)

where A~ maximum current density, A/m?2 ; Ua — discharge circuit voltage, V.
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Maximum current density, A A/m? [3]:

ao=1Mpera), @3)

where Im — discharge circuit current peak value, A; rm — maximum plasma flow
radius, m [3]:

13, 172
r=0,003(I "7t )7, (4)

m

where tm — time of decaying current first halfwave, sec.

Having substituted (2) — (4) in (1), plasma temperature:

T —LJ 'mYa | 5)

PL Ay . (0,003(1) 3 t,)1/2)2

Discharge circuit current and voltage are determined experimentally and
represented in Table 1.

Table 1
Experimental stand parameters with temperature dependence of plasma flow
, - Time of decaying Plasma
Discharge circuit | Current peak .
mperatur
voltage, y , KV | value, | . A current first halfwave, Source temperature, T
a m t ,Mmsec
m K
4 8 . 7557
° 9 5 exporimentally | 8448
8 10 P y 9141

When discharge circuit current increases from 8 to 10 A, plasma flow electrons
obtain excess energy. That leads to more frequent collisions between electrons and
plasma flow temperature increases linearly from 7557 to 9141 K.

According to the plasma temperature value, plasma flow concentration is

determined, N m-3 [7]:
Not =P/ #Tp1 ®)
where p = 103307,5 — medium pressure, Pa [8]; k=1,38-10'23 — Boltzmann
-1

constant, J/JK [6]; angular frequency of plasma flow natural oscillations, o SeC

[6]:
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gy =42 Ngi <2 0

where e=-1,6-10"12 _ electron charge, C [4]; m ~91-10731 _ electron mass,
kg [4]. | |

Plasma flow concentration dependency on its temperature and angular
frequency change of plasma flow natural oscillations are represented in Table 2.

Table 2
Plasma flow concentration dependency on its temperature and angular
frequency change of plasma flow natural oscillations

Plasma flow concentration, Plasma flow Angular frequency of plasma flow natural
Np|, m3 temperature, Tpl , K oscillations, ) 109, sec’
9,905.1023 7557 0,591
8,862-10%3 8446 0,559
8189.1023 9141 0,537

When temperature increases from 7557 to 9141 K, collisions of electrons
become more frequent because of the plasma flow internal energy increase. Part of
electrons scatter in the medium. Plasma flow concentration decreases inversely and

linearly from 9,905-1023 to 81891023 m™3. Plasma flow accumulates internal
energy and, as a result, angular frequency of its natural oscillations increases from

0,537-109 to 0,591-109 sec’T and depends linearly on plasma flow temperature.
Plasma flows internal energy, U, J [7]:

y. o pog(r+) NV
2.(r-1)-p2-L-C

: (8)

3

where co density of unexcited discharge medium, kg/m*; v = 1,26 —

efficiency index of plasma flows adiabat, r. u. [8]; L — discharge circuit inductance,
H; C — discharge circuit capacity, F; | — plasma flow length, m; r — zone radius of

pressure wave effective action, m; V = «- r2 | [9] — plasma flow volume, m3.

The downside (8) is failure to take account of plasma flow electronic structure
as an internal energy source. Ludolfian number describes not energy but geometric
properties. This paper considers crystalline structures fracture as a system of
oscillatory circuit with an internal energy source. That is why the impact of
crystalline structure energy and angular frequency of natural oscillations is taken into
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account. These properties are described by Dirac constant. When changing over to
the main index of quantum mechanics — Planck constant — Dirac constant is used [8].

h=%-2p, 9)

where h=6,62-10"3% — Planck constant, J-sec [4]; h=1054-10"3% — Dirac
constant, J-sec [10].

Having substituted (9) in (8), plasma flow energy, U, J:

ré -co-(r+l)-Np| -V
" 2.(r-1)(h/2:7)LC"

(10)

Discharge circuit has no capacity, which is a design feature to increase
explosion safety and ecological compatibility (absence of capacitors). That is why
capacity is expressed through current and voltage [11]:

2 _ _ —
(CUa:VQ—MG—L%-Q—UaJm-L (11)
According to (11), capacity C of discharge circuit, F:
C= "'m'tlua . (12)
Having substituted (11) in (10), plasma flow energy, U, J:
rm-co-(r+)-NpV-U,

" A(r-L)-(h/2h) Lt

(13) combines the laws of quantum mechanics with classical fracture theory
according to Einstein model, when the energy of an inductive plasma elementary
particle, €, J [12]:

(13)

e= %l T (14)
Results according to (14) are represented in Table 3.
Table 3
Energy of a plasma flow elementary particle
Natural oscillations angular frequency
of a plasma flow elementary particle, ) Energy of a plasma flow elementary
9 1 particle, 8'10_26 . J
-107, sec
0,914 6,23
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Continuation of Table 3

Natural oscillations angular frequency
of a plasma flow elementary particle, ) Energy of a plasma flow elementary
9 1 particle, 3-10_26 ,J
107, sec
0,594 5,89
0,537 5,66

Because of plasma flow elementary particles collisions increase, their energy
potential increases with the value increase of natural oscillations angular frequency of

a plasma flow elementary particle from 0,537-10% to0 0,914.10° sec'l. When kinetic
energy of elementary particles collisions is transferred, their internal energy increases

linearly from 5,66-10_26 to 6,23-10_26 J.
Having substituted (14) in (13), plasma energy, U, J:

) o~ cg-NpyV-e(r+1)U,

V= 2:(cAyhomgy Lyt (15)

This mathematical model is introduced for the first time and differs from the
existing ones with the fact that it links discharge circuit inductance and current of the
electrothermal rock fracturing plant with the characteristics of its operating tool —
plasma flow. This allows to reduce specific energy intensity of crystalline structure
fracturing by varying inductance and discharge circuit current when changing the
structures parameters with the help of switches system. The dependence of plasma
flow energy on discharge circuit current and inductance is represented in Table 4.

Table 4
The dependence of plasma flow energy on discharge circuit current and
inductance
Change of discharge circuit current, A
Energy of 8,0 9,0 10,0
inductive 0,269 0,406 0,555
plasma flows, Change of discharge circuit inductance, mH

PJ 11,92 23,84 35,76
0,269 0,134 0,089

The change of discharge circuit current from 8,0 to 10,0 A leads to plasma
channel temperature increase. Plasma channel electrons accumulate internal energy.
Energy potential of inductive plasma flow increases linearly from 0,269 to 0,555 PJ.
Inductive reactance compresses imaginary volume with charged elementary particles
concentrated in it. That is why when plasma flow is discharged internal forces, which
resisted compression, lead to internal potential release of the medium. Through
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overcoming reactance, discharge circuit inductance increase leads to the impulse
internal energy decrease. The flow energy decreases from 0,269 to 0,089 PJ.

Conclusions

1. For the first time the mathematical model of plasma flow energy is introduced,
which differs from the existing ones with the fact that it links discharge circuit
inductance and current of the electrothermal rock fracturing plant with the
characteristics of its operating tool — plasma flow.

2. It is determined that when discharge circuit current increased from 8 to 10 A,
inductive plasma flow energy increased from 0,269 to 0,555 PJ due to the increase of
circuit energy active component.

3.1t is determined that when the discharge circuit inductance increased from
11,92 to 35,76 mH, inductive plasma flows energy decreased from 0,269 to 0,089 PJ
due to the loss of energy impulse potential to overcome inductive reactance.
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