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EARTH SCIENCES

ON THE PHYSICAL NATURE OF THE VERTICAL GRADIENT OF THE FORCE ATTRACTION

Apanovich I.

Mining engineer-geophysicist. Siberian Production and Geological Association.

Abstract

Krasnoyarsk

The lithosphere is a complex of dynamic components. The clarification of its structure is possible only by
studying the parameters of geological bodies as polar systems. One of the poles of each such system is the flux of
particle-pulses of gravitational radiation. The intensity (or "power") of the flux generated by the substance and the
degree of concentration of this substance are interrelated. The magnitude of the vertical gradient of the attractive
force depends both on the power of the particle flux and on the parameters of the emitter substance. We are still
poorly aware of all the components of the radiation flux. But the shown mechanism is best suited to explain the
mysterious force by which all bodies interact “through emptiness” (as expressed by 1. Newton).

Keywords: gravity prospecting, gravity anomalies, vertical gradient, density of rocks.

Studying the structure of the upper part of the lith-
osphere with the use of gravity exploration saves on
drilling deep and exploratory wells. Measurements
with modern high-precision gravimeters make it possi-
ble to study the distribution of anomalies of the attrac-
tive force (the amount of attractive force and centrifu-
gal force is actually measured) and calculate the verti-
cal gradient (VG), which improves the quality of
geological interpretation. Using the mean value of the
vertical gradient in calculations well takes into account
the change in gravity when observing at different
heights, but worsens the information content of the data
due to the alignment of the anomalous field. Gradient
measurements are the best solution to the problem, but
it is not easy to comprehend the received information
on the change in the force of attraction with height. Of-
ten, the measured gradient is larger in areas where the
upper crustal layer is composed of rocks with low den-
sity, and gravity anomalies are less intense.

The theory considers simple expressions for accel-
erating the attractive force (g) by the planet (with a
mass M) of unit mass and for the vertical gradient of
this force: g = GM/r?; dg/dr = -2GM/r3. From the result-
ing simple expression dg/dr = -2g/r, an average normal
gradient of attractive force is calculated, equal to -
0.3086 mGal/m. As a result, both the force of attraction
and the vertical gradient depend on the mass - the
source of the external gravitational field. But is this ad-
diction simple?

In nature, it is impossible to find a system whose
functioning would be characterized without power in-
teraction, without referring to such concepts as “work”,
“power”. The change in the force field is completely
determined by the parameters of the attracting body,
which always represents the polar system. This is very
important and means that we don’t need any other
mechanisms to explain the nature of the vertical gradi-
ent of gravity, because gravity is a force interaction, it

is an eternal and constant movement with the exchange
of pulses in real conditions [1].

Indeed, by measuring and calculating the vertical
gradient, in physical terms, we determine the amount of
work done by the gravitational forces on the transfer of
a unit mass (momentum transfer). Mathematically, the
work done by the gravitational field is directly propor-
tional to its intensity (power). Introducing the “equipo-
tential surfaces”, the theory shows the dependence of
the work performed AA on the power (AF) of the field
(Fig. 1). To accomplish the same work, the elementary
displacement AS must depend on the power of the grav-
itational field between the two selected levels. (This
property of the potential field is described by the Bruns
theorem).

But so far there is no algorithm that allows one to
find an elementary movement in nature (only mathema-
ticians can work with space). Apparently, it is more cor-
rect to use the acceleration associated with the move-
ment and interaction of real objects. Measuring the ac-
celeration of the force of attraction at different points at
two levels (gs and gp), we obtain information on the
change in power (strength) of the gravitational field
created by the bodies X, Y and Z. The greater the ac-
celeration, the greater the change in this acceleration.

If under the same conditions 1 % of energy is lost,
in quantitative terms this is more for a more powerful
impulse. Here everything is mathematically logical.
But what really happens? In nature, the exchange of en-
ergy of motion does not depend on mathematical equi-
potential surfaces. Such an exchange is simple and
physically understandable, but it manifests itself to the
observer in different ways. Imagine several different
springs compressed by the same load. Compression
will be more for the spring with less elasticity. If the
elasticity of the spring is considered to be analogous to
the intensity of the field, then the physical nature of real
gravitational interaction is seen from Figure 1D.
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Fig. 1. Mathematical and physical
approaches to the consideration of
the nature of the vertical gradient
of the force attraction.

C - the intensity of the gravitational
field as the work on the transfer of a
unit mass. D - changes in this work
as a result of the real interaction of
the flows of gravitational radiation

A physically stiffer spring is harder to compress
than a less rigid one. Obviously, it is more difficult to
change the more intense impulse (see fig. 1D). In our
example, the impulse (Mg) acting on the test mass m
from body X, when interacting with the surrounding
matter, loses 50 % of energy, from body Z, only 25 %.

In our simple experience, the impulse Mg acting
on the test mass m and changing with distance is a grav-
itational radiation flux invisible to a simple observer.
Nevertheless, both the acceleration imparted to any
mass (and the mass of the gravimeter pendulum) and
the existence of bodies with different densities is a log-
ical consequence of the only reason - the reactive action
of a particle-particle flow. (The force of action is equal

to the force of opposition). Only the inability to observe
the true cause of attraction of bodies to each other led
to the emergence of a law explaining the interaction of
objects around us with a mysterious inertial mass, alt-
hough this is still the same process of exchanging im-
pulses communicating to acceleration bodies (o = g =
F/m). Acceleration of the force of attraction is directly
proportional to the acting force (F) and inversely pro-
portional to the mass moved with acceleration (m). By
pushing the ball with our hand, we give it the role of
gravitational radiation, which sets in motion another
body.

The real dynamics of matter inhomogeneous in
density is shown in Figure 2.
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Indeed, without the existence of gravitational ra-
diation of various intensity streams, it is impossible to
move bodies, or to separate matter by density.

It is this parameter that is most accessible to us for
measurement, despite the fact that we still record the
deviation of the pendulum as a response to the effect of
the radiation flux. The impulse cannot be transmitted
from a body with a lower energy of motion to a more
energetic body. Therefore, over the dense body “B” we
see only a slight decrease in the vertical gradient com-
pared to the average (0.3086 mGal/m). Above the body
"A" the density of the flux of radiation particles is min-
imal. The flow from denser rocks is shielded, and the
gravimeter records the weakening effect of the radia-
tion of a low-density body rapidly with height. (The
possibility of the Moon shielding the gravitational radi-
ation of the Sun was shown by the author earlier [2]).

Due to the interaction of radiation fluxes, the for-
mation of a volume of matter with an increased density
in the lower part of the body “A” (suppose it is a granite
massif) and the area of decomposition under the denser
body “B” (for example, folded hyperbasites or dolo-
mites) occurs. In the latter case, the area of decompres-
sion may be a reservoir in relation to fluids (oil, gas,
water).

Uncertainty in our analysis contributes to the lack
of data on the composition of matter in the flow of grav-
itational radiation. And protons, and electrons, and
electromagnetic radiation, and neutrinos are the most
likely candidates for this role. And although in the ar-
senal of experimenters there are not so many ways to
rank them by importance, it is the interaction of all
moving matter with the exchange of impulses is the
main reason for the change in the concentration of a
substance (its density). This is fixed by changing the
gradient of the force of attraction.

Having determined what to consider as a conse-
quence, and what is a cause, we will understand that it
is necessary to analyze the interaction of the trial mass
(unit) not with the mass of the Earth or its part, but with

the “interaction mass” (Mg) in the form of the intensity
of the effect of a stream of radiation particles. If the role
of force (F) is the “mass of interaction”, then g = Mg/m.
With a unit mass m, the acceleration is proportional to
the mass of interaction (force). However, the same
force can influence the trial mass at different parame-
ters of the concentrated substance generating the radia-
tion flux. So, if we need to find out the cause of the
change in the force of attraction, then we should study
the ratio of the parameters and the flow of gravitational
radiation, and the object generating this substance. It is
clear that an increase in the mass-emitter does not al-
ways have to lead to a proportional increase in the in-
tensity (density) of the flow of gravitational radiation.
(The law of the world does not work well if the condi-
tion of the “pointness” of the masses is not met). The
radiation will be weak if it is generated even by an enor-
mous mass, but with a volume that tends to infinity. The
radiation will be powerful and almost constant at a con-
siderable distance if the radiating mass is not only enor-
mous, but also composed of high-density matter. The
radiation will be weaker and more rapidly changing if
the dense masses are covered by a layer of loose sedi-
ments shielding the gravitational radiation. This means
that the measured acceleration of the attraction force
depends on the force represented by the “interaction
mass”, as well as on the mass emitter as a product of its
density (o) and volume (V): g = Mg/m-c-V
In fact, we once again wrote down Isaac Newton's
law, which connects acceleration with force and mass.
But physically we have to formulate it as “the connec-
tion of acceleration with the ratio of force to mass, gen-
erating this force". After all, with the same force and
the same mass, the reported acceleration can be differ-
ent. For mathematics, this is nonsense, and for physics,
the real situation. Turning to increments (and taking
into account the unit mass), we obtain Ag = A(Mg/c*V).
In accordance with the physical content of the process
being characterized, we write the formula:
Vzz = Mg/(c-V). (D)
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The vertical gradient of the force of attraction de-
pends directly in proportion to the "mass of interaction”
(density or intensity of the flow of gravitational radia-
tion) and inversely proportional to the density of the
substance and the volume of the body generating the
radiation pulses. We can imagine the interaction mass
characterizing the particle flow parameters as a kind of
“gravitational radiation flux rate” - the interaction of
classical kilograms per unit of time per second - “inter-
action acceleration” [kg/s?]. This allows you to get in
the end the desired dimension of the gradient (1/s?).

But is it accidental for the VG that the dimension
is “non-material”? Of course, not by chance! Time is
not an object of physical reality. The performance of
the gravitational force of the same work is not con-
nected with the change in n-dimensional space. It is
easier to assume that the speed of matter movement in-
fluences (in A. Einstein's constructions, speed was con-
sidered as the most important factor). This is logical,
and the observer records such a change everywhere.
(The smaller the body by the amount of substance, the
greater the speed needed in the interaction to transfer
the same energy of motion). But in nature, in the world
of force interaction, acceleration plays a major role.
This means that the interaction of a stream of gravita-
tional radiation with the surrounding matter (with dif-
ferent power flows from other bodies) constantly
changes the acceleration of the interaction of many sin-
gle impulses. The impulse with a relative value equal to
one is graviton [1]. Therefore, the gravitational interac-
tion is correctly characterized by acceleration in the
process of the exchange of pulses of interacting radia-
tion fluxes.

So, in our analysis real bodies with their physically
not very clear masses were somewhat left aside. (Ein-
stein was right in laying the foundation of the general
theory of relativity in the fact of independence of mo-
tion in the gravitational field of a body from the mass
of the latter).

In the first place were the streams of gravitational
radiation, consisting of "units-impulses”. The more
such “units” - particle-pulses are present in the flow of
gravitational radiation, the more they interact (creating
acceleration) per second, participating in the formation
of the gradient. The apparent contradiction, when the

vertical gradient of the attractive force depends differ-
ently on the parameters of the same object, does not re-
ally exist. The flow of impulses-particles of gravita-
tional radiation is inhomogeneous substance. Its param-
eters vary from point to point, and with a change in
height, so you need to investigate only the real physical
process. In fact, we are just beginning to really use this
parameter to study the dynamics of the gravitational
field of the planet, analyzing the ratio of the power of
the radiation flux to the density and volume of the body
(or complex of bodies) generating this flow. Analyzing
the ratio of the numerator as an indicator of the power
of the flow of gravitational radiation and the denomina-
tor, representing the characteristics of the emitter of
particles (see formula 1), we will show the dependence
graphically. The calculation of VG values is made for
the object, with average values of the density of 5520
kg/m® and a radius of 6371 km (Fig. 3).

From the given graphs it is easy to estimate the de-
gree of influence of parameters on the value of the ver-
tical gradient. For example, at a certain volume, the in-
fluence of rock density within 2520-4520 kg/m? will be
less than the influence of the power of gravitational ra-
diation flux (PB; is greater than ). However, the shift
of density values in the range of 2320-2520 kg/m®
shows that the angle B is already smaller than 3). Now
not the mass of interaction, but the density of rocks has
a greater influence on the gradient. Even more influ-
ence on the vertical gradient can have the product of the
density of the body on its volume, when the shape and
rank of the object have the most effect. As the volume
decreases (when we proceed to the consideration of lo-
cal objects), the change in the flux density of the rec-
orded particles with height increases sharply.

Our reasoning and constructions make it possible
to understand why researchers often not only notice that
“the values of the vertical gradient calculated from the
anomalies of gravity do not correspond to the measured
ones”, but also find it difficult to explain the fact that
the VG increases over low-density geological bodies.
In general, the shown physical nature of the vertical
gradient of the force of attraction follows logically from
the constructions proposed by the author for a long time
as the “physical theory of gravity”.
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Fig. 3. The vertical gradient of the force of attraction as a
function of one of the arguments: “interaction mass” (M),
volume (V), density (o) of an object

When observing with a gravimeter, the calculation
of the values of the gradient should be performed ac-
cording to the observed values of the acceleration of
gravity, taking into account the distorting influence of
the terrestrial relief, this gives a more realistic picture.
The gradient actually turns out to be dependent on the
parameters of the inhomogeneous stream of gravita-
tional radiation, which are inaccessible for direct meas-
urement. Theoretical calculations of VG only partially
use the complex dependence of the rate of change of the
force of attraction on real geological bodies that are not

at all in a static state. Therefore, in a real geological set-
ting, measurement results often demonstrate an in-
versely proportional dependence of the values of the
vertical gradient of gravity on the density of rocks. This
is more pronounced in areas of low-density rock prop-
agation, in volcanic areas, where there are many local
geological bodies in the upper part of the earth's crust.
Measurements of VG in one of the regions of Kam-
chatka showed that the dependence is indeed the oppo-
site (Fig. 4). (Selection of objects with different densi-
ties was performed for a three-dimensional model).
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The use of the mechanism of gravitational interac-
tion in the form of motion with the exchange of pulses
made it possible to eliminate some contradictions in
solving the existing problem of geophysics. Careful

measuring the vertical gradient of gravity on at least a
rare network of points. With a small increase in the cost
of work, the nature of gravity anomalies will be more
closely associated with real geological objects.

consideration of the measurement results, taking into
account the scale of geological bodies, makes it possi-
ble to more reasonably approach the geological inter-
pretation of the anomalies of gravity and its vertical
gradient. (The presence of local sources of gravitational
radiation fluxes is the reason for the formation of local
anomalies of the vertical gradient). Thus, the efficiency
of geological exploration using gravity data can be sig-
nificantly improved if all studies are complemented by
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O HABJIIOJAEHUAX CEPEBPUCTBIX OBJIAKOB B CEBEPHOM KA3AXCTAHE

CoJ1010BHUK A.

Kanouoam gpusuxo-mamemamuueckux nayx, npogpeccop kageopwt « Qusuxay,
Cesepo-Kazaxcmanckoeo eocyoapcmeentozo ynugsepcumema umenu M.Kozvibaesa
Caprun C.

Kanouoam ghuzuxo-mamemamuueckux nayx, ooyenm xkageopvi « Dusuxay,
Cegepo-Kasaxcmanckozo 2ocyoapcmeenno2o ynugepcumema umenu M.Kosvibaesa
AJlekceeBa A.A.

Cmyoenm kaghedpwi « Dusuxay,

Cegepo-Kasaxcmanckozo 2ocyoapcmeenno2o ynugepcumema umenu M.Kosvibaesa
Hypaxkaii I'.

Cmyoenm kaghedpvr « Qusuxay,

Cesepo-Kazaxcmanckoeo eocyoapcmeentozo ynugsepcumema umenu M.Kosvibaesa
Yepkacosa A.B.

Cmyoenm kaghedpvr « Qusuxay,

Cegepo-Kasaxcmanckozo 2ocyoapcmeenno2o ynugepcumema umenu M.Koszvibaesa

Abstract

For many years North-Kazakhstan state university has been continuously registering night shining clouds
(NSC). In this regard every observational season from June to August observation stations are organized in the
extreme northward locations. The obtained data are used further as a reference material to create a model of NSC
formation.

AHHOTaNUA

B CKI'Y Ha mpoTsHKeHHH AONTHX JeT Beaétcs HempepbiBHas peructpanuss MCO. B 3Toi CBSI3M KaxkIbId
HaOJrOIaTeNBHBIN CE30H, ¢ Hayajla HIOHS IO aBTYCT MECSAL, OPraHU3yIOTCSA TOUYKH HAOIIOJeHUH C MaKCUMAaJIbHO
BO3MO’KHBIM BBIHOCOM K CEBEPY. HOJ’[y‘{CHHHe JAaHHBIC B }laHBHeﬁIHeM HCIOJIB3YETCA B KAUECCTBE OITIOPHOT'O MaTEC-
puana jJis co3ganus Moaenu oopazosanus MCO.

Keywords: clouds, mesosphere, twilight segment, morphological forms, genesis, midnight, destruction of
clouds

KaroueBnle cioBa: 06sako, Me3ocepa, CyMepeuHblil CerMeHT, Mopdoornyeckue Gopmsl, FeHe3uc, ToITy-
HOYb, pa3pyLIeHHe 00JIaKOB.
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O HadJoneHusx cepedpucToix 061axkoB B Ce-
BepHoM Ka3zaxcramne.

Mesoceprsie cepedbpucteie obmaka (MCO) sB-
JISIFOTCS TIIaBHBIM MapKEPOM (DU3UYECKHUX IPOIIECCOB,
TIPOMCXOAIINX B BEPXHUX CIIOSAX aTMOC(epHl, JTOKaIn-
3ysACh B 00JacTh Me3omay3bl. VX u3ydeHueM 3aHMMa-
1oTcs B psage ctpaH mupa. B CeBepo-Kazaxcranckom
roCyIapCTBEHHOM yHUBepcuTeTe nMeHH Manarna Ko-
3b10aeBa cuctemarudeckoe uzyuenune MCO Beaéres ¢
1989 rona. Hauunas ¢ 2004 roga, Kax/blii Ce30H Mpo-
BOJIATCS HAOJIOJICHUS 32 HUMHU U3 HECKOJBKHX TOYCK
[1-5].

B 2018 rony nabmronennst MCO npou3BOAMIOCH
n3 4eThIpEX TodeK. Takas mocTaHoBKa pabOTHI TIO3BO-
JSeT He TOJHKO MHUHHMH3HPOBATH HEOIArompHsTHOE
BJIMSIHHE TIOTOIHBIX YCIIOBHM, HO B TIEPCIIEKTUBE aHA-
JU3UPOBATH IPOCTPAHCTBEHHYIO CTPYKTYPY OOJIAUHBIX
nosielt. IlepBoe nosinenne MCO patupyercst 6 UIOHS.
ComocTaBisis ¢ JAHHBIMU MPOIUIBIX JIET, MOYKHO OTMeE-
TUTb, YTO 3TO JOBOJHHO paHHEE UX IOSBJICHUE.

Ocobennoctrio ce3ona 2018 roga 6pu10 paszmerre-
HHE O/IHOU M3 HAaOJIoIaTeIbHBIX ToueK 0sn3 cena Jlo-
MaToB0,CeBepo-KazaxcTaHckoi 007acTH ¢ KOOpIHMHA-
tamu 55°18'48.3"N 69°30'03.7"E. I'eorpadudecku 3ta
TOYKa SBJSUIACH CAMOM CEBEPHOM TOUKON HAOIIOJCHHH
MCO B Pecrrybmmke Kazaxcran. Habmonenus npouns-
BOAWIACH C TIOMOIIBIO IM(poBOro GoToammapara
Canon EOS 600D ¢ muHAMAaNBEHEIM pa3penicHueM 2,5
MIIk ¢ 3xcno3unusMu ot 2 10 6 CeKyHJ, B 3aBUCUMO-
CTH OT CTENEHU OCBEIIEHHOCTH CyMEpPEUHOI'o Cer-
MEHTAa.

3a nepuon HabmoneHui 2018 roga ¢ 9TOM TOUKH,
3a 10 HabnrOAaTEeNBHBIX HOYEH, OBLIIO MONTydeHo OoJee

200 CHUMKOB, pa3JIMYHOTO KauyecTBa, HA KOTOPBIX 3a-
peructpupoBad ¢akt npucyrctBusi MCO. CHuMKH
MO3BOJIIIOT ~ KJTACCU(UIIMPOBATE  MOp(doIorHIecKre
(dhopmel cepedpucThix 001akoB. Yare Bcero Hadmona-
Juchk obnagnble moytst 1 tuma (dnep), 2 tuma: 2-a (mo-
JIOCHI pa3MBIThIC) B 2-B (PE3KO OYepUCHHBIC), CPaBHU-
TEJILHO PeXke HAOI0AINCh BUXPH (3aBUXPEHUS C Ma-
JBIM PAJNYyCOM) M BOJHOOOpPa3HbIC OOpa30BaHUS
(rpebemurkn). BpemMeHHON MPOMEXYTOK OT MOSBICHUS
Jo ucuesHoBeHuss MCO B cpeJHEMCOCTaBIsUI OKOJIO
TpEX 4acoB.

CyMMapHO 10 BceM HAOII0AaTeIbHBIM ITYHKTaM B
2018 romy ormedeHo 14 31MM3070B MOSBICHHUS ceped-
PUCTBIX 00J1ak0oB. VI3 HUX HaHOOJBIIMI HHTEPEC MPE/I-
CTaBISIIOT Me3oc(epHble 00Jiaka, HaOJIIOMaBIINECS B
HOYb ¢ 25 Ha 26 utoHs. VIX cTpyKTypa SBHO CBHIIETEITb-
CTBOBaJIa O BIUSIHUH TPOHOC(HEPHBIX MPOIIECCOB HA Te-
He3uC Me30c(epHOit 00IauHOCTH. AHATN3 CTPYKTYPHI
Y KWHEMaTHKHU O0JIauHBIX MOJIeH B ATY HOUB 3aCITyXKH-
BAET OTACJIBbHOU CTAThH.

I[J'ISI MOJY4Y€HUsA JaHHBIX O PpacroJIOKCHUN
00JIaKOB B IPOCTPAHCTBE IPOU3BOJMIACH MEPBUYHAS
o0OpaboTka wu3o0paxkeHuit. [lpu 3TOM yTOUYHSIOCH
MOJIOKCHUA  JIMHUM ~ WCTHHHOTO  TOPH30HTa U
HaTpaBJICHUS Ha ceep./lanee ompenensIncy TOPU30H-
TanbHble KoopauHaTel rpanul] nojaeid MCO. [lo Hum
PacCUYUTHIBAIICH TeorpaduIeckne KOOPIMHATH U BBI-
COTHI HaJl 3eMIIeii OTIENbHBIX YIaCTKOB 00JIaYHOCTH, a
TaK e PaCCTOSIHUSA OT TOUYKH HAOOACHUS 10 OIVDKHEH
rpaHunpl obnaka. OTCEXUBAIOCH M3MEHEHHE OSTHX
napaMeTpoB C TEUSHUEM BPEMEHHU.

Hmxe (puc. 1-3) npuBeaeHs! mpUMepsl 0100HON
00paboTKH CHUMKOB.

Pucynox 1 - @omoepaghus MCO nonyuennasn 7 uiona 2018 2ooa 6 1 yac 50 munym

Ha nepBom u3o0pakennu BepxHsisi rpanniia MCO
HaOJoaeTcs Ha BBICOTE NPUONNM3UTENIBHO 7° Haj ro-
puzontoM. IIpaBas rpannna MCO HaGmonaercs Bo-
CTOYHEE TOYKH CEBEpa C ACTPOHOMHUYECKUM a3UMYyTOM

npubauzurensHo 198°. JleBas rpanuuna MCO naGuro-
JaeTcs K 3amaxy OT HaIlpaBJICHUS CEBEP C a3UMYTOM
npumepHo 144°.OcHoBHas 4acTh 00J1aka BBITVISAUT B
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(opMme cucTeM napauieNbHBIX II0JI0C C SIPKO BBIPAXKEH-
HBIMH BOJIHOBBIMH H3TH0aMHu, YTO COOTBETCTBYET
rpymmam 2b u 3a. BivkHss rpanuna obaka, ¢ yaéTom

YCTOSIBUIETOCSI  3HAYEHUs] BBICOTHOTO  MOJIOKEHHUS
MCO, HaxomuTcs OT HaOMIOMATEeNs HAa PaCCTOSHHUU
puOIM3nTeNHHO 670 KM.

Pucynox 2 — @omoepaghuss MCO nonyuennas 7 urons 2018 200a 6 2 uaca 56 munym

Ha BTopom n3o0paxenuu Bepxusist rpanuna MCO
HaOJI0aeTcs Ha BBICOTE OKOJO 9° HaJl TOPH30HTOM.
IIpaBas rpanuna noas MCO umeet asuMyT IpUOIN3U-
tenbHO 220°. JIeBas ero rpaHuiia UMEET a3UMYT OKOJIO
171°. OcHOBHAas 4YacTh 00JaKa HE IMEET YETKUX CTPYK-
Typ, 9TO cooTBeTcTBYeT népy. K 3anmany or Hampas-
JICHUSI Ha CeBep MPUMEPHO B 2°, HAOIIOIAI0TCS MOTOCHI
rpymnnsl 2a. BocTtouHee oT HampaBieHHsS Ha ceBep C
asumytoM 202°, HAOMIOAAIOTCS IMOJOCHI TPYINEI 2B.
bmwkHsa rpanuna obnaka, ¢ y4€TOM YCTOSBILIETOCS
3HaYeHHs BEICOTHOrO nojioxkenuss MCO, HaXOIUTCS OT
HaOoaTensi Ha PacCTOSHUM MpUOIM3UTENbHO 570
KM.

Ha TtperseM wu300pakeHMH BEpXHAS TpaHUIIA
MCO Habumro1aeTcs Ha BBICOTE OKOJIO 6° HaJl TOPU30H-

toM. [IpaBas rpanuna nons MCO uMeeT a3suMyT Ipu-
omm3uTensHo 231°. JleBast ero rpaHuna UMeeT a3uMyT
okouo 180°. OcHOBHas yacTh 00JIaKa He MMeeT YETKUX
CTPYKTYP, UTO COOTBETCTBYET (hépy. B cTpykType 00-
Jlaka HaOJII0 a0 TCS ITOJIOCHI TPYTIIIHI 2a U 2B. BIVOKHSIS
rpaHuna obnaka, ¢ y4ETOM YCTOSBIIETOCS 3HAYCHUS
BeICOTHOTO noJioxkeHuss MCO, HaxoguTcs oT HabIro1a-
TeJs Ha PacCTOSHUU MPUOIH3UTENHHO 570 KM.

B TOT %€ Ce30H MPOBOAMIICS MOHHTOPHHT CyMe-
PEYHOTO CEerMeHTa C MCIIOJIE30BaHHEM IIHPOKOYTOIb-
Hou kamepbl Arecont AV 40185 DN-HB B r. Ilerpo-
MaBJIOBCKE. AMNIapaTypa pacroJarajach Ha CIenuallb-
HOM MauTe BBICOTOH 18 MeTpoB, pacmoIOXKEHHON
PAIOM CO 31aHHEM YHHUBepcHUTeTcKoit OGcepBaTOpHH.

Pucynox 3 — @omoepaghua MCO nonyuennas 7 utona 2018 2o0a 6 3 uaca 10 munym
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Pucynox 5. I'paghux usmenenus azumymanbHoti npomadicéHHOCmu 001auHo20 nojis 6 epadycax (0cb y) om epe-
Menu (0Cb X) ¢ ROTUHOMUATLHOU ANNPOKCUMAYUEIL.

ITone 3penus kamepsl coctaBusier 180° mo asu-
MYTY U OKOJIO 25 TpaaycoB Mo BblcoTe. biaronapst na-
HOPaMHOCTH H300pakeHUs yIajdoch U3yIHTh N3MEHE-
HHE OO0IIeH MPOTSHKEHHOCTH IO a3UMYTy O0JadyHOTO
oyt (puc. 4).

Pesynbrathl npecTaBieHs! Ha Tpaduke (puc. S.).
31ech BHJIHO MOCTENIEHHOE yMEHBIIEHHE 3TON BeJn-
YHHBI CO BPEMEHEM, HaYMHasl C MOSIBJICHUsI 00JIAKOB JI0
UCTUHHOU mnonyHoud. Ilocne momyHOuMm NpOTSHKEH-
HOCTB 00JJaYHOTO TOJISI BO3pacTaa.

PesynbTat 00pabOTKH yKa3bIBa€T Ha TO, YTO BEJH-
YHMHA NPOTSHKEHHOCTH O0JIAYHOTO TI0JISL OTIPEesIach
TONbKO TosoxkeHueM CoiHna mojx Tropu3oHTOM. To
ecTh OblcTporo o0pa3oBaHUs WIM MCYE3HOBEHUS ce-
peOpUCTHIX 00IaKOB HE MPOUCXOIMIIO. 3a HMCKIIOYe-
HHEM TIOCJICTHEro dSTara HaOJIOAEHHs, KOIrZa BO3-
MOXHO ITPOMCXOANIIO pa3pyleHne cepeOpUCTHIX 001a-
koB. Takoill pe3ympTaT sBifeTcss HOBBIM. OH
CBHUJIETENILCTBYET O NEPCHEKTHBE MPUMEHIEMON METO-
JIIKY | amapaTypsl.

! < ¥y v

Pucynox 4. [lanopama cymepeunoco cecmenma u none cepebpucmoix ob1aKos

e Ln.\ = .;Y“b ! >- ‘. ”7’

6 0% 19-20.06.2017
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Abstract

It should raise the question about necessity of determination of phenomenon nature having an influence to

the Solar System. Astronomer K. Butusov wrote in 2004: ”The Black Sun approximates to the Earth”. Today this
problem arises with the information from American astronomers about indignation of long periodic comet orbits
by distant invisible celestial body. Let us find out what is foundation for reckon this body to the Solar System
namely.

AHHOTAN NS

«K 3emie npudmmkaercs YepHoe coHIey - mucan actpoHoM K.II. ByTycoB B 0THOMMEHHOM pazjierie OTHON
W3 CBOMX HAYYHO-TIOMYIHPHBIX myonukamuii 2004 roxga. Ceromns 5Ta mpoOiieMa CHOBAa BO3HUKAET B CBSI3H C TIO-
SBJICHHEM COOOIICHNI aMEPUKaHCKUX aCTPOHOMOB O TOM, YTO JOJTONEPHOANIECKHE KOMETHI UCIIBITHIBAIOT BO3-
MYIIEHHS OT KaKOT0-TO JaJIEKOT0 HEBUIMMOTIO Tela, KOTopoe oHM Ha3Banu Jlronndepom. UTo H3BECTHO O HEBU-
JMMOM HeOecHOM Tele Kak rumorernieckoM Yépaom CoiHIE Takoro, 4yTo NaéT OCHOBAaHWE NMPHUHCIATH €T

nMeHHOo K CoJiHeuHOM cucteMe?

Keywords: ecliptic, precession, frequency, ethers flows, moment of force, impulse of rotation, angular ve-

locity, mass

KiiroueBble CJIOBA: MPELECCHs, SKITUIITHKA, YTII0Bask CKOPOCTh, 3QUPHBIC MOTOKH, UMITYJIbC BPAIICHHS, MO-

MEHT CHJIbI, Macca.

Actporom K.II. ByrycoB Ha3Bam HeOecHOE Telo,
BIHSIOIIEe KAaKUM-TO 00pa3oM Ha coctosiHue CoirHed-
HOM cuctemsl, 3Be3110i Pamka Crap, 4To B COOTBET-
CTBHH C THOETCKUMH JereHIaMu o3HadaeT lLlaps-
3Be3fa. Muorna ero HaswiBatoT Yépnoe Connue [2].
YTo U3BECTHO O HEBUAUMOM HEOSCHOM TeJI€ KaK T'HII0-
tetrnyeckoM YépHom CouHIlE TaKOro, 4TO Ja€T OCHO-
BaHHWE TPUIHUCIATHL ero MMeHHO K CoOJHEeYHOH cu-
creme?

Ecmu cuutate CoJIHEUHYIO CHCTEMY JOCTAaTOYHO
M30JIMPOBaHHOM, Kak nuuieT ByTycoB, TO IJIOCKOCTb
Jlammmaca, B KOTOpO#i coOMIOIaeTCs 3aKOH COXPaHECHUS
MOMEHTA KOJINYECTBA ABUKEHUS (MMITYJIbCa BpaILlEHUS
L), momkHa cToATh HemoABWXHO [2]. OHAKO MO JaH-
HBIM aCTPOHOMHUYECKHUX €KETOJJHUKOB 3Ta IMJIOCKOCTh
MpeLeccupyeT OTHOCUTENIBHO TIOCKOCTH SKIUITUKHU C
nepuogoM nopsaka 36 000 net. To ectb MOMEHT KOJIU-
4ecTBa JABW)KCHHS HE COXpaHsETCS: BEeKTop L meHseT
HalpaBIICHUE B TIPOCTpaHCTBe, Tak uto L(t+At) # L(t).

3HAYNT, KaKOe-TO TEJNO, KOTOPOE BBHI3BIBACT JTY Ipe-
[IECCHI0, HAaXOIWTCS BHE IUIOCKOCTH OJKJIHITHKH U
u3BHe B3aumojeicTByer ¢ ConHeuHoil cucremou. To-
I/1a eCTh BCE OCHOBaHUS CUHTATh, YTO ONTHYECKH HE
oOHapyxumoe HebecHoe Teno He mpuHamIexut Con-
HEYHOM cUCTeMe, HO OKa3bIBaeT Ha He€ OIpeesIEHHOE
BIUsIHUE — 3QupHOE BIUsHUE. Bo3HUKAET BOIpoC: HE
CBsI3aHBI U 0COOEHHOCTH cTepeoMerpun CoHEUHOH
CHCTEMBI C I(QHUPHBIMH MOTOKaMH, (POPMUPYEMBIMH
stuM HeOecHbM TermoM [1,3]. pmxkenune ComHia B
JIAHHYIO 3II0XY COBEPIIAETCS MOYTH TOYHO B IUIOCKO-
CTH TAJIAKTUYIECKOTO 3KBATOpa, C HEOONBIINMHU BEPTH-
KaJbHBIMH KoJieOaHuAMU-prykryarusmMu. Kpome aBu-
>keHus1 BOKpYT siapa [Nanakruku, CojiHeuHast cucteMa
COBEpIACT TapMOHUYECKHE BOIHOOOpa3HbIe Kojeba-
HUSI OTHOCHUTEJIbHO TajJaKTUUYECKOW IIOCKOCTH, IHepe-
cekas e€ kaxzable 33-35 MJIH. JIET U OKa3bIBasiCh TO B
CeBepHoM, TO B KO)KHOM TraJlaKTHYECKOM TOJIYIIAPUH

2.
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Corme

ManakTtuieckas
MSIOCKOCTb

Hnmocmpayus 1. Buo earaxmuxu Mueunviii nyms ¢ peopa. Ve - sekmop oxkpysicotl ckopocmu Connya 6 e2o 2a-
JaKmu4eckom obpawenuu (noKazam yCio6Ho, Max KaK Ha CamMoM oeie Ol NeprneHOUKyIaper RI0CKOCMU PUCYHKA
U HANPAseH Om HAC), @ - BEKMOP V2710801l CKOPOCHU 00PAWeHUsl CRUPATILHBIX Y30P08, HANPAGIEHHbIT 6001b
ocu epawjenus I anakmuxu.

Ha mmmoctpanun 1 nokaszana Hama ['amakTuku
«MuteuHBIi yTh», KaK OHa JIOJDKHA OBITH BHIHA C pe-
Opa, win B pa3pe3e BIOJb TaJaKTHYECKON IOJTOTHI
180°-0°.

W3BecTHO, 9TO HEOECHOE CKIOHEHHE rajlaKTHye-
CKOro 5KBaTtopa MiieyHOro myTd cocrtaBisieT 63°, To
€CTh JKJINITHKA HAKJIOHEHA K TaJaKTHYeCKOMY SKBa-
Topy noA yrioM 63 — 23, 5= 39, 5°. A 410 )x€ MOXET
MPOCTPAaHCTBEHHO CBs3bIBaTh HeOecHbIe Tema B Koc-
Moce, ONpeAeATh M HOJAEPKUBaTh yroj HaKIOHA
Bceil cHCTEMBl OTHOCUTENBHO TalaKTH4eCKOH II0CKO-
ctu? B oObsicHEeHMHM O0COOCHHOCTEH CTepeoMeTpUuu
ConHe4HOI cucTeMbl He 00OWTHCH 0e3 MpHBJIEYCHUS
y4acTUsl HEBUIIUMBIX 3(DUPHBIX HEHTPUHHBIX IOTOKOB,
(hopMUPYIONUX HAKIOH TUIOCKOCTH 3KJIMNTHKH K Ta-
JIAKTUYECKOH IIIOCKOCTH, 00YCIIOBINBAIOIINH BO3HUK-
HOBEHHE MOMEHTa CWJIbl KaK BHHOBHHKA IPELECCUHU
mockocTH Jlamnaca B Conneunoit cucteme [1, 3]. Ha

3ape obpazoBanusi ComHeuHol 3BE3aHON cucteMsbl (C.
C.) KaKkoi-TO MacCHBHBIH HeOeCHbI 00beKT S Bpa-
majicss HaJ IUIOCKOCTBIO CHMMETPHU TalaKTHUeCKOM
IUTOCKOCTH BBIIIE CHCTEMBI U 9yTh ONMXKE K OCH Bpa-
meHust ['amakTuky, 4eM BOJOPOJHOE CKOIUIEHHE, U3
KOTOpOoro oOpa3oBanuch paHHHE 3BE31bI CONHEUHOMH
cucremsl [1,6]. OH chopmupoBan >pupHBIE HEHTPUH-
HBIC MTOTOKH, ITPOHN3BIBAIOIINE 1 0OTEKAIOIINE Bpalia-
Io1Ieecs INIOCKOE BOJIOPOAHOE 00JIaK0, HAPaBJICHHBIE
K IIEHTPY Macchbl HEM3BECTHOTO O0pa30BaHMs B BUJE
TENIECHOTO yriia — KoHyca 2a. PaguanbHo-cxosmirecs
s¢upHbIe MOTOKH (HOPMHPOBAIM TIOJIOKEHUE B TPO-
CTPaHCTBE IJIOCKOCTH BpallleHHs] BOJAOPOJHOTO o0JiaKa
KaK OCHOBaHMS K P Y T O B O T O KOHyca HeOOJIbLIOH
MPOTSHKEHHOCTH, IPEAIIONOKUTENBHO nopsaaka 10 act-
POHOMHYECKHX €AWHHIl (ACTPOHOMHYECKAas €IMHHIA
a.e.=1,5.108xm=1,5.10"2 cm). [TokazaHo Ha MILTIOCTPa-
iy 2.

k|
Fanakruyeckas nnockoctb 3
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Hnmocmpayus 2. @opmupyemoe neusgecmuol Maccoll S HaKIOHHOe NONONCEHUE NPOMO36E30H020 6000POOHO20
cxonnenust C.C. no omnowenuto k 2arakmuieckoul niockocmu. C-S - nepneHouxyisp Kk niockocmu SKiunmuxu.
O-S — nepnenouxynsp x 2anaxmuyeckou niockocmu. T. O — mouxa nepeceuenuss S-O ¢ NIOCKOCMbIO IKIUNMUKLU.
Paccmosanus SC=R,0C=r.



14 Norwegian Journal of development of the International Science No 25/2018

PaccmoTpuM, Kak Hampdue MaccHBHOTO Hebec-
HOTO TeJa BHE IUIOCKOCTH BpaIeHns (popMupyromeincs
CHCTEMBI BBI3BIBACT M3MECHEHNE MOMEHTA KOJIMYECTBa
JIIBHOKEHMS CUCTEMBI B 9TOH mrockocTu? ITokaxeM, 4To
UMIIyJbC BpameHuss L ¢ BOJOPOIHOTO CKOIUICHHS,
HaIIpaBJICHHBIN BAOJb €ro OCH BPALICHHUS - BIOJIb BEK-
TOpa ¢, MEHsEeT CBOE HalpaBlIeHHE B IIPOCTPAHCTBE
MOJT ICUCTBHEM MOMEHTa M BHEIIHEH CHITBI Fryr OTHO-
curesnbHO T. O. Mnynec Bpamenus L nonydaer npu-
pauienue A L B HanpaBlieHNH, apajlieIbLHOM BEKTOPY
M MoMeHTa BHEUTHEH CUIIBI ¥ IEPIIEHUKYISIPHOM BEK-
Topy L. Ha ocHOBaHMM mM3BecTHOTrO mepuona mnperec-
cun T=36 000 neT HaM CTAaHOBUTCS M3BECTHA YTIIOBas
CKOPOCTB IPETIECCHH O pp -

o o= 271 / 36000.365.24.60.60. = 5,5.10 12 pan/c
=0,8.10 2 I'n.

[pemeccus BOSHUKAET B ITIOCKOCTH CHCTBUS MO-
MeHTa CHIIBI M U OTlpenesieTcsl BEMUYNHON 3TOTO MO-
MEHTa U BEJINYMHON Ha4aJbHOTO MMITYJIbCA BPAIlCHHS
L= lo ®. cucTeMbl 40 MOSIBIEHUS AECHCTBUS MOMEHTA
M:

® np=M/ lo ®¢ (1),

TAK 9TO O mp - ¢ . 31€ch lo= Mo ro 2/4 — Hauams-
HBIIl MOMEHT MHEPIMU CHCTEMBI, IJie Mo - Macca U fo/2
—pamuyc WHEPIHMH MEpBOHAYAIFHOTO BOJOPOIHOTO
ckorieHus C. ¢.; ® ¢ - YTII0Basi CKOPOCTh BPAIICHHS CH-
ctemsl C. c. Bokpyr ocu CS.

[TockonbKy MIOCKOCTh IKAMOTUKH CoOJIHEUHOH
CHUCTEMBI COCTAaBIIET C TaJAKTHYECKOW IUTOCKOCTHIO
HekoTopslit yrod o (39,5 o puc.1), To noanepxkuBaro-
I1asg CHCTEMY B HAKJIOHHOM COCTOSIHUH CHJIa €CTh CyM-
MapHbIi pe3yNbTaT IeHCTBHUS S(PUPHBIX TOTOKOB, IIPH-
TEKAIOLIUX K HEHTPY Macchl S 10 puc. 2, B BUJIE CHJIIBI
FTﬂI‘-

Orta cuna Fr; B3aMMHOTO TIPUTSDKEHHST HEU3BECT-
HOW MacChl Ms ¥ HAaYaJIbHOM MacChl Mo IPOTO3BEZTHOTO
oOpazoBaHust 00pazyeT MOMEHT M OTHOCHTEIBHO
Toukd T. O mepecedeHus MIOCKOCTH SKIUITHKH C TIep-
MCHIUKYISAPOM K TalaKTHYECKOW TIOCKOCTH: M= Fyr
x I. MoMeHT M Kkak pe3ynbTaT BEKTOPHOTO IIPOU3BeIe-
HUS 2-X BEKTOPOB Fryr M I', PACIIONOKEHHBIX B TLIOCKO-
CTH PHUCYHKA, €CTh BEKTOp MEPIEeHAUKYISPHBIH IJI0C-
KOCTH pPHCYHKa, HAalpaBJICHHBIH OT HaOmoxaTens.
VIMeHHO B 3TOM HampaBIEHHH CHCTEMa IOTydaeT U3-
MEHEHHE MMIyJbca BpamieHns A L, KoTopoe BBI30BET
npereccuio ocu BpauieHust CS B MIOCKOCTH, MEpPIIeH-
JUKYISIPHOHM IUIOCKOCTH SKauntuku. [Ipu m3BecTHOU
YIJIOBOH CKOPOCTH MpELECCHd o np =5,5.1012 pan/c
=0,8. 10" I'n u Bemmuune R =1100 acTpoHOMUYIECKUX
enuHML (110 ByTycoBy) MOXHO MOMBITAaTHCS TPECTa-
BUTH cebe Maccy YépHoro CoHIIA 11O OTHOMIEHHIO, T10
KpaiiHeit Mepe, k Mmacce CoHIa.

W3 ypaBHeHnus (1) mocie moJACTaHOBKH BCeX ACH-
CTBYIOMIMX BEJIUYUH TIPH Frye = G.Ms Mo /RZ u 1 = OC
=R tg o momydeHO BBIpaXEHHE IS HEM3BECTHOU
MAacCBhI:

Ms=wmpoc R 1N24Gtga, (2) rae G=16,67.10"
8 cm¥/r. ¢ —rpaBUTaNMOHHAs TOCTOAHHASA, 0=39,5° .

Ipu ® np = 0,8.10 12 'y 15 BO3MOXKHOTO MHTED-
BaJla HauaIbHBIX 3HAYEHUH ¢ B IIpeenax or 5,5.10712
par/c =0,8.10"2I'y go 4.10% pan/c = 0,7.10° ' u mua-
Ma30Ha OPUEHTUPOBOYHBIX 3HAUCHUH Io B Ipesienax oT

5 mo 10 a. e., BO3MOXKHAsl BEJIMYMHA HEHU3BECTHOM
Macchl Ms 1O ypaBHEHUIO (2) MOXET MPUHUMATH 3HA-
4eHMs, 3aKIOuéHHBIe B mpenenax ot 1,6.10% r go
1,2.10%r. [Mocenss BenMuMHa M s HA TOPSAJOK Hpe-
BBIIIAET COBpeMeHHyto Maccy ConHua Me = 2.10%r.

VYKazaHHBII HAKJIOH JPEBHETO BOAOPOIHOIO
CKOIUICHHSI ONPEeNINI OPUEHTAIMIO TUIOCKOCTEH Op-
OUT paHHUX COMKEHHBIX 3BE3]] COTHEUHOM CUCTEMBI:
Henryna, Ypana, Carypna, lOmurepa - u coorBer-
CTBEHHO JJUIMNTUYHOCTh UX OYAYIIUX OPOHUT BOKPYT
Connua. HakyioHeHHsT TIIOCKOCTEH MX OpPOMT OTJIMYa-
I0TCSI OT CpeJJHero 3Ha4YeHus He Oosiee, 4yeM Ha 1-1,5°,
YTO M YKa3bIBAaCT HA NX OJHOBPEMEHHOE MU TTOCIIE0-
BaTEIbHOEC BO3HHKHOBEHHE M3 OJHOTO BOJOPOIHOTO
CKOIUICHHMSI, KOTOPBIH Bcera Ol CTallMOHAPHO OPUCH-
THpOBaH B mpocTpancTse [4,5]. Ho Bce opOuTs! HEGEC-
HbIX Tel1 CONHEYHON CHCTEMBI, B TOM YHCIIE YTaclIuX
3831 (Henrryna, Ypana, Catypra u OmuTepa) u coin-
HEYHBIX MPOM3BOJHBIX-IUIAHET SIBIISIOTCS AIUIMITHYE-
CKUMH. B ueM npuunHa sToro siBneHus?

Henpexkpamiaromeecss MpoAyLUPOBAHUE BaKyy-
MOM BOJIOpOJla B paccMaTpHBaeMoOil 00JacTH Mpo-
CTpaHCTBa COIPOBOXKJIANOCH YIJIOTHEHHEM OOIIMp-
HOTO BOJIOPOJJHOTO CTYIICHHS ¥ IPUBEIIO K HHUIUHPO-
BaHHOMY 6-i1 Bcoblikodl IOmuTepa BO3ropaHuio
Mononoi BoxopoaHo# 3Be3nbl ConHua. Ero maccus-
HOCTh o0ecreunsia eMy Ipeodiaiaromee MoJI0KeHHE
LEHTPAIBHOTO HEOECHOTO Tela B CHCTEME, COOTBET-
CTBYIOIIMM 00pa3oM IepecTpouBIIee OpOUTHI €€ Co-
CTaBJIAIONINX, C COXPAHEHHWEM JIHIIb T€HETHYECKOTO
HaKJIOHa B npocTpaHcTie. [lapameTpsl opOUT BTOpHY-
HBIX HEOECHBIX TeJl — MPOU3BOHBIX camoro ConHia B
npocTpaHcTBe [alakTHKH ObUIM YK€ OOYCIIOBIICHBI
HAKJIOHOM IIIOCKOCTH 3kBaTtopa ConHIa, Tak Kak
UMEHHO B €ro 3KBaTOPHAIBHOMN IUIOCKOCTH MPOHCXO-
JIAJI BBIOPOC COOTBETCTBYIOIIMX 000JIOUEK, U3 KOTOPBIX
(dopmMupoBaich ero IUaHeThl: Mepkypuii, Benepa,
JlyHa u 3 KosbLIa acCTEPOUIOB.

CorHIle co CBOMMH COpPOLIEHHBIMH 000JI0YKaMH
NPUTATUBATIOCH «BAKYYMHOI» BOPOHKOHW K OCHOBa-
HUIO KPYTOBOTO KOHYCa TEeJIECHOTO yriia, 00pa3yeMoro
3(GUPHBIMU HEUTPUHHBIMU ITOTOKAMH, YCTPEMIISIOLIH-
MHCSl K MACCUBHOMY TeJy S — BUJMMOMY MJIM HEBU/IHU-
Momy. Torsa MOXHO Tojiarath, YTO DJUIMITHYHOCTD
OpOUTHI HEOECHOTO Tella B CUCTEME J0JIXKHA BO3HUKATh
13-32 HAKJIIOHEHHUS €€ TUIOCKOCTH K IIIOCKOCTH OCHOBA-
HUSI YKa3aHHOTO KPYIOBOT'O KOHYCa KaK HaKJIOHHOE KO-
HUYECKOE CEeYeHHEe KOHMYECKHX IOTOKOB 3dmupa. *
Crenyer oTin4aTh MOHATHE BAaKyyM OT MOHATHS 3up
- OHM HE WAECHTHYHBI, TAK KaK BAKyyMHOE pa3peKeHne
N3MEpSIeTCs CTETIEHbI0 OTCYTCTBHS JAABIECHHS CPEMbI, a
paspexxeHre 3pupa - CTENCHBIO MOTJIONICHUS Cpellon
IUIOTHOCTH €r0 TOTOKOB WM J€(QUIIMTOM MX [UIOTHO-
CTH.

B cBsi3u € 3TUM 3JUTHNITHYECKKHE OPOUTHI COJTHEY-
HBIX TIPOU3BOJIHBIX IUIAHET JOJDKHBI UMETh TeM 00JIb-
LM YKCIEHTPUCHUTET, YeM 0O0JIbIlIE OHU UMEIOT HAKIIO-
HEHHE K OCHOBAHUIO KPYTrOBOTO 3()UPHOTO KOHYca. DTO
0Ka3aJjoch NEHUCTBUTENbHO Tak [6]. [lanee nmpuBeneHa
Tabnuna OCHOBHBIE XapaKTEPUCTUK OIIHIITHYHOCTH
OpOUT COJIHEYHBIX IIPOU3BOIHBIX HEOECHBIX TeJI, KOTO-
pBle TPOaHATN3UPOBAHBI.
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Tabmauma
CoJiHIle CO CBOMMH NMPOU3BOIHBIMH 10 OTHOIIEHHIO K I'ajlakTHYeCKO# MJI0CKOCTH 10 COBPEeMEHHOMY CO-
CTOSTHHIO
VYT01 HaKI0HA TIOCKOCTEH COJTHEYHOIO PKBa-
TOpa U OPOUT €ro IPOU3BOIHBIX K
IIpousBonHbie P P P a
Bonpmas IInockoctn
COJIHIIA B IIO-
MOJYOCh OCHOBaHUSA
psaKe UX BO3- ITomoBuHa
OKCUEHTPHUCH- opouTHI KOHyca, 00pa-
HUKHOBCHHUS C (hokycHOTO
TET OPOUTHI «a» B pa- lNanmakTuue- 30BaHHOTO
HM3BECTHLIMU = paccrosi- JKJIHII- .
e=fl/a Jycax CKO# TUIOCKO- 9pUPHBIMU
opOuTah- Hus f B Ro THKE
Comnia CTH [MOTOKAaMH Kak
HBIMU T1apa-
Re o0pasyro-
MeTpaMu
L[UMHU 3TOTO
KOHyca
B rpagycax
X-IUTaHETa
ot 1-ro
fieprona 2 2 2 2 2
BO3MOKHO, ' '
nepexBaucHa
IOnurepom
YIJIHUCTBIC acTe- 0093
OUJIbI !
ET 2{‘F0 327 30 ~2 39,5-2=37,5 +15
(0,08-0,12)
nepuosa
CUJINKATHBIC
acTepouabl u
poHaL 0,017 215 36 5 39,5-5=34,5 -15
Jlyna ot 3-ro
nepuoia
Benepa ot
4-ro 0,007 155 3°24° 39,5-3,5=36 npuHATO 32 0
nepuoa
Mepxkypuit
Or 6-ro pana 0,206 83 7 39,5-7=32,5 -3,5
5-ro nepuoaa
ConHeuHbIi
7 39,5-7=32,5 -3,5
9KBATOP

*3Jta opOUTA MOKET CUUTATHCS KPYTOBOH — C OZHUM (DOKYCOM, OJ1arofapsi ero pacroyioKeHHUIO B ITPpe/eiaX OJHOTO
panuyca cdepsl Comana Re, T0 OTHOIICHHUIO K HEH MOXKET paccMaTpUBAThCS HAKIOHEHUE IPYTUX OPOMT.

3a MIOCKOCTH CPaBHEHUS Jy4IEe BCETO MPUHSITH
opbuty BeHepbl, oka3aBIIyIOCS KpPYroBOH, Mmojaras,
YTO B MOMEHT BBHIOpOCa BEHEPHAHCKOI 000JIOYKU OCh
cobcTBenHoro BpaieHus CoHIla UMeia CaMoe Majoe
OTKJIOHEHHE OT ocH 3¢dupHOro xKonyca. Torma opbuta
Mepkypusi, nMeromas HaunOOJIBIINKA SKCIICHTPUCUTET
0,206, oxa3amach HMEOMICH HAUOOJBIIUNA  yroJ
HAKJIOHA K IUIOCKOCTH OPOUTHI CPABHCHHSI.

HeGonpmme otknoneHus: ocu BpameHus ConHia
OT OCH 3(PHPHOTO KOHYCa BBHI3BIBAIIN MAIIbIC KOJICOAHMUS
HAKJIOHCHUH IUIOCKOCTEH COOTBETCTBYIOMIUX OpOUT
COpOIICHHBIX 000JI0YEK K TaTAKTHICCKOH TUIOCKOCTH U
TUTAHET, COPMHUPOBABIIIXCS U3 STHX 000I0YEK.

Tak, HaKIIOHEHHE COJIHEYHOTO 3KBAaTOpa MO YT-
JIOM 7° K SKJIUITHKE B 32° ,5 K TaJaKTHISCKOM IIOCKO-
CTH OCTaJIOCh OT MOMEHTA BHIOpOCa 00OJOYKH 1 MIIp/I.
et Hazaa, obpa3oBaBinel Mepkypuid, XOTs MOCie
aToro Owuia cOpomeHa e ogHa 000J04Ka - ¢ OymIy-
oM Bynikanowu [6].

HcTuHHBIA HAKIIOH TajaKTUYECKOW MIIOCKOCTH K
SKIUNTHKE MOXHO HaOII0AaTh, Hampumep, ¢ JIyHBI,
Kak HeOeCHOro Tesla, BO3HHKIIETO W3 COPOIIEHHOM
000JI0YKH B SKBaTOpHaNIbHOH 1iockoct Conaia. Och
BpauieHus JIyHbl nepneHIuKyIsipHa MI0CKOCTH KIIHII-
TUKH, C OTJIMYMEM B 5°, TaK UTO raJlaKTUYECKas II10C-
KOCTb BHJIHA C IIJIOCKOCTH €€ OpOuTHI 1oJ yriaom 39,5-
5= 34,5°(tperbst cTpoKa TaOMULBI). DTy KapTHHY
MOXHO BUJIETb HA WILIIOCTPALIUU 3.
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Hnnrocmpayusa 3. Buo ¢ Jlyner 6 momenm Conneuno2o 3ammeHust, K020a 00IHCeH NPeKPACHO HADI00amvCs
HamypanvHblil HAKIOH 2AlAKMUYecKo20 9K8amopa K skaunmuke. Pucynok uz orcyprana «Ilpupooay» Ne 6, 1962
(Kynuxoe K.A. Buo 36é30n020 neba c JlyHu).

B cBoro odepens, ¢ 3eMiIM MOXKHO B SICHYIO HOUb
HaOJIOAaTh Yrojl HaTypallbHOTO HAKJIOHA rajlaKTh4e-
ckoro skBaropa Miednoro IlyTu k HeOecHOMY 3KBa-
TOPY, OH OKa3bIBACTCS CYLICCTBEHHO OOJIbIIE TPEJIbI-
JIYLLIETO.

BriorHe BO3MOKHO, YTO HEBHIUMBIN CBEPXILIOT-
HBII OOBEKT THIIA «IEPHOHM IBIPBD» BpalIaeTcs Hal
TUIOCKOCTBIO CHMMETPHU TaJaKTHYSCKON IUIOCKOCTH
BhIe COTHEYHOM CHCTEMBI U OJIIKe He€ K OCH Bpallie-
Hus ['anakTuky, Kak noka3zaHO Ha wunoctpauuu 2. U
MMEHHO 3TOT HEeOECHBIH 00BEKT OKa3bIBal U IPOAOJI-
’KaeT OKa3bIBaTh CBOE IPaBUTAI[IOHHOE BIMSHUE Ha HE-
npeKpamarouiicss npouecc Gpopmuponanus ConHeu-
HOW CHUCTEMBI 4epe3 F3(PUPHYIO COCTABIISIONIYIO OBITHS
Kocmoca.

ITo Bceit BepOSTHOCTH, TPABUTAIIMOHHOE BITHSTHUE
HeBUIUMOU UepHOI 3Be3/Ibl JOCTATOYHO CHIIBHOE JIJIS
TOT0, 9TOOBI KaK Pa3 W BBI3BIBATH BEPTHUKAJIBHBIC KOJIE-
0aHMs COJIHEYHOW TaJaKTHIECKOH OpOHUTHI OTHOCH-
TEJNBHO TaJlaKTHYECKOTO IKBATOPA, TIOBTOPSIIOIIUECS C
nepuoauyHocTbio 33-35 muH. net. Ilpu oxazaBueics
comsMmepumocty Macc ConHIIa M HEBHIUMOTO Hebec-
HOTO Tena mocinenHee obpasyer ¢ ColnHEYHOU cucTe-
MO HEKYI0 allbTEPHATUBHYK CUCTEMY, B3aUMOJECH-
CTBHE B KOTOPOH OCYIIECTBIISICTCS B IUIOCKOCTH, Tep-
MEHIUKYIAPHON TUIOCKOCTH SKIMNTHKH CONTHEYHOM
CHCTEMBI Yepe3 OO IEeHTp Macc.
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This article discusses how to transfer current through a gas, as a result of which discharges appear. Also,
much attention is paid to the types of these discharges, methods of their formation with examples. And finally, the
application of these very discharges in various spheres of human life is described in detail.

Keywords: ionization, gas discharge, independent gas discharge, non-independent gas discharge, glow dis-

charge, corona discharge, spark discharge, arc discharge.

Gases in the normal state, under normal condi-
tions, are insulators, because it’s consist of neutral at-
oms or molecules and do not contain free charges. In
order for the gas to become a conductor of electricity,
some of its molecules must be ionized.[3]

lonization is either the detachment of an electron
from an atom, resulting in the formation of a positively
charged ion, or the attachment of an electron to a neu-
tral atom, with the formation of a negatively charged
ion.

The passage of an electric current through a gas is
called a gas charge. That is, the ordered motion of pos-
itive and negative ions and electrons to the electrodes
under the action of an electric field

lonization of gases can occur for various reasons:

1) lonization with strong heating occurs if the av-
erage kinetic energy of the atoms is greater than the ion-
ization energy. The energy of ionization is the energy
necessary to detach one electron from the neutral atom.

2) lonization by radiation (UV, X-ray and y -radi-
ation)

3) lonization by a stream of fast particles coming
from outside (ions, electrons, protons).

4) Shock ionization - under the action of the im-
pacts of electrons and ions of the gas itself, thus accel-
erated by the electric field, which causes a current
through the gas.[2]

In the gas discharge the gas atoms are excited - the
transition of an electron from the ground state to a state
with a higher energy (to a more distant orbit from the
nucleus). The excited electron returns to the ground
state after ~ 10-8 s, emitting a quantum of light, which
is responsible for the glow of the gas in a gas discharge.

In the electric field, the motion of charges is di-
rected. Approaching the anode, the electrons go into the
metal; the negative ion gives off an extra electron, turn-
ing into an electrically neutral atom. Positive ions are
neutralized, obtaining the missing electrons from the
cathode. At low voltages, not all charged particles reach
the electrodes. As the voltage is increased, the velocity
of the directed motion of electrons and ions becomes
larger. More charges will reach the electrodes, the cur-
rent will increase. With a certain potential difference,
all charged particles reach the electrodes, and a further
increase in voltage will not cause an increase in current,
the current will remain constant and is called the satu-
ration current.

A discharge that exists only under the influence of
an external ionizer is called a non-self-sustaining one.

There is also an independent discharge, for which a free
electron is necessary, it can be formed under the influ-
ence of cosmic rays or radioactive substances present
everywhere. While the velocity of the electron is small,
its impacts on the atom are elastic. In a strong electric
field, which will create a new current source, the elec-
tron receives sufficient energy to ionize atoms in the
collision. The released electrons produce further ioni-
zation - an avalanche is formed. Depending on the gas
pressure, the configuration of the electrodes, the param-
eters of the external circuit, we can speak of four types
of independent discharge.

If the gas pressure in the discharge gap is reduced
to a pressure of several mmHg, an independent dis-
charge can be obtained at lower voltages. Such a dis-
charge is called “the glow discharge”. In a weak electric
field, an electron collides with atoms, producing ioni-
zation and excitation. The gas is glowing.[1]

Glow discharge is widely used in engineering.
Since the glow has a characteristic color for each gas, it
is used in gas-light tubes for luminous inscriptions and
advertisements. For example, neon gives a red or or-
ange glow, argon is bluish green. Daylight lamps are
more economical than incandescent lamps. The emis-
sion of a glow discharge occurring in mercury vapor is
absorbed by the luminophore deposited on the inner
surface of the tube, which begins to shine under the ac-
tion of the absorbed radiation. The substance of the
cathode in a glow discharge due to the bombardment by
positive ions, becoming very hot, becomes a vapor
state, because of which objects near the cathode can be
uniformly coated with a metal.

The corona discharge is an independent gas dis-
charge arising at the tip of the electrode, near which a
strong electric field is created. The air is ionized. For
example, during a thunderstorm on the masts of the ship
you can see the so-called lights of St. EIm. According
to legend, the lights of St. EIm appeared after St. EIm
(the patron sailor of the Mediterranean) died at the time
of the strongest storm. Before his death, he promised
that he would give signals to the sailors about whether
they were destined to be saved. Sometime later an unu-
sual glow appeared on the mast, the sailors accepted it
as the fulfillment of the promise given by Saint EIm.[4]

Another example is the glow of electrical wires
during a thunderstorm. The resulting current of the co-
rona discharge leads to energy losses. To avoid this
loss, the wire cross section is increased, the field
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strength near the conductor decreases and the discharge
stops.

Its use of corona discharge found in electrostatic
precipitators, used to purify industrial gases from im-
purities. It is also used when applying powder and paint
coatings.

Spark discharge occurs when the voltage of the
electric field is high and atmospheric pressure. The
spark has the appearance of a brightly glowing thin
channel, in a complex, curved and branched manner.
An example may be ordinary lightning during a thun-
derstorm.

It’s used to ignite the combustible mixture in in-
ternal combustion engines. Also used in spark voltme-
ters.

The arc discharge is an independent gas discharge
that occurs when the colliding carbon electrodes are di-
luted, to which a voltage of several tens of volts is ap-
plied. When the distance between the electrodes is still
not large, a breakdown of a narrow air gap occurs, that
is, a spark igniting between the electrodes ignites the
electric arc. Due to the high resistance of the air gap, a

very large amount of heat is released in it, so the tem-
perature in the arc reaches tens of thousands of degrees.

Arc discharge is widely used for welding and cut-
ting metals, obtaining high-quality steels and lighting
(projectors, projection equipment). Widely used are arc
lamps with mercury electrodes in quartz cylinders,
where an arc discharge occurs in a mercury vapor in
evacuated air. The arc created in the mercury vapor is a
powerful source of ultraviolet radiation and is used in
medicine (for example, quartz lamps).
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Abstract

The article describes the process of rehabilitation of children after cochlear implantation, game techniques
and computer software for studying sounds, words and the name of objects in the Uzbek language. It was estab-
lished that the lack of new gaming technological methods in the Uzbek language of teaching children with hearing
pathology complicates the work of speech therapists and audiologists.

AHHOTAUUA

B cratne PACCMOTPEHBI IPOLECC pea6I/IJ'II/ITaLlI/II/I ,Z[GTGI\/’I IocCJIc KOXJ'IeapHOﬁ HUMIINIAHTalluH, UTPOBLIC METOAbL
1 KOMIBIOTEPHOC MMPOTrpaMMHOC obecneueHne JUI1 U3y4YCHUS 3BYKOB, CJIOB 1 HA3BAHWUC NPEAMETOB Ha y36€KCKOM
SA3BIKC. YCTaHOBJ'IeHO, YUTO HEXBATKA HOBBIX UI'POBBIX TEXHOJOTMYCCKHUX MCTOJ0B Ha y36€KCKOM SA3BIKC IIpU O6y-
YCHUUN I[eTefI C MMaToJIOTHEH ClIyXa, yCJIOXKHAIACT pa60Ty JIOTOIICAOB U CypAOoneAaroros.

Keywords: cochlear implant, hearing aids, gaming methods, software, rehab, sounds, words.
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TexHonoruu ¢ KaXIbIM T'OJJOM PasBHUBAIOTCA HH-
TCHCUBHEC, TIOABJIAIOTCSA HOBBIC PCIICHUSA B CAMBIX pas-
JUYHBIX cepax AEATEIFHOCTH YeJI0BEKa — OT OBITO-
BOTO YPOBHSI /10 IIPOM3BOICTBEHHOT0, MEUIIMHA B JJaH-
HOM CiTydae He SIBJISIeTCS HCKIIOUSHNEM, TIPH 3TOM OHa
BBICTYINAeT CYIICCTBEHHBIM JIpaiiBepOM HHHOBAIIUI:
pa3pabaTbIBaOTCA M BHEAPSIOTCS HOBBIC IPEMApaThl,
HOBOE MEIMIIMHCKOE 000pyaoBaHWE W NPUOOPHI, HO-
BBIC MCTOJbI JICYCHUA CAMBIX pa3JIMYHbIX 3a00JIeBaHUI
¥ natoJyioruii. B o0Omielt cinoxknoctu, 2—4% HaceleHHus
3eMHOT0 [Iapa UMEIOT MPOOJIEeMbl, CBSI3aHHbBIE CO CHH-
KEHHEM CIIyXa.

Tak, B MUpe NPUMEPHO 5 MIIH TIyXUX JIIOJIEH,
oko0J10 350 MIJTH 4eJTOBEK UMEIOT CHIDKEHHUE CITyXa yMe-
PEHHOM U TSKENOH CTENEeHU — BTOPOIL, TpeThell U ueT-

BepToif, a 750 MITH 4eIOBEK — CHIDKEHHE CiIyXxa Iep-
Bo#i crenenu. [Ipu sTom u3 360 MITH I0e# CO 3HAYH-
TeNbHBIM CHI)KEHUEM cilyXa 32 MIJIH — 3TO JIeTH J10 15
net [5]. TyroyxocTh y AeTel sBISETCS COLUAIBHOM
mpoOJIeMol, Tak Kak 0e3 CBOCBPEMEHHON KOPPEKIIHU
CICIHAIMCTOB dTa KaTETOPHs ACTEH IUIOX0 aJanTupy-
€TCs B COLIMyME, Y HUX OTMEUACTCS HHOE BOCIPUSATHUE
mupa. Takum 00pa3oM, 4eM paHbllle HAYUHAIOTCS pea-
OMIIMTAIITMOHHBIE MEPOTIPUATHS, TeM OoJiee 3alTUIeH-
HBIMH TICUXO(HU3UYECKH U SMOITMOHATILHO OHHU BBIpAc-
TyT. CeroaHsi aKTUBHO Pa3BUBAIONIUECS TEXHOJIOTUU
MOTYT MPEAOCTAaBUTh TIYXUM U CIA0OCHBIIIANNM JIe-
TSAM BO3MOXXHOCTH aJaNTHPOBATHCS B JKU3HU B OOBIU-
HBIX KOJUICKTHUBAX, U PeaTM30BbIBaTh ceOs [1].
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CeromHsI OCHOBHBIM CIIOCOOOM JICUEHHS TITYXOTHI
ABJISIETCA KOXJIeapHasi IMILUIAHTAIMs, €€ METOABI 1 000-
pyZoBaHUE, IPUMEHAEMOE IIPU ITOH ONepanuy, IoCcTo-
SIHHO COBEPIIEHCTBYIOTCS. Kak monararoT sKCrepTsl, B
OmKaiilee OeCATHICTHE B IIOMOINL JOKTOPAaM IIPH-
IyT, BO3MOXHO, HOBBIE METOANKH, JICUCHHE OyAeT OCy-
IIECTBIIITHCS C UCIOJIB30BAHUEM CTBOJIOBBIX KJIETOK, a
B OoJiee OT/AJICHHOW MEPCIEKTHBE — U TeHHAS MHXKe-
HepHs, IIPH KOTOPOit Oy/IeT MPOBOANTHCS IEPECTPOKa
TEHOTHIAa — JJIS IPEAYIPEKACHHUS POXKACHHS AETEH C
npobiiemMaMu ciyxa. PeaOunuranusi Tyroyxux JeTei
MOZApa3syMeBaeT KOMILIEKC MEpOIPHUSITHH, HarpaBJicH-
HBIX Ha pa3BUTUE peud. VIMEHHO KOMIUIEKCHBIN NOJI-
XOJl B pEIICHUH 3TOU MPoOIEMBI — 3aJIOT yCIICITHON
aJanTayuy B COBPEMEHHOM 001IIecTBe feTel ¢ mpoore-
MaMH €O cIIyXxoM [2].

CeronHst BaKHO 0CO3HABATh, YTO IIPH BEIOOpE Me-
TOJa BOCCTAHOBJICHHS CIIyXa HEJb3sl TEPSTh BPeMs U
KOaTh, IOKAa CTAHYT AJOCTYIHBI TECXHOJIOTUN 6y/:[y1uero.
Benp uis pa3ButHs peOeHKa HEOOXOIUMO KaK MOYKHO
paHblle 00ECIeYUTh EMY

BO3MOXHOCTH CJIbIIIIATh, TAaK KaK CYHICCTBYCT
KPUTUYECKUH NEPUOJ JUIsl PA3BUTUS CIIyXOBBIX U pede-
BBIX LICHTPOB MO3Ta, ¥ 3TY BO3MOXXHOCTb TyTOYXOMY H
TIIyXoMYy peOeHKY 00ecTIeunBaroT CIIyXOBBIE alnapaThl
U KOXJICapHbIe MMIUTAHTHI. TEXHOJOTHs KOXJIeapHOH
UMIUIAaHTAUHA caMa JUKTYET NMPHUHIMITNATIBHO HOBBIH
MOAXOM K peabMINTaluy IITyXoro peOeHKa — [esieHa-
mpaBJIcHHOE (HOPMHUPOBAHHE TIPOIIECCOB CITYXOBOTO
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aHaM3a M CO3/[aHUE YCIOBUH Ui WX CHOHTAHHOTO
pa3BUTHA, YTOOBI B JaJIbHEHIIEM OHH CTajd MHCTPY-
MEHTOM JUIS OBJIaJICHHS PEYbI0 TIOCPEICTBOM OOIICHHUS
C OKPYXAIOIIUMH B3pPOCIBIMH. JTO CEPbE3HO OTIIHYa-
eTcs OT TPATUIMOHHBIX MOIXOMOB Pa3BHTHS pEUH y
CITa0OCIBIIAIINX U TIIYXUX, ONMPAIONINXCS Ha 3peHHUE
(utenue, nanbleBas a30yKa, )KeCTbl, TUCbEMEHHAs Peyb)
U TakTUibHbIE omymienus [4]. [Ipu ciayxopedeBoit pe-
abuiIMTanyuy NalMeHTOB KaK CO CIyXOBBIMH almapa-
TaMH, TaKk ¥ C KOXJEapHbIMM HMMIUIAHTaTaMU B TOM
4HCcIIe, MOTYT UCIOJIB30BAThCSA U BUPTYaJIbHBIE TEXHO-
Joruy. B 4acTHOCTH, B KOMIIBIOTEPHOM TPEHAXEPHOM
KOMIUIEKCE JJIST Pa3BUTHS CIIyXOPEIEBOTO BOCIIPHUSATH
y MaIMeHTOB ¢ IMIUIaHTaTaMH, pa3padoTanHOM B Tarm-
KEHTCKOM TOCYIapCTBEHHOM TEXHHYECKOM YHHUBEPCH-
Tere Kadenpoit «broMenUIIMHCKON HHXEHEPHN» COB-
MeCTHO Kadenpoit «OTOPHHOIAPHHTOIOTHH M CTOMa-
TOJIOTUI TaIIKEeHTCKOW METUIIITHCKOH aKaJeMHH, IS
TPEHUPOBKH CHOCOOHOCTH JIOKAIN30BaTh HCTOYHHUK
3BYKa UCIOJIb3YETCS BUPTyaJIbHOE MOJICINPOBAHHE T1e-
peMeleHns UCTOYHHKA 3BYKa U €ro pa3IMyHON JIOKa-
JU3aIUM, MOJAEIMPOBAHUE CJIOXKHBIX aKyCTHUECKUX
CIICH, CHHTE3 PEUEBBbIX CHTHAJIOB C 3aaHHBIMHU Xapak-
TEPUCTUKAMH. OTO TIIO3BOISIET CTPYKTYPUPOBAHHO

cOpMHUPOBATH MPOIIECCH] MO3TOBOTO aHANIN3a 3BYKO-
BOM MH(OPMAIHMH y TAIKEHTA C TyTOYXOCThIO MM TITy-
XOTOi1 B 00JIe€ KOPOTKHE CPOKH.
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Puc. 1. Humepdeiic pazodenos-onyuil.

CryxonpoTe3upoBaHUE U KOXJICapHas UMILIAHTA-
IS SIBJISTFOTCS JIMIITB HAYAJIOM O ITYTH, TaK KaK JIETH TI0-
Y4Yal0T BO3MOXHOCTb CIIBIIIATH 3BYKH, HO 3TH METOBI
peabminTanuu He ydaT peOCHKA IOHMUMATh YCIBIIIaH-
Hoe. Haz pa3sutnem ciyxa u peun peOeHKa ere J0I-
roe BpeMsi [oclie ofepaiu paboTaroT Cyp/oIejarory,
JPYTHE CICIHATNCTBI U POAUTENH. [IIUTSILHOCTE pea-

OmwnnTanuy JIeTel ¢ BPOXKAEHHOW TIyXOTOH cocTas-
JISIET OT TpeX Ao sty JaeT. [IporpamMHoe obecrieuenne
Ha y30eKcKoM si3bike «JlomanrHuii noroneny» («Yi jo-
TONEN») CIEeUHAIU3UPYETCs] Ha pa3paboTKe HOBBIX
METOJIUK CITyXOPEUEBOW peadINTAIIKN ¥ COMATbHON
ajanTaluy JeTed IOoCie CIyXOMpPOTE3WPOBAHHS H
KOXJIeapHOW UMIUTaHTauu [3].
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Puc.2. Bocnpousseoenue 36yka.

JlanHasi mporpamma JieTKa B IOJB30BaHUH, YTO
JIaeT BO3MOXKHOCTH HCTIOIb30BATh AAHHYIO IIPOTPaMMy
cyphomnenaroraMn M poaurtensimu. MHTepdeiic mpo-
rpaMMbI COCTOUT M3 ITyHKTOB M (haifJoB CO 3ByKaMmH,
KOTOpBIE B CBOIO OUEPEIb pa3/iesICHbl Ha MOIpa3/ieibl U
KiIacCU(UIMPOBaHbI MO TEMAaTHUKE C W300paKEHUSIMHU
COOTBETCTBYIOUTNM 3BYKaM (puc.l.). B pa3nene «IIpu-
pona» («Tabuar») ecTh 3BYKHM >KHBOTHBIX TAKHUX Kak
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«Komkay, «Cobakay, «Iletyx» («Mymryk», «Kydayk»,
«X3¥po3»), 3BykH TpancmopTa «CaMonéty, «[lapoBo3y,
«[lapoxom» , OBITOBON TEeXHUKH «ByIHIEHUKY,
«Yacer, «Temehpom(«Yitrorrmun, «Coaty, «Terme-
¢don») (puc.2.) Bee 3T0 mo3BosisieT pebCeHKY ¢ HapyIe-
HUSIMU CITyXa COIOCTaBJISITH 00pa3bl CO 3BYKaMu, Ta-
KHUM 00pa3oM TPEHUPYSI CIIyXOBYIO MaMSITh.
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Puc.3. Pazoen koMOUHUPOBAHHBIX 36VKO8.

Taxke B mporpamMme ecTh pasziesl CMEIIaHHBIX
3BYKOB, TIPH KOTOPOM pEOCHOK MOXKET aHAIN3UPOBAThH
W pa3nuyarh BOCIIPOM3BOAMMBIE 3BYKH B KOMOWHHPO-
BaHHBIX TpeiKkax (puc.3.).

Taxum o6pa3om, peabunuranus neTeit ¢ Hapyle-
HUSIMH CITyXa JIOJDKHA OCHOBBIBATHCSI HA KOMILJIEKCHOM
MOJXO0/Ie, BKJIIOYAIOUIEM B 3aBHCHMOCTH OT CTEIICHHU
TYrOyXOCTH CJIyXOIPOTE3UPOBAHUE WIIM KOXJICAPHYIO
MMIUIAHTALUIO, 3aHATHSI C CYPJOIEIaroroM, a TakkKe
KOMITBIOTE€PHBIE IPOTPAaMMBI, HAIIPABJICHHbIC HA PAa3BHU-
THE CITyXOBOW MaMSITH.
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Abstract

The analysis of the known systems of automatic control of the process of grinding minerals is carried out in
order to assess the possibility of their use in the technologies of dry grinding in two-chamber mills.

AHHOTaLUA

BrimonHeH aHaN3 U3BECTHBIX CHCTEM aBTOMATHYECKOIO yrpaBJICHUA MIPOLUECCCOM U3MCIIBbUCHUA TTOJIC3HBIX
HCKOIIaEMBbIX C HCJIbIO OLCHKH BO3MOXHOCTH HUX IMPHUMCHCHUA B TCXHOJIOIHAX CYXOrO HU3MCIbYUYCHHUA B

JABYXKAMCEPHBIX MEJIbHULIAX.

Keywords: The grinding process, types of control systems, granulometric composition, pulp density, intra-

mill loading, noise spectrum.

KuioueBble ciioBa: [Iporiecc uaMenbueHns, pa3sHOBUTHOCTH CHCTEM YIIPABJICHUS, TPAHYJIOMETPHUECKUN CO-
CTaB, INIOTHOCTH MYJIbIIbI, BHYTPUMEIbHUYHAS 3aTpy3Ka, CIIEKTP IIyMa.

BaxnelmuM HanpaBiIeHUEM TEXHUYEC—KOT'O IIPO-
rpecca, MO3BOJIIONIEM MOAHATh dPGEKTUBHOCTD JTIO-
00Oro TPOWM3BOJCTBA, SBISETCS ABTOMATH3ALHUS ITHX
MPOU3BOJCTB. bosiblioe BHUMaHUE yaeseTcsl aBToMa-
TU3aIUH ¥ B TOPHO-OOOTATUTEIBHON MPOMBIIIICHHO-
CTH, B YACTHOCTH IIPU aBTOMATHU3aLUHU MPOLIECCOB U3-
MEJIbUYEHHUsl TOJIE3HBIX HCKomaeMbIX. [Ipoueccsl u3-
MENbYEHHS 3aHUMAIOT I[€H-TPalbHOE MECTO B
MPOM3BOJICTBAX MO TMepepaboTKe JOOBITHIX MOJE3HBIX
nckonaemMbX. OCHOBHBIMH arperaraMu B H3MeEIb4H-
TEJbHBIX OTACNEHUSIX MPEANPUATHI SBISIOTCS TaKHe
HHEPTOEMKHE YCTaHOBKH KaK IIapOBBIE M OecIIapOBBIE
MEJIBHUIIBI, paboTaoNIe MO MPUHIINITY H3METbUCHHS
yAapoM, MCTUPAHHMEM, pa3laBiIMBaHUEM. 3aKOHOMEP-
HOCTH TPOLIeCCca U3MEIbUYCHHS U TPSOOBAHMS K TEXHO-
JIOTUH MTOMOJIa ChIPbS, B OCHOBHOM, OIIPEAEISIOT IPHH-
UUIBl PETyJUPOBAHUSI H3MEJBbUUTENIbHBIX arperaTtoB
[1]. Bonbiioe KOJIMYECTBO Pa3—HOBUJHOCTEH CUCTEM
ABTOMATHYECKOT'O YIPABIECHHS MPOIECCOM H3MeTbue-
HUSI, U3—BECTHBIX B HACTOsIIee BpeMs, 00yCIOBIEHO
KaK CJO0XHOCTBIO B3aMMOCBS3€Hl MEXTy BXOIHBIMHU,
MPOMEXYTOUYHBEIMU W BBIXOJIHBIMH KOOpPJIU—HATAMHU
mporiecca, Tak W pa3HOOOpa3sHeM TEXHOJIOTHIECKUX
CXEM U yCIIOBUH m3—MenpueHust [2,3].

[Nonmamnsromiee OONBIIMHCTBO aBTOMAa—THYECKUX
CHCTEM YIpaBJICHUs MPOLECCOM U3MENbUYEHUs pa3pa-
0OTaHbl NPUMEHHUTEIBPHO K OJHOCTAJHAILHOMY W3-
MenbueHuto. g 3aMKHYTOTrO LMKJIa OJHOCTaIuallb-
HOTO M3—MEJIbYEHUS BBIMOJIHEHHE TEXHOJOTHYECKUX

TpeboBaHuil obecriedynBaeTCsl MPUMEHEHUEM CIIEAYIO-
[IUX BHJIOB CHCTEM aBTOMATHUYECKOTO YIIPABIICHHS:

1. CucteM aBTOMaTHYECKOTO YIIpaB—IeHUs, obec-
MEYNBAIONINX 33aJaHHBIA TPaHy—JIOMETPUIECKUN CO-
CTaB B CJIUBE Kllac—CU(uKaTopa. B 3Tix cucremax xoH-
TPOJIb TPAHYJIIOMETPHUYECKOTO COCTaBa IPOU3BOIUTCS
M0 KOCBEHHOMY TapamMeTpy. [ITOTHOCTE IybITBI KOH-
TPOJUPYETCS] PUMEHEHUEM MhE30MET—PUIECKHX, Pa-
JIMOAKTUBHBIX WJIA BECOBBIX JATYUKOB, & TAKXKE IO TPSI-
MOMY TapaMeTpy C HCIOJb30BaHUEM B KauecTBE JaT-
YUKOB KPYITHOCTH CEIMMEHTAIIMIOHHOTO TPaHyJIOMETpa
WJIM TPAHYJIOMETpa Ha PUHITUIEC U3MEPEHUS KPYITHBIX
kyaccos [1]. B ganpHeiieM 3Th CUCTEMBI HE paccMar-
pHUBarOTCS, T.K. OHH Pa3paOOTaHbI MPUMEHUTEIBHO K
MPOLIECCY MOKPOTO U3MEJIbYEHUS U HE IPECTaBIISIETCS
BO3MOXHBIM NPUMEHEHHE MX Ha pac—CMaTpUBAEMOi
TEXHOJOTHH U3MEJIbYSHHS ¢ UCIOJIb30BaHUEM (B Kade-
CTBE OCHOBHBIX Pa3MOJBHBIX YCTAHOBOK) ABYXKamep-
HBIX IApOBBIX MENBHHUI[ CYXOTro MOMOJIa C BO3AYIII-
HBIMH CcelapaTtopaMu, padoTalIMUX B YaCTHYHO 3a-
MKHYTOM IIUKJI€ U3METTbUCHHUSI.

2. CucreM aBTOMATHYECKOTO  yIPaB—IICHHS,
o0ecreunBarOMNX 32 JaHHYI0 TUIOTHOCTH TMYJBIBI B
MeTbHUIIE. DTU CUCTEMBI B HACTOSIICH paboTe Takxke
HE paccMaTpUBAIOTCS MO TOH XK€ MNpUYMHE. 3]1ech
TOJIbKO OTMETHM, YTO CHUCTEMBI STOTO THUIA PEaTn30-
BaHbI HA IPAKTUKE B OCHOBHOM JIBYMSI BUJIaMU. DTO CH-
CTEMBI, MOIAEPKUBAIOIINE 33aJaHHOE COOT—HOIICHUE
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"pyna-Bona" ("TBepmoe-Kuakoe"), U CHUCTEMBI, TOJ-
JEP)KUBAOIINE 3aJaHHYI0 IUIOTHOCTE B pasTpy3ke
MeTbHUIE [3].

3. CucreM aBTOMAaTHYIECKOTO YIIpaB—IICHUs, CTa-
OMIM3HPYIONINX YPOBEHb BHYTPH—MEIBHUYHOH 3a-
TPY3KH H3MEIbUCHHBIM MAaTe—pPHUaTOM. OTH CHCTEMBI
3aHMMAIOT BeAyIllee MECTO IPU aBTOMATHU3ALMH NPO-
LIECCOB U3MENbUYEHHUS, IOITOMY OCTAaHOBUMCS HAa HHUX
noapoGHee.

VYnpaBneHue MO BBINIEYKa3aHHOMY MNPHHLHUIY
MOKHO OCYIIECTBUTh IPUMEHEHUEM TPEX BHUJOB CHU-
CTEM AaBTOMATUYECKOTO PpErylIMpPOBaHUs 3arpy3Ku
MEJIbHUL PYJIOH.

1. 3arpy3ka MeJbHHUIl pyIoH CTaOMIH—3UpyeTcs
0 MIPUHIXITY HOCTOSHCTBA BEIMYMHBI HCXOJHOTO IH-
tanus (Qn=const)

2. 3arpyska MeJBHHI pyJOH CTaOMIN—3upyeTcs
M0 MIPHHIMITY TTOCTOSHCTBA BENWYMHBI UPKYIHPYIO-
1ieit Harpysku (S= const).

3. 3arpys3ka MeIbHHII PYA0# CTaOWIH—3UpyeTCs
no npuniuny Qn+KS=const, rae Qn-BenuyrmHa UCxoI-
HOTO THTaHus; S-UMp—Kynupyoomas Harpyska; K-ko-
3¢ GUIMEHT, OTIPEICIIACMBbIN OTHOIIICHHEM KOJIUYECTBA
MCXOZHOTO MUTAHMUS K UPKYIUPYIOMEH Harpy3Ke Ipu
CpefHeH U3METbYaeMOCTH JaHHOH Py/IbL.

CuctemMbl aBTOMAaTHYECKOTO PETyJIN—POBaHUS,
CTaOMIM3HPYIOIINE BEJINYNHY HMCXOJHOTO THTAHUS
(Qn=const), HalIH IUPOKOE IPHMECHEHUE B H3METbYe-
HHH TTOJIE3HBIX NCKOIIAEMBIX, HO 3TH CHCTEMBI Ma03(-
(heKTHBHBI, T.K. padOTAIOT ITPU 3aBEJOMO TOHHKEHHO
MPOM3BOIUTEIHHOCTH, PACCUM—TaHHOW Ha Hamboiee
TpyAHOM3MENbYaeMyo pyay. IlpuHImn paboTsl 3THX
CHCTEM 3aKJIF04aeTcs B clieayomeM (puc. 1, a). Curaan
C KOHBEHEpHBIX BECOB 1, MPOMOPIOHAIBHBIN BEIH-
YHMHE WCXOJHOTO NMUTaHMS, HAIPaBJISIETCS B PETUCTPU-
pyrouIwii mpubop 2 U gajee B PeryisTop 3, rae mpowuc-
XOAUT CPaBHEHHE MCTUHHOTO CHTHANA C 3a/laHHBIM, U
NPY HAJIMYUH PaccoryiacoBaHus (POPMHUPYETCS] CHUTHAI
JUISL YTIPaBJIEHUsS. HCIHOJHHUTEIbHBIM MEXaHU3MOM 4,
BO3JICHCTBYIOIIMI Ha MUTATENb UCXOAHON pyasl. Jlo-
CTOMHCTBO CXEMBI - IIPOCTOTa amNapaTypHOTO perie-
HUSL.

Ho crnemgyet oTMETHTH, YTO KOMIIOHOBKA HCCIIETY-
eMOH TEXHOJIOTMH H3MEIbYEHHUS, HE IO03BOJISIONIAS
KOHTPOJHMPOBATh BEJIMUMHY HCXOJHOTO NMUTAHUSA NPHU
MTOMOIIIM KOHBEHEPHBIX MITH APYTHX TUIIOB TaTINKOB, a
TaKXKe MIMPOKUHA AMANa30H U3MEHEHUS M3MEeIbuaeMo-
cti (ochOpUTHON pPYAbl MCKIIOYAIOT NPUMEHEHHE
9THX CUCTEM JJIsl aBTOMATHU3ALUU UCCIIEAYEMOI TEXHO-
JIOTHH U3MENIbYEHUSI.

Pabota cucTeM 1o NpUHIMITY TOC—TOSHCTBA NP~
KyJIHMpYIOIIeH Harpy3ku mnosic—Hsiercst puc. 1, 6. Cur-
HaJl C JaTYMKa LUPKYJIUPYIOLEH Harpy3KU - KOHBEHEp-
HBIX BECOB | uepe3 perucTpupyomui npudop 2 u pe-
TyasaTop 3 BO3JAEHCTBYeT Ha HUCIOJHUTEIbHBIN
MeXaHU3M 4 pyAHOTO MHUTATeNsA. XOTS 3TH CUCTEMBI U
YYUTBIBAIOT Pa3MalbIBAEMOCTb PYABI, T.K. IUPKYIHPY-
OIIas Harpy3ka, B OCHOBHOM, OTIpenensercs: (HU3nKo-
MeXa—HUYEeCKHMHU CBOICTBaMU PyIbl, HO OHU UMEIOT
HEOCTaTKU, OFPAaHUYUBAIOIIME UX NPHUMEHEHHE. DTO
HEHAJIe)KHOCTh U HECOBEPILEHCTBO AATYMKOB U 3HAUU-
TEJIbHOE TPAHCIOPTHOE 3ama3[blBaHUE [0 KaHAIy pe-

TyIupoBaHusl (PyOHBIM MHUTATEIb-MEIbHNIA-KIACCH-
(ukarop-cucTeMa-pyIHbIA TUTaTENh). [loaToOMy mpu
PE3KOM H3MEHEHHH pa3MalbIBAEMOCTH HCXOJ—HOU
pPyAbl MENBHUIA MOXKET IEPerpy3uTbecsi, BIIOTH 1O
aBapUITHOTO COCTOSHHSA - "3aBana" MenpHHUIBL. Kpome
TOTO, HEBO3MOXKHOCTh IMPUMEHEHHS 3TUX CHCTEM IUIS
paccMa—TpUBAaeMOIl TEXHOIOTHU ONpeneisieTcss KOH—
CTPYKLUEH Pa3MOJIbHOW YCTaHOBKM, UCKIHO—YAIOLIEH
pa3fenbHBIN 3aMep HUPKYJIHUPYIOIMIMX HAarpy30K Kax-
JI0i KaMepbl B OT/IEIbHOCTU. BbIX0THBIE MOTOKH 00enX
paboynx Kamep MEJbHUIBI OOBETUHSIOTCS BHYTPH
MENBHUIIBI, 8 UMEHHO, B pa3rpy304HOil kKamepe, pacno—
JIOKEHHON Mexny paboummu kamepamu. Bce Tpu ka-
MepbI HaX0oAATCs B 001ieM Oapabane.

Tpetnii B cHCTEM, TTO3BOJIAIOMINN CTAOWIH3H-
POBaTh 3arpy3Ky MENbHHUIBI PyJOi MO mpuHIHITY. Qn +
KS = const, sBisrorcst Hanbomee mepcreKTHBHEIMU. B
HacTOAIIee BpeMs AJIsl PETYIHPOBAHUS OHOCTAIHAIb-
HOT'O 3aMKHYTOTO ITMKJIA U3MEIbUCHHS IO BBIIIe—yKa-
3aHHOMY IIPHUHIUITY U3BECTHBI CHCTEMBI, Pealn30BaH-
HBIE€ Ha OCHOBE CJIETYIOIUX ME—TOJIOB:

1. Yopaenstomuii, curHan ¢GOpMHPYETCsl Kak
CyMMa CUTHAJIOB KOHBEHEpHBIX BECOB U JaTUMKa Iec-
KOBO# Harpy3ku (puc. 1, B).

2. YOpaBIsOMUA CHTHAI — NPONOPLHHO—HAICH
TOKY TJIABHOTO 3JIEKTPOIIPHUBO/IA MEJIbHHUIIBI.

3. YpaBnsomuil CUrHAJI MOTYy4YaloT Ha OCHOBE
UCTIONB30BaHMS KOTO-TH00 IapaMeTpa (MM KoMOnHa-
LM MX) 3BYKOMETPHIECKOTO CIEKTpa IIyMa, U3Iydae-
MOTO MEJbHHUIIEH BO BpeMs ee paboTs (puc. 1, T).

HeB03MOXKHOCTE HPAMOTO0 KOHTPOJIST BETHUMHBI
HCXOTHOTO THMTaHMUS MPHU MOMOIIM KOHBEHEpHBIX Be-
COB, a TaKXKe IPSAMOTO U3ME—PEHHUS TOKAMEPHOI IHp-
KyJIUPYIOIIEH Harpy3KH, MOJTHOCTHIO HCKITIOYAOT TIPH-
MEHEHHUE MEePBOr0 METO/a.

Bropoi#i MeTox He MOJIy4MII OIMPOKOTO PacIpo-
CTPaHEHMsI IUISl PEryJMpOBaHUS 3arpy3KH IIapOBBIX
MEJIBHHII U3-3a HU3KOH YyBCTBH—TEIBHOCTH JIaTYMKA, &
JUISL pacCMaTPUBAEMOH TEXHOJIOTHH 3TO elle yCyryous-
eTcsl KOH—CTPYKIMEH Pa3MOJIbHON YCTaHOBKH, COCTOS-
mel U3 JBYXKaMEepHOH MENBHHIBI C OZHUM JIEKTPO-
HPUBOJIOM, T. €. HEBO3MOXKHOCTBIO OILIEHUTH MOKaMep-
HYI0 3arpy3Ky MO TOKy (WJIH MOIIHOCTH) TNPHBOIA
MEJbHHUIIBI, 3aBUCSILEH OT CYMMapHOU 3arpy3ku ABYX
kamep. IlomyTHO OTMETHM, YTO B HACTOAIIEE BpeMs
OTIpe—AETIIIOCh TEepPCHEKTHBHOE HANpaBICHUE IS
yIpaBiIeHUsT PabOTOH MENBHUIl CaMOM3—MeEJIbUEHHS.
CyIIHOCTb €r0 COCTOUT B TOM, YTO B MEIBHHUIE CAMO-
M3MENBbUYCHHS CO3/IAI0T IEPEMEHHYIO TPACKTOPHIO ABH-
YKEHHsI BHYTPU—MEIbHUYHOH 3arpy3KH Ha OCHOBE MPHU-
MEHEHHS PEryIUPYEMOTO IEKTPONPUBOJIA.

Tpernit croco0 ynpaBieHHs, OCHO—BaHHBIH Ha
MIPUMEHEHNH 3BYKOMETPHUYECKUX METOIOB KOHTPOJISI
3arpy3Kd IIapoBBIX MeNbHUI (pHC. 1, T'), HAIIEN B CO-
BPEMEHHO! MPaKTHKE aBTOMATH3AIMH MAPOBBIX MEJb-
HUI] caMoe MHPOKoe HMpuMeHeHue [3]. DTu cucTemsl
o0amaroT BaXXHBIMH IpeumymiecTBamu. Hampumep,
[0 CPAaBHEHHIO C METOJIOM pa3JIeNbHOTO CYMMHpPOBa-
HUSl CUTHAJIOB B JATYMKOB HCXOAHOTO IUTAHUSA U
LHUPKY—JIUPYIOIEl HArpy3KU UCKIIOUAETCS BO3—MOXK-
HOCTb "3aBajna" MeNbHULBI, T. K. 3ByKO—METPUYECKHI
JaTYUK KOHTPOJIUPYET 3arpy3Ky HEMOCPEACTBEHHO B
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caMOil MEIBHMIIC, MEKAY IapaMeTpaMu IymMa W 3a-
IPY3KO# CYIIECTBYET TECHash KOPPEISALUOHHAS CBS3b,
3HAYUTEIHHO CHUXKACTCS BPEMsI TPAHCIIOPTHOTO 3a-
na3—apiBaHus (¢ 6 - 10 muH. 10 1-2 MuH.), 9TO TIO3BO-
JSIET MOHSTH KAYeCTBO PEryIMPOBAHHUSL.

B cucremax, CTaOMIM3UPYIOIUX IIYM MEIbHHII,
MPUMEHSIETCS OJTUH U3 ApaMETPOB IyMa (MU UX KOM-
OWHAIMs) B KaYECTBE PErylUpyeMoil BenW4uHbI. 13-
BECTHBIC CHUCTEMBI HCIOJB3YIOT TaKHE IapaMeTphl
nrymMa Kak paiCoOBYIO YacTOTY IIyMa, aMIUTUTYIy WH-
TEHCUBHOCTH IITyMa MEJIBHUII, aMIUTUTYAY IIyMa MEJb-
HUIIBI B W30paHHOM MOJIOCE YaCcTOT, U KOMOMHAIIHUIO U3-
MEHEHHSI aMIUTUTYbl U YaCTOTHI 3BYKOMETPHUUYECKOTO
criektpa. Bee ykazaHHbIe mapaMeTpsl [IyMa YMEHbIIIa-
I0TCS ¢ YBEJIMUCHUEM 3arpy3Ku MenbHuUIbl. HecmoTpst
Ha 3HAYMTENLHOE YHCIIO PAOOT 10 ABTO—MaTHU3AIMHU 3a-
IPy3KH IIAPOBBIX MENbHHI Ha OCHOBE NPUMEHCHUS
3BYKOMETPHUYECKHX METOJIOB KOHTPOJISI M PETYIINPOBa-
HHA, 10 CHUX HOp €€ HECT OAHO3HAYHOI'O peIJ_IeHI/IH 110

BBIOOPY TOTO WJIM MHOTO TapameTpa iryma. OueBuIHO,
YTO B KaXXIOM KOHKPETHOM Ciydae IIeJIecoo0pa3HO
MIPOBEICHUE CTICIIHANBHBIX HCCIIEOBAHUI B 3TOH 00-
JIACTH.

ABTOMAaTH3aIMs JIBYXCTaIHANBHOTO H3MeJbue-
HUS HA MHOTHX O0OTaTHUTENBHBIX (habpHKax, KaK Impa-
BHJIO, OTPAHUYMBACTCS aBTOMATH3alMCH MEPBOM CTa-
UM U3MEJIBUYCHHS IO OJHOMY M3 BBIIICPACCMOTPEH-
HBIX METOJIOB, W3BECTHBI OTICIbHBIC IOMBITKH
aBTOMaTH3aluu 00eux cTanuii, Tak, B MOKPOM U3MEITb-
YCHUU UCCICIOBAIUCh CHUCTEMBI CTAOWIM3AIMU 3a-
IPY3KH BTOPOW CTaguM BO3JCHCTBHEM Ha HCXOIHOE
NUTaHUE NepBOM cTaauu. belna Takke MOIBITKA CO-
3[1aTh CHCTEMY, PabOTaIOMIYIO IT0 IPUHIIHITY pacIpese-
JICHU [HUPKYIUPYIOMEH Harpy3Ku MEXIy CTaIusIMH,
BO3ZICHCTBHEM Ha KiIacCUPUKATOpbl. OIHAKO B CHIY
TPO—MO3AKOCTH KOHCTPYKTHBHBIX PEIICHUH H ILIOXOH
YOPaBISIEMOCTH 3TH CHCTEMBI TIOKA HE HAIIUTH MPaKTH-
YCCKOT'O MPUMECHCHUA

Pucynox 1 Brox-cxemvr CAP 00HOCmMaouanvho2o usmenvyeHus:
a) o npuHIMIy Qn = const;
0) 1o npuHIHITYy S = CONSt;
B) no mpuHIumy Qn + kS = const;
T') IO 3BYKOMETPUIECKOMY METO.LY;
(IT - mutarens, M - menbauna, K - kmaccudukarop)
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Abstract

A critical analysis of the existing control systems for the process of grinding raw materials, from the point of
view of the possibility of their application in the technology of two-stage dry grinding.

AHHOTALUA

Bemonnen KpI/ITI/I‘ICCKI/Iﬁ aHaJIn3 CYIICCTBYIOIIUX CHUCTEM YIHPABJICHHS HNPOLCCCOM U3MCIIBYCHUA CbIPbA, C
TOYKH 3pCHUA BO3MOXHOCTH UX MPUMCECHCHUA B TCXHOJIOTHUU IBYXCTAJIUAJIBHOI'O CYXOI'0 U3MEJIbYCHU .

Keywords: Dry grinding, separator mills, combined separation, separate control, intracameral loading.
KuioueBble cioBa: Cyxoe M3MeNbYSHHsI, CeapaToOpHble MENbHUIBI, 00BEMHEHHAS Cenapaius, pa3aeib-

HBI KOHTPOJIb, BHYTPUKAMEPHAs 3arpy3Ka

Cyxoii moMon ceIpbs Hanboliee pac—IpoCTpaHeH
B TOPHO-XUMHUUYECKOH, [IEMEHTHON MPOMBIIIIEHHOCTH,
B TMPOMBIIUIEHHOCTH CTPOUTENIBHBIX MaTepHUAIIOB, MPH
MPUTO—TOBJIEHUM YISl Ha TEIUIOBBIX JJIEKTPUYECKHX
ctaHuusx 1 ap. Cyxoli oMo OCyIECTBISETCA B Cena-
PaTOPHBIX MEJIBHUIAX OAHO- U IBYX CTaIUAJIBHOI'O U3-
MCJIBYCHHU, pa60Ta}OH_II/IX B Pa3OMKHYTOM, YaCTUYHO
3aMKHYTOM M 3aMKHYTOM HHUKJIaX U3MCIIbYCHUA.

CucTeMbl ympaBIE€HUs TPOIECCaMU CYXOro W3-
MCJIIBYCHUA JId OJHO CTAaIUAJIBHOTO, KaK Pa3sOMKHY-
TOTO0, TAK M 3aMKHYTOTO ITHKJIOB, PEaIM30BaHbI Ha CJIe-
JTYIOIMX METOAaX, KOTOPbIE PACCMOTPEHBI C TOUYKU
3peHHsl BO3MOXKHOCTU MX IPUMEHEHHMs sl ympasiie-
HUS IByXKaMEPHBIMH [IAPOBBIMU MEJILHUIIAMU C 00b-
€/IMHEHHOH cenaparyell MpoayKToB oMosia 00enx Ka-
Mmep.

Jlis momorna yrisl B cenapaTopHBIX MeJbHHIaxX
MPUMEHSIETCS METOJ, PErylIMpOBaHUS 3arpy3Kd MO-
MOJIBHOM YCTaHOBKHU 110 Mepenaay

JlaBJIeHUs B ee paboueit kamepe [1], uro 00ycnoB-
JIEHO crelu(pHUIecKUMH OCOOCHHOCTSMH ITHX arpera-
TOB. PHJI HEIOCTATKOB TaKUX CUCTEM OT'paHUYMNIIN 00-
JIaCTh UX IPUMECHEHUA 1, B YaCTHOCTH, JJId pacCcMaTpu-
BAEMOM TEXHOJIOTUHU.

PerynupoBanue 3arpy3ku cenapa—TOPHBIX MeEJb-
HUI] B [TOJIABJIAIONIEM OOJb—IITIHCTBE CIIy9YaeB BEACTCS
0 3BYKO—METPHYECKOMY METOIy. DTOT MeToJ, 00a-
Jiast pAAOM CYIIECTBEHHBIX MPEUMYLIECTB MO CpaBHE-
HUIO C IPYTUMH METOAAaMU (HETIOC—PEICTBEHHOE U3Me-
peHue 3arpy3KH B CaMOil MeNbHUIIE, OAHO3HAUHAs 3a-
BHUCUMOCTb IIIyMa U 3arpy3KHU U, KaK CIEACTBHE 3TOrO,
MIPEAYNpPEXKICHUE 3aBajla MEJIBHHULBI PyIOH U T. I.),
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HUMeET TOT HEJOCTATOK, YTO HE YYUTHIBAET PA3IUYHYIO
pa3sMallbIBAEMOCTh MCXOIHON pyIbsl M LUPKYIHPYIO-
mel Harpysku. [locnenmss, oOpasyercs u3 Hamboee
TPYOHO pa3Ma—JIbIBAEMOW YacTdu pyZAbl, NOJaBacMOU
JUIA U3MENTbYEHUS B MeNbHULLY. VI3MeHeHHne ypoBHS 3a-
TPy3KH MEIBHHUIIBL, CIEN0BATENBHO, U 3By—KOMETpHYE-
CKOTO CHIHala, HalpuMmep, OT IMPKYIHPYIOLIEH
Harpy3ku, KOMIICHCUPYETCsI HEe JKBUBAJIECHTHBIM IIO
pa3MaibIBaeMOM il HCXOMHBIM MUTAaHUEM.

IlonmbITKM YCTpaHUTh YKa3aHHBIH HEIOC—TaTOK
NpUBEIH K pa3pabOTKe cUCTeM, pa—OO0TaloIUX II0
HNPUHINIY 3KBUBAJCHTHOro 3amemieHus. CyTb 3THX
CHCTEM 3aKIII0YaeTCs B MOAAEPKaHUH ONPEIECIEHHOTO
COOTHOILEHHS MEXly H3MEHEHUAMH LIUPKYIUPYIOLEN
Harpy3kd U UCXOOHOU pyZsl. BenmuunHa cOOTHOLIEHUS
YCTaHaBIIMBAETCS HKCIEPU—MEHTANIBHO AJIS PyI Cpea-
HEM pa3ManbIBaeMOCTH. [ OJHOCTagUalbHBIX 3a-
MKHYTBIX CHCTEM HM3BECTHBI, B OCHOBHOM, JBE Pa3HO-
BUAHOCTH CHCTEM IO METOJy PKBHBAJICHTHOTO 3aMe-
meHuss. B ofgHOM cilydae curHajgbBl ¢ KOHBEHEPHBIX
BECOB UCXOJHOU pyAbl U LIMPKYIUPYIOIIEH HArpy3Ku
HOZIAI0TCS B OJIOK COOTHOIICHUS, Jajee Yepe3 peryiu-
PYIOLIYIO annaparypy Bo3IeHCTBYIOT Ha BEJTMUUHY HC-
XOJHOTO MHUTaHUs, a B IPYrOM ciydae Uil KOHTPOIS
HUPKYJIUPYIOIIEH HArpy3KH HCIIONB3YETCA aKTUBHAS
HoTpe—OJsieMasi MOIIHOCTh TPHBOJA KOBIIEBOTO 3J€-
Baropa [2]. JIns ycTpaHEHUs] ONaCHOCTH 3aBajla MEJlb-
HUIIBI MaTEPUAIOM HCIONb3YeTCsl 3ByKOMETpHUYECKast
3aIUTA.

MHorokaMepHbIe ¥, B YaCTHOCTHU JIByXKaMEpHBIE
CeTapaTopHble MENbHUIIBI, SBIAIOTCS OCHOBHBIMH ar-
peraramu Juist iomMona (pochOpPUTHBIX PYX B YCIOBUIX
AO «Kaparay». CrnenuduueckumMu 0OCOOESHHOCTIMU
JIByXKa—MEpHBIX IIApOBBIX MEIBHUIl SBIIAIOTCA OCY-
IIECTBIICHUE IIPOIlecca ABYXCTAJHAIbHOIO TOMOJA B
OJTHOM MEJIbHUIIE, COCTOSIIEH U3 IBYX pabouux Kamep,
U BO3MOXKHOCTb He€pe—paclpeieNleHus] HUPKYIUpPYyro-
nieil Harpy3ku Mexnay kamepamu. IIpogykTsl moMona
MOT'YT HMOZBEPraThCsl pa3/iesIbHON MM 00beIMHEHHOH
cenapanuu. TexHogorudeckas cxema ¢ pa3JesIbHOM ce-
napanyel uMeer ABa KOBHIEBBIX JIEBATOPA, YTO IMO3-
BOJISIET BECTH pa3AebHbII KOHTPONIb KaMep IO 3arpy-
JKeHHOCTH Mate—puaiioM [3]. Ho mpuMeHeHHe Takux
CHCTEM Ha HCCIEeTyeMOW TEXHOJIOTHH HCKII0YaeTCs
BBHJY OTCYTCTBHSI BTOpPOTO 3ieBaTtopa. IIpu paz—nens-
HOM cemapauuu MPOLYKThl U3MENbUEHUS KaKIOM Ka-

MEpBI TPAHCTIOPTUPYIOTCS CBOMM 3JI€BATOPOM HA CeTa-
paTopsl, B OTIIMYHE OT CXeM ¢ 00BEMHEHHON ceTmapa-
LUEH, TIIe TIPOIYKTHI IIEPBON M BTOPOit Kamep 00bean-
HSIOTCS M IOAAIOTCS OOIIMM 3JIEBATOPOM B CETapaTop.
PaccmaTpuBaemass TEXHOJOTHS H3MEIBUYCHUS PYIbI
OCYIIECTBIISIETCS B IBYXKAMEPHBIX IIAPOBBIX MEIHHHU-
[1ax CyXoro IomoJia ¢ 00beIMHEHHOI! cenaparuen, mo-
9TOMY NPEJCTABIISIOT 0COOBIN HHTEPEC CUCTEMBI pery-
JIMPOBaHMs, pa3paboTaHHbIC IPUME—HUTEIBHO K TAKOU
TEXHOJIOTHYECKOI cXeMe U3MEIbYCHUSI.

AHanu3 mMTepaTypHbIX HCTOYHUKOB U ITATEHTHBIE
HCCIIEIOBAHMS M0 UCCIEAYeMOMY BONPOCY Jaliil cie-
IyIOIIMK pe3yabTat. s ynpaBieHus OJaHHOM TEXHO-
JIOTHYECKOHW CXEMbI B HACTOsIIEe BpeMs pa3paboTaH
TOJNIBKO oAuH crocob [4]. biok-cxema 3Toro crocob6a
npuBeneHa Ha puc. 1. Cxema paboTaeT CIeAYIOIINM
obpazom. "[IpoayKTeI IOMOTIA TIEPBOI K BTOPOIt KaMep
OO0BEANHSIOTCS U MOJAIOTCS 00IUM 31eBaTopoM | B
cemaparop 2. He 10 wu3MenbUeHHBI NPOTYKT
("xkpymnka") pacnpenensercs mudepoM 3 WIN APYTUM
pacIpeAeNsonnM YCTPOHCTBOM Ha Ty WIIM UHYIO CTa-
JUI0 TIOMOJIa. DKCTpeMasbHBIN perynarop 4, Bo3nei-
CTBYs Ha IKUOEpP, OCYIIECTBIIACT MOUCK MAKCHMAIbHOM
MIPOU3-BOJUTEIFHOCTH MENBHHIBI, KOTOPYIO yCTa—
HAaBJIMBAET PETYISITOP CyMMapHOU 3arpy3ku 5. s u3-
MEpEHHSI TPOM3BOAMTEILHOCTH MEJIb—HHUIBI MOXKET
OBITH MCIIOB30BAH PACXOJOMED CHITyIHX MaTEpPHaJIOB
6 WM BeCBl Ha BXOJIE MJIM BBIXOZE MEIbHUIIBL. B kaue-
CTBE PEryJIUpyeMOil BETHIHHBI SKCTPEMAIILHOTO PEry-
JISITOpa TAK)Ke MOXKET OBbITh MCIOJIB30BAHO MOJIOKEHHE
BaJla UCIIOJHUTEIHLHOTO MEXaHu3Ma 7 B peryisiTope
CyMMapHO# 3arpy3ku..." [4].

OnucaHHBI| c1I0CO0 00J1aJaeT Cile—IyIOMIUMH He-
JOCTaTKaMHu:

1.Cuctema He MO3BOJISIET KOHTPO—JIMPOBATH TTOKA
MEpHYIO 3arpy3Ky MEJIBHHMIIBI, T. K. OHa KOHTPOJIUPYET
CYMMapHYIO 3arpy3ky OOE€HMX CTaJuii 10 MOIIHOCTH
TIPUBOJIA 3JIEBATOPA.

2.Cucrema 00anaeT 3HAYNTEIBHBIM TPAHCIOPT-
HBIM 3ala3/bIBaHUEM II0 KaHAly PperyJIHMpOBaHMS,
YXYAMAIUM JTUHAMHUKY TIpolecca, T. K. MaTrepual,
NPEXKE YeM OTPA3UTCsl HA MOLIHOCTH MPHUBOJIA JJIeBa-
TOpa, JOJDKEH MPOWTH Yepe3 KaMepbl MEJIbHUIIBL, 3a-
TPaTHB Ha 3TO 3 -4 MMHYTHI JJIsl IEPBOM U 6 - 7 MHUHYT
JUIsL BTOPO KaMephl, a 32 3TO BpeMsl YPOBHH 3arpy3Ku
MOT'YT CYIIECTBEHHO U3MECHUTHCA.
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3. Pucynok | bnok-cxema SKCTpeMalbHOW CH-
CTEMBI PEryJIMPOBAHUS PEKUMOM pabOTBI MENBHHI] C
o0BemuHEeHHON cemapanueiiKoHTponb cymMMapHOi 3a-
TPY3KH 110 MOIIHOCTH TPHBOJIA 3JIeBaTOpa MMEeT 3Ha-
YHUTEJIbHBIE TOTPEITHOCTH, T. K. 3arpy3Ka 3jieBaTropa
orpezensercs CyMMON IIMPKY—JIMPYIOIIEH Harpy3Ku 1
TOTOBOTO PO ykTa. COOTHOIIEHNE NX MEHAETCA B IIIH-
POKHX TIpeieNax B 3aBHCUMOCTH OT pPa3MalbIBaeMOCTH
PYZIBI, B CBSI3U C YeM KOJMYECTBO FOTOBOTO MPOIYKTa
MoxeT kojiebarbes oT 20 1o 70 % 1o OTHOMICHHIO K
o0r11Ieit 3arpy3Ke ayeBaTopa.

4. DKcTpeMasbHbIE CHCTEMBI HEe HAIIIN IPUMEHe-
HUS JUId yIpaBleHHE HW3MEIbUl—TeIbHBIMH arpera-
TaMH B CBSI3U C OTCYTCTBHEM SIPKO BBIPAXXEHHOTO JKC-
TpemMyma (IKCTpeMyM CHIIBHO "pa3MeIt") [5].

5. KoHTposib MpOM3BOANUTENHHOCTH IO MOJIOXKE-
HHUIO Bajla UCIOJHUTEILHOIO MeXa—HHU3Ma, BO3ZeH-
CTBYIOLIETO HAa MCXOAHOE MUTaHME, UM PacXxojoMe-
POM CBHIMyYHMX MaTEpUAIOB HMEET MOTPENIHOCTH,
00yc—JIOBJIEHHBIE JTIOG)TOM HCIOJHUTEIBHOTO OpraHa
IUTaTEeNs PyJbl, Er0 U3HOCOM, - HEJIMHEHHON XapaKTe-
PUCTHUKOM U T. 1.

W, HakoHeN, yMECTHO MpPOIUTHPOBATH aBTOPA
OINMMCaHHOTO criocoba: «...Ecnu umeer MecTo nepemen-
HO€ COOTHOILICHHE Pa3MaibIBA€MOCTH MaTepHain pas-
HBIX CTaJIMsIX, BOSHUKAET HEOOXOAUMOCTb B IIEPHON-
YecKoW mepe—cTaHoBKe mubepa 3. Jlns Toro, 4ToOBI
OCYILIECTBUTh 3TO AaBTOMATUYECKU, HY>KHO pacloJia-
raTb METOJOM pa3AeibHOr0 KOHTPOJS PEXHMOB MO-

Js

MoOJIa Ha KaXJIOH CTaJiH, KaK 3TO IMEET MECTO, HallpH-
Mep, B cilydae ¢ pa3fenbHoil cemapanueil. K coxane-
HUIO, B HACTOSIIIIEE BPEMsI HET NPaKTHIECKH JICHCTBEeH-
HBIX METO/I0B KOHTPOJIS JUIsl MEJIBHUIL C 00beIMHEHHOH
cemapanueit ..." [2, c. 130].

Taxum 00pa3oM, U3BECTHBIE Pa3pabOTKH HE MOTYT
ObITh NPUMEHEHbl Ha pac—CMaTPUBAEMOM OOBEKTE,
CJIE/IOBATEINILHO, JUIsl €r0 aBTOMATH3alul HE00XO0JMMO
pa3pa—06aTeIBaTh HOBYIO CUCTEMY YIIPaBICHUS.

{
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Abstract

um. M. Toinviuunaesa (KazATK), Anmamut

The results of identification of the dynamic structure of the dry two-stage dry grinding process using two-

chamber polysius-type mills are presented.
AHHOTALUA:

[TpuBeneHs! pe3yabTaThl HACHTH(GHUKAMN IMHAMUYECKON CTPYKTYpPHI IIPOIecca CyXOro JBYXCTaJHAIbHOTO
CYXOT'0 U3MEJBUCHNUS C MCIIOIb30BAaHUEM JBYXKaMEPHBIX MEIbHUI THIA «[lomu3mycy.

Keywords:

KiroueBble coBa: MaremMaTndeckass MOJeNb, aKTUBHBIA SKCIEPUMEHT, Pa3TOHHBIE XapaKTEePUCTHKH, H3-
MeJbUEHUE, LIUPKYJIUPYIOIAsl Harpy3Ka, CTPYKTypHas cXxeMa

[TpoMbllUIeHHBIE OOBEKTHI SBJISIFOTCS MHEPLMOH-
HBIMH ¥ B IMHAMHYECKOM OTHOIICHHHU TPECTABIISIOT
co0oi (QUIBTPHI HU3KUX YACTOT. 3aBUCHMOCTH BXOJI-
HBIX ¥ BBIXOJHBIX KOOPIWHAT MEXIY COOOH OIMCHIBA-
eTCSI MATEeMaTHYECKOW MOJICNBI0, B KOTOPYIO BXOJST
ypaBHEHHS CTATUKU W AWHAMUKH. HaxoxneHne ypas-
HEHHUU TUHAMUKH [TPOMBIIIICHHBIX 00 BEKTOB, B OCHOB-
HOM, OCYIIECTBIIICTCS JKCICPUMEHTAIFHBIMH METO-
JlaMH, 3aKJIFOYAIOLMHUCS B TOM,

YTO CO3/1a€TCs UCTIBITATEIbHOE BO3MYIIEHHUE (CTY-
MEeHYaToe, MMIYJIbCHOE, FapMOHMYECKOe W T.O.) Ha
BX0Jie 00BEKTa M PETUCTPUPYIOTCSI COOTBETCTBYIOIINE
M3MEHEHHsI BO BPEMEHH BBIXOJIHBIX MepeMeHHbIX. [1o-
Jy4eHHBIC, TAKUM 00pa30M, QyHKIIUH SBISIOTCS perie-
HHEM Ju(QepeHaIbHbIX YpaBHEHUH 00beKTa ¢ u3-
BECTHBIMH TPABBIMU YaCTSAMH U HAYAJILHBIMHU yCIOBHU-
smu [1]. 3atem mogOuparorcs auddhepeHuanIbHbIe
YpaBHECHHS, PEIICHHUSI KOTOPBIX HAMIYYIIUM 00pa3oM
ANMPOKCHUMHUPYIOT IMOJTyYCHHBIC Pa3rOHHBIC 3aBUCHMO-
cti. TOYHOCTH ONMHUCaHMs TUHAMHUKH OOBEKTa MPH HC-
MOJIb30BAHMH 3TOTO METO/1a CBOJMTCS K 33/1a4€ OLIEHKU
TOYHOCTH aNMPOKCHMAIIMU SKCIIEPUMEHTAIBHBIX 3aBH-
CHMOCTEH aHAJIUTHYECKUM BbIpaxkeHueM. JlocTouH-
CTBOM METO/ia SIBIISIETCSI TO OOCTOSITENBCTBO, HYTO
HalJIeHHbIE YPaBHEHUS! AMHAMUKU HE HYKAAIOTCS B
JIOTIOJTHUTENBEHON TIPOBEpPKE Ha 00BEKTE, T.K. BCE €ro
VHJIMBHyaJIbHbIE 0COOCHHOCTH, YK€ Y4TeHbI (hOpMOt
MOJY4EHHOTO TIEPEXO/IHOTO MPOoIecca.

PaznmuuaroT akTHBHBIC W MACCHBHBIC METOJBI UC-
CJICZIOBaHUSI TMHAMHMKH B 3aBHCHMOCTH OT criocoda

BBEJICHUSI BXOJHOTO BO3MYIIeHHs [2]. DkcnepumeH-
TaJbHBIE METOJIbI OCHOBAHBI Ha MPEIMOJIOKEHUSIX O CO-
CPEIOTOYEHHOCTH MapaMeTpoB, CTAllMOHAPHOCTH BO
BPEMEHHU €ro JUHAMHYECKHX CBOMCTB M JIMHEWHOCTH
WX TpU HEOONBIINX M3MEHEHHSX BXOJHBIX TEPEMEH-
HeIX. CTPOTO TOBOpS, BCE MPOMBIIIICHHBIE OOBEKTHI
SIBITIOTCSL OOBEKTAMHU C paclpe/IeICcHHBIMU MapaMeT-
paMu U UX JMHAMUKa ONMUCHIBAETCS YPABHEHUSMHU B
YaCTHBIX MPOW3BOJAHBIX. HO mMpakThka MOKa3bIBaeT,
9TO B OOJIIIMHCTBE CIIy4aeB MepexojHble (yHKIUU
JIOCTaTOYHO XOPOIIO alMpPOKCUMUPYIOTCS PEIIEHUSIMU
OOBIKHOBEHHBIX JU((epeHIMAIBHBIX YPaBHEHNI HEBbI-
COKOTO TIOpsIZIKA ¥ 3BEHOM YHCTOTO 3ana3piBanus [3].

[Ipennonoxenue 0 CTAMOHAPHOCTH THHAMUYE-
CKUX CBOWCTB MPOMBIIIICHHBIX OOBEKTOB ITO3BOJISET
aNMpOKCHMHUPOBATh UX MEPEeXOHbIe (DYHKIMU pellie-
HUSIMH OOBIKHOBCHHBIX TU((EPESHINMATBHBIX ypaBHE-
HUH C TOCTOSHHBIMU K03 punmeHTamu. OnrcaHue me-
PEXOIHBIX TPOIIECCOB JIMHEHHBIMU TU(PepeHIHATD-
HBIMH  yYpaBHEHUSMH  YJOBIETBOPSCT MPUHIIUITY
CyNEpNO3ULUIl B HEKOTOPOM HHTEpBAJIE U3MEHEHUI
BXOJIHOM KOOPAHMHATHI, YTO OOYCIIOBJIICHO MPEIIIOJIO-
JKEHUeM O IJIMHEHHOCTH B MaJlOM JWHAMHYECKHX
CBOMCTB 00BEKTOB. MHTEpBan M3MEHEHHsI BXOJHOTO
CUTHaJa 3aBHCHT OT KPHUBW3HBI CTATUYECKOW 3aBHUCH-
MOCTH W HaJlMuus B OOBCKTE HEIMHEHHOCTEH, Iei-
CTBUS KOTOPBIX MOSIBIISIFOTCS TOJIBKO B IEPEXOAHBIX Pe-
KUMaX.
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C y4eToM HOMYIIEHHBIX MPEIINOIOKEHUH IHHA-
MHYECKHE CBOMCTBAa OOBEKTa MAaTEeMaTHYECKH MOKHO
OITHCaTh BEIPAXKECHUSAMH CIICAYIOLIEro BUa:

1) mudepeHnanbHBIM ypaBHEHUEM

dy(), 4"y

P n-1 PR} +.o.tagy(t) =

n

dMx(t—1)
dat™
TAE O, On-1, ..., 00> Bm, Bm-1, ..., Do —TTOCTOSTHHBIE
k03P PHUIMEHTHI; M<N; T - BpeMs 3ana3/IbIBaHAs;
2) mepenaToYHoOM (yHKIHEH:

=bp +..+bgx(t—1),

_m_ >h.p

W(p)=_ ="

X(p) Hg*baupu

rie p=o +j® KOMIUIEKCHAs MepeMeHHas: o, - Be-
IECTBEHHAs IIepEeMEHHasi; - YIIOBas 4YacToTa B
pan/cex; j=+/-1; X(p); Y(p) —npeo6pa3oBaHus

Jlarutaca BXOTHOM U BBIXOJHOM (hyHKIIU.

. Z“”k,

3)  aMIuMTYynHO-(Pa30BOM  XapaKTEPUCTHKOM
(ADX):

i) ob.(e) |

Wip)= YU S0 = () + QL) = Al ),

T X(jo) Sa, (jof
1=0
rae X(jo), Y(jw)- npeobpasoBanue no Dypbe
BXOJIHOM M BBIXOHOH (hyHKImit; P(w) u Q(w) - anamm-
THYECKUE BBIPAKEHHS BEIIECTBEHHON W MHHUMOM Ya-
creil kommuiekcHor ¢Gynkimu; A(w), ¢(®) — ammim-

TYIHO YaCTOTHASA M ()a30 YaCTOTHASI XapaKTEPUCTHKH,
KOTOPBIE ONPEEIISIOTCS U3 CIETYIOUTNX COOTHOIICHHI

[4]:

o -

plw)=arctg M
P(@)

CrnenyeT OTMETHTh, 9TO MaTeMaTHIECKOE OIHCa-
HHE TIPOMBIIIIEHHBIX 00BEKTOB YKa3aHHBIMH COOTHO-
IIEHUSIMH HOCUT YHCTO YCIOBHBIN XapakTep, T.K. Iepe-
XOJ OT OJHOHM (POPMBI IIPENICTABICHHS IUHAMUYECKUX
CBOWCTB K JAPYTOH He MpeCTaBIsAeT 0COOON CIOXKHO-
CTH.

B nmanHolt pabGoTe omucaHue JUHAMHYECKHUX
CBOWCTB IETIH alapaToB IIpoIiecca ABYXCTaAHaIbHOTO
CyXOr0 U3MENIbYEeHUs] NPOU3BEAECHO HA OCHOBE COCTaB-
JICHUSI X TIEPEAATOYHBIX (QYHKIHH, YTO MO3BOJIHIIO MO~
JY4UTH CTPYKTYPHYIO CXEMY OOBEKTa YIpPaBICHHSI.

Hccnenyemas pasmMomnbHas yCTaHOBKA COCTOUT U3
CIEAYIOUIMX TEXHOJIOTMYECKUX almaparoB, MoJIpase-
JSIEMBIX 1O BBITIOJIHSEMBIM UMHU (QYHKIMSM:

1.TapenpuaThlil MUTaTeIh YCTAHOBICH B Hadaie
mporiecca U3MeNbYeHUS U MpeAHA3HAueH IS HoJadu
HCXOJIHOTO CHIPBSl B METbHUILYy. BXomoMm ero siBiseTcs
W3MEHEHHE YacTOTHI BPAIICHHUS JIEKTPONpHBOAA N, a
BBIXOJ/IOM - KOJIMYECTBO UCXOJHOTO mUTaHus Qn .

2. llTapoBast MeNBHAIIA COCTOUT U3 ABYX pabodmx
kamep. Kamepa kpynHOro nomosua uMeeT 1Ba BXOIHBIX
curnana Qn u KiS, npuuem Qn siBisieTcst perynupyo-
MM BO3JieiicTBUEM Jutsl 3ToH KaMepsl, a KiS siBisiercst
OCHOBHBIM BO3MYLIAIOIUM BO3JEHCTBUEM. OJTa Ka-

Mepa UMEET OJIMH BBIXOJ — BHYTPHKAMEPHOE 3aIloJIHe-
HHUEe M), KOHTPOIMPYEMOE IO TPOMEKYTOUHOMY 3BYKO-
MeTpuieckoMy curaaiy Z; . M onpenenseTcs Benndu-
HamMu S; 1 Op1 (S1 — BBIXOX TI0 BHOBH 00pa3soBaHHOM
IUPKyIUpyIomeil Harpy3ke, a Qi —BBIXOZX 1O BHOBb
o0pa3oBaHHOMY TOTOBOMY TIponykry). CremoBa-
TENbHO, KaMepa KPYITHOTO TIOMOJIa UMEET TPU BBIXO/I-
HBIX KOOPAUHATEHI - Z| , S1, Qy1. [TomyTHO 0T™METHM, 9TO
BeTMYUHBI S1 ¥ Qri HE TOAMAIOTCS KOHTPOJIO, TIOATOMY
sapucumoctr:  S1=f(Qn); Q.=f(Qn); Si=f(M)), Q. =
f(My) mpuHUMAIOTCS B COOTBETCTBUH C PE3yJbTaTaMU
CTaTHCTHYECKUX MPOCIIEI0BaHUH, TOIyYSHHBIX PaHee.

BxonHoil curnan kamepbl MEJIKOTO ITOMOJIa OIpe-
Jiensercs Apyrod 4acThlo LUPKYJIHPYIOIIEH Harpy3ku
(1-K1)S = K;S. DTa kamepa TakKe UMEET TPH BBIXOJI-
HBIX curHama Zj, Sz, Qro, aHAJOTHMYHBIX BBIXOHBIM
CHI'HaJIaM KaMepbl KPYITHOTO TIOMOJIa.

3. KoBuieBoii arieBaTop npeaHa3HaueH i TPAHC-
MOPTUPOBKH M3MENIBUYEHHON PYABI 10 CEnapaTopoB.
Bxox ¥ BBIXOJ €ro paBHBI MEXIy COOOH M CABHHYTHI
10 OTHOUICHHIO IPYT K IPYT'Y BO BPEMEHH Ha BETUUUHY
YHUCTOTO TPAHCIIOPTHOT'O 3ara3/bIBaHus.

4. Bo3ayliHblid cenaparop KiIacCH(DHUIUPYET H3-
MENIBUYEHHYI0 PyAy Ha J[Ba NMPOAYKTA: TOTOBBIH IPO-
OYKT W OHUPKYJIUPYIOUIYI0 Harpy3ky. OTOT 3JIEMEHT
nMeeT ouH BXoa M u nBa Beixona S, Qr.

5. Opran pachnpefeneHuss LUpKyJIupyromen
Harpy3kd IENUT S, KOTopas SBIACTCS BXOIOM IS
Hero, Ha Ba moToka KiS u KsS.

6.TpyOomnpoBoibl, IpeaHa3HAaUCHHBIE AT TpaHC-
HOPTUPOBKH LIUPKYJIUPYIOIIEH HAarpy3KH K pabouum
KamepaM, SBIISIIOTCS 3BE€HBSIMH YHCTOI'O TPaHCHOPT-
HOT'O 3ara3/ibIBaHusl.

Tapenpyarblil IUTaTENb 110 BUAY Pa3rOHHON Xa-
PaKTEpPUCTUKH aNlpOKCUMHPOBAH OE3MHEPIMOHHBIM
JUHAMUYEeCKUM 3BeHOM (puc.l, a) ¢ mepenaTodHOi
obyukuuein W(p)=Ky=1. HebospIioe 3ama3apiBaHne
MEXXIy MUTATeNIeM U METbHHUIIEH OTHECEHO K 3ama3/ibl-
BaHHIO KaMephl KPYITHOTO MTOMOJIA.

KoBmeBoil 31eBaTop sBIAETCS 3BEHOM YHCTOTO
TPAHCIIOPTHOTO 3ala3/bIBaHUs C TIepeJaToOuHOM QyHK-
et W,(p)=eP® (puc.1,6). B nanbHeiiriem B CBA3M C
OOJIBIIMMH 3HAYEHUSIMU TTOCTOSTHHBIX BPEMEHH | 1 3a-
na3/bIBaHUH Tj 3HAYSHUS UX JAl0TCSI B MUHYTaX.

Cenaparop anmpoKCHMHPOBaH 0e3MHEPINOHHBIM
3BEHOM 110 000MM KaHaiam (puc.1,B).

S

WC (p) = KS - mepegaroyHas QyHKIHS 10 Ka-

HaJly BXOJI-BBIXOJ] IMPKYJIHPYIOIIEH Harpy3Ky;
t:

Wc (p) =K 5 - Tlepenarounas QpyHKIMsA 10 Ka-
HaITy BXOJI-BBIXOJ] TOTOBOTO IpoaykTa, mpuiaem K, =1-
KS .

HesnaunTensHoe 3ama3gpIBaHUE B CEIApaTope OT-
HECEHO K 3ara3bIBaHUIO KOBILIEBOT'O 3JIEBATOPA.

Opran pacrpeeieHus] TEeCKOBOW  Harpys3kH
MEXIYy KaMepaMH UMEeT OAMH BXOJ M JBa BBIXOAA U
SIBIISIETCST PA3ZIeIMTENLHBIM 3JIEMEHTOM C IepefaTod-
HBIMH QYHKIHAME (puc. 1,r):

WE: (p) = KL - mepenaTouHas GyHkmus mmobepa
T10 KaHaJy BXOZA-BBIXO/ B KaMepy KPYIHOI0 OMOJIa;
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Wﬂ”(p) = K"a' - mepematoyHas (yHKUIUS LId-

Oepa 0 KaHAIy BXOJ-BBIXOJA B KAMEPY MEIKOro IIO-
I |
mona, mpiaem Ky =1-Kyg .

IlonHast CTPyKTypHasi cXeMa ABYXKaMEpPHOH IIa-
roBOil MEILHMIIBI IPHBEIEHA Ha pUC.2, TIIE:

W, (p) - nepenatounas GpyHKIHsS KaMepbl KpyIl-
HOTO IIOMOJIA 10 OCHOBHOMY KaHaly BXOI-BBIXOJ
BHOBB 00Pa30BaHHOTO TOTOBOTO IIPOIYKTA;

S
WII (p) - TO € M0 KaHAIy BBIXOZA HUPKYIHpPY-

IOLLEH HAarpy3Ky;

w5 (p)
w(p)

W>i(p) - mepenatounast pyHKIUS EPBOroO mepe-
KPECTHOTO KaHaia CBs3M (BIMSHHEC PEXHMa KaMephl
KPYITHOT'O TIOMOJIa Ha PEKUM PabOThI KaMEPhI MEJIKOTO
MoMoJa):

W,y (0) =W, (0)- W (0)- W, (0) = K, - K &7

- TO XK€ IJIsI KaME€PbI MEJIKOI'0 ITOMOJIa,

Wi2(p) - mepenatounast GpyHKIUs BTOPOTO TEpe-
KPECTHOTO KaHalla CBs3U (BIHUSHHE PEKHMA KaMepbl
MEJIKOTO TIOMOJIa Ha PeXHUM pabOThl KAMEPhI KPYITHOTO
IOMOJIa):

WL, (p)= W (p)- W (p)- W, (p)=K, - K; -7

Wi (p),W;(p)- mepenatodnsie GyHKIMH Kamep
MEJTBHHMITBI [T0 KaHAJIAaM BXOJ(-BBIXO]] IPOMEKYTOYHBIX
3BYKOMETPHUYECKHUX CHUTHAJIOB.

C npyroii CTOPOHBI, UCCIIEAOBAHUSIMHI MHOTHX aB-
TOpOB [3, 5] ycTaHOBJIEHO, YTO MIAPOBAsi MEBHUIIA JI0-
CTAaTOYHO MOJIHO OMHUCHIBAETCS MEPEATOUHON (PYHK-
uel BUaa:

Wy (p) = A
1+T, -p

T.€. alMpPOKCUMHUPYETCS allepHUOTUIECKIM 3Be-
HOM IIEPBOTO MOpsAAKa C TIOCJIE0BaTEIFHO BKIIOUEH-
HBIM 3B€HOM YHCTOTO TPAHCIIOPTHOTO 3ama3bIBaHusl.
[Ipu TakoM MOJIX0/Ie MOJIHAS CTPYKTYPHAsI CXeMa pac-
CMaTPUBACMOI TEXHOJIOTHHI

e '™

a) AN JLQH 6) AN 2’[
3
t t t t
» > »| ePT: >
n Ko Qu M ¢ M
[ Z
)nn “_S )JLS 4S
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Puc. 1. CmpyxmypHusie cxembl ()yHKYUOHATHBIX INEMEHMOS8 PAZMOLLHOU YCIMAHOGK.
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Puc.2. Cmpykmypnas cxema 08yXCmaouaibHO20 USMeNbYEHUsL C NepeKPeCmHbIMU CEAAMU.
npUHUMaem 6uod, npedCmaegieHHblil Ha puc.3.

[apameTpsl epenaToyHbIX (GYHKIUN 3JICMEHTOB
CUCTEMBI OIIPEJICIICHBI 110 IEPEXOIHBIM XapaKTePUCTH-
KaM TIpH CTYIIEHYaTOM BO3MYIIICHUU Ha UX BXOJE.

Boamymienwust (cTyneH4YaTbie) HAHOCHINCH TBYMS
(hakTopamu - U3MEHEHHEM KOJINYECTBA UCXOIHOTO ITH-
TaHWST W TEpepacrnpefesieHueM LUPKYIUPYIOLIei

HATPY3KH MEXIy Kamepamu. HexoTopble muHaMude-
CKHE XapaKTePUCTUKH, TOJyICHHBIC Ha 00BEKTE, IPH-
BeJleHsI Ha puc.4 [5].

O06paboTKa SKCIEPUMEHTAIBHBIX KPHUBBIX pa3-
TOHa C 1IeJbI0 ONPEe/IeICHHUs BpEMEHH 3aIia3/(bIBaHus U
MOCTOSTHHBIX BPEMEHH [TPOM3BOAMIACH 110 MeToxy Op-
manHa [1]. Koad¢umumeHTsl ycHIeHHS HaXOIATCS
OOBIYHBIM cTIOCOOOM [4].
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IIpenBapuTenbHbIil aHAIU3 TOJYYEHHBIX JKCIIE- e
PUMEHTAIPHBIX KPHUBBIX Pa3rOHA MPH CTYNEHYATOM Wy (p) =
BO3MYILICHNH TIO3BOJIAET OTMETHThH CIEIYIOIIHE OCO- 1+34p
GEHHOCTH JTWHAMHKH JBYXKaMEpPHOH IIApOBOH Meih- — HHUE); KaMepa MENKOro momoia
HHITBI CYXOTO TOMOIA: N g 2%

1. ®opMBI MEPEXOIHBIX MPOLECCOB KAMEP METb- I (p)= ﬂ
HHIBI TOATBEPXKJAIOT NPAaBOMOYHOCTh AIPOKCHUMAa-
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Puc.2. Cmpyxmypnas cxema yenu annapamos npoyecca 08yxXcmaouaibHo20 CyX020 U3MenbyeHus.
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Puc.4. Pazeonnvie Xapakxmepucmuku MerbHuybl. a-npu 603myujenuu ucxoonvim numanuem (1); 6 - npu 6ozmyue-
Huu wubepom (2); 3 -3azpysxa nepsou kamepul, 4 - 3a2py3xa mopou Kamepbi.
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Puc.5. K obvachenuio enusanus yupKyaupyiowei Hazpy3ku Ha OUHAMUKY MeTbHUYbL.
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Abstract

The article deals with the problem of extracting named entities from natural language texts using a database
of proper Russian language names. The paper proposes a new complete classification of proper names, containing
terms for new categories of onomastic space. The article also describes the search algorithm and the experiment

of the text normalization program.
AHHOTaNUA

B craTthe paccMaTpuBaeTcs 3aava U3BJICUCHUS IMEHOBAHHBIX CYIIHOCTEH M3 €CTECTBEHHO-S3BIKOBBIX TEK-
CTOB C IPUMEHEHNEM 0a3bl JaHHBIX UMEH COOCTBEHHBIX PYCCKOTO S3bIKa. B paboTe mperioskeHa HOBas MOJTHAS
Kaccu(uKais UMEH COOCTBEHHBIX, COZIEpIKaIlas TEPMHUHBI Uil 0003HAYCHNSI HOBBIX KaTerOpuii OHOMacTHIe-
CKOTO IIPOCTpaHCTBa. Takke B CTaThE ONMMCAHBI aJTOPUTM MOWCKA M MPOBEIEHHBIN SKCIEPUMEHT B IIPOrpaMMe

HOpMa/JIn3alun TEKCTaA.
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KiroueBble cjioBa: nMsi COOCTBEHHOE, OHOMACTHKA, aBTOMaTnieckas o0paboTKa TeKcTa, H3BICUCHNE NMe-

HOBAaHHBIX CYITHOCTEH, MH(POPMAMOHHBIN TTOUCK.

BBenenne

HccnenoBanre cOOCTBEHHBIX UMEH HAaXOJMTCS B
CTaJMU TIOCTOSHHOTO pa3BUTUS M COBEPLICHCTBOBA-
HUS, HO MPOXOJAT OHU TOJBKO B YaCTHBIX OOJIACTSIX.
HccnenoBaTeny He IENalOT MOTBITOK CO3/1aHUS €ANHON
Kinaccu(UKauy MMEH COOCTBEHHBIX C KOHIA IpPO-
IIJIOTO BeKa.

B poccuiickoii 0HOMacTUKE HAKOIUJIOCh HEMAJO
npobiem, TpeOyroumx pemenus. Hanpumep, cozganue
eANHOW KiacCU(pUKAIH UMEH COOCTBEHHBIX M 0a3bl
JAaHHBIX, COJIepIKaIIeil BCe 3TH MMEHA. DTO TI03BOJIMIO
OBI CO3/1aTh aNTOPUTM M IPOTPaMMHOE CPEICTBO, TT03-
BOJLIOIINE BEIIEIATH UMEHA COOCTBEHHEIC B TEKCTE, a
TaKKe CIIOCOOCTBOBAJIO PELICHUIO HEKOTOPBIX BOIPO-
COB, BO3HHKAIOIINX B CMEXXHBIX HayKax.

OHOMACTHKa — 3TO pa3/iell TMHTBUCTUKH, H3YUaro-
muit coOOCTBEHHBIE MMEHA, HCTOPHIO UX BO3HHKHOBE-
HUs U mpeoOpaszoBanus [1]. CymiecTByeT psa Hayk
(reorpadusi, mCcTOpHsA, acCTPOHOMHS H Jp.) OCOOCHHO
3aMHTEPECOBAHHBIX B OHOMACTHYECKOM MaTepHaie,
MPEICTaBUTEIN KOTOPBIX CYMTAIOT OHOMACTHUKY CBOCH
BCIIOMOTATEIbHON JUCIUILINHOMN.

1. CymecrByomue KiaaccupuKalum UMeH co0-
CTBEHHBIX

Jlo Hacrosiiero BpeMeHH Oojiee MM MEHee Jie-
TaJIbHOM Kiaccu(UKAIMU MOJBEPTalUCh JIUIIb TOIIO-
HUMBL B [2, c. 149-150] paccMoTpeHs! Kiaccuduka-
muu tonoHnmoB @. Ilamamkoro, @®. Mukjomnnya,
T. BoiinexoBckoro, B. IIBapia, 2. Myka, I1. Ckoka,
K. Mommunckoro, B. Tammunkoro, C. Pocronnga, B.A.
JKyukeBnda. [1odTr Bce OHU CTPOSATCS HA SKCTPAIHHT-
BUCTHYCCKUX IPUHIIAIIAX: MOTHBUPOBKA IMEH B CBSI3U
C HCTOPHYCCKUMH, COIMATHHBIMH, KyIbTYPHBIMH H
npounMu (akropamu. JIMHTBUCTHYECKII KOMITOHEHT,
MPUCYTCTBYIOUINHA B KIIACCH(PHUKALINHU, HTPACT BCIIOMO-
raTe’IbHYIO POIb.

W3BecTHBIl  HcclleOBAaTe€Nb IO OHOMACTUKE
A.B. Cynepanckas [2, C. 174] Bbigensier clieayromnme
THIIBI KJIacCU(DUKAIMH UIMEH COOCTBEHHBIX:

1)knaccupuranuss UMEH B CBSA3U C UMEHYEMBIMHU
0o0BEeKTaMU:

2)eCTeCTBEHHO BO3HMKIIHE M HCKYCCTBEHHO CO-
3[TaHHBIC UMCHA;

3)knaccudukanys Mo JTMHUA «KMUKPO — MAKPO»;

4)cTpyKTypHas KacCU(BUKAIUS UMEH;

5)xpoHosioriueckas KiaccuUKaIus UMeH;
6)xaccudukanus B CB3U ¢ 00bEMOM 3aKpeIIeH-
HBIX B HUX TIOHSTHIA,

7)CTUIMCTHYECKAS M 3CTETHYECKas KiacCHpuKa-
ML,

ITo pe3ynbTatam aHAIUTHYECKOTO 0030pa JIuTepa-
TYpBI TI0 OHOMACTHKE CJIEeIyeT OTMETHTh Ype3Bbluaii-
HYIO IIHPOTY OHOMACTHYECKOTO MPOCTPAHCTBA, Pa3HO-
00pa3ue BXOAAIINX B HErO CIUHMII, a TAK)KE UX HepaB-
HOMEpHYIO H3y4eHHOCTb. He cekper, 4To B pycckuit
SI3BIK TPOHUKACT MHOTO WHOS3BIYHBIX UMCH M HAa3Ba-
HUH, a TaKKe BMECTE C Pa3BUTHEM MHPOBON IKOHO-
MUKH MOSBIISIOTCS] HOBBIC KOMITAHWH, TOBAPHBIC 3HAKH,

pasiugHble reorpaduaeckie 00beKTH U 00BETNHEHUS
u MHoroe 1p. C y4eToM TOro, 4TO UCCIICJOBAHUS B JIaH-
HOH 00J1aCTH NPAaKTHIECKH OCTAHOBHINCH, MHOXKECTBO
TaKUX €AMHUII OCTACTCS HEYYTCHHBIMH.

2. HoBasi ki1accuukanus MMeH cOOCTBEHHBIX

W3yynB W TpoaHaNM3UPOBAB CYyLIECTBYIOIHUE
KJaccuUKay UMEH COOCTBEHHBIX, aBTOpaMHU JIaH-
HOI paboThl ObITa pa3padoTaHa KIacCUpUKAIST IMEH
COOCTBEHHBIX ITyTeM OOBEAWHEHHS MEXIy co00it
knaccuukanun uMeH cobctBeHHBIX A.B. Cymepan-
cKoii [2, ¢. 138] u kmaccudpukammn A. baxa [2, ¢. 134].

1.VImMeHa )XMBBIX CYIIECTB U CYLIECTB, BOCIPHUHH-
MaeMBbIX KaK JKHUBBIC:

1) aHTPONIOHUMBI:

a)JIMYHBIC IMEHA,

0)npo3BuIa;

B)TICEBIOHUMBIL;

r) hbamuiuy;

J1)3TIOHUMBI,

2) 300HHMBI:

a)KCHCKHE;

0)MyKCKHE;

3) Mu(OHIMET:

a) ICMOHOHHUMBI,

0)TEOHUMBI;

2.VIMeHOBaHMsI HEOYIIEBICHHBIX IPEIMETOB!

1) acTpOHUMBEI:

a)acTepOU/IbI;

0)3B€3/1b1;

B)KOMETHI;

T') TUTAaHETHI;

2) KOCMOHHMBI:

a)TaJaKTHKH;

0)3Be3AHBIC CKOTUICHIS,

B)CO3BE3IHS,;

T') TYMaHHOCTH;

3) aBTOHUMBI/ KHHEHUMBbI/ MOOMIIOHMMBI (Ha3Ba-
HHS CPEJICTB MEePEIBUIKEHHS):

a)a’pOHAYTOHUMBI:

® KOCMHYECKHe Kopadiy;

® CaMOJIeThI;

0)>KeIIe3HOTOPOIKHBIC IKCIIPECCHI;

B)KOpaOOHUMBI;

4) TumonuMsl/ rpadoHUMBI (COpPTOBBIE U PuUp-
MEHHBIE HAa3BaHU);

5) TONOHUMBEI;

) eCTECTBEHHbIE U NCKYCCTBEHHbIE IPUPO/THbIE
reorpaduueckrue 00BHEKTHI:

® OPOHHUMBEI (TEPPUTOPHS):

» IPUMOHHMBI,

» UHCYJIOHUMBI;

» OPOHHUMBI,

» CIICIICOHUMBI;

» puTOoHUMBI;

® T'UIPOHUMEI (AaKBATOPHUS):

» I'eJIOHUMBI,

» TIMMHOHHUMBI;

» NeNarOHUMBI,
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> [IOTaMOHHUMBI, 2)OUOIMOHUMEL,
» OKEaHOHUMBI; 3)XpOHOHHMET;
» CIeNeor uPOHUMBL; 4)apruOHUMbl/ MEIOHUMBI;
6)reorpaduaeckie 0OBEKTH, CO3AaHHBIC YeIOBE- 5)Ha3BaHMs MEPOTIPHUATHI, KAMITAHHIA, BOWH;
KOM: 6)Ha3BaHUsI IPOU3BEICHUI TUTEPATYPBI M HCKYC-

arpOOHUMBI;

JIPOMOHHMBI;
KpaTOHUMBI;

HEKPOHUMBI;
® OMKOHHUMBI:

> aCTHOHUMEI/ TIOJIMCOHUMEIL,
» KOMOHHMbI/ XOPHOHHUMBI;
® ypOaHOHUMBI/ YPOOHNMEI:

» aropoOHUMBI;

> FOIOHUMEL;

® XOPOHUMBI,

6) XpeMaTOHUMBI:
a) IOCTIEXU;

0)IparoIeHHOCTH;
B)MY3BIKaJIbHBIE HHCTPYMEHTHI;

T') Opy’Kue

® OTHECTPEIbHOE;
® XOJIOJHOE,
n)rocyna

3.MMeHa coOCTBEHHBIE KOMITIEKCHBIX OOBEKTOB:
1)na3BaHus OpEANPUITUH, YIPEKICHUI, 00-

[IECTB, 00bETUHEHMII;

CTBa;

7)IOKyMEHTOHHUMBI;

8) hu3noHUMBI;

9)dbanepoHuMBI;

4.JlexcuuecKue KaTeropiu, He BKIIIOYaeMbIe B
OHOMAaCTHYECKOE MPOCTPAHCTBO:

1) STHOHUMBI:

a) MaKpOSTHOHVME,

0)3HI03THOHVMBI;

B)3THUKOHBI,

2) MOHOHHUMBI/ TEMOCOHHMBI,

3) HOMEHBI,

4) ToBapHBIE 3HAKH;

5) Ha3BaHUA 37JaHUN U HHTEPHEPOB.

B Tabnuue 1 mpuBeneHs! ompeneneHus HEKOTO-
PBIX TEPMHUHOB Kiaccudukanuu. B kadecTBe OMoOpHBIX
JAHHBIX HCIIOJIB30BAIIMCH HEKOTOPHIE ONpeAeIeHu,
nannbie H.B. TTogomnbckoit B mocobun «CroBaps pyc-
CKOH OHOMacTU4ecKol TepMuHosorun» [3]. TepmuHsl,
koTtopbix Het y H.B. [Togonbckoit, Ob1TH pa3zpaboTaHb
aBTOpaMHM JIaHHOH pPabOTEHI.

Tab6muma 1

OmnpeneseHusi TEPMAHOB H3 KJIaccHpUKAIIH

Ne Tepmun Onpenenenne

1 | Asronum Wwmst cobeTBeHHOE, 0003HAUalOIIee HHANBHIyalbHOE Ha3BaHHUE CPEJICTB Iepe-
JIBIOKEHUS (JIOZIKHU, CAaMOJICThI, KOpaOIu U JIp.).

2 | Aropommm «Bup ypbanonnma; coOCTBEHHOE MMsI JTI000M TOPOJCKOM IO UIn
peiEKay [3, c. 27].

3 | Arpoomim «Bup TononnMa; co6CTBEHHOE UM JTFOOOT0 3eMENFHOTO HaJleNa, y4acTKa,
naniHu, moss» [3, . 27].
«Bun onnma; mr060e cOOCTBEHHOE UM, KOTOPOE MOXET HUMETh YeIOBEK MU

4 | AHTpOIIOHHUM rpyNIa JIeH, B T.4. IMYHOE UM, OTYECTBO, (haMHIIMs, IIPO3BHUILE, BCEBIIOHUM
u ap.» [3, c. 31].

5 | ApruoHum CobGcTBeHHOE UM JIF0O0TO Mpa3IHUKa, I00HMIIes WM TOPIKECTBA.

6 | ActnoHum «Buj oiikoHrMa; COGCTBEHHOE MM JIF0O0TO0 ropoaay [3, ¢. 39].

7 | Acrporum «mst cobcTBeHHOE, 0003HAYAOIIIee HA3BAHHS OT/IEIbHBIX HEOECHBIX TEI:
3Be3/1, IIAHET, KOMET U acTepouioBy [3, c. 39].
Wwmst cobcTBeHHOE, 0003HAYAIOIIEe HHANBHYyaIbHOE HA3BaHUE aTMOC(EPHBIX

8 | AsponayToHUM JIETAaTENIFHBIX aIllapaToB (CaMOJIETOB, BEPTOJIETOB, a9POCTATOB, AUPIIKAOICH,
pakKeT " T. J1.).

9 | bubanonum CoOcTBeHHOE MM JII000T0 OpraHa NepHoANIECKOMN MeYaTH.
«Bun rugpoHnMa; coOCTBEHHOE MM JIFOOOT0 00JI0Ta, 3200JI0UEHHOTO MECTay

10 | T'emonum
[3, c. 43].
«Bun TonoHnMa; coOCTBEHHOE UM JIF0O0TO BOJHOTO 00BEKTa (IPHPOTHOTO

11 | Tunponn™m WJIH CO3JJAHHOTO YEIIOBEKOM), B T.U. IIEJIATOHUM, TEJIOHUM, OKCAHOHHM U JIP.»
[3, c. 46].

12 | Tonommm «Bun ypbanonnMa; coOCTBEHHOE MMsI TIOOOTO TMHEHHOTO 00BEKTa B TOPOJIE, B
T.4. TIPOCIIEKTA, YJIHIIBI, JIWHAH U aAp.» [3, c. 50].
Nms cobeTBeHHOE, 0603HAYAIOIEEe COPTOBOE WK (prpMEHHOE HAa3BaHHE, U

13 | I'padorum HaXOoAIIeecs B TPOMEXYTOYHOM TOJIOKEHUN MEXKIY UMEHEM COOCTBEHHBIM U
HapUIaTCIIbHBIM.

14 | lemoHnum Nms cobcTBeHHOE TH0O0T0 IEMOHHYECKOTO MEPCOHAXa B MU(OJIOTHH.

15 | Jlemocomy CoOcTBeHHOE HM;I,U0603Haqa}omee JIUIT TIO MECTY KHUTEILCTBA U TPYIIIOBBIC
MMEHOBaHHS JIIOJICH.

16 | JlokymenTomm «Co0OcTBEHHOE UM OTACIHHOTO (BaYKHOT'O JUIS HAPOJIa MITK HAPOJIOB) TOKY-
MeHTay [3, c. 56].
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Ne Tepmun Onpenenenue

17 | Jipiorm «Bug oponnma; cobcTBeHHOE MM JTF000T0 JIECHOTO Y4acTKa, Jieca, bopa,
poriy, acTH sieca u mp.» [3, ¢. 56].

18 | Tpomormm «Bun TonoHnMa; coOCTBEHHOE UM JIF000TO Iy TH COOOIIeHHS (Ha3eMHOTO,
BOJIHOTO, TIOI3EMHOT0, BO3AyITHOTO)» [3, c. 57].

19 | 3o0mm «Bun ornuMa; coOCTBEHHOE UM (KJIIMYKA) )KHBOTHOTO (JOMAIIHETo, JTUKOTO,
TIOJIOTIBITHOTO), COJICPIKAIIIETOCS B 300MapKe, B IMpKe u T.A.» [3, c. 58].

20 | Muacymonnm Bun opornMa; coOCTBEHHOE UM IFOOOTO OCTPOBA WIIH TIOIYOCTPOBA.

21 | Kunerm Wwmst cobcTBeHHOE, 0003HAUAIOIIEe HHANBHYyalbHOE HA3BaHHUE CPEJICTB Tepe-
JIBIDKEHUS (JIOAKH, CAaMOJIETHI, KOpabiu 1 JIp.).

22 | Komonum «Bu olikoHMMa; COOCTBEHHOE MM JIFO0OT0 CENBCKOro MoceeHus» [3, ¢. 66].

23 | Kopaborum Wwms cobeTBeHHOE, 0003HAYAIOIIEe HHIMBHTyaJbHOE Ha3BaHUE KOPAOIIsL.
«mst cobcTBeHHOE, 0003HAYAIOIIee HA3BAHUsI TAIAKTHK, 3BE3/IHBIX CKOILIE-

24 | KocMoHIM . N N
HHH, CO3BE3IHIA M TyMaHHOCTEH» [3, c. 68].

25 | Kpatomiy Bun Tononnma; coOCTBEHHOE UM IFOOOTO TOCYyIapCTBa, PECITYOIHKH, KOPO-
JICBCTBA U JIP.

26 | JlumMmHOHNM «Bu rupoHuma; codCcTBeHHOE MM JIF000T0 03epa, mpyna» [3, c. 69].

27 | 1 «Bu aHTpONIOHMMA; OCHOBHOE, O(HIIHATIBHOE UMs, TAHHOE YEIOBEKY MPU

HNYHOC UMA

POXKICHHH, MK BRIOpaHHOE TS ce0sl B3pOCIIBIM YeoBekom» [3, c. 69].

28 | MakposTHOHEM CoOcTBeHHOE UM KPYITHBIX THOCOB, HHOT/1a [IOHUMAEMBIX PACIIUPUTENIBHO U
BKJIIOYAOMUX TCHETHYCCKU HEPOACTBECHHBIC DTHOCKI.

29 | Menonnm CoOcTBEeHHOE MM JIF0OOOTO Mpa3THKKA, FOOMIICS UM TOPKECTBA.
«Bun oHuMa; COOCTBEHHOE MM BBIMBIIINICHHOTO 00bEKTa JIH000H chepbl OHO-

30 | Mugonum MAaCTHYECKOI'0 MPOCTPAHCTBA B MU(aX, dMOMesAX, CKa3kax, ObutnHAX» [3,
c. 125].
Wwmst cobeTBenHOE, 0003HaUaloIIee HHANBHIyalbHOE Ha3BaHHUE CPEJCTB Iepe-

31 | MobunonuM
JIBIDKEHUS (JIOJIKU, CaMOJIEThI, Kopaluu u ap.).

32 | Momomum CobcTBeHHOE I/IMH,UO6O3Ha‘IaIOL[Iee JIUI] TT0 MECTY JKUTEIBCTBA U TPYIIIOBbIC
MMEHOBAHHS JIFOJICH.

33 | Hekpornm Bun TononnMa; coOCTBEHHOE UM IFOOOTO MecTa MOTrpe0CHUS M 3aXOPOHEHHS.
«C10BO WK CJIOBOCOYETAHUE, UMEIOIIEE MPSIMYIO CBSI3b C MPEIMETOM KaK ¢

34 | Homen BUJIOM, MPEJICTABIISAIONIAM COOOM HEONPeIEIEHHOE MHOKECTBO HACHTUYHBIX
€/IMHHII, SBJISIONINXCSA 00BEKTOM KaKOH-IM00 OTPAC/IM HAYKH, TEXHUKH U T.IL)
[3, c. 90].

. «Buj ToroHuMa; coOCTBEHHOE UMSI JTFOOO0TO MOCEIEHH S, B T.4. TOPOJICKOTO

35 | OiikoHnM
cesbekoro tumay [3, ¢. 93].

36 | OxeanoHUM «Bu ruipoHuma; coOCTBEHHOE MM JIFOOOT0 OKeaHa u ero yactm» [3, c. 93].
1. Bu opoHrMa; COOCTBEHHOE MMSI JIFOOOTO TIOJIOKHUTEILHOTO HIEMEHTA 3eM-
HOH MMOBEPXHOCTH, B T.4. TOP, XPeOTOB H Jp.

37 | Oponum 2. «Bun TonoHuMa; cOOCTBEHHOE UM JIF00O0T0 3JIEMEHTa 36MHO TOBEPXHOCTH
(TIOTIOKUTENLHOTO M OTPULIATENHHOTO), T.€. II000T0 Oporpadudeckoro 00b-
exta» [3, c. 104].

38 | [enaronum «Bua rugponnMa; co6CTBEHHOE MM JTF000TO MOPSI HITH ero yactiy [3, c. 108].

39 | Moauconum «Bwun oitkonnma; cobCTBEHHOE UMs JIF06oro ropoax [3, c. 112].

40 | TloramoHUM «Bun rugponmma; cobcTBeHHOE MM 0001 pexm» [3, ¢. 113].

41 HpO3BI/IH_[e «BI/I}] AHTPONIOHMUMA, TOTIOJTHUTCIIbHOC UM, TaHHOC YC€JIOBECKY OKPYKAIOIINMU
B COOTBETCTBHH C €r0 XapaKTEPHBIMHU YepTaMu U ocobeHHocTsiMm» [3, c. 115].
«Bu aHTPONIOHMMA; BBIMBILINICHHOE HMSI YE€JIOBEKa, CYLIECTBYIOIIEE B €ro 00-

42 | TlceBmoHUM MIECTBEHHOH KU3HH HapsAy C HACTOSIINM UMEHEM HII BMECTO HEToy [3,
c.118].
Bun runponnmMa; codcTBEHHOE MM JIFOOOTO TT0/I36MHOTO BOJTHOTO 00BEKTa

43 | CneneoruipoHUM
(IPUPOAHOTO MIIM CO3[IAHHOTO YEJIOBEKOM).
«Bun oponnMa; coOCTBEeHHOE MM JTF000T0 TT0[36MHOT0 00pa30BaHMs, B T.U.

44 | CneneoHuM
neuiepsl, rpoTa, mpomnactu u ap.» [3, c. 128].

45 | Teonum «Mms cobcTBeHHOE OoXKecTBa B manTeoHey [3, ¢. 131].
Nwms cobcTBeHHOE, 0003HaYaIOIIee COPTOBOE WM (QUPMEHHOE Ha3BaHUE, U

46 | Tunonum HaxOoZsIIeecs] B IPOMEXYTOYHOM ITOJI0KEHHN MEX,y IMEHEM COOCTBEHHBIM U
HAPUIATEIbHBIM.
«Buz oHnma; cobecTBeHHOE MMs1, 0003HAYaroIee Ha3BaHue JI000ro reorpadu-

47 | TonoHum

YECKOTro 00BEKTa, B T.4. THAPOHUM, OPOHKM, CIIEICOHUM U Ap.» [3, c. 135].
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48 | VoGaromm «Bun TonoHnMa; cOOCTBEHHOE UM JIFOOOT0 BHYTPUTOPOICKOTO TOTIOrpaduye-
p CKOT0 00BEKTA, B T.4. aTOPOHUM, TOJIOHUM | Jap.» [3, c. 154].
49 | Vobommm «Bun TonoHnMa; coOCTBEHHOE UM JII000TO BHYTPUTOPOICKOTO TOTIOTpadmye-
p CKOT0 00BEKTA, B T.4. aTOPOHUM, TOJIOHUM H ap.» [3, c. 154].
50 | ®aneporum «CobcTBeHHOE MM JIFOGOTO OpJIcHa, MEIaNH, 3Haka oTanaus» [3, c. 155].
51 | davmns «Bug aHTponoHMMa; HacleryeMoe opHIHaIbHOe UMEHOBAHKE, YKa3bIBAMOIICE
Ha TIPUHAICKHOCTH YEJIOBEKA K OTpeIeJIeHHOM cembey [3, ¢. 155].
52 | ®usnonum Co0OcTBEHHOE MM JTFOO0TO CTUXUITHOTO O€ICTBHS.
53 | ®utoHUM «Bun oponrMa; co6CTBEHHOE MMSI JTFO00TO OTAEIBHOTO pacTeHus» [3, c. 158].
54 | Xopuorum Bup olikoHnMa; cOOCTBEHHOE UMSI JIFOOOTO CEIHCKOr0 IOCEIEHHS.
«Bun TonoHnMa; coOCTBEHHOE UM JIIO00H TeppuTOpHH, 0bIacT, paifoHay [3,
55 | Xopounm
c. 160].
«Buj oHEMa; COOCTBEHHOE MM TIPEIMETA MAaTEPUAIIBHOM KYJIbTYPHI, B T.U.
56 | XpemartoHum HasBauust opyxusi, My3bIKQJIbHOT'O HHCTPYMEHTA, PAroleHHOr0 KaMHs U Ip.)»
[3, c. 161].
57 | XpoHoHuM «Bu oHEMa; COOCTBEHHOE MM JII0O0ro oTpe3ka Bpemenu» [3, c. 162].
58 | DHIO3THOHUM CoOCTBEHHOE UMsI HAPOJa, KOTOPOE OH MPHCBAMBALT ceOe caMm.
«Bu aHTPONOHKMMA; JIUIO, KMl KOTOPOTO MOCITYXKHIIO OCHOBOH JUist 00pa3oBa-
59 | Dnonum
HHs TF000TO0 Jpyroro onuMay [3, c. 165].
«Ha3BaHue MECTHOCTH, TSPPUTOPHH U Hapoa (3THOCA), TaM KHBYIIIETO, O/
60 | DTHHKOH
HUM uMeHem» [3, c. 167].
«HomeH a1 0603HaUeHuUs JII000r0 3THOCA (TUIEMEHH, HapO/1a, HAIIMOHABLHO-
61 | DTHOHUM
ctu 1 ap.)» [3, ¢. 167].

U3 61 tepmuna y H.B. Ilogonsckoii [3, c. 3] 6bu10
3auMcTBOBaHO 40 TepmuHOB. OcTaBIIMecs TEPMUHBI
OBUTH TIPEATIOKEHBI aBTOpaMH Ha OCHOBE H3YUCHUS
Pa3IMYHBIX HCTOYHUKOB.

B xone ananusza u cOopa marepuaia Ui paspa-
00TKM 0a3bl JaHHBIX MMEH COOCTBEHHBIX B 00l
CIIO)KHOCTH OBIIO coOpano 932334 enuHWIBI MaTepH-
ana (Tabmuna 2).

Tabmuma 2

KosuyecTBo COOpaHHBIX eIMHMI U UX Y0 COOTHOLLIEHHUE

Ne O01mee YuCJI0 Ma- % oT 001Iero Ko-
Paznen
n/n TepHuaJsa, el. Ju4vecTBa, %
1. MMeHa XKUBBIX CYIIECTB U CYIIESCTB, BOCTIPHHIMAEMBIX 259419 27,83
KaK JKHBEIE:
1.1 | AHTPOTIOHHMEI 252 656 271
1.2 300HUMEI 5893 0,63
1.3 | MudoHUMBI 870 0,1
2. MMeHa HEeOJyIIEBIICHHBIX 00BEKTOB! 659 746 70,76
2.1 | ABTOHMMBI/ KHHEHUMBI/ MOOMJIOHUMBI 1960 0,21
2.2 | AcTtpoHHMEI 351 078 37,66
2.3 | KocMoHUMEI 6 447 0,69
2.4 | Tunonumsl/ rpadoHUMBI 7 545 0,81
2.5 | TonoHUMBI 292 334 31,35
2.6 | XpemMaToOHUMBI 382 0,04
3. Hmena coOCTBeHHBIE KOMIUIEKCHBIX O0OBEKTOB: 13169 1,41
3.1 | ApruoHuUMBI/ MEJIIOHUMBI 407 0,44
3.2 BubnmrnoHnMBI 972 0,104
3.3 | JIoKyMEHTOHHMBI 91 0,01
3.4 | Ha3Banusi MepoInpusiTHii, KAMIIAHUI U BOWH 954 0,102
3.5 | Ha3Banwust npeanpusiTii, yupex/JeHuii, oo1iecTs, 00b- 8161 0,489
eIMHEHUI
3.6 | Ha3BaHusi npou3BeICHUI JINTEPATyPhl U HCKYCCTBA 1591 0,16
3.7 | ®anepoHUMBI 305 0,03
3.8 | ®usznoHUMBI 646 0,07
3.9 | XpoHOHHUMBI 42 0,005
Bcero 932 334 100

B mpormecce coctaBneHus 0a3pl JaHHBIX WMEH
COOCTBEHHBIX OBUTH BBIJCIICHB HEKOTOPHIE IMOAPa3-
JIeTbl OHOMACTHKH, cOOp ©€IUHHI] KOTOPBIX OKa3alCs

JOCTaTOYHO CIJIOKHBIM W TPYAOEMKHM IPOLECCOM. A
JUTSL HEKOTOPBIX MOIPA3IeJIOB OKA3aJICs OJTHOCTRIO He-
BO3MOKHBIM.
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K Takum monpaszmenaM oTHOCATCS:

1. TomoHUMBI

— JIpUMOHUMBI

— JINMHOHUMBI

— I'enoHuMBI

— ATPOOHUMEBI

— HexpoHumsl

— CneneoHuMBI

— CneneorujpoHUMBI

2. XpeMaTOHUMEI

— HasBanus nparoueHHocTeit

— HasBaHuns My3bIKalbHBIX HHCTPYMEHTOB

— Haspanus mpenMeToB moCyIbI

3. AIropuTMm BbljieJIeHHSI HMEH COOCTBEHHBIX B
TeKcTe

YKpYIHEHHBIH aJTOPUTM IOHCKa paboTaeT cie-
IYIOIIIM 00pa3oM:

1)BBIAETISIFOTCS C TIOMOIIBIO PETYIISPHBIX BHIPA-
JKEHUH J1aThl, YUCIIa, aJpeca, CChUIKKA U POYHe CTPYK-
TYpPUPOBAHHBIE 3aITUCH U CIIOBA;

2)IPOM3BOIUTCS PAa30UBKA TEKCTa HA MPEIOKE-
HUS,

3)npousBoaUTCs pa3dUBKa MPEAJIOKECHHUIA Ha
CJIOBa;

4)IpOMU3BOAUTCS TIOMCK CJIOB IO CIIOBAPIO.

Mexay cOOCTBEHHBIMU M HAPUIIATEIEHBIMA UME-
HAMH HaOIFOJaeTcsi MOCTOSHHBIH B3aMMOIICPEXO].
CoOcTBeHHBIC MMEHA IEPEeXOIIT B HapHUIATCIBHBIC,
€CJIM OHH YIOTPEOIIAIOTCS 17151 0000IIEHHOTO HA3BAHHSI
OJTHOPOJHBIX MPEIMETOB: Oei, cumerc, mecia (0T da-
MUIHH yueHbIX). HapuiaTtenbHble HIMEHa MepexoisiT B
COOCTBEHHBIE, €CIIM YIOTPEOJISIOTCS Ul WHIUBHIY-
AIBHOTO Ha3BaHUS TOTO MJIM MHOTO TpeaMeTa: Bocmok
(ctpansl BocToka) — MMs BO3HUKIIO M3 HapUIATENb-
HOTO 60cmoK (CTOpOHA CBETA).

Ucxons w3 3toro, cieqyeT cka3aTh, 9TO OMOHH-
MaMH B OHOMACTHKE TPU3HAIOTCS CITy4aul COBIAICHUS
B 3ByYaHHWH W HA THCHME CIIOB-TIPEICTAaBUTEICH pa3-
JMYHBIX OHOMACTHYECKUX KIIACCOB: aHTPOIIOHHNMOB U
300HMMOB (Muka, Bacbka — pa3roBopHbIe BapHaHTHI
UMEH U KJINYEK); aHTPOIIOHUMOB M TONOHUMOB (JIeHa,
Brnagumup — nMmena ntoiel, Ha3BaHUS PEKH U TOPOJA)
u T.1. {71 0600IMEHHOTO MEHOBAHMSI TAKUX OIIO3HU-
MK JIOTHYHO HCIOJIb30BaTh TEPMUH «OHOMACTHYe-
CKHE OMOHHUMBIY.

Eme onHOI CI0XHOCTBIO ITPH BBISABICHUM MMEH
COOCTBEHHBIX B TEKCTE MOT'YT CTaTh CKJIoHeHHs1. Ha ce-
TOAHSIIHUN JeHb Hanbosee 3(h(PEeKTUBHBIM CEPBHCOM
C BBICOKMM YPOBHEM IIPaBUIBHOCTH CKJIIOHEHHS 0 T1a-
nexam siBisgercs «Mopdep» [4]. laHHBIN cepBHC 103-
BOJISIET 32 KOPOTKOE BPEMs aHAITM3UPOBATH U CKIIOHATH
OTPOMHBIE 00BEMBI IaHHBIX.

[Ipoananm3upoBaB Bce MpaBUiIa HATMCAHUS NMEH
COOCTBEHHBIX, OBII CAENaH BBIBOJ O TOM, YTO CaMOE
pactipocTpaHEeHHOE HaIFICaHHEe UMEH COOCTBEHHBIX — C
MponHCcHOW OyKkBBHL. Ha BTOpOM MecTe CTOHWT Hammca-
HHUE CO CTPOYHOU OYKBEI, @ HAIMCAHHE B KaBBIYKaX 5B-
JISIETCS CaMBIM PEIKHM.

4. JxcnepuMeHT

B craTbe [5] onucana mporpaMMHasi cucTeMa Hop-
MaJIM3aliy TEeKCTa, KOTOpask B CBOel paboTe MCIOb-
3yeT NpeACTaBICHHYIO KIIaCCU(PUKAIMIO U pa3paboTaH-
HyI0 0a3y JaHHBIX MMEH COOCTBEHHBIX. ba3a NaHHBIX B
MIPOrPaMMHOM CHCTEME MOJKET OBbITh JIONOJHEHa HO-
BEIMH JaHHBIMHU, a ISl K&KIO0H KaTeropuu IMEHHU c00-
CTBCHHOT'O MOYXHO HA3HAYHTH LIBET BEHIIEICHUS B TCK-
cre. B mporpamme mnpemycMoTpeHa BO3MOXKHOCTP
HETIOCPEICTBEHHOT'O0 BBOJA TEKCTa BPYYHYIO H 3a-
Tpy3KH TeKcTa u3 (aiina.

DKCIIEpUMEHT TPOBOIMICS Ha TpeX TecTax 00-
UM KoJudecTBoM 766 cnoB (5303 3Haka). beutu BbI-
OpaHbl TEKCThI PA3HOW TEMATHKH: XYA0KCCTBCHHOM
(otpeiBok u3 kHuru JIpBa Tomcroro «AnHa Kape-
HUHA»), HAYYHO-TEXHUYECKOW (OTPHIBOK M3 YueOHOro
nocobus «®Pusnka. Knaccuueckuit kypey [Mskuiies,
2010, c. 363]), oOmIecTBEeHHO-TIONUTHYECKOM (OTPHIBOK
u3 Kpeimckoit peun Branumupa [lytuna ot 18 mapra
2014 rona). 13 74 umeH cOOCTBEHHBIX BO BCEX TEKCTaX
mporpamMmoii ObuTo HaiimeHo 56. Takum 0Opa3oM, Tod-
HocTh noucka cocrasuia 100%, a monHoTa — 75,67%.

3aki04yeHue

[pennoxxeHHas B cTaTthe oOIIast KiacCU(pHUKALUS
UMEH COOCTBEHHBIX Ha JAHHBIH MOMEHT SIBJISIETCS
HanOoJiee TOJHOM M3 BCEX MNPEICTaBICHHBIX, B TOM
4HcIe, 32 C4eT HOBBIX TEPMUHOB, ONMCHIBAIONIUX KaTe-
TOPHUHM OHOMAaCTHYECKOTO mpocTpaHcTBa. OCHOBHOM
pe3ynbTat paboThI 3aKII0YAETCS B TOBBIIIEHUH d(Pdek-
TUBHOCTH CHCTEM aBTOMAaTHYECKOTO aHAllN3a TEKCTOB
3a cyer pa3paboTKu 0a3bl JaHHBIX UIMEH COOCTBEHHBIX
PYCCKOTO SI3BIKa M c1I0c00a UX BBIICICHHS B TEKCTE.
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NETWORK

Novikov, O.

the Agency of high technologies
Novikov M.

high technologies Agency

MOCTAHOBKA 3AJIAUYM JJIS1 IOCTPOEHUSI OBJIAYHBIX TEXHOJIOTI M
WH®OPMAILIMOHHOM CETH

Abstract
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Information networks with a cloud structure are built on solving problems with different levels of hierarchy.
Setting the task for the study takes into account processes within the network and involves the development of

appropriate methods.
AHHOTAN NS

WudopmannoHHble ceTr ¢ 001a4HON CTPYKTYPOH CTPOSITCS Ha PELICHHH 3a]ad C Pa3IMYHBIMU YPOBHSIMH
uepapxu. [locTaHOBKa 3a/1a41 Ha UCCIIEOBAHIE YIUTHIBAET MIPOIIECCHl BHYTPHU CETH U MpeAroaraeT pa3padboTKy

COOTBGTCTByIOH.[eﬁ MCTOIHUKH.

Keywords: Information systems, cloud structures, hierarchical structure, problem statement, methodology.
KuroueBblie cioBa: MHpOpMaIOHHBIE CHCTEMBL, 00JIaYHBIC CTPYKTYPHI, HEpapXuieckas CTPYKTypa, IocTa-

HOBKa 3aga4yu, MCTOAMUKA.

Ipu moctpoeHnn MHMOPMALIOHHOH CETH ¢ 00Nay-
HBIMU TEXHOJIOTHSIMY, TIEPBOCTEIICHHOM 3aJaueld SIBIIETCS
TIOJTy4eHHUE OCHOBHBIX XapaKTEPUCTHK, B KOTOPBIX yUUThHIBA-
€TCsl COBOKYITHOCTb JTAHHBIX O HH(OPMAIMOHHOH CETH, LIeH-
TpE YIPaBJICHHS CETHIO 1 €T0 «00J1aKe», BKITFOYAIOIIHE: MECTO
PacToNOKEeHUST; UCTIONb3yeMass MOZENb CETEBBIX TEXHOJIO-
THIf; 3a/1a9, pelraeMble OOIaYHBIMU CTPYKTYpaMu;, HH(OP-
MaIIFIOHHBIE TTPOLIECCHI, POCXOJUIIIHE B «OOJIAaKe»; 00beM 1
THIT KOMITHIOTEPHOTO 000PY/IOBaHHSL, & TAKOKE PSIT APYTUX MC-
XOZHBIX JIAHHBIX.

IInpokuii crexTp NpenocTaBIsIeMbIX YCIYr MpU UX
HU3KOW CTOMMOCTH, CJIETIAJIN TOITYIISIPHBIMK HH(OPMAIIHOH-
HbIE CETH C 00JIaYHBIMH TEXHOJIOTHSIMH, YTO U HAIIIIO JIOCTa-
TOYHO LIMPOKOE NPUMEHEHNE B COBPEMEHHBIX MH(OpMaIy-
OHHBIX TeXHONOTHsIX. OHNM W3 HallpaBJIeHHI IPUMEHEHNS
TAKUX MHHOBAIMOHHBIX TEXHOJIOTMH SBIIIOTCS COBpEMEH-
HbIe MH(POPMAIMOHHBIE CETH. PacimpeHre BO3MOYKHOCTEN
MO MPEIOCTABICHUIO KIMEHTCKHX YCITYT JUTsl TOJIb30BaTeNeH
MH(OPMAIMOHHBIX CHUCTEM, SIBIISIETCS OUYCHb MPUBIICKATENb-
HBIM aCTEKTOM M MPOrpaMMOi aKTUBHBIX JIEHCTBUIA IO MO-
JIEpHM3ALMH CBOMX MH(OpMAIMOHHBIX crcteM. CokparieHue
BpEeMEHN Ha 00paboTKy MH(OPMALMK NPH MPEIOCTABICHAN
YCIyr KJIMEHTaM SIBIIETCS. HE TOJBKO CBOEBPEMEHHBIM, C
TOUKH 3peHus (PMHAHCOBOM TIOJIMTHKH YTIPABIICHHUS CETHIO 10
TIPHBJICYCHIIO KJIMEHTOB, HO M IOCTATOYHO BBITOIHBIM BIIO-
YKEHHEM CPEJICTB B OUEPETHON BUTOK MOJIEpHI3AIIH HH(OP-
MaLMOHHBIX TEXHOJIOTHH C IIEIIBEO MOTyUEHHS IOTIOIHUTE b~
HOW TiprObUTH. B maHHOM ciydae OONavHBIe TEXHOJIOTHH
TIPEZICTABIIIOT COO0H COBOKYITHOCTB BCEX BO3MOXKHOCTEH MH-
(hOpMAIMOHHOM CHCTEMBI JUTS YIIpaBICHUs ceThro. Crioxk-
HOCTb B TIOBBIIICHUH KauecTBa MPEJOCTABICHHS YCIYT CBO-
JIATCSL K COKPAILIEHUIO BPEMEHH Ha JOCTYI KIMEHTA K Pecyp-
caM CETH, a MMEHHO K PELICHUIO KIMEHTCKUX HpoOiieM

(OTKpBITHE TIOYTHI, Orieparyy ¢ Gainamu u 1p.). OnepaTus-
HOCTB PEILIEHHs] TAKUX BOIIPOCOB MOYKET OBITh CBEICHA K CHY-
YKEHHIO BPEMEHH Ha JIOCTYII KIMEHTa K orepaTopy HHpopma-
LIMOHHOM CETH C TIOMOILIBIO COBPEMEHHO! HH(OPMALIMOHHOM
CHCTEMBI, TIOCTPOCHHOM Ha OCHOBE OOJAYHBIX TEXHOJIOTMH.
O0navHas TEXHOJIOTHS TPEJICTABIISIET COOOM HEPAPXITIECKYFO
CHCTEMY, BKIIFOYAIOLIYIO criequanuctoB M T-rexHonoruil u
KOMITHIOTEpPHOE 00OPYIIOBAHFIE, PEIIAFONINX TIepeueHb KOH-
KPETHBIX 3a1a4 WK 1podiieM. B riepedeHp 3a1a4 BXOIHT pas-
MEIIICHHAE U OpraHM3anysl (PYHKIFOHAPOBAHUS KOMITHIOTEp-
HOTO 00OpYI0BAHKSL, TIPOTPAMMHOIO 00CCTICYeHHS, PaboTo-
CTIOCOOHOCTH OONBIIOT0 00BheMa KaOeIBHOTO XO3SHCTBA H
Jpyrue 3anaqn. Bech 00beM 3a1ad 10 (pyHKIMOHHPOBAHHUIO
CHCTEMBI CBOIMITCSI K PELLICHHIO 3a/1a4 Ha PA3TMYHBIX YPOBHSIX
uepapxuu. [Ipy peleHrn Takoro Bonpoca mpruMeHstoT pas-
JIMYHBIE MH(POPMAIIMOHHBIE MATEMATHYECKHE METO/IbI M TEO-
pyu (Teopuro Tiepeadr MHPOPMAIK C TIAKETHON KOMMYTa-
1MieH, KOMMYTALMKM KaHAJIOB, MOZIEIH TOTIOJIOTHH, YIpaBJie-
HYE TIOTOKaMH 1 IPyTHie TEOPETHUECKHE aCTIEKTHI).

OcHOBBIBasICH Ha OOIIEH TMOCTaHOBKE 3aadl paspa-
0OTKH MOJIeITH HH(OPMAITMOHHOH CETH C 00JIAYHBIMH TEXHO-
JIOTHSIMH, COBOKYITHOCTb pEIIaeMbIX 3a1a4 MOXET ObITh
TIpEJICTaBJICHa B CIIEITYIOIIEM BUIE.

O0600611eHHAs TOCTAHOBKA 3a/1a41

Ucxonnele nanHble: @DYHKIMOHAT 00JIadHON
crpykrypsl 0anka: F = {K, Z, W}, rne K — nannsie o
PacIoNoKeHHH CETH;

Z — 3ajauy, peliaeMble MOAPa3JeCHUsIMUA CETH
pu oOMeHe MHpOpPMaIHu U uX Xapakrepuctiku; W —
MOJIEJIb CETEBOW TEXHOJIOTHH.

OrpaHuyeHus: BpeMst BHEIPEHHsI 3JIEMEHTOB «00-

naka» Tcp < Ty
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Iepeuenp onpenensieMbIXx XapaKTepHCTHK «00-
naka» : X = { N, R, S},

rae N - o0beM y3110BOr0 B aDOHEHTCKOTO 000py-
JIOBaHUs «00IaKa;

R — o0o0meHHbIe TaHHBIE O Pa3MEMICHUH y3JI0B
KOMMYTAIIUU «00JIaKay;

S — TOTOJIOTHS MOCTPOCHUS «OO0JIAKa) .

Tpebyercs: pa3paboTaTh METOIUKY, OOCCIICUMBA-
IONIYIO OTPE/ICICHUC TAKUX XaPaKTEPUCTHK 00IaYHOMN
CTPYKTYpHI X', IPH KOTOPBIX

YD, X)=minY (D, X) (1)

X C xo

T=T(F UX)<Tw (2

rae Xy — MHOKECTBO JIOIYCTUMBIX 3HAUEHUH Xa-
PaKTEPUCTHK «0OJIaKa,

U - xapaKTepHCTHKHU IpoIiecca BBOJa «00Iaka» B
9KCIUTYaTaIHIO.

Oco0OCHHOCTH 3aJaud: BBICOKAsS pPa3MEPHOCTD,
HaJM4Y1e IEPEMEHHBIX, HIMEIOIINX PA3THIHBINA Qu3nte-
CKHI CMBICJ, OTCYTCTBHE aHAIUTHYECKUX 3aBUCUMO-
creii (1), (2).

Monenb uccnenyeMon CTpyKTypbl

M ={N,R, S}, rme N — MHOX€ECTBO 3JIEMEHTOB;

R — mpocTpaHCTBEHHBIC OTHOIICHUS BHYTPH «00-
JIaKa |

S — CBsI3U MEXKIy DJIEMEHTaMU «00JIaKa .

3amada mocTpoeHUst HHPOPMALMOHHOU CETH € 00-
JIAYHBIMU TEXHOJIOTHSIMH MOXKET OBITh PEIIICHA B BUJIC
COBOKYITHOCTH 3a]1a4, peIacMbIX Ha OCHOBE pa3pado-
TaHHOM KOMIUIEKCHOM METOAUKH. B OCHOBE TakoH Me-
TOAWKA OyneT JeXaTh aJrOPUTMHYECKas MOCIeI0oBa-
TEIBHOCTh PEAIN3aLMU KOMILIEKCHOM Mmertoauku. Ha
puc.l mperncraBieH OOOOUICHHBIM aNTOPUTM KOM-
IJICKCHOM METOIUKH.
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Hcxonnsie
JIAHHBIE
\ 4
Omnpenencaue ANTOPUTM 4YACTHOH METOAWKH OTpPEAETICHUS
N* e MECT pa3MemeHUs Y3I0B  KOMMYTAIL[HH
Bl (v
0071a9HOM CTPYKTYpPHI
X
ANTOpPUTM 4YacCTHOM METOAMKH BbIOOpa MeECT
OmnpeneneHue 2
R’ pa3MeLCHHs y3710B, o0ccreYuBarOIMi
< < MHHUMAQJIbHBIC 3aTPaThl  HA CO3JAaHHE U
9KCIUTYATALHIO 001a4HOM CTPYKTYPBI
KoppektupoBka
TpeGoBaHmii X
Ompenenenne ANTOpPUTM 4YacTHOW MCTOOWKH OOOCHOBAHHMS
2 S . KOH(pMTYpaLyy 06Ia9HOM CTPYKTYPBI
X
y
Bsox B Mogens ynpaBiaeHHs MNPOLECCOM BBOAA B
JKCILTyaTaL IO <4—| 3KcmIyaTauuio 00Ja4HON CTPYKTYpEI
Onpenenenne ANrOpUTM 4aCTHOM METOAUKU
Tonin L onpeneneHus  Imin
Hem CpaBHeHue oa IMpunsTHe TpeboBaHUH
Top < Top —
Puc.1 Obwuii aneopumm KOMNIEKCHOU MEMOOUKU
B mnpomecce peanuzauuy ajaropurMa pelieHus 1. opmupoBaHnEe KOMIIEKCHONH METOJUKH 000C-

00001mIeHHOHN 3a/1aun OyAyT pPelIeHBl YacTHBIC 33a4l  HOBaHMSA TPeOOBaHMH K «0OJaKy» MH(POPMAIMOHHON

o pa3paboTke TpeOOBaHU CO3MaHUs MHPOPMAIIMOH-  CETH.

HOI1 ceTH ¢ 00JIaYHBIMHU TEXHOJIOTHAMH, BKITIOYAIOIIHE: 2.I1oaroToBKY 4acTHOH METOAMKH OIPEAEICHUS
COCTaBa M KOJIMYIECTBA Y3I0BOTO aDOHEHTCKOTO 000pPY-
JOBaHMSA «00saKay.
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3.Pa3paboTKy 4acCTHOW METOMWKH OMPEACICHHUS
TpeOOBaHUH K pa3MEIIEHUIO y3JIOB KOMMYTaIlUU «00-
JaKay.

4.Pa3paboTKy 4YaCTHOH METOAWKH ONIpeHeNICHHS
TpeOOBaHMUI K TIOCTPOSHHIO TOTIOJIOTHH «O0IIaKay.

5.Iloctpoenne 0000IIEHHOI MOJIENN YIIPABICHUS
MPOLIECCOM CO3/1aHHsI HH(POPMAIIMOHHOH ceTu ¢ o0nay-
HBIMH TEXHOJIOTHSIMHU.
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—C. 30-33.

2. Jleonnn Yepnsik. IHTETpanus — ocHOBa o0aka.
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XMBHMPOBAHO U3 NepBoucTOouHMKaA 19 mas 2012.
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Abstract

The subject of the research is the construction of a multi-layer road heating coating, which can be used in
international road corridors for the safety of their winter maintenance. Standards and classification of these con-
structions are absent, as well as and methods of their calculation are not investigated. Thus, the research in this
sphere may be considered as timely and perspective.

The subject of the research is the construction of the multi-layered coating with heated surface layers, which
can be used in hotel and catering industry to prevent snowdrifts, slipperiness and ice-crusted ground on its surface.
Subject of the research is tense strained condition of the coating with heated surface layers. The objective of the
research is connected with the improvement of the engineering methods of calculating tense strained condition of
the coating with heated surface layers.

The model problem to calculate multi-layered coating with heated surface, which is considered as multi-
layered cushion based slab, is solved. Model of the elastic homogeneous semi space is used for the above men-
tioned slab. The construction consists of the monolithic coating layer of the fibrous electro conducting concrete,
that under the influence of heat flux generated by electric current heats up and heats the surface layer of a typical
pavement - macadam-mastic asphalt concrete. Electric current is supplied to the carbon conducting grid that is an
underlying layer of fibro electro concrete. Under the net for the isolation of cement-concrete slab is a layer of heat
insulation. Pre-heat problem was solved for the heating system and confirmed thermos-effect required for heating
surface coating of + 2.0°C to 11°C at ambient temperature -20 °C.

To create an effective approach to determining the stress-strain state of the constructions of the proposed type
methods of calculation for multi-layer and one layer slabs were united and conducted. By the method of calculation
of multilayer slab of \VV.H. Piskunova cylindrical overall rigidity of the package of layers of the coating with heating
was determined. The method used was combined with accurate method of O.Ya. Shehter, which is modified to
calculate multilayer slabs. Reliability of calculations was confirmed by the results obtained by a number of non-
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correlated by their theoretical base analytical and numerical methods. With established relations for the character-
istics of the base, simulated by elastic semi-space and using the model of Winlcair, calculation and other methods
for single-layer slabs and for multilayer systems were modified. The results are obtained by numerical method —
by the finite difference method and analytical method of solving the problem of layered elasticity environment
theory. The value of the maximum points and maximum stress are calculated by all methods confirm within prac-
tical needs the exactly actual reliability of the results of calculation of pavement with the heating surface. Strength
of the construction is estimated.

Obtained results may be used by the design engineering firms while designing coating with heated surface
layers as for hotels and restaurants as and for other branches of construction industry.

Further research will be conducted to develop constructions of the coating with heated surface layers depend-
ing on its usage (parking place, places to rest, pavements, etc ) and research its state of thermos-stress.

AHHOTANHSA

[Ipenmerom uccnenoBaHus ABISETCS KOHCTPYKLMSI MHOTOCIOMHOTO TOPOKHOTO HArpeBaeMoro MOKpPBITHS,
KOTOPAast MOYKET MCIIOJIb30BAThCS MIPH MPOCKTUPOBAHNH MK TyHAPOIHBIX aBTOTPAHCIIOPTHUX KOPUIOPOB I Oe-
30ITaCHOCTH UX 3UMHOI'0 COACPIKAHUA. HGHB I/ICCJICZ(OBEIHI/II\/'I CBsA3aHa C COBEPIIECHCTBOBAHNEM NHXCHEPHBIX METO-
JIOB pacueTa HaNpsHKCHHO-Ie(POPMHPOBAHHOTO COCTOSIHUS JAOPOXKHBIX MOKPBHITHHA C MOBEPXHOCTHBIMH Harpe-
BaeMBIMH CJIOSIMH. BEITIOJTHEHO O6’beZ[I/IHeHI/Ie METOAa pacyeTa MHOT'OCJIOMHBIX IUTHT C METOAOM pacyeTa OJHOC-
JIOWHBIX KECTKUX IIJINT, KOTOpLIfI MOZ[I/Iq)I/II.II/IpOBaH JJIsL pacyeTa MHOTOCJIOMHOT'O TMOKPBITHS. I[OCTOBCpHOCTL
pacueToB NOATBEPIKIACHA PE3yNbTaTaMu, OJTyYCHHBIMH PSIIOM HECKOPPEKTHPOBAHHBIX 33 UX TEOPETHUECKOM Oa-

304 aHAJIMTUYECKUX U YUCIOBBIX MCTOOB. Brinonnena OILICHKA MPOYHOCTHU KOHCTPYKIUU.

Keywords: tension, hardness, cushion, elasticity modulus, strength
KiroueBble cjioBa: HaPsHKEHHOE COCTOSIHUE, KECTKOCTb, YIIPYyras OCHOBA, MOJYJb YIPYTOCTH, IPOYHOCTh

IHocranoBka npodJiembl B 001mem Buje. Hapsny
C TPaIUIIMOHHBIME crIoco0amMu OOPBOBI C TOJIOTIEIOM U
CHET03aHOCAMH Ha JOPOKHBIX MOKPBITHAX aBTOTPAHC-
MOPTHBIX MarucTpaieii B 3MMHHUH IIEPHOJ IKCILTyaTa-
UM WCHOJB3YIOT U TEIUIOBOM CHOCO0, B YacTHOCTH,
KOHCTPYKLIUHU TTOJOTPEBAEMBIX JOPOMKHBIX HMOKPBITHIH
[1].

Hopwms! u k1accupuKkaiy TaKuxX KOHCTPYKIUH -
OTCYTCTBYIOT, METOJHMKH pacyeTra IPaKTHYECKH He
ocBemieHbl. K TakuM KOHCTPYKIMSIM OTHOCHUTCS H
HarpeBaeMoe JOpPOKHOe MOKphITHE [2], pazpaboTaHHOE
C YY4aCTHEM COaBTOPA, C UCTIOIH30BaHUEM IIEPCIIEKTHB-
HBIX KOMIIO3UTHBIX MarepuayioB [3,9]. DTo nokpsiTue
MOJKHO OBIJIO OBI HICITONTB30BATH PH MPOCKTHPOBAHUH
MEXIYHAPOJHBIX aBTOTPAHCIIOPTHBIX KOPHIOPOB IS
OpraHU3aIK 0Ee30IaCHOTO WX CONCPKAaHUS B 3UMHUUI
MIePUOT SKCILTyaTallH.

OreHKa MPOYHOCTH TaKUX KOHCTPYKIMH CBA3aHA
C HCCIIEIOBAHUEM HUX HaIlpsDKEHHO-Ae()OpMHUPOBaH-
Horo coctosHus. IToaTomy, paboTa B 3TOM Hampasiie-
HUU SIBJSIETCS. CBOEBPEMEHHOM U AKTYaJbHOM.

AHaJau3 uccjieaoBaHuii u myoauxkanui. J{opox-
HBIE HAarpeBaeMble MOKPBITUS SBISIOTCS MHOTOCIOH-
HBIMU KOHCTPYKLUSAMU. EcaM KOHCTPYKIMs BKIIOYAET
[IEeMEHTOOETOHHBIN CJIOH, TO €€ OTHOCST K JKECTKOMY
TUIYy U PAaCCUUTHIBAIOT KaK MHOTOCIOWHYIO IUIMTY Ha
ynpyroM ocHoBaHuu [4]. Meronukamu pacdera xKe-
CKUX JOPOKHBIX OJ€XK] 3aHMMAJIUCh MHOTUE yUEHBIE.
Haubonee naTepecHbIMH SIBIISTIOTCS paboThl bpaabdepw,
Xapmxep, Onpnep, Bumbsmc, Bunbcon, O.4. Ilextep,
H.H. UBanosa, B.®. babkosa, 1.A. Meauukosa, C. A.
Awmbapuymsina, B.I'. TluckynoBa, A.A. Pacckazona,
C.B. Konosanosa, E.I'. Uuctskosa, B.E. Tpuronu,
T.A. Jlumurkoii, A. B. Mapuyka u apyrux.

Jnst ompeneneHusl HanpspKEHHO-1e()OPMHUPOBaH-
HOTO COCTOSIHHSI MHOTOCJIOMHBIX CUCTEM 3a OCHOBHYIO
pacyeTHyI0 cXxeMy IPHHUMAETCS IUINTa OECKOHEYHBIX
pa3sMepoB Ha YIPYroM OCHOBAHHUH IO/ HATPy3KOH, paB-

HOMEpHO DAacCHpeNeNieHOH Mo Kpyry, IUIOImans KOTO-
POTo paBHOBEJINKA CIIEy KOJIECa TPAHCIIOPTHOTO CPea-
ctBa [5]. IIpu aTom ucnoassyror A. 4. lllextep meron ¢
nomorHeHreM B.®. babkoBa, B KOTOPOM IJIs YIPYTOTrO
OCHOBAHHS IIPUMEHSETCS MOZETHh OXHOPOIHOTO IOJY-
IIPOCTpaHCTBa [4].

W3BecTHbIE penieHys Y3CTeHrapaa Ul HalpsbKe-
HUHM B IUIMTE OECKOHEYHBIX Pa3MepoB IO IIEHTPOM
Kpyra, 0 KOTOPOMY pacIipeiesieHa Harpy3ka, a Takke
IpU PacHONOKEHWH HArpy3Kd Ha Kpalo U B YLy
wiutel. H.H. VBanoB mpeoOpa3zoBan 3T (HOpMYyJIb,
MIPUMEHSST BMECTO KO3(h(UIIMEHTa yIPYTroi BUHKIIEPO-
BOI OCHOBHI Moayib nedopmarmu. U.A. MenHUKOB
pemi 3Ty 3a1ady B Oosiee oOmieM Bujae, HCIOIb3Ys
MOJEJb YIIPYroro MoJIynpoCTpaHcTBa [4].

OOmuMy HeOCTaTKaMH YKa3aHHBIX METOJIOB SIB-
JISIeTCsI TO, YTO B MX OCHOBE HE OBUIBI 000CHOBaHA Ma-
TeMaTHU4ecKass MOJEeNb padOThl MHOTOCIOWHOW KOH-
cTpykrmu. [lo3ToMy GBI HAaMEUEHBI pa3IUYHbIE MO~
XOZIBI K PEIISHUIO 3TOH 3aauH, B YaCTHOCTH Pa3BUTHE
TEOpUI U MOZEJIEH pacyeTa MHOTOCIOMHBIX KOHCTPYK-
LU ¥ UX peasTn3aliist 3a cYeT MPUMEHEHHS aHaJIUTHIe-
CKMX W YHCIICHHBIX METOZOB WJIM MX OOBEANHEHHUS.
Hanbonee pacnpocTpaHeHHBIMH YUCICHHBIMH METO-
JlaMU 1Sl TPpUOIMKEHHOT 0 perieHus tuddepennuans-
HBIX YPAaBHEHUH SIBJIIETCSI METOJ KOHEUHBIX Pa3HOCTEN
(MKP), meton xoHewHsx snemeHtoB (MKD), Bapua-
UOHHO-pa3HOCTHEIN MeTox (BPM) u npyrue.

B coemuHeHBl ¢ (u3NYECKMMH M MaTeMaTHde-
CKUMH MOJETISIMH 3TH METOJBI TIO3BOJIMIIN pPeraTh 3a-
JIa9¥ HaNpPsDKEHHOTO COCTOSIHUS MHOTOCITOWHBIX KOH-
CTPYKIIMHA C TPUMEHEHHEM OIPEAEICHHBIX THIOTE3.
Cpenn pa3HOOOpa3HBIX TUIIOTE3 MOYKHO BBIJIEIHUTH TH-
more3y mpsiMoii Hopmanu (rumorte3a Kwupxrodda-
JlsBa), Ha ocHose koTopoii C. I'. JIexHuipkumM, a Ooiee
noiHo C. A. AmbGapuymsiHOM [4], mocTpoeHa Teopust
pacueTa CIOUCTBIX AHMU3OTPOIHBIX IUIACTHH C JKECT-
KHMH CJIOSIMH. DTa Teopusi 6a3upyeTcsi Ha OCHOBE BbI-
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paXeHUW KJIACCUYECKOW TEOPHUH IJIsl MOIMEepPEUYHbIX Ka-
CaTEJIbHBIX M HOPMAJBHBIX HANPSDKEHUHM, KOTOpPbIE
BKITIOYAIOT HM3BECTHBIC (DYHKIWH, XapaKTepU3YIOIIHE
TIOTIEPEYHBIC CHJIBI, U 3aBUCST OT MPOTHOOB, OTpese-
JICHHBIX 110 KJIACCHUYECKON TEOPUH. Iupoxo
MPUMEHSIETCS Ul pacuyeTa MHOTOCIOMHBIX KOHCTPYK-
nuiit moaens C.II. TuMolleHKO, OCHOBaHHAs Ha THIIO-
Te3e MpsIMOM JIMHUU Ul MaKeTa CI0eB, KOTopas B OT-
JIMYUe OT THIOTE3bI MPSIMOIl HOPMAJIH, YYUTBIBACT Ae-
¢dopmanu nonepeyHoro casura. Ilepemenienue 1o
TOJIIIHE CJIOMCTON OOOJOYKM IO ATOW TEOPHH OIH-
CaHoO JBYMsI CTeNeHsMHU armnpokcumanuu. Ilepsas 6a-
3UpYETCsl Ha TMIOTE3€ MPSAMOM JMHHUM AJs BCETO Na-
KeTa CJIOEB, a BTOpasi — BBOJUT 3Ty FUIIOTE3Y MOCIOHHO
(TrnoTesa ToMaHOi IMHNK). Y Ka3aHHBIE TEOPUH MOTYT
MPUMEHSTHCA Ul KOHCTPYKLMM, )KECTKOCTH CIIOEB KO-
TOPBIX OTIMYAIOTCS HE3HAYUTENBHO.

Bonee momHO paboTy CIIOWCTHIX KOHCTPYKIHH C
MPOU3BOJIbHBIM KOJIMYECTBOM CJIOEB OTPAKAIOT TEOPUU
Ha OCHOBE THITOTE3bI JIOMaHOH TUHUU. OCOOEHHOCTHIO
9TUX TEOpHil SBIACTCA 3aBUCUMOCTH MOPSAIKA pelliae-
MBIX YPaBHEHHUH OT KOJIMYECTBA CJIOEB, YTO HECKOJIBKO
yCIOXKHseT pemeHue 3aaaun. [loatomy, 6omem coBep-
HICHHBIMU CIIEAYeT CUUTATh TEOPUH, B KOTOPBIX MPH-
MEHEHBI HEJIMHEHHBIC 3aKOHbI PacHpeeeHHus cMelle-
HUHM [0 TOJIIMHE makeTa cioeB. K Takum oTHOcUTCS
teopus B. I'. IluckyHoBa, CyIIHOCTh KOTOPOH 3aKIIO-
YaeTcsi B TOM, 4YTO CMEIIEHUS B OPTOrOHAIBHBIX
HaIpaBJICHUSAX ONHUCHIBAIOTCS MPOU3BOJHON OT OAHOM
HUCKOMOH (DyHKIMH cBuTa [6].

A.A. Paccka3oBbIM NOCTpOEHA NPUKIIAIHASL TEO-
pus pacdeTa MHOTOCJIOMHBIX KOHCTPYKLMM, yYUThIBA-
I0IIasl BIIMSIHME IONEPEYHOro CIBUra M O0XKaTHs Ha
HanpsKeHHO-1e()OpPMUPOBAHHOE COCTOSIHUE CHUCTEMBI
[7]. 3amaua Obula peleHa YHUCICHHO C HCTOJIb30Ba-
HueM MKP u pagmanbsHO# ceTku. YKa3aHHBIE TEOPUHI
JTATH BO3MOKHOCTh HE TOJBKO PacCMOTpETh padoTy
BCEX CIIOEB KOHCTPYKIHMH C Yy4eTOM Jedopmanuit
CIBHTa M O0XKATHS, a U IPOU3BOJIFHO COYETATH CIIOH C
Pa3IMYHBIMH TOJLIMHAMH U XapaKTEPUCTHKAMHU.

Ha ocHoBe aHanuTH4YecKoil TEOpUM pacuera CIou-
CTBIX IUTUT HA YOPYIOM MOJYIPOCTPAHCTBE PAJl 3a1a4
pacuera KOHCTPYKLUI JOPOKHBIX MOKPBITUNA PELIEHBI
A. B. Mapuykom [8]. AHanmu3 yKa3aHHBIX METOJIOB CO-
3/1a71 OCHOBY ISl co37anust 3(HEKTUBHOTO MOAX0/aa K

OIIPEACICHUIO HANPSHKCHHOTO COCTOSHMSI HarpeBae-
MBIX KOHCTPYKIHH NPEAT0KEHHOTO THIIA.

®opmupoBaHue Hesei crarbu. [Ipenmerom uc-
CIICIIOBAHUSI SIBJISICTCA KOHCTPYKIHS MHOTOCIOHHOTO
JOPO’KHOTO HAarpeBaeMOro MOKPBITHS, KOTOPasi MOXKET
HCTIONB30BAThCS AT IPEAOTBPAIIICHHUS] CHETO3aHOCHIB,
CKOJIB3KOCTH U TOJIOJIe]a Ha UX MoBepXHOCTH. OOBeK-
TOM HCCIIEJIOBaHHs SIBJISICTCS HANPsHKEHHO-Ie)OopMHU-
POBAHHOE COCTOSHHE JAOPOXKHOTO HarpeBaTeIbHOrO
nokpeiTus. Llenp uccnenoBanuil cBsi3aHa ¢ COBEpPUICH-
CTBOBAaHHEM HH)KEHEPHBIX METOJIOB pacueTa Hamps-
KEHHO-/1e()OPMUPOBAHHOTO COCTOSIHUS JOPOKHBIX I10-
KPBITHH ¢ TOBEPXHOCTHBIMU HAaIPEBAEMBIMHU CIIOSMH.

N3n0:xkeHne 0CHOBHOIO MaTepHaJia HccjieaoBa-
HUSL.

CKOHCTPYHPOBAHHOE C y4acTHEM COaBTOpa CTa-
THY HarpeBaeMoe MOKpHITHE [2] BMecTe ¢ IleMeHTo0e-
TOHHOHM IUTUTOH COCTaBIIET OOIIYI0 MHOTOCIOHHYIO
CHCTEMY — KECTKOE JJOPOKHOE MOKPHITHE.

[MpenBapuTensHO ObLIa pelleHa TeIUIoBas 3aa4da
JUI1 HarpeBaeMoN CHCTEMbI U MOATBEPXKACH HE0OXO-
Ipb1i TepModddekT pazorpeBa HOBEpXHOCTH NOKPHITHS
or + 2,0 °C no +11 °C npu TemnepaType BHemHeit
cpennl -20°C [2].

st pacuera MHOTOCIOWHOM IUIMTHI TOPOKHOTO
TIOKPBITHSL C TTO3MLUH MPOYHOCTH PAacCCMOTPEHa MO-
JeTbHAs 3a7ada pacueTa. 3a pacueTHYIO0 CXeMy IpH-
HATa KOHCTPYKIHS TTAKeTa CIOEB JOPOXKHOTO ITOKPBI-
TSI, COCTOSIIAS M3 IIEMEHTOOETOHHOH IUIMTHI U CH-
CTEMBbI [TOBEPXHOCTHBIX HarpeBaeMbIX CJIOEB, KOTOpas
npezcTaBieHa Ha puc. 1. [l kaxIoro cinos KOHCTPYK-
I[UM NPUHATH MEXaHUYECKHE XapaKTEePUCTHKH - TOJI-

IIMHA CIIOS (hi ), MOZIYJIb YIIPYTOCTH ( Ei ), k03 du-
muent Ilyaccoma (V; ).Ilpu 3amanHOM 1MameTpe
wrammna (0 = 0,300 ) unrencusroctn Harpysku
(=08 MH / Mm% Yero pasHOneficTBYIOmAs  co-
it

CTaBJISICT

=0,0633 MH.

Jns co3manust 3pEKTHBHOTO IMOIX0Aa K OTIpeie-
JICHUIO HANpsHKeHHO-Ie(OPMUPOBAHHOTO COCTOSIHHS
KOHCTPYKIUH  TPEIJIOKEHHOTO THIA IPOBEICHO
00BbETMHEHNE METOJIOB pacdeTa MHOTOCIONHBIX W Of-
HOCJIOMHBIX ILINT.
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h

VT T7T7Y

Y2

Pucynok 1 — Koncmpyxyus naxema cioeg 00eicobvl:

1. me0CHOTHO-MaCTHYHEIH ac(hanbToOeTOH:
h 1=0,06 x,; E;=2000 Mlla, v;=0,25;

2 — pubposnextpoderon: h,=0,05x E,=2100 MIla, v,=0,25;

3 — yraeponnas cetka: N ;= 0,005 n, E;=2000Mila, v,=0,25;

4 — repmomsomsus: N 4=0,05 1, E4 = 1140 Mlla, v, = 0,25;

5 — nemeHTHOGeTOHHA TwiKHTa; N 5= 0,24 m, E5 =2-10* MIa, V5=0,15;

6 — ympyroe ocHOBaHUeE: Eo =150 MIla, v, =0,2.

ITo mMeToaMke pacdeTa MHOTOCIONHBIX TUIHUT [14]
OIpejielIieHa IMIMHAPUUYECKas JKECTKOCTh JOPOKHOM
OJIeK /1Bl IO hopMyITe

D=D, +B,C} k=1..n,n=5, (1)
e D, =E, hk3 /12(1—V|f) — UWIMHApUYE-
CKHeE KOpCTKOCTH cioeB, MH m;
B, =E.h, /(l—VE) — JKOPCTKOCTH CIIOEB
Ha pactshkenue, MH/wm;
C — xoopauHaTa cpeaMHHOMN miockocTH ciost k

OTHOCHUTCJIBHO HeﬁTpaJ'IBHOﬁ TOBEPXHOCTH.

ITonoxeHune HENTPAILHON NOBEPXHOCTU OTHOCH-
TENbHO BEPXHEH IIOCKOCTH IUIUThI HAXOIUTCS 110 BbI-
PpaKEHHIO

s=> B.d. /> B, @)
k=1 k=1

rae d, — paccTosiHEe OT BepXHEi IUIOCKOCTH K
CPEIMHHON TJIOCKOCTH

ciost K, m.

HefitpanbHas moBepXHOCTb NPUHATON KOHCTPYK-
miu (puc. 1) pacnosiokeHa B cloe 5 Ha PacCTOSHUHU
0 =0,2724 m or nosepxuoctn onexpl. Iomyden-

HBIC PE3YJIbTATHI MPEICTABICHBI B Ta0IUIC].
Tabmuma 1

Pe3yJ’leaT])I pacueTa KEeCTKOCTH CJ10€B

KectkocTh cioeB Ha pacTsi- |Paccrosinus ot Bepx- |[{ununapuueckue xectko- [KoopauHaTta cpeIMHHOM I10C-
»xerue, MH/m HEH IIOCKOCTH, M ctH cioeB, MH-Mm KocTH ciost K, M
B;=128,000 d1=0,0300 D;=0,03840 (1=-0,24242
B,=112,000 d,=0,0850 D,=0,02333 (>=-0,18742
B;=10,667 d;=0,1125 D3=0,000022 C3=-0,15992
B,=60,800 d4=0,1400 D4=0,01267 C4=-0,13242
Bs=4910,48 ds=0,2850 Ds=23,5703 Cs=0,012581

OOmrass mUIMHApPUYECcKas KECTKOCTh IaKeTa
cioeB oxex sl cormacuo (1) cocrasmser D = 37,2172
MH-m.

J171s OTIeHKM HANIPSHKEHHOTO COCTOSTHHSI M TIPOYHO-
CTH TUIMTHI TIPH M3THOE BO3ZHUKAET HEOOXOUMO OTIpe-
JISIATh pacueTHbIC M3rndarome MoMeHTsl - M, MH.
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IIpz wW3BEeCTHOM MOMEHTE BO3MOXKHO OMpEICICHHE
HOPMAJBHBIX HAIPSDKEHUH B CIOSX IUIATHI 1O (op-
MyJe:

ME, z,

G(Zk):m, ®)

rne E,, Vv, — moayns ynpyroctu u kospduim-

enr [yaccona cios, K;

L, — paccTosiHEE OT HEHTpaTbHOH MOBEPXHOCTH

K [IOBEPXHOCTSIM CJIOE€B TUIHUTHI.

[IpuBeneHHAs METOAMKA ONPEICTICHHUS )KECTKOCTH
MHOTOCJIOMHBIX IIJIUT U HAIPSDKEHUH B CJIOSIX CO3/1aeT
OCHOBY 17151 0000IIEHNST H3BECTHBIX METOJIOB pacdera
OTHOCJIOMHBIX IUIUT — MOAW(MUKAIINN 3TUX METOJOB
JUIsL pacueTa MHOTOCIIOMHBIX cucteM. [losTomy, mis
JMAIBHEHITUX pacdeToB OyIeT mpuMeHeHa Moaupuka-
st TouHoro merona O.51. [lextep.

JlaHHBIN MeTOJ MOJETUpYET ONpeleeHUs pac-
9YETHOIO MOMEHTA B IUTUTE OCCKOHEYHBIX Pa3MEpOB Ha
YOPYTroM MOJYIPOCTPAaHCTBE, HATPYKEHHON KPYTrOBBIM
IITAMIIOM — CJIEJIOM KOJieca TPAHCIIOPTHOTO CPEJICTBA.

Jns ykazaHHOW MOAM(UKAIIMN 3TOTO METOJA IHJIHH-
JIpUYECKasi ’KECTKOCTh MHOTOCJIONHOM TUIMTHI, OTIpe/ie-
nerHas o gopmyne (1), ypaBHEHa C KECTKOCTBIO K-
BHUBAJICHTHOW OJTHOPOAHON CHUCTEMBI

Eh®

Tk @

rae N — obmas TommumHa MEOrOCIOMHOM MIHTHI (
h=0,405x); ., _B, _ > Ehy — CBOJIHBIIH
' v=—t=~£""° -0156
B z E, hk
koaduument [Tyaccona crmoes.
U3 dopmyrsr (4) onpenenena CBOAHAS XapakKTe-
PHCTHKA YIIPYrOCTH MAKeTa CIOCB

E 1D _wmosmma @)

27 K3
1-v h
Pacuetnslii MoMeHT cornacHo merony lllextep
orpeaenseTcs GopMyoi

M = M , (6)
27aR

rae C - K03 GUIMEHT, ISt KOTOPOTO CYIIECTBYET
(byHKIIOHATIBHAS 3aBUCUMOCTH | 4]

c=y=-0,3393x" +1,2309x> —1,7997x” +1,2373x + 0,036; X =aR, (7)

ad — ympyras XxapakTepUCTHKA IIUTHI —

1

6-150

Eo,Vo — MOIYNb YHPYTOCTH WU KO3(PQHUIHMEHT
[Tyaccona ocHoBaHuS;

R= 0,16 M — paauyc mramiia.

Jdnst  miMTH  3aJaHHOM  KOHCTPYKIHMH

aR = O,204873HaquHe Cc= 0,22394

ITpu monmydeHHOM 13 (6) paC4IeTHOM MOMEHTE Ha-
MPSHKEHUS TI0 TONIIIHE JOPOXKHOM OJICXKIBI OIIpeens-
F0TCs BRIpaxkeHueM (3).

HampspkeHue Ha HUXKHEM NOBEPXHOCTU ILIUTHI

mpu

npu Zk = 0,13006M ABJIACTCA MaKCHUMAJIbHBIM H

COCTaBISIET O,y = 0,9102 Mlla .

Kpome Moandukammm paccMaTpuBaeMOro MeToza
BO3HHUKACT BO3MOXXHOCTHb €€ NPUMCHCHHA JIA pAda
JpYIMX METO/I0B pacueTa OAHOCIONHBIX IIJIUT HA YIIPY-
TOM OCHOBAaHHUU, B KOTOPBIX IPUMEHSIOT MOJENb BuH-
kiepa. [Ipy 3ToM Bo3HMKaeT HEOOXOANMOCTD JOCTHKE-
HUS DKBUBAJIEHTHOCTH PE3yIbTATOB PacyeTa, IOoIy4eH-
HBIX JUISl IUTUT HA OCHOBE, CMOJICIMPOBAHHON yIPYTUM

TOJIYNIPOCTPAHCTBOM ¢ MoJyJeM ynpyroctd Eg u

BUHKJIEPOBUM KO3((HUITEHTOM OCHOBEI Ko . 3¥Ycno-

BHEM SKBHBAJICHTHOCTH BEIOMpaeM paBEHCTBO MAaKCH-
MAJIBHBIX PACTATHUBAIONINX HAMPSHKCHUH Ha TMOJOIIBE
TUTATHI, HAWJICHHBIX TPH YKa3aHHBIX XapaKTePUCTHKAX
OCHOBAHUS — 9eM U 000CHOBBIBACTCS HX B3AUMHEIH BBI-
60p. Monymnp ynpyrocTu SKCHEpUMEHTAIEHO OTIpesie-
JSETCS ITAaMIIOBUMH HCIBITAHUSAMH 110 (OpMyIIe

Eo =qd/f 8)
rae (] — ynenbHOe JaBieHHE Ha OCHOBAHHME OT
mramna, Mlla;

~ 0,405\ 6722,95(—0,2°

) =1,28042 m7,

d — amamerp mramna, M;
f —ero ocanxa , m.

KoadduineHT 0CHOBBI Ko SIBJIIETCS YACIbHBIM
JIABJICHUEM (], KOTOPBIi BHI3bIBAET CAMHUYHYIO OCATIKY.
f =1,0M, TO Ko =(, a
Eo = Kod/l OTKyZa Ko = EO/d. Juamerp mra-

MIIa IIpY MCTIBITAaHUSIX NpuHUMAIOT oT 0,5 M 10 1,0 M,
MTOCKOJIBKY U3 OTIBITAa HCIBITAHUNA U3BECTHO, UTO JANTb-
Helflee ero yBeNWYeHHE HE NMPUBOINT K M3MECHEHHUIO
pe3ynbTaToB. s onpeaencHus IpUHIMAaeM 3HaUCHHE

JauameTpa d =1,0 M.
Torna Ko = EO, )

Eciu  npunarts

TOECTh YMCIIOBBIC 3HAUYEHHS MOJYJIS YIIPYTOCTH U
KO3 PHUIHEHTa OCHOBBI OJAWHAKOBHI IPU PA3TUUHBIX

emunmiax wamepenns ( Eq, MIla; Ky, MIlal m).

Jlnst 000CHOBaHUSI YCTAHOBJIEHHOTO COOTHOIIE-
HUS K03(D(UIIMEHTa OCHOBBI M €€ MOAYJIS YIPYTOCTH
MIPOBEPEHO BEHIMOJIHEHNE YCIOBHS WX JKBHBAJCHTHO-
CTH IIyTEM PEUICHUs CIEAYIOLIEN TECTOBOM 3a1auH.

[Ipu pa3nuYHBIX 3HAYEHUSX MOIYJS YHPYTOCTH
OCHOBBI U COOTBETCTBYIOIINX 3HAUCHIIX KO3 duine-
HTa OCHOBBI OIIpEeNIeHBl HOPMaJIbHBIE PACTATHUBAIO-

1Ue HaNPsSKCHUSA O Ha 1IO0J0IIBEC TUINYHOU

max
LIEMEHTOOETOHHON OJHOCIOMHON INIATHI TOJIIMHON
h=0,2m npu equnnunoii Harpyske P=0,01 MH, pac-
MPEJEeNICHHON 10 IUIOCKOCTH INTAMIIA THAMETPOM
0,30m (cmemy xoJieca pacdeTHOTO aBTOMOOWIIA).
PacueTs! HanpsKEHMH BRIITOJTHEHB! IBYMS METO/IaMH —
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METOJOM Y3CTeHrapnaa AJjid IUTMThl Ha BUHKJIEPOBHIM
OCHOBE ¢ KO3(QPHUITMEHTOM OCHOBBI Ko =(100...200)

MIla/m 1 marom 25 Mlla/M U CKOppPEKTHPOBAHHBIM K

Hemy meTonoM MBaHnoBa-MenHukoBa AJisi MOJAEIHN OJl-
HOPOIHOTO TIOIYNIPOCTPAHCTBA C COOTBETCTBYIOIIUMU

monymsmu  ynpyroctu  ( Eg, MIla). Pesynsratsi

pacye€ToOB CBCACHLI B Ta6n1/111y 2.

Tabmuns 2
Pe3yabTaThl pacueTroB
Meron Yactenrapaa Meton MBanoBa-MenHuKoBa
Ko, MH | m O max» Mla E,,MH O maxs MIla
100 0,2769 100 0,2660
125 0,2693 125 0,2560
150 0,2630 150 0,2480
175 0,2579 175 0,2432
200 0,2532 200 0,2391

[Nomy4yeHHBIC 3HAYCHUS HAIPSDKECHUHA COBIIANAIOT
€ TOYHOCTBIO JI0 < 5%, YTO OJATBEPKIAET ONPEIEICH-
HYIO 9KBUBAJICHTHOCTh 3HAYEHUN MOIYJISI yIPYTOCTH U
K03 PHIIMEHTa OCHOBBI IUIUTHI M J3aET BO3MOXKHOCTh
MOJYYHUTh 3HAYCHHUS MAaKCHMAJbHBIX HANpPsHKCHUH B
LIEMEHTOOETOHHBIX IIMTE MOJIEILHON 3aJaui TOJIIHU-
HOM, OJIM3KOU K IPUHATOM B TECTOBOM 3aa4M.

CornacHo pacyeTHON CXeMBbl, IPEACTABICHHOMN Ha
puc. 2, ObUTH OTIpeNeeHbl 3HaYeHNUsI MOMCHTOB U Ha-
npsbkeHuit o merony Yacrenrapaa (M=0,01258 MH,

d=03 m

HBanoBa-MegHukoBa

Opmax = 0,9102 MIla ),
(M=0,0108 MH, o, = 0,9102 MIla ) u Tumorme-

max
uko (M=0,0123 MH, o,,,, =0,9102 MIla), xo-
TOpBIE COBMAJAIOT B Mpejenax TOYHOCTU IpaKTHUe-
CKHX pacyeToB MEXy COOOH U ¢ pe3ysbTaTaMH, MOJy-
YeHHBIMH ~ MOAMGHMLIMPOBAHHBIM U1 pacdera
MHOTOCHOMHBIX muuT MetogoM O.S.  Ilextep

(M=0,01273 MH, o,,,, = 0,9102 MIIa).

P

0.145m

>

SN

N

=06 M-

0.24m

Pucynoxk 2 - Pacuemnas cxema (modenv Bunkiepa):
1 - naxem nacpesaemvix cnoes;
2 - yemenmobemonnas nauma

Jlis janpHeWIero ucciae0BaHus HaNpsKEHHOTO
COCTOSIHUSL Hapsdy C IpPUMEHEHHBIMH aHaJIUTHYe-
CKHUMH METOAAaMU BBEJICH PAacyeT YUCICHHBIM METOA0M
— METOJIOM KOHEUHBIX pasHocTel. [Tockonbky quamerp
mITaMIa Harpy3Kd Majl 10 CPaBHEHHUIO C pa3MepamMu
TUTATHI, TO 3a/lada CBEJCHA K pacyueTy IJIUTHI T0CTaTO-
YHO OOJIBIINX pasMEPOB IO OCECUMMETPUIHBIX CXEME
MKP B nonspHbIx KoopanHatax [16]. Pemena cucrema

KOHEYHO-Pa3HOCTHBIX YPAaBHEHHUH U MOIY4YEHHBIE 3HA-
4yeHus1 Iporudos (Wi) B y3iax cetku i =1, 2, 3...9, 10.
[lo HaiineHHBIM mporMOamMH OIpenesieH MOMEHT B
LEHTPAIBEHOM y371e 1 110 hopmyuie (3) paccUnTaHHbI Ha-
NPSDKEHUs. B CJIOSIX JIOPOKHOM OAEXIbl. Pe3ynbTarhl
HOpPMAaJIBHBIX HaNpsDKEHUH 1O TOJIIIMHE MaKeTa CI0eB
JOPOXHOM OIEkIbI B IIEHTPATBHON TOUKe (IO IITaM-
IIOM), TIOJTYYE€HHBIX METOJIOM KOHEYHBIX Pa3HOCTEH U
metozoM IlexTep, mpuBeneHs! B Tabmwie 3.

Tabmauma 3

Pe3ysibTaThl pacyeTa HOPMATbHBIX HANPSKEHHI

HanpsxeHus no Tonuuae JopoxkHoH onexasl,Mlla

Crnou | 1 | 2 |

3 | 4 | 5
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[(=) N (2] — [{(=) [aN] [ee) (o] D o
e < < — o o Yo} < © =
Merton exTep 1 — — — — 1 S - ~ o
o o o o o o o o o o
1 1 1 1 1 1 1 1 1
M - 2 3 S S & ~ o N N
€TOA KOHEWHBIX S =] ] S S ic) 5 S S S
pasHOCTEn < < < < < < < < - —

Pacxoxnenue 3HaueHWI HampsKEHUH, omnpene-
JICHHBIX TIPUMEHEHHBIMH METOJIaMH1, HAXOSTCS B IIpe-
JeTax TOYHOCTH 3KCIIEPUMEHTAIBHOTO OMPENCICHUSA
MEXaHNYECKUX XapaKTEPUCTHK MaTEpPHANIOB, U3 KOTO-
PBIX M3rOTOBICHO TMOKpeITHE. [lo3TOMY cnenyer cum-
TaTh, YTO TOYHOCTh IIPUBEACHHBIX JAHHBIX YI0OBJIETBO-
PsSIeT TOUHOCTHU NMPAKTUYECKUX pacueToB. VccienoBaHo
HaIpsHKEHHO-1e(OPMUPOBAHHOE COCTOSIHHE KOHCTPY-
KIUH C y4eToM JedopMaluii MONepeyHoro CIBUra u
MOMEPEYHOT0 00KATHS U AHATUTHYECKUM METOJIOM pe-
LIEHMS 3a7]a41 TEOPUU YIIPYTOCTH CIOUCTHIX cpen [13].

CoriacHO 3TOMY METOLY UCKOMBIEC (DYHKITUH HAIIPsDKe-
HUH B KOHCTPYKIMH HPEACTABISIOTCS B BUAE PAIOB
Dypse, a [0 TONMKHE UX pacTpeeIeHUE OITUCAHO CO-
OTBETCTBYIOIIEH cucTeMoii nuddepeHnnantsHEIX ypaB-
HEHH, TMOJYYCHHBIX BapHAIlMOHHBIM IyTeM. B Tab-
nune 4 mpeicTaBlieHbl Pe3yNbTaThl TaHTCHIMAIbHBIX

Harnpsokenui (07 ;), HanpsxeHud oOxaTus (Oj3) U

HOpMaJibHbIE NepeMentenns (U;) 1o ToIIMHE JOpOXK-

HOH OJEXKIBI.

Tabmuma 4
Hanpy:xeHHo-1edopMoBaHHOE COCTOSIHHE KOHCTPYKUMHU
Croun oK bl o, Mlla O33; MIlla Us, m
-0,377 -0,800 2,604-10*
Acarstoberon 0,277 0,782 2,428-10*
0,277 -0,782 2,428-10*
Dubposnexrpoderon 0,118 0,709 2,273-10%
-0,124 -0,709 2,273-10*
YraeposHas cerka -0,153 0,699 2,257-10"
T -0,166 -0,699 2,257-10*
CPMOTSOIIIIA 0,234 0,592 2,014-10*
LlemeHTOOETOHHAS -0,672 -0,592 2,014-10*
TUTHTA 0,855 —-0,0194 1,979-10*
CpaBHUTENBHBIN aHANU3 Pe3yJbTaTOB pacyeToB,  Tabm. 5.
TMOJTYYCHHBIX BCEMU HCCKOPCIMPOBAHHBIMU aHAJIUTHU-
YECKMMHU W YUCJICHHBIMU ME€TOAaMH, MPUBCIACHLI B
Tab6muma 5
Pe3yJibTaThl pacueTOB HANPSI?KEHHO - 1e()OPMOBAHHOIO COCTOSIHUS
Mertoasl pacyera
Hassre [extep VYacrenrapaa TumormeHka WBatosa-Mej- MCP Mapuyxka
HHUKOBa
M, MH 0,01273 0,01258 0,0123 0,0108 0,0168 0,0117
O ,.0oMlla 0,910 0,900 0,876 0,848 1,207 0,855

OrneHka MPOYHOCTH KOHCTPYKIIMH BBITIOJIHEHA
0000IIIEHHO M0 HAMPSIKEHUSIM, BO3HHKAIONIUM B TIO-
JIOIIBE€ MHOTOCJIONHOM MUTHL. J[JI1 OLIEHKU MPUHSATHI
MaKCHUMaJbHbIE pacTsaruBarouye HaIpsHKeHUs

Gmax = 1,207 MHa 3 MOAAaHbIX BHUIIC PE3YJIbTATOB
Ta KOHTAKTHBIC HAINPYXCHUA JTaBJICHUA Ha OCHOBY

Oin = —0,0194 Mlla , TIOJIy4€HHBIE BapHaliOH-

o =0 —R—pamin <R, (10)

€Ke6 max

c

HbIM MeToloM Mapuyka. B3sTbl K BHUMaHHUIO pacyeT-
HBIE CONPOTHBJIEHUS MaTepuana OetoHa ( kimac B20 )
Ha ckatue R =15 MIla Ta Ha pacTshKeHHE C y4eTOM
ycranoctu R ,=1,4 MI1a.

Jna onpeneneHus NPOYHOCTH KOHCTPYKLUM Ha
COIIPOTHBIIEHHE PACTSKEHUIO UCIIOJIb30BaH KpUTEPUil

Kynona-Mopa:
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COTTIaCHO KakoMy O, .

VYcioBre NPOYHOCTH HA CONTPOTHBIIEHHE PACTSIKE-
HUIO YAOBJIETBOPEHO.

BriBoaBI.

1. 3HaueHNe MaKCHUMaIbHBIX MOMEHTOB U MaKCH-
MAaJIbHBIX HaNpsDKEHUH, BBIYMCICHHBIE BCEMU HECKOP-
PEKTHUPOBAHHBIMU METOJAMH, TTOATBEPKAAIOT B IIpeie-
Jax MOTpeOHOCTEH MPAKTUUECKON TOUHOCTH (haKTHde-
CKYIO IOCTOBEPHOCTb PE3yJIbTaTOB pacueTa JOPOKHOM
OJIeXK/Ibl C HAaTrPEBAEMbIM MOKPBITHEM.

2. 3a cueT 00bEIMHEHHSI METOIUKH paciyeTa MHO-
TOCJIOWHBIX IUINT ¢ MOJU(HUIIMPOBAaHHBIMH METOAAMHU
pacueTa OJHOCIOMHBIX IUIUT MOSBISAETCS BO3MOX-
HOCTb 3()()EKTUBHOTO HCIIOIb30BAHMSA UX IS OIIpEese-
JICHUs] HANPSHKEHHO-Ie(OPMHUPOBAHHOTO COCTOSIHUS
KOHCTPYKIIMH HarpbIBa€MbIX JTOPOXKHIX OKPHITHIL.

3. [lony4deHHble pe3ynbTaThl UCCIEIOBAHUN MO-
T'YT OBITh UCIIOJb30BAHbI B JICATEILHOCTH IIPOSKTHBIX
OpraHu3aIi IpU NPOEKTHPOBAHUM JOPOKHBIX Harpe-
BAaEMBIX IIOKPBITHI.
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Abstract

Constantly growing rates of development of information and computer technologies are forcing engineers
and scientists in relevant areas to constantly look for better, faster and more accurate ways to control the quality
of software and technical systems. The problem of analyzing the system for its compliance with the specifications
has been and remains one of the key problem for solving this tasks. However, language constructions we are used
to are not enough to set rigid and formal requirements for technical systems, since natural language is often capable
of giving ambiguous statements, which, in turn, can be interpreted differently depending on the context. Obviously,
such requirements cannot be guaranteed to be truthful nor can be used to perform automated checks.
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To overcome the problem of formal requirements specification, temporal logics are often used: the linear time
logic (LTL), the computation tree logic (CTL) and the CTL*, including the capabilities of both logics. However,
each of these logics has its own flaws, limitations, and expressiveness problems because of syntactic and semantic
features. That’s why currently there is no universal temporal logic.

The authors are convinced that special representations based on systems of recursive equations as denotation
for temporal logics can not only extend their expressiveness, but also unify their syntax, allowing to build their
common and uniform notation.

AHHOTANHSA

ITocTossHHO pacTtyliyue TE€MIIbl pa3BUTUAL I/IH(l)OpMaHI/IOHHbIX 1 KOMIBIOTCPHBIX TEXHOJIOTUH BBIHYXKJAar0T UH-
JKCHCPOB U YYCHBIX B COOTBCTCTBYIOIINX 001aCcTIX MOCTOSHHO UCKATh 00JIee COBCPIUICHHLIC, GLICTpLIe U TOYHBIC
CpCACTBA AJIs1 KOHTPOJIA Ka4eCTBa MPOIrPaMMHBIX U TEXHUYCCKUX CUCTEM. Hpo6neMa aHaJIu3a CUCTEMBI Ha COOT-
BETCTBHE €€ cneun(bnxaunn ObUIa U OCTaeTCs OHHOﬁ U3 KIIIOUYCBbIX npo6neM B pCIICHUU NOCTABJICHHBIX 3aJad4.
O,IIHEIKO, HCIIOJIb30BaHMA MIPUBBIYHBIX HAM SI3BIKOBBIX KOHCprKHI/Iﬁ HCOOCTAaTOYHO I 3aJaHUA XKCCTKUX U (1)0[)-
MaJIbHBIX TPEOOBaHUN K CHCTEMaM, TOCKOJIBKY €CTECTBCHHBIN SI3BIK 3a9acTyIO CIIOCOOCH POXKIATh ABYCMBICIICH-
HBIC ¥ HEOJHO3HAYHBIC YTBEPIKACHHUS, KOTOPHIE, B CBOIO OYepe/Ib, MOTYT OBITh HHTEPIPETHPOBAHBI TI0-PA3HOMY B
3aBHCHMOCTH OT KOHTeKcTa. O4eBHIHO, YTO MOJO0HbBIC TPeOOBAaHMUSI HE MOTYT OBITh TapaHTHPOBAHHO BEPHBIMH U
HX HCBO3MOKHO HUCIIOJB30BATH AJId BBIIIOJIHCHUA aBTOMATU3UPOBAHHBIX ITPOBCPOK.

Juist pemmeHns mpo0i1eMbl popManu3aiy TpeOOBaHUN 3a4aCTYIO HCIIOIB3YIOTCS BpEMEHHBIC JIOTHKH: JIOTHKA
nuHelHoro Bpemenu LTL, noruka BerBserocst Bpemenu CTL u noruka CTL*, o0beanHsIONass BO3MOXKHOCTH
JABYX JIOT'HUK. O[[HaKO, Kaxaast U3 3TUX JIOT'UK 06na;:[aeT CBOMMM HE€AOCTAaTKaMH, OTPAHUYCHUAMU U HpO6J’IeMaMI/I
BBIPAa3UTCIBbHOCTH, KOTOPBIC BO3SHUKAIOT BBUAY UX CUMHTAKCUYCCKHUX U CEMAHTUYCCKUX OCO6CHHOCTCI7L HNmenno
MIO3TOMY Ha TEKYLIUHA MOMEHT HE CYILIECTBYET €IMHON TEMITOPAJIIbHON JIOTHUKH.

ABTOpPHBI YOEXAEHBI, YTO UCIOJIH30BAHNE CHEIMANBHBIX NIPEICTABICHUN, OCHOBAaHHBIX Ha CUCTEMaX peKyp-
CHBHBIX ypaBHeHI/Iﬁ B OTHOIICHUH TECMIIOPpAJIbHBIX JIOTHK, CIIOCOOHO HE TOJIBKO pacHiupuTh UX BBIPA3UTCIILHYIO
MOIIHOCTBh, HO U YHI/I(i)I/ILII/IpOBaTL HUX CUHTAKCUYCCKUC KOHCTPYKLHNHU, IMTO3BOJIUB, TEM CAMBIM, C(‘l)OpMYJ'II/IpOBaTL
HCKOTOpPYIO O6H.Iy10 1 CAMHYIO JJId BCCX JIOTUK HOTAHIO.

Keywords: verification, Model Checking, RLTL the equational characteristics of LTL, temporal logic for-

mula, LTL, CTL.

Karouesnie ciioBa: Bepudukarms, Model Checking, skBannonansuas xapakrepuctuka RLTL, dopmyna

BpemenHou Joruku, LTL, CTL.

Beenenue

B coBpeMeHHOM Mupe BepH(UKAIHUs CIOKHBIX,
KaK MPOrpaMMHBIX, TaK U TEXHUYECKUX CHCTEM JaBHO
CTajla HeOThEeMJIEMOH YacThI0 MX JKM3HEHHOTO IIMKJIIA.
CymecTByIOIIIE HHCTPYMEHTHI U CPEJICTBA Bepurka-
[IUH TIOCTOSTHHO Pa3BUBAIOTCS M COBEPIICHCTBYIOTCS C
[ENBI0 MOBHIIEHNS X OBICTPOICHCTBHSI, THOKOCTH U
pacmpeHust 00JIaCTH MPUMEHUMOCTH. Tak, OTHUM W3
HanOollee aKTyallbHBIX HA CETONHSIIHUI NICHb SIBIIS-
ercst MeroJi hopMabHOW BepU(pHKAIMM HAa MOJEIIX
umn Model Checking [1, 5]. KonnenryansHast ocobeH-
HOCTh JJAaHHOTO METOJIa COCTOHUT B TOM, YTO BepupUKa-
LUl BBIIOJHAETCS IIyTEM aHalIu3a CBOWCTB MOZeENEH
CHCTEM, IIOCTPOCHHBIX Ha 0a3e HEKOTOPHIX (hopMalib-
HBIX KOHCTPYKIIMA, OTHOCUTEIHFHO TPEOOBAHMIA K HUM,
TaKXke 3aJaHHbIX (hopManbHO. Kak npaBwmiio, it 3aaa-
HUS TPeOOBaHHIT ONICPUPYIOT TAKIMU BPEMEHHBIMU JI0-
rukamu kak LTL, CTL, CTL* [7, 8]. OnHako, BeIpa3u-
TENBHBIC CIIOCOOHOCTH JAHHBIX JIOTUK HE SBIISIOTCS
0C3rpaHUYHBIMH M B HEKOTOPBIX CIIydasX MOTYT HE
MO3BOJIMTH 3a/1aTh C UX IMMOMOIIBI0 HEOOXOUMEIE Tpe-
OoBaHM. ABTOpaMH B psifie MPEIBIAYIINX CTaTeH yxe
OBUTM TPEANPHHATE HEKOTOPHIE MEPHI, CHOCOOHBIE
3HAYUTEIBHO PACIIUPUTH BBIPA3HTENBHYIO CIIOCO0-
HOCTB JIOTWKH JUHEWHoro Bpemenn LTL myrtem wmc-
mosb3oBanud crienuanbHoi RLTL-HoTamuu, onuceiBa-
romerr popmynsl LTL B BUme cucteM peKypCHBHBIX
ypaBHeHnwuii [2]. [Tomumo 3TOr0, aBTopaMu ObLIO MMOKa-
3aHO, yTo mpu nomomm RLTL MoxHO 3amaBath He

TOJIBKO CaMU TPeOOBaHMs, HO U MOJIENN BEpUPHLIUPY-
€MBIX CHCTEM, YTO I03BOJISIET YIIPOCTUTH MPOLECC Be-
pudukamy 1 NoBeICUTH ero 3ddexTrBHOCTS [3, 4].

B nmaHHOW craThe paccMaTpPHBAIOTCS MPOOJIEMBI
BBIPA3UTEILHOCTH (POPMYIT JIOTUKH BETBSILIETOCS Bpe-
menn wm CTL. B craThe HarmsaHO IPOIEMOHCTPHPO-
BaH (aKT TOTO, YTO J0OABJICHHE HECKOIBKUX CHHTAK-
CHYECKUX KOHCTpYKImi B HoTarmu RLTL mocraTtouHo,
9TOOBI BBIPa3UTh HE TOJBKO (GOPMYIIbI JIOTHKH JIMHEH-
HOTO BPEMEHH, HO U (OPMYJIbI JIOTUKH BETBSILIETOCS
BPEMEHHU.

1.Jloruka BetBsimerocs Bpemenu CTL

Jloruka CTL siBisieTcst anbTepHaTUBHBIM 10 OTHO-
meHno Kk LTL crioco6om dopMynupoBaHusi BpeMeH-
HBIX cBoHcTB. Ecnu B joruke JMHEHHOro BpeMEHU
CBOMCTBa (DOPMYIIMPYIOTCS JIMIIb OTHOCHTEIHHO HEKO-
TOPOTO MOpsAKA MX HACTYIJIEHUS BHYTPHU BBIYUCIIH-
TEJILHOTO IpOolecca, TO B JIOTMKE BETBALIETOCS Bpe-
MEHH, IIOMHMMO IOPAJKA, YUUTHIBAIOTCS TaKXkKe CaMu
IBTEPHATHBHI PA3BUTHS BEIYUCIUTENBHOTO MIpoIlecca.
B oTnuuune oT JIOTHKHM JIMHEHHOTO BpeMeHH, (POpMyITbI
KOTOPOH SABISIOTCS (hOpMyJaMH IyTH, (OPMYIBI JO-
THKH BETBSIIETOCS BPEMEHH SIBISIOTCS (POPMYITaMH CO-
crossanid. To ecTh, MHO00N TEMIOpaIbHBIN OmepaTop
CTL, npenBapeHHbIli KBAaHTOPOM MYTH, OIIPEACIISET,
Ha BceX (KBaHTOP BCeoOIIHOCTH A) MM TOJBKO Ha He-
KOTOPBIX (KBaHTOp cyliecTBoBaHuUs E) myTsax u3 Texy-
LIETO COCTOSIHUSL JAAHHOE CBOMCTBO SBISETCA UCTHH-
ueM [1, c. 80].
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Bepudpunupyemast cucremMa MoxeT paboTath B
Pa3HBIX PEKUMAX B 3aBHCUMOCTH OT yCJIOBHH WJIN UC-
XOIHBIX JITaHHBIX, MOKET IOJAEPKHUBATh MHOT'OIIOTOY-
HOE/MHOTOIIPOIIECCHOE BHITIONHEHHE [9], WIH pe3yiib-
TaThl pabOTHI CUCTEMBI HOCAT BEPOSTHOCTHBIM Xapak-
Tep [6]. Bo Bcex 3THX CHTyanusAxX JOTHKH JTHHEHHOTO
BpPEMEHHU CKOpee BCero Oy/eT He0CTaTOYHO.

PaccmorpumM mpocroil mpumep. JlomycTuMm, ecTb
NPUIIOKEHUE, KOTOpoe OepeT MHPOPMAIHIO U3 HEKOTO-
poii 0a3bl JaHHBIX A ¥ BBIBOJUT ¢€ MOJb30BaTeN0. B
ciydae eciad 0aza TaHHBIX A 10 KaKUM-TO IPHYUHAM
nepecraer paboTarh, TO NPHIOKEHHE TTEPEKII0YACTCS
Ha paboTy ¢ pe3epBHOH 6a30it naHHBIX b n nHOOPME-
pyeT aIMHHHCTPATOpa CHCTEMBI O HEOOXOIMMOCTH
BOCCTAaHOBUTH PabOTOCIOCOOHOCTh 0a3bl HaHHBIX A.
OTHOCHTEIBHO TAHHOTO TPHIIOKEHHS TpeOyeTcs BBI-
TIOJTHUTB BepH(PUKAIHIO TOTO (haKTa, YTO «CYLIECTBYET
TaKOW BBIYMCIHUTEIBHBIA MyTh B CHCTEME, KOTAA IpO-
HCXOJIUT NepeKItoueHne Ha paboTy ¢ 6a3oil naHHbIX b
U aJMUHUCTPATOp HHPOPMHUPYETCsI 00 aBapuu Oa3bl
A». O4eBHIHO, YTO JAHHBIC CBOWCTBA HE MOTYT OBITh
BBIpakeHHbI cpeacTtBamu LTL.

2.RTL-HOTamms

Hotauust pexypcuBHON BpPEMEHHOM JIOTMKH WU
RTL-nHoTamms mpencrasisier coboit RLTL-HoTammro,
pacIIMpEeHHYI0 W MJOIOJHEHHYIO pPSIIOM aKCHOM U
YCIIOBHBIX 0003Ha4EHUH (POPMYIT JIOTHKH BETBSIIETOCS
BpemeHnu. YtoOsl mpeBpatuts RLTL-HoTammo B RTL
CJIe/LyeT BBECTH CJIETYIOLINE JIOMYIICHHS:

1. ®opmyibl, 3a1aHHBIE C TOMOIIBIO CUCTEMBI pe-
KypcuBHBIX ypaBHeHMd RLTL mo ymomuanuto mpen-
CTaBJIAIOT CO00H (OPMYIIBI JIOTHKU BETBSILIETOCS Bpe-
MEHH OTHOCHTEJIFHO BCEX BETBEH BBIYMCIUTEIHLHOTO
IIporecca, HCXOIAINX U3 TEKYIIETO COCTOSHHUS.

2. 15151 TOTO, 9TOOBI 331aTh (POPMYITY BETBAIICTOCS
BPEMEHH OTHOCHUTENBHO JIMIIb HEKOTOPBIX BETBEH BBI-
YHCIUTEIBHOTO TpoIiecca, He00X0IUMO B caMoi ¢op-
MyJe SIBHBIM 00pa3oM ONMcaTh BCE abTEPHATHUBEI BbI-
YHUCIUTEIBHOTO TPOIIecca.

B tabunurie 2.1. npeacTaBiacHbI BCE OCHOBHBIC OIIC-
patops! toruku CTL ¥ cOOTBETCTBYIOIINE UM CHHTAK-
cuueckue KoHCTpykuuu RTL.

Ta6muna 2.1. PekypcuBHnbie npectasienus onepatopoB CTL B RTL Hotaruu.

CTL RTL
AXo Aeg
EXo Ao (p+A)

AFp =0 VvV AX AFo

AFp=¢ + Ao AFg

EFp =¢ vVEXEFo

EFp=¢+ Ao (EFp + A®)

AGo =9 A AX AGo

AGo = ¢ o AGop

EGo = ¢ A EXEGo

EGo = ¢ o (EGo + A®)

A(p1Ug2) = 02 V o1 A AX A(91U¢y)

AU(@1, 92) = 92 + 910 AU(91, ¢2)

E(p1U@2) = @2 V 01 A EX E(91Ug2)

EU(@1, 92) = @2 + @10 (EU(@1, p2) + A®)

CuMBOI «o» 0003HAYaeT ONepaTop MPOJIOIDKCHHUS
(KOHKaTeHaNUsT BBIPAKEHHUIA), YTO TO3BOJISET HCITOIb-
30BaTh OmnepaTop X B HESIBHOM BHJE, a TaKXKe YIIPoO-
CTHTB €TI0 BOCTIPUATHE, B YaCTHOCTH, 3aITUCh (1 © 2 Oy-
JIeT TIOHUMATBCS KaK «@2 CIeAyeT 3a ¢1». [log cumBo-
JIOM «Ay, AMEHYEMBIM MPEeIUKATOM
HEOTpeAeIEHHOCTH, Oy/leM MOHUMAaTh HEKOTOPOE He-
OTIpEJICIEHHOE TIOAMHOMXECTBO CHMBOJIOB BXOJHOTO
andasura. [lox oTpuIlaHUEeM NaHHOTO HpeAHMKara Oy-
JIeM IOHUMAaTb HEKOTOpOE€ JPYyroe HeolpeAeseHHOE
MOJMHO’KECTBO CHMBOJIOB aj(aBuTa, a IOJ OTPHIA-
HUEM OTPULIAHUS — HEKOTOPOE TPEThE HEOIpPEJEICH-
HOE TIOJIMHOKeCTBO. TakuM 00pa3oM, OTpUIlaHuE TIpe-
JIMKaTa HEONpEeAeNIEHHOCTU SBJISETCS HEIMOJHBIM, a
KaXKJ10€ ToCJIelyIollee OTpUIlaHue Aa€T HeonpeaeacH-

HOE TIOJJMHOYKECTBO CUMBOJIOB. Kaxkmoe W3 3THX mo-
MHOKECTB BBUY CBOCH HEOPEACICHHOCTH TaKXKE MO-
XKeT OBITh 0003HAUCHO Yepe3 «A».

3amuck BUIA «A®) SBISCTCSA PACIIMPCHUECM IIpe-
JIMKaTa HEOMPE/IEIEHHOCTH 1 MPEACTaBIsieT co00ii co-
KpalIeHHYIO 3aITUCh JUIs PEKYPCUBHOTO ypaBHeHHUs F =
A o F, o3Hayaromero HacTyIUIeHUsT OECKOHEYHOH To-
CJIEIOBATENILHOCTH MIPEANKATOB HEONPE/ICIIEHHOCTH Ha
BCEX ITyTSAX BBIYUCIUTEIHHOTO MPOLECCa, NCXOISIINX
13 JAaHHOTO cocTosiHMs. [Ipu 3TOM cieryeT OTMETHTS,
YTO HACTYIUICHHE NIPEUKATa HEONPEIEIEHHOCTH B He-
KOTOPOM COCTOSIHUHM BBIYHMCIIMTEIBHOTO Ipoliecca He
OTpHUIAET HACTYIJICHUE B 3TOM K€ COCTOSTHUH JIFOOOTO
13 CUMBOJIOB BXOZHOTO ali(paBHTa.

ChopmynupyeM OCHOBHBIE aKCHOMBI U TIpaBHIIa
BeIBOa HoTarmu RLTL.



Norwegian Journal of development of the International Science No 25/2018 51

Axcuombl RTL:

Al AFAFg = AFg (AFAF)
A2. EFEFe = EFo (EFEF)
A3, AGAGo = AGo (AGAG)
A4, EGEGo = EGg (EGEG)
AS. TA=E (1A)
AB. EE=A (1E)
AT. 1Fe =Gl (1F)
A8. 1Go =Flo (G)
AQ9. AGo = ¢ o AGo (AG)
A10. EGo = ¢ o (EGg + A®) (EG)
All. AFg = ¢ + A o AFg (AF)
Al2. EFp =9+ Ao (EFp + A®) (EF)
Al3. AU(01, 92) = 92+ p1° AU(01, ¢2) (AU)
Al4, EU(01, 92) = 92 + @10 (EU(@1, 02) + A®) (EV)
AlS. {9, A}=¢ (A A)
Al6. {9, lp} =A (o N 1o)
Al7. Avo@=A® (A® o)
A18. A®=Ao A® (A®)
Al9. (@1 92) © 93 =1 ° Q3+ P2 © P3 (c 0)
A20. Q1o (P2t Q3) =10 G2+ Q1 @3 (¢ °)

IpaBuaa BeiBoga RTL:

R1. 1A— A
R2. F=@ioFop—>F=¢10F
R3. F=¢gioF>F=pioFo@(uBs

00paTHYI0 CTOPOHY TPABUIIO CIIPABEIIUBO)

3.Coueranns omeparopos CTL

CodveTaHusi ONEPaTOPOB JIOTUKH BETBSLIETOCS
BPEMEHH, 3aJJaHHBIX B CBOEM PEKYPCHBHOM IIPEACTAaB-
JICHHH, MOTYT TaKKe OBITh JIETKO MOJy4EeHBI HA OCHOBE
0003HaYEHHBIX B IPEABIAYILEM pa3jiesie aKkCHOM U TIpa-
BWJI BbIBOJIA. PaccMOTpUM HEKOTOpbIE M3 HUX M OIH-
IIEM IIPOLIECC UX BBIBOIA.

Jlemma 1.

Beipaxxenne Buga AGAFe norukun CTL moxer
ObITh TIpencTaBiaeHo B RTL-HoTaruu B Bugie F=¢ o F
+AoF.

Jloka3zareabcTBO.

AGAF¢p = AG(AFg) = (A9)

AFg o AG(AFp) = (All)

(¢ + A o AF@) o AG(AFg) = (A19)

¢ o AG(AF@) + A o AFp o AG(AFg) = (1.3)

¢ o AG(AFg) + A o AG(AFo)

3amenuB AG(AF@) Ha F nosny4nm

F=¢poF+AoF ur.nm

Jlemma 2.

Bripaxxenne Buga AGEF¢ norukn CTL moxer
ObITh TIpencTaBieHo B RTL-HoTarmu B Buge F=¢ o F
T Ao (F+A®).

Joka3areabCcTBO.

AGEFo = AG(EF¢) = (A9)

EFp o AG(EFo) = (Al2)

(¢ + A o (EFop + A®)) o AG(EF@) = (A19)

¢ o AG(EF@) + A o (EFp + A®) o AG(EFg) =
(A19)

¢ o AG(EFgp) + A o (EFp o AG(EFgp) + A® o
AG(EFo)) = (A18)

¢ o AG(EFo) + A o (EFp o AG(EFo) + A®) = (1.3)

¢ ° AG(EFg) + A o (AG(EFo) + A®)

3amenuB AG(EF¢) na F momyunm

F=¢poF+Ao(F+A®),ur.n.

Jlemma 3.

Beipaxxenne Buga AFAGo sornku CTL moxer
ObITh npecTaBieHo B RTL-HoTanuu B BUujie CUCTEMBI
PEKYPCHUBHBIX YpaBHEHUIL:

Fi=poFo+tAoF

Fo=0oF;

Jloka3zaTejbCcTBO.

AFAGo =AF(AGo) = (All)

AGo + A o AF(AGe) = (A9)

¢ o AGo + A o AF(AGo)

3amenuB AF(AGo) Ha F1 u AG Ha COOTBETCTBY-
IolIee PEeKypCHBHOE ONpejiesieHne, 0003HayaeMoe Me-
TarepeMeHHoH 2, moxydum

Fi=poFo+tAoF

Fo=¢oF

Y9.T.J.
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Jlemma 4.

Boipaxenne Buga AFEGo normkum CTL mosxer
ObITh TpeacTaBieHo B RTL-HOTannm B Bume cUCTEMBI
PEKYPCUBHBIX YpPaBHEHUMN:

Fi=@o(Fo+A®)+AoFy

Fo=¢ o (F2tAv)

Jloka3aTreabcTBO.

AFEGo = AF(EGo) = (Al1)

EGo + A o AF(EGo) = (A10)

¢ o (EGo + A») + A o AF(EGo)

3amennB AF(EGo) Ha F1 1 EGo Ha cooTBeTCTBY-
IolIee peKypCUBHOE ompezaeseHne, 0003HayaeMoe Me-
TariepeMeHHOH F», momydarm

Fi=@o(Fo+A®)+ Aok

Fo=¢ o (F2tAv)

Y.T.JI.

4 IIpumepsl

PaccMOTpHUM HECKOJIBKO TIPUMEPOB ISl JIyYILETo
MOHVMAaHMS TPHUHIUIOB 3aJaHust (OpMysl BETBsIIE-
rocsi BpeMeHn Ha 0aze RTL.

IT1. F=A o (Go1 + G¢2). DopMmyIa UCTHHA, ECITH
«U3 TEKYIIEr0 COCTOSIHUSI MCXOJIUT [[BA THUIIA BETBEW:
00 BO BCEX COCTOSHUSX BBHITIONHSCTCS (1, JIHOO BO
BCEX COCTOSIHUSIX BBITOITHSIIETCS (P25

I12. F = @1 o (Gosz + Goa) + @2 o Gs. Dopmyia
WCTHHA, €CJTH «B TCKYIIEM COCTOSIHUH BBITIOHACTCS (1
WIH (2, TIPH ITOM, SCITU BBIMOJHSACTCS (1, TO U3 TCKY-
LIIEr0 COCTOSIHUSI MCXOJAT JIBa THIIA BETBEH: JIMOO BO
BCEX COCTOSIHUSIX BBITIOJIHSIETCS (3, JINOO BO BCEX CO-
CTOSHUSIX KOTOPBIX BBITIONHSCTCS (4; €CJIM B TEKYILEM
COCTOSIHUU BBINIOJIHACTCSL (2, TO HUCXOMASAT JIMIIb TE
BETBH BBIYHCIUTEIBHBIX MOCIIEA0BATEILHOCTEH, st
KOTOPBIX BO BCEX COCTOSIHUSIX UCTHHHO (5).

I13. F = ¢ o (F+ A»). ®opmyia UCTHHA, €CITH «B
TEKYIIEM COCTOSHHUHU BBIMIOJIHSIETCS () U U3 HETO MCXO-
JIUT XOTsI OBl OJTHA BETBb, B KOTOPO# OyZeT HCTUHHA 3Ta
xe hopmymay.

Ha puc. 3.1(a-B) npeacraBieHsl pa3BepTKU MOJe-
nelt, ynosnetopsitoiue [11-I13 cooTBeTcTBEHHO.

Puc 3.1a. PazeepTa MOLENW, YOCENETECPAIOWAA hopMyne 13 M1

Puc 3.16. Pa3eepTri mogenei, yooENETEOPAKLLWE dopmMyne wz N2

Puc 3.18. P338&pTHa MOOSNY, YOOENSTEOPADILER hopMyne 13 M3

Pucynox 3.1(a-8). Pazsepmku mooeneil, yoosremsopsiowue I11-113.
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OtMeTHM, 4TO IIepexol B HEKOTOPOE COCTOSHUE,
NOMEYEHHOE KAaKUM-THOO CHMBOJIOM IIpEAHKaTra
(HammpuMep, MpeauKaToM () oTOoOpaXkaeT Ha CaMoOM
JieJIe BCe MHOXKECTBO MEPEX0JI0B B COCTOSIHUS, B KOTO-
PBIX BBIIOJIHAETCS 3TOT MPEIUKAT.

3axroueHue

B cratbe aBTOpamu Obuia paccmorpeHa RTL-
HOTalusl, NPEICTaBISIIoNIas CO00i pacIIUpeHHYI0 U
a/IaliTUPOBAHHYIO 11O/ JIOTUKY BETBSIIETOCS BPEMEHHU
RLTL-noTamuto. HarisgHo Ha KOHKPETHBIX IpUMepax
ObUTO TposeMOHCTpUpOBaHo, yTo RTL-HOTanus cro-
co0OHa HE TOJBKO B MOJHON Mepe BBIpakaTh 0a30BBIE
koHCcTpykuuu CTL, mo3Bomsis popmMyarpoBaTts Tpebo-
BaHMA K QIbTEPHATUBHBIM ITyTAM Pa3BUTHUS BBIUHCIIH-
TENBHOTO Tpoliecca BepupuuupyeMon MOJETH, HO U
TaKOKe PACIIUPSICT BEIPA3UTEIbHYIO MOIITHOCTD JIOTHKH,
TIO3BOJISISL BEIPAXKaTh YTBEP)KICHUS, KOTOPBIE HE MOTYT
ObITh BhIpakeHsl B CTL.

Takum o6pazom, RTL-HOTarus B LeiIoM mOpe-
CTaBJIsIeT CO00# TMOKMIT M MOIIHBII MEXaHU3M, paclIn-
psomuMi  BeIpa3uTedbHOCTh 00enx Jnoruk (LTL wu
CTL), u nenaromuii mpouecc Bepudukanmu domnee 3¢-
(hexTUBHBIM 1 ynoOHBIM. braromapst cBormM ocobeHHO-
ctsiM RTL MoXeT cTaTh eMHBIM YHUBEPCATbHBIM HH-
CTPYMEHTOM IIJISl BBIIIOJHEHHS BCECTOPOHHHX IpOBE-
POK CBOWCTB MOAENEH, MO3BOJMB CIEIHAINCTAM II0
Bepu(UKAUHA N30aBUTHCS OT HEOOXOIUMOCTH BBIIIOJ-
HATH JIMIIHUE ACHCTBUS, CBA3aHHBIE C HCIIOJIB30Ba-
HHEM OOJIBLIOTO YHCIIA Pa3IUYHBIX CTPYKTYP IaHHBIX
Y MOJIXOJIOB K BeprduKaimu.

CIIMCOK JIMTEPATYPBI:

1.Kapmos 10.I'. Model Checking. Bepudukarms
TapaJIEIbHBIX U PACIPENEICHHBIX IIPOTPAMMHBIX CH-
creM. — U3n-Bo BXB-IletepOypr, 2010. — 552 c.

2.Kopabmun FO.I1., lunoB A.A. DKBanoHAIb-
Hast xapakrepuctuka ¢opmyn LTL. // MexnyHnapoa-
HbIN KypHal «[IporpaMMHBIE IPOLYKTBL U CUCTEMBI»,
2015. — Ne 4 (112), c. 175-179.

3.Kopabnuu IO.I1., HlunoB A.A. Iloctpoenue
Mojienelt cuCTeM Ha 6a3e HKBallOHAJILHON XapaKTepH-
cruku Qopmyn LTL. // MexnayHapomHblid SKypHaI
«IIporpammHbIe IPOAYKTHI U cUCTEMBDY, 2017. — Ne 1,
c. 61-66.

4.Kopa6mun FO.I1., Koueprun A.C., [llunos A.A.
Bepuduxanus Mozenei cucteM Ha 6a3e SKBallHOHANb-
HOW xapakrtepuctuku Gopmyn LTL. / MexnayHapoa-
HbIN KypHan «[IporpaMMHbIE TPOAYKTHI U CUCTEMBI»,
2017. — Ne 3, Tom 30, c. 456-460.

5.9. M. Knapk, O. I'pam6epr, /1. [Tenen. Bepudu-
Karus mozeneit mporpamm. Model Checking. — U3na-
tens MIJHMO, 2002. — 416 c.

6.Yongming Li, Yali Li, Zhanyou Ma. Computa-
tion tree logic model checking based on possibility
measures // Fuzzy Sets and Systems. Vol. 262, 1 March
2015, pp. 44-59.

7.Kroger, Fred, Merz, Stephan. Temporal Logic
and State Systems. — Springer; 2008 edition (March 27,
2008). — 436 p.

8.Zohar Manna, Amir Pnueli. The Temporal
Logic of Reactive and Concurrent Systems: Specifica-
tion — 1992 edition (December 18, 1991) — 427 p.

9.ERNST-RUDIGER OLDEROG, KRZYSZTOF
R. APT. Fairness in Parallel Programs: The Transfor-
mational Approach // ACM Transactions on Program-
ming Languages and Systems, Vol. 10, No. 3, July
1988. pp. 420-455.



Ne25/2018
Norwegian Journal of development of the International Science
ISSN 3453-9875
VOL.1
It was established in November 2016 with support from the Norwegian Academy of Science.

DESCRIPTION
The Scientific journal “Norwegian Journal of development of the International Science” is issued 12 times a year
and is a scientific publication on topical problems of science.

Editor in chief — Karin Kristiansen (University of Oslo, Norway)

The assistant of theeditor in chief — Olof Hansen

James Smith (University of Birmingham, UK)

Kristian Nilsen (University Centre in Svalbard, Norway)

Arne Jensen (Norwegian University of Science and Technology, Norway)
Sander Svein (University of Tromsg, Norway)

Lena Meyer (University of Gothenburg, Sweden)

Hans Rasmussen (University of Southern Denmark, Denmark)
Chantal Girard (ESC Rennes School of Business, France)

Ann Claes (University of Groningen, Netherlands)

Ingrid Karlsen (University of Oslo, Norway)

Terje Gruterson (Norwegian Institute of Public Health, Norway)
Sander Langfjord (University Hospital, Norway)

Fredrik Mardosas (Oslo and Akershus University College, Norway)
Emil Berger (Ministry of Agriculture and Food, Norway)

Sofie Olsen (BioFokus, Norway)

Rolf Ulrich Becker (University of Duisburg-Essen, Germany)

Lutz Jancke (University of Ziirich, Switzerland)

Elizabeth Davies (University of Glasgow, UK)

Chan Jiang(Peking University, China)

and other independent experts

1000 copies
Norwegian Journal of development of the International Science
Iduns gate 4A, 0178, Oslo, Norway
email: publish@njd-iscience.com
site: http://www.njd-iscience.com



mailto:publish@njd-iscience.com
http://www.njd-iscience.com/

