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PREFACE

The second international research and practice conference «Science and Education»
which were held in December, 2012, was the work of Strategic Studies Institute for development of
research activity.

The collection contains articles and the materials, differing novelty and detailed study of
the problems. The sections organized within the limits of conference have been united by the
necessity of scientific knowledge integration of various schools and directions.

The purpose of the publication is expansion of outlook of researchers, their acquaintance
with actual problems of modern science, inspiration on further scientific searches. The science
becomes the strategic area providing national safety. Competitive ability of the country is measured
according to the educational level of the rising generation.

It should be noted that scientific investigations of the researchers from the former Soviet
states are highly underestimated in European Academe. First of all it is a problem of researches in
the field of humanitarian and social sciences.

The changes occurring in the modern world demand new understanding of professional
competence of the researcher, and it means the necessity of professional development.

This conference is necessary to acquaint the European scientific community with the
achievements of science and technology in countries of Eastern Europe, to set out the basic
vectors of possible cooperation in various spheres.

It is intended for teachers, graduate students and students of various disciplines for the
purpose of use in scientific work and educational activity.
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PHYSICS AND MATHEMATICS

STUDY OF THE INFLUENCE OF LIQUID FUELS SPRAY ANGLE
ON THE FUEL COMBUSTION AT HIGH PRESSURE

Askarova A, Bolegenova S.%, Berezovskaya I.°, Maksimov V.*, Ospanova Sh.>®
1,2,3,4,5 B . . .
Al-Farabi Kazakh National University
Kazakhstan

Abstract

The problems of combustion are widely studied now by the scientists. Increasing level of ecological
pollution of the environment, reserve depletion of hydrocarbon fuel and economic growth of many
countries causing increase of demand for energy — all these factors gave rise to the problem of finding of
more economic and ecological way of fuel combustion [1]. The purpose of this work is to study the
influence of liquid fuel spray angle on the fuel combustion by means of humerical simulation on the basis
of the solution of differential equations of turbulent reacting flow. This study is based on the stochastic
mathematical model.

Keywords: liquid fuel, stochastic model, spray angle, pressure.

The combustion of liquid fuels has a number of specific features caused the chemical reaction
in a dynamic and thermal interaction of reagents, intensive mass transfer in phase transformations, as
well as the dependence of the process parameters of the thermodynamic state of the system and its
structural characteristics.

As the study of combustion is not impossible without detailed study, that comes to the fore the
problem of the fundamental study of consistent patterns of heat and mass transfer processes on different
fuels burning.

Numerical study of liquid fuels combustion is a challenge of the thermal physics, as it requires a
large number of related accounting processes and phenomena. Therefore, the computational experiment
is becoming an increasingly important element of the study of combustion processes and design of
various devices that use the combustion process. It's safe to say that its role will increase in the future.
Therefore, in the thermal physics methods of computational fluid dynamics is spreading increasingly,
since it is possible to optimize the experiment based on its virtual prototype.

Up to date it becomes increasingly clear that the problems arising in aero-and
hydrodynamics in the numerical solution of the Navier-Stokes equations, are unlikely to be resolved.
Due to the increasing use of numerical studies in solving scientific and technical problems it is
important to ensure the greatest possible scientific and practical «harvest». This is possible only
with the deep penetration of mathematical modeling in a particular subject area. Solution of the
spray and combustion of liquid fuels by means of numerical modeling using differential equations
that describe the turbulent flow in the presence of chemical reactions and are presented by the
basic equations (1-7): continuity, motion, internal energy, k-¢ turbulence model, as well as initial and
boundary conditions.

© Askarova A., Bolegenova S., Berezovskaya I., Maksimov V., Ospanova Sh., 2012
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Continuity equation for component m:

%+V(pmu) = V[pDV(pm]] + o+ 0% (1)
ot P

where D — diffusion coefficient, pm — mass density of the liquid phase, p — total mass density, ,0,% -

chemical source term, ps — source term due to the injection, u- fluid velocity.
The continuity equation for the liquid is:

aét0+V_7(,0U) =p° @

Momentum equation:

B 1 s
(gtﬂ)+v(puu)=_azvp-on(%pk)+Va-+lf +00, (3

where p — fluid pressure, a - nondimensional quantity, AO is 0 for laminar flow and 1 — in turbulence. The
viscous tension tensor is:

o= ,uI.VU + (VU)T J+ Avul., @)

Here p - dynamic viscosity of the fluid, A - viscosity factor, g — gravity acceleration and | - specific
internal energy.
Energy equation:

6?) +V(pul) = -pVa+ (1= A)oVa-VI+ Aype +Q°+Q°, 9

. - S
where QC — source term due to the heat in a chemical reaction and Q — heat, which brings the

injected fuel. Heat flux vector J is composed of electrical and transfer enthalpy.
Equations of k-e turbulence model:

%+V.(puk)=—gka°U+O"VU+V° LVK —,08+WS,(6)
ot 3 Pr,

0 2
%+V-(pﬂ8)=—(§C€1—082)p87'u+7- # Ve ||+

&

@)

+ E[cﬂé“% —C, 06 +CW s].

The constants C,q,C,,,Cs,Pr,Pr. are determined from the experimental data [1].

In the main section of the jet development evaporation and mixing processes of atomized fuel is
flowing more intensive. The lateral surface as the distance from the spray nozzle increases with little
changing aperture angle of the jet. The lateral surface is reducing when fuel jet are injected into the
engine cylinder with a small angle, thereby the amount of vaporized fuel are reducing for ignition delay
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period. Changing the angle of dispersion fuel jet allows intensification «spin» that the air charge, resulting
in a positive impact on fuel efficiency [2].

Usually of the working mixture of fuel and oxidizer at high pressure is used diesel engine. At
high pressure fuel is ignited by the temperature of the mixture. As a consequence, the characteristic
feature of diesel engines is the lack of fuel ignition. The main characteristic of the diesel fuel is the cetane
number. It describes the percentage of cetane in a mixture of reference fuel. Dodecane C12H26 is used
as a component of diesel fuel.

The basic chemical property of saturated hydrocarbons is the reaction of combustion. In
general, the equation for the combustion of any hydrocarbon CxHy, can be written as follows: CxHy + (x
+0,25y)02 — xCO2 + 0,5yH20.

In this paper we have used two types of liquid fuels: octane (C8H18) and dodecane (C12H26).

The chemical reactions for the two types of fuels are as follows:

2C8H18 + 5002 = 16C0O2 + 18H20, 2C12H26 + 3702 = 24C0O2 + 26H20 (8)

This study is based on the stochastic mathematical model (described in [3]). The spray angle a
is surveyed from 2° go 14° at the optimal values of pressure (P) and mass (m), as defined in [4]. For
octane P is 100 bar and m is 6 mg and for dodecane P=80 bar and m=7 mg. Liquid fuel is sprayed
through a nozzle that located in the center of the base cylindrical chamber where the height is 15 cm and
the radius is 2 cm. Injected fuel into the combustion chamber rapid evaporates and burns in the gas
phase. The temperature of liquid fuel is 298 K and T of the air is 800 K. The spray time of liquid fuel is 1,4
ms. Number of control cells are 600. Temperature of the combustion chamber walls is 353 K. Area of the
injector nozzle is 2:10-4 cm2.

The results of numerical experiments on the effect of liquid fuel spray angle on the
temperature distribution in the combustion chamber, the formation of carbon dioxide and fuel
presents in Figures 1-3.

Analysis of Fig. 1 shows that the temperature in the combustion chamber for both fuels
increases monotonically with changing angle of spray from 20 to 100. The maximum temperature in the
combustion chamber is 1964 K for octane and 1991 K for dodecane reached at a =100. With further
increase in a, for octane temperature change is not observed, and for dodecane is a slight decrease in
temperature.

1995
1990
1985 /—;
1980
o 1975
1970
1965 —
1960 _—
1955 —
1950
2 4 6 8 10 12 14
a, degree

Figure 1 - Change of maximum temperature in the burner chamber depending on the spray angle a
{blue line — octane at P=100 bar, red Line — dodecane at P=80 bar)

In Fig. 2 shows the dependence of CO2 concentration on the value of the spray angle. Figure 2
shows for changing spray octane angle from 20 to 100 the carbon dioxide concentration is produced a
small amount, notably concentration values are from 0,1007 g/g to 0,1008 g/g. The concentration value
for dodecane make from 0,1019 g/g to 0,1022 g/g. Further increasing a hardly changes the values of
CO2 in the combustion chamber for both fuels.
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Figure 2 - Distribution of the concentration of COz in the combustion chamber depending on the spray
angle a (blue line -
octane at P = 100 bar, the red line - dodecane at P = 80 bar)

For both fuels, a small amount of carbon dioxide (Fig. 2) is allocated at the maximum
temperature in the combustion chamber (Fig. 1), which can be used for a better organization of the
process of liquid fuels combustion.

As the curves show in the Fig. 3 with increasing spray angle of 20 to 100 the concentration of
both fuels is reduced. Withvalues of more than 100 the concentration of fuel practically does not change,
which is consistent with the previous result, shown in the Fig. 2. For octane observed almost linear
dependence of the concentration of fuel in the combustion chamber and the concentration derived from
the burning of carbon dioxide from fuel spray angle.

0.22
0.21
0.2
0.19
0.18
0.17
0.16
015 ——ououn
0.14 —
0.13
0.12

Fuel, g/g

a, degree

Figure 3 - Distribution of the fuel concentration depending on the spray angle a (blue line -
octane at P=100 bar, red line - dodecane at P=80 bar)

In the given problem, the optimal value of the pressure in the combustion chamber and the
mass of fuel for better organization of combustion of octane and dodecane spray applied to the angle is
shown, that the most efficient combustion process takes two fuels to an angle of spray 100. In this case,
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the temperature in the combustion chamber heated to a maximum values of 1964 K for octane and 1991
K for dodecane. Fuels burned without residue. The carbon dioxide concentration was insignificant and
didn’t exceed the maximum permissible concentration of harmful substances.
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THE PHYSICAL REASONS OF STRUCTURE CHANGINGS IN COVER LAYERS
OF THE LIVING TISSUE DURING ELECTRO-WELDING

Bulavin L.A.Y, Vergun L.Yu.?®
12 Taras Shevchenko National University of Kyiv
Ukraine

Abstract
The molecular mechanisms in cover layers of living tissue for electro-melding medical technologies are
investigated. The hypothesis about reasons of the structure reconstruction in the tissue under electric
force and outer mechanical force is proposed. The presence of the supervacancies as specifically defects
in the horny layers is experimentally established. The conclusion about influences such defects to
disorder in the biological membranes is obtained. The physical mechanisms of the contacts beginning
and theirs existence between parts of the cover tissues at the electro-welding are determined.

Keywords: electro-welding, horny layers, supervacancy.

AHHOTauums

Mccnegytotcs  MOnekynsipHble  MeXaHW3Mbl B MOBEPXHOCTHBIX  XMBbIX  TKaHAX C  Lenblo
YCOBEPLUEHCTBOBAHMSA 3MEKTPOCBAPOYHOM TEXHOMOrMn B Xvpypruun. BelgBuHyTa rmnoTtesa o npuudMHax
CTPYKTYPHbIX MEPECcTPOeK, BbI3BaHHbIX AENCTBUEM INEKTPUYECKOTO TOKA M BHELUHEN MeXaHW4ecKomn
Cunbl. OKCNEPUMEHTamNbHO YCTAHOBIEHO CYLLECTBOBaHWE crneunduyecknx OedekToB B NUMUAHBIX
6ucnosx anugepmuca. CaenaH B3BOA O BNUSIHAM 3TUX AeEKTOB Ha pa3ynopsifoveHne 61uonornyeckmnx
Memb6paH. OnpeaeneHbl uanyeckme MexaHn3Mbl BO3HUKHOBEHMS U CYLLECTBOBAHWUSI KOHTAKTOB MeXay
COEeaUHSIEMbIMWN Yy4acTKamMy MOBEPXHOCTHbLIX XMBbIX TKAHE!W MpW UCMOMb30BaHWM 3NEKTPOCBAPOYHbIX
TEXHOMOTUN.

KntoueBble cnoea: ANEeKTpOoCBapKU, anngepMmunc, cynepBakaHcus.

BBeneHue.

Ha npoTsxeHun nocnegHnx net B XUPYPrMn LLUMPOKO UCMONb3YeTCs METOA COeQNHEHNS XUBbIX
TKaHel C NOMOLLbIO TEXHOMOMMN 3f1IeKTPOCBapkW, pa3paboTaHHbIi B MIHCTUTYTE anekTpocBapkun UMEHU
E.O.MaToHa [1-7]. Ha ocHOBe KNUHMYECKMX HabMioaeHWI N HayYHbIX UCCNEAOBaHUI [CM., Hanpumep 8-

© Bulavin L.A., Vergun L.Yu., 2012
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14] 6bINO yCTaHOBMEHO, YTO 3TOT METOA UMeeT [OCTaTOMHO NPEeUMyLLEecTB B CPaBHEHUW C APYrMMu
cnocob6amu BOCCTaHOBIEHMUS LIENOCTHOCTU TKaHew (MCMnonb3oBaHWe CLUMBAIOLLMX MaTepuanos, KreeblX
KOMMO3uLmMi 1 ap.)

AHanM3 CyLlecTBYIOWMX XMPYPrM4ecKMX MeTO4OB [Aan BO3MOXHOCTb yTBepXdaTb, 4YTO
NPUMEHeHNne MeToAa SMEeKTPOCBapKW MpU COEAMHEHUU >KMBbLIX TKaHEM 3HaYMTeNbHO YMeHbluaeT
KONMYeCcTBO  MOCrEeonepauUmoHHbIX  OCMOXHEHUA U CNOCOGCTBYET  YMEHbLUEHWUIO  ANUTENbHOCTU
peabnnuTaunoHHOro nevyeHns. B cBs3n ¢ aTum Bo3HUKaeT HeobXxoanMOCTb Yrny6néHHoro ncecnegoBaHust
CTPYKTYpbl CBOWCTB pa3HblX COEAUHAEMbIX TUMOB TKaHen, YCTaHOBMNEHUS MOMEKYNAPHbIX MEXaHU3MOB,
KOTOpble BO3HUKAIOT B TAKUX TKaHSAX B MPOLECcCe 3reKTPOCBapku, a Takke pa3paboTkn COOTBETCTBYIOLLMNX
PEXMMOB YCOBEPLLEHCTBOBaHWSA annapaTtypbl U XMPYPruyecknx MHCTPYMEHTOB. oncKy nyTen BHeapeHus
MeToAa 3NEeKTPOCBapk/ B HOBYIO 06N1acTb COBPEMEHHON XUPYPrM — XMPYPruto NOBEPXHOCTHLIX CNOEB, B
TOM YmMCne XUPYPruto KOXu, MocBsleHa AaHHasa paboTa.

Kak n3BecTHO, B HacToslliee BpeMs OAHON M3 nNpobnem COBPEMEHHOW XUPYprun sBNSeTcs
BO3HUKHOBEHMWE OCMOXHEHUI B NpoLecce pereHepaumm NoBEPXHOCTHBIX CNOEB XMBbIX TKaHen. MNpuymHbl
YKa3aHHbIX OCIOXXHEHUA MOTyT ObiTb CBA3aHbl C OTCYTCTBMEM €OMHOW METOAUKM, OMOKaMn B TEXHWKE
HanoXeHWs LWBOB, a TaKkKe HedocTaTKaMW KracCUYecknx MeTodoB coeduHeHuns [15]. OnekTpocsapka
MOXeT BbITb MepCnekTMBHLIM METOAOM COeAMHEHNS NOBEPXHOCTHbLIX TKaHew Brnarogaps UCMNornb30BaHWIo
cneumanbHbIX MHCTPYMEHTOB, YNPOLLAKOLLMX NPOLECC coeanHeHns. NpoBeaEéHHbIE SKCMEepUMEHTarbHbIE
nuccnegoBaHus B 9TOM HanpaBieHUM Mokasanu HeobxoaMMOCTb YCOBEPLLEHCTBOBAHMS CyLLECTBYHOLEN
METOOMKN CBapuvBaHUS C Lenblo €€ nocrneayrowero MCnonb3oBaHWa NpU XUPYPruveckom neyeHum
NnoBpeXaeHN Koxu [16].

B npeabioywen pabote aBTopoB [14] 6bINO OTMEYEHO, YTO MOCredylollee pasBUTUE MeToda
3MNEKTPOCBApKN CBA3aHO TakkKe C OrnpederieHMeEM MexaHu3ma, KOTOopbii obecnevnBaeT coeauHeHEe TKaHen
rocrne OKOHYaHWa cBapuBaHMsa. OcHOBbIBasCb Ha TakoM nogxode, asTopamMu Obina npearoxeHa
rMnoTeTn4eckas Mogerb, B KOTOPON yaepXaHne coednHSIEMbIX TKaHeN B 30HE CBApHOrO LIBa COBepLUaeTcs
3a c4YeT KonnareHoBow ceTku. MocneaHsst obpasyeTcs B pe3ynbTrate COBMECTHOIO OENCTBUSA AMEKTPUYECKOrO
TOKa 1 BHELLHeW MexaHn4eckon cunbl. B pamkax aTon Mogenu konnareHoBas ceTka NPOHUKaeT CKBO3b TKaHW,
KOTOpble B MocrneaytloLweM AomkHbl ObiTb coeauHeHbl. [14]. Cam dakT CyLecTBOBaHMSA 3TON NPOMEXYTOYHOM
CeT4aTon CTPYKTYpbl CO34aET ycroBusi Ansa ObICTPON pereHepauuy MOBPEXOEHHOMO y4acTka U 0ObACHAET
3P PEKTUBHOCTb 3NEKTPOCBAPKN B CPABHEHWW C APYTMMU XMPYPIUYECKMMU METOOAMMU.

Kak 1n3BecTHO, rmaBHOM OCOBEHHOCTbIO KOXW B CPaBHEHWW C OPYrMMU TUNamMu MSAMKUX XXMBbIX
TKaHeW 4SBNAeTCA Hanmumume B €€ CTPYKType MOBEpPXHOCTHOro Cros (sanuaepmuca), KOTOpbIn
XapakTepusyeTcs OTCYTCTBMEM KOMnareHoBOW KOMMOHEeHTbl [17]. BepoAaTHO, 4TO CTPYKTYpHble
npeBpaLleHns B 3TOM Coe NPOUCXOAAT MO MPUYMHE BHELUHEW MeXaHU4YecKoW Curbl U NPensTCTBYOT
OPMMPOBAHMIO NPOMEXYTOYHOWN ceTyaTon hasbl B 30HE CBAPHOTO LUBA.

Takum 06pa3om, MCNONb30BaAHWME TEXHOMOTM ANIEKTPOCBAPKU ANsl COEAMHEHNSI YYACTKOB KOXM
CBS13aHO C OnpeaeneHneM MONEKYNAPHbIX MEXaHN3MOB, KOTOPbIE MPOUCXOAAT B 3NUAEPMUCE U BIIUSHUM
3TUX MEXaHW3MOB Ha CTPYKTYPHbIE MePEeCTPONKM KonmnareHa B HKHUX COsX.

BnusiHne peXXMMOB 3NeKTPOCBAPKM Ha CTPYKTYpPY 3nuaepmuca.

CornacHo  obuwenpuHaTon  mogenu  (puc.  1a)  anugepMuc  paccmMaTpuBalT  Kak
ABYXKOMMOHEHTHYIO CUCTEMY, COCTOSLLYI0 M3 KNeToK (1), 3amofiHeHHbIX KepaTWHOBBLIM MaTPUKCOM, W
COBOKYMHOCTM NUMUAHBIX MembpaH (2), KoTopble OKpyXaloT 3Tu kneTkn. CoeduHssice mexay cobon,
nMNUAHbIE MOMeKynbl 0bGecnevnmBaloT LENOCTHOCTb MNOBEPXHOCTHOro cnosi [17]. CooTBETCTBEHHO,
NPOYHOCTbL CBApHOTO LWBa ByaeT onpeaenaTbCa MMEHHO CTPYKTYPOW NIUMNAHBLIX MembpaH.

Wcnonb3yemas B MHCTMTyTe  anekTpocBapku wumeHn E.O. TlatoHa  TexHonorus
3NEKTPOCBAPUBAHMS XMBbIX TKAHEN npedycMaTpyBaeT MocnefoBaTeNlbHOE M3MEHeHue OBYX paboumx
pexumoB. [NepBbii U3 HUX NpeacTaBnseT cobon COBMECTHOe AEeNCTBUE SMEKTPUYECKUX UMMYMbCOB U
BHELUHEN MexaHu4eckon cunbl. BTopon pexum obecneumBaeT mpornyckaHne yepes 30HY CBapuvBaHUS
MOCTENEHHO HAapacTalLlero JNEeKTPUYECKOro TOKa, KOTOpbIM  ABMSIETCH MPUYUHOM  pasorpesa
6uonornyeckoro matepvana. BnusHue ykasaHHbIX (DaKTOpPOB CYLLECTBEHHO OTPaXaeTCsi Ha CTPYKType
KNeToK U nunuaHbix MemopaH [17—19], 4To AaéT BO3MOXHOCTb NPEANOSIOKUTL CreayroLWmMn MexaHn3m
CTPYKTYPHbIX NEPECTPoeK B annaepmmnce npu NCNonb30BaHUN TEXHONOMN 3MEKTPOCBapUBaHNS.

Ha npoTsikeHMM nepBoro pexuma BCeACTBUME COBMECTHOTO [OEWCTBUS  3NEKTPUYHECKUX
UMMYNbCOB W BHELUHEA MEXaHWYeCKOW CWmbl B MeMOpaHHbIX nunuaax obpasyloTcs 3HauuTenbHble
aedekTHble obnactu (puc.16). ObpasoBaHue TakvMx obracTer co3gaéT NPeAnochIfkK ANna TpaHcnopTa
KEpaTUHOBOrO MaTpuKca W3 BHYTPEHHEro ob6bEMa KMeTOK B MEXKKIETOYHOE MPOCTPaHCTBO (puc. 1B).
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[Mepexod KO BTOPOMY pexuMy CBapku MNpuBOAUT K NpeobpasoBaHUsSM B MONEKYNAPHOM CTPYKType
KepaTMHOBOro MaTpukca, W B nocneaytowem, K 06pasoBaHunio eaMHoON KepaTUHOBOW ceTku (puc. 1r).

[na noaTeepxAeHUsa MNPeanoXeHHONW HamMu TeopeTMyeckorW Modenu Takke Obin nposedeH
akcrnepuMeHT in vitro. O6pasubl Ans uccrnegoBaHun npeacTaBnanu cobor oporoseBlUME CPE3bl
anugepmmnca Koxu venoseka (tonwwmHon 0,8 Mm) B BMAE NpsAMOYrofbHbIX NnactuH (10mm x 20mm). Ha
puc. 2.a npeacTaBneH BHELWHWA BuA obpasua (M3obpaxeHune ysenuueHo B 2 pasa). VccnepgosaHus
NPOBOAMIIUCH C NMOMOLLbIO 3KCNEPUMEHTaNbLHOro CTeHaa, Cxema KoToporo npmeeaeHa Ha puc. 26.

B npouecce akcnepumeHTa obpasel, noAaBeprancs COBMECTHOMY BO3[AENCTBMIO BHELUHEN
MEXaHW4YeCKoM CUMbl M 3MEKTPUYECKOro Toka. HarpesB anuagepmuca npoucxogwn Ao onpeaenéHHoro
rPaHMYHOrO 3HAYeHWs, YTO COOTBETCTBOBASIO TemnepaType B 30HE COeAVMHEHUs MpWU 3neKTpocBapke
KonnareHocogepxalumx MsArkux TkaHen. [lepen npoBedeHVWEM 3KCMEpUMEHTA 3HAYeHWe rpaHUYHOW
TemnepaTypbl BBOAWMOCb B NaMATb UMGPOBOro TEPMOpPErynstopa, KOTOPbIA COedUMHANca C
TepMogaTyMKoM, 4To obecrnedmBano KOHTPOMb HarpeBa W nojayvn anekTpuyeckoro Toka. Ha puc.3
n3obpaxeéH obpaseL, nocre NpoBeAeHUs aKkcnepumeHTa ( M3obpaxeHue yBenuyeHo B 6 pas).

Kak BngHo 13 puc. 3 B 3oHe obpasua (/), koTopas HaxoAMTCH B HENMOCPEACTBEHHOM KOHTaKTe C
MedHOW Hacapkow, HabnogaeTcs nonHoe paspylleHue obpasua. o mepe yaaneHuss OT 3TON 30Hbl
NOBEPXHOCTb NPUHMMAET BUA OQHOPOAHON Henpo3spayHou nnéxku (), koTopas NoCTENEHHO NnepexoauT B
30Hy (lll), roe npu3aHakn paspylleHnss OoTcyTcTBYytOT. ConocTaBrieHuWe MomnyyYeHHbIX pe3ynbTaToB C
aKcnepuMeHTanbeHbIMU AaHHLIMK, NpuBedeHHbIMU B nuTepaType [20, 21] gaoT ocHOBaHWe yTBepXaaThb,
4YTO MMEHHO B 30He (I) nponcxoanT opMUPOBaHME KEPATUHOBOMW CETKU.

[MpoBeAéHHbIN 3KCNEPUMEHT AaéT BO3MOXHOCTb MPeAnofioXuTb, YTO B pearnbHOW CUTyauuu
MeXaHW3M NepecTpoek B CTPYKType annaepmMuca nog BAMsaHUEM CyLLEeCTBYOLLEN TEXHOMOM NPOUCXOaUT
cornacHo npegnoXeHHoNn MoAenu.

®dusmyeckans Mopenb MNepecTpoeK B CTPYKTYpe KOXe MNpu  UCMNoNb30BaHUM
CYLLEeCTBYIOLMX PEXMMOB 3N1EKTPOCBapPKM.

PesynbTaTbl NpeablayLlwero akCnepuMeHTa, a Takke npeanoxeHHas B pabote [14] mopenb
CBapku KornareHcoaepXalmx TKaHewh AatoT BO3MOXHOCTb MNPOrHO3MPOBAaTb TEYEHUEe TeX UMM WUHbIX
NMpoLleccoB, KOTOpPble MPOUCXOAAT B  KOXE MpW  WUCMONb30OBaHUM  CYLUECTBYIOLWEN TEeXHOMoru
aneKkTpocBapuBaHus. Ha OCHOBaHWM NOMyYeHHbIX NapameTpoB BO3HUMKAET BO3MOXHOCTb OMPEeAenuTb
OCHOBHbIE MEXaHM3Mbl, 0OecrnevmMBaloLLne KOHTAKT TKaHel Nocrne CoeanHEHNs.

B npeanoxeHHon mogenun (puc. 4) Koxa paccmaTpuBaeTCs Kak ABYXKOMMOHEHTHas cuctema,
NPUY4éM NPOYHOCTL NEPBON KOMMOHEHTHI (anmaepmmnca) onpegensercs NPOYHOCTLIO NMUMNAHbLIX MembpaH,
a MpOYHOCTb BTOPOM (OepMa BMECTE C TMOAKOXHOW KNeTyaTKOM) —MPOYHOCTLI —KOMnareHOBbIX
obpasoBaHuii.

OcHoBbIBasicb Ha poboTe [14], npouecc 3MeKTPOCBApPKM >KMBbIX TKaHEW MOXHO YCIOBHO
pasgenuTb Ha Tpu CTaguu, a MMEHHO: MOArOTOBWUTErbHLIM 3Tan, npedycMmaTpusalowmii obpaboTky
O1onornyecknx TKaHenW nepen WX COEAMHEHWEM, HEMNOCPEACTBEHHOE COeAMHEHME WU CLUMBAHMWE,
obecneunBalolLiee KOHTAKT COeAMHSEMbIX TKaHeW U pereHepauus OMOMOrMYeckux TKaHem nocne ux
coeavHeHns. byaem ncnonb3oBaTh 3Ty YCOBHYIO KNaccuduKaumio U Ana AaHHOro cryyas.

Ha puc. 4a nsobpaxeHa cxema NoAroTOBUTENBHOIO 3Tana 3feKTPOCBapKu, Npy KOTOPOM Mexay
OBYMSI  ydacTKamMu KOXWM CO3[aéTCA HenocpefdcTBEHHbI KOHTakT. Ha aTom pucyHke cnon A
COOTBETCTBYET annaepmMucy, a crnow b — konnareHcogepxatlen obnactu. 3oHa cBapku obo3HaveHa z .

BTopas crtagusa npouecca anekTpocBapku nsobpaxeHa Ha puc.46 n puc.4s. [Npyn coBMecTHOM
OENCTBUN MMMYNbCOB SMEKTPUYECKOTO TOKA W HanpshkeHWst B 30HE Z MNPOUCXOAUT paspylueHue
nMnuaHblXx MembpaH B cnoe A U konnareHoBon cetn B crnoe B (puc. 46). Bcneactene aToro npoecca
€03[aloTCs YCNoBusa Ans TpaHcnopTa KepaTMHOBOIO MaTpuKca B MEXKNETOYHOe NPOCTPaHCTBO crod A, a
Takke B KonnareHcogepxaluyo obnacte b (puc. 4B). MNponyckaHne 3neKTpU4ecKoro Toka HapacTatoLlen
Cunbl Yepes3 30HY CBapKu CrocobcTByeT 06pa3oBaHMio KEPaTMHOBOW CETU B Croe A U B NOBEPXHOCTHON
yactn obnactu B (puc. 4r). 3ameTuMm, 4TO KepaTUMHOBasl ceTka ycrneBaeT 00pa3oBaTbCHA paHblle, Yem
NPOVCXOANT pasynopsaoYeHUN KomnnareHoBbIX TPOWHbIX Cnvpanen Ha oTAenbHble NenTuaHble uenu. 3To
CBSI3aHO CO 3HAYeHVAMW TemnepaTyp, KOTOpble CrMocOOCTBYIOT TakoMy pPasynopsiaoYeHuIo.
B kepaTMHOBOM KOMMOHEHTe obpa3oBaHWe CeTuM COOTBETCTBYeT Oonee HU3kMM Temnepatypam [22] B
CpaBHEHWM C pacnagom TpowiHoWn cnvpanu konnareHa [23]. Obpa3oBaHue Takow ceTn NpUBOAUT K TOMY,
YTO B 30HE CBapKM MNPOMCXOAUT WHTEHCMBHOE WCNapeHue TKaHeBOW >XWMAKOCTW C nocneayloLen
NMOBEPXHOCTHOWM Koarynsiumen. B pesynbraTe obpasyeTcs KoarynsiuMoHHasi MpOCroWka, KoTopas,
Grnarogapsi HWU3KOW TENnomnpoBOAHOCTU, MPENSTCTBYET HArpeBaHUIO HWDKHMX CrOEB koxu. Ha puc.5
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N3006paKEHO NPOMEXYTOYHOE COCTOsIHME obpasua noa AeCTBMEM 3MIEKTPUYECKOro ToKa. OKCNepUMEHT
NpPOBOAWIICS C MOMOLLbI0 060pYA0BaHMS, CXxemMa KOTOPOro npueeaeHa Ha puc. 26. Kak BugHo us puc. 5 8
30HEe HenocpeACcTBEHHOrO KOHTakTa 6uonorMvyeckon TKaHW W MeOHOro  3rekTpoaa Ha oHe
Henpo3payHoro MaTpukca HabniogarTcs OCTPOBKM MaTepuana € Ov4eBMOHbIMM NpU3Hakamy Hadvana
Koarynaumm.

Kak aT0 BMAHO 13 puc.44 nocne OkoH4aHMsA npolecca anekTpocBapku B obnactu A obpasyertcs
KOarynsiLuMOHHbIN CrOW, KOTOPbIA COCTOMT M3 OCTaTKOB KepaTMHOBOW CETKW M NUMUAHOro martepuana.
B cBoto ovepeab B NOBEPXHOCTHOM 30He obractn B BcrneacTeue B3aMMOAENCTBUS KepaTUHOBOW CETU U
TPOWHBIX CnuWparnen KonnareHa HadvHaeTcs (OPMUPOBAHNE HEKOTOPOro AedeKTHOro TKaHEeBOro
matpukca M. Bo3MoXHOCTb obpasoBaHus MOCNegHero nof. BAUSHWEM AaBrieHus U Temnepartypbl
noaTBePXaaeTCs Takke MeaMKO-rMCTONOTMYECKUMIN nccnefoBaHnamm [24].

Ponb cneuunduryecknx aedeKToB NMNUAHBLIX CTPYKTYP NPU 3NEKTPOCBapKe KOXMK.

[MonyyeHHas mMoaernb CTPYKTYPHbIX U3MEHEHWI, KOTOPbIE MPOUCXOASAT B KOXE MPU COeAUHEHUN
eé noBpexOéHHbIX Y4acTKOB  METOAOM  3reKTpocBapkW,  ykasblBaeT Ha  HeobxoaMMoCTb
YCOBEPLLEHCTBOBaHMSA CyLLECTBYIOLLEN TEXHONOrMN CBapuBaHus. PelleHne aTo npobnembl HEBO3MOXHO
6e3 YETKOro NOHUMAaHWS Ha MOIEKYNSPHOM YPOBHE BCEX BO3MOXHbIX (pakTOpoB, KOTOPble BAMSAIOT Ha
MeXaHW3Mbl 3M1eKTPOCBapnBaHUS B NOBEPXHOCTHBIX COSAX BMONOrM4eckmnx TkaHew.

Kak wn3BecTHo, nunugHble Ccrnov npeacTaBnsioT coboM  ynopsAoyYeHHble  CTPYKTYpbl
namennspHoro Tuna [25]. Ona Takmx o6bekTtoB B pabote [25] ObINO Ooka3aHO CyllecTBOBaHWE
cneunduryecknx dedektoB — cynepBakaHcuin. B oTnuume OT CKBO3HBLIX MNOp, CynepBakaHCuA
npeactasnseTr cobow MycTtoTy B NWNWMOHOM MOHOCIOE, MPOAOSbHBLIA pa3mep KOTOPOW paBeH
NpoAONbHOMY pasMepy IUMUOHOM MONeKynbl, a MOMepeYHbIi — PaCCTOSHUI0O MeXAy COCEeAHUMU
Monekynamu (puc. 7a). KoHueHTpaums Takux AedeKTOB B CTPYKTypax NWMNMOHOrO Crnosi 3aBUCUT OT
TemnepaTypbl, MEXaHUYECKON Harpy3kn u ap. [26].

B cnyyae, korga namennspHas cuctema KOHTaKTMpyeT C HU3KOMOSEKYNSAPHbLIM pacTBopuTenem
(puc.76), obnacTb cynepBakaHCUW 3anonHAETCst MorneKkynammn pactsoputens [27]. HU3komonekynspHble
XMOKOCTU UMW XUOKOCTHbIE CUCTEMbI, B TOM YMCHe M BOAA, SABMSIOTCA BaXHbIMW KOMMNOHEHTaMM XMBbIX
BMOMNOrNYECcKNX TKaHeNn.

M3BECTHO, YTO MexaHW4YeckMe u 3almTHble CBOWCTBA 3NuAepMuca B 3HAYUTENBHOW CTENEHU
3aBUCHAT OT KONMMYECTBA XXMOKOCTU B CTPYKTYpE 3TOrO MOBEPXHOCTHOrO cnosl. [laHHoe obCTOoSATENLCTBO
yKasblBaeT Ha TO, YTO Hanuune HWU3KOMOMEKYNAPHOro pacTteoputens 6yaeT BNMATb U HA MeXaHU3Mmbl,
KOTOpble MPOMCXOAAT B KOXE MpU 3NeKTpocBapke.

B ¢wusnke OuononumepoB AnNS  XapakTEpUCTMKM  B3aumMopenucTeusl  «Buononumep-
pacTBOPUTENb» OAHVMM M3 PACMpPOCTPaHEHHBIX METOOOB SBNSAETCA METOA, NPW UCMONb30BaHUM KOTOPOro
MexaHusM auddysun onpeaensoT NyTéM UCCNedoBaHNSA MexaHW3ma MPOHWKHOBEHWUS pacTBopuTens B
CTPYKTYpy nonumepa. C nOMOLLbID Takoro MeTOoAa, W3NoXeHHoro B paboTte [27], uccneposancs
koapdpmumeHT audpysum D monekyn Boabl B cucteme. 3aBMCMMOCTb 3TOTO MapameTpa OT
TemnepaTypbl pacTBopuTens (Boabl) NnpuBeaeHa Ha puc.6.

CornacHo puc.6, AuddysnmoHHoe ABWXeHWe MOMeKyn BOAbl B anugepMuce B WHTepBanax
Temnepatyp T < 50°C u T > 50°C npoucxoput no- pasHoMy. COOTBETCTBEHHO, Kak ykasaHo B paboTte
[27], Takol 3hdeKT MOXHO 06LACHUTL TeM, uTo npu T < 50°C monekynbl BoAbLl ABUraloTcS B AedekTax,
KoTopble 06pa3oBanuck B NUNMAHLIX Membparax (78). Mpu T > 50°C Takue aedekTbl CyLLECTBEHHO
YBENMYMBAIOT pas3Mepbl U MOTyT HackBO3b MPOHM3bIBaTb OBOWHOM NUMUAOHBLIA CNOW. Takve gedexThbl
ABMSATCA HEe YeM APYrMM Kak cynepBakaHcusamu B crioe [25, 27]. B atom cnyyae monekyrnbl BOAbI
NMPOHMKAIOT B YNOPsSAOYEHHbIe 06nacT NUNUAHLIX CIOEB, CO34aBas UX Nocrneayllee pasynopsgodeHve
1 obpasoBaHue HOBbIX AedeKToB (puc. 7T, puc. 74).

BbiBog 06 yyacTum cynepBakaHCUI B NpoLuecce pasyrnopsaoyeHns nMnuaHon membpaHbl nog
BMMSHWEM TemnepaTtypbl Takke corfacyeTcs C 3KCrepuMeHTanbHbIMW AaHHbIMU [28], nony4YeHHbIMU
METOOOM 3MEKTPOHHOW MUKPOCKONUU. B aTol paboTe yCcTaHOBMNEHO, YTO B TEMMNEPaTypPHOM MHTEpPBare oT
(50+60)°C B MembpaHe NpOMCXOAMT pe3Koe yBenuveHWe KonuMyecTBa BoAbl, KOTopas nonagaeT B
Mem6paHy. MNpn Temnepatype T > 60 °C B NMNMAHOM MOHOCIOE Habn4aeTCs Hanuume 3HaYNTENbHbIX
Y4YaCTKOB WUCKIIOYMUTENBHO Xunakon hasbl. B 9TOM crnyyae xapakTepHOW OCOBEHHOCTBIO, Ik OTMEYEHO B
pabote [28], sBnseTcs coxpaHeHue ¢opMbl Buonormveckon MembpaHbl MpYU  3HAYUTENBHOM
pa3ynopsiAoyeHun e€ CTPYKTypbl. OTOT IKCMEPUMEHTamnbHbIA (PakT He NPOTUBOPEYUT NpPeaIoKeHHON
HamMu mogenu Guonornyeckon MemobpaHbl, M306pakeHHON Ha puc. 74.
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Ha puc.8 mnsobpaxeHbl obpasubl anuaepmuca nocne ux 10-MUHYTHOrO KOHTakTa C BOAOW
pa3nuyHoi Temnepatypbl. [ns cpaBHeHWS Ha 3TOM e pUCyHKe M3obpaxeH 0b6e3BOoXeHHbI obpasey
nccnegyemon TkaHu (puc. 8a). Kak BugHO 13 puc. 8, nameHeHue temnepatypbl oT 20°C pgo 70°C
NPUBOAUT K UBMEHEHWIO CTPYKTYpbl annaepmuca. Ha Haw B3rnsg, coctosHue obpasua, n3obpaxEeHHOro
Ha puc.8r, ABnNsieTCA AoKa3aTenbCTBOM TOr0, YTO BHYTPU KIETKM CYLLUECTBYET ceTyaTtasi CTpyKTypa.

MMonyyeHHbIN 9KCMEPUMEHT [OaéT BO3MOXHOCTb OOBACHUTL TOT pakT, 4YTO BO BpeMsi
3MeKTPOCBapMBaHUS KOXW HeobXxoAMMO COo3[aTb Takue  YCroBWsl, KOTOpble No3sonunu 6ol
npefoTBpatuTb ObpasoBaHME KepaTMHOBOW CETKM B MEXKIETOYHOM MNPOCTPaHCTBE, a Takke eé
NMPOHMKHOBEHME B HWXHUWE KonnareHcogepxalime TkaHu. [aHHbI BbIBOA MOXET ObiTb MOMOXEH B
OCHOBY OyAayLlen TEXHOMOMM CBapuBaHnsa KOXK, onsnyeckass Moaenb KOTopoun npueedeHa Ha puc.9. Ha
puc.9a cxemaTnyeckm n3obpaxxeH NoAroTOBUTESNbHBIN 3Tan SMeKTPOCBapKW, aHanornyHbii puc. 4a. Kak n
B NpeablayLlemM criydae criov A COOTBETCTBYET anuaepmucy, cno b — konnareHcogepxaluen obnactu,
a z — 30He cBapku. Co3gaHne HeobOXOAMMbIX YCOBUIA, NMO3BONSIOWMX NPEAOTBPATUTL NPOHUKHOBEHUE
KepaTMHOBOro MaTpuKCca CKBO3b MeMOpaHy KNeTKM OOSMKHO peann3oBaTbCA MMEHHO Ha BTOPOM 3Tane
cBapvBaHua (puc. 96). Jencrteue BHewHUX (hakToOpoB (TemnepaTypbl, AaBMeHUs U Ap.) NpUMBOAUT K
06pa3oBaHnio cynepBakaHCuii B CTPYKTYpe NUNuAHbIX OMCNOEB, CKBO3b KOTOPbIE 3@ CHET KOMNEKTUBHOM
Anddy3nmn BHYTpb kneTkn ByayT nonagaTe marble B CpaBHEHUM C B1oMorneKkynamm Monekynbl XXnakocTu.
B pesynbTaTte aToro mpouecca obpas3oBaHue ceTkn OyaeT NpoucxoduTb cHavana B nepudepuyecknx
obnactax knetok (puc. 98), a Aanblue MOCTENEHHO PacnpOCTPaHsTbCA Ha Becb €€ 0bbém (puc. 9r).
Kpome Toro HeobxoamMmo obecneumTb LEenoCTHOCTb CETHATOW CTPYKTYpbl B KOMMareHCoAep)alinx
HWXHUX cnosix (puc. 96 — puc. 9r).

CywecTBoBaHve npedBapuTEnbHOrO 3Tana co3faéT MNpedanochinkv AnS MCNoMb3oBaHWA Ha
nocregyowmx aTtanax CyLecTBYHLEA TEXHOMNOrnM arnekTpocBapuBaHust (puc.9a-puc.9e), kotopast
YCMELLHO UCMONb3YeTCs ANs COEAUHEHMUS XKMBbIX MSITKUX TKaHen. MNpyu COBMECTHOM AeNCTBUM MMMYbCOB
3MEeKTPUYECKOro Toka U HanpsXKeHWs B 30HE Z MPOMCXOAUT paspyLleHne nunuaHbIX membpaH B crioe A u
KonnareHoBou ceTku B crioe b (puc. 44). 3ameTum, 4TO Npu 3TOM OTCYTCTBYET BO3MOXHOCTb TpaHcrnopTa
KEepaTUHOBOrO MaTpUKCa B MEXKNETOYHOE MPOCTPaHCTBO crost A, a Takke B KonnareHcogepxallyto
obnactb B5. Bo Bpemsa nponyckaHus 4Yepes 30HY CBapkM HapacTalowero SMeKTPUYeckoro Toka
NPOVCXOANT pasynopsaoveHne TPOWHbLIX KOMnareHoBbIX cnuvpanei Ha oTAenbHble uenu (puc.9e), a
Takke JanbHenwee paspyLleHne nUnuaHbIX CTPYKTYp.

Ha 3akniountensHOM aTane CoefiMHEHNs Mocre NpekpaLleHns OeNCTBUS 3NEKTPUYECKOro ToKa
B obnactn B npoucxoguT nocriegoBaTenbHas arperauus Lenen konnareHa B TPOWHble cnupanu (puc.
9K), M3 KOTOpbIX B nocneayowem dopmupyetca cetka (puc. 93). B ato xe Bpemss B obnactn A
npogormkaeTca ocriabneHne cBsid3el Mexay OpOroBeBLUMMM KreTkamu (puc. 9xk), 4TO B AanbHenwem
NPUBOAUT K UX OTTOPXKEHUIO 1 hOPMMUPOBaHUIO HOBOTO crost A (puc. 93).

OpQHOBPEMEHHO C NpearioKeHHbIM MeXaHU3MOM BO3HWKAET NIOMMYHBIA BONPOC O BO3MOXHOCTMU
hopMMpPOBaHNSA KepaTUHOBOW CETKM HEenocpeACTBEHHO BHYTPW KneTku. HagéxHbiM noaTeBepxaeHnem
TaKkoM BO3MOXHOCTM SIBMSIETCS CYLLECTBYIOLUME IKCMEPUMEHTamNbHbIE AaHHble (CM., Hanpumep [29]), a
Takke pesynbTar Hawero akcnepumeHta. Ha puc.10 m3obpaxéH Bnarocogepxawimin obpasel nocne
nponyckaHus aNekTpMYEeCcKoro Toka, obecnevmsatoLLero Harpes TkaHn go 60°C.

3aknoyeHue.

[aHHasi paboTa nocesillieHa akTyarnbHOW npobrneme COBPEMEHHON KIMHWYECKOW MeauuuHbl —
COEeOMHEHNI0 MOBEPXHOCTHBIX XWBbIX TKaHeN. VCnonb3oBaHWe 3NeKTPOCBapOYHON TEXHOMorMu, Kotopas B
HacTosiLLee BPeMsi UCMOMNb3YeTCst B MEOVLIMHCKOM MPAKTUKE, MOXET OblTb OOHUM M3 HaWMyYLIMX peLleHui
cyLecTBytoLLel npobnemsl. VccnenoBaHWs B 3TOM HanpaBneHUU CBsi3aHbl C onpeaeneHMeM MOMeKynsipHbIX
npoLeccoB, KOTOpble COMPOBOXAAIOT ANEKTPOCBap1BaHNE NOBEPXHOCTHLIX CIIOEB KOXW, a Takke MexaHWU3Mbl
nx npoTekaHus . B pabote npeanoxeHa AByXCronHas MOAENb KOXW, KOTOpas AaéT BO3MOXHOCTb YCTaHOBUTb
MexaHu3Mbl 00pa3oBaHNsA U yaepKaHWUs KOHTaKTOB MeXdy COeaVHSIEMbIMW y4acTKamy Mpy UCMonb30BaHWUM
3MEeKTPOCBapOYHON TexHoMorMn. Kak ato BUAHO U3 pedynbTaTtoB paboTbl HagEéXHOCTb CBAPHOrO LBa Mpu
COeOMHEHNN KOXW CBA3aHa C HeobXOAMMOCTbLIO NMpeaBapuUTENbHOro aTana CBapku, YTO CMOXET obecrneynTb
OTCYTCTBME KEPaTMHOBOW CETKM B MEXKIETOYHOM MpPOCTpaHCTBE anuaepmuca. [pu 3TOM  McHe3HeT
BO3MOXHOCTb MOBEPXHOCTHOM Koarynsumu, Kotopasi NpensTcTByeT (POPMMPOBAHWMIO HOBOW KOMfareHOBOMW
CeTkn B 30He cBapHoro wea. MmeHHO 3a cyeT nocnegHen obecrneyvBaeTcs nocriegyollas MpoOYHOCTb
obnactM coeauHeHus.  ABTOPbl CYMTAlOT, YTO pesynbTaTbl [AaHHOTO WCCredoBaHWs CMOryT ObiTb
MCMOSb30BaHbl NPU CO34aHUN HOBOTO XMPYPIMYECKOrO MHCTPYMEHTA ANs SNeKTPOCBapKM KOXW, YTO NO3BONUT
YMEHBLLUNTL KONIMYECTBO MOCNEONEPALIMOHHBIX OCIIOKHEHUIA 1 ANMUTENBHOCTL PEABUIMTALIMOHHOTO NEYEHUSI.
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Puc. 2. Obbekm uccnedosaHus u nabopamopHoe obopydosaHue:
(a) — obpasey anuaepmmca koxu YernoBeka (yBenuyeHue x 2), (6) — skcnepuMeHTanbHbIN cTeHs (1 — obpasel,
2 — HemopBWXKHasi OCHOBA, 3 — 3MEKTPo C MeAHOW Hacaakou, 4- LMdpoBOV TEPMOPEryNATop, 5 — UCTOYHMK
nuTanus, 6 — TepmoaaTyurk, 7- Bugeokamepa, 8- koMnbloTep)
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MATHEMATICAL MODELING OF TEMPERATURE FIELDS DISTRIBUTION
IN LOW-TEMPERATURE MEDIUM

Krylov D.A.% llina Y.S.%®
L2 BMSTU
Russia

Abstract
This paper is dedicated to mathematical modeling questions. They are about problems of temperature
change forecasting for permafrost ground, foundations and buildings constructed on low-temperature
areas. This investigation makes it possible to carry out ground temperature calculation for making project
decisions to provide construction foundations stability and their exploitation reliability.

Keywords: mathematical modeling, temperature distribution, permafrost, Stephan problem, numerical
methods, control volume method.

Theory of energy and mass transfer is one of the most important areas of modern science.
Researches of temperature fields distribution are essential for different industry spheres: energetics,
metallurgy, chemical production, civil engineering and many others. Similar problems are encountered in
single crystals growth, number of modern metallurgical technologies, formation and evolution of the
Earth's interior and the polar ice caps, as well as in several other areas of science and practice. The most
characteristic feature of these processes are occurrence of boundaries between different phases. These
boundaries are unknown in advance and usually called “free boundaries”. Because of them mathematical
models are nonlinear and difficult to analyze. There are a lot of papers dealing with solutions of similar
problems. Most of researches are experimental. In the majority of cases these studies investigate the
temperature fields in low-temperature medium without phase transitions.

Problems associated with the modeling of temperature fields in the low-temperature multiphase
medium are still insufficiently explored. In many practical cases they cannot be resolved due to the lack of
suitable analytical methods, information about boundary conditions and due to a variety of thermalphysic
characteristics. Therefore, the problem of the development of efficient numerical methods for the
calculation of thermal processes in permafrost is topical.

© Krylov D.A,, llina Y.S., 2012
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There are several practical approaches for the research of heat transmission. Analytical method
is a classic one. It consists in obtaining an explicit formula expressing the solution in terms of elementary
and / or some special functions. However, the solution can’t be expressed in terms of elementary or
known special functions for all differential equations and partial differential equations. Nevertheless, the
analytical method is powerful enough for qualitative analysis of solutions and for research on simple
model problems.

In recent years especially due to the rapid development of computer technology, numerical
methods for solving problems are becoming more common. One of the most effective numerical methods
of heat transmission problems solving is finite-difference method.

The purpose of this article is to present the numerical simulation of temperature fields
distribution in low-temperature multiphase medium (e.g., permafrost).

Mathematical model

It is known that processes of heat flows distribution in continuous medium are accompanied by
a phase transition and are based on the Stefan problem. By a Stefan problem in a broader sense we
understand a class of mathematical models describing the heat, diffusion or thermal diffusion processes,
which accompanied by phase changes and absorption/release of latent heat.

Thermal state of the low-temperature medium considered with the account of phase transition is
described by the heat equation:

or o, or 0 oT of(, oT
[cp+Q8(T —T*)|—=—| L — |+ =—| L — |+ —| A — |+5, (1)

ot ox\ ox) oy\ oy) oz\ oz
where © — specific heat capacity; P — density; A — thermal conductivity; T(x,y,z,t) — temperature
of the medium; T * - transition temperature; Q — heat of phase transition; S _ power of internal heat

source; 5(T —T*) — Delta-function.
Area is bounded by a rectangular parallelepiped

D={0<x<L,, 0<y<L, 0<z<L,}.

The boundary and initial conditions could be chosen from the following:
e the upper bound
a) medium temperature:

T(f,f]zzo = fB(X! y:T)

or
b) heat flow:
ATE) ¢
- \2/ =f LY,
Al (x,y,7)
or
c) heat transfer by Newton's law
AT
26T o) ) al e
z=0
e thelower bound
a) medium temperature:
(&), = fuloy.o)
or

b) heat flow from the Earth:
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Initial temperature of substance is known all over area D :

0
T(€),,=T°(¢)
The finite-difference method with non-uniform differential grid was used to solve the problem.

Peculiarity of Stefan problem is a presence of Delta-function & in equation (1). Release or
absorption of heat in the phase transition corresponds to the presence of concentrated heat at phase
transition boundary.

In computational practice various approximate formulae for 5(U,A), which are constructed
. . [-A, A] . .
from the conservation of the heat balance in the interval , became widespread. The simplest is

1
—, |U[KA,
o(u,A) =< 2A ul

0, |u]>A
Numerical experiments [4-6] show the accuracy of numerical solution is weakly dependent on

approximating formula for & -function.

Linear equation system, which is equivalent to the original formulation of the Stefan problem, is built
through finite volume method. Heat flows appearing in the system comply with Fourier's law. Calculation
algorithm can be used for the computation for regions bounded by a rectangular upper bound. As a result of
partitioning the area consists of parallelepipeds of different sizes. Each material is represented by an integer
number of elements. Contours of zones, which have different modes of heat exchange, contain an integer
number of elements. Obtained partition remains constant during the calculation.

The time step is calculated according to material characteristics and elements dimensions.

Numerical method description

There are several approaches of constructing of conservative finite difference schemes. It is
natural to start from the laws of conservation (balances) for each cell of the difference grid. This method
called Integra-interpolation method (balance method). This approach is closely related to the control
volume method which does not actually use the differential problem formulation and reflects the
conservation laws directly for the individual cells of the investigated medium [2].

For a detailed description of the method a one-dimensional problem is considered at first. Then
a generalization to two-dimensional and three-dimensional cases is carried out. As an example, the
following one-dimensional problem is examined:

Cp@_u:i[ké_u}s @)
ot ox

with initial condition: U(X,0)=@(X), boundary conditions: U(0,t)=p(t), u(L,,t)=w(t),
where S(U,X,t) - power of the internal heat sources, @( X ), l(t) and V(1) - known functions.
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A typical fragment of the computational grid @ s shown in Figure 1. Letters W, F and E denote
the grid points, P — point under consideration, W n E — west and east adjacent points, respectively.

These points are denoted by indices: (i —1), I and (i +1) . Control volumes facets are shown as a

dashed line. Letters W and € are used to mark control volumes facet, which contains point P. The

X X
distance between points W and P is denoted as (6 )"" between points P n E as (6 )e . The width of

the control volume is denoted by AX .
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Figure 1. Fragment of the computational grid
It is necessary to transform the equation (2) to its discrete analogue. It could be written as

where J = ), . heat flow density.
OX

If we integrate equation (3) over control volume, which contains point P(I) (i.e. form Wi € ), we get
e e e
au aJ
J'Cijx = —J.—dx +Is dx
w at w ax w
Thus the resulting equation is

aS@P—ugszw—

e
Je+Isdx
" , 4)
ul . . t u .
where “P — temperature value at the point P attime ', “P - unknown temperature at the point P at

a2 = (cp)p X
ime tHAL TP TPy

If the temperature dependence of x approximates piecewise linear profile shown in Figure 1b as
solid line, the heat flux on the edge can be defined as
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Ao A

Je:(SX)e_ (UP_ue) (SX) (u —-u )
(6x).. , (8x)., .
e L

Let denote average power of heat generation in the control volume as S Linearization of S
gives the following expression: § = Sc +SpUp, then

js dx = SAX = (S + SpUp JAX - )

= S = S
If S doesn’t depend on temperature, then =0
After substitution of considered equations to (4) a dlscrete analogue of (3) can be received in the form

asU, =a,U, +agu; +b ©
A, A AX
=7 4 al = =
B (), F (), =0 a,=a, +a. +a%—S,AX b=s.Ax+adul
The result is a system of linear algebralc equations with a trldlagonal matrix, the system could

be solved by the sweep method [1]. After finding the temperature field, the next time step is made and the
calculation continues till the last time value.

where

Results

The design volume is considered as a two-phase medium such as sandy loam. Temperature
values required for calculation are chosen as follows: a given constant temperature equals -2 °C, on the
lower boundary, average annual temperature on the surface — -1 °C, maximum surface temperature —
19°C, minimum surface temperature — -21°C.

The first stage of calculations implies observation of temperature distribution changing in the
ground with a building placed on its surface. The area is bounded by a cube with 20 m edge length. The
dimensions of the building are 4x4 m, and a constant temperature of 20°C is maintained inside. Figure 2
shows a horizontal section of the temperature at a depth of 0.5 m.

Figure 3 shows the temperature curve at the observation points. The first, second and third
observation point are located as follows: on the axis of symmetry of the building, on the corner of the
building and in the spot free from the building temperature influence respectively. The observation points
are considered at a depth of 0.1 m.

T 1o

-151

Y, M 20
X, M

20

0 o

Figure 2. Horizontal section of the design volume at a depth of 0.5 m
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Figure 3. Temperature changes during 3 years for points:

1 - away from the building, 2 - at the corner of the building, 3 — on the axis of building symmetry

Minimum temperatures of the medium differ in the point 3 which is affected only by air
temperature. During the cold season this value is close to the minimum temperature of -21°C. But in the
point under the building the temperature doesn’t lower below 10°C. The difference of temperature profiles
for points 1 and 2 are explained by the following fact. The point 2 located at the corner of the building is
more affected by the frozen soil than the point 1 located on the axis of symmetry of the building.

Tracing the temperature changes in the most important points of the research (1 and 2 in Figure
3) - the ones that are located directly under the building — can show that the nature of these changes is
quite stable. During three years the forecast temperature under building is around 17-18 ° C (on the axis
of symmetry) and 7-18 ° C (for the points at the corners of the building). Obviously, this situation will lead
to ground sagging and, subsequently, to the destruction of the whole building.

At the second stage of calculations another type of the design volume is studied. Now the
building is considered with a deep foundation. Thereby, temperature conditions and parameters of the
medium are the same, but the building has a deepened base. In view of the similarity of the results,
calculated temperature profiles are not given, but it is worth noting that non-negative temperature under
the building foundation would affect the building reliability during the warm season as in the case
discussed above. These temperatures cause a pit, and the building can collapse. Only at the depth of 7
meters sinusoidal temperature profile can be observed with the maximum temperature value less than -
1°C. But negative temperatures at this depth will not stimulate the cooling of the ground directly under the
building, so the critical situation when the building may collapse because of foundation instability on
unfrozen ground remains acute. The solution to this problem is presented in the third stage of the study,
when the ground refrigeration under the building is realized by special devices — thermal stabilizers [7].

As it was mentioned above the third stage of the study considers mounting of thermal stabilizers
into the ground on each side of the building. In the program implementation a thermal stabilizer is
presented as an infinitely thin heat source with constant power. Design volume, geometric characteristics
of the building and the foundation and parameters of the medium remain the same.

Observation points are taken as at the first stage of the research: 1, 2 and 3 are the points on
the axis of symmetry of the building, at the corner of the basement and in the ground free from structure
heat influence, respectively. Depth of the points is 3.1 m.

Figure 4 shows the temperature distribution at the points 1, 2 and 3 as a result of numerical
simulation. The influence of thermal stabilizers on the temperature fields under the building is obvious.
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Medium temperature on the axis of symmetry raised to the value of foundation temperature at the

previous stages of the study, and now it doesn’t exceed 0°C.

7,0 ’

_14 1 1 1 1 | | 1
0 02 04 06 08 10 12 T I—
Figure 4. Temperature changes at the observation points 1, 2, and 3 during 1.5 years

The following facts were found out (Figure 5) after considering the temperature profiles for
the points on the axis of symmetry of the building at different depths. Medium does not thaw directly

under the foundation at a depth of 3.1 meters even during warm seasons, influence of thermal
stabilizers are still noticeable at a depth of 5 m, and almost constant temperature of about -2 ° C is

observed at a depth of 7 m.
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Figure 5. Temperature changes at the observation points on the axis of symmetry of the building during
15years(1-atadepthof3.1m,2-5m,3-7m)
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Numerical realization was performed using Fortran. Resulting software is able to calculate the
temperature field in a given area in the presence of a specific set of input data: the physical
characteristics and the geometric partition of the design volume, the initial and boundary temperature
distributions.

The reliability analysis was also carried out as a part of the research and its results confirmed
the feasibility of described numerical method applying. Calculations for simple problems with known
analytical solution were conducted, so the adequacy of the given numerical algorithm was confirmed.

As a result of the project an effective mathematical model, which can determine the temperature
distribution in low-temperature multiphase medium, has been developed. It's worth to note, that a big
amount of studies associated with the temperature fields in permafrost are experimental, so the
numerical simulation of the temperature distribution forecast in these thermal circumstances is important.

The program is stable to the initial data and can predict the distribution of temperature fields in low-
temperature multiphase medium for different time periods. The developed program can be used in various
spheres such as civil and industry engineering in permafrost regions, hydrocarbons production, etc.
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THE SOLUTION OF AN UNCOUPLED THERMOELASTIC PROBLEM
WITH THE SECOND KIND BOUNDARY CONDITIONS

Yermolenko G.Yu.!, Makarova I.5.%°
12 samara State University of Transport (SSUT)
Russia

Abstract

In this paper the method of calculation of the stress-strain state of a homogeneous isotropic body of
arbitrary shape with a piecewise smooth surface is offered. The behavior of the body is described by an
uncoupled quasistatic thermoelastic problem, boundary conditions of the second kind are considered.
The offered method allows to find the analytical solution of a considered problem of thermoelasticity and
to define components of a displacement vector and temperature as functions of body point’s coordinates
and time. In order to obtain the solution the considered problem decomposed to an initial boundary value
problem of heat conductivity and a boundary value problem of the linear theory of elasticity. The solution
of a heat conductivity problem is received by the authors in works [2, 3]. The non-uniform problem of the
linear theory of elasticity is reduced to the homogeneous task by means of Kelvin—Somigliana's tensor; its
solution is obtained by means of the theory of potential and Fourier's transformation.

© Yermolenko G.Yu., Makarova I.S., 2012
37



Science and Education December 18th—19th, 2012. Vol. I
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AHHOTauuA

B pabote npeanoxeH meTog pacyeTa TepMOYNPYroro HamnpsKeHHO-AedOpMUPOBAHHOINO COCTOSHUA
OfHOPOAHOrO  M3OTPOMHOrO  Tena  MPOW3BONBbHOW  (POPMbI,  OrPaHMYEHHOro  KYCOYHO-TNagKown
NoBepPXHOCTLIO. [loBeaeHne Tena onMcbiBaeTCA HECBA3HOW KBa3nCTaTUYECKOW 3ag4adven TepMoynpyrocTu,
B Ka4yecTBe rpaHuYHbIX YCIOBUIA pacCcMaTpuBaloTCSA rpaHWYHbIe YCNoBMS BTOPOro poAa. MNpeanoxeHHbIn
MeTOo NO3BOMSAET MONyYUTb aHanuTMYeckoe pelleHve paccmaTpuBaeMon 3afadvn TepMOYnpyroctTu m
onpefenuTb UCKOMblE KOMMOHEHTbI BeKTOpa NepeMelleHuin u TemnepaTtypy Kak yHKUUM KoopauHat
TOYKM Tena v BpeMeHW. [ns nonyyvyeHuWss pelleHus paccmaTpvBaeMasi 3afjadva pasbuBaeTca Ha
HavyanbHO-KpaeBylo 3agayy TennonpoBOAHOCTU W KpaeByl 3afadvy fMHEeWHOW Teopwun YnpyrocTu.
PelieHne 3agayn TennonpoBOAHOCTM nonyyeHo aBTopoMm B pabotax [2, 3]. HeogHopogHas 3apaya
NMHENHON Teopuu YMNpyroctu c nomoulpto TeHsopa KenbBuHa-ComunbsiHbl CBOAMTCA K OLHOPOLHOW
3agauve, pelleHne KOTOpor HaxoanTCs € NOMOLLBI Teopun noTeHuuana n npeobpasoBanHus Pypeoe.

KnioueBble crnoBa: kpaeBas 3ajaya TepMOYMpYrocTW, rpaHW4Hble YCIOBUSI BTOPOro pofa, 3agaya
TEnnonpoBoAHOCTH, 3adada HelimaHa, 06beMHbIV noTeHunan, npeobpasoBaHne Pypoe.

AKTyanbHOCTb pelleHus 3agavy Teopuu TepMOynpyrocTu OonpefaensieTcs  MHOXECTBOM
NpPakTUYECKNX MPUMOXEHNI, BO3HMKAIOLLMX NPY UCCreaoBaHnM aeTanen nogBuMXKHOMO COCTaBa XernesHbiX
gopor, paboTallwmx B YCNOBUAX HEpaBHOMEPHOrO HecTauuMoHapHoro Harpesa [1]. AHanuTuyeckoe
pelleHre KpaeBbiX 3adad TEePMOYNpPYroCcTU CBSI3aHO C TPYOHOCTSIMU BbIYMCIUTENBHOMO Xapakrepa,
NnoaToMy, Kak MPaBWmo, HaxXOAMTCA TOMbKO MPY YMNPOLLAKLMX NPEeanoSioKEeHUsX WUnu Ans cnydasi
KOHKpeTHbIX 3afja4y. B paboTe npeanoxeH HOBbIN METOO HaXOXOEHWUS PeLleHns HecBA3aHHOW 3adaudun
TEPMOYNpPYrocT!, OCHOBAaHHbIN Ha UCNOMb30BaHMN OMOPHbIX PyHKLUMIA [2].

PaccmoTpum pelueHne HeCBA3aHHOW KpaeBoW 3adadu TepMOynpyrocTu Ans cryyasi, koraa
matepvan pgetanM MOABWXKHOrO COCTaBa $BNSETCS OQHOPOAHBLIM, W30TPOMHbIM, OGnagakoLwmm
FIMHENHbIMW CBOMCTBaMW, a camMa AeTanb WMeeT MNPOU3BONbHYI0 (OPMY, KOHeYHble pa3mepbl U
OorpaHu4eHa KyCo4HO-INaaKon NoBEepXHOCTLIO. B kavecTBe KpaeBbix ycrnoBumi Bbibepem ycnosus |l poaa:

(7.0 = 05 (F.9 +u;,(7.0) )
O-ij (F, t) = Eiqugpq(F, t) _CU @(F, t), (3)
A-r 96wy =-Lawy, (5)
x ot X
O(r,0) =0,(r), (6)
@(F, t) = ®S (I'_'S ’ t) . (7)
reS

3neck ojj (r,t), &jj (T, t) — KOMMOHEHTLI TeH30POB HamnpskeHust 1 Aedopmaumu; F (7, t) —
coctasnsiolme Maccoeoit cunbl; Ui (F,t) — komnoHeHTsl BekTopa nepemelienus;; P (T, t) -

KOMMNOHEHTbI BEKTOpPAa CUI, pacnpegerieHHbIX Ha NOBEepPXHOCTU Tena S ) Ei — KOMMOHEHTbI TeH30pa

ipg
YNpyrnx nocTOAHHbIX; Cij — KOMMOHEHTbI TEH30pa TEepMOYNpyrnx KOHCTaHT, A — onepatop Jlannaca;

F=7(X, Xy, X3); ®=T =T, — maroe npupatieHue Temnepatypbl (Ty 1 T — HauanbHas u TekyLlas

TemnepaTtypa Tena); ZZE — KO3pPULMEHT  TemnepaTyponpoBOAHOCTH, K - koadhdpuumeHT
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_ r,t _
TenmnonpoBOAHOCTU, & — yaenkbHas TennoeMKocTb eanHuLLl obbema Tena, Q(T,t) = % , q(r,t) -

KONMWYECTBO Tenmna, npovM3BOAMMOE B eauHuue obbemMa 3a eauHuuy Bpemenu, V — o6bem
paccmMaTpuBaeMoro Tena, S —nMoBepxHoCTb Tena. CooTHoweHue (1) sBRseTCA  ypaBHEHWEM
paBHOBECUS Terna nofg AEeNCTBMEM MacCOBbIX CWM, COOTHOLWeHue (2) npeactaenseT cobown copmyrbl
Kowwumn, cooTHoweHme (3) — 3akoH [dioamens-Henmana [3], (4) — ypaBHeEHME TENNONPOBOAHOCTU.

PaccmatpuBaemas kpaeBasi 3a4a4a HECBS3HOM TEPMOYNPYrocT! pacrnagaeTcs Ha ABe 3afauu:
KpaeByto 3agady TennonpoBogHOCTH

10) ... 1
A——=—|O(F,t)=—=Q(F,1),
[ zatJ .0 zQ(r )
O(F, 0) =0, (F), 8)

o(r.t) =05(f,1),

reS

peLLeHne KOTOPOM NP PasnuYHbIX KPaeBblX YCIOBUSIX PacCMOTPeHO B paboTax [4, 5], v BTOpYo Kpaesyto
3aadyy NUHENHON Teopun yNpyrocTu

oii.i (F, 1) +F(F,1) =0,
&y (T, ) = %(u”- (7, ) +u (7, 1)),
03 (T, 1) =Ejjpgé pq (T, 1) —C;j O, 1), ©

oi(F.)n;(F)  =R(K.1).

reS

3anuwem ypaBHeHNE paBHOBECKS KpaeBow 3agayun (9) B nepemeLLeHusix:

Ligup (F, 1) =—®@; (T, 1). (10)
3necb BBeAeHbI crieayolme 0603HaveHus:
1 o2
Lip = E(Eiipq + Eijqp)m (11)
— KOMMOHEHTBI onepaTtopa Jlame,

— KOMMOHEHTbI BekTopa 0606LLeHHbIX MacCoBbIX CUI.
PaccmoTpum rpaHunyHble ycrnoBusi kpaeBow 3agadnm (9) M npeobpasyem neByl 4acTb C
nomoLbto popmyn Kowwm n 3akoHa doamensa-Herimana:

F EipalUp g (F, 1) +Ug  (F. ) ¢ O(F, t)} n; (F)

> =R,

reS
nnn

=GO, )n; () + (5, 1)
reS
O603HaYUmM npaBylo 4aCcTb NOJTy4YEHHOIO BblpaXXeHUA:

R (%, 1) = ;O n; () + R (R, 1), (13)

1 _ _
E(Eiqu + Bijgp) Up o (F, ON; (F)

BBeAeM onepaTtop
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1 0
Ap = E(Eiqu +Eijgp) N; P 14)
q
Torga Anst rpaHnYHbIX ycnosun 3agaym (9) bygem nmetb:
Ap up (1), =R(R.D). (1s)
Takvum obpasom, kpaeBas 3agada (9) 3anvweTcs B BUAE:
LipU p(I_', t) = _(I)i (F, t),
Ap Up (T, t)|reS =R, 1).

Ceegem pelleHMe HeOOHOPOOHOW kpaeBow 3ajaynm (16) K peLleHuto COOTBETCTBYOLLEW
ogHopoaHoun 3agayn. [nsa aToro NpeAcTaBuUM pelleHne B Buae CyMMbl ABYX COCTaBMSOLMX:

(16)

U (r, t) =ui(r, t) + U/ (T, t). 17)
I'IepByro COCTaBnALYyto 3anuwiemM B Buae obbemHoro noTeHuuana:
U (7)== [ Kip (7, 8) @, (1) dE. (18)
R3

3necb BekTOp 0OOOLLEHHbIX MacCoBbIX CWIN d)p(f,t) paBeH 0 BHe obvema Tenma V,

Kip(F,&) — xomnoHenTsl TeHsopa Kenbauta — COMUIbSHbI.

OencTeys Ha 06e YacTu cooTHoleHus (18) onepaTtopom Jlame, nony4mm:

Laitii (T, 1) = =@ (T, 1). (19)
Yunteisas (17), Haxogum:
Lipu"’,(l’, t)=0. (20)
MopcTaBmm cooTHoLleHune (17) B rpaHuYHble ycnosus (15):
Ap Uy (F, 1)+ Ay Ul (F, t)|res =P(F,,1).
OTctoga Haxoaum:
Ap Up(F, 0] =R, 1) Ay Up (R, 1) (21)
Takum obpasom, kpaeBasi 3agaya (16) CBOAMTCA K OQHOPOAHON KpaeBow 3agave:

LU’ (F, 1) =0,

_ = (22)
Ap Up(T. 1| = PIE, ).
30ecb
R'(f, ) = R(K;, 1) — Ayp up (15, 1). (23)
Bynem uckatb pelueHvie kpaeBoW 3agayv (22) B Buae:
ug(r,t)=—ijj(F—§) " (E 1) dE . (24)
v’

3necb D' (£,t) — KOMMOHEHTbLI BEKTOpa MaCcCOBbIX CUI, pacnpefeneHHbIX No o6bemy V' = RE-V.
Monbepem cyHKuMO CD’] (f_,t) Taknum obpasom, 4YTOoObI yOOBNETBOPSNINCH MPAaHUYHbIE YCIOBUS

KpaeBon 3agaum (22). [ins saToro nogencteyem Ha obe Yactu paBeHCcTBa (24) onepaTopom Aip :
Ap Up (1) == A K (T &) @(E,1) d& (25)
v
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MonoMuM, 4TO B COOTHOLLIEHUM (25) paanyc-BEKTOp NPUHAANEXUT NoBEepXHOCTU AeTann T € S :
" (v = = " e =
Ap Up(FD)] == AgKy(R —&) @5 (&) dE .
v
YuutbiBas (14), nocnegHee COOTHOLLEHME NEpenuLLEM B BUae:

oK (F — &
Ao Up (D) ¢ = _%(Eilpq + Eigp) M (E)J%
v

D% (E,1) dE -
q

—ik- T
YMHOXUM 06€e 4acTu MonyvyeHHOro paBeHCTBa Ha BEMUYMHY € W MPOUHTErpMpyemMm no
NoBEPXHOCTK AeTanu S:

[ A 0 (D "aS(F) =
S

_ (26)
1 Kpi(=8) = 2\ ke
= _E(Eilpq + Einp)ilﬁI’T @5 (£,1) d& |ny (F) ™ dS(F).

Mpeobpasyem neByt YacTb COOTHOLLEHUS (26) ¢ y4eToMm (21) n BBegem ob603HaveHue:

Uy (k1) = [P, - A, Uy (R, )] e R Eds(R). @7)
S
Torpga (26) 3anuweTcs B BUAe:
* = 1
Ui (k1) = _E(Eilpq + Eilqp) x

(28)

XIUW ERY df}n. (F.) e =ds(r).

v 6xq

Mepengem B nNpaBoW YacTu paBeHCTBa (28) OT MHTerpana no MOBEPXHOCTM K MHTerpany no
obbemy, ncnonbys Teopemy laycca — OcTporpagckoro:

* = 1
uj (k,t) = _E(Eilpq + Eijgp) X
i (29)
x jdiv, {e'“ ijj,q(r—g) (& 1) dg} dr.
% v’
BeinonHss B npaBon Yactu (29) anddepeHumnpoBaHme, NPUXoamMM K COOTHOLLEHWIO:
* = 1
Ui (k,t) = _E(Eilpq + Ejigp) x
(30)

% [ [[FikiK gy (F =)+ Ky (F = )] @ (1) e TdZ o,
\YAYA

Mpoussenem B npasoit yactu (30) 3ameHy nepemerHbix W=T—& , F =W + é? ¥ NPUMEHUM
TeopeMy O CBepTKe No KOHeYHow obnactu [6]:

NN
uUj (k 1t) = _E(E“pq + E”qp) X
K L (31)
x [ ik K gy () + K g o0 (W) | €™ e - [0 (Z 1) e S lZ.
" Nz

3peck o6bem W onpepaensietca obbemamn V, V' n paseHcteom W=7 —¢& .
BBenem ob603HauYeHus:
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Kpjq (k) = IKpJq(W) e,
Kpj,q.(k):ij,—,q,(v—v)-e* aw, (32
w
(k1) = j@’; (E1)-e7 ke dE.
v’
CooTHoueHue (31) ¢ yueTom BBeAEHHbIX 0603HaYeHU NpeacTaByM B BUAE:
* = l * — . * — n*
u; (k,t) = _E(Eilpq + Eilqp)[ Kpjar (K) =ik K piq (k)]' o (k1) . (33)
CooTHoweHusa (33) npeacTtaBnsAlT cCOOON CUCTEMY TPEX NMHENHBIX YPaBHEHWUW, U3 KOTOPbIX

.-
ONpefensioTCs HeM3BECTHble KOMMOHeHTb dypbe-o6pasa 060bleHHbix Maccosbix cun D (K,t).

PelwueHve cuctembl 3anuwiem B Buae:

@7 (k1) = Ry (k) u; (k. t). (34)
3nech Rj; (k) - maTpuua, yaoBneTBOpsioLLas ypaBHEHIO:

1 L
g+ Eugn)| 1K1K 50 (K) = K551 (K) Ry = S (35)

MpumeHsia kK cooTHoweHuto (34) obpaTHoe npeobpasoBaHne Pypbe, NOMyYUM BbipaKeHue ansi
KOMMOHEHTOB BEKTOPa MaCCOBbIX CUM:

. 1 ) U (k) ol KT ik
" (F,t) =—— |R;; (k) u; (k,t) e "dk . (36)
MoacTtaBnsAs nonyvyeHHoe BblpaXeHne B ypaBHeHue (24), Haxoamm:
() =——— (2 7 | K- 5){! Ry () uy (k. t) emdk}dé (37)
v’

YuntbiBasi cooTHowenus (17), (18) un (37), Haxogum BbIpaxeHne Ans KOMMOHEHTOB BEKTOpa
nepemeLLeHui:

u; (F,t) = - JK.J(r &) ®;(Et) dE -

(38)
(2 )3 J. Klj(r §)|:JR]|(k) U (k t) eIkI’dk‘| dé:
UK, ¢ y4eToM BblpaxeHus aAnst 0600LweHHbIX MaccoBbIx cun (12):
5D = - [Ky(F-8) (c;0,1(E, )+ (£, 1) d -
" (39)

o )3IK.,(r :){jR.(k)u.(kt)ek E}dé

Takum 06pa3omM, MOMy4YeHO aHanMTUYECKOe peELLEHWE HECBA3aHHOW KpaeBoW 3agauu
TEePMOYMpPYrocTh C rpaHUYHbIMK ycrosusiMu |l poaa.

MonyyeHHble pe3ynbTaThl MOryT ObiTb MCMONbL30BaHbI CNeLManMcTaMm NPOeKTHLIX OpraHn3auni
npv paspaboTke HOBOW TEXHUKW AN aHanu3a BO3MOXHOrO NMOBEAEHWUs AeTanen NoaBWMXXHOrO cocTasa.
PesynbTatbl OyoyT Takke MOMe3Hbl creuyuanuctam Mo SKChnyatauuu npu nccnefoBaHUyM BO3MOXKHbIX
crny4aeB nonomok. Kpome Toro pesynbTaTtbl MCCNEAOBaHMIN MOFYT MCMONb30BaTbCs MNP MOArOTOBKE
cnewumanvcToB Mo NOABWXHOMY COCTaBY XKene3HblX 4Opor.
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OF DIAGNOSTIC DRUGS LABELED WITH FLUORESCENT LABEL
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Abstract

Fluorescence analysis is important in the pharmaceutical industry, since functional analysis — an
important and necessary step in determining the quality of the complex mixture. We used derivatives of
2H-1-benzopyran-2-one for producing fluorescent diagnosticums, creating methods of biopolymer and
low-molecular analysis, as well as for measuring the enzyme activity. These compounds were tested for
labeling different drugs and biopolymers such as the antigens of influenza virus, hemagglutinin (HA), the
antigens of herpes virus, HBs - antigen and antibodies to these viruses. And immunofluorescent methods
for detection of the mentioned antigens in liquids containing viruses was developed.

Keywords: benzopyran, coumarin, fluorescence, Stokes shift, protein.

All modern biomedical research conducted with the use of fluorescence analysis, are divided
into two groups. The first of these is to study objects that have intrinsic fluorescence. The second group
includes research of the objects, acquiring fluorescence after labeling them with specially selected
fluorescent reagents. It should be borne in mind that the biopolymers, with rare exceptions, do not have
their own fluorescence. Thus, the fluorescence of some proteins such as bovine serum albumin (BSA),
ribonuclease, a protein of tobacco mosaic virus is caused by the presence of aromatic amino acids such
as tryptophan (1) and tyrosine (2) "1,

HsC—N—CH
CH,—CH—COOH OO OO
©j\§ NH, @'CHZ—C‘H—COOH
N
\ HO NH, $0,CI oo
Ho1 2 3 4

Polysaccharides, lipids and nucleic acids, as a rule, do not possess intrinsic fluorescence and
acquire fluorescence only when binding them with the corresponding fluorescent reagents. Such
reagents as dansyl chloride (3), anthracene isothiocyanate (4), fluorescein (5), rhodamine B (6), acridine
orange (7) are commonly used for fluorescent labelling of biopolymers, and particularly proteins [[1]1,[2]].

© Abyshev A.Z., Agaev E.M., Gadzikovskiy S.V., Morozova V. A., Nguyen L.D., Nguyen H.V., 2012
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These compounds react predominantly with amino groups of proteins to form a covalent bond.
As a result proteins that do not have any fluorescence acquire a bright greenish glow [[1]].

However, the fluorescent reagents mentioned above have several drawbacks, among which the
most important is their instability during storage and in reaction conditions. Therefore currently scientists
are engaged in an intensive search for more promising fluorescent reagents, among other groups of
organic compounds. Attention of domestic and foreign scientists are now attracted to derivatives of 2H-1-
benzo-pyran-2-one (coumarin), that have excellent fluorescence properties [[1],[3]].

We and other authors previously synthesized many of these compounds and tested them for labeling
different drugs and biopolymers such as the antigens of influenza virus, hemagglutinin (HA), the antigens of
herpes virus, HBs - antigen and antibodies to these viruses. Immunofluorescent methods for detection of the
mentioned antigens in liquids containing viruses are developed and detailed in the monograph “Natural and
synthetic antigens” by A.Z. Abyshev, E.M. Agayev and A.A. Abdulla-zade, published in 2007 [[1]].

The intensive fluorescence that is common for derivatives of 2H-1-benzopyran-2-one (8) is
associated with the formation of quinoid structure (10) in an excited state. For example, 7-dimethylamino-
2H-1-benzopyran-2-one molecule (9) turns into quinoid structure under the action of the quantum light
(see Fig. 1). Also fluorescence is explained by the presence of conjugated -CH =CH- bond in positions 3,
4 of a-pyran ring [[1]].

5 4

6 N3 =

S 2 HsC |
7 oF -

T S
| 8
0" "o CH, CHs
8

—_—

9 10
Fig. 1. Generation of the quinoid structure in the exited state under the influence of photon

Fluorescence is also due to the electron density at different positions of 2H-1-benzopyran-2-one
(8) (see Fig. 2).

Fig. 2. The location numbers of the electron density (Lu) calculated by program OS-SCF using unlimited
Hartree-Fock method for the singlet (S) and triplet (T) transitions

It should be noted that compared with other organic fluorescent reagents, the derivatives of 2H-
1-benzopyran-2-one have higher fluorescence. They have a considerable Stokes shift, which reaches
100 nm, whereas the fluorescence of fluorescein and rhodamine is characterized by a small Stokes shift
(~ 30 nm) at optimal Aem 530-600 nm [[1]].

Derivatives of 2H-1-benzopyran-2-one have been successfully used for producing fluorescent
diagnosticums, creating methods of biopolymer and low-molecular analysis, as well as for measuring the
enzyme activity. For example, 4-methylumbelliferone used in the study of various drug interactions with
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albumin and gamma globulin, which aim is to determine the activity of aminopeptidases in human serum,

in particular, leucine aminopeptidases (LAP) and cysteine aminopeptidases (CAP). These methods are
based on the reaction of substrates with the corresponding enzymes (see Fig. 3) [[1],[4]].

CH,
HoN-CH-COOH
X-NH—CH~-CO CAP Y . 2
— CeHs—CHy-S—CH,

CeHs—CHy—S—CH HoN

6715 2 2 2! o o

12
CHs

LAP

—_—

+ L—H—Leu—OH
HCl—L—H—Leu—NH

CgHs-CH,-0O- CO Subtilisin

—_—

g
HO—Leu—Gly

CGHs—CHZ—O—(IZO

Gly Gly-Leu-NH

Fig. 3. Enzymatic hydrolysis of several labeled biopolymers

Recently information about new fluorescence-labeled substrates appeared in the press. Let's
take a look at the results of the Japanese research devoted to fusarielin A (17, FSA) that has antifungal
and antiproliferative properties. The authors used a new fluorescent label of the benzopyran type,
namely, 7-diethylamino-3-carboxy-2H-1-benzopyran-2-one to preparing coumarin- and azidophenyl-
substituted fusarielin derivative (18, CAFSA) (see Fig. 4 and 5) [[5]].

Fig. 4. Structures of FSA and CAFSA
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Fig. 5. Synthesis of photoaffinity-labeling agent, CAFSA
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Fig. 5. Synthesis of photoaffinity-labeling agent, CAFSA (continuation and finish)

The research devoted to the study of botulinum neurotoxin B protease inhibitors describes the
use of fluorophores in the enzyme samples for the light chain of botulinum neurotoxin which helps to
control the reactions catalyzed by these enzymes. It is known that botulinum neurotoxin (BoNTs) is
composed of two chains: a heavy (100 kDa) and light (50 kDa) [[6]].

Botulinum toxin in the form of high-molecular complex is a prototoxin with the low toxicity. As a
result of mild proteolysis carried out by endogenous proteases prototoxin divides into two components: L
- light and H - heavy. L-component has a toxic effect on the target cell, causing an inhibition of
neuromuscular transmission. Nowadays we have the reason for an intense search of inhibitors of
endogenous proteases. H-component provides attachment to the receptor of the target cell. The research
allows us to define the botulinum neurotoxin protease inhibitors, and to study their kinetic parameters
(see Fig. 6), which is essential for the synthesis of the inhibitors [[6]].

Ac- SERDQKLSELDDRADALQAGKSQXESSAAKLKRKYWWKNLK®* -NH,

(o}

H3CO 0" o

K = 7-methoxycoumarin-4-acetic = 2,4-dinitrophenyl (DNP) attached
acid (Mca) attached to lysine to diaminopropionic acid

Fig. 6. Synthetic fluorescence resonance energy transfer (FRET) Fig. 7. Structure of labeling
substrate for the BoNT/B light chainprotease sulfonamide

A team of American researchers studied sulfonamides as carbonic anhydrase IX inhibitors - an
enzyme prevalent in tumor cells. They established that the enzyme activity increases in hypoxia, which
contributes to acidosis and further progression of cancer. It is believed that sulfanilamide inhibitors are
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promising for cancer therapy. They accumulate only in hypoxic cells containing carbonic anhydrase IX.
Therefore, sulfonamide inhibitors are labeled with fluorescent agents - derivatives of 2H-1-benzopyran-2-
one, fluorescein, etc. (see Fig. 7) to monitor their binding with hypoxic cells and penetration through the
cell membrane [[7]].

The following study focuses on Cytochrome P450 3A4, an important representative of the
cytochromes P450, participating in the metabolism of more than 50% of drugs ./

The investigations revealed that drug interactions inside the body results in catalytic activity
inhibition of the cytochrome P450 3A4, which can lead to serious toxic effects. That is why for the new
drugs the potential inhibition of cytochrome P450 is tested in vitro. Currently, a new method for studying
the affinity of the drug to cytochrome P450 3A4 is created. A fluorescent label called deazaflavin is used
in this method. The article describes an experiment in which 6 B-position of testosterone was labeled with the
fluorescent deazaflavin group. The scientists established that when drug displaces a fluorescent derivative of
testosterone from the active site of cytochrome P450 3A4 the fluorescence can be measured and chemical
affinity of cytochrome P450 to a new drug can be estimated (see Fig. 8 and Fig. 9) [[8]].

cHyOH

two sites of hydroxylation

NO, ‘ Fe
HsCO0C COOCH;8
N
H
29

HyC CH,

28 Fig. 9. Interaction of a fluorescent

Fig. 8. CYP 3A4 model substrates compound with the heme-thiolate
cofactor of CYP 3A4

Scottish scientists have developed a method for the synthesis of O-oligosaccharidyl-1-
amino-1-deoxyalditol, which mediates the synthesis of oligosaccharides labeled with fluorescent
agents (see Fig. 10) [[9]].

HC:o H,N— (:H2 CHZ

NHHCO; o
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CH,OH CHZOH CHZOH CHZOH
Glucose or (Oligosaccharidyl-) Dimer
oligosaccharide 1-amino-1-deoxyglucitol
30 31 32

R =H or glycosyl

Fig. 11. Structure of oligosaccharides
labeled by lissamine rhodamine sulfonyl
chloride

Fig. 10. Scheme of synthesis of oligosaccharides
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In the experiment, reducing monosaccharides were transferred to the stable 1-amino-1-
deoxyalditols by incubation at 20°C in a saturated aqueous solution of NHsHCO3, containing NaCNBHs.
The resulting O-oligosaccharidyl-1-amino-1-deoxyalditol reacted with lissamine rhodamine sulfonyl
chloride (see Fig. 11). Terms of reaction - borate buffer, pH 9.0-9.5. Lissamine is a food dye E142, which
is widely used in pharmaceutical industry, cosmetics and food production [[9]].

The resulting product, a conjugate O-oligosaccharidyl-1-amino-1-deoxyalditol and lissamine,
was formed by a stable sulfonamide bond and had fluorescence properties. It was subjected to
chromatographic purification on a column filled with sorbent C18, then the purity was analyzed by TLC.
The purified conjugate is an excellent substrate for the trans-glycosylation and glycosyl-hydrolase
reaction [[9]].

Many years in our studies we use mainly derivatives of 2H-1-benzopyran-2-one for the labeling
of various biologically important low-molecular drugs and biopolymers. Different specially designed
technologies for synthesis and photoreactions are used for these purposes. The latter is an informative
one-stage test to study the conformation and dynamics of the macromolecular interaction with low-
molecular compounds 1,

OC CH=CH-COOH
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Fig. 12. The scheme of synthesis of fluorescent reagents - 7 - (2'-maleimidyl-ethyleneoxy)-2H-1-
benzopyran-2-one (MIEK); 7 - (maleimidyl)-4-methyl-2H-1-benzopyran-2-one (MIMK) and their interaction
with sulfhydryl groups of proteins

Another way of one-stage biopolymer labeling is the attachment of the fluorescent label to the
sulfhydryl groups. Thus, derivatives of maleimide selectively attache to protein sulfhydryl groups, forming
a covalent bond (see Fig. 12), and in some cases, the reagent does not have intrinsic fluorescence, and
the labeled product acquires the ability to fluoresce (see the synthesis 40 and 41 - Fig. 12) 1"
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Notes: 42 - Dimedrol-BEC; 43 - Verapamil-BEC; 44 - Nifedipine-BEC; 45 - Warfarin-BEC; 46 - Dibazole-
BEC; 47 - Paracetamol-BEC; 48 - Salicylic acid-BEC; BEC - 7-(2’-bromoethoxy)-coumarin.

Fig.13. Labeled drugs
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Fig.14. Labeled biopolymers and low-molecular compounds

Analyzing the results of numerous studies conducted in recent years shows that the most
promising among the fluorescent reagents are derivatives of 2H-1-benzopyran-2-one, which are
substituted in the positions 7, 3 and 4. They have a more intense fluorescence, which allows them to
register within the concentrations of 12.10 mg/ml [[1]].

The best results were obtained with the reagents that contain -C=N, 5-chloro-2-
benzoxazolyl-, 2-benzimidazolyl-, 1-methyl-4-pyridyl- groups in the positions 3 and 4, and in the
position 7 - oxygen. These compounds have the emission maxima in the longer-wavelength
region at 500-600 nm and their Stokes shift reaches 80-100 nm (see Table 1). It allows to eliminate
background noise during fluorometry. If the oxygen in the position 7 is absent (in case of
compound 36) and there is no conjugated system -CH=CH-O- in the a-pyran ring the compounds
of that type do not possess intrinsic fluorescence [[1]].
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Table 1

Fluorescence parameters and detection limits of immunoglobulin and fluorescent reagents

Conjugates Fluorescence parameters, nm Chmin
Aex Aem AA nM mcg/ml
Fluorescein-lgG 491 517 26.0 0.25 0.04
N-(3-pirenyl)-maleimide-IgG 340 392 52.0 12.50 2.00
MIEK-IgG 395 471 80.0 0.01 0.002
MIMK-1gG 340 400 60.0 0.06 0.01

Notes: IgG - immunoglobulin G, 1 nM - 0.16 mcg/ml; Cpin - detection limit; AA - Stokes shift.

It should be noted that the presence of the above mentioned groups in the molecules of 2H-1-
benzopyran-2-one derivatives is a must for the synthesis of new fluorescent reagents. As it was shown
above, the presence of oxygen or nitrogen in the position 7 contributes to the formation of quinoid

structure in an alkaline environment, which explains the high intensity of fluorescence of these
compounds [[1]].

It is found that the introduction of halogens in the molecules of alkyl 2H-1-benzopyran-2-one
derivatives leads to the quenching of their fluorescence. Bromine quenches fluorescence more than
chlorine (see Fig. 15).
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Notes: 56 - 7-(2'-bromoethoxy)-2H-1-benzopyran-2-one, BEC; 57 - 7-(3’-chloropropoxy)-2H-1-
benzopyran-2-one; 58 - 4-methyl-7-(2’-bromoethoxy)-2H-1-benzopyran-2-one; 59 - 4-methyl-7-(3’-
chloropropoxy)-2H-1-benzopyran-2-one.

Fig. 15. The excitation spectrum (A) and emission spectrum (B) of different fluorescent reagents of 2H-1-
benzopyran-2-one type

The degree of quenching depends on the length of the aliphatic chain that connects different
biopolymers and their fragments, and drugs with a molecule of substituted 2H-1-benzopyran-2-one. For
example, the intensity of the fluorescence of the compounds 56 and 58 (see Fig. 15) is twice lower than of the
corresponding bromo- and chloropropoxy derivatives. An increase of the distance between the halogen and
chromophore in the core of the fluorescent reagent decreases the degree of quenching the fluorescence. The

51



Science and Education December 18th—19th, 2012. Vol. I

same correlation exists between fluorescence intensity of the studied reagents and the structures of
quaternized compounds, obtained by the interaction of the fluorescent reagents with various drugs.

Thus, the data confirm the importance and availability of this research direction and allow to
create new highly sensitive diagnostic agents that are required for clinical practice.

Using theoretical and practical advances we have developed high-efficiency labelled
immunogens - geterovir-HA (IgG-MIEK) and geterovir-HBs (IGg-MIEK), which are needed to quantify the
content of HA antigen and HBs antigen in biological fluids as well as to diagnose objectively the infections
caused by various strains of influenza viruses and herpes viruses.
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FLAVONOL TYPE GLYCOSIDES EQUISETUM SILVATICUM L.
IN KHANTY-MANSI AUTONOMOUS AREA

Bonacheva V.M.}, Botirov E.Kh.2®
1.2 surgut State University
Russia

Abstract
Flavonoids are waste products of plants. General distribution in flora is inherent. Flavonoids are
necessary participants of cellular exchange, carry out functions of regulators of growth, development and
reproduction of plants. Interest to flavonoids is very great in view of a wide range of biological activity
inherent flavonoids. Flavonoids are the part of many preparations of a phytogenesis called by
phytopreparations to which the close attention now is shown. The important direction in research of
flavonoids is creation on its basis of the medicines possessing antioxidant, anti-inflammatory,
hepatoprotective, antibacterial and other useful properties. Such researches open new prospects of using
flavonoids in medicine and pharmacology. Therefore the majority of representatives of flora today use
special attention of scientists. One of such plants is Equisetum silvaticum L. (bottlebrush). From
overground part of Equisetum silvaticum L. (bottlebrush) Equisetaceae families is allocated an individual
flavonol type glycoside which on the basis of chemical transformations and results of studying of facts of
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infrared spectroscopy, UV-, 'N-NMR and mass spectrums is identified with kaempferol-3-O-B-D-
galactopyranoside-7-O-a-L- rhamnopyranoside.

Keywords: flavonoids, Equisetum silvaticum L, fraction, UV spectroscopy, infrared spectroscopy, mass
spectrometry, nuclear magnetic resonance spectroscopy, hydrolysis, aglycone, monosaccharide.

AHHOTauua

®dnaBoHOMAbl SBMAAKOTCA NPOAYKTAMWM XKM3HeOeATenbHOCTM pacTeHui. Vim  npucylwle BceoOllee
pacnpocTpaHeHne B pacTuTenbHOM Mupe. OHU ABNATCS HEOOXOOMMBIMW YYacCTHUKAMWU KNEeTOYHOro
obmMeHa, BbIMOMHAT (YHKUMWM PErynsiTOPOB poOCTa, pasBUTUS M penpoaykuum pacteHund. UHTepec K
drnaBoHoOMAaM OYeHb BEMUK BBUAY MPUCYLLErO MM LUMPOKOro cnekTpa Guonornyeckoin aktuBHocTn. OHM
BXOOAT B COCTaB MHOMMX NpenapaToB pacTUTENbHOrO NPOUCXOXAEHMUS, Ha3biBaeMblx couTonpenaparamu,
K KOTOpbIM B HacTosilee BpeMs NPOSBMSETCA NpucTanbHOe BHUMaHwe. BaxHbiM HanpasneHuem B
uccnegoBaHuM (ONaBOHOWMAOB SBMSIETCA CO3[4aHWE Ha WX OCHOBE JleKapCTBEHHbIX MNpenapaTos,
obnagatoLmx aHTUOKCUOAHTHBIMM, NpoTUBOBOCNANMUTENbHBLIMU, renaTonpoTEKTOPHbLIMU,
aHTMbaKkTepuanbHbIMU U APYrMU MONE3HbIMU CBOWCTBaMW. Takve UCCNedoBaHUS OTKPbIBAKOT HOBble
nepcneKkT!Bbl UCMOMb30BaHWs hrnaBoHOMAOB B MeAuuMHe W dpapmakonoruu. MoaTtoMy 60nbLIMHCTBO
npeacTaBuTenei nopbl Ha CEroAHSILLHWIA AeHb NOMb3YIOTCS NOBbILEHHBIM BHUMAHUEM y4eHbIX. OgHMM
M3 Takux pacTeHun siBnsietcst Equisetum silvaticum L. (xBowy, necHou). M3 HapsemHon dactu Equisetum
silvaticum L. (xBoL, necHol) cemerictea Equisetaceae BbiaeneH MHAMBMAYyanbHbIN (NaBOHOMOBbLIN MMMKO3UA,
KOTOPbI HA OCHOBAHUM XUMUYECKMX MPEBPALLEHWN 1 pPesyNbTaToB U3ydeHus daHHbIX VK-, YO-, *H-AMP n
Macc-CrnekTpoB naeHTnnLmMpoBaH c kemndepon-3-O-f-D-ranakronupaHo3ngom-7-O-a-L-
paMHONMPaHO3UAOM.

KntoueBble cnoa: ®naBoHouapl, Equisetum silvaticum L, dpakumsa, Y®d-cnektpockonus, WK-
CMeKTPOCKoNMsl, Macc-cnekTpomeTpus, AMP-cnekTpockonus, rmaponmsa, arfiMkoH, MoHocaxapua,.

OcobblM BHMMaHWeM uccrnegoBaTernen NoMb3ylTCS pacTeHus, copaepxaline drnasoHouAbl,
BCreACTBME UX LEEHHOCTU ANS COBPEMEHHOW MeAMUMHbI KaK UCTOMHWKOB fleKapCTBEHHbIX npenapartos
LLUMPOKOTO CrekTpa AencTBuSA. TN BMONOrM4ecKn akT1BHbIE COeAMHEHNst 0bnagalT aHTUOKCUAAHTHBIMU,
NPOTMBOBOCMNANUTENbHBIMM, renaTonpoTEKTOPHbLIMU, Kanunnsapoykpennsowmmm,
UMMYHOMOZYNMPYOLWNMIA U ApYyruMun nevebHbiMu ceoncteamm [1-3]. BonbLuo nHTtepec npeacTaBnseT ¢
3TON ToukM 3peHusa Equisetum silvaticum L., cogepalwmii HeKOTopble LiEeHHble Ans uccrnegoBaTenen
PEHONbHbIE COEOUHEHNS.

Equisetum silvaticum L. (xBowW, necHOW) - MHOroneTHee TPaBSAHUCTOE pacTeHue
pacnpocTpaHeHHOe B FIEeCHOW 30He NecoTyHApbl, NecocTenun, B ropHonecHbix nosicax Poccuu, KOro-
BocTtouHon Asun, CeepHolt AmMepuku. XBOLY NECHOM 4alle MOXHO BCTPETUTb Ha OMyLlKax necos,
BOMM3M BOJOEMOB, Ha BMNaXHbIX 3aTEHEHHbIX MeCTax, Ha 3ab0noYeHHbIX U TOpdsHbIX nyrax [4]. 3ToT
BMA XBOLLA SA0BUT AN folagen n KpynHOro poratoro ckoTa. PaHbLue XBOLL, fieCHOM MCnonb3oBanu Ans
OKpalLMBaHUS LLEPCTU B CEPO-XKENTbIN LBET [5-6].

C [aBHMX BpEMEH XBOL, JE€CHOW WCMOMb30BanM B HApPOAHOW MeAMUMHE B KayecTBe
MOYEroHHOro, NPOTUBOBOCMANMUTENBHOMO, MPOTUBOrPUBKOBOro CpeacTBa.

Ona BblgeneHns naBoHOMAOB BO3OYLUHO-CYXYl0 M3MeNbYeHHY Hag3eMHyl 4acTb XBolia
necHoro (700 r) nATMKpaTHO aKkcTparmpoBanu 85% STUNOBLIM CNMPTOM MPW KOMHATHOW TemnepaTtype.
O6beavHEHHbIN 3KCTPaKT CrywianM B Bakyyme, pa3baBnsinu BoZOW B COOTHOwWweHuM 1:1 n 3aTem
nocregoBaTensHo obpabaTtbiBanu neTponeHbiM  3¢upom, XropogopmMoM, 3TunaueTatoMm U H-
OytaHonoM. BytaHonbHyl dpakumio (12 1) pasgensnum MeTodoM KOMOHOYHOW XpomaTtorpadun Ha
cunukarene B TPaguEHTHOM CUCTEME pacTBopuTenen aTtunauetaT-ataHon. [lpu anouvpoBaHum
BblLLieyKa3aHHON CUCTEMON pacTBopuTenen B cooTHoweHun 94:6 nonyuunu 450 mr cBeTno-xentoe
KpucTannuyeckoe BellectBo | coctaBa CyHzpOss, T.nm. 188-190°C. BbigeneHHoe coeauHeHue
MOEHTUDULMPOBANW Ha OCHOBAHWW pPe3ynbTaToOB XUMUYECKUX MPeBpalLeHui U gaHHbIX Y-, UK-, *H-
AMP-cnekTpockonuu, Macc-CnekTpomeTpun.

B WK-cnektpe coegunHeHus | HabnogaloTcs  XapakTepHble  MOMoChl  MOMMNOLEHUst
FMAPOKCUMBHBIX rpynn (3392-3219 cm™), kapbonuna y-nupoHa (1647 cm™), C-O cBs3el rMuUKo3naoB
(1006-1141 cm™), a Takke apoMaTUYECKUX SAep.

YO-cnektp BewectBa | [Avax (3TaHon): 272, 359 Hum] u cBeuyeHne B Y®P-cBeTe Ha TCX
xapaktepeH ans 3-O-3amelleHHbix dnaBoHornos [7,8]. Ha ocHoBaHuW U3y4eHUS CMEKTPOB, CHATLIX B
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NPUCYTCTBUM MOHM3MPYIOLLMX U KOMMNecoobpasyowmx Ao6aBoK yCTaHOBUMK, YTO paccMmaTpuBaemoe
BeLecTBO oTHocutes K 3,7-amn-O-3amelleHHbiM dnaBoHonam [7,8].

B pesynbTaTte kucrnotHoro rugponusa setectsa | cmeckto 5% HCI - aTaHon B cooTHowweHun 1:1
Ha BogsAHON H6aHe ¢ 06paTHBIM XONOAMIBHUKOM B TEYEHUM 2 4acoB nonyyYnnu arnukoH coctaBa CisH100s
(T.nn. 274-275°C, Ayax 269, 373 HM), KOTOPbIN CPABHEHUEM C MOASMHHBLIM 06Pa3LOM MAEHTUPULMPOBANM
Cc kemndeporioMm, a Tawke MoHocaxapuapl D-ranaktody u L-pamHosy (TCX B cucteme H-GytaHon-
YKCyCHas KucnoTa-Boaa, 6:1,5:2,5).

Cnektp 'H-AMP coeanHeHus | (6, OMCO-de): 12,6 (1H, yw.c, 5-OH), 8,06 (2H, g, 8,8 'y, H-
2'6"), 6,95 (2H, g, 8,9 'y, H-3'5'), 6,80 (1H, g, 1,9 'y, H-8), 6,43 (1H, 1,9 'y, H-6), 5,53 (yw.c, H-1"
aHomepHbIi npoToH Rha), 5,47 (@, 7,3 My, H-1" aHomepHbin npoTtoH Gal), 3,05-3,62 (M, NPOTOHbI
caxapHou yactu), 1,05 (g, 6 'y, -CH3; pamHo3bl).

M3 paHHbIX Y- u *H-AMP CMEeKTPOoB criegyeT, 4YTo rnuko3ng | aensetca aucaxapvaom. [ns
YCTaHOBIEHNS B3aMMHOIO PacnofioXeHUs MOHOcaxapuHbIX OCTaTKOB B Morekyne rnvko3uga | 6bin
nposefeH weno4yHon rmaponus 0,5% BOAHLIM pacTBOPOM rMAPOKCUAA Kanus B TeYEeHUW 2 4acoB Ha
kunswen soasHon 6aHe. B pesdynbtaTte nonyunnu kemndgepon-3-O-B-D-ranakronnpaHosng n L-pamHo3y
(TCX). Takmum 06pa3oMm MOXHO caenaTb BblBO4 O TOM, YTO TMAPOKCWUMbHAs rpymnna B MOMOXeHun 7
Kemndepona rnvkosmnupoBaHa L-pamHo3on, a 3-OH rpynna - D-ranakto3omn.

Ha ocHoBaHWM nNpoOBeOEHHbIX XMMWYECKUX MNpeBpalleHnii W  CrneKkTpanbHbIX  AaHHbIX
BblAENEHHbIA  MMUKO3NA  maeHTMdMumMpoBann ¢ kemndepon-3-0O-B-D-ranakronupaHo3na-7-0-a-L-
pamHonupaHo3ugom [9]. [laHHoe coeaMHeHne B pacTeHusix poga Equisetum L. oGHapyeHo BrepBble.
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CARBON MATERIALS WITH CONTROLLED NANOPOROUS STRUCTURES:
DEVELOPMENT AND PHYSICAL AND CHEMICAL PROPERTIES

Pogosian A.S.®
A.N. Frumkin Institute of Physical Chemistry and Electrochemistry of Russian Academy of Science
Russia

Abstract
A novel method for the template synthesis of carbon nanomaterials with controlled nanoporous structures
based on the using the matrix — template from high porous monolithic alumina have been proposed. High
surface area monolithic alumina template was obtained by direct water vapor oxidation of aluminum
plates specially for using as the template. Templates were impregnated by different precursors of carbon.

© Pogosian A.S., 2012
54



Science and Education December 18th—19th, 2012. Vol. I

After polymerization, carbonization of precursor and removing the template, porous structures of carbon
materials and initial template were characterized. Carbon nanomaterials have both semiconductor and
metallic properties.

Keywords: alumina, carbon nonamterials.

Nanostructured carbon materials have potential application in almost any aspect of
nanotechnologies for the development in electronic, catalytic and hydrogen — storage systems.
Commonly used chemical catalytic methods for CNTs preparation [1] have the same serious problems —
both the cleaning of nanotubes from catalyst and the separation the same high dispersed nanotubes and
nanowires from another reaction products.

The template synthesis [2] based on nanocasting and nanoreplication of carbon nanostructures
inside the matrix of templates demands no cleaning procedure for carbon materials and has significant
preferences: uniformity in pore size, high surface areas and large pore volumes of obtained products.
The principal scheme of this template synthesis was demonstrated on Figl.

The template from nanostructured material was impregnated by carbon precursor. After
polymerization of carbon precursor inside the porous structure of matrix and carbonization of obtained
composite, the template was removed by dissolving. Obtained nano carbon materials with uniformity in
pore size and high surface areas are the replica of nanostructured template [2].

Recently carbon nanomaterials were obtained by carbonization of large organic molecules
within the pores of porous anodically oxidized alumina membranes [3, 4]. The shape and size of the
nanotubes are in agreement with the dimension of the template channels. After complete removal of the
template, CNTs with lengths of several micrometers, outer diameter about 100 nm and wall thickness
around 20 nm were obtained [4].

The recent development of this method is preparation of membrane from mesoporous carbon
nanorods with pores diameter 6 nm as replicas from silica based mesoporous nanowires (diameter 170
nm) deposited inside the channels of anodic alumina membrane [3]. Membrane from ordered
mesoporous CNTs was prepared by replication of Fe-containing silica based mesoporous nanofilament
(SBA-15), prepared in channels of anodic alumina membrane. Mesophase carbon nanofilaments have
ordered structure in the forms of macroscopic membranes. This structure is hierarchically ordered due to
arrangement of pores of anodic alumina membrane and to the silica mesophase too. Diameter of pores
depended on the size of pores of mesoctructured silica is equal to 5-9 nm.

Herein we describe the method of preparing of CNTs which were obtained in porous structure of
specially prepared high porous monolitic alumina template (HPMA). This special alumina template has
fine porous structure with higher BET surface than anodic alumina. HPMA template allowed using various
molecules as carbon precursors and obtaining nanotubes without modification the porous voids of anodic
alumina by silica and doping metals. The formation of graphene plates was realized without metal
containing particles due to surface properties of alumina template. Prepared nanotubes have
microporous structure with narrow pores.

The scheme of template synthesis is shown in Fig 1. The sequence of operation for synthesis
includes preparation of HPMA template, impregnation of porous matrix by carbon precursor, low-
temperature pyrolysis and removal of template by dissolution.

. . CNTs
impregnation
HPMA by -
precursor pyrolysis
— —
dissolution
of HPMA
polymerization
template

Fig. 1 The schematic of template synthesis
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Experimental section

The synthesis of high porous monolithic alumina

The HPMA template was prepared by special oxidizing from aluminum plate [5]. First, natural
oxidization layer on the aluminum plates with the purity of 99,999% were removed. This was followed by
a treatment of metal surface by mercury compounds in order to obtain the surface amalgame of Hg-Al.
Finally the aluminum plate was oxidized by water vapor to prepare the monolithic sample of aluminum
oxide, which grew up perpendicularly to the metal surface. The resulted samples consist of tangled
nanofilaments with diameter near 5 nm. The structure formed by alumina filaments is characterized by a
high specific surface up to 400 m?g and low density between 0.02 to 0.04 g/cm®. The material is
amorphous. After heating up to 870°C and above 1200°C, it transforms into y- and a-modification
alumina, consequently. HPMA samples had the same form as original aluminum plate used as
precursors in this synthesis.

A growth rate was varied with experimental condition such as humidity and temperature in
range 2 to 7 mm/h. The diameter of alumina nanofilaments in HPMA after preparation was 5.0 nm. It is
suitable material for using as template (Fig.1).

Synthesis of carbon replica

The carbon replica of templates was obtained from the polymer film formed around the
nanofilaments of alumina from various carbon precursors. Porous monolithic alumina were impregnated
by sucrose (sample 2S, Tab.1) or furfuryl alcohol (sampleslF, 2F, Tab.1) as carbon precursors. After
polymerization of these precursors on the surface of template from HPMA, obtained composites were
carbonized in low temperatures up to 350°C After that low temperature carbonization Al,O3/C composites
were chemically treated step-by-step by NaOH and HF in order to selectively dissolve the Al,O3 matrix.
The structures of the synthesized carbons occurred to be the replica of template.

Characterization of parameters of porous structure

The carbon replicas were studied by low temperature nitrogen adsorption and water adsorption
measurements.

Parameters of porous structure of prepared materials were established by determination of
nitrogen adsorption isotherms at 77 K in a conventional automatic vacuum adsorption microbalance
GRAVIMAT-4303 (Germany) with sensitivity of 1ug for a weighed portion of 100 mg within a range of
relative pressures from 10™ to 0.9.

The total specific area was determined by the BET method Sger [6], the volume W, of
micropores and characteristic energy Eo of adsorption were calculated by equations of the theory of
micropore volume filling using Dubinin—Radushkevich equation (in form by Stoeckli) [7], the surface Sye
of mesopores was found using comparative y/F method [8]. The half-width X, of micropores was
calculated from by the generalized Stoeckli equation, which related Eq and xo [9].

Water vapor adsorption isotherms were studied using vacuum weight Mac-Ben quartz spring
balance with sensitivity 10 ug for weight of sample up to 100 mg.

Methods of molecular spectroscopy

Infrared Fourier spectrometer “Perkin-Elmer 2000” has been explored for optical absorption
spectra measurements in the region 2700 — 15000 cm™. Raman spectra in the region 100 — 3500 cm™
have been obtained by using Fourier IR-Raman spectrometer “Perkin-Elmer” having laser with excitation
energy 1064 nm (9400 cm™ or 1.175 eV).

Results and discussion

Porous structure

The parameters of porous structure of carbon materials were analyzed from the nitrogen
adsorption isotherms at 77 K. It was shown that all carbonized composites were practically nonporous
after pyrolysis, but before dissolution. Double dissolution of template in alcoholic solution of alkali and HF
led to the emergence of porous structure. The parameters of porous structure of resulted materials were
calculated from low temperature nitrogen adsorption and summarized in Tab. 1. It was shown that the
BET surface area of carbon based on sucrose was 415 m?/g, including the surface area of mesopores
equal to 40 m?%g. It is typical microporous material. The carbon nanomaterials from sucrose have small
micropores (calculated diameter equal 0.6 nm) with high adsorption energy Eq = 29.2 kJ/mol.
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The carbon materials from furfuryl alcohol (1F and 2F) have another porous structure with wider
pores compared to micropores but more narrow than mesopores. Such materials are usually named as
supermicroporous. Sample 2F has a small quantity of mesopores (Swe = 20 m%g). The increasing the
mesoporous surface area up to 90 m%g (sample 1F) has been attributed to influence of origin template
properties.

The comparative plots of water adsorption in carbon nanomaterials indicated the formation of
isolated water clusters [10]. The straight line for carbon nanomaterials indicated on the presence of
narrow micropores. In contrast, the plot for carbon nanomaterials turned down to abscissa proved the
formation of the continuous water film on pore walls at high adsorption values.
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Fig. 2a. The isotherms of water vapors adsorption by carbon nanomaterials obtained using precursors:
furfuryl alcohol (curve 1) and sucrose (curve 2)

For comparison the sample 1FG was prepared by deposition of furfuryl alcohol vapor without
the preliminary polymerization of precursor on the template surface. After dissolving of template typical
carbon black was obtained. It was shown that in the absence of doping metals or preliminary
polymerization of precursor on the template surface no nanotubes were generated.

Table 1
Parameters of porous structure of received materials
sample Seer, Xo, S, Commentary
m2 g—1 nm m2 g—1
1 320 - 320 HPMA template-1
2 400 400 HPMA template-2
1F 500 0.52 90 HPMA template-1
Furfuryl alcohol
2F 580 0.87 20 HPMA template-2
Furfuryl alcohol
1FG 290 - 290 HPMA template-1
gas phase carbon from
Furfuryl alcohol
1FGC 85 85 1FG after dissolution of
template
2S 414 0.3 40 HPMA template-2
Sucrose

FTIR-spectroscopy and FT-Raman spectroscopy studies
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Recent spectroscopic studies of different carbon modification showed that only CNT being quasi
one—dimensional quantum structures have discrete absorbance spectrum in optical region. Also, the low
frequencies Raman bands are observed only in the spectrum of CNT [11-13]. Molecular spectroscopy
has been used to prove that the obtained materials were composed of Carbon nanomaterials. For this
purpose both the range of optical spectrum where the electron transitions bands of CNT must be and
Raman spectrum were studied.
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Fig. 3. Optical absorbance spectra by carbon materials obtained using precursors: furfuryl alcohol
(curve 1) and sucrose (curve 2).In brackets the energy is shown in eV.

Optical spectra of samples 1F (curve 1) and 2-S (curve 2) are shown in Fig.3. Spectrum 1
exhibits an intensive wide band with maximum at 10 786 cm™ (1.348 eV), a less intense wide band at
4660 cm™ (0.58 eV) and bands in the visible range (1.838, 1.807, 1.688 and 1.62 eV). Apparently, these
bands belong to carbon nanotubes because conventional carbon materials do not adsorb in this energy
range. The distinctive features observed in the near-IR region of the carbon nanomaterials spectra were
attributed to the Van Hove singularities of the electron density of states in one-dimensional quantum
structures [11]. A comparison of our spectra with the literature data shows that the spectrum 2 belongs to
the semiconducting Carbon nanomaterials since its visible range does not contain any absorption bands.
Two bands at 11250 (1.406 eV) and 5197 cm™ (0.65 eV) are due to the first two electron transitions S,
(vs2—cs?) and Sy1 (vs'—>cs') in sample 2S [11]. The spectrum of sample 1F is characteristic of a mixture
of metallic and semiconducting Carbon nanomaterials. The bands in spectrum 1 at 1.838, 1,807,
1.688 and 1.62 eV are due to the transitions M; (Vm'—cn') [11]. Most likely, such splitting in this
range can be associated with the presence of metal nanotubes with different diameters in the
sample. Rather, it results from strong interactions between nanotubes in the structure of material
that change the electron density of states.

Additional information on structures of carbon materials can be obtained by using Raman
spectroscopy. The Raman spectra of samples 1F and S2 are shown in Fig. 4 and Fig. 5,
respectively. Note, that we studied the samples “per se”, without additional grinding and
disaggregation, etc. The proper structure of the material obtained (whether polydispersed or
monolithic) was of our primary interest.

Non-resonance Raman spectra of such samples are usually very weak. To increase the band
intensity and diminish luminescence, we used tuning to resonance. Raman spectra were recorded on a FT
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spectrometer with a laser at 1064 nm (or 9398 cm™; excitation energy 1.175 eV). It can be seen from Fig. 3
that this energy corresponds to the electron transitions Sy, for both the samples studied (i.e., using an
infrared laser at 1064 nm as an excitation source allowed to register the resonance Raman spectra).
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Fig. 4. Raman spectra of Carbon nanomaterials obtained using furfuryl alcohol as precursor

It is shown that low frequencies bands in the Raman spectra of prepared samples are specific
for Carbon nanomaterials only (Fig. 4, 5). But these spectrums on Fig.4 and Fig.5 are not in close
agreement and have several bands with different frequencies.
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Fig. 5. Raman spectra of Carbon nanomaterials obtained using sucrose as precursor
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The Raman spectrum of sample 1F (Fig. 4) shows the absorption peaks at 1592, 1575, 1545,
-1
and 1450 cm characteristic of longitudinal modes in single-walled carbon nanotubels [12]. The

corresponding breathing modes are responsible for bands at 463, 408, 375 and 259 cm . Such high
frequencies of the vibrational modes have been noted for the nanotubes with small diameters [12]. The
accumulated experimental and theoretical data on structure — spectrum correlations allow to estimate a
diameter of Carbon nanomaterials from the spectrum [11-13]. There are the linear inverse proportionality
between the band frequency and diameter of Carbon nanomaterials: the smaller diameter of Carbon
nanomaterials conforms to higher frequency of breathing mode. From the frequencies of the breathing
modes as 463 cm™ (4.3) and/or (6.0), 408 cm™ (4.4) and/or (7.0), 375 cm™ (5.4) and/or (8.0) [12] it
follows that sample 1F consists of single-walled carbon nanotubes. The corresponding nanotube
diameters are about 0.45, 0.56, and 0.625 nm [12]. The lowest-frequency mode at 259 cm™ is due to the
single-walled nanotubes (9.4)/(11.1)/(10.1)/(9.1) or (8.5) with a diameter of about 0.67 nm [13].

Another feature of the spectrum under discussion is the presence of several intense bands

-1
above 1600 cm . As found recently, this spectral range contains the bands caused by vacancies and
topological defects in the nanotubes walls that arise from bending or other factors. For instance, the

-1 -1
bands at 1813, 1948, and 2024 cm can relate to pentagons, while the bands at 1494 and 1458 cm )

can relate to heptagons. A pentagon—heptagon pair is characterized by the bands at 1505 and 1706 cm
[14]. In addition, two single-walled carbon nanotubes with different diameters can be connected by
forming heptagons, pentagons, or pentagon—heptagon pairs in junctions, which will give rise to the
corresponding bands in the Raman spectrum [15]. It is a high probability that sample 1-F consists of
connected single-walled carbon nanotubes (carbon nanomaterials).

According to recent data [16], the bands at 1307 to 1350 cm™ (Fig.5) belong to the tangential
modes of double-walled carbon nanotubes (DWCNTSs). When comparing the frequencies of the breathing
modes at 523, 503, 281, and 157 cm™ with the literature data, we can conclude that sample 2-S contains
the diameter of the inner tube is about 0.4 nm [15-19]. Thus, the pore diameters of carbon materials
estimated from the adsorption data are nearly double those estimated from the spectroscopic data.

Conclusions

1. Carbon nanotumaterials with controlled nanoporous structures were obtained by template
synthesis with high porous monolithic alumina as a template. Their porous structures were studied by
spectroscopic and adsorption methods. The carbon materials obtained are homogeneous; their
structures depend on the carbon precursor used.
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Abstract

The new method of the research of substance — oxythermography, allowing to study processes of
oxidation, sorption, desorption, to receive thermal-oxidative ranges of organic substances is
considered in the article. The method is "reagentless", ecologically safe, doesn't demand the
subsequent utilization of chemical reagents, rather simple, reliable and express. The method and
created analytical devices are used successfully in educational process of Dubna University and
develop in students of chemists skills of work with tool methods of the research of substance. Using
this method, it is possible to perform the full experimental work covering big field of knowledge,
abilities, skills, and forming the maximum quantity of professional and common cultural competences.
The principles of work with the analytical equipment realizing the method of oxythermography acquired
by the student, can be easily transformed further on more difficult analytical equipment, and the
received skills can be used in professional and in scientific and search fields of activity. On the method
of oxythermography and created equipment patents of the Russian Federation are taken out [1]. The
works performed with participation of students and graduate students, are published in scientific
editions and reported at conferences [6-10]. Thus, introduction of the method of oxythermography in
educational process as a part of research base of Higher Education Institution can serve as good
pledge for formation of the competent expert in the field of chemistry.

Keywords: research work, competences, education, experiment, method, chemical analysis,
oxythermography, thermal-oxidative ranges, binary stream oxygen - inert gas, oxygen sensors.

AHHOTauunA

B ctaTbe paccmMOTpeH HOBbI MeTOA WMCCreaoBaHUs BellecTBa — OKcuTepmorpadus, no3BONSHoLWmUA
n3yyaTb MNPOLECCHl OKUCINeHUs, copbuwu, adecopbuun, nonyvyatb TEPMOOKUCIUTENbHbIE CMEKTPbI
opraHudeckux BellecTB. MeToa sBnsetca «bespeareHTHbIM», aKonormdecku 6esonacHbiM, He TpebyeT
nocriegylollen  yTunusaumm  XMMUYECKUX peareHToB, CPaBHUTENbHO MPOCTbIM, HageXHbIM 1
aKcnpeccHbelM. MeToad M co3gaHHble  aHanuMTuyeckne npubopbl  YCMEWHO  WUCMOMb3yTCcA B
obpasoBaTenbHOM npouecce yHuBepcuteta «[ybHa» W pasBMBalOT Yy CTYAEHTOB XWMMUKOB HaBblKM
paboTbl C MHCTPYMEHTanNbHLIMM METOAAMMW UCCNefoBaHnS BelecTsa. icnonb3ysa AaHHbIN MeTod, MOXHO
BbIMOMHUTb MNOSMHOLEHHYIO 3KCMepUMEHTanbHY0 paboTy, oxBaTbiBalolylo 6onbluyto 06nactb 3HaHUNM,
YMEHWUNA, HaBbIKOB, U  (OPMMPYIOLLYID  MakCUMarnbHOEe  KONMMYECTBO  MPOGECCUOHANbHBIX U
O6LLEKYNbTYPHBLIX KOMMNEeTeHUWA. MpnobpeTeHHble CTyAeHTOM MpUHUMMBLI paboTbl C aHanMTUYECcKUM
obopyaooBaHueM, peanusylowuMm MeToA okuTepmorpaduu, B JdanbHenwem MoryT ObiTb  nerko
TpaHcOpMMpoBaHbl Ha Bornee CroXHYK aHanNMTUYECKYlo annapaTtypy, a NonyyYeHHble HaBbIKM MOryT
ObITb MCNOMb30BaHbl B NPO(ECCUOHANBHOM M B Hay4HO-MOUCKOBOW cdpepax aesitenbHocTM. Ha meton
oknTepmorpacmum 1 cosgaHHyto annapaTypy nonydveHbl nateHtbl PO [1]. PaboTbl, BbIMNOMHEHHbIE C
y4yacTueM CTyOEeHTOB M acnupaHToB, MyONMKYIOTCA B HayYHbIX WM34aHUAX W OOKNagbiBalTCA Ha
KoHepeHumax [6-10]. Takum obpas3om, BHegpeHuve meToda okcuTepmorpacdum B obpasoBaTenbHbIN
npoLlecc B COCTaBe Hay4HO-uccrnegoBaTenbcko 6a3bl BY3a MOXET CnyXuTb XOpPOLIMM 3anorom ans
CTaHOBMEHMS KOMNETEHTHOro cneuuanucTa B 06nact Xumnu.

KnioueBble crioBa: Hay4yHO-uccriefoBaTenibckasi paboTta, koMneTeHuuWn, obpasoBaHue, 3KCMEPUMEHT,
MeTod, XMMWYECKWUI aHanua, okcuTepmorpadusi, TePMOOKUCNUTESIbHbIE CMEeKTpbl, GUHAPHbLIA MOTOK
KMCNopoa- UHePTHbIN ra3, AaTyuku Kucrnopoaa.

® Titova T.V., Morzhukhina S.V., Zuev B.K., 2012
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Camas KopoTkasi Jopora Ta, KOTopyto 3Haellb.

HapodHas mydpocms.

lMepexod Ha ABYXypOBHEBYIO MoOAeflb 0BpasoBaHUA W OCYLLECTBIIEHNE KOMMETEHTHOCTHOro
nogxoda ewe Oonblue ycunuMnM HeobOXOAMMOCTb [AEMOHCTPaUuM MWHCTPYMEHTamnbHbIX MEeTo4oB
XMMUWYECKOrO aHanu3a C uenblo npuobpeTeHust CTygeHTamMu HaBblka paboTbl C HMMKM B pamkax
NpakTUYeCcKNX ANCUUNINH U UccregoBaTenbCckux opm paboTbl. KOMNeTeHTHbIN cneuynanucT B obnactu
XMMUW JOSMKEH NErko OpMeHTUPOBaTLCH B XMMUYECKOM aHanu3e, UMeTb NpeACcTaBneHns O COBPEMEHHbIX
aHanuTuM4eckMx npubopax, rpamMoTHO AaBaTb OLEHKYy WX MpeuMyLlecTBaM W HegocTaTkam, yMeTb
pauuoHanbHO UCNoNb3oBaTb M ObiTb rOTOBLIM OBMageTb NpuHUMnamu pabotbl npubopos. O6y4MTb
CTyAeHTa, Kak Oyaywero cneumanucta, KOMMETEHTHO paboTaTb Ha aHanuTu4eckom npubope B
MOCTOSHHO W3MEHSIIOLMXCA YCNOBUSX SBNSETCA HENpoCcToM 3agjadvent. OTO CBA3aHO C TeM, 4TO
peanusoBaTb BCe aHanMTUYeckue mMeTodbl B paMkax obpa3oBaTenbHOM NporpaMMbl B MOMIHOM obbeme
HEBO3MOXHO M3-3a OrpaHWYEeHWA BO BPEMEHW MNPaKTUYECKUX AUCUMMNAWH, W  HegocTaTO4HOM
mMaTepuarnbHO-TexHu4eckon 6asbl. HeBO3MOXHOCTb obecneynTb COBpEMEHHbLIMU Npubopamu BY3OBCKUE
Kadegpbl CBA3aHa, npexae BCEro, C OrPOMHbIM pa3HOOOpasneM aHanMTU4ecKMx npubopoB u
HenpepbIBHbIM ~ UX  COBEPLUEHCTBOBAHMEM B  CTOPOHY  aBTOMaTM3auuu,  KOMMNbHTEpU3auuwu,
MUHMaTIopM3auum 1 rmbpuansaumn  [2], BbICOKOW CTOMMOCTM W  CIIOXHOCTW  OBCRyXMBaHUS.
HecooTtBetctBe TpeboBaHui obpasoBaHns u o06ecrneyeHHOCTU MpUBOAMT K  HEeZomyCTUMOMY
ANCCOHaHcy. B [2] oTmevaeTcs, YTO eCTb HECKONMbKO CMNOCOOOB BbIXOA4a W3 MOMOXEHWS, Hanpumep,
ncnonb3oBaHune pecypcos HAWM 1 npoMbILLNEHHbIX MPEANPUATUIA, HO 4OBUTLCA ycrnexa BeCbMa CIOXHO.

Hapsgy ¢ Bospocwwvmy TpeboBaHMAMWM K MpOLECCY XUMU4Yeckoro obpasoBaHus, B [2]
UKCUPYIOTCS U HEKOTOpble TeHAEeHUMM B CTOPOHY YCUIMEHMS akueHTa Ha MeTpOnorvio aHanusa,
mMaTtemaTuyeckme U KOMMblTepHble MeToabl. OpraHu3auus Hay4YHO-NMOMCKOBOM  paboTbl,  Kak
B3aVMOCBSA3HOW CUCTEMbI, CKNagbiBaeTCqd M3 MPUMEHEHUss MEeTOOOB MMaHWPOBaHWS 3KCMepuMeHTa,
SKCMEPUMEHTAanNbHOrO  HaKOMMEHMs  CTaTUCTUYECKMX  AaHHbIX, MaTemaTuyeckon obpaboTku wn
WHTepnpeTauny nonyyYeHHbIX pesynbTaTtoB. Bce aTo npoucxoamT B yCeYEHHOM BuAe BCreaCTBUE HU3KOM
AOCTYMHOCTM HEOBXOAMMOTO YMCna N3MEPEHUN.

Ona peweHus p[aHHOM npobGnembl npegnaraetcs ucrnonb3oBatb Haubonee npocTble U
3KCMpecCHble MeTodbl, KOTOpble NO Hay4YHOCTWM He YCTynaloT TpaauMuMOHHLIM MeTodam, a HaobopoT,
AononHsT nx. OAHUM M3 TaKMX METOO0B SBMSAETCH OKCMTEpPMOrpadus.

Mpegnaraemblii METO4, OCHOBaH Ha MPOrpaMMMPOBAHHOM BbICOKOTEMMNEPATYPHOM OKUCIIEHWUM
OpraHuW4ecKkoro BeLlecTBa B MOTOke OuHapHOro rasa (KMCNopod — WHEPTHbIA ras) unm B MNOTOKe
aTMOCEPHOro Bo3ayxa M KONMYeCTBEHHOM ONpeaesnieHUN MOMNEKYNSIPHOrO KUCNopoaa, 3aTpaqyeHHoro Ha
370 okucrieHne. CTporo roBopsi, U3MepsIeTCs OKUCMAEMOCTb aHanuampyemoro obpasua, nokasaTenb,
aHanornmyHbIi xummudeckomy notpebneHuio kucropopa (XIMK). Bo3MOXHbl  Tak e cnydaum, Korga
BELLeCTBO He nornowiaeT KUCOopoA M3 MoToKa rasa, a BblgenseT Kucropod B NoTok rasa. CylHocTb
npeanaraemMoro Metoaa npounncTpMpoBaHa Ha puc. 1.

NoTokrasa,c - - MoTokraza.c
HANANEHBM OBPA3E KOHEYHEIM
COMEPEAHINEN COgEpRANIEN
KHCROpOAa KHCNOpPOAA
|

|:>ir:1>

| BICOKOTEMREpaTYPHBIA peakTop |

W3mepReTcA JABHCHMOCTE KOHEYHON KOHUEHTPAUMK
KMENOPOAA OT NPOMPaMMHPOBAHHOND HArpesa ofpaiua

Puc. 1. MNpuHyunuansHas cxema, unmocmpupyowas Memoo okcumepmozpaguu
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Bo3amoxeH cnegylowuii BapuaHT peanu3auun metoda. AHanusupyembln obpasel, nogaeTcs B
BbICOKOTEMIEepaTypHbI peakTop, 4Yepes KOTOpbl MpoKadMBaeTcsl CMecb rasa C 3apaHee 3afaHHbIM
napumanbHbIM AaBneHveM kucnopoga. Ha Bbixofe U3 peakTopa CTaBUTCS AaTymMK (CEHCOp) Kucnopoaa,
KOTOPbIN HEMpPepPbLIBHO KOHTPOMMPYET COAEpXaHWe KUCMOPOAa, BbiXoAsliero u3 peakropa. 1o mepe
nporpamMMMpyemoro HarpeBa aHanuampyemoro obpasla B peakTope NpoUCXOAMT OKUCMEHUe BeLLecTB
(opraHunyeckmx) KNCNOpPoAoOM, HaxoAsALWMMCS B NOTOKe rasa. [latuuk kmcnopoaa uKCMpyeT yMeHbLUIeHne
copepXaHusi Kucrnopopa, Bbixodsllero u3 peaktopa. Ha rpadwuke 3aBMCMMOCTM KOHLEHTpauuu
Kucnopoga OT BpeMeHV MOosBMAEeTCH OTpUUATENbHbIA MUK, KOTOPbLIA XapakTepusyeT KONM4ecTBO
Kucnopoda, 3aTpayeHHOro Ha OKWUCMEHWe BeLLecTB, Haxoasawwmxcs B obpasue (CcM. puc. 2) wumm
MoNoXuTenbHLIN MUK B CNyYae BbiaeneHus kucnopoga. HarpesaHue obpasua NnpoucxoamT BO BPEMEHM,
MoaToMy BCerga MOXHO nepecyuTaTtb rpadmnk «KOHLEHTpauus Kucropoda — BpPeMs» B 3aBUCMMOCTb
«KOHLIeHTpaumsa kucrnopoga — Temnepartypa obpasua». PesynbraTbl aHanusa nonydvawTcs B Buae
OKCUTEpMOrpamMbl —  3aBMCMMOCTM  MOTpebrieHnss  kucrnopoda OT  BpeMeHu TemnepaTypHo-
nporpaMMvMpyeMoro mnpouecca wnuM OT TemnepaTypbl obpasua B XOA4e ero Harpesa, U sABnseTcs
XapaKkTepHOW [Ans OpraHM4eckux W Apyrux OKucrsiemblx BellecTB. HoBM3Ha pdaHHOro nogxopga K
onpefeneHnio  opraHuyeckux BeLlecTB Obina NOATBepXAeHa HecKONbkuMW nateHTamu Poccuiickoi
denepaumn.

KOHLIEHTpALIA KHCI0pOAa

Bpens ,
TenmrepaTypbl

Puc. 2. IameHeHue codepxxaHue Kucriopoda 8 2a3080M OMOKe, 8bIX00SWEM U3
8bICOKOMeMepamypHoO20 peakmopa 8 npouecce npoepamMmmupyemMozo Hazpesa obpasya (o ocu X
Moxxem 6bimb 8peMsi UU KOHUeHmpauusi)

Cnepys TepmuHonormm MexayHapogHoW — koHdedepauuM TEepMUYECKOro  aHanusa U
kanopumeTtpum - MKTAK (International Confederation for Thermal Analysis and Calorimetry — ICTAC) [3]
okcuTepmorpadms 6bina oTHeceHa K MeToaam ra3onpoTOYHOMO MHXKEKLMOHHOro aHanusa, TepMmnyeckoro
aHanusa C opraHusaumen aHanmuTM4ecKoro mpouecca B YCNOBMAX TemnepaTypHO-NporpaMmmmnupyemoro
OKMCIEHUS C ANEKTPOXMMMUYECKON perncTpaunen aHanmTny4eckoro curHana.

HecmoTps Ha ANWMHHYIO U CIIOXHYI0 TEPMUHOMOTUIO, OKCUTepMorpadms aBnseTcs Heobbl4anHo
NpPoOCTbIM METOAOM M coyeTaeT B cebe NPUHLMMLI LUMPOKO U3BECTHLIX MeToAoB. OAHMM U3 HUX ABNSeTCs
TEPMOrpaBMMETPUsi, A€ MNpU  HarpeBaHUW PErnCTPUpPYeTCsl yMeHblueHue Macchl obpasua. B
oKkcuTepmorpadum, B OTMYMeE OT TEPMOrPaBUMETPUM, MOXHO CreanTb Kak 3a noTpebneHnem kucnopoaa
n3 rasosov @asbl, TaKk U 3a BblgeneHWeM Kucrnopoga B rasoBylo @ady, Hanpumep, C MOBEPXHOCTU
copbeHTa.

MoxHo npuBecTn cxoacTeo ¢ abcopbumoHHon UK - cnektpockonuent. B VK- cnekTpockonun Ha
obpasel, HanpaBnsieTCsi CBET C HayanbHOW WHTEHCMBHOCTbIO lo. B okcutepmorpacum Ha obpasey
HanpaBsnseTcsa NOTOK rasa C Ha4yanbHOW KoHLUeHTpaumen knucnopoga Co. Nocne B3aumogencTauns ceeTa ¢
obpasuom B UK - cnekTpockonMnm MHTEHCMBHOCTbL CTaHOBUTCA paBHow |. [locne B3avmopencTBus npu
HarpeBaHuy obpasua C MNOTOKOM rasa KOHLEHTpauus KMcropoda B NoTtoke ctaHoBuTcst pasHon C. UK-
CMeKTp nornowieHne OT AfIMHbl BOMHblI u3nyyeHus. OkcuTepmorpamma - MOrfoLlleHne Kucnopoja B
noToke rasa ot Temnepatypbl obpa3ua. OcobeHHOCTbI oKcuTepmorpadum SBASETCS Takke TO, 4YTO
NoMUMO NoTPebneHnst Kucnopoaa MeTo MOXET PermcTpupoBaTh €ro BbiJENeHWe, a Takke MO3BONseT
permcTpupoBatb apyrme npoayktbl okucneHms CO;, n H,O.
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C [Opyron CTOpPOHblI OKcuTepMorpadusi MOXeT paccMaTpuMBaTbCA Kak  CBOeobpasHbIf
ra3onpOTOYHbIN UHXEKLMOHHBIN aHanm3 ¢ 3NeKTPOXMMUYECKOW pernctpaumen aHanMTtu4eckoro curHana.
[Mpn aTOM B Ka4ecTBe TUTpPaHTa aHanNMToB BbICTYNaeT kucnopog [4].

lMpMeHeHne cpaBHUTENBHOTO aHanuM3a nodobHbIX MeToAoB MoMoraeT dopmupoBaTth Yy
CTyAeHTa-XMMMKa OYeHb BaXHble MpodeccroHanbHble KOMNETEHLUN, pacLuMpsiomne ero Kpyrosop u
OpVEHTUpYyloLLME €ero cpean OrpoMHOro pasHoobpasus aHanMTUYeckux MeTodoB M NpubopoB.
lMpuBeaeHHbIe aHanornm ans okcuTepmorpadun 4eMOHCTPUPYET XOPOLLYIO BO3MOXHOCTb NepeHeceHns
3HaHWNA, YMEHUIA 1 HABbIKOB Ha NOAOOHbIE METOAbI.

MynbTMBapmMaHTHOCTb MeToAa OoKcuTepMorpadum 3aknoyaeTcst B TOM, YTO B 3aBUCUMOCTU OT
obbekTa U uenen nccrnegoBaHus, MeToh MoXeT BbiTb peanusoBaH Ha YCTAHOBKaxX HECKOMbKMX TUMOB,
pasnuyatowmxca no crnocoby HarpeBa W No cnocoby BBEAEHUS KuCropoda B peakTop.
Mporpammupyembii HarpeB obpasua MOXeT ObiTb OCyLecTBfeH crnegywowmum obpasom. Ob6pasel,
HaxogswWMNca B KBapueBoW npobupke, NOMellaeTcss B OXMaXAeHHbI peakTop W HarpeBaeTcs
3MEKTPUYECKON MEYKON, YNpaBnsieMon KOMMbIOTEPOM MO 3apaHee 3agaHHoW nporpamme. 1o gpyromy
cnocoby, BBedeHWe obpasua, HaxodsLlerocs B KBapLEeBOW NOAOYKE, OCYLLeCTBMASEeTCs No 3agaHHOW
nporpamMme OBWXEHWS B pa3orpeTbiii BbICOKOTEMMNEPATYPHbIA peakTop C M3BECTHbIM pacnpeneneHnem
TemnepaTypbl Mo AnuHe peaktopa. epBbin TpaguUMOHHBIN cnocob He TpebyeT MCNonb30BaHUSA TOYHOMN
MeXaHWKn 1 saBnseTca 6ornee MNpocTbiM, OAHAKO NPW €ro UCMonb3oBaHUW TPYAHO AOCTUYb BbICOKMX
CKOpOCTEN HarpeBa obpasua u3-3a MHEPUMOHHOCTW pasorpeBa neyn u peaktopa. BTopoi cnocob B
3HAYUTENBHOW Mepe NULLEH 3TOro HegocTaTkKa.

B 3aBMCMMOCTM OT KOHLEHTpauMu OKMUCNsieMbiX BellecTB B obpasuax, B kavyecTBe rasa, B
MOTOKE KOTOPOro NPOUCXOAMT OKWUCREHME aHanusupyemoro obpasua, MOXHO MCnonb3oBaTb GUMHapHYyLo
CMEeCb WHEPTHbIN ra3 - Kucrnopog C HebonblUOW KOHLUEHTpauuen Kucrnopoga unum noTok Bosayxa. B
nocregHem criydae Ans peanusaumMum Metoga HuYero He TpebyeTcsi, KpOMe 3neKTposHepruv. 3To
SABMNSETCA CyLWECTBEHHbIM MPenMMyLLecTBOM nNpu npoBedeHnM obpasoBaTenbHOro mnpouecca no
CPaBHEHWIO C TPAAWULMOHHBIMY XUMUYECKUMU MeTOAaMM, AN KOTOPbIX HEO6XO0AMMbI PeaKTUBbI.

Ons o6pa3uoB C HU3KAM COAEPXaHWEM OPraHWYecKoro BeLlecTBa MCNOMb3yeTcsi CMecChb
WHEPTHbIN ra3 — kucnopod. Ana co3gaHus GUHapHOWM CMeCU MHEPTHBIA ra3 - KUCNOPOA MCMosfb3yeTcs
BblCOKOTEMMNEpaTypHasa TBepOoaneKkTponutHaa sdenka (BT3A) Ha ocHoBe cTabunmanpoBaHHOro
KyOu4eckoro gmokcuaa UMpKoHus, obnagaroLero MOHHOM NPOBOAMMOCTLIO kucropoaa. BTOA nossonser
TOYHO [03MpoBaThb Nodadvy KMcnopoaa B NOTOK MHEPTHOrO rasa (aproH v gp.) u3 Bo3gyxa. Pernctpaums
OCTaTOYHOrO KWCIOPOAA, BbIXOASALIEro W3 peakTopa, OCYLIEeCTBASETCA Tawkke C nomowpbto BTIA.
OenictBne BTOA ocHoBaHO Ha 0OpaTMMON aNeKTPOXMMNYECKON peakUmm:

0,(r) « O,(anc) +4e- «— 20% (1B.3n).

MonekynspHbIi KUCNOPOA Ha aHode BOCCTaHaBMMBaeTCA OO KUCNOPOA-UOHOB, a Ha KaTode
npovcxoaut obpaTtHas peakuusi. B 3aBUCHMOCTM OT NOMSAPHOCTU MOTEHLUMana MOXHO Kak BBOAUTb, Tak U
BbIBOAWUTb KWCMOPOA4 B ra3oBble MMHWM okcuTepmorpadpa. AHanMTUYECKMM CUrHanoMm sBnseTcs
U3MeHeHne ToKa, nNpoxodswero 4Yepe3  peructpupyowyto BT3A, pacnonoxeHHyio  3a
BbICOKOTEMMEPATYPHbIM PEAKTOPOM.

[ns 06pa3suoB C BbICOKMM COAEPXaHWEM OpPraHUYeCKOro BELLECTBA, B Ka4ecTBe rasa, B NOTOKe
KOTOpPOro  OCYLUEeCTBMSETCA OKUCINEeHWe, WCMofb3yeTca BO3AyX, a B KayecTBe [JeTekTopa,
perncTpupyloLLero M3MeHeHusl CoaepXaHus Kucropoda, - AaTyMk Ha OcHoBe sYelikv Knapka wnu
TBEPOO3MNEKTPONUTHBIN AaT4uK, paboTatoLlen B NOTEHLMOMETPUYECKOM PEXUME.

MpvBeaeHHbIE ONMCaHWs BapuMaHTOB YCTAHOBOK AN peanusauuy metoda okcutepmorpaduu
[5] ycnewHo npumeHstoTca B obpasoBaTenbHOM npouecce Ars NOCTaHOBKW LUMPOKOrO ChnekTpa 3ajad,
pe3ynbTaTbl KOTOPbIX ObINN OTPAXKEHBI B TE3MUCAX M HAYYHbIX CTaTbsAX:

1. KonuuyecTBeHHOe onpeferneHvne OpraHM4ecKkoro BellecTBa B BOAE Npu hpaKkLMOHMPOBaHMM
[6], nouBorpyHTax [7], B BOAHbIX BbITSHXKKax NMoYB, HA MOBEPXHOCTU KOXW YenoBeka [8], KonmyecTBeHHOe
onpegerneHne MMKPOBOAOPOCHEN.

2. KayecTBeHHOe UccrnegoBaHne oKCUTepMorpamMm npu ppakumMoHnpoBaHun macen, 6eH3nHOB
[9], nccnepoBaHum NPUBUTBIX OPraHNYECKNX CUCTEM, TEPMOYCTONYMBOCTM NONMMEPOB;

3. BblgeneHvne kucropoga B NOTOK rasa npu wccrnegoBaHUM COPOLIMOHHOM eMKOCTU U
KMHeTn4Yeckmx ocobeHHocTeln aecopbunn oTaenbHbiX rpaHyn copbexTa [10].

Hannune pasnuuHblx OBBLEKTOB ANt MUCCMNeAOoBaHWs OKcuTepmorpaduen [aeT CTyaeHTy
BO3MOXHOCTb, MOSIHOCTbIO MOrpyXXasiCb B Hay4yHyld NpoGnemy, akTUBHO NpOsIBNsATL cebs B ponu
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aKcnepumeHTaTopa, a BMeCcTe C TeM MpWHUMAaTb CaMOCTOSATENbHblE peLUeHus, MnaHMpoBaTb
uccnegoBaHue, KOHCYNbTMPOBATbCA C NpernogaBaTensMu, OUeHMBaTb 3HAYMMOCTb pPe3ynbTaToB,
3aHMMaTbCs MOMCKOM Heobxoaumon nHdopmaumm, pabortatb ¢ HOPMaTUBHBIMK AOKYMeHTaMu n 1.4. B
[aHHOM cryvae CTyAeHT NPOXOAUT BeCb NyTb, CBA3aHHbIA C OTPpaboTKOM METOAMKU, HauYMHas OT Bbibopa
ONTUMAanbLHOro pexuMa onpegeneHns U 3akaHuyMBas CHATMEM METPONOrMYECKUX XapakTepucTuk. He
o6s13aTensbHO orpaHuMuuBaTh MccrnegoBaHUe OOHWMM CTyOEeHTOM, BCsi paboTa MoxeT ObiTb pas3buta Ha
aTanbl U ObITb BbINOMHEHa rPyMnoi CTYAEHTOB MOA KypaTopcTBOM npenogasaTtens. B Takom cnyuae
OTBETCTBEHHOCTb 3a paboTy Kaxaoro CTyAeHTa YCUNMBAaEeTCsi, NOCKOMbKY MOCMEeAHWA CTaHOBUTCS
MOTMBMPOBAH KOHEYHbIM Pe3yrnbTaToM.

Mpn paccMoTpeHun okcuTepmorpacMm B KOMMNETEHTHOCTHOM dopMaTe Mbl MCMOoNb30Banm
y4ebHble nnaHbl yHuMBepcuTeTa «[ybHa» no HanpaBneHuo «Xumua» Aanst GakanaepuaTta wu
marucTpatypbl. PacyeT npoBoguncs Ha OCHOBaHUWM CCOPMYNUPOBAHHBLIX KOMMETEHUMA B OaHHbIX
y4yebHbIx  nnaHax.  3a 100% Obin  B3ATBI  BCe  KOMMETEHUMMU, peanu3yemble B
6akanaBpuaTe/maructpatype. B pesynbTaTte Hamu 6bINO OTMEYEHO, YTO B XOAE CaMOCTOSITENbHOM
paboTbl CTyAeHTOB Ha okcuTepMorpade dopmupyetcs Ao 55% obLyekynbTypHbIX koMneTeHuun u 82,4%
npodeccnoHanbHbIX KoMmneTeHuun y 6akanaBpoB, M 66% OOLLEKYNbTYPHbLIX KOMMEeTeHuMn u 77%
npodeccuoHanbHbIX KOMMNETEHUMIA Y MarncTpaHToB. B npuBeaeHHbIX ructorpammax (Puc.3) BugHo, 4to
camocTosiTeNbHas paboTa Ha okcuTepmorpade uMeeT BbicokMe 6anmbl No npodeccroHanbHbIM
KOMMETEHLMAM, MO CPAaBHEHMIO C ApYruMu hopmamm paboTebl.

YpoeeHb popmuposanua obwekryabTypHbix (OK) n
YpoBeHb GopmMpoBaHuA oBLekyasTypHbIX (OK) 1 npodeccuonansHeix (MK) komnetenuuit 8 maructpatype

npodeccuoHanbHbix (MK) komneteHumii B Gakanaspuarte

mOK

mOK
H K

mK

Puc. 3 CpasHumenbHbIl aHanu3s konudyecmesa (%) yceoeHusi KomrnemeHyul 6 bakanaspuame
u Mazucmpamype HanpasneHus “Xumusi” 8 yHusepcumeme “[JybHa”

Takum 06pa3om, npeanaraemblii KOMMMEKCHBIN NOAXOA C y4acTMEM MeTofa OKcuTepmorpadum
XOpoLWOo noarotaBnuBaeT Oyagywiero cneuvanucta  Ans  NpodecCUOHanbHOW  OESTEnbHOCTU U
cnocobCTBYET K ObICTPOV OpMEHTaLMn B OrPOMHOM pa3HOOOpasMnm MeToOoB U METOAMK XMMWUYECKOro
aHanuasa.

* Pabombi no okcumepmozpachuu noddepxkusaromcesi epaHmom PODOU Ne12-03-01045a.
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Abstract

Climatic conditions of Murmansk considerably differ from conditions of other regions. Long, as well as on
all area, but warm, winter. At the same time weather here the most unstable, with high humidity, frequent
fogs, overcast, storm, sharp fluctuations of air temperature. In this area winter thaw, strong wind are
most frequent. Even within one day weather can change not once. The summer short, isn't enough sun.
In the conditions of Murmansk it is impossible to explain poverty of specific structure of plants only by
climatic conditions, it depends also on ecological, geographical, historical and other reasons. It allows
drawing a conclusion about prospects and need of introduction in northern flora of new types of plants for
the purpose of increase in a specific variety, increase of its stability, decorative effect, preservation of
endangered species. In 1999 in chair of biology of Murmansk State University the Tree nursery was built
up, and on February 11, 2002 the botanical garden for the purpose of expansion of quantitative structure
of plants in the conditions of a right bank of Kola Bay when using introducts with the subsequent its
acclimatization and further distribution was built up.

Keywords: cultivation, plants-introducts, in the conditions of Murmansk.

AHHoOTauus

KnumaTtuueckve ycnoBusi MypmaHcka 3aMETHO OTNUYAIOTCSt OT YCIOBWIM APYIMX PervoHoB. [nuHHasi,
Kak U no Bcen obnactu, HO Ténnas, 3uma. B Toxe Bpems noroga 34eck camasi HeycTonumBasi, C
BbICOKOM BMAXHOCTbIO, 4acTbiMM TyMaHamu, OONa4HOCTBbIO, LUTOPMaMK, pe3kuMn kKorebaHmamm
TemnepaTtypbl Bo3gyxa. B aTom paiioHe Hanbonee yacTbl 3MMHME OTTENenu, CunbHbIN BeTep. daxe B
TEeYeHUe OLHOro OHS NMOorofa MOXET UBMEHSTLCS He oauH pas3. J1eTo kopoTkoe, HeJOCTaTOuHO COMHLA.
BepHocTe BMOOBOrO  cocTaBa pacTeHui B ycrioBusix — MypmaHcka Henb3si OOBbSCHWUTb TOMbKO
KMUMaTUYECKMMIM YCIIOBUSIMU, OHA 3aBUCUT TakKe OT 3KOMOMMYECKMX, reorpacpnyeckmx, MICTOPUHECKUX U
ApYrux NpuunH. ATO MO3BOMSAET caenaTb BbIBOA O MEPCNEKTUBHOCTU W HEOOXOAUMOCTU BBEAEHUS B
CeBepPHYH0 hropy HOBbIX BUAOB PacTEHUI C LIEMbIO YBENUYEHWS BUOOBOMO pasHOO6pasusi, NOBLILLEHWS
€ro yCTOMYMBOCTW, OEKOPATMBHOCTU, COXpaHeHus mcyesarowwimx suaoB. B 1999 rogy npu kadenpe
Ouonorn MypmaHCKoro rocyaapCTBEHHOro yHuBepcuTeTa Obin co3gaH [eHppapui, a 11 cheBpans
2002 roga boTaHu4eckuii cag C Lenbio pacLUMPEHNsT KONTMYECTBEHHOTO COCTaBa PAaCTEHWIN B YCIOBUSIX
npaBobepexbs KombCckoro 3amvMBa nNpu  MCMOMb30BaHUM MHTPOAYLEHTOB C MOCMenywLwen unx
aKKnMMMaTu3aumen n fanbHenLwmnM pacnpocTpaHeHEM.

KntoueBble cnoea: BblpallBaHue, pacTeHna-nHTpoayUeHTbl, B YCITOBUAX MpraHCKa.

© Gorbunova S.I., 2012
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Mepecenenne pacteHui (MHTpoaykums) ¢ 2001 roga nposogunacb NyTEM NoceBa CEMSIH.
OHu BbiCEBaANMCh B TENNULLI C MONUAITUIIEHOBLIM MOKPbITUEM. B kavecTBe noyBeHHoro cybcrparta
Obin B3AT HU3MHHBLIM TOpd. YacTb BblpalleHHbIX Yepe3 2 rofa cesHueB Obina nepecaxeHa B
Konnekumn. Ha ocHoBaHuW NpoBeOEHHbIX WUCMbITAHWMIM ObINO YCTAHOBMIEHO, YTO TeMnepaTypHbIn
pexum nof NNEHKOW Bbllle, YeM B OTKPbITOM NPOCTPaHCTBE. OTO MOMOXUTENBHO CKa3biBaeTCcsa Ha
BCXOXECTUN CEMSH U POCTE CEesHLIEB.

B 3aBMCMMOCTM OT BCXOXECTW M CPOKOB cTpaTudMKauMu MOCEB CEMSH B Tennuue
npoBOAUNN ABaXOdbl B TEYEeHVWEe BereTtauuoHHOro nepuoja: B Havarne, Korga Kapkac Tennuubl
3aKpbIBaeTCA MMEHKOW, M B KOHUE, KOoraa Beretauus 3akaHumBaeTcs. JleTHue BCXOAbl CEMSH U
OCEHHUWE WX MOCEBbI YXOOAT MO CHEr, YTO CMocoBCTBYET CHUXKEHUIO OTPULATENBHOMO BIMUSHUSA
HU3KUX TemMnepaTyp 3UMbl.

B 2001-2002 rogax B Tennuuax 6otaHuveckoro caga MI'TY 6bino BeicesiHo 422 obpasua
cemsH 328 BWOOB [OpEeBECHbIX, KYCTAPHUKOBBLIX, TPaBSHUCTbIX W  LIBETOYHO-AEKOPaTUBHbIX
pacTtenuin. OHM NpeacTaBneHbl 57-10 cemencteamn. B uncne BbICEAHHBIX CEMSIH: XBOMHbIX — 81,
NUCTBEHHBIX — 214, TPaBSHNCTLIX U LIBETOYHO-AEKOpaTUBHbIX — 127 obpasuoB. CemeHa noctynunm
n3 oOuHnaHgun, Wcnanguu, Yexuu, Hopseruu, LBeumun, TbiBbl, Typadakckoro, Yemanbckoro,
Yepekckoro necxo3oB, bepeHTakckoro necHuuyecTtBa, [eHaopapus  ApxaHrernbCkoro
rocyapCTBEHHOro TexHM4eckoro yHusepcuteta, Coun, Cubupu, Tagxuknctana, Kpeima, Abxasuu,
KanuHuHrpapga, Bapsyrn, Mapun 3n, MaragaHckon o6bnactu, Appiren, [anbHero BocToka,
Xakaccumn, KpacHosipckoro kpasi, Cesactonons, Maimkona, [leTpo3aBoackoro yHuBepcuteTa,
Kypcka, MNpuanbbpycks, KabapauHo-bankapuu, Kapenuu.

B npouecce HabnogeHWn 3a BCXOXKECTbIO CEMSIH ObINO YCTaHOBMEHO, YTO u3 422 obpasLoB
ceMsiH pacTeHui, BbicesiHHbIX B 2001-2002 rogax, BexoxecTb ganu 170 (% BCXOXeCTU K uucny
BbiCesiHHbIX cemsaH cocTaBun 40,0); n3 BbicesHHbIx B 2001 rogy 220 obpasuos B3owrno 99 (%
BCXOXECTW K YMCNY BbICESHHbIX ceMsiH coctaBun 45); n3 107 obpasuos, BbicesiHHbIx B 2002 roay,
B30LLIO 46 (% BCXOXECTU K 4mncry BbicesiHHbIX ceMsH coctaBun 43,0); a B 2003 rogy m3 96 obpasuoB
cemsH B30Wwno 25 (% BCXOXECTW K YMCNy BbICEAHHbIX ceMsH coctasun 26,0). B uvicne B3oweaLwmnx
cemsiH: 87 06pa3sLoB CeMsiH MMCTBEHHbIX MOpoA, 45 06pasLoB XBOMHbLIX, 38 06pasLoB  TPaBAHUCTLIX U
LiBETOYHO-AEKOPATMBHBIX pacTeHnn. M3 BbICESHHbIX CeMSH Havbornbluen BCXOXeCTbto obnagatoT
cemeHa wu3 ApxaHrenbcka u Kapenuu, a cemeHa 13 VicnaHoum OTNMYAKOTCA OYeHb HEOOMbLUION
BCXOXecTblo. CeMeHa OOHUX M TeX e BMOOB MOTMYT OTNMYaTbCA HEOAUHAKOBOW BCXOXECTbIO, YTO
MOXET OO BSCHATLCA Pa3HbIMM MPUYMHAMM, B TOM YMCTIE YCIOBUSIMU U CPOKaAMU UX XpaHEHWS.

HabntoaeHnst 3a BCXOXECTbI CEMSIH U3 Pa3HbIX PETMOHOB, BbICESIHHBIX B OTKPbITHIA FPYHT,
O6binv npopomkeHsl B 2004 roay. B 2001- 2006 ropax 6bino BbicesHo: 477 obpasuoB cemsiH
OPEBECHBIX M KyCTApHMKOBLIX pacTeHui; 352 obpasua ogHomneTHux; 95 obpasuoB AByneTHMX
LBETOYHO-AEKOPaTMBHbIX pacTeHu; 126 o6pasuoB TpaBAHUCTLIX; 677 06pa3LoB MHOrONETHUX
LiBETOYHO-AEKOPATMBHbBIX PACTEHWIA.

C 2006 roga cemeHa pacTeHUI BbICEBanuCb B OTKPLITBINA IPYHT 6€3 Tennuubl, 3aKpbITON
NNEHKON 1 paccagon, NMONy4YEeHHOW B YCrOBMAX 3akpbIToro rpyHTa. B 2007 rogy 6bino nposBegeHo
HabnogeHve 3a npopacTtaHneM 65 o6pa3uoB cemsiH OOHOMETHUX LBETOYHO-AEKOPaTUBHBLIX
pactenuii, B 2008 rogy — 52 obpasuamu cemsiH ogHoneTHux n 16 obpasuamyv MHOroneTHUx u
ABYNETHUX LIBETOYHO-AEKOPATUBHbLIX PACTEHUIA.

M3 paccagbl uBenu actpbl, NEeTyHUs, OyWUCTbIN Tabak, cTatuue, KONMMHCUS, aMMu,
ropoweKk AyLWUCTbIA, HacTypuus, Hurenna, nbBWHbLIM 3€eB, TBO3QUKA KuTalckas, arepartym,
Xpu3aHTema, annccym, rubuckyc, canbsusi, rokc, knapkusi, 6apxaTubl. B OTKpbITbIA FPYHT Obinu
BbICEAHbI CEMeHa Bacuibka, AenbUHMymMa, HemModuIibl, arpoCTeMMbI, TMNCOMUIbI, KanycTbl
OeKopaTMBHOW, Maka, pyabekuun, kaneHgynbl, nbepuca, nMMHaHTeca, nbHa. Bce oHu uenu, HO
ceMsiH He obpasoBanu. He 6bINO BCXOXECTW y cemsiH GeroHuu, rogeuun, LMHHUK, nobenuu,
BepbeHbl, rawnapavv, nuHaHTeca, MuMynoca, MesembpuaHTeHyma, Tonnuca, SLLWOoMbLMK,
Kopeorncuca, KOXuu, KocMeu, NeBkosl. W3 MHOroneTHMx u OBYNETHUX BbiCEBANNCH CEMEHa BUOSbI
pasHblX COPTOB, KOJNOKOMbYMKa cpefHero, cegyMa. [MpUYMHON HEBCXOXECTM CEMSIH MOFMO CTaTb
TO, YTO MCTEK COXPAHEHUSI UX BCXOXECTU (Kak rnokasanu HabniogeHus, cemeHa OAHOro U TOro Xe
BMAA B OOANHAKOBbIX YCIOBUSIX OTIIMYAKTCSA PasfMyYHON BCXOXECThIO).
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B 2009 rogy npoBoaWnMCb HabnMOOEHUS 33 BCXOXECTbO CEMSH MHOFONMeTHUX U
OOHOMETHMX pacTeHui. BbiNo BbiCESTHO B OTKPbITLIA TPYHT 84 obpasua CcemsH OOHONMEeTHUX
LBETOYHO-AEKOpaTMBHBIX pacTeHun wun 25 obpasuyos OBYNETHUX LBETOYHO-OEKOPATUBHbIX
pacTteHuin. CemeHa BbiceBanucb U3 6oTaHnyecknx cagos PuHrne, Métebopra, Mapun 3n, LieHTpa
onToBon Toproenu «[lom cemsH», arpounpM «Aanutax» n «FaBpuLl».

BcxoxecTb y ogHONETHUX pacTeHuin Habnoganack y 66 o6pasuoB. OyeHb Aonro He 6bino
BCXOXECTW y CEeMSH Kopeorncuca M 3WLonbuunM, MO3TOMy He Habnoganocb MX MaccoBOro
uBeTeHus. o Bcell BEPOSATHOCTU, 3TO CBA3AHO C TEMMEPATYPOI NOYBbI.

Y 10 obpasuoB ABYNEeTHUX pacTeHWI: BUOSIbl, He3abyaku, MHKaApPBUIIEN, LUTOK-PO3bl,
rBO3OMKN TYPELKOW TOXe MPOsIBUNACb BCXOXECTb, He ObINIO BCXOXECTU Y CEeMSIH HanepCTsiHKM,
canbBun, obpasuos Buonbl M3 NcnaHouu. N3  BbicesHHbIX 121 obpasua cemsiH MHOroneTHuX
pacTeHuin BCxoxecTb Habnoganack y 43 obpasuos (35,5 %). W3 nonyyeHHbIX cesHUEB BbIPOCU
KpacuBOLBETYLLUNE pacTeHUsI.

B 2010 rogy 6bino BeicesiHo 158 06pa3uoB CEMSIH MHOMONETHMX LIBETOYHO-AEKOPATUBHbIX
pacteHunn 1 22 obpasua OOHONETHWUX, BCXOXecTb Habnioganacb y 30 o6pasyoB MHOrONETHUX
LiBETOYHO-AEKOPATMBHBLIX pacTeHui 1 18 06pa3LoB OQHOMNETHUX.

B 2011 rogy B OTKpbITOM rpyHTe Obino BbicessHo 106 06pa3uLoB CEMSIH MHOTOMETHUX U
OOHOMETHMX LBETOYHO-AEKOpaTUBHbIX pacTeHuii: n3 Vicnangmm — 22 obpasua (B3owno 2); Mapwuii
9n — 15 (B3owno 10); Weeumn — 8 (B3owno 2); Hopsernm — 10 (B3owén 1); Cnbupmn — 6 (B3owno
3); npoune 15 (B3owrno 10); KanuHuHrpaga — 29 (B3owno 3). Bcero B3owno 31 obpasey, yTo
coctaBuno 29,3 % k uncny BbiCesIHHbIX 06pa3yoB. HabnogeHusa 3a BCXOXKECTbI0 CEMSIH pacTeHuin
nposoaununce B 2012 rogy B OTKPLITOM M 3aKPbITOM rpyHTe. PedynbTaTtel HabniogeHu npusegeHs!
B Tabnuuax 1-4.

Tabnuua 1
BcxoxecTb CeMsiH LIBETOUHbIX pacTeHUN, BbiCeAHHbIX 19 uioHA 2012 roga B éMKOCTH
3aKpbITOro rpyHTa

Ne PacTteHue MpoucxoxaeHne KonuuectBO BcxoxecTtb
n./n. ceMsiH BbICEAHHbIX WwT. %
CeMsiH, LWT.

1 VHkapBunnes pososas OO0 Arpodupma 21 1 4,8
Incarvillea delavayi «Mownck»

2 JlronuH HU3kopocCHbIv OO0 Arpodumpma 7 2 28,5
«®decTnBanb CUHNN» «Mownck»
Lupinus polyphyllus

3 JTonnH HU3KOpPOCHbIN OO0 Arpodupma 7 4 59,1
decTnBanb po3oBbin «lMownck»
Lupinus polyphyllus

4 JlronnH HU3KkopocCHbIv OO0 Arpodumpma 42 6 14,3
decTuBanb XENTbIN «Mownck»
Lupinus polyphyllus

5 Mpumyna Bbicokass cmecb | OOO  Arpocumpma 22 1 45
OKpacokK «lMownck
Primula elatior

6 MnaTtnkogoH  (korokonbumk | Arpodpmpma 105 - -
KPYMHOLBETKOBBbIN) uapb | «Aanuta»
Konokon 6enbin
Platycodon grandiflorus

7 MnaTtvkogoH  (konokonbuvk | Arpochmpma 91 17 18,7
KPYMHOLLBETKOBBIN) uapb | «Aasnuta»
Konokon rony6on
Platycodon grandiflorus
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OkoHyaHue mabnuuysi 1

Ne PacTteHue MpoucxoxaeHne KonuuectBO BcxoxecTtb
n./n. ceMsiH BbICEAHHbIX WT. %
CeMsiH, LWT.

8 AcTpa anbnuiickas 6enas 00O Arpodupma 27 2 7,4
Aster alpinus «lMounck»

9 AcTtpa anbnuickas ronybas OO0 Arpodupma 28 4 14,3
Aster alpinus «Mownck»

10 WHkapsunnesa 6enas OO0 Arpodupma 5 -
Incarvillea delavayi «lMomnck»

11 AcTpa anbnuiickaa | OO0  Arpodupma 90 4 4,4
croneToBas «lMownck»
Aster alpinus

12 Konokonb4uk kapnaTtckun | OOO  Arpodmpma 0,1r 21
Mwukc «Mownck»
Campanula carpatica

13 AxBunerusa (Bopocbop) | OO0 dupma 82 26 31,4
CcMecb «Mapc»

14 JenbhuHnym «lony6oe | OO0 dupma 85 -
KPY>KEBO» «Mapc»

15 PaHyHkyntoc asmartckmn | OO0  Arpodmpma 20 11 55,0
«CMECb OKpacoK» «lMounck»
Ranunculus asiaticus

16 anapgusa octuctas (e]0]6} dupma 74 2 2,7

«Mapc»
17 HuBaHMK 000 dupma 256 86 32,8
«Mapcy»

BcxoxecTb ceMsH, MpeacTaBneHHbIX B Tabnuue,

HaxoguTcsa B npegenax ot 2,7 Ao

59,1 %, y 2 pacTteHuii eé He Habnganock, YTO CBsI3aHO, O4eBUAHO C eé notepei. CemeHa Bcex

BbICEAHHbIX paCTeHVIVI NpoLUNn CPOK, Korga BCXoXecCcTb CeEMAH HanbonbLuas.

B OTKpbITOM rpyHTE BbICEBanMCb CEMEHa pacTeHWI, MOCTYNUBLUME U3 APYrMX panoHOB
Hawemn cTpaHbl 1 GOoTaHW4ecknx cagoB APYrMx cTpaH. B Tabnuvue 2 npeacrtaBneHa BCXOXECTb
cemsiH u3 lNeTposaBoacka.

Tabnuua 2
BcxoxecTb ceMsiH u3 lNeTpo3aBoacka, BbicesiHHbIX 28.05.2012 B OTKPLITOM FpyHTe
Ne PacteHue KonuyecTBO BbICEAHHbIX BcxoxecTb
n./n. CEeMSiH, WT. w. %
1 2 3 4 5
1 Pyrola minor Mernkue 0 0
pywaHka manas
2 Pyrola rotundifolia Merkue 0 0
pywaHka KpyrnonucTHas
3 Moneses uniflora Mernkue 0 0
OpHouBeTka ogHoLBeETKOBas
4 Dianthus barbatus He noacuuTaHo macc. +
'BO3aMKa TypeLkas
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lpodomxeHue mabnuypl 2

Ne PacteHue KonuyecTBO BbICEAHHbIX BcxoxecTb
n./n. CEeMSH, WT. WwT. %

5 Knautia arvensis 23 5 21,8
KopocTtaBHuk nonesowm

6 Forsythia ovate 29 0 0
dop3nsmsa snueBngHas

7 Actaea rubra 78 0 0
BopoHey, KpacHONNo4HbIN

8 Leontodon autumnalis 108 0 0
Kynbbaba oceHHss

9 Leucanthemum maximum 46 4 8,7
HuBsiHWK GonbLLIOK

10 Hieracium penduliforme 174 14 8,0
ActpebuHka kocTpULLHas

11 Iris sibirica 67 0 0
Upuc cnbupckun

12 Hieracium pilosella 137 11 8,0
ActpebuHka BonocucTas

13 | Sisyrinchium angustifolia 125 0 0
lony6ornaska y3konucTtHasi

14 | Aguilegia sibirica 303 30 9,9
AkBunerus cmbupckas

15 Gailardia aristata 69 11 15,9
Mannapgmsa octuctas

16 Hieracium vulgatum 181 6 3,3
ActpebuHka obblkKHOBEHHas!

17 Convallaria maialis He noacuntaHo 0 0
JlangpbIWw Manckun

18 | Crepis paludosa 70 0 0
Ckepga 6onoTtHas

19 Tellima grandiflora He noagcuunTtaHo mac. +
Tennuma KpynHowuBeTKoBast

20 Digitalis ciliate He noacuunTtaHo mac. +
HanepcTsiHka pecHuTyaTas

21 Dianthus deltoides He noacuntaHo mac. +
'BO3AMKa TpaBsHKa

22 Saxifraga cotyledon Menkue Mac.
KamHenomka- TynonmcTHuK

23 Sedum acre Menkwne mac. +
Cenym egkun

24 | Coreopsis lanceolata 251 Mac. +
Kopeoncuc naHueTHbIN

25 Silene viscaria He noagcuunTtaHo mac. +
CMmonéBka 0ObIKHOBEHHas

26 | Allium schoenoprasum 361 3 0,8
JlyK WHWTT

27 Photinia melanocarpa 25 4 16,0
PoTMHMA YepHONnogHas

28 Echinops sphaerocephalus 44 8 18,2
MopZ0BHVK LaporonosbIv
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OkoHyaHue mabnuuybsi 2

Ne PacTteHue KonunyecTtBO BbICEAHHbIX BcxoxecTb
n./n. CeMSH, LWT. WwT. %
29 |Actaea spicata 23 0 0
BopoHeLy, KonocucTbin
30 |Geum guellyon 93 0 0
[paBunar .....
31 |Hieracium aurantiacum 334 9 2,7
ActpebuHka OpaHXeBo-
KpacHas
32 |Chelidonium majus 537 mMac. +
Yucroten oObIKHOBEHHbIN
33 |Erigeron multiradiatus He noacumTtaHo 0 0
MenkonenecTHUK MHOro-Nny4eBoN
34 |AcTtpebuHka He nogcumtaHo mac. +
35 |Dracocephalum ruyschiana 117 0 0
3MeeronoBHUK Proniua

BcxoxecTb ceMsiH B OTKPLITOM FpyHTE Habnioganack He y BCEX BbICESIHHbIX PACcTEHWUI U3
MeTpo3aBofcKa; Y TeX, KOTOPbIE AANU BCXOXKECTb, OHa HeGornbLuas.

Tabnuya 3
BcxoxecTb ceMsiH u3 N'éte6opra, BbicessHHbIX 12 utoHsA 2012 ropa
Ne PacTteHue KonuyectBo BcxoxecTb
n./n. BbICEAHHbIX wT. %
CeMSiH, LWT.
1 2 3 4 5
36 Triosteum pinnatifidum 20 0 0
TpUOCTPEHHMK BONOTHbLIN
37 Primula vialii 161 3 1,9
Mpumyna Buans
38 Colchicum bivonae 10 2 20,0
39 Colchicum burtii 10 3 30,0
40 Aguilegia formosa 173 0 0
AkBunernss  npekpacHas  unm
apKTuyeckas
41 Pimpinella rhodanta 150 5 3,3
BenpeHel po30BOLIBETHbIN
42 Valeriana alpestris 18 4 22,2
BanepuaHa npegansnunckas
43 Primula veris ssp. macrocalyx 68 0 0
Mpumyna BeceHHsisA
44 Papaver alboroseum 111 0 0
Mak 6eno-posBbiii
45 Primula muscarioides 240 0 0
Mpumyna Myckapvoungec
46 Aguilegia dahurica var. dahurica 173 + mMaccoBas
He He He
AkBunervsa gaypckas
a7 Campanula barbata 190 + mMaccoBas
Kononokonbynk 6opoaatbiv
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OkoHyaHue mabnuuybi 3

Ne PacteHue KonuuectBo BcxoxecTb
n./n. BbICEAHHbIX WwT. %
CeMsiH, LWT.

48 Campanula patula ssp. abiena 170 0 0
Konokonb4Yuk packngucTbiv

49 Campanula collina 96 0 0
Konokonb4mk Xonmosown

50 Campanula betulifolia 323 0 0
Konokonb4uk 6ep€30Bo-nNUCTHbLIN

51 Bupleurum longicaule var. 49 0 0
giraldii He He He
Bonogyuwika

52 Jiiamna grandiflora 10 2 20

53 Veronica kemularia 52 2 3,8
BepoHuvka ropevyaBkoBas

54 Potentilla divina 24 0 0
JlanyaTka YyygecHas

55 Minuatria juressii 306 0 0
MuHyapuus

56 Pulsatilla aurea 13 0 0
[MpocTpen 30n10TUCTbIV

57 Potentilla brachypetala 27 0 0
JlanyaTka kopoTKonenecTHas

58 Dicranostigma platycarpum 213 2 0,9
[vkpaHocTMrma Wnpoko-nnogHas

59 Inula acaulis var. caulencens 41 0 0
Jessacun 6ycctebenbHbIng

60 Inula orientalis 62 0 0
[eBscnn BOCTOYHbIN

61 Allium caesium 25 0 0
Jlyk rony6oBaTo-cephiit

62 Draba smithii 190 0 0
Kpynka ...

63 Sedum spurium 169 10 5,9
Cenym NOXHbIW

64 Allium macranthum 21 5 23,8
JIyK KpynHOLBETKOBbI

65 Allium crenulatum 30 0 0
Jlyk ...

66 Allium sciloides 12 0 0
Jlyk ...

67 Allium flavum ssp. flavum 67 4 6,0
Jlyk

68 Allium flavum var. minus 21 0 0
JTyk...

69 Allium pskemense 12 1 8,3
Jlyk ncekemckum

70 Allium splendens 9 0 0
Jlyk 6nectawuii

71 Allium siskiyouense 12 0 0
Jlyk ...

72 Potentilla argyrophylla 32 0 0
Jlanyatka cepebpucTo-nucTHas
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BcxoxecTb CeMsiH B OTKPLITOM TpyHTe Habnioganack He y BCeX BblCESHHbIX PacTEHWI 13
[étebopra; y Tex, KOTopble Aanv BCXOXECTb, OHa HebornbLuas.

Tabnuua 4
BcxoxecTb ceMsiH pacTteHun u3 Ucnangum, BbicesiHHbix 30 masa 2012
Ne PacTteHue KonunyectBo BcxoxecTb
n./n. BbICEAHHbIX wT. %
CeMsiH, LWT.

1 2 3 4 5

73 Arnica chamissonis 33 8 24,2
ApHuka Lamuncco

74 Stachus monieri 26 0 0
YucreL, 60M0THbLIN

75 Anemone narcissiflora 21 0 0
AHEMOHa HapumMccoLBeT-KoBas

76 Gentiana clusii 44 0 0
["opeyaBka Knysu

77 Primula waltonii 31 0 0
lMpumyna BanbToHu

78 Saxifraga cotyledon 250 0 0
KamHenowmka ...

79 Saxifraga hirculus 88 0 0
KamHenowmka 6onoTtHas

80 Primula macrophylla 42 0 0
Mpumyna ..

81 Saxifraga opposifolia 24 0 0
KamHenomka

82 Polemonium viscosum 28 1 3,6
CuHIOXa knewnkas

83 Polemonium pausiflorum 54 1 1,9
CuHIoXa .....

84 Silene uniflora 39 1 2,6
Cmonéska npymopckas

85 Gentiana asclepiadea 34 0 0
opeyaBka nacToBHeBast

86 Gentiana affinis 52 0 0
[opeyaBka ..

87 Allium gyaneum 24 0 0
Jlyk ronyGon

88 Lathurus japonicas 17 0 0
YnHa anoHckas

89 Saxifraga cespitosa 239 0 0
KamHenowmka gepHucras

90 Pulsatilla rubra 23 12 52,2
MpocTpen 06bIKHOBEHHbIN

91 Spirae rosthortii 67 0 0
Cnimpes onyLiéHHas

92 Pulsatilla violacea 31 0 0
[pocTpen dunoneTosbin

93 Arabis alpina 283 2 0,7
Apabuc anbnuinckum

94 Primula poloneura 26 3 11,5
Mpumyna ......
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BcxoxecTb CeMsH B OTKPbITOM rpyHTe Habnoganach He Y BCeX BbICEAHHbIX PacTeHUn U3
Wcnanguu; y Tex, KoTopble Aann BCXoxecTb, oHa Hebonblias. O6o3HayeHne « maccy» o3Hayaet
MaCCOBYIO BCXOXECTb CEMSIH, TO €CTb O4€Hb MHOMO, CBA3aHHOIO C HEBO3MOXHOCTBIO NoAcYéTa nx
KonuyecTBa.

B pesynbTate npoBeAEHHbIX HABMIOAEHWIN 3a BCXOXECTbIO CEMSH B ycnosusax MypmaHcka
Heo6XoAMMO NPUHATL BO BHUMaHWe, YTO 34eCb YCIOBUSA OTNNYAKOTCA OT YCMOBMI APYrMX paioHOB
W Janeko He B NyYLUyt CTOPOHY.

NeTto 3pecb HamMHOrO Kopo4e, Yem B APYrMx panoHax, ConHua HegocTaToyHo. CemeHa
MOCTynatoT 4acTo NO YCIOBUSAM XPaAHEHUS! N CPOKAM COXPAHEHMUS BCXOXECTW NPOCPOYEHHble. XOTA
pacTeHns GoMbLUMHCTBA BMAOB 34E€Cb MOXHO BbIPACTUTb, €CNM y4ecTb 3TN akTopbl 1 Bonblue
BHUMaHWA yaenuTb TEXHONOMMU BbipalLMBaHUS UX U3 paccafpbl U BHavane B yCrnoBuAX TENNULbI,
a 3aTeM nepecagku NoryYyeHHON paccanbl B OTKPbITbIN FPYHT.

MORPHOLOGICAL AND ULTRASTRUCTURAL DISORDERS IN CEREBRAL
CORTEX OF NEONATAL MICE IN CONDITIONS OF PRENATAL CdS
NANOPARTICLES AND CdCl, SALT ADMINISTRATION

Kozytska T.V.%, Chaikovsky Yu.B.?, Morgun E.I.*®

12 Bogomolets National Medical University
% Taras Shevchenko National University of Kyiv

Ukraine

Abstract
The morphological and ultrastructural research of influence of CdS nanoparticles and cadmium chloride
on cerebral cortex embryogenesis is represented. It has been found that the CdS nanoparticles had
pathological affect on the cortex of new-born mice in different doses and caused cerebral edema and
neuronal death. The CdS nanoparticles were characterized by greater toxic influence, than cadmium
chloride.

Keywords: CdS nanoparticles, cadmium chloride, sodium polyphosphate, neurotoxicity, prenatal
period.

AHHOTauums
MpoBegeHo Mopdhonornyeckoe U ynNbTPaACTPYKTYPHOE  UCCrefoBaHWe  TOKCUYECKOro  BIUSAHUSA
HaHovacTuy, CdS wm conm CdCl, Ha ambpuoreHe3 ronoBHOMO MoO3ra Mbilen. YCTaHOBIEHO, 4TO
HaHoyacTuubl CdS NposiBNsOT 3HAYNTENbHOE TOKCUYECKOE AENCTBMUE Ha KOpY BOMbLIOro Mo3ra MblLLEN.
WX BnusiHne oOcyllecTBNSIeTCA B pasHbiXx [03ax, NPMBOAUT K OTEKy Mo3ra, rmbenu HenpoHOB.
Hanouactuubl CdS obnagator 6onee 3xHauMTeNbHbIM HEMPOTOKCUYECKMM BO3L4ENCTBUMEM, YEM COflb
CdCls.

KntoyeBble cnoBa: HaHodacTuubl CdS, xnopua kagmus, nonudocdart HaTpusi, HEMPOTOKCUYHOCTb,
npeHaTanbHbIN Nepuoa.

Mpegnonaraetcsi, 4TO MPUMEHEHVWE HAHOTEXHOMOrMn nNpuMBEAET K  PEBOSIOLMOHHBLIM
AOCTMXKEHUSIM BO MHOTMX cdpepax >XW3HM YenoBeyecTBa, B TOM uyucre B GUOMEAULIMHCKMX
uccnepoBaHusix. HecMoTpss Ha OrpoMHble NEpCrneKTMBbLI  UCMOMb30BaHWS HaHoMaTepuarnoB U
YHUKanbHble CBOWCTBA HaHOYacTWUL, WMEKTCS OMaceHusi, 4TO MaTepuarnbl Ha WX OCHOBE MOryT
NposiIBMATE TOKCUYHOCTb. AKTUBHOE MCMomnb3oBaHue HaHovactuy (HY) CdSe n CdS B onToanekTpoHuke,
nasepHon TexHWKe, BUOMeONLIMHCKMX UCCreoBaHUsIX CBSI3aHO C UX OMTUYECKMMK cBocTBamMu. Kagmuii
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SBNSETCA OAHUM W3 Hanbornee TOKCUYECKUX TsDKEMbIX MeETannoB, 4YTO OTpULaTeNnbHO BMAMSET Ha
OYHKLMOHMPOBaHNE OpraHoB U CUCTEM YeroBeka U XUBOTHbIX [1]. Ero coeauHeHus xapakTtepusyoTbcs
BbIP@XXEHHbIM TOKCMYEeCKUM 3EKTOM, CMOCOBHOCTLIO K HAKOMMEHWUIO U MeOSIEHHOMY BbIBEAEHUIO U3
opraHuama. PesynbTaTbl npefBapuTernbHbIX MWCCNefoBaHU nokasbiBaoT, 4to HY CdSe wumetot
BblpaXKeHHble LMToToKenyeckne adhdekTol [2, 3, 4].

LUenb wuccnepoBaums. Wccneposatb BrusHne HY CdS Ha Kopy ronoBHOro Mosra
HOBOPOXAEHHbIX MbILLEN, NMPOBECTU CPaBHUTENbHOE WCCRedOBaHWe BUSHWE pasHbIX [03 U pasHbiX
pasmepoBs HY CdS, cpaBuutb BnusHune HY CdS u conu CdCl, Ha kopy 6omblimx nonywapui
HOBOPOXAEHHbIX MbILLEN.

MaTtepuanbl n metoabl uccnegoBaHusa. KonnougHble pacteBopbl HY CdS nonyvanu
nyTeMm B3aMMOAeWCcTBMA Xropuaa Kaamua u cynbduaa HaTpus B nNpucyTcTBum nonudocdara
HaTpusa (M®H), koTopbli urpan B cucTeme ponb cTabunusatopa HY. Pasmep HY CdS
onpefensanu € UCNonb3oBaHMEM MeToda AMHAMWYECKOro pacceuBaHWsa cBeTa Nnpu MNoMoLim
npubopa ZetaSizer Nano S (Malvern, Benuko6putaHusa) B nabopartopum KOMANOUOHbLIX CUCTEM
TOO «HaHoMepgTex».

OKkcnepuMeHTbl Obinyn npoBeaeHbl Ha 60 6enbix Mblwax BecoMm 18-22 r. XKnBoTHble 6binu
pacnpegeneHbl Ha 5 rpynn. bepeMeHHbIM MbiWwaM MepBOW KOHTPOMbHOW Fpynnbl BBOAWUNU
n3nonormyecknin pacteop, BTopon — pacteop nonudocdata Hatpus (MPH). TpeTbio 1 YeTBEpPTYIO
3KCNepUMeHTanbHbIE TPYNMbl COCTaBUIN XUBOTHbIE, KOTOpbIM BBOAMNM HY CdS B pasmepe 4-8 HM 1
15-20 HM COOTBETCTBEHHO. B nATyl0 rpynny BOLUNW XUBOTHbIE, KOTOPbIM BBOAWUMNW XNopua Kagmus
(CdCly). YkasaHHble BellecTBa BBOAUIM GepeMeHHbIM Mbillam OAMH pa3 B CYTkM B ABYX Ao3ax 0,9 un
3,6 mr/kr Ha 12-15 geHb npegnonaraemon 6epemMeHHOCTUM MHTpanepuToHeanbHO B TeYEeHUU NSATU
AHen. [osbl  ObinM  BbIOpaHbl COOTBETCTBEHHO  NUTEpPaTypHbIM  AaHHbBIM MO BOMpPOCY
ambpuoTokcmyHocTn HY CdS in vitro [3,5]. Mocne poxaeHusa mblliaT NpoBOAUNN 3BTaHa3UK0 NyTeM
Aekanutauuu, ypananu ronioBHOM Mo3r mblwat v nomewanu B 10% pacTBop HeWTpanbHOro
dopmanuHa. Mo cTaHgapTHOM TUCTOMOrMYECcKoOW MeToduKe nonyyanu cpesbl, KOTOpble Kpacumu
reMaToKCUIIMHOM U 903MHOM. Ha npokpalleHHbIX npenapaTax (PPOHTaNbHWX CPE30B TONOBHOIO
MO3ra Mbllen wuccrnegoBany MopdofiorMyeckne u3MeHeHus Kopbl Gonbworo Mosra. W3ayyanwu
NM3MeHeHusa nnowaan aaep u nepmkapvoHa HempoHOB, NOACHMTLIBaNM obLiee KONMYeCcTBO HENPOHOB
W NpoueHT normbnux knetok. B npegenax TecT-30Hbl (200x130 MKM) cuntanm obuiee KONUYeCcTBO
HEMPOHOB M KOMWYECTBO  HEWPOHOB,  KOTOPble  XapakTepusywTcs  NaToflorMyecknmu
MOPEONOrMyeckKMMnU U3SMEHEHNSMU.

[na npoBeaeHWs 31eKTPOHHOMUKPOCKOMUYECKOro NCCneaoBaHNs dparMeHTbl KOpbl FONIOBHOMO
Mo3ra Mblwat nomewanu B 2,5 % pactBop rnoTapanbgervga. B panbHenwem  matepuan
fodmkerpoBanu B 1% pacTBope OCMMEBOWN KUCNOThI Ha doccaTHoM Bydepe. O6BbeKTLI 06e3BOXMBaNM
B pacTBOpax 3TaHoma, B OKCUMPONUIEHE 1 aLeHTOHe 1 3anvMBann B cMecb anoHa 812 ¢ apangutom M.
YnbTpaToHKMe cpesbl nonyyanu Ha ynetpatome LKB-8800 (MFonnaHgus), NOTOM MX KOHTpacutTpoBanu B
2% pacTtBope ypaHunauetata B 70% 3TaHone n a3oTHOKMCIbIM CBUHLOM no 30 mMyH. Cpesbl udyyanu u
doTorpadmpoBanm Ha 3NeKTPOHHOM Mukpockone JEM 100B (AnoHus).

Pe3synbTaTtbl U ux obcyxaeHue. VccnegoBaHne CTPYKTYpPHOW oOpraHv3auum Kopbl
OonblIMX nonywapuii TOMOBHOrO MO3ra HOBOPOXAEHHbIX MbIWEN Mpu  YCrNOBUW BBEAEHMUSA
6epeMeHHbIM camkam duamonoruyeckoro pactsopa u MPH 6bino npoBegeHO ANs NonyYeHus
KOHTPOMbHbIX MOKasaTenen C Uenbil OLUEHKNM TOoKcu4eckoro BnusHus CdS u conu Kagmus.
MccnenoBaHne CTPYKTYpbl HEOKOPTEKCa BbISIBUNO TUMWMYHOE CTPOEHWE UCCReAoBaHbIX KNEeTOYHbIX
obpasoBaHuii Mo3ra. Kopa mMo3ra umeeT KiacCuM4eckoe CTPOEHWe, PErncTpupyrloTcst OTAenbHble
cnon B Kope mosra. Hewponbl Il n V cnoeB HeokopTekca CYLLECTBEHHO He OTNMYaloTCa Mexay
cobon. MmewT HopmanbHoe Mopdonornyeckoe ctpoeHue, 6e3 npuaHakoB HabyxaHusa (Tabn. 1).
MopdomeTprnyeckasi OLEHKa COCTOSIHUS KOPbl MO3ra KOHTPOJSIbHbIX >XUBOTHbIX MOKasana, 4To
cpegHee KONMMYecTBO KNeTok BapuupyeT B npegenax 83-84 knetok B Il cnoe n 64-66 knetok B V
cnoe. Pernctpupytotcsa oTaenbHble KNeTKN C Npu3Hakamun AecTpyKuMm nnasMmatuyeckon membpaHsi,
Tonbko npu BeBegeHwun MPH B gose 3,6 MI/Kr yCTaHOBMEHO He3HayMTenbHOe YyBenuyeHue Takux
knetok (4,9+0,4% p<0,05 B Ill cnoe). B V cnoe konuyectso nornbwunx kneTok coctasuno 9,6+0,9%
(p<0,05). MNpn aTOM N3MEHEHU MOPOMETPUYECKMX NOKa3aTeNeN HEMPOHOB NPU BBEAEHUU Pa3HbIX
no3 N®H He yctaHoBneHo.
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Tabnuuya 1

BnusHue CdS u CdCl; Ha mopcdomeTpulieckme nokasarenu (nnowanb sapa U HeMPoOHa) HEMPOHOB
CEHCOMOTOPHOW KOpPbl GOMbLIMX MOMyLIAPUI FONOBHOFO MO3ra HOBOPOXAEHHbIX MbilLei (MKM?)

Ne Mpynna 1l \%
Mnowaab sapa Mnowaab Mnowaab sapa Mnowaab
HerpoHa HerpoHa
1 dusnono- 66,57+1,6 92,87+1,4 73,98+2,0 96,33+1,2
rMyecknmn
pacTBop
2 MdH 0,9 mr/kr 69,03+0,7 92,01+0,6 73,79+0,8 96,78+0,6
3 M®H 3,6 mr/kr 67,86+0,6 93,41+1,1 74,63+1,3 97,84+0,7
4 CdS (4-8 Hm) 96,05£1,2a,b 128,51+0,8a,b 90,93+0,7a 111,08+1,2a
0,9mr/kr
5 CdS (4-8 Hm) 68,03+£0,94,e 94,41+1,22e 70,62+2,0 94,24+1,4
3,6Mmr/kr
6 Cds (15-20 66,32+1,3c 99,30+0,9a,c 70,94+1,86¢C 98,24+1,2¢
HM) 0,9mr/kr
7 Cds (15-20 | 82,15+0,7a,b,c,.e | 114,30+0,9a,b,c,e | 89,04+0,66a,b,c,e | 104,02+1,0a,b,c.e
HM) 3,6Mr/kr
8 CdClI;0,9 mr/kr | 76,01£3,8a,b,c,d 99,95+2,6a,b,c 83,49+2,8a,b,c,d 106,76+3,1a,b
9 CdCl; 3,6 mr/kr | 80,84+4,0a,b,c,e 90,37+3,9d,e 94,68+3,4a,b,c,d,e | 111,87+4,5a,b,c,d

a — JOCTOBEPHO MO OTHOLLEHMIO K onsmonorndeckomy pacteopy (p<0,05).

b — pocToBepHO NO OTHOLLEHMIO K cooTBETCTBYHOLWEeN Ao3e MNMPH (p<0,05).

C — [OCTOBEPHO MO OTHOLLEHUIO K COOTBETCTBYOLEN ao3e CdS (4-8) (p<0,05).

d — 4OCTOBEPHO MO OTHOLLEHMIO K COOTBETCTBYHOLLEN fo3e CdS (15-20) (p<0,05).
€ - JOCTOBEPHO MO OTHOLLEHUIO K MeHbLUEN fo3e B npedenax ogHon rpynnel (p<0,05).

Tabnuua 2

BnusiHue CdS n CdCl; Ha BbRKMBaHWe HEMPOHOB CEHCOMOTOPHOM KOpbI 60MbLINX NonyLwwapun
royIOBHOrO MO3ra HOBOPOXAEHHbIX Mbilen (KNeTOK/TeCT-30Hy)

Ne Mpynna 11l V
Obuwee KonnyecTtBo MpoueHT Obuwee Konu- MpoueHT
KONIM4EeCTBO normeLLmx normbLImnMx | Konm4yecTBo 4ecTBO normoLumx
HEWpOHOB HEeNpoHOB HEeNpoHOB HEeNpoHOB norménux | HewmpoHOB
HENpPOHOB
1 dunsnono- 82,612,1 3,4+0,4 4,1+0,6 63,2+2,4 3,540,3 5,610,5
rMYecknmn
pacTBop
2 MNoH 0,9 84,1+1,7 4,0+0,6 4,610,6 64,9+1,1 3,740,4 5,7+0,5
Mr/Kr
4 MNoH 3,6 83,7+2,6 4,1+0,2 4,9+0,4a,e 64,9+2,7 6,210,5 9,6+0,9a,e
Mr/Kr
5 Cds (4-8 83,3+£3,0 9,8+2,1 12,443,043, 60,6+2,3 8,31+1,0 14,1+2 03,
HM) 0,9 b b
Mr/Kr
7 Cds (4-8 85,7+1,7 16,215 18,8+1,3a, 66,3+2,2 11,7+0,5 17,8+1,1a,
HM) 3,6 b,e b,e
Mr/Kr
8 Cds (15- 81,8+2,4 9,2+1,0 11,4+1,4a, 60,2+1,3 8,610,3 14,4+0,8a,
20 Hwm) 0,9 b b
Mr/Kr
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OkoHyaHue mabnuuybsi 2

Ne pynna 1l \%
Ob6wwee KonuuectBo | [MpoueHT O6wwee Konu- MpoueHT
KONM4ecTBO nornoLmx nornéLumx | KonmmM4yecTBo 4ecTBO nornéLumx
HEWpPOHOB HenpoHOoB HenpoHOoB HEeNpoHOB norménux | HewpoHOB
HEeNpoHOB
10 Cds (15- 86,0+2,1 13,3+1,2 15,441 23, 63,5+3,1 11,1411 17,5+1,6a,
20 Hm) 3,6 b,c,e b,e
Mr/Kr
11 | CdCl, 0,9 81,9+4,2 5,1+1,5 6,2+1,6a,c 69,3+2,9 3,0+1,0 4,2+1,3h,c
Mr/Kr d d
13 | CdCl, 3,6 86,3+1,6 11,1+2,4 13,0+2,8a, 63,7+1,3 12,1+1,4 | 18,942,2a,
Mr/Kr b,c b,e

a — JOCTOBEPHO MO OTHOLLEHUIO K dhnanonormyeckomy pac Topy (p<0,05).

b — pocToBepHoO No OTHOLLEHUIO K coOoTBETCTBYHOLWEN ao3e MNPH (p<0,05).

C — JOCTOBEPHO MO OTHOLLEHMIO K COOTBETCTBYoLeN Ao3e CdS (4-8 Hm) (p<0,05).

d — 4OCTOBEPHO NO OTHOLLEHMIO K cooTBETCTBYHOLWeN fo3e CdS (15-20 Hm) (p<0,05).
€ - JOCTOBEPHO NO OTHOLLUEHUIO K MEHbLLEN 03€e B Npeaenax ogHon (p<0,05).

Y HOBOPOXAEHHbIX Mbiler, koTopbiM BBoaunM HY CdS (4-6 Hm) B gose 0,9 mr/kr Habnoganu
naTonornyeckne M3MeHeHnsi B CEHCOMOTOPHOM kope. HeokopTekc MbILeN XapaKkTepu3oBarcs Hanninem
V (VI) crnoeB HepBHbIX KneTok. CyllecTBeHHble M3MeHeHUsi oTMevaloTca B HevipoHax Il Ta V croes
HeokopTekca. HewnpoHbl |ll cnos umeroT CyLecTBEHHO yBeNMYeHHoe SAp0 N0 CPaBHEHUIO C KOHTPONem
(Tabn. 1). Agpa HeNpPOHOB rMNepTPOMpPOBaHHbIE. PerncTpmpyroTbCs NepuuennonapHblie OTEKM BOKPYT
OTAEerNbHbIX HENPOHOB M NyCTe MecTa B MEXKINETOYHOM NpocTpaHcTBe. Pa3BnTne oteka conpoBoXxaaeTcs
yBenuyeHnem MopdoMeTpUYeCKUX napaMeTpoB HerpoHa. Tak, cpeaHasa nrowaab HenpoHos B 1l crioe
cocTasuna 128,51+0,8 Mkm?(p<0,05), 4To NouTH Ha 39% NpPEBbLILLAET KOHTPOMNLHE 3HaYeHUs. CpeaHHas
nnowaae siAep HeWpoHOB Takke [OOCTOBEPHO yBenuumBaeTcsi Oinbwe, yem Ha 39%. B V cnoe
HeoKopTeKca cpefHss nnowanb HempoHoB cocTtaBuna 111,08+1,2 MKMz(p<0,05), 4yTO Gonblue Ha 15%,
yeM y KOHTpomnbHuX (M®H) xMBOTHBLIX. Mpyn 3TOM cpedHas nnowadb sAep NoBpeXAeHbIX HeMpoHOB
AocToBepHO YyBenuuuBaetca Ha 23%. B kope Mo3ra ycTaHOBNEHO yBeNWYEeHWe 4ucra nornbLumx
HempoHoB. Tak, AereHepaumsa HewipoHoB B |II cnoe gocTtoBepHo yBenuuusaeTcs B cpegHem Ha 7,8%
(Tabn. 2). B V cnoe HeokopTekca MpoLECChbl AereHepauny HEWPOHOB BbIpaXeHbl B Gonbluei Mepe.
[MNOTHOCTL HEWPOHOB B 3TOM CrOe KOpbl OOMbLUMX MONyLApUA SBMSETCH MEHbLUEN, a KONUYEeCTBO
NaTonorMyeckn W3MEHEHHbIX, TO eCTb [ereHepuMpoBaHHbLIX CTPYKTYpP CYLIECTBEHHO Gonblienh u
coctasnset 14,1+2,0 %. Bokpyr HeripoHOB 60nemM BbipaXeHbl NepuLennionsapHbie OTeKW, KNeTKn UMetoT
runepTpocupoBaHHble siapa. [Npu BBeaeHUM HOBOPOXAEHHbIM Mbiwam HY CdS (4-8 Hm) B pose 3,6
Mr/Kr  YCTAQHOBIIEHO CYyLIECTBEHHOE YMEHbLUEHME MOPEOMETPUYECKMX MoKasaTenen HeWpoHOB
HeoKopTeKca, runepruapaTtaums TKaHu Mosra U pasBuTUe Hempoperpagjaumu. TkaHb rofioBHOrO Moara
XapakTepusyeTcsi 3Ha4uMTenbHbIM OTEKOM, OKOSO HEVPOHOB OTMeYatoTCcs nepuuennionspHele oteku (Puc.
1). He/poHbl MMEIT OKPYrNoe runepxpomHoe sapo. Bokpyr KneTok yBenuuuBaeTcs pas3BUTME OTeka
TkaHW. B V cnoe HeokopTekca yCTaHOBIEHO AOCTOBEPHOE YMEHbLUEHNE CpeaHen NinoLaan HempoHOB Ha
2,7%. OQHOBPEMEHHO C 3TUM YBENUYMBAETCH KOMMYeCTBO MOrmMbLUMX KNeTok kopbl mosra. B Il cnoe
KONMMYEeCTBO [ereHepaTuBHUX KNeTok Obino Ha 14, 2% 6onblue KOHTPONbHMX 3HadveHui. B V cnoe
HeoKopTeKCa KOMMYeCcTBO MOrMbLuMX KMeTok yBenuumBaeTcs Ha 6,8 u Ha 12,1% no cpaBHeHWO C
XUBOTHbIMW, kKOTOpbIM BBOAUNN MN®H (3,6mr/kr).

Y HOBOPOXAEHHbIX Mbiwewn, kotopbiM BBoannM HY CdS (15-20 Hm) B pose 0,9 mr/kr takke
YCTaHOBMEHO HanuyMe 30Hbl  runepryugpataumMm U HEKpo3a HEpPBHOW  TKaHu.  V3MeHeHun
MopomeTpryeckux napameTpoB saep HempoHoB B Il m V crnosix HekopoTekca He YCTaHOBMEHO, a
cpeaHsAs nnowiagb HEMPOHOB yBenNnunBaeTCcH B cpeaHem Ha 2-7% (Tabn. 1). fAapa kneTok B kope mosra
XapakTepusyroTcs AuddysHbIM NpoKpalMBaHWEM XpoMaTuHa, YTO MOXeT CBUAEeTenbCcTBoBaTb O
pa3BuMTMM XpomMaTonu3a. YBenuuMBaeTCA OTeK TKaHelh Mo3sra. [uneprugpataums U OTeK TkaHewn
BbI3blBalOT rmbenb HerpoHoB. Tak, gereHepauus HernpoHoB B Il cnoe goctoBepHo yBenuunBaeTcs B
6peaHeMm Ha 6,8 % (Tabn. 2), B V — Ha 8,7 %. Pa3Butue HepogereHepaTyBHbLIX NPOLECCOB B KOPe Mo3ra
CYLLECTBEHHO HE OTNNYaNOCh OT aHanorM4HbIX Npu BBegeHUn HY MeHbLINX pasmepos.
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Puc. 1. Ydyacmok ceHcoMOmopHoU Kopbl bonbwux nomywapud nocrne egedeHuss HaHodacmuy CdS
(4-8 HM) 3,6 me/ke. 3HayumenbHbIU OMeK Mo32a, pe3Koe yMeHbleHue pasmepos knemok. 0O6. 20,
ok. 12. OKpacka 2eMamoKCUUHOM U €03UHOM

Mpun BBegeHun HY CdS (15-20 HM) B go3e 3,6 Mr/Kr y HOBOPOXOEHHbIX MbILIE YCTaHOBMEH
CYLLIEeCTBEHbIA OTEK TKaHW MO3ra, rmaponnyecknii oTek HEMPOHOB M ux rmbenb. Herporbl Il n V cnoes
HEOKOpPTEeKCa WMenu rMnepTpoMpoBaHHbIN BUA BCNEACTBME MHTPAUENoONApHOro oTeka. fAgpa
OONbLUMHCTBA KMNETOK XapaKkTepu3yBanucb XpoOMaToni3oM, 3aHUManu MouTU BeCb MEepPUKapUOH.
Pernctpupytotcst nepyuennionsipHble OTekn BOKPYr OTAenbHbIX HenpoHoB (Puc. 2). CpegHsaa nnowagb
HevipoHoB B Il cnoe coctasuna 114,3+0,9 MKMZ(p<0,05), 41O Ha 22,3 % Gonblue KOHTPOMbHUX 3HAYEHUI.
MopdomeTpuryeckne napameTpbl sAep HEMPOHOB U3MEHSIOTCS MO nogobHon TeHaeHuun (Tabn. 1). B V
crnoe HeoKopTeKkca cpefHsas nnowagb HenpoHoB coctasuna 104,0+1,0 MKMz(p<0,05). Passutne
HelipofereHepaTUMBHbIX MPOLEC B AAHHOW rpynne 3KCMepUMEeHTamnbHbIX XUBOTHbIX MMeEeT HambonbLuunii
MacwTab, No CpPaBHEHMIO C BCEMW WUCCNeOoBaHbIMU TOKCUYECKMMM areHTamu. KonuyectBo nornbLumx
HenpoHoB B Il cnoe coctaBuno 15,4+1,2 (wTt) (p<0,05), a B V — 17,5¢+1,6 (wTt) (p<0,05), 4tO
CYLLLeCTBEHHO Gornblue, YeM B APYrnx rpyrnnax >XUBOTHbIX.

Puc. 2. Yqacmok ceHcomMomopHoU Kopbl 6ombuwux nonywapud npu eeedeHuu CdS (15-20 HM) 3,6 me/ke.
lunepaudpayuoHHbIl Hekpo3 8 I-1l cnoe Heokopmekca. Ob6. 40, ok. 12. Okpacka eeMamoKCcUIUHOM
U e03UHOM
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Mpu nccnenoBaHMM rMCTONONMYECKOro MaTepmnana HoOBOPOXAEHHbIX MbILLEN, KOTOPblE B Mepuos,
BHYTPMYTPOOHOrO passButus npebbiBany nod BO3AENCTBMEM WHTOKCuKaumm CdCly, ycTaHOBREHbI
npoueccbl oOTeka TKaHM Mo3ra u rubenu HeMpoHOB B Kope 6Gonblumx nonywapui. HenpoHbl
XapaKTepu3oBanucb 3HaAYUTEMbHbIM MAPONMYECKUM HabyxaHueM uuTonnasmbel. KonmuecTBeHHble U
Ka4yeCTBEHHble HapyLUEeHUS B KNETOYHbIX CTPYKTypax Habnoganu B pasHbiX y4acTkax rofiloBHOro mMosra B
3aBMCUMOCTU OT A03bl akcnosuuun CdCl,. Mpu BBeaeHnn CdACl, 0,9 Mr/kr Mopdhornormyeckne M3MeHeHus
XapaKTepuaylTbCs rMnepTpodmeli HEMpoOHOB, B OTAENbHBIX YvacTKax PperncTpupyetcs pasBuTME
HenpogereHepaLumn co 3Ha4YMTeNbHbIM OTEKOM TKaHW Mo3ra. Ho Takve HapyLueHuns Habnogannch TONMbKO
y oTAenbHbIX XMBOTHbIX. [Mpn BBegeHun CdCl, B gose 3,6 Mr/kr HapyweHus Obinv NogoGHbIMK K
WHTOKCUKauun HaHoyactuuamm (Puc. 3). CpaBHUTENbHbI aHanu3 HapylweHwd npu BO3OENCTBUN
HaHouacTuu u CdCl, nokasarn, 4To nocrnegHee xapakTepusyeTcsi MeHee TOKCUYHbBIM BIMSHUEM.

Puc. 3. Yyacmok ceHcomomopHoU Kopbl 6osbuwux nomywapul 8 ycrosusix eeederusi CdCl, 3,6 me/ka.
Ocmpobili omek Kopbl 20/108H020 Mo32a. O6. 20, ok. 12. Okpac eeMamoKCUUHOM U 303UHOM

Mpn wnccnepoBaHUK yNbTPaAMUKPOCKONMYECKUX WM3MEHEHW Kopbl 6onblumx nomnylapumn
FONIOBHONO MoO3ra HOBOPOXAEHHbIX MblLLIEN YCTaHOBINEHO pa3BUTUE 3HAYUTEIbHbIX HaprJeHI/II7I B
HEPBHbIX KreTKax. XapaKTeprlmm npu3sHakamMn WHTOKCUKaLnKn OblnM OTeK unTonnasmbl KNeTok wu
HenpuToB. MNepruapaTtauns HEMPOLMTOB COMPOBOXAAETCA AeCTpyKumen umtockeneta. Npu BBegeHnn
xrnopuga KagMusa BCTpeYanu OTAeNbHbI rpynnbl OTHOCUTENbHO HemnoBpeXaeHHbIX kneTok. [pu
nopaxeHun HY CdS unHTOKCUKaums Bbina 6onee BbipaxxeHHOW (Puc. 4). YCTaHOBMEHO pa3BuTUE OTeka
FONIOBHONO MO3ra M HepBHbIX KIETOK. BOprr KPOBEHOCHbIX COCyAOB OTPOCTKM acTpouMTOB Obinu B
COCTOSiHAM OCTPOro oTeka M 4acTo AecTpykumu. OpraHenn B HUX MOYTU He perncTpupoBanm.
vneprugpaTaumm HEMPOHOB  COMPOBOXAAIOTCA AEeCTPyKUMen nnasmaneMmbl U 0o6beanHeHneM
umtonnasmbl OTAENbHbIX KMEeTOK B eOuHOE J3NEeKTPOHHOMpPOo3payHOoe MpOCTPaHCTBO. BonblwKWHCTBO
HENpOoHOB MMenu GonbLioe OKpyrnoe SApO € Npu3Hakamu Xpomatonusa, ocobeHHo npu nopaxeHun HY
CdS. B HekoTopbix cnydasx Habmioganu pedopmaumio saep C yBenuvYEeHWeM MepuHyKreapHoro
npoctpaHcTea. BonbLWMHCTBO MUTOXOHAPUI BblnNK NOBpexeaHHbIMK. B HepoHax pernctpupyeTcst oTek
uutonnasmbl U anemeHtoB JMC. [poucxoauT AerpaHynaums  peTukynyma wu  obpasoBaHue
KOHromepaToB MPYBOAMT K 06pasoBaHMI0 MMraHCKMX BaKyoslb, KOTOPbIE MOYTW MOMHOCTLIO 3amnONnHSAI0T
obbem knetkn. B Takmx kneTkax npoucxoauT ToTanbHas AecTpyKuus MpoTonnasMbl UM opraHens,
BCTpeYalTCA TOJIbKO OTAeflbHble MUTOXOHAPUU pa3H0|7| CTerneHun nopaxxeHus. |-|pVI MHTOKCUKauun
FONMOBHONO MO3ra CTPYKTYpHEe HapylweHua B [MUanHbiX Khnetkax umMmenu I'IO,EI,OGHyPO cTeneHb
BbIP@XXEHHOCTN, Kak W B HelpoHax. OHW XxapakTepusyloTcs AesopraHusaumen, paspyllieHnem
uuTonnasmbl ¢ 06pa3oBaHMEM BaKyoslb pasHOro npoucxoxaeHus. OTMeYeHo XpomaTonu3 u 6ne66uHr
Hykneonemmbl. HapyleHusi, KoTopble pa3BMBalOTCA B OTPOCTKax HEWPOHOB TaKKe WMeT
NnonUMOpPMHbIN  XapakTep nopaxeHus. BcTpevaeTca 3HaunTenbHOE KOMMYECTBO  MOPAKEHHbIX
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rMaponuyYeckn n3MeHeHHbIx HenpuToB. Mpu nopaxeHun HY CdS B HWMX NPOMCXOAUT YMEHbLUEHUe unu
TOTanbHbIN pacnag MUKpOTpyboyek, obpasoBaHue Bakyonew pasHou ¢opmbl U pasMepoB. Xnopug
KagMuWsl He XapaKTepu3oBarcsl BblpaXXeHHbIMW AECTPYKTUBHBIMU HapyLLeHnsaMU. Akconnasma cogepxana
YeTKO OPUEHTMPOBAHHbIE MWKPOTPYOOUKM, OTAENbHbIE BaKyonu W rpynnbl MUTOXOHAPUA C YacTUHO
NopaxeHHbIMU KpUCTamu.

Puc. 4. Kopa 6onbwux nonywapul Mbiwel npu egedeHuUU HaHoYacmuy U Conu KadMus.
YcnosHble 0603HaqeHusi: 1 — CdCly ; 2 — HY CdS (4-8 Hm); 3 — CdCly; 4 - HY CdS (15-20HMm).
Omek u decmpykyus Helpumos. Omek u de3opeaaHuU3ayusi yumorniasmbl KIemox.
AnekmpoHoepammbi: 6800

BbiBoabl.

1. MHTpaneputoHeaneHoe BBeAeHUE bepeMeHHbIM camkam Mblwen HY CdS Bbi3biBaeT peskyto
WHTOKCMKaLIMIO NMOTOMCTBA, YTO CTPYKTYPHO MPOSIBNSIETCA B OCTPOM OTeke Mo3ra u rubenv HempoHoOB B
Kope Mo3ra. XapakTep MHTOKCHKaLuW y NOTOMCTBA SBNSETCH 40303aBUCHMbIM.

2. YcraHoBneHo, 4to HY CdS 15-20 HM npoaBnsioT HaMBONbLUMIA LUTOTOKCUYECKUA 3ddhekT in
ViVO MO OTHOLLEHWIO K HEPBHBLIM KIETKaM FOMIOBHOTO MO3ra HOBOPOXAEHHBIX XUBOTHbLIX B CPABHEHWUU C
OPYrMMN M3yYEHHbIMU TOKCUYHBIMW areHTamu.

3.HY CdS n conb CdCl, NnposiBRAOT CXOXUA LMTOTOKCUYHBIN 3PMEKT HA YNbTPaCTPYKTYPHOM
YPOBHE.

4.Bonee BblpaxeHHOe NoBpexaatolliee AeNCTBUE HaHoYacTuL, Bonbluero pasmepa MoxeT BbiTb
006yCrnoBneHo Nx 3aepXXKON B OpraHu3Me B CBSI3W C 3aTpyaHEHHOW 1 6onee ANMTENbHOW annuMuUHaumen
KNeTOYHbIMM 3feMeHTaMn Makpodarnyeckon cuctembl. [aHHbId BOMPOC HyXOaeTcs B AanbHenwmx
nccnegoBaHusX.
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FEATURES OF NATURE OF ROOTS OF PSATHYROSTACHYS JUNCEA
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Abstract

In the article questions of feature of root system of Psathyrostachys juncea are considered.
Psathyrostachys juncea has an extensive area not only in the territory of the CIS, but also beyond its
limits. In determinant of plants "Flora of Western Siberia" of P. Krylov (1928) Psathyrostachys juncea is
described as wild ruttishness rough spike and is carried to wild ruttishness sort. The area of this cereal
specified all South East Russia: Saratov, Astrakhan and Orenburg areas. Besides, the South of Ural,
Kazakhstan, Turkestan (the Central Asian republics), Kuldzha (China), Pamir, Afghanistan and Iran are
carried to areas of growth of the plant.

Keywords: Psathyrostachys juncea, cereals, Rizodermis, exoderm, tissue, root.

AHHOTauums
B cTtaTbe paccmaTprBaroTCs BOMPOCHI OCOOEHHOCTU KOPHEBOW CUCTEMbI TOMKOBOJIOCHUKA CUTHUKOBOTO.
JIOMKOKOMNOCHWK CUTHWKOBBIN MMeEeT OOLIMPHLIN apean He Tonbko Ha Tepputopum CHIC, HO u 3a ero
npegenamn. B onpepenutene pacteHun «®nopa 3anagHo Cubupuy, [M.Kpbinosa (1928)
JIOMKOKOITOCHUK CUTHUKOBI OMUCLIBAETCA KaK BOJIOCHEL, LUEPLUABO-KOMOCHIA W OTHECEH K poay
BONocHeLoB. Apeanom 3Toro 3naka ykasaHa Bcs KOro-BoctouHas Poccus: CapaTtoBckas, AcTpaxaHckas
n OpeHbyprckas obnactn. Kpome Toro, K panioHam npou3pacTaHWsi pacTeHWs OTHEeCeHbl tor Ypana,
KasaxctaH, TypkecTaH (cpegHeasuatckue pecnybnukm), Kynbaxa (Kutan), Mamup, AdraHnctaH n UpaH.

KntoueBble cnoea: NOMKOKOMOCHUK, 3aku, pusogepma, aksogepma, TkaHb, KOpeHb.

JIOMKOHONOCHUKA CUTHUKOBOTO KaK M BCEX 311aKOB MOYKOBaTOro TWUMA, CHapy>Xu KOPEeHb MOKPbLIT
pY304EPMUCOM MNN ANMBNEMON C BOMbLUNM KONMYECTBOM AOBOMBHO AJIMHHBIX (40 2 MM) BCaCbIBAKOLLMX
BOJIOCKOB, CWbHO YBENMYMBAIOLLMX BCAaCbIBAOLLYIO MOBEPXHOCTb KOpHsi. KneTku pusogepmuca c
KOPHEBbIMM BOJSIOCKAMMW TOJICTOCTEHHbIE, MIOTHO COMKHYTbl W BbIMOMHSAT (PYHKLUMIO MOrMOLWEHNS
nuTaTenbHbIX PAaCTBOPOB M3 NMOYBbLI.

Kopa KkOpHS npeacTaBneHa KOMMIIEKCOM  pasfuuHbiX  TKaHeW. [log  pvsoaepmmcom
pacnonaraeTcsi 04HOPOAHas 3Kk304epMa — HapyKHbIl Criov NepBUYHON Kopbl. KNeTkn AOBOMbHO Menkue,
MHOTOpaHHbIE U HECKONBbKO BbITAHYTOW (hOPMbI, MIIOTHO NPUMbIKAKOT APYT K Apyry, MNocne oTMupaHus v
CNyLIMBaHUS KNETOK pU3ogepmMmuca CTEHKM KINETOK 3k304epMbl 0ObIMHO NOABEpPrarnTcst onpobkoBeHuoo. A

© Kuspangalieva H.K., Makhambetov M.Zh., 2012
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rnocrne OTMMpaHUS U CRYLUMBAHWA KNETOK pu3odepMuca 3K3oA4epMa BbINOMHSAET OyHKUMU 3almUTHON
NMOKPOBHOW TKaHW.

BHYTPeHHWUI cnomn Kopbl — 9HA0AEPMa — HECKOSbKO NyyLle, YeM HapyXHbIW, Tak Kak 34ecb ecTb
cBou 0coBeHHOCTU. DHApAepMa nNpeacTaBneHa OgHNM pAaoM NIOTHO COMKHYTBIX NapeHXUMHbBIX KIeTOoK,
UMEIOLLMX Ha KOHEYHOM paspese NPsIMOYronHble odyepTaHus. PaguansHble U BHYTPEHHUE TaHreTanbHble
CTEHKW KINETOK CIIOXHbIe, CUINbHO YTOrLWEHHbIe, ONpobKoBEBLUME M YacTUYHO ogepeBeHeBLune. CTeHku,
obpalleHHble B CTOPOHY KOpbl, OCTalOTCA TOHKUMU. Cpean MepTBbIX KNETOK 3HAO0AEPMbI NPOTUB Nyyen
NepBUYHON KCUMEMbl PacnonaraloTCs XuBble TOHKOCTEHHbIE NMPOMYCKHbIE KMEeTKW, Yepes KOoTopble Boaa
13 MEepPBUYHOWM KOpbl MOA AaBMNeHVMeM HamnpasnseTcs B cocydbl KCUMeMbl LEHTPanbHOro uunuHapa.
OHpodepma urpaet ocobyto ponb B perynupoBaHUmM MOCTYMNEHUS BELWECTB B LIEHTP LUMIMHAPA KOPHS.
[Mocne oTMMpaHUs 1 cryLuMBaHWA NEPBUYHON KOPbl 3HAOAEPMA BbINONAeT YHKLUMM 3aLLUMTHOMO Cnos 1
npensaTCTBYeT UCNAPEHUIO BOAbI KOPHEM.

B wutore HeobGXogMMO OTMETUTb, YTO B CTPOEHWM HAPYXXHOTO WM BHYTPEHHEro CrOeB KOpbl
umeeTcss MHOro cxogHoro. [lo yTBepXOEHUIO HEKOTOPbIX uccnegosaTenen, 3TO OBCTOATENbLCTBO
XapakTepusyeT 3naku KcepoUTHOro Tuna pacTeHun.

OcHoBHasa mMacca Kopbl — Me30[epMa — 3aKrtoYeHHas Mexay aK304epMoii U 9HOO0AEPMOM, XOPOLLIO
passuTa M npeacraBreHa MHoropsaHbiv (12-16 psgoB) crnoem [OBOMbHO Menkux Oonee unu meHee
OOMHAKOBbIX OKPYMbIX, PbIXNIO  PaCMOMOXEHHbIX TOHKOCTKEHHbIX JKMBbIX KIETOK, pasMepbl KneTo,
NPMMbIKAOLLMX K 3K304epMe, MOCTENEHHO YBEMUUMBAIOTCS K cepeauHe crosi. [nst KOpHel JTIOMKOKOSOCHUKa
XapaKTepHO CKnepudukaumsa BHYTPEHHUX KIETOK KOpbl. LleHTpanbHbIA LMAMHAP KOPHS COCTOWUT U3
npoBOAALUMX TKaHen (no3aMbl W KCUMEMbl, MapeHxMMbl W nepuumkna. [locnegHwun pacnonaraetcs
HenocpeaCTBEHHO NoA 3NMAEPMUCOM B BUAE OOHOMO psfa Y3KUX, HEXHBIX XUBbIX KNETOK. [lesTensHoCTb aTon
obpasoBaTenbHOM TKaHW pasHOOOpasHa U MHTEHCKMBHA. Y OQHOAOSMbHBIX PACTEHWMI, B YAaCTHOCTU Y 3MaKoB
NepuLMKI B OCHOBHOM JaeT Havyano GOKOBbLIM KOPHSIM.

B ueHTpanbHOM UMMUHAPE CPpeAn MaccChl KNETOK OCHOBHOW MapeHXMbl U y4acTKoB (hrioambl
XOpoLWO BblAenseTcsa Kcunema, Kotopas COCTOUT U3 8-9 KpynHbIX BOAOMPOBOASALMX COCYAOB
mMeTakcunembl U 13-16 nyven npoTokcunembl. Takum oOpasom, ONnsi NMOMKOKONMOCHMKA CUTHUKOBOTO
XapakTepHO HanuyMe B KOPHSAX XOPOLIO Pa3BWTOW BOAOMPOBOASLLEN CUCTEMbI, YTO OYEBWAOHO TOXE
BNseTca 0COBEHHOCTBI0 KCePOMUTHOrO 3naka.

Mpn Mopdonoro-aHaTOMUYECKOM WCCNEAOBaHUM Y3MOBbIX KOPHEN Oblmn 0BGHapyKeHbl cryvau
BHEeOPEHWS OOQHOrO U ABYX KOPHEN B KOPY COCEOHErO KOPHS, rAe OHWU pacTyT, UCMOSb3ysl fyyllme yCcrnoBus
3aWyWThl OT BbICbIXaHUS M MexaHW4eckoro Bodgencteums. [Nporiga Hebonblioe pacctosHue (3-4 cM), KOpHM
pa3beanHsalTCa U pacTyT obocobneHHo. Takoe sBrneHne Brnepsble ObIfIo O6HAPY>XEHO Yy NTOMKOKONOCHUKA
CUTHWKOBOTO U, BO3MOXHO, YTO OHO 0BYCIOBMEHO XEMO- UM MMAPOTPONU3aMW.

KopHeBas cucTemMa IOMKOKOMOCHMKA CUTHMKOBOrO MO CPAaBHEHWIO C APYrMMU KOPMOBbIMMU
KynbTypamu usyveHa cnabo, 4To oBbACHSAEeTCA HedaBHWM BBeAeHMEM ero B KynbTypy. CBedeHus o
KOpHEBOW cUCTEMe 3TOM KynbTypbl BcTpevatoTca y J1.W. KasakeBuua, HO.A. AHukuHa (1959) un y
3apy6exHbix aBTOpoB. Tak, J1./. KasakeBuny ewe B 1943 rogy nucan, 4To FIOMKOKONOCHMK 06pasyeT
KPYMHbIE N YCTONYMBbIE AEPHOBUHBLI C MHOTOYUCIEHHBIMU U XPYNKMMU KOPHAMUW. Ha TpeTbeM rogy Xu3Hu
OOMH KyCT 9TOTro pacteHus nmen 581 kopeHb. [lockoHanbHo, 6onee NomnHoO u3dyyeHa KOpHeBas cuctema
FIOMKOKOIOCHMKa cUTHUKOBOrO FO.A. AHuKMHBIM (1961, 1965, 1969) [1]. ABTOp B nccnenoBaHusix ocoboe
BHUMaHWE yOensn BPEeMEHW MOSIBNEHUS, KONMUYECTBY, MPOTSHKEHHOCTU, PA3BETBMEHHOCTW, rMybGuHe
NPOHMKHOBAHWUS [MAaBHOrO, 3apoabllleBbIX, KONEONTUIbHbLIX U Y3MOBbIX KOPHEN, a Takke (OpMUPOBaHUIO
HaseMHOW 4YacTu pacTeHui. [lpu BeceHHeM noceBe Ha NEPBOM oAy >XW3HU B YCMOBUSX Xapkoro u
3acLUNMBOro feta fIOMKOKOMOCHUK CUTHUKOBI hOPMMPOBan KyCTbl C XOPOLLUO pa3BUTON (46 KopHewn) u
rnyboko npoHukatoLen (4o 85 cm) KOPHEBOW CUCTEMOW.

MccnegoBaHns BO BnaXHOM rody Ha MoA3MMHUX U BeCeHHUX nocesax (Ha 200-e cyTku nocne
rnoceBa) nokasasno, 4YTO B NEPBOM Cpoke ceBa obecneumBatoTcs Bornee paHHWe, OpPYXHble BCXOAbl U
HabniogaeTca nydwee mnx passutne. KopHeBas cuctema pacTteHuin HacuuTbiBana B 2,1 pasa Gonblue
KopHer (112 npotuB 53), 4eM Ha BECEHHMX MOCEBaX, @ MaKCMMarnbHas rnybuHa NPOHWKHOBEHUS WX B
noysy pgocturana 112 cm npotmB 84 CM npu BECEHHEM CpOKe ceBa. Y pacTeHUN 3HAYUTENbHO
NoBbICMNAaCch CTeneHb Pa3BETBIIEHHOCTM KOPHEW, a Takke pe3Ko BO3pOC BEC KOPHEBOW Macchl Mo
OTAENbHbIM CIOSIM MOYBEHHOrO NPOdUNS.

MHTeHBUCHOE pa3BuTME KOPHEBOW CUCTEMbl Ha MEepBbiX 3Tanax >M3HW FOMKOKONOCHUKA
SABMNSETCA NPMCNocobuTENbHON 0COBEHHOCTBIO K MPOM3PaCcTaHNIo B 3aCyLUMMBBIX YCIOBUSX.

M3yyeHne CTPOEHUs KOPHEBOW CUCTEMbI TOMKOKOJIOCHMKA BTOPOrO rofa XM3HW MOKasblBaerT,
YTO NoA3UMHME noceBbl MMenu 215 noberos, oT KoTopbIx oTxoamno 337 kopHel. B BepxHeM ropnsoHTe
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noysbl A HaxoguTcsi GOMbLUOE KOMMYECTBO, Kak MOMoAblX Tak U CTapblX Y3roBbIX KOpHeW. B uenom
pa3BeTBIEHHOCTb KOPHEW B BEPXHEM FOPU3OHTE 3aMETHO, YeM B Huxkenexaiiem. KopHeHachILWeHHOCTb
BO BCEM ropu3oHTe B 3HauuTenbHO yBenuuuBaeTcs 3a cyeT GOKOBbIX pa3BeTBneHun 3-ro, 4-ro, n 5-ro
nopsiakos.  MakcumarnibHOe KONMMYECTBO OCHOBHbLIX KOPHEW C WX pasBeTBMEHWEM pa3Horo nopsaka
JocTuraet Ha 2-m rogy rogy ¢ rmybuHbl 65-70 cm, T.e. OXOAUT OO cepeduHbl MIOTHOrO U CyXoro
ropusoHTa C;. C rnyOuHOM KONM4eCTBO M pa3BETBEHHOCTb KOPHEW 3aMeTHO yMeHbLuaeTcs. B ropusoHTe
C, KOpHW B OCHOBHOM O4YeHb TOHKMe, MpeAcTaBfieHbl LeHTpanbHbIMW UMnuHapaMu ¢ Hebonbmmm
yyacTkaMm KOpbl U HECYT KOPOTKME N B MEHbLLUEM Yucne pa3BeTBneHust 1-ro, 2-ro n 3-ro nopsiakoBs, Yem B
ropuszoHtax B n C;. KopHeBas cuctema NOMKOKOMOCHMKa 3-ro roga B LUMPOKOPSAHbIX NOCeBax C
mMexaypsabem 45 cm HacumTbiBan 275 noberos ¢ 416 kopHamu. B ropusoHTe A pacnonaranocb okosno 70
MOnoAblX Y3MOBbIX KOpPHEW, AnvHa KoTopbix konebanack ot 3 Ao 23 cm. OcTtanbHas macca KOpHen
nmetoT pas3BeTBnennst 4-ro n 5-ro nopsgkos. Hanbonblee 6okoBoe NpocTMpaHme KOpHeln HabnogaeTcs
Ha rnybuHe 70-75 cm n coctaenset 0,75-0,80 cm.

OTMeYeHo, YTO MHOTO KOpHeW NPoXoauT Yepes NMoTHbIA ropm3oHT Ci. bonee AByx AecsaTkoB
KOpHEW NPOHUKanu B ropnsoHT Cz, AOCTUrHYIO rny6uHbel 1,9-2,5 meTpa.

CyLlecTBEHHBIM MOMEHTOM SBMSIETCA PE3KOe YyBEeNMYEeHWe pa3BETBIEHHOCTU KOPHEW npu
nepexoge B pbIX/bld, OGECCTPYKTYPHbIA NecHaHucTbin ropu3oHT Cs. B pganbHenwem, no mepe
yrnybneHus B MO4YBY, KOMUYECTBO KOPHEN 3aMEeTHO YMEHbLUAeTCs M TOMbKO 2 KOPHA AOCTUMMN
MaKkCUManbHOW rnyouHbl, paBHon 3,15 meTpa. AHukuH K0.A. (1977) [2] oTMevaeT, 4YTO KOpHEBas cuctema
MHOTOMETHMX TpaB CBOMM OXBATOM MOYBEHHOrO NPOCTPAHCTBA, MOMyyast NMUTaTenbHbIE 3NEMEHTbI U
BMary, B CBOIO O4epedb, B Pa3HOCTOPOHHEM Mopsake BO3AeNcTByeT Ha noysy. MoliHoe passuTue
KOPHEBOW CUCTEMbl FTOMKOKOIOCHMKA CUTHUKOBOFO Ha CBETIIO-KalTaHOBOW COfOHLEBaToM nouyse, a
TakKe Ha COSoHLEe CnocoOCTBYET HEMpepbIBHOMY Npoueccy GUOonorMyeckoro ApeHMpoBaHUs NoYBbl, a
3TO, cnegyeT cuuTaTb, WrpaeT BaXHyl poOnb B MOBbIWEHUM ra3oo0bMeHa, B HaKONMeHWuM u
nepepacnpegeneHun Brnarv B no4Be MUrpauum conen no noyBeHHoMy npodunto (tabn. 1).

Tabnuua 1

KonuyecTBo KOpHEBOI MacChbl IOMKOKONOCHUKA CUTHUKOBOIO 4-ro roaa XXu3Hu

Ha cpeagHecTon6G4YaToMm conoHue, u/ra

BapuvaHTbl BCnaLukm LLnpuHa mexaypsavn
0-20 20-40 0-40 0-20 20-40 0-40
Bcnawka Ha rnybuHy 25-27 cm 75,8 60,5 136,3 84,7 70,4 152,1
Bcnawka Ha rmy6uHy 35 cm 82,1 74,1 156,2 93,6 76,8 170,4
Bcnawka Ha rmy6uHy 40 cm 105,4 97,2 202,6 107,9 102,7 210,6

>KuBble KOpHU BbIAENSAIOT B MOYBY OpraHMYeckne M MUHepanbHble BelecTBa, Heobxoaumble
ONS aKTMBHOMW KU3HEeOEesATEeNbHOCTU pPasfUYHbIX MUKPOOPraHM3moB. PacTtutenbHble, B TOM 4ucne
KOpPHEBbIE OCTaTKW, ABMSETCS cambiM GOMbWMM U GoraTbiM UCTOYHWKOB BELLECTBA HakanyvMBaeMoro B
noyse. MNpuBeaeHHbIE aBTOPOM MaTepuarnbl O KOPHEBOW CUCTEME FTOMKOKOSIOCHMKA CUTHUKOBONO AaeT
OCHOBaHWe CuYUTaTb, YTO 3TO pacTeHUe CnocoOHO HakannMBaTb OONbLUOE KOMMYECTBO OpPraHMYecKoro
BELUECTBA, YTO HECOMHEHHO BMMAIOT Ha yny4ylweHue (U3NKO-XUMUYECKMX CBOWCTB W MOBbILEHWE
nnogopoans NoyB.

AHuknHbiM HO.A. (1965, 1971) B Bonrorpaackori obnactv npoBOAMIOCH oOnpedenexHve
KONMMYecTBa KOPHEM M WX MNPOHMKHOBEHME Ha y4yacTke C MONMBOM M Ha 6Gorape. WccnepmoBatenb
YCTaHOBMUIT, YTO UCKYCCTBEHHOE YBa)XXHEHME MOYBbl CMOCODOCTBYET YXKe Ha NATble CYTKU rnocre nocesa
06pa3oBaHUio rMaBHOrO KOpHSA AnuHon - 1,4 cMm mn koneonTunbHoro - 1,1 cMm, Toraa kak B GorapHbix
YCNOBUAX Ha 3TOT Mnepuop 3epHOBKa TONbKO Habyxana. B KOHULe BereTtaTMBHOrO CE30Ha pacTeHust
JNIOMKOKOSTOCHUKA Ha YBNaXXHEHHOM yyacTke umenu -91, npotuB ©GorapHoro - 46 OCHOBHbIX KOPHEW.
[Monue cnocobcTBYyeT  yBENUUEHUIO KonmMyecTBa OOKOBLIX KOPHEN 2-r0 MopsiAka, KOTopble OT 0bLero nx
konuyectsa 1459 wrt.) coctaunu - 68,4%. Ha HEMONMBHOM e y4acTKe KONMMYEeCTBO KOPHEW BTOPOro
nopsigka 6bino B 1,67 pasa MeHblue. ABTOpP CUYMTAET, YTO OPOLLUEHME HE CTUMYNUpyeT yrnybneHuo
KOPHEBOW CUCTEMbI FTIOMKOKONOCHMKA. [pn OpoLleHMn KOPHU NPOHUKanu Ha rnybuHy 69 cm, Torga kak Ha
©orapHom y4yacTke - 4o 85 cM. Npu NOA3NUMHEM MOCEBE B @HANOMM4HbIX YCIIOBUSIX Y JTOMKOKOJSIOCHMKA
HauuTbiBanocb 112 OCHOBHbIX KOpPHA unu B 6 pa3 Gonblue, YemM MNpU BECEHHEM CpoKe MOCeBa.
MpoHukHOBEHNe Habntoganocb Ao 112 cm npu nog3vMHem noceBe. O6GUNbHOE pas3BUTUE KOPHEBOM
CUCTEMbI JTIOMKOKOJTOCHWKA CUTHMUKOBOIO NPEnsTCTBYET pa3mbiBy [FOBEPXHOCTHOroO crost nouBbl (AHWUKUH,
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1966, a). AHukuH HO.A. (1969, 6), Bo3denbiBas FIOMKOKONMOCHMK NaTHWKOBBLIN Ha CONOHLOBbLIX 3eMIIsX
YCTaHOBWI, YTO €ro KOPHW MPOHWMKANM Yepes Cyxue YMNOTHEHHble U 3acOMEeHHble FOpU3OHTbI A0 3-X
MeTpoB. B Bo3pacTe cemu neT Ha 06bIYHbIX NoceBax Ha rnybuHe o 40 cMm, B 3aBUCUMOCTU OT LUMPUHBI
mexaypsamn (15, 45 n 90 cm) NOMKOKONOCHMK CUTHWMKOBLIM Hakonun 13,4; 25,4; 16,8 T/ra kopHen. Ha
YeTBEPTOM rofy XM3HW 3Tn nokasarenu 6euinu cnegytowmmum: 10,6; 18,2 n 10,1 1/ra. KopHu npoHukanu Ha
rny6uHy 4o 3 M 1 pacnpocTpaHANUCb OT OCHOBaHUA kycta Ha 130 cm (Tabnuupl 2, 3, 4).

Tabnuua 2
OuHamuka chopmMmpoBaHUSA KOPHEBON CUCTEMbI JTOMKOKONIOCHUKA CUTHUKOBOrO Ha 1-m rogy
XU3HW B PasfNUYHbIX YCIOBUAX BO3AeNblBaHUSA

Ycnosus CyTkmn Obuwee Obuwasn Obuwee MakcumanbHas
BO3J€enNbIBaHUSA nocne KOJNIMYEeCTBO NPOTSXXEHHOCTb, KONM4ecTBo rnybuHa
nocesa KOpHew, LWT. CM. KOpHew, LWT. NPOHMKHOBEHMSA,
CM.
Ha Gorape 60-1 22 30
130-1 22 169,6 803 67
200-n 46 85
Mpun 60-1 18 25
OpOLUEHUN 130-n 36 224,0 1459 55
200-n 91 69
BeceHHun 10-n 14 32
noces 130-n 29 236,0 1792 72
200-1 53 88
MNoa3nmHun 60-1 19 45
noces 130-n 41 363 2981 86
200-n 112 122
Tabnuuya 3

HakonneHue KOpHeBOﬁ MaccCbl TIOMKOKOJIOCHUKa CUTHUKOBbLIM MO rogam XXu3Hu
B 3aBUCMMOCTU OT cnocoba nocesa, u/ra

Bospact LWnpuHa mexgypsagui, cm
TPaBOCTOA, 15 | 45 | 90
roA B crioe noyBbl, CM

0-20 20-40 0-40 0-20 20-40 0-40 0-20 20-40 0-40
1-in 21 4 25 16 2 18 9 1 10
2-n 45 24 79 53 20 73 37 12 49
3-1n 52 39 91 89 46 135 42 26 68
4- 60 46 106 117 65 182 62 39 101
5-1 83 51 134 178 76 254 101 67 168

Tabnuua 4

[OuHamuka HakonneHusi KOPHEBOW MacChbl TIOMKOKONIOCHUKOM CUTHUKOBbLIM B TeYeHUue
BereTauMoOHHOro ce3oHa, u/ra

Crioin noyBsl Havano Bbixoga OcbinaHne cemsiH Mepen yxonom B 3umy
B TPyOKy
2-ro rofa »XU3Hu
0-20 35,1 40,4 53,3
20-40 11,5 14,5 20,4
B cymme 46,6 54,9 73,7
3-ro roga »KusHu
0-20 71,2 76,1 89,1
20-40 34,3 38,7 46,8
B cymme 105,5 114,8 135,9

85




Science and Education December 18th—19th, 2012. Vol. I

BpoH3osa I.A. (1957) [3] oTme4vaeT GonbiHOE HaKOMNMEHUWEe NOMKOKONOCHUKOM CUTHUKOBBLIM
KOpHEBOW MaccCbl B NMaxoTHOM cnoe. M3 Bcex MCNbITbIBAEMbIX KyNbTyp OH YCTynam Mo HaKOMmeHuto
KOpPHEBOW Macchl foLepHe CUHER, acnapueTy rmbpuaHomy n kocTpely 6e3ocToMy, KOTopble UMenu Ha
4-M rofy Xu3Hu cooTBeTcTBeHHO 5,8; 5,1 u 5,1 T/ra kopHen. JIOMKOKONOCHMK MpeB3oLen MoLepHy
XenTyto - 3,3 1 XMTHAK y3kokonockli - 3,0 T. Ha 4-m rogy oH Hakonun B naxoTHom cnoe (25 cm) - 3,9
T/ra npu ypoxae nog3emMHON macchl B cpegHeM 3a 4 roga - 3,2 T/ra.

Mak K.IM. n gp. (1973) [4] onpegenunu, 4to B 1 Ky6. MeTpe MO4YBbI Y JTOMKOKOSIOCHMKA
CUTHUKOBOIO COAEPXUTCS KOpHeW oOLier MpOTSXEeHHOCTbio — 5,8 KM. ABTOpPbl CYMTAIOT, 4TO Mpwu
OCBOEHUWN COMOHLOB Haubonee nepcnekTMBHbIMU, Hapsgy C  OPYrUMW  KynbTypamu, sBnsieTcs
FIOMKOKOJSTOCHMUK.

KysHeuoB H.3. (1976), un3yyass KOpHEBYHD CWUCTEMY KOPMOBbLIX 3I1aKOB YCTaHOBWUII, 4TO
FIOMKOKOJSTOCHMK CUTHWUKOBbINA Ha COMOHLIAX NO TpexbspycHoW Becnalke B cnoe 50 cm 3a ABa roga XusHu
Hakonun - 6,66 T/ra KOpHen B BO3AYLUHO-CYXOM COCTOSIHMM, Ha NnaHTaxHoW Bcnawke - 8,02, a Ha
06bl4HOM OTBanbHOW Bcnawke - 4,19 T/ra. Ypoxan Hag3eMHOW 3eneHHOW MacChbl MO TPexXbspyCHOMN
Bcnawke - 6,29 u no nnaHtaxy — 8,46 T/ra. B cnegywowen pabote astop (1978) [5] npuBoaut
HECKONMbKO WHble AaHHble. Ha conoHuax npu 06bIYHOW BCMallike MOMKOKONOCHUK uMmen - 4,34, Ha
TpexbspycHon - 7,70 n nnaHTaxHow Bcnalwke - 7,74 T/ra KOpHENW B MOMYMETPOBOM CrO€ MOYBbI; Ha
TEMHO-KaLLTaHOBOW MOYBE COOTBETCTBEHHO — 7,24; 8,35; 8,85 T/ra, a NpoAyKTMBHOCTb 3€MEeHON MaccChbl
€ro cocTaBuna Ha corfoHuax no eugam obpabotku - 3,65; 5,01 1 5,40 1 Ha TeMHO-KaLLTAHOBLIX MOYBaX -
7,17; 8,73 n 9,64 1/ra.

Cokonos B.H. n gp. (1979) [6], ucnbiTbiBasi TOMKOKOMOCHUK CUTHUKOBbIA B MOCEBaX Ha HOXHbIX
YepHO3eMax W CONOHLOBbLIX NoysBax cesepHol KymnyHAabl, yCTaHOBUIK, YTO Ha BTOPOM rogy XW3HW OH B
MeTpoBoM crnoe umen - 1,90 1 Ha YeTBepToMm - 6,60 T/ra KopHe.

MyctadmHa H.B, (1981) [7] B ycnoeuax CemunanaTtvHcko obnactu onpegenuna
KOpHEBYIO MaccCy NTOMKOKOSIOCHMKA CUTHUKOBOro copta bosonckuin. Tak, no rogam XusHu B croe
noyBbl 0-40 cm copepxanocb kopHen: 1-n - 1,9; 2-1 - 5; 3-n - 72,0; 4-n — 89,9 n 5-n - 89,9 u/ra. B
TOM Yucne Ha nATom rogy *usHu B cnoe 0-20 n 20-40 B noyBe HakannMBanoCb COOTBETCTBEHHO:
noces 1975 r - 82,7 n 7,2; noceB 1976 r - 115,7 n 8,1 u/ra, B NPOLEHTHOM BbIPAXEHUN OHU
Bbirnagenu: - 92,0-8,0 n 93,4-6,6%. B cpegHeM no gByM noceBam Ha 5-m rogy fOMKOKOSIOCHMK
CUTHMKOBLIN B crnoe no4ebl 0-40 cm HakannuBaeT 6onee 10 TOHH KOpHel Ha 1 rekTape.

B ycnoBusix nonynycTblHA Ha CBETMO-KalTaHOBbIX MovBax B CemunanatuHckon obnactu
[abgynnuubiv P.I. (1974) onpepeneHa AMHaMMKa HaKOMMEHUS KOPHEBOW MacCbl FIOMKOKONTOCHWKOM
CUTHUKOBbIM (Tabnuua 5).

Tabnuuya 5
HakonneHue KOpHel y JTIOMKOKONIOCHUKA CUTHUKOBOro Ha BTOPOM M TPeTbEM roAax Xu3Hu, Ha m3Ir
[Nokasatenu 'nybuHa B3aTMa obpasua, cm
0-10 | 10-20 20- 30- 40- 50- 60- 70- O6wuin Bec,
30 40 50 60 70 80 r
1969 r. — BTOpOM rog,
Bec kopHei 280 205 156 90 70 30 - - 831
B % macce 34 25 19 11 8 3 - - 100
1970 r. — TpeTuii rog
Bec kopHen 1588 | 1283 559 450 381 167 153 16 4597
B % macce 34 28 13 10 8 4 3 1 100

Bornee ob6LlWKpHbIE cBeAEHUS O KOPHEBOW CUCTEME FTIOMKOKOSOCHMKA CUTHMKOBOIO MMETMS Y
KaHa[CKNX U aMepuKaHCKMX ydeHbix. Tak, W.A. Whecler (1950) [8] coobLiaeT, 4TO KOpPHU 3TOro 3naka
3HAUUTENBLHO TOJLLE, YEM Y XKUTHSIKA rpebeHvaToro 1 npoHukaT B novsy Ao 8-10 dytos (2,40-3,05 cm)
n 80% unx copepxutcs B croe noysbl Ao 30 cM. Rogler G.A. (1951), Heinrichs D.H., Lawrence T. (1956)
[9], npuBoAs aHanoruyHble ¢ NpeablAyLMM aBTOPOM CBEAEHUS O KOPHEBOW CUCTEME JIOMKOKOFIOCHMKA,
OTMEYaloT, YTO KOPHU €ro pacnpocTpaHeHbl Mo ropu3oHTanu Ha 4-5 gyTtos (1,2-1,5 m).

B 3aBMCMMOCTM OT YacCTOTbl CKalLUMBAHWS U3MEHSIETCA Macca PacTEHWUi, KOPHEW, KOSIMYECTBO
cobpaHHOro npoTevMHa W 3anacHbix yrnesogoB (Thaine, Heinrichs, 1975) [10]. ABTopbl NpoBOAWM
pasnNMyHoOe KONMYECTBO CKBALUMBAHWA C Pas3NMYHbIMM MPOMEXYTKOM WHTepBana (nabopaTopHble
uccneposaHus), KaHaga (tabunuua 6).
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Tabnuuya 6
YpoxanHocTb, Macca KOpHel, cogepkaHue NpoTeMHa 1 3anacHbIX yrnesonoB
B JIOMKOKOJIOCHMKE CUTHUKOBOM B 3aBUCUMOCTM OT YacTOTbl CKBalUMBAHUA

Cpoku ykoca Macca Ha 1 pactenue, r [MpoTenH 3anacHble

nicTLes KOpHewn % Macca Ha 1 yrneBsoAbl B

pacTteHue, r KOPHSAX, Mr
Be3 ykoca (KOHTpornb) 23,6 39,3 4,20 0,99 9,62
2 ykoca npv makc. Pas. 21,7 24,6 5,20 1,72 8,65
6 yKocoB, uHTepBan 3 Hegenu 14,5 51 12,53 1,82 6,29
9 yKoCcOB, MHTepBan 2 Hegenu 9,3 2,6 12,20 1,13 3,13
17 ykocos, nHtepsan 1 Hegens 6,5 2,2 13,87 0,90 1,72

ABTOpblI MPUBOOAT COOEPXaHWE MpoTeMHa B NMUCTbSIX ITOr0 3raka B pasfuyHble CPOKM
BeretaumMoHHoro nepuoga, %: 29 anpens — 12,84; 20 masa — 13,58; 10 uioHs — 12,97; 1 n 22 nons —
11,98 1 12 aBrycra — 12,28.
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PSYCHOPHYSIOLOGY OF STRATEGIC THINKING AND ITS ROLE
IN THE CONDITIONS OF NEW ECONOMY DEVELOPMENT
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Abstract

In this article distinctive features of new economy from a position of the theory of functional systems of
P.K. Anokhin are considered. In the article a peculiar paradigm of economic policy — strategic thinking is
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considered. The author specifies that such special manner of thinking is connected with globalization of
the economic relations and escalating role of economic knowledge. The special attention is paid on
psychophysiological aspect of strategic thinking and its role in the conditions of development of new
economy. It is shown that knowledge, strategy and innovations are key elements of economic policy. In
this regard the author suggests considering new economy as global functional system, and indicates on
need of increase of intellectual potential of the country. Increase of the level of knowledge (development
of strategic thinking), will allow solving the main problem of economic policy — increase of
competitiveness and providing a high level of quality of life of the population.

Keywords: knowledge, strategy, strategic thinking, innovations, functional system, new economy.

AHHOTauus

B paHHOM cTaTbe paccMOTPeHbl OTMMYUTENbHbIE YepTbl HOBOWM 3KOHOMWKM C MNO3MUUKN  Teopun
dyHKUMOHanbHbIX cuctem [1.K. AHoxuHa. B crtatbe paccmartpuBaetcd cBoeobpasHasa napagvrma
9KOHOMMYECKOWN MONMUTUKN — CTpaTermyeckoe MbllineHne. ABTOpP yKkasblBaeT, YTO Takasi ocobasi MaHepa
MbILLNIEHNST CBsI3aHa C rnobanusaunein 3KOHOMWYECKMX OTHOLLEHWA UM BCe BO3pacTatolen ponbto
9KOHOMMYECKMX 3HaHWN. Ocoboe BHMMaHue obOpawaeTca Ha NCUXOPU3NONOTNYECKUIA  acnekT
CTpaTermyeckoro MbIlMEHNS U €ro ponu B YCMOBWUSIX Pa3BUTUSA HOBOW 3KOHOMWKM. [lokasaHo, 4To
3HaHWA, CTpaTerMm MU MHHOBALMM SABMSIOTCA KIHOYEBLIMU 3IEMEHTAMM  3KOHOMWUYECKOW MONuTUKU. B
CBS131 C 3TUM aBTOp NpeasiaraeT paccMaTpyBaTb HOBYHO 3KOHOMMKY Kak rnobanbHyo yHKUMOHAmMbHYH
CUCTEMY, M YyKasblBaeT Ha HeOOXOOUMOCTb MOBLILEHWE WHTENNEeKTyanbHOro noTeHumana CTpaHbl.
[MoBbilEeHNE YPOBHSI 3HAHUM (pas3BUTWE CTPATErMyeckoro MbllEHNS), MO3BOMUT PELUNTb [faBHYHO
3ajavy 3KOHOMWYECKOW MOMUTUKM — MOBbILIEHWE KOHKYPEHTOCMOCOOHOCTM U obecrneyveHne BbICOKOro
YPOBHSI KQ4eCTBa XKM3HU HaceneHus.

KntoueBble cnoBa: 3HaHwus, cTpaterun, cCrtparerm4eckoe MblluneHne, MHHoBauuu, beHKLl,I/IOHaJ'IbHaﬂ
cucTema, HoBasd S3KOHOMUKa.

B HacTosilLlee BpeMsi pa3BuUTbie CTpaHbl MUpa YXKe AaBHO OCO3HanM HeobxoAMMOCTb nepexoaa
OT 3KOHOMWKM WMMMOPTUPYIOLLEA K SKOHOMMUKM CO3AaloLlell TeXHOMOrMn (HOBOW 3KOHOMWKW). MpuHumMn
HOBOW 3KOHOMWKM BceobLuee obecneyeHne 3HaHWIM Ha OCHOBE 3HaHWI. HoBasi 3KOHOMUKA — 3KOHOMMKA
3HaHWA, rMNaBHbIM KpUTEPMEeM KOTOPOM BbICTYMaeT KayeCcTBO TOBApoOB M ycnyr, obecneymsaroLLmx
KOHKYPEHTOCNOCOBHOCTHL [6].

Mo MHeHuto XKnnb BanbTepa 3HaHMA 3TO BaXHeNLlee CBA3yoLLee 3BEHO MexXay KOoHuenuuen
KOHKYPEHTOCNOCOBHOCTH U 9KOHOMUYECKOW Teopuen [3].

BaxxHOCTb 3HaHWA Ans pa3sBuTuA nogyvepkunsaeTca B Aoknage [xosedpa Cturnmua «[oknag o
MUpPOBOM pa3suTumn 3a 1998 — 1999 rog», rnaBHOro akoHoMucTa BcemupHoro 6aHka. B vactHocTn B
AoKnage ynoMmuHaeTcsl, YTo npoben B 3HaHMAX SBMSIETCA CEPbE3HON MPoGnemon Ansi pasBMBarOLLMXCS
cTpaH [12, 13].

YenoBek [JOMKeH WMeTb MOTEHUMarnbHbIA YPOBEHb 3HAHWW, AN TOoro u4Tobbl UMeTb
BO3MOXHOCTb aJanTupoBaTb UX B CTPYKTYPY SKOHOMUKW U cAenaTtb ero ooLlecTBeHHbIM brarom. 3HaHus
cTanu B elle GonbLUEN CTENeHU, YEM paHblle, OCHOBHbIM UCTOYHUKOM KOHKYPEHTHOrO MpeumyLLecTBa
ONst KOMMaHWK 1 CcTpaHbl [8].

BTopon oTnnuMTENnbHOM OCOBEHHOCTLI0 3KOHOMWUYECKOW MOMUTUKA — SBASKOTCA CcTpaTernu.
Crtpatermsas — nporpaMmma, nnaH, reHepanbHbli Kypc cybbekTa ynpaBneHusi no AOCTUXKEHUIO UM
cTpaTerMyeckux uenew B nobon obnactm pesAtensHocTU. PaspaboTka KayeCTBEHHbLIX KOMMIEKCHO
obocHOBaHHbIX M obBecneyeHHbIX pecypcamn cTpaTernin SABMSeTCA OAHWM W3 [NaBHbIX YCIIOBUN
YCTONYMBOIO 1 3PMEKTUBHOTO (PYHKLMOHNPOBAHMSA Mtobbix cuctem [6].

TpeTben OTNMYUTENBHON 4YEpPTOM HOBOW IKOHOMWKM SIBIISKOTCA WHHOBauuW. VIHHOBauuun —
pesynbTaT TBOPYECKOro npouecca, Kak NpaBuio, OCHOBAHHblE Ha AOCTWXEHUSAX HayKu U TEeXHUKU, U
BHEAPEHHbIE B 3KOHOMWYECKYIO CUCTEMY, MO-HOBOMY YAOBNETBOPSIOLLME CrOXMBLUMECH OOLEeCTBEHHbIE
notpebHocTy [2].

OTKM TpU COCTaBnALIME HOBOW SKOHOMMKM  LiernecoobpasHee paccMaTpuBaTth C TOUKU 3pEHUSI
cuctemHoro noaxoda. CucTemHbIi noaxod cosfgan ocobylo MaHepy MbIlWfeHUs, CBOeobpasHyto
napagurmy 9KOHOMUYECKOW MOMUTUKN — CTpaTernyeckoe MbllifeHne. 3TO CBs3aHO C rnobanusauuven
9KOHOMMYECKMX OTHOLLEHWUI 1 BO3pacTaloLlen posibio 9KOHOMUYECKUX 3HAHWN.
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CTtpaTtermyeckoe MbilWfeHWe -  Takoe MbllNeHne, KOTopoe Mo3BonseT BblpabaTbiBaTb
onpegerneHHble cTpaTerMv Ans nogaepXaHus uenu (BapuaHTbl pelleHnss U nnaHbl OesiTeNbHOCTM),
adpekTBHO OTOMpaTh Nydline pelleHnss U3 BO3MOXHbIX,  CMOCOBHOCTb YMpaBnsATb rMnoTe3amu
(cTpaTermyeckuin koHcanTuHr) [9].

YHMBEPCaNbHOCTb TAKOrO MbILUNIEHUS 3aKMOYaeTCs B TOM, YTO OHO OObEeAMHSIET pas3nuyHble
YPOBHW NO3HaBaTeNbHOW OEATENbHOCTM YenoBeka - OT MOMEKYNSAPHOro A0 coumanbHO-00LLEeCTBEHHOMO
— B CTpeMSIEHMN MOHATb pearnbHble O00BbEeKTbl B LEMOCTHOCTM M MHOroobpasum wux ceasen [5].
CTpaTermyeckoMy MbILLNIEHUIO B YCIIOBUSAX Pa3BUTUS HOBOW 3KOHOMWKU OTBOAMTCS [MaBHasi ponb, 3TO
CBSA3aHO C TEM, YTO B HOBOW 9KOHOMMWKE 3HaHWsi, CTpaTernv U MHHOBALMWU — rNaBHbIe ABWXYLLME CUMbI.
MoxHo ckasaTb, YTO HOBas 3KOHOMWKA - rnobanbHas yHKUMOHanbHas cuctema, obbekTuBHas
peanbHOCTb COBPEMEHHOro Mupa.

TepmuH «®PyHKuMoHanbHas cuctema» (PC) seegeH [1.K.LAHOXMHBIM M nepBoHaYanbHO
NPUMEHANCA ANns OOBbACHEHWsI NPOLIECCOB U SIBMEHWIW, HA MOMNEKYNAPHOM U OpraHW3MEHHOM YPOBHSAX
opraHusaummn [1]. CerogHa @C Hawmnm oTpaxeHMe B OpraHu3auuy MNpoLECCOB XW3HE4EeATEeNbHOCTU
PasnMyHbIX OPraHM3MOB ¥ NONYNAUMIA, a TaK Xe B CoLManbHO-aKOHOMUYEeCKMX npoueccax [5].

Hwxe npeacTaBneHbl COCTaBNSIOLLME HOBOW 3KOHOMMKMN C No3uumm Teopun OC.

3HaHuA. C Ttoukmn 3penHnst Teopumn OC MNM.K.AHOXMHa, 3TO 6a3a AaHHbIX KaXX4oro YenoBeka, ero
XW3HEHHbIN ONbIT, 06beM NamMSATN (HakonneHHbIe 3HaHWA B npolecce ero oby4yeHus). 3TO NOCTOSHHO
nononHsemas 6asa 3HaHUA B npoLecce BCeobOLen KOMMYHVKaummn mogei. VIMeHHO 3HaHuA sBnsioTcs
ABWXYLLMM BEKTOPOM 3KOHOMWYECKOrO poCTa CTpaHbl. 3HaHWUS COOTBETCTBYHT nepson ctagunm ®C —
ctaguun adpdepeHTHOro (adhdpepeHTHbIN, YyBCTBUTENbHBIN) CUHTE3a, TOM cTagun, koTopas B Oyayuiem
OyaeT onpenensaTtb NpuHATble pelleHns. NpuobpeTeHHble 3HaHWA — KOHEeYHbIA pesynbTaT, KOTOpbIi
npeacTaBnseT CoOOM  COBOKYMHbIV  MHTEMMeKTyanbHbI  KanuTan, obnagawowmin  CnocobHOCTbLIO
NPUHOCUTL A0X0A.

He meHee BaxxHas ponb OTBOAMTCA M MHTymumu. Liedtka J.M. oTmevaeT, 4yto B BusHec-cpene
YenoBeky HeobxoAMMO pas3BMBaTb CMOCOOHOCTb «YyBCTBOBATb BEPHbIE PELUeHWs» W NPoBepsATb UX Ha
ahbdeKkTuBHOCTL. ATO HEOOX0AMMOE ycrnoBMe, 0COBEHHO B TEX CMyYasix, KOrga BO3HUKAKT HEOXMOAHHbIe
obcToATenbCTBa M TepsieTcs Bepa B ycnex [9].

Cragma addepeHTHOro CuMHTe3a BkMoYaeT B cebs MOTMBAUMIO — CTpaTerMyeckylo Lefb.
Crpatervnyeckas uernb - NnaH o OITOCPOYHOM Pa3BUTUKM OpraHn3auumn, passutme nNpovM3BoaUTENbLHOCTH
1 adhPEKTUBHOCTM, MNOBbILLIEHNE BnarococTosHusA HaceneHus. Kotopas B kOHEYHOM uTore onpepensiet
CMoCcoBHOCTL CTpaHbl 4OBUTLCSA BbICOKMX TEMMNOB yBENMYeHusa npupocTa BBI.

Crtpatermn. CornacHo TPC cTpaTernsMm COoTBETCTBYET BTOPas CTaaus — NPUHATUE PELLEHUS.
MpuHATME peLueHne — CNOXHBIA MbICIMTENbHBIA NPOLECC, BbICLIMIA 3Tan obpaboTkn nHgopmaumu,
(kopa 6GonbliMx nomnylwapuin, nobHas [ons, npedpoHTanbHas obnactb). MeblwneHue - npouecc
OoTpaxeHns cBOWCTB OObekTa W npeacTaBneHWss O HEM, B pesynbTaTe, KOTOPOro MpOVCXOauT
YyCTaHOBMEHME CBA3M Mexay obbekTamu U ABREeHMSMU OKpyxatowero mupa. Mo cBoew npupoae
cTpaTermyeckoe MbllneHne — abCTpakTHO-NorMYeckoe, MMEHHO 3Ta hopMa MbILLIIEHUs,, MaTepuanbHbIM
cybcTpaToM KOTOpOW SiIBNSIETCA  kopa BonbLUMX MONyLapuin, «CTPOUT» NfaH 1 NporpaMmmMy AeNcTBUiA A4S
AOCTWXEHMSA NOCTaBMEHHON Lenn

MbilwneHne peanunsyeT HECKONbLKO CTpaTern, kaxaas ctparerns nMmeeTt 3afaHHbI BpEMEHHOW
WHTepBarn, opMUpyeT akLeNTop pesynbTaTta AeNCcTBUst (onepexatoLiee nporpaMMMpoBaHnUE KOHEYHOro
pesynbTata) W npeacTaBnseT anbTepHaTMBY peLIeHWS MOCTaBMeHHOW Lenn. ApXUTEeKTOHUKa
CTpaTerm4yeckoro MbILLNEHNs MmeeT OpPeBOBMOHYIO CTPYKTYPY, B KOTOPOW «CTBOSIOM» SBMSIETCA CTaaus
adpepeHTHOro cuHTE3a, a «BeTBAMMU» - cTpaterun [7]. Hempodmsmonornyeckn kaxgas crpaTerus -
cBoeobpasHbIi KrnacTtep, POPMUPYIOLLMIACS B kope BomnbLUMX NonyLiapyi, 1 Coaepxaliuii onpeaeneHHoe
KONMMYECTBO HENPOHOB, OOpa3ylLMX HEMPOHHYIO ceTb. Knactep cogepXuT onpedeneHHbin o6bem
nepepaboTaHHon MHopMaumm. Knactepbl pasnuyarotcst Mmexay cobon no obbemy MHdopmaumu, Tak
KaKk Ha Kaxabli BapuaHT pelleHus (cTpaterunio) TpebyeTcs onpefenieHHoe KONMUYeCTBO BPEMEHM.
CKopocTb e nepepaboTaHHOM MHOpPMaUUM 3aBUCUT OT reHeTUYecknx ocobeHHocTew 4YenoBeka (Tun
HepBHOWN cucTemsl) [7].

BaxHenwmne TpeboBaHUSA AN YCMELHOrO AOCTUXEHUS uenu -  «dymaTb BO BpeEMsi», U
«CMOCOBOHOCTb YyBCTBOBATb BpeMsi. Kak nokasanv uccnefoBaHus, «aymaTtb BO BPEMSI» U «CMNOCOBHOCTb
YyBCTBOBaTb BpPEeMs», ONPeaensioTcs HelpoaHaToOMMYeckumu (CTpuaTym, Tanamyc, Kopa, KOPTUKO-
Tanamu4yeckasi NeTnsa) U HempodgapmMakonorniyeckon (goammHeprmyeckas cuctema) CTpyktypamu. Itn
CTPYKTYPbI KOAVPYIOT BPEMEHHbIE NMPOLIECCHI, U «BbIYUCTIAIOT» BPEMEHHbIE MHTepBarbl ANs peanvsaumm
aTanoB nporpammbl nosegexuns [10, 11].  KonuuecTBO cTpaTerMm 3aBMCUT OT UCXOOHO MOCTaBMEHHON
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Luenu, nocTaBneHHasa Lenb AOSMKHa CTUMYNMPOBAaTb YenoBeKka K BHYTPEHHEMYy MHTepecy eé pelumnThb.
MoctaBneHHasa 3agaya [AormkHa ObiTb HOBOW, M AOCTaTOMHO CMOXHOW (3ajava-runotesa). CnoXHble
3a4a4n poXOatoT MHTEPEC, 3TO OOBACHAETCA TeM, YTO YenoBeK MpMBbLIKAET K onpeaeneHHOMY YPOBHIO
CMNOXHOCTW (YpOBeHb agantauuu) n obnagaet MoTuBaumen nccnefoBaTtb CTUMYIbI, CAOXHOCTb KOTOPbIX
Bbllle YPOBHSA aganTtauuu [4].

Takum obpasom, cTpaTernyeckoe MbilineHne popmMmnpyeT pasnuyHbie cTpaTernn: noBbllleHne
KavecTBa, LleHoobpa3oBaHus, pecypcocbepexeHus, ynpasneHs nepcoHanomM u T.4.

MHHoBauuK. Bebiwe 6bINo ckasaHo, YTO kaxaas cTpaterys hopMupyeT akuenTop pesynbTarta
AevicTBus (MporpaMMmUpoBaHe KOHEYHOro pedynbTtara). OTo wabnoH Gyayllero pesynobTaTa, KOTOPbIV B
KOHEYHOM uTOre JomKeH BblTb. 3TO OYeHb akTyanbHO, 0COBEHHO ceryvac, koraa B BbICTPO MeHsoLLEencs
6u3Hec-cpefe, HeKoTopble CcTpaTerMm MOryT oka3atbcs 0Oonee akTyanbHbiMU. Bbibop Haubonee
aKTyanbHbIX CTpaTeruil, OCHOBaH Ha CpaBHWUTENbHOM aHanuse «wabnoHa» pesynbtata (AP[) ¢
«OKOHYaTenbHbIM». CrnegyeT OTMETWUTb, YTO MporpamMMuMpyeMmblli pesynbTaT M ecTb camas nydiias
ctpaterns. [penmyLLecTBO NporpaMMMpOBaHNS KOHEYHOro pesynbTaTa COCTOUT B TOM, 4To 6yayuime
pesynbTaTtbl NpuoBpeTaloT Ty peanbHOCTb, KOTOPYIO Mbl XOTUM BUAETb, T.€. [MaBHbIN BOMPOC 6o
komnaHmm — «4to Hac xaeT B Oyaywem?», npuobpetaeT Apyryto opMynupoBky - «Kakoe Gyayliee
XOTUM Mbl €CO34aTb?», N 3Ta onpefeneHHOCTb no3sonseT 6onee yBepeHHO MATU K HAMEYEHHOW Lenu.
PesynbTatom cTpaTernyeckoro MbllUNEHUS SABNSIOTCS WHHOBALMW, KOTOpble WUMEIOT onpederneHHble
npeobpasoBaHHbIe NapameTpsbl (yCrnyru, TeXHUKa, TEXHONOTMN U T.4.).

Mo mMepe pasBMTMA KOMMAHUWM MOCTOSHHO OCYLLECTBMSAETCSA CpaBHUTENbHbLIA aHanms,
nporpamMMmMpyemMoro pesynbtata C nonyyeHHbIM (obpaTHas cBs3b). CpaBHeHME pe3ynbTaToB - BbiCLIas
YHKUMA MO3ra — ynpaBneHne peLleHnsaMn 1 rmnoTe3amun. YnpasneHue oCHOBaHO Ha B3anMOCBSA3N ABYX
nonyLwapuin mosra, NpaBoro, OTBEYaOLLEro Ha TBOPYECKUI BOMPOC «YTO Aenatb, €Cnu....?» 1 NeBoro —
«Ecnun.... Torga». B xope ob6paTHOM CBSiI3M napameTpbl pe3ynbTaThl OTKMaAbIBATCA B MaMATb,
dopmupys 3HaHus. Ecnun oxmgaemoe coBnagaeT ¢ OKOHYaTerNbHbIM pe3ynbTaTtoMm, TO Lenb 4OCTUrHyTa.
[Mpn HecoBnageHWn pesynbTaToOB Y4YUTbLIBAKOTCA OWMWOKM, M paspabaTbiBaloTCA HOBble W3MEHEHHbIe
cTpaterum.

Takum obpasom, crnegyeT MNOAYEPKHYTb, YTO WMMEHHO 3HaHUA, cTpaTerMm W WHHOBaLWW
MO3BONAT PELWNTb MMaBHYIO 3a4a4y 9KOHOMUYECKON MOMUTUKN — MOBbILUEHNE KOHKYPEHTOCNOCOBHOCTU U
obecneyeHne Gonee BLICOKOro KaYeCTBa >KMU3HU HaCeNeHus.
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INFLUENCE OF IONS OF COPPER ON PIGMENTATION
IN PLANTS LEMNA MINOR

Storchak T.V.}, Grishechkina A.A.%®
1.2 Nizhnevartovsk State University of Humanities
Russia

Abstract

The research concerned the influence of copper ions on the content of pigments in the leaves of Lemna
minor, which shall be used for biotesting of the polluted water of the surface impoundments. The studies
were carried out in the model experiments. The plant Lemna minor was kept in the solution of copper
sulfate having different concentrations. The amount of pigments was determined using the
spectrophotometric method. The content of chlorophylls and total number of carotenoids was determined
by the Lichtentaler formula. The copper ion has a toxic effect on the Lemna minor plants, which
influences the growth and the content of pigments; the photosynthesis processes are suppressed.

Keywords: heavy metals, copper, toxic action, biotesting, Lemna minor.

Mpobnema 3arpsA3HeHUs OKpyxalweln cpedpl TsxensiMu Metannamm (TM) saBnsetcs
aKkTyanbHOW Ha CerogHsWHWA AeHb. B pesynbrate aHTponoreHHoro BoO3dencTBMSA Habnogaetcs
N30bITOYHOE MOCTYNMEHNEe MeTansioB B 3KOCUCTEMbI, YTO NPMBOAUT K HAPYLLUEHMWIO XXWU3HEHHO BaXXHbIX
YHKUMIA y BOMBbLUMHCTBA OPraHN3MOB.

CnocobHOCTb pacTeHWn HakannmmeBaTe TM M ObiTb YCTOWUMBBIMM K MX M3OLITKY ABNsieTCH
oTpaxeHnem ux uHamsmayanbHocTW [4]. CyluecTBYIOT pasnuyHble TEXHOMOMMM OYMCTKU OKpyXatoLen
cpeabl oT TM ¢ nomoLupto pacteHuin. Kpome Toro, pacteHus MoryT 6biTb MCNOMb30BaHbl ANA UHANKALMK
3arpsisHeHus noysbl U Bogsl TM.

Hanbonee nepcnekTUBHbIM  METOOOM  WCCMEAOBaHWs  3arps3HeHWs BOL — SABNSIETCS
6uoTtecTtupoBaHune. buotecTnpoBaHue — npoueaypa YCTaAHOBIIEHUS TOKCWMYHOCTW Cpedbl C MOMOLLbO
TecT-06bEeKTOB, CUrHanNU3MpyoLWmMx o6 ONacHOCTM He3aBUCUMO OT TOrO, Kakme BelecTBa W B KakoMm
COYETaHNM BbI3bIBAT U3MEHEHUS XXN3HEHHO BaXHbIX PYHKUMIA Y TECT-00bEKTOB [5].

OpHWM 13 pacnpocTpaHeHHbIX TECT—0ObEKTOB SBMNAETCS BbICLUME BOAHOE pacTeHne ceMelncTea
Lemnaceae (PsickoBble) — Lemna minor, KOTOpoe XapaKTepuayeTcs MPOCTOTON CTPOeHusi, BbICTpOTOMN
Pa3MHOXEHUSI N BbICOKOW YyBCTBUTENBHOCTbLHO.

Llenblo gaHHOrO uccnenoBaHus SBMSIETCA OnpedeneHue TOKCUYECKOro OEWCTBUS pasnuyHbIX
KOHLIEHTpaLMin NOHOB Mean Ha codepXaHune NMrMeHToB y Lemna minor.

Meaob — OWOreHHbIn MeTans, BaXHbIM AnA meTabonuama, pocta M pasBUTUS pacTeHUW,
ABNSETCA KoPakTopoM psga (epmMeHTOB, BOBIiEKaeTCsa B npouecchbl poTOCMHTe3a U AbixaHus. Meab
HeobXoaMMa pacTeHWsM B CrEeLOoBbIX KOMMYECTBaX, MPW MOBbILEHHbIX KOHLEHTpaLusaX OTMevaeTcs
ToKcu4deckoe aencteue [6].

MATEPWAN N METObI
WccnenoBaHust npoBefdeHbl B MOAErbHbIX 3KcnepumeHTax. PacteHve Lemna minor
BblAepXvMBanuM B pacTBope cynbdata mMegu C KOHLUEeHTpauuen 1,6-10°,1,6.10°,1,6.10%,1,6:10°,2.10°

© Storchak T.V., Grishechkina A.A., 2012
91



Science and Education December 18th—19th, 2012. Vol. I

% 4.10°,8.10°,0,016,0,02,0,04,0,08 M (B nepecyeTe Ha Meak). Bce pacTBOPbI FOTOBUAM Ha NUTATENBHOV
cpege LUTenHbepra. KoHTponem cnyxunu pacTeHusi, BblaepaHHble Ha nuTatensHon cpege. [Ons
nccnenoBaHnst 6panncb pacTeHn pAckK ¢ 2-4 4OYepHUMM NiucTelamm, BpeMs MHTOKCUMKaLMKn 7 CyTOK.

B KoHue ceabMOro AHs NOACYHMTBIBArIOCh KONMMYECTBO SfMCTELOB, OTMeYanacb MX okpacka u
apyrve Buanmble nameHeHus. PaccunteiBancsa koadduumneHT pocta [3]:

_ Ne—=Ng
t

r

KonnyectBo nurmMeHToB B pacTeHusix Lemna minor onpedensnu — 3KCTPaKTHbIM
cnektpocoTomeTpnyeckum metogoM B 100%-Hom aueToHe Ha cnektpodotometpe SPECORD 30 [1].
CopepxaHue XnopoduIfIoB U CyMMbl KAapOTMHOMAOB paccuuTbiBanv no copmyne JluxteHtanepa ans
100%-Horo aueToHa [2]:

Xna= 11,75E662 — 2,35E645, MF/J'I,
Xnb= 18,61 E645 - 3,96E662, Mr/J'l,

1000E47¢—2,27Xn1a—81,4X1b
CymmMa KapoTMHOMAO0B = 227 , Mr/n.

Bce onpepeneHuss BbINOMHEHbI B TPexX OMOMOMMYECKMX UM YEeTbIpEX aHanUTUYEeCKUX
NPOBOPHOCTAX. [JOCTOBEPHOCTL pasnUuMii Mexay [ABYMS BapuaHTamu onpegensinv C MOMOLLbIO
HenapameTpuyeckoro kputepust MavHa — YUTHu.

PE3YNBbTATbLI N X OBCYXOEHNE

Y pacTeHuit Lemna minor, KyfbTUBMPOBAHHbLIX B PACTBOPaX Meau C KOHLeHTpauueit 1,6.10°—
1,6.10* M BUAUMBIX U3MEHEHUI He HaBrioaanu, Ho NPU 3TOM MPOMCXOAMMO CHUKEHWE KoadhduLIMEHTa
pocTta Ha 41 — 67% OTHOCMTENbHO KOHTPONS.

Mpwn KOHUEHTpaumm 1,6-10° 1 0,002 M Habnioganoch NobneaHeHVe NUCTLEB OT Kpasi K LLeHTpy,
KOINOHUW PsICKU pacnafjanqcb Ha oTaenbHble nucteulbl. KoadduumeHT pocta cHUXaeTcst Npy 3ToOM Ha
87% OTHOCUTENBbHO KOHTPONS.

Mpn Gonee BbICOKUX KOHLUEHTpauusax moHoB mean (0,004 — 0,08 M) oTmedvaetcsi nomnHoe
obecueunBaHne nucteyoB Lemna minor n HabniogaeTca npekpaweHne pocta (puc. 1), uyTO
CBMOETENbCTBYET O TOKCMYECKOM OeUCTBUM Meam (Tabn. 1).

Tabnuya 1
Peakuus Lemna minor Ha pa3nu4Hble KOHLEHTpaLMmm MOHOB Meaun
KoHueHTpa- TecToBblE peakuum Koadp.
ums, M Okpacka PaccoeanHeHne Peakuusa nucTeLoB pocta
NINCTELOB nncTeLoB
KoHTponb 3eneHas Het Het 15,6
1,6-10° 3eneHas Hert Het 9,1
1,6:10° 3eneHas Het Het 7,0
1,6.10”° 3eneHas HeTt Het 51
1,6:10° BpoenHo - YacTtnyHoe Nnctbsa GnegHeroT OT 33
3eneHas Kpas K LeHTpy '
2.10° BbnegHo - YacTtuyHoe Jlnctbs GneagHeoT OT 20
3eneHas Kpasi K LeHTPY ’
4107 Benas Ectb JNnctbs nobnegHenu 1,0
8.10° Benas Ectb JNuctbs nobnegHenu 0,4
0,016 benas Ectb Jlnctbs nobnegHenu 0,4
0,02 benas Ectb Jlnctbs nobnegHenu 0,0
0,04 benas Ectb JInctbs nobnegHenu 0,0
0,08 Benas Ectb Nnctba nobnegHenu 0,0
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Y OnbITHbIX pacTeHun Lemna minor BbISIBIEHO OAHO3HAYHOE BIUSIHAE MOHOB Meau Ha
napameTpbl MMrMEHTHOro annapara.

Y pacTeHun, BblOEPXKAHHLIX MPW  KOHLEHTpauum WOHOB Mean 1,6.10°M  konuyecTBO
xrnopodunna a Bo3pocno Ha 5% OTHOCUTENbHO KOHTPOMS. Mpu BbICOKMX KOHLEHTPaLMSIX MOHOB Meaun B
cpene (1,6:10° — 0,08 M) HabniopaeTca CHWKeHME KonuyecTBa xnopodunna a u b go 28 — 89%,
kapotuHongoB — Ao 70% OTHOCUTENbHO KOHTPOMS, YTO MOXET cTaTb MPUYMHOM WU3MEHEHMUS
WHTEHCMBHOCTU (DOTOCKHTE3A.

Takum obGpa3om, MOH Meau OKasblBaeT TOKCMYecKoe [OeNcTBMe Ha pacTeHus Lemna
minor, 4TO cka3blBaeTCsA Ha Nnpouecce pocTa M cogepXaHue NUrMeHTOB, MoAaBisAs Npouecc
doTocuHTe3a.
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VARIABILITY OF SUM CONTENT FLAVONOIDS AND ANTIOXIDANTS ACTIVITY
ABOVE-GROUND PARTS OF ORIGANUM VULGARE L. OF THE DAGESTAN

Vagabova F.}, Musaev A.%, Alibegova A.%, Radzhabov G.*, Gasanov R.*®

1234 Mountain Botanical Garden of the Dagestan Centre of Science of Russian Academy of Sciences
® Pricaspiyskiy Institute of Biological Resources of the Dagestan Centre of science of Russian Academy
of Sciences

Russia

Abstract

Provides data for the quantitative content of flavonoids and antioxidants activity in above-ground organs
of Origanum vulgare L.. Raw materials for the study was collected in Gunib at the stage of total flowering
in 2011 year at the height of 1650 m above sea level. O. vulgare L has. high polymorphism within a
population on colouring perianth and bracts. The change of total flavonoids content and antioxidant
activity of above-ground organs of O.vulgare |. under the influence of high-altitude factor and depending
on the phenotype plants. Found that the amounts of flavonoids content has quite a clear positive
correlation with high-altitude factor, but differences in the content of total antioxidants in various parts of
the plants are not associated with high-rise gradient at this particular period of occurrence. Also found
that the degree of colouring the phenotype affect the variability of antioxidant activity and does not affect
the content of flavonoids.

© Vagabova F., Musaev A., Alibegova A., Radzhabov G., Gasanov R., 2012
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Keywords: Origanum vulgare L., flavonoids, a high-altitude gradient, antioxidant activity, population,
polymorphism.

AHHOTauua

B ctatbe npuBoaMTCHA OaHHblE MO KONMYECTBEHHOMY CoAepXKaHuio (hriaBOHOMAOB U aHTUOKCUAAHTHOMN
aKTMBHOCTU B Haa3eMHblx opraHax Origanum vulgare L. Cbipbe Ana usyyeHus Obino cobpaHo B
BHyTpeHHeropHom [arectaHe ('yHub) Ha BbicoTe 1650 M Hag ypoBHem mMops. O.vulgare L..
XapakTepusyeTcsi BbICOKUM BHYTPUMOMYMALUMOHHBIM NONMMOPKMU3MOM MO OKPacke OKOMOLBETHUKA W
NPULBETHUKOB. M3y4YeHO U3MEeHeHUe CyMMapHo20 codepxaHusi nasoHoudos8 U aHmuokcudaHmHou
akmueHocmu Had3eMHbIx op2aHoe O.vulgare L. noa BNusiHUEM BbICOTHOTO hakTopa 1 B 3aBUCHMOCTU OT
deHoTMNa pacTeHusl. YCTaHOBIEHO, YTO cofepXaHne CyMMbl (olaBOHOMAOB UMeeT AOBOMbHO YETKYHO
MOMNOXMTENbHYIO KOPPEnsuMio C BbICOTOM Had YpPOBHEM MoOps MecTa cbopa Cbipbsi, pasnuuus B
cogepXXaHuM CyMMapHbIX aHTUOKCWAAHTOB B Pa3fMYHbIX 4acTsX PaCTEHWUs He CBS3aHbl C BbICOTHbIM
rpagMeHToM Ha AaHHOM KOHKPETHOM MpOMeXyTke BcTpedaeMocTu. Kpome Toro, BbISIBMEHO OTCYTCTBME
[AOCTOBEPHBIX Pa3nuuuii No cogepxaHuo naBoHOMAOB Mexay eHOTMNnaMuM W Hanuyve CBs3M
yBENMYEHNs1 aHTUOKCMOAHTHOW aKTUBHOCTU OT CTEMEHM OKpacku deHoTuna.

Kntouesble cnosa: Origanum vulgare L., donaBoHouabl, aHTUOKCUAAHTHAs aKTUBHOCTb, NOMMMOPGU3M,
NoNynAUKs, BbICOTHBIN rPaaneHT.

BTopuyHble meTabonuTbl 06nagaldT OrpoMHbIM CMEKTpoM gencteus. Mx obpasoBaHve u
HaKonmneHne B AUKOPacTyLMX pacTEeHNSX SBNSETCS NPOLECCOM AUHAMUYHBLIM.

dyHKUMOHanNbHast ponb (naBoOHOMAOB, OAHOW W3 OOWWPHBIX Tpynn  eHONbHbIX
MeTabonuToB, CBA3aHa C npoueccamMn agantaumv U BbIXKMBAHWUS PacTeHUA U K 3TOMY BpPeMeHMU
Xopowo u3yyeHa. B HayyHOm nwuTepaType HeOOHOKpPaTHO YKa3biBarioCb Ha W3MeHeHue
mMeTabonuyecknx npoueccoB noA BhuMsHMEeM akTopoB BHelwHen cpedbl. OcobeHHOCTH
akonornyecknx ycnosuin (abuvotuveckne n 6uoTnyeckne) obycnosnmealoT cneunduky 06MeHHbIX
npoueccoB, MpoTeKkalWwmnx B pacTeHUAX, CNocOOCTBYOT CUHTE3Y W HaKOMMEHUI0 B  HUX
Ounonornyeckn aktuBHbiXx BewectB (BAB) [1, 2, 3, 4]. Tak, nOBbIlEHHOE KONN4YECTBO
HU3KOMOMEKYNSAPHbIX U (epMEHTaTMBHbIX aHTuokcuaaHToB (AQO) B pacTeHusaAx CBSA3bIBAOT C
yCrnoBusSIMM npouspacTaHusi, ocobeHHo, ¢ BnusiHuem ctpecc-dakTopoB [2]. OcobeHHO akTyaneH
BOMPOC M3Y4YEHWS BbICOTHLIX U LUMPOTHbLIX (PaKTOPOB Ha MPOLECC HakonneHus naBoOHOMAOB B
pasnn4YHbIX pacTeHusaX, Tak Kak apupoMacnuyHblie pacTeHus no-pasHOMy pearupyloT Ha BAuUsHUe
aTux aktopoB [2] Tak, ¢ BO3pacTaHueM reorpadu4yeckon WKUPOTbl MecTa Mpou3pacTaHns
cogepxaHve GUMoNorM4yeckn akTUBHbIX BELLECTB B PAacTEHUSX 3aKOHOMEpPHO najaeT, B TO BpeMs,
Kak C yBennyeHnem BbICOTbl Ha YPOBHEM MOPS YCUNMBaETCs porfb abnoTuyecknx n ymeHblUuaeTcs
ponb 6MoTUYecknx OakTopoB, YTO MO3BONSET PacCTEHUAM B 9TUX YCNOBUAX HakannmeaTb Gonbluee
KONMYECTBO BTOPUYHBIX METABONMTOB, K KOTOPbIM OTHOCUTCA GONbLUMHCTBO HU3KOMOMNEKYNAPHBLIX
AO. Takum ob6pas3om, aKTUBHOCTb AHTUOKCUAAHTHOW CUCTEMbl MOXeT ObiTb MCMonb3oBaHa AnA
OLEeHKM CcTeneHn cTpecca M ajantauuu pacTeHus K HebnaronpusaTHbIM YCNOBUAM CpeAbl.
CopepxaHve CcyMmapHbiXx (naBoHOMOOB, KOTOpble SABMASIOTCS aHTMOKCMAAHTaMM NPSMOro
OEVCTBUSA, TaKKe XapakTepu3yeT CbIpbeBYH LEHHOCTb PacTUTENbHOINO ChipbS W BbISIBIEHUE
3aKOHOMEpHOCTEW WX pacnpoCTpaHeHUs BOOMb BLICOTHOrO rpaaveHTa npeactasnseT cobow
3HaYNTenNbHbIM TEOPETUYECKUI U MPaKTUYECKUIN MHTepecC.

Oywmua obbikHoBeHHas — Origanum vulgare L. — LWIMPOKO pacnpocTpaHeHHasi B CEBEPHOM
nonywapvum nonMMopHbIi Me3odunbHbIi BuA. LLUMPOTHO BCTpeyaeTcs OT CEeBEPHOro [0 HXKHOMo
Tponuka. HOxHasa rpaHuua apeana goxoaumt o CwuHavickoro nonyoctpoBa M o CesepHont Adpuku
(Amxup — ropbl Atnac) [3]. MpeactaBnseT cobon TPaBAHUCTLIN, KOPHEBULLHBIA, PbIXNTOAEPHOBUHHbLIN
NoNUKapnNn4Yecknii MHOTroneTHUK. PacTeT no nonsiM, Ha CKroHax rop, No NeCHbIM OMyLUKaM, NocrnenecHsIM
nyram. Bbicota pactenusa 30-80 cm, uBeTbl OT 6enbix A0 TEMHO (PUONETOBLIX, NICTbA AWLEBUAHbIE,
XapakTep W MHTEHCMBHOCTb ONyLleHWs 3aBMCUT OT moasBuAaa W ycroBui npouspacTtaHus. OnyweHue
BCerga cunbHee B yCroBusix Aeduuuta Braru.

PacTeHne ¢ OpeBHeNMWNX BpeMEH WUCMOMb30Banocb BCEMW €BPa3UACKMMU Hapogamu (kpome
kpaviHero CeBepa), Kak npsHoapomMaTUyeckoe, LEHHOe feKapCTBEHHOe W MULLEBOE  Cblipbe.
KynbTuBmnpyetcs goctatoyHo gasHo. B HapogHom MeauuMHe MHOrMX eBpONEenCcKMX W asnaTcKuMx CTpaH
TpaBsHOM HACTOWM 3TOrO BMAa UCMONb30BANCA Kak cefaTUBHOE CPEACTBO, a Takke kak GakTepuumaHoe
npu 6onesHsX BEPXHUX AblXaTeNbHbIX MyTEN U XXenya04YHO-KULLEYHOro TpakTa.
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B OarectaHe O. vulgare L. pacnpocTpaHeH oT 45 o 2100 meTpoB Hag ypoBHem Mops [5]. Mo
Hawum HabnogeHusam, ot 45 go 650 M. Hag ypoBHeM Mopsi npouspacTtaeT O. vulgare L. subsp. hirtum
(Link) letswaart, Bbiwe 650 m BcTpeyaeTcs O. vulgare L. subsp. vulgare.

Matepunan pgnsa aHanusa (TpaBa, Hag3eMHble opraHbl) Obil cobpaH M3 NPUPOOHbLIX
nonynsumi Ha seicote oT 1050 m go 1850 m Hag ypoBHem Mopsa BO BHyTpeHHeropHom [arectaHe
(TyHnbekun panoH) B uone-asrycte 2011 roaa B a3y LUBETEHWS W BbICYLLEH A0 BO3AYLIHO-CyXOn
Macchbl B TEHU.

CymmapHble chrnaBoHoMabl onpegensany cnekTpodoToMeTpryeckn Ha cnektpodotomeTpe Co-
16, no cTaHgapTHOW MeToawuKe, C UCNOMb30BaHMEM peakLuun obpasoBaHWs KOMMNEKCHbIX COEAUHEHNI C
XOpUAOM anioMUHWA B nepepacyeTe Ha pyTuH [6]. CymmapHble aHTWOKCUAAHTLI onpeaensnucb Ha
npubope  AnNs  3KCMpecc-aHanmM3a  CyMMmapHbIX  aHTuokcuagaHtoB  «LBET-AY3A-001-AAA»,
amnepomMeTpuyeckum metogom [7]. CtaTucTnyeckyto o6paboTky AaHHbIX MPOBOAUNM MO OBLENPUHATLIM
anropytMam 06paboTkM AaHHbIX [8] C Mcnonb3oBaHWEM NULEH3VOHHOW cucTeMbl 06paboTkM OaHHbIX
Statistica v. 5.5. n naketa nporpamm «MS EXCEL».

MonyyeHHble pe3ynbTaThl NPeAcTaBreHbl B Tabnmuax u pucyHkax.

Hamu nsyyeHo cymmapHoe cogepxaHve prnaBoOHOMAOB W aHTMOKCUOAHTHOW aKTUBHOCTU B
TpaBe u opraHax Origanum vulgare L., cobpaHHoro Boonb BbicOTHOro rpagmeHta ot 1050 go 1850
M Hag ypoBHeM Mops. BnepBble Hamu unccrnefoBaHa 3aBMCUMOCTb  COAEPXKaHUS  CyMMbI
hnaBoHOMOOB U aHTMOKCUOAHTHON aKTUBHOCTM B 06pasLiax OT CTEMNeHN OKPacKuM OKOMOLBETHUKOB U
npuuseTHnkoB O. vulgare L., cobpaHHOro BHyTpM ofHoW nonynauun. [lyTem cpaBHeEHUSA
MEXrpynnoBbIX KOMMOHEHT Anucnepcun Ansa obbl4HOro 0AHO(aKkTOPHOro AMCNEPCUOHHOr0 KOMMeKkca
W KOMMOHEHTbl AWCMEPCUM, BbLIYUCIIEHHONW MO WTOraM pPerpeccUMoHHOro aHanusa (KoadduumeHT
AetepMuHauun), genancs BbiBOA4 O CTENEHW KOMWYECTBEHHOro NMHEWHOro BIUSHWUSA CPEeAOBOro
dakTOopa Ha u3y4vyaeMmbl Mpu3Hak. B pesynbTaTe YyCTaAHOBMEHO, YTO UMeKLWMecs pasnuuus B
cogepXaHunm CyMMapHbIX aHTUOKCMAAHTOB B Pa3fMYHbIX YaCTAX PacTeHUs He CBA3aHbl C BbICOTHbLIM
rpagMeHToM Ha [daHHOM KOHKPETHOM NpOMeXyTKe BCTpeyaemocTn (BCe KO3 PULMEHTbI
pgetepMuHauum  ObiMM HEQOCTOBEPHBI), XOTS  MMeeTcs  Gomblias  MeXnonynsiyMoHHasi
anddepeHumnauns, He cBa3aHHasa ¢ GakTOpoM BbICOTHOrO rpagueHTa (tabn. 1).

Tabnuuya 1
[OncnepcUoHHbIN aHanu3 coaepXaHUA CYMMapHbIX aHTUOKCUOAHTOB
B pa3nu4HbIX Yactax O. vulgare L., co6paHHOro U3 NpMpoaHbIX Nonynsaunm
Nno BbICOTHOMY FrpagMeHTy B NPUMPOAHbIX NONYyNAUMNAX
[ Wtorn OA: cca mr/r (aywmua 2011 nncTba) |

Wtorn OA: cca mr/r (gywmua 2011 couBeTtus)
AddekT | cc MS cc MS F p

{1}BbicoTa | CnyyanH. | 3 2,025848 | 8 0,039405 | 51,41152 | 0,000014
AddekT | cc MS cc MS F p

{1}BbIcOoTa | CnyyawiH. | 3 26,35792 | 8 0,192006 | 137,2769 | 0,000000

B T0 Xe BpeMsi coaepxaHne cyMmbl (oriaBOHOMAOB UMEET JOBOSMbHO YETKYIO MOMOXUTENbHYH0
KOppensuui C BbICOTOW Haj YpPOBHEM Mopsi MecTa cbopa cbipbsa (puc. 1-2) BOOMb BLICOTHOMO
rpaguMeHTa Ha KOPOTKOM MPOMEXYTKE C BbIPOBHEHHbIMU YCINOBUSMU 3aadpoHa U 9KCMO3MUMM CKIOHa
(r= 074 w r = 0,74 pna couBeTUA N NUCTbEB, COOTBETCTBEHHO). Takum oOpa3om, Hawwm
nccneaoBaHus NOATBEPAUNN U3BECTHYHO MMMNOTE3Y, COrMacHO KOTOPOMW C YBENWYEHWEM BbICOTbI Hapg
YPOBHEM MOPSI MOXHO OXuWAaTb BO3pacTaHUs KONMYECTBa CYMMapHbIX hriaBOHOWAOB, BbIMOMHSAOLWMNX
B pacTUTENbHbIX KneTkax PyHKUUI memOpaHoCcTabunnaatopoB W 3alimiialoinx Ux OT BO34eNCcTBus
XecTkoro manydvenus [8]. Kpome TOro, momnyyeHHble AaHHblE MOMHOCTbI MOBTOPSAKT HALIW paHHWE
nuccnenoBaHnst [9] NO BRUSIHWIO BbLICOTbI HaA YPOBHEM MOpPS MeCTa MpouM3pacTaHus Cbipbs Ha
cogepxaHue pnaBsoHOMAOB B Haa3eMHbIx opraHax O. vulgare L.
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COJEPAHWE CYMMapHBNX (hnaBoHoW 0B (%)

COoAepIKaHWe cymMmapHbIx hnaBoHoOMAoR (%)
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Puc. 1.

CodepxxaHue cymmapHbIx ¢hrnagoHoudos e cougsemusix O. vulgare L.
800716 MenikomacwabHoU 8bicomHol mpaHcekmbi (2011 2.)
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Puc. 2. ColepxaHue cymmapHbix ¢hriagoHoudos 8 nucmesix O. vulgare L.

800s1b MenikoMacwabHol ebicomHol mpaHcekmsi (2011 2.)
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B pesynbTate u3yyeHWss CymMapHOM aHTUOKCMAAHTHOM akTuBHoCcTM B cbipbe O. vulgare,
cobpaHHOro BOOMb BbICOTHOro rpagmeHta ot 1050 go 1850 M, ycTaHOBMEHO, 4YTO pasnuuusa B
CoAepXXaHUM  CyMMapHbIX  aHTMOKCMOAHTOB B PasfMyHbIX  YacTaX  pacTeHus  npesblllarT
MEXMONYNALNOHHYI0 M3MEHYMBOCTL (puc. 3).

OTHOCHTENEHEIS KOMMNOHETHl AMCNEpPCHKM MO CYMMaPHOMY COOepHaHW aHTHOKCHOAHTOB (Mr/T)
OTHOCUTENLHLIE KOMMNOHEHTEI ANCNEPCUK (B NPOLUEHTaxX )
MeTog: Metog ANOVA, SS Tunal |

Oumbka; 8,2%

1-BuicoTa; 5,4%

2-opraH; 86,5%

DaKTopbl
1-BbicOTa@
2-opraH

Puc. 3. OmHocumernbHble KOMIOHEeHMbI OUCTIEPCUU 0 COOePXKaHUI0 CyMMapHbIX aHMUOKCUOaHMo8
8 cuipbe O. vulgare L.

MexnonynsumMoHHble pasnnyns No COAEPXKaHUI0 CyMMapHbIX aHTUOKCUAAHTOB Y 3TOro BuAa He
CBSA3aHbl C BbICOTOW HaA YPOBHEM MOPS, HO NpU aHanuae oTAerbHbIX (PakUmMin Cbipbs BbINO 0GHapYyXeHo
[OCTOBEPHOE CHWXEHWE CYMMapHbIX aHTUOKCWAAHTOB B nUCTbsAX (r = - 0,57) ¢ Habopom BbICOTbI Hapg,
YPOBHEM MOpsi MecTa cbopa CbIpbsi.

Ona O.vulgare L. B npupoaHbIX nonynauuax HabngaeTca  BHYTPUMOMYMSUMOHHBIN
nonuMopcuamM Mo OKpacKe OKOJIOLBETHMKA M 4alleyku. Yalleyka okpalleHa OT 3eMneHOro A0 TEMHO-
dnoneToBOro LBeTa, OKOMOLBETHMK OT CBEeT/I0-pO30BOr0 A0 TEeMHO-po3oBoro. [lpu aHanuse
BHYTPUMNOMNYMALUMOHHBIX Pas3nnyniA MO WHTEHCMBHOCTM OKPACKU OKOMOLBETHWKA W MPULBETHUKOB Y
nonynauum, pacrnonoxeHHON Ha BbicoTe 1650 M. Hag ypoBHEM Mopsi, oBHapyXeHa veTkas TeHAeHUMs
BO3pacTaHusi CoAepXaHUs CyMMapHbIX aHTMOKCMOAHTOB MO Mepe BO3pacTaHWUsi MIHTEHCUBHOCTU OKpacku
OKOJOLIBETHMKA M NPULBETHUKOB B COLIBETUW, NPUYEM, OCOBEHHO YETKO 3TV pasnuuusi NPosIBNSIOTCS B
coueTusax. KnoHbl ¢ Hauboree WHTEHCMBHO OKpalleHHbIMUM couBeTuaMM obnapalT Hanbonbwmm
coaepxaHneM CyMMapHbIX aHTUOKCUAAHTOB (puc. 4).

Takum o06pa3omM, BHYTPUMNONYNAUMOHHAs M3meHumMBOoCTb O.vulgare L. no copepxaHuio
CYMMapHbIX aHTUOKCWAAHTOB BbisiBUNA MOBLILEHHOE COAEpXaHWe CyMMapHbIX aHTUOKCWOAAHTOB B
deHoTune € po30BbIM OKOMOLIBETHUKOM W TEMHOOKPAaLUEeHHbIMW MPULBETHUKaMKU, Toraa, Kak wutoru
ABYX(paKTOPHOro  AMCMEPCUMOHHOIO aHanu3a nokasanu OTCYTCTBME [OCTOBEPHbIX pasfuuuii Mo
coaepxXaHuio nasoHOMAoB Mexay deHoTunamu. MNpu 3TOM MakcmanbHoe cogepXaHue pnaBoHoNa0B
ObINO 3adhMKCMPOBAHO B COLBETUSIX U MEHEe BCero B cTebnsix aHanuampyemoro cbipbsl (Tabn. 2.). 3tn
pe3ynbTaTbl TaKKe aHanorMyHbl NpeabiayLMmM HawmMM uccnegosaHmsam [9].
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BepTuk. cTonbukl paeHel 0,95 gOBEpUTENLHLIX MHTEPBANOE
18

== CBeTno-po30BLIi OKONOLBETHUK C 38MEHLIMN NPULBETHUKAMK
- CBeTNo-PO30BbIA OKOMOLBETHUK . OKPALLSHHBIMK . NPULBETHUKAM
&~ P030BbIil OKOMOLUBETHWUK C OKPALLEHHBIMA TIPULIBETHUKAMU

12 ¢

16

10

CofepKaHie cyMmMapHelX aHTHUOKCUOSHTOB MI/T

COUBETHA JNUCTbA cTebnun Tpaga

Puc. 4. BHympurnonynayuoHHas U3MeH4YU80CMb COOepKaHUSI CyMMapHbIX aHMUOKCUOaHmMOo8 8 Chbipbe
Origanum vulgare L.

Takum ob6pa3om, HaMK U3ydeHa N3MEHYMBOCTb CodepKaHusa (prnaBoHONOO0B U aHTUOKCUAAHTHON
aKTUBHOCTU B pasnunyHbix opraHax u Tpase O. vulgare L., coGpaHHOro B NpMpoaHbIX NONynsiuusix BOOMb
BbICOTHOro rpagueHta Bo BHyTpeHHeropHom [larectaHe B pasy LBeTeHWs. YCTaHOBMEHO, YTO BAOSMb
BbICOTHOrO rpagMeHTa Ha KOPOTKOM MPOMEXYTKE C BbIPOBHEHHBbIMU YCNOBUSAMM 34adhoHa M 3KCNOo3mumum
CKIMOHa cofepxaHne cyMMbl 0fTaBOHOMAOB MOSIOXKMUTENBHO KOPPENUPYET C BbICOTON HaL YPOBHEM MOpPS
MecTa Npomn3pacTaHnsi Cbipbsi, @ COAEPXXaHNE aHTMOKCUAAHTHOW aKTUBHOCTM B HaA3EMHbIX OpraHax He
3aBUCUT OT BbICOTHOTO rpagueHTa.

Tabnuua 2
[decKkpunTuBHbIe CTaTUCTUKU NO coAepxaHuto pnaBoHoMAaoB (%)
B ¢pheHoTtunax O. vulgare L. (1-3 — pa3Hble peHOTUNDI)
YpoBeHb | N |CpegHee | CT.oTkn. |CT.ow.| -,95% +,95%
O6wue 36 2,4 0,720772| 0,12 [2,192783|2,680532
{1}Var2 1 12 2,4 0,814397| 0,24 [1,896349(2,931236
{1}Var2 2 12 2,5 0,693252| 0,20 [2,013466|2,894409
{1}Var2 3 12 2,4 0,712898| 0,21 [1,989289|2,895196
{2}var3 | couB. |9 3,1 0,044693| 0,01 |3,050702|3,119411
{2}Var3 | nuctbst | 9 2,6 0,125991| 0,04 |2,492696|2,686387
{2}Var3 | ctebnn | 9 1,3 0,128977| 0,04 |1,156033|1,354313
{2}Var3 | TpaBa |9 2,8 0,077960| 0,03 |2,756934|2,876784
MpumeyaHue: ®eHoOTUNbI: 1 - CBETIIO-PO30BbIA OKOMOUBETHUK C 3€MeHbIMU  NpUBETHUKaMK;

2 —CBeTJ'IO-pO30BbIVI OKONMOUBETHUK C OKpalleHHbIMU npUulBEeTHUKaMU; 3- pO3OBbII;1 OKOJIOUBETHUK C
OKpalleHHbIMU NpUuLBETHUKaMMU.
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N3meHeHMe copepxaHusi hraBoOHOMAOB M aHTUOKCUZAHTHOW aKTMBHOCTW B 3aBUCHMMOCTM OT
heHOoTHNa HOCUT TakKe pasHOHaNpPaBIieHHbIV XapakTep, @ UMEHHO: YeM CUNbHEe OKpalleHbl COLBETUS,
Tem Gonblue cofepxaHue aHTMOKCUOAHTHOW aKTMBHOCTW, M MpWU 3TOM OTCYTCTBYET AOCTOBEpHble
OTNIMYMS B cofepXaHuu (priaBoHOMAOB Mexay (heHoTunamu. BoamoxHO, 34ech BCTynaloT «B Urpy»
aHTOLMaHbI, KOTOPbIE KOPPENUPYIOT C heHOTUNAMM.

MonyyeHHble pesynbTaTbl BO3MOXHO UCMOSIb30BaTh AN 06 bACHEHNUS MEXaHU3MOB BroCUHTE3a
(peHONbHbIX COeANHEHUI MO, BIUSHUEM PasnuyHbIX (pakTOpOB, ANs BBEAEHMS B KyNbTypy oBpasLoB
BbICOKAM COAEPXXaHWEM HU3KOMOJIEKYNIAPHbIX aHTMOKCUMAAHTOB C MEepCneKTMBON WCMONb30BaHWUS B
NeKkapCcTBEHHOM PACTEHWEBOACTBE FOPHbIX PEMYOHOB.
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Abstract

One of the main challenges in gold mining industry of the XXI century is extraction of gold from iron and
copper bearing calcines. In this article, results of an investigation on pre-treatment of a gold bearing
calcine with caustic soda in laboratory agitators with ultrasonic transducers to increase dissolved oxygen
content, are presented. The effect of oxygen on the rate of transformation of iron into a form that is
insoluble in cyanide solutions was studied. The presence of copper minerals in gold bearing calcines is
another important factor affecting the extraction of gold and high cyanide consumption. Copper
consumes large amounts of cyanide. Copper cyanide is more stable than free cyanide, and has a harmful
impact on the environment. In connection with this, the ammonia-cyanide method for extracting gold from
copper bearing calcines was proposed. Optimum conditions for carrying out the process of gold
dissolution from copper bearing calcines in ammonia-cyanide solutions were determined. It was shown
that the presence of ammonia in solution reduces the consumption of cyanide without change of gold
recovery indicators. Results of investigations on gold sorption from ammonium cyanide solutions using
activated carbon brand NWSG6*12 and resins AuRIX®100 are presented.

Keywords: gold bearing calcine, iron, copper, caustic soda pre-treatment, ultrasound transducer, ammonia-
cyanide method of dissolution, sorption extraction, activated carbon-brand NWSG6*12, resin- AURIX®100.

1. Introduction.

According to literature [3], depending on pH values of the medium in pulp, iron can be found in
various forms. At pH of 2, Fe (lll) cations are mainly present in solution; in case of high pH, hydroxides
are formed. At pH = 3, the ratio of Fe(OH) 3 and Fe(OH), to Fe3* gets closer to 1, and at pH = 6, this ratio
becomes equal to 4,5* 10°, andFe(OH), cationsare predominant.Total iron concentration in solution at pH
= 6 decreases in connection with the settling out of Fe(OH);into a precipitate.

As for copper, it is present in both the oxidized and sulphide forms. As it is known that copper is
in the same group on the periodic system with gold and silver, it forms a full series of cyanide
compounds. During cyanidation of copper ores, an overwhelming amount of cyanide is spent in the
formation of copper-cyanide complexes, that have a harmful effect on the environment, which is the first
factor limiting the use of cyanide to ores of this composition [4-6].Another not less important factor is the
adverse effect of the complex compounds of copper on the dissolution of gold in cyanide and its sorption
from solutions [1, 5,7]. Operational experiences of gold-mining plants show that ammonia-cyanidation is
one of the ways to profitably process copper ores [2, 6, 8, 9].

It is known that copper-ammonia-cyanide complexes are formed in ammonia-cyanide solutions.
Copper-ammonia-cyanide complexes entering into reaction with gold, serve as a source of cyanide.
Copper in complex with ammonia reacts with OH radical forming Cu(OH), which falls into precipitate [9].

© Boboev I.R., Strishko L.S., Gurin K.K., Shereni A., 2012
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2. Description of the process.

As an object of investigations, calcine of oxidized ores, containing a large amount of iron and
copper, that had undergone removal of arsenic and carbonaceous substances, was used.

According to the above-stated, investigations were carried out on pre-treatment of the sample
with caustic soda in laboratory agitators for intensive mixing, in which was installed an ultrasound
transducer to increase dissolved oxygen content in the solution. In result, a precipitate of iron hydroxide
(11 which does not interact with cyanide solutions is formed. The ultrasonic transducer, does not only
increase the concentration of dissolved oxygen in the solution, but it is known [10] that under its influence
water molecules decompose (H,0 < H* + OH +e) with the formation of OH radicals that make a
significant contribution during the formation of hydrated iron oxide precipitate.

The processed material undergoes ammonia-cyanide method of leaching in laboratory agitators
with stirrers. Sorption extraction of gold was also carried out in the laboratory agitators with stirrers.

3. Experimental.
The dependence of pH of the medium on the concentration of Fe in cyanide solutions after pre-
treatment with caustic soda was studied.
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Fig. 1.Dependence of iron content after pretreatment followed with leaching in cyanide solutions
on oxygen supply by ultrasonic transducers

As can be seen from the graph Fig.1 that by using the ultrasonic transducer, the iron content in
cyanide solutions after pre-treatment with caustic at pH value 10 and more, is significantly lower. This is
explained by the fact that at increased concentration of oxygen, intensive iron (Ill) hydroxide precipitation
into sediment is observed. In this regard, a series of experiments was conducted to study the
dependence of iron content in cyanide solutions after pre-treatment with caustic soda on the oxygen
concentration and time (see Fig.2).
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Fig. 2. Dependence of iron content in the solution on oxygen concentration and time
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At oxygen concentrations of 14 mg/l and more, an insignificant amount of iron is observed in
cyanide solutions after pre-treatment with caustic (2 hours). Its further increase has little impact on the
oxidation rate.

During the use of an ultrasonic transducer in laboratory agitators with stirrers, even more rapid
progression of the pulp was observed, which also reduces the thickness of the diffusion layer and
consequently increases the rate of transition of Fe (II) to Fe (lll). This fact confirms the theoretically
established dependence, according to which, the thickness of a diffusion layer is inversely proportional to
the square root of the velocity of relative motion of phases.

Investigations were carried out on the extraction of gold from material treated with caustic soda
on a scheme which includes ammonium cyanide dissolution of gold, filtration of pulp with cake washing,
with sorption of metals by activated carbon and resins.

It should be noted that the concentrations of cyanide, ammonia, oxygen, and pH of the solution
have an influence on the rate of leaching of gold in ammonia-cyanide solutions and therefore the
concentration of each of them must be strictly optimized [2,3]. In this regard, the following optimum
conditions of carrying out experiments were experimentally determined: material size — 85 % of class —
0,074 mm; L/S ratio = 2/3; consumption of (NH,),SO4 — 18 kg/T; pH = 9,8+11.

Table 1
Dependence of degree of extraction of gold on the concentration of cyanide
Experiment | Cyanideconsu Content of components in Gold contentin | Goldrecover
mption, solution, mg/m® solid residue, y, %
kg/T Au Cu NH,* o/T

1. 0,5 3,84 127 1128 0,57 87,0
2. 0,7 3,30 152 1460 0,49 92,2
3. 0,8 3,30 158 2002 0,49 93,0
4. 0,9 3,50 166 2018 0,52 93,4
5. 1 3,64 173 2014 0,54 93,2
6. 1,1 3,03 212 1910 0,45 92,7
7. 1,2 2,83 248 1740 0,42 92,8

The obtained data show that with decreasing NaCN load, the gold recovery changes insignificantly
and is on the level of 87-93,4 %. The concentrations of Cu andNH4 +in solution are 160-180 and 2018mg/I,
respectively. The obtained results testify to possibility of using ammonia-cyanide solutions in the process,
with lowering of cyanide consumption without change of indicators of gold recovery.

Investigations on the kinetics of dissolution of gold and copper depending on time were carried out.
This allowed to choose the optimal duration of the process and to observe the behavior of copper in solution.

Table 2
Dependence of degree of gold recovery on duration of the process of ammonia-cyanide leaching

Experiment Leachingtime, | Concentration of components | Gold content in Goldrecovery, %
hrs in solution, mg/m® tailings, g/t
Au Cu
1. 2 2,90 310 1,03 83,6
2. 4 3,12 333 0,84 85,9
3. 6 3,29 325 0,53 92,8
4. 8 3,25 192 0,53 92,6
5. 12 3,46 160 0,49 92,9
6. 24 3,51 153 0,44 93,6
7. 36 3,76 137 0,39 93,6
8. 48 3,64 108 0,37 93,8
9. 72 3,69 112 0,37 93,7
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From the data obtained, it follows that the optimal time of leaching is 24 hours. The concentration
of copper in solution starts to decrease after 4 hours of leaching. This is because copper drops out into
precipitate in the form of Cu(OH)., while maintaining a specific concentration in the solution [6].

In the course of leaching in ammonia-cyanide solutions, no measures were taken for supply of
oxygen into the solution since preliminary experiments showed that air found is in the free volume of flask
and solution is saturated with oxygen, quite enough for complete dissolution of gold.

With the aim of assessing the possibility of gold separation from ammonia-cyanide solutions,
the method of gold sorption using activated carbon (Chinese brand) and resins AURIX®100 was tested.
According to literature, the separation of gold from copper can be observed already at pH>11,5 [11].

Table 3
Laboratory investigations of the sorption of gold on activated carbons
and resins brand AuRIX ®100
Method pH NaCN, | Time, | Sorbentconsumption, g | Capacity on | Capacity on
g/m? hrs Au, mglg | Cu, mglg
ResininPulp (RIP) 9,8-11 |from 0.66| 48 15 2-2,5 290-300
to0
Resininsolution(RIS) >13 -- 8 10 3-3,6 80-85
Carboninpulp 9,8-11 |from 0.66 48 15 3-34 180-185
(CIP) to 0
Carbon in solution | 9,8-11 >0,4 6 10 >3,5 0
(CIS)

According to results of the experiments, it was established that in the absence of free
cyanide or at low concentrations of NaCN, copper adsorbs on carbon and resins more effectively in
comparison with gold. The most optimum is the «Carbon in solution» scheme. With increasing
concentration of NaCN in the solution from 0,4 g/l, the carbon capacity on gold increases from 3.5
mg/g and more, and on copper it is zero.

4. Results and discussion.

According to the experimental results (Fig.1) it can be seen that at increased concentration of
oxygen, intensive iron (Ill) hydroxide precipitation into sediment is observed.

The application of ultrasonic transducer, installed in the laboratory agitators with stirrers
contributed to the increase in the concentration of dissolved oxygen up to 18 mg/l and quick progression
of the pulp, which also reduces the thickness of the diffusion layer and consequently increases the rate of
transition of Fe (ll) to Fe (lll).This fact confirms the theoretically established dependence, according to
which, the thickness of a diffusion layer is inversely proportional to the square root of the velocity of
relative motion of phases [7, 10].

The results presented in Table 1 testify to possibility of using ammonia-cyanide solutions in the
process, with lowering of cyanide consumption without change of indicators of gold recovery.

The decrease in copper concentration in solution (Table 2) in the process of dissolution is
explained by that copper falls out into precipitate in the form of Cu(OH),, while maintaining a certain
concentration in the solution [6].

5. Conclusions.

The principal technological scheme for extraction of gold from a product of oxidized ores from
Tarorsky deposit which contains iron and copper was developed, and it includes two operations: pre-
treatment of the gold bearing calcine with caustic soda at increased oxygen concentrations; dissolution in
ammonia-cyanide solutions with subsequent gold sorption on activated carbon of brand NWSG6*12,
allow to achieve a high degree of extraction at a level of 94%.

Pre-treatment of the calcine with caustic soda was carried out at the following optimum
conditions: material size — 85 % of class — 0,074 mm; L/S ratio = 2/3; consumption of (NH4),SO4 — 18
kg/T; pH = 9,8+11, consumption of NaCN-0.7 kg/T.
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NEW VIEW ON ELECTRICAL SAFETY IN THE CONTEXT OF THE THEORY
OF THE SYSTEM ANALYSIS

Bondarenko E.A.}, Bezpaly K.V.?®
12 vinnytsia National Technical University
Ukraine

Abstract
New view on electrical safety in the context of the theory of the system analysis, structural model of the
system of protection of the person from electric energy are offered and the method of assessment and
electrical safety improvement which is based on introduction of an indicator of risk of defeat by electric
energy is stated.

Keywords: electric energy, electrical safety, system analysis, system, risk, risk assessment, electric
injury, electric traumatism.

AHHOTauunA
MpennoxeHbl HOBLIN B3rnsg Ha 3nekTpobe3onacHoCTb B KOHTEKCTE TeopuM CUCTEMHOrO aHanuaa,
CTPYKTYpHasi MOAENb CUCTEMbI 3aLUMTbI YEMOBEKA OT SNEKTPUYECKON SHEPTUM U UNOXKEH METOL OLEHKU
N COBEPLLEHCTBOBaHNA anekTpobe3onacHoCcTH, KOTopbi 6a3npyeTcs Ha BBEAEHUWM MokasaTens pucka
NnopakeHUs1 3M1EKTPUYECKON SHEPrmeEN.

© Bondarenko E.A., Bezpaly K.V., 2012
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KntoyeBble crnoea: anekTpuyeckas aHeprusi, anekTpo6e3onacHoCTb, CUCTEMHbI aHanu3, cucTema, puck,
OLIEHKa pu1Cka, 3N1EeKTPOTpaBMa, aNeKTPOTpaBMaTH3M.

3a oueHkamu MexayHapogHoro 6t0po Tpyaa eXerogHo HecyacTHble CryYan Ha MpPou3BOACTBE
1 npodeccuoHanbHble 3abonesaHust 3abvpatoT XU3HU NPUBNU3MTENBHO 2 MIH. YernoBek U 0b6xoaaTcs
rnobanbHon akoHomuke B 1,25 TprnH. gonnaposB CLUA. Cratuctuyeckue AaHHble MexagyHapoaHou
Oprannsaummn Tpyga (MOIT) cBuaeTenbCcTBYyOT, 4TO 4% MUPOBOrO BanoBOro MNpoAdyKTa TepsieTcs B
pesynbTaTe HeCYacCTHbIX CIly4aeB Ha NPOM3BOACTBE U NpodeccroHarnbHbIX 3abonesaHui [1].

Mo MHOroneTHMM CTaTUCTUYECKUM AaHHbIM JNEeKTPoTpaBMbl B OOLLEM MPOU3BOACTBEHHOM
TpaBmaTu3Me coctasnstoT okono 1%, a B cmepTensHoM - 15% un Gonblue, Tak, Hanpumep, KONM4YecTso
HecYacCTHbIX Cry4YaeB B 3NeKTpo3aHepreTuyeckon oTpacnn coctasnset okono 30% [2]. MNocnepHee
CBUOETENbCTBYET O TSXKECTU 3MEKTPOTPaBM, 3HAUMTENbHbIX 3TUHECKMX, MOParbHbIX Y 9KOHOMUYECKNX
npobnem Ansi Yenoseka, cembu, obLLECTBa.

Kak BUOHO 13 BbILLEYNOMSIHYTOrO, peLueHne nNpobrnembl YyCOBEPLUEHCTBOBAHMUS 3aLUMThl NIOAEN,
KOTOpble B3aUMOOENCTBYIOT C SMEKTPOYCTAHOBKaMMU, UMEET UCKIUUTENBHYI0 BaXHOCTb. B cyliHocTy,
OHO cBOAMTCA K co3faHuio 3PEKTUBHOW CUCTEMbl ©e30MacHOCTM  3NEKTPOYCTaHOBOK  ANs
npeaynpexaneHs anekTpoTpaBMaTuamMa, kotopasi 6asnpyeTcsi Ha HOPMaTUBHO MPaBOBOM, HayYHOM U
TexHomnornyeckoM obecneyeHmn.

TpeboBaHue abcontoTHOM Ge3onacHOCTW, KOTOpOe rocrnoACTBOBANo B COBETCKOM obuiecTse,
BpsA N1 ObINO onpaBgaHO, MOCKOMbKY, C OOHOW CTOPOHbI, N0OON BMA 4enoBeYeckon AesiTENbHOCTU
HOCUT BEPOSITHOCTHBIN XapakTep U B CWUIy 3TOro CBS3aH C HEKOTOPbIM HayanbHbiM puckom. C apyrou
CTOpPOHbI, TpeboBaHMe MOMHOro WCKIYEHUs pucka aBapwui, rubenu niogen npusoauTt Ao abcyppa —
HeobX0AMMOCTM OTKasa OT 3NEeKTpUYecTBa, TpaHcnopTa M MHOMMX APYrMX MOPOXAEHWA TEXHUYECKOro
nporpecca. PuUCK B COBPEMEHHOW XWU3HW MPUHUMNUANBHO HeycTpaHuMm, U abconoTHas Ge3onacHOCTb
HEeBO3MOXHa HW B OAHOWM cchepe YernoBeuveckoW AesTenbHoCcTU. [1oaToMy npu pelleHun npobnembl
anekTpoTpaBMaTu3mMa HeobGxoAMMOe HOBOe TeopeTudeckoe 06OCHOBaHME Ha OCHOBE HOBOMO
MEXANCUMMIIMHAPHOTO HanpaBrieHns — CUCTEMHOTO aHanu3a U OLEeHKW pucka, kakoe Obl No3Bonuio
BblGMpaTh  ONTUManbHbI  KOMMMEKC CPeacTB WM MEeponpusiTUA  Ons  MUHMMM3aUUKM  pucka
SMEeKTpoTpaBMaTU3Ma Ha pasHbIX MepapXmyeckmx YpoBHSIX.

Pe3ynbTaTbl MuccrnegoBaHus.

CucTeMHbIA MoOAxond 3akfw4yaetcss B TOM, 4YTO nobor Oonee-meHee CHOXHbIA OOBbEKT
paccMaTpuBaeTCsl Kak OTHOCUTENbHO CaMOCTOATENbHas CUCTEMa CO CBOMMU 3fIEMEHTaMu U
B3aNMOCBA35IMU, OCOOEHHOCTAMU (DYHKLMOHMPOBAHNUA U Pa3BUTUA ANS OOCTUXKEHUS onpeaerneHHoro
pesynbTata (uenwu). MNpu 3TOM NpegycMaTpuBaETCs, YTO KCUCTEMHOCTbY» — 3TO y4eT He BceX (DakTopoB
(4TO HEBO3MOXHO, A U HE HY)XXHO B NPUHUMME), @ NULLb CaMblX CYLLECTBEHHbIX [3].

MoaToMy npu MCMonb3oBaHUM MOAXOAA CUCTEMHOrO aHanu3a B MepBYyl0 ovepedb HYXXHO AaTb
onpegerneHne cucteMbl obecnedyeHns anekTpo6e3onacHOCTH, ykasaTb €ee Lenu, YCTaHOBUTb ee
CUCTEMHbIE CBOWCTBA, CTPYKTYPY, BbIAENMUTb WepapXuM4YeckMe YpPOBHW CUCTEMbI, [[aTb aHanus
B3aVMOOENCTBMS KOMMNOHEHTOB CUCTEMbI APYr C APYTOM U C BHELLHEN Cpeaon.

Mon cwuctemoni obecneveHnsi anektpobesonacHoctn (C3B) pgoroBopumMcs  MOHMMATH
COBOKYMHOCTb B3aMMO3aBUCUMbIX HOPMATMBHO MPaBOBbIX, OPraHN3aLMOHHO TEXHUYECKUX MEPONPUSATUIA
M 3alWWTHbIX CPeacTB, KoTopble obecneyvMBaldT  MUHMMASbHBIA PUCK AN 4YerioBeka, KoTopbli
B3aMMOOENCTBYET C 9EeKTpPOyCTaHOBKaMKW, B pesyrnbTaTe OCBOOOXAEHUS W pacnpoCcTpaHeHUs
paspyLunTEernbHbIX MOTOKOB 3MEKTPUYECKON aHeprun. CornacHo 3HEeProdHTPOMUIAHOM — KOHLEeNuUuu
anektpobesonacHoctv [4] onpegensiowmMM  PaKTOpOM  MpW  3NEKTPOTpaBMaTU3Me  SABISIETCA
areKTpuYecKasn aHeprus.

Cuctema copmanbHO MOXeT OblTb pasgeneHa Ha 4acTu, NoACUCTEMbI, KOTOpPble OTNMYalTCs
ofHa OT Opyrov CBOMM Ha3HayeHUEM M COCTaBOM (kak OyaeT nokasaHo Huxe, B COB uenecoobpasHoe
BblaeneHme 4-x noacucTem).

B cBoto ouvepenb, B nogcucteme MoryT ObiTb BblAeneHbl 3NeMeHTbl, KOTopble He mnoanexaTt
nocreayoLemMy pacuneHeHNI0, B YaCTHOCTU, TakMMU SNEMEHTaMU CUCTEMbI MOXHO CYUTaTb OTAEMbHbIE
3aLUMTHbIE MEPONPUATUSA U CPEeaCcTBa.

Takum ob6pasom, B3aMMocBs3b komnoHeHToB COB (noacucrem, anemMeHToB, YacTel 31EMEHTOB
W TaK Janee) UMeeT xapakTep uepapxum. dTU KOMMOHEHTbI AOIMKHbI BbITh Tak CBSA3aHbl Mexay coGol u
B3aMMOAENCTBOBATb APYr C APYroM, 4TO6bl B COBOKYMHOCTU OHW NPeACTaBMsANM YTO-TO Liernoe (cuctemy),
HanpaBneHHOE Ha BbIMOJIHEHWE MOCTaBNEHHOW LiENW.
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CucTtemHbIn nogxof gonyckaeT paccmoTpeHne COB Ha pasHbIX MepapXMYecKuMx YPOBHSX ee
PyHKUMOHMPOBaHMA. Tak, Ha ogHOM (MMKpPOYpOBHeE) 30Ha AencTBus COB orpaHMumMBaeTca oTAeNbHbIMU
3NeKTpOyCTaHOBKaMW, Ha ApyroM (MakpoypoBHe) obnactb dyHKuuoHumpoBaHuss C3B moxeT ObiTb
pacnpocTpaHeHa Ha npeanpusaTue, pamoH, permoH n oTpacrb.

Paccmotpum ctpyktypy COB, onpegenum ee nogcucteMbl M anemeHTbl. [lpeaBapuTenbHO
OTMETUM, YTO CTPYKTYPOWN Ha3blBAETCSt MHOXECTBO BCEX BO3MOXHbIX OTHOLLEHWUI MeXay noacuctemMamu v
anemeHTamu BHyTpu cuctembl [5]. Kak n3sectHo, hopmmnpoBaHme CTPYKTYpbl MOXET ObiTb OCYLLECTBMEHO
Ha oOcHOoBe (OYHKLUMOHANbHOIO OMNMWCaHUsi CUCTEMbl, KOTOpasi BKIOYaeT KoMmnosuumio (o6beauHeHue
3MeMEHTOB W MOACUCTEM) M AEKOMMO3NLMIO (pacufieHeHWe CUCTEMbl Ha COCTaBHble 4acTu C Lerbio
BbISIBNIEHWNsS1 nepapxumn BHyTpu Hee). Mpu Bbibope konudecTBa nogcucrem COB ctout mmetb B Buay, 4To
NVWHAS ee feTanu3aums MOXEeT MpPUMBECTM K  U3BLITOYHOMY  YCIOXHEHUO obLier  KapTWHbI
(PYHKLUMOHMPOBAHUST CUCTEMbI M TPYAHOCTAM MPM MOCTPOEHUM MaTemaTtndeckux mogenen. C gpyrown
CTOPOHbI, TeHAaeHuMs K ynpolieHuto COB 3a CYeT CHWKEHMS uncna noacucTemM MnyTeM MX YKpYMHeHus
MOXET MPMBECTU K TOMY, YTO M3 NOMS Hallero 3peHus BbinadeT psf akTopos, KOTOPblE CyLLECTBEHHO
BMUSIIOT Ha npouecc yHKUMOHMPOBaHMA cucTembl. C y4eTOM 3TOro, cyMTaeM LiernecoobpasHbiM BbIAENUTL
B CcTpykType COb 4eTbipe NoacuCTEMbI, KOTOPbIE CBA3aHHbI MeXay COOOV MOCTaBEHHOW Lenblo, Kaxaast
M3 KOTOPbIX BbINOMHSET MOMHOCTLIO OnpeAeneHHble dYHKUMKW: NOACUCTEMa HOPMAaTMBHO NPaBOBOrO
(MHdOopMaLumoHHOro) obecneyeHns, NoacncTeMa anekTPOYCTaHOBOK, BHELLHEN cpefbl 1 YeroBeka.

Moagcuctema HopmaTMBHO MnpaBoBoro obecriedeHwe (HIT) — COBOKYMHOCTb HOPM, MNpaswn,
MONOXEHWIN, CTaHOAPTOB, MHCTPYKLIMI, TEXHONMOrMYECKMX KapT 1 ApPYrMX AOKYMEHTOB, 06s13aTenbHbIX Ans
BbIMOSIHEHWS, KOTOpblE BKMIOYAKT OPraHU3auMoOHHO TeXHUYeckne MeponpusaTus no obecnevyeHuto
anekTpobe3onacHOCTU NpW 3adaHHOW TEXHOMOMMW U yCTaHaBNMBAKOT BWA U TEXHONOIMIO BbINOMHEHNS
paboT B anekTpoycTaHoBKke. [laHHasa nogcucrtema B obnactu anekTpobesonacHOCTV npegycMaTpuBaeT
nony4eHve, HakonneHue, nepepaboTky W aHanu3 Gonblwnx MaccMBoB MHopmauun. K Takum Bugam
WHMOPMAaLMN CTOUT OTHECTH:

- cuctemy cbopa CTaTUCTUHECKON OTHETHOCTM MO 3NEKTPOTPaBMaTU3MYy;

- KOMMMEKC pes3ynbTaTOB Hay4HbIX 9KCMEPUMEHTOB MO WU3YYEHUIO pasHbIX HU3NYECKMX
MPOLIECCOB B 3M1EKTPOYCTAHOBKE OTHOCUTENBHO YCIOBUI anekTpobesonacHoCcTy;

- uUccnegoBaHUSA  HayyHO-UCCRedoBaTenbCKMX W MPOEKTHbIX — opraHusaumi.  [aHHas
MH(OPMaLMSA UCNONb3YeTCA B BUAE HOPMaTVBHO NPaBoOBOro obecneyeHus.

Moacuctema anekTpoycTaHoBku (JY) — KOMMMEKC B3auMOCBHA3aHHOrO 0O0pyaoBaHWA U
COOPY>XEHUIN, NpeAHa3Ha4YeHHbIX Ans NPON3BOACTBA UMW NpespaLleHus, nepegayun, pacnpeaeneHns nnm
notpebneHns 3MeKTpnYecKomn aHeprum, KOTOpbIN BKNtoyaeT TexHu4eckme cpefcTea
anekTpobe3onacHocT. PaccMoTpeHHas noacucteMa pernameHTupyeT TpeboBaHus 6e3onacHOCTV npu
B3aVMOLENCTBMM YerioBeKa C 9MeKTpoycTaHoBKaMu. B coctaB nogcucteMbl BXOOWUT  KOMMNEKC
MeponpusTuin - anekTpobesaonacHoCTK, KOTopble npeanaraiTca  gencteylowmmn  "Mpasunamun”.
MoBbiweHne adekTBHocT COB TpebyeT ycoBepweHcTBoBaHMe 3Tux "lMpasBun" ¢ yyeTom
COBPEMEHHOIO YpOBHSA 3HaHui. Moacuctema QY BKIOYAET TEXHUYECKME MEPONPUSATUS U 3alUUTHbIE
cpeacTBa, KoTopble AOMKHbI obecneynTb anekTpobe3onacHOCTb He TOMbKO 3NEeKTPOTEXHUYECKOro
rnepcoHana, Ho 1 paboTHMKOB HE3NEKTPOTEXHNYECKUX NPOeCcCuin.

Moacuctema BHewHsia cpega (C) — nNpOCTPaHCTBO, B KOTOPOM HaxoAWUTCA YEnoBeK U
3NeKTpoycTaHoBKa. JTa noacuctema B cooTBeTCTBUM ¢ "MYID" [6] paspenseT NnoMeLLeHUs Mo ONacHOCTH
nopaxeHns NoAen dNeKTPUYEeCKMM TOKOM Ha noMelleHns 6e3 NOBbILEHHOW OMacHOCTH, C NOBbILLIEHHOW
OMacHOCTbIO 1 0coB0o onacHble.

MomelleHns 6e3 MOBLILLEHHOW OMAaCHOCTU — TakuMe MOMELLEHNS, B KOTOPbIX OTCYTCTBYyHOLUMNE
YCINOBUS, YTO 06Pa3yHOT NOBLILLEHHYO UMM 0COBYH ONACHOCTb.

lMomeLleHns C NOBbLILIEHHOW OMAaCHOCTBIO XapakTepuayloTCa HanMynem B HUX OQHOrO M3 Takux
YCINOBWI, YTO CO3LAI0T NOBLILLEHHYO ONACHOCTb:

a) CbIpOCTb UMK TOKOMPOBOASILLASA Nbib;

0) TokONpPOBOASALWMIA NON (METaNNIUYEeCKUi, 3EMIISHON, Xene300eTOHHbIN, KUPMUYHBLIA 1 TOMY
nogo6Hoe);

B) BblCOKasl Temneparypa;

) BO3MOXHOCTb OJHOBPEMEHHOIO NMPUKOCHOBEHNS YEroBEKA K METarNOKOHCTPYKUMNSM 30aHUNA,
TEXHOMNOrM4yecKkMx annapaToB, MEXaHN3MOB 1 TOMY NoA0GHOe, KOTopble MMEKT coeMHEHUE C 3eMIen ¢
OOHOW CTOPOHbI, U K MEeTannnyecknm Koprnycam anekrpoobopyaoBaHus — ¢ Apyrown.

Ocob0 onacHble MOMELLEHUS, XapaKTEPU3YKTCA HanMuMeM OJHOr0 W3 TaKMX YCIOBWUW, YTO
cosfaeT 0cobyto OnacHOCTb:
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a) ocobast CblpoCTb;

6) XMMMYeCKN akTUBHas cpeaa;

B) OQHOBPEMEHHO ABYX Unn 60orbLue YCNOBMI NOBbILLIEHHOW OMNAacHOCTU.

TeppuTopun pasMeLleHns BHELUHMX 3NEKTPOYCTAHOBOK OTHOCUTENIbHO OMAacCHOCTM NOpaXeHus
nogemn anekTpM4eckMM TOKOM NpupaBHUBAOTCA K 0CO60 OMacHbLIM NOMELLEHUSM.

Moacnctema yenosek (Y) — BknoyaeT TpeboBaHWA K NepcoHany, KOTOpbIA B3anMOLENCTBYET C
3MeKTPOyCTaHOBKaM1, W OpraHu3aumoHHble MeponpusaTus no obecneveHuto GesonacHbIX paboT
B3aMMOAENCTBUSA YeroBeKa C NEeKTPOyCTaHoBKaMu, COrnacHo agencTaytowmx «lMpasuny.

Yenosek B cucteme CEB moxeT BbiCTynaTb B Tpex pasHbix pornsix. C ogHON CTOPOHbI, YenoBek
paccMmaTtpuBaeTcs Kak o6bekT 3awwmTbl. [pn aTom noa o6bekTom 3alwmThl Byaem NoHMMaTh Kak OTAENbHOro
yerioBeka, Tak M onpegeneHHyto rpynny (KOMnekTuB) Mogen, Kaxapln YreH KOTOPOoWn B npolecce TpyaoBOW
AESATEeNbLHOCTM CBSI3aH C APYIMMM NogbMU NPOU3BOACTBEHHLIMU OTHOLLEHUAMU. [103TOMY Npy paccMoTpeHun
BO3MOXHOCTW BO3HUKHOBEHWS 3EKTPOTPaBM CTOUT YYUTbIBATh CyLLECTBYHOLLME CBA3N MEXAy KOMNeKTVBOM
nodent U COBOKYMHOCTBLIO 311EKTPOYCTAHOBOK, 0BYCMNOBMEHHbIE MPOV3BOACTBEHHON AeATENbHOCTLI0. B Hawem
MOHNUMaHWUKN "YerioBek — CYOBbEKT 3almThl" YCIOBHO O3HAYaET, YTO AeSTENbHOCTb YenoBeka HamnpasreHa Ha
obecneyeHvie anekTpobe3onacHOCTM Kak CBOEN, Tak W rpynbl MIoAe.

C Apyron CTOPOHbI, YernoBek MOXET BbICTYyNaTb B POnM CcybbekTa 3awuTbl U UrpaTb akTUBHYIO
porib Ha 3aTanax NocTpoeHus 1 yHKunoHnpoBaHma COB. Tak Ha nepBoMm aTane (NpPoBeAEeHUE Hay4YHbIX
nccnegoBaHuUn) YenoBek CTaBUT U ODOCHOBLIBAET 3ajaHue, cobupaeT u aHanusupyeT Heobxoanmyto
uHdpopmaumio. Ha BTopom atane (npoektupoBaHme CIB) — dopmynupyeT TpeboBaHMsA K ONTUMAarnbHON
paboTe cucTembl, BbIBUpaeT napameTpbl U XapakTePUCTUKM TEXHUYECKUX MEPONPUSATUA U 3alUUTHBLIX
cpencTs, genaet Heobxoammble pacyeTbl. Ha TpetbeM aTane (skcnnyatauma COB) — ocyuwecTtBnset
npoBeAeHNe OpraHU3aumMoHHbIX MEPONPUSATUIA, HanpaBreHHbIX Ha obecneyeHne 3anekTpobesonacHbIX
YCNOBWI TpyAda, I3KCNiyaTauMOHHBIA KOHTPOMb NapamMeTpoB 3nekTpobe3onacHoOCTM W AUarHOCTUKU
COCTOSIHUS TeXHUYeCKUX CpeAcTB anekTposawmutbl. Kpome TOro, 4enoBek MoxeT paspabaTbiBaTb
KOMMMEKC AMPEKTUBHBIX N MHCTPYKTUBHbBIX MaTepuanoB No TEXHUKN anekTpobe3onacHoCTy.

C TpeTber CTOPOHbI, 4YernoBeK MOXeT BbICTynaTb MWCTOMHUMKOM  OMAcHOCTU  Ans
dyHKumoHmpoBaHna CEB. Tak, Hanpumep, Npu ocyLeCTBNEHNM KpaxX LIBETHOro MeTasnia Ha BO34yLUHbIX
FIMHNAX UK TpaHCOPMAaTOPHbLIX MOACTaHLUMSAX.

Takum obpasom, cTpyktypa COB B COOTBETCTBMM C 3agaHHbIMK ee (DyHKUUSIMU npeacTaBneHa
Ha pucyHke 1 B BMOE COBOKYMHOCTM YeTblpex NOACMCTEM: HOPMAaTWBHO npaBoBoro obecneyenust (HI),
yenoseka (Y), anekTpoyctaHoBku (QY) u BHewHewn cpeapl (C).

V(1)

WBI)IX (t)

W (1)

COCTOSIHVME CUCTEMbI 3aLLMTHI

Puc. 1. CmpykmypHasi modesib cucmembi 3nekmpobe3onacHocmu

Kpome nepeynmcrneHHbIX OCHOBHbIX KOMMOHEHTOB CWUCTEMbl  3aliuTbl YenoBeka B
3MeKTPOYyCTaHOBKax, CTPYKTypHas MoAefnb BKMOYaeT Takke B3aMMOCBA3M Mexay HUMW. 3TU CBA3K
n300paxeHbl Ha pUCYHKe B BUAE CTPENOK, @ rpaHuLbl, KOTOpble OTAENST HOPMATMBHO MPaBOBOE
obecneyeHne OT BHELHEN cpedbl, NokasaHbl MyHKTMPOM. B Mogenu Takke WCMonb3ylTca Takue
BEKTOPHbIE 3HAYEHNS:

Wox(t) — BXOAHOE AenicTBME INEKTPUYECKON SHEPTMM Ha CUCTEMY 3a Nepuod BpemeHu t;

Woeux(t) — BbIXOOHOE OEWCTBME INIEKTPUYECKON SHEPIMU C CUCTEMbI 3alUMTbl Ha YeroBeka 3a
nepuon BpeMeHu t;

Y(t) — koMnnekc MeponpuaTuiA U cpeacTs, KoTopble obecnevmBaloT 6e30nacHOCTb YenoBeka oT
OENCTBUSI 3NEKTPUYECKOW SHEPrMM Ha [OaHHOE BpPEMS, BHEAPEHME KOTOpbIX MO3BONSET YNpaBnAaTb
CUCTEMOW 3aLLUMNThI.
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CooTBeTCTBME MpPEeACTaBEHHON MoOAenu MOATBEPXKAaeTCsa TakuMW Tpems OCHOBHbLIMU
aprymeHTamu:

1) oHa BKIOYAET M UCTOYHMK OMAaCHOCTU, U NOTEHLMANbHYIO XEPTBY;

2) ee (yHKUMOHMPOBAHMEM SBMNSIETCA 9SKCMNyaTauusi 3NEeKTPOyCTaHOBOK IoAbMU B
onpegeneHHon cpeae;

3) B HeW cogepxaTcs HOCUTENM BCEX TWMOB MPEAnoOCHINIOK 3NeKTpoTpaBMaTu3Ma: ownbok
(yenoBek), 0TKa30B (ANEKTPOYCTAHOBOK N TEXHUYECKNX CPEACTB 3almnThbl) N HEONAronpuATHLIX AEUCTBUIA
Ha HUX n3BHe (BHeLUHAS cpeaa).

CTpyKTypHass mogernb CUCTeMbl 3alumMTbl NPeAcTaBnsieT coOOM COBOKYMHOCTb B3aUMOCBSI3aHHbLIX
HOPMaTMBHbIX aKTOB, OPraHNM3aLUMOHHbIX, TEXHUYECKVUX U APYrMX COOTBETCTBYIOLLMX MEPONPUSTUIA U CPEACTB,
npeaHasHayYeHHbIX A1 CHDKEHNS yiep6a OT 0nacHOCTM NMOPaXKeHNs YeroBeka aI1eKTPUYECKo aHEpPruen.

B cBA3M C TeM, 4TO MONHOE MCKM4YeHre yulepba OT TEXHOreHHO MNPOU3BOACTBEHHBLIX U
€CTECTBEHHO 3KOMOrMYeCKMX OMacHOCTEW, CBSA3AHHbIX C 3MIeKTPOyCTaHOBKaMKM, HepeanbHo, 3a Lenb
AaHHOW cucTembl 6e30MacHOCTU 3NEKTPOYCTaHOBOK LieniecoobpasHo NpUHATE MeTog ONTUMU3aumm.

3agaHue onTumMm3aLum MOXeT BbITb pelleHo ABYMS MyTAMU:

1-n nyte. Tpu 3apaHHbIX MaTepuanbHbix pacxofax 7, BbibpaTb W peanusoBaTb Takoe

KONMMYEeCTBO MEpPONpUATUA U cpedcTB 6e3omacHoCTM M3 M BO3MOXHbIX  MEpONpUSATWR, 4TOObI
MakCuUMaribHO CHU3UTb PUCK 3SNeKTpoTpaBMaTu3mMa:
AR=f(...{n}...,)>max,

, 1
Zi SZIim
{z}<{Z,}
rae AR— CHWKEHWEe pucka 3nekTpoTpaBmaTu3Ma npu BHeupeHmm{Zi}MeponpmmmVl M cpeacts
aneKkTpo6esonacHoCT Ha oBbekTe; 7 — CTOMMOCTb BHEAPEHWS | — r0 KOMMIeKca MeponpuaTUil no

obecneyeHunio anekTpobe3onacHocTy;
2-n nyTb. MMHMMM3NPOBaTL CyMMapHbIe CoLManbHO-3KOHOMUYECKME pacxodbl (TO ecTb BblbpaTb
Takon Habop MeponpuUATUIA U CPEACTB aNeKTPobe3onacHOCTU {zi} M3 M BO3MOXHbIX, BHEOPEHNE KOTOPbIX

CHU3WT PUCK SMEKTPOTPaBMaT3ma R , Ao fomycTumoro yposHs GesonacHoct R, ):
AR=Tf(..{n}...)<R
z, —>min,

{z}e{Z,}

MepBbIn NyTb B COLMAnNbLHOM NnaHe HaumyyLlwmniA, NOCKOMbKY 34eCh AeKnapupyeTcs CcTpemneHne
rapaHTMpoBaHHO 06ecneuntb 6e30nNacHOCTb Ha MaKCUMarbHO BO3MOXHOM YPOBHE, a HUKOMM obBpasom
He Ha YpOBHE, KOTOPbIN AUKTYETCA "9KOHOMUYECKMMWU pacCyXaeHusMu", ofHaKo, Kak ObIno ckasaHo
BbllLle, CerofHs Ans Haluero obLectsa 3TOT MyTb, K COXaneHnto, HEBO3MOXHbIN.

BTopon nyTb onTMMM3aLMKU, B OCHOBE KOTOPOrO NEXWUT SKOHOMUYECKUA aKkTop, CBSA3AHHBIA C
060CHOBAHMEM KONMUYECTBEHHON OLEHKM AOMYCTUMOrO TEXHONOMMYECKOro pucka U Bblbopa cpeacts v
MEpONpUsTUA MO €ero JOCTWXeHutoo. [log CNoBOM «pUCK» B Hawem cnydae Oygem noHuMaTb
NpoM3BEEHNEe BEPOSITHOCTU MOSIBIEHWSI onacHoro cobbitvsi Q  (BO3HWKHOBEHWE 3MEKTPOONacHoM
CuTyauun) Npy B3aMOLENCTBUM YenoBeKa C 3NEeKTPOYyCTaHOBKOW B OMpeAeneHHON cpefe Ha BEnUYnHy
oxugaemoro yuiepba o} (TshKeCTb MOCNEeACTBUIA ANEKTPOTPABMbI) B pe3ynbTarte 3TOro cobbiTus.

MaTtemaTnyeckm puck MOXHO BblpasuTb hopMynon [7]:

don. ) (2)

R=Q-O, ®3)
unm R = |i1 Q0. (4)

€CNMN MOXET MMEeTb MECTO N OnacHbIX COBLITWIA C pasHbIMM BEPOATHOCTAMU 1 COOTBETCTBYIOLMM UM
yLiepbom B TeYeHWe onpeaeneHHoro BpeMeHu.

B cooTBeTCTBMM C NPEACTaBMNEHHON MOAENbI0 Ha PUCYHKe 1 BenuuMHa BEPOSITHOCTU MOSBIEHMUS
AreKTPOTPaBMbl MPY B3aNMOAENCTBUM YErioBeKa C 3reKTPOYCTaHOBKaMMU MOXHO MOMy4MTh U3 BblpaXKeHUs
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roe Qi (@) — BEPOATHOCTb NOABIIEHUA ONAaCHOro q)aKTopa - SJ'IeKTpVI‘-IeCKOVI Heprumn (Hal'lpﬂ)KeHVIﬂ, TOKa

U BPEMEHW €ro AEWCTBMSI), KOoTopasi NpeBbilana 6bl NpeaensHO AOMYCTUMbIE 3HAYEHUs A8 YenoBeka B
i-M NpoCTpaHCTBe (OnacHou 30He);
Q (1 AQ) — BEpOATHOCTb 3MeKTpOTpaBMaTM3Ma npu BbIBPaHHLIX NPEAeNbHO AOMYCTUMBIX 3HAYEHWSIX

3MNEKTPUYECKOW IHEPrUM (NapameTpax, YTO ee XxapakTepuayHoT);
Q,(EN) — BepoATHOCTb TOro, 4YTO BbIGPaHHbLIE MPEAENbHO AOMYCTUMBIE 3HAYEHWS SMEKTPUYECKON

3HEPrv YYUTbIBAOT MHOUBMAYANbHbIE CBOWCTBA i — [0 YeroBeka;
Q (T () — BEPOSITHOCTb HaxOXAeHUsl Yenoseka B i-n onacHom 30He, rae ecTb onacHas Onsa 4YeroBeka

areKTpuyeckas aHeprus;
Q (1 NC) — BeposiTHOCTL OTKa3a i-ro aNeMeHTa CUCTEMBI 3aLMTbI OT NOPaXEHNs 3MEKTPUYECTBOM.

3awmTHble OeNCcTBUS, B 3aBUCUMOCTM OT TOTO Ha KakoW M3 COMHOXUTENen Bblpa)eHnd, KOTopoe
ornpependaeT BepoATHOCTb NOABIIEHUA 3NEKTPOTPaBMbl, OHU BIIUAIOT (yMeHbIJJaI'OT), OenaTca Ha cneaylowme:
a) OpraHn3auMOHHO-TEXHUYECKME MEepPONpPUATUA, KOTOpble onpeaenarT Qi (Q)) .

KOHTPOSIb  COCTOSIHUSI  M30MsuMKM, napaMeTpoB 6Ge3onacHbiX PexuMoB paboTbl  ceTw,
3MEeKTPOYCTAHOBOK, 3alUUTHbLIX CPEACTB, BHELHeW cpedbl, KBanudukauuum nepcoHana, opraHusaumu
6e3onacHoN aKcnnyaTauum aneKTPoyCTaHOBOK M TOMY NoAoGHoe.

TexHu4eck1e Mepbl 3aLLUThI, KOTOPbIE ONPEAENnsoT Q ()

- 3aluMTHOe 3a3eMneHune (3aHyneHue);

- aBTOMAaTM4eCcKOe OTKMHYEHUE NUTaHUSA (3aLLUTHOE OTKIOYEHME);

- BblpaBHMBaHWE NOTEHLMAanNoB.;

- MpUMEHEHNe CBEPXHU3KOro (Marioro) HanpshxeHus;

- 3aluMTHOe pasferieHne aneKkTPUYecKon ceTu;

- 3alWmTa OT nepexofa HanpsXeHWsl C BbICLLEA CTOPOHbI Ha 6onee HU3KYH CTOPOHY;

- 9neKTpo3aliuTHble CpeacTBa;

- MonHuesaluTa.

b) opraHuM3aUMOHHO TEXHNYECKNE MEpPbI, KOTOpbIE onpeaensoT Q ('|' A(;) " Qi(E N) :

yCTaHOBKa B 3aKoHOAaTeflbHOM mMopsiake nNpedenbHO OOMYCTUMbIX 3HAYeHUA AOns SHepruum, KoTtopast

MornoLiaeTcss TeNoM CpedHeCcTaTUCTUYECKOTO YerioBeka, M 3aBUCMMOCTEN MeXay Hern W napameTpamu,

KOTOpble ee XapaKTepusyloT, 4TO Heobxoaumo Ans  ONTUMM3aLMM  CpeacTB U MeponpuUSTUA

anekTpobesonacHocT. CpeAcTea 3almThl JOSMKHLI YUUTbIBATL MHOMBUAYarNbHbIE CBOWCTBA YernoBeka Ans

MNOBbILLEHMS YPOBHS 6€30MacHOCTU. 3HaYeHne npeaenbHO AONYCTUMBIX SHEPTUI NS YeroBeKa, HanpsbkeHui

NMPUKOCHOBEHWI U TOKOB C Y4ETOM 3HEPrnM, KoTopas NOrmoLaeTcs Tenom Yenoseka, npeacrasneHbl B [8, 9].
C) OpraHn3aLWOoHHbIE MEPONPUSTUS, KOTOpbIE OnpeaensoT Q. a 0Q:

- y4yebBa, MHCTPYKTaxM Nno anekTpobesonacHoCTy;

- odopmrieHve paboT 3a HapsAOM, PAcropshHKeHMEM UMK YTBEPXKOAEHHbLIM nepeyHeM paborT,
KOTOpPbIE BLIMOSHAIOTCS B MOPSAKe TeKyLLeil akcnyaTauum;

- noAroToBka paboumx MecT U Aonyck Kk paboTe;

- MPUCMOTP BO BPEMS BbINOSIHEHUS PaboT;

- obopmIieHre nepepbiBoB B paboTe 1 ee OKOHYaHue.

d) TexHuuyeckme mepbl 3awmThI, koTopsle onpeaenstoT Q (I NC) :

- BbICOTa pa3MeLLEeHMs TOKOBEAYLINX YacTew;

- orpaxgeHue TOKOBeAyLUMX YacTel anekTpoobopyaoBaHus;

- npuMeHeHne BNoKMpOoBaHWIA;

- MCNONb30BaHME 3pUTENBHOW, 3BYKOBOW U ApYyron nHdopmMauumn o6 onacHocTw.

[ns annapaToB 3aluTbl, KOTOPbIE HAXOAATCA B AKcnnyaTauun 6onblue 1,5-2 net, npu pacyete
MOXeT ObITb MCNONMb30BaHO BbipaxeHue [10]:

QU NQ=4,t, 6)
rae  Ag— paGouas (annapaTHas) WMHTEHCUBHOCTb OTKAa3OB 3alUMUTbl (OMpefensieTcs No Teopuu

HaAeXHOCTU TEXHUYECKUNX CI/ICTeM), 14; t— TeKyliee BpemMA p860TbI, Y.
I'Iocv(orley B COBpeMeHHOIZ XU3HN 4enoBeKa BEepPOATHOCTb MNOABMEHUA onacHOoro cobbITusA
npakTn4yeckn HeBO3MOXHa, a, cneaoBaTesibHO, He MOXeT ObITb BO3Be[EeHa K HyInK, TO MHOro CtpaH npu
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hopMmMpoBaHUM NONMTUKN B 06NacTu 6€30nacHOCTM ONMpalTCs Ha KOHUENUUo NpuHATOro pucka [5]. B
OCHOBE 3TOW KOHLUENUWM NEeXWUT KONUYECTBEHHas OUEHKa TEeXHONOMMYeckoro pucka, KoTopbIv
yCTaHaBnuMBaeT npedenbHO [AOMyCTUMbIE ero 3HayYeHWs [Ans HaceneHns W OoKpyxatolewn cpedbl,
YUUTbIBas TEXHNKO-IKOHOMUYECKME M CoLmarbHble BO3MOXHOCTY Ha AaHHOM 3Tarne CBOEro pas3BUTUS.

[o HacTosiLero BpeMeHu 3akoHogaTeNbHO He 3akpensneHbl HOPMaTUBHbIE 3HAYEHUS] BEMUYMHBI
BEPOSTHOCTM NOSIBMEHUSA 3MEKTPOTpaBMaTM3ma, OnupasiCb Ha KOTopble, MOXHO Obino Obl OCYLLECTBNSATD
abhekTUBHYIO MONMUTUKY B 0OMNactTu ynpaBneHus CUCTEMOW 3alinTbl OT AENCTBUSA 3NEeKTpU4ecKkomn
3HEpPruMm C NPUMEHEHVMEM pa3sHblX MEeXaHW3MOB perynsuum u koHTponsa. B yactHoctn, B obGnactu
noxxapHon 6e30nacHOCTM 3a MNpUMEMMEMbld YpOBEHb BEPOSTHOCTM Kak Ans fnepcoHana, Tak v ans
HacerneHus!, NpeaycMoTpeHo 3HadeHne 10 [7]. B To e BpeMsi CTAHOBUTCS HEOBXOAUMBIM 3aKpenneHust
Ha 3aKoHoJdaTeNnbHOM YPOBHE 3HaYeHWs WHAMBUAYANbHO MPUHATOTO puUCKa OT 3NEeKTPOTpaBMbl.
YucneHHbI NpyMep BEPOSATHOCTM HeXenaTenbHOro NocneacTBus, KOTOPOe NCMONb3yeTCcs B NPakTuke, B
cooTBeTCTBMM C [5], npuBeaeHo B Tabnuue 1.

Tabnuua 1
YucneHHbIN NnpUMep BEPOATHOCTU HeXenaTerbHOro NocneacTBus,
KOTOpOEe UCMNOoNb3yeTcs B NpakTuke
BeposaTHOCTb COObITUS BepoATHOCTHOE onncaHmne Bo3moXHOCTb nocneacTauns
0,7-1 Bonbluas BO3MOXHOCTb COObITUS BbICOKast
0,3-0,7 CobblTne byaeT NponcxoanTb paBHOMEPHO cpeaHss
0,05-0,3 CobbITne 6yoeT NpoucxoanTb HEPABHOMEPHO | HU3Kast
0,001 - 0,05 CobbiTue 6ygeT cnyyatbcsl peako 04eHb HU3Kasi
10°-0,001 CobbiTne 6ygeT NpomMcxoanTb OYEHb PEaKO CMULLKOM HUM3Kasi
0-10° CobbITWe NpakTUYeckn He CocTouTCs NpakTUYEeCKN HEBO3MOXHas

B coortBetctBMM Cc Tabnuuen 1  BENWYUHbI  MPUHATOW  BEPOSITHOCTM  cobbITUA C
anekTpo6esonacHoCTM MOryT HaxoauTbest B avanaszode ot 10° go 10°. YmeHblwenns pucka
anekTpoTpaBmatuama TpebyeT yCOBEPLUEHCTBOBAHWE CUCTEMbl 3alUMTbl 4YerioBeka OT MNopaXkeHus
3NEeKTPUYECKON 3HEprnen, a aTo, B CBOKO oyvepefb, — YyBENNYEHNE PaCcXOA4oB.

Kak y)xe oTMeyanoch, 4Ns OLEHKU Mepbl OMAcHOCTM YenoBeka, CBA3aHHOIO C 3f1eKTPOTPaBMOW,
MCNONb3yeTcs He TOMbKO YacToTa ee MOSBMEHUS, HO U TSXKEeCTb MOCNEACTBMA ANS vHOMBUAyyma u
obwecTtBa. Yuntbias 1o, 4To 60nblie 90 % obLiero Bpega B NPOMbILLNIEHHOCTU, KOTOPbLIN OLEeHNBaeTCs
9KOHOMMYECKMMM MoKasaTensiMm, OTHOCMTCA K MNPOM3BOACTBEHHOMY TpPaBMaTu3Mmy JFlOOEW, OLEHKY
yuwiepba OT HexenaTtenbHOro cobbiTs (3NEeKTpoonacHoOW CUTyauun) MOXHO NPOBOAUTbL MO noTepe
paboTocnocobHOCTH B COOTBETCTBUM C [5] 3a BblpaXKeHnem

O, =(1-R0OS,)x D, )
rie  ROS, — KoacppmumeHT notepn paboTocnocobHocTM no wkane Poccepa (Tabnuua 2);
D, — KONN4YeCTBO NOTePsiHHLIX AHEN B roay.

Tabnuya 2
LLikana Poccepa ans onpegeneHusi notepu paboTocnocobHOCTH
CTteneHb noTepun YpoBeHb
paboTocnocobHoCTH HesHauntenbHbii | Jlerkui CpegHui Tspxenbiv
Pabota He nepepbiBaeTcs 1,000 0,995 0,990 0,967
Jlerkve HapyLleHus 300poBbs 0,990 0,980 0,973 0,932
Jlerkve HapyLueHns 0,980 0,972 0,956 0,912
paboTocnocobHocTH
OrpaHnyeHHast 0,964 0,956 0,942 0,870
paboTocnocobHOCTb (3-a rpynna
WHBaNMQHOCTK)
HecnocobHocTb paboTtaTb Ha 0,946 0,935 0,900 0,760
paboTe, KOTOpas BbICOKO (2-a rpynna
onnaynBaeTcs WHBaNMOHOCTH)
[MepeaBwkeHve B MHBANMOHON 0,875 0,845 0,680 0,000
Tenexke (1-a rpynna (cmepTb)
MHBANUAHOCTH)
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OTMeTMM, 4YTO 3HayeHue [OOMNYyCTUMOWN BENUYMHBLI BEPOSITHOCTU HEXenaTernbHOro cobbiTus,
KOTOpble PEKOMEHAYEM K UCMOMb30BaHMIO, HYXXHO paccMaTpuBaTtb B paMkax 3KOHOMUYECKUX YCIOBWNA,
KOTOpble CMOXUIUCb B HacTosiee BpeMs B cTpaHe. [Mpu ctabunmnsauuyv 3KOHOMUYECKOTO MOMOXEHUsI
BeIMYMHA pucka OT 3MeKTpoTpaBMaTu3Ma MOXeT ObiTb NMepecMoTpeHa B CTOPOHY YMeHbLUeHWs, Ans
3TOro Heo6x0aMMO, YTOGbI SKOHOMUYHBLIE MEXaHWU3Mbl YNpaBreHust puckoM paboTanu apdekTmBHee.

BbiBOAbI.

Ha ocHoBe Teopum CUCTEMHOro aHanmsa npearioxeHbl CTPYKTypHas M MaTemaTunyeckas
MOAENN CUCTEMbI 3alUMTbl YerioBeKka OT 3MEeKTPUYECKOW IHEprn, U3NOXKEeH MeTon OLEHKU pucka
3M1eKTpOTpaBMaTn3Ma, KOTOPbI MO3BONUT BbIOMPaTb ONTUMArbHbLIN KOMMSEKC CPEACTB U MEPONpUSTUIA
ans obecneyeHuss OONyCTMUMOro YpoBHS 6esonacHocTu npu B3aUMOLEWCTBMM 4YeroBeka C
ANEeKTPOyCTaHOBKaMW.
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STUDY OF THE INTERACTION OF OXYGEN GAS
WITH MELTS SLAG-MATTE SYSTEM

Bystrov V.P.}, Gladyuk I.E.?®
1.2 National University of Science and Technology "MISiS"
Russia

Abstract
Optimization of the conditions of iron sulphide oxidation and slag formation is of crucial importance in the
oxidizing melting of sulphide raw materials of heavy nonferrous metals. In the present work, a study of
the rate of copper matte oxidation by the oxygen-containing gas through a layer of slag has been
performed. Iron sulphide contained in the matte was found to be oxidized to magnetite upon the thickness
of slag of 2 - 5 mm and the oxygen concentration in the gas over 20%. The rate of oxygen uptake in the
presence of the matte increases significantly as compared to the oxidation rate of slag alone.
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Accumulation of magnetite in the slag above the solubility limit is accompanied by thickening of the slag
and decreasing of the rate of matte oxidation by oxygen of the gas coming through peroxidized slag.
Keywords: oxidation rate, sulphurizing, copper matte, heterogenization, melting.

Introduction.

Advancing crude ore processing flowsheets is now aimed at producing rich mattes in melting
process (for instance, smelting performed in Vanyukov furnace gives up to 70% Cu in the matte) and at
developing the process of further continuous mattes converting. The effective process conduction is
determined by optimization of the conditions for oxidation of iron sulphide by gaseous oxygen with
formation of the matte and copper sulphide.

Direct oxidation reactions of sulphides of such metals as copper and nickel by gaseous
oxygen are studied sufficiently well. Knowing the peculiarities of metal sulphidic melts oxidation by
atmospheric oxygen [1 - 4] allows to predict possible reactions and the rate of the interaction of air
with the matte. Studies on the kinetics of iron oxide-based molten slag oxidation are described in
many works [5 - 7]. Increase in temperature in the range of 1350 - 1450°C leads to oxidation rate
increase.

The oxidation rate of FeO contained in enriched slag is close to the oxidation rate of pure FeO,
and significant decrease of the oxidation rate is observed when the content of iron oxide in the slag is
less than 40%.

In the process of dissolution of oxygen in the slag, the step of diffusion control of mass
exchanging process is of particular importance [8 - 10]. For the diffusion mode, the influence of oxidation
degree of the melt on diffusion coefficient has been determined in ref. [10]: as the degree of oxidation
increases, oxygen diffusion coefficient in the melted slag decreases.

The present work aims to determine experimentally the oxidation rate of iron sulphide in matte
through the slag under the action of atmospheric oxygen in the temperature range of 1280 - 1350°C. For
copper production, appropriateness of the present study is caused by the necessity to reveal optimum
regime for melting and the rate of blowing.

Experimental setup.
The setup for conduction of the experiments is based on a high-temperature Nabertherm HTC
03/15 furnace equipped with silicon carbide heating elements as shown in Figure 1.

6 1 2 5 4 3

Fig. 1. Scheme of the setup:

1 — muffle electric furnace, 2 — alundum crucible,
3 —thermocouple, 4 — heating elements, 5 — melt, 6 — closure of the furnace

The charge for melting consists of the concentrate and vessel slag whose contents are given in
Table 1.

The essential point of the investigation was to melt the concentrate and vessel slag additive in
the crucible with double layer system formation. The layer of liquid matte was being formed at the bottom
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of the crucible with the layer of 4 - 7 mm thickness liquid slag over it. Above the slag, the oxygen content-
controlled atmosphere was created. This system models approximately the conditions of Vanyukov’'s
melting, where the oxygen contained in the bubbles of gas in the slag interacts with surrounding slag and
then the oxygen of the slag reacts with the drop of the matte formed from sulphides.

Table 1
Content of the concentrate and vessel slag
Starting material Content, %
Cu Fe S SiO, | CaO | AbOsz | Pb Zn Other
Concentrate 19,98 | 36,89 | 35,79 | 2,52 | 0,17 | 0,54 | 1,09 | 0,04 2,98
Vessel slag 301 | 4142 | 160 | 2259 | 285 | 2,25 | 3,79 | 0,60 —

Experimental procedure.

In the considered series of the experiments initial concentrate (10 g) and a sample of vessel
slag (10 g) were charged layer-by-layer in alundum crucible and placed in a muffle furnace previously
heated to the specified temperature. That was the time reading of the experiment.

Time and temperature of the experiment were chosen considering melt properties, facilities of
the eéquipment and thermostability of the crucibles. The temperature varied in the interval from 1280 to
1350°C.

Four isothermic series of the experiments were performed, each of which consisted of four
tests. The time of keeping the crucible in a furnace ranged from 30 to 120 min. The atmospheric oxygen
was used as an oxidizer.

After each experiment the crucible was removed from a furnace and cooled in air. The cooled
crucible was broken, the obtained matte was separated from the slag and both products were weighed
and transferred to the sample preparation for elemental analysis.

Results and discussion.

Chemism of the process.

Considering the obtained experimental data, the mechanism of melting was proposed and the
scheme of interaction of the studied materials in the crucible was outlined (fig. 2). It should be mentioned that
the matte was the most completely isolated and weighed product upon handling of the crucible content.

3(FeQ) =12 02 —(FesOu)
.
2(FeS) + 307 — 2(Fe0) #2850z |
A
3(FeS) + 50; — (Fes04) +380; |

A
[FeS] + 3(Fe304) —= 1XFeO) ~ SO

Fig. 2. Scheme of the interaction in the crucible

Heating the material in the crucible to the specified temperature and its melting took 20—-25 min.
When the heating temperature reaches 600-900°C, pyrite and chalcopyrite, contained in the concentrate,
undergo dissociation accompanied by evolution of the vapors of elemental sulphur. It is assumed that this
sulphur can partially interact with the hot slag according to the following reactions:

2(Cux0) + 3S = 2[Cu,S] + SO (1)
2(FeO) + 3S = 2[FeS] + SO, 2
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At the temperature of 900 - 1200°C copper and iron sulphides melt thus transforming to liquid
matte which spreads on the surface of the still solid slag (fig. 3). These processes can be accompanied
by reactions (3) and (4)

Fig. 3. Formation of the cake

3(Fes04) + [FeS] — 10(FeO) + SO, (3)
3(FeO) + 0,50, — (Fe304) 4)

with dissolution of magnetite along with copper and iron sulphides in the matte and slag:

(Fe304) — [Fes04] ®)
(CuzS) — [CuzS] (6)

As the temperature increases above 1200°C, the melting of the slag occurs and the content of
crucible is divided into two liquid layers: the lower layer is the matte and the upper layer is the slag. In
these conditions only the interaction of oxygen in the gas with the slag at the gas-slag interface according
to reaction (4) and the interaction of the slag with the matte at the matte-slag boundary according to
reaction (3) are possible with the last reaction requiring mass transfer of oxygen in the form of magnetite
from the surface of the gas-contacted slag to the slag-matte interface, which is mainly proceeded by
means of diffusion mechanism.

Analysis of the obtained results.

The changes of the slag and matte in weight depending on the time and temperature are given
in Figures 4 and 5.

The results showed that maximum amount of the matte and minimum amount of the slag were
obtained upon melting for 30 min at 1280°C. There were 2.17 g of copper in the matte in these
conditions, which 0.17 g more than in the charged concentrate. This fact evidences that sulphurizing of
copper and iron in the slag as well as formation of additional amount of the matte not accompanied by its
noticeable oxidation occurred during the process of heating and fusing. It is worth mentioning that such a
process takes place in industry when the raw material is charged into Vanyukom furnace.

On further air storage of the melt or increase of the process temperature above 1280°C, the
decrease of the weight of the matte and increase of the weight of the slag take place.

Basing on the obtained results, the appropriate calculations were performed to determine the
amount of the slag (Amsiag caic.) from the weight changes of the matte, hypothesizing various relationships
between FeO and Fe;O. in the slag. Obtaining the iron (Il) oxide and magnetite can be described by
reactions (7) and (8):

[FeS] + 1,50, — (FeO) + SO; (7)
3[FeS] + 50, — (Fe304) + 3S0; (8)

Stoichiometric weight changes of the matte ([FeS]) and the slag ((FeO) or (Fes0a,)) correspond
to the coefficients 1.22 and 1.14 respectively.
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The change in the amount of matte within 0.5 - 2 hours was determined from the equations of
straight lines plotted using the experimental data for each temperature.

Using the amount of the matte obtained experimentally, the amount of the slag was calculated
using the model of equations (7) and (8):

stoich.
Aq matte exp. xm Fe;0,

stoich.
m FeS

Amslag calc. =

where A e exp. IS the change of the matte weight for the period of 0.5 - 2 h, g;

stoich. . . .
m,:ego4 is a molar mass of iron oxide FeO or Fe30, g;

stoich.

m,:es is a molar mass of iron sulphide, g.

The results of the calculations for the changes of slag amount performed according to reactions
(7) and (8) on the basis of matte weight measurements as well as slag weight changes obtained
experimentally are given in table 2. These data allows to decide whether the accepted assumptions are
adequate to real process.

Table 2
The weight values of the products obtained in melting
Ne t, h T, OC mslag.; Mmatte, AMmatte exp.s g Arnslag calc., 9 Arnslag calc, Arnslalg exp.y g
g g (for0.5-2 (for0.5-2 (for0.5-2 | (for0.5-2
hours) hours)* hours)® hours)

1 0,5 1280 7,33 10,85 2,60 2,12 2,28 2,29

2 1,0 8,22 9,80

3 15 8,71 9,25

4 2,0 9,71 8,15

1 0,5 1300 7,68 10,45 2,47 2,02 2,17 2,13

2 1,0 8,19 9,79

3 1,5 8,93 8,96

4 2,0 9,80 7,98

1 0,5 1320 8,16 9,82 1,94 1,59 1,71 1,64

2 1,0 8,69 9,14

3 1,5 8,95 8,73

4 2,0 9,89 7,80

1 0,5 1350 9,33 8,74 1,18 0,95 1,02 0,79

2 1,0 9,39 8,59

3 15 9,48 8,45

4 2,0 10,18 7,50

The results of the calculations evidence that iron of the liquid matte forms magnetite in the slag
at the temperature below 1320°C. Above the temperature of 1320°C FeO is accumulated in the slag.

It was found that the weight of the obtained matte decreased from 10.85 g (1280°C) to 8.74 g
(1350°C), while the weight of the slag increased from 7.33 g (1280°C) to 9.33 g (1350°C) over 30 minutes. This
implies that on heating up to 1350°C within 30 minutes the melting of the slag and formation of the matte
occurred alongside with matte oxidation leading to the increase of magnetite content in the slag by 21% due to
iron of the matte. If the initial content of magnetite in the slag in relatively neutral atmosphere is assumed to be
6 - 7%, at the end of two-hour melting the overall content of magnetite in the slag will obviously increase to 30 -
35%, which is higher than its solubility limit under experimental conditions.

As can be seen in Fig. 4 and 5, slag formation and oxidation of the matte decrease significantly
with increasing temperature and time of melting in all experiments. In principle, this can be explained by
the change in composition of the slag and matte. Figure 6 demonstrates that the copper content in the
matte is changed in the course of experiments from 20 to 30%, which corresponds to the change in FeS
content from 75 to 65%. Evidently, with such minor change in composition of the matte the essential
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variation in the rate of interaction cannot be anticipated, therefore deceleration of the matte oxidation
reaction should be ascribed to the change of properties of the slag.
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Fig. 6. Time dependence of the Cu content in the matte determined by means
of chemical analysis (a) and by calculations (b)
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As was mentioned above, with the progress in matte oxidation the magnetite content in the slag
gradually approaches its solubility limit, which is overstepped on further increase of temperature and time
of melting, and this leads to heterogenization of the slag and to the rise of acidity of liquid mass. The
experimental results prove that in these conditions the rates of interaction of the slag with oxygen and the
matte oxidation through a slag layer significantly decrease even with the temperature rise, which usually
leads to acceleration of chemical reactions.

In the present work, the calculation of the mean specific rate of the matte oxidation according to
reaction (3) was performed, in which the contact areas of the slag with air and of the slag with matte as
well as the changes in the weight of matte were used. The results are given in Table 3 and in Fig. 7.

Table 3
The mean oxidation rate of matte
T,°C AQ e exp.» 9 [FeS] vx10®, g [FeS)/(cm?xmin) vx10%, g Oz/(cm?>*min)
1280 2,60 7,21 4,38
1300 2,47 6,87 4,17
1320 1,94 5,39 3,27
1350 1,16 3,22 1,95

The results shown in Fig. 7 indicate that specific rate of atmospheric oxygen assimilation by the
slag is significantly higher in the presence of matte as compared to the oxidation rate of liquid slag alone.
Moreover, oxidation rate of matte trough slag decreases with the increase of oxidation degree of the slag
even upon temperature rise.
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Fig. 7. Oxidation rate of the matte

Conclusions.

1. It was determined that specific rate of assimilation of atmospheric oxygen by the slag in the
system gas-slag-matte is unusually high (=2 + 4x10 ° g/(cm?xmin)) as compared with the system gas-
slag (1x10® g/(cm?=min), which explains high productivity of bubble processes.

2. Iron sulphide in the matte was found to be oxidized to magnetite upon contact of the slag with air.
It means that oxidation rate of iron in the slag by oxygen is higher than of the matte by the slag.

3. Increase of the concentration of magnetite in the slag is accompanied by deceleration of
oxygen assimilation and reduction of matte oxidation rate.

4. Calculation of the composition of the obtained matte on a weight loss basis agrees well with
the results of chemical analysis of the matte.

Notes
" according to reaction (7).
% according to reaction (8).

118



Science and Education December 18th—19th, 2012. Vol. I

References
[1] Komkov A.A., Bystrov V.P., Fedorov A.N. Study of copper and nickel behavior upon deep oxidation of the
matte in the presence of slag // Non-ferrous metals. 2006. Ne 9. pp. 11 — 16.
[2] Tsepaev I.A., Bryukvin V.A., Tarasov A.V., Leontiev V.G., Tsibin O.l. Dependence of gas-dynamic and temperature
factors on the process of oxidation of sulphidic copper melts // Non-ferrous metals. 2000. Ne 8. pp. 90 — 93.
[3] Bryukvin V.A. Solubility of sulphur and oxygen in metallic melts of copper, nickel and cobalt / Non-ferrous
metals. 2002. Ne 12. pp. 16 — 19.
[4] Okunev A.l. Chain mechanism of the oxidation of heavy non-ferrous metals sulphides and iron // Non-ferrous
metals. 2012. Ne 2. pp. 28 — 32.
[5] Semykina A., Shatokha V., lwase M. and Seetharaman S. Kinetics of Oxidation of Divalent Iron to Trivalent State in
Liquid FeO — CaO - SiO; Slags // Metallurgical and Materials Transactions B, 2010, 41B, pp. 1230 — 1239.
[6] Sasaki Y., Hara S., Gaskell D.R. and Belton G.R. Isotope exchange studies of the rate of dissociation of CO,
on liquid iron oxides and CaO-saturated calcium ferrites Slags // Metallurgical and Materials Transactions B,
1984, 15B, pp. 563 — 571.
[7] Yan C. and Oeters F. Kinetics of iron oxidation with CO, between 1300 and 1450°C // Steel Research, 1994,
vol. 65, pp. 355 - 61.
[8] Wang H., Teng L., Zhang L. and Seetharaman S. Oxidation of Fe - V Melts Under CO; - O, Gas Mixtures //
Metallurgical and Materials Transactions B, 2010, 41B, pp. 1042 — 1051.
[9] Sayadyaghoubi Y., Sun S. and Jahanshahi S. Determination of the chemical diffusion of oxygen in liquid iron
oxide at 1615°C // Metallurgical and Materials Transactions B, 1995, 26B, pp. 795 — 802.
[10] Li Y., Fruehan R. J., Lucas J. A. and Belton G. R. The chemical diffusivity of oxygen in liquid iron oxide and
a calcium ferrite // Metallurgical and Materials Transactions B, 2000, 31B, pp. 1059 — 1068.

THE STUDY OF CAR COLLISION WITH A PEDESTRIAN IN LIMITED VISIBILITY

Denisov G.A.%, Zelikov V.A.%, Spodarev R.A.%®
123 yoronezh State Academy of Forestry Engineering
Russia

Abstract
The procedure for investigation of car collision with a pedestrian in dark time of days, when a pedestrian could
appear in the field of vision of the driver on the roadway or highway under arbitrary angle in a opposing
direction or co-direction is being considered. To simplify the calculations changes are made in the additional
constructions on the scheme of the accident and dependencies that can be used to find the deletion when
hitting a pedestrian with any part of the vehicle for any of the collision options presented are offered.

Keywords: visibility, car, pedestrian, running-down accident, deletion.

AHHOTauums
PaccmatpurBaeTtcs nopsigok uccnegoBaHusl Haesga aBTOMOOUMIS Ha newexona B TEMHOE BPEMS CYTOK,
Korga newexoq Mor MosiBUTLCS B Mofie 3peHus BOOUTENS Ha MpPOoe3Xen 4YacTu ynuubl Unn Joporn nog
NPOU3BOSIbHBLIM YIIIOM BO BCTPEYHOM MMM MOMYTHOM HanpaeneHuun. [nsi ynpoLleHnss pacyeToB BHECEHDI
M3MEHEHUA B OOMOMHUTENbHbIE MOCTPOEHMst Ha cxeme LTI u npeanoxeHbl 3aBUCMMOCTU, KOTOpbIE
MOXXHO MCMOMb30BaTh AN HAXOXAEHUS yaaneHus npy yaape newexona nobor Yyactelo aBToMobunsa no
nobomMy 13 npeacTaBneHHbIX BapnaHToB Hae3aa.

KnioueBble croBa: BUAMMOCTb, aBTOMOOWMb, NeLexXos, Haess, yaaneHue.
Haesn Ha newexopa siBNSieTCS OOHWMM W3 BUAOB [OPOXHO-TPAHCMOPTHBLIX MPOUCLLECTBUIA

(OTM), B pesynbTaTe KOTOPOro neLlexod Npu KOHTakTe ¢ aBTomobunem normbaet wnu nonyyaet
TshKenble TenecHble noBpexaeHus. B aTon CBA3M 9KCNepTy-aBTOTEXHUKY MPUXOOUTCS OTBeYaTb Ha
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OCHOBHble, MOCTaBMEeHHbIE Mepeg HWM cnegoBaTefnieM MM cygoM Bomnpockl: Obina nu y Boautens
aBTOMOOUNS TexHWYyeckass BO3MOXHOCTb TeM WAM WHbIM crnocoboM npedoTBpaTUTb Haesg u
COOTBETCTBYIOT NN AeWCTBUS BOAUTENS M Newuexoaa Mpaevnam JopoXHOro ABwkeHus PO.

B npouecce wccnenoBaHUsi 3KCMepT ycTaHaBNMBAaeT MOMEHT BO3HWKHOBEHWSI OMacHoOW
AOPOXHON OBCTaHOBKM (ecnu OH He 3ajaH crnegoBaTeneMm Wnu CyooMm), HaxoauT yaarneHue oT MmecTa
Haesa M OCTaHOBOYHbIN NyTb aBTOMOOWNSA. B cnyyae, ecnu Haesn npowv3ollen Mnpu orpaHU4eHHon
BMOVMMOCTU, HanpuMep B TEMHOE BpPeMsl CYTOK, STOT MOMEHT onpeensitoT No pacCTOSAHUIO KOHKPETHOW
BMAMMOCTU NyTeM CNEeACTBEHHOro akcnepumeHTa. [lpy 3TOM HaxoxaeHue yaaneHus sABnseTcs
Hanbonee TPyAOEMKUM MpoLeccoMm, OCODEHHO ecnu newexoq ABUrancs He nonyTHO (HaBCTpeuy)
asTomobunio [1, 126; 2, 153] nnm nepecekan nNpoe3xyl 4acTb NEepPneHAMKYNSPHO HanpaBneHWIo ero
ABwxeHus [3, 98] kak paccmaTpuBaloT B M3BECTHbIX METOAMKAX, @ BbILEN MOA MPOU3BOSIbHLIM YINOM OT
Kpasi npoesxen 4acTu. B Takom cnyyae [ONOMHWUTENbHLIM MOCTPOEHUEM PUCYIOT TPeYrosibHUKU
0630pHOCTW, M3 NOAOOUS KOTOPbLIX 3anuCbiBalOT rEOMETpPUYEcKoe YCMNOoBME C YY4EeTOM PacCTOsIHMA
KOHKpeTHon BuaumocTyu [4, 48]. Peluasi ero COBMECTHO C KMHEeMaTUYECKUM YCroBMEM (BpeMst ABUXKEHUS
aBTOMOGUNA C MOMEHTa BO3HWKHOBEHWSI OMacHOW AOPOXHOW 0BCTaHOBKM OO Haesga paBHO BpeMeHu
ABWXEHMS nellexona), HaxodsaT yaaneHue asTomobuns. B npouecce nccnenoBaHusi Hae3goB 3KCNepT-
aBTOTEXHUK MOXET MMETb MHOXECTBO Pa3fMyHbIX BApUaHTOB reOMeTPUYECKMX YCIOBUIA, 0COBEHHO, ecnu
paccmaTtpuBaTb He TONIbKO TOpLEBOM U BGOKOBOM Haesdpl, HO M Cryyau Haesfa NpaBbiM 3adHUM,
nepegHVM npaebiM, MEPeaHVUM FEBLIM YIINOM, ABMXKEHWE Mellexona nog yriom nonyTHO UMW HaBCTpeYy
asTomobunio [5, 181]. HeypnobcTBa B BbIOOpE Cpeam Takoro MHOXECTBA BapuMaHTOB MOrYT NPUBECTU K
TEeXHUYECKMM oLnbKam B pacyeTax 1 BbiIBOAAX aKkcnepra.

C uenblo yNpoOLLEHUst pacyeToB MyTeM MPUMEHEHWUs ONS HaxXOoXAeHWs yaaneHusi ogHoW
YHUBEpCarnbHOW 3aBUCUMOCTU, NpeanaraeTcsl BHECTU U3MEHEHWUS B LOMOSHUTENbHbIE MOCTPOEHUS Ha
cxeme OTI (pUCYHOK) U TpeyronbHUKM Nogobus MOCTPOUTL Kak npeanoxeHo B pabote [6, 26]. JlnHuio

npeanonoxuTensHoi Bugumoctn FA cnegyeT NpoanuTb OO NepeceyveHust ¢ NeBo GOKOBOW CTOPOHON
astomobunss FA" v no nesoit 6okosoit CTOpPOHE TMPOBECTU TFOPU3OHTANbHYIO JIMHWUIO CTOPOHBI
TpeyronbHUKOB 0630pHOCTH A'D . BepukanbHas ctopoHa TPeyronbHWKOB NPONAET COOTBETCTBEHHO
yepes TOYKY rOe HaxOOWMCs nelexol B MOMEHT mnosiBreHust Ha npoeaxein vactu - C'F u

BO3HUKHOBEHUSI ONacHoi JopoxkHomn obctaHoBkM - DG . MOMEHT BO3HUKHOBEHWSI OMACHON [OPOXHOV
0o6CTaHOBKM criegyeT onpeaenuTb NyTeM BMUCAHWUS 3KCNEPUMEHTamNbHO OMpeAeneHHOro pPaccTOsHUS

koHkpeTHoit Buaumoctn BG B tpeyronbink A'EF ot mecta Bogutens B aromobune (touka B)

napannenbHO NMNMHUN AF [0 nepeceyeHnsi C NIMHNEN HanpaBneHUsa OBMXEHUS newexoga. Touka G -
NonoXeHve newexoaa B MOMEHT BO3HMKHOBEHMWS ONacHOm ﬂ,OpO)KHOVI 0BCTaHOBKM.

Kpaii npoe3sxeii yactu

F

PucyHok. Cxema uccriedoeaHusi Haea0a asmomoburnsi Ha newexooda, ebiluedwez0 8 meMHoe 8pemMsi
CYMOK U3-3a Hernoo8UXXHO20 Mpensimcmeusi Moo rpou3eosibHbLIM yarioM orymHo 08UXEHUIO
asmomoburis
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Monyuum nofoGHble TpeyronbHukn A'C'F v B'DG, U3 KOTOpbIX TeOMeTpUYeckoe ycriosue
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Koacbcbuument K B chopmyne (1) ByaeT yumTbiBaTh HanpasneHue asuxeHus newexoda. Ecnm
newexon ABWrarncs Mod MpOW3BONMbHBIM YIIOM HascTpedy Aswxenuio astomobuna K =1, ecrm
nonytHo K =—1.
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MOMEHTa BO3HWMKHOBEHMWSI OMacHOW OOPOXHOW OBCTaHOBKM B MOMEe 3pEHUsi KOHKPETHOW BUAMMOCTU OO
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YpaBHeHue (3) cnepyet noactaeuTtb B (1). 3atem B ypaBHeHusa (1) — (4) HeoGxogumo
NOACTaBUTb YUCIIEHHbIE 3HAYEHNS N COBMECTHO PeLunTb UX OTHOCUTENbHO yaaneHus asToMobuns npu

(4)

- K
KOHKpEeTHOM BUOUMOCTHU Sy() .

Takum obpa3om, BMECTO pa3HOOOpa3ns reoMeTpuyecknx YCroBWUI, Mbl MONYYUNU ypaBHEHUS
(1) n (4), nossonsAOWME C UCNONBb30BAHNEM KMHEMATUYECKUX YCNOBUIA ABMXKeHWA (2) n (3) paccunTaTb
yAaneHvue aBToMoOGUNSA ANS pasnyHbIX BapyaHTOB Haeaaa npu orpaHuyeHHol BuaumocTu. MonyveHHoe
reomeTpuyeckoe YycrioBue MoxeT ObiTb WCMOMb30BAHO MPU  UCCNEAOBaHUWM Haesda, Kak  npu
paBHOMEPHOM, Tak W MpW 3amedrnieHHOM (CO cnegom to3a) OBMXKeHUM aBTomobuns. B cnyvae

3amMeaSIEHHOr0 OBWKEHUS aBToOMODUNS, a Takke npun OokoBOM Haesfe (Iy = O) KMHemaTun4yeckmne

YCroBuMS MPUMYT COOTBETCTBEHHO Apyron Bug [5, 181].

AHanornyHeiM 06pa3omM, C y4eTOM PacCTOSHUS KOHKPETHOW BUAMMOCTM, MOXHO OMpeaenuTb
yAaneHne aBToMobunsa oT MecTa Haesfa Ha nellexoaa, BbllleaLlero 13-3a ABUXYLLErocs BCTPEeYHoro [7,
12] wnn nonyTHoro [8, 101] TpaHCNOPTHOro cpeacTaa.
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INTERACTION OF APPLIED FORCES. POSSIBILITIES
OF CHANGE OF DYNAMIC STATUS

Eliseev S.V.}, Sitov 1.S.2, Eliseev A.V.%, Kovyrshin S.V.*®

L34 Irkutsk State Transport University;
2 Bratsk State University

Russia

Abstract
Dependence of the reduced rigidity of system according to the choice of coordinates of points of the
appendix of power indignation and supervision over shift is considered. Conditions of simultaneous
dynamic oscillation suppression according to several coordinates are defined. The technique of an
assessment of properties on the basis of use of transfer functions is offered.

Keywords: static stability, reduced rigidity of system, dynamic oscillation suppression.

AHHOTauunA
PaccmatpmBaeTcs 3aBUMCMMOCTbL NPUBEAEHHONW KECTKOCTU CUCTEMbl OT Bblbopa KOOpAMHAT TOYek
NPUINOXEHNS CWUMOBOrO BO3MYLLEHUS M HabnogeHns 3a cmelleHvem. OnpenensitoTcs  ycrnosust
OQHOBPEMEHHOIO AMHAMMUYECKOrO ralleHusi KoriebaHuii No Heckonbkum koopauHatam. [Npegnaraetcs
MeToAMKa OLIEHKM CBOMCTB HA OCHOBE UCMONb30BaHNs NepeaaToYHbIX (OyHKLNNA.

KntoyeBble cnoBa: craTnyeckas YCTOMYMBOCTb, MPVMBEAEHHAs! XECTKOCTb CUCTEMbI, AUHAMUYECKOe
raweHue konebaHuin.

BBeneHue

O6bIMHO  M3MepeHMe  yMpyrMx napamMeTpoB MeXaHU4ecKon konebaTenbHOM CUCTeMbI
npou3BoauTCA B CTaTuMyeckoM pexume. [py 3TOM MNoOnyyYeHHble OaHHble COOTHOCAT C YMPYrocTbio
cucTeMbl (MM 06beKTa) B TOUKE NPUIIOXEHNUst Cuibl. ECNn Tovka NpUoXXeHUs Curbl U TOYKa, CMeLleHne
KOTOpPOM W3MEepsieTCs,, He COoBMagalwT TO MOXeT OblTb npeanoxeHo MoHATMEe 006  ynpyrocTw,
pacLumpsiloLLLee NCXOQHOe onpeaerneHne, KOTopoe COOTBETCTBYET NPEACTABIEHUSIM O KPOCCOMPYTOCTbHO.
Ons  oOueHKM pasnuuHbIX BWOOB YNPYroctenm ucnonb3yetrcd nepeaatodHble  yHkumm  (MNP)
BMOpo3awnTHom cnuctemsl. igen Takoro nogxoaa BbiCKa3bliBanmch, B YaCTHOCTH, B [2].

MepepatoyHble yHKUMKM, UCMONb3yeMble B 3agadax BubOposawmtbl M Bubpomsonsaumu,
obnagalT psSaoM MOMe3HbiX CBOWCTB, OMpedensieMblX M3 YacTOTHbIX YPaBHEHUM WX YUCIUTENs W
3HameHaTens. B [3, 4] nokasaHo, 4YTO 3HaMeHaTenb MNepeaaTtoqHON (YHKUMKM (XapakTepucTuieckoe
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ypaBHeHUe) sBnsieTcs, B OnpedeneHHOM CMbICMe, MHBapuaHTHbIM B OTHOLLEHUW BbIOOpa Mmap Toyek
«BXOA-BbIXOA» W WUCMOMNb3yeTcs ANA HaXOXAEHUA 4YacToT COOCTBEHHbIX KonebaHui, OoueHKU
OMHaMU4eckon ycTonumBocTu cuctembl M Ap. Cneumdwmka 3agady BMOpo3alwmTbl M BMOpOM3ONAUMK
3aKnioyaeTcs B TOM, YTO, Kak NpaBuio, OLeHKa AMHaMUYECKOro COCTOSIHMSA CBS3aHa C 06O06LLEHHbIMU
KOOpAMHaTaMu MOMOXEHUsT OOBbeKTa, KOTOpble SBMAIOTCA «BbIXOAHBIMW CUrHanammy», a «Bxog» -
npeacTaBnseT cobon CMeLleHWe OCHOBaHWSA (KMHeMaTuyeckoe BO3OEeNCTBME) UMM BHELUHIO Ccuny,
npuknagbiBaeMylo K o6bekTy 3awmuTbl unn dparmeHTam BUBpO3aLMTHOW CUCTEMBI («cunoBoe
Bo3gencTeue»). OTHOLUEHUS BbIXOAHbIX W BXOOHbLIX CUIHanoB MOryT UMETb pasnuuHylo uanyeckyto
npupoay, a, crnefoBaTenbHO, W pPasMepHOCTb: OTHOLLUEHME Bbixoda B BWAE CMELLEHUS K cune, Kak
BXOAHOMY CWUrHany, xapaktepuayeT nofgaTnvMBOCTb BuOposalimTHon cuctembl (B3C) B AaHHOM TOukKe;
WHBEPCUS OTHOLLUEHUA onpedensieT XecTkocTb cuctemsbl [5]. MNocnegHee gaeT BO3MOXHOCTb BBECTU B
pacCMOTpeHME MOHATUS AMHAMUYEeCKOW U CTaTMYEeCKOW XecTKocTen. [leTanmsaums 3TUX MOHATUR
paccmoTpeHa B pabotax [3, 6]. OuHammnyeckas XeCTKOCTb onpefensieTcs 4Yepes COOTBETCTBYHOLLYHO
nepefaTovHylo (YHKLMIO CUCTEMbl U SBMASIETCA KOMMMEKCHOW BEMWYMHOW, a XapaKTepucTUKu
AVHaMMWYECKON XXeCTKOCTU 3aBUCAT OT 4acTOTbl BHELWHEro Bo3gencTsus. lMo-cywecTBy, MexaHnyeckas
cMCTEMa MeXAy OCHOBaHMEM W BblOPaHHbIM OOBEKTOM 3aluuThbl, COCTOALLAs U3 PasfUYHbIX 3BEHbLEB,
MOXeT paccmaTpuBaTbCA Kak 0006LuieHHass npyxuHa. B [7, 8] npeactaBneHbl COOTBETCTBYHOLLME
obocHOBaHMA W  pesynbTaTbl WCCNEAOBAaHUS CBOWCTB  TakMX MPYXWH. AHaMOrMYHO  MOXeT

paccmaTtpuBaThCsl M cTaThudeckas cuTyauus, Koraa B nepeaatodHon dyHkumm (MNe) npuHumaetcs P = 0w

OLIEHVBAETCA CTaTMyecKas >XeCTKOCTb UNu Ko3puUmMeHT ynpyroctn Ans AaHHON napbl BeIOpaHHbIX TOYEK
«BXOA-BbIXOA»(P = jw). Takas ynpyrocTb MoXeT ObiTb Ha3BaHa npuBedeHHOW. Ecnn B cucteme nmeetcs
HECKOmbKO cTeneHen cBoboAbl, TO KOI(MUUMEHT YNPYrocTn (MM XECTKOCTU) MOXET OMNpeaenstbCsi He
TOMbKO B TOYKE MPUIIOKEHUS CuUIlbl, Mapy COOTBETCTBMS MOryT COCTaBWUTb mMobble ABE TOYKM, 4TO
npegnonaraeT B CMCTEME BO3MOXHOCTb NMOMYYEHWUS Pas3nnyHbIX BUAOB KOIPPULIMEHTOB ynpyrocTu.

|. Obwwme nonoxeHus. NoctaHoBKa 3afaa4n uccrnenoBaHUA.

MepenaTovHasi hyHKUMSI MEXaHNYECKON konebaTenbHOM cucTemMbl NpeacTaBnseT cobow, B obLiem
cnyyae, ApobHo-paLmoHanbHoe BblpaxeHue. MexaHuueckast Lenb Mexay CUIon U CMELLEHNEM MOXET ObITb
Ha3BaHa 0006LLEHHON NPyXMHON [3]. XapaKTepucTniYeckoe YacTOTHOE YpaBHEHNE UCMONb3YETCsa ANsi OLEHKN
ANHAMUYECKOro COCTOSIHUSE CUCTEMBI MPU FAPMOHUYECKUX BHELLHUX BO3OENCTBUSX.

YucnuTtene nepegaTtodHOM YHKUUKW OTpaxaeT OUHaMuMyeckue CBOWCTBA B3avMOLENCTBUSA
3NEMEHTOB MEXaHWYECKOM CUCTEMbl W MCMOMb3yeTcs Ans onpeaeneHns pexuMoB AOUHAMUYECKOro
raweHuns konebaHuin. CTpyKTypa YacTOTHOIO YpPaBHEHWUS YUCIUTENS COAEPXUT MHdopmauuio o6
0COBGEHHOCTSAX CUCTEMbI BHELLHUX BO3AENCTBUIA.

CTpyKTypHasi cXxeMa MeXaHW4eckow kornebaTefnlbHOM CUCTEMbl SIBMSIETCA aHarioroM CUCTEMbl
anddepeHumnanbHbIX YPaBHEHUA UM COOTHOCUTCA C 3SKBMBANEHTHOW B OMHAMWYECKOM OTHOLLIEHUM
CMCTEMON aBTOMAaTM4ecKoro YypaBHeHus. [lpaBuna B3avMHbIX nNpeobpasoBaHWin NpeacTaBrieHbl,
Hanpumep, B paboTe [3].

Ecrm npunste, yuto P —>0, To nepepatouHas cyHkumMs cucTembl npeobpasyetcs (B
COOTBETCTBUM C (POPMON) B BbIpaKeHWEe, KOTOpoe OoTpaxaeT MpWBEAeHHYI0 MOoAAaTAMBOCTL WNn
NPUBEAEHHYI0 XeCTKOCTb B cTaTudeckoM coctosHuu. Ecrm P #0, To nepegatouHas yHKUMs

npeactaBnsieT coboil COOTBETCTBYIOLLYID AMHAMUYECKYID XapakTepucTuky. Moaynb nepepaTovHoun
(YHKUMM UM aMMNUTYAHO-4YACTOTHAasA XapakTepucTuKa SBMAIOTCA MPUBEAEHHOW AUHAMUYECKOWN
KECTKOCTbIO MMM  NOoAaTnMBOCTBIO. B cratmyeckom cnydvae, korga BHELIHASS Cuna MOCTOSIHHA,
npuBeeHHas! XeCTKOCTb UM NOAATNAMBOCTL AOMKHA ObiTb MOMOXUTENbHON BENMYMHONM; €€ paBeHCTBO
HYI0 COOTBETCTBYET rPaHUYHOMY COCTOSIHUIO N1 CTaTUYECKON YCTONYMBOCTM.

Llenbto npegnaraemMoro UCCrefoBaHWs SIBASETCA OnpedeneHve  3aBUCUMOCTU  Mexay
napaMeTpamy CUCTEMbl BHELIHUX (DaKTOPOB W peakuusiMu, B LIESIOM, MeXaHU4eckon konebaTernbHomn
CUCTEMbI, BKIOYaKOLLEl B CBOM COCTaB OOBbEKT BUOPALIMOHHOM 3aLmUThl.

Il. CBOMCTBA LIeMHOW CUCTEMbI (CTaTuKa)
Ha puc. 1 npuBegeHa pacuyeTHas cxema LenHon BubposawmtHon cuctembl (B3C) ¢ aByms
cTeneHsmu csobobl.

HudbdepeHumnansbHblie ypasHeHus asxkeHuns (B3C) umetot sua:
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MYy +kys +Koyn =Koy, =Q, @
my¥, +Ko ¥, =Koy =Q,. )
le m 2
|
& Yo
k,
Q. I
A l Y1
ki my

Puc. 1. PacueTHas cxema uenHon Bu6posalmtHomn cuctemsl (Y;, Y, —o6obuieHHbIe kKoopauHarsl;

kl, k2 — YNpYrocTu npyxwH; My, M, — maccel anemeHtos B3C)

CooTtBeTcTBYlOLIas ypaBHeHusAM (1), (2) CTPYKTypHas cxema npefcTaBneHa Ha puc. 2.

K

S k
2 p—
Q Q,
k, +k N L
17X A mp? %& o~ k, A 02 \
- y
Y1 2
-1 -1
Puc. 2. CmpykmypHas cxema B3C, coomeemcmeyroujasi ucxoOHol pac4emHol cxeme B3C
(puc. 1)
3anuwem nepefaToyHble PYHKLUM CUCTEMBI ANt BO3MOXHbIX Map «CUIa-CMELLEeHNe»:
Yo ko 3
Wi(p)===2—= - ®)
' Qi(Q; =0) (Whp2+k1+k2)(mzp2+k2)—k22
- 2
y m, p“ +k
Wy(p)===t——=—2 2, (4)
Ql(QZ =0) Ay
y k
Wy(p)==—=—=-F, 5)
Q@ =0 A
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Y :(mlp2+k1+k2)
Q,(Q =0) A

W,(p) = ) (©)

rae Ay =mm, p* + p? [mz (k +kp)+ mlk2] +kiky — ()
XapaKTepUCTNYECKOE YPaBHEHUE CUCTEMBI.

Ha puc. 1 n 2 o603HaveHbl TouKK A1 " A2 NPUIOXEHUIN CUnN Q1 " Qz- M3 BbipaxeHus (4)
criefyet, 4To npu npuroxeHun B Touke A cunbl Q n HabniogeHwn 3a cmelleHrem Touku A -
KoadbduumeHT ynpyroctn umeet 3Hadenne Kq,(K; =K;;). Ecrm Gynet nabniopatbesi cMelueHne B
TOYKe Al a cuna GyaeT npunoxeHa B TOUKe A2 (cm. (5)), To KoadbpuLMeHT ynpyroctu GyaeT paBeH
Ky; =K. AnarornuHo, npu cune Q,, npunoxenHon B Touke A, (cMm.(6)), Hargem, uTO

22 — :
k; +k,

cmeleHnem Toukn A, (cM. (3) ) ynpyrocTb onpeaenutcs HadeHnem Kq, (K, =K;) . KoadpdpmumeHtsi

CoOTBETCTBEHHO npu npunoXxeHun cunbl QZ B TO4Yke Al n HabnogeHun 3a

XEeCTKOCTU klZ n k21 XapakTepusyrT CMeLlleHNA To4YeK, K KOTOpPbIM Cuibl HenocpeaCTBEHHO He

npuknagbiBatoTcsa. byaem nonaraTe, YTO 9TU CMELLIEHUS XapaKTepuaytoT KPOCCYMNpYrocThb.

[Onsa nonyvyeHnss 3Ha4YeHWn NPUBEAEHHBbIX XXECTKOCTEN WUCMONb30oBaHbl BblpaxeHus (3)+(6) c
y4eTOM COOTBETCTBYOLLMNX NepeaaTovHbIX (OYHKLUMNA.

B Tabnuue 1 npeactasneHbl pasnnyHble BapuaHTbl COOTHOLLEHNS Nap TOYEK NPUIOXEHUS Cun
N ToYeK HabnwogeHus.

Tabnuya 1
3HayeHue Kko3aPPULIMEHTOB YyNpPyrocTn Ans pacyeTHoOM cxeMbl Ha puc. 1
KoopauHatbl Touek KoopavHaTtbl ToMek HabnwaeHus MpumevaHne
Y1 Yo

KoopanHartbl TOYek k., =k k., =k —
NpUNoXeHust N 11~ "™ 12 =% Q=Q
00O0OLLEHHBIX CUI Q2 =0

Y2 ko1 =k k. — ki, Q,=0Q

22 —
Ky +k; Q=0

IMpumeyarue: Ky, n K,y —koathduumeHTs kpoccynpyrocTy.

OTMeTVM, 4YTO B Tpex paccMaTpuBaeMblX CIy4asx XecTKOCTb cucTembl ByaeT onpenensTbes
yepes Kj, 1 B oAHOM — Kak MoCneoBaTeNbHOE COEAMHEHIE MPYXIUH - BblpaxeHue (6); Mpu OTCyTCTBUM

AeTanbHoOW MHpopMaLnm 0 ToYKax NPUIOXEHUS CUNbl U TOYKax HabnAeHns napameTpbl YNpyrocTy Ha
YPOBHE MpuBEAEHHbIX KO3I(MULMEHTOB MOryT pasnuyatbes. [lpuBedeHHble pesynbTaTbl BrOMHE
06BbACHUMBI, NCX0as U3 PU3NYECKUX NPpeacTaBneHni o nepegade cun [3].

IIl. Ocob6eHHocT B3C 6ano4yHoro Tuna
PaccmoTpum BUBpo3almTHY0 cuctemy (puc. 3), B KOTOPOW cuna NpUnoXeHa B T. A Ha KOHLe

pbluara arvHoit | . Mpu atom | > |1, TO eCTb Touka A MOXeT ObiTb BblHECEHA 3a Npefesbl TBepAoro

Tena, a I = AO, TO eCTb onpependeTr pacCTtodHue A0 UeHTpa TAXeCTU obbekTa. I'Ipmnaraemaﬂ BT. A
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cuna Q ABMNsieTCA NOCTOsiHHON. [Monaraem, YTO cMcTema HaxoauTCs B COCTOSIHUN paBHOBECUA; cuna Q
He 3aBUCUT OT BPEMEHMN.

yAIA Y1 | A M4
S IO ,4 ,,,,,,,,, Iy
T.A 0 T.A 2
Q A A
Ky

Puc. 3. PacuemHas cxema cucmemsi Onisi onipederneHus eé cmamudeckoli ycmoutdugocmu

Mpumem ansi panbHedwnx pacyetoB psin obosHauvennin: OA =1, OA, =1,, OA=I;
Y, @, Y, Y, —0606LieHHbIe KOoOpAUHATLI OBbeKTa B HEMOABMXHON CUCTEME KOOpAMHAT; k ,k2—
ynpyroctn, M, | — maccounepumoHHble napameTpbl. Vcnomnbays o6bluHbIE NPUEMbI, COCTABUM CUCTEMY

ypaBHEHU ABWXEHNS B KoopanHaTax inyy:

31 Y1 +anY, =Q Ay +axY, =Q,, (8)
roe

ay; =(Ma? + 1c?) p? + k;, &, = (Mab — Ic?) p?, ap, =&y, 8)

ay, = (Mb? + 1c?) p? +k,, Q u Q, —o6obLieHHble cumbl Mo koadduumnentam Y, n Y, . Ans
AanbHenLmnxX nccrneqoBaHuin NPUHATO, YTo

L y=ya+yb p=cly,-y), i=y-hoy,=y+Lo. @)

| |
a=—2 =1 =
L+l

= , 0= , C
L +1, L +1,

O600LLeHHbIE CUMbI Q1 " Q2 B (8) 3aBncAT OT BbibOpa cuctemMbl 0600LLEHHBIX KOOPAUHAT U

MECT MPUNoXeHns cunoBbix dakTopoB. [py aTomM npegnonaraeTcs, YTO CTPYkTypa 0600LWEHHbIX cun n
HanpaBneHuns OencTBus obecneunBatoTcs cneumanbHbIMU TEXHUYECKMMU cpeacTBamu. M3secTtHo [9], 4To

_Qian —Qdp
Q189 — a122
313, — a5

yl ’ (9)

Y2 9)

B cucteme 0606LLEeHHbIX KOOPAMHAT Y U (@ ypaBHEHWS! OBMXEHWSI CUCTEMbI Ha pUC. 3 UMetoT
aHanorn4Hbln Bug (8), oaHako, NpyM 3TOM KO3(MUUNEHTLI ypaBHEHUS N 0BOBLLEHHbIE CUMbI Qy , Q
OyayT apyrumm:

ay =Mp? + Ky +Ky, Ay =8y =kol, —kily, 8y = 1p? +kiIZ +kyl3. (10)

CTPYKTYpPHblE CXEMbl 3KBMBANEHTHbIX B AMHAMWUYECKOM OTHOLUEHUM CUCTEM aBTOMAaTUMYECKOro

ynpaeneHus [3], npeacTaeneHbl Ha puc. 4 a, 6.
[ns onpefeneHns 0606LLEHHBIX CUI1, COOTBETCTBYIOLLMX 0606LLEHHbIM KoopanHatam Y u @,

4

aTakke Y, n Y,, cuny Q (puc. 3) MoxHO nepeHecTn 13 Toukn A B Touky O (LeHTp TshkecTu), Toraa

nony4nm (0GOBLIEHHbIE CUTbl) st CUCTEMbI KoopanHaTt Y, @ cootsetctBeHHo: Qp =Q; My = Ql,
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roe Qo—cvma, MPUNOXEHHas B LIGHTPE TSHKECTH, To ecTk Touke O, a M —MomeHT BHelLHel curibl Q
OTHOcUTenbHO ueHTpa Tshkectn O [10]. Monaras

Q05y+ Moé‘(D:Qé‘yl +Q25y2, (ll)
Hangem, uto Q) =Qpa—cM,, Q, =Q,b+cM, nmm
Q =Q(a—cl), Q, =Q(b+cl), (12)
npm 3TOM Q=Q, My =Q,l. (13)
Onpepenum nepeaatoyHyo yHKLMIO Ans Yy ¢
y
Wa(p) = 6“ (14)
rne Ya=Y-lo. (15)
B OaHHOM Crly4ae y4yTeMm, 4YT1o
- 2 2 2
W) (p)= = y _ Ip” + kil +kyl5 , 16)
Qo (M,-0) Ay
- 2
W;(p): _ y :(Mp +kl+k2)’ (17)
0 (G,=0) 2
roe Ay = (MP? + kg + Ky )(IP? + KybZ + Kol2) — (el —koly)2. (18)
a) 6)

(Ic? — Mab) p? kb =kl

T
(Ma? + 1c%) p?

-1

Puc. 4. CmpykmypHble cxeMbl, COOM8ememsyowjue pacq4emHol cxeme cucmemsl Ha puc. 1:

a) Ans cuctembl koopauHart Yy, Y, ; 6) Ansa cuctemsl koopauHat Y u @

MpuHumas, yto cuna Q npunoxeHa B Touke A, KoopanHaTa ABUXEHUS KOTOPOVA Ya
onpeaenutcs ebipaxeHuem (15),a Y n @ - cooteeTcTBeHHO 13 (8"). Micnonbayem (15) + (18) u Hanoem

2 2 2y A N ~
o (Ip” + Kk +k2|2)+Q0|(k1I1 kZIZ):%[IpZ+k1I12+k2I§—I(k1Il—k2I2)];

I Ay Ay

B cBOI 04epenb, Mo KoopavHaTe @ 3anuiiem

(19)

127



Science and Education December 18th—19th, 2012. Vol. I

__mm2+h+kgmo+Qﬁ@h—@b)_épﬂmz+M+kﬁ+ﬁh—bbﬂ

A A A *
Takum obpasom,
o 2 2 2
Q Ao
— 2
o @ (Mp” +k + ko)l +kily —kol,
=== . (22)
Q Ay
[Mocne HekoTOpbIX Npeobpa3oBaHWin NepegaTodHas YyHKLMA AN TOYKn A npumeT BuUA:
Fo 107l ol 410k~ olp) + (-] (Mp” kg + ko)l + kil =l )
Q A
OTMeTVM, 4TO N0 Y 5 BO3MOXEH PEXMNM AUHAMMYECKOrO ralleHns Ha 4acToTe
2 2 2
2 _(koly +kyl7) —17(ky +k) (24)
Douna = 2 .
1 —Ml
3pecs | namensetca ot 0 go A0, (I <OA).
Ecrm npunats | =1 1, TO ecTb cuna Q npuknagsiBaeTca B Touke A (koopauHarta Y, ), Toraa
u3 (24) cnepyet, 4To
2 2\2
- ko (I —13) )
Y M2

Mepexon K ApyrMM koopauHaTtam (Hanpumep, Y, ) CBSi3aH C Tem, WTO | nepexoaut uepes

HyneBoe 3Ha4eHue. anI 9TOM U3MEHAETCA pacyeTHaaA cxema, NOCKOJIbKY MOMEHT CUJibl OTHOCUTENbHO
LEeHTpa TAXEeCTU MeHAEeT 3HaK, WU pacCHeTHYy Ccxemy HeobxogMmo npuBoAnUTb B COOTBETCTBUE C
HanpasfeHNeM OBUKEHUS MO KOOpANHATaM, XOTsi BENIMYMHA CUMbl, MPUITOXKEHHOW B LIEHTPE TSHKECTU O,n
€€ HanpaBreHme OCTarTCs HeM3MeHHbIMU. MOXHO nonaratbk, YTO NPU CUMMETPUYHOM MEPEHOCEe ToYkn A

3a BHELLHIOW rpaHuLy A02 CTPYKTYPHbIX W3MeHeHWn B dopmynax (16), (17), (18) n Aapyrmx
BbIpaXEHNsX, BKMoYas (24), He NPou3oNAET, a B COOTBETCTBYHOLLME (hOPMYIbl NapaMeTp 6yaeT BXoauTb
co 3HaKkoM (-), Harpumep, | =—I, n.a.

Ona panbHenwnx pacveToB nepeaaTouHble (yHKLUMM CUCTEeMbl Mo koopauHaTtam Y; un Y,
UMeloT BUA:

- 2 2\ 12
W (p) = — Vi :(Mb +1c%)p +k2, (25)
Y1 '
Q (@,-0 Ay
, V. Ic? — Mab) p?

Qz (Q=0) At')

B LlefioM no yl nony4vunm:

7 [(Mb2+lcz)p2+k2}<(a—cl)+(lc2—Mab)pz(b+cl)
wum=é= X . (27)

AHanornyHeIM 06pa3omM Haiiaem nepefaToyHyto (PYHKLMIO Mo koopauHate Y, —

128



Science and Education December 18th—19th, 2012. Vol. I

Y,  (Ma®+1c®)p? +k

W, (p)== - (28)
"2 Qz (Q=0) A
. v Ic? — Mab) p?
Wyz(p):— y2 =( : )p ) (29)
Qi (@,-0) A
Cymmupys (28), (29), nony4mm no koopauHate Y, :
B 7, (Ic® = Mab)p*(a—cl) +[(|v|a2 +1c%)p? +k1}(b+c|)

Wy, (p)=== ' , (30)

Q A

roe

Ay =[(Ma? +1¢%)p? + k, J[(Mb? + 162) p? +k, | [ (Mab— 162)p? | (31)

OTtmeTum, 4TO Nepexos OT cUcTeMbl 060BLLIEHHbIX KOOPAMHAT Y, K cucTeme KoopamHat Yy u

Y, uMeeT 0COBGEHHOCTW, B 4acTHOCTH, A6 onpegensemMoe BbipaxeHunem (31), Byget otnuyatbcs OT

A0(18) no pasmepHoctu. Hanpumep, B (31) npucytcTtByeT KoadpuuneHT Cz, Torga kak B (18) atoro
koacpcpuumeHTa Het. YuntbiBas To o6cTosaTenscTBo, 4To B (31), a Tawke B uncrmtenax (27) un (30)
nmeeTtcs 02 , MPONCXOANT B3aMMHOE COKpaLleHne napameTpoB, U 3HaMeHaTernb nepeaaTovyHon yHKUMK

He U3MeHAeTCA.
I'IpOBe,qume COOTBETCTBYHOLLMX npeo6pasoBaHM|7| nokasbiBaeT, 4YTO NOACTaHOBKaA TeKyLUnX

3Ha4YeHun |1 " |2 BmecTo | B BhIpaxeHnn (23) No3BoONSAET MOMNYYMTL COOTBETCTBEHHO BhIpaxeHus (27)
n (30). Mpn | =0, korpa cuna Q 6GyaeT npunoxeHa B LeHTpe TshkecTu Tena m.O, Toraa NOMyuYNM
2 2 2
y Ip“ + Kk + kI
W, == A_(p)= 11 " 22 1o cootsetcrayer (16).

Q (1-0) Ay

IV. Oco6eHHocTn B3C 6ano4Horo TMna npy ctaTM4eCcKoM Harpy>KeHuu.
B aTom cnyuyae npunnmaetcs, P =0, a Buipaxerue (23) npeobpasyeTcs K BUAY:

wi = _Ja :k1|12+k2|22+(k1+k2)lz:k1I12+k2I22—(k1+k2)I2. (32)

ATR
Qoo (kg + kZ)(k1|12 + kzlzz) kiky (Il + |2)2

BbipaxeHue (32) umeeT dmaunyeckuin cmbicn nogatnueocTu [8]. Mpu BbINONHEHUWN YCIOBUIA
2 2
12 = k1|1 +k2|2
Kp
k +k,

BbIpaxeHue (32) npeBpallaeTcs B Hylb, TO €CTb HyNEeBOW CTaHOBUTCA NOAATIMBOCTL B T. A. Takas Touka
MOXeT ObITb Ha3BaHa LeHTpom nogatnueoctu [10].

(33)

f5
Nycs k =k, =k, |, =2l,, torpa | = Ell, TO eCTb MpW 3a[JaHHbIX YCIIOBUSIX BBLIHOCY

Toukn npunoxenns cunbl Q B Touky A, Haxopswylocs Ha pacctosHum | = fal ot T. O, cosgaer

CUTyauuto, KoTopasi onpegenser rpaHWyHble napamMeTpbl CUCTEMbl MO CTaTUYECKOW YCTOMYMBOCTMU.
Mcnonb3ysa noHATMe NpUBEAEHHOM XeCcTKoCTH [1], nonyyYMm B JaHHOM criyyae, YTo
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kka (I + |2)2

- 34)
np A 2 2 2 ) (
(el +kol3) =17 (ky +k3)

MoCTPOMM 33aBMCMMOCTb knp cMcTeMbl OT BenmumHbl |, KOTOpas MOXeT MpuHMMaThL HekoTopble
KpUTUYeCKMe 3HaueHusi, a Takoke onpepensteest B Toukax | =1, 1 =0, | =—l,. Wcnonbsyem ans atux
uenen BblpaxeHue (23), KOTOpoe Ans onpeaeneHns NpuBeaeHHON XXeCTKOCTN MHBEPCUPYEM, Toraa:

2
K.k, (1, +1
npm 1=0— k ZM- (35)
Pl kyl2
11 212
k (I, +1,)
1\"1 2/.
ecm | =1y, 10 knp =ﬁ, (36)
21
L, +1,)k
npu | = ile (3 Bbipaxerms (33)) — K, —> o0 ; ecrm npunsms | =1, , 1o knp :%. (36)
112

Mpacbuk saucumoctn K (1) npeactaenen Ha puc. 5. MurumansHast xecTkocTs GyAeT B Touke

NPUNOXEHNS CUMbl B LEHTPEe TSXKECTU; Mpu MNPUBAMKEHUN TOYKM MPUNOXKEHUS CUMbl K rpaHuue
CTaTM4eCKON yCTONYMBOCTU HabnogaeTca aeEKT yBENMYEHUS NPUBELEHHOM XKECTKOCTH.

Al

.';';’J

DNPENEARCTER 13 (367}

ONPEaEnMeTes wa (36)

{,
I — 0 I “p
Puc. 5. 'paghuk 3asucumocmu rpusedeHHoU XecmKocmu om Mecma fpurioXeHuUsi cmayuoHapHoU curbl

B cBoto ouvepeab, 3Ha4YeHUs pr 3aBUCAT OT COOTHOLLUEHMS! XXECTKOCTEN M 3HAYEHUN |1 n |2,

YTO npeagnonaraeT BO3MOXHOCTU onpeaeneHnsa HeKOTOpOVI xapaKTepH0|7| obnactu mect pacnonoxeHna
TOYEK MPUIOXKEHUSA CUIT U 3HAYEHUIN PACCTOAHUIA TaKMX TOYEK OT LIEHTPA TAXKECTH o6bekTa 3aWmThl.

Ha puc. 6 npeacTasneH rpacmk |

,» ot cootowenns |, =al,, (I, =1 ). B stom cnyuae npu

k, =k, =KI2 =0,512(L+a?). @37)
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3apasas @ B npegenax « =0+5, nonyuum, uto pr 3aBuCMT OT BenuumHbl |, u

l,

|2

COOTHOLWIEeHNA & =

(A
5o '
2 .
§
19 .
i :
1
| i 24
[ S S S ——
o} 1 2 3 4

Puc. 6. Mpacpux 3asucumocmu | . (2PaHuua 30Hb1 ycmolyusocmu) om coomHowerus 1, /1,

AHaroau4yHo MOXHO Halimu 3Ha4yeHus u Opyaux npueeOeHHblx Jxecmkocmel npu mex Xxe napamempax,
ronaeas, 4mo

2
npu | =1 |(np =M, (38)
Q+a)
_k(l+a)
Cl-a
3Ha4veHne I'IpVIBe,EleHHOIZ XKEeCTKOCTh knp yBenunymBaeTca npun I'IpVIGJ'II/I)KeHVM TOYKU NpUnoXxeHna

now I =1 (1, <1.,), K, (39)

Q « KkpuTHueckoit koopanHaTe, onpeaensaemoii BoipaxeHneM (37). B KpUTUYECKOI TOUKe NPUOKEHUS
cunbl Q  BO3HMKaeT LEHTP MOBOPOTA CUCTEMbI (LEHTP ECTKOCTM), B KOTOPOM knp —> 00 . OpgHako,
3aBNCUMOCTb MapaMeTpoB B BblpaxeHun (33) OOCTATOYHO CrOXHa, YTO MpeanonaraeT pasnuyHble
komGuHaum. Ecnmn seinonsiotest yenosust Kl —K,l, wnm 1, —1, =0, 1o ucxopras mogens mensier

CBO Npupoay, NOCKONbKY nc4yes3atoT nepekpecTHblie CBA3N MeXay napunarnbHbIMXA CUCTEMaMN.
V. PeXXUMbl ANHAMNYECKOro rawieH1s B BMGpOZiaU.WITHOﬁ cucreme

OTtmeTnMm, 4To pexnmbl AMHAaMU4YEeCKOro rawleHma no KoopauHaTte yA onpegendarTca 13

YaCTOTHOTO ypaBHeHUs uncnutens (24) u sasucat ot |, To ectb mecta npunoxernsa cunbl Q :

2 2 2 2
g A:kl(ll —17)+ky (15 1) (40)
UH I _ MI2
Mpu | =0 u3a (40) MoxHO nonyunTs
2 2
2 _ kil +koly
Ooun 4 =7+ (41)
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UTo coBnapaeT Takke C pesynbTaToM 1cnonb3osaHus (16). B ceoto ouepeas npu | = |1
2 2\2
2 _ k(i —1) “2)
un A 2\
(1 -MI2)
Mpu tex xe ycnosusix npu | =—1,
2 2
2 _ k(i +13) 43)
oun A — N
(1-M13)
PesynbTatbl, nony4veHHble n3 (20) n (30) coBnagatT npwu 1 =0, cuna npunoXxeHa K LEHTpY
TsbkecTn (Toukm A n O coBnagatoT, MOMEHT CUMbl OTCYTCTBYET), Toraa
2 2
2 kil + Kol .
Dy == (44)

PEX1M AVHAMWNYECKOrO ralleHns No ¢ OT CuUMbl Q B Touke A, coenagatowyeil ¢ T. O, OTCYTCTBYeT.

Ecrm cuna Q npurioxeHa B Todke A, coBnaatoLen ¢ T. Ay, TO eCTb TOUKe A, HO cune Ay, Torga

2 2
2 _ko(l3 =17)
Doy 4 = 2 !
I —Mi; (45)
2 2
2 ko(ly =17)
UH ) 2
OTKyaa ! I - M|1 (46)

B Touke A, cooTBeTCBYOLLEN prv onpeaeneHHon us (15), Hangem, 4To

2 2 2 2
w2 _ kil —lgs) + ke (12 — 155 B 2k212 (k, +ky)
aei l,s — = .
o e | - MIZ L(ky +Ky) = M (K J? +k,12)
Ecrm npunsts | = —|2 (Toyka A HaxoauTcsa T. Ay), To 13 (24) cneayeT, B YaCTHOCTU, YTO
Y RY
2 _ k(I -13)
oun 4,v, — 1 wm " (48)
I — Ml

Takoli e pe3ynbTaT MOXHO MOoJy4YMTb NOCIe COOTBETCTBYIOLMX Npeobpa3oBaHnii BblpaXeHust
(30). Hangem pexumbl AMHAMUYECKOTO ralleHust no koopauHatam Y u @, nonaras, 4To cuna Q
npunoxeHa B 7. A. /3 BoipaxxeHus (21) cneayet
2 k1|12 + k2|22 49
ouny =T (49)
yTo coBnagaet c (40). B cBowo ouepenb, cnegyeT, YTO PEXMM AMHAMUYECKOrO ralleHUsi OTCYTCTBYET.
Ecrm cuna Q npuknagpiBaetcs B Touke A, To 13 (21) crieayeT

2k|2+k| l, -1
a)gw A,y 1 2| 2 ( 2 1) ' (51)
2k 1 +k (1, -1
im o 1'1 I\;( 1 2) ) (52)

B Tabnuue 2 npueegeHbl CBOAHbIE AaHHbIE O peXnmMax ANHAMUYECKOro railleHusa KonebaHus, B
KOTOPbIX HALUSO OTpaXeHne BrnnaHne MeCcTt pacrnofioXeHNA TOYeK NpunoXXeHna cun Ha napameTpbl CUCTEM.
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Tabnuuya 2
3Ha4yeHUsA 4YacTOT AMHAMMYECKOro rawieHusi B 3aBUCUMOCTU OT paccTtoAaHuA I
TOYKU NPUNOXeHusa cunbl Q OT UEeHTpa TAXeCTU
YacTtoTbl ANHaMNYeCKOoro raleHunsa
Ne | Pacc | Touka A | |lenTp TshkecTw (y) LleHTp TspkecTu KoopauHarta KoopauHarta
| TosH (@) Y Y2
n ne
L 1=0 | il kol kb2 + K, 12 He peanuayetea | foly(l+15) | Kyl () —12)
| Rl TRl S 7h)
| l I,
20 1=l | kel +a)f 2k 1Kol (l—1,) | Zkh+K (=) | k12 -12) | 2Zkih(h+15)
I+ Ml I MI, | I + ML,
Sl =y (2 -13) 2k M2 4KI(l —1,) | Zkalatka(p=1) ol, (0 +1,) | K (12-12)
S 23 a7 o)
I —MI3 [ MI, I+ ML, | - MIZ
a1 1=l, ol (O +1,) + Ky L (1 Ky 1)k, O, o (1, =1, ) + ) k(L +1,) + (1, +1,)
| - MmI, I =ML, I +MLl,,
S 1=-1 kol (1, =1,) + koL (1 + 1B, =1) + (1, +1, e (o 1) + ) k(-1 ), +1)
I MI,, I +MLl,, I +MLI,,
kI +k,lI? y N
Mpumevarue: | = |[FH+—=22 — COOTBETCTBYET Cry4al CTaTU4eCKOW YCTOM4YMBOCTH,

Kp

k, +k,

HopMarbHoe cocTosiHne npn | < |Kp .

VI. Ocobble crnyyanm AMHamMmu4eckux B3auMmoaemcTBum
PaccmoTpum criyyai, koraa Y, — Y, = 0, ncnonbays BeipaxeHus (27), (30), Toraa

npu

npn | =—I,

OTmeTnMm,

4yTO nNpU

2

[k +D k(- 1)]

a)()uu (7-n) — MI ’
=1 2 _[k12|1_k2(|2_|)]
= oun (F=3)y
ur (=31 )01 Mll
20un (7,-7,).72 Mz,
2

napanneano); npu 3TOM YrnoBoe ABMXXeHNne OTCYTCTByeT (¢ = O) .
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3aknto4eHue.

Takum obpasom, cucTeMa BHELLHWUX BO3AENCTBUIA, €Cnu UMETb B BUOY MX (hOpMbl (MOMEHTLI U
CWMbl) N pacrnosioXeHNne MeCT WX MPUIIOXKEHWUsi, MOryT CyLleCTBEHHbIM 0Opa3oM MeHSATb CBOWCTBA
NCXOOHOW MeXaHN4YeCKon CUCTEMbI, paccMaTpuBaemMown B kadecTse BUOpO3aLnuTHON.

1. Ha npumepe uUenHbIX CUCTEM MOXHO MOKa3aTb, YTO B CTaTUYECKOM pEeXMMEe CyLLeCTBYIOT
pasnNnuns Mexay CMeLeHMSMM B TOYKax HenocpeaCcTBEHHOrO NPUIOXEHWS CUM U B ToYKax HabnogeHus.
[MocnegHee no3BonsieT BBECTU MOHATMSA O KPOCCYMNPYrOoCTU CUCTEMbl. AHanormdHble npeacTtaBneHus
MOXHO NepPeHeCTM Ha cucTeMbl 6ano4YHoro TMna u gp.

2. [lepepaToyHble YHKUMW CUCTEMBbI MO3BOMAKOT OLEHMBATb CBOWCTBA UCXOOHOWM Mogenwu
BMOpOo3awnTbl NnM BUGPOM3oONALMM (ECNM UMETb B BMOY CTATUYECKYH YCTOMYMBOCTL) NPY NOACTaHOBKE

p=0 c nonydeHnem, B 3aBACKMOCTM OT BMAA MEPeSaATOMHON (DYHKLUWM, NOAATIMBOCTU UMK

npUBEAEHHON XECTKOCTMH.

3. Bbibupas cooTBeTCTByKOLMM 0OpasoM CUCTEMY BHELUHMX BO3AEWCTBUA U WUCMONb3ysi
nepefaTovHyl0 (YHKLUMIO, MOXHO YMNpaBnsATb 3anacom CTaTU4ecKoW YCTOMYMBOCTU W onpeaensTb
rpaHvLbl PACcNoNoXeHNs TOYEK NPUIOXEHUS CUn.

4. W3meHeHue napamMeTpoB, CBA3aHHbIX C (hPOPMUPOBAHMEM CUCTEMbI BHELLUHUX BO3OENCTBUN,
nokasblBaeT WX BMUSHWE Ha AMHaMU4eckue CBOMCTBaA UCXOOHOW CUCTEMbl M BO3MOXHOCTU yrnpaBneHus
pexumamn AguHamumyeckoro rawexus. B 6onee obwem Buae nocriegHee MOXHO OTHECTU K Takomy
cnocoby BubBposalwmMTbl 0ObekTa, Korga nNpu  HanMiMuM BHELWHUX HE3aBUCUMbIX BO3MYLLEHUN
npeanaraeTcs BBeAeHVe cneunanbHbiM 06pa3oM nogobpaHHbIX cur.

B TpagMuMOHHBIX CXemax AMHaAMWYEecKOro ralleHWss TakoW MNOAXOA — peanuayetcs
npucoeanHeHneM AOMOMNHUTENBHOM Macchl Ha npyxwuHe. OgHako B 3agayax 6ornee CrnoxHbiX BO3HUKaET
npobnema BbIGopa TOYEK NPUINOXKEHUS racuTens.

lMpennaraemblin Noaxon co3fgaeT OCHOBY KOMIMIEKCHOro Mnoaxofa, CBA3aHHOro u ¢ dhopmon
peanusaunm CUMoBbIX BO3LENCTBUIA U C FeOMETPUEN UX PaCMONOXEHUS B CUCTEME.
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POSSIBLE SIMPLIFICATION OF MECHANICAL SYSTEMS TAKING
INTO ACCOUNT INTERPARTIAL LINKS
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Abstract
The method of simplification of the structure of mechanical oscillatory systems with several degrees of freedom
is offered. The method is based on an exception of intermediate coordinates of mathematical model of the
system. The concept of the generalized spring through which intermediate coordinate is excluded is used.

Keywords: mechanical oscillatory system, generalized spring, exception of coordinates, transfer function
of mechanical system.

AHHOTauunA
Mpeanaraetcss MeTon YNpOLLEHUsT CTPYKTYpbl MeXaHU4Yeckux konebaTernbHbIX CUCTEM C HECKONbKMMMU
cTeneHamu ceoboabl. MeToa OCHOBaH Ha UCKMKYEHUN NMPOMEXYTOYHBIX KOOPAUHAT U3 MaTemMaTU4eckom
MoZenu cucTembl. Mcnonb3yeTcss MNOHATME OGOOLLEHHOM NPYXWHbI, 4Yepe3 KOTOPYK WCKMYaeTcs
NpPOMeXyTouHas KoopAaMHaTa.

KntoueBble cnoBa: MexaHwdyeckasi konebaTtenbHasi cuctema, o0606ueHHas Npy>XuHa, WCKNK4YeHne
KoopAuHaT, nepenatovyHasn beHKLI,VIFl MEeXaHNYeCKON CUCTEMBI.

BBeneHue.

HecmoTps Ha TO, YTO B MpaKTVKe WHXEHEPHbIX pacyeToB NpeanaraloTCs pasnuyHble BapuaHTbl
npeobpasoBaHNsi UCXOOHbIX cuctem [1+3], MHOrMe BOMPOCHI elle He MOoMyYunu pas3Butusi B To dopme,
kotopas obecneunBana Obl [OCTATOMHYIO YHMBEPCANbHOCTb. B 3TOM OTHOLWeHUM onpeaeneHHbIMU
BO3MOXHOCTSIMM 0O6MnafialoT NOAXOAbl, OCHOBAHHBIE Ha MPUEMaXx UCKIMIOYEHNS NMPOMEXKYTOUHbIX KOOpPAUHAT.

B npepnaraemoi cTatbe paccMmaTpvBaeTCsi ps4  MPUEMOB, MO3BOMSOWMX  OLEHUTb
0COBEHHOCTM AMHAMMWYEeCKMX B3aMMOAEWCTBUMI Mexay napumanbHbIMM CUCTEMaMM Ha OCHOBe
npeobpasoBaHNsA MEXKOOPANHATHLIX CBA3EN.

|. O6wue nonoxeHus. NMocTtaHoBKa 3aAa4ym uccrnefoBaHUA.

PaccMoTpyM LenHylo MexaHW4YecKylo CUCTEMY, KoTopasi COCTOUT U3 Tpex Macc (ml,mz,m3),
COe[IMHEHHbIX MocneaoBaTenbHo ynpyrumu anemeHtamun  (K; +k,); BHELIHWe BO3OENCTBUS UMeEloT
dopmy KMHEMaTUYECKNX (zq,Z3) U CUMOBLIX (Ql,Qz,Qs) BO3MYLLEHUWIN, KaK Noka3aHo Ha puc. 1.

2 —Ql> Yi 2, Y2 ; Vs -

0
k, — i

[+

A

Puc. 1. PacyemHasi cxema rnodgsecku 8 8ude UernHol MexaHu4eckol cucmemsl
¢ mpemsi cmerneHsamu ceo600bl

© Eliseev S.V., Kashuba V.B., Kovyrshin S.V., Eliseev A.V., 2012
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Cuctema auddepeHumanbHbiX ypaBHEHUA OBWXEHWS MOXeT OblTb MOCTpOeHa Ha OCHOBe
N3BECTHbIX NpuemoB [4] n umeet Bua:

My + Y1k + ko) — yoko =Ky, N
My Yo + Yo (K +K3) — yiko —Kay3 =0, 2
M3¥3 + Y3 (K3 +Kkg) — Yoks =kgz3. 3
M3 (2) HangeM, 4TO KOOPAMHATLI CBSI3aHbl COOTHOLLEHMEM
_ Kays +K, -
Vo = _K3Y3+ KoY (4)

Beenem ob6o3HaueHus:
a=—s; ks b=—— ko .
myp +k2+k3 myp +k2+k3

(5)

Cuctema ypasHeHuii (1)+(3) ¢ yuetom Toro, uto Yo = ay3 + byl MOXeT 6bITb NpuBeneHa

K BUAY
Y1(myp? +ky +ky —kob) —Kkya¥s = ki 7y, (6)

Ya3(mgp? +kg +ky —kga) —kgal; =KyZs, ]
roe p= jo— komnnekcHas nepemeHHas ( j =+/—1) [3]. CTpykTypHas cxema cucTeMbl Ans 3TOro criyyas

npeacTaBneHa Ha pyc. 2; NPy 3ToM NpuHsTo, Yto Q, =0.

k a

2

1 1 Y,

m,p* +k, +k, —k,b g k;b m,p’ +k, +k, —k,a

Puc. 2. CmpykmypHas cxema 0r1si cucmembl, npedcmasneHHol Ha puc. 1
koks

m2 p2 + kz + k3

N3 cTpykTypHOM cxembl (pucC. 2) crnegyeT, YTO CWUMOBblE M KMHEMATUYECKUE BO3MYLLEHUSA
ABMSATCHA 3KBMBANEHTHLIMW, NOCKOMbKY CBS3aHbl C OOHUMU U TEMU Xe To4kaMu npunoxeHus. OgHako
OHW MOTyT, B PM3NYECKOM CMbICHe, UMETb Apyryio npupoay. lMNpu coBnageHun 4acToT ABYX BHELLHWUX
(HhaKTOpOB BO3MOXHO UX 06 beANHEHUE, YTO NMPUBOAMT K CUTYaLUsiM, B KOTOPbIX CYLLECTBEHHOE 3HaYeHue
npuobpeTtaeT casurm no ase mexagy Bo3gencTBusMM. [locrnegHee MOXET MPUBOAUMTL K HOBbIM
adpekTaMm AUHaAMUYECKUX B3aUMOLEWCTBUIN B CUCTEMe, BMUSATb, B YAaCTHOCTU, Ha U3MEHEHWE PEXMMOB
AMHaMU4eckoro raweHus konedanum [5].

®)

OTmeTnMm, uTO koa=Kkgzb=

Il. UcknioyeHne KoopauHaThl Ys.
B cBolo oyepedb, MCMonNb3ys CTPYKTYPHYHO cxemy (puc. 2), Hamgem, 4To nepeaaToyHble
PYHKLMN NapumanbHbiXx cuctem (unu 6mokoB) MoryT 6biTb NpeobpasoBaHbI:
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1 _ m2 p2 + k2 +k3 (9)
(Mp? +ky +ky)—kob  (Myp? +ky +ko)(Myp? +kp +k3 —ky)
2
1 m2p +k2 +k3 (10)

(M3p? +kz+ky) —k,a - (M3p? +kg +Kg)(Myp? +Ky +Kg)—kE

CooTtHocs (9) n (10) ¢ 0coBEHHOCTAMN pacHETHON CXEMbl HA PUC. 2, MOXXHO OTMETUTb, YTO 3TU
BbIPXEHWNSA COOTBETCTBYIOT NepefaTouHbIM YHKLMAM NapumarbHbIX CUCTEM MO KoopauHaTam y; 1 ys

(puc. 3a, 6).

3

k= k=
I yz Iyz

my = =

Qi szE Q, m, k3§§
Iyl ‘ Iys

m, kEg m; k4§§
W%W'\Izl ﬁﬁw'\lz

Puc. 3. Pac4emHbie cxembl napyuasnsHbix 6510k08 nodcucmembi Kak pacdemHol cxembl Ha puc. 1

B cooTBeTCTBUM C pacyeTHbIMM cxemamu (pvc. 3) nepedaTouHble yHKLUMM MO Y, U Y3 UMetoT
BW, COOTBETCTBEHHO:

m2p2+k2+k3

Y1
Q (myp? +ky +ka)(Myp? +ko +kg) —k3
- 2
m +k, +k
W (p) =2 = 2P 1 T (12)

Qs (Myp?+kz+ky)(Myp? +ky +kg)—k2'

yTO NoaTeepxaaeT Toxaectso (9),(10) n (11), (12).
MpoBenemM npeobpa3oBaHus B NapLyanbHbIX Griokax CTPYKTYPHOM CXeMbl Ha pUC. 2 1 3aMnnLLEM, YTO
(P +kp +kg) } 1 (13)

(myp® +ky +ka)(mp? + Ky + ko) k3 myp%ks koks

m3p2+k4+

m2p2+k2+k3 m2p2+k2+k3

C yuetom (8) u (13), a Takke NpaBwui CTPYKTYPHbIX NpeobpasoBaHuii [2], MOXHO WUCXOOHYHO
pacyeTHyD CXeMy CuUCTeMbl Ha puc. 1 npeacTaBUTb B YNPOLLEHHOM BMAE, KaK CUCTEMY C ABYMsi
cTeneHsimu cBoboabl (puc. 4), HO B 3TOM Clly4ae UCKIIIo4aeTCcst KoopavnHata y, .

1ﬁ> Q. !i’ Q) !y_3> PN

M T R R R I
P k| [

Lk — k, H

g QO Q. Q

Puc. 4. PacdemHasi cxema UcxoOHOU cucmeMbl 8 yrpoweHHoOM gude
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OTmMeTuMm, YTO Npeanaraemoe ynpoLleHNe, kak HEKOTOPLIA METO/, OCHOBaHHBbIN Ha UCKIOYEHUN
KoopauHaTbl (B [JaHHOM crnyyae Y, ), MNO3BOMNSET MNPeACTaBUTb WCXOAHYIO pacHeTHYl CXemy ¢

HeTpaauUMOHHBLIX no3uuuii. MocnegHee CBsi3aHO C BBEAEHWEM B PacCMOTpeHVEe OBOGLLEHHbIX MPYXUH
[6], koTopble (puc. 4) paboTaloT B napaniienbHOM COEAVHEHWW C yNpyrumu anemeHTamu k; un k,.

Beenem o6o3HaveHns ons npuBeaeHHbIX XecTkocTen 0606LLEeHHbIX NPY>XUH COOTBETCTBEHHO!

2
= —gMeP”__ 14)
myp° +Ky +ksg
2
kj = kaMaP (15)

ms, p2 + k2 + k3
YTO KacaeTCsi NepeKkpecTHbIX CBsi3e Mexay napuvanbHbiMKM noAcuMcTeMamMu, TO OHWM chopMUpYyOTCS
yepe3 0606LLEHHYIO MPYXUHY, XKECTKOCTb KOTOPOW MOXHO ONMPeAenuTb
K’ = k2 k3
msy p2 + k2 + k3
O606LeHHas NpyxuHa oTNNYaeTcs, ecnv NMeTb B BUAY 06blYHbIE NPEACTABMNEHUs], TEM, YTO ee
XKECTKOCTb 3aBUCUT OT yacToTbl. [pn 3ToM 0606LLIEHHas NPYXMHA Ha ONpeAeneHHbIX YacToTax MoXeT
yBenuMuMBaTbCa [0 OonblMX 3Ha4YeHU (3anupaTtbCsi) MpPU  PE30OHAHCHbIX COOTHOLLEHUSX WK
yMeHblUaTbCa A0 Hynsa (Npu OTCYTCTBUM CUIT COMPOTMBIEHUs!). Bo Bcex ocCTanbHbIX OTHOLUEHMSX
0606LLeHHasn NpyxnHa BegeT cebs (umetoTcs B BUAy npeobpasoBaHus), Kak oObluHasa NpyxuHa.
PaccMoTpum HekoTopble AUHaMUYeckne ocCobeHHOCTM B YNPOLLEHHOM cucteme (puc. 4).
B nepByo o4yepeab, 3TO CBA3AHO C TEM, YTO B MapumMarnbHyl0 CUCTEMY (B CTPYKTYPHYHO CXEMY)
BBOJATCA [OMNOSHUTENbHBIE MPYXWUHbI (0606LLEHHbIE B JAHHOM Criydae) COOTBETCTBEHHO ki U Kj.

OnpegeneHne 3TUX XECTKOCTEN CBSI3aHO C Y4eTOM AUHaMWYECKUX B3aMMOOEWCTBUW, BbI3BaHHbIX

(16)

HanuueMm mexaHudeckon uenn (k,,m,,mz) Mexay aneMeHTaMmn ¢ Maccamu ml " m3 (puc. 5); oHa
COCTOUT M3 TPeX NOCrnefoBaTenbHO COeANHEHHbIX ANIEMEHTOB.

m3 - HanpasJenne
K KOHTaKTy ¢ m3

m

2

v}

-

lm - HanpaBJ/IeHHe

1 k KoOHTaKTY € M,

Puc. 5. PacuemHasi cxema 0nsi oripedersieHus napamempos 0606WeHHOU rpyXUHbI
8 COeOUHeHUU 3M1eMeHmMos8 My U my

OtmeTtum, 4TO Npu m, =0, CBA3L MeXy 3anemeHTamm m; U ms(puc.5) npeepauiaeTca B
NPY>XUHY C NPUBEOEHHOW }KECTKOCTbIO

kok
kog = =2, (17)
k2 + k3
YTO crniegyeT u3 BblpaxeHus (16) npy my, =0. Mpn aTom ki 1 kj NpUHMMAIOT 3HAYEHWS, paBHbIE HYMHO,

a cucTema npeepallaeTca B OObIYHYIO LEMHY0 MEXaHUYecKylo CUCTEMY C ABYMSI CTEMeHsAMMU cBOGOAbI.
Ecnu B Takoi cucTeMe BBECTM, Hanpumep, napansieflsHO HEKOTOPbIA YNpyruii 3neMeHT mexay
OCHOBaHMeM 1 Maccor m; (06o3Haunm ero yepes ki ), TO STOT anemeHT obpasyeT ¢ k; napannenbHoe
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COeVHEHME, TO eCTb, MO-CyLUecTBY, POPMMPYETCSA HOBasi MPYXWUHa C XeCTKOCTblo ki +ki, HO k{ He
nonagaeTt B CXeMy CUMOBOro B3aMMOAEWCTBUS Mexay m; U mg. AHamorMyHo, ecnv napannensHo K,
BBECTW (paccMaTpuBaeTcs YNpoLleHHass MOAenb CUCTeMbl Npu m, =0) ynpyruin anemeHt k; mexay
Maccol My M OCHOBaHWEM, TO MOJy4YMM Takom Xe aPMEKT, KaK 1 B OTHOLLEHUN my .

B oboux cnyyasix AONOMHWTENbHbIE YNpyrne 3nemMeHTbl (MNU CBA3M) BOWMAYT B CTPYKTYpY
nepeaaToyHbIX YHKUWIA NapunanbHbiX CUCTEM MO KOOPAWHATaM Yy, U Y, COOTBETCTBEHHO. OAHako, 3Tu
ANeMeHTbl He BXOASAT B nNepefaTtoyHylo (YHKUMIO MEepeKkpecTHoW CBA3W. Takass O0COOeHHOCTb
coxpaHsaeTcs u ans 6onee CrnoXxHbIX CUCTEM.

B dwmanyeckom cmbicne, BeedeHue ki wunu  k; U3MeEHsIET XapakTep [AWHaMUYEeCcKUX
B3aVMOLENCTBUIA MACCOUHEPLIMOHHBIX 3MEMEHTOB C HEMOABWXHbIM OCHOBaHMEM cucTembl (kopnyc
MaLLMWHbI UK pyHOAMEHT).

B ToXe Bpemsi, XOTA KoopaMHaTa Yy, W MCKMIOYaeTcs M3 npoLiecca NOCTPOEHNS CTPYKTYPHOW

CXeMbl, BIIMSHWE MaCCOVMHEPLIMOHHOIO 3MeMeHTa m, Y4WTblBAaeTcs MO ABYM KaHanam: 4epes CBA3b
Mexay SneMeHTamm m; U mz (MexkoopauHaTHble CBs3an k,a M kzb—puc. 2), a Takke udepes
0606LLeHHbIE YIpYrMe aNeMeHTbl C NPUBEAEHHBIMU XECTKOCTSMU, onpeaensieMbiMuU BblpaXeHusiMu (15),
(16). B paccmaTpriBaemMoMm criydae BHELHWE BO3AeNCTBUA Qp U Qg , Takke KaK U CMELLEHe OCHOBaHMs
Z; W Z3, ABNSAOTCA BXOAHBIMU CUrHaNamm no OTHOLLEHMIO K 3nemMeHTaM ¢ maccaMn m; n m; . Bmecte ¢

TeM, No KoopauHaTte Yy, OBWXEeHWEe He UCKIoYaeTcd, YTo obecneynBaeT gUHaAMUYECKME CBA3N mp U ms.

11l. O cBAA3N CTPYKTYPHbIX UHTEpPNpeTaLui.

PaccmoTpum BO3MOXHOCTM MOCTPOEHMS MepefaToyHbiX (YHKUMA OGOBLLEHHBbIX MPYXuH (B
AaHHOM Crnyyae >eCTKOCTeM) M3 CTPYKTYPHbIX 3neMeHToB cucTtembl (puc.1). Ons onpegenexuns
napameTpoB OOOOLLEHHbIX MPYXWH B COOTBETCTBUM C BblpaxeHnsmu (15), (16) Bocnonb3ayemcs
pacyeTHON cxemow Ha puc. 6.

1.(2)

a) y, 0)
Lk, _
F
r =
K, +k, 1 4 mjpz Y;
m,
-1
8) _
y
k,
k, +k, & 1 T mzlp2 :
E

Puc. 6. PacyemHasi u cmpykmypHasi cxembl 0715 orpedesieHusi napamempos 06006UWeHHbIX MPYXUH
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Ecnun B cucteme peanusyeTcst OAvH U3 BapuaHTOB CUMOBOIO UMW KMHEMATUYECKOrO BHELLHEro
BO3ENCTBMSA, TO ONIeMEeHT Maccoi m, HaunHaeT konebaTbcs, nockonbky Toukm (1) un (2),

npuHagnexatume afeMeHTam m; M m, NpuxoaaT B AswkeHue. MNpu 3TOM y; M y; MO OTHOLLEHMIO K
mexaHuueckon cucteme u3 Ko, ka,m, (puc. 6a) ABNATCA KMHEMATUYECKAMU BO3MYLLEHUAMU (M OHK

MOryT paccMaTpuBaTbCsi MO OTAenbHOCTM). [Ons Toro, 4Tobbl HaWTW AUMHAMUYECKYID Cury, KoTopas
[eNcTByeT Ha 3NeMeHT m;, MOXHO MOCTPOUTL CTPYKTYPHYIO CXEMy, KaK NnokasaHo Ha puc. 6 6, oTkyda

nepeaaTtoyHas PyHKUMA oT Yy no Fy (F - AMHaMuyeckas yHKUMS) onpeaennuTca JoCTaTouHo NPocTo,
€Cnn B CTPYKTYpHOW cxeme (puc. 6 6,8) BblAenuTb AOMOMHUTENbHOE 3BEHO C NepeaaToyHON yHKUMen
W (p)=1, Ha BbIXxoge KOTOPOro B To4ke (1) NposiBNsSieTcs AMHaMnyeckas peakuus Ifl . MmenHo ata cuna
OTOXAECTBNAETCA B PM3N4ECKOM CMbICIE C AeNCTBMEM 0D0BLLEHHON NPYXMHbI C XKeCTKOCTbIo (15).

R m, p2k
Wy (p)=t=—r2P 2 (18)
Y1 mgp®+ky +ks
AHamMOrM4YHbIM 06Pa30M MOXHO NOMYYUT

= 2
Fs My Pks
Wo(p)=—>=—— : (19)
Yy my, p~ + k2 + k3
Takvm 06pasoM, MexaHu4yeckas cucTema C TpeMs cTerneHaMM CBOBOALI MOXeT BbiTh ynpoLueHa
[0 cuCTeMbl C ABYMS CTeneHsMu CBOBOAbI METO[OM WCKTIOYEHUs MPOMEKYTOUHOM KoopaMHaThl (B
[laHHOM cryyae Y, ). MonydeHHble BbipaxeHus OBLUEro BMAA AMNs ONpefeneHns napameTpos CUCTeMb

JOnyckatoT nepexof K 0Obl4HbIM CUCTEMaM C ABYMSI CTeneHsiMM cBOGOAbl NPV BbIMNOMIHEHWMU YCIIOBUS
m, =0. BoamoxHOCTW npeobpa3oBaHWii OCHOBaHbl Ha BBEAEHUM W WCMOSIb30BaHWUM  MOHATUSA

0606LueHHas npyxuHa. 1o OTHOLEHMIO K TUNOBLIM 3fIEMEHTapHbLIM 3BEHbSAM B BUAE OObIYHbIX 3BEHLEB
(NPYXU1HBI, MacCOMHEPLUMOHHbIE M Ap.) 0b6obLeHHas npyxuHa sBnseTca 6roKoM CoeaMHEHHbIX Mexay
Cco6OoV TUMOBbLIX 3NIEMEHTAPHbIX 3BEHBEB CUCTEMbI; BMECTO MPY>XWH MOTYT ObITb UCNOMb30BaHbI N Apyrue
aNeMeHTbl M3 pacwmpeHHoro Habopa anemeHTOB BMOpO3alMTHLIX cucTeM. Bce Heobxoaumble
npeobpasoBaHUs ANs YNPOLLUEHNS UCXOAHOW pacHeTHOW CXeMbl OCYLLECTBNSAIOTCSA HA OCHOBE M3BECTHbIX
B Teopuu konebaHun NpuemoB BbiAeNeHUs napuuanbHbIX CUCTEM W MpaBUi KOMMOHOBKW W3 HUX
CTPYKTYPHbIX Mogdenen [2].

3aknroueHue.
OTMeTMM, 4YTO B oOnpedeneHMn napameTpoB AMHAMWUYECKOro B3aMMOOENCTBMS CO CTOPOHbI
MPOMEXYTOYHOW CTPYKTYpbl MO KOOPAVWHATE Y, BO3HVKAET HECVMMETPUS B 3HAYEHUAX NapameTpoB

0606LLEHHBIX MPYXWH (CM. BblpaxkeHns (15), (16)), 4To onpeaenseTcss He TOSNbKO OCOOEHHOCTAMU CTPYKTYpPbI
CaMOW CMCTEMbI, HO U, KaK MoKasbliBaeT TEXHOMOrVsA nonyyveHusi Boipaxenuii (19) u (20), dopmupoBaHmem
PasnMyHbIX AMHAMUYECKNX PeaKLMii B TOUKaX KOHTaKTa MPOMEXYTOYHON CUCTEMBI, TO eCTb Toukax (1) u (2).
BaxHbIM 006CTOATENBCTBOM AN 0BOCHOBaHWA MeToAa YMNpOLUeHUs sBRseTcs To, 4TO
BO3HUKAIOLME HECMMMETPUYHbIE AVHaMUYeckue peakuuu, CBA3aHHble C MOSBMEHVUSMKU [encTBUs
COOTBETCTBYIOLLMX OBOBLLEHHBIX MPYXWH, «PasHOCATCA» N0 MaccaMm My U my . OHM BXOAAT B CTPYKTYpPY

napunanbHbIX CUCTEM M; N M3 Ha TeX € OCHOBaHUAX KaK MPYXWHbl C yNnpyroctaMmun kl n k4. Yyer

YNOMAHYTbIX 0COBGEHHOCTEN OYeHb BaXeH, MNOCKOJIbKY Ha ero oCHoBe CTaHOBUTCA BO3MOXHbIM pelLleHne
3aayn nnun pasBdsKka HennaHapHbIX CBA3EN.
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SINGLE-CHANNEL DETERMINATION PROCEDURE OF POWER SUPPLY FAULT
FOR FAULT DETECTOR OF FATS (FAST ACTING AUTOMATIC TRANSFER
SWITCH) IN POWER SUPPLY SYSTEMS OF INDUSTRIAL ENTERPRISES

Gamazin S.1.%, Kulikov A.1.%°

1.2 National Research University "Moscow Power Engineering Institute”
Russia

Abstract

Power supply fault detection is a primary step in FATS operation and in view of significant increase of
operating speed of switching units it determines FATS full operating cycle time. At present time most
FATS use multi-channel fault detection procedure, because of that different supply faults affect different
parameters of power supply modes. And here a question appears: is it possible to find single-channel
procedures which will safely detect all possible types of power supply faults? The present paper includes
some reports about workings out spent by scientific group of the Moscow power engineering institute in
the field of fast acting automatic transfer switch devices.

Keywords: automatic load transfer, voltage dip, dynamical stability, power supply system, power networks.

Introduction.

Typical block scheme of industrial enterprise power supply system is given in fig. 1. Power
supply of first category consumers is carried out by two sources (electric system) ES1 and ES2. For
enterprises it is very important that these sources should be independent. Source independence means
that when three phase short circuit occurs on the first source busbar (e.g. ES1) the voltage on the other
busbar becomes lower but still remains on operating level.

Connection of enterprise to network is performed via head circuit breakers (HB1 and HB2)
which are the dividing point of material property accessory.

All equipment situated upper than head CBs, belongs to power network, the equipment situated
below belongs to power supply system (PSS). Power energy transfer to transformers (T1 and T2) in main
step down substation is carried out via two overhead lines 110 kV (AHV1 and AHV2). High-voltage
switchgear and substation transformers are generally situated in open air (AIS HV-110 kV) and low
voltage switchgear is of enclosed type with circuit breakers in switchgear bays (CS LV 10 kV). PSS 10
kV switchgear is divided on two sections connected by bus section breaker CB1, during normal operation
it is in open position. Set which includes input CBs (BB1 and BB2) and bus section breaker (CB1) is
combined into automatic transfer switch (preferably fast acting) which allows load switching between PSS
sections at power supply fault at one input.

It is possible to connect synchronous, asynchronous engines and other load to PSS. Second
level switchgears (SU-2) are generally being fed from PSS busbar (SU-1) from which engines and other
load are also being fed. SU-2 switchgear is also divided on two sections connected via bus section
breaker CB2. Set which includes input CBs (BB3 and BB4) and bus section breaker (CB2) is combined
into automatic transfer switch.

Transformer substations (TS) 10/0.4 kV are connected to the SU-1 and SU-2 busbars. In case
of double transformer substation FATS can be mounted on 0.38 kV busbar.

© Gamazin S.1., Kulikov A.l., 2012
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Main types of power supply faults.

The main reason of power supply fault is short circuit fault in power supply system and power
network. At any type of short circuit fault a voltage dips appear which affects all enterprise power consumers.

During short circuit at K1 point in the first section of substation SU-1 circuit FATS operation is
necessary for normal power supply recovery. However, as operation cycle time of FATS2 and FATS3 is
less than FATS1. FATS2 and FATS3 actuation occurs. After FATS1 actuation there will be normal power
supply in substation SU-1 and SU-2 restored via automatic recovery system. The worst case (for
consumers) is three phase short circuit fault, because voltage in the s.c. point equals to zero and power
supply of all switchgear consumers interrupts.

During phase-to-phase s.c. in K1 point direct sequence voltage comes to 0,5 Unominai (Unominal —
nominal voltage) and full interrupt of power supply does not occurt. At this voltage level electric motors
begin to decellerate but much slower than during three phase s.c.

168 = 18KA Es1 168 = 20kA
110 kV
KZE ? AHV1

e \3x150

T1 T2

PSS
BB1 FATS; BB2
10kv Busbar 1 . Busbar 2 10kv

SU-1
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o ¥ HB3 HB4| _
I Y a0 ¥ ¥ R+iQ,
05 4&
Ky % K,
3x120 ’/A @
08 SM1 AM1 SM2 AM2 3200 kW
BB3 BB4
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l Su-2
P,riQ,

3xlzoI I Y

0,4
s K A

Kg 5

AGI® ©
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Fig. 1. Typical power supply single line diagram of industrial enterprise
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During single phase s.c. in K1 point direct sequence voltage comes to 0,7 Upomina. At this
voltage level electric motors (asynchronous and synchronous) continue working properly.

FATS1 does not react to s.c. in point K4 as it is situated in substation SU-2 and TS circuit.
However, FATS2 and FATS3 must operate. And during s.c. in point K5 only FATS3 should operate.

Short circuit faults (in external supply circuits of point K2 K3 K5) approve themselves as voltage
dips which effect all power supply system elements and can cause loss of stability of electric motors;
contactor disconnection in low voltage supply circuits; tech process control system interruptions and
operation of converter's protection systems of electric motors supply circuits. Consequently during all
voltage dips caused by external s.c. it is preferably that FATS will operate because full cycle time FATS is
much less than s.c. break time. During s.c. in point K2 it is possible that all three FATS will operate,
during s.c. in point K3 and K6 — FATS2 and FATS3 will operate. After breaking external s.c. with
adjustable time delay the recovery of normal power supply can begin.

One more power supply fault type is switchgear head CB unauthorized opening. After opening
of HB1 all three FATS will operate, after opening of HB3 FATS2 and FATS3 will operate and after HB5
opening only FATS3 will operate.

New generation FATS prototype.

FATS with microprocessing fault detector is new generation FATS. Operation of this FATS is
carried out in the following way. An instantaneous magnitude of first (Uags1, Usc1, Uca1) and second (Usaz,
Usc2, Ucaz) Switchgear section line voltages via voltage transformers is being continuously measured. Via
current transformers there are being measured instantaneous magnitudes of phase currents on first (ia1,
is1, ic1) and second (iaz, is2, ic2) sections. Measurement results enter the analog to digital converter (ADC),
where continuous voltage and current values are converted into discrete series with discretization interval
of 1200 Hz. (24 points on frequency period).

Discrete series are being transferred to microprocessing unit of fault detector where
measurement results are converted into output current (I; and Iz) and section voltage (U; and Uy)
complex values. Direct sequence current liq (I1) and voltage Uipusbarz (Uzbusbarr) RMS values are
allocated from them.

Then operation of FATS fault detector is provided via program processing of measurement
results of the following three units: direct sequence power direction or minimum current through input
CBs of switchgear sections; switchgear section minimum voltage with Usandgby preset value; angle 812
between direct sequence voltages of the first and second switchgear sections, with dsand.by preset value.

First unit is a switch: it switches the FATS operation capability. If direct sequence power is
transferred from source to load and input current values exceed minimum current value than FATS are
not allowed to operate. But in case power has changed its direction (from load to source) or some input
current became less than current preset value Isangby fault detector allows FATS operation. In order to
create a signal to open input CB and close bus section breaker there must be some conditions provided.
Either section line voltage obeys to the following inequality: U<Usand.by OF angle obeys to the following: 81>
> 6stanel-t:uy-

Introducing of max. sensitivity angle

Re(Upy -l -e71%1) >0, 1)

during power direction detection provides FATS unit operation during nonsymmetrical s.c. in source circuits.
Single-channel fault detector operation procedure for third generation FATS during symmetrical
conditions in power supply system
The new operation procedure of FATS fault detector for power supply fault detection is based
on detection of input phase power values sign:

TA :Re(LE'IA'e_jm) (2)
Tg =ReUnc ‘Ig -€71™) )
TC = Re(lﬂ . |C .e—j(/JfT‘S) (4)

which represent a multiplication of line voltage vectors by opposite phase current adjoint vector taking
into account maximum sensitivity (ms) angle [1].

143



Science and Education December 18th—19th, 2012. Vol. I

Input phase power values represent a line combination of active (P) and reactive (Q) power in
this phases. During symmetrical conditions (fig. 2) power values of all three phases are equal and can be
present as:

Ty =Qq-COS@g + Py -SiN@ g, )
where P1 and Q1 — are active and reactive power of the first input. Because of the maximum sensitivity
angle it is possible to change part of active and reactive power in line combination. When it is positive

value, power has direction from source to load. When it is negative value power has direction from load to
source.

=

Fig. 2. Current and voltage clock diagram during power supply symmetrical conditions

At normal conditions active and reactive power has positive direction and thus T1 power will
have positive direction too. During three phase s. c. in section supply circuit (K1 point in fug. 1) active and
reactive power changes its direction to negative and thus T1 also changes its direction to negative and it
can be a signal for FATS operation.

During three phase s. c. in the point below FATS installation (i.e. K3 and K6 points in fig. 1)
active and reactive power does not change its direction and thus power T1 (through input CB BB1)
preserve its direction and FATS doesn’t operate. Thus during symmetrical conditions power direction acts
a switch role, which can turn off FATS (positive direction) or turn on FATS (negative direction).

In order to increase device reliability it has been suggested to check out from situations when |
=lg = Ic=0 and Uag or Ugc or Uca equals to zero and power direction T1a , T1g , Tic becomes indefinite.
Therefore comparison la, Ig, 1c< lstang-ny Where lswanda-by iS specified minimum current is been preliminary
implemented and if this condition is fulfiled then an unauthorized CB opening has taken place in supply
circuit and it is necessary to transfer load to a spare source.

Another extreme situarion occurs during close to busbar three phase s.c., when section line
voltages are close to zero and (2-4) becomes indefinite. Then, if:

|UAB| < Ustand—by or |UBC| < Ustand—by or |UCA| < Ustand—by J

Then in expression (2-4) the following spare section line voltages are being accepted as
corresponding line voltages:

UAB = UABSS; (6)
Ugc =UpcSS, @)
UAC = UACSS; (8)

where Uagss — voltage of spare source busbar and etc.

Thus during symmetrical conditions power direction acts switch role, which can turn off FATS
(positive direction) or turn on FATS (negative direction).

FATS fault detector operation procedure during symmetrical conditions in power supply system.

Let us check if during nonsymmetrical s. c. procedure based on power direction detection
according to (2-4) expressions will work. For that end we will analyze switchgear power supply scheme
fragment with FATS installed given in fig. 3.
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Fig. 3. Power supply diagram fragment with FATS unit

During nonsymmetrical s. c. in supply circuit (K1 point) at least one power direction changing
must take place according to (2-4) which will cause a signal for FATS actuation. During s. c. in outgoing
circuit from switchgear section (K2 point) direction of the power must not change and FATS will be
closed. s. c. Let us consider phase-to-phase s. c. between “B” and “C” phases as nonsymmetrical.

During s. c¢. in K1 point according to current and voltage clock diagrams we will get the
following:

Ta =Ugc -la -SiN(@p+ ¢ ) 9)
TB = _UCA . lB ~Sin(0rm (10)
Te =-Upg ‘lc -Singg 11)

Tgs and Tc power values have changed to negative which testifies to change of power through
input CB direction and fault detector will generate a signal for FATS actuation.

As during phase-to-phase s. c. first section voltage level equals to zero Ugc =0, we will accept
respective spare section voltage as a first section one Ugc=Ugcss and Ta power will save positive
direction.

During s. c. in K2 point according to (2-4) we will get the following:

Ta =UgcSs: A - SiN(@ + ¢ng ); (12)
Tg =UcaSS g - SiN@pg (13)
TC = UBASS'lc -Singoms y (14)

Ta, Te and Tc power values still have preserved their positive signs, which indicates
permanence of input CB power direction and FATS will be closed.

Thus, during near busbar phase-to-phase s. c. the determination procedure for FATS operation
based on power value sign (or direction) through the input CB according to expressions (2-4) is able to work.

Let us formulate the final single-channel procedure of FATS operation [2]. After measurement of
the analog current values in each substation input, voltage on each section and conversion analog
signals into digital ones the match conditions between phase currents and minimum permissible current
Istana-by @re being checked.

If on the one substation input there is:

Ia <lstand-by OF I <lstand—by OF lc <Istand—by - (12)
and on another input correlation of phase current is quite contrary than FATS operation signal is being generated.

If on the switchgear section inputs phase current correlations are contrary, e.g. the following
conditions are being implemented:

Ia > lstand—by and Ig >lstand—py and Ic > lstand-ny (8)

than input power values are being calculated according to (2-4) expressions.
When some line voltages are less than U,, the corresponding spare section line voltages are
accepted as line ones. After that power signs are checked according to (2-4). If on one input at least one
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power has changed its sign to negative and on another input all power values are positive then FATS
operation signal is being generated.

Conclusion.

FATS microprocessing unit procedure based on single-channel fault detection principle (from
main source) according to power direction change has been offered. That will decrease time needed to
react on power supply fault.

In order to increase device reliability it has been offered to check out from such conditions when
la = Ig = 1c=0 and Uag. or Ugc or Uca equals to zero and Tia, T1g, Tic  power sign becomes indefinite.

Many experiment-calculated researches of scheme given on fig. 1 and oil-refining enterprise
have confirmed reliability of all fault detection procedures according to offered single-channel FATS
operation procedure.
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WAYS OF INCREASE OF DIMENSIONAL STABILITY AND ERGONOMICS
OF CLOTHES

Girfanova L.R.®
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Russia

Abstract

The concept of dimensional stability applicable for clothes is formulated, the component maintenance of
stability of form for mobile, multicomponent covers is developed. It is revealed that for clothes the
necessary qualities defining its dimensional stability, are the set level of resilience and high restorability in
use. The analysis of inconsistent features of design and clothes production from knitted cloth and leather
is carried out. Highly ergonomic material — knitted cloth, allows realizing in fitting clothes the principles of
ergonomics of any level, but thus, possessing high restorability, it doesn't possess necessary level of
resilience. However leather characterized by high resilience to operational loadings, possesses low
restorability. The combination in fitting clothes of knitted cloth and leather opens unique opportunities for
creation of ergonomic clothes’ dimensional stability.

Keywords: dimensional stability, ergonomics, clothes design, technology of goods from knitted cloths,
technology of leather goods.

AHHOTauunA
CcopmynupoBaHo NoOHsTUE  (DOPMOYCTOMYMBOCTM, MpPUMEHMMOe [Ans  ogexabl, paspaboTtaHo
KOMMOHEHTHOE cogepXaHue cTaburnbHoCcTM OpMbl ANS NOABUXKHBLIX, MHOFOKOMMOHEHTHbIX 0BoroYek.
BbisiBnieHo, 4To Ana odexabl HeoBXoaNMbIMU KayecTBaMu, ONpeaensiowmmMm ee hopMoyCTONYMBOCTb,
ABMSOTCA 3a4aHHblii YpOBEHb COMPOTUBIISIEMOCTM M BbiCOKasi BOCCTaAHaBMMBAeMOCTb B Mpouecce
akcnnyaTtauuu. MNpoBefeH aHanua NpoTMBOPEYMBBLIX OCOGEHHOCTEN MPOEKTUPOBAHWUS U U3rOTOBMEHMS
ofexabl U3 TPUKOTAXKHOIO NOMOTHA U KOXWU. BbICOKO 3proHOMUWYHEIN MaTepuan — TPUKOTaXHOE MOMOTHO,
Mo3BOSISIET peann3oBaTh B Npureratoliein oaexae npUHUMNbLI 3proHOMUYHOCTU NOGOro YPOBHS, HO Npu
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aToM, obnagas BbICOKOW BOCCTaAHaBNMBAEMOCTbIO, OH He obnagaeT HeobxoOWMbIM YPOBHEM
ConpoTMBIAEMOCTN. O[JHaKO KOXa, Xapaktepusyemas BbICOKOM ConpoTmnBNAEeMOCTbIO K
3KCMnyaTauMoHHbIM Harpy3kam, obrnagaeTt HU3KOW BOCCTaHaBnNnBaemocTblo. CoveTaHve B npuneraroLLemn
ofexae TPUKOTAXHOIO MOMIOTHA M KOXM OTKPbIBAeT YHUKamnbHble BO3MOXHOCTU AN CO34aHus
3ProHOMMYHON HOPMOYCTONYMBOWN OOEXAbI.

KntoueBble croea: (*)OpMoyCTOVI‘-WIBOCTb, 9ProHOMUYHOCTb, MNPOEKTUpoBaHME oneXObl, TEeXHONOorna
n30enum n3 TPUKOTaXKHbIX MONOTEH, TEXHOMNOMNS U3LENUIA U3 KOXN.

DOPMOYCTONYMBOCTL — 3TO BaXHas XapakTepuctuka obbekTa, KoTopas He MMeeT YETKOro u
OOHO3HaYHOro ornpefereHns, SABNSAILWErocs yHWBepcasnbHbiM Ans nobbix BUAOB 06bekToB. TecHo
CBA3aHbl C 3TUM MOHATMEM BOCCTaHaBNMBaeMOCTb (POPMbl W pa3MepoB, COMPOTUBISIEMOCTb
3KCNNyaTauMoHHbIM  Harpy3kam, ¢OpMyemMoCTb W >KECTKOCTb MaTepuanoB. [l1osTomy KpuTepui
HOPMOYCTONYMBOCTN [OIDKEH YYMTbIBATL MOKa3aTenu COMPOTUBIISEMOCTM W BOCCTaHaBIMBAEMOCTU
maTtepuanos. Npy AeNcTBUM pacTAarvBaroLWmMX Harpy3ok 3TM CBOWCTBA Hamboree MOMHO OTpaXalTcs B
AeOPMaLMOHHBIX XapaKTepUCTUKaX: COMPOTUBISIEMOCTb OBpaTHO MPOMNOPLMOHAnbHa PacTSXUMOCTH,
BOCCTaHaBNnBaeMocTb 06paTHO MponopLuMoHaribHa BefWYMHE OCTaTovHOM AedopMmaumm uU NpsSMo
nponopumoHanbHa BenuuuMHe Jonu 6bicTpoobpaTtumont gedopmaumun. lpu AENCTBUMM  CKUMAOLLUX
Harpy3oKk COMpoTUBIAEMOCTb XapakTepuayeTcs KECTKOCTbIO, BOCCTaHABNMBAEMOCTb — CMUHAEMOCTbIO.

[danee ¢opMOyCTOMYMBOCTb paccMaTpuBaeTCsl, Kak CMNoCOOHOCTb OObeKTa COXpaHsiTb CBOE
repBoHavanbHOe COCTOsiHME B Npouecce BO3AEWCTBMA Ha Hero aKCMnyaTauMOHHbIX MEXaHWYecKux U
PU3UKO-MEXaHNYECKNX (DaKTOPOB M BOCCTaAHaBNMBaTb CBOE MepBOHAYarbHOE COCTOsHWE Mocne
NCYE3HOBEHUSA OEWNCTBMSA BO3MYLLEHUA 3adaHHOro Tuna. Takum obpasom, n3 onpeneneHust NoHATUS
(HOpPMOYCTONUYMBOCTU CriedyoT ABe €€ COCTaBMSALWMX — CONPOTUBNAEMOCTb U BOCCTAHABMUBAEMOCTb.
BoccTtaHaBnmMBaemocTb Bcerga AofmkHa OblTb BbLICOKOM, YTO OLEHMBAETCH BEMUYMHOM OCTaTOYHOMN
Aedopmauum nNpu pacTseHUM U CMUHAEMOCTUM — MpU CXMMaILWNX Harpy3kax, COnpoTUBNSEMOCTb —
pasnunyHa Ha KaXaoM yvacTke oAexabl B 3aBUCUMOCTY OT AENCTBYIOLUMX Ha HEM OeOPMUPYIOLLIMX CUI 1
HeobxoammocTn obecneyeHns cBoGOAbl AbIXaHUS WU ABWKEHUS, U OLEHWBAETCH PaCTSXMMOCTbIO Npu
pacTArMBaloLLMX N XECTKOCTBIO — MPY CXUMALOLLMX Harpy3kax.

TpukoTaxHble n3genus, Gnarogaps CBoen anacTUYHOCTM, YAOOHbI B 9KCnnyaTaumm, HO UMEHHO
3NaCTUYHOCTb TAKOro Martepuana co3gaét TPyaHOCTWM B MpoLecce Npov3BOACTBA OAEXAbl W NpuaaHus
€My CBOWCTB (pOPMOYCTOMYNBOCTH.

M3genna u3 TpukoTaxa MOryT ObiTb BA3aHble, KPOEHble M3 YCTOMYMBBLIX XakkapAoBbIX W
OCHOBOBSI3aHbIX MOSIOTEH, KPOEHble W3 NErkux LWENKOBbIX MOoMnoTeH [1], KpoMe TOoro, TPUKOTaXHble
nonoTHa NoapasfenstoTCa Ha TPY rPYNMbl PACTSKMMOCTU, YTO Takke OMKTYEeT HEKOTOPble 0COBEHHOCTU
06paboTkn n3genuii u3 Hux [2].

Mpu n3roToBNEHNM oaexabl U3 TPUKOTAKHbLIX MOMOTEH Yallle BCEero UCrnonb3yeTcs cneumansHoe
obopyaoBaHue, NO3BOMSAKLLEE BbIMOMHATL 3MACTUYHBIE CTPOYKU. OnacTUYHBIMU CTPOYKaMu TpyaHee
3akpenuTb Adedhopmaumio getanu Mo cpesy (Hanpumep, nNocagky), a NPUMEHEHWEe HepPacTAXKUMbIX
CTpOYeK He Bcerga AaéT AnuTenbHbIA adhdekT.

Ons nonoteH nepeon u BTOpow rpynn pacTsbkumoctn (8o 100%) NpUMeHWMbI KreeBble
NpoKnagoYHble MaTepuarnbl, HO TONMbKO B TOM Cllyyae, €Cnu martepuan MMeeT AOCTaTOYHO NIIOTHYH
CTPYKTYPY, a AeTanb Unn eé yyacTtok He ByayT noaBepratbCs pacTsKEHMWI0 B Mpouecce aKcnnyaTauuu.
LUHWWLLM pekomeHayeT npukrnevBaTb MPOKMaAKy C KNeeBbiM MOKpbITUEM 6e3 yBnaxHeHus, a nobble
NpoKnagoYHble MaTepuanbl OOIMKHbI UMETb ycanky He 6onee 2%, B NPOTVBHOM Cllydae OHW LOSKHbI
npeasapuTenbHO 3amaunBaTbes [1].

Mpn M3roTOBNEHWWM W3AENUA N3 TPUKOTEKHBLIX MOMOTEH TpeTben rpynnbl PacTSXKUMOCTU
HeobxoaMmo obecneynTb YCTOMYMBOCTL KPAEB U3AENNs, HE HapyLlasi NpyM 3TOM 3NacTUYHOCTU U3Lenus
B LUENoM. OTO MOXeT ObiTb 0becrnevyeHo NpUMEHEHWEeM COOTBETCTBYHOLLErO 060pyooBaHUsl, KOTOpoe
Nno3BoMnsieT MpPoun3BOAUTbL 00paboTKy anmacTU4YHbIMKM CTpodkamu [2]. Takue m3genusa B rotoBOM Buae
UMeLOT NMOCKY hOPMY M Yalle OCHOBaHbI Ha MIIOTHOM MpureraHun K Teny yenoseka. [nsa noBblLEeHNS
(HOPMOYCTOMYMBOCTU TaKUX TPUKOTAXKHBIX W3OENUIA, MUCNOMNb3yeTcs MNOMNepevHoe 3ayxeHuwe. Ho aToT
cnocob 3akpenneHus NMHenHbIX gedopmaumnin AeTanu B M3aenum NnyTém yMeHbLUEHUS pa3MepoB AeTanum
OTHOCUTENbHO COOTBETCTBYIOLLMX PasMepoB Tena NpYMeHNM TOMbKO Ha yvacTkax MnoTHoro obneraHvs
usgenvem Tena venoseka. Ha yyacTkax, raoe usgenue He comnpukacaeTcs C Tenom, 3ayXeHue He JaéT
nonoxuTenbHoro addekTa, a BbI3bIBAET NULLb MWCKaXXeHWe pasMepoB W opmbl M3genus, Toraa
HeobXxoAMMbI creuuanbHble crnocobbl 3akpenneHns dhopmel [3, 4].
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TpuKoTaXkHbIE N3aenms Takke MOryT ObiTb U3rOTOBMEHbI U3 KYMOHOB, KOTOPLIM (hopMa NpuaaéTcs B
npouecce BA3aHWA AeTanen nyTéM U3MEHeHUst NepenneTeHus, BBEAEHNEM HUTEW PasHOM 3nacTUYHOCTWU,
acoHHOW Npsbkn. B aTom cnyyae Heo6x0aMMO TOMBbKO COeAMHUTL 3TN AeTanu B usgenuve.

Takum o06pa3om, cosgaHne opMbl 3NACTUYHBIX U3AENUA U3 TPUKOTEXKHOTO MOMOTHa
OCyLLEeCTBMAETCA Tpems BuAaMuM BO3OEWCTBUN: (DU3NKO-MEXaHUYECKUM, MeXaHW4Yeckum U uanko-
XMMUYECKMM, HO NPW 3TOM OrpaHUYeHO 1CMofb3oBaHue Bnarn. 3akpenneHme popMbl Takke BO3MOXHO C
NPUMEHEHNEeM Tpex BWAOB (PUKCUPOBAHUS: TEPMUYECKOrO, COEAVMHEHUAMW U MPUKIagHbIMU
matepvanamMmu, TEepMUYECKOro C MWCMOMb30BaHMEM XMMUYECKUX cpedcTB. Ho kpome orpaHuyeHus
MCNONb30BaHUs Briarn npu UKCMPOBaHWM OpMbl, HEOOXOAMMO TLlaTenbHO noabupaTb Khneesble
maTtepuansl. OcobeHHOCTbI0 PopMOOBpPa3OBaHNA TPUKOTAKHBLIX U3AEMNUN MOXHO CYATaTb COBMELLEHWEe
NPOLIECCOB CO3aHNs U 3aKpenneHns opMbl Ha 3Tane U3roTOBIIEHNS MOMOTHA UMW KynoHa AocTuraeTcs
BBEAEHMEM HUTEN onpeaenéHHon pacTsSXKMMOCTHU.

Opexaa M3 KOXM OTNMYaeTCA BbICOKOW WM3HOCOCTOMKOCTBIO UM 4acTO CPOK CryxObl Takux
n3genuin onpepenseTcs CoxpaHeHueM nepBoHayanbHoW dopmbl. B ogexae koxa MoxeT ObiTb
MCMonb3oBaHa Kak B KayecTBe OCHOBHOrO marepuana, Tak U B BUAE KOHCTPYKTUBHO-AEKOpaTUBHbIX
aneMeHToB. [Mpy NCNONb30BaHWUN KOXM U KOXKEBEHHBIX OCTATKOB B [EKOPATMBHbIX 3MeMeHTax, n3unko-
MeXaHW4Yeckne CBOWCTBA KOXW He CTOMb BaXHbl, KaKk B KOHCTPYKTUBHBLIX 3feMeHTax oAexabl.
KOHCTPYKTVBHbIE 3NEMEHTbI U3 KOXM, Kak NpaBuno, cnyxaT U AeKopaTUBHbLIMW, HO NPU 3TOM (OU3UKO-
MeXaHW4Yeckne CBOMCTBA BbIXOAAT HA NepBOE MECTO Kak onpegenstowme opMoyCTONYMBOCTb N3OENUS.

B MecTax MHOrOKpaTHOrO pacTsPKEHUs! U3aenue BbITAMMBAETCS, YTO 0OYCMNOBIEHO MNACTUMHOCTLIO
KOXW, @ Ha yyacTkax, rae MMeKTCS CKUMatoLLme Harpysku, Ha HeW OCTaroTCs CKIagKM U 3aMuHbl, KoTopble
TaKke yxygwaloT BHEWHWN BuA usgenus. Takve pedektbl B 060MoYKax M3 TEKCTUIbHBIX MaTepuanos
[OCTaTOYHO NErko YCTPaHSTCS C NMOMOLLBIO BAXKHO-TEMNOBOW 06paboTku, HO ANst KOXWU NOAOOHbIE PEXUMBI
06paboTKkM NPaKTUYECKN HEMPUMEHUMbI, TaK KaK 3TO HaTypanbHbI 6EnKoBbI MaTepuann.

B npouecce npou3BoacTBa OdexAabl M3 KOXM ONS co3daHus hOpMbl Yalle WCnonb3yeTcs
MexaHn4eckoe BO3AENCTBUE, BbIPXKEHHOE B YNIeHEHUN AeTanemn n BBe4eHUN KOHCTPYKTVBHbBIX SMEMEHTOB,
KOTOpOE OMpaBAaHO eLUE U TeM, YTO B TaKUX U3OEnusix OCTaTOMHO MHOMO COeaMHUTENbHbIX LWBOB [5-7].
CnepoBaTtenbHo, 4Ns U3OENNS N3 HAaTyparbHOM KOXW BaXXHO 3aKpenuTb nosydeHHble hopmel [8].

lMpn nsrotoBneHnn n3genuin n3 koxun nbas Tennosas obpaboTka npon3soanTca 6e3 yBnaxHeHus
W napa, C M3HAHOYHOW CTOPOHbI, C WCMOMb30BaHMEM CyXOro Xron4yaTtobymakHoro martepuana wu npu
HEBbLICOKMX TemnepaTtypax. [ns TOHKMX KOX (0O 2 MM.) LUMPOKO WCMOSb3YITCA KIeeBble NPOKNaAoYHble
mMatepuanbl [5,9] ¢ Hu3kon Temnepatypon nnaeneHus knes (80-90°C). [Ona TOHKMX M 3NACTUYHBIX KOX
ncnonb3ytotca kneesowt ormzenud H200, H250, ana 6onee NMoOTHOM U TOMCTON KOXWU — TePMOTKaHb. O4veHb
NrOTHbIE U HEMOAATNMBLIE KOXW B MEHbLLEN MEpPEe HYXOalTCs B NMPUMEHEHUN MPOKIaA0YHbIX MaTepuarnos.
Cpesbl feTanen oT pacTshKeHUst MOXHO NPefoXpaHsiTb C MOMOLLbIO MaTepyarnos Tuna nevkonnactbips [5, 10],
TEPMOKIEEBOWN KPOMKOIN Pa3fnyHbIX BUOOB U3 HETKAHOro HATEMPOLLMBHOMO MaTtepuana [5).

Ona nosbileHns ¢opMOYCTONYMBOCTU U3OENUN U3 KOXM MNpeanaraeTcsa Takke NPUMEHSTb
KonnareHcogepXaiune matepuanbl, KOTOpble MOXHO WCMOMb30BaTb Kak B BWAE MacTbl, HAHOCMMOMW Ha
MoOBEPXHOCTb MaTepuanoB unNM OObEMHbIX AeTanew, Tak M B Buae OTAenbHbIX (OPMOBAHHBLIX
NPOKNagoYyHbIX AeTanen, KoTopble N3roTaBNMBaTCA METOAO0M IKCTPY3nK, NpeccoBaHnsa unm nutes [11-12).

Cnocobbl co3fgaHus 1 3akpenneHust GopMbl U3JENUiA U3 HaTyparnbHOM KOXM 3aBUCAT OT
accopTUMEHTa W YCMOBWUIA 3SKCMnyaTauuu OAeXAbl, CBOWCTB KOXMW, KOTOpPble ONPEeAEensitoTCsi CbIpbEM,
TOMLWMHON, cnocobom BbiAenku [5].

Takvm obpasom, npu ob6pa3oBaHUM K 3aKpenneHnun opMbl B M3AENUSX N3 KOXM TaK Xe, KaK 1
ANS N30ennin N3 TPUKOTAXKHOTO MOSOTHA, OFPaHMYEHO UCMONBb30BaHUE BNaru, KpoMe Toro, hOpMOBaHHbIE
AeTanun n3 KoXu nocrne 3akpenneHus opmbl, 0b6nagasi BbICOKOW CONMPOTUBIISEMOCTbLIO, TEPSAIOT CBOMCTBA
BOCCTaHaBNMBaAeMOCTW, 4YTO 3aTpydHSeT BOCCTaHOBMEHWe MepBOHaYanbHoW ¢opMbl B npouecce
aKcnnyaTaumMmn ogexabl. Mcxoga v3 Yero, M Ans KOXWM U ANs TPUKOTAXKHOrO MonoTHa BbibpaH cnocob
dopmoobpasoBaHusi, He TpebytoLLMIn NOCneayoLLEro 3akpenneHms opmbl

lMpmepoM MaTepmana C BbICOKOW COMPOTUBMSAEMOCTbIO MOXeT OblTb koxa, a
BOCCTaHaBNMBAEMOCTU — 3NacTUYHOE TPUKOTaxHoe NomnoTHO. [lpu coyeTaHum 3TUX maTtepuarnos B
nakeTe Ha OCHOBE TPUKOTAXHOrO MONoTHa, Koxa ByaeT OCHOBHbLIM (ZOMWHUPYHOLLMM) KOMMOHEHTOM Mpu
co3gaHuM  opMmbl, Kak cospawlas u  yaepxuBawowas gopmy obonoukn. Ons coxpaHeHus —
TPUKOTaXKHOE MOSIOTHO, Kak Bonee anacTUYHbIN MaTepuan, BOCIPUHUMALOLLMIA Harpy3ku, T.e. CNOCOGHbIN
ObICTPO pacTArMBaTbCA U CXMMATLCH, COKpaLLas TeM cambiM OCTaTOYHblEe AedopMaum nakeTa.

M3noxeHHble MPUHUMMBI NMOBLILEHUS COMPOTUMBASEMOCTU OOEXAbl U3 TPUKOTAXKHBIX MOMOTEH
peanu3oBaHbl B ogexae Ans noapocTtkoB (pucyHok 1). 3oHa 1 cchopmmpoBaHa Ha ydacTkax rokanbHOW

148



Science and Education December 18th—19th, 2012. Vol. I

[OVMHaMUYecKoW Harpysku M ee 3agada — nepepacnpefensaTb Bo3aeicTeue Ha Gonbluylo nnowags,
CHMXXasi TEM CambIM HanpsbkeHWe B oAeXae HernocpeACTBEHHO Ha YpOBHEe NOKTA unu koneHa. O6nactb
Tanuu B Mpureralolen oaexae M3 TPUKOTaXKHBLIX MOMOTEH MOABEPraeTcs Harpy3kam pPacTsKEHWUs Mo
FOPU3OHTaNM U CXaTua Mo BepTUKanu, NoaToMy 30Ha 2 chopMMpOBaHa C YYE€TOM HarnpaeneHHOCTU U
XapakTepa BosaeicTsuii. OHa COCTOUT U3 KOXXaHbIX AeTarnei, HaCTPOYEHHbIX Ha TPMKOTaXKHOE MOSIOTHO C
3a30pamu, NO3BOMSAOLLMMU U3OENNI0 PacTArMBaTbCA B 06G1acTU Tanum Ha BEMUYMHY, HEOBX0AUMYHO Ans
[ObIXaHWA, U BEPTUKamNbHO PacronoXeHHbIE Perefintbl B 3TUX AETansX He NO3BOMSIOT CXUMATLCS OOexae
B 9TOM HampaBfieHuM Mo Tanuu. 30Hbl 3 — XECTKOCTM — DOPMUPYIOT OMOPHY MOBEPXHOCTb U
obecneuynBatoT nocagky U3Lenus, He No3BossAs eMy Ha 3TUX y4acTKax pacTarMBaTbcs U TepsiTe (hopMy.

1/}

PucyHok 1 — Ocku3 kocmioma 0ns modpocmka:
1 — yyacmku nepepacnpedeneHust ToKkaabHOU Hagpy3Ku;
2 — yyacmku rnoebiWeHHoU conpomusensieMocmu, 3 — ydacmku rnoebiueHHOU xecmkocmu
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r)

Puc. 2. Modenu apa2oHomu4HOU nodpocmko8ol 00ex0b!

Mogenu ofexabl, pa3paboTaHHble C Y4ETOM MPUHLIMIOB 3PrOHOMWYHOCTU OfEXAbl, OCOGEHHO
aKTyanbHbIX 45151 TOAPOCTKOB, MO3BOMSIOT UCMOMb30BaTh NPU X U3FOTOBMNEHUN KOXY,

Takvum ob6pa3om, paspaboTaHa npunerarowas 3proHoMuyHas opMoycTonuMBas ogexaa u3
TPUKOTAXHOrO MornoTHa 6e3 MCMonb3oBaHWS MPUKNAAHbIX MaTepuanoB W XMMWUYECKMX CPeACTB Ha
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NPUBbLIYHOM OOOPYLOBaHWU C NPUMEHEHWEM MNPOCTbIX MPUEMOB U METOAOB W3rOTOBMEHMS LUBEWHbIX
nsgenuin. B kavectBe maTepuanoB, obecneumBatoLMX COMPOTUBIASIEMOCTb, MOXET WUCMNOMb30BaTbCA U
NPOAYKUMNS TEKCTUMBHOW MPOMBILLIIEHHOCTU, KOTOpas B 3aBUCUMOCTU OT ocobeHHocTen mogdenun bydet
obecneunBaTtb 1 aekopaTUBHbIN 3EKT.

Jlerko 3ameTuTb, YTO MPW BbINOMHEHUM YENOBEKOM pPasfiMUHbIX ABWKEHUA, a Takke BO Bpemsi
x0Ob0bl OTAEerNbHble pasMepbl Tena U3MEHSIITC B 3HaYUTeNbHO OOornbLUei CTeneHw, Yem Mnpu OblXxaHuu B
CMOKOMHOM COCTOSIHUW. Tak, Hambornblume W3MEHEHUsI MPOAOSbHBLIX Pa3MepHbIX MNPU3HAKOB TyroBuLLA
oTMeYaloTCa MpU NOABbEME W KPYrooOpasHbIX ABUXEHUSX PyK. M3MeHeHust pa3mepoB nosica HUKHMX
KOHEYHOCTEM — MPU HaKoHax Tynosuvwia Brneped. V3ameHeHWs mnonepeyHbIX MPU3HAKoB — MPW HaKMoHax
TynosuLLa 1 nogbemMe pyk. Takke USMEHeHUst NPOUCXOAAT MPU CTMBaHUM HYXKHUX U BEPXHUX KOHEYHOCTEN.

Bonblioe 3HaveHne AN NOAPOCTKOBOW OAexAdbl UMEIOT cuiyaT U dopma, KOHCTPYKUUS ee
JormkHa obecnedmBaTb CBOOOAY ABWXEHUS, OblXxaHuUs U KkpoBoobOpaleHus. BepxHsas ogexaa gorkHa
ObITb TENmnow, Nerkow, He CTECHSILWeN ABMXKeHus. TecHas, NNOTHO obnerawlasa oaexaa caasnueaeT
Teno pebeHka W yxydwaeT ero camoyyBcTBMe. [loaTOMy nogpocTkoBas ofexaa AorbkHa
COOTBETCTBOBATbL pasMepam, ObiTb nerkoi. Mogenu nOAPOCTKOBOM oOAexabl AOMKHbI YYMTbIBaTb
0COBEHHOCTMN TENOCIIOXEHWS, ObITb NPOCTEIMU U YAOOHBIMU.

CoBpemeHHass Moga Ans NoapoCcTKOB npeanaraeT 6onblioe MHoroobpasve TkaHel, cpeau
KOTOpbIX HanMboMbLWWA WHTEpeC MPeACTaBNSAlT TPUKOTaX, [MKMHCOBbIE TKaHW, a Takke MNOoApPOCTKM
NPOSIBNAIOT UHTEPEC K OAEXKAE U3 KOXM.

BonbLIMHCTBO NOOPOCTKOB BEeAyT aKkTUBHbIN 00pa3 >KW3HW, M MOCTOSIHHO HaXoAAaTCs B
ABWxeHun. Ho Takoin maTepman Kak koxa obrnagaroLumin HU3KOW PacTsSXMMOCTBIO OKasbiBaeT AaBneHue
NPy COBEPLUEHUN YENOBEKOM ABVXEHUN.

Onsa npepoTBpalleHuss OaBreHusl oAexabl Ha Teno 4enoBeka B [OBMXKEHUUM HeobXoamMmo
npegycmatpvsaTtb npubaBku. A Ona u3genvin u3 KoXku Mmanoro obbema M npuneratwowero cunyata
npegycmMaTpvBaloT  y4acTKM  MOBLILEHHOW  pacTsKMMOCTW  Ans  obecrnevyeHns  AMHaMU4ecKoro
COOTBETCTBUS OAEeXAbl pa3Mepam Tena yernoseka. B pesynbtaTte aHanusa u cuctemaTmsauumn csegeHnn
O OVHAMUYECKMX XapaKTepucTukax urypbl YernoBeka, BbiAeNeHbl Y4acTKM oAexabl, Hyxaawlumecs B
ocobom noaxode npu NPOEeKTUPOBaHWUM, N NPEASoXeHbl crneaylowme Buabl MOAENV oaexabl U3 KOXK U
TPUKOTaXHOrO NMonoTHa (pUCyHok 2). Mogenu xakeToB (puc. 2 — a), 6)) ABnsATCA U30eNUsMn U3 KOXu n
KOMMO3WLIMN C BbICOKO3MACTUYHBIM TPUKOTAXHbBIM MOSIOTHOM MO KOHCTPYKTUBHBLIM fIMHWAM, B pykaBax U
no NUHUMKM Tanuu obecneyvmBatoT MMAOTHYH MOcafKy U3denus Ha urype v BbICOKME 3PrOHOMUYECKUE
ceoncTtBa. Mogenu nnateeB (puc.2 — B), I)) MOXHO OTHECTU K (PblOXKEH ogexae, Tak Kak KOHCTPYKTUBHO-
TEXHOMNOrM4yecKoe pelleHne OCHOBaHO Ha COYeTaHWW 3NacTUYHOCTM TPUKOTAXKHOrO MOMOTHA M XKECTKOCTU
KOXW, KOTOpasi He HaxoQuT MacCOBOrO UCMONb30BaHWs B 0603HA4YEHHOM acCOPTUMEHTE U3-3a BbICOKOW
CTOMMOCTM W HU3KOW BOCCTaHaBMMBAeMOCTWU. Mcnonb3oBaHMe KOXM B OOEXAE He MPUMBOAUT K
YCMOXHEHMWIO MPOLIECCOB MPOEKTUPOBAHUSA WM U3roTOBMeHMs. Ha HeKoTOopbIX yyYacTkax TpUKOTaxHoe
MONOTHO SABNSETCS elle W NOAKNaaKon, Kotopas Heobxoauma B KoxaHbIX usgenusx. [epcnekTuBHbIM
ABMSETCA MOUCK M WCCNEAOBaHME HOBbIX COYETaAHWM B Martepuanax pasfMyHOro MNPOUCXOXOEHUS,
obecneunBaloLLMX MPOTUBOMONOXHbIE CBOWCTBA B oAexae.
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LINEAR MOTION OF MOBILE SYSTEM WITH THREE BODIES
ON A ROUGH SURFACE

Jatsun S.F.}, Rublev S.B.%®
12 south-West State University
Russia

Abstract
In article linear motion of mobile system is considered. The device moves on a flat rough surface at
the expense of the forces of a friction arising at change of a form of a three bodies. With a research
objective of its dynamics the mathematical model was created. Modeling of the robot was carried
out by the numerical solution of the equations of dynamics. As a result of modeling the charts
showing regularities of progress of the central link of a three bodies of simulating movement of a
snake are received.

Keywords: three bodies, mobile system, robot, snakelike movement.

BBeneHue.

AKTyanbHOoCTb Tembl. B HacTosillee BpemMs BO BCEX MPOMbIWIIEHHO Pa3BUTLIX CTpaHax
WHTEHCMBHO BeayTcs paboTbl MO CO34aHUI MOOMIbHBLIX POBOTOB. OTO CBA3AHO C HEOBXOAMMOCTbLIO
NepenBMKEHNS U BbIMONHEHNST TEXHOMOMMYECKUX W MHCMEKLMOHHBIX Onepauui B HEOQOCTYMHbIX Wnv
TPYAHOOOCTYMHbIX ANA YenoBeka MecTax, a Takke Ha TEppUTOPUSIX C arpeccuBHbIMW cpedamu, rae
HaxoxaeHue nogen He aBnaeTca 6esonacHbIM. HecMoTps Ha LUMPOKOE pacnpoCTpPaHEHWEe KOMECHbIX,
FYCEHUYHbIX, LlAralWwmMx YCTPOWCTB, OHM oOnagalT psaoM HeAoCcTaTKoB, B TOM  YUCIE  HU3KOW
NPOXOOUMOCTBIO Y HEBO3MOXHOCTBIO MEepeMELLEeHMs MO Y3KMM KaHanam, npoemam u Tpybam. [Ons
noBblLeHNs 3¢pPEKTUBHOCTY NpeanaraeTcsa UCnonb3oBaTb MOOUNBHBIE KOHCTPYKLMU, B KOTOPbIX KaXaoe
3BEHO MepeMeLLaeTcs OTHOCUTENBHO COCEAHErO, YTO NPUBOAUT K NEPUOONYECKOMY U3MEHEHNIO (DOPMBbI
Kopryca v, Kak cneacTeue, K ABuxeHuo poboTa [1-11].

Cxema paccmaTtpuBaemoi CMCTeMbl NpeacTaBrneHa Ha pucyHke 1.

Cnctema cocTtouT M3 Tpex TBepablx Ten, o0pasyloluxX MHOFO3BEHHWK  A1AyA3As 1
pacnonoXeHHbIA Ha KOOPAMHATHOW MIIOCKOCTM OXY.

[Ona pacdeta KMHEMATMKM [OaHHOW CUCTEMbl onpegenum eé o006LeHHble KoopauHaThl.
B kadecTBe koTOpbIX, OyAeM paccmatpuBaTb KOOpAWHATHI LIeHTpa Macc NepBOro 3BeHa, a Takke Yribl
NMoBOpOTa KaXJoro u3 3BeHbEB OTHOCUTENbHO UX LIEHTPOB Macc.

BekTop 0606LWEHHBLIX KoOpANHAT UMeEeT BUA:

g=1%1 Y1 ®1 @2 @37
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As

v

Puc. 1. PacuemHasi cxema mpex3eeHHo20 poboma

OundbdbepeHumanbHble ypaBHEHUS ABWXKEHUS paccMaTpvBaeMOW CUCTEMbl, MOMyYeHHble C
nomMoLLblo ypasHeHun Jlarparxa |l poga, umeroT BUA:

. 1 1 . (1 11
¥1 (]1 + —m2l12 + —m3l12) + @2 (‘mz + m3)ﬂcos((p1 + <P2) +
L1
P3zms _COS((P1 + @3) + y1(m, + m3) cos @y — X1(my + m3) sing, +
lily 11
P (Emz + m3)751n((p1 —@2) + @3 m3Tsm((p1 —@3) = Q<p1 @

. 1 . I Lls
$2 (]2 + Emzlzz + nglzz) + ¢1 ( my + mg)—cos(q)1 +¢3) + @gzamz == cos(p, +
®3) + y1(m, + ng)—COS fpz — xl(mz + 2m3);sm @, +

@,° sz + mg)%sin((pz ®1) + @3 m3 Sm(‘l’z ®3) = Qq, )
¢33 (]3 + %m3l32) + ¢ %m3 cos(¢z + @3) + ¢1ms %COS((M +¢3) +
yims l_3C05 3 — xXymg %sin @3 + ¢ °m; %sin(g% -+
3"y 22 sin(ps — 92) = Qg 3
x1(my + my +m3) — ¢ %Sin @1 (M +m3) — (P'Z%Sin @2 (M + 2m3) +

. 13 . . 2l1 . 212
P35 M3 SINP3 — =P —COS Py (my + m3) — ¢, 5 C0S P2 (my +m3) —

.21
<P32 §m3 COS Q3 = Qy, (4)
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. .l ol
yi(my + my + m3) + 9"1;1(305 @1 (my +m3) + 902;2(305 @, (my + 2m3) +
.1 Lol ol
Q3 ;3"13 COS @3 — —fplzglsm @1 (my +m3) — ¢,° ;Zsm @, (my + 2m3) —
Y )
g3’ Zmzsing; = Q,, (5)

Onsa BbluncneHns 0606LWEHHBIX CUT BOCMOSNb3YEMCS MPUHLMMNOM  BO3MOXHbIX NEpeMeLLEeHMI.
B pesynbTaTe cOOTBETCTBYIOLLMX NpeobGpa3oBaHuii NoNy4YnM COOTBETCTBYOLLME (DOPMYIbI:

I . L. L.
Qp, = F ;lsm(“z — @) tF; ;lsm(a% — @)+ F4;151n(a4 = ®1);

2 . 2 - 2 .
Qp, = Myy + F 1y cos a, sinp, — Fy 1 sin ay cos ¢, +F3 1;"cos as sin ¢, —
Fs lzzsin Q3 COS @y,

2 : 2 :
Qyp, = M3, + F, 37 cos a, sin gz — F, I3%sin a, cos @3;
Qx, = Fycosa; + F,cosa, + Fzcosas + F,cosay ;

Qy, = Fysina; + Fysina, + Fysinaz + Fysinay ;

B wuTore, nogcTtaBnsss Bce HeoOXoouMble  UneHbl, Mbl MOXeM 3anucatb NsTb

anddepeHumanbHbIX ypaBHeHUn JlarpaHxa:
YNpoCcTUM NONyYeHHblE BbIPaXeHWS, packpbiB CKOOKM B NEBON YacTu U npuBeas NogobHble:

. 1 1 . (1 1,1
¥1 (]1 + 5"12112 + 5m3l12) + @2 (;mz + m3)lTZC05((P1 + @3) +

.l . ! . Iy .
@3ms —143 cos(py + @3) + y;(m, + m3);1COS 1 — X% (my + m3);1sm 1+
2 (1 Ll . : Ll . L .
@,° (Emz + m3) —=sin(g; — @) + P3ms =2sin(g; — ¢3) = F, —sin(a; —

ly . i .
91) + F3 2 sin(az — 91) + Fy Esin(a — 1) ; 29)

P (]2 + gmzlz2 + 2m3lzz) + ¢ sz + m3)%cos(§01 + o) +
$zms %Cos(fﬂz + @3) + y1(my + 2m3)l;2C05 @z — X1 (my + 2m3)l;25in ¢z +
$1° sz + m3) %Sin((Pz — 1) + ¢gs"my %sin(goz —@3) =My +
Fyly sin(@y — ay) +Fzl;sin(g; — as) @7)

. 1 . Lol . 11
Q3 (]3 + ;m3l32) + ¢, %ms cos(@, + @3) + ¢g1mg $C05(§01 +
. l .. ls . X Ll .
@3) +yims ;3C05 Y3 — X1Mg3 ;351n Q3+ <p12m3 %sm((p3 — @)+
) Lls . :
<p32m3 %sm(q)?, — @3) = M3, + Fyl3 sin(@; — ay) (28)
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. S W o,
X1(my + my +m3) — @ %Sln @1 (my + m3) — ¢ ;zsm @ (my + 2m3) +

l3 . . 2 ll . 2 lz
$3-,M3SINQP3 — —@P1" —COS Py (my + m3) — ¢, ~ COS ¢ (my + m3) —

.21
<p32 fmg cos o3 = Fycosay + F,cosa, + F3cosaz + F,cosay (29)

. .1 .1

yi(my + my +m3) + <P1;1C05 ¢, (my + m3) + (PZEZCOS @, (my + 2m3) +
.1 2l . L2l .

@3 ;3"13 Cos @3 — —<P12;13m @, (my +m3) — (l’z2 ;Zsm @, (my + 2m3) —

.21 . . . . .
@32 fmg sing; = Fysina; + F,sina, + Fysinaz + F, sina, (30)
Ona  Toro, 4toObl HaWTKM  3Ha4yeHWss Bcex OOOOLEeHHbIX  KoopAMHAT  BekTopa

G=1*1 Y1 @1 @2 @3|7, HeobXxooMMO peUTb [aHHYl0 CUCTEMY YypaBHEeHuWil. WHTerpuposaHue
BblpaxeHui 6yaem nponssoautb Metogom PyHre — KyTTa B nporpammHom nakete MathCad.

i
&b

03

oNL N N
N LN N
S DN IS N A .

Puc. 5. Ipacbuk yena nogopoma mpembe20o 38eHa

] ﬂ {/\
I L

0 S 0 [ 4 0 ] 0 100

-0F

Puc. 6. pacbuk yenosoli ckopocmu mpembe20 38eHa
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Puc. 7. Ipagbuk yernogo2o yCcKopeHUsi mpembe20o 38eHa

¥ 004

| AN

I VN TN
v | N t

-001
Puc. 8. pacbuk nepemeuweHuUs ueHmMpa mMacc rnepeozo 38eHa rno KoopoOuHame 'y

"padmkn, nokasaHHble Ha puc. 5, Puc. 6, Puc. 7, xapaktepunayoTcsi BbICOKON NHEPLIMOHHOCTLIO
ANEeKTPOMEXaHNYECKON CUCTEMbl W 3aTAHYTbIMW MepexodHbiMK  npoueccamu. [MoaTomy — cuctema
ycneBaeT COBEPLUNTL Manoe KONMYeCcTBO MaxoBbIX ABVWKEHWUIA Ha eanHULY BpemeHu. CpeaHsasi CKOpoCTb
OBUXKEHNSA LieHTpa Macc nepBoro 3BeHa no koopauHate y (Puc. 8) coctaBnset nopsiaka 0,2 mm/c .

I\

\ :
\ \ N

Puc. 9. Ipacbuk yena nogopoma mpembea0o 38eHa
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Puc. 10 Ipagbuk yanosoli ckopocmu mpembea0o 38eHa
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Puc. 11 'pacbuk yar108020 ycKOpeHUsi mpembezo 38eHa
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Puc. 12 MNpaghuk nepemeuieHus yeHmpa mMacc rnepeoeo 38eHa o KoopouHame y.

Mpy yMEHbLUEHNN MHEPLMOHHOCTM NEPEXOAHbIE MPOLIECChl CTaHOBATCA Gonee AMHAMUYHBLIMU
Puc. 9, Puc. 10, Puc. 11. Cuctema coBepLuaeT 6onbluee KONMYECTBO MaxOBbIX ABWXEHUA 32 eAuHMLY
BpeMeHn. CpeaHssi CKOPOCTb ABWMXXEHWSI LLEeHTpa Macc NepBoro 3BeHa Nno koopauHaTte y yBenuumBaeTcs
no sennymHbl 0,6 mm/c.

BbiBoAgbI:

1. CocraBneHa martemaTtunyeckas Mogenb ABMXEHUS Tpex3BeHHOro MOOBUNBHOro p060Ta,
nospondtouwiasa onucaTtb pasfindHble peXXnmMbl ABUXEHNUA p060Ta.
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2. PaspaboTaH MeTOoA YMCMEHHOro pPeLUeHWs1 ypaBHEHWUIA, OMUCbIBAOLMX OBUXEeHWe poboTta
NO3BONSAIOLWMI onpefensiTb 3Ha4YeHUs nepemeLLeHnsi, CKOPOCTU N YCKOPEHMS TOYeK, MpUHaanexalumx
pas3nunyHbIM 3BEHbAM poboTa.

3. Tlony4eHbl YNCNEHHbIE PeLLIeHNs ypaBHEHU, B BUAE BPEMEHHbIX Anarpamm.

4. BbISiBNEHbI YCNOBUSA BO3HUKHOBEHUS Pa3NUYHbIX PEXUMOB ABWXEHUSA poboTa.
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REGULARITIES OF MOVEMENT OF UNDERSEA ROBOT SYSTEM
WITH MANAGEMENT ACCORDING TO SITUATION *
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Abstract
In the work questions of mathematical modeling of movement of underwater robotic systems are
considered. In the article questions of quality indicators of movement of underwater robotic system (RTS)
with which are its stable situation in the space, being characterized case tilt angles are considered. The
conducted researches show that orientation and movement of the center of mass of underwater RTS
significantly depends on the coefficients determined by the block of decision-making and on which
operating influences depend.

Keywords: mathematical model, underwater robotic system.

AHHOTauunA
B paboTte paccmaTtpuBaloTCs BOMPOCHbI MaTremMaTU4eckoro MOAENUPOBaHWSA  ABWKEHUS MOABOAHBLIX
poboTOTEXHNYECKUX cuUCTEM. B cTatbe paccmaTpuBalTCs BOMPOCHI KAYECTBEHHbLIX MNOKasaTenemn
OBWXEHUs noaBoAHOM poboToTexHuveckon cuctembl (PTC), koTopbiMu aBRsiOTCA €€ cTabunbHoe
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nonoXxeHWe B MNPOCTPAHCTBE, XapakTepusyllweecs YrnamuM HakrnoHa kopnyca. [lpoBefeHHble
nuccrnenoBaHnst MokasbliBaldT, 4YTO OpuMeHTauMs W nepemMelleHne LeHTpa macc noasogHon PTC
CYLLLECTBEHHO 3aBUCUT OT KO3(PPULMEHTOB, onpeaensemMbiX OGrOKOM MPUHATUSA peLLeHUn U OT KOTOPbIX
3aBUCAT ynpaBnsioLme BO3OeNCTBUS.

KnioyeBble cnoBa: MmaTemaTu4eckas Mogernb, NoABOAHAs pO6OTOTeXHVNeCKaﬂ cucrtema.

BBeneHue.

OfOHMM 13 BaxHbIX HanpaeneHun NpUMMeHeHns NoaBoaHbIX poboToTexHudeckux cuctem (PTC)
SABMNAETCA MOHUTOPWHI COCTOSIHWSA TMAPOCHEPbLI, MHCMEKUUS MOABOAHLIX COOPYXXEeHUR, obcneaoBaHune
noABOAHBLIX KOMMYHUKaUMN, a Takke pa3paboTka LwenbdoBbIX MECTOPOXAEHUWA. BbinonHeHne aTux
3agady cBaA3aHo ¢ obecneyeHnem noaBoAHbix PTC KOMNNEKCOM KOHCTPYKTUBHO-TEXHUYECKUX Mep Mo
nogaepXxaHuto XuByyectn u 6esonacHoctn nnasanusa [1]. PTC npeacrasnsieT cobont aBTomMaTnyeckui
CaMOXOAHbIN HOCUTENb UCCNefoBaTENbCKON annapaTypbl, CNOCOBHbLIN, NorpyxaTbecs B 3aAaHHbIN panioH
Ha npeaenbHble rMy6uHbI, ABUraTbCA N0 3a4aHHOW TPaeKToOpUK, BbIMOMHATL Heobxoaumble paboTbl 1 Mo
OKOHYaHWIO Mporpammbl BO3BpallaTbcs Ha obecneumBatollee cyaHo unu Beperosyto 6asy. [MoaTtomy,
04eBMAOHO, YTO MCNOMb3oBaHWE aBTOHOMHOIO MOABOAHOrO POBOTOTEXHUYECKOro yCTponcTBa, TpebyeT
NCMONb30BaHNS COOTBETCTBYIOLMX WMH(POPMAaLMOHHO-CEHCOPHBIX CUCTEM, KOHTPONUPYIOLMX — Kak
CcOBCTBEHHOE OBMXEHWE YCTPOMCTBA, Tak M obcTaHOBKY B paboden 3oHe. [pu 3TOM HEOBGXOAMMOCTb
06paboTkM MHGOpMaLMK B peanbHOM MacliTabe BpeMeHW U NpeAcTaBreHUs ee onepatopy B Nerko
BOCMpPUHMMaeMon M cpopmMe TpebyeT NpUMEHEHUsT COBPEMEHHbIX MHOPMALIMOHHBLIX TexHoorui [1].

O6nuk nobon PTC B nepByto oyepedb onpenensercs TUMNOM U KOHCTPYKUMEN ABWXUTENS.
BbiGop Tuna OBWXMTENs M ero pasMepoB SIBMSETCA CIOXHOW 3afayvel, 3aBUCMMOW OT MHOXecCTBa
akTopoB. Tak xe CroxeH BbIGOp camMoro npuHUMNa ABWXEHUS W B3aMMOAENCTBUSI C OKpyXatoLlen
cpepon. Kak npaeuno, Bblbop cnocoba nepemelleHns poboTa M TUM ero ABWXMTENen onpegensieTcs
ncxonsa m3 ycnoeun dyHkumMoHnpoBaHus PTC, cpefpl akcnnyataumm n xapakrepom pabo4yero npoiecca
[2, 3, 4].

1. OnucaHue nogBoAHOM POBGOTOTEXHUYECKOM CUCTEMBI.

MogBogHas poboToTexHuveckas cuctema (puc. 1) coctout U3 kopnyca 1 1 YeTbipex BUHTOBbIX
NpPUBOAOB 2, PYyreBbIX YCTPOWCTB MOTrPY>XEHNUs 1 BCMnbITUSA 3, cMCTeEMbl BuageoHabnoaeHus 4, cuctemol
MOHUTOPWHIa OKpyxatowen cpeabl 5. Cuctema ynpaBneHust U cucTeMa HaBurauuu, pacrnosioXeHbl
BHYTPW kopnyca 1, aneKTpU4eckn cBA3aHHbl C BUHTOBbIMW NpyBOAaMM 2.

YnpaBneHue norpyxeHunem u scnnbituem PTC nponcxoauT 3a cHeT U3MEHEHUS yrna MoBopoTa
pynew norpyxeHus 3.

Puc.1 Obwjuti 8ud nodsodHotli PTC ¢ yembipbMs npugodamu u ModyrieM yrnpasieHus:

1 - kopnyc, 2 - BUHMOBbIe 371eKMPOnpusodsbl, 3 - pyneablie ycmpolicmea roepyXeHus U 8Crbimus,
4 - cucmema sudeoHabnodeHus, 5 - cucmema MOHUMOPUH2a OKpyxaroueli cpedb!
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2. MatemaTtuyeckas Mmoaernb NPOCTPAHCTBEHHOro ABWXeHusi nogBogHon PTC.

PaccmoTpum aBuxeHve nnaBaowero pobota, pacyeTHass CxemMa KOTOpOoro npuBedeHa Ha
pucyHke 2 [2]. Ona onucanus gswxeHns PTC B Xuaoko cpefe BBEOEM HEMNOABWXKHYHD CUCTEMY
koopauHaT (Oxyz MO KOTOPOW B KWUAKOCTY (Ba13KOI cpene) aewxeTca Teepaoe Teno maccoit M, nop

OeNCTBMEM YNpaBnsaoLWmx cun |f| i =1,.., n (puc. 2). Ha kopnyc poboTa Takke AEWCTBYIOT cuna

TAXKECTU g BbiTankuBaloLas ApxMMeaoBa cuna Fa, cuna ruapoavHaMUYEcKoro conpoTMBReHns R u
MOMeHT Mec. MonoxeHne poboTa B cucTeme koopavHat Oxyz ONpeAensieTcs koopanHaTtamu C- LeHTpa

TsKecTn kopnyca X, Y ,z, @ opueHTauua kopryca B NpocTpaHcTee 3aaaértea yrnamu dinepa @, Y/, 0.
3amMeTuM, YTO KOOPAMHATLI LLeHTpa Macc Koprnyca B NMOABWKHOWM CUCTEME PaBHbI HYTHO.

v

Puc. 2. Pac4yemHas cxema nodgodHoeo poboma

[iByxeHWe LeHTpa Macc nnaeatollero pobota paccMOTPUM B CUCTEME HEMOABWKHBLIX OCEM
OXYZ, onucbiBaeMoe cucTeMol AuddepeHumanbHbiX YpaBHEHUA, KOTOpble B MPOEKUMAX Ha
KOOpPAMHaTHbLIE OCU UMEIOT BUA!

mic = Fix
mjc =3 Fy @
mzc =Y Ry

rae m - macca Tena; K., Vi, Zg — MPOeKLMM YCKOpeHUsi LeHTpa Mace Tena wa ocn OX , OY , OZ ;
c€ ce ce.
z le , Z Fly . Z Flz CyMMa BHELLHUX CUI, B MPOEKLIMAX Ha OCU X, Y, Z COOTBETCTBEHHO.
[lBmxeHne kopryca OTHOCMTESbHO LieHTpa macc byaem onvcbiBaTb BEKTOPHLIM YPaBHEHWEM,

BblpaXKatloLLyM Teopemy AMHAMUKL 06 U3MEHEHUM MOMEHTA KOSMYecTBa ABWKEHUS, B NPOEKLMN Ha OCu
KOOPAMHAT MPUMET BUA AMHAMUYECKUX YpaBHEHUI Jinepa:

do
| Xell, =1, Jo,0, =ME
xddt (z y) yWz X ’ @)
w
ly—L+(, = 1,)o,0, =M}
dt
w
Izd—tz+(ly—lx)mxcoy=Mze
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rae M : M ; , |\/|§ — rMaBHble MOMEHTbI BCEX BHELLUHWUX CWU OTHOCUTENBHO OCEN CUCTEMbl KoopauHaT

Cxyz:ly,l ys | ,— OCeBble MOMEHTbI MHepLnM;

®y, ®, ,®, — NPOEKLNM YrNOBOI CKOPOCTY TeMNa Ha 0Ci NOABUXHOI CHCTEMbI KOOPAMHAT.

y H

B obwem crniyyae MOMEHT BHELUHMX CWIT 3aBUCWUT OT MOMOXEHUS] MEeXaHUYecKoW CUCTEMbl B
npocTpaHcTBe. [ns onpederneHns opueHTauuy Tena B MpocTpaHcTBe GydemM UCMonb3oBaTb CUCTEMY
yrnos Junepa-Kpbinosa: yron cobCTBEHHOro BpalleHus @, yron Hytauum 6, yron npeueccun . Toraa, K
cuctemam ypasHeHus (1) 1 (2) npucoegnHUM KMHemMaTu4eckue ypaBHeHus dunepa:

o, =\ysin0sing + Hcos

®y, =\ysinBcosp—Osing’ )

®, =yCcosO +¢

nony4nmM cuctemy ypasHeHun (1), (2), (3), Heobxoammyto onst MoOgeNMpPOBaHNUs ABWKeHNUs nogsogHon PTC.

3. Mogenb nnockoro ABuxeHus noasogHon PTC.

Mony4yeHHble anddepeHumnancHble ypaBHeHWs ABkeHus (1), (2), (3) no3BonsalT paccMoTpeTb
pasnuyHble YacTHble criydam ABwxeHus pobota. Ha 3Ttom atane C uenbio OTPaboTkM 3aKkoOHOB
ynpaeneHns nogpobHO paccMOTpUM ABMKeHe poboTa B BEpPTUKaribHOM NockocTu [3].

[nsa nocTpoeHnsi COOTBETCTBYHIOLLIEN MaTeEMaTUYEeCKOW MOAENUN, paCCMOTPUM PaCUHETHYIO CXemy,
npeacTaBfeHHYIo Ha pUCcyHke 3.

z
x

Ze, F+F,

Zc

% X Xe X

1

Puc. 3. KuHemamuydeckasi cxema rnodsooHoul PTC

BBegem [OBe cucTeMbl koopavHaT: aBGCOMIOTHYIO HEMOABWXHYIO cUCTeMY koopauHar OXZ u
OTHOCUTETBHYIO CUCTeMy KoopamHaT OX;z;, KOTopas JKECTKO CBsA3aHa C KOprycoM poBoTa Tak, YTo Hauyaro
koopamHaT O coBnagaeT C LEHTPOM MacC Kopryca, ocb Ox; mapanneribHa TPaeKkTopusiM [ABMXEHUS
koprnyca poGoTa. Yron ¢ onpeaensieT noBopoT CUCTEMbI KOOPAMHAT OX1Z; OTHOCUTENbHO OXZ.

YnpaBnsembiMyM napamMeTpamu SIBASIOTCA KOOpAMHATBI Xc M Zc  LEHTpa Macc Kopryca
YCTPOICTBA, Yronm ¢ MoBOpOTa Kopriyca poGoTa OTHOCUTENbHO ero LeHTpa macc. B obuewm cnyyae
YNpaensioWMMU BeNIMYMHAMK SIBMSIOTCA CUMbl Q1=Q1(Z)1Q=Q(‘P)1Fln F,, VU3MEHsISi KOTOPbIE MOXHO

Nony4nTh N0BYI0 TPAEKTOPUIO ABUXEHMS.
Onpegennm pagnyc-BeKTop LieHTpa Macc Kopryca ycTpolcTea:

X
o = C 4
Zc
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BekTOp CKOpPOCTM LiEHTPa Macc paBeH:
e 5)

Co cTopoHbl OKpyxatowen cpeabl Ha kopnyc PTC penctsyoT cuna conpotuBneHus R,
onpepensemMas no gpopmyrne:
R =RZ+RZ. (6)
rae Ry = Uy

Rz = L, U, — MPOEKLNM CUSTbI COMPOTUBIIEHIS! HA OCH X, Z COOTBETCTBEHHO;

ve =4 (Xéx + Zéz) — CKOpOCTb LiEHTPa Macc Kopryca.

MoOMeHT conpoTMBNEHNs NPONopLMOHaneH YrinoBon CKOPOCTU BpaLLeHUs Kopnyca.
Mc =10 ™

rae HX ’HZ , M(P — JKCnepmnMeHTanbHoO onpegendemMas NnoCToAHHas.

M3 ypaBHeHui (1), (2), (3) nonyynm cuctemy ancddepeHunanbHbIA ypaBHEHUI, ONUCHIBAEMbIX
ABWXeHne o6beKTa B BEPTUKANbHOWM NIOCKOCTU:

mXc =3 Fig ®
mZc =¥ Rz
ICy(by =2 Mc;j

Mocne cooTtBeTcTByOWMX npeobpa3oBaHni cuctema (8) npumeT BWL  HENUHENHbIX
anddepeHumanbHbIX ypaBHEHUN:

mXc = F cosp+ F,coso—p, X —Qsing

mZc = Fysing+F,sine+Fa —mg —p,2¢c +Qcoso+Q; ©
lcy®=FaECOS@—p,9—Q-b
3pec Fp =V pg- apxvumenosa cuna, rae g — yckopeHue cBoBOAHOrO napeHus, p —

NNOTHOCTb XMAKOCTU, V— 00beM Terna, NOrpyKEHHOTO B XUAKOCTb.
MycTb B HavanbHbI MOMEHT BPEMEHW MOABOAHLIA POGOT WMEET HyreByl CKOPOCTb:

x=0,2=0, p= 0, a KoopAuHaThbl LleHTpa Macc 3afaHbl: x = X0, 2=29,¢0= 0.

4. YnpaBnsiemoe aBuxeHue nogeoaHon PTC no 3aaaHHOM TpaeKTopuu.

OOHVMM 13 BaKHEMLIMX KavyeCTBEHHbIX NMokasaTenen aBmxeHus noasoaHo PTC aesnsetcsa eé
cTabunbHOe MOMOXeHWe B MPOCTPAHCTBE, XapaKTepUu3ylolleecst YINOM HakmoHa kopnyca [4].
OpweHTaums Koprnyca B MIOCKOCTU OnpefensieTcs yrioM MoBopoTa LieHTpa mMacc Kopryca ¢, a Takke
KoopauHaTon z=z(X).

Crabunusaums aswkeHns nogeogHon PTC ocylecTBnsieTca nyTemMm BBEAEHUS OrpaHNYeHnin Ha
OTKIMOHEHME Koprnyca OT MepBOHAYasibHO 3a4aHHOro MOSIOXKEHUA U NyTeM ynpaBneHus cunon Q B
npouecce aewxeHus PTC. YnpaBnsemoe W3MEHEHWe Cusbl HanpaBiiEHO Ha YMEHbLUEHME OLNBKK
MeXay 3afaHHbIM U M3MEPEHHBLIM YIMOBbIMU MOMIOXEHUSMU Kopnyca. Yron OTKIOHEHMs Kopryca OT
ropM3oHTa onpeaensieTcsa Ha aTane hopMnpoBaHus TpaekTopumn asmxeHns PTC.

B obwem cnyyae, TpaekTopusi [OBWXKEHWS, OMUCbIBaemMasi LIEHTPOM MacC MNOABOAHON
pPOBOTOTEXHNYECKOM CUCTEMbI, MOXET UMETL NMtoBON BUA.

B pnanbHenweM, ons yaobcTea, paccCMOTPMM YacTHbIA crnyyan norpyxernus PTC Ha 3agaHHyto
rnyouHy n panbHeliee eé ABWXEHNE MO NPSIMONIMHENHOW TpaekTopuu. [py 3TOM AOMKHO BbINONHATLCA
cnegytoLlee ycrnoBue: zp-0z o<z< zp+dZo.
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BennunHa 8zp — npegenbHas BenuyuHa OTKNOHeHus PTC oOT 3agaHHOM TpaeKTopwuu,
onpegensieT NorpeLHocTb (Szo/zo) peanbHON TPaeKTOpUWU ABWKEHUS, MPU MPEBbLILLIEHNN KOTOPOW

BKIOYaeTcsa ynpasneHve B Buae cunbl  Qi. Tpaektopusa aBwkeHus nogsogHou PTC cdopmupyetcsa B
BMAE NEPUOOMNYECKUX LMKIOB OBMXKEHWUS, OMUCHbIBAEMbIX (PYHKLUUAMW C MasnblM YUACIIOM U3MEHSIeMbIX
napameTpoB. JOTO MO3BOMSET MNPoBOAUTL €€ (OpMUpPOBaHME W ONTMMU3AUMIO C WUCMONb3OBaHNEM
MaTemMaTn4eckon MOLENN, ONNCbIBAEMON CUCTEMON HEMNMHENHbIX AnddepeHumanbHbIX ypaBHeHun (9).
Ynpasnsowyto cuny Q 6ygem onpegensite no dopmyne:
Q=k-o,

roe k — koadpduumeHT, 3aBucawmi oT napametpoB PTC. B obuwem cnydae 3T10T KO3ahdUUMEHT
onpegensieTca ONOKOM NPUHATUS peleHMn aAns Bblbopa ynpasngwowero Bo3gencTsuin Q, B
COOTBETCTBMU C NPUHATON CTpaTernen ynpasneHusl.

MycTb ynpasnsowme cunbl F1+ F2 = FO =const-

CTpyKkTypHas cxema AByXKaHamnbHOW CUCTEMbl YNpaBfieHWs [ABWKEHWeM npefcTaBneHa Ha
pucyHKe 4.

— - - — /1
0 [ 5 | oz 5 | .
\ 5 o [ > E
3afaomee | ﬁ E | =
= =
BO37€ElicTBHE ‘ B B | B
P || B |99 Z 0 2
= - H— =
‘ b= | E
S |

GIIOK MPHHATHA pelleHH

Puc. 4. CmpykmypHasi cxema ynpasneHusi 0suxeHuem nodsodHol PTC

Jlormyecknin  perynatop cuctemMbl  aBTomaTmyeckoro  ynpasneHuss (CAY) peanusyet
ynpaBnsioLne BO3AENCTBUS MO CREeayHLWeMy anroputMy B KNacce KyCOHHO-NMOCTOSIHHBIX (OYHKLWIA:

0
0
-Qr 7>17y-0z
rne £ ,8 Z(y — napameTpbl NPOrpaMMHOrO yNpaBreHus, 3aaaBaemble OnepaTopom,

Q10 — onpegensTcsa GyIOKOM NPUHATUA peLleHnii Ans Belbopa ynpaensioLero Bo3gencTemn Q.

[Ons npumepa paccMmoTpuMm [OBMKeHVWEe obObekTa Mo NpsMONMHENHon Tpaektopun AB (puc. 5).
YpaBHeHWe TpaekTopun NpeacTaBum B Buge: Z = ZO , o ZO =7— ZO y @ = (g, ecrm 20=0, TO 62p=2.

Z A
5z 4 j/ﬁ\‘gl
A T - 7
. ¥Z0

X
Puc. 5. [lsuxxeHue obbekma no npsimonuHeltHol mpaekmopuu:

1 — 3a0aHHasi mpaekmopusi, 2 — peasibHasi mpaekmopusi; |, Il — 30HbI ekrtodeHus ynpasnsouwel cunsi Qq
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Tak, npvHUMas 3HavyeHMs MOCTOSIHHbIX MNapameTpoB noasBogHon PTC, 3HayeHue
(hbMKCUPOBAHHOrO nepuoga BpeMeHW, W, 3aTeM, NOACTaBMsAs AaHHble 3HayYeHust B BblpaxeHus (9),
nony4aeMm @YHKLUMM NPOEKLMM YCKOPEHUSI HA OCM X, Z WU YINOBOro YCKOPEHWS COOTBETCTBEHHO
X(t),Z(t),('f)(t)- lMponHTerpupoBaB 3T OYHKUMM ABaXObl NO BPEMEHU t, MONy4aeM XapakTepucTuku

ABWXeHWs NoaBukHoM PTC: npoekumu nepemetuennst u yrna nosopota X (t), Z(t),(p(t) 1 npoekuumn
ckopocTeit 1 yrnosoit ckopoctn X (t), 2 (t), (p(t)

Ha pucyHke 6 nokasaHbl 3aBUCMMOCTM COOTBETCTBYIOLMX MapameTpoB OT BpemMeHu [ans
PasnMYHbIX 3Ha4eHun KoadpmumeHta Kk u  BO3OenCTBuMA Qlo. AHanus rpagukoB rokasbiBaet
3aBMCMMOCTb (POPMbI TpaekTopuu oT napametpos CAY.

we? Me XM
006 02 5
AN P 4
0.04 7
3 //
3 A
2 L -
// ///
2 P
e 1
T
1 £ —
i
0 ¢ e ] 10 20 EL
z,M
0
\\\ 3
LN 2
N
1 f
' N
|
s A,
7
'/
]
1
—4
i 10 20 E 0 10 20 L 0 10 20 ECRPar
. s, ”
pad/c? pac/c 2pad
! o0
0.8
s
04
02 I 3
I
R
T3

20

6)

E

20 3

B)

0 fe

Puc. 6. 'pacbuku usmeHeHus1 napamempos, onpedesisowux dsuxeHue nodsodHol PTC om epemeHu:

npoekyuu:
a — yckopeHul u yanoeoao yckopeHus, 6 — ckopocmel U yarioeoli ckopocmu, 8 — nepemewieHud U yana

rnogopoma npu pasiu4yHbIX 3Ha4eHUsIX KoaghgbuyueHma k u eosdelicmeusi Qlo 1- k=100 QlO =100;

2- k=200 QP=30; 3 - k=400 Q0=15
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BbiBoAbl: [lpoBedeHHble MCCrefoBaHUsA MOKasblBalOT, YTO OpUEHTauus U nepemelleHune
ueHTpa macc nogsogHon PTC cyllecTBEHHO 3aBUCUT OT KO3(hMLUUEHTOB Qlo ,k, onpegensemMbIxX

GrOKOM NPUHSTUSI PELLEHMWI 1 OT KOTOPbIX 3aBUCST ynpasnsioLmne Bo3aenctens Q n Q.
Tak ans nepemeweHnsas PTC B 30He oTpuuartenbHbiX 3HadeHun Oz 1 nogdepxaHus

NOCTOSIHHOW TnyOuHbl (puc. 6 B, z =—2+0,1m) onpegeneHa obnacTb 3Ha4YeHUn koadduumneHTa Ql0 13

YCNOBUSA YMEHbLUEHUs BPEMEHU nepexogHoro npouecca (kpueas 1,2 puc.6B) unu konebartenbHOCTU
cucTtembl (kpusasi 3 puc. 6 B).

KoadpduumenTa k CYLLECTBEHHO BnusieT Ha yron nosopoTa ¢ (puc. 6 B) kopnyca PTC

OTHOCUTENbHO UEeHTpa MaccC, Bapbupyda KOTOpPbIM YyadaeTcAd ,D,OGVITbCﬂ MWHUMM3aLUMN yrna noBopoTa
kopnyca MeHee yem Ha 2°.

* Paboma eblirnonHeHa 8 pavkax O «Hay4yHble u Hay4yHo-nedazoaudeckue kadpbl
UHHoesauyuoHHoU Poccuux» Ha 2009-2013z. (eockoHmpakm 1621 om 18.05109), epaHma P®®U nipoekm
Ne 11-08-01142.
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CONTROL SYSTEM OF THE INDEPENDENT UNDERSEA ROBOT

Jatsun S.F.}, Bezmen P.A.%, Malchikov A.V.2, Jatsun A.S.*®

1.2.3.4 gouthwest State University
Russia

Abstract
The authors of the article offer the organization of control system of the independent underwater robot.
The control system of the independent underwater robot is based on architecture "client- server" and
allows operating remotely by the robot by means of the Internet network. In the article the principles of
creation of such architecture are considered and the option of hardware realization of control system by
the underwater robot is offered.

Keywords: underwater robot, control system, server, client, monitoring of the hydrosphere, Internet.

AHHOTauunA
ABTOpamu cTaTby NpeafaraeTcs opraHn3aums CUCTEMbI YrpaBieHWsi aBTOHOMHbIM NOABOAHLIM po6oTOoM.
CucTtema ynpaBreHnsi aBTOHOMHbIM NOABOAHBIM POGOTOM OCHOBaHa Ha apXUTEKTYPE «KIMUEHT-CEPBEP» U
No3BOMSET AMCTAHUMOHHO YNpaBnaTb poboToM mnocpeacTBoM cetu Internet. B crtatbe paccMoOTpeHbl
MPUHLMMBI NMOCTPOEHNSI TaKOW apXUTEKTYpbl U NPEarioKeH BapuaHT annapaTHOW peanusauum cucTembl
yrnpaBneH1s NogsoaHbLIM pOGOTOM.

KntoyeBble cnoBa: NoABOAHLIN pobOT, cUCTEMA YNpaBMeHNs!, CePBEP, KIUEHT, MOHUTOPUHI rMapocdepsl,
Internet.

© Jatsun S.F., Bezmen P.A., Malchikov A.V., Jatsun A.S., 2012
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Cuctema ynpaBneHusi aBTOHOMHbIM MOABOAHbIM POBOTOM (puc. 1) OCHOBaHa Ha apXuUTEeKType
«KNUeHT-cepBep». brarogaps Takol apxMTeKType Ha «CepBep» CUCTEMbI YNpaBMeHUst Bo3naraeTcs 3ajava
TaKTWYECKOro XapakTepa: yrnpasneHue npusogamu poboTta, onpoc AaT4MKOB h3NYECKUX BENVYMH, KOPPEKLMS
MoSIOXEHUs1 NoABOAHOrO poboTa B BoaHoW cpede. «KnMeHT» cucteMbl YNpaBrieHUst UrpaeT CTpaTermyeckyto
ponb: obecneumBaeT 3agaHne Kypca noaBoaHOro poboTta 1 BbiNonHEHE MaHEBPOB.

Puc. 1. BHewHuli 8ud asmoHoMHO020 n1od8odHo20 poboma

ABTOHOMHBI  NMOABOAHBLIN  POBOT  yNpaBrsieTcsl OWUCTaHUMOHHO OnepaTtopoM C  yAarneHHoro
KOMMbOTEPA, NOAKIOHYEHHOTO K rrobanbHol cetn Internet. Onepatop Ha yaaneHHOM KOMMbIoTEPE 3anyckaeT
nporpaMmy-KInmMeHT (puc. 2) B onepaumoHHon cpepe Microsoft Windows. lNporpamma-knueHT no3sonsieT
ornepaTtopy YnpaBnsTb KOMMYECTBOM OGOPOTOB XOAOBbLIX 3reKTpoABuraTeniel, MeHsiTb HanpasreHue
BpalleHNsi WX BaroB, YNPaBnsiTb YINIOM HaKOHa [OPU3OHTarbHbIX HOCOBBLIX pyrnei. YnpasneHue
ycTporcTBaMm poboTa OCyLLECTBSETCA MOCPeACTBOM OTMPaBKUM KOMaHg Ha nporpammy-cepeep (puc. 3),
pabortatoLLyto Ha GOPTOBOM OHOMMATHOM KOMMBIOTEPE C onepaLumoHHon cpegon Microsoft Windows.

v U-Boat - Knnewt @ l

Pestiira paﬁo‘rbl KoaueHT CiaEre EEETELS |

s L e Komarae knqerTa: nn. nn. nr MF

IP -3pes CEpEEpa; ) _-_ I P, P.
192.168.10.7 K+ *
INTERMET
Mopr: « X * 0
4000
k3 N I FHADID MULL

Cron
B.F.

= 0 » ‘ SuB ESC H
CEEpHYTE =
BanvaHocTe GPS:
Sakpere
Wupora GPS:

Doarora GPS:

™ MpAros YynpaEneHUE NPUEONANM

i

Cropocte GPS, ysne:
OrknoH. ot Ceeepa GPS:

Coofwenwe cepeepa: Dare gasnequs 1:

DNaruk nasnerya 2:
Uron guaeeperta:
Yron kpeHa;

Yron noeopora:

Yron oTkoH. OT KypCa:

Daruik kacaHua 1:

Bin./ekicn. nepegauy LAk, KacaHHSA 2

T

Puc. 2. pacbuyeckuli uHmepgbelic npoepammbl-KiueHma cucmemsbl yrpasreHusi a8moHOMHbIM
1o080dHbIM pobomom
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¥ U-Boat - Cepeep @
Pestiiird padioTel: Cepeep COM-nopT ynpaeneHm1a; [~ MpAros YypaBAEHUE NPMBOAANK
} X [ Koppekuwa nonosmeHus
. COM-nopr ynpasneHus: INTERNET An. nno AP Mp. ’—
IP-aapec cepeepa COM3 - Orkp. 3akp.
132188107 :" COM-nopT MHPOpMaLHH: RaDIO

Mopr COM4 = Orkp. akp.
4000 :" Cropocre COM-nopra ynpasneHua:

Cron 3600 :lv

Cropocre COM-nopra vHgopraau;

9600 - COM-NopT MHEBOpMaLMLE:
CeepHyTe H
Brn./Btikn. nepenayy BamanocTo GFS:

NULL

’7
3akperme Orxp. sce Wwpora GPS:
Honrora GPS:
3axp. Bce Cropocts GPS, yz ikl
| OtknoH. o7 Cesepa GPS:
| Darunk gasneua 1
e ,Til Konvaras kvietra Daruunk. gagneHHs 2
Yron guedeperta.
bded d ’@ Yron kpeHa:
HIM dy: @ Yron NosopoTa:
M dyr |10 : Yron oTkoH. oT Kypca:
MIN dr: |20 = Haruuk kacatua 1
MAx dri ’@ Naruuk kacaHua 2

Puc. 3. pagbuveckuti uHmepgbelic npospamMmbi-cepeepa cucmeMb! yrpasieHust a8MmoHOMHbIM
n1od80dHbIM pobomom

BopTtoBon ogHonnaTHbIN KOMMNbIOTEP MMEeT AocTyn B ceTb Internet nocpeactsom 3G-mopema C
yCTaHoBMNeHHONn B Hem SIM-kapToii C BbigeneHHbIM |IP-agpecom. Takum obpasom, npu obpalieHun K
BblaeneHHoMy IP-agpecy ¢ ntoboro KoMnboTepa, NOAKIOYEHHOTO K CeTu Internet, MOXHO YCTaHOBUTL CBSA3b C
CeTEBbIMU YCTPOMCTBaAMK, Haxodawmmuca Ha 6GopTy poboTa. BbloeneHHbili IP-agpec — obsisaTtenbHoe
yCroBMe Ans OUCTaHUMOHHOIO ynpaBneHusi. Mporpamma-KnMeHT MOXET BbINOSHATECS HA KOMMbIOTEPE, He
uMeroLeM BblaeneHHbin IP-agpec. [ng B3aMMoZenCTBMS MpOrpaMMbl-KNeHTa C NporpaMMon-cepBepoMm
nprMmeHsieTcs cTek (rpynna) npotokonos TCP/IP (Transmission Control Protocol/Internet Protocol — npoTtokon
ynpaeneHus nepegadeirt). Mepen paboToil CUCTEMBI «KITMEHT-CEPBEP» HEOOXOAMMO yKasaTb B MporpaMme-
knneHTe IP-agpec 60pTOBOro KOMMbIOTEPA, HA KOTOPOM BbLIMOSHAETCS Nporpamma-cepsep. |P-agpec uveet
dopmat: XXXXXXXXX. XXX, rae X — uucna ot 0 go 9. lNporpaMme-KnMEHTY M nporpamMme-cepBepy
HasHayaeTcs HoMep CBOOOAHOrO (HE3aHSITOro ApYron NporpaMmoit) NopTa, No KOTOpoMy ByAeT NpoucxoauTb
0obmeH coobLueHuaMA. [Ns yCTaHOBKM COEAMHEHVS BHavane 3arnyckaeTcsl mporpamma-cepsep, 3aTtem —
nporpaMmma-KnueHT. llocne ycnewHoro CoeayHeHUs nporpamma-cepsep OTNpaBnseT nporpamme-KIUeHTy
coobLLeHMe O FOTOBHOCTM NPUHATL NepBYI0 KOMaHAy OT NPorpaMMbI-KiueHTa.

dopmaT KOMaHabl AN ynpaBneHusi pPoboToM MMEET BMA CTPOKU U3 LLUECTU CUMBOJIOB:

{ABCD}

roe: cuMBOMbl «{» U «}» — «Mapkepbl» Havana W KOoHUa KomaHgbl, cumBomn «A» — cyb-komaHaa
ynpaBreHnst NeBbIM XOOO0BbIM 3fIEKTPOABUraTenemM, cumMBon «B» — cyb-komaHaa ynpaBneHus npasbiM
XO4OBbIM 3nekTpoasuratenemMm, cumeon «C» — cyb-komaHga ynpaerneHus neBbiM TFOPU3OHTamNbHbIM
pynem, cumon «D» — cy6-komMmaHaa ynpaBneHus npaBbiM ropU3oHTarnbHbIM pynem.

Kaxpas cyb-komaHga €BnsieTcss OOHUM CUMMBOJSIOM, MPWHMMAKOLWMM pasHble 3HaYeHUs:
cumBonbl «A» 1 «B» MoryT npuHumath 3HaveHust ot 65 go 115 B 6aiTax, COOTBETCTBYHOLLMX CUMBOMAM
ocHoBHoW Tabnuubl ASCII, cumBonbl «C» 1 «D» MoryT npuHumath 3HadeHus ot 60 go 120 B GawTax,
COOTBETCTBYHOLUUX CUMBONAM OCHOBHOW Tabnuubl ASCIl. Takum obpasom, AuanasoH BO3MOXHbIX
YCIOBHbIX YIMOBbIX CKOPOCTEN XOAOBbLIX ABUratenen umeet npegens [-25, 25]: 3HadeHne 25 ycnoBHOM
YrNOBOW CKOPOCTM COOTBETCTBYET MaKCUMaribHOM CKOPOCTM xofoBoro asuratens npy LWMM-ynpaBsneHum
npu BpalleHWn Bana ABuratenst «npoTMB 4YacoBOW CTPENikMy, 3HaveHue -25 — COOTBETCTBYET
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MakcumarnbHOM cKopocTu xogosoro Asuratens npu LWAM-ynpasneHuy npu BpalleHuy Bana agsuratens
«MO YacoBou cTpenkey». [dMana3oH BO3MOXHbLIX YITIOB MOSIOXEHUS TOPU3OHTamNbHbIX pyneni umeet
npegensl [-30, 30], T.e. 3Ha4YeHWe yrna NofoXeHUS KaXKa4oro pyns MoXeT nameHaTbcs ot -30 rpagycoB 4O
30 rpagycoB OTHOCUTEMbLHO TOPU3OHTaNbHOrO MOMOXEHNS pyns, cooTBeTcTByowero 0 rpagycos.
YCnoBHble YrnoBble CKOPOCTWM XOAOBbLIX ABUraTenei W yrnbl NOBOpPOTa FOPU3OHTarbHbLIX Pynen moryT
MEHATLCH OUCKPETHO U NPUHMMATL TOMNbKO Liefble 3HaYeHUS.

Mpn nonoxeHun kopnyca poboTta ¢ HegonycTuMbIM AnddepeHToM Ha Hoc unn kopmy [1, 2],
KPEHOM Ha fneBbIi UNKU NpaBbll 6OPT, OTKIMOHEHWEM OT MPOSIOXKEHHOr0 ONepaTopoM Kypca MpoucxoauT
KOppeKLMs nornoxeHus poboTa no anroputmy, n3obpaxeHHOMy Ha puc. 4.

Bo BpeMs KOPPEKTUPOBKY NOMOXEHNS Kopryca poboTa nporpaMmma-cepeep OTNpaenseT nporpamme-
KIMeHTy coobLLeHnst 0 Koppekummn anddepeHTa, KpeHa 1 Kypca C ykasaHueM TeKyLmx AaTbl 1 Bpemenn. Mpu
KOPPEKTMPOBKE MOMOXEHNS YNPaBIieHWe C NOMOLLBIO NPOrpaMMbl-KIMeHTa BPEMEHHO OTKIO4AETCs.

B npomexyTkn BpemeHW, korga OT MporpaMMbl-KIIMEHTa He MOCTynaktT KOoMauAbl, nporpamma-
cepBep OTNpaBnsieT MporpaMme-KIMeHTy coobLueHnss C MHgopMaumen O Tekylmx koopauHatax pobota
(LumpoTa M gonroTa, KOMMYEeCTBO AOCTYMHbIX CNYTHUKOB ceTu GPS, BanuaHOCTb (NMPaBUIbHOCTL) AAHHbIX),
paboTe GOPTOBbLIX CUCTEM (OaHHbIE, MOMyYEeHHbIE C NMOMOLLBI0 AATYMKOB) U AOMONMHUTENBHOW MHAOPMaLMe
(Tekywme Bpems n gata). IHdopmaumoHHoe coobLLeHre NporpaMMbl-cepBepa MMEET BUL TEKCTOBOW CTPOKW.

Hauano

MonyueHne AaHHBIX 0 MONOHEHHUM NOABOAHON NOAKN:
3HaveHue yina guddepenTa dx, sHauenwne yraa kpena dy,
3HAUYEHHe YINa OTKAOHEHHWA 0T 3aJaHHOTO Kypca dn

(dx > dxp a) A (d < din)

YcTaHoBKa yrnos
Her nosopoTa
TOPH 3OHTANb HbIX
pyneii:
free. = - dx
Y cTaHOBKA YINoB fapae = - dx
nosopoTa I
TOPU30HTANbHbIX JeunrkeHne
pyne: ofoumun
free = - dy X000BbIMM
fapas. = dy NBUTATEAAMM ©
T YINOBOKR
Jenenne CKOPOCTLIO
ol ormn BpaLLeHua
XO0A0BbLIMU BMHTOB Winin
ABMTATENAMM C
VINo B8Ok
CKOPOCTBIO
Spatuehia dn < dnygay,
BUHTOB W pin
ANsurenne
Her NeBblM X 040BbIM
ABUraTenem ¢

CHOPOCTbHY

Wapae. = Wnin

BpalleHHA BMHTa

Puc. 4. briok-cxema anzopumma rnpouyedypbl KOPPEKUUU MO0xeHUs1 Nnod8o0Ho20 poboma

KoHneny
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MapLupyTtunsatop Ha 6opTy poboTa faeT BO3MOXHOCTb BbIXOAa B ceTb Internet ycTponcTBam
noABOAHOrO poboTa: OAHOMMATHOMY KOMMbIOTEPY M BHEWHWM |P-Buaeokamepam Ans MOHUTOPUHra
rmapocdepsl. [se IP-Bugeokamepbl pacnonoxeHbl B HOCOBOW OKOHEYHOCTM poboTa v TpaHCnMpyoT
n3obpaxeHne Ha ypaneHHbI KOMMbIOTEp onepaTtopa Yepe3 ceTb Internet. IP-Buaeokamepbl umetoT
cobcTBeHHbI web-uHTepdeiic. Ansa Toro, 4tobbl Nony4ntb AOCTYN K HeMy, Heobxoaumo yepes web-
6paysep neperitn no IP-agpecy 6optoBoro komnbtoTepa: http://XXX. XXX XXX.XXX:Y/, rge: X — ymcna ot
0 80 9, Y — Homep nopTa. IP-agpeca 06enx Buaeokamep CoBNagatoT, OTNINYHBI TOFIbKO HOMepa NopToB.

Mporpamma-cepsep MMeeT BO3MOXHOCTb MPAMOro ynpasfeHWs npuMBOoAamMn MOABOAHOMO
pob6oTa, UrHopMpys KOMaHAbl ynpaBreHus nporpamMbl-kKnMMeHTa — 3Ta BO3MOXHOCTb obecrneunBaet
PeXUM TEeCTUPOBaHWSA, B KOTOPOM MOXHO MpoBepuUTb paboTOCMOCOBHOCTL KaxKAoro Asuratens B
OTAENbLHOCTU, NpeaBapuTenbHO NOAKNYMB K 60PTOBOMY OAHOMNMATHOMY KOMMbIOTEPY AOMNOMHUTENbHbIE
YCTPOWCTBA: KraBuaTypy, MaHUMNynaTop «Mbllb», HEOOMbLIOW MOHUTOP.

Ha puc. 5 npeacraBneHa cxema oTnpaBKW/NONyYeHNA KOMaHA U MHOPMALMOHHbBIX COOOLLEHMI
nporpamMMon-cepBepoM 1 NporpaMmmMon-knneHTom. VHdopmaumoHHoe cooblleHne nporpammbl-cepeepa
COAEPXUT AaHHble, NOMyYeHHbIE C NOMOLLbIO BOPTOBBLIX AaTYMKOB.

Mporpamma-

1
1
1
i KoHTponnep
1

KMMEeHT
! M3,

ynpasneHusi

A\ 4

! 1
! 1
! 1
! 1
| 1
| 1
| 1
1 1
! 1
| WHpopma- !
1
i LUMOHHOEe '
i | coobuieHune !
1
Komanpa : KoHTponsep c6opa '
! 1
! 1
T 1
| 1
| 1
| 1
1 1
! 1
! 1
! 1
! 1
| 1
| 1
| 1
1 1

V2

NHOopMaLmm

MHdopmaum-
OHHOE
coobLeHne

Komanpga

Puc. 5. Cxema omnpagku/nosny4eHusi KoMaHo U UHGOPMaUUOHHbIX cOObWeHUl npozpammoUli-cepeepom
U npoepammoUi-KnueHmom

MHbopMaLnoHHbIE COOBLLEHMSA ABMAOTCA TEKCTOBBIMU CTPOKaMU 1 UMEIDT hopmar:
<A,3723.2475,N,12158.3416,W,0.13,309.62;p1:10;p2:20;dx:30;dy:40,;dz:50;n:60;c1:0;c2:1>

roe: CUMBOJSIbl «<» N «>» — «MapKepbl» Havana u KoHua MHOPMaLNOHHOIO COOBLLEHNS, CUMBOS «;» —
pasgenuTenb nonen coobLieHns (MHOPMaumMs Kaxaoro AaTyvka 3anucbiBaeTca B onpeaenieHHoe
none), CUMBON «,» — pa3genuTenb None AaHHbIX, NOMyYeHHbIX npuemHukoM GPS, noactpoka «pi:» -
Mapkep nonsi AaHHblX daTtyvka naenenust Nel, moacTpoka «p2:» - MapKkep Nons AaHHbIX gaTyuka
naenenua  Ne2, nopctpoka «dx:» - Mapkep nonst  daHHblx 006 yrme  gudbdepeHTa
3-X OCEBOro gart4yvka yCKopeHusl, NoacTpoka «dy:» - Mapkep nomns AaHHbix 06 yrre kpeHa 3-X oceBoro
AaTyuka yCKOpeHusl, NoAcTpoka «dz:» - Mapkep nons AaHHbiX 06 yrre noBopoTa BOKPYr BEPTUKANbHON
ocu 3-X OCEBOro AartyvKka YCKOpeHWsl, MOACTPOoKa «N:» - MapKkep Mnomns AaHHbIX 06 yrrne OTKMOHeHWs
MarHuTomeTpa OT Kypca Ha CeBepHbl MarHUTHLIA MOMIOC, MOACTPOKa «C1:» - Mapkep Mons AaHHbIX
KOHLIEBOro AaTtumka npenatcteui Ne1, moacTpoka «C2:» - Mapkep MNons AaHHbIX KOHLEBOro gaTyvka
npenatcTeni Ne 2.

Mone aaHHbIX NpuemHmka GPS He nmeeT mapkepa. [aHHble, NonyvyeHHble npuemHmkom GPS,
Haxo4sTcs B Havane nHopMaLnoHHOro CoobLLeHNSs:

A,3723.2475,N,12158.3416,W,0.13,309.62
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MoacTtpoka gaHHbIX NpueMHuka GPS genntca CUMBOSIOM «,» Ha CEMb MOMNen:

Mone BanuaHOCTK (BOCTOBEPHOCTH): A — AaHHbIE BanuaHbl, V — AaHHble He BanuaHbl;
Mone wupoTsi;

[Mone onpeneneHusa ceBepHOW/OXXHOW WIMPOThbI: N — ceBepHasi, S — txxHas;

[None pgonroTsl;

Mone onpegeneHns BOCTO4HOW/3anagHom gonrotel: E — BocTouHas, W — 3anagHas;
[None namepeHHoM ropmaoHTarnbHom ckopoctu B yanax (1 ysen = 1,852 km/u = 0,5144 m/cek);
Mone gaHHbIX 06 yrne oTKNOHeHMs OT Kypca Ha CeBepHbIN MOMIoC.

CVICTeMa ynpaBneHus aBTOHOMHbIM MNOABOAHLIM POGOTOM MO3BOMSET MNEPEKOYUTLCS C
AVCTaHLUMOHHOrO yrnpasneHns Yepes Internet Ha paguoynpasneHue. 3To 4aéT BO3MOXHOCTb ynpasreHns
npu BHE3arnHoM npekpaLlieHumn cBsa3n ¢ pobotom Yepes Internet. Pagunyc gevicteus pagmnocssasm 30 m.

PaccmoTpeHHast cuctema ynpaBneHuss aBTOHOMHbLIM  MOABOAHbIM  POGOTOM  MO3BOMSET
ncnonb3oBaTb HeobuTaeMble NOABOAHbIE annapaTbl Al MOHUTOPUHIa COCTOSIHUS rugpocdepbl 1 noucka
3aTOHYBLUNX OOBEKTOB Ha HEGOMbLLOW rIyGuHe.
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VIBRATING STRIP AND DYNAMIC IDENTIFICATION DEFORMATION
CONDITION OF THE ROAD DESIGN

Jushkov B.S.}, Jushkov W.S.2, Kychkin W.I.%®
123 perm National Research Polytechnical University
Russia

Abstract
The opportunity of application vibrating strip is considered as the tool of decrease of risk road - transport
incidents. One and two mass models of dynamic behaviour of road design are submitted at movement of
vehicle on vibrating strip. Process is illustrated with imitating modelling.

Keywords: the Highway, vibrating strip, vehicle, traffic safety, tactile perception, deformation of road
design, vibrating method of diagnostics.

AHHOTauunA
PaccmoTpeHa BO3MOXHOCTb MPUMEHEHWUS1 BUOPOMONOCHl B Ka4yeCTBE WMHCTPYMEHTA CHWKEHUS pucka
JOPOXHO — TPaHCMOPTHbIX npouclecTBuin. [lpeacTtaBneHbl OOHO W [ABYX MacCOBble MoAenwu

OVHaMWYecKoro MoBeAeHUs [OPOXHOW KOHCTPYKUMM MpU OBMXKEHUM TPAHCMOPTHOIO Cpeactsa Mo
BuGponornoce. MpoLlecc UNMCTpPUPoBaH MMUTALMOHHBIM MOAENMPOBaHNEM.

KritoueBble cnoea: ABToMobUIbHasi 4opora, BUGPOMNosioca, TPaHCNOPTHOE CPeaCcTBO, GE30MAaCHOCTb ABMKEHMS,
TaKTUIbHOE BOCNpusiTVE, AechopMaLys JOPOXKHOWM KOHCTPYKLMK, BUOPALMOHHbI METOA AUarHOCTUKK.

OpHoM M3 oCTpenwmx coumanbHbiX npobnem B Mupe aBnseTcs npobrema BbICOKOro YPOBHS
aBapUMHOCTM Ha aBTOMOBUNbHBLIX AOpOrax BCex CTpaH Mupa, NOCTOSHHO pacTyLlero Yncna nornéLumnx u
nocTpagaBlMX B  [OPOXHO-TPAHCMOPTHbIX npoucwecTtBusax (OTM). [lMpobnema obecneyeHus
6e30MacHOCTV JOPOXHOIO ABMXKEHUSA CTAHOBUTCA rnobanbHbIM BbI30BOM AJSt BCEro YenosevecTsa [1].

MeponpuaTtis, No3BormMBLLME O0BUTLCA CHUXEHWE aBapuUMHOCTM Ha aBTOMOBUIbHBLIX [Oporax,
CBSi3aHbl C BHEAPEHVEM, Mpexae BCero, C MPUHYyAUTENbHbIM OrpaHUYEHNEM CKOPOCTU aBTOTPAHCTMOPTHbLIX
cpeactB (ATC) B MecTax NOBbILIEHHON onacHoCTY [2]. OaHWUM 13 NyTei peLleHust 3ToN NpobnemMbl SBNAeTCs

© Jushkov B.S., Jushkov W.S., Kychkin W.I., 2012
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€o34aHne KOHCTPYKTUBHbIX 3NIEMEHTOB Ha LOPOXHOW ofexae, CrocoOCTBYHOLIMX reHepaumm konebaHun
TPaHCNOPTHbIX CPEACTB B PEXUMAaX HEKOM(POPTHOrO BOCIIPUSATUS BOAUTENEM YCMOBUN ABUXEHMS, YTO BeaeT K
N3MEHEHWNIO MapamMeTPOB ABWXKEHWUS MO HaMpaBiieHUO U ckopocTu. Ons Belbopa onTMMaribHbIX NapameTpoB
TaKOWM KOHCTPYKUMN HEOBXOAMMbI MaTeMaTUYECKe Moaenu, BKrtovatoLme B ce6s1 0COBEHHOCTM TaKTUIbHOIO
BOCMPUATUSI BOOMTENEM HanMuMsi BUOPOMOSOCHI, XapakTEPUCTUKN aBTOTPAHCMOPTHLIX CPEACTB, CKOPOCTb
ABWKEHUs, OOLLYl0 ANMHY NOMoCbl, MyOuHy, LUMPUHY W Llar HEepOBHOCTENW, Matepuanbl 3MeMEeHTOB
KOHCTPYKLIMM BUOPOMONOCHI, OPOXHOIO MOKPLITUS 1 OCHOBaHMSA [3].

Peanusyemble BMOPOMONOCHI XapakTepu3yloTCs pasfMyHbIM PacnofioXeHWeM Ha NOBEPXHOCTU
aBTOMOOUILHbLIX Aopor (cM. puc. 1):

— MpPUKPOMOYHas (Unu Kpaeasi) — Takasi BMBponorioca HaHOCUTCSt Ha YKPEMSIEHHOW 4YacTtu
0604mMHbl NMMBO Ha nonoce 6e3onacHOCTU, MpUMbIKAOLWLEN K pasgenutenbHOW nonoce (crneea no xogy
ABWXXEHWS TPaHCMNOPTHBIX CPEACTB).

— OCeBylD — Takas Monoca pasmellaeTrcss no Oocu AOpOorv ABYX- UMW YeTbIPEXNOMOCHbIX
aBTOMOOUIBbHBIX JOPOr, HE UMEILMX pasgenuTenibHon nonockl. Takasi BuGpononoca npegoTepallaeT
HenpeaHaMepeHHbI Cbe3a TPaHCMOPTHOrO CPEACTBA Ha BCTPEYHYHO NOMIOCY ABMKEHUS.

— CpedHsia — pasMellaeTcsl Mo OCW MOoMochbl ABMXKEHUS Ha ABYXMONOCHBIX aBTOMOGWMbHbBIX
Joporax, MpUMEHSsIeETCss B OCHOBHOM B TeX Cryvasix, Koraa napameTpbl aBTOMOOWMbHOM [OpOru
HeOoCTaTouHbl ANst NMPUMEHEHUST OCEBOW WM MPUKPOMOYHOW BMGpoMonoc. JTOT BUA MOMOCbI MeHee
pacnpocTpaHeH, HO He MeHee ahDEKTNBEH, 1 NPeAOTBpaLLaeT HenpeaHaMepeHHbIN Cbe3a TPaHCNOPTHOMo
CpencTBa, Kak BMpaBO Tak W BNEBO NO HanpasneHunio apwkeHus. OHa pacnonaraeTtcs mexagy npasbiM U
neBbIM KonecamMu TPaHCMOPTHOMO CPEACTBA, NO3TOMY 3a4aeT BEKTOP ABWXEHWUSI BOAUTENID. OTO CBOMCTBO
O4YeHb 3PPEKTUBHO B HOHYHOE BPEMSI CYTOK U B YCMOBUSX HELOCTATOYHOW BUOMMOCTH.
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Puc. 1. Mecmo pacnonoxeHusi gubporonoc Ha asmomoburibHol dopoze
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Takum obpasom, BuGponornoca SBNSETCS KOHCTPYKTUBHBLIM 3MEMEHTOM [AOPOrM U B CBOM
ouvepedb onpefensieT COBOKYMHble TPAHCMOPTHO — 3KCMMyaTauMOHHbIE XapaKTepUCTUKM yyacTka ee
pacnonoXeHNsi, Ha KOTOPOM 3TOT 3fIEMEHT ABMAETCH CPEACTBOM CHUKEHWUS pucka BO3MoxxHoro OTT1.

MMpy HanMMuuyM HepoBHOCTEN Ha MOBEPXHOCTM aBTOMOOMIILHOW [OpOrY B BUAE BWOBPOMOMOCHI,
NpoBeAEeHHbIE HaMW UCCNeOBaHMS NO3BONAT ONpeaenvTe OCHOBHbIE ee napaMeTpbl nNpy AsukeHun ATC
€O ckopocTbo 60 KM/4 1 Wwarom HepoBHocTen Bubpononockl 200 MM: rnmybrHa KOHCTPYKTUBHOIO aneMeHTa
Bubpononockl 20...30 MM, WwmMprHa nonocbl MoxeT ObiTb npuHATa 150...200 MM, anvHa BUBpononochl
BblIOMpaeTCsl B 3aBWCMMOCTM OT NPOAOSIbHOTO M MOMEepeyHoro npodmner aBTOMOOWMBHOW [OPOru.
C poCTOM CKOPOCTY ABWMXEHUSI aBTOMOOUISA U YMEHbLUEHNEM ATNNHbI BOMHbI HEPOBHOCTEN CYLLECTBEHHOTO
BMUSIHWSA rNYyOUHBI KOHCTPYKTUBHOTO 3NieMeHTa He HabnioJaeTcs, YTo MO3BONSET MPUHATL 3TOT NapameTp
Ha ypoBHe 40 MM. Mpu 3TOM JOCTUralOTCA BUBPOYCKOpeHus B npeaenax 2,1 m/c2,

Ha cnepgylowem aTane paccmaTtpuBaeTcsi BUBpOHarpyxeHue [LOPOXHOW KOHCTPYKUMM B
cnegcteue asmxerHusa ATC no subpononoce. MNprvHUMas NpUHUMMLI pacyeTa IMHENHbIX YNpYrux CUCTEM,
paccMOTPpMM OMHAMUYECKYI0 MOAEfNb OOPOXHON KOHCTPYKUMM U BUOBPOMNONOCHI C OAHOW CTeneHblo
cBobofbl, C Yy4eTOM BSA3KO-YNPYrMx CBOWCTB MaTepuanoB KOHCTPyKuuu. [uccunaTvBHble cumbl
NPUHMMAIOTCS NPOMOPLMOHANBHBIMU CKOPOCTAM. YAapHbIN UMMYnbC NpeacTaBneH B oopMe NonyBOMHbl
CUHycoMAbl U U3 CNeKTpa Harpysku BblgeneHbl YacTtoTbl 8...20 M.

[HevicTBylolme Harpyskun SIBASKOTCA KBasWCTaLMOHAapPHbIMKM C MonMMoZaribHbIM pacnpeaeneHmem
BEPOATHOCTEN. HakonneHHble octaTtoyHble Aechopmaum He ONpeaensaTCst Kakou-Nnbo OOHON Harpyskom, u
XapaKTepusyTCs BCEN NX COBOKYMHOCTBIO C YH4ETOM CTOXacTUYHOCTU. B cBA3M ¢ aTnum TpebyeTtcs pa3paboTka
MEeTOOMKM YyyeTa BCEeX Pa3HOBMOHOCTEN PEXUMOB HarpyeHus no AonsM KX ydactns B (popMMpoBaHWn
OCHOBHbIX CTaTUCTVK pacnpeernieHns BepOsSTHOCTU BO3AENCTBUI B KaXAoM cermeHTe nyTu [4].

Onpegenum eguHMYHOE NepemeLLeHne OCHOBaHNSA Mo 3aBUCUMOCTY [5]:

Po

y:m'Q

. %e—it[zgcos(plt—i((pz—ez—zgz)-sin(plt +sin(0-t+dgc )|,
P

rae Py — napameTpel Harpyski; Q, &, @, 0 .c. — NapameTpbl NpoLecca; t — Bpems; M — akT1BHas Macca.

(o7 -02f + 422 | wz\/%’ C:(E%)'K’ﬁ' o :(pz_ézj’ };:\%”

rae \J — KO3PULIMEHT MOTMOLLEHNs CTpoUTENbHbIX MaTepuarnos 0,25; O - yactoTa BHelLHeli cynb; ¢ -
cobcTBeHHas YactoTa; C — xecTkocTb; K — koadhdmumeHT cornacoeanus 1,13; F — nnowagp wramna.

Mo paspaboTaHHOM MaTeMaTuyeckon Mogenu ObinnM NpoBeAeHbl MMUTALMOHHbIE pacyeTbl
nepemMeLLeHnin JOPOXHOrO NOKPbITUA (puc. 2). KonebaHusi HOCAT 3aTyxatoLwuii xapakTep npu pacyeTHOM
koadhduumeHTe 3atyxaHus. MakcumanbHoe 3HavyeHne aMmnnnTyabl nepemMelleHns Habnogaetca npu t =
0,02-0,03 c.

.y (cm)
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\
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Puc. 2. Mpaguk 3asucumocmu duHamMu4eckozo npoauba om epemeru npu E = 200 ka/cm?
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MonumopganebHoe JencTBMe BHELLHEN Harpysku npeactaBneHo Ha puc. 3, 4. lNo pesynbTatam
pacyeToB OTMETUM, YTO B CUCTEME MMEET MECTO pe3oHaHc, Hanpumep, npu E = 200 kr/em?ut = 0,01 ¢
pe3oHaHC HacTynaeT npu 4actote 14 Tu. Mpu E = 500 kr/cM? pe3oHaHC CMeLLaeTcst B CTOPOHY
yBEnuYeHnsi 4acToTbl U HabnogaeTca npu vyactote 21 'y,

16
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19 //'\\
10 7\
¢ I\
> / \
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/ “
0 T Al T T T
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f(Mu)
[ ——E =200 kr/cm2 |

Puc. 3. Mpaguk 3asucumocmu AUHaMU4ecKo20 npoauba om yacmomsl HazpyxeHus npu E = 200 ka/cm?
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Puc. 4. Mpaguk 3asucumocmu AUHaMU4ecKo2o npoauba om yacmomsl HazpyxeHrusi npu E = 500 ka/cm?

MpoBeaeHbl Takke pacyeTbl CTaTUYECKOro Moaysst yrpyrocti no dopmyne:
_ P-Dlt—p®

cT T '
y
roe P — gaeneHne B mecTe KoHTakta; D — OnamMeTp 3KBUBANiEHTHOro LwTtamna; ],l - KOSde)I/ILl,MeHT

MyaccoHa maTtepuana ocHoBaHust; y — nporuno.

E

PesynbTaTthbl pacyeToB npuBeaeHbl Ha puc. 6. B kayecTBe nprmMepa pacCMOTPEHO OTHOLLEHME
OVMHaMUYecKoro MOAyns K cTaTtudeckomy npu Aencteum Harpy3km 25 kH ¢ vactotom 8 lu. 3710
oTHoleHne coctasuno E, . /E.. =25. B pabote [6] ykasaHO, 4TO C POCTOM CKOPOCTW aABWkeHus ¢ 10

Ao 130 kM/4 AMHaMuMyYecKkMn MoOAynb YNPYrocTU MOXET BblpacTu B 12 pas, a HanpsbkeHve cxaTtusi Ha
NMOBEPXHOCTWN OCHOBaHWSA MOryT yBenuunTbes 6onbLue, yem Ha 20 %.
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Puc. 6. Cmamuyeckuli MoOyrib ocHo8aHUs 8 (hyHKUuUU rpoauba

B paGoTe Takke paccMOTpeHa [AByxmaccoBas  MOAENb [AOPOXHOW KOHCTPYKUMKU Anst

AVHaMM4ecKon naeHTudmkaumm AedopmMaLNoHHOrO COCTOSHUS JOPOXKHON KOHCTPYKLMU NPU CBOBOAHBIX
konebaHuax [7]:

my¥; +Ci(y1 —y2)=0
MyY, +Cy(yr —y2)+Coy, =0,

roae mp M1 my — Maccbl BepxHero u HwxkHero crosi; C; n C; — k03adULMEHT XECTKOCTU AOPOXKHOro
MOKPbITUS U OCHOBAHWUS; Y1 U Y2 — NEPEMELLEHME NEPBOIN 1 BTOPOI Macc.

Ecnn BubponepemelleHns npeactaButb B Buge yi=AiSin(wtt@i) un y,=Assin(wt+@,), TO
COOTBETCTBYHOLLME Npeobpa3oBaHMs AAOT COOTHOLLEHMWE AN onpeaeneHns COOCTBEHHbIX YacToT:

2
Ci+Cy G, [[C+Cy G|, CiCo
mp m ) m; my mim,;

2

-1
01234 =% c

)

MeToauka pacyeTa peanusoBaHa npu gonyLieHnn: opmmnpoBaHme xectkocTter cnoes C; n C;

[10 PacyeTHOro 3HaYeHUs1 MPOMCXOAMT BO BPEMEHW HaMHOro Gorbluee, YeM Bpemsi AeiCTBUSI LUTATHON
W TECTOBOW Harpysku.

Ona onpepenenvs amnnuTyn kormebaHui OBYXMacCOBOM cucTeMbl 6e3 yyeTa 3aTyxaHus
npeactasum pelleHus anddepeHumanbHbIX ypaBHEHUA ABMKEHUS B BUAE:

yl = allcos((l)lt + (Xi)"r alzcos(ﬂ)zt + az)
y2 = a21 COS((L)lt =+ a1)+ a22 COS((Ozt =+ (Xz) y

rae dgq, dip, Ayq,y Ayy— aMNUTYABI KONIEGAHMI N0 06eNM rapMoHukam; o , &, — asbl konebaHui.

[ns  onpepeneHns KoapUUMEHTOB  a;;  BOCTIOMb3YEMCS  OTHOLIGHWEM — aMnuTyA
COCTaBNAKLWMX raPMOHUK, COOTBETCTBEHHO ANA I'IepBOI7I 7] BTOpOVl YacCTOoThbl:
2
A _Ci-my-of Koi-yi—y» Az_Kz'Y1*Y2

» Kypg=—————, Ap1=vy1- , =
Arg Cy C;+Cyr—m, -0 Ka1-Kaa Ka1—Kazz

Ko =

174



Science and Education December 18th—19th, 2012. Vol. I

[ns vccnegoBaHWe BRUSIHAS NapamMeTpoOB COCTOSIHWSA CIIOEB OCHOBAHUSA OOPOrM Ha ChekTp
COBCTBEHHbIX KONebaHM KOHCTPYKLUMIA BOCTIONb3yeMcsi nakeToM nporpamm Mathcad.

PesynbTtaThl MogenupoBaHus kornebaHuii JOPOXHOrO MOKPBITUS U CIIOEB OCHOBAHWUSI C YYETOM
ANHaMWUYECKOW KECTKOCTU [OPOXHOW KOHCTPYKUMW MPUBEAEHbI Ha puc. 7, U3 KOTOPOro BWAHO, 4TO
nepemelleHne Crnoes MpoucxoauT B npoTmBodase (OTHOCUTENbHas BNaxHocTb W/wy = 0,5 %, E, —
MOZyrb YNPYroCTU OCHOBaHUSI).

Kone6aHusa nokpbiTus goporu u crnoeB ocHoBaHus Ey=85 MM a,

w/w0=0.5%
y1,y2cm

0,025
e /\\ y
oot / X \WA
’ 0 /)\]I\ T / T T T D' ¥ TAT T '\4 t0.01c

0,005 /33
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Puc. 7. Pesynsmamabi pacyemos 8ubpayuoHHbIX nepemeuweHul
crioee G0POXHOU KOHCMPYKUUU

MaTtemaTuyeckass Mopefllb U pesynbTaTbl PacYeTOB  SBMSIOTCS  COCTABHOM  YacTblo
nporpaMMHOro obecneyeHust ANarHoCTUYECKMX NpoLedyp OLEHKU AMHaMWUYECKOTO MOAYNS Matepuanos
[OPOXHON KOHCTPYKUMM B pexumMax mx HarpyxeHuss ATC gBuxkylumxcs no BuGpononoce. ATo siBnsieTcs
OCHOBOWM  pa3paboTkyu MeToda OLEHKW, MNPOrHO3WPOBaHWMS U MOBbIWEHUS  3¢pheKTMBHOCTU
(hbyHKLMOHANBHOTO Ha3Ha4YeHust BUOpOMOSiockl ANst JOCTWXKEHWSI Lenu cHwkenuss OTI npu aHanuse
[ehOPMaTUBHOCTMN JOPOXKHON KOHCTPYKLIMN.
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USE OF NEW MODELS OF ELECTRIC MACHINES IN THE PROCESS
OF TRAINING STUDENTS OF THE ELECTROMECHANICAL PROFILE

Kagan A.V.®
Saint-Petersburg State Mining University
Russia

Abstract

The aspiration to probably more complete assimilation by students of the engineering directions of
preparation of a number of special sections of the course «Electric machines», in particular
«Asymmetrical machines», constantly stimulates the teacher to search and development of new evident
mathematical models occurring in such machines of physical processes. The simplified method of
calculation of the asymmetrical asynchronous machines is considered in the article, allowing rather
simple to estimate working properties and to define the main operational characteristics. Asymmetry of
the electric machine is interpreted as a parametrical factor and considered in the equations of
electromechanical transformation by means of the corresponding factors. The offered model possesses
high presentation and universality as it is suitable for asynchronous machines with electric, magnetic and
spatial asymmetry, and also their combination in any compatibility. The model has a certain
methodological value when training students-electromechanicians, and also can be of interest for the
experts occupied with research and development of asymmetrical electric machines.

Keywords: asymmetrical electric machine, simplified model, equivalent circuit, training of students.

AHHOTauunA

CTpemneHve K BO3MOXHO 6onee MOMHOMY YCBOEHWIO CTyAEHTaMU WHXEHEPHbIX HanpaBneHun
NnoaroToBKM psifa chneumanbHblX pasgenoB  Kypca «OneKTpuyeckne MalivHbl», B 4acTHOCTM
«HecuMMeTpryHbIe MalMHbI», MOCTOAHHO CTUMYNMPYET npenogaBaTenst K Noucky U paspaboTke HOBbIX
HarnagHbIX MaTeMaTU4eckux mogenen Mpoucxoasmx B TakMx MawmHax cuanyeckmx npoueccos. B
cTaTbe paccMaTpyBaEeTCsl YMNPOLLEHHbIN MeTod pacveTa HECMMMETPUYHBLIX aCUMHXPOHHbBIX MalLLMWH,
NO3BONSAIOLWMIA [LOCTAaTOMHO MNPOCTO OLUeHMBaTb MX pabouve CBOWCTBA M ONpefensitTb OCHOBHblE
3KCMnyaTauMoHHbIE XapaKTeEpPUCTUKN. HecummeTpus SneKTpu4eckorl MalluHbl MHTEPNPeTUpYeTCst Kak
napameTpuyeckuin akTop U y4nTbiBaeTCA B YPaBHEHUSIX 3NIEKTPOMEXAHUYECKOro npeobpas3oBaHnst C
MOMOLLBID  COOTBETCTBYHLIMX  KO3hduumeHToB. [lpegnaraemass mogens o6nagaet  BbICOKOW
HarNagHOCTLIO M YHUBEPCANbHOCTbLIO, MOCKOSbKY NPUrogHa Afs aCMHXPOHHBIX MALUMH C 3N1EKTPUYECKON,
MarHWTHOM W MPOCTPaHCTBEHHOW HECMMMETpMERn, a Takke WX KoMOMHauven B noboOM codveTaHuw.
Mogenb uvMeeT onpegenieHHoe  MeTOAOoNIorMYeckoe  3HavyeHne npu  oby4yeHun  CTyOEeHTOB-
ANEeKTPOMEXaHUKOB, a Takke MOXeT npPeacTaBnsATb WHTepec Ans  ChneumanucToB, 3aHATbIX
nccnegoBaHNeM M pas3paboTKoM HECUMMETPUYHbBIX SNIEKTPUYECKUX MALLVH.

KntoyeBble crnoBa: HEeCMMMeETPpUYHasa aneKkTpuvyeckaa MallinHa, ynpolleHHaa Mmogenb, cXxema 3amMelleHns,
oby4yeHune CTyoeHTOB.

HeobxoanmocTb BHeApeHWst B y4eOHbIA NpoLecc NocrneaHnX JOCTUXKEHUIN HAyKM U TEXHWUKU He
BbI3blBAET COMHEHUN. B MHXEHEepHOM NOAroTOBKE 3TO B 3HAYUTENbHOW Mepe OTHOCUTCH K HarnsgHbIM
afeKBaTHbIM MaTeMaTU4eCKMM MOAENSAM, YPOLLAIOLLUMM NMOHUMAHWE CITOXHbBIX (ON3NYECKUX ABNEHUNA.

B knaccuyeckom Kypce SneKTpUy4eckMx MaliuH B OCHOBHOM PacCMaTpuBaloTCs Tak HasblBaemble
CYMMETPUYHbIE MaluMHbl. CUMMETPUYHONM, Kak M3BECTHO, CUHMTAETCs JneKTpuyeckasi MalluHa, OCHOBHas
rapMoHM4eckasi UHAYKUUW pe3yrnbTUPYIOLLEro MarHUTHOrO Mo KOTOPOW MMEET KPYroByto chopmy.

OnpegeneHHoe MeCTO B TEOpPMM U MpaKTUKE 9OMEeKTPUYECKUX MalUMH  3aHMMaloT
HECUMMETPUYHbIE 3NEKTPUYECKMe MaluuHbl. B HecMMMeTpuyHbIX MalwmHax rogorpadoM BekTopa
pe3ynbTUPYIOLLLEro MarHUTHOTO MOMsA SBASETCA 3MMMUMC, YTO MHTEPNPEeTUPYeTCs Kak HanmuuMe B Takumx
MalLMHaxX ABYX MarHUTHbIX MONen, BpaLllaloLmMXCcsa B MPOTUBOMOSIOXHbLIX HANpaBreHnsX.

©Kagan A.V., 2012
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Onnuntuyeckasa ¢opma nons B 3a30pe MOXeT OblTb 00ycnoBrieHa KOHCTPYKTUBHbLIMM,
3KCNNyaTauMoHHbIMU MU TEXHONOrMYECKUMWN NPUYMHAMMU.

KOHCTPYKTMBHO amnekTpuyeckass MallMHa MOXEeT UMEeTb HECUMMETPUYHbIE MarHWTOMPOBOAbI
cTaTtopa unu potopa (Mnu ctatopa M poTopa OAHOBPEMEHHO), KOTOpble XapaKTepu3ylTcs pasHbiMU
MarHUTHbIMU NPOBOAMMOCTSIMU B PasfUyHbIX paguarnbHblX HanpaBneHusix (Hanpumep, SBHOMOMOCHbIE
MawwuHbl). [log KOHCTPYKTWMBHBIM MpU3HaK nognagarT oAHodasHble MalvHbl, a Takke OByxdasHble
(MHOrodpasHble) C HepaBHOLEHHLIMW B 3NEKTPOMArHUTHOM OTHOWweHun dasamu, nmMbo MaluuHbI,
NPOCTPAHCTBEHHbIV Yron casura mexay gpasamu KOTopbIX OTAIMYEH OT CUMMETPUYHOTO.

KOHCTPYKTMBHO CMMMETpMYHasi MallMHa B Mpouecce 3KCnnyaTauMm MoxeT pabotatb B
HECUMMETPUYHBIX PEXMMAaX, HanpuMep HECUMMETPUYHAA Harpy3ka MHOroda3HOro CUHXPOHHOTO reHepaTopa,
OdHOMasHbIN pPexuM TpexdasHoro acUHXPOHHOro Asuratens U Ap. HecuMMeTpuuHble pexuMbl 0BbIMHO
MOOENUPYITCA C MPUMEHEHUMEM  MeToda CUMMETPUYHBLIX COCTaBISIOLMX, COrNAacHO KOTOPOMY TOKM M
HanpshKeHNs packnagblBaroTCs Ha NPsiMyto, 0GPaTHYH U HYNEBYH NocneaoBaTenbHOCTY.

lMpakTnyeckn BCE KOHCTPYKTMBHO CUMMETPUYHbIE MaLUMHBI, paboTalowme B CUMMETPUYHBIX
3KCMMyaTauMOHHBIX pexumax, CTpOro roBops, SBASKTCA HECUMMETPUYHbIMKU, 4TO O6YyCroBneHo
TEXHOMOrMYECKMMUN MOTPELLUHOCTAMU  UX M3roToBneHus. [Mpu MogenupoBaHUM TEXHOMNorM4eckue u
3KCMMyaTauMOHHbIE  MNPUYMHBI  MOSBIEHWA  ANNWUNTMYECKOro nons  MoryT  ObiTb  cBedeHbl K
KOHCTPYKTUBHbIM.

B 3aBMCMMOCTM OT TOro, Kak Mpov3BeOEeHO OTCTYMreHMe OT CUMMETPUMU B 3MEKTPUYECKON
MaluMHe, pasnuyaroT 3NEKTPUYECKYH0, MarHUTHYHO U NPOCTPAHCTBEHHYH BUAbI aCUMMETPUM.

MHXeHepHbI pacyeT HEeCMMMETPUYHBLIX MalUMH BbI3blBAET OMpeaereHHble 3aTpyAHEeHus.
OcobeHHO OCTpO BCTaeT aTa npobrnema npyv OAHOBPEMEHHOM MPUCYTCTBUU B INEKTPUHECKOW MalLuuHe
KakMx-nMbo [AByX BMOOB HECUMMETPUMM, a Takke npu TMOMHOM €ee acuMMeTpuu. YKasaHHble
obCcToATENbCTBA CEPbE3HO YCMOXHAKT MOHMMAaHWE CTyAeHTaMM MPOUCXOAALMX B TakUMX MaluMHax
3MeKTPOMarHUTHbIX MNpoLeccoB. B 3Tux ycnoBmsx onpedeneHHblii WHTepec npeacTaBnseT Hosas
npubnmkeHHasa Mogenb HECUMMETPUYHON 3NEKTPUYECKON MaLlumvHbI [1].

B cooTBeTCTBUM C NpaKTUKyeMbiM MOAXOAOM pacyeT Nobor HECUMMETPUYHON MHOrogasHomn
3MeKTPUYECKON MalUVHbl, B KOHEYHOM CYeTe, MOXHO CBECTU K pacyeTy HEeKOTOPON IKBMBANEHTHOMW
MalWHbl C OBYMS BpallaloWUMMUCS B MPOTMBOMONOXHbIE CTOPOHbI Monamwu. TakowW noaxod Aaet
BO3MOXHOCTb MpOaHanun3mpoBaTh U3NYECKYIO CTOPOHY SIBMEHWS U NO3BONSET NONYyYUTb UHTErpanbHy
nHGOopMaLmnio 06 3MEeKTPOMAarHUTHOM COCTOSIHUM U ODOOLLEHHBIX BbLIXOAHBIX MNOKasaTensx paboTbl
MaLLMHbl 6e3 TpagnuMoHHON nodasHom aeTannsauuu.

Mpn aTOM Hanuune nBOM HECUMMETPUU paccMaTpUBaETCH Kak napameTpuyeckuin daktop u
YUUTLIBAETCA B YpPaBHEHWUAX HAMPSHKEHWA OOMOTOK SMEKTPUYECKOM MalUMHbl 32 CYET BBEAEHUS B
KayeCcTBe COMHOXMWTENEeN COOTBETCTBYHOLUMX KOIPDULMEHTOB K1 1 Kz NPy MHOYKTUBHBLIX CONPOTUBIIEHUAX
KOHTYpoB. [lpM 3TOM MCNOMbL3yeTCs NPUHUMN CYNeprnos3vuuM W, He Hapylwas  WHBapUaHTHOCTU
3MeKTPOMarHUTHOM MoOLLHOCTW, 6e3 yyeTa HavasnbHbIX a3 NPUONMXKEHHO cYMTaeTCs, YTO npsmoe M
obpaTHOE MarHUTHbIE MOSsi CO34AKTCA NMULLBL B OOHOW HEKOTOPOW 3KBUBANEHTHOM (ha3e MallMHbI.

YpaBHEHUS HanpsikeHWn NpsiMon 1 0bpaTHOM nocneaoBaTenbHOCTEN NPY 3TOM UMEIT BUA:

Ui | [+ i(x+kX) jkXo i
= . N, '

0 JkaXo ;2+J(X2+klxo) I,

Uor | [+ (% +kyo) jKoXo 1
= i r_2’ i , '

0 JKaXg s + (X5 +koXp) I,

roe ull 7 u21 - HanpskeHus NpsIMol 1 obpaTHOW nocrnenoBaTenbHOCTEN;

1111112’ 121,122 — TOKM npamoun un 06paTHOI/I nocnegosartenbHocTen 0b6MOTOK cTatopa u poTtopa

COOTBETCTBEHHO,
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koadhpuumeHTbl ki U Kk, B KaXOOM KOHKPETHOM Cryyae HeCMMMETPUM JNEeKTPUYECKOW MalUUHbI
onpeaensioTcsa No COOTBETCTBYIOLMM pacyeTHbIM dopMynamM 1 NPUHUMAlOT CBOM 3HAYEHUS.

B pesynbTaTe pelleHusi MaTpUYHbIX YPaBHEHUI W OMNpefdeneHusi BXOAHbIX COMPOTUMBIEHWN
o6ewnx nocrnegoBaTenbHOCTEN NonyyeHa T-obpa3Has cxema 3amelleHuns — puc. 1.

g % %
[+ |_|'| YV Y
-—
- I
I, ‘?ll L n
Jh X, § S
Un
U ~
il -xf
1_T22 J 2 rz’
2-S

'
o

Puc 1. Cxema 3ameuwjeHUs1 HeCUMMEMPUYHOU MawUHbI

OTa cxema npeacrtaBnseT cobon moandUKaLmnio U3BECTHONM CXEMbl 3aMeLLeHNss oaHO(asHoM
ACMHXPOHHOW MalUMHbI C ABYMS BpaLLaoLLMMMCS NOMSMM.

MpumMeHsieMbIi METOZ, OTNMYaeTCs OTHOCUTENbHOM MPOCTOTON U HarnsgHocTbio. Kpome Toro,
ero xapakrepuadyeT onpeferneHHas YHMBEpCarnbHOCTb, TaK Kak OH MO3BONSAET MOAenupoBaTb
aneKTpMyeckMe MalUWHbl C 3MEKTPUYECKOW, MarHUTHOW WM MPOCTPaHCTBEHHOW BWAaMuM acMMMeTpuu, a
TaKkke WX KoMOuHauuen. Bce 310 umeeT GonblION MeETOA4ONOrMYEcKoe 3HadYeHue npu MoaroToBKE
CTYAEHTOB B 0OMacTX 3MEKTPOTEXHUKN W 3NEKTPOMEXAHMKN.
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CLASSIFICATION OF CLUTCHES. FRICTION CLUTCH COUPLING

Kobzev K.O.©
Don State Technical University
Russia

Abstract
Couplings serve for connection of shaft or shaft with details which are freely rotating on them (cogwheels,
pulleys, etc.), for the purpose of rotation transfer without change of speed. It is known that the majority of
devices, systems pack from separate units with entrance and output shaft. Such units are, for example,
shaft line in the form of the engine, transfer and executive mechanisms. Kinematic and power link
between these units of the device is carried out by means of couplings.

Keywords: coupling, appointment, design, shaft, diameter, movement transfer.
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AHHOTauums
MydTbl cnyxaT Ans coeguHeHUs BaroB WM BanoB C AeTansmu, cBOOOOHO BpaLLAlOWMMMUCS Ha HUX
(3ybyatbiMn konecamu, LIKMBaMM WM T.M.), C Lenblo nepegayn BpalleHuss 6e3 M3MEHEeHUs1 CKOpPOCTW.
M3BecTHO, 4YTO OOMbLUMHCTBO YCTPOWCTB, CUCTEM KOMMOHYIOT M3 OTAESNbHbIX Y3/10B C BXOAHBIMU W
BbIXOOHbIMW Banamu. TakvuMmu y3namu sIBRSOTCS, HanpuMep, NpyMBog B BUuAe Asuratens, nepeaaToyHbin
N UCMNOSMHUTENBHBIN MexaHn3Mbl. KuHematnyeckas U cunoBasi CBs3b Mexay 3TMMU y3ramu yCTPOWCTBa
OCYLLECTBNAETCS C NOMOLLBIO MydT.

KntoueBble croBa: MydTa, HasHayYeHWe, KOHCTPYKLMS, Bar, AMaMeTp, nepeaava ABMKEHWS.

CoeavHeHne BanoB SBMSETCA OCHOBHbLIM, HO HE €AMHCTBEHHbIM HadHaveHuem MydT. MydTbl
NPUMEHSIOT ONS BKMOYEHUS U BbIKIMIOYEHUS] UCMNOMHUTENBbHOIO opraHa npu HenpepbiBHO paboTatoemM
Asuraterne, Ans npeaoxpaHeHus paboymx opraHoB OT Meperpysok M 4Ypes3MepHO GOrbLUMX CKOPOCTEeWn,
ANa nepefayv OBWXKEHUS Mexay Banamu TOMbKO B OQHOM HampasneHuu, Afs OCTaHOBKW B KavecTse
TOPMO3a 1 Opyrnx YHKLMA.

nyxue xecTkue MydTbl UCNOMb3YIOT NPU Nepegade ABWKEHUS MexXAy COOCHbIMW Banamu,
KoTopble AOMKHbI paboTaTb kak eduHbi Ban. KomneHcupylowme noasuxkHble MydTbl MPUMEHSAIOT Npu
nepegadve ABWXEHUS MexXdy HEeCOOCHbIMW Banamu Npu Hanuyunv HeBonblUMX pagnarnbHbIX, OCEBbIX,
YrNoBbIX WM KOMOWHMPOBaHHBIX CMELLEHWI Ocel Banos. Ynpyrumu MydTamunone3yloTcs Ans
CMSArYeHUs TOMYKOB, AMHAMMYECKMX Harpy3ok Mpu nepefade BpalLaloLLerocss MOMEHTa Mexay
Banamu. MNpegoxpaHuTenbHble MydTbl TPUMEHSIOT BO M3bexaHue Nonomok getanen mexaHusma m3-3a
neperpy3ok. O6roHHble MydTbl UCNOMbL3YIOT ANS Nepefayn ABUXKEHUS TONbKO B OAHY CTOPOHY. MydThl
no ynpaBnsemMocTy nepegayent BpalleHust Mexay CoeMHAEMbIMU Banamun AensT Ha Tpu rpynnbl [1]:

1. MydTbl NOCTOSHHbIE, OCYLLECTBAAIOLME MNOCTOSHHOE COEAMHEHWE BamnoB, - [Myxue,
KOMMeHcupytoLwne, ynpyrue;

2. MydTbl ynpasnsemble, obecrnedmBaroline pexmm «BKIOYEHO-BLIKIHOYEHO» C MOMOLLbLIO:
AVCTaHUMOHHOTO  (3NMEKTPUYECKOro)  ynpaBrieHust -  3NIeKTPOMarHWTHble,  MarHMTOMOPOLUKOBbLIE
(MarHMTOXWOKOCTHbIE), Mbe30KPUCTaNNUYeckne; PyYHOro (MexaHU4eckoro) ynpasreHus - 3ybuyaTble,
Kyna4koBble, (OPUKLNOHHBIE;

3. MydTbl camoynpaBnsemble, OCYLLECTBAAIOWME aBTOMAaTUYECKOe pasbeduvHeHue unm
coeflMHeHWe BarnoB: MO BEMNUYMHE MNepefaBaeMoro MOMEHTa - MPEeLOXPaHUTErbHbIE; MO CKOPOCTU
BpaLLeHUs - LeHTPOoBeXHbIe; NO HanpaBleHWIo BpaLeHUs - OBroHHbIe.

CraHgaptamy npedyCMOTPeHbl pa3mepbl Ha HekoTopble Tunbl MydT. MydThl nogbupatT no
6onbLueMy AMaMeTpy CoeanHSAEMbIX BaroB U pacyeTHOMY 3Ha4YeHUIo NnepefaBaemMoro MomeHTa T, = KT,
roe T - HOMUHanNbHbI MOMEHT Ha Bany; K - koadduumeHT pexuma pabotbl MydThl. B npuBogax ot
anekTpoasuraTenst NPUHMMAlOT: Npu CrnokonHow Harpy3ke k = 1,15 ... 1,4; npu nepemMeHHoW Harpyske
k=1,5... 2; npn yaapHou Harpy3ke k = 2,5 ... 4.

Yacto MydThl M3roTaBnuBaT MHAMBMAYANbHO. [pn BbIOOPE KOHCTPYKUMU MYdThl YYUTLIBAIOT
ee HasHayeHue, 0COBEHHOCTU KOHCTPYKLMM MeXaHW3Ma, YCIOBWS 3JKChryaTauuu, XapakTep Harpysku.
BbiGpaHHbIe MydThbl NPOBEPSAIOT B KMHEMATUYECKUX Nepedadax Ha TOYHOCTb, B CUIOBbIX - HA MPOYHOCTb.

MocTosiHHbIE MYThI - 3TU MY(Tbl AENSTCA Ha FMyxXue U NOABWXKHbIE, UMM KOMMNEHCUpPYOLLNE,
KOTOpbIe A0MNyCKalT HEBOMbLINE HETOYHOCTM COOPKM.

nyxass BTynouyHass MydTa siBnsetca Havbonee npocTo/ WM WUCMNOMb3yeTcs MNpu  BbICOKON
COOCHOCTW COeAMHAeMbIX BanoB W OTCYTCTBUM nepekoca. OHa COCTOUT M3 BTYMKW, COEQMHEHHOW C
Banamu ¢ NoMoLLbHo WTUTOB, LUMOHOK, @ NPy BOMbLUNX MOMEHTAX - LUNULAMW.

BTynkn n3rotaBnmBatoT 13 pasnMyHbIX MaTepuarnoB, HO Yalle M3 TeX XKe MapoK cTanew, 4To u
Banbl. PekomeHayloT cnegylowime COOTHOLIEHNUS Mexay HapyXHbiM D n BHyTpeHHUM d gnametpamum D =
1,5d. AinvHa nocafo4HoOM YacTu BTYMKW Ha kaxaom Bany (1 ... 1,5)d; obwas anvHa mydTsl (2,25 ... 3)d,
avameTp wrtudgrTa (0,2 ... 0,25)d.

[na coegnHeHns BTYNKWM C BanoM pPeKkoMeHAYKT Nocagky C HynesBbliM 3a3opoM Tuna H/h wnu
nepexogHble TMNa H/k. PacyeT Takmx MydpT cBOAUTCS K pacyeTy LWTUATOB (LUNOHOK) Ha caBur. Pasmepsl
BTYMOYHbIX MyddT CTaHAAPTU3MPOBAHbI.

[MoBoakoBble My(PTbl pa3NMYHbIX KOHCTPYKUMIA NPUMEHSAOT Npu AvameTpax Banos 3 ... 12 Mm.
OHu pgonyckaloT Hebonblune paguanbHble cMmelleHust ocelt BanoB. MydTbl cocTosT M3 nonymydr,
3aKpenseHHbiX Ha Banax wtudTtamu. Ha cdnaHue ogHow M3 nonymydT 3akpenneH nanel (NOBOAOK),
BXOOSAWMA B Ma3 BTOpor nonymydTbl. [laney MOXeT ObiTb UMIMHOPUYECKMM U CHEPUYECKUM,
nocnegHuii gonyckaeTt n nepekoc ocet. Mydta npocta no KOHCTPYKLUK, HO Y Hee Bceraa cylecTByeT
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MepTBbIA X0 3a CYeT 3asopa z Mexay nanbueMm u nasom. [pu paccTosHum r mexagy ocsamMu Bana u
nanbla BenM4MHa MepTBOro Xoda B YrMoBbIX MUHyTax pasBHa 3438 z/r. YTobObl ymMeHblMTb B Bane
paguanbHylo  M3rMbalollylo  Harpy3ky, PEeKOMeHOYT MpUMEHATb MydTbl C  ABYMS  nanbuamu,
pacnonoXeHHbIMW  CUMMETPUYHO OTHOCWUTENbHO OCKW BanoB. B TouHbIX nepegayvax MpPUMEHSIOT
noBoAKoBble My Tbl, MEPTBbINA XOA4 B KOTOPbIX BbIOUPAOT MIOCKON UMW BUHTOBOW MPYXXMHON [2].

Ynpyrne mydTbl NPUMEHSIOT AN amopTu3auMn yaapHbIX U OVMHAMUYECKUX Harpy3ok npu
YacTbIX MyCcKax U peBepcax MexaHu3ma.

Ynpyras nosoakoBast MydpTa COCTOMT M3 ABYX NonymydT 3akpersieHHbIX Ha Banax. B kaxagon
nonymyTe 3akpenneHo CUMMETPUYHO OTHOCWUTENMBHO OCK MO ABa UMNMHAPUYECKMX Marnbua (noBoaka).
Mexgy nonymydtamMm HaxoauTCa YNpYrMin  3NemMeHT W3 TBEePAOW PEe3uHbl, KOXW C  YeTbipbMs
pacrnonoXXeHHbLIMU PaBHOMEPHO MO OKPY>KHOCTU OTBEPCTUSMU, B KOTOPbIE BXOAAT nasbLbl nonyMmydT. Mpu
pabote MydTbl ynpyrui anemeHT dedopMUpyeTCH, amopTM3vMpyeT AMHAMWYECKUe Harpyskm U
KOMMeHCUpyeT MOrpeLlHoCT pacnosioxXeHus ocer Banos. HepoctatkoM MydTbl SBASieTCS Hanuuve
MepTBOro xo4a u3-3a aedopmaLmm yrnpyroro arneMeHTa 1 3asopa Mexay nanbuemM 1 yrpyrium 311eMeHToM.

Ynpyraa membpaHHaa MydTa no3sonseT nepegasaTb BpalleHWe Mexay Banamu, nMewmnMm
paguanbHoOe CMeLleHMe U nepekoc ocen cooTBeTcTBeHHO Ao 0,7 mm u 230. Bpawawowmincs MOMeEHT
nepegaetca ¢ nonymydTbl Ha nonymydTy C MOMOLLBbIO TOHKOFO YMNpyroro kombua u MembpaHbl.
MarotaenueaioT membpaHbl 13 ctanu 6507, docdopuctort GpoOH3bI, TEKCTONMTa U ApYrMx MaTepuarnos.
MepTBbIN X04 My ThI HE NpeBbIWwaeT 6 ... 12.

Pa3smepbl ynpyrnx noBOAKOBbIX M MeMOpaHHbIX MydT AN BanoB ¢ gnameTpoMm 4 ...5 MM
HOPMann3oBaHsbl.

Ynpaensemble MydTbl - C MOMOLLbIO YMpaBrseMblX, Ha3blBaeMblX Takxe cCuernHbIMU, MydT
MOXXHO B npoLecce paboTbl COeaNHATb U pa3bednHATL Banbl.

My Tbl C py4HbIM yNpaBneHMeM B ANCTaHLMOHHO YNpaBnseMblX cucTemMax, cucTeMax aBToMaTukm,
pas3nuyHbIX NpuBodax nepudepuiiHbIx ycTporicTs BM npakTnyecku He npumeHsitoTcs. MNpu 3TOM UCMONb3YHoT
MydThI yripaBnsemble AUCTAHLMOHHO C MOMOLLbHO 3MNEKTPUYECKUX CUTHANOB Mario MOLLHOCTW.

M3 ynpaBnsembix cuenHbix MydpT Hanbonee NpUMeEHNMbl ANEKTPOMArHUTHblE (OPUKLNOHHBIE U
nopoLlkoBble, obragarolime BbICOKMM  ObICTPOAENCTBMEM W BO3MOXHOCTbIO  perynmMpoBaHus
nepefasaeMoro MoMeHTa. 3Tn MydTbl CMONb3YOTCA OONOMHUTENBHO B Ka4ecTBe NpeaoXpaHnTenbHbIX
1 TOPMO3HbIX YCTPONCTB [3].

YnpaBneHne SneKTPOMarHATOM KymnaudkoBbIX (3y64aTbix) MydT CBsi3aHO C psaoM TPYAHOCTEMN,
06yCnoBreHHbIX NMaBHbIM CLENMEHNEM U pacuensieHnem nonyMmydT, YTO BO3MOXHO TOSbKO NpU paBeHCTBe
UX YrnoBbIX ckopocTen. Hanbonee LUMPOKO MCMOMb3YHOTCA PUKLIMOHHBIE 3MeKTPOMarHUTHble MydTbl. OHK
obecneynBaloT MnaBHOE CLENMEHNe W pacuenneHve BarioB npy Nobbix ckopocTsax. B atux mydrax ons
COeAVHEHNs BanoB MCMOMb3YKTCA CUMbl TPEHUS MexXdy MNOBEepPXHOCTAMU MonymydT. JleBble nonymydtbl
3aKpenneHbl Ha Banax HeNoaBWKHO, a NpaBble SBNSIOTCS NOABVPKHLIMU (LLNMLEBOE, LLUNOHOYHOE CoeaNHEHNE)
WM UMEIOT MOABWMXHbIE anemeHTbl. B 3aBucumocT OT hopmbl paboumx NOBEpPXHOCTEN pasnunyatoT
PPUKLMOHHBIE MY(PThI: ANCKOBbLIE — OAHOANCKOBBIE Y MHOTOAMCKOBBIE; KOHYCHbIE [2)].

MHorogvckoBble  MychTbl  Mofyumnu  Haubornbluee pacrnpocTpaHeHne Gnarogaps  NnaBHOCTU
BKIOYEHNs), HebGonbLUMM rabaputam npu nepeaade 6onbLmMx MoMeHToB. OnTuMarnsHOe Y1Co Anckos 6 ... 10.

B KOHYCHbIX MydTax yron He OOmkeH ObiTb MeHbLue yrna TpeHus Ans NpeaoTBpalleHus
3aKNMHUBaHUS U obreryeHns pacuennenns, ons MeTannmyecknx nosepxHocten 8 ... 15.

Heobxognmas cuna npmxatus QUCKoB

Q = (T/Rgp)sfen, 1)
roe T - nepegaBaemblit MyqTON MOMEHT;
Rep - CpeaHuii pagmyc noBepxHOCTEN TPEHUS;
N - YNCIO NOBEPXHOCTEN TPEHWS;
f - k03hPULMEHT TpeHus, NpMHMMaeMbI ans ctany no metannokepamuke f = 0,1 ... 0,4, ans ctanu no
cTanu npu Hanmymm cmaskm f = 0,08.
OceBast cuna BKITIOYEHNS KOHYCHON MydThl

Q = (Tesin/R¢p)-f. 2
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Ons nosbiweHnsa koadduumeHTa TpeHus paboume AMCKM M3roTaBnmMBaloT M3 PPUKLMOHHBIX
mMaTepuarnoB Ha OCHOBE MeTannyeckux NoOpPOLLKOB.

Cuna npuxatusi OUCKOB MNN KOHYCOB CO34aEeTCH 3f1eKTPOMarHUTOM, BCTPOEHHLIM B FEBYIO
nonymy@Ty, Ha oBMOTKY KOTOPOro MOAAETCH HanpshkeHue 4epe3 CKOMb3slme KOHTaKTbl - Konbua u
cyeTku [1].

KOHCTpYKUMM MHOTOAMUCKOBBLIX (PPUKUMOHHBIX MYddT HOpmanusoBaHbl. WX ucnonb3yoT npu
MoLHocTsAx go 250 BT n vactotax BpaweHus go 4000 o6/mvH, Bpems cpabatbiBaHusa 28 ... 200 mc.
OpHoauckoBble MydTbl NPOLLE MO KOHCTPYKLUMM, HO rabaputbl MX CPaBHUTENBHO BENUKW.

MopoLikoBble MydThl OTNINYAKTCA Marnoh MWHEpUMOHHOCTbI, ObiCTpoaencTBMeM (Bpems
cpabaTbiBaHusa 5 ... 50 MC), BO3MOXHOCTbIO yNpaBnsaTe nepefaBaeMbiM MOMEHTOM M HE3ABUCUMOCTbIO
BENNYMNHLI NepeaaBaemMoro MOMeHTa OT CKOPOCTMU.

MydTa COCTOMT M3 Tpex OCHOBHbIX YacTeW: HenoABMXHOrO Koprnyca W AByX nonymydrt.
MonymydTbl cBOGOAHO BpaLLaoTCs BHYTpU kopryca. MpocTpaHcTBO Mexay nonymydTamu 3anofiHeHo
dheppoMarHMTHOM Maccor B XMAKOM UM NOPOLLKOOBPa3HOM BUAE (CMEChb U3 MENKOAUCMEPCHbIX YacTuLy
KapbOHWMBLHOrO Xenesa W HaMonHUTENs B BuAe Tanbka wunu rpadwura). KaTywka anektpomarHuta
pacnonaraeTcsi B O4HOW 13 NonyMmydT Unn B Kopnyce.

Ecnu anekTpoMarHUT He BKMOYEH (NpU HYNeBOW HampshKEHHOCTWM MarHUTHOro nons), TO
BA3KOCTb (heppOMarHUTHOM Macchbl HebBonblias 1 NonyMydTbl MEXaHW4ecku He cBs3aHbl. [pu nogadve
CUrHana ynpaBreHus Ha KaTyLUKy 3NeKTpoMarHuTa 1 NpoXOXO4EHUN MarHUTHOrO MoToka vepes pabouve
3a30pbl (PeppoMarHUTHble YacTuLUbl HaMarHWYMBaOTCS W pacnonaralTCsi BAOMb CWUMOBbLIX JIMHWUIA.
BaskocTb deppoMarHMTHOM MacCbl YBENMYMBAETCS, MexaHW4yeckn cBsa3biBas nonymydTel. [pu
yBernMyeHnn UHTEHCUBHOCTU MarHUTHOrO MOMs PacTyT BA3KOCTb MacChbl W BennynHa nepegaBaemoro
MOMeHTa. KMAKOCTHble MydTbl paboTalT nnaBHee, 4eM MOPOLIKOBble, HO TpebyoT OGonee
COBEPLUEHHbIX YNIOTHEHWIA [3].

KOHCTpyKUMM  NOPOLLKOBbLIX My(pT HopmanuaoBaHbl (cepusi BIM) u nogbupatotcsa no
nepefasaeMoOMy MOMEHTY M YacTOTe BpalleHus Bana.

Vcnonb3oBaHue Nbe30KpUCTanMYeckux MydT No3BoNsieT yBenuuuTb ObiCTpoaencTBne npu
coeanHeHun Banos Ao 0,2 Mc, 4TO 0COBEHHO BaXHO B CUCTeMax ynpasneHus, o6paboTkn nHdopmauun.
MpuHUMN MX EeNCTBMSA OCHOBaH Ha M3MEHEHUW pasMepoB Nbe3oKpucTanna noa AencTBnueM NoCTOSHHOMO
ToKa . MNpy nogBoae NOCTOAHHOIO TOKa K Kpuctannam 1 npoucxoauT yBenuyeHne pasaMmepoB nonymydrhbl,
BblIOOpKa 3a30pOB Mexay Hew 1 NonymydpTorn ¥ nepedava BpaLLEHWs 3a CHET CUIT TPEHUS.

3a3op Mexagy nonymydTtamm OrpaHM4MBaETCs  MUKPOHHBIMW  M3MEHEHUsSMW  pasmMepa
kpuctannos. OTcioaa BbicokMe TpeboBaHUS K TOYHOCTU B3aUMHOMO PacnofoXeHUss ocen COeANHAEMbIX
BarioB, K TOYHOCTU W3rOTOBIEHNS SNEMEHTOB My(dTbl U Hanuyue BCREACTBME MarbiX 3a30pOB Mexay
nonymygTamMmv TOPMO3HOr0O MOMEHTA NPU HYNEBOM CUrHane yrnpasrieHUst.

Camoynpaensiemble MydThbl

Camoynpasnsemble MydThbl CRyxaT A5 aBTOMaTUYeCKOro pasbeanHeHns (CoeanHeHns) Banos
B TEX Cry4yasx, Korga nepegaBaeMblii BarlOM MOMEHT MUIU CKOPOCTb MPEBbILAET 3afaHHY0 YCroBUSMU
3KcnnyaTauun BenM4mHy. PaccmMoTpeHHble PUKLMOHHBIE CLEmHble MydTbl MOryT ObITb UCMONB30BaHbI B
KayecTBe camoynpaBnsemMbiX NO BeNnynHe nepegaBaemMoro MomeHTa. B aTux mydtax npu neperpyskax
OyaeT nponcxoauTb NpocKanb3biBaHUe NonymygT ¢ aBTOMATUYECKUM pa3beaMHEHNEM BaoB.

LleHTpobexxHaa mydTa NpsiIMOro AeNCTBUSA NPUMEHSIETCS A1 aBTOMATUYECKOro CLENMEHNS BanoB.,
a ueHTpobexHast mydta obpaTHOro AencTBUA - ANt aBTOMATUYECKOrO pacuensieHns Banos. [onymydtsl n
COeOMHSATCS C NOMOLLIbIO KOSIOAOK , KOTOPble MOryT NOCTynaTenbHO nepemMeLLaTbcs B nonymyare.

B mMydTax npamMoro [encTBUS KOMOAKU YAEPXUBAKOTCA Ccunamu  ynpyroctu Fn, MPYXuH
pacTsbkeHus B nonymydre. [Npy BpalweHun Bana ¢ nonymy@Ton CO CKOPOCTbIO Ha KOMOAKWU AENCTBYIOT
LleHTpoBexHble cunbl MHepumMn Fn, = mr?, roe m- macca KOMOAKW, - PaccTOsHWUE OT LieHTpa Mace
KONoAKky [0 OCu BpalleHus nonymydTel. [py yBENUYEHUM CKOPOCTM BPALLEHWS Cuna UHepuuu
npeofonesaeT Ccuny ynpyrocTu MPYXWHbl W MNpWXUMaeT Konoaky k nonymydte c¢ cunod N =Fq-
Fnp, cO3patoLen TpeHve mexagy nonymydpramu. Mpu momeHTte TpeHns My, = (Fn - Frp)r, NpeBbiwaowem
MOMEHT COMPOTUBNEHUS, MPOUCXOAAT nepedada BpallaTenbHOro ABWMXEHUS OT nonymydTbl K
nonymydgTe v CoOeAuHeHVe BarnoB.

B mydTax obpaTHOro AevcTBus pacuenneHne BarnoB NPOMCXOAMT MpU CKOPOCTM, Korga cuna
nHepumn (F,) KONOAKWM CTaBUTCS paBHOW cune ynpyroct npyxuHbl (Fnp) M OTXUMaeT Konoaky ot
nonymydTbl.

O6roHHass myghTa nepefaer ABWXEHUE TOMbKO B OOHOM HanpasneHun. OHa cocTouT u3
BeayLlen 1 BeJOMOW MonymydrT, LLapUKOB.
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MpuHUMN paboTbl 0BroHHbIX MydpT cocTouT B cneaytowem. [Nonymydpta >KecTko 3akpenneHa Ha
BeayLem sary. [Npu ero BpaLLeHnM No YacoBOW CTPEnKe Lapuki Mo AeVCTBUEM CUI MPYXKMH U CUN TPEHUS!
BKaTbIBAOTCA B Y3Kyl0 YaCTb KIMHOBOTO 3a3opa MonymydT M, 3aKNMHMBAsChb, nepedaroT BpallaTerbHbIv
MOMEHT OT nonymydTbl K nonymydgre , CBOG0AHO cuasLLen Ha Bany 1 SBMSOLLENCA 3yB4aTbiM KONecoMm.

Mpu BpawieHMn nonymydTbl MNPOTMB YACOBOW CTPENKW LUAPVKWM BbIXOAAT B LUMPOKYKO 4acTb
KMWMHOBBIX 3a30pOB W MoNyMydpTel pasbeauHAIOTCH, T.e. BpalleHne OT Bana K 3ybyaTomy korecy He
nepepaertcs.

Takne MydTbl HopmanusosaHbl. OHKM obecneunBatoT GecluyMHY0 paboTy 1 0651aAaroT BbICOKOW
Harpy3o4Homn cnocobHOCTbIO.
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EXPRESS DIAGNOSTICS OF CYLINDER STROKES OF MACHINES
ACCORDING TO THE PARAMETERS OF BEARING RESISTANCE

Kobzov D.Yu.}, Zhmurov V.V.2, Kobzova 1.0.3, Kulakov A.Yu.*®
1.2.3.4 Bratsk State University
Russia

Abstract

Known methods of diagnosing of hydraulic cylinders are based, as a rule, on control of parameters of
tightness of hydraulic cylinder. However with growth of its standard size the number of refusals because
of strength destructions of bearing elements, that is loss by hydraulic cylinder of sustaining (load) ability
sharply increases. Information about condition of bearing ability should be received by control of
parameters of relative positioning of lengthy bearing elements of hydraulic cylinder, that is on angular
disalignment of its rod and case, as a controlled component it is expedient to use a corner of this
disalignment. Thus, continuous control over change of relative positioning of rod and case (sleeve) of
hydraulic cylinder will allow to avoid such full, obvious and, often, nonrestorable refusal of hydraulic
cylinder, as curvature of rod and its subsequent jamming in case.

Keywords: hydraulic cylinder, diagnostics, reliability, durability.

AHHOTauums

M3BecTHble MeToAdbl AMarHOCTUPOBAHUS TMAPOLMNMHAPOB OCHOBAHbl, Kak MpaBwio, Ha KOHTpone
napaMeTpoB repMeTU4HOCTU rugpoumnuuapa. OgHako ¢ pocToM €ero TunopasMepa pes3ko Bo3pacTaeT
4YACNO OTKA30B MO MPUYMHE MNPOYHOCTHBIX Pa3pyLUEHUIA HECYLUMX JNIEMEHTOB, TO €CTb MoTepu
rMOPOLMIMHAPOM  Hecyllen (Harpy3o4Homn) cnocobHocTu. WHdgopmaumio o COCTOSIHMM  Hecyllewn
crnocobHocTM crefdyeT nofyyatb MNyTEM  KOHTPONS MapaMeTpoB  B3aMMHOMO  PacnonoXeHus
ANVHHOMEPHBIX HECYLLUX 3MEMEHTOB MMAPOUMNNHAPA, TO €CTb MO YrNIOBOM HECOOCHOCTU E€ro LUTOKA U
Kopryca, B KayeCTBE KOHTPONIMPYEMOW COCTaBMsALLEN, KOTOPOM LenecoobpasHo MCnonb30BaTb Yror
3TOA HEeCOoOCHOCTW. Takum 00pa3oM, HenpepbiBHbIN KOHTPONb Haj W3MEHeHVWeM B3auMHOro
pacnonoXeHs LToka 1 Kopnyca (rmnb3bl) TMAPOLMNNHAPA NO3BONUT n3bexaTb Takoro NnosiHOro, SBHOroO
W, 3a4acTyl, HEBOCCTaHaBMMBAEMOro OTKasa ruMapouuMnMHApa, Kak WCKPUBMEHME LITOKA U ero
nocriegytoLlee 3aknuHMBaHWe B Kopnyce.

KntoyeBble crosa: rmapoLmMnMHAP, AMarHoCTMKa, HaAEXHOCTb, NMPOYHOCTb.

© Kobzov D.Yu., Zhmurov V.V., Kobzova 1.0., Kulakov A.Yu., 2012
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YBenuyeHne  eauMHWYHbIX ~ MOLUHOCTEW  MaluH  nogpasymMeBaeT, MNPUMEHUTENbHO K
rmapoumnuHapam npveoga paboyero obopyaoBaHus, NOBbILLEHNE YPOBHA AaBneHns paboyer XngkocTu
rMOpoCUCTEM, YBENWUYEHWE CKOPOCTU TMepeMelleHns LWToKa, M ero xopa, a Tawkke pa3mepoB
rMApPOLMNNHAPOB W, 3a4acTyto, UHTEHCUBHOCTW UCNOMb30BaHUA UX BO BpeMeHu [1, 2].

HeraTvBHbIM NPOSIBIIEHMEM 3TOTO, SBNSAETCS pe3koe yBenuyeHne aKcnnyaTaunoHHbIX Harpy3ok,
yXyOLWeHne yCcrnoBun U pexumma yHKLMOHUPOBaHMS MMAPOLMNMHAPOB, @ BCres 3a 3TuM, HeusbexHoe
CHWXEHVEe WX HadeXHOCTW — B Nnyylem cnyyae. B xydwem — He UCKMioYeHa BEpPOSITHOCTb CO3[aHus
3apaHee HepaboTocnocobHoro rugpounnuHapa [1].

B HacTosilee Bpemsi B kayecTBe rmapoAasuraternieri BO3BpaTHO-MOCTyNaTenbHOro AencTBust
rmapocdmumMpoBaHHOro paboyvero obopyaoBaHWUst OOPOXHbIX U CTpouTenbHbiX MawuH (OCM) wwupoko
NMPUMEHSIOTCA  TMOPOLMIVMHAPLI  ABYCTOPOHHEro [OenWCcTBUA C  OOHOCTOPOHHMM wTokom [1]. WX
Knaccudukaumsa M HasHayeHwe, YCTPOWCTBO W BuAbl WCMOMHEHUS, MPUHLUMN OEACTBUS M YCroBUSI
NPUMEHEHUS,, a TaKKe CXeMbl KWHEMAaTUYEeCKOrO BKIMHOYEHUS W TMAPABNIMYECKOrOo MOAKMHOYEHUS
A0CTaTO4YHO NoApOBHO M3NOXEHbI B TpyAax oTedecTBeHHbIX [1, 3, 4] 1 3apybexHbIx y4eHbIx [5-8].

MapameTpbl rmgpounnmMHapoB oroBapusatotca ctaHgaptamm TOCT 6540-68, TOCT 12445-80,
FOCT 12447-80 n IF'OCT 16516-80. MNpu atom, TOCT 6540-68 n FOCT 12447-80 cOOTBETCTBYIOT
MexayHapoaHbiM ctangapTtam I1SO 3322 n 1ISO 2944 B yactn HoMMHanbHbIX Aasnennn, FTOCT 6540-68 —
ISO 3320 B yacTn guameTpoB unnmHapos 4o 400 MM MO OCHOBHOMY psily U B HYacTy AUAMETPOB LUTOKOB A0
360 mm, FTOCT 6540-68 — ISO 4393 B YyaCcTM XOAOB MOPLUHA MO OCHOBHOMY psifly. OCHOBHble 3HayYeHUs
AMaMeTpoB LMMMHOPOB M LUTOKOB, @ Takke XOAOB MOPLUHSA, BbIXOAsWMe 3a npeernbl ykasaHHbIX psaos,
cnepyeT Bblbmpatb B cooTBeTCTBUM C TpeboBaHnsammu FTOCT 12445-80 n FOCT 6636-69.

B npouecce aHanusa akcnnyatauMoHHON HagéxHocTu rmgpouunubapa OCM 6binu BeisiBNEHbI
cneayowme nospexageHus [1]:

- Yy WTOKa: M3HOC MOBEPXHOCTEN LITOKA, Obpa3oBaHWe Ha Hel 04aroB KOPPO3UW, PUCOK,
LapanviH, 3agupoB U BMATUH, UCKpMBIeHue Wwtoka (Puc. 1), cpbiB pe3bbbi;

- y Kopnyca (runb3bl): NOsSBNIEHNE 3MNNNNCHOCTU U KOHYCHOCTW, 0Bpa3oBaHue Ha YnnoTHAEeMOoMn
NMOBEPXHOCTW PUCOK, LlapanuH 1 3aaupoB, TPELLMH 1 pa3pbiB KOPMNyca;

- Y HanpasnsoLWmMX BTYMOK W MNOPLUHEN: HEPaBHOMEPHbLIA MO MepUMEeTpy W LUMPUHE W3HOC
TPYLLMXCHA NOBEpPXHOCTEN, obpasoBaHMe Ha HUX LiapanuH 1 3aampoB;

- Yy YNNOTHUTENEW BCEX Ha3HAYeHUN: CTapeHne Matepuana, HepaBHOMEPHbIA NO NEPUMETPY U
LUMPUHE YMITOTHUTENS M3HOC FEPMETU3MPYIOLLMX MOBEPXHOCTEN, NOSBIIEHNE HA HUX PUCOK W LiapanuH,
paspbIB YNAOTHUTENS;

- Y MNOALWMWMHUKOB MNPOYLUWH: WU3HOC MOBEPXHOCTEWN CKOMBXEHWUS, YacTUYHOEe WM MnornHoe
paspyLleHne COCTaBMSAOLLNX;

-y TONOBKU (rarKun rmnb3bl) — CpbIB pe3bbbl;

- Y NPOYLLUWHBI LUTOKA — CPbIB pe3bbbl, 06pbLIB MPOYLLWH.

B 9Tux ycnoBmsix CTaAHOBUTCH $CHO, YTO AMarHOCTUPOBAaHWE MAPOLMAMHAPOB [AOSMKHO
NPOBOAMTCA He TONbKO MO napameTpaMm repMmeTusauuun [7, 8], HO M NO napameTpam UX HecyLlewn
(HarpysouHon) cnocobHocTu [9, 10]. XKenatenbHO HENOCPELACTBEHHO B YCIOBUSIX SKCNyaTauuu.

Hecywas cnocobHocTb, oTobpaxaemas HanpshkeHHO-4eddOPMUPOBaAHHBIM — COCTOSHUEM
NPOAONbLHO-MOMNEPEYHO  HarpyXEHHOro  rMAPOUMNMHAPAE,  aHanUTUYECKU  OMNUCbIBAeTCs  ABYMsi
ypaBHeHusmu [2, 9, 10]:

P Mo(® Mg, P-e(x), P-yr(x).

“F TW W Twe T W) @

c;(x)

Yr (X) = Yo (X) + Y (X) + Y, (X) + Y5 (X) + YR (X) + Yo (X) + Yp(X) =
= Y10 (X) + Y5 (X) + Yr (X) + Yp (X).

B ypaBHeHun (1) nepBoe crnaraemoe AaeT BeNUYMHY HOPManbHOro HanpsbkeHus oT AecTBus
MPOAOMBLHOrO CXMMAIOLLEro Harpysku P, BTOpoe — BenuYMHY HauBOMbLUMX HaMPsHKeHWn oxaTus,
Bbl3BaHHblE [ENCTBMEM MOMEepevyHon Harpyskn Mqg(X), TpeTbe crnaraemoe — BenuYMHY HanpsKeHun
cXaTus, BbI3BaHHbIX AECTBMEM CUIOBOrO NMOBOPOTA 3IEMEHTOB B OMNopax rmapounnuHapa, 4eTseptoe u
NATOE — TO e, Bbl3BaHHbIE AOMNOMHUTENbHLIM U3rMBOM IMAPOLMINHAPA NPU HaNUYMKU aKCLeHTpucuTeTa
e(x) B ero ornopax u oT 4eNcTBMsA NPOAOSILHOrO Cxxumatoero ycunms P.

)
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Puc. 1. 32ub wmoka audpoyunuHdpa pyKosimu 00HOKOBWOB020 IKCKasamopa

B ypaBHeHun (2): ya(X) - npornd ruapouMnuHopa BCNEeACTBME Hanuuusi 3a30poB B
YMNOTHAEMbIX COMPSBKEHUSIX; yB (X) - TO Xe B pesynbTaTe BO3MOXHOINO Ha4anbHOro WCKPUBIEHNUS €ro
ONMMHHOMEPHBIX 3NIEMEHTOB; yy (X) - TO XXe BCNneaCcTBUe IKCMyaTauMoOHHOrO MCKPUBMEHWS €ro LUTOKa;
Ys (X) - TO e B pe3synbTaTte paguansHon gecdopmaunm nog AaBreHMEM ero Kopnyca; yQ (X) - TO Xe

BCIIEAICTBME €r0 MOMEepeYHOro HarpyxeHus, OT OeNCTBUs Beca ruapoumnuHapa; Yp (X) - TO Xe B

pes3ynbTarte Hann4yma cunoBoro NoOBOpOTa B €ro OMOpPHbIX 3NeMeHTax; yP(X) - TO XXe Bcneacrteune ero

NpoaonbHOro HarpyxeHus [2, 9, 10].
B npouecce oakcnnyatauum BCReACTBME  HAKOMMEHWs  dneMeHTaMu  rmapoumnuHapa

noBpeskaeHuii nponcxoanT ysenndene sxavennin Y, (X), Yy (X), Yr(X) u yp(X), uto npusoauT K
POCTY BENNYMH TPETbero, YeTBEPTOro U NSATOro criaraemMblX BblpaXeHus (1) u cOBCTBEHHO HanpsXeHWUi
oF (X) . NameHeHne nocnegHero AOMKHO orpaHnymnsaTthes ycrosunem [11]

c;(x) <[o]= T(—“‘*. ®)
s

3peck G, — Npeaer NPoYHOCTV MaTepuara WToka, a kS — CTaTUCTMYECKNI KO3(hULIMEHT 3anaca NpoYHOCTU.

Bcrneacteme TOro, YTOo CTOXacTU4eckass MpuMpoda Harpysku onpefensietcsi COBOKYMHOCTbIO
60MbLIOro YnCra BO3MYLLEHWIA, MOXHO NPUHATL €€ pacnpenenéHHon No HopManbHOMY 3akoHy. Hecyluas
CnocobHOCTb, K BO3MYLLAIOLLMM (hakTopam KOTOPOWM OTHOCATCA (DU3NKO-MEXaHUYEeCKne XapakTepucTuki
MeTannoBs M pasMepbl 3NEeMEHTOB, CryyalHas npupoaa KoTopbix obycrnoBneHa, npexae Bcero,
HEeO[JHOPOAHOCTbIO CBOWCTB MeTasnoB, MOrpeLiHoCTb0 MPOM3BOACTBA, [OOMyCKaMuM W npodee, Takke
MOXET MPUHMMAaTLCA HOPMarnbHO pacnpefenéHHoi. Torga no aHanorum ¢ BblpaxeHvem (4.19) paboThbl

[11] Ana NpUHATOM BEPOATHOCTU HepaspyLLEeHUs KoapduumneHT ks onpegensetcs no opmyne

1 1 1 2 2
ks =| —5— |+ -l-o; o A°)|: 4)
STl1- mimAz 1- winqu 1- o)(z,mA2 ( o) )
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rae COGHq 7] cocsi (x) ~ KO3(pPULIMEHTBI BApHaLmMm Npefena G, MPOYHOCTU 1 TEKYLLIMX HaMPskeHUN G; (x) ;

A —KBaHTUMb HOpMarnbHoro pacnpeaeneHust [11], paBHblii 1,645 ons npuHATON HagékHocTy 0,95.

Mpu onpeneneHnn BennumuHbl koadbduumeHta Kg He cnedyeT 3abbiBaTh, YTO OHa He AOIKHA

npeBbllaTb 3Ha4YeHWe MUHUManbHO HeobXoAMMOro 3amaca MNPOYHOCTU, XapaKTepu3ytoLLerocs
KoapduumeHTom [11]

O

Smin f(Gnq _ AHG”‘{ )

roe M — cpegHee KBagpaTu4deckoe OTKIoOHeHue npeagena O f— KOSd’.)CbVILI,VIeHT ©e3onacHocTw,
Sy

mg '’
YUUTbIBAOLLMIA OCOBEHHOCTY KOHCTPYKLIMM U YCROBWIA akcnnyaTauum [11].

YuncneHHbln aHanu3 BblpaxeHusa (1) nokasan [9], 4YTO BO3HWKHOBEHWE MNIACTUYECKON
aechopmaumm WToka cTano BO3MOXHbIM Npu HanpsbkeHnax 240,60 MIlMa, To ecTb 3HA4YUTENbHO MEHbLLNX
npeaenos G, Teky4ectTM n Gy ynpyrocTi, 3a KOTOPbIM OHO OXMAANOCh. O4yeBnAHO, YTO B AaHHOM

cnyyae paspylleHve (MosiBfieHMe nnacTuyeckon pAedopMauun) LWTOKa MPOM3OWSIo B pesynbTaTe
NOCTEMNEHHOr0 HAKOMMEHUsI MOBPEXOEHWA MeTanna, npuBefllero kK HeoGpaTUMOMY W3MEHEHWIO €ro
(PU3UKO-XUMUYECKUX CBOMCTB. [pyrMmy crioBamu, BCNEACTBME YCTaNoCTHOro paspylieHus. [Ons
NPOBEPKU 3TOTO NPeAnosoKeHUss HEO6X0AMMO PACCMOTPETL LIMKIT HarpyXeHWs! LUITOKOB rMAPOLMIIMHAPOB
paboyero 0oGOPYAOBaHMS, HaNpPUMeEp, OAHOKOBLUOBbLIX CTPOMUTEMbHbLIX 3KckaBaTopoB. OH  SIBHO

acuMmeTpuyeH. MakcumarnbHble oTpuuaTtenibHble CKUMAOLME HaNpsKeHUs O iy , YCTaHOBIIEHHbIE 13
BblpaxeHns (1) Kak Tekywime Gi(X), coctansaT 240,60 MMa. AcHo, 4TO HauMeHblune

NoNOXUTenbHbIE HanpsaXeHna Gmax pacTsaxeHua c y‘-IéTOM KOHCTPYKTUBHbIX ocobeHHocTen, Hanpumep,

rMOPOLMNMHAPOB CTPEenbl 3KCkaBaToOpoB 1V-0i pa3mMepHOi rpynnbl 1 NapameTpoB KX LKA 3KCKaBaLum
onpenensitoTcs No cymme nepBbIX ABYX cnaraeMblx (hopmynbl (1) U cocTaBnsAOT ANs paccMaTpyBaemMoro

cnyyaa 35,67 Mlla. Torga, cpegHue HanpsikeHusi O, uukna cocraenstoT 102,14 MIa, siBnssch

oTpuuaTenbHbIMK, a aMniMTyAHbIe HanpshkeHus G, pasHbl 138,14 MMMa. 3Tn HanpskeHUs CBA3aHbI C

npegenom G_; BbIHOCMMBOCTY MaTepuarna WToka CreayoLmM BbipaxeHneMm
1

&40a +KyOp

roe: E.,G — KO3(h(PMUMEHT CHKEHNs npefdena G BbIHOCIMBOCTM, paBHbIN ANs Hawero cnydas 1,399

[12]; kc — KO3hPULMEHT HYyBCTBMTENbHOCTM MaTepuana k acummeTpun umkna [12].

MpuHMMas BO BHWMaHWE TOT (aKT, YTO MPU OTPULATENbHBLIX CPEAHUX HanpspkeHusx O,
KoachbnumeHT kG cnegyet nonaratb paBHbIM Hynto, npeobpasyem BblpaxeHue (6), pacnucas

HanpsbkeHnsi G, B COOTBETCTBUM C [12] 1 NpuHAB KO3 DULMEHT ks paBHbIM 1,0

|Gmax| ; |Gmin| _ % %

KonnyecTBeHHbIN aHanu3 3TOro ypaBHEHWS NOKasblBaeT, YTO 3HadveHune nesow vactu (138,14

MMa) npu HanpsxeHwuu (Si(X) npesbiwaeT BenuunHy npason (135,80 Mla), xapaktepusyemyio
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MUHUManbHLIM MO 3HayeHuto npefenom G 3 BbiHocnmsocTn (190 MMa) [11, 12]. Takum obpa3sowm,
BENUUMHY nocregHero napameTtpa BbipaxeHus (1), Heo6xoaMMylo AN novcka NpeaernbHOro 3HaveHust
AMarHoCTUYECKOro napameTpa, crefdyeT HazHauyaTb, UCMonb3ys npegen o4 BbIHOCNMBOCTU. C yyéToM
3TOro 3aMevaHusi BolpaxeHue (4) npumeT Bug,

1 1 1
ke = + —6—602 AZ) : (8)
*l1- cof,»lA2 1- cof,_lA2 1- coi_lA2 %a

UNCNEeHHbIN aHanmM3 OCHOBHbLIX MONOXeHUn paboTbl [9] MO3BOMMNM YCTAHOBWUTb BENUYUHY

koTtopas coctaBuna 0,25. KoadduumeHT O,

koappumeHTa (O,  Bapuauun HanpspkeHun G, ,
a

Bapvauuu npegena G_; onpeaensertcs us aHanuaa pa6ot [11, 13] v B JaHHOM Criy4ae NpUHAT paBHbIM
0,1. MNocne noacTaHOBKM NOMyYEHHbIX XapakTepucTuk pasbpoca B hopmyny (8) onpegenum Tpebyembiii
KoacbmumMeHT 3anaca ks , obecneymBaOLWNiA yCrioBMe HeNpeBbIWEHUS C HagéxHocTbio 0,95. YucneHHo

OH paBeH 1,478, yTo Gonblue MUHUMANbLHOIO k coctasumsLuero 1,197 [9]. MNocne nogctaHOBKU B

Smin »
dopmyny (7) BCeX W3BECTHbIX XapaKTEPUCTUK C YYETOM NapamMeTpoB KPUTUHECKOrO HarpyXeHus

rMapounnuHapos B Touke X [9] sanuwem ycnosue nx 6e30MacHoro CoCTosiHUs B BUAE

c(xs,zk,®k,pk)<%—

roe: X, — KOOpAWHaTa OnacHOro CeuveHus; zk,®k, pk — napamMmeTpbl KPUTUYECKOTrO HarpyXeHus

(X6 ). ©)

k
rmapoumnuHapa [9], a umMeHHo: Z — BbIABWXKEHME LUTOKA; oL - Yron HakroHa rugpouunuHapa K
FOPU3OHTY ” pk — [JaBrieHue xuakoctu B rugpocucteme OCM.

W3 BblpaxeHus (6) MakcumarnbHble amnauTyaHble HanpsxeHus G, [ANA TMAPOLMIMHAPOB
akckaBaTopoB IV-oin pasmepHow rpynnbl coctaBunu 116,06 MlMa. Toraa B COOTBETCTBUM C BblpaXeHUEM
(13.2) paboTbl [12] € y4eTOM M3BECTHBIX HANPSHKEHUA O oo (XG) onpeaenum 3HayeHne MakcMMarbHOro

npeaenbHOro HanpsKeHus G(XG,ZK,GK, pk) cxaTtumsl, KoTopoe paBHo 213,08 MMa. C yyétom aTOM

BENMWYMHbI NpefenbHoe 3HayeHue npornba y¥ (xc, zk,®k, pk), SIBNSIOLWErocs AMarHOCTUYECKUM
napaMeTpoM HecyLLeh cnocobHOCTH rmapoumnuuapa [9], cornacHo BblpaXKeHUo

pk
CF(x) ] L (10)
- MQ(XG, AN O LS pk)— P¥e(x,)

k k Kk
y_:f(xc,zk,@k’pk)zﬁ W (X,) G(XG,Z 0%, p )

COCTaBWMO COOTBETCTBEHHO A5t TMAPOLMITMHAPOB CTPErbl, PYKOATH U KOBLUA aKkckaBaTopa 30-4121A [9]
Npu HOMMWHANMBHOM WX Harpy>eHWM M FrOPU3OHTaNbHOM PAaCMONOXKEHUM C MAKCUMAarnbHO BbIABUHYTHIM
wrokom: 2,590°10% M, 2,390'102 m u 2,939'102 m, a ¢ YY4ETOM MapameTpoB WX KPUTUYECKOrO
HarpyxeHusi: 5,287-102 m, 1,940°10° M 1 2,596:10° m.
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C y4€TOM BCero BbILIEN3NOXEHHOrO peLlatollee NpaBuio AMarHoCTUPOBaHNA rMapouunmMHapa
Mo HecyLUen CnocOBHOCTU MOXET ObITb 3anucaHo B BUAE

Yi(xc’2k1®k’pk)gy;(xc,zk,@k,pk), 1)

k k k Lk k k Lk
roe yT(xG,z ,® » P ) — npegenbHoe, a Y (XG,Z ,® P ) — Tekywee (KOHTponmpyemoe)
3Ha4YeHne AnarHoCTUYEeCKoro napameTpa.
XapakTepusys C no3vumi guarHocTukm [14—16] TexHuyeckne BO3MOXHOCTM MOCMEeLHEro,

k k Lk
oTMEeTMM cnegytoulee. Bo-nepBbix, napameT X ,Z ,@ ’ ABNAEeTCA OAHO3HAYHbIM, TaK KakK
1 c

k k k
HM OH CaM, HU ONUCbIBAEMbIE UM HaMPsKEHUS G(XG, z7°,0", p ) He UMEeIOT IKCTPEMYMOB Ha MyTW UX

3BOMIOLMM OT HayasbHbIX 3HAYEHUI OO0 npeaenbHbIX. BO-BTOprX, OH cTabuneH, To eCcTb MOXeT ObITb
HeOQHOKpaTHO BOCnpouseegeH C MUMHMManbHbIM paccemBaHnemM Npu HEN3MeHHbIX YCINOBUAX N3MepPeHUa.

k k k
B-TpeTbux, napametp Y, (XG,Z ,® P ) ABMNSAETCA He3aTyxalluMm, Tak Kak ero CcBaA3b CO

k k k
CTPYKTYPHbLIMM NapameTpamu 1 kputepuem cocTosHua G\ X, Z ,©", P" | He HapywaeTca ¢ TeueHnem

BpemeHn. [lanee, Has3BaHHbIA  AMArHOCTMYECKUI  napameTp  ygoBneTBopsieT  TpeboBaHuio
YYBCTBUTENBHOCTU C JOCTATOMHO BbLICOKMM YypoBHeM [9]. HakoHeu, oH ypoBneTBopsieT TpeboBaHuio

MHPOPMATMBHOCTH, Tak KaK, OLieHNBas Ba NPaKTUYECKN eANHCTBEHHbIX CryYaitHbIx napameTtpa Y, (X)
" yy (X) ypaBHeHUs (2), XapaKTepu3yloLero HecyLlylo CnocoGHOCTb MMapouMnuHapa, npuénmxaeT
OCTaTOYHYH0 Nocne ANarHOCTUPOBAHUSA SHTPOMUIO K HYIHO.

k k k
K coxaneHuio, anarHocTypoBaHve rmapounnuMHapoB no napametpy Y; (XG, Z ,@ P ) c

no3vumn 6e3onacHOCTV BO3MOXHO Wb MPU HanmMuun B MalUMHE BCTPOEHHOW AMarHOCTUYeCKon
CUCTEeMbI, Hanpumep, aHanormyHon [17]. B NpoTMBHOM cnyvae, AWArHOCTUPOBAHME HeCYLLEn

CnocoBHOCTM pekomeHayeTca [9] npoBoAuTb MO Tekyllemy napameTpy y?o (XG,Zk,('*)k,pk),

k k k k
CBA3AHHOMY C npedenbHeM — Y7 (XG, 27,07, p ) onucbiBaloWMM aedopMaLmnio rmapounnMHapa
[0 NPUNOXEHUS NPOAONBHOMO CXXUMALOLLEro YCUnus P 1 CBA3aHHbLIM C BENUYUHON y;(XG, Zk , @k, pk)

. k k k k
BblpaxeHnem (2). [ins onpefeneHns YUCNEHHbIX 3HaYeHUn Benuuukbl Yo, (XG, 7°,0", p ) MOXeT
ObITb UCMONb30BaHa, B YaCTHOCTW, NporpaMmMa, npeacTaBneHHas B pabote [9].

o . k k k Lk
OKoHYaTenbHO Ha3HAYEeHHbI AMArHOCTUYECKUIA napameTp yTO XG’ z ,@ y p ), Kpome
i

MPOYMX  BbILUENEPEYUCHEHHBIX TEXHUYECKUX BO3MOXHOCTEW, yaoBneTBopsieT TpeboBaHMsAM
AOCTYyNHOCTW, ynobcTBa M3MEpEHW U TEXHOMOTMYHOCTM TaK Kak Jaxe Oyayydnm [UCKPETHO
KOHTPONMMPYEeMbIM MOXET ObiTb NErko YCTaHOBMNEH AN KOHKPETHbIX MMAPOUMIMHAPOB, AOCTYN K
KOTOPbIM, Kak NpaBuio, He 3aTpyAHEH U, 4To He Marno BaxHo, 6e3onacHo u 6e3 BMelLaTenbLCTBa B
rmgpocuctemy. [Ons n3amepeHuss ero Ha nNpakTuke MOryT UCMONb30BaTbCsl YCTpPOWCTBa, nogobHbie
onucaHHelM B paboTax [9, 18, 19].

OpHako, 6Gonee 3(deKTMBHBIM C MO3ULMM [OOCTOBEPHOCTV OLIEHKU [AMArHOCTUYECKOTro

k k ®k k . .
napametpa yTO- X1 Z s y P° ) MoxHO cumTaTh YCTPOWCTBO ANS KOHTPONSA Hecylleil CnocobHOCTM

rmgpounnuHapa, na60paTopru7| BapuaHT KOTOPOro npeacraBiieH HWXe.
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Puc. 2. Usnyyamernb Ha npoywuHe ausb3bl

YcTponcTBO BKMovaeT B cebs usnyyatenb, B KayecTBE KOTOPOrO MOXET MCronb30BaTbCst
nasepHas ykaska, U [OBa NPUEMHMKA: KOHEYHbI U MPOMEXYTOUYHbIN. Bce anemeHTbl ycTpoiicTea
3aKpennsTCA Ha AMarHOCTUPYEMOM MAPOLMUIMHAPE C MOMOLLBI MOCTOSIHHBIX MarHMTOB U WMET
COOTBETCTBYHOLLME DOPMbI OMOPHBLIX NOBEPXHOCTEW. M3nyyaTenb ycTaHaBNMBAETCA Ha Ornope Kopnyca
(rnb3bl) rMapouMnUHApa, @ MMEHHO, Ha TOPLEBYH MOBEPXHOCTb KPEMEXHOro nanbla NpOoyLIMHbI U
dUKcHMpyeTcsa OTHOCUTENBHO ero LeHTpupytowlero otsepctus (Puc. 2).

A
\

| ) &
L BN
Puc. 3. KoHeyHbIl rMpuéMHUK Ha rnpoywuHe wmokKa

KoHeYHbI NPUEMHUK yCTaHaBNUBAETCS M aHaNOrMYHO LLeHTPUPYETCS OTHOCUTENbHO MPOYLUMHbI
wroka (Pwuc. 3). Monycdepbl onop nanyyartens u KOHEYHOro NpPUEMHUKa obecnednBaloT U3MEHEHNE UX
YrMOBOrO MOMOXEHWA OTHOCUTENBbHO APYr Apyra v rMApouUMnuHApa B ABYX MITOCKOCTSIX.

MpomexXyTOYHbIA NPUEMHMK, Oropa KOTOPOro BbINOMHEHA B BUAE «MACTOYKMHOMO XBOCTa», YTO
obecneunBaeT ero pacnonoXxeHne CTPOro NepneHauKynspHo ocu abcumce, ycTaHaBnuBaeTcs Ha rmnb3e
BOnmM3n kpbiwku (Puc. 4). Nyy nasepa npoeumpyeTcs Ha NPOMEXYTOYHOM MPUEMHUKE B BUAE CETKWU, MO
TIMHWSIM KOTOPOW MOCNEAHWI MOXET ObiTb COPMEHTMPOBAH MO OCKM OPAUHAT B MOMEPEYHON MIOCKOCTU
rmapoumnuHapa. (Puc. 5). Mpu O0TCyTCTBMM Takoro NpucnocobneHns NPOMEXYTOYUHbIN NPUEMHUK MOXET
ObITb BbIBEPEH MO YPOBHSAM.
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Puc. 4. lNpomexXymoyHbIl npUuéMHUK Ha 2urb3e 2udpoyunuHopa

OKcnpecc-aMarHocTMpoBaHMe C  MUCMoNb3oBaHMEM NpeaniaraemMoro  Metoga W cpeactea
OCyLLEeCTBMsSIETCS B Tpu 3Tana. Ha nepeBom aTtane HeobxoaMMo cdpokycupoBaTb Nyd fasepa B LEHTpe
LWKanbl KOHeYHOro npuémnuka (Puc. 3), TeM cambiM, «MOCTPOMB» OCb abcumce, SIBMSAIOLLYIOCS NUHUEN

oTcyéTa napametpa y;O (Xc’ Zk,(~)k, pk)_ Ha BTopoMm aTane, TpebyeTca yCTaHOBUTb MPOMEXYTOUHbIN

MPMEMHMK Ha rUnb3y B6MMan Kpbiluku, abeumcea koTopoit 6nmska k koopauHate X onacHoro ceveHus [9] u

BbIBepUTb No ceTke (Puc. 5) nmbo ypoBHAM MONoOXeHWe MPUEMHUKA OTHOCUTENbHO ocu opauHat. Ha
nocrnegHem atane HeobxoAVMO NPOM3BECTU 3aMep MO LKane AMarHocTU4eckoro napameTpa, obpaborartb
€ro C WCMonb30oBaHNEM TMOMOXEHUA MaTemMaTUyeckoi CTaTUCTUKA C Lernbio MOMyYeHUs [0CTOBEpPHOW
OLIEHKU 1 No peLuatoemy npasuny (11) BeipabotaTte AnarHos.

Puc. 5. MNMpoekyus nny4a nasepa Ha rMPOMeXymo4YHOM NPUEMHUKe

HakonneHHbIi B npouecce AMarHOCTMPOBAHWUA MAacCUB CTaTUCTUYECKONW WHdopMauun naet
BO3MOXHOCTb MpPOrHO3upoBaTb B OyaylwlemM W3MEHEHME TEXHUYECKOr0 COCTOSIHUS KOHKPETHOro Mo
Ha3Ha4yeHWIo 1 NapameTpam rmgpounnmMHapa u, Tem camblM, peannsoBaTb Ha MPakTUKe npevMmylliecTsa
BHEAPEHUSA ANArHOCTUKM B NMPOLIECC TEXHUYECKOro 06CNyXMBaHNS 1 pEMOHTa MaLUVH.
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THE THEORY OF ANTHROPOGENIC CATASTROPHES:
A NEW APPROACH TO THE SAFETY PROBLEMS
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Abstract
On the basis of the statistical regularity the anthropogenic catastrophe risk evaluation criterion for units
and components failure under operation has been developed. The paper contains both the analysis of
possible failure reasons on the basis of an abstract unit as an example and the appropriate calculations
of the criteria obtained. The investigations conducted allow to predict equipment failures of technical
objects and to improve safety in their operation.
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1. Introduction.

When speaking about the problem of safety for power-consuming objects and particularly for
the airspace ones one can’t but admit that the successful solving of it depends largely on the objects
reliability that is defined by the extent to which internal and external factors may have the influence on.

Any object consists of a set of components operating under appropriate technical parameters
with each of them having its own range of deviation from the standard states. This range also called the
tolerance zone is of great importance for seeking new criteria to evaluate the level of anthropogenic rick
for both the object’s individual components and the object itself as a whole. At the same time the creation
of the emergency protection system for the objects involves certain difficulties covering nondestructive
control methods design and diagnostic means provision as well. The first thing to do is to reach a
compromise between external devices (sensors, communication, infrastructure) mating and the object
itself under control [1-3].

But the present well-known methods of control can’t provide complete safety. In the absence of
extreme conditions the failure relating to the possible standard state parameter deviation is purely
internal: it is built into the object components during their manufacturing, mounting and assembling and
the operating conditions only add to the failure. The investigation of the statistical regularities mechanism
for these processes is especially urgent for both the safety problem and the problem of keeping power-
consuming and other objects safe from anthropogenic catastrophes during their usage.

2. Risk area. Setting up a problem.

In any technical object unit one can specify a group or groups of interconnected and
interdependent components whose parameters keep the object operating properly. Generally these
components may not make the immediate contact with each other. Let's name these or those
components of an abstract unit conjugate for the sake of definiteness and as an example refer to the air
engine’s two units: the body of the turbine and its rotor’s blades.

Between the blades and the body of the turbine under operation there must be a process
clearance to keep the turbine trouble free running. However the turbine units made with the certain precision
has natural dispersion (spread) in sizes of both the body inner diameter and the blades length. These
deviations may cause the minimum clearance between the moving and stationary parts of the turbine when
the two events coincide simultaneously—-the body inner diameter reaches the lower line of the tolerance and
the blade length does the upper one. Let us mark that these deviations do not exceed the accepted
allowable ones. However the probability of the turbine failure may increase under external factors influence
leading to temperature, pressure and loads rise. This means that the object is in the area of risk.

The performance of such analysis for the conjugate components with regard to their
interconnection will allow defining the probability for destruction development potential risk and
comparing it with the necessary (specified) level of trouble-free operating as well as develop an algorithm
for the appropriate actions to provide safety. These probabilities, worked out for separate units
(components) or the object as a whole are anthropogenic catastrophes criteria. A certain complexity of
such approach lies in the relative uncertainty of unit (component) size deviation distribution from the
average meaning in the tolerance field. Besides the standard normal distribution it makes sense to look at
other possible probability distribution in this field. The uncertainty relating to the choice of limiting
deviations range for the object mating components and the probability distribution density region width
needed for its calculation may cause some difficulties.

By analogy with the presented analysis of mechanical units operation one can consider
electronic and other object units subject to failures whose parameters and characteristics also have
statistical distribution. Let us next consider the most «problematic» mating unit components and evaluate
the described situation leading to a failure probability increase.

3. Probabilistic models. Critical states.

Let us consider the problem of an abstract object safety in the context of statistical regularities
taking into consideration definitions and simplifications accepted. Let us also specify in this object (or
separate unit) the conjugate components with the specified parameters for the operation in the standard
state (each such component may have several parameters). The component parameters must be
grouped as follows 1, 2,..., j,..., m (m 21) in each of them the conjugate components have numbers 1,
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2,..., i,..., n (nj 22). For each group the events are represented by Ajj, Ay,..., Aj,..., An‘jwherein
/
conjugate components parameters deviations from the average ones are maximum and these events
probabilities are paj, paj,---, Pis--- P, respectively. Suppose that in some j-group conjugate components
/

with the probability PJ- the event A; may happen resulting in unfavorable combination of n; parameters

further leading to the unit possible failure under external factors influence. Let's name the unit’s conjugate
components state relevant to this event a critical state (fig. 1). In this case the unit appears to be in the
risk area (n; =2) or highrisk area (n; 22). The group unfavorable parameters set are given through the

probabilistic model with the associated outcome P]. .The simplest model of these sets is the agreement of

maximum parameter deviations of all mating components from the average at which the A; probability of |-
group critical state is defined as the product of probabilities for independent events [4, 5]:

P, =11,

Flg. 1 To the definition of the crifical state
for two conjugate elements.

For the dependent events the conditional probability must be used:

P=RA4 (AA, PA(A, pA)AxA, .
X'LQ Aﬂ// |AI/ XAZ/ "---""?nm J )-

When defining the Pj probability one should take into account only those components (with the

)

relevant probabilities p;) the events with which will cause the situation change for the worse (close to
anthropogenic catastrophe). At the same time a consideration of the interrelation between several mating
components at a time will demand far more complicated probabilistic models.

Having entered the probability of an opposing event for the set of independent m-groups

m

P = H1 - B the outcome probability of at least one critical state for an object or unit may be defined as

=1

~

P=1-P=1-[](1-p). 3)
J=1
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This simple equation shows the most common nature of critical states for the unit or object
independent parameters group. For the simple probabilistic model (see equations (1) and (2)) this value
depends both on maximal probability deviation pj, maximum number of parameters for conjugate
components n; and m-groups number.

If probabilities pj differ little from each other and n; are the same, one can evaluate the critical
state probability when among the m-groups there are just as many g critical states (g < m). In this case

1 &Y
pij Is necessary to substitute for its average meaning <,0,].> =— Zz P .This is the event of just as
mn, j=1i=1
J

many q critical states as possible from m are realized and falls into so many incompatible variants as
many ways q may be chosen from m-cases (the number of combinations from m by qg). With the well-
known equation of the repeated tests and the theorems [4] the desired probability is defined as

m-q

m ng n
P =—(p. (p. .
ogm-y (o)™ (1-0e,)") @

The probability obtained will be the most at | 1) <p/]. }q <qg<—m +1‘<plj-- >n . At
sufficiently high values of m and q Pqm is approximately defined according to Sterling equation. At small
<p/]. > the Poisson equation [5] gives more accurate value.

The approach based on average meanings pj allows evaluating the frequency of interest for the
event g/m occurrence. With the increase of m the most real frequency of such event occurrence (the
greatest statistical probability) will approach Pgm In this case the probability that this frequency lying

between (p,.j )n -;(\/ <p,]. >" (‘I-(p,]- >n) and (pij )n + X\/ <,0,].>/7 (1-<p/]. >")Wi|| approach the

1 1
m m
2

N

averaging is done not in a proper way.

X
2
probability integral 4 ¥ Ie'x Zax (Laplace theorem). But all looks much more complex if pj
0

4. Limiting probabilities.
When considering the common case of A; probability definition it is necessary to use the

probability dense ‘///f X of a continuous random value. Let’s believe that x values are limited at the top

and bottom by the elements aj and b; parameters (fig. 2), i.e.

a,]--gcl].<x<b/]-+;‘/],, (5)
where g‘ P is an absolute mean error of the parameter definition x (positive value).

For a mechanical unit for example a; and bj are boundary tolerance fields, and Sc/]' —the mean

value of measurements. The elements, whose parameters don’t satisfy the condition of the (5) are
rejected. If inequalities (5) are satisfied, then the probability of x appearance in the limits of c;* s
Vi

the conditional probability. Here cj is the j-group element i-parameter defining the entry of x in the
tolerance field boundaries to the accuracy of f/]. (in the common case to an accuracy of gc/]. a; < ¢ <

bj). Its value may be defined as a ratio of areas on the plot l//,]( ¥
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Cy+éy
wilx) I wylx) dx
oEs (6)
Py = b5 #;
| ™ I wﬁ(x) dx
| : \ TR
1
Pl ™t~
Vol L~
1 | | :
N
: o |
[ I |
C] |
1
1 : 2&. I Fig. 2 Probability dense
=1
: ol || v | w; (x) for the even accidental
: : : : value.
1! | |
| 1 | | |
' C |
|
: el 4 : L
a; 0 ;1«4;, S Hy b{}

It's well to bear in mind that error consideration gc/]. broadens the range of limiting parameters

by the value of chlj . At the same time for the units with the specified standard tolerable errors for

parameter measurements at acceptance check out the limiting parameter boundaries according to the
standard include these errors (see, for example, [6]). In these cases the limiting boundaries of the
relevant parameters are fixed and must not be changed (fig. 3) and that is especially important for highly
accurate unit components.

With regard to the equations (1) and (3) the probability P can be written as

cy. *f/]'
wixd  x
4 T o
P=1-T|1- [l 72——|. )
j=1 = 15
wfxd x
ajj-€y
where a;, b,]. ,Cji» ;‘,]- — are the matrix elements
A:(a,/..),B=(b,].),C=(c,].),E=(f,/..). ©)

The integration limits are the relevant matrix elements derived from addition and subtraction of
A, B, Cwith Z:

A,=A-Z,A,=A+E,C,=C-E,C,=C+E. ©)

1
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l Fig.3 Probability dense for the fixed tolerance
| field boundaries:
I 1—even distribution; 2— normal distribution law.
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The equation derived for P calculation in which the simplest probabilistic model is used (1) is the
special case of the more common equation (3) for which the equation is done:

Cj+&y
wi ¥ x
G
P, = H 5t . (10)
1= m
whhd  x
aj-Sy

To calculate the event probability Pqm Wherein just as many g critical states from m are realized it is
necessary to consider a more complicated probabilistic model where this event is presented by the sum
of incompatible variants the number of which is equal to the number of combinations from m by q

(CI=milg(m-41 )
Py =PPyP(1-P, ) (1-P,5 ) (1-P ) + PRy Py (1-P, ) (1- Py ) (11)

(1P ) Py ot (1B (1= By ) (1 P PP P
AT
Performing the inequality 2{/}, << b; -a;the numerator of the fraction I wfxd x=

cj=&y
w 032 ¢ (function ¢ x ™ is continuous within the limits considered). A new equation for P,
Vi
264 c) (12)
P, = 1} 5
wfxd x

aj-{y

allows to simplify the probability calculations P and Pgm .

In critical events evaluation both even distribution of probability density (ed) and distribution
normal law (nd) are of practical interest, which can be written as

(@& <X b &),
l//,ji ¥ b,]- +2§,]- -a; (13)

0 (x a;-gor » b flj_),
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] 1 {( x- 1) } (14)
wl ¥ = exp| -——— | -
v ai\}277 20,

where O',]- —is the root-mean-square deviation, Hj —mathematical expectation all being the matrix elements
Z=(a,j),M=(,u,].). (15)
Believing that the distributions (¢ ¥ are symmetric relative to the mathematical expectation at

least for even and normal distributions when the M; mode and the mathematical expectation Hj (fig. 3)

are equal the values Hj can be specified as
M=(B-A)/2- (16)
While using the probability nonsymmetrical probability density ¢ X or in particular at Gauss
distribution when the field tolerance boundaries are nonsymmetrical relative to Mj mode, the elements of
the matrix M = (,u/]) should be determined by the method described in [5].

With the equation (3) keeping in mind the probabilities P**™ for these kinds of distributions are
written in rather simple forms:

ed _ A ed nd _ i nd
P —1-H(1-P/ ). P —1-H(1-Pj ) 17)
/=1 J=1
where the F>/‘,3d’nd functions entered for the case (1) are determined as
cjj *jj X 2
-4
i 2¢; j exp[-( } }dx
P-ed = H—/ Pnd =7 RT] 207 . (18)
J \ N
i=1 b,]-"‘sz,j'a,] pra a7/ |:(X_/J)Z:|
7
J. exp| - . dx
ajj-¢jj UV

The event probability Pqmmay accordingly be calculated based on the above given relations (4) and (11).

For the limiting parameter boundaries fixed (in the tolerance field) it is essential to enter the
integration limits correction into the equations (6), (7), (10), (12) and (18) obtained for the left (c;= a;) and
right (c;;= b;) tolerable boundaries:

[T Cy
[ wf3 x [ wfya x
_ S _ Sy . (19)
Py =, PPy T,
j w(yd x J(t//)/jdx X
a; a;

In this case the probability density at the even distribution is determined as

. 1
vy —+F g,<x)b, . (20)
b,]. -a;
At the normal distribution the equation (14) is used. The equations (19) may be integrated
considering the integration low limit c;, while the upper one is c;+€ (for the left and right tolerance field
U

boundaries, respectively). In order not to change the integration limits for these two cases the fraction
numerators in the equation (19) should be taken over the model:

Vi

_[4///( X "dx

, (21)

w X~ dx
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where the upper limit in the integral numerator is the matrix elements

. -C,
r:(yl_,)z c“+uf” ) (22)
j i | -c | j
Hy-¢

Similar transformations are done for the rest of equations.

The greater the probability values in these equations the higher the failure risk for the unit or the
whole object considered. The critical values obtained for these probabilities appropriate to the extremes
of the allowable interval parameters are named limiting probabilities.

The conjugate component parameter number increase for the n; unit (group) causes

;
P, = H pj to decrease sharply (the events at pj <<1 are considered). Performing the addition of the
i=1
probabilities the contribution of this component might be insignificant. That is why it makes sense to
specify two groups with the same number of mating component parameters n; (n; = 2, 3,...) to which

critical state probabilities PJ- (2), PJ- (3),..., are appropriate and compare them in between. Limiting

probabilities under these conditions are critical states levels — the first, the second and so on respectively.
The same is also relevant to the total probability risks notion introduced below.

Solving the problem of evaluation of complex system high degree failure risk one can face the
difficulties when building separate group parameter probabilistic models. It is worthwhile making up these
groups (subsets) into bigger ones (sets) with the appropriate probabilistic models.

5. Total risk probability.

The events described at the object operation occur undeniably and are of interest, however are very
seldom. In the real life all is more complicated. However besides the above mentioned critical states one should
refer to the cases when the unfavorable coincidences of the conjugate element parameters deviation from the
average including the parameter vicinity c; of the length considered (a;; bj) and as far as to the point of its
middle (mathematical expectation (/) take place. So, consideration must be given to the introduction of a
weigh function R(x )under the integral sign multiplied by the probability density ¢ (x), which allows for the

degree of approximation to the tolerable parameter intervals extremes (limiting probabilities), fig. 4.

Fig. 4 To the weight function definition:
1 — probability dense (//‘_\,(x) . 2 — power
function R (x); 3 - product

w; (0)x R(x)

B i s

a 0

Thus at the calculation of the pj; probability in the fraction numerator (6), the low integration limit
should be replaced by yj and the equation C; J?gc/}_ be considered the upper limit for the left and right

tolerance field boundaries, respectively. The equation
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4
[ %y yf¥d x
Hjj
Py =55 (23)
wf ¥ x
aj-5;

may be written by analogy with equation (22) and the upper limit of the integral numerator is the matrix
elements for this case:

A=(A)= Cﬁ_ﬁ@ . (24)
i i

The introduced weigh function must have the following features:
_ |0 x=ay
Ry = (25)
1, x= /l/]..
Besides M ¥ must be continuous and monotonic within this interval and its first derivative
R ¥ must approach 0 when x — 0 and go up when X T/i,]. .The power function R ¥ ( a x - Hy )k
satisfies these requirements where ke N . Using the condition (25) to find the coefficient a the weigh

function may be written as (A,]- * W ):

k
R ¥ :[ﬂj . (26)
Ay -y
With consideration for the equations 9{ ¥ and Y (x) we have
ed 1 AI] Kk
Py = j( x-pp” x|, (27)

k
- by 238 gy

A 2
H k (X'ﬂ
P’ I(X'y/}eXp - , 4] X
nd _ /l//_/j() Hi 2 7
Py = b+ 2 ' (28)
(x-4)
expl-———— dx

20
a;-$j j

These equations are used further for the definition of the object (unit) critical state probabilities
by analogy with (3), (4) and (11) which we name total risk probabilities:

o =1-11(1-s,). (29)
j=1
m q m-q
S e— ) - ) , 30
(e (s,)"(1-(s,)) (30)

T =8,8,..8,(1-S,.,)(1-S,.,)--(1-5,,)+S,S,..S,.(1-S, ) (1-S,.,) --
(1-5,,1)S,, +..+(1-5,))(1-S,)...(1-S ., ) S g1 S

m-g+2-"m"

(1)

m-q+1
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N
where for a simple probabilistic model (1) S, = l‘J[pU, .
j=1

At the fixed parameter boundaries A =C with the upper limit in the equation numerators (27)
and (28) is replaced by c;j while the integration limits in the denominator are replaced by a; and by,
respectively.

The main drawback of the limiting probabilities considered is that they are generally defined by
the error the value of which is chosen conventionally enough: the measuring instrument error may
change in the wide range of limits. Another approach to the problem of total risk probability gives the
opportunity to predict the discussed unit or object failure independently from the error values if the
tolerance boundaries are fixed. The complexity is that the weight function degree (26) is unknown. With

k 1 R ¥ is a linear function not showing the true situation. If 4 >>1the total risk probability

approaches 1 0. Complex investigation of a big amount of statistical data may give more or less exact
situation, unfortunately the authors of the paper don’t know about them. At the present stage another
thing is important. Speaking about the comparison of an anthropogenic catastrophe criteria obtained for
different units of one and the same object/objects that will be enough to consider k as the same value for
these cases and make it equal 3 (cubic parabola) that sketches true situation. When conducting further
investigations this value may be adjusted and the results refined.

Potential risk probabilities calculation even for the simplest case of independent events is a
rather difficult problem. Let us specify these values for a simple specific case where the events have pure
mechanical nature, a bearing, for example, that is the unit of an abstract object and research the
influence of different factors on it related to its manufacturing, accuracy measurement, accuracy rating
and probability density type.

6. Anthropogenic catastrophe risk evaluation for a mechanical unit.

To evaluate potential probability risk let us consider a radial roller bearing having a short
cylindrical 2000 type roller, fig. 5 [7]. Let's also assume the following system of mating for the bearing
conjugate components: transition mating into the body opening and stressed one on the shaft. At last let’s
specify 3 parameter groups for the conjugate components (m = 3): the opening diameter 1 — the outer
diameter of the outer ring 2 (j =1); the outer rolling way diameter 2 — the roller diameter 3 — the inner ring
rolling way diameter 4 (j =2); the inner ring inner diameter 4 — the shaft diameter 5 (j =3). You can find
the bearing components, opening and shaft dimension tolerances [8] in table 1 and the data necessary
for doing calculations in accordance to the above said their presentation structure — in table 2. The

definition accuracy of geometric parameters g‘l],, in general is determined by accuracy rating ¢

specified for this unit. Errors presented by the matrix = are accepted as equal to the allowable ones
under the State Standard [6] at the acceptance test.

Table 1
The bearing conjugate components tolerance field
. . . Tolerance field for accuracy rating, gm
Conjugate elements Nominal size, mm y 9.H
4 5 6 7 8
body (position 1 . . _ +15 +22 +35 +54
in the fig. 5) opening diameter 90 0 0 0 0
. 0 0 0 0 0
outer ring outer diameter 90 10 | —15 | —22 | —35 | —54
(position 2) . . +2,5 +4 +5,5 +9 +13,5
rolling way diameter 80 25 a4 55 —9 |-135
roller . 0 0 0 0 0
(position 3) diameter 10 5 | —8 | —11 | —18 | —27
. . +4 +6,5 +9,5 +15 +23
inner ring rolling way diameter 59,92 a4 —65 —95 _15 23
(position 4) inner diameter 50 +7 +11 +16 +25 +39
0 0 0 0 0
shaft diameter 50 +24 +37 +42 +68 +109
(position 5) +17 +26 +26 +43 +70
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In accordance to the expected events in critical situations we choose the components field
tolerances boundaries (table 2): cj = ajj or ¢j = by. It is necessary further to specify both a probabilistic
event model and interrelation between conjugate components keeping in mind for the simplicity that
the elements when critical states of the unit components occur are independent. Critical states in the
first and third groups are defined in accordance to the equation (1), when ni3 = 2 and the product of

Py X Ry jare equal p,, x p,, and p,. % p,., respectively. If for these groups the critical states are

defined by the simple probabilistic model for the conjugate components 2, 3 and 4 (fig. 5) of the
second parameter group it is necessary to consider the event A;= A, at least one critical state for three
components having in total three pairs of geometric parameters. This event may be presented as the
sum of four incompatible variants:

PUA) = PP 1-Pg) + Pop Py ( 1-Py5)
+p12p32( 1- pzz) + Pi2PosPas (32)

Qg Fig. 5 The skeich of the cylindrical
o o i N
@ | @ @ | bearing:
8|8 g ! 1— the body; 2 — the outer ring;
) f 3 — the cylindrical rofler; 4 — the inner
(, | ring; 5 — the shaft
N 1
/ /

14
20

To find the limiting probability for the whole unit it is necessary to add all the probabilities using
the probabilities of the opposite events:

P=1-(1-pp,) (1-papy)[1- p(A)]. (33)
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Table 2
Data for calculation, ¢ =5 (um)
Conjugate elements .
and groups Component geometric parameters
compo- ih i maximum deviation from J(h(;;\éznitn
nent number of| number low upper ma c:Ima ! the average, cj thz critical
pionsltt;gn elerrilent of gjroup bou;z.jary boundary bj;| expectatio tolﬁ;allgce parameter state
ij -
figure 5 ns Hi boundary value
1 1 1 0 15 7,5 b11 15 outer ring
2 2 -15 0 -7,5 azn -15 slippage
2 1 -4 4 0 a2 -4 roller jam
3 2 2 -8 0 -4 boo 0 between the
outer and
4 3 -6,5 6,5 0 b2 6,5 inner rings
4 1 3 0 11 55 b13 11 inner ring
5 2 26 37 31,5 a3 26 slippage
0 4 0 15 4 1N 15 4 1 75 0 55 5,61 2,05 4,38 5 5 4
A=|-15 8 26| B={0 0 37|C=|-15 0 26|M=|-7,5 -4 31,5|Z=|561 3,06 4,02| Z=|5 2,8 4
0 65 0 0 65 0 0 65 0 0 0 0 0 50 0 0 4 0

As it is evident from tables 1 and 2 the probabilities p; differ greatly from each other and the
equations (4) and (30) are unacceptable. Using the equation (31) one can determine the probability of the
unit critical state when among the m-groups there is as many q critical states as possible restricting to
two cases for the simplicity at m=3: q=2 and g=3 (the worst case). Limiting probabilities and probabilities
of total risks may be determined as

P, =RP,(1-P)+R(1-P)P +(1-R)PP, P, =RRP,
%3 28182(1'83)+S1(1'Sz)83 +(1'S1)8283’ '//3,/3 =SlsZS3'

(34)
(35)

Using the equations obtained the necessary calculations have been done for limiting and total risk
probabilities for both even and normal distributions. The calculation algorithm developed for the fixed
limiting tolerance field boundaries for the discussed mechanical unit was realized in Mathcad medium.
Some results of these calculations are given in table 3 and figures 6 — 9. The discussion of the results
gained is carried out below.

Table 3

Some calculation results for the mechanical unit (é/ =5,k=3)

Probabilistic model for the mechanical unit Even distribution | Normal distribution law
critical state
limiting
At least one critical | probability P 0,525 0,484
state
total risk probability . 7’ 0,073 0,036
Among three groups Ilmltlng__ 0,081 0,072
there are just as many | probability P, 3
as two in the critical . S
. total risk probability - =, 0,00156 0,000401
limiting
All three groups in the | probability P33 0,00565 0,00332
critical state : o >
total risk probability s 1,49 x1 0° 1,418 x107°
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7. Le Chatelier approach.

As one can see from the results dispersion o, accuracy rating ( , accepted at the unit

manufacturing, index k of the power function 9{ X , the type of dense probability distribution have the main

influence on the potential risk probability. Root-mean-square ¢ depends not only on accuracy rating 4 ,
but on the component dimensions (fig. 6). At dispersion increase the total risk probability under the
normal distribution rises approaching its limiting value i.e., the probability under the even distribution (fig.
7). In fig. 8 the influence on potential risk probability index k, which is the most essential at k < 2+4 has

been shown.
20 1

Vi
/,
1)/

/04
4I ) /AP

e

Fig. 6 Unit geometric parameters root
mean sguare deviation dependence of
accuracy rating:

1 — the opening diameter in the body,
position 1 in fig.5 and the outer ring out-
er diameter, position 2; 2 — the inner ring
rolling way diameter, position 4. 3 — the
inner ring inner diameter, position 4; 4 —
the shaft diameter, position 5. 5 — the
roller diameter, position 3; 6 — the outer
ring rolling way diameter, position 2.

UJ\J 4 5 6 7 8
4
2
%10
10 ‘ ‘
8 ed
G
B
G /
4 /
Fig. 7 Total risk probabilty o
dependence of the root- G
mean- square deviation 9 -
Ty
({=5k=3). %
0 —
1 2 3 4 5 6 71 8
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It makes also sense to investigate the influence of the measurement instrumental error f/)' on the
results of the calculations in the limits of accuracy rating chosen: gc/j = g‘ According to the calculations if

f decrease up to 0,5...1 um the relative probabilities P and .~ differ little from each other.

x 102

g \
\ \ﬁed Fig. & Total risk probability

dependence of the k parameter

3?6' \ \ (¢ =5).
.

\ ud \\\\
& \\
2
ﬂ\\_‘q—‘—-‘_
0 1 2 3 4 3 6

The dependence of the obtained potential risk probabilities of the unit accuracy rating is shown
in fig. 9. Going to higher accuracy rating (( decrease) followed by the tolerance field narrowing does

not at all mean that the potential risk probability must go down: the unit conjugate components critical
states probabilities at least for the fixed tolerance field boundaries go up (the denominators of the
appropriate equation fractions decrease). The Le Chatelier — Brown (1884) approach may be arranged
for the problem specified. That means that the unit accuracy rating increase involving the limiting
parameters boundaries narrowing and thus providing its reliability in service causes the system state
under which the stimulated processes lead to the system reliability decrease.

10

8 A
6 nd
& %10
Lé? 23
4 ""h-..___‘___‘_-‘"-.._ 6
% Fig. 9 Total risk probability dependence

="’ —— of accuracy rating (k = 3).

”J\ 4 6 8 10

However the result gained does not actually mean that the accuracy rating increase necessarily
lead to the object reliability decrease which is determined not only by the considered criteria expressed
through the laws of probability. It may be explained by pure inner conflicts, unique to each technical
object: for the units with high accuracy rating one can expect conjugate components critical states events
more often than for the units with wide tolerance fields.
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The example considered shows that the offered approach to the problem of technical safety can
be used for the evaluation of the anthropogenic catastrophe risk for the objects of different purposes.

At the same time, it is quiet clear that in real conditions the concept of independent events does
not fully cover the processes reviewed. In many modern overloaded technical objects together with
mechanical processes other processes such as thermodynamic, electro dynamic, chemical and other
ones are taking place. Their interrelated running makes the existing private evaluation strength methods
doubtful and especially if it concerns the life of such objects. One of the examples of such objects as the
least reliable from the point of view of reliability are bearing between two rotors for gas-turbine engines
operating between two quickly rotatable vibrating rotors surrounded by close open flame separated by a
rather thin current-conducting low-magnetic sheaths and air-gas films. Under these conditions the
bearing destruction event is as a rule random, sudden and quick. The physics of the process is not clear
and the methods for the complex evaluation of the influence of different by its nature factors do not exist.

8. Conclusion.

® |t has been shown that at the statistical parameters dispersion defining a technical object
operation within the limits not exceeding the tolerance field of the relevant accuracy rating under normal
operating conditions and manufacturing and staff error absence, the object as a whole with the certain
event probability appear to be in the group of risk without regard to operating qualities, its state and
environment. The reasons for the event indicated are referred to the inner nature and related to only final
components or units manufacturing accuracy, their assembling and mounting as well as natural
parameters and characteristic dispersion. During the object operation these parameters may go far
beyond the tolerance field that will add to failure probability. To avoid these events it makes sense to
carry out parameter control of the components and units that are less reliable in number of failures at
regular intervals.

® A change to higher accuracy rating involving tolerance field narrowing at least for their fixed
boundaries under normal probability density distribution may lead to unit probability potential risk rise, the
reason of which is the increase of the unit conjugate component critical state probabilities.

® The offered statistical approach to the consideration of technical object units and
components safe operation has made it possible to specify two criteria for anthropogenic risk severity
evaluation for the object under operation:

-limiting probability dependent on parameter measurement and evaluation errors;
-total risk probability independent of these errors at least for the fixed tolerance field boundaries.

The calculation of these values allows evaluating the potential risk probability for both separate
units and the object as a whole. The failure forecast will make it possible to provide certain safety
measures and particularly to create emergency protection means based on innovative technologies to
provide the unit with global technical safety. It makes sense further to consider a more detailed
description of object components and units interconnection based on hypotheses concept, multivariate
probability distributions, mathematical statistics modern methods as well as other approaches.

References
[1] Nososckuin B.H., BoHgan I'.B., Kakcuc A.O., KontyHoB A.E. [lnarHocTuka aBMALMOHHbIX ABUraTenemn. —
Mocksa: MawwmHocTpoeHue, 1988.
[2] Korshakovsky S.I., Krasnenkov M. A. Test Technology of Moving Electric Conductive Component Defects //
10" International Trade Fair and Conference, May 8—10, 2001, Exhibition Centre Nurenberg, Germany //
MAT-2001 Proceedings. P.359-362.
[3] Kntoes B.B., CocHuH @.P., KoBanés A.B. n ap. HepaspywatoLyuii
KOHTpOrnb 1 anarHocTuka // CnpaBoyHuk nog pea. Knoesa B.B. —Mockea: MawwmHocTpoeHue, 2003.
[4] Wropm P. Teopus BeposiTHocTein. MaTemaTnyeckasi ctatuctuka. CTaTUCTUYECKUIA KOHTPOrb kavecTsa. Mep.
¢ HeM. / nog pea. Pavitmana H.C. —M.: Mup, 1970.
[5] BeHTuens E.C. Teopus BeposTHocTeln. — M.: Beicwuas wkona, 2006.
[6] TOCT 8.051 —81. —Mockea: spgatenbcTBo cTaHgapTos, 1987.
[7] MopwmnHuku kadeHns / CnpaBoyHuk-kaTanor. — M.: MawwnHocTpoeHue, 1997, 896¢.
[8] AHypbeB B.U. CnpaBo4HUk KOHCTpYKTOpa-MalunHoctpoutens, T. 1, 2. — M.: MawwmHocTpoeHwe.

204



Science and Education December 18th—19th, 2012. Vol. I

YOK 666.97.031

RESEARCH’S OF THE PROCESSES
OF VIBRATIONAL MIXING CONCRETE MIXTURES

Lobanov D.V.}, Efremov I.M.%®
1.2 Bratsk State University
Russia

Abstract

Concretes and mortars represent artificial materials, derived from a mixture consisting of binding
materials (cement, lime) and aggregates (crushed stone, gravel and sand). The main physical and
mechanical properties of concrete, in particular its strength properties, to a large extent depend on the
homogeneity of the structure. Therefore, while preparing the concrete mix, the aim should be to achieve
the maximum possible its homogeneity, which depends both on the homogeneity properties of the
components of the mixture, and because of the uniformity of their distribution. One of the most effective
methods that would improve the quality of concrete is a vibratory processing. The descriptions provided
in this article of experimental vibratory mixer device, as well as the analysis of the study of the process of
mixing of the concrete mixture on the results of time comparison of the strength of concrete, cooked in a
mixer with the use of vibration and without it, give a clear idea about the effectiveness of the
implementation of vibration in the process of mixing. Vibro-activation allows you to reduce the time of
hardening of the finished concrete product, which gives the opportunity after 7-14 days, when there is a
set of 90% of its maximum strength, to recommend it for use for the purpose. Comparative basic mode,
with only on the process, as the results show, receive 90% of its strength only 20 per day. This
advantage will allow reducing time of reception of the finished product, to reduce potential downtime in
the technological process, in addition, a reduction in energy intensity will reduce the time of preparing the
mixture and to increase the productivity.

Keywords: concrete mixture, vibration, vibration treatment, activation, cement dough, vibration exciter,
bellows, strength, the time of mixing.

AHHOTauumsA

BeToHbI 1 cTpouTenbHble pacTBOPbI NPEACTaBMAT COOOM NCKYCCTBEHHbIE MaTepuarnsl, nonyyYaemble u3
CMeCH, COCTOSILLIEN M3 BSXKYLLMX BeLLECTB (LeMeHTa, M3BECTU) 1 3anonHuTenen (webHs, rpasmsa 1 necka).
OcCHOBHblE (PU3NKO-MEXaHNYECKME CBOWCTBaA OeTOHa, B 4YACTHOCTW €ro MNPOYHOCTHbIE CBOWCTBA, B
3HAYUTENBHOW CTEMEHU 3aBUCAT OT OAHOPOAHOCTM CTPYKTYpbl. [M03TOMy, npurotaBnueasi GETOHHYHO
CMecb, crnegyeT CTPEMUTbLCA K OOCTMDKEHUIO MakcumaribHO BO3MOXHOW €€ OAHOPOAHOCTM, KOoTopas
3aBMCUT Kak OT OOHOPOOHOCTM CBOWCTB COCTaBMSIIOLMX CMECUM, Tak W OT pPaBHOMEPHOCTU UX
pacnpegeneHus. OgHUM u3 Haubonee 3PEKTUBHBLIX METOAOB, MOBbILLAOWMUX KavyecTBO OeToHa,
aBnsieTcsa BubpaunoHHas obpaboTka. [MNpeactaBneHHoe onMcaHne B AaHHOW CTaTbe 3KCNepUMeHTanbHON
BNOpPaLMOHHOM CMECUTENBbHOM YCTAHOBKM, @ TaK e aHanu3 uccrnefoBaHus npouecca nepeMeLlunBaHns
OeTOHHOW CMecn Mo pe3ynbTaTam BPEMEHW CPaBHEHWUSI MPOYHOCTU GETOHOB, MPUTOTOBIEHHBLIX B 3TOM
cMmecuTene ¢ npumeHeHnem Bubpauum n 6e3 Hee, gatoT HarnsaHoe npeactasneHne o6 ahdekTUBHOCTU
BHeApeHMsi BuOpaumMm B MNpouecc nepemMeluMBaHus. BubpoakTuBaums MNO3BONSIET CHU3WUTL BpeMs
OTBEPAEBAHNSA rOTOBOro GETOHHOro M3Oenusi, YTo AaeT BO3MOXHOCTb MO UcTedeHun 7-14 cyTok, korga
npoucxoaut Habop 90% OT CcBoOell MakCcMMarnbHOW MPOYHOCTM, PEKOMeHAoBaTb ee K MPMMEHEHUI0 Mo
HasHayeHuto. CpaBHUTENbHLIN 6a30BLIN PEXNM, MMEILWMIA TONMbKO MepeMeLlMBatoLLnii NpoLece, Kak
nokasblBaloT pesynbTathbl, nony4yaot 90% cBoe Npo4YHOCTM TornbKko Ha 20 cyTku. [laHHoe npenMyLLecTBO
NO3BOMIUT COKPaTUTb BPEeMs MOSIyYEHUS TOTOBOrO M3OENWs, COKPaTUTb BO3MOXHble MNPOCTOM B
TEXHONOrMYECKOM MpoLecce, KPOME TOro, CHMXXEHWE OSHEProeMKOCTU MO3BONUT COKpaTUTb Bpemst
NPUrOTOBINEHNSI CMECU U MOBLICUTL NMPOU3BOAUTENBHOCTb.

© Lobanov D.V., Efremov I.M., 2012
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KntoueBble crnoea: 6eToHHas cMecb, BMOpauusi, BubpaumoHHas o6paboTka, akTMBauus, LEeMEHTHoe
TecTo, BUbpoBo3OyanTeEnb, CUNbMOH, MPOYHOCTL, BPEMS NEpeMeLLMBaHNUS.

BeToHbl M cTpouTenbHble PacTBOPblI MNPeAcTaBnsloT CoBON WCKYCCTBEHHblE MaTepuansl,
nofy4yaemMble U3 CMeCu, COCTOSILLIEN N3 BSXKYLLMX BELLECTB (LleMeHTa, U3BECTU) 1 3anonHuTenen (LebHs,
rpaBus n necka). B pesynbraTe XMMUYECKOW peakumum Mexay BSXKYLUMMUW BellecTBamMu W BOOOM
obpasyeTcs LIEMEHTHbI (M3BECTKOBbIA) KaMeHb, 3amnorHSLWMUA MNPOCTPAHCTBO Mexay webHem wu
neckom. [1ns aKOHOMMU LieMeHTa 1 nonyyeHuns 6onee npoyHoro 6eToHa cnegyeT Tak noabvpaTtb KOMMO-
HEHTbl cMecu, YTOObl Mexay HMMKU OblNo HaMMeHbLLee KONMYecTBO NycToT. B kayecTBe 3anonHutenen
LLUIMPOKO NPUMEHSIIOTCS NerkMe maTtepuansl: LWaK, nemsa, kKepamauT.

OcHoBHble hM3MKO-MexaHNYeckne cBocTBa 6eToHa, B 4YaCTHOCTU €ro MPOYHOCTHLIE CBOMCTBA,
B 3HAYMTENbHOW CTENeHW 3aBUCST OT OOHOPOAHOCTU CTPYKTYpbl. [103aTOoMy, nmpuroTaBnueas OETOHHYIO
CMecCb, crnegyeT CTPEMUTbCH K OOCTUXEHWUIO MaKCUMarbHO BO3MOXHOW €€ OAHOPOOHOCTW, KoTopast
3aBUCUT KaK OT OOHOPOOHOCTW CBOWCTB COCTaBMSIOLWMX CMecW, Tak U OT pPaBHOMEPHOCTU WX
pacnpegenenus [1, 2].

OnbIT aKkcnnyaTauum cmecuTene NPUHYaAMTENBLHOrO AEACTBMS POTOPHOMO TUMa, UCNOMb3yeMblX
Ha NpeanpuATUSX Mo NPOM3BOACTBY COOPHOro xene3obeToHa, MokasbiBaeT, YTO MpW MPUrOTOBEHUU
OTAerNbHbIX CMecen BbiCOKasi OQHOPOAHOCTb He JOCTUraeTcs.

OpHuM 13 Haubornee 3adeKTUBHbIX METOOOB, MOBLILIAKLWMX KadecTBO OeToHa, sBnseTcs
BMbpauunoHHas obpabotka [3, 4, 5, 6, 7, 8, 9].

Bosgenctene BubOpauMm Ha ULEMeHTOOETOHHYl CMeCb MpuBOAMT €e B  COCTOsHWE
TUKCOTPOMHOro padxwkeHnsa [10], yacTvubl CMeCUM MHOrOKpaTHO COyAapsisicb Mexagy cobon, umetoTt
NOBBILLEHHYO CMOCOBHOCTL K ANdYHANPOBaHUIO (B3aVMOMPOHUKHOBEHMIO), HEXENW Mpu OTCYTCTBUM
BMOPALMOHHOIO BO3AENCTBUSA, KOrAa CMECh NPaKTUYECKN HE pa3XuKaeTcs, a coyaapeHue rpynn yactuy,
NMPOVCXOANT B HECKOMbLKO pa3 pexe. Kpome aToro, npn MHTEHCMBHOM BUBpPUPOBaHMM CMeCH, B npoLiecce
ee NpUroToBIeHUs, NPONCXOANT N3BECTHAsA aKkTMBaLMS LEMEHTHOIo KaMHS, KOTopasi MoBbILIAaeT CKOPOCTb
TBepaeHUst 6ETOHHON Macchl ¥ NPOYHOCTb U3AENNSA, a Tak Xe yrnydlaeT CcTpykTypy 6eToHa [4, 11, 12].

Kpome Toro, BubponepemeluMBaHne ycTpaHaeT oTpuuaTenbHble SBREHUs, NOHMXKas BA3KOCTb
LeMeHTHoro Tecta. B cBs3n ¢ atum, B npouecce BubponepemelumBaHus XecTkme GeTOHHble cmecu
npeBpaLlarTCst B NNacTUYHble, LEMEHTHOE TECTO NpW BUOPaLMOHHBLIX BO3AENCTBUSIX BHOBb CTAHOBUTCS
KNemkum, 4YTo co3gaeT ycrnoBue Ans obBonakvBaHus 3epeH 3anonHutensi. K Tomy xe ycTpaHsetcs
BpedHoe AeWCTBMEe FMUHUCTBIX MpYMecent B necke, KOTOpble MPensdATCTBYET CUENnfeHUI0 LieMEHTHOro
KaMHS C 3anofiHMTeneMm, NoHmxasa NPOYHOCTHbIE cBonCTBa beToHa [4, 11].

OTaenbHbIE BKIMKOYEHUS [MIUHBI, NMOMNaB B LEMEHTHbIN KaMeHb, NPU NEPEMEHHOM YBMAXXHEHUU U
BbICbIXaHUN  ABMSIOTCA  KOHLEHTPATOPOM  HanpsbkKeHWW U CMOCOOCTBYHOT — NpexaeBpeMeHHOMY
paspylweHnio 6eToHa, MNOHWXas ero [AonroBeyHoCTb. [1py WMHTEHCMBHOM  BMBponepemeLlMBaHun
OETOHHOW CMEeCcW TNUHUCTbIE MIIEHKA MEXaHWYEeCKM CYMLLAIOTCA C MOBEPXHOCTW 3epeH 3anofiHuTens,
BKITIOMEHNS TMNHBI Pa3pyLLIaTCs, CaMONPON3BONbHO ANCMEPTUPYSACH B BOAE OO0 KOMMOUAHbLIX Pa3MepoB,
W paBHOMEPHO pacnpefenslnTcs B LEMEeHTOM TecTe, nnactuduuupys ero. Tak xe BeayT cebs u
nblneBaTble cocTaBnsaoLwme WebHs n necka [4].

BrnbponepemelumBaHne MNO3BONSIET PaBHOMEPHO pacnpenenviTb B 0ObEMe CcoCTaBnstoLime
6eToHHOW cMecu, aenas ee B6onee ogHOPOAHOW MO cocTaBy (MokasaTernb KavyecTBa), YeM Npu 0ObIYHOM
nepemMeLLnBaHnn, paspyLUnTb KOArynauMoHHY CTPYKTYPY KOMSOUOHOMO LIeMEHTHOrO Knes, paBHOMEPHO
pacnpegennTb BOOY MeXAy 3epHaMu LeMeHTa U LeMEeHTHOe TeCTO Mexay 3epHamu 3anofiHUTens, 4YTo
cnocobecTByeT  xopolwein  yaoboyknaablBaEMOCTU  KECTKMX OETOHHbIX CMecel, BCreacTBue WX
nNNacTMOULMPOBaHNS, U MONYYEHUIO LLEMEHTHOIO KaMHS C TOHKOKanunnsapHON NOpoBON CTPYKTypou [4].

OTn akTbl, OCHOBaHHble Ha AaHHbIX (U3MKO-XMMUYECKUX MPOLLECCOB, M CrnocobcTBoBanm
MCMNONb30BaHNO BUOpaLnmM yxxe Npu NpUroToBreHnm 6eToHHbIX cmecen [3, 4, 5].

Brbpauuns paspyliaet KoarynsiuMoOHHYH CTPYKTYpPY, CHWXasi BA3KOCTb LIEMEHTHOro TecTta, B
pesynbTarte 4Yero LeMeHTHOe MOSIOKO PpaBHOMEPHO pacnpefenserca no scemy oovemy. Mponcxoasiuee
npu 3TOM YCWUMEHHOe AWcneprupoBaHne LeMEHTHbIX YacTul, crocobeTByeT 6onee monHom u BbicTpon
rmgpatauum LuemeHTa [5].

AKTMBaUMsi LEMEHTHOrO TecTa B mpouecce BubponepemeluBaHUs MOBbLILLAET CKOPOCTb
TBEpAEHUss GETOHHOW MaccChl U MPOYHOCTL U3AENUS, a Tak e yny4lwaeT cTpykTypy 6etoHa [10].

B HacTosilee Bpems M3BECTHblI pa3HOOOpa3Hble KOHCTPYKUMW BUOPALMOHHBLIX CMecuTenew,
KOTOpbI€ MO KOHCTPYKTUBHBIM OCOBEHHOCTAM U cnocobam nepemMellnBaHUs MOXHO pas3fenuTb Ha Tpu
OCHOBHbI€E rpynnsl [6, 7, 8, 9]:
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1. BubpaumnoHHble cMecuTenun, B KOTOPbIX NPOLECC CMELUMBAHWUS MPOUCXOAUT TOMbKO 3a cyeT
CaMOUMPKYmnsLMM CMEeCH, BO3HMKaKLWEN B pesynbTate konebaHum kopnyca M OTAENbHbIX 3NIEMEHTOB
(kapkacos).

2. BubpaumoHHble CMecuTenW, B KOTOPbIX MPUHYAUTENbHOE CMELUMBaHWE co4veTaeTcsi C
BMOPALMOHHBIM BO3AENCTBMEM Ha CMECb Yepe3 KOpryc, SlonacTHOW Ban NMOO BCTPOEHHbIV 3fieMeHT
KOHCTPYKLMWN.

3. BubpauuoHHble cmecuTenu, B KOTOPbIX MPOMCXOAMT CBOBOAHOE CMeLUMBaHME CMeCU C
OOHOBPEMEHHBLIM  BUOpALMOHHbIM ~ BO3AEWCTBMEM Yepe3 KOpnyc b0 BCTPOEHHbIA  3NeMeHT
KOHCTPYKLMWN.

BnbGpaumnoHHble BO3OEWCTBUSI BbI3bIBAIOT TUKCOTPOMHOE Pa3XukKeHue MpuroTaBnmBaemon
cMecu, B pesynbTaTe Yero CHMXaeTCsl MX YCIOBHbIV Npeaen TeKy4ecTu U yMmeHbLuaeTcs Bsa3kocTb (B 100
n 6onee pas), oT4ero cMecb NpuobpeTaeT CBONCTBA XKUAKOCTH.

OpHako Hanuune 6onbLInX KONebnoLwmuxcss Mace, HU3Kkas HagexXHOCTb dneMeHTa npueoaa
pabounx opraHoB, 6onbluas 3HEProeMKoCTb NpoLecca CMeLIMBaHns, Manasi NPou3BOANTENbHOCTb,
SABNSAOTCA TeM, 4YTO BMOpaAUMOHHbIE CMECUTEeNnu He HalmMWM  LIUMPOKOro MPUMEHEHWUs B
NPOMbILLISIEHHOCTH.

Ha ocHoBaHMM BbILEN3NOXEHHOTO B bBpaTckoMm rocyaapCTBEHHOM YHUMBEpPCUTETE Ha
kacdpegpe NogbeMHO-TPAHCMOPTHbLIX, CTPOUTENbHbBIX, OOPOXHbLIX MalwuH u obopynoBaHus (COM)
Obln paspaboTaH 3KCNepUMEHTasnbHbIA POTOPHO-BUOPAUMOHHBIA cmecuTenb (puc. 1). PoTopHo-
BNOPALMOHHBIN CMEcUTEeNb COAEPXUT Kamepy CMeELUMBaHUS U POTOP C YCTAHOBMEHHLIMW Ha HeEM
nonactsimu. B LieHTpe kaMepbl cMeLLIMBaHWsSt YCTaHOBINEH BUBpATOp C MeXaHNYeckuM BO3byxaeHnem
KonebaHui OT KPMBOLUMMHO-LLATYHHOro MexaHuama. Bubpatop (puc. 2) BbinonHeH B Buae cunbgoHa
N pacnonoXeH B HUXHEN 4acTu KaMepbl CMeluMBaHns. B cmecuTene nmMeroTcsa Tak e OKHa 3arpysku
N BbIFPY3KM MaTepuanos.

Puc. 1. Obwui 8ud sKkcrnepuMmeHmasnbHO020 POMOPHO-8UBPaYLUOHHO20 CMECUMENTS:

1 — kamepa cmewusaHusi; 2 — pomop; 3 — nonacmu; 4 — anekmpodsuzamesib rpueoda spawieHus1
pomopa ¢ nonacmsamu; 5 — pedykmop npusoda epauieHusi pomopa ¢ jionacmsmu;
6 — annekmpodsueamerns npusoda subpoeo3bydumens; 7 — eas rnpusoda 8ubposo3bydumens;
8 — KpUBOWUMHO-WamyHHbIU MexaHu3Mm; 9 — saubposo3bydumerb (CunbgoH)
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Puc. 2. Bubpamop:
1 — cunbgoH; 2 — KpbiWKa cunbgoHa, 3 — wamyH

KOHCTpYyKTMBHbIE OCOGEHHOCTU cunbcoHa obycnoenuBalT nepegadvy Bubpauum Ha
obpabaTbiBaeMyto CMeCb ¥ MakcMarnbHO yAOBMETBOPSAT TpeboBaHnaM BUOPO3aLmTLl 06bekTa, Kak Ha
OKpY>KaloLLlyto cpeay, Tak U Ha OTAEMbHbIE 3NIEMEHTbI KOHCTPYKLMMN B LLENOM.

maBHbIM 06pa3oM B 3agadvy MO UCCNefoBaHWI0 WHTeHcudukaumm 6eTOHHOM BXOAMMO
yCTaHOBIeHMe BNUAHUA BUOpaLUM C MOMOLLbIO 3KCMEPUMEHTaNbHOro POTOPHO-BUBpPaLMOHHOIO
CMecuTens Ha WHTEHCUBHOCTb W KayecTBO MNepeMeLllMBaHUA NPU MNPUrOTOBMEHUU OBETOHHbIX
cmecen.

OdpekTnBHOCTL  BUBpONepemeLllMBaHNS onpedenanack MO  pe3ynbTataM  CpaBHEHWUS
NPOYHOCTU BETOHOB, NMPUrOTOBIEHHbIX B POTOPHO-BMOPALMOHHOM CMecuTene ¢ NpuMeHeHnem Bubpauum
n 6es Hee.

B kayecTBe BsIKyLLEro NpUMEHSIETCSt NOpPTRaHALeMEeHT AHrapckoro LLEMEHTHOro 3aBoja
Mapkn M400 [20. Menkum 3anonHuTenem sSBASCA 3yeBCKUA COPTUPOBAHHbIN NEecoK, 4oObiIBAEMOro
kapbepom Ne1 6patckoro mecTopoxaeHusi. B kayecTBe kpynHoro 3anonHuTens uwebeHb
avnabasosbin ppakuyun 10-20 mm.

CoctaB 6eToHHOM cmecu 6bin BbibpaH ¢ B/LI=0,5 n nogbupanca B cootBetrctBun ¢ FOCT
27006-86 B cnepyowmx nponopumsix Li:M:W=1:2:3. dopmoBaHne n ncnblitaHne obpasLoB pasMepom
100x100x100 mm npoBoannuck B cootBeTcTBum ¢ FOCT 10105-86 n TOCT 10181-2000.

CocTtaBnsilowme  CMecu  3arpyxanucb B CMecuTenb  MOCIMOMHO B criegytollen
nocrnefoBaTenbHOCTU: Ha AHO CMEeCUTENs yKnadblBancsd necok, 3aTeM LeMmeHT, nocne 4vero webeHb, B
nocrnegHIiol ovepeab PaBHOMEPHO Ha BCHO 3arpysky nogaBanocb Heobxoaumoe KONMYecTBO BOAbl, B
cootBeTcTBUM C¢ B/LI=0,5. Bknovancsa Bubpatop, n cpa3y BblBOAWMACb 3aJaHHasi CKOPOCTb BpaLleHust
nonacTtHoro Bana. Mo ucteyeHnn 3agaHHOrO BPEMEHMW BLIKNOYANCcs NpuBOA fonacTHOro Bana. 3atem
BbIKMOYancs BmbpaTtop, M BCS CMeCb M3 CMECUTENs Bbirpyxanacb B creuuanbHble MeTannuyeckue
dopmbl pazamepom 100x100x100 mm. B cootBeTcTBum ¢ FOCT 10105-86 n TOCT 10181-2000 o6pasubl B
TeyeHMe 1 MUHYTBI YNNOTHSMNCKL Ha CheLuansHoi BUBPaLMOHHOI nrowaake ¢ Yactoton 3000 MuH™ u
amnnutygon 0,35 Mm.

Monb3ysicb aTOM Xe MeToauKon, hopMoBanucb 0bpasubl M3 CMecK, MOSyYeHHOW B TOM Xe
CMecuTerne, HO YXXe Npu BbIKIIOYEHHOM BUbpaTope.

AmMnnutyga n yactota Bubpauum cootseTcTBoBanu: A=1; 2; 3 mm, w=95,82; 146,82; 284,21

-1 .
C ~. PesynbTaThl UCMbITaHMIN 06pa3LI0B Ha NPOYHOCTL NPEACTaBMeHbl Ha pucyHKax 3, 4 u 5.
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Puc. 3. Basucumocms npoyHocmu 06pa3yo8 Ha cxxamue om epeMeHuU meepoeHuUsi (8pemsi
nepemewusaHusi 30 cekyHO, amnnumyda subpuposaHusi 1 Mm)
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Puc. 4. 3asucumocmb npoyHocmu 06pa3yos Ha cxamue om epeMeHU meepOeHus (8pemsi
nepemewusaHusi 30 cekyHO, amraumyda subpupogaHusi 2 MM)
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Puc. 5. 3asucumocms npoyHocmu 06pa3yo8 Ha cxxamue om epeMeHuU meepoeHuUsi (8pemsi
nepemewusaHusi 30 cekyHO, amnnumyda subpuposaHusi 3 Mm)

B obuwem Buae pesynbTaTbl UCMbITAHWI NOKa3biBalOT 3PEKTUBHOCTb BHEAPEHUsT Bubpaummn B
npouecc nepeMelumBaHns. 3T0 OOYCMOBMEHO 3HAYMTENbHBIM CHWXEHVWEM BpEeMeHV OTBepaeBaHus
roToBoro GETOHHOro U3fenus, Y4To AaeT BO3MOXHOCTb MO UCTeYeHun 7-14 cyTok, Korga npomcxoauT
Habop 90% oT cBOe MakcUMarnbHOW MPOYHOCTU, PEKOMEHAOBATb K MPUMEHEHWUIO MO HasHa4YeHuHo.
CpaBHUTENbHBIA 6a30BbIA PEXUM, UMEKLNA TOMbKO MepemMeLunBaloLLMA NPOLECC, Kak MoKasbiBakoT
pesynbTathbl, nony4yaT 90% cBoen NPoYHOCTU Tomnbko Ha 20 cyTku. [laHHOe npeumyLecTBO MO3BOMNUT
COKpaTUTb BPEMS MOSy4YeHNs1 rTOTOBOTO U3AENNs, COKPaTUTb BO3MOXHbIE MPOCTOM B TEXHOSIOrMYECKOM
npoLecce, KpOMe TOro, CHUXEHUE SHEPrOeMKOCTU MO3BOSIUT COKPaTUTb BPEMSI MPUrOTOBMNEHUS CMECU U
NOBBLICUTL NPON3BOAUTENBHOCTb.
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DIE ENTWICKLUNG DER STANDARDISIERUNG DER ELEKTRONISCHEN
AUSBILDUNG IN DER RUSSISCHEN FODERATION

Pryazhnikova E.V.®
Moscow State Technical University STANKIN
Die Russische Foderation

Die Zusammenfassung
Im Beitrag wird Uber Ausniitzung und Standardisierung der der Informationstechnologien in Ausbildung
erzahlt. Der reprasentiert den Bericht, die Analyse und die Zusammenfassung der Information Uber
existierende Ausbildungsstandards. Hier werden namhafte und anwendbare Systeme in Frage
gekommen. Die Analyse der Nachteile der E-Learning Systeme wurde verwirklicht und die Facher, die
noch nicht standardisiert wurden, wurden genannt. Im Beitrag wurde Verwendungsmdglichkeit der
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existierenden Standards im Fach der elektronischen Ausbildung fir Staatsbildungsanstalten analysiert.
Die Statistik der Ausnltzung dieser Systeme ist im Beitrag vorhanden. Die Seiten, auf die man achten
soll, wurden gezeigt. Am Ende wurden die Ergebnisse von der Untersuchung beschrieben, wo man
hinweist, in welchen Abhangen existierende Standards nétig sind.

Die Schlisselworter: Standardisierung, elektronische Ausbildung, SCORM, Standard, e-Learning,
staatliche Standardnorm.

Das Hauptproblem von allen Systemen der elektronischen Ausbildung ist die Tatsache, dass es
in jedem System die Funktion der Steuerung, zum Beispiel Tracking von Nutzern, Bearbeitung der
Information von Nutzern, Vorbereitung des Berichtes Uber die Ergebnisse, auf eigene Arbeitsweise
gemacht wird. Es fiihrt zur PreisvergréRerung von dem System. Es gibt einige Griinde dafir:

1. Fir jede Art des Ubungsmaterials in jedem System entstehen spezielle Beilegungen, die die
Interoperabilitat der Materialen auf anderen Plattformen versehen.

2. Entwicklungsingenieure sollen Geld fir Bildung der eigenen Hardware der Autorisation der
Ubungsmaterialen anlegen.

3. Die Unmdglichkeit der Distribution von Geldaufwand auf die Entwicklung zwischen
Verkaufer und Einschrankung des Verkaufs der Produkte zu den Abnehmern, die sich auf eine Serie des
Produkts orientieren [1].

In diesem Zusammenhang entsteht die Notwendigkeit in der Entwicklung der Standards, die
helfen, diese Probleme zu entgehen und beitragen zu Uberleitung dieser Lerntechnologie, die auf
funktionaler Kompatibilitat fuRt. Es gibt eine groRe Zahl der Organisationen, die Spezifikationen und
Standards im Fach der elektronischen Ausbildung entwickeln. Zu den Organisationen, die es machen,
gehoren IMS, ADL, ARIADNE, IEE, ISO usw.

Laut der Befragung, die wahrend der Sammlung von Entwicklungsingenieurs der elektronischen
Kurse im Jahr 2011 durchgefihrt wurde, ist Moodle das beliebteste System der elektronischen
Ausbildung unter den Bildungsanstalten. Es wird von 62% Befragten benutzt. Die detaillierte Information
widerspiegelt sich auf Grafik 1.
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Grafik 1. Die Ergebnisse der Befragung ,Welches System der elektronischen Ausbildung wird
in Ihrer Bildungsanstalt verwendet?“

Es muss darauf hingewiesen werden, dass alle erwahnten Systeme die Kastenstruktur haben,
also missen sie mit anderen E-learnung Systeme arbeiten.
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Einer der Hauptstandards, den fast alle Entwicklungsingenieure der Systeme der elektronischen
Ausbildung beachten und zugestehen, ist SCORM (Sharable Content Object Reference Model).Er wurde
bei ADL (Advanced Distributed Learning Initiative) entwickelt [2].

SCORM ist ein Set der einigen technischen Standards fir Systeme der elektronischen
Ausbildung. Die Basis des Modell SCORM ist die Kastenkonstruktion der Lehrbiicher und der
Fachwerke, die der Konzeption der Kastenlehrbicher nahestehen.

Dieser Standard stellt die Struktur der Ausbildungsunterlagen und die Schnittstelle des Milieu
der Ausflhrung fest. Infolge dessen kdnnten Lehrobjekte in verschiedenen Systemen der elektronischen
Ausbildung verwendet werden. SCORM beschreibt diese Struktur durch einige Hauptgrundsatze,
Spezifierungen und Standards. Bei dem fullt er auf dem bereits erstellten Spezifikationen und Standards
der elektronischen Ausbildung [3].

Die letzte Fassung des Standards SCORM erschien im Marz 2009. Sie nennt man SCORM
2004 4th Edition.

SCORM formuliert die Forderungen der Erreichbarkeit, der Adaptation, der Effektivitat, der
Dauerhaftigkeit, der Interoperabilitdt und der Moglichkeit der Mehrfachnutzung zu allen Systemen, die
sich standardmaRig entwickeln. Sie formen die Basis fiir Anderungen und Zusétze SCORM.

Die Nationalstandards der Russischen Fdderation, die die Qualitdt der Ausbildung regulieren
und Gesamtforderungen zu elektronischen Bildungsquellen und technische Lehrmittel beschreiben, sind
auch wichtig.

Der russische Standard GOST R 53620-2009 “Informations- und Kommunikationstechnologien
in der Ausbildung. Elektronische Bildungsquellen. Gesamtforderungen® bestimmt Gesamtforderungen fir
elektronische Bildungsquellen, die im Ausbildungsfach fur Verwirklichung des Verlaufs der Ausbildung
durch Informations- und Kommunikationstechnologien weit benutzen. Der Standard nahm in Betrieb am
1. Januar 2011.

Der russische Standard GOST R 53626-2009 “Informations- und Kommunikationstechnologien
in der Ausbildung. Technische Lehrmittel. Gesamtforderungen® bestimmt Gesamtforderungen fir
technische Lehrmittel, die in den Bildungsanstalten fiir Verwirklichung der Bildungsprogramme, die den
Forderungen der Bundesstaatsbildungsstandard entsprechen, benutzen. Der Standard ist im Betrieb seit
1. Januar 2011.

Der Standard GOST R ISO/IEC 19796-1 ,Ausbildung, Bildung und Vorbereitung. Management
der Qualitaét, Sicherstellung der Qualitdt und der Metrik. Teil 1: Gesamtbehandlung“ schatzt die
Reihenfolge der Entwicklung der Modell des Verlaufs, die eine prozessorientierte Struktur fir
Beschreibung, Vergleichung und Analyse der Behandlungen zur Qualitdt in den Organisationen, die
Systeme der elektronischen Ausbildung benutzen, vorstellt , ab. Eine geeichte Struktur wird im Standard
fur Beschreibung der Behandlungen zu Sicherstellung der Qualitét verwendet. Sie ist ein universelles
Modell des Verlaufs. Dort gibt es geeichte Kriterien der Qualitat.

Jetzt sind im Betrieb in Russland mehr als 12 internationale Standards im Fach der
elektronischen Ausbildung. Sie wurden bei PK 36 ,Informationstechnologien in der Ausbildung, der
Bildung und der Vorbereitung“ entwickelt. Dieses Komitee entwickelt eine Reihenfolge der Standards, die
sich bemihen, alle Spharen der elektronischen Ausbildung zu erfassen. Aber man muss bemerken,
dass die existierenden fir heute Standards der elektronischen Ausbildung, von den heute in der
Ausbildungssphare verwendeten Informationstechnologien zuriickbleiben. Es bleibt Ubrig und setzt fort,
die grof3e Zahl der Instrumente der Organisation und der Durchflihrung der elektronischen Ausbildung zu
erscheinen, die von den geltenden heute Standards auf keine Weise erfasst sind [4].

Es werden die Schritte nach der Bildung und der Modernisierung der existierenden Standards
der elektronischen Ausbildung unternommen. Jedoch bis die Arbeit an den Standards langsamer geht,
als die neuen Instrumente fir die Systeme der elektronischen Ausbildung entwickelt werden.

Man kann die folgenden Aspekte wahlen, die gut, im Rahmen der Standards der
elektronischen Ausbildung zu standardisieren waren:

v" Die Integration der Systeme der elektronischen Ausbildung, der elektronischen Kurse und
anderer informativer Systeme wahrend der Durchflihrung der elektronischen Ausbildung;

v' Der Austausch von den Informationen zwischen den elektronischen Kursen und den
Abteilungen der elektronischen Kurse;

v" Die Integration verschiedener Formen der Ausbildung, einschlieRlich die elektronische
Ausbildung;

v' Das Erhalten der Daten von den Schiilern, die die elektronische Schule durchlaufen, ist
unabhangig.
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NUCLEAR POWER

Riabinina T.A.®
Penza State University of Architecture and Construction
Russia

Abstract

The most important indicator of scientific and technical progress of any country is the condition and
successful development of power [3]. And there is explanation that the electric power is life, life of any
enterprise, cities and villages. Without the electric power it is difficult even to present our today's society,
we would return at the time of the Stone Age. Since the 20th century and till this day in power programs
of many countries studying and development of nuclear power sources have not small value. The nuclear
power is widely used in production of thermal and electric energy. The mankind got access to an
enormous and potentially dangerous power source. Atomic energy has two different functions: military
and power — creative. Its successful development provides safe, pure and potentially effective means of
satisfaction of growing global energy needs — in the field of space, industry, agriculture, forensic medicine
etc. Atomic energy won't be compared with the same scale application of alternative power sources such
as, wind power, energy of the sun etc. Nuclear technologies are capable to expand possibilities of the
person in the solution of global problems of 21 century. Great expectations are assigned to nuclear fuel
and nuclear power where uranium as fuel is used. It treats very widespread elements. There is one detail
which nullifies all advantages of nuclear power — high potential of emergence of catastrophic failure of the
reactor. Therefore after the Chernobyl accident the matter of substance rose: «to keep basic provisions in
the power program or whether it is necessary to change, up to the complete termination of use of nuclear
energy?» The author would like to try to answer this and other similar questions in the article, to consider
the future of nuclear power, its prospects and difficulty.

Keywords: electric power, alternative power sources, reactor, problems of nuclear power, system
«Generation 1V».

AHHOTauunA
BaxHenwmM nokasatenem Hay4yHO-TEXHMYECKOro mporpecca sobon cTpaHbl SABMSETCS COCTOSIHUE W
ycnelHoe passutue aHepretukn [3]. U aToMy ecTb 0O6bSCHEHUE, SNEKTPOIHEPTUSA - 3TO XKM3Hb, XU3Hb
noboro npeanpusaTUs, ropoaoB M cen. be3 anekTpoaHeprnv CrNoXHO [aaxe nNpeacTaBUTb Halle
cerogHsiluHee o6LWecTBO, Mbl Obl BEPHYNNCL BO BpeMeHa kameHHoro Beka. C 20 Beka 1 no cen AeHb B
3HEepreTUYECKnX nporpaMmmax MHOIMX CTpaH He Maroe 3Ha4yeHne NMeeT U3yYeHne N pasBuTMe AaepHbIM
WUCTOYHUKAM SHepruu. faepHasi 3HepreTvka LUMPOKO WCMONb3yeTcsl B MPOM3BOACTBE TEMOBOW U
3NeKTpMYEeCcKon 3Heprnn. YenoBevyecTBO NOSy4MNOo AOCTYM K rpOMagHOMY M MOTEHUManbHO OMacHOMY
WUCTOYHWMKY SHeprun. ATOMHasi SHeprus umeeT OBe pasHble (OYHKUUW: BOEHHAs U 3HepreTuveckas —
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cosngaTencHas. Ee ycnewHoe passutne obecneumBaetr 6e3onacHoe, 4MCTOE W MOTEHUMAnbHO
AEeNCTBEHHOE CPEeACTBO YAOBMETBOPEHUSA pacTylwmx rnobanbHbIX 3HepreTuyeckux norpebHocTen — B
obnactu kocmoca, NPOMBILLMIEHHOCTHN, CEeNbCKOro XO38iCTBa, cyAaebHon MeauuuHbl u T.4. ATOMHas
SHEpPrnsi He CPaBHUTCS C TaKUM >Xe MaclTaboM NpUMEHEHWs anbTepHaTUBHbLIX UCTOYHWUKOB SHEPruu
TaKMX Kak, 3Heprusi BeTpa, SHeprus conHua u T.4. FAaepHble TEXHONMorMm cnocobHbl paclmpuTb
BO3MOXHOCTW YenoBeKa B peLueHnmn rnobanbHbIX npobnem 21 Beka. bonbluve Hagexabl BosnaratTcsa Ha
aaepHoe TOMNMMBO M SAEPHYI0 SHEPreTUKY, rAe B Ka4yecTBe TONnMBa Ucnosb3yeTcs ypaH. OH OTHOCKTCS K
BeCbMa pacnpocTpaHeHHbIM anemeHTam. OcTaeTcsa ofHa pfeTtanb, KOTOpas CBOAMT Ha HeT BcCe
npeumyLlecTsa aTOMHOW SHEPreTUKU — BbICOKMI NOTEHUMan BO3HUKHOBEHMS KaTacTpounieckon asapum
peaktopa. [losatomy nocne aBapun Ha YepHoObinbckon ASC Bompoc MO CylwecTBy BCTan Tak:
«COXPaHUTb OCHOBHbIE MOMOXEHUS B SHEPreTUYECKOW NporpamMmme UMM HYXKHO NN U3MEHWUTb, BMNOTb A0
MONHOro MpeKpaLleHnss UCMonb30BaHUA sOepHON aHeprumn?» Ha aToT M gpyrne nogobHble BOMpoChl
aBTop xoTen 6bl NonbITaTbCA AaTb OTBET B JAHHOMW CTaTbe, pacCMOTPETh Oyayliee aTOMHON SHepreTuke,
ee nepcneKkTmBbl U TPYAHOCTH.

KntoyeBble crioBa: anekTposHeprus, anbTePHATUBHbIE UCTOYHUKN SHEPTMM, peakTop, Npobnembl saepHon
3HepreTuku, cuctema «llokoneHus [Vy.

OrpaHuyeHHble NepcrnekTUBbI  Pa3BUTUS aTOMHOW 3HEPreTMKM Ha CErogHsWHWA  OeHb
CAepXMBatoTCsa 4 HepeLleHHbIMY Npobnemamu:

3aTpaTtbl: MO CpPaBHEHWIO C YrfeM U NPUPOAHbLIM ra3oM (Npu UCMONb3oBaHUK ra3oTypOUHHOTO
nponssoacTtea, CCGT) aHeprus, NnponsBeAeHHas Ha aTOMHbIX CTaHUMAX, uMeeT 6onee BbiCOKMe 3aTpaThl
3a BeCb Mepuoja aKcnnyatTauun.

BesonacHOCTb:  aTOMHble CTaHUMM MOTEHUMANbHO SBMASIOTCA OOBbEKTamMy MOBbILLIEHHON
onacHoctTn. ABapun Ha aToMHbIX anekTpocTtaHuusax (ASC) oTnuuarTca OoT aBapuii Ha OObIYHbIX
3MeKTPOCTaHUMSAX TeM, YTO OHM MOryT MPMBECTU K BbIGPOCY B OKPYXaloLyl cpedy 3HauyuMTenbHOro
KOnM4YecTBa OMacHbIX 3arpAsHUTENen — pagnoakTUBHbBIX BELLeCTB, Hanpumep, uesnsa-137 1 nopga-129.
BbiGpocy conyTCTBYIOT B3pbIBbI U NOXapbl, TENMOBbLIE, Fa30Bble, XMMUYECKOe U ApYr1e 3arpsa3HeHus.

KoHTponb 3a 6GesonacHbiM obpalleHnem € oTxogamu. Ha BceM npoTskeHuM npouecca
Nony4YeHns aNekTpuyecTsa NOCPeacTBOM WCMONb30BaHNA SAEPHOro TonnuBa HebomnbLloe KONMMYecTBO
OTXO0A0B M NOOOYHbIX MPOAYKTOB, BLIAENSIOWMNXCS B HACTOsILLEE, NOABEPraloTCA OYUCTKE U BbIAENSAOTCS
yxe 6e3BpedHbIMU, MNKM TATenbHbIM OOpasom 3aknioyalTcsa B 000MOYKM, repMeTU3npyoTcs U
6e3onacHo xpaHsTcs. Mcnonb3oBaHHblE TOMMMBHBLIE CTEPXHWU XPaHATCA B 3aKpbITblX, 06MMLOBaHHbLIX
cTanblo OacceriHax MM B MPOYHbIX KOHTEMHEpax W3 HepXaBellen cTanM Ha TeppuTopusix C
OrpaHu4eHHbIM JocTynom. bonee TOro, pagvMoakTMBHbIE OTXOAbl AOMKHbI ObiTb M30NMUMPOBaHbI OT
Buocdepsbl Ha Neproa BpeMeHu, He NoaAalLLMINCS YenoBeyYeckoMy BOOBpaXeHuto.

ApepHas aHepreTVMka npeacTaBnseT COOON He TOMbKO HEHaOeXHY TEXHOMOMMK B OTHOLLEHWM
6e3onacHoCTK, HO TaKkke M B OTHOLUEHWM (PMHAHCOBbLIX MHBECTULMIA. Bea rocyaapcTBeHHbIX cybouauni y
SAepHOV MHOYCTPUM HEe OCTaeTCs LUAHCOB Ha BbDKMBaHWE B YCMOBUSAX PbIHOYHOM 3KOHOMUKW. B oTnuuve ot
ApYrX TEXHOMOIMIN aToMHas aHepreTuka TpebyeT 3HauUnTenNbHOro y4acTus NpaBMTENbLCTBA, YTO 0OYCnoBreHo
HanMunem Takux npobnem, Kkak: 6e30nacHOCTb, pacnpoCTpaHeHUE SiAEPHOTO OPYKUS 1 OTXOAbI.

HecmoTpsi Ha NNoxue CTOPOHbI aTOMHON MHAYCTPUMX, S CHUTAK, YTO aTOMHbIN BapuaHT JOIMKEH
ObITb COXpaHeH, B MepBYlD o4yepedb MOTOMY, YTO SBNSETCH BaKHENWMM WCTOYHUKOM 3HEpruu,
cBoOOAHBLIM OT yrnepoaa, W KOTOPbIN MOXET BHECTW CyLEeCTBEHHbIA BKnag B 3HeprocHabxeHue B
Oyaoywem. [Ons coxpaHeHUss aToMHOro BapuaHtTa B Oyayulem HeobGxoOMMO pewuvTb  YeTbipe
BblLLEYKa3aHHble NPOGeMbI: CTOMMOCTb, 6e30MacHOCTb, PacnpPOCTPaHEHUE SAEPHOTO OPYXUSI U OTXOAbI.

CyLuecTByeT MHOXECTBO BapMaHTOB M CNOCOBOB peLleHns 3TuX npobnem. A npveedy HECKOMbKO U3
HuX. Bo-nepsblx, 6Ge3onacHocTtb AJC obecneumBaeTcs pPsAOM  MPOEKTHO-KOHCTPYKTOPCKMX —PELLEHUN,
npegycMaTpuBaeMbIx B NpoekTax peaktopos 1 ADC, T.e HE0DX0AUMbI crieyroLme 3alumUTHbIe 6apbepbi:

1. WM3onaums obonodkn Tennosbligenstowmx anemeHtoB (TB3J1)  uupkoHvueBbiMM  1©
antoMWHYEBLIMY ChflaBaMuy, HepXXaBeroLen cTanbio U ApyrMMu MaTepuanamu. Takoro poaa usonauus
ABMSIETCHA NEPBbIM 3aWMUTHBIM GapbepoM NPOTUB pacnpoCTpPaHEeHUst akTMBHOCTU 3a npeaensl AQC. Tean
OOIDKEH COXPaHSATb MEXaHWYECKyl LIeNOCTHOCTb B TEYEHWE BCEro BpeMeHW npebbiBaHus B peakTope,
npu XpaHeHun W TpaHcrnopTuposke. Ero pacwwupeHvne unu pacnyxaHwe He [OSHKHO MNpeBOCXOAUTb
rpanuupl [1].

2. Kopnyc peaktopa Ans OBYX- U TPEXKOHTYpHbix AQC Takxe siBnsieTca 6apbepom npoTus
BbIJENEHUS B OKPY>KalOLLYHO Cpefy PaAnoaKTUBHbLIX BELLECTB.

215



Science and Education December 18th—19th, 2012. Vol. I

3. 3awmTHas obonoyka cnyxuT Ang npegynpexneHus BoiIbpoca pagnoakTUBHBIX BELLECTB BO
BHELLHIO cpedy B cryyae pasrepMmeTumsaummn 1 KOHTypa, a Takke AN NpefoxXpaHeHWs peaktopa OT
MeXaHWYeCKoro paspyLUeHus.

KpnTunyHbiM cbakTopom ByayLiero passmTus aTOMHOW 3HEPreTUkn SBnseTcs BbIBOP TOMMBHOMO
UMKna: Kakow BuA TOMnMBa UCMONb3YeTCs, Kakme TUMbl PeakToOpOoB KCXWUralT» TOMNMMBO U Kakme meTonbl
NCNONb3YyKTCA ANs 3aXOPOHeHWst oTpaboTaHHOro Tonnmea. [aHHbii BbiGOp 3aTparnBaeT Bce 4eTbipe
KntoveBble npobnemsi.

PaccmoTpum Tpu penpe3eHTaTUBHbIX BapuaHTa TONMMBHBLIX LIMKIOB:

1. TennoBble peakTopbl C KOTKPbITEIMY» TOMMUBHBIM LMKIIOM, B KOTOPbIX BbIFPY>KEHHOE TONMMBO
cpasy HanpaBsrsieTcs Ha MECTO 3aXOPOHEHNS;

2. TennoBble peaKkTopbl, UCMONb3YOLUMNE «3aMKHYTbIA» TOMMMBHbBINA LMK

3. Peaktopbl Ha ObICTPbIX HEWTpPOHaxX C nepepaboTkon B cOHanNaHCUPOBaAHHOM «3aMKHYTOM»
TONMMBHOM LMKIE.

Ecnu npoeectn aHanus, TO 37O NPUBEAET K BaXXHOMY BbIBOAY: OTKPbLITHIN TONMMBHLIA LMK B
Gonbluert CTeneHn COOTBETCTBYET KPUTEPUSM HWU3KOW CTOMMOCTM W HepacnpoCTpaHeHUs S4epHOro
opyxus [2]. Okazanocb, YTo HapabaTbiBaeMbIll MO NEPBOMY LMKIY MIYTOHUA-239 ABNSeTCA NpekpacHbIM
aenawmmca martepuanom. [Mostomy B cepeamHe 20 Beka Bce cmoTpenu B Oyayuiee sgepHomn
3HEepreTuKM, OCHOBAHHON Ha ypaH-NiyTOHMEBOM LMKMe, ¢ 6onbwnM onTuMmn3amMomM. A npu nepexoge Ha
YypaH-TOpUEBLIA LMK B OE3TB3MOBbLIX peakTopax, TO Takoh peaktop OyaeT UMeTb HWU3KWIA 3anac
pPeaKkTUBHOCTU, YTO MOMHOCTLIO obecneunBaeT saepHylo 6e3onacHoCTb. Takke cnegyeT OTMETUTb, YTO
AaHHbIV CryYaln NOMHOCTBIO UCKNoYaeT BO3MOXHOCTb NPOBOAUTL Kakne-nubo onepaumu ¢ ypaHom-233 B
nerkmx nabopaTopHbiX 6Gokcax. TeM cambiM UCKMOYaeT BO3MOXHOCTb MCMOMb30BaHMSA ypaHa-233,
HapabaTblBaeMOro B peaktope, Ans NpUroToBneHns saaepHbIX 3apsiaos.

M3 Bbllle CKa3aHHOro BbITEKAET, YTO MO COBOKYMHOCTM KIMOYEBLIX NapaMeTpoB ypaH-TOPUEBLIN
TOMNMBHBIN UMK, B OTAMYME OT YpaH-NAYTOHWEBOro UMKMIa, B MPUHUMNE MOXET YAOBNETBOPUTL
NnoTpebHOCTM YenoBe4eCcTBa B «YNCTON» 3HEPIMM Ha COBPEMEHHOM 3Tane pasButus. [lymato, 4to cnegyet
oTAaThb npegnoyTeHne passepTbiBaHWio ADC C OTKPbITEIM TOMMUBHBIM LIMKIOM, @ He MpoaBUXeHuo 6onee
AOPOroCTOALUMX TEXHOMOMMIN, MCMOMb3YIOLWMX 3aMKHYTble TOMMMBHbIE UMKMbI, BKMOYas nepepabotky u
HoBble Bonee CoBpPeMeHHbIE TEMMOBbIE PeaKTOPbl UMW peakTopbl Ha BbICTPLIX HEMTPOHAX.

Hayka He ctouT Ha MecTe. W xoTenocb Obl paccka3aTb O HEKOTOPOM MPOEKTE B Hay4yHOMN
cepe. VI paBante HeMHoro 3arnsiHeM B Byayliee saepHon aHepreTMkn. Kak mbl yxxe 3Haem, B TedeHue
nocrnegHuX HEeCKONbKUX OECATUNETUI peakums S4epHOro AeneHus yCcrnewHo Aokasana BaXKHOCTb CBOeW
ponu B Ka4ecTBe UCTOYHMKA aHepruu. [NpegnonaraeTcsd, YTo aAepHas aHepreTka CoOXpaHUT CBOO POrib B
CHWXeHWUM NoTpebneHns yrneBoopOaHbIX PECYPCOB, HECMOTPS Ha TO, YTO B JONTOCPOYHOM NEepCrneKkTnBe
(mo 2100 roga) BO3MOXHO MOSIBNIEHNE AOMUHMPYIOLLMX BO30OHOBMSEMbIX UCTOYHUKOB SHEPruun. Yxe
CYyLLECTBYIOT HEKOTOPblE pa3paboTkM peakTopoB NATOro NOKoneHus. PeakTopbl NATOro NOKONEeHUs — 310
peakTopbl 6yaywero. OHW npedcTaBnsloT cobon  SAepHO-3HepreTMdeckme YCTaHOBKW, KOTopble
npegHasHayeHbl 4ns NPOM3BOACTBA TENMOBON U 3MEKTPUYECKON SHEPTUM N OOHOBPEMEHHO YHUYTOXEHNSI
paanoakTuBHbIX oTxodoB. Camas rmaBHas npobnema AanbHenwero pasBuTUS SAepHON SHepreTUkn —
OONTOXUBYLUME PagMOHYKNNAbl. PeakTopbl NATOro NOKOMEeHWs CNocobHbl pelwmnTb 3Ty npobnemy. Takve
peakTopbl AOMMKHbI 0bnaaaTh 6onee BbICOKUMW IKCMyaTauMOHHLIMK NOKa3aTensamu, Yem npeabiayLimne
nokoneHusl, B obnactu obecnevyeHmss yCTOMYMBOrO pa3BuTKS, KOHKYpeHTOCnocobHocTH, Be3onacHocTn 1
HagexHocTW. HekoTopble M3 HUX ByayT NPOM3BOAUTL SMEKTPOIHEPrMIio, a Apyrne Takke BbipabaTbiBaTb
Tenno Ans MCMonb3oBaHUS B PasfUYHbIX MNPOMBILIEHHbIX LUensx — B HedTexvmun, BblipaboTke
CMHTETMYECKOro Tonnuea, rasudukaumm bruomaccsl, NPOU3BOACTBA BOAOPOAA U3 BOAbI U T.4.

B 2002 rogy GIF — MexayHapogHbein copym «[lokoneHve IV» npuctynun K opraHusauuu
Hay4yHOro coTpygHudecTBa B 06nactu npopaboTky LIeCTN SAepHO-3HEepPreTUYEecKnx CUCTEM HOBOTO
nokoneHus. bbinu BbibpaHbl TpU cucTeMbI, paboTallimMe Ha HEeWTpOHax ObICTPOro CrnekTpa, ogHa Ha
TENNOBbIX HENTPOHaX M [ABE CUCTEMbI, No3Bonswowme pabotatb Kak B ObICTPOM, Tak M B TEMNOBOM
cnekTpax, Nnepevyncnum gaHHble CUCTEMbl 1 AaAMM HEBOMbLLYIO XapaKTepUCTUKY UM:

GFR (Gas Fast Reactor)-razooxnaxgaembii peaktop Ha ObICTpbIX HEWTPOHaX. Takon peakTop
npegHasHayYeH TONbKO Ans BbipaboTKM SMEKTPO3HEPTM, NMPOU3BOACTBO BOAOPOAA HE NpeayCcMaTpUBaETCS.

LFR (Lead Fast Reactor) — peaktop Ha ObICTPbIX HEATPOHAX CO CBUHLIOBLIM XXWAKOMETaNMMYeCckumM
TENsIoHoCMTENEM W 3aMKHYTbIM SAepHbIM UmknoM. B Takoi cucteme obecneumsaetca addheKTuBHOE
MCMONb30BaHNe CbIPbEBOTO ypaHa M Haanexallee obpalleHue C akTuHugamu. [aHHbIi peaktop umeet
BbICOKME MoKa3aTenum Mo yCToN4YMBol paboTe, YTO CBSI3aHO C ANUTENBHOCTLIO 3KCMyaTaLum akTUBHOW 30HbI, a
TaKke XopoLLMe NnokasaTeny S3KOHOMUYHOCTU U 6E30MaCHOCTU.
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SCWR (Super Critical Water pressurized Reactor) — BbICOKOTEMMNEpaTYpHbIA peakTop C BOAHBIM
TENMoHocuTENemM oA BbICOKMM [OaBrneHveM, paboTalolmid  Bbllle TEPMOAMHAMMYECKOA TOYKM BOAbI
(HagkpuTUYeCKMn  BopoOXITaXaaeMbln  peaktop). Peaktop 6Gonee SKOHOMUYHBIN, HEXENW NerkoBogHble,
Bnaroaaps ynpoLLeHHOMY YCTPOMCTBY peaktopa. Ha AaHHbI MOMEHT He 6bIro Co34aH0 HY OAHOro MpoToTUMA.

SFR (Sodium Fast Reactor) — GbICTPbI peakTop CO CBUHLOBBIM TEMMOHOCUTENEM, PEAKTOP Ha
COneBbIX pacnnaBax, peakTop Ha ObICTpbIX HEWTpPOHax C HaTpueBbIM TenrnoHocuTenem. PeakTop
CNPOEKTUpOBaH ANA paclUMPeHHOro BOCTPOWM3BOACTBA [AENsAWMXCS MaTepuanoB U TpaHCMyTauuu
akTuHmgoB. [Ons  peanusaumm  nporpaMmbl  CTPOMTENbCTBA TakMX  pPeakTopoB  HeobXoaumbl
AOMNONHNTENbHbIE Hay4YHO-UccrnegoBaTenbckMe paboTbl kak B 06nacTu TONMAMBHOMO UMKNa, Tak U B
06nacTn ycoBepLUEHCTBOBaHWSA peakTopa, BCeACTBME CYLLECTBEHHbIX PUCKOB.

VHTR (Very High Temperature Reactor) — cBepxBbICOKOTEMNEPATYPHBIN peakTop C
rpacpmMToBbIM 3amMeanuTeneM, refimeBbliM TEMOHOCUTENEM U OTKPbITbIM YPaHOBbLIM TOMMMBHBLIM LIUKIOM.
TexHomnorns ocHoBaHa Ha HECKOMNbKMX OEMOHCTPAUMOHHbBIX NPOEKTaX, Y KaXaoro u3 KOTOpbIX MMenNcs
AOCTaTOYHO KOPOTKMI CPOK Cry>KObl.

MSR (Molten Salt Reactor) — reHepupyeT 3HEpruto 3a CYeT peakuumnm [eneHns npu
HaATEennoBOM CNeKTpe, C UMPKYNsAUMen TENMOHOCUTENS U TONNMBA B BUAE CMECU pacnnaBreHHon conemn
W MOSHBIM BbKUraHUM aKTUHWMOOB

BeicTpble peakTopsbl «lMokonexus [V» npegnonaraloT BO3MOXHOCTb CXUraHWUs BCEX aKTUHWOOB,
YTO 3HAYUTENBHO YMEHBLUWT OTXOAbI, M CNOCOBHBLI BOCNPOU3BECTU BOorblUe TOMMMBA, YeM NOTPEGNSIOT.

Mo HekoTopbIM NporHo3am cuctembl «lMokoneHus IV» cTaHyT AOCTYNHbIMU ANS KOMMEPYECKOro
BHeapeHus B nepuog mexay 2015 n 2030 rogamum unu no3gHee.

YuunTbiBas BCe TPYAHOCTU, CTOALLME HA MYTU SOEPHON SHEPreTUKN, yeunus, Tpedytowme ansa nx
NpeofoNneHnsi, OnpaBAalOTCA TOMbKO, €CNW SAepHas JSHepreTuka MnoTeHUManbHO CMOXEeT oOkasaTb
3HauMTENbHOE BO3OENCTBUME Ha OCHOBHble Mpobnembl rnobanbHOro noTenseHns (NapHUKOBOTO
acbdekTa), anekTpocHabxeHna 1 6esonacHocTU. A Aymato, YTO YenoBeYyecTBO OTKPOET U pa3oBbET BCe
nepcrneKkTnBbl aTOMHON 3HEPreTUkn 1 oHa ByaeT 3aHumaTb ocoboe mecTo B ByayLueMm.
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RESEARCH OF INFLUENCE OF DESIGN FACTORS OF THE SOWING BLOCK
ON SEEDING QUALITY
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Abstract

Justification of design data of single-seed drill means detailed studying of regularities of the course of
processes of seeds seeding, taking into account probability of single filling of cells. As a result of
modeling of the process of filling seeds of cells, being on internal surface of sowing block and equipped
entrance chamfers, the general mathematical consistent patterns influencing quality of single selection of
seeds are determined. Nomograms of probability of single filling of cells by seeds depending on
admission size on diameter of cell, the radius of sowing block and relative speed of movement of seeds
on its internal surface are submitted.

Keywords: sowing block, cell, chamfer cell, seed movement, seed attenuation.
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AHHOTauums

O6ocHOBaHME KOHCTPYKTUBHBLIX NapaMeTpoB NMyHKTUPHBLIX CEANOK nogpadymeBaeT AeTarnbHoe UsyyeHve
3aKOHOMEPHOCTEN MNPOTEKaHWs1 MNPOLLECCOB BbICEBA CEMSH, C Y4YEeTOM BEPOSITHOCTU OOWUHOYHOro
3anonHeHus s4en. B pesynbTaTe MogenupoBaHuMs npouecca  3anofiHEHMSI CeMeHaMu  a4en,
HaxoOsLMXCA Ha BHYTPEHHEM MOBEPXHOCTU BbiceBatowero 6apabaHa W OCHALLEHHbIX BXOAHbIMU
dackamu, ycTaHoBMeHbl oOLWue MaTemaTuyeckue 3akOHOMEPHOCTW, BMMSAIOLIME Ha KayecTBO
oauHoyHoro otbopa cemsH. lNMpeacTaBneHbl HOMOrpaMMbl BEPOATHOCTU OAMHOYHOTO 3anorfiHEHUsT siYen
ceMeHamy B 3aBMCUMMOCTU OT BEMNWYMHbI JONyCKa Ha AuameTp s4eun, pagunyca BeiceBatollero 6apabaHa u
OTHOCUTESNBHOW CKOPOCTU NepemeLLeHNst CeMSH MO ero BHyTPEHHeN NoBEPXHOCTH.

KntoueBble cnoa: BbiCEBaOLLMIA 6apa6aH, a4ed, q)aCKa A4en, oBmxeHne ceMeHu, 3anagaHne ceMeHu.

MoBblleHne kayecTBa paboTbl MYHKTUPHBLIX ceanok TpebyeT 6onee rnybokoro u3yyveHus
3aKOHOMEpPHOCTEN MpPOTEeKaHWs MPOLECCOB BbiCEBa C YY4ETOM BEPOSTHOCTW OAMHOYHOIO 3anofiHeHUs
S4ell B 3aBUCUMOCTU OT KOHCTPYKTUBHbIX NapaMeTpoB paboynx opraHoB.

Mogeno npouecca BbiceBa paspaboTaHa Ha OCHOBE TeOpeTUYEeCKUX NpeanocChInok,
OMUCbIBAIOLLMX MPOLLECC OAMHOYHOrO 3aMnOfIHEHWUS S4eNn, C y4eTOM METOLOB U3MOXEHHbIX B nuTepaTtype
[1,2,3,5,6,7,9, 10, 13, 14, 15].

[Mpn cocTaBneHMn MaTemaTM4eckon MoAenu rnpolecca 3arofiHeHUs S4Yen BblCeBatoLero
6apabaHa, HE06X0AMMO YCTaHOBWUTbL HEKOTOPbLIVA hopMarnbHbI NOAXOA K NpoLeccam, NPOUCXOAsiLMM B
uccnegyemoMm obbekte M 0603HauYMTbL MaTemMaTuyecku, HadvanbHble napameTpbl. CTpemneHue
MaKCMManbHO CONM3UTL MaTemMaTUyeckylo Modenb C peanbHbIMU - (PU3NYECKMMU  npoLieccamu,
NpoucXoasalmMmMn B 0ObekTe, MPMBOAWT, Kak NpaBUMO, K W3NULLUHEMY YCINOXHEHWI0 Moaenu, u
NOBbILIEHNIO TPYAHOCTH ee uccnegosaxus [4, 8, 11, 12].

B cBA3W C M3NOXeHHbIM, NPU UCCNeoBaHUM BEPOSTHOCTU OAMHOYHOIO 3anajaHus CeMsH B
a4en, 6bINV NPUHATLI CneayoLwwmne AoNyLEHNs: cemeHa nMetoT opMy Lwapa, HO ABUXKYTCSA M0 S4encTon
NnoBepxHOCTM 6e3 KauyeHus; M3MEHUYMBOCTb Pa3MEpPHON XapaKTePUCTUKU CEeMSH MOAUYUMHSAETCH 3aKOHY
HOPMarnbHOro pacnpegeneHuns; CeMs CYMTaeTCs 3anaBLUMM B S4et0, KOrAa ero LIeHTp TSXXeCTun nepeceyeT
NMOCKOCTb, OrpaHuWyMBarolyto obbeM S4enm CBepxy; CeMs [ABWXKETCS MO BHYTPEHHeW S4encTomn
MOBEPXHOCTM C PaBHOMEPHOW CKOPOCTbIO, @ €ero OTHOCWUTErNbHas CKOPOCTb HampaBreHa B CTOPOHY
NPOTUBOMOSNOXHYIO HanpaBneHno BpalleHuss 6apabaHa u paBHa ero OKpy>KHoOW ckopocTu. lNpu aTom
HauxygLune ycrioBusi 3anagaHus ceMeHmn B g4eto 6yayT B BEpXHEN ToUKe Cros.

PaccmoTpum npouecc 3anagaHusi CeMeHW, HaxoAsLLerocs B HUXHEN TOYKe Cros, B sYelo,
cyMTas, YTo OHa NPONASA NOA CII0EM CEMSIH, OCTanacb He3anonHeHHON (PUCYHOK 1).

;

Puc. 1. K onpederneHuro eeposimHocmu 3arnosHeHus ss4eu bapabaHa
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Pa3Mep CeMeHU HaxoauTca B UHTepBarne
Cin <V <P (1)
Ecnn NPUHATDL, YTO
r—r|<e, @)

roe I, — cpegHuin paguyc cemenu, m;

r - TeKkylwlee 3Ha4yeHue pagunyca CeMeHun, M;
£ — BEenn4mMHa, Xapakrepuayrowiasa N3MeH4YNBOCTb pasmepHoﬁl XapakKTepucTuku, M,

TO, TEeKyLlee 3Ha4YeHne paamepa ceMeHn HaxoauTca B npeanenax

liin <L, —€<Ir <r,+&<r... (3)
roe € > 0.
AnuHa (anameTp) syen
L=2r+A, nou A>0, 4)
roe A - sernunma Jonycka Ha AuameTp sdeun, obecneunBaiolias rapaHTVpOBaHHOe 3anagaHvie

CeMEeHU, M.

myBbuHa BxogHOM dhacku sven byaeT HaxoanTLCA B Npedenax

O<c<h,

roe C — rnybuHa BxogHomn chacku sueu, Mm;

h — mybwuHa ayen, m.

JIMwmBLINCL TOYKM onopbl HA NOBEPXHOCTU OUCKa, YacTuula coBepLuaeTt cBobogHoe nageHve ¢

HauanbHoit ckopoctbio V' = @R . Mocne paccMoTperust andhepeHLMansHOMO ypaBHEHNs [BYKEHUS]
yacTuubl Mocre oTpbiBa OT MOBEPXHOCTM AUCKA, 3anvLieM 3HaYeHUe KPpUTUYECKOM CKOPOCTU NpU KOTOPOi
BO3MOXHO 3anafaHue ceMeHu

ctgu+L-r . ®)
\/2[(ctgy +L—r)sina +r]
g
W3 ypaBHeHus (5) onpegenum paamyc YacTuubl:
‘e [0’R2(1+sina)- g(ctgu + A)]+

J : ©®)
. Jo'R*A+sina ) — 20°R?g(ctgp + A)
g

Texyu.mﬁ pagnyc cemMeHu MOXeT MNpuHUMMaTb pauuoHanbHOe 3HadyeHune npu cneayrownx
OorpaHn4yeHunax:

— 3Ha4YeHne KpuTn4yeckoro yrna ak nognema cemMeHu no BHyTpeHHeVI NnoBepPXHOCTU

JZgictg,quAi_l
@R

— 3Ha4yeHune yrnosoﬁ CKOPOCTK gMCKa OOJHKHO HaxoauTcd B npeaenax

0 < o< N29(Cl0u+A)

R

a, > arcsin ; )

8)
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MpoBoasa aHanoruio ¢ yHkuuen Jlannaca, BEposSTHOCTb 3anafaHus CEMEHU B SYet0:
2
1 X _(r*fo)
P=7J.e 20 gr. )
oN2r °

C y4yeTom (7) BEPOATHOCTb 3anagaHna ceMeHn npu NpoxoxageHnn a4eun nog crioem CemMsH:

2
{ p(+sina)—g+ p? (L+sina > —2pg

g o

20 da. (10

P(a)= ﬁ [

me p=w’R*; q=g(ctgu+A).

AHanmampyﬂ npuBedeHHy0 Mofernb, ONMUCbIBalLLYy0 BEPOATHOCTb 3arnoJiIHEHUA A4Yen B Croe
CeEMAH NMpU U3SMEHEeHUN NOoNoXeHUaA da4en oT a=0 po a=a MOXHO OTMETUTb, 4YTO Ka4yecCTBO

3anornHeHusl 3aBWCUT OT KayecTBa BbIPABHEHHOCTW (OpakUMU CeMsiH, TO €eCTb OT BeNUYMHbI
cpeaHeKBagpaTUYeCKOro OTKIIOHeHMsl. Heo6xoaMmMo OTMEeTUTb, YTO MmapameTp onpedensiiowuin OMHY
UnNu gnameTp sSYen KpUTMYEH K Ka4ecTBY MPeanoCceBHON KanubpoBKM CEMEHHOrO MaTtepuana. Tak, ecnu
AVaMeTp SiYeM MeHblue YeM AMameTp Haubonbluero ceMeHu pakummn, TO Yepe3 HEeKOTOpoe Bpemsi C
Hayana paboTbl BbiceBatowero ©OapabaHa, crnon ceMmsiH, Haxogawwmncs BHYTpu OGapabaHna, Oyget
COCTOATb M3 KPYMHbIX YacTuu, MO pa3Mepy He npolledlmx B siven BbiceBarollero 6apabaHa. Takum
obpasom, npu BbibOope AnameTpa s4vell BbiceBatlowero 6OapabaHa, AnNa  Kakon-nmMbo  dpakuum
Heo6Xx0AMMO, YTODObI pasmep siven NOAYNHSNCS YCIOBUHO:

L>2(r +¢) 11
nnn npu 3agaHHoOM cpegHekBagpaTn4eCkoM OTKITOHEHUN!
L>2(r,+30). (12

YBenuueHve CKopoCTH BpaLLEHUs U paguyca BHYTPEHHEN NOBEPXHOCTU BbiceBatoLero 6apabaHa,
B MCCredyeMoM MHTepBase, MPUBOAUT K YMEHbLUEHWI0 BEPOSITHOCTM 3anofiHeHUsl sideid. BeposTHOCTb
NOBLILLAETCA C YBEMUYEHNEM Pa3MEPOB BXOAHOW (acku U BENUYMHbI AOMyCKa Ha AnaMeTp syeu.

XapakTep n3MeHeH\s BEPOATHOCTM 3anonHeHua auelt B uutepeane 0 < < ¢, B 3aBMcUMOCTH
OT KOHCTPYKTUBHbIX NapaMeTpoB NpeAcTaBneHbl Ha pUCyHKax 2 u 3.

Puc. 2. BeposimHocmb (P) 00uHOYHO20 3arnonHeHus s4eli ceMeHaMmu 8 3a8UCUMOCMU Om 8e/IUYUHbI
donycka Ha Ouamemp s4eu (A) u OMHOCUMeIbHOU CKOPOCMU NMepeMeweHUst CeMSIH Mo 8HYMmMpeHHeU
rnogepxHocmu ebicesarouje2o bapabara (V)
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Puc. 3. BeposimHocmb (P) 00UHOYHO20 3arnosiHeHus1 ssHeli ceMeHamu 8 3agucumocmu om paduyca
sbicesarowie2o bapabaHa (R) u omHocumenbHOU CKOpOCMU nepemMeu,eHUs1 CEMSIH 10 8HyYMpeHHel
rnosepxHocmu ebicesarowje2o bapabara (V)

Kak BMAHO M3 pucyHKa 2, C yBENMYEHNEM pa3mepa si4eu, 3aKOH U3MEHEHUS BEPOSITHOCTU eé
3anoriHeHns SBNSETCS NIMHENHbIM, HE3aBUCUMO OT CKOPOCTM BpallleHUst BbiceBatowero 6apabaHa. Mpu
yBEenMYeHN CKOpOCTU BpaLleHNs BbiceBatoLlero 6apabaHa, BEpOATHOCTb 3anafaHusi CEMsIH CHUXaeTcs
no napabonunyeckorn 3aBUCUMOCTU.

AHanma rpadguyeckoit 3aBUCMMOCTM NPUBEAEHHON Ha PUCYHKE 3 MoKasblBaeT, YTO BrMsiHUE
BHYTPEHHEro paguyca BbiceBalowero 6apabaHa Ha xapakTep WM3MEHEHUsI BEPOSTHOCTM 3anagaHusi
CeMsiH sBnsieTcs 6onee NHTEHCUBHBIM.

B pesynbTate MoaenupoBaHusi mpoLecca 3anoflHEHUSI CEMEHaMM siYel, Haxogsawmxcs Ha
BHYTPEHHEW MNOBEPXHOCTM BbiceBawwero 6GapabaHa W OCHALLEHHbIX BXOAHbIMM  chackamu,
MOBBILLAKLWMMN  BEPOATHOCTb  3aMOfHEHWst  sYell,  yCTaHOBMEHbl  obwue  MaTemaTuyeckue
3aKOHOMEPHOCTU, BNMSAOLLME Ha KayecTBO OAMHOYHOrO oT6opa CeMsiH M Kak crnefcTBue, mpolecca
BbiceBa B LIENOM.

INutepaTtypa
[1] Bycnenko H.M. MogenupoBaHue croxHbix cuctem. - M.: Hayka, 1968, C. 3-17.
[2] By3eHkoB .M., Ma C.A. MalwuuHbl Ans noceBa CEenbCKOXO3AWCTBEHHbIX KynbTyp. - M.: MawwnHocTpoeHue,
1976. - 271 c.
[3] BacuneHko .M. Teopusi OBMXEHUS YacTULbl NO LUEPOXOBATbIM MOBEPXHOTCAM CEMbCKOXO3ANCTBEHHbIX
mawvH. -Knes: N3g-Bo Ykp. akaa. c.-x. Hayk, 1960. - 283 c.
[4] BacuneHko .M. OcHOBHble NPUHLMMLI MOAENMPOBAaHNSA U UX NPUMEHEHNE Npu pa3paboTke Npobnem c.-x.
TexHuku. - Tpyapl BUM, 1.1. Ne - M.: BTU TOCHUTW, 1966, C.3-17.
[5] BenTuenb E.C. Teopus BeposTHocTen. - M.: Hayka, 1964, - 576 c.
[6] MNypckun E.N. Teopua BeposiTHOCTEN C anemMeHTaMn MaTtemaTtuyeckom cTaTucTuku. - M.: Beiclwias wwkona,
1971. - 328 c.
[7] WoduHos A.T., XanruneauH 3.B. MogenupoBaHme TEXHONMOrMYeCKUX NpoLIeCCOB CENbCKOXO3ANCTBEHHbIX
MawvH. - Ydpa: U3g. YCXU, 1978. - 46.
[8] ModpuHoB C.A. 3emnenenbyeckas MexaHuka. - M., 1965, 1.5, C. 112-131.
[9] Nypbe A.B. CtaTtuctuyeckas gMHamumka CenbCKOXO3AMCTBEHHbIX arperaTtos. - J1.: Konoc, 1970. - 376 c.
[10] Nypbe A.B., MpombueBckui A.A. PacyeT u KOHCTPYMPOBAaHWE CENbCKOXO3ANCTBEHHbLIX MalUWH. - J1.:
MawuHocTpoeHue , 1977. - 528 c.
[11] Ma C. A. ObocHoBaHve Tuna, OpMbl 1 pa3MepoB SYEEK BbICEBAIOLUX OWCKOB TOYHOrO BbiCEBA Ha
NOBbILIEHHBLIX cKkopocTax ABwkeHus / Joknagbl TCXA. - 1963 .Ne 81. - C.35-43.
[12] Wakanuc B.B. MogenupoBaHue TexHonorndeckux npoueccos. - M.: MawwnHocTpoeHue, - 1973. - 136 c.

221



Science and Education December 18th—19th, 2012. Vol. I

[13] Axun C.M., 3BuraHwuH B.I'., CémywknH H.WU. TlpumeHeHne cnupanbHO-BUHTOBLIX MPYXUH B
CenbCcKOX03ANCTBEHHOM Npoun3BoacTee.- KadaHb: KasaH. roc.arpapH.yH-1,2012.-316¢

[14] AxvH C.M., 3uraHwmH B.I'., CémywkmH H.M. PacyeT TOHKOCTEHHbIX CTepXHeW OTKpbIToro npoduns /
Matepuanu 3A VIII mexagyHapogHa Hay4Ha npaktuiHa koHdepeHums «HOBUMHUN HA HAYYHWA NPOIPEC -
2012» Tom 8. Ekonorus. Meorpacdust u reonorus. XmMms U XxMMeveckn TexHorormn. Cerncko CTOnaHCTBO.
BeTtepeHapHa Hayka. Cogus. « Ban TPAO-BM» OOO-96 cTp.

[15] Axvn C.M., 3uraHwuH B.I'., Banves A.P., CémywkuH H.W., ManHytanHos P.P. KasaHckuini arpapHbin
yHuBepcuteT, Poccus. PacuyeT cTyneH4aTbiX COXHOHArpyXeHHbIX BanoB CerlbCKOXO3SNCTBEHHbIX MalluvH /
Materialuy VIII mezinarodni vedecko-prakticka conference « Aplikovane vedecke novinky-2012».- Dil 11.
Zemedelstvi. Zempis a geologie. Ecologie: Praha. Publishing House « Education and Science» s.r.o.- 104 str.

RESEARCH OF THE ELECTROMAGNETIC TRANSDUCER
OF THE PRIMARY CURRENT TO SECONDARY VOLTAGE
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Abstract
The purpose of the given work is a development and research principles of construction of the
electromagnetics transducer of the primary current to secondary voltage. Reseached electromagnetic
transdusers of the primary current to secondary voltage used in system of the checking and control of the
electric power, extended functional possibilityes, provision for asymmetry of the three-phase electric
network and providing unified with output signals.

Keywords: current, voltage, electric power, electromagnetics transducer, three-phase electric network,
asymmetries of the electrical current, elements of controlling systems, algorithms of modeling, flat
measure winding.

The classical single-phase transformers of the current have a complex designs, factors of the
work, when constructing and during use them in control system, do not provide of the the commonality of
the output value under joint work with microprocessor and electronic information handling of technologies
and do not require the account of the sharing the magnetic flow, created current of the electrical network,
diversified in size and in phase, than expaining of the difficulty problem of the analysis [1-2].

The difficulties of the processess of analysis of elements controlling systems of the reactive
power sources and development of the processess recearch, principle of the constructing of design of the
elements of control systems is indicative of insufficiency of the decision of the problems in the field of
transformations of the electric current. In classical research, processess of improvement of the principle
of the transformation of the current to voltage, providing linear output value, algorithms of modeling on
the base of the constructing united mathematical analysis device, which allows to provide the generality
of the output value, be taken in attention asymmetry of the three phases of the current and optimize the
geometric sizes in processes of designing control systems.

At development of the electromagnetic transduser of the current and controlling systems,
research and using them in control system of the source of reactive power in the three-phase current is
required increase of the functional possibilities on the base of commonalities of the output value and fact
asymmetries of the electrical current [3-4].

During transformation of the primary current on base of the calculation of the values magnetic
circuit at the input, according of the graph model area transformations, is determined expressions for
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calculation voltage on output FMW, with provision for distribution magnetical moving power - F, - on
longitudal - F, , transverse - F,o and vertical - F,y areas, distributed magnetic parameters R, , R0, Ryt -
of the magnetic system of the transformation EMTCV with FMW, defining for the main rules of the node
equations power system. In fig.1. presented graph model EMTCV with FMW of the primary current of
electric network of the power system [5-6].

T(p)TI(p) () TP T(p) I1(p)
T(p)_TI(p) R [ T(p) 1) s © )
up QML (® Fup) Dup) @) Up) Q(p) 1P

Fig.1. The graph model of the EMTCV with FMW

The dynamic characteristics and features of the EMTCV with FMW defined not only by
structured scheme, as linking uniquely output signal with input, but also nature of the change portioned
electric and magnetic parameters of the transducer, complex internal of the dependencies in process of
the operation EMTCV with FMW.

The mathematical description of the dynamic feature of the EMTCV with FMW, got on the base
of the graph model have a following type:

U(p) = Kewu T(p) Kir T(p) U(p), 1)
where:  T(p) =p T(p) M(p) / (1 + p T(p) M(p)).

As can be seen from steady-state features column EMTCV with FMW (Fig.2. — Fig.5.),
increasing of the air clearance reduces the value of the output voltage U, but increase the whorl of the
number FMW changes more slowly values of the output voltage. The best values of the output voltage
where provided in value of the air clearance under 0,002 - 0,003 m and whorls number - W guw, equal 3 -
4 whorls.
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The dynamic characteristics EMTCV with FMW defining by graphs model, submitted in fig.1,
were output signal is provising for nature longitudal, transverse and vertical magnetic parameters.

For portioned magnetic circuit of the transformation EMTCV with FMW decision of the system of
the equations comparatively magnetic flow are of the form, have folloving form:

Rt Rt
D, =D, el el —cos(at)]x @, , el : 2
_Rit _Rit
Dy =P € " —COS(@t+120)] £ @, e @A)
_Rut _Rut
Do =Py [ € " —COS(0t —120°)] 2D, . e " @

On base of the offered method’s — graph model explored processes control of the source of
reactive power Q =D50KVAr, current, voltage, impedances |,=1,=1.=76 A,

L, =L, =L, =10°H, C,=Cg=C¢, =10"F, of the voltage
U,=Uy;=U. =380V, resistanse Z,=25=2.=0,289 Ohm - create maximum

magnetic flows.

U 380
Wao 1-2-7-50

=0,70637Vb. ®)

uC

On base of the models earl magnetic flow and magnetic circuit of the transformation EMTCV
with FMW, explored dynamic features, created current magnetic flow three phases of the electric
networks to reactive power, are given in fig.6.

224



Science and Education December 18th—19th, 2012. Vol. I

Dy aperiod

. 00000000 s » Dy period
....... Dy summary
Dy al

1 v, S
0.5 NS ; £ A7 RS7
o & 4 o ~
ol e~ L QIR I/ .
- 1y o \r 9 ol tsec

gl
s
e

t A 'X"i (44

‘... ‘. /,‘ k. § X -( ’,'.

Fig. 6. The magnetic flows of the magnetic circuit of EMTCV
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The magnetic circuit of the EMTCV with FMW s fixed in interval 0,03 - 0,04 s. after enabling of the
electric load of electrical network with reactive power. Is shown in figs 2.-6., when EMTCV with FMW using for
control system of the reactive power using in procceses of accounting of the asymmetries, ensuring required of
accuracy, commonalities of the output value, also on speed meet the requirements microprocessors control
system, protection and adjusting of the three-phase electrical network of the reactive power.

Conclusions

1. The FMW in electromagnetic transducer of the current to voltages using as detector element and
as sensor of controlled air clearance of the magnetic system, provides unified output signal: voltage —
20 B, current 100 mA.

2. The air clearance decreases the value of the output voltage U, increasing of the number whorls of flat
measuring windings more slowly promotes on change the value of the output signal, but change area sections
provides linear change the output signal in the manner of voltages. The best value of the output voltage is
provided at value on the air clearance 0,002 - 0,003 m. and on number of the whorls FMW is 2-8.

3. The graph model and his mathematical description have possibility analyses all sources of inaccuracy
of the electromagnetic transducer of the current to voltage. On the base of calculation is determined that,
influence of the current | of the secondary windings - FMW for normalized values and parameter for designs of
the electromagnetic transducer of the current to voltage have 0,17 % in primary current I. When | determining
by temperature of surrounding ambiences from 200 C before 1200 C, inaccuracy of the transformation
increases till 0,3 %, and when wrong fabrication of the form of flat measuring windings - till 0,7 %.
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Die Zusammenfassung

Dieses Abstract widmet sich der Forschung der Kunstgriffe von Schrott der Nichteisenmetalle. Der
Schrottbestand ist sehr abwechslungsreich. Es ist notwendig die vollstandige und komplexmaRig
Extraktion des Nichteisenmetalles statten aus um zu qualitative Verarbeitung des allen
Nichteisenmetalles im  Schrottbestand garantieren. Grundlegende Bestandteile von Geringhaltigen
sekundaren Schrottbestand sind Blei und Silber. Am Anfang von Entwicklung der Technologie gab es
nur Silber und Zink in Akkus. Spater in den 70er und 80er Jahren, wurde dann bis zu 10% Kupfer
hinzugefligt, um Silber zu sparen. Folglich war es nicht so einfach, die Edelmetalle voneinander zu
trennen. In letzter Zeit figt man den Akkus noch Blei zu. Infolgedessen erreicht der Bleigehalt die Marke
von 10%, worunter die Batteriekapazitdt aber nicht leidet. Wegen des Begriff, dass grosse
Aufmerksamkeit fuer Komplexausnutzung der Bodenschéatze in modernen Welt lassen zukommen, des
Austritt von noch eine wertbestdndige Komponente kommt Notwendigkeit ihn zutrennen auf. Dieses
Stoffgebiet geht zu unserer Thema an. Angesichts der Tatsache, dass unsere Schrott des
Nichteisenmetalles ist abwechslungsreich. In der Absicht verschiedene Faktoren auf die Gewinnung von
Silber aus low-grade Rohstoffen zustudieren, wir viele Temperatur und Zeit des Abrosten
GesetzmaRigkeit untergesucht haben. Diese Faktoren haben grosse Ausstrahlungswirkung auf die
Silbergewinnung. Also haben wir noch Ausstrahlungswirkung von Fluxanfuegung im Verlauf der
Schmelzung auf die Silbergewinnung studiert. Wir verfolgten damit noch einen Neben zweck Einsparung
des Verbrauch von Flux. Dieses Faktor hat grosse Auswirkung auf die Silbergewinnung in
Rohschmelzen.

Die SchllUsselworter: Schrott des Nichteisenmetalles, Verschlackung, Silberbeschaffung, das Blei,
Verarbeitung von Batterien, Abrésten und Schmelzung Filmen.

Aufgrund des Auftretens anderer wertvollder Komponenten, besteht der Bedarf, diese zu teilen.
Die friilhere Technologie kann dieses Problem nicht I6sen. Wir schlagen ein neues Technology fir
solche Rohstoffe vor.

Verarbeitet werden Batterien, die ungedffnet zur Demontage kommen. Analysierener Rohstoff,
Silberoxid-Zink-Batterien stromen ein und die silberhaltige Platte wirde sich abspalten und silberhaltige
Platte wuerden sich abgespalten. Die silberhaltige Platte kommt ohne FluBmittel sofort zur Schmelzung
Das Ziel dieser Operation ist die Bleireinigung.

Die Qualitat der Silberanode haengt von Anwesenheit der Nichteisenmetalle bei Verarbeitung
von low-grade Rohstoffen entsprechend alte Technologie ab. Es geht ueber Silberabbau in den Anoden.
Das Problem kann bei Technologiewechsel loesen werden. Bei der Verarbeitung mussen wir zuerst die
Batterien demontieren, ausschlachten und spezielle Bedingung garantieren. Wir haben geringhaltiger
Einsatzstoff analysirt.

System K20 - Na20 - SiO2 ist Schlacksystem. Das Abrosten werden in Galeerenofen mit
Silitheizelemente durchgefuhrt. Die Schmelzung werden in Induktionsofen IST-0,16 durchgefiihrt.
Schmelzzeit ist ungefahr 40 Minuten und Temperaturgrenze ueber 1200 °C. Schmelzziel ist das
Schlacken der Nichteisenmetalle. Zur Verschmelzung werden Salpeter, Chlornatrium, Quarzsand und
Natriumtetraborat hinzugefuegt, also noch Sulphur um Schmelze und Schlacke zutrennen.

Anfanglich haben wir ohne vorbereitendes Abrosten und ohne Schmelzflu® geschmoltz.
Auswaage wird im Ofen ueber 1200 grad fuer 40 Minuten einhalten. Bei diese Bedingung kommen die
naechste Ergebnisse: Silbergewinnung zum Metall - 92,5 %, Silbergewinnung zum Rohmetall - 77 %,
und Nichteisenmetalle - 17 %
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Danach haben wir ohne vorbereitendes Abrosten und mit SchmelzfluR geschmoltz [2].
Vorstudium hat gezeiht, dass SiO2 - 30 %, NaCl - 10-30 %, NaNO3 - 0-15 % sind
optimalschmelzfluBbestand.

Dritte Wegstrecke haben wir  vorbereitendes Abrdstenmaterial und ohne SchmelzfluR
geschmoltz. Silbergewinnung zum Metall - 87-90 %, und Nichteisenmetalle zum Rohmetall - 7-8 %.

Die maximale Silbergewinnung zum Metall kann ueber 91 % sien, bei Zwiestundenabrésten
und Temperature T = 500 °C. Wir haben Silbergewinnungauswirkungen von Abrdsten. Es kann hoeher
sein bis zum 90 %, aber Nichteisenmetalle gehen zum Schlacke.

Im SchluBphase haben wir bei Zwiestundenabrosten Material mit Schmelzfluke SiO2 und
Natriumtetraborat. Wir haben noch eine Operation hinzugefuegt — 10-60 Minuten Luftspulung. Das hilft
uns beste Schlacken der Nichteisenmetalle bekommen. Silbergewinnung zum Metall - 92 %, und
Silbergewinnung zum Rohmetall — 95 %. Es kommt noch eine Folge, dieses Metall geht dann zur
Elektrolyse.

Die besten Ergebnisse fir die Schmelzung werden unter folgenden Bedingungen bzw.
Messzahlen erreicht: - Schmelzungmaximaltemperatur - 1250 ° C, Zeitintervall - 40 Minuten,
Luftspilung der Schmelze ~ 30 Minuten, FluBmittels - 15% Quarz und Borax. Wir haben zum Ergebnis:
Silbergewinnung zum Metall 92,5 %, Silbergewinnung zur Schlacke ~ 7%, Der Gehalt der Nicht-Eisen-
Metalle ~ 0,5-1%.

Laboruntersuchungen haben gezeigt,dass mit Luftspilungen der Schmelze die
Silbergewinnung um bis zu 99% erhéht werden kann. In diesem Fall ist die Wiedergewinnung von Silber
hoch. Abwechslungsreich Bestand des Bruch missen im Auge behalten werden. Ebenso sind weitere
Durchlaufe notwendig, um die Messergebnisse und Laborwerte klar bestimmen zu kénnen.

Schlussfolgerungen:

Das technologische Schema, das wir vorgeschlagen haben, erlaubt die Verarbeitung der
Silberoxid-Zink-Batterie mit gleichzeitigen Bleierhaltung mit erhohter Extraktion aller wertvollen
Bestandteile in den einzelnen Produkten.
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DYNAMIC MODEL OF MOVEMENT OF PERSON’S HAND
UNDER THE INFLUENCE OF EXTERNAL FORCE
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Abstract
The description of the structure of system a hand of the patient — the rehabilitation device is submitted.
The dynamic model of movement in an elbow joint under the influence of the applied external force which
can be used for determination of demanded parameters of the rehabilitation device and also further for
the system modeling hand device as a whole is offered.

Keywords: mechanotherapy, rehabilitation system, elbow joint, dynamic model.

AHHOTauumsnA
MpeactaBneHo onucaHue CTPYKTYpbl CUCTEMbI pyka nauvMeHTa — peabunuTauuMoHHOE YCTPOMCTBO.
MpepnoxeHa AvHamuyeckass MoOAenb OBWXXEHWsI B FIOKTEBOM CycTaBe MNoA OeNCTBMEM MPUIIOKEHHON
BHELIHEN cunbl, KoTopas MOXeT ObiTb MCrnonb3oBaHa AN onpegeneHuss TpebyeMbix napameTpoB
peabunnuTauuoHHOrO YCTPOWCTBA, a Takke B [JanbHeWweM [ANnsi MOAENWPOBaHUS CUCTEMbl pyKa-
YCTPOMCTBO B LIENOM.

KrntoueBble crosa: MexaHoTepanusa, peaGVIJ'IVITaLI,VIOHHaH cUCTEMA, NIOKTEBON CyCTaB, AMHaMn4eckaa Moaernb.

Peabunutauusi ABNsSieTCS OAHUM W3 BaXHEWLWMX 3TanoB B NPOLECCEe BbI3AOPOBMNEHMS
NauneHToB, NEPEHECLLNX UHCYMbTbI, TPABMbl UMM XMPYPruyeckue BMeLLaTenbLCTBa, NOBMeKWwne 3a cobomn
HapyLleHns AsuratenbHbIX yHKuMn. OgHMM M3 CaMbiX OEWACTBEHHbIX METOAOB AN TakMx naumeHToB
SABNAETCA MexaHoTepanust (MM KuHesoTepanusl) - meTod nevebHon (PU3KynbTypbl, OCHOBAaHHbIA Ha
BbIMONIHEHWUN [0O3MPOBaHHbLIX OBMXKEHWUIA (NPEVMYLLECTBEHHO ONSA OTAENbHbLIX CErMEHTOB KOHEYHOCTEN),
OCYLLIECTBISIEMbIX C MOMOLLbBI MexaHOoTepaneBTUYECKUX annapaTtoB, obnervawowmx OBWKEHUS Unn,
HaobopOoT, TPebyLWMX OOMOMHUTENbHBLIX YyCUNUA ANA UX BbiNonHeHusa [2]. OyeBMAHO, 4TO pyka
YyeroBeka 1 peabunuTauMoHHOE YCTPOMCTBO AOIMKHbI pacCMaTpuBaTbCsl B COBOKYMHOCTU, KaK CroXHasi
YeroBeKO-MalUMHHaA cucTtema. B cOOTBETCTBUM CO CTPYKTYPHON CXEMOW, N30OpaKeHHOW Ha pucyHke 1,
3Ta cuctema MoxeT OblTb MpeAcTaBneHa B BuAe ABYX OTAENbHbIX NOACMCTEM, Kaxaas M3 KOTOPbIX
BKINtoYaeT B cebs TPy B3aMOCBA3aHHbIX YacTu: MEXaHNYECKYyt0, CUINOBYIO N MHPOPMAaLIMOHHY!O.

Pyxa yenosexa PeaGuavrauporHan
CHCTEMA

NHpopmaLpoHHan yacTs

k.

HepsHaa cuctema ] [ CeHcopbl M 6A0KM

ynpasneHna

Puc. 1. CmpykmypHasi cxema cucmemMbi pyKa-ycmpolcmeo
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Ocoboe BHMMaHWe Mpu NPOEKTUPOBAHWUN TakMX CUCTEM HEOBXOAMMO yAenuUTb BOMPOCY Kak MOXHO
bornee TOYHOrO COOTBETCTBMSA OCEBbIX fIMHUIA YCTPOWCTBA C OCEBbIMU JIMHUSIMW CyCTaBOB 4ernoBeka. B
MPOTMBHOM Crlyyae MpoLEecC ABWXEHWUS BbIXOOMT M3-NOA KOHTPONS: MonyyYaemMble TPaekTopun ABUXEHUS
OTNMYaIoTCA OT NpeanonaraemblX, YTO MOXET MPUBECTU K HEAONYCTUMOMY YBEMUYEHUIO MOMEHTOB Harpy3ku,
OENCTBYIOLLMX Ha CyCTaBbl, U B KOHEYHOM UTOre HaHeCTu Bpe nauuneHTy [1, 3, 5).

Onsa wuccnepoBaHWs OMHAMWKM  OBWKEHWS PyKUM 4YenoBeka npu  B3anMMOOENCTBUMM C
peabunuTauMoHHbIM YCTPOMCTBOM PAacCMOTPUM Moaernb [4,6], npeacTaBneHHyo Ha pUCcyHke 2

7 A

Puc. 2. PacyemHasi cxema

Ha pucyHke npuHsATbI cnegytowme obo3HaveHus: 1 — nneyeBast KOCTb; 2 — MOKTeBas KOCTb; 3 —
nyyeBast KOCcTb (B ABYX MOMOXEHWSX); 4 — NUHUA MPUKpPenneHus 3anactba (B AByX nonoxeHusix; OO0; —
paccTosiH1e mMexagy OcsiMy NnieyveBon 1 nokteBon kocTu; OO, — aHanorMyHas BenMunHa Ans ny4eBon KOCTu.
[MonoxeHve pyku onpegenseTcs CReaylownMn BenNMYMHaMn: o — Yron Mexdy MreYoM W ropusoHTarbHOW
MrOCKOCTbIO; Y — Yron NoBOPOTa Nreya BOKPYr CBOEW OCM; (¢ — Yron Mexay Npeanneydbem v ropusoHTanbHowm
MOBEPXHOCTbIO (Crnbanue); & —  yron npoHauuw/cynnHauum. MaHXeTy YCTPOWCTBA, OCYLLECTBISAOLLEro
ABWKEHNA npeanneybs, 3aMmeHum Asyms cunamm Fq n Fa, NpunoxeHHsIMUM COOTBETCTBEHHO K ToukaM Ky u Ko n
HanpaBfeHHbIMW NPON3BONbHO. CuIbl CONPOTMBIIEHUS], CO34aBaEMbIE NMPU ABMKXEHUM MbILLLIAMU, CBA3KAMMU U
CYyXOXWUNUAMKU, a Takke OOYCNOBMEHHbIE BA3KUM TPEHMEM B CyCTaBe, 3aMEHVM COOTBETCTBYHOLLMMM
MOMEHTaMW CONPOTUBIEHNS B K&XXOOM U3 LLAPHUPOB.

Ona  nonyyeHus  AUMHAMMYECKUX  YpaBHEHWA  OBMXKEHWS  CUCTEeMbl  BOCMOSb3yeMcs
ypaBHeHueM Jlarpanxa 2 poga:

d (aT) 0T __am_ 90

at\oa) "aq = “aa aa T Q ®

roe T — kuHeTu4eckas aHeprusa cuctemsl; [ — noteHunanbHas aHeprus; ® — guccunaTvBHas yHKUNUS
Peness; Q - o6obweHHaa cuna, q — obobueHHas koopavHata. bygem paccmaTpuBaTtb TONbKO
crnbaHve-pa3rnbaHne B JOKTEBOM CycTaBe M poTauuio npegnnedbs, CYMTasd, YTO fyyeBas KOCTb
nepemMeLLaeTcs COBMECTHO C JIOKTEBOW M HE COBEpLUAET BpaLLeHMs BOKPYr CBoen ocu. B Takom cnydae
cuctema byaeT ABuraTbCs TOMbKO NOL AEWCTBMEM cunbl F1 M ee OBWXKeHWE MOXEeT ObiTb OnucaHo ¢
NMOMOLLIbIO ABYX 00O0OLLEHHBIX KOOPAUHAT Y 1 @.

Onpegenum KMHETUYECKYH SHEPTMIO CUCTEMbI, OHA CKNadblBAeTCA U3 KUHETUYECKON 3SHEepruv
nneyesow T1, NokTeBon T, 1 ny4eBom KocTn Ts:
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_ ?
T, = - 2
rae Ji— MOMEHT MHepLMK NIieYeBoit KOCTU Npy BpaLleHUM BOKPYr COGCTBEHHOM OCH.

[Onsa HaxoXOeHWs KUHETUYECKUX SHEepri FOKTEBOM W Ny4eBOWM KOCTW BOCMOSIb3yeMcs
KMHEeMaTUYeCKMMU COOTHOLLEHUAMMU, NOSTyYeHHbIMU paHee [4]:

_ Mz (12 . 2 2 2,02 4 2 52 i J29”
T, = T2 (I2sin?(@)Y? + a*? + 12¢* — 2lacos(p)¢) + 2, ®
. H H 2
Ty = 22 (12sin? (@2 + b2p? + 12 + 2lbcos(@)¢h) + 22, @
2 2
rae J, = % 3 = % — MOMEHTbI MHEepLUMM JIOKTEBOW M Ny4yeBOW KOCTU OTHOCWUTENbHO LeHTpa

macc, a — pacctosiHue 004, b — pacctosiHne OOz, Mz 1 M3 - Macchl NIOKTEBOW U Ny4EBOW KOCTHU.

O06oO6LLeHHY0 cuny  onpegenum  Kak MNpouM3BOAHYKD OT CyMmbl paboT Bcex cun no
cooTBeTCTBYIOWEN koopauHate. OHa cknagbiBaeTcs M3 paboTbl ABwxkywen cunel F1 M MomeHTOB
COMPOTUBMNEHUN:

A =Ap+ Apmg + Amy = Fx(21(cos(a) cos(@) + sin(a) sin(¢) cos(P)) —
asin(a) sin(y)) +
+ Fy (21(—sin(a) cos(@) + cos(a) sin(¢)cos(P)) — acos(a) sin(Y)) +
+F,(21sin(@) sin(Y) + a cos(P)) — My — My, (5)

rae Fy, Fy, F2 — npoekumn ABwxkyLlen cunbl F1 Ha COOTBETCTBYIOLLME OCU KOOPAMHAT.

[Onsa onpegeneHnss MOMEHTOB COMNPOTMBIIEHNS BOCMOSIb3YEMCA MOLEMbI  MbILLEYHOro
cokpaweHus Xvnna [2] Xvnn aMnMpuyeckn yCTaHOBUIT OCHOBHOE, XapaKTepUCTUYecKoe ypaBHEHWE B
MEXaHWKe MbILEYHOro cokpalleHns. OHO CBA3bIBAET CTaLUMOHAPHYID CKOPOCTb W30TOHUYECKOrO
CoKpalleHusi, ykopodeHus, V ¢ Harpyskon P 1 nmeet runepbonuyeckyto oopmy:

(»+a)v =>b(p —po). (6)
roe Po — MakCMManbHOE HanpshkeHue, pas3BUMBaemMoe MbIWUEA, WM MakCUMarbHbIR - py3,
nogaepXuBaemMbli Mblililen 6e3 ee yanuvHEHWsi, a U b — KOHCTaHTbl., KOTOPblE MOXHO HaWTW Ha
OCHOBaHWM 3KCNEPUMEHTanbHbIX AaHHbIX. Beipasms n3 (6) cuny, n npyHumas po = 0 nonyyum:

_ av (7)
p b—v
"pachmk 3aBUCUMOCTM CUIbl CONPOTUBIIEHNSA OT CKOPOCTU NPEACTaBMEH Ha pUCYHKe 3:
é0
piv)
a0
|
v
0
0 2 4 & g 10

Puc. 3. 'pacbuk 3asucumocmu MbilueYHOU CUslbl OM CKOPOCMU YKOPOYEHUST MbIUUbI

230



Science and Education December 18th—19th, 2012. Vol. I

Takum o6paaoM, nony4yum cnegytouime BbipaxxeHna ona MOMeHTOB COMNpoTUBNEHNA:

_ kip

My =, ®8)
_ ks

M‘lp - k4-_1;b’ (9)

roe K, k2, ks, ka — K0OacpdbmumeHThl, onpegensemble aKCnepuMeHTarnsHo.

PacceuBaHne aHeprum oOyCnoBneHO Hanmuunem BSA3KOro TpeHus B cycTase. BbipaxeHune ans
avccmnaTneHon yHKuMKn Penes 6yaet nmeTb Bua:

— 22 jh2
D= uyp® + pyp”, (10)
rae Py, Je — COOTBETCTBYIOLLME KOIDDULIMEHTHI BA3KOrO CONPOTUBIIEHNS.
Kpome TOro, nmpun mMopgennpoBaHun AOBWXKEHUA pyKVI HGOGXO}JMMO y‘-WITbIBaTb OrpaHI/IHeHHbIVI

06beM ABMXKEHUS B CycCTasBe. Ons atoro 3agagnm HeJ'IMHef;IHy}O 3aBMCMMOCTb MOMEHTa ConpoTuBeHna
OT yrna noBopoTa.

1P P < Pmax,
M., = 11
¢ {C2<pfp' ® 2 Pmax, (1)
Mo = {Cn/)ll)r Y < Ymax, 12)
¥ Czwl/J, Y = l/)max,

A€ Cig, C2g, C1y, Cop — KOIPMULIMEHTHI COMPOTUBMEHUS, MPUYEM  Czgp > Cigy Cayp » Crypy PYinaxs Pmax —
MaKcHUMarnbHO BO3MOXHbIE Yribl MOBOPOTA.

Haxoaum cooTBeTCTBYIOLLME NPOM3BOAHBIE U COTMacHo (1) nomnyyaem crnegytolme ypaBHeHus:

(1 + (my + my)2sin? (@) + mya® + myb?)) + 21(—mya® + myb?) cos(@) ¢ + 21(m,a? —
msb?) sin(g) ¢ + 2(m; + m3)1 sin(¢) cos(p) ¢ =
E.(—2lsin(a) sin(¢) sin(y) — a sin(a)cos(y)) +
E,(=2lcos(a) sin(¢) sin(y) — a cos(a)cos(y))) + F, (=2l sin(¢) cos(yp) — a sin(y)) — 2,u¢¢ -
k3

2ci9Y — Ka—) (13)

((mz +my)l* + ], +]3)¢ + 1(=mya® + m3b?) cos(p) 1/’ + 2l(m,a® — m3b?) sin((p)([n/-) =F-
2l(—cos(a) sin(@) + sin(a) cos(¢p) cos(y)) + F, - 21(sin(a) sin(p) + cos(a) cos(g) cos(y))) +

. . k1§
F, - 2L cos() sin() — 2, — 2¢12,¢ — kzl—(qu (14)

Ona ynpolwenns npyumem a=b, m2=m3=m, a TaKxe Bblpa3umMm MOMEHTbI MHEPLINM KOCTEW, Toraa
OKOHYaTernbHO NONy4YnMm:

(J; + mi%sin?(@) + 2ma®)y + 4mli? sin(p) cos(@) ¢y = F,(—2Isin(a) sin(¢p) sin(yp) —
a sin(a)cos(¥)) + F,(—2lcos(a) sin(¢p) sin(y) — a cos(a)cos(y))) + F,(—2Lsin(¢) cos(y)) —

asin()) - 2wy — 2L (15)
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26 125
3ml<p—

E, - 2l(—cos(a) sin(¢) + sin(a) cos(p) cos(¥))) + F, -
21(sin(a) sin(p) + cos(a) cos(@) cos(P)) + F, - 2L cos(@) sin(y) — 2u,@ — kl_‘z)

k2

(16)

[nsa pelleHnsa nony4yeHHON CUCTEMbl YpaBHEHWUI ncnonb3oBancs naket Mathcad. MNonyyeHHble
npu pelleHnn Mogenu pesynbTaTbl Npu BO3LENCTBUWM CWUIMOW, HanpaBfieHHOW napannefisHo ocu Y,
npeacTasBneHbl Ha pucyHkax 4, 5.

by
o
ol /’f
‘__,_f"'
L~
o

0% /

-
=005

o 5 1n 15 20

Puc. 4. BpemeHHble 3agucumocmu yaro8 nogopoma nod delicmeuem gHewHel curbl

Vo, Vi

01

005

005
0 3 10 15 a0

Puc. 5. BpemeHHbIe 3agucumMocmu yanosbix ckopocmet nod delicmeuem 8HeWHel Curbl

Mo nony4YeHHbIM rpachKaM MOXXHO BUAETb, YTO HECMOTPA Ha TO, YTO NPUINOXEeHne NOCTOSIHHOMN
BHELLUHEN CUNbl MNO3BONSET nony4nTb HeobxoanMmblii yron noBopoTa, npu OBUXEHUU BO3HUKaeT
HEKOHTponnpyemasa B|/|6pau|/|;|, KOTOpaa MOXeT ObITb BpeaHa AOnd nauueHTa, Takum o6pa30M,
HeobxoaMmMo opraHu3oBbiBaTb o6paTHy|0 CBA3b N COOTBETCTBYIOLLYD CUCTEMY ynpaBlieHUa ycunuem,
NO3BOJIAKOLLYIO obecneuntb nnaBHoe nepeMeLlieHne pyku. KpOMe TOro, HeobxoaAMMO OLEeHUBaTL cuny
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peakunn, BO3HUKaKOLWYO B JIOKTEBOM CyCTaBe, ANA npeaoTBpalleHna ero noBpexgeHud, 4YTto Tak ke
MOXET ObITb MCCreaoBaHO C NOMOLLbIO nonyquHoﬁ MatemMaTuyecKkui Moaenu.
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A SURVEY ON THE MAIN PROBABILISTIC MODELING METHODS
OF HARMONICS IN POWER SYSTEMS

Tsyruk S.A.%, Yanchenko S.A.%®
1.2 National Research University Moscow Power Engineering Institute
Russia

Abstract
Main tools for calculating probabilities of harmonic phasor components of individual as well as multiple
nonlinear loads are considered. A survey and evaluation of analytical and stochastical methods for determining
the statistical harmonic distribution is studied for industrial and residential energy consumers. Summary on the
relationship between probabilistic harmonic behavior and harmonic number is suggested.

Keywords: probability density function, distribution function, Monte-Carlo method, convolution, harmonic
phasor.

AHHOTauunA
PaccmMoTpeH OCHOBHOW MHCTpYMEHTapuii AN BEPOATHOCTHOrO onpeaeneHns amnnmMTygHbIX U (a3oBbixX
napamMeTpoB BEKTOPOB BbICLUMX FAPMOHMK TOKa OTAESNbHbIX HEMWHEWHbIX 3MEeKTPONPUEMHUKOB U UX
COBOKYMHOCTEWN, XapaKTepusyroLwmnxcs ETEPMUHMPOBAHHON U criydanHow cocTaensiowmmu. MNposeaeH
00630p ¥ oLEeHKa aHanNUTUYECKNX U CTaTUCTUYECKUX METOOO0B BblYMCIEHUST pacnpeaeneHns BeposaTHOCTU
ANS  pasnU4HbIX Pynn HENMHENHbIX 3reKkTponpuemHukoB. CpaenaHbl BbIBOAbI O BEPOSITHOCTHOM
noBeAeHUN BbICLLUMX FAPMOHWMK B 3aBUCMMOCTU OT UX NOpSiaKa.

KnioueBble croBa: (hyHKUMA MNIIOTHOCTU BEPOSITHOCTU, pacrpefeneHue BeposiTHOCTU, meTon MoHTe-
Kapno, cBepTka, BEKTOP BbICLLUUX FAPMOHMK.

MpoBoaMMble M3MEepPEHUsi HECUHYCOMAANbHOCTU B BbITOBbLIX U MPOMBILLINIEHHBIX CETSX HU3KOrO U
CpefHEero HanpskeHUn CBUAETENbCTBYIOT O POCTE YPOBHS M M3MEHYMBOCTM BO BPEMEHM TOKOB WU
HanpsHKeHU BbICLUNX rapMoHuK (BIM), BbI3BaHHON HenpepbiBHBIMU M3MEHEHUAMWN peXUMa Harpysku u, B
HEKOTOpOW CTeMNeHu, KOHUrypaLMmn CUCTEMbI.

© Tsyruk S.A., Yanchenko S.A., 2012
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B ycnoBusix NpoeKkTMpoBaHWsa 1 aKcnnyaTauum BO3HUKAET NOTPEOHOCTb B OLIEHKE BEPOATHOCTU
NPeBbLILLEHNST HOPM KayecTBa 3EKTPOSHEPrMM Ha OCHOBaHWMM AOCTYMHOW CTaTUCTUKM M3MepeHuin. JTa
OLieHKa BbIpaxaeTcs B onpedeneHun pesynbTUPYIOLLEro KBaHTUNSA criydanHbix TokoB BIM - npegensHoro
3HayeHus, KoTopoe He ByaeT NpeBbILEHO C 3a4aHHOW BEPOATHOCTbIO.

CywectByeT pfgBa Tuna nogxodoB B OUEHKe YpoBHA Bl geTepMMHUPOBaHHBLIA 1
BEPOSATHOCTHbIN. [eTepMnHMpoBaHHbIN noaxoa nUrHopupyet HEernoCTOAHCTBO yCrnosun
PYHKLMOHMPOBaHNS HeENMHeNHbIX 31, a Takke BNMsHWE Ha ceTb ToKoB Bl reHepupyembix atumm M1, yto
MOXEeT NPMBOAUTL K HEOMpPaBAaHHbLIM 3aTpaTam M nepepacxoay pecypcos.

BeposTHOCTHbIe MeToAbl Hanbonee addeKTUBHBI ANsi rAPMOHUYECKOrO aHannsa, aHanornyHo
BEPOATHOCTHOMY pacyeTy Harpysok u Teopun HagexHocTu. [ogobHble MeToAbl MO3BOMSAT HE TOMNbKO
paccunTbiBaTb HanpsixeHuss M Tokm Bl Ha ocHoBe cpedHuMX W MakCuMarnbHbIX 3HaYeHUW, HO U
NpeaoCcTaBnAT NOMHbIN CNEKTP BCEX BO3MOXHbIX 3HA4YEHWUI C UX COOTBETCTBYHOLUUMY BEPOATHOCTAMU.
OCHOBHbIMW TPYOHOCTSIMU B MPUMEHEHWUM BEPOATHOCTHOrO MoAenupoBaHusi BT B peanbHbIX ceTsax
apnsoTca 6onblioe yncna HenvHenHblx Ol1, reHepaTopoB TOkoB BIT, ypoBeHb KOTOpbIX onpegensercs
amnaMTyaon M rapMOHWYECKMM COCTaBOM HaMpPsPKEHUS NUTaHUSA; MOCTOSHHO MEHSLWascs CTpyKTypa
Harpysku duaepa nUTaHus, a Takke HedoCTaToK UH(OPMALMU O BIIUSIHUM UCKaXKEHWUS HAnpshKeHns Ha
ypoBeHb BI™ Toka [1].

Bektop BI' Toka a MoxeT ObITb onucaH Kak B MonsipHon opme a<@ unm B NpsiMOYrofibHOW
dopme Kak X + jy. OBbl4HO, X U Y B3aMMO3aBUCUMbl U (DYHKLUUA CYMMapHOW MNOTHOCTUM BEPOSTHOCTU
onpegensieTcs Kak

2
Py ey = E200 ), @
rae P(X, y) — dyHKUMA CyMMapHOro pacnpeaeneHvst BeposTHOCTY.
B cnyyae
P(X, y) = px()pv(y). )

MeToapbl onpeaeneHnss CyMmMapHOW NIOTHOCTU BEPOSITHOCTY CYMMbl HE3aBUCUMbIX BEKTOPOB
NoapasfensoTcs Ha aHanuTMYeckue U YncneHHble. MepBaole BkMoYaloT B ceBs onpeaeneHne NCKoMoro
napameTpa C MOMOLLbI0 MHTErpana ceepTku Unu npeobpasoBaHus Pypbe

pu(U) =py1U) *Py2(U2)*...* PunUn): Ui =X;,Yi, 3)
o =F W F(S) @

B cnyyae 60nbLLIOro Yucna CyMmmMmpyeMbiX BEKTOPOB U OTCYTCTBUS IOMUHUPOBAHUS OTAEMbHbIX
BEKTOPOB, Ha OCHOBaHWM LEHTpanbHOW npefenbHOW TeopeMmbl, (YHKUMA CYMMapHOW MIOTHOCTU
BEPOSATHOCTM XapakTepunsyeTcsi HopMarnbHbIM pacnpegeneHnem n onpeaenseTcs Kak

1 u-p)?
Py (U) = exp| “2)
oyv2an 20y,

s Ui = XY, (%)

YucneHHble MeTodbl, B YacTHOCTU MeToa MoHTe-Kapro, npeactaensoT cobor utepaumoHHbIN
npoLecc reHepupoBaHUs AeTEPMUHMPOBAHHBLIX PELUEHUN, Kaxaoe M3 KOTOpblX COOTBETCTBYeT Habopy
onpefeneHHbIX 3Ha4YeHUA CnyYyanHbiX Benu4mH [1].

B [2] nocpencTtBOM HEKOTOPbIX YNPOLLUEHWA B aHanu3e pacnpefenutenibHoOn ceTu (monyckas,
4YTO BenuumHa a3oBoro yrna ¢ Bl nmeeT paBHOMepHOEe pacnpenerneHne BeposiTHOCTW) OnpeaensoT
PYHKLMIO MIOTHOCTM BEPOSITHOCTM ANS MIHOBEHHOro 3HadeHus Bl p(y)

1
— <5
p(y) =1 mja’-y?

0y|>a,
(6)

roe a, @, y — napameTpbl Bektopa BI™ a.

B pesynbTaTe HEKOTOPbIX MaTeMaTU4ecKuX YMPOLLEHWI M onepauui, BKIoYalowmx B cebs
ornpeaeneHne CBepPTKU pacnpefeneHuii ¢ NoMoLlblo npeobpasoBaHus dypbe, a Takke BblUMCMEHUE
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WHTerpanbHOW nroLaan nog KpUBOW MroTHOCTU BEPOATHOCTU, BbIYUCNSAETCH BEPOATHOCTL NPEBbILLEHUS
AONYCTUMbIX YpOBHEn Yy

© N
Pex (V) ~1-- 2 3 2 ag[ "% | i1 ™
o moTN i a a

N
roe o= Zai ; Jo — pyHKUMs Beccens nepsoro poaa.

i=1

Takke B cTaTbe MoKasdaHo, 4YTO npu Gonbwwmx nopsgkax BT (N > 12) pacnpegenexue
NPUHMMaET HOpManbHbIA BUA CO CTaHAAPTHbIM OTKMOHEHWEM O, NpeACTaBMneHHbIM B BUMAE CYyMMbl
KBagpaToB CryyawHbIX OTKIIOHEHWW, KOTOpble B Crydae MroTHOCTM BEPOSTHOCTM p(y) paBHbI
AencTeyloWwnM 3HadeHnam amnnutyg Bl OcHoBHasi uenb nocneayloowero aHanusa 3akno4vaetcs B
OLeHKe BEPOSITHOCTM NPEBbILLEHNS MTHOBEHHbLIMW 3HaYeHnsaMu BT cpegHekBagpaTUYHOIro 3HaYeHus:

N
Dyi > k2 A2+ AZ+. AT ®)
i=1

Takvm 06pasom, B 3aBUCMMOCTM OT Nopsiaka paccMaTpyBaeMbIX rapMOHVK BEPOSITHOCTb NPEBLILLIEHNS
HopM Ans cymMmbl Bl co cnyyaiiHo meHstowmmMmncst dhasamu onpegensetcs nvbo no (7) nm ro (8).

B [3] Ha ocHOBaHWW 3KCnepMMeHTanbHbIX AaHHbIX, CBMAETENbCTBYIOLNX O HECTALMOHapPHOCTH
BPEMEHHbIX MPOLIeCCOB U B3aMMO3aBUCUMOCTW CrlyYalHbIX BENWYMH, a Takke AaHHbIX O BAIMSHUM Tuna
Harpyskv Ha BpeMeHHoe u3mMeHeHue TokoB BIT genaetcs BbiBO4 O HenpemMeHMMocTn meTtoga MoHTe-
Kapno ans onucaHuns npoLeccoB C BbICOKOW CTEMNeHbo Koppensaunn. B yacTHOCTM, 4OCTaTOYHO BbICOKUE
KoabpuuUMeHTbl Koppensaumn umeloT Bl Ha wuHax nuTalowwmx Harpysku CXoXero Tuna, Hanpumep,
NPOMbILLIEHHble UK BbiToBble. Ce30HHOCTb OCOBEHHO XapakTepHa Ans BPeMEHHOro uameHeHus Bl
HU3KMX NMOPSAKOB.

[nsa onucaHua HecTauMOHapHbIX BPEMEHHbIX MPOLLECCOB C SAPKO BbIPpaXXEHHOW CE30HHOCTbIO B
cTatbe npegnaraetca asa Metoga. [lepBbli cOCTOUT B pas3bUeHMM HeCTauMOHapHbIX BPEMEHHbIX
MPOLIECCOB Ha CTauMOHapHble CcryyalHble U OeTepMUHMPOBAaHHbIE COCTaBNsOWME W 3afeicTByeT
CTaTUCTUYECKUI annapar:

y(B) = Tr(t) + S(t) + (1), )

roe t — Bpems, Tr(t) n S(t) — OeTepMUHMPOBaHHbIE COCTaBMAOLWME, XapakTepusylowme TpeHd W
CE30HHOCTb, X(t) — CTauMOHapHbIA NPOLIECC C HyNeBbIM CPeaHUM 3HadeHneM. BTtopon meTtoa siBnsieTcs
nNpubnmxeHHsIM MeTogoM MoHTe-Kapno 1 npuMeHsIeTcs K BbICOKO KOPPenMpoBaHHbIM AaHHbIM, (YHKLUW
NNOTHOCTU BEPOATHOCTM KOTOPbIX OTMMYalOTCA TONbKO KoadhduumeHToM. B aToM cnyyae B pamkax
mMeToda AnA Kaxaonm wutepauuu Ans  YHKUMA NAOTHOCTU BEPOSITHOCTM MOXET MCMoNnb3oBaTbCs
oOvHakoBasi criyvanHasi BennynHa U3 paBHOMEPHOrO pacnpeneneHus.

MprMmepoM Mcnonb3oBaHMS CTaTUCTUYECKOro annapara AN OLEeHKW Cy4anHOro 1 BpeMeHHoro
nosegeHns Bl saensetcs [4]. CnyyaniHo MeHsiowmecss paboyne yCcnoBuS HENMHENHbIX Harpy3ok
notpebutenss oOycnaBnuBalOT MNPUMEHEHUE CTOXAaCTUYECKMX METOAOB Ha OCHOBE HenpepbIBHOM
BPEMEHHOW Moaenu uaMmeHeHns BN B 3aBMCMMOCTM OT BpemMeHu cyTok u roga. CornacHo nsMepeHusm,
napameTpbl BekTopoB BI' noasepxeHbl KOMMNMEKCHbIM nepuognyeckum konebanuam. Mogenupyembie
WHTEpBanbl MNOAPa3gensiloTCAa  Ha HOYHOW, XapaKTepusylolMNCA CTauMOHapHOW  Harpyskom u
HOpMarbHbIM 3aKOHOM pacrnpefeneHns; U OHEeBHOW. [JHEBHOW nepvof, ONUCLIBAETCS C MOMOLLbIO
AEeTEPMUHMPOBAHHBLIX TPEHAOBOW U CE30HHOW cocTaensowmx Tr(t) n S(t), n cnyyaHoW OCTaTOYHON
BeNMYMHbI X(t), yYUTbIBaKOLLIEN CTOXacTuyeckne nameHeHus Bl

[5] copepxuT npumep ModenupoBaHua konebaTenbHbIX COCTaBMAIOLWMX HArpy30K C NMOMOLLBIO
AVCKpeTHOro npeobpasoBaHuss ®ypbe. [eTepMUMHMpOBaHHAs COCTaBnsioWas Onpeaensiercs B
pesynbTate CpaBHEHWA B 4YaCTOTHOM 06NacT WM3MEpPEeHHbIX MOKa3aHWN C HEKOTOPbIM MOPOroBbIM
3HayeHneMm; cnyyaiHas — BblYATAHMEM W3 MrHOBEHHbLIX 3HAYeHUW U3MEpPSeMON BENUYUHLI ee
OEeTEPMUHNPOBAHHON COCTaBNAKLLEN.

B [6] npepnoxeHo 0600LEHHOE MOMNY3MMNMPUYECKOE BbIpaXeHWe AN CYMMUMPOBaHWSA
oTdenbHblx Bl Toka mMnu HanpskeHus, npeacTaBnseMbiX B KayecTBe ClyyvyalHO M3MEHSIOWMXCH BO

BPEMeH! BEKTOPOB
A=k{> al, (10)
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roe 1 < a < 2. 3HayeHuMss k u a paccunTbiBalOTCS AN 3a4aHHOTO Auana3oHa W3MEHEHWU Wt
BEPOSATHOCTHOrO pacnpegeneHns (paBHOMEPHOro W HopmarnbHOro) amnnutygsl A; u dasbl 6;,
MONy4eHHbIX 3KCNeprMeHTasnbsHo.

Bbin npoBedeH aHanu3 xapakTepuUCTUK HEOAHOPOAHOCTEN ANS PasfUYHbLIX NMPOMBILLMEHHbIX U
ObITOBbIX HENWHEWHbIX Harpy3ok. Tak koadduUMEHT O AN pasnuyHbIX TWUNOB BbINpSMUTEneh B
3aBMCMMOCTU OT TUNA yrpaBneHns MeHsaeTca oT 1.2 fo 2; anga Ayroebix neden — 1.5 + 2; Anga pasnuyHbIxX
rpynn 6biToBbIX anekTponpubopoB a = 1.2. KoadpduumeHT HeogHopogHocTn K, onpegensemMbli Kak
OTHOLLEHNE U3MEPEHHON aMNnMTyabl CYMMbl TOKOB K apupMeTU4eCcKon CyMmMe amnmTy TOKOB:

K = L (11)
2A

MeHsieTca onsa BeinpsMUTENen B 3aBUCUMOCTM OT TUna ynpasneHns B npegenax 0.5 + 0.9; gna
Takux ObITOBbIX 3MEKTPONpPMOOPOB, Kak TeneBn3opbl, PErynsaTopbl OCBELEHUS, CTUparbHble MalUWHbI U
rasopaspsigHble namnbl 3HavyeHus K coctasnstoT 0.7, 0.3, 0.5 n 0.7, cooTBETCTBEHHO.

Ha ocHoBe aKkcneprvMeHTanbHON CTaTUCTUKKN Obiny caenaHbl BbIBOAbI

- 0 ctabunbHocTn BI™ HM3Koro nopsiaka (3, 5, 7);

- O HEpaBEHCTBE HyIM MUHMMAasbHbLIX 3Ha4YeHun amnnuTya BT HM3KOro nopsigka, u obpaTHomn
cuUTyauum ans MUHUManbHbIX 3HavdeHnn BI™ Bbicokoro nopsiaka;

- 06 orpaHu4eHHoOCTV Auanas3oHa m3meHeHun a3 BN HM3Koro nopsigka U O paBHOMEPHOM
BEPOATHOCTHOM pacnpegeneHunn gas ansa BIN Bbicokoro nopsigka (> 13).

[7] copepXuT yTOUYHEeHWs NPeanoXeHHOro B [6] nonyaMnupmuyeckoro Metoaa cymmupoBaHus BIK
OT HenuHewHbIx 3l. Hanpumep, ykasbiBaeTCcs, YTO AvManas3oH U3MEHeHWs amnnuTyabl 1 asbl NpuHAT
OOVHAKOBbIM ANs1 BCceX HenuHerHbIx 3, 4yTo no3sonseTt npeobpasoBath (10) B:

Ig(A) = lg(k) + Ig(N)/o + Ig(A), (12)

M3 aTtoro cnegyeT, 4TO 3aBMCMMOCTb Mexgy CyMmapHouh amnnutygon Bl m uucnom
HenuHenHbIx 3N N nMHenHa, 4TO NPOTUBOPEYUT MPOBEAEHHBIM JKCNepumeHTaM. Takke Ha npumepe
nonyynpaensemMoro BbINPAMUTENS MOKa3aHO NPUMMEHeHWe OaHHOW METOOMKU C y4ETOM BEPOSITHOCTHbIX
XapakTepucTMK NnapameTpoB Liener NoCTOSIHHOrO TOKa BbINPSMUTENS.

B [8] npuBoauTca 00606LiEeHHAsi MeToAuKa MO OnpederieHnto BeposiTHOCTHOW Moaenu
reHepauum n pacnpoctpaHeHus TokoB BIT, coveTarolwwas aHanuTuyeckme MeToabl onpeaeneHns yHKLum
CYMMapHOW NNOTHOCTU BEPOATHOCTU C pasfeneHnem AeTePMUHUPOBAHHBIX U ClyYanHbIX KOMMOHEHT BI.
PaccmatpuBas paboTy HENMHENHbIX Harpy3ok B TEYEHUE MHTEPBAanoB, Koraa (yHKUMSA pacnpeneneHnst
BEPOSATHOCTM NOCTOSIHHA, BbIAENAETCSA YETbIPe TUMNa TOKOB NMUTAHNSA:

1. TouHOe KoNM4ecTBO AETEPMUHMPOBAHHbLIX TOKOB.

2. CnyyamHoe 4MCRO MOCTOSHHbIX TokoB. OueHMBaeTCca C MNOMOLLbID  BEPOSATHOCTU
BKJTHOYEHHOTO/BbIKIFOYEHHOIO COCTOSIHWUA HenuHerHoro Jr.

3. TocTosiHHOe 4Mcno cnyYanHbiX TOKOB. [ns mMogenupoBaHWst cryyaviHbIX U3MeHeHun Bl
BBOOUTCS NapamMeTp, yNpasfsioWwmMn pexmmom pabotel 3l (Hanpumep, yron ynpaeneHus
npeobpasoBaTtensl), pacnpefeneHne BepoATHOCTM  KOTOporo Ans  kaxgoro 3Ol M3BEeCTHo.
PacnpeneneHne BeposATHOCTU AN rpynnbl HenuMHenHbix O onpegensieTcs kak cBepTka (yHKUUA
BEPOATHOCTEN NepeknioyeHns Ang Kaxagoro otaensHoro 3.

4. CnyyaHoe 4ucno cnyyamHbix TokoB. OnpegensieTca Kak CymMMa nNpov3BedeHui
BEPOSATHOCTEN U3 NN. 2 U 3 Ans Kaxaoro HenuHenHoro 3.

CymmapHas Aans  Tpex MnocnegHuWx TUMOB TOKOB  (DYHKUMS NIOTHOCTW  BEPOSTHOCTU
onpegensietcsa no (3) kak ceepTka PYHKLMIN BEPOATHOCTM KaXX4Oro Tuna.

OcHoBbIBasicb Ha HegocTaTkax MPOYMX  CTATUCTUYECKUX  METOAoB  (OonylieHue o
HEe3aBUCHMOCTU BEPOSATHOCTHbBIX XapakKTEPUCTMK COCTaBISIIOLMX BEKTOPa TOKa M O HOPMarbHOM Buae
ero pacnpegeneHuns B criy4ae orpaHU4eHHOro KonuyecTsa AaHHbIX) B [9] NnpeanoxeHa Mogens Harpysku,
npeacTaBnsiolas HU3KOBOMbTHYIO CUCTEMY Kak WCTOYHMK BIT Toka v napannenbHO BKMYeHHoe
COMPOTMBMEHME, 3HAYEHUS KOTOPbIX ObIMM MOMy4YeHbl U3 SKCMEPUMEHTAasbHbIX AaHHbIX. Bcs
COBOKYMHOCTb HW3KOBOMbTHbIX CUCTEM Obina nogpasgeneHa Ha 4 Bupa: ObITOBble, CernbCKue,
NPOMBILLIIEHHbIE CETU WU FOPOACKOW LLEHTP, AN KOTOPbIX ObINM BblYMCneHbl KO3AMULUNEHTLI Koppensaunm
mexay TokoM BI™ n conpoTuBneHnem, a Takke Mexay pasnuyHbIMY BUAAMU CUCTEM.

MapameTpbl MoAenen HU3KOBOMbTHBIX CUCTEM ObiMM COCTaBMeHbl B MaTpuuly W3MEpeHuH,
CTPYKTypa KOTOPOW y4uTbIBana BpeMsi U3MEPEHWI 1 TUN Harpy3ku. [ns MoaenupoBaHUs BEPOSITHOCTHBIX
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CBOWCTB HEKOTOpble 3reMeHTbl BblOMpanicb CryvyaHO C OAWHAKOBOW BEpPOATHOCTbIO. B pesynbrate
ObINM paccymTaHbl PYHKLMN NNOTHOCTYN BEPOATHOCTM ANst HanpsixeHun Bl

PaccmoTpeHHble cTaTbu, paccmaTpuBaloliMe BOMPOCbI BEPOSTHOCTHOTO MOAENUPOBaHUA
BbICLUMX FapMOHUK, MO3BOMSAT CYMTATb OCHOBHbIM METOAOM BEPOATHOCTHOM OLEHKM ypoBHSA Bl
onpefernexHve (yHKUMM CYMMapHOW MNMOTHOCTU BEPOSTHOCTU COBOKYMHOCTW HENWHENHbIX Harpys3ok C
WHAVMBUAYanNbHbIMU rapMoOHUYECKUMU pacnpegeneHusmu. cnonb3oBaHne AAHHOMO MeTOA4a OCHOBaHO
Ha [OMyLEHUsX O He3aBUCUMOCTW (YHKLMIA NNOTHOCTENW BEPOATHOCTU CryYanHbIX BENWYMH WU O
HOpMarbHOM pacnpegeneHnn yHKUUM CyMMapHOW NITIOTHOCTU BepOosTHOCTM [1, 3, 8], 0 cTaumoHapHoCTH
npoueccoB n3MeHeHus ypoBHs Bl [2, 6], 4To He Bceraa cooTBETCTBYET YCIOBUAM 3KcnepumMeHTa [7, 9] u,
Tem camblM, oBycrnaBnuBaeT co3gaHne ApYyrux MeTOA0B, 3aAeNCTBYIOLUMX IMNUPUYEcKue BblpaxkeHus [8]
UNKn cTtatucTnyeckun annapar [4].
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METHODS AND MODES OF THERMAL PREPARATION, AND THEIR INFLUENCE
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Abstract

A considerable part of Russia (nearly 67 per cent) belongs to northern territories. Development of North
and Far East raw material resources which are so important for dynamic economic growth of the country
entails great difficulties and one of them are climatic conditions. A man and equipment are often
dependent upon severe climatic conditions. Constant attention to thermal condition of equipment
becomes a key factor in its efficient utilization in winter conditions. This article deals with methods and
modes estimation, research of engine thermal field change during thermal preparation, influence of
equipment thermal keeping on efficiency of its usage.
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Keywords: thermal preparation, initial heating, warming, heat-transfer coefficient, temperature, wind
speed, efficiency.

AHHOTauuA

3HaunTenbHas YacTb (8o 67%) TeppuTopumn Poccun oTHocuTCs K ceBepHbIM Tepputopuam. OcBoeHue
cbipbeBbIX pecypcoB Cesepa 1 [lanbHero BocToka, cTonb HEO6X0AUMBIX A4S AUHAMUYHOIO pasBuTUA
9KOHOMMKM CTpaHbl COMPSPKEHO C KOMMIEKCOM CMOXHOCTEN, OAHMMM U3 KOTOPLIX ABMAIOTCS NPUPOOHO-
KnuMmaTtudeckne ycrnoBusi. YenoBek M TexHWKa 4acTO Haxo4AaTCA Mog BO3OEWCTBUEM CypOBbIX
KNMMaTU4ecknx ycnosuin. NOCTOSHHOE BHWMaHWe K TEMMOBOMY COCTOSHMIO TEXHWKW CTaHOBMUTCA
KrntoYeBbIM B ee 3(PhEKTUBHOM MCMOMb30BaHUN B 3MMHUX ycroBusix. OLlEHKE METOAO0B U PEXMMOB,
nccrnenoBaHWio M3MEHEHWUsI TeMMepaTypHOro Mofsi ABUratens B MPOLEecCe TEensoBOW MOAFOTOBKM,
BIIUSIHWIO TEMSIOBOrO COAEepXaHUsi TEXHUMKM Ha 3(P(EKTMBHOCTb €e WCMosfb30BaHMA M MOCBsiLLeHa
AaHHas cTaTbs.

Keywords: TennoBas noarotoBka, pasorpeB, MoAorpes, KOIMULUMEHT Tennootgayu, TemnepaTypa,
CKOpOCTb BETpa, 3PEKTUBHOCTb.

ObGecneyeHne paboOTOCNOCOBHOCTN TEXHUKN SABMNSETCA OOHOM W3 KYEBbIX B peLUeHUn
BOMpOCa WCMOMb30BaHWsA €e C BbIroAONW, NOSTOMY BOMPOCaM HaOEXHOCTU aBTOTPAHCMOPTHBIX CpeacTB
(ATC) 1 ropHOI TEXHWKM AOIMKHO YAENATLCA camoe npucTanbHoe BHUMaHue. Bmecte ¢ Tem Heobxoanmo
OTMEeTUTb, 4YTO npobnema obecneveHns paboTocnocobHoro coctosHus ATC, TFOpHbIX MaLlMWH K
obopyaoBaHusi, paboTaloWwmx B CYpPOBbIX KIUMATUYECKMX YCMOBUSIX SBMSETCA MHOrOgaKkTopHOW U
No3TOMY CIOXHO peanu3dyemoi. Hanbonee akTyanbHa aTa npobnema Ans npov3BoACTBEHHbIX CTPYKTYP,
paboTaloLwmx Mo XECTKOMY TEXHOMNOrMYeckoMy UMKMy. TpaHCnopTHble CTPYKTYpbl W noapasgeneHusi
TakMx nNpou3BOoACTB obecrneumBaloT (YHKLMOHMPOBaHWE Apyrmx 6Gonee [OPOrocToAWMX CUCTEM W
PYHKLMOHMPYIOT MO NPUHLMNY “TOYHO B CPOK”.

CoBMeCTHOe pOCCUIACKO-KaHagckoe npeanpusatve — pygHuk  Kynonm  YyKOTCKOW  ropHo-
reonornyeckor KomnaHuw, SBRSETCA npedcTaBUTeneM MWPOBOrO nuaepa Ao6blMM  MONE3HbIX
nckonaemblix — komnaHum Kinross Gold Corporation Ha CeBepo-BOCTOKE CTpaHbl.

Knuvmat Ha TeppuTOopuUM  OCYLUECTBMEHMS  MPOU3BOACTBEHHOW  OEATENbHOCTU  PE3KO
KOHTMHEHTanbHbIN, 3MMa MPOAOIIKUTENbHASE U XOnogHas, TemnepaTtypa 4acTo OEepXUTCS Ha OTMeTKe
MuHyc 60 °C 1 HWXe, YacTbl 3aHOChI, MeTenu U T.4. CypoBOCTb knMMMaTa — 7.8 6anroB 1 CONoCTaBUMa C
XapakTepucTmkamu KnuMaTta nontocoB xonoga Ha tepputopum pecnybnumkm Caxa (Akytus).

OkcnnyaTauusi TEXHWKM B TaKMX YCMOBMSIX CBsi3aHAa C  MWHTEHCUMBHBLIM  OXNaXAeHUeM
MEXaHW3MOB, arperatoB, 9KCMIyaTauMOHHbIX MaTepuarioB M MO3TOMY WMeeT psii OCOBEHHOCTEN:
3aTpyAHEHHbIN Nyck ABuratenen BHyTpeHHero cropanusa (OBC), CHWXeHWe HaaeXHOCTW, yxydlleHue
3KOHOMMWYHOCTU, YCNOXHEHNE 06CNyXMBaHWUSA TEXHUKM N ee BOXAEHME.

CHWXeHne HaOeXHOCTHbIX XapakTepUCTMK, a Takke CryYalHbli XapakTep BO3HUKHOBEHWSI
OTKa30B M NPOCTOEB TEXHUKU MO MPUYMHE TEXHUYECKUX HEeUCnpaBHOCTEN MNPUBOOSAT K TOMY, 4TO
OOPOroCTOALLMN  TEXHNYECKNA OOBEeKT, OCOOEeHHO 6OnblION €AMHUYHOW MOLLHOCTW, CTaHOBUTCA
3aTpaTtHbIM.

M3ameHeHne napameTpoB, OTpaxalLlnxX TEXHUYECKOE COCTOSIHME TEXHWKM, U MOSIBIIEHMe
cneumdpuyecknx 3MMHNX OTKa3oB NPOUCXOAUT MOA BO3AEWCTBMEM: a) OKpYXKalollen cpefbl, 3a cyeT
M3MeHeHus TemnepaTypbl, CKOPOCTW BeTpa, BMaXHOCTW, HGapomeTpuMyecKoro AaBfeHus, YpOBHA
pagnauunu; 6) BOOUTENS Kak aKTUBHOrO 3BEHA CUCTEMbl “4enoBeK-MalluHa”, HaxoAslerocs B
cneumduyYecknx ycroBusax cesepa; B) HEONTUMANbHOIO B3aUMOLENCTBUS 3IEMEHTOB KOHCTPYKLUUU.
OnTumManbHOCTb B3aUMOOEWNCTBUS, 3aBUCUMT OT COCTOSHUS 3TUX 3MEMEHTOB (perynmpoBOYHblE
napameTpbl, 3PEKTUBHOCTb CMasku, TOYHOCTb COOPKM, Ka4yeCTBO YCTAHOBMEHHbLIX 3anacHbIX
yacten n T.4.).

[MosiBNeHne MUKPO, MakpoTpeLuuH, MOBPEeXAEeHWN, KOPpo3MuM B 3UMHUIA MNepuon CBA3aHO C
XapakTepucTMkammn BHeLLHeN cpefpbl — OTpuuaTenbHbIMKU NOTOKaMu aHeprum (puc. 1).

Ons obecneyeHuss onTMMarnbHOIO TEMMOBOIO COCTOSIHWSA, cnocobeTByrowero addekTnBHOMN
3KCNNyaTaumMm TEXHUKM Heobxoaumbl 3aTpaTtbl aHepruu. [pu 3TOM SHeprus, BO3LAEWCTBYHOLAS Ha
TEeXHUKY (OTpuuaTenbHbIA MNOTOK 3HEpPru, CNOCOGCTBYIOLWMIA BbIMOPaXKMBAHUIO Y3MOB, arperaTos,
cucteM, cnocobCTByeT MOSIBNEHMIO XapaKTEePHbIX 3UMHMX MOSIOMOK M T.n.) (puc. 1) porkHa ObiTb
HMBENMPOBaHa NOABOAOM MONOXUTENBbHBLIX MOTOKOB SHEPTUN.
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OTPUUATENBHBIE  MOTOKK
SHEPTMW (TEMMEPATYPA, CKO-
POCTb BETPA, BINAMHOCTb,
BAPOMETPUYECKOE [ABINE-
HWE, YPOBEHb CONHEYHON
PAINALIM)

TEXHUYECKWIA OBBLEKT

CTPYKTYPHbIE N3MEHEHWS MATEPWAINOB
(M3MEHEHWE XAPAKTEPVCTUK KOHCTPYKLIM-
OHHBIX 1 BKCTNYATALIMOHHBIX MATEPUA-
noB)

YXYAUEHUE BKCMNYATALMOHHKLIX CBOWCTB
TEXHAKM (TSIFOBAS 11 TOPMOBHAS AMHAMM-
KA, YNPABNSEMOCTb, MNABHOCTb XOfA, UH-
GOPMATMBHOCTb, TOMMMBHAS SKOHOMMY-
HOCTb, YCTOMYMBOCTb, MPOXOAMMOCTL)

u NOCNEQCTBMA

HE BO3MCMHOCTb OMEPATMBHOMO BBOAA B SKCMNYATALMIO (TOTEPU MPO-
M3BOAMTENBHOIO BPEMEHW CUCTEMOW)

CHWKEHWE HALEXKHOCTW (3ATPATbI HA BOCCTAHOBNEHWE YTPAYEHHON PA-
BOTOCMNOCOBHOCTHN TEXHUYECKOTO OBBEKTA)

YBENWYEHWE PACXOJA 3KCMNYATALMOHHBIX MATEPUANOB (TOMMUBA, MA-
CEN, CMELPKMAKOCTEN 1 T.M.)

YXYALIEHUE 3KOMOTMYECKUX MOKASATENEN

MOBBILEHWE PUCKA TPABMUPOBAHWS UCMIONHUTENS (BEPOSTHOCTb W TH-
KECTb NOCNEACTBKS)

YXYALIEHME NMOKASATENEN BE3OMACHOCTU fBKEHUS

YXYALIEHME YCNOBWIA TPYAA BOAWTENS (ONEPATOPA)

CHWKEHWE NMPOBO3HBIX BOSMOMHOCTEM (NMPOM3BOAMTENBHOCTH)

PE3YNbTAT

Puc. 1. Bosdelicmeue ompuyamersibHbIX MOMOKO8 3Hep2uU Ha MexHU4YecKull o6bLekm

Tennosoe coaep)aHne OCYLLUECTBMSETCA C UCMONb30BaHNEM ABYX PEXWMOB — MOAOrpeB Ans
TEXHUKM, KOTOpas [OMMKHa HaxoAMTbCA B MOCTOSIHHOW TOTOBHOCTM AN OnepaTtMBHOrO Bble3ga WU
BbINOSIHEHMS NPON3BOACTBEHHbIX 3a4a4 U pasorpeB Ans TEXHUKKW, KOTopasi N0 TEM UMW MHbIM NPUYMHaM
NCMNoNb3yeTcs 3NN30aNYECKN.

[ns HMBenupoBaHMsA NOTOKOB OTpULLATENbHOW SHEPrW, BO3AENCTBYIOLLEN HA FOPHYI TEXHWUKY
N OUHAMUYHO MEHSIIOLMXCS 32 KOPOTKME MNPOMEXYTKM BPEMEHUM HET [ApYron anbTepHaTuBbl, Kak
obecneunTb NOABOA MOMOXUTENbHBLIX MOTOKOB 3HEPruu, MPEBOCXOAALUMX oTpuuaTernbHble NoToku. B
npouecce pabotbl [IBC BbipabaTbiBaeTCA 3HEPrus, KOTopas UCMOomnb3yeTcs kpanHe He adpcpekTnBHO. Tak
80 40% aHeprnm paccemBaeTcsl CUCTEMOW oxnaxaeHus, Ao 25% — cuctemon Bbinycka OTpaboTaBLUMX
razoB. Kpome 3TOro oTToK Tenna OT HarpeTbiX 31EMEHTOB TEXHUKM WAET 3a CYET: TENnonpoBOAHOCTU
mMaTepuanos, KOHBEKLMN U TENSOOTAAYN C HArpeTbiX NOBEPXHOCTEN.

CoxpaHeHune TennoBow aHeprny oT npeabiayllen padotel ABC B npouecce CTOSHKU siBNsieTCA
O[HOW 13 BaXHbIX pecypcocbeperarolumx 3agad.

IMOTOKM MOMOXMTENBHOW SHEPrMM OOMKHbI O0BECneYnTb KOMMIMEKCHOE pelleHue 3ajaunm —
obecneunTb TEMnoBOEe COCTOSIHWE OXNaXAalollen XWMAKOCTW, MOTOPHOro macna, Tonnvea, BO3AyXxa,
aKkKymynsTopHon 6atapew, arperaTtoB TPaHCMWCCWUM, TMAPABIMYECKMX CUCTEM PYNeBoro ynpasreHus,
TOPMO3HOW CUCTEMBI, NogbEMA Ky30Ba, HaBECHOro obopyaoBaHuA WM T.4., WUMH, a Takke obecneuntb
TennoBoe CocTosiHWe paboyero Mecta BoauTens.

[ns obecneyeHnss TeNNOBOrO COCTOSHUS FOPHOTPAHCTNOPTHOW TEXHWKM MPaKTUKON oTpaboTaHbl
pa3nuyHble MeTodbl M CXeMbl MoaBoda TEMNIOBOM 3HEPrMM Ha pexmnmax MnoJorpeBa U pasorpesa.
TpaHCNOPTHLIMU CTPYKTYPaMU U FTOPHOTEXHUYECKUMW KOMIMIIEKCaMy Hambonee LUMPOKO UCMONb3yHTCA
crnegywowme meTodbl TENroBOW MOAFOTOBKM Ha Bbllle YKa3aHHbIX pexumax: 3neKTpornodorpes,
3MeKTpopasorpes, BO34yX0pa3orpes.

KonnyectBo Tenna Heobxoaumoe ans nogorpesa [BC paccuntbiBaeTcs No 3aBUCUMOCTU

Q=a -F-(t-t, )7
roe a — KoaUUMEHT TennooTaaum, F — nnowaabs NoBepxXHOCTW Harpesa, t — TeMnepaTypa Harpeea
anemeHToB [1BC, npuemnemMas ans nycka, toc — TEMnepaTtypa okpyxatowen cpeabl, T — BpeMs TENnoBoii
NOATOTOBKM.
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B paHHOM 3aBUCUMMOCTWU KOI(MPUUMEHT TennooThayn W TemnepaTtypa OKpyxatwowen cpenbl
SBMNAOTCA HEYCTOMYMBBIMW MapameTpamv U B NpoLecCe TennoBOW MOATOTOBKM MOMYT W3MEHSITbCS
CyLLEeCTBEHHbIM 06pa3oM. 3T M3MEHEHUS MPOUCXOASAT 3a cyeT konebaHui TemnepaTyp B OHEBHOe U
HOYHOE BpeMs, a TaKkKe M3MEHEHWNSI CKOPOCTU U HanpasneHus BeTpa.

PocTt koadhchmumeHTa Tennootaaun npu COMOCTaBUMbIX YCMOBUSIX XapaKTepu3yeT KavyecTBO
XpaHeHus TexHUKW. Tak npu ogHON M TOW Xe TemnepaType OKpyXatoLen cpefbl U BETPOBOW Harpyske
oTAadva Tenna oT OAHOro M TOro Xe arperata usaMeHsietcs, notepu Tenna gocturaiot 70 — 85%. Yem
KayecTBeHHee oborpeBaeMblli y3en yTenneH, TeM MeHbluue noTepu nogsoaumon nubo 3anaceHHomn
TENnoBOW 3HEPTNM MOXHO OXMAaTb NPU CaMblX HEGNAronpPUSTHBLIX YCNOBUSX.

Ona obecnevyeHnss ONTUManNbHOMO TEMMOBOrO COCTOSHUSA  TEXHWKW, rapaHTUpyoLero
BGecnpensaTcTBEHHOE ee MWCMomnb3oBaHWe MpU YCMOBUW COXPAHEHUS HaOEXHOCTHbIX XapakTepUCTuK,
BaXHYI0 pOMnb WUrpaeT BenuyMHa TemnepaTypbl y3MOB arperatoB U CUCTEM ABuratensi, TPaHCMUCCUW,
XO[0BOW YaCTW NO OKOHYaHUW TeNmnoBOW NOArOTOBKW.

Ona OBC 6onbloe 3HayeHMe MMeeT TemnepaTypa CTeHOK 6rioka, rornoBOK, MO3BOMSIOLLMX
obecneynTb NOArOTOBKY TOMMMBHO-BO3AYLLUHOW Cpeabl HEO6XOAMMOro Ka4eCTBEHHOro cocTasa, KOTopoe
3aKnoYaeTcs B UCMapeHuuM TOMMMBa, XOPOWEM CMELUMBAHUM C  BO3AYXOM W MPOXOXOEHUN
OKMCNUTENbHbLIX MPOLIECCOB.

Kpome atoro npu nycke [IBC 3HaunTensHoe CONpoTMBIIEHNE NPOBOPOTY KOSIEHYaToro Bana cosgaet
MOTOPHOE Macro, BA3KOCTb KOTOPOr0 MHOMOKPaTHO BO3pacTaeT OTHOCUTESNbHO OMTUMAarbHOW MPU CHDKEHUN
Temnepatypbl. TemnepaTtypa B NOAAOHE Takke kak U B Oroke 1 rornioBkax 6rioka M3MEHSIETCA B pasfMyHbIX
TOYKax HeodnHakoBo. BaxkHO 3HaTb TemnepaTtypy B parioHe Macrno3abopHuka, Tak Kak OT TeMnepaTtypbl B 3TON
30HE 3aBMCUT KOMWMYECTBO Macrna NocTynaroLwero K NoALWUMHUKaM CKOTbXEHNS.

Tak npu 100 °C ana sumHero Macna BS3KOCTb COCTaBnsieT 8 MM2/c, Mpu  Hynesoii
TemnepaTtype — 1200 mm?/c, a npu MuHyc 20 °C aTa BA3KocTs BospacTeT Ao 11000 mm?/c [3].

[nsa BbINOMHEHNs UccrnegoBaHWA MCNOMb30BaHa dKCNepUMeEHTanbHas yctaHoBka (puc. 2). Ona
HarpeBa oOXnaxgarwLlen >XUOKOCTU U MOTOPHOrO Macfia B KOHCTPYKUMM YCTaHOBKW NpeayCcMOTPeEHbI
HarpeBaTernbHble aneMeHTbl TOHbI, KpoMe 3TOro B HWXHWI NaTpybok pagmnaTopa BCTPOEH XUOKOCTHbIN
HarpeBaTembHbIN  3fIEMEHT, BbIMNOSIHEHHbLIM B BUAE [ABYX KOaKCManbHbIX LMNMHAPOB. KoHTponb
N3MeHeHNs TemnepaTypbl B pa3nmyHbix Todkax [1BC ocyLecTBnAncs BCTPOEHHbIMM TEpMOnapamu.

Kpome aTOro nponoxeHbl BO34yXOBOAbI, MO3BOMSKOWME MNPOU3BOAUTL  IKCMEPUMEHTHI,
UCnonb3ysl HarpeTbii BO3AyX. Takke Ha [aHHOW YCTaHOBKE MOXHO Wu3yvaTb 3(PEKTUBHOCTb
WHAMBMAYaNbHbLIX CPEACTB TEMMOBOW NOATOTOBKM.

Puc. 2. 3kcrepumMeHmarnbHasi ycmaHoeKka

3amMepbl B pasnuyHbIX TOYKaX OCYLLECTBISNUCE C BPEMEHHBIM MHTEPBANOM 5 MUHYT B TeYEHUe
yaca. Tenno k OBC moxeT noABoAMTLCA Ha ABYX pPEXUMax — pexuMe pasorpeBa U 3TO BpeMsi He
OOmkHO 6biTb Gonble 30 MUHYT M B pexume nodorpeBa (MCMoNb3yeTcsl BCE MEXCMeHHoe BpeMsi
XPaHEHUS TEXHUKM).

Mo wcteyeHun 30 MWHYT noABoAa TEMSIOBOM SHEPIMM MOXHO CYAUTb O BO3MOXHOCTM
HagexHoro 3anycka [BC. Bpemsa B TeuveHne 60 MUHYT BbiIOpaHO ANsi NepekpbiTUS FPaHUYHbIX
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TemnepaTyp, T.e. CTOUT 3ajada onpeaenutb Yepes Kakoe Bpemsi Temnepatypa OyaeT gocTuxkuma ans
HagexHoro nycka ABC.

3amep TemnepaTyp NeBOro n NpaBoro psAAoB LMIMHAPOB, OCYLUECTBIEH B NepedHen n 3agHen
Toukax Onoka uunuMHApoB. Takke OCYWECTBNANCA KOHTPOMb W3MeHeHus Temnepatypbl Hag [BC
(dbanblwb NogkanoTHOe MPOCTpaHCTBO). TemnepaTypa B NOAKANOTHOM MPOCTPAHCTBE Takke BMNMSET Ha
YCMELWHOCTb Mycka XOMOAHOro ABUraTens, Tak kak B BepxXHeW 4acTu MogKkanoTHOro MpocTpaHcTBa
pacnonararlTcs 3feMeHTbl CUCTEM, TENSIOBOE COCTOSIHME KOTOPbLIX BAUSIET Ha HagexHocTb nycka [BC.
Ona CHWXeHUst NOorpellHoOCTN 3amepbl B Kaxaon Toyke [BC BbINOMHANMCL B TEYEHME LUECTU pasHbiX
CTaAun aKcnepuMeHTa.

[nsa BbIABNEHNS PU3NKN M3MEHEHUS TEMMNEPATYPHOrO NOMSA B MacnsHOM MogAoHe U3mMepeHus
npoBefeHbl B ABYX OCHOBHbIX TOYKax. [lepBas Toyka 3amepa pacnofioxeHa B nepeaHen Yactu NogaoHa,
MOCKOMbKY MOTOK XOfliogHOro Bo3gyxa npu ABwkeHun ATC nonagaet Ha 3Ty MMOCKOCTb WM ganee
obTekaeT ee. BTopasi Touka 3amepoB pacnonoXxeHa B 3agHeW 4acTW MacrnsHoro nogdoHa, MoOTOK
XOMOAHOro BO3A4yXa NPOXOAUT MO HEW BCKOMb3b, HO 3Ta YacTb pacrofioXXeHa Aarneko OT CriMBaeMoro B
nogaoH HarpeToro Macra, cnefoBaTefibHO, B KpanWHWX Toykax nogdoHa macno 6yaet umeTb
TemnepaTypy OTNMYHYIO OT TemnepaTypbl Macrna B MecTe pacnofioxeHust MacrnosabopHuka. Takke
OCYLLECTBIANCA KOHTPOMb TemnepaTypbl Macna B paloHe MacronpuvemHuka, Tak Kak oTcloaa
HayMHaeTCcs ABMXKEHWE Macna B rNaBHYO MacnsHy MarncTpans.

OKkcnepuMeHTanbHble daHHble M MXx obpaboTka no3sonunuM nonyyuTb  rpaduyeckune
3aBVICUMOCTM N3MEHeHUs1 cpeaHeln TemnepaTypbl anemeHTos [BC (puc. 3).

WccnepoBaHmsa nokasbiBaloT, 4to npu nogorpese [OBC TemnepatypHoe none [OBC He
paBHOMepHoe. [laxke nocre 4acoBOro Nporpesa nepenag remnepaTtyp mexay Hambonee HarpeTon (6510k)
1 XxornoaHoiA (NoAaoH) Toukamm cocTaenseT 24,5 °C, T.e. pasHuua cocTaenset 38,75 %.

Mpw akcnnyaTaumu 3umMol nepenag TemnepaTtyp Mexay pasnuyHbiMy anemeHTamm OBC moxeT
pocturatb 60MbLUMX 3HAa4YEHWUI, a 3TO MOXET MPUBOAUTL K 06pa3oBaHUI0 MUKPOTPELUMH, Aedopmaumu,
pasrepmeTusaunm, yMeHbLUEHWIO NPeaHaTara KpenexHblX COeAUHEHN U T.4.

Bce aT10 Bemet k cHwkeHuto HagexHoctn [OBC B uenom. Mo gaHHbiM [1] B 3uMHee Bpewms
HagexHocTb [IBC cHwxaeTtca B 2,5 — 3 pasa, B TOM 4uCfe M 3a CYET He paumoHanbHOW TEnsoBoWn
NMOAroTOBKM, U3HOC 3yByaTbix nepeaay ysennymnsaetcs B 8 — 9 paas.

Yem nydie coxpaHeHo Tenno OT npeablaylien paboTsl (TWwaTenbHoe yTennexHve, 3awmTa oT
noboBoro HaberaHusi BO3ayLUHbIX MOTOKOB B BETPEHYO Morogy) TeM adekTMBHEE PEXUM pasorpesa.
Tak npu HauamnbHOW TemnepaType CaMoil XOMOAHOM Touku paBHoi 15 °C (puc. 3) TennoBoe cocTosiHUE
HeobxoguMmoe ANs HagexHoro nycka gocturanocb yepe3d 30 MMHYT MnoABoAa TEMMOBOW SHEPruw.
YunTbiBas, 4TO AaHHble rpadmyeckne 3aBUCMMOCTU MOSyYEHbl MPYU TEMMNepaType OKpPYXatoLllen cpeabl
mMuHyc 34 °C B 6e3BeTpeHHyIo Morogy Npy OTCYTCTBUM YTENNEHWs, O4EBMAHO, YTO TEeMN Harpesa npw
UCMOMb30BaHUN  YTENnMUTerNbHbLIX MeponpuaTuiA  BydeT ApyrMM U 3aBuceTb OT  KoabduumeHTa
TennooTaayn. OKOHOMUYECKU He LenecoobpasHo CTpeMUTbCA NnogaepkuBaTb TemnepaTypy Harpesa
anemeHToB [OBC Ha BbICOKOM YypoBHEe. Temnepatypa B nNpouecce TEnnoBOW MNOATOTOBKM [OSMKHA
nopgaepXmnBaTbCs Ha TakoM ypoBHe, 4TOObl obecneynTb BOCMOMHEHWE OTAAyM TEnnoBOW JHeprun B
OKpyXaloLlylo  cpedy, T.e. oOTpuuaTtenbHble MNOTOKM  3SHEPrMM  OOMKHbl  KOMMEeHCcUpoBaTbCH
MONOXMTENbHBLIMK, NPU YCNOBUM MPEABapUTENBHOIO COXpaHeHus Tenna oborpeBaemoro obwvekTa oOT
npeablayLien paboTbl. YUMTbIBas BbICOKYO BapuabenbHOCTb OTTOKOB MOMOXUTENbHbIX MOTOKOB SHEPTUU
oT oborpeBaemoro o6bekTa pelleHne JaHHoW NpobnemMbl Ha HeperynmpyemMbiX aBTOMaTU4eCKn cnuctemax
npobnemaTunyHo.

Heobxoonmo Takke OTMETUTb, YTO rpaHuuLa onTumanbHow Anst nycka OBC TemnepaTypbl
HarpeBa CABWraeTcsl BMpaBO C POCTOM koadddpuumeHTa Tennootaayu npu MNOABOAE OAMHAKOBOIro
KonuyectBa Tenna. Ha OCHOBaHUM BbINOMHEHHBLIX pacyeToB copmMupoBaHa (YHKUMS BEPOSATHOCTU
OOCTUXKEHMS U HEBO3MOXHOCTU [OCTMXKEHUSI ONTUMAaNbHOW TemnepaTypbl B KOHTPONMPYEMbIX TOYKax
[BC 3a paccmaTtpuBaeMbiii BpeMEHHOW nepuoa, TENNOBOW NOATOTOBKM.

[na wcknioyeHns 3HauMTenbHOro nepenaga Temnepatyp Mexay HarpeTbiMu U XOnoAHbIMU
nosepxHocTamu [1BC, BeAyLLero K CHWKEHNIO HaAEeXHOCTM, KONMYeCTBO NOABOAMMOrO Tenmna B eanmHuLy
BPEMEHWN [OMMKHO ObiTb pa3ymHbiM. OrpaHWYeHHOE KONMMYECTBO MOABOAMMOrO Tensa, MPOLAMKTOBAHO
PU3UKO-XUMNYECKMM  CBOMNCTBAMM KOHCTPYKLMOHHBIX M B MNEPBYHD O4Yepedb 3KCMyaTauMOHHbIX
maTepuanos.

BTOpbIM  3HAYMMbIM MO  WUCMOMbL30BaHWIO METOAOM  SBMAETCH  BO34yXONOAOrpeB U
BO3JyxopasorpeB. TennoBasi MOArOTOBKa (pexum pasorpeBa) C MNPUMEHEHMEM HAarpeToro BO3Ayxa
yaobHa M NpaKkTU4Ha, Tak Kak C NMOMOLLbI 3TOr0 MEeToAa MOXHO OCYLLECTBMATbL TEMNSIOBYH MOArOTOBKY
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nobbIx y3noB 1 arperatoB. MeTog ke ¢ UCMonNb3oBaHUMEM HarpeBaTenbHbIX YCTPoncTB TOHOB umeeT B
3TOM YacTu orpaHudeHuns. OgHako Npu WUCMOMb30BaHWU pexmMMa — pasorpeB BO3AYXOM MPOUCXOONAT
Oonblune noTepu Tenna B OKpyxatowyto cpedy. Mcnonb3oBaHve “napallioToB” NO3BOMSET CHU3UTb 3TU
noTepun. 3TOT METOA NO3BOSSET BbIMOMHATL PEMOHTHbIE paboThl B kapbepax 6e3 6yKCMPOBKU TEXHUKK.
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Puc. 3. JuHamuka uameHeHUs1 mernoeo20 cocmosiHus anemeHmos BC

B npouecce akcrnepumeHTa MOTOK HarpeToro Bo3dyxa OT Tennosoro reHepatopa All mand
Hanpasnanca Ha nopaoH asuratens. Yepes 30 MMHYT TennoBoW MOATOTOBKW, Mpu TemnepaType
okpyxatoLLeit cpeasl MuHyc 38 °C, TemnepaTypa macna B noaaoHe coctasuna 9 — 13 °C. Temnepatypa
cTeHok 6roka MuHyc 5 — 0 °C, mogkanoTHOro npocTpaHcTBa oT MuHyc 10 go munyc 5 °C. [pw
HanpasneHn BTOPOro pykaea ycTaHoBku Ha 6nok [BC temnepartypa 6noka yepe3 30 MUHYT CTaHOBUTCS
paBHoit 8 — 12 °C. HeBbiCOKkas MHTEHCUMBHOCTL NMPOrpeBa CTEHOK Groka LMMMHAPOB, HeBnaronpusTHO
BO3[eNCTBYeT Ha cneunduky nycka asuratenen. Takum obpa3oM, MHTEHCUMBHOCTb NPOrpeBa OTAeNbHbIX
anemeHToB [IBC 3aBMCUT OT HampaBneHWs nogayn Bo3gyxa, ero TemnepaTypbl Ha BbIXOA4e, a Takke
CKOPOCTM nogaudu.

KonunuyecTtBo Tenna Heobxooumoe Ans TEMMOBOW MOATOTOBKM Ha pasnM4HbIX pexumax byaet
3aBUCETb HE TOMbKO OT KOHCTPYKLMOHHBIX, TEXHOMNOMMYECKNX, TEXHUYECKMUX, HO U OT OpPraHn3aumOHHbIX
dakTopoB. YTtennenne [OBC n ocobeHHO NOOAOHHOM 4acTM MOXET CYLEeCTBEHHO CHU3UTb YPOBEHb
3aTpaT 9Hepruu, co3fgatb YCIoBWS MO paBHOMEPHOMY HarpeBy anemeHToB OBC, T.e. CHU3WUTb BNUsSHUE
nepenaga Temnepartyp Ha HagexHocTb [BC, a 370 B CBOK ovepeab CHU3WUT U3LAEPXKM Ha pasnuyHble
BWAbI PECYPCOB.

[obutbest noBbilweHns 3POEKTUBHOCTA UCMOMNb30BaAHWUSA HArpeToro BO34yXa MOXHO MyTeM
MOZEPHU3ALUN U U3MEHEHUSI TEXHOMNMOrMU Nofayn Bo3ayxa. B mpouecce akcnepMMeHTa Ha yCTaHOBKe
(puc. 2) BbISIBNEHO, YTO Takas TEXHOMOrMMsi MO3BOMSET CHW3UTb BEMUYMHY NOTEepb 3HEPrMy HarpeToro
BO3/yxa Npv TeNnoBon nogrotoeke Ao 15 — 17%.

Tak npu Temnepatype MuHyc 30 rpagycoB B 0e3BETPEHHYH norogy mnpM XOpOLUO
opraHu3oBaHHoOM yTernneHun OBC ero temnepatypa, 4OCTaTOuMHAs AMNsi MycKa MOXET COXPaHATbCH B
TeyeHue 8 yacoB [2]. BTo B CBOKO ovepenb MO3BONSET He pacxofdoBaTb TonnueBo Ha nporpes OBC. Ha
NporpeB TEXHUKN Ha NNHUW B OTAENMbHbLIX MPEANPUATUSAX NnaHupyeTcs ot 3 4o 5 nMTPoB Tonnmea Ha Yac
paboTbl. YKPYMHEHHBIA pacyeT 3aTpaT Ha TOMMMBO B pacyeTe Ha OAMH aBTOMOOUNb cocTaBnsieT bonee
63 TbiC. pybren 3a 3MMHWIN NEPUOA.
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lMpobnema TennoBOro cogepXaHusi TEXHUKM Haubonee akTyanbHa npu paboTe TexHWUKU B
oTpbiBe OT 6a3 gucrnokauwu, korga ee TEennoBOe COCTOSHWE MOXET CTaTb pelualwmMm gakTtopom B
YCMEeLWHOCTN TPaHCMOPTHOro npouecca. Crnoxusluascsa 3a nocrnegHue AecATUneTus npaktuka pabothbl
BoauTenen abCoOMNOTHO He mnponaraHauMpyeTcs, OnbiT paboTbl B YCMAOBUSX HU3KMX TemnepaTtyp
CTaHOBMWTCS OCTOSIHNEM KOHKPETHOro BOAUTENS, MONYYMBLLErO €ro no NpuHUmny npod 1 owmnbok.

Mpuxog B aBTOTPaAHCMOPTHYK OTpacib MOMOAbIX BoAMTENENW, He OOyYeHHbIX npuemMam
noBeAeHns B crneundunyecknx ycrnosusax npusoduT K pocty OTII, Tparndeckum crnydasm, K CHUKEHUIO
3P HEKTUBHOCTUN DYHKLIMOHUPOBAHNS CUCTEMBI.

Komnnekc meponpusiTuin  OpraHvM3aLMOHHO-TEXHUYECKOrO Xapakrepa Mo3BONSeT CHU3UTb
3aTpaTbl CpeAcTB Ha TEenmoBYH MOAFOTOBKY, YBEMUYUTb PECYpPC TEXHWUKW, OBneryntb TPyaoBYHO
AeATenbHOCTb BOAUTENBLCKOro nepcoHana.
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DIE STRUKTURIERUNG DES BITUMENS IN DEN BINAREN SYSTEMEN *

Vysozkaja M.A.}, Rusina S.Ju.”®
1.2 Belgorod Shukhov State Technology University
Russia

Die Zusammenfassung
In dieser Arbeit dispergiert die Mdglichkeit zur Strukturierung der organischen Bindemittel pordsen
mineralischen Materialien. Mit den Methoden der Strukturierung Bindemittel produziert bindren Systemen
und Asphalt mit hoher Eigenschaften. Stellt physikalischen und mechanischen Eigenschaften der
untersuchten Fillstoffe, sowie die Eigenschaften der Asphaltbinder. Bewiesen, dass die pordsen
anorganischen Fillstoffe konnen erfolgreich im Stralenbau verwendet werden. In der Arbeit getan, kann
der Schluss gezogen, dass die effektivste Mineralpulver dispergiert ist Schungit werden.

Die Schlusselworter: Das Bitumen, die Strukturierung, die pordse Flllmasse, das binare System.

In letzter Zeit wachst das Interesse fiir die Forschung von feindispersen der Materialien, die sich
von traditionellen sehr entwickelten Struktur der oberflachlichen Poren unterscheiden. Zum Beispiel, in
Arbeiten [1, 2] sind die Prozesse der Wechselwirkung des Bitumens mit pords feindispersen von den
Flllimassen detailliert studiert. Die gegebenen Materialien fur die Reihe der Eigenschaften iberlassen
traditionell nicht, gehen billiger jedoch um. So wird im vorliegenden Artikel die Mdoglichkeit der
Anwendung fir die Herstellung der bindre Komposite einiger mineralischen Fillmassen, die sich von
traditioneller héherer Porositat unterscheiden betrachtet.

Das Einbringen von feindispersen Fillmassen in den Bitumen Composites verfolgt zwei
Hauptziele. Erstens: das schafft strukturiert das bindre System. Zweitens: das lasst die mineralische
Flllimasse, bei bestimmten Bedingungen, die Warmestandhaftigkeit des Verbundwerkstoffs auf Kosten
der VergroRerung der Temperatur des Erweichens strickend zu vergréssern.

So muss man fur das Studium der Méglichkeit der Anwendung der alternativen Materialien als
mineralische Fillmassen nicht nur die phusik-mechanischen Kennziffern der gegebenen Pulver, sondern
auch die Prozesse untersuchen, die bei ihrer Wechselwirkung mit dem Bitumen geschehen.

© Vysozkaja M.A., Rusina S.Ju., 2012

243



Science and Education December 18th—19th, 2012. Vol. I

Wie ein beliebiger Reiseverbundwerkstoff, arbeitet organomineralische Materialien in den
Bedingungen mit verschiedenen Temperaturen auf das Dehnen. Deshalb sind die Forschungen der
Abhangigkeit die Duktilnost des binaren Systems von der Konzentration der Flllmasse und seiner Art,
die Zeichnung 1 von Interesse.
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Die Zeichnung 1. Die Dehnbarkeit des bindren Systems: bei 0°C (a), bei 25°C (b)

Diese Erscheinung kann mit der Veranderung der Grofe der Dehnbarkeit des Systems
"Bindemitells — die Fillmasse» charakterisiert werden. Je hoher gibt es als Dehnbarkeit des Bitumens mit
der Fillmasse, desto mehr ist die Zerbrechlichkeit des Systems. Aus der AVV. 1 ist es klar, dass die
grofte Dehnbarkeit bei Bitumen ist, die mit dem Pulver aus Schungit ausgefiillt sind. Charakteristischist
es, dass nach dem Bruch der Faden des Bindemitells nach der Vermunderung strebte. Die kleinste
Kennziffer der Duktilnost wurde bei Bindemitells mit Zeolit beobachtet, was, offensichtlich durch seine
hohe strukturelle Fahigkeit.

Auch ist das Studium des vereinfachten Modells oder Asphaltbindemittels vom Interesse.

Es war die Auslese der optimalen Zahl des Bitumens fir jede mineralische Fillmasse dazu
verwirklicht. Danach waren Serien der Muster AVV fiir die Bestimmung der Festigkeitskennziffern, sowie
der Kennziffern der

Wasserbestandigkeit und des Anschwellens hergestellt. Die Ergebnisse sind in der Tabelle 1
angegeben.

Die Tabelle 1
Die Kennziffern der Eigenschaften Asphaltbindendenstoffe
Die Benennuna der Kennziffer Die GroRe der Kennziffer fir die Flllmasse
9 Kalkstein Schungit | Keramsit Ceolit
Die Haltbarkeit bei der axialen Kompression, MPa:
— bei 20°C 4,0 8,6 4,2 3,9
— bei 50°C 3,4 54 3,6 37
— bei 0°C 4,2 11,4 4,6 5,1
Die Wasserbestandigkeit der Muster, % 0,90 0,91 0,86 0,92

Zu Vergleichszwecken waren der Eigenschaften AVV auf den untersuchten Fillmassen die
ahnlichen Kennziffern der Eigenschaften unter Ausnutzung der traditionellen Fillmasse aus dem
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Kalkstein bekommen. Im Laufe der Forschungen war es bestgestellt, dass die Muster AVV, die unter
Ausnutzung Schungitene vorbereitet sind mit der héchsten Haltbarkeit charakterisiert werden. Die
Wasserbestandigkeit aller Serien der Muster ist hoch und entspricht den Forderungen Standart, die
meiste Kennziffer entspricht den Mustern unter Ausnutzung von Ceolit und Schungit, das Anschwellen
der Muster aus Ceramist und Ceolit Gibertritt die zuldssige Norm.

So kann man zur schluRfolgerung kommen, dass die am meisten perspective Fiillmasse fir die
Vorbereitung organomineralische Materialien Schungit ist.

* Die Arbeit wurde im Rahmen des Programms der strategischen Entwicklung BSTU VG
durchgefiihrt Shukhov zwischen 2012 und 2016
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DEVELOPMENT OF SOFTWARE IN ENVIRONMENT OF LABVIEW
FOR THE DEVICE OF DIAGNOSTICS OF ELECTROMAGNETIC MECHANISMS:
SCIENTIFIC AND EDUCATIONAL ASPECTS
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1.2.3.4 5outh Russian State Technical University (Novocherkassk Polytechnic Institute)
Russia

Abstract

The modern environment of graphic programming of LabVIEW is widely used both in projects of scientific
researches, and in educational techniques. In this article its application when developing the software of the
measuring device which is using for diagnostics of condition of electromagnetic mechanisms is shined. The
data of measurements received by means of this device register in files on a hard disk of the personal
computer. Such data can be considered as object of secondary research — it is necessary to read out, analyze
structure, to trim a cap of the text of the file from the main unit with the written-down data, etc. For this purpose
it is necessary to develop the separate module of data read-out which can be the primary module of the
analyzing software and be used in scientific researches. On the other hand the task of development of such
module can be considered as an educational task introduced in educational process of studying of the
principles of operation of the measuring device, structure of data transferred and kept by it.

Keywords: software of measuring devices, graphic programming, diagnostics of electromagnetic
mechanisms.

AHHOTauunA
CoBpemeHHasa cpepa rpadwmyeckoro nporpamMmupoBaHmnst LabVIEW  LwMpoKo ucnonb3yeTcs Kak B
NpoeKkTax Hay4yHbIX WUCCrnegoBaHWW, Tak M B obpasoBaTenbHbIX — MeToaukax. B pgaHHom cratbe
OCBELLAETCS ee NpUMeEHeHNe Npu paspaboTke nporpammHoro obecneveHnss nameputensHoro npubopa,
NCNOMb3yoLWEerocst Ans AUarHOCTUKN COCTOSIHUS ANIEKTPOMarHUTHbIX MeXaHu3moB. [JaHHble n3MepeHui,
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nonyvyaembie C NOMOLLbIO 3TOro npm6opa 3anncbiBarOTCA B (baI7IJ'IbI Ha >XeCTKOM OuCKe nepcoHarbHOro
KOMMbloTEepa. Takue OaHHble MOryT paccMaTpuBaTbCA Kak 00BbEKT BTOPUYHOro uccrnegoBaHna — uxX
HeobGX0AMMO CuUMUTbIBATb, aHanM3vMpoBaTb CTPYKTYpY, OTAenaTb Lianky TekcTa daiina OT OCHOBHOMo
6noka C 3anMcaHHbIMU JdaHHbIMM W T.4. OAnsi 9TOoro Heob6xoAumo paspaboTaTb OTAEMbHbIA MOAyrb
CUMNTbIBaHUA OaAHHbIX, KOTOprVI MOXET ABNATbLCA NepBUYHbIM MoAdyneM aHanusupyowlero nporpamMmmMHoOro
obecneyeHnst 1 UCNONb30BaTbCsl B HAayYHbIX nccrnegoBaHusix. C gpyrow CTOpoHbl 3agada no paspaboTke
Takoro MoAynsi MOXeT paccMaTpuBaTbCs Kak BHeApsiemMasi B obpasoBaTenbHbld npouecc y4vebHas
3ajada Nno M3y4yeHuto NPUHUMNOB paboTbl M3MepUTEnbHOro npubopa, CTPYKTYpbl nepegaBaeMbiX U
COXpaHAeMbIX UM OaHHbIX.

KnioueBble crnoBa: nporpaMmMHoe  obecrieyeHue  M3MepuTenbHbIX — NpuBopoB,  rpaduyeckoe
NporpaMmMmMpoBaHne, AMarHoCTMKa 3NEKTPOMAarHUTHbIX MeXaHW3MOB.

B nocrnegHee Bpems MosBUMCA NEPCMEKTUMBHbIA U 3DMEKTUBHBI  METOA  AWarHOCTUKK
3MEKTPOMarHNTHLIX MEXaHW3MOB, a TakkKe usgenuii n3 deppomMarHMTHbIX MaTepmanos — Tak Ha3blBaemas
becceHcopHass gmarHocTuka [1,2]. Mpyu 3TOM NPOU3BOAUTCS W3MEPEHWe BPEMEHHbIX 3aBUCUMOCTEN
HanpsbkeHs, MPUMOXeHHOro K obpasuy W Toka, npoTekarowero yepe3 Hero. 1o MonyyYeHHbIM ABYM
DYHKUMAM M C  y4eToM npedBapuTenbHO  M3MEPEHHOr0  aKTUBHOTO  COMpPOTMBIIEHWs  obpasua
paccunTbIBAETCA MarHWTHasi XapaKTepucTuka anektpomarHuTa — Bebep-amnepHasi XapakTepucTuka
(3aBNCMMOCTb MOTOKOCLIENNEHMS OT TOKa), aHanu3upys XapakTepHble TOYKU U CErMEHTbI KOTOPOWN MOXHO
CyamuTb O cocTosiHuM obpasua. TakuMm obpasoM, UCMONb3YyeTCH TONMbKO HamarHWuusarowas obmMoTka u He
npuMeHsieTcs mnameputenbHass obmoTka (oTctoja Has3BaHue — “GecceHcopHas”). [JOCTOMHCTBOM Takoro
nogxoga $BMSIETCS BO3MOXHOCTb MPOBEAEHWS [OMarHoCcTvku 6e3 JeMOHTaxa 3NeKTPOMarHWTHOro
MeXaH13Ma U3 TEXHUYECKON CUCTEMbI, B COCTaBE KOTOPOI OH 3KCMNyaTupyeTcs.

MHCcTpyMeHTanbHown KOMMOHEHTON 3TOr0 meToaa aBnseTcs namepuTenbHas
aBTOMaTu3MpoBaHHass cuctema “MagHyst” — pesynbTaT CcOBMeCTHOW pa3paboTku kadenpbl
WH(OPMALMOHHBIX U M3mepuTenbHblx TexHonorun (MACT) HoBovepkacckoro MOfMTEXHUYECKOro
nHcTuTyTa 1 Ltanbarc-ueHTpa MexaTpoHuku (r. UnbmeHay, Nepmanus) [2]. B aTon cucteme B KayecTse
OOHOIO K3 3MeMEHTOB WCMOMb3yeTCA MepCcoHasibHbI KOMMbIOTEP, Ha KOTOPbIA YyCTaHaBnuBaeTCcH
nporpamMmmHoe obecneyeHne ¢ UHTepencomM nonb3oBaTensi, ynpasnsoLLee npoLeccoM ANarHOCTUKN.

HomMuHanbHoe nporpammHoe obecnedeHusi cuctembl “MagHyst” nosBonsieT BbINOMHUTE pacyeT
Bebep-aMnepHbIX XapakTepucTyK, BU3yanunanpoBaTb pedynbTaTbl NPOBEAEHHbIX N3MEPEHNI U BLIYUCTIEHUIA U
COXpaHATb MX B CTaHOAPTHbIX TeKCTOBbIX (pannax. EctectBeHHO, cTana akTyanbHoW 3agadva paspaboTku
[JOMOMHUTENBHOTO  MPOrpamMMHOTO  obecrneyeHusi,  MO3BOMSIOLLIEr0  aBTOMATUYECKW — aHanmM3npoBaTb
nony4aemble B pesynbTaTe WCMbITaHUA u3ndeckne 3aBUCUMOCTW. B HacTosee Bpemsi aTa pabota
BbINonHsieTcs Ha kadeape MUCT npu coTpygHuyecTBe ¢ nHxeHepamu LLtaHGanc-ueHTpa MexaTpoHuKu.

B kavectBe cpeacTtBa pa3paboTku Obina BblbpaHa coBpemMeHHas cpeda rpadmyeckoro
nporpammupoBaHus LabVIEW.

Hwke onucbiBaetcAa pa3paboTaHHbIl  aBTopaMuM  MepBbll  MOAYMb  OOMOMHUTENbHOMO
nporpamMMHOro obecnevyeHms — Mogynb CYMTbIBAHWSA OaHHBLIX, NO3BOMNALMIA obpallaTbCa K CO34aHHbIM
Ha aTane U3MepeHuii TEKCTOBbLIM dainam, CHUTbIBATb Y KOHBEPTMPOBATL COAEPXKALLMECS B HUX AAHHbIE
ANs NOCNeayHLero aHanmsaa.

Ha puc. 1 nokasaH mHTepdpeinc nonb3oBaTens MOAYMS CYMTbIBAHUSA OaHHbIX, codepXKaliuin
YeTblpe OKHa — ABa YNpaBnsioLmX U ABa OKHA MHAMKALUN.

B nepBoM ynpaBnsiwolWEeM OKHE 3a4alTCs PEXWM CUYUTLIBAHWS, CTapToBasi OMPEKTOPWS,
KOMaHAbl Ha CYUTbIBAHME U 3aBeEpLUEHME NPOrpamMmbl (C MOMOLLLI0 BMPTYyanbHbIX KHOMOK). Bo BTOpoM
yNpaBnsoLwemM OKHe C NMOMOLLbI BUPTYanbHOroO “nonayHka” BbibnparTca yHKLMU 418 TPOCMOTPa, ecrnn
npeaBaputenbHo Obin BbIBpaH peXxum rpynmnoBOro CYUTbIBAHWS C 3arpy3kon B OMepaTUBHYK MaMmsiTb
OaHHbIX U3 MHOXECTBa haisos.

B BepxHeM OkHe nHAMKauun oTobpaxarTca rpadpukm yHKUMIA pa3genbHo Mo HaMMEeHOBaHUIo
HU3NYECKOW BEMUYMHBI, B 3aBUCMMOCTM OT HanM4nsa CrneumanbHOW CTaHA4apTHOW CermMeHTaumu AaHHbIX
M3MepeHnss 1 T.4. B HWXHEM OkHe mHAMKauuu B TabnuyHom hopme MNpUBOASATCA HaAMMEHOBaHWSA U
3Ha4YeHNs NapameTPOB, CYATAHHbIE U3 LLAMOK TEKCTOBbLIX (haisoB.

B 3aBncumocTv OT BbiGMpaemMoro norb3oBaTenieM pexvma CYMTbIBAHWS MporpaMma Mo3sonseT
obpatutbea nNnMbo k ogHOMy doanny, NMbo K rpynne anos, B KOTOPbIX 3anMcaHbl AaHHbIE OAHON (U3NYECKO
BEMUYMHBI, NGO K rpynne ¢ainrnos, CreHepUpPOBaHHbBIX B MPOLIECCe OAHOro usmepeHus (4 davina), nmbo k
MHOXECTBY (halirioB, CoAepXKaLLMX AaHHbIE MHOXECTBa NPOBEAEHHbIX PaHEE U3MEPEHWI U T.4,.
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Puc. 1. MHmepagbelic npoepammHo20 MOy cHUMBbI8aHUs1 OaHHbIX

Takum obpa3om, nporpamma aHanuavpyet umsl  daina  HEenocpeaCTBEHHO  BblOpaHHOro
nonb3oBaTeneM, aHanu3MpyeT AVPEKTOPMIO, B KOTOPYHO OH BKIMOYEH Ha NpeaMET Moucka MOEHTUYHbIX (halinos,
dopmmpyeT obLWMIA  MaccvMB agpecoB  hainos, nognexalmx CyMTbiBaHUO. BHyTpn kakgoro danna
BbINOMHSAETCS aHanu3 CTPYKTYpPbl ero TekcTa, OTAerneHne Lwankv OT OCHOBHOTO NOSA AaHHbIX, MOWUCK 3HAYEHW
3adaHHbIX NapamMeTpoB BHYTPM LUAMKX TEKCTa B dhairne 1 aHanma CTPyKTypbl OCHOBHOTO MOJSt AaHHbIX C LENbio
naeHTUMKALMM CTaHAAPTHBIX CETMEHTOB AaHHbIX B 3aBUCYMOCTU OT PEXVMA NPOBEAEHHOTO U3MEPEHUSI.
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DEVELOPMENT AND IMPLEMENTATION OF CLOUD COMPUTING
FOR FURNITURE FACTORY «GRANDEE»

Zabotina N.N.%, Mitrofanova Yu.V.? Fetisova A.V.*®
123 Moscow State University of Economy, Statistics and Computer Science Yaroslavl Branch
Russia

Abstract
For today in a pattern of IT cloud computing played far not the last role. For any organization it is
important to keep up to date and unstrand to take not the last place in the market. Cloud computing was
an effective tool of increasing of profit and the extension of channels of sales for independent software
manufacturers. This approach allowed organizing dynamic provision of services when users could pay
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upon and regulate volume of the resources depending on actual needs without long-term debts. We
decided to develop and apply cloud computing to furniture factory "Grandee". Thereby it is to organize a
reliable network for our organization.

Keywords: Cloud computing, SharePoint, platform clouds, SaaS.

Today any organization did not presume to spend to itself millions dollars or decade for creation and
maintaining of multistoried systems. Improving of the business processes, implement not to lag behind
technological innovations, also demanded set of charges. It in particular correctly if the basic platform of
development becoming outdated or demanded extensive adjustment. The special code and change of
traditional tools of control by processes of the enterprise (BPM), including systems of scheduling of resources
of the enterprise (ERP) dominant strategy of development of multistoried systems.

We decided to implement cloud computing for furniture factory "Grandee", thereby to refine a
current situation on a data interchange between structures and subdividings of the g factory.

Computing clouds consisted of thousand the servers allocate in data-centers, ensure functioning tens
thousand applications who simultaneously used millions users. An indispensable condition of efficient control
such large-scale infrastructure are as much as possible the all-around automation. Besides, for support to
various types of users - to clougy operator, service providers, to intermediaries, are more IT to managers, users
of applications - protecting access to computing resources the clougy infrastructure should provide possibility of
self-management and delegation of powers.

The concept of cloud computing considerably changing the traditional approach to delivery,
control and application integration. In comparison with the traditional approach, cloud computing allowed
to control more large infrastructures, to service various groups of users within an one cloud, and also
meant the complete dependence from the provider of clougy services.

Advantages of cloud computing:

¢ Inexpensive computers for users. Users do not have necessity to buy expensive computers,
with great volume of storage and disks to use programs through a web interface. Also there are no
necessity for CD and DVD drives as all information and programs remained in "cloud".

e The increase productivity of the user computers. As the most part of programs and services
was launch far off in a network the Internet, the user computers with smaller number of programs was
more quickly launch and worked.

e Decrease of charges and magnification of effectiveness of IT of an infrastructure. Normal
servers of the average company was load on 10-15 %. During one time frames there are a need for
supplemental computing resources, for others these expensive resources stood idle. Us a necessary
amount of computing resources in "cloud" (for example, Amazon EC2) at any moment, the companies
reduced charges for the equipment and are more its upkeep to 50 %. Thus flexibility of production in
permanently chang economic environment repeatedly increased. If big enough firm are concerned that
the valuable information will be stor and be process on the side, for such firm it are possible to construct
own "cloud" and to enjoy all advantages from virtualization of an infrastructure.

e There was less than problems with upkeep. As physical servers with implementation of
Cloud Computing became less, became more their easier and more quickly to service. As to the software
the last are install, adjust and it are update in "cloud".

e There was less than charges for the acquire software. Instead of acquisition of software
packages for each local user, the company bought the necessary programs in “cloud". The g programs will
be us only by those users for whom these programs was necessary in operation. Moreover, value of the
programs orient on access through the Internet, much more low, than are more their than analogs for
personal computers. If programs were us not often they can be rent simply with an hour rate wage. Charges
for update of programs and support in an efficient state on all working dreams were at all to naught.

e Permanent update of programs. At any time, when the user launched the remote
program, he could be confident that this program had the last version - needlessly something to
reinstall or pay for updates.

e Magnification of available computational capabilities. In comparison with the personal
computer computing power, accessible to the user of "clougy" computers, are almost restrict only by the
size of "cloud", that is total of remote servers. Users could launch more challenging tasks, with a
considerable quantity of necessary storage, a place for data storage when it are necessary. Differently,
users could at desire easily and cheaply work with a supercomputer without any actual acquisitions.
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¢ Unlimited volume of the storable data. In comparison with an available place for storage of
the information on personal computers the volume of storage in "cloud" could floppy and be set up
automatically under needs of the user. At storage of the information in "cloud" users could forget about
the restrictions superimpos by normal disks, - the "clougy" sizes was calculat by billions gigabyte of an
available place.

e Compatibility with the majority of operating systems. In Cloud Computing operating systems
done not play any role. Users of Unix could exchange documents with users of Microsoft Windows and
on the contrary without what or - problems. Access to programs and the virtual computers happened by
means of a web browser or other accessors, install on any personal computer with any operating system.

e Selection compatibility of formats of documents. If users used the one "clougy" program for
creation and editing of documents, they simply have no incompatibility of versions and formats, unlike
those who, for example, will receive the document of Word 2007 and could not read it on the local
computer with Word 2003 or OpenOffice. A good example of compatibility is office packet of Google
Docs, allow teamwork over documents, in presentations and tables ha near at hand any computer with a
web browser.

e Simplicity of teamwork of group of users. By operation with documents in "cloud" there is
necessity to send each other no it the version or sequentially to edit them. Now users could be confident that
before them the last version of the document and any change import by the one user, instantly are reflect at
another. Only imagine, as 100 persons simultaneously edited a model of the book - teamwork in real time.

e Ubiquitous access to documents. If documents were stor in “"cloud", they could be
accessible to users at any time and in any place. There are no more such concept as the forg files: if
there are an Internet - they always nearby.

e Always the latest and green version. In "cloud" always there are the latest and most green
versions of the program or the document.

e Availability with various devices. Users of Cloud Computing had much more tang-type
choice of access devices to documents and programs. Now it is possible to select between the normal
personal computer, a notebook, the Internet pad or the smart phone.

e Friendliness to the nature, economical expending are more than resources. Cloud
Computing allowed not only to save on electricity, computing resources, the physical space occupy by
servers, but also it are reasonable to approach to expending of natural resources. Centers of information
processing, those "clouds", it are possible to allocate in more cool climate, users could replace heavy
computers and notebooks with lungs and moneysaving netbooks. It are thus save not only the electric
power and a place, but also materials of whom all it are ma.

e Stability of the data to loss or theft of the equipment. If the data are stor in "cloud", them
copies automatically was arrange on the several servers which are probably on different continents. At
theft or breakage of personal computers the user did not lose the valuable information whom it besides
could receive with any other computer. Someone could object that backup tracing on other personal
computer or on other information mediums, for example, DVD disks or flesh-drives, also will secure the
data. But in the latter case it are necessary to note two moments. At first, it are necessary to track backup
tracing and are regularly more its to fulfill. Secondly, the g methods done not provide physical security, for
example, from a fire, larceny, etc.

According to data domain the system are under construction taking into account the following
singularities:

e Manufacture of each product consisted of several stages;

e Stages consisted in manufacture of details and accumulating are more their in a
finished work;

e The particular stage are fulfill on the particular section which is subdivide on numbers;

e Arrival and the expenditure of raw materials defined the name of the supplier and stacking;

e Each section consisted of crews, crew - accordingly from workers.

The system formed for upkeep of the following groups of users:

e Administration of factory;

e Chiefs of sections;

o Workers of a raw material yard.

At acquaintance with data domain the exist factorial and technological processes, the material
flows, an organization structure of operation of business which included composition of subdividings as a
whole was consider, assignment and subordination each other are more their.
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The material flows implied document circulation of the enterprise. At survey of document
circulation the circuit of a route of documents that included is ma:
e Amount of documents;
Place of forming of the document;
Correlation of documents at them forming;
Route and duration of driving of the document;
A place of usage and storage of the g document;
Internal and external information relations;
e Volume of the document in marks.
In the g data domain document circulation included the information on the following
components:
e Clients;
e Orders;
e Assortment;
e Values of products;
e Standards;
L]
L]
L]

Employees;
Raw materials;
Suppliers.

It are meant that all this information will be stor in databases with whom employees of the g
enterprise, such as the manager on sales, advisers, the designer, frame workers, administration of
factory, workers of a storehouse will work.

For the best operation and establishment of a reliable network between subdividings of factory
"Grandee" we decided to implement SharePoint 2010.

SharePoint 2010 are a platform for the teamwork, provide performance gain of work and control
of content in the familiar environment of Office. Without dependence from where you unrolled SharePoint
2010 - on the deck or us services of an exterior hosting, - the intrinsic functions add by technologies of
searching, will help you to react to change requirements of business quickly. You could make decisions,
lean against results of data analysis, and also quickly and safely to implement your needs of the decision
adjusts a hearth both in scales of all enterprise, and out of it. Consolidation of decisions for teamwork on
a platform of SharePoint 2010 promoted abbreviation of expenditures on tutoring of staff and technical
support, and also to performance gain of work are more IT than employees - and all it became possible
by means of platform well controlled and correspond to standards.

SharePoint 2010:

e Provided creation of a uniform scalable infrastructure. He offered enhanced features of
monitoring over resources of the server that allowed refining execution of processes, such as support of
system performance, control of the big lists, data management, support of protection and maintaining of
high level of availability. The scalable architecture of SharePoint 2010 helped you to control on a
centralized basis such services, as "Searching”, «Personal sites» and "Taxonomies". You could operate
these applications both by means of a site of the central administration, and by means of the cantilever
and scripts of Windows PowerShell. As the architecture of system is expanding, the indirect companies
could create the applications for this platform.

e Simple procedure of setting and adjustment of SharePoint 2010 provided flexibility of
development. Update with SharePoint 2007 are fulfill "smoothly" and predictably. New possibilities of
administration allowed controlling how other users worked with SharePoint. For example, you could allow
loading safely to managers of sites applications with the indirect code thanks to retention of "sand table".
Also more control facilities was accessible: if you wanted to provide the centralize development of
SharePoint instead of us more decentral approach it are possible to disable possibility of adding of
indirect applications by means of group policies or to trace them, us markers in Active Directory.

e SharePoint 2010 promoted increasing of labor capacity are more IT than experts at the
expense of new means of administration and a possibility of more deep analysis of an operating situation.
The list of functions included the upgrade site of the central administration, new possibilities of control
and monitoring of a girder of SharePoint, and also support of the Windows PowerShell cantilever.

In the inference it is necessary to tell that at present there are the active development and
enhancement of technology of cloud computing. The few were ready to trust in similar services. As poor
quality for the g time frame, stability and speed the Internet mergences that created notable difficulties for
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developers affected. However, despite this essential limitation, pluses from implementation of the g
technology was clear all. After all it are saving for customers, a control with a piracy for developers,
minimization of charges in IT to sphere for business, unification of network standards for all users.

Ha implement cloud computing in operation of furniture factory "Grandee" we receive:

¢ Reliability augmentation and fail safeties of a network;

¢ Advantage of value of usage of cloud computing;

e Usage of operation with the big data;

e Optimal usage of staff;
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APPLICATION OF PIEZOCERAMIC RADIATORS FOR COMBATING ADHESION
OF SOILS TO EXCAVATING PART OF AN EARTHMOVING MACHINE
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Abstract

In this article application of piezoceramic radiators for fight against adhesion of soil to working bodies of
digging machines is considered. Also experiment was executed, and experimental data are obtained.
After processing regularities were received and graphic display of use of piezoceramic radiators is
constructed. Further conclusions that use of piezoceramic converters more useful from the point of view
of compactness and uniformity of an arrangement on surfaces of working body than, for example, use of
means existing at present for heating of a ladle or vibration influence are drawn. Technical productivity of
the excavator with the device of intensifying action for decrease in adhesion of soil during the work on
damp soil at a negative temperature in 1,2 ... 1,4 times is more, than of the excavators which haven't
been equipped with the similar device, i.e. economic effect of its introduction is caused by productivity
increase. Therefore it is possible to speak about expediency of use of piezoceramic converters for
decrease in adhesion of soil to working bodies of digging machine.
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AHHOTauunA
B paHHOM cTaTbe paccMaTpuBaEeTCs MPUMMEHEHWE Mbe3oKepammnyecknx uanydarenenn ansa 6opbbbl C
agresnen rpyHToB k paboynmm opraHam 3eMrnepomHbIX MaluuH. Takke Gbin BbIMOMHEH 3KCNEPUMEHT, U
MonyyeHbl 3KCnepuMeHTanbHble AaHHble. lNocne 06paboTkM Gbinu MOMyyYeHbl 3aKOHOMEPHOCTU U
NMOCTPOEHO rpadmyeckoe OTOOPaKeHME WCMONb30BaHWA MNbe30KepaMU4eckux usnydyarenen. B
AanbHenwem 6bl coenaHbl BbIBOAbI, YTO NMPUMEHEHME Mbe3oKkepammnyeckux npeobpasoaTenen Gonee
BbIFOJHO C TOYKWM 3PEHWUSI KOMMAKTHOCTU U PaBHOMEPHOCTM PAaCMONOXEHUS MO MOBEPXHOCTU paboyero
opraHa 4Yem, kK NpumMepy, MUCMoNb30BaHWE CYLLECTBYIOLUMX HA AaHHbI MOMEHT cpefcTB Ans oborpeBa
KOBLIA WM BUOpaALUMOHHOrO BO3OEWCTBUSA. TexHMyeckass MPOM3BOAMTENBHOCTbL 3KCKaBaTopa C
YCTPOWCTBOM WHTEHCUMULMPYIOLLETO OENCTBUS ONs1 CHWKEHWUSI aaresum rpyHToB npu paboTte Ha
BMNaXHbIX rPyHTax npu otpuuartensHon Temnepatype B 1,2...1,4 pasa 6onblue, YeM y SKCKaBaTOPOB, He
o6opyaoBaHHbIX NOAOOHLIM YCTPOWCTBOM, T.€. SKOHOMMYECKUA 3hAEKT OT MX BHEAPEHMs 0BycrnoBneH
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MOBbLILLUEHVUEM MPOU3BOAUTENBHOCTU. [103TOMY MOXHO FOBOpPUTL O LEMEeCcOOGpPa3HOCTU MPUMEHEHMS
nbe3okepamuyeckux npeobpa3oBaTenel [Ans CHWKEHUS aaresuu rpyHTOB K paboyum opraHam
3eMIePONHbIX MaLLMH.

KntoyeBble crnosa: nbe3okepamMmuka, nany4yatenb, aare3uns, 3eMJ'|ep017|Ha;| MallnHa, rpyHT.

Mpu paspaboTke BNaxHbIX CBA3HbLIX FPYHTOB (OCOBEHHO Mpu OTpuuaTensHOW Temnepartype)
HanunaHve M Hamep3aHue rpyHTa Ha paboune opraHbl CyLUECTBEHHO CHWXaeT Mpov3BOAUTENBHOCTb
MawmH. CHWxXeHve npov3BOAUTENBHOCTU MNPOUCXOAMT M3-32 YMEHbLUEHWS MONEe3HOW BMECTUMOCTU
KOBLUEN W 3a CYET HEeronHOM pasrpy3ku, M3-3a pocta kak roboBOro CONPOTUBIIEHUS MpU pe3aHuu
(konaHun) B pesynbTaTe NpUnMnaHnsa BrRaXxHoOro rpyHTa k paboyemy opraHy, Tak 1 CONpoTUBRAEHUS BXoada
B KOBLU, @ TaKke yBenMyeHns NpocToeB MallnH BCNEeACTBME HEOOXOAMMOCTM OYNCTKM paboynx opraHoB.

M3BecTHbl YeTbipe rpynnbl METOAOB YCTPaHeHUs agre3nyM rPYHTOB K MNOBEPXHOCTAM
pabounx OpraHoB 3eMIEPOWHbIX MalUMH: MeTodbl, co3fjallmne Ha rpaHuLe KOHTakTa
NMPOMEXYTOYHbIN Cron; MeToAbl, cnocobeTByowme ocnabneHutio agre3voHHbIX CBSA3eW 3a cyeT
BHELUHEro (MHTeHcudmumMpylowero) BO3OENCTBUS; KOHCTPYKTOPCKO-TEXHOMOrMYeckne MeTonbl;
KOMBUHMpPOBAHHbIE METOAbI.

Mo xapakTepy W MpuHUMNY AENCTBUSA MeTodbl U cpedcTBa Ans G6opbbbl ¢ npununaHvem u
npumep3aHnem TrpyHTOB K paboyMm opraHam 3eMmNeporHbiX MalMH MOXHO pas3genuTb  Ha
npodunakTuyeckme (npegoTBpalleHne agre3nv) U cpeactBa AN OYMCTKM KoBLUA (BOCCTaHOBIEHWE
3BaKyupylowen CrnocobHOCTU TrpyHTa). YCTAHOBMNEHO, 4YTO Haubonee 3PPEKTUBHLIMU SABMAOTCA
KOMBGUHMPOBaHHbLIE MeTOAbI, coveTalowme B cebe AOCTOMHCTBa ABYX M 6onee MeTodoB U, B YaCTHOCTH,
Bnbpotennoson[1]. B cratbe paccmaTpuBaeTcs NPUMEHEHME BbICOKOYACTOTHOrO BO3AENCTBUS,
OTHOCSLLErocs K KOMOMHMPOBaHHBIM MeToAam (CoYeTaHne BbICOKOYACTOTHOW BMBpaLmun n Harpesa).

BbicokoyacToTHOe BO3fencTBMe co3daeTcs Mbe3okepammnyeckum npeobpasosartenem (puc. 1),
KOTOPbIN COCTOMT M3 OBYX KepaMumyeckux nnactuH 1, BepxHew Haknagkum 2 u3 topantomuHua O16T,
HWXHeWn Haknagkn 4 ua ctanu 45 n npoknagok 3 TonwuHon 0,2-0,3 MM 13 markon donbru. LleHTpanbHbin
6ont 5 npoxoAuT B OTBEPCTUS B Mbe3OKepaMMyeckmMx nnactuHax W Haknagkax. B kavectse
Nbe303/1IEMEHTOB MCMOMb30BaHbl Komnbua M3 Maccbl LITC-19 co cneagyoowmmm pasmepamm: Hapy>KHbIN
avameTp 50 MM, BHYTpeHHU 20 MMm.
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Puc. 1. KoHcmpykuyusi nakemHo2o npeobpa3oeameris ¢ yeHmparbHbiM 6onmom Ha yacmomy 37 kl'y,
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Tabnuuya 1
OcHOBHbIe NapameTpbl Nbe3oKepamMmn4eckoro npeobpasoBarensi
Twun npeobpasoBartens r1-0,063/37

OnekTpnyeckas MOLWHOCTb, KBT 0,063
PesoHaHcHas 4acTtoTa, kl'y, 37+7,5%
AMNNnTyga MexaHu4eckmx konebaHum, MKkm 1,5
abapuTHble pa3Mmepbl, MM LI 50x60
OnameTp nanyyarens, Mm 50

[Ins npoBeaeHus akcnepuMmeHTa Obin co3aaH CTeHA, NPeACTaBleHHbIN Ha puc.2.
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Puc. 2. Cxema nabopamopHo20 cmeHda: 1-cmsixxHoU 6onm; 2-cmarnbHas Haknadka, 3-u3onsyuoHHas
smyrika; 4-epyHmosnbili obpa3seul, 5-nbe3oanekmpuyeckue rniacmuHel; 6-0uacghpazma npeobpasosamerns;
7-anoMuHuesas Haknadka

OKCNepvMeHTbl NPOBOAWIMCL MPU  Pas3fNMYHON TemrepaType OKpyxatowen cpedbl, Ans
UCMbITAHWA ObiN B3AT FPYHT CYrMWHOK AMCMNEPCHbIA, CBA3HbIA, Pa3nMYHOM BECOBOW BRaxHocTu (7,5%;
12,5%; 17,5%).

McxodHbIi FPYHT NpW NOArOTOBKE K 9KCMEPUMEHTY Noaseprancs AononHuTensHon obpaboTke
ANs JOCTWMXKEHUS] CTabUnbHOCTU MeXaHWYeCKUX CBOWCTB AN BCEW CEPUM SKCMEPUMEHTOB C AaHHbIM
TUMNOM rpyHTa. MNoAroToBKa rpyHTa K 3KCNepUMEHTY BKIoYana:

- AOBeJEeHNE BECOBOW BMNAXHOCTU rpyHTa 40 Tpebyemol No yCroBUsIM 9KCMEPUMEHTA;

- yNroTHeHne rpyHTa B npnbope Co3gopHun ansa craHgapTHoro ynnoTHeHus no FOCT 22733-
2002 poCy,=3...6 yoapos yaapHuka JopHUN.

[ns noctaBneHHbIX 3afay dKCMepMMEHTarbHbIX UCCNeaoBaHui Obiny MCNonNb3oBaHbl METOAbI
MHOrog)akTOpPHOro MNiaHNPOBaHUS, YTO MO3BOMSAET MOSYYNTb MaKCMMasibHO MONE3Hy UHGopMaumio 06
uccnegyemblx npoueccax Npu MWHUMAanbHOM KONMYEeCTBE OMnbiTOB. OTO OCOBEHHO BaxHo, Koraa
MOZENMPOBaHMEe OTAEnNbHbIX MNPOLECCOB (Hanpumep, TemnepaTypHOro pexvuma) npeacrtaBnser
onpeaerneHHble TPyaHOCTH.

HepoctatouyHas  M3y4YeHHOCTb  UccnegyemblX  MNPOLECCOB  Bbi3Bana  HeobxoaAMMOCTb
MCMONb30BaHNS annapata MaTeMaTU4ecKOn Teopun NMaHWpoBaHUSA 3JKCMepUMEHTa Ans NofyyYeHus
mMaTemaTu4eckux Mogenew npouecco [2]. B kavecTBe hyHKUUM OTKNMKa (NapameTpa onTumMmnsaummn) Ha
BO3JeNCTBUE (haKTOpPOB, ONpeaensiiowmnx NoBeAeHNe U3y4aemMon CUCTEMbI, BbIOpAHO BPEMSI KOHTaKTa
rpyHTa ¢ MeTannom, oTBevatolliee TpeboBaHUSAM, NpeabsaBnsemMbiM K napameTpam onTuMu3aumn: GbiTb
YHUBEpCanbHbIM, BblpaXaTbCA OOHUM YfEeHOM W ObiTb MPEeACTaBNEeHHbIM B KONMWYECTBEHHOM BUAE;
obnapgatb cTaTMcTUYecKoW 3MEEKTUBHOCTBIO U OblTb NErko BblMMCNSeMbIM, obrnagaTb MPOCTOTOWN,
CyLLEeCTBOBaTb 4151 BCEX BO3MOXHbIX COCTOSHUN.

AHanu3 anpuopHon uWHcopMauum npeanonaraeT  ONMCaHWe mpouecca  crnedylowwmm
YPaBHEHUEM:

Y:C1+C=‘X1+Ca‘X:+C4‘XE+C5*X==+CB‘X1‘X: I:-]-.-I
roe Y — pacyeTHoe 3HavyeHne yHKLUN OTKINKA;
Ci — kK0O3h(PULMNEHT ypaBHEHMS;
X1, Xo—hakTopbl, BAUsOLME Ha NpoLiecc.
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[ns npoBeaeHVs1 aKTUBHOTO 3KCNEPMMEHTa C Lenbilo NOMyyYeHUss matemMaTuyeckon moaenu
Buaa (1), B COOTBETCTBUM C peKOMeHOAuMsMW U OCODEHHOCTSMM [aHHbIX 3KCMEepPUMEHTanbHbIX
uccnegosaHuin BelbnpaemM nnaH, sAsnsoWwmuncs Hanbonee onTumMarnbHbIM A4S COOTBETCTBYIOLLErO Yucna
akTopoB [3] - CUMMETPUYHbLIA KBa3n - D - onTumanbeHbIn NnaH gnsa asyxdaktopHon mogenm ¢ N = 13
(nnaHbl MMetoT "3BE3AHbIe TOYKN" C MneYoma = +1).

KogmpoBaHue nepeMeHHbIX Mpy  3KCNepUMEHTarnbHO-CTaTUCTUYECKOM  MOLENUPOBaHUU
nponssoanTcs no dopmyne:
x__Xi-—Xz- (2

[T e

AX;
roe: X:‘ — HaTypanbHOoe 3Ha4yeHue i-o NnepemMeHHoN;

X — cpefHee 3Ha4yeHue i-ov nepemMeHHoN;
AY; _ WHTEpBarn BapbMpoBaHWs i-o NepeMeHHOMN.

BosBpaT OT KoAMPOBaHHbLIX NepeMeHHbIX K HaTyparbHbIM NPOUCXOAUT MO BbiTekaolwemy 13 (2)
COOTHOLLEHMIO:

X; =xt-*ﬂ.Xz-+X_f

YpOBHU ¥ MHTepBanbl BapbMpoOBaHWs hakTopoB onpefenieHbl Ha OCHOBE aHannsa anpuopHOn
WH(OpMaLMK U NpeacTaBrneHbl B Tabn. 2

Tabnuua 2
YpoBHU haKTOpPOB M MHTepBarnbl BapbMpoBaHUA
daKTopsl YpoBHU chakTopoB WHTepBansl
-1 0 1 BapbMpoBaHNs

X1 — BecoBas 7,5 12,5 17,5 5,0
BMaXHOCTb

rpyHta W, %

X2 —  Bpems 5 10 15 5,0
npumep3aHusi

rpyHTa t, MmH

MaTtpvua nnaHMpoBaHUSI 3KCMEPUMEHTanbHbIX WCCMeAoBaHUA B KOAMPOBAHHOM Bu