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Abstract

Performance of a closed solar desalination pond, which is jointed to photovoltaic cell for
producing sweet water from effluent saline water of refinery industry, is studied in this paper.
Also, capability of photovoltaic cells to generate electricity is reported due to insolation rate during
a year. Highest and lowest amounts of fresh water are reported to present design parameters
of solar pond capacity.

Keywords: Solar pond; insolation rate; Waste water; Potable water.

Introduction

Moreover several regions of the world including Iran are already encountering the problem of
freshwater shortage [1 and 2]. Therefore, the transformation of seawater, saline ground water,
polluted, and wastewater to fresh water has become indispensable [3 and 4]. These days, many new
technologies such as desalination and water-treatment, which mostly based on fossil fuel
consumption, are popular in the market [5]. However the problem of lack of fresh water can be
solved by using these technologies especially desalination, but it face both unlimited amount of
nonrenewable energy sources and the global warming of climate change. In addition electrical
energy sources using coal, wood, gas and oil generate large amounts of pollution or carbon dioxide
emissions, thereby posing health risks. Under these circumstances, alternate method for producing
sweet water from effluent saline water and generating electricity from renewable energy sources for
both using and saving must be explored. The desalination technique which is joined with
Photovoltaic cells is the most promising technology which is introduced due to the growing global
demand of potable water; on the other hand, environmental pollution from fossil fuels, lack of
nonrenewable resources, wastewater and electricity neediness that is every day becoming more
expensive and economical benefits from utilizing renewable energy resources such as solar energy
[6 and 7]. Investigation and improvement in these issues will be useful and constructive to meet
the continuously increasing appeal of freshwater in a cost-effectively sustainable way. It also can be
helpful in mitigating global climate change (i.e. reduce carbon dioxide emission). Solar energy is
one of the renewable energy sources, which is the most important supplier of energy for the earth
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and at the same time it is the most environmentally friendly, pollution-free, self-contained,
reliable, quiet, long-term, maintenance-free, year-round continuous and unlimited operation at
moderate costs form of all energies can be used for desalination [8 and 9]. It is really amazing to
produce drinking water from effluent saline water and generating electricity from photovoltaic cells
without burning any fossil fuels or producing fresh water from effluent wastewater instead of
discharging wastewater into the sea, or desert, which is really harmful to the ecosystem, moreover
polluting the atmosphere will be prevented seriously [10 and 11].

Materials and methods

1. Solar pond
The thickness of glass roofs and walls is 4 mm to enhance transmissivity coefficient. The net

evaporation rate area of solar desalination pond is 1 m?, facing south with an inclination of 35.7°
(the latitude of Tehran City) to achieve the most solar radiation. Insolation rate is the amount of
radiant energy from the Sun which impacts upon a unit surface area. This depends upon the angle
of the Sun with respect to the vertical over the surface. According to the literatures the maximum
amount of insolation rate is received when the inclination of the glass roof equals to the latitude of
area. So, the inclination of glass roof for this experiment is chosen 35.7° with respect to the latitude
of Tehran City. Also, the surface of solar pond bottom is dyed black. The solar pond area consists of
3 parts which are separated by means of 2 long rectangles. The middle part is filled with the
concentrated brine waste water and its level is 10 cm. This set up is located on a table about 70 cm
higher than the ground. The thickness of table is 4 cm and acts as an insulating layer to storage
solar energy in waste water. The space between the table and base of solar desalination pond is
filled with sawdust for insulation purpose. So, the maximum amount of solar insolation rate is
absorbed in these conditions. The feed is conveyed into the pond through a 2 cm diameter hole, the
distillate is collected into a vessel and concentrated brine waste water is drained through another
2 cm diameter hole.

2. Methods

Generally, the evaporation rate is defined as the amount of liquid evaporates per square
meter per day. The properties of air such as moisture content and temperature, insolation rate and
wind velocity affect on this rate. Distilled water is accumulated in side parts of the solar pond and is
drained into collector vessels ultimately. The produced water is generally potable; the quality of the
distillate is very high because all the salts, inorganic and organic components are left behind in the
pond. Experiments show the average temperature of wastewater varies from 37.28°C to 68.96°C
during a year while the annual ambient temperature is 12.5°C to 34.8°C, approximately.
The bottom layer in the solar pond, called the storage zone, is dense and is heated up more than
surface layer. The ambient temperature changes from 12.5°C to 34.8°C. The experimental results
indicate maximum amount of absorbed solar energy is on July since the temperature differences
between ambient and average temperature of wastewater is 34.16°C. So, thermal efficiency of solar
desalination pond may be improved on July comparing with the other months. The average
temperature of wastewater is 38.4°C, 60.1°C, 65.1°C and 44.92°C in winter, spring, summer and
autumn, respectively. Density of layers of waste water is illustrated in Figure 1.
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Figure 1. Density of wastewater through the depth.

The increase in the salt concentration increases the density of wastewater. The density of
concentrated brine wastewater at the bottom of solar desalination pond reaches to 1260 ky .
mB

The higher concentration decreases the thermal conductivity of wastewater and increases the

thermal resistance of lower layers. Floor plate adsorbs irradiation and increases temperature of the

adjacent layer of wastewater but higher thermal resistance of the layer decreases the rate of heat

transfer to the upper layers. So, the highest thermal energy is saved in this region of solar

desalination pond. Experiments show the density of wastewater reduces sharply to 40 cm depth

and then has slight reduction to 20 cm. The density reaches 1061ky3 at the surface of
m

concentrated wastewater.
Figure 2 shows the insolation rate versus hours in 30 June 2013.
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Figure 2. The average temperature of wasterwater in solar pond in 30 June 2013.
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The maximum and minimum insolation rate is occurred on 14 and 19 o’clock, respectively.
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Figure 3. Evaluation of average ambient temperature and insolation rate versus different
months of 2013.

Amounts of insolation rate versus average ambient temperature in each month are shown in
Figure 3. According to the experimental results the maximum value of average ambient
temperature is seen on July and also maximum amount of insolation rate is seen on June, in
spring. During summer maximum insolation rate and average ambient temperature is on July.

October and March show higher insolation rate during autumn and winter, respectively.
Also, the maximum values of average ambient temperatures are obtained on October and March.

Conclusion

The effect of using solar cell in performance of one solar desalination pond is investigated
experimentally in this research. Application of solar energy in fresh water production and also
electricity generation from wastewater of desalination unit in one refinery industry is considered
during a year. Insolation rate, ambient temperature, average temperature of wastewater, density of
wastewater in pond, amount of produced water, electrical energy is produced.
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Abstract

The important feature which is considered is to improve the adsorption efficiency of
hydrogen sulphide from hydrocarbon fuels such as petroleum oil by applying the zinc oxide as nano
catalyst. Totally, the optimum conditions to eliminate the hydrogen sulphide from petroleum oil
are evaluated in this paper, experimentally. In this paper, zinc oxide nano particles are synthesized
and are contacted with flow of sour petroleum. A method of removing sulphur from sour oil by
nano catalyst is a novel method. ZnO nano catalyst of 35 nmin diameter is used to treat the sour
oil. The useful correlations are presented to predict the optimum conditions for sweetening of
crude oil by ZnO as nano catalyst.

Keywords: nano; oil; crude; catalyst.

Introduction

A more generalized description of nanotechnology was subsequently established by the
National Nanotechnology Initiative, which defines nanotechnology as the study and application of
fine particles which are sized from 1 to 100 nanometres in all of the science fields [1].

Sulphur compounds in fuels such as petroleum oil cause problems on two fronts: they release
toxic oiles during combustion, and they damage metals and catalysts in engines and fuel cells. They
usually are removed using a liquid treatment that adsorbs the sulphur from the petroleum oil, but
the process is cumbersome and requires that the oil be cooled and reheated, making the fuel less
energy efficient [2]. To solve these problems, researchers have turned to solid metal oxide
adsorbents, but those have their own sets of challenges. While they work at high temperatures,
eliminating the need to cool and re-heat the fuel, their performance is limited by stability issues.
They lose their activity after only a few cycles of use [3].

Previous studies found that sulphur adsorption works best at the surface of solid metal
oxides. So, the authors set out to create a material with maximum surface area. The solution seems
to be tiny grains of zinc oxide nano particles, uniting high surface area, high reactivity and
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structural integrity in a high-performance sulphur adsorbent. Zinc Oxide has been numerously
used for removing of hydrogen sulphide from oil streams in processes like reforming [4], integrated
oilification combined cycle and fuel cell [5 and 6]. Although, ZnO has been well evaluated with
hydrogen sulphide feed stocks, the performance of zinc oxide nano structure with different

operating conditions and structural characteristics in H,S removal has not been specially
evaluated in details. This work is devoted to using experimental design methodology to identify the
optimum conditions for H,S removal by nano zinc oxide catalysts. Clearly, the nano-sized ZnO is

more reactive than the same material in bulk form, enabling complete sulphur removal with less
material, allowing for a smaller reactor. The nano particles stay stable and active after several
cycles.

Materials and Method

Figure 1 shows the oil sweetening experimental set up. All equipments are made up of glass
since it is non corrosive material and makes the oil tracking in catalytic bed possible.

W

/\ K T—TTT T ..q_)'
N I 7 |3
B— lc_% s ||s
o -
0= & g
° Q
2 Pump 2 =
LL +
N~

Hot water jacket

Figure 1. Schematic of proposed sweetening process

1. Preparing nano-sized ZnO

To prepare nano ZnO, one molar Zn*"ion solution is purified, then a type of surface-active
reagent (zinc acetate dehydrate) 0.05 M is added. Uunder the ultrasonic conditions 10 % of ethanol
is added. The produced solution is agitated and homogenized for 25 to 30 minutes. Same reagents
are added to Na,CO,, 1 M solution under the same conditions. Then another surface active reagent

(folic acid) is added. The solution is agitated for 30 min again. After filtering and washing of the
solution several times by ethanol and distilled water alternately under the ultrasonic action the
produced substance is heated to dry for fifty minutes at 80 °C . Then it roasted at 450°C for forty
fifty minutes to obtain zinc oxide nano particles. The obtained produced substance has light yellow
colour, and can been characterized by SEM. Produced spherical particles with the average diameter
of 35 -55 NM in size are observed approximately and finally the crystal is pure zinc oxide with
hexahedral structure. Figure 1 a and b shows SEM photos of produced nano particles.
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28.0kV ]IXIBBKJ:’: 1
Figure 1a. SEM photo of produced zinc oxide nano particles.

Results and Discussion

We know the current technologies use huge resources of energy for removing the hydrogen
sulphide component. Therefore, the researchers try to enhance the performance of sweetening
process. So, in this paper the zinc oxide are applied as nano catalysts for hydrogen sulphide
removal. This metal oxide is not expensive comparing with the other metal oxides. So, several
experiments are designed to evaluate the performance of sweetening process in this paper,
operationally and economically. These experiments were tested to determine operational
conditions that would optimize the amount of H2S removed from oil in order to oil sweetening.

Some major parameters are considered experimentally in the oil sweetening process by nano
particles. The effects of operating conditions, properties of catalytic bed and zinc oxide catalyst are
investigated on the process performance. The ratio of H,S concentration in the product stream on

the initial concentration in the input stream (C/C,) represents the process performance.

The purpose of the experiments is to decrease the amount of hydrogen sulphide below the 4 ppm in
the outlet stream. Experimental results are presented in the following Figures.

1. The effect of temperature
As obtained experimental results, the correlation numbers 1 and 2 are represented.
The regression of this correlation is calculated, also. This correlation shows the effect of variations

in moderate temperatures from 50 °C to 80°C on the value of C/C,.
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(C/Cy g =0-0003T ? —0.0405T +1.3709 €
R® =0.9878 (2)
(C/Cy )yeayor = 0-0005T * —0.0657T +2.3946 (3)
R? =0.9781 (4)

This correlation state the effective temperature for reaching to the minimum amount of
C/C,is70°C.

2. The Effect of Bed Height

After finding the optimum temperature correlation in hydrogen sulphide removal
process, the second parameter which is considered in this section is bed height. The height of
catalytic bed is changed from 2cm to 10cm.

(C/Cy )ygnon =0.0188H% —0.2709H +0.9123 (5)

R* =0.937 (6)

(C/Cp )yeayon = 0.0168H* —0.2612H +0.9956 )

R? =0.9975 (8)
Conclusion

Oil sweetening by nanocatalyst has been not developed industrially, yet. So, finding the
optimum conditions of this operation is interesting. Oil catalytic sweetening is investigated
experimentally using 35 nm ZnO catalyst. Respectively, four types of heavy and light oil with

density of 29.6 and 33.4 ° AP are sweetened catalytically. The initial amount of sulphur in the light
and heavy crude oils are 1.37 wt % and 2 wt % , respectively. Experiments are conducted to survey
the effect of operating temperature and pressure of sour oil, bed diameter and bed height on the
amount of outlet H,S concentration. The quality of the sweetening process is shown by the fraction
of outlet concentration of H.S on the amount of inlet H,S. The optimum conditions obtained are

70°C as operating temperature and 6cm as height of bed. According to the mentioned optimum
conditions, the amount of C/C, decreases in 0.0067 and 0.0036 for heavy and light oil,
respectively.
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Abstract

There was carried out the comparative analysis of the aerodynamic calculation methods
S.N. Khramov, N.F. Krasnov, A.A. Lebedev and L.S. Chernobrovkin. Shown that the example of the
ARROW's standard form technique by S.N. Khramov gives overestimated results due to accounting
double bottom resistance in the range of M = 0.1...0.9 and techniques of N.F. Krasnov considering
compressibility and without compressibility flow yielded nearly the same result.
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Beenenue

AdpoHAMHUYECKUH  pacueT  ABJIsAETCS  HEOOXOAWMOM  YacThl0  MPOEKTUPOBAHMUA
MOPAKAIOIINX 3JIEMEHTOB CTPEJIKOBO-apPTUJIJIEPUICKOTO U PAKETHOTO BOOpYKeHuA. TpaAuinoHHO
B YUeOHHUKaX 110 a3pOJUHAMUKE KpoMe (PyH/IaMEHTAIbHBIX YPABHEHUHA B YACTHBIX ITPOU3BO/IHBIX,
C IOMOIIBI0 KOTOPBIX MOXKHO ONPEAEIUTh a’spoAuHaMuyeckue Ko3(hQPUITUEHTHI, COAEPKUTCA
YIPOIIleHHblE aHAJUTUYECKUe MEeTOAWKH, MO3BOJIAIIINE C JOCTAaTOYHON CTeleHBI0 TOYHOCTH
pelIuTh 3Ty 33/1a4y y>Ke Ha PaHHUX CTaAUAX MPOEKTUPOBAHUSA HOBBIX uzzienuil. OZHAKO Kak
IOKa3aJl aHaJIN3, CONPOTUBJIEHNE Ha JIO3BYKOBOM /IMAalla30HE CKOPOCTEN OOBIYHO OIpesesseTcs
OUeHb YIIPOIIEHHO, IIOCKOJIbKY OH MHUHHUMaJIBHBIM 00pa3oM BiUsgeT Ha OaUIMCTUYECKUe
XapaKTepUCTUKU.

3aaveli JaHHOTO UCCJIEIOBAHUSA CTAJIO TPOBeZieHe NH(MOPMAIMOHHOTO ITOMCKA Ha IIpeMeT
IIOUCKA MeTOAYK JO03BYKOBOI'O a3POJIMHAMUYECKOIO pacueTa M CpaBHEHHE HUX C JaHHBIMU
JKcIepuMeHTa Ha mnpuMepe cranzapra ¢dopmbl ARROW [1]. Beutn mpoBeneHBI pacueThbl
o metogukam A.A. Jlebenesa u JI.C. UepunooposkuHa [3], H.®. Kpacnosa [4], C.H. Xpamosa [5],
JIJ1d JO3BYKOBOTO peskmmMa nosiera JIA.

Pe3yabTrarbl

CpaBHeHUe MOJesied C DKCIEPUMEHTOM II0KA3aJi0, UTO BCe OHU /IAIOT 3aBBIIIIEHHBIE
pesyabtaThl (puc. 1). [Ipu 3ToM MakcuMaybHO 3aBhIlIaeT pe3yabraT Metoguka C.H. Xpamosa.
[TockosibKy B ee OCHOBe JIeXKHT Oosiee panHHsss merommka C.M. 3onmraiiHa [2, 6], He
YYUTBHIBAIOIIAsA IOHHOE CONPOTUBJIEHNE, MOXKHO C/les1aTh BbIBOJ, 4To MeToguka C.H. Xpamosa
YYUTBIBAET €0 JBa pasa.

IIpn pacuere mo meroauke H.®D. KpacHoBa, OH pekOMeHJyeT IPUHUMATh B II€PBOM
npubsmkeHnn Req, = 10%, 9TO CUIBHO 3aBbINIAET pe3ysabTaT Ipu M < 0,2. OHAKO ecTi IPUHATH

173



http://www.ejournal4.com/

European Journal of Technology and Design, 2014, Vol.(6), N° 4

Rew = 3,7 104, mo pekomenpanuu C.M. 3onmraiiHa [2], pe3ysbrar 0oJiee MPUOIHKAETCA K
SKCIIEPUMEHTAIBHBIM JaHHBbIM (puc. 1). ITockosbky H.®. KpacHOB peKOMeH/yeT /Be pas3Hble
METOIUKH C YIeTOM C’KMMaeMOCTH U 6e3 yJyeTa C:KUMaeMOCTHU II0TOKA, PACYETHI IIOKA3aJIH, YTO OHU
JTAIOT IPAKTUYECKU OJITMHAKOBBINA Pe3yJIbTar.
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Puc. 1. CpaBHeHue skcriepuMenTa (1) ¢ metopukamu C.H. Xpamosa (2), A.A. JlebenieBa u
JI.C. YepnobOpoBkuHa (3) u H.®. KpacHosa (4)

3axjoueHue

Pacuersl Ha mpuMepe cranzapta ¢opMbl Arrow, BBIIIOJIHEHHBIE IO MeToAukaMm Jlebenena-
YepHobOpoBkuHa, KpacHoBa u XpamoBa, MOKa3ayid, YTO BCE OHU JAIOT 3aBBIIIEHHBIE PE3YJIHTATHI
JUIs JO3BYKOBOTO JAmamnaszoHa ckopocrei. Takum oOpasoMm, Ui pacueTa a’spoAUHAMHYECKOTO
COIIPOTUBJIEHUS] B 3TOM CKOPOCTHOM JIhamnia3oHe TPeOyITcsA HOBble MeToAauku [7, 8]. OcHOBHbBIE
pe3yJbTaThl paboThI OBLIN OIyOJIMKOBAHEI [9, 10].
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CpaBHEHI/Ie AHAIUTHYICCKHUX MECTOAUK A9POJMHAMHNYIECCKOIO pacuera
A03BYKOBBIX IIOPAKAIOIIHNX IJICMEHTOB CO CTAHAAPTOM Arrow
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AnHOTanua. B pabote mpoBefieH CPAaBHUTENBHBIN aHAJIU3 METOAUK a’3pOAMHAMUYECKOTO
pacuera C.H. Xpamosa, H.®. KpacHoBa, A.A. Jlebenesa u JI.C. UepHoOpoBkuHa. [TokazaHo 4ToO Ha
npumMmepe crangapta Gopmbel ARROW merognka C.H. XpamoBa ilaeT 3aBBINIEHHBIE PE3YJIbTAThHI
M3-32 JBYKPATHOTO yueTa JIOHHOTO COIPOTUBJEHHsA B auanazoHe M = 0,1...0,9, a MeTOAUKU
H.®. KpacHOBa ¢ yuyeToM CKMMAaeMOCTH W 0e3 ydeTa C:KUMAaeMOCTH IMOTOKAa JAIOT MPaKTHYECKH
OJIMHAKOBBIN pe3yJIbTaT.

KaroueBsle cjioBa: aspoAnHaMuKa; KO3(QUIIMEHT CONPOTHUBJIEHUA; KOpMa; TOJIOBHASA
4acTh; JHUIIE; OIEpeHHe; XOP/a; KOHCOJIb.
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Abstract

The article reveals the application of information technology in logistics units. Paper shows
methods of application of information units in solving practical problems. Article discloses the use
of spatial information in logistics. Article shows features of modern logistics. This article describes
the relationship of logistics to geoinformatics. The article explains the three main functions of the
application of geo-logistics. The article reveals the contents of the operational logistics analysis
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Beenenue

NuadbopManuoHHble  €IWHUIBI IIUPOKO TPUMEHSIOTCA B  PA3HBIX HAYYHBIX W
TEXHOJIOTHYECKUX HAIPABJIEHUAX B COBOKYITHOCTH OHHU CJIY»KAT CPEJICTBOM OIMCAHUS KapTHUHBI
vupa [1]. OHH cioykaT WHCTPYMEHTOM ONHCAHUA W HHCTPYMEHTOM (POpMHUPOBAHUSA
nHOPMAITMOHHBIX  Moziesed [2]. B Hacrosimee BpeMsa uWCCaeAOBaHHA B obJiacTu
MHOOPMAIMOHHBIX €IUHUIl PACHIUPAIOTCA U KacatoTrca ux ¢uwiocobun [3] u cucremaruxu [4].
Nudopmaruonnsle enununsl (ME) cospmaroT pasHble WHPOpMaNUOHHBIE KOHCTPYKIMH [5]
mozenei u cucreM. CrucreMaTnka UH(MOPMAIMOHHBIX €IUHUIL JJaeT BO3MOXKHOCTD BBIIEJIUTh UX
pa3Hble TPYIIbl, NMPUMEHUTESBbHO K (QYHKIUAM U TEXHOJOTHUAM. ITU TPYIIBL CJeAyIOLIUe:
Jiornueckre nHGOPMAIMOHHbBIE eIUHUIIBI [6], yIipaBiieHYeckne MHOOPMaAIMOHHBIE eIMHUITHI [7],
KOMMYHUKallMOHHble HHGOpPMAIMOHHble enuHUNbl [8], rpaduueckre wuHPOPMAIOHHBIE
eUHUIIbI, JIMHTBUCTUYEeCKWe WH(MOPMAIMOHHbIE eJUHUIBI [Q], MapaJMHTBUCTUYECKUE
WHOPMAIIMOHHBIE  €IWHUIBI, WHQGOPMAIMOHHBIE  €IWHUIBI  IMOUCKa  WHQOpManuw,
obpasoBaresibHble ~ MHMOPMAIUOHHBIE  EAUHUITBI u apyrue. PaszHooOpaszme rpymm
MHGOPMAITMOHHBIX E€AUHHI] O0YyC/JIOBJIEHO pa3zHooOpasueM WHGOPMAIIMOHHBIX TEXHOJIOTHH,
KOTOpbIE CIENHATU3UPYIOTCS Ha: Iepenade, o0OpabOTKe, XpaHEHUM U IPEJICTABJIEHUU
nHdopmaIuu.

IIpocrpancTrBeHHass nH(OpMaHUA B JOTHCTUKE. B JIOrHCTHKE M 3KOHOMUKE
0oJsibLIIOe 3HAUEeHHNE HuMeeT IpocTpaHCTBeHHaa wuHdopmanusa. Hamnpuwmep,
KOOPZMHATHI MECTOIIOJIOKEHUS Ha 36MHOU MMOBEPXHOCTU — 3TO HEOTheMJIEMBIU aTpubyT 0ObeKTa
HEJIBUKUMOCTH, KOTOPBIH OIpeJiesisieT ero PhIHOYHYI0 CTOMMOCTh. KOOp/IMHATHI CITy>KaT OCHOBOM
JIOTUCTHYECKOTO aHAJIN3a U OIEHKU CTOMMOCTU IepeBo30K. IIpu mepeMeneHUN MaTepUATIbHBIX
IIOTOKOB IIPOCTPAHCTBEHHBIN (DAKTOP TaKIKe BJIMSAET Ha CTOUMOCTb IIEPEBO3KU U TPeOyeT yJueTa.
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He cmyuaiino 3a pybOekoM MNOSABWIOCh HOBOE HallpaBJeHWEe B OJKOHOMHUKE —
MMPOCTPAHCTBEHHAsA SKOHOMHKA [10], KOTOPOE OTJIMYAETCS OT PETMOHAIIBHON YKOHOMUKH U MUMEET
CBOM MeTO/IbI ¥ 3a1auu. O6pa3oBaHUe MPOCTPAHCTBEHHOW SKOHOMUKH CIEITUATHCTHI CBA3BIBAIOT C
2007 rogom u paboramu [leina Crokca u [Tutepa Mapmasuia. Cautaercsi, YTO MPOCTPAHCTBEHHAS
9KOHOMHKA 00ecIieunBaeT MOJJEPKKY KauyeCTBO W MHHOBAIIMOHHBIE MPOJYKTHI B TOPOJACKOU H
PEernoHAJIbHOM SKOHOMHKM M 00eclieumBaeT CBfA3b MEXK/Iy AUCIHUIUIMHAMU SKOHOMUKH,
wianupoBanusa u ['MIC. CymiecTBEHHBIM OTJIMYMEM IPOCTPAHCTBEHHOM SKOHOMUKHU SBJIAETCS
HCIOJIb30BAHUE ITPOCTPAHCTBEHHBIX OTHOIIEHUH [11] U reomaHHbIX [12]. CexyeT OTMETUTD, UTO
reoZlaHHble PA3JIUYHOTO TEPPUTOPHATIBLHOTO OXBaTa U COJIEP’KAHUS WMEIOT IIMPOKUH KpyT
oTpebuTesel U3 pa3IMUHbIX chep MPOU3BOACTBEHHOU U a/IMUHUCTPATUBHOM JIeATEIbHOCTH [13].
Camu no cebe reofjlaHHbIE ABJISAIOTCA TOBAPOM, U CYIIECTBYeT PBIHOK S3THUX TOBApOB, HAa3bIBAEMBIN
reoMapkeTom [14].

B Hacrosimee BpeMs CYyIIECTBYET OOBEKTHBHOE ITPOTHBOPEUYHE MEXKIY MHOTPEOHOCTHIO B
MIPOCTPAHCTBEHHOM aHAJIU3€ CO CTOPOHBI MPAKTUKU U HECIIOCOOHOCTHIO CYIIECTBYIOIINX METO/IOB
yIpaBJIeHUsI JlaBaTh OOBEKTHBHBIE XapAKTEPUCTUKH PAa3BUTHUS IIPOIECCOB U SBJIEHHH B
MPOCTPAHCTBE. ITO MOXKHO CJleJlaTh IIyTeEM Ppa3BUTHS U NPUMEHEHUSA CHEIUATbHBIX
reonHGOPMANMOHHBIX METOJI0B. I[IpM HCIOJB30BAaHUM B JIOTHCTUKE IIPOCTPAHCTBEHHAS
uHdopMarusa TpaHchOpMUPYETCs B reo/laHHbIe. [I[pUMEHUTENIHPHO K JIOTUCTUYECKOH IeATETbHOCTU
reo/IJaHHbIE BBITIOJTHAIOT TPU OCHOBHBIE (PYHKIHH [15].

IlepBass QyHKIUA TeOJaHHBIX — cBsasyomas. OHa 3akIoyaeTcs B TOM, YTO
MIPOCTPAHCTBEHHAsA WHGOPMAIUA CIYKUT OCHOBOM CBSI3W W HWHTErpalliil JIPYTUX BHJIOB
nHOpMAIUN KaKk HanboJee MOCTOSHHAs B CPAaBHEHWHU C JPYTMMH BujaMmu. 4daie Bcero ara
dyukusa peanmsyercssi mnpu  cbope  CTaTUCTHUYECKOW HWHGpOPMANHWHM, KOTOpas 3aTeM
«HAKJIAJBIBAETCA» HA IPOCTPAHCTBEHHYI0 HWH(OpMAIMI0 M HA OCHOBE TaKONW KOMOWHAIIMHI
CTPOSITCA pa3/INYHble TeMaTHuyeckrue KapTorpadudyeckue MOJENIH, OTpakalolue Kakoe Jbo
sIBJIEHHE.

Bropasgd ¢yHKIUA Teo/laHHBIX B JIOTUCTHKE — wu3MepuTesbHass. OHa B3akJIoOYaeTcs B
U3MEpPEHUHN KOJIMYECTBEHHBIX 3HAYEHHWU TeOJaHHBIX, KOTOPBIE HCIIOJB3YIOTCA IS Pa3IMIHbIX
pacueToB, B TOM YHCJE JJIs IMOJIYyYEeHHUs] JIOTUCTUUECKUX U HSKOHOMHUUYECKUX OIleHOK. [Ipu sTOM
MPOCTPAHCTBEHHAs: WHQOpPMAIMs B TEO/IAaHHBIX COCTABJISET MEHBIIYI0 YacTh. BOJIBIIYIO YacTh B
HUX COCTaBJIAIOT COIMAJIbHO-IKOHOMHYECKHE JaHHble. [IpruMepoM sBJseTCs pacuer IUIONMIau
3€MeJIbHOTO YYacTKa WIN OOBEKTa HEIBMKHUMOCTH, KOTOpas OIpeesieT CTOMMOCTh JIAHHOTO
oObeKTa.

TpeTbsi GQYHKIUA TeoJJAHHBIX B JIOTUCTHKE — IpPOTHOCTHYecKas. OHA CBs3aHA C TEM, YTO
JIOTUCTHYECKASI CUTyaIldsl MOXKET OBITh CBf3aHA C pacIpezieJieHHeM IapamMeTpOB B peabHOU
IIPOCTPAHCTBEHHOU cpezie. Hampumep, GpakTOpbl CTOMMOCTH WJIM CKOPOCTH IEPEMEIEHUS MOTYT
MMETh IMPOCTPAHCTBEHHbBIE 3aBUCUMOCTH. B JaHHOM cJIyuae ciie/lyeT TOBOPUTh O HAJIUUUU HEKOTO
UH(POPMAITMOHHOTO  TIOJIA, KOTOPOE OIIpeJiesisieT HEKWHA HKOHOMHUUYECKHH  II0Ka3aTesib.
Takue 3aa4u pemraeT reocraTucTuka. OCHOBHBIE UJIEU T€OCTATUCTUKU 3aJI0KEHBI B MaruCTOPCKOM
nuccepranun IOxxHO-adpukaHckoro nHkeHepa Kpure. [ToaToMy 3TOT MeTO/; IPOCTPAHCTBEHHOTO
aHaJU3a, BKJIIOYEHHBIH B mporpamMMmHoe obecrnieuenne MHOrumx I'MC (ArcView, ArcGIS), Hocut
Ha3BaHUE «KPUTHHI». TeopeTHuecKkre OCHOBBI U IIOCJIENyIOlllee Ppa3BUTHE TeOCTATUCTUKU
ocylecTBWI (ppaHIy3CKUM MaTeMaTuK MaTTepoH.

JaHHasg Mozenb co3faeT WHPOpMaAIMOHHOe Mosie [16], cBA3aHHOE C IPOCTPAHCTBOM, Ha
OCHOBE KOTOPOTO MOKHO [IeJIaTh SKOHOMHYECKHE OIIeHKH, IPUMEHseMble IPU NPUHATUU
pellleHnH U ypaBJieHHuU. B kauecTBe mpuMepa MOXKHO IIPUBECTH paboTy [17], B KOTOpO Ha OCHOBE
€IMHUYIHBIX U3MEPEHUN OOBEKTOB HEABIKUMOCTH CTPOUJIOCH HENPEPHIBHOE HMH(POPMAIIMOHHOE
110JIe U3MEHEHUs] CTOMMOCTH HEJABIKUMOCTH II0 BCEMY IPOCTPAHCTBY B KOTOPOM ITPOBOJIUJIFICH
HCCJIeIOBAHUS.

[IpoctpancTBeHHass uH@OpPMaIYsA XapaKTepusyeT He ToJbKO ¢akTtopbl auddys3uu, HO U
dakToppl pasBUTHA, HANPUMEDP pacIpezieleHne TPUPOAHBIX M JPYIHX BHUJOB PECypCOB.
OOBIYHO pecypchl HE MOTYT OBITh ITOTPEOJIEHBI B MX IEPBOHAYAIbHOM Buzle. OHU TOJKHBI OBITH
rnepepaboTaHbl B yIOOHYIO TEXHOJIOTUUECKYIO (hopmy peanusanuu. C pa3BUTHEM 0OOIIECTBA, CIIPOC
Ha pecypcsl pacrer. IIpocrpaHcTBeHHass wH@OpManusa Kak HOTEHIUAT STHX PECYypPCOB JaeT
BO3MO?KHOCTD OLIEHUTD PECYPCHI /IS TOCTIEAYIONIETO PA3BUTHSA.
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Takum  obOpa3oM, TpOCTpaHCTBeHHas  HHGOPMAIUA  fABJIAETCA  COCTABJIAIONIEN
SKOHOMUYECKOT0 noTeHI[nana [18]. Yuer ee ocobeHHOCTEN U MCIOJIb30BAHUE C IIOMOIIBIO METO/IOB
reouH(OpMaTUKN IOBBIIIAeT HKOHOMHYECKUH TOTEHIMaJl W KadecTBO IPUHUMaeMbIX
yIpaBJIeHUeCKUX pellleHU .

B3anMoOCBA3bh JIOTHCTUKH UM ¢ reouHdopmarukoi. KoHnenmus JIOTHUCTUKI
IpelycCMaTpUBaeT CHIDKEHHE IPOM3BOJACTBEHHBIX  3aTpaT  (cebecTommMocTH) 3a  CUET
COBEPIIIEHCTBOBAHUSA W MOJEPHU3ANUU JIeATEJIbHOCTH, B 00JIACTH MeXAYy IIPOU3BOACTBOM U
cObITOM TPOAYKIMH. OCHOBHON 3TOTO SABJIAIOTCH JIOTUCTHYECKHE TEXHOJIOTHH, BKJIIOUAIOIUE He
TOJIBKO O0ecreueHre ChIpheM M TMPOAYKIIUEH, HO U CBA3aHHBbIE C COPTUPOBKOH, YIIAKOBKOW,
CKJIQINPOBAaHUEM U pa3MeleHHeM MecT ckiaaaupoBaHua. ObecrieueHne ChIDbeM U MPOAYKIINEN
CBA3aHO C ONTHUMH3AI[UEN TPAHCIOPTHBIX MapIIPYTOB, YTO OJHO3HAYHO NMPHUBOAUT K MeETOAaM
reonHGoOpMaTHKHU. Pa3MelneHne MecT CKJIAJUPOBAHUA WM HEOOXOIUMBIX PEeCcypcoB TaK¥Ke
OTHOCUTCA K IIPOCTPAHCTBEHHBIM 33J/ladyaM, pellaeMbIX MeToJaMU TreomHGOpMaTUKU. Takum
o6pa3oM, Ha ypOBHE KOHIIENIIUU JIOTHUCTHKA TpeOyeT IpPHUBJIEYEHUS METOI0B HH(POPMATHKU B
ABHOU popMe U MeTO/I0B MHOTI'OLIeJIeBOTO yIIpaBjeHus: [19].

Jloructuyeckass — JIeATEJIBHOCTh  33/1aeT  yPOBEHb  OOCIYyKUBAHUA  IOTpebuTes.
BrI60Op panimoHaIbPHOTO  YPOBHA OOCTYy:KHUBaHHS IOTPEOUTENsT OIpeAesseTcs JTUHAMUKOHN
BEeJIMUMHBI 3aTpaT. YCTAaHOBJIEHO, YTO HA4YMHAdA ¢ 70 % U BbIIIe 3aTpaThl Ha CEPBUC PaCTYT
SKCIOHEHIINAJIBHO B 3aBUCHMOCTH OT YPOBHSA OOCTY’KUBAaHUSA, a IIPU YPOBHE OOCIYKUBAHUA 90 %
U BBIIIE CEPBUC CTAHOBUTCA HEBBITOAHBIM. CHEIUATUCTBI MOACYUTAIIA, YTO IPH TMOBBIINIEHUU
YPOBHSI OOC/TY?KUBAHUA C 95 % 710 97 % SKOHOMHUYECKUN 3(PDEKT MOBBINIAETCA HA 2 %, a PACXOABI
MHOBBIIIAIOTCA Ha 14 %.

Takum 00pa3oM, pPOCT KOHKYPEHTOCIOCOOHOCTH (PUPMBI, BBI3BAHHBIA POCTOM YPOBHS
00CITy?>KUBaHUSA, COITPOBOK/IAETCS, C OJTHOU CTOPOHBI, CHIKEHHEM IOTEPh HAa PBIHKE, a C APYTOd —
MIOBBIIIIEHNEM pACXOJI0B HA CepBHC. 3aJ/iaua JIOTUCTUYECKOH CiIy:KObI 3aK/II0UaeTcs B IIOUCKE
ONTUMQJIbHON BeJIMYMHBI YPOBHA 0O0C/Iy:KuBaHUA. ['paduuecku OoNTUMayIbHBINA pa3Mep YpOBH:A
OoOC/Ty’KMBaHHSI MOXKHO OIPENEJINTh, IIOCTPOMB CYMMAapHyI KpuBylo F, orobpakamoiryo
IIOBeJIeHUe 3aTpaT U IMOoTepbh B 3aBUCHUMOCTH OT H3MeHeHUs YypoBHA obOciy:kuBaHus (Puc. 1).
P.M. HoBropo1ieBbIM IOKa3aHO, YTO TAKOU TUII KPUBOU 3aTpaT fABJIAETCA JIOTUCTUUECKON KPUBOH,
JUI KOTOPOU XapaKTEPHBI JBa MPe/IeIbHBIX 3HaYeHU K; 1 k.

A ﬂ
(py0)
Ky

ka

YO %
Puc. 1. T'paduk 3aBUCUMOCTHU IOTEPb, BEI3BAHHBIX U3MEHEHUEM YPOBHSA 00CIyKUBAHUA

IT — IToTepu, BbI3BaHHBIE YXy/ILIEHHEM 00CIy>KUBaHUA, P.
YO — ypoBeHb 00CTy?KUBaHUS B IPOIIEHTAX
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[Ipy aHanM3e KOHIENIUA JIOTHCTUKH W €€ B3aWMOCBA3M C TeOMH(POPMaTHUKON
11eJ1ec000pPa3HO PaCCMOTPETh OPTaHU3AIUIO JIOTUCTUKHU B OTPACIIH, KOTOPas ABJsAeTcs 6a30BOM I
reonH(MOPMaTUKH — OTPAC/IU Te0/Ie3UUEeCKOTO U KapTorpadhUIecKOro Mpou3BOACTBA. JIOTUCTUKA B
COBpPEMEHHBIX KapTOrpadUYecKuX MPEeAINPUITHIX BKIIOYAET, KpOME JIOTUCTUKH MaTepUaTbHbIX
IIOTOKOB, ellle JIOTUCTHUKY WH(OPMAIMOHHBIX IOTOKOB U JIOTUCTUKY B chepe KOMMYHHUKAI[UH.
[TosTOMy, TPUMEHUTEIBLHO K KapTOrpauuecKuM NIpeAIpUATUAM, HeO0OXOJUMO TOBOPUTH O
KOMILJIEKCHON JIoTHCTHKE [20]. Ilen KOMIUIEKCHOW JIOTUCTHKU B 0O0JIaCTH KOMMYHUKAITUU
CyIeIyIonIre:

1) mHGOPMUPOBATh KJIMEHTOB O MPOAYKTAX U YCIAyraX M MOCTOSTHHO BECTH MOHHUTOPUHT
KJINEHTYPY, YTOOBI OHA MOIJIA UCIIOJIb30BATh YCIYTH B OOJIBIIIEM O0BEME;

2) CIIOCOOCTBOBATh  PaCIIUPEHUIO U COBEpIIEHCTBOBAHUIO  B3aWMMOJIEACTBUS
TPAHCIOPTUPOBKHU ITPOAYKIINU Ha OcHOBe uctoab3oBanus VIC u UT.

Jloructuka B 06J1aCTH KOMMYHUKAIIUH JOJI’KHA OBITh HalpaBjieHa HA TO, YTOOBI yOeauThb
PBIHOK WJIH OIIpeJieJIEHHbIE TPYIIIbl KJIUEHTYpbl B 0COO0OW 3HAYMMOCTH IIPOJYKTOB H YCJIYT
KaprorpaduuecKux MPeAIpPUITAA U HE3aMEeHHMOCTH 3TOU MNpOAYKIUU. I[IoTokM OymMaskHOU
“HDOpMAIUK HAa COBPEMEHHOM OJTalle Bce OOJIbIlle BBITECHAIOTCS NHUMPOBBIMU TAaHHBIMH.
HawuboJstee BakHBIE omepariuu ¢ HHGOPMANMEN JJIsi TPAHCIIOPTHBIX (PUPM BKJIIOUAIOT: Iepefavy
JIAHHBIX TPY30BBIX HAKJIaJHBIX C KOMITbIOTEPA TPY300TIIPABUTEJISI HA KOMITBIOTED IEPEBO3YHNKA U
Jlajiee Ha KOMIIBIOTED TPYy30IOJIydaTessd; SJIEKTPOHHBIA II€PeBOZ| IEHHBIX OyMmar, CBeJeHHi
0 MECTOHAXOKJ€HUU TPY30B H JIP.

l'eonHDOpMaIOHHOE JIOTUCTHYECKOE MOJIETUPOBaHueE [21] coKparaetT 00beM OyMaskKH OH
JIOKYMEHTAallUl ¥ KOHTOPCKHE PAaCcXOJbl, IOMOTAaeT wu30eXaTh TPAJAUIHNOHHBIX OIIHOOK,
BO3HUKAIOIINX MPU PYYHOM 3aIOJHEHUU [TOKYMEHTOB, CIIOCOOCTBYET YCKOPEHHIO JOCTAaBKH
rPy30B, YMEHBIIEHUIO  3aMacoB  TOBAaPHO-MAaTEPHUAJBHBIX  I€HHOCTEH, IOBBIIIEHUIO
MIPOU3BOIUTEIBHOCTU TPY/a.

ATO0 ompesnesisgeT 3HaUeHNe UHPOPMAIMOHHBIX CHCTEM IPU pelleHUU 33/1a4 KOMILJIEKCHOU
soructuky/ OcHOBHbIE QYHKIIUY UHMOPMAIMOHHBIX CHUCTEM B 3TOM HaIlpaBJIEHUH CJIeIyIOIIe:

1. IInaHupogaHue so02ucmuvecKux npoueccoé B PA3JIUYHBIX aCleKTax W Ha Pa3HbBIX
BPEMEHHBIX TOPU30HTAX, B TOM YHCJIE IPOTHO3UPOBAHUE CIIPOCA U IUIAHUPOBAaHUE OTPEOHOCTEN B
MaTepHuasiax.

2. KoopduHnayus so2ucmuueckux cobbimuil, Oomepanui ¥ IPOIECCOB IO BCEH IENu
MIPO/IBIKEHUS MaTEPUAJIBHBIX IIEHHOCTEH U YCIIYT.

3. MoHumopuHz u KOHMpPOAb NPOMEKAHUN JA02ucmuyveckux onepayuil. dta QYHKIUSL
3aKJIaJIbIBAET OCHOBBI CHCTEMBI Yy4eTa 3allacoB, IIOCTABOK, MPOAAX, 3aTpaT W T.I. TeKyrui
MOHHUTOPUHT IIPU3BAH CO3/IaBaTh OCHOBBHI JJI1 PETYJIUPOBAHUS MPOIIECCOB C IIEJIHIO TIOBBIIIEHUS UX
Oecriepe0OITHOCTH.

4. OnepamugHoe ynpas/eHue A02UCMUYECKUMU NPoOyeccamiu, OCOOEHHO IIOCTaBKAMHU,
TPaHCIOPTUPOBKOH, XpaHeHneM, GU3NIECKON AUCTpUOyIed U T.1.

CoBpemeHHble HH(POPMALIMOHHBIE CUCTEMBI SBJIAIOTCA WHTETPUPOBAHHBIMHU CHCTEMaMU.
I[Tpumepom wunTerpupoBanHoit HNC sansercs T'MC. B acrexkre JIOTHCTUKA OHHM BKJIIOYAIOT
TOPU30HTAIBHYIO U BEPTUKAJIBHYIO HHTErPAIUIO.

BepmukanavHoil uHmezpayuell CauTaeTcs UHTETpaIya MeXAy IIJIAaHOBOU, AUCIETYEPCKON U
HCIIOJTHUTEIbHON CHCTEMaMH IIOCPEJICTBOM BEPTHUKAJIBHBIX HHGMOPMAIMOHHBIX IIOTOKOB C
nomoinsio YT u 1C.

TI'opuszoHmanvHoll uHMezpayuetll CANTAETCSA UHTETPALNA MEXKAY OTAETbHBIMU KOMILJIEKCAMHU
3aJ1a4 B IUIAHOBBIX, VCIIO3UTHBHBIX U UCIIOJTHUTEIBHBIX CHCTEMAX TIOCPEICTBOM TOPU30HTAIbHBIX
MH(GOPMAITTOHHBIX IOTOKOB.

Cnenyer otrmetutbh, 4yTo ['MIC sABJIA€TCS WHTErpUPOBAHHON WHGOPMAIIMIOHHON CHCTEMOM.
ITostromy wucmnonbp3oBanrie I'MC kak wuHTerpupoBaHHoii HWMC ompaBgaHHO U IieJiecooOpasHo,
ITOCKOJIbKY 00€CIIeurnBaeT Ps/l JOMOTHUTETHHBIX TPEUMYIIECTB IIPU 00pabOTKe MPOCTPAHCTBEHHOU
uHoOpMaIUn.

B menom mnpeumyiectBa uHTerpupoBaHHbIX MC mpu pemeHun 3a7ad KOMIUIEKCHOU
JIOTUCTHKM JIIOOBIX MPEAIIPUATUH 3aKITI0OUAIOTCS B CIIEAYIOIIEM:

- BOo3pacTraeT CKOpPOCTh 0OMeHa nHdOpMaIue;

- YMeHBIIAETCA KOJTMYECTBO OIINOOK B yUeTe;

- yMeHblIaeTcs 00beM HETPOU3BOAUTEIBHOU, «OyMaXKHOU» PabOTHI;
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- COBMEIIAIOTCS paHee pa3po3HeHHbIe NHGOPMAIOHHbIE OJIOKU.

Takum 06pa3omM, 0COOEHHOCTH CBS3M KOHIIENITNH JIOTUCTUKYU C METO/IaMH TeOnH(POPMATHKH
COCTOAT B HeOOXOAMMOCTH IPUMEHEHHsA MeTO/J0B TeOMH()OPMATUKU U  IOBBIIIEHUU
3¢ PeKTUBHOCTH JIOTUCTUYECKUX TEXHOJIOTHH 3a CUeT UCI0JIb30BaHUA METO/I0B TeONH(MOPMATUKH.

Hcnosnb3oBaHue UWHEOPMAIIUOHHBIX €AWHUI] B JIOTHUCTUYECKOM aHaJIHu3e.
Ananus ¢ ucnosb3oBaHueM HVE oOcCHOBaH Ha TOCTPOEHUM CTAaTHYECKOH U JIMHAMHYECKOUN
UHDOPMAIMOHHON MoAean OoObeKTa aHajiu3a. B JIOTUCTUKE CYIIECTBYET BaKHOE IIOHATHE
«Jloructuueckas nemouyka» (Supply Chain). 1o moHsATHE ABJISETCS MOJTHUCEMUUYECKUM M HMEET
TpU 3HAUEHUS:

1. IIpomecc cos3maHuWs TOBApHOTO 'MPOJYKTA", paccMaTpUBaeMbId IO BCEMY €ro
MIPOU3BOACTBEHHOMY M JIOTUCTUYECKOMY IIUKJIY, TO €CTh OT MaTepUaIbHO-TEXHUYECKOTO
cHaO)KeHHsA, Yepe3 IPOU3BOJICTBEHHBIM IIPOIECC U CKJIAJANPOBAHUE TOTOBOU IPOAYKIHUH JI0
CHCTEMBI TUCTPUOYIINY ¥ PO3SHUYHBIX ITPOJIAK.

2. "IIpocnexxuBanue" TOBapa /0 IOCTABIIMKOB KOMIUIEKTYIOIIUX M MAaTEPUAJIOB JJI €ro
MIPOX3BOJICTBA, C OTHOW CTOPOHBI, U TOUEK PO3HUYHOU NPOJaXKHU, C JPYTOU.

3. Merogosiorusa ynpaBjieHUsA, OCHOBAaHHAsA Ha PACCMOTPEHHMU U ONTHUMU3AIUU BCETO
mmpollecca CO37JaHUA TOBApHOTO IpoAyKTa — dopMajm3anusa Ipoliecca yIpaBieHUsA
MYJIbTUHAIIMOHAJIBHBIMU ITPOU3BO/ICTBEHHBIMU KOMIIAHUAMU

Jloruecruueckas Ieoyka B TepMHHAX WHGOPMAIMOHHBIX MOJleJlel W TeXHOJIOTUH
IpezicTaBIsieT co00M WH(POPMAIMOHHYI0 KOHCTPYKIHIO [5], KOTOPYI0O MOXKHO IIO/[BEPTHYTH
JIEKOMITO3UIINHM, HAIPHUMEDP, HAa OCHOBE JMXOTOMHYECKOTO aHaIW3a [22]. DTa AeKOMIO3UIUS
MMPUBOJIUT K MHOPMAIIMOHHBIM €IMHHUIIAM Pa3HOTO KauecTBa [4].

CocTosiHHE JIOTUCTUYECKOTO MPOEKTA 3aBUCHUT OT MHOXKECTBA OIepanuii. 9TO BO3MOXKHOCTh
paccMaTpuBaTh  IPOCTHIE  ONepanuyd Kak HHQPOPMANWOHHBIE  €IUHUIBI  IIPOIECCOB.
9TO BO3BMOXKHOCTh IPUMEHATHh OIEePAIllMOHHBIM aHajIU3 K JIOTUCTUYEKOMY IIDOEKTy U ero
n3MeHeHu10. Cii0kHaA onepanusa Kak HHQOPMalUOHHAA MO/IeIb CTPOUTCA U3 NH(POPMAIMOHHBIX
eINHUII.

BasKHBIM MOHATHEM B JIOTHCTUYECKOM aHaU3e sABJseTcs pecypc. OHO nMeeT pa3HOOOpa3Hoe
TOJIKOBAHHE, TIOCKOJIBKY PECypCchl MOTYT OBITh KAauyeCTBEHHO pa3HbIMU OOBEKTAMH.
TakuMu pecypcaMu B JIOTUCTUYECKOM aHajIWU3e sABJAIOTCA: HHOpManus, BpeMsd, JeHbIH,
Marepuasibl, 000PYIOBaHUSA, HHTEJUIEKTYaJIbHAsA COOCTBEHHOCTD, JIOTHCTUYECKHE OTEPAIU U T.JI.
Eciim  paccMaTpuBaTh JIOTHCTHYECKYIO OIEPAIMI0 KAaK IPOIECCYaJbHYI0 HH(POPMAIMOHHYIO
€AUHUIYY, TO MOXXHO NPUMEHATHh OIEPAIMOHHBIN aHaIM3. [IpyM 3TOM TakKo¥ OIeparuOHHbBINA
aQHAIU3A 110 CYIIIECTBY SABJISAETCS aHAJIM30M Ha OCHOBE HMH(POPMAIIMOHHBIX €/IUHUII.

OnepaniOHHOE aHAJIN3 TO3BOJISIET JETATU3UPOBATH COBOKYITHOCTh NMPHUEMOB JOCTHKEHUS
1ejed B BUJIE CBSA3aHHBIX WH(MOPMAIIMOHHBIX €IMHHUIL. B cjydae COTJIaCOBAHHOCTH TaKUX
MH(GOPMAITMOHHBIX €UHUI] OHU 00pa3yI0T MH(POPMAIMOHHYI0 KOHCTPYKIIUIO. B jorucrtuueckom
ONEPAIMOHHOM aHAJIN3€ MOKHO BBIJIEJIUTH TPHU THUIIA Ollepaluii, KOTOPble UMEIOT 5KBUBAJIEHTHI
BHU/Ie UHOOPMAIMOHHBIX eJUHUIL U NHPOPMAIIMOHHBIX MO/IEIEN:

e IIpocCTas JIOTUCTHYECKas onepanus — nHbopMmarmonHas exuxuna (ONE);

e CJIOKHAS JIOTHUCTUYECKas olepanus — WHQPOpMaUUOHHAs MOJejb, WIH COBOKYITHOCThb
nHpopMmaruoHHbIX equHuI, (OMM);

® COBOKYITHOCTh JIOTHUCTUYECKUX OIlepanmuii — WHQOpManuoOHHAasi KOHCTPYKIUS, WJIN
COBOKYITHOCTB COTJIACOBAaHHBIX MeKTy coboi nHpopmarmoHHbIx mozesei (OMNK).

s popMarn30BaHHOTO OMHUCAHUS JMHAMHKHU JIOTUCTHYECKOTO IPOEKTa IeJIeCO00pa3Ho
HCIIOJIb30BaTh OIpeZleJIEHHbIE TpaBWia. JTH MpaBWiIa BKJIIOYAIOT: OTPAHWYEHWS, HAJTUUYUE
pecypca, peaiud3alyio, pe3yJIbTaT, COOCTBEHHBIH pecypc OIlepamuyd Kak HH(POPMaIHOHHON
€TUHHUITBI.

Omnepanun OUE peanusyioTcss ¢ ydyeToM BHENTHUX (PAKTOpOB W orpaHudeHuil. M3 HuX
BOXKHEUIINMHU fBJsAeTCA Tpynna (akTOpoB, HA3bIBA€MbIX «IIpaBUJIAMU OOpPAOOTKU COOBITHUI».
Ha ocHOBe Takux MpaBuJI MOAYJIb ONlEPAIINU PETYINPYET AEHCTBUSA HAJl PECYPCAMU.

s peanuzanuu 060t oneparuu OUE (OVMIM) Tpebyercs pecypce. IIpu 3ToM pecypc MOKeT
HCIIOJIb30BaThCA OHOBPEMEHHO HECKOJIBKUMU OTIEPAIIUSAMH.

Peasmmzanusa omepanmu OUE (OMUM) — 3TO mpeoOpa3oBaHHE PECYpCOB B JIDYTHE BHUJBI
pecypcoB. Takoe mpeoOpa3oBaHUe Bcerja CBA3aHO € YACTHYHBIM WJIM IOJHBIM PacXOZoM
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BHEIIIHETO W/WIN BHYTpEHHero pecypca. IIpuBjiledeHHBIN pecypc MOKeT BBICBODOXKIATHCSA IIO
3aBepIlIeHNH Ollepalluy U IepeiaBaThes JPYTUM OIepaIiusaM.

Pesysnpratrom omnepanuu OME (OVIM) sBisieTcst pecype, 00pa3yIoIIuics MPH HCIOJTHEHUH
omepanyi Kak pesysabTar I1peoOpasoBaHusa pecypcoB (OWK). HoBelli pecypc MoOKeT
ncrosb3oBatbess B Jipyrux omepanusax (OUK). CobcTBeHHBIN pecype omepanuu obpasyercs B
rpoliecce MpeoOpa30BaHUs BHEIIHETO U BHYTPEHHETO pecypca.

JIro0Oble AeNCTBUSA ¢ JIOTUCTUYECKUM ITPOEKTOM WJIM €r0 B3aMMOZEHCTBHE C BHEIIHEN Cpeon
MOTYT OBITH OIHCAaHBI C IIOMOIIBIO MOzieiel onepanuii. OOOCHOBaHME WM OIPe/eIeHHEe CBOHCTB
omepanuil ocyiiecTsisieTcs ¢ ucnoib3oBanueM HE. OneparoHHOe JIOTUCTHYECKOE YIIPABJIEHUE
obecrieyrBaeT MOOWIBHOCTDh U 3G GEKTUBHOCTD. JIOTHCTUUECKAsA MOOWJIBHOCTH CO3/Ia€T YCIOBHUSA
Ui 3(pPEeKTUBHOTO MaHEBPUPOBAHUA B H3MEHAIOIIENCA OOCTAaHOBKE U IIOCJIEIOBATEIHHOTO
MpOJBIKEHUA K cBoell memn. Takum obpasom, ME mnoBplmIaeT KadyecTBO OIEPAIOHHOTO
JIOTUCTUYECKOT'O OIIepaIlMOHHOI0 aHA/IN3a U YIIPaBJI€HU JIOTUCTUYECKUMHU IIPOEeKTaMH.

VHdopManuoHHblE €IVHUIBI JAI0T BO3MOXKHOCTh HAa YPOBHE OOOOIIEHHBIX MOzesei
AQHAIN3WPOBATh JIOTUCTHYECKUE Ollepalid M JoTUCTUYecKue pecypebl. HHDOpManroHHbIe
eIMHUITBI TO3BOJIAIOT CPAaBHUBATh U OLIEHUBATh PA3/IMUHble HA IEPBBIU B3IJIAJ JIOTUCTUYECKUE
CHCTEMBI U JIOTUCTUYECKHE ITPOIIECCHI.

3axjoueHue

KoHKypeHTOCTIOCOOHOCTD JII0001 OpraHU3aIiy, 3aHUMAIOIIECs JOTUCTUKOM, CBsI3aHa C ee
MO6I/IJII)HOCTBIO 1 agalITUBHOCTBIO. I/IHCl)OpMaLII/IOHHbIe €AUHHUIBI IIO3BOJIAKOT HE TOJIBKO
HpOBO]_'LI/ITI) aHaJIN3 JIOTUCTHUYECKHUX HpoeKTOB, HO IIO3BOJIAKOT AaBaThb OI_IeHKy MO6I/IJ'IBHOCTI/I u
AJAIITUBHOCTU OpI‘aHI/I3aI_[I/II/I. AHa.TII/IS JIOTUCTHUYECKUX HpoeKTOB C HpI/IMeHeHI/IeM
I/IHCbOpMaL{I/IOHHbIX €AUHHUI] Ja€T BO3MOXKHOCTbh HE€ TOJIBKO IIOBBIIIIATH KAa4YECTBO ynpaBJIeHI/IH B
JIOTUCTUKE, HO M OCYIIECTBJATh MEXIUCIUIUIMHAPDHBIA IlepeHoc 3HaHuil. IIpumeHeHue
UH(POPMAITUOHHBIX E€IUHUI[ JaeT BO3MOXKHOCTH IPOBOJUTH CPABHUTEJIbHBIA aHAINU3 Pa3HbBIX
JIOTUCTUYECKUX METO/IOB U TeXHOJIorui ynpasiseHus. C GopMasbHON CTOPOHBI MHGOPMAIIMOHHbIE
€IMHUIIBl JAI0T BO3MOXKHOCTb HCIIOJIb30BaTh ammapar CTPYKTYPHOI'O IIPOrpaMMUpPOBAHUA UIA
aHa/In3a JIOTUCTHYECKHUX HpOI_IeCCOB, YTO IIOBBIIIIAET .TIOI‘I/IKy HpI/IH}ITI/I}I pEI_HeHI/Iﬁ U KaueCTBO
aHa/1n3a u ynpaBneHHH JIOTUCTUYECKUMU OHepaI_[I/I}IMI/I.
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Abstract

On the work there was formulate a mathematical model of the pneumatic plant for crush-
tests of rocket's shell rings. There was produced a numerical experiment, that can a possibility for
optimization of the plant's parameters.

Keywords: crash-tests; pneumatic device; spherical shell; air bladder; main valve.

BBenenue

YnapHble UCTIBITaHUS SIBJIAIOTCA OJHUM U3 HanOoJIee BaKHBIX BU/IOB UCIIBITAHUMN B PAKETHOU
TexHuke. C WX IIOMOIIBIO HCCIEAyeTcs yAapHas IMPOYHOCTh KOHCTPYKIMIM, 3amac yZapHOH
YCTOMYHBOCTH M BUOpalMOHHAsA YCTOMYHUBOCTh. B 3aBHCHMMOCTH OT criocoba pa3roHa yJlapHUKA
CTEH/IbI MO>KHO KJ1accu(UIPOBATh Ha BJIEKTPOMAaTHUTHEIE, MexXaHUJecKHe,
TUZpPOITHEBMATHYecKHe. KpurtepueM KadecTBa IPOEKTHPYEMOTO ITHEBMATHUUYECKOTO CTEH/IA
SIBJISIETCST BO3MOXKHOCTH OOecIeueHHusl 3aJJaHHOM CKOPOCTH yAapHWKa HpU BBIOpAHHOU Macce
C MUHUMAaJIbHBIMHU 3aTpaTaM{d MOIITHOCTU. 110 cpaBHEHHWIO C JAPYTMMH TUIIAaMHU CTEH/IOB 3ajiaua
ONTUMU3AIUN SBJISIETCS MHOTOKPUTEpHUAJIbHAs — €CJIM, HAlpUMep, Ha MeXaHHYeCKOM CTEeHJIe
CKOPOCTD YZIJapHUKA OITPE/IEJIsIeTCs JIUIIHh BHICOTOU €r0 OTKJIOHEHUS, TO y THEBMATHYECKOTO CTEH/IA
Heo0X0IMMO MTPOAHATTU3UPOBATH IIEJIBIN KOMILJIEKC TapaMeTpoB [1, 2].

JI71s1 BBIAABJIEHUS CTENEHU BJIMSHUSA KaKJOTO U3 MapaMeTPOB HAa CKOPOCTH y/IapHUKa ObLIa
paspaboTaHa MaTeMaTUYeCKas MOJEJTb 3aJaHHOU ITHEBMOTHPABIMYECKON CXEMbBI yCTAaHOBKU
(puc. 1) [3, 4, 5]. Mozenb cocTouT U3 4YeThipeX AUbGEPEHINATBHBIX U CBBIIIE JIBYX JECATKOB
areOpanyeckux ypaBHeHUH. JIJ1d TOIydeHUs YHCJIEHHOTO PpEIIeHHs OCYIIECTBJISIIOCH
WHTETPUPOBAHUE 110 METOYy Diiyiepa.

Pe3yabTrarbl

B pesysbpraTe wuccienoBaHUS MOJAETH YCTAaHOBKHM OBLIO BBISIBJIEHO, YTO Haubosee
3¢ PEKTHBHO CKOPOCTHIO YIAPHUKA MOKHO YIIPABJIATh Yepe3 00’beM KaMOPhI — IIPH €€ YBeJIMYeHUN
HanboJiee CyIIeCTBEHHO YMEHBIaeTcss CKopocTh (puc. 2). C yBeJIMUeHHEM ITPOXO/THOTO CEUEHHUS
[JIABHOTO KJIAlIaHA CKOPOCTh YBEJIMUHMBAeTCs, HO MeHee WHTEHCHBHO, YeM B IIEPBOM CJIydae
(puc. 3). BaiusHue 3a30pa Mek/ly yIApHUKOM U CTBOJIOM HE CTOJIb OJHO3HAYHOE: MU YBEJTUYEHUU
3a30pa Ha NEPBOM JTamle CKOPOCTh pAaCTeT, /JOCTUrasg MaKCUMAaJIbHOTO 3HAYeHUs IIpU
OTHOCHUTEJIbHOM 3a30pe 0,84, Iocjie Yero CHmKaercs (puc. 4). A BOT BJIUSHUEM TEMIIEPATyPhI rasa,
ra30BOMU IMOCTOSTHHOM U MTOKa3aTeseM ainabaThl, KaK MOKa3aJIk pacyeThbl, MOXKHO ITpeHeOpeYb.

HccnenoBanue mazieHUsl XapaKTEPUCTHK IPU MHOTOKPATHBIX HCHBITAHUAX IOKA3JI0, YTO
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P OTHOCHUTEIIbHO 6I:ICTpOM nmag€eHuu JaBJI€HUA CKOPOCTb MEHAETCA HE3HAYUTEJIbHO (pI/IC 5),
TaKHUM o6pa30M, CTeH/J C BI)I6paHHI)IMI/I ImapamMmerpaMi MOXHO SKCIUIyaTHPOBAaTb KaK MHUHHMYM
HECKOJIbKO JECATKOB pa3 6e3 nmoA3apAAKHU.

/ \8 g

N [ &

/

Puc. 1. IlpuHIUnuaabHas MTHeBMaTUYECKas CXeMa CTeH/1a JJ1 YAPHbBIX UCIIBITAHUN: 1 —
3a00pPHOE YCTPOICTBO; 2 — KOMIIPECCOP; 3 — IIPUBOJ, KOMIIPECCOPA; 4, 7 — apMaTypa; 5 —
BO3/AYIIHBIN OUIOH; 6 — MAaHOMETP; 8 — IJIaBHBIN KJIAaH; 9 — IMyIIKa
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3ax/aioueHue

B xoyte paboThI ITpou3Be/ieHa ONTUMU3AIMs CTeH 1A ISl YAAPHBIX UCIIBITAHUH, BBIIBJIEHO, YTO
HAWIy4IIuM 00pa3oM Ha €ero mapaMeTpbl MOXKHO BJIMATh 4Yepe3 00beM KaMOpbl M ILIOIIAJBIO
IIPOXO/THOTO CeUeHHs IVIABHOTO KyianaHa. OCHOBHbBIE pe3yJ/IbTaThl pab0ThI OBLIH OITyOJIMKOBAHBI [ 6, 7].
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Abstract

This article describes the basic principles of the opposition of information analysis. Given by
the difference between the dichotomous analysis and analysis of the opposition. This article
describes the difference between the opposition linguistic analysis, logical analysis of the
opposition and the opposition of information analysis. The article reveals the essence of the
opposition division in the construction of the opposition pairs. This article describes the condition
of the categorical equivalence. This article describes the required components opposition variables

Keywords: opposition analysis; information construction dichotomous analysis; opposition
variables; categorical equivalence.

BBenenue

Onmo3uIMOHHBIA aHAJU3 Yallle BCEro IPUMEHSIOT B JIMHTBUCTHKE TIPU aHaIUu3e
KOHCTPYKIIMH €CTeCTBEHHOTO S3bIKA [1, 2]. ONMO3UIIMOHHBIN aHAIN3 MMPUMEHSIOT B JIOTHKE IPH
HUCTOJIb30BAHUM JIOTUYECKUX IEePEMEHHBIX [3]. 3HAUUTESbHO peXKe OIMO3UIMOHHBIN aHaIu3
MPUMEHSIOT npu UH(OPMAITIOHHOM MOIEJTNPOBAHUH u CHCTEMHOM aHaJIn3e.
OCHOBO11 OIIIIO3UIIMOHHOTO aHaJIu3a fABJAETCA JUXOTOMUYEcKoe JejeHne [4]. OaHako UX HeJb3sd
OTOKJIECTBJIATh, TaK PE3YJbTAT MOCTPOEHUs AUXOTOMHUYECKHX IMap U Pe3yJbTaT IOCTPOEHHUS
ONIIO3UITUOHHBIX Iap KAauyeCTBEHHO pAa3/IMYalOTCA. B cTraTHCTUKE IUXOTOMUS — TepeMeHHasd,
UMeIIasi TOJIbKO JiBa 3HaueHus [5]. ONMo3uIMOHHBIE TIEpEMEHHBIE YETKO ITPOTHUBOIIOCTABJIEHBI
«/la — HEeT», «UCTUHA — JIOXKb». A 3J€MEHTbl O0BEKTa JAUXOTOMHYECKOTO JeJIEHUS YCJIOBHO
pasziesieHbl U IPU W3MEHEHHHU YCJIOBHH MOTYT IEPEXOAUTHh OT OJHOrO0 OOBEKTa JUXOTOMUH K

apyromy [6].

MeToauka

Metoguka WHGOPMAIMOHHOTO OIIMO3UIMOHHOTO aHaJM3a CBsi3aHa ¢ O00pa30BaHUEM
MHQOPMAIIMOHHBIX MoAesael, MHGOPMAIMOHHBIX KOHCTPYKIMH, WH(GOPMAIMOHHBIX €JUHUI] U
BBIsIBJIEHME B HUX CBOMCTBA OMMO3UIMU. [IpocTedmInil MoOaxo/J OCHOBAaH Ha UCIOJIB30BAHUU
noHATUA «He ¢dakTop» [7]. OH BKJIIOUaeT TpUaay: KPUTEPUM CPAaBHEHUS U JUXOTOMUYECKYIO I1apy
«daktop — He dakTop». Cieayer MOJUEPKHYTh, YTO MPU JUXOTOMUUYECKOM U ONIMO3UIMOHHOM
aHaIM3e BCer/ia IPUCYTCTBYET (PaKTOp, CBA3BIBAIOIINI JUXOTOMUYECKYIO [Tapy U ONIIO3UIIHOHHYIO
napy. Hepgocratkom ananu3a npu cpaBHeHUW 1o npuHnuny «Jla — Her» saABagerca
HEOJIHO3HAUHOCTh WJIM MHOKECTBEHHOCTh BapuaHTOB. Hampumep, cpaBHeHUe «4YeJOBEeK — He
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yesioBek». K dakTopam «He 4es0BeK» MOXKHO OTHECTH CTOJI, KapaHZalll, aBTOMOOWJIb, JKUBOTHOE,
SABJIEHWE TPHUPOABI U Tak gasnee. [1o3ToMy mpu AMXOTOMHUYECKOM aHaIN3e JI0O60ro oObeKTa
BBIOMpaeTcs KaTeropusi, K KOTOPOH OTHOCUTCS JJaHHBIM OOBEKT. BHYTpPH JaHHON KaTeropuu
IIPOU3BOJAT aHAJN3 «HE 00BEKTa». TO OOYCJIaBJIMBAET OJHO3HAYHOCTH CBA3U U IPAKTHYECKOe
3HaueHUe pe3ysbTaTa aHAIW3a. AHAJIW3 HAIpaBJieH HA INOJydeHUe HOBBIX 3HAHUU 00 0OBbeKTe
HccyIeIOBaHUS.

OcHOBHasA yacThb

OcHOBHOU wuzeell WHGOPMAIIMOHHOTO OMIIO3UIIMOHHOTO AaHA/IN3a SBJISETCA BbBISIBJIEHHE
pa3IuIui Mek/Iy 0ObEKTOM aHAIN3a U APYTUMU 00'bEKTaMU, MEXKIY OHUM U3 CBOMCTB O0BEKTA U
JIPYTUMH CBOHCTBaMH. B 00111eM ciTydae ONmO3UIMOHHBIN NHDOPMAIMOHHBIN aHAIN3 IPUBOJUT K
ONIO3UIIMOHHBIM  WH(GOPMAITUOHHBIM  KOHCTPYKIUSIM.  JleTaJbHBIA  OIIO3UI[UOHHBINA
WHOOPMAITMOHHBIN aHAJIU3 MPUBOAUT K TIOCTPOEHHUIO OIMO3UIIMOHHBIX IepeMeHHbIX [8].
Onmno3uIMOHHbIE IEPEMEHHBIE IITUPOKO HCIIOIB3YIOT B 00pa3oBaHUM [9], Mpu TecTHpOBaHUM [10],
IIPH OIleHKe IPEeATIOUTHTETHHOCTH [11].

Eciim Mcrosb30BaTh OMNBIT JIMHTBUCTUKHA, TO KOPOTKO CYTh OIIO3WIIMOHHOTO aHaJINU3a
cBefieTcsi K ciaeAyomuM npuHnunaMm [1]. Ilop omnmo3unueld HOHUMAIOT —CEMAaHTHYECKH
CYIIIECTBEHHOE pa3/INuue MeXAy WHOOPMAIMOHHBIMU €IUHUIIAMH, KOTOPbIE COOTHOCATCS C
00ImuM 0OBEKTOM WU ABJIeHHEM. MOKHO Ha3BaTh 9TO IMXOTOMUEN WH(POPMAITMOHHBIX €IMHHUIL C
CEMAHTUYECKH  ITPOTHUBOIOJIOKHBIMUA  3HAUEHUAMH WM  3HAYEHUSIMH  OTPUIAIOIIUMU
OTHOBPDEMEHHOE CyIecTBOBaHWE. MOXKHO TOBOPUTh O JIBYX WJIEHaX OMNIO3UIHNU Kak
0 TIepeMEeHHBIX, MO3KHO TOBOPUTH O CUCTEME OIIITO3UIHH.

OnBIT cHUCTEMATU3AIUK TUIIOB OMIO3UIIUN cBA3BIBAIOT ¢ paboramu H.C. TpybGerkoro [12],
MO3Ke TeOpUsA ONIO3UIMA OblIa TpUMEHeHa W B TpaMMaTHKe IIPU PacCMOTPEHUU
Mopdosiornueckux u cuHTakcruyeckux kareropuii. H.C. Tpybenkoit BbIZIEJIsII OMIIO3HUITUH 10 TPEM
MpU3HAKaM: 10 OTHOIIEHUIO JJAHHOU OMIIO3UIIUU KO BCEH CHCTEME OIMO3UIIUI; IO OTHOIIEHHUIO
MesK/Iy YeHaMU OTIIO3UIIUH; TI0 00'beMY CMBICTIOPA3THYEHHUS.

[To oTHOIIIEHUIO JAHHO! OIIO3UIINU KO BCEW CHCTEME OIIO3UIINU PAa3/IMYal0T OJTHOMEDPHBIE
Y MHOTOMEPHBIE OIIMO3UITUH ¥ U30JIMPOBAaHHBIE U ITPOTIOPITMOHAIBHBIE OIIIO3UITUH.

[To pasmepHOCTH OMNIIO3UIIMA MOXKET OBITHh OJJTHOMEDHOU, €CJIU COBOKYITHOCTh ITPU3HAKOB,
o0Iux st 000MX ee YJIEeHOB, He IPHUCYIa OOJIbIlle HUKAKOMY JIDYTOMY YJI€HY CHCTEMbI, WU
MHOTOMEPHOM, €CJT OCHOBAHUE JIJISI CPDABHEHUS JIBYX YWIEHOB OIIO3UIINU PACIIPOCTPAHSIETCS U HA
JIDYTHE YIEHBI TOU JK€ CUCTEMBI.

I[To BcTpewaeMOCTH OIIO3UIMA MOMKET OBITh H30JUPOBAHHOW (UIeHBI HAXOMATCA B
OTHOIIIEHWN KOTOPOE He BCTpedaeTcs OOJIbllle HH B KAKOW JAPYTOM OIIIO3UIIUH) HWJIN
MIPOIIOPIIMOHAILHOU (OTHOIIIEHHE MEK/Ty YWiIeHAMHU OHOU OIMIO3UIINU TOXKECTBEHHO OTHOIIIEHH O
MEKAY YWIEHAMHU JIPYTOI OTITO3UITHH).

[To oTHOIIEHUIO MEX/y YJIeHaMH OIO3UIINU BBIZIEJISIOT [12]: TPHUBATUBHYIO OIIO3UIIHIO,
KOT/Ia OIMH YJIEH OTJIMYAETCSA OT APYTroTO HAJIMYUEM JIUOO OTCYTCTBUEM Pa3IMUUTETLHOU YEPTHI;
rpajlyaibHyI0 OIIO3UIIUI0, KOT/JA WYIEHbl OTJIMYAIOTCA JIpYT OT JApyra pas3HOW CTeNeHbIo
MPOSIBJIEHUS OJTHOTO U TOTO K€ MPU3HAKA; SKBUIIOJIEHTHYIO OIIIO3UITHIO, KOT/IA YIEHBI JIOTHYECKHU
PaBHOIIPABHBI.

[To 06beMy CMBICJIOPA3TMYUTETLHOU CHUJIBI OTIIIO3UIINSA MOKET OBITh IMOCTOSTHHOU (JIeiicTBHE
Pa3JIMYUTELHOTO MPU3HAKa HEe OTPAHUYEHO, U JIBE€ €AUHUIIBI PA3IUYAIOTCS BO BCEX BO3MOKHBIX
MIOJIOKEHUSX) WJINM HeUTpain3yeMod (B HEKOTODPBIX IO3UIHUAX IIPU3HAK JIMIIAETCS CBOEH
3HaYnMMocCTH) [12].

JJiIeMeHTbI, 00beIMHEHHbIE IPYT C APYTOM B OIIIO3UITUH, JOJIKHBI 00J1aaTh ABYMs TUIIAMHU
MIPU3HAKOB: OOIIMMHU W YACTHBIMH. JTO BBITEKAET U3 JUXOTOMHYECKOTO JesieHusA. /[uxoTromus
COOTHOCUTCSI C OOIUM OOBEKTOM WM sABJieHHeM O KOTODBIH JIeJINThCA Ha JiB€ YacTH a u b.
IIpu 3TOM YacTu MOTYT OBITH OIMO3HIIMOHHBIMU WJINA JIOMOJHAIIIUMU. OOIUe IpU3HAKU
OTPa’KalOT OTHOIIEHWE JEJTUMBIX YacTed C IeabIiM. YacTHble MPU3HAKU IPU JUXOTOMHYECKOM
JIeJIEHUH HA YaCTHU MOTYT OBITh CXOTHBIMH U PA3JIMYUTETbHBIMU. ECTU TP J1eJIeHUH YacTH UMEIOT
TOJIPKO Pa3JIMYUTEIbHbIE MPU3HAKH, TO 3TO MOKET TOBOPUTH OO OMIIO3UIIMU, OJHAKO 3TO HE
SIBJISIETCS IOCTATOYHBIM OCHOBAHUEM OIITIO3UIIHH.

Ecnu mpu fiejleHUHM 11€JI0TO 9acTH HMMEIOT TOJIBKO PpPas3IMYuTeNIbHble MPU3HAKU U 3TH
MPU3HAKW AHTarOHUCTUYECKHE, TO B 3TOM CJIydae MbI IIOJIydaeM OINMO3WITMOHHBIE 3JIEMEHTHI.
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ITHU BJIEMEHTHl MOTYT OBITH OIIO3WIMOHHBIMU II€PEMEHHBIMH, €CJIH OHH MOTYT IPUHHUMATh
pa3Hble 3HAUEHUsI, OCTABAsCh B OMIIO3UIIUH K JIPYT JPYTY.

[Ipu aHaM3e OMMIO3UITUU OOJIBIIYI0 POJIb UTPAET OKPYKEeHHE, B KOTOPOM HAaXOIUTCA OOBEKT
uccnenoBanusa [13]. Hampumep, ommo3unupioHHas mapa "IOCTOMHCTBA — HEJOCTAaTKU' B
3aBUCUMOCTH OT YCJIOBHH U IleJled MOXKET CYIIECTBEHHO MEHSTh CBOHM XapaKTEPHUCTHKH.
CnenmoBartesibHO, WH(POPMAMOHHAS CUTyalusa SBJAeTcS (PAKTOPOM, BIHMAMIOIIMM Ha 3HAYEHUE
UHOOPMAIMOHHBIX IEPEMEHHBIX.

B kxauecTBe HHCTPYMEHTA OMIO3UIIMOHHOTO MMOCTPOEHUS B IMHTBUCTHUKE HUCIIOIB3YIOT IITKAJY
nepexogHoctu [2]. Hampumep, MBI XOTUM 00pa3oBaTh ONIO3UIUOHHYIO Mapy sBjeHuu A-Bb
(mpumep 110 aHasioruw c [2]). /Iy 3TOro CTPOUTCSA CieayoIas HHGOpMaHOHHAsA IIeN0YKa

A->A6>Ab->ab->5(1)

3necy AG, ab — HaswpIBawT mepudepuiiHble sBIeHUA. Ab — 03HAYalT MPOMEKYTOYHOE
sABjieHue. A, b — onno3uIuoHHbIE ABJIEHUS WX ONMO3UIMOHHAA Hapa.

CorsacHo cxeMe (1) B KadecTBe WHCTPYMEHTA BBIZIEJIAIOIIETO OTHOIIEHHE IPU3HAKOB
MIPOTHUBOIIOCTABJISIEMBIX SIBJIEHUH HCIIOJIB3YeTCS IIKaia IepexomaHocTd. [ Havasa BBIOUPAIOT
ONIIO3UITMOHHbBIE SIBJIEHUS U MEXKAy HUMH CTPOAT IepudepuiiHbie sBJIeHHUA (YHCIIO UX MOKET
OBITH JIFOOBIM), IIPOMEKYTOUHbBIE SIBJIEHUSA U IETIOUKY, CBS3BIBAIOIIYIO OIIIO3UITMOHHBIE SIBJICHUS.
KoHeuHBIM 3TamioM aHaIM3a sSBJISIETCS BBIJEJIEHNE KPAWHUX TOYEK, 00pa3yIOIIUX OIIIO3UIHI0 U
UCKJIIOUEHNE TPOMEKYTOUHBIX 3BEHBEB. JTOT aHAJIU3 SBJISETCA KAaUeCTBEHHBIM IIO CYIIECTBY,
IIO9TOMY OH COZEPKUT HEKWH IPOU3BOJ W CyOBeKTHBHOCTh. CMBICI TaKOTO JeJIEHUS B
UCKJIIOUEHUN IMPOMEKYTOUHBIX XapaKTEPUCTHUK, CYIIIECTBEHHO HE BJIUSIIONINX HA OMIIO3UITHOHHYIO
mapy. Ho B cuity cyO'b€KTUBHOCTH, OJTH Y€JIOBEK MOXKET MOCUUTATh (haKTOPHI HECYIIECTBEHHBIMHU,
a Jpyroul - CyIlecTBEHHBIMH. B pesysbTaTe TaKOTrO IOAXOZA JJIs Pa3HBIX CyOBEKTOB MOTYT
MIOJIyYUTHCS HE DKBUBAJIEHTHBIE PE3yJIbTaThl IIOCTPOEHUs 1o cxeMe (1).

g naHpOpMAITMOHHBIX KOHCTPYKIIUU 3JI€EMEHTaMU JIeJIEeHUs SBJIAIOTCA UH(GOPMAIMOHHbIE
enuHUIbl. OcOOEHHOCTP B TOM, YTO OSTH €IWHUIBI OBIBAIOT Ppa3HBIMU IS Pa3HBIX
UHOOPMAITMOHHBIX TIPOIECCOB. ITO CTPYKTypHble WHGOPMAIUOHHBIE €IWHUIIbI, €UHUIIBI
nepepayu UHOpPMAIUM, CceMaHTUYeCKMe WH(GOPMAIMOHHBIE €JUHUIBI, O00pa30BaTeIbHbIE
uHGOpPMAITMOHHbBIE eTUHUITHI U JIPYTHE.

Ha pucynke 1 npuBejieHa cxeMa OMIIO3UITMOHHOTO HH(MOPMAIIMOHHOTO aHaIu3a. Ha nepBom
arane cosmaercsa wHpopMmanuoHHas KoHCTpyknus (IC) [14] u BeiOupaercsi ee CBOMCTBO (Wiu
repeMeHHast) P;, JIJIsT KOTOPOTO HIEeTCs OIMIO3UITMOHHOE ¢cBOUCTBO Pr. IIpoBosuTesa ananmus IC Ha
HaJIM4We 3TOro cBoucTBa. MHMoOpManmoHHAs KOHCTPYKIUS pasjiesisieTcsa Ha dacTu: «P;» u
«He Py». Yactb «He P;» moaBepraercs gajibHEHIIIEMY aHAIN3Y U JieJleHHui0. B pe3ybraTe aHaansa
vactu «He P,» BbIensercss yacth P, KOTOpasi B COOTBETCTBUU C JIMHTBUCTHYECKUM JieJIEHUEM [2]
OTHOCHUTCS K IMPOMEXKYTOUHON. EcC/iM BBISCHSETCA, YTO 4YacTh «P.» SBJIAETCA COCTaBHOU, OHA
IIOZ[BEPTAeTCs JOIOJHUTEILHOMY aHaau3y. J[OmOJHUTENbHBIN aHaiu3 (IMoKa3aH IyHKTHPHOU
JINHUEH) BBIABJISAET HAJIUUME COCTABJISIONINX yacTell Py 1 Pas.
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NP1P,P3sPe

Puc. 1. luxoTroMuyeckoe JieJieHne NHQOPMaIOHHON KOHCTPYKITUHN

[TyHKTHpHAs JUHUA MOKA3bIBAET BO3MOXKHOCTh TAKOTO IIPOIECca M €ro HeoOsA3aTeIbHOCTb.
B pesynbrate aHasm3a Ha 3TOM 9JTame ocraercs dactb (He P, m Po,». OHa mojBepraercs
JIAJIbHEUIIIEMY  JUXOTOMUYECKOMY aHajau3y. Ha 3akIio4YuTesIbHOM JTalle  BBIAEJSAETCA
ONIO3UIMOHHOE CBOHCTBO Pr M Hekuil ocTaTOK. IATUM OCTaTKOM IIpeHeOperarT B CHIIy
HEeCYIIIECTBEHHOTO BJIMSHUSA €r0 Ha CBOMCTBa 0ObekTa. B pesysprare aHanmsa, B COOTBETCTBUH CO
cxeMOH Ha pUCYHKe, HTHpOpMaIlMOHHAsA KOHCTPYKIIUA Oy/leT onucaHa Kak

IC=F(P1, P2[P21, P22], P3, ceee PE) (2)

CnenyeT OTMETHTbH, UTO HA PHUC.1 IPHUBEJEHA CXeMa JUXOTOMHYECKOTO JeJIEeHUs, IEJIbI0
KOTOPOM sBJAETCA BBbIEJEHHE BCeX CTPYKTYPHO B3HAYMMBIX dYacTedl WHQOPMAIMOHHON
KOHCTPyKIu. Cxema, IMpHBeJeHHass Ha PHCYHKe, Ha3bIBaeTCsA «JepeBoM pasbopa». dTa cxema
II03BOJISIET PeIlaTh MHOTO 3a7a4. HampumMep, ecjii KpUTepueM JiejieHus1 OyIeT CTPYKTypa, TO JJIst
CJIOKHOU CHCTEMBI IMapaMeTphbl, BXOJSAIINE B BbIpaskeHHe (2), IPEACTAaHYyT KaK CTPYKTypHBIE
ayieMeHTHl [15] cucrembl. I WHQAOPMAIIMOHHOTO OOBEKTa TIPH CTPYKTYPHOM aHaJIn3e
IapaMeTphl, BXOASAINNE B BbIpakeHue (8), mMpeAcTaHyT KaK CTPYKTypHble HH(OpPMAIOHHBIE
equHUIBI [16]. JI;11 mHDOPMAIMOHHOTO O0BEKTa IPU CEMaHTHYECKOM aHaJIN3e IapaMeTphl,
BXOJIAIIIIME B BhIpakeHUe (8), mpeicTaHyT Kak ceMaHTH4YecKre WHGpOPMAIMOHHbIE eUHUIIBI [17].
JIUXOTOMUYECKUN aHa/JM3 TI03BOJIAET HE TOJBKO BBISIBUTH CHUCTEMHBIE NPU3HAKU OOBEKTA
HMCCIIeOBaHMsA, HO M OIEHHUTH €ro cjaoxkHocTh [18]. CorsacHO AMXOTOMHU OOBEKTHI MOXKHO
Pas/esiATh Ha TPYIIIBI «IIPOCThIE — CJIOKHBIE»

Jlna paznuums Ha pUC.2 TPUBEJEHA CXeMa OMNMO3UIMOHHOTrO JAeneHus IC Ha yactu
onno3unuu P,, Pg
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NP;P,P3sPe

Puc. 2. Onno3unioHHOE JiejieHre NHPOPMAIMOHHON KOHCTPYKITUH.

[Ipy onmo3munMOHHOM JlejieHUM HH(MOpMalNOHHAA KOHCTPYKLMA pasfesiseTcsd Ha YacTu:
«P» u «He Py». Hacts «He P,;» noaBepraercs fajpHellleMy aHaJIN3y U JieJieHUI0. B pesysbrare
a"nanmsa yactu «He Py» Bpigenserca uyacts P. KOTOpasd B COOTBETCTBUM C JIMHTBHCTUYECKUM
ZlestleHueM. [lesieHue ocylecTBisAeTcs 10 Tex 1nop. [loka He Oy/ieT BbliesieHa ONIO3UIIMOHHAA YacTh
Pg. UsieHB! ONIIO3UITMOHHOU IIAphI BbIJIeJIEHBI TOJIIUHON JUHUN. POPMaIBHO Pe3ysbTaT JeeHnus
Oy/ieT onucaH BeIpaskeHHEM 60Jie IPOCTOU CTPYKTYPHI B CPaBHEHHUH ¢ (2)

Ob=F(P1, PQ, P3, coee PE) (3)

Kak yxe orTmeuasioch, WieHb onmo3unuu P;, Pg MOryr OBITH ONIITO3UITMOHHBIMH
KOHCTPYKIIMSAAMU HWJIM  ONIIO3UIIMOHHBIMH  WHQOPMAIMOHHBIMH MOJIeJIIMU. B mpezene
OTITO3UITMOHHOE JIeJIeHHEe MPUBOAUT K OIMO3UITMOHHBIM ITepeMeHHbIM. IMEHHO OINMO3UIIMOHHbIE
IIepeMeHHbIe COCTABJIIIOT OCHOBY OIIIO3UITMOHHOTO aHajiu3a. [Ipu 3TOM OHM JOJIKHBI WMETh
OIMHAKOBOE KA4yeCTBO U CBA3b MexkAy coboii. Takue ONIO3UIIMOHHBIE IIepeMEHHBbIE CBsS3aHbI
MEsKIy cO00M mapaiirMaTuIecKuM OTHOIIeHHeM «or» (mn). CeMaHTHYECKOE OTHOIIIEHNE MEK/IY
ONIIO3UITUOHHBIMH IT€PEMEHHBIMU OIPEIEISIIOT KaK SKBUIIOJIEHTHYIO OMIIO3UITHIO0, KOT/Ia YJIE€HBI
ONIIO3UITUN CEMAaHTUUECKU PpAaBHONPABHBI. IIpUHAJIEKHOCT, K OJHOU KaTErOpUH SIBJISETCS
00s13aTeTbHBIM YCJIOBHUEM JIJIST OTIITO3UITMOHHBIX ITIEPEMEHHBIX.

PazbsaAcHUM BTO yCJIOBHE OTHECEHHS JIOTUYECKHX OIMO3UIMOHHBIX EIWHHI[ K OJHOU
KaTeropuy, WIN YCJIOBHE KaTErOPHUAIbHONW SKBUBAJIEHTHOCTH YJIEHOB OIIMO3UIMOHHOU Iaphbl.
Cpeny OIITO3UITMOHHBIX KOHCTPYKIIMI BCTPEUYAIOTCSA JOCTATOYHO YacTO ITaphl 00pa30BaHHbBIE YepPe3
orpuniauue [6]. Hanpumep, nepemenHas (P;) «Touka Ha MECTHOCTH» MOJKET JIaTh JIBE OIIIO3UIUU
«TOYKa He Ha MecTHOCTH» (Pg;), «He Touka Ha MeCTHOCTU» (Pgrs)

[Ipoananusupyem nepemerHyio (P;). Touka Ha MECTHOCTH MOXKET TPAKTOBATHCS CIIEYIOIIUM
o0pa3oM: «TOUKa» - CYIHOCTh WU JOMUHUpPYIOIlee 3HAUEeHHEe; «Ha MECTHOCTH» - aTpUOyT WIu
BCIIOMOTAaTeJIbHOE 3HaueHne. Touka Ha MeCTHOCTH OIHChIBaeTcs: (pyHKITHEH TpexX HMepeMEeHHBIX U
MPUHAJIEXKUT TIOBEPXHOCTH TO €CTh peabedy MeCTHOCTH. Y Hee JBe CTelleHH CBOOOIBI.
OHa MoXCKeT HaXOIUThCSA TOJIBKO Ha MaTeMaTHUecKOH (MHGOPMAITMOHHOMN) MO/IEJTN TTOBEPXHOCTH,
KOTOpas 0ToOpaskaeT MECTHOCTh. DTO KaTeropusi TOUEUHBIX OO BEKTOB.

Onmno3unus «ToYKa He Ha MECTHOCTU» MOJKET OMUCHIBATh TOUKY HA JIIOOOU KPUBOJIMHENHOMN
IIOBEPXHOCTH. ITO KATETOPHUSA TOYEYHBIX OOBEKTOB IIOTOMY, UTO JAOMUHUDYIOIIUH 3JI€MEHT
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IepeMEeHHON «TOYKa» COXPAHWICA M U3MEHWINCh TOJIBKO ero aTpubyThl. B 3TOM ciyuae mMeer
MeCTO KaTeropuajibHas 3KBUBAJIEHTHOCTh YWIEHOB ONIO3UI[MOHHON Maphl. KaTeropus «ToYedHbIN
00BEKT» COXPaHUJIACH.

OmnmosuIus «He TOYKAa HA MECTHOCTH» MOKET OIHUCHIBATh «HE TOUKY» M B 3TOM CJIydae
HapyIlIaeTcsl KaTeropHaIbHasi SKBUBAJIEHTHOCTh WIEHOB OIIIO3UIIMOHHON napbl. Hampumep, kyo
WJIU I1ap, I0M, JKeJIe3HasA JI0pora Ha MECTHOCTH - He ABJIAIOTCA TOUKOM Ha MecTHOCTH. ['nmepbosia
win mapabosia TOXKe He SBJSIOTCI TOYKOM HAa MECTHOCTH. JIOMUHUDYIOUUHA 3JIEMEHT
OIIO3UIIMOHHOU MTEPEMEHHON «TOYKa» M3MEHWICS, UTO MOKET 03HAYaTh IEPEXOJ €ro B JIPYTYIO
KaTeropuio. B pesysibraTe MOryT OBITH OOpa30BaHbBI APYTHe KATeropUaibHble OOBEKTHl. B 3THX
CJIydasix JIOMUHHUPYIOIIHE OOBEKTHI OIMIO3UIMOHHOM IMaphl OTHOCATCA K Pa3HBIM KAaTETOPUSIM.
Takum 00pa3oM, COXpaHEeHHe KaTeropuaJbHON SKBUBAJIEHTHOCTH OIIO3WIIMOHHOM Iapbl UMeEeT
MECTO TOT/Ia, KOTZ[a IOMUHHUPYIONUN 3JIeMeHT OIIO3UIIMOHHOM Maphl He MEHSETCs, a MEHSIOTCS
ero arpubyrsl. He coxpaHeHHEe YCJIOBHUS KATErOpUaJbHOM SKBUBAJIEHTHOCTU HCKJIIOYAET
BO3MOXKHOCTb C/I€JIaTh TPABUJIbHbIE BBIBOJIBI.

Orcioma ciemyer, YTO /ISl IPOBEJIEHUs IIOJIHOTO OIIO3UIMOHHOTO aHAIN3a, HEOOXOAUMO
IPU BBIOOpE OMIO3UIMOHHBIX BEJMYUH W IIEPEMEHHBIX BBIOMPATh JAOMHUHHPYIOIIUN UYieHa
OIIIIO3UITUOHHON Maphl ¥ ATPUOYTUBHBIN UJIEH.

3axjioueHue

CoBpeMeHHOe COCTOSIHHME B 00J1aCTH OIIO3UIIMOHHOTO WH(POPMAIMOHHOTO aHaIn3a
IIOKAa3bIBA€T, YTO TE€OPHUA CYIIECTBEHHO OTCTAET OT IIPAKTHYECKOI'O IIPMMEHEHUA 3TOI'0 aHa/Inu3a.
Ha mpakThke BO MHOTHX CJIydasx NPUMEHEHHE AUXOTOMHYECKOTO aHan3a IPOBOAAT 0e3
0000IeHNI, TOJIBKO B  ONpeAeIeHHOW  mpeaMeTHOH — obsacth.  ONITO3UITMOHHBIN
nHGOPMAITMOHHBIN aHAJIN3 JIaeT BO3MOKHOCTh BBEZIEHHUST HCCIIE/IOBAHUS ITOHATHU: «HE CHCTEMAa»,
«He O00BeKT», He aKTop». J[OCTOMHCTBOM OIIMO3UIMOHHOTO WH(GOPMAIMOHHOTO aHaIN3a
ABJIAETCA BO3SMOXXHOCTDb 3alaHUA quKOﬁ rpaHUIIbI YICHaAMHU OHHOSHHHOHHOﬁ Imaphl.

Onmno3uIuoHHbIH  WHGOPMAIMOHHBIA  aHAJIN3 OCHOBAaH HA ONMCAHUM: JejauMasi
nHbOpMAIMOHHAA KOHCTPYKIUA; IIepBas ONIO3UIMA; BTOPas ONIIO3UIINA; JOMUHUDPYIONIUN YieH
OIIIIO3UINH, anHGYTHBHBIﬁ YJIEH OIIIIO3UIINU. Tosbxko IIpr OIIMCAaHHMU BCEX IIE€PEYHCIICHHBIX
IapaMeTpOB CYIIECTBYET BO3MOKHOCTD BHITIOJTHEHUSA YCIOBUA KaTETOPUAIBHON 5KBUBAJIEHTHOCTH,
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Onno3unoHHIA HHHOPMAIMOHHBIN aHAIU3
Bukrop AxosneBuu 1{BeTKOB

MOCKOBCKHI TOCYZIJapCTBEHHBIN TEXHUYECKUH YHUBEPCUTET PAITNOTEXHUKH, DJIEKTPOHUKH 1
apromatuku MI'TY MUPDA, Poccuiickas @eneparius

119454, Mockga, IIpocniekt BepHasckoro, 78

E-mail: cvji2@mail.ru

AHHOTaIMA. Cratpa ONIMChIBAa€T  OCHOBHBIE IIPUHITUTIBI ONIIO3UIIMOHHOTO
nHOpMAIMOHHOTO aHanu3a. JlaeTca pasziauuue MexXAy [UXOTOMHUYECKUM aHaJIN30M U
ONIO3UIIMOHHBIM aHaiu3oM. JlaeTcsa pasjiuuve MeXAy OINIO3UIMOHHBIM JIMHIBUCTUYECKUM
QHAIN30M, OIIO3UIIMOHHBIM JIOTUYECKUM AaHAJIM30M U ONIO3UIMOHHBIM HHGOPMaIMOHHBIM
aHam3oM. CraTbsd pAacCKpBIBAaeT CYyIIHOCTb OIIIO3UIIMOHHOIO JleJIeHUs TIIPU IOCTPOEHUU
ONIO3UIIMOHHOM mapbl. OnucaHoO YyCJIOBHE KaTerOpHaJIbHONM SKBUBaJEHTHOCTH. OmucaHbl
00s13aTeJIbHBIE COCTABJISIONIE OMITO3UI[MOHHBIX IEPEMEHHBIX

KnaioueBble cJj0oBa: ONIO3UIMOHHBIA aHaIM3; WHQGOPMAUMOHHAA KOHCTPYKIIUSA;
JIUXOTOMUYECKUI aHAIN3; ONIIO3UIIMOHHbIE IepeMeHHbIe; KaTerOpUaIbHas S9KBUBAJIEHTHOCTD.
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