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PA3JIEJ XVII. XUMUSA

Jafarli M.M.
Equilibrium, kinetic and thermodynamic of sorption of Zn2+ and Pb2+ -ions Amberlite
IRP69 and Amberlite IRP64 with resin

Institute Natural Recourses of Nakhchivan section
of National Academy of Sciences of Azerbaijan
(Azerbaijan, Nakhchivan)
doi: 10.18411/1j-01-2019-113
idsp: ljournal-01-2019-113

Abstract

This article presents the results of equilibrium, kinetics and thermodynamics of
sorption Zn?* and Pb®* ions of strongly acidic Amberlite IRP-69 (sulpho-group, Na* -form)
and Amberlite IRP-64 weakly acidic (carboxyl functional group, H'-form) cationites. The
change of parameters, such as energy and entropy of activation, free energy of sorption and
diffusion coefficients change on various factors. Analysis of the kinetic curves methods and
interruption methods revealed that at a concentration of about of sorbates 1.0 g E-L™ is
controlled intradiffusion kinetics. The interaction between the selectivity of sorption and the
Kinetic properties of ionites has confirmed. Decrease in the numerical value of entropy and
entropy is directly related to the increase in the selectivity of sorption in systems learned.

Key words: Resin, Zn?* and Pb*" ions, isotherms, sorption, equilibrium, kinetic and
thermodynamic parameters.

AHHOTAUA

B nmaHHONM cTaTbe mpeAcTaBiEHBl pe3yibTaThl PAaBHOBECHS, KHUHETUKH U
TEPMOJMHAMHUKHU COPOIIMN MOHOB Zn®* v Pb®" CHIIBHOKHCIBIX KATHOHOB Awmbepmura UPII -69
(cymbgorpymnma, Na'-popma) u cnabokucnoTHeix AmGepnura WPIT -64 (kapOoKcHibHAS
dynkmuonansHas Tpynma, H'-opma). M3MeHeHHe TapaMeTpoB, TAaKMX KaK JHEPrus M
SHTPOMNHUS AaKTUBAIMH, KO3(p(UIMEHThl CcBOOOJHOW »Hepruun copOuun u auddysumn,
MPOMCXOMUT B 3aBUCHMOCTH OT Pa3MYHBIX (PAKTOPOB. AHAIN3 METOJOB KHHETHYECKHE
KpUBBIE M MPOMEXYTOUHOI'O pa3JeIeHUs] IOKa3bIBalOT, UYTO KWUHETHKAa COpPOEHTOB NpHU
KoHUeHTpauuu 1,0 r D! maxomures mox KOHTpOJIeM BHyTpeHHOW nuddy3un. beina
HNOJATBEPXK/I€HA B3aMMOCBSI3b MEXAY COPOLMOHHON CEJIeKTHUBHOCTbIO U KHHETHUYECKMMHU
CBOWCTBAMH HMOHOTOB. YMEHBIIEHHE OHTPONMHM W YHUCIOBOTO 3HAYCHUS MHOXKHUTEIS
SHTPOIUU SBISETCS HEMOCPEICTBEHHBIM YCIOBHUEM CEJIEKTUBHOCTU COPOLIMU B MCCIETyEMBIX
CUCTEMaXx.

KnoueBbre cioBa: Cwmonbl, woHsl Zn°* u Pb®*, m3oTepMmbl, COpGILMOHHBIX,
PaBHOBECHBIX, KHHETHYECKUX U TEPMOAMHAMUYECKHX ITapaMeTPOB.

Environmental pollution by toxic metals occurs globally through military, industrial,
and agricultural processes and waste disposal [1]. Metals, discharged or transported into the
environment, may undergo transformations and can have a large environmental, public health,
and economic impact. Among various techniques, ion exchange technique on polymeric ion-
exchangers is widely used for treatment of metal-contaminated wastewater [2], due to high
efficiency; easy handling; cost effectiveness; reusability and ease of separation. The pollutants
of concern include cadmium, lead, mercury, chromium, arsenic, zinc, cobalt and nickel as
well as copper. When selecting ionite for practical purposes, the capacity, selectivity and
kinetic characteristics of the sorbent have particular importance. It is also important to present
a realistic view based on the calculation of thermodynamic parameters for substantiating the
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amount of sorption processes. Extraction of non-ferrous metals from a variety of different
facilities and their delivery in the form of sales products is a very important problem of
chemical technology. The aim of the study was to investigate the sorption of Zn** and Pb**
ions by Amberlite cations and to propose cationite that meets the technological requirements
and calculate the parameters that describe processes.

Experimental results and discussion

The processes under investigations has been studied in static conditions, at the room
temperature, at the ion exchanger-solution ratio of 1:100, at the concentration of metal ions
0,5-5,0 gMe-L ™. The experiments were conducted in the range of 3.5-5.5 PH. pH of solutions
have been measured by Acvilon pH-meter pH-430.

Amberlite IRP64 (Polacrilex Resin) makroreutical, carboxyl weakly acidic
functional structure resin is an insoluble, hydrogen form, cation exchange resin supplied
as a dry, exchange capacity 10.0 meqg/g, on dried basis fine powder. Amberlite IRP64
resin is derived from a porous copolymer of methacrylic
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Fig 1. acid and divinylbenzene.

Amberlite IRP69 (Sodium Polystyrene Sulfonate USP) resin is an insoluble,
strongly acidic, sodium form cation exchange resin supplied as a dry, fine powder.
Amberlite IRP69 resin is derived from a sulfonated copolymer of styrene and
divinylbenzene. The total cation exchange capacity (~5 meqg/g) represents the maximum
achievable capacity for exchanging cations. The chemical structure for Amberlite IRP64
(in Figure 1) and for Amberlite IRP69 is shown in Figure 2 [3].

AMBERLITE IRP69 Chemical Structu
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Figure 2

The residual concentrations of the studied ions after sorption in the solution were
determined by using complexonometric method, eriochrome black T (Zn?*) and xylenol
orange (Pb?)[4]. In a series of experiments, the accuracy of the results was controlled by
determining the concentration of Zn?* and Pb?* ions at atomic absorption spectrometer
Thermo Scientific iCE 3500 AA. Quantity of Zn** and Pb®" ions passing to the ionite phase at

equilibrium condition has been calculated according to the formula: A:(C0 —Ce)\//m (Eq.
1).

Here A is the Zn** and Pb**-ions sorbed onto the ionites (mg-g™) at equilibrium, C, is
the initial Zn®* and Pb?* ions concentration (mg-L?), C. is the final Zn?* and Pb?* ions
concentration in the solution (mg'L™) V is the volume (L) of the solution and m is the amount
of ionites (g) used.

Prevalence of isotherms suggests that the ionites are selective to the ions studied,
claiming that K is greater than 1. Although the selectivity of cationites to the studied ions is
high at the beginning of the processes, the in subsequent stages of absorption considerably
decrease in the mol share of ions in the solid phase. This, is on the one hand in the beginning
of the processes, of the equilibrium concentrations of ions in the solution have very small, on
the other hand it can be explained by the down of capasity in parallel and the high price
increase of the equilibrium concentration. Although Amberlite IRP-69 combines at the same
time of 3 sulphogroups as a single active center to the matrix, it seems that, the number of
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such groups is not quite very. The data on the interaction of d - and f - order metals with
ionized carboxyl cationites not only in ion can be found but also in coordination bond, the
character of both potentiometric curves and as well as the frequency slopes of ionized
ionogenic groups.

The isotherms are rised follow the Langmuir equation: A=A_, -K-C,/1+K-C,
(figure 3). This is confirmed by a constant value characteristic in the wide concentration range
of K which is included in the equation. From the dependence of logA-logC;, the parameters

included in the Freundlich equation: %, = K - C." were calculated and corresponding equations

were proposed A=426,6:C2% equation for the Amberlite IRP- 64 Pb2+ system,
A=169,83-C? equation for the Amberlite IRP-64- Zn** system, A=200- co3 equatlon for
the Amberhte IRP-69-Pb?* system, A=81,28-C>* equation for the Amberlite IRP-69- Zn?*
system is in the form of. However, it should be noted that the equations shown are valid only
in the beginning and in the middle of the isotherms. The end points of isotherms are not
follow to the Freyndlix equation. The sorption capacity of the ionites is also different for the
learned element ions. Since the last d-orbital completes in the Zn atom, its interaction with the
ionite's counterion ion and complexforming groups is very weak. This also shows itself in
studied elements of the sorption capacity for speC|f|c cationite. The maximum sorption
capacity was obtained during the sorptlon of Pb?* ion with Amberlite IRP-64 cationite: 3,85
meq/g. As amberlite IRP-64 cationite is characterized by sorption capacity of 10 meq/g, it can
be considered more effective than other cationites. The presence of N atoms in the functional
group makes the situation more complicated. The existence of a diazo-group that combines
naphthaline rings in the composition of Amberlite IRP-69 cationite indicates that coordination
bond may occur in more challenging conditions and at very low pH values.
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Fig. 3. Sorption isotherms

Kinetics of the processes has been studled by the “limited volume” method in ion
solutions with the concentration 1.0 g Me®* L™. Values of effective diffusion coefficients in
Kinetic experiments have been calculated according to the equation of G. Boyd and colleagues

[51:F=Q,/Q, :1—(%)i(l/nz)exp(—Diﬂznzt/roz) (Eg. 2)

In this equation F- is the exchange ratio of ions, Q;and Q ., are the relevant amount of
sorbent ion according to time - t (time in which sample is taken for analysis, sec.).

In this equation: Bt=D,z°t/r’ (Eq. 3). B, is called an intangible parameter or
Fourier homochronous criterion. The value of effective diffusion coefficient has been
calculated according to the formula D =B, -r/ /t-z°(Eq. 4). 1o - is the average radius of
swollen sorbent granule in sm. The values of effective activation energy have been calculated
by Arrenius equation: D = D, exp(-E,, /RT) (EQ. 5) due to the temperature dependence of

Ea:. effective diffusion coefficients. The temperature dependence of the sorption parameters
studied at the U-10 branded thermostat at 25-55°C. The values of entropy of activation (AS")



-8- JIlendenyuuu paseumus HayKy u obpasoeanus

are calculated by substituting Dy in the equation proposed by R.M. Barrer and his colleagues’
[6]: D, = d?(ekT /h)-exp(AS* /R) (Eq. 6). Where k is the Boltzmann constant, d is the ionic
jump distance (the distance between two successive positions of ion in the process of
diffusion) and is equal to 0,5 nm, h is Planck’s constant, and R is the gas constant. The value
of entropy multiplier 2> .exp (AS/R) — according to the formula offered by S. Glasstone [7]:
D =eA’kT /h-exp(AS* /R) -exp(-E,; /RT) (Eq. 7).

The diminution of radius of ionite granule, with increasing the speed of sorption shows
that the sorption of metal ions is diffusion character. In all cases, decrease of half-change
period 7,,, =0,03-r2 /D, is observed. The linear dependence of F from +/t and In (1-F) to t
for the beginning of sorption processes indicates that the speed of the processes under study is
under the control of internal diffusion.

Table
Kinetic and thermodynamic parameters of sorption of Zn** and Pb®" -ions with Amberlite
IRP-64 and Amberlite IRP-69 resin (r,=0,0275 sm)

Di Do Ea -AS -AH?, -AG, K 3 2eMR. g2
sm?/sec sm?/sec kJ/mol J/mol-K kd/mol kJ/mol e sm
Zn** - Amberlite IRP-64
56,5107 [ 2,0510° | 1460 | 4430 | 1762 | 442 | 595 | 12,1-10°
Pb** - Amberlite IRP-64
1,1610° | 32910" | 2540 | 4036 | 1575 | 372 | 45 [ 19510°
Zn* - Amberlite IRP-69
53107 [0,062:10°] 1750 | 5425 | 2025 | 408 | 52 | 366107
Pb** - Amberlite IRP-69
32:10° | 17,3-10" | 27 | 2673 | 123 | 433 | 575 ] 103 10"

Zn** ion is close to Pb®* jon according to its essential characteristics. Unsatisfactory
kinetic indicators with Amberlite IRP-69 cationite should be explained by the spatial
condition of cationite functional groups. Sulfogroups at a certain distance from each other
may possible to create a sterile effect and the N-atoms of the diazogroup may also have a
significant negative impact on the steric effect. For these reasons, the values of the internal
diffusion coefficients of the learned ions with Amberlite IRP-64 are 10 times higher than the
average value of the Amberlite IRP-69. Low values of activation energy indicates that the
sorption process is controlled by cation exchange.

Increasing the kinetic capacity of the ionites promotes the process to be more effective
by raising the selectivity of the sorption. Decrease in the numerical value of entropy factor
and entropy is conditioned by increased selectivity of sorption in the studied systems. The
high sorption capacity of iodine, characterized by relatively good kinetic performance, can be
successfully used for their purification of hydrometallurgical or complex facilities where
these ions are involved in some manufacturing processes.

*k*k

=
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PA3JIEJI XVIII. MATEMATHUKA

Axcenwmkuna E.B.
3agaya 0 GOpMUPOBAHUM KPEAUTHON MOJIUTHKH (PUPMBbI

Batikanvckuui cocyoapcmeennwiii yHugepcumem
(Poccust, Upxkymck)
doi: 10.18411/1j-01-2019-114
idsp: ljournal-01-2019-114

AHHOTAIUSA

B pabore popmynupyercs u pemraercs 3agada o GOpMUPOBAHUH KPESTUTHOW TOJIUTUKA
(GbUpPMBI U TAKOM pacIpeelICHUH MPUOBUTM Ha MHBECTUITUH (TIPOIICHTHBIA POCT) U MOTPEOICHHE
(TuBUIEH/IBI), YTOOBI 00ECTICYNTh MAaKCUMAIBHBIN 00BEM MOTPEOICHUS 32 HEKOTOPBINA TEPHOT
TUTAHUPOBAHUSL.

OnwucanHasi cutyanus GopMaIu3yeTcsi B paMKax OWIMHEHHOHW 3ala4d ONTUMAITLHOTO
yrpaBieHus. B Takux 3amadax, BoOOIE TroBOps, MPHUHIMI MaKCHUMyMa SIBISIETCS TOJIBKO
HEOOXOIMMBIM YCIIOBUEM OITHMAJIBHOCTH W BBIIEISET SKCTPEMAIbHBIC YIIPABJICHUS, KOTOPHIS
MOJO3pUTENbHBI Ha ONTUMaNbHOCTh. C ydyeroMm crneuuduKd 3a7ayd TOKa3bIBACTCs, YTO
VIIPaBIICHUS, YIOBJICTBOPSIOIINE TIPUHIIMITY MAKCUMYyMa, SIBIISTFOTCSI CHIIBHO DKCTPEMATIbHBIMH,
YTO COIJIACHO HM3BECTHBIM JIOCTATOYHBIM YCIIOBHSIM OOECHEUMBACT WX ONTHMAaJIbHOCTh. B
pe3ynbTare paccMaTpuBaeMasi OWIMHEHHas 3a/1a4a MOJHOCTHIO PElIaeTCcs Ha OCHOBE MPHHIIHIIA
MaKCUMyMa.

KiaroueBble ciioBa: OwinMHEHHAs 3a7a4a, MPUHIUN MaKCHMyMa, ONTHMAIBHOE
yIIpaBlieHUE, CUJIbHO 3KCTPEMAIILHOE YIIPABICHUE, IPUHIIUI MAKCUMYMa.

Abstract

The paper formulates and solves the problem of forming the credit policy of the company
and such distribution of profit on investments (interest growth) and consumption (dividends) to
ensure the maximum volume of consumption for a certain period of planning.

The described situation is formalized within the framework of the linear optimal control
problem. In such problems, generally speaking, the maximum principle is only a necessary
condition of optimality and highlights extreme controls that are suspicious of optimality. Taking
into account the specifics of the problem, it is shown that the controls satisfying the maximum
principle are strongly extreme, which, according to the known sufficient conditions, ensures their
optimality. As a result, the considered bilinear problem is completely solved on the basis of the
maximum principle.

Keywords: bilinear problem, maximum principle, optimal control, highly extreme
control, maximum principle.

Hycrs t €[0, T] - Bpewms;
X(t) — cobGcreennbie cpenctBa GupMBI B MOMeHT BpemeHu [, KOTOpble MOryT OBITH

UCIOJIb30BaHbl HA MHBECTHUIIMU U TTOTPEOICHHE;
y(t) — npuBneuennHsle cpencTBa (HAMPUMED, KPEIMT) B MOMEHT Bpemenn 1 ;

I, € (0,1] - npouenTHas cTaBka 110 MHBECTHIHSM;

I, € (0,1] — npouenTHas cTaBka Mo MPHUBIIEYEHUIO CPEICTB;

V(t) €[0, 1] - nonst cobeTBeHHBIX CpECTB, MAYIIAsA HA HHBECTUIIMM B MOMEHT BpeMeHH 1
u(t) €[0,1] — orHomenue mpuBIEUEHHBIX CPEJACTB K COOCTBEHHBIM B MOMEHT t(06bem

NPUBJICUYECHHBIX CPECTB HE MPEBOCXOAUT COOCTBEHHBIE)
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u(t):%.

Torna senmuuny X(t) moxuo npencrasuts B Buge (kpemut Y(1) pacxomyercs

TOJILKO Ha UHBCCTULUU ITOCJIC YIJIAThI HpOI_[eHTOB)

X(t) =x(0) +r, }X(Z‘)V(T)dl’ +1n U y(r)dz - rz} y(r)d T] =
0 0 0

t t
=x(0) + r, [x(r)v(r)dz + 1, (1-1,) [x(z)u(z)dz.
0 0
O6o3HaunM I = n, C= 1- I, 0 <c<1. Ha ocHoBaHuM [IPEaBIAYILETO
t
x(t) = x(0) + r{ x(z)[v(z) + cu(z)]dz.
0

B pesynbrare nuddepennupoBanus noiaydaeM ¢pazoBoe ypaBHEHUE
X =r(cu + V)X
C HaYaJIbHBIM YCIIOBUEM X(O) = Xp-
Cdopmupyem 1eseBoit pyHKIIMOHAI, TOAIEKALIMA MaKCUMHU3ALUN

®(u, V) :}(1— v(t))x(t)dt —}u(t)x(t)dt.
0 0

[To conmepkaTenbHOMY CMBICTY 3TO Pa3HOCTb MEXIY COOCTBEHHBIMH CpPEICTBAMU
(DUPMBI, HaNpaBJIeHHBIMK Ha TIOTpe6JIeHNE, U NpHBIeYeHHbIMU cpesicTBamu 3a nepuon [0, T]

[Tpumem npennomnoxenne 06 0O6eCIIEeHMBAaHUU CO BpeMeHeM KanuTana ¢pupMmel. [1ycts
P> 0 - napaMeTp JAHMCKOHTUpoBaHus, npuuem PO <I. Torma c yderom dakropa
00eCIIeHNBaHUs CPE/CTB, 3aIJIAHUPOBAHHBIX HA NMOTpeOsIeHne, 1eNIeBOH (PyHKIIMOHAI TPUMET
OKOHYATEJIbHBIN BUJ

@(u, v) :}e—pt (1—u(t) — v(t))x(t)dt.
0

B PE3YIBbTATC IMPUXOAHMM K 3ada4€ ONTUMAJIbHOIO YIHIpPAaBJICHUA Ha MAaKCUMYM
noTpeOIeHUs

.
®(u,v) = [e"”'(1-u - v)xdt — max, @)
0
X=r(cu+v)x,  x(0)=Xxg,
u@®) €[0,1], v(t)<e[0,1],
X >0, p>0, re(0,1, p<r, ce(01).
BBCI[CM MHOXECTBO OOMMYCTUMBIX ynpaBJ’IeHI/Iﬁ
W ={w()ePC([0,T]): w(t)e[0,1], te[0,TI}.
Pemenne (aszoBoro ypaBHeHHs, cooTeTcTByromero ynpasnenusm U(), V()

npezcrasisiercs o ¢popmyne Komm
t
r [ (cu(r)+v(z))dr
X(t,u,v) =xq,e °

CrnenoBarenbHO, Bce (a30BbIe TPACKTOPUH TOTOKUTEIbHBI
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X(t,u,Vv) >0, te[0,T].

Iycts X — MHO%eECTBO (ha30BbIX TpaekTopuii B 3a1aue (1).

[TpoBenem aHanu3 3aJa4l HA OCHOBE MPUHIIMIIA MAKCHMYyMa.

CocraBum ¢yukmuro [loHTpsiruna

H@y, x,u,v)=wr(cu+v)x+(L—-u—-v)x=
=H,(w, Xx)u+H, (¥, X)v+ X
U COTIPSDKCHHOE YpaBHEHHE
y=py-—H,=Q-yrcju+Q-yr)v+ py -1

c ycnosuem Y (T)=0.

Myers u(t), v(t)eW, te[0,T], x(t,u,v), w(t,u,v) — coorsercrayiomme
pemeHnss (a3oBOro M CONPSHKEHHOTO YpaBHEHUH. OKCTpeMallbHBIE YIPABICHUS 3a1aud
OTHOCHUTEJIBHO MPUHINIA MAaKCUMyMa UMEIOT BUJT

u(t) =arg m%xl]Hu(w(t, u, v), X(t, u, v))w, )
v(t) =arg m[%xl] H, (w(t, u,v), x(t, u,v))w.

KoHKpeTH3upyeM IOHSTHE CHIBHO KCTPEMAIbHBIX YIPABICHHN MPUMCHHTEIBHO K
3amaue (1).
Onpenenenne 1. Dxcmpemanvuvie ynpasnenus  U(L), V(t), t€[0,T] wrasosen

CUTbHO IKCMPEMATIbHbIMU, €CiU

u(t) =arg m[%xl]Hu(z//(t,u,v), Xx())w, Vx(t)eX, te[0,T],
v(t) =arg m[a(l)xl]Hv(y/(t,u,v), x()w, Vx(t)eX, te[0,T].

Taxum oGpaszoM, cunbHO dKcTpemanbnoe ympasienue (U(t), V(1)) makcumumsupyer
dynkmuro H  ma coorserctByromelt emy compskennol Ttpaektopun W (t,U,V) wu

MHOXKeCTBe X (Da30BBIX TPAEKTOPHIi.

Hwmeet MecTo crefyroliee yTBep:kKJIeHHe, IPUMEHUTEIbHO K paccMaTpuBaeMoi 3ajjaue
[9]: moboe cunvno sxcmpemanvroe ynpasnenue ssnsemes onmumaisvhbim 6 3a0aye (1).

B Hamem crmygae oOmume 3amadd  Ha TIOMCK DKCTPEMAIBHBIX  YIIPaBICHUH
MIPEJICTABIISIIOTCS B BUE

H, (v, x)w—>max, we[0,1],
H, (v, x)w—>max, wel0,1]
W PEelaloTCs aHATUTHYeCKH. B yacTHOCTH, MIs dKcTpemanbHbix ympasiennii U(t) u v(t)

coryiacHo (2) mojydaeM sIBHOE BBIPAXKEHUE

u(t) = {O’ (w(t, u, v)rc —1)x(t, u,v) <0

, (©)
1, (w(t,u,v)rc=2x(t,u,v)>0

v(t) = 0, (w(t,u,v)r=1x(t,u,v)<0
1wt uv)r -D)x(t,u,v) >0

[Tockonbky, Bce (a3oBble TpaekTopun B 3agade (1) MONOKUTENbHBI, TO
SKCTpEeMaJIbHBIE YIIPABIEHUS B CHITY GopMYIIbl (3) MPEACTABISIOTCS B BUC
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0 0, (w(t,u,v)rc=2x(t)<0
”()_{1, (v (t, U, V)rc —1)x(t) >0
(o) = {0, (w(t,u, vV)r =1x(t) < O’
1, (w(t,u,v)r=1x(t)>0

nns mo6oit paektopun X(t) € X .

OTO 3HAYMT, YTO B JAHHOW 3ajadye JI000€ HKCTPEMAIbHOE YIPaBIICHUE SBISCTCS
CHUJIBHO SKCTPEMAJIbHBIM.
CrnenoBarenbHO, B JIaHHOM ciy4ae JII000O€ 3KCTpEeMajbHOE YIPABICHUE SBIISCTCS
ONTUMAIBHBIM (IPUHIUIT MAKCUMYMa — JOCTATOYHOE YCJIIOBHE ONTUMAIBLHOCTH).
O6H.II/I€ 3a1a41 Ha IMOUCK 3KCTPEMAJIbHOT'O YIIPABJICHUSA KOHKPETUIUPYHOTCA B BUIC
(wrc —1)xw — max, we[0,1],
(wr —Dxw— max, we[0,1].
Taxkum 06pa30M, MaKCUMHU3UPYIOLICC YIIPABJIICHHUA B IOCTaBJIICHHON 3aa4€ MOKHO
3anucath 1o hopmyiie

N [0, (wre-1)x<0 « 10, (wr-1x<0
u(l//'x)_{l, (wrc—1)x>0' V(W’X)_{l, (wr-1Dx>0

C Y4YC€TOM YCJIOBUA X> O oJiyqa€éM MaKCUMHU3UPYIOIIUC YIIPABJICHUS, HC 3aBUCAIINC

oT (a30BOM IEPEMEHHOI
* 0, wyrc-1<0 * 0, wr-1<0
u (v)= , v (y)= :
1, wrc-1>0 1, wr-1>0
Paccmorpum 3anauy Komm [uist CONpssKEHHOTO ypaBHEHHS
y=w(p-rcu +V ) +u +v -1), w(T)=0
C YIIpaBJIEHUAMH
u=uf(y), Vv =v({).
Oycrs  W(t), te[0,T] — pemenne storo ypasuenus. Torma ympasieHus

u (v (1)), va (v (1)), te[0, T] spasiorcs onTMMANBLHBIMU B TIOCTABIIEHHOM 3a/1ade.

Beenem rnaakue (QyHKIMM TNEpPEKIIOUEHHs, O KOTOPhIM OyleM OTCIeXHUBATh
MIOBEJICHUE YIIPaBJICHUN

S0 =p®rc-1, s, =yOr-1
3amerum, uto npu I € (0,1], c<(0,1)
— ecmu () >0, 10 w()rc—1<y(t)r -1 < s;(t) <s,(t);
— ecn (1) <0, 10 w()rc—1>w({)r-1 < s;(t) >s,(t).
Haunem pBmxeHme BieBo w3 TepMmuHanbHOi Touku | . IMockomsky W (T)=0, 1o
$1(T)=5s,(T)=—1. D10 o3Hauaer, uro U*(l//(T)) =0, V*(W(r)) =0.
Cnenosatensho, st t € (T —&,T), £>0 umeem S;(t) <0, S,(t) <0. Orcrona
BerTekaer, wro U (1) =0, Vv (t)=0.
T[oscTaBnss B |/ -ypaBHEHHE, MOTy4aeM

y=yp-1 y()=0.
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PeIleHHEM TOTO YPABHEHHS! ABIAETCS (yHKIHS
pO)=21—ertT teT-aT].
[Tpomuddepenmpyem n,:ﬂyquHoe perieHue
i) =2 (—p)ertD —_ePtD 0 te(T—gT].
Otcrozia cnezlyef, yro ¢ynxuus W (t) — monoronno y6wBaer na (T —&,T]. Dro
osmasaer, w0 (1) >0 = (1)<, (1), te(T —&T].

Takum 06pa3oM, Hpu aBMKeHMH 1o t BioeBo u3 | mepBoil oOpaTuTca B HYIb

dyskums S, (t) .
Pemmm ypasnenue S, (1) =0

Ta-ert=My_1-0.
P

-2

Yo,

Pemenuem snsiercs touka ) =T +
y y P

V6emumess B «IIpaBUILHOCTH» HaiiienHoit Toukn. Ilockonmsky 1——€(0,1)
r

(ucxonnoe ycnosue O <I), 1o In(l - B) <0.
r

Cnenosatensio @) <T . Ormerum Takxe, uto W (6)) =—.
r

Paccmotpum ocoobwtii cnyuaii.

1
Hycte 6 <0. Dro osmauaer, uro T <—

In(l— Bj ‘ (cmyuaif KpaTKOCPOYHOTO
)

r

riaHupoBanus). Toraa
5,()<0, te[0,T], s,(t)<0, te(0,T].
CrietoBaTeIbHO, ONTUMAIBEHOE YIIPABICHHE B TAKOM CITy4ae HMEeT BUJT
u (t)=0, v (t)=0, te[0,T].
Hycts &) > 0. Torna cnpasemso $;(6;) <0, S,(6;)=0.
[peamonoxum, uto S, (1) >0, te (6, —¢, 6,), rorna
u(t)=0, v (t)=1, te(d,—¢6,).
IloncraBnss B |/ -ypaBHEHHE, IIOTy4aeM

. 1
y=y(p-r), w(&) =
Pemenuem sToro YpaBHCHHA SABJISACTCA (I)YHKI_II/ISI

w(t) = %e“—m‘@l—t), te(@ - 6).

Bametum, uto ¥ (t) = (t)(po —r) <0. Orcrona cnenyer, uto w(t) >0, t<4,.
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Iposepum npennonoxkenne S, () >0, te (6 —&,6).
CoryacHO ONpeIETIEHHIO
S, () =y (t)r—1=el""A@D 1.

Uccnenyem ee mnosenenue. @ynkuusa S(t) = e(r=PG-Y i onoronmo yOBIBaeT 110
t [0, 4], nockombky $(t) <O, mpuuem S(6;) =1. Cnenosarensro, S(t) >1 nns Beex
t €[0, 6)) . Orcrona BeiTekaer, uto S, (t) >0, t [0, 6)).

Hockombky W (t) >0, te[d —¢,6,], to (1) <S,(t). Haiinem pemenue
ypasuenus Sy (t) =0

cer-AT-1) _q
PelieHneM sBiseTcs TOUKA
Inc

r—p
OueBuano, uto 6, < 6. Ormerum, uto S (1) <0, te(6,,6,).

Boinenum ocobwrit cayuaii.

Inc
Hycts 6, <0. Cruenosarensho, 6 < ‘ ‘ . Torga onTuManbHOE yHpapjeHUE
r-p
MMeeT BUJL
* * 1, te]O0, 6
u"(t)=0, te[0,T], vi(t) = [0.6).
0, tel[6,T]
1

Hycts B, > 0. Ormernm, uro $1(6,) =0, w(6,)=—.
rc

Hpennonoxum, uto S;(t) >0, te(6, —¢&,6,), torma u(t)=1 v (t)=1,
t€(02 — &, 02)

Pemraem |/ -ypaBHeHHE

. 1
y=y(p-rc+l)+1 w(92)=r—c-
Pemienuem 3Toro ypaBHeHuUs ABISETCS PYHKIUSA
p(t)—e@eb0Ce-p/ L1 1
rc rc+l)—p| r(c+l)—p

[posepum npeanonokenne Sy (t) >0, te (6, —¢,6,)
(1) =ory () —1=

_ el (e+)-p)| g TC L A
rc+)-p| ric+l)—-p

_ o0 -0(r(c+1)-p) r-p P Chl B
rc+)—-p| r(c+d)-p

= I7P (e@00ep) _g)
rcc+)—p
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Takkak —pp>0wu r(c+1)— p >0, To noayunm
r —_
—p > 0.
r(c+1)—p
dynxuus 6(92 “(r(c+)-p) , t€(0,6,] B rouxe 6, paBHa equHMIE U MOHOTOHHO
yOBIBAET, MOCKOJBKY €€ MPOU3BOIHAs MeHbIe Hyis. ClieJoBaTelbHO, el 0(r(c+D=p) 9
Hposepum 3uak dynxunn ¥ (t), te(0,6,)

v (t) = (@2 -)(r(c+1)-p) (p_—l’) <0, w(b,)= i >0.
rc rc

Cnenosarensro, ¥ (t) >0, te(0,6,).Torma S,(t)>s,(t)>0, te(0,6,).
Takum oOpasom, 3Haku (yHkumii nepexmouenus S, (t), S;(t) ma orpeske [0, T]
M3MEHSIOTCS CIIEIYFOIMM 00pa3oM,
1) ¢ynxums S (1)
— mmaseex t € (0, 6,) dynkuus S, (t) >0;
— musseex te(0,,T) pynxums S; (1) <O0.
2) dynxuus S, (t)
— mmaseex t € (0, 6)) dynxkums S, (1) >0;
— musseex te (6], T) dynxuus S, (t) <O0.

InL—©) nc
3I[GCI) leT +—r, 02:91+ .
0 r-p

Urorosoe ycnosue @, >0 npuBomuT K HEPABEHCTBY JUIs KOHEYHOTO BPEMEHH

-7

P r—p
D70 ciyyail 10Ir0CPOYHOTro IMJIAHUPOBAHUS.
B sToM ciyyae onTUMalbHOE YIIpaBlieHUE BhIpaXkaeTcs Mo Gpopmyaam

u*(t)z{;’ 'J[[e[0,492), v*(t)={1’ te[0,491)’
, telb,,T] 0, te[g,T]

OnrumannHas (ba3013a;1 TPACKTOPUA, COOTBCTCTBYIOIIAA HaﬁﬂeHHOMy YIIpaBJICHUIO,
HUMECT BUJ

lInc|
T> + .

e te[0,6,)
X*(t) _ Xoer€2 (c+1)+(t—¢92)r, te [‘92’ ‘91)
Xoerez (c+1)+(z91—02)r’ te [(91’ T]
ConepikarenbHas UHTEpIPETAIUS ONTUMAIBHOTO YIIPaBICHUS:
— MEpBBII IEpUoa [0, 92) — BCS MPUOBLIb UIET HA MHBECTUIIUN, OEPETCS KPEIUT
B pa3Mepe MpuoObLIH;
— BTOpPOM MEpPHOA [92 ) 91) — BCSl NPUOBUIb HWJAET HAa WHBECTUIIUH, KPEIUT

OOHYyIIsIeTCS;
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— Tperuii nepuox [6), T] — Best npubbuIL HueT Ha mOTpeGIEHNE, KPEAUT PaBEH
HYIIIO.
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AHHOTAIUSA

B nanHoOl crathe MBI paccMaTpuBaeM (YHKIIMM YOpaBiICHUS B OM3HecCE, KOTOpHIC
BBIICTISIIOTCSL KaK OCOObIE THIBI  CHENUAIM3UPOBAHHON  YIIPABICHUECKON JIEATEIILHOCTH,
BO3HUKILIME B NPOIECC pa3fesieHUs] YIpaBIEHYECKOro TpyAd. DYHKIUS MOMXET BBIIOIHATHCS
OJIHAM TIO/IPA3JICIEHUEM, HO Tak)K€ 3TO TOAPA3CIICHHE BMECTE C JPYTMMHU BBIOJHSET M
npyryto ¢yHkiuo. PaccmarpruBaembie (DYHKIIMK OY€Hb BaXKHBI B CTPOUTENBCTBE U YIIPABICHUN
HEJBM>KUMOCTH TS COOJTFOZICHHSI CPOKOB, CHIDKEHUS 3aTPaT M PUCKOB, YBEIIMYCHUSI TOXOTHOCTH
U peHTa0benbHOCTH. Takke OYAyT pacCMOTPEHbI OCHOBHBIE BHIBI OOIINX, CIHEIHATbHBIX
G yHKITHIA.

KuroueBble ciioBa: ymnpasieHue, (yHKIINS, B3aHMOCBSI3b, JESITEIbHOCTD, OpraHU3aIs,
OuzHecC.

Abstract

In this article, we consider the management functions in business that stand out as special
types of specialized management activities that have arisen in the process of division of
managerial labor. A function can be performed by one unit, but also this unit together with others
performs another function. These functions are very important in the construction and
management of real estate to meet deadlines, reduce costs and risks, increase profitability and
profitability. There will also be considered the main types of general, special functions.

Key words: management, function, interconnection, activity, organization, business.
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[losiBneHre KPYMHBIX MPOMBIIUICHHBIX MPEANPUSITUNA CIIOCOOCTBOBAJIO 3apOKICHUIO
MHTEPECOB YIIPABICHUEM JIIO/IbMH, a TAKXKE IIOCTEIIEHHO IIPUBENIO K UJIEE, YTO CAMOYIIPABJICHUE
MOJKET BHECTH BKJIaJ] B pa3ButHe OusHeca. [1] (556 ctp)

@OyHKIMU YIPaBICHUS — 3TO 0COOBIE BHUIBI YIPABICHYECKOW IEATEIBHOCTH, KOTOpPHIC
MPECTaBISIIOT COOOM Ompe/ielieHHbIe, HAalpaBIeHHbIE BO3JCHCTBUS Ha YIPaBIIseMbIi OOBEKT.
Kaxk npaBuiio, BBIIEISIOTCS 00IIME U CrielMaNIbHbIe (DYHKIUH YIIPABICHHS. U 00beKTa. [2]

* [InanupoBaHue — 3TO ONpeAeSICHUE HApaBJICHUH, LIeJIeH, TPOMOPLIUI, TEMIIOB U
KOHKPETHBIX ~ KOJNMYECTBEHHBIX W KAueCTBEHHBIX IIOKa3aTesiell  pa3BUTUSL  Ipolecca
XO35IICTBEHHOM JIEATEIBHOCTH, @ TaK)K€ COCTaBICHHE IUIAHA JECHCTBUM HAa OIPEICIICHHBIN
nepuos BpemeHH. I[lnaHupoBaHue — 3TO oOmpezeseHUWE HANpaBICHHUM, LeNeHd, MPOMOPIHii,
TEMIIOB U KOHKPETHBIX KOJMYECTBEHHBIX M KadE€CTBEHHBIX I1OKAa3aTeJeld pa3BUTHS IIpolecca
XO3SIICTBEHHOM JI€ATENBHOCTH, a TaK)K€ COCTaBICHHE IUIAHA JECWCTBUM Ha ONPECIICHHBIN
nepro BpeMeHu. YacThio 3Tl (QyHKIUH SBISETCS IPOrHO3UPOBAHUE.

* [Tporno3upoBanue (MCClETOBaHNUE U OLIEHKA) — 3TO MPEIBHUICHHE KaueCTBEHHBIX
U OOBEKTUBHBIX H3MEHEHHUH TMPOLIECCOB B MEPCIEKTUBE Ha OCHOBE H3Y4YEHHUS HAYUHBIX
TEHJICHIIUN X pa3BUTHSL.

* Opranmzanusi — 3T0 ¢opMupoBaHuEe (IIPOSKTUPOBAHHE) YIPABISEMON WU
VIIPABIISIONINX CHUCTEM: OMNpeeNieHne HUX OOIIel CTPYKTYphI, B3aUMHOE DPAacIOIOKEHHE e
AJIEMEHTOB, U ONpEAEIEeHUE MX B3auMoOCBA3U. OpraHu3oBaTh - 3HAUUT CO3JaTh HEKYIO
CTPYKTYPY, CYIIECTBYET MHOT'O JJIEMEHTOB, KOTOPbIE HEOOXOIUMO CTPYKTYpUPOBaTh, YTOOBI
OpraHu3alMsi MOIJIa BBIIOIHSTH CBOM ILJIaHbI, TEM CAMBIM, JIOCTUTATh CBOU LIEJIH.

* Koopnunanus — mnpexacraBiseT coOOW COrjiacoBaHHE JACUCTBUN pPa3IMYHBIX
BHYTPEHHUX IOJCUCTEM U BHELIHUX CUCTEM VISl TOCTHKEHUSI LIeJIel TPeIIpUsTHSL.

* PykoBozacTBO (uaepcTBo) — siBsieTcss (DYHKIMEH HampaBlieHHs IeSTeTbHOCTH
YIIpaBIIIeMOro 00BEKTa; 3a7aua PyKOBOJICTBA COCTOUT B JOCTIKEHUU TOCTaBIeHHOM 11emu. OHO
OXBAaTbIBAET  BOMPOCHI ~ MEXKIUYHOCTHBIX  OTHOILIEHHA  MEXIy  PYKOBOAMTEISAMU U
[IOJYNHEHHBIMH.

* CrumynupoBanue (MOTUBALMs) — 3TO pPETyJIUPOBAHUE TOOYIUTETBHBIX
CTUMYJIOB COTPYAHMKOB OpraHHM3allid C LENbI0 aKTUBH3ALMKM MX JEJIOBOW U TBOPYECKON
AKTUBHOCTH B HAITPABJICHUHU JIOCTYKECHUS LIETIEH TIPEATIPHUSTHS.

* VY4yer — nonydeHue U 3aKperuieHue MHPOpMaluu B KOJIUYECTBEHHOU (opme o
pe3yabTarax AesATeNbHOCTH (HapuMep, y4eT JOXOA0B U PacXo/10B, KOHTPOJIb 3a UCIOJIHEHHEM
OrO/KEeTa, OTYETHOCTD ).

* Kontpons — ectb cousmepeHHe (aKTUUECKHX pPE3YyJIbTaTOB JEATENbHOCTH
IIPEIIPUATHS C 3aIUIAHUPOBAHHBIMU ITAPAMETPAMHU B pAMKAX MaTpPHUIIbI LEJIEH.
* AHaim3 — D3TO MCCIENOBAHUE PE3YJIbTATOB JEATEIBHOCTH C IIOMOIIBIO

CIELMAIBHBIX METOJIOB M1 HHCTPYMEHTOB.

* Monutopunr o0bekra (co6op, oO6paboTka M aHaIM3 BHEUIHEW HHGOpMALUU U
uH(popMalny, XapakTepu3yroleil (yHKIHOHUPOBAaHUE OOBEKTa YIIPABICHU).

[IpumepHbIif cocTaB crenUaabHbIX (YHKIMN YIPaBICHUS HEIBUKUMOCTBIO MOYKHO
MIPEJCTaBUTh CIEAYIONIM 00pazoMm: [3]

* Bpokepumk  (esTenbHOCTh, HampaBieHHas Ha [PHUBJIEYEHHE KIIMEHTOB:
MPOJIBHKEHNE 00BbEKTa Ha PHIHOK (MAapKETUHT U peKJiama); IOUCK U MPOBEICHHUE MEPErOBOPOB C
apeHIaTopaMu; MOJIrOTOBKA U COTJIACOBAHNUE KOHTPAKTOB C apeHIaTOpaMH);

* VYnpasieHue obecrieueHUEM MaTepUaIbHBIMUA M SHEPTeTHUECKUMH PECYpcaMu U
UX HCIIOJb30BaHUE (M3YUYEHHUEM pbIHKA MAaTEpUAIbHBIX M HHEPreTMYECKHX PECYPCOB,
dopMuUpOBaHHEM U Pa3BUTUEM CHUCTEMbI ITOCTaBIIUKOB, (OPMUPOBAHUEM MaTepUaIbHBIX
¢doHIOB, (opMUpOBaHHEM HHEPreTHUECKUX MOIIHOCTEH U CcXeMaMH SHeprocHabKeHus,
3armacaMd M JBWKEHHSMHM MaTepUaliOB, KOMIUIEKTAllUEN IIOCTABOK, CKJIAZCKH XO3sIMCTBOM
(Orpy304HO-pa3rpy30YHbIMU, TPAHCIOPTHBIMU M CKJIAJCKMMHU IpOLECCaMHU), PEXUMaMU
HHEProCHAOKEHHU);
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* VYnopasienue — obecrieueHMeM — MHPOPMALMOHHBIMH  pecypcaMd M UX

UCIIOJIb30BAaHUEM (M3Yy4EHUEM pPbIHKA MH(pOpMauu, (GOpMHUpPOBAHHEM M PA3BUTHEM CHCTEMBI
UH()OPMAIMOHHBIX TOCTABIIMKOB (MH(OPMATOPOB), GOPMUpPOBaHHEM HMH(DOPMALTMOHHON Oa3bl,
3aKJIIOYEHHUEM JIOTOBOPOB, MH(OPMALMOHHBIMM KOMMYHUKAIMAMH, 3aIIUTOM HH(pOpMaIuy,
NPOTPaMMHBIM  OOCITY>KMBaHHEM HWH(POPMAIIMOHHBIX CHCTEM M IPOLECCOB, MOJIb30BAaHUEM
UHGOPMAITMOHHOM 0a30i);

* VYnpasnenue obecrnedeHHeM (HHAHCOBHIMU pECypcaMi, B3aWMOCBSI3BIO C
(MHAHCOBBIM PBIHKOM (M3ydeHHEM (UHAHCOBOTO pBHIHKA, (DOPMHPOBAHMEM U Pa3BUTHEM
UCTOYHHUKOB (pruHaHCHpOBaHUs, (popmupoBaHUeM 3GGEKTUBHOM CTPYKTYpbl AKTUB U IIACCHBOB,
JICTIO3UTapUEM, ABWKEHHUEM YCTaBHOTO, COOCTBEHHOTO, OCHOBHOTO M OOOPOTHOIO KalHTala,
OalaHCOM JIOXOJ0OB M pacxoioB (OOMKETOM), IIEHOOOpa30BaHWEM, BEIEHHEM CYETOB U
(prHAHCOBBIX 0aJIAHCOB, pacyeTaMH C MOCTABIIMKAMHE, MOJAPSTYMKAMHI U TIOTPEOUTEIISIMH YCIIYT,
pacyeTamMu ¢ OrOJKETOM, OO/PKETHBIMHM M OOILECTBEHHBIMH OpraHMU3alMsIMH, (MHAHCOBOM
OKCTIEPTH30H OOBEKTa, OOECHEYCHHEM CBOECBPEMEHHOIO IOCTYIUICHHS JIOXOJOB M OIUIATHI
pacxo/ioB, MOATOTOBKON OIO/DKETOB M (DMHAHCOBBIX OTYETOB, YIPAaBJICHUYECKUN U HaJOTrOBbIH
y4eT, KpeJUTOBaHHEM (H3MUECKUX U IOPHIMYECKUX JIHI, (POPMUPOBAHUEM HWHBECTHIIMOHHOTO
noprgens, (GUHAHCOBBIMU ITOTOKAMH, OOCITY)KUBAaHHUEM KpPEAUTOB, (PMHAHCOBBIMU PHCKAMHU,
o0ecrieueHneM BO3BPAaTHOCTH KPEAUTOB, KACCOBBIMH oreparsamMu); [4] (304 ctp)

* VYnpaBineHne TEXHUYECKOH 3KCIUTyaTallMel, CTPOMTEIILCTBOM U COAEp’KaHUEM
000pyI0BaHUsl, 3JaHUI U COOPYXKEHUI U pa3BUTUEM TEXHUUYECKOH 0a3bl CUCTEMBI (DEMOHTOM U
00CITy’)KMBaHHEM 3JIEKTPOOOOPYIOBaHHUS ¥ BEHTWIALMH, CAHTEXHUYECKOrO 00OpYyHIOBaHUS,
CpeICTB OXpaHbl M O€30MaCHOCTH, CPEACTB KOMMYHHUKAIMM, CPEACTB aBTOMAaTUKU U
TEJIEMEXaHUKH, BKJIIOYass TEXHHYECKUE CPEACTBA HMH(OPMAIMOHHBIX CHCTEM, JEMOHTaKEM
CTaporo ¥ MOHTaXXOM HOBOTO OOOpyIOBaHUsS  (TEXHHYECKMM II€PEBOOPYKEHUEM),
CTPOMTEIBCTBOM HOBBIX 3JaHMH ¥ IUIOIMIAJCH, PEMOHTHO-CTPOUTENBHBIMH PabOTaMHu,
TEXHUYECKOM IKCIepTH30i 00BEKTa, BHIIOIHEHNEM paboT M0 TEXHUYECKOMY OOCITYKUBAaHHIO U
OKCIDTyaTallid MHXEHEPHOTO O00OPYIOBAaHUS, MEJIKHM PEMOHTOM, MPHBICYCHHUEM MOAPSITHBIX
OpraHM3aIii K PEMOHTY M 00CITYKHBaHHIO);

* VYnpapiaeHue NepcoHAloOM, OOECIeYeHUEM TPYIAOBBIMH pecypcaMu U UX
UCTIONIb30BAaHUEM (M3YUY€HHEM pPbIHKa TPYAOBBIX PECypcoB, (POPMHUPOBAHHUEM M PA3BUTHEM HX
UCTOYHHUKOB, (OPMHUPOBAHMEM U PAa3BUTHEM TPYAOBOTO KOJUIEKTHBA, WCIOIb30BAaHUEM
TPYJOBBIX PECYPCOB, COpPEBHOBaHMEM (KOHKYPEHIMEH), OIIaTol M CTUMYJIUPOBAHHEM TpPYIa,
COLIMAJIbHBIM CTPaXOBaHWEM M IEHCHOHHOM paboTOM, opraHu3auueil 1 0e30MacHOCTbIO TPYAA,
HOJITOTOBKOM, MEpernoJroTOBKOM M TOBBIIIEHHMEM KBalu(HUKaUK pabOTHUKOB, OTOOpOM,
oopmiieHHEM U JEATENBHOCTBIO paOOTHMKOB 3a rpanuuei). Ilogbop kaapoB noimkeH
3aKJII0YaTh B cebe MpoLeayphl pacueTa HEOOXOJUMOCTH B MEPCOHAJIE TI0 IPyIaM pabOTHUKOB,
HOPMAaTHBHOE  OIHMCaHHE KBaIM(UKALMOHHBIX  TpeOOBaHMI K  pabodynMM,  METOJbI
po(heCCHOHATBPHOTO TIO00pa COTPYAHUKOB, a TakkKe OOIIMe MPUHIUIBI (HOPMHUPOBAHUS
pe3epBa KaJipoB Ha BAKaHTHBIE MECTA;

* VYrpaBneHne — HAy9YHO-TEXHUYECKHUM  Pa3BUTHEM  CHCTEMBI  YIIPaBJICHUS
HEJIBIDKUMOCTBIO  (HAyYHO-HCCIIEIOBATEIbCKUMU  PabOTaMH, TPOEKTHO-KOHCTPYKTOPCKUMHU
paboTamu, MPOEKTHO-TEXHOJOTHYECKUM pPadOTaMH, MPOEKTHO-U3BICKATEILCKUMU paboTamH,
OIBITHO-OKCIEPUMEHTAIBHBIME ~ Pa0OTaMH,  palMOHAIM3AlMel U M300peTaTenbCTBOM,
CTaHmapTH3alMed W yHU(UKAIMEW, SKCIEePTU30M TMPOEKTOB M CMET, IAaTEHTOBEJICHHUEM U
JIMLIEH3UOHHON paboToit);

* VYrpasnenue pa3BUTHEM OOBEKTa (BHECEHHE HEOOXOIUMBIX M 3KOHOMHUYECKU
00OCHOBAHHBIX HM3MEHEHUH B OOBEKT, MNPUONMKAIOIMX €ro K BApHAHTY HAWIYYIIEro
UCTIONIb30BaHMS (TIEpeIIaHupPOBKa, OT/IEINIKA, YITYUIlIEHHE CHCTEMbI CEPBHCA);

* VYnpasieHue oxpaHoi M 0€30MacHOCTbIO (TIPOIMYCKHOM PEXHM; YCTaHOBKA M
HaOJII0JIeHUe 3a MOKa3aTesIMU JIaTYUKOB, alnaparypbl BUICOHAOIIONCHNUS; B3aUMOAEHCTBUE C
HOJPSTHBIMHI OPraHU3AIMSAMH, CTPAXOBAHHUE);
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* MapkeTuHr (ucciefoBaHUe phIHKA U PBIHOYHASI SKCHEpTH3a O0BEKTa C LIENbIO

OIIpE/ICTICHUs] BO3MOXKHOCTEH; TMO3UIIMOHUPOBAaHUE OOBEKTa, ONpe/elicHHe Kiacca OObEKTa,
pa3paboTka TyTel MpPOABIKEHUS OOBEKTa HA PBHIHOK (ONpeIeNieHHe KaHAJIOB PEKJIAMBI,
MIPUBJICYCHUE PUAJITEPOB U TIP.));

* Opunudeckoe  obecriedueHne — (IOpUOMYecKas — JKCHEPTH3a  OOBEKTOB;
IOPUINYECKOE COMPOBOXK/ICHHE JOTOBOPOB C apeHJaTOpaMH, MOAPSAYNKAMH, MMOCTABIIMKAMU
PECYPCOB; PETHCTpAIIUs IIPAaB Ha HEJIBHYKHUMOCTH );

* YrupapieHue puckamMy (aHATU3 MOTEHIMAIBHBIX PHUCKOB; HICHTU(DUKAIUS
PHCKOB: FOPUINYECKHE, TEXHUYECKUE, (DUHAHCOBBIC, OPraHU3AIMOHHbBIC, aJIMUHHCTPATHBHBIC,
peakiysl Ha PHUCK: MPEIOTBpAICHUE PUCKA, Nepefada pUCKa, pas3lelieHHe PUCKA, CHIDKCHUE
pHCKa, CTpaxOBaHHE, IPUHSITUE PUCKA);

* YrpapieHue OTHOMICHWSMU C KIMEHTaMd (OTOOp KIIMEHTOB, MOJAICpKaHUE
KOHTAKTOB C apeHIATOpaMHK; OKa3aHHe JOIMOJHUTEIBHBIX yCIyT (TapKoBKa, ycinyru Reception,
KOoH(DepeHII-3aJ1, MeOJIMPOBKA M OCHAIICHHE TOMEIICHUI), BBIMIOJIHEHUE YCIOBHUI JIOTOBOPOB,
oO1eHue u perieHue mpodiem); [5] (260 ctp)

Heo0xoauMocTh MEHE/DKMEHTA B YIIPABJICHUH SIBIICHUSIMH, CBSI3aHHBIMH C HESICHOCTBIO,
o0ycraBuBaeT oOpalieHne K cucreMe yrpasieHust puckamu. OHON 1 HanOoee ySI3BUMBIX K
OKa3aHWIO BJIMSHHS CYOBCKTUBHBIX M OOBEKTHBHBIX MPUYMH PHCKA SIBISICTCS CTPOMTENIBCTBO,
9TO OOYCIIOBJICHO TaKMMH CBOWCTBAMH JTOW OOJIACTH KaK BBICOKAS KAIMTAIOSMKOCTb,
TPOJIOJKUTEIBHBIN POM3BOACTBEHHO-KOMMEPYECKHIA IIMKJI, OOJIBIIIAs IOJISl 3a€MHBIX CPEIICTB B
CTPOEHHH KaluTaia, M3HOLICHHAs IPOU3BOJICTBEHHOE OCHOBaHue. [6] (23 ctp)

Tabnuya 1
Tpumepnas pynkyuoHarbHas MamMpuya YyRpasienus HeOSUNCUMOCTbIO
Oomme (pyHKUMH
TNZHHPOEAHHE | ORIAHM3ALAA |PENTHPOEHHE W] MOHMTORHHT [AHANHE, ayQHT H
& & MOTHEALMA W KOHTPOME OUEHKA
1 2 =] 4 5

S @EKTMEHOE YNPAENEHME

(IMHAHCOBEIMK PECYRCAMM 1.1 1.2 1.3 1.4 1.5
SddekTHEHOE YNPABNEHWE
COLMANEHEIMKM QECYICEMK 21 2.2 23 2.4 248
S @EKTHEHOE YNPSENEHWE
TRYLOEEIMH DECYPCAMMH 3.1 3.2 3.3 3.4 3.4
S @EKTMEHOE YNPAENEHME
MATERMANEHEIMA PEcyRCaMH 4.1 4.2 4.3 4.4 4.5
S @EKTHEHOE YNPSENEHWE
YNPABMNEHHECKHMK 5.1 5.2 5.3 5.4 5.5
S @EKTMEHOR YNPAENEHME
MH®D OPMALHOHHEIMK 6
PEeCYpCamu 6.1 6.2 6.3 6.4 B.5
YMPAEMEHKME YR AEMEHHEM 71 7.2 7.3 7.4 748
YNRABNEHME NP ABDEE MK
EOMPOCAMK 8.1 8.2 8.3 8.4 8.4
YNRABNEHME TEXHHY e CHMM
PE3BHTHEM 06BEKTa 9.1 9.2 9.3 9.4 9.5
WNPAEMEHKME 10
IKOHOMWYECKMM DEZEHMTHEM 101 10.2 10.3 104 1048
Y¥NRaENeHWe 1
JKOMOTHYECE WK EONPOCAMIA 11.1 11.2 11.3 11.4 11.5
YNRAENEHKME 12
TEXHONOTHYECHHM 121 122 12.3 124 124
WNPAEMEHKME KAUECTEOM 13 131 13.2 13.3 13.4 13.48
YORAEMEHKWE PHCKAMK 14 141 142 14.3 14.4 148
YMRABNEHHE HayYHO-
TEXHHUYECKHUM W 15
WHHOEAUWOHHEIM Pa3EUTHEM 1461 152 153 164 1548

=

== |

CneunansHeie (hyHKLMH

OyHKIMY TEXHHYECKOTO Ha[30pa B CTPOUTEIHCTBE COCTOST U3 CICAYIOMINX ITYHKTOB:

1. CHwmwxeHHe pacxoJoB (HalIro/IeHne 32 00BEeMOM PaboT, PEABIBISIEMOrO K
OTuIaTe; KOHTPOJIb 32 PACX0JIOM OFOJIKETA. )

2. TloBbimeHne kadecTBa paboT (CleAOBaHUE TEXHOJIOTHSAM, MpaBUIAM U
pacropsiikam. )

3. KoHTposmp  KauecTBa  OKCIUIyaTUPYEMBIX  MaTepualioB  (OCMOTp
cepTu(UKaToOB, J1TAOOPATOPHBIC HWCIBITAHUA O00pa3IoB, COOJIOICHHE
NopsiiKa PY CKJIAAUPOBAHUM. )
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4. KOHTpONb TOYHOCTH PETHUCTPUPOBAHUS CTPOUTENBHOM JOKYMEHTAIIHH.
CopeilictByer OOJETYeHHIO TIOMCKA OIMMOOK B TEXHOJOTHSAX dTara
CTPOUTEIILCTBA.
5. CrnenoBaHue cpokam Ha Bcex cTaausx crpoutenbersa [7] (79-81 crp)
Takum 00pa3oMm, COIJIaCHO TEOPHUHM MPOLIECCHOIO YIPAaBIECHUS B CTPOUTENBCTBE,
YIPABICHUE PACCMATPUBACTCS KaK €IMHBIM U HENPEpBIBHBIN Ipouecc. OyHKIMK yIIpaBICHUS
SBJISIIOTCSI COCTaBHBIMU B3aMMOCBSI3aHHBIMU YacTSMHU  YIIPABICHUS, KOTOpble HE MOTYT
(GYHKIIMOHUPOBATH JOJDKHBIM 00pa3zoM 0e3 B3auMoJieicTBuUs IpyT ¢ apyrom. [9] (158-161 ctp)
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AHHOTAIIHUSA

B nmanHOH crathe paccMmarpuBaeTcs Tporecc (OPMHPOBAHUS MPOGECCHOHATBHOM
KOMITIETEHTHOCTH OYAYIIEero IMperojaBaTelsi MaTeMaTHKH OCHOBaHHBIM Ha CTPYKTYpHO-
(GyHKIMOHATBHOM Mojenu, Oa3upyeMoll Ha KOHTEKCTHBIX 33jadax I10 MaTeMaTHYEeCKOMY
aHau3y.

KiroueBbie cJoBa: npodeccroHaIbHas KOMIIETEHTHOCTb, CTPYKTYpHO-
(byHKIIMOHATBHAS MOJIETIh, MAaTEMaTHUECKHIA aHATIH3.

Abstract

This article discusses the process of formation of professional competence of the future
teacher of mathematics based on the structural and functional model based on contextual
problems in mathematical analysis.

Key words: professional competence, structural and functional model, mathematical
analysis.

OnHOI U3 TIaBHBIX IPUYHMH COLIMAIBHOTO MPOrpecca, B Cpeie aKTUBHO Pa3BUBAIOIINXCS
MHHOBALIMOHHBIX TPOIECCOB SIBJIIETCS IMOATOTOBJICHHOCTh MOAPACTAIONIETO0 TMOKOJIEHUS K



JIlendenyuu paseumus HayKu u obpasoeanis -21-

[IEPEMEHAM, YYAaCTUIO B HUX M NPHHATHIO HOBOTO, KAK LIEHHOCTH. OrpOMHYIO POJIb IIPUA 3TOM
UTPaeT MOJArOTOBIEHHOCTD MEarora, KOTOphIid B MOJHOM Mepe 00J1a1aeT KOMIETEHTHOCTBIO, a
TaKKe NPoPeCCUOHATIBHON KYIbTYpOIl U OpraHU3aTOPCKUMHU CIIOCOOHOCTSMHM.

Ha ceromnsmamii nensr B Poccum akTuBHO pedopmupyercs cucrema oOpa3oBaHUSL.
OCHOBHOI ~ KOHLETIIMEN WM3MEHEHUM SBIAETCS IMEpPEXOd OT IapaJurMbl  HACBILICHUA
o0ydaromierocss 3HaHUsIMU, KOTOpbIE OyIyT HYXHBI €My Uil YCHEUIHOM MpoghecCHOHATBHON
JeATeNIbHOCTH, K  [apaJurMe  pa3BUTUA  JIMYHOCTH, (OPMHPOBAHMIO  OCHOB  AJIS
npodeccuonansHoro macrepcrsa. Ceifuac 0Opa3oBaTelIbHBII MPOIECC aKTUBHO OPHEHTHPOBAH
Ha W3MEHEHHE OCHOBHBIX KOMIIETCHLMN MHIWBHIYyMa B IPOLIECCE CTAHOBJICHUS B Pa3JIM4HBIX
cdepax KHU3HEACATETHHOCTH M Ha (hopMHUpOBaHHE NPO(PECCHOHATLHONH KOMIIETEHTHOCTH B
pe3yibTare 00y4eHus..

[IpodeccronanbHasi KOMIIETEHTHOCTh - 3TO MHOTOTPAaHHOE JIMYHOCTHOE OOpa3oBaHueE,
KoTopoe (opMupyeTcst B Ipolecce o0ydyeHHsl B BbICIIEM yueOHOM 3aBesieHMU. bosee Toro,
MaTeMaTU4ecKas KOMIETEHTHOCTb - BAKHEHIIHMI 37IEMEHT MPO(ECCHOHATTBHON KOMIIETEHTHOCTH
CIeLMalINCTa MaTeMaTHku. Ha [aHHBII MOMEHT OJHUM W3 [JIABHBIX HaIPaBJICHUMN
COBPEMEHHOI0 OOIIECTBEHHOIO PA3BUTHUS SIBJIETCS NPUMEHEHUE B IEAArOrMYecKMX HayKax
MaTEMaTHYECKUX METOJIOB U TPAKTOBOK.

I'maBHOW 3amaueil CHCTEMBI POCCHICKOTO 00pa3oBaHUs SBISIETCS (OPMUPOBAHHE
KOHKYPEHTOCHOCOOHOTO CIELHUAINCTa OCPEICTBOM YBEIMYEHUE NMPUMEHEHHs €ro YMEHUH U
BO3MOXKHOCTEH B TEXHOJIOTHYECKOW cpefie U B chpepe MoTydeHHBIX UM TEOPETUUECKUX 3HAHUH,
Kak B NMpo(eCCHOHATIBHON 001aCTH, TaK U B MOBCETHEBHON HM3HU. DTO BO3MOXKHO TOJBKO B
cllyyae peaju3alid KOMIIETEHTHOCTHOTO TIOJXOJa K JaHHOM mpobjeMe, KOTOPYIO
paccMaTpuBaii B CBOMX HAay4YHBIX TpY/AaX TAaKUE H3BECTHbIE MPOPECCHOHANBI OOILEro
obpazoBanus kak A. B. Xyropckoii, JI.B. Uepenanosa; a npodeccnonanbHOM 0Opa3oBanuu B.
A. bonotos, O. ®. 3eep; B moAroToBKe negarorundeckux kaapos B. A. Jlananrep, H. A. Kazauek
Y MHOTHE JIpyTHE.

OcHoBbIBasCh Ha pPabOTaXx pa3HbBIX aBTOPOB, MOXHO CKa3aTb, B3ATbIE 33 OCHOBY
pohecCHOHATPHON KOMITIETEHTHOCTH OYIYIIEro YUUTENs MAaTeMaTUKU - 3TO MH(POPMAIIOHHO-
METO0JIOTUYECKUE, COLMAJIbHO-KOMMYHHKATUBHBIE U JUYHOCTHO-BAJIECOJIOTMYECKUE
KOMITOHEHTBI, Cc(OPMHUPOBATH KOTOPHIE MOXHO B XOJI€ PEILICHUS OIpENeICHHbIX 3a/ad I10
MaTeMaTHYECKOMY aHain3y. Te B CBOKO OuYepelb MOAPAa3ACISIIOTCS Ha IPEIMETHBIE,
MEXITPEIMETHBIE, PAKTUYECKHE U TPO(ECCHOHATIbHBIE.

I'maBHOM LIeNbIO SBNISETCS PACCMOTPEHUE MOJIENH, KOTOPast JSDKET B (PyHIaMEHTAIbHYIO
OCHOBY INPO(eCCHOHATbHON KOMIIETEHTHOCTU OYAYIIMX YYUTeJIeH MaTeMaTHKH, OCHOBBIBASCh
Ha 0a3uce 33724 0 MaTeMaTUYECKOMY aHAJIM3Y.

B.B. KpaeBckuii TOBOPHII O TOM, YTO MOJIEIIBIO SBJIAETCA CUCTEMA DJIEMEHTOB, KOTOPbHIE
BOCIIPOM3BO/ISAT CTOPOHBI, CBA3M U (PYHKIMHU IMpeAMeTa HccienoBanus. M mostomy amist Toro,
YyTOOBl ONTHUMM3HPOBATH IIporiecc OOy4deHMs TeJarorHueckoro HampaBleHUs] B By3ax
HEO0O0X0IMMO HCIIOIb30BaTh MMEHHO CTPYKTYPHO-(DYHKIIMOHAIBHYIO MOJIEIb, B KOTOPYIO BXOJST
YETKO BBICTPOEHHASI CTPYKTYpa U (PYHKIIMOHATIBHBIN KOMIIOHEHT.

[TpumepoM Takoil MOJENH MOKET BBICTYHAaTh MOAENb CTPYKTYPHO-()YHKIIMOHAIBHOTO
KOMIIOHeHTa Oyaymux yuurteneld mareMaTuku, pazpaboranHas E. SI. 3BepeBoil, Ha ocHOBe
HayuHOH pabotsl H. A. Kazauek.

OcHOBHas CyTh €€ COZIep>KaHUsI COCTOUT B CIIETYIOILEM:

— 1IeJIeBOM KOMITOHEHT, OTPasKaroIUil CIocOOHOCTH Telarora KOHKypUpoBaTh B
npodeccronanbHOH chepe.

OroMmy Oyner cnocoOCTBOBaTh BHEIIHMN KOHTEKCT, OIpeNeNseMblii Kak (akTop,
BIMSIONIMI Ha JIMYHOCTb. A BHYTPEHHHUM KOHTEKCTOM OyJeT SBIAThCS WHAMBHyaJIbHAs
CHOCOOHOCTh JIMYHOCTH K CaMOpPa3BUTHIO B JaHHOW cdepe. JlaHHBII cHMOMO3 MO3BOJIUT
OakanaBpy MaTeMaTH4ecKoro mpoduis o0pa3oBaHHs HCIONB30BaTh CBOW NpodeccroHanusm,
KaK Ha ypOKaxX MAaT€MaTHUKH, TaK U B TOBCEAHEBHON KU3HU.
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— COJIepKaTeIbHO-OpPraHU3al[MOHHbIA KOMIIOHEHT, BKJTFOUYAIOLIUI
TEXHOJIOTHYECKUE U METOAOJIOTMYECKHe  MOAENH,  (hopMHUpYOIIUE
npodeccCHoHaNbHYI0 KOMIETEHTHOCTD YUUTENs] MAaTEMaTHKH.

JlaHHast Moziesb MPEeACTaBisieT cO00i YEeTKO BBICTPOCHHBINH 00pa3oBaTeNIbHBINA MPOLIECC,
OCHOBAHHBII HAa KOHTEKCTHBIX 33Ja4ax MO TaKOM IUCUMIUIMHE, KaK MaTEMaTUYECKUI aHAIU3,
KOTOPBIM IO3BOJMT YYAIIUMCSl MPOSBUTH CBOM TBOPYECKUE IMOTEHUMAIbl U MATEMaTHYECKHE
ciocobHocTH. [l CTYAeHTOB y4eOHbIe 3aHATUS OyIyT BBICTYNATh B POJIM MOAEIH OyIyLIEro
npodeccuoHanbHOro 00pazoBaHusa. I MMEHHO Takoil mpeaMeT, Kak MaTeMaTU4YecKUid aHalu3,
KaK HeNb3sl Jydllle MOXET II0Ka3aTb Ha CBOEM IIPUMEPE IPOSIBIEHUE €CTECTBEHHOI'O
B3aMMO/JICHCTBUS TpernojaBaTenss U cTyaeHTa. JlaHHas oOpa3oBaTeibHas MOJETb MPEKPACHO
WUTIOCTPUPYET KOMIUIEKCHBIH —MPOLECC pPa3BUTHUSA  HMH(MOPMAIMOHHO-METOI0JIOTMIECKOH,
[IPEIMETHO-METOUYECKON,  COLMATIbHO-KOMMYHUKATUBHOM,  JIMYHOCTHO-BAJICOJIOTMYECKON
KOMITETEHIIUH OyIyIEero y4uTelis MaTeMaTHKH.

— Ppe3yNnbTaTUBHBIA KOMIIOHEHT, BKIIIOYAOIINI B ce0sl yPOBEHb, TOKA3bIBAIOIINN
c(OpPMHUPOBAHHOCTH KPUTEPUEB OYIYIIETO YUUTEs] MAaTEMATHKH, OLEHKY €ro
3HAHWH, yMEHUI 1 HABBIKOB 32 BECh IIEPHOJT €0 OOyUYCHHSI.

WUrtak, MOXHO cKa3aTb, UTO JaHHAas MOJENb CTPYKTYpPHO-(YHKIHMOHATLHOTO
dopmupoBaHusi TPOPECCHOHATIBHOM KOMIIETEHTHOCTH OyIyIIero y4WTeNls MAaTeMaTHKH,
MOCTPOCHHAS! HA OCHOBE Kypca MaTeMaTHYECKOTO aHAJIM3a MIO3BOJIAET 00YyJaroIEeMyCsl B ITOJTHON
Mepe chopMUupoBaTh HEOOXOIUMYIO TICIATOTUICCKYI0 KOMIICTEHTHOCTb.
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PA3JIEJI XIX. HHPOPMAIIMOHHBIE TEXHOJIOI'NN

baruaena 3.B., lllaxanosa P./I.
KubepnpecrynHocrs
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doi: 10.18411/1j-01-2019-136
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AHHOTAIUSA

PaccmoTpeHpl 0COOGHHOCTH COBPEMEHHBIX KHUOEPIPECTYIICHUH, MPUBEICHBI Pa3HBIC
IpyNnbl MPECTYIUICHUH B chepe HHPOpMaTH3AIHH.

KiroueBbie ¢j10Ba: ”HPOPMAMOHHBIC TEXHOJIOTUH, TIPECTYIUICHHUE, BUPYC.

Abstract

Features of modern cybercrimes are considered, different groups of crimes in the field of
informatization are given.

Key words: information technology, crime, virus.

Cam0 MOHATHE MPECTYMHOCTh MOSBWIIOCH OY€Hb JaBHO. Ho ¢ u3ydeHHeM pas3HbIX
ACTIEKTOB JKU3HH Pa3BUBAJIACh M IPOTPECCUPOBAIa M MIPECTYITHOCTb.

Yro npencrasisieT u3 ceds npectyruieHue?

[Ipectymienue - 3T0 BO NEPBBIX HETaTHBHOE BIHMSHUE HAa OOIIECTBO, TO MOBEICHHE
KOTOpoe B OOIIECTBE CUMTAETCS HE IpUeMIeMbIM. BO BTOpBIX 3TO HEraTMBHOE JeicTBHE
KOTOpOE JOJDKHO HECTH 3a cOOOW MOCieACTBHA. UEeOBEK CUMTAETCS MPECTYIHHKOM, TOTTIA,
KOT/1a OH HECET LIEHHOCTHYIO MOTEPIO JIIsl OJJTHOTO YEJIOBEKA MITH BCETO OOIECTBA B IIETIOM.

Hauwmnast ¢ 1peBHUX BpeMeH JIFOJIN BCSYECKH TBITATHCH OOPOTHCS € MPECTYIMHOCTHIO. B
HEKOTOPBIX TOCYJapcTBaX HakKa3aHUE 3a MPECTYIJICHUs ObLIM Oosee JKeCTKUMH a B JPYIHX,
6onee Markumu. B mro0om ciydae kakum Obl 110 (paKTOpPY TSKECTH HE ObUIO NMPECTYIJIEHUE OHO
JIOJDKHO OBITh HAaKa3aHO, YEJIOBEK KOTOPBIM COBEPIINII MPECTYIUIEHUE JOJKEH MOHECTH BUHY U
packaercs.

B coBpemMeHHOM MuHpe, ¢ Pa3BUTHEM pa3HBIX HAayK TAaKMX KaK MaTeMaTHKa, (U3MKa,
YepueHHe ¥ MHOXECTBA JPYrMX TMOSIBWICA TaKOM WHCTUTYT, Kak «MHpopmanmoHHbIe
TEXHOJIOTUI.

UYro npencrasisier coboit nonarue «MHpopMaioHHbIe TEXHOIOTHI»?

HNHdopMalMoHHbIE TEXHOJIOTUM — 3TO IMPOLECCHI, METOJbI, CHOCOObI, YHMPOLIEHUS U
OBICTPOJCHCTBUS CO3AaHHbIE TSI cOOpa, XpaHEeHHs1, 00padOTKU U nepeay nHpopMaluu.

Wuctutyr MHQOPMALMOHHBIX TEXHOJOTWH CO3/aH JJIs YIPOIIEHHS M CKOPOCTH
Pa3BUTHSI HOBBIX TEXHOJIOTHA.

Wudopmatrka no3BosseT pa3BuBaTh Bce chepbl HalleH )KU3HU:

1. Menummna

2. CTpouTeNnsCTBO

3. Cenbckoe X03sHCTBO
4. Wunxenepus

Ho xax y mo60it Mmenanu ecTb oOpaTHasi CTOpoHa. Ta cTOpoHa, KOTOPYIO Obl KaXKIbIH U3
Hac XoTeJ1 Obl HUKOT/Ia He TI03HABaTh U HE pa3BUBATh.

Ota cropoHa «KuOeprpecTymHOCTh

KubeprpecTynHocTh — DTO Tak K€ CUMTAETCs NMPECTYIUICHHEM KakK W Kpaka, HO 3Ta
HPECTYIHOCTh MOKET OBITh HACTOJIBKO INIOOAIbHOM YTO HAaM Ja)K€ HEBO3MOXKHO IPE/ICTABUTH
MOCJIC/ICTBHSL.
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KubepnpecTynHOCTh — cOBepIlIEHHE MPECTYIJICHUS 10 CPeACTBaMHU MH(OpMAIIMOHHBIX
TEXHOJIOTHI, @ UMEHHO IpU IMOMOIIM BBIYUCIUTEIBHON TEXHHKH U KOMIIBIOTEPHBIX CHCTEM
100 MPOTHUB HUX.

KubeprpecTynmHOCTb JeUTCS Ha S5 TPYIIIL:

1 rpynna — Bee npectyryieHrs: HalipaBieHHbIE POTUB JIaHHBIX M CUCTEM (HE3aKOHHBIN
JOCTYII, pPACKPBITHE UM BMELIATEILCTBO B IAHHBIC)

2 rpymna — JlesHus CBSI3aHHBIE C KCIIONB30BAHUE TEXHONOTHH (  OJIOKMpPOBKA,
U3BJICYCHHS SKOHOMHUECKUX BBITOJT)

3 rpynna — BmemarenbcTBO B JaHHBIC WM U3MEHEHUSI KOHTEHTA.

4 rpynna — Hapyiienus aBTOpPCKHUX IPaB B CETH.

5 rpynna — Kubepreppopusm, essHUS TOCATA0IIHE Ha 00IIECTBEHHYIO 0€3011aCHOCTb.

W Ttak HauHeM C camoro TjaBHOrO. B mepBble KuOEpHpecTyrmHOCTh MOSBHIACH, C
pasButueM OBM u nosiBnenuem MHTEepHETa (D7IEKTPOHHO-BBIUMCIUTENBHBIX MAITHH). MOXHO
CKa3aTh YTO KMOEpPIIECTYIMHOCTb 3apoaniack B KoHIle 20 Hayase 21 Bekax.

Uro nmoxpasymeBaeT moj codoi KubeprnpecTymnHOCTh?

[IpencraBpTe MEXIyHApOIHBI OaHK, KOTOPBI XpaHHUT BCIO CBOK OIPOMHYIO 0Oa3y
JAHHBIX Ha cepBepax, Ha CepBepax MOAKIIOYEHHBIX K cetu «uTepHer» 24/7, 7 nHel B HElEmO.
['pynma xakepoB (JHIl OOYYEHHBIX Pa3THYHBIMH CIIOCOOAMH PACIIPOCTPAHEHUSI BPEIOHOCHBIX
porpaMM, JMOO C MOMOIIBI0 HAMMCAHUs CIEUATBHOr0 KOJa MOJYYHUTh JAOCTYH K JH000MY
DNEeKTPOHHOMY YCTPOWCTBY MOJKIIOUYEHHOMY K CETH VIHTEpHET) B3JIaMBIBAaCT CHCTEMY
Oe3omacHOCTH 0aHKa M TOTydYaeT A0CTyI K cepBepam. [lomyyaer moctym ko Beelt 6a3e naHHbBIX,
B KOTOPOW WMIYT JJIMHHBIE CIIMCKH KJIMEHTOB JaHHOTO OaHKa, MX CYeTaM, a caMoe TJIaBHOE K
dbuHaHCAM XpaHIIUMCS B JJIEKTPOHHOM JICHEKHOM SKBHUBAJICHTE.

Kak neiicTByroT xakepbl?

C moMoIIpi0 S3BIKOB MPOrpaMMHUPOBaHuUs ( S3bIK MPOrPAMMHUPOBAHHS TPEICTABISIET
co00ii, croBa, CUMBOJIBI M ITOPUTMBI KOTOpBIE MEPEBOJSITCS B MAIIMHHBIA KOJ) CO3/A0TCS
BpenoHocHble [10 «Bupycb» ( BUpyc-BpelOHOCHasl MporpaMMa CO3aHHas C LENbI0 MOpYH
daitioB b0 Bcell cucteMe B 1eloM, cOopa MHpOpPMAIMK C 3apaXEHHOTO YCTPOMCTBA WM
CII©KKA M 3alUCH JCHCTBUH Ha JAHHOM YCTPOWMCTBE.) KOTOPBIMH 3apakalOTCs YCTPOMCTBA,
1oclie  4Yero OHM HauumHalo coOuparb HMHQPOPMAIMIO KOTOPYIO  3JIOYMBIIUICHHUKH-
«KubepnpecTyHUKI» UCTIONB3YIOT JUIS MTOYy4YEHHsI TOJHOTO JI0CTYIa K YCTPONCTBY.

Kak nmpsuyrcst kubeprpecTymHUKH?

Kak 1 00bIYHBIM IpeCTymHUKAM, KHOEpIPECTyITHIUKAM HY)KHO 3aMECTH 3a COOO0M Ciefpl.
3aMeTaroT cieibl OHU HE KaK OObIYHBIE, HO TOKE OU€Hb NMPO(ECCUOHATIBHO.

Bo mepBbIX OHM 3a4MIIAIOT CJebl HA YCTPOMCTBE, YTOOBI KepTBa HE I0JI03peBaia
HY)KHOE KOJIMYECTBO BPEMEHH TO, YTO Ha UX yCTpoicTBax Oblm mmuoHckue [10.

Momennuku nmgpyror csou IP aapeca (IP-agpec cereBoil ajmpec B KOMITBIOTEPHOM
CETH, TIOCTPOSHHOW Ha OCHOBE CHEIHAILHBIX MPOTOKOJIOB).

JlenaeTcs 3TO Uil TOTO YTOOBI CHEll. CIY)KObI HE MOTJIM BBIYUCIUTH MECTO C KOTOPOTO
paloTai mpecTymHHK.

Tak e nmpecTylmHUKH B MOMEHT CBOMX NPECTYIUIEHHH MAaCKUPYIOTCS 3a JJOBEPEHHBIMHU
IP-agpecamu.

Iocne yero mpecTymHUK MOKKUAAET MECTO Ha KOTOPOM COBEPIIATIOCH PECTYIUICHHE.

Crioco6w1 60pr0ObI ¢ KnbeprnpectynmHocThio?

Bo mepBbIX HYXHO IIOCTOSHHO pa3BUBAaTh CHCTEMY O€30MaCHOCTH HCIOJIb3Ys
JIOTIOJTHUTEIBHBIE aJITOPUTMBI U TIPOTPaMMBI.

Bo BTOpBIX HYXHO NpPOBOAUTH IPOBEPATH CHCTEMY OE€30MAaCHOCTH Ha HaJH4He
MOTEHITNAJIBHO YS3BUMBIX MECT.

B TpeTbux Hy>KHO IPOBOUTH MHOTOYPOBHEBOE MIM(POBAHUE JAHHBIX.

W camoe raBHOE HY)KHO BECTH YY€T TMOCEHICHUN KaXIOH SYCHKH 0a3bl JaHHBIX, YTO
MO3BOJIUT PabOTHUKAM CITY:KOBI 0€30MaCHOCTH OTCIICKHUBATH MOTCHITHATBHBIE ATAKH XaKEPCKHUX
TPYIITUPOBOK.
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Hcnonb3ys MHOTOYpOBHEBBIE KOJIbI HIM(POBAHUS JaHHBIX, BEJS YUET MOCEIICHUS TUeeK
0a3pl JaHHBIX W TIOCTOSHHO pPa3BUBaTh CHUCTEMY OE30MACHOCTH MOYHO JOOUTHCS HAIACKHOTO
YPOBHS 3alMUTHI IaHHBIX.

B 3axirodueHnn MOXHO CKas3aTh, UYTO KHOEPHPECTYIMHOCTh CTajla Ha YPOBEHb M JIaXKe
BBIILIE OOBIYHOTO IOHUMAHUS MPECTYITHOCTH.

Xakepckue TPYNIHUPOBKH JENAI0T «HAIETh» Ha Ooyble (GUPMBI M KOMIAHUW IS
JIOOBIYM JCHET U LIeHHOHM HH(pOpMaInu.

Ha ceromHsmiHME JEeHb CYIIECTBYIOT KOMHTETBI, HAmpaBlIeHHbIE Ha OOpbOYy ¢
KUOEPIPECTYMHOCTHIO U CHUKEHUIO aTak K MUHIMYMY.

*k*k
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Boabmaxkos K.J., Uabunbix H.A.
Biausinne TeMnepaTypbl Ha ONTHYECKHE U CTPYKTYPHbIE CBOICTBA ONTHYECKUX BOJTOKOH

Vpanvckuti mexuuueckuti uncmumym césasu u ungopmamuxu (unuan) @I60OY BO
«Cubupckuii 20cy0apcmeenHulil YHUsepcumem meieKoMMYHUKAYU U UHGOPMAMUKUY
(YpTUCHU Cu6l'YTH)
(Poccus, Examepunbype)
doi: 10.18411/1j-01-2019-117
idsp: ljournal-01-2019-117

AHHOTAIUSA

B nHacrosimiee BpeMsi oNTUYECKHE BOJIOKHA IMIMPOKO HCIHOJB3YKOTCS B OTPAcid CBSI3U.
OCHOBHBIMU TPEOOBAaHMSIMU TPEABSABISIEMBIMU, K Tiepeaade WHGOPMAIUN Yepe3 ONTUYECKUE
BOJIOKHA, SIBJISIFOTCS BBICOKAS MPOIMYCKHASI CIOCOOHOCTh M MUHUMANbHBIE oTepu. OHAKO, YeM
BBIIIIE TIPOITYCKHASI CIIOCOOHOCTH, TEM OOJIBIIIYI0 MOIIHOCTh TPEOYeTCss BBOJUTH B ONTHUYCCKOE
BOJIOKHO, YTO B JAJIbHEUILIEM IIPUBOJIUT K €r0 HarpeBaHUIO U U3MEHEHUIO ONITUYECKUX CBOMCTB.

KirueBble cii0Ba: ONTHYECKHE BOJOKHA, MOKAa3aTelb MPEJIOMIICHUS, MOIIHOCTh
W3JIy4EHUsI, TEMIIEpaTypa, IIaBJICHUE.

Abstract

Currently, optical fibers are widely used in the communications industry. The main
requirements for the transmission of information through optical fibers are high throughput
capacity and minimum loss. However, the higher the throughput, the more power is required to
be injected into the optical fiber, which further leads to its heating and changes in the optical
properties.

Keywords: optical fiber, index of refraction, the radiation power, temperature, melting.

OcCHOBHOM 4YacThiO JFOOOW BOJOKOHHO-oNTHYecKol cuctembl mnepenaun (BOCII)
SIBIIIETCS BOJIOKOHHO-onTrH4eckuii kabembp (BOK). I'maBHOM cocTaBisifolmield Takoro KaOess
sBIsieTcs onTuyeckoe BookHO (OB). OnTudeckoe BOMOKHO MPEACTaBIsieT cOO0il KBapieBoe,
CTEKJISTHHOE HJTH TIOJTMMEPHOE BOJIOKHO, TIPETHA3HAYCHHOE /IS TIepeIavui CBETa Ha PACCTOSIHUE.

Wnes nockuiaTh 3HEPruio Yyepe3 ONTUYECKOE BOJIOKHO He HOBa. Ha camMom jniene, BoJIOKHA
IIUPOKO HMCIIOJIB30BATMCH B MIPOMBIIUICHHBIX, MEIUIIMHCKUX, TPAXXIAHCKUX U BOCHHBIX IEJISX.
HenaBHee ymeHbllieHHE MOTEPh B ONTOBOJIOKHE PACIIUPUIIO BO3MOKHOCTH MCIOJIB30BAHUS €T0
B 00J1aCTH CBSI3H.
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obonouka

cepauesnHa

3aWMUTHaRA
obonoyka
Pucynox 1 — Cmpyxkmypa onmuueckoeo 8010KHA

[lepenaua cBera MpPOUCXOAUT B TOHKOM CBeTOBOjJe. CBETOBOJ MpPENCTaBIseT cOOOU
COBOKYITHOCTh CEpPALIEBUHBI U 000JI0YKH, BJIOb TPAHUIIBI KOTOPOM PACIIPOCTPAHSIECTCS CBETOBOM
curHas. U cepaueBuHa, 1 000J04YKa COCTOAT M3 KBapIla C Pa3HbIM MOKa3aTeleM MpeToMIICHHS.
[ToBepx cepaleBUHBI HAKIIAABIBACTCS MOKPBITHE (Oydep), KOTOPOe CIYXKHUT B IEISAX 3alUTHI U
obecrnieunBaeT THOKOCTH [1].

Bonnbl Mo cBeTOBOY B 3a/laHHOM HaNpaBICHUU MEPEAAOTCS 32 CUET OTPAKEHUN UX OT
TpaHMIbl pa3zenia CepIIeBUHBI U OOOJOYKH, UMEIOIIMX PAa3HbIE IMOKAa3aTelH IMPeIOMIICHHS.
['panura pasaena cpesl XxapakTepu3yeTcsi COOTHOIIEHUEM MEXKITY JUTMHOW BOJIHBI U MOTIEPEYHBIM
IMaMeTpoM ceplueBuHbl. Ecnu ajavHa BOMHBI MEHbIIE IUaMeTpa CEepALIeBUHBI, IMeperada
cUrHasia OyJeT OCYILECTBIISATHCSI 3a CYET MHOTOKPAaTHOTO OTpPaKEHHsI OT pasliena cpeja ¢
Pa3IMYHBIMU XapakTepucTukamu [1]:

n(r) =ny—An (r/a)g

rie Ni — MakcUMajJbHOE 3HAueHHE I[oKas3aTelsl MpeJOMICHHUs CepIUeBUHbI, An —
HOPMHPOBAHHAs Pa3HOCTb MOKa3aTeIel MPeJOMIIEHUs, I — PACCTOSIHUE OT OCH BOJIOKHA, a —
panuyc CepALEeBUHBI, g — MapaMeTp, XapaKTepU3yOUIHi Tpod b OKa3aTeNs IPeIoMICHUS.

ITpodunn nokasarens NpeaOMIEHUsT MHOTOMOJOBOTO BOJIOKHA!

g = o0 — po(usIb CTyNeHYaThId

g =1 — npodunb TpeyroabHbIH

g = 2 — npo¢uib napaboTUYeCcKHi

JlJig ycTIenHoro MpoX0KAEHUS! CBETa M0 ONTHYECKOMY BOJIOKHY OH JIOJIKEH BOWTHU B
BOJIOKHO U OTPaXaThCsl OT 000JIOUKHU C yIiaMHu, OOJIBIIMMHU KpUTHYecKoro. M3-3a Toro, 4ro B
pe3ynbTare MpeaoMJICHHUs] HAlpaBiI€HHE PaclpOCTPAHEHUS! CBETOBBIX Jy4ded MeHseTcs, s
YCIIEITHOTO MPOXOXKIACHUS JIyda [0 ONTHYECKOMY BOJIOKHY HaKJIaJbIBAIOTCs OFPaHUYEHMS Ha
yroJi, Moj KOTOPBIM JIyd MOXET HMOCTYNHTh B CEepACUHHK (anepTypHbIil yroiu). Jlrobo# myy,
na/lalolInii Ha 000JI0UKY MOJ1 YIJIOM MEHbIIE KPUTHYECKOT0, IPOHUKHET B 000JI0UKY U OyzaeT
MOTEPSH.

Pucynox 2 — Cxema nonadanus ayua 8 cepoyesuny Onmuiecko2o 80J10KHA

s Toro, 4TtoObl yIOep>KMBaTh CBET B ONTOBOJIOKHE, IMOKa3aTeidb MPEIOMJICHHS B
[ICHTPE ONTOBOJIOKHA JOJKEH OBITh BBIIIE, YeM IO KpasM. B 3Tom cimywyae pabotaer
MEXaHHU3M MOJIHOTO BHYTPEHHETO OTpakeHus [1].
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[Ipon3BOAUTENHEHOCTh ONTUYECKOM CHUCTEMBI MOXKET OMNPEACNSIThCA CBOMCTBAMHU €€
ONTHYECKUX BOJIOKOH. [lokazaTenb mpenoMyIeHHsI BOJIOKHA 3aBUCHT OT Pa3HBIX (PaKTOPOB:
JUTMHBI BOJIHBI CBETa, TEMIIEpaTypbl W ApYyrux (u3nyeckux CBOHCTB. TemmeparypHbie
KoJIeOaHUsI OKa3bIBAIOT BIUSHHE Ha aOCONIIOTHBIC 3HAUYCHUS KOA((UIIMEHTOB MPEIOMIICHUS
sJipa ¥ ONTHYECKOM 000JIOUKH, a, CIICIOBATEIHbHO, M HA UX PA3HOCTh, YTO MOXKET MPUBOJIUTH K
HAPYIICHUIO YCJIOBH CYIIECTBOBAHUS OJHON MOJIbI M TOSBICHUIO JOMOJHUTEIHHBIX MOJI.
[Ipu aTOM, TEepepacnpeneieHlue SHEPrud MEXIy MOJaMH IPHUBENET K IMOTEPE MOIIHOCTH
OCHOBHOTO cuTHana. Paznuume KOod(p(UIMEHTOB TEIUIOBOTO PACHIMPEHUs CTEKIISTHHOTO
Cep/ICYHHKA M TIOJIMMEPHON ONTHYECKOW OOOJIOUKH YBEIIMUYMBAET IMOTEPH HA MUKPOU3THOaX.
Hpyrumu ciioBamMH, W3MEHEHHUE TIOKa3aTessl MPEJOMIICHUS] ONTHYECKOTO BOJIOKHA MOXKET
MIPUBECTH K U3MECHECHHIO MPEJIOMIICHHS CBETa B CEPJLIEBHHE, YTO, B CBOIO OYEpPE.lb, IPUBEACT
K U3MEHEHHUIO JJIMHBI BOJHBI 1 BOSHUKHOBEHHUIO BOJTHOBOJIHOM aucnepceuu [1].

JlnvHa BOJIHBI M3JTyYEHHUS JTOJDKHA COOTBETCTBOBATH OJHOMY M3 OKOH NMPO3PAYHOCTH:
850, 1300 u 1550 uM. DTO OOYCIOBIEHO TE€M, YTO HA JAHHBIX JIMHAX BOJIH HAWMEHBIINE

3aTyXaHus. 3aTyXaHUe — 5TO YMEHBIIEHHE MOIIHOCTH ONTUYECKOrO CUIHAJA.
3atyxanue, A6/km
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P UCYHOK 3 — 3a6ucuMocmb 3amyxaHusl cucHaia om aﬂqul 60JIHblL

Uem MeHblIEe 3aTyxaHHe (IIOTEpH), T€M OOJbIIE MOXKET OBITH PACCTOSIHHUE MEXKIY
pereHepallMOHHBIMM y4yacTKaMHU. B CBSi3M ¢ 3TUM H3MEHEHHs, BHECEHHbIE B CHCTEMBI
ONTUYECKON CBs3M, OBUIM COCPENOTOYEHBI HAa TpPEX OCHOBHBIX 33ja4ax: YBEJIWYCHHE
pacCTOsHUsL PaclpOCTPaHEHMs], YBEJIWYEHHE IMPOMYCKHOM crmocoOHocTH (OuTpeiita) u
COKpaIlleHUE PAacXO0B Ha pa3BepPThIBAaHUE M DKCIUTyaTaluio. JJoCTHIKeHHe 3TUX TIeTIei CTajo
BO3MOYKHBIM TOJIBKO Oyiarofapsi psay TeXHOJIOTMYECKUX JOCTHKEHUH, TaKUX Kak, pa3padoTka
ONTUYECKHUX YCHWIMTENEeH W BHEAPCHHWE METOJIOB MYJIbTHIICKCHPOBAHUS JUTMHBI BOJHBI [4].
OpHako CleACTBHEM ATUX M3MEHEHUH CTajlo yBeJMYeHHe oOIIeld ONTHYEeCKOH MOIIHOCTH,
pactpoCTpaHsONIeHCs BIOIb BOJIOKOH.

Bbicokass MOIIHOCTH CHUTHaja MOXET CTaTh MPUYUHOM JIOKAJbHOTO YBEITUYEHUS
TEMIIepaTypbl TOKPBHITUS B MECTax cruba, 4To, B CBOIO OYepe/b, MOKET NMPUBECTH K TaK
Ha3bIBaeMoMy, 3P dexty putmisa. IToT 3¢h(HeKkT MOKET NPUBECTH K Pa3phIBY WIM IUIABICHUIO
BOJIOKHA C TIOCTIEAYIOIINM €T0 pa3pylIeHHEeM BJIOJb IJTUHEI [2].

D¢ ekt GuTHIs B BOJOKHE, MOTYYWI CBOE Ha3BaHHWE M3-3a CXOJCTBA C TOPSIIUM
¢utnnem. [locne HarpeBaHUS CTEKIOBOJIOKHA, KaK TOPSIIHA (QHUTHIb, 30HA IIABICHUS
pacrpocTpaHsieTcss K HCTOUYHUKY CBeTa, HCHapsisi CEpALEBUHY BOJOKHA C M3IIy4YeHHEM
BuauMoro Oesoro cBeta. Ilocie pacmpocTpaHeHHss 30HBI IJIABJIEHUS B CEPACUHHK
ONTHYECKOTO BOJIOKHA MOXHO HAOIIOIaTh TOJIOCY MYCTOT, KaK MMOKa3aHo Ha pUCYHKeE [3].
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Hampaenaenne
PACOPOCTPAHEHHA TEMIEPATY PRI

—_—

Haavgenne
0T HCTOYHHE

MyeroTea Jokaarnabifi Harpes
Pucynox 4 — Pacnpocmpanenue memnepamypbvi 60016 onunvl OB

deHoMEeH Bcer/ia acCOIMUPOBAJICS C TEIUIOBBIM 3P (GEKTOM U, XOTS IMOKa OTCYTCTBYIOT
OUYCHb TOYHBIC YKCIIEPUMEHTAIbHBIC JaHHBIC MO (PAaKTHUECKOH TeMIiepaType, JOCTUTHYTOU B
BOJIOKOHHOM $IIp€, CYUTAETCS], YTO UKOBAsl TEMIIEpATypa BbIIIE TOUKU UCIIAPEHUSI KPEMHHUS,
okojo 30270C [3].

OnHako HalM4Me BBICOKOM ONTHYECKOM MOLIHOCTH HEIOCTAaTOYHO MJisi IJIaBJICHUS
BOJIOKHA, TaKe TPeOyeTcsl MyCKOBOM MEXaHU3M, COCTOSIINM U3 HA4aJIbHOW TOYKH Harpena.
Bo Bpems BocIlaMEHEHHs, 3TOT TEIJIOBOM CKAay€K BBI3bIBAET CHUJIBHOE CBETOIOIJIONICHHE,
KOTOpOE, B CBOIO OYepe/lb, IPUBOJAUT K KaTaCTPO(YUUECKOMY MOBBIIICHUIO TEMIIEPATYPHI 10
3HAYEHMH, TOCTaTOUHBIX JJISl TOTO, YTOOBI UCHIAPUTH CEPJCYHUK CTEKIOBOJIOKHA.

O¢ddexT T1UTaBIeHUS BOJIOKHA — JTO SBJIIGHHE, KOTOPOE MOXKET BO3HHKATh B
ONTUYECKUX BOJIOKHAX MPU HAJUYMH BBICOKOW ONTHYECKOW MOIIHOCTHU U MOKET MPUBECTU K
pa3pyLICHUIO ONTUYECKOTO BOJIOKHA Ha MPOTSKEHHH HECKOJIBKHX KHIOMETPOB, a TAKKE
JOCTUYb ONTUYECKUX M3NTydaTeseld 000pyIOBaHUs, YTO IPUBOIUT K OBPEKIACHUIO aKTUBHBIX
KOMIIOHEHTOB ceTH [4].

***k
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AHHOTAIUA

PaccmarpuBaetcst 3aaua OECIIOBHOTO HAJIOKEHHS W300paXeHUH Npyr Ha Apyra, Tak,
9TOOBI HE OBLIO BUIHO TPAHMII MEXKIY HUMH. JTa 3a7adya MOXET OBITh pPEIIeHa C MOMOIILIO
npeoOpa3zoBanuii [Iyaccona.

KioueBbie cioBa: OnenauHr, npeodpasoBanue, [lyaccoH, n3o0pakeHus, HAIOKEHHUE,
aBTOMATHU3ALIHS

Abstract

This article deals with the problem of blending images on each other, so that the borders
between them are not visible. This task can be sorted out using Poisson transformations.

Keywords: blending, transformation, Poisson, picture, overlay, automation
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Bo mHoOrmx 3amadax aBTOMAaTM3MpOBAaHHOW 00paboTkm (oTorpaduii M HM300paKEHUIMA
JIOBOJIBHO YacTO BCTpEYaeTCs 33/1aua OECIIOBHOTO HAJIOXKEHHS M300paKeHUH WM TMO-IAPYrOMY
9TO Ha3bIBaeTCs OJICHUHIOM.

BecmoBHOe Hano)keHHE M300paKEHHUI HA3bIBACTCS TAKOW METOMA, KOTOPBIA JIOIyCKaeT
BCTaBJISITh B OJIHO M300pa’K€HHE YacTh JIPYroro M300paskeHHsl, IpU 3TOM, YTOOBI HA TPaHULAX
BCTaBKM HM300pakeHWil He ObUM 3aMeTHbI MBBL Co31aeTcsi BIIEYATIICHUE, YTO 3TOT METOA
MOJICTPaUBAET U ONTUMH3HUPYET Ty YaCTh N300paKeHUs, KOTOPYIO XOTUM BCTaBUTh CIICIIHATIHLHO
10/ TO M300pakeHne, B KOTOPOE MBI XOTUM BCTaBUTh YacTh 0e3 BUAMMOCTH IIBOB. Ha camom
Jierie, YTOObI MOTYYUTh TaKOM pe3yibTaT MPUMEHSETCS TOJIbKO I'PaIMEHTHOE BHIUYMCIICHHUE MOJIeH
JUIL BCTAaBISIEMOM YacTH M 3HAUYEHHMsA LBETa M SAPKOCTH JAHHOTO NHKCEI HCXOTHOTO
M300paXKeHUs Ha TPaHUIIEe 00JIaCcTH, KOTOpasi o0padaThIBaeTCsl.

[Ipexxne, yeM pacckazaTh HpPO TO, KaKMM 00pa3oM 3TO MPOUCXOIUT, CTOUT CJENaTh
MOCTAaHOBKY 3aJaud. Y Hac HMMEIOTCS JBa M300pa’keHMs, Ha30BeM HX H300pakeHue 1 u
n3zo0paxkerne 2. Ha m3obpakenue 1 HakIaapIBaeTCst N300payKeHHE 2 B CIICIIMATBHOM MECTE.

MN206pakeHme 2

Tpumep naknaowvisanus uzobpasicenuti opye Ha opyaa

st Toro, 4ToOBl HAJOXHTH W300pakKeHHWE 2 Ha HM300pakeHHe 1C HCIOIb30BaHHEM
0ECIIOBHOIO HAJIOXKEHUS, TpeOyeTcs, YTOObI IPaAueHThl N300pakeHHsl 1 paBHSUICS TPaAUeHTy
n300pakeHus 2 B 00JaCTU WX COeAMHEHHUs. BoccTaHOBIEHME 1IBETOBOM MAIMUTPHI HA 00JIACTH,
I'JIe PacroiokKeHo U300paxeHue 2 OyJeT MPOMCXOANTh Ha OCHOBE I'paJIeHTa B 3TOM 00JacTH U
[IBETOBOM MAJIUTPHI M300pakeHusI 1 Ha TpaHUIIe.

Takum 06pa3oM, 3TO 03HAYaAET, YTO TPEeOYETCs I MOIYyYEHHs] UTOTOBOTO M300paskeHUs
BOCCTaHOBUTH N300paKEHHE 110 TPAJUEHTY, TO €CTh MOYKHO IIPUMEHHUTH 3aj1ady [lyaccona.

Pemenue 3agaun A5t BOCCTaHOBJIEHUSI TPAJUEHTa U300paXKeHUs! IpUBeIeHo Hipke. [
n300pakeHus ¢ uBeToBoi nanuTpoid RGB Meron ncnomnb3yeTcst K KaxaoMy KaHawy.

Crenyromum 00pazoM 0003HaYMM T'PaHUILY BCTaBIIEMO 001aCTH:

H(x'y) = A(x,y)V(x, y) € 0B

Brrancnenne rpagucHTa I/I306pa)KeHI/I$I 2:

|VB(xy)| = 4B(x,y) —B(x —1,y) —B(x+ 1,y) =B(x,y — 1) = B(x,y + 1)

[Ipumensis 5TH JaHHBIE MOXHO COCTaBUTH ypaBHeHUe [lyaccona:

INIHGY) = ) HG+duy+dy)
(dx,dy)+(x,y)EQ
_ Z ACx + +dx,y + dy)
(dx,dy)+(x,y)€0Q
= Z (B(x + dx,y + dy) — B(x,y))
(dx,dy)+(x,y)E(QQuUaQ)

rre (X, y) — KOOpAWHATHI TaHHOTO THKCceNs, N — YHCIIO TMHUKCENeH, KOTOPbIe HaXOATCS
psgoM ¢ TekymmM mukceneM (He Oomee 4), (dx, dy) — KOOpAMHATHI THKCENEH, KOTOpPHIC
HaXOJSITCS PSIIOM C TEKYIIIUM, MOTYT npuHuMarth 3Hauenus {(-1,0), (1,0), (0,-1), (0,1)}.
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JIJ1st Ka)/10ro HOBOTO MTUKCENISl COCTaBIIsieTcs ypaBHeHHEe. TakuM 00pa3oM MbI MoTydaeM
CUCTEMY C HEU3BECTHBIM YHCJIOM MMUKCENIEH BCTABISIEMOT0 N300PAKECHUSI.

Jlns mpuMepa Bo3bMeM JBa H300paxeHus. M300paxkeHue, n3 KOTOPOro Mbl BO3bMEM
JJIEMEHT CJIeBa U M300paXKeHUE, B KOTOPOE BCTABHM 3TOT JIEMEHT PaCIOI0KEHO CIIpaBa.

Hcxoomnvie uzobpasicenust

[locne BcTaBkM 37€MEHTa M300pakeHHs clieBa B M300pakeHHE CIIpaBa W HACTPOUKHU
Maciitaba v yriia HakJIOHa MBI IpUMeHsieM peoOpaszoBanue [lyaccona.

Takum oOpa3oMm, ¢ momomiblo mpeoOpazoBanmii IlyaccoHa MOXKHO HakIabIBaTh
M300pakeHus JAPyT Ha Ipyra 6e3 BUAUMOCTH IITBOB COCTUHEHUSI.

***k

1. IIpumenenne npeoOpazosanuii [Tyaccona 1yt GecIIOBHOTO HANOXKEHHS N300paxeHnit [ DIeKTpoHHBIH pecypc]:
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Pa3paGoTka npu/iokeHus ¢ HCIOJIb30BAHMEM POTPAMMHUPOBAHUA /ISl lepeaadyu
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AHHOTaIUA

[To Mepe COBEpIICHCTBOBaHMS CBOMX 3HAaHMH B MPOTPAMMHPOBAHUH HEBOJIBHO
HauMHACIIb MPOOOBaTh CHIIBI B Pa3pabOTKE pa3IMUHBIX MpUiIoKeHHH. JIrobas mpakTudeckas
paboTa BRIONHSETCS OBICTpEe eCIIM CO3aH YEeTKHU 00pa3 TOro KOHEYHOTO MPOIYKTa, KOTOPBIHA
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JOJDKEH OBIThb TOJIydEH B pe3yibTaTe 3aTpaueHHOro BpeMeHM M Tpyaa. JlaHHas cTaThbs
Hpe/CTaBIsIET pa3paboTKy MPHIIOKEHUs ¢ mpuMeHeHneM A30yke Mopse.
KiroueBbie ¢cj10Ba: mporpaMMupoBanue, mudpoanue, Mopse, C++

Abstract

As you improve your programming knowledge, you involuntarily begin to try your hand
at developing various applications. Any practical work is performed faster if a clear image of the
final product is created, which should be obtained as a result of the time and labor expended.
This article presents the development of an application using Morse code.

Keywords: Morse code, C ++, programming, encryption.

HIndpoBanue wuHbOpMaIMM HMMEET [IOCTAaTOYHO MABHIO HCTOpuio. BHauane oHa
NPUMEHSUIACh TJIaBHBIM 00pa3oM B 00JACTH BOSHHOW M JUIJIOMAaTHYECKOH CBs3H. C KaXKAbIM
HOBBIM BUTKOM B UCTOPUH Pa3BUTHUSI TEXHUYECKUX CPEICTB UJIEH AJIs1 KOJAUPOBAHUS JAHHBIX, KK
NPaBIJIO, YCOBEPIICHCTBOBAUCE. B miepron pa3Butus TenerpadHoil CBsI3M Hanboee yaadHbIM
okazaics annapar C.Mop3e, B KOTOPOM YUYEHBIH HCIIOIb30BaNl pa3pabOTaHHYIO UM ke a30yKy.
A30yka cocTosia M3 JBYX BUJOB CUTHAIOB — KOPOTKOTO M JUIMHHOIO — JJIsl KOAWPOBAHMUS
COOOIIIeHNH, IepeIaBaeMbIX I10 JIMHUSAM TelerpadHOi CBSI3H.

Hecmotps Ha TO, 4TO MeHee 4yeM uepe3 /iBa JECATWIETUS Ha cMeHy ammnapary Mopse
(1856 roxm) mpuiuen nepBblii OyKBONEYATAIOIIMIA anmnapaT, CO3JaHHbIA BBIAAIOIIUMCS PYCCKUM
yuenbiM b.C. SlkoOn, a30yka Mop3e 3anmomMHmIacs oiaarogapst 3HaMeHUTOMY curHairy «SOSy,
KOTOpBIN INepefaBany Teprisimue OenctBue B Mope kopabmu. Ha Tenerpade naHHbIN curHai
BBITJISIZIEN B BUZIE Tpex Touek (OykBa S), Tpex Tupe (0ykBa O) 1 ONSTh MOBTOPEHHUS TPEX TOUEK.

[Ipunoxxenue B 1aHHOW paboTe ¢ nmpuMeHeHueM A30yku Mop3e cOCTaBlICHO Ha S3bIKe
nporpammupoBanusi C++. C++ — KOMIWIMPYEeMBIH, CTaTHUECKH THITU3UPOBAHHBIA S3BIK
OporpaMMUpOBaHusl ~ oOmero  Ha3HaueHus.  [lojiepkuBaeT — Takue  IMapajurMel
IPOrpaMMHUpPOBaHMS, KaK  MPOLEAYypHOE, OOBEKTHO-OPHUEHTHPOBAHHOE,  0000IIEHHOE
porpaMMHUpPOBaHUE. SI3bIK MIMEET HACBIIEHHYIO CTaHAApTHYI0 OMOIHOTEKY, KOTOpask BKIIIOYAeT
B ce0sl pacnpocTpaHEHHbIE KOHTEHHEPH! U aJrOPUTMBbI, BBOA-BBIBOJ, PETYJISIPHBIE BBIPAYKEHMUS,
NOJ/IEP’)KKY MHOTONOTOYHOCTH M JApYyrue BO3MOXKHOCTH. C++ coderaer cBOMCTBAa Kak
BBICOKOYPOBHEBBIX, TaK U HU3KOYPOBHEBBIX SI3bIKOB. J[aHHBIN S3bIK IIMPOKO MCIOIB3YETCsl AJIS
pa3pabOTKH MPOrPaMMHOr0 0OeCieUeHus, ABJISACH OJTHUM U3 CaMbIX BOCTPEOOBAHHBIX SI3BIKOB
nporpaMMupoBaHus. OH OXBaThIBaeT Takue cepbl Kak: CO3/JaHHE OINEPALlMOHHBIX CHUCTEM,
Pa3HOOOPa3HBIX MNPUKIAAHBIX HpPOrpamMM, JpailBEpOB  YCTPOMCTB, NPHIOKEHUH s
BCTPAaUBa€MbIX CHCTEM, BBICOKOIIPOM3BOJIUTENBHBIX CEPBEPOB, a TAKKE pa3BJIEKATEIbHBIX
npuitokeHuit (urpbl). CyliecTByeT MHOKECTBO peann3aiuil si3pika C++, Kak OecIulaTHBIX, Tak U
KOMMEPUYECKUX M JJISl PA3IMUHBIX TUIaTPOPM. DTOT SA3bIK OKa3ajl OrPOMHOE BIIUSIHUE HA Ipyrue
S3bIKM [IPOrpaMMMpPOBaHus, B mepBylo ouepens Ha Java um C#. EcrectBennas mms C++
00JIaCTh TMPUMEHEHUS] — CHUCTEMHOE IPOrpaMMHUpPOBAaHHUE, MMOHHMAeMO€ B LIMPOKOM CMBbICTE
aToro ciosa. Kpome Toro, oH ycnemHo UCHoIb3yeTcsl BO MHOTHUX 00JIacTSAX JaIeKO BBIXOASAIINX
3a ykasaHHble pamkH. Peanmmzanun C++ Temeph ecTh Ha BCeX MalllMHAX, HAYMHAS C CaMbIX
CKPOMHBIX MHUKPOKOMIIBIOTEPOB — JI0 CaMbIX OoJyibIIMX cynep-OBM, u mpakTtudecku Ajisi Bcex
OIIEPALIMOHHBIX CUCTEM.

B nannoif paboTe mpeacTaBieHO KOHCOJIBLHOE MPHIIOKEHNE T MTHU(GPOBAHUS TEKCTA C
npuMmeHeHreM a30yku Mop3se. IlpuBenem kpaTkoe omucaHue HCHOJIb30BAHHOTO JJIsi paboThI
TeopeTndeckoro marepuana. [lporpamma Ha si3pike C++ npezcraBisieT coOON TEKCTOBBIN (haii,
B KOTOpPOM TIPEJCTaBJICHbl KOHCTPYKLUMH M OINEpaTopbl JaHHOTO s3blKa B 33/JaHHOM
porpaMMHUCTOM Topsizke. [Ipu koMOuisuu copepkumMoe TEKCTOBOTO (aiina npeodpazyeTcs B
UCTIONTHSIEMBI MAaIMHHBIA KOJ, MOHMMAEeMbIii MPOLIECCOPOM KOMITbIOTepa. Jleno B ToM, 4TO
co3JaBaeMas MporpaMMa MOXKET COJIepkaTh (DYHKIIMM CTaHIAPTHBIX OuOIMoTeKk s3bika CH++,
peanu3anyy KOTOPHIX OMHCaHbl B OOBEKTHBIX (haiimax Oubmmorek. upektuBa #include maer
KOMaHay mpenporieccopy si3bika C++ BCTaBUTH cojepkumoe ¢aiima iostream Ha MECTO 3TOH
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CTPOKM TIpU KOMIWIAWH, (PyHKIMS main() sBIsSeTcsS 00s3aTeNbHOM (DYHKIMEH s BCex
nporpamMMm Ha sizbike C++. O0s3aTeNbHOCTh TaHHON (YHKIMU OOYCIIOBJIMBACTCS TEM, YTO OHA
ABJISIETCS TOYKOM BXoJa B mporpaMmy. Jloruka Bceil mporpamMmbl 3aK/IF0UeHa B STON (PYHKIIUH.
QurypHbie CKOOKH {} CIy)XaT IJIsl ONpeJeseHUs] Hayajla M KOHI@A Teja (YHKIHH, T.e. B HUX
coJiepKaTcsi BCE BO3MOXKHBIE OIEPAaTOPbI, KOTOpPbIE OMUCHIBAIOT pabOTy AaHHOW (DyHKIHH.
CrneyeT OTMETHUTD, UTO MOCIIE KAXKJI0TO oneparopa B si3bike C++ CTaBUTCS CUMBOI ;.

OnHUM M3 OCHOBHBIX AJIEMEHTOB JIIOOOTO s3bIKa siBIsieTcs andaBuT. B maHHOM ciydae,
angaBur C++ COCTOUT M3 JATHHCKUX OYKB (CTPOYHBIC M HPOIHUCHBIC), ACCATUYHBIX LU(p U
CHelMaNbHBIX CUMBOJIBL. 13 cuMBOIOB hopmupyrOTCs JeKceMsl si3bika. K jekcemam oTHOCSATCS
UICHTU(PHUKATOPBI, CITy’KeOHBIC CJIOBA, KOHCTAHTBL, 3HAKU OIIEPAIUii, pa3IeTUTEIIH.

[lo cymiecTBy, mporpamma ecTb HE U4TO WHOE, Kak 0OMEH U MpeoOpazoBaHUE PA3HBIMU
TUTIAMU JaHHBIX. Bce TiepeMeHHbIE B MPOrpaMMe JIOJDKHBI OBITh OOBSBICHBI 10 UX
ucnonb3oBaHus. Bee onepatopsl si3bika C++ MOTYT ObITH YCJIOBHO pa3ziejieHbl Ha CIEAYIOIINE
KaTEerOpHH:

— YCIJIOBHBIE OINEpPATOpPhI, K KOTOPBIM OTHOCSTCSI onepaTtop ycioBus if u onepaTtop
BBIOOpa switch;

— omneparopsl 1ukia (for, while, do while);

— omneparopsl iepexosa (break, continue, return, goto);

— JIpyrue onepaTopsl (orneparop "BelpaskeHue", yCTON onepaTop).

Omnepatopsl B MporpaMmme MOTYT OOBEIMHATHCS B COCTABHBIE OMEPATOPHI C MOMOIIBIO
¢burypHsix cko0ok [9].

[Ipu cocraBieHnMU TPUIOKEHUS HaM TMOTpedyercss Mpolenypa YIpaBiIeHUS 3BYKOM.
Hauboiee mpocrtoii mporeaypoii, ynpasisiioiieii 3ByKoM, sBisieTcst mporeaypa Beep. Ona He
UMeeT TapamMeTpoB M BOCIPOU3ZBOAUT CTAaHAAPTHBIA 3BYKOBOM CHUTHAl, YCTAaHOBJICHHBIA B
Windows, eciti KOMITBIOTEp UMEET 3BYKOBYIO KapTy U CTaHAPTHBINA CUTHAIT 3a/IaH:

#include <iostream>
#include <dos.h>
#include <windows.h>
using namespace std;
int main ()

{

for (int i=1; i<10; i++ )
Beep (440, 1000/4);
system ("pause") ;
return 0;

}

OHAaKO MOXHO MPUMEHHUTh U CUMBOJ '\a' U3 IPOrPaMMUPOBAHHUS /ISl BOCIIPON3BEICHUSI

CUTHAaJIA.
#include <iostream>
#include <windows.h>
using namespace std;
int main ()
{
char zvukz='\a';
for (int 1 = 0; i < 4; i++)
{ cout << '"1i' << '"=' << 1 << "\t' << zvukz; }
system ("pause")
return 0;}
Htorosoe npunoxkenue ¢ GyHKIMEH A5 3ByKa zvukz nMeeT BU:
#include <iostream>
#include <string>
#include <windows.h>

4
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#include <cstring>

using namespace std;

void convert (char([50]);

int main () {

setlocale (0, "rus");

char eng[50];

cin >> eng;

convert (eng) ;

system ("pause") ;

return 0;

}

void convert (char en[]) {
char zvukz='\a’;
int eng2;
eng?2 = strlen (en);
cout << eng2 << endl;
for (int i = 0; i<eng2; i++) {

if (en[i] == ' ') cout << endl;

else if (en[i] == '0') cout << "————- "o,
//KomoupoOBaHMe LUbP

else if (en[i] == '9'") cout << "———=_."

else if (en[i] == 'A' || en[i] == 'a') cout << "

7
//KOIOMPOBaHME IOPYTUX CYMBOJIOB JIATMHCKOTO ajbaBuTa
else 1if (en[i] == 'Z' || en[i] == 'z') cout << " -

A
4

else{ }
}
cout <<endl;
for (int 1 =0; 1 < strlen (en); i++)
{
cout << '"\t' << zvukz;
}
cout << "\n CoofBmenmue nepemaHo\n";
}

[Ipunoxenne mmdpyer BBenéHHOe cooOuieHue. [Ipruuem oHO mepenaercs ¢ MOMOILBIO
CHUMBOJIOB M CUTHAJIOB KOMIIBIOTEpA.

[udpoBanune nHpopMalnU CTAJIO PEeaTbHOCTBIO B coBpeMeHHOM mupe. Ilo kanamam
m(POBAHHOMN CBSI3U MEPENAIOTC COTHU MHUJUTMOHOB COOOILEHUH, TeNE(POHHBIX MEPErOBOPOB,
OTPOMHBIE OOBEMBI KOMIBIOTEPHBIX U TENEMETPUUYECKUX JAaHHBIX, CTAHOBUTCS SICHBIM:
COXpaHEHHE TailHbI B COBPEMEHHOM MHUPE CTaJI0 HE0OXOIMMOCTBI0 HEOOXOJMMOCTBIO.

B naie Bpemsi, kak npaBmiIo, UCIIONB3YIOT 00JIee COBpEMEHHBIE CPEICTBA CBA3U. A30YKY
Mop3e wuHorga mnpumenstor Ha ¢uore u B MUC. Ona oOuyeHbp TOMYJSIpHA Cpeau
panuomtobuteneil. OHa TakXke OCTaHEeTCs MOMYJISIpHOW M B OyAylleM, Tak Kak, HOBBIE
TEXHUYECKUE CPEJICTBA MOTYT BBIMTH MJIM YMBIIICHHO OBITh BBIBEAECHBI U3 paOOYEro COCTOSIHUS
B pe3ysbTaTe KaKUX-THOO (Opc-MakOpHBIX CIy4aeB WM KAaTaKIM3MOB NPUPObI, a JaHHBIN
CUTH&JI MOXXHO II€pelaBaThb Ha JAJIbHUX PACCTOSHUAX B YCIOBMSIX CWIBHBIX DPaJUOIOMEX,
MpUYeM KOJUPOBATH MOCIAHUS MOKHO BPYYHYIO, a BOCIIPOM3BECTH COOOIIEHUH, aHAIIOTHYHO,
MOYKHO C ITOMOIIIBIO IPOCTENIIINX YCTPOMCTB.

A30ykoii Mop3e 4acTo MONb3yITCA PaauoIIOOUTEN U MporpaMMUcThl. CylnecTByeT
Macca pasJM4HbIX IIpOrpaMM, C IIOMOIIBIO KOTOPBIX MOXKHO M3y4MTh Koi Mop3e,
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CHUHTE3UPOBaTh COOOIIEHHS, KOJUPOBATh U JEKOJUPOBaTh HHGOpMaLuio. JlaHHas cTaThsi UMEET
NPaKTHYECKYIO IEHHOCTH JJISl TPOrPaMMHPOBAHUS U METOIOB I (PPOBAHHSI.
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AHHOTAUSA

B nmanHO# cTaTthe MpenCcTaBICHBI Pe3yJIbTaThl PadoThl HaJ MOOWIbHOW murpoi amst OC
Android wa mnargopme Unity. IIporpammupoBaHue pealiM30BaHO C HCHOJIb30BAHUEM
COBPEMEHHBIX HMH()OPMAITMOHHBIX TOAXOJOB K CO3JaHUI0O MOOWJIBHBIX MPHIOXKCHUH, B
yacTHOCTH, Urp. [lpencTaBieHpl CKPUHIIOTH HEKOTOPBIX CTPaHUIl M JUarpaMma BapHaHTOB
UCTIONIb30BaHMS MPHIIOKEHUs. [[aHHOE MpHIIokeHHe CO3/IaHO C ILIENBI0 Pa3BIICUCHHUs JIMIAM B
BO3pacTe ot 12 mer.

KiioueBble cioBa: moOwnsHas wurpa, android npunoxenue, twiardgopma Unity,
MOJIb30BATENLCKUI UHTEpdEiic, maTTepH

Abstract

This article presents the results of the work on the mobile game for Android OC on the
Unity platform. Programming is implemented using modern information approaches to the
development of mobile applications, in particular, games. Screenshots of some pages are
presented. This application is designed to entertain people aged 12 years and older.

Key words: mobile game, android application, unity platform, user interface, pattern

BBenenue

B nmocnennee BpeMsi ppIHOK MOOHIIBHBIX UTP HE CTOUT Ha MECTE U aKTUBHO Pa3BUBAETCSI.
[Tompacraromiee mokosieHHe Bce OOMbIIe W OOJbIIe OOpalial0T BHUMAaHHWE HAa COBPEMEHHBIE
pellieHus B IJIaHe Pa3pabOoTKu MOOWIBHBIX UTP U MPHIOKEHUN I OMEPalMOHHBIX CHCTEM
Android u 10S, nprobperaemble COOTBETCTBEHHO B Mara3uHax npusioxenuit Google Play u App
Store. OmHako MHOTHE OOBEMHBIE MOOWIBHBIE UTPHI HE CIIOCOOHBI TaK 3aBliedb BHHMAaHUE
MOJIOJIBIX JTFO/ICH, KaK UTPBI, HE HECYIITUE B ce0e HUKAKOW CMBICIIOBOM Harpy3kH, K TOMY K€, OHH
3aHUMAIOT OOJbIIME OOBEMBbI MAMSITH MO CPABHEHHIO C JIETKUMH HEHABS3YMBBIMH HTPAMH,
CO3/IaHHBIE C IIEBI0 OTBJICUYCHHS] BHUMAHUSI Ha KOPOTKOE BpeMsi, He TPEOYIOITNE CIEIHATbHBIX
TEXHUUYECKUX XapaKTEPUCTUK YCTPOUCTB.

AKTYyaJIbHOCTh

JlaHHass Tema Ha CErogHSAIIHUM JIEHb SBIIETCS OYEHb AaKTyaJlbHOM, TaK Kak B
(yHKITOHAIE COBPEMEHHBIX CMapT(POHOB, MOMUMO NPOYHUX PEAAKTOPOB, COIMAIBHBIX CETEH,
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BU/ICO- U (POTOCHEMKH, BO3MOXKHOCTH BBIXOJAa B MHTEPHET, OYEHb KPEMNKO MPHKUINCH
MOOWJIbHBIC UTPhI U pa3BlICUCHUsI, 0€3 KOTOPHIX HE MPEICTABIISETCS BOZMOXHBIM MPEICTaBUTh
a0COIIOTHO JIF0OOM COBPEMEHHBIM TaKeT, TaK Kak BpeMs, KOTOPOe TpaTUTCs Ha MOOMIIbHbIE
YCTPOMCTBA, HEYMOJIUMO U3 T'0J1a B IO pacTeT.

0030p cpennl pazpadorku Unity 5

B Hacrosimiee Bpemst Ha pBIHKE CYIIECTBYET OOJBLIOE KOJMYECTBO IIATGOPM JUIs
pa3paboTKu urp. ¥ KaxIOoH W3 HUX €CTb CBOM OCOOEHHOCTH. Mcxons W3 IMOCTaBICHHBIX
TpeOOBaHUil, a IMEHHO BO3MOXKHOCTh Pa3pabOTKH IJIsi MOOMJIBHBIX YCTPOWCTB, BO3MOXKHOCTb
pa3pabotku 2D urp, HamMure ncUepIbIBAOIEH TOKYMEHTAMK U TEXHUYECKas! MOEePIKKa IS
MOJIb30BAaTEIICH, a TaKkke, OecTiaTHasE BEPCHUS ISl HAYMHAIONIUX pa3padOTYUKOB, OblIa BRIOpaHa
mwiardopma Unity 5.

Unity 5 — kpocc — muiaTdopMeHHBI HIpOBOM JIBWKOK sl pa3padorku 2D u 3D
NPWIOKEHUH M Urp MoJ| pa3nuyHble miatdopmbl. OH JaeT BO3MOKHOCTb pa3palarbiBaTh MOJ
BCE camble pacrpocTpaHeHHbie iardopmel, Takue kak PC, Linux, Mac, I0S, Android, Xbox
One, PS4 u 1.1. JlanHas miatgopMa UMEET JOCTaTOYHO MPOCTOM MHTepdeENc, MOHATHBIN gaxe
HauMHAIoIIEMy pa3pabotunky. MHTepdeiic pa3neneH Ha HecKonbKo okoH: Hierarchy, Ha naHHOM
OKHE HaxoJsATCsd HAaUMEHOBaHHMS OOBEKTOB, NPUCYTCTBYIOIIMX Ha CLIEHE, KOTOpble MOXKHO
OOBEIUHSATDH B TPYIIIBL;, Scene 3T0 OKHO, KOTOPOE MO3BOJISET IOCMOTPETh Ha HTPOBOE TOJIE TI0JT
HEOOXOAUMBIM pakypcoM M MaciutaboM; Game oToOpakaeT CIEHy Tak, Kak oHa Oyzer
BBIIVIAJIETh Ha YycTpoilctBe; Inspector conmepkutr B cebe Bce CBOMCTBA M KOMIIOHEHTBI
BBIJIEJIECHHOTO 00beKTa; Project, rae HaxonsaTes Bce (ailiibl MpoekTa (CKPHUIIThI, U300paXKeHus,
My3bIKa, aHUMaImu u.T.1); Toolbar, Ha KOTOpOM pacrosaraeTcs MEHIO C HHCTpyMeHTaMu. Bechb
npoekT B Unity pas3zensercs Ha CLEHbI(YPOBHH) — OT/AENbHBIE (ailibl, B KOTOPbIX HAXOAUTCS
OIpeIeTICHHBI Ha0Op 0OBEKTOB, CKPUINTOB, HacTpoeK. Unity moamep KuBaeT JABa CKPUITOBBIX
a3blka, a uMeHHo C# u JavaScript, B nmpeaplymux Bepcust ObLia mopnepikka Boo (auanext
Python), Ho B 5 Bepcuu Unity oH Obu1 yOpaH.

[Tnatpopma Unity obnasaeT TaKMMHU TOCTOMHCTBAMU KaK HaJM4YHe BU3YaIbHOW CpeJibl
pa3paboTKu U MEXIUIATPOPMEHHas MOAJEPHKKA, TaKkKe K JIOCTOMHCTBAM MOXKHO OTHECTH
MOJYJIbHYIO CUCTEMY KOMIIOHEHTOB.

K HemocraTtkaM MOXXKHO OTHECTH OTpaHHUYEHHE BU3YaJbHOI'O PElIaKTOpa U OTCYTCTBHE
nojiepskku Unity CCHUIOK Ha BHEIITHUE OMOINOTEKH.

TpeboBanus kK UTPOBOMY NPUJIOKEHUIO

Heob6xoaumMo peann3oBaTth MOOMIIbHOE TPUIIOKEHUE, & UIMEHHO UTPY, PACCUUTAHHYIO Ha
JOJITOBPEMEHHOE ~ UCIMOJIb30BaHWe. MoOwuibHass wWrpa JIOJDKHA — YAOBJIETBOPSTH — HIKE
HepeYrCICHHBIM TPeOOBaHUSIM U 00ECIIeUrBaTh MOJB30BATENIO CIIEAYIOLIHE BO3ZMOXKHOCTH (CM.
puc. 1): mpu 3amycke Urpbl, MMOJb30BaTeNb JODKEH MONaiaTh B INIABHOE MEHIO; 00ecreunBaTh
BO3MOXKHOCTb BBIOOpa peMMa Urpbl (apkaga, OAMHOYHAS Urpa); NODKHA ObITH obOecriedyeHa
BO3MOXKHOCTh HACTPOEK WIphl (OTKIIIOYEHHE MY3BIKH, 3BYKOB); pEall30BaHa BO3MOXKHOCTh
N00aBUT Jpyra (JUIs OTCIICKUBAHUS PEKOPJIA, C LIENIBI0 COPEBHOBAHMU ); JTyUIINH, TOCTABICHHBIH
MOJIb30BATENIEM, PEKOPJ JIOJDKEH AaBTOMATUYECKU COXPAHSTHCS; TPHIOKEHHE JIOJKHO
(YHKIIMOHMPOBATh HA ONepalMoHHOM cructeme Android.

Peasm3zanuu MOOMIbLHOM UI'PBI

B coorBerctBUM C TpeOOBaHMSAMU K WIPOBOMY NPHIJIOKEHUIO ObLT pazpaboTaH
MOJIb30BaTeNbCKUI UHTEpdelic ¢ momorsto cucreMsl Unity UL, oTnnuuTensHON 0COOEHHOCTHIO
KOTOpOH SIBJISETCS BO3MOXKHOCTH CO37[aBaThb M HACTpaMBaTh IOJIb30BATENILCKUN HHTEp(deiic
npsmMo B penaktope. OcHoBHbIM 00bekToM Ul sBisiercs Canvas, KOTOpBIA OTBEYaeT 3a
PEHIEPUHT BCcEX OOBEKTOB IOJIB30BATENILCKOrO MHTEpQeiica, ocTanbHble 00BEKTHI SBISIOTCS
JIOYEPHUMH T10 OTHOIIEHUIO K HeMy. OCHOBHBIE BH/IbI 0OBEKTOB, KOTOPbIE OBLIN MCIOIb30BAHBI
npu pazpadotke untepdeiica: UL Button — crannapraas kHonka; Ul.Image — ucnosnb3yercst st
otoopaxenus crpaiitoB; UL Text — ucnonw3yercs mis oroOpakeHus Tekcra. Ha pucyHke 2
MIOKa3aH MPOTOTHIT OJIb30BATENILCKOTr0 HHTEp(deiica.
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OTKAIONUTE
3BYyK
OTKIIONUTE
MY3bIKY

BaiGop
OANHOYHOM
wrpel

BeiBop
apKagHON Urps

Cratuctuka
npyaei

Puc. 1. Jluaepamma eapuanmos ucnoiv3oeanus

LoGaeuTs
HOBOrO AApyra

KONW4ecTeo
QUKOB ApYy3esk

rnasHoe MeHIo

Monk3oBarens

Ny (@
AN 2

QYR

Puc. 2. [Ipomomun nonvzosamenbckozo unmepgetica

Ha nmanHOM STame B TONB30BAaTENIbCKOM HHTEpdeiice peamn3oBaHa (DYHKIHUS 3aITycka
CIIEHBI C caMOil MOOMJIBHOM UTpOil, B nanpHeleM OyaeT no0aBieHa (YHKIHMS BbI30Ba CLICHBI
«HacTtpoiiku», QyHKIHS BbI30Ba CLEHBI «/lpy3bsi MO Urpe», MPOCMOTP PEUTHHra U oOpaTHas
CBSI3b.

[To maxaruto kHOMKM Play mpoucxomuT 3arpy3ka cieHbl ¢ urpod (cm. puc.3), Ha
KOTOpOil 0TOoOpaXkaeTcsi MepCOHaX(TPEyrojdbHUK), TEKYIIM peHTHHr(score) M OOBEKTHI C
KOTOPBIMH HEOOXOIMMO B3aUMOAEHCTBOBATH (Pa3HOIIBETHBIE IIAPHI).

SRR

Puc. 3. Cyena uepul
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CyTh WIpBl 3aKIIOYAETCS B TOM, YTOOBI JOTPOHYTHCS IEPCOHAXKEM /0 KAaK MOYKHO
OO0JIBIIIEro KOJIMYECTBO IAPOB TOTO XKE LBETA, YTO M CaM MEPCOHAXK (IIBET IEPCOHAXKA MEHSACTCS
yepes IPOMEXYTOK BPEMEHH)

Y cnoBus pOUTrphIIIa: MPOIYCK Iapa TOTO JKe LBETa, YTO U MEPCOHAXK, B3aUMO/ICHCTBIE
C LIapOM JPYroro IBera.

[lapsl HTOAHUMAIOTCS € OMPEAETICHHON CKOPOCThIO, KOTOpAast YBEIUYUBACTCS C TEUCHUEM
BPEMEHHU, a TaKXKE YBEIMYMBACTCA MX KOJIMYECTBO. Takke B UIpe MpeIyCMOTPEHbI LIaphbl,
B3aUMO/ICIICTBIE C KOTOPHIMH COOTBETCTBEHHO YJIBAMBACT KOJIMYECTBO OUYKOB, MEHSET CKOPOCTh
IIapOB U peaau3yeT Apyrue (PyHKIUH, 4TOObI pa3HOOOPa3uTh UTPOBOH IMpoLIECC.

3akioueHue

B pe3ynbTare BbINOMHEHUs IPOEKTa, OblIa UCCIIEN0BaHA aKTyaIbHOCTh MOOMIIBHBIX UTD,
a TakXke pa3paboTaH MPOTOTHIT MOOHMIIBHOM UTPHI, KOTOPHIA B MOCTEIyOMEM OyaeT qopabotan
J10 TTOJIHOLIEHHOM HUI'PBI.

B Hacrosmiee Bpemsi TpOBOIUTCS J0pabOTKa TOJIB30BATENILCKOTO HHTepderica,
peanu3anys CUeTYMKa >XM3HEH IepcoHaxa, a Takke paldoThl, CBA3aHHBIE C pealu3alueit
CEpBEpPHOM YacTW WIpBL, I B3aUMOJEHCTBUS C ApyrUMHM urpokamu. Cruenyroomuil 3tan
pa3pabOTKU TIOC/IE BBEJICHHS BBILIENIEPEUUCICHHBIX (YHKIMNA — TECTUPOBAHUE MOOWIIBHOMN
UTpHI U pa3menienue B marazue Google Play.
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Pa3padoTka 3JIeKTPOHHOIT IIAXMATHOIi J0CKH HAa 0CHOBE MUKpOKoMIbIoTepa Raspberry
Pi 3B 1 TexHos0rMeii HCKYCCTBEHHOT0 HHTE/VIEKTA
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AHHOTAIUSA

Wrpa maxmatel 3aHUMaeT 0co00e MECTO Cpely JIOTMYecKux urp. B cBsi3u ¢ Tem, 4rto
KakJasi KOMOMHAIMS XOJIOB TPENIOIaraeT BICTpAaBaHUE JePEBa BOZMOXKHBIX BaPHAHTOB, ATY
UTPY TECHO CBS3BIBAIOT C MCKYCCTBEHHBIM MHTEIUIEKTOM. Pa3pabaTbiBaeMoe yCTpoicTBO
NPE/ICTaBISIET COOOM DJIEKTPOHHYIO MIAXMATHYIO IIAT(GOpPMY C TIOJCBETKOW ONTUMAJIbHOTO
BapUaHTa X0/1a. Y CTPONWCTBO UMEET J[Ba PeXUMa: «O0OYUEHHE» U «Urpa ¢ ONIMOHEHTOM» B BUJE
UCKYCCTBEHHOI'O MHTEIUIEKTA.

KioueBble cjioBa: m1axmaTbl, SJIEKTPOHHAs IIaXMaTHAas JIOCKA, MUKPOKOMIBIOTED
Raspberry Pi 3B, nckyccTBEeHHBIN HHTEIUIEKT.

Abstract

The game of chess takes a special place among logic games. Due to the fact that each
combination of moves involves building a tree of options, this game is closely associated with
artificial intelligence. The device is a chess platform with illumination of admissible variants of
moves. The device has two modes: «learning» and «playing with an opponent» in the form of
artificial intelligence.

Keyword: chess, electronic chess Board, microcomputer Raspberry Pi 3B, artificial
intelligence.
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B xakoMm ObI Beke HE KWJIM JIFOAM, UM BCerJa ObUTO CBOMCTBEHHO 3aHSTHE WUTPOM, Kak
OJHON M3 TIIAaBHBIX ()OPM SCTETHMUYECKOM NEATENIHOCTH, COBEPIIAEMON pajud Hee caMmoil U
JIOCTaBJISIFOLIECH, €€ YYaCTHMKAM M 3pUTENSIM 3CTETHUUYECKOE HACHaXJIEHUE, YIOBOJIBbCTBHE,
panocth. lIpuHIMIIMATBEHO HENPOAYKTUBHBIM M BHEPALMOHAIBHBIM XapaKTep UIPhl U3JPEBIE
CBSA3aJI €€ C CaKpaJIbHBIMU U KYJbTOBBIMHU JCHCTBAMH, C UICKYCCTBOM, HAJIEJINI TAMHCTBEHHBIMU,
MarmueckuMu cMeiciamu [6]. Ocoboe MecTo cpeay Urp 3aHUMAIOT MHTEIUICKTYaJIbHbBIE UTPHIL.
OHHM paccMaTpUBAIOTCS COBPEMEHHBIMU YYEHBIMH KakK CHOCO0 pa3BUTUSI MPOIYKTHBHOTO,
ABPUCTUYECKOT0, JJOTUYECKOTO MBIIUICHHS, TPOSBICHHUS TBOPUECKUX CIIOCOOHOCTEH, THOKOCTD
yMa, ¥ CHOCOOHOCTH HAaXOJIUTh HECTAHAAPTHBIC PEIICHUS B OObIIEHHBIX CUTYaIUsIX.

Cpemn MHOXECTBA JIOTMYECKHX MTP 0c000€ MECTO 3aHMMAIOT maxmarbl. HecMoTpst Ha
TO, YTO WX HUCTOpUS HACUMTHIBaeT OoJyiee MOJyTOpa THICAY JIET, OHU HE YTPAaTWIIM CBOEH
HOMYJAPHOCTH. Majo TOro, CeroiHsi maxmarbl — 3TO Ieias HHIYCTPHs, OOCITy:KUBAroIIas
TYPHUPBI, KOHIPECChL, JIMTM pa3zHoro ypoBHA. [lo cimoBam mnpesupeHta MexayHapoaHOU
mraxmarHoi ¢enepanun (FIDE) Kupcana MimoMKHHOBA KOJIMYECTBO UTPAOIIMX B IIAXMATHI
JIOJIE B MUpPE MOCTOSIHHO YBEJIMYMBAETCS U B HACTOSIIEE BPEMs COCTABIISIET MPUMEPHO K 650
MUJITMOHOB YEJIOBEK [ 7].

[ITaxmartsl - 3TO MapHasi Urpa u Ui NOIYYEHUs OT Hee YIOBOJIbCTBUS Y UTPOKA JTOJKEH
ObITh MPOTHBHUK, CPAaBHUMBIM IO ONBITY W MacTepcTBy. JItoOas maxmarHas maptusi co3gaer
MHOT'OBapUaHTHOCTh, a KaX/IbI X0/ IIPEIoaraeT BpICTpauBaHue 1epeBa BapuaHToB. [1loatomy
H1axmarbl BcCerga ObUIM TECHO CBSI3aHbl C MCKYCCTBEHHBIM HHTEIUIEKTOM. COBpEMEHHBIN
YPOBEHb DPAa3BUTHS KOMIIBIOTEPHON TEXHUKM W HWH(POPMAIUMOHHBIX TEXHOJIOTHH IO3BOJISET
CO3/1aBaTh pPAa3JIMYHbIE YCTPOMCTBA M TpPEHAXepbl Uil OOy4YEHHs M UIPhl B IIAXMaThl OT
KOMITBIOTEPHBIX TMPOrpaMM JI0 POOOTH3MPOBAHHBIX KOMIUIEKCOB. Cpenu HEIOCTaTKOB
UCIOJIb30BaHMsI KOMIIBIOTEPHBIX IIPOrpaMM B KayeCTBE COIEpPHMKA I10JIb30BATEIN OTMEYAIOT:
OTCYTCTBHE BHUJCHUS 00beMa, TAaKTHJIbHBIX OIIYIICHUW, a TaKKe MOCTENEHHOE CHUKECHUE
MHTEpeca B CBSI3U C TE€M, YTO HAapTHsl B JydllleM clydae CBOJIUTCS K «HHubei». [locnennee
MOXHO CKa3aTh U O pOOOTH3MPOBAHHBIX KOMIUIEKCaX, KPOME TOTO OHM YpPEe3BBIYAHHO JOPOro
CTOST U HE MMEIOT MAacCOBOTO IMPHUMEHEHMs, MOATOMY JIIOJIU MO-TPEKHEMY IMPEANOYUTAIOT
UTpaTh B 0ObIYHBIE 1IaXMaThl. BMecTe ¢ TeM, BO3MOXKHOCTH LU(POBBIX TEXHOIOTHN MO3BOJISIOT
[IaXMaTHYIO UIPYy CJieJlaTh MHTEPECHOHM, M BCEX OT HAUMHAIOIIEro MIaxMaTucra [0
rpoccmencrepa.

OOBEeKTOM JaHHOTO MCCIIEIOBAHUS SBIISETCS IPOEKTUPOBAHUE U Pa3paboTKa IU(PPOBHIX
ycrpoiicTB. Llens — coznanue miatdopmbl Ha Gaze Mukpokommbtotepa Raspberry Pi 3B mns
oOyyeHHs M UIphl B IIaXMaTbl Ha OCHOBE IPHUMEHEHMsI TEXHOJOIMH MCKYCCTBEHHOIO
UHTeIUIeKTa. J[J1s JOCTH)KEHMS TOCTaBJICHHON 1€ TpeOyeTcsl peIUTh CIIeTyOLIHe 3aJaun:

1. WMByuuts uH(OpMAIMOHHBIE HCTOYHUKH 110 TEME UCCIICAOBAHMSL.

2. U3yunTh TEXHHWYECKHE BO3MOKHOCTH CO3JaHHs WIPOBOM IMIaropMmbl Ha
6a3e mukpokomrptotrepa Raspberry Pi 3B.

3. Peanu3oBaTh TEXHHUYECKYIO0 YacTh HpoeKTa (KOpmyc, OOKC C IaxMaTHbIM
MOJIEM, IITAXMAThI).

4. Pazpabortarh mporpaMMHOE oOOecreueHHe: MOoA00paTh MOIXOMSIINA IS
MpOEKTa MIaAXMATHBIA JBHMKOK M CO3AaTh JUIsI HEro 00O0JIOYKY; HamucaTh
YIIPaBIISIOLLYIO IPOTPAMMY.

5. IIpoectu TectupoBaHue mIaTGopmsl [2].

Cnemyer OTMETHUTb, 4YTO HJES CO3AAaHUS ABTOMATUYECKOW IIAXMATHOW MalllMHBI
otHOCcHUTCS K 18 Beky. OTHaKO TEXHOJIOTMH TOTO BPEMEHH HE TO3BOJISUIA CO3/IaTh IMOJIOOHBIIN
aBTOMAT, KOTOPBIA peaIbHO MOT' OBl UTPaTh B IaxMaThl. [103TOMY NPUMEHSUTUCH WITFO3MOHHbIE
amnmaparsl, TJIe UTPY BeJl CIpSTaHHBIA yenoBek [4]. Craemyromnuii mar B TaHHOM HAaIlpaBICHUU
Obul crnenan AnaHoM ThIOpHHIOM, co3gaBIIMM B 1951 romy TeopeTHdeckyro «OyMaskHYIO
MAaIllMHY» ¥ HalKCaBIIMM AJITOPUTM, C MOMOIIBI0 KOTOPOro 3Ta MallhHa Morya Obl UrpaTh B
maxMaTbl. COrjacHoO 3TOMY aJITOPUTMY JJIsl TOTO, YTOOBI caesaTh OUH X0/ noTpedosanoch 30
MUH. Ha pean3alHio BceX HHCTPYKIM. CoXpaHWIach JaXke 3alnch NapTUH, TIE 3Ta «MalIuHa


http://rsport.ru/tags/tag_KirsanIljumzhinov/

JIlendenyuu paseumus HayKu u obpasoeanis -39-

npourpaja OJHOMY M3 Koyuler aBTopa. HecMoTpss Ha HeynadHOCTh 3Ta ujaes Obula NepBOH
MOTIBITKOM pealin3alliy MBIIUICHUS YenoBeka [S].

Cnenyer cka3arh, 4TO IPUMEPHO B TOT K€ Mepuo] ObliIa co3/1aHa IiepBast porpamMma Jyis
OBM (OnekTpoHHO-BRIYHMCIHUTENbHAS MamiHa) Maniacl Juis Urpsl B ImaxmaThl Ha JJOCKe 6X0.
OpHako, caMbIM 3HAUUTENBHBIM BKJIJIOM B Pa3BUTUE KOMIIBIOTEPHBIX LIAXMATHBIX IPOrpamMM
Obuta mporpamma «lInoHep», co3maHHas NOJ PYKOBOJCTBOM JIOKTOpa TEXHHYECKHUX HAayK,
npodeccopa, yeMnuoHa mMupa 1o maxmaram Muxamna MouceeBuya BoTBUHHUKA, KOTOpas
nepedupaia He BCE BO3MOYKHBIE BapUAHTBHI, a TOJBKO CaMble JJOTMYHbIE, KPOME TOrO IIporpaMma
Obu1a CIOCOOHA K CaMOOOYUEHMIO 4TO MPHONMKaa ee K MOHATHIO UCKYCCTBEHHbIH MHTEIUICKT
[1].

CerozHst IOA TEPMUHOM «HCKYCCTBEHHBIN MHTEIUIEKT» MOHMMAETCsl TEOPUsSl CO3JaHUS
NPOTPaMMHBIX ¥ aNIapaTHBIX CPEACTB, CIOCOOHBIX OCYILIECTBIATh WHTEIICKTYaIbHYIO
JIeATEeNIbHOCTh, CONOCTaBUMYIO C HHTEIUICKTYaJbHOM JEATeIbHOCTBIO uesioBeka. OCHOBHOM
00JIaCTHIO0 PUMEHEHHUS ¥ Pa3BUTHUSI ICKYCCTBEHHOT'O MHTEIUIEKTA SIBJISICTCS] MMEHHO IIaxMaTHast
urpa. Pa3paGoraHHble /UIi Hee aIrOpPUTMbI IIOMCKA JIy4yIllero pelIeHHUs 3aTeM JIETKO
IPUMEHSIOTCS B 3KOHOMUKE, TEOPUU U METOAAX UCCIIEA0BAHUS OTIEpaLUil.

Ha cerognsmnuii 1eHb pa3paboTaHO 1OCTATOYHOE KOJIMYECTBO KAK KOMMEPUECKHX, TaK
¥ CBOOOJTHO PAaCIPOCTPAHSAEMBIX MIAXMATHBIX IPOTPaMM, a TAaKXKe JIBHYKKOB C OTKPBITBHIM KOJIOM
(Stockfish), naxomsumixcs Ha Bbicokux mectax B peiituHrax CEGT, CCRL, SCCT nHa 6a3ze
KOTOPBIX MOXHO CO3/1aBaTh COOCTBEHHBIC Pa3pabOTKH.

Ham mpoekr mo co3jaHuio 3J€KTpOHHOM IaXMaTHOW JIOCKM IPEJCTaBisieT coOoi
iaT(opmy, COCTOSIIYIO U3:

— OoKca ¢ IIAaXMaTHBIM I0JIEM, BBIIOJIHEHHOI'O M3 OPICTEKIAa C BbIIEICHHBIMU
4EépHbIMU KJeTKamMu. [lof Kakmaoill KJIeTKOH Mo yCTaHOBJEH CBETOAUO[ U
T€PKOH, OIIPEACISIONINN HATMYNE Ha KIIETKE (PUTYPEI.

— IIaxXMaTHBIX (QUIYp, CMOJEIMpPOBaHHbIX B mporpamme Autodesk Fusion 360 u
HanevyaTaHHbIX Ha FDM 3D npunrepe. /[ cpabaTbiBaHMS TePKOHA K KaXKAOM
burype CHU3y IPUKpPEIUICH MarHuT;

— KopIryca, KOTOpblii Ob1T cripoekTHpoBaH Bo Autodesk Fusion 360, peanu3oBaH B
Inkscape Project u CorelDRAW, a 3aTem Bbipe3an Ha ctanke YITY HALK 1290,

— KHJIKOKPUCTAIUTMYECKOTO JUCIIIES, TJI€ BO BPEMSI UTPHI BBIBOJATCS KOMOMHAIINN
XOJ/IOB B PEXKHUME «UIPHI C ONMIMOHEHTOM». B pexnme «oOyueHHs» OH He Oyner
HCIOJIb30BaH;

— YINpPaBISIOMIEH 3JIEKTPOHUKH, pPa3MEIleHHOW BHYTpH Ookca. Bce repkoHsl,
CBETOJMO/IbI M MCIUIEH mofkItovatoTes K miaare Raspberry Pi 3B.

Peanuzanus nmpoexTa mpezmnonaraeT J1Ba 3Tarna U paccuuraHa Ha JiBa roja [3]:

1) TlepBsiii rox — pa3paboTKa TEXHHYECKOH COCTABIISIONICH MTPOEKTA: N3rOTOBICHHE
KOpITyca IaXMaTHOM JTOCKH, IIaXMaTHBIX (Uryp, Moa0op U maiKa 3JeKTPOHHBIX
KOMITOHEHTOB, MOHTaX KaO€JIbHON CUCTEMBI ITaT(OPMBI.

2) Bropoii rox — paboTa Haj| CO37[aHHEM MPOrPAMMHOI0 00ECIICUCHUSI AIICKTPOHHOM
1aTGOpPMBI, €€ TECTUPOBAHHE U YCTPAaHEHHE HEJJOCTATKOB.

Ha nanHBII MOMEHT peanu30BaH NEPBBIM dTamn. Bcero B MpoekTe MCNoib30BaHO 64
CBETOAMO/Ia CHUHETO ILIBETAa M PE3UCTOPA, CTOJBKO K€ T'€PKOHOB, 1 KpacHBIM CBETOIMOJ AJIS
OTCIIC)KUBAHUSL COCTOSTHHSI TUTAHUS, JKHIKOKPHCTAIUIMYECKHA OSKpaH, KHOIMKA BKJIFOYCHUS,
KHOITIKA MEPeKITIOYeHUs] pexuMoB, npoBoja. s nutanust Raspberry Pi 3B BbiBenen kabenb
nutadust. OOmuUi BUI TPOEKTa MPECTaBIIeH Ha PUCYHKE 1.
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Puc.1.

Bo BpeMst UIpbl, MATHUTHBIC KJTFOUM TO3BOJISIOT OTCICKUBATH IMOJIOKEHUE IIaXMaT Ha
ToJIe, a C TIOMOIIBIO CBETOJMOOB B PEKUME OOyUeHUS OYAyT IMOJICBEUYMBATHCS KICTKU TIONS C
ONTUMAJILHBIM BAPHAHTOM XOJI0B.

B nmanHBIi MOMEHT wuAeT pa3padoTKa OOOJIOYKH Ui JBM)KKA U YIPABISIONICH
nporpammbl Ha Python/C++. B ympasistomield nmporpamMmme OyzieT peajim3oBaHa BO3MOKHOCTb
3aIIOMHMHAHMS PACIIONIOKCHUST (UTYp Ha IIIaXMaTHOW JIOCKE. 3a peai3allii0  XOJOBBIX
KoMOUHaIMi OyJIeT OTBeYaTh 000JI0YKa JBHKKA.

Co3nmaBaemast tuarpopma Oyner mMeeT MHOTO(YHKIIMOHAIBHBIA peXuM padoTel. Ee
MOXHO OyIIEeT HCIIOJb30BaTh KAaK KOMIUICKT JJIsi UTPbl B OOBIYHBIC IIAXMAThl, B PEKUME
00y4YCHHUS, a TAK)KE B PSKHME UTPHI C CONEPHUKOM JUIS JIFOOUTENCH U Mpo(heCCHOHATIOB OyeT
NpeyCMOTPEHA Urpa C OIIOHCHTOM B BHUJIE MCKYCCTBEHHOTO WHTEIUICKTa. J[isi yCTaHOBKH
1aThOPMBI B OJIUH U3 TPEOYEMBIX PEKUMOB HCITOB3YETCS KITIOY.
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Abstract

The structure and working principals of the magnetoelectric induction generator with
change of the magnetic flux direction have been investigated; the characteristics of the magnetic
system have been discovered through modeling. The main features and principles of connecting
with load are presented.

Keywords: induction, generator, voltage, autonomous, permanent magnet, winding.

AHHOTAIIUSA

HccnenoBanbl CTPYKTypa U MPUHITAIT paObOTHI MAarHUTORJICKTPUIESCKOTO HHIYKITMOHHOTO
reHeparopa C MU3MEHEHHEM HalpaBlIEHHs] MarHUTHOTO MOTOKa. C MOMOIIBI0 MOJIEIUPOBAHUS
BBISIBIICHBI OCOOCHHOCTH MAarHUTHOH cHCTEMBI. [IpencTaBiieHbl OCHOBHBIC XapaKTEPUCTUKH U
MIPUHII COSAMHEHHSI Harpy3KH.

KiroueBble cjioBa: WHAYKIMS, TEHEPATOp, HANPsHKEHUE, aBTOHOMHBIN, IMOCTOSIHHBIN
MarHuT, 0OMOTKa.

Introduction

Overall, the main task of the magnetoelectric induction generator (MIG) is converting
non-electric quantities (speed, force, etc.) to electric measures providing the needed electric
power pressure; these generators are easily connected to external devices, are simple and
accessible from structural and operational points of view. The sources of the magnetic field in
the generator is a permanent magnet (PM) that enables MIG to be autonomous, hence excluding
the use of extra power voltage source [1-3].

Problem settings and method justification

Fig. 1 illustrates the structure of the MIG with change of the magnetic flux direction,
where 1 and 2 are PMs, 3 is an induction winding (IW), 4 is a ferromagnetic anchor, 5-13 are
components of the magnetic wire, 14 is the resisting spring, 15 is the base of the spring.
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a) b)
Fig. 1. Structure of the MIG: a) anchor’s position is in initial state,
b) anchor’s position in working state
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In Fig. 1a MIG is in its initial state and the magnetic flux ®1, that passes through the
anchorand is conditioned by the PM1, passes through the 12-(6, 11)-4-8-13 details of the
magnetic wire.

Under the pressure of an external force the lever 7 moves pressing on the spring 14, as a
result 5 and 6 components of the magnetic wire move to the opposite directions, hence spinning
around the axis 0, as a result the anchor changes its position, and the @2 flux, that was passing
through it, now conditioned by the PM2 passes through 12-(5, 10)-4-9-13 details of the magnetic
wire (Fig. 2b).

In the figure, y stands for the angle between the magnetic flux of the anchor and the
spirals of the IW. In case of the structural symmetry of MIG y1=y2=y.

When eliminating the external force, the lever 7 comes to the initial position by the
impact of the resisiting spring 14.

The magnetic field of the MIG was modeled by the program package FEM-4.2. Fig. 2
illustrates the magnetic field of the MIG according to the Fig. 1a.

| /JIHH

Fig. 2. The image of the modeled magnetic field of the MIG

The analysis of the image of the magnetic field show that due to the opposed position of
the PMs and the structural features of the magnetic chain, the magnetic flux passing through the
part of the winding including the anachor is conditioned by only one PM (by the PM1 in Fig. 2).
The image also shows that the dispersing magnetic fluxs are tiny, thus they can be ignored. As a
result of the modeling the value of the ko coefficient was evaluated dispersing coefticient
according to the BPM induction. It was around 6% which needs to be considered in the
mathematical model.

As a result of the change of the anchor’s position in the MIG, the working magnetic ®w
flux changes its direction from ®1 to @2 in (t1-t2) period of time. The duration of the time
period depends on the dimension of the external force. The anchor returns to its initial position in
(t3-t4) period of time due to the resisting force of the spring. The dimension of (t1-t2) can vary
from action to action depending on the magnitude of the external force, but (t3-t4) is
comparatively permanent, as it is conditioned by the resisting force of the spring. In case of the
identical parameters of the PMs and the magnetic chain ®1=02=0.

As a result of the change of the magnetic flux elW electromotive force (EMF) is induced
in the IW, the dimensions of which are calculated according to the Maxwell's second law

_ 20 . B 20
€1 ——W|W: sy, €s ——W|W: siy. (1)
1~ 0 37l

Fig. 3 illustrates the generalized form of the dependence of the working magnetic ®w
and the induced elW EMF from t time.
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Fig. 3. Dependence of the working magnetic @w and the induced eiw EMF
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The load is connected to the IW parallelly. The back turn of the anchor is the stable
working state of the load power. The simplest way to neutralize the induced voltage in unstable

mode is to connect a VD diode with certain polarity parallelly to the IW (Fig. 4).
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Fig. 4. IW-diode-load connection scheme

The diode strictly decreases the amplitude of el, conditioned by the measure of the eVD
voltage drop, but it doesn’t affect the amplitude of the 2 (Fig. 5).
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Fig. 5. Induced voltages in the IW-VD-load chain depending on time

When choosing a diode one needs to consider the fact that while inducing EMF with el
amplitude the diode works in a short circuits mode, means a huge impulsive electricity passes

through it.

In order to design the calculating apparatus of the MIG’s magnetic chain, it is important
to have the replacing chain of the magnetic chain. That’s why the following features have been
considered: the absence of the loose caused by air gaps and storm electric flux, magnetic wire’s
lack of saturation, negligence of the dispersing magnetic flux, and symmetricity of the magnetic
system towards the two PMs. As a result the magnetic chain is simplified and gets the final form
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in Fig. 6, where Ffl is the source of the false EMF characterising PM1, RPM1 is the inner
magnetic resistance of PM.

Fr

RPMl

Fig. 6. Electric scheme of the replacement of MIG’s magnetic system

PMs located in MIG system are magnetized out of the system, that’s why the working
point of the PM is on its characterizing refining B(-H) curve, on the position Al (Fig. 7), which
is characterized by the values of the H1 voltage of the magnetic field and B1 induction. When
the PM is inserted into the magnetic cytem of the generator by adding the conduction of the
magnetic system, the working point of the PM changes to position A2 characterized by the
values of H2 and B2. The working position A2 is conditioned by a magnetic wire closing of the
polars of the PM, as a result H2=0. The point Am characterizes the maximum value of PM’s
magnetic energy, and Wm characteristic of W(B) corresponds to Am by W energy of the
magnetic induction.
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Fig. 7. B (- H) and W (B) characteristics and working points of PM

Conclusion

The results of the research on the structure, working principals, features of the magnetic
system of the magnetic induction generator with change of the magnetic flux direction can
become a base to develop, productively use the equipment, and to design calculating
mathematical apparatus.
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Abstract

The calculating mathematical apparatus of the magnetoelectric induction generator with
change of the magnetic flux direction has been designed. The algorithm, calculating
mathematical expressions, the main characteristics and principals of choosing the working points
are presented.

Keywords: induction, generator, voltage, autonomous, permanent magnet, winding,
characteristic, working point.

AHHOTAIUA

Pa3paboTan pacueTHbi MaTeMaTW4ecKWi ammapaT, HPEJCTaBIEH aJIrOPUTM pacyera,
MaTEeMaTUYECKHEe BBIPAKEHHsI, OCHOBHBIC XaPAKTEPUCTUKU U MPUHIIMIIBI OTPEICTICHUST Pad0dnX
TOYEK C H3MEHEHHEM HalpaBJICHUs MAarHUTHOTO IIOTOKA MAarHUTHUTO3JIEKTPUYECKOrO
MHIyKIIMOHHOTO TeHepaTopa.

KiroueBble cjioBa: MHAYKIMS, TEHEPATOp, HANpPsDKEHWE, aBTOHOMHBIM, MMOCTOSHHBIN
MarHut, 0OMOTKa, XapaKTepPUCTHKa, padovast TOUKa.

Problem settings and method justification
For designing the calculation algorithm of MIG system coresponding literature was used
[1-4].
The following permissions were made for this MIG system:
— the material of the magnetic wire is not saturated,
— the losses conditioned by the storm flux are not taken into account,
— the material of the PM is homogeneous, is magnisized in corresponding field
with corresponding axis until its saturated, and stabilization is done,
— the presence of short circuit in IW is excluded.
For the calculation fo the MIG the following main data was accepted as initial:
— the brand of the PM,
— length of the PM, {PM,
— width of the PM, aPM,
— thickness of the PM, bPM,
— value of the voltage amplitude of the load, U,
— resistance of the load, R(,
— the length of the IW’s window, £IW,
— the height of the IW’s window, hIW.
The progress of the calculation
1. Using the directory the following parameters of the PM are registered:
— the coerced force, Hc,
— the residual induction, Br,
— the maximum value of the magnetic energy, (HB)m.
2. The convexity coefficient of the PM material is determined

(BH)m
I(I)b = E . (l)
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3. The B(-H) characteristics of the PM is built on the coordinate axis plane according to

the following expression (Fig. 7)
B; = B, <1
! " He—9pH;’
where H; values are in range from 0 to H..

4. The W(B) characteristic of the PM’s useful magnetic energy is constructed

according to the following expression (Fig. 7)

w= 25, (3)
where the values of B; are in the range of O ... B, but the values of H; values are determined
by B(- H) curve corresponding to the value of B;.

5. On the PM’s B(-H) characteristic from the values of H.; and B, perpendicular lines
are taken and 0’ point of the intersection is marked. Then points 0 and 0’ are connected, An, IS
the intersection of this line and the characteristics B(-H), and characterizes the maximum
value of the PM’s magnetic energy.

Fig. 1 shows the graphical connection between A, and W(B).

6. The ms penetration coefficient of PM’s form is determined.

The m; penetration of PM’s form, (being parallelepiped) having rectangular cross
section, is determined in the following way

)

<1+ap—>2'EpM L
_ bpm PM
mp = L7 (15 +52), (4)

where PPM = Z(apM + bPM)'

7. Separately determining the parameters of the PM. A ray under a; angle is taken from
the point O until it intersects B(-H) in the point A;(Hi, Bi), the coordinates of which
characterize the working parameters of the PM.

The value of a; angle is determined by the following expression

m¢
0q = arctgp, o (5)
where ki, is the scale coefficient of the built description (Fig. 1).

8. The return line of the PM’s description is built, that’s why the return line
coefficient is determined

P = pr (1= 9). (6)

The return line is drawn from the point A; under  angle, the value of which is
determined as follows (Fig. 1)

B= arcthZ—;. (7)

9. The coordinates of PM’s working point A, are determined, which corresponds to the

intersection point of the return line and B axis, H,=0, B..
10. PM’s magnetic resistance is determined

(
Rpm = —o—, (8)

Whel’e SPM = aprpM.
11. PM’s H¢. fake coercive force is determined

12. PM’s fake Ff value of MMF is determined
Fru=Hz €pm. (10)
13. The value of the magnetic flux in the anchor is determined
0, =1L (11)
PM
14. The value of the magnetic flux generating EMF in the IW is determined
D=1+ D,=20. (12)

15. Approximate value of the EMF in the IW is determined
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ew=kU=(1 + As)Uq, (13)
where Kk is a coefficient which measures the dispersing fluxes and the decline amount of the
voltage on the inner resistance of the IW, k=1,1+2, A is the size of a step.

16. The number of the IW’s spirals
ejw-At .
W= (D—smy, (14)

w
where v is the angle between anchor’s magnetic flux and IW’s spirals.

17. The dy, diameter of IW’s copper wire is determined

' 4-kehwf1iw
dy < /—n_w , (15)

where kg is the filling coefficient of the IW.

Using corresponding literature the value of d is standardized and the values of S,,
surface of the wire and A;s width of the isolating layer are recorded according to the type of
the wire.

18. Active resistance of the IW is determined

Lay'W
Nw=prg (16)
where £, is the length of IW’s average spiral, ,,=2(as + bg + 2hyw), ar and by the cross-
sectional dimensions of IW’s frame.
19. The value of the current in the IW-load chain is determined

[[ = —w_ (17)
I'Iw-l—R{{
20. The following condition is checked
et (18)

where 1 is the current passing through the load 1,=U¢/Ry, ¢ is the relative deviation.
If the condition (18) is not true, the value of k must be changed.

21. The placement condition of the spirals in the IW’s window is checked
n(dy+A4iz)*w

S:EIW : hIW = ke ) (19)
where ks is the filling coefficient of the IW according to dy,.
If the condition (19) is not true, the values of k or d,, must be changed.
22. The calculating power of the load is determined
PCE:I(% ' Rf. (20)
23. The energy conversion efficiency (ECE) of the MIG is determined
Ry
n= r iR (21)
w L

The results of the research
For the calculation fo the MIG the following main data was accepted as initial: the
brand of the PM FOH14JIK24, Hc=4810°A/m, B,=1,2T, (BH)»=36°10°J/m> Cpy=22mm,
apm=11mm, bpy=23mm, U,=4V, R;=20hm, ¢{w=22mm, hw=8mm, y:85°, the sample values
had the following values As=0,1, £=0,1:
The results of calculation: ew=7,2V, w=216, d,=0,63mm, r;yy =0,970hm, 1.,=2,42A,
N=67%, P¢=11,7Vatt.
Conclusion
The calculating mathematical apparatus and the analysis of the structure, working
principals, and magnetic system of the MIG with change of the magnetic flux direction enable
development of MIG’s structure by changing the brand of PM’s material, the diameter of
IW’s wire, and the number of the spirals. It is applicable in educational, engineering,
scientific and research processes.
— This work was supported by the RA MES State Committee of Science, in the
frames of the research project «Electromagnetic systems» research base
laboratory.
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AHHOTAIIHUSA

B crarbe paccMOTpeHbI MPEUMYIIECTBA UCTIONB30BAHUS ITOA3EMHOTO MPOCTPAHCTBA IS
Pa3BUTHA TPAHCIOPTHOW MHPPACTPYKTYPHI B MEraroimcax, a Takke MpooJieMbl, BOSHUKAIOIIHE
P BKITFOYEHHUH TIOJI3EMHOTO TIPOCTPAHCTBA KPYIHBIX TOPOJOB B MIPOCTPAHCTBO KOMILIEKCHOTO
pa3BUTHS, B TOM YUCIIE U PA3BUTHUS TOPOICKON TPAHCIOPTHOM CHCTEMBI.

KimioueBble cjioBa: TPaHCIOPT METarojIMCOB, OCBOCHHE IOA3EMHOTIO IMPOCTPAHCTBA,
METPONOJIUTEH

Abstract

Advantages of use of underground space for development of transport infrastructure in
megalopolises and also the problems arising at inclusion of underground space in complex
development including development of the city transport system are considered.

Keywords: city transport, development of underground space, metro networks

TpancnoprHslil kKomIuieke Poccun siBIsieTCs KITFOUYEBBIM HHCTPYMEHTOM CYIIECTBOBAHHUS
U OKU3HEHEATENIHHOCTH CTPaHbl B IEJIOM. TpaHCIOpPTHAs WHQPACTPYKTypa  CITyKHT
(yHIaMEHTOM TpPAHCHOPTHOTO KOMILIEKCA. [TocTpoeHre W pa3BUTHE TPAHCIOPTHOU
MHPPACTPYKTYPHI JTOJKHO COOTBETCTBOBATH MPUHIUIAM CTPAaTErHMM Pa3BUTHs TPAHCIIOPTHOMN
OTpacii B LIEJIOM ¥ Ha PErHOHAIBHOM YPOBHE M SIBISETCS 30HOW OTBETCTBEHHOCTH
rocynapctsa. [1]

Ceronmust npanpHeiiliee pa3BUTHE HCTOPUYECKUX TOPOJOB HEBO3MOXKHO 0€3 Takoro
HANpaBJICHUs] KaK  OCBOCHHUE IIO/I3EMHOTO TIPOCTPAHCTBA [UIS PAa3BUTHS  TPAHCIOPTHBIX
00bekToB. Ilom 3emiTio TOMIKHO OBITH YOpaHO TO, YTO HCKAXKAET M ypOayeT OOJIMK ropoaa.[2]
OOBEKThI TPAHCIOPTHOM MHMPACTPYKTYpPHI 1I€TIECO00pPa3HO pa3MeliaTb UMEHHO IO 3eMIIeH,
T.K. MMEHHO OHH, NIpEeXJe BCEro, CO3Jal0T HeraTHBHYIO atMochepy B ropoje. I'opon pacrer
BBICOKUMH TEMIIaMM, YBEIMUYUBAETCSI KOJMYECTBO JIMYHOIO TPAHCIOPTA, pPa3BUBAETCA
OOIIECTBEHHBIN TPaHCHOPT. 3HAUNTENbHAS YaCTh YIMYHO-I0POKHON CETH, OCOOEHHO B pailoHax
UCTOPHYECKOM 3aCTpPOMKM, HCIONB3yeTcs JUId TMapKOBKM JIMYHOTO AaBTOTPAHCIIOPTA, 4TO
3HAYUTENIbHO CHIDKAET IMPOMYCKHYI0 €€ CIOoCOOHOCTh. B pesynbrate Ha ynuuax oOpas3yroTcs
3aTOpBI, YTO CYIIECTBEHHO YBEJIMYMBAET BHEIIHUE U3JIEPKKH OT TPAHCIIOPTA U SIBJISIETCS OJTHON
u3 HauOoJsee CYIIECTBEHHbIX MPUYMH yXYALIEHHs KayecTBa JKW3HU B Meranonucax. OcoO0eHHO
sTa mpoliieMa akTyalbHa JUId Takoro Mmeramonuca kak Cankrt-IlerepOypr, sBistomierocs
MHOT'OHACEJICHHBIM UCTOPUYECKUM TOPOJIOM C OOJIBIINM 00BEMOM TYPHUCTHUECKOTO MOTOKA.
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I'eonornueckass cutyanus B Cankr-lIletepOypre ¢ TOYKM 3pEeHHS BO3MOKHOCTH
MOJI3EMHOTO CTPOUTENIBCTBA, [0 MHEHHUIO CHEIHAIUCTOB, BECbMa HEOJHO3HAYHA, HO €CTh
MOHMMAaHKE TOTO, YTO MOJ3EMHOE CTPOUTENHCTBO B ropoe Ha Hese Bectu MokHo. [Ipu aTOoM B
MEPBYIO OYEpehb HEOOXOIuMa  aKTyalu3alus SKCIEPTHOTO KapTUPOBAHUS IOJ3EMHOIO
MIPOCTPaHCTBA Ui o0ecrieueHus: 0€30MacHOCTH CTPOUTENHCTBA M SKCILUTyaTallid OOBEKTOB.

Hanomuum, uto Cankr-IlerepOypr pacrnonaraercs Ha 42 OCTpOBax W MMEET B CBOEU
yepte 385 BomOTOKOB M 632 BomoeMa. YpOBEHb MOBEPXHOCTH TIOpOJa BO3BBIIACTCS HAaj
ypoBHEM Mopsi Ha 60 M, OJHAKO BECh €r0 UCTOPUUECKUI LIEHTP pacroiaracTcs Ha BbICOTaX HE
bonee 5 M. B nentpe ropoma umeercss MHOXKECTBO IOJ3€MHBIX HCTOPHUECKUX XOZOB, B
YaCTHOCTHU OHHU PacCMojaratoTcs ol MHOTOYMCIEHHBIMUA XpaMaMi U JIPYTMMH UCTOPHUECKUMU
NaMITHUKAaMH, YTO TOBOPUT O TOM, YTO B PaHHHUE MEPUOJIbI PA3BUTHS TOPOJIA UCIOIb30BAINCH
U OTH BO3MOXHOCTU. B mocienHee Bpemsi HaydHash OOLICCTBEHHOCTh IPH TOIJIEPIKKE
MIPOEKTUPOBILIMKOB M CTPOUTENEH CUMTaeT 11eneco00pa3HbIM aKTyalu3HUpOBaTh PACCMOTPEHUE
BOIPOCOB IO HCIOJIB30BAaHUIO MOJ3EMHOTO MPOCTPAHCTBA  JJII CTPOUTENIbCTBA OOBEKTOB
TPAHCHOPTHOM UHPPACTPYKTYPHI.

B cents6pe 2016 rona B Cankr-Ilerepdypre npu noaaepxke Cankr-Ilerepoyprckoro
HAY4YHOTO IIEHTpa POCCUMCKOM akageMuu Hayk mpouuia XV-s BcemupHas KoH(epeHIus
OObeuHEHHSI UCCIIEOBATEIBCKUX IIEHTPOB ITOI3EMHOT0 TIPOCTpaHCcTBa MeranoicoB (ACSUS-
2016). OcHOBHBIM BOMPOCOM, OOCYXJaeMbIMU CIELUAIMCTAMU B JaHHOW cdepe, Oblia
HEOOXOMMOCTh ~TEepeXoJa OT IUIOCKOCTHOTO K OOBEMHOMY pa3BUTHIO TOPOICKOTO
MPOCTPAHCTBA, YTO TMOBICYET 3a COOOIl yBEIMYEHHE BO3MOXKHOCTEW pa3BUTHSI  yIHMYHO-
JIOPOXKHOM CETH U JPYTrUX OOBEKTOB TPAHCIOPTHOM HHMPACTPYKTYPHI HA HECKOIBKHX YPOBHSIX.
DTO MO3BOJIUT OOECHEUNTH MOBBIIIEHHE OE30MAaCHOCTH JIBUKEHHUS TPAHCIIOPTA U MENIEX00B, a
TaK)K€ YBEJIIMYUT BO3MOXKHOCTU PACIIUPEHHS] OOIIECTBEHHBIX IPOCTPAHCTB, B TOM YHCIIE
YBEITUYEHUE TUIOMIAAN 3eNEHBIX HACAKICHUNA M O0ECIICUUT MOBBIIICHHE KAaueCTBa BO3AYIIHOU
cpensl ropoaa. Takum oOpazoM, OyAayT co3faHbl Oojiee KOMGOPTHBIC YCIOBHS MPOKUBAHUS
TOPOJICKOTO HACEIECHHUS, a TAK)KE TIOBBICUTCS ITPUBJIEKATEIBHOCTD JUIsl TYPUCTOB.

B XXI Beke WHHOBAallMOHHBIE TPOEKThI OCBOCHHUS IMOJ3EMHOIO IMPOCTPAHCTBA
HEOOXOIUMBI ISl YCTICIIIHOTO Pa3BUTHSI KPYIHBIX TOpo0B. B Hacrosiee Bpems B Poccuu HE B
OJIHOM U3 CTPATeTUYECKHX JOKYMEHTOB (eIepabHOTO0 M PETHOHAIBHOTO 3HAYCHHS HE
3aTparvBalOTCS STH BOMPOCHI,  HECMOTPsS HA HEYKIOHHBIA pPOCT MapKa TIPy30BOrOo U
MACCAKUPCKOTO TpaHCIopTa. B KpymHBIX ropomax 3TO OCOOEHHO 3aMETHO U TpedyeT
W3MEHEHUS! TPAAUIIMOHHOM IUIAHUPOBOYHOM TMOJIUTUKUA, BCE 3TO OTHOCUTCA M K CaHKT-
[TeTepOypry.

[Tpu u3ydeHun 3apyOeKHOTO OMBbITa MOKHO KOHCTaTUPOBaTh TOT (DaKT, YTO aKTHBHOE
OCBOEHHE TOA3EMHOI0 MPOCTPAHCTBA KPYITHBIX TOPOJOB HAYAIOCh €IIE BO BTOPOM IOJOBHUHE
XIX Beka, Tak nepBas JIMHUS METPONOJIUTEHa OTKpbUIack B JIonaoHe B 1863 roay u cBs3biBaia
JIBa JIOHJIOHCKHX BOK3aJia. B HacTosIiee BpeMs CylecTBYeT MHOYKECTBO Pa3IMYHbBIX BApHAHTOB
UCTIOJIb30BaHMSI TOPOJICKOTO MOI3EMHOT0 TIPOCTPAHCTBA ISl Pa3BUTHUSI OOBEKTOB TPAHCIIOPTHOM
WHOPACTPYKTYPbl OT CKOPOCTHBIX TIOJ3€MHBIX aBTOMOOWJIBHBIX JOPOT JI0  OTPOMHBIX
MHOTOSIPYCHBIX aBTOCTOSTHOK.

Momnpeans (Kanaga) HW3BECTEH CBOMM IMOA3EMHBIM TOPOJOM IUTOMIAAbI0 18 MiTH. M2 U
umeromuM 120 BxomoB B Hero. Pa3zBuTre STOro ropojaa sBIseTcs IOCTIDKEHHEM B 00JacTé
TJTAHUPOBAHUS TOPOJICKOM CPENlbl C YY€TOM OCBOCHHUS TMOJI3EMHOTO MPOCTpaHCTBA. Pa3Butas
MoJ3eMHast ceTh CBs3bIBaeT 10 cranimii MeTpo, 2 aBTOMOOMIBHBIX TepmuHana, 1200 oducos,
6onee 2000 mMarasuHOB | Jp. 00BEKTOB MH(pACTPyKTyphl. OOIIas JyiMHa TOHHEJIEH B Topojie
cocTaBisieT 6osee 32 KM.

Crnoxubie reonormueckue ycnoBus Cankrt-IletepOypra, kak TOKa3pIBaeT TpUMED
MHOTHX TOPOJIOB CO CXOXKHUMHU T'€OJIOTUYECKHMH YCJIOBUSIMHU, HE SIBIISICTCS] MPEMSATCTBUEM ISt
OCBOGHHS TIOJ3€MHOTO MPOCTPAHCTBA. Tak B AMCTepJiaMe peatu3yeTcsi MPoeKT «AMdopay 1o
OCBOCHHUIO MPOCTPAHCTBA MOJ] TOPOJACKMMHU KaHajlaMH MJisi pas3rpy3kd LIEHTpa Tropojaa oOT
TPAHCHOPTHBIX MOTOKOB. MHOrue Apyrue CTpaHbl TaKK€ UMEIOT ONBIT CTPOUTENIHCTBA MO
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semsieii.  Ocobo criemyeT OTMETUTh B 9TOM OTHOIICHHHM TaKylo CTpaHy kak Kutail, rae B
COOTBETCTBMM C IIPOrpaMMOI IpaBUTENbCTBA uepe3 S5 ser Bechb TpaHcnopT llekuna c
MOBEPXHOCTH YIUI] OyJeT yOpaH Mo 3eMITI0.

OcHoBHO# poccuiickuii onbIT U onbIT CaHkT-IleTepOypra B maHHOU cdepe CBs3aH CO
CTPOUTEJILCTBOM METPO U B YACTHOCTU METPO IIyOOKoro 3ajeranus.  HeoOXoauMo OTMETUTh
TOT (paKT, 4TO CTPOUTEIHCTBO MeTpo B CaHkT-IlerepOypre pa3sBUBanoCh JOCTAaTOYHO BHICOKMMH
TemMnamud B cepeauHe XX B., 3aT€M HACTYNWIO 3aTULILE U HECKOJbKO aKTHBU3WPOBAIOCH
OykBaJIbHO B mociieAHuid nepuoa. CTpOUTENsIMUA HAKOIUIEH 3HAUMTENBHBIN IMOJIOKUTEIbHBIN
OTIBIT B 3TOM IUIaHE, HO TPEXKJE YeM pa3BUBaTh B JaJbHEHIIIEM METPO INIyOOKOro 3ajeraHus
HEOOXOJMMO  pacCMaTpUBaTh  BAapHAaHTHl  pPa3BUTUS  OOIIECTBEHHOIO  TpaHCHOpTa C
MCMOJIb30BaHUEM MOA3EMHOTO MPOCTPAHCTBA ISl CO3JaHUsl TOHHENEH HErNTyOOKOro 3ajieraHusl,
ACTaKaJ M TOJ3EMHBIX MEPEXOAO0B M JPYrHX OOBEKTOB TPAHCHOPTHOM HH(MPACTPYKTYPHI.
CTpouTenbcTBO METPO, HECOMHEHHO, SIBJSIETCSl 0ojiee KalUTATIOeMKUM | oOmnamaer
BBICOKHMHU JKCIUTyaTallMOHHBIMHU 3aTpaTtamu. Pemenue mpobieMbl KoM()OPTHOTO POKUBAHKS B
CII6 nexutr B 00JIACTH TIAHOMEPHOTO KOMIUIEKCHOTO OCBOCHHUS MOJ3EMHOIO MPOCTPAHCTBA.
OT10 TpedyeT pa3paboTKu CHECIHUATBHBIX pa3aeioB I eHepabHOrO TUIaHa.

Ecnu paccmarpuBarh NmpeaplayIliuid Mepuos pa3BUTHUS ropoja, To B KoHie 70-X rooB
XX Beka Obuta paspaborana ['eHepanbHas cxeMa OpraHU3alUi U UCIIOIb30BAHUS TTOA3EMHOTO
MIPOCTPaHCTBa, YyTBepxkAeHHass Mcmonkomom Jlencosera B 1982 r. D10 ponrocpouHas
IpaJoCTpOUTENbHAST MporpaMma Obuta paspadborana go 2000 r. B cooTBercTBUM ¢ ITHM
MIPOEKTOM IPEATNOJIarajJoch CTPOUTENHCTBO TPAHCIIOPTHBIX TOHHENEH, MOA3EMHBIX MAPKUHTOB U
CTOSIHOK. Peanmu3zaiysi 3TMX IUIaHOB HE cocTosUlach. Bce 3TH IJIaHbl BBUIMJIMCH TOJIBKO B
pa3BUTHE METPOIOIUTEHA, KOTOPBIN CTall IPUpAcTaTh HOBBIMU CTaHIIMSMH, KaK YK€ OTMEUEHO,
COBCEM HEJIaBHO.

B Hacrosimee Bpemsi B Cankt-IlerepOypre CTpOUTENBCTBO MOA3EMHBIX COOPYKEHHIA
CBSI3aHO C MHMUIMATHBOM YacTHBIX MHBECTOPOB M HUKAK HE CBS3aHO C IUIAHAMHU DPa3BUTHUS
ropoga. B coBpemMeHHOM IpaloCTPOUTENBHOMN MOJIUTHKE TOJHOCTBIO OTCYTCTBYET HAIIPABICHHUE
MOJI3EMHOMN YpOAHUCTHUKH.

N3yyenue 3apyOeKHOTO OMbITAa IOKa3bIBAET, YTO sl OOECHEUeHUs YCTOWYMBOTO
pa3BUTHs TOPOACKUX arjioMepalyii aHaJOTMYHBIX HAallleMy TOpojay U CXOXKHX M0 IUIOLIau,
YHUCJICHHOCTH HACEJIEHUS, NICTOPUUECKONM M COBPEMEHHOM 3aCTPOMKE M KOJIIMYECTBY TPAHCIIOPTa
JIOCTUTAETCS TP JI0JI€ TIOJJ3€MHBIX COOPY>KEHUH OT OOIIeH IO i BBOAUMBIX 00BEKTOB 20-
25%. T'oioBbIE TEMITBI COOPY)KEHUSI MOJI3EMHBIX OOBEKTOB B 00IIEM 00bEME CTPOUTENHCTBA B
ropofiax TOJbKO OCBaMBAIOLIMX 3TO HampaBieHue coctapisier 5-8% (MockBa), B KpYyIHBIX
Meramnojiucax ¢ 00OJIbIIMM OnbITOM - A0 25-30% (I1apux, Tokuo, Jlongon). [2,3]

B MockBe B Hacrosiiee BpeMsi OCYIIECTBIISETCS HECKOJIbKO IPOEKTOB OCBOEHUS
NoJ3eMHOro npocrpancTBa. Tak noa TBepckoll MIOMAab0 CTPOUTCS TPAHCIIOPTHAS pa3Bsi3Ka ¢
MHOTO()YHKIIMOHAJIBHBIM KOMIUIEKCOM, BKJIIOYAIOIIUM  MHOTOSIPYCHBIE TOJ3E€MHbBIE TapaxH.
TpexypoBHeBblii mapk Ha 1000 mamHOMecT OyieT U o [1yIKHHCKON MII0IaabIo.

OcBoenne mnoazemHoro mnpoctpanctBa Cankt-IlerepOypra Tpebyer IIPOBEJICHUS
WCCIIEIOBaHNH VISl aKTyaJu3allii UMEIOIINUXCS JAHHBIX 110 COCTOSIHUIO MOJI3EMHON TOPOACKON
cpelbl Ha OCHOBE HAay4HO-OOOCHOBAHHOTO TMPHUHIMIIA BEPTUKAJIBHOTO 30HMpoBaHUs. [lpu
OCBOEHHH T10JI3EMHOT'0 TPOCTPAHCTBA HEOOXOJMMBIM YCIIOBHUEM SIBIISIETCS] U3y4EHHE MPOIIECCOB
TEXHOTEHHOT'0 3arpsS3HEHHSI Te0JIOTHYecKOi cpefibl. M3yueHune 3Tux BOIpOCOB BEAETCSA YIEHBIMU
Cankr-IlerepOyprckoro ropHoro yHuBepcuTeTa. Tak yCTaHOBJIEHO, YTO B IIEHTPaJIbHOM YacTH
ropoa 3arpsi3HeHHe MO3€MHOI0 MPOCTPAHCTBA MPOUCXONT 3a CUET YTeUeK KaHATN3aIllMOHHbBIX
CTOKOB, KOTOpbIE  XapaKTEpU3YyIOTCS  pa3HOOOpa3HbIM  XUMHYECKUM  COCTaBOM U
arpeccuBHOCThIO. C  II€TIbI0 YCTAHOBJIEHUS (PU3UKO-XUMHUYECKUX W MEXaHUYECKUX CBOWMCTB
[JIMHUCTBIX TPYHTOB TOJA BJIMSHUEM BO3JCHCTBUS YTEUEK M3 CHCTEM BOJOOTBEICHUS U
KaHaJIM3alKu ObLIM MPOBEIEHbl MHOTOYHCIIEHHBIE HCCIE0BAaHMS, KOTOPbIE MMOKa3all, YTO 3TU
IpOLIECChl HEOOXOMMO YYHMTBHIBATh NPH MPOECKTUPOBAHHM, CTPOMTENLCTBE M OKCIUTyaTallUH
COOpPY)KEHHI B KaKJOM KOHKPETHOM Clly4yae, T.K. COAEp)KaHHE B TPYHTAX 3HAYUTEIbHBIX
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KOJIMYECTB OPraHUKU CHOCOOCTBYET AKTHBU3ALUM MHUKPOOHOW NESTETHHOCTU C BBIACICHUEM
Pa3IMYHBIX Ta3000pa3HBIX BEIECTB, B TOM YHCIIE METaHA U a30THCTBIX coequHeHHid. Kpome
TOTO0, MPUYMHOMN TaKUX MIPOIIECCOB MOKET OBITh U M3MEHEHHUE MPUPOIHBIX YCIOBUIl, CBI3aHHOE C
3aXOpOHEHHBIMU TIpU cTpouTenscTBe Oomoramu. B Cankr-lletepOypre ObLIO yCTaHOBICHO
Oonee 20 ydacTKOB, rzne OypeHHE CKBaXMH COMPOBOXKIAIOCH 3HAYMTEIbHBIM BBIJICICHUEM
ra3oB. Cienyer OTMETUTh, YTO MOCTYIUIEHHME OPraHMYECKHX BELIECTB CO3/MAET YCIOBUS JUIs
TpaHchopMallii CBOMCTB IMECYAHO-TJIMHUCTBIX TPYHTOB, YTO MOXET NMPHUBECTU K TOTEpe UX
npoyHocTu. [4,5]

[Ipu ocBOEHMM TMOA3EMHOTO MPOCTPAHCTBA HEOOXOAUMO TaKXKe YUHUTHIBATH TaKYIO
ONAaCHOCTh KaK M3MEHEHHE MUIpalliM paJAMOAaKTUBHBIX Tra3oB (pajoHa), KOTOpask MOXKET
MIPUBECTH K TIOBBIIIICHUIO PAJIMAIIMOHHOTO JoHA B HEKOTOPBIX parioHax CankT-IlerepOypra. [6]

Ocob0 cnenyeT BBLACIUTH BOINPOC CTPOUTENBCTBA METPO O]l HCTOPUYECKON
3aCTPOMKOM, MOCKOJIBKY JIJIsl COXpaHEHUS apXUTEKTYpHOro 00JI1MKa ropojia TpedyeTcs He TOJIBKO
IPUMEHEHNE WHHOBAIIMOHHBIX TEXHOJOIUH CTPOUTENILCTBA, HO U HOBBIE TEXHOJIOTUU
VKpeIUIEHUSI TPYHTOB, a Takke  (YHJaMEHTOB TMaMSATHUKOB apXUTEKTypbl. Bc€ 310
CIOCOOCTBYET MOBBIIICHHIO CTOMMOCTH CTPOUTEIBCTBA OA3EMHBIX KOMMYHHUKAIIWH.

OnHaxo, paccMaTpuBas BONPOC SKOHOMHYECKOW A(MGEKTUBHOCTH  OCBOCHHUS
MIOJI3€MHOT'O MTPOCTPAHCTBA, CIEIYeT OTMETUTh, YTO OO0IIas SKOHOMHUYECcKast 3(pHEeKTHBHOCTH B
KOHEYHOM HTOI€ OIpenensieTcs M TAaKUMU COCTaBISIIOIIUMH, Kak: 3(PQEKT  MOBBIIICHUS
IpaloCTPOUTENHHOM IIEHHOCTH TEPPUTOPUH (TIOBBIIIEHHE CTOMMOCTH 3eMIIU M JKUIIBS ); 3 HexT
SKOHOMHH TOPOJCKUX TEPPUTOPHI (3aME€HAa HAa3eMHBIX TpPAHCIOPTHBIX MAarucTpaieil Ha
MOJ3EMHBIE); CHHUKEHHE KCIUTYaTallMOHHBIX 3aTpaT U KalUTAJIbHBIX BJIOKCHUN HA HAa3eMHBIN
TPAHCHOPT; CHW)KEHHE OO0beMa TOKCHYHBIX BBIOPOCOB B BO3IYIIHYIO CpEdy; COKpallleHHe
KOJIMYECTBA JIOPOKHO-TPAHCIIOPTHBIX MPOUCIIECTBUIA; TIOBBIIIEHHE KOM(POPTHOCTH U SKOHOMHS
BPEMCHH TIEpEIABMKCHUS U Jp. (hakTopamu. [7,8]

KomrmiekcHOCTh  OCBOEHMSI MO/A3EMHOTO IPOCTPAHCTBA JIEKHUT B BO3MOXHOCTHU
CO3JJaHUS] MHOTO()YHKIIMOHAJIBHBIX MOJ3EMHBIX KOMIUIEKCOB IPH CTPOUTEIBCTBE METPO, UTO
YIEIIEBUT €ro CTPOUTEIbCTBO. B CBOIO oOdepenp METPONOIUTEH Kak TIocylapCTBEHHas
CTPYKTYpa, MOJKET 3aKJIH04aTh COMIALIEHUS C MHBECTOPAMU HA pEAlU3alMI0 IPOECKTOB
KOMILJIEKCHOTO OCBOEHMS MOA3EMHOro mpoctpaHcTBa. ClieayeT HalloOMHUTh, YTO B HACTOsIIEE
BpeMsl B CHCTEME TIpafocTpouTenbHoro miaHupoBanus  CIIO OTCYyTCTBYIOT MeXaHHU3MBI
pa3BUTHSI TapMOHUYHOM Cpellbl OOWUTaHHSA C y4ETOM OCBOEHMS MOI3EMHOIO IPOCTPAHCTBA.
[9,10] C >roii nenbio Ui KOMIUIEKCHOTO pelIeHUs] MPOoOIeMbl IIAaHOMEPHOTO HUCHOJIb30BAHUS
MOJI3€MHOT'0 NPOCTPAHCTBA rOpoia HEOOXOIUMO:

e pazpaboTath crielMalbHbIe pa3/essl B ['eHepaabHOM I1aHe ropoa;

e pa3paboTaTh JIOJTOCPOYHYIO TIpPaJOCTPOUTENBHYIO IPOrpaMMy  OCBOEHHS
IIOJI3€MHOT'0 MPOCTPAHCTBA U MIPEXK/IE BCET0 MICTOPUUECKON 4acTH roposa

e o0ecneuuTbh HAyYHOE COMPOBOXK/ICHUE POEKTOB MPH MPUHATUH IJIAHUPOBOYHBIX
pelleHHid, Onupasich Ha MOCJeIHNe HAyYHbIe JaHHbIE

® YCTpaHWUTh NpaBOBbIE MpPOOIEMBbl B 3aKOHOAATEIHHOM M HOPMAaTUBHOM Oase,
PEryaNpyOLIE BOIPOCHI IOI3EMHOTO CTPOUTENILCTBA

e 0TpaboTaTh MEXaHMU3MbI B3aUMOJICHCTBUS Pa3IUYHbBIX CTPYKTYP

e pa3zpaboTaTh MeEXaHM3Mbl TOCYJApCTBEHHO-YaCTHOIO NAapTHEPCTBA B ITOM
00J1acTH, HaNpaBJIeHHbIE HA TOBBIIIEHHE MHBECTUIIMOHHOW MPUBIIEKATEIbHOCTH
IIPOEKTOB.

[TpoGnembl OCBOCHUS MOJ3EMHOT0 IIPOCTPaHCTBA Cankr-IlerepOypra
paccMmarpuBaich B HOsiOpe 2018 r. Ha 3acenannu Hayunoro coBera mo MeXauCIUIITHHAPHBIM
npoGyiemaM TpaHcropTHbIX cucteM Cankt-IlerepOyprekoro Hayunoro nenrpa PAH, B pabote
KOTOPOTO NPUHSUIM YYacTHE BeIyLIHe CIEHUAIUCTBI B O0JIACTH IOJ3EMHOTO CTPOUTEIHCTBA
(Homsemmopctpost, CII6 I'VIIC, HUIIN VYpb6anuctuku, Coroza apxutekropo CII6 u mp.
cneranucTsl). [lo uroram 3acenanusi mpuHATO oOpareHne B MUHHCTEPCTBO TpaHcmopTa PO ¢
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IEJTbI0 MHUITUUPOBATh BO3MOXKHOCTh pa3padoTku denepanbHoii ['ocyaapcTBEHHON MPOTrpaMMBbl
Pa3BUTHS METPOIOJIUTCHOB M WHTETPUPOBAHHBIX B HUX MOJ3EMHBIX MHOTO()YHKIIHOHAIBHBIX
TPAHCHOPTHBIX CHUCTEM HAa OCHOBE HAayYHO-OOOCHOBAHHBIX MPHUHIIUIIOB OCBOCHHUS MOA3EMHOTO
npoctpancTBa. Pekomengannu CoBeTa ObUTH TaK)Ke HAMpaBICHBI B aIMUHUCTPAIIMIO TOPO/Ia, B
KoopauHanmoHHbI cOBeT 10 pa3BuTHIO TpaHcnopTHou cuctembl CII6 m JlenuHrpamckoit
obuacru.

***k

1. Bensiit O.B., ®yHnameHTaNbHBIE OCHOBBI IIOCTPOEHMS €IMHOM TpaHCHOPTHOW cucteMbl crpanbl, CII0, uzn.
«Hayxkay», 2017 ., 123 c.

2. VYmaxoBa A.U., IlomsemHOoe mnemiexoqHoe mpocTpancTBo  HeBckoro mpocnexkta W i Boccranus/
OdynnameHTansHbIe uccneaoanus - 2016r., Nel-1., ¢.79-88

3. Tymmna E.A., AxTyanbHble BOIPOCH PallIOHAIBHOTO HCIIONB30BAHUS U IUIAHHPOBAHUS IOA3EMHOTO
MPOCTPAHCTBA B PAa3BHUTHIX CTpaHax MUpa, // «[IpoMbIIUICHHOE U TPaKIaHCKOE CTPOUTETHCTBO», Ne6 2008r.,
c.58-59

4.  Jamxo P.D., UmxeHepHO-TeoIOrnIecKkne 0coOeHHOCTH KopeHHBIX rimH Cakt-IleTepOypra Kak cpenpl Ay
pasMenIeHnsl TOA3EMHBIX COOpyXeHHit // Marepuansl MeXmyHapoaHoro cummosuyma «MmxeHepHo-
TEOJIOTHYECKUE TIPOOIEMBI YpOaHU3UPOBAaHHBIX TeppUTOpHi, ToM 2, EkatepunOypr, 2001 1., ¢.675-681

5. Jamxko P.D., Ilpobnembl reoskonorud B TeoTexHHKe // «PEKOHCTPYKLHMS WCTOPHUYECKHX TOPOJOB U
TeOTEXHHYECKOE cTpouTeabcTBO» No7, 2004r, CIIO, ¢.115-128

6. Haropueii C.5, JlakoBa H.H., Pycanor M.B, OcoOEHHOCTH HHKCHEPHO-TCOJIOTHYSCKOTO OOOCHOBAHMS
MPOCKTHUPOBAHUS CTPOUTEIBCTBA COOPY)KEHHH MeTpo OonbmmMx ropomoB Poccun// caiit «Ilom3eMHbIi
IKCIIEPTY, url: www.undergroundexpert.info/issledovaniya-i-tehnologii/nauchnye-stati/obosnovanie-
proektirovaniya-metro, nata o6pamenus 29.01.2019

7. Kammama A.P., YmuOB B.A., Pymax M.C., Meroaudeckue mMOAXOIbI K CTOMMOCTHOH OIICHKE ITOI3EMHOTO
npoctparcTsa// ['opHBIit xypHam, Ned - 5, 2003r., ¢.23-24

8. Kopuak A.A., Kamana A.P., Nmma A.B. OneHka B3aWMOBIHSHHS OCBOCHHS TOPOICKOTO IIOI3EMHOTO
TIPOCTPAHCTBA U OKpykatomeit cpenpl// Co.: Hayxu o 3emie. Tyma: MzBectus Tynl'V, 2009, Ne 5. —c. 135—
137

9. Jlomakman E.H. «TpexmepHoe 3KcHepTHOE KapTHPOBAHWE-MHCTPYMEHT HOPMATHBHOIO WCIIOJIb30BAHUS
MO/I3¢MHOT0 NpocTpancTBay//M3pickaTenbekuil BecTHUK, 2009r.,Ne1(7).- ¢.11-32

10. Kaprosus Bb.A. OcBoeHue NOI3EMHOr0 IMPOCTPAHCTBA KPYMHBIX TropoaoB. HoBele TenpeHuwn //IOpHbIit
HH(pOPMAMOHHO-aHATUTHIECKIH OI0JUICTeHD (HayYHO-TeXHUIECKHH sKypHai). 2015. Ne S1. ¢. 615-630.

Bepecrens M.B., Kopcak M.B., I'padckuii O.A., [Tonomapuyk 10.B.
OTto0paxeHue NPSAMON JIMHUHA B 1YT'y OKPYKHOCTH B pellIeHUH MO3UIIMOHHOM 32124

Jlanvresocmounulii 2ocyoapcmeeHtblll YHUgepcumem nymet coooOueHus
(Poccus, Xabaposck)
doi: 10.18411/1j-01-2019-125
idsp: ljournal-01-2019-125

AHHOTAIUSA

OpHolt U3 OCOOEHHOCTEH MO3UIIMOHHBIX 337a4 B KOHCTPYKTUBHOM HCIOJHEHHUH
ABJIIETCS HAaXOXKJCHHE TAKMX MPUEMOB UX DPELIEHUS, IPU KOTOPBIX MOKHO HCIIOJIb30BATh
HUPKYJIb M YTOJbHUK C JuHEHKod. OgHako, JOCTOBEPHOCTh HMCKOMOIO TIpaduyecKoro
(KOHCTPYKTHBHOTO, CHHTETHUYECKOT0) pe3yiabTaTa pelIeHHUs, MOXHO IPOaHATU3UPOBAThH
MOCPEACTBOM aHAJIUTHYECKON TEeOMETpUM TMPUMEHSS MaTeMaTH4ecKoe MpOorpaMMHOE
o0ecreyeHne, 4To MOXKET MOATBEPIUTH MOJTydyaeMoe rpauueckoe perieHue.

KitoueBble ciioBa: MOBEPXHOCTH OTOOpaKEHMsI, JBYMOJOCTHBIM TUIEepO0JIOn,
npsiMast IMHUS, OKPY’KHOCTb, TOUKH [IEPECEUEHUS TIPSIMOM C TIOBEPXHOCTHIO, MATEMAaTUUYECKHM
naket nporpammupoBanus Maple.

Abstract

One of the features of positional problems in constructive design is finding such
methods of their solution, in which you can use compasses and a square with a ruler.
However, the accuracy of the desired graphical (constructive, synthetic) result of the decision
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can be analyzed using analytical geometry using mathematical software, which can confirm
the resulting graphical solution.

Keywords: display surfaces, two-cavity hyperbolic id, straight line, circle, points of
intersection of a straight line with a surface, Maple programming package.

B mHacrosmieit pabore paccmarpuBaeTcs Kak rpaduueckdii METoa, TaK U

AHAIMTHYECKOE PEIEHHE 3a1aul Ha IepecevyeHre npumoi iunud | ¢ mosepxHocthio @
(HampaBisIOmIed  ABISETCS TUNEpOOJa) METOJOM OTOOpaXKEHHsS Ha IOBEPXHOCTH-

MOCPEHUKH, B KauecTBe KOTOpbix BbicTynaroT B mpoctpanctse 11(OXyZ) nsyxmoctubiit
runep6osion | Bpamenus X, a B npoctpanctee 11'(0'X'y'2") — dpponransho npoenupyrommii

KPYTroBOil IUIMHAP X' ¢ TeM )Ke 04epKOoM, 4To U HoBepxHocTh X C [/ . Takas 3agada MoxkeT
OBITh TPOAHATIM3MPOBAHA C NPUMEHEHHUEM MaTEMaTHUYECKOTO ITaKeTa IMPOrpaMMHPOBAHUS
Maple.

Ha puc. 1 mpencraBineHbl UCXOJHBIC JaHHBIC M [MOKA3aHO MOCTPOCHHE JBYX TOYEK
(1, 2) €| B KOHCTPYKTUBHOM HCIIOJTHEHHU (TOYKa 2 SBISETCS ABOIWHON). B manHoM ciyuae

npoctpancta [1(OXyz) u IT'(0O'X'y'2") ycnosHo coBmemiens Ha onHOM 31t0pe (4epTeske).

II(Oxyz)= (0%

Puc. 1. 3a0aua na onpedenenue nepeceuenusi npsAmMo IUHUU

C NOBEPXHOCMbIO @
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Cnenyer nonumars no merony H.A. Manaxosa [1], 4To jeBas yacTh MpPOCTpPaHCTBA
I11(Oxyz) orunocurensno mnockocreit P(P,) =P'(P)) coorserctByer nemoit wactu

4 LV o
npocrpancrsa [/ (O XYz ), a mpaBas 4acTh — MPABOM YAaCTH ATOr0 MpOCTpaHcTBa. Torma
4 LV
noepxnocth @ rtaxke B npocrpanctee [1'(O'X'Y'Z'), Ttaxke Oymer sBnsTHCS
npoenupytommeii @'(D;) orHocuTeENEHO GPOHTATBHOMN TIOCKOCTH TIPOEKIIHIA.

Meron H.A. ManaxoBa paccMaTpuBajCs U B Ipyrux padoTax, Hanpumep [2, 3, 4], HO
npeUiaraéMblii Cioco0 MOCTPOSHHsI PACCMOTPEH B cTaThe [S], OHAKO B HACTOALICH paboTe
AHAJIUTUYECKUE HCCIICOBAaHUS MPOBEJCHBI B MaTEMaTHUYECKOM MaKeTe MPOrpaMMHMPOBAHUS
Maple. Hmxe npeacraBiieHa peaiu3alds B 3TOM IaKeTe JaHHOW 3amayu (B Tabmmme 1 —
HOJrOTOBKA UCXO/HBIX IaHHBIX, AAJIEE 10 AITOPUTMY).

Tabauya 1
Tloozomoexa ucxoonwvix Oannvix
BBoj qaHHBIX Orobpaxenue B Maple [Ipumeuanue
VYpaBHEHHE TOPU30HTAILHOMN
> f1:=y=k1*x+d1; fl =y=klx+dl P P

IIPOEKLIUU IIPSIMOM JIMHUU |1

YpaBHeHue HpoOHTATHHOMN

> f2:=z=k2*x+d2; R=z=k2x+d? i |
npoeKkuuu npamoit muuun 1o
kil (z—d2) Bripaxenne QyHKIuN 001acTH
> yi=k1*x+d1; Y= — +dl OTIPEeNIeTICHUS IS BRIPKCHUS

MIPOEKIIUU | 1

OyHKIUSA 0TOOpaKEHUS! MIPOCTPAHCTB OINPENENIETCs B COOTBETCTBUU C PUCYHKOM |
IIOCPEICTBOM TOBEPXHOCTEH 0TOOPAKEHHUS, T.€. ABYIIOJIOCTHOTO TUIEPOOIIONIA BPAIEHHS
npocrpanctea 11(OXyz):

x> +2% y?

a® b

¥ KPYToBOTO IUIMHApPa . TpocTpancTsa 11 ’(O’x’y’z’):
(X)? +(2')* =a’.

! !
VYuurteiBas, 4To Npu oTOOpakeHUU coOmroparoTcst ycnous Y =Y, Z =7 (a ans

=1

nakera TnporpammupoBanus X o6osHaueno kak X1), @yHKIMS ~0OTOOpaXkeHHs
paccMaTpUBAEMBIX IPOCTPAHCTB UMEET CIENYIOUIUN BUA:
>£0:=(b*2*x*2) +(a*2* (n*2-y*2) )=b*2*x1"2;
U IIPU €€ pealn3aluu B IporpaMMe:

20, 2 _ 2
=) (Zk22d2) a? nz—[iﬂ (ZkQ d2)+d1) ]:bzxiz

[Tocne oOpamenus k komanae <collect>> f01:=collect(f0,z), nomyuaem BelpaxkeHue

kl d2
2 —_—
a
PN LA A _2b2d2_2a R M L, a2
k22 k27 k2? k2 k2?
2
+a2[n2—(—l€€{jz+d1]]:b2xlz

U3 KOTOPOTO, Imocie odpameHust k komauae <simplify> u emié pas <collect>,
YCTaHAaBJIMBACM BUl YPABHCHUSA
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, 2(a*kldl k2+b*d2 -a*ki*d2)z
z +
-b*+a* kI*
+—2a2k1 d2dlk2-b*d2* —a*n’ k2> +a’ kI’ d2’ + > dIk2® _ xIPk2° B’
-b>+a” kI’ ~b*+a’ kI?

J45 =

IIpHu 5TOM IIPOrpaMMHO OHO IIPUBOJIUTCA K BUY
. Akldl R+ d2-a*kPd2| a2 R (Pp +atn kP +dIP b
xRy

b+ atkl?

N3 nonyuennoro ypaBuenus (1) ciemyer, 4To NEPBBIM WIEH YpaBHEHUS MOXXHO
npencTaButh kak (Z — t)2 , TIe
. a’kldlk2+b*d2 —a’ki* d2
' —b* + a* ki?
B pesynbrate nanpHeiimen peaan3anuu NoJay4eHo BbIpaKeHHe
[H a’kl dl k2 +b*d2 —a* kI? d2

x1? b* (-b* + a’ kI?) —b* +a* ki?
a* (—n* b +a* n ki* +dI1* b?) a* k2* (-n* b* + a* n* kI* + dI* b?)
KOTOPOE MOYKHO PacCMAaTPHBATh KaK yPABHEHHE DJLIUIICA:
(x)?  (z-1) (2)
—t+———=1
A B
B ypasHenun (2) KBagpaTHuHble 3HaueHus monyoceit swmnca AK = A%, Bk = B?

UMCIOT BU.
ar(—nt bt +a* nPk1? +d1* b?)
Ak =
b (-b*+a* kl?) 1

2
2
] (=b* +a® k1?)

=1

B = a* k22 (—n* b2+ a* n?* k1* + d1* b?) (3)
(7b2+a2k12)2

W3 Beipakenust (3) ciemyer, 4TO €CiAM OTH 3HAYEHHUS MpHpaBHATH, TO B Maple
MOJIy4aeTcsl 3aBUCHUMOCTb, KOTOpasi oOecreunBaeT OTOOpa)KeHHE 3aJaHHOM NMpsAMOW JMHUU
I(l; I,) B nyry oxpyxmoctu |5 :

21,2 2
(2 _ @’k —b%) (4)
—
b

Ecnu paccmarpuBarh paBeHCTBO D =a (HampaBistonas MOBEpXHOCTH @ SBISETCS
pPaBHOCTOPOHHEH runep0o10ii), To BhpaxkeHue (4) MpUMeET BU]L

k2 =kZ—1mm ki =kZ +1.

Ha puc.2 npuseaen mnpumep 3agaud Ui CJIEAYIONIMX HCXOAHBIX JAHHBIX, BBOJ
KOTOpBIX ocymecTBisics B Maple:

>a:=sqrt(2.0); b:=sqrt(2.0); n:=-3.28; dl:=-2; d2:=2;
kl:=sqrt(2.0); k2:=sqrt(((a*2*kl*2-b*2)) /b*2);

!
B pesynbTare peanusaiuu nojay4eHo YpaBHEHHUE OKPYKHOCTH 2

(X)*+(z-1)* =R%,

e t=4,828427126, R =3,841666306, uro BmONHE COOTBETCTBYET IIOCTPOECHHUIO
pHUCYHKa 2.
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Ipu s1OM ycranosneno, uentp Q, momydennoit okpyxuoctu |, MoxkHO onpenenuTs
rpaduueckn nocpencteom toukn P(P, B,): P =1, nOx, P, el,, P,Q, L1|,. Pamuyc
9TOii OKpyxkHOCTH Oyzer pasen paccrosuuio Q,2,, rie Touka 2(2,, 2,) sBnsercs nBOHHOIM
(HenonBikHOi). Kpome Toro, monoxenune toukd Q, MOKHO ONpenenuTh MOCPEICTBOM
sapucumoct: OQ, =2, +M, wm OQ, =d, +h+m, e OQ, =t, Z, sBusercs
KOOP/IMHATOH armuiukar Toukn P, h = p\kz\, m= p/‘kz‘, p=0P, =-d,/k,.

Jlns mpumepa Ha puc. 2 TOKa3aHO MOCTpoeHme Toukn 15 € |5, moctpoenus
JNEMEHTApHBI M MOKazauel crpenkamu. Mckomas touka A(A A,) ompenensercs

nocpencreom touku A, €15, tne A, =1, "D

T(Oxz)=H(0xys)

N

Puc. 2. Ipumep pewenus 3a0auu

B 3akmroueHNH MOKHO OTMETHUTD, YTO I'COMETPHUUICCKUE HUCCIICAOBAHUA HeO6XO,Z[I/IMO
NpoBOAUTL COBMCCTHO C KOHCTPYKTHBHBIX W AHAJIUTHYCCKUX MO3HUIHUN C IMPUMCHCHUCM
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CPEICTB MPOTrpaMMHpOBAHHUSA. ITO TMO3BOJISIET paccMaTpuBaTh MPUKIAIHBIE 3aJa4d
HAYepTATEeIHLHON reoMeTpuH [6, 7], 9TO ¥ MOATBEPKACHO B HACTOSIICH padoTe.
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BoJakos U.B., byn1asun 10.11., Konosauos I1.IO.
YTouHeHHEe NTUHAMMYECKOI MO/Je/JM MHEBMATHYECKOI0 3JIEMEHTA PECCOPHOTO
NMOJABeIIMBAHUS PEJIbCOBOI0 IKUMAXKA

Pocmoeckuii cocyoapcmeennulil ynusepcumem nymetl coooujenus

(Poccusi, Pocmos-na-/{omny)
doi: 10.18411/1j-01-2019-126
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AHHOTAIIUSA

B cratbe paccMOTpeHBI BOMPOCHI  YTOUHEHHs] (OPMATM30BAHHOTO  OMUCAHMSA
JTUHAMUYECKUX JIeOopMalliii ITHEBMATHUYECKUX JIEMEHTOB (ITHEBMOPECCOp), YCTAHOBIICHHBIX B
PECCOPHOM TOJIBEITMBAHUH CKOPOCTHBIX PEITHCOBBIX IKUIIAMKEH.

KimroueBbie ciioBa: [THeBMOpeccopa, perabCOBBIN SKUIIAXK, PECCOPHOE IMOABEIINBAHUE,
JHHAMHYEcKas MOJICIb.

Abstract

The article addresses the issues of clarifying the formalized description of the dynamic
deformations of pneumatic elements (pneumatic springs) installed in the spring suspension of
high-speed rail vehicles.

Keywords: Pneumatic spring, rail vehicle, spring suspension, dynamic model.

JluHaMHuecKue MOJENHM IIMPOKO HCHOJIB3YIOTCS HE TOJIBKO JUIsl MPOTHO3UPOBAHUS
MoKazaresiel TMHAMHUYEeCKUX KauecTB MOJIBUXKHOTO cocTasa [1, 2, 3, 4, 5, 6], HO u nokazaTenen
ero cuenHeix cBoWctB [7, 8, 9, 10]. OcoOblii uHTEpEC 37€Ch NPEACTaBISIET KOPPEKTHOE
MaTEMaTHYECKOE OMHMCAaHWE PAOOTHI HEIMHEHHBIX SJIEMEHTOB PECCOPHOTO TOBEIIMBAHUS, B
YacTHOCTH, MHeBMopeccop [11, 12].

CocTaBuM YTOYHEHHBIC YpaBHEHHs AWHAMHYECKHX JedopManuii MHEBMOPECCOPHI.
st aTOrO CHAYasia 3amuiieM IEepBBIA 3aKOH TEPMOJMHAMHUKH IS MOJOCTH TEPEMEHHOTO
00beMa, 3amoJTHEHHYIO Ta30M TTOCTOSTHHOW MacChl
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dQ=dU + AdL, 1)
rae Q — KOJIMYEeCTBO TeIa, MOABEACHHOTO K cucteMe; U — BHyTpeHHSs sHeprus raza; A —
TEPMHUECKUN SKBUBAJIEHT pa0doThl; L — pabora, coBepiiaeMasi CUCTEMOM.

B ornmume oT wuaeanu3upoBaHHOW pacueTHOM CXEMbl, peajbHas MHEBMOpeccopa
COEIMHEHA C JIOTIOJHUTEIbHBIM PE3epBYyapoM, UMEET BO3MOKHOCTH ISl TIOJITUTKU BO3YXOM
U3 Maructpad W ero crpaBnuBaHus [11]. OCOOCHHOCTBIO AITHX TPOIECCOB SBISCTCS
HEOOXOJUMOCTh YyuyeTa, BO-TIEPBbIX, IEPEMEHHON Macchl ra3a M, BO-BTOPBIX, 3HEPIHH,
MOJBOAMMON C TMOCTYHNAIOUIMM Ta30M WM OTBOAMMOW ¢ BbITeKaromuM. [lockoibky
KOJIMYECTBO TMOCTYNMBILETO WM OTBEJACHHOTO ras3a sBisieTcss GpyHkuuen BpemeHu i, To mpu
NEpPEeMEHHON Macce ra3a TEPMOAMHAMHUYECKHE TPOLECCHl MNPUOOPETAIOT BBIPAKCHHYIO
JUHAMHYECKYIO COCTABJISIONIYIO, YTO TPeOyeT HEKOTOPHIX MpeoOpazoBanuii ypaBHeHwus (1).
Jlns 3TOro  BBIACIMM K3 9JHEPreTHYeCKOW cocTapisitomeir dQ KoOJMYecTBO Teria,
MOJIBEICHHOTO BMECTE C ra3oM. B 3ToM ciiydae MOKHO 3amucarh ypaBHEHUE

dQ +I1,dW, = dU + AdL + ITdW, @)

rae [Is, 11 — ynenbHOe KOJMYECTBO SHEPIUHU, OCTYIHUBIIETO B MIOJIOCTh I'a3a U BBITEKAIOIIETO
u3 Hee; Ws, W — kosmdecTBO rasa, HOCTYHAIOIIErO B IOJIOCTh M BBITEKAIOLIETO U3 HEE; 3/1€Ch
dQ — KomMuecTBO TeIUla, MOCTYIAIOMIET0 M3 OKPYXAIOIIEH Cpeabl MM OTBOJMMOIO U3
HOJIOCTH.

Jns mponecca HanodHeHuss oobema Vo 0e3 TeriooOMeHa ¢ OKpy:Karouleill cpemoit
CKaThIM BO3/yXOM U3 MarucTpajy B ypaBHEHUU (2) cieayeT NpUHATh

dQ=0; dW=0; dU=cd(TyW); dL=pydV,; II

rae Cy — TeIUIOEMKOCTh ra3a MpH MOCTOSHHOM o0beMme; Toj, Poi— TEMIIEpaTypa U JIaBlIeHUE B
HAIOJHIEMOM 00beMe; Is — YAeTbHOE TEIJIOCOAePKaHHE Ta3a.
B pesynbTrare noiydaem cieayroniee ypaBHEHHE:

KRT dW, =V, dpg, + kpg dVy,, (3)

rne Kk — mokasarens amuabater; s Bo3ayxa K ~ 1,4; R — ra3oBas mocTosHHas; T —

s =g

abcoIoTHAs TeMIepaTypa Bo3ayxa B MarucTpasiu.

PaccmoTpuM Teneps ncTedeHue raza U3 OrpaHHYeHHOro odobema 6e3 TermiooOMeHa C
okpyxatomiei cpenoil. Ilomoxum, 4To UCTeUeHHE SBISETCS aAMA0ATUYECKHM MPOIIECCOM.
Jns storo B (3) cieayet npunath, utro Q=0 wu [7,dW=0. B s3ToM ciyyae ypaBHEHHE
NPUHUMAET BUJT

—dU = AdL +1dW..

[Tonoxkum, 4TOo, B OTJIMYME OT IMapaMeTpOB OTPAaHMYEHHOTO O0BEMa, MapameTpbl
cpelbl, KyJa MCTEKaeT BO3JyX: JaBJEHHUE [Py, aOCONMIOTHAs TeMmeparypa T, U yIeIbHBINA
00BEM V,| OCTAIOTCSI IOCTOSTHHBIMU. TOTIa, MPUHUMAS, YTO

HOJIyllaeM CHCI[yIOH.IeC ypaBHeHI/Ie TepMOI[I/IHaMI/IquKOFO Hpouecca HNCTCUCHU I'a3a.
— kRTy, dW = kpg, dVy, +V,dpy,. (4)
Hcnonesys popmyiny Cen-Benana u BaHuens, BBEIEM B PacCMOTPEHHE MACCOBBIM
Pacxoj1 BO3IyXa H3 HEOIPAHUIEHHOTO 00beMa

k+1

2
2 K Psi K _ & k
RTo kK =11\ py Po

G =Sy Py , ®)
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rie 4 — kodpdunueHT pacxoaa; oObBIYHO MpUHHUMAKOT, 4To 4=0,75; Sy — mmomans
IIPOXOTHOTO CEYCHHMSI OTBEPCTHS.
VYkazanHas ¢GopMmyiia CIpaBeIMBa IPH MOAKPUTHYCCKOM PEKUME UCTCUCHHUS rasa,

KOTOpBI HAOIIOJAETCa NpH COOIIOAECHUM HEPABEHCTBA Ps >0,528. Umenno stum
Poi

PEKUMOM XapaKTEPU3YETCsl UCTCUCHUE BO3[yXa M3 MTHEBMOPECCOP MOJBHXKHOTO COCTaBa B

JIOTIOJIHUTEILHBIE pe3epByaphl 1 00patHo [12].

C y4eToM JMHAMUKH HAMOJHEHHS (OTIOPOKHEHHUS ) PE3EPBYapOB MOKHO 3aIHCATh, YTO
dW=Gdt u dW;=Gdt. [Toacrasisis 3T cooTHOWIECHUsT B BhipakeHus (4) u (5), momydaem
nuddepeHIMaNTbHbIC YPABHECHHS, OMUCHIBAIOIINE MPOIECCHl HAMOIHCHUS ra3oM o0bema H
WCTCUCHUS I'a3a U3 HETo.

Bocnons3oBaBimick  ypaBHenneM —KiameipoHa, BbIpasMM — JIaBJeHHS Tra3a B
pe3epByapax 4epe3 COOTBETCTBYIOIINE 3HAUCHHUS IUIOTHOCTEH B CICIYIONIEM BHIC:

Por = PaRTo;  Ps = paRTy,
rae  po — IUIOTHOCTh BO3JlyXa B ITHEBMOPECCOpPE; Py — IUIOTHOCTh BO3JayXa B
JIOTIOJTHUTEIILHOM pe3epByape.

Torma, monarasi, B IepBOM NPUOIKEHUU, 9TO To=1g=1p, C y4eToM (HPH3UIECCKOU
B3aMMOCBSI3H MPOIIECCOB OMOPOKHEHUS M HAIIOJIHEHUS BO3LyXOM 00bEMOB ITHEBMOPECCOPHI U
JOTIOJTHUTEIILHOTO ~ pe3epByapa  OKOHYATENIbHO  MOJYyYUM  CIEAYIOIIHE  ypaBHEHUS,
XapakTepu3ylolme KojaeOaHusi TOANPHITUBAHUS JJIEMEHTOB MEXaHUYECKOW 4YacTH |
JTUHAMUYECKHE MPOIECCHl B MTHEBMATUYECKUX CUCTEMAX:

dpo _ P(py, Py )Jo \/,00|1+ sign( oy —psl)ps|l+8ign(,00|—psl) 3
dt Vor = Sa(z ~2o)
kS, d
- po (2 = 7o),
Vor =S¢ (ZI - Zo) dt
d P ) o} i - 1+sian -
gts. _ (po\|/ps|) o L+ SO0 = py) p 1SIGN(Py—py) ©)
sl
| d?z p dz dz
m, ——™" =RT,S — 20 VAR 2, — 7 =2
ml n qt2 0°el| Lol RT, U\ Sm ™ g 000 gt
m, d22o Poor dz, dz,
— =-RT,S —— |+ AR,| Z,, V2o, ,
N, qt2 0°el| Pol RT, 2 Lo gy Em T g

I7ie Poo — HavalbHOE JaBJICHHE BO3/AyXa B MHEBMopeccope; Vs — 00BbeM JOMOIHUTETHHOTO
pe3epByapa; Npy, — oOIIee KOJIUYECTBO IMHEBMOPECCOP BO 2-0M CTYNEHM IMOJABEIHIMBAHMUS;

dz,, dz, y y y
ARy | Zp—1Zp—— CUIbl B CBA3AX 1-0M W 2-0 CTyneHEH PpECCOPHOro
dt dt
MoJIBEIIMBaHUsA -0l  TemexKku; Mg, Mm — Macchl; 20, Iml, Z] — TIEpEMEIICHUS;
dz, dz,, y
AR2| — CHUJIBI B CBA34AX Ky30Ba U I-oit TCJICIKKH,

AT TRELATS
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| 2sign(py — Py) » @+k)sign(,oy—py)
Pol Pol

; 31€Ch Se| — 3 (heKTUBHAS TUIOIA/Ib THEBMOPECCOPHI.

o= uS,K,|2RT, kk

Ilepexon OT cucreMbl NEPEMEHHBIX 'TIEpEeMEIleHHE - JAaBlieHuE rasa" K CHCTEME
"mepeMeleHe - INIOTHOCTh T'a3a" MM03BOJISIET COKPATUTh Pa3Inyie B 3HAYEHUSIX IEPEMEHHBIX
Ha MSTh MOPSAJIKOB, YTO TOJOXKUTEIBHO CKa3blBa€TCSd HA YCTOWYMBOCTU BBIYUCIUTEIHHBIX
IPOLECCOB  MPH  YHUCIEHHOM  WHTETPUPOBAHMU  KaK  OTHOCHTEIBHO  IPOCTBIX
Qg depeHnaIbHbBIX YpaBHEHUH MOJIENICH pPelbCOBBIX SKMIIAXKEH, TaK M 00Jee CI0XKHBIX
CHCTEM YpaBHEHHH, COAEp)KallMX B KadeCTBE COCTABHBIX OJIOKOB PAaCCMOTPEHHBIC
JTUHAMHYECKHE MOJIETIH ITHEBMOPECCOP.

KauectBennoe OTIINYHE paccMOTpEHHOM JTUHAMHYECKON MOJIETH
ITHEBMOIO/IBELIMBAHMsI, HAIIPUMEP, OT U3BECTHHIX paboT [12] cOCTOUT B MOSBICHUH B IEPBOM
YPaBHEHUU CHCTEMBI (6) AeMIIPUPYIOMIETO WieHa, MPOMOPIHOHAIEHOTO PA3HOCTH CKOPOCTEi
COTpeAeNbHBIX AUCKPETHBIX Macc.

Takum o00pazoMm, B JaHHOM MOJENM paCCESHUE HHEPrUM CBA3AHO HE TOJBKO C
JPOCCEJINPOBAHUEM BO3/yXa B JONOJHUTEIbHBIA pe3epByap, HO U C 3aTpaTaMH >SHEpruu,
COTJIACHO TIEPBOMY 3aKOHY TEPMOJWHAMHKH, Ha HM3MEHEHHE OObeMa ITHEBMOPECCOPHI B
npouecce kojebanuil. D10 obecnednBaer, B oTinuue oT [12], HeKoTopoe aemndupoBaHue
KoJie0aHui JaXke MPHU OTCYTCTBUU JOMOJHUTEIHHOTO pe3epByapa U COOTBETCTBEHHO 3 dekTa
JIPOCCEJIMPOBAHUSI  BO3[yXa, 4YTO CYUIECTBEHHO YTOYHSET JHWHAMUYECKYI0 MOJEIb
ITHEBMODJIEMEHTA.
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